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Application of abscisic acid (S-ABA) at different stages
of ripening on color development of ‘Rubi’ table grape

Aplicacao do acido abscisico (S-ABA) durante a
maturacao no desenvolvimento da cor da uva fina de
mesa '‘Rubi’
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Highlights

S-ABA was applied at different stages of ripening of ‘Rubi’ grape.
S-ABA increased total anthocyanins and improved color attributes of the grapes.
One application of S-ABA is sufficient to improve color development.

Abstract

The color of the berries is an important aspect of the quality of table grapes and crucial for marketing. The
‘Rubi’ table grapes grown in the subtropical climate generally lack color intensity due to the inhibition of
anthocyanins by high temperatures during ripening. The exogenous application of abscisic acid (S-ABA) can
be used to overcome this problem as the accumulation of anthocyanins in the berry skin is regulated by this
plant growth regulator. The objective of this study was to assess the effect of the exogenous application of
S-ABA at different stages of ripening on color development in ‘Rubi’ table grapes using the soluble solids
(SS) content as a marker of ripening. The study was conducted during two seasons in commercial vineyards.
The first trial was conducted in Marialva, Parana, Brazil, during the 2019 summer season crop (harvest in
December). S-ABA (400 mg L") was exogenously applied at different stages of ripening of ‘Rubi’ table grapes
(determined by the SS content of the berries): control (without application); SS = 8-9 °Brix; SS = 10-11 °Brix;
SS = 8-9 °Brix (two applications; the second one applied 10 days after the first); and SS = 10-11 °Brix (two
applications; the second one applied 10 days after the first). The second trial was conducted in Cambira,
Parana, Brazil, during the 2020 off-season crop (harvestin May). S-ABA (400 mg L") was exogenously applied
at different stages of ripening of 'Rubi’ grapes: control (without application); SS = 6-7 °Brix; SS = 7-8 °Brix; SS
= 9-10 °Brix; SS = 6-7 °Brix (two applications; the second one applied 14 days after the first); SS = 7-8 °Brix
(two applications; the second one applied 14 days after the first); and SS = 9-10 °Brix (two applications; the
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second one applied 14 days after the first). A randomized block design was used as the statistical model
with four replications, and each plot consisted of one vine. The variables analyzed were total anthocyanin
contents, color index (CIRG), and color attributes (L* C* h°, and AE) of berry skin. The total anthocyanin
accumulation and color attributes of the berries were evaluated every 10 and 7 days after the first application
of S-ABA until harvest in the first and second trials, respectively, and the other variables were evaluated at
harvest. In the summer-season crop, when the SS content was 8-11 °Brix, the application of S-ABA increased
the concentration of the total anthocyanins 4 times compared to that in the control, improving berry color
development. Furthermore, in the off-season crop, when the SS content was 6-10 °Brix, the application of
S-ABA increased the concentration of total anthocyanins 2-3 times compared to that in the control, improving
the color attributes of berries. In both crops, a single application of the plant growth regulator was sufficient
to intensify the color of the berries.

Key words: Total anthocyanin content. Color. Plant growth regulator. Vitis vinifera L.

