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Abstract: In viticulture, global warming requires reconsideration of current production models.
At the base of this need there are some emerging phenomena: modification of phenological phases;
acceleration of the maturation process of grapes, with significant increases in the concentration of
sugar musts; decoupling between technological grape maturity and phenolic maturity. The aim of
our study was to evaluate the effect of a natural anti-transpirant on grapevine physiology, berry,
and wine composition of Aglianico cultivar. For two years, Aglianico vines were treated at veraison
with the anti-transpirant Vapor Gard and compared with a control sprayed with only water. A bunch
thinning was also applied to both treatments. The effectiveness of Vapor Gard were assessed through
measurements of net photosynthesis and transpiration and analyzing the vegetative, productive
and qualitative parameters. The results demonstrate that the application of anti-transpirant reduced
assimilation and transpiration rate, stomatal conductance, berry sugar accumulation, and wine
alcohol content. No significant differences between treatments were observed for other berry and
wine compositional parameters. This method may be a useful tool to reduce berry sugar content and
to produce wines with a lower alcohol content.
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1. Introduction

In the last 20 years, the acceleration of ripening in wine grapes has been extensively documented
worldwide. An increase in carbon dioxide emissions and other greenhouse gases is altering the
composition of the atmosphere. It is likely that most of the global warming since the mid-20th century
has been due to increases in greenhouse gases from human activities [1]. World climate is changing
and becoming warmer [2,3], with great effects on agricultural production, whose products are directly
impacted by meteorological conditions. For example, by 2050, the projected increase in annual average
temperature in grape-growing regions is estimated to range from 0.4 to 2.6 ◦C. For example, increases
in annual average temperature between the present day and the year 2030 are expected to range from
0.2 to 1.1 ◦C in many of the Australian grape-growing regions [4]. A steady trend of increased warming
is pushing traditional areas of grape-growing towards accelerated ripening [1], leading, in turn, to
excessive sugar accumulation in the fruit and high alcohol in the wine.

Wine consumer preferences over the last decade are changing [1,5] towards lower-alcohol
wines. The growing demand for wines with moderate alcohol content is leading to a reappraisal
of current production systems as well as management techniques. Vineyard management practices
are able to increase, stabilize, or slow maturation [6–10], and grapevine phenology is predominantly
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temperature-driven [11,12]. Matching the critical developmental stages of grapevines to a suitable
climate is a fundamental factor in the planning of new vineyards where optimizing quality is a priority.
McIntyre et al. described the timing of phenology in many grape varieties and the possibility of a “best
fit” variety for a particular climate [13]. In a future climate change scenario, rising temperatures may
change the timing of grape ripening and consequent harvest date and may affect grape quality and
yield [4,14–18]. Therefore, the projected temperature increases could have a major impact on such
phenological events in terms of winegrape production and quality across wine regions, especially as
grapevine phenology varies with regions and varieties [19]. The impact in question could be positive
or negative depending on the present climate of the region [20].

The alcohol content of wines is reported to be increasing worldwide. In Australia, during the
period 1984–2004, the alcohol content rose from 12.3% to 13.9% in red wines and from 12.2% to 13.2%
in whites [21]. Dokoozlian reported that the average sugar content of Cabernet Sauvignon musts
increased from 21–22 ◦Brix in 1990 to 24–25 ◦Brix in 2008 in the Napa Valley [22]. This finding was
supported by Vierra, who found that the average alcohol content of Napa Valley wine increased from
12.5% to 14.8% during the period 1971 to 2001 [23]. Duchene and Schneider also reported that the
alcohol potential of Riesling produced in Alsace had increased by 2.5% over the previous 30 years due
to higher temperatures during ripening [24]. Although all changes in phenological development have
been well documented, perhaps the most striking is the advance of harvest time by more than a month.
Ganichot compared harvest dates from 1945 to 2005 in Chateauneuf du Pape (France) and found that
harvest time was getting earlier, advancing from early October in 1945 to early September in 2000 [25].
In recent years, the harvest date of Montepulciano, grown in Abruzzo, advanced by 14–15 days in the
central part of the region and by 10 days when grown closer to the coast [26,27].

