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In recent years, the wine industry has become increasingly interested in the influence of the terroir
characteristics on the features of a wine and, in particular, the mechanisms by which a soil influences
wine quality. Among published papers on this topic, most merely describe the effect of the soil; few
explain it. In this study were conducted a sensory evaluation and phenolic composition and stilbene
concentration tests in order to analyze the effects of soil on wine. Significant differences were found
in the results of the tests conducted on two vineyards during two consecutive harvests in 2004 and
2005. The results, in line with previous reports, show that the more fertile of the two vineyards, which
was also the one with the greatest water-holding capacity, produced wines that presented significantly
lower color intensity and shade, as well as lower total phenolic composition and a smaller quantity of
hydroxycinnamic compounds. In 2004, these wines presented significantly higher trans-resveratrol
content, due to a fungal attack that was favored by the vineyard’s soil characteristics. Extreme drought
conditions in 2005 had a marked impact on the characteristics of the wines, increasing wavelength
measurements significantly and reducing stilbene concentrations. Finally, sensory evaluations revealed
significant differences between the wines produced on the two vineyards in both years for five of the
seven attributes evaluated. No significant differences were found from one year to the next between
the wines produced from the same vineyard, indicating that the attributes of these wines were
maintained despite markedly different vintage conditions.
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INTRODUCTION The enology and viticulture of the 1980s and 1990s were
characterized by the measures adopted throughout the world to
improve technological know-how in the sector. Thanks to these
efforts, the sector’s sanitary cleanliness, the means of production,
and process controls were all improved. As a result, many
parameters in the vine growth cycle, juice fermentation, wine
aging, and bottling were modified and improved. All of these
viticultural and winemaking practices have had a direct influence
vigorous, productive, and resistant to drought. Its wines are full- on wine quality, but the latter remains heavily dependent on
bodied a,nd alcoholi(': with a tendency to oxidi& (-Dama- other factors,' suph as the enwronmental gond|tlons. More
scenone (floral and h'oney flavorgionone (violet. note), and recently, the wine industry has turned its attention to the_se others
’ ’ factors, the so-callederroir effect (4). This effect is an

geraniol are considered to be the varietal volatile compounds amalgamation of influences that include climate, landscape
(3). Grenache wines are characterized by berry fruit aromas andé '

. slope, exposure, and the biological and physical environment),
by their tendency to rese_mble esters such as e_thyl caproate. The oil, and geology%). Many studies have focused on the effects
can have a relatively unique fruitiness sometimes described a

raspberry and almost candv-like (1 Sof climate (6—8), because it is considered to be the main
pberry y (1) constraining effect. The effects of altitud® (water availability
(10—13), slope 14), and exposurelp—18) on wine have also

Red Grenache (Garnacha Tinta) is one of the world’s main
grape cultivars. It is the most widely planted red variety in the
world and the second most widely planted of all varieties,
occupying some 378 000 ha, of which 72% is planted in Spain
(where it represents 13.5% of all planted vines), 23% in France,
and 2% in the United Stated)( Red Grenache is a typical
Mediterranean grape variety, native to Aragén (Spain). It is

48*4%9?85%2(1;’%94%11?}*1% (gel-mail lamuela@ub.edu; telephieBé-93 403 been evaluated. However, the influence of soil (regarding its
t Bé)d?éas Miguel Torres. ) texture, depth, chemical composition, fertility, and water avail-
8 University of Barcelona. ability) on the characteristics of a wine has not been studied so
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Table 1. Meteorological Data from L'Espluga de Francoli Weather Station

av temp rel av wind speed at net solar rainfall ETO water

(°C) humidity (%) 10 m height (m/s) radiation (MJ/m?) (LIm?) (LIm?) balance (L/m?)
1996-2005 144 70.5 31 43703.9 3889.2 6762.8 —2874
2004 season 13.1 71 35 5092.9 4954 7434 —248
vegetative period 2004 17.7 68 31 3801.9 283.2 606.6 -323
2005 season 135 69 34 5020.4 366.2 738.3 =372
vegetative period 2005 19 66 31 3702.5 192.6 600.4 —-408

widely (19, 20), although, recently, winemakers have shown a  For each vineyard, the average yield (estimated according to 10 years
growing concern for the effects of soil composition and texture of previous experience) is about 17—18 clusters/vine and 0.12—0.14
on wine quality 1—23). A soil provides the vine with nutrients kg/cluster, which represents-2.5 kg/vine. No fertilizers or manures

