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30 years of IRAC

First IRAC Meeting — Brussels, Belgium
13 March 1984
Attendees: 6

6 company members:
Voss / Ciba Geigy (Chair)
Lindley / Cyanamide
Cronin / FMC

Davies / ICl

Knauf / Hoechst
Zoebelein / Bayer

September 1992 Meeting — London, UK
6 company members; 13 attendees

March 2014 Meeting — RTP North Carolina, USA
13 company members; 50 attendees




IRAC Mission

Facilitate communication and education on resistance to
insecticides and insect-resistant traits.

Promote and facilitate development and implementation
of resistance management strategies to maintain efficacy
and support sustainable agriculture and improved public
health.

’ IRAC
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IRAC Mode of Action Classification System

The IRAC Mode Of Action (MoA) Classification is the definitive
global authority on the target site of insecticides.

It is the basis of MoA labeling of insecticides worldwide and is an
essential tool for the development of insecticide resistance
management (IRM) strategies.

’ IRAC
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Mode of Action Classification

IRA

Insecticide Resistance Action Committee

The Key to Resistance Management

> Successive generutions of & pest should not be treated with compounds from the same MoA Growp.
> Not ol of he current greupings are based on knowledge of @ shared taepet proteln. For fusther

please refer o the Mode of Acsion Classification document.
> The color scheme used here asscciates modes of action Into broad based on he
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RAQ document protected by © Copyright Poter Baton 4, Decober 2004, Dased on the MOA Classticalion Vision 7.3 CrepLife Y

IRAC Mode of Action poster, Edition 4, December 2014
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Company agreement on mode of action labelling and alignment of

IRM label language.
'GROUP PN INSECTICIDE

Example 2: Short Version

Insecticide Resistance Management (IRM)

General Recommendations:
____(product name) contains (active ingredient name), a Group 28 Insecticide.

Unless directed otherwise in the specific cropfinsect sections of the label, the following practices
are recommended to prevent or delay the development of insecticide resistance to ____ (product
name) and to Group 28 insecticides:

" Apply __ (product name) or other Group 28 insecticides using a “window” approach to avoid
exposure of consecutive insect pest generations to the same mode of action. Multiple successive
applications of __ (product name) are acceptable if they are used to treat a single insect
generation.

Net Contents: *  Following a “window” of ____(product name) or other Group 28 insecticide, rotate to a “window" of

m applications of effective insecticides with a different mode of action.
[aroue JEN wseccioe] = The total exposure period of all “Group 28-active windows" applied throughout the crop cycle (from

For control of certain insects on com, cotton, tabacco, pome frult, stone fruit, tree nuts and grape seedling to harvest) should not exceed 50% of the crop cycle.
* Incorporate IPM techniques into the overall [pest management program.
STOP - Read the label before use = Monitor insect populations for loss of field efficacy.

For additional information on insect resistance, modes of action and monitoring visit the Insecticide

KEEP OUT OF REACH OF CHILDREN
CAU TI 0 N Resistance Action Committee (IRAC) on the web at http//www.irac-online.org.

FOR ADDITIONAL PRECAUTIONARY
STATEMENTS: See Inside Bookist.

For PRODUCT USE Information Call
1-866-0BAYER (1-866-092-237)
For MEDICAL And TRANS PORTATION Emargencies
ONLY Call 24 Hours A Day 1-800-334-7577

Example 3: Shortest Version — Minimal Text Required on Label

Insecticide Resistance Management (IRM)

General Recommendations:

In order to avoid fast resistance development, avoid treating consecutive generations of the
target pest with the same product or products with the same mode of action. Apply ____ (product
name) using a “window” approach, alternating blocks of treatments with ____ (product name)
followed by blocks of treatments with other effective products with different modes of action.
The total exposure period of all “Group 28 active windows” applied throughout the crop cycle
cannot exceed 50% of the crop cycle.

70307887 (001298 0409

For additional information on insect resistance, modes of action and monitoring visit the Insecticide
Resistance Action Committee (IRAC) on the web at http://www.irac-online.org.

IRAC



Mode of Action classification: Phone/Tablet App

Mooy o es

Oriraspin oo

[T

Acetylcholine esterase
inhibitors

GABA-gated chloride
channel antagonists

Sodium channel
modulators

Nicotinic Acetylcholine
receptor agonists

Nicotinic Acetylcholine
receptor allosteric
activators

Chloride channel
activators

About IRAC

The Insecticide Resistance Action
Committee (IRAC) was formed in
1984 and is now part of the
Stewardship Steering Committee
of CropLife International. IRAC
provides a coordinated crop
protection industry response to
prevent or delay the development
of resistance in insect and mite

pests.

