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Abstract: Low-density polyethylene (LDPE) plastic mulching films have an important function, but
at the end of their lifetime pose an economic and environmental problem in terms of their removal
and disposal. Biodegradable mulching films represent an alternative to LDPE with the potential to
avoid these environmental issues. In this preliminary study, we employed a biodegradable film based
on Mater-Bi® (MB) in comparison with low-density polyethylene to assess their effect on the yield
and particular quality traits (organoleptic and nutraceutical composition of the fruits) of muskmelon
(cv Pregiato) grown on soils with different textures (clay–loam—CL and sandy loam—SL) in two
private farms in South Italy. Soil temperature under the mulch was also measured. During the
monitored periods, mean soil temperature under LDPE was higher (about 1.3 ◦C) than that under
the biodegradable film and was higher in SL soil than in CL soil, at 25.5◦ and 24.2 ◦C, respectively.
However, the biodegradable film was able to limit the daily temperature fluctuation, which was
1.7 ◦C in both soils compared with 2.3 ◦C recorded for LDPE. Fruit yields were higher with MB
film than LDPE (+9.5%), irrespective of soil texture. MaterBi® also elicited increases in total soluble
solids, polyphenols, flavonoids, and antioxidant activity compared with LDPE films: 13.3%, 22.4%,
27.2%, and 24.6%, respectively. Color parameters of flesh, namely brightness, chroma, and hue angle
were better in fruits grown on LDPE. Our findings suggest that Mater-Bi® based biodegradable
mulching film is a potentially valid alternative to traditional LDPE, particularly for obtaining the
agronomical benefits outlined above and for promoting environmental sustainability due to its
favourable biodegradable properties.

Keywords: biodegradable mulching film; muskmelon; yield; fruit quality; bioactive compounds;
total soluble sugars; flesh color

1. Introduction

Mulching has increasingly been used due to its well-known beneficial effects which
include increasing soil temperature [1] and moisture, reducing nutrient losses [2], and
inhibiting growth of weeds [3–5], thereby enhancing plant growth and yields [6–8].

Among the most frequently used materials for mulching, plastic films play a key
role; they are usually manufactured using low-density polyethylene (LDPE) and their life
cycle in the field depends on many factors, including climate. At the end of their lifetime,
plastic films must be removed from the field and disposed of according to the European
directives relevant to waste management (99/31 EC, 2000/76 EC, 2008/98/EC). However,
these plastic films are not always suitably disposed of and, consequently, plastic residues
may pollute the soil. Yang et al. (2020) [9] reviewed the progress of various renewable
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materials used for biodegradable mulch; these renewable resources contain mainly starch,
cellulose, poly-lactic acid (PLA) and polyhydroxyalkanoate (PHA). The biodegradable
mulch films are produced by biodegradable polymers, defined as polymers obtained from
renewable resources, along with fossil-based biodegradable polymers [10]. Recent studies
have demonstrated that repeated application of different bio-based biodegradable films
onto soil at the end of the crop cycle does not deleteriously modify the soil’s physical
properties, health indicators, and functions [11]. Paper mulch degrades completely into
the soil in less than 12 months, while Mater-Bi® (NOVAMONT) and Ecovio® (BASF)
biodegrade completely but more slowly depending on climate, soil texture, and biological
activity [12]. Razza et al. [13] effectively adapted the calculation of the material circularity
indicator, well established for traditional plastic products, and applied it to bio-based and
biodegradable mulch films with the aim of demonstrating the viability of these products
for use in a circular economy. The market for biodegradable mulch film is expected to grow
at a rate of 8.5% during the forecast period 2021–2026, according to the report by Mordor
Intelligence (2022) [14]. The European market for mulch films exceeds 100,000 metric tons
per year, and the global market exceeds 2 million tons annually. Supportive regulation
from governments across the world to promote organic mulching is driving the market.
For instance, in Europe, EN 17033 is the most recent product standard for biodegradable
mulch films used in agriculture and horticulture, and specifies the relevant requirements
and test methods [15]. The standard is designed to provide a clear reference for farmers,
distributors, and stakeholders. In recent years, considerable research has been conducted
into the applicability of biodegradable mulching films for horticultural crop cultivation,
including lettuce [16,17], zucchini [18], strawberry [19], tomato [20], melon [21], and many
other vegetables [5,22], often eliciting yields higher than or at least comparable to those
obtained using traditional plastic films.

Melons and other cucurbit crops benefit from mulching in an open field, with tunnels
and greenhouses useful for obtaining early yields. The ability of mulching materials to
hasten the crop cycle depends mainly on their transmissivity of solar and long IR radiation.
Vox et al. [23] reported that transmissivity in the long IR electromagnetic spectrum of 20
µ Mater-Bi (MB) black film is about half of that of 40 µ LDPE film, despite being half
the thickness. That is to say, the potential for black MB mulch to maintain soil heat and
induce early growth is higher than for LDPE, provided the mulch film remains intact.
Starting in 2003, Candido et al. [24] carried out several trials to test the influence of Mater-
Bi mulch films on the yields of melon, the earliness of cropping, and control of weeds.
Clear, black, and green colored films were tested in successive years. Trials with melon in
open fields in south-east Spain and with winter melon in Sicily demonstrated that clear
MB produced similar yields to LDPE in terms of quantity and quality, and these results
were better than achieved using black MB of equal thickness (15–18 µm) [25–27]. Waterer
et al. [22], in experiments carried out in Canada in 2007 and 2008 with cantaloupe melon,
detected no differences in productivity between clear and black biodegradable mulches.
Clear mulch films require the use of pre-emergence herbicides for controlling weeds that
are favored by the light, warm, and humid conditions under the film [5]. Therefore, MB
green mulches were introduced to provide a better combination of soil warming and
weed control. Yields and quality were similar to those of black MB and LDPE, but film
degradation was faster [28]. Filippi et al. [29] found that yields as well as the content of
soluble solids (◦Brix) with green mulch were higher than LDPE. More recently, Cozzolino
et al. [30] assessed a new grade (EF04P) of 15 µ black MB film, in comparison with 50 µm
black PE film, under a tunnel during the spring–summer cycle. They found no differences
in terms of marketable yields, mean weight of fruit, or hardness of flesh, while fruits grown
on MB mulch presented higher values of total soluble solids, carotenoids, flavonoids, and
antioxidant activity than those grown on LDPE.

