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Abstract: The quantity and quality of wall rocket (Diplotaxis tenuifolia L.) production are strongly
influenced by the cultivation system, in particular the protected environment conditions and nitrogen
fertilization. In the present research, we tested two greenhouse cover films (Film1: diffuse light; Film2:
clear), to verify the effects on yield and nitrate content (a detrimental factor of quality) of rocket leaves,
fertilized with optimal (N2) or sub-optimal nitrogen dose (N1), or unfertilized (N0). In addition, we
combined the N fertilization with a biostimulant application, declared by the manufacturer as able to
reduce nitrate content. Film1 provided a 36% yield increase over Film2 and allowed an increasing
production until the V harvest, opposite to what was recorded under Film2, where the yield increased
only until the III harvest. Additionally, biostimulant application boosted the yield (+40%), as well as
nitrogen fertilization. Both factors had the best performance under Film1, where N1 yield was even
equal to N2-Film2. The nitrate content showed a seasonal trend (lower values in spring harvests)
and it was boosted by nitrogen (1096, 3696, and 4963 mg/kg fresh weight, for N0, N1, and N2,
respectively) and biostimulant application (3924 vs. 2580 mg/kg fresh weight). Therefore, the use of
diffuse-light film seems useful to obtain higher yield with a halved N dose as well as in combination
with biostimulant application, but the latter did not confirm the capacity to contain nitrate, at least
for this crop and in this cultivation system.

Keywords: Diplotaxis tenuifolia L.; greenhouse conditions; plastic films properties; nitrogen rates;
non-microbial biostimulant; NO3; SPAD index

1. Introduction

Perennial wall rocket (Diplotaxis tenuifolia L.) is widely spread across the world, espe-
cially in the Middle East and Southern Italy, where it is used mainly for fresh consump-
tion [1]. This species is popular also in the baby leaf industry [2]. Rocket leaves have a
distinct taste and good nutritional content, rich in vitamins (A, B, C, and K), iron, bioactive
compounds, and proteins [3]. Despite its high nutritional value, rocket, just like many
green leafy vegetables, accumulates nitrate in leaf tissues. This compound can negatevely
affect product quality. An excessive dietary intake of nitrate can be harmful to human
health, causing for instance, methemoglobinemia [4–6]. Therefore, the concentration of
nitrate in these crops is regulated by the EU Reg. 1258/2011. Nitrates are the main supply
of N for land plants and are essential for the biosynthesis of nucleic acids and proteins [7].
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Their concentration in leaf tissues depends on many factors such as fertilization schemes
(in particular N doses) [5,8,9] and types of fertilizers [5,9,10], but it is also influenced by
N-uptake and metabolism [4,11,12].

In addition, nitrogen assimilation and accumulation are strongly linked to nitrate
reductase activity, a process strongly affected by light [13]. The effects of light and fertil-
ization are opposite; the nitrate content in green plant tissues has a direct relation with N
fertilization and inverse with light [4,5,11,14–18]. Since the light intensity varies during
the season, the nitrate content also shows a seasonal behavior. Generally, it is higher in
green leafy vegetables grown during the autumn–winter season than those grown during
the spring–summer cycle [16,17,19]. However, not only the light intensity but also the
type of radiation can affect nitrate accumulation. It is known that global radiation con-
sists of direct and diffuse radiation, which is reflected or scattered sunlight due to several
factors/compounds (air molecules, water vapor, clouds, dust, pollutants, forest fires, and
volcanoes) [20]. Atmospheric conditions can reduce the direct radiation by 10% on clear,
dry days and by 100% on overcast, cloudy days [20]. These barriers to solar radiation
transmission can modify light from its natural form.

Under greenhouse conditions, the glass or plastic cover intercepts a part of solar
radiation. Light conditions are different from open field conditions [21] and reduced by
about 30% [22,23]. In addition, conventional materials can provide the direct distribution
of light on the different leaves according to the solar angle; high level of light, as often
occurs under a direct light condition, can lead to photosynthetic saturation and a decrease
in light use efficiency [24]. New cover materials have been developed, such as photo-
selective films but also diffuse-light films, which have the characteristic to distribute the
photosynthetically active radiation (PAR) in a more uniform manner to all the leaves of
the canopy [25], with an overall improvement of the growth and development of the
plants [26,27]. Fausey et al. [28] observed a linear relationship between the amount of light
and dry mass of shoots in several perennial herbaceous species grown in greenhouses, and
Hemming et al. [29] recommended the use of cover material with a minimum diffusivity
of 50% and a transmittance of 90%. Conditions of high diffuse radiation elicit a plant
production increase as a result of a higher efficient yield per unit of PAR [30]. In these
conditions, radiation comes from all the directions and can penetrate deeper into the
canopy that is usually shaded, thus covering it uniformly [31] and increasing the light use
efficiency and consequently yield, since the photosynthesis is the main factor influencing
productivity [32]. In addition, some authors claimed that plants cultivated under diffuse
light suffer fewer stress events related to water and heat [33,34].

In view of a sustainable agriculture, biostimulants are finding large diffusion among
farmers, both as substitutes of and in combination with chemical fertilizers. Biostimulants
have different origins and characteristics (microbial or non-microbial), and approximately
75% of non-microbial biostimulants are made of seaweed extracts and microalgae, protein
hydrolysates and amino acids, and plant extracts [35–38].

