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IRAG/ Insecticide Resi
Action Commi

Insecticide Resistance Action Committee

® |RAC formed in 1984 to provide a coordinated industry response to the
development of resistance in insect and mite pests

® |RAC is a technical group affiliated to CropLife

® Currently 7 IRAC International members:

BASF Bayer CropScience
Dow AgroSciences DuPont

FMC Sumitomo
Syngenta

® Allows companies to successfully
pool expertise and resources to
develop effective insecticide

resistance management (IRM)
strategies
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IRAG/ Insecticide Re
Action Com

Insecticide Resistance Action Committee

e “Promote the development of resistance management strategies in
crop protection and vector control to maintain efficacy and support
sustainable agriculture and improved public health”

e “Keep all classes of insecticides and
acaricides as viable control options”

e “Facilitate communication and education on
insecticide and acaricide resistance”

Core Activities

A

[Crop protection] [Biotechnology] [ Public health ]
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IRAG International Mem

Insecticide Resistance Action Committee

Name Company/Group Country Role/Responsibility

Alan Porter APA (Consultant) UK International Coordinator, Website, C&E, PH & Reg teams
Nigel Armes BASF US Communication & Education team leader, Methods team
Jamin Huang Bayer CropScience | US Regulatory Liaison team leader

Ralf Nauen Bayer CropScience | Germany Treasurer, Vice Chair, PH team leader, C&E & NNic teams
Nick Storer Dow AgroSciences | US Biotechnology team

Gary Thompson | Dow AgroSciences | US MSU Database & RPMN Liaison, IRAC-US Liaison
Andrea Bassi DuPont Italy Regulatory Liaison team

Chuck Staetz FMC us IRAC-US liaison, Public Heath team

Robin Slatter Sumitomo us Public Health team

Max Angst Syngenta Switzerland | Codling Moth team leader, Neonicotinoid team

Alan McCaffery | Syngenta UK Chairman, Mode of Action, C&E, Reg. & Biotech teams

® Member companies parallel the CropLife International Core Companies, except for

Monsanto

® |RAC working to recruit additional members, especially from SE Asia

® Generics are not CropLife members, and do not participate in IRAC

Y
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IRA ~  Roles of IRAC

Insecticide Resistance Action Committee

e Actively promote and support work of IRAC Country groups

e Interact effectively with and support IRAGs

e Liaise and cooperate with CropLife International

e |Interact with regulatory authorities responsible for insecticide registration

Liaison and coordination activities

1

IRAC International

/ A comprehensive approach to tackling resistance \

Technical outputs Communication and education

e Help to identify the scope and nature of e Develop IRAC website to provide

resistance problems communication and education on resistance
e Provide methods for detecting and to all stakeholders

monitoring resistance e Develop educational resources to improve
e Provide key resources to aid in understanding of IRM

developing effective IRM e.g. Mode of e Act as key global communicator on topical

action scheme resistance issues

CropLife Chemicals Committee - September 14, 2006 5




IRA ~ Role of Country

Insecticide Resistance Action Committee

e Deal with key resistance issues at local level — supported by IRAC Intl. (liaison officer
affiliated to each country group)

e Often include additional companies not involved in IRAC International
May involve others from academia, research institutes & regulatory bodies
Develop projects to support local problems —

e.g. IRAC-US neonicotinoid sub-committee harmonizing IRM guidelines
e.g. IRAC-India developing project to tackle resistance in BPH
e.g. IRAC-Brazil developed local Mode of Action based IRM scheme

Current IRAC Country groups:
* IRAC Australia (IRMRG)

 |IRAC Brazil
 |IRAC India

* |RAC South Africa
* |IRAC Spain

« IRAC US

e |RAC is keen to see the formation of an IRAC regional or country group in SE Asia -
cropLiteY’
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I RAG/ IRAC-country gro

Insecticide Resistance Action Committee

IRAC Country groups work with additional

companies reflecting local resistance issues. IRAC-Spain membership
Two examples: e Agrodan
| e Arago
IRAC-US membership e BASF
° AMVAC_ | e Bayer CropScience
e Arysta LifeScience e Cequisa
e BASF | i ® Dow AgroSciences
e Bayer CrgpSuence . © DuPont
e Cerexagri e IQV
¢ Chemtura . e Kenogard
e Dow AgroSciences e Nufarm
e DuPont @ Sipcam Inagra
° EMC e Syngenta
e Mitsui S
e Monsanto
e Nisso America
5 —Lg—fjalne net”ta CropLifeY’
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IRAG/ International Co
Structure & ODb|

Insecticide Resistance Action Committee

Functional Teams:
e Communication & Education

e Regulatory Liaison
\ e Promote IRM to support

Expert Teams: sustainable agriculture and
improved public health

e Biotechnology

 Methods ) Ecr)nnf)rrr:i?liisczt?on and
o ﬁ
e Mode of Action education
e MSU Database & RPMN
_ e Development of
e Public Health international resources for

/ IRM

Current Project Teams:
e Codling Moth
e Neonicotinoids

croptieY
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IRAG IRAC Communic
Education team

Insecticide Resistance Action Committee

Communication and Education is vital |
A key role of IRAC

IRAC Communication and Education team responsibility

croptireY’
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IRA ~ Website: www.ir

Insecticide Resistance Action Committee

Resistance Management for Sustainakble
I RA Agriculture & improved Public Health
Insecticide Resistance Action Committes IRAC’s key communication vehicle
Accessed by over 129 countries

Av. 1,169 hits, 212 visits, 330 page views
per day (Q1, 2006)

Ranked 15t in Google and Yahoo for
Insecticide Resistance and IRM

IRAC Country group information
Information on IRAC, Mode of Action,
Thiz newe IRAC website has been designed to make it eazier to navigate and locate R

Management information - the "drop-down" menus above lead to further details. We hop adVlce On I RM

st Education modules

Resources - key papers, posters, etc.
Links for growers

Home, diary and other general pages
Team and group areas

215 coded pages, 100 viewable pages, 3
databases. 157 document files, 135
image/graphic files
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About IRAC | Resources | IRAC International | Country Gro

Resistance Management
from IRAC

The Insecticide Resistance Action Committes
[IRACY is an inter company group formed in
1954 to provide inzecticide and acaricide
resistance management strategiez to help
reduce the development of resistance in
inzect and mite pestz. IRAC helieves that
Resistance Managemnent should he  an
integral part of Integrated Pest Management
and provides for Sustainable Agricuture and improved Public Health.