Resumo

A cor das bagas é um aspecto importante de qualidade e comercializacdo de uvas de mesa. A uva fina
de mesa ‘Rubi’ produzida em clima subtropical geralmente apresenta deficiéncia de cor devido a inibicao
da formacao de antocianinas pelas altas temperaturas durante a maturacdo. Um dos métodos utilizados
para superar esse problema é a aplicagao exégena de acido abscisico (S-ABA), uma vez que o acumulo de
antocianinas na casca das bagas é controlado por esse regulador vegetal. O objetivo deste trabalho foi
determinar o efeito da aplicagdo do S-ABA em diferentes fases de maturagao no desenvolvimento da cor da
uva finade mesa ‘Rubi’, visando o incremento e uniformiza¢gao da cor dos seus cachos, tendo comoreferéncia
o teor de sdlidos soluveis (SS) das bagas. O experimento foi avaliado em dois ensaios a campo, em pomares
comerciais. O primeiro ensaio foi realizado em Marialva, Parana, Brasil, durante a safra de verao (colheita em
dezembro) de 2019. Os tratamentos foram constituidos da aplicagcao de S-ABA na concentragao de 400 mg
L', em diferentes fases de maturacéo da uva ‘Rubi’, de acordo com o teor de SS das bagas, assim descritos:
controle (sem aplicagdo); SS = 8-9 °Brix; SS = 10-11 °Brix; SS = 8-9 °Brix em duas aplica¢des, sendo a
segunda realizada aos 10 dias apds a primeira; e SS = 10-11 °Brix, em duas aplicacdes, sendo a segunda
realizada aos 10 dias apds a primeira. O segundo ensaio foi realizado em Cambira, Parana, Brasil, durante a
safra temporona ou de outono (colheita em maio) de 2020. Os tratamentos foram constituidos da aplicacdo
de S-ABA na concentragao de 400 mg.L" em diferentes fases de maturacao da uva 'Rubi’, de acordo com
o teor de SS das bagas, assim descritos: controle (sem aplicagao); SS = 6-7 °Brix; SS = 7-8 °Brix; SS = 9-10
®Brix; SS = 6-7 °Brix em duas aplica¢cdes, sendo a segunda realizada aos 14 dias apds a primeira; SS = 7-8
%Brix em duas aplicacdes, sendo a segunda realizada aos 14 dias apds a primeira; e SS = 9-10 °Brix em duas
aplicacoes, sendo a segunda realizada aos 14 dias ap6s a primeira. O delineamento experimental de ambos
experimentos foi em blocos casualizados com 4 repeti¢cdes, sendo que cada parcela foi composta por uma
videira. As varidveis analisadas foram antocianinas totais, indice de cor (CIRG), e atributos (L* C* h° e AE) das
bagas. As avaliagdes quanto ao acumulo de antocianinas totais e atributos de cor das bagas foram realizadas
a cada 10 e 7 dias ap06s a primeira aplicagdo do S-ABA até a colheita no primeiro e segundo experimento,
respectivamente, e as demais variaveis foram avaliadas no momento da colheita. Na safra de verao, a
aplicacao do S-ABA quando o teor de SS era de 8-11 °Brix aumentou significativamente a concentragao
de antocianinas totais das bagas, sendo 4 vezes maior que o controle, e também houve aumento do CIRG
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e de todos os atributos de cor. Na safra temporona, a aplicacdo do S-ABA também propiciou incrementos
significativos sobre a concentracédo de antocianinas totais, sendo de 2 a 3 vezes maior que o controle, e
para o CIRG e os atributos de cor também houve aumento quando o teor de SS era de 6-10 °Brix. Nas duas
safras avaliadas, uma Unica aplicagcado do regulador vegetal foi suficiente para intensificar a cor das bagas.
Palavras-chave: Antocianinas totais. Cor. Regulador vegetal. Vitis vinifera L.

Introduction

The grape industry is a very important
sector in Brazil, with high impact on the
generation of jobs, income, and sustainability
of small agricultural farms for both fresh and
processing markets, being one of the main
temperate climate fruit species grown in the
country (Zanus, 2015; Carvalho, Kist, & Beling,
2019). In the 2020/21 harvest, the national
production was 1,416 million tons (Instituto
Brasileiro de Geografia e Estatistica [IBGE],
2021).

The production of grapes is high
because of its consumption worldwide in
the pursuit of healthy habits, as this fruit is
an important source of phenolic compounds
that neutralize free radicals and improve
human health (Orak, 2007; Rastija, Srecnik,
& Saric, 2009; Wildman, 2016). Consumers
increasingly demand optimal visual aspect
of table grapes; brightly colored and uniform
bunches have greater acceptance in the
market. However, grapes grown in subtropical
climate can be affected by high temperatures
during ripening, inhibiting color development
(Peppi, Fidelibus, & Dokgozlian, 2006; Abe,
Mota, Lajoto, & Genovese, 2007).

In particular, the 'Rubi’ table grape
(Vitis vinifera L.) is one of the main traditional
cultivars of colored table grapes grown in the
country. The cultivar originated from a somatic
mutation of the ‘ltalia’ table grape found in
Santa Mariana, PR, Brazil; its pink color is the
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only difference from the original grape. ‘Rubi’ is
one of the most common table grapes grown
in the subtropical regions such as the northern
state of Parana (Nachtigal, Camargo, & Maia,
2005; Kishino, Caramori, Roberto, & Ricce,
2019a).

The color of the grapes is one of
the main quality indicators due to the visual
aspect of influencing the consumer choice
and consequently the commercial value of the
product. Darker and more uniform grapes are
preferred compared to non-uniform grapes
with lighter shades. Thus, the development
of color in berries is a key feature of table
grapes (Abe et al., 2007; Liang et al., 2009;
Mattiuz, Miguel, Galati, & Nachtigal, 2009;
Mascarenhas, Guerra, Aquino, & Leao, 2013;
Roberto et al., 2013).

