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Herbicide Group Risk Mode of Action Active ingredient

A High Inhibitors of fat synthesis) ACC'ase] acetyl | Haloxyfop
CoA carboxylase] inhibitors)

A High Inhibitors of fat synthesis) ACC'ase] acetyl | Fluazifop-p
CoAcarboxylase] inhibitors)

B High Inhibitors of acetolactate synthase (ALS | Imazapyr
inhibitors)

B High Inhibitors of acetolactate synthase (ALS | Metsulfuron-methyl
inhibitors)

B+M High +Moderate Inhibitors of acetolactate synthase (ALS | Metsulfuron-methyl
inhibitors) +Inhibitors of EPSP synthase +Glyphosate

B+M High +Moderate Inhibitors of acetolactate synthase (ALS | Imazapyr +Glyphosate
inhibitors) +Inhibitors of EPSP synthase

B+1I High +Moderate Inhibitors of acetolactate synthase (ALS | Metsulfuron-methyl
inhibitors) +Disruptors of plant cell growth | +Aminopyralid
(synthetic auxins)

C Moderate Inhibitors of photosynthesis at photosystem | Atrazine
IT (PS 1II inhibitors)




(7 1) Ll U

C Moderate Inhibitors of photosynthesis at photosystem | Diuron
IT (PS II inhibitors)

C Moderate Inhibitors of photosynthesis at photosystem | Bromacil
IT (PS II inhibitors)

C Moderate Inhibitors of photosynthesis at photosystem | Simazine
1T (PS II inhibitors)

C Moderate Inhibitors of photosynthesis at photosystem | Hexazinone
IT (PS 1II inhibitors)

C Moderate Inhibitors of photosynthesis at photosystem | Bromoxynil
IT (PS 1II inhibitors)

C Moderate Inhibitors of photosynthesis at photosystem | Tebuthiuron
IT (PS II inhibitors)

C+F Moderate Inhibitors of photosynthesis at photosystem | Bromoxynil
IT (PS II inhibitors) + Bleachers: inhibitors of | +Diflufenican
carotenoid biosynthesis at the phytoene
desaturase step (PDS inhibitors)

D Moderate Inhibitors of microtubule assembly Propyzamide

F Moderate Bleachers: inhibitors of  carotenoid | Diflufenican
biosynthesis at the phytoene desaturase step
(PDS inhibitors)

G Moderate Inhibitors of protoporphyrinogen oxidase | Oxyfluorfen
(PPOs)

G Moderate Inhibitors of protoporphyrinogen oxidase | Flumioxazin
(PPOs)

G Moderate Inhibitors of protoporphyrinogen oxidase | Carfentrazone-ethyl
(PPOs)

I Moderate Disruptors of plant cell growth (synthetic | 2,4-D
auxins)

I Moderate Disruptors of plant cell growth (synthetic | Dichlorprop
auxins)

I Moderate Disruptors of plant cell growth (synthetic | Triclopyr
auxins)

I Moderate Disruptors of plant cell growth (synthetic | Fluroxypyr
auxins)

I Moderate Disruptors of plant cell growth (synthetic | 2,4-D amine
auxins)

I Moderate Disruptors of plant cell growth (synthetic | 2,4-D ester
auxins)

I Moderate Disruptors of plant cell growth (synthetic | 2,4-D LV ester
auxins)

I Moderate Disruptors of plant cell growth (synthetic | Dicamba
auxins)

I Moderate Disruptors of plant cell growth (synthetic | Clopyralid
auxins)

I Moderate Disruptors of plant cell growth (synthetic | MCPA
auxins)

I Moderate Disruptors of plant cell growth (synthetic | Picloram
auxins)

I Moderate Disruptors of plant cell growth (synthetic | Triclopyr +Picloram
auxins)

I Moderate Disruptors of plant cell growth (synthetic | 2,4-D +Picloram
auxins)

