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Why Effective Resistance Management is essential

Sustaining effective commercial life of current insecticides requires
intelligent use of presently available compounds

— Insecticide Resistance Management (IRM)

For any crop / pest situation, effective IRM requires the availability of
a broad range of modes of action

IRM is made much more difficult by loss of modes of action through
resistance development caused by misuse or overuse of insecticides

We cannot always rely on having a
steady stream of new modes of
action to circumvent resistance
problems.......
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Cost of discovering new Als

* Finding and developing new insecticides is extremely costly & difficult
e We cannot accept losing them to resistance! — So, IRM is vital!

Cost of developing and registering a new chemical
crop protection Al in year 2000 ($M)  [source: ECPA, 2003]

Category Sub-category Costs Total Cost
Research Chemistry 41 94

Biology 44

Toxicology / Environmental Chemistry 9
Development Chemistry 20 79

Field Trials 25

Toxicology 18

Environmental Chemistry 16
Registration 11
Total 184
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What Is industry doing at a company level?

IRAG
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Example Resistance Management Strategy - for
a Neonicotinoid

Responsible companies have clear guidelines to manage
resistance to Neonicotinoids. E.g.:

To prevent the development and spread of resistance, applications of
neonicotinoid insecticides should be applied in ‘block’ applications where, e.g.:

The total duration of the neonicotinoid ‘blocks’ does not exceed more than half of
the crop cycle (Syngenta approach). The duration of a block application should be
based on either:

e The generation time of the target pest (Where possible each block should
treat a single generation of the target pest)

e The period of insect control that is provided by a single application of the
insecticide (Applicable to insects with a short generation time).

Wherever possible it is recommended that the application of an insecticide ‘block’
should not immediately be followed by an application of an insecticide ‘block’ of
the same chemical class.

IRAG
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Baselines and Resistance Monitoring

e Each company establishes baselines for its products

e And undertakes regular susceptibility monitoring for key at-risk pests
e.g.:
— Cotton aphid, Peach-potato aphid, Tobacco whitefly, Glasshouse
whitefly, Rice brown planthopper, Diamondback moth, Fall

armyworm, Cotton bollworm, Tobacco budworm, Colorado potato
beetle, Pollen Beetle, Spider mites, Thrips spp. etc.

v

Ensures we know current status of susceptibility to key insecticides
EPPO-Guideline PP1/213 (Resistance risk assessment)
Timely awareness of any emerging problems
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Example of Susceptibility Monitoring

Adult Western Corn Rootworm (Diabrotica virgifera virgifera)
‘baseline’ susceptibility to a neonicotinoid

Independent samples collected from USA Corn Belt

12.0

LC50 (ppm)
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What Is industry doing at an inter-company level?
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Global Insecticide sales

2A
v Organochlorines 2.0%

15 Other IGRs 2.5% ‘
N

Benzoylureas 3.0% —
i

Others 8.5%

e

Organophosphates 23.1%
1B

Acaricides 6.5%
10, 12B, 14, 21, 23, 24

Natural Products 7.2%

5,6 Pyrethroids 19.0%

3

Carbamates 10.3%
1A

Neonicotinoids 17.9%
4A

Total Global Insecticide Sales 2004 = $7,690 million

[Source Phillips McDougall, November 2005
[Natural products includes avermectins and spinosyns]

IRAC Mode of Action Classification Number

Neonicotinoids now 39 largest group of insecticides based on global sales

10

IRAG


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

Global Neonicotinoid sales

Imidacloprid 59.4%

Others 6.3% —

Acetamiprid 5.8%————

/

Clothianidin 6.9% Thiamethoxam 21.6%

Global Neonicotinoid Sales 2004 = $1,380 million
[Source Phillips McDougall, November 2005]

IRAC Mode of Action Classification Number 4A

\v/

Imidacloprid and Thiamethoxam account for >80% of market

11
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Bayer CropScience and Syngenta — Collaborative
Neonicotinoid Stewardship Project

