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Why Effective Resistance Management is essential

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

— Insecticide Resistance Management (IRM)

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

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

e We can no longer rely on having a
steady stream of new modes of
action to circumvent resistance
problems.......
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Protecting current Als from resistance is crucial !

* Finding and developing new insecticides is extremely costly & difficult
* We cannot accept losing them to resistance!

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 41 924

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 industry is doing at a company level
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Resistance Management Strategy for a
Neonicotinoid

Responsible companies have clear guidelines to manage
resistance to Neonicotinoids:

‘To prevent the development and spread of resistance, applications of
Thiamethoxam and other Neonicotinoid insecticides should be applied in
‘block’ applications where:

The total duration of the neo-nicotinoid ‘blocks’ does not exceed more than
half of the crop cycle (vegetative period). 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.




Example of Whitefly RM Strategy

Transplanting
o 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 or Pymetrozine in this period

e Rotate other available Als
Foliar applications at end of crop cycle
e Rotate available insecticides with different MoA including
Neonicotinoids and Pymeitrozine.
Avoid consecutive applications of same chemical class
Total number of Neonicotinoid and Pymetrozine applications should be
< half crop cycle (based on 15d duration for foliar and 30day for soil)

Outdoor Tomato Crop Cycle (160 days)

Foliar applications
NOT: Neonicotinoids or Pymetrozine rotation with other MOA

&
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Baselines and Resistance Monitoring

Establishment of clear baselines followed by appropriate
susceptibility monitoring ensures we know current status of
susceptibility to key insecticides

Timely awareness of any emerging problems

As indicated in Ralf Nauen'’s presentation each company
establishes baselines for its products e.g. :

Thiamethoxam against Soybean Aphid
Emamectin benzoate against Grape Berry Moth

And undertakes regular susceptibility monitoring for key at-risk
pests e.g. :

Coiton Aphid, Peach Potato Aphid, Glasshouse Whitefly, etc
Diamondback Moth, Fall Armyworm, Cotton Bollworm, etc
Colorado Potato Beetle, Pollen Beetle, Spider Mites, etc

&
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Example of Susceptibility Monitoring

e Adult Western Corn Rootworm ‘baseline’ susceptibility to
thiamethoxam

e Independent samples collected from USA Corn Belt.
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Sponsorship of Resistance Research

Sponsorship of various research projects on resistance to
Neonicotinoids including:

‘Characterisation and management of Neonicotinoid resistance
in Bemisia tabaci’

At Rothamsted Research, UK (lan Denholm, Kevin Gorman)

&
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What indusiry is doing at an inter-company level
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Global Insecticide sales

2A
-, Organochlorines 2.1% Others 7.7%
19 Other IGRs 2.6% ‘ / Organophosphates 24.7%

N

Benzoylureas 3.2% —

1B

P
Acaricides 6.4%
10, 12B, 14, 21, 23, 24

Natural Products 7.6%

5, 6 Pyrethroids 19.5%

3

Carbamates 10.5%
1A

Neonicotinoids 15.7%
4A

Total Global Insecticide Sales 2003 = $6,650 million

[Source Phillips McDougall, November 2004
[Natural products includes avermectins and spinosyns]

IRAC Mode of Action Classification Number
Neonicotinoids now 314 largest group of insecticides based on global sales
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Global Neonicotinoid sales

Imidacloprid 62.8%

Others 7.0% —_

Nitenpyram 4.2% ———

/

Acetamiprid 5.7% Thiamethoxam 20.3%

Global Neonicotinoid Sales 2003 = $1,059 million
[Source Phillips McDougall, November 2004]

IRAC Mode of Action Classification Number 4A

Imidacloprid and Thiamethoxam account for >80% of market

13
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Bayer CropScience and Syngenta - Collaborative
Neonicotinoid Stewardship Project

e Together, sales of Bayer CropScience and Syngenta
Neonicotinoid products total c. $930M - 88% of Neonicotinoids

