
Abstract
Biodegradable films are a valuable and sustainable alternative

to plastic films for mulching soils since they avoid the environ-
mental and economic problems related to plastic removal and dis-

posal. Nevertheless, the fast degradation of such materials could
make them unsuitable for mid- to long-term use. In a field exper-
iment, the agronomic performance of a biodegradable mulching
film (MB) was compared to that of conventional low-density
polyethylene (LDPE) film for two consecutive lettuce cycles
(winter and spring). In the conditions of this trial, MB showed
good resistance to atmospheric agents, with a reduction of its
integrity and mechanical properties only after six months. The
effects on soil temperature and lettuce yield did not differ from
those obtained with LDPE films. The effect on harvest timing was
the same as that with LDPE in the spring cycle, while in the winter
cycle, the harvest was delayed by about five days compared to
LDPE. Mulching films reduced nitrate accumulation in leaves
mainly during the winter cycle. However, the effect needs to be
further explored with experiments in different pedoclimatic condi-
tions that consider the effects of mulching on nitrification and
nitrate-reductase activity that could be affected by changes in soil
temperature and moisture.

Introduction
The widespread use of plastics in many fields of human life,

also thanks to the constant innovations of polymeric technology,
explains their continuously growing production, which averaged
almost 10% per year on a global basis, rising from around 1.3 mil-
lion tons in 1950 to 367 million tons in 2020 (https://plasticseu-
rope.org/). 

Global consumption of plastics in agriculture hovers at around
6.5 million tons per year (Scarascia-Mugnozza et al., 2011). In the
European Union (EU) in 2014, agricultural uses accounted for
around 3.4% of plastics (Cassou, 2018), comprising greenhouse
and tunnel covers and soil mulching, irrigation and drainage pipes,
silage films, and other products (Vox et al., 2016). 

The agricultural practice of mulching is widespread because it
allows an increase in root zone temperature, influences physiolog-
ical processes such as water and nutrient uptake (Ibarra-Jimenez et
al., 2011; Diaz-Perez & Batal, 2002; Dodd et al., 2000), reduces
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Highlights
- Biodegradable mulching films (MB) showed good mechanical resistance in the medium-long term (2 consecutive lettuce cycles).
- Decrease in integrity and resistance to tearing became significant after 150-170 days. 
- The effect of MB on lettuce yield quantity and quality was comparable with that using low-density polyethylene (LDPE) films.
- The effects of both mulching films on leaf nitrate content need further research in different pedoclimatic conditions.
- MB can be recommended since it reduces the economic and environmental costs of removal and disposal of LDPE films.
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evaporation losses (Wang et al., 2011), boosts productivity and
qualitative crop performance, reduces the duration of the crop
cycle, combats weeds (Anzalone et al., 2010; Coolong, 2010), and
protects crops against pests, insects and pathogens (Cozzolino et
al., 2020). Among the many types of plastic films, polyethylene
(PE), especially that at low density (LDPE), is probably the most
widely used for mulching. However, irrespective of the types of
plastic materials, they often have a short duration due to their prop-
erties and to exposure to weather (solar radiation, temperature,
rainfall, and wind) and/or to the installation mode (Picuno, 2014).
The result is large-scale production of plastic waste, which has to
be adequately managed to reduce its environmental impact
(Briassoulis et al., 2014, 2013; 2012; Al-Maaded et al., 2012).
Instead, they are often abandoned in fields or along watercourses,
buried in the soil, taken to the landfill, or burnt in fields to avoid
disposal costs. Therefore, plastic wastes represent an environmen-
tal, economic, and social problem that must be addressed by iden-
tifying sustainable alternatives. From this perspective, using
biodegradable plastics represents a significant opportunity.

Research increasingly aims to create films based on biopoly-
mers, such as starch, cellulose, and polylactic acid, derived from
renewable resources, such as maize, potato, and rice (Scaringelli et
al., 2016; Moreno and Moreno, 2008). At the end of their lifetime,
biodegradable films can be incorporated directly into the soil or dis-
posed of in a composting system where the films are degraded by
soil microorganisms (Moreno and Moreno, 2008) which convert
them into carbon dioxide, water, and biomass. While plastic requires
many years to degrade, bio-films have very low degradation times,
i.e., about 5-6 months after the end of the crop (Filippi et al., 2011). 

Degradable plastic films degrade by the effects of sunlight
(ultraviolet rays) and soil micro-organisms and ultimately decom-
pose into water and carbon dioxide, which are harmless to the
environment (Zhang et al., 2020). Environmental factors affect the
degradation process of such films, and the degree of degradation
can vary with different climates (Kasirajan and Ngouajio, 2012).
Further, the degradation rate also depends on changing its ingredi-
ents or thickness (Braunack et al., 2015). 

Lettuce (Lactuca sativa L.) is one of the most widely cultivated
leafy vegetables. In 2013, the world production of lettuce was 24.6
million tons, mainly concentrated in China (13.5), the United
States (3.6), India (1.1), Spain (0.9), and Italy (0.8) (Hernandez,
2022). In Italy, in 2021, the lettuce crop occupied 14,817 ha, yield-
ing 318,000 tons (ISTAT, 2022). The nutritional value of lettuce is
high since it is a source of secondary metabolites, such as vitamins,
phenols, carotenoids, chlorophylls, and macro- and trace elements,
which play a crucial role in human nutrition (Kim et al., 2016;
Baslam et al., 2013). Production systems and agronomic practices
significantly affect the yield and quality traits of the edible organs
of lettuce (Rouphael et al., 2012). For example, mulching is widely
used for lettuce because it leads to higher yields and early produc-
tion (Malinconico, 2017).

Several studies have been carried out to test the agronomic
response to biodegradable mulching of different crops: tomato
(Moreno et al., 2009), strawberry (Costa et al., 2014), melon
(Lopez et al., 2007), and many other vegetables (Waterer, 2010).
However, little is known about the medium-term endurance and
performance of biodegradable films. One key question is whether
MB can be re-used for two short crop cycles.

This work aimed to evaluate the performance (endurance to
weathering) of biodegradable films in the mid to long term, com-
pared to LDPE, by testing two consecutive crop cycles (winter and
spring) and assessing the effect of the different mulching films on
the agronomic behaviour of lettuce.

Materials and methods

Experimental setting and design
The trial was carried out during winter 2013 and spring 2014

at a private farm of the cooperative ARCA 2010 in Acerra (N 40°
57’ 56.462’’; E 14° 25’ 50.213’’; 27 m asl), a typical horticultural
area in Campania, southern Italy.

