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Crop protection is compulsory to ensure safe and affordable
food to all

• In absence of protection, losses may be
high, are variable among sites and years
and not predictable

Yield losses due to foliar diseases in bread wheat in 
absence of any protection

Urruty et al, 2016



Crop protection is achieved today
with massive use of chemical
pesticides…

FTI all pesticides at city level

Solagro, 2022

European use of pesticides (kg/ha of arable land in 2020



…generating an unsustainable pressure on 
environment and biodiversity, pesticides 
being a cornerstone of cropping systems

Hallmann CA et al. (2017) PLOS ONE 12(10): e0185809. 
https://doi.org/10.1371/journal.pone.0185809

Sanchez-Bayo F et Wyckhuys KAG, 2019, 
Biological Conservation 

Distribution of total pesticide contents in EU agricultural 
topsoils (according to Silva, 2019)

A worldwide review of soil contamination by pesticides has been 
recently proposed by Sabzevari and Hofman (2022, Science of the 
Total Environment, 812, 152344)
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Crop protection is a typical lock-in situation

 

(adapted from Ollivier et al., 2018 (Ecology and Society) who
adapted from Geels, 2002 (Research Policy))

Supporting niches

Destabilizing dominant regime

How to achieve the Green Deal objectives?
- Incremental innovations into the existing cropping

systems (E and S)
OR
- Disruptive innovations based upon paradigm shifts 

(S and R)

IPM projects approach

European Research Alliance 
approach : 0-pesticide as a non 

prescriptive scenario

ESR concept (Hill and Mc Rae, 1998)
- E: Efficiency
- S: Substitution
- R: Reconception

ERA



Inrae : contributing in many domains

• National Prioritary Research Program (PPR): Growing and Protecting
Differently

• Several collective scientific expertises
• The impacts of plant protection products on biodiversity and ecosystem services 

(May 2022)
• Functional diversity to achieve more natural regulations (October 2022)

• European actions
• European Research Alliance: Towards a chemical pesticide-free agriculture
• Cost Action CA21134

• Support to public policies
• CEPP (Certificates for Economy of Plant Pesticides)
• Comparative analysis prior to chemical approvals: glyphosate, S-metolachlore, 

prosulfocarbe



The collective scientific expertise on the impacts of plant 
protection products on biodiversity and ecosystem services

Severe contaminations of the 
various natural compartments by 
pesticides (and other xenobiotics)

Collective scientific expertises are 
based upon published littérature 
only



The effects of PPP have consequences on ecosystem functions
and alter the ability of ecosystems to provide services 



Factors modulating the direct and indirect effects of PPP on 
terrestrial invertebrates



Recommendations: Regulatory PPP evaluation processes cannot
cover all effects

• Paths for methodological improvements
• An improved survey of biodiversity

• Target species
• AOP-type approaches (Adverse Outcome Pathway)
• Multiple scenarios representative of a wide range of agricultural practices and pedoclimatic contexts

• Reinforced use of modelling
• Dependent on the collection of appropriate data and metadata, including large scales of space and time
• Sharing effort is compulsory

• Harmonized implementation protocols and shared interpretation frameworks

• Paths for regulatory improvements
• Coalitions of actors (researchers, beekeepers, NGOs, politicians advocating environmental

action and companies) in the production and mobilisation of research work
• Extending the sources of information considered in the assessment to types of actors and 

knowledge beyond that resulting from standardised protocols: how to qualify these
contributions?

• Transparency and sustainability of EU risk assessment in the food supply chain: publishing all 
scientific data



The collective scientific expertise on the natural regulations
obtained from increasing functional diversity

 



European Research Alliance
Towards Chemical Pesticide-free Agriculture

• 3 workshops organized at 
• Inra, Paris, October 2018
• JKI, Berlin, May 2019
• Luke, Helsinki, October 2019

Today
• 34 organisations
• 20 countries

Achievements
• An increasing scientific community
• Contribution to a foresight study to be

published in March 2023
• A Cost project approved (CA 21134)
• A Green Deal project perimeter C not 

selected
• A CSA under preparation

A unique context with emerging
fronts of science
• Microbiota and its impact on plant 

health
• Plant-plant interactions and their

impacts on crop diversification
• Chemical ecology, insect and plant 

odorscapes
• Ecological immunology and plant 

immunity

• Signature of the MoU
• SIA, Paris, February 2020



The Alliance today
• A consolidated governance

• A General Assembly, with annual meeting
• A steering board with 3 meetings per year
• A board (a chair and 2 vice-chairs)

• Permanent contact point for all emerging issues
• Calls for proposals
• On-going COST Action 21134
• Regulatory issues (SUD -> SUR)

• Scope
• Pesticides reduction through a holistic and systemic approach with 0 as a target
• Including economic and productive performances 
• Environmental and ecological issues?

