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Abstract: It is known that early removal of basal leaves improves the exposure of cluster to direct
sunlight and UV radiation, which positively influence the phenolic compounds and anthocyanin
concentration of berries. This study was carried out to evaluate the effect of leaf removal applied before
flowering to the basal zone of the canopy at different sides (fruit-zone north canopy side, south canopy
side and north—south canopy side, respectively) of Aglianico vines trained to vertical shoot position
system and row oriented to east-west (EW). The study was conducted in the controlled and guaranteed
designation of origin (CGDO) Castel del Monte area (Apulia region, Italy). The treatment did not
affect yield per vine, and nor sugar, pH, and total acidity of grapes. When it was applied to the
basal south canopy side, the concentration of proanthocyanidins and total polyphenols of grapes
increased, as well as antioxidant activity. In particular, anthocyanins content, determined by HPLC,
increased by 20% with respect to control when treatment was applied to south and north-south
canopy sides. Interaction between season period and treatment was found for all anthocyanins
except for petunidin-3-coumaroyl-glucoside. Basal leaf removal applied to the north canopy side
caused an increase in malvidin-3-O-glucoside content in grapes in 2016 and 2018, but not in 2017.
Our results indicate that basal leaf removal (six basal leaves removed from the base of the shoots)
before flowering (BBCH 57) can be used as an effective strategy to improve grape total polyphenols,
anthocyanins concentration and antioxidant activity in vineyards cultivated under warm climate
conditions. The treatment could represent a sustainable alternative to manual cluster thinning since it
does not reduce yield per vine and can be performed mechanically.

Keywords: leaf removal; row orientation; grape yield; berry composition; polyphenols; antioxidant
activity; anthocyanin profile

1. Introduction

The colour of grape berry skin is highly influenced by the canopy microclimate in terms of air
temperature, sunlight exposure and air circulation. It was demonstrated that low light conditions
inhibit berry colour development, while temperatures above 35 °C compromise the accumulation
of anthocyanins on the skin [1,2]. Nowadays, global warming is the main driver of the changes in
the geographical distribution of viticulture in the world. Climate change is exerting strong effects
on grapevine phenological phases, especially on grape ripening dynamics and the connected berry
composition and the wine style. The increased frequency of summer days with air temperature
exceeding 35 °C, a critical threshold for vine physiology, negatively impacts on the grapevine water
status and normal ripening. Additionally, it might cause a reduction in titratable acidity, anthocyanin
content and aromatic compounds in berries, with negative consequences on the freshness and aromatic
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complexity of wine. In addition to this, dry air exacerbates leaves and berries sunburn phenomena [3,4].
According to the most optimistic scenario of climate change, the temperatures should rise between
0.3 °C and 1.7 °C by the end of this century, whereas the pessimistic scenario predicts a maximum
increase of 4.8 °C [5]. It is known that air temperature affects gene expression of grapevines and
enzymatic activity of primary and secondary metabolisms that determine grape ripening and berry
chemical composition [6]. All agronomic practices that influence the canopy microclimate and the
grape yield to leaf area ratio may influence the berry primary and secondary metabolites [7-10].
A research study on the Montepulciano variety demonstrated that shoot thinning carried out each year
at the end of May and the beginning of June improved the berry chemical composition and reduced
canopy density but had a negative effect on the yield per vine. When the treatment was combined
with pre flowering leaf removal and cluster thinning, total soluble solids, anthocyanin concentration
and phenolic substances increased at harvest [11]. In Bobal and Tempranillo varieties, late leaf removal
before veraison (all the mature apical leaves of the main shoots and lateral shoots starting from the
second node above the bunches were manually removed) reduced yield per vine, total soluble solids,
accumulation of anthocyanins and wine colour [12]. Bubola et al. [13] found that both manual and
mechanical leaf defoliation applied at the pea-size stage on Istrian Malvasia vines increased berry sugar
content and decreased titratable acidity in grape juice. Improving the exposure of clusters to direct
sunlight favoured malic acid decomposition and increased the must sugar/acid ratio. Leaf removal
applied at the pea-size stage from the 50 cm basal zone of the shoot to the node above the apical cluster
reduced soluble solids and sugar content per berry and decreased titratable acidity as a consequence
of the faster rate of malic acid metabolism. Furthermore, the vine pruning weight decreased by
topping and leaf defoliation, probably because of decreased carbohydrate availability from the leaves.
Both topping and leaf removal caused a reduction in whole-grapevine photosynthesis immediately
after the treatment, and leaf removal had a negative effect on vine growth [14]. Leaf removal applied
to pea-size berries on Negroamaro vines enhanced grape ripeness and, consequently, increased the
flavour of wine [15]. A study on Merlot vines demonstrated that leaf removal before flowering
had no effects on tannin and anthocyanin concentrations in grapes but reduced the concentration of
3-isobutyl-2-methoxypyrazine in berries and wine. Other results related to pre-bloom leaf removal
were the reduction in cluster compactness, weight and yield, lower incidence of Botrytis bunch rot and
an improvement in wine colour intensity. The same results were obtained applying leaf removal after
flowering but without a decrease in yield [16].

