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Abstract: Thispaper dealswith thetechnica and/or practical trestment of terroir asastudy concept, together with related func-
tional aspects. Functioning of the terrair relies on the relation between climate, soil and vine. In addition to thisinteraction, &
comprehensive study concept for terrair requiresthe consideration of viticultural and enologica sciencesand techniques neces-
sary to ensure the assurance of wine quality, together with spatial aspects of the grapevine response to environmental factors,
asrequired for vineyard management. In order to comprehend the quality of the harves, it isnecessary to understand therela-
tionship « whole plant - berry ». An easy field and | aboratory method to study the relationship between the whole plant and
berry and the consequences thereof for wine quality is proposed. Knowledge of grapevine water status and the biochemical
evolutionwithin the grape berry from berry set onwardsareimportant issuesfor the understanding of therolethet terroir plays
with respect to the quality of the harvest and thewine style or « typicality ».

Résumé: Leterroir est un concept qui nécessite une approche globale permettant une éude combinée du climat, du sol, dela
vigneet du réle del'homme. Les sciences de laviticulture et de |'aanol ogie sont aors nécessaires pour comprendre les déter-
minantsdelaqualité du vin en relation avec lesfacteurs del'environnement. En connexion auix éudes deterrair qui portent sur
leclimat et le sol, nous proposons une approche globa e qui intégre |'étude desrelations «vigne - raisin - vin», L'éat hydrique
delavigne et I'un des éléments clefs du fonctionnement de lavigne et delaqualité du raisin en relation avec le styledevin.
Cet article rappelle les méthodes de référence pour lamesure deI'état hydrique de lavigne et les conséquences possibles des
deficits hydriques sur le fonctionnement de la plante et de sesfruits.
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INTRODUCTION

Insight into viticultural terroirs has been the subject
of several publications over the past number of years
(SEGUIN, 1970, 1983, 1986; DUTEAU et al., 1981;
MORLAT, 1989; RIOU et al., 1995; SALETTE et al.,
1997; BARBEAU et al., 1998; 2001; CHONE et al.,
2001a DELOIRE et al., 2002; TREGOAT et al., 2002;
VAUDOUR, 2003; CAREY and BONNARDOT, 2004;
VAN LEEUWEN &t al., 2004 ; VAUDOUR et al., 2005).
This has, however, not dways been the case and terroir
asadudy concept has, in the past, sometimes even been
disparaged. Nonetheless, it has aways encompassed great
or rich notionsthat arelinked to quality and « typicality »
of someagriculturd products. Thisisparticularly the case
for products of the grapevine.

Theterroir concept should be considered from atech-
nica-scientific point of view so that, beyond the mystique
and marketing, this concept will be based on least deba-
tableredities, evenif it remainsdightly quixatic. Inthis
articlewewill definethe concept of terroir and discussits
technical or practica handling as a study concept inthe
field and in the laboratory for both researchers and pro-
fessonds. Theterroir sudy needsto beaglobd approach.

DEFINITIONSOF THE TERM
« TERROIR »

Possible connotations of theterm « terroir » have been
well described by VAUDOUR (2002). The term « ter-
roir » stemsfrom the Vulgar Latin « terratorium », acor-
ruption of «territorium ». Terroir can be defined esagpatia
and temporal entity, which is characterized by homoge-
neous or dominant features that are of significance for
grapesand/or wine; i.e. soil, landscape and climate, at a
given scae-duration, within aterritory that has been foun-
ded on socid and historical experience and genotyperda-
ted technical choices (VAUDOUR, 2003). Until recently,
despite the diversity of terroir-related scientific works,
very little attention has been paid to the spatial modelling
and scaleissues of terrair. Traditionaly, thesetypesof stu-
dieswere performed uniquely with point measurements,
without interpolation and validation of these measure-
mentswithin larger aress.

At the scale of avineyard or group of vineyards, itis
worthwhileto recall the following terms, which are fre-
quently referred to in the wineindustry:

-UTB (MORLAT, 1989; SALETTE et al., 1997):
basicterroir unit (Unité Terroir de Base) = « mesoclimate
x soil / substratum »for a series of years / vintages.
However, asdiverse methodsexist to characterize vineyard
environments (for example UTB reliesmainly on geolo-
gica data), the generd term of « environmental terroir
unit » (TU) ispreferable. It isaso important to remem-
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ber that the various TU delimitations do not necessarily
refer to aunique spatia level of analysisand may cor-
respond to different extentsand variables.

- According to CARBONNEAU (2001), viticultural
and enological technology should also beincludedinthe
definition of terrair, leading to the concept of VTU: viti-
culturd terroir unit (Unitéde Terroir Viticole) = TU x cul-
tivar x viticultural and oenological technology.

Theviticulturigt actson someintring c components of
the VTU, such aslight, temperature or moisture-related
microclimate within the canopy in the bunch zone. He
influences, therefore, the quality of the harvest and the
typicdity of thewinein partnership with the winemaker.

The heritage and socio-cultura dimension of theter-
roir isaso important and reinforcesits unique character
(DION, 1977; LACHIVER, 1988; GARRIER, 1998;
CARBONNEAU ¢t al., 2001a).

