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Abstract: Saving water is a major challenge to increase environmental sustainability, particularly in
semi-arid regions where most table grapes are produced. Water use is driven by atmospheric demand,
which combines effects of solar radiation (prominent factor), wind, air temperature and humidity.
Covering table grapes with transparent plastics is spread in many regions. Covers lower incoming
solar radiation and wind speed, changing air temperature and humidity. This study assessed the
effects of two plastic covers on reference evapotranspiration (ET0) in comparison to the open field.
For two years, two vineyards (cv. Victoria) trained to overhead trellis systems (tendone) were
covered with two transparent polyethylene sheets: an agrotextile fabric (C), and a commercial film (S).
The sheet spectrophotometric properties were analyzed and the radiometric coefficients calculated.
Micrometeorological data were recorded in the covered vineyards and in a nearby uncovered one.
ET0 was calculated for June and July using the simplified Penman–Monteith equation. The coefficient
of transmissivity to total photosynthetic radiation, a proxy of net radiation, was 73% for cover C and
83% for cover S. On average, ET0 decreased by 35% under cover C and 31% under cover S. Hence,
in addition to providing protection from external agents, covers represent a valid tool for saving
water in table grape viticulture; nevertheless, their radiometric properties should be considered and
optimized to better achieve this goal.

Keywords: ET0; sheet radiometric coefficients; transparent polyethylene sheets

1. Introduction

Saving water resources to cope with its scarcity is one of the major challenges for the
sustainability of agriculture, which is the largest user of water worldwide with over 70%
of total withdrawals. Current global warming increases water scarcity since it accentu-
ates atmospheric water demand, namely evapotranspiration (ET), and summer drought
frequency, causing yield loss, particularly in the semi-arid zones such as those in which
most table grapes are produced. The consequences are directly reflected in the quantitative
and qualitative characteristics of the grapes [1–4]. Italy is one of the major table grape pro-
ducers and currently supplies about 1.1 million tons almost exclusively from its southern
regions [5]. Grapevine cultivation in south Italy is exposed to a high drought risk during
the flowering-veraison phenophase: for this period, it has been assessed the occurrence of
a crop water stress index (1 − ETactual:ETmax)-higher than 0.5, which leads to a potential
yield loss rate of about 30–60% [6].

Growing grapevine under protecting structures, such as plastic sheets and nets, is a
possible tool for limiting water use driven by atmospheric demand [7], which related to the
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available amounts of solar radiation, wind speed, air temperature and humidity and to air
turbulence features, all modified by plastic screens [8–12].

Covering table grape vineyards with transparent plastic sheets is a standard practice in
south Italy. Three covering techniques have been adapted to different purposes: (i) “early
covering”, aimed at advancing berry ripening by advancing bud-break. For this purpose,
after the chilling requirement is satisfied, the vineyard top and sides are wrapped with
plastic sheets: the greenhouse effect generated inside the structure accelerates the accu-
mulation of growing degree hours needed for sprouting. Around flowering, side sheets
are wound up or removed to avoid overheating; (ii) “late covering”, aimed at delaying
harvest. With this technique, the top of the vineyard is covered with plastic sheets at
the beginning of veraison to protect shoots and bunches from external agents, so as to
reduce abiotic and biotic damages and prolong the healthy life of the grapes on the vine.
Nevertheless, the screen reduces the incoming solar radiation and modifies its spectrum,
thus it changes the energetic and microenvironment conditions slowing down the grape
maturation process itself [13]; (iii) “after-sprouting covering”, aimed at protecting shoot
and bunches from external biotic and abiotic agents, without seeking early or late grape
harvest. In this case, the top of the vineyard is covered with plastic sheets when all buds
have already sprouted. The protection provided by the screen, primarily from rain and
excess sunlight, reduces the attacks of pathogens and the amount of chemicals sprayed,
and also improves the appearance of the berries. The top sheets of all types of coverings
are removed or “closed” at the end of the growing season.