The aim of the current research was to assess the agronomical response to biodegrad-
able mulching, compared with traditional polyethylene, in a cultivar of muskmelon grown
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on two soils with different textures. This study also evaluates the effect of the two experi-
mental factors on the organoleptic and nutritional qualities of fruits.

2. Results
2.1. Soil Temperature under Mulching

The average daily trend of maximum and minimum temperature under mulching
is reported in Figure 1, for sandy loam (SL) soil (Figure 1A,B) and clay–loam (CL) soil
(Figure 1C,D). Specifically, the soil temperature in both farms was monitored over two
periods: from 30 to 45 days after transplant (DAT) and from 60 to 75 DAT.
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Figure 1. Average daily trends of maximum and minimum temperatures under the two mulching
films (biodegradable film—MB; low density polyethylene—LDPE) in sandy loam soil (SL—Pellegrino
farm) and clay–loam soil (CL—Ferrara farm) during two periods of muskmelon cycle (A = 30–45 DAT,
B = 60–75 DAT for SL; C = 30–45 DAT, D = 60–75 DAT for CL). Vertical bars show the standard error.

Interestingly, the temperature (mean value of the two periods) of sandy loam soil was
always higher than that of clay–loam soil, 25.5 ◦C vs. 24.2 ◦C, respectively (Figure 1A–D).
In addition, the temperatures in both soils under LDPE were higher than those under
biodegradable film; in the sandy soil, the mean values of the two periods were 26.2 ◦C
for LDPE and 24.9 ◦C for MB (Figure 1A,B), while in the clay–loam soil, the mean values
were 24.8 ◦C and 23.6 ◦C, respectively (Figure 1C,D). In SL soil, the temperature differences
between the two mulching systems were more evident, starting from 35 DAT and reducing
after 70 DAT (Figure 1A,B). In CL soil, the difference between the temperatures started at
38 DAT but the temperatures remained approximately constant until the end of the second
period (Figure 1C,D). Finally, the biodegradable film was able to limit the daily temperature
excursion, which was 1.7 ◦C in both soils against 2.3 ◦C recorded for LDPE as the mean of
the two periods for both soils (Figure 1A–D).

2.2. Yield as Affected by the Soil Texture and Mulching

The total marketable yield (sum of all harvests) of muskmelon was significantly
affected by the soil texture and mulching. On the sandy soil (Pellegrino farm), the yield
reached almost 35.0 t ha−1, about +36.3% more than the yield recorded on clay–loam soil
(Figure 2).
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Figure 2. Marketable yields of muskmelon affected by soil texture (clay–loam—CL; sandy loam—SL)
and mulching (biodegradable film—MB; polyethylene—PE). The vertical bars show the standard
error; different letters indicate statistical differences.

The biodegradable mulching elicited a higher yield than PE, about +9.1% (Figure 2).
The quantity of marketable fruits and their average weight were affected by soil tex-

ture only, while the percentage of unmarketable to marketable yield was affected by the
interaction between the two experimental factors (Table 1). Notably, the sandy loam soil
elicited an increase in the number and average weight of marketable fruits, +43.8%, and
+7.8%, respectively (Table 1). The highest values of unmarketable yield were recorded for
plants grown on clay–loam covered by the biodegradable mulching film, +66.1% higher
than the mean value of all other treatments; the best performance (lowest value of un-
marketable yield) was recorded in plants grown on sandy loam soil covered by LDPE; no
differences were found between CL-LDPE and SL-MB (Table 1). Regarding the percentage
incidence of unmarketable to marketable yield, this followed a slightly different trend and
the highest values were recorded in CL-MB, almost double the mean value of all other
treatments, among which these values did not greatly differ (Table 1).

Table 1. Effect of soil texture (clay–loam—CL; sandy loam—SL) and mulching (biodegradable film—
MB; low density polyethylene—LDPE) on the number of marketable fruits and their average weight,
unmarketable yield, and percentage incidence of unmarketable to marketable yield.

Treatments Marketable Fruits (M) Not Marketable (NM) NM/M Yield
n◦ pt−1 g fruit−1 t ha−1 %

Clay–loam MB 4.1 ± 0.3 1134.7 ± 53.3 0.98 ± 0.10 a 3.73 ± 0.45 a
LDPE 3.6 ± 0.1 1183.7 ± 8.6 0.43 ± 0.04 b 1.82 ± 0.17 b

Sandy loam MB 5.6 ± 0.2 1272.8 ± 11.1 0.73 ± 0.04 b 2.08 ± 0.17 b
LDPE 5.5 ± 0.1 1227.4 ± 10.5 0.61 ± 0.05 c 1.84 ± 0.15 b

CL 3.8 ± 0.2 b 1159.2 ± 26.7 b 0.70 ± 0.10 2.78 ± 0.39 a
SL 5.5 ± 0.1 a 1250.1 ± 10.5 a 0.67 ± 0.04 1.96 ± 0.11 b
MB 4.9 ± 0.3 1203.8 ± 34.5 0.85 ± 0.07 a 2.91 ± 0.35 a
LDPE 4.5 ± 0.3 1205.5± 9.7 0.52 ± 0.04 b 1.83 ± 0.11 b
Significance
Soil texture (S) ** ** ns **
Mulching (M) ns ns ** **
S ×M ns ns ** **

ns: not significant; **: significant at p ≤ 0.01. Different letters within each column indicate significant differences
according to Tukey’s test (p ≤ 0.05). M = marketable; NM = not marketable.

The analyzed parameters of the nutritional quality of muskmelon fruits were differ-
ently affected by the experimental factors. The interaction was never significant; polyphe-
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nols and antioxidant activity (AA) were statistically affected by both factors. Flavonoids
were only affected by mulching, and carotenoids only by soil texture (Table 2).

