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Abstract

The cultivar Malbec has been present’s good performance and quality in the
South Half of Rio Grande do Sul (RS). In this context, we aimed to evaluate
the quality of “Malbec” grapes in relation to the phytotechnical, physico-
chemical parameters and bioactive compounds under different intensities of
cluster thinning in Encruzilhada do Sul-RS. The experiment was carried out in
a commercial vineyard in the 2015/16 with the cultivar Malbec ( Vitis vinifera
L.) under rootstock “1103 Paulsen”, with spacing of 2.2 m between rows and
1.1 m between plants. The experimental design was of randomized complete
blocks with five replications. The treatment factor tested was the cluster thin-
ning, with four levels (0%, 10%, 30% and 50%), performed in véraison. The
evaluated phytotechnical variables were cluster length, cluster fresh weight,
berries fresh weight, number of berries, rachis fresh weight. Also what were
determined are the number of clusters, production and Ravaz index. The phy-
sicochemical variables verified were pH, soluble solids (SS), titratable acidity
(TA) and SS/TA ratio. The bioactive compounds were total polyphenols index
and total anthocyanins. The appropriate balance between source and sink, by
the Ravaz index, occurs to zero and 10% of cluster thinning. The “Malbec”
grapes present an increase of the maturation index (SS/TA) at 50% of cluster
thinning, due to the low titratable acidity at this level. The total polyphenols
index has a larger increment when the plants are submitted to the cluster
thinning of 10%, providing a larger quality to the fruits. At all the levels of
cluster thinning tested, when compared to the control, there was a greater
contribution of total anthocyanins in the berries.
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Polyphenols

1. Introduction

The Highlands of Southeast located in the Southern Half of the State between the
municipalities of Pinheiro Machado and Encruzilhada do Sul, in the 1970s, was
recognized as propitious for production of V. vinifera grapes due to its soft-wavy
relief, climate and their geographic characteristics. Since then, national and mul-
tinational companies have begun to invest on the region, making the fine grapes
finally become of significant importance in the regional and national economy
(1] [2].

Malbec is among the grapes produced in Encruzilhada do Sul. It is a cultivar
with good potential for varietal wines and can also be used in cuts. Of an intense
red, it has aroma of fruits like plums, blackberries and cherries. Considered to be
of early maturation, it has medium, cylindrical-conical winged and loose cluster,
with medium and black berries, pulpy and quite sweet. This cultivar is very old,
originating in the region of Bordeaux, France. It requires a good thermal ampli-
tude so that it can develop its characteristics intensively [3] [4].

The quality of the grape is a result of the interaction of biological factors, such
as cultivar, physical conditions, including soil and its management, climate, for
example temperature, precipitation, wind speed, direct and indirect solar radia-
tion, but mainly density of planting and the various cultural practices that in-
volve the type of conduction, pruning, fruit load and vegetation management [5]
[6] [7]. The right balance between the photosynthetically active foliar surface
and the production results in the obtaining of quality wines [8] [9].

In this context, between the management of the grapevine is a cluster thinning
that changes the source (vegetation) and sink (fruits) relationship, without re-
ducing the leaf area, causing the plant to concentrate its activities on the regula-
tion of production [10]. The amount of fruit load per plant compromises the size
of the clusters and thus the accumulation of sugars [11] and of components re-
lated to the supply of polyphenols, which determine the quality of the grape [12].
Therefore, we aimed to evaluate the quality of “Malbec” grapes in relation to the
phytotechnical, physicochemical parameters and bioactive compounds under dif-

ferent intensities of cluster thinning in Encruzilhada do Sul-RS.

2. Materials and Methods

The experiment was conducted in the 2015/16 harvest in a commercial vineyard
installed in 2004 conducted in espalier system, located on the margin of RS/BR
471, in the municipality of Encruzilhada do Sul (30°30'54.73"S, 52°30'14.28"W
and 375 m of altitude), Rio Grande do Sul (RS), Brazil. The mean annual values
of temperature, precipitation and relative humidity correspond to 17.4°C, 1.533

mm and 78%, respectively. Table 1 shows the average monthly values of
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Table 1. Average of temperatures (°C) and precipitation (mm) during the period of the

experiment.

