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Abstract: Eruca sativa has been widely chosen among species to be cultivated in plant facto-
ries as microgreens, especially due to its nutraceutical and sensory qualities. Thus, the objec-
tive of this study was to evaluate the impact of blue light intensity (5 and 20 pmol m~2 s~ 1)
and exposure time (1 and 2 h per day) on the yield and quality of arugula microgreens in
plant factories. Blue light supplemental to white light for 1 h did not impair the hypocotyl
lengths (HLs) or cotyledon area (CA) and yield of arugula microgreens compared with those
grown only with white light. However, when the blue light time increased from 1 to 2 h,
there were reductions in HL, CA and yield, with greater reductions under 20 pmol m2g1,
The concentrations of chlorophylls, carotenoids, vitamin C and antioxidant power re-
sponded similarly to the supply of blue light and were maximized with 20 pmol m =2 s~
In view of these results, the supplementation of blue light with 20 umol m~2 s~ ! for 1 h is
proposed, since it did not cause a reduction in growth and yield parameters and promoted
the agronomic biofortification of arugula microgreens, bringing nutraceutical and, therefore,
commercial benefits to the producer and consumer.

Keywords: Eruca sativa; photosynthetic photon flux density; plant factory; light supplementation;
nutraceutical quality

1. Introduction

Plant factories provide high production capacities thanks to the more efficient use of
inputs, the absence of biotic and abiotic stresses and the verticalization of the production
area [1], which help to improve food security. In addition, the global growth of this
cultivation system can be attributed to the high degree of urbanization, which demands the
generation of new jobs and the strengthening of local commerce and industry in addition
to verification by the links of the production chain and society that this production system
is directly or indirectly associated with eight (SDGs 1, 2, 3, 8, 9, 11, 12 and 13) of the
17 sustainable development goals proposed by the United Nations [2].

Microgreens have been one of the fastest-growing foods in this production system,
gaining the attention of consumers, producers and researchers [3]. Currently, China is the
country that produces the most microgreens, with an annual growth in the microgreen
market of 12.3% between 2023 and 2030, jumping from 215.5 to 487.4 million dollars [4].
Arugula is among the most cultivated species of microgreens. It has a high yield in a very
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short production cycle [5] in addition to valuable and peculiar sensory and nutraceutical
characteristics [6,7], which are phytochemical compounds associated with the combat of
chronic diseases [3,8].

Although the market growth of plant factories has occurred rapidly, there is much to
be improved in their management to maximize the production efficiency of this expensive
environment, reducing the operating cost and price of the food produced. It is known that
light is one of the main production factors of this cultivation system, and most studies have
been conducted with a combination of red and blue light [9]. However, the use of white
light in the production of microgreens in plant factories is growing because, in addition
to providing greater visual comfort to workers, it has a lower cost than monochromatic
LEDs [9], contributing to reduced costs and increasing companies’ competitiveness in
the market. The results obtained with white light have proven the achievement of high
yields and quality of vegetable products grown in vertical farms [5,10,11]. Thus, given
the high control of irradiance enabled by advancement in artificial lighting, especially
LEDs, light management in plant factories makes it possible to increase the concentration of
phytochemicals beneficial to human health; therefore, it is necessary to generate irradiance
protocols to obtain a product with the desired commercial quality [12].

In this context, the present study seeks to better understand the effect of blue light
supplementation to white light on arugula in order to propose its biofortification. It is very
well-known that blue light has a great influence on a range of physiological responses,
translated into metabolic and genetic processes, that cause changes in plant develop-
ment [13]. This light spectrum is important for chlorophyll formation, stomatal opening
and the production of primary and secondary metabolites in plant tissues in addition to
accumulation of macronutrients and micronutrients [13—16]. Therefore, in addition to its
actions on crop biometry and productivity, blue light supplementing white light can be a
means of achieving the agronomic biofortification of microgreen arugula, as reported by
several studies attesting to an increase in nutrients and bioactive compounds in response
to light management [17-19]. Agronomic biofortification is an excellent strategy to help
combat hidden hunger, which affects 2 billion people worldwide and is characterized by a
deficiency of one or more nutrients in the human body without showing symptoms, which
can lead to effects from poor health to death [20,21].

