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Basi dell’uso razionale dei fitofarmaci

1. Biologia del fitofago da controllare

2. Monitoraggio

3. Campionamento

4. Soglie economiche di tolleranza, intervento, danno

5. Obiettivo: riduzione del numero degli interventi fitosanitari
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Scelta razionale dei mezzi chimici in agricoltura integrata

Fitofagi da controllare (caratter. morfo-funzionali e biologiche in rapporto alla pianta)
Principi attivi disponibili e loro modalita di penetrazione e maccanismi di azione
Autorizzazione all’uso per la coltura da proteggere e per I'avversita

Fitotossicita e miscibilita

Stadi del fitofago da controllare

Fase fenologica della pianta

Intervallo di sicurezza

Limite di tolleranza (ppm), ADI (DGA), Concentrazione autorizzabile per alimento (CAA)

Formulazione e dose di impiego

. Attrezzature e macchine in dotazione per la distribuzione (sicurezza, efficacia, deriva)
. Tossicita

. Persistenza agronomica o fitosanitaria

. Grado di selettivita per le specie utili e altri effetti collaterali indesiderabili

. Destino ambientale nei comparti acqua, aria, suolo (e vegetazione)

. Prezzo
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Mode of Action Classification

IRAC

Insecticide Resistance Action Committee
The Key to Resistance Management
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8.

9.

Sito d’azione dei diversi insetticidi

. Acetilcolinesterasi

Recettori GABA

. Canali sodio

. Recettori nicotinici dell’acetilcolina
. Canali del cloro

. Chitinosintetasi

. Inibitori del trasporto di elettroni del complesso mitocondriale lll

Bloccanti dei canali sodio voltaggio dipendenti

Acetil-CoA carbossilasi (glicolisi)

10.Recettori delle rianodine



1
Acetylcholinesterase
(AChE) inhibitors

Nerve action

{Strong evidence that
action at this protein is
responsible for
insecticidal effects}

1A Carbamates 1B Organcghosphates

Group 2: GABA-gated ohlorids shannel antagonisic

28 Phenylpyrazoies
[Fiproles)

Organochkrines

o proup 3 arm sowm)

1A
Carbamates

Alanycarb, Aldicarb, Bendiocarb, Benfuracarb,
Butocarboxim, Butoxycarboxim, Carbaryl, Carbofuran,
Carbosulfan, Ethiofencarb, Fenobucarb, Formetanate,
Furathiocarb, Isoprocarb, Methiocarb, Methomyl,
Metolcarb, Oxamyl, Pirimicarb, Propoxur, Thiodicarb,
Thiofanox, Triazamate, Trimethacarb, XMC, Xylylcarb

1B

Organophosphates

Acephate, Azamethiphos, Azinphos-ethyl, Azinphos-
methyl, Cadusafos, Chlorethoxyfos, Chlorfenvinphos,
Chlormephos, Chlorpyrifos, Chlorpyrifos-methyl,
Coumaphos, Cyanophos, Demeton-S-methyl,
Diazinon, Dichlorvos/ DDVP, Dicrotophos,
Dimethoate, Dimethylvinphos, Disulfoton, EPN,
Ethion, Ethoprophos, Famphur, Fenamiphos,
Fenitrothion, Fenthion, Fosthiazate, Heptenophos,
Imicyafos, Isofenphos, Isopropyl O-
(methoxyaminothio-phosphoryl) salicylate, Isoxathion,
Malathion, Mecarbam, Methamidophos, Methidathion,
Mevinphos, Monocrotophos, Naled, Omethoate,
Oxydemeton-methyl, Parathion, Parathion-methyl,
Phenthoate, Phorate, Phosalone, Phosmet,
Phosphamidon, Phoxim, Pirimiphos- methyl,
Profenofos, Propetamphos, Prothiofos, Pyraclofos,
Pyridaphenthion, Quinalphos, Sulfotep, Tebupirimfos,
Temephos, Terbufos, Tetrachlorvinphos, Thiometon,
Triazophos, Trichlorfon, Vamidothion

2
GABA-gated chloride
channel blockers

Nerve action

() Nerve & Muscle Growth & Development [Z] Respiration Midgut Unknown or Non-Specific

2A
Cyclodiene
Organochlorines

Chlordane, Endosulfan

2B
{Strong evidence that Phenylpyrazoles Ethiprole, Fipronil
action at this protein is (Fiproles) '
responsible for
insecticidal effects}
3 . 3A Acrinathrin, Allethrin, d-cis-trans Allethrin, d-trans
Sodium channel Pyrethroids Allethrin, Bifenthrin, Bioallethrin, Bioallethrin S-
modulators Pyrethrins cyclopentenyl isomer , Bioresmethrin, Cycloprothrin,
Nerve action Cyfluthrin, beta-Cyfluthrin, Cyhalothrin, lambda-
) Cyhalothrin, garmma-Cyhalothrin, Cypermethrin,
{Strong evidence that a!iha-Cyperr?"lethrin, bgta-Cyperme¥r?rin, theta-
action a? this proteln Is cypermethrin, zeta-Cypermethrin, Cyphenothrin ,
Fes'mr,‘s,'b'e for (1R)-trans- isomers], Deltamethrin, Empenthrin (EZ)-
insecticidal effects} (1R)- isomers], Esfenvalerate, Etofenprox,
Fenpropathrin, Fenvalerate, Flucythrinate, Flumethrin,
tau-Fluvalinate, Halfenprox, Imiprothrin, Kadethrin,
Permethrin, Phenothrin [(1R)-frans- isomer],
Prallethrin, Pyrethrins (pyrethrum), Resmethrin,
Silafluofen, Tefluthrin, Tetramethrin, Tetramethrin
[(1R)-isomers], Tralomethrin, Transfluthrin,
3B
DDT DDT

Methoxychlor

Methoxychlor




5 |4 4A
Group &: Nigatinio sostylsholing reosptor (nACHR) oompatitive modulators Nicotinic acetylcholine | Neonicotinoids Acetamiprid, Clothianidin, Dinotefuran, Imidacloprid,

receptor (nAChR) Nitenpyram, Thiacloprid, Thiamethoxam,
U\O\I}{ . competitive modulators 1B
Nerve action Nicotine Nicotine
48 soatr /40 {Strong evidence that
Nicztine Sulydmines AC

action at one or more of

. this class of protein is Sulfoximines Sulfoxaflor
responsible for
ﬂ .. insecticidal effects} 4D
LT' i Butenolides Flupyradifurone
Fltryiniiias - " 4E
Naonlestingids Buienaides Mescionics, 4E

y Mesoionics Triflumezopyrim

umps:umudml:m“‘ " Group o: Olutamategated chioride channel (BCH | | 5
———_—— ——— Nicotinic acetylcholine | spinosyns Spinetoram, Spinosad

