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Abstract: Conservation agricultural practices play a crucial role in improving crop yield and

Submitted: quality. In viticulture, particular attention has been given to the interaction between scion
18/02/2025 cultivars, rootstocks, and training systems. This study aimed to evaluate the effects of rootstocks

and training systems on the yield and quality of the Brazilian hybrid white grapes ‘BRS Lorena’,
Revised: ‘1AC 116-31 Rainha’, and IAC 21-14 Madalena’. For each cultivar, a randomized block design was
29/03/2025 adopted using a 2 x 2 factorial scheme, comprising two rootstocks (‘IAC 766 Campinas’ and 106-

8 ‘Mgt’) and two training systems (low and high espalier). Physicochemical characteristics of
Accepted: clusters, berries, and seeds, as well as the biochemical composition of the grape skins and pulp,
24/04/2025 were assessed over two production cycles. The results demonstrated that the appropriate

combination of rootstock and training system can significantly influence grape yield and quality.
‘BRS Lorena’ performed best when grafted onto 106-8 ‘Mgt’ under the high espalier system. ‘1AC
21-14 Madalena’ showed stable performance with 106-8 ‘Mgt’, regardless of the training system.
For 1AC 116-31 Rainha’, the most favorable combination was ‘I1AC 766 Campinas’ rootstock with
high espalier. These findings provide valuable insights for Brazilian viticulture, supporting the
adoption of cultivation practices that enhance both productivity and grape quality.

Keywords: hybrid grapes; Vitis spp.; high and low espalier; phenolic compounds; antioxidant activity; ‘BRS Lorena’; ‘1AC
116-31 Rainha’; ‘IAC 21-14 Madalena’.

Introduction

Viticulture is a significant pillar of global fruit production, with grapes being the fifth most cultivated fruit crop worldwide.
In 2022, vine cultivation occupied 7.3 million hectares, resulting in a total production of 79.4 million tons. Of this amount,
48.8% was used for winemaking, 43.3% for fresh consumption, and 7.9% for raisin production (OIV, 2023). The leading
wine grape-producing countries include China, Italy, France, Spain, and the United States, while major table grape producers
are China, India, Turkey, Egypt, and Iran. Within this global context, Brazil ranks as the 14th largest producer of grapes for
processing and 8th for table grapes (0OIV, 2023). In 2022, Brazilian grape production was estimated at 1.45 million tons,
with 48% allocated to processing and 52% to fresh consumption. The states of Rio Grande do Sul, Pernambuco, and Sao
Paulo dominated national production, accounting for 85.3% of the total output (IBGE, 2023). Grapes significantly contribute
to the total value of Brazilian fruit production, representing approximately 7.5% regardless of their intended use (Agrianual,
2023). It is worth noting that production variability among states is influenced by factors such as the cultivars grown,
predominant soil types, edaphoclimatic conditions, and management practices employed.

To diversify wine products and expand options available to growers, the Agronomic Institute of Campinas (IAC) and the
Brazilian Agricultural Research Corporation (Embrapa, 2028) have developed hybrid cultivars for wine and juice
production through their breeding programs. The cultivars ‘1AC 116-31 Rainha’ (Seibel 7053 x Burgunder Kastenholtz),
‘1AC 21-14 Madalena’ (Seibel 11342 x Moscatel de Canelli), and ‘BRS Lorena’ (Malvasia bianca x Seibel 7053) have shown
outstanding performance in terms of productivity and resistance to fungal diseases. However, there remains a lack of
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information on the phenolic composition and antioxidant activity of these white grapes, particularly under different
rootstock and training system combinations—factors that can significantly influence these phenotypic characteristics
(Koundouras et al., 2009; Barcia et al., 2014; Domingues et al., 2023).

In studies evaluating the influence of rootstocks, the use of well-defined scion cultivars is essential, as the effects of
rootstocks are only expressed through their interaction with the scion. The scion determines the aboveground phenological
and productive responses, while the rootstock influences the uptake and transport of water, nutrients, and signaling
molecules. Therefore, selecting appropriate scions is a key step in rootstock trials and enables the identification of specific
combinations that enhance grapevine performance and fruit quality under given environmental conditions.

Excellence in grape production is closely related to multiple factors, including the interaction between the scion cultivar
and the rootstock. Rootstocks can influence several agronomic and physiological parameters of the scion, such as vigor,
yield, cluster and berry size, distribution of photoassimilates, sugar concentration, fruit acidity, and other quality attributes
relevant to juice and wine production (Tecchio et al., 2019; Leal et al,, 2020; Heller-Fuenzalida et al., 2020; Nardello et al,,
2023). Compatibility between scions and rootstocks in grapes destined for processing—especially in white cultivars such
as ‘IAC 116-31 Rainha’, ‘1AC 21-14 Madalena’, and ‘BRS Lorena’—remains largely unexplored under subtropical conditions.
Regarding the interaction between scion cultivars and training systems, the traditional low espalier system is
predominantly used in Brazilian wine regions, with wires positioned at heights of 1.0, 1.3, and 1.6 meters above ground
level (Simonetti et al., 2021; Domingues et al., 2023b). However, the adoption of a high espalier system, which includes an
additional wire at 2.0 meters, has led to improvements in both grape yield and quality. These improvements are attributed
to the increased exposed leaf area (Simonetti et al.,, 2021; Domingues et al., 2023b). Canopy architecture directly affects the
microclimate surrounding the grapevine, modulating interactions with solar radiation, light interception, carbon
assimilation, and photosynthesis—Kkey processes involved in the biosynthesis and accumulation of phenolic compounds.
Phenolic compounds are fundamental to the quality and organoleptic properties of grapes and wines. In white grapes, these
compounds are mainly concentrated in the skins and seeds, contributing significantly to color, flavor, and antioxidant
capacity (Tian, 2020; Navarro et al., 2021). Flavonols, phenolic acids, and stilbenes are among the principal phenolic classes
present in white grapes. Flavonols protect against oxidative stress and are associated with health benefits due to their anti-
inflammatory and anti-carcinogenic properties. Phenolic acids contribute to the aromatic profile and stability of white
wines, while stilbenes are known for their cardiovascular and antimicrobial effects (Ledo et al., 2020). The concentration
and profile of phenolic compounds are influenced by several factors, including cultivar, environmental conditions, ripeness,
rootstocks, and training systems, making them a key element in the management of high-quality white grape and wine
production.

The aim of this study was, therefore, to evaluate the influence of rootstocks and training systems on the production,
physicochemical properties, and biochemical quality of Brazilian hybrid white grapes.

Results

Yield, physicochemical, and biochemical parameters of ‘BRS Lorena’ grapes

A significant interaction was observed between rootstocks and training systems for grapevine production, yield, number
and fresh mass of clusters, and seed fresh mass in ‘BRS Lorena’. The highest values for production, productivity, and both
number and fresh mass of clusters were obtained using the rootstock ‘106-8 Mgt’, regardless of the training system (Suppl
Table 1).

Although “106-8 Mgt’ is moderately vigorous, it exhibits excellent rooting capacity and adaptability to various soil types,
which may have contributed to the balance in vegetative vigor and enhanced efficiency in water and nutrient uptake. As a
result, ‘BRS Lorena’ grapevines produced clusters with greater fresh mass. This rootstock may improve the translocation of
photoassimilates to the fruits, increasing berry fresh mass in this hybrid.