However, there are few studies on the effect of blue light on microgreens, and the
results reported are divergent according to species and blue light management. Kong
et al. [22] observed that, compared to red light, blue light increased the hypocotyl lengths
and petiole lengths of arugula microgreens regardless of the temperature of the growing
environment. Divergent results were observed by Son and Oh [23] for lettuce, with lower
shoot and root fresh and dry masses, leaf area and shoot/root ratios as the proportion of
blue light to red light increased. Johnson et al. [24] also observed that increasing blue light
intensity (20 to 650 pumol m~2 s~!) reduced hypocotyl length and cotyledon dry mass in
arugula microgreens. Brazaityté et al. [19] found the same effect for mustard.

Despite the contradictory results for plant growth and development, there seems to
be a consensus on the positive effect of blue light on the quality of microgreens. When
absorbed by chlorophyll, it promotes a very high energy gain by the plant photosystem.
This excitation energy, in addition to being used in the photochemical phase, can be lost
as heat and/or generate damage to the photosynthetic apparatus as it forms free radicals,
which in turn stimulates the synthesis of antioxidants [25]. This knowledge supports our
hypothesis that the supplying of blue light will promote arugula biofortification.

The objective of this study was to assess the effects of irradiance and time of exposure
to blue light on the yield and quality of arugula microgreens in a plant factory.
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2. Materials and Methods
2.1. Experimental Site

This experiment was conducted in July 2022 at the Plant Factory Laboratory, with tem-
peratures ranging from 21.3 to 24.6 °C and relative humidities of 50.7 to 63.6%, at the Biology
Department, Sao Paulo State University (UNESP), Jaboticabal campus, Sao Paulo, Brazil.

2.2. Treatments and Experimental Design

Five treatments were evaluated in a completely randomized design in a 2 x 2 fac-
torial scheme, plus one additional treatment (control: 400 umol m~2 s~ ! of white light
for 14 h a day and the absence of blue light) with four replicates. This experiment was
repeated once. The blue light additional to the white light varied in irradiance intensity
(5and 20 umol m~2 s7!) and time (1 and 2 h per day). The blue light was applied as
soon as the 14 h period of white light ended. The characterizations of the white and blue
lights are shown in Figure 1. Each experimental unit was composed of three transparent
polypropylene trays (25 x 24 x 5 cm in length, width and height, respectively). Photosyn-
thetic photon flux densities (PPFDs) were measured with a spectroradiometer (SpectraPen
LM 500-PSI, Photon Systems Instruments, Drasov, Czech Republic).

(c)
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Figure 1. Characterization of white light at 400 pmol m~2 s~ ! (a) and blue light at 5 (b) and
20 umol m—2 571 (c), used according to the treatment. The red vertical line in each panel marks the
peak wavelength of the light source used in that treatment, and the green curve shows the spectral
distribution of photon flux, basically how light energy is spread across different wavelengths.

2.3. Experimental Conditions

‘Folha Larga’ arugula was sown at a density of 102 g m~2 in trays filled with the
organomineral substrate Bioplant® (pH of 6 4- 0.3 and electrical conductivity of 0.8 dSm™1).
In the sequence, the trays were irrigated and placed in a dark environment for three days.
Then, the trays containing seedlings with developed hypocotyls and cotyledons beginning
to open were placed under the treatments. A nutrient solution [26] was supplied daily
to the seedlings by sub-irrigation through small holes (2 mm) in the bottom of the trays.
A total of 200 mL d~! of nutrient solution was provided per tray for the first three days
and 250 mL from then on until harvest. The arugula microgreens were harvested nine
days after the light treatment, when the first leaf appeared, cutting the hypocotyl close to
the substrate.

2.4. Evaluated Characteristics

(a) Hypocotyl length (cm): A total of 50 seedlings were randomly and carefully cut at
the level of the substrate, which, prior to sowing, had its surface flattened and the
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seeds distributed over it. After cutting, the seedlings were placed on the surface of
the laboratory table and measured with a graduated ruler.

Cotyledon area (cm? plant—!): The cotyledons from the 50 seedlings per experimental
unit, used to measure the hypocotyl length, were separated from the seedlings and
passed through an LI 3100 electronic bench area meter (LI-COR, Tucson, AZ, USA) to
quantify the cotyledon area.

