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Crop Group | Broad row crops v |Weed Group  Annual weeds - Diverse cropping system

Rotation

Cover crops

Field margin management

Landscape arrangement

Intercropping

Cultivar choice and establishment

Seed rate

Transplanting

Sowing date

Cultivar choice

Sowing depth

Seed vigour

Sowing pattern

Field and soil management

Seed bed preparation

Cultivation depth

Tillage type

Stubble management

Dead mulching

Water management

Liming

Nutrient placement
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Figure 1. Weed control tactics affecting weed survival at different stages of their life cycle.

[adapted from Kudsk and Mathiassen et al. 2020)
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Figure 1. Weed control tactics affecting weed survival at different stages of their life cycle.
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auricles coltar
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sheath _—1
margin

s

Sheath Type Vernation

¥ g

Split and Closed
Overlapping

sheath

Flat

pages 128 10 129

No igule.

pages 130 to 135

Liguse consists of a fringe of hairs.

SECTION 3: membranous pages 138 10 153

Ligule consists of a membrane. Not all
membranous kgules have entre margins,
some may be toothed or jagged; refer to
descriptions and photos for each species.



A=
Lolium temulentum
poison ryegrass

B= Lolium multiflorum
Italian rye-grass, annual

°egrass

C= Lolium perenne
=perennial ryegrass

D= Lolium rigrdunspikelet
rigid ryegrass —

Spikes of four ryegrass species: (A) poison ryegrass, (B)
Italian ryegrass, (C) perennial ryegrass, and (D) rigid
ryegrass. Arrow indicates glume length and box indicates
spikelet length.
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@ weedscience.org/home.aspx

Current Status of the International Herbicide-Resistant Weed Database
Monday, Cctober 21, 2024

There are currently 533 unique cases (species x site of action) of herbicide resistant weeds globally, with 273 species (156 dicots
and 117 monocots). Weeds have evolved resistance to 21 of the 31 known herbicide sites of action and to 168 different
herbicides. Herbicide resistant weeds have been reported in 101 crops in 72 countries. The website has 3335 registered users and

L &
Quick Stats @ Recent Cases E Researchers @ Add New Case D Download PowerPoint Graphs

712 weed scientists have contributed new cases of herbicide resistant weeds. View Recent Additions, Site of Action Summary, or the

Herbicide Classification System.

=i| overview Filter Data ~l Charts Maps Mutations
+
-3:; Herbicides Qg Weeds __é Crops m Papers m Resources

HERBICIDE

PERMISSICN MUST BE OBTAINED FIRST if you intend to base a significant portion of a scientific paper on data derived from this site. Citation:

RESISTANCE
/ LI Heap, 1. The International Herbicide-Resistant Weed Database. Online. Monday, October 21, 2024 . Available www.weedscience.org Copyright ©

1993- 2024 WeedScience.org All rights reserved. Fair use of this material is encouraged. Proper citation is requested.
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Number of Unique Resistant Cases
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Number of Unique Resistant Cases
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Crop or Situation

Wheat

Corn (maize)
Rice

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

Number of Herbicide-Resistant Species by Crop

Number of Herbicide Resistant Species

20 40 60 80 100
81
63
52
50
35
33
30
29
21

18

18
16
16

15
14

Dr. lan Heap, WeedScience.org 2021



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

Number of Species
0 20 40 60 80 100

Poaceae | =5

steraceae |
Brassicaceae |G 22
Cyperaceae (D 12
Amaranthaceae [ 11

Polygonaceae [ ©
Scrophulariaceae | 9
Alismataceae [ 7

Chenopodiaceae [ 7

Caryophyllaceae _ 6

Weed Family

Dr. lan Heap, WeedScience.org 2021



Herbicide Actives

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

Number of Species
0 20 40 60 80

| | | | J

atrazine 66

glyphosate 51
tribenuron-methyl 45
imazethapyr 44
imazamox 40
metsulfuron-methyl 39
chlorsulfuron 38
iodosulfuron-methyl-sodium 38
fenoxaprop-P-ethyl 33
paraquat 31
simazine 31
bensulfuron-methyl 29
thifensulfuron-methyl 29
mesosulfuron-methyl 26

2,4-D 25
Dr. lan Heap, WeedScience.org 2021



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 11
Poa annua 10

Amaranthus palmeri

Avena fatua

Eleusine indica

cO 0O 00 00

Lolium perenne ssp. multiflorum
Alopecurus myosuroides 7
Amaranthus tuberculatus (=A. rudis) 7
Echinochloa colona 7
Amaranthus hybridus (syn.:... 6
Conyza sumatrensis 6
Amaranthus retroflexus 5
Ambrosia artemisiifolia 5

Conyza canadensis 5
Dr. lan Heap, WeedScience.org 2021



HRAC Mode of Action Classification 2024
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Legacy .
HRAC HRAC Mode of Action

WO N =

10
12

13
14
15

A
B
K1
0]

C1,2

C3

G

H
F1

F4
E
K3

Inhibition of Acetyl CoA Carboxylase (ACCase)
Inhibition of Acetolactate Synthase (ALS)
Inhibition of microtubule assembly

Auxin mimics

Inhibition of Photosynthesis at PS Il - D1 Serine
264 binders (and other non-histidine 215
binders)

