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Summary : Theaim of thisresearch wasto devel op an operationa method of characterization of «terroirs»inres-
ponseto the request from wine professionals. A study based on both a survey of vine growers and a characteriza-
tion of thenatura factorsof «terroir» (geological, pedological and mesoclimatic components) using the concept of
Basic Terroir Unit (B.T.U) was made in 18 communes of the Anjou region. The natural factors of “terroir” were
characterized by (1) ageological component (stage and nature of the parent rock) and (2) an agro-pedological com-
ponent studied according to afield model alowing to distinguish three kinds of soil environments named : Rock,
Alteration and Altérite. Each of them represent afunctioning unit in wich an homogenous responsein termsof vine
behaviour can be expected. The approach based on the survey of vine growers was developed in order to replace
the network of experimental plots of land formerly used to integrate the plant behaviour initsenvironment. These
networks required considerableinvestment in time and money. Our study showed that vine growers perceived cor-
rectly the behaviour of the vine through different variablesrelative to the soil, the climate and the plant. They dis-
tinguished particularly well between two of the environments (Rock and Alterite) generated by the model. There
was good agreement between the results obtained with the two approaches (survey and characterization of natu-
ral factors of «terroirs»).

Résumé: Le but de cetravail a été d’ élaborer une méthode opérationnelle de caractérisation des terroirs pour
répondre aune demande croissante delafiliéreviticole. Une éude basée sur une enquéte agroviticole et une carac-
térisation des facteurs naturels du terroir (composantes géol ogique, pédol ogique et mésoclimatique) utilisant le
concept d' Unitéde Terroir de Base (U.T.B.) aété conduite sur 18 communes du vignoble del’ Anjou. Lacaracté-
risation des facteurs naturels du terroir utilise d’ une part une composante géologique (étage et nature delaroche
meére) et d’ autre part une composante agro-pédol ogique étudiée gréce aun modele de terrain permettant de dis-
tinguer troismilieux sol différents (roche, atération et atérite). Chacun représente une unité de fonctionnement de
lavigne. L’ approche par enquéte viticole parcellaire a été dével oppée de maniére a se substituer aux réseaux de
parcelles expérimentales, lourds et coliteux, pour appréhender le fonctionnement de la plante dans son milieu. I
ressort de cette étude que les vignerons percoivent correctement le comportement delavigne atravers différentes
variablesreaivesau sol, au climat et alaplante. 1ls discriminent particulierement bien deux des milieux générés
par le modéle de terrain. On constate aussi une bonne concordance des résultats obtenus avec |es deux types
d approche (enquéte et caractérisation des facteurs naturels).

Key words: viticultura terroir, survey, vine growers, terrain model, soil depth, water supply, vigor, budburst ear-
liness.

Motsclefs: terroir viticole, enquéte, vignerons, modéle deterrain, profondeur de sol, régime hydrique, vigueur,
précocité.

INTRODUCTION

In viticulture, the concept of terrair is of growing
interest, not only in countries of winetradition, but in
the new production countries. The notion of «terroirs»
based on natural and humanfactors(SALETTE et al.,
1998) is presented by the French Nationd Ingtitute of
Origin asthe foundation of the AOC. But today, the
contralled origin system gartsin the New World coun-
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tries. The understanding of terroir effect on plant beha:
vior will lead to an adaptation of the culturd practices
and so to anincrease of the quality of wine. Using the
«terroir» factor requiresto conduct researchesin order
to get abetter knowledge of this complex system by
combining ascientific method of characterization of
thenaturd factors of the «terroir» with the study of the
empirical knowledge of vine growers. Itisin thisspi-
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rit, that the program on «Terroirs d’ Anjou» wasini-
tiated (MORLAT, 2001) in 1994. It is based on the
concept of Basic Terroir Unit (BTU) which was used
asframework to develop apedological field modd for
s0il sudy (MORLAT, 1989, 2001, RIOU et al., 1995),
toimprove and to generdizethe characterization of the
soil component of theterroir.

In parallel with the characterization of BTU inthe
field, asurvey of the vine growers was conducted at
the plot scae. It focused on the following objectives:

- Study of the«terroir» effect onthevineand wine;

- Study of the empirical perception of theterroir by
thevinegrower ;

- Adaptation of vine-growing and enological prac-
ticesto theterroir ;

- Vdorization of terroirs.

Inthispaper, weonly present the main results obtai-
ned regarding the first two objectives. The other two
will bethe dealt with in asecond paper.

ater
avetlakifity

Vine viger

MATERIALSAND METHODS

| -STUDY OF THENATURAL FACTORSOF THE
TERROIR : IDENTIFICATION AND CARTO-
GRAPHY OF BASIC TERROIRUNITS

In the approach proposed by MORLAT (1989), a
vine-producing region isconsidered asaset of natural
environments, each defined by three major compo-
nents: ageol ogic component, an agro-pedologica com-
ponent and alandscape component. By definition, the
BTU correspondsto aterritory that resultsin homo-
genous behaviour with respect to the terroir/vinefwine
functioning chain. Moreover, itsareais sufficient to be
managed asan agronomicaly and commercidly vidble
unit.

The geological component isconsidered to bethe
first primary key of identification and cartography of
theBTU, by using, thetype of parent rock and the geo-
logic stageit belongsto.

The second primary key concernsthe soil type. Its
high variahility isthemain problemto solvein theiden-
tification of the BTU. In order to overcome this pro-
blem, asmplebut operationa pedologica field model
(THELIER-HUCHE et MORLAT, 2000) based onthe
soil depth and itsaverage clay content, often linked to

!hi$ el ®
N
}@a o ® o

Budburst
garfiRgss

Fig. 1- Hypothesison the behavior of thevinein every environment of the pedological field model for soil study.