THE SYSTEM « SOIL - CLIMATE -
PLANT » AND THE NEED FOR
GEOGRAPHIC INFORMATION

Methodsto study the association « soil-climate-plant »
arenumerous. During the last three decades, variouster-
roir-related scientific studies have been carried out, mogtly
focusing on the relationship between the analytical and
sensorid analyses of wine, themonitoring of grape matu-
raion faling intermediate between the plant and thewine,
and afew soil and climatic characterigtics at the plant or
plotleve, e.g.inAlsace (LEBON et al., 1993), Bordeaux
(SEGUIN, 1970; DUTEAU et al., 1981; VAN LEEU-
WEN and SEGUIN, 1994; TREGOAT et al., 2002), the
LaireValey (MORLAT, 1989), Champagne (DOLEDEC,
1995), the Rhone Valley (MARTIN, 1995; VAUDOUR,
2001), Cdifornia(NOBLE, 1979); Audrdia(RANKINE
etal., 1971); Trentino (FALCETTI and SCIENZA, 1991);
Rheingau (FISCHER et al., 1999) and South Africa
(HUNTER and BONNARDOT, 2002; CAREY et al.,
20033, b; CAREY and BONNARDOT, 2004). Theseter-
roir-related scientific studies can be separated into two
main groups. onthe one hand, thoseingsting onthe geo-
graphical differentiation of wines or grapes; and, onthe
other hand, those focusing on the geographical differen-
tiation of land capability or vineyard suitability. Thelat-
ter, which are the most frequent, lead to either local
approaches directed towards understanding the plant eco-
physiological functioning (NOBLE, 1979; LEBON et al.,
1993; VAN LEEUWEN and SEGUIN, 1994; RIOU et
al., 1995; CARBONNEAU, 1997; MORLAT, 1996,
CHONE et al., 20018, TREGOAT et al., 2002, DELOIRE
etal., 2004; VAN LEEUWEN et al., 2004), or global or
regional approaches oriented towards the characteriza-
tion of land geographical patterns (JACQUINET et al.,
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1989; DOLEDEC, 1995; MARTIN, 1995; SOTESet d,
1997; VAUDOUR, 2001, CAREY, 2001). The so-cdlled
«UTB » or « TU » units mainly correspond to local
approaches, dthough the widespread implementation of
geomatics, geophysics and precision viticulture leads to
questioning of theway such unitsare spatialy characteri-
zed. Thetoolsprovided by geomaticsinclude Geographic
Information Systems (GIS), Global Positioning System
(GPS), digitd image processing and interpretation of satel-
liteimagesand agrid photographs. Thesemethodsarenee
ded for theanalysisof terroir acrossthe earth'shbiosphere,
at sces(or organizationd levels) that may rangefromthe
field, farm or watershed to theregiona, continenta or glo-
bd leve. It isimportant to consder severd of theselevels
concurrently. Thefield level hasto be examined in order
to understand someviticultura situations, and thisrequires
entering further into understanding of the relaionship bet-
ween the whole plant and berries. The levels encompas-
sing wider areas are more adapted to professional
managerid needs over aviticultura digtrict and therela
tionship of the broader didtrict to the sampleof Stessdec-
ted at field level must be analyzed.

The above mentioned definition of terroir relieson
thefollowing partnership: climate, soil, cultivar and man.
We will therefore take a brief look at the different com-
ponents, emphasizing the plant, main subject of thispubli-
cation, i.e thefidld (and subfield) level . Wewill not tackle
the human factor, which isdedlt within other publications
(DUPUY, 1989; LETABLIER and NICOLAS, 1994).

1) Climate

Therearethreemain scales at which climateisrefer-
red to in viticultura research and these arerelated to dif-
ferencesin the scales used to describe surface and time:

Themacroclimate describesthe climate of awide area
or region, which extends over hundreds of kilometresand
isstudied over along time-period (usualy 30 years or
more) using annual, seasonal and / or monthly data.

Themeso-climate describesthe climate within smal -
ler areas, which extend from less than a hectometre to
severd kilometres (e.g. vineyards) and over shorter per-
iods of time using hourly or daily data. It isaso known
as « topoclimate »asit isinfluenced by the surrounding
topographic factors of elevation or altitude, dopeincli-
nation and aspect and proximity to bodies of water
(VAUDOUR, 2003).

The microclimate is the climate immediately within
or surrounding the plant canopy and differences occur
within afew centimetres/ metersand seconds/ minutes.
It isinfluenced by the vigour of the grapevine and cul-
turd practices(inter diacanopy management, row orien-
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tation and spacing), but a so by the soil surface charac-
terigtics.

Theselevelsmay, however, to some extent be ambi-
guousastheir scdesarenot grictly defined (VAUDOUR,
2003).

Climatic dataare particularly important for the choice
of grapevine varieties. Each variety needsaminimum
temperature summation to reach maturity. The thermal -
timevalue varies considerably from one cultivar to ano-
ther and is related to the growth cycle of the cultivar
(HUGLIN and SCHNEIDER, 1998). When alate ripe-
ning variety isplanted in acool climate, grapeswill not
reach complete maturity and quaity wines cannot be pro-
duced. Onthe other hand, when an early ripening variety
isplanted in awarm climate, aromatic expression and
wine « finesse »is reduced due to too rapid ripening
(RI BEREAU-GAY ON and PEYNAUD, 1960). This
explainswhy the best terroir expressonisobtained with
varietiesthat reach complete ripeness at the end of the
season under thelocal climatic conditions.

