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ABSTRACT: The quality and phenolic compound composition might be affected by production system due to microclimate
around the bunches and sunlight interception provided by vegetative canopy architecture and environmental conditions. The
aim of this study was to characterize the quality and antioxidant potential of ‘BRS Cora’ grapes with different trellis systems and
rootstocks inrainy seasons under tropical conditions. Three trellis systems and two rootstocks were studied in production cycles
during the first halves of 2017 and 2018, using a randomized-block experimental design. Interactions between the trellis systems,
rootstocks and cycles differentially affect the fruit quality. The association between vertical shoot positioning or an overhead
trellis with ‘lAC 766’ induced higher polyphenol compound contents. In turn, the trellis systems overhead trellis and lyre provided
greater stability for the berry weight, soluble solids, total soluble sugar contents, yellow flavonoids, total extractable polyphenol
compounds or antioxidant activity in both production cycles. The results of this study inferred that the grape quality and phenolic
compound composition were not only affected by some specific climatic factors but also by the trellis system, rootstock, and the
interaction between the three factors.

Key words: Vitis vinifera x Vitis labrusca, functional appeal, management grapevine, phenolic compounds, tropical vitiviniculture.

INTRODUCTION

Adequately selected trellis systems, together with a specific rootstock, might increase vegetative and productive growth
of grapevines, as they determine different foliar organizations and densities and affect chemical composition of the grape.
Depending on canopy architecture, the leaves and bunches of the grapevines may develop either in the shade or totally
exposed to solar radiation (Pastore et al. 2017). Trellis systems influence the level of sunlight exposure on the leaves and can
change the grapevine physiology as a consequence of the microclimate around the bunches, affecting the grape composition,
including phenolic compound contents (Scafidi et al. 2017; Ferreira et al. 2019). Conversely, the rootstock may affect the
grapevine physiology and phenology, yield, vigor, fertility, berry size and color, also affecting fruit quality (Jin et al. 2016;
Miele and Rizzon 2017).

In Brazil, the Submedium Sao Francisco Valley is one of the major grape-producing regions, both for consumption
in natura and for juice and wine production (Ledo et al. 2018). It is located in a semiarid tropical climate zone, with a mean
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temperature of 26 °C, high light incidence and low annual rainfall (Alvares et al. 2013). These climatic conditions differentiate
this region from other grape-producing regions. Due to high incidence of local solar radiation and high temperatures, the
grapevines do not pass through a dormant period, leading to continuous growth. This behavior combined with irrigation
results in at least two harvests a year (Ledo et al. 2018). Furthermore, different climatic conditions during the separate
harvests in the same year may affect grapevine yield and the characteristics of the grapes. Under tropical conditions, even
harvests during the same period or semester can show variations. Therefore, for commercial cultivars it is important to have
information on which characteristics are effectively affected by harvest seasons and to what extent. In addition, the extent
of the influence of important components of the production system such as trellis systems and rootstocks, on productivity
and quality of grapes under these conditions is little known.

The ‘BRS Cora’ hybrid cultivar is one of the most important genotypes for juice processing in the Submedium Sao
Francisco Valley. It is used in blends since it has a typical Vitis labrusca L. grapes flavor and a colored must. Ribeiro et al.
(2012) considered its contribution to increasing the phenolic compound and organic acids contents in juice.

The aim of this study was to characterize the quality and antioxidant potential of ‘BRS Cora’ grapes grown under different
trellis systems and rootstocks in rainy seasons under tropical conditions.

MATERIAL AND METHODS

The experiment was carried out in a vineyard implemented in December 2015 in the municipality of Petrolina, state of
Pernambuco, Brazil (09°09’ S, 40°22° W, altitude of 376 m). According to Kdppen' classification, climate in the region is BSh,
which corresponds to a very hot, semiarid region, where rainfall is concentrated from February to April (Alvares et al. 2013).
The ‘BRS Cora’ grapevines were trained to three trellis systems (overhead trellis - OTS, lyre and vertical shoot positioning -
VSP, adopting a 3.0 x 1.0 m spacing for all of them) and grafted onto two rootstocks (‘TAC 572" and TAC 766’). The production
cycles of the first semesters of two consecutive years were assessed. In the first cycle, the grapevines were pruned on January
16™ 2017 and the harvest took place in April 27" 2017; and in the second cycle, the grapevines were pruned on January 24
2018 and the harvest took place on May 18" 2018.