Hypothéeses sur le comportement dela vigne dans chaque milieu du modéledeterrain.
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the degree of ateration of the parent rock, was desi-
gned. One congdersthat for every type of rock belon-
ging to agiven geological stage, thereisa potential
series of soils with various levels of evolution.
Concerning thisseries of soils, thefield model alows
to distinguish between three kinds of environments
which are named Rock, Alteration and Alteritewithin
general adepth and clay content of the profileincres-
sing in the following direction : Rock< Alteration
< Alterite. These variableslargely affect severa phy-
sical properties of the soil which are mostly respon-
sible for the terroir effect, (MORLAT, 1998 ;
SCHWARZ, 1997), such aswater content, globd ther-
mal behaviour, and water drainage. We hypothesized
that the Rock environment is characterized by alimi-
ted water supply, alower vigour and ahigher budbresk
earliness of vine (figure 1). The Alterite environment
isdetermined by anon-limited water supply, ahigher
vigour and alower budbreak earliness. Asfor the
Alteration environment, itsbehaviour isintermediate.
It is considered that each of these environments can
lead to adifferent behaviour of thevine, ligbleto modify
the physico-chemical composition of the grape and
finally the characteristics of thewine (MATTHEWS
and ANDERSON, 1988; DREIER et al., 2000;
DELOIRE et al., 2001).

Thefollowing environments can be di stinguished:

The Rock Environment with limited soil depth, in
which the soil has the lowest degree of pedological
ateration and clay content of the series, covering solid
or dightly weathered parent materia located on 60 cm
indepthor less.

The Alterite environment that represent the degpest
soil with the highest clay content of the seriesand in
which the geologic materid, evenin aweathered Sate,
isonly observed from 120 cm in depth or more.

Intermediiate Stuations correspond to the Alteration
environment in which therock in the process of trans-
formation is recognizable between 60 and 120 cmin
depth.

Our aim wasto verify severd hypotheses concer-
ning the behaviour of the vinein each of these three
environments, intermsof precocity of thecycle, weter
supply and vigour (figure 1).

The model proposed is adapted to the soilswhich
aredirectly issued from the dteration of aparent rock.
In Anjou, they represent 65 % of vine-growing sur-
faces. A BTU will be defined by a soil environment
associated with atype of parent rock and agiven geo-
logic stage. Concerning the other sails, 35 % of the
vine growing surfaces, we distinguished colluvid for-
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mations located in thalwegs, some sand-clay-gravel
superficial deposits and thick clays from the
Cenomanian and also siltsto clayed silts from the
Quaternary. Intota, seven environmentscould bedis-
tinguished which alowed to andyzethetotdity of the
areastudied. The large spatia variability of the soil
required aland survey (1/12500), essentia to map the
BTU with accuracy.

Terroir characterization was made by sampling
using power augers (on average, 1 sampling/ha) and
with theaid of remote sensing by meansof digitalized
aerid photographs. It aso included detailed studies of
the soil and of thevineroating on profilesfrom repre-
sentative Stesaswell as a quantification of the land-
scape environment of the BTU (altitude, opening of
the landscape, intensity and orientation of the dope)
according to the method described by MORLAT (2001)
and DUMAS et al. (1997).

Thelandscape environment do not generaly consti-
tute amajor key of zoning because at the scale used,
itsvariaions are largely associated with the geologic
component and to alesser extent to the soil compo-
nent.

Thesoil effect onvineand wineistrandated by dif-
ferences in the plant physiology which cannot be
directly mapped in thefield. The most important dif-
ferences concern the potential of the «terroir» for an
early growth cycle of the vine (EPT), the soil water
reserve (SWR) and the potentid of the «terroir for the
vigour of vine (VPT). In order to overcometheimpos
sibility to map the previous variables that explain the
“terroir” effect directly inthefield, three expert dgo-
rithms, allowing a numerical estimation of these
variables, weredeveloped (GUILBAULT et al., 1998).
They use and integrate criteriathat are directly acces-
sible and mappable on the field in an additive model
after weighting of these variables. The choice of crite-
riaand weight were validated on experimentd plots.

The study was performed in the Anjou (figure 2)
vineyard (France), located in septentrional climatic
zone (47°21'N ; 0°40' W) and presenting alarge geo-
pedological and vine-growing diversity , within the
sameregiond climate.

The zone studied has a surface of about 40,000 ha
(29 communes), in the South of the Loireriver. Itis
located at the boundary of two geologic regions: inthe
West, the Armorican Massif (eruptive, metamorphic
and sedimentary of the Precambrian and the Primary)
andinthe Eadt, the Parisan Basin (sedimentary) of the
Secondary and Tertiary periods. Four geologic systems
prevail here: metamorphic often sandstone schists
(métagrauwacke) of the Mauges sequences
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(Brioverian), the schists of Angers and Bouchemaine of the Cenomanian and shell-marl of the Miocene. The
(Ordovicianto Silurian), the schist-sandstone and vol- regioniscrossed, according to aN-NW/S-SE axis, by
canic complex of Saint-Georges-sur-Loire (Ordovician animportant fault occupied by the Layon river.
superior to Devonian) and the coal-bearing and vol-

canic complex (Namurian) of thefurrow of the Lower Although under oceanic influence, the region has
Loire. Inthe Eadt, Brioverian and Primary rocks are rather low rainfdl (570 mm.year-1), an average annud
often covered by stony sands and glauconeous clays temperature (12.1 °C) with low temperature variations,

Bl Clhamcterzationzons of the Basse Tenolr Units 7] Chametznmation zone of the Fasie Teroor Wniks and mareey of 1he wine grovaes
Fig. 2- Thevinegrowing area studied in the Anjou region (France)
Zoneviticole éudiéedanslarégion del’ Anjou (France)

Tablela- Modalitiesand testsvalues atistically significant obtained by multiple component analysis (M CA) of
thenatural variablesof theterroir associated with each soil environment
and obtained by survey of thevinegrowers.
Modalitéset valeur stests statistiques significativesissues d’ une analyse en composantes multiples concer nant lesvariables
naturellesdu terroir associées a chaque milieu sol et obtenues par enquéte auprésdesvignerons.

