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ABSTRACT

This study addresses the need to optimise clone and rootstock
selection for high-quality wine production under tropical semi-arid
conditions. It evaluated the effects of rootstock and harvest season
on the maturation of Portuguese and Spanish clones of the Aragonez
(syn. Tempranillo) grapevine cultivar (Vitis vinifera L.) grown under
tropical semi-arid conditions in the Sdo Francisco Valley, Brazil. Ten
Tempranillo clones grafted onto four rootstocks were assessed over
four consecutive harvests (two per year). Yield remained stable across
all clone-rootstock combinations, regardless of the season. However,
significant differences were observed in physicochemical traits,
organic acid profiles, phenolic composition and colour parameters.
Spanish clones, particularly E24 and E51, consistently exhibited
higher levels of anthocyanins, total phenolics and condensed
tannins in their wines, indicating greater likelihood for deeply
coloured and bodied wines. Among the Portuguese clones, 60EAN
and 110JBP stood out for their favourable acidity and anthocyanin
profiles. Rootstock effects varied with season, with SO4 and IAC572
enhancing phenolic maturity, especially in second-semester harvests
under warmer and drier conditions. Principal component analyses
confirmed strong interactions among clone, rootstock and harvest
timing, highlighting the complexity of genotype x environment x
management relationships in tropical viticulture. These findings
support the strategic use of diverse clone-rootstock combinations
and flexible harvest scheduling to optimise grape quality and expand
wine style possibilities in emerging warm-climate regions.

Keywords: Aragonez, chemical composition, grapevine clones,
harvest season, rootstock affinity, Sdo Francisco Valley, Tempranillo,
viticulture
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12 Rootstock and Harvest Effects on Red Grapes in a Tropical Climate

INTRODUCTION

The quality of grapes grown in tropical and
subtropical regions, such as Brazil, Venezuela, India
and Thailand, has gained international recognition
(Pereira, 2020). In Brazil, viticulture is concentrated
in the South, Southeast and Northeast regions, with
the main producing states being Rio Grande do Sul,
Pernambuco, Sdo Paulo, Parand, Bahia, Santa Catarina
and Minas Gerais. Pereira (2020) also states that the
country is unique in presenting three distinct types of
viticulture, determined by climatic conditions and vine
management practices, as presented in Fig. 1. The
three types are traditional viticulture (in temperate
and subtropical climates, with one annual harvest),
tropical semi-arid viticulture (with two harvests per
year, possible at any time of the year), and winter
viticulture (with pruning for production in autumn and
harvesting in winter).

The S&o Francisco Valley (09°23'S, 40°30'W), located
in the Northeast of Brazil, is characterised by a semi-
arid tropical climate. Under such conditions, the
combination of irrigation management and pruning
practices enables grapevines to produce two to
three crops per year. Irrigation scheduling is typically
based on crop evapotranspiration (ETc), ensuring
continuous growth and allowing the suppression of
natural dormancy under tropical semi-arid conditions

This unique viticultural system has facilitated the
growth of fine wine production with a distinct typicity,
markedly different from wines produced in regions
with more traditional viticultural management (

).

Grafting of Vitis vinifera L., initially used to control
phylloxera (Daktulosphaira vitifoliae), has expanded
to include a wide range of North American rootstocks
( ). Beyond protecting against soil-
borne diseases, grafting allows for the selection of
genotypes adapted to diverse soils and climates.
Modern rootstocks enhance tolerance to abiotic
stresses, influence vine growth, phenology, yield
and fruit quality, and support the diversification
of viticultural strategies (

). Their use may also affect grape production
under specific soil and climate conditions, particularly
in emerging wine regions (

)-

Grapevine clones affect grape quality significantly
by modulating the physical-chemical composition
of berries, including volatiles, phenolics, organic
acids and sugars, particularly under variable climatic
conditions (Arrizabalaga, 2018). Phenolic content

FIGURE 1 Climatic-based classification of Brazilian viticulture: traditional, tropical and winter production systems.
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depends on genetic factors (variety and clone),
environmental conditions (light, temperature, soil),
and viticultural practices (canopy, irrigation, nitrogen
and berry covering) (

). Clonal diversity enables vineyards to
utilise either mixed or single clones, influencing wine
typicity and enhancing complexity through blending.
The intravarietal diversity of Vitis vinifera, as in
Tempranillo, supports the selection of heat-adapted
genotypes without compromising quality, with clonal
variation playing a key role in berry composition
(

). ) reported that Aragonez
(syn. Tempranillo) displays notable clonal variability
under abiotic stress, although clonal responses may
vary across seasons. This highlights the complexity
of genotype x environment interactions and the
limitations of single-year evaluations in assessing
field performance. suggest that
harvest indicators should be locally adjusted, as
grape composition patterns may vary according to
site-specific environmental conditions.

The cultivar Aragonez (syn. Tempranillo) is also
recognised for its substantial intravarietal variability
in yield and composition (
).
The present study examines this variability in the
Sado Francisco Valley, a tropical semi-arid region
in northeastern Brazil, where grape production
relies heavily on controlled irrigation due to the
region’s low annual rainfall. According to Pagliarani
et al. (2019), in addition to cultivation practices,
the specific molecular responses of a grapevine
clone can shape its agronomic traits under different
environmental conditions. In this context,
reported that the Syrah variety exhibits
a distinct phenolic composition, characterised by
high concentrations of anthocyanins and flavonoids,
which provides potential for wines with high
antioxidant capacity. Furthermore,
observed that Alicante Bouschet, cultivated
in the region, exhibits phenotypic and chemical
characteristics that make it a promising variety for
high-quality wine production. Similarly,
showed that harvest season significantly
affects the phenolic and oenological quality of
‘Touriga Nacional’ in Pernambuco due to intra-annual
climate variability. In addition, the authors pointed out
that Touriga Nacional, originally from Portugal, adapts
well to the climatic conditions of the S&o Francisco
Valley, presenting a phenolic profile favourable for
wines with ageing potential. Therefore, genotype x
environment interactions should be considered when
designing viticultural strategies to improve grape
quality. By evaluating distinct clones grafted onto
different rootstocks and harvested across two years
and contrasting seasons, the present study provides
insights into how clones, rootstock and harvest
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season interact to modulate grape composition
under tropical semi-arid conditions.

