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Context and Challenges

= Context

- Increase of the world population: 2010=6.8 Md->2050~9 Md
U Increased demand of food provision

- Decrease of the arable lands: Arable land/person 0.38 ha (1970)->0.23 ha (2000) - 0.15 ha (2050)
- Increase of the inputs
v'fertilizers with limited resources (P) or with high energy cost (NO,", NH,*)
v'pesticides with possible threats for agricultural products, soils and water
v'water contributing to geopolitical tensions
- Acceleration of climate change, to which agriculture is subjected but also contributes.
Lack of sustainability of the current situation

- On the top of food provision, expectation of agro-ecosystems to deliver :
- supporting services (primary production)

- regulation services (climate regulation, pest regulation, water purification
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Context and challenges

= Necessity for a paradigm change

- Agronomic and environmental challenges
v'Provide agricultural products in high enough quantity and quality
v'Decrease the use of inputs
v'Preserve the environment (sol/water/air) / Deliver ecosystem services

- Bring together Agronomy and Ecology

v'Design cropping systems : respect and valorize the biodiversity, the
regulations and interactions among communities (biotic interactions)

v"Adapt the crop to the environment rather the environment to the crop

& Emergence and promotion of Agroecology




Scientific project

Understand, preserve and valorize biodiversity and biotic
interactions for development of agroecological systems

- Analyze, understand and act on the interactions and regulations among
communities (microbes & plants) at different spatial and temporal scales

- Design and assess innovative cropping systems delivering agricultural
products with a quantity and quality high enough, while preserving the
environment quality
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Scientific project
Integrating different levels of organisation & spatio-temporal scales
- Different levels of organlzatlon |




Human Resources

31/12/2017

Total: 330

. Non-permanent staff Permanent staff
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= BIOmE: Microbial ecology and biotic interactions supporting soil
ecosystemic functions in agro-ecosystems

= GESTAD: Agronomy, ecology and genetics of arable weeds, design of
agroecological cropping systems & landscapes

= GEAPSI: Genetics and ecophysiology of cultivated (legumes) plants

= |PM: Piant-microbe interactions at the molecular and cellular levels,
plant immunity, fungal ecology & biocontrol
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= Largest

INRA research

knowledge for conception

around
of the

gathered
& evaluation
performance of innovative cropping systems

Cereals,
Brassica

Mostly legumes,
Maize

Tomato

Cereals

Legumes,
Arabidopsis,
Tobacco,

Weeds
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General organization

Teams
Eenetlc ana enwronmental MecHanlsms ana

Biology and ecosystemic determinisms of the management of plants-
functi : Sustainable adaptation of plants to microorganisms
unctions of soils p p 2

(BIOME) Management of innovative cropping interactions
Arable Weeds systems (1Pm)

(GESTAD) (GEAPSI)

F. Martin-Laurent S. Petit-Michaut C. Salon S Jeandroz

Platforms & Biological Resource Center

. 4
GenoSol Microscopy 4PMI Biological Resource Center
S. Mondy J. Lherminier C. Salon & C. Bernard C. Steinberg

Theme-based scientific workshops

Ecology of Design of Plants- Ecological Interactions
communities in agroecological microorganisms engineering between modeling

agroecosystems systems interactions and experiments
[observations

Ni. Munier-Jolain | C, Salon & D. Wipf  A. Hartmann N. Colbach
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Platforms & Biological Resource Center

ﬂSioIogicaI resourca

Centre
11 300 sample ; 1 500 new par year

Sampling, storage and
availability to scientific
collaborators

GenSoI
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echnical platform

Bfloinformatic/ Biostatis&

800 000 stored data; 3 computer servers|
> 70 millions DNA reads

Monitoring of mlcroblal

diversity

(& _J

DNA extraction, Bank
preparation prior to
sequencing

Database (MicroSol)
Bioinformatic pipeline
dedicated to anaysis of

microbial diversity
Statistical tools

= 4 ETP (3 permanent IR, Al,
TR et 1 CDD) from april 2016
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Platforms & Biological Resource Centre

