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Productive performance and
physicochemical quality of
grapes for processing grown
on different rootstocks

Abstract — The objective of this work was to evaluate the productive
performance and physicochemical characteristics of the Isabel Precoce, BRS
Carmem, BRS Cora, and IAC 138-22 Maximo grape (Vitis labrusca) cultivars
for juice grafted onto the TAC 572 Jales' and 'TAC 766 Campinas' rootstocks. A
randomized complete block design, in a 4x2 factorial arrangement, was used.
Productive performance was evaluated through: production per plant; yield;
number of clusters per vine; and physical characteristics of clusters, berries,
and rachis. The physicochemical characteristics of must composition were also
determined through the content of soluble solids, reducing sugars, titratable
acidity, maturity index, and pH. Since there was no significant interaction
between cultivars and rootstocks for most of the evaluated characteristics,
each factor was analyzed separately. The 'IAC 766 Campinas' rootstock
provided a higher yield and more suitable physicochemical characteristics for
the four cultivars. However, regardless of the rootstock used, cultivars BRS
Carmem, TAC 138-22 Méximo, and Isabel Precoce were more productive than
BRS Cora.

Index terms: Vitis labrusca, grape juice, hybrid grapes, tropical viticulture.

Desempenho produtivo e qualidade fisico-
quimica de uvas para processamento
cultivadas em diferentes porta-enxertos

Resumo — O objetivo deste trabalho foi avaliar o desempenho produtivo e as
caracteristicas fisico-quimicas das cultivares de uva (Vitis labrusca) para suco
Isabel Precoce, BRS Carmem, BRS Cora e IAC 138-22 Maximo, enxertadas
sobre os porta-enxertos 'IAC 572 Jales' e 'TAC 766 Campinas'. Utilizou-se o
delinecamento em blocos ao acaso, em arranjo fatorial 4x2. O desempenho
produtivo foi avaliado por meio de: produgao por planta; produtividade; nimero
de cachos por videira; ¢ caracteristicas fisicas de cachos, bagas e engagos.
Também foram determinadas as caracteristicas fisico-quimicas da composi¢ao
do mosto por meio do teor de solidos soluveis, aglicares redutores, acidez
titulavel, indice de maturidade e pH. Como nao houve interagao significativa
entre as cultivares e os porta-enxertos para a maioria das caracteristicas
avaliadas, cada fator foi analisado separadamente. O porta-enxerto '1AC 766
Campinas' proporcionou maior produtividade e caracteristicas fisico-quimicas
mais adequadas as quatro cultivares. No entanto, independentemente do porta-
enxerto utilizado, as cultivares BRS Carmem, IAC 138-22 Maximo e Isabel
Precoce foram mais produtivas que BRS Cora.

Termos para indexacao: Vitis labrusca, suco de uva, uvas hibridas, viticultura
tropical.
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Introduction

Grape juice has been gaining new consumers in
Brazil due to its many health benefits. In the last ten
years, the grape juice market grew 372% in the country.
The state of Rio Grande do Sul produces 90% of the
national beverage, which is equivalent to 125.4 million
liters of ready-to-drink juice and 31 million kilograms
of concentrate juice for the 2017/2018 season. The
remaining 10% of the grape juice production is spread
over the states of Santa Catarina, Mato Grosso, Bahia,
Parana, Sao Paulo, and Pernambuco (Ibravin, 2015).

In the state of Sdo Paulo, the regions of Jundiai,
Sdo Miguel Arcanjo, and Jales are the main grape
producers (Camargo et al., 2019). Traditionally, in the
region of Jales, located in the northwest of the state,
where a tropical climate predominates, most of the
grapes produced are for in natura consumption (Maia
et al., 2018). However, due to the increased demand for
grape juice, winemakers are interested in expanding
their business by adding value to grape, ensuring the
production of quality grapes and juices.

The grape juice produced in Brazil is mostly made
from non-vinifera cultivars (Mello, 2017). Considering
the importance of grape juice production, Embrapa
Uva ¢ Vinho developed new grape cultivars to be
grown in tropical areas of the country, among them:
Isabel Precoce, a spontaneous somatic mutation of
Isabel (Camargo, 2004); BRS Cora (Muscat Belly A %
H. 65.9.14); BRS Violeta (BRS Rubea x IAC 1398-21);
and BRS Carmem (Muscat Belly A x H 65.9.14). All of
these cultivars have been developed as alternatives for
grape juice production in Brazil and have contributed to
technological improvements, expansion of production,
and competitiveness of Brazilian grape juice segments
(Camargo & Maia, 2004; Camargo et al., 2008).

Another potential hybrid cultivar for grape juice
production is IAC 138-22 Maximo ('Seibel 11342’
x 'Syrah'), which was developed by the genetic
improvement program of Instituto Agrondmico
(IAC) (Souza & Martins, 2002). Besides being used
in winemaking, it has been recommended for juice
production due to its high yield associated with a high
amount of phenolic compounds and a high antioxidant
activity in grape berries (Santos et al., 2011; Pedro
Janior et al., 2014; Silva et al., 2019).