Huracin k= mm———— receptor (nAChR)
-:%1- 'l-T' . allosteric modulators
' o H ] Nerve action
E Tisnehom il.l . L

e — {Strong evidence that

P i

action at one or more of
B Avermectre, Mibemytins this class of protein is

" | responsible for
insecticidal effects}

Group 7: Juvenlls hormana mimlo

Spdrgrans R eyl e 5
Wi, Y gy Y 0y Glutamate-gated Avermectins, Abamectin, Emamectin benzoate, Lepimectin,

. L, O e chioride channel Milbemycins Milbemectin

s (GluCl) allosteric
Mg P = popangyl, B = e modulators

TA Juveniliz harmans analagues T8 Fenoxycarh Nerve and muscle action

{Strong evidence that
action at one or more of
this class of protein is
responsible for
insecticidal effects}

| Nerve & Muscle Growth & Development [ Respiration Midgut Unknown or Non-Specific 7 7A

Juvenile hormone Juvenile hormone Hydroprene, Kinoprene, Methoprene
mimics analogues

Growth regulation 7B

{Target protein Fenoxycarb Fenoxycarb
responsible for biological
activity is unknown, or 7C

uncharacterized} Pyriproxyfen Pyriproxyfen
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11A Baclius fhuringlensis Baciius sphasnious

() Nerve & Muscle Growth & Development [T7] Respiration Midgut Unknown or Non-Specific

8 *

Miscellaneous non-
specific (multi-site)
inhibitors

8A

Alky! halides Methyl bromide and other alkyl halides

8B

Chloropicrin Chloropicrin

8C

Fluorides Cryolite (Sodium aluminum fluoride), Sulfuryl fluoride

8D

Borates Borax, Boric acid, Disodium octaborate, Sodium
borate, Sodium metaborate

8E

Tartar emetic Tartar emetic

8F Dazomet, Metam

Methyl isothiocyanate
generators

9 9B

Chordotonal organ Pyridine azomethine Pymetrozine, Pyrifluquinazon

TRPV channel derivatives

modulators

Nerve action

{Strong evidence that

action at one or more of

this class of proteins is

responsible for

insecticidal effects }

10 10A

Mite growth inhibitors Clofentezine Clofentezine, Diflovidazin, Hexythiazox
; Diflovidazin

Growth regulation Hexythiazox

{Target protein

responsible for biclogical

activity is unknown, or 108
uncharacterized} Etoxazole Etoxazole
11 1A

Microbial disruptors of
insect midgut
membranes

(includes transgenic
crops expressing Bacillus
thuringiensis toxins,
however specific
guidance for resistance
management of
transgenic crops is not
based on rotation of
modes of action)

Bacillus thuringiensis
and the insecticidal
proteins they produce

Bacillus thuringiensis subsp. israelensis
Bacillus thuringiensis subsp. aizawai
Bacillus thuringiensis subsp. kurstaki
Bacillus thuringiensis subsp. tenebrionis

B.t. crop proteins: (* Please see footnote)
Cry1Ab, Cry1Ac, Cry1Fa, Cry1A.105, Cry2Ab, Vip3A,
mCry3A, Cry3Ab, Cry3Bb, Cry34Ab1/Cry35Ab1

11B
Bacillus sphaericus

Bacillus sphaericus




Group 12: ImhibHore of mtoohondrisl ATP cymthacs

128 Onganatin
mitlcides

Diafenthiluron

@roup 13 Unoowplars of oxldathve phos-
phiorylation via dicruption of proton gradient

13 Pyrmoies,
Dinitrophienals,
Sufluamid
12
Inhibitors of
mitochondrial ATP
__J Nerve & Muscle Growth & Development () Respiraticn Midgut Unknewn or Non-Specific synthase

Energy metabolism

12A
Diafenthiuron

Diafenthiuron

12B
Organotin miticides

Azocyclotin, Cyhexatin, Fenbutatin oxide

{Compounds affect the 12C

function of this protein, Propargite Propargite
but it is not clear that this

is what leads to 12D

biological activity} Tetradifon Tetradifon
13 *

Uncouplers of Pyrroles Chlorfenapyr
oxidative

phosphorylation via Dinitrophenols DNOC
disruption of the

proton gradient Sulfluramid Sulfluramid

Energy metabolism

14

Nicotinic acetylcholine
receptor (nAChR)
channel blockers

Nerve action

{Compounds affect the
function of this protein,
but it is not clear that this
is what leads to
biological activity}

Nereistoxin analogues

Bensultap, Cartap hydrochloride, Thiocyclam,
Thiosultap-sodium
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Bgrobacin

1E Buprafiazin

i S
L]

@roup 18 Cobopamin

15

Inhibitors of chitin
biosynthesis, type 0
Growth regulation
{Target protein
responsible for biological

activity is unknown, or
uncharacterized}

Benzoylureas

Bistrifluron, Chlorfluazuron, Diflubenzuron,
Flucycloxuron, Flufenoxuron, Hexaflumuron,
Lufenuron, Novaluron, Noviflumuron, Teflubenzuron,
Triflumuron

@roup 20: Mitoohondrial oomplex Il sleotron tancport InhibHors

racaptor Icte

(") Nerve & Muscle

S,

16

Inhibitors of chitin
biosynthesis, type 1
Growth regulation
{Target protein
responsible for biological

activity is unknown, or
uncharacterized}

Buprofezin

Buprofezin

20A Hytramethyinon 208 Acequinocyl  20C Fluacrypyrim 200 Bffenazate

Growth & Development [T Respiration Unknown or Non-Specific

17
Moulting disruptors,
Dipteran

Growth regulation

{Target protein
responsible for biological
activity is unknown, or
uncharacterized}

Cyromazine

Cyromazine

18
Ecdysone receptor
agonists

Growth regulation

{Strong evidence that
action at this protein is
responsible for
insecticidal effects}

