Qualification of 'Bordd’ grape clones in Vale do Rio do Peixe,
in the state of Santa Catarina, Brazil

Alberto Fontanella Brighenti", Ricardo Allebrandt®, Bruno Munhoz®, Diego Poletto de Matos®,
Murillo Albuquerque Regina® and Aparecido Lima da Silva®

MEmpresa de Pesquisa Agropecuaria e Extensao Rural de Santa Catarina, Estagdo Experimental de Sdo Joaquim, Rua Jodo Aradjo Lima,
ne 102, Jardim Caigara, CEP 88600-000 Sao Joaquim, SC, Brazil. E-mail: albertobrighenti@epagri.sc.gov.br @Universidade do Estado
de Santa Catarina, Centro de Ciéncias Agroveterinarias, Avenida Luis de Camoes, n¢ 2.090, Conta Dinheiro, CEP 88520-000 Lages,
SC, Brazil. E-mail: ricardoudesc@yahoo.com.br @Universidade Federal de Santa Catarina, Centro de Ciéncias Agrarias, Departamento
de Fitotecnia, Rodovia Admar Gonzaga, n¢ 1.346, Itacorubi, CEP 88040-900 Florianopolis, SC, Brazil. E-mail: br.munhoz@live.com,
diegopoletto@gmail.com, alsilva@cca.ufsc.br “Empresa de Pesquisa Agropecuaria de Minas Gerais, Avenida Santa Cruz, ne 500, Santa
Cruz, CEP 37780-000 Caldas, MG, Brazil. E-mail: murillo@epamigcaldas.gov.br

Abstract — The objective of this work was to characterize the productive and qualitative performances of 11
clones of 'Bordd' grape (Vitis labrusca) destined to wine and juice production, in the region of Vale do Rio
do Peixe, in the state of Santa Catarina, Brazil. The experiment was carried out in the 2011, 2012, 2014, and
2015 crop seasons. The analyzed yield components were: number of clusters per vine, yield, cluster weight,
accumulated yield, and alternate bearing index. The analyzed morphological characteristics of clusters were:
number of berries per cluster, berry diameter, cluster compactness index, and cluster length. In order to assess
grape quality, the following parameters were analyzed: soluble solids (SS), pH, titratable acidity (TA), SS/TA
ratio, total anthocyanins, and total polyphenols. The 'Bordd' grape clones 13 and 16 ('"Paco' and 'Bocaina’) are
the most suitable ones for cultivation in the wine producing region of Vale do Rio do Peixe, as they show the
highest yields, production stability, and grapes with adequate quality for wine and juice elaboration.

Index terms: Vitis labrusca, agronomic performance, clonal selection, 'Tves'.

Qualificagao de clones da uva 'Bordé’' no Vale
do Rio do Peixe, em Santa Catarina

Resumo — O objetivo deste trabalho foi caracterizar o desempenho produtivo e qualitativo de 11 clones da
uva 'Bordd' (Vitis labrusca), destinados a produg@o de vinhos e sucos, na regido do Vale do Rio do Peixe, no
Estado de Santa Catarina. O experimento foi realizado nas safras 2011, 2012, 2014 e 2015. Os componentes de
rendimento analisados foram: niimero de cachos por planta, produtividade, massa de cachos, produtividade
acumulada e indice de alternancia de producdo. As caracteristicas morfoldgicas dos cachos analisadas foram:
numero de bagas por cacho, didmetro de baga, compactagdo do cacho e comprimento do cacho. Para avaliar a
qualidade da uva, foram analisados os seguintes parametros: solidos soluveis (SS), pH, acidez titulavel (AT),
relacdo SS/AT, antocianinas totais e polifendis totais. Os clones da uva 'Bordd' 13 e 16 ('"Paco' ¢ 'Bocaina’)
sdo os mais indicados para cultivo na regido viticola catarinense do Vale do Rio do Peixe, pois apresentam
produtividade mais elevada, estabilidade de produgéo e uvas com qualidade adequada para a elaboragéo de
vinhos e sucos.

Termos para indexacao: Vitis labrusca, desempenho agrondmico, sele¢do clonal, 'Tves'.

Introduction

In the state of Santa Catarina, Brazil, viticulture
is an important economic activity. The planted area
with grapevines is of 5,060 ha, and the production is
about 66,000 tons of grapes. The region of Vale do Rio
do Peixe, in the middle west of the state, is the most
traditional producing region, responsible for more
than two-thirds of grape production in the state. The
main producing municipalities are Tangara, Videira,
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Pinheiro Preto, and Cacador. The grapes are mainly
used for wine and juice elaboration, with a small
percentage destined for fresh consumption (Back et al.,
2013), and the main cultivars produced in the region
are the American ones and hybrids, among which are
'Isabel', 'Niagara', and 'Bordo'.

