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Abstract: High-altitude and cold climate regions such as São Joaquim, in Santa Catarina, Brazil, a
recent wine-growing region, are characterized by wines with pronounced acidity, ideal for sparkling
wine production. The cultivars with potential for producing sparkling wines in this region were
unknown. This research evaluates quality sparkling wines from Ribolla Gialla, Riesling Renano,
Solaris, Sangiovese, Canaiolo Nero, Chardonnay, and Pinot Noir. The study considered the pheno-
logical, productive, and qualitative performance of these varieties in the 2017/2018 and 2018/2019
seasons. Ribolla Gialla, Riesling Renano, and Sangiovese, with later bud break and better productive
aspects, are the best viticultural adaptations for the region. Riesling Renano maintains higher acidity.
Sparkling wines from Solaris, Chardonnay, and Ribolla Gialla showed the most balanced chemical
parameters. Sangiovese produced sparkling wine with the highest aroma intensity and toasted notes.
Considering phenological, productive, and qualitative parameters, Riesling Renano, Ribolla Gialla,
and Sangiovese are the most promising varieties for sparkling wine production in São Joaquim. Qual-
ity sparkling wines can be produced in this region using varieties different from those traditionally
used in Brazil, enhancing the diversity of Brazilian viticulture.

Keywords: Vitis vinifera L.; titratable acidity; phenolic compounds; sensory analysis; high-
altitude viticulture

1. Introduction

By the end of the 17th century, French winemakers were still grappling with the
issue of carbon dioxide bubbles created during fermentation, causing bottles to explode.
Subsequently, the increasing preference for these sparkling wines by the British, particularly
the royalty, led to the deliberate capturing of bubbles to produce high-quality sparkling
wines, largely driven by the Champagne region in France [1,2]. Over time, sparkling wine
production was introduced in many regions, including Germany, Portugal, Spain, Italy,
South Africa, the United States of America, the United Kingdom, and Brazil. Sparkling
wines have proven to be an important product, as it was the only category that recorded
an increase in both volume and value [3]. In the world over the past 10 years, sparkling
wine production has increased by more than 40%, while still wine increased by only 7% [4].
In Brazil, of the wines sold on the domestic market in 2019, sparkling wine represents the
largest portion, with 30.74 million liters sold, a growth of 2.36% compared to the previous
year [5].

In Brazil, although the State of Rio Grande do Sul is the main producer of grapes and
sparkling wines [6], in the state of Santa Catarina, there is new wine potential. New grape
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and wine-producing regions are emerging, such as São Joaquim, a municipality located
in the Serra Catarinense region in the state of Santa Catarina, Southern Brazil, which has
about four thousand hectares and a production of around sixty thousand tons of harvested
grapes [5]. This region stands out for viticulture. Located more than 900 m above sea level,
it grows cultivars of internationally renowned varieties originating from France, and to a
lesser extent, from Italy and Portugal [7].

In recent years, new varieties have been experimented with to produce sparkling
wines [8]. In general, the grape varieties for sparkling wine production in Brazil are mainly
Chardonnay and Pinot Noir [6]. However, in the Serra Catarinense region, these varieties
are early ripening and difficult to cultivate, mainly due to damage caused by late frosts
and high rainfall at harvest, causing maturation deficiency [7], that frequently occur in the
region. In search of better quality and typicity, alternative varieties have been sought that
have greater suitability to different climatic conditions in different regions of the world [9].
Although different factors, such as winemaking technology (aging time) and technological
characteristics may affect the composition of sparkling wine, the grape variety used in its
production can be considered one of the most important [10,11].

In 2021, the “Vinhos de Altitude de Santa Catarina” indication of origin was granted by
the INPI (National Institute of Industrial Property), demonstrating the region’s particular
characteristics for wine production. Being a recent wine region and the coldest in Brazil,
with characteristic vineyards 1000 m above sea level, studies are needed on the possibilities
of developing value-added products.

Therefore, this study aimed to evaluate the phenological, productive, and physico-
chemical characteristics of the Ribolla Gialla, Riesling Renano, Solaris, Sangiovese, Canaiolo
Nero, Chardonnay, and Pinot Noir varieties grown in São Joaquim in the Serra Catari-
nense region, as well as their suitability for the production of sparkling wines according to
chemical and sensory quality criteria.

2. Materials and Methods
2.1. Characterization of the Experimental Area

The study was conducted in an experimental vineyard in São Joaquim city, the Serra
Catarinense region, Santa Catarina, Brazil. The vineyard is situated at 28◦16′ S and 49◦56′ W,
at an altitude of 1400 m above sea level. The local soil is classified as Humic Cambisol,
Litholic Neosol, and Haplic Nitisol, developed from rhyolitic and basaltic rocks [12]. The
climate in the region, according to the Köppen classification, is of the Cfb type, mesothermal,
humid, without a dry season, and with mild summers (<22 ◦C) [13].

The monitoring of meteorological conditions was carried out using data from the
automatic weather station located at the São Joaquim Experimental Station. The recorded
meteorological variables included the average, maximum, and minimum air temperatures
(◦C); rainfall (mm); and temperature range (◦C).

The vineyard was established in 2006 and managed using a single espalier system. The
spacing of 3 m between rows and 1.50 m between plants resulted in a density of 2222 plants
per hectare. The plants were grafted onto Paulsen 1103 rootstock. The pruning model
adopted was the double cordon. Pruning was carried out in the second half of August each
year. Fertilization and the treatments were performed as recommended by the technical
team of the company.

2.2. Treatments and Experimental Design

The treatments consisted of comparing grape varieties: Ribolla Gialla, Riesling Renano,
Sangiovese, Canaiolo Nero, Chardonnay, Pinot Noir, and Solaris (Merzling × Geisenheim
6493), during the agricultural cycles of 2017/2018 and 2018/2019. The experimental design
adopted was completely randomized, with five replications, and each experimental unit
was composed of ten plants.
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2.3. Production of Sparkling Wine

The sparkling wines were produced by the traditional method. Around 30 kg of
each grape variety was used. Rotten fruits and berries were removed manually. The
grapes were pressed whole, without destemming, in a hydraulic press (200 kPa) for 5 min.
SO2 (50 mg L−1) was added to the must, without the skins, and underwent alcoholic
fermentation at 17 ◦C with Saccharomyces cerevisiae yeast (20 g L−1, Perlage BB, AEB) in
10 L glass bottles. The yeasts were hydrated and acclimatized, as recommended by the
manufacturer, at 38 ◦C. Each treatment had three bottles, and the base wines did not
undergo malolactic fermentation. Subsequently, the base wines were placed in individual
tanks, and received active dry yeast Saccharomyces cerevisiae var. bayanus (25 g hL−1 Fermol
RCH, from AEB), fermentation activator (Nutrozim, Ever Intec), and sucrose (24 g L−1), to
obtain a pressure of 6 atm. As a clarifying agent, a coadjuvant, based on silicon dioxide in
gel form and activated bentonite (20 g L−1, Compactgel, AEB), was added. After mixing,
the wines were placed in 750 mL sparkling wine bottles and closed with bidules and crown
caps. The bottles were placed horizontally in a temperature-controlled room at 15 ◦C,
where they remained for 120 days for the second fermentation. After this, the bottles were
placed in pupitres for 30 days and riddled twice a day until the residues settled in the neck.
The bottle neck was frozen in a suitable tank with a hydroalcoholic solution at −25 ◦C,
and then the yeast residues were removed. No expedition liqueur was added, keeping the
sparkling wines in the “nature” classification. At this stage, SO2 correction was also carried
out, which was used at a dose of 50 mg L−1. Subsequently, the bottle was closed with a
suitable cork for sparkling wine and a cage. The sparkling wines were kept upright, in a
dark environment, at a temperature of 14 ◦C for further analysis.

