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Light-emitting diodes (LEDs) are emerging as a powerful technology in the plant field which allows the selection of

specific wavelengths and intensities, and therefore the targeted accumulation of plant antioxidant compounds.
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1. Introduction

Plant antioxidants include a wide variety of compounds, which are responsible for essential plant functions,

including signaling, defense, oxidative damage prevention, and free-radical scavenging . In addition, some

antioxidants are responsible for the color, aroma, and taste of fruits, vegetables, and processed products. Thus,

they determine the quality and shelf life of a food, consumers’ appreciation, and their economic value . Fruits,

vegetables, herbs, and spices are rich in antioxidant compounds, and their consumption in the diet is encouraged,

owing to their antioxidant and anti-inflammatory properties, the positive effects on blood pressure, lipids, insulin

resistance, and cardiovascular health .

Polyphenols, photosynthetic pigments, glutathione, vitamin C (L-ascorbic acid, Vit C) and other vitamins, and

antioxidant enzyme systems, such as generic peroxidases, polyphenol oxidases, ascorbate peroxidase (APX),

glutathione peroxidase, glutathione reductase (GR), monodehydroascorbate reductase (MDHAR),

dehydroascorbate reductase (DHAR), thioredoxins, peroxiredoxin, superoxide dismutase, and catalase are among

the most important components involved in the modulation of the redox status of the cells and in the response to

pathogens and adverse environmental conditions. Several factors are involved in the regulation of the synthesis,

turnover, and degradation of such compounds, including both biotic and abiotic stresses, such as light .

Development, growth, and physiology of the plant depend on the availability of light . Light duration

(photoperiod), intensity, quality (wavelength), and direction play key roles in plant studies .

Through photosynthetic fixation, plants are able to transform the solar energy into reducing equivalents, and CO

into sugars. However, light is an essential factor driving several biochemical pathways for plant growth and

development. In particular, the synthesis and accumulation of antioxidants such as Vit C, phenolic acids,

carotenoids, flavonoids, anthocyanins, and α-tocopherol in leafy tissues and fruits in many horticultural and herbal

crops are driven by the photoperiod, intensity, and quality  . Light intensity and wavelength vary during the
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daytime and by season, latitude, and climate and are perceived differently by cells according to the position of the

leaf within a canopy and of the cell within a leaf .

Light quality and intensity are perceived by plants through different types of photoreceptors, namely, phytochrome

(PHY), cryptochrome (CRY), phototropin (PHOT), flavin binding Kelch domain F box protein (FKF1), zeitlupe (ZTL),

LOV Kelch protein2 (LKP2), and UV-B resistance locus 8 (UVR8). According to the receptor type, they can be

sensitive to both low and high irradiance levels, as well as to specific light wavelengths . Due to such

implications, artificial light supplementation has been widely applied in horticulture on economically relevant crops

to compensate for short photoperiods, to support photosynthesis, to control plant flowering and pests, and to

improve plant nutritional quality .

At present times, LED technology has gained a massive popularity for its ability to produce specific spectra. In fact,

compared to other artificial light sources, monochromatic LEDs show unique spectra outputs in terms of

wavelengths, along with an equivalent luminous efficacy, lower operational cost, lack of radiant heat, and longer

lifespan. Due to these unique advantages, LEDs are now used in controlled environments, e.g., growth chambers,

greenhouses, and vertical farming, as well as in the postharvest storage of many vegetables to support plant

growth and to specifically stimulate the synthesis of bioactive compounds .

An overview of the most recent findings in the horticultural field was provided, with particular regards to vitamin C,

polyphenols, photosynthetic pigments, and glucosinolates. Eventually,   the challenges and perspectives of LEDs

application at all levels of the supply chain were critically discussed.

2. LED Technology

LED is a solid-state semiconductor diode, allowing unidirectional current flow from anode to cathode within a

specific voltage range. The diode is composed of two differently doped materials that joint form a p-n

heterojunction, where the p-side contains excess positive charge (holes), while the n-side contains excess negative

charge (electrons). As an electron crosses the depletion layer, near the junction, it recombines with a hole and falls

from the conduction band in a lower energy level, the valence band, and releases energy in the form of a photon

(Figure 1, panel A). In Figure 1, panel B the most important parts of a LED are shown. The cathode is connected to

the n-side of the junction, instead the p-side is connected to the anode with a connecting wire. The emitted light

wavelength, so its color, depends on the band gap energy of the junction’s materials . The band gap represents

the minimum energy difference between the top of the valence band and the bottom of the conduction band; it

depends on the dopants used in the p and n sides.
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Figure 1. (A) Working principle and (B) structure of a light-emitting diode (LED).

