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Ethephon and calcium chloride, a combination that

improves skin color of ‘Rubi’ table grape
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Elizabeth Orika Ono*, Jodo Domingos Rodrigues®

Abstract - ‘Rubi’ table grape has wide acceptance of the consumer market due to its affordable price and
attractive color as a function of the accumulation of anthocyanins. However, environmental conditions do
not always favor the suitable accumulation of these pigments, resulting in commercial devaluation and
nutritional depreciation of fruits. Thus, the present study aimed to investigate the effect of application of
different ethephon concentrations, associated or not with CaCl, application, on the skin color and quality
of ‘Rubi’ grape berries. First, specific traits of berries treated with 0, 200, 400, 600, 800 mg L' ethephon
associated with 1.5% CaCl, solution were evaluated and pH, titratable amdlty (TA) soluble solids (SS),
berry firmness, total and reducmg soluble sugars, and anthocyanin and flavonol levels were analyzed.
This first stage of evaluation revealed no changes in total sugar levels, firmness, SS, TA, SS/TA ratio,
and flavonol levels, while changes were detected regarding reducing sugar and anthocyanin levels. Thus,
in the second stage, the following variables were evaluated: SS, TA, reducing sugar levels, anthocyanin
levels, phenylalanine ammonia lyase (PAL) and glutathione S-transferase (GST) activity of ‘Rubi’ grape
berries treated with 0, 200, 400, 600, 800 mg L' ethephon, associated or not with 1.5% CaCl, solution.
The results of the present study indicate that ethephon associated with CaCl, can contribute 0 improve
the post-harvest quality of ‘Rubi’ grape, since this association increased the accumulation of anthocyanins
due to the higher activity of PAL and GST, related to biosynthesis and storage of antocyanins, respectively,
and increased the levels of reducing sugars (at low ethephon concentrations), not changing other quality
aspects. Therefore, a single ethephon application from 200 mg L' associated with the application of 1.5%
CaCl, at the final ripening stage, when bunches present from 30 to 50% skin color coverage, was sufficient
to produce satisfactory results regarding skin color improvement of ‘Rubi’ grape berries.

Index terms: Vitis vinifera L., ethylene, calcium, anthocyanins, flavonols, sugars, phenylalanine
ammonia lyase, glutathione S-transferase.

Ethephon e cloreto de calcio, uma combinacao
que promove a melhoria da cor de uvas ‘Rubi’

Resumo - A uva fina de mesa ‘Rubi’ destaca-se pela grande aceitacdo do mercado consumidor devido ao
preco acessivel e a sua cor atrativa, consequéncia do acimulo de antocianinas. No entanto, nem sempre
as condi¢des ambientais favorecem o adequado acimulo desses pigmentos, acarretando na desvalorizagao
comercial e nutricional desses frutos. Desta forma, o presente estudo objetivou investigar o efeito da
aplicacdo de diferentes concentracdes de ethephon associadas ou ndo a aplicagdo de CaCl,, na cor e
qualidade de bagas de uva ‘Rubi’. Primeiramente, foram avaliadas as caracteristicas espemﬁcas de bagas
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Introduction

The Brazilian grape industry is concentrated in a
few regions, being especially important in the state of Rio
Grande do Sul, in the ‘Serra Gaucha’ region, where almost
the entire production is for processing, and it is essentially
produced by smallholder family farmers. The production
of table grapes is highlighted in the Sao Francisco River
Valley (states of Pernambuco and Bahia) and in the state
of Sdo Paulo, generating income for thousands of families.
In 2015, the Brazilian grape production was 1,499 million
tons, representing an increase of 4.41% in comparison to
2014 (MELLO, 2016).