Groups
Classes

Actives

5. Nicotinic Acetylcholi

allostenc activmors

6. Chloride channel activators

7. Juvenile hormone misnics

IRAC



IRAC website: Communication and education
www.irac-online.org

HOME NEWS ABOUT TEAMS PESTS CROPS MODES OF ACTION TEST METHODS

LASTEST: UPDATED IRAC MOA CLASSIFICATION EOOKLET AND POSTER NOW AVAILAELE. READ MORE

RAC i prolonging the effectiveness of
insecticides, acaracides and traits by
implementing inzecticide resistance
mansgement stratezies, countering the
development of rezistance in the three
core sectors of traditional Crop
Frotection, Flant Siotechnology and
Fublic Hesith.

’ IRAC



IRAC website: Mode of Action classification tools
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IRAC MoA
poster:

* English

* Spanish

* Portuguese
) * French

* Japanese

* Chinese

ABOUT TEAMS

MODE OF ACTIONTEAM: =30°ILC NEWS DOCUMENTS GUIDELINES POSTERS PRESENTATIONS PUBLICATIONS

MODE OF ACTION TEAM

The MoA Team, which iz largely compased of technicsl experts, is charged with maintsining the scheme and its status,
carrying out updates as required as well as developing &ducationsl resources such &z posters to promote the correct use
of the schame. The team conzsiders data to support new submizsions for entries to the scheme and acts &3 an arbiter on
questions of MOA

TEAM OBJECTVES

« Continue to review and update the MOA schame a3 required.

« Develop new versions of the MOA Structure Poster as needad

« Target site mutation table

« Develop ne'w MoA posters and update existing posters a3 required

« Develop MoA training shides

« Mo page - IRAC Website

« Provide additionsl imformation on topics important to MoA and IRM

Team Leaderyince Saizado

« Update of Mo Charter Andrew Crozmthwsite Dan Cordove /
« Addrezs izsue of DY clazsfication Danmy Karmon Jerry Watson

oA Clazsification updste notification fist

Peter Lusmmen Ralf Nauan

Shigero Saito

Tools

YY) e FEw —

S POSTER
The MoA Clazsification s Download the IRAC MoA The MaA poster with the SCHEME

ilable &z an i 2 fication from the Apple  chemical structures s The complats MoA
searchable eTool allowing  iTunesor Google Flay App  available for download Clazsfoation documant iz
¥ou to browse and filter Stores for quick accezsto  from the website inverious  ayailable to view or
chamical groups, clazses reference information on lsnzusze options. Select downlosd. This 23-page

and actives. the move. the langusze required from  gocument orovides full
Search now From A re the drop-down menu datails of the schame with
r below. lots of notes and

. rre—— IRAC MoA
website tool " IRAC MoA
phoneapp

0 IRAC



IRAC website: Pest pages

e andimproved Dublic Heakh

' IRAC
e and improved Dublic Health

FesmecieNenageTesiiociimecade

PEST INFORMATION

TOBACCO WHITEFLY

/ Bemisia tabeci

5. tabaciiz found on owver 500 host plants on all i except A e it by tranamits over & hundred virus species. The
whitafly thrives in tropizal ical, and lezs o inately in habitsts 1t izalso s major past of Zlamhouma The adults
are about 1 mm long; their body i sulphuryeliow in color, the wings are white, and the animal iz entirely costed with & white, wax-fike
powder. The first instar mymph iz about 0.3 mm in length and it moves about in search of & place to inzert its mouthparts in the
phloem.

Srowse our databaze of pasts for i ion on biology, distribution, res: statuz and availsble resource on IRAC and third-party websites

Qrurs

i easily recognized by ining the ides of leaves, where all stages of the insect can ususlly be found. At first, the
damage consists of chioratic 590t The lesves will start to show & yellow mossic, with the green aress bacoming ever smaller. Twisting
of stams and curfing of lesves may occur, and the plants may become stunted. Hesvily<inestad lesves often wilt and fall off 1n sddition
to direct feeding, all stazes damage the plants through sbundant ion of which ages the growth of s00ty molda,
and, most importantly, by the transmizsion of viruses.

