International Survey of
Herbicide-Resistant Weeds

WSSA CODES

Graphs in this PowerPoint were made from data accessed from the
survey website at http://www.weedscience.org on February, 2019.

The Site of Action codes used in this slide set are from the Weed
Science Society of America (WSSA).

Another version for HRAC codes can be downloaded from the website.

lan Heap — lanHeap@weedscience.org
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Global Increase in Unique Resistant Cases
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Number of Species

Number Resistant Species for Several Herbicide Sites of Action (WSSA Codes)
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Number of Species

Number of Resistant Species for Several Herbicide Sites of Action (WSSA Codes)
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Increase in Unique Resistant Cases in the USA
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Increase in Unique Resistant Weed Cases for Canada

80
70

2 60 "fo

[Vs]

(0]

Q

c 50

(0]

k%

[Vs]

&£ 40

Q

-]

z

c 30

)

o

S 20 '

0

-

-}

Z 10
0

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year Dr. lan Heap, WeedScience.org 2019



Increase in Unique Resistant Cases for Selected Countries and Europe
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Increase in Unique Herbicide Resistant Weed Cases for Selected Crops
-@-Corn (maize) -A—Wheat -¢-Soybean -@-Rice & Cotton
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Weed Species with Resistance to More than One Site of Action
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Weeds Resistant to Multiple Sites of Action within a Population
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Crop or Situation

Wheat

Corn (maize)
Rice

Soybean
Roadsides
Winter wheat
Spring Barley
Orchards
Canola
Cotton
Pastures
Vegetables
Fallow
Railways
Peas

Number of Herbicide-Resistant Species by Crop

Number of Herbicide Resistant Species
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Number of Herbicide Resistant Weed Species by Weed Family (Top 10)

Number of Species
0 20 40 60 80 100

Poaceac | 5

Asteracese | 22
Brassicaceae | 22
Cyperaceae [ 12

Amaranthaceae [N 11
Scrophulariaceae [ O

Polygonaceae | 8
Alismataceae [ 7

Chenopodiaceae [ 7
Caryophyllaceae _ 5

Weed Family
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Amino Acid Substitutions

Trp 574 to Leu 36
Pro 197 to Ser 26
Pro 197 to Thr
Asp 376 to Glu
Pro 197 to Leu
Pro 197 to Ala
Pro 197 to His
Pro 197 to GIn
Ser 653 to Asn
Ala 122 to Thr
Ser 653 to Thr
Ala 205 to Val
Pro 197 to Arg
Ala 122 to Val
Ala 122 to Asn
Ala 122 to Ser
Ala 122 to Tyr
Ala 205 to Phe
Arg 377 to His
Gly 654 to Asp
Gly 654 to Glu
Pro 197 to Asn
Pro 197 to Glu
Pro 197 to lle
Pro 197 to Tyr
Ser 653 to lle
Trp 574 to Arg
Trp 574 to Gly
Trp 574 to Met

13
:1% ALS inhibitor-Resistant Species
' by Amino Acid Substitution

Number of Weed Species that have these
mutations that confer resistance to ALS Inhibitors
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Number of New ALS Mutation/Species

Accumulation of New ALS Mutations/Species Combinations Identified by Year
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Number of Species

30

435

40

35

30

25

20

15

10

0

1990

Conyza canadensis
Eleusine indica

Increase in Glyphosate-Resistant Bidens subalternans
Weeds Worldwide Bromus catharticus
Tridax procumbens

Hordeum murinum ssp. glaucum
Chloris virgata

Sonchus oleraceus
Chloris elata
Bromus rubens
Amaranthus hybridus (syn: quitensis)
Brassica rapa (=B. campestris)

Bromus diandrus
Poa annua

Lactuca saligna

Helianthus annuus

Lactuca serriola
Salsola tragus
Brachiaria eruciformis

Bidens pilosa
Amaranthus spinosus

Raphanus raphanistrum

Paspalum paniculatum Chioris truncata
Conyza sumatrensis Leptochloa virgata
Lolium perenne Urochloa panicoides

Cynodon hirsutus
Echinochloa colona

Amaranthus tuberculatus
Hedyotis verticillata

Parthenium hysterophorus
Ambrosia artemisiifolia

Plantago lanceolata
Lolium perenne ssp. multiflorum

Kochia scoparia
Sorghum halepense

Amaranthus palmeri
Digitaria insularis
Ambrosia trifida

Conyza bonariensis

Lolium rigidum
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Number of Species