Among the varieties of table grapes, ‘Rubi’
(Vitis vinifera L.) has wide acceptance of the consumer
market due to its affordable price and attractive color,
since its commercial quality is firstly attributed to its
typical red color (HIRATSUKA et al., 2001; LI et al.,
2002). Anthocyanins are pigments responsible for such
reddish color (ROBERTO et al., 2012; YAMAMOTO
et al., 2015). They belong to the class of flavonoids and
play an important ecological role in several plant species,
attracting pollinators to flowers, seed dispersers in fruits,
in addition to their synthesis in several other plant organs
in response to stresses like prolonged exposure to UV
light (KOYAMA et al., 2014). Furthermore, anthocyanins
may exhibit anticancer, anti-inflammatory, antioxidant,
pharmacological, and chemoprotective effects (MIAO
etal., 2016).

According to ‘Rubi’ grape producers from
different Brazilian regions, such as the northeastern
and southeastern regions, little colored grapes can be
produced at certain times of the year since the synthesis
of anthocyanins is dependent on environmental factors.
Thus, the higher the temperature range, the better the grape
coloration; in addition, the higher the air temperature,
the sweeter the grapes (SPAYD et al., 2002). In Brazilian
producing regions, reduced synthesis of anthocyanins has
been detected at temperatures higher than 35°C and low
temperature range.

For these reasons, there is an increasing interest
in obtaining higher accumulation of flavonoid pigments
in grape skin, in which they are stored. Anthocyanins
are mainly synthesized at the beginning of berry
ripening, and their levels can triplicate in a week,
with posterior stabilization (FERNANDEZ-LOPEZ
et al., 1998). In this sense, the application of ethephon
(2-Chloroethylphosphonic acid) in grape berries at
ripening stage is an alternative to obtain higher anthocyanin
biosynthesis. Its mechanism of action consists in the release
of exogenous ethylene, which triggers the transcription of
genes encoding enzymes of the biosynthesis pathway of
anthocyanins, such as phenylalanine ammonia lyase (PAL;
EC. 4.3.1.5), which initiates the synthesis of phenolic
compounds (EL-KEREAMY et al., 2003). Thus, ethephon
has been related to the increase in berry coloration and

the number of colored berries, since it is involved in the
increased synthesis of pigments such as anthocyanins,
leading to higher uniformity in the coloration of berries
(MAILHAC; CHERVIN, 2006; ROBERTO et al., 2013;
LEAO et al., 2015).

In addition to the action of biosynthesis enzymes,
an increase in the activity of glutathione S-transferase
(GST; EC. 2.5.1.18) can occur during grape ripening. GST
acts on the translocation of anthocyanins into the vacuole,
resulting in higher coloration of berries (MARRS, 1996).
In Arabidopsis, Sun et al. (2012) reported that the GST
Transparent Testa 19 (TT19) acts as a carrier to transport
cyanidin and/or anthocyanins to the tonoplast.

Calcium (Ca?") ions have also been considered
promoters of anthocyanin accumulation, since they are
involved in signal transduction regarding the biosynthesis
of these pigments. This fact occurs because Ca*" induces
an increase in the concentration of hexoses in grape
cells, leading to the sugar-dependent expression of genes
related to the transcription of chalcone synthase (CHS,
EC 2.3.1.74), an enzyme involved in the biosynthesis of
anthocyanins (VITRAC et al., 2000).

Although studies on the isolated effect of ethephon
and Ca?" on anthocyanin accumulation in grapes have
been conducted, reports on the combined effect of both
on grapes are scarce. Thus, the present study aimed to
investigate the effect of application of different ethephon
concentrations, associated or not with CaCl, application
on the color of ‘Rubi’ grapes. In this way, the levels of
anthocyanins and flavonols, the activity of PAL and GST,
and quality-related aspects were evaluated, as well the
pH, soluble solids (SS), berry firmness, total and reducing
soluble sugars, and titratable acidity (TA) of ‘Rubi’ grape
berries.

Material and Methods

The first experiment was carried out in order to
standardize procedures for the second trial. Thus, in this
first stage, specific traits of berries treated with different
ethephon concentrations associated with calcium chloride
(CaCl)) were evaluated. The experiment was carried
out in a ‘Rubi’ vineyard located in Botucatu, SP, Brazil
(-22.89° S, -48.45° W, 804 m above sea level, ‘IAC-572°
rootstock, 10-year old plants, trellising system, 4x3 m
spacing). During this period, the lowest mean temperature
was 17.6°C, the highest mean temperature was 28.6°C, 6.8
mm of mean rainfall, 59.4% of mean relative humidity,
and 396.9 cal cm? day™! of mean solar radiation.