To be suitable for growing purposes, plastic sheets require certain radiometric prop-
erties. A high transmissivity to solar radiation (~200–2500 nm) is a general prerequisite,
and a high ability to transmit photosynthetic light (400–700 nm) is always desirable (ideally
100%, realistically 80–90%) for its positive effect on plant physiology. Differently, a high
transmissivity to near infrared radiation (760–3000 nm) is suitable for advancing bud-break
but not for other aims, since this radiative range does not have a direct influence on the
plant physiology but, representing 50% of total incident energy [14], gives a great heating
contribution [15]. Unfortunately, additives capable of blocking near infrared radiations are
expensive or not very effective, therefore rarely used [16]. The cover ability to diffuse the
incident solar radiation should be also considered: it allows the canopy to receive sufficient
amount of light while reducing temperature peaks [17]. At the opposite side of the solar
spectrum, the ultraviolet rays (320–400 nm) degrade plastic polymers, thus, anti-actinic
compounds are added to the plastic mix [15]. Ultraviolet rays damage also nucleic acids,
proteins and photosynthetic pigments, but stimulate the synthesis of carotenoids and phe-
nols which have sun-protection and antioxidant properties; therefore, they improve fruit
color and richness in bio-active compounds, especially in flavonoids of both red and white
grape berries [18,19]. Therefore, screens should allow a good amount of UV rays to enter.
Finally, for the “early covering” technique, a low transmissivity (20–60%) to the heating
terrestrial long infrared radiation is required in order to increase the greenhouse effect by
reducing radiative thermal losses [15].

The radiometric properties of plastic screens exert a paramount influence on the mi-
croenvironment inside the structure, thus they affect evapotranspiration. Many studies refer
to the influence of plastic cover on vineyard microclimate, vine physiology and grape qual-
ity [20–26], while a limited number of studies are focused on the effects of plastic coverings
on evapotranspiration of table grape vineyards [9,27–29] and, moreover, no one considers
possible effects of sheets having different radiometric properties. The first aim of the present
work was to estimate, in the environmental conditions of south Italy, the reference evap-
otranspiration that occurs during the warmest summer months under plastic sheets that
cover table grape vineyards, in comparison with an open field. The second aim was to test
the influence of different types of plastic covers on the evaporative demand. The ultimate
goal was to acquire information to be used as a starting point to better exploit the potential
of these protective screens for saving water resources.
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2. Materials and Methods

The trial was carried out at a privately owned vineyard (Laporta Farm) located in
Trinitapoli (BT province, Apulia region) 41◦18′28.2′′ N-16◦00′50.1′′ E, altitude 66 m a.s.l.
The area has a warm-temperate climate classified as Csa (hot and dry summer Mediter-
ranean conditions) according to Köppen and Geiger (1936) [30]. The average temperature
is 16.7 ◦C; the average rainfall is 566 mm with precipitations mainly concentrated in winter.
Summer climatic conditions last from June to September. July and August are the hottest
months (avg. max. temp. 29.6 and 30.0 ◦C) and the least rainy ones (22 and 20 mm); July
has the lowest air relative humidity (57.83%) and the number of rainy days (3.5) (Table 1).
The area totalizes about 2170 Growing Degree Days (IV region of the Winkler scale) [31,32].

The site involved in the trial is located on a soil unit resting on a substrate of terraced
marine deposits. The soils are calcareous, have a scarcely stony surface, medium texture,
good drainage, good depth and low presence of skeleton [33]; a common reference value
for a fairly deep soil is 60–90 cm, while a low presence of skeleton commonly refers to
less than 5%.

Table 1. General climate features of the trial area (avg. 1999–2019, Climate-Data.Org) [34].

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean Temp. (◦C) 8.6 8.9 11.4 14.5 18.7 23.2 25.9 26 21.9 17.9 13.8 9.9
Avg. Min. Temp. (◦C) 5.8 5.8 7.9 10.6 14.7 19 21.6 21.8 18.4 14.7 10.9 7.1
Avg. Max. Temp. (◦C) 11.7 12.2 15.1 18.3 22.5 26.9 29.7 30 25.4 21.4 17 12.8

Rainfall (mm) 58 53 56 52 36 29 22 20 52 60 64 64
Avg. Air RH (%) 75 72 71 70 67 62 58 60 66 73 74 75
Rainy days (n) 7 7 6 7 5 4 3 3 6 6 6 8

