WATER BALANCE MODELING FOR TERROIR
CHARACTERIZATION AND ADAPTIVE
MANAGEMENT IN EXTREME VITICULTURE
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The TERROIR

Mountain and terraced vineyards
Site-specific conditions
= Climatic variability

= SOIL: heterogeneity - depth, high skeleton
content

» High spatial variability in soil water availability

» Variable water status of the vine (W) across
small spatial scales

< difficult to estimate available water and
manage irrigation accurately




The importance of water status

=» hydraulic signals and ABA -> photosynthesis
-> grape quality and composition

Water stress:

=>» Before fruit set -> reduction in berry number

=>» Between fruit set and veraison -> reduced berry
weight and heterogeneity

High availability:

Negative effects on plant health, grape quality and
wine quality

=» impaired accumulation of sugars and pigments




THE IMPORTANCE OF DETERMINING AND
PREDICTING THE WATER STATUS OF THE PLOT

** Direct measurements (W)

7

*%* Water balance modelling

“ Aim : MODELLING OF THE WATER BALANCE

The MODEL - IFV France - developed for Mediterranean
conditions

=» Application in an alpine environment

Testing transferability by estimating:
v’ soil water reserves

v seasonal dynamics




Materials and methods

The Experimental Site Agroscope in Leytron, Wallis,
Switzerland (46°10’ N, 7°12’ E, 485 m asl)

Characteristics of the plot:
* non-irrigated
* soils:
» very stony (> 60% — Peyrosol)
» low water-holding capacity (¥150 mm)
» deep vine rooting (> 2.5 m)
e alpine climate:
» low rainfall
» high solar radiation
» frequent summer droughts
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MONTHLY MEAN TEMPERATURE ANOMALIES vs CLIMATOLOGY

Monthly Mean Temperature Anomalies (1995-2009) Monthly Mean Temperature Anomalies (2010-2024)
Black step line = Climatology 1991-2020

Black step line = Climatology 1991-2020
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Materials and methods

THE PLOT - Parameterisation and simulation

Vitis vinifera cv Chasselas (clone 14/33-4, rootstock K5BB)
Measurements on adult vines ->

Dataset of 30 years 1995-2024 measures:

v’ predawn leaf water potential (PLWP)

v’ daily weather data:

i. temperature

ii. precipitation

iii. ETo (Turc method)

v' Canopy geometry (leaf area exposed to sunlight,
porosity, planting density)

v Phenological stages




Phenological stages 1995-2024
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Materials and methods

MODELLING OF THE WATER BALANCE
Parameterisation and simulation

Other variables included in the model:
 Maximum crop coefficient (Kmax)

-> RytVigne sub-model for the dynamic estimation of Kmax:

* intercepted radiation
e vineyard structure
e J|atitude, longitude, albedo

Simulation: 1995-2024 annually using PLWP data

Validation:
- comparison with field-measured water-holding capacity
- assessment of the RMSE (Root Mean Squared Error)

BILAN HYDRIQUE VITICOLE - SAISIE DES

Rz |
NOM DE LA PARCELLE LEYTRON LEGENDE DES COULEURS DES CELLULES
ANNEE ETUDIEE 2022 intitulé cellule de résultat
CEPAGE Chasselas saisie obligatoire modification des calculs
MODALITE TNI saisie facultative cellule de calcul
INFORMATIONS SUR LA PARCELLE Tmoy(°C) | P(mm) | ETP(mm) '"(‘z:’“';’"
Date de débourrement 18-apr-22 44 0 0,6
Date début floraison (facultatif) 45 0 0,5
Date de floraison 30-mag-22 6,2 0 0,5
Date fin floraison (facultatif) 89 0,7 0,5
Date de véraison 20-lug-22 37 0,2 07
Date des vendanges 15-set-22 -09 0 0
-26 0 0
VEGETATION 05 2 0
k max 0,58 11 10,2 0,2
Date de mesure 1.1 04 0,2
rdbsage ® oui -32 0 0
Largeur inter-rang (m) 1,80 -41 0 0
Largeur inter-ceps (m) 1,00 -34 0 0
Hauteur de végétation (m) 1,20 -1,8 0 0
Largeur végétation haut (m) 0,30 -0,5 0 0,3
Largeur végétation bas (m) 0,30 -1,8 0 0
Porosité (%) 20% -1.7 0 0
Orientation des rangs NS -1 0 0
Latitude 0,1 0 0
Longitude 31 0 04
|Enherbement Q ou Q Non 03 0 01
-1,6 0 0
MODIFICATIONS MODULES Es -1 0 0
Diviseur des P pour nb de jours d'Es 5 -0.8 0 0
Nombre de jours d'Es supplémentaires 0 03 0 0,1
Coef. de pondération d'Es par FTSW. 1 04 0 0,1
0,2 0 0
15 0 0,9
1,2 0 0,2