The experimental design was a factorial comparison between
three soil mulching levels (M): i) soil covered by the black
biodegradable film (MB12); ii) soil covered by commercial black
low-density polyethylene (LDPE); iii) no mulching, bare soil
(Control), over two consecutive cultivation cycles (winter, W, and
spring, S) of Lactuca sativa L.

The treatments were arranged in a randomised block design
with three replications for a total of nine experimental units (3M
×3 replications). Each block was 10.0 m long and 1.4 m wide.

At the beginning of the trial, three soil samples per treatment
at 0-30 cm depth were collected; the soil was sandy-loam (USDA
classification) of volcanic origin with a high content of organic
matter, phosphorus, and potassium (Table 1).

Mulching films, plant materials, and cultural practice 
The biodegradable film was a starch-based material (Mater-Bi)

12 microns thick. It consisted of destructured starch complexed
with biodegradable polyesters (Bastioli, 1998) and marketed by
Novamont S.p.A. (Novara, Italy) under the trade name Mater-Bi®.
This product is compostable and certified ‘OK Biodegradable Soil’
by the Austrian certification institute TÜV as fully biodegradable
and complies with the requirements related to the main regulations
on biodegradation and environmental impact in force (European
standards: UNI EN 13432: 2002, UNI EN 14995: 200). The LDPE
film was a commercial plastic film 50 microns thick, commonly
used by farmers for mulching soil.

The films were hand-placed on 11th December 2013, after
hoses for drip irrigation were rolled out. The winter transplant was
made on 19th December, and the spring transplant on 2nd May, both
at the two true-leaf stage with a density of 8.2 plants per m–2. For
the winter cycle, the cultivar ‘Bacolese’ was chosen; it is a tradi-
tional cultivar of the Neapolitan area, very cold-resistant and thus
suitable for open-air winter cultivation. For the spring cycle, the
cultivar ‘Forlina’ was tested, which is a widely grown cultivar in
the region suitable for spring cultivation. 

                   Special Section - Article

Table 1. Physical and chemical soil properties.

Soil properties                                         Units          Mean values

Texture                                                                                                              
     Coarse sand                                                              %                           39.9
     Fine sand                                                                   %                           22.2
     Silt                                                                               %                           22.3
     Clay                                                                             %                           15.6
N-total (Kjeldahl method)                                      g kg–1                         1.5
P2O5 (Olsen method)                                             mg kg–1                      216
K2O (tetraphenylborate method)                       mg kg–1                     2173
Organic matter (bichromate method)                    %                            2.2
pH                                                                                                                    7.4
     Electrical conductivity                                       dS m–1                      0.128
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Because the soil had a high content of phosphorus and potassi-
um, only nitrogen was added at the rate of 100 kg·ha–1 using
ammonium nitrate (26%) three times: at transplant (40%) and then
at 35 (30%) and 60 days (30%) after transplant (DAT), for the win-
ter cycle, and at 20 and 40 DAT, for the spring cycle. Water needs
of the plants were calculated using the Hargreaves formula and
fully restored by irrigation. No pesticide applications were
required to control pathogens and pests. 

Soil temperature measurements
During the two cycles (winter and spring), probes (Vantage

Pro2, Davis Instruments) were used to continuously monitor the
temperature in the 0-20 cm soil layer and air temperature. 

Marketable yield and sampling
The winter plants were hand-harvested on three occasions

from 2nd to 18th April, while the spring plants were harvested twice
on 10th and 18th June. At harvest, the diameter and fresh weight of
the head and diameter and height of the stem were recorded; the
marketable yield was also determined and expressed in tons per
hectare. A representative sample for each treatment and replicate
was oven dried at 70°C until a constant weight was reached to
determine the dry matter. The dry samples were used to determine
nitrate content in leaves.

Yield quality: nitrate content and colour parameters
On dried samples of leaves, nitrate content was determined

from water extract based on the cadmium reduction method pro-
posed by Sah (1994). The absorbance of the solution was deter-
mined at 550 nm wavelength with a Hach DR 2000 spectropho-
tometer (Hach Co., Loveland, CO); the values were then expressed
as mg kg–1 of fresh weight (FW).

On ten entire fresh leaves for each experimental unit, a Minolta
CR-300 Chroma Meter (Minolta Camera Co. Ltd., Japan) was used
to measure the colour space parameters: L*, brightness, ranging
from 0-black and 100-white; a*, chroma component ranging from
–60 and +60, green and red respectively; b*, chroma component
ranging from –60 and +60, blue and yellow respectively, following
the Commission Internationale de l’Eclairage (CIELAB).

Mulching film measurement
The resistance of biodegradable films to atmospheric agents

(rainfall, wind, etc.) was monitored during both cycles using the
standard scoring performed by Novamont technicians. It provides
a visual observation using a scale with a rating score from 1 (worst
condition) to 9 (best condition). The scale evaluates the following
parameters: degradation of the buried and unburied film, lesions,
and resistance to tearing (Filippi et al., 2011). These observations
were made nine times during the two cycles (winter and spring). 

Statistical analysis
Mulching film data were subject to one-way ANOVA analysis

using the SPSS software package (SPSS version 22.0 for
Windows, Chicago, IL, USA), comparing the different date sam-
plings. Yield and its parameters were also analysed with the same
software by ANOVA combined over two growing seasons. Means
were separated according to the post-hoc Duncan Test (signifi-
cance level 0.05). Data normality and homoscedasticity were veri-
fied with Levene’s tests. 

Results

Weather and soil temperature 
The weather at the experimental site is typical of the

Mediterranean area, with a mean annual temperature of 15.4°C and
mean annual rainfall of 1214 mm (https://it.climate-
data.org/europa/italia/campania/acerra-14146/). The lowest air
temperature was recorded in December, but the coldest day was in
February, albeit no lower than 4°C. Maximum air temperatures
were constantly increasing, reaching 33°C in the first ten days of
June (Figure 1). In the first cycle, the mean temperature was
10.9°C, while in the second, it was 20.6°C. Total rainfall was 891.6
mm, more than 50% of which occurred in the first growing period,
almost 40% in the second, and the remaining part in the period
between the two cycles (Figure 1). During the first cycle, two rain-
fall peaks exceeding 80 mm were recorded in the last decade of
January and the first of February. By contrast, about 30% of the
rainfall in the second cycle (343 mm) was concentrated in a wind-
storm event on 14th June (Figure 1). 