Berry color is associated with the
amount and composition of anthocyanins
in the skins. Anthocyanins are phenolic
compounds found in vegetables and are
responsible for blue, purple, and all shades of
red colors in fruits, flowers, and leaves. The
accumulation of these anthocyanins in berries
begins at the onset of maturation (veraison),
when various physiological processes occur
and the berries begin to soften and change
color (Ribichaud & Noble, 1990). Abscisic acid
(ABA) is known to participate in these color
changes, and anincrease inits levels precedes
this phenological phase (Coombe &Hale, 1973;
Gambetta, Matthews, Shaghasi, Mcelrone,
& Castellarin, 2010; Koyama, Sadamatsu, &
Yamamoto, 2010; Jia et al., 2011).
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Previous studies have demonstrated
that exogenous application of ABA in
grapes can increase the concentration of
anthocyanins in the berry skin; however, the
cost for synthesizing this plant regulator is
high, preventing its use in viticulture. Recently,
a cost-effective process for the biological
production of ABA using fungi (Botrytis
cinerea) was developed (Siewers, Kokkelink,
Smedsgaard, & Tudzynski, 2006; Owen et al.,
2009). Subsequently, it was demonstrated
that the application of the S-ABA enantiomer
at veraison increased the concentration of
anthocyanins in the berry skin, resulting in
better uniformity and colorintensityinbunches
of several table grape cultivars (Peppi et al.,
2006; Roberto etal., 2012, 2013; Koyama et al.,
2014; Ferrara et al., 2015; Shahab et al., 2019).

However, the difficulty encountered in
the application of this plant growth regulator
is determining the exact time of onset of
ripening for each cultivar, as the beginning
of the increase in soluble solid (SS) content,
color, and softening of the berries do not
occur simultaneously when grapes are grown
in subtropical regions (Robinson & Davies,
2000).

The objective of this study was to
determine the effect of applying S-ABA at
different stages of ripening on the color
development of ‘Rubi’ table grapes, with
reference to the SS contents of the berries.

Materials and Methods

The experiment was conducted in two
commercial vineyards of '‘Rubi’ table grape
(Vitis vinifera L.) grafted on 11-year-old IAC-
766 Campinas' rootstock. The first trial was
conducted at Marialva, Parana state, Brazil
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(23°29'52"8S, 51°47'58"0W, elevation 570 m
a.s.l.), during the 2019 summer harvest (July to
December). The second trial was conducted
at Cambira, Parana state, Brazil (23°35'S,
51°34'W, elevation 1,017 m a.s.l.), during the
2020 off-season (January to June). According
to Képpen's classification, the region’s climate
is Cfa, subtropical with an average annual
temperature of 20.7 °C and an average annual
precipitation of 1,600 mm (Caviglione, Kiihl,
Caramori, & Oliveira, 2000).

The vines in both vineyards were
cultivated in an overhead trellis system,
covered by a black plastic mesh with 18% light
retention, and spaced at 3.0 x 9.0 m and 2.5
x 3.5 m in Marialva and Cambira, respectively.
The cane-pruning system with 7-8 buds
retained per cane, followed by the application
of hydrogen cyanamide at 3.0% only on the
two terminal buds for uniform budburst and
development. The other agricultural traits in
the vineyards were the usual ones adopted
in the region for table grapes (Roberto et al.,
2012; Shahab et al., 2019).

The cis-abscisic acid (S-ABA) isomer
was provided by Valent BioSciences®
Corporation and Sumitomo Chemical (lllinois,
USA), containing 100 g L' of the active
ingredient (Protone®). The randomized block
design was used as a statistical model with
four replications in Marialva and Cambira,
and each plot consisted of one vine. S-ABA
was applied at a concentration of 400 mg L™
(Roberto etal., 2012, 2013).

In Marialva, treatments were applied
at different stages of ripening, with the SS
content of the berries as follows: control (no
application); SS = 8-9 °Brix; SS = 10-11 °Brix;
SS = 8-9 °Brix in two applications, with the
second performed 10 days after the first; and
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berries SS = 10-11 °Brix in two applications,
with the second performed 10 days after the
first one. In Cambira, the following treatments
were applied: control (no application); SS =
6-7 °Brix; SS = 7-8 °Brix; SS = 9-10 °Brix; SS
= 6-7 °Brix in two applications, with a second
performed 14 days after the first one; SS =
7-8 °Brix in two applications, with a second
performed 14 days after the first one; and SS
= 9-10 °Brix in two applications, with a second
performed 14 days after the first one.

To assess the SS content of the berries,
40-50 berries were randomly collected from
the vineyards before application. Once the
moment of each application was determined,
a back sprayer was used at a pressure of
568.93 psi (39.22 bar) with JA1 hollow jet
cone nozzles, providing complete and uniform
coverage. The spray volume was 800 L ha”,
and the solution was applied to the bunches
until run-off. The non-ionic spreader Break
Thru® (0.3 mL L") was added to the solution.

The evaluations were conducted at
10, 20, and 30 days and at 7, 14, 21, 28, 35,
42, and 49 days after the first application for
the Marialva and Cambira trials, respectively,
the last being at harvest when the SS content
of the berries stabilized. For this purpose, 10
berries were collected from each plot from
the previous five marked bunches, with two
berries from the middle part of the bunch. The
variables analyzed were total anthocyanins,
color index (CIRG), residual color difference
(AE), and color attributes of berries, such as L*
(lightness), C* (chroma), and h° (hue).

