
Influence of rootstocks for Sangiovese vineyards in 
a high-altitude region of Santa Catarina State, Brazil: 

Impact on sensory and quality characteristics of 
wines

Influência de porta-enxertos para vinhedos cv. 
Sangiovese em região vitivinícola de altitude em 

Santa Catarina, Brazil: Impacto nas características 
sensoriais e de qualidade dos vinhos

Izabel Camacho Nardello1; Marines Batalha Moreno Kirinus2*; André Luiz 
Kulkamp de Souza3; Vinícius Caliari3; Marcelo Barbosa Malgarim4              

Highlights

‘101-14 Mgt’ and ‘Harmony’ rootstocks improve wine quality, alcohol and phenols.

Polyphenol and anthocyanin vary with rootstock and harvest, affect color and flavor.

SO2 differs with rootstocks, affecting bacterial proliferation and wine stability.

Color and turbidity vary with rootstocks and harvests, grape health and phenols.

Sensory evaluation unchanged by rootstocks, but harvests show differences.

Abstract

Adapting grape varieties to new viticultural regions requires studying the influence of rootstock on wine 

quality. This study aimed to identify rootstocks that most enhance the enological characteristics of grapes 

of the Sangiovese variety grown in the high-altitude region of Santa Catarina. The experiment was set up 

as a completely randomized design in a factorial scheme. Factor A represented the vintages (2019 and 

2020), while Factor B denoted the rootstocks: ‘101-14 Mgt’, ‘Harmony’, ‘IAC 572’, ‘Paulsen 1103’, and ‘VR 

043-43’. We assessed the physicochemical and sensory characteristics of wines from both vintages. 

Wines from the ‘IAC 572’ and ‘VR 043-43’ rootstocks had the lowest alcohol concentrations. The ‘VR 
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043-43’ rootstock contributed to the highest titratable acidity in the 2020 vintage wines. Additionally, 

wines from 2020 displayed a more vivid red color than their 2019 counterparts. We deduced that the 

Sangiovese wine quality is affected by the cultivation year. Sensory evaluations revealed that the tested 

rootstocks did not considerably alter the overall balance of the wine. However, the ‘101-14 Mgt’ and 

‘Harmony’ rootstocks notably increased the alcohol concentration and phenolic compound levels in 

Sangiovese wines.

Key words: Vitis vinifera. Altitude wines. Viticulture.

Resumo

Na adaptação de variedades de videiras em novas áreas vitícolas é necessário o estudo da influência 

do uso de porta-enxertos sobre a qualidade dos vinhos. Nesse sentido, o objetivo do presente 

estudo foi determinar o porta-enxerto que melhor contribua para as características enológicas da 

variedade Sangiovese, cultivada em região de altitude de Santa Catarina. O experimento contou com 

delineamento inteiramente casualizado, em esquema bifatorial, onde o fator A trata das safras (2019 e 

2020) e o fator B dos porta-enxertos (‘101-14 Mgt’, ‘Harmony’, ‘IAC 572’, ‘Paulsen 1103’ e ‘VR 043-43’). 

Avaliou-se as características físico-químicas e sensoriais dos vinhos provenientes das duas safras. A 

menor concentração alcoólica foi obtida nos vinhos dos porta-enxertos ‘IAC 572’ e ‘VR 043-43’. A maior 

acidez titulável foi proporcionada pelo porta-enxerto ‘VR 043-43’ nos vinhos da safra 2020. Os vinhos 

da safra 2020 apresentaram tonalidade de cor mais vermelha que os vinhos da safra 2019. Conclui-se 

que a qualidade dos vinhos de Sangiovese são influenciadas pela safra de cultivo; sensorialmente os 

diferentes porta-enxertos testados na produção de Sangiovese não alteram de forma global o equilíbrio 

dos vinhos e, os porta-enxertos ‘101-14 Mgt’ e ‘Harmony’ contribuem para a maior concentração 

alcoólica e de compostos fenólicos nos vinhos de Sangiovese.

Palavras-chave: Vitis vinifera. Vinhos de altitude. Viticultura.

Introduction

Southern Brazil is renowned for 
its grape production and its derivatives, 
producing over one million tons in 2021 
across 54 thousand hectares. Of this, Rio 
Grande do Sul contributed 951.3 thousand 
tons from 46,300 hectares, Santa Catarina 
produced 59.1 thousand tons from 3,900 
hectares, and Paraná added 46 thousand 
tons from 3,500 hectares. Together, these 
figures account for 60% of the Brazilian 
total grape production, which stands at 1.75 
million tons (Instituto Brasileiro de Geografia 
e Estatística [IBGE], 2023).

Efforts have been made to expand 
viticultural production within Santa Catarina 
State by exploring new areas suitable for 
viticulture, such as the Serra Catarinense. 
Commercial viticulture in Santa Catarina 
began in the 1970s, driven by Italian 
immigrants from the Serra Gaúcha region. 
This region remains the primary wine-
producing area in Brazil (Costa, 2020). 
However, recent decades have seen a surge 
in exploring uncharted terroirs (Zanus, 2015). 
Among these, the Serra Catarinense, with its 
altitude exceeding 800 meters, has become 
prominent for producing premium wines. 
Its unique climatic conditions promote 
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the full ripening of grapes, endowing them 
with attributes distinct from those grown 
elsewhere in Brazil. Such distinctiveness 
is leveraged to produce fine wines and 
effervescent varieties (Malinovski et al., 
2012; Caliari, 2018).

In light of this potential, public initiatives 
have fostered viticulture development in 
Santa Catarina, particularly within its high-
altitude areas. This expansion has enabled 
the introduction of Italian grape varieties like 
Sangiovese, which showcases promising 
agronomic and oenological prospects 
in these areas (Porro & Stefanini, 2016). 
However, introducing a new cultivar typically 
necessitates investigating its interaction with 
various rootstocks to maximize productivity 
and oenological qualities (Li et al., 2019).