4PMI

= Aims: Develop innovative automated techniques for high throughput morphometry of
plants produced in controlled conditions with a focus on plant root-microbe interactions
= Staff: 1 Research Manager, 1,5 Engineer, 1 Assistant Engineer, 6 technicians
= Equipments:
- 4 automated greenhouse and 1 climatic chamber high CO,
- High throughput shoot and root phenotyping and their imaging cabins
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Platforms & Biological R

Microsco latform, B
partofthg%gmpus Imaging Center ﬁlm—aﬂiﬂ :

esource Centre

= Aims: Multi-user microscopy facility, in situ localization of molecules,
cellular dynamics and molecular interactions

= Staff: 3 Engineers INRA, 2 technicians (INRA & uB)

- Equipments: confocal microscopy, laser capture microdissection, TE
& SEM, equipments for sample preparation including cryo-technologies
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Platforms & Biological Resource Centre

Biological Ressource Centre
= Missions N
- Preservation of biodiversity and collected related information SR \

- Opening collection to the scientific community for the purpose of research, T ~
development and identification. -

real curator
= 35000 accessions to characterize, preserve, multiply, manage S8

and distribute:

- Microorganisms of Agro-Environmental Interest

- Large-seed legumes (42%) iover 5,000 accessions, pea mutants
(tilling). This collection is part of a national certified CRB for legumes

- Weeds (12%): "libraries" of seeds, nuts, and photo allowing taxonomic
identification of most of weeds

= Databases including continuous ecological characteristics and the
added value provided by resource users.
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Scientific production and quality

= Strong international cooperation (54 countries)

Geographical distribution of UMR publications co-authored with international scientists (47%).
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Academic reputation and appeal

= Collaborations with French Institutes: INRA labs (17 out of 55)

INRA_LEM_Ecologie_Microhienne_USC1364_Villeurbanne

INRA_GDEC_Genet_Divers_et_Ecophy€i®I_Cereals_UMR1095_Clermont-Ferrand
INRA_URGV_Rech_Genoiff) Vegetale_.UMR1165_Evry

IN RA_AGIR_AGroécoIogie_Inno.’ eRritoires_UMR1248_Toulouse
INRA_Lab_Sols_Environ_UM@)120_Vandoeuvre_Les_Nancy
INRA_Agronomie_UMR21 1_A.’arisTech_VersaiIIes-Grig non

IN RA_PIantes_et_Syst_(‘_Hort_U R1115_Avignon
INRA_IJPB_Inst_J-P_BOURGIN_UMR_1318_Versailles

UMR_1 cologie
INRA_Bio3 P_Biostat_et_P‘S patiaux-UR546_Avignon

INRA_Biodiversite_Genes_et_G®mmunautes_UMR1202_Cestas INRAZIGEPP_Génét_Environ_Pr@ect_Plantes_UMR1349_Le_Rheu

INRA_CSGA_Centre_Scie@@es_du_Gout_Alimentation INRA TCEM_UMR1280_Villenave_d_Ornon

INRA_IAM_Interact_Arbres_M .organismes_U MR1136_Nancy
INRA_Ameliorat_Genet_et_Adaptat_@lantes_Medit_UMR1334_Montpellier

INRA_Inf MR1106
INRA_CBGP_Ct_Biologie_Gestion_des_P@pulations_UMR_1062_Montferrier_Sur_Lez
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Academic reputation and appeal

= Collaborations with French Institutes (40) excluded INRA labs

Univ_Savoie FR Univ_Sud_T@ulon_Var_FR
Univ_Paris_07_Paris_Diderot_FR Univ_Paris_Est_Creteil_Val_de_Marne_FR
Ans& FR Univ_Lille /Nord rance_PRES_FR
CHU_Nice-FR Univ_Francl@_Comte_FR

Univ_Bordeaux_2 (Yictor_Segalen_FR
MNHN_Museum@latl-Hist_Nat_FR i
Univ_Picardie_gdules_Verne FR Cirad_FR