Soil environments obtained by the pedologica field mode for soil study

Rock (2587 plots) Alteration (2623 plots) Alterite (1279 plots)
Associated modalities Opposite modalities Associated modalities Opposite moddities Associated moddities Opposite modalities
. . . lower (-5.9) . 0By (11 0V
Period of sunshine higher (15.5) to average (- 13.7) higher (3.0) average (- 2.5) average (11.0)

Fog frequency higher (3.0) lower (-3.5) higher (3.9) average (-5.3) average (4.9) higher (-7.1)
Wind velocity higher (9.0) average(-96) 0 - average (7.1) higher (-4.6)

. . average (- 11.7) ; . lower (12.8) to ave- . :
Soil temperature higher (24.3) 0 lower (-203) average (2.9) higher (-3.1) rage (6.1) higher (-15.1)

. . average(-153) . i -
Air temperature higher (18.1) o lower (-4.9) lower (-3.1) average (11.9) higher (-13.8)

I higher (-19.1) ) g higher (11.8) .
Soil moisture content lower (21.6) to average (-8.2) average (5.1) higher (-2.7) to average (35) lower (-13.6)
Pebble content higher (13.3) lower (-11.4) average (3.4) higher (-2.8) lower (5.3) higher (-7.0)
Soil depth 50cm (14.2) 80cm(-13.0) 50t080cm (3.3) 50cm (- 2.7) 80cm (5.4) 50 cm (- 6.6)
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Tablelb - Modalitiesand testsvalues statistically significant obtained

by multiple component analysis (M CA) of the natural variables of theterroir

associated with the other environmentsand obtained by survey of thevine growers.

Modalitéset valeur stests statistiques significativesissues d’ une analyse en composantes multiples concer nant lesvariables
naturellesdu terroir associéesaux autresmilieux et obtenues par enquéte aupres desvignerons.

Other environments

Clays Superficia deposits Clayed siltsfrom the Quaternary Colluvia formations
(424 plots) (317 plots) (470 plots) (303 plots)
Associated Oppodite Associated Opposite Associated Oppodite Asociated Opposite
modalities modalities modalities modalities modalities modalities modalities modalities
Period of . lower (39)to .
wnshine | T T average(35)  higher (-3.3) average (10.7) higher (-122)  lower(53) -
Fogfrequency  lower (29)  average(A7) e oo averege (é% higher -83)  higher (61)  lower (-33)
Windvelocity - e e s average(6.4)  lower (-4.5) lower (6.3) higher (-6.7)
. lower (4.3) to ) . . . average (5.2) . : . :
Soil temperature average (37) higher (-7.5)  higher (3.37) lower (-3.0) o lower (11.1) higher (-13.5) lower (5.0) higher (-3.2)
Airtemperature  average(4.8)  higher (-65) @ - - gﬁg%‘% higher (-11.4)  lower (26) -
So'éomnt";“re higher 31)  lower (-44)  lower (26) —m- higher (9.9)  lower (-111)  higher (63)  lower (-33)
; o average(5.2) | o
Pebblecontent  lower (3.4) higher (-3.1) lower (9.2) to higher (-6.1) lower (3.6)
Soil depth 80cm(4.3) 50cm(-4.3) 80cm (2.5) 50cm(-4.1) 80cm(84) 50em(-45) @ -

dominant Southwest winds and 1318 hours of sunshine
between April and September (MORLAT, 1989).

These climatic conditions are favourable to vine-
growing and to the production of different types of
wines. Themain cultivarsare: Mtisvinifera cv. Chenin
which produces dry and dessert style white wines
(named Coteaux de |’ Aubance, Coteaux du Layon,
Coteaux du Layon - villages, Bonnezeaux and Quarts
de Chaume), \itisvinifera cv. Cabernet franc and Mtis
vinifera cv. Cabernet Sauvignon used to produce red
and rosé wines, but also Mtisvinifera cv. Grolleau used
for rosd wines.

[ -STUDY OF THE TERROIRSBY MEANS OF
A SURVEY OF THE VINE GROWERS

1 - Protocol

A systematic survey (THELIER-HUCHE and
MORLAT, 2000) of the vine-growersfrom 18 vine-
producing rural digtricts of the Anjou region was per-
formed at the plot scale by means of a questionnaire
including thefollowing points:

- Direct perception by the vine-grower of the natu-
ral factors of the terroir: pedological characteristics
(soil depth, texture and colour, pebble content), pedo-
climatic (soil moisture content and temperature) and
climate (air temperature, wind velocity, risks of frogt,
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fog frequency). For variables such as pebble content
and depth of the soil, the survey concerned only 12
rura districts.

- Indirect perception by the vine- grower of the natu-
ra factors of the terroir, through the behaviour of the
vine: earliness of budbreak, vigor of the vine, vegeta-
tivedevelopment indry year andin average year, sus-
ceptibility to diseases, and capacity of over ripening of
the plot.