The Sangiovese cultivar, believed 
to originate in Tuscany, Italy, is among 
the most cultivated varieties in Italy and 
is internationally acclaimed (Rinaldi et al., 
2020). These wines exhibit a deep ruby-
red color with floral aromas of violets and 
notes of red fruits and ripe plum. Their 
taste is rich yet velvety, underpinned by a 
solid structure (Porro & Stefanini, 2016). 
However, Sangiovese exhibits considerable 
adaptability, with aromatic and flavor profiles 
of its wines varying depending on the 
production region and techniques (Puccioni 
et al., 2013).

Rootstocks play a pivotal role in the 
overall growth of grapevines, functioning 
as their subterranean base. Changes in 
rootstock genetics can influence water and 
nutrient uptake, hormone regulation, and 
other signals affecting the growth of grafts 
and fruit quality (Rossdeutsch et al., 2021). 

This, in turn, impacts the sensory and quality 
attributes of resultant wines.

Additionally, rootstocks offer a 
solution to mitigate damages in the Southern 
region of Brazil caused by ground pearls or 
root mealybugs (Eurhizococcus brasiliensis). 
These pests facilitate the invasion of 
pathogenic fungi, such as Cylindrocarpon, 
Phaeoacremonium, and others, a concern 
that underscores the interplay of multiple 
environmental factors. In this sense, the 
use of resistant or tolerant rootstocks can 
manage this problem.

It is worth noting the distinct qualities 
of several rootstocks. The 101-14 Mgt variety 
provides substantial protection against 
Phylloxera, tends to reduce vigor, and might 
hasten maturation. Additionally, it adapts 
well to clayey soils that retain a high amount 
of water (Dry, 2007). On the other hand, the 
Paulsen 1103 variety boasts resistance 
to both Xiphinema and Meloidogyne, 
demonstrates moderate resistance to 
Phylloxera and Fusarium wilt, and adapts 
seamlessly to soils ranging from sandy to 
clayey. This variety also bestows medium 
to high vigor upon its scion (Giovannini, 
2014). The Harmony variety is recognized 
for its moderate resistance to Phylloxera and 
nematodes and is well-suited for sandy soils, 
providing the grafted scion with moderate 
vigor (Leão et al., 2020). The IAC 572 variety 
stands out due to its resistance to a variety 
of diseases. It exhibits high vigor and shows 
versatility in its adaptability to different 
soil types (Pommer, 2000). Lastly, the 043-
43 variety is resistant to Fusarium wilt and 
possesses a high tolerance to challenges 
posed by ground pearls and nematodes 
(Bernd et al., 2007).
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Considering the significant impact of 
environmental variability and phytosanitary 
resistance, the synergy between canopy 
and rootstock is crucial in determining vine 
productivity and quality. Hence, field trials 
with different rootstocks in high-altitude 
areas are essential to discern their viticultural 
potential.

Given the above, this study aimed 
to identify the most suitable rootstock for 
enhancing the enological characteristics of 
the Sangiovese variety in the high-altitude 
region of Santa Catarina State, Brazil.

Materialsand Methods

Orchard characteristics

The vineyard was established in 
2016 in the municipality of Água Doce - 
SC (26°42'33.8"S and 51°29'26.8"W; 1,250 
meters above sea level) at the Villaggio Grando 
winery. The Sangiovese canopy variety 
was planted on five different rootstocks: 
‘101-14 Mgt’, ‘Harmony’, ‘IAC 572’, ‘Paulsen 
1103’, and ‘VR 043-43’. This vineyard was 
developed in an area previously unused for 
grape cultivation. The rootstock seedlings, 
obtained from a certified parent company, 
were transplanted 4 to 6 months before field 
grafting. The cleft grafting technique was 
utilized at the top of the rootstocks. 

The vines were trained on a trellis 
system with spur-pruned bilateral cordons 

(pruned to two buds). The vineyard rows had 
a north-south orientation and were spaced 
at 2.9 meters apart with 1.2 meters between 
individual plants. This layout yielded a density 
of 2,874 plants per hectare. No artificial bud 
induction was used, allowing for natural 
sprouting. The topping was done once per 
cycle at the height of the last wire, which is 
approximately 2.1 meters. The canopy height 
was maintained at 1.20 meters (ranging 
from 0.90 to 2.10 meters from the ground). 
Defoliation was conducted immediately after 
the completion of flowering.

Climate and soil conditions

The region's climate, according 
to the Köppen classification, is type Cfb: 
mesothermal, humid, without a dry season, 
and with cool summers (Pessenti et al., 
2021). The soil is a clayey dystrophic Red 
Nitosol. Monthly averages of rainfall and air 
temperature were sourced from the Água 
Doce weather station located at the Villaggio 
Grando winery via the Epagri/Ciram database 
(Centro de Informações de Recursos 
Ambientais e de Hidrometeorologia de 
Santa Catarina [CIRAM], 2023) (Figure 
1). It is noteworthy that the ÁguaDoce 
meteorological station did not have enough 
data to establish a climatological norm 
during this study. Thus, the data from 2018-
2020 was compared to the climatological 
norm (1991-2020) from the adjacent Campo 
Novo/SC region.
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Figure 1. Monthly averages of air temperature and rainfall during the 2019 and 2020 harvests in 
Água Doce - SC / Brazil.

Plant material

Scions used for grafting were derived 
from the Sangiovese grape variety. This 
genotype is believed to have originated in 
Tuscany, Italy. It is characterized by semi-
erect growth, considerable vigor, good 
fertility, and medium to high-weight grape 
clusters. The wines produced are intensely 
ruby-red with pronounced aromas of violets, 
red flowers, red fruits, and ripe plum. Their 
taste is velvety and smooth, yet structured. 

