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Abstract. This study was conducted to examine the growth and phytochemical contents of spinach (Spinacia Olera-
cea L. ‘Sushiro”) as affected by different fluorescent lamps in a closed-type plant production system. Seeds were
sown in a 128-cell plug tray filled in rockwool. The seedlings were transplanted into a DFT (deep floating tech-
nique) system with recycling nutrient solution (EC 1.5 dS'‘m™ and pH 6.5) in a closed-type plant production system.
The seedlings were grown under 3 types of fluorescent lamp, #S (NBFHF 32S8EX-D, CH LIGHTING Co. Ltd.,
China), #O (FHF32SSEX-D, Osram Co. Ltd., Germany), and #P (FLR32SS EX-D, Philips Co. Ltd., The Nether-
lands) at 150 pmol'm™-s™ PPFD with a photoperiod of 14/10 (light/dark) hours. Plants were cultured under condition
of 25 £ 1°C temperature and 60 + 10% relative humidity after transplanting. Thirty plants per each treatment were
cultivated for 6 week after transplanting. And growth and phytochemical contents were measured at 3™ and 6%
week. At the 3™ week after transplanting, the parameter values of plant height and leaf width were higher in the #O
than the others. However, fresh and dry weights of root were the greatest in the #P. In addition, total phenolic con-
centration was the greatest in the #P. At 6™ week after transplanting, the #O had the greatest growth of spinach in the
plant height and fresh and dry weights of shoot. The total phenolic contents significantly increased in the #O and
showed significantly difference. However, there was no significant difference all treatments in antioxidant activity.
Therefore, these results suggest that the #O was suitable for the growth and phytochemical accumulation of spinach
in a closed-type plant production system.
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Zog BHuEI Yt Ahn 5, 2008). oJo] et &
o]

G WA Y A4H o Bz F5e Yo
A A2 o]§3 A77} Wasa ok,

(<}

Aoy 224 AlEe JF A deE A
WollA 3, 371, 2%, AiEs, okisleh T, viek
N T AR FES HHAEZ Aofsia A
Holu}p Aol BAIRIe] AFFAHoR A& Aikehs Al
HS Wt Takatsuji, 2008). @t A1 WoellA HF
AuBES FAFeEH AEe FHS ddsATIa
S A = U B3 FHEe] ASSES A
DHA| At vlFEY Fke] AR-S AT & 2
I, AL AER 2715 FAES Ao Es a
TP s AP 4 Ath(Park &, 2013).

DA E AL AlZ2E] ol X A=AuiA] Sk &
74 891 F e oy, QFHo R FARIFook 3},
A A 2B Al2Ele)] o] 8EE AFFPoETE
5 (fluorescent  lamp), TUYHEF S (high pressure
sodium lamp), 254T}0] Q = (light-emitting diode, LED)
o] o] g1 Jr}. o]HF AFTFUL AE TUE F
Ae T AE Al Adeles gtk FHA
ES FolAY wHEe A @ T AEe 334
9l &9E B F Qtk(lee &, 2015). 1 ¥ FFS
AEAE FHOZA oh] Aui7t 7hssh, thdst
g Fos Isle 8 589% 2] FARIEe] B
I AXTE 7S Ao E ZWA o8 Qi o)
o]
}

o

ATE0MAM FFGE o] 8O o] AZHES] S TF
A FAY decurusingt 2 715A B EF Zvb0)
T FAZA &3t RuEa thKim 5, 2016; Lee
5, 2016). EE3F OhE Q133 HlwERS W, S
ZAReE WEATAS ‘Seneca RZ°Y A50] FHZF0|T=
A% BuE3 JtHKim 5, 2013). AN @35 Az
JAol we} B3P FHo] tsl A& A, Fud
4 18jal 714 el PIXle @Ekel dolsith.
wEha] B A7e dHEE AE AL AlZEeA Az
A P AFel o2 AlgXY A5 2 V8=

