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Introduction

The sparkling wine market is the fastest growing
segment of the wine market in Brazil, with a growth of
17 % in volume of traded wine in the last seven years
(UVIBRA, 2018). The Brazilian wine industry is interna-
tionally recognized by the quality of its sparkling wine.
High quality is related to climate and the southeastern
region of Brazil presents an ideal climate for regions
above 1000 m. This climate enables the production of
‘Chardonnay’ vines for sparkling wines production, as
reported by Regina et al. (2010).

High acidity (from 10 to 16 g L of tartaric acid),
low pH (from 2.9 to 3.2) and sugar concentration (from
16.2° to 21.5 °Brix) in berries are ideal characteristics
for producing sparkling wines (Jones et al., 2014). Be-
sides climate conditions, vineyard management, such
as pruning system and canopy management, affect vine
performance and berry composition. In-row spacing not
only affects the planting density, but also the level of en-
vironment exploration by the vine. Narrower spacing in-
duces competition for water and nutrients between the
vine root systems and between the canopies for light,
since it affects both root and shoot densities (Hunter,
1998; Smart, 1988; Reynolds et al., 2004). The choice of
planting density for a commercial vineyard is extremely
important since it influences the initial investment and
yield per hectare for the winegrower. However, little or
no impact of vine spacing regarding berry composition
and wine quality have been reported (Bernizzoni et al.,
2009; Heuvel et al., 2013). Shoot thinning is a recom-
mended practice primarily for vertical shoot positioned
vineyards. It affects crop load and source-sink balance
within the vine, reduces the canopy density, and im-
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increased bud fruitfulness and decreased leaf area per meter, leaf area per plant, and leaf layer
number. In-row spacing from 1.5 m to 0.5 m showed promising results for the Southeast Brazil
with higher yield per hectare and sufficient acidity to provide freshness in sparkling wines.
Keywords: Vitis vinifera, vine spacing, canopy management, grape quality, sparkling wine

proves canopy microclimate, which has an overall effect
on berry quality (Smart, 1988; Reynolds et al., 1994a, b;
Junquera et al., 2011). The ideal shoot density depends
directly on cultivar used and the vineyard site (Reynolds
et al., 2005). No studies have investigated '‘Chardonnay’
vineyard management, or vine density, and pruning
methods in southeastern regions in Brazil (Mendonga et
al., 2016). Therefore, this work aimed to compare the ef-
fects of five in-row spacing measurements and two shoot
thinning treatments on vegetative growth, berry compo-
sition, and wine quality in order to recommend the ide-
al in-row spacing and canopy management to produce
higher quality sparkling wines in southeastern Brazil.

Materials and Methods

Vine site and experimental design

The vineyard was established in 2009, in the city
of Caldas, southern Minas Gerais State, Brazil, (21°55' S,
46°23" W) at an altitude of 1,100 m with '‘Chardonnay’
clone 76 -ENTAV-INRA grafted onto ‘1103 Paulsen'. The
sum of precipitation and average maximum and mini-
mum air temperatures, from Sept to Jan in both cycles
presented in this study were recorded and are shown in
Figure 1.

Treatments consisted of five planting densities
and two shoot thinning treatments. All planting density
treatments had the same row spacing of 2.5 m (between
planted rows) and the plant in-row spacing varied from
0.5 m to 2.0 m (between vines). The experiment was
designed in a 5 x 2 subdivided plot, with five in-row
spacing measurements as the main plot and a subplot
for the shoot thinning treatment, with eight replications,
completely randomized per treatment. Each main plot
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had four rows of vines and two rows of borderline. All
the sampling was taken from two internal rows.