Table 2. Effect of soil texture (clay–loam—CL; sandy loam—SL) and mulching (biodegradable film—
MB; low density polyethylene—LDPE) on flavonoids, polyphenols, carotenoids, and total antioxidant
activity of muskmelon fruits.

Treatments Flavonoids Polyphenols Carotenoids AA
mg CAE 100 g−1 fw mg GAE 100 g−1 fw µg 100 g−1 fw µmol TE g−1 fw

Soil
Clay–loam 0.578 ± 0.02 26.9 ± 0.90 b 504.1 ± 14.6 b 1.84 ± 0.05 b
Sandy loam 0.567 ± 0.03 30.7 ± 0.98 a 554.7 ± 11.0 a 2.26 ± 0.12 a
Mulching
MB 0.641 ± 0.03 a 31.7 ± 0.99 a 530.3 ± 8.4 2.28 ± 0.08 a
LDPE 0.504 ± 0.02 b 25.9 ± 0.68 b 528.5 ± 17.5 1.83 ± 0.08 b
Significance
Soil texture (S) ns ** ** ***
Mulching (M) *** *** ns ***
S ×M ns ns ns ns

ns: not significant; ** and ***: significant at p ≤ 0.01 and p ≤ 0.001, respectively. Different letters within each
column indicate significant differences according to Tukey’s test (p ≤ 0.05). CAE = catechine equivalent; GAE =
gallic acid equivalent; AA = antioxidant activity; TE = Trolox equivalent.

Notably, the biodegradable mulching enhanced the quality of fruits and contributed
to 27.2%, 22.4%, and 24.6% increases for flavonoids, polyphenols, and AA, respectively
(Table 2). Interestingly, the sandy loam soil elicited an improvement in certain quality traits:
14.1%, 10.0%, and 22.8% increases for polyphenols, carotenoids, and antioxidant activity,
respectively (Table 2).

The pH and titratable acidity were not affected by the experimental factors, and
showed mean values of 6.71, and 2.085, respectively (Table 3). The firmness and dry matter
percentage of muskmelon fruits were affected only by soil texture, with a higher value
of the dry matter in clay–loam soil and a lower value for firmness (Table 3). Finally, the
total soluble solids were affected by both experimental factors, with an 8.1% increase in
clay–loam soil compared with sandy loam soil, and a 13.3% increase in MB compared with
DPE (Table 3).

Table 3. Effect of soil texture (clay–loam—CL; sandy loam—SL) and mulching (biodegradable film—
MB; low density polyethylene—LDPE) on pH, titratable acidity, total soluble solids, firmness, and
dry matter percentage of muskmelon fruits.

Treatments pH Titratable Acidity Total Soluble
Solids Firmness DM

g citric acid L−1 juice ◦Brix N %

Soil
Clay–loam 6.72 ± 0.03 2.08 ± 0.05 13.3 ± 0.26 a 23.8 ± 0.72 b 15.2 ± 0.28 a
Sandy loam 6.70 ± 0.03 2.09 ± 0.06 12.3 ± 0.20 b 27.0 ± 0.39 a 12.8 ± 0.13 b
Mulching
MB 6.68 ± 0.03 2.12 ± 0.07 13.6 ± 0.18 a 24.9 ± 0.62 14.1 ± 0.30
LDPE 6.74 ± 0.03 2.05 ± 0.06 12.0 ± 0.22 b 25.9 ± 0.66 14.0 ± 0.32
Significance
Soil texture (S) ns ns ** ** ***
Mulching (M) ns ns *** ns ns
S ×M ns ns ns ns ns

ns: not significant; ** and ***: significant at p ≤ 0.01, and p ≤ 0.001, respectively. Different letters within each
column indicate significant differences according to Tukey’s test (p ≤ 0.05). DM = dry matter.

Table 4 reports the effect of interaction between Soil texture ×Mulching on L* and
h, and the main effect of the two factors on C. Notably, the flesh of the fruit from plants
grown on clay–loam soil covered by LDPE showed the highest L* values, significantly
different from all other treatments (+10.4% compared to the mean value of the other three
treatments). A similar trend was recorded for the h value, with a lower increase (3.8%). For
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the C parameter, the highest value was recorded in sandy loam soil (41.4 vs. 38.6 of CL),
and for the mulching, LDPE elicited higher values (43.01 vs. 36.97).

Table 4. Effect of interactions of soil texture (clay–loam—CL; sandy loam—SL) and mulching
(biodegradable film—MB; low density polyethylene—LDPE) on color parameters L* (brightness), C
(chroma), and h (hue angle) of muskmelon fruits.

Treatments L* C h

Clay–loam MB 53.9 ± 1.2 b 35.6 ± 1.4 61.6 ± 0.6 b
LDPE 61.9 ± 1.0 a 41.6 ± 1.4 63.5 ± 0.4 a

Sandy loam MB 55.4 ± 0.8 b 38.4 ± 0.8 61.2 ± 0.2 b
LDPE 58.9 ± 0.5 b 44.5 ± 0.5 61.5 ± 0.2 b

CL 57.9 ± 1.1 38.6 ± 1.1 b 62.5 ± 0.4 a
SL 57.2 ± 0.6 41.4 ± 0.7 a 61.4 ± 0.1 b
MB 54.7 ± 0.7 b 37.0 ± 0.8 b 61.4 ± 0.3 b
LDPE 60.4 ± 0.6 a 43.0 ± 0.8 a 62.5 ± 0.3 a
Significance
Soil texture (S) ns ** **
Mulching (M) *** *** **
S ×M ** ns *

ns: not significant; *, **, and ***: significant at p ≤ 0.05, p ≤ 0.01, and p ≤ 0.001, respectively. Different letters
within each column indicate significant differences according to Tukey’s test (p ≤ 0.05).

3. Discussion

In the recent years, environmental sustainability has become an imperative goal of
modern agriculture. Given that polyethylene mulch films need 100 years to degrade [31]
and their disposal is difficult and/or expensive, it is essential to find a sustainable alterna-
tive such as biodegradable film.