Another important feature of climate with respect
to vinegrowing iswater balance, which dependsonrain-
fdl and potentia evapo-trangpiration (TONIETTO and
CARBONNEAU, 2004). The style of winewill depend
on the plant water content and evolution during the gro-
wing season, with or without irrigation. In very dry cli-
mates, quaity wine productionisaso possible, either by
maintaining theyieldsand thetotd leaf areaa alow level
or by providing controlled irrigation to the grapes.

Climatic indicesfor viticulture, combining various
components (mainly temperature, beit minimum, maxi-
mum or mean, but also rainfall, relative humidity, sun-
shine duration and water baance) have been devel oped
to describe the viticultural potential of aregion ona
macroscale. Some use monthly data.or daily data only,
while others are acombination of different scales (daily
with monthly datae.g. HUGLIN, 1978). They areusudly
summeated over aperiod of time (growth season or whole
year), but may aso use mean dataof asingle month. They
are established for aspecific country or region, but may
be adapted to other regions or used for asystematic glo-
bal classification of the climate (TONIETTO, 1999,
TONIETTO and CARBONNEAU, 2004). Thegrowing
degree-day index (WINKLER et al., 1974), the helio-
thermal index (HUGLIN, 1978); the coal night index
(TONIETTO, 1999) and the drynessindex or potential
s0il water balance (CARBONNEAU et al., 1992; RIOU,
1998; TONIETTO and CARBONNEAU, 2004) are
examples of some commonly used indices.

Climate is monitored by means of automatic and
mechanica weather sations. Theinadequate number of
standardized weether sationswithin azone often limits
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Table Bay

g

Figure 1- Study domain for smulationsin the Western Cape of South Africa
(coastlinein white on horizontal cross section). Horizontal and vertical cross-sections of relative humidity (1 km resolution) at 17:00
on 18 February 2000 (from BONNARDOQOT, 2002; BONNARDOT et al., 2005).

Simulation del’évolution du climat al’Est du Cap en Afriquedu Sud

studies a amesoscale. The greater the number of wea
ther stations, the more accurate the research. In
Champagne, for instance, the Comité Interprofessionne
du Vin de Champagne (CIVC) hasingaled anetwork of
automatic weather stationsin order to develop an early
warning system for frost (BELTRANDO, 1998; DE
SAINTIGNON, 1998). In South Africa, wherethe Wine
Industry fostersresearch on terrair, the Indtitute for Sail,
Climate and Water (ISCW) of the Agricultural Research
Council (ARC) hasdevel oped acountrywide network of
westher sationsaimed a monitoring the dimate and sdtis-
fying the climatic requirements of agriculture. In the
Western Cape Provinceitsdlf, wherevineyards are tradi-
tionally Stuated, there are 84 automatic weather sations
available and mostly situated in avine row or on open
ground next to avineyard (BONNARDOT et al., 2004b).
For example, anetwork of 10 autometic westher stations
over astudy domain of 25000 hawasused for terroir Su-
diesinthe Stellenbosch didrict (CAREY, 2001) and seven
automatic westher stations were used for a study of the
genotype X terroir interaction of Sauvignon blanc in
Stellenbosch and Durbanville digtricts (CONRADIE et
al., 2002).

New tools, such as atmospheric models, can also be
used to study the influence of the mesoclimate in aspe-
cificregion. The Regiond Atmosgpheric Moddling System
has been used in the Stellenbosch wine-producing region
(figure 1) to investigate the penetration of the seabreeze
(BONNARDOQT et al., 2002, 2005). It was shown, for
example, for a specific day during the maturation
eriod (18/02/2000), that the sea breeze was responsible
for atemperature decrease of 6°C in 3 hours, reducing
thetherma stress(figure 2). The concomitant increasein
wind velocity and relative humidity in the afternoonis
aso afactor that has significant implicationsfor viticul-
tureinthisarea (CAREY and BONNARDOT, 2004).
The seabreezein the Stellenbosch wine-producing region
may be aredtrictive factor for optimal photosynthesisas
far aswind is concerned, but the moderate temperature
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would appear to be positive with respect to colour deve-
lopment and aroma retention (HUNTER and BON-
NARDOT, 2002).

2) Soll

Sail studiesare animportant aspect of terroir assess-
ment, especialy when leading to the devel opment of soil
maps and the understanding of the soil-grapevinerela
tionship through soil water profiles and grapevine root
profiles(SEGUIN, 1970; DUTEAU et al., 1981; TRAM-
BOUZE and VOLTZ, 1997; HUNTER, 1998; VAU-
DOUR et al., 2005). Spatia modelling of soil is needed
to evduatewhether eachindividua steisrepresentative
of thewhole managed viticultural areaand to assess pa-
tid unitsthat represent potentia similar functioning for
thevine (VAUDOUR, 2003).
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Figure2 - Observed temperature (°C)
in the Stellenbosch vineyardsat different distances
from thesea (T07, 12km; T10, 12 km; T01, 20 km;
T16, 30 km; T28, 55km)
on 18/02/2000 (from BONNARDOT, 2002).

Exempled’évolution journaliéredestempératures (°C)
danslesvignoblesde Stellenbosch
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Effective study systems using digital processing of
satdliteimagesand GIS, areincreasingly developed and
adapted to spatial modelling or zoning of viticultural ter-
roirs, by means of characterisation of viticultural soils
within soil-landscape units. They areableto integrate mul-
tiple layers of information, notably related to soil cover,
climate or the plant, which are structured and managed
throughaGIS.