The two mast demaging biotypes of 5. tabeci are the "8’ and"Q’ biotypes. The S-ype has & worldwide distribution. The Qtype was
largely restricted to the Mediterransan ares but has recently been detected in the USA and some regions of China. Siotype status can
e disgnozed Fom estarsse banding patterns using polyscrylamide zel slectrophoresis FAGEL 5. tabec has besn shown to pomsex s
high potentisl for resistance development.

thopper

Musce comestica Mysus persicae Nilsparvata lugens

: ) Bovercopses @ CHEMINOVA ~ T omiorscmn (]

7
{
§
g
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IRAC website: Methods and method videos

IRAC

TEST METHODS

DES OF ACTION

Test methods enable ing and bazefine

Shown below are the IRAC Approved Test Methods {green) and undernaath are additionsl method=&

from external references. Methods are specific to the e stazes and insecticide groups for which they have been validsted. For more information please visit the L

Rice green leafhopper

Adults 0P

Pear Leaf Blister Moth
Levcopters
Apple leaf miner moth

European Red Mite

FPanonychus wimi

Codling Woth
e pomonells
Larvee

Pollen Beetle

Citrus red spider mite

European Red Mite
Fano i

Corn carworm
Helicoverpa armigers
Tobacco budworm

Pollen Beetle
Meligethes seneus
Adults

Western flower thrips
Fre le occid

European Red Mite

Diamondback Moth Corn carworm
Hel rpe e
Tobacco budworm

Helioth

Tomato leafminer
Tues absolues

IRAC

IRAC SUSCEPTIBILITY TEST METHOD 005

INTRODUCTION

Method suitsble for Stage 5 nymphs and aduits, Stage 3~ mym phs for inzect growth regulstor Mods

« Transparent plastic or glazs tubes, or suitable.
+ Eacteriologicsl agar fe g DIFCO no. 1, though
« Containers for preparation of insecticide dilution
« 30-50m| plestic syringes
B il micro-pipettes for fiquids o

« Bxtravon fimadin) or & similar non-onic v
+ Papertowels.

« Maximum/minimum thermometer.

« Containers and suction device imouth aspirstor) for collect

35 jars for holding trested plants
er brands will be suitable)

+ Untrested rice seedlings (E7H susceptible cultver) 1012 dsy.

METHODS

DDES OF ACTIO

Approved

Version 4
January 2013

Resiztance Montaring
Susceptibility Sesefine

(148 1B}

VA S
.
Figure 1: Flant pots with sgsr poured
ower the 30il surfsce

Figure 2: Flants are dipped fully in

12

e
»

&
foed oo
i e st

with treated plant ccae
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Insecticide Resistance Action Committee

IRAC test method for IRAG
Dia m O n d ba C k m Ot h IRAC Susceptibility Test Methods Series Method No: 018

Version: 3.4

Details:

| Method: IRAC No.018

Resistance Management for Sustainable Agricukture and improved Public Heakh

NEWS ! T STS R0PS ES OF ACTION

Status: Approved

— Diamondback Moth
Species: (Plutelia xylostella)

Approved

Species Stage Larvae (L21L3)