The in-row spacing varied as follows: 0.5 m, 0.75
m, 1.0m, 1.5m, and 2.0 m, resulting in 8000, 5333, 4000,
2667 and 2000 vines per hectare, respectively. Regarding
the shoot thinning treatments, part of the vineyard was
thinned to the same number of shoots per hectare, at
40,000 shoots per hectare, and the other portion was not
thinned. In order to reach the 40,000 shoots per hectare,
all vines of each planting density were thinned to differ-
ent numbers of shoots per vine; vines in 2,000 plants per
hectare (plant ha™') density treatment were thinned to 20
shoots per vine, in 2,667 plant ha™! to 15 shoots per vine,
in 4,000 plant ha™! to ten hoots per vine, in 5,333 plant
ha' to eight shoots per vine, and in 8,000 plant hato
five shoots per vine, as shown in Table 1. Each plot was
one replication, with one plant per replication.

The vines were trained in a vertical shoot posi-
tioning trellis system, with bilateral cordons and double
spur pruned. The shoot thinning treatment was per-
formed by removing shoots after budburst and before
the shoots achieved the first wire (before single flowers
were separated). Fertilization, disease and pest control
managements were applied equally to all treatments,
in accordance with standard commercial practices for
Chardonnay cultivar (Goldammer, 2018).

In Oct 2015, hail impaired the development of
vines for the subsequent cycle of 2016. Therefore, this
study addresses the 2017 and 2018 seasons only.
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Figure 1 - Sum of rainfall, in millimeters, and average maximum
and minimum air temperature for 2017 and 2018 cycles, Caldas,
MG, Brazil. Total sum of rainfall was 266 mm for 2017 and 230.8
mm for 2018.

Canopy management for ‘Chardonnay’ vines

Vine vigor analysis

Leaf area per plant (LA) and per row meter (LAm)
were measured before shoot trimming. For measuring
the leaf area per plant, four vines per treatment were
used, and for measuring the leaf area per row meter,
six random linear meters were used in each treatment.
The single leaf area was estimated by the equation y=
-14.68 + 1.73x + 0.30x? in which "y" is the estimated
single leaf area, and "x" is the sum of the lengths of the
two main lateral veins (Regina et al., 2000). The aver-
age leaf area of shoots was calculated by multiplying the
total number of leaves per shoot by the average single
leaf area. The average single leaf area was obtained from
8-10 leaves per shoot, the average shoot leaf area from
four shoots per vine, and the leaf area per row meter
from linear meter. The total leaf area per vine and per
row meter was calculated by multiplying the average
shoot leaf area by the total number of shoots per vine or
total number of shoots per linear meter.

The leaf layer number (LLN) was measured after
veraison, as described by Smart and Robinson (1991).
Each insertion was applied to 16 plants, with four in-
sertions (two in each cordon) per plant, totaling 64 in-
sertions per treatment. To quantify the vegetative and
reproductive balance, the leaf area to fruit weight ratio
(m2 kg!) was calculated.

Yield components

Bud fruitfulness was obtained during full bloom
and calculated by dividing the number of inflorescences
per number of shoots per plant considering eight plants
for each treatment.

At harvest, yield and the total cluster number
were recorded for eight vines for each treatment. The
yield per hectare was estimated by multiplying the aver-
age yield of eight plants for the total number of vines per
hectare for each treatment.

Grape and must composition

A hundred berries were crushed by hand and the
resulting must was used for measuring pH, titratable
acidity (TA), and soluble solids (°Brix). To measure the
pH, TA, and soluble solids a digital potentiometer, titra-
tion with 0.1N NaOH with phenolphthalein as an indi-
cator, and a portable digital refractometer were used,
respectively.

Table 1 - Planting density, in-row spacing, area per plant, vineyard bud load, and number of shoots for non-thinned (NT) and thinned treatments

(T), for Chardonnay variety in 2017, Caldas, MG, Brazil.