Considering the above-mentioned points, a possibility to reach higher yield under
protected conditions could be the choice of diffuse light cover films for increasing light use
efficiency; obviously, in these conditions, and especially for some crops such as green leafy
vegetables, avoiding or limiting the accumulation of nitrate in leaves is not a secondary
target, and it can be reached through the optimization of N fertilization in order to reduce
N losses and increase the nitrogen use efficiency. The present research aimed to test two
greenhouse cover films, with high or low diffuse radiation/global radiation ratios (Rd/Rg),
to verify their effects on yield and nitrate content of rocket leaves fertilized with optimal or
sub-optimal nitrogen doses. In addition, we combined the nitrogen fertilization with an
application of the biostimulant “Stimolo Mo” known for its promotion of nitrate reductase
due to the fast supply of molybdenum.
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2. Materials and Methods
2.1. Experimental Design, Setting, and Crop Characteristics and Management

The experiment was carried out from autumn 2020 until spring 2021 at the experi-
mental site of the University of Naples Federico II, Department of Agricultural Science in
Portici (Naples, Italy) in pots (0.38 m2) located under two tunnels. The experimental design
was a split-split plot that compared two different greenhouse cover plastic films as main
factor, and two sub-factors made of three nitrogen rates, and two biostimulant treatments.
All treatments were replicated three times for a total of 36 pots. Wild rocket (Diplotaxis
tenuifolia L.) cv. ‘Reset’ (Maraldi Sementi Srl, Cesena, Italy) was transplanted on 8 October
2020, with a density of 18 plants per square meter and harvested 6 times: 27 November
2020, 3 February, 9 March, 8 April, 5 and 28 May 2021. This variety has green leaves with
medium-sized lobes and high yield. In addition, it has a good Fusarium spp. tolerance and
great growing flexibility, making it suitable to be produced in any season [39].

The soil was sandy (91% sand, 4.5% silt, and 4.5% clay, USDA classification), with
253 ppm P2O5, 490 ppm K2O, 2.5% organic matter, 0.101% total nitrogen, and pH 7.4.
During all growing cycles, water loss was calculated by the Hargreaves formula, and pots
were irrigated with an amount of water equal to the evapotranspiration. No pesticide
treatments were made. The dates of harvests are expressed in days after transplant (DAT)
for the first cycle, and in days after previous harvest (DAPH) for all the other cycles and
are reported in Table 1.

Table 1. Timing of fertilization, biostimulant application, and harvests.

Cycle Agricultural Practices (DAT/DAPH *) Harvest
Fertilization Biostimulant 1 Biostimulant 2 Biostimulant 3 DAT/DAPH *

I 18 26 33 40 50
II 7 14 21 30 68
III 6 14 21 27 34
IV 6 10 17 23 30
V 4 8 14 19 27
VI 3 5 11 17 23

* DAT: days after transplant; DAPH: days after previous harvest (from second cycle onwards), Biostimulant 1:
first application, Biostimulant 2: second application, Biostimulant 3: third application.

2.2. Plastic Films Properties, Nitrogen Rates, and Biostimulant Application

The two tunnels were covered with plastic films with different optical properties. Both
films were thermal films 150 microns thick. Film1 is a diffused light film (58% diffusivity),
marketed with trade name “SUNSAVER Diff”, manufactured by Ginegar Plastic Products
and supplied by Polyeur Srl (Benevento, Italy). It has an anti-drip effect, an 87% thermicity,
and a window in the UV-B range (280–315 nm) with about 30% transmissivity to UV-B
radiation, and a total transmittivity (direct plus diffused components of light transmitted)
in photosynthetically active radiation (PAR) of 90%. Film2 is a clear plastic film, marketed
with commercial name “LIRSALUX” by Lirsa Srl (Ottaviano, NA, Italy). It has an anti-drip
effect, a 75% thermicity, no transmission in the UV-B range, and a total transmittivity in
PAR of 85%. More details on the two films are reported in Di Mola et al. [40].

The applied nitrogen rates were 0, 9, and 18 kg ha−1, N0, N1, and N2, respectively.
Nitrogen was applied as ammonium nitrate (34%) several times, the first 18 days after the
transplant and then about 7 days after each harvest.

Regarding the biostimulation, the two treatments were: untreated and treated with
the biostimulant “Stimolo Mo”, hereafter Control and StMo, respectively. “Stimolo Mo”,
produced by Fertenia Srl (Bellizzi, SA, Italy), is an extract of alfalfa, seaweed (Ascophyllum
nodosum), and molasses rich in low-molecular-weight amino acids, with 5% organic nitro-
gen, 3% molybdenum, and 0.1% zinc. The product is characterized by a fast penetration
into the leaves, and it is mainly indicated for green leafy vegetables. It elicits crop growth,
accelerating the transformation of nitric nitrogen in organic compounds (amino acids and
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proteins). As reported by the manufacturer, “Stimolo Mo” promotes nitrate reductase
thanks to the fast supply of molybdenum [41]. The biostimulant was applied by foliar
spraying, at a dose of 3 mL/L, three times per cycle, starting from the emission of new
leaves. The timing of nitrogen supply and biostimulant applications are reported in Table 1.

2.3. Yield Measurements, Nitrate Content, SPAD Index and Color Parameters

At each harvest, the whole aboveground part was cut for the determination of yield,
which was expressed in kg m−2; in addition, the number of leaves per plant and the
average leaf weight were also measured. For each replicate/pot, a representative sample
of leaves was oven-dried at 70 ◦C until reaching a constant weight both for determining
the dry matter percentage and for the subsequent nitrate determination in leaves. Nitrate
content was evaluated by Foss FIAstar 5000 (FOSS Italia S.r.l., Padova, Italy) continuous
flow Analyzer.

