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Abstract: Greenhouses on the Mediterranean coast mainly use plastic materials as their cover. The
influence of light exerted by these materials directly affects the crops by modifying the environment
in which they develop. The aim of this study was to analyze the effect of the use of two plastic films
in an experimental greenhouse on the development of fungal diseases in two spring—-summer crop
cycles: tomato (Solanum lycopersicum L.) from February to July 2021 and pepper (Capsicum annuum
L.) from February to July 2022. The study was carried out in Almeria (Spain) in a multispan
greenhouse divided transversely into two sectors by a polyethylene sheet. A commercial film was
installed in the east sector (90% of transmissivity and 55% diffusivity) and an experimental film was
installed in the west sector (85% of transmissivity and 60% diffusivity). In addition, the effect of the
yield and quality of the harvested fruit was determined. In this study, two diseases were established
naturally on the crop: (i) powdery mildew (Leveillula taurica) in both the tomato and the pepper crop
cycles and (ii) early blight (Alternaria solani) in the tomato. The analyses of both diseases showed
that the areas of the greenhouse that used the plastic cover, which presented a lower sunlight
transmissivity, showed higher levels of disease than the areas that used the plastic cover that
allowed greater transmissivity of light within the greenhouse, differing statistically in some phases
of the crop. The marketable yield was 4.2% (for tomato) and 3.1% (for pepper) higher in the sector
with the experimental film with high transmissivity. For both crops, the quality of the fruits did not
show statistically significant differences.
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1. Introduction

Almeria is the Mediterranean region with the highest concentration of greenhouses
in Europe and in the world, with a greenhouse land surface of 32,827 ha in 2021 [1].
Mediterranean greenhouses are mainly composed of tensile steel cable structures
supported by columns and covered with transparent plastic roofs [2]. These greenhouses
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protect crops from external environmental conditions using mainly passive climate
Licensee MDPI, Basel, Switzerland.

systems without energy inputs [3], making them more sustainable with a lower carbon
footprint [4].

Plastic covers can increase the level of diffuse radiation inside greenhouses, reaching
diffuse radiation in the shaded areas and providing higher rates of photosynthetic activity
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cucumber (Cucumis sativus L.) (11-15%) [10,11]. The increase of transmissivity to
photosynthetically active radiation (PAR) of the greenhouse cover improves
photosynthetic activity and consequently can enhance tomato yields [12]. These changes
in the light that reaches the crops, and the effect on them, could influence the microclimate
inside the greenhouse and affect the development of certain fungal diseases. The
incidence of light in the canopy affects some diseases such as powdery mildew. The
quality of light can affect the conidiophore development [13], which can modify the
severity of powdery mildew on the crop depending on the PAR, ultraviolet or infrared
radiation that reaches the plants [14]. In addition, host plants of some diseases show
increased transpiration and decreased photosynthetic activity [15].

Normally, farmers apply phytosanitary products periodically throughout the crop,
without regard to the severity of the disease, which leads to excessive applications of
phytosanitary products [16]. It is an unsustainable agricultural practice, which causes
environmental and health risks; it also contributes to the emergence of disease resistance
to phytosanitary products due to their excessive use [17,18]. The European Economic
Community has reduced in the last years the active materials allowed for use in the fight
against diseases and agricultural pests. In the current regulatory framework, any
knowledge or technique allowing reductions of damage to crops generated by agricultural
pests acquires significant interest. The reduction of pests by the use of new plastic films
does not increase the work of the producers and generates an environmental benefit by
reducing the use of pesticides, making the farms more sustainable.

The main fungal disease in tomato and pepper crops developed in the spring—
summer cycles in Almeria greenhouses is powdery mildew. This endemic disease in the
southwest of Spain is one of the biggest concerns for greenhouse growers. It is one of the
diseases with the highest expenditure on phytosanitary products at the European level
[19] and one of the most widespread worldwide [20]. The climate of the area,
characterized by warm temperatures with high humidity (due to the proximity of the sea)
and dew at the beginning of the day, favors the development of powdery mildew [21-23].
Additionally, the characteristic winds of the Almeria region that reduce the ambient
humidity can facilitate the dispersion of the spores [21]. In addition, Mediterranean
greenhouses (mostly naturally ventilated without forced ventilation to reduce excess
humidity [24]) also benefit the presence of powdery mildew.

Powdery mildew is one of the fungal diseases that most affects the production of
tomato and pepper in greenhouses [19] and could cause losses in the final production of
the crop between 2—4 kg m2 [25]. This disease is the main cause of the increase in the use
of pesticides in Europe due to the important damages that are produced in agricultural
production [19, 26]. Leveillula Taurica is the pathogen that causes powdery mildew in
tomato and pepper, which in turn is one of the most important fungal diseases in these
crops. Powdery mildew in most cases is an epiphytic disease, generating main damages
to the outer parts of the leaf. L. taurica is an endophytic fungus that penetrates the internal
tissues of the leaf (the mesophile), causing internal damage to the leaf and defoliation,
which generates production losses in crops [19].

Alternaria solani is also one of the most common pathogens in solanaceous crops,
causing early blight on all tomato varieties worldwide that can reduce production [27].
The symptoms of early blight are the appearance of necrotic spots in concentric rings with
a yellow chlorotic halo on the leaves, causing the reduction of the photosynthetic area of
the plant [28-31]. After colonization, the damage is visible 2-3 days after infection and
spores occur between 3 and 5 days later. The pathogen can remain in the greenhouse
between different crop cycles, with mycelia on hosts or conidia in the soil, in crop residues
and in seeds [32]. This pathogen attacks at all stages of growth and in all plant structures
of the tomato, including fruits, leading to crop losses that can reach up to 79% of the yield
[33, 34].

Tropical climates with elevated temperatures and rainfall favor the development of
the pathogen; this requires the use of specific fungicides to control crop damage [35].
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Frequent rains, high humidity and high temperatures (24-29 °C) help the development of
early blight, but also semi-arid climates with wet nights causing frequent and prolonged
night dew favor the proliferation on crops [29].

It is known that there are differences in the development of fungal diseases in
different crops, depending on the quality and quantity of light received by the plants [13,
14, 36-39]. The light in the canopy could be related to the development of diseases that a
priori would be more influenced by environmental humidity, as would be the case of early
blight. In a previous cucumber crop developed in the same experimental greenhouse, we
observed that powdery mildew infection decreased by 30% under the influence of a plastic
cover with high transmissivity [11].