— 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 a joint global
stewardship project to manage
Neonicotinoids, focussing on
key at-risk pests

e Other [Japanese] companies invited
to join - but declined

&
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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 expected in most situations
that 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

&
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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

&
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Bayer CropScience and Syngenta - Collaborative
Neonicotinoid Stewardship Project

Key actions:

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

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

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)

&
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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 et al)

g
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What industry is doing at an all-industry leve
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Insecticide Resistance Action Committee - IRAC

20

IRAC formed in 1984 to provide a co-ordinated industry response
to the development of resistance in insect and mite pests

Currently 6 IRAC International members:

BASF Bayer CropScience
DuPont Dow AgroSciences
FMC Syngenta

IRAC Objectives:
e Facilitate communication and education
on insecticide and acaricide resistance

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

&
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IRAC, US - Members

AMVAC

Arysta LifeScience
BASF

Bayer CropScience
Cerexagri
Chemtura

Dow AgroSciences

www.irac-online.org

DuPont

FMC

Mitsui
-Monsanto
:Nisso America
Syngenta
Valent

syngenta
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IRAC Country Groups

e IRAC Couniry groups deal with key resistance issues at local level -

supporied by IRAC International
Multi-company cooperation and coordinated IRM
IRAC Country groups often include additional companies not
involved in IRAC International
Country groups may include or involve others from Academia and
Research Institutes and Regulatory bodies (IRAG groups)

e Current IRAC Country groups:
IRAC Australia (AIRMG)
IRAC Brazil
IRAC India
IRAC South Africa
IRAC Spain
IRAC US
IRAC China (proposed)

g
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IRAC Mode of Action Classification

>

IRAC Mode of Action Classification
Fully revised & re-issued, September 2005

Veraion: 5.7

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 in an effective and sustainable
insecticide or acaricide resistance management {IRM} strategy. In addition to
presenting the MoA classification, this document outlines the background to, and
purpeses of, the classification list and provides guidance on how itis used for IRM
purpeses. The list is reviewed and re-issued at intervals as required.

What is resistance

Resistance to insecticides may be defined as 'a hentable change in the sensifivity of a pest
ponulation that 1s reflected in the repeated failure of a product to achieve the expected leve!
of confrol when used according {o the label recommendation for that pest species’ (IRAC).
This definition differs slightly fram athers in the literature, but IRAC believes it represents the
most accurate, practical definition of relevance to farmers and growers. Resistance arises
through the owver-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 to 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

A key tool for selection of
insecticides in effective IRM
programs

Updated as required

Latest version Sept 2005

&
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IRAC Mode of Action Classification

