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Prairie Region of Canada

* ~67,454,206 ac. of annual crop production
* 87% of annual-cropped area in Canada

* Alberta: 20,660,243 ac.
e Saskatchewan: 36,943,546 ac.
* Manitoba: 9,850,426 ac.

* Dominant crop types
* Wheat: 35%
e Canola: 31%
* Pulses: 13%
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Lethbridge growing season (April — October)
* Mean temp. =12.8°C (55°F)
 Mean precip. =12.6”




Outline

1. HR weeds in Canada

2. HR weed monitoring across the

Canadian Prairies

3. New HR weeds




Unigue herbicide-resistant weeds in Canada

Beckie et al., 2020
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Number of unique HR weed biotypes
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36

~ 2 new biotypes reported each year
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Introduction of new herbicide sites of action
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Geddes'’s

Top 5 resistance issues on the Canadian Prairies

* Group 1 + 2-resistant grass weeds causing reliance on soil-applied herbicides
» Spread of multiple herbicide-resistant kochia (Groups 2, 4, 5, 9 & 14)

* Advancing range of invasive herbicide-resistant Amaranthus spp.

* Heavy reliance on glyphosate at multiple use windows

e Spread of several Group 2-resistant weeds
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3 HR weeds cost Saskatchewan 2000 2005 2010 2015 2020 2025
farmers ~$340 million annually
Ecoregions TEStEd flEldS . 74%
Il Aspen Parkland
[ queal Transition
ey obande All fields . 72%
[ Mixed Grassland
I Moist Mixed Grassland
Field coverage . 54%
’ Total patch area . 15,315,290 ac.

) Total field area
Geddes, C.M., Pittman, M.M., Sharpe, S.M., and Leeson, J.Y.

28,302,455 ac.
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Tested fields . 80%
, Allfields @) 75%
¢ ed site:
® surveyed sites .
Brandon Ecoregions Field coverage . 47%
I Mid-Boreal Uplands
B Aspen Parkland
B it s o Total patch area 3,469,900 ac.
B Lake of the Woods
0 50 100 km
| |
Total field area . 7,408,400 ac.

Geddes, C.M., Pittman, M., Brown-Livingston, K., and Leeson, J.
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Field stratification

Table 1. Field allocation by crop and ecoregion.

Aspen Boreal Lake Manitoba Interlake All % of all
Crop Parkland®  Transition® Plain Plain® areas areas
-- no. of fields --------—--- %

Canola 22 7 18 4 51 33

Wheat 25 1 18 5 49 31

Soybean 7 0 13 0 20 13

Oat 10 0 4 0 14 9

Barley 5 0 1 1 7 5

Corn 1 0 4 2 7 5

Field pea 3 0 1 0 4 3

Pinto bean 0 0 2 0 2 1

Sunflower 0 0 1 0 1 <1 = Canola = Wheat = Soybean
Sub-total 73 8 62 12 155 100 Oat = Barley = Comn

= Field pea m Pinto bean = Sunflower

% of total 47 5 40 8 100 100

2Includes SW MB Uplands; PIncludes Mid-Boreal Uplands; ¢Includes Lake of the Woods Geddes et al Unpublished
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Resistance selection
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Low 4/0 6/C3 9/G 10/H
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Herbicides tested

Table 2. Herbicides used for resistance diagnostics.

Herbicide common name Herbicide trade name Rate (g ai/ae ha)

Fenoxaprop Puma® Advance’ 60 & 150
Quizalofop Assure® |[22 48 & 70
Tralkoxydim Liquid Achieve™ SC3P 200 & 400
Clethodim Centurion®¢ 90
Imazamox Solo® ADV*4 35
Imazethapyr Pursuit® 24044 75
Imazapyr Arsenal® PowerLine*d 72
Thifensulfuron + Tribenuron Refine® SG>4 15(10+5)
Chlorsulfuron Telar® XP14 22 & 89
Glyphosate Roundup WeatherMAX®' 900

Company name: 'Bayer CropScience Inc.; 2AMVAC Chemical Corp.; *Corteva
Agriscience; “BASF Canada Inc.; SFMC of Canada Ltd.

