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Abstract growth chambers, depending on the light quality and/or plant

species. The manipulation of plant growth and functional
BACKGROUND: Many studies on artificial lighting have metabolites would be possible by engineering the light qualities,
been recently performed to investigate its effect on but knowledge on proper lighting condition depending on plant
agricultural products with good quality. This review was species and growth places would be necessary.
aimed at comparing the effects of artificial light on
functional metabolites of the plants that were grown in Key words: Artificial light, Functional metabolite, Light

greenhouses and growth chamber. emitting diode

METHODS AND RESULTS: It has been summarized that

artificial lighting both in growth chambers and greenhouses ME

caused different functional metabolites patterns depending on

light quality. Even though the same light quality was applied, T AT FAE AREete] 28 Ak F4E e
different patterns in metabolites were observed in different gl A77h Sofuar Sitk ARl A= Hlo] 53 7|
plant species. For the same species, supplementation of the Aol Fdat AEAd At &2 EAlEe] skt
same light quality in both growth chambers and greenhouses THEE ol g3t Bt = Q] wiiEoltJiang er al,
did cause different functional metabolites patterns. 2017). 7= 5 874 Aokl oigh dixto s, AEad

CONCLUSION: Artificial lighting caused different patterns < o] g3t A& U Q= A SRSk Qo] QlF
in functional metabolites of plants grown in greenhouses and Fe] Fgof gist e it A7 3t Ouzounis

et al, 2015b). AA7HAS] AT 2IES AHEH, 34
*Corresponding author: Seul Bi Lee = olgR W, el we} 2z Ak ohet 4EA
Phone: +82-63-238-2463; FAX: +82-63-238-3822; 8 SOl A4 o] 2AET: AT AN HaE <)
E-mail: seulvi23@korea.kr tHHeo et al, 2010; Ouzounis et al, 2015b).
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AFFY o Z = MU EFS(HPS lamp, High-pressure
sodium lamp), 23H-5(3-Wave lamp), 335 (fluorescent
light), "5 (incandescent lamp), HEeto] =5 (metal
halide), LED (Light-Emiting Diode)$} 722 50| o] &
¥ItHHeo et al, 2010; Heo et al, 2015). °]& = LED+=
e Fdsl vsl, gl Qs 2557 A, 4g0] 4,
A717F Ao}, FEel f&s SRS Ws 3uE &
Q)= Ao It Trouwborst ef al, 2010). LED XA &3}
= Q0|(Trouwborst ef al, 2010), EFFE(Dzakovich ef al,
2015), W(Goins et al, 1997), ¥l(Jung et al, 2013), T35k,
), =3}, 2%Z(Ouzounis et al, 2015a, 2014) 5 T}eFsH
Aas o A= 2 st FFel vt gt
LEDX Fol= 207} glom, LEDRZ2] tjzlle] wle} 7]
e Ak Geld = Qlol, A= LEDS] 949l AR
Hell tigt o]a)l7}F 2 28 HOuzounis et al, 2015b).

AT7H] T8 ATES AFRd, )UHY B
Al Z~Elo A 27d8] AlojEl F oA ATs) 2)2A 2
Hldaheasl 22 AR el QlojA] RFs s AT E T
e g olvh AAES ARESHA o EHE SR AN
goflA dojx= Axkel 24 B udshe-Aas) e Al Al
Adof| Bag-g sk G ZEel vAle dFo] v F Ut
(Heo et al, 2010; Heo et al, 2015). ©]= #Aof wlz} 2
= U AAtEe diilEdo] wE ¢ glom, F X
Pzl 52 BH a8l ) 7sdEA Aol dEbd
T S17] WEo]tLi and Kubota, 2009; Lee et al, 2016;
Lim et al, 2016a, 2016b). = lrollAE Ay 2=84T
A2 Aol A Bago s AREE FHo] AEA
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3, LED7} o] @5 3laL ofe] 2o sl B A7 3=
%UTHCybularz-Urban et al, 2007; Liu et al, 2018).

