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• Landscape ecology, the right scale for Agroecology? From
simplification to complexity
• Biodiversity and ecosystem services : Redevelopment/
redistricting/ redesign of the plots and AEI, (AgroEcological
Infrastructure)

• Ecology and landscape as tools for a resilient and
sustainable agroecological food system in the Eco-regions
projects.

Diversity of farming systems around the world

Landscape ecology, the right scale for Agroecology? From simplification to complexity

Industrialization of agriculture and simplification
paradigm
The intensification and industrialization of
agriculture over the past 70 years and the
homogenization of landscapes has led to the
erosion and destruction of a large part of
terrestrial biodiversity by :
Reduction of the number of cultures,
Shortening the rotation,
Genetic uniformity of cultures,
Simplification of farming methods,
Disappearance of hedges, IAE, ...
Massive use of phytosanitary products,
etc.

Negative effects on
cultivated and
associated
biodiversity

Landscape ecology, the right scale for Agroecology? From simplification to complexity

--Agriculture has take very little
advantage of natural ecological
services;
- Substitution by chemical
inputs (pesticides, fertilizers)

- Intensive agriculture and
homogenous landscapes favor
the development of populations
of bio-aggressors of crops.
This is explained by a great
disturbance of the habitats and
a great homogeneity of
agrosystems.
These negative effects are
particularly observed in
simplified landscapes that can
not play a role of biological
reservoir (tank)

Erosion of biodiversity

The three components of an agricultural
territory are characterized by:
The agricultural matrix, which is
comparable to the landscape mosaic formed
by land use,
The tasks /( dispersed area) that represent
different environments of the matrix (wood,
pond, natural meadows ...)
The corridors, which are linear elements
different from the matrix, which connect the
tasks between them (hedges, ditches, rivers)

The tasks ensure a heterogeneous environment in the landscape and offer a
greater diversity of species the opportunity to settle there.
They are crucial for preserving biodiversity, provided that they are connected,
well distributed in space, well maintained, of high quality. This, ultimately
determines the biological richness of a landscape.

The landscape mosaic is therefore a decisive element for the preservation of
biodiversity in agricultural areas on a territorial scale.
It mitigates the negative effects of intensification at the plot scale through the
percentage and composition of the semi-natural elements present,
connectivity and habitat quality.
These compensation effects are only exerted in sufficiently heterogeneous
landscapes.

The improvement of the ecological services of agrosystems is based on the
complexification of spatial structures, the edges of fields and parcels/plots at
the scale of the landscape
- De-intensification of cropping systems through the reduction of pesticides
and mineral fertilizers,
- Simplified soil work,
- Introduction of long and diversified rotations,
- Use of a wider range of species and cultivated varieties
- Preservation of genetic diversity.
- Installation of AEI to facilitate the operation of the ES,
Etc.

Biodiversity & ecosystem services :
Redevelopment/ redistricting/ redesign of the plots &AEI. (AgroEcological Infrastructure)

The geometry of the environment and the effects of
neighborhood are factors controlling the presence of
individuals of a species and the dynamics of the
populations because the displacements and dispersions
of species are key processes of the ecosystem services
related to the structure of landscape.
Each of these elements provides one or more functions,
the whole is a coherent of the ecosystem.
As a result, agro-ecological infrastructures (hedges,
groves, selvedges, isolated trees, field borders, etc.) are
essential components of the landscape.
They provide various functions including providing habitat
for wildlife present on farms, they are also permanent
breeding sites, feeding, hibernation for the species
present.

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

These landscape components have effects on the abundance and richness of species
with strong interactions on the structure of the agricultural parcel and especially on the
mode of land use.
The landscape becomes the level of organization of the ecological systems superior to
the ecosystem which is characterized essentially by its heterogeneity and by its dynamics
governed partly by the human activities,
Its size varies in this context from the hectare to a few km2.
The mesh specific to the mosaic and its networks constitute the landscape pattern.

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

Research and collective
expertise (ESCo /
2000 scientific
bibliographic references
analyzed) show the
margins of technical
maneuvering, the levers to
integrate so that
biodiversity is an essential
component associated
with agricultural
production activities with
the aim of mutual benefits

EFESE-EA
NutriNet
BioBio
ESCO
Projet Z
Ecophyto

• The concept of biodiversity management has
developed over the last 10 years (2008, Le Roux
& al)
• Beyond particular species, heritage, it highlights
the ecological functions provided by
biodiversity.
• Issues at the level of eco-systemic service
packages provided by biodiversity and their
ecological, economic, social and cultural
benefits for human activities, particularly in
agricultural systems and landscapes.
Importance of ecosystem services provided by
biodiversity at the landscape scale for robust
production systems -resilients

Change of scale to understand
biodiversity and agro-ecosystems.
From the plot, to the landscape, to the
territory.