In addition to tolerating some fungal diseases
or having high yields, the cultivars developed by
Embrapa show climate adaptability, as well as desired
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chemical and sensory attributes. However, grape
yield and quality can be influenced by other factors,
including the used rootstocks (Bascunan-Godoy et al.,
2017; Silva et al., 2017). 'TAC 766 Campinas' and
'TAC 572 Jales' are among the most used rootstocks
in viticulture in the state of Sao Paulo (Tecchio et al.,
2018). However, with the introduction of new hybrids
and Vitis labrusca L. grape cultivars intended for
juice production, further studies are needed to obtain
scientific data for the recommendation of rootstocks
for these cultivars.

The objective of this work was to evaluate the
productive  performance and physicochemical
characteristics of the Isabel Precoce, BRS Carmem,
BRS Cora, and IAC 138-22 Maximo grape cultivars
for juice grafted onto the TAC 572 Jales' and 'TAC 766
Campinas' rootstocks.

Materials and Methods

The experiment was conducted throughout three
harvest seasons, from 2017 to 2019. The experimental
vineyard was installed at Centro Avangado de Pesquisa
Tecnologica do Agronegocio de Seringueira e Sistemas
Agroflorestais of IAC, located in the municipality of
Votuporanga, in the state of Sao Paulo, Brazil (20°20'S,
49°58'W, at 525 m above sea level). According to
Koppen’s classification, the climate of the area is of
the Aw type, humid tropical, with concentrated rains
from October to March (Cepagri, 2017), an average
annual rainfall of 1,449 mm, and an average annual
temperature of 24.3°C. The soil is classified as an
Argissolo Vermelho-Amarelo according to Sistema
Brasileiro de Classificacdo de Solos (Santos et al.,
2018), which corresponds to an Ultisol (Soil Survey
Staff, 2014).

The experiment was carried out in a randomized
complete block design with a 4x2 factorial arrangement
(four cultivars x two rootstocks). The Isabel Precoce
(V. labrusca), BRS Carmem (Muscat Belly A x H
65.9.14), BRS Cora (Muscat Belly A x H. 65.9.14), and
IAC 138-22 Maximo ('Seibel 11342' x 'Syrah') cultivars
were grafted onto the '1AC 766 Campinas' (106-8 Mgt
x Vitis caribaea DC.) and 'TAC 572 Jales' (V. caribaea
x 101-14 Mgt) rootstocks. Five blocks were set up with
four plants per plot.

The vineyard was planted in August 2013. The
rootstocks were planted first and, then, the scion



Productive performance and physicochemical quality 3

cultivars were grafted onto them in July 2014. The
vines were trained on a unilateral cordon system in a
vertical shoot position using iron wires located at 1.0,
1.3, 1.6, and 1.9 m above ground level and were spaced
2.0x1.1 m apart.

Furthermore, 18% polyethylene shading screens
were installed to prevent bird attacks. For irrigation,
micro-sprinklers were turned upside down and then
suspended on the wire spreader, spaced at 3.0%2.0 m,
with an average flow rate of 32 L h', which covered
100% of the soil surface.

Pruning was performed on the following dates:
3/13/2017 in the first season, 2/27/2018 in the second
season, and 3/2/2019 in the third season. Moreover, four
to six buds were retained per cane, and 2.5% hydrogen
cyanamide was applied to buds for uniform budburst.

The vines were harvested in June and July of
each season, and the spurs were pruned in August of
each year; this is a traditional practice carried out by
viticulturists in the northwest region of the state of Sdo
Paulo in order to form new canes to be cane-pruned in
the next season.

The number of clusters per vine was recorded and
calculated at harvest to determine production per vine
(kilogram per vine). Yield (Mg ha') was estimated
as a function of spacing (2.0x1.1 m) and production,
considering a planting density of 4,545 vines per
hectare.

To determine physical characteristics, ten
representative clusters from each plot were used. Ten
berries were collected from the top, middle, and bottom
of each cluster (3:4:3), totaling 100 grape berries per
plot. Then, the fresh weight (g) of clusters, berries,
and rachis was obtained on a high-precision analytical
balance. The length and width (cm) of the clusters were
measured with a graduated ruler.

After the physical analyses, berries were crushed
to obtain the grape must, which was used to evaluate
soluble solids content, titratable acidity, pH, maturity
index, and reducing sugars content. The content of
soluble solids was measured using the PAL-1 digital
refractometer (Atago Brasil, Ribeirdo Preto, SP,
Brazil), with results expressed in °Brix; titratable
acidity was obtained by titrating sodium hydroxide
solution (0.1 N NaOH) until the turning point, with
results expressed in percentage of tartaric acid; pH
was measured with the B274 pH meter (Micronal,
Santo André, SP, Brazil); the maturity index was

determined by the ratio between soluble solids content
and titratable acidity; and the content of reducing
sugars was considered the percentage of glucose.
All analyses followed the methodology proposed by
Instituto Adolfo Lutz (Zenebon & Pascuet, 2005).

