General Introduction to the Insecticide
Res|stance Action Committee

Insecticide Resistance Action Committee (IRAC)

-\
CropLife



http://www.irac-online.org/index.asp
http://www.irac-online.org/index.asp

IRAC Introductory ste

Insecticide Resistance Action Committee

Insecticide Resistance Action Committee (IRAC)

Formed in 1984 — now in its 27t year and still growing
Specialist technical expert group of the agrochemical industry

Provides a coordinated industry response to the development of
resistance in insect and mite pests

Around 70 industry representatives and specialist members in
different working groups

7 Country/Regional Groups with a further 70-80 representatives

Association with CropLife International (Formal part of CLI" s
Stewardship Committee since June 2010)
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lRAG IRAC Mission

Insecticide Resistance Action Committee

IRAC Mission:

Facilitate communication and education on insecticide and
acaricide resistance

Promote development of resistance management strategies
to maintain efficacy and support sustainable agriculture and
Improved public health

— Pool expertise

— Industry commitment to product stewardship and sustainability

— Foster communication and education on IRM
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Insecticide Resistance Action Committee
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IRAG IRAC Country Groups

Insecticide Resistance Action Committee

RAG’s: (UK, Germany,
Benelux, Scandinavia,
Italy, Austria)

IRAC SEA

IRAC US

IRAC Brazil

IRAC SA

IRAC Australia

IRAC Argentina (under construction)
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IRAG

Insecticide Resistance Action Committee

0 BASF

O Nigel Armes (Treasurer)

U0 Tatjana Sikuljak
U Bayer CropScience

O Ralf Nauen (Chair)

O Verénica Companys (Diamide)
0 Belchim Crop Protection

Q Jens-Peter Vollmers Hansen
U Cheminova

U Eric Andersen
U Chemtura

U Alasdair Haley
0 Dow AgroSciences

O Gary Thompson (MSU Database)

U Tom Sparks (MoA WG)

O Nick Storer (Biotech WG)
O DuPont

O Paula Marcon

O John Andaloro

IRAC Executive

Incl. Alan Porter

0 FMC
U Thomas Anderson
U Makhteshim Agan
U Jonathan Henen (Vice Chair)
U Monsanto
0 Graham Head (IRAC US)
U Nihon Nohyaku
U Glyn Jones
0 Ken Chisholm
O Nufarm
O Jean-Paul Genay
0 Sumitomo
O John Lucas
O Syngenta
O Philippe Camblin
0 Russell Slater (Vice Chair)
0 Mark Hoppe (PH Team)
O Vestergaard Frandsen
U Michael Pedersen
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IRAG Goals & SMART ORJECHIVES

Insecticide Resistance Action Committee

IRAC Executive Committee
Team & Working Group SMART

Objectives - 2009/10

« 13 Teams and WGs with Goals & SMART* objectives
* Reviewed and updated every year by WG's

*SMART: Specific, Measurable, Achievable, Realistic and Time-bound
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IRAG WG diversity. & memBers

Insecticide Resistance Action Committee

U Steering Group: 8 (fixed)

O Public Health: 15 (incl. 3 non-industrial members)
U Biotech: 8 (all US)

U Methods: 8

0 MoA: 12

O C&E: 8

U EU Liaison: 10

U MSU Database: 7

U Pollen Beetle: 12 (incl. 3 non-industrial members)
O Sucking Pest: 13

0 Codling Moth: 11

U Lepidoptera: 8

O Diamide; 12
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IRAG Key successes 2009/20410

Insecticide Resistance Action Committee

0 2nd edition of Vector Manual close to publishing
o Participation in huge WHO resistance project

o White paper published in PMS
o Mode of action classification finalized

0 eMethods fully established
o New methods approved & draft methods poster

0 MoA classification scheme v7.0 completed
0 MoA brochure (pocket size) completed

10
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lR AG Public Health Team

Key successes 2009/2010 (examples);

Insecticide Resistance Action Committee

0 2nd edition of Vector Manual published (Nov 1st)
o Participation in huge WHO resistance project

Insecticide Resistance Action Committee

Bedbug
starting feeding

IRAC Overview — November 2010 — ECPR-I, 7th Meeting 11
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l R AG Biotech Tea

Key successes 2009/2010 (examples)

Insecticide Resistance Action Committee

o White paper published in PMS
o0 Mode of action classification finalized

E
Research Article SCl

Recerved: 27 March 2009 Revisad: 15 July 2009 Accepted: 15 July 2008 Published online in Wiley Interscience: 23 October 2005