s HEs A 2 71eA 24 3 X9
et FFES AEsty] S8l =

DNz

Nz A A
1. Az A AHuiErd
Z81 EFo](128-cell, 54x28x4.8cm)ll 2 (Rockwool,
Grodan Co. Ltd., Denmark)S 3 3 & 179 194
o] AlFA|(Spinacia Oleracea L. ‘Sushiro’) (Asia Seed
Co., Korea) TAE &gt § 7Z4hghal AlAddegkd
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Aol WEE A Ak A2 (C1200H3, FC Poibe Co.
Ltd., Korea)}JollA] 3% 150+10umol'm™s” PPFD, 37|
14/10(471/%}71), &35 (FHF32SSEX-D, Osram Co.
Ltd., Germany) 3lollX A2 Z71A] SHaIHH. 21EA
o Egol 23v =S W 3FTFY BT
#S(NBFHF 32S8EX-D, CH LIGHTING Co. Ltd.,
China), #O(FHF32SSEX-D, Osram Co. Ltd., Germany),
#P(FLR32SS EX-D, Philips Co. Ltd., The Netherlands)’}
27y AN E2EE 2E5A%F AJ28](C1200H3, FC
Poibe Co. Ltd., Korea)] 15x15cme] |27tz o= A
A Sgich. WY A2 A2E o) AMEAe &
T 25£1°C, S 60£10%, 371 14/10(871/2471)
2 sl AAsRlaL, d== F=AI(HD2101.2,
Delta Ohm SrL, Italy)E ©]83sted 2EAY 4 IS
7IEo 2 BE AHETF7F 150+10pmol-m™s” PPFD7} &
=2 gk, ATRE B S P )
Hll (recirculating deep floating technique) ™42 ©]83}
of ISk AEA HE Hl(Table 1B A
EC 1.5dS'm’, pH 6.58 H5o] B3t}

2. =AES

FFs Tl wWE AER ASS vwshr] Sl
A F 379 Al AleRY 2, 9%, 9%, A
=%, A9 E SHsA, dude dud SE7IUL-
3000, LI-COR Inc., USAYE, 772 HLo]Z8=]32~(CD-
20CPX, Mitutoyo Co. Ltd., Japan)S o]&-5}o] XA % 4
& lemE, AP Aehie] AT e A
2(EW220-3NM, Kern&Sohn GmbH., Germany)s ©]-&
slo] FgslGitt. UEFS AEE 70°C 2 1x)
(Venticell-222, MMM Medcenter Einrichtungen GmbH.,
Germany)oll X 72A17F 4238 & =431t} SPAD 4k
S dE4 =37](SPAD-502, Konica Minolta Inc.,
Japan)s ol-&st] SASITE HEA =9t FFT2
THE 2EREE ERIE] @l EsPdTI e Testo
880-1, Testo Co. Ltd., Lenzkirch, Germany)S ©]-&3}]

(o3

Table 1. Composition of the nutrient solution used in the experi-

ment.
Chemical Conc. (mg'L'")  Chemical  Conc. (mg-L™")
Ca(NO;),"4H,0 345.6 Fe-EDTA 10.00
KNO; 555.5 H;BO; 0.93
KH,PO, 136.0 CuSO,-5H,0 0.10
MgS0,7H,0 64.0 MnS04-5H,0 0.56
NH4NO; 16.0 Na,Mo042H,0 0.06
K,SO, 87.0 ZnSO47H,0O 0.36
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Fig. 1. Thermal images of the spinach and fluorescent as affected by different fluorescent lamps in a closed-type plant production system.
#S (NBFHF 32S8EX-D, CH LIGHTING Co. Ltd., China), #O (FHF32SSEX-D, Osram Co. Ltd., Germany), and #P (FLR32SS EX-D,

Philips Co. Ltd., The Netherlands).

Table 2. Light intensity of each wavelength at different fluores-
cent lamps.