g el B4 2= A, chefst A7) 7164
4 APl o ogke A, ol vie R 24 PHE
= AnEEE 70l oFol5lth Samuoliené 5(2013)°l]
W= Baby leaf A5olA 2%, 228430 411 EF LED
ZAel| vlal| 3F LEDe 554 LEDE W33t 7397} wl=3)
d=S T7F L, =2 LEDE30] a-carotene®} JFEA|oR
& 7 IFtE Gupta®} Karmakar(2017) Swertia chirata
Zhe okgAES MagRE o7 719N} LED(AM, A4,
A1, AH13, A3 E 718 Zlo] FRE, J1RE o=
gl = ALED, AALEDAIA 71 52), ZElulEs
ERXCHEALEDA 71 %9). Liu 6(2018) Cyclocarya
paliurusth= SFN-2 WA LEDR 7|26t g4, 24
Y= 54 LEDE Apist A9 e Zas o, & Suhe

wolt ke TSl 53] kaempferol, isoquercitrin,

quercetin®] 739~ %2 LEDA2]ellM 7P %34t Bantis &
(2018) AFiby- g MAEYG o R 7182 KT LED(4]
g, 2l Al o] FEEdy R xme|E
o] 23131, 2% A LEDeA Eeti o] =} QEEAJoRd 3
o] 3Tk Choi 5(2015)2 AS/ME LAFTHIE A A
Hr} A8 LEDE Aulet 710] Vitamin C g3o] =941 F=
Alohde] 73-¢- A4 LED, 234 LED 0% £%kow, F4)
LEDZE 7] 7-Foli= QFEAlopdo] HEwA] ket o]gh
A¥R= Vitamin C2] g SHelx = FAgo] FATL QEEA]
opd FF SHeld= tE o] Fo= Btk Stutte 5
(2009) ZgAe] 3 LEDeA Akt 2527} Triphosphord
FaolA 71 ZETE EEAopd I} 22 Woj2ds ST
o &k

Y S AEiggE Ve =4 el
2t thEA WHEshs 210 % VERRTh Arena 5(2016)°] th
=29 EvhEe}t MEWH Ordental plane)olX 2%57(1:1:1)
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Ao Q591 FFEdloke] 29 Wio] YorHCybularz-
Urban et al, 2007; Li and Kubota, 2009; Kopsell and
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Table 1. Changes in functional metabolites by artificial lighting in closed systems without natural light

Light quality

Category Character Species Results Control light Reference
Light Supplemental Lactuca savita Increase in phenolic compounds(orange) Basal Samuoliené et al.
qualities to  Orange LED Increase in a-carotene, anthocyanin(green) LED(RY+BY+FRY)  (2013)
one species S

uPplernental
G LED
B LED Swertia chirata Increase in shoot regeneration, chlorophyll, Fluorescent lamps ~ Gupta and
carotenoid, and polyphenol Karmakar (2017)
R LED
BR LED (1:1)
BR LED (3:1)
BR LED (1:3)
B LED Cyclocarya Decrease in leaf biomass White light LED Liu et al (2018)
R LED paliurus Increase in total flavonoid contents, kaempferol,
isoquercitrin, quercetin
G LED
BRG LED Punica Decrease in chlorophyll and carotenoid White fluorescent  Bantis ef al (2018)
BR+ER LED granatum tube
BR LED
B LED Perilla Increase in total anthocyanin (except for B LED) Osram lamp Choi et al. (2015)
frutescens Increase in Vitamin C by B LED
R LED
BR LED
R LED Lactuca savita Increase in anthocyanin by RGB and RB Triphosphor Stutte et al. (2009)
RCB LED fluorescent lamp
RB LED
Light RGB LED (1:1:1) Solanum Decrease in plant height, plant biomass, and leaf White fluorescent  Arena et al (2016)
qualities to RB LED (2:1) lycopersicum  area lamps
two species Decrease of [3-phellandrene and increase of
a-pinene, careen, a-terpinene
Platanus Decrease in plant height, plant biomass, and leaf
orientalis area