The acquisition and manipulation of these data has
proved to be an interesting approach to understand spa:
tial variability of soil-landscape units, but is subject to
dataavailability according to three types of Situation:

a) Thesoil and climatic datahave been obtained at the
level of the plot (vineyard) and/or groups of plots
(vineyards).

b) The data has not been obtained and the obtaining
thereof isnot conceivable dueto limited means, in par-
ticular the absence of awesther station for climatic data.

C) Itispossible to obtain the soil and climatic data,
even partidly, in parald with the studies performed on
the plant.

Generdly, it iseasier to obtain spatial soil and land-
scape data than spatia climate or plant data. The use of
high or very high resolution satdlliteimagesisvery pro-
mising for both detailed precision viticulture udiesand
synthetic regiond zoningsand isbeing developed in seve-
ra countries.

Asrenowned winesare produced on varied soilstypes,
itisnot always possibleto establish adirect relationship
between soil types and wine quaity (SEGUIN, 1983),
but some soils are more likely to favour it (VAUDOUR
et al., 2005). Soil depth and soil water holding capacity
areimportant soil characteristics related to wine qudity,
asissoil nitrogen supply to thevines (CHONE et al.,
20014). No direct relationship can be established between
soil minerals (except for nitrogen) and wine quality, as
long as severe deficiencies do not interact with normal
plant functioning (VAN LEEUWEN et al., 2004).
Therefore, soil sciencerelated studies, though necessary,
cannot, by themsalves, enableto describe and understand
the functioning of the plant and biochemica evolution of
theberry. A globa approach which takesinto account the
whole plant and berry levelsin relation with the envi-
ronmental context is necessary to understand the qua-
lity of the harvest and of the wines. We are going to
describe this apsect in the following part.

3) Plant

Many studies have been performed onthe grapevine
and itsfunctioning over many years (MAY et al., 1976;
CARBONNEAU e al., 1978; SCHULTZ, 1993, SMART,
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1995; CARBONNEAU, 1996; NAOR et al., 1997,
DURING, 1998; HUNTER and RUFFNER, 2001; HUN-
TER, 1998; ZUFFEREY et al., 2000, WANG et al .,
2003D), and have been continued in recent yearswithin
the domain of molecular physiology (ROUBELAKIS-
ANGELAKIS, 2001). Many of the numerous existing
studies on this subject show theinterest of studiesat the
level of the whole plant and the pertinence of amulti-
disciplinary approach. Such studies are of significance
in the determination of the hierarchy of influence of the
environmental parameters within a specific region. For
such studies, it isnecessary to use multivariate statistical
methods such as principal component, discriminant or
clugter andyses (BERTAMINI et al., 1996; REYNOLDS
etal., 1996; BARBEAU et al., 1998; CAREY etal.,
20033, b; CAREY AND BONNARDOQT, 2004), mul-
tifactor ANOVA (VAN LEEUWEN et al., 2004),
methods i nvestigating the dependence of data such as
forward or backward step-wise regresson (CAREY et
al., 2003b) or logically flexible models such as
Classification and Regression Trees (SCHWARZ, 1997).
A study within the Stellenbosch wine-producing region
(CAREY and BONNARDOT, 2004), investigated the
importance of sea breeze related parameterswithin the
terroir x genotype interaction using inter aia principal
component analyses. It was shown that temperature, rela
tive humidity and exposureto wind, aswell assoil-rda
ted factors, had consequencesfor grapevine growth and
wine quality for the three cultivars studied (Sauvignon
blanc, Chardonnay, Cabernet-Sauvignon), athough the
three cultivars reacted very differently.

THE « WHOLE PLANT-BERRY »
APPROACH

With respect to the plant, compilation of some of the
technical and scientific knowledge and / or experience
that have been acquired providesingght into the «whole
plant-berry » interaction within the context of the viti-
culturd terroir study field. Thisapproach may beeasily
performed and can provide pertinent information on
the behaviour of the grapevine and the biochemistry of
the berry in relation to the environment (figure 3).

Data obtained on the whole plant and berry levels,
which integrate the environmenta context of the grape-
vine, areindirect relaionship with the qudity of the har-
vest and the quality of the wines. Previous studies have
shown the highly important role of the water Satusof the
plant and the bunch microclimate in relation to the bio-
chemigtry of the berry from berry set onwards (SEGUIN,
1970; DUTEAU et al., 1981, SEGUIN, 1986; VAN
LEEUWEN and SEGUIN, 1994; CARBONNEAU,
1987; TREGOAT ¢ al., 2002; OJEDA et al., 2002, VAN
LEEUWEN et al., 2004). Grgpe potentid for winemaking
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Environmental Terroir Unit
(TU)

Geology X pedology X climate I

Environmental |studies

Plot level:
soil profiles, water regime, root profiles
root depth

Vineyard regional level:

geological maps, soil landscapes (1/50 000)

soil maps, soil landscape units (1/25 000)

medium to high resolution satellite data (20m to1m)

Regional or macro-regional levels:
Climatic indices,

Heliothermal {IH, Huglin's index, ...}
Cool night index (IF)

Soil water balance (W)

Viticultural Terroir Unit
(VTU)

= = = | MTU X variety X viticultural practices x enology }-

Ecophysiological studies

Vine-grape

Training systems (indicate vineyard equilibrium)
Canopy architecture
Total Leaf Area (LAY
Exposed Leaf Area (ELA)
ELA / yield (kg/m?)
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Vigour (winter weight of a stem)

Vegetative expression (winter weight of all the stems of a
vine)

Vine water status (thresholds, duration, pericd)

Bunch macroclimate (temperature, irradiance)

Berry b istry (1 and Il bolites)

Crop management

Crass-covenng

Soil conservation, soil tillage

Manuring, fertilization, etc..

and yield producti

during 1 year)

Enological studies
[ Enological processes

Grape quality = biochemical evolution and berry volume }1—

| Wine style or typicality k—

Figure 3 - Global approach towardsviticultureterroirs.
Choice of methodsand related scientific domainswill depend study objectivesand available means.