The aim of this study was to evaluate the effect of an experimental cover film with
high transmittance and high light diffusivity on the development of fungal diseases and
yield and fruit quality in tomato and pepper crops developed in the spring—summer cycles
in a Mediterranean greenhouse.

2. Materials and Methods
2.1. Characteristics of Experimental Greenhouse

The trials were carried out in a multispan greenhouse located at the UAL-ANECOOP
Experimental Station “Catedrdtico Eduardo Ferndndez” of the University of Almeria (36°51'
N, 2°16' W and 87 m.a.s.l.). The greenhouse had two isolated sectors separated by a
polyethylene sheet (Table 1). The greenhouse had roof and side vent openings (Table 1)
protected with insect-proof screens (10 x 20 threads cm™).

Table 1. Characteristics of the two sectors of the experimental greenhouse. Sc—crop surface; Sv—
vent opening surface; Sv/Sc—ventilation surface percentage.

Sector Plastic cover Dimensions Sc (m?) Sv (m?) Sv/Sc (%)
West Er 40m x 25 m 1000 232.2 23.2
East Cr 40m x20m 800 193.9 24.2

An experimental diffuse film with high transmissivity (Er) was installed in the cover
of the west sector of the greenhouse, while a commercial diffuse film (Cr) covered the east
sector (control sector). Both plastic films were developed by Politiv Europa S.L. (Israel)
and their optical properties (Table 2) were determined following the UNE-EN 13206: 2017
+ Al [40] and ASTM D 1003-13 [41] standards.

Table 2. Optical properties of the cover films. Transmission of photosynthetically active radiation
Trar (400-700 nm), transmission of ultraviolet light Tuv (300-380 nm), diffusion of light D (%) and
thermal efficiency T (%).

Plastic Cover Trar Tuv D T
Er 0.90 0.24 55 90
Cr 0.85 0.24 60 85

In this trial, the cover was whitewashed in both sectors of the greenhouse. This
technique is traditionally used by most Almeria growers to reduce temperatures inside
the greenhouse, decreasing crop stress and irrigation needs in the months with the highest
incidence of radiation (spring-summer). This technique reflects part of the direct radiation
reaching the greenhouses, thus influencing the radiation transmitted through the plastic
covers [42]. A whitewashing concentration of 0.25 kg L' of calcium carbonate was applied
in May 2021 for the tomato crop and 0.5 kg L' was applied for the pepper crop in March
2022. The whitewashing of the greenhouse covers degraded over time, detaching from the
plastic covers due to weather or climatic conditions [42].

2.2. Crop System
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The study was carried out in two spring—summer crop cycles: (i) a tomato crop was
transplanted on 7 February 2021 with the commercial variety Ramyle RZ F1 (Rijk Zwaan
Ibérica, S.A., Almeria, Spain); (ii) a pepper crop was transplanted on 20 February 2022
with the commercial variety Bemol RZ F1 (Rijk Zwaan Ibérica, S.A., Almeria, Spain). The
plants grew in “arenado”, which is an artificial sand mulched soil, typically used in Alme-
ria greenhouses [43]. The plant density used in the trial was 1.2 plants m= for tomato and
2 plants m2 for pepper. Fertigation was applied uniformly in both sectors by drip irriga-
tion. Tomato and pepper crop management tasks (such as cleaning, trellising, pruning
and harvesting) were carried out at the same time in both sectors.

2.3. Measurement of the Infection Level in Plants

For each experimental sector (west-Er and east-Cr), four evaluation plots were estab-
lished: two in the northern zone and two in the southern (with an area of 10 m2each in
both crops). The plots chosen were away from the edges of the greenhouse to avoid the
edge effect (Figure 1).
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Figure 1. Detail of tomato (a), pepper (b) and distribution of the evaluation plots in each experi-
mental sector (c).

The methodology used to determine the infection rate for each disease was the same
that was used by Avalos et al. [11]. Twelve plants were randomly selected in each evalu-
ation plot for tomato and twenty plants for pepper. The percentage of affected leaf area
on the upper and lower side of four leaves of similar characteristics was evaluated for
each selected plant. The identification of the pathogens (L. taurica and A. solani) that cause
the diseases was carried out by direct observation in the greenhouse and subsequent mi-
croscopic observation of mycelia, spores and conidia [44,45]. The choice of the evaluation
plots followed the European and Mediterranean Plant Protection Organization (EPPO)
standards. For powdery mildew diseases, EPPO PP 1/181 (conduct and reporting of effi-
cacy evaluation trials), PP 1/152 (design and analysis of efficacy evaluation trials) and PP
1/57 (powdery mildew on cucurbits and other vegetables) are applicable, as well as EPPO
PP 1/263 (Alternaria solani and Alternaria alternata on potato and tomato), PP 1/135 (phyto-
toxicity assessment) and pp 1/121 (leaf spot on vegetables, ALTESO). Disease level assess-
ment (powdery mildew and early blight) was carried out weekly from the observation of
the first symptoms in both crop cycles.

2.4. Yield and Fruit Quality Measurements

To determine the influence of different plastic films on tomato and pepper yield, four
crop lines were selected in each sector (considered as statistical replicates). Marketable
yield was weighed at each harvest with a Mettler Toledo electronic balance (Mettler To-
ledo, S.A.E., L'Hospitalet de Llobregat, Spain; sensitivity of 20 g and maximum capacity
160 of 60 kg).

For the evaluation of fruit quality, we used different parameters depending on the
crop. In the case of tomato, ten fruits were randomly selected in each harvest to measure
their weight [46] with an electronic balance PB3002-L Delta Range® (Mettler Toledo, SA,
L’Hospitalet de Llobregat, Spain), with a measuring range of 0-600 kg and an accuracy of
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0.1 g. The equatorial diameter [47] was measured with a digital gauge (Medid Precision,
SA, Barcelona, Spain), with a measuring range of 0-150 mm and resolution of 0.010 mm.
The soluble solids’ content was determined with a PAL1 refractometer (Atago Co. LTD.,
Fukuoka, Japan), with a measurement range of 0-53% and an accuracy of 0.2%. The skin
firmness [48] was measured with a digital texture analyzer PCE-FM 200 (PCE- Ibérica SL,
Tobarra, Spain), with a range of 0-20 kg and an accuracy of 0.5 g. The dry matter content
[46] was determined by drying fruits at 70 °C for 48 h in an oven (23-240 I, FD series,
Binder GmbH, Tuttlingen, Germany). Visual quality of fruits [49] was estimated with a
CR-400 portable colorimeter (Konica Minolta, Morristown, NJ, USA), with an area of 8
mm for reflected color measurement and six silicon photodiode detectors (three for the
measuring beam and three for lighting control). In the case of the pepper, we selected ten
random fruits of every sector in each harvest. In addition to the quality parameters meas-
ured in tomato fruits, we measured the length and width of pepper fruits and the length
of the pedicel with a tape measure and the mesocarp thickness with a digital gauge.