and water, and any chemical composition imbalance will affect were added, and there was no cover crop. No irrigation or herbicides
vine growt’h' in addition, the soil texture has a major influence were used. Grape ripeness in the vineyards was monitored from veraison

on vine develobment and consequently on the characteristicsto harvest, using a refractometer (refractometer Zuzi, 300) for degrees
P q y Brix (sugar content in grams per kilogram of grape juice), and standard

of the Wine. Factors Su‘_:h as Wa_ter avz_i'lab'l'ty de_pend he_av'ly must analyses were carried out for total acidity (TA) and pH.
on the soil {1—14), and in turn this can influence vine growing Soil Analyses These two vineyards belong to a network of vineyards
and wine quality. In fact, soil characteristics can help to explain established by Miguel Torres S.A. (public corporation). The soils were
differences in wine quality even within the same region or studied in line with official practices2(), using the terminology
climate classification. established by the FA®8) and SSS29) regulations. In addition, all

This paper presents the results of a quite thorough and up-color descriptions listed in this study correspond to those used in the
to-date approach to assessing the properties of wine andMur_useII code 80). Soil sampling was conducted according to the
attempting to relate these to the soil influence. We conducted 'ational Soil Survey Handboghublished by the U.S. Department of

. . - . Agriculture (31).

sensory evaluation, phenolic composition, and stilbene concen-

tration tests t | the effects of ol . The first Meteorological Data. Meteorological data (temperature, hours of
ration tests to analyze the eliects ol soill on wines. 1he nrs sunshine, and precipitation) were provided by the Meteocat weather

two tests, sensory evaluation and phenolic composition, are gation (32) in L'Espluga de Francoli, placed at GPS coordindtes
indicators of wine quality, whereas the importance of stilbene 341693 andy = 4584588. Both vineyards have the same climatic
activity has been widely reported as having beneficial effects classification, a Mediterranean climate, with hot summers, temperate
for human healthZ4—26). The tests were conducted on two winters, and low precipitation rate8%). Because the vineyards were
commercial vineyards. The vineyards presented almost identicallocated less than 500 m apart, the vineyard climates and their altitude,
climatic, topographic, and viticultural characteristics and em- slope, temperatures, sunshine hours, and rainfall amounts were con-
ployed the same cultivation techniques and winemaking pro- Sidered to be homogeneougable 1 shows the results observed for
cedures, but were planted on different soils. Given these 2Verage temperature, accumulate precipitation, average humidity, net

: . olar radiation, evapotranspiration, water balance, as an accounting of
Cl.rcumStances’ we .assumEd that E.iny dlfferences between th'?he inputs and outputs of water, and average wind speed at 10 m height
wines could be attributed to the soil quality.

for different periods: from 1996 to 2005, for the seasons 2004 and
2005, and for the 2004 and 2005 vegetative periods (from April to

MATERIALS AND METHODS October). The year 2005 was the driest year since 1947 when
) ) ) accumulated rainfall totals were first measured (33).
Selection of Experimental Area.We selected two vineyards that Winemaking (Figure 1). When values of 2324 °Brix were