The experimental design was in randomized
blocks, with four replicates, each one represented by
one vine. There were two control groups — one sprayed
only with water (W) and the other only with 1.5% CaCl,
solution (CC1.5%). Treatments consisted of 200, 400,
600, and 800 mg L' ethephon concentrations + 1.5%
CaCl, solution (ET200+CC1.5%, ET400+CC1.5%,
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ET600+CC1.5%, and ET800+CC1.5%, respectively).
The only ethephon application was performed when
bunches presented 30-50% typical color by using a
portable knapsack sprayer. The commercial product used
as ethephon source was Ethrel® (240 g L' ethephon, Bayer
CropScience). Surfactant Natural Oil® (0.5%, Stoller do
Brasil Ltda) was added to solutions. CaCl, was applied
24h after ethephon applications.

At 25 days after ethephon application (DAEA),
bunches were randomly sampled and berries were
harvested according to method recommended by the
Brazilian Ministry of Agriculture, Livestock and Food
Supply (BRASIL, 2004) to evaluate pH, TA, SS, berry
firmness, total and reducing soluble sugars. In addition,
skins were removed, frozen in liquid nitrogen and stored in
freezer at -80°C for posterior quantification of anthocyanin
and flavonol levels.

pH values were obtained by using portable pH
meter. TA was measured through titration with 0.1 N
NaOH and expressed as percentage of tartaric acid. SS
levels were expressed as °Brix and obtained by reading in
table refractometer. Firmness (g force!) was obtained in
a texturometer containing TA 9/1000 probe tip in which
the penetration distance was 15 mm, with 2 mm s speed.
Total soluble sugars were measured according to the
phenol-sulfuric acid method (DUBOIS et al., 1956), and
reducing sugars were quantified by the Somogyi-Nelson
method (NELSON, 1944), both expressed as mg glucose
mL"" must. The relationship between SS and TA (ratio)
was also calculated.

For the quantification of anthocyanin and flavonol
levels, skin samples of 5g were previously ground in liquid
nitrogen and, then, macerated in 95% ethanol + 1.5 M
HCI (85/15 v v'!) solution as much as possible, adopting
a dilution factor of 1250. Then, absorbance readings
were performed at 374 nm for flavonols, expressed as mg
quercetin 100 g! skin, and at 535 nm for anthocyanins,
expressed as mg cyanidin-3-glucoside 100 g! skin. Molar
extinction coefficients 21880 mol L' cm™ (quercetin) and
26900 mol L' cm™ (cyanidin-3-glucoside) were used in
calculations (LEES; FRANCIS, 1972).

The results were submitted to analysis of variance
(F-test) and means were compared by the Tukey test
(p=0.05).

After this first stage, another trial was carried
out at the same experimental site and following the same
procedures regarding ethephon and CaCl, concentrations,
source and application, as well as berry sampling.
However, in the second trial, plots sprayed only with
ethephon and those sprayed with ethephon and CaCl, were
evaluated. Furthermore, the effect of treatments over time
was investigated. Thus, grape berries were sampled every
three days, at 3, 6,9, 12, 15, and 18 DAEA for analysis of
SS, TA, and levels of reducing sugars and anthocyanins.
In addition, PAL and GST activities were evaluated in
berries sampled at 3, 9 and 15 DAEA.