The highest seed fresh mass was observed in vines grafted onto the ‘IAC 766 Campinas’ rootstock and trained using the high
espalier system (Suppl Table 1).

These characteristics, along with the interaction with ‘106-8 Mgt’, led to higher production and productivity of the vines,
independent of the training system used (Suppl Table 1). The moderate vigor of ‘BRS Lorena’ contributes to an optimal
balance between vegetative and reproductive growth, enabling efficient allocation of photoassimilates for high-quality fruit
production. The high fertility of this cultivar ensures a greater fruit set per plant, thereby increasing overall productivity.
This synergistic interaction between ‘BRS Lorena’ and ‘106-8 Mgt’ maximizes photosynthetic efficiency and photoassimilate
transport, resulting in increased yield and improved fruit mass and quality.

A significant interaction was also found between rootstocks and training systems in the physicochemical composition of
‘BRS Lorena’ grape must, except for pH (Suppl Table 2). The combination of the ‘1AC 766 Campinas’ rootstock with high
espalier led to an increase in soluble solids (SS) and reducing sugar content in the must. The high espalier system increases
leaf area exposed to sunlight, enhancing the photosynthetic rate. The IAC 766 Campinas’ rootstock likely improves the
transport efficiency of water and nutrients from soil to the scion, optimizing vine development.

This synergistic rootstock-training system combination is particularly advantageous for grapes such as ‘BRS Lorena’
destined for processing, as it reduces the need for chaptalization—a winemaking practice that involves sugar addition to
must to raise alcohol levels. The naturally high sugar content ensures more efficient fermentation and improved wine
quality. Therefore, the interaction between the ‘1AC 766 Campinas’ rootstock and high espalier maximizes photosynthetic
efficiency and nutrient distribution, resulting in berries with enhanced chemical composition.
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Figure 1. Principal component analysis (PCA) of ‘BRS Lorena’ vine grafted on ‘IAC 766 Campinas’ and 106-8 ‘Mgt’ rootstocks
and on low and high trellis systems. Note: number of cluster (NCP), fresh mass of clusters, berry and seeds (FMC, FMB and
FMS), productivity (Prod), yield (yield), soluble solids (SS), titratable acidity (TA), reducing sugars (RS), phenolic
compounds (PC), total flavonoid (TF) and antioxidant activity (DPPH and FRAP).

This combination also led to lower titratable acidity and a higher soluble solids/titratable acidity (SS/TA) ratio (Suppl Table
2), key characteristics for processing grapes. This ratio reflects the balance between sweetness and acidity, which directly
affects flavor. Acidity plays a crucial role in both the microbiological stability and sensory freshness of wine. The observed
low acidity and high SS/TA ratio achieved with this combination provide improved sensory attributes, yielding a sweeter
and more palatable fruit suitable for premium wine production.

Higher total flavonoid concentrations and antioxidant activity were observed in the skins and pulps of grapes trained under
the high espalier system, regardless of rootstock (Suppl Table 3). This further confirms the efficiency of this system in grape
cultivation. Antioxidant activity was higher in the peel than in the pulp, likely due to its direct exposure to UV radiation,
which enhances the synthesis of flavonoids and phenolic compounds.

Regarding the bioactive composition of ‘BRS Lorena’ grape skins, total phenolic content and antioxidant activity measured
via DPPH assay showed no significant differences across rootstocks or training systems. However, the combination of ‘IAC
766 Campinas’ and high espalier increased antioxidant activity in the pulp, as measured by the FRAP method. As with DPPH,
FRAP values were higher in the peel than in the pulp, attributable to the peel’s greater exposure to sunlight and its protective
function.

In this study, flavonoids were the main contributors to antioxidant activity in both the skins and pulps of the grapes.

Yield, physicochemical, and biochemical parameters of ‘IAC 21-14 Madalena’ grapes

A significant interaction was observed between rootstocks and training systems for the number of clusters per plant, fresh
mass of clusters, production, and yield of ‘IAC 21-14 Madalena’ vines (Suppl Table 4). Regardless of the rootstock used, the
highest values for these variables were obtained under the high espalier training system.

Thus, due to its ability to optimize light interception, the high espalier system promoted greater cluster number and fresh
mass, leading to higher production and productivity. This effect is particularly beneficial for the ‘1AC 21-14 Madalena’
cultivar, indicating that an appropriate training system can compensate for rootstock variation, ensuring consistent and
high-quality yields.

Regarding the physicochemical characteristics of ‘1AC 21-14 Madalena’ grapes, no significant interaction was found between
rootstocks and training systems for pH, titratable acidity (TA), soluble solids (SS), SS/TA ratio, or reducing sugar content in
the must (Suppl Table 5).

However, a significant interaction was observed for secondary metabolites in the skins and pulps of ‘1AC 21-14 Madalena’
grapes (Suppl Table 6). Total flavonoid concentration in the pulp was higher in vines trained under the high espalier system
and grafted onto the ‘106-8 Mgt’ rootstock, reaching 0.39 mg 100 g™*. These results suggest that the high espalier system
creates an environment favorable to flavonoid production, likely due to improved sunlight exposure, which is a key factor
for the synthesis of these compounds. In contrast, the low espalier system led to lower flavonoid concentrations, indicating
that reduced light exposure may limit flavonoid biosynthesis.

Pulp antioxidant activity also varied significantly between treatments. The combination of high espalier and the ‘IAC 766
Campinas’ rootstock resulted in the highest antioxidant activity, as measured by DPPH (988.21 uM g™*) and FRAP (9.98
mmol Fe kg™*) assays. These findings indicate that the interaction between rootstocks and training systems can influence
the antioxidant potential of white grapes. The high espalier system likely provides more favorable conditions for
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maintaining antioxidant activity, possibly due to enhanced photosynthetic efficiency and greater production of
photoassimilates.

These results suggest that the high espalier system supports increased flavonoid synthesis and antioxidant maintenance in
grapes due to better sunlight exposure and enhanced photosynthetic activity. However, the effects of rootstock and training
system interactions vary and can significantly influence antioxidant responses. These findings underscore the importance
of considering both factors—rootstock and training system—in strategies aimed at improving the nutritional and functional
quality of grapes.

The interaction between high espalier and the 1AC 766 Campinas’ rootstock was also effective in increasing phenolic
compound and total flavonoid concentrations in the skins of ‘IAC 21-14 Madalena’ grapes (Suppl Table 6). These results
indicate that this combination provides favorable conditions for the synthesis of phenolic compounds and flavonoids in
grape skins, likely due to greater light exposure and improved canopy photosynthetic performance.

In white grapes, the accumulation of secondary metabolites and antioxidant activity not only enhances product quality but
also increases market value and the functional benefits associated with grape and grape-derived product consumption.

Yield, physicochemical, and biochemical parameters of IAC 116-31 Rainha’grapes

A significant interaction was observed between rootstocks and training systems for the number of clusters per plant,
production, and productivity of the ‘1AC 116-31 Rainha’ grapevine. It was noted that increases in production and yield were
directly related to the number of clusters per plant (Suppl Table 7), since cluster and berry fresh mass were not influenced
by the treatments.

High espalier, in combination with the ‘IAC 766 Campinas’ rootstock, resulted in higher production and productivity in ‘IAC
116-31 Rainha’ vines, likely due to improved vegetative development and more favorable leaf distribution. Furthermore,
the interaction between rootstock and training system can influence the plant’s resistance to biotic and abiotic stressors.
Vigorous rootstocks such as ‘1AC 766 Campinas’ confer greater resilience to the vine, helping to mitigate the negative effects
of pests, diseases, and adverse climatic conditions.