Diacylhydrazines

Chromafenozide, Halofenozide, Methoxyfenozide,
Tebufenozide

19
Octopamine receptor
agonists

Nerve action

{Good evidence that
action at one or more of
this class of protein is
responsible for
insecticidal effects}

Amitraz

Amitraz

20

Mitochondrial complex
1l electron transport
inhibitors

Energy metabolism

{Good evidence that
action at this protein
complex is responsible
for insecticidal effects}

20A
Hydramethylnon

Hydramethylnon

20B
Acequinocyl

Acequinocyl

20C

Fluacrypyrim Fluacrypyrim
20D

Bifenazate Bifenazate




o
[ Group 22: Voltage-dependent |
codlum channsl blooksrs

21A METI acaricides

Unknown or Non-Specific

Growth & Development [Z) Respiration

21 21A
Mitochondrial complex | METI acaricides and Fenazaquin, Fenpyroximate, Pyridaben, Pyrimidifen,
| electron transport insecticides Tebufenpyrad, Tolfenpyrad
inhibitors
Energy metabolism ,
; 21B Rotenone (Derris)
{Good evidence that Rotenone
action at this protein
complex is responsible
for insecticidal effects}
22 22A
Voltage-dependent Oxadiazines Indoxacarb
sodium channel
blockers
Nerve action
{Good evidence that 29B
action at this protein Semicarbazones Metaflumizone

complex is responsible
for insecticidal effects}

23

Inhibitors of acetyl CoA
carboxylase

Lipid synthesis, growth
regulation

{Good evidence that
action at this protein is
responsible for
insecticidal effects}

Tetronic and Tetramic
acid derivatives

Spirodiclofen, Spiromesifen, Spirotetramat

24

Mitochondrial complex
IV electron transport
inhibitors

Energy metabolism
{Good evidence that
action at this protein

complex is responsible
for insecticidal effects}

24A

Phosphides Aluminium phosphide, Calcium phosphide,
Phosphine, Zinc phosphide

24B

Cyanides Calcium cyanide, Potassium cyanide, Sodium cyanide




25 beda-Ketonitrie
| dervalives

] Nerve & Muscle

Group 25 Ryanodiss receptsd
el o -

' 28 Diamides

Pyt

256 Carbaxaniides

Growth & Development [Z) Respiration

Midgut

29 Flonicamid

Group UN: Compounds

of unknown or uncertain

mede of sotion

Unknown or Non-Specific

25

Mitochondrial complex
Il electron transport
inhibitors

Energy metabolism
{Good evidence that
action at this protein

complex is responsible
for insecticidal effects}

25A
Beta-ketonitrile
derivatives

Cyenopyrafen, Cyflumetofen

25B
Carboxanilides

Pyflubumide

28

Ryanodine receptor
modulators

Nerve and muscle action

{Strong evidence that
action at this protein
complex is responsible
for insecticidal effects}

Diamides

Chlorantraniliprole, Cyantraniliprole, Flubendiamide

29

Chordotonal organ
Modulators - undefined
target site

Nerve action

(Modulation of
chordotonal organ
function has been clearly
demonstrated, but the
specific target protein(s)
responsible for biological
activity are distinct from
Group 9 and remain
undefined.)

Flonicamid

Flonicamid

UN *

Compounds of
unknown or uncertain
MoA

{Target protein
responsible for biological
activity is unknown, or
uncharacterized}

Azadirachtin

Azadirachtin

Benzoximate

Benzoximate

Bromopropylate

Bromopropylate

Chinomethionat

Chinomethionat

Dicofol

Dicofol

GS-omega/kappa HXTX-
Hvla peptide

GS-omega/kappa HXTX-Hvla peptide

Lime sulfur Lime sulfur
Pyridalyl Pyridalyl
Sulfur Sulfur




Insecticide Mode of Action Classification

Insecticide Resistance Action Committee www.irac-online.org

IRAC

Introduction

Insecticide Resistance Action Committee [IRAC] promotes the use of a Mode of
Action (MoA) classification of inseclicides as the basis for effective and sustainable
insecticide resistance management (IRM). Inseclicides are allocated to specific
groups based on their tanget site. Reviewed and re-issued periodically, the IRAC
Mod classification list prowvides farmers, growers, advisors, extension staff,
consuftants and crop protection professionals with a guide fo the selection of
insecticides or acancides in IRM programs. Effective IRM of this type presemnves the
utility and diversity of available insecticides and acaricides.

CropLife Y

Effective IRM strategies: MoA Sequences & alternations

All effective insecticide resistance management (IRM) strategies seek to minimise the selection
of resistance to any one type of insecticide. In practice, altemations, sequences or rotations of
compounds from different MoA groups provide sustainable and effective IRM for pest insects.
This ensures that selection from compounds in the same MoA group is minimised, and
resistance is less likely o evolve.

Applications are often amanged inte MoA spray windows or blocks that are defined by the
stage of crop development and the biclogy of the pest species of concem. Local expert advice
should always be followed with regand to spray windows and timings. Several sprays may be
possible within each spray window but it is generally essential to ensure that successive
generations. of the pest are not treated with compounds from the same MoA group. Metabolic
resistance mechanisms may give cross-resistance between MoA groups, and where this is
kmown to occur, the above advice must be modified accordingly. IRAC also provides general
recommendations for resistance management tacfics regarding specific MoA groups, eg.
neanicotinoids (Group 44).

Color Scheme Notes:

The color scheme used here associates modes of action into broad categories based on
the physiological functions affected, as an aid to understanding symptomology, speed of
action and other properties of the insecticides, and not for any resistance management
purpose. Rotafions for resistance management should be based only on the
numbered mode of action groups. The crossresistance potential between sub-groups
is higher than that between different groups, so rotation between sub-groups should only
be used where effective registered insecticides from other MoA groups are unavailable.

