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Outline

Why effective Resistance Management is essential
What industry is doing:

Company level
– Resistance Management Strategy for a Neonicotinoid – A 

typical responsible company approach to IRM
Inter-company level
– Collaborative Industrial Approach to IRM for Neonicotinoids 

– An industry partnership to ensure sustainability
All-industry level 
– Role of Insecticide Resistance Action Committee (IRAC)
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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 can no longer rely on having a 
steady stream of new modes of 
action to circumvent resistance 
problems…….
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Protecting current AIs from resistance is crucial !

184Total

11Registration

16Environmental Chemistry

18Toxicology

25Field Trials

7920ChemistryDevelopment

9Toxicology / Environmental Chemistry

44Biology

9441ChemistryResearch

Total Cost CostsSub-categoryCategory

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

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



5

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

‘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:

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

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.

Responsible companies have clear guidelines to manage 
resistance to Neonicotinoids:
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Example of Whitefly RM Strategy
 Transplanting

Soil application of Neonicotinoid provides good control for an 
extended period  - with limited selection for resistance

 First foliar applications made after soil application
Avoid applications of Neonicotinoids or Pymetrozine in this period
Rotate other available AIs

 Foliar applications at end of crop cycle
Rotate available insecticides with different MoA including 
Neonicotinoids and Pymetrozine.
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)

Soil application 
of Neonicotinoid

Foliar applications
NOT: Neonicotinoids or Pymetrozine

Neonicotinoid application in 
rotation with other MOA

TMX END PYBEND
BIF PYX BUP SPI SPITMX

LAM
ENDEND

BIF
TMX
LAM

TMX
LAM
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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. :
– Cotton 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

Adult Western Corn Rootworm ‘baseline’ susceptibility to 
thiamethoxam
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 (Ian Denholm, Kevin Gorman)
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What industry is doing at an inter-company level



12

Global Insecticide sales

Organophosphates 24.7%

Pyrethroids 19.5%

Neonicotinoids 15.7%
Carbamates 10.5%

Natural Products 7.6%

Acaricides 6.4%

Benzoylureas 3.2%
Other IGRs 2.6%

Organochlorines 2.1% Others 7.7%

1B

3

1A
4A

10, 12B, 14, 21, 23, 24

5, 6

15

2A
7

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 3rd largest group of insecticides based on global sales
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Global Neonicotinoid sales

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

IRAC Mode of Action Classification Number 4A

Imidacloprid 62.8%

Thiamethoxam 20.3%

Nitenpyram 4.2%

Acetamiprid 5.7%

Others 7.0%

Imidacloprid and Thiamethoxam account for >80% of market
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Bayer CropScience and Syngenta – Collaborative 
Neonicotinoid Stewardship Project

Together, sales of Bayer CropScience and Syngenta 
Neonicotinoid products total c. $930M – 88% of Neonicotinoids
– Bayer CropScience: Imidacloprid, Thiacloprid, Clothianidin
– Syngenta: Thiamethoxam 

Two companies uniquely placed to take a lead in developing 
and delivering coherent and effective IRM strategies at both a 
global and local level
March 2005: Bayer CropScience 
and Syngenta agreed a joint global 
stewardship project to manage 
Neonicotinoids, focussing on 
key at-risk pests 
Other [Japanese] companies invited
to join – but declined
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Bayer CropScience / Syngenta – Collaborative 
Neonicotinoid Stewardship Project

Aim: To intensify the implementation of IRM by working together 
through contacts at country level
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 
Although slightly different, in practice expected in most situations 
that time periods covered by neonicotinoids are similar for both
company recommendations
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

Vegetables
Covered vegetables
Covered vegetables
Covered vegetables
Beans
Rice
Melons & Tomatoes
Vegetables
Crop

ThripsJapan
WhiteflyTurkey
WhiteflyItaly
WhiteflyMorocco
WhiteflyBrazil
Brown planthopperIndia
WhiteflyGuatemala
WhiteflyMexico
TargetCountry

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



17

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

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 Ian 

Denholm et al)
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What industry is doing at an all-industry level
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Insecticide Resistance Action Committee  - IRAC

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:
Facilitate communication and education 
on insecticide and acaricide resistance
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

DuPont
FMC
Mitsui
Monsanto
Nisso America
Syngenta 
Valent

www.irac-online.org
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IRAC Country Groups

IRAC Country groups deal with key resistance issues at local level –
supported 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)

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



23

IRAC Mode of Action Classification

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

Example pages
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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
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IRAC MoA Posters and Wallchart

IRAC Mode of 
Action Wallchart: 

MoA Classification 
Groups & Structures 

–
A1 printed versions 

available

Conference 
Posters
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eClassification – interactive MoA

New interactive online tool
www.irac-online.org

Drop down menus
>>options
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IRAC Website – www.irac-online.org

IRAC’s key communication vehicle
Av. 150 hits, 30 visits a day (09.05)
Accessed by over 80 countries
Search terms  - #1 ‘IRAC’, #2 
‘Insecticide Resistance’
190 pages including public, protected 
& utility pages
160 docs. & 92 image files
Information on IRAC, Mode of Action, 
advice on IRM
Education modules
Resources incl. key papers, 
documents, posters
Links for growers
IRAC Country group information
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IRAC Susceptibility Test Methods

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 molecular methods
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Communication & Education IRAC Activities

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 ManagementMode of ActionOverview Resistance

Introduction
Layout
Site Map

Introduction
Background
Mechanisms
Genetics
Strategies
Methods
Management
Communication

Definition
Extent
Evolution
Factors

Mechanisms
Classification
Groups

Carbamates
Op’s
Pyrethroids
etc

Basic Rules
Detection
Assays
Tactics
IRM

Resources

Posters
References
Links
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Conclusions

The major Neonicotinoid companies 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 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
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