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ABSTRACT 

The production of high-quality wines elaborated from grapes harvested during the dry 
winter has considerably increased in the Brazilian southeast, mainly with the Syrah cultivar. 
However, the double pruning management used to induce winter harvest has reduced the vigour 
and yield of some classic cultivars such as Merlot and Cabernet-Sauvignon. In viticulture, 
rootstocks became a useful tool to manipulate vegetative and reproductive vigour. This study 
aimed to determine the effect of eight rootstocks on vigour, yield and grape quality of Merlot, 
Cabernet-Sauvignon, and Syrah grapevines grown during the autumn-winter season in the south 
of Minas Gerais under double pruning management. The treatments were evaluated from 2018 
to 2022 seasons, in a 3 × 8 factorial arrangement, with three cultivars and eight rootstocks. 
The yield and grape quality of Syrah, Cabernet-Sauvignon, and Merlot grapevines under 
double pruning management could be improved using medium to high vigorous rootstocks. 
To all cultivars, the combination with IAC  766, SO4, RUPESTRIS, GRAVESAC,  101-14, 
and KOBER increased yield with no impairment in grape maturation. IAC 572 can be used 
under double-pruning management for Merlot and Cabernet-Sauvignon when long spur pruned. 
However, grafting must be carefully recommended, because this rootstock is extremely vigorous 
and can affect the balance between vegetative and reproductive vigour.
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INTRODUCTION

In the vineyards of the Brazilian southeast, the double 
pruning strategy has enhanced wine quality by shifting the 
harvest period from the warm and wet summer to the dry and 
mild winter (Favero et al., 2011). Under this management, 
the grapevines are initially spur pruned at the end of winter 
(August or September) to induce the vegetative cycle, where 
all clusters are removed. The reproductive cycle is started 
after the second spur pruning, performed in January (or 
February), allowing for grape harvest during the winter 
(July or August) (Favero  et  al.,  2011, Regina  et  al.,  2011; 
Mota  et  al.,  2010). These authors demonstrated that the 
quality of fine wine (from Vitis vinifera  L. cultivars) has 
significantly improved due to increased sugar and phenolic 
compounds in grapes, which are favoured by low rainfall 
and high thermal amplitude of the autumn-winter season. 
The winter harvest has contributed to the expansion of fine 
wine-producing regions in Brazil (Brant et al., 2021).

However, two growing cycles demand considerable energy 
from the vines, and a search for rootstocks that provide the 
necessary vigour to support two annual pruning seasons is 
required. This is particularly important to grow varieties 
such as Cabernet-Sauvignon and Merlot, which have 
exhibited low yield during the winter cycle production 
under subtropical conditions, as compared to Syrah and 
Sauvignon blanc (Regina et al., 2011). This low performance 
of Cabernet‑Sauvignon and Merlot may be correlated with 
a poor fruit set caused by low temperatures in cool regions 
(Dry et al., 2010; Kidman et al., 2013). Over the past 15 years, 
Syrah and Sauvignon blanc have been the primary cultivars 
used to produce winter wines, as they have demonstrated the 
best agronomic and oenological potential in double-pruned 
vineyards grafted onto medium vigour rootstocks such 
as 1103 P.

Grafting is widely used in viticulture and significantly 
contributes to the vegetative growth and yield of the scion 
under many cultivation conditions. Several studies have 
shown the rootstock effect on vigour (Jones  et  al.,  2009; 
Kidman et al., 2013), ecophysiology (Santarosa et al., 2016; 
Pou  et  al.,  2022; Buesa  et  al.,  2023), grape quality 
(Satisha  et  al.,  2010; Chou & Li,  2014; Dias  et  al.,  2017) 
and wine quality (Köse et al., 2014; Miele & Rizzon, 2017; 
Wang et al., 2019) in vineyards under traditional management 
with only one annual pruning. However, there are limited 
studies on rootstocks conducted under double pruning 
management, with most focusing on Syrah (Dias et al., 2012; 
Dias et al., 2017) and Cabernet-Sauvignon at high altitudes 
(Souza et al., 2015).

There is a pressing need for more information regarding 
scion-rootstock interactions during the winter growing 
season in vineyards subjected to double-pruning practices. 
Furthermore, there is currently no information available on 
the rootstock effect on Merlot performance under double-
pruning management. Using vigorous rootstock could 
be a viable strategy to enhance the yield of Merlot and 
Cabernet‑Sauvignon, thereby increasing grape variability for 

winter wine production in the Brazilian southeast. Although 
some rootstocks have improved the vigour of Syrah and 
Cabernet-Sauvignon during the winter season, these results 
were obtained from very young vines (Dias et al., 2017) and 
in a high-altitude region (Souza et al.,  2015), respectively. 
More combinations of scion/rootstocks must be investigated 
to improve the vine balance of these cultivars grown under 
double-pruning management.

In this study, the rootstock effects were evaluated over four 
seasons. Vines were short spur pruned (two spur nodes) 
during two seasons (2018-2020) and long spur pruned (three 
or four spur nodes) during the last two seasons (2021-2022). 
It is well established that the differences in crop level can 
be induced by variability in bud fruitfulness along the cane 
(Sánchez & Dokoozlian, 2005). Furthermore, these findings 
could contribute to enhancing the understanding of scion-
rootstock interaction under low temperature, as most studies 
on rootstock effects in the literature were carried out during 
hot summer conditions.

This study investigated the effect of eight rootstocks 
on agronomic responses and grape quality of Merlot, 
Cabernet‑Sauvignon and Syrah vines grown during autumn-
winter in a double-pruned vineyard under subtropical 
conditions in Brazil.

MATERIALS AND METHODS

1. Location, plant material, and experimental 
design

The experimental site was in a commercial vineyard, in 
Andradas, at Casa Geraldo winery, in the south of the state 
of Minas Gerais, Brazil (22° 05' 28" S 46° 33' 50" W, 913 m 
above sea level). The vineyard was planted in November 
of 2015, and the experiment was carried out during the 2018 
to 2022 seasons.

Merlot, Cabernet-Sauvignon and Syrah were grafted onto 
eight rootstocks from different origins and within a variable 
range of vigour described in Table 1.

The treatments consisted of a 3 × 8 factorial arrangement, 
with three grape cultivars and eight rootstock combinations, 
and the experimental plot consisted of 10  vines, totalling 
240  vines. The experimental area was homogeneous and 
treatments were arranged in a completely randomised design 
in four rows of 60  m. Non-irrigated vines were trained in 
vertical shoot position, north-south orientated, harrowed 
with three wire strands, spaced 2.50 m × 1.00 m. From 2018 
to  2019, at yield pruning (January), the vines were short 
pruned with two buds per spur (short spur—SS), and to 
increase bud fruitfulness, from the 2021 and 2022 seasons, 
depending on the length of internode vines were spur pruned 
with three or four nodes per spur (long spur—LS). Data from 
the 2020 season were discarded due to high rainfall during 
the flowering stage, which drastically reduced yield and 
quality parameters.
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The double pruning management was applied according to 
the methodology described by Favero et al. (2011), which the 
first pruning was done in August to promote the vegetative 
cycle for latent bud formation (all cluster were removed) and 
the second (yield pruning) was done in January in lignified 
shoots (reproductive cycle) for grape production during the 
autumn-winter. In both cycles, the buds were sprayed after 
pruning with hydrogen cyanamide at 5 % to stimulate and 
standardise the budburst. Pest control sprays and vineyard 
management were applied in accordance with conventional 
vineyard practices. Information regarding climate conditions 
(precipitation, maximum and minimum temperature) 
recorded during the seasons is presented in Figure 1.

2. Vine vigour evaluations

During the vegetative and reproductive cycles, agronomical 
and ecophysiological parameters were evaluated to 
characterise vine performance. The vegetative and 
reproductive vigour were estimated by pruning weight and 
shoot fruitfulness evaluations, respectively. The pruning 
weight (fresh weight of pruned shoots) was measured in 
August (winter pruning weight), after the reproductive cycle, 
in six vines per treatment. The vine balance was evaluated 
by the Ravaz index (yield/winter pruning weight ratio) using 
six vines per treatment. Shoot fruitfulness was calculated 
during full bloom (at BBCH 65) by dividing the number of 
inflorescences by the number of shoots, using four vines for 
each treatment.

3. Yield components and grape composition

At harvest, the number and weight of bunches per vine were 
measured. Berry mass was calculated from four replicates 
of 150  berries per treatment. Chemical analyses (soluble 
solids, pH and titratable acidity) were performed on the 
juice of pressed berries (four replicates of 100  berries per 

treatment). Soluble solids  (°Brix) were determined using a 
portable digital refractometer (PAL 1 model, ATAGO). The 
pH of undiluted juice of each sample was determined using 
a Micronal pH meter  B474 calibrated with standards 4.0 
and  7.0, and titratable acidity was determined by titration 
with 0.1 M NaOH to a phenolphthalein end point at pH 8.2 
and expressed as g L−1 of tartaric acid.

Phenolic maturation was determined using four replicates 
of 60 berries per treatment. The skin was removed, dried at 
room temperature, weighed, crushed with liquid nitrogen 
and stored at –80 °C until analysis. For the determination of 
phenolic compounds, 150  mg samples of the crushed skin 
were homogenised in an Ultra Turrax homogeniser (IKA 
T-18 basic) in an acidified methanol solution (1 % HCl). The 
samples were kept overnight at 7 °C in the dark, centrifuged 
at 8,000 rpm for 15 minutes until total removal of pigments. 
The supernatant was transferred to 50  mL volumetric 
flasks. Anthocyanins in berry skins were determined by 
the pH differential method (Giusti & Wrolstad,  2001) and 
total phenolics were determined by the Folin–Ciocalteau 
method based on a standard curve of gallic acid (Amerine & 
Ough, 1980).