A significant interaction was also observed for variables affecting the physicochemical quality of TAC 116-31 Rainha’ grapes
(Suppl Table 8). The combination of high espalier and the ‘1AC 766 Campinas’ rootstock increased soluble solids and
reducing sugars while decreasing titratable acidity. This led to a higher SS/TA ratio, a key indicator of the balance between
sweetness and acidity. This balance is ideal for the ‘1AC 116-31 Rainha’ cultivar, improving the sensory profile of the grapes
and enhancing the quality of the juices and wines derived from them.

The ‘IAC 766 Campinas’ rootstock combined with high espalier proved to be the most effective combination for improving
the physicochemical characteristics of ‘IAC 116-31 Rainha’ grapes. The SS/TA ratio ranged from 24.29 to 29.26, which is
considered adequate for processing grapes according to Brazilian standards, which recommend a range between 15 and 45
(Brasil, 2005). Flavor perception is influenced by compounds that stimulate the taste buds, including soluble solids and
volatile substances accumulated during fruit development. Soluble solids content is a decisive factor in winemaking, as it
influences the need for chaptalization to reach the desired alcohol content.

Grape pH values ranged from 3.60 to 3.79, which is within the recommended range for grapes intended for processing
(Brasil, 2005).

This rootstock-training system combination not only improves fruit quality but also contributes to consistent and stable
yields across seasons, showing good adaptability to the edaphoclimatic conditions of the study area.

Total flavonoid concentrations in the pulp were higher when using the 1AC 766 Campinas’ rootstock, regardless of the
training system (Suppl Table 9). These results suggest that this rootstock may enhance flavonoid synthesis in the pulp of
‘1AC 116-31 Rainha’ grapes, possibly due to improved compatibility with the scion.

DPPH values were also higher in the pulp when the ‘IAC 766 Campinas’ rootstock was combined with the high espalier
system. These results indicate that this combination significantly improves antioxidant activity in the pulp of TAC 116-31
Rainha’ grapes.

Once again, the ‘I1AC 766 Campinas’ rootstock in combination with the high espalier system had a positive influence on total
phenolic compounds, total flavonoids, and antioxidant activity (DPPH and FRAP) in the grape skins (Suppl Table 9). This
suggests that this combination favors both the synthesis and accumulation of these secondary metabolites, which are
important for protecting cells against oxidative damage, as previously discussed.

The effectiveness of the high espalier system can be attributed to its increased capacity for light interception, enhancing the
efficiency of sunlight capture, which is crucial for photosynthesis and the biosynthesis of bioactive compounds. The results
obtained reinforce the importance of selecting appropriate combinations of rootstocks and training systems to optimize the
quality of white grapes, thereby promoting both health-related and commercial benefits.

Differences in antioxidant compound values were observed depending on the assay method, with DPPH values being higher
than FRAP. This variation may be intrinsically related to the different mechanisms of action involved in each assay.

Principal Component Analysis (PCA)

Yield and quality of ‘BRS Lorena’ grapes

The principal component analysis (PCA) revealed important relationships among the evaluated variables. Component 1,
which explains 34.92% of the total variation, was strongly associated with variables such as yield, soluble solids, fresh berry
mass, total phenolic compounds, and antioxidant capacity (FRAP) in both skin and pulp (Figure 1). This suggests that these
characteristics are highly correlated, and an increase in one may be associated with an increase in the others. Component
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2, which explains 18.49% of the variation, was associated with variables such as fresh seed mass and titratable acidity,
indicating that these parameters are independent of those represented by Component 1.

Production showed a positive correlation with fresh berry mass and soluble solids, indicating that higher yields may be
associated with fruits of greater mass and higher soluble solids content—desirable attributes for ‘BRS Lorena’ grapes
intended for processing. Antioxidant capacity (FRAP), in both peel and pulp, was located near the center of the biplot,
suggesting a moderate correlation with most variables, except for titratable acidity.

PCA also revealed that the combination of the ‘IAC 766 Campinas’ rootstock with high espalier was associated with a
favorable set of traits promoting both high yield and fruit quality, as indicated by the proximity of variables such as
productivity, soluble solids, and antioxidant activity (Figure 4).

In conclusion, PCA indicates that the combination of ‘IAC 766 Campinas’ rootstock with high espalier promotes greater yield
and quality in ‘BRS Lorena’ grapes, as evidenced by the positive associations with variables such as production, fresh cluster
mass, and soluble solids. Additionally, antioxidant activity was improved, although negatively correlated with titratable
acidity, which must be balanced to optimize wine quality.

Yield and quality of ‘IAC 21-14 Madalena’ grapes

Principal component analysis (PCA) illustrated the distribution of productive, physicochemical, and bioactive variables in
‘IAC 21-14 Madalena’ grapes across principal components 1 and 2, which together explained 42.07% of the total variation
(Figure 2). This analysis was essential to understand how different grape traits correlate and contribute to overall
variability.

PC1, accounting for 23.23% of the total variation, was strongly associated with variables such as yield, soluble solids,
number of clusters per plant, fresh seed mass, total phenolic compounds in pulp, and antioxidant activity in both peel and
pulp (DPPH). This correlation indicates that increases in one of these variables are likely to be accompanied by increases in
the others. In contrast, PC2, which explained 18.84% of the variation, was associated with titratable acidity, and both total
phenolic compounds and antioxidant activity (FRAP) in the peel, suggesting these traits are not influenced by the dominant
variables in PC1.

PCA also showed that the combination of the ‘IAC 766 Campinas’ rootstock with high espalier offered significant benefits in
terms of grape production and quality. This combination promoted high yields, greater soluble solids, and higher
antioxidant activity—important attributes for grapes destined for processing, such as ‘IAC 21-14 Madalena’ (Figure 4).
Thus, PCA suggests that this combination enhances both grape yield and quality, supported by its positive association with
variables such as productivity, cluster number per plant, soluble solids, and antioxidant capacity.

Yield and quality of ‘1AC 116-31 Rainha’ grapes

Principal component analysis (PCA) was applied to all variables assessed in the 1AC 116-31 Rainha’ cultivar grafted onto
the ‘IAC 766 Campinas’ and ‘106-8 Mgt’ rootstocks, and trained using high and low espalier systems. The variability in the
dataset was explained by two main components: PC1 and PC2, which together accounted for 60.98% of the total variation
(Figure 3).

When grafted onto the T1AC 766 Campinas’ rootstock and trained on a high espalier system, the ‘IAC 116-31 Rainha’ hybrid
showed increased titratable acidity, fresh cluster mass, antioxidant activity (DPPH and FRAP), and fresh seed mass (Figure
4).

The variables evaluated included fresh mass of clusters (FMC), fresh mass of berries (FMB), fresh mass of seeds (FMS),
productivity (Prod), yield (Yield), soluble solids (SS), titratable acidity (TA), reducing sugars (RS), phenolic compounds (PC),
total flavonoids (TF), and antioxidant activity (DPPH and FRAP).

Productivity was strongly influenced by the number of clusters per plant. PCA also indicated that the combination of the
‘1AC 766 Campinas’ rootstock and high espalier system offered considerable advantages in terms of both yield and quality
(Figure 4), suggesting that this may be the most suitable strategy to maximize both parameters for 1AC 116-31 Rainha’
grapes.