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

Version 3.4
March 2010

INTRODUCTION
This method iz suitable for use on L2 and LS larvee

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

of sciasors, forceps, fine pointed brush, beskers for test hiquids, syringes/ pipettes for fiquids or weighing balance for Carbamate (1A)"
sobida, syrmge: /pipettes for making dilutions, binocular microscope or hand lens {optionall, untreatad leaves of & host plant, paper Organophosphaﬁe (1 B)'
towels, maximum/minimum thermometer, filter papars, s2eking pin or fine forceps. Product Class: Organochlorine (2A)"
Fiprole (2B)"
METHODS Pyrethroid (3A)* R e
: : . S Spinosyn (5)" c
1. Collect a representative sample of insects from & field. These may be larvae suitable for immediste testing, or egza/L1 larvee for Avermectin (5 .
rearing to the appropriate staze or material from which an F1 population for testing can be reared. The insects should not be Benzyl 3 (15)..
subjected to temperature, humidity or starvation strezs sfter collection. Diacylhydrazine (1)
Indoxacarb
2. Collect sufficient non-infested, untrested hast plant leaves. Whole leaves are preferred or, for some crops, the distal portions. Do Mt I'Iunizo(ne (225).
not aliow leaves to wilt by keeping them in & humid emvironment {plastic bag). Srassice oleraces {cabbages, caulfiowers & Pyridaivi (|.I'I)'
collards) are the recommended choice of host plant; however Srassice rape ichinese cabbage, turnip) i also suitable. Choice of
host plant should be recorded for future reference. Co o
3. Frapars sccurste dilutions of the test from the idemified el product. For initisl studies, sx widely spsced . " . s P .
rate are The use of additionsl wetter s only for highly wexed lesf material, in which case thia Mortality assessment period may vary depending on insecticide mode of action
wetter solution i used for the “untrested” {control) solution in place of water slone. 4z the addition of 8 wetting sgent can CONTACT INFORMATION _ . n o .
significantly afiect the performance of an inzecticide product in & bioazsay, it is exsentisl that detsils of the wetting sgent are Alan Porter The uh"ng guudelnes w3y be used:
recorded with anmy summary data and that only data generated with the same agent and concentration are compared for IRAC internationsl Coordinator . N
. 72 hours assessment period
susceptibility messurements. . =
ses **08 hour assessment period
& Dip lesves individuslly in the test Biquid for 10 seconds with zentle szitation and pisce to surfscedry on paper toweling (sbaisl ***120 hour assessment period (addition of fresh plant material may be necessary to avoid starvation).
surfsce facing siywards). Ensure the entire lesf surfsce iz emerged equally snd do not sliow the lesves to wilt. Dip the same Larvae should go through full molt before mortality assessment.
number of leaves per trastment {s minimum of four replicate leaves per concentration is recommendad), and trest sufficient leaf
materisl to avoid starvation strezs in the "untrested” during the test. Commence dipping the “untrested” first and work up o
through the test dilutions fowest to highest). Description:
5. Place the trasted surface-dry lesves in the laaled test containers, which must ba suitsble for halding anough leaf matarial in zood Materials: ) . . .
condition for up to 95 hours. Insect-proof containers, forceps. ﬁne ted brush, beakers for test liquids, syringes/pipettes
for liquids or weighing bal. for solids, syringes/pipettes for making dilutions, binocular microscope
Optionst: A fitar paper can be plsced inside the base of the container 1o sbsorb sy axcess condensation. or hand lens (opﬁond) untreated leaves of a host plant paper towels maximum/minimum
thermometer, filter papers, seeking pin or fine forceps.
& Add aqual numbers of L2 larvas 1o ssch container, 30 that & minimum total of 40 larves are used per trastmant, divided between

ot least four replicate containers. Seal the containers with the container hd.

N

Store the containers in an ares where they are not exposed to direct sunfight or extremes of temperature. Record maximum and We b p a g e p.ge 1
minimum temperatures. if pozsible 8 mean temperature of 25°C, 60% AH and 162 Kight/dark regime is preferred. P D F d O c u m e n t

. IRAC



eConnection: IRAC newsletter

IRAC NEWSLETTER ISSUE 35

jpersicos and IRM for Diaphoring
atni.

IRAC

Insecticide Resistance Action Committee

eConnection

About This Issue

Welcome to another IRAC eConnection Newsietter Ac atwayz we try to bring
you interesting and informative articies adout the work of IRAC and insecticide
resistance news from around the workd.

In this iszue we have summaries of position papers from the Biotechnology
nnmumummmmrmnemumtmmm
[ anc Digphoring citri, the status of ceresl aphids in
Northern Europe and a statement from IRAC International on IRM
considerations when using both traditional chemiztries and traits.

Remember, if you have any news o resiztance topics of interest, piease let us
know us 50 that we can inform cthers in the IRAC Network. We hope you enjoy
the izsue.

IRAC Plant Biotechnology Team White Papers

The IRAC Bi gy Team Y P three white papers
covering cifferent azpects of insect resistance management for biotech crops
which @an be downioaced from the IRAC webdsite. Team members
summarize the key points from theze papers below.

Insect Resiztance Management (IRM) for Transgenic Crops in
Sm3ll-Holder Agricultursl Systems

Inzects are capabie of oing 1 to any pest manag; tactic,
tranzgenic m-pmanau crops are no exception. The conseguences of
insects ping res: to genic crops will inchude; loss of revenue
0 growers cue to yield Joss, increased cozts aszocisted with more aggressive
management measures anc to crop practices. It is i on

Zy Prowi to take p meazures to Celay its onset and
o D incect res: gz programs for transgenic crops.

ping IRM progr in agri Y that are i by
small hoicers where the ic and practi 2 jons vary from
incustrisl agricultural systems deserve specal consideration. This guide
provides an overview of impor toapr IRM program and
mnsmmmnRMmm--mwwmm
Theze elements inchude: 1) refuge gui 2) bext = p
3) jon and jon, 4] ing, and 3) on-going rezearch.

syztems, ic and pr

are especally important anc should compiement the scientific basis of any
IRM progr D muzt take into account the

economic, socal and rural agrk ity. = >

muemmmmwzﬁwwmmnM

Wham.mmm Theupnpeunbemnt:

14
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IRAC Plant Biotechnology Team White Papers (Contd.)