4. Statistical analysis

The statistical analyses were performed using R  software 
(R  Core Team,  2023). A priori, non-normal data were 
submitted to a Box–Cox transformation, using the 
MASS package. A two-way ANOVA was carried out for each 
spur pruning treatment, comparing all variables, as well as 
possible interactions among treatments by the Scott–Knott’s 
test (p < 0.05) for rootstocks and the Tukey’s test (p < 0.05) for 
cultivars, using the ExpDes package. A principal component 
analysis (PCA) and clustering analysis (CA) were performed 
for all variables, using the factoextra package, and Pearson’s 
correlation was performed using the corrplot package.

TABLE 1. Rootstocks evaluated in this study.

Rootstock Abbreviation Parentage Vigour conferred References

IAC 766 IAC766 Ripária do Traviú × Vitis caribaea Medium to vigorous Pommer (2000)

IAC 572 IAC572 Vitis caribaea × 101-14 Mgt Highly vigorous Pommer (2000)

1103 Paulsen 1103 P Vitis berlandieri × Vitis rupestris Medium to vigorous
Ferlito et al. (2020)

Bettiga (2003)

Selection 
Oppenheim 4 SO4 Vitis berlandieri × Vitis riparia Medium

Pavloušek (2014)

Bettiga (2003)

Kober 5BB KOBER Vitis berlandieri × Vitis riparia Medium
Pavloušek (2014)

Bettiga (2003)

Rupestris du Lot RUPESTRIS Vitis rupestris Medium to vigorous Christensen (2003)

Gravesac GRAVESAC 161-49 (Vitis riparia × Vitis berlandieri) × 3309 
(Vitis riparia × Vitis rupestris) Medium Galet (1999)

101-14 Millardet et 
de Grasset 101-14 Vitis riparia × Vitis rupestris Weak to medium

Christensen (2003)

Bettiga (2003)
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RESULTS

1. Short spur pruning

There was a significant interaction between factors 
affecting vegetative vigour, as evidenced by pruning weight 
(Figure 2A). The pruning weight of Syrah was significantly 
enhanced by IAC  766, IAC  572, and RUPESTRIS, while 
it was reduced by SO4, KOBER, 101-14 and 1103  P. 
Conversely, Merlot grafted onto IAC 766 and RUPESTRIS 
exhibited the highest pruning weight values. In Cabernet-
Sauvignon, the highest pruning weight was induced by 
IAC  766, IAC  572, SO4, RUPESTRIS, GRAVESAC and 
the lowest was observed with 1103 P, KOBER, and 101-14. 
Merlot demonstrated the lowest vigour compared to Syrah, 
which consistently exhibited the highest pruning weight 
across all rootstocks, except with SO4, which induced similar 
vigour to Cabernet-Sauvignon (Figure 2A).

No interaction was observed between cultivars and 
rootstocks regarding the Ravaz index and shoot fruitfulness 
(Figures  2B and  2C). IAC  572 induced the lowest Ravaz 
index  (~2.77) compared to other rootstocks  (~3.5) 
(Figure 2B). Syrah showed the highest Ravaz index (5.38), 
with intermediate values for Merlot (2.68) and the lowest for 
Cabernet‑Sauvignon (1.95). Only vines grafted onto 1103 P, 
IAC  572 and 101-14 presented shoot fruitfulness lower 
than 1 (Figure 2B). Shoot fruitfulness was higher in Syrah 
than in other cultivars (Figure 2C).

Yield components were affected by treatments, but only 
isolated effects of cultivars and rootstocks were noted 
(Figure 3). The weight of clusters was greater for all cultivars 

when grafted onto IAC  766, SO4, KOBER, RUPESTRIS 
and GRAVESAC, averaging 120 g per cluster, which is 20 % 
higher than those grafted onto 1103 P, IAC 572 and 101-14 
(Figure 3A). The lowest yield (0.98 kg) was recorded for vines 
grafted onto 1103  P and IAC  572, which was statistically 
different from other rootstocks (1.15 kg) (Figure 3C).

Syrah was the most productive cultivar, yielding 2.5  kg 
per vine, followed by Merlot (0.96  kg per vine) and 
Cabernet-Sauvignon (0.92  kg per vine) (Figure  3C). This 
was significantly influenced by the number of clusters 
(~20 clusters), which showed a marked difference compared 
to Cabernet-Sauvignon and Merlot (10  and 8  clusters, 
respectively) (Figure  3B). Syrah and Cabernet-Sauvignon 
presented the greatest (130 g) and the lowest (90 g) weight of 
clusters, respectively (Figure 3A).

Rootstocks influenced the physicochemical quality of 
berries, with interaction among treatments found only 
for berry mass and soluble solids (Figures  4A and  4B). 
Greater berry mass was observed when Cabernet‑Sauvignon 
was grafted onto IAC  766, SO4, KOBER, RUPESTRIS 
and GRAVESAC  (~1.10  g) and when Merlot was 
grafted onto IAC  766, IAC  572, RUPESTRIS and 
GRAVESAC  (~1.15  g). The berry mass  (1.15  g) of Syrah 
was unaffected by rootstocks (Figure  4A). RUPESTRIS 
induced higher soluble solids  (23  °Brix) in Syrah berries 
than other rootstocks  (21.5  °Brix) (Figure 4B). Rootstocks 
did not affect Cabernet-Sauvignon sugar content (mean of 
22.1 °Brix), whereas Merlot grafted onto IAC 572 exhibited 
the lowest value for this parameter (20.3 °Brix) compared to 
other rootstocks (21.6 °Brix) (Figure 4B).

FIGURE 1. Average monthly rainfall (mm) and minimum (Tmin) and maximum (Tmax) air temperature (°C) during 
2018-2022 in Andradas, Minas Gerais, Brazil.
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The acidity of berries from all cultivars was not influenced 
by rootstocks, reaching values around  5  g of tartaric acid 
(Figure  4C). On the other hand, berries from all cultivars 
grafted onto SO4, IAC  766, KOBER, RUPESTRIS and 
GRAVESAC showed lower values (around  3.65) of pH 
than when grafted onto 101-14, 1103 P and IAC 572  (3.8) 
(Figure 4D). Among cultivars, Syrah presented the highest 
pH (4.01) and lowest acidity (4.08 g of tartaric acid), whereas 
Cabernet-Sauvignon presented the highest acidity (5.61  g 

of tartaric acid) and Merlot the lowest pH (3.52) (Figures 4C 
and  4D). Rootstocks presented similar anthocyanins and 
total phenolic content, averaging 0.78 and 2.52  mg per  g 
of berry, respectively. Syrah berries had the highest content 
for both parameters (0.86 and 2.74 mg per g of berry), while 
Cabernet-Sauvignon showed higher anthocyanin levels than 
Merlot, with total phenols being similar in both cultivars 
(Figures 4E and 4F).

FIGURE 2. Pruning weight  (A), Ravaz index  (B), and shoot fruitfulness  (C) of short spur pruned Syrah, 
Cabernet‑Sauvignon, and Merlot vines, grafted onto different rootstocks. Means followed by the same letters, 
uppercase among cultivars and lowercase among rootstocks, are not statistically different (p < 0.05). Values are the 
averages of the 2018 and 2019 seasons.
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Principal Component Analysis (PCA) was performed on the 
correlation matrix derived from the 12 parameters evaluated 
for eight rootstocks for each cultivar. The PCA biplot 
provides a visual overview of how different parameters 
were influenced by rootstocks, allowing for the grouping 
of treatments that reveal similarities among variables. 
The first two principal components  (PCs) accounted for 
Syrah  (60.24  %), Cabernet‑Sauvignon  (77.65  %) and 
Merlot (79.24 %) of the total variance. In most cases, vigour 

and yield parameters were associated with PC 1, while grape 
quality parameters were linked to PC  2, as indicated by 
coloured arrows in the biplot (Figures 5A, 5C and 5E).

The clustering analysis categorised samples into three to 
four clusters. Medium to high vigorous rootstocks such as 
IAC  766, SO4, RUPESTRIS, GRAVESAC and KOBER 
enhanced yield without impairment in technological 
grape parameters characterised by higher soluble solids, 
greater titratable acidity and lower pH across all cultivars. 

FIGURE 3. Weight of clusters (A), number of clusters (B), and yield (C) of short spur pruned Syrah, Cabernet‑Sauvignon, 
and Merlot vines grafted onto different rootstocks. Means followed by the same letters are not statistically different 
(p < 0.05). Values are the averages of the 2018 and 2019 seasons.
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In contrast, vines grafted onto 101-14 and 1103 P exhibited 
higher pH and greater anthocyanin and total phenolic 
contents, but the lowest vegetative and productive parameters. 
IAC  572 demonstrated greater vegetative vigour (pruning 
weight) but negatively impacted the remaining parameters 
(Figures 5B, 5D and 5F).