Decrease of isoprene

Blue light  Supplemental B Lactuca savita Increase in anthocyanin, carotenoid, and phenolic White fluorescent  Li and Kubota
LED concentration lamps (2009)
Short duration of Brassica Increase in (-carotene, viola-xanthin, total Blue and Red LED Kopsell and Sams
B LED oleacea xanthophyll cycle pigments, aliphatic (12%:88%) (2013)
glucosinolates, mirconutrient, and macronutrient
Blue fluorescent Cattleya hybrid Increase in dry matter, No changes in carotenoid, White fluorescent  Cybularz-Urban et
lamps chlorophyll content lamps al. (2007)
B LED Swertia chirata Increase in shoot regeneration, chlorophyll, Fluorescent lamps ~ Gupta and
carotenoid, and polyphenol Karmakar (2017)
B LED Cyclocarya Decrease in leaf biomass White light LED Liu et al (2018)
paliurus Increase in total flavonoid contents, kaempferol,
isoquercitrin, quercetin
B LED Perilla Increase in Vitamin C by B LED Osram lamp Choi et al. (2015)
frutescens
Red light R LED Swertia chirata Increase in shoot regeneration, chlorophyll, Fluorescent lamps ~ Gupta and
carotenoid, and polyphenol Karmakar (2017)
R LED Cyclocarya Decrease in leaf biomass White light LED Liu et al (2018)
paliurus Increase in total flavonoid contents, kaempferl,
isoquercitrin, quercetin
R LED Perilla Increase in total anthocyanin Osram lamp Choi et al. (2015)
frutescens
Orange light Supplemental Lactuca savita Increase in phenolic compounds Basal LED(R+B+FR) Samuoliené et al
Orange LED (2013)

Green light

Supplemental G
LED

Lactuca savita

Increase in a-carotene, anthocyanin

Basal LED(R+B+FR)

Samuoliené et al
(2013)

G LED Cyclocarya Decrease in leaf biomass White light LED Liu et al (2018)
paliurus Increase in total flavonoid contents, kaempferol,
isoquercitrin, quercetin
Blue+Red BR LED Swertia chirata Increase in shoot regeneration, chlorophyll, Fluorescent lamps ~ Gupta and
light carotenoid, and polyphenol Karmakar (2017)
BR LED Punica Decrease in chlorophyll and carotenoid White fluorescent  Bantis et al (2018)
granatum tube
BR LED Perilla Increase in total anthocyanin Osram lamp Choi et al. (2015)
frutescens

Red®, Blue”, Far-red®, Green?
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AlgxiEioiiMe] 715d 2/ WS

A R F3e, APs, ISSYEES,
LEDG©] < 1097+ Aojx] Hago® A5t Heo
et al, 2010; Martineau et al, 2012; Nascimento et al,
2013; Kondo et al, 2014; Heo et al, 2015; Lee et al,
2016).
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71 o si=7] A 347, SE $ 3A17HsF A LED B
A LEDS B33E o wB3gshA] o 75l uls)
A2 REEAlopd ¥} Fitro] Frketglal, 4 LED7F ¢
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Table 2. Changes in functional metabolites by artificial lighting in greenhouses

Category Light quality

Species

Results

Control light

Reference

Light qualities Supplemental B? LED at
to one species night

Supplemental R” LED at
night

Vitis labrusca x V.
vinifera

Increase in anthocyanin and
sugar concentrations in grape
skin by blue or red LED (B>R)

No supplemental light

treatment at night

Kondo et al. (2014)

Suppl. three wave lamp

Suppl. Na lamp

Suppl. R LED

Brassica oleracea

Increase in fresh weight
Increase in sugar by R LED

Natural light

Heo et al. (2015)

Light qualities 40%B/60%R LED

Rose hybrida

Biomass:smallest in white light

White light LED

Ouzounis et al.

to a few 20%B/80%R LED Phenolic acids and flavonoids:  (32%B/46%G/100%R) (2014)
species 100%R Increased by higher blue light
ratio
Chrysanthemum  Biomass:smallest in 100%R
morifolium Phenolic acids and flavonoids:
Increased by higher blue light
ratio
Campanula Biomass:unaffected by the
portenschlagiana  spectrum
Phenolic acids and flavonoids:
Increased by higher blue light
ratio
Suppl. B LED, Dieftenbachia No changes in su;gar, chlorophyll Natural light Heo et al (2010)
Suppl. R LED, amoena content by LED, but carotenoid
Suppl. BR LED decreased only by B LED
Ficus elastica No changes in sugar, chlorophyll,
and carotenoid content
Red 100%R Rose hybrida, Biomass: White light LED Ouzounis et al
Chrysanthemum  Rose-smallest in white light (32%B/46%7G/100%R)  (2014)
morifolium, Chrysamthemum-smallest in
Campanula 100%R
portenschlagiana ~ Campnula-unaffected by the
spectrum
Supplemental R LED at  Vitis labrusca x V. Increase in anthocyanin and No supplemental light Kondo et al (2014)
night (with polyvinyl film) vinifera sugar concentrations in grape treatment at night
skin
Blue SuEhplemental B LED at  Vitis labrusca x V. Increase in anthocyanin and No supplemental light Kondo et al (2014)
night (with polyvinyl film) vinifera sugar concentrations in grape  treatment at night
skin
Supplemental blue LED  Kalanchoe Decrease in leaf fresh weight, White fluorescent lamps Nascimento ef al
pinnata Increase in flavonoid content and (2013)
antioxidant activity
Supplemental B LED Lactuca savita Increase in a-tocopherol, Supplemental high Samuoliené et al.
y-tocopherol pressure sodium lamps (2013)
Decrease in ascorbic acid,
a-carotene, [3 —carotene
Supplemental B LED Dieffenbachia No changes in su%ar, chlorophyll Natural light Heo et al (2010)
amoena, content lc)ly LED, but carotenoid
Ficus elastica decreased (Dieffenbachia)
No changes in sugar, chlorophyll,
and carotenoid content (Ficus)
BR Supplemental BR LED Lactuca savita No changes in carotenoid content Supplemental High Martineau et al
Pressure Sodium lamps (2012)
BRW Angelica gigas Increase in growth Supplemental Lee et al. (2016)