Adjuvants: @Merge® @ 0.5% v/v; PTurbocharge® @ 0.5% v/v; “Amigo® @ 0.5% vl/v;
dAgral® 90 @ 0.25% viv

Geddes et al., Unpublished
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@ Group 2-resistant [ E\spenl _Pl_arkla_n_cl
@ Group 1+2-resistant - oreal Transition
: : ® Susceptible Interlake Plain
.. | : | Lake Manitoba Plain
A7, B Southwest Manitoba Uplands
0 5  100km B Lake of the Woods

[

Group 1 resistance

Tested fields 100%
o P Al fields 37%
Brandon : -q Winnipeg Field coverage 29%
X Total patch area 1,062,993 ac.
i Total field area 3,631,483 ac.

Wild oat

Geddes et al., Unpublished
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Group 2 resistance
Tested fields . 82%

All fields
Field coverage
Total patch area

Total field area

Geddes et al., Unpublished
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B _ Ecoregions
s / @ Group 1-resistant B Mid-Boreal Uplands
¥ @ Group 2-resistant [ ] E\spenl _Pl_arkla_n_cl
@ Group 1+2-resistant - oreal Transition
® Susceptible Interlake Plain
. = , [ ] Lake Manitoba Plain
A7, B Southwest Manitoba Uplands
0 5  100km B L ake of the Woods
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Group 1+2 resistance

Tested fields 82%

All fields 30%

Brandon a TWinnipeg Field coverage
©

34%

Total patch area 979,024 ac.

fwl
0

Wild oat

Total field area

2,925,154 ac.

Geddes et al., Unpublished
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Ecoregions
@ Group 1-resistant B Mid-Boreal Uplands
© Group 2-resistant B Aspen Parkland
@ Group 1+2-resistant ] Boreal Transition
® Susceptible 1 Interlake Plain

[ ] Lake Manitoba Plain
B Southwest Manitoba Uplands
0 50 100 km B Lake of the Woods

[

Group 1 resistance

Tested fields 88%

All fields 27%

Field coverage 72%
Total patch area 2,096,351 ac.
Total field area 2,892,445 ac.

Green foxtalil

Geddes et al., Unpublished
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@ Group 1-resistant
@ Group 2-resistant
@ Group 1+2-resistant
® Susceptible

0 50 100 km
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Group

Ecoregions

Bl Mid-Boreal Uplands
B Aspen Parkland
Boreal Transition
[ | Interlake Plain
[ ] Lake Manitoba Plain
B Southwest Manitoba Uplands
B Lake of the Woods

2 resistance

Tested fields

All fields
Field coverage

Total patch area

Total field area

Green foxtalil

2%

<1%

100%

99,097 ac.

99,097 ac.

Geddes et al., Unpublished
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Ecoregions
@ Group 1-resistant Bl Mid-Boreal Uplands
@ Group 2-resistant B Aspen Parkland
@ Group 1+2-resistant L1 Boreal Transition
® Susceptible [ Interlake Plain
[ | Lake Manitoba Plain
B Southwest Manitoba Uplands
0 50  100km B Lake of the Woods

Group 1 resistance

Tested fields .
Al fields .
Field coverage .

Total patch area .

Total field area .

Geddes et al., Unpublished

43%

12%
38%
523,090 ac.

1,387,383 ac.
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Ecoregions
/ @ Group 1-resistant B Mid-Boreal Uplands
@ Group 2-resistant B Aspen Parkland
[ Boreal Transition

@ Group 1+2-resistant

® Susceptible [ Interlake Plain

[ ] Lake Manitoba Plain
B Southwest Manitoba Uplands
0 50 100 km B Lake of the Woods

[

Group 2 resistance
Tested fields . 9%

All fields

Field coverage

Total patch area

Total field area

YeIIOW fOXtaII Geddes et al., Unpublished
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Ecoregions

@ Group 2-resistant B Aspen Parkland
]
[

n Boreal Transition
g{:gggp%iglze resistant L] Interlake Plain

| Lake Manitoba Plain
B Southwest Manitoba Uplands
0 50 100km B L ake of the Woods

[

Group 2 resistance

Tested fields 86%
All fields 29%
Field coverage 36%
Total patch area 973,242 ac.
Total field area 2,679,789 ac.

Geddes et al., Unpublished
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New Putative™ HR Grass Weeds

*official first confirmation requires further dose-response experiments
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S Sopimnt BN
S Group 2-re§|ste!nt ] Boreal Transition
§ Sroup L2 resistant [ Interlake Plain
® Susceptible

[ ] Lake Manitoba Plain
B Southwest Manitoba Uplands
0 50 100 km B Lake of the Woods

[

Group 1+2 resistance

Tested fields 37%
All fields 12%
Field coverage 38%
Total patch area 451,380 ac.
Total field area 1,183,714 ac.