50 . Increase in Glyphosate-Resistant
. Greater Beggarticks
i Weeds Worldwide Rescusgrass
Willow-leaved lettuce
40 Cgrpr:lonLSgnﬂower Coat Buttons
rickly Lettuce Smooth Barley
35 Annual Sowthistle Feather Fingergrass
Russian-thistle Sweet Summer. ..
Red Brome Tall Windmill Grass
30 ~Spiny Amaranth Hairy Beggarticks
Birdsrape Mustard _
" Ripgut Brome Smooth Pigweed
Annual Bluegrass Wild Radish
Tropical... Windmill Grass
20 Sumatrgn Fleabane Liverseedgrass — Arrocillo
Perennial Ryegrass _
Kochia Gramilla mansa

15 Johnsongrass Junglerice

Palmer Amaranth Tall Waterhemp
10 Sourgrass Woody borreria |

Giant Ragweed Ragweed Parthenium
Hairy Fleabane Common Ragweed
Horseweed
0 Goosegrass Rigid Ryegrass
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Number of Species
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Number of Sites of Action

35

30

25

20

15

10

0

1930

Introduction Time of New Herbicide Sites of Action (WSSA codes)

26 - Cellulose inhibitors

13 - DOXP inhibitors
2 - ALS inhibitors

1 - ACCase inhibitors

8 - Cell elongation inhibitors

21 - Cellulose inhibitors

27 - HPPD inhibitors

10 - Glutamine synthase inhibitors

12 - Carotenoid biosynthesis...
o o 9 - EPSP synthase inhibitors
25 - Antimicrotubule mitotic disrupter

16 - Lipid Inhibitors

14 - PPO inhibitors 18 - DHP synthase inhibitors

6 - PSIl inhibitors

. inhibi Nitriles
20 - Cellulose inhibitors 5 (Long c%ain fatty acid
3 - Microtubule inhibitors inhibitors

17 - Nucleic acid inhibitors 22 - PSIElectron Diverter

o o 5 - Photosystem Il inhibitors
8 - Lipid Inhibitors oo _
11 - Carotenoid biosynthesis (unknown target)

7 - PSIl inhibitor (Ureas and amides)
19 - Auxin transport inhibitors

26 - Lipid Inhibitors
23 - Mitosis inhibitors
4 - Synthetic Auxins

27 - Unknown

24 - Uncouplers
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Herbicide Sites of Action

B - ALS inhibitors

E - PPO inhibitors

C1 - Photosystem Il inhibitors

K3 - Long chain fatty acid inhibito
O - Synthetic Auxins

A - ACCase inhibitors

C2 - PSIl inhibitor (Ureas and amid
N - Lipid Inhibitors

K1 - Microtubule inhibitors

Z - Unknown

F2 - HPPD inhibitors

F1 - Carotenoid biosynthesis inhibi
C3 - PSllinhibitors (Nitriles)

L - Cellulose inhibitors

K2 - Mitosis inhibitors

# of Registered Herbicides for the Major Herbicide Sites of Action (HRAC codes)

Number of Registered Herbicide Actives
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26
26
25
21
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12
7
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Herbicide Actives

Number of Resistant Species to Individual Active Herbicides (Top 15)

Number of Species
0 20 40 60 80

atrazine 66

glyphosate 43
imazethapyr 43
tribenuron-methyl 43
imazamox 39
metsulfuron-methyl 38
chlorsulfuron 36
iodosulfuron-methyl-sodium 35
fenoxaprop-P-ethyl 33
paraquat 31
simazine 31
bensulfuron-methyl 29
thifensulfuron-methyl 27
fluazifop-P-butyl 25

pyrazosulfuron-ethyl 25
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Weed Species Resistance to Multiple Herbicide Sites of Action

Number of Sites of Action
0 5 10 15

Lolium rigidum 14
Echinochloa crus-galli var. crus-galli 10
Poa annua 9
Eleusine indica 8

Lolium perenne ssp. multiflorum 8
Alopecurus myosuroides
Amaranthus palmeri
Amaranthus tuberculatus (=A. rudis)
Avena fatua
Echinochloa colona
Amaranthus hybridus (syn: quitensis) 6
Conyza sumatrensis 6
Amaranthus retroflexus 5
Ambrosia artemisiifolia 5
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Conyza canadensis
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