The vine management followed the vitiviniculture recommendations for the Submedium Sao Francisco Valley (Ledo et al.
2009). The vineyards were drip irrigated with water rates applied on a daily basis according to meteorological data collected
each day. Table 1 shows the climatic data for the whole period.

The experimental design was in randomized blocks, organized in plots subsubdivided over time, in which the trellis
systems corresponded to plots, rootstocks corresponded to subplots, and production cycles corresponded to subsubplots.
Four replicates were used, comprised of five vines each. When the berries were ripe and ready to processing, ten bunches
were collected from each plot.

The grapes were analyzed for their physical and chemical characteristics. The bunch weight (g) was determined using a
V12400 semianalytical precision scale (Acculab, Florida, USA) calculating the mean value of 10 bunches. The berry weight
(g) was calculated from the mean weight of 50 berries, sampled from the 10 bunches collected and determined using a
V12400 semianalytical precision scale (Acculab, Florida, USA). The berry resistance to compression (N) was measured using
20 berries, evenly separated from the bunches sampled, the strength required to cause a 20% compression in berry volume
being measured using a digital Extralab TA.XT.Plus texturometer (Stable Micro Systems, Surrey, UK) with a P/75 pressure
plate (Ribeiro et al. 2012). Skin color was measured based on the a*and b* CIELAB parameters using a digital colorimeter
(Konika Minolta, model CR-400), determined for the color of 20 representative berries from the bunches sampled.

The chemical composition of grapes was determined using the major quality-driving variables. The titratable acidity
(g tartaric acid 100-mL") was measured using a Metrohm model Titrino plus 848 automatic titrater. The soluble solids content
(°Brix) was determined using an ATAGO model PAL-1 digital refractometer with automatic temperature compensation
(Horwitz 2010). Total soluble sugars content (g-100 g'') was determined using the anthrone reagent with a Varian Cary 50
Bio UV-Vis spectrophotometer (Yemm and Willis 1954). The total yellow flavonoid and anthocyanin contents in the grape
skins (mg-100 g') were extracted using the method proposed by Francis (1982), with ethyl alcohol (95%) and HCI (1.5 N)
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Table 1. Monthly meteorological data in the Bebedouro/Embrapa Semiarido Experimental Field during the production cycles of the first
halves of 2017 and 2018, when the quality and antioxidant potential of ‘BRS Cora’ grapes were studied under the influence of different trellis
systems and rootstocks.

Month T(O) RH Rad Ws Rainfall* ETO
Mean Max. Min. (%) (MJ-m2dia®) (m-s?) (mm) (mm-dia?)
January 16" to April 27" 2017 (Production Cycle 1)
Jan/17 293 36.0 232 451 18.2 2.4 10.2 6.3
Feb/17 291 358 235 54.0 19.8 20 233 5.8
Mar/17 28.8 353 233 576 19.8 18 5.6 5.5
Apr/17 28.0 34.2 22.6 62.0 174 24 3.2 5.4
Mean 284 3438 229 56.8 18.4 22 10.5 5.5
January 24 to May 18" 2018 (Production Cycle 2)
Jan/18 28.3 35.0 233 65.1 237 19 43.0 6.0
Feb/18 273 337 231 80.0 215 12 66.1 49
Mar/18 275 341 230 812 229 0.9 109.4 4.8
Apr/18 26.2 323 216 79.3 20.6 11 100.5 43
May/18 26.0 328 20.3 74.5 19.3 16 6.7 43
Mean 271 336 223 76.0 216 13 65.1 49

Mean T. = mean temperature; T. Max. = maximum temperature; T Min. = minimum temperature; RH = relative humidity; Rad = global solar radiation; Ws = wind
speed at a 2.0 m height; Rainfall = accumulated rainfall; ETO = reference evapotranspiration. *Total monthly rainfall. Source: Agrometeorological Station of
Bebedouro, Petrolina, Pernambuco, Brazil - Embrapa (2017); Embrapa (2018).

in an 85:15 ratio as the extracting solution. The yellow flavonoids were quantified at 374 nm using a Varian Cary 50 Bio
UV-Vis spectrophotometer, and the total anthocyanins were quantified at 535 nm. The total extractable polyphenols
(mg gallic acid-100 g™') were successively extracted in 50% ethyl alcohol and 70% acetone solutions from samples comprised
of ground skin and macerated pulp, and their contents determined using the Folin-Ciocalteu reagent and 20% sodium
carbonate with a Varian Cary 50 Bio UV-Vis spectrophotometer (Larrauri et al. 1997).