The statistical analyses were based on the averages
of the three harvest seasons. The data were subjected
to the analysis of variance, in order to determine the
effect of scion/rootstock combinations. Subsequently,
Tukey’s test, at 5% probability, was used to compare
averages. All analyses were carried out with the
SISVAR, version 5.4, software (Ferreira, 2011). Data
of the 15 characteristics of the eight scion-rootstock
combinations were also analyzed through principal
component analysis (PCA) using the XLSTAT, version
19.4, software (Addinsoft, New York, NY, USA).

Results and Discussion

There was no significant effect of the interaction
between cultivars and rootstocks for most assessed
variables, except for the fresh weight of clusters and
the soluble solid contents and pH of grape must.

However, the studied factors caused isolated effects.
The highest number of clusters per vine was 36.80 for
'TAC 138-22 Méximo' and the lowest was 29.51 for
'BRS Carmem' (Table 1). Although fewer, the clusters
of 'BRS Carmem' were heavier (Table 2), leading to
a higher production of 3.68 kg per vine and a yield
of 16.74 Mg ha''. Despite this, 'BRS Carmem' did not
differ significantly from 'Isabel Precoce' and 'TAC 138-
22 Méximo' regarding these traits.

Table 1. Number of clusters per vine, production, and
yield of grape (Vitis labrusca) cultivars grafted onto two
rootstocks for juice and wine production®.

Cultivar Number of Production Yield
clusters per vine (kg per vine) (Mg ha')

BRS Carmem 29.51b 3.68a 16.74a
BRS Cora 31.23ab 2.68b 12.18b
TAC 138-22 Maximo 36.80a 3.42ab 15.55ab
Isabel Precoce 33.72ab 3.31ab 15.05ab
Rootstock

'TAC 572 Jales' 29.27b 2.89b 13.11b

'IAC 766 Campinas' 36.36a 3.66a 16.65a
CV (%) 15.96 20.34 20.34

(OMeans followed by equal letters, lowercase in the columns, do not differ
by Tukey’s test, at 5% probability.
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The yield range for all cultivars was from 12.2 to
16.8 Mg ha’!, similar to those obtained in traditional
viticulture regions, whose production is destined for
agroindustry (Tecchio et al., 2020). Under similar
crop conditions, Silva et al. (2018) found that 'BRS
Carmem' had a lower average yield of 6.6 Mg ha’,
which represents 39% of the production in the present
study. This difference can be attributed to pruning
management, since those authors retained two buds
per cane instead of six in the spur pruning system, as
done here, which increased the production of clusters
per vine. According to Camargo et al. (2008), 'BRS
Carmem' should be cane-pruned by retaining six to
eight buds per cane because the fruitfulness of the
basal buds is lower.

Regarding the isolated effect of rootstocks on the
productive characteristics of the vines, 'AC 766
Campinas' induced a higher number of clusters per vine,
production, and yield than 'TAC 572 Jales'. Although
the latter is a vigorous rootstock and presents a high
capacity for absorption and translocation of water and
nutrients, which contributes to scion performance,
vigorous rootstocks can cause an excessive vegetative
growth in scions under favorable climate and soil
conditions in detriment to productive traits (Alvarenga
et al., 2002). Silva et al. (2018) obtained similar results
when evaluating the same cultivars and rootstocks.

Regarding the physical characteristics of clusters,
berries, and rachis, there was only a significant effect
of the interaction between scions and rootstocks
for cluster fresh weight (Table 2). In general, 'BRS
Carmem' had the heaviest clusters of all as previously
mentioned, with a significant effect of rootstock
interaction, with 'TAC 572 Jales' inducing the greatest

Table 2. Cluster fresh weight of grape (Vitis labrusca)
cultivars grafted onto the 'TAC 572 Jales' and 'TAC 766
Campinas' rootstocks for juice and wine production®®.

Cultivar Cluster weight (g)

'TAC 572 Jales' 'TAC 766 Campinas'
BRS Carmem 166.5aA 144.5aB
BRS Cora 85.06cB 106.9bA
IAC 138-22 Maximo 116.2bA 131.6aA
Isabel Precoce 95.25¢cA 106.9bA
CV (%) 10.01

(UMeans followed by equal letters, lowercase in the columns and uppercase
in the rows, do not differ by Tukey’s test, at 5% probability.
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weight. Contrarily, 'BRS Cora' had the lowest cluster
fresh weight, especially when grafted onto TAC 572
Jales'. Moreover, no significant effect of rootstocks on
cluster weight was observed for 'Isabel Precoce' and
'TAC 138-22 Méximo'.

The mean cluster weight was -11% for 'BRS Cora,
'TAC 138-22 Maximo', and 'Isabel Precoce', slightly
lower than those found by Silva et al. (2018) for the
same cultivars. However, these authors obtained -32%
of clusters per vine. This result is indicative that the
lower cluster fresh weight in the present study may be
related to the greater strength of the sinks due to the
number of clusters (Chaumont et al., 1994). In addition,
the yield of the four assessed cultivars was 37% higher
than those obtained by the aforementioned authors.