Industry Perspectives on Insect Resi M ing for Transgenic Insect-P d Crops

i ing is & P of insect g (IRM) prog the goal of which is
to maintain product value to This paper provides a of IRAC member Views regarding monitoring for
insact resi o transgenic crops. Rest itoring provides 8 means of ing jons in eptibility of

target insect pests to insectiodes or Bt proteins that could reduce the economic value of the product; the primary goal
being to detect resstance early enough to L

mitigation and modify the IRM strategy.

y deploy

Top left picture: Mast assay contalners incubsting In growe: chamber

Bottom left pleture: Burlsse fusnels wed to extract larves from roct mats

Right pkture: Larval com rootworm samples extracted from diffseent trestments
Pcting iapba <ty of Stove Thisapica, I8 Fat Fosou

pranmwcmummmm-mmmmwpmwuw

mm»mmmmqﬁmu itoring app approp ization of fiekd
jons, and interp of bi y data. The paper closes with a y of RAC to
ity and transp Y pertaining to res itoring. The full paper can be found at: hitp-//\wwwimc-
Seed Blends for Resistance Management of Insect-Protected Transgenic Crops
mumnmmmﬁgmhmwn piex and the bal P on a range of
system-specific bil and jons. While refuge p assure that growers

p-mmmwnammmmmm-muuunwmmpm
can reduce the effective refuge size and increase survival of insects that are heterozygous for resistance alleles. IRAC
recognizes that for a biended refuge strategy to be for a given p rqﬂ!m.nmtnbe\murym
among the biotech trait providers. The IRAC Position Paper ibes the and practical issues thet must be
mmmwmummmmmmonmmmwhpmmuuggu

ically warranted to p product curability, larval movement between traited and refuge plants is not expected
namwmmmummrwmdnsmmBmumnumm
biends can be a valusbie option for refuge deployment. The full paper can be found st http://wawirsc-online org/
docy 'seed-blends-for-rm/?ext=pdf

14
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IRAC Educational resources

o Posters

IRAC AREFPHHEEE (IRM) K

* Presentations
« Booklets P X R

e QGuidelines

* Publications

Example: Farmer-focused graphic in Chinese explaining
how resistance develops.

" IRAC



Insecticide Mode of Action

| Feeding i

Respiration |

Digestive

Reproduction |

A specific Mode of Action will target a specific part/
function of an insect

MoA

Nerve

- Development/

Growth /

Molting

Excretory

a

Energy/
Muscle
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Insecticide Resistance Management (IRM) Strategy in Eggplant
To ensure susceptible Fruit Borer population

’,".

r

Nursery -
Transplanting

in &

Fruking

|

[ veomoe |

Flowering

7 |14|z1|u

u| u| 48 | & | 3 | 70 | Ed | 3 | El |u |1os|11z|119|1za|1u|14o|147[1u|m|1u|17s]

1% Generation

it

2°¢ Generation

3 Generation

“p

%0 pay®

4= Generation | 5 Generation

it

‘>

30 pay®

Yot

"

-’oos;"

‘Option2 |

MoA 1 \

|

MoA 2 [

MoA1 |
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2. Follow Good Agricultural Practice (GAP) Principles

USE
RECOMMENDED Under Dose: Label Dosage:
Kills most Suscaptible but many Optimal Control
DOSE RS and RR survive Small number of RR survive
Resistant
RR
Moderate
RS
Susceptible
S
LABEL
Increasing Dosage [ | Under Dose DOSE!

17

Insecticide Resistance Management (IRM) Strategy in Rice
AV
\ a _
\ /a
o L LY VYA

% o« 2 £l
[ Seeding | [ LeafDawiopment |[ Tilerng || Sem Skegstion-soctng || Flowering |||  Rieng |
| o] = [ro|es]20|as|[s]ss]aa|as]s0]ss]eafes]ro]rs]ao]as]a0]as|mo]ses]|rra]ns|ra]

1< Generation I 2°< Generation 3~ Generation

Stemborer 35 Days " 35 Days 35 Days
5;;\;2flant 32 Days " 32 Days 32 Days
Green Leaf
Hopper 30 Days

[lnsecticide Application (Need-Based)

(opiont At | oAz | MoAs

]Optionz \ MoA 1 MoA 2 [ MoA 1 [
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IRAC

Insecticide Resistance Action Committee

The Diamondback Moth, Plutella xylostella:

Resistance Management is Key for Sustainable Control

www.irac-online.org

Introduction and Biological Background

Diamondback moth (Flufella xylosfella L.) is a highly migratory and
cosmopolitan species, and is one of the most important insect pests of
cruciferous crops worldwide. Globally, direct losses and control costs are
estimated to be USS 1 billion (1)

Life cycle
10 days-4 weeks c

Larvae

Plutella xylostella Damage in Cabbage

Treated with insecticide Not treated with insecticide

esistance Mechanisms

Several biochemical mechanisms are described as conferring resistance
to insecticides in diamondback moth populations. Many of these
mechanisms listed below act in concert and can provide resistance
factors of 1000-fold or greater.

