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Abstract: Microgreens are receiving increasing attention due to their high content of bioactive
components and their importance to human health. These emerging food products can be obtained
from the seeds of different plant species, including aromatic herbs. Aromatic microgreens are gaining
popularity as new functional food products. In this study, we investigated the effects of different light-
emitting diode (LED) lamp spectra on the growth, pigments, nitrates, and osmoprotectant content of
microgreens of Ocimum basilicum L., Trigonella foenum-graecum, Anethum graveolens, and Anthriscus
cerefolium plants. Three types of artificial LED lamps were used: T0 as artificial white light, T1 as a
continuous light-emitting diode with a longer blue wavelength, and T2 as a continuous light-emitting
diode with a longer red wavelength. The results obtained showed that the three types of LED light
had significant effects on the different parameters studied. In relation to growth parameters, such as
fresh weight (FW) and microgreen height (H), the T2 treatment was most effective for fenugreek, dill,
and chervil. However, in basil plants, FW and H values were higher under T1 treatment. Regarding
nitrate accumulation, both T1 and T2 treatments reduced the content of this nutrient in the different
species studied here. Finally, levels of chlorophyll, carotenoid, glucose, proline, and proteins were all
higher in plants cultivated under T1 and T2 treatments than in control plants.
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1. Introduction

In recent years, consumers have sought new foods that both promote well-being and
reduce the risk of chronic disease, thus promoting a healthy lifestyle in addition to meeting
nutritional needs [1].

Microgreens, a novel form of leafy vegetables, are gaining popularity as a culinary in-
gredient. Xiao et al. [2] defined microgreens as “tender immature greens that are produced
from the seeds of vegetables and herbs, having two fully developed cotyledonary leaves
with or without the emergence of a rudimentary pair of first true leaves”. Microgreens
have been reported to be moderate-to-good sources of proteins, dietary fibers, and essen-
tial elements, as well as excellent sources of ascorbic acid, vitamin E, and (3-carotene [3].
Previously, Pinto et al. [4] reported that microgreens contain lower levels of nitrates and
higher amounts of phytonutrients (ascorbic acid, 3-carotene, phylloquinone, x-tocopherols)
compared with mature-stage plants. Microgreens can be obtained from vegetables, herba-
ceous plants, aromatic herbs, and spontaneous species [5,6]. More recently, Ghoora et al. [3]
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reported that microgreens with good mineral content are obtained mostly from vegetables
and aromatic species.

In recent years, interest in aromatic and medicinal plants (AMPs) has increased among
collectors, producers, processing industries, public and/or private institutions, and con-
sumers [7]. This is due to the aromatic, therapeutic, and preservative characteristics of these
plants [8]. In addition, they are used in nutraceuticals, herbal medicine, and aromather-
apy, among other applications. In this study, four species were considered based on their
importance in the Mediterranean diet. These were basil Ocimum basilicum L., fenugreek
Trigonella foenum-graecum L., dill Anethum graveolens L., and chervil Anthriscus cerefolium L.
Hoffm. Basil produces an essential oil widely used in the food, perfumery, and medical
industries. It is also considered a source of aromatic compounds and exhibits a range of
biological activities and antioxidant properties [9]. Fenugreek is an aromatic annual legume
of the Fabaceae family. It is considered one of the oldest medicinal plants. It is used both
as a herb (fresh or dried leaves) and as a spice (seeds) [10]. Economically, this plant is
important as a culinary ingredient and medicinal herb, and it continues to grow widely in
its native area. Dill, a species of the Umbelliferae family, is an important essential-oil seed
plant native to the Mediterranean and western Asian regions. Its medicinal and traditional
uses are well documented. The chemical composition of dill seed essential oil reveals the
presence of many volatile compounds; among these, carvone, limonene, o-phellandrene,
-phellandrene, and p-cymene are especially important and are found in almost all its
aerial parts [11]. Chervil is a delicate and fragrant annual herb belonging to the Apiaceae
family. It is used for culinary and medicinal purposes. Chervil is native to Europe and
has finely divided pinnate leaves. The chemical constituents of chervil include flavonoids,
such as luteolin 8.9. As a herb, chervil is characterized by a strong flavor and by its unique
compounds, as well as important nutrients that can enrich the consumer’s diet [12].