3. LED Lighting: Advantages and Challenges in Plant Growth
and Postharvest Management

LED technology has grown tremendously on a global scale over the last decade, quickly replacing traditional

lighting systems (incandescent, fluorescent, High-Intensity Discharge lamps) in different fields, including the

horticultural sector, as supported by a growing research community . Higher energy efficiency, versatility, long

lifetime, and cost saving features are some of the major advantages of LED lighting. Unlike HID and HPS, LEDs

show reduced heat emission leading to prevent thermal degradation and optimizing space in indoor farming and

storage management applications. Moreover, LED technology, compared to conventional lamps, enables a wide

variety of spectral output, allows for controlling the directionality of light, and regulating light intensity. All of which

makes it more suitable for the growth, preservation, and storage of fresh horticultural products . In this

review, we have focused on LEDs' effects on some plant metabolites, with particular attention to the content of

some antioxidant compounds both during the plant growth and at the postharvest level. There is evidence that LED

lighting can influence the shelf life and quality of fresh produce inhibiting weight loss, senescence, over-ripening,

and enhancing the production of antioxidants compounds. .

Currently, RL and BL have been recognized as the most suitable treatment for plant growth and development of

tailored food. However, there is a growing consensus that other LEDs, including YL or GL, may contribute, both

monochromatic and combined, to promote higher biomass and yield or preserve plant quality .

Until recently, insufficient availability of data on lamp performance metrics and quality standards did not help

growers to compare results and LED options, driving confusion and lack of references. In 2017, the American

Society of Agricultural and Biological Engineers (ASABE) published the S640 standards on the quantities and units

used to describe horticulture lighting (ASABE, 2017) , including 33 new metrics definitions for horticultural

lighting, among which are PAR (photosynthetic active radiation), expressed as PPF (PAR emitted by a source,

measured in units of micromoles) and PPFD (PAR that falls on a unit of surface area). Although these new metrics

are compatible with metrics previously defined, they are, however, specific to the needs of horticulture and plant

biology. Furthermore, the evidence that   outside the visible light (400-700 nm), plants respond to UV and FR
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radiation, the metrics are divided into three spectral ranges: photosynthetic (400-700nm), UV (100-400nm), and

Far Red (700-800). Afterwards, in 2018, ASABE released the S642 standard, focusing on the performance of

LEDs, arrays, and modules relative to the impact on plant growth and development (ASABE, 2018) .

Besides the appropriate LED metrics implementation to the horticultural sector, there are some other challenges

that need to be tackled, depending on the aim of the request (growth, postharvest, development). Among these,

there are the influence of light intensity, irradiance, temperature, power supply on the physiological and

biochemical responses of the plant, and how those responses vary among species and within cultivars of the same

species.

A growing number of studies suggest that the overall quality of vegetables prior to or even after harvest is highly

dependent not only on the spectral composition but also on LED intensity and photoperiod . Light

distribution and irradiance uniformity are also important parameters to be evaluated because the photosynthetic

properties depend on the leaf age and/or distance between the lighting device and plant canopy, then a different

response might be revealed in lower canopy compared to the upper leaves . Moreover, since the intensity of

light radiation that reaches a surface is inversely proportional to the square of the surface's distance from the

source, light levels vary and are inconsistent as plants grow, which suggests that light output could be modified

according to the plant photosynthetic requirements.

Overall, understanding the physiological responses induced by LED lights is a crucial step to regulate plant

morphogenesis, enhance nutritive value of crops, and preserve quality in postharvest fresh products. However,

data from literature are often contradictory because over the years, many research projects focus their efforts on a

few selected species or cultivars, and little is known about comparison among closed species, more cultivars, or

type of the same cultivar .

4. Conclusions

In conclusion, LED technology has shown great potential to promote the growth and the synthesis of beneficial

compounds and prolong the shelf life of fruits and vegetables during postharvest storage (Figure 2). So far, a

comparison of studies in the literature is challenging because of the different experimental designs, plant species

and cultivars, light types and intensities, and other environmental parameters which are not always fully disclosed

or harmonized. Additionally, only recently have quality standards been introduced. A deeper knowledge of the

spectral-dependent responses at the molecular level and the role of photoreceptors can be performed in controlled

environments by means of an integrated approach, based on transcriptomics, proteomics, and metabolomics. Data

on the plant–LED interaction effects are already available in the literature and, due to the interest of the scientific

community, in the next years, a huge amount of data will be continuously added. These data can be analyzed to

extrapolate and correlate different types of LED treatment with the fitness of the plant and its antioxidative profile.