Taking above-mentioned into consideration, the
objective of the study was to evaluate the effects of
rootstock and harvest season (1st and 2nd semester)
on the maturation and grape chemical composition of
Portuguese and Spanish clones of the Aragonez (syn.
Tempranillo) cultivar (Vitis vinifera L.) grown under
tropical semi-arid conditions in northeastern Brazil.

MATERIALS AND METHODS

This study was conducted in an experimental
vineyard established in 2006 at a partner winery in
Pernambuco, Brazil (09°02’'S, 40°11'W; 350 m above
sea level), under a tropical semi-arid climate (Képpen:
BSwh), on yellow eutrophic Argisol (soil taxonomy:
Alfisol) (De Oliveira et al., 2019b). Grapevines were
trained on a single-wire trellis system, uniformly spur-
pruned on a bilateral cordon, drip-irrigated (4 L/h,
emitters spaced 1 m apart), spaced 1.0 x 3.0 m (3 333
vines/ha), and oriented North South.

Ten clones of Vitis vinifera L. cv. Aragonez (syn.
Tempranillo) - five Portuguese (54EAN, 57EAN,
60EAN, 110JBP and BRSA) and five Spanish (E24,
E51, 770, 776 and BRST) - were grafted onto
four rootstocks: IAC313 (V. riparia x V. rupestris
x V. cinerea), IAC572 [101-14 MGT (V. riparia x
V. rupestris) x V. caribaeal, SO4 (V. berlandieri x
V. riparia) and P1103/Paulsen (V. berlandieri x
V. rupestris). The BRSA and BRST clones, of unknown
origin, were introduced to the region by the Brazilian
Agricultural Research Corporation (EMBRAPA). A
randomised complete block design was used with 10
marked vines per block (five blocks) for each clone x
rootstock combination. Four harvests were assessed:
March and September 2015, as well as February and
August 2016. Harvest seasons were identified using a
year_semester code (e.g., 2015_1, 2015_2), in which
the first number indicates the year and the second
the first or second semester, reflecting the biannual
harvest cycle characteristic of this tropical semi-arid
region. This notation is used consistently in the Results
and Discussion. Harvest timing was established by
the winery according to analytical measurements of
soluble solids (°Brix), total titratable acidity, and the
Brix-to-total acidity ratio, complemented by visual
assessment of grape sanitary status and prevailing
climatic conditions. Weather data (Fig. 2), including
maximum, minimum and average air temperatures
(°C) and rainfall (mm), were recorded via electronic
sensors near the vineyard and compared to the local
30-year climate normal. Owing to the region’s climate,
two harvests occurred annually.
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FIGURE 2 Meteorological data during the four harvest seasons in a tropical semi-arid climate of Brazil.

Yield per plantwas determined at harvest by weighing
all grape clusters collected from each experimental
unit and expressing this as kg per plant. Berry weight
was calculated from the same sample of 200 berries
collected per clone x rootstock combination, and
the average mass was expressed in grams. These
variables were subjected to the same factorial analysis
of variance (clone x rootstock x harvest season)
described for the physicochemical parameters.

In this study, technological maturity refers to the
stage of grape ripening defined by parameters
directly related to winemaking suitability. Grapes
were sampled randomly for each clone x rootstock
combination from different vines and bunch zones
(base, middle, tip; inner and outer), with 200 berries
collected for each clone x rootstock combination.
The must obtained from pulp by berry pressing was
used to assess technological parameters: pH, total
soluble solids, total acidity, tartaric and malic acids, all
of which were evaluated according to methodologies
described by the International Organisation of Vine
and Wines (OIV, 2014). All methods of analysis were
performed in triplicate for each experimental sample.

The phenoliccompositionwasanalysed by macerating
the skins and seeds remaining after must extraction
for 24 hours at 20°C using a 96% ethanol solution
and a tartaric acid solution (pH 3.2), as described by
Carbonneau and Champagnol (1993). The extract
was then centrifuged at 3 500 rpm for 10 to 15
minutes and used for spectrophotometric analyses
of total phenols, non-flavonoids, flavonoids, total
anthocyanins, colour intensity and hue, tannin power,
and individual monomeric anthocyanins. According
to under identical maceration
conditions, extraction efficiency depends mainly on

DOI: https://doi.org/10.21548/47-7698

the grape tissue and, to a lesser extent, on maturity
level. This may help explain the differences observed
among harvest seasons in the present study.

Analyses were carried out using extracts prepared
according to the method of Carbonneau and
Champagnol (1993) to determine total phenols
(Ribéreau-Gayon, 1970), non-flavonoid and
flavonoid phenols (Kramling & Singleton, 1969), total
anthocyanins (Ribéreau-Gayon & Stonestreet, 1965),
as well as colour intensity and hue (OIV, 2014). Tannin
powerwas also assessed using a turbidimetric method
(De Freitas & Mateus, 2001). Three independent
analytical determinations were performed for each
clone-rootstock combination in each harvest season.

