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Light emitting diode: Application to modern plant cultivation
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Abstract

Precision agriculture is a new generation of crops that produce large, high-quality crops in limited spaces and
use the resources as needed. The author presents a model of the use of light-emitting diodes in modern crops by
synthesizing data from academic articles in the ScienceDirect and TCl databases, and data from light-emitting diode
manufacturers. The results of the study found that 430-450 nm blue light enhances photosynthesis efficiency and
growth, also increases chlorophyll and plant biomass. Red light mixed with blue light with a greater proportion of blue
light, or blue light alone, increase anthocyanin, carotenoid and chlorophyll, improving the plant's photosynthetic rate.
Therefore, it is most suitable to be used for cultivating seedlings of plants. 660 nm red light increases the amount of
chlorophyll, lutein phenolic and yield, stimulates persistence and flowering to accelerate growth rate, which is highly
beneficial for plant photosynthesis. 730 nm infrared light is suitable to be used in conjunction with red and blue lights
in the production of plants in indoor horticulture systems. It can be supplemented during the growth phase of the plant
to enlarge the leaf size, thereby contributing to increase photosynthesis. The artificial light from light-emitting diodes
is cost-effective, long-lasting, and has a high efficiency of converting electrical energy into photon flux, which greatly
accelerates plant growth. Light-emitting diode lamps are used in greenhouses for growing crops by illuminating the
top and inside of the plants. In artificial lighting plants and vertical farms where leafy vegetables are grown, top lighting
is provided. The most popular light-emitting diodes used in modern crops are 630 nm red light and 660 nm dark red
light, 430 nm blue light and 450 nm royal blue light, 730 nm infrared light and white light at a color temperature of
4000-5700 K.
Keywords: light emitting diode, infrared light, blue light, red light, white light, photosynthesis, plant growth,

modern plant cultivation
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Figure 2 Quantity, quality and duration of light
exposure affect biomass, plant physiology,
photosynthesis and flowering (Stefanie,

& Alexander, 2019a).
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Figure 3 PAR wavelength range, plant light absorption and the rate of photosynthesis (Stefanie, &

Alexander, 2019a). Re-drawn by Watjanatepin (2021).
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Figure 4 Average amount of photon flux suitable for many specimen plants. Adapted from

Stefanie, & Alexander (2019a).
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Figure 5 Comparison between sweet basil
and holy basil under red and blue
lights with and without infrared light

(Watjanatepin, & Sritanauthaikorn, 2020).

- Red light to blue light is 7 (R:B=7).

- Red light to blue light is 3.5 (R:B=3.5)

- Red light to blue light is 3.5, increasing
the PPFD of infrared light is 50 umol/m’/s
(R:B=3.5+FR50)

(a) sweet basil

(b) holy basil under a light-emitting diode.
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Figure 6 Comparison of incandescent lamps, the spectrum of natural and artificial lights in the

horticultural industry, modified from Watjanatepin (2022).
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Figure 7 Appearance of a light-emitting diode chip and modules used in the modern horticulture

industry, sourced from Samsung (2022).

(a) Infrared light-emitting diode (730nm) Photon flux 2.07umol/s (IF 350mA, 25°C, 0.7W)

(b) Deep red light-emitting diode (660 nm) Photon flux 5.65umol/s (IF 700mA, 25°C, 1.4W)

(c) Royal blue light-emitting diode (450nm), photon flux 2.8umol/s (IF 350mA, 25°C, 1.0W).

(d) White light-emitting diode 5000K photon flux 5.36umol/s (IF 350mA, 25°C, 2.2W)

(e) Red and blue light-emitting diode lamps Green Power LED module Philips products
(Philips, 2022)

(f) Plant Light Emitting Diode Module size 561 mmx41mm, using 3350K white light emitting
diode mixed with 660nm red, 150umol photon flux per second (1.2A)., 25°C, 50.4W,
178Im/W)

(9) Spectrum of red and blue light-emitting diodes. Compared to white light Samsung products
(Samsung, 2022)