In the top 0-20 cm soil layer, the mean soil temperatures were
13.7, 14.6, and 14.9°C for control, MB12, and LDPE, respectively
(Figure 2). Therefore, the mulching films elicited a 7.9% increase
compared to non-covered soil. The covered and non-covered soil
difference was more significant in the spring cycle, about +1.8°C
vs +0.8°C than in the winter cycle (Figure 2). Interestingly, the dif-
ferences between the two mulching films were less marked in the
first cycle; indeed, the LDPE resulted in a soil temperature 0.2°C
higher than MB12, while in the second cycle, this difference was
three times higher (0.6°C) (Figure 2). 

Effect of mulching on winter lettuce yield and quality 
Mulching statistically affected the marketable yield of winter

lettuce, boosting it with an average increase of about 51% over the
control (Figure 3). Although no significant differences were
recorded between the two films, LDPE led to a 10% increase com-
pared to MB12.

In addition, both mulching films reduced the duration of the
crop cycle, but with a different effect: the plants grown on LDPE
had the shortest cycle (less than 106 days) vs MB12 (110 days) and

                                                                                                     Special Section - Article

Figure 1. The trend of air temperature and rain during the two
crop cycles.
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the control (120 days) (Table 2). In addition, at harvest, the head
fresh weight of control plants was significantly lower than that of
MB12 and LDPE plants, which did not differ substantially, while
the diameter of control plants, despite being the lowest, was not
significantly different from that of MB12 (Table 2). Finally, both
stem length and diameter of lettuces grown on mulching films
were statistically higher than the control but without significant
differences between the two films (Table 2). 

The colour parameters of winter lettuce were significantly
affected by mulching films; the brightness (L*) of MB12 lettuces
was significantly higher than that of the control and LDPE, which
did not differ. By contrast, the opposite trend occurred in parameter
a* [green intensity, chroma component ranging from green (–60) to
red (+60)] that was higher in the control and LDPE (Table 3).
Finally, parameter b* [chroma component ranging from blue (–60)
to yellow (+60)] was not significantly affected by mulching films. 

As regards the nitrate content in leaves, the values of the three
treatments ranged between 1725.6 for LDPE and 1877.7 mg kg–1

for the control, which was significantly higher than the other two
treatments (Table 3). 

Effect of mulching on spring lettuce yield and quality
In the spring cycle, the effect of the biodegradable film on let-

tuce marketable yield was less marked compared to the winter
cycle: LDPE showed the highest yield, with an 11.4% increase
over the mean value of the other two treatments, even if no statis-
tical differences were recorded between the three treatments
(Figure 4). 

As expected, the spring cycle was shorter than the winter
cycle: 39 days for lettuces grown on mulching films and 47 for
control plants, but without statistical differences between the three
treatments (Table 4). Although LDPE showed higher values for all
growth parameters (head weight and diameter, and stem length and
diameter), statistical differences between the three treatments were
recorded only for head diameter: LDPE was +11.3% higher than
the mean value of MB12, and the control (Table 4). 

Also, for the spring cycle, only brightness (L#) and green inten-
sity (a#) were significantly affected by mulching films, and with
the same trend recorded for winter lettuces: MB12 plants showed
the highest brightness value and lowest component a#, and for both
parameters it significantly differed from the other two treatments
(Table 5). Finally, in this cycle, the nitrate content in control leaves
was higher than in the other two treatments, albeit without statisti-
cal differences between them (Table 5). 

Degradation of biodegradable film
The results of the statistical analysis regarding the lifetime

parameters of the biodegradable film are reported in Table 6. As
expected, the lifetime decreased during the two cycles. However,

most interestingly, the degradation of buried film and resistance to
tearing, only in the last observation, at 191 days after placing
mulching film (DAPM), was statistically lower than all other

                   Special Section - Article

Figure 2. The trend of mean soil temperature under mulching
treatments (bare soil, Control; soil covered by the black
biodegradable film, MB12; soil covered by commercial black low-
density polyethylene, LDPE) during the two crop cycles.

Figure 3. Effect of mulching films (bare soil, Control; soil covered
by the black biodegradable film, MB12; soil covered by commer-
cial black low-density polyethylene, LDPE) on marketable yield
of winter lettuces. The vertical bars are the standard error; differ-
ent letters indicate statistical differences according to the Duncan
test (P≤0.01).

Table 2. Effect of mulching films on cycle duration, head weight and diameter collar diameter, and length of winter lettuces.

Treatments               Crop cycle               Head                                     Stem
                                                                                    Weight                       Diameter                               Length                       Diameter
                                       Days                                          g                                 cm                                        cm                                cm

Control                                 120.0±0.0a                                          470.0±5.0b                           11.78±0.11b                                      3.59±0.11b                             2.62±0.05b

MB12                                    110.3±0.7b                                         717.7±40.2a                          13.18±0.09ab                                      4.72±0.24a                             2.85±0.11a

LDPE                                    105.7±1.7c                                         743.7±41.0a                           14.15±0.23a                                      4.49±0.17a                             2.86±0.05a

Significance                               **                                                        **                                            *                                                        *                                             **
Control, bare soil; MB12, soil covered by the black biodegradable film; LDPE, soil covered by commercial black low-density polyethylene; *significant at P≦0.05; **significant at P≦0.01; a-bdifferent letters within each
column indicate significant differences according to Duncan’s test.
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observations. Also, the part of the film not buried showed good
resistance to atmospheric agents: the first statistical difference was
observed at 168 DAPM. Finally, the number of lesions of the

biodegradable film increased linearly during both cycles, but only
in the last two measurements did it significantly different from the
others (Figure 5 and Table 6).
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                                                                                                     Special Section - Article

Table 4. Effect of mulching films on cycle duration, head weight and diameter, collar diameter and length of spring lettuces.

Treatments               Crop cycle               Head                                     Stem
                                                                                    Weight                       Diameter                               Length                       Diameter
                                       Days                                          g                                 cm                                        cm                                cm

Control                                  47.0±0.0                                             498.7±3.5                              12.7±0.1b                                         3.80±0.03                               2.36±0.05
MB12                                      39.0±0.0                                            487.4±22.8                             13.0±0.1b                                         3.94±0.19                               2.31±0.04
LDPE                                      39.0±0.0                                            549.5±41.4                             14.3±0.2a                                         4.29±0.47                               2.44±0.01
Significance                               ns                                                         ns                                            *                                                       ns                                            ns
Control, bare soil; MB12, soil covered by the black biodegradable film; LDPE, soil covered by commercial black low-density polyethylene; ns, not significant; *significant at P≦0.05; a-bdifferent letters within each col-
umn indicate significant differences according to Duncan’s test.