Considerable research has been conducted on the effect of biodegradable films on the
growth and yields of several food crops [16–18,32,33], but few studies in this context have
assessed food quality and how it is affected by the use of biodegradable films.

In the current research, we evaluated the effects of a biodegradable film compared
with polyethylene film on the yield and certain quality traits of muskmelon cultivated on
two soils with different textures (clay–loam and sandy loam).

In contrast to the study by Vox et al. [23], LDPE promoted a higher temperature
than black biodegradable MB film in the topsoil layer, with about a 7.9% increase in the
mean value compared with reports from previous research [16,29]). Lopez-Marin et al. [34]
recorded similar behavior using polyethylene compared with biodegradable film; Moreno
et al. [35] suggested that this behavior may be due to the composition of the biodegradable
film, which permits increasing gas exchange with the open air as a result of its higher
permeability to water vapor. Notably, the biodegradable film reduced the temperature
variations between day and night, with daily fluctuations of 1.7 ◦C and 2.3 ◦C for MB
and LDPE, respectively. This reduced fluctuation in daily temperature may contribute
to limiting abiotic stress in roots, even though the soil temperature in SL and CL ranged
between 20–27 ◦C, optimal levels for vegetative and reproductive growth in melons [36,37].
Overall, the mean temperature in sandy loam soil was about +5.4% higher than that
recorded in clay–loam soil (25.5 vs. 24.3 ◦C, respectively). The MaterBi® film elicited
higher yield (+9.5%) compared with the traditional mulching film (LDPE), which may
be attributable to a slightly higher number of fruits per plant, although this increase was
not significant (see Table 1). In a previous test using melon, Wang et al. [38] compared
two different biodegradable films with polyethylene and bare soil. They recorded higher
yields on biodegradable film, mainly due to higher fruit weight. Furthermore, Filippi
et al. [29] found that melon plants grown on biodegradable mulching film produced more
fruits per plant irrespective of the film color, but without significant differences in yield.
In a greenhouse test using melon plants grown on biodegradable film, Candido et al. [24]
obtained similar yields to those using clear PE. In summary, it is well-established in the
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available literature that MB mulch does not reduce yields of melon compared with LDPE
mulch [22,25–28]. We assume that the higher productivity demonstrated by plants grown
on MaterBi® could be attributable to higher nitric nitrogen availability. Biodegradable films
have higher breathability than LDPE films, therefore the humidity is often greater under
the latter, creating anaerobic conditions which favor the denitrification process [39] and
reduce the nitrate content available for plants. Among qualitative traits, TSS content is an
important parameter because it is positively correlated to the sweetness of the pulp and,
therefore, to the acceptability of the product for consumers. Indeed, the literature reports
that consumer preferences for melon mainly depend on parameters including sweetness,
aroma, consistency of pulp, and, more recently, phytonutrient content [40,41].

With regard to the influence of mulching on fruit quality, we recorded a signifi-
cant 13.3% increase in TSS of fruits from plants grown on MB mulch in both the sandy
and clay–loam soils. Wang et al. [38] reported higher levels of soluble sugars in fruits
grown on biodegradable films based on poly (butylene adipate-co-terephthalate)/polylactic
acid/lignin compared with polyethylene.

Interestingly, we found that the MB biodegradable film substantially improved other
traits of fruit quality. In particular, it boosted flavonoids, polyphenols, and antioxidant
activity (AA) by 27.2%, 22.4%, and 24.6%, respectively. While this had not previously
been reported in the literature relating to muskmelon, similar results were reported in
strawberries [42] and partially confirmed by Morra et al. [43].

Recent studies have demonstrated that these compounds play an important nutritional
role. They are absorbed during digestion and play numerous regulatory roles in cellular
metabolism [44]. Melon fruit contains polyphenols, a group of phytochemical compounds
that have antioxidant, antimutagenic, antiproliferative, and antimicrobial capacities, and
are involved in the prevention of and response to several pathologies. Furthermore, the
fruit is rich in carotenoids (α-carotene, β-carotene, p-cryptoxanthin, lutein, and zeaxanthin),
which are responsible for the orange coloring of the pulp and provide a natural source of
antioxidants.

Several researchers have reported that the effect of mulching on the organoleptic and
nutraceutical characteristics of fruit depends on the typology of the film [45,46]. However,
studies have reported results that contrast with our current findings, having shown that
the use of non-degradable plastic mulching films improved the content of soluble solids
and the total content of flavonoids, polyphenols, and anthocyanins in fruits of different
species, such as vine (Vitis vinifera L.) [47], strawberry (Fragaria × ananassa Duch.) [48],
peach (Prunus persica (L.) Batsch) [49], and apple (Malus × domestica Borkh.) [50].

The different results may be due to species-specific responses to the typology of
mulching film and growing conditions, and/or other agricultural practices.

Furthermore, the soil texture affected muskmelon yield. In particular, the sandy loam
soil elicited a 36.3% increase in yield compared with that obtained in clay–loam soil, as
evidenced by the higher number and average weight of marketable fruits (+43.8% and
+7.8%, respectively). Qualitative parameters were also positively affected by SL soil, with
notable 14.1%, 10.1%, 22.8%, and 13.4% increases for polyphenols, carotenoids, antioxidant
activity, and firmness, respectively. In terms of TSS content and dry matter percentage
of fruits, the highest values were obtained on clay–loam soil, probably due the greater
availability of certain micro-nutrients.

The combination CL-LDPE enhanced color parameters (brightness and hue angle) of
muskmelon fruits, while the combination CL-MB produced the highest unmarketable yield,
probably due to the direct contact of fruit with the soil (degradation of MB film under the
weight of fruit), with consequent quality reduction accentuated by the higher water content
in CL soil compared with SL.