2. Long spur pruning

Under long spur pruning, vegetative vigour exhibited 
a response to scion/rootstock combinations that was 
similar to that of short spur pruned vines, as indicated by 
the interaction among treatments. Pruning weight was 
higher for all cultivars grafted onto IAC  572, IAC  766, 
GRAVESAC and RUPESTRIS while KOBER, SO4, 101-
14 and 1103  P induced the lowest vigour (Figure  6A). 
Syrah and Cabernet‑Sauvignon displayed higher vegetative 
vigour across all rootstocks, except for 1103 P, IAC 766 and 
RUPESTRIS. Greater variability of pruning weight among 

cultivars was found when vines were grafted onto IAC 572, 
ranging from 0.52 kg  (Merlot) to 1.02 kg per vine  (Syrah) 
(Figure 6A).

No interactions were found between cultivars and 
rootstocks regarding shoot fruitfulness and Ravaz index 
(Figures  6B and  6C). SO4 exhibited the highest value 
for the Ravaz index of 7.37, followed by KOBER (5.77), 
while the remaining rootstocks showed values around  4 
(Figure  6B). Vines grafted onto SO4 demonstrated the 
highest shoot fruitfulness values  (1.72), while other 
rootstocks induced values around  1.34 (Figure  6C). 
Cultivars showed differences in the Ravaz index; the 
highest values were recorded in Merlot (5.9), followed by 
Syrah  (4.9) and Cabernet-Sauvignon  (3.5) (Figure  6B). 
Merlot and Cabernet-Sauvignon presented greater shoot 
fruitfulness (1.5) than Syrah (1.2) (Figure 6C).

FIGURE 4. Berry mass (A), soluble solids (B), titratable acidity (C), pH (D), anthocyanins (E), and total phenolics (F) of 
short spur pruned Syrah, Cabernet-Sauvignon, and Merlot vines grafted onto different rootstocks. Means followed by 
the same letters, uppercase among cultivars and lowercase among rootstocks, are not statistically different (p < 0.05). 
Values are the averages of the 2018 and 2019 seasons.

https://ives-openscience.eu/


OENO One | By IVESvolume 59–3 | 2025 8

Significant interactions were observed between factors 
regarding the number and weight of clusters and yield 
(Figure 7). In Syrah vines, the heaviest clusters were induced 
by SO4, while no differences among other rootstocks 
(Figure 7A). Merlot vines grafted onto SO4 also exhibited 
the highest cluster weight, followed by IAC 766, IAC 572, 
KOBER, RUPESTRIS, which induced intermediate values, 
while 1103  P and 101-14 induced the lowest values. 
In Cabernet-Sauvignon, the weight of the cluster increased 
with IAC 766, IAC 572 and GRAVESAC (Figure 7A). The 
cluster weight of Merlot was consistently higher than Syrah 
and Cabernet-Sauvignon in all rootstocks except for 101-14, 
which induced similar values between Syrah and Merlot.

The number of clusters of Syrah vines was only reduced 
for 1103  P, while in Merlot vines, it was only increased 
by IAC  766. In Cabernet-Sauvignon vines, SO4, KOBER, 
RUPESTRIS, GRAVESAC and 101-14 induced higher cluster 
number than 1103  P, IAC  766 and IAC  572 (Figure  7B). 
Except for 1103 P, which did not induce differences among 
cultivars, Syrah vines always consistently showed the highest 
number of clusters compared to Merlot, while KOBER, 
RUPESTRIS and GRAVESAC did not induce differences 
between Cabernet-Sauvignon and Syrah. Merlot vines only 
showed higher cluster number than Cabernet-Sauvignon 
when grafted onto IAC 766 (Figure 7B).

FIGURE 5. Principal component and clustering analysis performed with 12 parameters determined on Syrah (A, B), 
Cabernet-Sauvignon (C, D), and Merlot (E, F) onto different rootstocks under short spur pruning. AC = anthocyanin 
content, BF =  shoot fruitfulness, BM = berry mass, NC =  number of clusters, PC = phenolic content, pH = pH, 
PW  =  pruning weight, RI  =  Ravaz index, SS  =  soluble solids, TA  =  titratable acidity, WC  =  weight of cluster, 
Yld = yield.
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Merlot under 1103 P, 101-14 and KOBER and Syrah under 
1103  P combination exhibited the lowest yield among 
rootstocks (around 2 kg per vine), whereas SO4, IAC 766, 
IAC 572, SO4 and RUPESTRIS induced the highest yield 
(> 2.5 kg per vine) in both cultivars. No differences among 
rootstocks were observed in Cabernet-Sauvignon vines, with 
yield ranging from 1.5 to 2 kg per vine (Figure 7C). The yield 
of Syrah and Merlot grafted onto 1103 P, IAC 766, IAC 572, 
SO4, RUPESTRIS and GRAVESAC was higher than 

Cabernet-Sauvignon, while 101-14 and KOBER induced 
similar yield between Cabernet-Sauvignon and Merlot 
(Figure 7C).

Regarding grape composition, significant interactions 
between rootstocks and cultivars were found only for 
soluble solids and anthocyanins (Figure  8). Berry mass 
from all cultivars grafted onto SO4, IAC  572, IAC  766, 
and RUPESTRIS was higher  (1.3  g) than berries from 

FIGURE 6. Pruning weight  (A), Ravaz index  (B), and shoot fruitfulness  (C) of long spur pruned Syrah, 
Cabernet‑Sauvignon, and Merlot vines, grafted onto different rootstocks. Means followed by the same letters, 
uppercase among cultivars and lowercase among rootstocks, are not statistically different (p < 0.05). Values are the 
means of the 2021 and 2022 seasons, except for shoot fruitfulness (only the 2021 season).
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vines grafted onto GRAVESAC, 1103  P, KOBER and 
101‑14  (1.2  g) (Figure  8A). Merlot and Syrah exhibited 
greater berry mass (1.3 g) than Cabernet-Sauvignon (1.1 g) 
in all rootstocks (Figure 8A).

No differences among cultivars were detected when vines 
were grafted onto 1103  P, IAC  766, IAC  572, KOBER 
and GRAVESAC, with mean soluble solids of  23.5  °Brix 
(Figure  8B). The highest content was verified on 
Cabernet‑Sauvignon grafted onto RUPESTRIS and 101-14 
(~24.1  °Brix) compared to Merlot and Syrah in the same 

rootstocks (~22.7  °Brix). Under SO4, the most significant 
differences were found between Cabernet-Sauvignon 
(22.9  °Brix) and Syrah (21.6  °Brix) (Figure  8B). In Syrah 
vines, the highest sugar content (> 23 °Brix) was induced by 
IAC 766, IAC 572 and GRAVESAC, whereas SO4 induced 
the lowest values (21.6 °Brix). Cabernet-Sauvignon grafted 
onto IAC  766, RUPESTRIS, GRAVESAC and 101‑14 
exhibited the highest soluble solids, while in Merlot, no 
differences were noted among rootstocks  (~22.8  °Brix) 
(Figure 8B).

FIGURE 7. Weight of clusters  (A), number of clusters  (B), and yield  (C) per vine of long spur pruned Syrah, 
Cabernet‑Sauvignon, and Merlot vines grafted onto different rootstocks. Means followed by the same letters, 
uppercase among cultivars and lowercase among rootstocks, are not statistically different (p < 0.05). Values are the 
means of the 2021 and 2022 seasons.
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The lowest (4.65 g of tartaric acid) and the highest (6 g of 
tartaric acid) titratable acidity were recorded in Syrah and 
Cabernet-Sauvignon, respectively (Figure 8C). Berries from 
all cultivars grafted onto IAC  766 exhibited the highest 
titratable acidity values (6 g of tartaric acid), while 1103 P, 
KOBER, GRAVESAC and 101-14 induced the lowest 
values (~5.3  g  tartaric acid) (Figure  8C). All rootstocks 
induced the lowest pH values, which is desirable for 
winemaking, particularly when grafted onto SO4, KOBER 
and RUPESTRIS (~3.6). Among cultivars, Syrah showed the 
highest pH (> 3.9) (Figure 8D).

The highest anthocyanin content was found in Cabernet-
Sauvignon berries, while Merlot presented the lowest 
values regardless of the rootstocks. Among rootstocks, 
only KOBER and IAC  572 did not induce differences 
between Syrah and Merlot (Figure  8E). IAC  766, 
RUPESTRIS and GRAVESAC increased anthocyanins 
in Cabernet‑Sauvignon berries, while the content was 
increased by 1103  P, RUPESTRIS, GRAVESAC, and 

101‑14 in berries of Merlot and was reduced by IAC 572 
and KOBER in berries of Syrah (Figure 8E). Total phenolic 
content was increased when all cultivars were grafted 
onto 1103  P (2.95  mg per  g of  berry), 101-14 (2.93  mg 
per g of berry) and RUPESTRIS (2.85 mg per g of berry). 
Cabernet-Sauvignon exhibited the highest values (3.29  mg 
per g of berry), followed by Syrah (2.65 mg per g of berry) 
and Merlot (3.29 mg per g of berry), regardless of rootstocks 
(Figure 8F).

The first two principal components of the PCA performed 
with all 12 parameters accounted for 73.88 %, 62.28 % and 
73.27 % of the total variance for Syrah, Cabernet-Sauvignon, 
and Merlot, respectively. Vigour and yield parameters 
were associated with PC  1, and grape quality parameters 
were linked to PC  2, specifically for Syrah and Merlot, 
whereas grape quality and vigour were related to PC 1 for 
Cabernet‑Sauvignon, as indicated by coloured arrows in the 
biplot (Figures 9A, 9C and 9E).