Sunny hours (n) 6.3 7.0 8.7 10.4 12.0 13.0 12.9 12.0 10.1 8.1 7.0 6.3

In two consecutive years (2015 and 2016), two adjacent 1 hectare vineyards of ‘Victoria’
(Vitis vinifera L.) vines grafted onto ‘1103 Paulsen’ rootstock were involved in the trial.
‘Victoria’ is one of the main seeded table grape varieties grown in the area. Another nearby
vineyard of the cv. Victoria was not protected either by plastic sheets or by anti-hail
nets. Vines were 5–6 year old, spaced at 2.4 m × 2.4 m and trained to overhead trellis
system (tendone) pruned to 2–3 canes per vine (~10 buds/cane). The standard viticultural
practices adopted by the farm were applied in all the vineyards, including cluster thinning
(to 1.5 bunch/shoot), leaf thinning (4 interventions), mineral nutrition (fertilizer units:
135 N, 57 P2O5, 115 K2O, 80 CaO, 25 MgO) provided partly by soil distribution and partly
by fertigation, and irrigation provided by sub-surface system (2000 m3/year as total amount
of annual delivered water). Biostimulants were also applied to counteract biotic and abiotic
stresses [35]. Grapes under covers were harvested in the last ten days of July; harvest
in open field started 15 days later. The vineyards achieved similar berry quality (berry
weight about 11.5 g, juice total soluble solids 16 ◦Brix, titratable acidity 3.4–3.8 g/L) and
productivity (about 23.5 t/ha as average of the two years).

The early covering technique was applied. In March, to October, the vineyards were
protected by plastic sheets (Figure 1).
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gium), that was experimented for the first time on table grapes; (ii) Cover S (Serrosol film, 
170 g/m2, Serroplast, Rutigliano, BA, Italy), which was already renowned in the growing 
area. The former is totally recyclable, the latter is 60% recyclable. Both plastic materials 
were realized by adding classified compounds to improve their performance, especially 
as concerns thermal, anti-UV, antistatic, anti-drop effects. The covers and the vineyards 
were, respectively, labeled as C and S.  

 
Figure 2. Polyethylene plastic sheets covering the top of vineyard C (Coverlys® agrotextile, (a)) and 
vineyard S (Serrosol film, (b)). 

The spectroradiometric properties of the two plastic sheets were tested in the wave-
length range of solar radiation (200–2500 nm), photosynthetic active radiation (PAR, 400–
700 nm), near infrared short radiation (NIR, 700–2500 nm), and Long Wave Infrared radi-
ation (LWIR, 7500–12,500 nm) [17]. Briefly, direct transmissivity to solar radiation having 
perpendicular ray incidence was measured (10 nm step) using a UV VIS-NIR spectropho-
tometer (Lambda 950 Perkin Elmer, Waltham, MA, USA); total transmissivity was as-
sessed by means of an integrating sphere; diffuse transmissivity was calculated as a dif-
ference between total and direct transmissivity. Transmissivity coefficients (τ) were cal-
culated, according to Vox and Schettini (2007) [36], as weighted average values of spectral 
transmissivity. Transmissivity to LWIR was measured (4 cm−1 step), with direct perpen-
dicular ray incidence, using a Perkin-Elmer FT-IR 1760 X spectrophotometer; τ was calcu-
lated, according to Schettini and Vox (2012) [37], as average transmissivity. The samples 
were taken in four different positions of the top plastic sheets: two on the east-facing sheet 
side and two on the west-facing sheet side. For each position, five specimens (50 × 70 mm) 
were tested. The radiometric coefficients were calculated using the average values of the 
measurements.  

Figure 1. Adjacent vineyards protected with plastic sheets (left), uncovered vineyard (right) at the
beginning of the second year of trial.

Plastic sheets that covered the vineyard sides were made of a not transparent low-
cost woven fabric, according to the farm practice, while those that covered the top of the
vineyards consisted of two types of plastic, one per vineyard, both made of 200 µm thick
low density polyethylene, transparent to solar radiation. They were (Figure 2): (i) cover C
(Coverlys® agrotextile, 165 g/m2, Beaulieu Technical Textiles, Comines-Warneton, Bel-
gium), that was experimented for the first time on table grapes; (ii) Cover S (Serrosol film,
170 g/m2, Serroplast, Rutigliano, BA, Italy), which was already renowned in the growing
area. The former is totally recyclable, the latter is 60% recyclable. Both plastic materials
were realized by adding classified compounds to improve their performance, especially as
concerns thermal, anti-UV, antistatic, anti-drop effects. The covers and the vineyards were,
respectively, labeled as C and S.
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Figure 2. Polyethylene plastic sheets covering the top of vineyard C (Coverlys® agrotextile, (a)) and
vineyard S (Serrosol film, (b)).

