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Viticultural performance of Cabernet Sauvignon
clones in highland region of southern Brazil
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Abstract - The Cabernet Sauvignon (CS) cultivar is one of the most widely planted wine grapes
in Brazil. The final grape quality depends on the clone type, rootstock, and the terroir. This study
aims to assess and characterize the effects of seven combinations of CS clones grafted onto two
rootstocks on the physical-chemical parameters and productivity of the grapes in the highland of
southern Brazil, during the 2012-2013, 2013-2014, 2014-2015, and 2015-2016 growing seasons.
The experiment was carried out in a 14-year-old commercial vineyard, located in Sdo Joaquim
municipality, Santa Catarina State, trained on a vertical shoot position system on a double cordon
with spur pruning. The treatments consisted in a completely randomized experimental block of
the combination (clone/rootstock) of CS 169, 337, 341, and RS clones grafted onto the Paulsen
1103 (P1103) rootstock, and 169, 170, and 339 clones grafted onto the Courdec 3309 (C3309)
rootstock. There were significant differences among the combinations of CS grapes on productivity,
physical, and chemical parameters and grape maturation. The data of principal component analysis
showed that 339/C3309 and 337/P1103 combinations were the most productive, whereas the R5/
P1103, 170/C3309, and 169/C3309 combinations were the best for potential winemaking under
the edaphoclimatic conditions of the highlands of southern Brazil in all growing seasons evaluated.

Index terms: Vitis vinifera; clonal selection; rootstock; grape composition; yield components.

Desempenho viticola de clones de Cabernet Sauvignon
em regiao de altitude do sul do Brasil

Resumo - A cultivar Cabernet Sauvignon ¢ uma das videiras para vinho mais amplamente cultivada
comercialmente no Brasil. Seu desempenho em relagao a qualidade final da uva depende do clone,
do porta-enxerto e do “terroir” onde os vinhedos estao localizados. Este estudo teve como objetivo
avaliar e caracterizar os efeitos de sete combinacdes de clones de videira Cabernet Sauvignon
enxertados em dois porta-enxertos sobre a produtividade e os pardmetros fisico-quimicos das uvas

gr:;sgo}?gmf é‘ﬁg‘;:c br em regido de altitude do Sul do Brasil, durante as safras de 2012-2013, 2013-2014, 2014 -2015 ¢

008 ' 2015-2016. Os experimentos foram conduzidos em um vinhedo comercial com 14 anos de idade,
Received: April 15,2019 localizado no municipio de Sao Joaquim, Santa Catarina, conduzido em sistema de espaldeira, em
Accepted: July 30,2019 duplo cordio esporonado. Os tratamentos consistiram na combinacdo (clone/porta-enxerto) dos
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Commons Attribution License. enxertos, afetando os parametros produtivos, fisicos, quimicos e o periodo de maturagio da uva.
&) e | As combinagdes 339 / C3309 e 337 / P1103 apresentaram maiores produtividades, enquanto as
combinagdes R5/P1103,170/C3309 e 169/ C3309 apresentaram maior potencial para producao
de vinho, quando os parametros fisicos, quimicos ¢ de produtividade foram considerados nas
condigdes edafoclimaticas de regido de altitude do Sul do Brasil, em todas as safras avaliadas.
Termos para Indexacao: Vitis vinifera; selecao clonal; porta-enxertos; composicdo da uva;

componentes de producao.
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Introduction

The highland region of Santa Catarina State,
southern Brazil, has emerged as a center of altitude wine
production, mainly due to its edaphoclimatic features.
This region has high levels of sunlight, moderate
temperatures during the day, and low temperatures at
night. These conditions enable the growth of fine wine
grapes (Vitis vinifera L.) with high physical, chemical,
and enological performance (BORGHEZAN et al., 2014;
MARCON FILHO et al., 2015; MALINOVSKI et al.,
2016; WURZ et al. 2017). Among the grapes produced
in this region, cultivation of the ‘Cabernet Sauvignon’
varieties represents approximately 40% of the total area of
vineyards (VIANNA et al., 2016). Cabernet Sauvignon is
one of the varieties with the longest vegetative—productive
cycle, with an average of 214 days, and it demands a higher
thermal requirement to complete all its phenological
stages. The harvest usually starts after mid-April
(BRIGHENTT et al., 2013), when the average temperature
drops to 14°C, according to the historical climatic series
(EPAGRI , 2019). Based on these climatic conditions,
especially in rainy and cold years, there is a threat to the
harvest of Cabernet Sauvignon grapes associated with
inadequate maturation parameters, such as high acid
content and excessive herbaceous aroma (WURZ et al.,
2017). Furthermore, all these peculiar edaphoclimatic
conditions, associated with high water availability and
high organic matter content (>3.5%), promote excessive
vegetative growth impairing the production and quality
of wine grape (ZALAMENA et al., 2013; MARCON
FILHO et al., 2015).

Vitis vinifera clones are generally selected for
genetic resistance to pests and diseases, associated with
specific chemical characteristics. Phenotypic variations
among these chemical characteristics are often observed
among clones of the same variety, and can appear before
or after berry ripening (ZAMUZ et al., 2007). Some
clones of one grape variety can differ in their productivity
parameters and their ability to produce wines with
different organoleptic characteristics (GOMEZ-PLAZA
et al., 2000; ZAMUZ et al., 2007). Clonal selection has
led to significant gains in grape production, together with
improvements in grape and wine quality (BURIN et al.,
2011). The selection of the best germplasm bank material
for a specific grape-growing region is a fundamental
step toward improving grape yield and fruit composition
(FIDELIBUS et al., 2006). Several studies showed
that different clonal selections of Cabernet Sauvignon
presented differences in their chemical composition and
productive variables (ALONSO et al., 2004; FALLAHI et
al., 2005; FIDELIBUS et al., 2006, ZAMUZ et al., 2007
and BURIN et al., 2011).