2-spatial
organization of
IAE on the farm

1-agricultural
occupation of the
territory

1- Occupation of
the agricultural
area of the holding

3agroecological
infrastructure
management

2- spatial
organization of
AEIs,
agricultural
landscape

5-management
of permanent
grasslands

4-crop
management

Example of the BIOTEX
multicriteria evaluation of
ordinary biodiversity in
farming and mixed farming
systems / Cf. Casdar INDIBIO

Cf. INRA/Carrefour des innovations agronomiques, ,Avril 2019

EFESE, EcoSerV – French valuation of the ecosystem and EcosystemServices

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

Greater specialization of territories, some
dedicated to protecting biodiversity and
others
to
intensive
agricultural
production

- biodiversity has been given
technical, economic and
social dimensions by services
rendered to activities and
actors.
- For agriculture biodiversity
is understood as a "natural"
compartment
(species,
habitats)
with
which
agriculture
is
closely
associated.

Conservation of biodiversity in agricultural
areas through the promotion
of
alternative technologies
Much better integration of biodiversity
into agricultural production processes
based on eco-systemic services packages:

Three
scenarios

- Proposal of new prototypes of
agricultural models that break with the
model of conventional and industrial
agriculture
- Reconception / design: more resilient
strategy
- Get rid of fossil fuels and chemistry
Better behavior regarding climate change.
- A larger set of innovations

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

In this 3rd scenario, which can be a model adapted to ecoregions; Eco-systemic biodiversity
services cover a broad spectrum of factors that contribute to the farm income :
1- the output and quality of productions:
- biotic diversity and inter-species associations allow for functional complementarities,
particularly in the case of legume / cereal combinations.
- Legumes are provened to be a stimulant of herbivore appetite for production.
- The presence of certain floristic species can also have a beneficial effect on the health of
the animals as well as an effect on the improvement of the organoleptic characteristics of
the cheeses.
- These effects are particularly valued in organic agriculture AB and in biodynamics
(DEMETER).

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

2- biological control of pests and pollination:
- These ecological services can be significant for certain large-scale
crops (rapeseed), orchards, vines and seed vegetables.

- These services can reduce input costs and avoid management
bottlenecks in chemical control and loss of key organisms in pollination
whose functions can not be replaced by inputs.

For example :
Recent studies show how chiroptera contribute
to ecosystem services to agricultural activities
through the regulation of maize pests (Cf.
J.Maine & G. Boyles, USA, Illinois), and another
study shows the regulation of the processionary
plant pine by bats in a forest environment
(Cf. INRA 2014)
In the first case the experimental protocol
included 12 plots of 400m2, grown with a variety
of Syngenda corn and treated with a herbicide
(Glyphosate), mobile nets were arranged for
isolated overnight 6 bat plots.
The results show that patches inaccessible to
bats have a 56% higher corn worm damage rate
than bat-accessible plots with an unexpected
effect :
 fungi were 40% higher on artificially
maintained bat bunches, highlighting their
indirect beneficial effect.

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

3- Intra-plot diversification can explain the positive impact of biodiversity in
agricultural production processes. There are four types of mechanisms on which
agriculture can rely to benefit from the services provided by the present
biodiversity:
The more species / varieties, the
more likely that one of them is
particularly adapted to local
conditions. They will see their
frequencies increase in space and in
the community, leading to overall
productivity growth.

Sampling and selection effect

Complementarity of acquisition

Facilitation / synergy

Different species /
varieties use
resources in
distinct ways in
time or space

Redundancy between species / varieties

Assures a given function in the community,
maintains this function when stress penalizes some
species / varieties and thus stabilizes production.

Different species
/ varieties can
interact
positively, and
allow better use
of resources

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

4- the quality of the landscapes for a better functioning of the agro-systems:

These organisms need semi-natural spaces to ensure their survival and their
reproduction, the benefits mentioned thus depend on the preservation of the
landscapes being able to shelter populations "sources" (Schneider & al 2014)

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

5- Soil fertility: Services related to the functioning of ecosystems are also closely
linked to the physical stability of soils and their fertility via microbial activity and soil
microfauna.
The work in molecular biology has led to a better understanding and better
description of direct trophic links and complements biochemical, isotopic and
imaging approaches to reconstitute trophic links .
Artificial intelligence methods allow the reconstruction of interaction networks from
the analysis of the co-occurrence of organisms present in the soil.

Biodiversity & ecosystem services : Redevelopment/ redistricting/ redesign of the plots &AEI.
(AgroEcological Infrastructure)

These methods make it possible to describe the networks of interactions between
plant communities and pollinators, between plants, pests and natural enemies
(Pocock et al 2012), or between components of soil biodiversity (Moriën & al 2017).
This new access to the characterization of interaction networks modifies our
perception of biodiversity by revealing the complexity of interdependencies
between different biological components and compartments of the agroecosystem.