• The focus of our activities
• Science, as a source of knowledge
• And science-based innovation, (science-based public policies)

General Approach: ➔Multidisciplinary 
➔Multi-actor, along the agri-food system
➔Multi-scales: field / territory / global
➔ Building on the diversity of European situations and supply chains

The Alliance is a target-driven
scientific consortium based upon
a paradigm shift in a context of 

emerging fronts of science
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Biological Management of Crop 
Health
• Improve capacities of monitoring 

and assessment of standardized 
plant health & biodiversity; 

• Standardize the use of these 
monitoring tools

• Develop biocontrol and crop 
resilience approaches

• Contribute to the design of EU 
infrastructures dedicated to crop 
health 

Cropping system, modelling and agro-
technology
• Simulate models that capture the interplay 

of pest, diseases, antagonists, crops, and 
habitats

• Develop Sensor technology, including 
pattern recognition algorithms

• Develop Autonomous machinery for pest 
and disease monitoring and control

• Use Big Data analysis algorithms to explore 
cause-and-effect relationships in the spatial 
context

Agri-Food system transformation, social 
acceptance and adoption
• Develop new economic models and 

paradigms
• Analyse barriers and levers to zero-pesticide 

agriculture
• Develop novel business models at territory 

levels, based on diversification and circular 
bioeconomy

Genetics and New Species for 
New Services
• Identify and enrich relevant genetic

resources
• Implement new concepts of 

resistance (priming, microbiome…)
• Implement NB technologies when

no resistance sources exist in 
genebanks

• Conduct GxExM studies on a 
relevant subset

Multidisciplinary Approach

Multi-Actor, along the agri-
food system

At different scales: field / 
territory / global

Drivers and impacts of chemical pesticide 
free agriculture - chances and challenges
• Analyse technological, societal, economic, 

political and natural drivers of agricultural 
management and pesticide utilization

• Develop scenarios of transition pathways 
towards chemical pesticide free agriculture

• Assess impacts of agricultural transition 
pathways on sustainable development incl. 
ecosystem services, biodiversity, resource use 
efficiency, health, risks and costs.
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Drivers and impacts of chemical pesticide 
free agriculture - chances and challenges
• Analyse technological, societal, economic, 

political and natural drivers of agricultural 
management and pesticide utilization

• Develop scenarios of transition pathways 
towards chemical pesticide free agriculture

• Assess impacts of agricultural transition 
pathways on sustainable development incl. 
ecosystem services, biodiversity, resource use 
efficiency, health, risks and costs.

Target 
identification

Backward
construction of 
impact pathway

Identification of 
critical points

Scenario 
building

Stepwise
implementation

Step by step
evaluation



‘Towards a chemical pesticide free agriculture’ possibly
defines the situation in which future ERA will take place 

• Little or no chemical pesticides. But an active crop protection

• Prophylaxis first, in order to reduce weed, pest and disease pressure

• Agroecology (=more functional diversity) to achieve more biological/natural
regulations

• Microbial communities as part of functional diversity to control diseases

• Biostimulants

• Modified odorscapes to reduce pest reproduction and to ‘mask’ crops

• Sterile Insect Technology

• Genetics: 
• Tolerance/Resistance genes (possible effect on hosted microbiome)
• Genome editing

• Increasing dependency to local conditions

• Organizational innovations: contracts, insurance,… 



Possible similarities with PERA (Partnership for 
Environmental Risk Assessment)

• Science-based approach: YES

• Emerging fronts of science: YES

• Multidisciplinary: YES

• Multi-actor, along the agri-food system: NO

• Multi-scales: field / territory / global (i.e. including food chain): YES

• Building on the diversity of European situations (and supply chains): YES

• Target-driven: NO

• Paradigm shift: (NO)



Possible contributions of European Research Alliance to 
Environmental Risk Assessment: creating resources
• Emerging fronts of science in crop protection, with possible relevance to ERA

• Agroecology: this requires to implement systemic approaches
• Microbiome: 

• Plant, soil and human microbiomes are strongly impacted by chemical pesticides
• A unknown source of options for pest and disease control
• Emerging concept of holobiont
• Fully relevant to Environmental Risk Assessment

• Soil microbiome as an indicator of biodiversity status
• Human microbiome and chronic diseases
• Deeply relevant to OneHealth concept

• Odorscape and organic volatile compounds
• Genetics
• Robotics and machinery
• Digital issues: 

• New generations of sensors: hybrid and biological
• Deep learning and artificial intelligence: detecting unknown patterns
• Precision agriculture

Massive amounts of projects on plant and 
soil microbiome
- In France: Genosol, Sucseed; Deep-

Impact
- In The Netherlands: Sprint project
- …



Possible contributions of European Research Alliance to 
Environmental Risk Assessment: creating a new situation

• One of the objectives of the Alliance: Drivers and impacts of chemical pesticide 
free agriculture - chances and challenges
• Analyze technological, societal, economic, political and natural drivers of agricultural 

management and pesticide utilization
• Develop scenarios of transition pathways towards chemical pesticide free agriculture
• Assess impacts of agricultural transition pathways on sustainable development incl. 

ecosystem services, biodiversity, resource use efficiency, health risks and costs

• Challenges and relevance to ERA
• Prophylaxis: an extremely efficient lever for crop protection, whose effects are difficult to 

document
• System approach

• What is the adequate perimeter of evaluation?
• Moving away from a substitution approach: example of the herbicides
• Evaluating all impacts: how to document trade-offs. How to decide when trade-offs exist.

• Microbiome as a possible integrator to describe environmental impacts: an adequate proxi?
• Dependency to local conditions
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Thank you for your attention …