could be considered homogeneous in terms of their topographic andyecorded, the grapes were harvested in accordance with the Torres
climatic (altitude, slope, temperatures, sunshine hours, rainfall) as well protocols (ISO 9001 and ISO 14000), based on 10 years of previous
as viticultural (plant density, rootstock, pruning, vine training) param- yinifications. Grapes were harvested (on October 13, 2004, and on
eters along with their cultivation techniques, but which were planted September 19, 2005, at both vineyards) by removing the fruit from
on different soils. Given the obvious difficulties involved here, gpe of every five vines until 20 kg had been collectad)( Visual
experimenFs were repeate(_j over 2 years with three samples being _teSteihspection of grapes for percentage Bbtrytis was conducted in
for each vineyard. Both vineyards are used commercially for wine- accordance with Torres protocols (ISO 9001 and ISO 14000). Grapes
making. were destemmed and crushed, using an AMOS (type AS-511) crusher
The vineyards were chosen according to their soil criteria from the destemmer. The paste was then pressed with a pneumatic vertical press,
Miguel Torres vineyards in Conca del Barbera Appellation (DO) at with the press wine recording up to 2 atm. Must from each vineyard
Lérida (Spain) near the town of Poblet, at GPS coordinétes339588 was divided into three equal lots (by volume) into 4-L glass jars.
andY = 4582949. The vineyards at each location are separated by aProportional parts of skins and seeds were added to each jar of must
distance of 500 m. The first vineyard, Genovés (hereinafter, Gen) is in the same proportions as they are found in the grapes (in 2004, 0.75
located at GPS coordinat¥s= 339383 andr = 4583080 and occupies  kg/L for PdB and 0.66 kg/L for Gen; in 2005, 1 kg/L for PdB and 1
an area of 3.8 ha; the second, Peu del Bosc (hereinafter, PdB), is locatedg/L for Gen, indicating that grapes were smaller in 2005). Then 35
at GPS coordinateX = 339763 andY = 4582579 and occupies 2.6  mg/L of sulfur dioxide was added. All procedures and analyses were
ha. performed separately for each repetition.
Grape Cultivation. This experiment was conducted during 2004 At this juncture, the must and the skins were inoculated usaign
and 2005 in a large vineyard planted between 1990 and 1993. Vinesyeast (Fepsa: Rhéne L2056) at a rate of 0.3 g/L. Diammonium
are R-110 rootstock grafted wittfitis vinifera cv. Grenache. All of phosphate was added as a nutrient at 0.2 g/L. Jars were punched once
the vines of each cultivar belonged to the same clone (Clone 70). The per day. Fermentation in glass jars was conducted &E28&nd controls
Gen vineyard was planted in 1990, whereas the PdB vineyard wasof density and temperature were performed daily. When alcoholic
planted in 1993. Rows were oriented east/west. The planting density fermentation had been achieved, skins were separated and pressed. Press
was 4000 vines/ha. The planting distance was 2.2 fnm. The vines wine was added to the devatted wine. Wines were transferred to 4-L
were grown using the espalier system and trained with the royat bilateral jars and were then inoculated with 2% v/v active malolactic culture
pruning system, with three renewal spurs per branch. The foliage and stored at 20C. When the malic acid concentration wa6.1 g/L,
reached a height of 1.3 m. the wines were racked and aerated and $@s adjusted at 3640
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Figure 1. Flow chart for winemaking.

mg/L. Wines were transferred into 0.75-L bottles equipped with caps in darkness and an opaque injection valve). Wines were analyzed by

and stored at 10C. direct HPLC injection after filtration through 0.48m.

Yeast Determination. Yeast mitochondrial mDNA restriction Quantification. The concentration oftrans-stilbene forms was
analyses were also performed to compare and identify individual yeast measured by fluorometry using the external standard method by
strains for each must sample when at a density of 1.0103#1.35). calibration curves (standard area versus concentration in mg/L: 6-0025

20). cis-Resveratrol quantification was assumedragss-resveratrol,
andcis-piceid was assumed #&sns-piceid.

Sensory AnalysesA descriptive sensory analysis was conducted
by the sensory panel at Bodegas Miguel Torres. The panel, selected
on the basis of their availabilitylj, comprised 10 trained wine tasters
(ages ranging between 26 and 50 years), all of whom were staff of
Bodegas Miguel Torres S.A. During the past 5 years, this tasting panel
has met once a week.

The panel was trained in three 1-h sessions held over a month to
describe the aromas and mouthfeel properties of these wines. For each

were determined by IR-NIR. - . e .
M fyAb b Color in all | vzed wine, the judges were asked to choose the descriptive terms indepen-
easurement of Absorbance Color In all samples was analyzed  yengy - Then, in consultation with the panel members, the list of

by al I—ée:{llos PB St_pectlrlonlc Urllcanlcﬂ_lfpec_tropho:?meter A(\th)Odeb array descriptive terms was reduced by combining related terms. By panel
coupledlo a den ium Icomr;u e:c (28'062281"1 s(;)svzvgre). . ior ance consensus, five aroma and two mouthfeel terms describing sensations
\Ilvastheaﬁure datmazvg engt 518 ol anth "nm n gm:"pzt were chosen to define the wines. Reference standards were prepared
ength cells and & nm in 29 mm path length cetls, using distilled represent these descriptors and were used during training to calibrate
water as the reference blank. In wineries, wine co8®)(is analyzed the panel

using chromatic indexes based on measurements at o!ifferent Wave-  Each test session consisted of two wine samples coded with random
lt;arr(])?/\::?n A;?Sé)zrgarmeisa;sggga?é?j vl\ithr 2ﬁiﬁgct2nti)r:0(\:l\cl)?:tr;%t' Vggﬁ\r/iis three-digit numbers, with the order of samples randomized. Judges were
5 9 . Y : ' . __trained to rate these attributes on a scale from 0 (not present) to 5 (more
tionally, and for the sake of convenience, the chromatic characteristics intense). Wines from both vineyards were tasted after bottling and were