Basal defoliation, defined as the practice of leaf removal in the cluster zone, is one of the most
common canopy practices applied to modify fruit-zone microclimates, and the impact of the timing and
intensity of this practice differs across varieties and climate. Basal leaf removal was effective to reduce
foliage cover (dense canopy), enhancing cluster light exposure and canopy porosity, and controlling the
incidence of bunch root disease [17,18]. Canopy management (shoot trimming, cluster thinning and
leaf removal) causes changes in fruit-zone microclimates and exerts an effect on grape and wine quality
in relation to the primary and secondary metabolites’ composition. Additionally, sunlight-exposed
clusters by leaf removal are generally characterized by higher soluble solids, anthocyanins, flavonols
and lower malic acid and titratable acidity compared with the control vines [19,20]. Basal defoliation is
widely used in cool climate viticulture, which is characterized by low solar heat accumulation and high
air humidity and rainfall [21]. The timing and intensity of basal leaf removal has an important effect on
berry composition: leaf removal applied at veraison (late defoliation) increases the incidence of berry
sunburn, with a negative effect on the biosynthesis of anthocyanins. On the other hand, leaf removal
applied before blooming (early defoliation) positively influences berry composition by altering the
source-to-sink ratio, cluster compactness, and fruit exposure prevents clusters from experiencing solar
overexposure [17]. Possible negative effects of leaf removal are reduction in leaf area per vine and
decrease in bud fruitfulness in the following season. Another negative effect reported in the literature
is a decrease in berry weight and at the same time of titratable acidity due to a decrease in malic acid
content. However, basal shoot leaf removal can increase polyphenols and anthocyanins up to 18%
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versus control vines due to better UV radiation in the cluster zone that may favourably affect phenol
synthesis by stressing the berry skin; in addition, early leaf removal stabilizes wine (vine) polyphenol
content [17,20,22].

Aglianico is an autochthonous late season red grape variety (with a harvest period from the end
of October to the first week of November) widely grown in warm, arid regions of Southern Italy such
as Apulia, Campania, and Basilicata [23]. Leaf removal from Aglianico vines at veraison time alone
or in association with 40% bunch thinning had no influence on the maturity parameters, except for
a moderate increment in total and extractable anthocyanins [24]. In another study, two different
intensities of trimming or defoliation from Aglianico vines at harvest caused a decrease in berry total
soluble solids and alcohol content in the related wine [25].

The aim of the present study was to compare the effect of manual early basal leaf removal on
yield, chemical composition, and anthocyanin profile of berry of Aglianico vines in the Mediterranean
environment. Three basal leaf removal treatments were applied on the fruit-zone at three different
sides of the canopy. The investigation was carried out for three seasons on vines trained to vertical
shoot position system (VSP).

2. Materials and Methods

2.1. Experimental Site and Grapevine Measurements

The research study was carried out in 2016-2017-2018 vintages on a ten-year-old commercial
vineyard located in the Castel del Monte controlled and guaranteed designation of origin (CGDO)
wine area (Apulia region, Southern Italy, near Corato, 41°04’35” N; 16°21’46” E 354 m a.s.1.). Aglianico
vines, (clone VCR 14) grafted onto SO4 clone ISV VCR 4 (Vitis berlandieri X Vitis riparia) rootstock,
were planted in east-west oriented rows with a spacing of 0.8 m between vines and 2.3 m between
rows, (5435 vines per hectare) trained to vertical shoot positioned (VSP) system. In the area of Castel
del Monte, the prevailing rows orientation is north-south, but many winegrowers, for some years,
have been testing the effects of the east-west orientation on autochthonous varieties over large areas.
The vines were pruned to a single Guyot system (one cane pruned with 10 buds and one spur pruned
to two buds) with 12 buds per vine. Cane was positioned at 0.80 m above the soil; two couples of wires
were utilized to maintain the vertical shoot position and their heights above the canes were 0.30 m
and 0.70 m, respectively. Canopy management practices included vertical shoot positioning in the
month of June, followed by mechanical hedging when shoots were 30 cm above the top catch wire,
with a total canopy height of 130 cm.

