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Abstract. The objective of this work was to evaluate the effect of different defoliation times on the chemical
and phenolic composition of Sauvignon Blanc wine in high altitude regions of Santa Catarina - Brazil.
The experiment was conducted in the 2015 and 2016 seasons, in a vineyard located in the city of São
Joaquim – Santa Catarina State. The defoliation was carried out during phenological stages: full bloom,
berries pepper-corn size, pea-sized berries, veraison, 15 days after veraison and control without leaf removal.
During harvest, severity of Botrytis cinerea was assessed by visual evaluation through a diagrammatic scale.
For the wine samples from each season, total acidity (meq L−1 ), pH, total polyphenol content (mg L−1 of
gallic acid) and color (Abs 420nm) were performed. For the wines of the 2015 harvest, phenolic compounds
were analyzed: gallic acid, catechin, vanillic acid, P-coumaric acid and rutin. The chemical composition of
Sauvignon Blanc wine was affected as a result of leaf removal timing, defoliation carried out in full bloom,
berries pepper-corn size and pea-sized berries reduced total acidity and increased pH of the wines in both
seasons. For wine color, in both seasons, it was found a greater yellow coloration in wines originated from
grapes where the plants were not defoliated. The increase of yellow coloration is due to the oxidation of
catechins and epicatechins, which is related to the increase of botrytis bunch rot. In the 2015 season there
were no influence of leaf removal timing in total polyphenols, however, in the 2016, the defoliation performed
in full bloom resulted in lower polyphenols contents. Wines from non-defoliated plants presented higher
values of catechin, rutin, P-coumaric acid and gallic acid, related to yellow coloration of wines and greater
susceptibility to darkening and oxidation. For vanillic acid, wines from non-defoliated plants have the lowest
values, this compound is important in wine preservation. Leaf removal is an important management technique
in high altitude regions of Santa Catarina - Brazil, it improves wine chemical composition, and if carried
out during the stages of full bloom, pepper corn berries and pea-sized berries can reduce the severity of
Botrytis bunch rot; and avoid the formation of phenolic compounds related to the processes of oxidation and
darkening.

1. Introduction
Highland regions of Santa Catarina State, Brazil, have
been acquiring great importance due to the high potential
for wine production from Vitis vinifera L. cultivars
[1–3]. Located between latitudes 26o and 28o S and
altitudes between 950 m and 1400 m a.s.l. the knowledge
and characterization of this region shows potential to
produce quality wines, but due to highlands of Santa
Catarina State are being in an emergent wine grown
region fundamental investigations into vineyard practices
are necessary [4].
In modern viticulture, the management of vine growth
plays a fundamental role in the grapevine development,
and it is widely recognized as a determining factor in the
composition of wines [5]. Management of vine growth for
wine grape cultivation have been developed to optimize
sunlight interception, photosynthetic capacity and canopy
microclimate for the purpose of improve fruit production
a
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and wine quality, especially in vigorous varieties with
dense canopies [6].
Basal leaf removal may be employed to improve air
and light exposure around clusters, as well as to open
access to disease- and pest-control chemicals [7]. It is a
vineyard practice carried out in all wine-growing regions,
which is usually applied between the setting and véraison
phenological stages of the grapevine [8, 9]. However, leaf
removal before setting has become more common [10].
An effect generally associated with basal leaf is a reduce
incidence of bunch rot [11]. Besides that, anthocyanin
levels and skin color generally are significantly enhanced,
particularly in cool climate. Basal leaf removal may
increase sugar and polyphenols, improving grape quality at
harvest [12]. Whereas, an effect generally associated with
basal leaf removal is a drop in titratable acidity [12, 13].
To improve our understanding about vineyard practices, the present study aims to investigate the effect
of different leaf removal time on the botrytis bunch rot
disease development and chemical-phenolic composition
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Table 1. Chemical parameters (titratable acidity, pH and color) of Sauvignon Blanc wines under effect of different leaf removal times in
the high-altitude regions of southern Brazil. Vintages 2015 and 2016.
Leaf Removal Time
Full bloom
Berries pepper-corn size
Berries pea size
Veraison
15 days after veraison
Control (no leaf removal)
CV (%)

Acidity
(meq L−1 )
2015
2016
132.5 a
115.8 a
131.7 a
113.6 a
136.6 b
114.3 a
145.2 c
124.4 b
137.1 b
135.6 c
157.5 d
142.4 c
1.0
4.0

pH
2015
3.00 d
2.88 b
2.88 b
2.85 a
2.93 c
2.93 c
0.5

2016
3.01 b
2.98 b
2.99 b
2.90 a
2.88 a
2.86 a
1.2

Color
(Abs 420 nm)
2015
2016
0.06 a
0.05 a
0.06 a
0.06 b
0.05 a
0.06 b
0.05 a
0.07 b
0.06 a
0.10 c
0.08 b
0.10 c
7.2
9.3

*Means followed by different letters in the same column differ by Skott Knott test (p < 0.05).

of Sauvignon Blanc wines in order to guide appropriate
management for winemaking in regions 900 m a.s.l. of
Southern Brazil.