Flavanols were separated from the grape skin and
seed extracts remaining after pressing using a Sep-
Pak C18 cartridge (Waters, USA), with monomeric,
oligomeric and polymeric fractions extracted using
ethyl ether and methanol (for both oligomeric and
polymeric) respectively, following Sun et al. (1998a).
The flavanol content in each fraction was determined
by the vanillin assay (Sun et al., 1998b) and quantified
using standard curves from grape seed flavanol
monomers, oligomers and polymers (

). C18 cartridge extractions and
vanillin assays were performed in triplicate.

Individual monomeric anthocyanins were identified
and quantified using HPLC equipment (Perkin-
Elmer, USA), equipped with a Series 200 pump
and LC95 UV/Visible detector. Separation was
achieved on a reverse-phase C18 column (250 mm
x 4 mm, 5 pm particle size), protected by a matching
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pre-column, both supplied by LichroCart (Merck,
Germany). Fourteen anthocyanin compounds were
separated and analysed according to the method,
and conditions were as described by Roggero et al.
(1986), with quantification based on a standard curve
prepared using malvidin 3-O-glucoside (R? = 0.981).
All analyses on grape extracts were performed in
triplicate.

All physicochemical analyses were performed
in triplicate. Analysis of variance (ANOVA) and
multivariate analysis (principal component analysis -
PCA)were appliedto all variables studied. Tukey's HSD
test was employed for multiple mean comparisons
among clones, rootstocks and harvest dates, as
well as their interactions. Statistical significance was
considered at the 95% confidence level. All analyses
were carried out using the R software package (R
Core Team, 2020).

RESULTS AND DISCUSSION

Yield componentsand basictechnological parameters
varied significantly among clones, rootstocks and
harvest seasons (Table 1). Berry weight and yield
showed consistent differences between Portuguese
and Spanish clones across the four harvests evaluated.

The yield and berry weight of Portuguese and
Spanish clones grafted onto five different rootstocks
did not vary significantly, indicating stable productive
performance under the tropical semi-arid conditions
studied (Table 1).

These results suggest that the evaluated clones
maintained consistent vigour and fruit development
regardless of rootstock, in agreement with findings
by De Oliveira et al. (2020) under similar climatic
conditions. However, Fig. 3 shows that some clones
exhibited higher yields in specific semesters,
reflecting productive variability associated with
seasonal factors. This finding supports the strategic
use of more than one clone in vineyard planning to
buffer seasonal effects, as suggested by

In contrast, significant differences were identified
in several chemical and phenolic parameters.
Portuguese clones exhibited lower total soluble solids
(TSS) and higher total acidity than Spanish clones,
indicating a fresher sensory profile in both the grapes
and the corresponding wines. Clone 54EAN had the
lowest TSS (20.0 °Brix), while E24 and E51 exceeded
22 °Brix, indicating more efficient sugar accumulation.
These patterns align with the differences in thermal
adaptation reported by and

S. Afr. J. Enol. Vitic. (2026) Vol. 47, 7698

. While malic acid did not vary
significantly, likely due to compensatory effects
between synthesis and degradation, tartaric acid and
pH differed between clones. Spanish clones showed
higher pH and lower acidity, favouring a softer acid
profile.

The interaction between rootstock and harvest
date significantly influenced most chemical traits,
particularly total soluble solids (TSS), pH, total acidity,
and the composition of organic acids (Table 2). This
reflects the dynamic nature of grapevine response
under tropical conditions, where thermal amplitude
and irrigation strategies may modulate metabolite
accumulation differently across seasons. These
findings reinforce the dynamic nature of grapevine
responses under tropical and warm-climate
conditions, where thermal amplitude and irrigation
strategies may modulate metabolite accumulation
throughout the season, as previously demonstrated
(
).

Among the Portuguese clones, TSS varied notably
with harvest season, ranging from 17.1 °Brix to 27.8
°Brix. The highest values were observed during the
second semester of 2015 (e.g., IAC572 and SO4), a
period typically characterised by lower rainfall and
greater radiation. Similar seasonal trends were seen
in Spanish clones, although with slightly narrower
TSS ranges. These results confirm the critical role of
harvest timing in determining sugar accumulation
under tropical conditions, as observed by

in Alicante Bouschet grown under similar
climatic conditions in Brazil.

Total acidity also varied strongly across harvests
and rootstocks, ranging from 3.8 g/L to 9.4 g/L
in Portuguese clones. The first semester of 2016,
generally associated with higher precipitation,
yielded grapes with significantly higher total acidity
and lower pH values. This seasonal effect may be
linked to reduced respiratory degradation of organic
acids under less intense heat and greater canopy
vigour. Malic acid showed similar behaviour, with
the highest concentrations recorded in the 2016_1
harvest season, regardless of rootstock. Notably,
Spanish clones tended to retain slightly higher
malic acid concentrations, suggesting either greater
metabolic resilience or phenological delay. Tartaric
acid, in contrast, was less influenced by season;
however, significant differences among rootstocks
were observed in the 2015_2 and 2016_2 harvest
seasons, indicating a season-dependent rootstock
effect.

Yield per vine varied significantly across harvest
seasons and rootstocks, reflecting the strong influence
of seasonal climatic conditions. Higher yields were
generally observed under more favourable water
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availability, whereas drier seasons resulted in
moderate reductions. Among yield components,
berry weight showed a more moderate response to
rootstock. In Portuguese clones, IAC313 consistently
promoted higher berry weights, particularly in the
2015_2 and 2016_2 harvest seasons. The variation
was less pronounced in Spanish clones, although
slight increases were observed under P1103 and
IAC572 during drier conditions.

These differences in berry weight may have
contributed to subsequent variations in juice
composition, discussed below.

