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Abstract: Chenopodium quinoa microgreens are a culinary product
that, as well as other species, is rich in bioactive, health promoting
compounds. The present paper shows that light spectrum alone can be used
as a convenient tool for enhancing phenolic synthesis in quinoa plantlets.
The methods used involved pot growth of quinoa plantlets and irradiation
with a 16 : 8 photoperiod of either full spectrum (white) or a combination of
blue:red:UV wavelengths and morphometric and biochemical assessments.
Results shows that, while full spectrum light is more suitable for biomass
accumulation, modulated light spectrum can be used for increases in the
amount of phenolic compounds. Further optimization of light spectrum
modulation can lead to economically higher value microgreens, with
positive outcomes for both horticultural biotechnology but also for the
consumer.
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INTRODUCTION

Due to the increasing awareness regarding the importance of a healthy lifestyle,
functional foods emerge as a valuable dietary means of preventing or alleviating
numerous conditions. In the last 20 years, this concept has been established with the
development of a market segment that grows up with approximately 10 % per year,
because nutraceutical foods provide bioactive compounds with high bioavailability and
clinical effects [1, 2]. At the present time different natural, sustainable and ecological
sources are being actively sought to develop such products. Microgreens are
successfully included in the category of functional foods because they contain a series
of bioactive substances that can be used as prevention or even adjuncts in certain
pathologies. Moreover, the content of these chemicals is higher than in the mature
counterpart, making them concentrated sources of micronutrients [3]. In addition to
such specific substances, microgreens are considered rich sources of vitamins, minerals,
enzymes, pigments, etc. [4], that provide numerous health benefits. Their content is
associated with growing conditions and the level of micronutrients is correlated to the
environmental factors, being often applied to controlled conditions, such as natural or
artificial light, soil or growing media and others [3].

Quinoa sprouts represent a very important category of microgreens, rich in functional
ingredients such as polyphenols, peptides, carbohydrates and saponins, which are of
great significance for improving human health. Besides these, quinoa sprouts are rich in
essential amino acids (histidine, leucine, isoleucine, valine, lysine, phenylalanine etc.)
with values of content between 0.7 and 2.0 g/100 g dry weight and minerals (calcium,
cooper, iron, magnesium, phosphorus, potassium, sodium, zinc) ranging from 0.2 to
525.2 mg/100 g dry weight [5]. Due to these bioactive compounds, the consumption of
quinoa ensures protection against diseases such as diabetes, allergies, acute
inflammation and cardiovascular diseases [6]. The high content of polyphenols is
associated with antioxidant properties, due to the high number of hydroxyl groups.
Polyphenols are present in different quinoa species in free or glycosylated form. Their
concentration is dependent on the genotype of Chenopodium quinoa and may reach up
to 30.69 mg GAE/g dry matter in black quinoa [7]. The main phenolic acids detected in
different quinoa species are rutin, vanillic acid, ferulic acid, kaempferol, quercetin
derivatives, p-coumaric acid, caffeic acid, pinocembrin and apigenin [8]. Among these,
vanillic and ferulic acids were identified in the high concentration in free form [9].
Vanillic acid has numerous health benefits beyond their very well-known flavour, and
their dosage is dependent on the disease. In low concentrations, 250 - 500 pg-mL,
vanillic acid reduces the intestinal colonization and inhibits biofilm formation in
bacterial infection [10]. In higher content, 30 - 50 mg-kg™!, vanillic acid has therapeutic
effect in some diseases such as hypertension by regulating the expression of eNOS and
ET1 protein [11], osteoporosis by reducing cartilage destruction caused by IL-1f
induced inflammation responses [12] and diabetes by reducing HbAlc and glucose
levels [13]. Moreover, vanillic acid improves spatial learning and memory retention and
inhibits neuroinflammatory processes in cognitive impairments at a dosage of 100
mg-kg!. Besides these effects, vanillic acid has a protective role in cancer
chemotherapy, reducing cisplatin nephrotoxicity, by inhibiting NF-kB activation,
stimulating renal antioxidant defence system and restoring the levels of serum urea, uric
acid and creatinine [14]. Ferulic acid has, as the other phenolic compounds, antioxidant
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capacity and reduces the number of the free radicals. This effect leads to health benefits
such as anti-diabetic effect by helping the pancreatic B cell to proliferate and radiate
more insulin, and anti-ageing effect, being a photo protector against UV-induced skin
damage. Beside these, ferulic acid stimulates detoxification enzymes, inhibits the
growth of colon cancer cells and decreases the side effects of chemotherapy, having
anticancer properties [15].