Table 2. Botrytis bunch rot severity in the Sauvignon Blanc’s
cluster under effect of different leaf removal times in the highaltitude regions of southern Brazil. Vintages 2015 and 2016.
Leaf removal time

2. Materials and methods
Full bloom
Berries pepper-corn size
Berries pea size
Veraison
15 days after veraison
Control (no leaf removal)
CV (%)

Experiment was undertaken in a commercial Vitis vinifera
L. cv. Sauvignon blanc vineyards located in São Joaquim
county (28o 17’39” S, 49o 55’56” W and 1.230 m above
sea level), State of Santa Catarina (SC), southern Brazil,
during the year 2014–2015 and 2015–2016 growing
seasons.
The climate of the region has been classified as “Cool,
Cool nights and Humid”, Heliothermic Index of 1.714,
average annual rainfall of 1.621 mm and average annual
relative humidity of 80% [14]. Soil type is cambisol, which
is characterized as having high clay (492 g kg−1 ) and
organic matter (71 g kg−1 ) [15].
Sauvignon Blanc vines (grafted on ‘1103 Paulsen’)
were planted in 2004 in a northwest to southeast row
orientation, with a 3.0 m (row) × 1.5 m (vine) spacing.
Vines were trained on a vertical shoot position in a double
cordon spur-pruning at 1.2 m height and covered with antihail net.
The treatments consisted of leaf removal at clusterzone in five different phenological stages according to
Baillod & Baggiollini [16] scale: full bloom, berries
pepper-corn size, berries pea size, veraison, 15 days after
veraison and control (no leaf removal). Leaf removal
was performed manually, removing three basal leaves,
including leaf opposite to cluster, exposing completely
the grapes. Vineyards practices (pruning, shoot topping
and control diseases) were maintained as recommended to
commercial growers in this region.
During harvest, 60 kg of grape per treatment was
hand-picked to winemaking process. The winemaking was
performed in research scale following protocols described
by Pszczolkowski & Lecco et al. [17]
Wine samples were immediately submitted to the
following analysis: a. titratable acidity (meq L−1 ); b.
pH. These analyses were determined by protocols of
OIV [18]; c. Color, determined by the spectrophotometry
method with absorbance in 420 nm wavelength described
by Rizzon [19] and d. Total polyphenols (mg L−1 ),
determined by the spectrophotometry method described
by Singleton and Rossi [20], using the Folin-Ciocalteu
reagent, with absorbance in 760 nm wavelength. Phenolic
content was determined using a gallic acid calibration
curve.

Severity (%)
2015
2016
7a
13 a
7a
14 a
19 b
21 a
32 c
29 b
33 c
35 b
42 d
44 d
23.9
20.7

*Means followed by different letters in the same column differ by
Skott Knott test (p < 0.05).

Table 3. Total polyphenol of Sauvignon Blanc wines under effect
of different leaf removal times in the high-altitude regions of
southern Brazil. Vintages 2015 and 2016.
Leaf removal time
Full Bloom
Berries pepper-corn size
Berries pea size
Veraison
15 days after veraison
Control (no leaf removal)
CV (%)

Total polyphenol (mg L−1 )
2015
2016
221.3 a
267.5 a
223.3 a
299.2 b
235.6 a
320.5 b
216.4 a
314.6 b
229.6 a
311.6 b
245.4 a
321.7 b
5.1
8.6

*Means followed by different letters in the same column differ by Skott Knott
test (p < 0.05).

Individual polyphenols in the wine were determined
using high-performance liquid chromatography (UVHPLC), as described previously [21]. Wine samples were
analyzed in triplicate (two injections from the triplicate
bottles).
For the severity evaluation of botrytis bunch rot, the
evaluations began at the onset of the first symptom, at
intervals of 15 days, under natural infection condition.
Thirty clusters per treatment were randomly selected, and
the evaluations were carried out through a diagrammatic
scale described by Hill et al. [23], based on twelve levels
of disease severity: 1, 5, 10, 15, 20, 30, 30, 40, 50, 60, 70,
80 and 90%.
The experimental design was a randomized blocks with
four blocks and five vines per plot. Data was analyzed by
the F test and Skott Knott’s multiple range tests (p <0.05).
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Table 4. Concentration of polyphenols (Gallic acid, vanillic acid, p-cumaric acid and rutin) obtained by HPLC in the final wines of
Sauvignon Blanc under effect of different leaf removal times in the high-altitude regions of southern Brazil. Vintage 2015.
Leaf removal time
Full bloom
Berries pepper-corn size
Berries pea size
Veraison
15 days after veraison
Control (no leaf removal)
CV (%)

