N

N

Activités de recherche a ’unité de recherche INRA
LAE : pratiques agricoles, biodiversités, services
écosystémiques et évaluation multicritere
Christian Bockstaller

» To cite this version:

Christian Bockstaller. Activités de recherche a 'unité de recherche INRA LAE: pratiques agricoles,
biodiversités, services écosystémiques et évaluation multicritere. Conference Thiinen Institute of Bio-
diversity, Feb 2019. hal-02789064

HAL Id: hal-02789064
https://hal.inrae.fr /hal-02789064
Submitted on 5 Jun 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.inrae.fr/hal-02789064
https://hal.archives-ouvertes.fr

L
LI

]!

UNIVERSITE
DE LORRAINE

RN
(]l |}
>

=] N

Conference
Thinen Institute of Biodiversity

Overview of research activities at the INRA
research unit LAE on: management, biodiversity,

ecosystemic services relationships
& multicriteria assessment

Dr. habil. Christian Bockstaller

IQborQTore
( ome et

February, 18t 2019



Presentation purpose and outline

* Purpose: overview on the research in the LAE
unit
* Future collaboration between Thuenen Institut und
LAE?
* QOutline
* Short presentation of INRA
* Short presentation of the LAE
* Overviewe on the reseach in the LAE unit

- Some zooms on topics




The INRA : short presentation

* Created in 1946

* From the scientific support to the
modernization of agriculture (50-70s) ...

to a research institute of high level (80s-
90s)

* Agriculture Environment and Food

« 2 institute in the world for publications
in agriculture sector




The INRA : some figures

* INRA = Institut National de |la
Recherche Agronomique

* Depends on Research and
Agriculture Ministries

* 7903 permanent employers (1850
researchers)

* 13 research divisions
(e.g. Environment & Agronomy)

* 17 research centres (e.g. Grand-Est
Colmar)

250 research units and 45
experiment units




Some recent results and orientations

* Responses to climatic and pathogen threats differ in
biodynamic and conventional vines (Soustre-
Gacougnolle et al. 2019 Nature Scientific Report)

* In the Alsace region

* Organic food and cancer (Baudry et al. 2018 JAMA)
* -25 % cancer

» Zero pesticides Zero glyphosate
* The Ca-Sys platform at the experimental farm of INRA Dijon
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The Agronomy & Environment Laboratory (LAE)

* 1975: Created by Pr. A. Guckert at ENSAIA Nancy
* ENSAIA: one of five “Grandes Ecoles” in agriculture science

* 2001: Joint Research Unit (UMR) with INRA Colmar
* 2018-2022: new five years project after evaluation by HCERES
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29 permanents (20 full time) | _° ,
17 UL - 12 INRA (57%/43%) - q
9 EC, 1 PREM, 2 C, 6Ing, 2 Al Director: Dr. habil. Christophe Robin

" 3
6 techniciens et 2 GU

H
2 HER Deputy director: Dr. habil. Olivier Therond 1

9 Temporary }_J
1 ATER 2 SAT -~
D +

6 Doctorants +2 AGRICULTURES Lu-u.mu:.sll 7/ >
2 & 5 Post-Docs ey S

AGriculture, blodiversity, Ecosystem AGISEM Plant

Services, & Multicriterai Evaluation Secondary

metabolism

Common service
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The team & scientific disciplines

Permanents UL-INRA

" N
Claude GALLOIS Francoise LASSERRE- Helmut MEISS
ADT - UL JOULIN MC - UL

MC - UL

Aimé BLATZ  Christian BOCKSTALLER Gaél CARO
Al - INRA IR - INRA MC - UL

ox P PR: Professor

MC: assistant prof
IR: Research engineer
Al, TR: Technical support

D Sylvain PLANTUREUX Séverine PIUTTI

Nadia MICHEL Alice MICHELOT  Erédéric PIERLOT Anne POUTARAU
MC - UL MC - UL MAST - UL IR - INRA PR - UL MC - UL Agronomy
P\ N Agroecology
Community
ecology

Microbial ecology

Chantal RABOLIN- Sophie SLEZACK- Christophe SCHNEIDER Jodie THENARD  QJivier THEROND Jean VILLERD
MEINRAD DESCHAUMES TR - INRA TR - INRA IR - INRA IR - INRA
AL- INRA MC - UL
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Context & research goal
Production & resource conservation
Agroecology = N

(A research priority, French agriculture project)
>
2J%

= INRA

SCIENCE

QO et
Assessing ES & understanding their determinism

Management X soil _ Biodiversity

Maximisation of ecosystem services (ES)
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Structuration of the research project

Axis 1
Knowledge and

understanding of

N !