Uneapprocheglobaledesterrairsviticoles. L e choix desméthodes et des disciplines scientifiquesva dépendre
desobjectifsdel’ &ude et desmoyensdisponibles.

istheresult of numerousfactors, which makesit difficult
to establish pertinent correlations.

EXPLANATIONS OF SOME ASPECTS
OF THE «VINE - BERRY - WINE »
GLOBAL APPROACH

| - THE PLANT WATER STATUS
a) Pre-dawn leaf water potentia (LWPwx)

Thisdatais obtained by measuring the leaf water
potentia by meansof apressure chamber (SCHOLAN-
DER et al., 1965). It estimates the capacity of the plant
to retain water by pressurising aleaf with aneutral gas.
Thelessfree water thereisin the plant, the greater the

pressurereguired to causeit to exude. Theresultisexpres-
sedinbar or MPa, dwaysasanegativevaue. Therefe-
rence method used today isthe measurement of predawn
leaf water potential (LWPpd; Ypd), whichis performed
before sunrise, when the stomata of the plant are closed
and when the grapevine has been able to equilibrate its
water potential with the most humid layer of the soil.
Threshold values for LWPpd have been proposed by
CARBONNEAU (1998), which makesit possbleto eva
luate the degree of water deficit experienced by the plant
(tablel). The approximate values are the result of 20 or
more years of observationsin many vineyards of diffe-
rent cultivars. A comparison of the Syrah LWPpd evolu-
tion during three years shows the possible vine water

status variability, on the same type of soil (figure 4).

Tablel - Predawn leaf water potential and grapevinewater status (accordingto CARBONNEAU, 1998).
Potentid foliairedebase et éat hydriquedelavigne (selon Carbonneau)

classes Predawn leaf water potential (Ypd, MPa) Leve of stress
0 OMPa= ypd = -0.2 MPa no water deficit
1 -0.2 MPa> pd= -0.4 MPa mild to moderate water deficit
2 -0.4 MPa> pd = -0.6 MPa moderate to severe water deficit
3 -0.6 MPa> pd= -0.8 MPa Severeto high water deficit
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Some suggestionsare made regarding the use of LWP
measurements:

LWPpd isavery reliable technique of determining
vine water status that can be used in many situations.
However, LWPpd can underestimate vinewater deficits
experienced by the vinesduring the day when soil water
content is heterogeneous.

The LWPpd dependsonrain or irrigation eventsand
thismust betaken into account in the kinetic monitoring.
Itisamethod which enablesthe measurement of ashort
term hydric response (afew hours) of the plant in reac-
tion to achange in the soil water status. After asmall
amount of rainfall on adry soil, LWPpd underestimates
water deficit experienced by the vines during thefollo-
wing days, because water potentia in the vine balances
during the night with the most humid sail layer.

In stuationswherethe available soil water isnot eesily
messured by neutron moisture or TDR probesdueto the
depth of the soil, LWPpd can still be used to determine
plant water satus.

LWPpd measurements are preferably made at regu-
lar intervals between either flowering and maturity or
veraison and maturity. Itistheevolution of thewater sta
tusof the plant during the vegetative growth cyclewhich
providesthe most information on theimpact of water on
the growth of the plant and on the biochemistry/matura-
tion of the berry (tablell).

These measurements, redlised at the scale of thewhole
plant, enable the characterisation of the homogeneity
or the heterogeneity of aplot (vineyard) or agroup of
plots (vineyards) with respect to weter releions. It alows
replicationsand satistica analysis of the data.

The assessment of LWPpd across aplot (vineyard)
enables usto confirm theimportance of soil and root pro-
fileexaminationsin order to understand the eventud hete-
rogeneity in observed vinereaction. Thisisnotably linked
totheroot profile of the plant, whichinturnisinrelation
to soil depth or texture.

Thecentrd roleof vinewater satus concernsasmuch
the soil (supply) asthe sunlight interception in relation
to the plant architecture and climate (rainfal, evapora-
tive demand).

2) Leaf water potential (LWPY)

Theleaf weater potentia (LWPY) isfrequently used to
determine the daily dynamic of plant water use
(CARBONNEAU et al., 2004).

3) Stem water potential (LWPs)

predawn leaf water potential (MPa)
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The stem water potential (LWPS) ismeasured on
leaveswhich are bagged with both aplastic sheet and an
aluminium foil at least one hour before measurement.
Thebagging of theleaves preventstranspiration and their
water potential reachesequilibrium with water potentia
inthe stems. Stem water potential measurement isaway
of obtaining wholevinewater satusduring theday. Stem
water potentia vaues are highly correlated with trans-
piration (CHONE et al., 2001b). They are particularly
accuraefor reveding small weter deficits, or water defi-
citson soilswith heterogeneous soil humidity. Stem water
potential isgenerally measured early in the afternoon
(between 1300 h and 1600 h) when vauesreach amini-
mum.