SS, TA, reducing sugars and anthocyanins were

quantified as previously described. For PAL activity assay,
extract was obtained according to method described by
Hiratsuka et al. (2001), with modifications. Thus, 2g of
skin were macerated in 100 mmol L' borate buffer pH
8.8, followed by centrifugation at 10,000 g for 30 min
at 4°C. Then, the supernatant was saturated with 70%
ammonium sulphate, followed by centrifugation at 10,000
g for 30 min at 4°C. The resultant pellet was resuspended
in the same extraction buffer and used for PAL activity
assay, which was performed according to the method of
Ferrarese et al. (2000). Thus, the reaction system consisted
of 100 mmol L' borate buffer pH 8.8, enzymatic extract
and 50 mmol L' L-phenylalanine, maintained at 40°C for
60 min and later added of SM HCI to stop the reaction.
The formed cinnamic acid was analyzed in HPLC (C18
250 mm x 4.6 mm x 1/4” microsorb column) and detected
according to retention time at 275 nm (UV) after elution in
7% methanol. In this way, the PAL activity was calculated
based on the area of peaks obtained, and expressed as pug
cinnamate min"' mg' protein.

For the GST assay, extracts were obtained
according to method described by Ekler et al. (1993),
with modifications. Skin samples of 1g were ground in 0.2
mol L tris (hydroxymethyl) aminomethane-hydrochloric
acid (Tris—HCI) cold buffer pH 7.8 containing 1 mmol L'
ethylenediaminetetraacetic acid (EDTA) and 7.5% (w v'!)
polyvinylpolypyrrolidone (PVPP). After centrifugation at
4°C (20 min at 14,000g), the supernatant was collected
and stored at -20°C. The GST activity was evaluated
according to procedure proposed by Wu et al. (1996).
The reaction system contained the enzymatic extract,
100 mmol L' potassium phosphate buffer pH 6.9, 3.3
mmol L' glutathione (GSH), and 30 mmol L' 1-chloro-2,
4-dinitrobenzene (CDNB), maintained at 25°C for 30 min.
Absorbance change due to the formation of GSH-CDNB
conjugate was measured in spectrophotometer at 340 nm.
Molar extinction coefficient equal to 10 mmol L' cm!
(MANNERVIK; GUTHENBERG, 1981) was used to
calculate the enzyme specific activity, expressed as nmol
GSH-CDNB min! mg™! protein.

The concentration of total soluble proteins in
enzymatic extracts was quantified by the method of
Bradford (1976), with absorbance readings performed in
UV-visible spectrophotometer at 595 nm, using casein
as standard.

The results were submitted to analysis of variance
(F-test), with posterior elaboration of polynomial
regression models (p<0.05).
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Results and Discussion

Regarding the first trial, there were no changes in
the levels of total sugars, firmness, SS, TA, SS/TA ratio,
and flavonols (Table 1).

Higher pH values were observed in fruits
treated with 200 and 400 mg L' ethephon + CaCl,
(ET200+CC1.5% and ET400+CC1.5%, respectively)
compared to control fruits treated only with water (W)
(Table 1). Conversely, Lima et al. (2000) observed no
effect of calcium on the pH of ‘Italia’ grapes. Higher
reducing sugar levels were detected in fruits treated with
the highest ethephon concentrations (600 and 800 mg
L") + CaCl, (ET600+CC1.5%, and ET800+CC1.5%,
respectively), compared to control (Table 1). Similarly,
Chervin et al. (2006) observed higher sugar accumulation
during the ripening of ‘Cabernet Sauvignon’ grapes,
since released ethylene leads to the expression of genes
encoding sucrose transporters, resulting in higher sucrose
translocation from biosynthesis sites to the berry vacuole,
in which sucrose is enzymatically converted into glucose
and fructose (reducing sugars). Such conversion is
achieved by the action of acid invertase (EC 3.2.1.26),
which activity is controlled by sucrose accumulation
(YU et al. 2008). However, the same correlation was not
observed among treatments and total sugar levels. At the
end of berry ripening, ethylene inhibits the codification
of genes related to invertase synthesis, decreasing sucrose
conversion (MAILHAC; CHERVIN, 2006).

Higher anthocyanin levels were detected in berries
treated with ethephon and CaCl,, tending to stabilize from
400 mg L' ethephon associated with 1.5% CaCl, (Table
1). Such results were similar to those observed in several
studies involving different grape cultivars treated with
different concentrations of ethylene releasers, such as
those of El-Kereamy et al. (2003), Mailhac and Chervin
(2006), and Ledo et al. (2015), who reported higher
anthocyanin levels in ethylene-treated grapes.

