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ABSTRACT: Seasonal variations and production factors can influence the quality of grapes.
Considering the Sub-middle region of the Sao Francisco Valley, Brazil, differentiated by
production in rainy and warmer periods of the year, the climatic conditions in each season affect
the duration of the phenological phases and quality of the grapes. The objective of this study was
to characterize the changes in the quality components during maturation of ‘BRS Magna’ grapes
on different rootstocks, in rainy seasons under tropical conditions, as a support to define the
harvest time. The experiment was conducted in Petrolina, Pernambuco, Brazil, from Jan to Apr
2017 (cycle 1) and Dec 2017 to Apr 2018 (cycle 2) evaluating rootstocks and age of the fruits.
Bunches were picked from the start of maturation to the harvest: 49, 56, 61, 64 and 68 days
after fruit set (DAF) for cycle 1, and 35, 41, 48, 55, 61, and 66 DAF for cycle 2. In cycle 1 1AC
572" and ‘Paulsen 1103’ rootstocks provided higher sugar contents in grapes, which was only
repeated in cycle 2 for ‘Paulsen 1103". The accumulation of anthocyanins and yellow flavonoids
was favored by ‘IAC 313" and ‘IAC 572 rootstocks in cycle 1, and by 1AC 313" and ‘IAC 766’ in
cycle 2. A higher content of polyphenols was conferred on ‘IAC 572" in cycle 1 and on ‘IAC 766’ in
cycle 2, which also had a greater antioxidant capacity. Although there were differences between
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Introduction

Vine cultivation is spread throughout various countries
and climatic conditions, serving different markets. In
addition to increasing consumption of fresh grapes, as
observed in the last decade, there has been an increasing
interest in grape products, especially juices (FAO, 2017).
Grape production in the tropical zone of Brazil has
increased considerably and the Sub-middle region of
the Sdo Francisco Valley, northwest of Sdo Paulo State,
and north of Minas Gerais State are the main producing
centers. In these regions, the lowest temperatures are
insufficient to induce dormancy; nevertheless, the use
of technology allows for two or more annual harvests
(Oliveira et al., 2018).

In the Sub-middle region of the Sdo Francisco
Valley, grape production is aimed mainly at fresh
consumption. However, production of grapes for the
juice industry has increased by the introduction of
Brazilian cultivars, such as Isabel Precoce (Vitis labrusca)
and hybrids 'BRS Violeta’, 'BRS Cora’ and 'BRS Magna'
(Dutra et al., 2018b).

Since grapes can be produced in any period of
the year, climatic conditions in each period can alter
the synthesis of chemical compounds, which can add
value to products from tropical regions when stimulated
(Padilha et al., 2017, Dutra et al., 2018a). In these
regions, temperature differences can affect duration of
the cycles (Oliveira et al., 2018); however, the intensity
of these variations has not yet been characterized.

Agronomic components are also determinants of
fruit quality. For viticulture, rootstocks play an important
role in commercial production in most producing areas
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rootstocks, harvesting at approximately 64 DAF maximized grape quality for all treatments.
Keywords: harvest time, hybrid grapes, juice grapes, tropical viticulture

worldwide. Rootstock vigor allows to control plant
growth and improve grape quality, mitigating climate
influence between cycles. Some studies have confirmed
this response (Li et al., 2019; Silva et al., 2018; Bascunén-
Godoy et al.,, 2017; Lo'ay and El-Khateeb, 2017).
However, specificities for scion cultivars and cultivation
regions require evaluations for each situation.

This study aimed to characterize changes in the
quality components during maturation of 'BRS Magna'
grapes grafted onto different rootstocks in rainy seasons
under tropical conditions as a support to define the
harvesting time.

Materials and Methods
Study site

The study was carried out during two productive cycles
(2017/2018) in an experimental site at 09°08'03" S,
40°18'40" W, altitude 372 m, in a Plinthic Eutrophic Red-
Yellow Argisol with a medium/clayey texture and flat
relief in Petrolina, Pernambuco, Brazil. According to the
Koppen classification, the climate in this municipality
is the BSh type, with very hot and dry periods of nine
months and rainfall from Feb to Apr (Alvares et al., 2013).

Table 1 shows the meteorological data for the
study period registered by an agrometeorological station
situated at the experimental site.

Cultivation conditions and production pruning

The study was carried out in a BRS Magna cultivar ('BRS
Rubea’ x 'TAC 1398-21') vineyard planted in Aug 2014
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Table 1 - Monthly meteorological data during the two production cycles when maturation and quality of 'BRS Magna' grapes were studied from

production pruning to harvest.