Light conditions are highly influential on the morpho-physiology of microgreens and
on the biosynthesis and accumulation of phytochemicals, especially in controlled growth
environments [13]. Light-emitting diodes (LEDs) are one of the most promising lighting
technologies for plants. The light intensity of LEDs can be controlled to influence the growth
and phytochemical biosynthesis of the plant [14,15]. In horticulture, the development of
LEDs is considered one of the most important recent advances in the field. LEDs can
be used in different horticultural areas, particularly in controlled environmental research
and as lighting for tissue cultures, as well as supplemental and photoperiod lighting for
greenhouses [16,17]. LED lighting systems have significant advantages over traditional
lighting due to their spectral composition, durability, wavelength specificity, low radiant
heat, and energy efficiency [18].

The objective of this study was to evaluate the effect of light-emitting diodes (LEDs)
on growth, nitrates, and osmoprotectant content in microgreens of four aromatic and
medicinal plants, which are important in the Mediterranean area.

2. Materials and Methods
2.1. Light Devices

The experiments were conducted at the University of Almeria (Spain) in a controlled
growth chamber (10 m x 2.5 m) during 2018 and 2019. LED treatments were used to
evaluate the quality of different species of aromatic and medicinal plants. Medicinal plants
were exposed to different treatments with LED lamps: one linear spectrum lamp (T0);
and two common continuous spectrum lamps, as follows: T1, with a photonic flow of
141 pmol m~2 s~ 1 and an illumination of light-emitting diodes of 5161 Ix; and T2, with a
photonic flow of 107 umol m~2 s~! and an illumination of light-emitting diodes of 3837 Ix.
White LED lamps L 18 T8 Roblan® (Toledo, Spain) were used as control (T0). For treatment
T1, L 18 NS1 Valoya® (Helsinki, Finland) was used, i.e., continuous light-emitting diodes
with a longer wavelength in blue, which is responsible for vegetative growth, but with
less energy than red light. For treatment T2, L18 AP67 Valoya® (Helsinki, Finland) was
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used, i.e., continuous light-emitting diodes with a longer wavelength in red. The technical
specifications are shown in Table 1.

Table 1. Photosynthetic photon flux density (PPFD, umol m 2 s~ 1) and illuminance (lux) of light
emitting diode (LED) treatments.

Treatment Lamp LED PPFD Illuminance
T0 L18 T8 Roblan® 150+ 7a 6447 £ 186 a
T1 L18 NS1 Valoya® 141 +£19b 5161 +229b
T2 L18 AP67 Valoya® 107+7c 3837 £ 358 ¢

Different letters indicate significant differences at p < 0.05 by the Tukey test (n = 6).

To determine the spectral characteristics, six measurements were taken at a distance of
20 cm from the panel housing the LED tubes. An HD 2302.0 photo radiometer (Delta OHM®,
Veneto, Italy) was used to measure quantitative light. LP 471 PAR and LP 471 PHOT probes
were used to measure photosynthetic photon flux density (PPFD, umol m~2 s~1) and
illuminance (lux), respectively. The spectra of the treatments T0, T1, and T2 were recorded
with the UPRtek MK350S spectrometer (Miaoli, Taiwan); these are shown in Figure 1.
Throughout the experiment, the photoperiod was maintained at 16/8 h (day/night), the
temperature was maintained at 25 °C, and relative humidity was maintained at 75-80%.