Thus, PCA suggests that this combination enhances grape production and quality, as demonstrated by its positive
association with variables such as yield, number of clusters per plant, soluble solids, bioactive compounds, and antioxidant
activity (Figure 4).

Discussion

The interaction between rootstocks and grapevines has been well documented, demonstrating that this relationship
significantly influences grapevine growth, development, and fruit quality. Specifically, the interaction between rootstocks
and training systems affects phenological stages, directly impacting grape production and quality (Hernandes et al., 2010;
Domingues et al.,, 2023).

‘BRS Lorena’ is a grape cultivar commonly used for processing and is known for its seeds, which are rich in tannins that
contribute astringency to wines and juices (Rizzon et al., 2002). Moreover, the seeds are rich in flavonoids, phenolic
compounds, and antioxidants, which are beneficial for plant defense and fruit quality. These compounds neutralize free
radicals that could otherwise damage fruit cells, and their importance extends to the cosmetics industry, human health, and
oncology (Aires et al,, 2024).

As a hybrid cultivar with moderate vigor, high fertility, and broad climatic adaptability across Brazilian regions (Camargo
et al,, 2008), ‘BRS Lorena’ pairs well with rootstocks such as ‘106-8 Mgt’. This rootstock, although less vigorous, is efficient
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Figure 2. Principal component analysis (PCA) of ‘IAC 21-14 Madalena’ vine grafted on ‘IAC 766 Campinas’ and 106-8 ‘Mgt’
rootstocks and on low and high trellis systems. Note: number of clusters (NCP), fresh mass of clusters, berry and seeds
(FMC, FMB and FMS), productivity (Prod), yield (yield), soluble solids (SS), titratable acidity (TA), reducing sugars (RS),
phenolic compounds (PC), total flavonoid (TF) and antioxidant activity (DPPH and FRAP).
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Figure 3. Principal component analysis (PCA) of 1AC 116-31 Rainha’ vine grafted on ‘IAC 766 Campinas’ and 106-8 ‘Mgt’
rootstocks and on low and high trellis systems. Note: number of cluster (NCP), fresh mass of clusters, berry and seeds (FMC,
FMB and FMS), productivity (Prod), yield (yield), soluble solids (SS), titratable acidity (TA), reducing sugars (RS), phenolic
compounds (PC), total flavonoid (TF) and antioxidant activity (DPPH and FRAP).
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in water and nutrient uptake, adapts well to diverse soil types, and provides a stable base for canopy development (Pommer
etal.,, 2003; Camargo et al., 2008). Its capacity to support a high fruit load without compromising fruit quality demonstrates
superior nutrient and water transport efficiency and resistance to biotic and abiotic stress (Khan et al., 2020).

From a metabolic standpoint, regardless of rootstock or training system, the soluble solids (SS) content in this study was
above the minimum standard established by Brazilian legislation (14 °Brix) for grapes destined for processing (Brasil,
2000), and exceeded the 15.5 °Brix minimum required by U.S. regulations (Final, 2007). This is closely related to
photosynthesis, the process by which plants convert light, water, and CO; into glucose and oxygen. Higher photosynthetic
activity increases carbohydrate synthesis, which is subsequently stored in the fruit as soluble sugars (Domingues et al.,
2023; Del Zozzo et al., 2024).

This energy efficiency is crucial for the biosynthesis of sugars and organic acids, both of which define must quality. Sugars
are essential not only for sweetness and flavor, but also for alcoholic fermentation (Maicas, 2021).

In terms of training systems, the high espalier increases canopy exposure to sunlight, optimizing photosynthesis and
promoting sugar accumulation (Domingues et al., 2023). In parallel, the ‘1AC 766 Campinas’ rootstock improves water and
nutrient absorption, resulting in uniform fruit ripening, lower titratable acidity, and increased soluble solids (Calili et al.,
2023).
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During ripening, grape acidity decreases as berry expansion and respiration dilute organic acids. This process raises pH and
lowers titratable acidity—critical factors for producing high-quality wines (Van Leeuwen et al., 2023). Organic acids such
as malic and tartaric are consumed via cellular respiration during maturation, leading to lower acidity and increased pH in
the must (Joshi et al,, 2021). The ‘IAC 766 Campinas’ rootstock, in combination with high espalier, promotes a balanced
sensory profile, enhancing sweetness and maintaining sufficient acidity for wine palatability (Hranilovic et al,, 2021).
Moreover, training systems that provide greater light exposure facilitate the synthesis and accumulation of anthocyanins
and flavonols, which are strongly influenced by solar radiation (Martinez-Liischer et al., 2019).

In viticulture, flavonoids are particularly valued for their health-promoting effects, including reduced risks of cardiovascular
diseases, cancer, and neurodegenerative conditions (Aires et al.,, 2024). White grapes are especially rich in glycosylated
quercetin, kaempferol, and dihydroflavonols (Masa et al,, 2007), whose antioxidant actions in both plants and humans are
well documented. These compounds neutralize oxidative stress by stabilizing free radicals. In grapes, they protect fruit
integrity and contribute to sensory attributes such as flavor, bitterness, and astringency, with the seeds being a major
reservoir for phenolics (Masa et al., 2007). Although white grapes contain fewer antioxidants than red grapes, they still offer
significant amounts, with resveratrol being the predominant compound (Assumpcao et al., 2019).

Among training systems, the high espalier adds approximately 40 cm of vertical height, increasing sunlight interception and
improving photosynthetic efficiency (Domingues et al., 2023). This enhances carbohydrate production, supporting seed,
cluster, and berry development. The larger canopy also improves ventilation and reduces humidity around the fruit,
lowering disease incidence and promoting healthier growth (Ferrara et al.,, 2021).

The vertical leaf orientation in high espaliers optimizes exposure to solar radiation, increasing photoassimilate production,
which is crucial for cluster development. Enhanced air circulation also helps reduce pathogen presence, resulting in clusters
with greater mass and yield (Costella et al., 2024).

Phenolic compounds, particularly flavonoids, contribute significantly to sensory traits such as taste, bitterness, astringency,
and pungency (Pereira et al.,, 2014). These properties are essential in winemaking. Flavonoid accumulation is influenced by
multiple factors, including genotype, climate, vineyard practices, ripening stage, berry size, and extraction methods (Rienth
etal, 2021; Yuetal, 2022).

The synergy between the ‘1AC 766 Campinas’ rootstock and high espalier can be attributed to optimized water and nutrient
uptake by the rootstock and improved solar radiation interception by the training system, which enhances photosynthetic
efficiency and secondary metabolite production (Domingues et al., 2023). Flavonoids and phenolic compounds in grape
skins and pulps are key contributors to nutritional and sensory quality, offering color, aroma, and antioxidant activity
(Murtha et al,, 2021). These antioxidants play a protective role against oxidative stress and are linked to the prevention of
chronic diseases such as cancer and cardiovascular disorders (Oluwole et al., 2022).

For ‘1AC 116-31 Rainha’, the combination of high espalier and the ‘IAC 766 Campinas’ rootstock provides a more favorable
source-sink balance, enhancing photoassimilate availability for fruit development (Domingues et al., 2023; Souza et al,,
2015). Vigorous rootstocks like ‘1AC 766 Campinas’ support increased growth due to their enhanced nutrient and water
uptake capacity (Tecchio et al., 2022b). This rootstock is suitable for both Vitis vinifera and Vitis labrusca and has been
associated with increased yield and long-term productivity (Souza et al., 2015; Butiuc-Keul et al.,, 2023).