I Moderate Disruptors of plant cell growth (synthetic | MCPA +Dicamba
auxins)

I Moderate Disruptors of plant cell growth (synthetic | Picloram

auxins)

+Aminopyralid
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I Moderate Disruptors of plant cell growth (synthetic | Picloram +Triclopyr
auxins) +Aminopyralid
J Moderate Inhibitors of fat synthesis (Not ACCase | Flupropanate
inhibitors)
J Moderate Inhibitors of fat synthesis (Not ACCase | 2,2-DPA
inhibitors)
L Moderate Inhibitors of photosynthesis at photosystem I | Diquat
(PSI inhibitors)
M Moderate Inhibitors of EPSP synthase Glyphosate
M Moderate Inhibitors of EPSP synthase Glyphosate-trimesium
M+B Moderate+ High Inhibitors of EPSP synthase + Inhibitors of | Glyphosate
acetolactate synthase (ALS inhibitors) +Metsulfuron-methyl
N Moderate Inhibitors of glutamine synthetase Glufosinate-ammonium
(0] Moderate Inhibitors of cell wall (cellulose) synthesis Dichlobenil
Q Moderate Bleachers: Inhibitors  of  carotenoid | Amitrole
biosynthesis unknown target
Q Moderate Bleachers: Inhibitors  of  carotenoid | Amitrole +Ammonium
biosynthesis unknown target thiocyanate
Z Moderate Herbicides with unknown and probably | MSMA
diverse sites of action
Herbicide application | The consecutive steps of herbicide action l
(1) Penetration (2) Translocationto the (3) Accurmulation (4) Binding to (5) Ensuing
location of the target at the target the target damage, cell and
protein location protein plant death
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Table 1. 8 ¥ of the k lecular modes of action of herbicides.
Physiological site Molecular site Herbicide class
Amino acid synthesis EPSP synthase Glyphosate
Acetolactate synthase Sulfonylureas
Imidiazolinones
Glutamine synthetase Glufosinate
Photosynthesis D-1 quinone-binding protein Triazines
Anilides
Substituted ureas
Biscarbamates
Benzimidazoles
Uracils
Quinones
Hydroxynitriles
Bleaching Photosystem I Bipyridylinms
Heteropentalenes
Protoporphyrinogen oxidase Diphenyl ethers
Oxadiazoles
N-phenyl imides
Lipid syntheais Acetyl-CoA carboxylase Aryloxyphenoxy propionates
Cyclohexanediones
Carotenoid synthesis Phytoene desaturase Substituted pyridazinones
Fluridone
m-Phenoxybenzamides
4-Hydroxypyridines
Lycopene cyclase Aminotriazole
{-Carotene desaturase Dichlormate
IPP isomerase and/or prenyl transferase Isoxazolidinones
Cell division B-Tubulin Dinitroanilines
Phosphoric amides
Cellulose synthesis Cellulose synthase? Dichlobenil
Folate synthesis Dihydropterocate synthase Asulam
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JIndicative tools and methods for early weed detection