Respiration targets
Group 12 !lrglkhims ofrr]hdlundrialATPsmﬂ'E's
128: Organatin mhﬂdﬁ {e.g. Cyhexatin)
: Propargite

Nerve & Muscle Targets
Group 1 Acetylcholinesterase (AChE) inhibitors
1A: Carbamates (e.g. Thiodicark),
1B: Organophosphates (e.g. Cl'llurp]mfus:
chloride channel blockers
2A: iene Organochlonines (2.g9. Endosulfan)
2B: Phenylpyrazoles (e.g. Fipronil)
Sodium channel modulators
3A: Pyrethrins, Pyrethroids (e.g. Cypemethrin)
3B: DDT. Metheeychior
Micotinic acetylcholine recepior (nACHR) competitive modulators
4A: Mecnicotinoids (e.g. Imidacloprid, Thiamethosam)
4B: Micotine
4C: Sulfoximines (e.g. Sulfoxafl
40: Butenolides (e.g- Fl.lp;n'nciflmre}
Micotinic acetylcholine recepior (nACHR) allosteric modulators
5 Spinosyns (e.g. Spinosad, Spinetoram)

Group 2 Group 13 Uncouplers of oxidative phosphorylation via disruption of the proton gradient
13: Pymoles (e.g. Chlorfenapyr), Dinitrophenals, (e.g.DNOC). Sulfuramid
Group 20 Inik:dlundnnluunmlex 1l elecinen fransport inhibitors
Sequence of insecticides through season - n non

‘HD\AW‘ ‘MDA.‘(| ‘Mm?‘ ‘N'IDAZ‘ |MMW‘ ‘Mm:‘
.

Group 21 Mitechondrial complex | electron transport inhibitors
214: METI acaricides & insecticides (e.g. Pyridaben)
21B: Rotenone (Demis)

Gi 24 Mitochondrial complex [V electron transport inhibitors

e MPhspn:ids(ag. Fh:e'.plline) :
24B: Cyanides (e.g. Scdium cyanide)

Glutamate-gated chloride channel (GlwCl) allosteric modulators

fi: Avermectins, Milbemycins (e.g. Abamectin, Emamectin benzoate)

Chordotonal organ TRPY channel modulators

9B8: Pyridine azomethine dervatives (e.g. Pymetrozine, Pyrfluquinazon)
Group 14 Nicotinic acetylcholine recepior (nAChR) channel blockers

14: Mereistoxin analogs (e.g. Cartap hydrochloride)
Group 18 Ociopamine recepior agonists

19: Amitraz

Group 22 Violtage dependent sodium channel blockers
224: Onadiazines (e.g. Indoxacarb)
228: Semicarbazones (e.g. Metaflumizone)

Group 28 Ryanodine recepior modulators.
28: Diamides (e.g. Chlorantraniliprole, Cyantraniliprole, Flubendiamide)

Group 28 Chordotonal argan medulators — undefined tamget site
28: Flonicamid

Midgut Targets
Group 11 hiuuhalcisuptu’sdlﬁectmdgltmmtrmﬁ

Miscellaneous non-specific (multi-site) inhibitors

Group 8 84 Alkyl halides, BB: Chloropicrin, 8C: Fluorides, 80: Borates,
BE: Tartar emetic, 8F: Methyl iscthiccyanate generafors

This postar ks for soucational purpesss only. Datalls are accurate to the bast of cur knowledge but IRAC and its member companies cannot accept responalbiify

for how this Iz uzad or

MoA Sequences & alternations — Exceptions

IRAC recommends alternations, sequences or rotations of compounds from different Mo groups
to provide & sustainable and effective approach fo IRM. Three groups (8, 13 and UN) are exempt

from the recommendations as they do not contain compounds acting at a commen tanget site

il Advics shoubd always be sought fn

I axperts or advi

and health and Y followsd.

Group 25 Mitochondnial complex || electron transport inhibitors
254 Befa-ketonitrile derivatives (e.g. Cyenopyrafen, Cyflumetofen)
25B8: Carboxanilides, (e.g. Pyflubumide)

Growth & Development targets
Group 7 Juvenile hormone mimics.
::g. Juvenile hormone analogues (e.g. Methoprene)
TC: Pyriproxyfen
Group 10 Mite growth inhibitors
10A: Clofentezine, Difiovidazin, Hexythiazox
10B: Etoxazole
Group 15 Inhibitors of chitin biosynthesis, Type 0
15: Benzoylureas (e.g. Flufenoxuron, Movaluron)
Group 18 Inhibitors of chitin biosynthesis, type 1
18: Buprofezin

Group 17 Moulting disruptors, Dipteran

17: Cyromazine
Group 18 Ecdysone recepior agonists

18: Diacylhydrazines (e.g. Methowyfenozide, Tebufenozide)
Group 23 Inhibitors of acetyl CoA carbowylase

23: Tetronic & Tetramic acid derivatives (e g Spirodiciofen)

Unknown

Group UN Compounds of unknown or uncertain mode of action (e.g. Azadiractin,
Benzoximate, Bromopropylate, Chinomethionat, Dicofol, Lime sulfur, Pyridalyl, Sulfur)

Dealgned & producad by the IRAC MoA Team, Dec. 2015, Ver. 4, Basad on MoA ClassiNcation Ver. 8.0, Photograph courtsay of M. Armea
For turther information viait the IRAC webaite: www Irac-onfine.org. IRAC document protected by © Copyright




IRAC

Insecticide Resistance Action Committee

Introduction and background

The agrochemical industry has developed a broad range of very effective insecticides for the control of lepidopteran pests. Unforbunatehy,
as a consequence of the misuse or overuse of these insecticides, many species have developed resistance. Populations of Plutellz
xyiostella, for example, have developed resistance to virlually every insecticide used against them. Additionally, there are numerous ather
species prone fo resistance development. In recent years the industry has worked especially hard io develop new types of insecticides
with nowel modes of aclion, but this process is becoming ever harder and more costly. It is therefore vital that effective insecticide
resistance management (IRM) strategies are implemented, fo ensure that resistance does not develop to these new compounds, ar to
older chemistries that are siill effective.

In order to help prevent or delay the incidence of resistance, IRAC promotes the use of a Mode of Action (McA) classification of
insecticides in effective and sustainable IRM sirategies. Available insecticides are allocated to specific groups, based on their target site,
as described below. By using sequences or altemations of insecticides from different MaA classes, resistance is less likely to occur
Available at the |IRAC website www.irac-online.org, this IRAC MoA classification list provides farmers, growers, advisors, extension staff,
consultants and crop protection professionals with a guide to the selection of insecticides in IRM programs.

Nerve and Muscle Targets
Mast current insecticides act on nerve and musdle targets. Insecticides that act on these targets
are generally fast ad:ing.