The increase in anthocyanin levels can be due
to the higher ethephon-induced endogenous ethylene
production, which leads to the transcription of genes
encoding important enzymes from the biosynthetic
pathway involving these pigments, such as PAL,
chalcone synthase (CHS, EC 2.3.1.74), chalcone
isomerase (CHI, EC 5.5.1.6), and UDP-glucose:flavonoid
3-O-glucosyltransferase (UFGT, EC 2.4.1.115) (SUDHA;
RAVISHANKAR 2003; CHERVIN et al. 2006). Although
grapes treated only with CaCl, (CC1.5%) showed similar
anthocyanin levels compared with those of the control
group (W) in the present study (Table 1), Sudha and
Ravishankar (2003) reported that calcium was essential
for anthocyanin production in carrot cell culture. Thus,
Vitrac et al. (2000) suggested that Ca*" involvement in the
induction of anthocyanin biosynthesis occurs from CHS
gene expression. Such enzyme has extreme importance
in the biosynthetic pathway of these flavonoids and its
expression is due to the increase in intracellular hexose
levels, which are signalized by Ca*™.

Table 1. Levels of total and reducing soluble sugars (mg glucose mL-! must), pH, firmness (g force!), soluble solids
(SS, °Brix), titratable acidity (TA, % tartaric acid), SS/AT ratio, flavonols [mg quercetin (100g skin)'] and anthocyanins
[mg cyanidin-3-glucoside (100 g skin)] levels of ‘Rubi’ grape submitted to ethephon concentrations associated with
1.5% CaCl, solution.

Reducing
sugars
w 56.39+16.85% 32.47+11.14¢ 3.41+0.02° 61.67+6.70* 14.68+0.49* 4.93+0.14* 2.98+0.18°

CCl1.5% 54.89+7.66" 48.56+16.66™° 3.48+0.04" 66.13+4.51* 14.33+1.38* 4.93+0.30* 2.92+0.37*

Total sugars pH Firmness SS TA Ratio  Flavonols Anthocyanins

14.3242.85°
14.5742.42°

7.52+1.41°
11.4442.57%

ET200+CC1.5% 66.824+4.93* 38.78+4.43 3.50+0.02° 61.13+4.09* 14.95+0.17* 4.81+0.42* 3.13+0.27* 16.39+1.94* 15.29+1.52®

ET400+CC1.5% 63.74+14.58* 50.64+15.67* 3.51+0.05* 59.63+5.83% 14.93+£0.39° 4.85+0.27° 3.09+£0.25* 16.21+2.28* 17.56+2.89®

ET600+CC1.5% 65.88+13.22% 57.40+15.24%® 3.46+0.03" 62.50+7.87* 14.93+0.28* 4.57+0.30* 3.28+0.23* 18.47+0.50* 18.73+1.64°

ET800+CC1.5% 66.54+5.41* 60.20+20.65" 3.46+0.04® 56.00+2.58" 14.05+0.44* 4.76+0.44* 2.97+0.21* 17.10+0.62* 17.17+5.19*

Values followed by the same letter in the column do not significantly differ by the Tukey test (p<0.05). Means of four replicates. W: water; CC1.5%: 1.5% CaCl,
solution; ET200+CC1.5%: 200 mg L' ethephon + 1.5% CaCl, solution; ET400+CC1.5%: 400 mg L' ethephon + 1.5% CaCl, solution; ET600+CC1.5%: 600 mg
L' ethephon + 1.5% CaCl, solution; ET800+CC1.5%: 800 mg L' ethephon + 1.5% CaCl, solution.
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This first stage of evaluations indicated no
changes in the levels of total sugars, firmness, SS, TA, SS/
TA ratio, and flavonols, but remarkable results in the levels
of reducing sugars and anthocyanins. In the second stage,
it was considered relevant to investigate (over time) some
traits (levels of SS, TA, reducing sugar and anthocyanins,
and PAL and GST activity) of ‘Rubi’ grape berries treated
only with different ethephon concentrations (Figure 1) and
of those submitted to different ethephon concentrations
associated with 1.5% CaCl, solution (Figure 2).