'Bordd' (also known as 'Ives') is one of the main
American cultivars produced in Brazil, standing
out for its high rusticity due to resistance to fungal
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diseases (Hoffmann et al., 2005). In addition, its
berries and wines are deeply colored, making them
useful in blends, in order to improve, for instance, the
color of 'Isabel' and 'Concord' products (Robinson et
al., 2012). The wines and juices elaborated with 'Bordo'
grape are marked by a “foxy” aroma, very appreciated
by a certain range of Brazilian consumers (Castilhos
et al., 2016).

However, since 'Bordd' grape has some cultivation
restrictions, it is not grown in most wine producing
countries. Constant drops in productivity, for
instance, are observed as a result of poor fruit set.
This physiological disorder can reduce productivity
by up to 8 Mg ha’!, significantly reducing the grower’s
profitability (Miotto, 2012; Miotto et al., 2014).

Therefore, the world literature about this
cultivar and its products — grape juice and wine — is
practically nonexistent. In Brazil, published works
about the agronomic and biological performance and
physicochemical composition of grape, juice, and wine
of 'Bordd' are limited (Tecchio et al., 2007), mainly for
the state of Santa Catarina, specifically for the Vale
do Rio do Peixe region. In the country, there is no
restriction on the cultivation of this grape due to the
viticulture structure adopted; however, in South and
Southeastern Brazil, the ripening period of 'Bordd'
grape coincides with the rainy season (Regina et al.,
2010), and, in certain situations, the cultivar does not
reach a soluble solids and titratable acidity ratio (SS/
TA) high enough to produce quality wines and juices
(Chiarotti et al., 2011).

One of the suggested ways to solve these problems
is the planting of clones better adapted to specific
cultivation conditions. In order to do this, Empresa
de Pesquisa Agropecuaria de Minas Gerais (Epamig)
started a clonal selection program of 'Bordd' grape,
with emphasis on plant health, and on the increase and
constancy of production (Villa et al., 2010).

Due to all previously mentioned obstacles, in Santa
Catarina, especially in the Vale do Rio do Peixe region,
the current production of 'Bordd' grape cannot supply
the demand of wineries and juice industries. This way,
the companies of the region continue to buy grapes from
another Brazilian state — Rio Grande do Sul —, which
indicates the need to plant new vineyards for juice and
wine production (Caliari, 2016). The identification of
clones better adapted to the conditions of Vale do Rio
do Peixe region, which can make feasible the growing

of 'Bordd' grapes, shows is of strategic importance for
the development of viticulture in Santa Catarina state.

The objective of this work was to characterize the
productive and qualitative performance of 11 clones of
'Bordd' grape, destined for wine and juice production,
in the region of Vale do Rio do Peixe, in the state of
Santa Catarina, Brazil.

Materials and Methods

The clones were obtained from the clonal selection
of 'Bordd' grape in the Epamig vineyards, and in
private properties in the municipality of Caldas, MG,
Brazil (22°55'S, 46°23'W).

The experiment was carried out at Vinicola Panceri,
located in the municipality of Tangara, in Vale do Rio
do Peixe region, in the state of Santa Catarina, Brazil
(26°11'17"S, 51°10'25"W, at 870 m altitude). The climate
of the region is mesothermal humid (Cfb), according
to Koppen-Geiger’s classification, that is, a temperate
climate constantly humid, without dry season, and cool
summer. The mean annual temperature varies from
15.8 to 17.9°C, the maximum mean temperature from
22.3 to 25.8°C, and the minimum from 10.8 to 12.9°C.
Annual rainfall varies from 1,460 to 1,820 mm, and the
number of rainy days per year from 129 to 144 days.
Frosts may average from 12 to 22 per year. Average
accumulation of temperatures below 7.2°C ranges from
437 to 642 hours per year (Back et al., 2013).

Plants of 11 'Bordd' clones were grafted on 'Paulsen
1103', planted in December 2008, at 3.0x2.0 m spacing,
trained in horizontal trellis with a mixed pruning system
(canes and spurs). The Panceri winery carried out the
vineyard management (pruning, shoot removal, shoot
topping, and phytosanitary treatments) according to
the recommendations for the grape production system
developed by Embrapa Uva e Vinho (Protas, 2003).