Landscape types-Soil and carbon storage

According to the study "Storage of carbon in French soils" -cf. INRA; June 2019. Several types
of practices promote carbon storage to combat climate change.
Forest ecosystems have a particularly high storage rate in case of recent afforestation of low
initial soil (old cultivated soils) average value of 240kg C / ha / year
Grassland ecosystems
long-term (permanent) are also characterized by storage (+ 50kgC / ha / year)
Ecosystems of field crops (including temporary meadows and perennial crops with an
average storage of 51.6tC / ha in field crops). The storage is favored by the passage in direct
seeding, the establishment of the extension of intermediate crops without exporting the
biomass produced whose effect is well established in the scientific literature,
The increase in the proportion of temporary grasslands in crop succession by extending
their duration.
The development of intraparcellar agroforestry by planting tree rows (harvested at age 50),
The planting of hedges on arable land around parcels or blocks of parcels of at least 8 ha.
Grassing inter-rows in vineyards …

*Strengthening the typology and mosaic of the
landscape
* Increasing biodiversity
* Increased carbon storage

CONCLUSION
These research works show that the
ecosystem services rendered by
biodiversity to agriculture:
have references to complex phenomena,
spatially dependent,
which can not be apprehended only at the
scale of the plot, but at the scale of the
landscape.

- Highlighting the crucial role of the
spatio-temporal configuration of
managed cover crops (crops, agroecological infrastructure and
associated plant biodiversity), which
directly determines the level of
provision of ecosystem services
- 11 to 14 biological regulation services
studied from the plant to the
landscape (CICES)
- The long-term biological and
agronomic monitoring of landscape
networks has made it possible to
better understand these complex
relationships and to show the
suppressive nature of landscapes for
diseases (Papaix & al 2018) in order to
highlight the notion of
multifunctionality of the landscape.
(Vinatier & al 2016).

This work show the interest to strengthen the mobilization of landscape and territorial levers
for the provision of ecosystem services.
It is therefore a matter of designing and evaluating the combined effects of coherent farming
systems at nested spatial scales.
The installation, at several scales, of an effective planned biodiversity in the sense of its direct
roles and its ability to favor wild biodiversity, ensuring the essential functions is a very specific
lever for agro-ecosystems.
Ecosystem services of biodiversity respond to environmental parameters on which
farmers (via farming practices) and other landscape managers can intervene to
maintain or increase the level of ecosystem service packages.

Ecology and landscape as tools for a resilient and sustainable
agroecological and food system in the Eco-regions projects.

Ecology and landscape as tools for a resilient and sustainable
agroecological and food system in the Eco-regions projects.
• A Bionutrinet study conducted by a consortium of French research organizations
published in the American Journal of Clinical Nutrition assesses the environmental
impact of different diets:
Crossing of several databases and from Dialect which gathers 2300 farms, half of them
in organic farming :
- These results confirm that organic is the least environmentally damaging model for
human health.
- The GHG footprint of large organic consumers is 37% lower than conventional
consumers,
- The surface area of -23% (bio and its consumers are therefore able to feed a larger
population and not the other way around)
- For energy the drop is 26%.
In conventional agriculture, the footprint of animal products in food accounts for 90%
of GHGs and 90% of occupied land
• This work show that the transition to organic must be done in conjunction with a
transition to more plants.

Ecology and landscape as tools for a resilient and sustainable
agroecological and food system in the Eco-regions projects.
- Strategies for integrating biodiversity into agriculture

=

- Search for trade-offs and synergies that are conceived at the landscape level,
according to local ecological and agricultural conditions.

Ecology and landscape as tools for a resilient and sustainable
agroecological and food system in the Eco-regions projects.

Perspectives for the projets of
Eco-Régions
• Imperfect knowledge of agriculture
and biodiversity relations and the
difficulty of assessing them with a
standard adapted to the different
scales of the landscape and the
territories, with regard to the different
objectives set by international
commitments, suggest that it is likely
that the scale of Ecoregions could be a
useful lever to remove obstacles and
define public action instruments that are
satisfactory in the light of current
challenges.

• In fact, the preservation and
management of biodiversity, the
complexification of landscapes and the
balance of ecosystems for efficient
ecosystem services involve varying
levels of governance in the context of
European or national public policies or
through regional and local initiatives.

Ecology and landscape as tools for a resilient and sustainable
agroecological and food system in the Eco-regions projects.

The temporal dimension
(duration of the device)
and spatial dimension (the
territory as an ecologically
and socially relevant level
of organization) are key
components for the
efficiency and the
deployment of measures
for the protection of the
environment and
contribute to their gradual
improvement

Ecology and landscape as tools for a resilient and sustainable
agroecological and food system in the Eco-regions projects.
The territorial level on which the ecoregions are deployed could:
- integrate and compensate for the dispersion and instability of protection and conversion
systems and the difficult compatibility of the different objectives of the CAP (commun
agriculture policies).
- make direct forms of recognition through labeling that could be side by side with indirect
forms of CAP support, with the introduction of a payment for service.
- Integrate biodiversity at the landscape scale as a lever for the deployment of ecosystem
services in agriculture but also as levers in local public policies that play other roles in local
development (agrotourism, agricultural and cultural landscape interpretation trails , wellbeing, etc.) and preservation of water resources, protection against erosion and
eutrophication.
- Strengthen policies favoring carbon storage to fight against global warming

Thank you for your attention
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