The statistical significance ofthe interactions(rootstock
x harvest and rootstock x semester) across most
parameters underscores the importance of matching
rootstock performance with seasonal patterns in
tropical regions. The absence of a consistent best-
performing rootstock across all conditions indicates
the necessity of strategic planning when defining
harvest dates and clone-rootstock combinations
for optimising grape composition. Taken together,
these findings highlight the pronounced influence
of seasonal variability on grape quality attributes
under tropical conditions and reinforce the need
for precision viticulture strategies, including flexible
harvest scheduling and careful rootstock selection
tailored to specific climate windows.

Regarding phenolic composition, E24 and E51
stood out for total phenols, anthocyanins and non-
flavonoids, while the Portuguese clone 60EAN also
reached high anthocyanin levels, indicating potential
for deeply coloured wines. Although flavonoid
and early-stage tannin fractions (monomeric and
oligomeric) did not differ significantly (Table 3),
variations in polymeric and total condensed tannins
were evident, with clones E24, E51 and 110JBP
presenting the highest levels, which are crucial for
wine structure and ageing potential. These findings
are consistent with reports on the genetic regulation
of anthocyanin biosynthesis (

Colour intensity was also
higher in Spanish clones, especially E24 and E51,
reinforcing their suitability for red wine production.

Clones E24, E51 and 110JBP presented the highest
levels, which are crucial for wine structure and ageing
potential. Colour intensity was also higher in Spanish
clones, especially E24 and E51, reinforcing their
suitability for red wine production. Overall, although
yield was stable, marked compositional differences
were observed among clones. Spanish clones,
particularly E24 and E51, displayed superior phenolic
and colour traits. Among Portuguese clones, 60EAN
and 110JBP exhibited favourable profiles in terms of
acidity and anthocyanins, supporting their potential
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FIGURE 3 Yield and percentage of partially coloured berries of Portuguese and Spanish Aragonez (syn. Tempranillo) clones
grafted onto different rootstocks across two harvests per year in tropical semi-arid Northeast Brazil.

for well-balanced wines.

Fig. 3 further reveals productive variability between
semesters, reinforcing the feasibility of using multiple
clones to mitigate seasonal effects. According
to , the significant genetic
variability observed in traits such as acidity and
phenolics, combined with generally low correlations
across seasons, supports the strategic selection of
well-adapted clones for tropical viticulture.

These results indicate a clear genotype x environment
interaction, as the magnitude and direction of
phenolic responses varied among clones depending
on harvestseason and rootstock. Forinstance, Spanish
clones showed consistently higher anthocyanin and
colour intensity levels, whereas differences in tannin
fractions were more season-dependent (Table 3).
Such variability reinforces the importance of site-
specific clonal evaluation in tropical viticulture, as
previously highlighted by

For both Portuguese and Spanish clones, the harvest
season significantly affected the accumulation
of total phenols, flavonoids, non-flavonoids and
anthocyanins (p < 0.0001; ANOVA results presented
in Table 3), confirming the strong influence of seasonal
environmental conditions, such as thermal amplitude
and radiation, on berry phenolic composition in
tropical regions. These findings illustrate not only
the genotype effect, but also the importance of the
rootstock-scion interaction under varying seasonal
conditions. The observed differences in phenolic
accumulation among Portuguese and Spanish
clones, depending on both rootstock and harvest
date, highlight a complex genotype x environment
x management interaction. In this context, the results
align with , who reported
significant genetic variability for key quality traits and
generally low genetic correlations between them
across seasons. This suggests that clonal performance
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is highly dependent on environmental conditions,
thereby reinforcing the potential for selecting
specific clones that are better adapted to particular
seasonal or climatic scenarios in tropical viticulture.
These results are further supported by recent studies
highlighting the dynamic nature of vine responses
under tropical and warm-climate conditions, where
temperature variability and irrigation management
modulate metabolic outcomes across seasons (

Among rootstocks, P1103 and IAC 572 were
frequently associated with higher mean levels of total
phenols and anthocyanins in specific harvest seasons,
asshowninTable 3, particularlyin2015_2 and 2016_2,
which are typically warmer and drier, although this
effect was not consistent across all combinations.
These results indicate that phenolic accumulation was
influenced not only by genotype, but also by season-
dependent rootstock-scion interactions.

The interaction between rootstock and harvest
was statistically significant for most phenolic
classes, highlighting that the influence of rootstock
on secondary metabolism is modulated by
environmental conditions. Similarly, the rootstock
x semester interaction was particularly relevant for
flavonoids and anthocyanins. These seasonal shifts
were more pronounced in the Portuguese clones,
whose phenolic profiles exhibited greater variability
from harvest to harvest than those of the Spanish
clones, suggesting distinct physiological responses
to climatic stressors. Furthermore, the clonal origin
group effect was significant for total phenols, non-
flavonoids and anthocyanins (p < 0.01), reinforcing
the contribution of the clonal genetic background to
the phenolic composition. In general, Spanish clones
accumulated more anthocyanins, while Portuguese
clones tended to show higher total phenol content,
depending on the rootstock.
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Taken together, these results underscore the
importance of selecting appropriate rootstock-
scion combinations tailored to the specific climatic
conditions of each harvest season, as previously
reported by

. This notion
is further supported by meta-analytical data showing
that certain rootstocks can decouple sugar and pH
responses in grapes, offering adaptive flexibility
under future climate scenarios (e.g.,

. In addition, long-term field trials
with Chardonnay, Cabernet Sauvignon and Shiraz
under hot climate conditions revealed significant
rootstock x scion interactions affecting fruit
composition, reinforcing the need for combination-
specific management ( ). Such
combinations may enable viticulturists in tropical
semiarid regions to optimise grape phenolic maturity
according to the desired wine profile.