There was no significant interaction between
ethephon concentrations and DAEA for SS and TA. Thus,
considering the average of all ethephon concentrations in
each sampling, there was increase in SS and decrease in TA
over time (Figures 1A and 1B). SS levels are the maturity
index used as standard for marketing of grapes, and
14°Brix is the minimum value set by BRASIL (2004) for
consumption of table grapes. In the present study, however,
berries showed mean values of 14.1°Brix at 3 DAEA, but
grapes were not yet suitable for commercialization due to
their inadequate color. Conversely, Rodrigues et al. (2010)
observed no effect of different ethephon concentrations
(120, 240, 360, 480, 720, and 960 mg L) on the SS levels
of ‘Rubi’ grapes. With respect to TA, unlike our results,
Ledo and Assis (1999) observed no influence of ethephon
on ‘Red Globe’ grapes when applied at concentrations
higher than 200 mg L.

There was a significant interaction between
ethephon concentrations and DAEA for the levels
of reducing sugars, except for the highest ethephon
concentrations (600 and 800 mg L) (Figure 1C). Thus,
grapes treated with the lowest ethephon concentrations
showed a roughly linear increase in the levels of reducing
sugars over time. Some studies have reported the positive
contribution of ethylene on the development of taste and
aroma of grapes (MAILHAC; CHERVIN, 2006), which
are traits determined by the relationship between levels
of sugars and the pulp acidity.

Regarding the levels of anthocyanins, there was
significant interaction between ethephon concentrations
and DAEA (Figure 1D). Such levels were higher in
ethephon-treated grapes from 6 DAEA. On the last
sampling (18 DAEA), these grapes showed similar
levels among themselves and considerably higher than
those of control plants. Similar results were obtained by
El-Kereamy et al. (2003), Mailhac and Chervin (2006),
and Ledo et al. (2015), who also reported effective action
of ethylene precursors leading to color of grapes in
different sites and, then, under several weather conditions.
Furthermore, Roberto et al. (2013) observed higher
color intensity in ‘Rubi’ berries submitted to 500 mg L-!
ethephon compared to the control group. In addition,
Rodrigues et al. (2010) detected a more reddish color in
‘Rubi’ berries after ethephon application, regardless of
concentration (120, 240, 360, 480, 720, and 960 mg L).
El-Kereamy et al. (2003) reported that the increase in
berry coloration after increasing ethylene concentration

is related to the transcription of specific anthocyanin
biosynthesis genes.

Furthermore, ethylene induces the expression of
genes related to the synthesis of enzymes including PAL
and CHS, which are essential in the flavonoid biosynthetic
pathway (EL-KEREAMY et al., 2003). PAL has great
importance in the anthocyanin synthesis by initiating the
cascade of reactions of phenylpropanoid biosynthesis
(HIRATSUKA et al., 2001). In the present study, there was
significant interaction between ethephon concentrations
and DAEA for PAL activity, except at 200 mg L' (Figure
1E). Higher PAL activity was observed in grapes submitted
t0 200, 600, and 800 mg L' ethephon at 3 DAEA. Then, a
linear decrease was observed over time in grapes treated
with the highest ethephon concentrations. On the other
hand, control grapes and those treated with 400 mg L'
showed higher PAL activity at 9 DAEA in comparison to
other evaluation periods. Similar results were observed by
El-Kereamy et al. (2003) in ethephon-treated ‘Cabernet
Sauvignon’ grapes.

GST enzyme has been found in several organisms
and acts on the conjugation of exogenous toxic compounds
(xenobiotics) to the tripeptide glutathione (GSH),
originating low-toxicity complexes (MARRS, 1996).
Furthermore, through similar mechanism, GST facilitates
the transportation of anthocyanins into the vacuole,
increasing the coloration of grape skins (MOONS, 2005).
In the present study, there was significant interaction
between ethephon concentrations and DAEA for GST
activity, which gradually increased over time, especially
in ethephon-treated grapes from 9 DAEA (Figure 1F).
Cinnamic acid and cyanidin-3-glucoside are natural GST
substrates (MARRS, 1996; TAULAVUORI et al., 2004),
which transport such compounds into the vacuole through
conjugation with GSH. Thus, the higher GST activity over
time observed in the present study can be related to the
higher anthocyanin levels detected and maybe to the high
PAL activity previously observed at 3 DAEA.