As a means to reduce sugar accumulation, numerous studies have considered agronomic practices
that limit photosynthetic activity and increase competition between sink and source. The use of
commercial products that reduce the transpiration rate, and hence photosynthesis, induces a variation
in the metabolism of carbohydrate compounds and their translocation in the berries [6,28–30].

2. Materials and Methods

2.1. Experimental Site, Design, and Treatments

The trial was carried out in Benevento province (in Southern Italy) (lat. 41◦15′32” N, long.
14◦35′54” E) at an altitude of 300 m above sea level (a.s.l.). The experimental trial was conducted on
a uniform clay-loamy soil type. The study was carried out over the 2013 and 2014 growing seasons
in an Aglianico/110 Richter vineyard that is more than 10 years old. Vines were spaced with 2.40 m
between rows and 1.40 m within a row, trained to a Vertical Shoot Position (VSP) system and pruned to
a bilateral guyot with 30 nodes per vine (15 for each cane). The vineyard was in a dry condition during
the two growing seasons. Pest management was carried out according to local standard practice.
Daily minimum, maximum, and average air temperature (◦C) and monthly rainfall (mm) data were
recorded in both years and were taken from a weather station located in Guardia Sanframondi (BN),
close to the vineyard. In total, 40 vines of Aglianico were selected: 20 vines were assigned to Vapor
Gard® anti-transpirant treatment (VG), and 20 vines were used as an unsprayed control (C). At VG
application time, in half of the vines of treatments VG and C, manual bunch-thinning (±BT) was
applied at BBCH stage 81, decreasing the total bunches to 50%. Ten vines for each treatment were
assigned in a completely randomized design throughout the vineyard.

Four treatments, finally, were compared: C±BT for control vines, with and without bunch-thinning;
and VG ± BT for vines treated with the anti-transpirant, with and without bunch-thinning.
The anti-transpirant product used was Vapor Gard® (Intrachem Bio Italia, Grassobbio, Italy),
a water-emulsifiable organic concentrate for use on plants, designed to reduce transpiration by
forming a clear, soft, and flexible film that retards normal transpiration loss. Its active ingredient is
di-1-p-menthene (C20H34), a terpenic polymer also known as pinolene. VG was prepared as a 2%
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solution in water and stirred slowly to form an emulsion before treatment. All the leaves of the canopy
located above the cluster area were sprayed at 0.336 L/vine rate using a portable pump. The abaxial
surfaces of the leaves were wetted well in order to cover the stomatal pores [31]. The entire canopy of
all VG vines was sprayed with Vapor Gard until run-off. The VG treatments were applied at veraison
(BBCH stage 83–85), approximately one month before harvest.

2.2. Physiological Measurements

Measures of gas exchanges were carried out three days after anti-transpirant was sprayed,
onto 10 mature (10–12 node position of the main shoot) and fully expanded leaves (in 10 vines,
1 per vine). Single-leaf gas exchange readings were taken at midday of clear days using a portable
photosynthetic open-system (Li-6400, LICOR, Lincoln, NB, USA) featuring a broad leaf chamber
(6.0 cm2). PPFD incident on the leaves was always greater than 1 000 µmol m−2 s−1. The CO2 inside
leaf chamber was supplied by an external tank to obtain a flow rate of 360 µmol mol−1 air.

Assimilation rate (A), transpiration rate (E), and stomatal conductance (gs) were calculated from
inlet and outlet CO2 and H2O relative concentrations. Intrinsic water-use efficiency (WUEi) was then
derived as the A to gs ratio. Measurements were taken. gs was measured at midday using a non-steady
state porometer (AP4, Delta-T Devices, Cambridge, UK). Measuring was done four times after VG
application, until harvest.

2.3. Growth, Yield, and Grape Composition

Each year four repetitions of 50 berries (5 berries × 10 vines) were randomly collected on four
calendar dates, from veraison to harvest (one before and three after VG and BT applications). The berries
were randomly collected from different sections of the bunch (top, middle and bottom) and from sun
exposed and non-sun-exposed bunch sides, to obtain grape maturity data and to determine the optimal
harvest date. The berries were also weighed with a digital precision weighing scale (Acculab Sartorius
Group ECON EC-411).