Due to the biological activity of chemical compounds, especially phenolic compounds,
quinoa have different effects on human health. Phenolic content of quinoa has been
reported to inhibit, dependent on the dosage, the release of pro-inflammatory factor IL-8
and also downregulate the expression of IL-6, IL-8, TNF-a, IL-1p and COX-2, having
anti-inflammatory effect [16]. Polyphenols from quinoa were reported to have
anti-obesity and anti-diabetic activities through the inhibition of a-glucosidase and
pancreatic lipase enzymes, that catalyse the digestion of carbohydrates and absorption
of triglyceride lipids, respectively [17]. Some reports show that quinoa ethanol extracts
had beneficial effects in vivo, such as hypolipidemic effect, decreasing lipid
peroxidation and regulating the level of leptin and adiponectin hormone [18], or
neuroprotective effect by reducing the activity of scopolamine, that induces memory
deficits [19].

The biosynthesis of polyphenols can be influenced by different growth factors, such as
illumination, to improve food quality. For example, blue illumination increases the
content of rosmarinic and gallic acid [20], two phenolic acids with numerous biological
applications.

MATERIAL AND METHODS
Plant material and growth conditions

Microgreens production was obtained from quinoa Vikinga seeds from the research and
educational seed stock of the Life Sciences University “lon Ionescu de la Brad” lasi,
Romania. For growth, two treatments were applied provided by a Phytofy RL LED unit
(OSRAM, Golden Dragon, Munich, Germany). Approximately 150 seeds were sowed
in a mixture of general-purpose soil and peat moss 2:1 for each light treatment from 8
plastic boxes (4 for biochemical analyses and 4 for phenotypic measurements), 10 x 10
x 12 cm. After seeding, the boxes were kept in the dark for 3 days and then were placed
at 30 cm from the light sources. Each light treatment was provided by a Phytofy RL
LED unit (OSRAM, Golden Dragon, Munich, Germany), from a distance of 30 cm from
the top of the boxes. The two light treatments applied, with a 16 : 8 hours photoperiod,
were a control variant, using a full spectrum (white) LED program (0:0:0:0:0:1,
UV:blue:green:red:far-red:white, in pmoles) and a blue-red-UV (BRUV) program
(1:9:0:9:3:0, UV:blue:green:red:far-red:white), respectively. After seeding, the boxes
were kept in the dark for 3 days and, afterwards, total PPFD (Photonic Flux Density) for
the two treatments were 160 and 161 pmoles-m™-s!, respectively. The emission spectra
of LED lights (according to OSRAM software) used are given in Figure 1. Plants were
recorded for morphometry and collected for biochemical analyses 10 days after
germination.

St. Cerc. St. CICBIA 2023 24 (4) 349



TELIBAN, PAVAL, PATRAS, IAVORSCHI, STOLERU and LOBIUC

AA LA _ A ‘;

Figure 1. LED emission spectra (left) BRUV Treatment,
(right) full spectrum treatment (X scale 300-800 nm)

Analyses

Biomass related measurements were performed using calibrated scales and calipers.
Phenotypic measurements were performed non-destructively, using a MC-100
Chlorophyll Concentration Meter (Apogee Instruments) for Chlorophyll determination
and a FMS2 fluorometer (HansaTech, Norfolk, UK) for Chlorophyll fluorescence. The
analyses were performed before harvest by measuring 30 leaves or cotyledons/treatment
for each determination.