In terms of size, 'TAC 138-22 Maximo' had clusters
with greater length and width, 'BRS Carmem' had
clusters with a similar length, and 'Isabel Precoce' had
small and compact clusters with 10.73 cm in length and
5.83 cm in width. The obtained values are similar to
the average cluster length of 10.9 cm found for 'Isabel’
by Assis et al. (2011).

In terms of fresh berry weight, 'Isabel Precoce' and
'BRS Cora' had larger and heavier berries, showing a
mean of 3.00 and 3.05 g, respectively (Table 3). Under
similar conditions, Silva et al. (2018) reported similar
values of 3.19 g for 'Isabel Precoce' and of 3.12 g for 'BRS
Cora'. Champagnol (1984) highlighted that the weight
and size of grape berries are inherent characteristics
of each cultivar, but may also be influenced by other
factors, such as hormonal balance, amount of water
absorbed, and sugar concentration.

The grape berries of IAC 138-22 Méximo showed
a mean weight of 1.36 g, length of 1.44 cm, and width
of 1.27 cm, which were lower than those of the other
cultivars. This characteristic is important for cultivars
destined for the production of juices and wines because
small grape berries provide a better solute/solvent ratio,
that is, the extraction of minerals, anthocyanins, and
other phenolic compounds from grape skins becomes
more efficient (Conde et al., 2007).

Regarding the fresh weight of the rachis, '1AC 138-
22 Maximo' had the highest mean of 5.12 g (Table 3).
Rachis fresh weight is often disregarded in many
studies, but this trait should be considered when
grapes are destined for agroindustry since juice yield
is influenced by the removal of the stem from the
cluster during processing (Silva et al., 2018).
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There was a significant effect of the interaction
between rootstocks for cluster length, fresh berry
weight, and rachis weight/cluster weight ratio (Table 3).
The 'TAC 766 Campinas' rootstock induced grapes
with longer clusters and heavier berries, as well as a
lower rachis weight/cluster weight ratio.

For the physicochemical characteristics of the must,
the titratable acidity of BRS Cora was 1.38% tartaric
acid, a value significantly higher than that of the other
cultivars (Table 4). In contrast, 'Isabel Precoce' and
'BRS Carmem' had the lowest mean acidity of 0.82 and
0.97% tartaric acid, respectively.

The obtained results differ from those reported
by Ribeiro et al. (2012), who found a mean of 0.6%
titratable acidity for 'Isabel Precoce' and of 1.01% for
'BRS Cora' under the conditions of the sub-middle
region of the Sdo Francisco Valley, a semiarid area;
these different values may related to the environmental
conditions at the vineyard, located in a hot semiarid
zone, which caused a decrease in acidity and an
increase in the soluble solids contents of the grapes.
Despite the lower values, 'BRS Cora' showed a high
titratable acidity as in the present study. Other authors
also observed that this cultivar maintains high levels
of acidity even in ripe grapes (Lima et al., 2014; Silva
et al, 2018). According to Guerra (2003), grapes
for juice must present an acidity from 0.5 to 0.9%
tartaric acid to produce a good quality beverage. In
the present study, all cultivars showed titratable acidity
levels higher than the range indicated by the author,
regardless of the rootstock. Therefore, it is interesting
to mix the BRS Cora cultivar with others, which may
balance acidity to meet the standards required for

grape beverages, allowing the production of juices or
wines of excellent quality.

The rootstocks individually affected titratable
acidity. The grapes of the scions grafted onto 'TAC 572
Jales' were less acid (Table 4). On this same rootstock,
the maturity index was the highest for 'Isabel Precoce',
which also showed the highest content of reducing
sugars, not differing significantly from 'BRS Cora' but
from 'TAC 138-22 Maximo', with the lowest reducing
sugars content.

Overall, the average values found for reducing
sugars were higher than those obtained by Silva et al.
(2018), except for 'TAC 138-22 Maximo' The authors
evaluated the same cultivars and found contents of
13.5% for 'Isabel Precoce', 13.3% for 'BRS Carmem,
12.7% for 'BRS Cora', and 11.4% for 'IAC 138-22
Maximo'.

There was a significant effect of the interaction
between scion and rootstock for soluble solids content
and pH in the grape must (Table 5). Regardless of
the rootstocks, the highest soluble solids contents
were obtained for: 'BRS Carmem' and 'BRS Cora'
overall; and 'Isabel Precoce' when grafted onto 'TAC
766 Campinas'. The mean content of soluble solids for
these grapes was 17.6 °Brix, a result superior to the
13.7°Brix for 'BRS Carmem' and 15.3°Brix for ‘Isabel’
found by Assis et al. (2011) in the state of Parana,
Brazil. This difference may be related to the different
climatic conditions at the studied vineyards since
temperatures are higher in the northwest of the state
of Sao Paulo, enabling a greater sugar accumulation in
grape berries.

