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Abstract

A study was conducted to examine the effects of light quality on the growth and phytochemical
contents of ice plant in a closed-type plant production system. Seeds were sown in a 128-cell plug
tray using rockwool. The seedlings were then transplanted into a deep floating technique system
with recirculating nutrient solution (EC 1.5 dS‘m™, pH 6.5) in a closed-type plant production
system. The nutrient solution was supplied at two weeks after transplanting with 2.0 mM NaCl
concentration in all treatments for the development of the bladder cells. The three light sources
with different light qualities used were as followed; FL (fluorescent lamps), combined RW LED
(red:white = 7:3), and combined RBW LED (red:blue:white = 8:1:1) at 150 pmol'm™s" PPFD
with a photoperiod of 14/10 hours (light/dark). The results showed that the FL treatment had the
greatest growth enhancement effects on the leaf area and the fresh and dry weights of the shoots
and roots. The SPAD values were significantly higher under the FL and RBW LED treatments,
at 29.8 and 30.6, respectively. No significant difference was observed in salinity under all
treatments. Chlorophyll fluorescence was significantly higher under the FL treatment. The total
phenol content and antioxidant activity were the highest under the RBW LED treatment. The
total flavonoid content was significantly higher under the RBW LED and FL treatments. Hence,
the results indicate that the growth of ice plant was maximized under the FL treatment. The
phytochemical contents were maximized under the RBW LED treatment.

Additional key words: bladder cell, fluorescent lamp, light emitting diode, Mesembryanthemum
crystallinum L., salinity
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A0 ASYLIA AR A Z20| THE 00| ASHEO| MV IS d=2 B

AL 2 g olet DA AV ol Aot o] BAIglo] 3, =5, s T12|al o AekekA Fh o -2 8t
ZBEE AT 02 Aofto] A|gA 0 & A5 APikehe A A RS WK Takatsuji, 2008). 21284 A6 Q1
ATHZ o] gsto] A Aok Aol Q1 FHE BB PR o 8ok= ¢33 B8P 08 L EITh 224
2ROl ARG 715 R Q153 0 2= 335 (fluorescent lamp), 11 PUHE 5 $2 (high pressure sodium lamp), W[Eg2to] =
I (metal halide lamp), ~12] 17 "I3rto] @ & (light-emitting diode, LED) -50] $L0H, o]2{et Q15FUE-2 FHo] A= th=7]
Tl ARSERE Qg ol whEh AE Aol theket Gk plXItt 11 F LEDE= W2 st vhd el g o2 7
AR o|m, 27|17} 2ot g7t ghgo] il EA w0 i ZAP L 7HEHR o] Qo] AlE AR Aol A Hol o8] 1 gL
TH(Yeh and Chung, 2009; Heo et al,, 2013; Lin et al,, 2013), ©]7] -1 0]|A] LEDS] 0]-8-2 2u}7] o] A8 Bt ol e} EntE
9} Q0] 1O 8-S Z=ZIA1H 11 (Um et al,, 2009; Kim et al,, 2016; Matsuda et al,, 2016), 334 of| w}z} A-gmat op e} 71545
2] g1k Sof| 4] A0l &7} H 1% 1 QItHSon et al,, 2012; Abinaya et al,, 2015).

F| A 1 AEAY A AF Yol A A== 7158 ZEol] tit AH|ARE9] ¥ilo] S7Tste] Tl wet QdehH
A 715 dE o] v S R ER] Ao thgt A7 e M= 1 ik 11 F AW @R AE
I A =of| }AQ1 ofo] ASHE (ice plant)7F 2T QT Agarie et al, 2009; Lee etal, 2015). ofo] AZHE = H 21710

She THHAIER 7152710 Folt ot e)7h A iLo] Apafz| o] glikx]ow, Holgo] Wil g4t 7} Rt s
of Hlel A o g =9 Algolth ik £7]E 7RSI R o 85hH, 55| Yt £7]9] HHe Q= £t
cel)oll ol AIER, ETjHlET, HEPERE 53 22 Al 4-83F vt 24 rlvlE 5ol ehiEle] Jirh(Kozi et al,
2011). @A} ol A= Ao AEAYLIA 2] HloflA] ofo| AETHE S o]-§5to] 91538, 3B, AAEE, EC 5 5
of wh ASEAJ ol TRt A} ofo] AZHE O] Afuf Wi o] whE AJAHg AL, SR EE oS A7F 3= Al 51
T QA o1y AEAIAAI AR Hof| 4] LEDS] 33-dof| whg ofo | AEHE O] st 7154 5d 2o ek d= RE5E
d7olct.