2.5. Statistical Analysis

Statistical analysis of the data was carried out with Statgraphics Centurion v.18 soft-
ware (Manugistics Inc., Rockville, MD, USA) using analysis of variance (considered sig-
nificant if the p-value is < 0.05), comparing mean values with Fisher’s least significant dif-
ference (LSD) procedure. Bartlett’s, Cochran’s and Hartley’s tests were used to determine
whether a sector had similar variance. For parameters with different variance, a non-par-
ametric analysis was performed with Friedman’s test, where each row represents a block
(the date of measurement) using the box-and-whisker plot [50].

3. Results
3.1. Tomato Crop Cycle

The most important disease during the tomato crop cycle was powdery mildew. The
disease level was not very high, with an infection rate around 25 % (Figure 2). Early blight
does not usually appear on the dates but appeared in our trial. The exceptional rains that
fell in Almeria between May and June favored the appearance of this disease, presumably
due to the increased humidity. Early blight reached lower infection levels than powdery
mildew but was sufficient for the farmer to carry out an antifungal treatment, mainly due
to the damage caused on tomato leaves and fruit (Figure 2).

Figure 2. Leaves affected for different disease: powdery mildew in tomato (a), early blight in tomato
(b) and powdery mildew and early blight in the same tomato leaf (c).

3.1.1. Powdery Mildew

The evaluation of infection by powdery mildew began on April 21 (appearance of the
first symptoms) until July 10, which was the end date of the crop. At the end of the trial,
some of the evaluated plots reached infection rates above 20% (Figure 3). Powdery mildew
development was faster in the areas covered by the commercial film (Cr), with statistically
significant differences even at times with very low infection levels (May 29). Between May
29 and June 19, there was a significant increase in the disease in both sectors. The statisti-
cally significant higher levels of infection in the sector with the commercial plastic film
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were mainly observed in the final phase of the crop, when the incidence of disease in-
creased in the greenhouse (Figure 3).

% Infection
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Figure 3. Development of powdery mildew in the tomato: commercial film Cr (0); experimental film
Er (o). Different letters indicate statistically significant differences (p-value < 0.95).

The evolution of the infection rate may be influenced by the transmissivity and dif-
fusivity of the radiation of the experimental cover plastic. The results in the tomato crop
agreed with the results obtained in two previous cucumber crops developed in the au-
tumn-winter cycles in the same experimental greenhouse [11].

To reduce excessive inside temperatures at the end of the tomato crop, a cover white-
washing was applied with a concentration of 0.25 kg L of calcium carbonate in May 2021.
Several unusual days of rain (May and June) eliminated the whitewashing of the green-
house, which was not replaced because of the proximity of the end of the crop. After the
rainy days, the disease incidence was higher in both sectors.

3.1.2. Early Blight

Early blight appeared naturally in this trial, with the first symptoms observed from
20 May onwards. A period of elevated temperatures and 8 days of rain (Figure 4), which
increased the environmental humidity, favored the development of the disease. Although
the trial was carried out in a protected environment (greenhouse), external environmental
factors were important for the development of fungal diseases. The accumulated rainfall
recorded during the trial was 50 mm, in an area where the average annual rainfall is less
than 250 mm.

The level of disease reached was not extraordinarily high and the development was
progressive and without notable periods of severity. The early blight infection rate was
always higher in the areas covered with the commercial film, with statistically significant
differences from the onset of the disease (Figure 4).

3.1.3. Fruit Quality

The statistical analysis of the fruit quality parameters did not show statistically sig-
nificant differences between the two sectors. The greatest differences were observed in
fruit weight and firmness, both greater in the sector with the commercial film (Table 3).
The soluble solids’” content and equatorial diameter of the fruit were slightly higher in the
sector with the commercial film. The dry matter content was the same between the fruit
harvested in the two sectors (Table 3).
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Figure 4. Development of early blight in the tomato: commercial film Cr (0); experimental film Er
(o). Different letters indicate statistically significant differences (p-value < 0.95). Arrows indicate
rainy days.

Table 3. Average values of the production quality parameters for the tomato: weight—WF (g); equa-
torial diameter—DF (mm); firmness—FF (kg cm™2); soluble solids content—SSC (°Brix); dry mat-
ter—DM (%).

Film WEF DF FF SSC DM
Er 130.12+21.6  65.32+4.2 1.62+0.7 442+0.3 6.62+0.9
Cr 133.32+14.1 65.9 2+ 4.8 212+44 462+0.5 6.62+0.9

Values with different letters in the same column show statistically significant differences with a
confidence level of 95.0% (p-value < 0.05).

Fruit color did not show statistically significant differences between the commercial
film and the experimental film. The luminosity (L) and the yellow/blue color component
(b) were higher in the fruit harvested in the sector with the experimental film. The
red/green color component (a) was slightly higher in the sector with the commercial film
(Table 4).

Chromaticity (a/b) is a parameter proportional to fruit maturity associated with vis-
ual quality, which translates into better commercial quality. This parameter was similar
between the two experimental sectors.

Table 4. Average values of the color characteristics measured in tomato fruits. Colorimetric coordi-
nates corresponding to the luminosity (L), the red/green color component (a), the yellow/blue color
component (b) and the chromaticity (a/b).

Film L a b a/b
Er 39.42a+3.3 23.1a+29 252a+44 09a+0.2
Cr 39.02a+3.3 23.32+3.0 25.12+4.6 092+0.2

Values with different letters in the same column show statistically significant differences with a
confidence level of 95.0% (p-value < 0.05).

3.1.4. Tomato Production

The results for the tomato show an increase in marketable yield of 0.21 kg/m? in the
sector of the greenhouse with the experimental film Er (Figure 5), with an increase of 4.2%
compared with the commercial film. Additionally, the total cumulative yield was higher
with Er (6.52 kg/m?) in comparison with Cr (6.38 kg/m?) (Figure 5). With Er, the total yield
was 2.2% higher than with Ce.
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Figure 5. Marketable (w) and total yield (m) of the tomato with commercial film (Cr) and experi-
mental film (EF).