Several studies have confirmed the benefits of TAC 766 Campinas’ as a grapevine rootstock (Tecchio et al.,, 2019; Tecchio et
al,, 2022; Domingues et al., 2023; Sanchez et al., 2023). Nevertheless, productivity is also influenced by other factors such
as edaphoclimatic conditions, carbohydrate accumulation, and endogenous hormone levels (Simonetti et al, 2021;
Quamruzzaman et al., 2021; Nawaz et al., 2020). These factors contribute to increased photosynthetic efficiency, sugar
accumulation, and phenolic compound synthesis. The increase in soluble solids and reducing sugars, along with the
reduction in acidity, improves must quality and supports the production of high-quality wines and juices (Yang et al., 2020;
Ofoedu et al., 2022).

From a sensory standpoint, sugar accumulation in berries toward the end of ripening is essential for the formation of
phenolic compounds (Kuhn et al., 2013). Grapes primarily accumulate glucose and fructose, with fructose typically being
predominant at harvest (Zhang et al., 2012). These sugars serve as precursors for aroma and flavor-related compounds
(Kuhn et al,, 2013). Tartaric and malic acids make up over 90% of organic acids in grapes and are critical for wine acidity
(Chen et al,, 2018; Silva et al,, 2022). Grape pH should remain below 3.3 to ensure final wine quality (Rizzon et al,, 2002).
Proper rootstock selection—such as ‘IAC 766 Campinas’—enhances vegetative vigor and sugar accumulation, while
maintaining ideal acidity levels (Simonetti et al,, 2021; Tecchio et al., 2022; Sdnchez et al., 2023).

Rootstock choice can also influence phenolic compound content, as observed in ‘1AC 116-31 Rainha’. Greater phenolic
concentrations improve antioxidant capacity and cell protection (Dias et al, 2017; Nwachukwu et al.,, 2021). These
compounds, being secondary metabolites, vary in structure and function, enabling the plant to respond to various
environmental stressors and biological threats (Al-Khayri et al., 2023).

Additionally, high phenolic content in grape skins enhances sensory attributes, favoring juice and wine processing.
However, white cultivars naturally contain lower levels of phenolics compared to red grapes (Mota et al, 2018).
Nevertheless, phenolic content plays a decisive role in determining flavor, color, and aroma (Abe et al., 2007).

Elevated concentrations of secondary metabolites and antioxidant activity are highly desirable for their health benefits and
for improving sensory quality and commercial value (Karagecili et al., 2023). Positive rootstock-scion interactions can
optimize nutrient absorption and photoassimilate translocation, thereby enhancing both the nutritional and functional
quality of grapes (Falchi et al., 2020; Alfaro et al., 2021; Kulmann et al.,, 2022). However, standardization in antioxidant
research remains a challenge due to variations in assay methods (FRAP, DPPH, ABTS, ORAC) and in the grape tissues
analyzed (skin, pulp, seed), making result comparisons complex (Lago-Vanzela et al.,, 2011; Gonzales-Centeno et al,, 2013).
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Figure 4. Graphical abstract of three Brazilian grapevine hybrids, ‘BRS Lorena’, TAC 116-31 Rainha’ and ‘IAC 21-14
Madalena’ and their interaction with high espalier and ‘IAC 766 Campinas’ rootstock. Note: yield (yield), soluble solids (SS),
titratable acidity (TA), reducing sugars (RS), phenolic compounds (PC), total flavonoid (Fla) and antioxidant activity (AA).

Materials and Methods

Experimental area location and growing conditions

The experiment was conducted during the 2017/2018 and 2019/2020 production cycles, with vines in their 7th and 8th
year of production, at the Advanced Fruit Research and Development Center of the Agronomic Institute (IAC), part of the
Sao Paulo Agency for Agribusiness Technology (APTA), located in Jundiai, SP, Brazil (232 06’ S and 462 55’ W, at an altitude
of 745 m). The annual average rainfall was 1,400 mm, with an average annual temperature of 19.5 2C and relative humidity
of 70.6%. According to the Koppen classification, the region has a Cfb climate, and the soil is classified as Dystrophic Red
Cambisol (Embrapa, 2018).

The vineyard was spaced at 2.5 m between rows and 1.0 m between plants, totaling a planting density of 4,000 plants ha™
In accordance with local cultural practices, short pruning (one bud) was carried out in both production cycles, followed by
the application of 5% hydrogen cyanamide. After sprouting, only one productive shoot per cane was maintained, and buds
were removed and tied to the wires. Axillary shoots were removed, and defoliation was performed. Additional cultural
practices included weeding, and applications of herbicides, fungicides, and insecticides. Fertilization was conducted using
chemical fertilizers based on soil analysis, following the recommendations outlined in Technical Bulletin 100 of the
Agronomic Institute (Tecchio et al., 2022).

1

Scion cultivars, experimental design and treatments

The scion cultivars evaluated in this study were the Brazilian hybrid white grapes ‘1AC 116-31 Rainha’ (Seibel 7053 x
Burgunder Kastenholtz), ‘1AC 21-14 Madalena’ (Seibel 11342 x Moscatel de Canelli), and ‘BRS Lorena’ (Malvasia bianca x
Seibel 7053). Each cultivar was evaluated independently using a randomized block design in a 2 x 2 factorial scheme,
corresponding to two rootstocks — ‘IAC 766 Campinas’ [(‘106-8 Mgt’ x Vitis caribaea)] and ‘106-8 Mgt’ [Vitis riparia x (Vitis
cordifolia x Vitis rupestris)] — and two training systems: low espalier (three wires at 1.0, 1.3, and 1.6 m above the ground)
and high espalier (four wires at 1.0, 1.3, 1.6, and 2.0 m), as described by Domingues et al. (2023). The experiment consisted
of five blocks, each containing three plants per plot.

Grafting was performed in 2010 using the full cleft grafting technique, following established guidelines for woody plant
propagation (Pommer et al,, 2003). At the time of grafting, rootstocks were approximately 12 months old and sourced from
certified, uniform nursery stock. After grafting, plants were established in the field, and data collection began in the 7th and
8th years of production, corresponding to the 2017/2018 and 2019/2020 growing seasons. This timeline ensured full vine
establishment and consistent productivity for the evaluation of agronomic and biochemical parameters under field
conditions.

Evaluated variables

Production components and physical characteristics of clusters, berries, stems and seeds

After harvest, clusters from each plant were counted and weighed to calculate yield (kg plant™) and productivity (t ha™*).
Cluster fresh mass was assessed by sampling 10 clusters per experimental plot. Additionally, 100 berries per plot were used
to determine berry fresh mass using a precision balance (0.0001 g).
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Physico-chemical quality of the musts (unfermented juice of grapes) and bioactive compounds in the peel and pulp

The physicochemical quality of the must (unfermented grape juice) was assessed using 50 berries per experimental plot.
Soluble solids (SS) were determined with a digital Atago® refractometer equipped with automatic temperature
compensation and expressed in °Brix, following the methodology described by Brasil (2005). Titratable acidity (TA) was
measured by potentiometric titration, also according to Brasil (2005), and expressed as a percentage of tartaric acid. The
SS/TA ratio was then calculated. The pH was measured using a digital pH meter, following the same reference. Reducing
sugar content was quantified using the Somogyi-Nelson colorimetric method, based on a glucose standard curve, with
spectrophotometric readings performed at 510 nm, as described by Nelson (1944).