380 420 460 500 540 580 620 660 700 740 780 380 420 460 500 540 580 620 660 700 740 780

T1 T2

Figure 1. Distribution of photon flux in the spectrum from 380 to 780 nm for the three treatments [15]:
TO: L18 T8 Roblan® (control); T1: L18 NS1 Valoya® (blue); and T2: L18 AP67 Valoya® (red).

2.2. Plant Materials

Four species of aromatics and medicinal plants were studied: Ocimum basilicum L.,
Trigonella foenum-graecum L., Anethum graveolens L., and Anthriscus cerefolium L. All plants
were fertilized with a standard nutrient solution at pH 5.8 and EC 2.2 dS m~! [19] and
collected at the microgreen stage of 0-1 pairs of real leaves. After harvesting, plants were
stored in thermal bags and frozen at —24 °C. About 1.5 g of seeds for basil, dill, and chervil,
and 2.5 g of fenugreek seeds, were used in single trays (40 cm x 25 cm) filled with rock
wool, with six replicates for each species.

2.2.1. Fresh Weight and Height

The fresh weight (FW) of the first pair of true leaves (9 days after seeding) was
measured using a precision balance.
Plant length (9 days after sowing) was measured using a graduated ruler.

2.2.2. Determination of Nitrate Content

The juice was extracted by grinding plants collected at the microgreen stage of
0-1 pairs of real leaves without adding any reagents, then stored in 2 mL microtubes
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at 20-22 °C. After analyses, adequate aliquots of juice were exposed to the device sensor.
Nitrate content was measured using a LAQUA Twin NO3~ device (HORIBA, Kyoto, Japan)
with nine repetitions of each measurement.

2.2.3. Chlorophyll and Carotene Determination

A quantitative determination of chlorophyll pigments in leaves was obtained using a
chlorophyll meter (SPAD-502 PLUS, Konica Minolta, Japan). The SPAD 502 Chlorophyll
Meter instantly measures the amount of chlorophyll content, a key indicator of plant health.
With a simple attachment of the meter over leafy tissue, a reading will index chlorophyll
content (0-99.9) in less than 2 s. SPAD 502 Chlorophyll Meter also features an integrated
data logger that allows the instant measurement and recording of chlorophyll content.
This meter uses red (peak = ~650 nm) and near-infrared (peak = ~940 nm) reflection as
calculation factors and measures within a range of 0-50 SPAD values at room temperature.
The carotenoids were determined by the Lichtenthaler method [20].

2.2.4. Glucose and Proline Determination

For glucose and proline determination, we used 0.5 g of fresh microgreens according
to the methods described by Irigoyen et al. [21] and by Paquin and Lechasseur [22].

2.2.5. Soluble-Protein Determination

Fresh microgreens (0.5 g) were used for soluble protein determination using Bradford
G-250 reagent [23]. The results were expressed as mg bovine serum albumin g~ of
fresh weight.

2.2.6. Statistical Analyses

Statistical analyses were performed using Statgraphics Plus for Windows 4.1. All
measurements were conducted in octuplicates (n = 8), and the values were averaged and
reported along with the standard errors (+£S.E.). All data were subjected to a three-way
ANOVA (4 species x 3 light spectra x 8 replicates), and differences among means were
determined by Fisher’s least significant difference (LSD) procedure at a p-value < 0.05.

3. Results
3.1. Fresh Weight (FW) and Height (H)

Fresh biomass is an important growth parameter, particularly in microgreens, because
consumers are interested in fresh biomass of many aromatic and medicinal species. In this
study, significant differences in FW were observed among species and light treatments
(Table 2).

Table 2. Fresh weight (g m~2) and height (cm) of basil, fenugreek, dill, and chervil microgreens
cultivated under three light-emitting diode (LED) treatments. The best light treatment, for each plant
species, is bold.