2.4. Phenological, Grape Quality and Chemical Analyses

Evaluations of variables related to phenological stages were conducted through weekly
visual observations after pruning. The onset date of bud break, full bloom, onset of color
change, and berry maturity (harvest) were assessed following the classification proposed
by Baillod and Baggiolini in 1993 [14]. The bud break onset date was considered when 50%
of the buds reached the “green tip” phenological stage, the full bloom date was considered
when 50% of the floral caps separated from the ovary base, and the berry color change date
(veraison) was considered when 50% of the berries changed color. The maturity period was
defined as the harvest date, considering the berry health status (absence of rot) and soluble
solids content (17–20 ◦Brix) [15].

The number of branches and clusters per plant was determined by manual counting
at harvest. The bud fertility index was calculated as the ratio between the number of
clusters and the number of shoots per plant (cluster shoot). Production (yield) per plant
(kg plant−1) was obtained by weighing the total harvested clusters per plant. The estimated
productivity (t ha−1) was obtained by multiplying production per plant and the number of
plants per hectare. The average fresh cluster weight (g cluster−1) was obtained by the ratio
of production per plant to the number of clusters per plant. The average fresh berry weight
(g berry) was determined by weighing 50 randomly selected berries. The average number
of berries (un) was estimated by the ratio of the average cluster weight to the average
berry weight.

Analyses of the soluble solids content (◦Brix), pH, and total acidity (meq L−1) were
performed using the must extracted from 100 berries per replication, which were ran-
domly collected at harvest, according to the methodology proposed by the International
Organisation of Vine and Wine [16]. The concentration of polyphenols in grape skins was
determined by spectrophotometry, as described by Singleton and Rossi (1965) [17], using
the Folin–Ciocalteu reagent and gallic acid as standard, with absorbance readings at 760 nm.
Sparkling wines were assessed for alcoholic strength, titratable acidity, total polyphenols
(mg L−1 of gallic acid), and color intensity (420 nm, 520 nm, and 620 nm). The alcoholic
strength was determined by distilling 100 mL of a sample and reading the density of the
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distillate on a hydrostatic balance. Titratable acidity was determined by titrating 5 mL of a
sample using bromothymol blue and phenolphthalein for musts and wine, respectively.

2.5. Sensory Analysis

The quantitative descriptive sensory analysis was carried out with approval from the
Research Ethics Committee of the State University of Santa Catarina, under Certificate of
Presentation of Ethical Assessment nº 87299418.4.0000.0118. Twelve selected and trained
panelists participated, comprising 75% men and 25% women, aged between 24 and 63 years
old. They used the proposed form, adapted from Meneguzzo (2014) [18], using a non-
parametric scale of 9 cm. The sensory evaluation took place three months after bottling the
sparkling wines, with samples tasted individually in coded flute glasses containing 50 mL
of each sample, and the serving temperature was 8 ◦C.

The sensory attributes evaluated included color intensity, bubble quality, aroma in-
tensity, floral aroma, fruity aroma, undesirable aroma, vegetal flavor, fruity flavor, acidity,
bitterness, persistence, and gustatory quality.

2.6. Statistical Analysis

Descriptive statistical analysis in Microsoft Excel software was conducted for com-
paring the phenological stages of the varieties. Principal component analysis (PCA) was
performed to evaluate the interrelationship between the analyzed variables. Additionally,
kmeans clustering analysis was employed to group similar data together and discover
underlying patterns or structures. The kmeans results are presented in the same biplot
generated by PCA. The multivariate analyses were performed using the statistical software
R, version 4.2.2, through the FactoMineR and FactoExtra packages [19].

3. Results
3.1. Phenological Data

There is a similarity between the average annual temperatures (maximum, minimum,
and mean) and precipitation during the two years of the study (Figure 1). The 2018/2019
season was characterized by the onset of spring, with higher average temperatures com-
pared to 2017/2018. From August to October 2018, the average monthly temperature was
2.3 ◦C higher than the equivalent period in 2017 (Figure 1). Overall, there was an average
anticipation of 13 days for bud break to begin in the 2018/2019 cycle compared to the
2017/2018 cycle. In both cycles, the thermal amplitude was close to 10 ◦C.
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Figure 1. Monthly average of rainfall, average temperature, maximum temperature, minimum
temperature and thermal amplitude during the vegetative period of the vine in the high-altitude
region of Santa Catarina, Brazil.

It can be seen that the periods with the lowest minimum temperatures are between the
months of August and September, with occurrences of frost from the end of winter until
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spring (Figure 1). It can also be seen that, in February, the temperatures begin to gradually
decrease as the summer period comes to an end.

During the months of January to March (the stage of berry color change), there was
a concentration of precipitation corresponding to 28.14% and 39.75% of the accumulated
annual precipitation for the 2017/2018 and 2018/2019 seasons, respectively. The maturation
stage was the phenological period with the highest percentage of rainy days. The highest
volume occurred during the 2019 harvest.

The average date of occurrence of events can be seen in Table S1 in the Supplementary Data.
The Figure 2 shows that the average time between the date of bud break and maturity

(harvest) of the varieties was 190 days. This period was shorter for the Solaris variety,
with an average of only 165 days. The dormancy of the Solaris variety was practically
overcome even before the beginning of pruning in the region. Thus, it can be observed that
the varieties that sprout earlier are Solaris, Pinot Noir, and Chardonnay, with a budding
period still in mid-August and early November.

Beverages 2024, 10, x FOR PEER REVIEW  5  of  12 
 

 

It can be seen that the periods with the lowest minimum temperatures are between 

the months of August and September, with occurrences of frost from the end of winter 

until spring  (Figure 1).  It can also be seen  that,  in February,  the  temperatures begin  to 

gradually decrease as the summer period comes to an end. 

During the months of January to March (the stage of berry color change), there was 

a concentration of precipitation corresponding to 28.14% and 39.75% of the accumulated 

annual precipitation for the 2017/2018 and 2018/2019 seasons, respectively. The matura-

tion stage was  the phenological period with  the highest percentage of  rainy days. The 

highest volume occurred during the 2019 harvest. 

The average date of occurrence of events can be seen in Table S1 in the Supplementary 

Data. 

The Figure 2 shows that the average time between the date of bud break and maturity 

(harvest) of the varieties was 190 days. This period was shorter for the Solaris variety, with 

an average of only 165 days. The dormancy of the Solaris variety was practically overcome 

even before the beginning of pruning in the region. Thus, it can be observed that the vari-

eties that sprout earlier are Solaris, Pinot Noir, and Chardonnay, with a budding period 

still in mid-August and early November. 