At each harvest, the SPAD index and the CIELAB (Commission international de
l’eclairage) color parameters (L*; a*; b*) were measured on ten undamaged fully expanded
leaves with a chlorophyll meter SPAD-502 (Konica Minolta, Tokyo, Japan) and a Minolta
CR-300 Chroma Meter (Minolta Camera Co. Ltd., Osaka, Japan), respectively.

2.4. Temperature Measurements and Soil Nitrate and Total Nitrogen Analysis

The air temperature was continuously monitored by a weahther station (Vantage Pro2,
Davis Instruments) and the data were reported as hourly means; probes were located over
the canopy at 20 cm and distributed randomly across the experiment.

At each harvest, soil was sampled to determine nitrate content by Foss FIAstar 5000
(FOSS Italia S.r.l., Padova, Italy) continuous flow analyzer, and total nitrogen content was
measured according to the Kjeldhal method [42].

2.5. Statistical Analysis

All data were subjected to 4-way analysis of variance (ANOVA) with the SPSS software
package (SPSS version 22, Chicago, IL, USA). The means were separated using Tukey’s test
at p ≤ 0.05.

3. Results
3.1. Envrionmental Conditions: Air Temperatures and Soil Nitrogen Content

The trend of mean temperatures under both films was typical for Mediterranean areas.
The mean value of all growth periods was 16.3 and 16.1 ◦C for clear and diffuse-light film,
respectively (Figure 1). However, we recorded differences in the thermal behavior of films
in the different seasons of the year. During the autumn months (second ten-days of October
and second ten-days of December), under Film1 the mean temperature was 15.6 ◦C vs.
15.4 ◦C of Film2. Similarly, in the winter months (December–March) the difference between
the two films was 0.2 ◦C (14.0 ◦C and 13.8 ◦C for Film1 and Film2, respectively). The trend
was inverted in the spring months (March to the last harvest), where under the clear film
the mean temperature was 20.3 ◦C while under diffuse-light film was 19.3 ◦C.

No interaction was noted for all the tested factors (cover film, fertilization, biostimu-
lant) (Table 2). During the six harvests, the nitrate and total nitrogen content in the soil were
significantly influenced only by the main effect of fertilization and biostimulant application
(Table 2). Both parameters increased when nitrogen rates increased but in a different way.
Specifically, for nitrate content, the increase over not fertilized was more than three- and
four-fold, for N1 and N2, respectively. Instead, for total nitrogen, no differences were found
between N0 and N1, while N2 elicited a 9.6% increase over the mean value of the other
two treatments. Regarding the biostimulant application, for both parameters, biostimulant
caused an increase of 52.1% and 3.8% for nitrate and N total, respectively.



Horticulturae 2022, 8, 138 5 of 17

Horticulturae 2022, 8, 138 5 of 17 
 

 

 
Figure 1. Trend of average temperature during the whole growing period under the two greenhouse 
plastic films (Film1: diffuse-light film; Film2: clear film). 

No interaction was noted for all the tested factors (cover film, fertilization, biostimu-
lant) (Table 2). During the six harvests, the nitrate and total nitrogen content in the soil 
were significantly influenced only by the main effect of fertilization and biostimulant ap-
plication (Table 2). Both parameters increased when nitrogen rates increased but in a dif-
ferent way. Specifically, for nitrate content, the increase over not fertilized was more than 
three- and four-fold, for N1 and N2, respectively. Instead, for total nitrogen, no differences 
were found between N0 and N1, while N2 elicited a 9.6% increase over the mean value of 
the other two treatments. Regarding the biostimulant application, for both parameters, 
biostimulant caused an increase of 52.1% and 3.8% for nitrate and N total, respectively.  

Table 2. N-NO3 content and total nitrogen of soil as affected by mean effects of nitrogen fertilization 
dose (N0: not fertilized; N1: fertilized with 9 kg N ha−1; N2: fertilized with 18 kg N ha−1) and by 
biostimulant application (Control: untreated; StMo: treated with biostimulant). 

Treatments N-NO3 Total N 
 ppm % 

N0 56.3 c 0.105 b 
N1 97.2 b 0.103 b 
N2 173.2 a 0.114 a 

Control 80.7 b 0.105 b 
StMo 137.1 a 0.109 a 

Plastic Film (P) ns ns 
Biostimulant (B) 0.001 0.001 
Fertilization (F) 0.001 0.001 

Harvest (H) ns ns 
ns: not significant; different letters within each column indicate significant differences at p ≤ 0.05. 
(Tukey’s test). 

3.2. Statistical Results of Yield and Crop Parameters 
The main effect of the experimental factors was always significant for all parameters 

except for brightness (L*) (plastic film), a* (biostimulant and fertilization) and b* (harvest) 
(Table 3). The interaction of fourth degree was not significant, whereas the third-degree 
interaction was only significant for nitrate (P × B × H and B × F × H). The interaction P × B 
was significant for all parameters except for nitrate; P × F was significant only for yield, 
leaf number, and leaf weight average; P × H was significant for yield and nitrate; B × F 
was significant for leaf dry matter and number, L*, b*, SPAD index and nitrate; B × H was 

°C

0

5

10

15

20

25

30

Film1
Film2

I II III
OCT

I II III
NOV

I II III
DEC

I II III
JAN

I II III
FEB

I II III
MAR

I II III
APR

I II III
MAY

Figure 1. Trend of average temperature during the whole growing period under the two greenhouse
plastic films (Film1: diffuse-light film; Film2: clear film).