It should be noted that early degradation of MB film occurred during fruit ripening;
this behavior was previously reported by Filippi et al. [29] and Martin-Closas [5]. In both
soils, during the fruit ripening, accelerated degradation of the biodegradable film was
localized the areas under the developing melon fruits. Such degradation was observed
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associated with fruits weighing 400–500 g, with a frequency of nearly 100% (data not
reported). It is thought that under the weight of the growing fruit, the contact between the
mulching film and the soil was accentuated and the contact area became wet, promoting
premature degradation of the film that in some cases stuck to the fruit peel and decreased
the crop’s commercial value, but did not appear to promote fruit rot. The remaining area
covered by the Mater-Bi® film did not exhibit this kind of early degradation and stayed
intact until the end of the crop cycle.

4. Materials and Methods
4.1. Experimental Design, Setting, and Crop Management

The experiment was conducted under plastic greenhouses in two private farms located
on the Caserta plain; the first was the Ferrara farm located in Villa Literno (41◦00′ N 14◦04′ E,
10 m above sea level), and the second the Pellegrino farm in Giugliano, Campania (40◦95′ N,
14◦08′ E, 12 m asl).

The two farms were characterized by different soil textures. The Ferrara soil was
clay–loam while the Pellegrino soil was sandy loam; their complete chemical and physical
properties are reported in Table 5.

Table 5. Chemical and physical properties of soil.

Parameters Measure Unit Ferrara Pellegrino

Texture
Sand % 38.0 71.0
Silt % 29.0 17.0
Clay % 33.0 12.0

Clay-Loam * Sandy-Loam *
N total (Kjeldhal method) % 0.097 0.108
P2O5 (Olsen method) ppm 67.6 96.6
K2O ppm 2393.0 2135.0
Magnesium ppm 255.0 119.0
Calcium ppm 2760.0 2320.0
Sodium ppm 257.0 322.0
Organic matter
(Bichromate method) % 1.9 1.6

C/N 11.3 8.6
Active limestone % CaCO3 1.1 0.7
pH 7.7 7.3
Electrical conductivity dS m−1 0.246 0.109

* USDA.

The experimental design involved a factorial combination with the typology of soil
(clay–loam: CL, or sandy loam: SL) as the first factor, and the mulch film as the second
factor. In particular, black biodegradable film based on Mater-Bi (MB), grade EF04P, width
1.6 m and thickness 15 microns, was compared with a black low-density polyethylene film
(LDPE), width 1.6 m and thickness 30 microns.

Each treatment was replicated four times and each replicate corresponded to a single
greenhouse. The tested crop was muskmelon, cv Pregiato (Clause), a netted melon hybrid
with fruits characterized by long shelf life and highly resistant to Fusarium oxysporum f.sp.
melonis races 0, 1, 2.

The films were applied by hand one week before the transplant, with plastic drip
lines for irrigation concurrently rolled out under them. The transplants were made on 25
March 2015 in Ferrara farm, and 28 March 2015 in Pellegrino farm; the planting density
was 5000 plants per hectare.

All agricultural practices on the farms were carried out as usual. In the first three weeks
after transplant, short periods of irrigation (10–15 min) were alternated with fertigation
supplying mainly nitrogen; thereafter, only fertigation was applied in order to provide
simultaneously water and nutrients, mainly potassium. On average, farmers provided
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50 kg N ha−1 and 100 kg K2O ha−1, and no phosphorus was added. Crop protection
interventions were focused on control of aphids and oidium, and the choice of pesticides
took into account the need to protect the bee hives introduced into the tunnels to increase
flower pollination and fruit setting. No weed control was necessary, thanks to the good
coverage of the soil by both mulching films.

4.2. Yield Measurements

In the Ferrara farm, five harvests took place starting on June 8 and continuing until
June 24. In the Pellegrino farm, there were 11 harvests conducted from 12 to 28 June.

Under each greenhouse, the harvests were performed on a sampling area of 14 plants,
corresponding to approximately 28 m2.

At each harvest, the number and weight of marketable and unmarketable fruits were
determined; unmarketable fruits were those that were deformed, decaying, or weighed
below 700 g.

To determine the dry matter percentage, a representative sample for each treatment
and replicate was weighed and then oven dried at 70 ◦C until it reached a constant weight.

4.3. Temperatures Measurements

In both farms, the soil temperature was continuously monitored over two periods of
the muskmelon cycle: from 30 to 45 days after transplant (DAT) and from 60 to 75 DAT.
Two probes (Vantage Pro2, Davis Instruments) per each mulching film were placed at a soil
depth of 10–15 cm.

4.4. Physical–Chemical Qualitative Traits and Color Parameters of Fruits

At the third harvest, the following organoleptic and nutritional qualities were de-
termined by analyzing three fruits per replicate. The properties that were measured in-
cluded color, firmness, pH, titratable acidity, total soluble solids, carotenoids, polyphenols,
flavonoids, and antioxidant activity.

The qualitative determinations were made using fruit juice obtained by homogenizing
small pieces of fruit in distilled water, and centrifuging at 15,000× g for 15 min.

Total soluble solid content (TSS expressed as ◦Brix) was measured using a digital
refractometer (Sinergica Soluzioni, DBR35, Pescara, Italy).

Titratable acidity (TA) was determined by titrating 10 mL juice with 0.1 N NaOH, and
the results expressed as g citric acid per liter of juice.

Flesh juice pH was measured using a digital pHmeter (Jenway, Staffordshire, UK).
Firmness was determined using a digital penetrometer (T.R. Turoni srl, Forlì, Italy)

equipped with an 8 mm diameter probe; the measurements were taken from two opposite
sides of three fruits per each replicate. Results were expressed in Newtons (N).

The Commission International de l’Eclairage (CIELAB) color parameters (L*, lightness,
C, chroma, and hue angle (h)) were assessed using a colorimeter (CR5, Minolta Camera Co.,
Tokyo, Japan) applied to the fruit flesh obtained from fifteen fruits per treatment, according
to the process reported by McGuire [51].

Bioactive compounds were extracted using methanol solution (80% v/v) according to
the method described by Petriccione et al. [52]. Supernatants were filtered and then used
for the various assays.

