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Abstract: In the last few decades, the accumulation of sugar in grape berries and hence the
alcohol degree of wines has been affected by increasing global temperatures. In order to limit
plant photosynthetic activity, it is possible to apply anti-transpirant on field, reducing sugar
accumulation in berries. In this contest, our aim was to evaluate the efficiency of the application of a
di-1-p-menthene-based natural anti-transpirant (Vapor Gard® , VG) on Falanghina vines during 2013
and 2014. Plants were treated at veraison stage with VG and compared with water-sprayed ones
for control. The experimental design included also bunch thinned (BT) plants treated with VG or
water. The effect of VG and/or BT on grapes was evaluated through physiological measurements on
vines and chemical analyses on berries and wines. Moreover, wine sensory profiles were produced.
The results we obtained show that by applying anti-transpirant it is possible to induce a significant
reduction of net photosynthesis rate (25%–40%) and stomatal conductance (40%–60%) on leaves, a
lower sugar accumulation in berries (2 ◦ Brix) and a consequent reduction of alcohol in the obtained
wine (0.9%–1.6% vol.). These results suggest that anti-transpirant sprays could be a useful tool in
reducing cost of yield manipulation, improving ripeness and reducing wine alcohol, without affecting
the wine sensory profile.
Keywords: grapevine; anti-transpirant; low alcohol wine; gas exchanges