IRAC Mode of Action Classification v5, Septaember 2005 1

Main Grous Frd
Primvary Sife of Ackon

Chemicd Sub-group

or exemplifying
Active Ingredient

Active Ingredients

Example pages
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1 14
Foetyichaline esterase Carbamates Adicarh, Aanycarb, Bendiozarb, Benfuracart, Butocarboxim,
inhibitors Butoonycarboxim, Carband, Carbofuran, Carbesulfan, i ) . .
Ethicfencarb, Fenobucarb, Formatanate, Furathiocart, =in Group and Chemics Sub-group Active Ingredient=
Izoprocarb, Methiozark, hWethamd, Metolcarb, Carmd, ary Site of Action or exemplifying
Pirmicarb, Propoxur, Thiodicarh, Thicfano, Timethacarh, Active Ingredient
HMC, Hyhdeark
) ) 44
Triazemate Triazemate tink: Azetylchaline Neanicatinaids Poetamiprid, Clothianidin, Dinctefuran, midacloprid,
ptor agonists / Mitenpyram, Thiacloprid, Thiamethoam
1B qonists
Organophosphates Feephate, Aeamethiphos, Aeinphos-ethyd, Azinphos-methiyl,
Cadusafos, Chlorahoxyfos, Chlorferrinphos, Chlomaphos, 4B
Chlorpyrifos, Chlorpyrifos-meayl, Coumaphos, Cyanophos, Hicatine Micotine
Demeton-S-methd, Diazinon, Dichlorwasd O0WP, Dicrotophos,
Dimethoate, Dmethyhinphos, Disulfoton, EPN, Bhion, ac
Bthoprophes, Famphur, Fenamiphos, Fenitrochion, Fenthion,
Fosthiazate, Heptenophos, Eofenphes, Eopropyl - Benzuftap Benzuttap
methoxyaminathio=phosphond) salizdate, [zoxathion, . .
Nilathion, Mecarbam, hMethamidophos, Methidahion, Cartap hydrochloride Cartap hydrachlaride
hewinphos, Monocrocophos, Maled, Omahoate, Taydemeton- X X i i i
methyl, Parathion, Parathion-methyd, Phenthoate, Phorate, Mereistaxin analogues Thiocyclam, Thiesukap-sodiom
Phosalone, Phosmat, Phosphamidon, Phoxim, Piimiphos-,
athyil, Profencfos, Propatamphos, Prothicfos, Pyraclofos,
Pyridaphenthion, Quinalphos, Sulfatep, Tebupiimfos, P : . .
Temephas, Terbufos, Tetrachlorinphos, Thismeatan, [tinic Pcetgldchollne Spinosyns Spinazad
: " e ptor agonists
Triazophos, Trichlorfon, Wamidothion .
steric(not group <)
z ] ZA
GABAgated chloride Cyclodiens Chlordane, Endosulfan, gamma-HCH (Lindane) .
channel antagonists arganochlorines ride channel Pyemmectins, Mhamectin, Enamectin benzoate, hilbemectin
aors hilbermyzins
2B
Phenylprazeles Ethiprole., Fipranil TA
(Fiproles) nile hormane mimies | Jawenile hormane Hydroprene, Kinoprene, hiethaprane
analogues ‘ !
3
Sodium channel
modulators EE E1E EEHD arh
Tubethuooy chlar Tubethuooy chlar b Fenowycart
Pyrethraids ferinathrin, Alethrin, distrans Alethrin, darans Alethrin, A
yriproxyfien Pyriprosyfen
g SA .
Sompounds of unknown Alkyl halides hdethyl bromide and ather aborl halides
or non-specific mode of
action (fumigant=) T

Chlarnnichn

ol

&
syngenta




25

Using the IRAC MoA Classification

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 labeling schemes - e.g. US,
Australia

—  And IRAC campaigns for wider use of such schemes

Use of symbols and colors for MoA groups can help e.g. Brazil
syngenta



IRAC MoA Posters and Wallchart

Management in YWhiteflies

,  Insecticide Mode of Action Classification: . '““"“'g,';;':si’ﬁﬂggu",f."“"’“
i A key to effective insecticide resistance management Cmp'-'f o C o n fe re n ce A Heyta Effective |nsedicide' Resistance