Yield (g m~2): The microgreens from one tray were harvested by cutting the hypocotyl
close to the substrate and immediately weighed on a scale with 0.01 g precision.
Chlorophyll and carotenoid contents (ug g~ fresh mass, FM): A hole punch was
used to collect the discs of cotyledons with diameters of 0.5 cm, totaling 0.025 to
0.030 g of fresh mass. The leaf discs were placed in Eppendorf Tubes® with 1.5 mL
of 80% acetone solution. The Eppendorf Tubes® were protected from light and
placed in a refrigerator, where the samples remained for 48 h at 5-7 °C. Then, the
samples were left at room temperature, and readings were performed at 663 nm
for chlorophyll a, 647 nm for chlorophyll b and 470 nm for carotenoids with a Du
Series 600 spectrophotometer (Beckman®, Brea, CA, USA). Subsequently, the pigment
contents were calculated using the formulas proposed by Lichtenthaler [27]. The
analyses were performed in triplicate.

Vitamin C (mg 100 g~!): The ascorbic acid content was determined by weighing
2 g of fresh microgreens and adding 10 mL of 0.5% cold oxalic acid solution. Then,
the mixture was filtered. Amounts of 1 mL of the filtered extract and 4 mL of 0.5%
oxalic acid were transferred to an Erlenmeyer® flask, mixed and titrated with 2,6-
dichloroindophenol sodium salt up to the turning point, as described by Strohecker
and Henning [28]. The analyses were performed in triplicate.

Phenolic compounds (mg gallic acid equivalent (GAE) 100 g’l FM): This was deter-
mined by the spectrophotometry of an extract obtained according to Larrauri et al. [29]
with the use of 70% acetone and 50% methanol solutions and subsequent addition of
the Folin—Ciocalteu reagent, being based on an alkaline oxidation—reduction reaction
where the phenolate ion was oxidized and the Folin reagent was reduced. A total of
300 mg of cotyledon FM was used. After the reaction, a blue color was produced, and
the reading was performed at an absorbance of 700 nm, being expressed as the GAE.
The analyses were performed in triplicate.

Antioxidant power (%): A total of 1 g of the sample was weighed in a dark environ-
ment and placed in a beaker, where 5 mL of 50% methanol was added and the mixture
was homogenized and left to rest for 60 min. Subsequently, it was centrifuged at
15,000 g for 15 min, and supernatant 1 was placed in a 10 mL volumetric flask. In the
second step, 4 mL of 70% acetone was added to the residue of the first extraction and
homogenized, left at rest for 60 min; then, this residue was centrifuged at 15,000 g
for 15 min, and supernatant 2 was collected in the same 10 mL volumetric flask. Sub-
sequently, the flask was completed with distilled water, resulting in the extract. In the
third step, 0.1 mL of the extract and 3.9 mL of the 0.06 mM DPPH radical were added
to a test tube and homogenized in a tube shaker. Methyl alcohol was used as a blank
to calibrate the spectrophotometer. Readings were taken at 515 nm, as described by
Larrauri et al. [29]. The analyses were performed in triplicate.

Macronutrient (g kg~!), iron and zinc (mg kg~ !) contents: The aerial parts of the
microgreens were washed in deionized water and dried in an oven at 65 °C. After
drying using the method described by Miyasawa et al. [30], the samples were prepared
for reading of the N content using the Kjeldahl method; P and S by spectrophotometry;
and K, Ca, Mg, Fe and Zn by atomic absorption.



Horticulturae 2025, 11, 412

50f12

2.5. Statistical Analysis

An analysis of variance (F test) was performed on the data of each characteristic of each
experiment and then the joint analysis of the experiments. Since there was no interaction
between the treatments and experiments, the effects of isolated or interacting factors (blue
light irradiation time and PPFD) whose means were compared by the Tukey test (p < 0.05)
were presented. The mean of each level of the factors was compared with the mean of the
control treatment by the t-test (p < 0.05). The analyses were performed in the AgroEstat
program (v.1.1.0.712 rev 77) [31].

