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Abstract — The objective of this work was to assess and characterize two clones, 169 and 685, of Cabernet Sauvignon
grapes and to evaluate the wine produced from these grapes. The experiment was carried out in Sdo Joaquim, SC,
Brazil, during the 2009 harvest season. During grape ripening, the evolution of physical-chemical properties, phenolic
compounds, organic acids, and anthocyanins was evaluated. During grape harvest, yield components were determined
for each clone. Individual and total phenolics, individual and total anthocyanins, and antioxidant activity were evaluated
for wine. The clones were also assessed regarding the duration of their phenological cycle. During ripening, the
evolution of phenolic compounds and of physical-chemical parameters was similar for both clones; however, during
harvest, significant differences were observed regarding yield, number of bunches per plant and berries per bunch, leaf
area, and organic acid, polyphenol, and anthocyanin content. The wines produced from these clones showed significant
differences regarding chemical composition. The clones showed similar phenological cycle and responses to bioclimatic
parameters. Principal component analysis shows that clone 685 is strongly correlated with color characteristics, mainly
monomeric anthocyanins, while clone 169 is correlated with individual phenolic compounds.

Index terms: Vitis vinifera, phenolic compounds, phenology, ripeness.

Caracterizagao e classificagdao multivariada de uva e vinho de dois
clones de Cabernet Sauvignon

Resumo — O objetivo deste trabalho foi avaliar e caracterizar dois clones, 169 e 685, de uvas Cabernet Sauvignon, e
avaliar os vinhos produzidos com estas uvas. O experimento foi realizado em Sao Joaquim, SC, durante a safra de
2009. No periodo de maturag@o, foi avaliada a evolu¢do da composicao fisico-quimica, dos compostos fenolicos,
dos acidos organicos e das antocianinas. Na colheita das uvas, foram determinados os componentes de produtividade
para cada clone. Os vinhos foram analisados quanto aos fenélicos individuais e totais, as antocianinas individuais
e totais, e a atividade antioxidante. Os clones também foram avaliados quanto a seus ciclos fenoldgicos. Durante o
periodo de maturagdo, a evolu¢ao dos compostos fendlicos e dos pardmetros fisico-quimicos foi similar para os dois
clones; no entanto, no periodo da colheita, foram observadas diferengas significativas em relagio a produtividade,
ao numero de cachos por planta e de bagas por cacho, a area foliar e ao conteudo de acidos organicos, de polifendis
¢ de antocianinas. Os vinhos produzidos com estes clones mostraram diferenga significativa quanto a composigao
quimica. Os clones apresentaram dura¢do do ciclo fenoldgico e parametros bioclimaticos similares. A andlise de
componentes principais indica que o clone 685 ¢ fortemente correlacionado as caracteristicas de cor, principalmente
as antocianinas monomeéricas, enquanto o clone 169 ¢ correlacionado aos compostos fenolicos individuais.

Termos para indexacao: Vitis vinifera, compostos fendlicos, fenologia, maturagao.

Introduction

Clonal selection has led to considerable improvements
in viticulture, particularly in terms of grape quality and
quantity. For Vitis vinifera L., clones are selected mostly
for genetic resistance to pests and diseases, and for
specific chemical characteristics. Phenotypic variations
are often observed among clones of the same variety,
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and can appear before or after berry ripening (Zamuz
et al., 2007).

In viticulture, phenology is used to characterize
varieties and clones within the same variety, since
phenological periods vary according to genotype,
climatic conditions, and geographic location (Jones &
Davis, 2000).
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The quality of grapes at harvest is the main factor
that influences wine quality. Grape ripening begins
with color change and ends at harvest. Studies indicate
that different clones of the same variety also show
significant differences regarding chemical composition
of their grapes. Some clones have the capacity to
produce wine with distinct color, aromatic profile, and
phenolic content (Santesteban & Royo, 2006).

The objective of this work was to assess and
characterize two clones, 169 and 685, of Cabernet
Sauvignon grapes, cultivated in Sao Joaquim, SC,
Brazil, during the 2009 harvest season, and to evaluate
the wine produced from these grapes.