 

Figure 2. Average duration of phenological stages, counted from the winter solstice, of the studied 

grape varieties for sparkling wine production in São Joaquim, SC, 2018/2019 harvest. 

Furthermore, Solaris, Chardonnay, and Pinot Noir had their full flowering earlier, in 

mid-October, in the rainiest month of the spring period. Sangiovese, Canaiolo Nero, and 

Ribolla Gialla had later flowering, in mid-November, in a period of lower rainfall. 

Although, with the shortest cycle duration among the evaluated varieties, it has the 

longest period between the phenological stages of bud break and flowering in both years 

evaluated. The longest average period was observed for Ribolla Gialla, with a cycle dura-

tion of 211 days. On average, Ribolla Gialla and Riesling Renano were the cultivars with 

the latest bud break among the evaluated cultivars, starting bud break in mid-September. 

Solaris and Chardonnay budded earlier, with an average date in the first half of August. 

Figure 3 shows the principal component analysis of the productive and qualitative 

data of the studied varieties. The variables with the greatest contribution to the first di-

mension are the average cluster weight and yield per plant. For the second dimension, the 

variables fertility index and number of clusters had a greater contribution. 

   

Figure 2. Average duration of phenological stages, counted from the winter solstice, of the studied
grape varieties for sparkling wine production in São Joaquim, SC, 2018/2019 harvest.

Furthermore, Solaris, Chardonnay, and Pinot Noir had their full flowering earlier, in
mid-October, in the rainiest month of the spring period. Sangiovese, Canaiolo Nero, and
Ribolla Gialla had later flowering, in mid-November, in a period of lower rainfall.

Although, with the shortest cycle duration among the evaluated varieties, it has the
longest period between the phenological stages of bud break and flowering in both years
evaluated. The longest average period was observed for Ribolla Gialla, with a cycle duration
of 211 days. On average, Ribolla Gialla and Riesling Renano were the cultivars with the
latest bud break among the evaluated cultivars, starting bud break in mid-September.
Solaris and Chardonnay budded earlier, with an average date in the first half of August.

Figure 3 shows the principal component analysis of the productive and qualitative data
of the studied varieties. The variables with the greatest contribution to the first dimension
are the average cluster weight and yield per plant. For the second dimension, the variables
fertility index and number of clusters had a greater contribution.
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Figure 3. Principal component analysis was conducted using productivity, number of clusters per
plant, number of berries, soluble solids, titratable acidity, pH, and total polyphenols of the seven
grape varieties destined for the production of sparkling wines.

The kmeans clustering analysis allowed the separation of varieties into three groups:
Group 1, consisting of the Solaris and Riesling Renano varieties, was positioned more

to the left of the graph, in the opposite direction of the variables corresponding to the
first principal component, indicating that they are varieties with lower yields and average
cluster weights than those in group 3. The difference between Solaris and Riesling Renano
also occurred due to the second principal component, with the Solaris variety having higher
fertility and a greater number of clusters than Riesling Renano.

Chardonnay, Pinot Noir, and Canaiolo Nero are grouped at the bottom of the graph,
forming group 2. The difference between group 2 and group 1 is mainly due to the second
principal component, with the varieties in group 1 having higher fertility and a greater
number of clusters than those in group 2. According to the second principal component,
the number of branches was inversely proportional to the number of clusters and fertility.
The varieties in group 2 had a higher number of branches than those in group 1.

In group 3, Ribolla Gialla and Sangiovese were positioned in the direction and sense
of the variables with the greatest contribution to the first principal component, meaning
that group 3 consisted of cultivars with higher yields and average cluster weights. The
difference between Ribolla Gialla and Sangiovese was due to the variables of the second
principal component, with Ribolla Gialla having higher fertility and a greater number of
clusters than Sangiovese.

The average data from the production analysis variables obtained from these cultivars
can be found in Table S2 of the Supplementary Materials.
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3.2. Chemical Analysis of Sparkling Wines

Figure 4 shows the results of the principal component analysis of the mean chemical
analysis of the sparkling wines made with the evaluated varieties from the two harvests.
The average results of the physicochemical analyses can be seen in Table S3 of the Supple-
mentary Materials. It is observed that there is differentiation among the varieties in the
chemical composition of the sparkling wines.
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Figure 4. Principal component analysis of the chemical variables of sparkling wines produced from
seven grape varieties intended for the production of sparkling wines, harvested in 2018 and 2019 in
São Joaquim, SC.

It can be observed that the variables contributing most to the first dimension are the
absorbance at 520 nm (red color intensity) and total polyphenols. In the second dimension,
pH, absorbance at 620 nm (blue color intensity), and alcoholic strength stand out.

The main difference between the three groups formed by kmeans clustering analysis
is related to the first principal component. Riesling Renano and Canaiolo Nero were the
sparkling wines that resulted in the highest titratable acidity among those evaluated.

The amount of total polyphenols and red color intensity decreases from group 1,
group 2, to group 3. Thus, Pinot Noir was the variety with the highest level of total
polyphenols and greatest red color intensity. It is observed that, although Sangiovese had a
high amount of polyphenols in the must, it was not as stable throughout the process, as
can also be seen in the color analysis of the sparkling wines.

The sparkling wines produced with the cultivars Solaris, Chardonnay, and Ribolla
Gialla are centralized in the graphic in relation to their chemical attributes, demonstrating
intermediate quantities of the attributes in relation to the other cultivars.
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Regarding the second principal component, the Canaiolo Nero cultivar stands out
with the highest alcohol content, pH index, and blue color intensity. Compared to Pinot
Noir, which has the lowest alcohol content, the Canaiolo Nero cultivar is 16.9% higher than
Pinot Noir.

3.3. Analysis of Sensory Attributes

The principal component analysis shows the separation of sparkling wines based on
sensory analysis into three groups (Figure 5). One group contains of the Sangiovese variety
and a second group contain the Chardonnay and Canaiolo varieties.
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Figure 5. Principal component analysis of the sensory analysis of sparkling wines, harvested in 2018
and 2019 from São Joaquim, SC.

Most of the evaluated attributes are on the right, along with the first group, composed
of sparkling wines from the Solaris, Pinot Noir, Ribolla Gialla, and Riesling Renano varieties.
The sparkling wines produced with these varieties were classified by the panel as those
associated with greater bubbles, color intensity, bitterness, and structure.

The sparkling wine produced with the Sangiovese variety appears on the left side
of the graph, indicating it has the highest level of toasted aroma compared to the other
sensory attributes. Most of the evaluated attributes are on the right (third group), that is,
the Solaris, Pinot Noir, Ribolla Gialla, and Riesling Renano varieties. The sparkling wines
produced with these varieties were classified by the panel as those associated with greater
bubbles, color intensity, bitterness, and structure.

The scores obtained for the sensory analysis of sparkling wines can be seen in Table S4
of the Supplementary Materials.
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4. Discussion

Understanding phenological stages is a requirement of modern viticulture, as it al-
lows for the rationalization and optimization of cultural practices, which are essential
for vine cultivation [20]. Adaptation strategies, such as the search for varieties, harvest
management, and winemaking technologies, must deal with the effects of climate change in
different locations [21]. Although phenological responses vary for each variety, bud break
and flowering stages are the most affected in terms of advancement due to temperature
increases [21].