The total antioxidant activity was also quantified using the ABTS** [(acid 2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulfonic)] and DPPH* (2,2-dyphenyl-1-picryl-hydrazyl) free radical capture methods. The procedures described by Miller et al.
(1993) and Sanchez-Moreno et al. (1998) were adopted for ABTS* and DPPH" methods, respectively, using a Varian Cary
50 Bio UV-Vis spectrophotometer.

The data distribution was evaluated using Shapiro-Wilk test. The data that met the principle of normality were submitted
to an analysis of variance, comparing the mean values for the isolated effects of the plots, subplots, and subsubplots as
well as their interactions by the F or Tukey’s test (p < 0.05). The soluble solids, total soluble sugars, yellow flavonoids, total
anthocyanins, total extractable polyphenols and antioxidant activity according to the ABTS** free radical capture method
did not have normal data distributions. However, the x transformation was adjusted for most of these variables with
the exception of the total extractable polyphenol compound contents, for which the Vx + 1 transformation was adopted.
An analysis of variance was carried out and the data were interpreted using these transformations. The data that did not
show a normal distribution and did not adjust to any transformation were represented by their mean values and standard
deviations. The data were also submitted to principal components analyses (PCA) in order to evaluate the response of the
treatments according to the variables and to Pearson’s correlation.

RESULTS AND DISCUSSION
The bunch weight was affected separately by trellis systems and production cycles, and grapevines trained to OTS yielded
heavier bunches (Table 2). Comparing cycles, the second one, characterized by the highest incidence of solar radiation,

produced heavier bunches. The berry weight was affected by rootstock, with TAC 766 providing the highest value (Table 3).
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Berry weight was also affected by the interaction between trellis systems and production cycles, with the heaviest berries
produced by grapevines trained to OTS in cycle 2 (Table 4). It is worth noting that there was less variation in berry weight
between productive cycles when lyre was adopted.

The canopy of plants trained to OTS captures more light due to the horizontal position of leaves, while berries are more
protected from direct exposure to sunlight (Scafidi et al. 2017). Since there are several layers of leaves in an OTS, the shaded

leaves inside the canopy show lower respiration rates than the leaves on the canopy surface, irrespective of temperature and

Table 2. Bunch weight, berry resistance to compression and titratable acidity of ‘BRS Cora’ grapes harvested from plants trained under
different trellis systems or in productive cycles of the first halves of two years in the Submedium Sao Francisco Valley'.

Titratable acidity

Trellis system/ Production cycle Bunch weight (g) Resistance to compression (N) (g tartaric acid-100 mL?)
Vertical shoot positioning (VSP) 78.60b 9.39b 0.94b

Lyre 87.07b 9.35b 112a
Overhead trellis system (OTS) 105.22a 10.46a 1.04ab

Cycle1 81.88B 11.03A 0.98B

Cycle2 98.72A 8.43B 111A

CV (%) 19.60 9.41 16.60

Data of trellis systems are the average values of two rootstocks and two production cycles. Data of production cycles are the average values of three trellis
systems and two rootstocks. ‘Means followed by the same lowercase or uppercase letter in the column do not differ from each other using the F, for production
cycles, or Tukey'’s test, for trellis systems (p < 0.05). CV= coefficient of variation. Cycle 1= January 16" to April 27" 201; Cycle 2= January 24" to May 18 2018.

Table 3. Berry weight of ‘BRS Cora’ grapes harvested from plants produced under two
rootstocks in the Submedium Sao Francisco Valley'.

Rootstock Berry weight (g)
‘IAC 572 2.35b
‘IAC 766 2.44a
CV (%) 5.64

Data of rootstocks are the average values of three trellis systems and two production cycles. *Means followed by
the same letter do not differ from each other using F test (p < 0.05). CV = coefficient of variation.

Table 4. Berry weight, soluble solids and total soluble sugars contents of ‘BRS Cora’ grapes producing under three trellis systems in production
cycles of the first halves of two years in the Submedium Sao Francisco Valley'.