Links to recent Insecticide Resistance Management Information
@ Zeneral Principles of Inzecticide BM from IRAC
&) Mew IRAC Posters
@ IRAC Test Methods - Mewy format, July 2005
@ IRAC Nt Meeting, Flarence April 2005 (WMembers only)
@ IRAC Information used at the BCPC, Glasgowy, November 2005
@ IRAC Intl. Regulstory Team Minutes, January 2006 (Members Onlyl
@ IRAC Intl © & E Team Minutes, March 2006 (Members Only))
@ IRAC Intl. Conference Call - Action Log, March 2006 (Members anly)
@ IRAC US Meeting Minutes, April 2006 (Metnbers anly)

IRAC & IR in the Spotiight
'E Latest IRAC eConnection - lszue 11




-

Search Engine

IRA

Insecticide Resistance Action Committee

Google (SE) — March
Keyword (Number of hits)

2004 2005 2006
IRAC & Resistance 1 1 1

(2K) (4K) (30K)
Insecticide Resistance Action 1 1 1
Committee (55K) (257K) (1,680K)
Insecticide Resistance 10 1 1
Management (70K) (174K) (854K)
IRAC * 1 3 2

(85K) (127K) (612K)
Insecticide Resistance 60 1 1

(103K) (278K) (1,450K)
Insecticide 5 6

>100 (969K) (8,680K)

* Top rank is irac.org which is the Israel Religious Action Centre
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eConnection

IRA

Insecticide Resistance Action Committee

C i
I RA& i 4 Sadd e Free IRAC newsletter

Insecticide Resistance Action Committee distributed by e-mail _ part Of

Issue 11 In this Issue: | IRAC Communications Plan
September, 2006 : :gt;ogmc;zgto eConnection ]
Subscribe | Unsubscribe B Resistance Naws [ RalseS awal’eness Of

B Conferencas and Symposia

importance of IRM

e Promotes IRAC’s reputation,
B eConnection Update
Welcome to the eleventh issue of IRAC eConnection, which covers activities over the expertlse & resources

last & months. IRAC International and the Country Committeas have been busy on
various IRM initiatives as well as representing IRAC at a number of international

conferences. Details are covered briefly in this eConnection but further information [ PUbl|C|SeS and encourages VISIt
can be found on the website. See the site » IRAC b ]

A few of you have reported problems with the formatting of the eConnection when to website

received by email. We have now re-coded the page to improve this but if you are still

having difficulties we have also included links to html and pdf version at the top of the e 3to4issues a year (10 fo date)

page and these can be opened up within your browser, Remember to update your

details if your email address changes and you want to continue to receive copies of ; ; ;

the newsletter. You can do this using the links above by "unsubscribing” your old ® Current d|Str|bUt|0n 550 - 650
addrass and "subscribing” with your new address.

Introduction to eConnection

We are always pleased to receive your feedback so keep it coming. As always past
issues of eConnection can be located on the website under the heading "About IRAC"

aravia thie linl

oY
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eConnection

IRA

Insecticide Resistance Action Committee

I RA& eConnection

Insecticide Resistance Action Committee

Issue 10 Hews Categories thizs |szue:
tarch 2006 m eConnection Update

) . m RAC Mewes
Subscribe | Unsubscribe B Resistance Mews
ﬂ PLCF “ersion ]

2005 / 2006 articles included:
B EPPO standard on RRA
m Issue 10 of eConnection
o s eome e toport s o the G e o Toam New MoA Scheme
Confergnce Cal!s that havg taklen place over the last quarter, the upcoming IRAC
ol Aoanich il S A et s MoA scheme for US cotton
and an early announcement of the Resistance Conference at Rothamsted (R2007). . )
Loss of Als in EU for minor crops
Brown Planthopper & neonicotinoids
IRAC US neonicotinoids symposium
Bemisia tabaci biotype Q on the move
New IRAC communications pack

Az always past izsues of eConnection and further detailz on the tems reparted can
he found on the IRAC wehsite, Mare =

= How to Subscribe or Unsubscribe from eConnection

Mewy subscribers are able to sdd their name to the distribution list using the
"subscribe” link at the top of the page and are alzo able to add names of interested
collesgues. If you wizh to remove your name from the distribution pleaze usze the
"Unzubzcribe” link alzo at the top of the page. Remember to updste your detailz if your
email address changes and you want to continue to receive copies of the newsletter.
You can do this by "unsubscribing” your old address and re-subscribing with wour
newy address, If you have any problems please cortact the RAC Coordinstor st
aporter@intraspin.com

If you have a colleagus who would be interested in the IRAC eConnection and
wwebsite please forward this link to them =0 they can subscribe free of charge at:
btz S irac-online orgfabout/econnection.asp

Spread the Word
If wou have Resistance Management informstion that you think should appear in

eConnection or an the IRAC website contact us with details &t aporteri@intraspin.com
CropLife

PETEENAT
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I RAG eLearning

Insecticide Resistance Action Committee

e New IRAC resource still in development
e Education and Training modules on resistance

& IRM

e Graphic provides diagrammatic representation

of layout and content

RAG

elearning Center

eeceoece

iy probocttn wevhs ww ar ugr il sert of wdem
K000 PAOBeaion WINOUE IRen DO yiokd 260 Qaaty
WU D Sty 1033000 Ly The (Ui Of IR0t (s
03 phaat Gahogene. BET N 000 YOO NeSEOe 1
0D ANCHON DONNES P I o8 8 I [Aaces Iher
waLins 1 TViaAIes.