The lowest content of soluble solids was obtained
for 'TAC 138-22 Maximo' grafted onto 'TAC 572 Jales'

Table 3. Fresh weight of berries (BFW) and rachis (RFW), length and width of berries, and length and width of rachis of
grape (Vitis labrusca) cultivars grafted onto two rootstocks for juice and wine production®.

Cultivar Length of Width of BFW Length of Width of RFW BFW/RFW
rachis (cm) rachis (cm) (g) berries (cm) berries (cm) (g) (%)

BRS Carmem 12.69ab 7.10b 2.70b 1.86a 1.60a 3.55b 2.32¢
BRS Cora 12.14b 7.15b 3.05a 1.97a 1.57b 2.14d 2.28¢c
IAC 138-22 Maximo 13.23a 7.99a 1.36¢ 1.44b 1.27¢ 5.12a 4.13a
Isabel Precoce 10.73¢ 5.83¢c 3.00a 1.86a 1.61a 2.74c 2.73b
Rootstock

'IAC 572 Jales' 11.97b 6.90a 2.49b 1.80a 1.51a 3.47a 3.03a

'IAC 766 Campinas' 12.43a 7.13a 2.57a 1.76a 1.52a 3.31a 2.70b
CV (%) 5.53 5.77 3.88 6.45 1.66 10.61 10.38

(MMeans followed by equal letters, lowercase in the columns, do not differ by Tukey’s test, at 5% probability.
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and 'TAC 766 Campinas', with an average of 15.55 and
16.21°Brix, respectively. Similar values were reported
by Santos et al. (2011) in the region of Jundiai, in
the state of Sao Paulo. Regardless of the differences
in soluble solids contents, all cultivars reached the
minimum value required by Brazilian regulation, that
is, 14°Brix for processing grapes into juices (Brasil,
2018).

Regardless of the used rootstocks, 'BRS Carmem!,
'Isabel Precoce', and TAC 138-22 Maximo' showed a
similar pH, with a mean of 3.2. 'BRS Cora' had the
lowest pH when grafted onto both rootstocks, with a
mean of 3.05 on '1AC 572 Jales' and of 3.12 on 'TAC 766
Campinas'. In red grape beverages, pH is an important
parameter because it is directly related to the stability

Table 4. Titratable acidity (TA), ratio between soluble solids
and titratable acidity (SS/TA), and reducing sugars (RS) of
the must of grape (Vitis labrusca) cultivars grafted onto two
rootstocks for juice and wine production®.

Cultivar TA (%) SS/TA RS (%)
BRS Carmem 0.97¢ 18.83b 14.07b
BRS Cora 1.38a 13.80c 14.79ab
TAC 138-22 Maximo 1.17b 13.69¢ 10.75¢
Isabel Precoce 0.82d 23.93a 15.08a
Rootstock

'IAC 572 Jales' 1.05b 18.19a 13.52a

'IAC 766 Campinas' 1.12a 16.93b 13.82a
CV (%) 3.86 9.64 4.51

(UMeans followed by equal letters, lowercase in the columns, do not differ
by Tukey’s test, at 5% probability.

Table 5. Content of soluble solids and pH of the grape must
of grape (Vitis labrusca) cultivars grafted onto the TAC 572
Jales' and 'TAC 766 Campinas' rootstocks for juice and wine
production®.

Cultivar SS (°Brix) pH

TAC572  'TAC766 'IAC572 'TAC 766

Jales' Campinas' Jales' Campinas'

BRS Carmem 17.73aA 17.51aA  3.32aA 3.18abB
BRS Cora 17.61aA  17.35aA  3.05bB 3.12bA
IAC 138-22 Maximo 15.55cB 16.21bA  3.21aA 3.18abA
Isabel Precoce 16.64bB  17.79aA  3.18aA 3.21aA
CV (%) 2.60 1.11

("Means followed by equal letters, lowercase in the columns and uppercase
in the rows, do not differ by Tukey’s test, at 5% probability.
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of anthocyanins and, therefore, changes the color
intensity of the drinks (Yamamoto et al., 2015). At
harvest, the pH of the grape for processing must range
from 3.1 to 3.3 (Rizzon et al., 2004). Therefore, the
averages obtained in the present study are adequate
and show that the quality of the must is within the
required standards.

The PCA was applied over all analyzed variables
in the eight scion/rootstock combinations, explaining
76.13% of data variation with two main components
(Figure 1).