The experiment was implemented in a completely
randomized design, with four replicates. Each plot
was composed of five plants. For the evaluations,
the three central plants of each plot were considered.
The 11 clones were evaluated during the 2011, 2012,
2014, and 2015 crop seasons. In the 2013, there were
no evaluations due to a late frost that occurred in
September 2012 and caused severe damage to the
plants. In the crop seasons of 2011 and 2012, the
harvests occurred on February 3 and 8 respectively,
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and in the crop seasons 2014 and 2015, grapes were
harvested on February 6.

The production variables were the number of
clusters, yield per plant, and yield per hectare. Yield
per plant (kg per plant) was determined with the
UR1000 light digital field scale (Urano Industria de
Balangas e Equipamentos Eletronicos Ltda., Canoas,
RS, Brazil). Yield per hectare (Mg ha') was obtained
by multiplying yield per plant by planting density
(1,666 plants ha'). At the end of the evaluation period,
the cumulative yield of the four seasons (Mg ha'') was
calculated.

The biennial bearing tendency of each clone was
assessed by calculating the alternate bearing index
(ABI) by the formula ABI = [(a,, - a,1)/(ay, + a,) + (a3
- ap)/(ays + ay)...(ay — a,.1)/(ay T .y-1))]/n-1, in which: a
is the yield (Mg ha™); y is the year; and n is the number
of years. This index gives values from 0 to 1, in which
0 represents no biennial bearing, and 1 represents a
complete biennial bearing (Pasa et al., 2017).

During the harvest, 20 clusters per plot were
randomly sampled to carry out the physical analyses:
cluster length (cm), which was measured using a digital
caliper; cluster weight (g), which was measured with
an analytical precision scale of 0.005 g; and number
of berries per cluster, which was obtained by manual
counting.

The cluster compactness index was obtained by
[(cluster weight)/(cluster length)?], proposed by Tello
& Ibanez (2014). The diameter of berries (mm) was
measured by the transversal measurement of 50 berries
diameter per plot.

The analyses were carried out in the laboratory of
morphogenesis and plant biochemistry of Universidade
Federal de Santa Catarina (UFSC). From the grape
must of each clone, soluble solids (SS, °Brix), and
titratable acidity (TA, % of tartaric acid), pH, and
maturation index (SS/TA) were determined according
to the methodology proposed by the International
Organisation of Vine and Wine (OI'V, 2009).

Technological maturity indices were obtained
from a sample of 50 berries randomly collected per
plot. The titratable acidity (TA) was obtained by the
titration method, in which 5 mL must, 75 mL distilled
water, and two drops of phenolphthalein (1%) were
added. Under stirring, a solution of sodium hydroxide
(0.1 N NaOH) was added until color change. The SS
content (°Brix) was determined in the RTD-45 digital

Pesq. agropec. bras., Brasilia, v.53, n.7, p.800-808, July 2018
DOI: 10.1590/S0100-204X2018000700003

temperature-compensated refractometer (Instrutherm,
Instrumentos de Medicdo Ltda., Sdo Paulo, SP, Brazil).
The pH was evaluated by reading the samples in the
MP220 Mettler pH meter (Toledo, Schwerzenbach,
Switzerland) calibrated with buffer solutions at pH 4.0
and 7.0.

For the analysis of total anthocyanins (mg L)
and total polyphenols (mg L' gallic acid), a grape
methanolic extract was prepared with 30 berries
in triplicate, totaling 90 berries. For this, the skins
were separated from the pulp, weighed, and acidified
methanol (1% hydrochloric acid) was added to them.
The extracts were kept in the dark at 4.0<1°C for 24
hours (Lees & Francis, 1972). After that period, they
were filtered on Whatman n°1 paper, using Biichner’s
funnel, transferred to amber bottles, kept under
nitrogen flow for 30 s, then sealed and kept at -18°C
until analysis.

The quantification of total monomeric anthocyanins
was performed by differential pH, following the
methodology described by Giusti & Wrolstad (2001),
considering € = 28000 and MM = 529, for which the
methanolic extract was diluted in a buffer pH 1.0 of
potassium chloride (0.025 mol L) and in another buffer
pH 4.5 of sodium acetate (0.4 mol L). They remained
in rest for 15 min out of the light. Absorbance readings
for each buffer were performed at wavelengths of
p vis-max 520 and 700 nm, using the UV 1203
spectrophotometer (Shimadzu, Kyoto, Japan); the
results were expressed in malvidin-3-glycoside mg L.