Trellis system Cycle1 Cycle 2 CV (%)
Bunch weight (g)

VSP 2.00bB 2.56aB

Lyre 2.31aA 2.37aC 5.64
oTS 2.29bA 2.83aA

Soluble solids content (°Brix)™

VSP 17.5bB 19.2aA

Lyre 16.8bB 20.1aA 2.83
oTS 19.4aA 20.0aA

Total soluble sugars content (g-100 g*)”

VSP 15.98aAB 16.98aB

Lyre 14.91bB 18.27aA 3.02
oTS 1700aA 17.42aA

Data are the average values of two rootstocks. *Means followed by the same lowercase letter in the row or uppercase letter in the column comparing production
cycles and trellis systems, respectively, do not differ from each other using Tukey’s test (p < 0.05). “"Variable analyzed under VX transformation. VSP = vertical
shoot positioning; OTS = overhead trellis system; CV = coefficient of variation. Cycle 1= January 16™ to April 27" 2017. Cycle 2= January 24" to May 18" 2018.
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leaf age. This adaptation reduces the light compensation point of photosynthesis and enables shaded leaves to maintain a
positive daily net carbon balance, even though this balance is much lower than that of leaves in direct sunlight (Keller 2020).
Along with this, other factors, such as water and nutrient absorption, benefit from a more effective root system distribution,
derived from the use of certain rootstocks, which may regulate plant growth and crop yield (Jin et al. 2016). The TAC
766, which is less vigorous than TAC 572’ (Ledo and Chaves 2019), may allow greater water and nutrient absorption, thus
increasing the berry weight of ‘BRS Cora’ grapes regardless of the trellis system adopted.

Berry resistance to compression was affected by the trellis systems, and berries from grapevines trained to lyre and VSP
showed the lowest resistance to compression: 9.35 and 9.39 N, respectively (Table 2). It was also affected by production
cycle where berries in cycle 2 showed lower resistance to compression, 8.43 N.

High temperatures and high incidence of solar radiation stimulate plant physiological events, including fruit ripening,
and can therefore also cause either early or increased tissue softening because of pectin solubilization and the degradation
of other cell wall compounds. These changes lead to reduced berry resistance to compression (Ribeiro et al. 2012) and
can therefore explain the lower values observed in berries of grapevines trained to lyre and VSP in cycle 2, characterized
by higher temperature and solar radiation. Moreover, variations in berry resistance to compression can also be affected by
water pressure inside the fruits (Jin et al. 2016).

Regarding the skin color attributes, the values for a* and b* did not have normal distribution (Table 5). In cycle 1, the
values for a* ranged from 0.18, in berries from grapevines grafted to TAC 766’ and trained onto lyre, to 2.25, for berries
trained to VSP with rootstock TAC 572 In cycle 2, the variations in a* for berries from grapevines trained with a VSP with
TAC 572’ ranged from -0.48 to 1.88. As for the color attribute b*, in cycle 1, the values varied from -3.64 for berries trained
to lyre with rootstock TAC 766’ to -1.59 for grapevines trained to VSP and grafted onto TAC 572’ In cycle 2, they varied
from -1.92 for berries from grapevines trained to VSP and grafted onto TAC 766, to -0.25 when trained to OTS associated
with TAC 766’

The coloration of red grapes is determined by anthocyanic compounds, and the synthesis and accumulation of these
compounds may be affected by combinations between trellis systems and rootstocks (Jin et al. 2016). Observing the values

Table 5. Mean values and standard deviations of the variables skin colour attributes a* and b*, and the antioxidant activity as determined
by evaluating the free radical DPPH* in ‘BRS Cora’ grapes, affected by the trellis system, rootstock, and production cycle of the first half of
the year, in the Submedium Sao Francisco Valley.

Cycle1 Cycle 2
Trellis system
‘IAC 572’ ‘IAC 766 ‘IAC 572’ ‘IAC 766

a*
VSP 1.48+0.77 152+071 0.70+1.18 0.21+0.16
Lyre 0.78+0.15 0.63+0.45 0.59+0.53 0.39+0.29
oTS 0.563+0.18 0.71+£0.20 0.09+0.05 0.21+£0.08
CV (%) 65.02

p*
VSP -2.61+£1.02 -2.43+0.73 -1.01+0.48 -1.27+0.65
Lyre -2.82+0.41 -3.00+0.64 -0.95+0.55 -0.87+0.24
OoTS -2.58+0.35 -216£0.22 -0.79+0.40 -0.53+£0.28
CV (%) 2493

Antioxidant activity by the DPPH method (g-g* DPPH)

VSP 5643 + 436 5776 £ 600 4681+ 249 3729+ 262
Lyre 3612+121 3640+79 4350 +207 4075 +121
oTS 3417 +£229 3454 +197 3357+99 3095+69
CV (%) 6.89

