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Abstract: Anti-hail nets have been employed in viticulture to reduce the damage caused by hailstorms,
but whether this strategy may have detrimental effects on grape quality in the Mediterranean region is
still unknown. This study was carried out in the Salento region during the 2023 harvest to evaluate the
grape microclimate and fruit quality attributes of ‘Fiano’ white grapes grown uncovered or covered
with either crystal or black nets. The nets had a small but significant effect on the air temperature
(about 0.3 ◦C and 0.1 ◦C higher with black and crystal nets, respectively) and relative humidity (about
1% lower with both black and crystal nets) in the grape zone. However, no significant variation
was recorded for grape colouration (except for the chromaticity coordinate a*) nor for the main
skin photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids), the total polyphenolic
content, and the total soluble solids. Our preliminary results suggest that anti-hail nets can be
effective to protect the grapevines against hailstorms and other adverse weather conditions, without
having negative impacts on the colour development and bioactive compounds of white grapes in the
Mediterranean region.

Keywords: antioxidants; abiotic stress management; microenvironment conditions; secondary
metabolite; CIELab colour space; photosynthetic pigments

1. Introduction

The Mediterranean region has frequently been struck by extreme meteorological
events, such as disruptive storms and heavy rain events [1,2]. In the Salento peninsula,
located in south-eastern Italy, tornadoes and hailstorms have been reported over the last
decade [3,4]. Hailstorms in the Salento peninsula can occur particularly from the end of the
summer to the beginning of the winter [5], causing economic damages for fruit crops [6–8].

Hail control by nets is one of the adaptation strategies to avoid damage from hailstorms
in the production of grapes [9,10]. Before the harvest, particularly after July, farmers wrap
their grapes with a plastic cover in order to protect them from hail [11]. Traditionally,
anti-hail nets have been manufactured with either black threads or transparent crystal-clear
threads [12,13]. Besides acting as a barrier against hailstones, black and crystal anti-hail nets
also manipulate the quantity of light reaching the fruits. Black nets reduce light quantity, as
they are entirely opaque; transparent nets scatter light [14]. Since light intensity is a crucial
factor for fruit colour development [15], anti-hail nets may have a detrimental effect on the
quality of the fruits.

In the context of climate change, the use of nets has been increasingly adopted to
protect crops from adverse environmental conditions. Shading nets have been applied to
grapevines with the primary aim of delaying the ripening process [16]. Still, the conse-
quences of shading on grape quality are not always univocal, as they may change according
to the cultivar and the environment. For example, for the cultivar ‘Shiraz’ grown in south
Australia, Ristic et al. [17] did not find any significant difference between covered and
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uncovered grapes in the total soluble solids (TSSs), while, for cv. ‘Grillo’ and ‘Nero d’Avola’
in Sicily, the shading treatment proved to be an effective tool to reduce TSS accumula-
tion [18,19].

Anti-hail net influence on fruit quality has been extensively studied in many orchards
(especially apples), but there are few publications regarding grapes, particularly in the
Mediterranean basin. Hence, the objectives of the present work were to investigate in
the Salento region (1) the possibility of the nets’ impact on the grape microclimate, and
(2) the effect of black and crystal anti-hail nets on white grape quality including colour and
chlorophyll, carotenoid, and phenolic contents in the skin.

2. Materials and Methods
2.1. Experimental Site Characterization

The experiment was carried out in a vineyard belonging to Azienda Vitivinicola
Claudio Quarta Vignaiolo (Lizzano, TA, Italy). The vineyard is located in a flat area
(latitude 40.35, longitude 17.40, elevation 18 m a.s.l.) and it is north–south oriented. Plants
are spaced at intervals of 2.20 m (inter-row) and 0.90 m (in-row), with a resulting density
of about 5000 plants ha−1. Vines are trained in a Guyot system; tillage is applied as a soil
management technique, and the vineyard is equipped with a drip irrigation system, which
consists of a 2 L h−1 dripper per vine. During the experimental period, from the beginning
of August to mid-September 2023, water was supplied only during the first days of August
(about 2000 hL ha−1). The height of the canopy is approximately 1.20 m. The cultivar
grown is ‘Fiano’, an Italian white grape variety.