The content of total polyphenols (mg L' gallic
acid) was determined according to the methodology
described by Singleton & Rossi (1965), using the
Folin-Ciocalteu method, with absorbance readings at
760 nm in the UV 1203 spectrophotometer (Shimadzu,
Kyoto, Japan).

Descriptive statistics (mean, standard deviation,
and coefficient of variation), analysis of variance, and
the Scott-Knott’s test, at 5% probability, were used to
evaluate and interpret the results.

Results and Discussion

'Bordd' grape clones showed a significant plant
performance both in the productive and qualitative
ways. Among the 11 evaluated clones, it was possible
to identify were the most adapted ones to the conditions
of Vale do Rio do Peixe region.
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Regarding the productive variables, the highest yield
values were observed in the clones 13 and 16 (Table 1).
For both, the average yield was 23.0 Mg ha’'. Among
the eleven clones studied, the average yields ranged
from 8.8 to 14.0 kg per plant or 15.0 to 23.0 Mg ha™.
These values are superior to the average yields of the
same clones evaluated in the state of Minas Gerais,
where average values of 11.6 Mg ha! were observed in
plants trained in vertical shoot position (VSP) (Miotto
et al., 2014). In addition, the average yield obtained in
the present study was also higher than the observed
ones in studies conducted in the municipality of
Caldas, MG (9.0-10.0 Mg ha'') and Farroupilha, RS
(12.0 Mg ha') (Maia et al., 2013).

The adoption of selected clones is a real possibility
to increase vineyard yield. For example, in the state of
Sdo Paulo, the 'Bordd' grape clone called ‘Barberinha’
produced an average of 3.3 kg per plant, corresponding
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to 68% yield increase, in comparison with the average
yield per plant of the region, similarly to the results
obtained in southern Minas Gerais (Santos et al., 2011;
Miotto et al., 2014). The average yield in Santa Catarina
was 11.1 kg per plant; and, for the most productive
clones (13 and 16), the average yield was around
13.9 kg per plant, which corresponds to 200% yield
increase, which is above the average yield obtained in
Séo Paulo and Minas Gerais. Clone 3 showed the worst
production indices, with 8.8 kg per plant, 15 Mg ha,
and 91 clusters per plant.

The clones 8, 13, and 16 also produced on average
more clusters per plant, statistically differing from
the other clones studied. In addition, these clones
are among those with clusters of the highest-average
weight.

The clones 13 and 16 also stood out with the highest-
cumulative yield, which was superior to 100 Mg ha

Table 1. Yield components of ‘Bordd’ (Vitis labrusca) clones, during the 2011, 2012, 2014, and 2015 crop seasons, in
Tangara, in the region of Vale do Rio do Peixe, Santa Catarina state, Brazil.