Month T(°C) . . ETO
o / ™ en . RH Rad Ws Rainfall
% MJ m=2 d! m st mm mm d-!
Jan to Apr 2017 (Production cycle 1)
Jan/17 36.0 29.3 234 45.1 18.2 2.4 10.0 6.3
Feb/17 35.8 29.1 234 54.0 19.8 2.0 24.0 5.8
Mar/17 34.2 28.8 22.6 57.6 19.8 1.8 6.0 5.5
Apr/17 32.7 28.0 21.9 62.0 17.4 2.4 3.0 5.4
Mean 34.7 28.8 22.8 54.7 18.8 2.1 10.8 5.7
Dec 2017 to Apr 2018 (Production cycle 2)

Dec/17 36.1 29.3 24.0 59.7 25.7 1.9 20.0 6.5
Jan/18 35.0 28.3 23.3 65.1 23.7 2.0 43.0 6.0
Feb/18 33.7 27.3 23.1 80.0 215 1.2 66.0 4.9
Mar/18 34.1 27.5 22.9 81.2 22.9 0.9 109.0 4.8
Apr/18 32.2 26.2 21.6 79.3 20.6 1.1 101.0 4.3
Mean 34.2 25.6 25.0 73.0 22.8 1.4 67.8 53

Mean T. = mean temperature; T Max. = maximum temperature; T Min. = minimum temperature; RH = relative humidity; Rad = global solar radiation; Ws = wind
speed at 2.0 m height; Rainfall = accumulated rainfall; ETO = reference evapotranspiration. *Total monthly rainfall. Source: Agrometeorological Station of Bebedouro,

Petrolina, Pernambuco, Brazil - Embrapa (2018).

with the plants trained to overhead trellis system, spaced
at 4.0 x 2.0 m and irrigated using microsprinklers. Two
production cycles were studied: from 9 Jan to 17 Apr
2017 and from 27 Dec 2017 to 2 Apr 2018. The first
fruiting cycle started on 8 Feb 2017 and the second cycle
on 27 Jan 2018.

Treatments

The treatments corresponded to rootstocks and age of
fruits, characterizing the maturity stages. We evaluated
six rootstocks among the most important adopted for
grapevines for fresh consumption and for winemaking
in the region: 'TAC 313’ ('Golia’ x Vitis smalliana), '1AC
572' (Vitis caribaea x '101-14 Mgt'), 'IAC 766" ('106-8
Mgt' x Vitis caribaea), 'Paulsen 1103’ (Vitis berlandieri x
Vitis rupestris), 'Harmony' and 'Freedom’, both having
the same parents (Vitis champinii x Vitis vinifera x Vitis
labrusca x Vitis riparia). Bunches were taken periodically
from the start of grape maturation, recognized from the
color change of berries and the start of softening. The
collections were made 49, 56, 61, 64, and 68 days after
fruit set (DAF) for the first cycle, and 35, 41, 48, 55, 61,
and 66 DAF for the second cycle.

Variables analyzed

The bunches were analyzed for: bunch weight (BuW),
berry weight (BeW), berry resistance to compression
(COMP), titratable acidity (TA), soluble solids content
(SS), total soluble sugars (TSS), total anthocyanins (ANT),
yellow flavonoids (FLA), total extractable polyphenols
(TEP), and the total antioxidant capacity (TAC).

Bunch weight (g) corresponded to the average
weight of five recently picked bunches weighed using a
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semi-analytical balance. Berry weight (g) was determined
by the average of 10 grapes from different regions of
each bunch, weighed on a semi-analytical balance.
Berry resistance to compression (N) was determined in
20 grapes placed longitudinally in a digital texturometer
equipped with a P/75 pressure plate, which allowed
pressing to 20 % of the volume using a pre-test velocity
of 1.00 mm s}, test velocity of 2.00 mm s, pressure of
5.0 g, and distance of 5.00 mm.

The SS content (%) was measured in the must
(AOAC, 2010) using a portable digital refractometer with
temperature compensation. The TSS contents (g 100
g!) were quantified using the anthrone reagent and a
spectrophotometer at 620 nm (Yemn and Willis, 1954).
The TA (g tartaric acid 100 mL™') was determined by
titrating with 0.1 N NaOH to the neutral point (AOAC,
2010) using a digital automatic titrator.

The ANT and FLA contents (mg 100 g!) were
quantified in grape skins in an acidified alcoholic solution
with readings at 535 nm and 374 nm, respectively
(Francis, 1982). The TEP contents (mg gallic acid 100 g!)
were quantified at 700 nm in the ground skin extracts
and pulp macerated in 50 % methanol and 70 % acetone
solutions using the Folin Ciocalteau reagent (Larrauri et
al., 1997).