(www.interscience.wiley.com) DOI 10.1002/ps.1854

Managing the risk of insect resistance to
transgenic insect control traits: practical

approaches in local environments

Susan C Macintosh*

Abstract

BACKGROUND: Growers have enthusiastically embraced crops genetically modified to express Bacillus thuringiensis (Bt) proteins
for insect control because they provide excellent protection from key damaging insect pests around the world. Bt crops also
offer superior environmental and health benefits while increasing grower income. However, insect resistance development is
an important concern for all stakeholders, including growers, technology providers and seed companies that develop these
genetically modified crops. Given the marked benefits associated with Bt crops, insect resistance management {IRM) must be a
consideration when cultivating these crops.

IRAC Overview — November 2010 — ECPR-I, 7th Meeting 12
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IRAC

Insecticide Resistance Action Committee

Methods Team Objectives and Goals

Methods team consist of 6 representatives from different
chemical companies.

The goals of the team are:

» To develop 3 single point of contsct for researchers to gan
information on how to conduct insectcide resisance bioassays

« To prowids IRAC approved methods, so thatdats generated by
indepe ndent researchers can be directly comparsd

What does a team do to meet these goals:

« We hawe deweloped 3 searchable datbase contining IRAC
approved methods and those used by ressarchers (remed to
as references) but not yet confirmed by IRAC

To be able to continue providing additionzl methods we
would like to encourage you to submit your testing methods
tous.

Full inform ation on Susceptability Test Methods can be
found on the IRAC website: www irac-online omg

This posier is for eduotional PUDO ses only . Dedad

Susceptibility Test Methods
For Resistance Monitoring

IRAC eMethods Tool

Required method can be searched in two different ways, by
Species or Mode of A ction:

IRAG

licide Meshuece Action Conmitise

eMethods

Filor by Epic s ¥ Frmma v

For example — by Species:

atuy

Andor Mode of action:

Pillet Oy wtien * AL D At s e Rheks

unbier

If available for a given species or mode of action the list of
references will also show:

Gerpermre Leafranet [Lroregzy triok) - ivee

i) - adek

1 azpie aphd | Aphey pors

eACOa) - A

am ooumis 10 the Destorour KNOMENge dut IRAC and Ris mamber companies omnot 20080t

-
\ responsiditty or how this infomation Is usad or inferprated. Advios should Bway s be sought f om Socel exped s Or advisors and hastth and safedy

racommmandaton s followed.

Some of the IRAC Methods available:

www.irac-online.org

NUERIILIUL

Dasigrad &orooucay oy IRACM e WG, Aol 010, Paser Ve 2
For furer Rigmastony 5t he RAC weste: WWW.irac-online.org
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IRAC

Insecticide Resistance Action Committee

Method for Plutellasxylosiella

IRAC Susceptibility Test Methods Series

Version: 3.4

Details:

Method No: 018

Method:

IRAC No. 018

Status:

Approved

Species:

Diamondback Moth
(Plutelia xylostella)

Species Stage

Larvae (L2/L3)

This method is specifically recommended by
the IRAC Diamide Working Group for
evaluating the susceptibility status of
diamide insecticides (IRAC MoA 28)™

This method is also suitable for the following
insecticide classes (IRAC MoA class):

Carbamate (1A)*
Organophosphate (1B)*
Organochlorine (2A)*
Fiprole (2B)*
Pyrethroid (3A)*
Spinosyn (5)*
Avemmectin (6)*

Benzyl urea (15)**
Diacylhydrazine (18)***
Indoxacarb (22A)*
Metaflumizone (22B)*

Pyridalyl (un)*

Plutella xylostella larvae
Courtesy of BASF

Check susceptibility
of DBM to different
Insecticides

Available at
www.irac-online.org
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I RAQ Method for Plutellasxylosiella

Insecticide Resistance Action Committee

Method:

(@)

Collect a representative sample of insects from a field. These may be larvae suitable for :
immediate testing, or eggs/L1 larvae for rearing to the appropriate stage or material from Sam P lin g
which an F1 population for testing can be reared. The insects should not be subjected to

temperature, humidity or starvation stress after collection.

Collect sufficient non-infested, untreated host plant leaves. Whole leaves are preferred or, for

some crops, the distal portions. Do not allow leaves to wilt by keeping them in a humid H |
environment (plastic bag). Brassica oleracea (cabbages, caulifiowers & collards) are the ost plant
recommended choice of host plant; however Brassica rapa (chinese cabbage, tumip) is also

suitable. Choice of host plant should be recorded for future reference.