Clone 2011 2012 2014 2015 Average 2011 2012 2014 2015 Average Cumulative
Yield (kg per plant) Estimated yield (Mg ha')®
3 25 a 133 ¢ 76 d 135 ¢ 88 ¢ 42 a 221 ¢ 128 d 224 ¢ 151 ¢ 623 d
7 14 a 129 ¢ 118 ¢ 178 b 104 b 23 a 214 ¢ 204 ¢ 300 b 174 b 730 c
8 16 a 126 ¢ 170 b 205 a 116 b 27 a 212 ¢ 281 b 341 a 193 b 857 b
10 37 a 113 ¢ 141 ¢ 183 b 106 b 61 a 189 ¢ 239 ¢ 313 b 180 b 792 c
12 32 a 144 b 187 b 138 ¢ 115 b 53 a 238 b 310 b 228 ¢ 189 b 830 b
13 29 a 154 b 205 a 226 a 140 a 48 a 262 b 342 a 381 a 232 a 1019 a
15 28 a 124 ¢ 176 b 162 ¢ 109 b 46 a 215 ¢ 295 b 269 ¢ 180 b 824 b
16 32 a 147 b 226 a 205 a 137 a 53 a 252 b 382 a 343 a 231 a 1020 a
17 37 a 132 ¢ 84 d 132 ¢ 92 ¢ 61 a 217 ¢ 137 d 220 c¢ 148 ¢ 645 d
18 43 a 129 ¢ 117 ¢ 152 ¢ 102 b 72 a 220 ¢ 195 ¢ 253 ¢ 170 b 743 c
19 41 a 175 a 76 d 225 a 115 b 69 a 294 a 131 d 368 a 191 b 86.1 b
CV (%) 26.1 25.0 26.2 27.8 24.9 26.1 25.0 26.2 27.8 24.9 11.3
Number of clusters per plant Cluster weight (g) ABI
3 227 a 1074 a 1172 e 1736 d 913 d 1171 ¢ 1236 b 666 b 776 b 1043 b 040 c
143 a 982 a 1345 e 2114 b 1033 ¢ 953 ¢ 1348 a 893 a 844 a 1043 b 034 b
8 157 a 1128 a 2333 a 2348 a 1297 a 1069 ¢ 1145 b 735 b 879 a 982 ¢ 034 b
10 319 a 1007 a 1552 d 2163 b 1083 b 1206 ¢ 1134 b 927 a 850 a 1077 b 025 a
12 215 a 1152 a 2137 b 1670 d 1135 b 1573 a 1252 b 872 a 836 a 1204 a 03l a
13 253 a 1185 a 2257 a 2492 a 1362 a 1202 ¢ 1323 a 918 a 912 a 1132 a 029 a
15 252 a 981 a 2093 b 1876 ¢ 1101 b 1119 ¢ 1276 b 843 a 879 a 1078 b 028 a
16 248 a 1099 a 2417 a 2232 b 1289 a 1352 b 1378 a 948 a 929 a 1209 a 030 a
17 343 a 1233 a 1751 ¢ 1972 ¢ 1162 b 1088 ¢ 1070 b 482 b 670 b 900 ¢ 034 b
18 370 a 1086 a 1798 ¢ 1997 ¢ 1111 b 1182 ¢ 1224 b 674 b 784 b 1041 b 0.24 a
19 325 a 1194 a 1503 d 2406 a 101.0 c¢ 1307 b 1487 a 472 b 936 a 1233 a 049 c
CV (%) 33.3 18.3 26.0 20.2 19.7 23.7 20.9 25.9 16.3 19.8 21.9

(MMeans with different letters, in the columns, indicate significant differences, by the Scott-Knott test, at 5% probability. @Estimated by mean yield per
plant and number of plants per hectare.
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over four years of evaluation. These two clones are
already registered by Epamig, with the names ‘Paco’
and ‘Bocaina’, respectively, in the database of the
national authority for cultivar registration (Registro
Nacional de Cultivares) of Ministério da Agricultura,
Pecuaria e Abastecimento. However, it is worth
mentioning that clones 8, 12, and 19 also showed a
high-cumulative yield, which is superior to 80 Mg ha™.

As for the biennial bearing tendency, clones 13 and
16, along with clones 10, 12, and 15 showed a good
production stability, in some cases, with increasing
yields between seasons and lower-alternate bearing
index (ABI), which is important for the economic
stability of the grower and the winery. When evaluating
these same clones in Minas Gerais, Miotto et al. (2014)
also observed the highest-average yield (14.9 Mg ha™)
in the clone 13. The clones 3, 7, 8, 17, and 19 had the
highest ABI and a biennial bearing tendency, with
reductions up to 10.0 Mg ha'! in less productive years.

The average number of berries per cluster varied from
50 to 66. Except for clone 7, the other clones showed
a decreased number of berries per cluster in the 2014
and 2015 seasons (Table 2). However, the reduction of
the number of berries per cluster did not directly affect
the yield values observed in Table 1. It is also possible
to observe, especially in clones 8, 10, and 17, a large
variation of the number of berries between seasons,
which suggests that such clones are more susceptible
to fruit set problems, characterized by the fall of
flowers and young berries. This disorder may occur
due to several factors, such as genetic, environmental,
phytosanitary, and cultural management.

The berry diameter varied according to season and
clone; on average, the smallest berries were observed
in clones 7 and 17, with 14.9 and 14.8 mm, respectively.
Clone 18 showed the largest diameter of berries
with 15.8 mm (Table 2). Berry size has always been
considered a factor related to grape quality, and there

Table 2. Clusters physical characteristics of 'Bordd' (Vitis labrusca) clones, during the 2011, 2012, 2014, and 2015 crop
seasons, in Tangard, in the region of Vale do Rio do Peixe, in Santa Catarina state, Brazil®.

