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Abstract. This study was conducted to analyze the seeding quality of paprika and the growth and early
yield after transplanting of paprika nursed under artificial light and natural light. In this study, blue LED, red
LED, and white fluorescent lamps (FL) were used as artificial lighting sources. Photoperiod, average photo-
synthetic photon flux, air temperature, and relative humidity in a closed transplants production system
(CTPS) were maintained at 16/8 h, 204 umol - m™ - s, 26/20°C, and 70%, respectively. Leaf length, leaf
width, leaf area, top fresh weight and dry weight of paprika seedlings, and chlorophyll content in paprika
leaves nursed under LED and fluorescent lamps for 21 days after experiment were significantly affected by
light treatments. As compared with the control (white FL), leaf area of paprika grown under blue LED, red
LED, and natura light was decreased by 63%, 63%, and 28%, respectively. Top dry weight of paprika
grown under blue LED, red LED, and natural light was 64%, 50%, and 22%, respectively, compared with
the control. Number of leaves on 18 days after transplanting showed with red LED, blue LED, and natura
light by 86%, 84%, and 48%, respectively, compared with the control. On 114 days after transplanting,
paprika nursed under blue LED and red LED had relatively short plant height. This result might be caused
that the elongation of its internodes was suppressed by the illumination of sole blue or red light. Average
number of fruits per plant harvested during 4 weeks &fter first harvest was 3.5 with red LED, 3.3 with blue
LED, 1.0 with natura light, and 2.2 with control, respectively. Early yield of paprika nursed under red LED,
blue LED, naturd light, and control were 453 g/plant, 403 g/plant, 101 g/plant, and 273 g/plant, respec-
tively. Larger fruit of 136 g was harvested with red LED treatment. Even though the early yield of paprika
was greatly increased with artificial lighting, but total yield was amost similar as the harvest period after
transplanting in greenhouses was lengthened. From the above results, we could understand that paprika
nursed under white FL, blue LED, and red LED showed good growth after transplanting and was early har-
vested by a week as compared to the natural light. Therefore, the white FL, blue LED, and red LED as the
artificial lighting sources in CTPS could be strategically used to enhance the seedling quality, to shorten the
harvest time, and to increase the yield of paprika
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gpazg)7le}l 22 FAFe] BAaEe H4 & s
TRl At JFe v 5 O‘E‘r(Buwdda e a.,
2006; Markovic e a., 2000). A5 5Ao] 943
He &2 27300 gl 283, Ajagelx e
S A FHslE g8 0E ] F7 e
Z o) 7]EHFJD‘r(Koza| et a., 2000). Z¥H]
2o FERg 24 Yol o]
TR ok 24 Ui o] o 3o Jiks
A wrorg 3127 27| Fho] 9
FgH o= Aty |7F AR et

AFFS o83t HHAF A=A Al2H (o5}
Y AlZEye o ﬂﬁfﬂ B WA 7] wiFell
HAZo| g3t 14 17 Arto] 7FssEHKim,
2002; Kozai et a., 2000). olﬂiﬂ HHNE Al=5
AFFoE IUERT, HEdee|=5, ¥350]
F2 AFEEI ATH(Tibbitts et al., 1983; Kim et
al., 2008; Park et a., 2010). IPHEFSH w=dt
E}O]ETD‘—: i“éizz_ro] :.:m,]. 71— zmuf = ;_q/\ﬂ
o] FEato] HHY Al=Hlox T FAo R ARE
7)ol FASelnz thE FUx) Hasa] ALy
a1 Qlck. gk FgEe RS FUoEA]
EAS AYar JJer(Kim and Lee, 1998), 33315
o] F& g H&3plle BT EBIAE
(photosynthetic photon flux, PPF)o] F-53l0 g 2
B A AMEEA JUHKim et a., 2008). AT &
o] "hgtio] @ =(light emitting diodes, LED)7} 2H&-
S QIF o R FEAL Qo). LEDE &%=
, =2 AET SEAES AYa /e, o] 4
: Fﬂiﬂ} vrom, el el 2 APt

7Fegt A T AHS VAL
1992; Kim, 1999).