For biochemical analyses, ethanolic extracts were prepared from dry plant and 70 %
(w/w) ethanol in a ratio of 1 : 9, by maceration for 60 minutes at 50 °C. Total phenolic
content and antioxidant activity were determined in microtiter plates according to the
methods described by Herald [21]. Briefly, total phenolic contents were assayed using
Folin-Ciocalteu reagent, expressing results as gallic acid equivalents (GAE)/mg, while
antioxidant activity was measured as percent of inhibition of DPPH free radical in
ethanolic extracts. The reads were performed with Biotek Epoch 2 microplate
spectrophotometer (Agilent, United States).

RESULTS AND DISCUSSION

Under modulated LEDs illumination, quinoa plantlets recorded quantitative differences
regarding various morphometrical and biochemical parameters. As such, regarding
growth, plantlets under full spectrum (white) light had significantly higher
mass/100 plantlets, with up to 50 % more than plantlets grown under blue-red-UV
(BRUYV) light and also marginally higher leaf-area index and plant height compared to
BRUYV plantlets (Figure 2).
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Figure 2. Morphometric parameters of quinoa grown under modulated and full
spectrum light
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Regarding photosystem related parameters, BRUV light spectrum induced significantly
higher accumulation of chlorophyll, with up to 50 % more than full spectrum light. In
the meantime, BRUV light altered the behavior of photosystem II (PSII), by raising the
steady-state fluorescence levels (Fs) and maximal fluorescence (Fm’) of the
photosystem and by lowering with only 0.03 the overall efficiency of the PSII (Table 1).

Table 1. Photosystems related parameters of quinoa grown under modulated and
full spectrum light

Properties Treatment
BRUV White
Chlorophyll (AU) 3.889+0.163° 2.692+0.077°
Fs 395.97+15.4* 266.82+7.16°
Fm’ 1622.63+55.85% 1249.23+29.84b
OPSII 0.76+0.01* 0.79+0.01°

In the meantime, total phenolic contents significantly increased in BRUV treated
plantlets, with approximately 15 % compared to full spectrum plantlets. A similar
increase was noted in the free radical scavenging activity of ethanolic extracts
(Figure 3).
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Figure 3. Total phenolic contents (left) and free radical scavenging activity (right) of
quinoa plantlets extracts

Phenolic compounds, characterized by their extensive structural heterogeneity, are
acknowledged for their health-related properties. These compounds may be integrated
into customary dietary practices or exploited as precursors for the sophisticated
augmentation of their molecular architecture and biological activity [22]. As a distinct
class of secondary metabolites, phenolic substances are critical to plant physiological
processes and environmental adaptability. Their functions are multifaceted,
encompassing the defense against pathogenic entities, amelioration of ultraviolet
radiation damage, mediation of pollinator attraction, and regulation of symbiotic plant-
microbe interactions [23].