FIGURE 8. Berry mass (A), soluble solids (B), titratable acidity (C), pH (D), anthocyanins (E), and total phenolics (F) of 
long spur pruned Syrah, Cabernet-Sauvignon, and Merlot vines grafted onto different rootstocks. Means followed by 
the same letters, uppercase among cultivars and lowercase among rootstocks, are not statistically different (p < 0.05). 
Values are the means of the 2021 and 2022 seasons.
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The clustering analysis  (CA) categorised rootstocks into 
three clusters for each cultivar. Under long spur pruning, the 
same range of rootstocks prevailed for Merlot vines when 
compared to spur pruning seasons, grouping IAC 766, SO4, 
RUPESTRIS, GRAVESAC and IAC  572, characterised by 
increased yield without impairment in technological grape 
parameters such as higher soluble solids and titratable 
acidity. Syrah and Merlot grafted onto 101-14 and 1103  P 
exhibited greater anthocyanins and total phenolics; however, 
this accumulation may result from lower yield, indicated by 
opposite arrows in the PCA. IAC  572 improved on yield 
parameters for all cultivars under long pruning, while SO4 
remained distinct, mainly characterised by greater shoot 
fruitfulness and consequently greater yield. Regarding 
Cabernet-Sauvignon, higher yield did not compromise 

anthocyanins and sugar content when vines were grafted 
onto  RUPESTRIS (green group, Figure  9D). Additionally, 
greater titratable acidity was observed when grafted onto 
IAC  766 and IAC  572 (blue group), and the red group 
presented greater total phenolics (Figures 9B, 9D and 9F).

DISCUSSION

1. Rootstock effects on vigour and yield

This study reported how rootstocks affected ecophysiological 
traits, vegetative and reproductive development of non-
irrigated field-grown grapevines during the winter growing 
cycle in a warm temperate zone defined as Cwa type, according 
to the Köppen climate classification (Alvares et al., 2013). 

FIGURE 9. Principal component and clustering analysis performed with 12 parameters determined on Syrah (A, B), 
Cabernet-Sauvignon (C, D), and Merlot (E, F) onto different rootstocks under long spur pruning. AC = anthocyanin 
content, BF =  shoot fruitfulness, BM = berry mass, NC =  number of clusters, PC = phenolic content, pH = pH, 
PW  =  pruning weight, RI  =  Ravaz index, SS  =  soluble solids, TA  =  titratable acidity, WC  =  weight of cluster, 
Yld = yield.
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In contrast to traditional wine growing regions, where 
grapevines are submitted to only one annual yield pruning 
and grapes ripe under high temperature and vapor pressure 
deficit of the summer, in this study, Syrah, Cabernet-
Sauvignon, and Merlot grafted onto different rootstocks 
were pruned twice a year and the ripening period occurred 
under low temperature and evapotranspiration demand of the 
driest months of the year (from May to August). From initial 
vegetative growth  (January) to berry development  (April), 
the average of four seasons of mean monthly precipitation 
and maximum and minimum temperatures, predicted by 
NASA  POWER, were higher (132  mm, 26  °C and 17  °C, 
respectively) than during the ripening period (20 mm, 24 °C 
and 10 °C).

Literature reports that high vigour may affect negatively 
yield and grape quality; several authors have demonstrated 
an inverse relationship between grapevine vigour, yield and 
the resulting composition of the must in terms of soluble 
solids, tannins and polyphenols (Vasconcelos  et  al.,  2009; 
Prajitna et al., 2007; Bonilla et al., 2015; Dobrei et al., 2016). 
However, our results pointed the opposite way, where high 
vigour rootstocks such as IAC  766 had no negative effect 
on the yield of all cultivars, as well as SO4, RUPESTRIS, 
GRAVESAC, and KOBER. The response of the vines with 
these rootstocks to the double pruning management and the 
climatic conditions of subtropical regions can be explained 
by the fact that even when grapes ripen in the autumn/winter 
conditions, low rainfall and temperature did not affect grape 
composition, as no water stress was observed and suggesting 
the maintenance of sufficient photosynthesis. According to 
Champagnol  (1984) and Campos  et  al.  (2016), grapevines 
achieve maximum photosynthetic efficiency with light 
intensities between 700 and 1,100 µmol m–2 s–1, and during 
the ripening period, ambient sunlight was approximately 
1,750 µmol m–2 s–1 (data not shown). In addition, the soil of 
the experiment site was a typic hapludult, characterised as a 
deep and clayey soil which retained available water during 
this period.

The yield improvement attributed to rootstocks is strongly 
correlated with the increase in the number of bunches 
(r = 0.89, 0.88 and 0.78, p < 0.05) rather than the increase 
in the weight of bunches (r = 0.38, 0.58 and 0.68, p < 0.05) 
for Cabernet-Sauvignon, Merlot, and Syrah, respectively. As 
for yield, high vigour did not compromise the mass of the 
berry, with above 1 g for all treatments, with a low variance, 
up to 1.4 g. This is very important since berry size is one of 
the factors which determines the quality of the wine grape 
(Conde et al., 2007). This might be related to the vegetative 
cycle, which lasts around four to five months (September 
to February), associated with a post-harvest period of 20 
to 30 days, allowing vines to accumulate reserves for the next 
reproductive cycle and balance productivity and grape quality. 
In contrast, under traditional management, vines have only a 
post-harvest period to accumulate reserves, which is known 
to be short (around two months), since climate tends to induce 
vine dormancy due to temperature reductions during fall and 
winter. Additionally, Keller et al. (2005) also observed that 

vines with greater pruning weight correlated positively with 
crop level (fruit weight per vine), and the authors report that 
large vines are capable of supporting heavier crops.

Syrah vines presented greater productivity (~12 t ha–1) than 
Cabernet-Sauvignon and Merlot; however, rootstocks also 
induced significant productivity in both cultivars, averaging 
7.5 and 10  t  ha–1, respectively. Syrah is a vigorous vine 
variety capable of yielding large quantities of grapes on a 
single vine; this behaviour was expected by its historically 
high yield under double pruning management, as observed 
in several studies (Favero et al., 2011; Regina et al., 2011; 
Dias  et  al.,  2012; Dias  et  al.,  2017). In fact, the effect of 
scion on rootstocks still requires evaluation; the scion 
depends on the rootstock for water and mineral nutrients, 
while the rootstock depends on the scion for photosynthetic 
assimilates (Kocsis et al., 2012). In this study, interaction was 
only verified for pruning weight, soluble solids, yield and 
anthocyanin content, with the last two parameters observed 
only in the third and fourth seasons, likely influenced by spur 
pruning and vine age.

In this context, the selection of rootstocks under double-
pruning management will be related to yield and specific 
characteristics induced by the rootstock. For instance, 
IAC  766, GRAVESAC, and RUPESTRIS improved the 
vigour of Syrah, Cabernet-Sauvignon and Merlot, as shown 
by pruning weight, while being classified as highly vigorous 
(Satisha et al., 2010; Souza et al., 2015; Silva et al., 2018). 
These rootstocks improved yield without impairment 
in grape quality. Furthermore, IAC  766 is considered 
a tropical rootstock well  adapted to Brazil’s climatic 
conditions, while GRAVESAC is known to be a rootstock 
adapted to acidic soils, a very common characteristic 
in Brazilian soils (Pommer,  2000; Aguiar  et  al.,  2006; 
Audeguin et al., 2024).

Another example of the rootstock effect is the SO4, which 
increased shoot fruitfulness across all cultivars, in some 
cases nearly reaching two clusters per branch. Vines grafted 
onto SO4 may induce a better carbohydrate balance, as 
evidenced by the increase in vegetative vigour with all 
rootstocks when long spur pruned, except with SO4, which 
remained steady. A favourable effect of SO4 was noted by 
Miele and Rizzon (2017) on shoot fruitfulness in Cabernet-
Sauvignon vines under traditional management. In addition, 
in our study, SO4 also induced a greater and optimal 
Ravaz index (between 5 and 10), like KOBER and 101-14, 
while IAC  766, IAC  572, RUPESTRIS, and GRAVESAC 
presented values lower than  5, indicating undercropped 
vines. SO4 and KOBER share the same parentage between 
V. riparia × V.  berlandieri, perhaps a suitable crossbreed that 
affords a better yield/vigour ratio.

Nonetheless, according to Kliewer and Dokoozlian  (2005), 
an index higher than  10 indicates excessive yield, while 
below 5 indicates excessive vigour. However, this index is 
questionable when applied to double pruning management 
under subtropical climate conditions, since high vigour 
did not impact yield and grape quality as demonstrated. 
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In fact, under subtropical climates, vines tend to accumulate 
reserves, and canopy development leads to increased pruning 
weight, with yields exceeding 1.5  kg, which are optimal 
values for this parameter.

It is crucial to emphasise that, although 1103  P is a 
moderate vigour/yielding rootstock, as reported in several 
studies (Leão  & Chaves,  2019; Clingeleffer  et  al.,  2021; 
Lo’ay et al.,  2021; Edwards et al.,  2022), and it possesses 
several agronomic characteristics of interests, under double 
pruning, low vigour, and productivity was verified when 
all cultivars were grafted onto it, particularly Cabernet-
Sauvignon, even when high yield was stimulated through 
long spur pruning. These results align with studies by 
Dias et al. (2017) and Walker et al. (2019), which reported 
low yield with this rootstock. Moreover, in a scenario where 
other rootstocks like IAC  766, SO4, RUPESTRIS, and 
GRAVESAC can enhance yield without affecting grape 
quality, vine growers can pursue other rootstock options to 
increase yield, contrary to the current popularity of 1103 P 
in viticulture worldwide.