Thesurvey included questionswith closed answers,
generally with three modalities of answer for each
variable studied (lower than average, on average, higher
than average) and questionswith opened answers (cha:
racterization of the soil, vine production potentia of
the plot, sensory characteristics of thewine).

The survey was conducted in pardld with the cha
racterization and zoning of BTU, between 1995 and
1999. A totd of 380 vinegrowerswere surveyed. The
survey unit wasthe plot of land, the cadastral coordi-
netes of which alowed to placeit geographicaly, accor-
ding to a geographic information system (G.1.S.).
Neither theinvestigator, nor the vine grower, knew at
thetime of the survey one or severa BTU of the plot
concerned.
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Tablella- Modalitiesand test values atistically significant obtained by multiple component analysis (M CA)
of thevariablesréativeto the vine behaviour associated with each soil environment
of thefield modd and obtained by survey of thevinegrowers.

M odalités et valeur stests statistiques significativesissues d’ une analyse en composantes multiples
concer nant lesvariablesrdativesau fonctionnement dela vigne associées
achaquemilieu sol du modéedeterrain et obtenuespar enquéte auprésdesvignerons.

Soil environments obtained by the pedologica field model for soil study

Rock (2587 plots) Alteration (2623 plots) Alterite (1279 plots)
Associated Opposite Asociated Opposite Associated Opposite
modalities modalities modaities modalities modalities modalities
Frost risk higher (9.0) lower (-7.2) lower (2.7) average (- 2.5) lower (4.4) higher (-6.1)
. A . g lower (7.2) . :
Budbresk earliness  higher (17.7) lower (-12.5) higher (-3.1) to average (7.1) higher (-12.5)
S lower (10.1) oy . lower (-7.1)
Vinevigour inaverage (3.3) higher (-11.9) higher (7.7) 1o average (-2.4)
Leaf development lower (6.1) . o : . average(-2.6)
inaverageyear toaverage(2.6) higher (-5.8) lower (-2.8) higher (3.9) to lower (-4.0)
Leaf development higher (- 8.2) . average (5.2) :
in dry year lower (11.5) to average (- 4.3) average (2.8) lower (-4.8) o higher (33) lower (-8.2)

Tablellb - Modalitiesand tests values Satistically significant obtained by multiple component analyss (M CA)
concer ning thevariablesrdative to the vine behaviour associated with the other environmentsand obtained by
survey of thevinegrowers.

M odalitéset valeur stests statistiques significativesissues d’ une analyse en composantes multiples concer nant lesvariables
relatives au fonctionnement de la vigne associées aux autresmilieux et obtenuespar enquéte aupreésdesvignerons.

Other environments

Clays Superficial deposits Clayed siltsfrom the Quaternary Colluvia formations
(424 plots) (317 plots) (470 plots) (303 plots)

Associated Opposite Associated Opposite Associated Opposite Associated Opposite
modalities modalities modalities modalities modalities modalities moddities modalities

Frost risk average(4.4)  lower (-24)  average(4.8)  higher (-3.3) lower (8.3) higher (-84)  higher (7.6)  lower (-4.9)

Budbresk earliness average(5.3)  higher (-5.8) higher (3.1) lower (-4.1) lower (9.6) higher (-7.6) lower(4.7) ---—--

Vinevigour  higher 41)  lower (-37) = - higher (2.8)  higher (7.3) gﬁ;gg higher (35) average(-3.0)
Lﬁ?;‘jg’;g‘)’g;“ ------ lower (-32) g’%?vgg(é% higher (44)  higher 36)  lower (-23)  higher (33) average(-28)
Leaifnd(?’rf;g“em higher (30)  lower (29)  lower (7.2) t?ﬁéﬁeer((%?) higher (6.3)  lower (-49)  higher (3.8) average(-2.6)

2 - Dataprocessing graphic information (G.I.S. Alliance and database
) ) ACCESS of Microsoft) (BOLO et al., 1996) and ana-
Severd BTU coexisted frequently in the same plot. lyzed by one-variable sorting, multivariate breskdown

To analyze precisdly the perception and the valorizar and factorial analysis [Multiple Correspondence

tion of theterroir by the vine grower, only the plots Analysis (MCA)] using the SPAD software.
were retained (among 8006) in which the dominant

BTU occupied at least 50 percent of the surface. Data Inthe MCA, test values (similar to the absolute
from the survey were compared to those obtained from value of one normal vari ablfa center_ed _and reduced)
the characterization of the natural factors of the BTU. dlowed ustoisolate the variables significantly (at p

£ 0.05) associated (test value > 1.96) or opposed (test
Datafrom both the survey and the characterization value <-1.96) to agiven environment or BTU. The
were processed a the sametime using asystem of geo- higher the association or the opposition of avariable,
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Tablellla- Modalitiesand test values statistically significant obtained by multiple component analysis (M CA)
of thenatural variablesof theterroir associated with the soil environment and obtained by survey of thevine
growers; grouped by direct hierarchical classfication.

M odalités et valeur stests statistiques significativesissues d’ une analyse en composantes multiples
concernant lesvariablesnaturellesdu terroir associées aux milieux sol et obtenuespar enquéte auprésdesvignerons;
regroupéspar classification hiérarchiquedirecte.

