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Berry quality, a complex trait, is essential to wine quality...

Chemical Composition

Sugars (Glucose&Fructose)
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Low alcohol
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Secondary metabolites Concentration

Wine Quality

L J

(phenolics&volatile compounds ) >
-T_U Flat & dull Tart & sour
=
U
e »
Wine Quality S ‘
Alcohol content Concentration
Flavors
Aromas

COIOr Pinot Noir Merlot Cabernet Sauvignon

MERLOT

http://winefolly.com/

2



Environment
Soil
Climate (T Light RH)

« terroir »and « vintage »

.

Viticultural practices
Variety selection
Rootfstock selection

Plant processes

Photosynthesis
Transpiration

Plant water use

Berry growth & composition
Source-sink balance

Fruit load C allocation to fruits
Canopy management Soil N nutrition
Pruning Vine development

Irrigation / Fertilisation Root morphology
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i Climate change is modifying berry (wine) quality

S

SR T Climate change will, depending on the region, increase:
- Atmospheric CO,; - Temperature: 1,5 to 2°C by 2050; - Drought
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* Need for a holistic approach to tackle phenotypic traits under changing environments
S
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Integrative models for berry quality under climate change

Water ’g-fa 1spor
Photosynthesi

Nutrient supply

HydroShoot: Simulating hydraulic
structure, gas exchange and energy

budget dynamics of complex plants
canopies under water deficit.
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Integrative models for berry quality under climate change

HydroShoot:
How to account for complex canopies on water use efficiency?

3 tools: Light interception,
water distribution of individual leafs
temperature



Integrative models for berry quality under climate change

HydroShoot:
How to account for complex canopies on water use efficiency?
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Integrative models for berry quality under climate change

Caribu model (Chelle et al., 1998) to simulate plant organs’
irradiance using Z-buffer and nested radiosity methods.
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Integrative models for berry quality under climate change

« Electrical circuit analogy (van den Honert, 1948)
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Integrative models for berry quality under climate change

« Electrical circuit analogy (van den Honert, 1948)

iterations following 1. Getdown: F
topological paths

collar

C K= — D




Integrative models for berry quality under climate change

« Electrical circuit analogy (van den Honert, 1948)

collar

2 iterations following 1. Getdown: F
at each organ

« K=cst — :
topological paths 2. Getup: W

xylem
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Integrative models for berry quality under climate change

« Leaf temperature at energy equilibrium (Gutschick, 2016)

+in the and bands (shortwave irradiance)
+in the band (longwave irradiance)
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Integrative models for berry quality under climate change

HydroShoot:
How to account for complex canopies on water use efficiency?
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iNnNoO Integrative models for berry quality under climate change

vine

INNOVATION IN VINEYARD

HydroShoot: capture the effect of canopy structure on gas-exchange processes
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Water ’gra@ GrapevineXL: A functional-structural

| Pahot'.os-ypt Te3l plant model for water transport, leaf gas
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GrapevineXL :

A functional-structural plant model for water transport,
leaf gas exchanges, and berry growth

Leaf: Pn, E, C unloading
Leaf gas

exchange module
water transport
Stem: P . / \
carbon buffering
Water flux Carbon flux
module module

Berry: C, H,O balance

Root: water uptake

Zhu et al., submitted




iNNO Leaf gas exchange module: an extended Farquhar-von-
vine

INNOVATION IN VINEYARD
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Caemmerer-Berry module
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INNOVATION IN VIN

Color pigments: a process-based model for anthocyanin

composition

e Wide variation in total anthocyanin content and composition;

Dihydroquercetin

Leucocyanidin Leucodelhmldm

Cyanidin Delphinidin

Phenylalanine

|

Naringenin chalcone

Naringenin flavanone
/ F3'5'H
|

Eriodictyol | Pentahydroxyflavanone

Dihydrokaempferol
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Malvidin-Ac Malvidin-Cou
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“—ABA
\ Light

adapted from Bottcher and Davies, 2012




iNnNO Color pigments: a process-based model for anthocyanin
ine composition

ON IN VINEYARD

INNOV,

e Wide variation in total anthocyanin content and composition;
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in Color pigments: a process-based model for anthocyanin
composition
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»The model can simulate anthocyanin composition under various genotype x environment combinations;
»Model parameters can be considered as dissected traits




Conclusion and

UFruit level: models developed for
simulating berry growth, sugars and
anthocyanin;

UWhole-plant level: two functional-
structurals model developed for water
transport, leaf gas exchange, carbon
allocation, and berry growth.

Pil'_clmfr arc hga‘recfﬁr'e
Resources partitioning

Water balance

Carbon & Water
influx

kg
Sugar &‘acids =

accumulation |°

UFruit level:
=Develop new fruit-centered models
cover other chemical compounds:
organic acids, amino acids, flovonols,
stilbene, aromas...

mUpdate existing models to kinetic
models integrating gene expression,
enzyme  activity and metabolite
concentration;

UWhole-plant level:

=Connect HydroShoot with GrapevineXL
Trarfspiration =|ntegrate berry metabolism modules
espiration =Develop shoot growth module...

Secondary
metabolism
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