Prepare accurate dilutions of the test compound from the identified commercial product. For e
initial studies, six widely spaced rates are recommended. The use of additional wetter is only [ BJI[U[i{e]g eI R (=
recommended for highly waxed leaf material, in which case this wetter solution is used for the

“untreated” (control) Solution in place of water alone. As the addition of a wetting agent can 80404l s[el0[3[6!
significantly affect the performance of an insecticide product in a bioassay, it is essential that

details of the wetting agent are recorded with any summary data and that only data generated

with the same agent and concentration are compared for suscepfibility measurements.

Dip leaves individually in the test liquid for 10 seconds with gentle agitation and place to

surface-dry on paper toweling (abaxial surface facing skywards). Ensure the entire leaf

surface is emerged equally and do not allow the leaves to wilt. Dip the same number of leaves Di P EEVES
per treatment (a minimum of four replicate leaves per concentration is recommended), and

treat sufficient leaf material to avoid starvation stress in the “untreated” during the test.

Commence dipping the “untreated” first and work up through the test dilutions (lowest to

highest).

Place the treated surface-dry leaves in the labeled test containers, which must be suitable for Container
holding enough leaf material in good condition for up to 96 hours.
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I RAG Method for Plutellaxylosiella

Insecticide Resistance Action Committee

Add equal numbers of L2 larvae to each container, so that a minimum total of 40 larvae are Add |
used per treatment, divided between at least four replicate containers. Seal the containers with arvae
the container lid.

As development time can vary between populations of Plufella xylostella. The following length
measurement can be used to dassify L2/L3 larvae: 3-5mm.

Store the containers in an area where they are not exposed to direct sunlight or extremes of
temperature. Record maximum and minimum temperatures. If possible a mean temperature of Store
25°C, 60% RH and 16:8 light/dark regime is prefemred.

In the case of diamide insecticides, a final assessment of larval mortalities (dead and live) is

made after 96 hours. For other insecticides please see guidelines provided at the top of this Assessment
document. Larvae which are unable to make coordinated movement away from gentle

stimulus with a seeking pin or fine pointed forceps to the posterior body segment are to be

considered as dead (combination of dead and seriously affected). Anti-feeding effects

(percentage damage to the leaf or larval growth) may also be recorded for additional

information.

(i) Express results as percentage mortalities, comecting for "untreated”™ (control) mortalities using

Abbott's formula Untreated mortality should be recorded. It is recommended that the mortality RGSU'tS
data is utilised to perform a probit or logit dose response analysis to provide LD50 and LDS0

estimates for each insecticide or insect population tested.

Please submit your methods to www.irac-online.org

16
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IRAG Key successes 2009/20410

Insecticide Resistance Action Committee

0 4 issues of IRAC eConnection published
o New website launched in March 2010

o No activities in 2009
0 Restarting activities as Stakeholder Relations WG

o Further work on resistance mapping tool
o0 Presentation at BCPC Conference on database

o0 Pyrethroid resistance monitoring expanded (>800)
o Neonicotinoid method drafted and posted

17
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IRAG

Insecticide Resistance Action Committee

21

Resistance Manaaement for Sustanable Aanculture and Improved Public Health

HOME ABOUT NEWS EVENTS TEAMS COUNTRIES TOOLS
WELCOME TO THE INSECTICIDE AESISTANCE ACTION COMMITTEE WEBSITE
LATEST NEWS

XM 1RAC Pollen Beetle WG schedule meeting to review

2009 monitoring data and plan work for 2010 SUBSCRIBE TO [RAC'S MEWSLETTER

Your Name:
he agenda, read Your E-mail:

SUSSLRIEE

MOSE s »

IRAC is an international group of 150+ members of the Crop Protection
Industry organised by sector and region to advise on the prevention and

management of insecticide resistence.

| <

ore about IRAC

Leam m IRAC Mode of Action

Communication & EQUCAatoN

eConnection

IRAC

Insecticide Resistance Action Committee

October 2010

Issue 24

About This lssne

| hope you find thiz edition of the IRAC eConnection informative and interesting. In this issue, 22 well 35 our normal
news znippets, we include detailz of two IRAC sponzored sympoziums 3t the ESA in December slong with first de-
tails on the resistance conference, R2011, heid every £ years 3t Rothamated, UK. Other articles in the newsletter
included 3n update on the Resistance Databaze (APRD), run by Michigan State University and dessils of the new
version of the IRAC Mode of Action Uassification Scheme just published on the website. The Lepidoptera WG, one
of the more recently formed IRAC tesms, reports on 3 new ciamondback moth poster along with detsils of the 6th
International Workzhop on Management of the Diamondback Moth and Other Crucifer Inzect Pests to be held rext
March.