— Bayer CropScience: Imidacloprid, Thiacloprid, Clothianidin
— Syngenta: Thiamethoxam

e Two companies uniquely placed to take a lead in developing and
delivering coherent and effective IRM strategies - at both a global and
local level

e March 2005: Bayer CropScience
and Syngenta agreed joint global
stewardship project to manage
Neonicotinoids, focussing on
key at-risk pests

e Other companies invited
to join — but so far declined

IRAG
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Bayer CropScience / Syngenta — Collaborative
Neonicotinoid Stewardship Project

e Aim: To intensify the implementation of IRM by working together
through contacts at country level

e Proposal to develop local IRM recommendations based on the two
company global IRM recommendations for Neonicotinoids

- Syngenta: Maximal exposure to Neonicotinoids is limited to 50% of
the cropping cycle

Bayer CropScience: Neonicotinoids are limited to maximum of 3
applications per pest species and crop cycle

e Although slightly different, in practice it is expected that in most
situations the time periods covered by neonicotinoids are similar for
both company recommendations

e Agreed that local guidelines can be stricter than the global guidelines,
but should not be more flexible (refer also to IRAC US Guidelines)

IRAG
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Bayer CropScience and Syngenta - Collaborative

Neonicotinoid Stewardship Project — Targets

Agreed first list of key at-risk targets for co-operation:

Country Target Crop

Mexico Whitefly Vegetables
Guatemala Whitefly Melons & Tomatoes
India Brown planthopper Rice

Brazil Whitefly Beans

Morocco Whitefly Covered vegetables
Italy Whitefly Covered vegetables
Turkey Whitefly Covered vegetables
Japan Thrips Vegetables

IRAG
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BCS and Syngenta sponsor UK Neonicotinoid LINK project

e Bayer CropScience and Syngenta are jointly sponsoring [with
others] :

UK Department of Environment, Food and Rural Affairs, SA-LINK
Project: Sustainability of Neonicotinoid Insecticides

— To assess and manage increasing risk of resistance to
Neonicotinoids in Myzus persicae (and other aphids)

— Risk arises from rapid recent increase in uses of
neonicotinoids in multiple host crops for M. persicae

— Co-ordinating laboratory Rothamsted Research (Dr lan
Denholm, Dr Stephen Foster, et al.)

15
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IRAC

Insecticide Resistance Action Committee

What is industry doing at an all-industry level?

CropLife

IETERMATI AL
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IRAG Insecticide Re
Action Com

Insecticide Resistance Action Committee

e |IRAC formed in 1984 to provide a co-ordinated industry response to the

development of resistance in insect and mite pests
A technical group reporting to CropLife

e Currently 7 IRAC International members:

BASF Bayer CropScience
Dow AgroSciences DuPont

FMC Sumitomo
Syngenta

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

“Facilitate communication and education on insecticide and
acaricide resistance” r:ropuﬂ'

-
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IRAG/ International Co
Structure & ODb|

Insecticide Resistance Action Committee

Functional Teams:
e Communication & Education
e Regulatory

EXxpert Teams:

e Biotechnology

Methods

Mode of Action

MSU Database & RPMN
Public Health

Current Project Teams:
e Codling Moth
e Neonicotinoids

18

N

e Promote IRM to support
sustainable agriculture and
improved public health

e Emphasis on communication
and education

e Development of international
resources for IRM

CropLif\r
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IRA ~  Roles of IRAC

Insecticide Resistance Action Committee

Actively promote and support work of IRAC Country groups
Interact effectively with and support IRAG groups
Cooperate with CropLife International

L
L
L
e Interact with regulatory authorities responsible for insecticide registration