The Folin–Ciocalteu method was applied to determine the polyphenol content using
100 µL of methanol extract [53], and the results expressed as mg gallic acid equivalent
(GAE) per 100 g fresh weight (FW).

Aluminum complex formation was assessed to evaluate flavonoid content [54], with
results expressed as catechine equivalent (CAE) per 100 g of fresh weight.

Total carotenoids were extracted from flesh melon fruits using methanol (1:10 w/v)
and analyzed spectrophotometrically at 470 nm according to the method reported by
Wellburn [55]. Results were expressed as milligrams per 100 g fresh weight (FW).
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Total antioxidant activity (AA) was measured using 1.1-diphenyl-2-picryl-hydrazil
(DPPH) according to the method by Brand-Williams et al. [56]; results were expressed as
µmol Trolox equivalents (TE)/g FW, according to a dose-response curve constructed using
Trolox as standard.

4.5. Statistical Analysis

All data were subjected to 2-way analysis of variance (ANOVA) using the SPSS
software package (SPSS version 22, Chicago, IL, USA). Experimental factors were Soil (S)
(clay–loam and sandy loam) and Mulch (M) (Mater-Bi and PE). The means were separated
using Tukey’s test at p ≤ 0.05.

5. Conclusions

The current study indicates that the use of biodegradable mulching films may be
a valid alternative to traditional low-density polyethylene. Our results confirmed the
capacity of the biodegradable film (MaterBi®) to increase muskmelon yield significantly,
but the especially innovative and important aspect of this research is the improvement
of fruit quality achieved with the use of biodegradable mulching. The MaterBi® film
greatly improved most of the qualitative parameters (flavonoids, polyphenols, antioxi-
dant activity, and total soluble solids) that play key roles in guiding consumer choices.
Meanwhile, current trends in consumer choice are for products that are environmentally
friendly (biodegradable mulching films do not face the disposal problem affecting plastic
film) and healthy (MaterBi® increases bioactive compounds with antioxidant activity).
Moreover, although we did not perform an economic evaluation, it is possible to highlight
the convenience of using biodegradable films. Currently, the cost of these films is slightly
higher than that of plastic films, but considering the total absence of disposal costs and
the higher production that they elicit, we can certainly assume that biodegradable films
represent a cost-effective approach for farmers.

Additionally, we observed better agronomical performance of muskmelon grown on
sandy loam soil.

While these results are preliminary and require confirmation on a larger scale, using
the same and other species under different growing conditions, they provide an interesting
foundation for such research.
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10. Matίn-Closas, L.; Pelacho, A.M. Agronomic potential of biopolymer films. In Biopolymers-New Materials for Sustainable Films and

Coatings; Plackett, D., Ed.; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2011; pp. 277–299.
11. Sintim, H.Y.; Bandopadhyay, S.; English, M.E.; Bary, A.I.; DeBruyn, J.M.; Schaeffer, S.M.; Miles, C.A.; Reganold, J.P.; Flury, M.

Impacts of biodegradable plastic mulches on soil health. Agr. Ecol. Env. 2019, 273, 36–49. [CrossRef]
12. Sintim, H.Y.; Bary, A.I.; Hayes, D.G.; Wadsworth, L.C.; Anunciado, M.B.; English, M.E.; Bandopadhyay, S.; Schaeffer, S.M.;

DeBruyn, J.M.; Miles, C.A.; et al. In situ degradation of biodegradable plastic mulch films in compost and agricultural soils. Sci.
Total Environ. 2020, 727, 138668. [CrossRef]

13. Razza, F.; Briani, C.; Breton, T.; Marazza, D. Metrics for quantifying the circularity of bioplastics: The case of bio-based and
biodegradable mulch films. Resour. Conserv. Recycl. 2020, 159, 104753. [CrossRef]

14. Mordor Intelligence. Available online: https://www.mordorintelligence.com/industry-reports/biodegradable-mulch-film-
market (accessed on 16 December 2022).

15. EN 17033; Plastics-Biodegradable Mulch Films for Use in Agriculture and Horticulture-Requirements and Test Methods. European
Standard, European Committee for Standardization: Brussels, Belgium, 2018.

16. Di Mola, I.; Cozzolino, E.; Ottaiano, L.; Riccardi, R.; Spigno, P.; Fagnano, M.; Mori, M. Agronomic and environmental benefits of
‘re-using’ a biodegradable mulching film for two consecutive lettuce cycles. Ital. J. Agron. 2022, 17, 45–53. [CrossRef]

17. Cozzolino, E.; Giordano, M.; Fiorentino, N.; El-Nakhel, C.; Pannico, A.; Di Mola, I.; Rouphael, Y. Appraisal of biodegradable
mulching films and vegetal-derived biostimulant application as eco-sustainable practices for enhancing lettuce crop performance
and nutritive value. Agronomy 2020, 10, 427. [CrossRef]

18. Di Mola, I.; Cozzolino, E.; Ottaiano, L.; Duri, L.G.; Riccardi, R.; Spigno, P.; Mori, M. The effect of novel biodegradable films
on agronomic performance of zucchini squash grown under open-field and greenhouse conditions. Aus. J. Crop Sci. 2019, 13,
1810–1818.

19. Costa, R.; Saraiva, A.; Carvalho, L.; Duarte, E. The use of biodegradable mulch films on strawberry crop in Portugal. Sci. Hortic.
2014, 173, 65–70. [CrossRef]

20. Moreno, M.M.; Cirujeda, A.; Aibar, J. Soil thermal and productive responses of biodegradable mulch materials in a processing
tomato (Lycopersicon esculentum Mill.) crop. Research 2016, 54, 207–215. [CrossRef]

21. Lopez, J.; Gonzalez, A.; Fernandez, J.A.; Banon, S. Behaviour of biodegradable films used for mulching in melon cultivation.
In Proceedings of the VIII International Symposium on Protected Cultivation in Mild Winter Climates: Advances in Soil and Soilless
Cultivation; Hanafi, A., Schnitzler, W.H., Eds.; ISHS Acta Horticulturae: Leuven, Belgium, 2007; Volume 747, pp. 125–130.