Table 2. N-NO3 content and total nitrogen of soil as affected by mean effects of nitrogen fertilization
dose (N0: not fertilized; N1: fertilized with 9 kg N ha−1; N2: fertilized with 18 kg N ha−1) and by
biostimulant application (Control: untreated; StMo: treated with biostimulant).

Treatments N-NO3 Total N
ppm %

N0 56.3 c 0.105 b
N1 97.2 b 0.103 b
N2 173.2 a 0.114 a

Control 80.7 b 0.105 b
StMo 137.1 a 0.109 a

Plastic Film (P) ns ns
Biostimulant (B) 0.001 0.001
Fertilization (F) 0.001 0.001

Harvest (H) ns ns
ns: not significant; different letters within each column indicate significant differences at p ≤ 0.05. (Tukey’s test).

3.2. Statistical Results of Yield and Crop Parameters

The main effect of the experimental factors was always significant for all parameters
except for brightness (L*) (plastic film), a* (biostimulant and fertilization) and b* (harvest)
(Table 3). The interaction of fourth degree was not significant, whereas the third-degree
interaction was only significant for nitrate (P × B × H and B × F × H). The interaction P ×
B was significant for all parameters except for nitrate; P × F was significant only for yield,
leaf number, and leaf weight average; P × H was significant for yield and nitrate; B × F
was significant for leaf dry matter and number, L*, b*, SPAD index and nitrate; B × H was
significant for yield and nitrate; and finally, F × H was significant for the yield, leaf DM
and nb and nitrate.
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Table 3. Analysis of variance of yield and its parameters, SPAD index, color parameters, and nitrate
content: significance of main factors and interactions.

Significance Yield Leaf
DM

Leaf
Nb

Leaf
AW L* a* b* SPAD Nitrate

Plastic films (P) 0.01 0.01 0.01 0.01 ns 0.01 0.01 0.01 ns
Biostimulant (B) 0.01 0.01 0.01 0.01 0.01 ns 0.01 0.05 0.01
Fertilization (F) 0.01 0.01 0.01 0.01 0.01 ns 0.01 0.01 0.01

Harvest (H) 0.01 0.01 0.01 0.01 ns 0.01 ns 0.01 0.01
P × B 0.01 0.01 0.01 0.05 0.01 0.01 0.01 0.05 ns
P × F 0.01 ns 0.05 0.01 ns ns ns ns ns
P × H 0.01 ns ns ns ns ns ns ns 0.01
B × F ns 0.01 0.05 ns 0.01 ns 0.01 0.01 0.01
B × H 0.01 ns ns ns ns ns ns ns 0.01
F × H 0.01 0.01 0.01 ns ns ns ns ns 0.01

P × B × F ns ns ns ns ns ns ns ns ns
P × B × H ns ns ns ns ns ns ns ns 0.01
P × F × H ns ns ns ns ns ns ns ns ns
B × F × H ns ns ns ns ns ns ns ns 0.01

P × B × F × H ns ns ns ns ns ns ns ns ns

DM: dry matter; Nb: number; AW: average weight, ns: non-significant. n.s: non-significant, and significant
differences at p ≤ 0.05 or 0.01. (Tukey’s test).

3.3. Yield as Affected by the Experimental Factors

The average yield of rocket was 0.75 kg m−2, but the two greenhouse cover plastic
films strongly affected the productive response of this crop (Figure 2). The mean value of
the diffuse-light film (Film1) was higher than that of clear film (Film2): 0.86 vs. 0.63 kg m−2,
respectively, with a 36.5% increase. Under the two films, the trend of the six harvests was
slightly different. Under Film1, the yield increased gradually over the growing period,
and the last three harvests were not significantly different). Instead, under Film2, the first
two harvests were not significantly different, and starting the third harvest, the marketable
yield was not significantly different from the rest and reached a mean value (0.74 kg m−2)
resembling that of the third harvest under Film1 (0.79 kg m−2).
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Horticulturae 2022, 8, 138 7 of 17

In Figure 3, the interaction between nitrogen rates and harvests is reported. The
effect of nitrogen fertilization over the cycles was particularly evident. The mean value
of marketable yield was 0.37, 0.82, and 0.99 kg m−2 for N0, N1, and N2, respectively.
Additionally, in this case, the trend of the six harvest was different under the three N rates.
For unfertilized plants, no differences between the harvests were recorded. Instead, for
plants fertilized with half of the optimal dose, the yield significantly increased until the
fourth harvest, which was not significantly different from the fifth and sixth ones. Finally,
for plants fertilized with full N dose, the yield increased gradually until the last harvest,
with the fourth and fifth harvest exhibiting no differences.
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Figure 3. Rocket yield as affected by nitrogen fertilization dose (N0: not fertilized; N1: fertilized
with 9 kg N ha−1; N2: fertilized with 18 kg N ha−1) and number of harvests. Vertical bars indicate
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The effect of the used biostimulant was marked. The plants treated with “Stimolo
Mo” had a boosted yield reaching values almost 40% higher than control plants (0.91
vs. 0.65 kg m−2) (Figure 4). Both treated and untreated plants reached a plateau of mar-
ketable yield starting the IV harvest, but the biostimulant significantly increased the yield
value of the second harvest compared to the first one, contrarily to what occurred in
untreated plants.
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Figure 4. Rocket yield as affected by biostimulant application (Control: untreated; StMo: treated with
biostimulant) and number of harvests. Vertical bars indicate standard error; different letters indicate
statistical difference according to Tukey’s test (p ≤ 0.01).
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The interaction between greenhouse cover plastic films and nitrogen doses is reported
in Figure 5. Nitrogen fertilization obviously assured a yield increase, with significant
differences between the two fertilizations (N1 and N2); both doses boosted the yield better
under Film1; instead, no differences were found between the unfertilized treatments under
the two films. The percentage increases caused by diffuse-light film were 35.8, 47.6, and
28.0% for N0, N1, and N2, respectively.
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Figure 5. Rocket yield as affected by greenhouse plastic films (Film1: diffuse-light film; Film2: clear
film) and nitrogen fertilization dose (N0: not fertilized; N1: fertilized with 9 kg N ha−1; N2: fertilized
with 18 kg N ha−1). Vertical bars indicate standard error; different letters indicate statistical difference
according to Tukey’s test (p ≤ 0.01).