3. Results

According to the joint analysis (Supplemental Tables S1-56), for all the characteristics
evaluated, there was no interaction between the treatments in this experiment. There was
an interaction between the factors of PPFD and blue light irradiance time (Supplemental
Table S7) for hypocotyl length (HL) and cotyledon area (CA) (Table 1) and yield (Table 2).
Higher HLs and CAs were observed in the control treatment, in which the microgreens
received only white light. However, the HLs and CAs of the microgreens under 1 h of blue
light did not differ from those of the microgreens that received only white light, regardless
of the intensity of the blue light. The supplying of 2 h of blue light was harmful to the
growth of the arugula microgreens, and the damage was more intense when greater fluency
and time of blue light were combined (Table 1). The yield responded to the application of
the blue light similarly to the HL and CA. Only when the blue light was applied for 2 h was
there a reduction in the yield (22.6%) of the arugula microgreens compared to the plants
grown only with the white light, and a greater reduction (26.9%) was observed when the
period of blue light was associated with higher intensity (Table 2).

Table 1. Hypocotyl lengths (HLs) and cotyledon areas (CAs) of microgreen arugula as functions
of photosynthetic photon flux density (PPFD), blue light irradiation time and absence of blue light
(control: white light).

Blue Light Irradiation Time (h)

PPFD 1 2 1 2
-2
(urr;cillr)n HL (cm) CA (cm? plant’l)
5 8.37 Aa 7.85Ba* 243 Aa 1.39Ba*
20 8.30 Aa 7.15Bb * 245 Aa 1.16 Bb *
Control 8.38 2.48

For each characteristic, means followed by the same uppercase letter in the row and lowercase letter in the column
do not differ according to the Tukey test (p > 0.05). * Mean differences of the control treatment by t-test (p < 0.05).

Table 2. Yield and phenol compounds of microgreen arugula as functions of photosynthetic photon
flux density (PPFD), blue light irradiation time and absence of blue light (control: white light).

Blue Light Irradiation Time (h)

PPFD 1 2 1 2
-2
(urr;cillr)n Yield (g m~2) Phenols (mg GAE 100 g 1)
5 3907.40 Aa 3044.75 Ba * 178.41 Ab 179.08 Ab
20 3926.57 Aa 2877.21 Bb * 202.15Ba * 249.17 Aa ¥
Control 3933.79 166.88

For each characteristic, means followed by the same uppercase letter in the row and lowercase letter in the column
do not differ according to the Tukey test (p > 0.05). * Mean differences of the control treatment by t-test (p < 0.05).
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The phenolic compounds were also influenced by the interaction between the factors
(Supplemental Table S8). The concentrations observed in the microgreens grown with a
lower PPFD (5 umol m~2 s~!) and time (1 h) of blue light did not differ from those found
in the microgreens grown under the white light but were lower than those observed in
the microgreens irradiated with 20 pmol m~2 s~ under 2 h of light. In these cultiva-
tion conditions, the concentration of the phenolic compounds was 49.3% higher than the
concentration in the microgreens grown only under the white light (Table 2).

Regarding the concentrations of chlorophylls and carotenoids, there was no interaction
between the factors and no single effect of the blue light time (Supplemental Tables S8 and S9).
There was only the effect of the PPFD, with higher concentrations of pigments in the
microgreens that received 20 pmol m 2 s ! than in those that received 5 pumol m—2 s~ 1.
However, regardless of the PPFD and irradiance time, the blue light promoted increases
in the concentrations of chlorophyll a, chlorophyll b and carotenoids compared to the
conditions in which the microgreens were grown only with white light (Table 3). The
vitamin C and antioxidant power of the arugula microgreens responded positively to the
blue light supplementation with the increases in both the supply period and PPFD, and,
as observed for the chlorophylls and carotenoids, higher concentrations of vitamin C and
antioxidant power were observed in the plants under the blue light compared with those

that received only the white light (Table 3 and Supplemental Table S9).

Table 3. Chlorophyll a (Chlor a), chlorophyll b (Chlor b), carotenoid (Car) and vitamin C (Vit C)
contents and antioxidant power (AOP) of microgreen arugula as a function of photosynthetic photon
flux density (PPFD), and blue light irradiation time and absence of blue light (control: white light).