The 50 berries of the four different repetitions were manually crushed, and their juice was used to
determine: soluble solids (◦Brix), pH, and titratable acidity (TA). Total soluble solids (TSS) concentration
was determined with a digital refractometer (Model L-R 01 Digital Refractometer, Maselli Misure
S.p.a., 43100 Parma, Italy) on 2 mL of juice at 20 ◦C. Samples of 10 mL of juice were used for pH and
TA measurements. pH was measured by a digital pH meter (Crison Instrument GLP 21 pH); TA was
determined using the official method for TA determination, with 0.1 N NaOH to a pH 8.2 end-point,
and was expressed as g L−1 of tartaric acid, phenolic maturity was determined according to Glories’
method [32] and (expressed as mg L−1).

Yield and bunch number per vine were determined at harvest time. At harvest, 100 kg of fruit per
treatment was randomly harvested and transported to the laboratory. The bunches were collected
from both sides of the vines and from shaded and non-shaded vine sections to avoid bias.

During winter, for each year of the trial, pruning weight per vine was also determined.

2.4. Microvinification and Wine Analysis

In 2013 and 2014, wines were made using microvinification techniques. At harvest, 100 kg of fruit
per treatment were manually harvested in plastic boxes of 20 kg and transported to the experimental
cellar to be microvinified.

For each treatment, two microvinifications were carried out. Grapes from each treatment were
mechanically crushed, destemmed, transferred to fermentation containers. potassium metabisulphite
was added to obtain a total SO2 level of about 35 mg L−1 and 20 g hL−1 of a commercial yeast strain
(BCS 103 Springer Oenologie) was inoculated. Musts were fermented for 16 to 18 days on the skin and
punched down twice daily, with the fermentation temperature ranging from 20 to 23 ◦C. After alcoholic
fermentation, the wines were pressed at 0 ◦Brix and inoculated with 30 g hL−1 Oenococcus oeni (Lalvin
Elios 1 MBR; Lallemand). After completion of malolactic fermentation, the samples were racked and



Agronomy 2019, 9, 244 4 of 15

transferred to glass bottles, and 50 mg L−1 of potassium metabisulphite was added. Two months
later, the wines were racked again, bottled into 750 mL bottles, and then closed with cork stoppers.
The wines were analyzed for alcohol, TA, pH, total phenol, and anthocyanin concentrations were
determined with Foss (Wine Scan™ Auto, Hillerod, Denmark). All determinations on wines were
carried out in duplicate yielding four repetitions per treatment.

2.5. Sensory Analysis

A quantitative sensory analysis (QDA) of the experimental wines was performed. Sensory analysis
was carried out on wine products using the official method of the International Union of Oenologues,
to describe the sensory profiles of wines. A panel of 12 judges composed of agri-food experts (seven
males and five females between the ages of 22 and 55 years) were selected. All of the judges were
experienced wine tasters, they were previously selected on the basis of their sensory abilities, trained
in recognize and describe odors (chemical standards), and several wine typologies.

Samples of 30 mL of each wine were served at 10 ◦C in black tulip-shaped glasses, coded with
random three-digit codes. Samples were evaluated in duplicate (two duplicate sessions). Each judge
evaluated all the wines in each session and the wines were served according to a randomized service
design. The judges were asked to focus on the perceived odor descriptors and rate the corresponding
intensities ranging to 8–11 point scale. They were provided with a list of 27 taste/odor descriptors (the
order was randomized among the judges).

2.6. Statistical Analysis

Analysis of variance (ANOVA) and mean separation by Duncan’s multiple range test (p < 0.05)
were performed using the statistical package XL-Stat Version, 2013 (New York, NY, USA).