The TAC was determined in the same extracts
used to quantify the TEP, using the free radical capture
methods 2,2-diphenyl-1-picrylhydrazyl (DPPH®) and
2,2'-azino-bis 3-ethylbenzene-thiazoline-6-sulfonic
acid (ABTS®*), aiming to obtain more information
on the functional potential of the samples, since
there are differences in the reactive mechanisms and
sensitivities of the methods, for example. The ABTS
radical method, expressed in pM Trolox g, followed the
recommendations of Miller et al. (1993) with adaptations
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proposed by Rufino et al. (2010). Diluted aliquots of
samples together with the ABTS®* radical were read
at 734 nm. The DPPH radical capture method (g grape
¢! DPPH) was used according to Sdnchez-Moreno et al.
(1998) with adaptations suggested by Rufino et al. (2010)
with extracts of aliquots in a 0.06 mM solution of DPPH
and readings at 515 nm.

Experimental design and statistical analyses

The experimental design was a randomized block with
plots subdivided in time for each production cycle
studied. The rootstocks were distributed among the
plots and dates or ages of the grapes in the sub-plots.
Four replicates were made with six plants in each, from
which five bunches were picked for each collection.
For cycle 1, 120 plots were studied (6 rootstocks x 5
collection dates x 4 blocks), while in cycle 2, 144 plots
were studied (6 rootstocks x 6 collection dates x 4
blocks).

The data of each cycle that presented a normal
distribution analyzed by the Shapiro-Wilk test were
submitted separately to an analysis of variance. When
significant, the data were submitted to a regression
analysis using the program Statistical Analysis System,
version 9.2. Polynomial equations up to the 3 degree
were accepted, since most variables related to grape
quality have their contents stabilized at the end of the
maturation stage. This biological behavior can be better
represented by the 3 degree polynomial equations than
by the 274 degree. In addition, determination coefficients
above 70 % and significance of regression parameters
according to the t test are considered. The Tukey test
was applied to compare rootstocks. The data that did
not characterize a normal distribution were shown using
means at the 95 % of confidence level.

The Pearson's coefficient correlation was analyzed
to infer the contributions of compounds associated to
the functional potential on the total antioxidant capacity.
The principal component analysis (PCA) was applied
to all variables in order to recognize the ones that
most differed between the rootstocks and identify the
importance of each variable for each component. Two
components were studied according to the criterion of
the minimum number of components reaching at least
70 % of the total variance.

Results and Discussion

In both cycles, bunch weight was influenced by the
isolated effect of fruit age and rootstock (Figures 1A
and 1B). In cycle 1, first semester of 2017, there was
a decrease during maturation. The use of 'Harmony’
rootstock resulted in a lower bunch weight for the scion
cultivar than for 'TAC 313, not differing from the others
(Figure 1A). In cycle 2, first semester of 2018, bunch
weight increased from the start of maturation to 61 DAF,
followed by a slight drop until harvest. In turn, bunch
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weight of plants grafted onto 'IAC 572" was greater than
in 'Freedom’ and 'Harmony' (Figure 1B). Even with
the shorter maturation period in cycle 1, after 61 DAF,
bunches of the scion cultivar were characterized by a
regular standard of weight between the cycles. In this
phenological phase, increases in bunch weight and grape
volume are due to greater translocation of water induced
by an accumulation of solutes in the cells (Doumouya et
al., 2014), as characterized in cycle 2.

The interaction between the rootstock and fruit
age only affected berry weight in cycle 1 (Figure 1C), in
which rootstock 'TAC 313" provided a greater increase
in weight of the scion cultivar grapes up to 61 DAF
and berry weight tended to stabilize after this point.
Grapes of plants grafted onto 'Freedom’, 'Harmony’
and 'Paulsen 1103’ rootstocks weighed less at the end
of maturation than in an intermediate phase. In cycle
2, berries increased in weight throughout maturation
(Figure 1D). The use of 'IAC 572’ rootstock resulted
in heavier grapes than in treatments grafting onto
'Freedom’, 'Harmony' and 'Paulsen 1103".

The increase in size and berry weight during
maturation is related to the increase in cell volume,
especially of the vacuoles (Borghezan, 2017), which
is influenced by the genotype, number of seeds, the
source-sink ratio, and the plant response to climatic
conditions of each semester associated to accumulation
of solutes and water (Borghezan, 2017; Doumouya et al.,
2014). Regarding the effects of rootstocks on the quality
components, Borges et al. (2014) observed no differences
in the number of bunches per plant or of berries per
bunch for cultivar Concord grafted onto 'IAC 766" and
'TAC 572". Thus, specific responses for the scion cultivars
grafted onto the same rootstock are highlighted.