2;;%2 aCngI(;(r)?r?tg:gi‘fs are+d§§c; Iggefgrt;};;r;%Ig:?nqSIct));tgL::Zel\:vﬁ(oalr?eraznd served as 20 mL samples in ISO glasses covered with plastic covers to
: Y20 20 P ’ allow volatiles to equilibrate with the headspaces at@0Judges were

S.ha‘.’? (AedAs20) represents the trend toward orange. le_en their also encouraged to expectorate and to rinse their mouths with water

significance, absorbances at 280 nm, related to total phenolic Contem‘between samples. Sessions lasted approximately 25 min

:ggoﬁ)tfr?gsigffh:th 3;%;2?%22;& C?gSSp\?J;?: ;gotr;eegwsifgum Statistics. Statistical analyses were performed using the Statistica
y Y group, © (Statsoft, 2001) software package on various wine analyses, including

Stilbene Analysis by HPLC. Stilbene analysis was carried out using  apsorhance measurements, stilbene concentrations, and sensory results.
an Alliance Waters 2496 instrument equipped with an automatic

injection valve, a Waters 996 diode array detector, and a Waters 474
fluorometer. The column used was a Lichrospher 250-4 RP 18 (250 RESULTS AND DISCUSSION
mm x 4.6 mm), Sum particle size with a precolumn Lichrocart 4-4 Soil Description. The vineyards were very similar in terms
Lichrospher 100 RP 18. Injection was performed by automatic injector, f their geomorphology and temperature reginfeable 2). The
and the volume m;eqed was 20. ) . soil chemical composition of the vineyard§aple 3) makes

Thz_a HPLC cond!tlons were set according to those previously {ham poth suitable for vine growingl). Both vineyards
described by Poussier et aB7), who used a constant flow rate of 1 presented alkaline pH values. The active limestone percentage

mL/min with two solvents: solvent A, water, and solvent B, acetonitrile. idered to be i iable for the PdB Vi d d
All solvents were of HPLC grade, and the elution profile was as was considered to be inappreciable Tor the vineyard an

follows: 0 min, 90% A, 10% B: 18 min, 15% A, 85% B: 23 min, 15% 10w for the Gen vineyard and, therefore, as having no impact
A, 85% B; 30 min, 90% A, 10% B; 35 min, 90% A, 10% B. on vine growing. However, organic matter, organic carbon, and
Stilbene Standards. trans-Resveratrol was purchased from SigmaPOt@ssium contents were considerably higher for the Gen
Chemical Co., andrans-piceid was purchased from Aldrich. This vmeyard', increasing soil fert|I|Q/; consequently, vine nutrition
forms of the aglycon and glycoside standards were obtained by exposurgmay be improved. The organic matter percentage, a measure
of the transisomers to sunlight (38). closely related to fertility, was 2 times higher in the Gen
Sample PreparationAll samples were protected from light to avoid ~ Soil. Consequently, the PdB soil was considered to be poor,
light-induced isomerization during sample treatment (using filtration whereas the Gen soil was considered to be a rich soil. Potassium

General Parameters.All must and wine analyses were carefully
duplicated for each repetition.

The degrees Brix level in the must samples was monitored using a
refractometer (Zuzi, 300); gluconic acid in musts was quantified using
an enzymatic method with a cisa 200-Hycel; the alcoholic degree in
wines was determined with an Anton-Paar Wine Alcoholyzer; a Basic
20 Crison pH-meter was used to measure pH; in wines, malic acid
during malolactic fermentation was measured by using an enzymatic
method with a cisa 200-HyceB6); volatile acidity and residuals sugars
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Table 2. Geomorphology and Temperature Regimes of Soil grapes were found to be healthy. This was confirmed by the
gluconic acid concentration (0.05 g/L for both vineyards).