Geddes et al., Unpublished
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[ Boreal Transition
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1 resistance

Tested fields

All fields

Field coverage
Total patch area

Total field area

33%

3%

100%

389,265 ac.

389,265 ac.

Geddes et al., Unpublished
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1 " P Group 1+2 resistance
Tested fields (@) 100%

All fields

Brandon a  T"Winnipec Field coverage

g Total patch area

Q
]

Quackgrass*

Total field area

Geddes et al., Unpublished
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@ Group 2-resistant

® Susceptible

0 50 100 km
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Ecoregions

Bl Mid-Boreal Uplands
B Aspen Parkland
Boreal Transition
[ | Interlake Plain
[ ] Lake Manitoba Plain
B Southwest Manitoba Uplands
B Lake of the Woods

2 resistance

Tested fields

All fields

Field coverage
Total patch area

Total field area

100%

19%

15%

286,131 ac.

1,858,381 ac.

Geddes et al., Unpublished
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= Mid-Boreal Uplands
o Aspen Parkland
© Group 2-resistant — Boreal Transition
. Interlake Plain
® Susceptible [ | Lake Manitoba Plain
B Southwest Manitoba Uplands
0 50  100km B Lake of the Woods

[

Group 2 resistance
Tested fields . 31%

All fields
Field coverage

Total patch area

Total field area

Pigweed

Geddes et al., Unpublished
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B Southwest Manitoba Uplands
0 50 100km B L ake of the Woods
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Group 2 resistance
Tested fields . 76%

All fields

Brandoni TWinnipeg- Field coverage

Total patch area

Total field area

Pale smartweed

Geddes et al., Unpublished




@ Albgrta / GLW:;ment
Grams A Saskatchewan

Brandonii o T-Winnipeg-

M

False cleavers

MANITOBA MANITOBA Manitoba

» |
cor "~ Pylse’2Soybean K

GROWERS

Ecoregions
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© Group 2-resistant — Boreal Transition
. Interlake Plain
® Susceptible | Lake Manitoba Plain
B Southwest Manitoba Uplands
0 50 100km B L ake of the Woods
[

Group 2 resistance
Tested fields . 40%

All fields
Field coverage
Total patch area

Total field area

Geddes et al., Unpublished
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Bl Mid-Boreal Uplands
B Aspen Parkland
Boreal Transition
[ | Interlake Plain
[ ] Lake Manitoba Plain
B Southwest Manitoba Uplands
B Lake of the Woods

2 resistance

Tested fields

All fields

Field coverage

Total patch area

Total field area

Shepherd’s prs

50%

1%

<1%

52 ac.

108,969 ac.

Geddes et al., Unpublished
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r / = Mid-Boreal Uplands
: . raci Aspen Parkland
© Group 2-resistant — Boreal Transition
. Interlake Plain
s ® Susceptible | Lake Manitoba Plain
N\ . B Southwest Manitoba Uplands
: 0 50  100km B Lake of the Woods

[

. " Group 2 resistance

Tested fields 100%

All fields <1%

Brandon g T"Winnipeg Field coverage <1%

- : Total patch area 2 ac.

(=]

Chickweed

Total field area

84,883 ac.

Geddes et al., Unpublished
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New Putative® HR Broadleaf Weeds

*official first confirmation requires further dose-response experiments
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Ecoregions

i / B Mid-Boreal Uplands

- B Aspen Parkland
© Group 2-resistant Boreal Transition

, [ | Interlake Plain
® Susceptible [ ] Lake Manitoba Plain
B Southwest Manitoba Uplands

o 50 owm B Lake of the Woods
. ooy Group 2 resistance
, o & Tested fields 59%
. | All fields 7%
Brandon o o TWifinipey Field coverage 22%
L * = : 4 Total patch area 169,672 ac.
IEE Total field area 743,199 ac.

Spiny sowthistle* Geddes et al., Unpublished
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Ecoregions

Bl Mid-Boreal Uplands

B Aspen Parkland

[ Boreal Transition

[ | Interlake Plain

[ ] Lake Manitoba Plain

B Southwest Manitoba Uplands
B Lake of the Woods

2 resistance

Tested fields

All fields

Field coverage
Total patch area

Total field area

12%

4%

66%

245,168 ac.

373,507 ac.