Supplemental R+B+W?
LED

Decrease in decursin and
decursinol angelate

fluorescent lamps

Blue®, Red”, White?
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gl s, IPUHEES, 1.2umole m?s'o] A4
LEDE H33 74, ﬂl‘é«l ATl Tkt 0.67 1.2 n
mole m?s” A4 LED: B33 S7MA 4 /M an
= B3k

UHGPA AR v 2 APIApN| ] Ao, Fde
FAAEYE stfete AEel wet v avE Bt Heo
et al, 2010; Ouzounis et al, 2014). Heo 5(2010)°] w2
W frelelx] A4 LED, ¥4 LED, 4% LEDE %%
39S w tsnlyole] o, FR22H ok wFo] giglont
F}RE o= ke A LEDe] &l ashs Avs B
AL, AENFUTE o, SRR, JIEE] o= Fheel ¥
5] $1%T Ouzounis 5(2014)8] AFlA dnl, =3, %
o] WAl LED, 3 40% + A4 60% LED, 34 20%
+ A2 80% LED, 24 100% LEDS] B3] 35S ),
AEF] AF Avl= ‘@E*ﬁ“%Oﬂ/ﬂ =8k AAgelA 7H
% ZEES B FTE A St whd, HEsg
B EehR 0|t A vlE

= Btk

o] ZolAFE

% ke 2

F el e JES AHE o, HAES kEAoRd T}
% 2715 Bt Kondo et al, 2014). A% & EAlopd

T 575 EEkR ot Ek) ﬂ/‘}ﬁ} Eé =7 HNasc1ment0 et
al, 2013; Kondo et al, 2014). Z*23-2 Martineau s
(2012)°] WEH FhRE o= Gﬂoﬂ FS mAA] A9
27 gl Aol 4191 A9, Lee 5(2016)°l w=H 45
of| vl3] I79) AL S7AIH 2, Decursin % Decursinol
angelate ¥ 7HAAZITH

Y el FY FHES Ayt AAIA oF U
g Aol Aetsis W ohe A3E EATHLI and
Kubota, 2009; Samuoliené et al, 2013). Samuoliené &
(2013)¢ll W= Baby leaf W55 frel2alelx Avieiis
u, 1HEFFO] A LEDE Hgshd 1 ERS Al
H|3}o] a-tocopherol} y-tocopheroli= %7181, ascorbic
acid, a-carotene, B caroteney AdshE AES Hole=
s, 7167 =49 TRl e A= B8 WS B3tk o]
2gt A= s ZEel diste] g AAdelA A
LEDE 133 Li9} Kubota(2009)2] A¥}eh= x}o]E e}
Itk Ligk Kubota(2009)9] Aol wiagggo] A

LEDS 533t Zlo] wiagg-swt #2jgt 2ol nls] Baby
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#2101 g7 LEDG] 1e3d9& ARt Aas Al
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Table 3. Changes in functional metabolites by blue light either in growth chamber or greenhouse

Growth Light quality Species Results Control light Reference
condition
Growth Supplemental BY LED  Lactuca savita  Increase in anthocyanin, White fluorescent Li and Kubota
chamber carotenoid, and phenolic lamps (2009)
concentration
Greenhouse  Supplemental B LED Lactuca savita  Increase in a-tocopherol, Supplemental high Samuoliené ef al
y-tocopherol pressure sodium (2013)
Decrease in ascorbic acid, lamps

a-carotene, 3 —carotene

Blue”
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