Materials and Methods

The experiment was carried out at a commercial
vineyard located at Sao Joaquim, SC, Brazil
(28°15'12"S and 49°34'51"W, at 1,200-m altitude).
The soil of the region is classified as Humic Dystrudept
(Cambissolo Humico aluminico) and is well drained,
with medium clay texture, soft friable consistency,
high water retention capacity, and absence of stones
(Falcao et al., 2008). Meteorological data were
obtained from a meteorological station belonging to
Centro de Informacdes de Recursos Ambientais ¢ de
Hidrometeorologia de Santa Catarina from Empresa
de Pesquisa Agropecuaria e Extensdo Rural de Santa
Catarina (Epagri), located at 1,000 m above sea level
and 500 m from the vineyard.

Two clones, 169 and 685, of Cabernet Sauvignon
grapes were evaluated in the 2009 harvest season.
The training system used for both clones was the
V system, and the rootstock used was 'Paulsen 1103’
(Vitis berlandieri Planch x Vitis rupestris Scheele).
A random experimental design was used. For all
plants, row and vine spacing were 3.0 and 1.5 m,
respectively. Twelve plants from each clone were
randomly marked in four central rows. The data
collected included daily observations of maximum
(Tinay), minimum (T,,,) and average (T,,,) temperatures,
rainfall (mm), and air relative humidity (%). These
general climatic parameters were used to derive
other variables used in viticulture studies, such as
thermal amplitude (cumulative difference of daily
air temperature, i.e., Ty - Tain); heat summation
requirements, observed for growing degree-days
(GDD) based on 10° C:

[GDD = = (T>10°C - 10 °C)],

from Winkler, 1980; and heliothermal index (HI),
determined according to Huglin (1978), in which
Tb = 10°C (HI = % {[(Tug - Ty) + (Toes - TYI2}).

Data on budburst, blooming, setting, veraison, and
harvest dates for Cabernet Sauvignon vine clones
were also evaluated. Budburst, blooming, setting and
veraison events are considered to occur when, for a
given varietal, 50% of the plants show physiological
response. Harvest data was collected, on the same day,
at approximately 23°Brix, which is related to optimal
sugar levels, for both clones.

The following yield components were evaluated:
number of bunches per plant, berry weight (n = 100),
bunch weight (n = 10), and number of berries per bunch
(n = 10). All parameters were measured at harvest and
were used to calculate yield per plant (kg). Plant leaf
area (LA) was calculated as the sum of the area of all
the leaves of each plant. Individual LA was estimated
by nondestructive measuring of the length of the
secondary nerves, according to the procedure described
by Carbonneau (1976), taking into account the close
relationship with the sum of the length of secondary
nerves,

LA (cm?) = -127.13 + 16.056 SN; R* = 0.9582; p<0.001,

in which: SN is the sum of the length of secondary
nerves. To establish this relationship, the area (cm?)
of 150 leaves from each clone was measured using an
image analysis system AM 300 (ADC, Hoddesdon,
United Kingdom).

The monitoring of grape ripening began at veraison,
when approximately 50% of the berries had turned
red. The samples were collected at ten-day intervals.
Each sample consisted of a total of 240 berries
(eight berries per vine) for each clone. For ripening
analyses, juice was squeezed from 30 fresh randomly
selected berries, in triplicate. The samples were
analyzed according to Office International de la Vigne
et du Vin (1990) procedures for pH, titratable acidity
(TA, mg tartaric acid 100 g' grape skin), and total
soluble solids (TSS, °Brix). The maturation index
(MI) was obtained from the TSS/TA ratio. Total
phenolics (TP, mg gallic acid 100 g' grape skin)
(Singleton & Rossi, 1965) and total monomeric
anthocyanins (TMA, mg malvidin 3-glucoside
100 g! grape skin) (Giusti & Wrolstad, 2001)
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were determined by extract from grape skins
(90 berries) macerated overnight in methanol:HCI
(99:1). Organic acid determination (tartaric, malic,
citric, succinic, and lactic acid) was carried out
using a Shimadzu liquid chromatograph (Shimadzu
Corporation, Kyoto, Japan); the column (4.6x250 mm,
5 um particle size) and guard column (4.6x12.5 mm)
were C18 reversed-phase (Hichrom, Berkshire, United
Kingdom). For the analyses, grape juice was squeezed
from 30 randomly selected fresh berries, in triplicate,
and then centrifuged at 3,000 rpm for 15 min, diluted
in Milli-Q purified water by a factor of 10, filtered
through a 0.45 pm PTFE membrane (Millipore), and
injected into a high pressure liquid chromatograph
(HPLC). The analyses were carried out using external
standardization, with isocratic elution and detection at
212 nm (Escobal et al., 1998).