Finally, the interaction between plastic films and biostimulant application again high-
lighted the effect of diffuse-light film (Figure 6). Both Control plants and StMo plants
under Film1 reached significantly higher yield values than the corresponding treatments
under Film2, +29.1 and +40.9%, respectively. Interestingly, the Control plants grown under
diffuse-light film reached yield levels not significantly different from treated plants under
clear film.
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Figure 6. Rocket yield as affected by greenhouse plastic films (Film1: diffuse-light film; Film2: clear
film) and biostimulant application (Control: untreated; StMo: treated with biostimulant). Vertical
bars indicate standard error; different letters indicate statistical difference according to Tukey’s test
(p ≤ 0.01).
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3.4. Yield Parameters

The effects of the significant second-degree interactions on yield parameters are re-
ported in Table 4. For the number of leaves and leaf average weight, the diffuse-light film
determined higher values than clear film, with an increase of 20.2 and 7.5%, respectively.
However, the treatment with Stimolo-Mo further boosted the two parameters under both
films, but with a stronger effect under diffuse-light film (+32.8% and 15.0%, and +19.1%
and +10.5% for the number of leaves per plant and average leaf weight, under diffuse-light
film and clear film, respectively). For both parameters, the Control plants grown under
diffuse film were not different from the treated plants under clear film but also from Control
plants grown under clear film. Regarding the dry matter percentage of leaves, the trend is
inverted; indeed, the value was higher under clear film (13.1% vs. 12.2%) and in Control
plants with respect to treated plants (+22.4%).

Table 4. Leaf dry matter, leaf number, leaf weight average of rocket as affected by the following
interactions: greenhouse plastic films (Film1: diffuse-light film; Film2: clear film) and biostimulant
application (Control: untreated; StMo: treated with biostimulant); greenhouse plastic films and
nitrogen fertilization dose (N0: not fertilized; N1: fertilized with 9 kg N ha−1; N2: fertilized with
18 kg N ha−1); biostimulant application and nitrogen fertilization dose.

Treatments Leaves
Dry Matter (%) N◦ Plant−1 g Leaf−1

Film1 StMo 10.7 b 292.9 a 0.23 a
Control 13.8 a 220.6 bc 0.20 ab

Film2 StMo 12.1 ab 232.3 b 0.21 a
Control 14.1 a 195.0 c 0.19 b

Film1 N0 14.4 ns 180.6 bc 0.15 c
N1 11.3 ns 282.4 a 0.24 ab
N2 10.9 ns 307.2 a 0.26 a

Film2 N0 15.0 ns 143.9 c 0.16 c
N1 12.6 ns 219.0 b 0.21 b
N2 11.7 ns 278.1 a 0.23 ab

Control N0 16.5 a 126.4 d 0.14 ns
N1 13.1 b 232.2 bc 0.21 ns
N2 12.3 bc 264.8 b 0.24 ns

StMo N0 13.0 b 198.1 c 0.17 ns
N1 10.9 cd 269.2 b 0.23 ns
N2 10.3 d 320.5 a 0.25 ns

ns: non-significant. Different letters within each column indicate significant differences according to Tukey’s test
p ≤ 0.05.

The interaction between the greenhouse cover films and nitrogen dose did not have
a significant effect on leaves DM; for the other two parameters, under diffuse-light film,
both nitrogen doses had a similar effect (no significant differences), which was not the case
under clear film where the N2 dose engendered significantly higher values for the number
of leaves per plant (Table 4).

Finally, the interaction between biostimulant and nitrogen dose did not significantly
affect the average weight of leaves but only the other two parameters in an opposite way
(Table 4). Indeed, as already reported, the DM was higher in Control plants than treated
plants, contrary to the number of leaves (+26.4% over Control plants). In addition, the DM
was significantly higher in N0 plants and untreated plants, which, instead, showed the
lowest number of leaves per plant, different from all the other treatments.

The interactions between nitrogen doses and the harvests on yield parameters are
reported in Table 5. The average leaf weight was not affected by both factors. The number of
leaves per plant increased with the increment of nitrogen dose: 162.3, 250.7, and 292.7 for N0,
N1, and N2, respectively. In addition, for fertilized plants, the number of leaves increased
over the harvests, reaching the highest values at the last harvest; instead, for unfertilized
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plants, no significant differences were highlighted between the first five harvests. Finally,
the dry matter percentage of leaves was lower in the two fertilized treatments (11.7% vs.
14.7% of Control plants). In addition, in N0 plants, the DM increased over the harvests,
reaching the highest value at harvests IV and VI. In N1 and N2, only the first harvest was
significantly lower than all the other harvests except for harvest VI of the N2 (Table 5).