Geddes et al., Unpublished
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Ecoregions

Bl Mid-Boreal Uplands

@ Group 2-resistant B Aspen Parkland

[ Boreal Transition

: | Interlake Plain
® Susceptible ] Lake Manitoba Plain
B Southwest Manitoba Uplands
50 100km B L ake of the Woods
||

Group 2 resistance

Tested fields @) 33%
Alfieids @) 1%
Field coverage . 1%
Total patch area . 1,594 ac.
Total field area (@) 160,905 ac.

Geddes et al., Unpublished
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Table 3. Frequency of confirmation of each weed biotype resistant to acetyl-CoA carboxylase (ACCase)- or acetolactate synthase
(ALS)-inhibiting herbicides among fields tested and among all fields sampled, and the land area and field area occupied.

/ Government

DEVELOPMENT COMMISSION

ALLIANCE

° MANITOBA
Manitoba CROP

Common name Scientific name Resistance Tested fields All fields Area occupied Field area
Grass: % % ha ha
Wild oat Avena fatua ACCase 100 37 430,178 1,469,609
Green foxtail Setaria viridis ACCase 88 27 848,363 1,170,531 100 -
Yellow foxtail Setaria pumila ACCase 43 12 211,687 561,454 o)
Barnyardgrass* Echinochloa crus-galli ACCase 33 11 146,349 455,787 g 80 -
Stinkgrass* Eragrostis cilianensis ACCase 33 3 157,530 157,530 [4))
Quackgrass* Elymus repens ACCase 100 1 11 31,130 E
Wild oat Avena fatua ALS 82 30 396,199 1,213,825 (?) 60 -
Barnyardgrass Echinochloa crus-galii ALS 86 29 393,857 1,084,472 W
Yellow foxtail Setaria pumila ALS 9 3 45,064 113,632 % 40 -
Green foxtail Setaria viridis ALS 2 <1 40,103 40,103 y—
Quackgrass* Elymus repens ALS 100 1 11 31,130 "5 20 -
Wild oat Avena fatua ACCase + ALS 82 30 396,197 1,183,768 O\O
Barnyardgrass* Echinochloa crus-galli ACCase + ALS 37 12 182,667 479,032
Quackgrass* Elymus repens ACCase +ALS 100 1 11 31,130 0 ' ' ' ' '
Broadleaf: 2000 2005 2010 2015 2020 2025
Kochia Bassia scoparia ALS 100 19 115,793 752,060 Year
Pigweeds. Amaranthus spp.2 ALS 31 13 351,347 613,484 Figure 2. The percentage of Surveyed fields
Pale smartweed Persicaria lapathifolia ALS 76 10 11,676 395,278 . . . .
Spiny sowthistle* Sonchus asper ALS 59 7 68,664 300,762 OCCUpled by herbICIde-reSIS.tant. weeds in
Lambsquarters* Chenopodium album ALS 12 4 99,216 151,153 the Current (2022) and hIStorlcal (20025
Horseweed* Erigeron canadensis ALS 33 1 645 65,116 2008 & 20 1 6)2-4 surveys Of Man itOba'
False cleavers Galium spurium ALS 40 1 54,940 54,940
Shepherd’s purse Capsella bursa-pastoris ALS 50 1 21 44,098
Chickweed Stellaria media ALS 100 <1 <1 34,351
All HR Weeds 80 75 1,404,228 2,998,079

alncludes Amaranthus retroflexus and Amaranthus powellii

Geddes et al., Unpublished
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Conclusions from MB survey

80% of tested fields had at least one HR weed present

O & Pulse ZSogbean oo GVWWGRFF

5% of all fields had at least one HR weed present All HR Weeds

Patch area (all HR weeds): ~3.5 million ac. Testedfields (@) 80%
Field area (all HR weeds): ~7.4 million ac All fields . 75%
HR weeds cost Manitoba farmers ~$81 million annually Field coverage . 47%
New issues that warrant further investigation: Total patch area . 3,469,900 ac.