N
Available data and
knowledge

|

Indicators

AXIS 2
Indicators

and multicriteria (integrated)
NRA (T 5’@ assessment
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Presentation of Axis 1

Axis 1
Knowledge and

understanding of

N !

N
Available data and
knowledge

w

=INRA  @ummm Qe
slewol(ef]
et




ES: conceptual framework and ES studied

Knowledge

= 5 Process - Capital N
s £ S 3 2
5 8 7 O\ EE = ks
v O ¥ Ecosystem U>)\.9 O }=’
T 2 2O - 5 &5

© = = 0 < Q
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el clements

(EFESE study Therond et al. 2017)

(Goods production) o
Production, income Farmers
-Iinati on Biodiversity Society

Biological regulation {

Pest regulation

Decrease of inputs, Farmers
production, income

eral fertility Decrease of impacts Society
Services linked to soil (N,S)
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Presentation of Axis 1

Structural
elements

Forage }
value




Management and value of permanent grassland

Understanding of grassland functioning ﬁ e\
(management-soil-climate-plants) + impact assessment &

A

National typology (2012) Sward (piantureux et al. 2014 EGF)

http://www.multisward.eu

EU FP7 2010-2014

. 2 years monitoring

+~ 7, of 60 grasslands
~ 1 Grass production
i Feed value
Al - 0K’ ' Animal health value
Regional (Vosges) | J=" B Production costs
PhD of Geoffrey Mesbahi | : === Plant biodiversity

Vi + Survey of famers

Decision aid tool .. . . . . . expectations

eFLORASsys: http://eflorasys.univ-lorraine.fr
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A new service studied: animal heath value

Animal health value: a way to
valuing low productive grassland
with high biodiversity?

Methodological
work on analyse
AGRICULTURAL Ao - of anti-oxydants
FOOD CHEMISTRY

State of art (Poutaraud et al. 2017 JAFC)

Grasslands: A Source of Secondary Metabolites for Livestock Health
Anne Poutaraud,*’T Alice I\/‘lich(-:lot-Antalik,§ and Sylvain Plantureux®

"Laboratoire Agronomie et Environnement, INRA, UMR 1121, Colmar, 29 rue de Herrlisheim, F-68021 Colmar Cedex, France
$Laboratoire Agronomie et Environnement, Université de Lorraine, UMR 1121, 2 Avenue de la forét de Haye - TSA 40602, F-54518
Vandceuvre-lés-Nancy Cedex, France

ABSTRACT: The need for environmentally friendly practices in animal husbandry, in conjunction with the reduction of the use
of synthetic chemicals, leads us to reconsider our agricultural production systems. In that context, grassland secondary
metabolites (GSMs) could offer an alternative way to support to livestock health. In fact, grasslands, especially those with high
dicotyledonous plant species, present a large, pharmacologically active reservoir of secondary metabolites (e.g, phenolic
compounds, alkaloids, saponins, terpenoids, carotenoids, and quinones). These molecules have activities that could improve or
deteriorate health and production. This Review presents the main families of GSMs and uses examples to describe their known
impact on animal health in husbandry. Techniques involved for their study are also described. A particular focus is put on anti-

Just first results
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Presentation of Axis 1

Structural
elements

{ Pollination




Pollination at landscape level

Interactions management X landscape
on pollinators and pollination service?

a1=18.

PhD. Colin van Reeth (2017) study on 21 grasslands
- Complex effects of winter oilseed rape
- No data on management

Effect on the body size of a solitary Effect on % OSR on seed set of Cardamine

wild bee,Andrena cineraria (van Reeth et al. pratensis (van Reeth et al; submitted AEE)
2018 PlosOne)

Distance to OSR (m)
- <501 (N=11) . = ()
2201 =501 (N=10) .
— — 10,
= + = ® =
£ 2.15 g ®
~ - e *
(] @ ™ =
= w ] - =
- 2.10 P o
2051 ° T , , ,
‘ 0 10 20 30 40 50 0 5 10 15
= %WOSK

= Flower density (flowers.m™?)