Table 3. Effect of mulching films on colour parameters, and nitrate content of leaves of winter lettuces. 

Treatments                            L*                                               a*                                                   b#                                            Nitrate
                                                                                                                                                                                                   mg kg–1 f.w.

Control                                        60.94±3.10b                                           –13.96±0.57a                                                33.14±2.60                                            1877.7±394.7a

MB12                                           65.03±2.87a                                           –11.45±0.50b                                                33.55±2.15                                            1755.2±415.8b

LDPE                                           59.46±3.20b                                           –13.72±0.34a                                                32.49±2.29                                            1725.6±338.0b

Significance                                       **                                                            **                                                                 ns                                                               *
L*, lightness, ranging from 0=black to 100=white; a*, chroma component ranging from green (–60) to red (+60); b*, chroma component ranging from blue (-60) to yellow (+60); f.w., fresh weight; Control, bare soil;
MB12, soil covered by the black biodegradable film; LDPE, soil covered by commercial black low-density polyethylene; ns, not significant; *significant at P≦0.05; **significant at P≦0.01; a-bdifferent letters within each
column indicate significant differences according to Duncan’s test. 

Table 5. Effect of mulching films on colour parameters, and nitrate content of leaves of spring lettuces.

Treatments                            L*                                               a*                                                   b*                                            Nitrate
                                                                                                                                                                                                   mg kg–1 f.w.

Control                                        50.55±4.30b                                           –15.31±0.51a                                                32.95±2.68                                              2377.3±89.3
MB12                                           59.17±4.14a                                           –13.36±0.44b                                                32.89±2.24                                             2356.8±184.7
LDPE                                           50.75±4.38b                                           –15.60±0.59a                                                32.87±2.19                                              1862.4±39.0
Significance                                       **                                                            **                                                                 ns                                                              ns
L*, lightness, ranging from 0=black to 100=white; a*, chroma component ranging from green (–60) to red (+60); b*, chroma component ranging from blue (–60) to yellow (+60); f.w., fresh weight; Control, bare soil;
MB12, soil covered by the black biodegradable film; LDPE, soil covered by commercial black low-density polyethylene; ns, not significant; **significant at P≦0.01; a-bdifferent letters within each column indicate signif-
icant differences according to Duncan’s test. 

Figure 4. Effect of mulching films (bare soil, Control; soil covered
by the black biodegradable film, MB12; soil covered by commer-
cial black low-density polyethylene, LDPE) on marketable yield
of spring lettuces. The vertical bars are the standard error. 

Figure 5. Linear regression between the number of lesions of
biodegradable film and days after placing mulching films
(DAPM). The vertical bars are the standard error. 
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Discussion
Biodegradable mulching films degrade rapidly and easily,

making them unsuitable for mid- to long-term use. With the current
research, we set out to test the performance of a biodegradable
mulching film over two consecutive cycles of lettuce (winter and
spring), comparing it with traditional LDPE and evaluating its
resistance to atmospheric agents for the whole period, as well as its
effect on yield and quality.

Our findings highlighted that both films led to the heating of
the root zone soil (0-20 cm layer); the LDPE always reached high-
er temperatures, but in the winter cycle, the difference in heating
between the two films was less marked compared to the spring
cycle. Also, Lopez-Marin et al. (2011), in a study that compared
different types of mulching films (traditional, biodegradable, and
oxo-biodegradable), recorded the lowest soil temperatures under
the biodegradable film, due to the composition of this material,
which permits increasing gas exchange with the open air as a result
of its higher permeability to water vapor, following Moreno et al.
(2009). Indeed, Moreno et al. (2009) compared a black biodegrad-
able film (Mater-Bi®), an aluminised photodegradable, and a black
linear low-density polyethylene film (LLDPE) used on a tomato
crop with a 143-day cycle (June-October). They reported that soil
temperatures were always higher under LLDPE and lower under
the biodegradable film, which, seven days after transplant, already
showed the first cracks. However, it was able to ensure good soil
cover until the tomato completely covered the mulch. At the end of
the cycle, the covering capacity of tomato reduced the differences
in temperature of the three films due to material composition. That
said, with the biodegradable film, a similar yield, and quality of
tomato was attained compared to LLDPE. In our study, the climat-
ic conditions differed because the first cycle started in the winter
and the mulches were more affected by weathering, especially pre-
cipitation. However, given that the degradation is mainly due to the
effects of sunlight (ultraviolet rays), it is presumable that in the
first months of the trial, the lower radiation affected the integrity of
film to a lesser extent, which was compromised only during the
second cycle with higher radiation and air temperatures. Also, in
our previous research, comparing a 15 µ biodegradable film with
LDPE in a spring cycle of courgettes, we found that the traditional
plastic heated the soil more than the former (Di Mola et al., 2019).
On the other hand, the polyethylene film absorbs more solar radi-
ation and emits radiation, increasing soil temperature greatly (Gu

et al., 2018; Moreno et al., 2016; Xiukang et al., 2015). 
The reduced differences in heating capacity between the two

films in the winter cycle could be due to the greater integrity of
biodegradable film in the first cycle. Indeed, as stated above,
MB12 showed no signs of degradation during the winter cycle.
This is because the soil was perfectly covered by it thus, the film
showed better thermic performance, allowing it to reach soil tem-
peratures similar to those of LDPE. Instead, during the second
cycle, the integrity of biodegradable film was lower, and since it
failed to cover the soil completely, its thermic effect may have
been lower. Indeed, the first signs of degradation were observed
only after about 150-160 days from placing films, in mid-May, that
is 15 days after spring transplant when the most significant differ-
ences were recorded. 

However, only at the end of the second cycle did the
biodegradable film show a substantially reduced resistance to tear-
ing and a greater degradation of both the unburied and buried film:
about 43.0%, 20.0%, 16.6%, respectively, less than the optimal
value (9). Minuto et al. (2007) also reported good results for the 12
and 15 µ Mater-Bi® films in short crop cycles (3-5 months), high-
lighting a 15% reduction in mulched soil after 140 days and 60%
and 26.6% of degradation, respectively, with respect to optimal
conditions.