Blue Light Irradiation Time (h)

PPFD 1 2 1 2
-2
(““;‘311;‘1 Chlor a (ug g 1) Chlor b (ug g 1)
5 1.70 Ab * 2.05 Ab* 120 Ab* 1.31 Ab *
20 2.81 Aa* 2.68 Aa* 1.76 Aa * 212 Aa*
Control 0.84 0.65
Car (ug g™ 1) Vit C (mg 100g 1)
5 0.70 Ab * 0.84 Ab * 80.64 Bb * 95.47 Ab *
20 122 Aa* 124 Aa* 103.68 Ba * 153.73 Aa*
Control 0.33 36.84
AOP (%)
5 73.18 Bb * 75.57 Ab *
20 84.09 Ba * 85.65 Aa *
Control 67.00

For each characteristic, means followed by the same uppercase letter in the row and lowercase letter in the column
do not differ according to the Tukey test (p > 0.05). * Mean differences of the control treatment by t-test (p < 0.05).

Among the nutrients (Supplemental Tables S10-512), there was an interaction between
the factors only for nitrogen (N) and phosphorus (P). The N concentrations in the arugula
microgreens cultivated with blue light did not differ from each other but were higher than
the concentration observed when only blue light was supplied. As for the P, the differences
detected between the treatments were of very small magnitude. Under 5 pmol m =257}, a
higher concentration was observed with 1 h of light, while under 20 pmol m~2s71 there
was no effect of light time. With 1 h of light, the concentrations were similar under both
irradiances, while with 2 h, a higher concentration was observed under 20 umol m 257!
(Table 4). For the other nutrients, there were no differences between the treatments with

blue light application; however, all calcium concentrations in the microgreens cultivated
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with the supplemental blue light were higher than those of the microgreens cultivated only
with white light. Under 1 h of blue light and with 5 umol m~2 s~1, the Zn concentrations
were higher than those observed in the arugula under the white light (Table 4).

Table 4. Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), iron
(Fe) and zinc (Zn) contents of microgreen arugula as a function of photosynthetic photon flux density
(PPFD), blue light irradiation time and absence of blue light (control: white light).

Blue Light Irradiation Time (h)

PPFD 1 2 1 2
(umol m—2 1 1
s 1) N(gkg™) P(gkg™)
5 474 Aa* 462 Aa* 21.3 Aa* 19.6 Bb *
20 46.8 Aa * 472 Aa* 21.0 Aa* 20.6 Aa*
Control 445 17.9
K(gkg™) Ca(gkg ")
5 36.8 Aa 32.0 Aa 14.8 Aa* 154 Aa*
20 33.8 Aa 32.1 Aa 15.6 Aa* 144 Aa*
Control 32.1 12.7
Mg (g kg ™) S(gkg ™)
5 6.9 Aa 7.0 Aa 17.1 Aa 17.5 Bb
20 6.6 Aa 7.3 Aa 16.4 Aa 16.4 Aa
Control 6.8 16.8
Fe (mg kg ™) Zn (mgkg ™)
5 433 Aa 433 Aa 134 Aa * 134 Aa *
20 495 Aa 578 Aa 130 Aa * 152 Aa
Control 497 161

For each characteristic, the means followed by the same uppercase letter in the row and lowercase letter in the
column do not differ according to the Tukey test (p > 0.05). * Mean differences of the control treatment by ¢-test
(p <0.05).

4. Discussion

Blue light has a proven beneficial effect on the morphogenesis, photosynthesis, growth
and biosynthesis of phytocompounds, which play an important role in the prevention
of chronic diseases in humans [13-16]. However, the fluency and duration of the light
period can exceed the plant’s ability to prevent damage caused by photoinhibition and
photo-oxidation, a hypothesis that was the subject of this study and deserves to be studied
for each cultivated plant species.

