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Clasificacion de los herbicidas segun los mecanismos de accion
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sSummary of Herbicide Mechanism of Action
According to the Weed Science Society of America
(WSSA)

Boetyl Cof Carboxylase (ACCase| Inhibitors

Anydoxyphenoeyprogionate (FOPs ) oyclohexanedione {DHMa} and phamgdpyrazobin (DEMs) hertbicades mhibd
ihe enzyme acetyl-Cob carbosylase (A0 Case). the enryme cafalyzing the first commifted step in de nove
fatty ackd synthesis (Burion 198%; Focke and Lachtenthaler 73487 ), Inhbiton of fatty acid synihess presamabty
blocks the production of phospholipds used in balding new membranes required for oefll growth. Broadieaf
species e raburally resisiant o cpsichesanedicne and andoiyplenioegy proplonate harbicidas bedies of an
inGensitive ACCI0 pnayme. Similarky, natural wleranos o Some grasses Fppe s o be due to QRS consithe
ACCase [Siclienbery 1588). An akemativre mechanism of achon has been proposed invobong destruction of
the electrochemical potental of the call membrans, bul the contnbution of this ypothesis remains in guastion.

Acetolactate Synthase |ALS] of
Acetohydraxy Acld Synthass (AHAS) Inkibiters

imidazoinones, pyimidingthicbenzoates, suliomylammo carbonyitriazolinones, sulforwlureas, and
triszodapyrimidineg s mre herbicides that mhibil acetolactate synthass (ALS), slso called acatahpdresngacid
symthase (AHAS) & key enzyme in the biosymthesis of the branched-chain ammma acids isokeucing, Bucine, and
valing {LaRpssa amnd Schioss 1684) Plant death esults from events oocurring n response @ ALS inhibition
and low branched-chain aming acad proguction, but the aciual sequence of phyiotoxic processes is uncear

3 18 |23

Mirosis Inhibitors

Benramide, benzoic acid (DCPA ), diniboaniine, phosphoramidate, and pynidne herbicides {(Growp 3] are
examples of hetoides that bird 1o lubuwling the major microtubule protein, The herbicide -bubukn complex
inhibils polymerization of microtubules af the assembly end of the projein-based microtubale bt has no

effect on depolymernization of the twbule of the other end [Yaughn and Lehnen 1881}, keading o a bss of
microiubule structune and Tunclion. A2 a resull, the spindle apparatus = absani, fus preveming the aligniment
and separation of chvamosomes durng miesis. In addiion, the cell plaie can not B foemed. Microlubules also




Actualizacion y nuevos modos de accion herbicida

e GHRC Denver (USA) 2017, reunid Global HRAC

e Revisary actualizar la lista de i.a. y afadir nuevos

* Actualizar/revisar MOAs

e Actualizar/revisar las familias quimicas

e Recomendar cambios en la codificacidon de los clasificacion de los MOAs:
de letras a numeros

e Establecer un procesos de actualizacidn y revisidon anual

Warking Group

Rex Liebl, BASF. RTP NC. USA Lista inicial de 357 sustancias herbicidas (i.a.)
Jelf Epp, Coarteva, Indianapolis. IN, LISA

Hubert Menne, Bayer, Frankfurt, Germany

Bemd Laber, Bayer, Frankfurt, Germany

James Maorris, Syngenta, Jealott's Hill, UK

Matthias Witschel, BASF, Ludwigshafen, Germany

Comercializadas
The Working Group (WG) convened its kickoff meeting September 8, 2017.

Lista de 260 sustancias herbicidas
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+* Global HRAC hara la transicidn de letras a nimeros y dara soporte de mientras a la codificacion por letras

¢ Razones
U Geografias sin alfabeto latino o elevados niveles de analfabetismo

O Solo hay 26 letras: 25 MOAs # reconocidos ahora mismo (2010)
O Proximos 10 afios: 2 a 4 nuevos MOAs # saldran al mercado
1 IRAC usa numeros y FRAC esta ya en la transicion

L Manejo de resistencias:

0 Habia MOAs diferentes identificados con la misma letra (C, F o K) y solo diferenciados
por un numero: induce a no rotar o mezclar?