Data did not have a normal distribution with either their original values or after transformation. VSP = vertical shoot positioning; OTS = overhead trellis system;
CV = coefficient of variation. Cycle 1 = January 16" to April 27t 2017. Cycle 2 = January 24" to May 18" 2018.
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of each trellis system-rootstock-cycle combination, grapes from grapevines trained to lyre and OTS grafted onto both
rootstocks showed a stronger violet blue color in cycle 1, indicated by more negative values. Vertical shoot positioning
caused a greater variation in coloration in cycle 1, including values that were observed in cycle 2. As the synthesis of
pigments is primarily represented by the synthesis of anthocyanins, it is affected by both solar radiation and the temperature.
This influence is explained by the sensibility of enzymes such as phenylalanine ammonium lyase (PAL), a precursor of the
phenolic compound pathway, to these factors (Wang et al. 2015). The more negative b* values in berries from grapevines
trained to lyre and OTS in cycle 1 might be explained by the arrangements of the shoots and leaves that protect the grape
berries from overheating in a high-irradiance ambient (Keller 2020). However, the inconsistent response for the production
cycles signals a certain limit to the protection.

Titratable acidity was affected separately by trellis systems, with VSP providing the lowest acidity, followed by lyre
(Table 2). This variable was also affected by production cycles, with the lowest values recorded in cycle 1.

The soluble solids and total soluble sugars contents were influenced by the interaction between the trellis systems and
production cycles (Table 4). In cycle 1, the berries from the OTS treatment showed higher soluble solids and total soluble
sugars contents. In cycle 2, no significant difference was observed between the trellis systems for the soluble solids content
while berries from grapevines trained to lyre and OTS had higher total soluble sugars contents. Importantly, OTS provided
a smaller variation between the cycles for both variables.

The sugars and organic acid contents are determining for the sensory quality of grapes (Jin et al. 2016) and both
are influenced by environmental and cropping factors. Higher temperatures and greater solar radiation change the
metabolite concentrations, leading to greater accumulation of sugars and degradation of organic acids due to increased
respiration (Martinez-Liischer et al. 2016). To the contrary, relatively lower temperatures during berry ripening, as occur
in harvest seasons during the first half of the year in Brazilian semiarid region, reduce the degradation rate of organic
acids (Ferreira el al. 2019).

Additionally, the water supply also changes sugar concentration. If the water supply is not restricted, grape sugar
contents may be lower due to competition for carbon between berry ripening and shoot growth and to dilution of chemical
compounds in a greater berry volume (van Leeuwen et al. 2009). In the present study, with a proper availability of water
to the plants by controlled irrigation, greater solar radiation may have provided greater availability of carbohydrates to the
berries, resulting in higher soluble solids and sugars contents.

Regardless of cropping factors, in a subtropical-dry winter climate, a less stratified canopy due to the removal of tertiary
shoots caused greater soluble solids contents and titratable acidity in berries from grapevines trained to VSP, as compared
to the OTS (Sanchez-Rodriguez and Spdsito 2020). The cultivation of grapevines for processing does not require a specific
canopy management. This justifies the observation that ‘BRS Cora’ grapes grown under a system that intercept more solar
radiation, such as OTS, have higher soluble sugars contents and titratable acidity.

The yellow flavonoids and total anthocyanins in the skin, as well as the total extractable polyphenol compound contents
and the antioxidant activity determined using the ABTS* method were affected by the interaction between the trellis systems,
rootstocks and cycles (Table 6). The use of the lyre associated with TAC 572 provided greater stability to the contents of these
compounds in both cycles, suggesting reduced influence, at least to a certain extent, of the variations in the climatic factors
(Table 1). VSP and OTS provided greater accumulation of yellow flavonoids with both rootstocks in cycle 2, characterized
by greater solar radiation.

Even though VSP is characterized by a dense vegetative canopy architecture, the relatively lower vigor of the rootstock
‘TAC 766’ as mentioned before, may have allowed sufficient capture of solar radiation to ensure good accumulation of
these compounds. Pastore et al. (2017) suggested a dominant influence of sunlight in the synthesis of different flavonoids,
particularly the flavonols, but others factors, including the genotype and the synergistic or antagonistic effect of both the
temperature and light intensity experienced by the berries, must be considered.

A physiological disorder named berry shrivel occurred at the end of maturation in cycle 2. According to Bondada and
Keller (2012), the cause of berry shrivel are still unknown, but although the berries start looking similar to golf balls due
to skin grooves, the peduncle, rachis and pedicels remain healthy. The authors also emphasized that the disorder has no
significant effects on the main grape quality characteristics, although yield is compromised.
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Table 6. Yellow flavonoids, total anthocyanins, total extractable polyphenol compound contents and antioxidant activity as determined by
the free radical ABTS** of ‘BRS Cora’ grapes influenced by three trellis system, rootstock and production cycle of the first half of the year in
the Submedium Sao Francisco Valley'.