In this context, artificial intelligence and machine learning algorithms will allow us to predict the plant health and the

shelf life of postharvest horticultural crops. Further improvements and studies are therefore essential to design

specific LED protocols and enable us to exploit this technology at its fullest potential.
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Figure 2. Future perspectives and positive outcomes of LEDs for growth and postharvest storage of food

commodities.

References

1. Gupta, D.K.; Palma, J.M.; Corpas, F.J.. Antioxidants and Antioxidant Enzymes in Higher Plants;
Springer: Switzerland, 2018; pp. 1-300.

2. Oday Alrifai; Xiuming Hao; Massimo F. Marcone; Rong Tsao; Current Review of the Modulatory
Effects of LED Lights on Photosynthesis of Secondary Metabolites and Future Perspectives of
Microgreen Vegetables. Journal of Agricultural and Food Chemistry 2019, 67, 6075-6090, 10.102
1/acs.jafc.9b00819.

3. Johanna Rienks; Janett Barbaresko; Ute Nöthlings; Association of Polyphenol Biomarkers with
Cardiovascular Disease and Mortality Risk: A Systematic Review and Meta-Analysis of
Observational Studies. Nutrients 2017, 9, 415, 10.3390/nu9040415.

4. Mirza Hasanuzzaman; M. H. M. Borhannuddin Bhuyan; Taufika Islam Anee; Khursheda Parvin;
Kamrun Nahar; Jubayer Al Mahmud; Masayuki Fujita; Regulation of Ascorbate-Glutathione
Pathway in Mitigating Oxidative Damage in Plants under Abiotic Stress. Antioxidants 2019, 8,
384, 10.3390/antiox8090384.

5. Biswas, K.; Adhikari, S.; Tarafdar, A.; Kumar, R.; Saha, S.; Ghosh, P.. Sustainable Agriculture in
the Era of Climate Change; Springer: Switzerland, 2020; pp. 265-292.

6. Kumar, N.; Singh, K.; Sharma, S.K.. Sustainable Agriculture in the Era of Climate Change;
Springer: Switzerland, 2020; pp. 251-264.



Light-Emitting Diode in Plant Metabolism | Encyclopedia.pub

https://encyclopedia.pub/entry/6794 6/8

7. Haijie Dou; Genhua Niu; Mengmeng Gu; Joseph Masabni; Effects of Light Quality on Growth and
Phytonutrient Accumulation of Herbs under Controlled Environments. Horticulturae 2017, 3, 36, 1
0.3390/horticulturae3020036.

8. Dou, H.; Niu, G.. Plant Factory; Academic Press: London, 2020; pp. 153-166.

9. Hesheng Yao; Yali Zhang; Xiaoping Yi; Wenqing Zuo; Zhangying Lei; Longlong Sui; Wangfeng
Zhang; Characters in light-response curves of canopy photosynthetic use efficiency of light and N
in responses to plant density in field-grown cotton. Field Crops Research 2017, 203, 192-200, 10.
1016/j.fcr.2016.12.018.

10. Fabio Stagnari; Carla Di Mattia; Angelica Galieni; Veronica Santarelli; Sara D'egidio; Giancarlo
Pagnani; Michele Pisante; Light quantity and quality supplies sharply affect growth,
morphological, physiological and quality traits of basil. Industrial Crops and Products 2018, 122,
277-289, 10.1016/j.indcrop.2018.05.073.

11. Kari Taulavuori; Valtteri Hyöky; Jari Oksanen; Erja Taulavuori; Riitta Julkunen-Tiitto; Species-
specific differences in synthesis of flavonoids and phenolic acids under increasing periods of
enhanced blue light. Environmental and Experimental Botany 2016, 121, 145-150, 10.1016/j.enve
xpbot.2015.04.002.

12. Sabine Demotes-Mainard; Thomas Péron; Adrien Corot; Jessica Bertheloot; José Gentilhomme-
Le Gourrierec; Sandrine Pelleschi-Travier; Laurent Crespel; Philippe Morel; Lydie Huché-Thélier;
Rachid Boumaza; et al.Alain VianVincent GuérinNathalie LeDucSoulaiman Sakr Plant responses
to red and far-red lights, applications in horticulture. Environmental and Experimental Botany
2016, 121, 4-21, 10.1016/j.envexpbot.2015.05.010.