1. Introduction
The wine industry is more and more engaged in research that aims to decrease the content
of alcohol in wine, both because it has been part of the question about responsible consumption
of alcoholic beverages, and because of the heightened sensitivity of customers about health issues
including increased calories intake and risk from alcohol-related illness and disease [1]. A moderate
alcohol content is generally defined as 8.5%–12% v/v alcohol and wines with this content can be obtained
through several methods applied at different steps of the process, such as canopy management during
grape plant life cycle to reduce fermentable sugar concentration in grape [2–6], non-Saccharomyces yeast
starters usage during vinification to reduce alcoholic fermentation efficiency [7] and dealcoholisation
of wine [8–10]. Beside the strategies that involve canopy management of the grapevines, there are
other methods that can give results in a less amount of time, they consist in different techniques
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that is possible to consider of two distinct groups. The objective of the first one is to increase the
competition between vine organs: in this case is taken into consideration a technique that sees a
calculated reduction of the leaf area to the cluster ratio by operating diverse shoot trims at different
phenological moments or a calculated leaf pulling close to the cluster area [11,12]. The objective of the
second group is to artificially change the environmental conditions for the photosynthesis, which is
possible, for example, by arranging shading nets so that the active radiation of the photosynthesis
will be decreased, or also with the help of anti-transpirant that will be applied to the canopy in order
to reduce the gas exchange rate, the ultimate aim being to slow down and diminish the amount of
sugar in berries [2,13,14]. Concerning the use of anti-transpirants, it is possible to implement different
chemicals in a variety of biological activities in order to reduce the rate of transpiration and enhance
the resistance of the leaf to the dispersion of water vapour, so as to mitigate plant water stress. It
is possible to identify two different kinds of anti-transpirants basing on their mechanism of action:
the film-forming types and the stomatal-closing ones. In the first case, the anti-transpirant forms a
thin cover on the leaf surface impeding dispersion of water in form of vapour; in the second case the
non-transpirant effects the metabolic activities of the leaf tissues [15,16]. Film-forming types, such
as kaolin and di-1-p-menthene, resulted in being not toxic and, in comparison with the metabolic
ones, have a longer effectiveness. When using kaolin, an inert clay mineral, the result was an effective
control of the heat stress in various species, increasing canopy reflectance of infrared and ultraviolet
radiations it was possible to obtain a lower temperature of both the leaf and the fruit tissues [13,17].
The same happens with 1-p-menthene, [pinolene], which is an emulsifiable terpenic polymer distilled
from conifer resins; when applied it creates a thin, transparent and flexible coat stopping the water
dispersion as a proper physical barrier. [18]. Recently, Fahey and Rogiers [19] demonstrated that
di-1-p-menthene decreased water loss in both the leaf and the bunch, and is effective at 30 ◦ C and
35 ◦ C. Furthermore, it did not cause fruit abortion (fruit drop). Nowadays, most studies dealing with
the use of film-forming anti-transpirant to grape ripening have been implemented on red cultivars,
such as Cabernet Sauvignon [20], Sangiovese [13,18], Barbera [21] and Aglianico [22]. To the authors’
best knowledge, only Lucchetta and collaborators [2] used this technique on a white grapevine variety,
Sauvignon blanc, emphasising the need to study physiological and chemical effects of antitranspirant
molecules on other white grapes. The objective of this study is to assess the effect of a di-1-p-menthene
based anti-transpirant (Vapor Gard® , VG) on grapevine physiology and on the composition of both
berry and wine of Falanghina variety. The application of VG was evaluated in comparison to bunch
thinning, and the two techniques were also evaluated in association, as tools to control the accumulation
of sugar. The Falanghina grapevines are characteristic of the Campania region, in southern Italy; they
are recognisable by their typical middle trunk conical bunch, medium sized grapes with waxy peel and
crispy pulp, giving wines with slightly floral aroma. Together with Aglianico, it represents a powerful
genetic resource slightly explored [23–26].
2. Materials and Methods
2.1. Experimental Site, Design and Treatment
The experiment was conducted in the province of Benevento (41◦ 150 3200 N, 14◦ 350 5400 E) during
growing seasons 2013/2014. For the trial, a field with franco-loamy soil was chosen, positioned in
an area 300 m above the level of the sea. The study implemented in a non-irrigated vineyard of
Falanghina (white grape variety) grafted on 1103 Paulsen, in which vines were planted at 2.50 ×
1.40 m inter and intra row distance. The vines were trained to a vertical shoot position system and
bilateral Guyot hand-pruned with 30 nodes per vine, 15 for each long cane. Pest management was
carried out according to local standard practice. The study included a spray implementation of the
anti-transpirant Vapor Gard® (VG) and a water spray application (Control). VG is a water emulsifiable
organic concentrate of di-1-p-menthene (C20 H34 ), a terpenic polymer also known as pinolene. VG
was prepared as a 2% solution in water and all the leaves of the canopy located above the cluster area
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were sprayed using a portable pump. The VG treatments were applied at full veraison (E-L stage 35).
To half vines of VG and Control plants was applied a 30% of bunch thinning (BT) three days before
spray applications. We then compared four theses: Vapor Gard application (VG-BT), water application
as Control (C-BT), VG application with BT (VG + BT) and water with BT (C + BT). In a total area of
1000 square meters with homogeneous soil characteristics, it was chosen a selection of ten vines per
treatment, randomly located in the vineyard.
2.2. Gas Exchange Measurements
The exchanges of the gas were measured onto 10 mature leaves (10–12 node position) as reported
by Di Vaio et al. [22]. Measuring of stomatal conductance (gs) was done six times, about every 12
days, after VG application, from three days after spray treatments until harvest while the measuring of
assimilation (A) and transpiration (E) were carried out at harvest.
2.3. Growth, Yield, and Grape Composition
In order to collect the data, the samples were picked randomly, from veraison to harvest, on six
different calendar days of the two considered years, in four repetitions of 50 berries, each of them
consisting in five berries per ten vines. Casual order was also applied to collect the samples from the
top, middle and bottom parts of the bunch both from the side exposed to the sun and the non-exposed
ones, so to get data on the ripeness of the grape and evaluate the optimal harvest moment using soluble
solid content as indicators of ripeness level. In both years, all grapes were harvested on the same day,
when control treatments (C-BT) reached 22 ◦ Brix.
The berries were weighted using a digital precision weighing scale (Acculab Sartorius Group
ECON EC-411). Crushing by hand all the berries of the different series collected, it was obtained the
juice used to assess the following: total 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 [27] and expressed as mg L−1 . In the moment of the harvesting were