When the combined effect of different ethephon
concentrations and CaCl, was evaluated over time (Figure
2), almost the same pattern was observed regarding grapes
only treated with ethephon. Thus, significant interaction
between ethephon concentrations associated with CaCl,
and DAEA was detected, similarly to treatments with no
CaCl, application, in addition to the absence of significant
interaction between 0 mg L' ethephon + CaCl, and DAEA
for reducing sugars (Figure 2C) and between 600 mg L
ethephon + CaCl, and DAEA for PAL activity (Figure 2E).

Lima et al. (2000) reported lower SS values
in ‘Italia’ grapes submitted to different calcium levels.
According to these authors, Ca?" limits the diffusion of
substrates from the vacuole to the cytosol, decreasing the
glycolytic flux, which can decrease the respiration rate.
This result was similar to that of the present study only
at 15 DAEA, when higher SS values were observed in
the control group and at 200 mg L' ethephon + CaCl,
(Figure 2A).
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Lower TA values were detected over time
considering the average of all ethephon concentrations +
CaCl, in each sampling (Figure 2B). Lima et al. (2000)
measured TA in ‘Italia’ grapes submitted to different
calcium levels and observed initial increase (from 3.60 to
4.35 g of 100 mL" tartaric acid) up to 43 days after fruit
formation, followed by a continuous decrease, mainly
after 57 days, reaching 0.92 g of 100 mL! tartaric acid
on the sampling date. According to these authors, such
decrease can be due to the diluted concentration of acids
considering the increased berry volume, degradation
activation, synthesis inhibition, and their transformation
into sugars.

In the present study, grapes treated with the lowest
ethephon concentrations (200 and 400 mg L) associated
with CaCl, showed increase in the levels of reducing
sugars over time (Figure 2C). In fruits treated with 600 and
800 mg L' ethephon + CaClL,, higher levels were obtained
at 12 and 9 DAEA, respectively. Thus, the application of
ethephon concentrations from 600 mg L' accelerated the
formation of reducing sugars. Glucosides and cyanidins
are the final precursors of anthocyanin biosynthesis. In
general, these pigments are stored after being associated
with a glucose molecule. This process is important for
stabilization of anthocyanins (JU et al., 1995), since the
addition of sugars maintains the communication among
their different regions (BROUILLARD et al., 2003). Ca**
acts as a second messenger in the signaling of sugars and
ethylene (KWAK; LEE, 1997), being closely involved in
the signaling of sugars during anthocyanin biosynthesis
in grapes. The regulation of this signaling is related to
calmodulin or Ca*'-dependent protein kinases, such as
hexokinase (EC 2.7.1.1). According to Vitrac et al. (2000),
hexokinase is considered as a sensor in the signaling of
sugars, leading to anthocyanin accumulation in grapes.

In the present study, anthocyanin levels increased
linearly over time in the presence of ethephon and CaCl,
(Figure 2D). On the last sampling (18 DAEA), grapes
showed very similar levels among themselves and levels
considerably higher than those of the control group and
of grapes only treated with CaCl,. These latter two groups
showed higher values for grapes treated only with CaCl,
at 15 and 18 DAEA, thus highlighting the contribution
of Ca*" to increase anthocyanin levels. Ca?* induces the
activity of ACC oxidase (EC 1.14.17.4), which acts on
the biosynthesis of endogenous ethylene (LI et al., 2002;
SUDHA; RAVISHANKAR, 2003), and acts as a second
messenger of several elicitors of anthocyanin biosynthesis,
such as sugars and ethylene (KWAK; LEE, 1997).