U] AAF AR golx] LED 2o -8
FaF JEEY Tk &3 £ (Kim and Park,
2001; Kim and Lee, 2006y Al2oz 3lo AE7)
o] #5 A% ZX(Eun e d., 2010), 5] AF
33 7154 AAE 57 (Lee e 4., 2011; Kim
and Lee, 2012; Lee and Kim, 2012) 5ol o]&d
v} St} o5t EnfES} Qolo] BAHe U] A= &
A AFUm et d., 2009), Y=g 7}e] A FA

3 HE

2

ItHBarta e .,

(Choi et d., 2009), ¥}=z2|7}e] A3t Hsjol] w]x]
= X% E3HAn et d., 2011) Soll Pz 2
LED7} 284 #f glov, vzej7ke] S8 dAlellA
Hade] e A4 F x27] Al vAl= LED
213 Ejel #9 Bare vER Aotk & a7
=22 HAE AlzHol FHLED, AALED, W
FBS A VAR AT 7hed] A1E3F ol
5 vzejgiel A4 sl S1E vazeirle]
Z

% 54 245

o

1 o

J%iﬂﬂ Ho| A 54 vXe Qledde] 34
BIE FAskaAl HAE Al2E Wl gALED, #
A ED, W35S AXSIT). HiE Alsle] =2
7%= 93 3500(W) x 3,200(D) x 3,060(H), W+ 3,300
(W) x 2,800(D) x 2,860(H)°|™, HAZ= F7] 100mm
o] Zg)9de(polyurethane)s TAAE 43+
£ o 83tAaL, Uiel ZHRIEIAE AlRkE 472 A
HhS Xkt

480(W) x 720(L)] =712 AXkE LED Fdolle A
Hawrh 02031 F 3072707} ofdlo] FelE wix|E
A}, WP F52 55We] 253 Y5 (DULUXLEEW/
21-840, OSRAM, Germany)°] 10cm 7FZo = AX]
Aok Q1T g 545 B s
A(LI-1800, Li-Cor Inc., USAYS o]&3a}sich. w3t
BRI (LI-190SA, Li-Cor Inc., USA)E AR5l
=7} B ujREe] 630l PPFE 27433t o]
o F FLEAAA ALele] A= 20eme] e,
o2 Fel gt Fke] 1S Adstaat 2 B
TS AEe § oM ST gk vzt
7} Al we} Adnke] EolE Zdste] 2REo] A
A FolA PPt A FrAEEE Sl &
Aol ARS-E ALEDS} A LEDS] =ubge- 7}
74- 448nm, 654nm= Q—E}‘/Lﬂ— E3k 39} uiaEs)

& 546nm, 612nm 2 436nmellA F=Zubge] JE
‘;}'U}(Flg. 1). ¥iAHAM ] i PPF= A AILED
213.6umol -m2.s?t, HMLED 194.4umol -m2.s?,
WA 152 204.0umol - m2 - 512 YERiTE
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Fig. 1. Spectrd characteristics of blue LED (A), red LED (B), fluorescent lamps (C), and natura light (D) used in this study.
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Table 1. Growth characteristics of paprika ‘ Spirit” measured on 21 days under blue LED, red LED, fluorescent lamps, and

natural light.
; Fresh weight (g/plant

Treament ~ No-of  Ledflength  Leafwidth  Leafshape (., Ledf aren ght (g/plant)

leaves (mm) (mm) index (mm?) Top Root
Blue LED 16.6b" 183.0a 77.8b 2.3a 45.9b 54,096b 24.26¢ 4.37a
Red LED 15.8b 189.4a 87.8ab 2.2hc 42.4c 54,625b 22.70b 4.18a
Natural light  11.0 129.2b 55.8¢c 2.3ab 35.6d 24,546¢ 8.92c 4.6la
Control 25.8a 194.4a 96.8a 2.0c 51.2a 86,487a 34.95a 3.99%
LSDoos 2.20 28.60 10.90 0.17 240 10,197 3.65 0.96

Dry weight (g/plant) Dry meatter (%) Leaf color No.of  Plant height
Treatment .