established the yield and the bunch number for each vine, during wintertime of each considered year
was also assessed the pruning weight for each vine.
2.4. Microvinification and Wine Analysis
During the considered years for the study (2013/2014) the wines were produced by implementing
a standard microvinification protocol. One hundred kilograms of fruit per treatment were manually
picked during the harvesting, put in plastic boxes of 20 kg each and then sent to the site of the
experimental winery. In order to get all the possible chances of result the bunches were harvested from
both sun-exposed sides and not sun-exposed sides of the vines. It was considered to implemented two
microvinifications per treatment. For each of them the grapes were pressed mechanically, destemmed
and then moved to the fermentation tanks. Potassium metabisulphite was added to obtain a total
SO2 level of about 35 mg L−1 and a commercial Saccharomyces cerevisiae strain (BCS 103 Springer
Oenologie) was inoculated at 20 g hL−1 . 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 (total soluble solids < 2 g L−1 ), the wines were collected by racking at 0 ◦ Brix and
inoculated with 30 g hL−1 of Oenococcus oeni (Lalvin Elios 1 MBR; Lallemand). After completion of
malolactic fermentation, the samples were racked, added with 50 mg L−1 of potassium metabisulphite
and bottled. The wines were analysed for alcoholic strength, total acidity, pH, and total phenols, (Wine
ScanTM Auto, Hillerod, Denmark). All determinations on wines were carried out in duplicate on each
replicate of microvinification, yielding four repetitions per treatment.
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2.5. Sensory Analysis
A sensory analysis was implemented to assess the aroma of the experimental wines. It was
selected a panel of 12 judges (seven males and five females, aged 22–55 years) among experienced
wine tasters, basing on their olfactory skills and trained in recognising, describing and quantifying
aromas (chemical standards). The samples (30 mL) were presented to the judges in black tulip-shaped
glasses that were coded with random three-digit codes. Each sample was served at a temperature
of 10 ◦ C and assessed in duplicate during two different sessions. During each session every judge
examined all the wines, that were presented following a random sequence. It was requested to each
judge to rate the perceived intensities of seven odour descriptors, generated consensually in a previous
dedicated session. Moreover, a typicality judgement was asked, corresponding to the question “How
much this is a good example of Falanghina white wine, in your opinion”. An 11-point structured scale,
ranging from 0 to 10, was employed.
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 XLStat Version 2013 (New York, NY, USA).
3. Results and Discussion
The capacity of effect of an anti-transpirant is assessed basing on various data: its concentration,
the environment, the species and the level of growth of the plant it is implemented on [28]. In viticulture,
anti-transpirants are implemented to avoid water dispersion of the plant with consequent effects on
the composition of the fruit, the yield elements and in part also on the final product, wine [29]. When
implemented on Cabernet Sauvignon field vines, growing in hot environment, it has been found
that a kaolin-based film enhances the water conditions of the plant and intrinsic water use efficiency;
however, a di-1-p-menthene based film did not give the same results [20], whereas when implementing
this last one on Sangiovese, growing also in a warm environment, intrinsic water use efficiency was
enhanced [13,18]; when implemented on Barbera growing in a mild climate, it was not detected any
change in the immediate water use efficiency [21]. The present study represents an evaluation of the
effectiveness of di-1-p-menthene to decrease grapevine transpiration and to enhance transpiration
efficiency in cv Falanghina, grown in a warm climate.
3.1. Gas Exchange Parameters
The Vapor Gard® (VG) application at veraison significantly reduced the stomatal conductance
(gs), assimilation rate (A) and transpiration rate (E) of leaves in both growing seasons, 2013 and 2014.
In particular, the stomatal conductance evolved from VG application to harvest time with a constant
decrease in 2013 and a variable trend in 2014 (Figure 1A,B).
These results show that the film-forming anti-transpirant is able to active a transient inhibition
of leaf photosynthetic rate confirming the findings obtained on other grape cultivars, such as
Sangiovese [13,14,18], Barbera [21], Sauvignon blanc [2] and Aglianico [22]. Similar results were
obtained regarding the leaf assimilation rate (A). Indeed, at harvest, it was higher in the control vines
compared to the treated ones in both the studied years. In particular, in 2013, 11.6 vs. 16.3 µmol
m2 s−1 for VG-BT and C-BT, respectively, were recorded, with a 29% reduction of leaf assimilation rate.
Comparable results were observed in bunch thinned plants in the same year: 11.5 vs. 15.4 µmol m2 s−1
(VG + BT vs. C-BT) with a 25.3% of reduction (Figure 2A).
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Figure 1. Stomatal conductance (gs) expressed as mol m2s−1 measured in control (C) and treated with
Vapor Gard (VG) Falanghina vines in 2013 (A) and 2014 (B). Bunch thinned vines are reported as BT.
Data are averages of 10 replicates ± SE.
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The same results were recorded for Falanghina vines in the 2014 growing season (Figure 4B). After
the implementation of VG, there was again a reduction of A and E rates, showing the effectiveness
of VG implementation to quickly decrease stomatal opening. The capacity to accumulate carbon
of VG-treated leaves was afterwards limited for a period of four weeks before harvesting, when gs
merged again to the levels registered in C leaves. Contrariwise, at harvest, sprayed leaves showed
less E in comparison with control leaves. The recess of E after VG was implemented brought to a
relevant heightening of WUEi in VG relative to C vines and lasted similarly, suggesting a lower water
loss in VG relative to C vines, whereas both of them reached achieved almost the same carbon level,
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according to that reported in the literature [18,30]. The significant differences identified among the two
growing seasons especially in terms of stomatal conductance must be correlated with the lasting of the
treatment and its effect, which indeed depend on the weather, referring in particular to rainfalls after
the product has been applied. Di Vaio et al. [22] reported the trend of average monthly temperatures
and rainfalls recorded in the same farm in Guardia Sanframondi during the same growing seasons.
Their results showed similar temperatures but evident differences in terms of rainfalls between 2013
and 2014. Given that, it is possible to attribute the partly incongruous results to the copious rainfalls of
summertime 2014 (particularly on the months of June and July). As such, the precipitations happening
shortly after the application of the treatment might have affected the lasting of the product on the
canopy, hence effecting its overall effectiveness.
3.2. Yield and Grape Composition
Data concerning the components of the yield and the structure of the grape at harvest are displayed
in Table 1.
Table 1. Yield components, juice and wine composition of Falanghina samples treated with Vapor Gard
(VG) and/or bunch thinned (BT) and of the relative controls (C). Values have been collected during two
growing seasons, 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