Liaison and coordination activities

t

IRAC International

/ A comprehensive approach to tackling resistance \

Technical outputs Communication and education

e Help to identify the scope and e Develop IRAC website to provide
nature of resistance problems communication and education on

e Provide methods for detecting and resistance to all stakeholders
monitoring resistance e Develop educational resources to

e Provide key resources to aid in improve understanding of IRM
developing effective IRM e.g. Mode e Act as key global communicator on
of action scheme topical resistance issues
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I RAG/ 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 Develop projects to support local problems —
e.g. IRAC-India developing project to tackle resistance in BPH

e.g. IRAC-Brazil developed local Mode of Action based IRM schemes
e Often include additional companies not involved in IRAC International
e May involve others from academia, research institutes & regulatory bodies

e Country groups can help with translation of IRAC materials & resources

Current IRAC Country groups:
IRAC Australia (AIRMG)
IRAC Brazil

IRAC India

IRAC South Africa

IRAC Spain

IRAC US

e IRAC is keen to see formation of IRAC-Japan as part of JCPA cropLitY

20
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IRA

——

Insecticide Resistance Action Committee

Website: Www.Ir
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Accessed by over 129 countries

IRAC’s key communication vehicle

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

Ranked 18t in Google and Yahoo for
Insecticide Resistance and IRM

IRAC Country group information
Information on IRAC, Mode of Action,
advice on IRM

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 CropLifeY
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eConnection

IRA

Insecticide Resistance Action Committee

e Free IRAC newsletter distributed by e-
IRA& seqiyon mail - part of IRAC Communications Plan
Insecticide Resistance Action Committee PY Ralse awareness Of Importance Of IRM
Issue 10 news cteqries s | @ Promote IRAC’s reputation, expertise &

m eConnection Updste
harch 2008 IRAC Mews

%SPE;?Z;U;::EJSC”W E Eziifsn:raennccee:ea:ds Symposia r eS O u rC eS
e Publicise and encourage IRAC website
= |ssue 10 of eConnection

‘Wielcome to the first izsue of eConnection for 2008, IRAC has had a busy three

morths 20 in this izzue we report on some of the IRAC meetings and Team . 3 to 4 ISSU eS a year (10 to d at E)

Conference Callz that have taken place over the last guarter, the upcoming IRAC
International Spring Mesting in Edinkburgh, & report on the nesly formed German Expert C d H H b H 550 650
Committee on Pesticide Resistance —Warking Group Insecticides | Acaricides (ECPR-[) . U r re n t I St r I U t I O n to

and an early announcement of the Resistance Conference at Rothamsted (R2007).

Az abvays past issues of eConnection and further details on the tems reported can . 2005 / 2006 art i C I eS i n C I u d ed :

he found on the IRAC website, Mare »

= How to Subscribe or Unsubscribe from eConnection - E P P O S t an d ar d O n R RA

Mewy subscribers are able 1o add their name to the distribution list wsing the
"subscribe” link at the top of the page and are also able to add names of interested N M A S h

colleagues. If you wish to remove your name from the distribution please use the = eW O C el I l e
"Unzubzscribe” link alzo at the top of the page. Remember to update your details if your
email address changes and you want to continue to receive copies of the nevwsletter. h m f U S

You can do this by "unsubscribing” your old address and re-subscribing with your M O A S C e e O r C 0 tt 0 n
newy address. If you have any problems please cortact the IRAC Coordinator st

sporter@itraspin con - Loss of Als in EU for minor crops

If you have a coleague who would be interested in the IRAC eConnection and

wehsite plesse forward this link to them 2o they can subzacribe free of charge at - B rOW n PI an t h O p p er & n eo n I C Otl n O I d S

hittp: fhnewey irac-online orglfabout/econnection asp
?p;zzdr::\fz“s;;?stance Management information that wou think should appear in - I RAC U S n eo n I C O tl n O I d S Sym p O S I u m
- Bemisia tabaci biotype Q on the move\r
fe

eConnection ar on the IRAC website contact us with details st aporter@@intrazpin.com
- New IRAC communications packCror-

eConnection Update

22


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

I RAG/ eLearning

Insecticide Resistance Action Committee

elearning Center

e New IRAC resource still in development |RAG‘f

e Provides Education and Training
modules on resistance & IRM

e Graphic provides a diagrammatic
representation of layout and content
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Proposed Website Menu Headings and Sub-Headings
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Introduction Introduction Definition Mechanisms Basic Rules Posters
Layout Background Extent Classification Detection References
Site Map Mechanisms Evolution Groups Assays Links
Genetics Factors \ Tactics
Strategies IRM
Methods Carbamates
Management Op’s
Communication Pyrethroids P
etc CropLif\