Categories of soil environments obtained by direct hierarchical classification

Rock + superficial deposits Alterite + clays + clayed silts Colluvid formations Alteration
(2904 plots) from the Quaternary (2173 plots) (303 plots) (2623 plots)

Associated Opposite Associated Opposite Associated Opposite Associated Opposite
modalities modalities modalities modalities modalities modalities modalities moddlities

Period . lower (-59)to lower (43)t0 . AT e (2R . i
of sunshine higher (13.6) average (-11.8) average(15.7) higher (-17.1)  lower (5.3) higher (3.0) average(-25)
lower (2.9) to . . )
Fogfrequency ------ lower (-2.7) average (4.3) higher (-9.9)  higher (6.1) lower (-3.3) higher (3.9) average(-5.3)

Windveocity higher (85) average(-9.7) average(10.6) higher (-6.6) lower (6.3) higher (-6.7) - -
Soil temperature  higher (25.0)  lower (-20.7)  lower (19.3)  higher (-23.0) lower (5.0) higher (-3.1) average(29) higher (-3.1)
lower (-4.3)to  lower (6.5) to

Air temperature  higher (17.3) average (-14.7) average( 15.5)

higher (-20.3) lower (26) - lower (-3.1)
Soil moisture

content lower (22.2)  higher (-18.7)  higher (17.3)  lower (-19.3) higher (6.3) lower (-3.3) average(5.1) higher (-2.7)

Tablelllb - Modalitiesand test values satistically significant obtained by multiple component analyss(MCA)
of the natural variablesof theterroir associated with the soil environment
and obtained by survey of thevinegrowers,; grouped by direct hierarchical classfication.
Modalités et valeur stests statistiques significativesissues d’ une analyse en compaosantes multiples concer nant lesvariables
relatives au fonctionnement de la vigne associées aux milieux sol et obtenuespar enquéte aupresdesvignerons;
regroupéspar classfication hiérarchiquedirecte.

Categories of soil environments generated by direct hierarchical classification

Rock + superficial deposits Alterite + clays + clayed silts Colluvia formations Alteration
(2904 plots) from the Quaternary (2173 plots) (303 plots) (2623 plots)

Wind veloci Associated Opposite Associated Opposite Associated Opposite Associated Opposite
Yy modalities modalities modalities modalities modalities modalities modalities modalities

Frost risk higher ( 7.5) lower (-7.8) lower (7.7)  higher (-10.5)  higher (7.6) lower (-4.9) lower (2.7)  average(- 2.5)
Budbreak

clines  ONer(186) lower (-137)  lower (121)  higher (-169)  lower (47) - higher (-3.1)

Vinevigour lower (10.6)  higher (-12.7)  higher (12.3)  lower (-105)  higher (35) average(-30) - -

Lesf
developmentin  lower (7.6) higher (-7.5)  higher (6.1) lower (-5.8) higher (3.3) average(-28) - lower (-2.8)
average year
Leaf develop- ] ) higher (7.6) to : } : :
mentindry yeer lower (14.3)  higher (-9.5) average (44) lower (-10.8)  higher (3.8) average(-2.6) average(2.8) lower (-4.8)

the higher the absolute va ue of the test value. In the meansthat calculations (algorithm of the mutud neigh-

tables of results the significant modality and itstest bours) were made on thefactoria coordinatesof apre-
value are presented in front of each variable and for liminary analysis and used Ward's aggregation criterion.
each environment of themoddl. A criterion of aggregation isacriterion by which one
can decidethat two individuaswill be clustered within

Besides, adlassfication was made on factorsissued the same class or will be separate. The principle of
fromthe MCA of Burt'ssub-table. A hierarchical clas- Ward's criterion consistsin maximizing theinterclass
sfication (SPAD 4.5 oftware, CISIA) wasused, which inertia of the partition found (that isto say, maximi-
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TablelV —Sail depth in thedifferent environments obtained by survey and cartography.
Profondeur de sol desdifférentsmilieux obtenuespar enquéte et cartographie

Method Survey Cartography
Environments Soil depth (cm) Test vdue Soil depth (cm)
Clays Morethan 80 cm 43 120
Alterite Morethan 80 cm 54 105
Superficials deposits of Cenomanian Morethan 80 cm 25 100
Silts of the Quaternary Morethan 80 cm 84 100
Alteration 50-80cm 33 80
Rock Lessthan 50 cm 14.2 35
Colluvia formations NC <1.96 90

TableVa- Modalitiesand test values statistically significant obtained by multiple component analysis (M CA) of
thevariablesof characterization of the model environments.

Modalités et valeur stests statistiques significativesissues d’ une analyse en composantes multiples
concer nant lesvariablesde caractérisation desmilieux du modée.

Soil environments obtained by the pedologica field model for soil study

Rock Alteration Alterite
Associated modalities Opposite modalities Associated modalities Opposite moddities Associated moddlities Opposite modalities
Altitude [ 50-70m] (10.0) [50-70m] (12.7) [ 50-70 m] (10.0)
Sope average (4.7) smal tonull (6.2) high (-3.5)
. averagely open (6.2) g :
Opening of landscape 0 open (3.1) closed (-5,2) averagely open (7.3) open (-7.9)
Soil depth <40cm(12.2) 70cmand+(-7.2) [ 60-100cm] (10.4) --- >100cm (11.3) <40cm (-15.9)
Pebble content a’era?lezt%;"ghe' lower (62)  averagetolower (5.2)  higher (-65) a’era?ﬁ;g)"""’e’ higher (-10.2)
Soil drainage favourable (14.3) lower (-5.3) imperfect (6.3) lower (9.2) favourable (-8.6)
lower (35.3) ) )
SWR to average (6.4) higher (-5.0) average (6.2) ---- higher (40.5) lower (-10.5)
normd to higher normd (8.5) ' .
EPT (102) o lower (5.2) higher (-10.2)
VPT averageto lower (5.3) higher (-5.2) higher (5.2) ---- higher (10.1) lower (-5.1)
zing the Euclidian distance between two individuals RESULTS

from two different groups) which comestominimize | oe o ~eori N BY THE VINE GROWERS OF
thedistance separating grouped individuas (LEBART e oA RACTERISTICS OF THE DIFFERENT

etal., 1995). A tree of hierarchica aggregation, or den- TERROIR UNITS
dogramme, is then produced.
Statigticdly, thevine growers percelived differently
[l - THENETWORK OF EXPERIMENTAL PLOTS the three environments obtained by the pedol ogical
field model which are characterized by severa soil
In order to compare the answers of the vine gro- variables (tables! and I1).