whebA, 2 s A 01 A AR A Q153 Q1 g5t A, A al Al SRRt LEDE o] 8-ote] 3

Ao w2 ofo| AZHE etk 715 g2l vAls B3-S FEsH] Sl 3= Sk,

I

=1

(¢

ERIETE
NS U Al

Az 2= oo A ZHME (Mesembryanthemum crystallinum L) (Asia Seed Co. Ltd,, Korea) FALE 1287 221 Ed|
0](54 x 28 x 4 8cm)of] &H(Rockwool, Grodan Co, Ltd,, Denmark) 8] A& o]-&5}0] 14 22X mfot o AA Sk Has
Y HEY folAolA 2097 S HGGIH: 1] o old Al 3210 Boll 149 1594 J7lom, AlEAl o) 2 4
o] 2-3ul) ZEHS- 1) ek AUk AT AFEAAHA| <8 C1200HS3, EC Poibe Co, Lid, Korea)of 9 x
9eme] A0 2 Alalick. A1z 5ol i AKeg Bl 47AAIALS Ol 5191, S oAl vl
o1g At} ALESHAEHTable 1), Bjeole] TS ofol~SAES] FUTH LS Sfo) A F 2750 EC 428
1SdSm 2 9] B 1T, 4] F 25 ofol ] eje] Al WS Slel Ak Hol) 4L E]
N ARG O] 2 Alefste] 2mM o] FeRHEENaCl)= 7 sHet. Al 717 s <t pHE 6.5 2 2 E5H3iet Aol
AEAIA) 71 AR A 25 4 1°C, A1k e 60-+10% 527 14710871 RP )2 S el S N7,
AR AEEAE Y e FA(HD21012, Dela Ohm SiL, Taly)E o185t} 2270 AF & 7Eom BE A4S
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20

150+ 10umolm>s ™' PPFDE. 11 45}13Ict,

Aol AREH QI FTE(TLD 32W/865RS, Philips Co, Ltd, The Netherlands)& Tz 72 A5, 241, 3
Al HRAH [ EDE- Z2361e] RW LED(red :white = 7:3, KC Chemical Co. Ltd., Korea)?} RBW LED(red blue:white = 8:1:1,
KC Chemical Co, Ltd, Korea) 2552 LED &3Ue A A2 ARRSIIE ke BB AA|(ILT950,
International Light Co, Ltd., USA)E- ©]-85}¢] 300-700nm H L& Inm 714 0 2 =X thFig. 1).

Ao W ofo] ~AETHE O] A5-5 ] w7 Sl A #- 28 Aol A £7471(L1-3100, LI-COR Inc,, USA)E °]-&
Slod A S =251 11, AAFAE(EW 220-3NM, Kern&Sohn GmbH., Germany)-2- ©]-8510] 7} 2] 2|8 2 AR} 2SR
o] AELS ZAatgon, 7AEZS =S 70T 2 7A%7](Venticell-222, MMM Medcenter Einrichtungen GmbH.,

Table 1. Chemicals and their concentration used as the nutrient solution for the culture of ice plant.

Chemical Conc. (mg-L") Chemical Conc. (mg-L")
Ca(NO;),4H,0 944.0 Fe-EDTA 23.00
NH;NO; 54.0 H;BO; 294
KH,PO, 181.0 CuSO,5H,O 0.08
MgSO4'7H20 493.0 MnSO45H,O 2.00
K2SO;4 580.0 Na,MoO,2H,0 0.03
ZnSO4 TH,O 020
100
FL
RWLED
80 r RBW LED

60 |-

40

Absolute irradiance ({W/cm?/nm)

BA LA

5 o

500 600 700

Wavelength (nm)