Sangiovese is among the most 
cultivated varieties in Italy. When blended 
with Montepulciano or Cabernet Sauvignon, 
it results in wines with more stable aging 
coloration, heightened aromas, and acidity. 
This variety is the primary component in 
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ÁguaDoce meteorological station did not have enough data to establish a climatological norm during this 

study. Thus, the data from 2018-2020 was compared to the climatological norm (1991-2020) from the 

adjacent Campo Novo/SC region. 
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several wines with Denominazione di Origine 
Controllata e Garantita - DOCG (Controlled 
and Guaranteed Designation of Origin), 
like Brunello di Montalcino, Carmignano, 
Chianti, Chianti Classico, Vino Nobile di 
Montepulciano, among others. It also 
features in many wines with DOCG, such 
as Bardolino, Valpolicella, Sangiovese di 
Romagna, Montefalco, Rosso Piceno, Garda 
Orientale, and Valdadige (Calò et al., 2006).

Rootstocks for this experiment 
were selected based on their particular 
characteristics, including vigor, disease 
tolerance, and productivity. The varieties 
used are the following:

Variety 101-14 Mgt: A cross between 
Vitis riparia and V. rupestris, this variety 
was developed in France in 1882 by Alexis 
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Millardet and Charles de Grasset (Maul et al. 
2020). It offers good phylloxera protection 
and is known for its ease of rooting and 
grafting success (Cousins, 2005). Its roots 
are well-branched but shallow, making it ideal 
for clayey soils but unsuited for dry soils (Dry, 
2007). In combination with scion, it is known 
to reduce vigor and hasten ripening (Dry, 
2007).

Variety IAC 572: A product of a three-
way cross between V. caribaea and V. riparia 
x V. rupestris ('101-14 Mgt'), this variety was 
developed in 1954 at the Agronomic Institute 
of Campinas - IAC by Santos Neto (Camargo, 
2003). It has a high success rate for rooting 
and survival after transplanting (Nachtigal, 
2000). Additionally, it exhibits vigorous 
growth, adapts well to a variety of soils, 
including acidic and nutrient-depleted ones 
(Camargo, 2003; Pommer, 2000), and resists 
major diseases. This variety is frequently 
planted in southeastern Brazil (Camargo, 
2003; Pommer, 2000).

Variety Paulsen 1103: Originating 
from southern Italy in 1895, this variety is a 
cross between V. berlandieri and V. rupestris 
(Jahnke et al., 2011). Vigorous and adaptable, 
it thrives in varied soil types (from sandy to 
clayey) and has optimal take rates for field 
and bench grafting, conferring moderate 
to high scion vigor (Camargo, 2003). It is 
resistant to drought, high humidity, active 
limestone (up to 20%), aluminum toxicity, 
and magnesium deficiency. The ideal pH 
range varies from 5.5 to 7.0. Moreover, 
the genotype has moderate resistance to 
phylloxera, Xiphinema, Meloidogyne, and 
Fusarium wilt (Christensen, 2003; Giovannini, 
2014). It is recommended for American and 
hybrid cultivars grown in low to medium-
fertility soils, as well as for vinifera cultivars 

in medium-fertility soils. Overall, it is the 
most recommended rootstock for the states 
of Rio Grande do Sul and Santa Catarina 
(Giovannini, 2014).

Variety Harmony: A hybrid between 
Solonis x Courdec 1613 and Dog Ridge 
(V.champinii) selections in 1955, Harmony 
shows moderate resistance to phylloxera 
and high resistance to nematodes. It is best 
suited to sandy soils and provides moderate 
vigor to scions (Leão et al., 2020).

Variety 043-43: A Californian release, 
this hybrid is between V. vinifera and V. 
rotundifolia. It has resistance to Fusarium wilt 
and high tolerance to root-knot nematodes 
and grape phylloxera (Bernd et al., 2007). 
Torregrosa and Bouquet (1995) noted a 
genetic incompatibility of the V. rotundifolia 
species (2n=40) as rootstock for commercial 
grapevine varieties (2n=38). This issue 
has been addressed through interspecific 
hybrids.

Experimental design

The experimental unit in the field was 
arranged using a completely randomized 
block design. It comprised four blocks, 
each containing six plots. In each plot, two 
plants were evaluated, leading to a total 
grape collection exceeding 40 kg for wine 
production. The experiment followed a 
completely randomized design with three 
repetitions. Each repetition involved a bottle 
selected at random for triplicate physical-
chemical analyses. Treatments under study 
combined five rootstocks ('101-14 Mgt', 
'Harmony', 'IAC 572', 'Paulsen 1103', and 'VR 
043-43') and two vintages (2019 and 2020), 
i.e., harvest years, in a 2x5 bifactorial scheme.
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Harvesting, grape processing, and vinification 
process

All the evaluated plots were harvested 
simultaneously, adhering to the harvesting 
schedule of the Villaggio Grando winery, 
during both the 2019 and 2020 seasons. 
Ripe grapes were handpicked, boxed, and 
promptly transported to the vinification 
facility. For each rootstock assessed, 
around 10-15 kg of Sangiovese grapes were 
harvested. Vinification took place at the 
experimental winery of Empresa de Pesquisa 
Agropecuária e Extensão Rural de Santa 
Catarina (EPAGRI) located at the experimental 
station in Videira, SC/Brazil. Each rootstock's 
wines were produced individually for the two 
vintages.

Post the cold storage phase, 10kg 
of Sangiovese grapes from every evaluated 
rootstock were sent to the vinification facility, 
serving as the sample unit for vinification. The 
process began with destemming, followed by 
immediate pressing. Sulfur dioxide (SO2) was 
introduced into the must at a concentration 
of 50mg.L-1 (Vino Aromax AEB Spa - Brescia, 
Italy), along with 20 g.hL-1 of selected yeast 
Saccharomyces cerevisiae PB2019 (Fermol 
Blanc-AEB - Brescia, Italy). Throughout the 
maceration phase, daily pumping over was 
done, and the temperature (maintained 
between 20°C and 24°C) and density were 
monitored. Once a density around 1020 was 
achieved, the wine underwent racking and 
was transferred for completing both alcoholic 
and malolactic fermentations in sealed 
containers equipped with a hydraulic valve. 
Subsequently, processes like transfers, SO2 

adjustments, tartaric stabilization, filtration, 
and bottling were executed.