Mulching is a widely used agricultural practice in lettuce cul-
tivation, mainly to improve earliness and quality, but also for weed
control (Malinconico, 2017). Our findings highlighted a beneficial
effect of the two mulching films (traditional-LDPE and biodegrad-
able-MB12) on the marketable yield of lettuce only in the first
cycle, with a 51% yield increase as compared to bare soil; in the
second cycle (spring), the effect of mulching was less marked and
not significant, with only a slight enhancement of lettuce yield
grown on LDPE. In other field experiments, several authors also
found a comparable yield and quality of summer lettuce grown on
PE and biodegradable mulching films (12 and 15 µ) (Minuto et al.,
2007; Miles et al., 2007). On the other hand, it is well known that
the difference in yield due to soil temperature increase is more evi-
dent when the temperature is a limiting factor (Brown et al., 1992),
as occurred in the winter cycle. Instead, when climatic conditions
(at air and soil levels) are optimal, as well as in the spring cycle,
the mulches do not affect crop yield, as also reported by other
authors (Streck et al., 1995; Lorenzo et al., 2005).

Our findings are also close to the results of Cozzolino et al.
(2020), who found that the marketable yield of lettuce (autumn
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Table 6. Endurance of biodegradable film (degradation of buried film, unburied film, lesion number, and resistance to tearing) during
the two cycles. The observations were made according to standard scoring made by Novamont technicians, based on visual observation,
using a scale with a rating score from 1 to 9 (best conditions); only the actual lesions were counted for lesion number.

DAPM              Degradation of buried film                    Degradation of unburied film                       Lesions              Resistance to tearing

29                                                 8.8±0.0a                                                                         9.0±0.2a                                                       0.8±0.5c                                   9.0±0.0a

49                                                 8.8±0.0a                                                                         9.0±0.2a                                                       1.0±0.5c                                   9.0±0.0a

64                                                 8.8±0.0a                                                                         9.0±0.2a                                                       1.3±0.5c                                   9.0±0.0a

86                                                 8.8±0.0a                                                                         9.0±0.2a                                                      1.5±0.4bc                                   9.0±0.0a

104                                               8.8±0.0a                                                                         9.0±0.2a                                                      2.2±0.4bc                                   9.0±0.0a

119                                               8.8±0.0a                                                                         9.0±0.2a                                                      2.2±0.4bc                                   9.0±0.0a

153                                               8.8±0.2a                                                                        8.8±0.2ab                                                     3.3±0.6ab                                   9.0±0.0a

168                                               8.8±0.3a                                                                         8.4±0.2b                                                       4.3±0.9a                                   8.9±0.1a

191                                               7.5±0.3b                                                                         7.2±0.2c                                                       4.8±1.0a                                   5.1±0.6b

Significance                                   ***                                                                                 ***                                                               ***                                           ***
DAPM, days after placing mulching films. ***Significant at P 0.001; a-cdifferent letters within each column indicate significant differences according to Duncan’s test (P≤0.05).
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cycle) grown on biodegradable mulching film had an intermediate
value between the LDPE lettuce and plants cultivated on bare soil:
the increase with LDPE was about 8% vs. 10% recorded in the first
cycle of our test. Similarly, Lopez-Marin et al. (2011) reported that
winter lettuces (January-April) grown on PE mulching achieved
significantly higher yields than those grown on biodegradable and
oxo-biodegradable films. The greater yield we recorded in LDPE
reflects greater lettuce size (fresh weight and diameter) than the
control lettuces in particular, especially in the winter cycle, as
reported by Lopez-Marin et al. (2011).

Interestingly, both conventional and biodegradable mulching
films reduced the crop cycle in both seasons. In the first cycle,
LDPE resulted in a 5- and 10-day harvest earliness compared to
MB12 and the control, respectively. By contrast, in the second
cycle, both mulching films showed the same earlier production
compared to bare soil (8 days). On the other hand, earliness is a
key agronomic benefit for mulch technology (Malinconico, 2017),
and it has been reported as an effect of biodegradable film as well
in several crops (winter melon, Incalterra et al., 2004; tomato,
Martin-Closas et al., 2008; muskmelon, D’avino et al., 2015; zuc-
chini, Di Mola et al., 2019; perennial wall rocket, Caruso et al.,
2019). This mulching effect constitutes a particularly interesting
aspect for farmers who can obtain a higher price on the market for
their early products. With the latter advantage, achieving high food
quality is another crucial aspect since it drives consumer choice.
Product quality can be evaluated based on different characteristics
(nutritional, organoleptic, physical, etc.) (Gruda, 2005); among the
quality traits of lettuce, colour, intended as brightness and green
intensity, is a characteristic that can be readily evaluated by con-
sumers, making it often one of the most significant drivers in the
choice of products to buy. Biodegradable mulching significantly
increased the brightness in both cycles, compared to LDPE and
bare soil, but had the opposite trend for a# colour parameter. Our
results are partially (only for the L# parameter) in accordance with
the findings of Cozzolino et al. (2020). 

By contrast, high nitrate content in lettuce leaves and in the
other green leafy vegetables is a detrimental aspect of quality.
Indeed, high nitrate values in leaves and their consequent entry
into the human body through the diet have often been associated
with the appearance of diseases, such as methemoglobinemia or
the presence of carcinogenic compounds (i.e., nitrosamine)
(Salehzadeh et al., 2020; Aires et al., 2013; Weitzberg and
Lundberg, 2013; Tamme et al., 2010). Green leafy vegetables,
including lettuce, are genetically predisposed to accumulate nitrate
in leaf tissue. Nitrate accumulation in plant tissues stems from
many factors, including environmental factors (light radiation) and
agronomic factors (nitrogen fertilisation). In particular, nitrate
accumulation in leaves is inversely correlated to light radiation (Fu
et al., 2017; Non Renseigné et al., 2007), which regulates nitrate
reductase activity (Bian et al., 2020): high light radiation corre-
sponds to high nitrate reductase activity and hence low nitrate con-
tent in plant tissues. Instead, nitrate accumulation is directly corre-
lated to nitrogen fertilisation (doses and types of fertilisers; Colla
et al., 2018; Abubaker et al., 2010; Porto et al., 2008; Stagnari et
al., 2007; Goh and Akon, 1986): as the N dose increases, so does
nitrate accumulation.