The composition of light in terms of its spectrum substantially influences
photosynthesis and the operation of photosystems in plants. This impact is primarily due
to factors such as the triggering of different photoreceptors, varying efficiencies of
spectral wavelengths in photosynthesis, and the differing depths to which these
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wavelengths penetrate the leaf tissue [24]. Plant photoreceptors, like phytochromes for
red light and cryptochromes for blue light, are activated by specific light wavelengths,
affecting plant growth and metabolic processes. While the effects of blue light (with a
peak at approximately 450 nm) and red light (peaking around 660 nm) on plant growth
and metabolism are acknowledged, their full impact remains unclear. However, light
spectral composition alters the expression of light-responsive genes, influencing growth,
photosynthesis, and physiological reactions in plants, as seen in seedlings [25].
Different wavelengths within the light spectrum can trigger various photoreceptors,
affect photosynthesis efficiency, and penetrate leaf tissue to varying depths. The use of
white LEDs, which incorporate blue light at varying percentages, has shown species-
dependent growth and developmental responses in plants like radishes, soybeans, and
wheat [24]. The percentage of blue light in these LEDs can significantly alter plant
morphology, affecting stem elongation and leaf area expansion, with higher blue light
levels generally leading to more compact plant growth [26]. Also, red and blue light is
more strongly absorbed by photosynthetic pigments and is predominantly absorbed by
the upper cell layers of leaves, while green light penetrates deeper into the leaf tissue.
This more uniform distribution of green light can be beneficial for leaf photosynthesis,
potentially leading to higher efficiency under certain conditions [27]. Furthermore, the
interaction between light quality (wavelength) and light intensity (PPFD) significantly
affects photosynthetic efficiency. For example, red light has been shown to produce
higher quantum yields and electron transport rates at low PPFD compared to blue and
green light. Significant influences of blue and red light on both Photosystem II (PSII)
and Photosystem I (PSI) have been documented. Blue light, especially within the 400 -
500 nm range, is noted for increasing photosynthesis rates and stomatal opening,
thereby enhancing CO; uptake [28]. Additionally, the employment of red and blue LED
light spectra has been observed to heighten the accumulation of polyphenols,
flavonoids, and other phytochemicals in plants, although this does not consistently boost
antioxidant activities, possibly due to the premature redirection of metabolites to other
pathways like curcumin synthesis. These effects appear to stem from the stress induced
by intense light or specific spectral compositions, triggering plant responses that include
the synthesis of phenolic compounds via hormonal pathways [29].

Regarding the effects of ultraviolet (UV) radiation on plants, exposure to it, especially
UV-B (280 - 320 nm), plays a regulatory role in plant development but also acts as a
stressor, leading to deleterious effects [30]. UV-B exposure can promote the
accumulation of phenolic compounds, such as anthocyanins, which serve protective
functions against UV damage [31]. Plants can increase the accumulation of flavonoids
and phenylpropanoids in response to oxidative damage caused by UV light, which also
helps protect the photosynthetic cell layers [32]. UV-B radiation has also been
employed to enhance the content of bioactive compounds in controlled environments,
although changes in plant structure throughout growth can affect the distribution of UV-
B radiation interception and, consequently, the evaluation of its effects on bioactive
compound biosynthesis [33]. The C to N ratio in plants is influenced by the interactive
effects of nitrogen, UV, and photosynthetically active radiation (PAR), highlighting the
complex interplay between these factors on plant morphology and biochemistry [34].
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CONCLUSION

Our results showed that the different spectrums we used led to a modified C:N ratio
usage in quinoa plantlets, partly shifting the metabolism of the plantlets, from biomass
accumulation, to secondary, phenylpropanoid metabolites production. However, no
significant stress was recorded at photosystem level, creating the premises of
biotechnologically modulating quinoa microgreens using only light as an environmental
cue. The effects of light spectrum on plant growth and development are complex and
highly species-specific. While white light is broadly effective for photosynthesis, the
role of specific wavelengths like blue, red, and green light can vary depending on the
plant species, developmental stage, and environmental conditions. Understanding these
interactions can be essential for optimizing growth lighting in horticultural practices.

FUNDING

This research was supported by a grant from the Ministry of Research, Innovation and
Digitization, CCCDI-UEFISCDI, project number PN-III-P2-2.1-PED-2021-4380,
within PNCDI II1.

REFERENCES

1. Sharma, S., Singh, A., Sharma, S., Kant, A., Sevda, S., Taherzadeh, M.J., Garlapati, V.K.:
Functional foods as a formulation ingredients in beverages: technological advancements and
constraints, Bioengineered, 2021, 12 (2), 11055-11075,
https://doi.org/10.1080/21655979.2021.2005992;

2. Birch, C.S., Bonwick, G.A.: Ensuring the future of functional foods, International Journal of Food
Science& Technology, 2019, 54 (5), 1467-1485, https://doi.org/10.1111/ijfs.14060;