Table 5. Leaf dry matter, leaf number, leaf weight average of rocket as affected by interaction between
nitrogen fertilization dose (N0: not fertilized; N1: fertilized with 9 kg N ha−1; N2: fertilized with
18 kg N ha−1) and number of harvests.

Treatments Leaves
Dry Matter (%) N◦ Plant−1 g Leaf−1

N0 I 11.8 fh 160.7 lm 0.19 ns
II 13.3 cd 140.6 m 0.19 ns
III 14.1 c 153.2 lm 0.16 ns
IV 16.9 a 137.9 m 0.17 ns
V 15.5 b 144.2 m 0.14 ns
VI 16.8 a 237.1 fg 0.09 ns

N1 I 10.2 i 182.6 hi 0.24 ns
II 12.9 de 194.5 hi 0.23 ns
III 11.9 eh 249.4 ef 0.24 ns
IV 11.6 gh 250.7 ef 0.25 ns
V 12.3 dg 270.2 de 0.22 ns
VI 12.8 df 356.7 b 0.16 ns

N2 I 10.0 i 177.9 il 0.26 ns
II 11.8 gh 211.7 gh 0.26 ns
III 11.7 gh 297.1 cd 0.27 ns
IV 11.4 gh 312.3 c 0.27 ns
V 12.1 eg 350.2 b 0.22 ns
VI 11.0 hi 406.8 a 0.19 ns

ns: non-significant. Different letters within each column indicate significant differences according to Tukey’s test
p ≤ 0.05.

3.5. Nitrate Content, SPAD Index, and Color Parameters

For the CIELAB color parameters and the SPAD index, the data regarding the interac-
tions are reported in Table 6.

Table 6. Color parameters (L*, a*, b*) and SPAD index as affected by the following interactions: green-
house plastic films (Film1: diffuse-light film; Film2: clear film) and biostimulant application (Control:
untreated; StMo: treated with biostimulant); biostimulant application and nitrogen fertilization dose
(N0: not fertilized; N1: fertilized with 9 kg N ha−1; N2: fertilized with 18 kg N ha−1).

Treatments L* a* b* SPAD

Film1 Control 41.5 a −7.31 a 18.2 a 39.5 c
StMo 40.4 b −7.13 ab 17.5 ab 43.0 a

Film2 Control 41.6 a −6.76 c 17.3 b 38.8 c
StMo 41.4 a −6.98 bc 17.5 ab 42.0 b

Control N0 42.3 a −7.05 ns 19.0 a 33.5 e
N1 41.2 b −6.99 ns 17.3 bc 40.6 c
N2 41.2 b −7.06 ns 17.0 c 43.3 d

StMo N0 41.0 b −7.12 ns 18.0 b 38.4 d
N1 40.9 b −7.00 ns 17.5 bc 43.3 b
N2 40.8 b −7.03 ns 17.1 bc 45.7 a

ns: non-significant. Different letters within each column indicate significant differences according to Tukey’s test
p ≤ 0.05.

For brightness, only the plants of the treatment diffuse-light film × StMo were signif-
icantly lower than the other three treatments. The other two color parameters were not
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affected by the interaction plastic films × biostimulant application. a* and b* values of
Control plants were higher under diffuse-light film compared to Control under clear film.
Finally, the treatment with biostimulant significantly elicited the SPAD index under both
films (Table 6).

Considering the interaction between the biostimulant application and nitrogen rates,
L* resulted higher in Control × N0 plants, while all other treatments were equal. b* also
showed the highest value in untreated and unfertilized plants. Finally, for the SPAD index,
the highest value was recorded in plants sprayed with “Stimolo-Mo” and fertilized with
optimal nitrogen dose, while the lowest values was registered in Control × N0 plants
(Table 6).

The successive harvest significantly affected only the a* color parameter and the SPAD
index; the first showed the higher values (greener) in the first and third harvests (Table 7).
The SPAD index highlighted the lowest value in the first harvest, which was different from
all other treatments; from the second harvest, the values fluctuated and reached the highest
value in the fourth harvest, which was significantly different from all the others, except the
second (Table 7).

Table 7. Color parameters (L*, a*, b*) and SPAD index as affected by the number of harvests.

Treatments L* a* b* SPAD

I 41.1 ns −7.64 a 17.8 ns 35.3 e
II 41.2 ns −7.27 ab 17.4 ns 42.9 ab
III 41.5 ns −7.57 a 17.9 ns 41.8 c
IV 41.0 ns −6.75 bc 17.6 ns 43.5 a
V 41.1 ns −6.24 c 17.2 ns 41.9 bc
VI 41.6 ns −6.79 bc 17.8 ns 39.5 d

ns: non-significant. Different letters within each column indicate significant differences according to Tukey’s test
p ≤ 0.05.

In Figure 7, the nitrate content in rocket leaves grown under the two different green-
house plastic films and treated or not with biostimulant along the six harvests is reported.
Nitrate mean value was slightly higher under diffuse-light film (3333.7 vs. 3170.5 ppm of
clear film). The application of biostimulant increased the nitrate content in leaves (3924.2
vs. 2580.0 ppm of untreated plants) but the effect of biostimulant application was higher
than that of the films, indeed the higher accumulation of nitrate in rocket leaves was
recorded in most of the treated plants. The nitrate content along the six harvests showed a
fluctuating trend especially under the clear film. The second harvest of untreated plants
under both films manifested the lowest accumulation of nitrate among all treatments. For
treated plants, a different behavior was observed under both films, where the diffuse-light
film caused the lowest value in the last harvest, while under the clear film, it was not
different from the second harvest (Figure 7). Irrespective of plastic films and biostimulant
application, the highest values of nitrate content were observed at the third harvest (except
for StMo × diffuse film: first and fourth harvest and Control × clear film: first harvest).
Noting that, the nitrate content decreased repeatedly after the third harvest.
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Figure 7. Nitrate content of rocket leaves as affected by greenhouse plastic films (Film1: diffuse-light
film; Film2: clear film), biostimulant application (Control: untreated; StMo: treated with biostimulant)
and number of harvests. Vertical bars indicate standard error; different letters indicate statistical
difference according to Tukey’s test (p ≤ 0.01).

