
HAL Id: hal-04373419
https://hal.inrae.fr/hal-04373419v1

Submitted on 5 Jan 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A functional ecology approach to co-design crop
mixtures

Malick S Ouattara, Raphaël Paut, Muriel Valantin-Morison, Safia Médiène

To cite this version:
Malick S Ouattara, Raphaël Paut, Muriel Valantin-Morison, Safia Médiène. A functional ecology
approach to co-design crop mixtures. Towards Pesticide Free Agriculture, INRAE, Jun 2022, Dijon,
France. �hal-04373419�

https://hal.inrae.fr/hal-04373419v1
https://hal.archives-ouvertes.fr


June 02 and 03, 2022 European Scientific Conference - Towards Pesticide Free Agriculture

European Scientific Conference
June 02 and 03, 2022 – Towards Pesticide Free Agriculture

A functional ecology approach to co-design

crop mixtures
Malick OUATTARA, Raphaël PAUT, Muriel VALANTIN-
MORISON, Safia MEDIENE



June 02 and 03, 2022 European Scientific Conference - Towards Pesticide Free Agriculture
p. 2

Why to promote a biodiversity-based agriculture ?

To increase ecological, 
biochemical and physical 
processus involved in plants 
natural defence mechanisms

But, many combinations 
between species are 
possible (Verret et al., 2020)

And little is known about 
how to mix species (and 
varieties) to provide 
ecosystem services

Ehrmann and Ritz, 2014
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Need to produce knowledge and tools to help design crop mixtures 

Empirical Knowledge

Scientific Knowledge

Functional Ecology

Service

Trait 1

Trait 2

Function
(ecological)  1

Trait 3

Soil, climate and 
agricultural practices

Function
(ecological)  2

Classification of species mixtures according 
to their capacity to provide the expected 
services in the local production context 
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First outputs of the EcosysteMIX prototype
Online interactive database on crop mixtures: https://umr-agronomie.shinyapps.io/EcoSystemix/ 

Crop mixture network
here, for the service: 
« weed regulation » and 
the crop « wheat »

ID card of a crop mixture (ex: wheat/pea)

General overview

Pault et al., 2021

Ajouter nombres d’espèces ou de 
mélanges de la database
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Workshops with practitioners and 
scientists to share knowledge on 
plant mixtures
5 ecosystem services:

Nitrogen recycling
Weed regulation
Pest regulation
Disease regulation
Production provisioning

Generic and functional representation of crop mixtures

Simultaneous cultivation of 2 or more species in the same plot
during a significant period of their cycle (Willey, 1979)
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Output of a workshop
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Increase the competition of the 
mixtures towards the weeds

Avoid weed germination 
and establishment

Spatial soil occupation

• Root density
• Root depth
• Root growth rate
• Nitrophilous (N 

requirement per kg/MS)
• Need in PK
• NDFA
• Water requirement

Sowing date 
Insertion mode
(synchronous vs asynchronous)
Sowing arrangement
Fertilization

Initial soil nitrogen
Weed types

Level of infestation 
year y-1

Water and nutrient 
absorption capacity of the 

crop mixture

Favouring the competitiveness 
of crop mixtures for light 

interception

• Height
• Leaf angle
• Growth rate 
• SLA or LAI
• Growth habit
• Biomass production 

potential

Temporal soil 
occupationAllelopathy

• Growth rate
• SLA or LAI 
• Biomass production 

potential
• Growth habit

Difference between the 
length of crop cycles 
(coexistence period)

Ability to produce 
allelopathic compounds

Tillage frequency

Residues 
management

WEED REGULATION IN CROP MIXTURE

Initial soil nitrogen
Weed types

G

Plant traits

Agricultural practices

Environnemental conditions

Functions
Meta-functions

Level of 
infestation 

year y-1

Generic and functional representation of crop mixtures
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Favouring the 
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mixtures for light 
interception
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Symbiotic fixation 
of N2

Crop residues 
mineralisation

Reduce nitrogen 
leaching losses

Reduce nitrogen 
losses by volatilization

Reduce nitrogen losses 
by denitrifaction

Improve soil N 
uptake

Mycorhization

Activation of the 
biological activity

Nitrogen recycling
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Limit the spread of 
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Limit egg-laying and 
housing of pest larvae

Dilution of the trophic 
resource available for 

pests
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Pest repellency

Disturbing the visibility 
of the host plant

Massive trapping of 
pests
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Barrier effect

Dilution effect

Splash effect

Microclimate effect

Pressure of inoculum

Reduce severity

Promoting the resistance 
of species
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Toxic effect on disease

Breaking the cycles

Reduce weed (source of 
innoculum)

Pest regulation Disease regulation

Main functions involved in 4 ecosystem services
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Validate and quantify the functional 
relationships Traits/Functions/Service

Qualitative hierarchical multi-
attribute model (ex. Dexi)
Knowledge elicitation (workshops, 

interviews, surveys)
Litterature / Database/experiment

Assembly rules of traits in crop mixtures

Next steps

in Loranger 2015, from de Bello et al., 2013

Craheix et al., 2015
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Thank you for your attention!
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