Light intensity (umol'-m?-s™")

Fluorescent = 1000 500. 600
lamp onm  500nm  600nm  700nm Ol
m 38 563 613 286 1500
#0 17 s81 595 307 150.0
4P 290 562 611 298  150.0

“Fluorescent lamps are presented as #S (NBFHF 32S8EX-D, CH
LIGHTING Co. Ltd., China), #O (FHF32SSEX-D, Osram Co.
Ltd., Germany), and #P (FLR32SS EX-D, Philips Co. Ltd., The
Netherlands).
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Fig. 2. Spectral distribution of the light qualities of #S, #0O, and
#P fluorescent lamps used in a closed-type plant production sys-
tem. #S (NBFHF 32S8EX-D, CH LIGHTING Co. Ltd., China),
#O (FHF32SSEX-D, Osram Co. Ltd., Germany), and #P
(FLR32SS EX-D, Philips Co. Ltd., The Netherlands).

HeEol d 3 oS FFSIAaL(Fig. 1), 23
Ao BFEAMI(ILTI50, International Light Co. Ltd.,
USAYE o]8319] 300-700nm 9IS Inm Aoz =
A3t Table 29} Fig. 2).

1~ 3]
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3. BllE B U BME BY 2N

Zos Pet s B 2HL 98] B A
B dle dAdar $AAR T, SRR AL
g e Rasle] 272009 A WEIL(NF-
140SF, Nihon Freezer Co. Ltd., Japan)ol] H#slo] H-4
o ARR3EIETEE. AlEX1e] EdHE SRS Folin-Ciocalteu
e A5 gkl F4ssth(Yu 5, 2002). E—é#g
3l Bt FUAE T 1gs SmLY 80%(v/v) HIE
g Ikl BN A HES FET F o)A B
Hol 2mLA "551 PFElolA 12717 B9 BsIGiT
I F AZS 40Ol 10,000rpmeE 1087 QAR
AZ) B A=l % o]-83Itt. SF 300uLet 50%(v/v)
Folin-Ciocalteu A|2¥(Sigma-Aldrich, MO, USA) 250uL
20% Na,CO; 1250pLe] &8Eo] F=5 200uLs 932
vortex mixer(Vortex-genie 2, Scientific Industries Inc.,
USA)E 237t 412 $ 2204 2087t vhEAIHTh vt
S0] B A8e 357 (Libra S22, biochrom Ltd.,
UK)E o83l 735nmellA F3=5 SASIAH. Ale
xe] FHlE T2 1mgd gallic acid(ug)Z EH3IAT
AEA| FEE9 ksl &4 DPPH free radical 4
HE o83 =431tk 1,1-Diphenyl-2-picryl
hydrazyl(DPPH) A9k 1.5x10*ME  ogkSol] =o
DPPH Aoks ¥HEQlo™ 4°C Wiale] Wo| 2] ¥%
5 3o BEISIh DPPH Al ImLoll Alg*] =&

200pLE Fol A29] el 20—r‘7]' Flace=iI N
BREAZE o83l S1mmeld FEES ST
AlE=]1¢] DPPH free radical _-_74 242 Imgd

trolox(ug)= EH3IIT

4. SHEA

=
A3 wjX= BT Tkt ogel w2 AlFA]
o AF % 7154 %él e FES
AR5 3AYS YD 10704 HEoE Z 9FE
bHQdopmlx] SITh. BAEAlS SAS ZZ1(SAS
9.1, SAS Institute Inc., USA)S o]&sle] EAHLA
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Table 3. The growth of spinach as affected by different fluorescent lamps at 3™ week after transplanting in a closed-type plant production
system.
Plant Leaf Leaf Root Stem No.of  SPAD Leaf area Fresh weight (g)  Dry weight (g)
Fluorescent lamp” height  length  width length  diameter lea.ves value (cm¥
(cm) (cm) (cm) (cm) (cm) plant) Shoot  Root Shoot  Root
#S 106¢¥ 50D 30b 28.7b 14b 6a 357a 3591b 150b 029b 0.110b 0.015b
#0O 13.7a 7.0a 37a 399 a 1.6a 6a 337a 5987a 253a 040ab 0222a 0.021ab
#P 12.6 b 6.7a 35ab 384a 1.7a 7a 341a 6246a 256a 044a 0204a 0.025a

“Fluorescent lamps are presented as #S (NBFHF 32S8EX-D, CH LIGHTING Co. Ltd., China), #O (FHF32SSEX-D, Osram Co. Ltd.,
Germany), and #P (FLR32SS EX-D, Philips Co. Ltd., The Netherlands).
YMean separation within columns by Duncan’s multiple range test at P < 0.05.