The spectroradiometric properties of the two plastic sheets were tested in the wave-
length range of solar radiation (200–2500 nm), photosynthetic active radiation (PAR,
400–700 nm), near infrared short radiation (NIR, 700–2500 nm), and Long Wave Infrared ra-
diation (LWIR, 7500–12,500 nm) [17]. Briefly, direct transmissivity to solar radiation having
perpendicular ray incidence was measured (10 nm step) using a UV VIS-NIR spectropho-
tometer (Lambda 950 Perkin Elmer, Waltham, MA, USA); total transmissivity was assessed
by means of an integrating sphere; diffuse transmissivity was calculated as a difference
between total and direct transmissivity. Transmissivity coefficients (τ) were calculated,
according to Vox and Schettini (2007) [36], as weighted average values of spectral trans-
missivity. Transmissivity to LWIR was measured (4 cm−1 step), with direct perpendicular
ray incidence, using a Perkin-Elmer FT-IR 1760 X spectrophotometer; τ was calculated,
according to Schettini and Vox (2012) [37], as average transmissivity. The samples were
taken in four different positions of the top plastic sheets: two on the east-facing sheet side
and two on the west-facing sheet side. For each position, five specimens (50 × 70 mm)
were tested. The radiometric coefficients were calculated using the average values of the
measurements.
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In June and July, the hottest period before grape harvest, the side plastic sheets of
the vineyards were removed to improve air circulation and reduce overheating, so vines
remained covered only by the top plastic sheets (Figure 3).
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Figure 3. Vineyard after removing the side plastic sheets in order to improve air circulation and
reduce overheating of air and vine organs.

The microenvironment conditions were monitored under the two covers and in the
open air (2 stations per vineyard) as previously described [38]. Briefly, the following
parameters were assessed at 2 m height: over-canopy photosynthetic photon flux (PPF), air
temperature and relative humidity (RH), and wind speed (Decagon Devices’s sensors and
data loggers); data were recorded at 15′ frequency. The reference evapotranspiration (ET0)
was estimated as standardized reference evapotranspiration (ETsz, Equation (1)) using the
Penman–Monteith simplified model according to indications of the Environmental and
Water Resources Institute of the American Society of Civil Engineers:

ETsz =
0.48 ∆ (Rn −G) + γ Cn

T+273 u2 (es − ea)

∆ + γ (1 + Cd u2)
(1)

where ∆ is the slope of saturation vapor pressure-temperature curve, Rn is the net radiation,
G is the soil heat flux density, γ is the psychrometric constant, Cn is the numerator constant
(1600 for tall crops), Cd is the denominator constant (0.38 for tall crops), T is the mean daily
air temperature at 1.5 to 2.5 m height, u2 is the wind speed at 2 m height, es is the saturation
vapor pressure at 1.5 to 2.5 m height, ea is the mean saturation vapor pressure at 1.5 to
2.5 m height. All the parameters of Equation (1) that were not measured were calculated
as suggested by ASCE-EWRI (2005) [39]. The net radiation, that is the main ET0 driving
force [40–43], was derived from PAR values using Equation (2):

Rn = PAR × 0.219× 0.0864 (2)

Microenvironment data recorded under the coverings and in open field were down-
loaded using the ECH2O program. Daily and monthly average values were calculated,
and graphs of daily average values were elaborated by means of the Statistical Analysis
System version 9.4, SAS Institute, Cary, NC, USA. Standard errors were calculated for the
monthly averages. Linear regressions between daily ET0 in open air and ET0 under each
cover were obtained by applying the REG procedure and the PLOT procedure of the above
mentioned statistical package.