The nitrate content in leaves usually has a seasonal behaviour,
with higher values in winter, but in our research, we found higher
values in spring than in the winter cycle. However, this can be
explained because we tested two different varieties, and it has been
reported elsewhere that, for lettuce, the incidence of genotypic
variation in nitrate accumulation is considerable (Burns et al.,
2011, 2012; Lopez et al., 2014). In addition, also the shorter cycle

recorded in spring could have reduced the time for nitrogen
metabolism processes with consequent slightly higher accumula-
tion in leaves. 

Interestingly, in the winter cycle, the mulching reduced the
nitrate content compared to bare soil, while no effects were record-
ed in the spring cycle. Our results are in contrast both with the
findings of Cozzolino et al. (2020), according to whom nitrate val-
ues were lower in lettuce grown on bare soil, and with
Wojciechowska et al. (2007), who reported that the nitrate content
was higher in lettuce grown on black mulching film than lettuce
grown on bare soil or white and transparent mulch. In the current
research, our contrasting results could be explained by a combina-
tion of micro-climatic conditions and the indirect effect of
mulching. It is widely reported that nitrate is usually higher in
plants grown on mulch, primarily due to the absence of weeds
competing for nitrogen (Dobrzański et al., 2004) and N leaching
due to rainfall is reduced. At the same time, it is also well known
that nitrate-reductase (NR) activity is increased by the presence of
substrate (NO3

–) (Lillo et al. 2004). In our conditions, we suggest
that mulching films, thanks to the better micro-climate conditions
(i.e., higher temperature), probably increased the root surface of
lettuces as compared with the control plants, thereby increasing
their capacity to uptake nitrogen, as also reported by Kumar and
Dey (2011) in strawberry. Stimulating the activity of NR, could
have reduced nitrate translocation to the leaves. On the other hand,
it is worth pointing out that the differences in nitrate concentration
were significant only in the winter cycle, probably because in the
spring cycle, the generally higher temperatures reduced the effect
mentioned above of mulching on root growth. That said, in both
cycles, the nitrate values were within limits set by the European
Community under Regulation No. 1258/2011. 

Although we did not perform a cost analysis, given all the
points mentioned above, it is worth making a brief economic con-
sideration. In the literature, we found that Minuto et al. (2007)
reported a cost analysis that compared PE to 12 µ and 15 µ Mater-
Bi®. As a result, the cost of material was €639 and €700 per
hectare for PE and MB12, respectively; to which, only for PE, the
removal and disposal costs (10 and 50 €/ha) had to be added, mak-
ing a total of €809 ha–1. Therefore, the authors highlighted an inter-
esting saving for MB12 compared to traditional film; instead, the
trend was the opposite for MB15, whose costs were higher than
those of PE (900 vs 809 €/ha).

Conclusions
Our findings highlighted the good resistance to atmospheric

agents of the biodegradable mulching film also in the mid-long
term, with a reduction of its integrity and mechanical properties
only after about six months. In addition, the plants grown on this
film achieved yields comparable to those obtained on traditional
polyethylene without detrimental and significant effects on quality,
especially regarding nitrate content in leaves and colour parame-
ters. Finally, the biodegradable film resulted in an earlier produc-
tion, which was the same as LDPE in the spring cycle, while in the
winter cycle, the harvest was delayed vis-à-vis LDPE but earlier
compared to bare soil. This is a particularly interesting trait for
farmers since early production corresponds to higher prices.

Therefore, the lower cost of a thin biodegradable film than that
of polyethylene suggests that farmers can profitably choose this
more environmentally friendly alternative. Moreover, the film
could give even better results under protected conditions where the
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effect of atmospheric agents is lower. Therefore, further research
should be carried out to verify this hypothesis and also the effect
of biodegradable film on other quality product traits. In particular,
the effects of different mulching films on soil nitrification or
nitrate-reductase activity have to be studied in depth to account for
the different effects on nitrate accumulation in leaves.

References
Abubaker SM, Abu-Zahra TR, Alzubi YA, Tahboub AB, 2010.

Nitrate accumulation in spinach (Spinacia oleracea L.) tissues
under different fertilization regimes. J. Food Agric. Environ.
8:778-80.

Aires A, Carvalho R, Rosa EAS, Saavedra MJ, 2013. Effects of agri-
culture production systems on nitrate and nitrite accumulation
on baby-leaf salads. Food Sci. Nutr. 1:3-7.

Al-Maaded M, Madi NK, Kahraman R, Hodzic A, Ozerkan NG,
2012. An overview of solid waste management and plastic recy-
cling in Qatar. J. Polym. Environ. 20:186-94.

Anzalone A, Cirujeda A, Aibar J, Pardo G, Zaragoza C, 2010. Effect
of biodegradable mulch materials on weed control in processing
tomatoes. Weed Technol. 24:369-77.

Baslam M, Idoia G, Nieves G, 2013. The arbuscular mycorrhizal
symbiosis can overcome reductions in yield and nutritional qual-
ity in greenhouse-lettuces cultivated at inappropriate growing
seasons. Sci. Hortic. 164:145-54. 

Bastioli C, 1998. Properties and applications of Mater-Bi starch-
based materials. Polymer Degrad. Stabil. 59:263-72.

Braunack MV, Johnston DB, Price J, Gauthier E, 2015. Soil temper-
ature and soil water potential under thin oxodegradable plastic
film impact on cotton crop establishment and yield. Field Crops
Res. 184:91-103.

Bian Z, Wang Y, Zhang X, Li T, Grundy S, Yang Q, Cheng R, 2020.
A review of environment effects on nitrate accumulation in leafy
vegetables grown in controlled environments. Foods 9:732. 

Briassoulis D, Babou E, Hiskakis M, Scarascia G, Picuno P, Guarde
D, Dejean C, 2013. Review, mapping and analysis of the agri-
cultural plastic waste generation and consolidation in Europe.
Waste Manage. Res. 31:1262-78.

Briassoulis D, Hiskakis M, Babou E, Antiohos SK, Papadi C, 2012.
Experimental investigation of the quality characteristics of agri-
cultural plastic wastes regarding their recycling and energy
recovery potential. Waste Manage. Res. 32:1075-90.

Briassoulis D, Hiskakis M, Karasali H, Briassoulis C, 2014. Design
of a European agrochemical plastic packaging waste manage-
ment scheme - Pilot implementation in Greece. Resour. Conserv.
Recycl. 87:72-88.

Brown JE, Go WD, Dangler JM, Hogue W, West MS, 1992. Plastic
mulch color inconsistently affects yield and earliness of tomato.
HortSci. 27:1135.