Top Root Top Root Hue Saturation  hodes (mm)

Blue LED 2.03b 0.48a 8.4ab 11.0ab 133.70a 17.68b 6.8ab 200.2a
Red LED 157c 0.45a 6.9c 10.7b 104.51a 18.85b 5.8b 167.2b
Natural light 0.71d 0.46a 8.0b 10.0b 129.25a 26.36a 5.8b 195.0a
Control 3.16a 0.52a 9.1a 13.2a 133.80a 16.50b 7.0a 152.4b
LSDg0s 0.34 0.40 0.73 2.30 39.04 543 110 20.40

“Leaf length divided by leaf width.

YOptical density difference (ODD) measured by a chlorophyll meter.

*Means with the same letter are not significantly different.

% &

1. O=a|7} 2o MAE =M

] - 219700 =7 WAFBS SollA] SH
H Frg)7l B 248 A 95, 9, 95, 4
S5, GuA, A AT EF, AEE, )
tageellA fexr A4E v Adix)7E et
(Table 1). WAEYZ5 22]7te] FHZAL 86,487mm?
o= 7P A eRsk o™, Apd ATl A Y]
e Tzl HlsiA 28% =22 2 vehdt
A AALEDZ HMLED A2)qe] Juizle niszs)
A Yehd 7Fdl thztol vlsiA ZH2 63%, 63%
=2 Yeptt. olelgt dvks g5olXs fAsHAl el
ok AALED, HALED B ApAd Aol XY
= gzl vlsiA 242 61%, 64%, 43%= UHE}
woh A= ATl mE g e] ol gl 7]
At Fo= wET Y AT T A
HEZLS 07190 F thZT-9] 3.16¢00 BIsiA 2290
B AEE 2 vehskon, g LEDSH ZMLED
AP TE ZH2F 64%, 50%= JERSTH 1 A8
AT AEFS TR A=A gket. AP
2282 U > HALED > Aig > ZALED 2]
T-9] =AZA, HALED AHelqellAe] o] 7}

F EeS & T STk @ EF2 tixTelA
= et o, SRR (@FEE )Ttz 7t
4 A7 Jebdar, AALEDS}T AAMLED Slellx= A
G Aok vt ol AEagEE U=
T > HALED > ZMLED > A% 227 A=
TR QNS viHgE Tl AR 7002
FIA7E AAHAT. 242 HALED A7}
2002mmzA 7% ZA Jehd 7kedl, FALED >
A > HHLED > thx=7-9] M= UEpsith 44
Fe AR} Fo] RS AlshaL Adge s
E303h= 7129] A2 (Lee and Kim, 2012)9)=
HihE JALED A7) vz} 5ol 7] AE
F2081t. S0 2 gl A AEaL, &
Ago|Me JAERE A+ZZH(Choi et d., 2003)2}
AR Aoz sidEn). Aa 2Eo] Al nlx=
Fd a3t vgeA yepeS o ¢ Sivk 94 a-
AEQD A (Huer: Axhte] shex QIte] wo s
AR EAl AZS EAERL, A= (Saturation)=
ko] A =g Vet Qg Rl we A
Zo) Aol A Ggkont, AE3F AT A5 A
AF Mol vlnd Frs e A4S HuA A
ollN oAt ekt