Fresh Weight (g m—2) Height (cm)
Basil Fenugreek Dill Chervil Basil Fenugreek Dill Chervil
TO 231.3 + 12 bYB? 150.4 £+ 29 cC 107.9 £ 23 bD 258 + 05 bA 49+ 0.4bB 454+0.7cB 59 +0.5cA 5.5+ 0.5bA
T1 390.7 4= 20 aA 156.9 + 20 bC 076.5 + 08 cD 237 + 06 bB 6.0 = 0.4 aA 5.0+ 0.3bB 52+ 0.3bB 52+ 0.3bB
T2 225 + 16 bB 235.4 + 23 aB 144.0 £+ 20 aC 613 + 12 aA 52 +0.2bC 6.2 + 0.4 aB 74+ 06aA 73 +1.0aA

Y Different lowercase letters indicate significant differences among light treatments. Z Different uppercase letters
indicate differences among plant species.

The ANOVA showed that chervil accumulated the highest fresh biomass (613 g m—2
under red light and that dill had the lowest value (76.5 g m~2) under blue light. These
differences can be attributed to the intrinsic development of each species. Moreover, the
effects of different light types on overall fresh biomass also differed significantly. The
results set out in Table 2 show that T2 treatment led to a better biomass accumulation in
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fenugreek, dill, and chervil, but T1 was the optimal light for growth development in basil.
Comparable results were obtained concerning plant height for the four species studied.

3.2. Nitrate Content

The results set out in Table 3 show nitrate contents for the four species studied under
the three light spectra. A significant variation in nitrate content was observed among
different species and light treatments. The lowest nitrate value (220 mg 100 g~! FW) was
recorded in chervil under T2 treatment, while the highest value (505.7 mg 100 g~! FW) was
obtained in basil under the white-light treatment T0. Taking average values for all three light
treatments, the highest nitrate concentration was recorded in basil (470.5 mg 100 g’1 FW),
followed by fenugreek (355.7 mg 100 g~! FW), dill (313.8 mg 100 g~! FW) and, finally,
chervil, which presented the lowest average value (254.8 mg 100 g~ ! FW). The white light
TO was the best treatment for nitrate contents within all species.

Table 3. Nitrate content (mg100 g_1 fresh weight (FW)) of basil, fenugreek, dill, and chervil micro-
greens cultivated under three light-emitting diode (LED) lamp spectra. The best light treatment, for
each plant species, is bold.

Nitrate Content (mg 100 g—1 FW)

Treatment N . .
Basil Fenugreek Dill Chervil
T0 505.7 & 43.5 aYA*? 407.1 £ 26.9 aB 360 + 13.1 aB 304.3 £+ 12.7 aD
T1 4471 £ 243 bA 328.6 £12.2bB 225.7 £7.7bD 240 +8.2bC
T2 458.7 £ 11.3bA 331.2 £13.6 bC 355.7 £ 45.4 aB 220+22.0cD

Y Different lowercase letters indicate significant differences among light treatments. Z Different uppercase letters
indicate differences among plant species.

3.3. Chlorophyll and Carotenoid Contents

Table 4 presents the contents of chlorophyll and carotenoid pigments in basil, fenu-
greek, dill, and chervil microgreens cultivated under different light-emitting diode lamp
spectra. These results show that fenugreek was the species that accumulated the highest
contents of both chlorophyll and carotenoid pigments. Chlorophyll content ranged from
1.1 mg g~ ! FW for dill under white light (T0) to 3.8 mg g~ ! FW for fenugreek under red
light (T2). The ANOVA (Table 4) showed significant differences in chlorophyll contents
between species. Fenugreek accumulated, on average, 3.45 mg g~ ! of chlorophyll, which
was higher than the concentrations in basil (2.76 mg g’1 FW), chervil (2.63 mg g’l FW),
and dill (1.20 mg g_1 FW). In terms of different light spectra, the differences in chlorophyll
contents were not significant, although T2 and T1 treatments did induce a slight increase
compared with the control (T0).