Insecticide Resistance Action Committee IRAC wehsite: www.irac-online.or Insecticide Resistance Action Committee
L)
i Use Mbde of j jas: i
Introduction ) o e Effective IRM strategies: Altemations or sequences of MoA I oduction et s S0l o) (e vt s system
IRAC promotesthe use of a Mode of Action [Mod) isely o A effective insecticide (and acaricderesistance management [IRM) strategies seek to - .
classification of insecticides as the basis for effective Wisely or minimise the selection for resistance from anyone type of insecticide or acaricide. In e B i ri s eag ot Pl s e Bl et RRLSgM R ey claie specterioy, i
and sustainable insect cide resi stance management good 1R practive, dtemations, sequences or rotations of compounds from diferent Mo groups bbb agkuereunce rurigsantiRH, gy i M
[IFM]. nzecticides are allocated to specific groups =+ | provide sustanable and effective IRM. This ensures that sdection from compounds in the A e D s Ermap? Aowparedmotae (4GNS et
based on ther target dte. Reviewed sndredssued same MoA group s mirimised. Bpplications are often arranged into MoA spray windows or ailecion okl ir 1EtEles b RHproArTM. Cx bt |12 e O prep et | 16) 30 2 e o A
periodically, the IRAC MoA classification st provides blocks that are defined by the stage of crop development and the biclogy of the pest(sof e ar sl s om0 Bl sl .
farmers, grovwers, advisors, extension staff, consultarts concem. Locd expert achice should dways be followed with regard to spray windows and i e T T
and crop protection professionals with a guide to the tirnirgs. Several sprays of a corpound may be possible within each spray window but it is T ey e Ao oy, el il e o GALR, acg
selecticn of insecticides or acaricides in IRM programs. generdly essenfial to ensurethat successive generations of the pest are not reated with Pl o #l ngorihe WEot Pl bappirs bowuricit cre [l rmacnal pmiey
Effective IRM ofthis type preserves the utility and compounds from the same Mod group. Metabolis resistance mechanisms may give cross- to 2R Ermap ] Sootum chammal sk
diversity of available insectiddes and acarivides. A resistance between Mof groups, ard wherethis is inown to ocour, the above advice must JHateilniopas b sop Wt bl ) e T b el L
selecticon of Mof groups is shown below, be modified accordngly. Cilvecopon iirraltviriy fre Ay
it cot il Fortabner ot fTiag 3 e ——

n s s i LT ke = acalvchoir 3 1he pol-
Moulting & Metamorphosis Midgut Nervous System Non-specific MoA bty e =ity
Group 8 £ coySota FQOHSC/ ivsror Groom 1 MO OV SLOCOrS of GFOLDS 14 & 5.4 eary (ot 8508035 8 (4 CHE) N TS Grodg e Cooolmy's of fron- Brbbconrol of Pl ovm 3l rubalmn e by gy
Diaeyhydradns o (e.g. Tebutnodde) Y58 OO0 LT 3 OF SXTA5 Cal tan and e of FCOOT Insedticidesinhibiting

GROCRF iV Ol 8 PP OFFA i 05 Totina produced by #1a bacterium Wiaele esis (Tye 1)

JH analogusn, Fenoeyear, Pyriproeten, ate SR0NIIE T Qe 5 5[ Bt oyl T
wprayy and Cry profeing seprai ved Grocy
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IRAGC

eClassification — interactive MoA

New interactive online tool
www.irac-online.org

eClassification

Insecticide Resistance Action Commitiee

Select a group to open A

®1-
® 2-
® 3-
B 4-

Selecta chemical class to open... - ‘ | Select an active ingredient to open... V‘

Acetylcholine esterase inhibitor

GABA-gated chloride channel antagonists
Sodium channel modulators
Nicoti

c Acetylcholine receptor agonists f antagonists

= Subgroup: &

=]

Chemical Class: Neonicotinoids

Acetamiprid
Clothianidin
Dinotefuran
Imidacloprid
Nitenpyram
Thiacloprid
Thiamethoxam

Subgroup: B
Subgroup: C

&

ey
6 -
T A
Gy
) =
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
uN
NS

= = = = A = A = T = = == = =~ B == =~ = B =~ =~ R O v =

Nicof c Acetylcholine receptor agonists {allosteric) {not group 4)

Chloride channel activators

Juvenile hormone mimics

Compounds of unknown or non-specific mode of action (fumigants)

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

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

- Microbial disruptors of insect midgut membranes {includes transgenic crops expressing B.t. toxins)
- Inhibitors of oxidative phosphorylation, disruptors of ATP formation (inhibitors of ATP synthase)
- Uncouplers of oxidative phosphorylation via disruption of proton gradient

- {vacant)

- Inhibitors of chitin biosynthesis, type 0, Lepidopteran

- Inhibitors of chitin biosynthesis, type 1, Homopteran

- Moulting disruptor, Dipteran

- Ecdysone agonists f moulting disruptors

- Octopaminergic agonists

- Mitochondrial complex III electron transport inhibitors {Coupling site II)