Naming should follow [UPAC nomenclature rules.
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Nueva Clasificacion de los herbicidas segin los mecanismos de accion

Light Activation of ROS"

Inhidtion of Photosynatrsis al P51
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Nueva Clasificacion de los herbicidas segiin los mecanismos de accion

22 MOAs # (2010)  E—) 25 MOAs # (2020)

HRAC & Legacy HRAC& Legacy
WSS5A  HRAC Ws5A  HRAC
1 A Inhibition of ACCase 19 P Auxin fransport inhibitors
2 B Inhibition of ALS 22 D P& | electron diversion
3 K1 Inhibition of microtubule assembly 23 K2 Inhibition of microtubule organization
4 O AUXIn mimics 24 M Uncouplers
Inhibition of photosynthesis 27 F2 Inhibition of HPPD
3 bt PS Il - Serine 264
REE 29 L Inhibitien of cellulose synthesis
Inhibition of photosynthesis . e
6 C3 PS Il - Histidine 215 30 a Inh_nh.nmn of fatty acid H‘unlesterase
9 G Inhibition of EPSP synthase 3 R intknoasine eendn
protein phosphatase
Inhibition of glutamine £
10 H Athet 39 5 Inhibition of solanesyl
Db diphosphate synthase
12 F1 Inhibition of PDS 33 . Inhibition of homogentisate
13 Fd Inhibition of DOXP synthase solanesyltransferase
14 E Inhibition of PPO 34 F3 Inhibition of lycopene cyclase
15 K3 Inhibition of VLCFAs 0 z Unknown mode of action

18 I DHP inhibition
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Nueva Clasificacion de los herbicidas segin los mecanismos de accion

1, 15,30 5,6,12,13, 14, 22

5 012.15,10,12
2501

2,9,31
29
19
18
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HRAC/WSSA Group 2, Legacy HRAC Group B

Inhibition of Acetolactate Synthase

Active ingredients Previous classification New classification

bispyribac-sodium (and prodrug Pyrimidiny! (thio) benzoates | Pyrimidinyl benzoates
pyribenzoxim), pyriftalid,
pyriminobac-methyl, pyrithiobac-

sodium

pyrimisulfan, triafamone Pyrimidiny| (thio) benzoates

cloransulam-methyl. diclosulam, Triazolopyrimidine

florasulam, flumeatsulam, AV A
metosulam Eﬁ?
penaxsulam, pyroxsulam Triazolopyrimidine : rdlp

amidosulfuron, azimsulfuron, Sulfonylureas Mo change .

bensulfuron-methyl, chlorimuron-

imazamethabenz-methyl, Imidazolinones Mo change
imazamox, imazapic, imazapyr,
imazaquin, imazethapyr

flucarbazone-Na, sulfonylaminoc-carbonyl- Triazolinones
propoxycarbazone-MNa, triazolinones
thiencarbazone-methy!

Las triazolopirimidinas pueden tener dos tipos de unidon con el enzima
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HRAC/WSSA Group 15, Legacy HRAC Group K3
Inhibition of Very Long Chain Fatty Acids

: : : 1 : Inhibition of Very Long-Chain Inhibition ol
0 Acetamidas (dlfenamlq, naproanlllc.zle & hapropamlda) como q Fatty Acid Synthesis ﬂ Thibgstatas
grupo 0: MOAs desconocidos, no son inhibidores de VLCFA

O Union de K3 + N en el mismo MOA: inhibidores de VLCFA:
Ex-grupo N: tiocarbamatos (i.e. prosulfocarb)

Ex-grupo K3: # familias quimicas:
S-MOC, metazacloro, pyroxasulfona, flufenacet

Benzofuranes Azobd-carboxamides
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0 Resistencias en grupo 15: N (prosulfocarb) + K3 (S-MOC, metazacloro, pyroxasulfona, flufenacet)

O Las resistencias cruzadas tienen mas sentido ahora? Son el mismo MOA.

0 No hay cruzada o menos con grupo 3 (K1: pendimetalina, trifluralina, propizamida): por GST, que va por P450.

Alopecurus: resistencia a flufenacet por GST (pendimetalina), prosulfocarb, Diicker et al., 20193
S-MOC y petoxamida Pest Manag Sci
Lolium spp: resistencia a flufenacet por GST Diicker et al., 2019b

Pest Manag Sci

Lolium rigidum: resistencia a pyroxasulfona Prosulfocarb, S-MOC vy trialato Busi et al., 2013 Pest
(Brunton et al., 2019) por GST Manag Si; 2018 Pest
Biochem & Physiol

Vallico: resistencia metabdlica por GST prosulfocarb, flufenacet, etc. Torra et al., 2021 Front

(P450) (ACCasa, ALS). Plant Sci
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Endoplasmic
Reticulum

Cytosol
Unknown mode
of action
Fi
: ::ﬂ_gz: e Inhibition of Fatty Acid
i3 Thicesterase
tal 18:1-CoA  [IVIGRA
el 1 | elongase
77 181 complex
| . » Kinmethylin
: 0
VLC a
'Campe, R. ef al A new herbicide site of action: Cinmethylin binds to acyl-ACP thicesterase and inhibits cinmethylin, methiozolin

plant fatty acid biosynthesis. Pestic. Biochem. Physiol. 2018 https://doi.org/10.1016/]. pestbp.2018.04.006
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HRAC/WSSA Group 4, Legacy HRAC Group O