A reduction in berry resistance to compression
and subsequent stabilization is expected during
maturation. However, the grapes from plants grafted
onto 'TAC 313’ showed an increase after 56 DAF as
compared to the first evaluations, which could be
associated with sampling variation (Figure 1E). After
this period, the values decreased and tended to stabilize.
The variation throughout the maturation period could
be related to changes in translocation of water and
nutrients to the grapes, determining their turgidity.
When the whole period was considered, grapes from
plants grafted onto the 'Freedom’ rootstock were only
more resistant to compression in the initial phase and
practically stabilized after 64 DAF. For cycle 2, responses
between the rootstocks were equivalent after 55 DAF
with a tendency to stabilize afterward (Figure 1F). Few
studies address the issue, particularly referring to plant
management. Lo'ay and El-khateeb (2017) reported
greater resistance for berries from 'Flame Seedless’ vine
grafted onto 'Paulsen 1103, a moderate vigor rootstock.

The different responses in both cycles could be
attributed to the duration of maturation. In cycle 2,
maturation was identified in the initial phase and started
relatively slower, highlighting the loss of compression
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Figure 1 — Bunch weight (A and B), berry weight (C and D), and berry resistance to compression (E and F) during the maturation of grapes from
‘BRS Magna’ vines cultivated by grafting onto different rootstocks and evaluated from Jan to Apr 2017 (to the left) and from Dec 2017 to Apr
2018 (to the right) cycles. Means followed by the same letter in the graphs with internal bars in Figures 1A, 1B, and 1D, evaluating the isolated
effect of the rootstocks, did not differ from one another according to the Tukey test (p < 0.05). *, ** Statistical significance by the t test at p
< 0.05 and p < 0.01, respectively. Vertical bars in Figure 1F represent the confidence interval at 95 % confidence level. Rootstocks: IAC 313
(y1); IAC 572 (y2); IAC 766 (y3); Freedom (y4); Harmony (y5); Paulsen 1103 (y6).

resistance. In cycle 1, response of stabilization of the
loss of compression resistance of grapes was already
observed at the start of the sampling of grapes. For
grapes allocated for juice production, a reduced
compression resistance of berries facilitates separation
of the peduncle. This effect may be due to enzymatic
degradation of cell wall in this part of the grape (Lo'ay,
2011), resulting in greater yield during the destemming
phase, which favors the grape maceration phase. In
addition, skin components, such as pigments, may be
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easier to extract from grapes showing less resistance to
compression (Coletta et al., 2018).

There was significant interaction in both cycles
between fruit age and rootstock on soluble solids
contents (SS) and the total soluble sugar contents (TSS),
ratifying the progressive increase during maturation
(Figures 2A, 2B, 2C, and 2D). For cycle 1, the SS
contents in the first sampling were higher than for cycle
2 (Figures 2A and 2B), when the response of rootstocks
on the scion grapes was more uniform, reaching 21.2 %
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in vines grafted onto 'Freedom’ rootstock (Figure 2B). In
cycle 1, fruits from plants grafted onto 'IAC 572" were
highlighted for their SS content of 23.2 %, higher than
that reported by Ritschel et al. (2015) for this cultivar,
followed by the treatments with 'IAC 766' and 'Paulsen
1103". Grapes from plants grafted onto 'IAC 313’ showed
a slower increase in the SS content.

In a study evaluating rootstocks for Syrah
grapevines grown under autumn-winter season through
double pruning management, Dias et al. (2017) observed
improvement in grape and wine quality when high
vigor rootstocks were adopted. Wooldridge et al. (2016)
reported that grapes from a 'Pinot Noir’' vine grafted
onto '110 R' produced better wine than when grafted
onto 'Richter 99’, 'Ruggeri 140, or 'SO4'. For grape
cultivars for juice production produced in Brazil, such
as Isabel Precoce, BRS Carmem, Bordo, BRS Violeta and
Concord Clone 30, Mota et al. (2018) reported values
for SS lower than those observed in our study for vines
grafted onto 'Paulsen 1103’ in tropical conditions. The
values reported by Silva et al. (2018) for 'BRS Cora’,
'Isabel Precoce’, and '‘BRS Carmem'’ grafted on 'IAC 572’
or 'IAC 766', were also lower than those found for 'BRS
Magna' in our study.