- Mitochondrial complex I electron transport inhibitors

- Yoltage-dependent sodium channel blockers

- Inhibitors of lipid synthesis

- Mitochondrial complex I¥ electron transport inhibitors

- Neuronal inhi

itors {(unknown mode of action)

- Aconitase inhibitors

- Synergists

- Ryanodine receptor modulator

- Synergists

- Miscellaneous non-specific {multi-site) inhibitors3

27
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(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 non-specific
Ecdysone agonists / moulting disruptor
GABA-gated chloride channel antagon
Inhibitors of chitin biosynthesis, type 0,1
Inhibitors of chitin biosynthesis. type 1.
Inhikitors of lipid synthesis

Inhibitors of oxidative phosphorylation,
Juvenile harmone mimics

Micrabial disruptars of insect midgut me
Wiscellaneous non-specific (multi-site)
tditochondrial complex | electron transg
Mitochondrial complex Il electron trans
Mitochondrial complex IV electron trans
Moulting disruptor, Dipteran

Meuranal inhibitars (unknown mode of ¢
Micotinic Acetylcholine receptor agonis
Micotinic Acetylcholine receptor agonis
Octopaminergic agonists

Fyanadine receptor modulator
Sodium channel modulators
Synergists

Synergists

Uncouplers of oxidative phosphorylatic
‘oltage-dependent sodium channel blis

b3

IRAG

Insecticide Resistance Action Committee

Selectachemical class to open

Avermectins, Milbemycins
Benzoylureas

Carbamates

Cyclodiene organochlorines
Esterase inhibitors

Fipranil (or Phenylpyrazoles)
Juvenile hormone analogues
FMETI acaricides, Fotenone
Methyl bromide
Meaonicotinoids
Organophosphates
Organotin miticides

P450 monooxygenase inhibitors
Pyrethraids

Tetronic acid derivatives

Drop down menus

>>options

Select an active ingredientto open... ¥

Selectan active ingredientto open... &
Abarnectin

Aceguinocyl

Acetamiprid =
Acrinathrin

Alanycarb

Aldicarb

Allethrin

Alurninium phosphide
Arminocark

Amitraz

Azadirachtin
Azamethiphos
Azinphos-ethyl
Azinphos-methyl
Azocyclotin

Bt war aizawal

Bt war israelensis
B war. kurstaki

Bt war. sphaericus
Bt war tenebrionensis
Bendiocarh
Benfuracarh
Bensultap
Benzoximate
Bifenazate

Bifenthrin

Binallethrin
Bioallethrin S-cylclopentenyl

|€

eClassification

Back to Group Index

Cas No 135410-20-7

Common Name Acetamiprid

Chemical Class Neonicotinoids

Primary Site of
Action

Micatinic Acetylcholine receptor agonists / antagonists

MOA Group 44
Number

Relevant Pests
Lepidoptera

Cantral of Heriptera, especially aphids, Thysanoptera and

Relevant Crops

Wide range of crops, especially vegetables, fruit and tea

Use Patterns Soil or foliar

Comments

Copyright @ 2004 [nfraspin.com
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IRAC Website - www.irac-online.org

* |[RAC’s key communication vehicle
e Av. 150 hits, 30 visits a day (09.05)
e Accessed by over 80 countries

Rasistance Management for Sustainakle
Agriculture & improved Public Health

Insecticide Resistance Action Committes
About IRAC | Resources | IRAC International | Country Groups

Resistance Management

from IRAC = MO& Scheme 05
m ey Group Guids [1 y
The Insecticide Resistance Action Commites = EPPO Guidelines . Seq rc h terms - #1 I RA< #2
(IRAC) i= an inter company group formed in n [RAC Methods 4
1984 to provide insecticide and acaricide ® |RAC Posters
resistance management strategies to help = HRACWebsite 3 ] [] ° y
reduce the development of resistance in insect ® FRAC Website I n S e Ctl C I d e Re S I Stq n C e
and mite pests, IRAC believes that Resistance ® MU Database
Management should ke an integral part of n [RAG Website
Irtegrated Pest Management and provides for u Pht Newsletter

Sustsinable Agricutture and improved Public Health.