Table 4. Chlorophyll and carotenoid contents (mg g~! FW) of basil, fenugreek, dill, and chervil
microgreens cultivated under three light-emitting diode (LED) lamp spectra. The best light treatment,
for each plant species, is bold.

Chlorophyll (mg g~1 FW) Carotenoid (mg g~! FW)

Basil

Dill Chervil Basil Fenugreek Dill Chervil

T0 2.6 £+ 0.08 bYB*
T1 2.8+ 0.07 aB
T2 2.9 + 0.04 aB

3+ 0.23bA 1.1 £ 0.03bC 2.5+ 0.1bB 0.023 £ 0.007 cB 0.029 £ 0.005 cA 0.015 £ 0.003 cC 0.016 £ 0.004 cC
3.6 £0.14aA 1.3 + 0.07 aC 2.6 + 0.1 abB 0.035 £ 0.007 bB 0.046 + 0.009 bA 0.028 =+ 0.006 bC 0.031 £ 0.008 bBC
3.8 £0.15aA 1.2 £ 0.04 abC 2.8 £ 0.07 aB 0.052 £ 0.005aAB  0.058 £ 0.007 aA 0.045 £ 0.01 aC 0.046 £ 0.008 aBC

Y Different lowercase letters indicate significant differences among light treatments. Z Different uppercase letters
indicate differences among plant species.

Regarding carotenoid pigments, the differences were statistically significant between
species and also between light spectra. Fenugreek showed the highest accumulation of
carotenoids (0.058 mg g~ FW), while dill showed the lowest concentration (0.015 mg g~! FW).
The red light T2 led to the best chlorophyll and carotenoid contents for all species, with is
very important for photosynthetic activity.
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3.4. Glucose, Proline, and Proteins Contents

Glucose and proline contents in basil, fenugreek, dill, and chervil microgreens culti-
vated under different light-emitting diode lamp spectra are presented in Table 5. These
results show that Fenugreek accumulated more glucose than the other species studied.
However, dill and fenugreek accumulated more proline under the T2 treatment like the
other species. Glucose contents ranged from 0.9 mg g~! FW for dill under white light (T0)
to 6.2 mg gf1 FW for fenugreek under red light (T2). The ANOVA showed significant
differences in glucose concentration among species (Table 5). Fenugreek accumulated, on
average, 6.2 mg g~ ! FW of glucose, which was higher than the concentrations in chervil
(5.7 mg g~! FW), basil (5.2 mg g ! FW), and dill (5.4 mg g~! FW). However, the differences
in glucose content among light spectra were not significant for fenugreek, although T2
and T1 treatments did induce a significant increase, compared with T0, in basil, dill, and
chervil (Table 5). The T2 treatment led to the highest contents of both glucose and proline
for all species.

Table 5. Glucose and proline contents (mg g~! FW) of basil, fenugreek, dill, and chervil microgreens
cultivated under three light-emitting diode (LED) lamp spectra. The best light treatment, for each

plant species, is bold.
Glucose (mg g~1 FW) Proline (mg g~ FW)
Basil Dill Chervil Basil Fenugreek Dill Chervil
T0 2.8 4 0.06 bYA* 3.2+ 0.05cA 0.9 £ 0.025 bC 1.3 £0.014 cB 84.6 +10.2 cB 88.7 £ 12.6 bA 72.7 £9.3cC 60.4 +5.78 cD
T1 3 +0.023bB 3.8+ 0.03bA 1.16 + 0.086 bD 23+0.043bC 90.4 + 11 bA 929 £ 11.8 bA 89.6 = 7.011 bA 64.7 = 8.45bB
T2 5.6 £ 0.04 aB 6.2 1 0.033 aA 5.4 + 0.094 aB 5.7 £ 0.026 aB 95+ 9.9 aC 102.4 4+ 14.3 aB 111.3 + 4.3 aA 70.9 £ 6.05 aD

Y Different lowercase letters indicate significant differences among light treatments. Z Different uppercase letters
indicate differences among plant species.