Auxin Mimics

Active ingredients

Previous classification

New classification

| picloram, clopyralid, aminopyralid Pyridine-carboxylates

No change

halauxifen, florpyrauxifen

None/new

Pyridine-carboxylates

triclopyr, fluroxypyr

Pyridine-carboxylates

Pyridyloxy-carboxylates

245-T, 24-D, 24-DB, ¢l

dichlorprop, Fenoprop, mecoprop,

omeprop, Phenoxy-carboxylates

No Change

MCPA, MCPB
dicamba, chloramben, TBA Benzoates No change
guinclorac, quinmerac Quincline-carboxylates No change

aminocyclopyrachlor

None

Pyrimidine-carboxylates

benazolin-ethyl

Other

No change

chlorfenac=fenac, chlorfenprop Other

Phenyl carboxylates
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HRAC/WSSA Group 4, Legacy HRAC Group O

Auxin Mimics

X/

% Opcién de un nivel de segmentacion adicional para el MOA: unién diferencial a las proteinas receptoras AFB

Embrya patteming

2.45-T, 2,4-D, 2,4-DB, clomeprop, = AFB1 —)

|AA response in roots

dichlorprop, Fenoprop, mecoprop, — % _ |
MCPA, MCPB AFB2 %ﬂl? Lataral root induction

shoot branching

Leaf growth Fenotipo resistente a picloram: mutantes en afb4

halauxifen, florpyrauxifen Inflorescence height

Picloram, aminopyralid, fluoxypyr & quinclorac

/

* Redundancia auxina sintética / receptor AFB: datos insuficientes para segmentar el MOA
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Inhibicion de la fotosintesis en el fotosistema Il
Ex-Grupo C (C1, C2 & C3)

Inhibition of
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Inhibicion de la fotosintesis en el fotosistema Il
Grupos 5 (C1, C2) y 6 (C3)

Inhibition of Photosynthesis at PS |l

D1 Serine 264 binders (and
other non-histidine 215 binders)

D, Histidine
215 binders

Cripradazony
ERTazon
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Inhibicion de la fotosintesis en el fotosistema I
Grupos 5 (C1, C2) y 6 (C3)

¢ Subclases C1 & C2 separadas antes para el manejo de resistencias, porque no se conocian resistencias cruzadas

+* Subclases C1 & C2: el patrdén de resistencia cruzada no es claro
+* hay biotipos resistentes a C2 (ureas) y C1 (uracils)

X/

¢ Hay biotipos resistentes a C1 (triazinas) y C2 (ureas) } pero S a otros C1

7/

+* No se ha encontrado resistencia cruzada entre grupo 5 (C1 & C2) y grupo 6 (C3):
** Grupo 5se une en la Ser264 // Grupo 6 se une en la His215
% Mutaciones en la Ser264: resistencia a grupo 5y (hiper)sensibilidad a grupo 6

%
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Inhibicion de la sintesis de pigmentos (bleaching)
Ex-Grupo F (F1, F2, F3 & F4)

F Inhibitien of pigment
synthesis (bleaching)
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Inhibicion de la sintesis de pigmentos (bleaching)
Ex-Grupo F (F1, F2, F3 & F4)

77 Inhibition of Hydroxyphenyl Inhibition of Solanesyl
Pyruvate Dioxygenase Diphosphate Synthase

12 Inhibition of Phytoene
Desaturase

Inhibition of Deoxy-D-Xyulose
Phosphate Synthase

Inhibition of
Lycopene Cyclase

" Reacta micggen yper e
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Pyruvate e
+ 2 " .
_ = OH
glyceraldehde-3-pheasphats Hﬂ/ﬁ_ﬁ;: NH:
' R byrosinge
“-camtene BOXP
Grupo 12 (F1): Vo B
picolinafen, DFF, » s v o
beflubutamida P T [T T °
T T HO™ Aclonifen?
bl | p-hydronyphenyipyruvale .
; Amitrole?
GGDP —t—— GDP HPPD Grupo 27 (F2):
. . Fluometuron?
7108 'ni -~ Mesotriona,
i isoxaflutol
0o a0 0
Lk } B & o - 3
e i &iF & PH ﬁ“\-., = KH:]:-H 2
aolany| diphoaphate NST i farmogentisate
L. I} i
N T -"J-‘\'-\,_h s
_ 2| ]
F-methyl-G-solanyl e
1, 4-benzoguinol OH
: ot
’J\:\"-\'\:\..-'ﬂ‘-\,_\__J"'\-“'..‘;\-__.-% .-"J"T-".\"_e.\_ﬁ.-'
| J L Inhibition of
plastogquing-9 r:_| Lycopene Cyclase
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iz