Iri1|b|1: AChE eausln-g I'r'_.pemxmamn .AEhElsIhe enzyme that terminates the action of the
exgitatory neurciransmitier acetylcholine at nerve synapses.
1A Carbamates (e.g. Meﬂ'n'rrfl, Thiodicarb) 1B Organophosphates (e.g. Chiorpyrifios)

Blodz the G.ﬁl':\hamvated dnluﬂde channei causing hypere:tma'um and convulsions. GABA is
the major inhibiiory neuroiransmitter in insects.

2A Cyclodiene Organochlorines (e.g. Endosulfan) 2B Phenylpyrazoles (e.g. Fipronil)
Geaunt fechnnehspnamndis e
Keep sodium channels open, causing hyperexcitation and, in some cases, nerve block. Sodium
channels are involved in the propagation of action potentials along nerve axons.

3A F')lr\e'lhnns, F‘yr\e‘lhmlds {eg Cypermethnn .A.-Cyhaluﬂ'lm}

Mimic the ag-nmsl action of anEtylchnllne at rLFkChRs causing hyperexcitation. Acetylchaoline is
the major excitatory neurotransmitier in the insect central nervous system.
MNeunmunonds{eg Anetamlpnd Thlaclupncl 'Ihla.meﬂ'marl]

All-osm:ally activate nACI'le. causing h)iper\mma‘hon of the nervous syshem Acstylcholine is
the major excitatory neurotransmitter in the insect central nenvous system.
Spinosyns (e.g. Spinosad, Spinetoram)

Group € Chioride channel sciivators
Allosterically activate glutamate-gated chloride channels (GuCls), causing paralysis. Glutamate
is an important inhibitory neurctransmitter in insects.

Nlerrnectn:x Mllbemymns(eg Abamectin, Emamectin Benzoate, Lepimecting

Bledn Ihe nAChR ion channel resulting in nenous syslem bluct and paralysis. Acetyicholine is
the major excitatory neurotransmitier in the insect central nenvous system.

Block sodium channeis, CAUSING Nenous syshern slwtdo\m and paralysis. Sedium channels are
imvolved in the propagation of action potentials along nerve axons.
224 Induxax:arh 228 Metaflumizone

Activate muscle ryanmine renepl.ots Iaadlng to contraction and paralysis. Ryanodine receptors
meediate calcium release into the cytoplasm from intracellular stores.
Diamides (e.g. Chiorantraniliprole, Cyantraniliprole, Flubendiamide)

Thés poster Is for educational pUTPOSSE only. Detalls are CCUrate to the best of oUF KNoWISdge but IRAC and 1 MemBer companies cannat accept responsibiity
for how this Information Is wsed or Interpreted. Advice should always be scught from local experts or advisors and healih and safely recommendations folowed.

Lepidoptera Insecticide Mode of Action Classification:
A key to effective insecticide resistance management

www.irac-online.org

Effective IRM strategies: Sequences or alternations of MoA
Effective insecticide resistance management (IRM) strategies seek to minimise the selection of resistance to any one type of insecticide.
In practice, alternations, sequences or rotations of compounds from different MoA groups provide sustainable and effective IRM.

Example:

%Mw‘ ‘MoAx| ‘My‘ |IlnAz| ‘HOAW‘ |MOAx|
.

Sequence of insecticides through season

Applications are often amanged into Mo spray windows or blocks that are defined by the stage of crop development and the biclogy of the
Lepidopteran species of concemn.  Local expert advice should always be followed with regard to spray windows and timing. Several sprays
may be possible within each spray window, but it is generally essential that successive generations of the pest are not treated with
compounds from the same MoA group. Metabolic resistance mechanisms may give cross-resistance between MoA groups; where this is
known to oceur, the above advice should be modified accordingly.

Respiration Targets

Mitochondrial respiration produces ATF, the molecule that energizes all vital cellular processes. In
mitochondria, an electron fransport chain uses the energy released by oxidation to charge a proton
gradient battery that drives ATP synthesis. Several inseclicides are known fo interfere with
mitochondrial respiration by the inhibition of electron transport andfor oxidative phosphorylation.
Insecticides that act on indi\-idual targets in this system are genera",f fastio mudera.leiy fast acting.

Inhll:h'l elecmx'l n'arlspu'lm‘nplex I preventing 1he Lmllzamun of energy by cells.
21A Tolfenpyrad

Midgut Targets
Lepldnpleran—speaﬁc miicrobial toxins that are spray-ed or expressed in fransgenic crops.

F'ro‘bem toedns that bln-d to reuepl.ols on Ihe midgut n'lerrhane md induce pore formation, resulting
in ionic imbalance and septicemia.
1A Bacillus thuringiensiz  11B Bacillus sphaenicus

Growth and Development Targets

Insect development is controlled by the balance of two principal homaones: juvenile hormaone and
ecdysone. Insect growth regulators act by mimicking one of these hormones or by direcily affecting
cuticle formation/deposifion or lipid biosynthesis. Insecticides that act on individual targets in this
system are generally slowly io moderately slowly acting.

Sroup TJuvenile hormone mimics
Applied in the pre-metamarphic instar, these compounds disrupt and prevent metamorphasis.
7B Juvenile hormone analogues (e.g. Fenoxycarb)

o Lo tabibie piafonriaiesrathasis Tupey
Incompletely defined mode of action leading to inhibition of chitin biosynthesis.
Elenzn:duraas {eg Flufenoxuron, Lufenuron, Novaluron)

ernx:lhe muurtlng I'n:rn'u're ecd'_.sme |nduun-g a precocious moft.
Diacylhydrazines (e.g. Methaxyfenozide, Tebufenozide)

Unknown Sewveral insecticides are known to affect less welldescribed target-sites or
functions, or o act non-specifically on multiple targets.
Azadirachtin, Pyridalkyl

Designed & produced by IRAC MDA Team, Aprl 2014, Poster Ver. 4.1, Based on MoA Classifcation Ver. 7.3
For furiher Information isit the IRAC webslta www Irac online org , PRotograph eourtacy of Nigal Armes, IRAC doeument protectad by @ Copyrignt
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Aphids, Whiteflies and Hoppers - Insecticide Mode of Action

Classification:
A key to effective insecticide resistance management

IRA

Insecticide Resistance Action Committee

www.irac-online.org

Introduction and Background

The agrochemical industry has developed a broad range of very effective insecticides for the control of sucking insect pests such as
aphids, whiteflies and hoppers. Unfortunately, as a consequence of the misuse or overuse of these inseclicides, many species have
developed resistance. The green peach aphid (Myzus persicas), and the sweset potato whitefly (Bemizia fabaci) are important
examples of sucking pests that have developed resistance to & wide range of chemical dasses.