PAL initiates the cascade of reactions in the
anthocyanin biosynthesis (HIRATSUKA et al., 2001).
In the present study, PAL activity was higher in grapes
treated with ethephon and CaCl, at 3 and 15 DAEA,
with sharp decline at 9 DAEA (Figure 2E). In addition,
grapes treated with 400 and 800 mg L' ethephon + CaCl,
showed a slight decrease in PAL activity at 9 DAEA,
with posterior increase at 15 DAEA. Furthermore, grapes

treated only with CaCl, showed a continuous decrease in
PAL activity from 3 DAEA, while those of the control
group had a distinguished behavior, with higher PAL
activity at 9 DAEA. This pattern regarding PAL activity
in grapes treated with ethephon and CaCl, over time was
different from that observed in grapes treated only with
ethephon (Figure 1E), which showed higher PAL activity
at 3 DAEA, with posterior decrease over time. Thus, data
obtained at 15 DAEA allowed inferring that the increase
in PAL activity in this period was due to the application
of CaCl,. Ca®" increases the ACC oxidase activity, leading
to the synthesis of endogenous ethylene (LI et al., 2002;
SUDHA; RAVISHANKAR, 2003). Furthermore, the
ethephon degradation rate decreases in the presence of
Ca?" (BIDDLE et al., 1976). Thus, the increase in PAL
activity in the present study at 15 DAEA can be related
to the increased concentration of endogenous ethylene,
which synthesis was induced by Ca*".

The GST activity increased linearly over time,
especially in grapes treated with ethephon and CaCl,
(Figure 2F). In control grapes, the increase in GST activity
was more gradual. Cinnamic acid (product of PAL action)
and cyanidin-3-glucoside (main anthocyanin formed) are
natural substrates of GST (MARRS, 1996; TAULAVUORI
et al., 2004). Thus, the higher GST activity over time can
be related to the high levels of anthocyanins observed
and the higher PAL activity at 15 DAEA. Regarding the
relationship between Ca and GST activity, Erinle et al.
(2016) observed that the GST activity increased with Ca
application in Ca-protected Pennisetum seedlings in the
presence of atrazine. To our knowledge, this is the first
study investigating the effect of Ca on the GST activity
in grape skin.
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Figure 1. Levels of soluble solids (A), titratable acidity (B), reducing soluble sugars (C), anthocyanins (D), PAL
activity (E), and GST activity (F) of ‘Rubi’ grapes after ethephon application. In A and B, there was no significant
interaction between ethephon concentrations and DAEA (p<0.05). In this case, the curve indicates the adjustment
regarding average values of all ethephon concentrations in each harvest time. In C, no interaction was observed for
600 and 800 mg L' — without adjustment. In E, no interaction was observed for 200 mg L' — without adjustment.
Means of four replicates (except for PAL activity - means of three replicates).
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Figure 2. Levels of soluble solids (A), titratable acidity (B), reducing soluble sugars (C), anthocyanins (D), PAL
activity (E), and GST activity (F) of ‘Rubi’ grapes after ethephon and 1.5% CaCl, application. Control represents
untreated grapes. In A and B, there was no significant interaction between ethephon concentrations associated with
CaCl, and DAEA ( p=<0.05). In this case, the curve indicates the adjustment regarding average values of all ethephon
concentrations associated with CaCl, in each harvesting time. In C, no interaction was observed for 0, 600 and 800 mg
L' ethephon + 1.5% CaCl, — without adjustment. In E, no interaction was observed for 200 and 600 mg L' ethephon
+ 1.5% CaCl, — without adjustment. Means of four replicates (except for PAL activity - means of three replicates).

Conclusion

Ethephon associated with CaCl, can contribute to
increase the post-harvesting quality of ‘Rubi’ grapes, since
they increased the accumulation of anthocyanins due to
the higher PAL and GST activity related to biosynthesis
and storage of antocyanins, respectively, and the levels of
reducing sugar and pH, not changing other quality aspects.
Therefore, a single ethephon application from 200 mg L-!
associated with the application of 1.5% CaCl, at the final
ripening stage, when bunches present from 30 to 50%
coloration, is sufficient to produce positive results in the
coloration of ‘Rubi’ grape bunches.
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