Chardonnay, Solaris, and Pinot Noir are considered to be early budding. The chilling
required to overcome endodormancy varies according to species cultivars [22]. Their early
budding can be explained because they are cultivars that require shorter chilling hours (CH),
such as Chardonnay. According to Anzanello, Fialho, and dos Santos [23] in a study carried
out in Serra Gaúcha, Chardonnay requires 150 (CH). These early budding cultivars are
more susceptible to damage from late frosts, which are common in high-altitude regions [4].

Cultivars that mature in March and April, such as Sangiovese and Ribolla Gialla,
are successful in developing bunches, with the possibility of being able to complete their
maturation outside the rainy season, allowing for greater yields.

Generally, the number of degree days is related to local temperatures and the vine
cycle interval. As average air temperature increases, the range of phenological sub-periods
tends to decrease [24]. Cold nights associated with hot daytime temperatures lead to lower
pH values and higher acidity at harvest compared to hot days and warm nights [2].

The degradation of acids in berries during ripening depends on the cultivar and the
environment. In this sense, cultivars that can maintain higher levels of acidity are required
and valued for the production of sparkling wine [25]. This provides freshness and longevity
to the product. This effect can be enhanced due to cold conditions when acid degradation
is slower [26], such as for the Riesling Renano, Chardonnay, and Canaiolo Nero cultivars.

The duration of the Ribolla Gialla cycle is the longest among the evaluated varieties.
The duration is longer than that observed in a study by Degano et al. (2018) [27], with the
same variety in the Friuli region, Italy, with an average of 150 days. Brighenti et al. [7] (2013)
found that the duration from bud break to grape ripening is longer in the municipality
of São Joaquim and in high-altitude regions than in other regions of Brazil and even
worldwide. In Degano et al.‘s study (2018) [27] in the Friuli region, Italy, a duration of
52 days was observed between the color change and harvest of the Ribolla Gialla variety.
According to Abe et al. (2007) [28], this phase can last from 30 to 70 days, depending on the
variety, rootstock, and cultivation region.

In relation to productive aspects, cultivars that have their full flowering in mid-October
and early November, such as Chardonnay, Pinot Noir, and Renano Riesling, result in lower
productivity. This can be explained by the greater rainfall during this period, causing a lack
of fruit set [29].

The greater fertility of buds of the Solaris variety can be explained by the greater
number of bunches per plant. However, the Solaris variety showed lower production per
plant. The plant needs a vegetative–productive balance between the fruit load (sink) and
adequately illuminated leaf area (source), which influences the quantity and quality of
production [29,30]. Furthermore, other factors may have an influence in this case, such
as light, temperature, precipitation, nutritional factors, and the response of the cultivar
itself [26].

For sparkling wines, grapes with higher acidity and lower pH values are required
compared to table wines [26,31]. Varieties that ripen in January, such as Solaris, Pinot
Noir, and Chardonnay, are considered to have compact clusters, and the occurrence of
precipitation during this period makes them susceptible to fungal infections, such as Botrytis
cinerea [32,33]. Fungal infections in the clusters result in early grape harvesting, making it
difficult to balance sugar concentration, titratable acidity, and pH [34,35].

The highest concentration of total polyphenols, found in the Sangiovese variety, can be
attributed to it being a characteristic of red grapes—in which there is a greater abundance of
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these compounds [26]—and also due to its harvest time, which occurs in mid-April, allow-
ing for more complete maturation in chemical terms, as occurred in 2019 with less rainfall.

Due to their harvest occurring in March, cultivars such as Riesling Renano and
Canaiolo Nero are able to complete their maturation so that their sugar levels can ad-
vance, allowing for a moderate alcohol content. The concentration of soluble sugars, total
acidity, and pH are the main quality criteria used to determine the harvest date for grapes
used for sparkling wine production and, thus, to determine wine quality [2,36]. Maintaining
titratable acidity is a key characteristic of grapes intended for sparkling wine production,
as it contributes to the organoleptic quality of the beverage [36].

In relation to sensory attributes, the polyphenols in wines are important, as they con-
tribute to color, body, astringency, and aroma. Considering that all samples of grapes went
through the same pressing and processing, the Pinot Noir cultivar had the highest concen-
tration of red color due to the higher levels of phenolic compounds in its skin, [26] which
correlated with the higher values of color intensity. The greater structure for sparkling
wines produced with Pinot Noir also can be explained by the higher polyphenol content in
the sparkling wine.

It is known that the traditional method highlights the quality of bubbles mainly due to
mannoproteins in contact with the sparkling wine. Knowing that the process was the same
for all cultivars, a greater quantity of bubbles, color, and structure can be attributed to the
sparkling wines produced with Pinot Noir, Ribolla Gialla, and Riesling Renano due to the
effects of the cultivar itself [2], higher protein content [11], and degree of grape ripeness.

In relation to sparkling wines produced with the Chardonnay and Canaiolo Nero
cultivars, because they are in the center of the graph, it is observed to be in the sensorial
aspect of balance (harmony). This denotes the perceptual balance of all olfactory and wine
sensations, where individual perceptions do not dominate [37].

Meanwhile, the toasted, fermented, and aged aromas in sparkling wines come from
the aging time on lees of sparkling wines produced by the traditional method, a process
that is slow, expensive, and related to quality [8]. The autolysis of the yeasts that produce
the sparkle supplies the toasty scent that characterizes most sparkling wines [37]. The
greater amount of the toasted aroma in a sparkling wine produced with Sangiovese can be
attributed to a lower predominance of other aromas, since all sparkling wines remained in
contact with yeast for the same period.

5. Conclusions

The Sangiovese and Ribolla Gialla cultivars resulted in the latest harvests, with bet-
ter productivity and higher total polyphenol contents, while Riesling Renano preserved
higher acidity.

The sparkling wines produced with Solaris, Chardonnay, and Ribolla Gialla were the
most balanced in terms of chemical parameters.

The Sangiovese cultivar produced sparkling wine with the highest intensity of aroma
and toasted notes using the traditional method.

Thus, considering the phenological, productive, and qualitative parameters, Riesling
Renano, Ribolla Gialla, and Sangiovese are considered the most interesting cultivars for
sparkling wine production in the high-altitude regions of Serra Catarinense.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/beverages10030082/s1, Table S1: Average date of occurrences of the main
phenological stages of cultivars for sparkling wine production in São Joaquim, Santa Catarina, Brazil,
season 2017/2018 and 2018/2019; Table S2: Averages of productive parameters of grape cultivars for
sparkling wine production in São Joaquim, Santa Catarina, Brazil, season 2017/2018 and 2018/2019;
Table S3: Averages of chemical parameters of sparkling wines produced with grape cultivars in
São Joaquim, Santa Catarina, Brazil, season 2017/2018 and 2018/2019; Table S4: Average values of
sensory parameter scores of sparkling wines produced with grape cultivars in São Joaquim, Santa
Catarina, Brazil, season 2017/2018 and 2018/2019.

https://www.mdpi.com/article/10.3390/beverages10030082/s1
https://www.mdpi.com/article/10.3390/beverages10030082/s1
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RESUMO 
 