Harvest 2015/16 Average temperature ("C) Precipitation (mm)
April/15 19.05 84.10
May/15 15.87 186.10
June/15 13.53 186.00
July/15 13.25 277.40

August/15 17.56 97.10
September/15 14.73 216.80
October/15 16.02 296.10
November/15 18.47 108.60
December/15 21.44 349.10
January/16 2345 80.20

temperature and precipitation during the experiment period [13]. According to
Koppen classification the climate of the region is type Cfa temperate humid,
with hot summers and precipitations well distributed throughout the year [14].
The soil of the area was classified as Red-Yellow Latosol [15].

The cultivar used was Malbec (V. vinifera) under rootstock “1103 Paulsen”
(Vitis berlandieri x Vitis rupestris cv. 1103P), conducted in a guyot system, with
spacing of 2.2 m between rows and 1.1 m between plants. The rootstock “1103
Paulsen” has high vigor, with a root system that tends to provide high shoot
growth and generally produces larger cluster and berry size, but delayed maturi-
ty. The vineyard has 17,050 m? 6200 plants, with an average of 15.8 branches per
plant, 59.5 leaves per branch, and an average leaf area of 44.1 m*plant™. The
management and cultural practices were carried out following the technical
recommendations of the culture [16] [17]. The experimental design was of ran-
domized complete blocks with five repetitions, each repetition composed of a
plant. The treatment factor tested was the cluster thinning, with four levels (0%,
10%, 30% and 50%). The cluster thinning levels were chosen from directed re-
search on the quality of grapes [6].

When approximately 50% of the berries were found in the subperiod of color
change (véraison), the number of cluster per plant was counted and the manual
cluster thinning was performed according to the levels proposed in the study.
Pruning shears were used for this practice. The harvest occurred 32 days after
the management in February 2016, when the grapes reached 18.9 “Brix. All the
evaluations were carried out at the Laboratory of Physicochemical Analyzes of
the Federal Institute of Education, Science and Technology Sul-rio-grandense
(IFSul), Pelotas Campus-Visconde da Graga, Pelotas-RS.

The evaluated phytotechnical variables were cluster length (cm), cluster fresh
weight (g), berries fresh weight (g), number of berries and rachis fresh weight (g)
using precision balance and graduated scale. The number of clusters and pro-
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duction per plant were also determined by multiplying the medium number of
clusters per plant by the average cluster weight. The production per plant was
obtained and the results were expressed in kg-plant™'. The Ravaz index (RI) was
obtained from the winter dry pruning weight in relation to the production [18],
as per Equation (1):

RI = kg of fruit kg/dry pruning (1

This index indicates the vigor of the vine, where values between four and sev-
en for cultivars V. vinifera inform that there is plant balance. Indices above
seven indicate excess production; and, values below four, too much vine vigor
[19].

The physicochemical variables evaluated were pH, soluble solids, titratable
acidity and SS/TA ratio. The pH was determined with benchtop pH meter
(Quimis®, model Q400AS, Sao Paulo, Brazil), Mettler Toledo electrode (Inlab
413) and temperature adjustment to 20°C, reading directly into the must.

The soluble solids content (SS) was quantified with a manual digital refracto-
meter (Atago®) and the results were expressed in "Brix. For titratable acidity
(TA), 10 mL of grape must was added in 90 mL of distilled water. The titration
of the sample was done using a digital burette (Brand®), containing sodium hy-
droxide solution (0.1 N) until reaching pH 8.1 and expressed in milliequivalents
per liter (meq-L™"). The calculation of the maturation index was done by the
SS/TA ratio.

The bioactive compounds evaluated were total polyphenols index and total
anthocyanins. The total polyphenols index (TPI) was determined according to
the method proposed by Avila [20]. Samples previously diluted with distilled
water (1:100) were subjected to spectrophotometer reading (PG Instruments
Limited® T90 + UV/VIS) at wavelength 280 nm. The values obtained were ap-
plied to the formula: TPI = absorbance reading x 100 (dilution factor).