Plant species
Method Description Testing Plant tissue |examined
Seed testing through A novel identification assay to detect Amaranthus [Laboratory  Seed \Umaranthus palmeri
competitive allele palmeri in seed lots by using single nucleotide
specific polymerase chainpolymorphism genetic-based tests.
reaction
Use of recombinase polymerase amplification
Real-time recombinase [(RPA) technology to identify silver leaf
polymerase amplification mightshade in 1 h. ISolanum
assay elaeagnifolum
Use of hyperspectral reflectance values toLaboratory/ Seed/
discriminate between yellow nuts edge and otherfield leaves
Hyperspectral weeds belonging to Cyperaceae family.
classification of Cyperus Cyperus
esculentus [Esculentus
An online database that includes image-driven
Q-bank identification keys forseveral Laboratory/ Leaf
field
>100 species
— Seed/
seedlig/ leaf
. Indicative non-destructive tools, methods, techniques, and applications for rapid herbicide resistance screening
Type of test/ Testing IDescription Plant IResistance Herbicides IAssays for Plant species|
screening tissue mechanism screened forcomparison examined
screened putative land validation
resistance
Leaf-disk assay ILaboratory  |Seedlings are placed in |Leaf — Fomesafen 'Whole plant Umaranthus
microplates and are disk (PPO spray almeri
exposed to variant doses inhibitor) Umaranthus
of herbicide solutions. Glyphosate tuberculatus
Herbicide stress is (EPSPS Eleusine
measured after 48 h indica
according to F\/F}, ratio, inhibitor) Bassia
which is an indicator of scoparia
the photosynthetic Dicamba
te.fﬁciency of the plant (synthetic
issue. _ auxin
IRaman Seedlings treated with Glyplzosate Dose— Umaranthus
glyphosate are screened [Leaf .
spectroscopy| . . (EPSPS response palmeri
ILaboratory/  (for putative resistance o
field based on observed inhibitor) assays
vibrational bands that are (GRso)
recorded 24 and 48 h EPSPS gene
after application, by cxpression
using a handheld
spectrometer. )
|Agar-based Testkit in containers with — Clethodim Dose \Lolium
herbicide-containing agar| igidum
assay to measure the seedling [Seed (ACCase response
ILaboratory  |growth after 1 week. inhibitor) assays
Glyphosate Seed
(EPSPS dormancy
inhibitor) Stability of
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Pyroxasulfone  |herbicides
(Elongase lin agar
A quickagar-basedtestto inhibitor)
Agar bioassay screen putative herbicide — Cinmethylin Whole plant lopecurus
sensitivity resistance populationsin (fatty acid ot myosuroides|
test 12 days. Seed thioesterasespioassay
ILaboratory inhibitor)
. . . Flufenacet (cell
Detection of amino acid division
polyn_lorphlsms .and inhibition)
Next- mutations by using TSR Imazethapyr — Umbrosia
n targeted amplicon —
jgeneration sequencing. Seed/ leaf (ALS. artemisiifolia
sequencing- Lab linhibitor)
targeted \Use of thermal images to Linuron (ALS
amplicon capture the canopy inhibitor)
sequencing temperature on weeds
(NGS-TAS) that were on early growth
Thermal stage, 4 days after Leaves [— Glyphosate — Umbrosia
infrared glyphosate application. (EPSPS artemisiifolig
imagery Field inhibitor) Umaranthus
udis
\Kochia
coparia
Herbicides
IResistance screened for]Assays for
Type of test/ Plant imechanism utative comparison Plant species|
screening Testing IDescription tissue screened resistance and validationjexamined
Spectral reflectance |[Laboratory  [Use of spectral weed Leaves — Glyphosate — Umbrosia
indices to record canopy (EPSPS lartemisiifolia
indices spectral reflectance 72 h inhibitor) Umaranthus
after glyphosate udis
application. Kochia
scoparia
Weed PAM Laboratory/ _|Use of a chlorophyll Leaf — IACCase, ALS  |[Whole Ulopecurus
Field fluorescence imaging and PS 11 lant myosuroides
sensor to measure . linhibitors bioassays
maximum photosynthesis
efficiency F,/F,,5days
Root length in ILaboratory ?fter treatment Seed — IACCase, ALS, [Whole \Echinochloa
Use of growth pouches to
growth measure the root and PSII, GS, andjplant . spp.
pouches shoot lengths of the weed EPSPS bioassays
6 days after incubation in inhibitors Dose
a herbicide solution. - response
Excised leaf Laboratory |y reasurement of Leaf INTSR Mesotrione — Umaranthus
assay herbicide metabolism by (HP Pp tuberculatus
measuring the herbicide inhibitor)
degradation rates Primisulfuron
(ALS
linhibitor)
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