Burns IG, Durnford J, Lynn J, McClement S, Hand P, Pink D, 2012.
The influence of genetic variation and nitrogen source on nitrate
accumulation and iso-osmotic regulation by lettuce. Plant Soil.
352:321-39. 

Burns IG, Zhang K,Turner MK, Meacham M, Al-Redhiman K, Lynn
J, Broadley MR, Hand P, Pink D, 2011. Screening for genotype
and environment effects on nitrate accumulation in 24 species of
young lettuce. J. Sci. Food Agric. 91:553-62. 

Caruso G, Stoleru V, De Pascale S, Cozzolino E, Pannico A,
Giordano M, Rouphael Y, 2019. Production, leaf quality and
antioxidants of perennial wall rocket as affected by crop cycle

and mulching type. Agronomy 9:194.
Cassou E, 2018. Plastics. Available from:

https://openknowledge.worldbank.org/bitstream/handle/10986/
29505/124346-repl-WB-Knowledge-Plastic.pdf?sequence=1

Clima Data. Clima Acerra (Italia). Available from: https://it.climate-
data.org/europa/italia/campania/acerra-14146/

Colla G, Kim HJ, Myriacou MC, Rouphael Y, 2018. Nitrate in fruits
and vegetables. Sci. Hortic. 237:221-38.

Coolong T, 2010 Performance of paper mulches using a mechanical
plastic layer and water wheel transplanter for the production of
summer squash. Hort. Technol. 20:319-24.

Costa R, Saraiva A, Carvalho L, Duarte E, 2014. The use of
biodegradable mulch films on strawberry crop in Portugal. Sci.
Hortic. 173:65-70.

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

D’Avino L, Rizzuto G, Guerrini S, Sciaccaluga M, Pagnotta E,
Lazzeri L, 2015. Environmental implications of crude glycerin
used in special products for the metalworking industry and in
biodegradable mulching films. Ind. Crop Prod. 75:29-35.

Di Mola I, Cozzolino E, Ottaiano L, Duri LG, Riccardi R, Spigno P,
Mori M, 2019. The effect of novel biodegradable films on agro-
nomic performance of zucchini squash grown under open-field
and greenhouse conditions. Aust. J. Crop Sci. 13:1810-8.

Dıaz-Perez JC, Batal KD, 2002. Colored plastic film mulches affect
tomato growth and yield via changes in root-zone temperatures.
J. Am. Soc. Hortic. Sci. 127:127-36.

Dobrzanski A, Anyszka Z, Palczynski J, Elkner K, 2004. Effect of
weed control management of nitrate accumulation in vegetables.
Prog. Plant Protect. 44:36-42.

Dodd IC, He J, Turnbull CGN, Lee SK, Critchley C, 2000. The
influence of supraoptimal root-zone temperatures on growth and
stomatal conductance in Capsicum annuum L. J. Exp. Bot.
51:239-48.

European Community, 2011. Reg. n°1258 of 2 December 2011. Off.
J. Eur. Union. L 320, pp. 15-17.

Filippi F, Magnani G, Guerrini S, Ranghino F, 2011. Agronomic
evaluation of green biodegradable mulch on melon crop. Ital. J.
Agron. 6:e18.

Fu Y, Li HY, Yu J, Liu H, Cao ZY, Manukovsky NS, Liu H, 2017.
Interaction effects of light intensity and nitrogen concentration
on growth, photosynthetic characteristics and quality of lettuce
(Lactuca sativa L. Var. youmaicai). Sci. Hort. 214:51-7.

Goh KM, Vity Akon P, 1986. Effects of fertilizers on vegetable pro-
duction 2. Effects of nitrogen fertilizers on nitrogen content and
nitrate accumulation of spinach and beetroot. N. Zeal. J. Agric.
Res. 29:485-94. 

Gruda N. 2005. Impact of environmental factors on product quality
of greenhouse vegetables for fresh consumption. CRC Crit. Rev.
Plant Sci. 24:227-47.

Gu X, Li Y, DU Y, 2018. Film mulched continuous ridge furrow
planting improves soil temperature, nutrient content and enzy-
matic activity in a winter oilseed rape field, Northwest China. J.
Arid Land 13:362-74.

Hernandez G, 2022. Leader mondiali nella produzione di lattuga;
gennaio 2022. Available from:
https://it.ripleybelieves.com/world-leaders-in-lettuce-produc-
tion-5726

Ibarra-Jimenez L, Lira-Saldivar H, Valdez-Aguilar LA, Lozano-del
Rio J, 2011. Colored plastic mulches affect soil temperature and

                   Special Section - Article

IJA-2022_3.qxp_Hrev_master  09/09/22  23:12  Pagina 234

Non
-co

mmerc
ial

 us
e o

nly



tuber production of potato. Acta Agr. Scand. B-S P 61:365-71.
Incalcaterra G, Sciortino A, Vetrano F, Iapichino G, 2003.

Agronomic response of winter melon (Cucumis melo inodorus
Naud.) to biodegradable and polyethylene film mulches, and to
different planting densities. Mediterranean rainfed agriculture:
strategies for sustainability. Ciheamianz Zaragoza (Spain)
60:181-4.

ISTAT, 2021. Coltivazioni - Ortive. Available from:
http://dati.istat.it/Index.aspx?QueryId=33703

Kapanen A, Schettini E, Vox G, Itavaara I, 2008. Performance and
environmental impact of biodegradable films in agriculture: a
field study on protected cultivation. J. Polym. Environ. 16:109-
22.

Kasirajan S, Ngouajio M, 2012. Polyethylene and biodegradable
mulches for agricultural applications: a review. Agron. Sustain.
Develop. 32:501-29. 

Kim MJ, Moon Y, Tou JC, Mou B, Waterland NL, 2016. Nutritional
value, bioactive compounds and health benefits of lettuce
(Lactuca sativa L.). J. Food Comp. Anal. 49:19-34. 

Kumar S, Dey P, 2011. Effects of different mulches and irrigation
methods on root growth, nutrient uptake, water-use efficiency
and yield of strawberry. Sci. Hor. 127:318-24.

Lillo C, Meyer CH, Lea US, Provan F, Oltedal S, 2004. Mechanism
and importance of post-translational regulation of nitrate reduc-
tase. J. Exp. Bot. 55:1275-82.