3. Results and Discussion

From the trend of average monthly temperatures recorded at the farm in Guardia Sanframondi
and the monthly rainfalls for the same area in 2013 and 2014 (Figure 1a), it was observed that minimum
temperatures were 6.1, 5.1, and 5.9 ◦C, respectively during January, February, and December in the year
2013. Peak maximum temperatures were recorded during August (22.4 ◦C). The same trend was shown
for the temperatures measured in the second year of study; however, the minimum temperatures
in this year were higher, 7.7 and 9.3 ◦C in January and February, respectively, except for December
(−1.5 ◦C), while the maximum temperatures seemed to remain quite similar to the prior year (21.3 ◦C,
once again during August) (Figure 1b). In 2013 and 2014 at Guardia Sanframondi, there was a total
rainfall of 2,037.2 and 1,734.8 mm, respectively.

Figure 1. Monthly averages air temperature and monthly rainfall recorded in 2013 (a) and 2014 (b).
The line indicates average monthly temperature, and the bars the monthly rain.

The rainiest months were March and November for the year 2013 (422.8 and 303 mm, respectively),
and January and February (278 and 223.6 mm, respectively) for the year 2014.
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The VG treatments were applied at veraison (BBCH stage 83–85), on 2 September 2013 and on 1
September 2014. In both years, from VGapplication to harvest time, we monitored gs. As reported in
Figure 2, it is possible to see how these parameters evolved during the season from VG application to
harvest time and to appreciate the significant differences in gs between treatments. The gs for the VG
treatment was lower for VG-treated vines in the first 20 days after application (Figure 2).
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Stomatal conductance (gs) was significantly reduced each year in the sprayed Aglianico vines as
compared with C vines (Figure 2). In 2013, Aglianico vines showed less leaf conductance, amounting
to 0.47 vs. 0.72 mol m−2 s−1 for VG -BTand C-BT vines, respectively, and 0.21 vs. 0.73 mol m−2 s−1 for
VG+BT and C+BT vines, respectively, after 3 days of application (Figure 2a). We can observe the same
trend for VG Aglianico vines in the year 2014 (Figure 2b). It is interesting also to describe the same
trend between VG-BT vines and VG+BT- vines; VG+BT vine had less leaf conductance in both years.

A few days after VG treatment, the sprayed leaves showed a great reduction in A and E and an
increase of WUEi (Figures 3–5) in both years (2013 and 2014). Leaf assimilation values in 2013 were:
17.4 and 26.6 µmol m−2 s−1 for VG and C, respectively (Figure 3a). Palliotti et al. and Brillante et al.,
reported similar observations [31,33]. There was more reduction in leaf assimilation for the BT
treatment: 25.4 vs. 10.8 µmol m−2 s−1 for VG+ BT and C+ BT, respectively, during 2013 (Figure 3A).
The same behavior was observed in 2014. When BT was combined with VG treatment, a reduction in
leaf assimilation was recorded. In fact, the reduction was 34.7% and 57.6%, respectively, in VG -BT and
VG+ BT in 2013, while in 2014 it was 62.4% and 45.3%, respectively (Figure 3b).

Figure 3. Assimilation rate (A) measured on fully expanded leaves in control (C) and treated (VG =

Vapor Gard anti-transpirant application; BT = 50% bunch-thinning) Aglianico vines in (a) 2013 and (b)
2014. Data are averages of 10 replicates ± SE. The same letter indicates non-significant differences by
Duncan’s post hoc test (p < 0.05).
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Figure 4. Transpiration rate (E) measured on fully expanded leaves in control (C) and treated (VG =

Vapor Gard anti-transpirant application; BT = 50% bunch-thinning) Aglianico vines in (a) 2013 and (b)
2014. Data are averages of 10 replicates ± SE. The same letter indicates non-significant differences by
Duncan’s post hoc test (p < 0.05).

Figure 5. Intrinsic water-use efficiency (WUEi) calculated as A/gs measured on fully expanded leaves
in control (C) and treated (VG = Vapor Gard anti-transpirant application; BT = 50% bunch-thinning)
Aglianico vines in (a) 2013 and (b) 2014. Data are averages of 10 replicates ± SE. The same letter
indicates non-significant differences by Duncan’s post hoc test (p < 0.05).