The SS content is an indirect measurement of
the sugar content and depends on factors, such as the
cultivar, grape size, plant yield, and climatic conditions.
It can also suffer variations due to water loss, which
concentrates the solutes, or an increase in water
absorption after rain or excess of irrigation (Kuhn et al.,
2014). The period of cycle 2 was characterized by greater
precipitation (Table 1), which may have increased grape
volume and diluted the solutes (sugars, acids, tannins,
anthocyanins, and others).

The response for the TSS content followed the
same tendency for the SS content, highlighting the values
found for grape vines grafted onto 'Paulsen 1103’ in cycle
1, which accumulated 21.43 g 100 g™* when ripe (Figure
2C). Differently from the other rootstocks, 'TAC 572
promoted greater TSS and SS contents in scion grapes
after 56 DAF. However, the use of this rootstock resulted
in ripe grapes with lower TSS contents (20.44 g 100 g}
than with 'Paulsen 1103". In cycle 2, the use of rootstock
'Freedom’ favored grapes with higher TSS contents,
reaching 20.05 g 100 g! at the end of the maturation
period (Figure 2D). The response for this rootstock in
this cycle is consistent with the high SS contents (Figure
2B). These values were higher than those reported by
Ritschel et al. (2015) of 17 and 19 °Brix for 'BRS Magna'
grapes in tropical and temperate climates.

The sugar content maintains a relationship with
accumulated solar radiation and high temperatures
(Kuhn et al., 2014) and greater accumulation of SS and
TSS under these conditions must be due to stimulation of
the photosynthetic rates (Gatti et al., 2014). Concerning
the cycles, in addition to higher mean temperatures,
the low relative humidity and reduced rainfall in cycle
1 possibly favored a higher sugar concentration. Air
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temperature influences transpiration and thus regulates
the hydric needs of the vine. The higher the temperature,
the lower the relative humidity and the greater the
water loss by transpiration, resulting in concentration of
SS (Tarara et al., 2008).

In cycle 1, the common reduction in titratable
acidity (TA) tending to stabilize at the end of maturation
was observed with slight significant differences between
the rootstocks: 0.08 g tartaric acid 100 mL' at 68 DAF
(Figure 2E). Ritschel et al. (2015) mentioned that mean
TA of cultivar BRS Magna grafted on 'Paulsen 1103’ or
'TAC 572" was 0.90 g tartaric acid 100 mL" in a temperate
climate region. Silva et al. (2018) mentioned a mean
value of 0.87 g tartaric acid 100 mL! for 'Isabel Precoce’,
‘BRS Carmem' and 'TAC 138-22 Méaximo' grapes under
tropical conditions. These values are higher than those
observed for 'BRS Magna' grapes in our study in the
Brazilian semiarid tropical region.

Observations of both cycles suggest a lower
TA for grapes of cycle 1 (Figures 2E and 2F), when
temperatures were higher during the maturation (Table
1). Temperature has a strong influence on the organic
acid contents, since degradation is accelerated under
high temperatures (Kuhn et al., 2014). The ripening
process also accelerates degradation and increases
membrane permeability. These phenomena allow sugars
and organic acids stored in vacuoles to be consumed by
respiration (Kliewer et al., 1967).

Tartaric and malic acids account for about 90 %
of the organic acids in the cell vacuoles of grapes. The
decrease on the contents of both acids during maturation
is mainly explained by the dilution of tartaric acid, while
malate is intensely used in respiration (Borghezan, 2017).

In addition to quantifying organic acids and sugars
as quality indicators, the phenolic composition should
also be considered in grapes. An effect of the interaction
between rootstock and fruit age was verified for the
yellow flavonoid contents in cycle 1, but not in cycle 2,
when data did not have a normal distribution (Figures 3A
and 3B). In cycle 1 after 64 DAF, rootstocks 'Harmony’,
'Freedom’ and 'TAC 572' promoted greater accumulation
of these pigments in scion grapes (Figure 3A). However,
treatment 'TAC 572’ resulted in the highest value at the
end of maturation. Variations in the contents of different
flavonoids can be attributed to genetic factors, climate,
vine handling, grape maturity state, and grape size
(Rockenbach et al., 2011), as well as the extraction and
evaluation methods of these compounds.

In our study, the contents of yellow flavonoid
decreased with the proximity of harvest. The higher
yellow flavonoid contents in cycle 2 (Figure 3B) can
be justified by the greater global solar radiation (Table
1). Impacts of solar light and temperature on grape
composition on the synthesis of these compounds
have been studied. For example, grape temperature
can influence the activity of enzymes flavonoid-3',5'-
hydroxylase and flavonoid-3'hydroxylase, inducing
changes in accumulation (Angelotti-Mendonca et al.,
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2018). The use of 'IAC 313’, a very high vigor rootstock,
favored the accumulation of yellow flavonoids in the
'BRS Magna' grapes at harvest compared to 'IAC 572’
and 'Harmony', which are considered moderate vigor
rootstocks (Figure 3B).