For total anthocyanin content analysis,
10 berries per plot were used, whose skins
were removed using a scalpel blade, taking
care to remove only the skin, without pulp.
The skins were washed once with water,
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then with distilled water, and dried with
paper. Then, a 3-g skin sample was placed
in a polystyrene tube with 30 mL of acidified
methanol (1% HCI + 99% methanol) and kept
in the dark at room temperature at 22 °C for
48 h. Subsequently, the tubes were removed
from the dark and manually shaken for 5 s. The
absorbance of each sample was determined
using a spectrophotometer (Genesys 10S
Spectrophotometer model, UV-VIS®) at 520
nm, with only the solvent as "blank”. The results
were expressed in mg of malvidin-3-glycoside
per gram of skin (mg g') (Peppi et al., 2006).

The color attributes of the berries
(10 berries per plot) were evaluated using
the Minolta CR-10 Plus® colorimeter and
characterized as variables of its equatorial
portion: L* (lightness), C* (chroma), and h° (hue).
L* values ranged from 0 (black) to 100 (white).
C* indicates the purity or intensity of the color,
the distance from gray (achromatic) towards
a pure color and is based on the values of a*
and b* from the CIELab scale system, ranging
from O for a completely neutral color; it has
no arbitrary end, but intensity increases with
magnitude. Hue refers to the wheel of color
and is measured in angles: green, yellow, and
red, which correspond to 180° 90° and 0°,
respectively (Lancaster, Lister, Reay, & Triggs,
1997; Orak, 2007). From the evaluation of the
color attributes, the color index of the berries
(CIRG) was calculated using the formula: CIRG
= (180-h°) / (L*+C*) (Carrefio, Martinez, Almela,
& Fernandez-Lépez, 1995).

The residual color difference (AE) of
the berries was used to calculate the color
disparity between the treatments and the
control of the last sampling, using the equation
(Lucas et al., 2008; R. Koyama et al., 2019):

AE = \/(AR®)2 + (AC*)? + (AL¥)?
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The data set obtained from the weekly
samplings from each trial, involving treatments
and days to assess the significance of the main
effects, were analyzed independently using a
two-way ANOVA. The assumptions of normality
of errors and homogeneity of variances were
evaluated using the Shapiro-Wilk and Bartlett
tests, respectively (p > 0.05). If the results were
significant for interaction or for the treatment
factor, the means were compared using the
Tukey's test (p < 0.05). When observing the
interaction effect between factors, the means
were adjusted using polynomial regression (p
< 0.05). All analyses were performed using the
R software (R Core Team [R], 2020).

Results and Discussion

The application of S-ABA increased
the concentration of total anthocyanins in the
berry skins of the ‘Rubi’ table grapes during
the two trials, regardless of the time and
number of applications. In the summer harvest
season, it was found that the grapes treated
with S-ABA when the SS content was 10-11
°Brix, had higher means at 10 and 20 days
after application (DAA), whereas at 30 DAA, all
treatments in which the grapes were treated
with S-ABA were statistically superior to those
in the control (Table 1). As for the off-season
harvest, the mean at 42 DAA was higher than
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that of the control, but the difference was not
statistically significant. However, at 49 DAA, all
treatments that received S-ABA were similar
and superior to that in the control (Table 2),
and the accumulation of anthocyanins was
approximately three and four times greater in
treatments with S-ABA, respectively.

For the summer harvest season, the
highest mean observed at 10 and 20 DAA
for grapes that received S-ABA when the SS
content was 10-11 °Brix, may be related to the
fact that at this ripening stage, the reception
or the mechanistic impact of ABA was higher
(Villalobos-Gonzélez, Peha-Neira, lbafez, &
Pastenes, 2016), because the higher content
of SS in the berries may have provided a
higher amount of substrate to initiate the
production of secondary metabolites, such
as anthocyanins, responsible for the red
color of the skin (Jackson, 2008; Souza,
Roberto, Koyama, & Shahab, 2020). However,
at 30 DAA, there was a similarity among the
treatments, and the total anthocyanin content
of 'Rubi’' grapes was approximately 4.2 mg g™.
These results are in accordance with those
obtained by Keller (2015), who reported that
the onset of activation of genes involved in
the synthesis of anthocyanins occurs when
the SS is between 9 and 10 °Brix, an interval
similar to those selected in this study.
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Table 1

Analysis of variance and comparison of means for total anthocyanin content in berries of '‘Rubi’ table
grape bunches treated with S-ABA at different stages of ripening in relation to soluble solid (SS) content
in the 2019 summer season crop

Sources of variation Total anthocyanin content (mg g™)
Treatments (T) 4 8.07**2
Days (D) 8 47.81**
TxD 12 1.80**
Error A 12 0.14
Error B 45 0.09
Means Days after application
Treatments 0 10 20 30
Control .2 0.3b 1.0b 1.2b
SS 8-9 °Brix 0.1 0.2b 22b 42a
SS 10-11 °Brix 0.3 1.8a 3.3a 42a
SS 8-9 °Brix 2x 0.1 0.3b 2.3b 42a
SS 10-11 °Brix 2x 0.3 1.7 a 3.2a 45a

2x, two applications of S-ABA; Df, degrees of freedom; % mean squares; ns, not significant; ** significant (p < 0.01).
Means followed by the same letters in the columns do not differ using the Tukey's test (p < 0.05).