Introduction

A s e sadiof

W 0 e JeE o
Fahogen popobeion Tod lasd 15 & prodect Bacoreing
mefeciin o radrn phecoomase. Tro guien b
PONNCRRy 30US DRl M8 G0N ONITH 1 ¥ w00 MDA
20 SR 100 Wvy W LBS CITE ITERCIN BEACLE

Proposed Website Menu Headings and Sub-Headings

-10me Page Overview Resistance viode Of Action vianagemen RESOoUrces

Introduction
Background
Mechanisms
Genetics
Strategies
Methods
Management
Communication

Introduction
Layout
Site Map

Definition
Extent
Evolution
Factors

Mechanisms
Classification
Groups

N\

Carbamates
Op’s
Pyrethroids
etc

Basic Rules Posters
Detection References
Assays Links
Tactics

IRM
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IRAG IRAC Regulatory Li
Roles 1.2

Insecticide Resistance Action Committee

Awareness, understanding and expert technical inputs on

global regulatory matters and issues that concern insecticide
resistance

e Provide technical advice and inputs on IRM matters to CropLife, FAO, EPPO,
ECPA (Efficacy expert group), US-EPA, and other regulatory bodies, etc.

— Lobby and influence on issues that relate to effective resistance
management

— Area for cooperation with CropLife
— Liaison and collaboration with FRAC and HRAC

e Develop awareness and understanding [for both Conventional chemistry (Ag
and non-Ag) and GMO'’s] of current status of and forthcoming developments in:

— Resistance risk assessments in different countries & technical data
requirements needed to support them

— IRM labelling, Mode of Action labelling

C.rqu_ifa’:
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IRAG/ IRAC Regulatory
Roles 272

Insecticide Resistance Action Committee

Awareness, understanding and expert technical inputs on

global regulatory matters and issues that concern insecticide
resistance

e Guide intelligent interpretation and implementation of technical aspects of
guidelines on resistance risk assessment

— Provide lists of pests and resistance risks
— Develop and provide methods to support Resistance Risk Assessment
— Membership of EPPO permanent panel on insecticide resistance

e Developing IRAC-International regulatory policy paper - harmonised with IRAC-
UsS

oY
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I RAG Resistance Risk A

Insecticide Resistance Action Committee

European and Mediterranean Plant Protection Organization

EPPO standard on Resistance
oepp. RISk Assessment
PP PP 1/213(2)

Specific scope:

This standard describes how the risk of
resistance to plant protection products can be
assessed and, if appropriate, systems for risk
management can be proposed, in the context of
official registration of plant protection products

CropLife Chemicals Committee - September 14, 2006 17

Examples of species in the
EPPO region which have
developed resistance and for
which sensitivity data should
be normally provided

Aphis gossypii

Myzus persicae

Phorodon humuli

Bemisia tabaci
Trialeurodes vaporariorum
Frankliniella occidentalis
Spodoptera exigua

Cydia pomonella
Leptinotarsa decemlineata
Tetranychus urticae
Panonychus ulmi

Y



I RAG IRAC Mode of Acti

Insecticide Resistance Action Committee

Why?
e Resistance evolves readily when a specific target site is put under continuous
selection pressure through the use of a single insecticidal mode of action

What?

e Effective Insecticide Resistance Management (IRM) is essential

e |RAC has led the way in promoting selection and use of insecticides based on mode
of action (MoA) and the use of a range of modes of action in IRM programmes

e Developed definitive, globally recognized Mode of Action scheme

What works?

Proactive - Prevention or Sequences
delay of evolution of Programmes
resistance — Easiest Insecticides with different ‘ } Alternations
. ‘ } modes of action Rotations
Reactive - Cure of Mixtures

resistance and recovery of Mosaics
susceptibility - Harder .
cropL Y
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S

IRA

Insecticide Resistance Action Committee

Mode of Action CI

-

IRAC Mode of Action Classification

Fully revised & re-issued, September 20035 Version: 5.1

The IRAC Mode of Action (MoA) classification provides farmers, growers, advisors,
extension staff, consultants and crop protection professionals with a guide to the
selection of insecticides or acaricides for use ih an effective and sustainable
insecticide or acaricide resistance management ({IRM} strategy. Inh addition to
presenting the MoA classification, this document outlines the background to, and
purposes of, the classification list and provides guidance on how it is used for IRM
purposes. The list is reviewed and re-issued at intervals as reguired.

What is resistance

Fesistance to insecticides may be defined as 'a hertable change in the sensitivity of a pest
population that is reflected in the repeated fallure of & product fo achieve the expected level
of control when used accorging {o the label recommendgation for that pest species’ (IRAC).
This definition differs slightly from others in the literature, but IRAC believes it represents the
most accurate, practical definition of relevance to farmers and growers. Resistance arises
through the over-use or mis-use of an insecticide or acaricide against a pest species and
results in the selection of resistant forms of the pest and the consequent evolution of
populations that are resistant ta that insecticide or acaricide.