Clones 2011 2012 2014 2015 Average 2011 2012 2014 2015 Average
Berries per cluster Cluster length (cm)
3 615 b 731 ¢ 554 b 452 b 592 c 131 ¢ 101 b 135 a 118 a 12.1 c
7 637 b 735 ¢ 767 a 346 c¢ 596 c 144 b 127 a 147 a 114 a 13.2 a
8 537 ¢ 699 d 619 b 408 ¢ 55.1 d 116 d 121 a 153 a 119 a 122 c
10 573 ¢ 817 a 470 c¢ 411 ¢ 589 c 143 b 117 a 132 b 126 a 13.1 a
12 715 a 815 a 753 a 377 ¢ 652 a 149 a 108 b 147 a 102 b 127 b
13 641 b 84 a 586 b 538 a 657 a 45 b 112 b 125 b 123 a 129 a
15 588 ¢ 778 b 722 a 364 ¢ 603 c 138 b 119 a 152 a 117 a 13.1 a
16 633 b 775 b 586 b 450 b 622 b 150 a 110 b 145 a 108 b 13.0 a
17 550 ¢ 672 d 422 ¢ 276 d 501 e 134 ¢ 107 b 112 ¢ 109 b 11.9 c
18 678 a 84.0 a 609 b 343 ¢ 610 b 152 a 111 b 117 ¢ 105 b 126 b
19 624 b 755 ¢ 626 b 567 a 665 a 140 b 109 b 142 a 115 a 13.0 a
CV (%) 20.0 16.3 21.7 29.2 17.8 13.1 13.3 13.7 16.0 11.9
Cluster compactness (g cm?) Berry diameter (mm)

3 071 b 122 b 077 ¢ 05 ¢ 0.80 c 157 ¢ 171 b 118 ¢ 148 a 15.1 c
7 044 d 08 d 08 b 075 b 067 d 155 d 168 b 112 ¢ 151 a 14.9 d
8 084 a 08 d 060 ¢ 065 ¢ 076 c 155 d 170 b 171 a 152 a 15.6 b
10 060 ¢ 09 d 072 ¢ 055 ¢ 068 d 160 b 173 a 117 ¢ 146 b 15.2 c
12 074 b 137 a 08 b 08 a 094 a 160 b 165 ¢ 117 ¢ 146 b 15.1 c
13 061 ¢ 116 b 084 b 063 ¢ 077 c 158 ¢ 167 b 116 ¢ 149 a 15.1 c
15 060 ¢ 097 ¢ 074 ¢ 066 ¢ 072 d 163 a 164 ¢ 114 ¢ 142 ¢ 15.1 c
16 062 ¢ 117 b 072 ¢ 087 a 083 b 163 a 162 ¢ 119 ¢ 150 a 15.5 b
17 063 ¢ 099 ¢ 08 b 060 c 074 c 155 d 167 b 122 ¢ 143 ¢ 14.8 d
18 052 d 103 ¢ 115 a 077 b 078 c 62 b 171 b 164 b 146 b 15.8 a
19 069 b 128 a 076 ¢ 072 b 0.88 b 166 a 175 a 113 ¢ 149 a 15.6 b
CV (%) 29.6 28.0 28.2 42.1 27.9 7.8 3,0 18.6 4.6 6.9

(MMeans with different letters, in the columns, indicate significant differences, by the Scott-Knott test, at 5% probability.
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are significant correlations between berry size and
grape quality (Roby et al., 2004).

Liang et al. (2012), studied the berry composition
and polyphenols content of wild species of Vitis, and
reported that berry size may affect the accumulation
of polyphenols, but it is not the only factor involved.
Roby & Matthews (2004) found that skin, seed, and
pulp proportions do not vary according to this relation,
pointing out that the skin does not extend around a
larger pulp, but grows with it. The surface/volume ratio,
therefore, cannot always be considered as a measure of
extractable solutes level (Matthews& Nuzzo, 2007).

As to cluster compactness index, the clones 7, 10,
13, 15, 16, and 19 showed the highest-average values of
cluster length. However, the clones 10, 7, and 15 have
the lowest-average values of cluster compactness, with
0.68, 0.67, and 0.72 g cm™, respectively. The clone 12
showed the highest value for cluster compactness
index (Table 2).
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The cluster compactness is an important factor that
affects the quality of wine and table grapes (Roberto et
al., 2015). Compact clusters show favorable conditions
for the development of different pests and diseases,
mainly botrytis bunch rot caused by the fungus Botrytis
cinerea (Hed et al., 2009). The cluster compactness
results in a microclimate more favorable for disease
development, when there is poor air circulation and
less sun exposure inside the clusters (Molitor et al.,
2011).