Adult

5-10
—- 1. Enhanced metabolic detoxification mechanisms (3.4)

2. Insensitive acetylcholinesterase

3. Reduced Cry1C binding to target site in midgut membrane and
reduced conversion of Cry1C protoxin to toxin (5)

4. Reduced penetration (6,7)

5. Target-site resistance (7-10)

Egge

In temperate regions, P. xylosfella is unable to overwinter and therefore
annual outbreaks are attributed to migration, but in tropical and sub-
tropical regions there can be a large number of continuous generations
per year (e.g. up to 21 in Taiwan) (2) .

P. xylostella is considered to be one of the most difficult pests to control.
Continuous insecticide applications have been, and in many regions still
are, the main tool employed for crop protection.

Cases of P. xylostella resistance to insecticides were reported in the

Resistance Management (example)

The figure below shows a resistance management strategy developed
for use in Brassica crops in the Philippines.

7

\

1850's. Today this species shows resistance to most insecticide classes, s Q B
including recently introduced unds with new modes of action (3). = ' 1
\ [neluding ¥ compo (3) Y, - w W &
™\ - o—

e | | T
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General IRM Tactics

A combination of all available tools for P. xylosfella management should
be used to prevent the development of insecticide resistance:
= resistant varieties

- refuge crops
- biological control with natural enemies,
e.g. Cotescia plutellae
- insecticide applications with mode of action
rotation and windows approach
= crop hygiene
The resistance monitoring method for Plufella xylostella
(IRAC Method No. 018) is available on the IRAC website
and should be used to evaluate insecticide susceptibility.
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Chemical Control of Plutella xylostella

- Select insecticides based on known local effectiveness and selectivity
- Rotate insecticides by mode of action group, using a window approach
= Use only insecticides registered for diamondback moth control

- Always follow the directions for use on the label of each product

-
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This poster is for educational purposes only. Detalis are accurate 1o the best of our knowiedge but IRAC and Rz member companies cannct accept rezponzidiity
for how this information Iz uzed or interpreted. Advice should always be sought from local experts or advizors and heaith and safety recommendations followed.
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Resistance Mechanisms

Several biochemical mechanisms are described as conferring resistance
to insecticides in diamondback moth populations. Many of these
mechanisms listed below act in concert and can provide resistance
factors of 1000-fold or greater.

1. Enhanced metabolic detoxification mechanisms (3,4)

2. Insensitive acetylcholinesterase

3. Reduced Cry1C binding to target site in midgut membrane and
reduced conversion of Cry1C protoxin to toxin (5)

4. Reduced penetration (6,7)

5. Target-site resistance (7-10)
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~4 Resistance Management is Key for Sustainable Control
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General IRM Tactics

A combination of all available tools for P. xylosfella management should
be used to prevent the development of insecticide resistance:
= resistant varieties
- refuge crops
- biological control with natural enemies,
e.g. Cotescia plutellae
- insecticide applications with mode of action

Introduction and Biological Background Plutella xylostella Damage in Cabbage

Diamondback moth (Flufella xylosfella L.) is a highly migratory and
cosmopolitan species, and is one of the most important insect pests of
cruciferous crops worldwide. Globally, direct losses and control costs are
estimated to be USS 1 billion (1)

rotation and windows approach
/ = crop hygiene
¢ e The resistance monitoring method for Plutella xylostella
Treated with insecticide Not treated with insecticide (IRAC Method No. 018) is available on the IRAC website

\and should be used to evaluate insecticide susceptibility.

esistance Mechanisms

Life cycle
10 days-4 weeks

‘ Chemical Control of Plutella xylostella

Several biochemical mechanisms are described as conferring resistance
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1. Enhanced metabolic detoxification mechanisms (3.4)

2. Insensitive acetylcholinesterase

Eggs 3. Reduced Cry1C binding to target site in midgut membrane and
reduced conversion of Cry1C protoxin to toxin (5)

. X : 4. Reduced penetration (6,7)
In temperate regions, P. xylosfella is unable to overwinter and therefore 5T e 7-10)

annual outbreaks are attributed to migration, but in tropical and sub- Y,
tropical regions there can be a large number of continuous generations
per year (e.g. up to 21 in Taiwan) (2) . y .