3. Results
3.1. Sheet Radiometric Properties

The spectrophotometric analyses of the plastic covers highlighted their different
radiometric properties (Figure 4). Cover S had more transmissivity to total and direct PAR
(10% and 16% more, respectively), but lower diffusivity (6% less) than cover C (Table 2).
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Cover S showed also a greater transmissivity to the NIR range, either in terms of total
radiation or, even more, in terms of direct radiation (8% and 20% more, respectively),
but showed lower diffusivity (13% less). On the other hand, it resulted to have a higher
transmissivity in the LWIR range, hence, during the night, was able to dissipate more
heat than cover C. The latter proved to have much greater transmissivity to UV radiations,
i.e., almost double in terms of direct radiation and more than double in terms of total
and diffuse radiation; however, this wavelength range has a negligible contribution to the
thermal balance of plastic coverings.

Table 2. Radiometric coefficients of cover C (Coverlys® agrotextile) and cover S (Serrosol film).

Wavelength Range Transmissivity (%)

Cover C Cover S

Total Direct Diffuse Total Direct Diffuse

Total Solar (200–2500 nm) 75 48 27 82 64 17
PAR (400–700 nm) 73 41 32 83 57 26
NIR (700–2500 nm) 76 54 23 83 73 10
UV (280–380 nm) 68 29 38 30 15 15

LWIR (7500–12,500 nm) 27 58

1 

 
 

Figure 4. Cont.
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1 

 
 

Figure 4. Total and direct spectral transmissivity to solar radiation (in the wavelength range
200–2500 nm) and to long infrared radiation (in the wavelength range 2500–25,000 nm) of cover
C (Coverlys® agrotextyle, (a,b)) and cover S (Serrosol film (c,d)).

3.2. Microenvironment Conditions
3.2.1. First Year of Trial

Agrometeorological data recorded in the first year showed that the monthly average
of daily photosynthetic photon flux in the open field was about 543 ± 11.37 µmol m−2 s−1

in June and 664 ± 8.52 µmol m−2 s−1 in July. The sheets induced a reduction of average
PPF equal to −29% (cover S) and −31% (cover C) in June, and of −35% (for both covers)
in July. The patterns of PPF intercepted under the sheets followed that of values recorded
in the open field (Figure 5). However, the difference of PPF available outside and under
the sheets was not constant over time, since it was influenced by the sky conditions, being
greater with clear skies. The irradiance intercepted under the two covers was quite similar:
the biggest differences were around 16% in June and 6% in July; cover C showed a tendency
for smaller values than cover S, as expected based on the radiometric properties of the
two sheets.
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Figure 5. Course of average daily photosynthetic photon flux (PPF), air temperature, air relative
humidity and wind speed recorded in June and July of the first year of trial, in open field and under
plastic covers C (Coverlys® agrotextile) and S (Serrosol film).
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The monthly average of daily temperatures in the open air was 22.50 ± 0.33 ◦C in June
and 27.12 ± 0.34 ◦C in July. The pattern of temperatures under the sheets followed that
found in the open field, but reached higher values either in June (1.5 ◦C to 3.5 ◦C more) or
in July (0.7 ◦C to 2.0 ◦C more). The air temperature under the two covers was very similar,
with a slight tendency to higher values under cover S: the maximum difference between
the covers was 0.8 ◦C.

The monthly average of daily air relative humidity in the open field was 65.67 ± 1.58%
in June. The values recorded under the coverings sometimes coincided with those in the
open air, but more often they were lower; the maximum decrement was about −9% under
cover S and −4% under cover C. In July, RH in open air felt to a mean value of about
59.0 ± 0.87%. Under the covers, the RH values incremented up to +21%.

The monthly average of daily wind speed in the open air were slightly greater in June
(1.82 ± 0.07 m s−1) than in July (1.65 ± 0.05 m s−1). The covers induced a decrement of
windiness by about −90%. Small differences were observed between the mean wind speed
under cover S (0.17 ± 0.01 m s−1) and cover C (0.14 ± 0.01 m s−1).

3.2.2. Second Year of Trial

Agrometeorological data recorded in the second year (Figure 6) showed that the
monthly average of daily PPF available in open air was about 519 ± 15.92 µmol m−2 s−1

in June and 627 ± 18.11 µmol m−2 s−1 in July, therefore, it was similar to that found in
the previous year; also, the reduction of solar radiation passing through the sheets was
very close to that previously found (−30% with cover C and −38% with cover S, respect to
open field).