cartography P8 Gen General Parameters.All values obtained from the wine

scale 1:5000 15000 analyses were within the legal intervals established by the

GPS coordinates X, 339383, Y, 4583080 X, 339383, Y, 4583080 European UnionTable 5). A comparison of the 2004 wines,
tem;'g:;?uere(”;%d ter 531 491 alcohol degree (Gen, 14.05 0.63, and PdB, 13.3% 0.24),

soil humidity regime Xeric Xeric total acidity (Gen, 5.0% 0.55 g/L, and PdB, 5.98 0.09 g/L),

water table inaccessible inaccessible and pH (Gen, 3.85 0.01, and PdB, 3.4 0.02), showed

drainage type good good them to be similar, as was expected following the maturation
geoﬁ'gﬁ‘;‘lﬁ;’ég fegime  Mesic Mesic analyses. Likewise, a comparison of the 2005 wines, alcohol

relief shape hillside (slope) Ejecta cone de_gr_ee (for Gen, 13.0%0.15, and for PdB, 12.3% 0.85), total

slope long 300m >500 m acidity (for Gen, 5.24+ 0.22 g/L, and for PdB, 5.5% 0.55

lgoig‘fflg;'gpe 18; gj g/L), and pH (for Gen, 3.4 0.03, and for PdB, 3.42 0.05)

orientation north north showed them to be similar, as was also expected following the
surface pebbles abundant pebbles (60—70%), frequent pebbles (10%), maturation analyses.

gﬂ;fg?f@%?tes (00%). Qﬁai:;‘?f;ﬁc}"g“jﬁg‘?o”n‘iérates Yeast Strain. m-DNA was analyzed by UV for both

AWC (m?/ha) to 120 m depth 1500 1600 fermentations; the fermenting yeast was the same (data not
vegetafion natural, removed natural, removed shown). Moreover, following a comparison of patterns, it could
technology foeutural vneyerd ot e be deduced that the fermenting yeast was Rhéne L2056, which
classification was the inoculated yeast. Thus, the differences found between

SS51999 '-[Iﬁréme;fnpt nq:ix\é%ntic, Tﬁg%e;%m fmivxirétic, both wines could not be attributed to the yeast.

active, mesic active, me)sl,ic ' Total Phenolic Content and Absorbance Measurements.
FAO/ISSS/ISRIC 1998  Cambisol fluvic eutric Cambisol fluvic eutric In 2004, when the PdB and Gen Vineyards were Compared’ all

