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Climate change context

* Designing genotypes better adapted to future climate is a promising way to
sustain high qualitative viticulture.

* Target traits for genetic improvement are complex with many interactions and
trade-offs among processes and are environment-dependent.

Environment

Light distribution
Microclimate (CO2, T, VPD)
Soil characteristics : ot
Water supply DRI . \\' \ Lo

Nutrients availability . . ) \\ R ,.,d
; 9 i > N F »

$ Phenotype = f(% X Q xix >0 X_J“"\,

a

“ | Plant processes

Soil N nutrition
Canopy microclimate
> Vine development

»

Net carbon assimilation
Plant water use

Management T VT EERG :
. g . @ R \ . LY <@ " o ,.‘ Source-sink balance
Scion variety Y : * & 13 -~ Root morphology
RsotS'FOCk ‘ : —— C allocation to fruits
runing Berry growth & composition
Canopy management
Fruit load

Irrigation / Fertilisation

* Need for a holistic approach to tackle phenotypic traits of interest.



Process-based ecophysiological models (PBM) ?

4% Atool for quantifying plant behaviour within a mathematical framework.

* PBMs describe temporal variations of processes involved in final traits, and
interactions with ExXM. o
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* Predicting the impacts of climate change for a given G and assessing virtual
phenotyping across many contrasting E.



Grapevine PBM: where are we ?

Organ Canopy Plant Vineyard
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A large diversity of PBMSs :
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A leaf gas exchange model that accounts for intra-canopy

variability by considering leaf nitrogen content and local

acclimation to radiation in grapevine (Vitis vinifera L.)
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Roots ?

Vitis 36(2), 73-76 (1997)

A simple model for simulation of growth and development in grapevine (Vitis vinifera L.).
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Multi-stress (CO2x T x W) ?

» Choice of which processes and level of detail is :
limited by scientific knowledge and available datasets
governed by research focus and intented model use.



Where are we ? Example 1/3

v TOPVINE: a 3D reconstruction of
- grapevine canopy structure from
probabilistic rules.
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Where are we ? Example 2/3

A biophysical fruit model to simulate
_post-veraison dynamics of berry mass.
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Where are we ? Example 3/3

" Integrating water and sugar fluxes into a 3D functional-structural plant
—1 model (FSPM).
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(Zhu et al., oral presentation)



Grapevine PBM: where to go ?

#% PBM predicts quantitive traits of a given G in any E

¢ PBM combined to genetic approaches for analysing genetic diversity
of traits and enhancing plant breeding.
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genotype

» First step to design and test in silico plants for future E



Where we go ? Focus 1/3 Genetic determinism of rootstock control of
scion transpiration in response to drought.

© Phenotyping a progeny (138 genotypes) ® Fitting plasticity response curves
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Focus 2/3  Genetic determinism of sugar accumulation in ripening berries.

© Developing a PBM of sugar accumulation.
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Focus 2/3  Genetic determinism of sugar content in ripening berries.

© Developing a PBM of sugar accumulation.
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Focus 3/3  Testing in silico genotypes for future environments.

© Modelling phenological stages.
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® Analyzing the genetic variability of the parameters in a Ri x Gw progeny.

©® Creating a

® Assessing its performance to
projected climatic scenarios.

late ripening genotype (= ideotype).
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Date Duchéne et al., 2012



Predicting G-to-P relationships under contrasted E is still a challenge ...
but we are in progress !

oLk NE PAS DEFPACEER.
LE RENDEMENT LEGAL, QUE
DIT L ORDINATEUR. =~

AU MZ TAS DroiT A 2,8

BOVECEONS, 1,927 K6 D'ENGRAIS
ET 0645 KC DE FeaticibeE.., Four

L ARROCALE , EAUT TAZ QUE LA PLUIE
DEVASSE 1,2 LITRE PAR MOis ET QUE LE
SOLEIL BRIULE PLUS DE 12,7 Tovre

‘All models are wrong but

some are useful’
(Georges E.P. Box)