22. Waterer, D. Evaluation of biodegradable mulches for production of warm-season vegetable crops. Can. J. Plant Sci. 2010, 90,
737–743. [CrossRef]

23. Vox, G.; Schettini, E.; Scarascia-Mugnozza, G. Radiometric properties of biodegradable films for horticultural protected cultivation.
Acta Hortic. 2005, 691, 575–582. [CrossRef]

24. Candido, V.; Miccolis, V.; Gatta, G.; Margiotta, S.; Manera, C. Innovative films for melon mulching in protected cultivation. In
Proceedings of the VI International Symposium on Protected Cultivation in Mild Winter Climate: Product and Process Innovation,
Ragusa, Italy, 5–8 March 2002; Volume 614, pp. 379–386.

25. Vetrano, F.; Fascella, S.; Iapichino, G.; Incalcaterra, G.; Girgenti, P.; Sutera, P.; Buscemi, G. Response of melon genotypes to
polyethylene and biodegradable starch-based mulching films used for fruit production in the Western coast of Sicily. Acta Hortic.
2009, 807, 109–113. [CrossRef]

26. Incalcaterra, G.; Sciortino, A.; Vetrano, F.; Iapichino, G. Agronomic response of winter melon (Cucumis melo inodorus Naud.) to
biodegradable and polyethylene film mulches. and to different planting densities. Options Mediterr. 2004, 60, 181–184.

http://doi.org/10.1093/jpe/rtz006
http://doi.org/10.1016/j.eja.2016.07.005
http://doi.org/10.1016/j.scitotenv.2018.09.105
http://doi.org/10.1016/j.agwat.2014.06.011
http://doi.org/10.1088/1748-9326/9/9/091001
http://doi.org/10.1016/j.scienta.2020.109375
http://doi.org/10.1016/j.agee.2018.12.002
http://doi.org/10.1016/j.scitotenv.2020.138668
http://doi.org/10.1016/j.resconrec.2020.104753
https://www.mordorintelligence.com/industry-reports/biodegradable-mulch-film-market
https://www.mordorintelligence.com/industry-reports/biodegradable-mulch-film-market
http://doi.org/10.4081/ija.2022.2061
http://doi.org/10.3390/agronomy10030427
http://doi.org/10.1016/j.scienta.2014.04.020
http://doi.org/10.1071/SR15065
http://doi.org/10.4141/CJPS10031
http://doi.org/10.17660/ActaHortic.2005.691.69
http://doi.org/10.17660/ActaHortic.2009.807.12


Plants 2023, 12, 219 12 of 13

27. Gonzalez, A.; Fernandez, J.A.; Martin, P.; Rodríguez, R.; López, J.; Bañón, S.; Franco, J.A. Behaviour of biodegradable film for
mulching in open-air melon cultivation in South-East Spain. Biodegradable materials and fiber composites in agriculture and
horticulture. KTBL-Schrift Darmstadt 2003, 414, 71–77.

28. Saraiva, A.; Costa, R.; Carvalho, L.; Duarte, E. The use of biodegradable mulch films in muskmelon crop production. Basic Res. J.
Agric. Sci. Rev. 2012, 1, 88–95.

29. Filippi, F.; Magnani, G.; Guerrini, S.; Ranghino, F. Agronomical evaluation of green biodegradable mulch on melon. Ital. J. Agron.
2011, 6, 111–116.

30. Cozzolino, E.; Bilotto, M.; Leone, V.; Zampella, L.; Petriccione, M.; Cerrato, D.; Morra, L. Produzione e qualità di melone retato su
pacciamatura in mater-Bi. Colt. Protette. 2015, 6, 66–71.

31. Briassoulis, D.; Babou, E.; Hiskakis, M.; Kyrikou, I. Degradation in soil behavior of artificially aged polyethylene films with
pro-oxidants. J. Appl. Polym. Sci. 2015, 132, 42289. [CrossRef]

32. Su, H.Y.; Bao, Z.; Liu, Q.; Dong, D.; Yan, C.; Lei, H.; Xu, Z. Degradation of biodegradable mulch film and its effect on the yield of
processing tomatoes in the Xinjiang region. J. Agric. Resour. Environ. 2020, 37, 615–622.

33. Sekara, A.; Pokluda, R.; Cozzolino, E.; del Piano, L.; Cuciniello, A.; Caruso, G. Plant growth, yield, and fruit quality of tomato
affected by biodegradable and non-degradable mulches. Hortic. Sci. 2019, 46, 138–145. [CrossRef]

34. López-Marín, J.; Abrusci, C.; González, A.; Fernández, J.A. Study of degradable materials for soil mulching in greenhouse-grown
lettuce. In Proceedings of the International Symposium on Advanced Technologies and Management Towards Sustainable
Greenhouse Ecosystems: Greensys2011, Chalkidiki, Greece, 5–10 June 2011; Volume 52, pp. 393–398.

35. Moreno, M.M.; Moreno, A.; Mancebo, I. Comparison of different mulch materials in a tomato (Solanum lycopersicum L.) crop.
Span. J. Agric. Res. 2009, 7, 454–464.

36. Tognoni, F.; La Malfa, G. Aspetti agonomici innovativi della coltura del melone. Colt. Protette 1996, 25, 25–31.
37. Bianco, V.V.; Pimpini, F. Orticoltura; Patron Publications: Bologna, Italy, 1990; pp. 564–607.
38. Wang, Y.; Jia, X.; Olasupo, I.O.; Feng, Q.; Wang, L.; Lu, L.; Yan, Y. Effects of biodegradable films on melon quality and substrate

environment in solar greenhouse. Sci. Total Environ. 2022, 829, 154527. [CrossRef]
39. Wrage, N.; Velthof, G.L.; Van Beusichem, M.L.; Oenema, O. Role of nitrifier denitrification in the production of nitrous oxide. Soil

Biol. Biochem. 2001, 33, 1723–1732. [CrossRef]
40. Singh, J.; Metrani, R.; Jayaprakasha, G.K.; Crosby, K.M.; Jifon, J.L.; Ravishankar, S.; Brierley, P.; Leskovar, D.L.; Turin, T.A.;

Schultheis, J.; et al. Profiling carotenoid and sugar contents in unique Cucumis melo L. cultigens harvested from different climatic
regions of the United States. J. Food Comp. Anal. 2022, 106, 104306.