Physicochemical parameters

Wine pH was directly ascertained 
using an AD1030® pH meter. Total acidity (TA) 
was measured by titrating the sample with a 
standardized 0.1N NaOH solution, reaching an 
endpoint of pH = 8.2, with results presented in 
mEq.L-1. Using Cazenave-Ferré® equipment, 
the sample was distilled to determine the 
Volatile Acidity (VA); 100 mL of this distillate, 
combined with phenolphthalein, was titrated 
with 0.1N NaOH until a pink color appeared, 
indicating the endpoint, and results are 
shown in mEq.L-1. The Gibertini® electronic 
oenological still was used post-distillation 
to gauge the alcohol content, expressed as 
a percentage (%). Reducing sugars (g/L1) and 
density (g/cm3) were determined using the 
DNS method described by Rizzon (2010) and 
an Aton Paar® glass densimeter, respectively. 
Both free and total SO2 concentrations were 
deduced using the method proposed by 
Ripper (1892) and expressed in mg.L-1. Ash 
content analyses followed the protocol of 
Rizzon (2010), with the results expressed in 
g/L1.

For color measurements, a Konica 
Minolta CM-5 spectrophotometer was 
employed. The parameters included lightness 
(L* from black to white; 0-100) and chromatic 
coordinates a* (from red-purple to green-blue; 
a* to  a*) and b* (from yellow to blue; b* to  b*), in 
the horizontal and vertical axes, respectively. 
From these, chroma and hue were derived 
based on the formulas by McGuire (1992): 
C* = [(a*)2+(b*)2]1/2 and H° = tan-1 b*/a*. 
Total polyphenols (mg.L-1), antioxidant 
activity (µmol.L-1), and total anthocyanins 
(mg.L-1) were determined through the 
Follin-Ciocalteu method (Singleton & Rossi, 
1965), the DPPH method (Kim et al., 2002), 
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and the differential pH method (Wrolstad, 
1993), respectively. All spectrophotometric 
evaluations were conducted using a UV-
2601 model spectrophotometer (Beijing Ray 
Leigh Analytical Instrument Co. Ltd., China).

Sensory parameters

Sensory evaluation was undertaken 
by a panel of ten judges, all of whom 
underwent prior training. The Ethics 
Committee for Research with Human 
Beings at the Federal University of Pelotas 
approved their participation, as reflected by 
protocol CAAE 62015922.0.0000.5317. To 
characterize each wine, five ISO glasses were 
used, each filled with wine from a distinct 
rootstock. These glasses were randomly 
arranged on the evaluation table and marked 
with a three-digit code. This procedure was 
replicated for both harvests, resulting in ten 
tastings per judge. The wine was assessed 
using a quantitative scale:

Two visual attributes were assessed, 
turbidity and color. Turbidity scores ranged 
from 0 (imperceptible) to 10 (very intense), 
while intensity scores were between 0 (low 
intensity) and 10 (high intensity). Olfactory 
attributes comprised aromas, such as 
red fruits and spices, and the presence 
of defects; for these traits, scores ranged 
from 0 (imperceptible) to 10 (very intense). 
Gustatory attributes included acidity, 
tannicity, bitterness, persistence, and 
aftertaste, with scores ranging from 0 (low) to 
10 (extremely high). Allied to that, gustatory 
body perception was rated between 0 (light) 
and 10 (full). Finally, for the overall balance 
aspect, the scale spanned from 0 (extremely 
poor) to 10 (excellent).

Statistical analysis

Physicochemical parameters were 
subjected to analysis of variance (ANOVA). 
When treatment effects were significant, 
Tukey's test was applied to compare means 
at a 5% error probability. For the sensory 
parameters, data from all ten assessors were 
subjected to ANOVA. Any significant effects 
identified were further analyzed using 
the Tukey test to compare means at a 5% 
significance level.

Results and Discussion

The average temperatures during the 
evaluated period (Figure 1) closely resembled 
the climatological normal for the region 
(Figure 2). In 2018, average temperatures in 
May, June, and August saw a slight decline. 
Conversely, in 2019, April to July experienced 
slightly warmer temperatures. Average 
temperatures in 2020 closely resembled 
normal conditions. Regarding precipitation, 
2018 witnessed reduced rainfall, except for 
January, March, October, November, and 
December. In 2019, a dry spell occurred from 
June to December, with October being the 
exception. This pattern repeated in 2020 
from March to November, except for June. 
Nevertheless, the cycles remained quite 
similar, with consistent average temperatures 
and rainfall throughout the annual cycle. 

The hydrogen potential exhibited no 
statistical differences among treatments, but 
differences emerged between the evaluated 
years. In the 2019/2020 harvest, there were 
higher pH, soluble solids, and titratable acidity 
levels post-harvest (Table 1). This variance 
could be attributed to climatic influences 
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throughout the cycle, including elevated 
temperatures and precipitation in February 
and December (Figure 1), which aided grape 
maturation. Previous studies involving 

grapevines have also noted the impact of 
established edaphoclimatic conditions, such 
as those with 'Isabel Precoce' in the Western 
region of Paraná (Miranda et al., 2020).

Figure 2. Climatological normals of rainfall (mm) and average temperatures (°C) sourced at the 
Campo Novo gauge station, Santa Catarina State, Brazil, from 1991 to 2020. (Instituto Nacional 
de Meteorologia [INMET], 2020).

(Miranda et al., 2020). 

 

 
 
Figure 2. Climatological normals of rainfall (mm) and average temperatures (°C) sourced at the 
Campo Novo gauge station, Santa Catarina State, Brazil, from 1991 to 2020. (Instituto Nacional 
de Meteorologia [INMET], 2020). 