Moa, Target-site resistance and Cross-resistance
In the majority of cases, not only does resistance render the selecting compound ineffective
but it often also confers cross-resistance to other chemically related compounds. This is

Definitive scheme developed
and endorsed by IRAC in
consultation with key
researchers

Worldwide distribution

All current insecticides
allocated to a Mode of Action
group or sub-group

- MoA groups 1-28
A key tool for selection of

insecticides in effective IRM
programs

Updated as required
Latest version Sept 2005
Next revision, Q3, 2006

Cf@?L@f
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IRA ~ Mode of Action C

Insecticide Resistance Action Committee

4
IRAC Mode of Action Classification v5, September 2005 1 Exam ple pages
Main Growg 2o Chemica Sub-group Active Ingredients
Prirrary Sife af Acfion aor exemplifying
Active Ingredient
1 ] 14
Foetykholine esteraze Carbamates Adicarb, Alamycarb, Bendiozarb, Benfurasark, Butocarboxim,
inhibitors Butoxycarboxim, Carbangd, Carbofuran, Carbosulfan, ) ; . "
Bthiofencarb, Fenobucarb, Formeanate, Furathiocar, Hain Group anu:l_ Chermica Su_l:--gru:-up Active Ingredients
|zoprocarb, hethiocarh, hethomd, hietoleark, Cwarmd, ary Site of Action or exemplifying
Pirmicark, Propoxur, Thiodicarb, Thiofano, Timethacark, Active Ingrediant
HMiC, Hyhdcarh
Triazemate Triazemate inic Aretylcholing Heonicotinoids Acetamiprid, Clethianidin, Dinctefuran, midacloprid,
ptor agonists £ Hitenpyram, Thiaclaprid, Thiamethocam
1B Qonists
Organophosphates FAcephate, Aeamethiphos, feinphos-sthyd, Azinphos-rmathyl,
Cadusafis, Chlargthowfos, Chlorfervinphos, Chlomephos, 4B
Chlorpyrifas, Chlarpyrifos-methyl, Coumaphaos, Cyanophas, Mic:otine Micotine
Demeton- Smethid, Digzinon, Dichloreos! O0WP, Dicrotophos,
Dimethoae, Omethytrinphos, Disutfoton, EPM, Bhion, ac
Bthoprophos, Fanphur, Fenamiphos, Fenitrcthion, Ferthion,
Fosthiazate, Heptenophos, Eofenphos, Eopropyl C- Bensultap Benzuttap
methoxyaminathio=phosphond) saliedate, [sooathion, . i
Malathion, Mecarbam, Methamidophos, hethidathion, Cartap hydrochloride Cartap hydrochloride
hevinphos, Monocratophos, Maled, Omahoate, Cwydemeton- L i i .
methyl, Parthion, Parathionmettd, Phenthoate, Phorate, Nereistomin analogues Thiocyciam, Thiosukap-sodiom
Pha=alone, Phosmet, Phosphamidon, Phoxim, Fidmiphos-,
ethl, Frofenafos, Propatamphes, Prothiofos, Pyraclofos,
Pynidaphenthion, Quinalphos, Sulfotep, Tebupinmfos, i : . .
Temephos, Terbufos, Tetrachloninphos, Thiometon, ;t?? a'&:;:!!;g'nhne Spinosyns Spinozad
Trigzophaos, Trchlorfon, Wamidathion . 4
Etaric] (not group 4)
z ] A
GABA-gated chloride Cyelodiene Chlordane, Endosulfan, ganma-HCH (Lindane) .
channel antagonists onganochlorines fide channel Faremmeding, Abamectin, Enamestin banzoate, hilbemectin
dors hilbermyins
2B
Phenylpyrazoles Ethiprole, Fipronil Th
(Fiproles) nile hommone mimics | Juwenile homone Hydroprene, Kinoprene, hiethaprene
3 analoguas
Sodium channel
modulators oot oot I?-'Enn b
ethowychlor ethowychlor e [PEIHEREETiD
Pyrathroids Porinathrin, Alethrin, d-cistrans Alethrin, d4rans Alethrin, T,C. ]
yriproxyfen Pyriproayfen
g .
Compounds of unknown | Aoyl halides hdethyl bromide and ather abarl halides
or non-specific mode of
action fumigants)
Chloronichn Cll

CropLife Chemicals Committee
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I RA&eCIassification

Insecticide Resistance Action Committee

New MOA interactive online tool
www.irac-online.org

Select a group to open v Selectachemical class to open... M

eClassification

IRAG

Insecticide Resistance Action Committee

Selectagroup to open.. vHSeIectachem\cal class to open... VH Selectan active ingredientto open... V|

=

1 - Acetylcholine esterase inhibitor

=

2 - GABA-gated chloride channel antagonists

=

3 - Sodium channel modulators

=

4 - Nicotinic Acetylcholine receptor agonists / antagonists

=

5 - Nicotinic Acetylcholine receptor agonists (allosteric) {not group 4)

=

6 - Chloride channel activators

=

7 - Juvenile hormone mimics

=

8 - Compounds of unknown or non-specific mode of action {fumigants)

=

9 - Compounds of unknown or non-specific mode of action (selective feeding blockers)

=

10 - Compounds of unknown or non-specific mode of action {mite growth inhibitors)

=

11 - Microbial disruptors of insect midgut membranes {includes transgenic crops expressing B.t. toxins)

=

12 - Inhibitors of oxidative phosphorylation, disruptors of ATP formation {inhibitors of ATP synthase)

=

13 - Uncouplers of oxidative phosphorylation via disruption of proton gradient
14 - {vacant)
15 - Inhibitors of chitin biosynthesis, type 0, Lepidopteran

H B ®

16 - Inhibitors of chitin biosynthesis, type 1, Homopteran

=

17 - Moulting disruptor, Dipteran

=

18 - Ecdysone agonists / moulting disruptors

=

19 - Dctopaminergic agonists

=

20 - Mitochondrial complex III electron transport inhibitors (Coupling site IT)

=

21 - Mitochondrial complex I electron transport inhibitors

=

22 - Yoltage-dependent sodium channel blockers
23 - Inhibitors of lipid synthesis

24 - Mitochondrial complex I¥ electron transport inhibitors

H B ®

25 - Neuronal inhibitors {unknown mode of action)

=

26 - Aconitase inhibitors

=

27 - Synergists

=

28 - Ryanodine receptor modulator

=

UN - Synergists

=

NS - Miscellaneous non-specific {multi-site) inhibitors3

opyright @ 2005 intraspin.com

Select an active ingredient to open...