Trellis system Cyclel Cycle2
‘IAC 572 ‘IAC 766 ‘IAC 572 ‘IAC 766
Yellow flavonoids content (mg-100 g*)”
VSP 59.25bAb 70.79bAa 76.04aAb 83.08aAa
Lyre 49.76aBa 51.97aBa 45.17aBa 40.41bCb
QoTS 51.06bBa 4474bCb 74.450Aa 74.460Ba
CV (%) 297
Total anthocyanins content (mg-100 g*)”
VSP 177.59bBb 223.49bCa 1517.03aAb 1874.08aAa
Lyre 181.58bBb 264.74bBa 1042.31aBb 1603.79aBa
QoTS 276.93bAa 288.99bAa 1506.55aAb 1642.13aBa
CV (%) 2.96
Total extractable polyphenol compound content (mg gallic acid-100 g*)™
VSP 147.83bBb 227.65bCa 287.81aBa 301.92aBa
Lyre 288.09aAa 301.65aBa 273.31aBa 297.30aBa
oTS 301.63aAb 336.16aAa 327.24acAa 348.02aAa
CV (%) 3.07
Antioxidant activity by the ABTS* method (umol-L* Trolox-g*)**
VSP 12.02aBa 10.91bCa 10.99aBb 18.15aAa
Lyre 16.34aAa 14.95aBa 10.72bBb 12.57bBa
oTS 16.05aAa 17.27aAa 16.53aAa 16.390Aa
CV (%) 3.43

"Means followed by the same lowercase letter in italics in the same row, comparing production cycles within each trellis system interacting with each rootstock,
and uppercase letters in the same column, comparing trellis systems within each production cycle interacting with each rootstock, do not statistically differ from
each other using Tukey'’s test (p < 0.05). Means followed by the same lowercase letter in bold in the same row, comparing rootstocks within each production
cycle interacting with each trellis system, do not statistically differ from each other using Tukey’s test (p < 0.05). “Variable analyzed under v/x transformation.
“"Variable analyzed under 1/ x+1 transformation. VSP = vertical shoot positioning; OTS = overhead trellis system; CV = coefficient of variation. Cycle 1= January
16" to April 271 2017. Cycle 2= January 24" to May 18 2018.

The fact of not affecting most of the quality attributes is corroborated by the observation that only total anthocyanin
contents of the skin appear to be affected by the disorder, although this in a marked way. This phenomenon possibly justifies
the great variation in anthocyanin contents in the skin between cycles, where the higher contents in cycle 2 may be explained
by the progressive loss of cell membrane integrity due to shrivel, resulting in leakage of the anthocyanins (Rubinstein 2000).

Berry shrivel did not appear in cycle 1 and OTS provided the highest total anthocyanin contents in berry skins, with
values of 276.93 mg 100 g'', in the treatment with rootstock TAC 572 and 288.99 mg 100 g when the rootstock used was
‘TAC 766’ (Table 6).

Similar to the yellow flavonoid contents, the variation in total extractable polyphenol compounds in the berries from
grapevines trained to lyre was the lowest between productive cycles (Table 6). Grapevines trained to VSP and OTS, both
associated with rootstock TAC 766, showed a higher accumulation of polyphenols in berries in cycle 1, with 227.65 and
336.16 mg of gallic acid-100 g, respectively, while there were no differences between the rootstocks in cycle 2.

Apart from the behavior of trellis systems associated with the rootstocks concerning interception of solar radiation,
vigorous rootstocks can influence the canopy development inducing a greater leaf area and yield efficiency. An effect of the
soluble carbohydrates on the fruits and leaves can be also observed. The crop load is another component that should be
considered, since it affects the leaf photosynthetic rate, leaf carbohydrates and fruit size (Mesa et al. 2016). Conversely, less
vigorous rootstocks can result in greater synthesis and accumulation of phenolic compounds in the berries.
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The systems showing greater incident light capture (Iyre and OTS) showed greater stability for some quality characteristics
and for the phenolic compound composition in productive cycles related to the same season of the year. This characteristic
helps in the prior choice of which trellis system to adopt in the vineyard, since it is useful for estimating the quality of the
grapes and their products or by-products, throughout the harvests.