Fig. 1. Spectral distribution of light qualities used in a closed-type plant production system. The light sources are FL, fluorescent
lamp; RW LED, red:white = 7:3; and RBW LED, red:blue:white = 8:1:1.
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Germany)o|A] 72417 A3+ 5 2451930t SPAD 3he =4 =77](SPAD 502, Konica Minolta Inc,, Japan)S o] 8511
11, A=A Z47](PAM-2100, Heinz Walz GmbH, Germany) S 0]-8:5}0] A120] AEHA 2|45 Lfehl= G245
ZHol Fv/Fme 24519t} A 248 98] ofo] AZHE AR 5g& 45mL 2| Z850] s|A5le] ALA(TM-30D,
Takemura Co, Ltd,, Japan)E- ©]-25}5ict

FHls 5 E 0| E S SE ol ofo | ASHE S M AR FAAR T —72°C 0] A2 Y EILNF-
140SF, Nihon Freezer Co, Ltd,, Japan)o]] Hi5}o] EA0]| ARES}SILE ofo| AEHE 9] Eu= SF-2 Folin—Ciocalteu B
= 4R Hgsto] ZAGITK Yu et al,, 2002). 2412 916l HRH A= 1g2 HAAPE ] Hof Al d Aot o7 Eafstol o
5mL2J 80%(v/v) HlEtE= F71510] 41 IRt &= 50§ nfol a2 FHo 2mLA @Al oMol A 124752t H
Toodrt 71 AES 4°CollA 10,000rpm 02 1057 AR A1 & AZHe o 853, 574 900uLe} 50%(v/v)
Folin—Cicalteu A|2KSigma—Aldrich, MO, USA) 500uL, 2.5% Na,CO; 1mL2] &5FE0]| FZE 100uLE Y1l vortex
mixer(Vortex—genie 2, Scientific Industries Inc., USA)2 227t 42 & G270 A 4087 HESA|ZLE HESo] B Al g+=
B3 A|(Libra S22, biochrom Ltd, UK)E 0]:851] 765nmeof|A] 53352 Z4519t) ofo] AZHE 9] &
ImgH gallic acid(ug) = FHS}TY.

ofo] AZFHE O] F-EajH 1 o] & g5k Kumaran and Karunakaran(2007)2] HH-8 A5 §igdsto] 246101, Al w0 5
ST Fulks o A -S| -8e3let. 80% mIEhE 900uLet 2% AICT ImL o] Etze] &5 100uLE Eal
vortex mixers2 227F A4S F 3037 WS AT, HFg0] Bt Al RS ol 8ol 415nmeld EwE 2o}
ek ofo|AEE O] F-EetE o] & 2 Imgtd rutin(ug) © = F AT

QAISIE-E Pricto et a (1999)9] W1 0] §5jo] 211, A]520) B Follis AT 5o Sl
t}. 0.6M H,S0:2}28mM Na;PO,, 4mM (NH4)sM0o7024 5 SRt -§ollof| =55 300uLE ¥ 1l vortex mixer2 227+ 4129
95°C 2] -2 4Z(GR150, Grant Instruments Ltd., UK)o 9027 RESAIZIT &S A=7E2] AR - g8 AE 01§
Stod 695nmol|A] S35 Z753IT: ofo] AZTHE O] H4tel -2 Imgt ascorbic acid(ug)= FHSHITH

i
2
rlo

o

ol
oL
2

AT A SEAOM 3O R gL, W 354 HAakIc SARAE SAS T2 TUGAS 91, SAS
Institute Inc., USA}S ©]-8-510] BAHZA(ANOVA S AAISIGTL, et 7t B Tukey HhE378-2 o 8sl3ith 1=
SigmaPlot & T3 (Sigma Plot 12.0, Systat Software, USA)&- o]-&-5}o] LJERHAT

4] 5287 ool ABAE O] REA AT Table 204 2k, 2 Helo]| Wh2 ofo] AZNE ] izt A4} A
SR0] AAE U ABE GUEN OO e ZhS bt ol ALZE Aol A AT Seneca RZ
E59) 30| Eatelo]= A RBW LEDHT §504 Sha0 2 Lehd e A ekKim etal, 2013). 514
§HUm etal Q010)0] T2 HX|nf 445:0] 79 5ol %ol 71 o, ‘B AR o AR 4 G5t
SYelo]= WL EFYIA FU olefet ATES SN 22 tfeb Q130] ol M= cheA| Lpehdeh