Grape must colour intensity was significantly affected
by rootstock (p < 0.01), harvest date (p < 0.0001) and
their interaction (p < 0.0001) in both clonal origin
groups (Table 4), indicating that colour expression
was strongly influenced by seasonal factors and
rootstock-scion combinations, as previously reported
by , who demonstrated
significant rootstock effects on fruit colour under
warm climate conditions (Table 4).

In general, the second semesters (particularly 2015_2
and 2016_2) were associated with higher colour
intensities, especially in grapes from Portuguese
clones grafted onto SO4 and IAC 572 (Table 4).
Conversely, grapes harvested in the first semesters
(e.g., 2016_1) consistently exhibited the lowest
colour intensity values across all rootstocks, likely
due to lower anthocyanin accumulation under
shorter ripening periods or less favourable climatic
conditions, in agreement with

, who demonstrated that
environmental stress and thermal amplitude during
ripening strongly modulate anthocyanin biosynthesis
in tropical climates. Tonality values remained
relatively stable and were not significantly influenced
by rootstock or clonal origin group, although minor
seasonal effects were observed for the Spanish
clones, suggesting a more stable colour hue - possibly
related to genotypic buffering capacity, as previously
discussed by . Taken together,
these results indicate that the expression of grape
colour in tropical conditions is highly dependent on
harvest timing and rootstock effects, reinforcing the
need for targeted rootstock-scion selection under
tropical viticulture scenarios (

S. Afr. J. Enol. Vitic. (2026) Vol. 47, 7698

As shown in Table 5, condensed tannin fractions and
tanning power exhibited significant variation across
clones, rootstocks, and harvest seasons.

Both Portuguese and Spanish clones displayed
clear differences in the accumulation of monomeric,
oligomeric and polymeric tannins, reflecting strong
genotype x environment x rootstock interactions,
as previously highlighted by

, who emphasise
the importance of matching rootstock-scion
combinations to site-specific conditions.

The influence of harvest season was particularly
evident, with significantly higher total tannin values
generally observed during the second semester of
2016 (2016_2), especially in grapes grafted onto SO4
and IAC572 (Table 5). These results align with
, who reported
that increased thermal amplitude and radiation
during late season ripening favour the accumulation
of skin phenolics under tropical conditions. Similarly,
demonstrated that delayed harvest
under high-radiation environments can enhance
phenolic extractability and influence the balance
between different tannin fractions.

Among the Portuguese clones, grapes from SO4 in
2016_2 reached the highest total condensed tannin
content (93.03 mg/g), while in Spanish clones, the
highest value was recorded with the same rootstock
and harvest (98.74 mg/g) (Table 5). This seasonal
trend was consistent with highertanning power values
in the same combinations, suggesting increased
phenolic development and extractability under
warmer and drier late-season conditions. Conversely,
lower tannin levels and tanning power were observed
in grapes harvested during the wetter first semesters
(e.g., 2015_1 and 2016_1), possibly due to dilution
effects and lower skin phenolic development, as
suggested by for grapes
under humid and cloudy conditions.

Statistical analyses revealed highly significant effects
forrootstock, harvest, andtheirinteraction (p <0.0001)
across nearly all tannin variables, including total
and polymeric fractions. In addition, cultivar effects
were also significant, with Spanish clones generally
accumulating more total tannins, particularly in the
polymeric form, which may influence wine structure
and astringency potential. The modulation of tannin
accumulation by rootstock and harvest date under
tropical conditions is consistent with the clonal
variability and genotype x environment interactions
reported by

DOI: https://doi.org/10.21548/47-7698
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TABLE 4 Berry colourin Portuguese and Spanish clones of Aragonez (syn. Tempranillo) by rootstock in a tropical
semi-arid region, Northeast Brazil.

Portuguese clones Spanish clones

Colour intensity Colour tonality Colour intensity Colour tonality

Rootstock Harvest (a.u.x 10) (a.u.) (a.u.x 10) (a.u.)

P1103 2015_1 8.2140 + 0.1 0.68 = 0.00 12.04% = 0.1 0.68% = 0.01
2015_2 12.048¢ = 1.4 0.6278> + 0.02 9.87% x 0.6 0.6278> + 0.03
2016_1 3.574+15 0.544< = 0.02 42604 0.54%< = 0.00
2016_2 10.57%2 = 0.1 0.52% x 0.01 8.45% = 0.2 0.522x 0.03

IAC313 2015_1 9.06** £ 0.0 0.64% + 0.00 10.2182 £ 0.1 0.638 + 0.01
2015_2 10.43% 1.2 0.63% = 0.00 9.86% = 0.1 0.63% = 0.02
2016_1 3.36%+0.3 0.52480 + 0.05 4,527+ 0.9 0.52%8 + 0.01
2016_2 7.61%+0.4 0.49% + 0.04 8.85% + 0.7 0.49% + 0.01

IAC572 2015_1 9.72%0 + 0.1 0.66"% = 0.00 11.31482 £ 0.1 0.66"% = 0.00
2015_2 12.0478 + 0.6 0.608% = 0.02 7.97%° 0.8 0.60% = 0.03
2016_1 3.56~+0.4 0.53 = 0.01 4.41%x 0.0 0.537 = 0.00
2016_2 5.818<+ 0.1 0.50%8 = 0.01 11.16% £ 0.8 0.50%% = 0.01

SO4 2015_1 9.474° + 0.1 0.60% = 0.01 9.888 + 0.1 0.59%% + 0.00
2015_2 14.92% = 0.8 0.63% = 0.01 8.3682 + 1.2 0.63% = 0.02
2016_1 3.93%+0.4 0.498 + 0.02 3.95% + 0.2 0.498% + 0.00
2016_2 7.468 = 0.0 0.50%8 = 0.01 8.60% = 1.2 0.50%8 = 0.01