We would encourage you to further explore the site using the drop-down menus st the top of the
page ar via the other links. Further background on IRAC, its Constitution and Mission along swith the
IRA&C nevwesletter eConnection can be located under the Shout IRAC heading. The mejority of the IRAC
documents can be locsted under Resources. Thiz includes Mode of Action Clazsification, Test
Methods, Resistance Management Guidelines, Posters and Publications along with other Educational
and Regulatory Materisl. The headings, RAC Internstionsl and [RAC Courtry Groups, provide
information on these ditferent Teams some of which is only available to Team Members. The final
drop-doven menu provides Growveer information in the form of links to Publications, Associstions and
Magazines. We hope you find the site a useful resource.

* 190 Rages including public, protected
. & utility pages

|IRAC Ch Team
IRAC US Mecting

=== ¢ 160 docs. & 92 image files
~ o Information on IRAC, Mode of Action,
advice on IRM
e Education modules
e Resources incl. key papers,
documents, posters
e Y o Links for growers
AIIIIIIII—I—_.._. rAaC Country group information

Links to New Resistance Management Information

Zenersl Principles of Insecticide RM from IRAC

IRAC Test Methods - Crerviewy and Summary

IRAC Paper and Poster on MOA at ICE Meeting Brisbane, August 2004
Meonicotinoid IRM Guidelines, September 2004

Mew IRAC Logo and Branding matetial - September 2004

BEWSH Meeting, Croatia 5-Sth October 2004 - Whitedly MOA Poster

IRAC eConnection - lssues 5, December 2004

IRAC Intl. Conference Call - Action Log, January 2005 (Members only)
Wiehsite Traffic and Sctivity Report March 2005

Latest IRAC eConnection - lzsues 6 Spril 2005

IRAC US Meeting Minutes, &pril 2005 (Members only)

IRAC Intl. Spring Meeting Minutes, Florence, April 2005 (Metmbers only)
Work on resistance in taly on Codling Maoth and the newy ttalian group GIRIF
JUST RELEASED - Mew IRAC Mo Classification Scheme (ver 4 2, May 2003)
IR&C Wehsite - Update and Review, May 2005

165 59 (99 (5 (55 (450 (430 (B9 129 (95 (%) (8 (4% () (7
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IRAC Susceptibility Test Methods

Insecticide Resistance Action Committee
www.irac-online.org

Reslstancs Managament for Su stain abie
Agricuttura and improved Public Haalth

IRAC Susceptibility Test Methods Series

version: 2

Details:
| Method: Ko: 3
[ Status: | Approved
Spacizs: Panapachus winag
Tatranmehus
| Spaciaes Staza | P uimi (summer aggs)
Terranedus (22)
| Product Clas: dofentazing
bamhiaa
| t=traddifon

Commants: None
Description:

| Matorials:

| Patri dizhas (f-cm diamater), filter paper to fit Patri disha:, coton wool, watreartad sppleor
plum lagves, small scizsors, small forceps, fine peinted breh or cocktail stick, beakers or

| glass jarz {ca 100-ml capacity) for test liguids, 1-ml dispoesbls plastic syringss for liguids for
weighing balancs for solide, hand len: (minimum 10 x) o biroculer microscopa
maximumminimum thermemester.

| hlsthods:

| {20 Cout square sactions about 1.5 x 1.5 an from chemically imtrsated applaor gdum
lamvez, Tza youne lagves bt not befors they ars filly swpandad. Lagvss must bain
good condition. Tszea minimum of four s=plicats (leaf sactions) par trestmant

{b)  Place thess sactions, upper surface uppammeet, m ashest of moist filter paper on maoist
cotton wool in opsn Petri dishes.