Lopez J, Gonzalez A, Fernandez JA, Banon S, 2007. Behaviour of
biodegradable films used for mulching in melon cultivation. In:
A. Hanafi, W.H. Schnitzler (Eds.), Proc. VIII IS on protected
cultivation in mild winter climates. Acta Hortic. 747:125-30. 

López A, Javier G, Fenoll J, Pilar H, Pilar F, 2014. Chemical com-
position and antioxidant capacity of lettuce: Comparative study
of regular-sized (Romaine) and baby-sized (Little Gem and Mini
Romaine) types. J. Food Comp. Anal. 33:39-48. 

López-Marín J, Abrusci C, González A, Fernández JA, 2011. Study
of degradable materials for soil mulching in greenhouse-grown
lettuce. In International Symposium on Advanced Technologies
and Management Towards Sustainable Greenhouse Ecosystems.
Greensys 952:393-8.

Lorenzo P, Sanchez-Guerrero MC, Medrano E, Soriano T, Castilla
N, 2005. Responses of cucumbers to mulching in an unheated
plastic greenhouse. J. Hortic. Sci. Biotech. 80:11-7.

Malinconico M, 2017. Soil degradable bioplastics for a sustainable
modern agriculture. Springer, Germany.

Martin-Closas L, Bach A, Pelacho AM, 2008. Biodegradable
mulching in an organic tomato production system. Acta Hortic
767:267-74.

Miles C, Reed J, Klingler E, Nelson L, Smith T, Kolker K, Cross C,
2007. Alternatives to plastic mulch in vegetable production sys-
tems. Available from: http://vegetables.wsu.edu/MulchReport07

Minuto G, Pisi L, Tinivella F, Bruzzone C, Guerrini S, Versari M,
Capurro M, 2007. Weed control with biodegradable mulch in
vegetable crops. In International Symposium on High
Technology for Greenhouse System Management. Greensys
801:291-8.

Moreno MM, Cirujeda A, Aibar J, 2016. Soil thermal and productive
responses of biodegradable mulch materials in a processing
tomato (Lycopersicon esculentum Mill.) crop. Research 54:207-
15.

Moreno MM, Moreno A, Mancebo I, 2009. Comparison of different
mulch materials in a tomato (Solanum lycopersicum L.) crop.
Span. J. Agric. Res. 7:454-64.

Moreno MM, Moreno A, 2008. Effect of different biodegradable and
polyethylene mulches on soil properties and production in a

tomato crop. Sci. Hortic. 116:256-63.
Non Renseigné, Shahid U, Muhammad I, 2007. Nitrate accumula-

tion in plants, factors affecting the process, and human health
implications. A review. Agron. Sustain. Develop. 27:45-57.

Picuno P, 2014. Innovative material and improved technical design
for a sustainable exploitation of agricultural plastic film. Polym-
Plast. Technol. 53:1000-11.

Plastics Europe. An analysis of plastics production, demand and
recovery in Europe, 2020. Available from: http://www.plastic-
seurope.org/

Porto ML, Alves JC, Souza AP, Araujo RC, Arruda JA, 2008. Nitrate
production and accumulation in lettuce as affected by mineral
nitrogen supply and organic fertilization. Hortic. Bras. 26:227-
30.

Rouphael Y, Cardarelli M, Bassal A, Leonardi C, Giufrida F, Colla
G, 2012. Vegetable quality as affected by genetic, agronomic
and environmental factors. J. Food Agric. Environ. 10:680-8.

Sah RN, 1994. Nitrate-nitrogen determination: a critical review.
Commun. Soil Sci. Plant Anal. 25:2841-69

Salehzadeh H, Maleki A, Rezaee R, Shahmoradi B, Ponnet K, 2020.
The nitrate content of fresh and cooked vegetables and their
health-related risks. PLoS One 15:e0227551. 

Scarascia-Mugnozza G, Sica C, Russo G, 2011. Plastic materials in
European agriculture: actual use and perspectives. J. Agricult.
Engine. 42:15-28.

Scaringelli MA, Giannoccaro GM, Lopolito A, 2016. Adoption of
biodegradable mulching films in agriculture: Is there a negative
prejudice towards materials derived from organic wastes? Ital. J.
Agron. 11:92-9. 

Stagnari F, Di Bitetto V, Pisante M, 2007. Effects of N fertilizers and
rates on yield, safety and nutrients in processing spinach geno-
types. Sci. Hortic. 114:225-33. 

Streck NA, Schneider FM, Buriol GA, Heldwein AB, 1995. Effect
of polyethylene mulches on soil temperature and tomato yield in
plastic greenhouse. Sci. Agr. 52:587-93.

Tamme T, Reinik M, Roasto M, 2010. Nitrates and nitrites in veg-
etables: occurrence and health risks. Bioact. Foods Promot.
Health 2010:307-21.

Vox G, Loisi RV, Blanco I, Mugnozza GS, Schettini E, 2016.
Mapping of agriculture plastic waste. Agric. Agric. Sci. Proc.
8:583-91.

Wang FX, Wu XX, Shock CC, Chu LY, Gu XX, Xue X, 2011.
Effects of drip irrigation regimes on potato tuber yield and qual-
ity under plastic mulch in arid Northwestern China. Field Crop
Res. 122:78-84.

Waterer D, 2010. Evaluation of biodegradable mulches for produc-
tion of warm-season vegetable crops. Can J. Plant Sci. 90:737-
43.

Weitzberg E, Lundberg JO, 2013. Novel aspects of dietary nitrate
andhuman health. Annu. Rev. Nutr. 129:1598.

Wojciechowska R, Siwek P, Libik A, 2007. Effect of mulching with
various films on the yield quality of butterhead lettuce and cel-
ery stalks with special reference to nitrate metabolism. Folia
Hortic. 19:37-44.

Xiukang W, Zhanbin L, Yingying X, 2015. Effects of mulching and
nitrogen on soil temperature, water content, nitrate-N content
and maize yield in the Loess Plateau of China. Agr. Water
Manage. 161:53-64.

Zhang W, Wang L, Zhou J, Zhu K, Sun S, 2020. Degradability of
biodegradable plastic films and its mulching effects on soil tem-
perature and maize yield in northeastern China. Inter. J. Agri.
Bio. Eng. 13:146-53.

                                 [Italian Journal of Agronomy 2022; 17:2061]                                                 [page 235]

                                                                                                     Special Section - Article

IJA-2022_3.qxp_Hrev_master  09/09/22  23:12  Pagina 235

Non
-co

mmerc
ial

 us
e o

nly