 

Table 1 
Physicochemical parameters of Sangiovese must as a function of the rootstock used for the 2018/19 and 
2019/20 vintages 

Rootstock(1) pH SS (°Brix) TA L °Hue C* 
2018/19 

‘101-14 Mgt’ 3.14nsB 17.6aB 85.06bB 42.64ns 11.98a ns 62.62nsA 
‘Harmony’ 3.13B 17.3abB 84.48bB 45.96 11.56a 60.47A 
‘IAC 572’ 3.11B 16.2cB 86.86bB 47.62 9.87ab 58.91A 

‘Paulsen 1103’ 3.14B 17.1bB 85.34bB 46.31 8.90b 60.30A 
‘VR 043-43’ 3.11B 16.4cB 92.74aB 43.99 11.39a 62.09A 

2019/20 
‘101-14 Mgt’ 3.47nsA 21.2aA 90.82bA 49.03ab ns 9.08b ns 56,05aB 
‘Harmony’ 3.45A 21.1abA 90.76bA 48.50b 10,67ab 56,12aB 
‘IAC 572’ 3.49A 20.5bA 92.04abA 46.84b 11.66a 53,29abB 

‘Paulsen 1103’ 3.51A 20.7abA 
20.5bA 

88.61bA 55.29a 7.24b 48,44bB 
‘VR 043-43’ 3.48A 96.54aA 49.06ab 9.47ab 53,36abB 

(1) Means followed by the same lowercase letter in the column do not differ from each other by Tukey’s test at 5% 
probability. ns - non-significant. 
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Table 1
Physicochemical parameters of Sangiovese must as a function of the rootstock used for the 2018/19 
and 2019/20 vintages

Rootstock(1) pH SS (°Brix) TA L °Hue C*

2018/19

‘101-14 Mgt’ 3.14nsB 17.6aB 85.06bB 42.64ns 11.98a ns 62.62nsA

‘Harmony’ 3.13B 17.3abB 84.48bB 45.96 11.56a 60.47A

‘IAC 572’ 3.11B 16.2cB 86.86bB 47.62 9.87ab 58.91A

‘Paulsen 1103’ 3.14B 17.1bB 85.34bB 46.31 8.90b 60.30A

‘VR 043-43’ 3.11B 16.4cB 92.74aB 43.99 11.39a 62.09A

2019/20

‘101-14 Mgt’ 3.47nsA 21.2aA 90.82bA 49.03ab ns 9.08b ns 56,05aB

‘Harmony’ 3.45A 21.1abA 90.76bA 48.50b 10,67ab 56,12aB

‘IAC 572’ 3.49A 20.5bA 92.04abA 46.84b 11.66a 53,29abB

‘Paulsen 1103’ 3.51A 20.7abA 88.61bA 55.29a 7.24b 48,44bB

‘VR 043-43’ 3.48A 20.5bA 96.54aA 49.06ab 9.47ab 53,36abB
(1) Means followed by the same lowercase letter in the column do not differ from each other by Tukey’s test at 5% 
probability. ns - non-significant.

Soluble solids measured in the 
grape must (Table 1) reveal that the ‘101-14 
Mgt’ and ‘Harmony’ cultivars significantly 
outperformed others in both harvests, 
reaching an average of 16.9ºBrix in the first 
harvest and 20.8ºBrix in the second. These 
levels exceeded those found by Bender et 
al. (2019) in the Summit variety (14ºBrix). 
Post-harvest, the total titratable acidity in 
both harvests was noteworthy for the 043-
43 variety, averaging 94.6, displaying higher 
acidity than the Summit variety studied by 
Bender et al. (2019) with an average of 62.6 
across the evaluated harvests.

Regarding the coloration of the 
must, no significant differences were 
observed between the evaluated years, 
except for chroma, which indicates color 
saturation. The tested varieties, 101-14 Mgt, 

Paulsen 1103, and 043-43, exhibited higher 
luminosity in Sangiovese must, while hue and 
saturation were significant for all, except for 
‘Paulsen 1103’. Luzio et al. (2021) analyzed 
red varieties in the southern Mediterranean 
region of Portugal, ranging from 25.80 to 
29.27 in luminosity values. A higher luminous 
intensity is evident in this experiment due to 
the edaphoclimatic conditions of the region, 
and the characteristics expressed by the 
Sangiovese variety.

The interaction between rootstock 
and vintage had a discernible impact on 
the physicochemical parameters post-
vinification, except for pH, density, sugars, 
and ashes. These variables exhibited no 
statistically significant variations across 
treatments (Table 2), with no disparities 
established.
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Table 2
Analytical characteristics of Sangiovese wines from different rootstocks and vintages. ÁguaDoce - SC 
/ Brazil