Pollination at field level

Which relation between agriculture intensification and
“trait matching” mediating trophic interactions (Le Provost
et al. 2017)?

Agriculture intensification

?

v
Plants ~ Pollinators

Pollination

PhD Jérémie Goulnik (2017-2019):
- Study on 16 grasslands with a intensification gradient

__ - On all pollinator (dipterae included)
==




Presentation of Axis 1

Structural
elements

{ Pest

regulation WF




Pest regulation

* Effect of large beetles and not of size diversity on predation
(Rouhaba et al. 2014 EE)

* Effect of field margin vegetation (Rouhaba et al. 2015 AEE)

— Vegetation homogeneity and bare soil — Large species favoured
— Vegetation heterogeneity — Small species

* Ongoing experiment: effect of crop mixture on natural
enemies (ground beetles, hoverflies, etc.) in organic farming

- SEMIX project on the experimental farm (organic) of INRA at
Mirecourt

==INRA mee  [Oe
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Presentation of Axis 1

Structural
elements

Soll mineral
fertility (N,S)




Interactions plant and microbilal communites

| ‘I

Interactions plant traits and
microbial traits on N/S fertility

Effect of plant diversity on S Effect of crop type in the rotation and
mineralization (ARS activty) its root traits on microbial activity in
120 . .
g soil (Romillac et al., 2015 SBB)
% 100 |
"'_""- Pois Blé
[=] i
E 80 “
g = 60 - Systeme racinaire H Reésidus
E 40 7 <
%] ‘
< 20 ! ARDMC
\‘% ;E{z:?teur A longueur
E 0 - A%racinesfines
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Potential N mineralization of soil

Effect of management on potential
mineralization of soll

Postdoctoral work of Caroline Petitjean (2015-2017) CNIEL-IDELE

Management (tillage, meadows in the rotation, mineral N):
Indirect effect via effect on solil variables (e.g. C & N
content) and microbial activities
Negative effect on microbial abundance
Positive effect on microbial activity:

polyméres

R A et T it R R Bt i’ Nty

12 sites + 3 exploitations Slisiaiioitighrdsitioni
=119 échantillons de sols Réduction travail du sol

C-_’j Awlsulfufusesiﬁ —
T C_Aminopeptidase; Ve

wwwwwwwwwwwwwww

Oligosaccharides

R éééééééééééé

e —— JT eeeee

P . . 2
lucosidases

C_b-g D

Glucose Acides Aminés e i

Carbone minéral (CO,) Sulfate Azote minéral
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Presentation of Axis 2

N
Available data and
knowledge

|

Indicators

AXIS 2
Indicators

and multicriteria (integrated)
_'l::j: INM @umvsksné a\@? assessm ent
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The need of assessment/evaluation

The sustainability issue:
A "driving illusion?" (Lascoumes, 2005)

assessment

(Meynard et al. 2002)




The conceptual framework

Examples Synonyms
_ Environment Aspects, domain, pillar
Dimen-
sion
Criterion Biodiversity Attribute, component,
__impact category, issue,
- rlonste Prinepie, fheme
: Vascular :
Indicators Parameter, metric, proxy
plant
species
richness

Lairez & Feschet et al.,(2015), de Olde et al. (2016)

= w
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A typology of indicators

Management * - .
Soil * Climate Emission/state/impact

Abiltiy to trace

cause-effect
relationship
a

Predictive effect
indicator based on
complex model
M(Xy, ... Xn, P1,PK)

Predictive effect
indicator based on

operational model (e.g. Florsys) Meza.\su['ed
f © effect indicator
(Xg) wr Xp)
Causal indicators (e.g. DEXiPM-biodiverity) yi Y2
X1, X2 , X1/X2, X1-X2 (e.igr; cheaT;:sc;de
(e.g. % semi-natural area)
_ Integration
Feasibility of process

Each type for a given purpose

Z=INRA - @ |5’e (Bockstaller et al. 2015 OCL)




Example 1: pollination value of field margin




Weed predicted by
FlorSys model (COSAC

28, coloy, Indicator for bees, wild bees,

| - a d UV . .
fower. &’ bumblebee and hoverflies (syrphidae
—... Olg,-
q

Visual Visual
attractiveness attractiveness

1 1 1 1
Flower Flower Flower Flower
accessibility accessibility accessibility accessibility