absorbance measurementalfle 5) were found to be signifi-
] ] o . cantly different (p< 0.01). Wine chromatic characteristics and
concentration, which has a positive influence on yield, plant color intensity were significantly higher for PdB wines, whereas
vigor, and drought resistancé(), was notably higher for the  shade was significantly lower for these wines. Absorbances at
Gen soil. As shown inTable 4, a further difference was the 280 and 320 nm were also significantly higher for PdB wines,
Surface pebb|eS PdB SOI| W_aS r|Cher II"I. coarse fraCtIQn, and |tS|nd|Cat|ng the h|gher Concentration Of tota' po'ypheno's and
slate fraction was notably higher, favoring water drainage and nydroxycinnamates in PdB wines. These differences could be
reducing its water-holding capacity. By contrast, the clayey- attributed to the influence of soil. PdB horizons presented an
loam texture of the Gen soil increased its water-holding capacity important coarse fraction, 99% of which are slates. These coarse
and favored vine development, as was confirmed by the frequentelements, including slates, are unable to retain water, resulting
root system even in deep horizons. in less water-holding capacity of soil (AWC fable 2), which
Although water and fertile elements are necessary for good may affect vine development. These conditions have been shown
vine development, excessive quantities can be detrimental forto increase phenolic content and to favor anthocyanin synthesis
grape composition, increasing vine vigor and production, (12,40,41). Moreover, Gen soil was more fertile. Fertility has
promoting rot development, and reducing harvest quafly (  been described (10) as a factor that increases vine vigor and
By contrast, more restricted water availability combined with vegetative development, increasing production size but decreas-
low fertility levels has been shown to benefit grape quallty, ( ing color matter and phenolic content. As alcohol degree, total
40, 41). Therefore, given that the PdB soil has less water and acidity, and pH were quite similar for both wines, aging could
is less fertile, we should expect to obtain better quality but a be estimated according to phenol content and chromatic indexes
smaller production size from this vineyard. (42, 43). It seems then that PdB wines may age longer while
Grape Maturation. From veraison to harvest, grapes were their color may remain stable for a longer period of time. PdB
controlled each week. Considering degrees Brix, pH, and total Wines recorded significantly higher levels in all wavelength
acidity as maturity indicators, grapes in both vineyards ripened measurements, so it can be concluded that PdB soil is more
simultaneously (Table 5). In 2004, harvesting was undertaken suitable for producing wines for agingZ, 43). Likewise, in
on October 13; degrees Brix (239 for Vineyard Gen and 23.6 2005, a similar tendency as in 2004 was observed when results
for vineyard PdB), total acidity (6.26 g/L for Gen and 5.9 g/L for PdB and Gen vineyards were compared; however, the
for PdB), and pH (3.29 for Gen and 2.99 for PdB) values were differences were not so pronounced. Absorbance measurements
similar for both vineyards, and therefore wine differences could at 280, 320, 420, and 520 nm and color intensity were
not be attributed to the state of maturity. Visual inspection significantly higher p < 0.01) for PdB wines, whereas their
confirmed that Gen grapes were 10% affected by gray mold shade value was significantly lowep & 0.01). However, in
and that PdB grapes appeared to be visually healthy. Accordingthis harvest, these differences were not so pronounced because
to the Torres protocol for the equivalence between gluconic acid Of the extreme drought in 2003%). The water-holding capacity
concentration (an indicator oBotrytis cinereaattack) and  ©Of a soil is constant, but in 2005 the water-supply buffer effect
percentag@otrytisinfection, g|uconic acid concentration (022 of soil diminished because no water was accumulated. Even
g/L for Gen and 0 g/L for PdB) analysis confirmed the visual though the Gen soil had a greater water-holding capacity (AWC
analyses. In 2005, harvesting was undertaken on September 19in Table 2), precipitation levels were so low in 2005 that Gen
degrees Brix (24.5 for vineyard Gen and 24.5 for vineyard PdB), Vines could not obtain as much water from the soil's reserve
total acidity (4.95 g/L for Gen and 5.78 g/L for PdB), and pH Water supply as they had in 2004.
(3.13 for Gen and 2.97 for PdB) were very similar for both For the 2004 and 2005 seasons, results were significantly
vineyards, and as such wine differences could not be attributeddifferent (p< 0.01) for both wines. Absorbance measurements
to the state of maturity. After visual inspection, Gen and PdB at 280, 320, 420, and 520 nm were significantly higher in 2005.
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Table 3. Soil Horizon Sequence Properties
pH EC15 organic organic active
horizon depth (m) (H20 1:2.5) (dS/m, 25 °C) matter (%) carbon (%) N Kjeldahl (%) CIN limestone (%)
PdB Apl 0-0.15/0.20 8.2 0.15 0.9 0.52 0.14 371 tr
Ap2 0.15/0.20-0.45 7.9 0.18 0.7 0.41 0.10 4.10 tr
Gen Apl 0-0.17/0.25 8.3 0.20 18 1.05 0.22 477 3
Ap2 0.17/0.25-0.4 8.2 0.22 17 0.99 0.18 55 2
fertility particle size analysis (%)
P Olsen K ACONH,4 Mg2* K* sand silt clay
(malkg) (maglkg) CaCOs (%) (cmol+/kg) (cmol+/kg) (2-0.05 mm) (0.05-0.002 mm) (<0.002 mm)
PdB 35 115 tr 1.0 0.3 448 30.9 24.3
23 84 tr 1.0 0.2 317 36.3 26.0
Gen 31 377 14 0.9 1.0 49 34.1 16.9
27 230 12 0.9 0.6 48.6 324 19.0
Table 4. Soil Description
depth mott- coarse slate
(cm) horizon color ling fraction? (%) texture consistency structure root system
PdB  0-15/20 Apl 10YR 3/2 no very common 99 loam little compact fine, granular, weak ~ common, thin and thick
15/20-45  Ap2 75YR353 no very common 99 loam compact, friable strong, very thick abundant, thin and thick
45-75 Bwl 75YR3/4 no very common 99 loam compact, friable 1, airy strong, little, thin and very thin
very thick
2, airy, moderate,
thick
75-100 Bw2 75YR3/3 no abundant 85 loam compact, friable weak common, thin and
medium
100-130 Bk 10 YR 4/3 no very abundant 90 loam very compact, friable  without little, thin and very thin
(gravel)
Gen  0-17/25 Apl 75YR3/4 no common 80 loam little compact, very very weak very little, thin and very
friable thin
17/25-40  Ap2 75YR35/4 no very common 80 loam very compact, friable 1, airy, strong, abundant, from very thin
very thick to thick?
2, airy, moderate,
thick
40-83 2Bwl 75YR 4/4 no very common 80 clayey-loam  very compact, firm 1, airy, very strong, common from very thin
thick to medium®
2, airy, weak,
medium
83-120 3Bw2 7.5 YR 4/6 no abundant 80 clayey-loam  very compact, firm 1, airy, moderate, common, from very thin
(gravel) thick to thick?
2, airy weak,
medium

a Coarse fraction %: very few, <1%; few, 1-5%; common, 6—15%; very common, 16—35%; abundants, 36—70%; very abundant, >70%. ? Root penetration is restricted
by a compacted horizon.