wersto direct measures on thefied, anetwork of ex| . . .
rimenta plotswasingdled. Threeplotsof each of E[)r;&e The RQCk environment wes assodiated with apebble
' content higher than average (tv = 13.3) and adepth

model environments planted with the Chenin variety lower than 50 cm (tv = 14.2). It was also associated
were selected among the Anjou vineyard. with asoil temperature higher than average (tv = 24.3)
_ opposed to atemperatureinthe average or lower than

The vines were aged between 15to 25 years. In average, asoil moisture content lower than average (tv
each plot, on 30 plants of vine, budburst earlinesswas = 21.6) opposed to amoisture content higher than ave-
notated during three years (2000, 2001, 2002). rage (tv =-19.1). Thisenvironment was associated with
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TableVb - Modalitiesand testsvalues Satistically significant obtained by multiple component analyss(MCA)
of thevariablesof characterization of the environmentsdifferent from those of the modd.

Modalités et valeurstests statitiques significativesissues d’ une analyse en composantes multiples concer nant lesvariables
decaractérisation des milieux autresque ceux du modee

Other environments

- . Clayed silts . .
Clays Superficial deposits from the Quaternary Colluvid formations
Associated Oppodite Associated Opposite Associated Opposite Associated Oppodite
modalities ~ moddities  moddities  moddities  moddities  moddities = moddities  moddities

. [50-70m] [50-70m] [50-70m] [30-50m]
Altitude 60) 60) 90) (14.2)

smdltonull . small to null smadl to null
Sope (122) high (-10.5) average(3.0) (53) 42)

Opening of . ] averagely open
land open(-59)  open(5.5) (52) closed (9.9)
il denth >100cm <40cm  60t0o100cm 70cmand 60t0100cm  <40cm  60to100cm
et (16.3) (-17.0) (89 + (-5.1) (109) (-11.2) (6.2
+ higher averageto . averageto average(5.1) . g
Pebblecontent lower (128) - 450y pgher111) 'V 38) ower (79) wolower (42) Mher(65)
_ favourable  imperfect Favourable
Soil drainage  lower (11.2) (-12.0) (103) lower (8.4) (-106) low (5.3)
. : averageto
SWR higher (51.6) lower (-18.6) lower (8.9) lower (5.6) higher (5.8)
average (10.2) . . averageto average (5.2) . . ----averageto
BPT olower (6.1) MM (114 Hioher (8.) wolower 34) "I CTO) e 56)
averageto . : .
VPT lower (3.1) higher (3.4) lower (-27)  higher (6.3)

anair temperature higher than average (tv = 18.1) oppo-
sed to an air temperature lower than average, and a
higher wind velocity(tv = 9.0). Onecan dso notearisk
of fog (tv = 3.0) and aperiod of sunshine (tv = 15.5)
longer than average.

Thesurvey showed that climatic conditionsactudly
result in abudbreak earliness higher than average (tv
=17.7), ahigher risk of frost (tv =9.1) and avigour
lower than average (tv = 10.1). In this environment,
vines can be subject to water deficit, becauseleaf deve-
lopment in average year, asin dry year, was scored
lower than average (respectively tv = 6.1 and 11.5).

The Alteration environment was the mogt difficult
to characterize, because of itsintermediate position. It
ischaracterized by an average pebble content (tv = 3.3)
and asoil depth ranging between 50 and 80 cm (tv =
3.3). Itisassociated with asoil moisture content (tv =
5.1) and temperaturein the average (tv = 3.0) opposed
to ahigher moisture content of the soil (tv =-2.7) and
to alower soil temperature (tv=-3.1). Thereisafog
frequency (tv = 4.0) and aperiod of sunshine (tv=3.1)
higher than average. It can be noticed that test values
of the various variables, although significant, areless

- 207 -

high, which underlinesthe less good characterization
of the Alteration environment.

The Alterite environment is perceived much more
cearly by thevine-growers. Itisassociated with alower
pebble content than average (tv = 5.3) and asoil depth
of more than 80 cm (tv = 5.4). It isdefined by a soil
temperature lower than average (tv = 12.8), asoil mois-
ture content higher than average (tv = 11.8) and an
air temperaturein the average (tv = 11.8). To these
modalities are opposed asoil temperature higher than
average (tv =-15.1), asoil moisture content lower than
average (tv=-13.6) and an air temperature higher than
average (tv=- 13.8).

The survey showed that climatic conditions have
an effect at the plant level as shown by alower bud-
break earlinessthan average (tv =7.1), inthe average
(tv=7.1) and alower risk of frost (tv = 4.4), opposed
to ahigher precocity (tv =-12.5) and ahighrisk of frost
(tv=-6.1). While the Rock environment is associated
with awind velocity higher than average, the Alterite
environment isopposed to it (tv=- 4.6). Vigour ishigher
than average in the Alterite environment (tv=7.7).
Moreover, water availability should not be limited,
since leaf development was scored higher than ave-
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ragein average year (tv= 3.9) and in the average (tv=
5.2) indry year.

