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7A  Juvenile  hormone  analogues 7B  Fenoxycarb 7C  Pyriproxyfen

Kinoprene R1  =  propargyl ,    R2  =  H

Hydroprene R1  =  ethy l ,  R2  =  H
Methoprene R1  =  is opropy l ,  R2  –OCH3

Fenox y c arb Py riprox y fen
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8D  Borates

8E  Tartar  emetic
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Clofentezine,
Hexythiazox,
Diflovidazin

10B  Etoxazole

Clofentez ine

Hex y th iaz ox

Etox az ole

12C  
Propargite

12D  
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12B  Organotin
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s odium

Cartap
hy droc hloride

Chlorfenapy r

DNOC 14  Nereistoxin
analogues

Buprofez in Cy romaz ine

Chromafenoz ide

Halofenoz ide

Methox y fenoz ide

Tebufenoz ide18  Diacyl-­
hydrazines

Amitraz

Hy dramethy lnon

20A  Hydramethylnon 20B  Acequinocyl

Acequinoc yl

20C  Fluacrypyrim

Fluac ry py rim

Fenaz aquin

Fenpy rox imate Py rimid i fen

Py ridaben
Tebufenpy rad

Tol fenpy rad
Rotenone

21A  METI   acaric ides  and  insectic ides 21B  Rotenone

Indox ac arb

Metaflumiz one

22A  Indoxacarb 22B  Metaflumizone

23  Tetronic &  
Tetramic
acid  derivatives

Spirod ic lo fen

Spi romes i fen

24A
Phosphine

Alumin ium
Phos phide

24B  Cyanide

Cyanide
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Phos phide
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Phos phide

Phos phine
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Bromopropy late
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15  Benzoylureas

Flufenox uron

Lufenuron

Nov aluron

Teflubenz uron

Tri flumuron

Di flubenz uron

Insecticide   Resistance   Action  Committee

The  Key  to  Resistance  Management

• Sub-­gro ups p rovide differ entiatio n betw een compo unds t hat may bind at th e same ta rget sit e but are s truct urally dif fere nt en ough tha t
risk of metabolic cross-­resistance is lower than for close chemical analogs.
• Cross-­resistance   potential   between   sub-­groups   is  higher   than   between   groups,   so  rotation   between   sub-­groups   should   be  considered
only   when  there   are   no  alternatives,   and   only   if  cross-­resistance   does   not   exist,  following   consultation   with  local  expert   advice.   These  
exceptions   are   not   sustainable,   and   alternative   options   should   be  sought.
• Sub-­group   3B:  DDT   is  no  longer   used  in   agriculture   and   therefore   this  is  only   applicable   for   the   control   of  insect   vectors   of   human  
disease,   such   as  mosquitoes,   because   of   a  lack   of  alternatives.
• Sub-­gro up10A -­ Hexythiaz ox is groupe d with clofentezine b ecause th ey exhibit cross -­resista nce even th ough th ey are str uctur ally
distinct, and t he ta rget site for th ese compou nds is unkn own. Diflovidazin h as bee n add ed to t his gro up beca use it is a close
analogue of clofentezine and is expected to have the same mode of action.

Use of Groups and Sub-­Groups:
• Alternations, sequences or rotations of compounds between MoA groups reduces selection for target site resistance.
• Applications are arranged into MoA spray windows defined by crop growth stage and pest biology.
• Several sp rays of a compoun dmay b e p ossible within eac h sp ray win dow, but s uccessive gene rations of a pest s hould
not be treated with compounds from the same MoA group.
• Local expert advice should always be followed with regard to spray windows and timing.
• Actives in gro ups 8 (Misc ellaneo us no n-­ specific multi -site inhi bitors ), 13 (Unco uplers ) a nd UN a re t houg ht n ot to sha re a
common target site and therefore may be freely rotated with each other unless there is reason to expect cross-­resistance.
• Sub-­groups represent distinct structural classes believed to have the same mode of action.

Spi rotetramat  

16  Buprofezin 17  Cyromazine

19  Amitraz

Chlorantran i l ipro le R=Cl
Cy antran i l iprole    R=CN
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Flubendiamide

Group   2:   GABA-­gated   chlor ide   channel   antagonis ts

Group   3:   Sodium   channel   modulators   (Only  major  representatives  of  group  3A  are  shown)

Group   4:   Nicotinic   acetylchol ine   receptor    (nAChR)   competitive   modulators  

Group   6:   Glutamate-­gat e d   chlor ide   channel   (GluCl)  
alloster ic   modulators  

Group   8:   Miscellane ous   non-­speci fi c   (multi-­site)   inhibitors

Group   10:   Mite   growth
inhibitors  

Group   11:   Microbial   disruptors
of   insect   midgut

Group   12:   Inhibitors   of   mitochondria l   ATP   synthase

Group   13:   Uncouplers   of   oxidative   phos-­
phorylation   via   disruption   of   proton   gradient

Group   14:   Nicotinic   acetylcholi ne  
receptor    (nAChR)   channel   blockers

Group   15:   Inhibitors   of   chitin   biosynthe si s,   type   0  (Only  major   representatives  of  the  group  are  shown)