Yield/vine (kg)
Bunch/vine (n)
Berry weight (g)
Soluble Solids (◦ Brix)
pH
Titratable Acidity (g L−1 )

2014

C-BT

VG-BT

C + BT

VG + BT

C-BT

VG-BT

C + BT

VG + BT

6.1 b
17.9 b
1.64 ab
21.9 b
2.98 a
9.16 a

6.3 b
17.7 b
1.77 b
21.0 a
3.04 ab
9.50 a

5.5 a
15.1 a
1.60 a
23.1 c
3.06 ab
9.60 b

5.4 a
15.0 a
1.66 ab
22.3 bc
3.11 b
8.16 a

6.4 b
20.0 b
1.84 b
21.9 b
2.96 a
7.96 ab

6.1 b
21.7 b
1.67 ab
19.2 a
3.03 a
7.33 a

4.7 a
16.6 a
1.73 ab
22.1 b
2.94 a
8.23 b

3.8 a
15.1 a
1.55 a
20.3 a
2.97 a
8.06 ab

13.9 ab
1085 a

13.4 a
1111 a

14.4 b
1118 a

13.1 ab
1021 a

13.2 b
950 a

11.5 a
918 a

13.46 b
1039 a

12.1 ab
1040 a

Wine
Alcohol (%)
Total phenolics (mg kg−1 )