For the determination of bioactive compounds in the skins and pulp, berries were longitudinally halved, the seeds removed,
and the skins and pulp were separated. The samples were immediately frozen in liquid nitrogen, manually macerated in a
porcelain mortar using a pestle, and stored at —80 °C until biochemical analysis. Total phenolic compounds were determined
using the Folin-Ciocalteu method (Singleton et al., 1965), with results expressed as milligrams of gallic acid equivalents (mg
GAE) per 100 g of fresh mass. Total flavonoid content was assessed using a spectrophotometric method adapted from Blatt
et al. (1998) and Awad et al. (2000), with results expressed as milligrams of quercetin equivalents per 100 g of fresh mass.
Antioxidant activity was evaluated using two methods: DPPH and FRAP. The DPPH method, following Brand-Williams et al.
(1995) and adapted by Rossetto et al. (2009), was based on the scavenging activity of the DPPH radical (2,2-diphenyl-1-
picrylhydrazyl), with absorbance measured at 517 nm and results expressed as pug Trolox equivalents per gram of sample
(TEAC). The FRAP assay, based on the reduction of Fe3* to Fe?* (Benzie and Strain, 1996), involved absorbance
measurements at 594 nm, and results were expressed as pmol Fe?* per 100 g of fresh mass.

Statistical analysis

Mean values from both production cycles for each cultivar were subjected to analysis of variance (ANOVA) to assess the
effects of rootstocks, training systems, and their interaction. Means were compared using Tukey’s test (p < 0.05), performed
with Sisvar version 6.0 software (Ferreira, 2011). Additionally, to characterize the interaction between rootstocks and
training systems and assess variable correlations, principal component analysis (PCA) was performed using Statistical
Analysis Software version 4.0 (SAS).

Conclusions

The most recommended combination observed in this study was the use of the ‘I1AC 766 Campinas’ rootstock together with
the high espalier training system, which maximized production, productivity, and quality of the Brazilian hybrid white
grapes ‘[AC 21-14 Madalena’ and ‘1AC 116-31 Rainha’. For the ‘BRS Lorena’ cultivar, the high espalier system associated
with the ‘106-8 Mgt’ rootstock resulted in higher values for production parameters. However, considering that grape and
must quality are essential for processing purposes, better grape quality was achieved in vines grafted onto the ‘[AC 766
Campinas’ rootstock. The combination of these cultivars grafted onto ‘IAC 766 Campinas’ and trained with the high espalier
system led to improved nutritional and functional characteristics of the grape clusters and must. In addition, the observed
increase in antioxidant capacity suggests potential health benefits for consumers, thereby enhancing the commercial value
of the grapes. Therefore, this strategy should be considered by winegrowers seeking to increase both efficiency and quality
in the production of grapes intended for processing.

Acknowledgements

The authors would like to thank the Sdo Paulo Research Foundation (FAPESP - Process no. 2016/07510-2, 2011/03440-6,
2013/8915-5, and 2015/16440-5) for financial support and the scholarship granted to the first author. We also thank the
National Council for Scientific and Technological Development (CNPq - Process no. 307377/2021-0) for the Research
Productivity Fellowship.

Author Contributions F.J.D.N.and M.A.T. funding acquisition. F.J.D.N., ].D.R. and M.A.T. planned and designed the experiment.
FJ.D.N,, D.CS.C. and R.F. performed plant physiological analyses, chemical, biochemical and enzyme analyses. F.J.D.N.,
M.F.M,, J.L.H,, F.F.P. and F.P.G.B. performed data analyses. F.J.D.N.,, D.C.S.C,, S.L. and M.S.S. created the tables and figures.
FJ.D.N, MA.T, D.CS.C, RF, ].D.R, F.F.P, G.P.P.L.,, M.S.S. and P.V.S. wrote and revised the manuscript. All authors have read
and agreed to the published version of the manuscript.

Data Availability Statement: The original contributions presented in the study are included in the article material, further
inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.
References
Abe LT, Mota RV, Lajolo FM, Genovese MI (2007) Compostos fendlicos e capacidade antioxidante de cultivares de uvas Vitis

labrusca L. e Vitis vinifera L. Ciéncia e Tecnologia de Alimentos. 27: 394-400.
Agrianual. Anudrio da Agricultura Brasileira, Sdo Paulo, p. 464. 2023.

713



Embrapa. Sistema Brasileiro de Classificagdo do solo - Brasilia: EMBRAPA, Produgao de Informagao: 5. ed., rev. e ampl., 356
p. 2018.

Aires, MVL, Modesto RMG, Santos JS (2024) Os beneficios da uva na saide humana: uma revisio. Pesquisa, Sociedade e
Desenvolvimento .14: e281101421825.

Assumpcao TI (2019) Agentes antioxidantes no mosto da uva niagara branca: influéncia no teor de polifendis e na atividade
da  polifenoloxidase. = Universidade  Federal @ de  Santa  Catarina  Florian6polis.  Disponivel em:
https://repositorio.ufsc.br/handle/123456789/202888. Acessed in: Abr., 30, 2023.

Al-Khayri JM, Rashmi R, Toppo V, Chole PB, Banadka A, Sudheer WN, Nagella P, Shehata WF, Al-Mssallem MQ, Alessa FM,
Almaghasla MI, Rezk AA (2023) Plant Secondary Metabolites: The Weapons for Biotic Stress Management. Metabolites.
13:716-753.

Alfaro JM, Bermejo A, Salvador A, Navarro P, Quifiones A, Salvador A (2021) Effect of Rootstock on Citrus Fruit Quality: A
Review. Food Reviews International. 39: 2835-2853.

Awad MA, De Jager A, Van Westing LM (2000) Flavonoid and chlorogenic acid levels in apple fruit: characteristics of
variation. Scientia Horticulturae. 83: 249-263.

Barcia MT, Pertuzatti PB, Gdmez-Alonso S, Godoy HT, Hermosin-Gutiérrez I (2014) Phenolic composition of grape and
winemaking by-products of Brazilian hybrid cultivars BRS Violeta and BRS Lorena. Food Chemistry. 159: 95-105.

Brasil (2005) Ministério da Satude. Agéncia Nacional de Vigilancia Sanitaria. Métodos Fisico-Quimicos para Analises de
Alimentos/ Ministério da Saide, Agéncia Nacional de Vigilancia Sanitaria. -Brasilia: Ministério da Saude. p 1018.

Blatt, CTT, Dos Santos MD, Salatino A (1998) Flavonoids of Bignoniaceae from the “Cerrado” and their possible taxonomic
significance. Plant Systematics and Evolution.210:289-292.

Brand-Willians W, Cuvelier ME, Berset C (1995) Use of a free radical method to evaluate antioxidante activity. Lebens Mittel
Wiss. Tecnology. 28: 25-30.

Benzie IFF, Strain J] (1996) Ferric reducing ability of plasma (FRAP) as a measure of antioxidante power: The FRAP assay.
Analytical Biochemistry. 239: 70-76.

Brasil (2000). Instrucdo Normativa n® 01, de 07 de janeiro de 2000. Regulamento técnico geral para fixagdo dos padrdes de
identidade e qualidade papa polpa de fruta. Didrio Oficial da Reptblica Federativa do Brasil. 1: 54-58.

Butiuc-Keul, A, Coste, A. (2023) Biotechnologies and Strategies for Grapevine Improvement. Horticulturae. 9: 62-62.