— —1 | — ——— 1 —— —1

Reward Reward Reward | | Reward | | Reward Reward Reward | | Reward

S p— 10 9 5 25 5 25 2 1

Favourable Unfavourable

(Ricou et al. 2014, E/) | Aggregation of monthly species results on a field margin:
weighted mean by flower abundance, presence of
== ) Y . . . .
—IN?A - @umw 19 pollinator, flowering period and flower size

NCE & IMPACT loberatair




Evaluation of predictive quality

of the indicator

Total number of pollinators Total number of wild bees
vs. Indicator (bee) vs. Indicator (wild bee)
6 2o5arer| = C R%= 0,33 ***
‘*§ c . R*=0,54 g c
o9 . a
SEJ + 4 @ t./ g + 4
523 se 12T e K .
=5 P T 8 ‘o P 430 —
g _E 2 . o :0 . 25 2 . /’/M s * .
S = ] * =3 3o
>al ~# e — .
> Q g
S o I S 0ee B
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
Pollination value of field margin Pollination value of field margin

e Similar results for bumblebees and hoverflies

=INRA (Oum=w  Oe
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Example 2: Icarab assessing the predation

notential by beetles

Development stens:
Field data Entomophages project

Eimre« Foat+ et

Variables d’entrée Variablgs de sortie o BUFF COLZA> 26287
A £S5 -
I 28 B Y

™\
i ,/\10n auFe corEA 7
' Y
‘ LinHae < 16677
e N

BUFF colza<7,794 7

r'd

distance piége <=17.6?

™\

Y 4
= W it gs? 2009 cult_print_rgs ?
SR r'd

New knowledge and data  ARENA project
«
Rouhaba et al. (2015) |

12,72 (18/6,8523%)  1351(15/4,60%) 14,48 (241 14,19%)

Production of decision tree

Indicateur I,

. . prototype 0.1
Auximore projeci

Assessemepf Oy farget — Transformation in indicators
o users (agric CIVAM,
=INRA ACTA...))




To aggregate or not ?

Composite agregation discussed a lot

Pitfalls but also solutions

Outranking (e.g. Electre)
Decision tree (e.g. DEXi tool)

Fuzzy decision trees (CONTRA)

“We need both, non aggregated

indicators to analyse

= Aggregated indicators to

compare, decide

UNIVERSITE
DE LORRAINE

(Sadok et al. 2008, 2009 ASD

e o

= " Arbre de décision

Entrée de I'attribut (variable, indicateur, etc.)
« Echelle cuow s sammes decon

Fonction d'utilité : Regles de décision « si alors »

Utilisation de poids
ook srdems Ex : minimum 15 %) -Em

[ /4 [profabiit

14 [Subsidies
4 [Economic

"

Soil Aci
[Soil compaction e ]
[Phosphorus & Potassium Fertity

|Autonomy.

Economic incomes for

[Pysical & Chimical Soil Fertilty

Pest control
«‘#7 n
Weed control -

IPest and Weed Control

Economical

long-terme productive ({74 /5 3 i
ety Dimension

ary Quality

[Product Quality ™~

=

Contribution to

mergence of new supply chain

economic

contribution

upply of Raw material

of society

stem complexity:
‘echnical monitorin

13 [Physical Difficulties

21t [Surface Water [,y , [Pestcides
[ET5 7 [cround water losses 1, ,
U 4 [NO, Losses

i [phosphorus osses

|Operational difficulties

n

ira /5| Social Dimension
Expectation of farmers

I Water quality

N, Emissions
[N20 Emissions Jots s
esticides Emission

|Air Quality

of Toxical Elements.