The interaction of biostimulant application, the nitrogen rates, and the number of
harvests on nitrate content is reported in Figure 8. As expected, the lowest values of nitrate
content were observed in unfertilized and untreated plants (459.6 vs. 3810.6 ppm, mean
value of all the treatments), with only plants of the first harvest registering 2200 ppm. In
fact, the nitrate content decreased in these plants already at the second harvest; however,
in those sprayed with biostimulant, this decrease was gradual. Additionally, for fertilized
plants, a gradual decrease in nitrate content was recorded starting the third harvest. The
nitrate content obviously increased with the increment of N levels: 1096, 3696, and 4963 ppm
for N0, N1, and N2, respectively. Irrespective of nitrogen rates and harvests, biostimulant
application determined a 52% increase with respect to untreated plants (Figure 8).
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Figure 8. Nitrate content of rocket leaves as affected by biostimulant application (Control: untreated;
StMo: treated with biostimulant), nitrogen fertilization dose (N0: not fertilized; N1: fertilized with
9 kg N ha−1; N2: fertilized with 18 kg N ha−1) and number of harvests. Vertical bars indicate
standard error; different letters indicate statistical difference according to Tukey’s test (p ≤ 0.01).
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4. Discussion

Rocket is predominantly cultivated under a protected condition and nitrogen fertil-
ization is largely used to obtain higher production and longer harvest periods. However,
the environmentalconditions affect not only the yield but also the product quality. In the
present research, we wanted to test two greenhouse plastic cover films with different optical
properties and three nitrogen fertilization rates (an optimal dose, half of the optimal dose,
and no fertilization). The reduction in nitrogen dose and the application of biostimulant
was foreseen from the perspective of sustainable agriculture.

The two plastic films determined a different micro-climate because of different trans-
missivity and thermicity. Light intensity under these films was measured in a previous
study on spinach grown in the January–March period, which indicated a higher light inten-
sity under the diffuse-light film [40]. In addition, temperature conditions under the two
films were also different based on the season. Indeed, during the autumn–winter months
(October-March), the mean temperature of diffuse-light film was 14.7 ◦C vs. 14.5 ◦C of clear
film; instead, during the spring months (end of March-end of May), the trend was inverted
and the temperature under clear film was even 1 ◦C more than that of diffuse-light film.
In previous research on spinach, we also found that diffuse-light film in winter months
(January–March) slightly increased the mean temperature with respect to clear film (7.59 ◦C
vs. 7.37 ◦C) [40].

The different environmental conditions significantly affected the yield. The diffuse-
light film enhanced rocket production with a 36.0% increase over the clear film. This
increase was probably due to the higher light intensity that directly and positively affected
the photosynthesis that is the main factors influencing plant productivity [32]. On the other
hand, the positive effect of diffuse light on crop yield is well known [43]. In addition, in
the current research, we also noted that the diffuse-light film was also able to greatly boost
the yield along the six harvests. Under this film, the yield showed increased values until
the fifth harvest, conversely to clear film where the yield increased only until the third
harvest. It could be possible that in the spring months under the clear film, the plants were
subjected to higher direct sunlight with a possible consequent detrimental effect on crop
productivity; indeed, under direct light conditions, high light levels can often occur, which
can lead to photosynthetic saturation with a consequent lower light use efficiency [24]. In
addition, slightly higher maximum temperatures were registered, which overcame 35 ◦C
in the first ten days of April with respect to 32.9 ◦C under Film1 (data not reported). In
fact, the combination of high sunlight intensity, high crop temperature and vapor pressure
deficit (VPD) can negatively affect photosynthesis and, consequently, the production [44].
Moreover, the optimal temperature range for rocket is reported as 15–22 ◦C. In their study
on aeroponically grown rocket, He et al. [45] tested four different root-zone temperatures
(20 ◦C-RZT, 25 ◦C-RZT, 30 ◦C-RZT and fluctuating ambient temperatures ranged from 25 ◦C
to 38 ◦C). They found that under ambient temperatures, the plants showed the lowest shoot
and root fresh weight, while plants grown under 20 ◦C-RZT had the highest productivity of
shoot and root. On the other hand, some authors claimed that plants grown under diffuse
light conditions suffer fewer stress events related to water and heat [33,34]. Finally, under
diffuse-light film, the plants fertilized with half of the optimal N dose reached the same
yield value of the full-fertilized plant and grown under the clear film. Interestingly, the
booster effect of this film was greater in N1 plants (47.6% more than the corresponding
plants of clear film); it elicited an intermediate effect on unfertilized plants and lower
on plants fertilized with optimal dose. In effect, it seems that in optimal conditions (full
fertilization), when the plants already showed the best productive performance, the room
for improvement is lower, equal to what happened in very limiting conditions (no N
fertilization). Similarly, the yield increased due to the diffuse-light film in plants not
treated with biostimulant but was lower than that recorded in treated plants (+29.1% and
+40.9%, respectively). The beneficial effect of the diffuse light on crop performance was
previously reported [46,47]. Kanniah et al. [30] commented on the “diffuse fertilization
effect” referring to the plant production increase because of a more efficient yield per unit
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of PAR. Additionally, in our previous research on spinach grown under the same films, we
found that the diffuse-light film elicited a 22% increase in yield [40]. The yield increase can
be explained with a better uniform distribution of light that illuminates the canopy, with
radiations coming from all directions [31]. In addition, considering that the diffuse-light
film has a partial transmittivity in the UV-B range, this property could have equally affected
the yield. Indeed, a previous study on spinach grown in different light conditions (standard
growing conditions, no additional lighting; additional PAR; and three different intensity
of UV-B) found that fresh and dry weight increased under additional PAR and intensive
UV-B [21]. Some researchers reported that the plant growth response to UV-A and UV-B
radiation depends on the plant species [48,49]; as a matter of fact, UV-B reduces the growth
of lettuce [50], increases the growth of basil [51], and has no effect on maize [52].