Rootstock(1) 2019 2020 2019 2020 2019 2020

TA VA Total SO2

‘101-14 Mgt’ 73.5cA 67.6bcB 8.6dA 7.6abB 31.6aB 43.8cA

‘Harmony’ 87.6abA 69.4abB 9.1cdA 7.2bB 38.2aA 32.5dB

‘IAC 572’ 81.3bA 67.0cB 9.4bcA 7.6abB 34.5aB 52.6bA

‘Paulsen 1103’ 89.7aA 68.7abcB 18.1aA 7.3bB 34.7aB 57.4aA

‘VR 043-43’ 70.5cA 69.5aA 9.9bA 8.2aB 32.3aA 33.1dA

Free SO2 Alcohol Polyphenols

‘101-14 Mgt’ 15.8bB 23.7bA 11.2aB 13.3aA 861.1abB 1251.5aA

‘Harmony’ 18.6bA 16.5cA 11.2aB 12.9abA 876.5abB 1297.7aA

‘IAC 572’ 23.5aB 27.8abA 11.1aB 12.0dA 965.0aB 1165.0aA

‘Paulsen 1103’ 18.4bB 30.6aA 10.9abB 12.5bcA 790.0bB 991.9bA

‘VR 043-43’ 16.9bA 16.7cA 10.6bB 12.3cdA 863.0abA 965.0bA

Anthocyanins Antioxidant activity *L

‘101-14 Mgt’ 0.402bB 1.710aA 12497abA 12995aA 79.3aA 72.0bB

‘Harmony’ 0.503aB 1.176cA 11217bcB 13462aA 76.9bA 67.1cB

‘IAC 572’ 0.542aB 1.351bA 13047aA 12522aB 73.3cB 76.9aA

‘Paulsen 1103’ 0.329cB 1.441bA 10857cA 9757cA 78.9abA 76.9aB

‘VR 043-43’ 0.373bcB 0.920dA 11550abcA 10975bA 79.8aA 73.0bB

°Hue C*

‘101-14 Mgt’ 33.9aA 14.6bB 19.6cB 27.8bA

‘Harmony’ 25.3bA 11.0cB 21.6bB 31.6aA

‘IAC 572’ 21.8cA 16.9aB 23.9aA 20.2dB

‘Paulsen 1103’ 34.0aA 17.2aB 18.5cB 21.2dA

‘VR 043-43’ 32.9aA 16.2aB 18.3cB 23.8cA

(1) Means followed by the same lowercase letter in the column or uppercase letter in the row do not differ from each other 
by Tukey’s test at 5% probability. ns - non-significant. TA - Titratable acidity (mEq.L-1), VA - Volatile acidity (mEq.L-1), Free 
and total SO2 (mg.L-1), Alcohol (%), Total anthocyanins (mg.L-1), Total polyphenols (mg.L-1), Antioxidant activity (µmol.L-1), 
*L - lightness, C* - color intensity, hue angle (Hue).
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Total acidity emerged as a 
differentiating factor among the assessed 
wines in the 2019 harvest. It was notably 
pronounced in the ‘Paulsen 1103’ and 
‘Harmony’ rootstocks across both harvests. 
Yet, in 2020, ‘VR 043-43’ showed no 
significant differences in total acidity from 
the aforementioned rootstocks. Total acidity 
represents the concentration of organic 
acids found in both grapes and wines, and it 
is influenced by a variety of factors, including 
the physiological aspects of maturation, 
soil composition, climatic conditions, and 
agronomic practices. Specifically, cooler 
temperatures and heightened freshness 
during the harvest tend to increase total 
acidity in the wine produced (Chavarria et al., 
2011).

Differences attributed to the harvest 
can be explained by the elevated precipitation 
in February 2020, which encouraged greater 
potassium (K) absorption by the roots, 
subsequently facilitating the conversion of 
tartaric acid and resulting in a reduction in 
total acidity (Pasquier et al., 2021). Additional 
contributing factors could include the 
grape maturation stage, malic acid content 
reductions during malolactic fermentation, 
and precipitation of tartrates (Rizzon et 
al., 2012). It is worth noting that the wines 
subjected to scrutiny adhere to the standards 
prescribed by Brazilian legislation, stipulating 
a minimum threshold of 40 and a maximum 
threshold of 130 mEq.L-1 (Lei nº 13.648, 
2018).

Among the rootstocks evaluated, 
Harmony and Paulsen 1103 exhibited higher 
titratable acidity in both vintages, averaging 
78.5 and 79.2mEq.L-1, respectively. On 
the other hand,‘IAC 572’had the lowest 

acidity in the 2019/2020 harvest (67.0 
mEq.L-1). Similarly, volatile acidity (Table 2) 
varied among the rootstocks in the 2019 
harvest, with ‘Paulsen 1103’ showing 
the highest values. The 2019 vintage 
marked the vineyard's initial productive 
harvest, characterized by elevated rainfall 
accumulations that compromised grape 
health, consequently leading to an increase 
in volatile acidity in the wines. Volatile acids 
are formed during alcoholic fermentation 
and depend on the must composition, yeast 
strain, and fermentation conditions (Bayram 
& Kayalar, 2018). Brazilian regulations set 
a maximum limit of 20 mEq.L-1 for the table, 
fine, and noble wines (Instrução Normativa, 
2018), and all the tested wines fell within 
these prescribed limits. 

The 'Paulsen 1103' rootstock 
displays a medium to high level of canopy 
vigor (Giovannini, 2014). This vigor can lead 
to a delay in the phenological cycle due 
to prevailing climatic conditions, which in 
turn may impact alcohol concentration and 
sugar levels (Grigolo et al., 2021). The data 
for all grape varieties in this study adhere 
to the regulatory limits, where the threshold 
is set at 20 mEq.L-1 (Instrução Normativa, 
2018). The low alcohol content of the wine 
could have amplified this limit. However, 
for sensory purposes, an acceptable limit 
is 12 mEq.L-1 (Ribéreau-Gayon et al., 2006), 
which can be subjected to the individual 
organoleptic perception of each taster. 
Notably, Goode (2022) has cautioned that 
a high concentration of volatile acids could 
be associated with acetic acid formation 
and the presence of bacteria (such as 
Acetobacter and Gluconobacter) during the 
fermentation in winemaking. Conversely, 
more vigorous rootstocks, which tend to 
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delay the phenological cycle, may result in 
reduced sugar accumulation in berries and, 
consequently, lower alcohol concentration 
(Grigolo et al., 2021).