According our results, with any PPFD evaluated, the blue light supplemental to the
white light for 1 h did not impair the biometrics (Table 1) and yield (Table 2) of the arugula
microgreens compared to the plants cultivated only with white light. However, increasing
the duration of the period from 1 to 2 h led to lower hypocotyl lengths (HLs) and cotyledon
areas (CAs) and yields, with greater reductions observed with 20 umol m~2 s~!, which
reached 14.7%, 53.2% and 26.9% for HL, CA and yield, respectively, compared with the
values observed in the microgreens cultivated only with white light (Tables 1 and 2). The
result observed for the HLs corroborates that reported by Johnson et al. [24], who evaluated
fluencies from 20 to 650 pmol m~2 s~! and also found reduction in the arugula HL as
the PPFD increased. The greater damage observed in the HL, CA and yield with the
highest PPFD and exposure time are indicative of photostress, which led to a decrease
in the carbon fixation rate, resulting in lower growth and biomass gain, contributing to
the strong reduction in the yield observed (Table 2). Snowden et al. [32] and Noguchi
and Amaki [33] also found reduced growth when Solanum lycopersicum, Cucumis sativus
and Capsicum annum plants were exposed to blue LEDs. However, the results obtained
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by those authors and those found in our study either diverge (when the light time was
shorter) or agree (longer time and higher PPFD), corroborating the need to evaluate the
light characteristics for each species.

Blue light is not just involved in growth characteristics; it can also be used as a cultural
management factor in order to cause mild stress and stimulate plants to produce a greater
amount of biocompounds for cell defense, a strategy employed to add greater nutraceutical
value to food [34-36]. Thus, it can be noted that the greater the damage of blue light to
arugula growth (Tables 1 and 2), the higher the concentrations of phenolic compounds
(Table 2), chlorophylls, carotenoids, vitamin C and antioxidant power (Table 3). Greater
biosynthesis of compounds that protect the photosynthetic apparatus and the cell was
promoted by the stimulation of the PPFD and the duration of the blue light period. Under
these conditions, both the increments of the pigments to account for the excitation of the
photosystems and the increments of the antioxidant compounds were triggered, which was
portrayed by combining the results of the growth (Tables 1 and 2) and the pigments and
antioxidants (Tables 2 and 3).

It is known that monochromatic blue light causes increases in chlorophyll a, chloro-
phyll b and carotenoid contents compared with those of plants under multispectral or red
light [37,38] due to the need to increase photoprotective capacity by avoiding cell and plant
tissue damage [37-41]. The concentrations of chlorophyll a, chlorophyll b, carotenoids,
vitamin C and antioxidant power responded similarly to the supply of blue light and
were maximized with 20 pmol m~2 s~! (Table 3), under which they increased by 227, 198,
273, 249 and 27%, respectively, when compared to the microgreens that did not receive
blue light. The phenolic compounds responded to the interaction between the factors of
PPFD and duration of the blue light period. At the lowest PPFD, the increase in the light
period did not promote an increase in phenols. However, with both 1 and 2 h of light,
the increment in the PPFD increased the concentration of phenols, which was maximized
with the maximums of the two factors evaluated (Table 2). This result was consistent with
those observed by Son and Oh [23], who observed increments of 1.4 and 2.4 times in the
concentrations of phenols in ‘Sunmang’ lettuce with blue and red light compared to white
light [19,23] and who found increases in the contents of phenolic compounds in mustard
and cabbage microgreens. Therefore, as observed for vitamin C and total antioxidants,
blue light stimulated the synthesis of these secondary metabolites, as recommended by
Wang et al. [42,43], which have the function of inhibiting or reducing the damage caused
by reactive oxygen species, resulting from the high energy value of blue light. The positive
correlation between antioxidant protection and increased blue light intensity has also been
found in mustard, tatsoi and kohlrabi microgreens by Samouliené et al. [44]. The content of
phenolic compounds increased with the increasing light intensity and exposure time, in
agreement with the results observed by Brazaityte et al. [19] in mustard (Brassica juncea,
‘Red Lace’) and kale (Brassica napus, ‘Red Russian’) microgreens.