Planting In-row Area Vineyard bud load Shoot number per plant Shoots number per meter
density spacing per plant NT NT T NT T
m m?2
2,000 2.00 5.00 74,000 40,000 37 20 18.5 10
2,667 1.50 3.75 79,980 40,000 30 15 20 10
4,000 1.00 2.50 80,000 40,000 20 10 20 10
5,333 0.75 1.87 95,994 40,000 18 8 24 10
8,000 0.50 1.25 120,000 40,000 15 3 30 10
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A must sample was collected to quantify the tar-
taric and malic acids, both determined in the acid frac-
tion obtained after passing the sample through an an-
ion exchange resin, according to McCord et al. (1984).
As an internal standard, 10 pL of Isobutyric acid (2.5
g pL!) was used for each 1 mL aliquot of the sample,
which was added before the sample was passed through
the resin. A 5 uL aliquot of the filtered acid fraction
(0.45 pm filter) was injected into an Agilent 1260 Infin-
ity liquid chromatograph equipped with a SupelcoGel
C-610H column (Supelco, 30 cm x 7.8 mm) adjusted to
30 °C and a diode array detector (DAD) at 210 nm. The
isocratic run was performed with aqueous phosphoric
acid solution at 0.5 %, as the mobile phase. The identi-
fication and quantification of the chromatograms were
based for calibration curves with a standard solution of
tartaric and malic acids.

Winemaking and base wine analysis

After harvest, berries were stored in a cool cham-
ber for 24 h at 10 °C. For each treatment, 25.2 kg of
berries were destemmed by hand and crushed. The re-
sulting must, with an average density of 1.0693 for all
treatments, was separated from the solids and placed
in 13.25 L glass carboy, where 2 g per hectoliter of pec-
tolitic enzyme and 100 mg SO, kg™ were added. The
cold settling occurred at 10 °C for 48 h, followed by
the racking for 13.25 L glass carboy. The clear must
was inoculated with rehydrated wine yeast 20 g hL™*
(Saccharomyses cerevisiae bayanus) and corrected with
glucose to achieve 11 % alcohol with 20 g hL! of fer-
mentation activator added.

The density was measured daily during alcohol-
ic fermentation at 17 °C. When density consistently
reached 990 and the residual sugars were below 3 g L,
the wine was racked to remove lees and added with 50
mg L potassium metabisulfite and 80 g hL! of benton-
ite. The wines spent 12 d in cold stabilization and were
then racked to remove the clarification lees. An addi-
tional 30 g hL! of bentonite was added, followed by 12
d more of clarification to achieve limpidity.

The base wine analyses were performed after the
final racking. We also performed the analyses of total
acidity (g L! tartaric acid), volatile acidity (g L acetic
acid), pH, alcohol (%), crude extract (g L!), residual
sugars (g L), and ashes (g L!) (Amerine and Ough,
1980) in order to determine if the wine complied with
the standards of the Brazilian law.

Statistical analysis

The analysis of variance (ANOVA) was used to
test the two factors (in-row spacing and shoot thinning)
and their interaction (in-row spacing x shoot thinning).
The residual variance was not homogeneous between
years; therefore, data was analyzed individually for
each year (year was not considered as a factor). A lin-
ear regression was performed for the planting density
treatment and the mean values for the shoot thinning
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treatment were compared by a Scott-Knott test, both
at 5 % significance level. The statistical analyses were
performed using the SISVAR software (analysis of vari-
ance for balanced data, version 5.6) given by the De-
partamento de Ciéncias Exatas, Universidade Federal
de Lavras.

Results and Discussion

Vine vigor

In thinning and non-thinning treatments, LA in-
creased as in-row spacing increased from 0.5 m to 2.0
m (Figures 2A and 2B). The arm of vines increased
when submitted to larger in-row spacing, which may
explain this fact. With larger spacing, vines have more
growing space and more shoots, hence, more leaves
per plant. The opposite explains the lower leaf area
per plant for 0.5 m in-row spacing. Kliewer et al.
(2000) found a similar effect by reducing the in-row
spacing of 'Cabernet Sauvignon' cultivar vines from
3 m and 2 m to 1 m, which resulted in fewer shoots
per vine.