In recent years. the industry has worked espacially hard to develop new types of insecticides with novel modes of action, but this Example:
process is becoming ever harder and more costly. |t is therefore vital that effective insecticide resistance management (IRM)
strategies are implemented, to ensure that resistance does not develop to these new compounds, or to older chemistries that are
still effective.

In onder to help prevent or delay the incidence of resistance, [RAC promotes the use of a Mode of Action (MoA) classification of
insecticides in effective and sustainable IRM strategies. Awvailable insecticides are allocated to specific groups. based on their target
site, &5 described below. By using sequences or altemations of insecticides from different MoA classes, resistance is less likely to
occur. Available at the IRAC website wwwirac-online.org, this IRAC MoA classification list provides farmers, growers, advisors,

Effective IRM strategies: Sequences or alternations of MoA

Effective inseciicide resistance management (IRM) strategies seek fo minimise the selection of resistance to any one fype of
insecticide.  In pracfice, altemations, sequences or rotations of compounds from different MoA groups provide sustainable and
effective IRM.

|MOAw‘ |MOA1: ‘Inﬁy| |IluA1 Mqu‘ "‘hﬁl
S

Sequence of insecticides through seazon

Applications are often amranged into MoA spray windows or blocks that are defined by the stage of crop development and the biclogy
of the sucking pest species of concemn.  Local expert advice should always be followed with regard o spray windows and timing.
Several sprays may be possible within each spray window. but it is generally essential that successive generations of the pest are not

extension staff, consultants and crop protection professionals with a guide to the selection of insecticides in IRM programs.

Nerve and Muscle Targets

Most cumrent insecticides act on nerve and muscle targets. Insecticides that act on these
targets are generally fast acting.

Inhi'.ul.AGl'lE. ::ausmg hj'perem‘ta‘hm AGhE tsmea'lzmmanenwnalesme action of the

excitatory neurotransmitter acetylcholine at nerve synapses.
1A Carbamates (e.g. Methomyl)

E-Iuck lhe GABA—mvalEd cHDnde channel naLElng h)rpereo-:mahon and convulsions. GABA
is the major inhibitary neurctransmitter in insects.
2A Cyclodiene Organochlonnes (e.g. Endosulfan)
2B Phenylpyrazoles (e.g. Fipronil)
Group 2 Sodium channel modulators
Keep sodium channels open, causing hyperexcitation and, in some cases, nerve block.
Sodium channels are involved in the propagation of action potentials along nerve axons.
EL) Pyreihnns Pyred'lrucds {e g Cj'permehnn }-Cyhak:ﬂ'lnn]

Mlmcﬂ'le agonist action of acetylchaline at nAChRE causing hjlperem'ra'non Acstylcholine is
the major esxcitatory neurciransmitter in the insect central nervous system.

4A Meonicotinoids (e.g. Acetamiprid, Imidacloprid, Thiamethoxam)

4C Sulfocafior, 40 Flupyradifurone

Group 3 Modulators of Chordofonal Organs

Incompletely defined mode of action causing selective inhibition of aphid and whitefly feeding.
9B Pymeirozine
9C Flonicamid

EI-Iuck sodlu‘n channeis, causung NEnous sysnem shmdcwn and paralysis.
Sodium channels are involved in the propagation of action potentials along nerve axons.
224 Indoxacarb 1

Adwal.e n'l.lsde ryarndlne renepl.us Ieadng to confraction and paralysis. Ryanodine
recepiors mediate calcium release into the cytoplasm from intracellular stores.

28 Diamides (2.g9. Cyantraniliprols)
T il SpSCITU - & (& white

Growth and Development Targets

Insect development is controlled by the balance of two principal homanes: juvenile
hormene and ecdysone. Insect growth regulaiors act by mimicking cne of these
hormenes or by directly affecting cuticle formation/deposition or lipid biosynthesis.
Insectiides that act on individual targets in this system are generally slow to
mioderately slow acting.

Groun L tuenlls hormode mimics

Applied in the pre-metameorphic instar, these compounds disrupt and prevent
metamarphosis

TA Kinoprene

7C Pyripraxyfen

Groun 13 iohibitors af chitio binsynthesis Tupe [
Incompletely defined mode of action leading to inhibition of chitin biosynthesis.
Benm;durears [CX:] Nwalurcln Bistrifluron)

Incxrl'lpielew de'ﬁned miade afamcn leading to inhibition of chitin biosynthesis ina
number of insects, inciuding whitefies (e.g. Buprofezin

G tifenibiae ot il as iy
Inhibition of acetyl Coenzyme A carboodase, part of the first step in lipid synthesis,
leading to insect death. (e.g. Spiromesifen, Spirteiramat)

Respiration Targets

Mitochondrial respiration produces ATF, the molecule that energizes all vital cellular
processes. In mitochondria, an electron transport chain uses the energy released by
oxidation to charge a profon gradient battery that drives ATP synthesis. Several
insecticides are known to interfere with mitochondrial respiration by the inhibition of
electron transport andior oxidative phosphorylation. Inseclicides that act on individual
la.lgets in this sy‘sl.em are genera]lyfast o rm-deml.ely fast acting.

Inhlmmewmﬁ'ﬁlsmesmﬁw
124 Dlafem:hlurnn

Inhibit E|EGI:I'CI'I u-mspm cDranex I, pre-uenmg lhe ul:ilzanm afenergy by cells.
1A Tolfenpyrad, Pyridaben

treated with compounds from the same MoA group.  Metabolic resistance mechanisms may give cross-resistance between MoA
groups; where this is known to occur, the above advice should be modified accordingly.

Unkr‘lﬂwn Several insecticides are known fo affect less well
described target-sites or functions, or to act non-specifically on multiple
targets.  Pyrifluguinazon

What MoA works for which pest group?
The table below lists which mode of action groups of those mentioned on
the poster principally provide conirol of aphids, whiteflies and hoppers.
However, the availability of individual modes of action may regicnally
differ due to registration status.

Wihitifllbes

This poster I for educatonal purposes onfy. Details are aceurate to the best of our inowledge but IRAC and Iis mamer companies cannat agcept responsibilty
far how this Informtion Is used o Interpreted. Acvice should always be sought fram local experts or advisors and health and safety recommendations Tollowed.