Clays are associated with a pebble content lower
than average (tv = 3.4) and asoil depth of more than
80 cm (tv =4.3). They are characterized by asoil tem-
perature lower than average (tv = 4.3) opposed to a
higher soil temperature (tv =-7.5), a soil moisture
content higher than average (tv = 3.1) opposed to a
lower soil moisture content (tv = -4.4), and an air tem-
perature higher than average (tv = - 6.5).

Consequences at for the plant are an average risk
of frost (tv = 4.4), an opposition to an early budbreak
higher than average (tv =-5.8) and a higher vigour
(tv=4.1). Leaf development indry year ishigher than
average (tv = 3.0), and there seemsto be no problem
of water supply to thevine.

Superficid depositsof Cenomanian are poorly defi-
ned by the variables of the survey. They areonly asso-
ciated with asoil water content lower than average (tv =
2.6), and asoil temperature higher than average (tv =
34).

A vine planted on these soilswill present an ave-
ragerisk of frost (tv = 4.8) and abudburst precocity
higher than average (tv = 3.1), in opposition to ahigh
risk of frost (tv =-3.3) and abudbreak earlinesslower
than average (tv=-4.1). We will also note a devel op-
ment indry year lower than average (tv=7.2) and ave-
rage to lower in average year (tv= 2.8 and 3.7,

respectively).

Thesllts of the Quaternary are characterized by a
pebble content lower than average (tv =9.2) and asoil
depth of morethan 80 cm (tv = 8.4). They ared s ass0-
ciated with asoil temperatureinthe average (tv =5.3)
to lower than average (tv = 11.1) in opposition to a
higher soil temperature (tv =-13.6). Their soil moisture
content seemsto be higher (tv=9.9) in oppositiontoa
soil moisture content lower than average (tv=-11.1),
anair temperatureinthe average (tv=6.4) tolower (tv=

6.7) in oppodtionto ahigher air temperature (tv=- 11.4)
and awind velocity in the average(tv= 6 .4) in oppo-
sitionto awind velocity lower than average (tv=-4.5).

Consequencesfor the plant arearisk of frost lower
than average (tv = 8.3) and abudbresk earlinesslower
than average (tv = 9.6). We can dso nate avigour higher
than average (tv=7.3). Leaf development in dry year
aswell asin average year is higher than average (tv=
3.6 and 6.3, respectively) which indicates that water
supply isnat limited.

Thecolluvid formationsare defined by asoil mois-
ture content higher than average (tv = 6.3), awind velo-
city lower than average (tv = 6.3) in opposition to a
wind velocity higher than average (tv =-6.7), and they
are associated with asoil temperature lower than ave-
rage (tv=>5.0).

Consequencesfor the plant are ahigh risk of frost
(tv =7.6), aprecocity lower than average (tv =4.7) and
avigour higher than average (tv = 3.5). Vinesgrowing
on these soils do not seem to face water deficit, |eaf
development inaverage year asin dry year, being higher
than average (tv = 3.3 and 3.8, respectively).

Il - APPROACH OF THEENVIRONMENTAL PER-
CEPTION USING A GROUPING (CLUSTERING)
BY HIERARCHICAL CLASSIFICATION METHOD

Thehierarchica dassfication madeusing the SPAD
4.5 software was applied to the previous seven envi-
ronments. It allowsto study the characters common to
different environments and to generate automatically
homogeneous groups associ ated with very significant
variables of characterization.

Thetree obtained by hierarchical classficationis
shown infigure 3. Division of the tree into an opti-
ma number shows 4 different clusters (tablel11):

- Thefirst cluster includes the Rock and superficia
deposit of Cenomanian environments. It isassocia-

Claprad sil1s e the Chrateraey

A lterde
Clays

Calbural fommst moe
Superficial depasis

—_
— Altertion
I

—

| I

Fock

Fig. 3- Treeof partitions

Arbredespartitions
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Fig. 4 - Date of mid-budbur st of thevinein thethree
environments (rock, alteration, alterite)
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(roche, altération, altérite)

ted with aperiod of sunshine higher than average (tv
=13.7), opposed to alower to average period of sun-
shine (tv =-5.9 and 11.8, respectively), dso associated
with awind speed higher than average (tv = 8.5), a
higher soil temperature (tv=25.0), ahigher air tempe-
rature (tv=17.3) and asoil moisture content lower than
average (tv=22.2). Consequencesfor the plant area
risk of frogt higher than average (tv=7.5), abudbreak
earliness higher than average (tv= 18.6), and alower
vigour (tv=10.6). Inthistype of environment, thevine
canfacewater deficit as shown by aleaf development
lower than averagein average year (tv=7.6) asin dry
year (tv=14.3).

- The second clugter representsthe Alteration envi-
ronment.

- Thethird cluster representsthe colluvia forma-
tions.

- Thefourth cluster representsthe Alterite, Clays,
and silts of the Quaternary environments. Thiscluster
is characterized by alower to average period of sun-
shine(tv =4.3and 15.7, respectively), awind speedin
the average (tv = 10.6), asoil temperature lower than
average (tv = 19.2), an air temperature from lower
(tv = 6.5) to average (tv = 15.5) and a soil moisture
content higher than average (tv = 17.3).

For theplant, therisk of frost islower (tv =7.7), the
budbreak earlinessis|ower than average (tv = 12.1),
and the vigour higher than average (tv = 12.3). The
vine seemsto have anon limited water supply, since
this group of environmentsis associated with alesf
development moddlity indry year higher than average
(tv=17.6).
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1l —DIRECT VALIDATION OF THE VINE GRO-
WERS ANSWERS, COMPARING TO MEA-
SURESIN THEFELD

Toverify theviability of such an gpproach, we have
compared dataobtained in thefield by cartography and
the answers of the vine growers.