No statistical difference was found in the C treatment when combined with BT.
There were significant differences in E between VG and C vines in 2013 and 2014. VG caused a

66.6% reduction in E after application in 2013, and a 42.2% reduction in 2014 compared to the control
vines. These effects were the same when BT was also applied (Figure 4a). In 2013, E values were
5.70 mmol H2O m−2 s−1 in the control and 2.91 mmol H2O m−2 s−1 in the VG vines. The BT treatment
also showed major differences in E: for the control with BT it was 5.92 mmol H2O m−2 s−1, and for
the sprayed treatment it was 0.92 mmol H2O m−2 s−1 (Figure 4A). The same results, with statistically
significant differences between treated and control vines, were recorded in the year 2014 (Figure 4b).
Independently of BT, the treated vines showed a lower E with respect to control vines (Figure 4).

These findings are in agreement with those of several researchers [31,33]. In fact, they described
that the reduction of gs, A and E following VG spraying was accompanied by a marked reduction (from
60% to 70% compared to leaves of control vines) of substomatal CO2 concentration (182 to 218 ppm in
control leaves versus 112 to 165 ppm in VG-treated leaves); it is apparent that this behavior was linked
to some physical impairment of stomatal opening and function.

The reverse trend was instead shown for WUEi, derived as the A to gs ratio. In 2013, WUEi measured
3 days after VG application was 153.46 µmol mol−1 in C and 193.97 µmol mol−1 in VG vines (Figure 5a).
The BT treatment also showed the same trend for WUEi: for the control it was 142.51 µmol mol−1,
and for the sprayed treatment 227.57 µmol mol−1. The same results, with statistically significant
differences between treated and control vines, were recorded in 2014 for Aglianico: 72.51 vs. 87.92 µmol
mol−1 for VG-BT vines, and 71.23 vs. 81.91 µmol mol−1 for VG+ BT vines (Figure 5b). After VG
application, A and E rates again decreased, demonstrating the effectiveness of VG in rapidly reducing
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stomatal opening upon treatment. Thereafter, the capacity for carbon gain of VG-treated leaves
remained limited for a period of 4 weeks until harvest, when gs again converged towards levels seen in
C leaves. Conversely, at harvest, sprayed leaves still had lower E than control leaves. The depression
of E after VG application resulted in a significant increase of WUEi in VG relative to C vines and was of
similar duration, suggesting a lower amount of water consumed per carbon assimilated in VG relative
to C vines, while both achieved a similar carbon gain to that reported in the literature [28,31].

These findings are comparable with those reported in the literature [30,33,34]. As reported by
Palliotti et al., the decrease in E can be attributed to an increase in resistance to water transport related
to the film-forming anti-transpirant [34]. Our study showed that after application, Aglianico plants
were able to recover, although a reduced A compared to the control was still observed After treatment
in the VG-sprayed leaves, a large reduction in leaf A and gs was observed, which continued over
the following 60 days with peak reductions compared with C [30,33,34]. Post-veraison, the effect on
stomatal closure was reduced in part, although E was lower than in the control even late in the season,
in agreement with Palliotti et al. [34]. The depression of transpiration after VG application resulted in
a significant increase in WUEi in VG- relative to C vines. Our results are confirmed by other studies:
Sangiovese and Ciliegiolo leaves showed a smaller decrease in WUEi during the season in response to
application of VG [31,33,34].

The significant improvement of intrinsic WUEi, from VG application until the final stage of
ripening, indicates less water loss through stomata for a similar carbon gain. This behavior occurred
because the limitation in gs of H2O was proportionally higher than the depression of A [31].

The fact that the film-forming VG exerts a physical barrier to gas exchange, thus hampering the
CO2 entering the stomata and the water vapor leaving the stomata, was found almost 40 years ago
on Vicia faba by Davenport et al., who also noted that under the transparent film the stomata were
more open [35]. Scanning electron micrographs on bean plants confirmed these results [36]. Moreover,
in peach, midday leaf water potential increased after anti-transpirant application as compared to
unsprayed plants [35]. Thus, maintenance of a high moisture level of the leaf tissue in conjunction
with possible effects of light reflectance might explain why treated leaves did not heat up significantly,
in agreement with findings in a tropical plant using the same compound [37]. In terms of light
reflectance, VG behaves differently than kaolin-based foliar reflectants, which have been proven
to cause a significant reduction of leaf and/or berry temperature, especially under limiting water
supply [37–39]. The significant improvement of intrinsic WUEi, extending from the time of VG
application until the final stage of ripening, indicates less water loss through stomata for a similar
carbon gain. This behavior occurred because the limitation in gs of H2O was proportionally higher
than the depression of A.