Gallic Acid
−1

(mg L )
9.23 b
7.05 a
5.88 a
6.34 a
8.88 b
8.77 b
10.1

Catequin
−1

(mg L )
4.96 b
4.64 b
4.71 b
4.38 b
4.57 b
6.07 a
10.8

Vanillic Acid

P-cumaric acid

−1

(mg L )
0.67 d
0.54 c
0.53 c
0.42 b
0.44 b
0.32 a
13.2

−1

(mg L )
0.32 c
0.12 a
0.09 a
0.19 b
0.16 b
0.31 c
10.4

Rutin
(mg L−1 )
0.84 b
0.49 a
0.46 a
0.87 b
0.49 a
1.22 c
9.2

*Means followed by different letters in the same column differ by Skott Knott test (p < 0.05).

3. Results and discussion

the main flavonoids. These compounds are responsible for
browning and some bitterness in wines [29, 30].
Vine not submitted to the leaf removal management
as well as the leaf removal performed in the full bloom
phenological stage present the highest contents of the Pcoumaric acid (Table 3). The importance of these acids
are related to phenomena of oxidative browning that the
musts or white wines can suffer. These compounds, rich
in hydroxyl groups, are the first phenolic substances to be
oxidized by the phenoloxidase enzymes in the respective
quinones. These quinones are involved in reactions that
lead to the appearance of compounds, with colorings
ranging from yellow to brown, in musts.
According to the results observed in this study, higher
values of polyphenol were found in wines from vines not
submitted to the leaf removal management; however, such
compounds are responsible for phenomena of darkening of
white wines, oxidation, bitterness, thus having a negative
effect to the wine quality.
A thorough knowledge of the various polyphenolic
structures present in the grape and the mechanisms of its
evolution during winemaking is an indispensable basis to
development of the technological processes adapted both
the vineyard and the winery [31]. Therefore, the results
observed in this work demonstrate that the management of
basal leaf removal must be performed according to winery
standards due its impact to oenological performance of
grapes.

We observed influence of leaf removal timing on the total
acidity, pH and color of Sauvignon Blanc wines (Table 1).
At both harvests, leaf removal carried out until berries
pepper-corn size phenological stages resulted wines with
the lowest values of total acidity, while wines from plants
without leaf removal show the highest total titratable
acidity. Early leaf removal associated with high solar
radiation provides a reduction in berries acidity due to the
greater degradation of malic acid [24, 25].
For pH of the wine, it was observed that earlier
leaf removal, before véraison, showed elevation of pH
(Table 1). As reported by other authors [24–26], leaf
removal resulting in an increase in pH, as a consequence
of direct exposure of the cluster to solar radiation.
To color (Abs 420 nm) was observed higher values in
wines from non-defoliated vines at both vintages (Table 1).
This behavior could be related to more botrytis bunch rot
severity observed in the Sauvignon Blanc vines without
leaf removal (Table 2). Similar results were observed by
Meneguzzo et al. [27] who verified that color index of
Gewurztraminer wines increased with the increase of the
bunch rot.
In the Sauvignon Blanc clusters, it was observed that
early leaf removal carried out up to berries pea size
phenological stage resulted a reduction in the severity
of botrytis bunch rot, while a significant increase in the
severity of botrytis was observed in plants not submitted
to leaf removal management (Table 2). Viticulture has a
need to acquire more sustainable forms of cultivation (3),
and consequently reducing the use of chemical methods
of disease control. Vineyards practice that result in greater
sun exposure and ventilation in the cluster zone such leaf
removal are efficient tools in disease control in grapevine
cluster [11, 28].
For the concentration of total polyphenols in wines, no
difference was observed among leaf removal treatments,
except for the defoliation performed at full bloom
phenologial stage in the 2016 harvest (Table 3). Although
there was no influence of the leaf removal time on the
total polyphenol concentration in the 2015 vintage, it was
verified that leaf removal influenced the concentration of
individual polyphenols (Table 4).
Wines from vines with leaf removal performed at full
bloom, 15 days after véraison and control show higher
values of gallic acid (Table 3). Also it was observed that
plants with no leaf removal resulted in wines with the
highest content of catechin and rutin, and lowest value for
vanillic acid (Table 3). In white wines the catechins are

4. Conclusion
Leaf removal is an important vineyard practice in high
altitude regions of Santa Catarina – Brazil because it
improves the chemical composition of wine and if it was
carried out until berries pea size phonological stage can
reduce the severity of botrytis bunch rot, besides avoid the
formation of phenolic compounds related to the processes
of oxidation and darkening.
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vinificácion: guia práctica para la elaborácion
de vinos (Santiago, Universidade Católica do Chile,
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