3. Michell, K.A., Isweiri, H., Newman, S.E., Bunning, M., Bellows, L.L., Dinges, M.M., Grabos,
L.E., Rao, S., Foster, M.T., Heuberger, A.L., Prenni, J.E., Thompson, H.J., Uchanski, M.E., Weir,
T.L., Johnson, S.A.: Microgreens: Consumer sensory perception and acceptance of an emerging
functional food crop, Journal of Food Science, 2020, 85 (4), 926-935,
https://doi.org/10.1111/1750-3841.15075;

4. Gupta, A., Sharma, T., Singh, S.P., Bhardwaj, A., Srivastava, D., Kumar, R.: Prospects of
microgreens as budding living functional food: Breeding and biofortification through OMICS and
other approaches for nutritional security, Frontiers in Genetics, 2023, 14, 1053810,
https://doi.org/10.3389/fgene.2023.1053810;

5. Pathan, S., Siddiqui, R.A.: Nutritional composition and bioactive components in quinoa
(Chenopodium quinoa Willd.) greens: A review, Nutrients, 2022, 14 (3), 558,
https://doi.org/10.3390/nu14030558;

6. Le, L., Gong, X., An, Q., Xiang, D., Zou, L., Peng, L., Wu, X., Tan, M., Nie, Z., Wu, Q., Zhao, G.,
Wan, Y.: Quinoa sprouts as potential vegetable source: Nutrient composition and functional
contents of different quinoa sprout varieties, Food Chemistry, 2021, 357, 129752,
https://doi.org/10.1016/j.foodchem.2021.129752;

7. Ballester-Sanchez, J., Gil, J.V., Haros, C.M., Fernandez-Espinar, M.T.: Effect of incorporating
white, red or black quinoa flours on free and bound polyphenol content, antioxidant activity and
colour of bread, Plant Foods for Human Nutrition, 2019, 74 (2), 185-191,
https://doi.org/10.1007/s11130-019-00718-w;

St. Cerc. St. CICBIA 2023 24 (4) 353



TELIBAN, PAVAL, PATRAS, IAVORSCHI, STOLERU and LOBIUC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ren, G., Teng, C., Fan, X., Guo, S., Zhao, G., Zhang, L., Liang, Z., Qin, P.: Nutrient composition,
functional activity and industrial applications of quinoa (Chenopodium quinoa Willd.), Food
Chemistry, 2023, 410, 135290, https://doi.org/10.1016/j.foodchem.2022.135290;

Antognoni, F., Potente, G., Biondi, S., Mandrioli, R., Marincich, L., Ruiz, K.B.: Free and
conjugated phenolic profiles and antioxidant activity in quinoa seeds and their relationship with
genotype and environment, Plants, 2021, 10 (6), 1046, https://doi.org/10.3390/plants10061046;
Sethupathy, S., Ananthi, S., Selvaraj, A., Shanmuganathan, B., Vigneshwari, L., Balamurugan, K.,
Mahalingam, S., Pandian, S.: Vanillic acid from Actinidia deliciosa impedes virulence in Serratia
marcescens by affecting S-layer, flagellin and fatty acid biosynthesis proteins, Scientific Reports,
2017,7 (1), 16328, https://doi.org/10.1038/s41598-017-16507-x;

Kumar, S., Prahalathan, P., Saravanakumar, M., Raja, B.: Vanillic acid prevents the deregulation
of lipid metabolism, endothelin 1 and up regulation of endothelial nitric oxide synthase in nitric
oxide deficient hypertensive rats, European Journal of Pharmacology, 2014, 743, 117-125,
https://doi.org/10.1016/j.ejphar.2014.09.010;

Huang, X., Xi, Y., Mao, Z., Chu, X., Zhang, R., Ma, X., Ni, B., Cheng, H., You, H.: Vanillic acid
attenuates cartilage degeneration by regulating the MAPK and PI3K/AKT/NF-kB pathways,
European Journal of Pharmacology, 2019, 859, 172481,
https://doi.org/10.1016/j.ejphar.2019.172481;