In a clonal selection work of 'Vignoles' grape,
several individuals produced less compact clusters. A
lower-cluster compactness is considered more related
to differences for flower fertility and berry set than for
rachis length (Cousins & Garris, 2014).

For technological maturity, the average levels of SS
varied from 14.7 to 16.5°Brix (Table 3). Throughout the
evaluated seasons, the clones 3, 7, and 8 stood out with
the highest-SS levels of, while the clone 19 showed the

Table 3. Technological maturity of ‘Bordd’ (Vitis labrusca) clones, during the 2011, 2012, 2014, and 2015 crop seasons, in
Tangar4, in the region of Vale do Rio do Peixe, in Santa Catarina state, Brazil®.

Clone 2011 2012 2014 2015 Average 2011 2012 2014 2015 Average
Soluble solids (°Brix) Titratable acidity (%)
3 62 b 164 b 162 a 153 a 16.0 a 078 b 079 b 050 a 071 a 070 a
7 16.6 a 176 a 150 b 154 a 16.2 a 0.66 a 0.67 a 045 a 069 a 0.62 a
8 168 a 178 a 159 a 155 a 16.5 a 08 b 079 b 070 b 079 a 077 b
10 163 b 157 ¢ 155 a 149 b 15.6 b 062 a 076 b 047 a 067 a 0.63 a
12 159 b 152 ¢ 147 b 144 b 15.1 b 060 a 079 b 047 a 08 b 0.68 a
13 159 b 156 ¢ 153 b 143 b 15.3 b 068 a 066 a 043 a 08 b 0.66 a
15 60 b 168 b 152 b 144 a 15.6 b 08 b 0.67 a 066 b 097 b 079 b
16 61 b 166 b 147 b 139 ¢ 15.3 b 066 a 08 ¢ 058 a 064 a 0.69 a
17 159 b 166 b 146 b 153 a 15.6 b 074 b 072 a 074 b 093 b 078 b
18 158 b 156 ¢ 155 a 143 b 15.3 b 067 a  0.65 a 051 a 08 b 068 a
19 148 ¢ 151 ¢ 146 b 139 ¢ 14.6 c 080 b 093 c 070 b 08 b 082 b
CV (%) 4.5 5.9 3.5 4.2 5.5 14.1 14.1 18.0 9.4 18.7
pH SS/TA ratio

3 318 a 320 a 348 a 339 a 3.31 a 209 b 209 b 328 a 215 a 239 a
7 327 a 325 a 347 a 340 a 335 a 252 a 265 a 335 a 223 a 268 a
8 321 a 329 a 344 a 337 a 333 a 209 b 229 a 228 b 196 a 214 b
10 317 a 318 a 351 a 337 a 331 a 266 a 209 b 330 a 222 a 256 a
12 327 a 320 a 348 a 334 a 332 a 266 a 195 b 315 a 167 b 234 a
13 319 a 321 a 346 a 335 a 330 a 23.6 a 237 a 356 a 166 b 248 a
15 316 a 327 a 340 a 335 a 330 a 187 b 253 a 230 b 148 b 204 b
16 323 a 322 a 34 a 332 a 330 a 244 a 187 b 255 b 217 a 225 a
17 315 a 322 a 34 a 335 a 328 a 217 b 229 a 199 b 165 b 202 b
18 318 a 324 a 34 a 334 a 329 a 237 a 240 a 305 a 164 b 236 a
19 308 a 313 a 342 a 331 a 323 a 188 b 163 b 212 b 162 b 18.1 b
CV (%) 2.7 2.2 1.9 1.7 2.1 15.4 15.6 21.5 13.5 21.8

(OMeans with different letters, in the columns, indicate significant differences, by the Scott-Knott test, at 5% probability. SS/TA ratio, soluble solids/

titratable acidity ratio.
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lowest-SS levels in all evaluated seasons. The values
obtained in the present work are in agreement with
those verified for American grape cultivars grown in
Brazil (Werle et al., 2008).

For TA, a variation among clones was observed in
different seasons, and clone 7 stood out among those
that showed the lowest-TA concentrations; the clone
19, however, was among those that produced grapes
with the highest levels of TA (Table 3). The average
values for TA (0.71% tartaric acid) are higher than the
obtained ones for the same clones in Minas Gerais
(0.52% tartaric acid) by Miotto et al. (2014). Higher
temperatures are related to higher-acid degradation;
therefore, the higher-acidity levels obtained in Santa
Catarina are considered as related to the occurrence of
lower temperatures during grape maturation.