IRAC

Insecticide Resistance Action Committee

Introduction and background

Maosquitoes are vectors of many of the word” s key human diseases, induding malaria. The emargence of spedies resistant o insecticides widely usad in vector
control has the potential to impact severely on the control of these disease vectors. This may have a dramatic effect in Affica, as few affordable altemative
insecticides are available for vecior control. The extensive use and misuse of insecticides for agricutture and vector control has contributed to this problem. The
lack of available suitable altemative insecticides for vector control has also been an issue, for example only pyrethroids are currently recommended by WHO for
use an long lasting insecticide treated mosquito nets. Industry is. now working in collaboration with the Innovative Vector Control Consortium (IVCC) to find new
classes of insecticides with novel modes of action for use in public health. Howewver the identification and approval process of a new active can to take up to 10
years and ~$200 million. It is therefore vital that effective insecticide resistance management (IRM) strategies are implemented to ensure that the efficacy of
existing compounds can be maintained for as long as possible.

In order to help prevent or delay the incidence of resistance, IRAC promotes the use of a Mode of Action (MoA) classification of insecticides in effective and
sustainable IRM strategies. Available insecticides are allocated to specific groups based on their target site as described below. By using sequences or
alternations of insecticides from different MoA classes, resistance is less likely to occur. Available at the IRAC website www.irac-online.org, this IRAC MoA
classification list along with the |RAC Vector Manual provides MGOs, ministers, advisors, extension staff, consultants and public health professionals with a
guide to the selection of insecticides and planning of IRM programs.

Nerve and Muscle Targets
Most cument inseclicides act on nerve and muscle targets. Insecticides that act on these
targets are generally fast acting
Group 1 Acetylcholinesterase (AChE) inhibitors (Adulis or Larvae)
|I‘hh‘lﬁC|‘E, causing hyperexcitation. AChE is the enzyme that terminates the action of the
neurctranzsmitter acetylcholine at nerve synapses.
1A Carbamates (e.q. propaxur & bendiocarb),
1B Organophosphates (e.g. Temephos, malathion, fenitrothion, pirmiphos-methyl)
Group 3 Sodium channe! modulators (Adults only)
Keep sodium channels open, causing hyperexcitation and, in some cases, nerve block.
Sodium channeds are involved in the: propagation of action potentials along nerve axons.
34 Pyrethrins, Pyrethmoids (e g. deltamethrin, permethrin, cypermethrin, alpha-
cypermethiin, lambda-cyhalothrin, bifenthrin, etofenprox)
38 DOT
Group 5 Nicotinic acetylcholine receptor (nAChR) allosteric modulators (Larvae only)
Allostencally activate nAChRs, causing hyperexcitation of the nervous system. Acetylcholine is
the major excitatory neurctransmitter in the insect central nervous system.
5 Spinosyns (e.g. spinosad, )

Growth and Development Targets
Insect development is controlled by the balance of two principal
harmones: juvenile hommone and ecdysone. Insect growth regulators act
by mimicking one of these hormones or direclly perturbting cuticle
formationideposition or lipid biosynthesis. Insecticides that act on Derived from bacteria,
individual targets in this system are generally slow o mederately show theze foxinz need fo be
acting. ingested and disrupt
Group 7 Juvenile hormone mimics the insect midgut
Applied in the pre-metamorphic instar, these compounds disrupt and membranes
prevent metamorphosis Group 11 Microbial
T4 Juvenile homone mimics (e.g. Methoprene, Hydroprene) d"’FWPm of insect
7C Pyriproxyfen midgut membranes
Bacillus thuringiensis
Group 15 Inhibitors of chitin biosynthesis Type 0 va:" . rf'""';.'s et
Incompletely defined Mo leading to inhibition of chitin biosynthesis Baciﬂus e
15 Benzoylureas (e.g. Diflubenzuron, Movaluron) sp

Midgut

This poster Is for edusational puposss only. Datalls ane accurats to the best of pur kRowledge but IRAC and s member companies sannot
accapt responsiiiRy for how this INfommation |6 wsed or Interpreted. The use of a particular product may not be endorsad by all manufacturers
of that product. Advice shoukd always be sought from local experts or advisors and health and safety recommendations followed.

Designed & produced by the IRAC Public Heaith & Ma#, Teams, Aprl 2014, Poster Ver. 2.0. Basad on MoA Classifieation Ver 7.3
For furthier Information vist he IRAC websie: wirw Irac-oniing orj, Photographs cowtesy of Syngenta, IRAC document protected by © Copyright

Insecticide Mode of Action Classification:

A Key to Effective Insecticide Resistance Management in Mosquitoes
www.irac-online.org

Effective IRM strategies

Sequences or alternations of MoA

All effective insecticide resistance management (IRM) strategies seek to minimise the selection of resistance to
any one type of insecticide. It is recommended that altemations, mosaics or rotations of compounds from different
Mo& groups can provide sustainable and effective IRM for mosquitoes. This ensures that selection by compounds
in the same Mo& group is minimised, and resistance less likely to evolve. The praclice of using an insecticide wntil
resistance occurs becomes a limiting factor in public health and is rapidly eroding the mumber of suitable
insecticides for vector control. The limitations of curment public health interventions such as IRS and LNs mean that
successive generations of the mosquito are exposed to compounds from the same MoA group. This makes IRM in
public health more challenging than in agriculture. Therefore insecticide resistance manitoring is of wital
importance, this can be done using bicassays (WHO! and/or CDC? standard test kits and procedures) and also
biochemical’ molecular methods. This testing should ideally be conducted annually to monitor any changes in
susceptibility that may occur and thus allow timely intervention of altemative vector control methads.