When choosing the clone scion variety, it is
necessary to consider the best combination between scion

and rootstock, according to the terroir characteristics.
Rootstocks play an important role in adapting to
environmental factors; they also have an impact on canopy
development, which can influence the amount and quality
of production (RENOUF et al., 2010; BRIGHENTI et
al. 2011; SOUZA et al., 2015 and DIAS et al., 2017).
Grape production in the highlands of southern Brazil
is based mainly on the Paulsen 1103 (P1103) rootstock
(VIANNA etal., 2016). In this region, the edaphoclimatic
conditions can predispose vines to an excessive vegetative
growth due to high organic matter (MAFRA et al., 2011;
ZALAMENA etal.,2013) and high water availability (DE
BEM et al., 2016). Therefore, it is necessary to adjust the
vigor of the vegetative canopy to promote the balance
of the vineyard as suggested by Borghezan et al. (2011).
Additional studies are necessary to show alternative
rootstocks for this region, mainly those that decrease the
vigor of the vines. According to Brighenti et al. (2011),
the rootstock Couderec 3309 (C3309) and Mgt 101-14
are good options to reduce the grape canopy vigor in the
highlands of Santa Catarina State. The authors showed
that these rootstocks present a better balance between the
vegetative and productive parts of the vines rootstock,
and revealed its positive influence on the productivity and
quality of the grapes for fine wine production. However,
other grafting combinations need to be evaluated to
improve the vineyard management for red winemaking
in the highlands of Santa Catarina State, southern Brazil.

Thus, the present study aims to assess and
characterize the effects of seven combinations (clone/
rootstock) of Cabernet Sauvignon on productivity and
physical-chemical parameters of the grapes in the
highlands of Santa Catarina State, southern Brazil, during
the four growing seasons.

Materials and methods

Experiments were carried out in a 14-year-old
commercial vineyard of Cabernet Sauvignon, located in
Sao Joaquim municipality, Santa Catarina State, southern
Brazil, during the 2012-2013, 2013-2014, 2014-2015,
and 2015-2016 growing seasons. The vineyard was
located at 28°17'39" S, 49°55'56"” W and an altitude
of 1.230 m. The climate of this region is considered to
be humid mesothermic (Cbf), according to the Kdppen
classification (ALVARES et al., 2013), and the soil type
is cambisol, which is characterized by high levels of clay
(492 g kg™") and organic matter (69 g kg™"). The historical
heliothermic index used to 1.714, average annual rainfall
of 1.621 mm, and relative humidity of 80% (TONIETTO
& CARBONNAU, 2004). The daily data of temperature
and precipitation were accomplished and obtained from
CIRAM (Center of Environmental Resources Information
and Hydrometeorology of Santa Catarina).
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There were approximately 450 vines per vineyard
in 60-70 rows of the Cabernet Sauvignon clones 169,
337, 341, and RS grafted onto the P1103 rootstock, and
169, 170, and 339 grafted onto the C3309 rootstock. The
combinations of Cabernet Sauvignon clones/rootstock
were planted in rows with a northwest-to-southeast
orientation at a distance of 3.0 x 1.5 m. Vines were trained
onto a vertical shoot position trellis on a double cordon
with spur pruning at a height of 1.2 m and covered with
an anti-hail net. A completely randomized experimental
block was used, which consisted of eleven vines along
the rows. These conditions were replicated four times
for each treatment and each treatment was separated by
buffer rows. Three vines at the end of each plot, vines at
the end of each row, and all vines in border rows were
excluded. Vineyard practices (pruning, leaf removal, shoot
topping, and disease control) were done according to the
recommendations for commercial growers in this region.
Vineyards were irrigated by drip as usually recommended
for commercial growers in this region (20 L/day/plant)
(BRASIL, 2013).

The monitoring of grape ripening began at veraison,
when approximately 50% of the berries had turned red.
Each sample consisted of a total of 10 clusters and 150
berries randomly collected per plot/treatment from
different portions of the vine on both sides of the rows
for each clone.

The samples were analyzed according to the
procedures of the Office International de la Vigne et du
Vin (OIV., 1990) for the following physical parameters:
a. cluster mass (g); b. berries per cluster; c. compactness
index (berries per cluster length); d. 100-berry mass (g);
e. berry diameter (cm), and f. skin:berry ratio (%). All
berries were manually crushed one by one to obtain grape
must and skin separately.

The total soluble solid (TSS) content (°Brix)
of grape was determined using a digital temperature-
compensated refractometer (model Pal-1; Atago,
Saitama, Japan); titratable acidity (mg of tartaric acid
100 g' grape skin) (Oiv, 2009) and pH were measured
with a potentiometer (Impac, Sdo Paulo, Brazil). Total
polyphenols (TP; mg gallic acid 100 g! grape skin)
(SINGLETON and ROSSI, 1965) and total monomeric
anthocyanins (mg malvidin 3-glucoside 100 g' grape
skin) (GIUSTI and WROLSTAD, 2001) were determined
using extracts from grape skin macerated for 24 hours at
3040.5°C and then washed with methanol:HCI (99:1).