Concentrations of SO2 (Table 2) were 
noticeably diminished for all wines during 
the 2019 vintage. These reduced values may 
have increased the proliferation of bacteria 
that foster volatile acidity. An exception was 
noted in the wines from ‘Harmony’ rootstock, 
which had higher SO2 concentrations in 2019 
compared to 2020. SO2 applications have a 
dual role: they protect wine from bacterial 
influence and inhibit the activity of oxidative 
enzymes, all the while acting as an antioxidant 
agent (Diniz et al., 2010). The ideal dose to be 
applied may vary depending on factors such 
as plant health, ambient temperature, sugar 
content, and pH of must or wine (Bortoletto 
et al., 2015). Free SO2is crucial in its role as 
a protective agent, and it is recommended to 
maintain an optimal concentration of around 
30 mg.L-1 for preservation (Silva et al., 2015). 
As an example, the 'Paulsen 1103' rootstock 
displayed a concentration of 30.6 mg.L-

1 in the 2019/2020 vintage; therefore, the 
dosage applied to wines might have been 
higher during the 2019 vintage, possibly due 
to the health condition of grapevines.

In the 2019 vintage, wines across 
various rootstocks had lower alcohol 
content (Table 2). In 2020, 'IAC 572' wines 
showed reduced alcohol content compared 
to the 2019 vintage but higher levels when 
compared to 2018/2019, without statistical 
distinction from ‘VR 043-43’. It is noteworthy 
that the vintage's impact on rootstocks is 
influenced by climatic conditions affecting 
grape maturation. The vintage in question 
experienced the least solar radiation duration 

(Pedro-Júnior et al., 2020). Since these were 
the initial plants, this could be due to the 
juvenile phase influencing the accumulation 
of soluble solids, as photoassimilates were 
preferentially allocated to plant establishment 
(Dalbó & Feldberg, 2019).

In terms of the impact of rootstocks 
on wine characteristics, 'IAC 572' and 'VR 
043-43' emerge as strong contenders, 
lengthening the grapevine's growth cycle. 
This characteristic can result in reduced sugar 
accumulation in grapes and, consequently, 
wines with lower alcohol levels (Grigolo et 
al., 2021). Nonetheless, it is worth noting 
that the wines produced from the studied 
rootstocks remained within the allowable 
alcohol content range specified by Brazilian 
regulations, which falls between 8.6% and 
14% for fine and table wines (Lei nº 13.648, 
2018).

Moving on to polyphenol contents 
(Table 2), wines from all rootstocks 
exhibited higher concentrations in the 2020 
harvest. Notably, 'Paulsen 1103' and 'VR 
043-43' displayed the lowest polyphenol 
concentrations in this vintage. 'Paulsen 
1103' consistently showed the least 
polyphenol concentration across both 
vintages, averaging at 890.9 mg.L-1, followed 
by 'VR 043-43' with 914.0 mg.L-1. These 
polyphenolic compounds are mainly found 
in grape skins and seeds and significantly 
influence sensory aspects such as color, 
flavor, texture, structural characteristics, and 
functional attributes in wines. Furthermore, 
their evolution during aging can be influenced 
by factors such as climate, atmospheric 
conditions, soil properties, grape variety, 
and winemaking techniques (Felippeto et al., 
2020).
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Regarding total anthocyanins (Table 
2), wines from all rootstocks showed an 
increase in the 2020 harvest, with the 
lowest concentrations observed in 'VR 043-
43' wines during both vintages, averaging 
at 0.6465 mg.L-1. In contrast, '101-14 
Mgt' exhibited the highest anthocyanin 
concentration in both vintages, averaging 
at 0.8552 mg.L-1. This observation may be 
attributed to the adaptability of rootstocks 
to environmental conditions, potentially 
affecting the synthesis of anthocyanins 
(Pozzan et al., 2012). Additionally, the stability 
of anthocyanins depends on several factors 
related to cultivation, climate conditions, 
processing, pH, and storage temperature 
(Pessenti et al., 2021).

When it comes to antioxidant activity 
(Table 2), minimal variation was observed 
across vintages, except in wines from 
'Harmony' and 'IAC 572' rootstocks. Among 
wines derived from the 'Paulsen 1103' 
rootstock, both the 2019 and 2020 vintages 
displayed the lowest antioxidant activity. The 
antioxidant capacity of wines is determined 
by a complex mix of antioxidant compounds, 
which encompass anthocyanins, 
proanthocyanidins, and phenolic acids 
like catechin, epicatechin, rutin, quercetin, 
and others. Their composition depends on 
vine metabolism, growing conditions, and 
winemaking processes (Nemzer et al., 2021). 
These compounds play a significant role 
in wine color and its transformation during 
aging.

In terms of color parameters (Table 
2), luminosity (*L) decreased in wines from 
the 2020 harvest, except 'IAC 572', which 
exhibited lower luminosity in 2019, indicating 
darker wines. This observation is consistent 

with the color angle (Hue°), which showed 
that wines in the 2020 harvest had a more 
subdued hue, aligning closely with the 0° 
axis (red). This outcome is in line with the 
higher anthocyanin concentration observed 
in the 2020 harvest, as anthocyanins from 
the polyphenol group contribute to red hues 
in wines (Pessenti et al., 2021). However, 
wines from all rootstocks generally displayed 
increased color intensity in the 2020 harvest, 
as evidenced by saturation assessments, 
except for 'IAC 572', which showed lower 
color intensity (*C). Additionally, 'Paulsen 
1103' exhibited lower saturation compared 
to the other rootstocks across both vintages. 
Wine color can be influenced by factors such 
as pigments, pH, and SO2 concentration, as 
these factors can affect anthocyanin color 
(Escobar et al., 2021).

As for sensory parameters, there 
were no significant differences observed 
in terms of olfactory aspects (red fruits, 
defects, and spices), gustatory dimensions 
(acidity, tannicity, persistence, and body), 
and overall appearance balance. However, 
distinct variations were noted in visual 
attributes related to color intensity and 
turbidity, as well as in gustatory aspects of 
bitterness and aftertaste (Table 3). Notably, 
the sensory attribute of color intensity 
showed differences among wines originating 
from various rootstocks during the 2019 
vintage, with 'IAC 572' wines receiving the 
highest scores, statistically similar to '101-
14 Mgt' and 'Harmony' wines in that particular 
vintage. In 2020, no such differences were 
observed among wines from different 
rootstocks; however, when considering the 
vintages, wines from the 'IAC 572' rootstock 
received lower scores in 2020 compared to 
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the 2019 vintage, while wines from 'VR 043-
43' received higher scores in 2020.