Conversely, when a long spur was implemented, the increase 
in shoot fertility and yield was stimulated by the rise in the 
number of shoots per vine. Syrah, Cabernet-Sauvignon, and 
Merlot raised shoots from 14, 11, and 7 to 18, 17, and 16, 
respectively. These values, combined with an increment 
of  0.3 in shoot fertility, raised the expected number of 
clusters from 14,  11, and  7 up to 23,  22, and  20 clusters 
for Syrah, Cabernet-Sauvignon, and Merlot, respectively. 
IAC 572 is commonly used to graft table grapes in Brazil, 
and grafting fine wine varieties requires further evaluation, 
focused on yield/vigour balance, as this rootstock is often 
employed to expedite vineyard establishment, reducing 
financial investment years until the first harvest.

IAC  572 is well recognised as the most invigorating 
rootstock in Brazil (Pommer, 2000; Camargo, 2003). The low 
productivity found in the first two seasons could be related to 
low shoot fruitfulness, probably caused by competition for 
carbohydrate reserves between active growing shoots and the 
development of the buds and flowering induction. According 
to Vasconcelos and Castagnoli (2000), competition between 
vegetative and reproductive growth causes a reduction in 
bud fertility. Yield reduction was also verified by Leão and 
Chaves  (2019), where the Syrah/IAC  572 combination 
presented the lowest values among treatments.

2. Rootstock effect on grape composition

As with yield parameters, vigour had no significant impact 
on quality parameters. Although yield varied by 16 %, 12 % 
and 20 % among rootstocks for Syrah, Cabernet-Sauvignon, 
and Merlot, respectively, quality parameters for all rootstocks 
only fluctuated from 1.5 % to 3 % (soluble solids), 3.5 % to 
4 % (acidity), 4.5 % to 7 % (anthocyanins), and 3 % to 4 % 
(total phenolics) under both pruning managements. Despite 
some differences among rootstocks, soluble solids exceeded 
20 °Brix in all cultivar and rootstock combinations, with some 
cases reaching around 24  °Brix. Under long spur pruning, 
only the Syrah/SO4 combination did not achieve 22 °Brix, 

which may be associated with the yield amount (4 kg per vine) 
for this treatment. Grapes harvested during autumn-winter 
present better sugar content, due to ripening occurring in 
the driest months of the year, as found by Mota et al. (2010) 
and Favero et al. (2011), under double pruning management. 
Similar results were obtained by Keller et al. (2005), where 
there is no clear relationship between crop level and soluble 
solids or titratable acidity even when yield exceeds 10 kg per 
vine in Cabernet-Sauvignon, Riesling, and Chenin blanc.

For both spur pruning and most cultivars, it was verified in 
the PCA that IAC 766 and RUPESTRIS were often in the 
same grouping, characterised by inducing high vigour, yield, 
and titratable acidity. The higher titratable acidity provided 
by both rootstocks may be related to higher vigour that leads 
to a higher leaf area, preventing bunch exposure to sunlight, 
and temperature. Several studies (Staden  et  al.,  2005; 
Gouot  et  al.,  2019; Cabodevilla  et  al.,  2024) report that 
malic acid declines during ripening due to dilution and 
respiration. Viticultural practices, the prevailing climate and 
grape cluster environments may directly affect respiration, 
for instance protecting the bunches with a larger canopy. 
Another possibility is the effect of higher leaf area on faster 
sugar accumulation when compared to the other rootstocks, 
across seasons and cultivars. These rootstocks reached a high 
sugar content (> 22 °Brix) and were harvested 6 to 10 days 
earlier, which kept a higher acidity content.

On the other hand, cultivars grafted onto SO4 also presented 
high acidity, although SO4 was among the last rootstocks 
to be harvested, which could be related to SO4’s ability to 
synthesise organic acids. According to Zhang et al. (2023), 
110  R and SO4 increased NAD-MDH enzyme activity in 
grape clusters compared to self-rooted Cabernet-Sauvignon 
vines, and the impact of different rootstocks on enzyme 
activity was highly correlated with the impact on malic acid 
synthesis. Further studies are required to quantify the organic 
acid enzymes.

Organic acid degradation may also correlate with 
scion genotype, as each variety responds differently to 
temperature (Sweetman  et  al.,  2014). Total acidity was 
optimal in Cabernet-Sauvignon and Merlot grapes but 
low for Syrah. Syrah also presented higher pH, around 4, 
which is undesirable because wine pH is narrowly 
tied with microbiological and physiochemical stability, 
affecting microorganism’s selection and some essential 
chemical reactions (Comuzzo & Battistutta, 2019), such as 
phenol levels and wine colour (Kontoudakis  et  al.,  2011; 
Forino et al., 2020).

Syrah grapes appear to exhibit a different rate of sugar 
accumulation and organic acids degradation, impairing the 
acidity content and increasing the  pH. This is likely due 
to berry shrivelling, a phenomenon commonly associated 
to this variety, caused by a progressive physiological 
ceasing of xylem/phloem vascular water transport to 
the berry and a responsiveness of the berry to imminent 
environmental factors that may increase water vapor deficit, 
berry transpiration and dehydration, and finally a loss of 
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functionality that affects physical and chemical ripening 
dynamics (Carlomagno  et  al.,  2018). In this sense, to 
increase sugar content, the maturation period is extended, 
compromising both titratable acidity and pH. In general, to 
produce quality red wines, the recommended characteristics 
are soluble solids above 20 °Brix, total acidity in the range of 
6 to 7.5 gL–1, and pH between 3.3 and 3.6 (Jackson, 2020). 
For most treatments, these parameter values were achieved.

Rootstocks could influence the levels of grape components 
and affect the synthesis of phenolic compounds in grape 
berries due to their strong effects on vegetative growth 
and reproductive parameters of the scion and their impacts 
on canopy microclimate and berry technological maturity 
(Main et al., 2002; Cheng et al., 2017; Olarte et al., 2018). 
However, in this study, no significant correlation was verified 
among yield and soluble solids, acidity, anthocyanins and 
total phenolics (data not shown) for Merlot and Cabernet-
Sauvignon. In Syrah, yield and phenolics showed a moderate 
negative Pearson’s correlation (–0.5, p  <  0.05), and linear 
correlation indicated a decay in phenolics only when yield 
exceeded 3 kg per vine (y = –0.2 + 3.2797; R2 = 0.6).

These results may be related to crop level across seasons. 
During 2018 and 2019, the yield did not surpass 2.5  kg 
among cultivars, while in the 2021 and 2022 seasons, the 
Cabernet-Sauvignon and Merlot means among rootstocks 
were 1.8 and 2.6  kg per vine, respectively, whereas Syrah 
presented a mean of 3.2 kg per vine, with the highest yield 
when grafted with  SO4. In addition, climatic conditions 
provided optimal conditions for grape maturation, evidenced 
by the absence of thermal or water stress, which could 
impact phenolic and anthocyanin accumulation. In the 
cluster analysis, 1103 P and 101-14, without exception, were 
grouped together, categorised by lower yielding and higher 
values of total phenols and anthocyanins. These results align 
with studies from Nikolau et al. (2021), Fayek et al. (2022a), 
and Fayek et al. (2022b), but the phenolic content was higher 
by only 2 % to 8 % compared to RUPESTRIS and IAC 766, 
which were found as invigorating rootstocks in this study. 
In addition, Wallis et al. (2013) report that improved vigour 
and nutrient uptake could, in turn, provide greater resources 
needed for the production of secondary metabolites such as 
phenolics. Dias et al. (2017) also found no clear separation 
between rootstocks over phenolic composition of Syrah 
under double pruning management, where IAC  766 and 
1103  P presented similar phenolic content. In this sense, 
moderate to high vigorous rootstocks are suitable for double-
pruning management linked to a grape bunch removal when 
necessary to avoid quality impairment.

Finally, the grape quality parameters identified in this 
study indicate that these varieties present a similar grape 
composition compared to values from important and 
recognised viticultural regions, such as Syrah in Australia 
(Antalick  et  al.,  2015) and Merlot under cool climates 
(Karoglan  et  al.,  2014). Parameters were even better than 
Cabernet-Sauvignon under traditional harvest conditions in 
highland regions of southern Brazil (Miele & Rizzon 2017; 
Marcon Filho et al., 2019).

CONCLUSION

The yield and grape quality of Syrah, Cabernet-Sauvignon, 
and Merlot grapevines under double pruning management 
could be improved using medium to high vigorous rootstocks. 
For all cultivars, the combination with IAC  766, SO4, 
RUPESTRIS, GRAVESAC, 101-14, and KOBER increased 
yield with no impairment in grape maturation. IAC 572 can 
be used under double-pruning management with Merlot 
and Cabernet-Sauvignon when long spur pruned. However, 
grafting must be carefully recommended, because this 
rootstock is extremely vigorous and can affect the balance 
between vegetative and reproductive vigour.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the financial support 
of the Foundations for Supporting Research in the states of 
Minas Gerais (FAPEMIG) and Casa Geraldo winery for all 
the technical support in vineyard management.