Wines from each Cabernet Sauvignon clone were
produced under the same microvinification conditions
at Epagri’s Esta¢do Experimental de Videira, Videira,
SC, Brazil. Wines were analyzed between six and eight
months after microvinification. They were assessed for
total polyphenols (TP, mg L' gallic acid) (Singleton
& Rossi Junior, 1965). 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical activity was measured by the extinction
ofthe maximum absorptionat517 nm (Kimetal.,2002),
and TMA was determined by the pH difference method
(Giusti & Wrolstad, 2001). Anthocyanin analyses
(malvidin, peonidin, and delphinidin-3-glucoside) were
carried out using a Shimadzu liquid chromatograph,
(Shimadzu Corporation, Kyoto, Japan) according
to Garcia-Falcon et al. (2007). Phenolic content
(catechin, quercetin, trans-resveratrol, gallic acid,
ferulic acid, p-coumaric acid, and caffeic acid) was
analyzed with a method validated in the laboratory,
by internal standardization (16.2 mg L' of morin
solution). The mobile phase consisted of acetic acid in
filtered Milli-Q water (pH 2.6) as solvent A, and 20%
of solution A in acetonitrile as solvent B. Elution was
done using a linear gradient: 0-30% of solvent B for 35
min, 30-50% for 5 min, and 50-100% for 15 min. The
flow rate was 1.2 mL min..

All analyses were carried out with two replicates,
in triplicate. Linear regression; analysis of variance;
principal component analysis (PCA); and Tukey’s
HSD test at 5% probability were performed using the
software Statistica 6 (Statsoft, 2001).
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Results and Discussion

The average temperature during grape ripening ranged
from 11.9 to 20.5°C. The occurrence of cold nights,
characteristic of S@o Joaquim, SC, Brazil, favored
the accumulation of sugars and phenolic compounds,
especially anthocyanins. The highest temperature was
observed (15.2°C) from veraison until harvest, which
is considered an important factor for plant physiology,
since it influences photosynthesis/respiration balance
and, consequently, the accumulation of energy for grape
development during this period (Gonzalez-Neves et al.,
2007). Air relative humidity during the phenological
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Figure 1. Number of days of total phenological cycle (A),
heat summation requirements (GDD, growing degree-days
based on 10°C) (B), and heliothermal index (HI) (C) for the
main phenological periods (budburst—harvest) of clones 169
and 685 of Cabernet Sauvignon grapes.
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cycle was above 87%, which is typical of southern Brazil
and suitable for berry development (Esteban et al., 2002).
Total rainfall for the cycle evaluated was around 900 mm.
Falcdo et al. (2008), in studies carried out in the same
location, in 2005 and 2006, with Cabernet Sauvignon
grapes, found rainfall values of 900 and 600 mm,
respectively.

Little difference was observed in the duration of
the phenological phases for both clones (Figure 1).
Clone 169 had a cycle of 209 days, and clone 685
of 205 days. Regina & Audeguin (2005) evaluated
three clones of the Syrah variety and found a four-day
difference for the entire phenological cycle. However,
a greater difference was observed in this study between
the blooming and setting periods: the duration for
clone 169 was 23 days longer. Ewart et al. (1993),
while assessing Sauvignon Blanc clones in the same
year, observed small and insignificant differences from
veraison to harvest.

The Winkler index (GDD) and Hunglin’s HI are
widely used to determine the thermal units necessary
for the vine to complete the different phases of the
phenological cycle, mainly as a guide for the selection
of different clones of the same variety, and as a tool
to indicate the region’s potential for growing quality
grapes. In terms of Winkler regions, Sdo Joaquim,
SC, Brazil, is classified as 'Region I' (<1,389 GDD),
i.e., a "cold region" (Figure 1), taking into account
the summed GDD results for the phenological cycle
(budburst to harvest) of both clones (approximately
1,200 GDD). These results are in agreement with those
found by Falcao etal. (2010) and Gris et al. (2010), who
also evaluated different varieties in this location. For
the HI, the region is classified as HI,, also considered
cold (<£1,500), according to the geoviticulture
multicriteria climatic classification system (Tonietto &
Carbonneau, 2004). There was no significant difference
between clones 169 and 685 regarding heat summation
requirements. Fallahi et al. (2005), while assessing
different clones, observed no significant difference
between total thermal requirements for clones of
Cabernet Sauvignon grapes, in the same harvest.