A significant source limitation following Vapor Gard spraying has been previously assessed in
different species [34,40], including grapevine [34], and, quite remarkably, this source limitation is
reached without modifying the vine leaf-to-fruit ratio or the cluster microclimate during ripening.
The product, applied late in the season, has been effective in reducing the pace of sugar accumulation
in the berry, as compared to control vines, scoring −1.2 ◦Brix at harvest and lowering the alcohol
content in the resulting wines by −1% vol. It can be recommended as a valuable cultural practice in
viticultural areas where berry ripening takes place early during the hottest part of the season [31,34].

From veraison to harvest, we monitored average berry weight (g), TSS, pH and TA for both years,
2013 and 2014. The experimental vines were individually and manually picked, in 2013 on 7 October,
and in 2014 on 9 October. In Figures 6–9, it is possible to see how these parameters evolve during
the season. In both years, despite some changes between the theses after the applications with VG,
at harvest time no significant differences in Aglianico berry weight were observed (Figure 6 and Table 1)
according to other authors [33,34].



Agronomy 2019, 9, 244 8 of 15

Figure 6. Berry weight measured in control (C) and treated (VG = Vapor Gard anti-transpirant
application; BT = 50% bunch-thinning) Aglianico vines in (a) 2013 and (b) 2014. Data are averages of 4
repetitions ± SE.

Figure 7. Total soluble solids (TSS) measured in control (C) and treated (VG = Vapor Gard
anti-transpirant application; BT = 50% bunch-thinning) Aglianico vines in (a) 2013 and (b) 2014.
Data are averages of 4 repetitions ± SE.

Figure 8. pH measured in control (C) and treated (VG = Vapor Gard anti-transpirant application; BT =

50% bunch-thinning) Aglianico vines in (a) 2013 and (b) 2014. Data are averages of 4 repetitions ± SE.
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Figure 9. Titratable acidity (TA) measured in control (C) and treated (VG = Vapor Gard anti-transpirant
application; BT = 50% bunch-thinning) Aglianico vines in (a) 2013 and (b) 2014. Data are averages of 4
repetitions ± SE.

Table 1. Yield components, bunch morphology and grape composition recorded in control (C) and
treated (VG = Vapor Gard anti-transpirant application; BT = 50% bunch-thinning) Aglianico cultivar in
2013 and 2014 Data are averages of 10 replicates for yield and number of bunches per vine and averages
of 4 repetitions for other parameters. For each parameter and for each year, row values with the same
letter are not significantly different by Duncan’s post hoc test (p < 0.05).

2013 2014

Parameter C-BT V G-BT C+ BT VG+ BT C-BT VG-BT C+BT VG+ BT

Yield/vine (kg) 7.6 b 8.5 b 6.2 a 5.4 a 7.6 b 7.1 b 4.8 a 4.6 a
Bunches/vine 24.8 b 27.3 b 14.9 a 11.6 a 21.3 b 20.0 b 11.5 a 11.9 a

Berry weight (g) 2.67 a 2.61 a 2.60 a 2.71 a 2.52 a 2.70 a 2.52 a 2.71 a
◦Brix berry 21.1 a 19.0 b 21.9 a 19.1 b 20.4 bc 19.0 a 21.6 c 19.9 ab

Juice pH 2.88 a 2.84 a 2.87 a 2.85 a 2.85 a 2.84 a 2.96 a 2.93 a
Juice TA (g L−1 of tartaric acid) 11.17 ab 11.37 a 10.23 c 10.93 b 11.61 b 11.40 b 9.67 a 9.53 a

Sugar accumulation in the berry showed that, after VG treatment, the accumulation is slower
according to other authors (Figure 7a,b) [33,34]. In both years, we observed less sugar accumulation at
harvest time, 19.1 vs. 21.9 ◦Brix in VG+BT and C+BT, in 2013 and 19.9 vs. 21.6 ◦Brix, in 2014. We can
observe the same trend for treatment without BT: 19.0 vs. 21.1 ◦Brix for VG-BT and C-BT, respectively
(Table 1). After VG application, we found a difference of 2.8 ◦Brix for VG+BT vines, and 2.1 ◦Brix for
VG-BT vines (Figure 7). These values are in agreement with those found in other works; the reduction
in TSS in VG-treated vines may be linked to a reduction in canopy photosynthetic capacity and/or
limitation in sugar translocation from leaves to berries [30,31,33,34,41].