Leaf area per row meter (LAm), LLN and LLN per
meter, in general, decreased as the in-row spacing in-
creased (Figures 2C, 2D, 2E, 2F, 2G, and 2H), since there
was a decrease from 30 shoots per meter, at 0.5 m in-row
spacing, to 18 shoots per meter for 2.00 m in-row spac-
ing treatment. The higher values found for LAm, LLN
and LLN per meter in minor in-row spacing induced fo-
liage overlapping. A similar effect was observed by Ber-
nizzoni et al. (2009) when spacing between vines was in-
creased from 0.9 m to 1.5 m, also corroborated by Smart
(1988); Reynolds et al. (1994a; Reynolds et al., 2005) and
Silvestroni et al. (2019). The larger number of shoots per
meter and foliage overlapping lead to a shaded canopy,
primarily observed in vines with in-row spacing of 0.5
m (30 shoots per m).

Shoot thinning treatment had a significant effect
on vine vigor only at in-row spacing of 0.5 m, 0.75 m
and 1.0 m, mainly in the 2017 season (Figures 2A, 2C,
2E, and 2G). Observed differences between seasons
can be attributed to the frequency of rainfall in both
cycles (Figure 1). The higher amount of rainfall until
Oct in the 2017 cycle may have induced a faster devel-
opment in these vines, increasing the differences be-
tween treatments and between cycles.

Reducing the shoot number from 18 or 20 shoots
per meter to 10 shoots per meter through thinning in-
creased the shoot vigor for vines in larger in-row spac-
ing, leading to similar values of LA and LLN per plant
to the non-thinning treatments. These similar values
can be a result of the increase of LA in main and lateral
axis leaves. This enhanced shoot vigor induced by thin-
ning and its compensatory effect were also observed in
‘Sangiovese’, ‘Barbera’, and 'Moltepuciano’ grapevines
(Myers et al., 2008; Bernizzoni et al., 2011; Silvestroni
et al., 2019). Such increased shoot vigor was not ob-
served from 0.5 m to 1.0 m of in-row spacing in 2017.
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Figure 2 - Linear regression of leaf area per plant (A and B), leaf area per meter of row (C and D) leaf layer number (E and F) and leaf layer
number per meter (G and H) in two shoot thinning treatments regarding different planting densities of field-grown ‘Chardonnay’, in the 2017 and
2018 cycles, Caldas, MG, Brazil. (y) for non-thinning and (y”) for thinning treatments. Red color shows significant difference between thinning
treatments by Scott-Knott test. Both treatments were tested at 5 % significance level.

Conversely, a decrease in LA, LLN and LLN per meter
was observed in vines thinned in 2017 (Figures 2A, 2E,
and 2G). This may be attributed to a higher root den-
sity, increasing competition for nutrients, and impair-
ing translocation of carbon and nitrogen reserves from
perennial organs to shoots. Higher vine densities have
been correlated to increased root densities, in planting
densities of 5,000 and 10,000 vines ha™! of 'Pinot noir’
vines grafted onto rootstock 99 Richter (Hunter, 1998).

In 2017, the treatment with 0.5 m of in-row spac-
ing presented 2.14 m? less LAm that, along with the
lower LLN, showed that the reduction from 30 to 10
shoots per meter was essential to reduce shading.

Overall, these results showed that shoot thinning
decreased the shading effect in high-density vine plant-
ings. These results are in agreement with Smart (1988},
Reynolds et al. (1994a), Bernizzoni et al. (2011) and Sil-
vestroni et al. (2019), who argued that by increasing
number of shoots, higher density canopies were ob-
served, and still, after decreasing the number of shoots,
more gaps in the canopy were detected.
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Most research has shown that the ideal shoot den-
sity ranges from 15 to 25 shoots per meter (Smart, 1988;
Reynolds et al., 1994a, b; Reynolds et al., 2005). This
indicates that wider in-row spacing treatments, such as
2.0 m, which presented lower LLN and LLN per meter
values when thinned, had an incomplete sunlight inter-
ception, since the number of shoots per meter achieved
was lower than the optimal range reported. However,
for the treatment with 0.5 m in-row spacing, which pre-
sented higher LLN and LLN per meter, the shoot thin-
ning treatment was essential to reduce shading.