Table 4. Plant temperature of the spinach as affected by different
fluorescent lamps in a closed-type plant production system.

Fluorescent Plant temperature (°C)

lamp* Maximum Minimum Mean
#S 24.1 a" 21.6a 229a
#0O 214b 20.7b 21.1b
#P 21.5b 20.1b 209b

“Fluorescent lamps are presented as #S (NBFHF 32S8EX-D, CH
LIGHTING Co. Ltd., China), #O (FHF32SSEX-D, Osram Co.
Ltd., Germany), and #P (FLR32SS EX-D, Philips Co. Ltd., The
Netherlands).

YMean separation within columns by Duncan’s multiple range test
at P <0.05.

(ANOVAYS AAsHaL, st 7t vlae 9719 ta473
S o83l 281Z= SigmaPlot 213 (Sigma Plot
12.0, Systat Software Inc., USA)S ©]-8-3}d YeERIT)
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SolA A AR AleRe] AR ASHRLA 15-
20°CHETE A R FAZQ1 S A veRrd A
o2 . AgRe] o5d 24 AME a4
239 fog systems Al ARESle] 9712 Hoh
4.7°C, G2 6.0°Ce] 2531 a9 HAs w, AleX]
o] A& 9 FEpo] IRtk e vh YIth(Woo
T, 1996). HHE 2E A A|=geA #S PP
tdeko] =ob 3FARE Alax|e] sl 78490 4
7= eI 53

1L of
e

, W8 AA] AlEA] AR olE
5] nHg AHg PO PP AYsordt so=
1=

Table 5= 337 Fdo] t}& FJ50]
g AL A" B 5
ASES e Zo=2 3349 5Y
FEoA FoHeR & AEAY 24S UERh
S, APdRe] AATH dEFANA 3FR #07 #P
FolA 41 AolE YERA] FUARE, 6=Aell
A571710] dojd4E #0 FFs ATolA FFe
2 FAL & e #0 3359 A U 3%
5ol B3l 600-700nme] 2453 WAlEFO] oK Table 2),
AlFAY] FAZFQD sl 378291 B3t A Ao
2 AT a3Ygols ok ade] Wgtiole =
(LED)l| Afuietads o, 2 agoll A et s15o]o] <
H2lo] Wil JEFo] =Ute It Ak A3
HATHKimZ} You, 2013). T3+ Aoldt w=ulge] A
AFa A Sl A AL, 634, 659nme] ZA
F AEFelA fF, GUF, A AT TY A5
A5l BaFolgte Aot fAlRE AHE BATH(Lee
9} Kim, 2014).
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Table 5. The growth of spinach as affected by different fluorescent lamps at 6 week after transplanting in a closed-type plant production

system.
Plant Leaf Leaf Root Stem No.of  SPAD Leafarea Fresh weight (g)  Dry weight (g)
Fluorescent lamp” height  length  width length  diameter lea.ves value (cm?/
(Cm) (Cm) (Cm) (Cm) (Cm) plant) Shoot Root Shoot Root
#S 290" 13.7b 80a 60.1a 4.10a 15a 382a 4068b 254b 32a 14b 0.18a
#O 31.8a 16.8a 95a 733a 4.66a 14a 394a 6l46a 393a 45a 25a 0.18a
#P 30.5ab 15.7a 89a 650a 44la 13a 39.1a 5602a 33.7ab 4.1a 20ab 022a

“Fluorescent lamps are presented as #S (NBFHF 32S8EX-D, CH LIGHTING Co. Ltd., China), #O (FHF32SSEX-D, Osram Co. Ltd.,

Germany), and #P (FLR32SS EX-D, Philips Co. Ltd., The Netherlands).