Univ_Nice_Sophia_Antipolis_FR Chambres_Agr_FR

Univ_Versailles_St, Quentin_Yvelines_FR

Univ_LBine. FR

INSERM_FR CNR® FR

Univ_Paris_|

AgroP‘ch_FR
Limag@in_FR
CHU_Ré&nes FR

Univ_Evry Val@ Essonne FR

) IRPFR Bayer_FR
U"'V_St"urg_FR Univ_Aix _‘rseiue_FR
Montpellier@@upagro_FR

CSIRO_Euf®p_Lab-FR UMR_1 cologie
(‘M_Curie_FR

Nene_Q Univ_Caen-Bas€®_Normandie_FR
Irsted_FR Univ_Europeenne_ Bretagne. PRES_FR
USDA_BRS_FR
Agrocamp@® Ouest_FR AP HRaris_FR
Univ_Reims_Chanfpagne_Ardenne_FR | Ecole_Polytecty Paristech_FR
Univ_Grenoble_1_Joseph_Fourier_FR CHU_Morg@pellier FR
% Hosp_Civils_Lyon_FR
AQIo€Co oy
LIon
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Academic reputation and appeal

= (Collaborations with international Institutes (25 out of 242)

KNAW_Royal_Neth@Acad_Arts_Sci_NL
HelmholtgAssoc_DE
Univ_Sask#f@éhewan_CA
Wageningen_Univ_‘l_Res_Ctr_WU R_NL
CNR_Natl_R@_Council_IT

Dept_Plan@Pathol_US

Chinese_AciScl CAS.Ll swedish.Univ @r sci_sLU/SE _
Univ_QOago_NZ

BBSRC_Biotech_&_Bi@l) Sci_ResCouncil_UK
Imperial_CoffjLondon-UK

CSIC_Spanish_I\.Qes_Cou ncil_ES
Leibniz_@soc/DE

USDA @RS_US
UMR134 logie

Agr_&_Agri_F@d_Canada_CA
Aarhus@niv_DK

Univ_B@sel CH CSIR®_AU
Univ_Amste@am_UvA/NL Max-Pla@@R soc_DE
Agros@pe_CH NERC_Nat_Env@Res_Council_UK

James_Hui@®n_Inst_UK
ETH_Zurich_Swiss_Fed@nst_Technol_Zurich_CH

Univ_Nott@gham_UK
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GEAPSI TEAM

Genetic and Environmental determinisms of
Plant Adaptation to Innovative cropping
Systems




Background and aims: objectives

» Scientific objectives
Mechanisms underlying the adaptation of plants to agroecosystems

- multidisciplinary approaches : genetics, genomics,
ecophysiology, molecular physiology

- different species : target species and model species, depending
on available genetic and genomic resources

. Agroécologie
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Project centered on legumes

Merits for agroecology

* Reduction of nitrogen fertilizer;
greenhouse gas and nitrate leaching

* Positive effects on following crop

* Diversification of cropping systems

= Exploit nitrogen symbiotic fixation with legumes in
cropping systems
= Essential in Agroecology cropping systems

NO,; + A5 | 25 Merits for nutrition:

e Denitrification J : Protein source 313

Matter. . (soil micrebes) = Grain legumes of proximity rich in proteins

.-".
J

A sulfur deficient budget But under represented:
* 3% EU arable land, < other continent

Main objectives: increased profitability through higher and more stable yield
and protein content, and new uses.

= Stabilize yield and seed quality in a fluctuating environment

ex. water and nutrient availability (e.g. sulfate)




Background and aims: objectives

» Finalized objectives:
- Identify plant ideotypes for lower input agriculture

- Improve crop adaptation and resilience to environmental
constraints

- Implement breeding programs towards these aims

. Agroécologie
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Background and aims

» Research topics :

- optimization (time x space) of soil resource uptake by legumes in
a context of fluctuating resources (soil N, S, water) in connection
with soil microflora.

Less pollution | ~ Symbiotic N fixation

Low input systems
- S deficiencies

N yield : 4

Climate change

- water deficit ™ Seed quality

Beginning Final abortion
flowering limiting stage

Terres
Inovia
nie en mouvement

-
F'ogronon

. Seed filling
Sensitivity of pea

to water deficit:  Mean High Very high

@ Agroécologie
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Background and aims

» Research topics :

- understanding of legume functioning to improve and/or stabilize
yield components, including seed composition and quality,
particularly during heat, water-stress and nutrient deficiencies
(N, S, Fe, others).