{wacant)

Acetylcholine esterase inhibitar
Aconitase inhibitars

Chlaride channel activatars
Cormpounds of unknown or non-specific
Cormpounds of unknown or non-specific
Compounds of unknown or nor-specific
Ecdysone agonists / moulting disruptor
GABA-gated chloride channel antagon
Inhibitors of chitin biosynthesis. type 0. 1
Inhibitors of chitin biosynthesis, type 1.1
Inhikitors of lipid synthesis

Inhibitors of oxidative phosphorylation,
Juwsenile harmone mimics

ticrabial disruptars of insect midgut me
tiscellaneous non-specific {multi-ite)
Witochondrial complex | electron transg
Mitochondrial complex Il electron trans
Mitochondrial complex IV electron trans
Moulting disruptor, Dipteran

Meuranal inhibitors {unknown mode of ¢
Micotinic Acetylcholine receptar agonis
Micotinic Acetylcholine receptor agonis
Octopaminergic agonists

Fyanadine receptor modulatar
Sodium channel modulators
Synergists

Synergists

Uncouplers of oxidative phosphorylatic
“oltage-dependent sodiurm channel bl

|*

Avermecting, Milbermycinsg
Benzoylureas

Carbamates

Cyclodiene organochlorines
Esterase inhibitors

Fipronil {or Phenylpyrazoles)
Juwenile hormane analogues
METI acaricides, Rotenone
Methyl bromide
MNeonicotinoids
Organophosphates
Organotin miticides

P450 monooxygenase inhibitors
Pyrethroids

Tetronic acid derivatives

Drop down menu
>> options

Data Sheets

Selectan active ingredientto open...
Abarmectin

Acequinocyl
Acetamiprid
Acrinathrin
Alanycarh
Aldicarb
Allethrin
Alurninium phosphide
Arminocark

Amitraz

Azadirachtin

Azamethiphos
Azinphos-ethyl
Azinphos-methyl
Azocyclotin

Bt war aizawai

Bt war israelensis

B wvar kurstaki

B war sphaericus

B war tenehrionensis
Bendiocarb

Benfuracarb

Bensultap

Benzoximate

Bitenazate

Bitenthrin

Binallethrin

Bioallethrin S-cylclopenteny!

Insecticide Resisiance Actlon Commiies

eClassification

[ LR 175 1 he 22T

Coniven ~ame | Aeromicnd

ch | Clasw ads

Frimary She ot Fizshrin deatyicholng arachs s0onsbs S anksgoneds
Actinn

*ilh Group 44,

surihnr

Releusnt Pasts | Conoeal oF Hem prers, 2oapsc aly Spoics, Thesancpteca =nd

La=isapears

Relsuget Craps | Wde rage ot orsps, ssosoisl v vagetabiss, fur mnd taa

au allerie Sl o Tuwiar

Cammarnts

S::} M
_— e

21

T3
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MoOA Posters

IRA

Insecticide Resistance Action Committee
Insecticide Mode of Action
Classification:

I R AG & Keyto Effective Insecticide

Insecticide Resistance Action Committee 0 o0 yd Insecticide Mode of Action Classification: )
A& key to effective insecticide resistance management CropLife

Introduction Inzedicides acting on the nered

et s Lo ool o icaen O o LT Insecticide Resistance Action Committee IRAC website: www.irac-online.org
Pak kb, proscsd Bdbdd ol B

it Iha yalem =m oy Iapel s, oo N _ N _

e et R, Thi bl of acion acd af I el Introduction Use bodeof | | Effective IRM strategies: Altemations or sequences of VoA
P Crof prow kR proddkoe 18 -3 1 gubx B rmpr BTN (A G aTinitia IRAC promotes the use of 3 Mode of Retion [Mod) ﬁl]cz:mb M1 effective insecticde [and acaridde |res stance managerment [IRM] strategies seek to
W o dcart i I RHErG e, |12 and O 11832 3 classification of insecticides asthe basis for effective Lottt bt minimise the sd ection for resistance from any one tyoe of insecticide or acaricide. In

[ P Y TR PR L PPer T FPuY PP nﬂwbimihmhuut 3 nmve Wy, Tho el s n bypeaddsly nig good R

and sustainable insedi cide resistanes managernant
[IRM). nsecticides are allocated to specific groups

practice, dtemations, sequences or retations of cormpourds from different Mol groups

Emwp? EAfd-ratsr fricre orsmTa’ sTisra /;; provide sustanable and effective IRM. This ensures that sdection from compounds in the

Cyciock mrm o 3o hior e |28 Bnd [0 (e G AR

bazed onthertarget ste. Reviewsd andreissued I/ same Mod groupis minimised. Spplications are often arranged irdo Mol spray windows or
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IRA ~  MoA Classificatio

Insecticide Resistance Action Committee

New in 2006 - IRAC Mode of Action Classification Groups and Structures

IRAC

Mode of Action Classification

The keyrto izectcide Resktnc: Mawageme it o = o . Avai Iab I e aS Al
posters

e First batch of
3000 printed

e Extremely high

demand for
copies!
e Recently
w translated into
Japanese

k> ' ; oL "! .
bnirercka
o i HE e I

Y
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IRA “Translation of IRA

Insecticide Resistance Action Committee

e Successful IRM needs widespread distribution of the resources IRAC International has
developed

e As part of IRAC’s communication and education remit, work underway to develop
translations of key IRAC documents, posters & papers

Local company offices and IRAC Country groups e.g. IRAC-Spain are helping
e MOoA structure poster has been translated into Japanese and other key documents will

follow
IRAC
IR L D5
S ER e
i -~
Part of Japanese version QI?(?E#L._IfaR

of MOA poster
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I RAG MoA - the need for

Insecticide Resistance Action Committee

IRAC lists 9 compound types
commonly used for whitefly control:
Carbamates
Organophosphates
Cyclodienes

Neonicotinoids

Pyriproxyfen

Pymetrozine

Diafenthiuron

Buprofezin

Spiromesifen

So why is resistance a problem?