REFERENCES
Aguiar, R. S. Neves, C. S. V. J. Roberto, S. R. Santos, C. E, & 
Genta, W. (2006). Root architecture of IAC 766 grapevine rootstock 
in the transplanting from the nursery to the field. Revista Brasileira 
de Fruticultura, 28(3), 402-405. https://doi.org/10.1590/S0100-
29452006000300014

Alvares, C. A, Stape, J. L, Sentelhas, P. C, Gonçalves, J. L. M, 
& Sparovek, G. (2013). Köppen’s climate classification map for 
Brazil. Meteorologische Zeitschrift, 22(6), 711-728. https://doi.
org/10.1127/0941-2948/2013/0507

Amerine, M. A., & Ough, C. S. (1980). Methods for Analysis of 
Musts and Wines. John Wiley, New York, NY, USA.

Antalick, G., Šuklje, K., Blackman, J. W., Meeks, C., Deloire, A., 
& Schmidtke, L. M. (2015). Influence of grape composition on 
red wine ester profile: comparison between cabernet sauvignon 
and Shiraz cultivars from Australian warm climate. Journal of 
Agriculture and Food Chemistry, 63(18), 4664-4672. https://doi.
org/10.1021/acs.jafc.5b00966

Audeguin, L., Bécart, B., Besnard, E., Boursiquot, J. M., Ciccolini, G., 
Dedet, S., Delorme, G., Follet, J., Froelhy, A., Garcin, L., Gonin, N., 
Lacombe, T., Laffargue, F., Marchal,  C., Pesato, M., Sereno, C., 
Uriel, G., Wentzel, M., & Yobregat,  O.  (2024). Pl@ntGrape: 
Le Catalogue Des Vignes Cultivées En France, IFV – INRA – 
Montpellier SupAgro, Montpellier, France. https://plantgrape.
plantnet-project.org/ (Accessed October 21, 2024).

Bettiga, L. J. (2003). Comparison of Four Merlot Clonal Selections 
in the Salinas Valley. American Journal of Enology and Viticulture, 
54(3), 207-210. https://doi.org/10.5344/ajev.2003.54.3.207

Bonilla, I., de Toda, F. M., & Martínez-Casasnovas, J. A. (2015). 
Unexpected relationships between vine vigor and grape composition 
in warm climate conditions. OENO One, 49(2), 127–136. https://
doi.org/10.20870/oeno-one.2015.49.2.87

Brant, L. A. C., Souza, C. R., Mota, R. V., Fernandes, F.  P., 
Gonçalves,  G. M., Menezes, M. D., Peregrino, I., Curi, N., & 
Regina,  M. A. (2021). Macro scale analysis of Syrah vineyards 
under winter growing cycles: Agronomical and ecophysiological 
responses. Scientia Agricola, 78(6),1:9. https://doi.org/10.1590/1678-
992X-2020-0055

https://ives-openscience.eu/
https://doi.org/10.1590/S0100-29452006000300014
https://doi.org/10.1590/S0100-29452006000300014
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1021/acs.jafc.5b00966
https://doi.org/10.1021/acs.jafc.5b00966
https://plantgrape.plantnet-project.org/
https://plantgrape.plantnet-project.org/
https://doi.org/10.5344/ajev.2003.54.3.207
https://doi.org/10.20870/oeno-one.2015.49.2.87
https://doi.org/10.20870/oeno-one.2015.49.2.87
https://doi.org/10.1590/1678-992X-2020-0055
https://doi.org/10.1590/1678-992X-2020-0055


OENO One | By IVESvolume 59–3 | 2025 16

Buesa, I., Torres, N., Tortosa, I., Marín, D., Villa-Llop, A., Douthe, C., 
Santesteban, L. G., Medrano, H., & Escalona,  J.  M.  (2023). 
Conventional and newly bred rootstock effects on the ecophysiological 
response of Vitis vinifera L. cv. Tempranillo. Agricultural Water 
Management, 289,1-14. https://doi.org/10.1016/j.agwat.2023.108560

Cabodevilla, A., Morales, F., & Pascual, I. (2024). Bunch 
transpiration is involved in the hastening of grape berry ripening 
under elevated temperature and low relative humidity conditions. 
Plant Physiology and Biochemistry, 206, 1-9. https://doi.
org/10.1016/j.plaphy.2023.108258

Camargo, U. A. (2003). Porta-enxertos e cultivares de videira. 
In G. B. Kuhn (Org.), Uvas viníferas para processamento em regiões 
de clima temperado (pp. 167- 170). Brasília.

Campos, C. G. C., Malinoviski, L. I., Vieira, H. J., Silva, A. L. (2016). 
Global solar radiation interception by grapevines trained to a vertical 
trellis system. Revista brasileira de Fruticultura, 38(3), p1-7. http://
dx.doi.org/10.1590/0100-29452016689

Carlomagno, A., Novello, V., Ferrandino, A., Genre, A., Lovisolo, C., 
& Hunter J. J. (2018). Pre-harvest berry shrinkage in cv ‘Shiraz’ 
(Vitis vinifera L.): Understanding sap flow by means of tracing. 
Scientia Horticulturae, 233, 394-406. https://doi.org/10.1016/j.
scienta.2018.02.014

Champagnol, F. (1984). Photosynthèse. In: Elements de physiologie 
de la vigne et de viticulture generale. Dehan 34000, Montpellier, 
p.40-66.

Cheng, J., Wei, Lingzhu, W., Mei, J., & Wu, J. (2017). Effect of 
rootstock on phenolic compounds and antioxidant properties 
in berries of grape (Vitis vinifera L.) cv. ‘Red Alexandria’. 
Scientia Horticulturae, 217, 137-144. https://doi.org/10.1016/j.
scienta.2017.01.037

Chou, M. I., & Li, K. T. (2014). Rootstock and seasonal variations 
affect anthocyanin accumulation and quality traits of ‘Kyoho’ grape 
berries in subtropical double cropping system. Vitis, 53(4), 193-199. 
https://doi.org/10.5073/vitis.2014.53.193-199

Christensen, L. P. (2003). Rootstock selection. p.12-15. In: Bettiga, L. J., 
ed. Wine grape varieties in California. University of California, 
Oakland, CA, USA.

Clingeleffer, P. R., Kerridge, G. H., & Rühl, E. H. (2021). Rootstock 
effects on growth and fruit composition of low-yieldingwinegrape 
cultivars grown in a hot Australian climate. Australian Journal of 
Grape and Wine Research, 28(2), 242–254. https://doi.org/10.1111/
ajgw.12533

Comuzzo, P., & Battistutta, F. (2019). Chapter 2 - Acidification 
and pH Control in Red Wines. Red Wine Technology, 17–34. 2019. 
https://doi.org/10.1016/B978-0-12-814399-5.00002-5

Conde, C., Silva, P., Fontes, N., Dias, A. C. P., Tavares, R.  M., 
Sousa, M. J., Agasse, A., Delrot, S., & Gerós, H. (2007). Biochemical 
changes throughout grape berry development and fruit and wine 
quality. Food, 1(1), 1-22.

Dias, F. A. N., Mota, R. V., Favero, A. C., Purgatto, E., Shiga, T. M., 
Souza, C. R., Pimentel, R. M. de A., & Regina, M. de A. (2012). 
Videira ‘Syrah’ sobre diferentes porta-enxertos em ciclo de inverno 
no sul de Minas Gerais. Pesquisa Agropecuária Brasileira, 47(2), 
208-215. https://doi.org/10.1590/S0100-204X2012000200009

Dias, F. A. N., Mota, R. V., Souza, C. R., Pimentel, R. M. de A., 
Souza, L. C., Souza, A. L., & Regina, M. de A. (2017). Rootstock 
on vine performance and wine quality of ‘Syrah’ under double 
pruning management. Scientia Agricola, 74(2), 134-141. https://
doi.org/10.1590/1678-992X-2015-0384

Dobrei, A., Dobrei, L., Posta, G., Danci, M., Nistor, E., Camen, D., 
Mălăescu, M., & Sala, F. (2016). Research concerning the 
correlation between crop load, leaf area and grape yield in few 
grapevine varieties. Agriculture and Agricultural Science Procedia, 
10, 222-232. https://doi.org/10.1016/j.aaspro.2016.09.056

Dry, P. R., Longbottom, M. L., McLoughlin, S., Johnson, T. E., 
& Collins, C. (2010). Classification of reproductive performance 
of ten winegrape varieties. Australian Journal of Grape and 
Wine Research, 16(s1), 47-55. https://doi.org/10.1111/j.1755-
0238.2009.00085.x

Edwards, E. J., Betts, A., Clingeleffer, P. R., & Walker, R. R. (2022). 
Rootstock-conferred traits affect the water use efficiency of 
fruitproduction in Shiraz. Australian Journal of Grape and Wine 
Research, 282(2), 316–327. https://doi.org/10.1111/ajgw.12553

Favero, A. C., Amorim, D. A., Mota, R. V., Soares, A. M., 
Souza, C. R., & Regina, M. de A. (2011). Double-pruning of ‘Syrah’ 
grapevines: a management strategy to harvest wine grapes during 
the winter in the Brazilian Southeast. Vitis, 50(4):151-158. https://
doi.org/10.1590/1678-992X-2019-0233