(1) AI9T==NITENIZNA LT f@'wﬁu (Krames et al., 1999; Runkle, 2007; Godo, Fujiwara,
Ugnainniseananniudaauiilufiungnnaqsls  Guan, & Miyoshi, 2011; Lin et al., 2013)
WaaFinFu 450 unTwims uazuaIRUAST 660 (2) dassrazniaadyiiula Wugoeiite
unluns ludndouduaatienndndiiGu 1y Sluuazdrdusuysninaslivasiiuzan iy

LASALATEREAY 25 fauALLasATNRUSatay 75 N1rdaATeiAaanaednn (i 450 unlulumsse
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LasdLag 660 unluiums Adadau 50:50 (Bello-
Bello, Martinez-Estrada, Caamal-Velazquez, &
Morales-Ramos, 2016; Senol, Kilic, & Tasdelen,
2016; Watjanatepin, Chung, & Ruangpattanawiwat,
2018; Kim, & Hwang, 2019)

(3) 499N HARBNAANNARAIT b
La9R 1N Ty 450 unTwiuATAe AR LAY 660
U TULNAT Tudnaau 25:75 (Bantis, Ouzounis, &
Radoglou, 2016; Jishi, Kimura, Matsuda, &

Fujiwara, 2016)

Table 1 Characteristics and properties of light-emitting diode chips from a number of manufacturers.

type °LUMILEDs *OSRAM *SAMSUNG
°NIR light 730 nm 730 nm 730 nm
Red light Dark red 660 nm Dark red 660 nm Red 630 and Dark red 660 nm
Blue light Royal blue 450 nm Dark blue 450 nm Blue 433 and royal blue 450 nm
White light 2200-6500 K 2200-6500 K 2200-6500 K *full spectrum
Power medium-high (0.2—- 6W) low (< 0.15W) medium (0.2-1W)

medium (< 0.7W) high (>1-7W)

high (0.7-2W)
Type/ 'SMD: 2020, 3535, 2835, 5050 SMD: 2020, 3535 SMD: 2835, 3030, 3535, 5050,
Package °COB 15- 32 mm’ to 2835, 5050 5630

*(tape and reel)
Voltage SMD:1.5-3.6V COB 6-30V SMD 1.5-30V SMD:

' SMD: Surface mount device

* COB: Chip on board device

® Tape and reel referenced from IEC 60286-3

4

® NIR: near infrared

® LUMILEDSs (2022); Osram (2022); Samsung (2022)

v = A a vy
wingauanladneiainls anunany
a P ! P o

n93rnsizeslalendaanasdes lamnnzaniu
n1sign W ? (Watjanatepin, & Boonmee, 2017;
Watjanatepin, 2019) wananiluianiatingtu
2094a9 IUAAAIULAIR LA A DLAIA NN [ UVINAY
2575 limuwndunastsrhngdmiunisnazi
néndannnganaunaziinliasuilasilgnlu
Tseiau Geenailuiddasannisqoydessudnanis

v PEY o ala = =
Wzndn wazarlffundnilaonuudansagaty

=

PN = A P
LUANI9 MIN TN N@NQWWTVINQMJT']WQ\?VLQ [ﬂﬂvl{ﬂ

Full spectrum: white LED that provided continuous spectral over 400-700 nm
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(Stefanie, & Alexander, 2019a).

Figure 8 Supplemental downward lighting for horticultural cultivation in a greenhouse.

(a) High pressure sodium lamps (Ceres Green House Solutions, 2022)

(b) Light-emitting diode lamps (Philips, 2022)

#“" '(‘
I o/ 49l
44—

§ / Top Iiéhting,‘ 3

- a/y

Figure 9 (a) lllumination from red and blue light-emitting diodes inside a tomato plant (Signify, 2017)

(b) Red and blue light-emitting diode lamps inside the cucumber plant combined with top

lighting by high-pressure sodium lamps (Both, Mattson, & Lopez, 2018)
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Figure 11

An example of an artificial light plant using a light-emitting diode lamp.

(a) artificial light plant factory of the National Center for Genetic Engineering and

Biotechnology (Biotech), National Science and Technology Development Agency

(NSTDA) 2019 (NSTDA, 2021)

(b) artificial lighting in the plant factory of Yes-Health-I-Farm Taiwan (YesHealthGroup, 2022)
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Figure 12 Lettuce growing under white light-emitting diode light and 240 g Cantonese lettuce under

the artificial light plant factory by Watjanatepin, & Srichanin (2021).
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