The first component explained 51.50% of data
variation and was mainly associated with the physical
characteristics of grape berries and rachis, as well as to
the contents of soluble solids and reducing sugars. By
analyzing the scores and loadings of this component,
grapes from 'TAC 138-22 Maximo' had lower soluble
solids and sugar contents than those of 'Isabel Precoce'

3
Pdt
Yld = pp
2 BchM r - Ratio
Car-572 R
. IP-766
<1 Ry VBehY T, Car766  gg BW
9 Max-766 IP-572° RS
< 0 . > BM
\:/ BehL ° BL
9 RM/BchM,
-1 s ; 4
Max-572 BchW Cor-766
2 . T
TA ‘Cor-572
-3 -
-4 3 -2 -1 0 1 2 3 4

PCI (51.50%)

Figure 1. Principal component analysis of the productive
and physicochemical characteristics of grapes (Vitis
labrusca) grafted onto two rootstocks for juice production.
NBchV, number of clusters per vine; BchM, fresh cluster
weight; Yld, yield; Pdt, production; Ratio, ratio between
soluble solids and titratable acidity (maturity index); SS,
soluble solids; BW, berry width; RS, reducing sugars;
BM, fresh berry weight; BL, berry length; TA, titratable
acidity; BchW, cluster width; RM/BchM, rachis weight/
cluster weight ratio; BchL, cluster length; and RM, fresh
rachis weight. Evaluated cultivars: Car, BRS Carmem; Cor,
BRS Cora; Max, IAC 138-22 Maximo; IP, Isabel Precoce;
572, TIAC 572 Jales rootstock; and 766, IAC 766 Campinas
rootstock.
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and 'BRS Carmem!, with higher soluble solids content
and a lower titratable acidity, i.e., a higher maturity
index. Furthermore, the berries of IAC 138-22 Maximo
were smaller than those of the other cultivars.

The second component explained 24.63% of data
variation. This component was associated with
production variables, pH, acidity, ratio between
soluble solids content and titratable acidity, and yield.
Even in ripe fruits, 'BRS Cora' maintained high levels
of titratable acidity and a low pH, besides presenting
the greatest negative correlation with production and
yield, especially when grafted onto 'IAC 572 Jales"
Moreover, Isabel Precoce and BRS Carmen showed
a better maturity index due to their lower titratable
acidity; these cultivars also had greater yield averages,
regardless of the used rootstock.

Conclusions

1. For the BRS Carmem, BRS Cora, IAC 138-22
Maximo, and Isabel Precoce grape (Vitis labrusca)
cultivars used for juice production, the ‘IAC 766’
rootstock induces a higher yield and more suitable
physicochemical characteristics of the must.

2. Regardless of the rootstock used, cultivars BRS
Carmem, IAC 138-22 Maximo, and Isabel Precoce are
more productive than BRS Cora.

3. With the exception of TAC 138-22 Maximo,
which shows a weak relationship between sugars
and acids, all studied cultivars have physicochemical
characteristics suitable for the production of juices.

Acknowledgments

To Fundagdo de Amparo a Pesquisa do Estado de
Sdo Paulo (Fapesp), for financial support (process
numbers 2011/03440-6,2013/18913,and 2015/16440-5);
to Conselho Nacional de Desenvolvimento Cientifico
e Tecnologico (CNPq), for a productivity in research
scholarship ~ (process  numbers  305724/2018-
5 and 406355/2018-5); and to Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior (Capes),
for financing, in part, this study (Finance Code 001).

References

ALVARENGA, A A.; REGINA, M. de A.; FRAGUAS, J.C.;
CHALFUN, N.N.J.; SILVA, A.L da. Influéncia do porta-enxerto
sobre o crescimento ¢ produg@o da cultivar de videira Nidgara

Rosada (Vitis labrusca L. x Vitis vinifera L.), em condi¢des de
solo acido. Ciéncia e Agrotecnologia, v.26, p.1459-1464, 2002.
Ed. especial.

ASSIS, AM. de; YAMAMOTO, LY.; SOUZA, F.S. de; BORGES,
R. de S.; ROBERTO, S.R. Evolu¢do da maturagdo e caracteristicas
fisico-quimicas e produtivas das videiras 'BRS Carmem' e 'Isabel.
Revista Brasileira Fruticultura, v.33, p.493-498, 2011. DOI:
https://doi.org/10.1590/S0100-29452011000500066.

BASCUNAN-GODOY, L.; FRANCK, N.; ZAMORANO, D.;
SANHUEZA, C.; CARVAJAL, D.E.; IBACACHE, A. Rootstock
effect on irrigated grapevine yield under arid climate conditions
are explained by changes in traits related to light absorption of
the scion. Scientia Horticulturae, v.218, p.284-292, 2017. DOI:
https://doi.org/10.1016/j.scienta.2017.02.034.

BRASIL. Ministério da Agricultura, Pecudria e Abastecimento.
Instrucdo normativa n° 14, de 8 de fevereiro de 2018. [Estabelece
a Complementacdo dos Padrdes de Identidade e Qualidade do
Vinho e Derivados da Uva e do Vinho]. Diario Oficial da Unio,
9 mar. 2018. Sec¢aol, p.4-9.

CAMARGO, F.P. de; FREDO, C.E.; GHOBRIL, C.N.; BUENO,
C.R.F.; BAPTISTELLA, C. da S.L.; CASER, D.V.; ANGELO,
J.A.; OLIVETTE, M.P. de A.; COELHO, P.J.; MARTINS, V.A.
Previsdes e Estimativas das Safras Agricolas do Estado de Sao
Paulo, 2° Levantamento, Ano Agricola 2018/19 e Levantamento
Final, Ano Agricola 2017/18, Novembro de 2018. Analises e
Indicadores do Agronegoécio, v.14, p.1-133, 2019.