"

erall

=4 sustanability

Environmental Quality

a3 4 [Dependancy on Water

fi3 5 [Energy efficiency

Energy Conservation

[#_27 |Phosphorus C: i

o7 [Fiying insects

72 [Soil macrofauna

|21 2 4 [Floristic diversit

Flora conservation

[& 27 [Soil micro-organisms

rganic Matter Content [o13 1a|oil Quality
il erosion
F3 4 [Dry Period iigation Needs e e
4 | Water Dimension

"

Abiotic Ressource.
Conservation

; Bockstaller et al. 2017 EMS)



The CONTRA method

EONTRA®

Construction Transparente d'arbre de décision

' i Vay lT |
* Based on fuzzy decision tree " L ]

! ! 0= ¥
F Sous-ensemble flou D F  ‘sous-ensemble flou D

entrée, des fonctions d'appartenance et de I'opérateur de calcul |

* Definition of input/output variables

Résultat

Nom abrégé variable d'entrée i .
variable sortie

Darralla PR ‘ Al

* Automatic creation of a decision tree ignedeLonglet entervaleur Restt”
. 5
o o » leurs des variables d'entrée de Ia ligne correspondante | I
* Transparent modification s et Troun ool
2,3806634 110 0 436

of the decision rules

Ybrut  scultat de I'indicateur et du degré appartenance au niveau "favorable” (favorable =1; défavorable =0)

GUS Appli PotLix Solu
. . 100 0,37 0,61
 Calculation for options : | - .
50 6,2
g RCeso

* Analyse of results/simulation

—INA - @mmn ICe (Bockstaller et al. 2017 EMS)
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Indicators and methods reviews

* Pesticide and Nitrogen indicators (Bockstaller et al.
2009, 2014)

* Biodiversity indicators (Bockstaller et al. 2011)
* INDIC database

* Access database
* 116 methods (e.g. INDIGO, RISE, SALCA), 6

reviews (e.g. Indic. N CORPEN 2006), 3044 Methods and Reviews Sheets
indicators (1786 environmental) DATA ON THE METHOD OR REVIEW
* Description of environmental indicators e

achieved (Thomas Delille, 2015 master thesis)

M | 4 |Addsheet P | M

'"‘;-—, INMA z |M
—INA - @ Qe
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A new analytical framework of farming system and agriculture

model diversities

‘E Integrated
‘ 8 landscope opprooches
E Biodiversity-based FS
b in alternative food system,
Agro-forestry E Integrated circular economy &
+CA +ICL o Food-Energy Systems collectively managed
Biodiversity-based FS multi-service landscape
Biodiversity-based FS in alternative food systems
in globalised commodity-| | | & circular economy
based food systems [ |
/o
Integrat ‘
p-Livestock Systems
= = - Territorial embeddedness
Relationships based on global market prices = .
Biological input-based FS
in circular economy
Biological input-based FS 3
in globalised commodity-based
food systems S oty g
'\.'\.:\’\»\gv‘
e |
o of |
3
Chemical input-based FS 4
in globalised commodity-based £
food systems £
g (Therond et al. 2017, ASD)
w

Ongoing PhD work of Manon Dardonville on the
. vulnerability/resilience of agriculture models according ths
= framework




The MAELIA platform

* G@Generic platform for integrated assessment and
modelling (IAM) of social-ecological systems at
territorial level (local to regional) for landscape
design/planning and management

* Representation of dynamics and interactions
between the 4 sub-systems of social-ecological
systems

* Agent-based architecture: autonomous human
agents with a representation of their biophysical
and social environment that drives their actions

—> Representation of specific individual
situations (e.g. farmer, dam manager)
with parsimonious modelling (AqgYield,
SWAT, etc.)

- Bottom-up model of emerging
properties/processes

o
=]
= 2

esource Governance
system (RS) system (GS)
)3

————— Outcomes (0) ——=—"—"

!