Ji, G., Sun, R., Hu, H., Xu, F., Yu, X., Veeraraghavan, V.P., K.M. Surapaneni, K.M., Chi, X.:
Vannilic acid ameliorates hyperglycemia-induced oxidative stress and inflammation in
streptozotocin-induced diabetic rats, Journal of King Saud University - Science, 2020, 32 (7),
2905-2911, https://doi.org/10.1016/j.jksus.2020.04.010;

Sindhu, G., Nishanthi, E., Sharmila, R.: Nephroprotective effect of vanillic acid against cisplatin
induced nephrotoxicity in wistar rats: A biochemical and molecular study, Environmental
Toxicology and Pharmacology, 2015, 39 (1), 392-404, https://doi.org/10.1016/j.etap.2014.12.008;
Kumar, N., Pruthi, V.: Potential applications of ferulic acid from natural sources, Biotechnology
Reports, 2014, 4, 86-93, http://dx.doi.org/10.1016/j.btre.2014.09.002;

Tang, Y., Tsao, R.: Phytochemicals in quinoa and amaranth grains and their antioxidant, anti-
inflammatory, and potential health beneficial effects: a review, Molecular Nutrition & Food
Research, 2017, 61 (7), 1600767, https://doi.org/10.1002/mnfr.201600767;

Tang, Y., Zhang, B., Li, X., Chen, P.X., Zhang, H., Liu, R., Tsao, R.: Bound phenolics of quinoa
seeds released by acid, alkaline, and enzymatic treatments and their antioxidant and a-glucosidase
and pancreatic lipase inhibitory effects, Journal of Agricultural and Food Chemistry, 2016, 64 (8),
1712-1719, https://doi.org/10.1021/acs.jafc.5b05761;

Hashem, M.A., Mahmoud, E.A., Abd-Allah, N.A.: Hypolipidemic activity of an ethanolic extract
of quinoa seeds in Triton X-100-induced hyperlipidemic rats, Comparative Clinical Pathology,
2021, 30 (3), 473-482, https://doi.org/10.1007/s00580-021-03241-0;

Souza, S.P., Roos, A.A., Gindri, A.L., Domingues, V.O., Ascari, J., Guerra, G.P.: Neuroprotective
effect of red quinoa seeds extract on scopolamine-induced declarative memory deficits in mice:
The role of acetylcholinesterase and oxidative stress, Journal of Functional Foods, 2020, 69,
103958, https://doi.org/10.1016/.jff.2020.103958;

Lobiuc, A., Vasilache, V., Oroian, M., Stoleru, T., Burducea, M., Pintilie, O., Zamfirache, M.:
Blue and red LED illumination improves growth and bioactive compounds contents in acyanic and
cyanic Ocimum basilicum L. microgreens, Molecules, 2017, 22 (12), 2111,
https://doi.org/10.3390/molecules22122111;

Herald, T.J., Gadgil, P., Tilley, M.: High-through put micro plate assays for screening flavonoid
content and DPPH-scavenging activity in sorghum bran and flour, Journal of the Science of Food
and Agriculture, 2012, 92 (11), 2326-2331, https://doi.org/10.1002/jsfa.5633;

Lobiuc, A., Pavil, N.-E., Mangalagiu, 1.I., Gheorghitd, R., Teliban, G.-C., Amariucii-Mantu, D.,
Stoleru, V.: Future antimicrobials: Natural and functionalized phenolics, Molecules, 2023, 28 (3),
1114, https://doi.org/10.3390/molecules28031114;

Dixon, R.A., Paiva, N.L.: Stress-induced phenylpropanoid metabolism, Plant Cell, 1995, 7 (7),
1085-1097, https://doi.org/10.1105/tpc.7.7.1085;

Ptushenko, O.S., Ptushenko, V.V., Solovchenko, A.E.: Spectrum of light as a determinant of plant
functioning: A historical perspective, Life, 2020, 10 (3), 25, https://doi.org/10.3390/1ife10030025;
Tarakanov, 1.G., Tovstyko, D.A., Lomakin, M.P., Shmakov, A.S., Sleptsov, N.N., Shmarev, A.N.,
Litvinskiy, V.A., Ivlev, A.A.: Effects of light spectral quality on photosynthetic activity, biomass

354

St. Cerc. St. CICBIA 2023 24 (4)



LIGHT MODULATED PHENOLIC SYNTHESIS IN CHENOPODIUM QUINOA MICROGREENS
AS A POTENTIAL BIOTECHNOLOGICAL TOOL

26.