 Putative ACCase inhibitor-resistant:

. Total field area . 7,408,400 ac.
« barnyardgrass, quackgrass, and stinkgrass

» Putative ALS inhibitor-resistant:
« quackgrass, spiny sowthistle, lambsquarters, and horseweed
Geddes et al., Unpublished
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Other new HR Weeds on the
Canadian Prairies



Quizalofop-resistant foxtail barley

Geddes et al., unpublished



Allele 2 - mutant type

Quizalofop-resistant foxtail barley

Allelic Discrimination Plot
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Allele 1 - wild type Geddes et al., unpublished




Glyphosate-resistant downy brome

B Glyphosate-resistant downy brome (Bromus tectorum L.)
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Glyphosate-resistant downy brome

: . WinField® United
2020 PP Spring wheat | Glyphosate Stonewall® 540 667 Canada
2020 POST Spring wheat | Pyroxsulam Simplicity™ GoDRI™ 70 g::?;dv; Agriscience
2021 | April 09 PP Spring canola | Glyphosate Stonewall® 540 1134 E:fézld United
2021 | April 29 PP Spring canola | Glyphosate Stonewall® 540 1000 E‘;i:fézld United
2021 | June 01 POST Spring canola | Glyphosate Roundup Transorb® HC | 934 Bayer CropScience Inc.
2021 | June 23 POST Spring canola | Glyphosate Roundup Transorb® HC | 934 Bayer CropScience Inc.

Table 1. Recent crop and herbicide use history in the field where glyphosate-resistant downy brome was
initially confirmed. *Application window abbreviations: PP, pre-plant; POST, post-emergence. ®Bayer
CropScience Inc., Calgary, AB www.cropscience.bayer.ca; Corteva Agriscience Canada Company, Calgary, AB
www.corteva.ca; WinField” United Canada, ULC, Saskatoon, SK www.winfieldunited.ca.






Glyphosate-resistant downy brome

4" 11 ”1 225, 450 900 1800 3600 7200 14400
lyphosate rate (g ae ha)

Geddes and Pittman 2022




Glyphosate-resistant downy brome

a

Plant survival (%)

Biomass FW (%)

Plant survival 21 DAT
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b

Visible control (%)

o

Biomass DW (%)

Visible control 21 DAT
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Glyphosate-resistant downy brome

Glyphosate LD, EPSPS copy number variation
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Results Driven Agriculture Research

Developing rapid in-season diagnostic tests for herbicide resistance

# Weed species Scientific name Resistance (herbicide group) Resistance mechanism
1 Foxtail barley Hordeum jubatum 1 Target site mutation”

2 Green foxtail Setaria viridis 1 Target site mutations”

3 Yellow foxtail Stellaria pumila 1 Target site mutation”

4  Common chickweed Stellaria media 2 Target site mutation

5 False cleavers Galium spurium 2 Target site mutations

6 Kochia* Bassia scoparia 2 Target site mutation

7  Japanese brome Bromus japonicus 2 Target site mutations”

8  Narrowleaf hawksbeard Crepis tectorum 2 Target site mutations”

9 Pale smartweed Persicaria lapathifolia 2 Target site mutations”
10 Redroot pigweed Amaranthus retroflexus 2 Target site mutations”
11  Russian thistle” Salsola tragus 2 Target site mutation

12 Stinkweed Thlaspi arvense 2 Target site mutation®

13 Downy brome Bromus tectorum 9 EPSPS gene duplication”
14 Kochia* Bassia scoparia 9 EPSPS gene duplication

# Adapted from published literature
*Includes first report of at least one mechanism

Credit: Gaganpreet Dhariwal, Laura Kennedy, Martin Laforest, and Charles Geddes
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Results D culture Res

Genetic testing vs. traditional bioassays

Herbicide application
Field scouting

Genetic testing




Need for IWM

Contemporary Integrated
weed management weed management
Allelopathy Herbicide mixtures

Herbicide rotation

Herbicide layering

Herbicide mixtures arpicide rotation

Herbicide layering

Seed row openers
Mowing

Clipping

Tillage
Electrocution

Natural predators
Weed seed
predators

Grazing

RNAI

Gene drives?
Fitness penalties
Light quality

Lasers

Steam?
Solarization
Harvest weed

seed control

= physical Equipment sanitation Cultural Fertilizer/seed placement
Cultural Cover crops Crop rotation
Mulches Crop life cycle diversity
Seeding date Seeding rates

Competitive cultivars  Row spacing
Silage




Integrated
weed management

Allelopathy Herbicide mixtures

bicidel
| I lI I l Chemical
n u a r 2\ Seed row openers
, Natural predators ' Mowing
Weed seed C"Pplng
predators ‘ Tillage
Grazing | Biological . Bl Electrocution
RNAI L~ lasers
ene drives? Stea
Fitness pena Ities Solarization
Light quality Harvest weed
. . . seed contro |
* HR weeds are a growing issue in western

Canada and elsewhere.

* Understanding the resistance issues in your fields can
help inform management strategies.

* Integrating non-chemical practices will be necessary to
prolong the useful lifetime of remaining herbicides.
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