Fayek, M. A., Ali, A. E. M., & Rashedy, A. A. (2022a). 
Physiological and chemical performance of the Flame seedless 
grapevine cultivar in the presence of Paulsen 1103 as the interstock. 
Ciência e Agrotecnologia, 46, 1-10. http://dx.doi.org/10.1590/1413-
7054202246021621

Fayek, M. A., Rashedy, A. A., & Ali, A. E. M. (2022b). Alleviating 
the adverse effects of deficit irrigation in Flame seedless grapevine 
via Paulsen interstock. Revista Brasileira de Fruticultura, 44(1), 
1-11. http://dx.doi.org/10.1590/0100-29452022839

Ferlito, F., Distefano, G., Gentile, A., Allegra, M., Lakso, A. N., 
& Nicolosi, E. (2020). Scion–rootstock interactions influence the 
growth and behaviour of the grapevine root system in a heavy clay 
soil, Australian Journal of Grape and Wine Research, 26(1), 68–78. 
https://doi.org/10.1111/ajgw.12415

Forino, M., Picariello, L., Rinaldi, A., Moio, L., & Gambuti, A. (2020). 
How must pH affects the level of red wine phenols. LTW – Food 
Science and Technology, 129, 1-7. https://doi.org/10.1016/j.
lwt.2020.109546

Galet, P. (1999). Cépages et vignobles de France. 2.ed. Dehan, 
Montpellier, France. 660p.Giusti, M. M, & Wrosltad, R. E. (2001). 
Characterization and Measurement of Anthocyanins by UV-Visible 
Spectroscopy: Current Protocols in Food Analytical Chemistry. John 
Willey, New York, NY, USA. https://doi.org/10.1002/0471142913.
faf0102s00

Giusti, M. M., & Wrosltad, R. E. (2001). Characterization and 
Measurement of Anthocyanins by UV-Visible Spectroscopy: 
Current Protocols in Food Analytical Chemistry. John Willey, New 
York, NY, USA. https://doi.org/10.1002/0471142913.-faf0102s00

Gouot, J. C., Smith, J. P., Holzapfel, B. P., & Barril, C. (2019). 
Impact of short temperature exposure of Vitis vinifera L. cv. Shiraz 
grapevine bunches on berry development, primary metabolism and 
tannin accumulation. Environmental and Experimental Botany, 168, 
1-12. https://doi.org/10.1016/j.envexpbot.2019.103866

Jackson, R. S. (2020). Wine science: principles and applications. 
5th ed. Amsterdam: Elsevier, 1030p.

Jones, T. H., Cullis, B. R., Clingeleffer, P. R., & Rühl, E. H. (2009). 
Effects of novel hybrid and traditional rootstocks on vigour and 
yield components of Shiraz grapevines. Australian Journal of 
Grape and Wine Research, 15(3), 284–292. https://doi.org/10.1111/
j.1755-0238.-2009.00061.x

Karoglan, M., Osrečak, M., Maslov, L., & Kozina, B. (2014). Effect 
of Cluster and Berry Thinning on Merlot and Cabernet Sauvignon 
Wines Composition. Czech Journal of Food Science, 32(5), 470-
476. https://doi.org/10.17221/598/2013-CJFS

Francisco Mickael de Medeiros Câmara et al.

https://ives-openscience.eu/
https://doi.org/10.1016/j.agwat.2023.108560
https://doi.org/10.1016/j.plaphy.2023.108258
https://doi.org/10.1016/j.plaphy.2023.108258
http://dx.doi.org/10.1590/0100-29452016689
http://dx.doi.org/10.1590/0100-29452016689
https://doi.org/10.1016/j.scienta.2018.02.014
https://doi.org/10.1016/j.scienta.2018.02.014
https://doi.org/10.1016/j.scienta.2017.01.037
https://doi.org/10.1016/j.scienta.2017.01.037
https://doi.org/10.5073/vitis.2014.53.193-199
https://doi.org/10.1111/ajgw.12533
https://doi.org/10.1111/ajgw.12533
https://doi.org/10.1016/B978-0-12-814399-5.00002-5
https://doi.org/10.1590/S0100-204X2012000200009
https://doi.org/10.1590/1678-992X-2015-0384
https://doi.org/10.1590/1678-992X-2015-0384
https://doi.org/10.1016/j.aaspro.2016.09.056
https://doi.org/10.1111/j.1755-0238.2009.00085.x
https://doi.org/10.1111/j.1755-0238.2009.00085.x
https://doi.org/10.1111/ajgw.12553
https://doi.org/10.1590/1678-992X-2019-0233
https://doi.org/10.1590/1678-992X-2019-0233
http://dx.doi.org/10.1590/1413-7054202246021621
http://dx.doi.org/10.1590/1413-7054202246021621
http://dx.doi.org/10.1590/0100-29452022839
https://doi.org/10.1111/ajgw.12415
https://doi.org/10.1016/j.lwt.2020.109546
https://doi.org/10.1016/j.lwt.2020.109546
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1002/0471142913.-faf0102s00
https://doi.org/10.1016/j.envexpbot.2019.103866
https://doi.org/10.1111/j.1755-0238.-2009.00061.x
https://doi.org/10.1111/j.1755-0238.-2009.00061.x
https://doi.org/10.17221/598/2013-CJFS


OENO One | By IVES 2025 | volume 59–3 17

Keller, M., Mills, L. J., Wample, R. L., & Spayd, S. E. (2005). 
Cluster Thinning Effects on Three Deficit-Irrigated Vitis vinifera 
Cultivars. American Journal of Enology and Viticulture, 56(2), 91-
103. https://doi.org/10.5344/ajev.2005.56.2.91

Kidman, C. M., Dry, P. R., McCarthy, M. G., & Collins, C. (2013). 
Reproductive performance of Cabernet Sauvignon and Merlot 
(Vitis vinifera L.) is affected when grafted to rootstocks. Australian 
Journal of Grape and Wine Research, 19(3), 409-421. https://doi.
org/-10.1111/ajgw.12032

Kliewer, W. M., & Dokoozlian, N. K. (2005). Leaf area/crop weight 
ratios of grapevines: influence on fruit composition and wine 
quality. American Journal of Enology and Viticulture, 56(2), 170-
181. https://doi.org/10.5344/ajev.2005.56.2.170

Kocsis, L., Tarczal, E., & Kállay, M. (2012). Effect of rootstocks on 
the productivity and fruit composition of Vitis vinifera L. ‘Cabernet 
Sauvignon’ and ‘Kékfrankos’. Acta Horticulturae, 931, 403–411. 
https://doi.org/10.17660/ActaHortic.931.47

Kontoudakis, N., González, E., Gil, M., Esteruelas, M., Fort,  F., 
Canals, J. M. & Zamora, F. (2011). Influence of Wine pH on 
Changes in Color and Polyphenol Composition Induced by Micro-
oxygenation. Journal of Agricultural and food Chemistry, 59(5), 
1974-1984. https://doi.org/10.1021/jf103038g

Köse, B., Karabulut, B., & Ceylan, K. (2014). Effect of rootstock on 
grafted grapevine quality. European Journal of Horticultural Science, 
79(7), 197-202. https://doi.org/10.3390/molecules27072065

Leão, P. C. S., Chaves, & A. R. M., (2019). Training systems and 
rootstocks on yield and agronomic performance of ‘Syrah’ grapevine 
in the Brazilian semiarid. Ciência e Agrotecnologia, 43:e005719. 
http://dx.doi.org/10.1590/1413-7054201943005719

Lo’ay, A. A., Ghazi, D. A., Al-Harbi, N. A., Al-Qahtani, S.  M., 
Hassan, S., & Abdein, M. A. (2021). Growth, Yield, and Bunch 
Quality of “Superior Seedless” Vines Grown on Different 
Rootstocks Change in Response to Salt Stress. Plants, 10(10), 1-16. 
https://doi.org/1-0.3390/plants10102215

Main, G., Morris, J., & Striegler, K. (2002). Rootstock effects on 
Chardonel productivity, fruit, and wine composition. American 
Journal of Enology and Viticulture, 53(1), 37-40. https://doi.
org/10.5344/ajev.2002.53.1.37

Marcon Filho, J. L., Rufato, L., Bogo, A., Macedo, T. A., 
Würz, D. A., & Kretzschmar, A. A. (2019). Viticultural performance 
of Cabernet Sauvignon clones in highland region of southern 
Brazil. Revista Brasileira de Fruticultura, 41(5), 1-9. https://doi.
org/10.1590/0100-29452019483

Miele, A., & Rizzon, L. A. (2017). Rootstock-scion interaction: 2. 
effect on the composition of cabernet sauvignon grape must. Revista 
Brasileira de Fruticultura, 39(3), 1-9. https://doi.org/10.1590/0100-
29452017434

Mota, R. V., Silva, C. P C., Favero, A. F., Purgatto, E., Shiga, T. M., 
& Regina, M. A. (2010). Physico-chemical composition of wine 
grapes berries in summer and winter growing seasons. Revista 
Brasileira de Fruticultura, 32(4). https://doi.org/10.1590-/S0100-
29452011005000001

Nikolau, K.-E., Chatzistathis, T., Theocharis, S., Argiriou, A., 
Kounduras, S., & Zioziou, E. (2021). Effects of Salinity and 
Rootstock on Nutrient Element Concentrations and Physiology 
in Own-Rooted or Grafted to 1103 P and 101-14 Mgt Rootstocks 
of Merlot and Cabernet Franc Grapevine Cultivars under Climate 
Change. Sustainability, 13, 1-19. https://doi.org/10.3390/
su13052477

Olarte, M. S. M., Collins, C., Iland, P. G., Kidman. C. M., Ristic, R., 
Boss, P. K., Jordans, C., & Bastian S. E. P. (2018). Shiraz (Vitis 
Vinifera L) berry and wine sensory profiles and composition 
are modulated by rootstocks. American Journal of Enology and 
Viticulture, 69(1), 32-44. https://doi.org/10.5344/ajev.2017.17017

Pavloušek, P. (2014).  Preliminary results of tests of grapevine 
rootstocks resistance to lime-induced chlorosis. Acta Universitatis 
Agriculturae et Silviculturae Mendelianae Brunensis. 56(2), 299–
302, https://doi.org/10.11118/actaun200856020299

Pommer, C. V. (2000). Cultivares de uva produzidos ou introduzidos 
pelo IAC. In A. C. Boliani, & L. de S. Corrêa (Orgs.), Cultura de 
uvas de mesa - do plantio à comercialização (pp. 51-68). Jaboticabal.