A second extraction with the remains of the
skin was performed with the same methanol volume at
temperature of 0+0.5°C. Both extracts were separated,
homogenized, and filtered through Whatman 01
filter paper (MARCON FILHO et al., 2015). The TP
concentration was determined by a spectrophotometric
method described by Singleton and Rossi (1965), using the
Folin—Ciocalteu reagent, with absorbance at a wavelength

of 760 nm. The phenolic content was determined using
a gallic acid calibration curve. Total anthocyanins were
determined by a spectrophotometric method described by
Ribéreau-Gayon et al. (1998). The color was determined
by a spectrophotometric method described by Rizzon,
(2010). The extract was diluted 1:10 with distilled water
and analyzed in a spectrophotometer at wavelengths of
420, 520, and 620 nm. The color was measured by the
intensity and color tone parameters using the following
formulas: intensity = 420 + 520 + 620 nm and color tone
=420/520 nm.

The number of clusters per vine, pruning weight
(kg), production (kg vine™), and yield (t ha™') were
assessed in 10 plants per plot/treatment. The pruning
weight was assessed in the winter during the dormant
period. The Ravaz index was estimated using the
relationship between production and pruning weight.
The fertility index (number of clusters per shoot) were
evaluated by counting the number of shoots and number
of cluster per vine in 10 plants per plot/treatment.

All analyses were carried out in triplicate.
Homogeneity of variance was performed prior F test
for each year. Linear regression; analysis of variance;
principal component analysis (PCA); and Tukey—Kramer
HSD test at 5% were performed using the SAS software,
version 9.1 (SAS Institute, Cary, NC, USA).

Results

The average monthly temperature was similar
among all growing seasons evaluated (Figure 1).
However, the average monthly rainfall were significant
different (Figure 1). The average temperature in August
(sprouting) was around 10-11 °C, reaching around 17-18
°C in mid-January (grape maturation) and decreased to
approximately 13-14° C at the end of April (harvest),
which can be considerate low when compared with others
Brazilian grape production area. The average of high
temperatures during all growing seasons evaluated from
veraison (January—February) to harvest (March—April)
was around 23°C (Figure 1).

The rainfall volume from August (sprouting) until
the end of April (harvest) in all growing seasons evaluated,
was higher than the historical mean (1.441 mm) for
this period in Sao Joaquim, SC. The rainfall during the
maturation period in all growing season was significant
different from the historical average, which was around
314 mm (figure 1).

In all growing seasons, there were few significant
differences (p<0.05) among combinations (clone/
rootstock) of Cabernet Sauvignon for the yield components
(Table 1). The 337/P1103 and 339/C3309 combinations
showed the highest number of clusters per vine, production
per plant, yield, and Ravaz and fertility index (p < 0.05)
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(Table 1). However, significant differences were observed
between physical and chemical variables in all growing
seasons evaluated (Table 2, 3 and 4). There were significant
differences (p<0.05) among combinations for the variables
of cluster mass, berries per cluster, 100-berry mass, and
skin:berry ratio in all growing seasons evaluated, whereas
there was no effect of treatments on berry diameter
(Table 2). The 337/P1103 and 339/C3309 combinations
showed the highest cluster mass, berries per cluster, and
compactness index during the most of evaluated growing
seasons, while the combination 169/C3309 showed the
lowest values for these two physical parameters as well as
for the variables of 100-berry mass, and skin:berry ratio
(Table 2). The R5/P1103 and 170/C3309 combinations
showed significantly higher values of TSS in all growing
seasons (Table 3). The combinations R5/P1103, 169/
C3309, and 170/C3309 showed the lowest total acidity, pH
and the highest values of TP, anthocyanins, and berry color
by both intensity and hue (Table 3 and 4) as compared to
other combinations.

Principal component analysis (PCA) was carried
out with data on physical, chemical, and productivity
parameters of all grapes at harvest, in order to verify which
parameters best discriminated the Cabernet Sauvignon
combinations of clones and rootstocks during all growing
seasons. There were significant difference (p<0.05) among
all physical, chemical, and productivity parameters
(Figures 2 and 3). The principal components CP1 and
CP2 explained 88.49% and 100% of the total variation of
the clones grafted onto the P1103 and C3309 rootstocks,
respectively (Figure 2 and 3). The contributions of CP1
and CP2 to the total variation were 71.69% and 53.88%,
and 16.80% and 46.12% (Figure 2 and 3) for all clones
grafted onto the P1103 and C3309 rootstocks, respectively.
CP1 was the component that best discriminated the
clones grafted onto P1103 (Figure 2). The projection of
the treatments onto the main component plane reveals
that the R5 clone presents a strong association with the
variables related to the PC1 plane with a negative score of
4.97, having strong relations with cluster mass, berries per
cluster, compactness index, berry color intensity, TP, TSS,
and anthocyanins (Figure 2). Clone 337 showed stronger
relationships with the PC1 plane, with a positive score of
3.37 and with the PC2 plane with a negative score 0f2.03,
being more associated with the variables of berry diameter,
100-berry mass, skin:berry ratio, production, yield, Ravaz
and fertility index, pH, and number of clusters per vine
(Figure 2). Clone 169 showed positive relationships
with the PC1 and PC2 planes, with scores of 1.81 and
1.61, respectively, having stronger associations with the
variables of acidity, pH, berry diameter, 100-berry mass,
yield, and production (Figures 2). Clone 341 presented a
positive correlation with the PC2 plane (score 1.01), and
a negative correlation with the PC1 plane (score 0.017),
being more associated with berry diameter, 100-berry

mass, and pH (Figure 1). Clone 170 showed a positive
relationship with the PC1 plane (score 3.32) and a
negative relationship with the PC2 plane (score of 1.27),
being more associated with the variables 100-berry mass,
cluster mass, berry color tone, berry diameter, total acidity,
skin:berry ratio, berries per cluster, soluble solids, and
TP (Figure 3). Clone 169 showed negative relationships
with both planes, with scores of 2.85 and 2.02 for PCI
and PC2, respectively, being associated with the variables
of compactness index, anthocyanins, berry color tone,
soluble solids, TP, pH, and berries per cluster (Figures 2
and 3). Clone 339 showed a stronger positive correlation
with the PC2 plane (score 3.29) and a negative correlation
with the PC1 plane (score 0.47), being associated with
the variables of number of clusters per vine, RI, fertility
index, yield, and production (Figure 3).