It is essential to recognize that color is a 
crucial factor in determining the quality of red 
wines. Sangiovese wines are known for their 
unique pigment composition, characterized 
by relatively lower anthocyanin content 
compared to other grape varieties (Arapitsas 
et al., 2012). Color intensity variations in 
wines during the 2019 harvest, as perceived 
by the panel, could potentially be attributed 
to plant immaturity. It is plausible to consider 
that this phenomenon was not replicated in 
the subsequent harvest, as wines exhibited 
similarity in color.

Turbidity exhibited differences solely 
between the harvests, with notably higher 
scores observed in the 2019 harvest. 
However, this difference was absent in 
wines from the 'Harmony' and 'VR 043-43' 
rootstocks, which displayed consistent 
turbidity across harvests. The 2019 vintage 
was characterized by unfavorable climatic 
conditions, including frequent rainfall during 
the harvest and ripening period, which 
could have compromised grape health and 
consequently impacted wine protein stability. 
It is worth noting that the majority of proteins 
in wine originate from grape pulp (Pasquier et 
al., 2021).

In terms of gustatory attributes, 
bitterness, and aftertaste showed no 
variation among wines sourced from the 

different rootstocks. However, a difference 
was observed only between vintages for 
wines from the '101-14 Mgt' rootstock in 
2020, where a lower bitterness score was 
noted, and for 'VR 043-43' in 2019, which 
was marked by a reduced aftertaste score. 
A key determinant of wine quality lies in the 
composition of phenolic compounds, which 
contribute to astringency, bitterness, and 
color (Canuti et al., 2020). While wines from 
the 2020 harvest displayed an increased 
concentration of these compounds, the 
perception of bitterness and aftertaste may 
also be influenced by olfactory attributes, 
sweetness, and alcohol content (Lesschaeve 
& Noble, 2005).

In summary, the assessment of 
Sangiovese wines highlights the influence 
of the harvest on wine quality. However, 
the use of specific rootstocks can enhance 
wine quality by affecting the growth 
cycle of grapevines and adaptation to 
local environmental conditions. Notably, 
rootstocks with lower vigor, such as '101-
14 Mgt' and 'Harmony', contributed to 
higher alcohol concentrations, polyphenol 
accumulation, and antioxidant activity. 
These rootstocks exhibit the unique trait of 
extending the growth cycle of grapevines 
(Nardello et al., 2022), which aligns well with 
the consistent rainfall patterns at ripening 
and harvesting in the high-altitude regions of 
Santa Catarina.
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Table 3
Sensory parameters of Sangiovese cultivar wine as a function of the rootstock used for the 2019 and 
2020 vintages

2019 2020 2019 2020 2019 2020

Rootstock(1)
Visual aspects Overall appearance

Color intensity Turbidity Balance

‘101-14 Mgt’ 5.91abA 6.03aA 2.22aA 1.08aB 6.65ns 6.47ns

‘Harmony’ 6.62abA 6.91aA 1.91aA 1.15aA 6.79 6.74

‘IAC 572’ 7.22aA 5.92aB 3.41aA 1.14aB 6.65 6.98

‘Paulsen 1103’ 5.15bA 5.28aA 2.45aA 1.04aB 6.23 6.56

‘VR 043-43’ 5.00bB 6.70aA 1.79aA 1.19aA 5.77 6.45

Olfactory Aspects

Red fruits Defects Spices

‘101-14 Mgt’ 5.91ns 5.80ns 4.72ns 5.58ns 1.75ns 0.50ns

‘Harmony’ 6.40 5.91 5.62 4.93 1.08 0.66

‘IAC 572’ 6.33 5.98 5.12 4.75 0.91 0.47

‘Paulsen 1103’ 6.10 6.24 5.08 4.99 2.35 1.19

‘VR 043-43’ 6.20 6.06 3.92 5.52 1.77 0.66

Gustatory aspects

Acidity Tannicity Bitterness

‘101-14 Mgt’ 5.40ns 5.55ns 6.29ns 5.91ns 4.44aA 3.04aB

‘Harmony’ 5.66 5.34 6.64 6.40 4.20aA 3.54aA

‘IAC 572’ 4.87 5.32 6.30 5.79 3.95aA 3.30aA

‘Paulsen 1103’ 5.12 5.90 4.95 5.43 3.50aA 3.14aA

‘VR 043-43’ 5.48 5.44 5.76 6.16 4.13aA 3.30aA

Persistence Body Aftertaste

‘101-14 Mgt’ 5.92ns 5.84ns 5.51ns 5.98ns 5.45aA 5.70aA

‘Harmony’ 6.22 6.45 5.94 6.55 5.43aA 5.92aA

‘IAC 572’ 6.66 6.20 6.00 5.60 5.76aA 5.47aA

‘Paulsen 1103’ 5.37 5.97 5.14 5.27 5.60aA 5.70aA

‘VR 043-43’ 5.28 5.96 4.91 5.79 4.60aB 6.02aA

(1) Means followed by the same lowercase letter in the column or uppercase in the row do not differ from each other by 
Tukey's test at 5% probability. ns - non-significant.
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Conclusions

From a sensory perspective, 
using different rootstocks for Sangiovese 
cultivation does not fundamentally alter wine 
balance. However, it maintains compliance 
with legal standards while showcasing 
distinct terroir characteristics. The wines 
consistently featured a high level of soluble 
solids, with an average of 18.9 ºBrix across 
rootstocks and vintages.

The '101-14 Mgt' and 'Harmony' 
rootstocks excelled in this experiment, with 
'Harmony' particularly standing out. These 
rootstocks promoted increasing alcohol and 
phenolic compound contents in Sangiovese 
wines, which are crucial for the sensory 
appreciation of consumers.
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