As shown in Figure 8a,b and Table 1, during the growing season and at harvest, there were no
significant differences between treatments in pH values. VG applications did not show significant
changes in values of titratable acidity during the vegetative season, while BT, in particular at harvest,
showed, in both years, a significantly lower titratable acidity (Figure 9a,b and Table 1).

In both years, as expected, BT vines had a lower yield and lower bunch number per vine than
controls. VG applied at veraison did not affect yield per vine or average bunch weight (Table 1) [31].

Extractable anthocyanins (pH 1) differed significantly between the two treatments (VG and C
vines): VG vines had more (1044 mg L−1) than C vines (996 mg L−1) in 2013 without BT treatment
(Table 2); 1124 vs. 1224 mg L−1 was recorded for C and VG, respectively, in 2014. We observed the
same results in both years for treatments with BT, while extractable anthocyanins (pH 3.2) and total
phenolics (D.O.280) were similar between control and VG vines ±BT (Table 2) in both years, without
statistically-significant differences.
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Table 2. Total and extractable anthocyanins and total phenolics recorded in control (C) and treated (VG
= Vapor Gard anti-transpirant application; BT = 50% bunch-thinning) Aglianico cultivar in 2013 and
2014. Data are averages of four repetitions. For each parameter and for each year, row values with the
same letter are not significantly different by Duncan’s post hoc test (p < 0.05).

2013 2014

Parameter C-BT V G-BT C+ BT V G+ BT C-BT V G-BT C+BT VG+ BT

Total anthocyanins (mg L−1) 996 a 1044 b 992 a 1108 b 1124 a 1224 b 1228 b 1476 c
Extractable anthocyanins (mg L−1) 902 a 912 a 910 a 923 a 928 a 952 a 964 a 904 a
Total phenolics OD 75.0 a 64.5 a 69.0 a 75.3 a 60.8 a 65.9 a 62.0 a 64.3 a

In the wines, a lower alcohol percentage was observed for both VG treatments (±BT)) (Table 3),
particularly in 2013: 11% and 12.3% were recorded in VG-BT and C-BT, respectively, while 10.9% and
12.9% were recorded in VG+ BT and C+ BT, respectively. Similarly, statistical difference was found
in the second year of study (2014): 11.0% vs. 12.5% (VG and C vines, respectively) for treatment -
BT, and 10.6% vs. 12.7% (VG and C vines, respectively) for treatment + BT. Total phenolics and total
anthocyanins did not show any statistical difference among treatments [31].

Table 3. Wine composition recorded in control (C) and treated (VG = Vapor Gard anti-transpirant
application; BT = 50% bunch-thinning) Aglianico vines in 2013 and 2014. Data are averages of four
repetitions. For each parameter and for each year, row values with the same letter are not significantly
different by Duncan’s post hoc test (p < 0.05).

2013 2014

Parameter C-BT V G-BT C+ BT VG+ BT C-BT V G-BT C+ BT VG+ BT

Alcohol (%) 12.3 b 11.0 a 12.9 b 10.9 a 12.5 b 11.0 a 12.7 b 10.6 a
Total anthocyanins (mg kg−1) 510 a 490 a 526 a 520 a 181 a 163 a 166 a 197 a
Total phenolics (mg kg−1) 1555 a 1467 a 1720 a 1601 a 1719 a 1779 a 1797 a 1814 a

Phenol composition is an important aspect of high-quality red wines. Phenols are responsible
for astringency and bitterness [42] and play a role in color stability [43]. The phenolic profile of wine
has been shown to be influenced by different viticultural practices [44–47] and different oenological
techniques [47–49]. The variety [50], vintage [46,51] and region where the grapes are grown [47,48] all
affect the phenolic composition of the wine. Anti-transpirant effects did not affect the total phenolic
composition, demonstrating in this way that it is possible to conceive this method as a better way for
reducing sugar and alcohol content without influencing the quality of the wine product.