Lower competition between vegetative and productive organs for photoassimilates or higher exposure of bunches to
sunlight provided by a less dense canopy, as observed in vines grafted onto less vigorous rootstocks, e.g., TAC 766 (as
compared to TAC 572’), may result in greater accumulation of phenolic compounds in the grapes (Dias et al. 2017). It is
worth noting that rootstock vigor may induce leaf formation and increase canopy density, which might affect grape quality.
This inferred that TAC 766" associated with VSP and OTS allowed sufficient opening of the canopy to ensure enough light
incidence to stimulate the synthesis of phenols. Ferreira et al. (2019) reported that productive cycles with high temperatures
associated with high solar radiation interception during grape ripening showed greater biosynthesis of phenolic compounds,
since it is related to exposure of the fruits to stress.

Regarding antioxidant activity using ABTS", in cycle 1 there was no difference between the rootstocks with respect to
the different trellis systems (Table 6). In cycle 2, berries trained to OTS showed no difference between the rootstocks. It is
worth noting that the OTS provided the lowest variation in antioxidant activity between the berries in both productive cycles.

The antioxidant activity values determined by the DPPH* method did not show normal distribution (Table 6). In cycle 1,
the values ranged from 3188 g-g"' DPPH in berries trained to OTS with rootstock TAC 572} to 6376 g-g” DPPH in those
trained to VSP associated with TAC 766’ In cycle 2 the values ranged from 3026 g-g' DPPH in berries from grapevines
trained to OTS with rootstock TAC 766’ to 4930 g-g'* DPPH for the VSP associated with TAC 572 The highest antioxidant
activity, characterized by the lowest values, was observed for berries from grapevines trained to OTS in both cycles. The OTS
trellis system also resulted in a smaller variation in antioxidant activity between the cycles.

Thus, berries with higher antioxidant activity and greater stability were provided by trellis systems with a greater incidence
of solar radiation in the canopy in both cycles of the same season of the year. This response was expected since grape
antioxidant activity is related to the phenolic compounds. The antioxidant potential of the phenolics, as well as the health
benefit properties attributed to them, particularly in the control or prevention of factors related to the metabolic syndrome
and age-related chronic diseases, explain the incentives for consuming grapes and their derivatives (Antoniolli et al. 2015).

Based on the PCA, components 1 and 2 explained 77.82% of data variation (Fig. 1). The total extractable polyphenol
compound content was the variable that best contributed to distinguishing the OTS associated with rootstock TAC 572’ in
cycle 2 (OTSR1C2) from the OTS associated with TAC 766’ in cycle 2 (OTSR2C2). In cycle 2, the total anthocyanin and total
soluble sugars contents better characterized the difference in grape quality between the use of the lyre associated with TAC
572" (LR1C2), the lyre associated with TAC 766’ (LR2C2), VSP associated with TAC 572’ (VSPR1C2), and VSP associated
with TAC 766’ (VSPR2C2). The antioxidant activity determined using the DPPH" method, distinguished the treatments
VSP associated with TAC 572’ in cycle 1 (VSPR1C1) from VSP with TAC 766’ in cycle 1 (VSPR2C1). On the other hand,
for cycle 1, the color attribute b* distinguished the lyre associated with TAC 766’ (LR2C1) from the lyre associated with
TAC 572’ (LR1C1), OTS associated with TAC 572" (OTSR1C1), and OTS with TAC 766’ (OTSR2C1). It is worth noting
that OTSR1C2, OTSR2C2, LR1C2, LR2C2, VSPR1C2, and VSPR2C2 can be found in one quadrant of the graph, while
LR1C1, LR2C1, VSPRICI, VSPR2C1, OTSRICI, and OTSR2CI can be found in another, emphasizing the differentiation
according to productive cycles, even if harvests occur in the same halves of both years.

The major variables affected by the trellis systems and rootstocks were the total extractable polyphenol compound
contents, the total anthocyanin contents, the antioxidant activity by the DPPH* method and the color attribute b*, affected
by pigments such as the anthocyanins. This response was due to the effect of canopy management on the interception of
solar radiation and microclimate around the bunch (Pastore et al. 2017), which, in turn, affected pigment synthesis or
degradation (Ledo and Lima 2018) and that of other phenolic compounds (Ferreira et al. 2019). This influence was attributed
to the sensitivity of PAL (which catalyzes the reaction in the first phenolic pathway step) to climatic factors such as solar
radiation (Wang et al. 2015).