Results

SEASONAL TRENDS IN THE WATER BALANCE

Measured vs simulated PLWP

Identification of water stress
levels

Evapotranspiration

Effective vs non-effective
precipitation

Link to phenological stages

MODELISATION DE L'EVOLUTION DE LA CONTRAINTE HYDRIQUE EN PARCELLE VITICOLE

**#** ATTENTION! Non respect des postulats de paramétrage! *****
Indicateur choisi
[Bilan hydrique du 01/04 au 31/10 2022 : LEYTRON Chasselas TNI| i g ieks = R OFsW & o
Mesures PHFB
@ PHFB utilisé Aﬂ'lcher
O PHFB refusé
@ PHFBforcé  Autres PHFB
@ PHFB filtré
Apports d'eau
e I Précipitations
5 Précipitations efficaces
= g I Irrigation
° 2 Irrigation infiltrée
s e
3 z Grille de diagnostic
é classe A
E classn ,R Définir une
2 Area del grafico  autre grile
2 Clasou U
% 2 a2 classe E
K [ ] Ne pas utiliser la grille ITV-INRA
a 13
10
I I I I II I 14 Stades phénologiques
) 1tk R | I T | e 11D - F(débutfin) - V- R
§ 8§ § § § § § § § ¥ F § F 3§ § ¥ ¥ § F ¥ § ¥ § 3 §F § =%
T R X < & & 5 & & 3 3 3 3 > > 5 B & Py & & $ 5 % 3 % %
§ § & & § g g g ¢ % B B B 2 32 2 2 2 P P ® ® 5 2 & & @
35 8 ] b ] 2 & S = 8 e & 3 b3 8 ) ] k] 3 o~ @ < g 3 ® < 8 Coefficients de transpiration
= =vigne .o herbe (indicatif)|
[1,/] Afficher options
PARCOURS HYDRIQUE SIMULES
Afficher ? nom année modalité TTSW kh FTSW ini T idem ? Pidem? ETPidem? irriidem ?
Zoneoptimisée 7] [, = LEYTRON %022 hasselas  TNI F 130mm ¥ o050 ¥ o000 ¥ 100% modifier
Parcours hydr. 1 —__TEYTRON 5022 EHASSELAS Wi F 130mm ¥ 0580 F o000 F 100% ¥ non F non F non Fooou modifier n°1
Parcours hydr. 2 r r r r r r r r r r r r modifier n*2
Parcours hydr. 3 O r r r r r r r r r r r r T
Parcours hydr. 4 r r r r r r r r r r r r modifier n*4
Parcours hydr. 5 H E L4 L4 F r L L F F L L L4 modifier n°5
Parcours hq;&ua | Modification de la réserve initiale Accepter ? Modification de la grille de diagnostic ITV-INRA
D> c C <D |Ressuyagedusol:  100% au " 18-apr-22 | (redéfinila TTSW) Oour @ o Indiquer les limites des classes en PHFB (MPa)
¢ Nom de la grille :
F> [ C i<F Modification de la régulation des Pef Accepter Choisir |a procédure souhaitée entre les deux options ci-dessous
B ...silaFTSWest<a "50%  au 1&aF-22 la modification ? O our @ NON| Définir des PHFB aux principaux stades phénologiques selon la stratégie de
c B B ...seuil des Pef /infiltrabilit¢ " 5mm 50% | _(redéfini la TTSW. O géfinition de la grille ITV-INRA (lissage selon une équation du second degré)
V> B Vv o Définir les limites des valeurs des classes de |a grille de diagnostic en saisissant
¢ ____des valewrs quotidiennes de PHER
Cc C
R> C <R Autre indicateur de contrainte hydrique
Début Fin D Classe; Postulat : variation propotionnelle avec le PHFB
[ 30-mag-22 " 00-gen-00_F222 Nom abrégé : Nom détaillé :

\/alair minimala da I'indicatanr enit I'drniivalant da -1 80N MPa)



Results

ESTIMATE OF WATER RESERVES (TTSW) and Sum of Squared Errors (SSE)

= Significant year-to-

year Varlablllty RU (mm) and SSE min

= Averages consistent
with field data

<" Good long-term
estimate

 J
@ 0.009
........................ ®..0.008432768

¢ @ 0.007

@ 0.004 @ 0.004

A Limitations:
® 0.002 *

m Short_te rm @ 0.002 o ® 0.002

@ 0.000 0.000
] 70 70 79 79 7% 79 <o < o0 o <o < <o <o <o <o <o <o, o <o <. <o, o <o <o, <, <o <y s s oy
fluctuations B " % ", %, ", %), ), @, B, W Y, 0, R, 0,0, 0, 0,0 0 0, 0, 0,0, 0, 0,0, 0,0

= difficulty in -
estimating precise
absolute values

e TISWmm @ SSEmin Linéaire (TTSW mm) Linéaire (SSE min)




Results
TRENDS IN THE WATER BALANCE of 30 YEARS DATA

PLWP (2010-2024)

Ry

PLWP (1995-2009)
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*  Measured PLWP values
___ PLWP values estimated by the model




Results
MODEL PERFORMANCE

Reconstruction of the water balance over 30 years:

v' Good representation of seasonal dynamics

v’ Strong consistency between simulated water
status and PLWP measurements

The model captures the temporal variability of
water stress

The model tends (Wilcoxon test) to be more

accurate in warmer years (2003, 2009, 2011,
2017, 2018, 2020, 2022)

Variables to be adjusted — set in the Alpine context:
*  Kmax

e as outlook : Useful rainfall

Measures

Mean bias
MPa

RMSE MAE

(Root mean square (mean absolute
error) MPa error) MPa

200

0.027

0.101 0.081

8

8

Mean error (PHFB - PHFBypes)
o
8

Annual model error by class (p = 0.96)

Annual RMSE by class (p = 0.70)




Results and conclusions

IMPLICATIONS FOR VITICULTURE

v' |dentification of critical periods during the growing season
-> retrospectively

v' Reduction in field measurements : 3 measures

v’ characterisation of the vineyard over several years

Perspectives g g

> rational irrigation ] P | k: M=
» soil management practices and ' A -
» vegetation cover management ERT AR I IR IR IR IS RN

» biostimulants =

=» Further validations
-> 10 years data from the plot with different water conditions
(non irrigated, irrigated, induced water stress)

-> tests on network plots in the Valais vineyards
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