Background and aims

» Research topics :

- optimization (time x space) of by legumes in
a (soil N, S, water) in
with
- understanding of to and/or
, including )
particularly during and

(N, S, Fe, others).

- study of the genetic bases and processes enabling plant
adaptation to agrosystem habitats.

@ Agroécologie
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Environmental factors

Tools & ressources

* Plant phenotyping tools

* Plant modeling tools

LEGUMES‘

Research axes

Shoot
N S partitioning
and remobilization

AN 'S

Background and aims

e Genetics and genomic tools

* Legume genetic resources

Seed filling, development

{HSS)

Seeds

] and quality

6! S

Plant nutrient
uptake

ots

Soil nutrients

Impact of plant
species/genotype on
soil microorganisms

CIN

uollelIeA J139Ud5)

2

Sulfur

Soil
microbes



~
( Tools and methods set up

X /
| |

4 )

Characterizing mechanisms and
molecular basis associated to N
nutrition

-

.

Building genetic variability for
root and nodules development




The path...: Tools and methods " {

Tools for growth culture and phenotyping

Characterlzmg root development C, N, S flux measurement

Syp||troot Labeling chamber 13C/15N/34S




—————

Mechanistic models : PEA NOD (coll. L Pagés)

£Lment Racine

- - Hﬂiﬂ' or & Naudin et al. Plant & Soil 2011
pﬂ'mﬂfdm . dm Agrophysiologie du pois 2010
Modasite | Racine Voisin et al. Plant & Soil 2010

Apex Ra(:ille Salon et al. CR Biologies 2009

Voisin et al. Annals Bot 2007
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Integrative Model: Medicago

Decomposing integrative variables in physiological processes

Radiation conversion

Leaf Foliar Area ’—) Total Biomass

Moreau et al. Plant Cell Environn 2006
Moreau et al. JExp Bot 2008
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Integrative Model: Medicago

Decomposing integrative variables in physiological processes

Radiation conversion | Bi

Below ground
Biomass

Moreau et al. Plant Cell Environn 2006
Moreau et al. JExp Bot 2008
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Integrative Model: Medicago

Decomposing integrative variables in physiological processes

Radiation conversion | Bi

Below ground
Biomass

Moreau et al. Plant Cell Environn 2006
Moreau et al. JExp Bot 2008

Total N amount

N uptake




The path...: Tools and methods

Integrative Model: Medicago

Decomposing integrative variables in physiological process

//ﬁiomass

Leaf Foliar Area

| Below ground
N amount [€ i

N uptake Biomass

Moreau et al. Plant Cell Environn 2006
Moreau et al. JExp Bot 2008
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Plant Micro-organisms Interactions

European
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Network 4 Plant Phenotyping
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( Tools and methods set up
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Characterizing mechanisms and
molecular basis associated to N
nutrition

-

o

Building genetic variability for
root and nodules development




Background and aims : Among available tools

Pea genetic and genomic tools for functional & structural approaches

An impressive phenotypic diversity available in the Pisum genus

B
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( Tools and methods set up

6‘(\ 1 g

| |

4 )

Characterizing mechanisms and
molecular basis associated to N
nutrition

-

.

Building genetic variability for
root and nodules development




Efficience biologique

SURFACE FOLIAIRE | ;: . BIOMASSE ~ A
PROJETEE % + TOTALE £
; » Kv 3
W g ™
Efficience de conversion de N powaowoa Coefficient < A
en surface projetée PAR (mol m jour') d’:]isltcelr:r;:t g 0
a0 , W
o h : 4 Y . E 10
0 . w0 8
L 95 @ T Genotypesof
i / T T TETE enotypes o
e L NN
L IR =
PAR (mol m? jour') PAR (mol mjour’) | PAR (mol m2jour) Med |Cago RIL
Date de début de fixation de N, v O ranked fOI‘
1200 nis B - -
QUANTITE = BIOMASSE & ability to
TOTALE D’AZOTE " SOUTERRAINE i : t k N
— 2‘ on u p a e
y [NO,] (mM) o4 ; e
PrélevementdeN 03 ¢ * Prélevementde N w0
spécifique AVANT 1/ 02 spécifique APRES n:
ladate de débutde  *'| v s ladate de début de An Py
fiationdeN, oo b————— W fixation de N, Wn 0N 05 0
0246810 V24680 NNI
(NO,] (mM) (NO,] (mM)