The increase in yield was certainly due to the higher number of leaves per plant and
leaf average weight recorded for plants grown under diffuse-light film.

The highest value of SPAD index was recorded in plants grown under diffuse-light
film. The increase in SPAD elicited by this film was 2.1%, less than that we recorded for
spinach (4.6% [40]) and lambs’ lettuce (3% [44]). The SPAD index was also directly linked
to nitrogen dose both in treated and untreated plants with biostimulant, but in the last
ones, the nitrogen fertilization effect was more marked: +25.2% over unfertilized plants vs.
+15.9% recorded for treated plants. The effects of all experimental factors on the CIELAB
color parameters were less evident, as similarly found for spinach [40], although slightly
higher values of a* and b* color parameters were found under diffuse-light film, as reported
in lamb’s lettuce [44].

The main quality parameter of green leafy vegetables including rocket is undoubtedly
the nitrate content in leaves. It depends on many factors, such as the genetic pool and
environmental (e.g., solar radiation) and technical (e.g., nitrogen availability) factors but
also on nitrate reductase activity. The nitrate content usually shows a seasonal trend, higher
in winter than spring. In previous studies on lettuce, we found that plants cultivated in
the winter period had a higher content of nitrate in leaves (about 2400 mg kg−1 fw [16])
than the same plants grown in the spring period (1900 mg kg−1 of fw [17]). In the current
research, irrespective of the experimental conditions, we also found a decrease in nitrate
content in spring harvests (IV–VI), while the higher value was recorded in the third har-
vest. The values of nitrate content of leaves rocket were always within the limits fixed
by the European Community [53]. Our results are in line with the findings of Bonasia
et al. [54], which reported a consistent decrease in nitrate content of wild rocket grown
during winter–spring with respect to plants grown during the autumn–winter season (1472
vs. 3461 mg kg−1 fw, respectively). The specific trend highlighted for this parameter is
probably strongly linked both to the nitrate reductase activity, which is stimulated by a
high radiation condition [13], and also the N availability. Indeed, as previously stated, the
nitrate content of leaves increased with N level increments: 1096, 3696, and 4963 ppm for
N0, N1, and N2, respectively. These results are in line with many findings reported by
several authors on green vegetables [40,44,55–57]. Interestingly, in all conditions, at the
second harvest (February) a low value of nitrate in leaves was noted. In addition, in this
month, we also recorded the lowest value of soil N-NO3 content (17.4 ppm with respect
to 22.9, 143.4, 183.1, 222.7, and 63.8 ppm for I, III, IV, V, and VI harvest, respectively, data
not shown). Two reasons could explain this result: (i) the second cycle was the longest
(68 days); therefore, the interval of time between the last N fertilization and the harvest was
higher (38 days, see Table 1); therefore, there was more time for metabolizing the nitrogen;
(ii) there was a lower content of nitrate in the soil (Table 2) due to the longer crop cycle,
explaining the greater N uptake by plants.

In addition, we also observed an increase in nitrate content in rocket leaves of plants
treated with biostimulant with respect to those that were untreated (3924 vs. 2580 ppm),
although the manufacturer reports that “Stimolo Mo” can stimulate the nitrate reductase
activity, thus reducing the nitrate content. The value of the treated plants was higher
under the clear film, 5386 vs. 4585 ppm of plants under the diffuse-light film. The optical
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properties of this cover film seem to amplify the effect of biostimulant; indeed, the dif-
ference between the two films was less marked for untreated plants (4340 vs. 4080 ppm,
respectively). Moreover, the effect of film–biostimulant combination also varied during
the growing period. In the last cycle, under clear film, the biostimulant application elicited
a 66% increase in nitrate content with respect to 24.1% recorded for the March harvest,
while these increases were 14.1% and 30.6% under diffuse-light film for the third and sixth
harvest, respectively.

5. Conclusions

The diffuse-light film seemed to be useful to obtain a higher yield with a halved N
dose, as well as in combination with biostimulant application, which strongly boosted the
yield. In addition, the diffuse-light film had no strong effect on the increase in nitrate con-
tent in leaves, in contrast with nitrogen fertilization and biostimulant application. Indeed,
this last one did not confirm the capacity to contain nitrate, at least for this crop and in this
cultivation system with such environmental conditions, although nitrate levels were main-
tained within the legal limit fixed by the European Commission. Further research is needed
to verify whether this response can be linked to the species and/or cultivation system.
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