Almeria region SE Spain
e Intensive, widespread vegetable production in plastic houses

e Continuous production cycles + favourable climatic
conditions = Severe Bemisia tabaci infestations=> direct
damage and virus transmission

e Zero or extremely low virus tolerance
e Insecticides applied every 2-3 days!
e Neonicotinoids used to be highly effective - until recently

e But intensive use = very high levels of selection =
development of resistance to all neonicotinoids

e Cause - Lack of effective IRM programmes with available Als
e Similar problems in other Mediterranean basin countries
e Resistance due to enhanced monooxygenase activity

C.rqu_ifat
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I RAG Recent & developing

Insecticide Resistance Action Committee

Outlooks on Pest Management, 2006.

INSECTICIDE RESISTANCE ACTION COMMITTEE

Insecticide Resistance

THE INSECTICIDE RESISTAMNCE ACTION COMMITTEE (IRAC): M an ag ement
PUBLIC RESPOMSIBILITY AND ENLIGHTENED INDUSTRIAL A Monoaraph
SELF-INTEREST : 9 p

_ (in preparation)
Alar MeCaffery' and Ralf Mavuen® . .
" Chairman, Intecteids Rasirones Action Commitsa, Synganta, Jsalocn Hil Incamaional Pessarch Stacian, Bracknall UK Written and publ ished by

* Wie-Chairman, Irsecdode Reskance Aoion Commices Baser Cropioenoe &G, Resarch nrectodas, Monheim, Germany

ecticide Resistance Action Committee

Text for CLI / IRAC publication: (IRAC) 2007
Insecticide Resistance Management for
Sustainable Agriculture and Improved
Public Health Prevention and Management of Insecticide
(in preparation) Resistance in Vectors and Pests of Public
Written and published by: Health Importance
CropLife International in conjunction with the A manual produced by:
Insecticide Resistance Action Committee (IRAC) Insecticide Resistance Action Committee (IRAC)
2006 (in press)
| Wiley book (2007) chapter: (in press)
4.1. IRAC, Insecticide Resistance and Mode I RAG |
of Action Classification of Insecticides

A. Elbert, R. Nauen and A. R. McCaffery :
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I RAG/ Recent conferen

Insecticide Resistance Action Committee

an m amm o amdes

Effective insecticide resistance mana

The agrochemical industry’s approach to enst
sustained efficacy of insecticides

Alan McCaffery! and Ralf Nauen?

'Syngenta, Bracknell, UK
Chairman, Insecticide Resistance Action Committes

Effective resistance management for

‘Bayer CropScience, Monheim, Germany

IR/

Vice-Chaiman, Insecticide Resistance Action Committee I RA‘ )

the neonicotinoids: 0 0
QT

< TS
Industry’s approach to ensure O
the continued efficacy of a key o .59
insecticide class < GQ Cja:
- 5%

ohicotinoid
Q n? Q 9

£ p

Bwitzerland

Insecticide Resistance Actic
What does it do
IWPAC, Kobe, August 10, 2006: Resistance Management ar

Joint RAC & RAG O

Combating Pesticide R
BCPC International C
Crop Science & Technolo

Alan McCaff:e._?

CropLife Chemicals Committee - September 14, 2006
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I RAG Expert advice and

Insecticide Resistance Action Committee

e IRAC provides expert advice,

guidance and education (via \ - o &
WEbSite) on effective IRM International Code of Conduct
) on the Distribution and Use
e Provides resources to help of Psticides
develop IRM programmes

_ Cuidance on drafting guidelines
e Directly helps and encourages in support of the Code of Conduct

IRAC Country Groups to develop
IRM programmes

e Inputs to EPPO guidelines

e Inputs to new initiatives e.g. will
be helping CropLife to develop
resistance management sections
of FAO International Code of
Conduct S O mm T

Jupc o

C.rqu_ifa’:
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I RAG IRAC-Spain:

Insecticide Resistance Action Committee

LA RESISTENCIA DE LOS TRIPS EN CULTIVOS INTENSIVOS

“Un problema que requiere la colaboracion de todos”

Principales dificultades »
en el control de plagas .

Resultados de las encuestas IRAC Espaia
{Insecticide Resstance Action Committee)

2002-2004

gL Jose Luis Collar Urq
a o P‘HYTOMA Doctar Ingznicrc Agro

il Aragonasas Agro § 2
i manep (CREH FETIGI Membro de 1AC Espe
» Fimgisdas. Jerbieicas ¢ inSecticidas

Cqup_Lifa‘:
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IRAG IRAC-US Neonicoti
sub-committee

Insecticide Resistance Action Committee

The Neonicotinoid Subcommittee of Insecticide Resistance Action Committee (IRAC-
US) was created in 2003 with the charter to act as the official industry body for
coordinating information and resources on resistance management for the neonicotinoid
chemical class. Recent public interest in insecticide resistance issues as well as the

IRAC, Neonicotinoid Subcommittee

Pestic
the ne

The m
IRAC

publicq

P 8 W = Y onod -

GENERAL GUIDELINES FOR USE OF NEONICOTINOID INSECTICIDES
{IRAC Mode of Action Classification Group 4A)

Resistance management begins with good agricultural practices including crop rotation,
utilization of resistant varieties, sanitation, healthy seed, as well as pest monitoring and
forecasting. For resistance management to w

effort.
The following guidelines have been acceptec Cooperative ansi g
Subcommittee. s

These guidelines focus on both soil and/or fo C -
OSS—'COIIIIIIOCI.I.