The average climate of the area is “Mediterranean”, with the coldest month mean temperature in
January (8 °C), and the hottest one in August (27 °C) and mean annual rainfall is 500 mm, and mostly
concentrated from September to April. The vineyard drip irrigation system was a pressurized, filtered
system with a single irrigation line per row and pressure-compensated emitters, with a discharge rate
of 4Lh71.

Approximately 15 days before flowering (mid of May, BBCH 57), the following basal leaf removal
treatments (all leaves removed from the base of shoot to the node just above the apical cluster) were
manually performed:

e  N:100% of fruit-zone leaves were removed from the north canopy side (bunches exposed to the
afternoon sun);

e  5:100% of fruit-zone leaves were removed from the south canopy side (bunches exposed to the
morning sun;

e N-5:100% of fruit-zone leaves were removed from the north and the south sides of the canopy
(bunches exposed to the morning and afternoon sun), respectively;

e A control thesis (non-defoliated vines, where all basal leaves were retained in each shoot) was
used for comparison.
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Six adjacent rows were selected to set up a randomized complete block design, with two rows as
a block. Within each two rows, three sections of 18 vines per plot were tagged and randomly assigned to
the leaf removal treatments imposed with 54 vines for each treatment. All vines were subjected to the
same vineyard management practices and irrigation supplied about 800 m3 ha=! of water including the
rainfall amount, from July to early September, by a drip irrigation system each year. Weather data were
recorded during the experiment by an automatic weather station (iMETOS 3.3, Pessl Instruments GmbH,
Weiz, Austria) located approximately 20 m from the experimental vineyard while historical data sources
were provided from Compartimento di Bari del Servizio Idrografico e Mareografico Nazionale (S.L.M.N).

2.2. Yield Components and Grape Composition

Harvest (approximately 50 kg of grapes obtained per treatment replication) was performed
manually at the end of October; clusters for each vine were counted and weighed for calculation of total
vine yield. Total soluble solids (°Brix) were determined on fresh grape juice extracted from 300 berry
samples randomly collected from each replicate with the use of a digital refractometer (Atago Co Ltd.,
Tokyo, Japan). Titratable acidity, expressed as g L™! of tartaric acid equivalent by titration with 0.1 N
NaOH, was measured with an auto-titrator to an end pH of 7.0 (EEC 2676 standard procedure [26]),
whereas juice pH was measured using a pH meter (Crison Basic 20, Crison Instruments, Alella, Spain).
Additionally, about 100 kg of grapes from each treatment was used for winemaking according to
a specific protocol with spontaneous malolactic fermentation [23]. Wine data are not presented in
this paper.

2.3. Phenols Extraction

From each replicate, 100 berries were collected in a plastic bag and stored at —20 °C until analysis.
The extraction of phenols from grape skins was performed using 30 berries (three replicates for each
sample) according to the method of Di Stefano and Cravero [27] with some modifications. Briefly,
the skins were manually removed from the pulp and then macerated in 75 mL of ethanol/water/HCl
solution (70/30/1 v/v) for 24 h in the dark at room temperature. The extract was then filtered through
filter paper and submitted to the analysis of the phenolic composition, antioxidant activity and
anthocyanin composition.

2.4. Phenols and Antioxidant Activity Analysis

Flavonoids (F), anthocyanins (A), flavans reactive with vanillin (FRV), proanthocyanidins (P)
and total polyphenols (TP) were determined according to Gambacorta et al. [7] using an UV-visible
spectrophotometer (Beckman Coulter DU 800, Brea, CA, USA). Antioxidant activity (AA) was assessed by
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay as reported by Trani et al. [28] using
an Evolution 60S UV-visible spectrophotometer (ThermoFisher Scientific, Rodano, Italy). The results
are expressed as mmol L™! Trolox equivalent antioxidant capacity (TEAC) [29-31]