N ot

ol
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A0 S LA IAHO0M B0 (2 O] AZHES| WStV |22 o

k

2 4 QI 2 Ao A S E B ekt ote 53] 550nm O] A el 52
725 ehirkFig, 1), QU0 2 A o] A kel abs A2 o] g mhAAE-S 4 4AI7IEHL BT E]{rkiohkan
etal, 2012; Son et al, 2012), 1 Q7o A= AFTiA. 2 2 A} Qoo 1.2 5ol ofo] AEHEO] A %o] AR 2
02 LhebgtedFig, 2), o Hah ) 4ol S-S 1s)e] Al Al0] A %o] 28wt G EgHt u]ms)
A o2t ZTHKim et al, 2004)2H AT A S E1510] AR S SR Q0] HEAS FNA %S
GPAPARIHS 7 ATHe}-§ASIE K Terashima et al, 2000). Wb, S415o] 245] g5 G5l ool ~ZdE=0] 4
B0 92519 or AEgo] 244 vlge] et A7 HaghAlo R B,

771 Hejo] w2 ofo] A ZUE 0] SPAD FE RBW LEDOIA £01210 2 744 5 7hS LhepirHTable 2), A1o] A
£ RBW LED= Th2 %15} 1] 8 nf 460nm®] A1 QJolollA] 1.8 1215 7hapr], o 40] el age] 2AKs
P50k Q0] AeA] AR FRES S7PAIZIL, A} 4150] 9 SPAD g S7HAITIck el GIFkWa et al, 2007;
Wang etal., 2009; Lee and Kim, 2014). Th2bA], 2 9-Lof| 4] AFg-E RBW LED 9] A% 1] 7 7} ofo| AEZHE ©] SPAD Fof|
QoS 71 20 2 Wbk ABA 0 AE A 2|2 AT GEAGHEY/FM)] A9, AR S = 08-084
o] %} LpeHeBaker and Rosenqvist, 2004), 2 o] #2le] w2 ofo] AZRE ] Fy/Fim ZEE F45014 08062
2 71 52 kS VER] Aol W A8 AEAAS 74 27 WoLom, RW LED, RBW LED -0 2 Fv/Fm k& Le}

]
3
=
10

r o
[>
=)
|m
sits)

N oo

|

1=
ol
o]

Table 2. Effect of light qualities on the growth of ice plant measured at 28 days after transplanting in a closed-type plant production system.

Light Leaf arca Fresh weight (g) Dry weight (g) SPAD Chlorophyll o

source’ (cm’) Shoot Root Shoot Root value fluorescence Salinty ()
(Fv/Fm)

FL 131.62" 1280a 1.70a 035a 0.07a 29.8a 0.806a 033a

RWLED 535¢ 521¢ 040¢ 0.11c 0.02¢ 266b 0.795 ab 037a

RBW LED 7470 7.89b 0.77b 021b 0.04b 306a 0.788 b 043a

“The light sources are FL, fluorescent lamp; RW LED, red:white = 7:3; and RBW LED, red:blue:white = 8:1:1.
*Mean separation within columns by Tukey’s multiple range test atp = 0.05.

Mesembryanthemum crystallinum L.
Sown : Sep. 03,2015
Photo. : Oct. 23, 2015

RBW LED

Fig. 2. Growth of ice plant as affected by light qualities in a closed-type plant production system. The light sources are FL,
fluorescent lamp; RW LED, red:white = 7:3; and RBW LED, red:blue:white = 8:1:1.
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Wiek ofo|ABAEE AEd/ S oM 2710t o) ] Bg Roe] ZolEl AEE Foh-t] o] Am HERFESE ¢
59 8001 Ko el 2011) B0 w51 3 A2 §o142] Rop ISIAR RBW LEDOf ] 12 A

= H]0H043W&7}7§%:—’Fll§‘%5m ol =RBWL DXHOM Al ofo] ~AEHET Lo utE AEHAE 7T
7 Bol el tizel 26 A2t oty 92 Aoz wehdr,

Op|AZHEO] 75 ELS A AIR= Fig. 33t 2t} ol i oo | AZHE O] Fol= S RBW LED 2]
A 33ugmg 02 7P e S VERCE SEetH ol E ke 5T RBW LEDOA fojd o2 =9kor E3

st A

Total phenol content
(ug gallic acid-mg™ FW)
H
o

Total flavonoid content
(ug rutin-mg” FW)
(o))

