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R4P & diversity

A network with:
- Multiple partners
- Multiple locations
- Multiple skills
- Multiple pesticides
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R4P aims
• Maintain public expertise on plant protection products (PPP) and respond to the

demands of technical advisers and farmers;

• Share knowledge and methodologies on PPP resistance;

• Facilitate the transfer of bilateral expertise between research and technical
advisers and farmers;

• Promote an evolutionary approach to the study of PPP resistance in order to
predict and manage it in a sustainable manner;

• Focusing the forces available in France on the topic of resistance to PPP and the
development of joint research projects.



Resistance monitoring in France & R4P
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USC CASPER : a shared lab to develop joint research
Aims: 
- Optimize and sustain public research on PPP resistance through technical support to the Anses and INRA units involved.
- Constitute a reference collection of resistant pests

USC
CASPER

Shared collection network

Shared tool development, 
Method certification

Sample analysis

Results

Reference collection

Funding via 
projects

Funding via 
PPV and 
projects

Data Data

Publications, advice, popularization
Emergence of new questions

Created January 2018



R4P joint research

Funding

ONEMA
Anses

SMaCH (FONDU)

Answers to calls

16 projects proposed since 2010

 11 accepted

3 PhD

2 research topics: 
How do pests adapt to PPPs?
How to combine the different control methods and promote their sustainability 

in the context of agroecology? 



Joint research : example on insecticides
Developping a routine monitoring test on Drosophila suzukii

 Invasive pest

 High risk pest

 High risk practices
 Many host plants treated

 Most generations treated

 Many sprays

 Short rotations / monoculture

 Large scale crops

 High risk of resistance development

Highly polyphageous
(red fruits, apricot, 
grapevine; includes
susceptible cultivars…)

Generation 1-2 
weeks

Up to 384 eggs/female

Rapid 
dissemination



Joint research : example on insecticides
Developping a routine monitoring test on Drosophila suzukii

10

Biological test of tarsal contact for phosmet and lambda-cyhalothrine



Joint research : example on insecticides
Developpinga routine monitoring test on Drosophila suzukii
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 Routine protocol OK; variability explained
 No resistance detected but limited number

of populations tested

 on-going monitoring in 2019



Joint research : example on herbicides
Large-scale monitoring to ALS inhibitors in Ambrosia artemisiifolia

in France

 Important weed in soybean, maize, sunflower
 Threat for human health
 Resistance towards ALS inhibitors :

 Moderate occurrence
 Dominant nuclear inheritance
 Target site resistance : published; 7 mutations; 

limited in France
 Non target site resistance: frequent in France



Joint research : example on herbicides
Large-scale monitoring to ALS inhibitors in Ambrosia artemisiifolia in France

Next generation sequencing: PCR + Illumina bulk sequencing

 Mutation detection: 3 PCR (ALS target gene ; amplicons 400-450 
bp) per plot (= 50 plants)

 Allele differentiation at a single codon

 Detect all known mutations

 Detect putative new mutations

 Capacity: 1 Illumina run = 96 plots (50 plants per plot). Should
detect 1 R plant / 50 plants.

 Much quicker than the previous PCR-dCAPS test

 No detection = no target site resistance present but non target
site resistance possible



Joint research : example on herbicides
Large-scale monitoring to ALS inhibitors in Ambrosia artemisiifolia in France

NGS on two samples :
 2016: 65 populations & 2017: 68

populations
 Tarn et-Garonne South West of

France

Green: 2016 batch, no mutation
Blue: 2017 batch, no mutation
Orange: 2016 batch, no mutation but 
resistant phenotype (NTSR)
Red: 2016 batch, mutations detected
Pink: 2017 batch, mutations detected



Joint research : example on fungicides

Predicting resistance risk to improve early management in Zymoseptoria tritici

Cross between individual “at
risk” alleles
e.g. 5 loci/7 R alleles: sdh,
cyp51, tub2, cytb, mfs1

Recombined alleles in
progeny

Multiple in vitro & in planta
testing: phenotype, cost for
individual & recombined
alleles.

MDR CarR

CarR
+

MDR

X

Molecular tool to detect MDR in field samples
 Forward genetics approach

What is the risk associated to individual emerging
resistant alleles vs. their recombination, with
current ones, that will occur naturally?

 Septoria leaf blotch : most important disease on wheat
in Europe

 Resistance generalized in France for QoIs, DMIs and 
benzimidazoles

 Resistance emerging for SDHIs (CarR)
 Increased efflux (MDR) may affect all MoAs, including

new ones
 Resistance mecanisms (TSR and NTSR) may recombine 

easily in natural populations.