2.5. HPLC-DAD Anthocyanin Analysis

Analysis of anthocyanin compounds was performed by HPLC using a Waters 600 E apparatus
(Waters, Milford, MA, USA) that included a quaternary pump, a photodiode array detector (DAD) and
an injection valve with a 20 uL loop. The samples, previously filtered on a 0.45 pm nylon membrane,
were injected into a NovaPack C18 (150 x 3.9 mm, 4 pm particle size, Waters) column maintained
at 30 °C and eluted at a 1 mL min~! flow rate with 10% formic acid (solvent A), and acetonitrile
(solvent B). The gradient program of solvent A was as follows: 0—1 min 95%, 1-22 min 60%, 22-23 min
30%, 23-28 min 30%, 28-28.1 min 95%. Detection was performed at 520 nm, and quantitative analysis
was performed according to an external standard method based on a calibration curve obtained by
injection of solutions at different concentrations of malvidin-3-O-glucoside (R? = 0.9993). Tentative
identification of anthocyanins was achieved by combining the elution patterns and data reported by
Revilla and Ryan [32]. Results are expressed as mg of malvidin-3-glucoside equivalents per kg of grape.
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2.6. Statistical Analysis

Chemical analyses were repeated three times for each sample. The multivariate analysis of
variance (MANOVA) and the single ANOVA were performed by means of the OriginPro 2018b
software (OriginLab, Northampton, MA, USA) in order to evaluate the effects of season (S) and leaf
removal (LR) and their interaction. Many interactions between S and LR were observed but only those
regarding phenol compounds and the most relevant anthocyanins assessed by high performance liquid
chromatography, (Dp, delphinidin-3-glucoside; Cy, cyanidin-3-glucoside; Pt, petunidin-3-glucoside;
Pn, peonidin-3-glucoside; Mv, malvidin-3-glucoside; TA, total anthocyanins) were discussed.

3. Results and Discussion

3.1. Growing Season Environmental Conditions and Grape Yields

The average microclimate conditions (30 years) of the vineyard site are Mediterranean semi-arid
conditions, with an annual mean temperature of 16.3 °C (maximum mean temperature 38.7 °C in
August, minimum mean temperature —2.3 °C in February) and mean annual rainfall of 563 mm
(Table 1). During the experimental seasons, the rainfall amounts from budbreak (April) to harvest
(October) were 445, 128 and 306 mm in 2016, 2017 and 2018, respectively. In 2016, rainfall in spring
was much higher compared to 2017, and this delayed harvest. During berry ripening (from July to
August), the average maximum air temperatures were 39.3 °C in 2016, 41.2 °C in 2017 and 36.4 °C
in 2018. The highest accumulated growing degree day (GDD) was observed in 2017, the lowest in
2016. In all years, the number of days with maximum temperatures exceeding 35 °C was more than
the average; nevertheless, the daily average total direct solar radiation was in line with the 30 year site
average. Seasonal reference evapotranspiration (ET;) was similar to the site average in the first and
third years, but higher than average in the second year (Table 1).

Table 1. Weather conditions measured at the vineyard weather station.

From Bud Break to Harvest

Annual .
Parameters Average 1970-2000 (1 April to 31 October)
2016 2017 2018 2016 2017 2018
Mean annual T (°C) 16.3 16.0 16.2 16.4 20.4 21.3 21.3
Min mean T (°C) -2.3 -3.8 -6.3 -6.7 3.8 2.8 5.0
Max mean T (°C) 38.7 2471 28t 27t 404 442 39.9
Rainfall (mm) 563 669 349 633 455 128 306
Accumulated GDD (°C) 2330 - - - 2078 2311 2276
Days daily max. T > 35 °C 7 - - - 8 34 9

ET; (mm) 1063 1016 1187 1059 833 959 840

* from January to April; GDD: growing degree days (calculated from daily maximum and minimum temperature
with no upper limit and a base temperature of 10 °C; ET;: reference evapotranspiration.

Leaf removal treatment removed an average of 0.62 m? leaf area per vine in the north side of the
canopy, 0.59 m? leaf area per vine in the south side of the canopy and 0.98 m? leaf area per vine in
the north—south side of the canopy, reducing the total leaf area per vine compared with the control
vine by 34, 35 and 39%, respectively. Grape yield data are reported in Table 2. Leaf removal did not
affect vine yield, cluster weight and cluster number per vine. Statistical analysis did not reveal any
season X treatment interactions (S*LR) on cluster number, berry mass and yield per vine, whereas the
season significantly affected leaf area per vine. The effect of S'LR was observed on cluster weight and
leaf area per vine. Obviously, the early basal leaf removal (pre-bloom leaf removal) caused a decrease
in leaf area from control vines to N-S treatment and consequently affected the leaf area to fruits weight
ratio, which ranged from 1.16 to 0.60 m?/kg, respectively (data not shown). Partial defoliation of vines
improved the canopy microclimate and photosynthetic efficiency of remaining leaves because only the
older ones with low photosynthetic potential are removed [33,34].
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Table 2. Effects of season and leaf removal treatment on yield components of Aglianico.