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

IRA

S

Mode of Action C

Insecticide Resistance Action Committee

24

L

IRAC Mode of Action Classification v5, September 2005

Mzir Grovg 3o
Primay Sife of Ackion

Chemica Sub-group
or exemplifying
Active Ingradient

Active Ingredierts

1
Foetykzholine estarase
inhibitors

14
Carbamates

Trizzemate

Adicarb, Aamycark, Bendiozark, Benfuracart, Butocarboxim,
Butowycarboxim, Carband, Carbofuran, Carbesulfan,
Bhiofencark, Fenobucarb, Formatanate, Furathiozart,
lzaprocarh, hethiozarh, hethomd, ietalcarb, Owarmd,
Pirimicart, Propoxur, Thiodicarb, Thiofanos, Timethacark,
HhiC, Hyhdoarb

Trimzemate

1B
Organophosphates

Poephate, Aeamethiphos, Aeinphos-ethy, Azinphos-methyl,
Cadusafos, Chlorahowyfos, Chlorfervinphos, Chlomephos,
Chlorpyrifos, Chlorpyrifos-meathyl, Coumaphos, Cyanophos,

Demeton- 5-methd, Diazinon, Dichloneos! DOWP, Dicrotophos,

Dimethoae, Dimethtrinphos, Disulfatan, EPM, Bhion,
Bthoprophos, Famphur, Fenamiphas, Fenitrathion, Fenthion,
Fosthiazate, Heptenophos, Eofenphos, Eopropyl G-
methoxyaminahio=phosphon) salicwate, |zoathion,
htalathion, hecarbam, hdethamidophos, histhidahion,

hevinphos, honocratophos, Maled, Omahoate, Coydemeton-

methiyl, Parahion, Parathion-methnd, Phenthoae, Phorate,
Phosalone, Phosme, Phosphamidon, Phoxim, Pidmiphos-,
ethyl, Profenofos, Propatamphes, Prothiofos, Pyraclofos,
Pyndaphenthion, Cuinalphos, Sulfatep, Tebupidmifos,
Temephos, Tarbufos, Tetrachlondnphos, Thiomaton,
Trazophos, Trchlorfan, Wamidathion

2
GABfegated chlorde
channel antagonists

28
Cyelodiens
arganochlonines

Chlordane, Endozulian, gamma-HCH (Lindane)

2B
Phenylpyrazoles f L
(Fiproles) Ethiprole, Fipronil
Sodium channel ooT N
modulators
Ilethooy chlor ethoonychlor
Pyrethroids Ferinathrin, Alethrin, dcis4rans Alethrin, dirans Alethrin,

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 Y

CropLife
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IRAG/ Using the IRAC Mc

Insecticide Resistance Action Committee

25

The IRAC Mode of action scheme is central to developing effective
IRM strategies

Sequences, rotations or alternations of different MoA groups help
prevent or delay resistance, or deal with existing resistance problems

Modify locally to take account of known metabolic mechanisms
conferring cross-resistance between MoA groups or insect populations
with multiple resistances

In the absence of any information, intelligent sequences of MoA
groups will always reduce selection pressures and help prevent or
delay resistance, and help regain susceptibility

IRAC strongly supports MoA labelling schemes — e.g. US, Australia
— And IRAC campaigns for wider use of such schemes
Use of symbols and colours for MoA groups can help e.g. Brazil

CropLif\r
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I RA&eCIassification

Insecticide Resistance Action Committee

New MOoA interactive online tool

www.irac-online.org

Select a group to open

3 Selectachemical class to open... e

IRAG

Insecticide Resistance Action Committee

eClassification

Selectagroup to open..

v ‘ | Selecta chemical class to open...

VH Selectan active ingredientto open... V|

HEHEEEEEEEEEREEEEEEEREEEEEEEEEE

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

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

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

Copyright ® 2005 intraspin.com

{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

Select an active ingredient to open...