CAMARGO, U.A. 'Isabel Precoce" alternativa para a
vitivinicultura brasileira. Bento Gongalves: Embrapa Uva e
Vinho, 2004. (Embrapa Uva e Vinho. Comunicado técnico, 54).
Available at: <https://ainfo.cnptia.embrapa.br/digital/bitstream/
CNPUV/5747/1/cot054.pdf>. Accessed on: Apr. 21 2020.

CAMARGO, U.A.; MAIA, J.D.G. 'BRS Cora" nova cultivar
de uva para suco, adaptada a climas tropicais. Bento Gongalves:
Embrapa Uva e Vinho, 2004. (Embrapa Uva e Vinho. Comunicado
técnico, 53).

CAMARGO, U.A; MAIA, J.D.G.; RITSCHEL, P.S. 'BRS
Carmem': nova cultivar de uva tardia para suco. Bento Gongalves:
Embrapa Uva e Vinho, 2008. (Embrapa Uva e Vinho. Comunicado
técnico, 84).

CEPAGRI. Centro de Pesquisas Meteorologicas e Climaticas
Aplicadas a Agricultura. Clima dos municipios paulistas.
Available at: <http://www.cpa.unicamp.br/outras-informacoes/
clima-dos-municipios-paulistas.html>. Accessed on: Jan. 18 2017.

CHAMPAGNOL, F. Eléments de physiologie de la vigne et de
viticulture générale. Montpellier: F. Champagnol, 1984.

CHAUMONT, M.; MOROT-GAUDRY, J.-F.; FOYER, C.H.
Seasonal and diurnal changes in photosynthesis and carbon
partitioning in Vitis vinifera leaves in vines with and without
fruit. Journal of Experimental Botany, v.45, p.1235-1243, 1994.
DOI: https://doi.org/10.1093/jxb/45.9.1235.

CONDE, C.; SILVA, P; FONTES, N, DIAS, A.CP;
TAVARES, R.M.; SOUSA, M.J; AGASSE, A.; DELROT,
S.; GEROS, H. Biochemical changes throughout grape berry
development and fruit wine quality. Food, v.1, p.1-22, 2007. DOI:
https://doi.org/10.1186/512864-016-2660-z.

Pesq. agropec. bras., Brasilia, v.57, €02071, 2022
DOI: 10.1590/S1678-3921.pab2022.v57.02071



8 M.A. Tecchio et al.

FERREIRA, D.F. Sisvar: a computer statistical analysis system.
Ciéncia e Agrotecnologia, v.35, p.1039-1042, 2011. DOI:
https://doi.org/10.1590/S1413-70542011000600001.

GUERRA, C.C. Colheita e destino da produgdo. In: KUHN, G.B.
(Ed.). Uva para processamento: produgdo, aspectos técnicos.
Brasilia: Embrapa Informagao Tecnologica; Bento Gongalves:
Embrapa Uva e Vinho, 2003. p.123-125.

IBRAVIN. Instituto Brasileiro do Vinho. Pesquisa mapeia
habitos de consumo do suco de uva 100%. 2015. Available at:
<http:/www.ibravin.org.br/noticias/245.php>. Accessed on: Mar.
24 2020.

LIMA, M. dos S.; SILANL I. de SV.; TOALDO, LM.; CORREA,
L.C.; BIASOTO, A.CT.; PEREIRA, G.E.; BORDIGNON-LUIZ,
M.T.; NINOW, J.L. Phenolic compounds, organic acids and
antioxidant activity of grape juices produced from new Brazilian
varieties planted in the Northeast Region of Brazil. Food
Chemistry, v.161, p.94-103, 2014. DOI: https://doi.org/10.1016/].
foodchem.2014.03.109.

MAIA, .D.G.; RITSCHEL, P.; LAZZAROTTO, J.J. A viticultura
de mesa no Brasil: producdo para o mercado nacional e
internacional. Territoires du Vin, v.9, p.1-9, 2018.

MELLO, L.M.R. de. Vitivinicultura brasileira: panorama 2016.
Bento Gongalves: Embrapa Uva e Vinho, 2017. 7p. (Embrapa Uva
¢ Vinho. Comunicado técnico, 199).

PEDRO JUNIOR, M.J.; HERNANDES, J.L.; BLAIN, G.C.;
BARDIN-CAMPAROTTO, L. Curva de maturagdo ¢ estimativa
do teor de sélidos soluveis e acidez total em fungdo de graus-dia:
uva IAC 138-22 'Maximo'. Bragantia, v.73, p.81-85, 2014. DOI:
https://doi.org/10.1590/brag.2014.011.

RIBEIRO, T.P.; LIMA, M.A.C. de; ALVES, R.E. Maturagio ¢
qualidade de uvas para suco em condigdes tropicais, nos primeiros
ciclos de producdo. Pesquisa Agropecuiria Brasileira,
v.47, p.1057-1065, 2012. DOI: https://doi.org/10.1590/S0100-
204X2012000800005.