{c) Collact apple laaves with adult mites, and with the fins peintsd bresh or cocktail stick
teamefar 10 — 15 fomales onto sach leaf saction hisintsin st a mindmom tsmperatirs of
20°C, minrimum photopariod 16 hand akigh light intensity, bt not in diract sunlisht

{d)  After 24 b check that the fomsls mites have laid sggz Aim for at least 20 eggs par
lzaf zaction. If ther= are not snough agzs, leavs fora firther 24 h Do not leave lonssr
than 43R

(=) When sufficient apg mmbarz have baon obtainad remove the mites with tha fine
podntad bruzh o cocktail stick Foecord the time when this is dona.

L8 Prepare appropriats tast dilutions of fornmilstions in water. Tha usa of a wattar iz pot
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IRAC Susceptibility Test Methods Series

recommendad.

{g)  Agitats test liguids and then dip thalesf sactions for 5 a5z, Dip sgual number of
control leaf zactions in water only.

(k)  Foecord the number of aggs por leaf saction

{i) F.ztum leaf zections toPetri dizhes and maintsm in conditions described sbova Feecord
mamimuem andminimoem tampoerstures. hcdsten cotton wonl daily.

{) TUzing 2 hand lan: or binooulsr microscops observe leaf sactions daily unt] thers has
baen completa {or nexly complats) hach on the untreated (water only) leaf sactions.
F.zcord mumbers of un-hatched 2ze= on trested and untreatad leaf sactions.

{k)  Expees:s results as parcentame mortality and comect for untreated mortslity neine
Abbott’s formula Untreated mortality should be rscorded.

Eercanfions & Notes:

If the lids ar= laft off, the leaf sactions may dry owt and, unlas: the cotton wool can be
moistaned at least daily, the test may ba invalidated by excezsive control mortality. In such
circemstances, the method may have to me modifiad to suit the locsl conditios, ez, uzalids
with koles cut in them to reduce water loes without creating 2 condaneation problem.

For Datravgacius spp. which liye mainly on the lower leaf swrfaca, the leaf zactions may nead
to b placed lower surface uppemmost Lagves of kidney beans ars patticulardy suitabla

IRAC provides validated test methods of
proven ability to detect changes in
susceptibility

IRAC currently has a program to update
the methods

Intention to include methods for all pests
in new EPPO guidelines

New methods will include biochemical
and molecvular methods
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Communication & Education IRAC Activities
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eConnection - Free electronic IRAC

newsletter raises awareness of
resistance issues, existence of

country groups, raises profile of IRAC

elearning - extensive, interactive
web-based education and training

modules being developed

[Home Page |
N\

F

h 4

IRAG

Insecticide Resistance Action Committee

eConnection

Issue 8
September, 2005

Subscribe | Unsubscribe

eConnection Update

n Issue § of eConnection

Hews Categories this lssue:

= eConnection and Yebsite update
m |RAC Mews

m Conferences and Symposia

Welcome to the latest eConnection, a free nesvvsletter prepared in conjunction with the
IRAC website. In this izsue we report on the response from the IRAC International
Regulatory Team to a recent ECPA, release outlining the impact of reduced numbers of
products for the tresttnent of minor crops. Alzoincluded is an article onthe cortral of
the browsn plant hopper with necnicatinoids describing initistives such as those being
taken by IRAC India to monitar the resistance status. Finally there iz a brief report on
the recent IRAC International Meeting st Croplife Internstional in Brussels and
advance notice of an IRAC Symposium in the US on Meonicotinoid Sustainability . We
hope yaou find the information interesting.

Introduction
Layout
Site Map

Introduction
Background
Mechanisms
Genetics
Strategies
Methods
Management
Communication

Definition Mechanisms Basic Rules Posters
Extent Classification Detection References
Evolution Groups Assays Links
Factors Tactics
\ IRM

Carbamates

Op’s

Pyrethroids

etc
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Conclusions

e The major Neonicotinoid companies undertake extensive
research to understand factors influencing the effectiveness of
their compounds

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

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

e 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
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