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• Crop protection is compulsory

• Pesticides are a critical issue for agriculture, society and environment

• A pilar of most present agricultural systems

• Three cognitive biases

• Pesticides will always be there: NO

• Loss of molecules, loss of efficiency, nothing new in the pipeline

• Pesticides are an input: NO

• We look for alternatives: NO

• French Priority Research Program ‘Growing and Protecting Differently’ coordinated by 
Inrae

• 10 large research projects targeting a Zero-pesticide objective. Forcing academic research to 
explore new areas (microbiota, odorscapes,…)

• A foresight study ‘Pesticide-free European agriculture in 2050’

• Including four case studies « supply chains x territories » provided by the European Research
Alliance (gathering 37 research organisations from 21 European countries)

Context
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Components

Public policies and markets

Food regimes

Food supply chains

Farm structures

Cropping systems

Digital technologies and 
machinery

Training, extension and research

1. Retrospect 
analysis

2. Hypotheses in 
2050

3. Construction of scenarios
6.  Impacts on 

production, land use, 
market and GHG

7. Narratives with 
trajectories and 

simulation

European expert committee ( 20 scientific experts and stakeholders)

Simulations with the global biomass 
equilibrium model GlobAgri-AE2050

Simulation 
results

Imports

Exports

Grassland
acreage

Arable crop
acreage

Food regimes

Population

Quantification of qualitative 
hypotheses: input data

Use of agricultural 
products

Animal efficiency

Crop yields

Production

Thematic groups of experts and literature 
reviews

Steps

Hypotheses for 2050

Transition groups: a European group and four local groups

Quantification group 

4. Backcasting: Construction of transition trajectories

Market 
parameter

Scenarios of pesticide-free agriculture 

A foresight method combining scenario construction, 
backcasting approach and impact modelling

Foresight results:

➢ Three scenarios and their
transition trajectory

➢ Quantified impacts of 
scenarios 

➢ Four case studies on four 
European regions
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Cropping systems Increasing immunity of crops Using holobiont of 
cultivated species by more  
interactions between host 

plants and 
microorganisms

Creating complex and 
diversified landscapes

adapted to local contexts

Thanks to biostimulants and plant breeding
(resistant varieties), through the interaction 
with soil microorganisms, other crop and 
supporting species

Thanks to an increasing microbial diversity to boost
adaptability of holobiont and soil microbiota
functions, through cropping practices, inoculation of 
microorganisms and plant breeding

Thanks to more biological regulations by 
increasing functional diversity in time and space, 
complex landscapes with 20% of semi-natural
covers, diversified crop mosaics, crop
diversification and plant breeding

SOIL

LANDSCAPE

Holobiont

Immunity

Microbiota of soil and higher trophic networks

Interactions among species and trophic networks

Landscape

PLANTS BIOAGRESSORS

Hypotheses for pesticide-free crop protection in 2050
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Food supply chains Supplying pesticide-free foods
as a sanitary security standard

Supplying safe foods for 
safe diets with lower animal 

products

Supplying foods preserving
human and environment

health (much lower
proportion of animal 

products) and providing
diversified landscapes

Farm structures Specialization and 
financiarisation of farms with

residual family farms

Local diversity of farm
structures

Site-dependent and 
diversification of farm

structures

Cropping systems Renforcing immunity defences
of crops

Using holobiont of 
cultivated species with

more interactions between
host plants and 
microorganisms

Conceiving complex and 
diversified landscapes adated

to local conditions

Digital technologies 
and machinery

Autonomous robots acting on 
each plant

Sharing equipments sensors
and data) 

Modula equipments adapted
to practice peculiarities

Scenario 1 (S1) : World and European food chains based on digital technologies and plant 
immunity for a food market without pesticides

Scenario 2 (S2) : European food chains based on plant holobionts, soil and food
microbiota, for healthy food and diets

Scenario 3 (S3) : Complex and diversified landscapes and local food chains for a One 
Health European food system
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© Lucile Wargniez

2050
Quantification of impacts of scenarios



p. 7
Pesticide-free European agriculture in 2050 ABIM– 24 October 2023

Bergerac Duras
Wine production

South east Romania
Vegetable production

i

Tuscany
Durum wheat production

Overview of the four case studies

South Finland
Cereal and oilseed production
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Building transition pathways 
towards chemical pesticide-free agriculture

in 2050

TUSCANY – DURUM WHEAT
Stefano.Carlesi@santannapisa.it

Giovanni.Pecchioni
@santannapisa.it
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2050 scenario for durum wheat production in Tuscany (Italy) 
Durum wheat is produced without chemical pesticides, in compliance with 
market standard, and Tuscan pesticide-free wheat and pasta products are 
exported worldwide. Production occurs in large and specialised farms in 
Tuscan plains, equipped with cutting-edge technologies, allowing farmers to 
work at very large scale with little labour force and with a high working 
speed. The use of precision farming is spread and almost all the equipment 
used for the main operations, from sowing to mechanical weeding until 
harvesting, are satellite-guided. 

TUSCANY – DURUM WHEAT 2050
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• Pesticide-free agriculture is a possible long-term target, compatible with other
Green Deal objectives

• Many achievements already available and more challenging research to be done
on crop protection. BIOCONTROL has a huge potential and the whole cropping
systems and agricultural landscapes have to be tuned to exploit this potential. 

• High-throughput screening and testing required to offer more options and 
disruptive innovations (unlocking!)

• Upstream and downstream part of the supply chains must change in a 
coordinated way.

• Transition pathways have to be defined with local holders and must combine 
several domains. Farmer’s mindset and social representations

• Stable and committed public policies are critical (SUR, CAP)

Conclusions
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Thank you for your attention!