Rootstock Sig. *x ns *x ool

per harvest

Harvest date Sig. ool ns ool ool

Rootstock vs  Sig. Fxk * xk xk

harvest

Rootstock Sig. ns ns ns *

per semester

Semester Sig. il ns rx *

Rootstock vs  Sig. ns ns ns *

semester

Clonal origin Sig ns ns

group

Means followed by different uppercase or lowercase letters within the same column indicate significant differences between
rootstocks in the same harvest (uppercase) or across harvests for the same rootstock (lowercase), according to Tukey's test
(p < 0.05). ns: not significant; * significant differences at 95% confidence level; ** significant differences at 99.9% confidence
level; *** significant differences at 99.99% confidence level; Harvest: 2015_1 (1%t semester of 2015); 2015_2 (2" semester of
2015); 2016_1 (15t semester of 2016); 2016_2 (2" semester of 2016). a.u. (absorbance unit, measured at 520 nm).
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As shown in Table 6, the concentration of monomeric
anthocyanins in grape skins varied significantly with
harvest season, rootstock, and their interaction in
both the Portuguese and Spanish clones. In general,
higher concentrations were observed during the
warmer second semesters, suggesting enhanced
anthocyanin biosynthesis under increased thermal
amplitude and radiation. Rootstock effects were
season-dependent, indicating that the magnitude
of anthocyanin accumulation was modulated by
rootstock-scion interactions under contrasting
environmental conditions.

Total individual molecular anthocyanin content was
consistently higher during the second semesters
(2015_2 and 2016_2), particularly in grapes grafted
onto SO4 and IAC572, reinforcing the known effect
of thermal amplitude and radiation in promoting
anthocyanin biosynthesis under tropical conditions
(
).

Among non-acylated forms, malvidin-3-O-glucoside
was the predominant anthocyanin across all
combinations, often exceeding 70 mg/L in the
most favourable harvests, followed by petunidin
and peonidin derivatives. Spanish clones tended to
accumulate higher total anthocyanin concentrations,
especially in 2015_2 and 2016_2, reaching values
above 230 mg/L with SO4, while Portuguese clones
showed greater seasonal fluctuation (Table 6).

The acetylated and coumaroylated derivatives,
although present in lower concentrations, also varied
significantly between rootstocks and seasons. These
forms are known to influence colour stability and hue
in red wines, and their seasonal modulation reflects
the influence of climatic variables on acyltransferase
activity.

Statistical analysis confirmed highly significant effects
forharvest(p <0.0001), rootstock x harvestinteraction
(p < 0.0001) and cultivar (p < 0.001) for most
anthocyanins. These results confirm the importance of
selecting rootstock-scion combinations that optimise
anthocyanin accumulation in response to tropical
environmental conditions, as previously discussed

by

As illustrated in Fig. 4, principal component analysis
(PCA) revealed a clear separation of grape samples
from Portuguese and Spanish clones, based
on physicochemical traits measured over four
consecutive harvests under tropical conditions. The
first principal components explained a substantial

S. Afr. J. Enol. Vitic. (2026) Vol. 47, 7698

proportion of the total variance, primarily associated
with differences in phenolic composition and acidity
parameters. This separation indicates that clonal
genetic background was a major determinant of
grape composition, although seasonal variation also
contributed to the observed dispersion pattern.

In Fig. 4A, the first two principal components
explained 66.6% of the total variance (PC1: 50.5%,
PC2: 16.1%), indicating a strong multivariate
response of grape composition to seasonal effects.
PC1 predominantly separated samples according
to harvest date, highlighting the impact of intra-
annual climatic variability on grape ripening and
metabolite accumulation. Grapes harvested in 2016
were clearly grouped in the positive PC1 space, with
2016_1 characterised by higher total acidity, malic
acid and lower-molecular-weight tannins (monomeric
and oligomeric), while 2016_2 showed strong
contributionsfrom alltannin fractions.In contrast,2015
samples occupied the negative PC1 axis, associated
with higher °Brix, pH, tartaric acid, non-flavonoids and
colour intensity, especially pronounced in 2015_2. In
2015_1, total phenols and anthocyanins were also
important contributors.

The PC2 further discriminated harvests, with positive
scores reflecting variables such as tartaric acid
(2015), colour tonality (2016_2) and total acidity
(2016_1), whereas the negative quadrant grouped
traits such as non-flavonoids and colour intensity
(2015), and phenolic maturity parameters (flavonoids,
tannins, and anthocyanins) in 2016_2. These results
confirm that grape composition is largely shaped
by seasonally dependent thermal amplitude and
radiation, as previously demonstrated in tropical
systems

In Fig. 4B, which isolates data from harvest 2016_1, the
PCA captured 62.0% of the total variance (PC1: 40.0%,
PC2: 22.0%), showing a clear discrimination between
the two clonal origin groups. Aragonez samples were
positioned in the positive PC1 quadrant, strongly
associated with °Brix, pH, non-flavonoids, tartaric
acid, colour tonality and total acidity, indicators
of technological ripeness and acid balance. In
contrast, Tempranillo samples (Spanish clones) were
distributed in the negative PC1 and PC2 quadrants,
characterised by higher levels of malic acid, total
phenolics, anthocyanins, colour intensity, flavonoids,
and all condensed tannin fractions, reflecting a profile
of enhanced phenolic and colour maturity.

These multivariate results reinforce the outcomes
obtained from univariate analyses (Tables 2 to 6),
confirming that both seasonal factors and clonal
origin play significant roles in shaping grape
composition under tropical conditions. The PCA also
highlights the significance of rootstock selection,
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FIGURE 4 Principal component analysis (PCA) of physicochemical and phenolic variables in grapes from Portuguese and
Spanish clones of Aragonez (syn. Tempranillo) in Northeast Brazil: (A) across harvests (year, semester), (B) by clone origin.

particularly in humid and low-radiation environments,
where phenolic expression can vary substantially due
to cultivar-rootstock interactions (

).