AAF ez A% sollr AdE vzejrt 5ol
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WA AR, Q58T S| Aagel vshy 2

zg)7} 5ol guo] w9 A YeRgon), 23
714 AA JeRSTh Fujiwara et al.(2003)S ErRtE
SHE 93 d¥Fhoz A EDo HALEDS &
gated o] 838 g JH Ao Tkl B el
Ego] "var Bugh v gt} EE3E, Um 5(2009)
A §E Alzgle] JFgYez HALED, A
LED, EJLEDEAN + BA)E AX|a}ar, 18% 3}l
A EnfEe} Qo] SH Al HMLEDS} EFLEDE
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o I
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S-S & Ao HEele] SH gl A
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e84

7B Ao TR sl A2 2ol FEg 99
Zo] grrt 7bFsd Aot AAE WAy RFat
LED Hz|7ellre] sz 21dsd Azl Hisir
22~350 =4 Yeldth(Table 1). G52 53
st} Juizo] sohbd dargjzte] At 7t
slke ZoZ Had vh Qltk(dung et d., 2010). 1
33 slollA §HE 13 e He| A AiF
Z70)] vislA HeEdo] AdSol® B8t G497 B
o] et Aoz Hug ul QITHRDA, 2006). Q&
%4 M SRE HAF Bl 997 S Q1S
A W7IARE B, BT, F - oK LA} 2
AAZAS £ 5 o, B} Ik Ygee st
7] SJiA F7HAQ1 A7t o FoxjoR & Flolnt,
A2 3 n4dxele 2%, 27 7%, FaEd
SolA freaph 91 E ATk(Table 3). 2732 A1d%
AgTrellM 71 =LA vERke ™, dMLED B A
LED A2l7ellx 2 vttt oledt 2= 94
% LEDSloIAN S§EE dzeple] 7] 2] 2
Fof| AJHF o E A o]Folz] Ao FekEnt =)
273 2433 ATl 16.0mm=EA ZA] YERte.
™, A LEDS} AALED AelTolle Frefxbrt %
A eigiet. spzeElzke] Mg s 2 e &
¥} FolE ARSI E ekt WS Bo] ik 1

Table 2. Growth characteristics of paprika ‘ Spirit’ on 18 days after transplanting.

No. of No. of Plant height Stem diameter Main stem Average length of
Treatments .
leaves nodes (cm) (mm) length (cm) internodes (mm)
Blue LED 35.7b7 8.0a 37.1a 8.41ab 20.5b 49.0a
Red LED 37.7ab 9.3a 34.9a 8.23ab 19.6b 37.5a
Natural light 21.3c 9.0a 374a 7.60b 27.8a 41.6a
Control 44.0a 8.0a 35.5a 9.13a 17.1c 44.4a
LSDqos 1.7 20 34 0.99 33 15.6
“Means with the same letter are not significantly different.
Table 3. Growth characteristics of paprika‘ Spirit’ on 114 days after transplanting.
Treatments No. of Plant height Stem diameter Main stem Average length of
nodes (cm) (mm) length (cm) internodes (mm)
Blue LED 14.0b° 99.6¢c 14.5b 22.1b 68.0c
Red LED 13.8b 107.8bc 14.6b 21.1b 76.8b
Natural light 14.0b 134.1a 16.0a 30.5a 94.9a
Control 15.8a 119.68b 16.2a 18.2c 74.1bc
LSDgos 16 154 12 28 7.6

“Means with the same letter are not significantly different.
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Table 4. Early yield of six paprikas ‘ Spirit’ harvested by every week.

Treatments Yield (g) Yidd

1 week 2 week 3 week 4 week Total per plant (g)
Blue LED 1,305 (119 637 (6) 359 (3) 19 (1) 2420 (21) 115 (35)
Red LED 1,051 (9) 1,074 (7) 453 (3) 141 (1) 2,719 (20) 136 (3.3)
Natural light 0(0) 300 (3) 93 (1) 212(2) 605 (6) 101 (10)
Control 731 (5) 808 (7) 0(0) 101 (1) 1,640 (13) 126 (2.2)

“Figure in parenthesis means the number of fruits harvested.
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