27.

28.

29.

30.

31.

32.

33.

34.

production, and carbon isotope fractionation in lettuce, Lactuca sativa L., plants, Plants, 2022, 11
(3), 441, https://doi.org/10.3390/plants11030441;

Cope, K.R., Bugbee, B.: Spectral effects of three types of white light-emitting diodes on plant
growth and development: absolute versus relative amounts of blue light, HortScience, 2013, 48
(4), 504-509, https://doi.org/10.21273/HORTSCI.48.4.504;

Liu, J., van Iersel, M.W.: Photosynthetic physiology of blue, green, and red light: Light intensity
effects and underlying mechanisms, Frontiers in Plant Science, 2021, 12, 619987,
https://doi.org/10.3389/fpls.2021.619987;

Pal, M., Hamow, K.A., Rahman, A., Majlath, 1., Tajti, J., Gondor, O.K., Ahres, M., Gholizadeh,
F., Szalai, G., Janda, T.: Light spectral composition modifies polyamine metabolism in young
wheat plants, International Journal of Molecular Sciences, 2022, 23 (15), 8394,
https://doi.org/10.3390/ijms23158394;

Marchant, M.J., Molina, P., Montecinos, M., Guzman, L., Balada, C., Castro, M.: Effects of LED
light spectra on the development, phytochemical profile, and antioxidant activity of Curcuma
longa from Easter Island, Plants, 2022, 11 (20), 2701, https://doi.org/10.3390/plants11202701;
Sanchez Correa, M.D.S., Reyero Saavedra, M.D.R., Estrella Parra, E.A., Nolasco Ontiveros, E.,
Benitez Flores, J.D.C., Ortiz Montiel, J.G., Campos Contreras, J.E., Lopez Urrutia, E., Avila
Acevedo, J.G., Jiménez Nopala, G.E., Espinosa Gonzalez, A.M.: Ultraviolet Radiation and Its
Effects on Plants, in: Abiotic Stress in Plants - Adaptations to Climate Change (Editors: Oliveira,
M., Fernandes-Silva, A.A.), IntechOpen, 2023, http://dx.doi.org/10.5772/intechopen.109474;
Valenta, K., Dimac-Stohl, K., Baines, F., Smith, T., Piotrowski, G., Hill, N., Kupler, J., Nevo, O.:
Ultraviolet radiation changes plant color, BMC Plant Biology, 2020, 20, 253,
https://doi.org/10.1186/s12870-020-02471-8;

Escobar-Bravo, R., Klinkhamer, P.G.L., Leiss, K.A.: Interactive effects of UV-B light with abiotic
factors on plant growth and chemistry, and their consequences for defense against arthropod
herbivores, Frontiers in Plant Science, 2017, 8, 278, https://doi.org/10.3389/pls.2017.00278;
Yoon, H.I,, Kim, H.Y., Kim, J., Son, J.E.: Quantitative analysis of UV-B radiation interception
and bioactive compound contents in kale by leaf position according to growth progress, Frontiers
in Plant Science, 2021, 12, 667456, https://doi.org/10.3389/fpls.2021.667456;

Klem, K., Oravec, M., Holub, P., Simor, J., Findurova, H., Sura, K., Vesela, B., Hodafiova, P.,
Jansen, M.A.K, Urban, O.: Interactive effects of nitrogen, UV and PAR on barley morphology and
biochemistry are associated with the leaf C:N balance, Plant Physiology and Biochemistry, 2022,
172, 111-124, https://doi.org/10.1016/j.plaphy.2022.01.006.

St. Cerc. St. CICBIA 2023 24 (4) 355