Source of Variation Cluster Number Cluster Weight (g) Yield (kg/vine) Leaf Ar;e a per Vine
(m*/vine)
Season (S)
2016 26.38 172.74 4.56 3.75
2017 25.86 177.21 4.30 3.50
2018 26.42 162.16 4.26 3.65
Significance ns ns ns ns
Leaf removal (LR)

Control 24.25 172.86 4.08 4.75a
North 26.39 154.98 4.09 3.12¢
South 28.50 160.51 4.52 3.76b

North-South 25.61 166.56 4.89 2.90c
Significance ns ns ns o
Interaction

S*LR ns * ns **

In column, data followed by different letters indicate statistically significant differences at p < 0.05. Significance: ns, *,
** and ***, not significant or significant at p < 0.05, p < 0.01 or p < 0.001, respectively.

3.2. Berry Composition

Table 3 shows the effect of season and leaf removal on the gross composition of grapes. Season exerted
a greater effect than leaf removal on all chemical and phenolic parameters. The 2017 season, characterized
by warm climate and lowest rainfall from bud break to harvest, induced the best ripening grade. In fact,
total soluble solid (TSS) concentration was about 10% higher than in 2016 and 2018; however, the grapes
exhibited optimal values of pH and titratable acidity (TA). The same pH and TA values were recorded in
the first two years of experimentation, whereas the highest pH and the lowest TA values were detected in
2018, very close to those found in a previous research study carried out on Aglianico in a nearby area [7].
Concerning phenols, the 2017 season promoted the highest accumulation of flavonoids (F), anthocyanins (A),
flavans reactive with vanillin (FRV) and proanthocyanidins (P) (p < 0.001). Consequently, grapes had
the highest values of total polyphenols (TP) and antioxidant activity (AA); these two parameters are
interdependent, even though AA also depends on the chemical structure of each phenolic compound [29].
Grape quality was slightly affected by the defoliation treatment. Total soluble solids in berries of defoliated
vines were similar, or just the same, as those of non-defoliated vines, despite much lower leaf areas [19].

Table 3. Chemical and phenolic characteristics of Aglianico grapes as a function of season and

leaf removal.
Source of Total Soluble H TKZ?;':ble Flavonoids Anthocyanins ~ FRV  Proantocyanidins FRV/P TP Alx::;:gant
Variation Solids (Brix) P ( g/L)ty (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mmol/k):g)
Season (S)
2016 23.37b * 3.11b 7.08a 2925b 1707b 973b 1809b 0.54a 2354b 9.93b
2017 25.43a 3.14b 7.45a 4716a 3098a 1271a 2282a 0.55a 4141a 19.70a
2018 23.58b 3.30a 5.27b 2530c 1600b 691c 1834b 0.38b 2009¢ 10.76b
SigniﬁCﬂnCe *H% el *% el il *%% *% el Ll el
Leaf removal
Control 23.79 3.18 6.50 3517 2126 897b 1826b 0.49a 2693b 13.45ab
North 24.16 3.14 6.95 3234 2115 1005ab 1953ab 0.50a 2632b 11.90b
South 24.59 3.22 6.31 3474 2139 927b 2047a 0.45b 3122a 15.24a
North-South 23.95 3.18 6.63 3335 2160 1084a 2074a 0.51a 2891ab 13.26ab
Significance ns ns ns ns ns e o * o wx
Interaction
S*LR ns ns ns o - e . . . .

Titratable acidity: as tartaric acid; flavonoids: as (+)-catechin; anthocyanins: as malvidin-3-glucoside; FRV, flavans
reagent with vanillin: as (+)-catechin; proanthocyanidins: as cyanidin chloride; TP, total polyphenols: as gallic acid.
* In columns, data followed by different letters indicate statistically significant differences at p < 0.05. Significance:
ns, ¥, **, and ***, not significant or significant at p < 0.05, p < 0.01, or p < 0.001, respectively.