3.2. Pepper Crop Cycle

In the second crop cycle (February—June 2022), powdery mildew also affected the
pepper. The first symptoms of the disease were observed in April 2022, with a low inci-
dence. Therefore, the evaluations started in May when powdery mildew spots could be
observed in almost all the evaluation plots. Figure 6 shows the damage caused by the high
incidence of the disease in peppers and even the defoliation present in some plants.

Figure 6. Leaves affected for powdery mildew (a,b) and defoliation leaves in pepper (c).

3.2.1. Powdery Mildew

In the pepper, at the beginning of the crop cycle, no differences were observed be-
tween the evaluation plots. Statistically significant differences only appeared in the last
three evaluations. Previously, even with infection percentage levels superior to 10 percent,
no difference was observed between the evaluation plots (Figure 7).

In this case, a whitening dose of 0.5 kg L' of calcium carbonate was used in March
2022, because pepper is more sensitive to elevated temperatures at the beginning of the
crop. There were no significant rains during crop development, so the whitening re-
mained on the canopy until deterioration, as described by Lépez-Martinez et al. [42]. At
the beginning of the crop cycle, there were no clear differences in the development of the
disease between the two sectors. However, with the deterioration of the whitening, we
observed how the differences in the development of the disease manifested (Figure 7), as
happened in the tomato.

The development of powdery mildew at the beginning of the pepper crop cycle was
very low. In the last phase of the crop cycle (18 June-2 July 2022), an aggressive develop-
ment of the disease caused severe damage to the crop that drastically reduced the yield,
producing as a consequence the premature end of the crop. In this period, environmental
conditions inside the greenhouse were very favorable for the development of the disease,
because the leaf area of pepper affected by powdery mildew increased fivefold (Figure 7).
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Figure 7. Development of powdery mildew in the pepper: commercial film Cr (0); experimental film
Er (o). Different letters indicate statistically significant differences (p-value < 0.95).

3.2.2. Fruit Quality

No statistically significant differences were observed for any of the pepper quality
parameters studied. The size and weight of pepper fruits were higher in the sector with
the experimental film. However, the pedicel length and the dry matter were higher in the
sector with the commercial film (Table 5).

Table 5. Average values of the production quality parameters for the pepper: weight—WF (g); fruit
length—LF (mm); fruit width—WiF (mm); mesocarp thickness—MT (mm); pedicel length—PL
(mm); firmness—FF (kg cm™); soluble solids content—SSC (°Brix); dry matter —DM (%).

Film WE LF WiF MT PL FF SSC DM
Er 259.22+46.787.52+10.993.12+5.77.12+1.146.44 >+ 12.62.52+0.47.72+0.79.6 2+ 1.6
Cr 252.62+44.887.42+12.291.92+6.77.12+1.050.02+144 252+0.57.82+0.79.92+ 1.5

Values with different letters in the same column show statistically significant differences with a
confidence level of 95.0% (p-value < 0.05).

The pepper color did not show statistically significant differences between the sectors
studied. All the parameters that quantify it—luminosity (L) and the yellow/blue (b) and
red/green (a) color component—were higher in the sector with the experimental film (Ta-
ble 6). Chromaticity (a/b) was similar in the two sectors.

Table 6. Average values of the color characteristics measured in pepper fruits. Colorimetric coordi-
nates corresponding to the luminosity (L), the red/green color component (a), the yellow/blue color
component (b) and the chromaticity (a/b).

Film L a b a/b
Er 35.1a+1.9 271a+35 1592+27 1.72+0.2
Cr 35.02a+2.1 26.9 a+4.0 15.82+2.8 1.72+0.2

Values with different letters in the same column show statistically significant differences with a
confidence level of 95.0% (p-value < 0.05).

3.2.3. Pepper Production

The marketable production of the pepper was similar in the two sectors. As with the
tomato, it was slightly higher in the sector with the experimental film, in this case by 3.1%
(0.06 kg/m?) compared with the sector with the commercial film.
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4. Discussion

For tomato and pepper crops developed in the spring-summer cycles, a greater de-
velopment of some fungal diseases was generally observed in the greenhouse sector with
the commercial film; it could be related to the higher light transmissivity of the experi-
mental film (90%) compared with the commercial film (85%). Powdery mildew survives
and grows well in shady conditions; the conidia are sensitive to direct sunlight and ultra-
violet radiation [51-54]. However, the whitewashing effect results in lower temperatures
and higher relative humidity due to the lower incidence of radiation, which also influ-
ences the development of pathogenic fungi.

The quantity of light reaching the plant leaves can influence the development of pow-
dery mildew [55], as we can see in Figures 3 and 7. The areas covered with the plastic that
allowed a lower total light transmission showed a higher development of the disease,
which could be related to a lower incidence of ultraviolet radiation (UV-B, 280-300 nm)
that inhibits the development of powdery mildew in the tomato [54]. The differences in
the disease development under different plastics may be because of different light quali-
ties under different plastic films or an indirect effect on host plant susceptibility [14, 56].
Light intensity and light quality can affect the pathogen or host plant in powdery mildew
infections, as has been shown with L. taurica on pepper [57] and powdery mildew on cu-
cumber [58].

The cover whitewashing also influenced the light transmitted through the films
tested in this work. In the tomato cycle, the whitewashing did not have a significant effect
on the results because the rains removed it from the greenhouse canopy (Figure 4). In this
case, we observed the different incidences of diseases from the beginning of the crop. In
the pepper cycle, there was practically no rain, so the whitewashing remained on the roof
of the greenhouse until it deteriorated. Therefore, even with infection rates of 20%, the
two areas covered with different films did not differ in disease level. In July, with the
whitewashing severely degraded, we observed statistically significant differences. The
different levels of disease in both sectors clearly showed the importance of the light that
reaches the crop for the development of powdery mildew.

In the tomato cycle, early blight development was also observed. In this case, there
was also a lower level of disease in the greenhouse sector covered with the experimental
plastic (Figure 4). Early blight development is known to be strongly affected by the need
for high humidity and elevated temperatures [35]. Rainfall during the trial could benefit
the development of early blight in the crop.

Different wavelengths of light affecting crops can influence the development of dis-
eases as well as the host plant, which can make it more susceptible to these diseases [59].
Early blight needs elevated temperatures and high humidity values for its correct devel-
opment [35], so the effect of light reaching the crop acts indirectly on the development of
the disease [60]. Under the experimental film, there is a greater transmission of total light,
which increases photosynthetic activity [12] and may retard the development of the dis-
ease. In addition, other studies show that low light in tomato plants reduces the produc-
tion of antioxidants and hydrogen peroxide and increases the presence of malondialde-
hyde [61], reducing the plants’ natural defenses against pathogens.