The average value of pH must was 3.30, and no
differences were observed among the clones in all
evaluated seasons (Table 3). Miotto et al. (2014)
obtained similar results in the state of Minas Gerais.

The SS/TA ratio is used to determine the ideal
harvest timing of grapes, since it represents the balance
between sugar and acidity contents, which are directly
linked to fruit flavor and, consequently, to juice quality
(Sato et al., 2009). In the average of four evaluated
seasons, only the clone 19 did not reach values equal
to or higher than 20, while the clones 3, 7, 10, 12, 13,
16, and 18 had SS/TA values higher than 22.

A.F. Brighenti et al.

The highest-average concentrations of total
anthocyanins and total polyphenols was observed
in the clone 8, followed by the clones 12 and 15 that
produced grapes with total anthocyanin concentrations
above 900 mg L, and total polyphenols concentrations
above 1,000 mg L' (Table 4).

In the present study, the size of berries was not
determinant for their phenolic composition, since no
differences were found between the average values of
total polyphenols and anthocyanins among the clones
that produced smaller (7) and larger (18) berries.

In general, high yields may impair grape maturation
due to competition for photoassimilates between
clusters (Malinovski et al.,, 2016). When evaluating
the 'Bordd' grape clones in Minas Gerais, Miotto et al.
(2014) observed that high yields did not negatively
affect the must composition or the skin anthocyanin
concentrations. In the present study, the high yields
of the clone 13 reduced the accumulation of phenolic
compounds in the skin, as it showed on average the
lowest concentrations, with 705.0 and 813.0 mg L'
of anthocyanins and total polyphenols, respectively.
However, when 'Bordd' anthocyanins and polyphenols
concentrations are observed in other Brazilian regions
(Toaldo et al., 2013, 2015), it is noticed that the values
presented by clone 13, although statistically lower than
other clones, did not cause any loss in grape quality
destined to production of juice or table wine.

Table 4. Phenolic maturity of 'Bordd' (Vitis labrusca) clones, during the 2014 and 2015 crop seasons, in Tangara, in the
region of Vale do Rio do Peixe, in Santa Catarina state, Brazil®.

Clone 2011 2012 2014 2015 Average 2011 2012 2014 2015 Average
Total anthocyanins (mg L) Total polyphenols (mg L)

3 8652 ¢ 8681 d 7102 ¢ 7635 f 8521 d 9971 ¢ 10512 ¢ 8706 ¢ 11603 ¢ 10191 ¢
7 6893 f 7052 g 6546 d 9883 d 7596 f 8933 d 8943 e 8256 ¢ 9303 e 8863 e
8 9995 a 11618 a 7648 b 15331 a 11143 a 1281.5 a 13586 a 9555 b 17002 a 13235 a
10 8717 ¢ 8924 ¢ 7294 ¢ 10626 d 889.8 ¢ 9507 d 10169 d 8625 ¢ 11401 d 9926 d
12 8893 ¢ 9075 ¢ 7146 c¢ 10978 ¢ 9024 ¢ 1036.2 ¢ 10765 ¢ 8723 ¢ 11832 ¢ 10425 ¢
13 7052 f 7004 g 5778 e 8384 e 7053 g 7698 f 8225 f 7182 d 9454 e 8131 f
15 9146 b 9963 b 8412 a 11428 b 9730 b 11053 b 1201.2 b 10375 a 12904 b 11583 b
16 7239 f 7356 f 6972 ¢ 789 f 7353 f 8349 e 8906 e 8587 ¢ 8856 f 8674 e
17 839.5 d 8439 d 6791 ¢ 10411 d 8502 d 9679 d 9990 d 8638 ¢ 11072 d 9848 d
18 7400 f 7134 f 6184 d 8565 e 7327 f 8780 e 8774 e 7489 d 9782 e 8719 e
19 7903 e 8055 e 8646 a 7692 f 8073 ¢ 9482 d 10077 d 10704 a 9056 f 9837 d
CV (%) 9.1 6.7 12.1 21.0 3.1 14.7 15.3 12.1 21.3 2.5

(MMeans with different letters, in the columns, indicate significant differences, by the Scott-Knott test, at 5% probability.
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Conclusion

The clones 13 and 16 ('Paco' and 'Bocaina’) of the
'Bordd' grape are the most suitable for cultivation in
the wine production region of Vale do Rio do Peixe, in
Santa Catarina state, Brazil, as they show the highest
yields, production stability, and grapes with adequate
quality for wine and juice elaboration.
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