The determination of total anthocyanins was performed according to the me-
thod described by Lees and Francis [21], with adaptations. The samples were
homogenized with ethanol-based extraction solution (pH 1.00) acidified with
hydrochloric acid for one hour. After this homogenization period, were sub-
jected to spectrophotometer reading (PG Instruments Limited” T90 + UV/VIS)
at wavelength 520 nm, the equipment being previously zeroed with ethanol pH
1.00. The total anthocyanins content was expressed in mg.100 g™ of must.

The data were analyzed for normality by the Shapiro-Wilk’s test; to homosce-
dasticity by the Hartley’s test; and, the independence of was by graphic analysis.
Subsequently, they were submitted to analysis of variance through the F-test (p <
0.05). Statistically significant, the cluster thinning effect was evaluated by regres-

sion models (p < 0.05), as per Equations (2), (3):
y=Yotax (2)
y=y,+ax+ bx (3)

where: y = response variable; y, = response variable corresponding to the mini-
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mum or maximum point of the curve; a = estimated maximum value for the re-
sponse variable; b = slope of the curve; x = cluster thinning (%). The selection of
the model was based on the low residue, low p-value, and high B and & adj.
When no equation adjustment occurred, cluster thinning levels (%) were com-
pared with 95% confidence intervals, these intervals were plotted on the graph
and the differences were considered significant when there was no overlap be-
tween the vertical bars. The correlation presence between the variables depen-

dent on the study was analyzed using the Pearson correlation coefficient (r).

3. Results and Discussion

The assumptions of the mathematical model were all attended, and do not was
necessary the data transformation for all variables. For the cluster fresh weight
(F = 0.83, p = 0.533), berries fresh weight (F = 0.60, p = 0.6422), number of ber-
ries (F = 0.33, p = 0.8027), rachis fresh weight (F = 1.36, p = 0.3553) and pH (F =
1.44, p = 0.3027) was not observed significance for the cluster thinning effect
(Table 2). Comparing this experiment with that carried out in the same area by
Barros et al. [22], with cluster thinning in the Pinot Noir cultivar, there was no
significant difference for any of the phytotechnical variables. Thus was also to
the study by Ventura [23] and Santos ef al. [24] in the Serra Gaucha, with the
cultivar Cabernet Sauvignon.

For cluster length was fitted squared polynomial regression model (Figure
1(a)). The 30% cluster thinning in Encruzilhada do Sul, increased by 101.56% in
relation to the control (without cluster thinning). The increase in this level was
benefited by the reduction of number of clusters, a fact that was justified by the
negative correlation between these variables (= —0.80, p = 0.0003) (Table 3). In
the 2009/10 harvest, a linear constant was observed for the different intensities of
thinning for cluster length with “Cabernet Franc” in Sdo Joaquim/Santa Catarina
and in 2010/11 as the intensity of cluster thinning increased, this parameter de-
creased [25].

The behavior of the variables, number of clusters, production and Ravaz index
were explained using a linear regression model (Figure 1(b), Figure 1(c) and
Figure 1(d)), with a reduction in the values of these parameters with the in-

crease of the percentage of cluster thinning. This fact was reported in both

Table 2. Phytotechnical variables and pH of “Malbec” grapes in function different intensities of cluster thinning.

Cluster thinning (%)  Cluster fresh weight (g)  Berries fresh weight (g§) ~ Number of berries ~ Rachis fresh weight (g) pH
0 123.43 + 18,63 1.51 +0.16™ 71.00 + 5.03% 5.50 + 1.44" 3.32 £0.01"
10 130.67 +12.42 1.19£0.12 61.33 £1.20 5.60 + 0.80 3.39 £ 0.05
30 155.27 + 45.37 1.43 +0.41 89.50 + 8.50 7.77 £ 2.56 3.39+£0.03
50 122.53 £ 37.20 1.09 +0.35 57.33 +26.49 7.27 £0.29 3.39+£0.00
C.V.(%) 28.6 36.5 41.5 23.3 1.5

YMeans + standard error. ™: not significance by the F-test (p < 0.05) of the analysis of variance. C.V: coefficient of variation.
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Figure 1. Cluster length (cm) (a); number of clusters (b); production (kg-plant™) (c); and,
Ravaz index (d) of “Malbec” grapes in function different intensities of cluster thinning.
(Vertical bars represent confidence intervals 95%).