Table 2

Analysis of variance and comparison of means for total anthocyanin content of berries of ‘Rubi’ table
grape bunches treated with S-ABA at different stages of ripening in relation to soluble solid (SS) content
in the 2020 off-season crop

Sources of variation D Total anthocyanin content (mg g™)
Treatments (T) 7 1.62%*2
Days (D) 7 20.61**
TxD 42 0.31**
Error A 18 0.54
Error B 147 0.14
Means Days after application
Treatments 0 7 14 21 28 35 42 49
Control 0.1ns 0.1ns 0.2"s 0.2 0.5" 0.5m 09b 09b
SS 6-7 °Brix 0.1 0.1 0.2 0.4 0.8 1.3 22a 2.6a
SS 7-8 °Brix 0.1 0.1 0.2 0.4 0.7 1.4 1.6 ab 26a
SS 9-10 °Brix 0.1 0.1 0.2 0.4 0.6 1.0 1.7 ab 25a
SS 6-7 °Brix 2x 0.1 0.1 0.2 0.4 1.0 1.1 19a 3.0a
SS 7-8 °Brix 2x 0.1 0.1 0.1 0.2 0.7 0.7 1.8ab 3.0a
SS 9-10 °Brix 2x 0.1 0.1 0.1 0.3 0.9 0.8 1.8ab 25a

2x, two applications of S-ABA; Df, degrees of freedom; z, mean squares; ns, not significant; **, significant (p < 0.01).
Means followed by the same letters in the columns do not differ using the Tukey's test (p < 0.05).
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By contrast, at 42 DAA, the highest
means were observed for bunches that
received S-ABA when the SS content was 6-7
©°Brix in the off-season, which can be explained
by the fact that at this stage of ripening, the
berries in this treatment group had a longer
period of anthocyanin accumulation than in
those in which the application was performed
later (Giribaldi, Hartung, & Schubert, 2010).
The increase in the concentration of
anthocyanins may or may not coincide with
the peak accumulation of their SS and AT
contents, depending on the season and the
weather conditions (Ribéreau-Gaydn, Glories,
Maujean, & Dubourdieu, 2006). This fact
explains the difference in the beginning of the
total anthocyanin concentration between the
two seasons. Similar results were found by
Villalobos-Gonzélez et al. (2016) in Carménére
grapes; even after 40 DAA, the accumulation
of anthocyanins remained high in the berries
treated with S-ABA.

It is essential for the winegrowers to
know the ideal period to apply ABA (Giribaldi et
al., 2010). Based on the results obtained in our
trials, the exogenous application of S-ABA can
be considered essential for the development
of anthocyanin accumulation in the ‘Rubi’ table
grape, which lacks optimal color development
when grown in tropical and subtropical regions
because of climatic conditions (Francis, 2000;
Mattiuz et al., 2009). In addition, it is possible
to conduct an application from the moment
when the SS content of the berries is around
6 °Brix and up to 11 °Brix; that is, S-ABA can
be applied over a long period. Consequently,
a long timeframe optimizes the use of labor,
because depending on the size of the area to
be applied, more time is required for the entire
area to be treated.
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However, it is known that an ideal
stage for the application of S-ABA may vary
according to the cultivar and the growing
region, as some cultivars respond well to
a single application, whereas others may
require multiple applications; in addition, the
anthocyanin concentration is influenced by
climatic conditions (Yamamoto et al., 2015).
Among the various environmental factors
are temperature, solar radiation, and an
interaction between both (Tarara, Lee, Spayd,
& Scagel, 2008). According to Ryu et al. (2020),
temperatures above 30 °C, constant or even
intermittent, inhibit the accumulation of
anthocyanins in the berry skins, and a thermal
amplitude of less than 10 °C in the post-
softening phase can impair the uniformity
and color of ‘Rubi’ bunches (Kishino, Marur, &
Roberto, 2019b). In both harvest seasons, it
was observed that one application of S-ABA
was sufficient to increase the accumulation
of anthocyanins; however, it is important to
emphasize that the climatic conditions during
the experiment were favorable, and on most
days the thermal amplitude was 10 °C.

Regarding the development of
anthocyanin content in the 2019 summer
crop season, it was found that there was a
progressive linear growth for all treatments
(Figure 1). However, it was observed that
bunches that received the application of
S-ABA had higher rates over time (0.1297
to 0.1436 mg g of total anthocyanins per
day) when compared to those in the control
(0.0378 mg g' of total anthocyanins per
day); the development of anthocyanins in
the berry skin was faster for treatments with
S-ABA. During the 2020 off-season harvest
(Figure 2) and the summer harvest season, the
quadratic adjustment explained the behavior
of the anthocyanin content over time. All
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those receiving the application of S-ABA had
higher accumulation of anthocyanins than
thatin the control, although, up to 35 DAA, this
accumulation was similar. However, at 42 DAA,

Total anthocyanins (mg g !)

