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Agroecology and GIAHS

Jean-Francois Soussana

INRA, Paris, France

Agroecology and the Globally Important Agricultural Heritage Systems (GIAHS)

How can innovative systemic approaches contribute to sustainable development?

Agricultural heritage in France:
landscapes, plant and animal breeding, food products, 

land tenure and rural societies

The Four Seasons

Saumur, Jean 1er Duc de Berry, 1411-1416 A.D.

French agricultural heritage landscapes

Transhumance: Cévennes

Lubéron : lavander‘Mosaïque des climats’ Burgundy vineyards

Canal du Midi
Transhumance (animal mobility)

Causses

Agricultural heritage food products in France
ca. 10% of cheese, 46% of wines, fruits, olive oil, etc.

20 billion Euros sales in 2015
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Agroecology: managing the agricultural cultural heritage

Facilitation, niche 
complementarity,  
Root symbioses.. 

Recoupling

C-N-P cycles (eg. crop-livestock-integration)

Reduced
emissions
per unit 
landSystem 

diversification

Heterogeneity in

space & time Balanced
ecosystem
services

Reduced external inputs
Increased resilience to pest & diseases, and to climat ic hazards

Increased on-farm labor
Increased biodiversity and ecosystem services

Reduced GHG emissions per unit land (not necessarily per unit product)

Functional
diversity

Ecological
infrastructures

� Agro-ecology: ecologically grounded production systems fitted to 

local conditions (e.g. Gliessman et al., 2006)

� Agroecology would: 

� Reduce dependency to external inputs and increase resilience to climatic and 

sanitary hazards,

� Share land between production and other ecosystem services, diversify food 

products and diets,

� Increase or preserve labor in farms (smallholders) and in rural areas. 

� Agroecology can develop through participatory research supported 

by  advanced knowledge of ecological processes in agriculture and by 

dedicated technologies (e.g. bio-control, soil biota indicators, etc..) at 

field and lanscape scales

� However, it requires capacity building, dedicated tools and extra-

monitoring time,  reorganization of up- and downstream industries.

Agroecology (land sharing) paradigm
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Technologies

Politiques publiques

Coordination acteurs

Formation, Outils

Conception participative

Research on agroecology in France

� INRA and CIRAD have a joined strategy on 

agroecology (see leaflets).

� In France, already in 2013, more than 100 examples

of participatory research involving INRA were

discussed during a workshop

Sunflower – Soybean
mixture

Triticale – bean
mixture

Durum wheat – Pea mixture
Increasing crop diversity

(Justes INRA Toulouse)
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Genetic diversity and 
root symbioses

Legume genetic diversity is used for 
breeding and increasing biological N 
fixation with pulses and forage 
legumes. 

Crop rotations with legumes emit less
N2O in long-term field trials than control 
monocultures. 

Service plants (e.g. Allium sp.) develop
mycorhizae colonizing the root systems
of crop species such as tomato.

Inoculation with Azospirillum enhances
root branching and nutrients uptake

Restoring soil biology, organic matter and fertility

Soil quality is monitored on a 

regular (16x16 kms) grid at 

national scale. Total soil DNA 

content, which is an estimate of 

biological activity, is controled by 

physico-chemical factors (e.g. soil

pH) and by land use with lower

DNA contents in arable crops

compared to grasslands and 

forests.

Agroecology restores soil biology and 

fertility e.g. through reduced tillage, 

increased use of legumes, cover crops

and species rich crop rotations. This 

favours soil carbon sequestration , 

water and nutrients retention and 

resilience to climatic variability.

Soils act as nutrients banks with

cellulolytic fungi that would control C:N 

stoichiometry through the priming 

effect

MANAGING LANDSCAPES AND WATERSHEDS

Modeling the epidemiological incidence for rust of contrasted

spatial arrangements of  wheat cultivars.

Generalist rust strains are impaired by a spatial mix of cultivars 

with contrasted resistance genes (Petit, Lannou et al.)

Functional

diversity

Ecological

networks 

Phenotypic

plasticity

Adaptation 

Evolution

Landscape

ecology

Stoechiometry

Population, meta-community, ecosystem

Theories and concepts derived from ecology

support the design and management of 

agroecological landscapes. 

Restoring wetlands and woodlands buffers strongly reduces pesticide loads

from drained fields and improves donwnstream water quality

Mixing grasslands and diverse arable crops

provides a sustained resource for pollinators

throughout the year

Buildup of ecological services (pollinisation, soil and water

conservation, plant and animal health, …) based on

negotiated agreements across stakeholders sharing a

‘territory’

Biodiversity conservation and ecosystem services

• Grazing exclusion at flowering peak can double butterfly populations in cattle-grazed 

‘intensive’ pastures

(Farruggia et al., 2012)

• Collective landscape management based on coordination among farmers balances 

milk production and conservation of shorebirds (Sabatier et al., 2010, 2014)
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Integrated management of animal health

- Mobilizing the adaptability of animals (prevention)

- Select animals adapted to their breeding environment

- To climate, e.g. heat (small size, low fat, high urine N content)

- To feed restrictions (mobilization of reserves

and compensatory growth)

- To parasites (trypano tolerance, ticks, digestive strongyles)

- Using the principles of ecology to manage host-pathogen interactions

• Adapt practices to reduce susceptibility to pathogens, e.g. disrupt

host-pathogen cycles by altering the distribution of animals

in space and time (Cabaret, 2007; Prache et al., 2011)

• Use of bioactive plants, (e.g. common sainfoin, Onobrychis viciifolia)

to reduce the infestation of small ruminants by digestive strongyles (Hoste et al., 2006)
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Objectives

Assessment

Baseline 
system

Knowledge

Design

Most promising
systems

Framing the 
assessment

Target results
of the system

Initial 
diagnosis

Description of 
the baseline

system

Impacts of 
practices and 
technologies

Stock-take of 
technologies 
and practices

Selection and 
integration of 

practices 

Agricultural 
systems co-design

Performance 
indicators

Multicriteria
assessment

Participatory farming system design

(Reau et 

al, 2012)

Thank you for your attention!

Agroecology and the Globally Important Agricultural Heritage Systems (GIAHS)

How can innovative systemic approaches contribute to sustainable development?