There was an interaction between rootstocks and
fruit age for the anthocyanin content in grape skins only
for cycle 1 (Figure 3C). The content increased during
maturation up to 64 DAF, when it reached its maximum
value, such as yellow flavonoids, and then decreased.
Some authors reported that exposure of vines to solar
radiation or to temperatures below 25 °C stimulated the

Rootstocks and quality of a hybrid grape

synthesis and accumulation of anthocyanins in grapes.
On the other hand, temperatures above 35 °C have
been associated to anthocyanin degradation (Hickey
and Woolf, 2018; Tarara et al., 2008). A decrease in the
contents of these pigments may also be associated to a
decrease in synthesis (Fernandez-Lopez et al., 1998). At
the end of maturation in cycle 1, the highest anthocyanin
contents were found for vines grafted onto the most
vigorous rootstocks evaluated, 'IAC 313" and 'Freedom'’
(Figure 3C).

In cycle 2, the anthocyanin contents increased
with all rootstocks, despite lower values at the start of

Figure 2 — Soluble solids (A and B) content, total soluble sugars (C and D), and titratable acidity (E and F) during the maturation of grapes from
‘BRS Magna’ vines cultivated by grafting onto different rootstocks and evaluated from Jan to Apr 2017 (to the left) and Dec 2017 to Apr 2018
(to the right) cycles; *, * *Statistical significance by the t test at p < 0.05 and p < 0.01, respectively. Vertical bars in Figure 2E represent the
confidence interval at 95 % confidence level. In Figure 2F, it is evaluated the isolated effect of the age of fruits (days after fruit set). Rootstocks:
IAC 313 (y1); IAC 572 (y2); IAC 766 (y3); Freedom (y4); Harmony (y5); Paulsen 1103 (y6).

Sci. Agric. v.79, n.3, e20200216, 2022
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maturation, when grapes started to change color. In
this cycle, the highest contents were found mainly in
grapes from plants grafted onto 'IAC 313’ and 'IAC 766,
reaching values of 673.16 mg, 100 g and 708.02 mg,
100 g!, respectively at harvest. Silva et al. (2017) studied
cultivars Cabernet Sauvignon, Cabernet Franc, and
IAC 138-22 Méaximo and reported higher anthocyanin
contents for grapes of vines grafted onto 'TAC 766"
The authors also observed that grapes of ‘BRS Violeta’
accumulated more anthocyanins when vines were grafted
onto '106-8 Mgt' Another study found no differences
in quality attributes for ‘Concord’ grapes grafted onto

Rootstocks and quality of a hybrid grape

rootstocks 'TAC 766' and 'IAC 572’ (Borges et al., 2014).
In addition to the distinct responses between scion
cultivars and climate influence, vigor intensity conferred
by different rootstocks to scion cultivars may be
fundamental for changes in physicochemical attributes
of grapes (Bascundn-Godoy et al., 2017). However, the
physiological and/or biochemical interactions between
scion grapes and rootstocks associated to these effects
are still an object of study.

Both cycles showed a differential accumulation
on TEP as a function of the rootstock (Figures 3E and
3F). For cycle 1, the highest contents were observed

Figure 3 - Contents of yellow flavonoids (A and B) and total anthocyanins in grape skins (C and D) and total extractable polyphenols - TEP (E and
F) during maturation of grapes from ‘BRS Magna’ vines cultivated by grafting onto different rootstocks and evaluated from Jan to Apr 2017 (to
the left) and from Dec 2017 to Apr 2018 (to the right) cycles; *, * * Statistical significance by the t test at p < 0.05 and p < 0.01, respectively.
Vertical bars in Figures 3B and 3D represent the confidence interval at 95 % confidence level. Rootstocks: IAC 313 (y1); IAC 572 (y2); IAC 766

(y3); Freedom (y4); Harmony (y5); Paulsen 1103 (y6).