Camargo UA, Maia JDG (2008) Cultivares de uvas rusticas para regides tropicais e subtropicais. Embrapa Uva e Vinho, Bento
Gongalves. p 85.

Calilli D, Sanchez CAPC, Campos OP, Carneiro DCS, Scudeletti ACB, Tecchio MA (2023) Phenology, thermal demand, and
maturation development of the “BRS Vitéria” grape cultivated on different rootstocks in subtropical conditions. Revista
Brasileira de Fruticultura.v. 45.

Costella MRDS, Souza ALK, Caliai V, Perazzoli V, Costa VB, Malgarim, MB (2024) Aspectos produtivos, fitossanitarios e fisico-
quimicos de variedades de uva (PIWI) produzidas na regido sul do Brasil. Observatério de la economia latinoamericana.
7:5549-5549.

Chen WK, He F, Wang YX, Liu X, Duan CQ, Wang J. (2018) Influences of Berry Size on Fruit Composition and Wine Quality of
Vitis vinifera L. cv. “Cabernet Sauvignon” Grapes. South African Journal of Enology & Viticulture. 39: 67-76.

Domingues Neto FJ, Junior, AP, Modesto LR, Moura MF, Putti FF, Boaro CSF, Ono EO, Rodrigues JD, Tecchio MA (2023)
Photosynthesis, Biochemical and Yield Performace of Grapevine Hybrids in Two Rootstock and Trellis Height.
Horticulturae. 9: 596.

Del Zozzo FD, Magnanini E, Poni S (2024) Physiological efficiency of grapevine canopies having varying geometries: seasonal
and diurnal whole canopy gas exchange assessment under well-watered and water deficit conditions. Environmental and
experimental botany. 221: 105716, 2024.

Dias, FAN, Mota RV, Souza CR, Pimentel RMA, Souza LC, Souza AL, Regina MA (2017) Rootstock on vine performance and
wine quality of “Syrah” under double pruning management. Scientia Agricola. 74: 134-141.

Ferreira DF (2011) Sisvar: a omputer statistical analysis system. Ciéncia e Agrotecnologia.35: 1039-1042.

Final Agency Determination: FAD-76, USDA (2007) Risk Management Agency, United States of America, April 12, 2007.

Ferrara, G, Nigro D, Torres R, Gadaleta A, Fidelibus, MW, Mazzeo A (2021) Culturas De Cobertura Na Entrelinha De Um
Vinhedo De Uva De Mesa Manejado Com Sensores De Irrigacdo: Efeitos No Rendimento, Qualidade E Atividade Da
Glutamina Sintetase Nas Folhas. Scientia Horticulturae. 281: 109963.

Falchi R, Bonghi C, Drincovich MF, Famiani F, Lara MV, Walker RP, Vizzotto G (2020) Sugar Metabolism in Stone Fruit:
Source-Sink Relationships and Environmental and Agronomical Effects. Frontiers in Plant Science. 11: 573982.

Heller-Fuenzalida F, Cuneo IF, Kuhn N, Pefia-Neira A, Caceres-Mella A (2003) Rootstock Effect Influences the Phenolic and
Sensory Characteristics of Syrah Grapes and Wines in a Mediterranean Climate. Agronomy. 13:2530-2530.

Hernandes |JL, Pedro Jinior MJ, Santos AO, Teccjio AA (2010) Fenologia e produgdo de cultivares americanas e hibridas de
uvas para vinho, em Jundiai-SP. Revista Brasileira de Fruticultura, v. 32, n.1, p. 135-142, mar.2010.

Hranilovic A, Albertin W, Capone DL, Gallo A, Danner L, Bastian S, Masneuf-Pomarede I, Coulon |, Bely M, Jiranek V (2021)
Impact of Lachancea thermotolerans on chemical composition and sensory profiles of Merlot wines. Food Chemistry.349:
129015.

Ibge. Instituto Brasileiro de Geografia e Estatistica. Levantamento Sistematico da Produc¢do Agricola. 2023. Disponivel em:
https://sidra.ibge.gov.br/home/Ispa. Acessed in: Nov., 25, 2023.

Joshi VK, Ramesh, CH. Winemaking (2021). In: Josh VK (ed) Basics and Applied Aspects, 12 Ed, Boca Raton, CRC Press, 10.

714



Khan MM, Akram MT, Qadri RWK, Al-Yahyai R (2020) Role of grapevine rootstocks in mitigating environmental stresses: A
review. Journal of Agricultural and Marine Sciences [JAMS]. 25: 1-12.

Koundouras S, Hatzidimitriou E, Karamolegkou M, Dimopoulou E., Kallithraka S, Tsialtas | T, Zioziou E, Nikolaos N Kotseridis
Y (2009) Irrigation and rootstock effects on the phenolic concentration and aroma potential of Vitis vinifera L. cv. Cabernet
Sauvignon Grapes. Journal of Agricultural and Food Chemistry.57:7805-7813.

Kuhn N, Guan L, Wu Dai Z, We B, Lauvergeat V, Gomes E, Li S, Godoy F, Arce-Johnson P, Delrot S (2013) Berry ripening:
recently heard through the grapevine. Journal of Experimental Botany. 65: 4543-4559.

Karagecili H, 1zol E, Kirecci E, Gulgin I (2023) Antioxidants, antidiabetic, antiglaucoma, and anticholinergic effects of Tayfi
grape (Vitis vinifera): A phytochemical screening by LC-MS/MS analysis. Open Chemistry.21: 20230120.

Kulmann MS De souza, Stefanello LO, Tassinari A, Arruda WS, Vitto BB, Souza ROS, Ceretta CA, Simio DG, Tiecher TL,
Brunetto G (2022). Dynamics of spatial and temporal growth of the root system of grapevine (Vitis vinifera L.) under
nitrogen levels in sandy soil in subtropical climate. Scientia Horticulturae. 303: 111223-111223.

Lago-Vanzela ES, Da-Silva R, Gomes E, Garcia-Romero E, Hermosin-Gutiérrez I (2011) Phenolic Composition of the Edible
Parts (Flesh and Skin) of Bordd Grape (Vitis labrusca) Using HPLC-DAD-ESI-MS/MS. Journal of Agricultural and Food
Chemistry.59: 13136-13146.

Ledo PCS, Nascimento JHB, Moraes DS, Souza ER (2020) Yield components of the new seedless table grape ‘BRS sis’ as
affected by the rootstock under semi-arid tropical conditions. Scientia Horticulturae. 263:109-114.

Leal C, Santos RA, Pintp R, Queiroz M, Saavedra M], Barros A, Gouvinhas I (2020). Recovery of bioactive compounds from
white grape (Vitis vinifera L.) stems as potential antimicrobial agents for human health. Saudi Journal of Biological
Sciences. 27: 1009-1015.

Mutha RE, Tatiya AU, Surana S] (2021) Flavonoids as natural phenolic compounds and their role in therapeutics: an
overview. Future Journal of Pharmaceutical Sciences. 7: 1-13.

Maicas S (2021) Advances in Wine Fermentation. Fermentation.7: 187.

Martinez-Liischer ], Brillante L, Kurtural SK (2019) Flavonol Profile Is a Reliable Indicator to Assess Canopy Architecture
and the Exposure of Red Wine Grapes to Solar Radiation. Front Plant Sci. 10: 1-15.