IRAC-US initiative to form a Guidelines for
specialist sub-committee to Neonicotinoids i
provide guidance on use Arizona

and IRM of this valuable

Johin Falum b, Peter O, Ellsworth, Timothy L e

CIaSS Of InseCtICIdeS Liniversitv of Avrizona

Drevefogredd (i collabaoration with
Arizona (Trop Protection Associalion

GTOUp Worked Wlth Arizonn Collon Carowers Association

advisory bodies and grower
organisations

Cotton Incorporated
Western Growers Association

POTATO
COUNCIL

Neonicotinoid
Insecticides -

A Grower Approach to
Resistance Management

B Colorado Potato Beetle and

Green Peach Aphid in Potato

This brochure was developed

by NPC entirely through grower nput
Preduction costs were supported

through a grant

ey | er CropScience

L/

VAW bayercropscienceus. com

1300 L Street, NW #9310 . Washington, DC 20005
202 682 9456 . www.nationalpotatocouncil.org

C.rqu_ifa’:
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IRAG Example IRAC Cou
IRM guidelines

Insecticide Resistance Action Committee

Represanting the Plant Sciencetllnadaysryd

CroplL.ife \' E}\ | Us:
el ' L ¥ IRAC-US

v : : Insecticide Resistance: Causes and Action
Insecticide Resistance Management Strategies

Developed by the CropLife Australia Insecticide Resistance
Management Group and Industry Researchers

Current as at 25 November 2005

A jont effort between
g . the Southern Region
Australia: Integrated Pest
- . : Management(_)qmter
Insecticide Resistance Management ' and the Insecticide

. Resistance Action
Review Group (IRMRG) . N Commitiee
(formerly AIRAC, AIRMG) '

Mode of Action (MOA) Initiative Ve
pLieY
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I RAG/ A diverse toolbox

Insecticide Resistance Action Committee

Effective Insecticide Resistance Management (IRM) is possible but....
A broad range of different insecticidal modes of action is essential

oY
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Insecticide Resistance Action Committee

IRAG The need for new A
Pollen beetle

In many European countries the pyrethroids are the only insecticides registered
for use on oilseed rape — particularly for control of pollen beetle — and we have

resistance!! .
’ ‘
— g .
)

N Y
Resistance to pyrethroids
in Meligethes
Poland
France
Germany
Belgium
Austria
Scandinavia

Loss of effective OP’s in EU - de-registration or lack of re-
registration (not just a problem in minor crops)

Reliance on a single MoA class — the pyrethroids -,
New MoA classes urgently required! (?"‘?E]L..i,fa
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IRAG The need for ne
Anopheline mo

Insecticide Resistance Action Committee

e No new insecticides for adult mosquito control have
been produced in 30 years.

e Loss of insecticides for mosquito control
- Resistance issues
- Regulatory hurdles
- Economic reasons

e WHO has highlighted urgent need for new mosquito
adulticide

Available chemistry — just two targets
e OP’s and carbamates — acetylcholinesterase
e DDT and pyrethroids — sodium channel

Insecticide treated bednets contribute in a major way to
malaria control but are reliant on pyrethroids

Resistance is increasingly a major problem in many Cmpufa':
countries and it is spreading
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IRAG IRAC-Brazil —
IRM and MoA lak

Insecticide Resistance Action Committee

IRAC-Brazil worked with

Recomendagdes para o manejo no controle da aC ad e m | C S . g Ove rnm e nt

lagarta-do-cartucho do milho (Spodoptera frugiperds)

Manejo de E——— including regulators, and

o estudos, Q-2 3 rotagdo o et ol condderando-so o

Resisténcia de e e e grower groups to implement

Spodoptera frugiperda ‘o e o effective IRM using MoA
a Inseticidas na s K | Cod(ljngtand guidelines on
Cultura do Milho == 1' e ress product use

s | G800

Qnrx

S8t

Ingredientes ativos registrados para lagarta-
do-cartucho ( Spodoptera frugiperda) em milho

141 ot e peac 53 e core
B e L L

Recomendagdes gerais:

Dar prefaréncta a produtos sekithos a Inkmigos naturals nas prim
apkogies.

nnnnnn
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Qang
Nvirom
Wi plores e | o
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Tomaxdine
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IRAG
Mode of action lak

Insecticide Resistance Action Committee

M‘oge o'g Action Labeling [IRAG
IRAC-US initiative to

ensure clear MoA GROUP pnas INSECTICIDE

labelling of products
INSECT-BE-GONE®gnsecticide

Foruses in pest management applications.
ACTIVE INGREDIENT: ,o(/‘xxxm,(u, Voo s o s s B KA e e
A A

INGREDIENTS
............................ AN
10005

EPA Reg. No. XXXX-XXXX

Contains 7 pounds of XRRERE
SHAKE WELL BEFORE US

MODE OF ACTION
IRAC-International Classification

Will be added to labels.

) ".» '
_Cqupufa’:
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IRAG IRAC Methods tea

Insecticide Resistance Action Committee

e |IRAC provides validated test methods of proven ability to detect changes in
susceptibility
— Baselines
— Early detection of resistance

— Evaluation of success of IRM strategies

IRAC currently has a program to update the methods

Intention to include methods for all pests in regulatory
guidelines

— e.g. EPPO Standard PP 1/213 Resistance Risk Analysis

e New methods will also include biochemical and
molecular methods

e |RAC intends to develop interactive versions in the future

C.rqu_ifat
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IRAG IRAC Susceptibili
example