The analysis of the marketable yield of the tomato showed an increase of 0.25 kg m
in the western sector of the greenhouse with the experimental film (Figure 5). This 4.2%
increase in marketable yield could be due to the higher radiation transmissivity of the
experimental film. For cucumber crops, the yield increased by 14% [11], 10% [9] and 4.8%
[7] with diffuse film covers. Similarly, Dueck et al. [10] found an increase in tomato yield
of 4.8%. Fruit quality showed no statistically significant differences (Tables 4 and 5) in any
of the parameters analyzed. In the tomato crops, sugar contents associated with fruit fla-
vor and pigments associated with fruit maturity can be influenced by the cover materials
[62, 63]. Plastic covers increase the level of diffuse radiation inside greenhouses, providing
higher rates of photosynthetic activity in crops since this diffuse radiation reaches areas
that are shaded in outdoor crops [5].
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The increase of 0.06 kg/m? in the yield of marketable fruits obtained in the sector with
the experimental film with respect to the commercial film for the pepper crop (Figure 8)
could be also attributed to the higher light transmissivity of the cover. Hee et al. [64] ob-
tained a higher productivity of peppers in a greenhouse with a plastic cover with a high
light diffusion rate with respect to a polyethylene plastic cover. The production increased
by 3.1%, values similar to those studied by Hemming et al. [65], which were found to
increase by 5-6% during the summer months due to the use of a diffuse cover film. There
were no statistically significant differences in any of the cases studied (Tables 5 and 6) in
the quality parameters of the pepper fruit studied, although they were higher in the sector
with the experimental film. Other authors did detect differences in dry matter content,
with higher values in the sectors with the higher diffuse radiation film [64].

243
2.31 -
2 A - 1.97

1.91

Yield (kg m™)

Commercial film Experimental film

Figure 8. Marketable (=) and total yield (m) of the pepper with commercial film (Cr) and experi-
mental film (Er).

5. Conclusions

From the results obtained in this work, in which a commercial film (Cr) was com-
pared with an experimental film (Er), the following conclusions can be drawn:

— In comparison with the commercial film, the experimental film (Er)—with a 5%
higher light transmissivity —reduced the incidence of powdery mildew in the tomato
and the pepper mainly in the final phase of both crop cycles, with statistically signif-
icant differences.

—  In comparison with the commercial film, the experimental film (Er) reduced the inci-
dence of early blight in the tomato, with statistically significant differences.

—  The marketable yield of the tomato and the pepper was higher with the experimental
film (Er) in comparison with the commercial film, with an increase of 4.2% for the
tomato and 3.1% for the pepper. However, no statistically significant differences
were observed in any of the fruit quality parameters (weight, equatorial diameter,
fruit length and width, stalk length, wall thickness, firmness, soluble solids” content,
dry matter and colorimetric parameters).

In the future we recommend studying the effect of the plastic cover with different
optic properties combined with passive climate control systems (low energy consump-
tion) to improve productivity and the sustainability of the greenhouses.

Author Contributions: Conceptualization, F.D.M.-A., AL.-M,, F.B. and D.L.V.-M.; methodology,
F.D.M.-A., A.L-M. and E.A.-S; data analysis, E.A.-S., M.AM.-T., P.M.-M. and A.L.-M.; writing—
original draft preparation, E.A.-S. and M.A.M.-T.; review and editing, A.L.-M. and F.B.; project ad-
ministration, D.L.V.-M.; funding acquisition, F.D.M.-A. and D.L.V.-M. All authors have read and
agreed to the published version of the manuscript.

Funding: this research was funded by POLITIV EUROPA S.L. and by the Spanish Ministry of Econ-
omy and Competitiveness by the National R+D+i Plan Project PID2019-111293RB-100).



Agronomy 2023, 13, 526 12 of 14

Data Availability Statement: not applicable.

Acknowledgments: The authors wish to express their gratitude to Politiv Europa S.L., the Research
Centre CIAIMBITAL and Ministry of Universities for the Requalification Aid granted (Margarita
Salas). They would like to thank the University of Almeria—ANECOOP Foundation for their col-
laboration and assistance during the development of this study.

Conlflicts of Interest: the funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

CAGPDS. Cartography of Greenhouses in Almeria, Granada and Malaga; Consejeria de Agricultura, Ganaderia, Pesca y Desarrollo
Sostenible (CAGPDS): Sevilla, Spain; Junta de Andalucia: Sevilla, Spain; Secretaria General de Agricultura, Ganaderia y Ali-
mentacién: Sevilla, Spain, 2021; p. 26. Available online: https://www juntadeandalucia.es/sites/default/files/2021-11/Carto-
grafia%?20_inv_AL_GR_MA_v210928%20_1.pdf (accessed on 5 February 2023). (In Spanish)

Pefia, A.; Peralta, M.; Marin, P. Design and testing of a structural monitoring system in an Almeria-type tensioned structure
greenhouse. Sensors 2020, 20, 258. https://doi.org/10.3390/s20010258.

Ouazzani Chahidi, L.; Fossa, M.; Priarone, A.; Mechaqrane, A. Energy saving strategies in sustainable greenhouse cultivation
in the mediterranean climate— A case study. Appl. Energy 2021, 282, 116156. https://doi.org/10.1016/j.apenergy.2020.116156.
Pérez-Neira, D.; Soler-Montiel, M.; Delgado-Cabeza, M.; Reigada, A. Energy use and carbon footprint of the tomato production
in heated multi-tunnel greenhouses in Almeria within an exporting agri-food system context. Sci. Total Environ. 2018, 628, 1627—
1636. https://doi.org/10.1016/j.scitotenv.2018.02.127.

Li, T.; Yang, Q. Advantages of diffuse light for horticultural production and perspectives for further research. Front. Plant Sci.
2015, 6, 704. https://doi.org/10.3389/fpls.2015.00704.

Li, T.; Heuvelink, E.; Dueck, T.A ; Janse, ]J.; Gort, G.; Marcelis, L.F.M. Enhancement of crop photosynthesis by diffuse light:
Quantifying the contributing factors. Ann. Bot. 2014, 114, 145-156. https://doi.org/10.1093/aob/mcu071.