“Cabernet Sauvignon” and “Merlot” with a reduction in the number of clusters
and consequently in the production, when passing from 50% to 75% of thinning
[26].

For number of clusters, there were decreases of 11.0%, 32.9% and 54.9%, re-
spectively for 10%, 30% and 50% when compared to the control (without cluster
thinning). In the same way, but with lower decreases, the production per plant
got, 7.5%, 22.5% and 37.5% for the same comparisons (Figure 1(c) and Figure
1(d)). Testing cluster thinning with “Cabernet Sauvignon” and “Merlot”, there
were decreases on average of 67% in the production for both cultivars studied in
the two harvests, comparing with the control [27], reinforcing thus, the results of
this study.

The Ravaz index presented values estimated by the established model 4.7%,
4.3%, 3.5% and 2.7% to 0%, 10%, 30% and 50% cluster thinning, respectively.
For ideal values between four and seven, only zero and 10% of cluster thinning
presented balanced results between vigor and fruit yield [19]. These indices were
confirmed in “Cabernet Sauvignon” and “Pinot Noir”, but with 50% of cluster
thinning in 2009 in Chile [28].

The pH did not differ between the loads left per plant staying between 3.32
and 3.39 (Table 2). This parameter is one of the important characteristics of the

red wine, because besides interfering in color, exerts a pronounced perception
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Table 3. Pearson correlation coefficients (r) and p-values among the evaluated variables of “Malbec” grapes in function different
intensities of cluster thinning.

Variables CL (1) CFW (2) BFW (3) NB(4) RFW (5) NC(6) PR(7) IR(8) pH(9) SS(10) TA (11) SS/AT (12) TPI(13) TA (14)
(1) 1.000 0.157% -0.154 -0.023 0425 -0.803 -0.549 -0.592 0.523 0367 -0.636  0.718 0.045  0.774
0.625%*  0.632 0947  0.169 0.0003 0.028 0.026 0.081 0268 0036  0.013 0909  0.014

) 1.000 0996 0931 0764 0035 -0.112 0.063 0402 0315 0281  -0210 -0229 0.216
<0.0001 <0.0001 0.004 0914 0729 0.863 0284 0409 0.463 0.587 0.585  0.642

®3) 1.000 0916 0730 0252 0.020 0.144 0234 0248 0392  —0.343  -0215 0.176
<0.0001 0.011 0454 0951 0.690 0515 0490 0.262 0.332 0.609  0.706

(4) 1.000 0466  0.151 -0.010 —0.037 0.234 0239 0368  —-0315 —0.364 0.125
0.174  0.677 0976 0919 0.515 0506 0.295 0.375 0375  0.790

(5) 1.000 -0.236 -0.318 -0.216 0.678 0.730  0.148 0.044  —0.015 0.454

0461 0314 0.549 0.045 0.026 0.703 0.910 0.971 0.305

(6) 1.000  0.899 0.775 -0.378 -0.288 0.772 -0.858 0.344  -0.495
<0.0001 0.002 0.252 0.419 0.009 0.001 0.364 0.175

(7) 1.000 0.895 -0.284 -0.291 0.442 -0.539 0.491  -0.297
<0.0001 0.371 0.386 0.173 0.087 0.179 0.437

(8) 1.000 -0.357 -0.217 0.397 -0.472 0.337  -0.291
0.255 0.520  0.226 0.143 0.375 0.448

9) 1.000 0.561 —0.527 0.679 0.130 0.486

0.072  0.096 0.022 0.739 0.184

(10) 1.000  0.110 0.188 -0.520  0.011
0.747 0.580 0.186 0.979
(11) 1.000 -0.954 -0.077 -0.544