4) Carbon isotope discrimination (6:3C)

Atmospheric COz contains 98.9 % of 12C and 1.1%
of 13C. Plantsincorporate 2C more easily into their bio-
mass during photosynthesis, which resultsin carboniso-
tope discrimination. When stomata are closed, dueto
water deficit, carbon isotope discrimination is reduced.
Asareallt, the3C/2Cratio (or 613C) in primary products
of photosynthesis (for grapevines being sugar) bearsthe
sgnature of theintengity of the water deficit during the
ripening period. 13C can be easily measured by mass
spectrometry in specialized laboratories. This method

days after bud burst
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Figure4 - Evolution of the predawn leaf water
potential (LWPpd) of thevariety Syrah during 3years,
in the Hérault région (South of France).

The figure shows the plant water status evolution for one year
and the difference between 3years. Thisisaclear illustration of the
possibleinter annual change, in the same plot, of the soil water

reserveininteraction with therain (i.e. « terroir » x vintage).
Evolution despotentiels hydriquesfoliairesdebase

du cépage Syrah au coursdu cycle annuel de développement
et sur 3ans(région del’Hérault, Sud dela France)
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Tablell - Reationshipsbetween pre-dawn leaf water potential, vegetative and fruit growth

and berry physiology and biochemistry of VitisviniferaL.
The budburst-flowering stage is not taken into account as awater deficit does not generdly exist during this period under field conditions.
Thewater deficit threshold valuesindicated and the resulting effects on the vine refer to the 'flowering - veraison' and 'veraison - maturity’
stages. In order to fully appreciate the effect of water deficit, its duration must also be taken into account.
Relationspossiblesentrele potentiel hydriquefoliaire debase, la croissance végétative et fructifere,

laphysiologiedela planteet la biochimiedu fruit chez Vitisvinifera L.

LWPpd (Mpa) Vegetative growth Berry growth photosynthesis Berry maturation
0t0-0.3Mpa normal norma normal norma
-0.3t0-0.5Mpa reduced reduced normal or dightly reduced higher than normal*
-0.6 Mpato-0.9 Mpa inhibited reduced or inhibited reduced or inhibited reduced or inhibited
<-09Mpa inhibited inhibited inhibited inhibited

* j.e. stimulation of the biosynthesis or/and concentration of some compounds

hasthe advantage that it integratesthe water deficit over
alonger period and that it does not require messurements
inthefied. A great number of plots can be sampled, which
makesagpatia representation of theresultspossble (VAN
LEEUWEN et al., 2001; GAUDILLERE et al., 2002).
Vauesrange from-20 p. 1 000 (severely water stressed
vines) to-27 p.1 000 (no water deficit).

Il - VEGETATIVE GROWTH

Regular measurements of principa shoot length can
provide information on the dynamics of plant growth
(BESSISand ECEVIT, 1974; FOURNIOUX, 2001). The
growth of the principal and secondary shootsisin direct
relation with the water status of the plant (HARDIE and
MARTIN, 2000; LEBON et al., 2005) and its nitrogen
status (CONRADIE, 1980). The measures of vigour and
vegetative expression are of particular importance for
comparison of different situations, whether to compare
plots (vineyards) with different Stuations, plots (vineyards)
with different water relations and/or different nitrogen
datusor smply to compare, for astuation with the same
vigour, different training systems (CARBONNEAU et
al., 2001b). These growth measurements must be linked
to phenological stages and in thisregard the use of the
scaleof LORENZ et al. (1995) is advised. Assessment
of the carbon situation provides worthwhile informa-
tion on the gpportioning between organs (CONRADIE,
1980). Findly, thefact thet the plant water datusisexplai-
ned in terms of the water supply (soil) together with the
demand (canopy architecture, evaporative demand) must
be emphasized. Thisincreasesthe relevance of total leaf
areaand exposed |eaf area measurements (CARBON-
NEAU, 1995; MURISIER, 1996; MABROUK and
CARBONNEAU, 1996). Inthisregard, it must berecd-
led that theratio Exposed Leaf Area/Yidd (ELA/Y) must
be interpreted in relation to plant vigour (CARBON-
NEAU, 1999). TheELA/Y ratiowill haveahigher vaue
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when the sinks competing with bunches are more nume-
rous (the sinks of the primary and secondary shooats; their
extent/Szeisevauated by measurementsof vigour (win-
ter weight of ashoot) and vegetative expression (total
pruning weight of avine)). Extensveresearch hasshown
that the training system of the grapevineisan impor-
tant component inthe qudity of theharvest andthe style
or typicality of thewines.

11 - BERRY GROWTH

Berry selection asafunction of diameter or sugar
content enables the visualisation of the stages of berry
growth and has confirmed the absence of a systematic
relationship between the size of the berry and the sugar
content per berry (DELOIRE et al., 2004). The visua
assessment of berry growth is uncertain/risky, and the
selection method has shown that, for many cultivarsand
inmany stuations, thereisheterogeneity in Szeand mass
between berries on a bunch, bunches on a vine and
bunches of different vines, which should be taken into
account. Thereisequaly adiurna changein berry dia-
meter inreldion to the grapevinewater datus (GREENS-
PAN et al., 1994). The number of classes and their
frequency depends, inter dia, on the plant water satus.
For some studies (sugar or acid content, secondary meta
balites, berry growth) it is of interest to work with berry
classes (OJEDA et al., 1999; OJEDA et al., 2001). For
someresearch, it may be necessary to study the mecha-
nical propertiesof the berry, which reflect their turgidity
inrelation to the cultivar or the terroir (ROBIN et al.,
1997). The berry sampling needsto be very strict.