Antioxidant activity
(ug ascorbic acid-mg™ FW)

FL RW LED RBW LED
Light source
Fig. 3. Total phenol content (A), total flavonoid content (B), and antioxidant activity (C) of ice plant as affected by light qualities

in a closed-type plant production system. The light sources are FL, fluorescent lamp; RW LED, red:white = 7:3; and RBW LED,
red:blue:white = 8:1:1. Vertical bars indicate standard error of the means. Tukey's multiple range test atp = 0.05.
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o o

RBW LED #2014 8 3ugmg ' 0 2 71 52 gha LERilct, BLE A2l 2734 ?1 AEFAZ grom AR o] 27}
JAAEE-S 224517 wj2o]| sR41s)E21 0] oFo] ol ZItHDixon and Paiva, 1995), & ¢ Lof|A] i2lef ik ojo| AZHE
O] AEFA 21491 Fv/Fm ZES 112J6190S w (Table 2), RBW LEDOJ|A] Zto] 714 ;}71] VR AEZ AT} 71 =0ko o o]
23t AR 7|54 800 g gt 7| e 2 0 2 o), gt A1%lo] A8l RBW LED] 7% 460nm2] g
A 31 3 mpgol|A] T2 o] H]F) -8 HPARRRS: Hol=d|(Fig, 1), o= Ak AulA] 4 LED #g]7} Bl 227} 5pAls}
=40 5HE sk matolehs 7549} *}ﬁ}E]'(Son etal, 2012), oo AZAE o] Fatahs oIA] Zulis EZajn
o] stk S Al ATk & 460nm 2] AT A dof A =8 ]9 uF-S 7} RBW LED Z|g]ojA] 714 =& 7k et
wick.

A1}A 6 7 s o] ThE ofo| AZHE 0| AI8-2 ¢35 0] 85t X 2]of| A 7P oF S 51 AL, 7 5 EA Q) AL Fv/Fm 4=
27 A 0 2 LR RBW LED A 2]ol|A] G1F2o] et ofA|t 2 oI Lol|A] AR &35at LED S351g¢10] A< tiok
SRS 7HA| AL Q171 whieell ofwiet 578 whd Tt ofo | ~EsHE o] Agsatt 7]%*3%@ SAof| St ke mAl=A
tsl7| o]tk AjztE] o] EA mhate] uh2 Tl LED IS o
740l 7L = Q31 71 © 2 whhEc

22
QT WG ABYALTO ofol ABNES] AL 7SR W2 0| HHkE Pt st
cholol B SR 187 Bel 1 Eefol] 4 ololelsgolsin, i WY 4R

mlo JZ

Ty

3

73l E ol-gste] g Alekar AulSHITHEC 1.5dS'm, pH 6.5). 34| & 277 5-E] ofo] AEHE O] E2{T] A2 g
8fl 2mM 9] HINEFNaCl-S 7}oto] FFoHich *e‘%k’ﬂ ol g% thE FAS 7 Al 719] dlad o2

RW LED, RBW LED= A519it}, o|u 33571+ 14/10(75 7] /9 7)), 3= 150umol'm s PPFD 2 A A 3t} 75?%2;
FHA, 2V} 2|oH o] A FH AEF-2 s AjolA] ofe] AEHE O A% Sl 71 axb4]o] itk SPAD 4t
© PS5 RBW LED Aejol|A] 217} 2987} 3060 2 12 Zhe Lehyich, G E A2l ol §ol 29l zfol7} gl
o}, 54 PF2 G5 AgolA foF o2 71 =kt FullEtteat 4Fes-2 RBW LED Aol A =2 3k UEt
Witk &2t o] & ol 93357 RBW LED A 2o A £ -‘ﬂﬂP_ii‘”E} b, 2 Ail= gs Aejol|A] ofol A
EWHE] 50| 7P GatAQl 71 0 & UrEliTh. HhHof| 71578242 RBW LED A 2]of|4] 714 Gatao] ey,

A g
=
U5

ZI1F20]: E8{H A&, 335, dgto] @ =, Mesembryanthemum crystallinum L., E .
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