<0.0001 0.855 0.163

(12) 1.000 -0.137  0.452
0.746 0.261

(13) 1.000 0.590
0.123

(14) 1.000

*Pearson correlation coefficient (r). **p-values. CL: cluster length; CFW: cluster fresh weight; BEW: berries fresh weight; NB: number of berries; RFW:
rachis fresh weight; NC: number of clusters; PR: production; RI: Ravaz index; SS: soluble solids; TA: titratable acidity; TPI: total polyphenols index; TA: total
anthocyanins.

on taste [29]. Working with clusters thinning in the “Cabernet Sauvignon” in
Bom Retiro/Santa Catarina, were presented values between 3.7 and 3.9 in the
2004/05 harvest [30], somewhat above average, than for musts in red grapes, the
variation should be between 3.3 and 3.6 [31]. Therefore, all the cluster thinning
tested in this study were within the established standard. For soluble solids (SS)
it was not possible to regression model fit (Figure 2(a)). The 10% cluster thin-
ning was the one that presented the lowest content of SS, differing from the oth-

ers that remained more balanced.
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Figure 2. Soluble solids—SS (°Brix) (a); titratable acidity—TA (meq-L™") (b); SS/TA ratio
(c); total polyphenols index (d); and, total anthocyanins (mg 100 g™') (e) of “Malbec”
grapes in function different intensities of cluster thinning. (Vertical bars represent confi-
dence intervals 95%).

The titratable acidity data were adjusted to the linear regression model
(Figure 2(b)), with decreases of 2.1%, 6.4% and 10.7% for 10%, 30% and 50%,
respectively, when compared to the without thinning. This result was also ob-
served in the studies carried out with “Cabernet Sauvignon” and “Cabernet
Franc”, where regression was also linear as the cluster thinning intensities in-
creased [30] [32].

Likewise, the SS/AT ratio data were adjusted to the linear regression model

(Figure 2(c)). The increases for the maturation index at all thinning levels, when
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compared to the control, are due to the reduction of acidity, a result confirmed
by the negative correlation between these variables (r = —0.95, p < 0.0001)
(Table 3), and, consequently, the cluster thinning of 50%, the result that ob-
tained the greatest increase.

For the total polyphenol index, no regression model fit was observed (Figure
2(d)). The highest total polyphenol contents were verified with 10% cluster
thinning, which differed from the others. These contents were observed in vines
where the fruit load was balanced in relation to the vigor of the plant, confirmed
by the Ravaz index (Figure 1(d)). Contrary to that verified in this study, Mota et
al. [26] verified an increase in total polyphenol contents when the cluster thin-
ning increased from 50% to 75%, combined with the shoot trimming.

While for total anthocyanins, data were adjusted to the quadratic polynomial
regression model (Figure 2(e)). Positive effect of cluster thinning was also veri-
fied by other authors, who reported, in addition to the increase of anthocyanins,
the increase in pH, soluble solids content and total phenolic compounds [33]
[34] [35]. The cluster thinning was reported, in addition to increasing the an-
thocyanin content in the shell of the berry, can also cause a change in your pro-
file [36] [37] and expression of genes, such as MYB5b, MYBPA1 and VIMYBA2,
related to its biosynthesis [38].

The highest coefficients of positive correlations occurred between cluster fresh
weight and berries fresh weight (r= 0.99, p < 0.0001) and number of berries (r=
0.93, p < 0.0001), evidencing that the increase in fresh weight and number of
berries resulted in an increase in cluster fresh weight. This same behavior was
verified between berries fresh weight with number of berries (r = 0.91, p <
0.0001) and rachis fresh weight (r = 0.73, p = 0.011). Besides these, other va-
riables had a similar response, such as number of clusters with production (r =
0.90, p < 0.0001) and TA (r=0.77, p < 0.009) (Table 3).

4. Conclusion

The appropriate balance between source and sink, by the Ravaz index, occurs to
zero and 10% of cluster thinning. The “Malbec” grapes present an increase of the
maturation index (SS/AT) at 50% of cluster thinning, due to the low titratable
acidity at this level. The total polyphenols index has a larger increment when the
plants are submitted to the cluster thinning of 10%, providing a larger quality to
the fruits. At all the levels of cluster thinning tested, when compared to the con-

trol, there was a greater contribution of total anthocyanins in the berries.
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