Together, the PCA results confirm that both seasonal
and rootstock effects play key roles in determining
grape quality attributes under tropical conditions.
The clear separation of samples according to harvest
period and the clustering associated with specific
phenolic and acidity-related variables indicate that
environmental factors interact with rootstock-scion
combinations to shape grape composition. These
findings underscore the need for harvest- and site-
specific viticultural strategies in tropical semi-arid
regions.

CONCLUSIONS

This study reveals significant differences between
Portuguese and Spanish clones of the Aragonez
(syn. Tempranillo) cultivar, despite their synonymy.
Under the tropical semi-arid conditions of the S&o
Francisco Valley, the performance of these clones
varied considerably depending on the rootstock
and the timing of the harvest. While yield and
berry weight were generally stable across clone-
rootstock combinations, marked differences in grape
composition, including organic acids, global phenolic
parameters, anthocyanins and tannin fractions, were
influenced by the interaction of clone, rootstock and
harvest season.

DOI: https://doi.org/10.21548/47-7698

Spanish clones, particularly E24 and E51, consistently
exhibited superior phenolic and colour attributes,
indicating their strong oenological potential for
deeply coloured red wines. Among the Portuguese
group, 60EAN and 110JBP stood out for their
favourable profiles in acidity, anthocyanins and
polymeric tannins, supporting their potential for
producing balanced wine styles.

The effects of harvest season were particularly
significant, with grapes from the second semesters
showing higher values for phenolic and colour traits,
while the first semesters, often characterised by
higher rainfall and shorter ripening cycles, favoured
higher acidity and malic acid levels. Rootstock effects
were more pronounced under warmer and drier
conditions, with SO4 and IAC572 showing consistent
advantages in promoting anthocyanin accumulation,
phenolic content and tanning potential.

Multivariate analyses (PCA) reinforced these trends,
revealing clear groupings according to harvest and
clonal origin, and highlighting the complexity of
genotype x environment x managementinteractions.
These findings emphasise the importance of
strategically selecting rootstock-scion combinations
and scheduling harvests according to seasonal
conditions to optimise grape quality in tropical
viticulture. They also emphasise the importance of
clonal diversity as a means of enhancing resilience
and tailoring wine styles in emerging warm-climate
wine regions.
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TABLE 6 Monomeric anthocyanins in grapes from Portuguese and Spanish clones of Aragonez

(syn. Tempranillo) by rootstock in a tropical semi-arid region, Northeast Brazil.

29

Rootstock P1103 IAC313

Harvest 2015_1 2015_2 2016_1 2016_2 2015_1 2015_2 2016_1 2016_2
Portuguese clones

Delphinidin 3-O-glucoside 20.8% 25.7Cb 88Ac 296 24.8%  29.1BCa 7. 680 2874
Cyanidin 3-O-glucoside 4282 348 1140 45k 4.982 5.08e 1.140 5.6%
Peonidin 3-O-glucoside 17.182 13,982 624 150 19.282  16.98% 5740 16.872
Petunidin 3-O-glucoside 12.982  15.1C¢  6.9%  14.2% 14,1482 16.08¢2 5570 15.0%
Malvidin 3-O-glucoside 72.5% 76.8% 41.0%80 66.6" 77.1%  77.5%  30.9%  62.5%8
Delphinidin 3-O-acetylglucoside ~ 1.2%  1.3%  (0.58 (.74 1.080 0.970 1.3% 0.8%°
Cyanidin 3-O-acetylglucoside 0.58 0.7 0.5% Q.M 0.5%8 (.6 0.380 0.47°
Peonidin 3-O-acetylglucoside 0.87  0.8% 044 (.94 0.18¢ 0.88a (.54 0.9%a
Petunidin 3-O-acetylglucoside 0.48¢=  (0.5%  0.3%  0.6% 0.2¢¢ 0.678: Q.47 (.5%
Malvidin 3-O-acetylglucoside 5.3% 017 0.3% 0.1 4.9ra 0.140 0.140 0.170
?_%E’:gﬁiii:rylglucosi e 300 7.7%  63% 4 23%  75M 45 5ge
Peonidin 3-O-coumarylglucoside 0.8%*  (0.58> (0.2  (.58a 0.84 0.678  (.24° 0.58%
Petunidin 3-O-coumarylglucoside 1.8%2 (.58 (0.2 (.74 1.082 0.818b (. 24c 0.67b¢
Malvidin 3-O-coumarylglucoside 7.4 53A  22Ad 3 QAc 7.5% 5.340 1.48d 2.868¢
Total 148.772 152.382 74,94 14434 158.4% 161.782 59.74  141.0%
Spanish clones