This may be attributed to the drought conditions recorded in
2005 @3). Under such conditions, it has been reported that
phenolic content will increasd 2,40,41). In 2005 wine shade

Table 5. Results Obtained from Grape and Wine Analysis

2004 2005
was significantly lower and color intensity significantly higher. Gen PdB Gen PdB
These results indicate that 2004 wines presented less color and -
. . . L grape analysis
an orange tinge. As ripening degree was similar and t_he °Brix 236 23.9 947 2.9
winemaking and agronomical factors were the same, evolution  1a (gL 59 6.26 481 578
will be conditioned by polyphenol content and chromatic indexes  pH 2.9 329 3.03 2.97
(42,43). Thus, it can be estimated that the 2005 wines will age Wing'gﬁ‘;;‘y‘gisc'd @y 0 0.22 0.05 0.06
better than those of 2004. In addition, differences between 2004 ™ 5icon| degree (%) 14.05+0.63 13314024 13.05+015 1231085
and 2005 Gen wines were greater than differences between 2004  7A (g/L) 501+055 598+009 524+022 551+055
and 2005 PdB wines. Again, soil influence may explain it. On b pr 385£001  341+002 349%003 342£005
. . : f apsorpances

PdB, the hl_gher coarse fraction of the soil favors water dralnage o 202423 43143 370411 501404
and the soil accumulates less water; consequently, PdB wines 4, 0902 29402 23402 36+03
are less affected by drought. Moreover, 2004 PdB results were  Aso 06+00 2000 22+03 4202
not significantly different from 2005 Gen results, meaning that :‘ngr nlensiy ié : g; ‘1163?013;4 1565;0(25 §99'3+i0055
under drought conditions, Gen soil behaved as PdB soil, under  gpage 17403 07+00 10401 08+0.0
normal conditions. This shows the relevance of a soil’s water stibene (mgiL)
supply buffer effect, which depends on its coarse fraction. fff’ins-pl_cgld 2-1%3261+0-2633 i6429i+0i1;8 iggfggi iﬁifgéé

Stilbene Concentration. When the two vineyards were tnsresveratol | 1064004 0374002 0245005 001000
compared, in 2004{rans-resveratrol level was significantly cis-resveratrol 036+005 030+000 010+003 0.00+0.00
higher p < 0.01) for Gen wines than for PdB wines. This result total amount 16.86+3.03 1381+153 247+015 247+031

is consistent with previous reporté4, 45) because Gen grapes
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Table 6. Reference Standards for Panels? Répe fruit
fresh fruit fresh fruity wine
ripe fruit Mistela wine
apple peel 2 mL/L of ethanal, 0.2%
vegetal 0.4 mL/L of trans-2-hexenol, 0.1%
raisin mellow wine from 1996 .
density 5 g/L of carboxymethylcellulose (Sigma-Aldrich) Astringency Apple peel
astringency 1.5 g/L of tannin

@ Unless otherwise indicated, materials were added to 100 mL of neutral base
red wine. References were prepared 1 h before evaluation and presented in 1SO

glasses. — & —Gen04

—«-—PdB 04
were slightly affected by. cinerea, and the infection with this —2— Gen05
mold increases resveratrol synthesis. As the environmental Density Rasin . piBos

factors, with the exception of soil characteristics, and the gigyre 2. Cobweb vineyard for 2004 and 2005.

agronomical and winemaking practices were constant for both

wines, it can be concluded that the significant differences in

trans-resveratrol concentrations are due, therefore, to the So"s-gency. Considering its color characteristics and higher astrin-

Gen soil is more fertile, and its water-holding capacity is higher, gency, the sensory panel estimated that PdB wines were more
which favors rot development (1). In 2008ans-resveratrolis  gyitable for aging. This is consistent with results of absorbance

again significantly higher (p= 0.001) in Gen wines than in  neasurements. The sensory differences may be attributed to the
PdB wines, but both are lower than in 2004, due to the drought g4| influence because all of the other factors, climatic, agro-

conditions of 2005. Previous report-49) suggest thatlower  omical and winemaking, were the same.

resveratrol contents are typical of warm, dry climatic conditions we compare 2004 and 2005 results for each vineyard, the
and related to higher temperatures, which occurred in 2005. 5,65 were not significantly different. This indicates that the

_From a comparison of Gen results, 2004 wines presentedines’ sensory attributes were similar and remained constant
significantly (p < 0.01) highertrans- andcis-piceid, trans- from one year to the next.