P. xylostella is considered to be one of the most difficult pests to control. Re3|stance Management (example)

Continuous insecticide applications have been, and in many regions still )
are, the main tool employed for crop protection y The figure below shows a resistance management strategy developed
) - N . i for use in Brassica crops in the Philippines.
Cases of P. xylostella resistance to insecticides were reported in the
1850's. Today this species shows resistance to most insecticide classes, s :
\including recently introduced compounds with new modes of action (3). / - '- - #
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Resistance Management (example)

The figure below shows a resistance management strategy developed
for use in Brassica crops in the Philippines.

& -*~
w W

| Nursery - Transplanting | | | Leafy Stage | |  HeadForming | || Harvest |

o & &

2[4 |6 8] 0] 2[1a]1e16[z20f22[24] 26[z8]30] 32 34 28] 28 40 42[aa]as 28]50]52[54]56] 58] ea[ez[eaee[ea[70[ 72 7] 76[7e[ 80 82! 8] a6 e[ o0 ] 4] 6] o8

Diamond
Back
Moth

1%t Generation 2" Generation 34 Generation
/< Vi /<
R, [ &,

<8 pay® 28 pay® 28 pay®

| Insecticide Application (Need - Based)

20

IRAC



-

IRAC

Insecticide Resistance Action Committee

The Diamondback Moth, Plutella xylostella:

Resistance Management is Key for Sustainable Control

www.irac-online.org

Introduction and Biological Background

Diamondback moth (Flufella xylosfella L.) is a highly migratory and
cosmopolitan species, and is one of the most important insect pests of
cruciferous crops worldwide. Globally, direct losses and control costs are
estimated to be USS 1 billion (1)

Life cycle
10 days-4 weeks c

Larvae

Adult

5-10 days

Egge

In temperate regions, P. xylosfella is unable to overwinter and therefore
annual outbreaks are attributed to migration, but in tropical and sub-
tropical regions there can be a large number of continuous generations
per year (e.g. up to 21 in Taiwan) (2) .

P. xylostella is considered to be one of the most difficult pests to control.
Continuous insecticide applications have been, and in many regions still
are, the main tool employed for crop protection.

Cases of P. xylostella resistance to insecticides were reported in the
1850's. Today this species shows resistance to most insecticide classes,

\including recently introduced compounds with new modes of action (3). /
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Plutella xylostella Damage in Cabbage

Treated with insecticide Not treated with insecticide

esistance Mechanisms

Several biochemical mechanisms are described as conferring resistance
to insecticides in diamondback moth populations. Many of these
mechanisms listed below act in concert and can provide resistance
factors of 1000-fold or greater.

1. Enhanced metabolic detoxification mechanisms (3.4)

2. Insensitive acetylcholinesterase

3. Reduced Cry1C binding to target site in midgut membrane and
reduced conversion of Cry1C protoxin to toxin (5)

4. Reduced penetration (6,7)

J

5. Target-site resistance (7-10)

Resistance Management (example)

The figure below shows a resistance management strategy developed
for use in Brassica crops in the Philippines.
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Insecticice Agphcation (Need - Based)

General IRM Tactics

A combination of all available tools for P. xylosfella management should
be used to prevent the development of insecticide resistance:
= resistant varieties

- refuge crops
- biological control with natural enemies,
e.g. Cotescia plutellae
- insecticide applications with mode of action
rotation and windows approach
= crop hygiene
The resistance monitoring method for Plufella xylostella
(IRAC Method No. 018) is available on the IRAC website

\and should be used to evaluate insecticide susceptibility.

J

- Select insecticides based on known local effectiveness and selectivity
- Rotate insecticides by mode of action group, using a window approach
= Use only insecticides registered for diamondback moth control

- Always follow the directions for use on the label of each product
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Chemical Control of Plutella xylostella
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General IRM Tactics

A combination of all available tools for P. xylostella management should
be used to prevent the development of insecticide resistance:
» resistant varieties
» refuge crops
» biological control with natural enemies,
e.g. Cotesia plutellae
* insecticide applications with mode of action
rotation and windows approach
« crop hygiene

The resistance monitoring method for Plutella xylostella
(IRAC Method No. 018) is available on the IRAC website

and should be used to evaluate insecticide susceptibility.