Insecticide Resistance Action Committee

Insecticide Resistance Action Committee

p www.irac-online. org IRAC Susceptibility Test Methods Series 1Eod o 5
ReBletanca Managemant for Su stain abis s
Agricuttura and Impro ved Public Haalth pr————
(g}  Apgitate test liquids and then dip the laaf sections for 5 z253. Dip squal mombser of
oontrol leaf sactions in water only.
IRAC Susceptibility Test Methods Series &) Fecord thepumberof aggs parlaafeaction B _
ersion: 2 i) F.etum laaf zactions toPatr dizhe: and maintsin in conditions desoribed shove Faecord
marimum andmindmom tamperatiges. Modsten cotton wool daily.
i)} Tzing 2 hand l=nz or binoculsr microscops obsanve laaf sactions daily unti] thers has
Detailz: b complata {or nearly complsts) hatch on the untreated {water only) leaf sactions.
Mathod: Yo 3 (&)  Expres:s gesults az percentasms mortality and comrsct for untreated mortaliny nsins
Abbott's formuls. Untrested mortality should ba reoordad.
Status; Approvad
Spaciss: Pk yimi Eercantion: & Noter:
et wm
- : If the lds ar= laft off, the leaf sactions may dry ot and, unles: the cottan wool can be
Species Stags ;' ””“'E"Eme‘{ egig“) moistmad at lasst daily, the tas may be imvalidated by sxoassiva cortd montslity. In such
=R cioumstancas, the mathod may kave to ma modifiad to suit thelocal conditions, 2.8, us=lids
Prodoo Clas: S : with holes cut in them to raduce water loes without cresting a condensation problem.
bewihiamnn
© oms edifon For Tarrarneiys spp. which live mamly on the lower leaf swrface the leaf zections may nead
) to beplaced lower surface uppermost Laaves of kidney boans are particulary sxitabls
Eeferencer & Acmoniedsements:
Nlaterizls: -
Petri dizhes (D-cm dizmetar), filtsr papsrto fit Petr dishes, cotion wool, warrsared sppla of Nenz

plum lagves, small scizsors small forcsps, fine pointad boeh or cocktail stick, baskers or
Elazz jars {ca 100-ml capacity) for test liquids, 1-ml dispoeabla plastic syringas for Liguids for
weighing balancs for sdide, hand lens {minimum 10 x) of binooular microscops,

Matheds:

[N Cout squars sactims sbout 1.5 x 1.5 am from chemically mtreatead appls or doem
lazrez, Tzz voung leaves, bz not bafors they ars filly sxpandad. Lasve: must bein
Eood condition. Tz a mindmuem of four seplicatas (leaf sactions) per treatment

{t)  Place the:s zactions uppsr swfacs wppsmoet, on azhest of moizt filtsr paper on moizt
cotton wool in opan Petri dishas,

{€)  Cellect applaleaves with adult mites, and with the fins peintad brezh or cocktail stick
tr=nafar 10 — 15 femalas mnto sach leaf saction Msintsi at 2 minimom temparsturs of
20°C, minimum photopariod 16 hand ahish light intensity, but ot in dirsct sumlisht

(d)  Affer 24 b check that the fomals mitss have laid egzs. Adm for at least 20 aggs per
lzaf zaction. If thers are not enoegh ez, leave fora firther 24 b Do mot leave lonser
than 48R

L] When sufficient azg members have boon obtained remove the mites with the fina
pointad brush or cocktsil stick Faceed the time when thi= iz dons.

if) Pepars appaopriata tast dilutions of | lations in water. The wse of a watter iz not

CropLife
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I RAG Example new defi

Insecticide Resistance Action Committee

Adult vial test for Pollen
beetle Meligethes aeneus

For OPs and pyrethroids

Especially relevant for
resistance to pyrethroids in

Europe e

C.rquifa’:
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I RAG Public Health te

Insecticide Resistance Action Committee

e Public Heath team reformed May
2006 with membership including
WHO and Gates Foundation

e First face-to-face meeting held at
WHO HQ in Geneva in August

e Team is working to understand status
of vector resistance, nature of
resistance, options for control and
availability of test insects and

methods Prevention and Management of Insecticide
e Team is addressing need for Resistance in Vectors and Pests of Public

overall vector control strategy and Health Importance

how to manage insecticide A manual produced by:

resistance Insecticide Resistance Action Committee (IRAC)

e Vector Control Manual was

completed in August and IRAC I RA&
will publish it
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IRAG/ Biotechnology team

Insecticide Resistance Action Committee

e [RAC is now involved in IRM for GM crops expressing insect-control traits — new
Biotechnology team formed 2005

e Reflects realities of modern pest insect management and need for multiple inputs

Objectives:

e Influence development of regional or country IRM plans away from one-size-fits-all
approach

e Advise CropLife on biotechnology IRM issues

— Parallels increasing involvement of CLI in Biotechnology
e Provide uniform guidance to IRAC or non-IRAC country groups on appropriate

resistance management practices and regulations
Provide unified global industry position on IRM regulation
Coordinate development of education programmes
Support research with international dimensions
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IRAG IRAC needs help !

Insecticide Resistance Action Committee

IRAC is increasingly successful - but also being required to do a much bigger job

e |RAC’s influence is increasing rapidly — a result of a major commitment to education
and communication on the need for effective IRM

e Demands on IRAC have increased markedly
— Broader remit - Crop Protection, Biotechnology, Public Health
— Increasing regulatory demands for IRM and related activities

— Increasing recognition that we need to preserve what we have - finding new Als
IS ever-more costly and time-consuming

But we need help in:

e Increasing awareness of the importance of resistance management stewardship
activities within member companies

— Expanding remit and participation — more manpower needed
— Less challenge for financial support for IRAC and its initiatives
e Increased coordination within CropLife — particularly across the RACs
e Support for communication and education projects including:
— Developing better messages on the value of crop protection and biotechnology

products - and why we and others should support IRM to preserve this value
cropL Y
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I RAG Some final though

Insecticide Resistance Action Committee

e |IRAC has a key focus on Communication and Education — a major effort in
recent years
The IRAC website is central to this effort — resources, education, advice
IRAC is supporting the Country group network with appropriate resources to
tackle local resistance problems
IRAC is working with regulatory bodies to represent and champion effective IRM
e |IRAC has key projects to support worldwide IRM for major MoA groups like
Neonicotinoids
e The IRAC Public Health team is working with WHO & Gates Foundation on
vector resistance
IRAC is increasingly involved in IRM in insect-control transgenic crops
Industry is facing key problems of resistance in Brown planthopper, Whiteflies,
Pollen beetle, and other pests — IRAC is dedicated to help solve these problems

Resistance is everyone’s problem - managing it is vital!
The agrochemical industry is playing its part
‘?.F‘?_E?L._ifa\
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IRAC

Insecticide Resistance Action Committee

Thank you

9{99.&".@':
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