Group   17:   Moulting  
disruptor ,   Dipteran

Group   18:   Ecdysone   receptor    agonistsGroup   16:   Inhibitors   of  
chitin   biosynthesis,

type   1

Group   19:   Octopamine
receptor    agonists

Group   20:   Mitochondri al   complex   III   electron  
transport   inhibitors

Group   21:   Mitochondri al   complex   I  electron   transport   inhibitors

Group   22:   Voltage-­depe nde nt
sodium   channel     blockers

Group   23:   Inhibitors   of   acetyl     CoA   carboxylase

Group   24:   Mitochondri al  
complex   IV  electron   transport  

inhibitors

Group   25:   Mitochondrial   complex  
II  electron   transport   inhibitors

Group   28:   Ryanodine  
receptor    modulators

Mode  of  Action  Classification

Py ri fluquinaz on

Cyenopy rafen

25A  beta-­Ketonitrile  
derivatives

Sul fluramid

major    component    R2   =   Ethyl
m inor    component    R2   =   Met hyl  

4C
Sulfoxaflor

Sul fox aflor

Group   7:   Juvenile   hormone   mimics

Group   5:   Nicotinic   acetylchol ine  
receptor    (nAChR)   alloster ic   modulators  

Pymetroz ine Flon ic amid

Group   9:   Modulators   of  
Chordotonal Organs

9C  Flonicamid9B  Pymetrozine

Spinosad

Cy flumetofen

11A  Bacillus  thuringiensis

Bac i l lus   thuring iensis and  the  ins ec tic ida l  prote ins   produced
B.t.  is rae lensis,  B.t.  ai tzawai,  B.t.  kurstaki ,  B.t.  tenebrionis

Bt  c rop  prote ins  *
Cry 1Ab,  Cry 1Ac ,  Cry 1Fa,  Cry1A.105,  Cry 2Ab,  Vip3A,  
mCry 3A,  Cry 3Ab,  Cry   3Bb,  Cry34Ab1/Cry35Ab1

Bac i l lus   s phaericus

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)

11B  Bacillus  
sphaericus

Different  B.t.  produc ts   that  target  di fferent  ins ect  orders  may   be  us ed
together  wi thout  c ompromis ing  the i r  res is tanc e  management.  
Rotation  between  c erta in   s pec ific   B.t.  mic rob ia l   produc ts  may
prov ide  res is tanc e  management  benefits   for  some  pes ts.  Cons ul t
produc t  s pec i fic   rec ommendations .
*  Where  there  are  d i fferenc es   among  the  s pec i fic   receptors   wi thin   the
midguts of  target  ins ec ts ,  trans genic   crops   conta in ing  c erta in   combinations
of  thes e  prote ins   prov ide  res istanc e  management  benefi ts.

Targeted   Physiology

Ø Successive   generations   of   a   pest   should   not   be   treated   with   compounds   from   the   same   MoA   Group.
Ø Not   all   of   the   current   groupings   are   based   on   knowledge   of   a   shared   target   protein.   For   further    information,  

please   refer    to   the   IRAC   Mode   of   Action   Classificati on   document.
Ø The   color    scheme   used   here   associates   modes   of   action   into   broad   categories   based   on   the   physiologi ca l  

functions   affected,   as   an   aid   to   understandi ng   symptomology,   speed   of   action   and   other   properties   of   the  
insecticide s,   and   not   for    any   resistance   management   purpose.   Rotations   for    resistance   management   should  
be   based   only   on   the   numbered   mode   of   action   groups.

Nerve   &  Muscle  

Unknown   or   Non-­specific  

Respiration
Growth   &  Development

Midgut

Flupy radi furone
4D
Flupyradifurone
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Chinometh ionat

Di flov idaz in

major    component    R   =   Ethyl
m inor    component    R   =   Met hyl  

Na2B4O7·10H2O

Ca3P2 PH3

Zn3P2
CN-­

Poster Notes:
• Groups 26 and 27 are unassigned.
• The poste r is f or educa tional pur poses only. Info rmatio n p resen ted is accu rate to the bes t
of our knowle dge at th e time of pu blication, b ut IRAC or its membe r comp anies can no t
accept respo nsibility fo r how t his info rmati on is used o r inte rpr eted. Advice s hould always
be sought from local experts or advisors, and health and safety recommendations followed.
• Represe ntative compoun ds are show n. Please visit www.irac-­online. org fo r the complete
IRAC classification.
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major    component    R   =   H
m inor    component    R   =   CH3

major    component    R   =   H,   5,6   single
m inor    component    R   =   CH3,   5, 6  double

1B  Organophosphates

Chlorpy ri fos

Dimethoate

Profenofos

Ac ephate

Feni tro thion

Triaz ophos

1A     Carbamates

Methomy l

Ald ic arb

Carbofuran

Carbary l Thiod ic arb

Oxamy l

Meth ioc arb

Group   1:   Acetylcholi ne st era se   (AChE)   inhibitors   (Only  major  representatives  of  the  groups  are  shown)

Malath ion

Methamidophos

Pi rimic arb

Py flubumide

25B  Carboxanilides

S  
CaSX

(L ime  s u l fur)
Sul furs

13  Pyrroles,
Dinitrophenols,
Sulfluramid

8F  Methyl
isothiocyanate
generators

Metam

Dazomet