Yield components

There was no interaction between planting densi-
ty and thinning treatments on bud fruitfulness for both
growing seasons. However, in 2017, in-row spacing af-
fected bud fruitfulness, increasing fertility as in-row
spacing increased (Figure 3A). Whereas in 2018, no ef-
fect was observed regarding in-row spacing (Figure 3B).
In both years, the cluster number, in general, increased
as the in-row spacing increased (Figures 3C and 3D).
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Bud fruitfulness is related to the cluster number
and is directly influenced by environmental and agro-
nomic conditions of the previous cycle, such as light,
temperature, water, nutritional status, and vine vigor
(Vasconcelos et al., 2009). Treat ments with narrow
in-row spacing presented shaded canopies due to fo-
liage overlapping, while treatments with large in-row
spacing presented higher light input due to gaps in the
canopy. The shading and gaps in the canopy affected
the latent bud light exposure and consequently inflo-
rescence induction and differentiation, reducing bud
fruitfulness in narrower in-row spacing and increasing
it in larger in-row spacing densities (Figure 3A), as cor-
roborated by Sanchez and Dokoozlian (2005) and Li-
Mallet et al. (2016). Regarding the 2018 crop, the effect
of shading in bud fruitfulness was not observed, which
can be attributed to reduced rainfall and consequently
lower leaf area, as mentioned above. This observation
agrees with the finding of Bernizzoni et al. (2009), who
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did not observe an effect on bud fruitfulness when re-
ducing in-row distance in ‘Barbera’ grape.

The shoot thinning treatment reduced LLN in
2017 and LAm in 2018 (Figures 2D and 2E), favoring
light incidence, which was also observed by Smart
(1988). Shoot thinning also favored bud fruitfulness,
increasing 0.30 and 0.20, on average, for the 2017 and
2018 cycles, respectively (Figures 3A and 3B). Howev-
er, the influence of a narrow in-row distance between
vines was not compensated by shoot thinning, as ob-
served in the lower values of the cluster number and
yield in both years (Figures 3C, 3D, 3E, and 3F). This
was most likely due to the removal of shoots with in-
florescences, when the shoot thinning treatment was
applied.

Regarding other yield components, in 2017, the
cluster weight was only affected by shoot thinning
treatment (Figure 3G), while the berry weight showed
no differences between treatments, with a general av-
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Figure 3 - Linear regression for bud fruitfulness (A and B), cluster number (C and D), yield per plant (E and F), and cluster weight (G and H), in
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erage of 1.86 g per berry for all treatments (data not
shown). For in-row spacing between 0.5 m and 0.75 m,
the thinning treatment decreased the cluster weight,
which is related with lower leaf area observed in these
treatments. According to Vasconcelos et al. (2009), low
leaf area and shading during flowering can impair ber-
ry setting due to low availability of photoassimilates
to distribute among the sink organs, which decreases
the berry number, leading to low cluster weight even
with no differences in berry weight. The variation in
the cluster weight for thinned vines in 1.5 m and 2.0
m in-row spacing also explains the increase and de-
crease, respectively, in yield results. In 2018, the clus-
ter weight was affected by in-row spacing and shoot
thinning mainly in narrower spacing from 0.5 to 1.0 m
(Figure 3H). The berry weight showed small differenc-
es between treatments, presenting a general average of
1.81 g per berry for all treatments (data not shown).

Despite differences observed for the cluster
weight, in both cycles, the cluster number had greater
effect on yield compared to other components, also
observed by Clingeleffer et al. (2001) and Dias et al.
(2017). However, even with higher cluster counts in
2018, yields were not higher compared to the 2017
cycle due to lower cluster and berry weights.