The monthly average of the daily temperature outside the plastic sheets was
20.99 ± 0.45 ◦C in June and 25.51 ± 0.45 ◦C in July, which is about 2 degrees below
that recorded in the first year. Plastic covers increased the air temperature up to about
2.5 ◦C in June and 1.0 ◦C July; a very slight tendency to higher values was noticed under
the cover S respect to cover C (max. +0.2 ◦C in June and +0.8 ◦C in July). Hence, all the
trends that had emerged in the first year were confirmed.

The monthly average of daily RH in open air was 69.06 ± 0.86% in June and
64.25 ± 1.39 % in July. Until mid-June, the plastic covers reduced RH with a maximum
decrement of about 6% and 9% with cover C and cover S, respectively, while they had the
opposite effect for the next 45 days, as already observed in July of the first year.

The monthly average of daily wind speed was very close to that recorded in the same
period of the previous year, either in open air (1.84± 0.09 m s−1 in June, 1.82 ± 0.10 m s−1 in
July) or under cover S (0.15–0.16± 0.10 m s−1 in June and July) and cover C (0.14 ± 0.01 m s−1

in both months). Therefore, the reduction in windiness due to the plastic sheets was again
about−90%. Wind speed was the parameter that manifested the greatest difference between
the external and internal microenvironment.

3.3. Estimated ET0

The monthly average of daily ET0 estimated in open air was about 4.6 and 4.1 mm d−1

in June of the first year and of the second year, respectively; in July, it increased, reaching
about 5.1 and 4.7 mm d−1. The average daily ET0 under covers followed the same trends
seen in open field (Figure 7), but, as presumable on the basis of the microenvironment
data previously discussed, it was considerably lower: the effect of the plastic sheets was to
reduce the monthly average of daily ET0 by 27–30% in June and 34–35% in July of the first
year, and by 30–37% in June and 32–38% in July of the second year of trial.

The average values of daily ET0 estimated under the sheets were slightly lower for
cover C than for cover S which had the greater total transmittance to PAR (+10%) and to
NIR (+8). The mean differences of daily ET0 between covers were minimal in the first year
(−4% in June and −1% in July), greater in the second year (−10% in June, −9% in July).
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agrotextile) and S (Serrosol film).

On a monthly basis, the ET0 cumulated in the open field in June and July was, re-
spectively, about 138 and 157 mm in the first year and 122 and 147 mm in the second year
(Table 3).

Table 3. Average data of daily and monthly ET0 estimated in open air and under plastic covers C
(Coverlys® agrotextile) and S (Serrosol film) in the two years of trial.

Month Year Cover ET0 (mm d−1) ET0 (mm mo−1)

Open air 4.59 ± 0.13 137.64
June 1st Cover S 3.37 ± 0.09 100.96

Cover C 3.23 ± 0.09 97.01

Open air 5.07 ± 0.06 157.21
July 1st Cover S 3.33 ± 0.06 103.10

Cover C 3.29 ± 0.05 102.01

Open air 4.05 ± 0.20 121.56
June 2nd Cover S 2.84 ± 0.13 85.15

Cover C 2.55 ± 0.13 74.06

Open air 4.73 ± 0.16 146.79
July 2nd Cover S 3.24 ± 0.10 100.43

Cover C 2.95 ± 0.09 91.47

The relationship between daily ET0 in open air and under cover C or cover S in
June and July of the second year of trial (Figure 8) shows linear regressions with highly
significant R2 for both covers. According to the angular coefficients of the regression lines,
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in this two-month period, the decrease of ET0 under cover C and cover S compared to the
external environment was 58% and 61%, respectively.

 
Figure 8. Linear regressions between daily reference evapotranspiration (ET0) in open air and ET0

under cover C (Coverlys® agrotextile) or cover S (Serrosol film) in June and July of the second year of
trial (**** indicates p < 0.0001).

4. Discussion

Both covers, in terms of transmissivity to solar radiation, PAR and LWIR, showed
the optimal characteristics required for crop protection and “precociation”. According
to the radiometric coefficients (Table 2), the theoretical reduction of total photosynthetic
solar radiation could be expected at about −17% with cover S and −27% with cover C.
However, cover S reduced the incoming PAR more than expected. This result could have
been affected by several factors reported in the literature [15,44], such as the degree of sheet
tension and its resulting inclination with respect to sun’s rays, the amount of dust and/or
humidity retained by the sheet surface, the opacification of the plastic material caused by
the sun radiation exposure, etc.