Recent studieshave provided origind resultsindica
ting thet applied water stress between flowering and vera-
son does not modify cell division, but rather cell
enlargement in an irreversible manner, depending onthe
intensity of the constraint (OJEDA et al., 1999; 2001).
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Ontheother hand any deficits during the period veraison
to maturity can be reversed, dueto the plasticity of the
cell (the softening of the berry that isone of thefirst cha
racteristics of veraison). The concentration-dilution phe-
nomenonisindirectly dependent on the plant water stetus,
whichisinturn related to the avail able soil water reserve,
water supplying incidents (rain, irrigation) and evapora
tive demand. For the grape berry, the number and size
of cellsareimportant aspectsthat participate in the qua-
lity of the harvest, smilarly to theratio skin surface/pulp
(CARBONNEAU &t al., 1998). For thisreason, theresult
of biochemical anaysesof primary and secondary meta-
bolites can be expressed either in concentration (gene-
rally expressed as mg/g) or asthe result of biosynthesis
(expressed as mg/berry).

IV - BERRY BIOCHEMISTRY

Berry volumeand sugar accumul ation are affected by
severd factors, such as plant water status, photosynthe-
tic activity and temperature (VAN LEEUWEN et al .,
1994; PONI et al., 1994 ; FLEXASet a.,1999; OJEDA
etal., 2001; VAN LEEUWEN et al., 2004). Berry growth
depends principally on water supply, whereas the accu-
mulation of sugar in berries depends on other factors,
such source-sink and sink-sink  relationships
(CARBONNEAU and DELOIRE, 2001; WANG et al.,
20033, b). The growth of grape berriesfrom veraison to
maturity may be divided into three phasesthet clearly cor-
relate with the water status of the plant. The accumula
tion of sugar in the berry, in other words, phloem
unloading, depends on the photosynthetic activity of the
plant, which in turn depends on the water status of the
entire plant throughout the day and during the course of

ripening.

Numerous studies have been carried out on the effects
of water stress on sugar accumulation in the berry.
CARBONNEAU and DEL OIRE (2001) have shown thet
moderate water deficitsretard shoot growth without nota-
bly affecting photosynthetic activity, and that it facilitates
thedigribution of sugar in the berriesand perenniad organs

during ripening.

Sugar phloem unloading in ripening grape berriesvia
the apoplastic network is a process that requires sugar
trangporters, theintervention of enzymesand asource of
energy (DAVIES and ROBINSON, 1996; FILLON etal.,
1999; AGEORGES et al., 2000; WANG &t al., 20033).
Itispossiblethat there are many sugar unloading mecha:
nismsinthegrape berry: goopladtic, symplagtic or co-exi-
ted (BOSSand DAVIS, 2001). Water stress could reduce
theactivity of both the sugar transportersand the enzyme
involved in the processthusleading to areductionin sugar
unloading in the ripening berry.
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Depending on the severity of water deficit and the
pointintimeat which it occurs (terroir effect) or at which
itisapplied (irrigated vines), areduction in vegetative
growth (plant vigor) can compensate for the observed
reduction in photosynthetic activity without affecting
berry sugar unloading (CARBONNEAU and DELOIRE,
2001). When moderate water deficit isregularly and conti-
nually applied throughout the ripening period of the ber-
ries, the accumulation of sugar at maturity isaffected in
amanner that isindependent of berry volume: when
the berry volume decreases a maturity dueto water l0ss,
the concomitant increasein sugar levelsoccurs more by
concentration than by accumulation (i.e. sugar unloa-
ding).

Theavailability of water better explainsthe observed
effectson berry volume, whereas photosynthetic activity,
whichisrelated totheratio of exposed lesf areaand yield
quantity, accountsto agreater extent for the effectson
phloem sugar unloading in the ripening grape berry.

Studies that have been undertaken on the evolution
of berry phenolsas « indicators » of the response of the
vine (OJEDA et al., 2002) have resulted in many obser-
vations:

Theimportance of considering the evolution of cer-
tain metabolites during the green growth sage of the berry
(berry sat - véraison). Itisworthwhileto take theinfluence
of theviticultural practicesduring this period into account
in order to understand and interpret the growth and bio-
chemigtry of the berry in rdlation to the quaity of the har-
vest.

The importance of dissociating results expressing
concentration (mg/g or mg/L) from those expressing bio-
synthetic events (mg/berry).

Theimportance of taking into account, for agiven
water deficit Situation, its period of occurrence, itsdura:
tion and itsintensity in order to explain the relationship
«plant water status- berry biochemigtry ». For example,
the cultivars Syrah and Grenache noir differ in biosyn-
thesis of anthocyanins or flavonolsin relation to water
deficits above acertain level (Ypd [£-0.6 Mpa; OJEDA
etal., 2002).

Theimportance of taking the bunch microdimateinto
account in theinterpretation of the dynamicsof berry bio-
chemidry inrelation to water stressand grapevinevigour.