Results on a meter basis clearly show the influ-
ence of the number of shoots per meter. The increase
of in-row spacing led to fewer shoots therefore decreas-
ing, in general, all yield parameters (Figures 4A, 4B,
4C, and 4D). An exception is the yield per meter (Fig-
ures 4E and 4F) that showed small or no differences
between treatments in both cycles, which can be ex-
plained by the small differences also found in the clus-
ter number per meter.

Grape and base wine composition

Malic acid contents decreased mainly due to light
exposure and higher temperatures via cellular respira-
tion (Jackson, 2008; Sweetman et al., 2014). In general,
malic and tartaric acid content decreased as in-row
spacing increased, for both cycles (Figure 5), following
the reduction in LLN (Figure 2). In the 2017 and 2018
cycles, the highest content of malic acid was found in
narrower in-row spacing treatments, possibly due to
the shaded canopy. Meanwhile, the lowest malic acid
content was shown in wider in-row spacing treatments
(due to the opposite effect). In 2017, the shoot thinning
treatment attenuated the differences in the malic acid
content and reduced it in the treatment with in-row
spacing of 0.75 m (Figure 5G), probably by allowing
greater light incidence in the canopy. However, in the
2018 cycle, the shoot thinning treatment had no effect
on malic or tartaric acid results. Results on a meter
basis also reflected the shading effect (Figures 5E, 5F,
5G, and 5H).

The highest content of tartaric acid in all thinned
vines in the 2017 cycle relates to results found by Poni
et al. (2006) and Tardaguila et al. (2010), in which the
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increased content of tartaric acid was found in defoli-
ated treatments. Kliewer and Schultz (1964) observed
that in berries exposed to the sun, higher amounts of
1“CO, were incorporated into the tartaric acid than in
shaded berries. However, differences in genotype and
variations in canopy porosity exist, affecting light expo-
sure (Tardaguila et al., 2010; Bulola et al., 2012).

Grape and wine acidity presented a positive lin-
ear correlation with LLN (Figure 6), indicating that
shading increased acidity linearly. Similar results were
found, relating denser canopies to higher total acid-
ity for 'Riesling’ and 'Chardonnay Musqué’ cultivars
(Reynolds et al., 1994b; Reynolds et al., 2007). This
indicates that some degree of shading is positive for
sparkling wine production, as suggested by Jones et al.
(2014).

The average of grape pH and soluble solids in
both years had no significant differences between treat-
ments. In 2017 and 2018, non-thinned treatments pre-
sented an average of 3.19 pH and 3.10 pH, and 16.45
and 17.30 °Brix, respectively, while thinned treatments
presented an average of 3.19 pH and 3.18 pH, and
16.40 and 17.23 °Brix, respectively, for the 2017 and
2018 cycles. Despite small differences, all treatments
were within the ranges for sparkling wines production
(Jones et al., 2014).

The base wine in all treatments presented an av-
erage of 0.14 g L' and 0.49 g L' of acetic acid for vola-
tile acidity, 0.99 for density at 20 °C, 20.66 g L' and
23.94 g L' for crude extract, 12 % and 10 % (v/v) for
alcohol content, pH 3.18 and 3.32,2.22 gL'and 0.95 g
L-'for residual sugars, and 1.43 g L' and 2.31 g L-! for
ashes, respectively, for the 2017 and 2018 cycles. All
parameters show that base wines are suitable for spar-
kling wine production. Moreover, all averages were
similar to ‘Chardonnay’ base wines produced in Serra
Gaticha and Encruzilhada do Sul (Poerner et al., 2010)
and to sparkling wines from Santa Catarina (Caliari et
al., 2014).

The grape and wine composition results are also
in agreement with Bernizzoni et al. (2009), Heuvel et
al. (2013), and Reynolds et al. (2004), who concluded
that in-row spacing has minimal or no effect on grape
and must composition.