Sci. Agric. v.79, n.3, e20200216, 2022
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for grapes from vines grafted onto 'IAC 572’ and 'IAC
313": 397.12 and 358.84 mg 100 g!, respectively, after
68 DAF. This is coherent with the high yellow flavonoid
content associated to 'TAC 572" in cycle 1 at harvest time
and represents an important part of the total polyphenol
compound contents. In general, the differences
promoted by rootstocks on the polyphenol compound
contents of grapes are related to vigor, water and nutrient
absorption capacity, and disease resistance, as well as
their interaction with scion, affecting the metabolites
of plants and consequently the productive capacity and
quality of grapes (Tecchio et al., 2014). In cycle 2, the
highest TEP contents were observed at the end of the
maturation period in grapes from plants grafted onto
'TIAC 766' (Figure 3F). This response could be related
to vigor levels conferred by the rootstocks 'IAC 572,
known to be more vigorous than 'TAC 766'. When grafted
onto rootstocks that induce less vigor, grapes have a
higher phenolic compound content (Silva et al., 2017).
Conversely, higher yielding and vigorous rootstocks
possibly induce sufficient phenolic composition for a
good quality of the product, as reported by Dias et al.
(2017) in 'Syrah’ grapevine.

Habran et al. (2016) discussed interactions between
soil composition, rootstocks, and scion as selective
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parameter for a variety, a rootstock, a compound, and a
berry compartment, which also depend on climate. The
authors highlighted that a rootstock can favor a higher
amount of phenolics, as anthocyanins, hydroxycinnamic
acids, stilbenes, and flavan-3-ols. However, the effect
can vary even within the same group of chemical
compounds.

Distinct responses were also observed during
maturation between rootstocks for TAC, as determined
by the DPPH® method (Figures 4A and 4B). In cycle
1, differences between rootstocks could have been
related to fruit age (Figure 4A) with values decreasing
from 56 to 61 DAF and then stabilizing. Using this
method, lower values represent more TAC since they
indicate that less fruit mass needs to be consumed to
correspond to the radical activity (Floegel et al., 2011).
In cycle 2, TAC increased up to 61 DAF and the values
decreased afterward in grapes from plants grafted
onto all rootstocks. The distinct responses for different
cycles corroborated observations of Xu et al. (2011) in
that, in subtropical areas, climate conditions affect the
accumulation of phenolic compounds in vine cultivars,
leading to differences in TAC in grapes.

Using the ABTS** free radical capture method,
TAC also increased for all rootstocks and all fruit ages

Figure 4 - Total antioxidant capacity measured by 2,2-diphenyl-1-picrylhydrazyl - DPPH® (A and B) and 2,2-azino-bis; 3-ethylbenzene-thiazoline-6-
sulfonic acid - ABTS®* (C and D) free radical capture methods during maturation of grapes from ‘BRS Magna’ vines cultivated by grafting onto
different rootstocks and evaluated from Jan to Apr 2017 (to the left) and from Dec 2017 to Apr 2018 (to the right) cycles; *, **Statistical
significance by the t test at p < 0.05 and p < 0.01, respectively. Vertical bars in Figures 4A and 4C represent the confidence interval at 95 %
confidence level. Rootstocks: IAC 313 (y1); IAC 572 (y2); IAC 766 (y3); Freedom (y4); Harmony (y5); Paulsen 1103 (y6).
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in both cycles (Figures 4C and 4D). In cycle 1, grapes
from plants grafted onto 'Harmony' and 'Paulsen 1103’
showed a great variation in TAC during maturation,
presenting the highest values at harvest. In cycle 2, the
highest TAC values were observed in grapes from plants
grafted onto 'TAC 766" and 'Harmony’ at the end of
maturation. The evaluation of TAC by the ABTS method
corroborated the responses observed using DPPH for
the treatment with rootstock ‘Paulsen 1103".

The values obtained for TAC by the ABTS and
DPPH methods are correlated to each other, indicating
that one method can extract equivalent conclusions
from one or the other techniques, even under the
influence of rootstocks (Figures 5A and 5B). The highest
correlation coefficients were observed between the
yellow flavonoid contents and the anthocyanin contents
for both cycles. Separately, these variables presented
correlation coefficients close to 70 % for TEP in cycle 1
and 85 % in cycle 2. In general, the TEP content was the
variable that best correlated with the methods used to
determine TAC. Contributions of yellow flavonoids and
anthocyanins to the TEP content were also verified, with
correlation coefficients especially high in cycle 2.