Pou, A., Rivacoba, L., Portu, J., Mairata, A., Labarga, D., 
García‑Escudero, E., & Martín, I. (2022). How Rootstocks Impact 
the Scion Vigour and Vine Performance of Vitis vinifera L. cv. 
Tempranillo. Australian Journal of Grape and Wine Research, 
2022(1), 11:16. https://doi.org/10.1155/2022/9871347

Prajitna, A., Dami, I. E., Steiner, T. E., Ferree, D. C., Scheerens, J. C., 
& Schwartz, S. J. (2007). Influence of cluster thinning on phenolic 
composition, resveratrol, and antioxidant capacity in chambourcin 
wine. American Journal of Enology and Viticulture, 58(3), 346-350. 
https://doi.org/10.5344/ajev.2007.58.3.346

R Core Team. (2023). R: A Language and Environment for 
Statistical Computing. R Foundation for Statistical Computing, 
Vienna, Austria. https://www.r-project.org/

Regina, M. A., Mota, R. V., Favero, A. C., Shiga, T. M., 
Silva, L. H. J., Souza, W. C., Novelli, F. A. D., & Souza, C. R. (2011). 
Caracterização físico-química de uvas viníferas cultivadas em 
regime de dupla-poda no nordeste do estado de São Paulo. Revista 
Brasileira de Viticultura e Enologia, 3:84-92.

Sánchez, M. W., & Dokoozlian, N. K. (2005). Bud Microclimate 
and Fruitfulness in Vitis vinifera L. American Journal of 
Enology and Viticulture, 56(4), 319-329. https://doi.org/10.5344/
ajev.2005.56.4.319

Santarosa, E., Souza, P.V. D., Araujo, M. J. E., & Lourosa, G. V. (2016). 
Physiological interaction between rootstock-scion: effects on xylem 
vessels in cabernet sauvignon and merlot grapevines. American 
Journal of Enology and Viticulture, 67(1), 65-76. https://doi.
org/10.5344/ajev.2015.15003

Satisha, J., Somkuwar, K. G., Sharma, J., Upadhyay, A. K., & 
Adsule, P. G. (2010). Influence of rootstocks on growth yield and 
fruit composition of Thompson seedless grapes grown in the Pune 
region of India. South African Journal of Enology and Viticulture, 
31(1), 1-8. https://doi.org/10.21548/31-1-1392

Silva, M. J. R., Paiva, A. P. M., Pimentel Junior, A., Sánchez, C. A. P. C., 
Callili, D., Moura, M. F., Leonel, S., & Tecchio, M. A. (2018). Yield 
performance of new juice grape varieties grafted onto different 
rootstocks under tropical conditions. Scientia Horticulturae, 241:194-
200. https://doi.org/10.1016/j.scienta.2018.06.085

Souza, C. R., Mota, R. V., França, D. V. C., Pimentel, R. M. de A. M. C., 
& Regina, M. de A. (2015). Cabernet Sauvignon grapevine grafted onto 
rootstocks during the autumn-winter season in southeastern Brazilian. 
Scientia Agricola, 72(2), 138:146. https://doi.org/10.1590/0103-9016-
2014-0031

Staden, J., Volschenk, H., Van Vuuren, H. J. J., & 
Viljoen‑Bloom, M. (2005). Malic Acid Distribution and Degradation 
in Grape Must During Skin Contact: The Influence of Recombinant 
Malo-Ethanolic Wine Yeast Strains. South African Journal of Enology 
and Viticulture, 26(1), 16-20. https://doi.org/10.21548/26-1-2114

https://ives-openscience.eu/
https://doi.org/10.5344/ajev.2005.56.2.91
https://doi.org/-10.1111/ajgw.12032
https://doi.org/-10.1111/ajgw.12032
https://doi.org/10.5344/ajev.2005.56.2.170
https://doi.org/10.17660/ActaHortic.931.47
https://doi.org/10.1021/jf103038g
https://doi.org/10.3390/molecules27072065
http://dx.doi.org/10.1590/1413-7054201943005719
https://doi.org/1-0.3390/plants10102215
https://doi.org/10.5344/ajev.2002.53.1.37
https://doi.org/10.5344/ajev.2002.53.1.37
https://doi.org/10.1590/0100-29452019483
https://doi.org/10.1590/0100-29452019483
https://doi.org/10.1590/0100-29452017434
https://doi.org/10.1590/0100-29452017434
https://doi.org/10.1590-/S0100-29452011005000001
https://doi.org/10.1590-/S0100-29452011005000001
https://doi.org/10.3390/su13052477
https://doi.org/10.3390/su13052477
https://doi.org/10.5344/ajev.2017.17017
https://doi.org/10.11118/actaun200856020299
https://doi.org/10.1155/2022/9871347
https://doi.org/10.5344/ajev.2007.58.3.346
https://www.r-project.org/
https://doi.org/10.5344/ajev.2005.56.4.319
https://doi.org/10.5344/ajev.2005.56.4.319
https://doi.org/10.5344/ajev.2015.15003
https://doi.org/10.5344/ajev.2015.15003
https://doi.org/10.21548/31-1-1392
https://doi.org/10.1016/j.scienta.2018.06.085
https://doi.org/10.1590/0103-9016-2014-0031
https://doi.org/10.1590/0103-9016-2014-0031
https://doi.org/10.21548/26-1-2114


OENO One | By IVESvolume 59–3 | 2025 18

Sweetman, C., Sadras, V. O., Hancock, R. D., Soole, K. L., 
Ford,  M.  (2014). Metabolic effects of elevated temperature on 
organic acid degradation in ripening Vitis vinifera fruit. Journal of 
Experimental Botany, 65(20), 5975-5988. https://doi.org/10.1093/
jxb/eru343

Vasconcelos, M. C., & Castagnoli, S. (2000). Leaf Canopy Structure 
and Vine Performance. American Journal of Enology and Viticulture, 
51(4), 390-396. https://doi.org/10.5344/ajev.2000.51.4.390

Vasconcelos, M. C., Greven, M., Winefield, C. S., Trought, M. C. T., 
& Raw, V. (2009). The flowering process of Vitis vinifera: a review. 
American Journal of Enology and Viticulture, 60(4), 411-434. 
https://doi.org/10.5344/ajev.2009.60.4.411

Walker, R. R., Blackmore, D. H., Clingeleffer, P. R., Holt, H., 
Pearson, W., & Francis, I. L. (2019). Effect of rootstock on yield, 
grape composition and wine sensory attributes of Shiraz grown in 
a moderately saline environment. Australian Journal of Grape and 
Wine Research, 25(4), 414-429. https://doi.org/10.1111/ajgw.12409

Wallis, C. M., Wallingford, A. K., & Chen, J. (2013). Grapevine 
rootstock effects on scion sap phenolic levels, resistance to Xylella 
fastidiosa infection, and progression of Pierce’s disease. Frontiers 
in Plant Science, 4, 1-9. https://doi.org/10.3389/fpls.2013.00502

Wang, Y., Chen, W.-K., Gao, X.-T., He, L., Yang, X.-H., He, F., 
Duan,  C.-Q., & Wang, J. (2019). Rootstock-mediated effects on 
Cabernet Sauvignon performance: vine growth, berry ripening, 
flavonoids, and aromatic profiles. International Journal of Molecular 
Sciences, 20(2), 1-16. https://doi.org/10.3390/ijms20020401

Zhang, M., Yao, R., Bai, R., Gao, D., Zhao, B., Sun, J., Bao, Y., & 
Ouyang, Z. (2023). The Effect of Rootstock on the Activity of Key 
Enzymes in Acid Metabolism and the Expression of Related Genes 
in ‘Cabernet Sauvignon’ Grapes. Agronomy, 13(6), 2068. https://
doi.org/10.3390/agronomy13082068

Francisco Mickael de Medeiros Câmara et al.

https://ives-openscience.eu/
https://doi.org/10.1093/jxb/eru343
https://doi.org/10.1093/jxb/eru343
https://doi.org/10.5344/ajev.2000.51.4.390
https://doi.org/10.5344/ajev.2009.60.4.411
https://doi.org/10.1111/ajgw.12409
https://doi.org/10.3389/fpls.2013.00502
https://doi.org/10.3390/ijms20020401
https://doi.org/10.3390/agronomy13082068
https://doi.org/10.3390/agronomy13082068