YMean separation within columns by Duncan’s multiple range test at P < 0.05.
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Fig. 3. The total phenolic concentration of spinach leaf as affected
by different fluorescent lamps at 3 and 6" week after transplant-
ing in a closed-type plant production system. #S (NBFHF
32S8EX-D, CH LIGHTING Co. Ltd., China), #O (FHF32SSEX-
D, Osram Co. Ltd., Germany), and #P (FLR32SS EX-D, Philips
Co. Ltd., The Netherlands).
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Fig. 4. The antioxidant activity of spinach leaf as affected by dif-
ferent fluorescent lamps at 3™ and 6™ week after transplanting
in a closed-type plant production system. #S (NBFHF 32S8EX-
D, CH LIGHTING Co. Ltd., China), #O (FHF32SSEX-D, Osram
Co. Ltd., Germany), and #P (FLR32SS EX-D, Philips Co. Ltd.,
The Netherlands).

S
251 @A #o a

2.0

1.5

1.0

Total phenolic contents
(mg GAE/plant)

I
n

Weeks after transplanting

Antioxidant activity
(mg TE/plant)

Weeks after transplanting

Fig. 5. The total phenolic contents and antioxidant activity per plant of spinach leaf as affected by different fluorescent lamps at 3* and 6
week after transplanting in a closed-type plant production system. #S (NBFHF 32SS8EX-D, CH LIGHTING Co. Ltd., China), #O
(FHF32SSEX-D, Osram Co. Ltd., Germany), and #P (FLR32SS EX-D, Philips Co. Ltd., The Netherlands).
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wlo] F3o] 71Edt 67Alel #0 FFGolAM S T
U3 AT Fuls o] vk ATl s A
S7Flan. ol#§ Ad= #0 BB 400-500nm 7
A o] Fupgelx] o2 FFsol HIs] E2 WAL
Foz et Aoz IETKTable 2). ol W I3
Tho] @ =olA] *‘%“— AuiA] galgo] Fuls e 9
ABIEE FRATIE A} oR8RERl A|Fe] 7]
Al Al *M%% AFS o FelE I 2 DPPH
gz A @450 STEATE Bast fAksitt
(Son &, 2012; Manivannan &, 2015). Ik} &2 3
A #S FF5oIA P e Frol VEREAINE 674
1t RHE ATl frel#Ql Zpol7h vehbA] 3ttt
el FRSsllA A 5 3RS} 67l Ale
7<l 1% AT 7125 Fells S 2 st %W
2N Ay Fig. 50 JeERITE E9E deke] A9
FA9} 674 #0 BBSNA T =& S UrE‘rkh,
#S FASslA AR AlEA= 3FASE oA B
Zﬁajﬂln %Lak =L fﬂ—/\]-ﬁl_ 3‘21-/\40] } o L}E}uq;]_ 3}
At 249 A9 erAlel #03 #P FFFolA FolH
1 Zpol7t YEPA] FUAHFig. 4), AAFo] F7Fst
o AlEAY T HF AR FlME #0 FF50]

7V ek #ko] WERThHFig. 5).

ARHOZ 40 FFT Aol DAY AE A Al
28 W AlERY S V1sE8Ed = S5
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1287 E211 Egolol] oS o83l AFHUAT Al
A He Al gy A A2ES o8-8t
EC 1.5dS'm”, pH 6.52] L& 2EAF Al2Elo] A5
Ak He A F79 835 #S(NBFHF 32S8EX-D,
CH LIGHTING Co. Ltd., China), #O( FHF32SSEX-D,
Osram Co. Ltd, Germany), #P(FLR32SS EX-D, Philips
Co. Ltd., The Netherlands)ll %= 150pmol- m‘2 s PPFD9}
BF7) 1410 (B7)7HeE AP A2 T sk
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#0 A5l g2 ATl vis) 243 gZo] {9
ZoZ Ziok. eyt Ashie] AAleH AEFS #P @
BSo A 7P =94tk 3 Euls SRS #p 350
A frYHez 7Y =3k FA & 74, #0 33
N 24, A AT R AEZFANA Al A
o] T a9 E;’it‘r. Fos e #0 I
oA T Aol sl fejdoz FUkeTh 1
Hub ikl 4L BE ATl FoHd Aols:
YeRA] ettt mEpA] o]Hst Avke dHEy 2EA
b AzHlo A #0 FFT A7 AleXY] S 7)E
AEA g ol aER AoE Yeiit

F7t FAle] : P} B, Ty 5
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