Zheng, L.; Zhang, Q.; Zheng, K; Zhao, S.; Wang, P.; Cheng, J.; Zhang, X.; Chen, X. Effects of Diffuse Light on Microclimate of
Solar Greenhouse, and Photosynthesis and Yield of Greenhouse-grown Tomatoes. HortScience 2020, 55, 1605-1613.
https://doi.org/10.21273/HORTSCI15241-20.

Li, T.; Heuvelink, E.; van Noort, F.; Kromdijk, J.; Marcelis, L.F.M. Responses of two Anthurium cultivars to high daily integrals
of diffuse light. Sci. Hortic. 2014, 179, 306-313. https://doi.org/10.1016/j.scienta.2014.09.039.

Dueck, T.A.; Poudel, D.; Janse, J.; Hemming, S. Diffuus Licht—Wat Is de Optimale Lichtverstrooiing? Wageningen UR Glastuin-
bouw: Wageningen, The Netherlands, 2009; p. 50. Available online: https://edepot.wur.nl/15806 (accessed on 25 October 2021).
Dueck, T.; Janse, J.; Li, T.; Kempkes, F.; Eveleens, B. Influence of diffuse glass on the growth and production of tomato. Acta
Hortic. 2012, 956, 75-82. https://doi.org/10.17660/ActaHortic.2012.956.6.

Avalos-Sanchez, E.; Moreno-Teruel, M.A.; Molina-Aiz, F.D.; Lopez-Martinez, A.; Pefia-Fernandez, A.; Baptista, F.; Valera-Mar-
tinez, D.L. Influence of the Diffusivity and Transmittance of a Plastic Greenhouse Cover on the Development of Fungal Diseases
in a Cucumber Crop. Agronomy 2022, 12, 2743. https://doi.org/10.3390/ agronomy12112743.

Moreno-Teruel, M.A.; Molina-Aiz, F.D.; Pefia-Fernandez, A.; Lépez-Martinez, A.; Valera-Martinez, D.L. The Effect of Diffuse
Film Covers on Microclimate and Growth and Production of Tomato (Solanum lycopersicum L.) in a Mediterranean Greenhouse.
Agronomy 2021, 11, 860. https://doi.org/10.3390/agronomy11050860.

Suzuki, T.; Nishimura, S.; Yagi, K.; Nakamura, R.; Takikawa, Y.; Matsuda, Y.; Kakutani, K.; Nonomura, T. Effects of light quality
on conidiophore formation of the melon powdery mildew pathogen Podosphaera xanthii. Phytoparasitica 2017, 46, 31-43.
https://doi.org/10.1007/s12600-017-0631-9.

Elad, Y.; Messika, Y.; Brand, M.; David, D.R.; Sztejnberg, A. Effect of Colored Shade Nets on Pepper Powdery Mildew (Leveillula
taurica). Phytoparasitica 2007, 35, 285-299. https://doi.org/10.1007/BF02981163.

Oerke, E.C.; Steiner, U.; Dehne, H.W.; Lindenthal, M. Thermal imaging of cucumber leaves affected by downy mildew and
environmental conditions. J. Exp. Bot. 2006, 57, 2121-2132. https://doi.org/10.1093/jxb/erj170.

Leiminger, ].H.; Hausladen, H. Early Blight Control in Potato Using Disease-Orientated Threshold Values. Plant Dis. 2012, 96,
124-130. https://doi.org/10.1094/PDIS-05-11-0431.

Abuley, LK.; Nielsen, B.]J. Evaluation of models to control potato early blight (Alternaria solani) in Denmark. Crop Prot. 2017, 102,
118-128. https://doi.org/10.1016/j.cropro.2017.08.012.

Hawkins, N.J.; Bass, C.; Dixon, A.; Neve, P. The evolutionary origins of pesticide resistance Biol. Rev. 2019, 94, 135-155.
https://doi.org/10.1111/brv.12440.

Zheng, Z.; Nonomura, T.; Appiano, M.; Pavan, S.N.; Matsuda, Y.; Toyoda, H.; Wolters, A M.A; Visser, R.G.F.; Bai, Y.; Vinatzer,
B.A. Loss of Function in Mlo Orthologs Reduces Susceptibility of Pepper and Tomato to Powdery Mildew Disease Caused by
Leveillula taurica. PLoS ONE 2013, 8, 70723. https://doi.org/10.1371/journal.pone.0070723.

Hiickelhoven, R. Powdery mildew susceptibility and biotrophic infection strategies. FEMS Microbiol. Lett. 2005, 245, 9-17
https://doi.org/10.1016/j.femsle.2005.03.001.



Agronomy 2023, 13, 526 13 of 14

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Guzman-Plazola, R.A.; Davis, M.R.; Marois, J.J. Effects of relative humidity and high temperature on spore germination and
development of tomato powdery mildew (Leveillula taurica). Crop Prot. 2003, 22, 1157-1168. https://doi.org/10.1016/S0261-
219400157-1.

Itagaki, K.; Shibuya, T. Differences in early hyphal development of Podosphaera xanthii on Cucumis sativus leaves acclimatized
to high or low relative humidity. Botany 2018, 96, 67-71. https://doi.org/10.1139/cjb-2017-0159.

Lage, D.; Waldir, A.; Marouelli, A.; Café-Filho, C. Management of powdery mildew and behaviour of late blight under different
irrigation configurations in organic tomato. Crop Prot. 2019, 125, 104886. https://doi.org/10.1016/j.cropro.2019.104886.
Molina-Aiz, F.D.; Valera, D.L.; Alvarez, A.]. Measurement and simulation of climate inside Almerfa-type greenhouses using
computational fluid dynamics. Agric. For. Meteorol. 2004, 125, 33-51. https://doi.org/10.1016/j.agrformet.2004.03.009.
Cerkauskas, R.F.; Buonassisi, A. First report of powdery mildew of greenhouse pepper caused by Leveillula taurica in British
Columbia, Canada. Plant Dis. 2003, 87, 1151-1151. https://doi.org/10.1094/PDIS.2003.87.9.1151C.

Parisi, M.; Alioto, D.; Tripodi, P. Overview of biotic stresses in pepper (Capsicum spp.): Sources of genetic resistance, molecular
breeding and genomics. Int. J. Mol. Sci. 2020, 21, 2587. https://doi.org/10.3390/ijms21072587.