2.2. Experimental Plan

The experiment involved three treatments: uncovered vines that served as a control, vines
that were covered with a crystal anti-hail net (2244KR Iride Uva Bayco; hereafter “crystal net”;
technical data from manufacturer: weight 70 g m−2, hole dimension 7.1 mm × 1.9 mm, shading
factor 8%), and vines that were covered with a black anti-hail net (2240NE Iride Multi Pro
Extra Black; hereafter “black net”; technical data from manufacturer: weight 70 g m−2, hole
dimension 7.1 mm × 1.7 mm, shading factor 26%). Both nets are made of 100% ARLENE®

HT UV-stabilised high-tenacity polyethylene. The nets used in this study were obtained from
a private company (Arrigoni spa, Uggiate Trevano, Como, Italy). The experiment was set
up according to a randomized complete block design. Three adjacent rows were selected as
blocks in the centre of the vineyard in order to avoid any border effects. Within each row, one
experimental unit was assigned to each treatment. Each experimental unit was composed of
six consecutive vines. To allow for the comparison of the responses to the same environmental
conditions, all of the plants were defoliated by hand in the grape zone before installing the nets.
Anti-hail nets were installed on 2 August, and they were removed on 11 September, after the
harvest of the grapes. Each net was 1 m wide and was placed vertically along the grape zone
over both sides of the canopy.

2.3. Sensors and Micrometeorological Data Analyses

Site climatic parameters, namely air temperature (◦C) and relative humidity (as per-
centage), were continuously recorded using an xSense mini weather station (xFarm Tech-
nologies Italia srl, Milan, Italy) that is based on Davis Vantage Vue ISS sensors (Davis
Instruments, Davis Instruments, Heyward, CA, USA; ±0.5 ◦C/±2% Temp/RH accuracy).
The weather station was located about 0.2 km from the vineyard and stored 60 min average
values. Air temperature and relative humidity measurements in the grape zone were
carried out continuously in the period of 2 August–11 September 2023, using waterproof
data loggers (Tinytag Plus 2-TGP-4505, Gemini Data Loggers Ltd., Chichester, West Sussex,
UK). The data loggers are equipped with air temperature and relative humidity probes with
an accuracy of ±0.3 ◦C and ±3% in air temperature and relative humidity measurements,
respectively, at 25 ◦C. The probes were placed in the grape zone of each treatment within
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the same row before positioning the nets. The sensors were adequately shielded from solar
radiation. The data loggers stored 15 min average values.

2.4. Grape Quality Assessment
2.4.1. Fruit Skin Colour Parameters

Fruit skin colour was measured according to the CIELab system, using ‘Spectro 1 PRO’
(Variable Inc., Chattanooga, TN, USA), a portable colourimeter functioning with a D65
10◦ light source [20]. Total colour differences (Delta E, ∆E) were calculated through the
subsequent equation:

∆E =

√
(∆L∗)2 + (∆a∗)2 + (∆b∗)2 (1)

∆E is a standard measurement that quantifies the difference between two colours.
It ranges from 0 to 100, where 0 is the absence of colour difference, while 100 indicates
complete distortion. ∆E values higher than 3 are detectable by the naked eye [21]. For
each sampling date (11 August, 29 August, 11 September), three grapes/treatment were
collected. The day after each sampling date, fruit skin colour (according to the CIELab
system) was recorded in the laboratory on 15 randomly selected intact berries per treatment
(5 berries/grape). Berry colour was recorded in duplicate; thus, 30 measurements per
treatment per day were obtained. For each sampling day, the remaining berries were
crushed by hand and the TSSs (◦Brix) of the juices were determined by using a digital
refractometer (RWM-1000, HM Digital Inc., Carson, NV, USA).

2.4.2. Spectrophotometric Indexes

The same berries used for colour measurements were peeled. The resulting skins were
weighed and extracted with 15 mL of 85% acetone. The skin extracts were maintained at
−20 ◦C up to the analyses.

Photosynthetic pigments were quantified as described in Domanda et al. [22] using
an UV-Vis Spectrophotometer (UV-1900i, Shimadzu Europa, Duisburg, Germany). Chloro-
phyll a and b and carotenoids were then calculated through the following formulas:

Chlorophyll a
(
µg g−1 of skin

)
=

(A662 × 9.78)− (A644 × 0.99)
SW

× 15 (2)

Chlorophyll b
(
µg g−1 of skin

)
=

(A644 × 21.40)− (A662 × 4.65)
SW

× 15 (3)

Carotenoids
(
µg g−1 of skin

)
=

(A440.5 × 4.69)− [0.267 × (Chl a + Chl b)]
SW

× 15 (4)

where An = absorbance at n wavelength, Chl a = chlorophyll a, Chl b = chlorophyll b, and
SW = skin weight (g).

Total phenolic content was calculated for each skin extract as described in Domanda
et al. [22].