In relation to protein levels (Table 6), we found the highest value in fenugreek under
T2 treatment; for this species, the protein content was higher under T2, compared with
T0 and T1, by 22 and 47%, respectively. Overall, the amounts of protein in different plant
species under different light treatments ranged from 4.9 mg g~! FW in dill to 22.5 mg g !
FW in fenugreek, in both cases under red-light treatment (T2).

Table 6. Protein content (mg g_1 FW) of basil, fenugreek, dill, and chervil microgreens cultivated
under three light-emitting diode (LED) lamp spectra. The best light treatment, for each plant species,
is bold.

Protein Content (mg g—1 FW)

Treatment

Basil Fenugreek Dill Chervil
T0 12.6 £1.005cYB* 153 +1.63 cA 9.4 + 1.02aC 10.3 £ 0.94 bC
T1 16.3 + 1.95bB 18.4 + 1.86 bA 7.8 £1.36 bD 12.6 £ 1.57 aC
T2 18.6 + 1.87 aB 22,5+ 2.07 aA 49 +£1.03cD 13.2 £ 1.05aC

Y Different lowercase letters indicate significant differences among light treatments. Z Different uppercase letters
indicate differences among plant species.

The ANOVA results (Table 6) showed significant differences in protein concentrations
among species. However, the differences between light spectra were statistically significant
only for dill. Although the T1 and T2 treatments induced slight increases in protein,
compared to control, in basil, fenugreek, and chervil, both T1 and T2 treatments led to
reduced protein concentrations in dill plants.

4. Discussion
4.1. Fresh Weight (FW) and Height (H)
Microgreens are crops with a short growth period, so the effect of light spectra on their

yields might result more from all the phenomena induced by light, which modify the shape
and color of plants, than from photosynthesis [17]. Pennisi et al. [24] have shown that the
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spectral composition of light not only alters biomass growth but also modifies stomatal
functionality and overall water use in basil plants. The effects of lighting on vegetative
growth observed in this study are in line with the findings of Ferrén-Carrillo et al. [25],
who obtained similar results for three lettuce cultivars using the same continuous light-
emitting diodes with longer red wavelength (T2), compared with control white LED lamps
(TO). Contrarily, Najera and Urrestarazu [26] studied the effects of LED light intensity and
spectral quality on six vegetables and concluded that the use of Valoya’s wide-spectrum
AP67 (T2 in our experiment) contributed to a significant increase in fresh weight, compared
with control (TO, white Roblan), under low and high light intensities, except in the case of
the radish cv. Redondo rojo, where the difference in fresh weight between wide-spectrum
AP67 and TO was not significant at low-intensity lighting. Chang and Chang [27] stated
that a good combination of light wavebands could increase the efficiency of photosynthesis
and promote growth development. We know from other studies that the effects of spectra
on photosynthesis can vary between species and even among varieties [28].

4.2. Nitrate Content

Recently, there has been an increased interest in LED lighting systems, particularly
for the cultivation of microgreens. This interest is due to their great potential for promot-
ing plant growth, development, and metabolism control. Variation of nitrate content in
plants is a multi-factorial process. Reports have indicated that nutritional, environmental,
and physiological conditions are the main drivers of nitrate accumulation in plants [29].
Light has been identified as the major environmental factor determining nitrate content in
vegetables [30]. Many studies have linked the quality and intensity of light with nitrate
concentrations in plants [31,32]. The accumulation of nitrate in vegetables occurs most
frequently under poor light conditions, for example, in greenhouses in winter; and in green
leafy vegetables, such as lettuce and spinach [33,34]. The physiological explanation of the
relationship between light intensity and nitrate content has been well described in recent
decades. Nitrate reductase is activated by illumination and consequently decreases nitrate
accumulation [33].