78]

[

=

0 10 20 30

Days after application

those that received S-ABA had higher rates,
differing from the control, which continued
with low accumulation (0.1226 mg g of
anthocyanins per day).

tt it

R*=088

R*=0.91

R?=098
R*=092
R*=099

Control y=0.1613+0.0378x
SS 8-9 °Brix y=-0.4106+0.1429x
SS 10-11 °Brix y = 0.4968 + 0.1297x
SS 8-9 °Brix 2% y=-0.3599 +0.1436x
SS 10-11 °Brix 2% y=0.4017 +0.1384x

Figure 1. Development of the total anthocyanin concentration in ‘Rubi’ table grape bunches
treated with S-ABA at different stages of ripening in relation to the soluble solid (SS) content in the
2019 summer season crop. 2x, two applications of S-ABA.

Total anthocyanins (mg g ')

14 21 28 35 Py 49

Days after application

bbbttt

R*=0.92
R*=0.99
R?=0098
R?=0.99
RY=0.98
R*=096
R*=097

Control y = 0.1226 +0.003x + 3e-04x>
S$S 6-7°Brix y =0.1356 - 0.0091x + 0.0013x>
SS 7-8°Brix y =0.1622 - 0.0136x +0.0013x>
$S9-10°Brix y=0.2111-0.0215x +0.0014x
S$S 6-7°Brix 2% y =0.1912 - 0.0224x + 0.0016x"
SS 7-8°Brix 2% y = 0.2794 — 0.046x + 0.002x°
S8 9-10°Brix 2% y=0.1775 - 0.0198x + 0.0014x>

Figure 2. Development of total anthocyanins in ‘Rubi’ table grape bunches treated with S-ABA at
different stages of ripening in relation to the soluble solid (SS) content in the 2020 off-season crop.
2x, two applications of S-ABA.
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In both crop seasons at harvest time,
S-ABA treatments did not differ from each
other (the confidence intervals overlapped),
except for the control. This increased
accumulation of total anthocyanins observed
in S-ABA-treated groups can be explained by
the fact that this plant regulator is a signaling
agentthattriggersfruitripening and stimulates
the expression of UFGT, thus regulating
anthocyanin biosynthesis (Yang & Feng, 2015).

Regarding the berry color index (CIRG),
thehighestmeanswere observedinthe S-ABA-
treated grapes, regardless of the season
and number of applications. In the summer
season, as observed for total anthocyanin

Table 3

concentration, the grapes treated with S-ABA
when the SS content was 10-11 °Brix resulted
in the highest mean values at 10 and 20 DAA
(Table 3). For the off-season crop, differences
among treatments were observed from 28
DAA, and the bunches treated when the SS
content was 9-10 °Brix in two applications
had the highest mean, differing from that in
the control. At 35 DAA, treatments applied
when the SS content was 6-7 °Brix and 7-8
°Brix (in one application) and 9-10 °Brix (in one
or two applications) had better results (Table
4). However, at harvest in both seasons, the
S-ABA treatments were similar, but superior to
those in the control.

Analysis of variance and comparison of means for color index (CIRG) of ‘Rubi’ table grape berries
treated with S-ABA at different stages of ripening in relation to soluble solid content (SS) in the 2019

summer season crop

Sources of variation Df
Treatments (T) 4
Days (D) 3
TxD 12
Error A 12
Error B 45
Means
Treatments 0
Control 1.7b
SS 8-9 °Brix 1.2¢c
SS 10-11 °Brix 2.3a
SS 8-9 °Brix 2x 1.2c
SS 10-11 °Brix 2x 2.3a

CIRG
6.94** 2
38.83**
1.09**
0.02
0.05
Days after application
10 20 30
21b 3.3c 3.6b
19b 40b 5.1a
42a 4.7 a 5.2a
2.3b 40b 5.2a
42a 48a 5.3a

2x, two applications of S-ABA; Df, degrees of freedom; z, mean squares; ns, not significant; **, significant (p < 0.01).
Means followed by the same letters in the columns do not differ using the Tukey's test (p < 0.05).
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Table 4

Analysis of variance and comparison of means for color index (CIRG) of ‘Rubi’ table grape berries
treated with S-ABA at different stages of ripening in relation to soluble solid content (SS) in the 2020

off-season crop

Sources of variation

Treatments (T) 7
Days (D) 7
TxD 42
Error A 18
Error B 147
Means
Treatments 0 7 14
Control 1.2ms 1.2ms iESIE
SS 6-7 °Brix 1.2 1.2 1.6
SS 7-8 °Brix 1.2 1.2 1.5
SS 9-10 °Brix 1.2 1.2 1.7
SS 6-7 °Brix 2x 1.2 1.2 1.5
SS 7-8 °Brix 2x 1.2 1.2 1.6
SS 9-10 °Brix 2x 1.2 1.2 1.3