13. Alberta Pinnola; Roberto Bassi; Molecular mechanisms involved in plant photoprotection.
Biochemical Society Transactions 2018, 46, 467-482, 10.1042/bst20170307.

14. Inyup Paik; Enamul Huq; Plant photoreceptors: Multi-functional sensory proteins and their
signaling networks. Seminars in Cell & Developmental Biology 2019, 92, 114-121, 10.1016/j.semc
db.2019.03.007.

15. Ibaraki, Y.. Light Emitting Diodes for Agriculture; Springer: Singapore, 2017; pp. 27-36.

16. Bantis, F.; Smirnakou, S.; Ouzounis, T.; Koukounaras, A.; Ntagkas, N.; Radoglou, K.; Current
status and recent achievements in the field of horticulture with the use of light-emitting diodes
(LEDs).. Sci. Hortic 2018, 235, 437-451, https://doi.org/10.1016/j.scienta.2018.02.058.

17. Schubert, E.F.. Light-Emitting Diodes; Cambridge University Press:: UK, 2006; pp. 86-190.

18. Dutta Gupta, S.; Agarwal, A.. Light Emitting Diodes for Agriculture; Springer: Singapore, 2017; pp.
1-25.



Light-Emitting Diode in Plant Metabolism | Encyclopedia.pub

https://encyclopedia.pub/entry/6794 7/8

19. A.J. Both; Bruce Bugbee; Chieri Kubota; Roberto G. Lopez; Cary Mitchell; Erik S. Runkle; Claude
Wallace; Proposed Product Label for Electric Lamps Used in the Plant Sciences. HortTechnology
2017, 27, 544-549, 10.21273/horttech03648-16.

20. Nassarawa, S.S.; Abdelshafy, A.M.; Xu, Y.; Li, L.; Luo, Z.; Effect of Light-Emitting Diodes (LEDs)
on the Quality of Fruits and Vegetables During Postharvest Period: A Review. Food Bioprocess
Technol 2020, 1, 1-27, https://doi.org/10.1007/s11947-020-02534-6.

21. Gang Ma; Lancui Zhang; Chandra Kurnia Setiawan; Kazuki Yamawaki; Tatsuo Asai; Fumie
Nishikawa; Shigenori Maezawa; Hiroshi Sato; Nobuhisa Kanemitsu; Masaya Kato; et al. Effect of
red and blue LED light irradiation on ascorbate content and expression of genes related to
ascorbate metabolism in postharvest broccoli. Postharvest Biology and Technology 2014, 94, 97-
103, 10.1016/j.postharvbio.2014.03.010.

22. Martina Loi; Vania C. Liuzzi; Francesca Fanelli; Silvana De Leonardis; Teresa Maria Creanza;
Nicola Ancona; Costantino Paciolla; Giuseppina Mulè; Effect of different light-emitting diode (LED)
irradiation on the shelf life and phytonutrient content of broccoli (Brassica oleracea L. var. italica).
Food Chemistry 2019, 283, 206-214, 10.1016/j.foodchem.2019.01.021.

23. Yi Song; Kai Qiu; Jiong Gao; Benke Kuai; Molecular and physiological analyses of the effects of
red and blue LED light irradiation on postharvest senescence of pak choi. Postharvest Biology
and Technology 2020, 164, 111155, 10.1016/j.postharvbio.2020.111155.

24. Shengyu Liu; Linping Hu; Dong Jiang; Wanpeng Xi; Effect of Post-Harvest LED and UV Light
Irradiation on the Accumulation of Flavonoids and Limonoids in the Segments of Newhall Navel
Oranges (Citrus sinensis Osbeck). Molecules 2019, 24, 1755, 10.3390/molecules24091755.

25. Peng Jin; Di Yao; Feng Xu; Huiqian Wang; Yonghua Zheng; Effect of light on quality and bioactive
compounds in postharvest broccoli florets. Food Chemistry 2015, 172, 705-709, 10.1016/j.foodch
em.2014.09.134.

26. Gang Ma; Lancui Zhang; Masaya Kato; Kazuki Yamawaki; Yoshikazu Kiriiwa; Masaki Yahata;
Yoshinori Ikoma; Hikaru Matsumoto; Effect of Blue and Red LED Light Irradiation on β-
Cryptoxanthin Accumulation in the Flavedo of Citrus Fruits. Journal of Agricultural and Food
Chemistry 2011, 60, 197-201, 10.1021/jf203364m.