Shinde, B.A.; Dholakia, B.B.; Hussain, K.; Aharoni, A.; Giri, A.P.; Kamble, A.C. WRKY1 acts as a key component improving
resistance against Alternaria solani in wild tomato, Solanum arcanum Peralta. Plant Biotechnol. ]. 2018, 16, 1502-1513.
https://doi.org/10.1111/pbi.12892.

Akhtar, K.P.; Ullah, N.; Saleem, M.Y.; Igbal, Q.; Asghar, M.; Khan, A.R. Evaluation of tomato genotypes for early blight disease
resistance caused by Alternaria solani in Pakistan. J. Plant Pathol. 2019, 101, 1159-1170. https://doi.org/10.1007/s42161-019-00304-8.
Rotem, J.; Reichert, I. Dew a principal moisture factor enabling early blight epidemics in a semiarid region of Israel. Plant Dis.
Rep. 1964, 48, 211-215.

Zhang, N.; Wu, H.; Zhu, H.; Deng, Y.; Han, X. Tomato Disease Classification and Identification Method Based on Multimodal
Fusion Deep Learning. Agriculture 2022, 12, 2014. https://doi.org/10.3390/agriculture12122014.

Gannibal, P.B.; Orina, A.S.; Mironenko, N.V.; Levitin, M.M. Differentiation of the closely related species, Alternaria solani and
A. tomatophila, by molecular and morphological features and aggressiveness. Eur. |. Plant Pathol. 2014. 139, 609-623.
https://doi.org/10.1007/s10658-014-0417-6.

Abuley, I.K.; Nielsen, B.J.; Hansen, H.H. The influence of crop rotation on the onset of early blight (Alternaria solani). ]. Phyto-
pathol. 2019, 167, 35-40. https://doi.org/10.1111/jph.12771.

Desta, M.; Yesuf, M. Efficacy and economics of fungicides and their application schedule for early blight (Alternaria solani)
management and yield of tomato at South Tigray Ethiopia. J. Plant Pathol. Microbiol. 2015, 6, 1-6. https://doi.org/10.4172/2157-
7471.1000268.

Bessadat, N.; Berruyer, R.; Hamon, B.; Kihal, M.; Henni, D.E.; Simoneau, P.; Bataille-Simoneau, N.; Benichou, S. Alternaria spe-
cies associated with early blight epidemics on tomato and other Solanaceae crops in northwestern Algeria. Eur. J. Plant Pathol.
2016, 148, 181-197. https://doi.org/10.1007/s10658-016-1081-9.

Abuley, LK.; Nielsen, B.].; Labouriau, R. Resistance status of cultivated potatoes to early blight (Alternaria solani) in Denmark.
Plant Pathol. 2018, 67, 315-326. https://doi.org/ 10.1111/ppa.12744.

Raviv, M.; Reuveni, R. Fungal photomorphogenesis: A basis for the control of foliar diseases using photoselective covering
materials for greenhouses. HortScience 1998, 33, 925-929. https://doi.org/10.21273/HORTSCI.33.6.925.

Kanto, T.; Watanabe, K.; Uchihashi, K.; Nishino, M.; Sato, F.; Arii, M. Ultraviolet B radiation from a compact fluorescent lamp
for tomato disease control. Acta Hortic. 2018, 1207, 197-202. https://doi.org/10.17660/ActaHortic.2018.1207.26.

Suthaparan, A.; Torre, S.; Mortensen, L.M.; Gislered, H.R.; Solhaug, K.A.; Stensvand, A.; Gadoury, D.M. Interruption of the
night period by UV-B suppresses powdery mildew of rose and cucumber. Acta Hortic. 2012, 956, 617-620.
https://doi.org/10.17660/ActaHortic.2012.956.73.

Su, YY,; Qi, Y.L, Cai, L. Induction of sporulation in plant pathogenic fungi. Mycology 2012, 3, 195-200.
https://doi.org/10.1080/21501203.2012.719042.

UNE-EN 13206: 2017+A1; Plastics — Thermoplastic Covering Films for Use in Agriculture and Horticulture. Asociacién Espafiola
de Normalizacién (UNE): Madrid, Spain, 2020; p. 6. Available online: https://www.une.org/encuentra-tu-norma/busca-tu-
norma/norma/?Tipo=N&c=N0064784 (accessed on 11 November 2022).

ASTM D 1003-13; Standard Test Method for Haze and Luminous Transmittance of Transparent Plastics. American Society for
Testing and Materials (ASTM): West Conshohocken, PA, USA, 2021; p. 64. Available online: https://www.astm.org/Stand-
ards/D1003.htm (accessed on 11 November 2022).

Lopez-Martinez, A.; Valera-Martinez, D.L.; Molina-Aiz, F.D.; Moreno-Teruel, M.A.; Pefa-Fernandez, A.; Espinoza-Ramos, K.E.
Analysis of the Effect of Concentrations of Four Whitening Products in Cover Transmissivity of Mediterranean Greenhouses.
Int. J. Environ. Res. Public Health 2019, 16, 958. https://doi.org/10.3390/ijerph16060958.

Valera, D.L.; Belmonte, L.J.; Molina-Aiz, F.D.; Lépez, A. Greenhouse Agriculture in Almeria. A Comprehensive Techno-Economic
Analysis; Publicaciones Cajamar: Almeria, Spain, 2016; p. 408. Available online: http://www.publicacionescajamar.es/series-te-
maticas/economia/greenhouse-agriculture-in-almeria-a-comprehensive-techno-economic-analysis/ (accessed on 18 November
2022).

Parvatha Reddy, P. Sustainable Crop Protection Under Protected Cultivation, 1st ed.; Springer: Singapore, 2016; p. 434
https://doi.org/10.1007/978-981-287-952-3.



Agronomy 2023, 13, 526 14 of 14

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Zheng, Z.; Nonomura, T.; Béka, K.; Matsuda, Y.; Visser, R.G.; Toyoda, H.; Kiss, L.; Bai, Y. Detection and Quantification of Leveil-
lula taurica Growth in Pepper Leaves. Phytopathology 2013, 103, 623-632. https://doi.org/10.1094/PHYTO-08-12-0198-R.
Steelheart, C.; Alegre, M.L.; Vera Bahima, ].; Senn, M.E.; Simontacchi, M.; Bartoli, C.G.; Gergoff Grozeff, G.E. Nitric oxide im-
proves the effect of 1-methylcyclopropene extending the tomato (Lycopersicum esculentum L.) fruit postharvest life. Sci. Hortic.
2019, 255, 193-201. https://doi.org/10.1016/j.scienta.2019.04.035.