The amounts of wine aroma components can be influenced by various factors, among others
the environment (climate, soil), grape variety, degree of ripeness, fermentation conditions (pH,
temperature, yeast flora), wine production (oenological methods, treatment substances), and ageing
(bottle maturation) of the wine.

After sensory analysis of the wines produced in two years of study, it was possible to detect
the typical notes of Aglianico in both 2013 and 2014. The wine products present a good intensity
and persistency and also good body and harmony; we observed the same results for the second
year of study (Figure 10). In Aglianico wine, we found notes of: phenol leather, good structure,
acidity, and typicality. Red fruit notes were presented during the wine tasting in both 2013 and 2014
(Figure 11). No significant difference was shown between the wines produced by grapes treated with
anti-transpirant and untreated grapes.
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2013 (a) and 2014 (b).

The aroma of wine consists of 600 to 800 aroma compounds, of which especially those typical for
the variety are already present in the grapes. There are significant varietal differences between the
aromagrams (‘fingerprint patterns’). Thus, the amount of some flavor compounds (‘key substances’)
shows typical dependence on the variety. In particular, monoterpene compounds play an important
role in the differentiation of wine varieties. We can show after this sensory analysis and wine tasting
that the anti-transpirant product does not affect the wine notes and their characteristic structure.

Pruning weight was significantly reduced in each year in the VG-sprayed vines as compared
with C vines (Figure 12). In 2013, pruning weight measured in VG-treated vines was 2.9 kg while
in the control it was 3.8 kg. The BT treatment also showed differences in pruning weight: the
control vine + BT reached values of 3.2 kg, and the sprayed vines 2.5 kg (Figure 12a). The same
results, with statistically significant differences between VG and control vines, were recorded in 2014
(Figure 12b). Independently of BT, the VG vines showed a lower pruning weight with respect to control
vines. Notably, lower pruning weight emphasizes that vine ‘vigor’ was restrained by VG to the benefit
of the ripening process, suggesting that this compound could be considered for applications aimed
at controlling vigor while avoiding or limiting the counteracting effect of a smaller source potential,
according to Palliotti et al. [31,34].
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Figure 11. Sensory scores of Aglianico wines obtained by microvinifications in 2013 (a) and 2014 (b).

Figure 12. Pruning weight per vine measured in control (C) and treated (VG = Vapor Gard
anti-transpirant application; BT = 50% bunch-thinning) Aglianico vines in 2013 (a) and 2014 (b).
Data are averages of 10 replicates ± SE. The same letter indicates non-significant differences by
Duncan’s post hoc test (p < 0.05).

4. Conclusions

The application in post-veraison of the organic film-forming anti-transpirant is a suitable strategy
to delay grape ripening. The method proved to be effective and easy to apply in order to hinder the
sugaring of berries and to obtain wines with a lower alcohol percentage. Concurrently, this method
had no other negative impact on phenolic compounds, organic acids, or pH in grapes and wines.
Moreover, the anti-transpirant does not show adverse effects on the production per plant or on berry
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size for each vintage examined. The application of anti-transpirant leads to a reduction in stomatal
conductance and A and an increase in WUEi in Mediterranean climatic conditions. To be effective in
reducing the accumulation of TSS in the berries, the VG emulsion should be applied at the time of
veraison and should completely wet the lower leaf surface where stomata are located. The effectivity
of the product depends also on the concentration of preparation; in our case, the concentration of
2% has been shown to be very efficient. Another important aspect to consider is that applying the
anti-transpirant product does not produce any differences in the notes and in the wine characteristics
produced in both years of trial.

After the sensory analysis and wine tasting, no negative notes or unpleasant characteristics were
detected in the wines produced. Finally, the reduction of sugar content in the berries and the reduction
of alcohol content in the wines did not result in any negative qualitative or quantitative characteristics
that could affect the final product.
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