The determination of LA provides information on the
relationship between plant photosynthesis and yield and
fruit quality. The clones showed significant difference
(p<0.05) for this character (Table 1). Clone 685 had
higher LA per plant than clone 169, and showed
higher results regarding yield components, which is

in agreement with Santesteban & Royo (2006), who
reported that LA is related to plant vigor.

Clone 685 showed higher yield (p<0.05) than
clone 169, with more bunches per plant, higher
bunch weight, and more berries per bunch. These
differences are directly related to the rainfall amounts
during veraison, while yield is positively related to the
duration of the phenological cycle. According to Mota
et al. (2009), rootstock significantly influences yield.
However, in this study, since the clones came from the
same location and rootstock, and the harvest period and
phenology were similar, the differences observed can be
attributed exclusively to the genetic characteristics of
each clone. These results are similar to those obtained by
Wolpert et al. (1995), when evaluating seven Cabernet
Sauvignon clones from California. The authors found
significant differences regarding yield, and bunch and
berry weights. These results agree with those reported by
Alonso et al. (2004), who observed variability between
clones of the Albarifio variety grown in Spain.

The evolution of TSS for the two clones was very
similar (Figure 2), with a progressive increase until
the end of the ripening period, reaching °Brix values
of 23.5 and 24.0 for clones 169 and 685, respectively.
The pH values increased up to 50 days from veraison,
and then decreased until the end of the ripening period,
reaching values of 3.51 and 3.49 for clones 169 and
685, respectively; no significant differences (p<0.05)
were observed. A significant correlation (p<0.05) was
obtained between pH decrease and acidity increase
for clones 169 (r = 0.88) and 685 (r = 0.86). The
MI, which indicates sugar-acid balance in grapes,

Table 1. Physical characteristics of clones 169 and 685 of
Cabernet Sauvignon grapes.

Character) Clone 169 Clone 685
Branch number 15b 23a
Leaves per branch 21b 16a
Branch length (m) 1.4b 1.5a
Plant yield (kg) 2.2b 4.1a
Bunches per plant 20.6b 31.2a
Bunch weight (g) (n = 5) 113.9b 146.8a
Berries per bunch (n = 5) 85b 96a
Berry weight (g) (n = 100) 1.2b 1.3a
Seed weight (g) (n = 50) 2.1b 2.2a
Seeds per berry (n = 50) 1.3a 1.3a
Leaf area per plant (m?) 4.1b 6.3a

(OMeans followed by equal letters, in the lines, do not differ by Tukey’s
HSD test at 5% probability.
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increased progressively during ripening, with end
values at harvest of 31.3 and 39.3 for clones 169 and
685, respectively.

There was significant difference (p<0.05) for TMA
content, which increased during ripening of both
clones; clone 685 had the highest concentration at
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temperatures during ripening, which was evidenced in
Sao Joaquim, SC, Brazil, and could explain the high
phenolic concentration. However, since both clones
were evaluated in the same vineyard and vintage,
and were influenced by the same temperatures, the
differences observed in TP and TMA content may
indicate different characteristics regarding the phenolic
content of each clone. A significant correlation was
observed (p<0.05) between TMA and clone 685
(R>0.9); clone 169 showed a higher correlation with
TP content (R>0.9), which indicates that the phenolic
data obtained during ripening can be used as a tool to
differentiate between these clones.

For the two clones, malic acid predominates in the
early ripening stage (Figure 3), which is intensely
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Figure 3. Evolution of organic acids from veraison to harvest of
clone 169 (A) and clone 685 (B) of Cabernet Sauvignon grapes.

synthesized during the budburst and setting periods;
however, its concentration decreases during ripening,
due to the predominance of degradation reactions.
A decrease in tartaric acid was also observed during
ripening. The presence of lactic acid was not detected
in any grape sample. At harvest, grapes showed
predominance of different acids in must, with the
highest concentration of malic acid for clone 685 and
of tartaric acid for clone 169. This difference can be
attributed to the larger LA of clone 685, since malic
acid is mostly synthesized in leaves.