Joint research : example on fungicides

Management of fungicide resistance in Cercospora beticola

 Disease increased in South of France ; limited number of 
effective solutions

 Limited information on resistance status (DMIs, QoIs)
 Resistance occurring (and generalized) in some European

countries

 Establish resistance status in France for C. beticola
 Explore resistance mecanisms
 Promote sustainable control methods



R4P & Communication

• Scientific and popularized papers

• Training days

• « Contact » e-mail

• Twitter

• Website and newsletter



Scientific reviews

Status of resistance monitoring systems worldwide: 
Between diversity and complementarity?” 
In prep. Commissionned by Pest Management Science

 One scientific review published in 2016:
The skill and style to monitor the evolution
of pesticide resistance in a proactive 
manner

Writing retreat in
Mont Saint Jean &
Marigny-les-Reullée

1166 reads in Researchgate
13 citations

 New review in prep
World survey – Input of social sciences

DOI: http://dx.doi.org/10.1016/j.tplants.2016.06.006

http://dx.doi.org/10.1016/j.tplants.2016.06.006


R4P & Communication

• Scientific and popularized papers

• Training days : « Journées d’Échanges sur les Résistances » 
(JÉR)

• « Contact » e-mail

• Twitter

• Website and newsletter



Organization of the « Journées d’Échanges sur les Résistances » (JÉR) 
– Training days on pesticide resistance for farmers and advisers

Avignon 2013 Dijon 2015

Bordeaux 6-7 March 2017
Around 80 participants
93% satisfied or very satisfied
Widely reported in ag-press

Next edition: 
Versailles 14-15 March 2019

https://colloque.inra.fr/resistanc
es-pesticides2019

Québec edition
11-15 February 2019



Outputs from the JÉR : towards improved practices

Implementation of smart resistance management practices
Mail du 28/3/17. BM, responsable technique Actura
« Nos différentes rencontres ont suscité ma curiosité et maintenant ma motivation pour investiguer davantage
dans le dossier des résistances aux produits phytosanitaires.(…)
Le message a été bien compris chez Actura et face à ce enjeu nous prévoyons un plan d’action.
>Aussi , nous prévoyons d’entamer pour les 2 années à venir une analyse des risques de résistances des
parasites aux produits phytosanitaires, analyse de risque basée sur la pertinence de notre référencement et
analyse de risque basée sur les pratiques d’un panel d’agriculteurs. (…)
Serait-il possible de trouver un moment pour échanger sur ce sujet lors d’un entretien téléphonique ? (…)

Large knowledge transfer
Mail du 21/4/17. PS, responsable santé des plantes/légumes,
Invénio
« M’autorisez-vous à diffuser les résumés de vos présentations aux JER 
2017 auprès de mes adhérents? »

Identification of new resistances, provision 
of samples
Mail du 19/4/17. PB, service agronomique Valsoleil
« Je connais au moins deux situations dans lesquelles nous soupçonnons
des résistances de graminées estivales (sétaires) au nicosulfuron.
Ayant assisté aux JER2015, je me rappelle que vous recherchez des
informations sur ce type de situations.
De notre côté, nous souhaitons valider ou invalider l'hypothèse résistance.
Pouvez-vous m'indiquer comment procéder? (…) »



R4P & Communication

• Scientific and popularized papers

• Training days

• « Contact » e-mail : contact-r4p@inra.fr

• Twitter

• Website and newsletter
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Website R4P

Aims: 
- Visibility of the network, of public research

on resistance
- Transfer to as many people as possible and in 

real time of the information necessary for the 
sustainable management of resistance

www.r4p-inra.fr

 Bilingual site
 Regular bilingual newsletters on network

and resistance new information:
~ 900 subscribers

 Info also on twitter

Conception: R4P, Sophie Chamont (SAVE), Denis Leclerc (Le Nuage)



Website R4P - Contents
Proposal for a unified classification of pesticides

One classification to group them all, 

One classification to find them,

One classification to display them all, 

And the darkness of Resistance to enlighten.

Context :
- Resistance management & selection pressure
- Global pesticide exposure in biological compartments

 Need for simple and integrated pesticide classification



Website R4P - Contents
Proposal for a unified classification of pesticides

DOI 10.17605/OSF.IO/UBH5/ 

https://osf.io/ubhr5/


Website R4P - Contents
Status of pesticide resistance in France

Lists of resistance cases: all pesticides, all pests
DOI 10.17605/OSF.IO/BYV62 
.

 Biological resistance is not field resistance

 Lists only what is investigated
underestimated numbers; crop biaised

 Reflects one country’s agriculture

 Highlights selection history over a territory

 Alerts on some specific modes of action/pest
Drives monitoring plans
 Supports political decision

https://osf.io/byv62/


Website R4P - Contents
Status of pesticide resistance in France

Lists of resistance cases: all pesticides, all pests
DOI 10.17605/OSF.IO/BYV62 
.

Maps of herbicide resistance

Summary sheets and recommendations per pest

Resistance reports

Collaborative notes

https://osf.io/byv62/


Website R4P - Contents
Educational material and bibliography

Thematic explanations
.

Classified reference lists and free pdf upload
.



To conclude…

In our field of study, R4P is a network to:

 Structure and pool public research,
Create synergies,
 Transfer knowledge and sustainable practices towards stakeholders,
Be warned in real time of emerging resistances through interaction with stakeholders. 



Thank you