Delphinidin 3-O-glucoside 32,652 40.0% 11.9% 39.2r8a 29.58  42.0%  13.4%  33.68F
Cyanidin 3-O-glucoside 8.782  7.2mb  1.8Ac  5.QABb 8.2682 6.14B3b 2 3Ac 4.98be
Peonidin 3-O-glucoside 20.982  20.9% 7.140  17.8r8e 24,85  18.0%8 8.9Ac 13.88Cke
Petunidin 3-O-glucoside 15.186  19.6% 7.3 1987 15.580  20.1#2  7.8Ac 15.48¢
Malvidin 3-O-glucoside 65.8%0  78.34 4294 88.142 7424 758 4397 74.2k8:
Delphinidin 3-O-acetylglucoside 0.9 0.9%4  1.142  (.4#% 0.84 0.7 0.482 0.742
Cyanidin 3-O-acetylglucoside 0.7%2  0.5%8b (48> (.57 0.6% 0.48 (.38 0.5%
Peonidin 3-O-acetylglucoside 1.2% Q.94 Q.67 1.2% 1.08e 0.98ab Q.78 (.9
Petunidin 3-O-acetylglucoside 0.782  0.7%  0.6% 0.8 0.782 0.74a 0.6%0 Q.48
Malvidin 3-O-acetylglucoside 0.3/  0.18 0.1  (Q.2° 0.24° 0.6%° 0.14e 0.180
?_%ﬁ’gﬁ‘;i‘:rylglucosi e 4% 7% 7% 7.9% 8.2%  6.1M  7ab 73
Peonidin 3-O-coumarylglucoside  0.9¢@  0.5%8> (.54 (.74 1,148 Q.770 0.4 0.67¢¢
Petunidin 3-O-coumarylglucoside 0.8%  0.68>  0.44c  (.74% 0.88 (.94 0.3% 0.6
Malvidin 3-O-coumarylglucoside  4.5% 478 294  48r 5783 4 1ha 2.84¢ 4.840
Total 159.882 182.1%2 84.3% 188.0% 171.382 179.1%2 88.6%  157.8%8=
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TABLE 6 (CONTINUED)

IAC572 SO4 ANOVA (p-values)
2015_1 2015_2 2016_1 2016_2 2015_1 2015_2 2016_1 2016_2 R/H H RxH R/S S

25.6/%  36.6%  11.1% 255 243/ 459% 1144 2614 Wik ok o pg ok
8.5Aa 7.5Aa 'I .5Ac 4'9Ab 4.28b 8'6Aa ‘I .6Ac 4.2Ab *kk *k* *kk * *k*
27.3% 233 745 14.6% 1768 24.4m 744 125k I
1654  18.7%  7.6%  13.1% 142080 22.1% QA 1374 ok ke xk g
77.8%  74.6%  43.4% 5348 80.1% 8674 43740 64.9%c  wxk  wkk wkkpg ek
1 .2Aa 'I .2Aa O.éBb O'7Ab ’] .3Aa ’I ’I Aab O.7Bbc O.5Ab *kk *k*k *kk *%x ns
0.7%  0.6% 074 05 0.4%  0.6% 0480 Q.48 ok ek ks pg g
O.9Aa O.SBab O.éAb 0-8Aab O.éAb 1 _2Aa O.éAb O.QAab K%k * k% *k*k * *
0.9% 038  05%  04% 0748 0.8%  0.5%  0.6% ok ek ek pg g
2'9Aa O'1Ab O.’IAb O.’IAb 5."Aa O.’IAb O.’IAb O"IAb *kk *kk *kk ns *kk
4.1% 58k 60 488 248 694 p7M DM xk ks ks pg g
0.8%  0.6%b (03%  0.4% 0.7  0.8% (03r 1.1 ek wxkxekng g
118 068 0.3% 0.5~ 170 1.0% 04~ 0.6 X e wkpg
6.8 378 23k 2 7% 54% 268 4.4k ook wxkxkpgng

175.1%2  174.482 8247 121.9%° 160.4%° 205.6% 84.14c  136.24° IR FEX FEX ns ns

36.3%  37.4%  125%  452m 41.9%  22.6% 1054 23.0% R
1245 620 178 760 12.8%  4.4%  17n 358k *ak ek kkk ek g
42.8% 194 7 .8Ac 20.0% 39.6%  13.48>  6.44c 11.3Cke FhA kR Rk % *xk
20.2%  18.4h 7.9 19,58 22.0% 12.38> 4.3 12.0% [ o T
93.7%  74.4%  461%  832% 9858 5718 366h  62.5% wHk ek kRk g ek
0.9%  08%  03%  0.3% 0.9%  07% 018  0.3% WA ek bk pg ok
O.7Aab O.7Aab O.8Aa 0-5Ab O.éAab O-8Aa O.4Bb O.5Ab *kk Kk K Fkk * ns
164 11% 0.6 0.9% 164 08%  05%  0.6% *A ek Rk ek g
O.SBa O.8Aa O.5Ab O'éABab ‘] ‘] Aa O'7Ab O.5Ab O.éABb *k*k *k%k *k*k *% ns
0.440 0.180 0.14b 0.84 0.442 0.24 0.142 0.182

10.9%  6.5% 680 595 10.3% 53% 58v 58 WAk ek ek bk g
’I '5Aa O'éABb O.3AC O.7Ab ’I .2Ba O.4Bb O.3Ab O'5Ab *kk *k% *kk ns *kk
1.0% 0.748>  (0.3Ac 0.74b 1.0% 0.6%° 0.3%¢ 0.58b¢ ns  **F xEk g %
7.45 4,58Cb D Ac 4.4785 6.872 3.5¢ 2.6 3.68° ns *** ns ns ns

230.6% 171.6" 88.44¢ 190.34P 238.7%2 122.88 72.1Ac  124.88° ns ** ns ns ns

Means followed by different uppercase or lowercase letters within the same row indicate significant differences between
rootstocks in the same harvest (uppercase) or across harvests for the same rootstock (lowercase), according to Tukey's test
(p < 0.05). ns: not significant); * significant differences at 95% confidence level; ** significant differences at 99.9%
confidence level; *** significant differences at 99.99% confidence level; R/H: Rootstock per harvest; H: Harvest date;

RxH: Rootstock vs harvest; R/S: Rootstock per semester; S: Semester; RxS: Rootstock vs semester. Harvest: 2015_1

(1t semester of 2015); 2015_2 (2" semester of 2015); 2016_1 (1%t semester of 2016); 2016_2 (2"? semester of 2016).
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