The correlations were positive with coefficients above 0.70 between bunch and berry weights, soluble solids content and
total soluble sugars contents and total anthocyanins contents and skin color attribute b* (Table 7). The correlations were
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Biplot (axes F1and F2: 77.82%)

6- ABTS

AVSPRIC1

VSPR2C1

F1(55.91%)

Variables: Bunch weight (BuW), berry weight (BeW), soluble solids content (SSC), total soluble sugars content (TSS), titratable acidity (TA), berry resistance
to compression (COMP), yellow flavonoids in the grape skin (FLAV), total anthocyanins in the grape skin (ANT), total extractable polyphenol compound
content (TEP), antioxidant activity by capturing methods of free radical ABTS ** and DPPH*, a* e b* skin colour attributes. Treatments: overhead trellis
system (OTS); vertical shoot position (VSP); lyre (L); rootstock ‘IAC 572’ (R1); rootstock ‘|IAC 766’ (R2), Cycle 1 - January 16™ to April 27t 2017 (C1); Cycle 2 -
January 24" to May 18 2018 (C2).

Figure 1. Principal components analysis of the variables determining the quality and antioxidant potential of ‘BRS Cora’ grapes under influence
of trellis system, rootstock, and production cycle of the first half of the year in the Submedium Sao Francisco Valley.

Table 7. Pearson’s correlation coefficients for bunch weight (BuW), berry weight (BeW), soluble solids content (SSC), total soluble sugars
content (TSS), titratable acidity (TA), berry resistance to compression (COMP), yellow flavonoids in the grape skin (FLAV), total anthocyanins
in the grape skin (ANT), total extractable polyphenol compound content (TEP), antioxidant activity by the free radical capturing methods
ABTS *and DPPH*, a* and b* skin color attributes of ‘BRS Cora’ grapes under the influence of trellis system, rootstock, and production cycle
of the first half of the year in the Submedium Sao Francisco Valley!

Variable  BeW SSC TSS TA COMP FLAV ANT TEP ABTS DPPH a* b*

BuwW 0.730 0.327 0.249 0.276 -0.198 0.139 0.432 0.557 0.419 -0.591  -0.431 0.401

BeW 0.382 0.288 0.538 -0.259 0.390 0.656 0.606 0.465 -0.622  -0.674 0.511
SSC 0.929 0.288 -0.316 0.023 0.563 0.429 0.159 -0.289  -0.411 0.473
TSS 0.236 -0.434  -0.045 0.553 0.275 -0.032 -0122  -0.288 0.463
TA -0.123 -0.057 0.377 0.443 0.234 -0.473  -0.644 0.117
COMP -0.175 -0.701  -0.031 0.348 -0.112 0.074 -0.728
FLAV 0.386 -0.065 0133 0.082 -0.142 0.278
ANT 0.407 0.030 -0.265  -0.473 0.834
TEP 0.670 -0.865  -0.583 0.297
ABTS -0774  -0.438 -0.105
DPPH 0.631 -0.151
a* -0.192

The values in bold are statistically significant by t test (p < 0.05).
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negative with coeflicients above 0.70 between berry resistance do compression and the total anthocyanin content, berry
resistance do compression and b*, total extractable polyphenol compound contents and antioxidant activity as determined
by the DPPH" method, and between the both methods adopted to determine antioxidant activity. Important correlations
were also observed between the antioxidant activity by the ABTS** method and the total extractable polyphenol compound
contents, and between the antioxidant activity as determined by the DPPH" method and the color attribute a*.

High correlation coefficients were mostly observed between variables that have the same nature or shared chemical
pathways, such as soluble solids and sugars. In this case, total soluble sugars are the main constituents of the soluble solids.
The high correlation between the total extractable polyphenol compound contents and antioxidant activity using the DPPH"
method, as well as between the total anthocyanins content and the color attribute b*, corroborates the assumption that the
grape antioxidant activity is directly related to secondary metabolism compounds (Di Lorenzo et al. 2017), e.g., anthocyanins
(Ledo and Lima 2018). Furthermore, the correlation between the methods used to determine antioxidant activity indicated
that adopting either method led to consistent conclusions between the both years (Di Lorenzo et al. 2017).

CONCLUSION

The use of the trellis system lyre associated with rootstock TAC 572’ provided a more uniform quality for the industry
since yellow flavonoids, anthocyanins, total extractable polyphenols contents and antioxidant activity of ‘BRS Cora’ grapes
were practically stable between the production cycles of the first halves of both years (2017 and 2018). These characteristics
enhance the functional appeal of the elaborated juices. In these conditions, grapes from plants trained to overhead trellis
system had the high levels of yellow flavonoids and antioxidant activity as a quality differential, regardless of the rootstock.
The distinction of grapes quality, particularly by the higher polyphenols contents, was also possible through the use of
overhead trellis system with rootstock TAC 766"
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