27. Dean A. Kopsell; Carl E. Sams; T. Casey Barickman; Robert C. Morrow; Sprouting Broccoli
Accumulate Higher Concentrations of Nutritionally Important Metabolites under Narrow-band
Light-emitting Diode Lighting. Journal of the American Society for Horticultural Science 2014, 139,
469-477, 10.21273/jashs.139.4.469.

28. Kim, H.H.; Goins, G.D.; Wheeler, R.M.; Sager, J.C.; Green-light supplementation for enhanced
lettuce growth under red-and blue-light-emitting diodes.. HortScience 2004, 39, 1617-1622, http
s://doi.org/10.21273/HORTSCI.39.7.1617.



Light-Emitting Diode in Plant Metabolism | Encyclopedia.pub

https://encyclopedia.pub/entry/6794 8/8

29. Hayley L. Smith; Lorna McAusland; Erik H. Murchie; Don’t ignore the green light: exploring
diverse roles in plant processes. Journal of Experimental Botany 2017, 68, 2099-2110, 10.1093/jx
b/erx098.

30. ANSI/ASABE S640: Quantities and Units of Electromagnetic Radiation for Plants. Photosynthetic
Organisms; American Society ofAgricultural and Biological Engineers: St. Joseph, MI, USA, 2017

31. ANSI/ASABE S642: Recommended Methods for Measurement and Testing of LED Products for
Plant Growth and Development; AmericanSociety of Agricultural and Biological Engineers: St.
Joseph, MI, USA, 2018.

32. Yin-Jian Zheng; Yi-Ting Zhang; Houcheng Liu; Ya-Min Li; Ying-Liang Liu; Yan-Wei Hao; Bing-Fu
Lei; Supplemental blue light increases growth and quality of greenhouse pak choi depending on
cultivar and supplemental light intensity. Journal of Integrative Agriculture 2018, 17, 2245-2256, 1
0.1016/s2095-3119(18)62064-7.

33. Chase Jones-Baumgardt; David Llewellyn; Qinglu Ying; Youbin Zheng; Intensity of Sole-source
Light-emitting Diodes Affects Growth, Yield, and Quality of Brassicaceae Microgreens.
HortScience 2019, 54, 1168-1174, 10.21273/hortsci13788-18.

34. László Sipos; Ildikó Fruzsina Boros; László Csambalik; Géza Székely; András Jung; László
Balázs; Horticultural lighting system optimalization: A review. Scientia Horticulturae 2020, 273,
109631, 10.1016/j.scienta.2020.109631.

35. Yano, A.. LED Lighting for Urban Agriculture; Springer: Singapore, 2016; pp. 403-415.

36. Sang-Won Lee; Jeong Min Seo; Min-Ki Lee; Jin-Hyuk Chun; Paulrayer Antonisamy; Mariadhas
Valan Arasu; Tatsuro Suzuki; Naif Abdullah Al-Dhabi; Sun-Ju Kim; Influence of different LED
lamps on the production of phenolic compounds in common and Tartary buckwheat sprouts.
Industrial Crops and Products 2014, 54, 320-326, 10.1016/j.indcrop.2014.01.024.

37. Groenbaek, M.; Tybirk, E.; Kristensen, H.L.; Glucosinolate and carotenoid content of white-and
yellow-flowering rapeseed grown for human consumption as sprouts and seedlings under light
emitting diodes. Eur. Food Res. Technol. 2018, 244, 1121-1131, https://doi.org/10.1007/s00217-0
17-3027-7.

38. Erica Hernandez; Michael B. Timmons; Neil Mattson; Quality, Yield, and Biomass Efficacy of
Several Hydroponic Lettuce (Lactuca sativa L.) Cultivars in Response to High Pressure Sodium
Lights or Light Emitting Diodes for Greenhouse Supplemental Lighting. Horticulturae 2020, 6, 7, 1
0.3390/horticulturae6010007.

39. Oday Alrifai; Xiuming Hao; Ronghua Liu; Zhanhui Lu; Massimo F. Marcone; Rong Tsao; Amber,
red and blue LEDs modulate phenolic contents and antioxidant activities in eight Cruciferous
microgreens. Journal of Food Bioactives 2020, 11, 95-109, 10.31665/10.31665/jfb.2020.11241.

Retrieved from https://encyclopedia.pub/entry/history/show/16068