RIZZON, L.A.; MENEGUZZO, J.; MANFROI, L. Processo
de produgdo. In: INICIANDO um pequeno grande negocio
agroindustrial: processamento de uva: processamento de uva:
vinho tinto, graspa e vinagre. Brasilia: Embrapa Informagao
Tecnologica, 2004. p.9-74. (Série Agronegdcios).

SANTOS, A.O.; HERNANDES, J.L.; PEDRO JUNIOR, M.J.;
PEREIRA, S.E. Composi¢do da producdo e qualidade da uva
em videira cultivada sob dupla poda e regime microclimatico
estacional constrastante. Revista Brasileira de Fruticultura,
v.33, p.1135-1154, 2011. DOI: https://doi.org/10.1590/S0100-
29452011000400012.

SANTOS, H.G. dos; JACOMINE, PK.T.; ANJOS, L.H.C. dos;
OLIVEIRA, V.A. de; LUMBRERAS, J.F.; COELHO, M.R.;

ALMEIDA, J.A. de; ARAUJO FILHO, J.C. de; OLIVEIRA, J.B.
de; CUNHA, T.J.F. Sistema brasileiro de classificacio de solos.
S.ed. rev. e ampl. Brasilia: Embrapa, 2018. 356p.

SILVA, M.J.R. da; BRUNELLI, LT; MOURA, M.F,;
HERNANDES, J.L.; LEONEL, S.; TECCHIO, M.A. Rootstocks
effects on the physicochemical characteristics of Bordo, Isabel
and IAC 138-22 Maximo must and wine. Revista Brasileira de
Fruticultura, v.39, e-505, 2017. DOI: https://doi.org/10.1590/0100-
29452017505.

SILVA, M.J.R. da; PADILHA, CV. da S.; LIMA, M. dos S;
PEREIRA, G.E.; VENTURINI FILHO, W.G.; MOURA, M.F,;
TECCHIO, M.A. Grape juices produced from new hybrid varieties
grown on Brazilian rootstocks - bioactive compounds, organic
acids and antioxidant capacity. Food Chemistry, v.289, p.714-
722, 2019. DOI: https://doi.org/10.1016/j.foodchem.2019.03.060.

SILVA, M.J.R. da; PAIVA, A.PM.; PIMENTEL JUNIOR,
A.; SANCHEZ, C.A.P.C; CALLILI, D, MOURA, M.F;
LEONEL, S.; TECCHIO, M.A. Yield performance of new juice
grape varieties grafted onto different rootstocks under tropical
conditions. Scientia Horticulture, v.241, p.194-200, 2018. DOI:
https://doi.org/10.1016/j.scienta.2018.06.085.

SOIL SURVEY STAFF. Keys to soil taxonomy. 12" ed.
Washington: USDA, 2014. 360p.

SOUZA, J.S.I.; MARTINS, F.P. Viticultura brasileira: principais
variedades e suas caracteristicas. Piracicaba: Fealq, 2002.

TECCHIO, M.A.; HERNANDES, J.L.; PIRES, E.J.P.; TERRA,
M.M.; MOURA, M.F. Cultivo da videira para mesa, vinho e suco.
In: PIO, R. (Org.). Cultivo de fruteiras de clima temperado em
regides subtropicais e tropicais. 2.ed. rev. e ampl. Lavras: Ufla,
2018. p.512-584.

TECCHIO,M.A ;SILVA,M.J.R.da; CALLILI,D.; HERNANDES,
J.L.; MOURA, M.E. Yield of white and red grapes, in terms of
quality, from hybrids and Vitis labrusca grafted on different
rootstocks. Scientia Horticulturae, v.259, art.108846, 2020.
DOL: https://doi.org/10.1016/j.scienta.2019.108846.

YAMAMOTO, LY., ASSIS, AM. de; ROBERTO, S.R.;
BOVOLENTA, Y.R.; NIXDORF, S.L; GARCIA-ROMERO,
E.; GOMEZ-ALONSO, S.; HERMOSIN-GUTIERREZ, I
Application of abscisic acid (S-ABA) to cv. Isabel grapes (Vitis
vinifera x Vitis labrusca) for color improvement: effects on color,
phenolic composition and antioxidant capacity of their grape
juice. Food Research International, v.77, p.572-583, 2015. DOI:
https://doi.org/10.1016/j.foodres.2015.10.019.

ZENEBON, O.; PASCUET, N.S. (Coord.). Métodos fisico-
quimicos para analise de alimentos. 4.ed. Brasilia: Ministério
da Saude, 2005. 1018p. (Série A. Normas e manuais técnicos).

Pesq. agropec. bras., Brasilia, v.57, €02071, 2022
DOI: 10.1590/S1678-3921.pab2022.v57.02071


https://doi.org/10.1016/j.foodchem.2014.03.109
https://doi.org/10.1016/j.foodchem.2014.03.109
https://doi.org/10.1590/S0100-29452011000400012
https://doi.org/10.1590/S0100-29452011000400012
https://doi.org/10.1016/j.scienta.2018.06.085