The unfavorable effect of higher PPFD and longer duration of blue light supplementa-
tion on the growth of hypocotyl and cotyledons, associated with greater biosynthesis of
plant defense biocompounds, may justify the increases in the concentrations of N and P
(Table 4). However, the times of exposure to blue light and its intensity did not influence
the concentrations of potassium, magnesium, sulfur and iron, and these did not differ from
the concentrations observed in the microgreens that did not receive blue light (control). The
calcium and zinc concentrations were respectively higher and lower than those observed
with the microgreens grown only with white light (Table 4). These results partially differ
from those reported by Brazaityté et al. [19], who evaluated blue and red light ratios and
observed an increase in nutrient contents in mustard (Brassica juncea, ‘Red Lace’) and kale
(Brassica napus, ‘Red Russian’) microgreens with a higher proportion of blue light.
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The present study ratified the importance of evaluating PPFD and the time of exposure
of arugula microgreens to blue light because divergent effects were obtained depending on
the intensity and duration of the supplementation offered to the arugula. The results show
that under a combination of PPFD and irradiance duration, the commercial cultivation of
arugula microgreens failed because there were a strong reduction in the yield when the blue
light was applied for 2 h and aggravated damage with 20 umol m~2 s~ (Table 2). However,
under lower, shorter time, the blue light supplementation did not cause reductions in the
growth (Table 1) and yield parameters (Table 2) and promoted the agronomic biofortification
of the arugula microgreens, bringing nutraceutical and, therefore, commercial benefits to
the producer and consumer (Tables 3 and 4). Therefore, since there was an increase in the
phenols with the application of 20 pumol m~2 s~! by 1 or 2 h (Table 2) and increases in
chlorophylls, carotenoids, vitamin C, total antioxidants and some nutrients with both PPFD
and blue light times (Tables 3 and 4), the hypothesis proposed for the biofortification of
arugula microgreens through the supplementation of blue light to white light was proven,
and 20 pmol m~2 s~ ! for 1 h is recommended, since with 2 h of light, there was a reduction
in productivity, which is not acceptable when seeking to biofortify food.

5. Conclusions

Establishing a protocol for the use of light in the production of microgreens in a
plant factory is essential. Variations in the light time and flux density of the blue light
photons showed that it is possible to go from strong damage to the growth of arugula
microgreens and to success in the enterprise, as the supplementation of white light with
20 umol m~2 s~ ! for 1 h day ! of blue light, in addition to not negatively affecting the
growth parameters (hypocotyl length and cotyledon area), promoted the biofortification
of the arugula microgreens by increasing the concentrations of chlorophylls, carotenoids,
phenols, vitamin C, total antioxidants, nitrogen, phosphorus and calcium.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /horticulturae11040412 /s1. Table S1. Summary of the joint analysis
of the experiments for hypocotyl length, cotyledon area and yield of the microgreen arugula. Table S2.
Summary of the joint analysis of the experiments for phenols, chlorophyll a and chlorophyll b of
the microgreen arugula. Table S3. Summary of the joint analysis of the experiments for carotenoids,
vitamin C contents and antioxidant power of the microgreen arugula. Table S4. Summary of the
joint analysis of the experiments for nitrogen, phosphorus and potassium contents of the microgreen
arugula. Table S5. Summary of the joint analysis of the experiments for calcium, magnesium and
sulfur contents of the microgreen arugula. Table S6. Summary of the joint analysis of the experiments
for iron and zinc contents of the microgreen arugula. Table S7. Summary of the analysis of variance
of the mean data of the experiments for hypocotyl length, cotyledon area and yield of the arugula
microgreen as a function of photosynthetic photon flux density (PPFD) and blue light irradiation time
(IT), and absence of blue light (control, white light). Table S8. Summary of the analysis of variance
of the mean data of the experiments for phenols, chlorophyll a and chlorophyll b of the arugula
microgreen as a function of photosynthetic photon flux density (PPFD) and blue light irradiation time
(IT), and absence of blue light (control, white light). Table S9. Summary of the analysis of variance
of the mean data of the experiments for carotenoids, vitamin C contents and antioxidant power of
the arugula microgreen as a function of photosynthetic photon flux density (PPFD) and blue light
irradiation time (IT), and absence of blue light (control, white light). Table S10. Summary of the
analysis of variance of the mean data of the experiments for nitrogen, phosphorus and potassium
contents of the arugula microgreen as a function of photosynthetic photon flux density (PPFD) and
blue light irradiation time (IT), and absence of blue light (control, white light). Table S11. Summary
of the analysis of variance of the mean data of the experiments for calcium, magnesium and sulfur
contents of the arugula microgreen as a function of photosynthetic photon flux density (PPFD) and
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blue light irradiation time (IT), and absence of blue light (control, white light). Table S12. Summary of
the analysis of variance of the mean data of the experiments for iron and zinc contents of the arugula
microgreen as a function of photosynthetic photon flux density (PPFD) and blue light irradiation
time (IT), and absence of blue light (control, white light).
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