Additionally, titratable acidity was not influenced by the treatments, suggesting that early leaf
removal is meaningful for wine production in warm regions where the grape total acidity is commonly
low [1,3]. No influence on flavonoids and anthocyanins content was observed, whereas an impact on FRV,



Agriculture 2020, 10, 630 7 of 13

P, FRV/P, TP, and AA was observed as a function of the canopy side; an increase was observed at the south
and north—south canopy side, in accordance with other studies [35]. This was a consequence of increased
cluster temperature and improved fruit-zone light conditions caused by the decrease in leaf area (in this
study, it was a moderate defoliation). In detail, removal at the south canopy sides caused a statistically
significant increase in P, TP and AA (+12, +16 and +13%, respectively) and a decrease in FRV/P (-8%),
whereas removal at north-south canopy caused an increase in FRV and P (+21 and +14%, respectively).

No interactions were observed between seasons and leaf removal for basic chemical parameters
such as sugars, pH, and total acidity. However, S*LR interactions were found for all phenolic parameters
and for antioxidant activity, as shown in Figure 1.
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Figure 1. Interaction between season and leaf removal on phenolic parameters such as flavonoids (a),
anthocyanins as malvidin-3-glucoside (b), flavans reagent with vanillin as (+)-catechin (c), proanthocyanidins
as cyanidin chloride (d), total polyphenols as gallic acid (e) and antioxidant activity (f).

The interaction was similar for flavonoids (Figure 1a) and anthocyanins (Figure 1b). Leaf removal
in 2016 caused an increase, whereas a decrease was found in 2018. The effect was different in 2017,
when the only positive effect was observed for anthocyanins at the north—south side, due to both the
higher level of defoliation (on two sides) and warmer climate (air temperature and number of days
(34) with daily maximum temperature exceeding 35 °C). Concerning flavans reactive with vanillin,
leaf removal caused a decrease in 2016 and increase in 2017, especially when leaves were removed
from the north and north-south canopy side (Figure 1c). The impact on proanthocyanins was different,
they increased in all years, except when leaf removal was applied at the north side in 2018 (Figure 1d).
As for total polyphenols, the concentration increased in 2016 and decreased in 2018 (Figure 1e), whereas
in 2017 an increase was only found for leaf removal at south and north—south sides. Finally, a decrease
in antioxidant activity was found in 2016 and 2018 and an increase in 2017, except when leaf removal
was applied at the north side (Figure 1f).
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3.3. Anthocyanin Profile

Free and bound anthocyanins are directly responsible for the berry skin colour of red varieties [36].
Figure 2 shows the anthocyanin profile of Aglianico grape skin extract. Fourteen compounds were
identified and quantified, among which the most abundant were malvidin-3-O-glucoside and trans-
malvidin-3-coumaroyl-glucoside.
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Figure 2. HPLC-photodiode array detector (DAD) chromatogram of skin extract of Aglianico grapes recorded
at 520 nm. (1) Dp, delphinidin-3-glucoside; (2) Cy, cyanidin-3-glucoside; (3) Pt, petunidin-3-glucoside; (4) Pn,
peonidin-3-glucoside; (5) Mv, malvidin-3-glucoside; (6) Dp-Ac, delphinidin-3-acetyl-glucoside; (7) Pt-Ac,
petunidin-3-acetyl-glucoside; (8) Pn-Ac, peonidin-3-acetyl-glucoside; (9) Mv-Ac, malvidin-3-acetyl-glucoside;
(10) c-Mv-Cm, cis-malvidin-3-coumaryl-glucoside; (11) Mv-Cf, malvidin-3-caffeoyl-glucoside; (12) Pt-Cm,
petunidin-3-coumaroyl-glucoside; (13) Pt-Cm, petunidin-3-coumaroyl-glucoside; (14) t+-Mv-Cm, trans-
malvidin-3-coumaroyl-glucoside.

Table 4 summarizes the effects of season and leaf removal on the anthocyanin composition
and concentration.