Buscando alcançar um adequado balanço vegeto-produtivo, este trabalho teve como objetivo avaliar o 
efeito do aumento da carga de gemas planta-1, no momento da poda, nas características produtivas e 
equilíbrio vegetativo da videira Cabernet Franc cultivada em região de elevada altitude de Santa Catarina. 
O presente trabalho foi conduzido durante a safra 2016/2017, em um vinhedo comercial, localizado no 
munícipio de São Joaquim. Utilizaram-se videiras da cultivar Cabernet Franc enxertadas sobre o porta-
enxerto ‘Paulsen 1103’. Os tratamentos consistiram em quatro diferentes níveis de cargas de gemas: 15, 
30, 50 e 75 gemas planta-1. Avaliou-se no momento da colheita variáveis produtivas e vegetativas, e ao 
longo do ciclo da videira, avaliou-se o crescimento de ramos e feminelas. O delineamento experimental 
utilizado foi o de blocos ao acaso, com quatro blocos e cinco plantas por parcela. O aumento da carga de 
gemas planta-1 resultou em aumento do número de ramos e de cachos planta-1, resultando em aumento 
da produção por planta e da produtividade. As variáveis vegetativas foram influenciadas pelo aumento da 
gemas planta-1, observando-se redução do crescimento de ramos e de feminelas. O aumento da carga de 
gemas possibilitou melhor equilíbrio vegeto-produtivo, com redução do peso de poda, e obtenção do 
Índice de Ravaz mais adequado para a elaboração de vinhos de qualidade. Em vinhedos que apresentam 
baixa produtividade e excesso de vigor vegetativo, recomenda-se aumentar a carga de gemas planta-1 
durante o manejo da poda invernal. 
 

PALAVRAS-CHAVE: Vitis vinifera L., produtividade, equilíbrio vegetativo, poda. 
 
ABSTRACT 
 

To reach an adequate vegetative-productive balance, this work aimed to evaluate the effect of an increase 
of the bud load.plant-1 during pruning, on the productive characteristics and vegetative balance of Cabernet 
Franc grapevine cultivated in a high-altitude region of the state of Santa Catarina, Brazil. The present work 
was conducted during the 2016/2017 harvest, in a commercial vineyard located in the municipality of São 
Joaquim. Cabernet Franc variety grapevines grafted on the 'Paulsen 1103' rootstock were used. The 
treatments consisted of four different levels of bud loads: 15, 30, 50, and 75 buds.plant-1. At the time of 
harvesting, productive and vegetative variables were evaluated, and the growth of branches and 
secondary shoots was evaluated along the grapevine cycle. The experimental design was a randomized 
block design with four blocks and five plants per plot. The increase of the bud load.plant-1 increased the 
number of branches and bunches.plant-1, resulting in increased plant production and productivity. The 
vegetative variables were influenced by the increase of buds.plant-1, with a reduction of the growth of 
branches and of secondary shoots. The increase of the bud load allowed a better vegetative-productive 
balance, with the reduction in the weight of pruning, and a Ravaz Index more suitable for the production of 
quality wines. In vineyards with low productivity and excessive vegetative vigor, the increase of bud 
load.plant-1 during winter pruning management is recommended. 
 

KEYWORDS: Vitis vinifera L., productivity, vegetative balance, pruning. 
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INTRODUÇÃO 
 

O estado de Santa Catarina é o segundo maior produtor de uvas (Vitis vinifera L.) do Brasil para 
vinicultura (MELLO 2015). Ciclos fenológicos mais longos são observados nas regiões de altitude do Estado 
de Santa Catarina quando comparados com outras regiões produtoras do Brasil. Essas regiões apresentam 
uma maior disponibilidade de radiação solar e menores temperaturas noturnas na fase final de maturação. 
Com períodos de maturação mais longos, os vinhedos produzem uvas de maior potencial enológico 
(MALINOVSKI et al. 2016). Porém, observa-se nessa região elevada disponibilidade hídrica (BEM et al. 
2016), solos com altos teores de matéria orgânica (MAFRA et al. 2011), que resultam em crescimento 
vegetativo excessivo, baixo índice de fertilidade de gemas, podendo afetar a produtividade e a maturação 
das uvas (BRIGHENTI et al. 2014, WURZ et al. 2017, WÜRZ et al. 2018). 

Uma das alternativas para aumentar a produtividade dos vinhedos e melhorar o seu equilíbrio 
vegetativo seria através da poda de inverno, aumentando a relação gemas planta-1. Alterar o número de 
gemas da videira durante a poda de inverno é a principal e mais barata forma de adequar o rendimento do 
vinhedo (WINKLER 1965). A poda invernal é uma prática realizada anualmente em regiões de clima 
temperado, com o principal objetivo de regular a produção temporal da videira (MIELE & MANDELLI 2012), 
e ao aumentar a carga de gemas planta-1, torna-se possível aumentar a produtividade do vinhedo e 
melhorar o equilíbrio vegeto-produtivo da videira. 

A mudança do número de gemas pode ter efeito a longo prazo, como por exemplo, redução do 
crescimento dos ramos. Portanto, o aumento do número de gemas pode diminuir o vigor, em relação a 
aqueles podadas com número menor de gemas (GREVEN et al. 2014). Por exemplo, TROUGHT & 
BENNET (2009), sugeriram que o número de gemas pode afetar a taxa de crescimento apical dos ramos.  

O número de gemas que permanece nas varas ou nos esporões após a poda determinará a 
dimensão da área foliar e o número de cachos de uvas. Pesquisas pioneiras realizadas na Nova Zelândia 
por JACKSON et al. (1984) descreveram que o número de gemas variando de 40 a 150 por plantas, em 
cinco cultivares, apresentam um comportamento curvilíneo, onde o aumento de 43 para 86 gemas por 
plantas dobrou a produção, no entanto, ao aumentar o número de gemas para 150 por planta, o aumento da 
produção foi de apenas 12% em relação a 86 gemas por planta. Trabalho realizado por GREVEN et al. 
(2015), com a variedade Sauvignon Blanc, na Nova Zelândia, concluiu que o aumento de 24 para 72 gemas 
por planta resultou em aumento da produtividade de 4,8 para 12,7 ton ha-1. 

Os processos adaptativos pelos quais as videiras respondem ao aumento do número de gemas 
incluem a redução do crescimento vegetativo, redução da fertilidade de gemas, ramos mais curtos com 
entrenós mais curtos, maior produtividade e maior número de cachos por planta, além de apresentarem 
cachos mais longos e com bagas menores (CLINGELEFFER 2009). 

Buscando alcançar um adequado balanço vegeto-produtivo, este trabalho teve como objetivo avaliar 
o efeito do aumento da carga de gemas planta-1 nas características produtivas e equilíbrio vegetativo da 
videira Cabernet Franc cultivada em região de elevada altitude de Santa Catarina. 

 
MATERIAL E MÉTODOS 

 

O presente trabalho foi conduzido durante a safra 2016/2017, em um vinhedo comercial, localizado no 
munícipio de São Joaquim, coordenadas (28°17’39” S e 49°55’56” O), a 1230 metros de altitude. Utilizaram-
se videiras da cultivar Cabernet Franc enxertadas sobre o porta-enxerto ‘Paulsen 1103’. Os vinhedos foram 
implantados em 2004. O vinhedo caracteriza-se por apresentar plantas espaçadas de 3,0 x 1,5 m, em filas 
dispostas no sentido N-S, conduzidas em espaldeira, podadas em cordão esporonado duplo, a 1,2 m de 
altura e cobertas com tela de proteção anti-granizo, e com histórico de baixas produtividades (3 ton ha-1).  

