G MICHIGAN STATE UNIVERSITY

Large-scale Multi-criteria Evaluation of Agroecological
Strategies with the STICS Model

Mathieu Delandmeter, Bruno Basso, Jérome Bindelle, Benjamin Dumont

Basso Lab
Dept. Earth and Environmental Sciences
Michigan State University

- paur p LIEGE université
"\ ¥ Gembloux
Agro-Bio Tech

MICHIGAN STATE
Basso Lab UNDY ER S TY

1’]’,
e
Sl

Crop Science

) [ ]
¢ LIEGE université
vasr i INRA2
Agro-Bio Tech |\ &

XIVih STICS seminar, 17-19 March 2026, organized by ULiege-GxABT & INRAE



Modelling agroecology
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13 Principles

(INCREMENTAL)( TRANSFORMATIONAL )

LEVEL §

Rebuild the global food system so that it is
sustainable and equitable for all

LEVEL 4

Re-establish connections between
growers and eaters, develop alternative
food networks

LEVEL 3

Redesign the whole agroecosystem based
on ecological processes

LEVEL 2
Substitute alternative practices and inputs

LEVEL 0

No agroecological integration
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1. Cropping systems design 4. Cropping systems comparison
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Tillage and crop residue management
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Grazing intensity in crop-livestock systems =

nnnnnnnnn

10cm 20cm 30cm 40cm Ungrazed

" Sowing in Nov

N fertilization 2x (May-June) [(+)

.» Sowing in April-May

- $
UFRGS



At the field scale f& MICHIGAN STATE UNIVERSITY

Grazing intensity in crop-livestock systems P
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Grazing intensity in crop-livestock systems
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A gradient of increasingly complex crop rotations
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A gradient of increasingly complex crop rotations
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Trade-offs and synergies
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Trade-offs and synergies
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Agronomy for Sustainable Development (2026) 46:11
https://doi.org/10.1007/513593-026-01084-z

RESEARCH ARTICLE

Designing crop rotations to support sustainable and healthy diets

Crop rotation
Caroline De Clerck’ - Tom Desmarez? - Mathieu Delandmeter®© - Paulo César de Faccio Carvalho® -
Cereals oo Benjamin Dumont? - Jéréme Bindelle*
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Behind crop yield evolution, crop stresses...

Yields
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1. Characterize 3-month periods as being normal or
moderately/extremely dry or wet, relatively to historical
climatic conditions

2. Characterize the yield according to the period preceding
flowering or harvest

3. Compute the average yield under normal climatic conditions

4. Compare yields under extreme climatic conditions versus
normal conditions = the resistance being the ability to
maintain productivity near normal levels




At the “food system” scale
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Increasing the scales

Coupling STICS
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e Redesign STICS to improve its efficiency to conduct large scale
simulations = minimize redundancy

* Improve the SOC dynamics to simulate contrasting tillage
practices

SOC outputs for each layer, or even for each 5 cm-layer
Mineralization, compaction, fragmentation

Dynamic water retention parameters (hccf, hminf), recomputing
pedotransfer functions each year with SOC as input
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e Redesign STICS to improve its efficiency to conduct large scale
simulations = minimize redundancy

* Improve the SOC dynamics to simulate contrasting tillage
practices

* SOC outputs for each layer, or even for each 0-5 cm layer

e Mineralization, compaction, fragmentation

* Dynamic water retention parameters (hccf, hminf), recomputing
pedotransfer functions each year with SOC as input

* Improve the animals grazing simulation
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e Redesign STICS to improve its efficiency to conduct large scale
simulations = minimize redundancy

* Improve the SOC dynamics to simulate contrasting tillage

practices
* SOC outputs for each layer, or even for each 0-5 cm layer
e Mineralization, compaction, fragmentation
* Dynamic water retention parameters (hccf, hminf), recomputing
pedotransfer functions each year with SOC as input

* Improve the animals grazing simulation

* Always push further towards the simulation of agroecological,
complex systems
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More information?

Science of the Total Environment

CROP DIVERSIFICATION AND CROP-LIVESTOCK

SYSTEMS ENHANCE CL'MATE CHANGE Combining field s and process-based o SRV P T T
modelling to analyse soil tillage and crop residues
ADAPTATION AND MITIGATION management impacts on crop production and carbon L)
balance in temperate areas Integrated crop and livestock systems increase both climate change e
adaptation and mitigation capacities
Mathieu Delandmeter' © | Gilles Colinet’ | Jérome Pierreux’ | Jérome Bindelle* Mathieu Delandmeter ', Paulo César de Faccio Carvalho°, Carolina Bremm ",
Carolina dos Santos Cargnelutti *, Jérome Bindelle, Benjamin Dumont
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