Inhibition of Photosynthesis at PS Il — D1
Histidine 215 binders

Inhibition of Enolpyruvyl Shikimate Phosphate
Synthase (EPSPS)

Inhibition of Glutamine Synthetase (GS)
Inhibition of Phytoene Desaturase (PDS)

Inhibition of Deoxy-D-Xylulose Phosphate
Synthase (DXPS)

Inhibition of Protoporphyrinogen Oxidase (PPQ)

Inhibition of Very Long-Chain Fatty Acid
Synthesis (VLCFA)

18
19
22
23
24

27

28

29
30

31

32

33

I
P
D

K2
M

F2

none

Legacy .
HRAC HRAC Mode of Action

Inhibition of Dihydropteroate Synthase (DHPS)
Auxin transport inhibitors

PS | Electron Diversion

Inhibition of microtubule organization
Uncouplers

Inhibition of Hydroxyphenyl Pyruvate
Dioxygenase (HPPD)

Inhibition of Dihydroorotate Dehydrogenase
(DHODH)

Inhibition of cellulose synthesis
Inhibition of Fatty Acid Thioesterase (FAT)

Inhibition of Serine Threonine Protein
Phosphatase (STPP)

Inhibition of Solanesyl Diphosphate Synthase
(SDPS)

Inhibition of Homogentisate
Solanesyltransferase (HST)

Unknown mode of action



Inhibition of Acetyl CoA Carboxylase (ACCase)

Cyclohexanediones (Aryloxphenoxyproplonates

“Propaquizafop (EU)
RI 0‘N=C(CH3)2
Ester of Quizalofop-ethyl @




2 Inhibition of Acetolactate Synthase [ALS)
Pyrimidinylbenzoates Triazolopyrimidine - type 2
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Herbicide Resistance WSSA Definitions ¢ 2’:““
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L 5 s L Cwglio §9
oolw cw 3&0 werbicide 4
MOA#1d 3% wr
Single Herbicide Resistance v X . i%
* Resistant to only one herbicide \ﬁ »w <
T
Cross Herbicide Resistance werbicide 4 werbicide g
* Resistant to two or more herbicide MOAMId % A @MOA #1
families with same mechanism of action w X ox”
* Single resistance mechanism L, X e
w
M aom o o L s K
AW Cwglio de A H
Multiple Herbicide Resistance aef':;‘du \aeﬂg:ide c
* Resistant to two or more herbicides with MOe K x - e
[
different mechanisms of action e x ¥ e
* May be the result of two or more ¢ . X g
different resistance mechanisms 4o ¥ b
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Herbicide Resistance Types: Cross Resistance

An example with common ragweed

" 1 s e s 2 e B
%’%gm m g o s
 Resistant to Classic | Resistant to Classic | Resistant to Classic and FirstRate

- herbicides (group 2, ALS-inhibitors)

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.

u WSSA WSSA Herbicide Resistance Management Lesson 3 © 2011 WSSA All Rights Reserved
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Herbicide Resistance Types: Multiple —
Resistance

Example
. Switch to and apply
Apply atrazine glyphosate
T RN T CTRL T Tl 1
| 4
Aff’faﬁmﬂw%}éég X g o 32 * g Fal R
Years 1-5 Years 5-8 Years 8-13 Years 14 +
| Select for weeds resistant to |

‘Select for weeds resistant  The population with group 9 herbicides (shown ' The population with
‘to group 5 herbicides resistance to group 5 in pink) from a population 'multiple resistance to
'[(shown in black) - herbicides increases that is resistant to group 5 llgmup 5 and 9 increases
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Essential Essential Essential Essential
process A J\_ Pprocess B 5 . process A process B
Susceptibility | Simple resistance
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Amino Acid Substitutions

Trp 574 to Leu
Pro 197 to Ser
Pro 197 to Thr
Asp 376 to Glu
Pro 197 to Leu
Pro 197 to Ala
Pro 197 to His
Ala 122 to Thr
Pro 197 to GIn
Ser 653 to Asn
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 tolle
Trp 574 to Arg
Trp 574 to Gly
Trp 574 to Met

10 15 20 25 30 35 40

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

38
27
14

1;3; ALS inhibitor-Resistant Species
12 by Amino Acid Substitution

Number of Weed Species that have these
mutationsthat confer resistance to ALS Inhibitors

QALS (Acetolactate Synthase) oM 319 30 sl yus als
cwwinhibiting b 45 9w 0 GHLI B S ls I Bg ¥
29T o3 WS o0 Jos (jliw OUSY JuiT ki) w357
by o Wlo) 41045 L0 Ao (Gl i gad guno

3319 il g e (55 31 9 LS 59 (Ldlg 9 Lol g !
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Resistant Goosegrass

Susceptible
/ Goosegrass
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Biological Anthropological Environmental
Factors Factors Factors

Hebicide resistance selection

-
Proactive I WMP Reactive
Strategies Strategies

Herbicide selection Dispersal of
pressure resistance

122 e (9%
Herbicide rotation
rotation -
Bioherbicides Yagtansed e, ot
crops
Mechanical
Her:bicides Tillage control
mixture s_vsteln R..\..'\.l
New active technology
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