- .
ISVV universite .
L DE LA VIGNE &7 RONIN. *BORDEAUX ERINNO
BORDEAUX AQUITAINE

Integrating xylem and phloem fluxes into a
whole-plant model for simulating grape
berry growth and quality

Jungi Zhu, Zhanwu Dai, Philippe Vivin, Gregory Gambetta,
Michael Henke, Nabil Girollet, Nathalie Ollat, Serge Delrot

INRA, Université de Bordeaux, Institut des Sciences de la Vigne et du Vin (ISVV),
UMR 1287 Ecophysiology and Functional Genomics of Grapevine (EGFV)







What do we want to know?

* How will climate change affect:
1) the chemical composition of the berry?
2) the suitability of current viticultural area?

3) the tastes of wine for a given region?

 How will management mitigate the effects of
climate change?



Plant model for integrating knowledge
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Previous work on grapevine modeling

Sugar & acids
accumulation

Secondary

metabolites

Berry growth model (Dai et al., 2008)

Sugar accumulation model (Dai et al, 2009)

Anthocyanin model (Dai et al, 2015)

Flavonol model (under develop)

Organic acid, pH model (under develop)

Cluster Microclimate -Berrytone(Cola 2009)



Fruiting cutting

Mullins 1966 Nature l_l I_I I_I
Dai et al., 2013
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Model abstraction

Xylem water Phloem sugar
potential concentration

A A
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Transpiration B (A5A) w'eﬁf) Photosynthesis and
T carbon partitioning

Soil water content
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Water flux
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Radiation module
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(Evers et al., 2010; Buck-Sorlin et al., 2011; Zhu et al., 2015)
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Water flux
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Berry growth
module



Leat temperature

—§7/ photosynthesis

Leaf gas
exchange module

Yin & Struik, 2009;
Evers et al., 2010;
Tardieu et al., 2015;
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Radiation

module

Carbon flux
module

Water flux

Berry growth
module




Phloem sugar concentration

Leat. LeaflLoading = LeafArea*V .. Cleaf
Sructural Cand N Km, +Cleaf

Non-structural Cand N
Water potential

Internode and wood
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PHLOBM:
[sucose ¢ _| Grape berry
Osmotic patential Massflow | Osmoticpotential
Turgor pressure Diffusion Turgor pressure
= Active uptake
=
3
% RootUnloading = FreshMass*V__ ... Cphloem
Dy Km,... + Cphloem
Root
De schepper et al., 2010

Baldazzi et al., 2013;
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Berry growth module

Soluble sugars

+

Fresh matter

— Enlargement  «geeesceeee”

: Dry matter
v
Cell wall extension
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franspiration Respiration

« Main physiological processes:

Water influx
Mass flow = f (Lp, s, a; DY)

Water loss
Transpiration = f (r, A;, T, RH)

Carbon influx

Active transport = f(V,, L., t*, t, C)
Mass flow = f (Lp, s, a; DY)

Passive diffusion = ( P, A;, DCsug)

Carbon loss
Respiration = f (q,,,, 4y, Q10, T)

Dai et al, 2008



Model calibration



CO, response curve

Ra, Ta, RH, leafN
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Quereix et al., 2001;
Suetal., 2009;
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CO,, Ta, RH, leafN

Bayesian method:
kappa2LL convex, leafN
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Photosynthetic photon flux density (umol m2 s_1)
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Simulated stomata conductance H, O (mol m? s bar™ )
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Photosynthesis under water stress

8. = f(ABA, W )
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Vmax berry (mg Cmg‘1dry matter h’1)

Km root (mg mg’1)
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Effect of water stress on berry
development and composition



radiation ( umole/m2/s)

th (NA)
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CO, assimilation rate (umol m2 s™')

phloemCconcentration (mmolL ™"
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Mean berry fresh weight (g)

Berry sugar concentration (gsucrose/gH20)
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