O manejo da videira (poda, desbrote, condução, desfolha e colheita) foi realizado com o objetivo de 
obter maior controle experimental, além de contabilizar o tempo necessário para realizar cada um dos tratos 
culturais nas diferentes cargas de gemas da videira Cabernet Franc. 

Os solos da região se enquadram nas classes Cambissolo Húmico, Neossolo Litólico e Nitossolo 
Háplico, desenvolvidos a partir de rocha riodacito e basalto (EMBRAPA 2004). O clima da região é 
classificado como ‘Frio, Noites Frias e Úmido’, Índice Heliotérmico de 1.714, precipitação pluvial média 
anual de 1.621 mm e a umidade relativa do ar média anual de 80% (TONIETTO & CARBONNAU 2004). 

Os tratamentos consistiram em quatro diferentes níveis de cargas de gemas: 15, 30, 50 e 75 gemas 
planta-1. A poda foi realizada para a Cabernet Franc no dia 08 de Setembro de 2016. Deixou-se 8, 15, 25 
esporões com duas gemas cada esporão para os tratamentos 15, 30 e 50 gemas por planta, e para o 
tratamento 75 gemas por planta, deixou-se 30 esporões com duas gemas, e duas varas com 8 gemas cada, 
sendo portanto, este tratamento podada no sistema de poda mista, caracterizada pela presença de 
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esporões e varas. 
Na data da colheita, foram registrados os dados de produção. A produção (kg), o número de cachos e 

o número de ramos foram registrados para cada planta de cada tratamento. O número de cachos por ramo 
foi obtido pela divisão do número de cachos por planta pelo número de ramos por planta. Além disso, 
obteve-se o número de ramos por metro linear de dossel (Ramos m-1), através da divisão do número de 
ramos por planta pelo espaçamento entre plantas. O número de ramos foi obtido se quantificando o número 
de ramos de quatro plantas por tratamento. Através desses valores foi obtida a % de brotação, que consiste 
na relação entre o número de gemas deixadas na poda e do número de gemas que brotaram e originaram 
ramos. 

A produção por planta foi determinada com balança eletrônica de campo, sendo os resultados 
expressos em kg planta-1. A produtividade estimada (t ha-1) foi obtida através da multiplicação da produção 
por planta pela densidade de plantio (2222 plantas ha-1). 

Para determinar o vigor das plantas, utilizaram-se o peso do material podado e o índice de Ravaz. No 
momento da poda da videira, em Agosto de 2017, pesou-se os ramos podados de quatro plantas por bloco, 
com auxílio de uma balança de precisão, resultados expressos em quilograma (kg). O índice de Ravaz foi 
determinado como uma relação entre o peso dos frutos produzidos e o peso do material podado. A distância 
de entrenós foi obtida através da relação entre o comprimento do ramo e o número de gemas que cada 
ramo continha, obtendo-se assim a distância média entrenós do ramo da videira Cabernet Franc. 

Avaliou-se também o diâmetro de ramos, com auxílio de um paquímetro digital, e os resultados 
expressos em milímetros (mm), em dois pontos do ramo: diâmetro do ramo situado na 1ª gema e o diâmetro 
do ramo situado na 10ª gema. Além disso, ao longo do ciclo de desenvolvimento vegetativo, avaliou-se o 
crescimento vegetativo de quatro ramos e quatro feminelas por bloco, com auxílio de uma trena, sendo os 
resultados expressos em centímetros (cm). A medição do comprimento de ramos e do comprimento de 
feminelas ocorreu em intervalos de 15 dias. Ao longo do ciclo vegetativo, foram avaliados os mesmos ramos 
e feminelas. 

O delineamento experimental utilizado foi o de blocos ao acaso, com quatro blocos e cinco plantas 
por parcela. Os dados foram submetidos à análise de variância (ANOVA) e comparados pelo Teste Tukey a 
5% de probabilidade de erro.  

 
RESULTADOS E DISCUSSÃO 
 

As variáveis vegetativas e produtivas foram influenciadas pelas diferentes cargas de gemas, e estão 
apresentadas na Tabela 1. Em relação ao número de ramos no momento da colheita, observou-se que os 
tratamentos 15, 30, 50 e 75 gemas planta-1 apresentaram 16, 30, 45 e 67 ramos planta-1, respectivamente, 
ou seja, houve influência no total de gemas brotadas em relação ao número de gemas deixadas na poda. 
Com isso, observa-se que ao aumentar o número de gemas por planta na poda, há um decréscimo da % de 
brotação. Enquanto as cargas de gemas 15 e 30 gemas planta-1 apresentaram uma brotação de 110% e 
101%, respectivamente, e as cargas de gemas de 50 e 75 gemas planta-1 apresentam uma brotação de 
91% e 89%, respectivamente (Tabela 1). Apesar de haver uma redução da % de brotação em função do 
aumento da carga de gemas planta-1, ainda assim, quanto maior a carga de gemas planta-1, maior o número 
de ramos planta-1. Da mesma forma, ARCHER & FOUCHÉ (1987), observaram que a % de brotação 
reduziu para 93% em videiras da variedade Muscat podados com 40 gemas planta-1 comparadas a 100% de 
brotação em videiras podadas com carga de 16 gemas planta-1. Resultados semelhantes também foram 
observados por GREVEN et al. (2014). 

 Observou-se que ao aumentar a carga de gemas, houve um aumento da produção e produtividade. 
Enquanto a poda realizada com 15 gemas planta-1 apresentou uma produção de 0,9 kg planta-1 e 
produtividade de 2,1 ton ha-1, as plantas podadas com 75 gemas planta-1 apresentaram uma produção de 
3,6 kg planta-1 e produtividade de 8 ton ha-1, ou seja, um aumento de 400% na produção e de 380% na 
produtividade. Ressalta-se que não houve diferenças estatisticamente significativas para a variável índice 
de fertilidade, que variou de 0,77 a 0,84 cachos ramos-1, para as cargas de 15 e 75 gemas planta-1, 
respectivamente.  

Os efeitos da carga de gemas planta-1 resultam em aumento significativo da produção planta-1 e 
produtividade, corroborando com resultados observados por outros estudos (KURTURAL et al. 2006, 
BENISMAIL et al. 2007, O’DANIEL et al. 2012). Essa dinâmica de aumento da produtividade pode estar 
relacionada com o aumento do número de cachos planta-1 e massa de cacho, com maior influência do 
número de cachos planta-1, sendo este, de acordo com GREVEN et al. (2014), efeito do maior número de 
ramos planta-1. GREVEN et al. (2015), sugerem que os efeitos da carga de gemas planta-1 na produtividade 
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estão relacionados ao número de cachos, pois a massa de cachos, a massa e tamanho de bagas são 
variáveis menos influenciadas pelas alterações do vinhedo. 