41. Sánchez, E.; Pollock, R.; Elkner, T.; Butzler, T.; Di Gioia, F. Fruit yield and physicochemical quality evaluation of hybrid and
grafted field-grown muskmelon in Pennsylvania. Horticulturae 2021, 7, 69. [CrossRef]

42. Morra, L.; Bilotto, M.; Cerrato, D.; Coppola, R.; Leone, V.; Mignoli, E.; Pasquariello, M.S.; Petriccione, M.; Cozzolino, E. The
Mater-Bi biodegradable film for strawberry (Fragaria × ananassa Duch.) mulching: Effects on fruit yield and quality. Ital. J. Agron.
2016, 11, 203–206.

43. Morra, L.; Bilotto, M.; Mignoli, E.; Sicignano, M.R.; Magri, A.; Cice, D.; Cozzolino, R.; Malorni, L.; Siano, F.; Picariello, G.; et al.
New Mater-Bi based, biodegradable mulching film for strawberry (Fragaria × ananassa Duch.): Effects on film duration, crop
yields, qualitative and nutraceutical traits of fruits. Plants 2022, 11, 1726. [CrossRef]

44. Sangamithra, A.; Ragavi, P. Post-harvest Attributes of Muskmelon (Cucumis melo): A Mini Review on the Potential of Value
Addition. Curr. Nutr. Food Sci. 2020, 16, 854–859. [CrossRef]

45. Kaur, J.; Singh, K.; Singh, K.G.; Sharma, S.P.; Talwar, D. Effect of drip irrigation, fertigation and mulch on quality of muskmelon.
Agric. Res. J. 2021, 58, 1060–1064. [CrossRef]

46. Kasirajan, S.; Ngouajio, M. Polyethylene and biodegradable mulches for agricultural applications: A review. Agron. Sustain. Dev.
2012, 32, 501–529. [CrossRef]

47. Liu, L.; Xu, X.F.; Wang, Y.; Li, T.Z.; Han, Z.H. Effect of different reflecting films on berry quality and sucrose metabolism of grape
in greenhouse. J. Fruit Sci. 2008, 25, 178–181.

48. Wang, S.Y.; Millner, P. Effect of different cultural systems on antioxidant capacity. Phenolic content and fruit quality of strawberries
(Fragaria × aranassa Duch.). J. Agric. Food Chem. 2009, 57, 9651–9657. [CrossRef]

49. Layne, D.R.; Jiang, Z.; Rushing, J.W. Tree fruit reflective film improves red skin coloration and advances maturity in peach.
HortTechnology 2001, 11, 234–242. [CrossRef]

50. Iglesias, I.; Alegre, S. The effects of reflective film on fruit color. quality. canopy light distribution. and profitability of ‘Mondial
Gala’ apples. HortTechnology 2009, 19, 488–498. [CrossRef]

51. McGuire, R.G. Reporting of objective colour measurements. HortScience 1992, 27, 1254–1255. [CrossRef]
52. Petriccione, M.; Mastrobuoni, F.; Pasquariello, M.S.; Zampella, L.; Nobis, E.; Capriolo, G.; Scortichini, M. Effect of chitosan

coating on the postharvest quality and antioxidant enzyme system response of strawberry fruit during cold storage. Foods 2015, 4,
501–523. [CrossRef] [PubMed]

53. Singleton, V.L.; Rossi, J.A. Colourimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol.
Vitic. 1965, 16, 144–158.

http://doi.org/10.1002/app.42289
http://doi.org/10.17221/218/2017-HORTSCI
http://doi.org/10.1016/j.scitotenv.2022.154527
http://doi.org/10.1016/S0038-0717(01)00096-7
http://doi.org/10.3390/horticulturae7040069
http://doi.org/10.3390/plants11131726
http://doi.org/10.2174/1573401315666191113154843
http://doi.org/10.5958/2395-146X.2021.00149.6
http://doi.org/10.1007/s13593-011-0068-3
http://doi.org/10.1021/jf9020575
http://doi.org/10.21273/HORTTECH.11.2.234
http://doi.org/10.21273/HORTSCI.19.3.488
http://doi.org/10.21273/HORTSCI.27.12.1254
http://doi.org/10.3390/foods4040501
http://www.ncbi.nlm.nih.gov/pubmed/28231220


Plants 2023, 12, 219 13 of 13

54. Petriccione, M.; De Sanctis, F.; Pasquariello, M.S.; Mastrobuoni, F.; Rega, P.; Scortichini, M.; Mencarelli, F. The effect of chitosan
coating on the quality and nutraceutical traits of sweet cherry during postharvest life. Food Bioprocess. Technol. 2015, 8, 394–408.
[CrossRef]

55. Wellburn, A.R. The Spectral determination of Chlorophylls a and b. As well as total carotenoids. using various solvents with
spectrophotometers of different resolution. J. Plant Phys. 1994, 144, 307–313. [CrossRef]

56. Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of free radical method to evaluate antioxidant activity. LWT Food Sci. Technol.
1995, 28, 25–30. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s11947-014-1411-x
http://doi.org/10.1016/S0176-1617(11)81192-2
http://doi.org/10.1016/S0023-6438(95)80008-5

	Introduction 
	Results 
	Soil Temperature under Mulching 
	Yield as Affected by the Soil Texture and Mulching 

	Discussion 
	Materials and Methods 
	Experimental Design, Setting, and Crop Management 
	Yield Measurements 
	Temperatures Measurements 
	Physical–Chemical Qualitative Traits and Color Parameters of Fruits 
	Statistical Analysis 

	Conclusions 
	References