The season exerted a strong effect on content; in 2017, it was about double that in 2016 and 2018
due to the climatic conditions, characterized by the greatest temperature excursion and less rainfall. The
content found in 2017 season was close to those reported in Aglianico vines grown in the countryside
of Minervino Murge in 2007 and 2008 [7]. The impact on composition was less relevant than that
on concentration. It is worth highlighting that the anthocyanin proportions in the three years under
study were similar to those reported in literature for the same variety grown in nearby areas of the
Apulia region in different years [7,31,32]. In this study, 2017 grapes were characterized by the highest
percentages of non-acylated anthocyanins (82.5%) and the lowest of acylated forms (5.3 and 14.5% for
acetylated and coumaroylated, respectively). In 2016 and 2018, the grapes had similar anthocyanin
content but different proportion of anthocyanin compounds; in 2018 non-acetylated forms were lower
(67.9 vs. 74.8%) and coumaroylated forms (23.7 vs. 17.0%) were more represented. Leaf removal
increased the content of anthocyanins (+6% for north and +20% for south and north-south, respectively),
but poorly influenced the composition. In fact, the percentages of non-acylated forms were 75.1, 76.3
and 77.6% (S, NS and N, respectively) versus 77.3% in control vines; acetylated forms were 5.5 (NS)
and 5.9% (N and S) versus 5.6% in control; coumaroylated forms were 17.0, 17.8 and 19.5% (NS, N and S,
respectively) versus 20% in control. On the whole, the concentration of total anthocyanins increased
in the defoliated vines, confirming that the synthesis of these compounds, which has a genetic basis,
is significantly affected by leaf removal. In addition, leaf removal also exerted some effect on the
anthocyanin profile, due to changes in the exposition of berries to the temperature, UV, and sunlight,
which altered the partitioning between the various forms of anthocyanins [37]. In particular, all free
anthocyanins increased in all leaf removal treatments except for malvidin-3-glucoside, which decreased
for north canopy side leaf removal. As to the S*LR interactions, significant differences were found
for all anthocyanins, except for Pt-Cm. Figure 3 shows the S*LR interactions of non-acylated and
total anthocyanins.
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Table 4. Anthocyanin composition of Aglianico grapes as a function of season and leaf removal (mg/kg as malvidin-3-glucoside).

Sou.rc? of Dp Cy Pt Pn Mv Dp-Ac Pt-Ac Pn-Ac Mv-Ac c-Mv-Cm Mv-Cf Pt-Cm Pn-Cm t-Mv-Cm Total .
Variation Anthocyanins
Season (S)
2016 76.1b 5.0b 84.1b 39.9b 617.7b 3.1b 13.5a 19.5b 31.3b 1.1b 13.7b 6.9¢c 12.6b 178.7b 1098.8b
2017 177.5a 11.8a 190.6a 72.8a 1208.6a 7.8a 13.6a 27.0a 58.3a 1.6a 29.2a 11.1a 18.6a 281.6a 2019.0a
2018 55.5b 3.3b 62.0b 28.8b 619.6b 2.7b 4.5b 13.3b 48.9a 1.5a 15.0b 9.1b 11.1b 258.0a 1133.4b
Slgﬂlﬁcm’lct’ L a2 e e b E L AN e b e b b FHK b
Leaf removal
Control 64.4b 4.8b 83.6b 39.7b 784.9b 4.3b 9.3¢c 15.1b 42.4b 1.6a 16.4c 89 12.4b 234.1b 1264.0c
North 112.9a 7.9a 121.2a 53.6a 770.2b 4.4b 10.4b 22.6a 43.5b 1.4ab 18.0b 89 16.9a 217.8b 1373.7b
South 110.2a 6.2ab 120.3a 43.5b 863.8a 4.4b 12.0a 22.2a 51.3a 1.2b 22.1a 9.1 13.5b 273.8a 1523.0a
North-South 124.6a 7.8a 123.9a 51.7a 842 .4a 5.0a 10.4b 19.8a 47 4a 1.4ab 20.7a 9.3 13.5b 232.1b 1507.5a
SlnglﬁCﬂVlCC’ 3k EE2d Xk *% * * EEd EE *% EE s ** ns EE2d *% EE
Interaction
S*LR L L AN HAX HAN HkH *3% E *3% HoAN *3% ns HAN *3k HAH

In columns, data followed by different letters indicate statistically significant differences at p < 0.05. Dp, delphinidin-3-glucoside; Cy, cyanidin-3-glucoside; Pt, petunidin-3-
glucoside; Pn, peonidin-3-glucoside; Mv, malvidin-3-glucoside; Dp-Ac, delphinidin-3-acetyl-glucoside; Pt-Ac, petunidin-3-acetyl-glucoside; Pn-Ac, peonidin-3-acetyl-glucoside;
Mv-Ac, malvidin-3-acetyl-glucoside; c-Mv-Cm, cis-malvidin-3-coumaryl-glucoside; Mv-Cf, malvidin-3-caffeoyl-glucoside; Pt-Cm, petunidin-3-coumaroyl-glucoside; -Mv-Cm,
trans-malvidin-3-coumaroyl-glucoside. Significance: ns, *, **, and ***, not significant or significant at p < 0.05, p < 0.01, or p < 0.001, respectively.