Masa A, Vilanova M, Pomar F (2007) Varietal differences among the flavonoid profiles of white grape cultivars studied by
high-performance liquid chromatography. ] Chromatogr A. 1164: 291-297.

Morais GV, Jorge GM, Gonzaga RV, Santos DA (2022) Potencial antioxidante dos flavondides e aplica¢des terapéuticas.
Pesquisa, Sociedade e Desenvolvimento. 14: €238111436225.

Mota A, Pinto ], Fartouce I, Correia MJ, Costa R, Carvalho R, Aires A, Oliveira AA (2018) Chemical profile and antioxidant
potential of four table grape (Vitis vinifera) cultivars grown in Douro region. Ciéncia e Técnica Vitivinicola. 33: 125-135.
Nardello IC, Kirinus MBM, Souza ALK, Caliari V, Malgarim MN (2023) Adequacy of rootstock and planting spacing for cv.

Sangiovese in high altitude region of Santa Catarina. Scientia Horticulturae. 320: 112173-112174.

Navarro JM, Botia P, Romero P (2021) Changes in Berry Tissues in Monastrell Grapevines Grafted on Different Rootstocks
and Their Relationship with Berry and Wine Phenolic Content. Plants. 10: 2585.

Nelson MA (1944) A photometric adaptation of Somogyi method for the determination of glucose. Journal of Biological
Chemistry. 135: 136-175.

Nawaz K, Chaudhary R, Sarwar A, Ahmad B, Hano C, Abbasi BH, Anjum S (2020) Melatonin as Master Regulator in Plant
Growth, Development and Stress Alleviator for Sustainable Agricultural Production: Current Status and Future
Perspectives. Sustainability. 13: 294.

Nwachukwu ID, Sarteshnizi RA, Udenigwe CC, Aluko RE (2021) A Concise Review of Current In Vitro Chemical and Cell-
Based Antioxidant Assay Methods. Molecules. 26: 4865.

Oiv. The International Organisation of Vine and Wine. Statistics, 2022 . Disponivel em:
https://www.oiv.int/index.php/what-we-do/statistics. Acessed in: Jan., 13, 2023.

Oluwole O, Fernando WB, Lumanlan ], Ademuyiwa O, Jayasena V (2022) Role of phenolic acid, tannins, stilbenes, lignans
and flavonoids in human health - a review. International Journal of Food Science & Technology. 57: 6326-6335.

Ofoedu CE, Ebelechukwu 00, Chacha S], Owuamanam CI, Efekalam IS, Awuchi CG (2022) Comparative Evaluation of
Physicochemical, Antioxidant, and Sensory Properties of Red Wine as Markers of Its Quality and Authenticity.
International Journal of Food Science. 1: 8368992.

Pommer CV, Terra MM, Pires ERP (2003) Cultivares, melhoramento e fisiologia. In: POMMER, C. V. Uva: Tecnologia de
producdo, pés-colheita, mercado. Cinco Continentes, Porto Alegre, 4.

Rossetto MRM, Vianello F, Rocha SA, Lima GPP (2009) Antioxidant substances and pesticide in parts of beet organic and
conventional manure. African Journal of Plant Science. 3: 245-253.

Rizzon LA, Miele A (2002) Avaliacdo da cv. Cabernet Sauvignon para elaboragio de vinho tinto. Ciéncia e Tecnologia de
Alimentos. 22: 192-198.

Rienth M, Vigneron N, Darriet P, Sweetman C, Burbidge C, Bonghi C, Walker RP, Famiani F, Castellarin SD (2021) Grape Berry
Secondary Metabolites and Their Modulation by Abiotic Factors in a Climate Change Scenario-A Review. Frontiers in Plant
Science. 12: 643258.

Silva MJR, Paiva APM, De Souza JF, Padilha CV Da Silva, Basilio LSP, Lima M Dos Santos, Pereira GE, Corréa LC, Vianello F,
Lima GPP, Moura MF, Tecchio MA (2022) Phytochemical profile of Brazilian grapes (Vitis labrusca and hybrids) grown on
different rootstocks. PLoS ONE. 17: e0275489-e0275489.

Simonetti LM, Sousa MC, Moura MF, Nunes ]JGS, Diamante MS, Silva MB, Silva MJR, Calilli D, Lima GPP, Tecchio MA (2021)
Influéncia de diferentes sistemas de condugao e porta-enxerto em uvas ‘Sauvignon Blanc’. Bragantia. v 80.

715



Singleton VL, Rossi Jr JA (1965) Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents.
American Journal of Enology and Viticulticulture. 16: 144-158.

Souza CR, Mota RV, Dias FAN, Melo ET, Souza LC, Souza AL, Pimentel RMA, Regina MA (2015) Starch accumulation and
agronomical performance of Syrah under winter cycle: responses to pruning and ethephon management. 54: 195-201.
Sanchez CAPC, Calilli D, Carneiro DCS, Silva SPS, Scudeletti ACB, Leonel S, Tecchio AM (2023) Thermal Requirements,

Phenology, and Maturation of Juice Grape Cultivars Subjected to Different Pruning Types. Horticulturae.9: 691-691.

Tecchio, MA,, Silva, MJR D, Paiva, APM., Moura, M. F., Terra, M. M,, Pires, E. ]. P.,, & Leonel, S. (2019). Phenological,
physicochemical, and productive characteristics of'Vénus' grapevine onto rootstocks. Pesquisa Agropecudria Brasileira.
54: e00335. Tian T (2020) Impact of Nitrogen Use in Grapevines: Vine Physiology, Fruit Quality, and Mycorrhizal
Symbiosis. Disponivel em: <https://ir.library.oregonstate.edu/concern/graduate_thesis_or_dissertations/cv43p405k>.
Acessed in: Aug., 6, 2024.

Tecchio MA, Silva MJR, Sanchez CAPC, Calilli D, Vedoato BTF, Hernandes JL, Moura MF (2022) Yeld performance and quality
of wine grapes (Vitis vinifera) grafted onto different rootstocks under subtropical conditions. Bragantia. 81: 1622.

Tecchio MA, Teixeira LAJ], Terra MM, Paioli-Pires E], Hernandes, JL (2022b) Uvas comuns para mesa e vinho (Vits lambusca).
In: Cantarella, H.; Quaggio, JA. Mattos Jr, D, Boaretto, RM, Van Raij, B. (Orgs.). Boletim 100: recomendacdes de adubacao e
calagem para o Estado de Sao Paulo. 2ed. Instituto Agronémico, Campinas: 1.

Van Leeuwen C, Destrac-Irvine A, Gowdy M, Farris L, Pieri P, Marolleau L, Gambetta GA (2023) An operational model for
capturing grape ripening dynamics to support harvest decisions. OENO One. 57: 505-522.

Yu R, Torres N, Tanner JD, Kacur SM, Marigliano LE, Zumkeller M, Gilmer JC, Gambetta GA, Kurtural SK (2022) Adapting
wine grape production to climate change through canopy architecture manipulation and irrigation in warm climates. Front
Plant Science. 3: 1015574.

Yang, H, Cai G, Lu ], Plaza EG (2020) The production and application of enzymes related to the quality of fruit wine. Critical
Reviews in Food Science and Nutrition. 9: 1-11.

Zhang D, Zhang Y, Lin K, Wang B, Shi X, Cheng W (2021) Comparison of sugars, organic acids and aroma components of five
table grapes in Xinjiang. IOP Conference Series: Earth and Environmental Science: 792: 012029.

716