Discussion

To assess and characterize the effects of several
combinations (clone/rootstock) of Cabernet Sauvignon
on the productivity and physical-chemical parameters
of the grapes was the main concern about this study, in
order to guide appropriate management for winemaking
in highlands of Santa Catarina State, southern Brazil.
The Principal Component Analysis (PCA) shows that
the rootstock effect on the productivity and winemaking
composition of the Cabernet Sauvignon clones must
varied from year to year. The 337/P1103 and 339/C3309
combinations showed the best productivity parameters
according to PC1 and PC2 of the PCA analysis. These two
combinations showed the highest number of clusters per
vine, production per plant, yield, and Ravaz and fertility
indices. Both rootstock P1103 and C3309 showed positive
and negative correlation in the PCA analysis, and there
were no specific effect on the productivity and winemaking
parameters. Although there have been different effects of
rootstock in the Cabernet Sauvignon clones each year,
it can be seen that the R5/P1103, 169/C3309 and 170/
C3309 combinations had higher levels of 100-berry
mass, cluster mass, berry color tone, berry diameter, total
acidity, skin:berry ratio, berries per cluster, soluble solids,
and TP in all evaluated season. This behavior may have
been due to the low to medium vigor of these rootstocks,
which favors a relatively earlier grape maturity. On the
other hand, it was found that the rootstocks effect on the
other assessed variables was erratic year to year. Based
on the average data of four years, the two main PCs
(Figure 2 and 3) show that, in general, pH, berry diameter,
100-berry mass, yield, production, and acidity ratio values
were higher with R5/P1103, 169/C3309 and 170/C3309
combinations.

All productivity parameters are important.
However, the Ravaz index is one of the most relevant. The
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Ravaz index is the ratio between fruit yield and pruning
weight removed in the dorment period. This index is also
used to determine vine balance and vigor. According to
Smart and Robinson (1991), fruit: pruning-weight ratio
of 5 to 10 has been used as an indicator of balanced vines
capable of producing high-quality fruit. An index higher
than 10 indicates an excessive yield and one less than
five indicates excessive vine vigor. Based on the PCA
analysis the 337/P1103 and 339/C3309 combinations
would be well balanced. However, the R5/P1103, 169/
C3309 and 170/C3309 combinations showed the best
quality winemaking parameters.

These results suggest that these combinations
were more well balanced than 337/P1103 and 339/C3309
combinations. These results are very interesting and
important for highlands of Santa Catarina state, since
there are few studies under this edaphoclimatic conditions.
Probably there was more equilibrium between leaf area
and grape production for R5/P1103, 169/C3309 and 170/
C33009. In contrast, the leaf area of 337/P1103 and 339/
C3309 combinations was not enough to adequately ripen
the fruit in terms of accumulation of soluble solids, or
the excessive vegetative vigor could have increased the
photoassimilate competition between berries and shoots,
or have altered the microclimatic conditions at cluster
zone impairing the sugar accumulation and phenolic
compounds in grapes.

Most of the combinations showed high acidity of
berries that could be attributed either by low temperature
(13-14 °C) at the harvest time (Figure 1) or, by less sun
exposure of the cluster caused by excessive vegetative
vigor. It well known that the total acidity tends to be lower
and pH higher in hot environment or sun exposed cluster
as compared to berries from shaded conditions or cold. The
organic acid degradation tends to reduce with the decrease
in temperature and, probably, was the main reason for the
high acidity of the berries in most of the combinations.
In general, wine quality is attributed to the sugar-acid
balance; hence, acidity adjustment is a prerequisite in
many wine cellars (TITA et al., 2006). Although total
acidity is crucial in wine, all individual organic acids,
such as succinic, pyruvic, acetic, citric, lactic, tartaric and
malic acid play a crucial role in defining the organoleptic
character of the wine. They are important elements of the
wine because of their sensory attributes (e.g. sour, sharp,
tart, vinegar aroma, metallic and fresh) and their overall
contribution to wine acidity (MATO et al., 2005).

The 337/P1103 and 339/C3309 combinations
showed the highest yield due to the increased fertility
index, cluster number per vine, cluster weight and berries
per cluster. These results corroborate the findings of
Brighenti et al. (2012), who evaluated the isolated effects
of several Cabernet Sauvignon clones from Australia
and Brazil, respectively. The authors found significant
differences in these physical parameters among Cabernet

Sauvignon clones, and these results corroborated with
those reported by Alonso et al. (2004) and Burin et al.
(2011), who observed variability between clones of the
‘Albarifio’ variety in Spain and the Cabernet Sauvignon
variety in Brazil.

The occurrence of cold nights and mild temperatures
during the day (Figure 1), characteristic of the highlands of
Santa Catarina State, contribute, according to Gonzales-
Neves et al. (2004) and Brighenti et al. (2013), for the
accumulation of sugars and polyphenolic compounds,
especially anthocyanins. The average of high temperatures
during from veraison to harvest, of approximately 21 °C,
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 (JACKSON et al., 2014).