-
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Introduction and Biological Background

Diamondback moth (Flufella xylosfella L.) is a highly migratory and
cosmopolitan species, and is one of the most important insect pests of
cruciferous crops worldwide. Globally, direct losses and control costs are
estimated to be USS 1 billion (1)

Life cycle
10 days-4 weeks c

Larvae

Adult

5-10 days

Egge

In temperate regions, P. xylosfella is unable to overwinter and therefore
annual outbreaks are attributed to migration, but in tropical and sub-
tropical regions there can be a large number of continuous generations
per year (e.g. up to 21 in Taiwan) (2) .

P. xylostella is considered to be one of the most difficult pests to control.
Continuous insecticide applications have been, and in many regions still
are, the main tool employed for crop protection.

Cases of P. xylostella resistance to insecticides were reported in the
1850's. Today this species shows resistance to most insecticide classes,
including recently introduced compounds with new modes of action (3).

General IRM Tactics

A combination of all available tools for P. xylosfella management should

be used to prevent the development of insecticide resistance:
= resistant varieties

refuge crops

biological control with natural enemies,

e.g. Cotescia plutellae

insecticide applications with mode of action

rotation and windows approach

crop hygiene
The resistance monitoring method for Plufella xylostella
(IRAC Method No. 018) is available on the IRAC website

\and should be used to evaluate insecticide susceptibility.

Plutella xylostella Damage in Cabbage

Treated with insecticide Not treated with insecticide

esistance Mechanisms

" Chemical Control of Plutella xylostella

- Select insecticides based on known local effectiveness and selectivity
- Rotate insecticides by mode of action group, using a window approach
= Use only insecticides registered for diamondback moth control

- Always follow the directions for use on the label of each product

Several biochemical mechanisms are described as conferring resistance
to insecticides in diamondback moth populations. Many of these
mechanisms listed below act in concert and can provide resistance
factors of 1000-fold or greater.

1. Enhanced metabolic detoxification mechanisms (3.4)

2. Insensitive acetylcholinesterase

3. Reduced Cry1C binding to target site in midgut membrane and
reduced conversion of Cry1C protoxin to toxin (5)

4. Reduced penetration (6,7)

5. Target-site resistance (7-10)

Resistance Management (example)
The figure below shows a resistance management strategy developed

for use in Brassica crops in the Philippines.
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Chemical Control of Plutella xylostella

» Select insecticides based on known local effectiveness and selectivity
* Rotate insecticides by mode of action group, using a window approach
» Use only insecticides registered for diamondback moth control

» Always follow the directions for use on the label of each product

] _ _ Chemical Sub-group or
m Primary Site of Action Exemplifying Active
_ P 1A:Carbamates
R e

— GABA-gated CI channel antagonists 2B: Phenyipyrazoles (Fiproles)
Sodium channel modulators 3A: Pyrethroids, Pyrethrins
_ Nicotinic acetylcholine receptor agonists 4A: Neonicotinoids

— Nicotinic acetylcholine receptor allosteric activators

Chloride channel activators Avermectins, Milbemycins

Microbial disruptors of insect midgut membranes and | Bacillus thuringiensis

derived toxins var. kurstaki

Uncouplers of oxidative phosphorylation via p
disruption of the proton gradient D
n Inhibitors of chitin biosynthesis, type 0 Benzoylureas

“ Ecdysone receptor agonists Diacylhydrazines
Mitochondrial complex | electron transport inhibitors 21A: Tolfenpyrad

22A: Indoxacarb
“ Voltage-dependent Na channel blockers 22B: Metaflumizone
| omoane ecmtor o

Spinosyns
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Summary

* IRAC is comprised primarily of representatives from agrochemical, seed, and public
health companies affiliated with CropLife, and it provides coordinated industry
efforts to prevent or delay resistance in insect and mite pests.

* IRAC International consists of several global teams that work with a number of IRAC
Country Groups.

» A key resistance management tool is the IRAC Mode of Action Classification system.

IRAC’s numbered MoA groups are a simple way to communicate MoA information on product
labels, which promotes more effective product rotation.

* You can access IRAC’s resources at the IRAC website (www.irac-online.org).

Mode of action classification tools (webpage, posters, booklet, phone/tablet app).
Pest pages with details on pest biology and resistance.

Test methods (webpage, PDF, and video formats).

Michigan State University Arthropod Pesticide Resistance Database.

eConnection electronic newsletter.

Posters, publications, and presentations covering many aspects of resistance management for
insecticides and insect-resistant traits.
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Thank you

Questions?

www.irac-online.org
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