 O aumento da carga de gemas teve efeito na redução do comprimento de ramos e feminelas das 
plantas da videira Cabernet Franc. Para a variável comprimento de ramo, as cargas de 15 gemas e 30 
gemas planta-1 apresentaram ramos com 342 e 304 cm de comprimento, respectivamente. Enquanto que 
para a carga de 50 gemas planta-1, observou-se comprimento de 267 cm. Ressalta-se que o menor 
comprimento de ramo foi observado nas plantas podadas com 75 gemas planta-1, com 217 cm, ou seja, 
uma redução de 37%. O mesmo comportamento foi observado para a variável comprimento de feminela, 
onde a carga de 75 gemas planta-1 apresentou uma redução de 55% em relação a carga de 15 gemas 
planta-1, ou seja, uma redução de 65 cm para 29 cm de comprimento de feminela. TROUGHT & BENNETT 
(2009), sugeriram que a carga de gemas planta-1 pode afetar a taxa de crescimento dos ramos principais e 
secundários, propiciando redução da área foliar total. 

Não houve efeito da carga de gemas nas variáveis distância de entrenó, diâmetro de ramo na posição 
da 1ª gema e diâmetro de ramo na posição da 10ª gema (Tabela 1). No entanto, houve influência da carga 
de gemas nas variáveis peso de poda planta-1 e índice de Ravaz. Apesar de apresentar um número maior 
de ramos, a carga de 75 gemas planta-1 apresentou peso de poda de 1,0 kg planta-1, enquanto a carga de 
15 gemas planta-1 apresentou peso de poda de 1,7 kg planta-1, ou seja, mesmo a carga de 75 gemas  
planta-1 apresentar 418% ramos planta-1 a mais que a carga de 15 gemas planta-1, o peso de poda foi 70% 
inferior nas plantas podadas com 75 gemas planta-1. As plantas podadas com 30 e 50 gemas planta-1 
apresentaram valores intermediários de peso poda, apresentando 1,4 e 1,3 kg planta-1, respectivamente 
(Tabela 1). 

A carga de 75 gemas planta-1 apresentou o maior valor do índice de Ravaz, com 3,4, enquanto a 
carga de 15 gemas planta-1 apresentou o menor valor do índice de Ravaz, com 0,5. Não houve diferenças 
estatisticamente significativas para as cargas de 30 e 50 gemas planta-1, que apresentaram índice de Ravaz 
de 1,1 e 2,0, respectivamente (Tabela 1). A literatura tem relatado um intervalo no Índice de Ravaz entre 5 a 
10 (KLIEWER & DOKOOZLIAN 2005) para alcançar a maturação da uva. 

O dossel vegetativo ideal e o rendimento das videiras podem ser manipulados de várias maneiras, 
sendo o mais barato aumentar e ajustar a carga de gemas planta-1 através da poda, buscando o equilíbrio 
entre o crescimento vegetativo e a produção. A poda equilibrada, mantendo um número fixo de gemas por 
unidade de massa de poda, foi sugerida como um método para descrever o número adequado de gemas na 
poda de inverno (HOWELL 2001), que dentro de sua pesquisa sobre a cultivar Vignoles comprovou que 
0,45 kg de peso de poda de inverno permite que os frutos amadureçam adequadamente na safra seguinte, 
desenvolvendo um dossel suficientemente capaz de armazenar carboidratos de reserva para a safra 
seguinte. De acordo com BENISMAIL et al. (2007), a poda equilibrada resultou em melhor equilíbrio no 
desenvolvimento do dossel vegetativo, reduzindo o crescimento de feminelas. 

 
Tabela 1. Efeito da carga de gemas nas variáveis vegetativas e produtivas da videira Cabernet Franc (Vitis 

vinifera L.) em região de elevada altitude de Santa Catarina. Safra 2017. 
Table 1. Effect of bud load on the vegetative and productive variables of Cabernet Franc (Vitis vinifera L.) 

grapevine in a high-altitude region of Santa Catarina. 2017 harvest. 
 

  
Carga de Gemas CV 

15 30 50 75 (%) 
2017 

Número de Ramos 16 d 30 c 45 b 67 a 3,4 
Brotação (%) 110 a 101 ab 91 b 89 b 5,8 

Número de Cachos 12 d 23 c 35 b 56 a 8,7 
Produção (kg planta-1) 0,9 c 1,5 c 2,5 b 3,6 a 18,6 

Produtividade (ton ha-1) 2,1 c 3,4 c 5,6 b 8,0 a 7,1 

Comprimento de Ramo (cm) 342 a 304 ab 267 bc 217 c 11,0 

Comprimento de Feminela (cm) 65 b 44 ab 32 b 29 b 32,9 

Distância Entrenó (cm) 6,8 ns 7,2 6,4 6,2 13,5 

Diâmetro Ramo 1a Gema (cm) 0,9 ns 0,9 0,9 0,8 13,4 

Diâmetro Ramo 10a Gema (cm) 0,8 ns 0,8 0,7 0,6 16,2 

Peso de Poda (kg) 1,7 a 1,4 b 1,3 b 1,0 c 6,9 

Índice de Ravaz 0,5 c 1,1 bc 2,0 b 3,4 a 25,2 
*Médias seguidas da mesma letra, na linha, não diferem entre si pelo teste Tukey a 5% de probabilidade de erro.  
ns = não significativo pela análise de variância (ANOVA) a 5% de probabilidade de erro. 
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O crescimento de ramo foi avaliado ao longo do ciclo vegetativo da videira Cabernet Franc para 
melhor compreensão do efeito da carga de gemas para essa variável (Figura 1). Observa-se que até o dia 
10/nov foi semelhante o comprimento de ramo entre os diferentes tratamentos, e após esse período, que 
compreendeu em média 35 dias após a brotação, o crescimento de ramos das plantas podadas com 15 e 
30 gemas planta-1 acentuou-se, apresentado picos de crescimento de 08/dez à 12/jan, enquanto, as plantas 
podadas com 50 e 75 gemas planta-1 mantiveram um crescimento de ramo menos acentuada e constante 
ao longo do ciclo vegetativo. 

 
 

Figura 1. Efeito da carga de gemas no comprimento de ramo da videira Cabernet Franc (Vitis vinifera L.) em 
região de elevada altitude de Santa Catarina. Safra 2017. 

Figure 1. Effect of bud load on the branch length of Cabernet Franc grapevine (Vitis vinifera L.) in a high-
altitude region of Santa Catarina. 2017 harvest. 

 
O comportamento ao longo do ciclo vegetativo do comprimento de feminela está descrito na Figura 2. 

As avaliações iniciam no dia 07/dez e encerraram no dia 15/fev. Observou-se até o dia 04/jan 
comportamento semelhante do aumento do comprimento de feminela, e a partir desta data, houve um 
aumento do comprimento de feminela para as cargas de 15 e 30 gemas planta-1. Para as cargas de 50 e 75 
gemas planta-1, observou-se um aumento mais acentuado a partir do dia 18/jan, contudo, apresentando 
valores inferiores aos observados pelas cargas de 50 e 75 gemas planta-1 (Figura 2).  

Para BENISMAIL et al. (2007), a baixa carga de gemas planta-1, resulta em efeitos no crescimento 
vegetativo, com dominância do crescimento dos ramos principais e de feminelas, provocando um 
desequilíbrio vegetativo a plantas submetidas a poda com baixa carga de gemas. 