2.5. Statistical Analyses

The data were analysed using SPSS software Version 20 (IBM Corporation, Armonk,
NY, USA). One-way analysis of variance (ANOVA) and the Bonferroni post hoc test were
performed to identify significant differences between the microclimatic conditions (air
temperature and relative humidity) of the grape zone in the three treatments. Significant
differences for colour parameters were determined by the unpaired t-test at p ≤ 0.05 (two-
tailed). Factorial ANOVA, followed by the Bonferroni post hoc test, was performed to
determine significant differences (p ≤ 0.05) for the spectrophotometric indexes. For this
last analysis, the aim was to see the evolution of chlorophylls, phenolics, and carotenoids
during the experimental period; thus, in this case, a linear model with the interaction
between date and treatment was fitted.
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3. Results
3.1. Micrometeorological Data

The daily values of the air temperature and relative humidity recorded on the site
during the experiment are shown in Figures 1 and 2 by multiple box plots. The external
air temperature varied in the range of 15.9–38.8 ◦C, while the daily average value varied
between 23.5 ◦C and 31.5 ◦C, with a mean value of 26.8 ◦C. The external air relative
humidity varied in the range of 25–92%, while the daily average ranged between 46% and
81%, with a mean value of 58%. Air temperature in the grape zone not shielded with any
net (control) ranged between a minimum value of 13.9 ◦C and a maximum value of 39.6 ◦C,
with a mean value of 26.9 ◦C. The grape zone air temperature behind the nets varied in the
range of 14.3–40.1 ◦C, with a mean value of 27.2 ◦C, in the black net treatment and in the
range of 14.0–39.8 ◦C, with a mean value of 27.0 ◦C, in the crystal net one. The air relative
humidity in the grape zone of the control ranged between a minimum value of 19% and
a maximum value of 100%, with a mean value of 58%. The grape zone relative humidity
behind the nets varied in the range of 18–100%, with a mean value of 57%, in the black net
treatment and in the range of 18–99%, with a mean value of 57%, in the crystal net one.
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Figure 1. The air temperature during the experimental period (2 August–11 September 2023). The
line and the cross inside the box indicate the median and the mean respectively. The date in the figure
is reported in the format Day/Month.

The daily microclimatic conditions (air temperature and relative humidity) in the
grape zone are shown in Figures 3 and 4. The day with the highest mean air temperature
(Figure 3) and the one with the lowest mean air temperature (Figure 4) were chosen.
The air temperature and air relative humidity of the grape zone behind the anti-hail
nets rose almost in sync with those of the control. In particular, the grape zone of the
control was characterised by temperature values quite similar to those regarding the crystal
net treatment and, during the warmest hours of the daytime, slightly lower than those
regarding the black net treatment (Figures 3 and 4).
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The line and the cross inside the box indicate the median and the mean respectively. The date in the
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Figure 3. The air temperature (T) and relative humidity (RH) of the grape zone in the three treatments,
22 August 2023. The date in the figure is reported in the format Day/Month/Year.

The ANOVA analyses highlighted that in comparison to the control, the application
of the black net in the grape zone caused on average a very slight increase in the air
temperature, while the crystal net led to a slight decrease in the air relative humidity
(Figure 5).
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Figure 5. The mean values of the air temperature (a) and relative humidity (b) in the grape zone in
the three treatments (control, crystal anti-hail net, and black anti-hail net) during the experimental
period (2 August–11 September 2023). The bars indicate the standard error. Bonferroni’s post hoc test
results among treatments are indicated alphabetically with significant differences (p ≤ 0.05) expressed
by different lowercase letters (above bars).

3.2. Fruit Quality

Obviously, the berries underwent colour changes during ripening (Table 1 (a)); how-
ever, no significant differences in this trend were ascribable to the shading treatments.
Considering the average berry colour, treatments had no significant effect on all fruit colour
parameters, except for a* coordinate, which was smaller in the grapes grown covered with
the anti-hail nets than in those grown uncovered (Table 1 (b)). Net type did not produce any
difference in the grape colour parameters. ∆E was lower than 3 regardless of the treatment.
No difference among treatments was detected for pigments or for the total polyphenolic
content in the grape skins, nor in the grape juices for the TSSs (Figure 6).
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Table 1. (a): CIELab colour parameters of ‘Fiano’ grapes on three different dates (11 August,
29 August, 11 September) during the experimental period (2 August–11 September 2023). The
results are averaged over the levels of treatment. Average values ± standard errors are reported.
Different letters within the same column represent significantly different means by one-way ANOVA
with the post hoc Bonferroni test (p < 0.05). (b): CIELab delta colour parameters of ‘Fiano’ grapes
grown uncovered (control) or covered with different anti-hail nets (crystal or black nets). The results
are averaged over the levels of dates (11/08, 29/08, 11/09).