(Wep sites: 1. wwaw who ntwhopesresistancaien/ 2. waww.cdc.gowncidod wbtTesistance/ assay hotleinde tm)

2
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®

Adulticides
WHOPES Approved Uses
AORARSARAS N
X ONREALLAN x ox P
MO RRE KA X X

= Organochiorne

* Indicates Full WHOPES approval as an LN
{MB: Those without * Indlcates Inerim approval only )

Class Insecticide or Product

Organophosphate Temephos, Chlompyriphos, Pirimiphos-methyl, Fenthion

Spinosyns. Spinosad

Methoprene, Hydroprene

Juvenile Hormone Mimics

Larvicides

Pyriproxifen Pyriproxifen

WHOPES Approved

Benzoylureas Difiubenzuron, Novalurcn

Bacterial Larvicide Bt var. izraeliensiz and Bacillus sphaencusz

Further reading:

Prevention and management of insecticide resistance in
wectors and pests of public health importance:

www irac-online.org

WHO (2008} Pesticides and their application.
WHO/CDSNTO/WHOPESIGCDPR 6th edition, 114pp
ww. whouintwhopes/en/
-
Cr:;p_n-_._-'_.\ i




IRAC

Insecticide Resistance Action Committee

Introduction

IRAC promotes the use of a Mode of Action (MoA) classification of
insecticides and acaricides as the basis for effective and sustainable
resistance management. Acaricides are allocated to specific groups based
on their target site. Reviewed and re-issued pericdically, the IRAC MoA
classification list provides farmers, growers. advisors, extension staff,
consultants and crop profection professionals with a guide to the selection of
ataricides and insecticides in resistance management programs. Effective
Resistance management of this type preserves the ulility and diversity of
available acaricides. A selection of relevant MoA groups is shown below.

Nerve and Muscle Targets
Several cument acaricides act on nerve and muscle targets. Acaricides that act on
individual targets in this system are generally fast acting.

Group 1 Acetylcholinesterase (AChE) inhibitors

Acaricide Mode of Action Classification:
A key to effective acaricide resistance management

www.irac-online.org

Effective IRM strategies: Sequences or alternations of MoA

All effective pesticide resistance management strategies seek to minimise the selection of resistance fo any one type of Pﬂ.‘ ‘me‘ ‘my‘ ‘mx P.‘ ‘m:|
pesticide. In practice, atemations, sequences or rotations of compounds from different MoA groups provide sustainable and

effective resistance management for ts. This ensures that selection from compound the Mos
minimised, and mg'zme is less im;ﬁm : s in the same group i Sequence of acaricides through season

Applications are often amanged into MoA spray windows or blocks that are defined by the stage of crop development and the biclogy of the pest species of concem. Local expert advice should
always be followed with regard to spray windows and timings. Several sprays may be possible within each spray window but it is generally essential to ensure that successive generations of the
pest are not treated with compounds from the same Mo group.  Metabolic resistance mechanisms may give cross-resistance between MoA groups, and where this is known o occur, the above
advice must be modified accordingly. IRAC also provides general recommendations for resistance management tactics regarding specific MaA groups.

Respiration Targets

The mitochendrial respiration process produces ATF, which energizes all vital cellular processes. In
mitochondria, an electron tramsport chain uses the enengy released by oxidation to drive ATP
synthesis. Several acaricides are known to interfere with mitochondrial respiration by the inhibition
of electron fransport and/or axidative phosphaorylation, and are generally fast to medium-fast acting.

Inhibit AChE, causing hyperexcitation. AChE is the enzyme that terminates the action of e 3 ’ A Group 12 Inhibifors of mitochondrial ATP synthase

the excitatory neurctransmitter acetylcholine at nerve synapses.
1A Carbamates (e.g. Methomy), 1B Crganophosphates (e.g. Pirimiphos-methyl).

Group 2 GABA-gated chloride channel anfagonists

Block the GABA-activated chloride channel, causing hyperexcitation and comvulsions.

GABA is the major inhibitory neurctransmitter in insects.
24 Cyclediens Organochlonines (e.g. Endosulfan).

Group 3 Sodium channel modulators

Inhibit the enzyme that synthesizes ATF

12A Diafenthiuron, 128 Organotin miicides (e.g. Azocydotin, Fenbutatin axide), 12C Propargite.
Group 13 Uncouplers of oxidafive phosphorylation via disruption of the profon gradient
Protonophores that shori-circuit the mitochandrial proton gradient so that ATP cam not be
synthesized.

Pymoles (Chiorfenapyr), Dinitrophenals (DNOC) and Sulfonamides ( Sulfluramid).

Group 20 Mitochondrial complex N electron transport inhibitors

Keep sodium channels open, causing hyperexcitation and, in some cases, nerve block NATY { ™ 4 Inhibit electron transport complex 1ll, preventing the utilization of energy by cells.
Sodium channels are involved in the propagation of action potentials along nerve axons. \ / h _ 208 Acequinocyl, 20C Fluacrypynim, 200 Bifenazate.

JA Pyrethmoids, Pyrethrins (e.g. Bifenthrin, Halfenprox).

Group & Glutamate-gated chloride channel (GluCl) allosteric modulators

Allosterically activate glutamate-gated chlorde channels, causing paralysis. Glutamate is

an important inhibitory neurofransmitter in insects.
Avermectins, Milbemycins (e.g. Abamectin,k Milbemecting.

Group 19 Octopamine recepior agonisis

Activate octopamine receptors, leading to hyperexcitation. Octopamine is the insect

equivalent of adrenaline, the fight-or-flight neurchormone.
Formamidines (e.g. Amitraz)

Acaricides for which the mode of action is

unknown

These compounds are not classified because there is not sufficient information available

on their mode of action.

Benzoximate, Bromopropylate, Chinomethionat, Dicofol.

Group 21 Mitochondrial complex | electron transport inhibifors
Inhibit electron transport complex |, preventing the utiization of enengy by cells.
21A MET! acaricides (e.g. Fenazaquin, Pyridaben, Tebufenpyrad).

Group 25 Mitochondrial complex Il elecfron fransport inhibitors
Inhibit electron transport complex Il preventing the utilization of energy by cells.
254 beta-Hetonitriles (Cyenopyrafen, Cyflumetofen), 258 Carboxanifides (Pyflubumide).

Growth and Development Targets

Insect and mite growth regulators act by mimicking growth hormones, by directly affecting cuticle
formation, or lipid bicsynthesis. Acaricdes that act on this system are usually slow acting. The target
proteins are not always known.

Group 10 Mite growih inhibifors,

Incompletely defined mode of action leading to growth inhibition.

10A Clofentezine, Hexythiazox, 108 Einwazole.

Group 15 Inhibitors of chitin biosynthesis, type 0

Incompletely defined mode of action leading to inhibition of chitin biosynthesis.

Benzoylureas (e.g. Flucyclowuron, Flufenaxuron)

Group 23 Inhibifors of lipid synthesis

Inhibit acetyl coenzyme A carboxylase, part of the first step in lipid biosynthesis.
Tetronic & Tetramic acid derivatives (e.g. Spirodiclofen).
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