A busca pela melhor relação produção e qualidade apresenta dificuldades, ainda mais nas condições 
de altitude onde o clima úmido e solo fértil tornam o controle do crescimento um desafio. No entanto, plantas 
desequilibradas, produzem mostos desbalanceados, resultando em um vinho de pouca qualidade 
(JACKSON & LOMBARD 1993). 

Os resultados das variáveis vegeto-produtivas mostram claramente o efeito da manipulação da carga 
de gemas planta-1 nas características do dossel vegetativo, resultando em alteração do comprimento de 
ramo, comprimento de feminela, e na relação área foliar produção-1, menor peso de poda e maiores 
produtividades. 
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Figura 2. Efeito da carga de gemas no comprimento de feminela da videira Cabernet Franc (Vitis vinifera L.) 
em região de elevada altitude de Santa Catarina. Safra 2017. 

Figure 2. Effect of the bud load on the length of females of the Cabernet Franc (Vitis vinifera L.) grapevine in 
high altitude region of Santa Catarina. 2017 season. 

 
CONCLUSÃO 
 

O aumento da carga de gemas planta-1 resultou em aumento do número de ramos e de cachos  
planta-1, resultando em aumento da produção planta e da produtividade. 

As variáveis vegetativas foram influenciadas pelo aumento do número de gemas planta-1, 
observando-se redução do crescimento de ramos e de feminelas. 

O aumento da carga de gemas possibilitou melhor equilíbrio vegeto-produtivo, com redução do peso 
de poda, e obtenção do Índice de Ravaz mais adequado para a elaboração de vinhos de qualidade. 

Em vinhedos que apresentam baixa produtividade e excesso de vigor vegetativo, recomenda-se 
aumentar a carga de gemas planta-1 durante o manejo da poda de inverno. 
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Tabela 53: Sítios de síntese e de utilização dos hormônios naturais. 
Fonte: Adaptado de Fregoni, 1998.

Hormônio Orgãos de síntese Orgãos de utilização Funções

Auxina Ápice vegetativo cachos Ápice vegetativo, cachos (1) D(+), EC(+), A(+), E(+), SF(-), QF(-)

Giberelina Folhas jovens apicais, cachos, raízes Ápice vegetativo, cachos (1), raízes D(+), EC(+), A(+), E(±)

Citocinina Raízes Cachos (1), ápice vegetativo, raízes D(+), EC(+), A(+), E(-)

Ácido Abscísico Folhas velhas, raízes, cachos Cachos (1), raízes, gemas dormentes SF(+), QF(+), E(±)

Etileno Cachos Cachos (2) SF(+), QF(+), E(+)

(1) Auxina, Giberelina, Citocinina e Ácido Abscísico-origem provável: endógena (bagas) e exógena (órgãos vegetativos)
(2) Etileno origem endógena (bagas).
(3) D= divisão celular ; EC= expansão celular ; A= alongamento do broto; SF= senescência foliar ; QF= queda foliar ; E= enraizamento; + (positivo), 
- (negativo). 
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RESUMO: O uso das plantas medicinais remonta os primórdios da humanidade, como 
registram dados históricos. Cerca de 80% da população mundial faz o uso das 
espécies no tratamento de enfermidades. O Guaco (Mikania glomerata) é uma 
espécie medicinal popularmente conhecida por sua função broncodilatadora atribuída 
a presença da cumarina (1,2-benzopirona), uma classe de metabólito secundário que 
pode sofrer a influência de uma série de fatores em seus processos de síntese e 
acúmulo, a exemplo das radiações ultravioleta e disponibilidade de nutrientes. Desta 
forma, faz-se necessário compreender os fatores que influenciam a produção e o 
acúmulo de metabólitos secundários visando otimizar a produção e garantir a 
qualidade dos fitoterápicos. O objetivo deste capítulo é o de discutir temas 
relacionados a síntese e acúmulo de cumarina em guaco e suas implicações no 
manejo e cultivo da cultura. 
 
PALAVRA-CHAVE: Mikania glomerata, 1,2-benzopirona, metabolismo secundário, 
nutrição mineral, plasticultura. 
 
ABSTRACT: The use of medicinal plants dates back to the dawn of humanity, as 
recorded in historical data. Approximately 80% of the world's population uses these 
species to treat illnesses. Guaco (Mikania glomerata) is a medicinal species popularly 
known for its bronchodilator function attributed to the presence of coumarin (1,2-
benzopyrone), a class of secondary metabolites that can be influenced by a series of 
factors in their synthesis and accumulation processes, such as ultraviolet radiation and 
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nutrient availability. Therefore, it is necessary to understand the factors that influence 
the production and accumulation of secondary metabolites in order to optimize 
production and ensure the quality of phytotherapeutic products. The objective of this 
chapter is to discuss topics related to the synthesis and accumulation of coumarin in 
guaco and its implications for crop management and cultivation. 
 
KEYWORD: Mikania glomerata, 1,2-benzopyrone, secondary metabolism, mineral 
nutrition, plasticulture.  
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1. INTRODUÇÃO  

 

O uso de plantas reflete um profundo conhecimento ancestral sobre a 

biodiversidade e suas propriedades terapêuticas. Evidências fósseis indicam que as 

práticas medicinais baseadas em plantas já eram empregadas há cerca de 60 mil 

anos. 

Atualmente, apesar dos avanços da medicina moderna, uma parcela 

significativa da população mundial, incluindo 82% dos brasileiros, continua a recorrer 

a práticas tradicionais que utilizam plantas medicinais para tratar diversas 

enfermidades, sendo essa tendência especialmente forte em contextos onde o acesso 

a medicamentos convencionais é limitado. 

Entre essas plantas, destaca-se o guaco (Mikania Glomerata Spreng.), 

amplamente reconhecido por suas propriedades medicinais, como broncodilatadora e 

expectorante. Contudo, a crescente demanda por produtos fitoterápicos exige atenção 

à conservação e ao cultivo sustentável dessas espécies, assegurando que o 

conhecimento tradicional continue a ser valorizado e integrado nas práticas de saúde 

pública. 

Neste contexto, a pesquisa em fitoterapia e a compreensão dos fatores que 

influenciam a produção de metabólitos secundários, como as cumarinas encontradas 

no guaco, são essenciais para garantir a eficácia e a qualidade dos tratamentos 

baseados em plantas. A necessidade de resgatar e preservar esse patrimônio cultural 

e biológico se torna, portanto, um imperativo tanto para a saúde coletiva quanto para 

a sustentabilidade ambiental. 

 

2. HISTÓRICO DAS PLANTAS MEDICINAIS 

 

O uso de plantas com fins terapêuticos é uma prática que remonta às origens 

da humanidade (Oliveira et. al., 2018). Evidências indicam a presença de grãos de 

pólen de plantas medicinais em fósseis com cerca de 60 mil anos (Pinto e De Novais, 

2023). Por volta de 5.000 a.C., os chineses já possuíam um vasto conhecimento sobre 

drogas derivadas de plantas (Araújo e Moreira, 2006). Em 2.700 a.C., o imperador 

Shen Nung catalogou mais de 300 espécies de plantas medicinais, saber também 

compartilhado por babilônios, assírios, hebreus, gregos e egípcios (De Almeida, 

2016). 
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