The compactness index and berry diameter
were relatively high, with averages of 5.92 and 1.34,
respectively. Despite no significant differences being
observed in the compactness index and berry diameter
among all the Cabernet Sauvignon combinations, there
were strong correlations between berry rot incidence and
cluster compactness (HED et al., 2009). Thus, compact
clusters could be an important problem in the highlands
of Santa Catarina State, due to the weather conditions
that promote this, such as high precipitation and humidity
during ripening and the harvest period. Under these
conditions, the 337/1103P and 339/3309 combinations
should be avoided, because they showed the highest
compactness index.

Most of the Cabernet Sauvignon combinations
evaluated showed a high skin:berry ratio, except the
169/C3309 combination. In the making of red wine, the
higher the skin:berry ratio, the higher the grape’s potential
to provide enological quality to the wine, because,
according to Conde et al. (2007), desirable compounds
such as anthocyanins and polyphenols are located in the
skin. Additionally, Battistutta et al. (2000), evaluating 12
Cabernet Sauvignon clones in Italy, confirmed that there
were higher values of soluble solids in the RS and 170
clones, grafted onto the P1103 rootstock. Wine quality is
directly correlated to the physical/chemical composition
of grapes at harvest. These parameters are influenced by
various factors linked to climate, soil, clone, and rootstock
(JACKSON et al., 2014). One of the most important
parameters used to determine grape quality is the content
of soluble solids, which allows an indirect measure of
the sugar content of berries and alcohol content in wine.

R5/P1103, 169/C3309, and 170/C3309
combinations showed the highest values of soluble solids
and the lowest total acidity. These results showed the high
chemical potential of grapes from these combinations,
which had the best technological maturity, promoting
high-quality winemaking. In general, for the production of
red wines with high quality is recommended a most with
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soluble solids with concentration of soluble solids above
20 °Brix (GIL & PSZCZOLKOWSKI, 2007) and total
acidity lower than 135 meq L' (JACKSON & LOBARD,
1993). These same combinations had the best anthocyanin
and berry color (intensity and hue) performances. These
skin features are for most of the V. vinifera grapes for red
wine, responsible for pigmentation, flavor, and aroma
(LECAS & BRILLOUET, 1994), and the vacuoles of
hypodermic cells of the skin contain the anthocyanins
(FERNANDEZ-LOPEZ et al., 1998). It is widely accepted
that the concentration of anthocyanins in wine is related to
the final quality of the product because these pigments and
wine color intensity are positively correlated. In addition,
the relationships of anthocyanin and polyphenolic
compounds with wine quality are extremely important,
especially in wines with the potential for aging and
ripening (TARDAGUILA et al., 2010). The increase in TP
compounds is associated with the stage of mature grapes

[~
[=}

(GONZALEZ-SANIJOSE et al., 1991). On the basis of
this assumption and verifying the TP values in Table 4, it
can be inferred that the R5/P1103, 169/C3309, and 170/
C3309 combinations provide the best grape maturation
when compared with all the other combinations. Falcio
et al. (2008) and Burin et al. (2011) showed that grapes
grown in the highlands of Santa Catarina State, southern
Brazil, had particular characteristics that differ from
those in other wine-growing regions of Brazil. Thus, the
wines produced in this region have higher color intensity
and a higher concentration of polyphenolic compounds
than wines produced in other wine-growing regions of
Brazil (MIELE et al. 2010) and elsewhere. Stefanini et al.
(2000), who evaluated five clones of Cabernet Sauvignon
in northeast Italy, showed that clone 337, which present
higher color intensity and a higher concentration of
polyphenolic compounds, was the one with the major
productive characteristics.
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Figure 1. Monthly mean of temperatures (°C) and rainfall (mm) recorded at Sao Joaquim/SC municipality from
August (sprouting) to April (harvest) of the 2010, 2011, 2012, 2013, 2014 and 2015 growing seasons and Historical

Series (S.H.) of EPAGRI/CIRAM (2019).
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Table 1- Productivity parameters of different combinations of ‘Cabernet Sauvignon’ clones 169, 337, 341 and R5

grafted onto ‘Paulsen 1103’ (P1103) rootstock and clones 169, 170 and 339 grafted onto ‘Courdec 3309’ (C3309),
during the 2012, 2013, 2014 and 2015 growing season. Sao Joaquim, Santa Catarina State, Brazil, 2019.