The adequation between values of soil depth obtai-
ned by each of the methods are very good (table 1V).

The Rock environment isperceived with asoil depth
of lessthan 50 cm and the average soil depth measu-
redis 35 cm. It isthe samefor the alteration environ-
ment (50 to 80 cm ; 80 cm). The other environments
(Alterite, clays, superficias depodits of Cenomanian,
silts of the Quaternary and colluvial formations) are
described by the vine grower with asoil depth of more
then 80 cm, which correspond to the depth measured
inthefield.

Thebehavior of thevine observed with the network
of experimental plotsisthe same that the one descri-
bed by the vine growers (table I1). The budburst ear-
linessis higher in the rock environment thanin the
dtériteone (figure 4). Thevinein the alteration envi-
ronment had an intermediate behavior.

DISCUSSION - CONCLUSION

Results presented above show the relevance of a
survey of the vine-growers at the plot scale to cha-
racterize vine behaviour in various «terroirs». Indeed,
resultsfrom the survey were congstent with those obtai-
ned by the characterization in thefield (table V).

Thus, inthe case of the Rock environment, the «ter-
roir» characterization showed an associ ation between
an average dope, asoil depth lower than 50 cmand a
high pebble content. These characteristicsresult ina
favorabledrainage, alow field water capacity (52 mm
on average), ascore of earliness potentia of the «ter-
roir» (EPT) normd to high and ascore of vigour poten-
tid of the «terroir» (VPT) averagetolow. Resultsfrom
the survey aso showed that the Rock environment was
associated with abudbreak earliness higher than ave-
rage, avigour potential lower than average and aleaf
development of vinein dry or averageyear [ower than
average (associated with limited water supply to the
vines).

Thiswas confirmed by already known relations
between the budbreak earliness and vigour potential
variables, and certain soil factors (CARBONNEAU
et al., 1992). So, vine precocity appearsto berelated
tothe air and soil temperature. It isthus dependent
ontheclimatic conditions of the year, through the sum
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of temperatures of theair but aso of the soil, in connec-
tionwith the mesoclimate and thethermal pedoclimate
of the plot (De KOCHKO and CURMI, 1985 ;
MORLAT, 1989). The two magjor constituents of the
pedoclimate are the temperature and moisture content
of the soil. The soil warming largely depends on its
moisture content. Likewise, water and mineral supply,
highly affect the vigour of the vine (GALET, 1993;
Van LEEUWEN et SEGUIN, 1994). We noticed that
the Rock environment, was related to a budbreak ear-
linesshigher than average, aswell asto avigour lower
than average. The Alterite environment with opposite
characteristics was characterized by alower earliness
and avigour higher than average.

The condstency between the results of the survey
and the hypotheses underlying the model seemsto be
confirmed for the budbreek earlinessvariable: an ear-
liness higher than average corresponds to awarmer
and drier soil and to ahigher air temperature, whereas
alower earlinessis associated with a colder and wet-
ter soil and an air temperature lower than average. An
environment with alesser soil depth lead to awar-
mer pedoclimate.

Our hypotheses concerning the ecophysiological
behaviour of the vine in the different environments
generated by the pedological field (figure 1) model
were confirmed by the survey. For example, the Rock
environment, for which limited water supply, lower
vigor and higher precocity of vine had been hypothe-
Szed was characterized inthe survey by awarmer cli-
mate, a soil drier and warmer than the average, an
earliness of the vine higher, ahigher risk of frost and
awind velocity higher than average. Thesameconss-
tency was obtained with the Alterite environment.
Asfor the Alteration environment, because of itsinter-
mediate pogtion, it remained very difficult to charac-
terize.

Thedirect hierarchicd dassficationdlowedtodis-
tribute the various environments into four groups of
«terroirs», asregards the variables relative to natural
factors (temperature, moisture content...) instead of
seven. Thisgrouping alowsto refine the characteri-
zation of the environment obtained by the survey. We
obtained higher test values and new modalities of
variablesappeared. Characterization inthefieldled to
the same categories for these variables. Grouping the
«terroirs» according to the variable, showed that the
partition of the various environments according to the
modadlitiesof the variables cannot be performed inthe
sameway with dl thevariables (table V).

Some of them can be grouped such asthe Opening
of landscape and the dtitude, but colluvia formations
aretotally different from the other environments. This
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could indicate that the Opening of Landscapeis not
very discriminant. This partition was not observed for
the behavioura variables which suggests that, in our
case, therange of variation of the Opening of landscape
and thedtitude variableswas not sufficient to influence
the plant behaviour.

Our results show that an gpproach combining asur-
vey and afield study to characterize viticultural «ter-
roirs» and their effects on vine can replace an
experimental network of plots, provided that an
approach based on qualitative instead of quantitative
variablesissufficient. The hypotheses concerning the
vinebehaviour in thevarious environments of the modd
are confirmed; this behaviour was also sudied in the
other environments. Soil depth isamajor component
of terroir. When soil depth islimited (rock environ-
ment), the water availability is reduced, the vigor of
vineisdecreased and the qudity of the product isenhan-
ced. Whenthesoil depthishigher (atérite), water sup-
ply isbetter and vigor too, which induced lesser quality
of berries.

After grouping, the three main environments (Rock,
Alteration and Alterite) arein different groups, asso-
ciated with other environments whose modalities of
characteristic variables are close to them. It can be
concluded that grouping the environmentsispossible
in case of direct use of the method by the vine grower.
Thisgrouping could constitute ameans of aleviating
the method.

The adaptation of vine-growing and enological
practices and the valorization of the “terroirs’ will be
the dedlt with in asecond paper.
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