The PCA showed that 85.6 % of data variability
was explained by the two principal components (Figure
6). The first component (PC1) highlighted the data
representativeness for all the variables, except bunch
weight, also showed the differences due to rootstocks
and maturity stages/fruit ages for both cycles. Among
the variables, only TA, COMP, and DPPH presented
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negative auto-vectors. PC1 separated the treatments
corresponding to more advanced maturity stages
from the initial one (M1), particularly for cycle 1. The
auto-values for PC1 suggested that grapes with higher
contents of TSS, anthocyanins, yellow flavonoids,
TEP, and TAC, evaluated by the ABTS method, were
associated to maturity stages after 60 DAF. In addition,
rootstocks 'Freedom’ and ‘Paulsen 1103' promoted
greater SS and TSS contents to grapes, while the use of
'TAC 313" and 'Freedom’ resulted in grapes with high
contents of anthocyanins. In turn, rootstocks 'Freedom'
and 'Harmony' were associated to the highest value for
TAC by the ABTS®* method, while the initial maturity
stages were characterized by the lowest value for TAC by
the DPPH® method.

PC2 distinguished the rootstock treatments in
particular, the most representative data were obtained
for bunch and berry weights, for which the auto-vectors
were positive (Figure 6). For both cycles, treatments
'TAC 313', 'IAC 572', and 'TAC 766' were separated
from the others in PC2. The variable TA was efficient
in separating grapes harvested in each cycle and grapes
from the second cycle were characterized by lower
values.

Even rootstocks that did not promote the greatest
accumulation of compounds or mass values or even high
berry resistance to compression in ‘BRS Magna' grapes
showed adequate quality for juice production. Thus,
increments in grapes derived from some rootstocks
represent opportunities for differentiation in the market.

Figure 5 — Pearson’s coefficients of correlation of bioactive compounds yellow flavonoids in skin (FLA), total anthocyanins in skin (ANT), total
extractable polyphenols (TEP), and the total antioxidant capacity determined by 2,2"-azino-bis; 3-ethylbenzene-thiazoline-6-sulfonic acid (ABTS®*)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH®) free radical capture methods during maturation of grapes from ‘BRS Magna’ vines cultivated by
grafting onto different rootstocks and evaluated from Jan to Apr 2017 (A) and from Dec 2017 to Apr 2018 (B) cycles; *Significant at p < 0.05.
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Figure 6 - Dispersion of variables based on auto-vectors of quality characteristics and the antioxidant capacity during ripening of grapes on
the ‘BRS Magna'’ vines cultivated after grafting onto different rootstocks and evaluated from Jan to Apr 2017 (cycle 1, e) and from Dec 2017
to Apr 2018 (cycle 2, o) cycles. Treatments: M1 = maturity stage 1 corresponding to 49 days after fruiting (DAF) in the 1t productive cycle
(C1), and 35 DAF in the 2" productive cycle (C2); M2 = maturity stage 2 corresponding to 56 DAF in C1 and 41 DAF in C2; M3 = maturity
stage 3 corresponding to 61 DAF in C1 and 48 DAF in C2; M4 = maturity stage 4, corresponding to 64 DAF in C1 and 55 DAF in C2; M5 =
maturity stage 5 corresponding to 68 DAF in C1 and 61 DAF in C2; M6 = maturity stage 6 corresponding to 66 DAF; P1 = rootstock ‘IAC 313,
P2 = rootstock IAC 572; P3 = rootstock ‘IAC 766'; P4 = rootstock ‘Freedom’; P5 = rootstock ‘Harmony’; P6 = rootstock ‘Paulsen 1103
Variables: BuW = bunch weight; BeW = berry weight; SS = soluble solids; TSS = soluble sugars content; TA = titratable acidity; COMP = berry
resistance to compression; FLAV = yellow flavonoids in skin; ANT = total anthocyanins in skin; TEP = total extractable polyphenols; ABTS =
antioxidant capacity by 2,2"-azino-bis; 3-ethylbenzene-thiazoline-6-sulfonic acid (ABTS®+) method; DPPH = antioxidant capacity by 2,2-diphenyl-

1-picrylhydrazyl (DPPH®) method.

Conclusions

In the cycle characterized by low relative humidity and
rainfall, rootstock 'TAC 313' favored bunch weight, berry
weight, and total anthocyanins content of the 'BRS Magna'
grapes, whereas '1AC 572" promoted higher soluble solids,
yellow flavonoids, and total extractable polyphenols
contents, as well as lower acidity.

Rootstocks 'TAC 572', 'Paulsen 1103’, and 'Freedom'
favored the basic quality characteristics, such as sugars
and titratable acidity, in addition to the functional potential
due to the phenolic composition and antioxidant capacity.
Increases in pigments, polyphenol compounds, and
antioxidant capacity were pronounced in grafting onto
'IAC 766', configuring an advantage for the use of this
raw material. However, there were significant differences
between the cycles associated to the use of this rootstock.

In rainy seasons, the greatest quality potential of
the 'BRS Magna' grapes occurred approximately 64 DAF,
considered adequate harvesting time, regardless of the
rootstock.
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