Model Dynamic leaf area
measurement

Moreau et aL. (2006), Plant, Cell and Envir., 29:1087-1098.
Moreau et aL. (2007), Plant, Cell and Envir., 30:213-224.
Moreau et al. (2008), J. Exp. Bot., 59:3509-3522.
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Adaptative strategy of plants faced to a N constraint

0’1 8 y =0,000041x* - 0,001530x + 0,087432, R<= 0,839
0,16
g 0,14
0,12
g o110
0,08
0,06
0,04

Root Dry Weight
(g root/plant)

P e Morphometry
o [T versus
— functional
strategy
O e identifcation

0,012
0,010
0,008
0,006

Nodules Dry Weight (g)

1000
2 y =1.1645 x - 9.45, R<= 0.90
ER 3
o
<
5 600
> a7 o
38
£ 400
3
o
5 200
4 o
0

0 200 400 600 800

Number of nodules counted on the scan

Split Nodules number and
roots size, appearance
Ruffel et al. (2008), Plant Physiol. 146: 2020-2035.

Salon et al. (2009), CRAS, 332 :1022-1033.
Jeudy et al. (2010), New Phytol, New Phytol., 185:817-828.




Background and aims: among research themes

Legume-microbe interactions to improve plant growth and nutrition

Plant — Microbial feedback loop

Plant nutrient (2)
uptake Nodulated Roots
(1)

[(1) Impact of plant genotype on the selection of soil microbes ]

Impact of plant

species/genotype on
soil microorganisms

not only rhizobia : whole microbiome

(2) Impact of soil microbe diversity on plant growth
N nutrition and tolerance to other stresses

Final aim: drive plante-microbe interactions through plant genotype

Agroécologie = a new breeding target
P




Background and aims: among research themes

Legume-microbe interactions to optimize plant growth and nutrition

Impact of Pea genotypes on associated Rhizobial symbiotic strains :

Coll BPMP, Montpellier

104 genotypes inoculated with 5 rhizobial strains :

- Rhizobial strain selection

100%
80%
60%
40%
20%

0%

18 genotypes among the 104 tested

Pea genotypes selected different symbiotic strains

Perspective : identification of plant genetic determinants of rhizobial selection by pea

34
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INRA SYMBIOPEA project

b a

Rhizobial Strain

!

Genome Wide Association Study on a wider ranger of plant genetic variability
+ candidate gene approach

. Agroécologie
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GRASP project (ANR)

Symbiotic strains have different efficicencies

- Towards breeding of pea varieties with improved symbiosis for N, fixation
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Background and aims: among research themes

Legume-microbe interactions to improve plant growth and nutrition

Plant — Microbial feedback loop

Plant nutrient (2)
uptake Nodulated Roots
(1)

(1) Impact of plant genotype on the selection of soil microbes
not only rhizobia : whole microbiome

Impact of plant

species/genotype on
soil microorganisms

(2) Impact of soil microbe diversity on plant growth
N nutrition and tolerance to other stresses

Final aim: drive plante-microbe interactions through plant genotype

Agroécologie = a new breeding target
P




Background and aims: among research themes

Legume-microbe interactions to optimize symbiotic N, fixation

Varying: microbial D’°t”9*t‘t Genotype
 Impact of diversity level diversity &0
of soil microbial communities ¢

on pea plant response to water stress Pea (frisson)

1
r

¢

- Mutant myc-
Diversité des comm Inod-
pbiennes
« A higher diversity level of soil microbial
communities
Floral initiation Drought Flowering Maturity
i:*‘.:*‘.:".:*‘.:*‘-:*‘.:*‘. H 1 H
r EX Y “‘_1 Optimal water conditions n
I ! r :. :. :. :: .:. :.’ :.’ L !
* has no impact on pea drought ... but provides better pea
tolerance... resilience after stress

- Similar response with or without symbioses: non symbiotic communities
play a role in this response




The GEAPSI

UMR Ag ro écologie

-~