Pyt uvate
+

L
’ﬁm"h-"ﬂ“])l OH
glvmmld&hvﬂc-lmrﬂsphﬁ ‘| |
lr i eEE

Inhibition of
Grupo 12 (F1): i o ! DOXP synthase
. . O
picolinafen, DFF, »T’m Y g
beflubutamid phiomna:  (OF=—EEAPP e e
efiubutamida S oo~ O I Inhibition of Deoxy-D-Xyulose
2 IoP 4 p-hydroxyphenylpyruvate Phosphate Synthase
[
A i Hml Grupo 27 (F2):
e 'ni —_— Mesotriona, .
d o isoxaflutol Isoxazolidinones
i P 0
| % } o 2 . ,l .
T, N, S LN
= o o P q“\h = K;]JH o
Aclanifen Soiryphotptite HET ll b
Inhibition of Solanesyl el
ll Diphosphate Synthase Sl ”lf‘h]f
Z-methyl-B-solanyl s

 Selectividad: cereales, maiz, leguminosas, colza, arroz
y cana de azucar

1, 4-benzoguinol OH

. o
--’L:“-b.-"ﬂx/l"“t‘_-"% __.-J‘-:i,__f_.-'
]

'j;ﬁ-\""\-\.
T
plastoguinod-a I

[H

L Residual: pre-emergencia o post-emergencia precoz

O Espectro: gramineas (Lolium, Alopecurus)
y diversas dicotileddneas
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Pyr uvata
¥ x‘v"\l)l OH
iy e ralcefnde-3-pheasphats L
2
* HITIZIEII'IEI

C-canotens QKPR

Grupo 12 (F1):
picolinafen, DFF, # PDS

el Nuevo MOA
beflubutamida i i 'EE_:ETAPP D
T 2 o ¢ p-hydrmoyphanyipyrvate :
R S e Py l Grupo 27 (F2): l;hlhutiun of Homogentisate
Mesotriona, ﬂlanesyltransfarase

7 IDP ﬂui 3f5

.—"L"'-‘;-_.-"'JH._.--"]'\"'“‘;.-'

| {:'I EII'-PH i I\/D
Enlan;.'lcspnﬂﬁphate 1 | l-::lrnl:lnermsate \Hj\

Gyl:lnpyrrmnrate
J] ﬁ]

Fmrethogl E--&l:-lan'_.'l i
1 4-benzoguino

k isoxaflutol

a-ﬁt::__.m

OH  También produce bleaching (sintesis carotenoides/
\_) 1 plastoquinonas)
pmgmu.mqlﬂ O Selectivo en arroz

O Muy eficaz en m. h. resistentes a ALS
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HRAC/WSSA Group 9, Legacy HRAC Group Z

Unknown Mode of Action

Active ingredients

bromobutide, cacodylic acid,
CAMA, cumyluron, difenzoquat,
DSMA, dymron=daimuron,
etobenzanid, fosamine,
methyldymron, monalide, MSMA,
oleic acid, oxaziclomefone,

pelargonic acid. pyributicarb,
quinoclaming, diphenamid,
naproanilidefnapropamide

Flamprop-m, tebutam,

Dalapon, flupropanate, TCA,

Bensulide, mefluidide, perfluidone
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Nueva Clasificacion de los herbicidas segin los mecanismos de accion

Light Activation of ROS"

Inhidtion of Photosynatrsis al P51
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Light Activation of ROS"

Inhidtion of Photosynatrsis al P51
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Nuevo MOA

M Inhibe la Dihydroorotate dehydrogenase (DHODH)

[ Sintesis del nucledtido uridina (4ta de 6 reacciones)

O Letal para la mayoria de organismos: DHODH de plantas # especificidad de sustrato e inhibicién

[ Control selectivo de gramineas en arroz mmm)  Cereales?

25 MOAs # (2020) > 26 MOAs # (2021)
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Nuevo MOA

O Nueva clase de herbicidas: MOA por determinar

O Moviles por floema en dicotiledoneas y parecen afectar al metabolismo de
carbohidratos

O Selectividad en cultivos monocotiledéneos por metabolismo

O Algunos compuestos tienen un espectro muy bueno en post-emergencia
contra dicotiledoneas

26 MOAs # (2021) > 27 MOAs # (2021)
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MUCHAS GRACIAS
POR VUESTRA PARTICIPACION Y ATENCION

Joel Torra

Sociedad Espanola de Malherbologia
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