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!
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I RAG MoOA Posters

Insecticide Resistance Action Committee

A

IRAC

Insecticide Resistance Action Committee

Insecticide Mode of Action

Classification:

heyto Effective Insecticide
Management in Whitef

Introduction

FEE Pt opeid 3 Ho i ofitx on 18] cLiau bk dior
Pk . Ipronicunt ki i
kiU Pk M R MUK SR IR, TH

Whar rbur ek ar Pk b arki !Mﬂb dcnkd M rURcE

Hoth, 11 M CoMaon G Tl MU Pk d b o 01 M Bt o8 3 e
Ml akr of M U Hdb WEE P FIpRd eIk o

Inzedicides acting on the nered

T v wyalem o he el ‘o o ool o
~wilban |ha yalem =m oy Iapel i, o o
o xonxd d Iheom Iapeis.

3l rmvm wyrora. Cha el n ypeadey o
B2 EASG-Tatsr dricde aranTat sTisro
Cyciock mrm o 3o hior e |28 Bnd [0 (e G AR
chamml imcepio comp e, ard inhibd (e acion of 0
rmsonal lypmadsly

IRACG

Insecticide Resistance Action Committee

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

. X
Croplife

IRAC website: www.irac-online.org

Intreduction

and sustainable insedi cide resistanes managernant
[IRM). nsecticides are allocated to specific groups
based onthertarget ste. Reviewsd and redissued
periodcally, the IRLC Mol classification list provides

Use Mode of

Mproa i Qi \danlica, . .
,:m;m".;ﬂm,ﬂ'?.n:; ' rmp 7 Acmtporcdmantaa (LTS arindvic] IRAC promotes the use of 3 Mode of Retion [Mod) ﬁl]cz:mb I effective insecticide [and acaricdde res stance rmanagernent [IRM) strategies seek to
Wik or acartld It BHErrar. Ay and 0 112 2d 3 claszification of insect cides asthe basis for efective CoE T bet minimise the sd ection for resistance from any one tyoe of insecticide or acaricide. In

good R

Effective IRM strategies: Altemations or sequences of VoA

practice, dtemations, sequences or retations of cormpourds from different Mol groups
provide sustanable and effective IRM. This ensures that sdection from compounds in the
same Mol groupis minimized. Spplications are often arranged into Mol spray windows or
blacksthat are defined by the stage of erop developrnent and the bidlagy of the pest(s)of

farrers, growers, adwsors, extenson staff, consultants
and crop protection profess onals with a gaide to the
selection of insect cides or acaricides in IRM programs.
Effective IRM of this tye preserves the utilityand
diversity of avdlable insecticdes and acariddes. 4
selection of Mo groups is shown below.

concem. Locd expert aduce should dways be followed with regard to spray windows and
timings. Seweral sprays of a compoond maybe possible within each spray windowbut itis
generd|yessential to ensure that successive generations of the pest are not freated with
compodnds frorm the same Mol group. Metabolic resistance mechanisms maygive ogoss-
resistance between Mof groups, and wherethis is bnown to ocour, the aboyve aduice st
be rnodified accordngly.
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IRA ~  MoA Classificatio

Insecticide Resistance Action Committee

IRAC Mode of Action Classification Groups and Structures

IRAC e Available as Al
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3000 printed
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Japanese -
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: RAG/ IRAC Susceptibil

Insecticide Resistance Action Committee

Insecticide Resistance Action Committee

= e IRAC Susceptibility Test Methods Series 140 ND: 3
Reglstance Manag amant for Su stain bl R
Agricuttura and improved Public Haalth prp———
{E)  Agitats test liguids and then dip the le=f sactions for 5 3253 Dip squal nombsr of
control leaf zactions in water only.
IRAC Susceptibility Test Methods Series Letnad No: 3 (k) Recosd thanumber of sgzs parleaf saction. - )
viersion: 2 i F.stum l2af sections toPatri dizhes and maintsim in conditions describad sbova Fecord

maimum andminimuem tampoerstures. hsdsten cotton wool daily.
i TUzing a hand lanz or binoculsr microscops observe leaf sactions daily unti] thers has
Details: besn complsta {or nearly complets) hach on the untreated (water mnly) leaf sactions.
— Fozcord mmber: of un-hatched 252 on treated and urtrsated leaf ssctions.