Related ecosystems (ECO) Ostrom 2009

Représentation

e

Communication

N

ommunication

C
Perception

Environnement

Ferber, 1995



http://www.sciencemag.org/content/vol325/issue5939/images/large/325_419_F1.jpeg

Description of decision rules for cropping
systems

maist_g_ter
mais*_g_ter|mais/ble_ter|mais*_s|CP/oleo_ter|

NOM_ITK_AFFICHAGE

IDS_SDCS [NA] . : . A
rotation_irr_ter|prairiet_ter|semence/X_ter|prairiet
ID_ESPECE [NA] maisTardif
IS_SEMIS [NA] o)
SEMIS_TEMPS [Ha/h] 1.8
SEMIS_NB_SOUS_PERIODES [NA] 3
SEMIS_DEBUT [iour] 79|100|141
SEMIS_FIN [jour] 99]140|161
SEMIS_JOURS_TMIN [jour] 71313
SEMIS_TMIN_MIN [degresC] 31313
SEMIS_JOURS_PLUIE [jour] 5(3]2
SEMIS_HAUTEURS_PLUIE_MAX [mm] 5/10|10
SEMIS_HUMIDITE_SOL_MAX (%] 0.9|1]1
SEMIS_EFFET_RUs [?] W1|W1|w1
SEMIS_OPERATEUR [NA] NA
IS_BINAGE_SOL [NA] (0]
BINAGE_TEMPS [Ha/h] 2
BINAGE_NB_SOUS_PERIODES [NA] 1
BINAGE_DEBUT ljour] 152
BINAGE_FIN [iour] 181
BINAGE_EchV_MIN (%] 0.6
BINAGE_HUMIDITE_SOL_MAX (%] 1
BINAGE_EFFET_RUs [NA] w1
BINAGE_COMMENTAIRE [NA] NA
IS_RECOLTE [NA] (0]
RECOLTE_TEMPS [Ha/h] 3
RECOLTE_TEMPS_INTERNE NA (0]
RECOLTE_NB_SOUS_PERIODES [NA] 2
RECOLTE_DEBUT [jour] 275|305
RECOLTE_FIN liour] 304|324
RECOLTE_ECHV_MIN [mm] 2.6]2.2
RECOLTE_JOURS_PLUIE [iour] 3|2
RECOLTE_HAUTEURS_PLUIE_MAX [mm] 20|25
RECOLTE_HUMIDITE_SOL_MAX (%] 1|1.1
RECOLTE_EFFET_RUs [?] wi1|wi1
RECOLTE_OPERATEUR [NA] NA

1C 1IDDIATIAN TARIAY r



The MAELIA plateform: example of application

* Example of application of MAELIA to deal with quantitative water resource
management: « Aveyron aval » territory, 800 km?:
* 1100 farmers, 20 000 fields (20 000 instances of AqYield)
e Agricultural land-use management scenarios were tested regarding water
withdrawals
* Spatially explicit results — global conclusion on scenarios

ilots2009_rotations_types

Estimated and Simulated annual B oo

. cereale*
withdrawals (hm3) ol

B mais*_g

. mais/ble

m Water Agency B Cur. Sit.  BAIt.Prec.20% Alt.Prec.100% B prairiep

B prairiet
I rotation_irr
25 I semence/X
B vignes
CP/oleo

(=]

- Locally adapted and spatially explicit results
- Useful to inform stakeholders and local decision makers on
2001200220037 complex system management
- Adhesion of farmers because of precision in the description
of management and soils (Murgue et al. 2015 LUP)

2 0 - pra.iriiet_sec
15 "
1 || || Efficiency to deal with resource management issues:

5
0

=INFA  @u




MAELIA developments at a glance

Agroecological systems

Agroforestry systems (diversified systems)

Modelling kernel:
dynamics of
cropping/grassland and Crop-livestock interactions
farming systems
within a territory (landscape)

Organic products
(chain management of
organic wastes)

Biological regulations Biodiversity and pesticide
contamination risk indicators

Territorial bioeconomic
systems

= N

=INRA @umw  l0e
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The Diverlmpacts project (H2020)

* Involved in WP4 T 4.1

* Contribution to the
indicator list (n=29)

drainage period

uuuuuuuu
aaaaaaaaaaa

uuuuuuuu
aaaaaaaaaaa

° |nvolved in WP4T4.4

* Implementation of MAELIA to assess territorial scenario of
diversification for three case studies

* 1 case study in Lower Saxony (#3 Hauke Ahnemann, Chamber of

Agriculture Lower Saxony) : .

- 25 farmers with a common goal of improve water quality in catchment
basin trough new viable, valuable and sustainable farming strategies, as
well as to increase the cooperation and trade between farmers. To be

updated

j;,::_ ﬂﬁ""-\m A UNIVERSITE |aae
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Conclusions

Studies in agroecology on the relation
agriculture-biodiversity-ecosystem services

* Grassland and arable crops
Multicriteria assessment and integrated
assessment modelling

* Indicators
* MAELIA platform

Ongoing and future works (examples):

* Integrating ES in MAELIA

* Vulnerability, resilience

* Trade-off between production, impacts and ES
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