Jiang, C.; Johkan, M.; Hohjo, M.; Tsukagoshi, S.; Ebihara, M.; Nakaminami, A.; Maruo, T. Photosynthesis, plant growth, and
fruit production of single-truss tomato improves with supplemental lighting provided from underneath or within the inner
canopy. Sci. Hortic. 2017, 222, 221-229. https://doi.org/10.1016/j.scienta.2017.04.026.

Hernandez, ].; Bonachela, S.; Granados, M.R.; Lépez, J.C.; Magan, ].J.; Montero, J.I. Microclimate and agronomical effects of
internal impermeable screens in an unheated Mediterranean greenhouse. Biosyst. Eng. 2017, 163, 66-77.
https://doi.org/10.1016/j.biosystemseng.2017.08.012.

Melilli, M.G.; Tringali, S.; Raccuia, S.A. Reduction of browning phenomena of minimally processed artichoke hearts. Acta Hortic.
2016, 1147, 223-236. https://doi.org/10.17660/ActaHortic.2016.1147.33.

Statgraphics Statgraphics ® 18. User Manual. Statgraphics Technologies. Available online: https://www.statgraphics.net/wp-98
3content/uploads/2015/03/Centurion-XVI-Manual-Principal.pdf (accessed on 29 October 2022).

Pathak, A.; Stensvand, A.; Gislered, H.R.; Solhaug, K.A.; Cadle-Davidson, L.; Suthaparan, A. Functional Characterization of
Pseudoidium neolycopersici Photolyase Reveals Mechanisms Behind the Efficacy of Nighttime UV on Powdery Mildew Sup-
pression. Front. Microbiol. 2020, 11, 1091-1091. https://doi.org/10.3389/fmicb.2020.01091.

Janisiewicz, W.].; Takeda, F.; Nichols, B.; Glenn, D.M.; Jurick, I. Use of low-dose UV-C irradiation to control powdery mildew
caused by Podosphaera aphanis on strawberry plants. Can. ]J. Plant Pathol. 2016, 38, 430-439.
https://doi.org/10.1080/07060661.2016.1263807.

Suthaparan, A.; Solhaug, K.A.; Stensvand, A.; Gislered, H.R. Daily light integral and day light quality: Potentials and pitfalls of
nighttime UV treatments on cucumber powdery mildew. [ Photochem. Photobiol. 2017, 175, 141-148.
https://doi.org/10.1016/j.jphotobiol.2017.08.041.

Suthaparan, A.; Pathak, R.; Solhaug, K.A.; Gislerad, H.R. Wavelength dependent recovery of UV-mediated damage: Tying up
the loose ends of optical based powdery mildew management. ]. Photochem. Photobiol. 2018, 178, 631-640.
https://doi.org/10.1016/j.jphotobiol.2017.12.018.

Buckland, K.R.; Ocamb, C.M.; Rasmussen, A.L.; Nackley, L.L. Reducing Powdery Mildew in High-tunnel Tomato Production
in Oregon with UltraViolet-C Lighting. HortTechnology 2023, 33, 149-151. https://doi.org/10.21273/HORTTECHO05139-22.

Li, T;; Zhou, J.; Liu, R.; Yuan, Z; Li, J. Effects of photo-selective nets and air humidity coupling on tomato resistance to Botrytis
cinerea. Sci. Hortic. 2022, 305, 111356. https://doi.org/10.1016/j.scienta.2022.111356.

Diop-Bmckler, M. Effect of climatic factors on development of Leveillula taurica and susceptibility of Capsicum annuum at
different vegetative stages. |. Phytopathol. 1989, 126, 104—114. https://doi.org/10.1111/j.1439-0434.1989.tb01095.x.

Fardhani, D.M.; Kharisma, A.D.; Kobayashi, T.; Arofatullah, N.A.; Yamada, M.; Tanabata, S.; Yokoda, Y.; Widiastuti, A.; Sato,
T. Ultraviolet-B Irradiation Induces Resistance against Powdery Mildew in Cucumber (Cucumis sativus L.) through a Different
Mechanism Than That of Heat Shock-Induced Resistance. Agronomy 2022, 12, 3011. https://doi.org/10.3390/agronomy12123011.
Vasquez, H.; Ouhibi, C.; Forges, M; Lizzi, Y.; Urban, L.; Aarrouf, J. Hormetic doses of UV-C light decrease the susceptibility of
tomato plants to Botrytis cinerea infection. J. Phytopathol. 2020, 168, 524-532. https://doi.org/10.1111/jph.12930.

Meno, L.; Escuredo, O.; Abuley, I.K.; Seijo, M.C. Importance of Meteorological Parameters and Airborne Conidia to Predict Risk
of Alternaria on a Potato Crop Ambient Using Machine Learning Algorithms. Sensors 2022, 22, 7063.
https://doi.org/10.3390/s22187063.

Lu, T;; Yu, H.; Li, Q.; Chai, L.; Jiang, W. Improving plant growth and alleviating photosynthetic inhibition and oxidative stress
from low-light stress with exogenous gr24 in tomato (Solanum lycopersicum 1.) seedlings. Front. Plant Sci. 2019, 10, 490.
https://doi.org/10.3389/fpls.2019.00490.

Papaioannou, C.; Katsoulas, N.; Maletsika, P.; Siomos, A.; Kittas, C. Effects of a UV-absorbing greenhouse covering film on
tomato yield and quality. Span. . Agric. Res. 2012, 10, 959. http://dx.doi.org/10.5424/sjar/2012104-2899.

Petropoulos, S.A.; Fernandes, A.; Katsoulas, N.; Barros, L.; Ferreira, I. The effect of covering material on the yield, quality and
chemical composition of greenhouse-grown tomato fruit. J. Sci. Food Agric. 2019, 99, 3057-3068. https://doi.org/10.1002/jsfa.9519.
Hee, C.; SungHyun, Y.; YunIm, K.; HarkJu, K,; SiYoung, L. Environments and Canopy Productivity of Green Pepper (Capsicum
annuum L.) in a Greenhouse Using Light-diffused Woven Film. Korean |. Hortic. Sci. Technol. 2005, 23, 367-371.

Hemming, S.; van der Braak, N.; Dueck, T.; Jongschaap, R.; Marissen, N. Filtering Natural Light by the Greenhouse Covering
Using Model Simulations--More Production and Better Plant Quality by Diffuse Light? Acta Hortic. 2006, 711, 105-110.
https://doi.org/10.17660/ActaHortic.2006.711.10.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(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.