To consderethe evolution of the berry biochemistry
in relation with the plant water content, and in interac-
tion with the « puissance » (vegetative and yield pro-
duction of the considered year) and the bunch
microclimate (for a specific training system and meso-
climate).

J. Int. &ci. Vigne Vin, 2005, 39, n°4, 149-162
©Vigne et Vin Publications | nternational es (Bordeaux, France)



A.DELOIRE et al.

Some of the phenalic componentsthat have been stu-
died play arolein the biodefense of grape berries. The
rel ationship between plant water status and its ability to
defend againgt « bioagressors » is, therefore, dso ater-
roir component that should be taken into account toge-
ther with the bunch microclimeate and canopy architecture
(DELOIRE et al., 1998).

THE RELATIONSHIP
BETWEEN GRAPES AND WINE

Thiscomplex subject has been studied by competent
teams (inter alia FLANZY, 1998; BROSSAUD et al.,
1999). It has been shown that water stress could modify
thevaueof tanninspolymerisation (OJEDA et al ., 2002),
information thet was not available from the classic moni-
toring of maturation.

It must be questioned whether theimpact of thistype
of observation on wine quality isin direct relation with
thewine making process. Inthisregard, the sensorid ana-
lyssof berries(ROUSSEAU and DELTEIL, 2000) isan
interesting techniquefor the determingtion of grape matu-
rity, but it should be complemented, dueto the desired
level of understanding and knowledge of the functioning
of «terroir-grapevine-wine» interaction, by more detai-
led analyses.

Following this, it is necessary to establish potential
relaionships between biochemica responses of theberry
and the quality, the style and the typicality of corres-
ponding wines. In this respect, investment in mini-vini-
fication (0.5to 1 hl) and in sensorial analysesis useful
for comparison of different Situations. The devel opment
of anaytica techniques such as Infra Red spectrometry
aready dlowstherapid, reliable and high turnover ana
lysesof some primary metabolitesand should in thefuture
include secondary metabolites contained in must and
wines. There ationship between the biochemistry of the
berry, terroir and the typicality of the wine should the-
refore be more readily established.

CONCLUSIONS AND PERSPECTIVES

Studies of the grapevine response to terroir require
the implementation of both the « whole plant-berry »
approach and spatial modelling of the considered envi-
ronmental parameters over the whole study area. Tools
such as GIS, geophysics and remote sensing are being
implemented for this purpose and related to plant data.
High resol ution remote sensing and soil resistivity mea-
surements (geophysics) can be used for a« precison viti-
culture » approach (that isto say, at afine resolution
within alimited extent of asingle vineyard). For instance,
vinevigour may be differenciated using avegetation index
such asthe NDVI, vine water status may be characteri-
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zed through canopy temperature using athermd InfraRed
camera(ROBY et al., 2004, MARGUERIT et al., 2004).
Inthisway, the genotype X terrair interaction can be spa
tidized.

The proposad « grapevine-terrair-wine » sudy method
isnot exhaudtive and could beimproved. The available
methods do, however, allow someindustry needsto be
met. Current studies can be differentiated based on the
duration of theanalyssof the responses of thegrapevine
totheterroir:

- Short term studies (for one cycle), which allow a
preliminary zoning of grapevineswithin avineyard or
group of vineyards (e.g.: zoning of vine water stetus by
meansof 313C or LWPpd; monitoring of graperipening).

- Medium length studies (at least 3 years), which dlow
theintegration of the vintage effect.

- Studies of long duration, which, together with spa
tial and temporal repetitions, alow the complete cha-
racterisation of aviticultural zone.

Depending on the study objectives and available
means, there must be agreement between the desired
duration of the study, the extent of the area and the
methods to be used. For example, the measurement of
AC or LWPpd during the developmental cycle of the
grapevine already enables apreliminary zoning of the
plant water relationship on the sudied plots. To investi-
gate the stability of the terroir, the importance of repea
ting the measurements over different vintages (at least 3
years) must be accepted. A frequency analysis perfor-
med for along period of datapertaining to berry andyses
of Grenache noir in central Cotes-du-Rhone (primary
metabolites and mass of 200 berries) has shown that a
seriesof 7 yearsbest goproachesthe results of aseries of
17 years (1982 - 1998), but that apoorly chosen seriesof
3years (1995 - 1997) doesnot really represent the maxi-
mum period considered (VAUDOUR, 2001).

The proposed kinetic studies, for example the bio-
chemical evolution of berriestogether with the monito-
ring of the water status of the grapevine, will enablea
morerapid determination of thevintage effect for aspe-
cific cultivar on aspecific terroir, wheress aseries of three
to five years of measurements of the relationship « gra-
pevine-berry-wine »will enable amore accurate deter-
mingtion of the terroir effect.

The possible objectives of these studiesare notably:

a) on the one hand to provide abetter understanding
of the relationship « terroir-wine », which can be used
for internal communication (for example between mem-
bers of a cooperative cellar to justify the necessity for
vineyard selection and/or the choice of datesof harvest)
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or external communication to defend the terroir concept
with the aid of precise or accurate arguments,

b) and, on the other hand, in the short term, to provide
adviceon the adaptation of viticultural practicesand wine-
making techniques to specific terrairs, in relation to the
typeof product desired by the markets. Furthermore, itis
necessary to explain why different styles of winesare
obtained from the same grape variety grown on different
typesof terrairs.
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