resveratrol, and total stilbene concentration than 2005 wines.  ggyeral authorss(, 52), using gas chromatographglfac-

Af‘;‘ corrémt()antBed preV|oustr,1_|nh2204, fen grﬁpes were slightly tometry, have tried to establish a hierarchy of the contributions
aftecte Iy - CInérea, whic as" e;gos ov(;/n to.lncrera]\sg made by compounds to wine aroma and conclude that fruity,
resveratrol concentration. As well, 5 PdB wines had ,,onic, flowery, and balsamic notes are the main aromas in
significantly (p=< 0.01) lower I_evels than 2004_fams-_p|ce|d, a Grenache wine. Sabon et al. have shown the influence of
trans-resveratrol, and total stilbene. The relationship between g o;r features on some varietal volatile compounds of Grenache

Iolw tranhs-re;veratrol Iev:ls agd hi.?fher tempk;eratures 2Oor Odry wines from the Rhone Valley3]. However, these studies do
climate has been reportedd—49). Differences between 2004 1, ooy if these compounds are significant contributors to the

and 2005 were greater for Gen WInes than for_ I_DdB WINES, flavor of Grenache wines, because there were no sensory

meaning that there is a stronger influence of soil in a season analyses.

with.mod'erate prgcipitation compared to a season With low In conclusion, at the same grape ripening degree, soil may

p;]empltatl_on_. Agfa'ﬂ’ th'ﬁ may be f_expllalned Iby the dlfferentd affect wine characteristics. Wines issued from the richer soil

ﬁsa}(raiztircgrs:z ?ratct(iaoimtﬁéI?/\lljaei[;r)-sltjpS@%Sf%;egf;:étugf égn and with the less coarse fraction .present'ed less total phenolic
’ content and color intensity, but higher stilbene concentration.

smtl d't;?'n'tShest n'otably durlrr]wg atdroughF s?ﬁson. T.h's soil is Drought seems to have a remarkable effect on more fertile soil
nMOor:o ?ar t?a:\i,-arlg]s ega?r]clleqn ;\(l)%ng?; m'nee ;Sr'er\]'(';t)? r)]/_?z_ar. with less coarse fraction (particularly slate content). The infuence
ver, v : wine w 19N~ o soil is stronger in a season with moderate rainfall (2004),
cantlyldlfferent from the 2004 PdB res_ult, So under drqught compared to a season with low rainfall (2005). Under heavy
ggﬂgltlgr;s, gngs()glrvegég; féa:]q%?ig?]l:th.rgﬁu'ts’ Gen soil may drought conditions, Gen soil (more fertile and with higher water-
| Ve as | fs IHU 2005 h ' hl : hSl h holding capacity) may behave as PdB soil (less fertile and with
d nterestlir:g v, .I(l))rt N arvest, when the Weatlerl Wan SO 1ower water-holding capacity) under normal conditions. With
ry (33)’ the stilbene concentrations were extremely low for regard to sensory analyses, significant differences between the
both vineyards. Equally lowiransresveratrol concentrations \yines produced from the two vineyards were observed. Wines
have been mentioned in Japanese wirk). ( ) could be described using five attributes: apple peel, ripe fruit,
Sensory AnalysesANOVA was performed to characterize  ggyringency, density, and raisin. Interestingly, for both years,

sensory differences between wines in terms of color, taste, andine ¢limatic conditions being very different, the same attributes
aroma analyses. Visual color inspection was consistent with \yare used to describe the wines.

chromatic indexes and absorbance results. We observed that in Future studies will be needed using other red and white

2004 gnd 2005, Gen wines presented significantly "?SS C°|°rvarieties and soils with different characteristics; however, there
and with the shade tending to orange, whereas PdB wine colors, e gome difficulties in finding vineyards that have the same
were deflneo_l by the panel as regl-purple and more intense. I:oragronomical characteristics and differ only in soil.
both years, five of the seven attributdgable 6) were found to

be significantly different (p< 0.01), and their mean scores are
shown as a cobweb plot ifrigure 2. Gen wines were
characterized by higher intensities of raisin and ripe fruitaromas (1) Boulton, R.; Singleton, V. L.; Bisson, L. F.; Kunkee, R. E. V.
and greater density of mouthfeel. By contrast, PdB wines were Principles and Practices of Winemakindst ed.; Springer,
described as presenting a higher apple peel aroma and astrin- Chapman and Hall: New York, 1996.
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