Productivity parameters

Combination ; ; ; : : T
Season Cluster per vine Production (kg vine™) Yield (t ha!) Ravaz index Fertility index
2012 20+1.61 B ns* 39+£089Cb 86+£090Cns 32+0.15Bns 1.0+£0.08Ans
L69/P1103 2013 23+2.25B 44+072Ca 9.7+£2.55C 34+0.71B 0.8+0.07B
2014 21+497B 4.0+0.68 C ab 88+£2.31C 33+£0.71B 0.7+0.10B
2015 19+421C 37£044Db 82+3.67C 29+0.71B 0.8+0.05B
2012 31+1.48 Ans 6.0+045Ba 133+143Ans 58+020Ab 1.3+£0.09Ans
337/P1103 2013 36 +4.24 A 64+063Aa 142+1.12A 6.9+004Aa 144011 A
2014 30+£335A 5.8+ 0.88 Aab 12.8+2.93 A 58+020AD 1.2+0.05A
2015 28 +4.18 A 54+0.72Bb 12.0+3.01 A 52+0.04ADb 1.1+0.17A
2012 21+1.83Bns 40+£045Cb 88+0.63Cns 33+054Bns 0.5+005Ba
341/P1103 2013 24+540B 47+021Ba 10.4£0.79 BC 3.6+ 0.83B 02+0.04Cb
2014 20+0.85B 39+£038Bb 8.6+3.90C 29+0.74B 0.5+0.02Ba
2015 24+0.85B 4.7+0.06Ca 10.4 +3.04 BC 32+0.67B 0.3+£0.09 Cab
2012 27+ 1.44Bns 52+045Ca 11.5+146BCns 4.0+022Ba 0.7+0.04 Bns
RS/PLI 2013 26+4.72 B 50+0.28Ba 11.1+0.83 B 3.2+0.84 Bbc 0.6+021B
. 03 2014 23+2.35B 44+037Bb 9.7+152C 30+£037Bc 0.5+0.19B
2015 19+3.71C 36£046Db 8.0+1.86C 28+021B¢c 0.7+0.08 B
2012 25+2.40Bns 49+044CbHb 10.8+0.05Cns 1.63+£069Cc 1.0+£0.07Aa
160/C3309 2013 28+2.49B 54+025Ba 12.0 £ 0.06 A 1.96+0.71Cbc  0.5+0.05Bc
2014 29+ 1.25AB 56£0.71Aa 124+0.77 A 257+055Ba 0.7+0.08Bb
2015 22+0.17B 42+0.14Db 93+£1.26C 241+048Ba 09+0.14Bab
2012 26+2.04 B ns 6.0+0.38Ba 13.3+0.58 Ba 39+028Ba 04+0.16Bb
2013 28+2.49B 54+£056Bb 120+ 0.82Aa 35+£054Ba 04+0.11Bb
170/€3309 2014 25+1.94B 49+0.05Bb 10.8+0.55BCa 3.0+086Bb 0.6+0.08Ba
2015 23+2.76B 44+033Dc 9.7+0.72Cb 28+043Bb 08+005Ba
2012 39 +£2.33Ans 76+053Aa 16.8+1.18 Ans 47+080Ac 12+0.03Ans
339/C3300 2013 36 £2.49 A 6.6+023Ab 146 +£2.46 A 53+0.09ADb 1.3+£0.06 A
2014 31+£1.25A 6.0+0.12Ac¢ 13.3+£1.89A 57+0.80Aa 1.4+0.08 A
2015 34+2.72 A 6.4+0.21 Abc 142+231A 58+0.09Aa 1.2+0.16 A

Data are the mean of each year + standard deviation; the means values followed by the same uppercase in the columm among combinations
and years and by the same lowercase among years for each productivity parameter do not differ among themselves as identified by Tukey test
(p < 0.05); *ns = indicate not significant for analysis of variance (ANOVA) (p < 0.05)
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Table 2- Physical parameters of different combinations of ‘Cabernet Sauvignon’ clones 169, 337, 341 and RS grafted
onto ‘Paulsen 1103’ (P1103) rootstock and clones 169, 170 and 339 grafted onto ‘Courdec 3309’ (C3309), during the

2012, 2013, 2014 and 2015 growing season. Sdo Joaquim, Santa Catarina State, Brazil, 2019.

Physical parameters

Combination Season Cluster mass (2) Berries per Con}pactness Berries diameter 100 berries Skip:berry
cluster index (cm) mass (g) ratio (%)
2012 1204+1540Ba 80.0+7.52Ca 56+025Bb 136+£0.03ns 156.3+3.07Aab 31.5+3.68 Ans
2013 122.4+13.54Ba 863+652Ba 68+021Ba 1.42+0.03 171.0£0.61 Aa  372+457A
169/P1I03 2014 952+ 1301 Ab 52.7+869Bc 47+£025ns*c 1.33+£0.03 166.5+7.60Aab 28.7+391A
2015 119.7+1437Ca 765+6.73Cb 62+040Ba 1.40 £0.04 1472+ 1.76 Ab  342+457A
2012 148.0+13.92Aa 97.0+788Aa 64+045AD 1.35+0.02 156.5+578 Ab 33.8+3.84A
337/P1103 2013 151.1+£11.93Aa 99.8+7.04Aa 79+0.14Aa 1.41+0.03 1679+579Aa 39.1+£2.88A
2014 85.7+14.14Ab 653+822Ab 48+048 ¢ 1.37 £ 0.02 173.9+353Aa 324+3.02A
2015 150.7+13.01Aa 1054+7.76Aa 7.6+0.84Aa 1.39+0.03 1379+731Bc  37.1+2.88A
2012 122.0+13.92Ca 87.7+11.38Ba 55+029Ba 1.36 £ 0.03 1577646 Aa  33.7£543A
341/P1103 2013 117.8+997BCa 81.2+1033Ba 6.1£0.62Ba 1.35+0.04 1684+942Aa 354+£520A
2014 64.0+11.42BCb 553+11.08Bb 4.5+024 b 1.34+£0.03 1583+121ABa 30.6+496A
2015 119.8+12.01Ca 853+945Ba 59+051Ba 1.40+£0.04 151.1+7.09Ab 324+520A
2012 131.7+13.75Ba 922+7.78Ba 57+030Bb 1.35+0.03 149.6 +5.67Ab  283+5.10A
2013 132.1+11.59Ba 872+781Ba 67+044Ba 1.38 £0.04 1353+8.16 Ba  343+3.58A
RS/P1103 2014 925+1524Ab 519+695Bb 49+026 c 1.32+0.02 158.6+291Aa 32.1+446A
2015 129.7+12.66Ba 940+733Ba 6.0+030Ba 1.34+£0.04 140.1+5.13Bb  31.3+£3.58A
2012 1042+13.78 Da 785+740ba 7.0+046Aa 1.31£0.05 123.7+794Cb  21.2+5.77B
2013 103.1+1421Ca 725+815Ba 68+0.72Ba 1.36 £0.03 1479+233Ba 223+3.68B
169/C3309 2014 71.8+11.59Bb 459+8.03Bb 49+0.10 ¢ 1.27+£0.04 1353+£9.70Ba  20.9+837B
2015 109.2+13.51Ca 8l1.0+786Ba 6.0+035Bb 1.30+£0.01 102.0£11.17Cc 21.1+3.68B
2012 130.3+14.58Ba 925+7.04Ba 69+0.86Ba 1.33+0.11 147.1+587Ab 33.83+495A
2013 1255+13.09Ba 85.1+7.71Ba 6.6+049Ba 1.27+£0.04 158.0+6.55Aa 392+398A
170/C3309 2014 793+14.09Bb 50.7+732Bc 45+£038 ¢ 1.38+0.11 1547+4.13Ba 295+571A
2015 1273+11.68 Ba 723+8.16Cb 59+055Bb 1.27+0.04 131.2+568Bc  33.2+398A
2012 139.2+12.32 ABa 105.9+1033Aa 7.6+0.53Aa 1.34+£0.18 146.6+721Bb 3270+ 4.67A
339/C3309 2013 156.7+17.32Aa 102.11£921Aa 7.8+042Aa 1.36 £0.01 1593+6.80Aa 347+446A
2014 83.5+1537Ab 689+9.89Ab 47+023b 1.39+£0.01 1546+994Bab 29.5+641A
2015 136.1+11.08Ba 99.5+10.07Aa 79+0.37Aa 1.40 £ 0.01 1573+537Aa 37.7+446A