Regarding the light treatments in the current study, our results showed that TO induced
significant increases in nitrate concentration of 21%, compared with T1, and 13%, compared
with T2. Similar results were reported in a previous study on microgreens and baby-leaf
stages of lettuce using the same lighting spectra [25]. Ohashi et al. [35] found nitrate levels
were 63-65% lower in leaf lettuce and 63% lower in spinach when these species were grown
for 37 days after germination under red or blue fluorescent light, compared with plants
cultivated under white light. However, no significant differences in nitrate content were
found for Komatsuna plants grown under the same light treatments, indicating that plants’
response to light may also depend on the particular crops and cultivars involved [35].

4.3. Chlorophyll and Carotenoid Contents

It is recognized that chlorophyll and carotenoid pigments use light most efficiently
in the red and blue wavelengths. Wang et al. [36] reported that blue light enhanced
the expression of different enzymes, such as FeCH, GIuTR, and MgCH, which regulate
chlorophyll synthesis. In the case of dill, chlorophyll biosynthesis is greater under blue light.
Red light is less conducive to chlorophyll biosynthesis because it reduces the tetrapyrrole
precursor 5-aminolevulinic acid [37,38].

In our experiment, different light treatments induced significant differences in carotenoid
contents. Red light (T2) produced an increase in carotenoid synthesis of 143%, compared
with white light (T0), while blue light (T1) produced a corresponding increase of 68%.
These results are consistent with recently published work by our team on lettuce [25], in
which the authors reported an increase in carotenoids of 11.5% using the same T2 lamps
compared with the control light. Previously, researchers have studied the effect of LEDs on
the growth and yields of wheat Triticum aestivum [39,40], radish Raphanus sativus, lettuce,
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and spinach Spinacia oleracea [41-43]. These authors concluded that red light supplemented
with blue produced the highest yield levels.

4.4. Glucose, Proline, and Proteins Contents

Our results for glucose were similar to those obtained by Li et al. [44], who found
that soluble sugar content in Gossypium hirsutum L. was highest in seedlings grown under
red LED light. Similar results were obtained for Chinese cabbage Brassica campestris L.
by Li et al. [45] and for apple by Lekkham et al. [46]. Similarly, Bantis et al. [47] found
that, in tomatoes, monochromatic red light increased the content of fructose and glucose.
Contrarily, Virsilé et al. [48] reported that supplemental lighting had no noticeable effect on
glucose and maltose contents in green-leaf lettuce; however, in red-leaf lettuce cultivated
under supplemental orange light, a slight decrease in glucose content was observed. In
relation to proline content, Makowski et al. [49] found that blue-red LED light did not
change the levels of this osmoprotectant in Dionaea muscipula, but did increase such levels
in Drosera peltata, compared with plants cultivated under fluorescent light of the same
intensity (Table 7).

Table 7. The increasing values of glucose, proline, and protein contents using white light, red light,
and blue light in previous studies. The best light treatment, for each plant species, is bold.

Reference Species Lighting Conditions Glucose (mg g~1 FW) Proteins (mg g~1 FW)  Proline (mg g~1 FW)
Artificial white light 2.8 +0.06 bYA? 12.6 + 1.005 cYB* 84.6 £10.2 B
Ocimum basilicum L. Blue LED light 3+ 0.023bB 16.3 + 1.95bB 90.4 + 11 bA
Red LED light 5.6 + 0.04 aB 18.6 + 1.87 aB 95 4 9.9 aC
Artificial white light 324 0.05cA 15.3 + 1.63 cA 88.7 £12.6 bA
fngf’;fali’zum Blue LED light 3.8+ 0.03bA 184 + 1.86 bA 92.9 + 11.8bA
Red LED light 6.2 £+ 0.033 aA 22.5 £ 2.07 aA 102.4 + 14.3 aB
This study Artificial white light 0.9 + 0.025 bC 9.4 4+ 1.02aC 727 +9.3cC
Anethum graveolens Blue LED light 1.16 £ 0.086 bD 7.8 £1.36 bD 89.6 & 7.011 bA
Red LED light 5.4 1+ 0.094 aB 49 £1.03cD 1113 4.3 aA
Artificial white light 1.3 £0.014 cB 10.3 £ 0.94 bC 60.4 £5.78 cD
Anthriscus cerefolium Blue LED light 23+0.043bC 12.6 £1.57 aC 64.7 - 8.45bB
Red LED light 5.7 + 0.026 aB 13.2 4+ 1.05 aC 70.9 & 6.05 aD
Artificial white light 133 ¢ 125b
[45] Brassica campestris L. Blue LED light 375b 8.6 bc
Red LED light 56.7 a 17.5a
Artificial white light 202Db
[46] Malus x domestica Blue LED light 24.4 ab
Red LED light 30.8a
Artificial white light 1.7b
[47] Solanum lycopersicum Blue LED light 1.25¢
Red LED light 18a