Agriculture 2020, 10, 630 10 of 13

. *CaN=5+NS s *C=N=5+NS
@ " (b) |
250 15
e2‘3200 ;5‘312
glso ED 9
Q*IE)[) : 6
A s U
0 0
2016 2017 2018 2016 2017 2018
0 +CeN=§=NS 0 o(C=N=S5+NS
) (d)
250 . 100
goznn ED 80
150 T 60
= 100 ‘ E 4
= 5 ¥ £
0 0
2016 2007 2018 2016 2017 2018
1600 *CeN=5-NS 2500
(e) St
gw 1300 E‘B 2000
) Th1s
£ 1000 Eolanﬂ
:E’ 700 & 1000
400 500
2016 2017 2018 2016 2017 2018

Figure 3. Interaction between season and leaf removal on main anthocyanins such as delphinidin-3-
glucoside (a), cyanidin-3-glucoside (b), petunidin-3-glucoside (c), peonidin-3-glucoside (d), malvidin-3-
glucoside (e) and total anthocyanins (f).

In comparison to control, leaf removal always led to significant increase in Dp, except for 2018
at the south side (Figure 3a). The treatment had positive effect on Cy in 2016 and 2017 and negative in
2018, especially for defoliation at the south side (Figure 3b). Pt behaved similarly to Cy (Figure 3c),
whereas Pn increased in 2017 and decreased in 2016 and 2018 at the south and north-south canopy
side (Figure 3d). In regard to Mv, LR*S was very different and much more complex; this anthocyanin
increased in 2016 and 2018, corresponding to treatment at the north side, and decreased in 2017. When
defoliation was performed at the south and north-south sides, it increased in 2016 and 2017 and
decreased in 2018 (Figure 3e). Finally, total anthocyanins increased in 2016 and 2017 seasons, but the
effect in 2018 was negligible (Figure 3f).

4. Conclusions

The results of this study indicate that the effect of early leaf removal on Aglianico grape quality is
strongly related with the canopy side of defoliation, season (year) and intensity of the treatment (number
of leaves removed), since all these variables affect the canopy and berry microclimate [16,33]. Additionally,
the vineyard row orientation and leaf removal canopy side exert a significant role in determining grape
microclimate, mainly in regard to temperature, which affects berry composition [1,2,38]. A specific
research study on the effects of row orientation on microclimate changes on Syrah grapevine in the
Southern Hemisphere (South Africa) has pointed out that from late morning to afternoon, the light
patterns of the east-west (EW) orientated canopies mainly showed a dominating radiation effect on the N
canopy side, from above, and in the apical part of the canopy. However, the EW oriented rows received
the highest sunlight from above in particular, as well as from the N canopy side and consequently the
leaves on the N side of the EW orientated canopies showed much higher photosynthetic activity than
those on the S side. In conclusion, in the Southern Hemisphere, the clusters of EW oriented rows were
therefore predominantly illuminated from the N canopy side [38]. Another research study in the North
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Hemisphere (Greece) investigated the combined effects of row orientation and basal leaf defoliation
on grape ripening of cv. Agiorgitiko. Results pointed out that north exposed clusters had the lowest
anthocyanins content, probably due to lower grape exposure to sunlight while the south canopy side,
which received the highest sunlight, had the highest anthocyanins content [39].

These results must be evaluated within the experimental conditions applied, with particular
reference to the vineyard row orientation (east-west). In fact, it is known that in the Mediterranean area,
the north exposed clusters tend to present the lowest anthocyanins content, due to lower grape exposure
to sunlight than those exposed at the south side. Under these conditions, the season, either alone
or in interaction with leaf removal, affected all tested parameters except cluster number and yield
per vine. No evidence of negative influence of the treatment on berry soluble solids was found,
which is in accordance with other researchers and suggests that the remaining leaf area was sufficient
to support grape berry ripening [35]. Early leaf removal had a positive effect on the accumulation of
proanthocyanidins, total polyphenols, antioxidant activity and free anthocyanins, especially when
applied to the south and north—south sides. In conclusion, the data obtained indicate that leaf
removal before flowering might be used on Aglianico vines as an effective strategy to improve grape
total polyphenols, anthocyanins concentration and antioxidant activity. This treatment represents
a sustainable alternative to manual cluster thinning as it does not reduce yield per vine and can be
carried out mechanically.
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