Data are the mean of each year =+ standard deviation; the means values followed by the same uppercase in the columm among combinations
and years and by the same lowercase among years for each physical parameter do not differ among themselves as identified by Tukey test (p
<0.05); *ns = indicate not significant for analysis of variance (ANOVA) (p < 0.05)
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Table 3- Chemical parameters of different combinations of ‘Cabernet Sauvignon’ clones 169, 337, 341 and RS grafted
onto ‘Paulsen 1103’ (P1103) rootstock and clones 169, 170 and 339 grafted onto ‘Courdec 3309’ (C3309), during the
2012, 2013, 2014 and 2015 growing season. Sdo Joaquim, Santa Catarina State, Brazil, 2019.

Chemical parameters

Combination

Season  Soluble solids (°Brix) Total acidity (meq L) pH

2012 19.1 +£0.42 B ns 161.9 +10.07 Ans 3.03+£0.09ADb

2013 19.0+0.05B 156.1 £+9.77 A 3.07+0.04Ab
169/P1103

2014 19.2+0.65B 158.1+£2.96 A 3.15+0.07Aa

2015 185+0.34 B 153.5+1530B 3.17+0.02Aa

2012 19.2+0.43 B ns 164.4 + 15.84 Ans 3.08+0.07Ab

2013 19.3+0.76 B 161.9+ 1875 A 2.99+0.09Bb
337/P1103

2014 19.7+0.21 B 164.3 £ 16.89 A 3.05+0.10AD

2015 19.8+0.42 A 1673+ 11.54 A 321+0.04Aa

2012 19.7+0.26 B ns 164.5+16.45 Ans 3.07+0.04Ab

2013 19.1+0.31B 161.3+21.27A 3.04+0.07Ab
341/P1103

2014 19.2+0.15B 157.1+£13.40A 3.13+0.03Aa

2015 20.0+032A 167.8 £ 1427 A 3.19+0.02Aa

2012 21.7+0.25 Ans 140.05+13.32 B ns 2.91+0.14 B ns

2013 21.8+0.21 A 136.6 £3.04 C 2.77+037C
R5/P1103

2014 20.7+0.26 A 139.0+11.33 B 2.93+0.05B

2015 20.6 + 0.28 A 142.9 +18.72 BC 2.85+0.06 C

2012 21.9+0.15Aa 135.1£12.84 B ns 2.72+0.15B ns

2013 20.4+0.06 Ab 131.8 £8.29C 2.92+0.01 B
169/C3309

2014 20.7+0.05Ab 131.9+10.7B 2.87+0.04 B

2015 21.1+£0.40 A ab 135.1+12.87C 2.83+0.03B

2012 20.7+0.27 Ans 142.8+10.66 Bb 295+0.03Ba

2013 21.3+0.15A 142.1+8.04Cb 298+0.03Ba
170/C3309

2014 21.6+0.15A 1354+ 11.11BbD 293+0.08 Ba

2015 209+ 044 A 1523+ 13.46Ba 2.86 +0.03 BCb

2012 19.3+0.32 B ns 156.8+924 Aa 3.10£0.32Aa

2013 19.2+0.05B 152.6 £0.00 BC a 3.11+0.02Aa
339/C3309

2014 194+0.59B 148.4+1495Aa 3.06+0.07Ab

2015 20.1+0.29 A 143.8 +8.89 BCb 3.18+0.04 Aa

Data are the mean of each year + standard deviation; the means values followed by the same uppercase in the columm among combinations
and years and by the same lowercase among years for each chemical parameter do not differ among themselves as identified by Tukey test (p
< 0.05); *ns = indicate not significant for analysis of variance (ANOVA) (p < 0.05)
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Table 4- Polyphenols and color parameters of different combinations of ‘Cabernet Sauvignon’ clones 169, 337, 341 and
R5 grafted onto ‘Paulsen 1103’ (P1103) rootstock and clones 69, 170 and 339 grafted onto ‘Courdec 3309’ (C3309),

during the 2012, 2013, 2014 and 2015 growing season. Sao Joaquim, Santa Catarina State, Brazil, 2019.