Y Different lowercase letters indicate significant differences among light treatments. Z Different uppercase letters
indicate differences among plant species. Different letters indicate significant differences. These differences were
determined by Fisher’s least significant difference (LSD) procedure at a p-value < 0.05.

In the current study, dill showed the highest proline accumulation (111.3 mg g~! FW),
while chervil produced the lowest concentration (60.4 mg g~! FW). Furthermore, different
light treatments induced significant differences in proline contents. Compared with white
light (T0), red light (T2) induced 24% higher proline synthesis, and blue light (T1) induced
an increase of 10%.
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Bantis et al. [47] reported that blue and red-blue lights increased the contents of
soluble proteins, chlorophylls, and carotenoids. More recently, Gyugos et al. [50] found
that blue, red, and far-red spectral components increased the proline content in wheat.
Virsile et al. [48] reported that supplemental light colors had no remarkable effect on total
protein content. In addition, Chen et al. [51] reported that higher levels of soluble proteins
were obtained using monochromatic blue light, compared with a combination of red
and blue lights. Finally, Ouzounis et al. [28] reported that levels of soluble protein were
significantly increased when blue light was supplemented with red light.

5. Conclusions

The response of plants to LED light treatments depends on the species and the studied
parameters. In this study, vegetative growth (fresh weight and height) was improved
by red-spectrum light (T2) in fenugreek, dill, and chervil but by blue light (T1) in basil.
Regarding nitrate accumulation in microgreens, we found that using white-spectrum (T0)
light resulted in significantly increased nitrate content in all species studied. Blue light led to
decreased nitrate content in basil, fenugreek, and dill microgreens, and red light induced a
considerable decrease in nitrate concentration in chervil microgreens. In addition, different
types of light induced different effects on chlorophyll and protein contents, which also
differed depending on the species. For instance, basil, fenugreek, and chervil accumulated
more chlorophyll and protein under red light, while dill accumulated more chlorophyll
under blue light and more protein under white light. Finally, the maximum synthesis
of the carotenoids, glucose, and proline of the studied species was recorded under red
light. This study concludes that producing micro-green under artificial LED lighting
is a very important model to solve the problem of decreasing stocks of arable land per
person due to the relentless trends of increasing population, urbanization, decreasing water
supply, and climate change. Solutions to reduce the effect of dwindling land resources
for agriculture (due to drought and salinity), the rapid growth of the world’s population,
which is expected to reach around 9.7 billion in 2050, the increased energy, transport, and
fertilizer prices related to future food production are illustrated by urban vertical farming
under LED artificial light which involves greater use of technology and automation for the
optimization of land use and which aims to dramatically increase productivity and reduce
the environmental footprint within a framework of urban, indoor, and air-conditioned high-
rise buildings, greenhouses, and growth chambers. This type of agricultural production
can offer many potential benefits as a clean and green food source; biosecurity, freedom
from pests, and a large labor market.
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