Tathod: o 3 (k) Express sesults as parosntase mortality and comrsct for untreatad mortality weine
Abbott’s formula Untrested mortality should be rscordad.
Stafus Approved
Tas ; Eercanfions & Notes:
Species: Pnmmichus wing
Tervanehug w
: - If the lids ar= 1=ft off, the leaf sactions may dry ot and unles: the cotton wool can b
Spacias Staz2 mm{e 9%5‘) moistenad ot lasst daily, the tas may beimvalidstad by swoassiva contrel mostality. Tn such
EE, circemstances, the method may have to me modifiad to svit the locsl conditions, 2.5, uzalids
Troduc Claz: Onfenedne with koles cut in them to raducs water loes without creating 2 condeneation problem.
bamiaas
Rt

For Tatpagaing spp. which liyve mainly on the lower leaf surface. the leaf sactions may nead

c +Hors to ba placed lowsr surface uppermoest Lesve: of kideey besns are perticulardy sitshla

e 0-n R ppe i S, o, mirmat pptaec e |IRAC provides validated test methods of
plum lesves, il scissons, sl owsps, i poiaed beueh orcocktal sk, beskes or - .
s o s B (o T o s proven ability to detect changes in
uulh, O | susceptibility
O e s young e, b ot becs ey e Flly xpandenLoares st i
L EenTEIISEUSETLES s e |IRAC currently has a program to update
B e s R
20°C, mi.li.t:um photoperiod 16 hand ahigh light m’ﬁfmm

()  After24 b chsck tharthe fomsls mites have laid sggs. Alm for st least 20 sgzs par e Intention to include methods for all peStS

lzaf zaction. If ther= ar2 not snough agzs, lagvs for a ferfther 24 b Do not leave lonssr
than 420

Vi i s e ot e i i in regulatory guidelines
i e New methods will include biochemical
and molecular methods
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Conclusions

The major insecticide manufacturers undertake extensive research to
understand factors influencing the effectiveness of their compounds

There is a large body of ongoing work to maintain awareness of
susceptibility in key at-risk pests

Key companies like Bayer CropScience and Syngenta are collaborating
both internationally and at a local level to harmonise their guidelines for
IRM for the neonicotinoids

IRAC works for the industry to promote awareness of and solutions to
resistance

— Communication and education on IRM are vital

~ IRAC provides key resources such as the MoA scheme,
methodologies, IRM advice to help manage resistance

— IRAC country groups work to tackle local problems

v
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Resistance is everyone’s problem —
managing it is vital!

The agrochemical industry is playing its part

IRAC representatives at the
BCPC Conference in
Glasgow in 2005

IRAG
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Example of Whitefly RM Strategy

Transplanting
e Soil application of neonicotinoid provides good control for an extended
period - with limited selection for resistance
First foliar applications made after soil application
e Avoid applications of neonicotinoids in this period
e Rotate other available Als
Foliar applications at end of crop cycle
e Rotate available insecticides with different MoA including
neonicotinoids.
Avoid consecutive applications of same chemical class
Limit total number of neonicotinoid applications as recommended by
either company or IRAC guidelines

Foliar applications W
NOT: Neonicotinoids or Pymetrozine rotation with other MOA
&€ @-€
BIE B

IRAG
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Bayer CropScience and Syngenta - Collaborative
Neonicotinoid Stewardship Project

Key actions:

e Establish local contacts between nominated persons from both
companies and set up joint meetings

e Establish agreed local IRM Neonicotinoid strategies taking into
account the general guidelines of both companies

— Agree and adopt positioning in high risk crops
— Adapt for local conditions, positioning and availability of products

e Involve local regulatory authorities and encourage
them to take ownership

Involve key local academic groups and influencers
Involve local IRAC groups
Approach other local neonicotinoid companies

Check possibility of implementing a labelling
scheme (similar to US, Australia)
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