Total anthocyanin content (mg g™)

3.65**2
38.24**
0.62**
0.63
0.15
Days after application
21 28 35 42 49
1.6" 1.7b 1.7b 1.9b 2.3b
2.1 2.5ab 34a 39a 44a
2.3 2.6 ab 3.0a 4.2 a 4.4a
2.1 2.5ab 3.2a 4.1a 45a
2.2 2.6ab 2.7 ab 45a 4.7 a
2.1 2.5ab 2.7 ab 43a 46a
1.9 2.8a 27a 4.1a 46a

2x, two applications of S-ABA; Df, degrees of freedom; % mean squares; ns, not significant; **, significant (p < 0.01).
Means followed by the same letters in the columns do not differ using the Tukey's test (p < 0.05).

According to the CIRG classification
proposed by Carrefio et al. (1996), the
control berries were pink in color, whereas
the berries treated with S-ABA, with one or
two applications, were dark red in color. This
difference demonstrates the effectiveness
of S-ABA treatments in intensifying grape
color. As one of the main factors of choice
for consumers is the color of the grapes,
darker and uniform color of the berries adds
commercial value and may increase the
grower's profit (Abe et al., 2007; Liang et al.,
2009; Mattiuz et al., 2009). Yamamoto et al.
(2015), Tecchio et al. (2017), and Shahab et
al. (2019) have also found that treatment with
S-ABA resulted in higher CIRG values for the
‘Isabel’, ‘Niagara Rosada’, and '‘Benitaka’ table
grapes, respectively.

Semina: Ciénc. Agrar. Londrina, v. 43, n. 1, p. 263-282, jan./fev. 2022

As previously observed for total
anthocyanins, the simple linear adjustment
explained the behavior of the CIRG
development over time in both crop seasons.
In the summer season, the S-ABA treatment
groups had higher rates of CIRG per day,
from 0.092 to 0.1401, than those of the
control (0.0683 of CIRG per day; Figure 3). In
the off-season crop, the S-ABA treatments
also had higher rates of CIRG per day, from
0.0724 to 0.0773, than those of the control
(0.0207 CIRG per day; Figure 4); therefore, in
both seasons, the development of CIRG in
berries was faster when S-ABA was applied. At
harvest time for both seasons, at 30 DAA and
49 DAA, respectively, there were differences
among S-ABA treatments, provided that the
confidence intervals overlapped, except when
compared to the control.
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CIRG

Control y=1.7095 + 0.0683x R%>=0094

SS 8-9 °Brix y =0.9797+0.1401x R*=0.96

SS 10-11 °Brix y =2.7608 + 0.092x R*=0.88
SS 8-9 °Brix 2x y = 1.1236 +0.1396x R?=0.99
SS 10-11 °Brix 2% y = 2.756 + 0.0962x R*=0.89

bttt

0 10 20
Days after application

30

Figure 3. Development of the color index (CIRG) in ‘Rubi’ table grape berries treated with S-ABA at
different stages of ripening in relation to the soluble solid (SS) content in the 2019 summer season

crop. 2x, two applications of S-ABA.

Regarding the L* attribute for both
seasons at harvest (Tables 5 and 6), the lowest
means were found for the S-ABA treatment
groups, regardless of the SS content and
the number of applications. This finding
demonstrates the effect of the plant regulator
to improve the color of the berries, as the
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lower the L* value, the darker the berry skin
tends to be (Roberto et al., 2012; Domingues
et al., 2017; Tecchio et al, 2017). Similar
observations were reported by Peppi et al.
(2007, 2008); and Koyama et al. (2014) for ‘Red
Globe', ‘Crimson Seedless’ and, ‘Isabel’ table
grapes, respectively.
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Control y=1.166+0.0207x R*=0.92

SS 6-7°Brix y=0.7917+0.0724x R*>=0.96

SS 7-8°Brix y=0.8062 +0.0726x R*=0.96

$S 9-10°Brix v=0.7625+0.0741x R*=0.96
SS 6-7°Brix 2% y=0.7104+0.0773x R*=091
SS 7-8°Brix 2% y=0.7146+0.0746x R*=0091

- 88 9-10°Brix 2% y=0.6708+0.0748x R*=0.92

Pttt

&
I

0 7 14 21 28 35 12 49
Days after application
Figure 4. Development of the color index (CIRG) in ‘Rubi’ table grape berries treated with S-ABA at

different stages of ripening in relation to the soluble solid content (SS) in the 2020 off season crop.
2x, two applications of S-ABA.