(a)

Date
Colour Attributes

L* a* b*

11 August 2023 38.5 ± 0.5 a −1.6 ± 0.2 c 13.8 ± 0.5 a

29 August 2023 38.4 ± 0.4 a −0.1 ± 0.2 b 13.2 ± 0.4 ab

11 September 2023 38.4 ± 0.5 a 1.5 ± 0.3 a 12 ± 0.4 b

(b)

Treatment
Colour Attributes

∆L* ∆a* ∆b* ∆E

Crystal vs. Control 0.7 −1.2 1 / 1.4
Black vs. Control 0.1 −1.5 1 −0.4 1.6
Crystal vs. Black 0.7 0.3 0.4 0.9

1 Significant according to unpaired t-test at p ≤ 0.05.
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crystal anti-hail net (light blue line), or under a black anti-hail net (black line) on three different dates
(11 August, 29 August, 11 September) during the experimental period (2 August–11 September 2023).
The bars indicate the standard error. The factorial ANOVA for the interaction between the treatments
and date, followed by the post hoc Bonferroni test, did not highlight significant differences for the
treatments nor for the interaction between the treatments and date (significant differences were found
only between dates). The date in the figure is reported in the format Day/Month.

4. Discussion

During ripening, the colour of white grape undergoes modifications, mainly due to
different catabolic processes, such as chlorophyll and carotenoid degradation and melanin-
like pigment accumulation [23]. This is consistent with the modifications in the CIELab
colour parameters observed in this study. In particular, the parameter a* indicated a change
from greenish to reddish colours.

Our preliminary results suggest that despite the nets having a small but significant
effect on the microclimate of the grape zone, it could be easily compensated by other
management decisions by winegrowers, such as row orientation [24] or canopy manage-
ment [25].

In the majority of the studies focusing mainly on blushed apples and apricots, black
nets hampered fruit red colouration [13,26]. The crystal net was associated with either
intermediate fruit colour values between the black net and the control, or similar values to
those of the control at best [27,28]. Anthocyanins are the pigments mainly responsible for
the formation of reddish, bluish, or purple tones in fruits and their accumulation is generally
stimulated by light [29]. In this case, however, the overall effect of protective nets on the
colour development of white grapes, which are unable to biosynthesize anthocyanins [30],
was negligible compared to an uncovered control, as was the impact of one net type versus
another. The only difference between the treatments was the slightly higher red colour
intensity for control grapes, which was probably due to a reduction in non-photochemical
quenching when grapes have been fully exposed to an excess-radiation environment [9] or,
more likely, to the accumulation of oxidized polymeric pigments induced by the higher
light intensity in control berries [31]. However, since ∆E was less than three, no noticeable
chromatic changes were observed among the treatments, and thus, the grape colour was
not depreciated by the anti-hail nets.

A small ∆E value indicates marginal perceptual colour difference, but other character-
istics of fruit quality, such as pigments and phenolics, could also be considered. Consistent
with our study, the main findings on apple leaves and apple fruit skins indicate that
anti-hail net application does not substantially alter chlorophyll a and b or carotenoid con-
centrations [32–34]. Furthermore, a lower light intensity does not mean a lower content of
phenolics in fruits [14]. Melgarejo et al. [28] noted that the use of white anti-hail nets did not
significantly affect the total polyphenol content in apricots. Working with ‘Rose Niagara’
grapes, Forte et al. [10] showed that the anti-hail net influenced phenolic compounds in the
skin, but this variation was not consistent within two consecutive harvests, concluding that
edaphoclimatic conditions have a larger influence on phenolics than the use of anti-hail
nets. Of course, different results could be obtained by modifying the experimental plan
(e.g., testing different cultivars in different environments or modifying the timing and
system of net installation). Thus, further research should be encouraged within this topic.

5. Conclusions

Our preliminary results suggest that anti-hail net application did not alter the colour
and the metabolites of ‘Fiano’ grapes. Despite the nets slightly changing the microclimatic
conditions of the grape zone, they did not significantly alter grape quality. Therefore, we
suggest that these nets could be used for protection against hail and other storms, without
a significant risk of negatively affecting the quality of traditional white wine production in
the Mediterranean region. Further studies could be carried out to better understand the
impact of anti-hail net application on yield for different vintages.
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