In the 2017 cycle, the leaf area to yield (m? kg
ratio (Figure 7A) was only affected by in-row spacing,
decreasing as in-row spacing increased. Moreover, in
the 2018 cycle, the ratio was affected by the interaction
of both treatments. The shoot thinning treatment in the
2018 cycle increased the ratio for vines in the largest
and narrowest in-row spacing (2.0 m and 0.5 m) and
reduced it for vines with medium in-row spacing (0.75
m to 1.0 m) in comparison to the non-thinning treat-
ment (Figure 7B).

For both cycles, the leaf area to yield ratio was
above the ideal range of 0.8 to 1.2 m? kg! of fruit, as
suggested by Kliewer and Dokoozlian (2005). Higher
values indicate excessive shading (Jackson, 2008),
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Figure 4 - Linear regression for bud fruitfulness per meter (A and B), cluster number per meter (C and D), yield per meter (E and F), and cluster
weight per meter (G and H), in two shoot thinning treatments in function of different in-row spacing of field-grown ‘Chardonnay’, in the 2017 and
2018 cycles, Caldas, MG, Brazil. (y') for non-thinning and (y”) for thinning treatments. Red color shows significant difference among thinning
treatments by Scott-Knott test. Both treatments were tested at 5 % significance level.

which was already observed for non-thinning 0.5 m
in-row treatment. In 2018, the higher ratio value for
thinned 0.5 m in-row treatment was more accurately
attributed to excessively low yield rather than exces-
sive leaf area development.

The differences in LA yield™ ratio contrast with
the uniformity in qualitative results as soluble solids.
There are two possible explanations. First, Vines from
narrow in-row spacing treatments presented compen-
sation in photosynthesis rate per unit LA thus having
more assimilates partitioned for clusters and reach-
ing the same SS levels of wider in-row spacing vines
(Petrie et al., 2003). Second, vines from wider spac-
ing treatments presented low average daily maximum
photosynthesis and low carbon partitioning to fruit
per shoot, as observed by Keller et al. (2014}, in higher
shoot number per vine, which impair the increase in SS
values, leading to similar values of the narrower in-row
treatments.

This ratio has been described with controversial
results by many authors (Keller et al., 2005; Dias et al.,

Sci. Agric. v.77, n.6, e20180185, 2020

2017), showing that it varies considerably with culti-
vars (Jackson, 2008), soil conditions, and mainly, cli-
mate. Moreover, this similarity in qualitative results,
despite contrasting LA yield! ratios, suggest that the
ideal range for fruit composition and wine quality,
suggested by Kliewer and Dokoozlian (2005), may not
apply for ‘Chardonnay’ grown in the highlands of the
Brazilian Southeast for sparkling wine production.

In vineyards under different climatic condi-
tions, such as more intensive summers with less rain-
fall, higher temperatures, and more sun exposure, as
described in Cordislandia by Regina et al. (2010), the
small differences between in-row spacing treatments
observed in this work may be enhanced under these
conditions, therefore, planting densities that conserve
acidity in grapes must be considered.

It is also important to emphasize the need for fur-
ther research on canopy, disease, and soil management
as well as costs of establishment, because it is a new
wine growing region and these parameters are essential
to achieve high qualitative and sustainable production.
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Conclusion

Denser vine canopies presented shaded clus-
ters, lower bud fruitfulness, lower cluster number
and decreased yields. Shoot thinning increased bud
fruitfulness due to a reduction in the shading effect,
regardless of in-row spacing. In-row spacing and
shoot thinning had little effect on grape and base
wine composition, with the exception of the acidity
levels. Narrower in-row spacing distances preserved
acidity levels in berries, mainly due to malic acid
contents and LLN, ensuring freshness in base wines
for sparkling wines production.

In-row spacing from 0.5 to 1.5 m, without
shoot thinning, presented the best performance for
the production of sparkling wine base wine consid-
ering the conditions of Brazilian southeastern high-
lands.
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