Remember if you have any news or resistance topics of interes: pleaze let uz know zo that we cn inform others in
the IRAC Network. We hope you enjoy the issue.

IRAC newsletter eConnection
(latest issue 24; eg MSU Database

New IRAC website launched in March article)
2010

www.irac-online.org

18
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IRAG Key successes 2009/20410

Insecticide Resistance Action Committee

o0 Regional CM resistance survey evaluated
o Literature collection and expert list

o Kick-off in Dec 2009
o Two posters drafted on Tuta and Plutella

o Development of diamide bioassay methods
o Formation of 15 Diamide Country Groups

o Merger with Neonic WG and poster development
o Myzus questionnaire circulated

19
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IRAG IRAC Conference

Insecticide Resistance Action Committee

m IRAC representation at:

National Congress of Entomology, Brazil, August 2008
AgChem Forum, Berlin, Sept 2008

European Whitefly Conference, Almeria, October 2008
Expert CM Workshop, Nov 2008

ESA Meeting, December 2008

Annual SW Ag Summit, March 2009

6th Intl. IPM Symposium, March 2009

BCPC Meeting, Glasgow, November 2009

5th Bemisia Workshop, November 2009

CropLife Malaysia, December 2009

ESA Meeting, December 2009

Japan PPA, January 2010

Crop Conference, Barcelona, May 2010

ESA Meeting, USA, December 2010

6th Intl DBM Workshop, Thailand, March 2011

Setting up the IRAC S. Africa stand at the ICE, Durban

20
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IRAG Posters & eTiools

Insecticide Resistance Action Committee

m Anumber of new & updated posters in the pipeline
m \Work on posters generally carried out by Working Groups

m 2000 copies of a new version of MOA poster printed in
2010 (v6.4)

m eTools, e.g. eMethods

eMéthods

(17 7.V i a—o—

]

————
e — -
)
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IRAC

Insecticide Resistance Action

The Diamondback Moth, Plutella xylostella:
Resistance Management is Key for Sustainable Control

www.irac-online.org

Introduction and

Diemacndback rmoth (Plutella xylostella L.) is a highly migratory,
cosmopolitan species and one of the most important pest of
cruciferous crops worldwide. Globally, direct losses and control
costs are estimated to be US$ 1 billion (1).

Life cycle:

Pupae

7-15 days

Eggs

Biological

Plutella xylostellaresistance around the globe Management Strategy

sistance Mechanisms

Several

biochemical mechanisms were described to confer
resistance to insecticides in diamondback moths. Many of the
mechanisms listed below are acting in concert and sometimes
provide resistance factors of 1000-fold or greater.

1. Enhanced metabolic detoxification mechanisms:

-microsomal monooxygenases - different forms of

* resistant varieties

« refuge crops

« biological control with natural enemies, e.g. Cotesia [

* insecticide applications
mode of action rotation, window approach -

« crop hygiene =

Plutella xylostella method (No. 018) for resistance
monitoring is available on IRAC website under
e-methods tool and should be used to evaluate
insecticide susceptibility.

A combination of all available tools for P. xylostella management
should be used to prevent the development of
resistance:

utellag

insecticide

ticides registered for diamondback moth control

Chemical Control of P. xylostella

« Select insecticides based on known local effectiveness and
selectivity
« Rotate insecticides by mode of action group, using a window
approach