Plastic covers increase the air temperature with respect to open fields, as they limit
the heat dispersion [15,44]. This effect was found to be greater in the relatively fresher
month, which was June, than in the warmer one, namely July. Comparing the two covers,
the tendency shown by the cover S to induce slightly warmer air temperatures than cover
C was evidently related to its higher transmissivity in the PAR and NIR wavelength ranges.
However, since during all the test period the lateral sheets of the two coverings were open,
the difference in air temperature between coverings was very little. The biggest differences
occurred on days with very clear skies, i.e., when the direct component of solar radiation
was high and therefore more heating.

The influence of the covers on air relative humidity changed over time. During most
of June of the first year and during the first half of June of the second year, the RH inside
the coverings was often lower than that in the open field, likely due to the higher thermal
regime under cover. A generally opposite trend occurred in the remaining period of the
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trial, that is, when the differences between external and internal temperatures were smaller.
In addition, it is to consider that, at that time of the season, the canopy of all the vineyards
was fully expanded and, thus, the total amount of transpired water increased enriching the
surrounding air with humidity which under the coverings was more retained, due to the
scarce air movement that occurred in the protected environment.

The covers significantly slowed the wind speed inside the vineyard by acting as a
physical barrier capable of extinguishing the gusts of air. Wind speed was the parameter
that showed the greatest difference between the external and internal microenvironment in
this trial. In addition to attenuating the wind speed near the crop, screens used for crop
protection modify the characteristics of air turbulence and hence reduce the effect of the
wind on the exchange of heat and water vapor between plant canopy and surrounding
atmosphere [7].

The daily patterns of ET0 closely followed those of PAR, either in open field or inside
the coverings (Figures 5 and 6). Overall, the plastic sheets reduced ET0 between 27%
(cover S in June) and 35% (cover C in July) in the first year and between 30% (cover S in
June) and 38% (Cover C in June and July) in the second year. The range of these values is
similar to that found by Cardoso et al. (2008) [25]. Therefore, plastic sheet coverings can
give a significant contribution to the reduction of the atmospheric evaporative demand and,
therefore, to the use of the water resource required by the table grape vineyard. The most
pronounced differences between open air and protected environment occurred on days
with clearer skies, warmer temperatures and lower relative humidity, while vice versa,
the smaller differences occurred on cloudy days with relatively cooler temperatures and
higher relative humidity, i.e., when the barrier effect exerted by the plastic sheets against
incoming solar radiation was attenuated.

Cover C, which had the lower transmittance to PAR, NIR and total solar radiation,
showed the tendency to induce lower ET0 compared to cover S. Depending on the envi-
ronmental conditions, the differences between the two types of plastic sheets were almost
zero or reached 9%, which is a value close to the difference between their coefficients of
transmittance at PAR (10%) and NIR (7%).

The practice of growing fruit crops under plastic sheets is presently expanding and
involves more crops, such as cherry, apple, kiwi, etc. These screens reliably transmit the
spectral signals emitted by vegetation [45], so they do not hinder the application of the
remote sensing techniques, which have also been implemented for monitoring evapo-
transpiration and enhancing the accuracy of input deliveries, and, thus, the sustainability
of cultivation. It cannot be ignored that agricultural plastics are mostly derived from
petrochemical sources; nevertheless, it is possible to provide their correct mapping, collec-
tion, disposal and recycling process at the end of the life cycle [44,46,47], improving their
environmental sustainability.

5. Conclusions

In the present study, both the tested plastic coverings modified the microclimate
by exerting a barrier effect against the incoming solar energy and wind speed, reducing
the reference evapotranspiration by 30–38% with respect to open field. ET0 is known to
be primarily affected by net radiation which, in this trial, had PAR as a reliable proxy.
The inside air temperature and relative humidity variation, compared to the outside ones,
had a lower effect on ET0 than net radiation.

In addition, this study showed that the specific radiometric properties of the two
plastic sheets may influence the ET0 under coverings. In fact, the type of plastic sheet,
with its different transmissivity to the wavelengths of the radiation spectrum, modulated
the reduction of ET0 in the protected environment to a different extent. Therefore, aiming
at maximizing the effect exerted by plastic coverings in reducing the evaporative demand,
their radiometric properties should be also considered.
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