Polyphenols and color parameters

o Berry color,
Combination Season TOtal(ﬁ?;}glll)enOIS Anthocyanin (mg L) (421(;2?5[;_801-?’620 B(Zr?(])/(;(;l(()) rr’lr}rlll)le
nm)
2012 1,607.5+2163Ba 1,104.77+111.8 Ba 853+0.87Bbc 1.06+0.19 Bns
160/P1103 2013 1,458.7+12393nsb 8984+ 64.72Bb 7.28+0.30Cc 0.96+0.01B
2014 1,7983+371.16 Da 1,1493+103.02Ba 924+1.16Ba 0.90+0.02B
2015 1,400.8 +255.10Cb 1,040.8+174.02Ba  9.60+0.54Ba 1.09+041 B
2012 2,207.9+7550Ab  1,056.7+88.82Ba 8.78+0.87Bns 1.03+0.07Ba
337/P1103 2013 1,603.3 +65.63 ¢ 860.2 +23.63Bb 8.58+041B 1.09+0.04 Ba
2014 3,859.6+63.20Ba 1,210.47+60.64 B a 8.25+0.66 B 0.89+0.04Bb
2015 2,2543+2797Bb 1,226.0+263.58Ba 931+150B 1.08 +0.05Ba
2012 2,1133+74.0ABa 1,007.77+8931Bb  859+1.76Bb 1.02+0.08Ca
2013 1,537.0£70.68 b 835.14+30.58 B¢ 844+1.14Bb 1.06 £0.09B a
341PII03 2014 2,1293+34356Ca 1,1339+132.01Ba 956+152Ba 0.85+0.03Bb
2015 2,2854+431.15Ba 1,021.1+144.14Ba 996+3.11Ba 099+0.10Ca
2012 2,796.3+79.20Ab  2,065.2+56.58 Aa 10.89+1.52Ab 1.33+0.10Aa
2013 1,600.2 +23.33 ¢ 1,753.4+41.67Ab 9.58+0.60Ac 1.09+0.04Abc
Ro/P1103 2014 4,6414+49.00Aa 1,624.4+4227Abc 11.4+0.85Ab 1.05+0.12A¢
2015 2,897.6 +9441 Ab  1,4795+2234Ac 17.60+3.51Aa 1.12+0.05Bb
2012 2,597.1+£243AbD 1,652,0+58.30 Aa 998+0.54Ab 1.26 £0.08 A
169/C3300 2013 1,4743+0.03 ¢ 1,561.9+29.90A a 935+047Ab 1.35+0.04 A
2014 4,947.5+8559Aa 1,563.6+31.96Aa 11.78 + 1.05A a 1.04 +0.04 A
2015 2,103.18+2237Bb 1,316.6 +45.02Ab 12.07+ 048 Aa 1.14+0.12 A
2012 2,524.7+14.60 A c 1,4682+574Aa 996+ 1.25Ac 1.39+0.10A
170/C3300 2013 1,652.5+56.20d 1,4732+16.19Aa 1027+039Abc 1.22+0.09A
2014 4,038.4+41.68Aa 1,384.2+40.17Aa 10.88 + 1.09 Aa 1.11 £0.03 A
2015 3,206.7+ 10.32Ab  1,268.8 +36.67Ab 13.59+3.07Aa 1.30+0.28 A
2012 2,047.7£294Ba 1,083.4+46.17Ba 8.69+0.61 Ba 0.88+0.07 C
339/C3309 2013 1,541.0£1.00b 866.3 +22.56 B 7.85+035Bb 0.97+0.04B
2014 1,136.9+6882Dc  1,140.8+2577Ba 944+132Ba 0.74+0.03C
2015 1,139.8+4138Cc  1,027.4+30.38Ba 8.64+2.03Ba 1.06 +0.30

Data are the mean of each year + standard deviation; the means values followed by the same uppercase in the columm among combinations
and years and by the same lowercase among years for each Polyphenol and color parameter do not differ among themselves as identified by
Tukey test (p < 0.05); *ns = indicate not significant for analysis of variance (ANOVA) (p < 0.05)
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Figure 2- Principal components analysis (PCA) of the significant results from 341, 169, 337 and RS clones grafted
onto rootstock Paulsen 1103 of Cabernet Sauvignon physic-chemical variables, during the 2012, 2013, 2014 and 2015
growing season. Sao Joaquim, Santa Catarina State, Brazil, 2019.
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Figure 3- Principal components analysis (PCA) of the significant results from 170, 169 and 339 clones grafted onto
rootstock Courdec 3309 of Cabernet Sauvignon physic-chemical variables, during the 2012, 2013, 2014 and 2015
growing season. Sao Joaquim, Santa Catarina State, Brazil, 2019.
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Conclusions

Different combinations of the Cabernet Sauvignon
clone/rootstock have influenced the physical, chemical,
and productivity parameters and maturity of Cabernet
Sauvignon grapes produced in the edaphoclimatic
conditions of the highlands of Santa Catarina State,
southern Brazil, during the 2012-2013, 2013-2014, 2014—
2015, and 2015-2016 growing seasons. The Cabernet
Sauvignon 339/C3309 and 337/P1103 combinations
showed highest yield. The best enological potential was
obtained with R5/P1103, 170/C3309, and 169/C3309
combinations.
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