« Use only insec

=/

Annual outbreaks of P. xylostella in temperate regions are cytochrome P450 play a major role in P. xylostella resistance mms F TELATAIS—TOr ST AT PR
contributed to migrations due to low over-wintering ability, while in to pyrethroids, GROUP EXEMPLIFYING ACTIVE INGREDIENT
tropical and subtropical regions it can have a high number of organophosphates, abamectin and benzoylphenyl ureas (4) 1 Acelylcholnesterase nhibiors 7A: Catbamates
continuous generations per year (e.g. up to 21 in Taiwan) (2) . -glutathione S-transferases — for example reported to confer 1B: Organophosphates
P. xylostella is considered to be one of the most difficult pests to organophosphate resistance (3, 4) 9 GABA-gated Cl channel antagonists 2B: Phenylpyrazoles (Fiproles)
control. For many years continuous insecticide applications have -carboxylesterases - involved in  resistance to 3 Sodium channel modulators 3A: Pyrethroids, Pyrehrins
been and continue to be the main tool for it's control. organophosphates and other chemical classes of insecticides 1 Nicotinic acetylcholine receplor agonists 4A: Neonicotinoids
However first cases of insecticide resistance were reported in (©)] 5 Nicofinic acetyicholie receplor allosteric Spinosyns
1950"s. Today this species shows resistance to almost all modulators
insecticides, including compounds of new mode of action classes 2. Insensitive acetylcholinesterase — proven to play a role in P. 6 Chioride channel activators Avermecfins, Milbemycins
nly-recently-introduced (3) / xylostella resistance development to organophosphates and 11 Microbial disruptors of insect midgut Bacillus thuringiensis var. kurstaki

References carbamates membranes and derived toxins
1 Gryzwacz, D., A. Rossbach, D. Russell, R. Srinivasan, A.M. Shelton. 2010. Current control methods for 13 Uncouplers of oxidative phosphorvlation via | Pyrrols

diamondback moth and other brassica insect pests and the prospects for improved management with H H R H i N p P ‘P Iy y

lepidopteran-resistant Bt vegetable brassicas in Asia and Africa. Crop Protection29 (1): 68-79 3. Reduced CrylC bmdmg D V) St 0 mldgm membrane d|srupt|0n of the proton grad‘ent
2. Chapman, J.W., D.R. Reynolds, A.D. Smith, J.R.Riley, D.E. Pedgley, I.P. Woiwod. 2002. High-altitude migration and 15 Inhibitors of chitin biosynthesis, type 0 Benzoylureas

f the diamondback moth Plutella xylostella to the UK: a study using radr, aerial netting, and ground trapping. i i in— i — : :

Zw/?E;ixg/,gQ?sso lutella xylostella to the UK: a study using radar, aerial netting, and ground trapping red'utced c(zinverlsmn OI tCI’)élC.I[IJFOtt(;XIr"I t(? t0>§|n tfa.CtCé[:S TC 18 Ecdysone receptor agonists Diacyhydrazines
3. Zaho, J.Z, LH. Colins, X.Y.Li, R.F.L Mau, G.D. Thompson et al. 2006. Monitoring of diamondback moth resistance development to BaciliUsiuingiEnSISIPIOtEINEEY 2 Voltage-dependent sodium channel blockers | 22A: Indoxacarb

to spinosad, and in benzoate. J. Econ. Entomol. 99: 176-181 5) 29B: Metaflumizone

4. Hung, C.F.,C.H. Kao. C.C. Liu, J.G. Lin, and C.N. Sun. 1990. Detoxifying enzymes of selected insect species = —

with chewing and sucking habts. ..Econ.Entomol, 83: 361-365 ) : ! ' 2 Ryanodine receptor modulators Diamides
5. L, Y.B., B.E. Tabashnik, L. Mason, B. Escriche, and J. Ferre. 2000. Binding and toxicity of Bacilus thuringiensis 4. Knock-down rle.3|stance . mUta“'on(S) in voltage-gated sodium UN Compounds of unknown or uncertain mode | Azadirachtin

Protein Cry1C to and resistant moth (L Plutellidae). J. Econ. Entomol. 93: 1- channels providing pyrethroid resistance f act Pyridalyl

6 \L of action yridalyl
6. Li,A,Y.Yang, S. Wu, C. Li.,, and Y. Wu. 2006. | igation of to fipronil in di

i o 997514619 5. Other mechanisms — include _modified GABA-gated chloride

responsibility

v -‘r This poster is for educational purposes only. Details are accurate to the best of our knowledggrﬂgnaﬂ,san@ﬂg méﬁgm;)mmb?gccaﬂd reF’ortEd to confer

fiprole resistance (6)

Designed & produced by IRAC LepidopteraWG, August 2010, Poster Ver. 1.1
For further information visit the IRAC website: WWW.irac-online.org
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Mode of Action Classification

IRAC

Insecticide Resistance Action Committee

The Key to Resistance Management

More information on IRAC and the Mode of Action Classification is available from:
www.irac-online.org or enquiries@irac-online.org
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