Table 5

L* (lightness), C* (chroma), h° (hue), and residual color difference (AE) of the berries of ‘Rubi’ table grape
bunches treated with S-ABA at different stages of ripening in relation to the soluble solid (SS) content
in the 2019 summer season crop

Treatments L* Cc* h° AE
Control 31.8a 8.1a 36.9a -
SS 8-9 °Brix 259b 6.7b 13.2b 24.5m
SS 10-11 °Brix 25.7b 6.8 ab 99b 27.7
SS 8-9 °Brix 2x 25.3b 6.4b 13.7b 24.1
SS 10-11 °Brix 2x 25.3b 6.7b 10.3b 29.6
F 24.1 4.8 209 4.3
CV (%) 4.2 8.8 29.5 9.4

2x, two applications of S-ABA; ns, not significant (p < 0.05); CV, coefficient of variation. Means followed by the same
letters in the columns do not differ using the Tukey's test (p < 0.05).
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Table 6

L* (lightness), C* (chroma), h° (hue), and residual color difference (AE) of the berries of ‘Rubi’ table grape
bunches treated with S-ABA at different stages of ripening in relation to the soluble solid (SS) content

in the 2020 off-season crop

Treatments L*

Control 35.3a
SS 6-7 °Brix 27.7b
SS 7-8 °Brix 279b
SS 9-10 °Brix 27.7b
SS 6-7 °Brix 2x 26.8b
SS 7-8 °Brix 2x 27.0b
SS 9-10 °Brix 2x 26.5b

F 15.9

CV (%) 5.4

Cc* h° AE
8.5ns 81.0a -

7.5 25.3b 56.2"
7.2 28.2b 53.3
7.3 225b 58.9
7.6 16.8b 64.7
7.9 18.7b 62.8
7.7 20.2b 61.4
2.1 18.9 0.6

7.8 34.2 17.3

2x, two applications of S-ABA; ns, not significant (p < 0.05); CV, coefficient of variation. Means followed by the same
letters in the columns do not differ using the Tukey's test (p < 0.05).

Regarding C* which defines the
color saturation of the fruit surface, it was
observed in the summer season that all S-ABA
treatments had lower means when compared
with those for the control, except for the
treatment applied when the SS content of the
berries was 10-11 °Brix (Table 5). Moreover,
‘Flame Seedless’, ‘Crimson Seedless' and
‘Isabel’ table grapes had lower means of C*
due to the application of S-ABA (Peppi, et al.,
2006, 2008; Koyama et al., 2014). However, in
the off-season crop, there were no differences
among the treatments (Table 6). These results
are similar to those observed by Roberto et al.
(2012) for '‘Benitaka’ grape and by Tecchio et
al. (2017) for '‘Niagara Rosada’ grape, in which
there were no differences among treatments
in terms of C* According to Piva, Lopez and
Morgan (2006) and Cantin, Fidelibus and
Crisosto (2007), the lower chromatic values of
the bunches treated with S-ABA represented
diminished color saturation (graying) when
C* approaches zero; however, these values
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do not affect the market price of the grapes
(Olivares et al., 2017).

Regarding the hue (h°) of the berries, the
lowest means were observedin the treatments
in which S-ABA was applied, differing from
the control, but without differences among
them in both harvest seasons (Tables 5 and
6). Thus, the application of the plant regulator
stimulates the development of the red color of
berries, provided that the lower the h°, the more
reddish the berry color (Lima, Melo, & Guerra,
2007; Olivares et al., 2017; Machado, Monteiro,
& Tiecher, 2019). Similar observations
were reported by Olivares et al. (2017) and
Shahab et al. (2019) in ‘Crimson Seedless'
and ‘Benitaka’ table grapes, respectively,
in which the h° decreased during the berry
development after S-ABA application. For the
residual color difference (AE) in both harvest
seasons, there was no statistical difference
among S-ABA treatments, and the closer the
AE approached zero, the more identical they
were as colored surfaces (Lucas et al., 2008;
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Koyama et al., 2019). There was no difference
among treatments in terms of SS content in
the last evaluation (at harvest time).

To summarize, the exogenous
application of S-ABA in ‘Rubi’ table grapes in
the 2019 summer season and in the 2020 off-
season, when the SS content was between 6
and 11 °Brix, improved the concentration of
anthocyanins and their color attributes. The
improvement was similar between one and
two applications of the plant growth regulator.
Applying S-ABA over a prolonged period would
optimize the use of labor and machinery and is
a promising approach for producing colored
table grapes cultivated in the subtropical
region, as grapes with better uniformity and
intensity of berries obtain better prices in the
market and are well accepted by consumers
(Mattiuz et al., 2009; Leado, Lima, Costa, &
Trindade, 2015; Souza et al., 2020).

Conclusion

In the 2019 summer season and in
the early 2020 off-season, the exogenous
application of S-ABA in bunches of ‘Rubi’
grapes, when the SS content was 6-11
°Brix, increased the concentration of total
anthocyanins and improved the color
development in the berries, and a single
application of this plant regulator was enough
to intensify the color of the berries.
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