Yield and bunch number per vine were not significantly different between di 1-p-menthene treated
vines and controls, while bunch-thinned vines had lower yield and lower bunch number per vine than
controls, as expected. In various species, after kaolin application, was observed an increase of yield,
and a sunburn reduction [20,31,32]. Different studies on apples point to the effectiveness of kaolin
in decreasing the stress caused by the environmental conditions and showed a relation between the
increase of the yield and the temperature during growing season [31]. Concerning berry weight, there
were no relevant discrepancies when analysing treatments and controls. Interestingly, VG treatment
was found to be effective for the objective it was aimed for, which was to reduce sugar accumulation
in berries.
In both years, indeed, VG treated grapes showed the lowest sugar content at harvest, with a
difference of 0.9 and 2.7 ◦ Brix compared with the control in 2013 and 2014, respectively (Table 1
and Figure 5). The lower accumulation of sugars in the berries, between the theses treated with VG
and not, is evident from the 15th day after the treatment in 2014 and in 2013 (Figure 5A,B). In 2013,
bunch trimming determined an increase of TSS (+1.2 ◦ Brix respect to the control), while in 2014 it
did not determine significant differences. Similarly, pH and titratable acidity, which are important
metabolic and qualitative parameters [33–35], did not show significant differences among treatments
in both years.
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3.3. Pruning Weight
There is a relevant decrease in the weight of the pruning, in the VG sprayed Falanghina vines
as compared with C vines in both year, 2013 and 2014 (Figure 6A,B).

Figure 6. Pruning weight/vine measured in Falanghina vines in 2013 (A) and 2014 (B). Data are averages
of 10 replicates ± SE. Same letter indicates not significant differences at Duncan post hoc test (p < 0.05).

In 2013, the weight of the pruning was 3.2 Kg in the control and 2.5 Kg in the VG treated Falanghina
vines (Figure 6A). The bunch thinning procedure pointed out other differences: the control + BT
was 3.8 kg and VG + BT 2.9 kg. In the 2014 were obtained the same data with statistically relevant
discrepancies in treated and control vines (Figure 6B). Independently of the bunch thinning the vines
treated show a decreased weight of the pruning compared to control. This remarkably indicates how
the maturation process was advantaged because the ‘vigor’ of the vine was inhibited by VG, making it
possible to take into consideration to implement this compound in order to control the vigour and at
the same time preventing or at least limiting the possibility of a smaller source potential.
3.4. Wine Composition and Odour Profiles
In order to evaluate the effects of di-1-p-menthene on wine, grape bunches sampled from treated
vines were microvinificated and the obtained wines were analysed in terms of alcoholic strength and
odour profiles (Table 1 and Figure 7).
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the berries, hence, to produce wines with less alcohol content. At the same time, it proved not to cause
damage to essential components such as phenolic compounds, organic acids, or pH in grape and wines.
Furthermore, during the growing seasons taken into consideration in the experiment, di-1-p-menthene
proved not to affect either the production or the size of the berries. Implementation of anti-transpirant
decreases the stomatal conductance and photosynthetic assimilation rate in Mediterranean climatic
conditions. An increase in WUEi was also observed with a consequent improvement of water use
efficiency of vines. The di-1-p-menthene treatment should be implemented in order to be effective
in decreasing the development of total soluble solids in the berries, at the beginning of veraison and
cover the entire stomatal area of the leaf. The effectiveness of the treatment is also dependant on the
concentration of the compound, in this study a concentration of 2% proved to give effective results. It
has to be taken into greater consideration the fact that the implementation of this treatment did not
cause any variation in the features of the wines made in the two years of the experiment. The olfactory
analysis and the wine tasting did not show any worsening of the features or of the characteristic
notes in the wines produced during the trial. As such, lowering the sugar content in the berries and,
consequently, the alcohol content in the resulting wine, proved not to have damaging effects on the
final product, in terms of not worsening its qualitative or quantitative characteristic.
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4. Conclusions
Our results showed that the implementation of di-1-p-menthene anti-transpirant at veraison lead
to a decrease in stomatal conductance, to a lesser extent, in net photosynthesis and an increase in WUEi.
The treatment showed to be an efficient and easy-to-do tool for berry sugar content reduction, in an
optic of production of moderate alcohol wines. Concurrently, it had no impact on the base chemical
composition of grapes and wines. Moreover, the anti-transpirant treatment of vines did not affect the
odour profile of the obtained wines, respect to the untreated control. This a very important feature, in
terms of preserving the sensory identity of varietal wines.
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