Zamuz et al. (2007), who analyzed different clones of
the Albarifio variety from the same location and harvest,
found similar results. The authors observed a significant
difference among clones regarding physical-chemical
parameters in must, at harvest, which indicates that
classical parameters could be used to differentiate
between clones of the same grape variety. Ferrandino
& Guidoni (2010), while evaluating different clones of
the Barbera variety grown in the same location and in
the same and different harvests, also found that ripening
data on pH, soluble solids, and total acidity showed
significant differences between clones.

Flavonoid and nonflavonoid phenolic compounds
(Table 2) represent the main polyphenols in red wines,
and are widely used to differentiate between wines
produced from different grape varieties. However, few
studies use the main phenolic compounds to differentiate
wines produced with different clones of the same variety.
Wines from clone 169 showed the highest concentrations

Table 2. Phenolic composition (mg L), color parameters
(mg L"), and antioxidant activity (mmol L") of wines (W)
from clones 169 and 685.

Chemical parameter" W-169 W-685
Total phenolics 2,389.3+4.2b 1,884.2+4.9a
Total monomeric anthocyanins 260.5+2.4b 332.9+2.5a
Malvidin-3-glucoside 67.32+0.61b 85.91+0.15a
Delphinidin-3-glucoside 19.38+0.03b 24.78+0.0a8
Peonidin-3-glucoside 21.07+0.18b 32.54+0.20a
Catechin 49.35+0.85b 14.51+0.12a
Quercetin 23.18+0.96b 14.80+1.11a
Trans-resveratrol 1.52+0.04b 0.75+0.02a
Gallic acid 23.31+0.71b 13.20+0.06a
Caffeic acid 2.01+0.38b 1.56+0.09a
Ferulic acid 0.68+0.01b 0.37+0.01a
p-coumaric acid 1.69+0.03b 0.47+0.04a
1,1-diphenyl-2-picrylhydrazyl 20.8b+0.1b 16.1+0.1a

(MeanstSD followed by equal letters, in the lines, do not differ by Tukey’s
HSD test at 5% probability.
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Figure 4. Principal components analysis (PCA) of the
significant results from clones 169 and 685 of Cabernet
Sauvignon grape compositions at harvest, and in wines made
from these clones. DPPH, 1,1-diphenyl-2-picrylhydrazyl;
MI, maturation index; LA, leaf area; TMA, total monomeric
anthocyanins; TA, titratable acidity.

of all individual phenolics determined by HPLC, of
which catechin was predominant. This clone also
showed the highest antioxidant activity. Wines produced
from clone 685 showed the highest concentrations
of monomeric anthocyanins, especially malvidin
3-glucoside. Forveille et al. (1996) demonstrated that
clones differ regarding anthocyanin composition.
Principal component analysis (PCA) was carried out
with the data on grape composition at harvest, yield
components, LA, and chemical composition of wines
produced from the clones (Figure 4); all results showed
significant difference (p<0.05). PC1 x PC2 explained
98.69% of the total variability. The first component
represented 95% of the total variability and could be
considered a ""clone", since both clones were distributed
along PC1, showing a clear separation of the grape and
wine samples according to the clone. Clone 685 showed
a strong positive correlation with color parameters,
such as TMA, malvidin, delphinidin and peonidin
3-glucoside, as well as with yield components and
LA. Clone 169 was strongly positively correlated with
individual phenolic compounds determined by HPLC,
total polyphenols, and DPPH. These results agree with
those observed in other studies, which indicate that
it is possible to differentiate between clones of the
same grape variety with principal component analysis
(Zamuz et al., 2007; Ferrandino & Guidone, 2010).
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Conclusions

1. Clones 169 and 685 of Cabernet Sauvignon grapes
show similar performance regarding the phenological
cycle and the evolution of the compounds during
ripening.

2. There are significant differences between the
clones in terms of chemical composition of grapes
and yield components of vines. Clone 685 has higher
productivity, higher bunch weight, more bunches per
plant, and more berries per bunch.

3. The wines produced with clones 169 and 685 show
the same chemical characteristics as their grapes.

4. Clone 685 is strongly correlated with individual
monomeric anthocyanins, while clone 169 shows a
higher correlation with total and individual phenolic
compounds and antioxidant activity.

5. Differences between clones 169 and 685 are
exclusively attributed to their chemical composition
and physical characteristics, which are potential tools
for the characterization and differentiation of different
clones from the same grape variety.
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