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Abstract. This study was conducted to evaluate the growth characteristics of lettuce (Lactuca sativa L.) as affected
by artificial light sources and different growing media in a closed-type plant production system (CPPS). The lettuce
seeds were sown in the 128-cell plug tray filled with 5 different growing media such as urethane sponge (US), rock-
wool (RW), Q-plug (QP), TP-S2 (TP) and PU-7B (PU). The germination rate of lettuce seeds was examined during
12 days after sowing. On the 13 days after sowing, the lettuce seedlings were transplanted in a CPPS with tempera-
ture 25 £ 1°C and nutrient solution (EC 2.0 dS‘m™’, pH 6.5) using recirculating deep floating technique system. The light
sources were set with FL (fluorescent lamps) and combined RB LEDs (red : blue = 7 : 3) with 150 £ 10pumol'm™2-s’!
PPFD and a photoperiod of 14/10 hours (light/dark). The initial germination rate of lettuce was the highest in TP.
The final germination and mean daily germination were the significantly highest in RW, QP and TP. The plant
height, leaf length, leaf width, leaf area, and fresh and dry weights of shoot were the greatest in QP irradiated with
RB LED. The number of leaves, fresh and dry weights of root and SPAD were the greatest in QP and TP irradiated
with RB LED. The root length was the longest in TP irradiated with RB LED. Therefore, these results indicate that
RB LED was effective for the growth of lettuce and it was also found that the QP and TP were effective for the ger-
mination and growth of lettuce in a CPPS. In addition, we confirmed the applicability of the newly developed grow-
ing medium TP for the lettuce production in a CPPS.

Additional key words : deep floating technique, fluorescent lamp, light-emitting diode, Q-plug
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2ME0] oA Ak SEiME A I e 4
21 Ao HAEE wjx] AME-S sl AErIRE Sel=
AN B34S AP AHE FAE 5 Jojot It
=, W pH, HH3 wdAe] FFH o] o]Fo
Aok &THNelson, 2003; Choi 5, 2009). ©]2|g+ o]f-=
A& wixle A goldt gAY
FHo] olgEo] TVIEI Ut R AA = 7HEo]
AFslaL Fgo] golsted AEAE w2 ZH-dsHA
o]8& F YA Seo (2007 Lee 5(2004) w=
W AR EeF T2 7 olso] 7R
Jou} wjR|e] JHrL AREO] AlFA SH Al R
o] AsiEar Wolgo] Az FAF BAs= AL
2 BuEdar, A4 GAF FAEAN sTRIME o)y
3 BAE AHlaL ok hHe Hixe EElAde] Y
slo] eyt golskal ARt A8k pHOF EC
FA7F doie Aol ek AT g g 9
oA 9= FET A Q=M v 2 By
3] Wl FARPL Eot AE] AEE Eole
2lo] =31 lom(Hwang? Jeong, 2002), AFS- & ¥
77 oga #Fede sk EAVE AohKimd
Jeong, 2003). ©] &= F71E JAFAIR] Q-plug, ¥
33 TO|XE Fo] Jon, ojRES dude g 4
A BalEE Aol o AT A dF A
o] =Y AEsls dod 4 don dAA|
TS A% A8 HFo] JAHA g2 Aol

A ZA S HIRE HAEHo R AYikshs IR e
A D A7 oI EAS sidstaA e A
A FAAu &8 4 e 958, S5, e
HiZ] 7ol et AFE Fegskal JAokNo &, 2012;
Kim &, 2013). Al2 7|dE wiA= AipgelA] vi=]|
o BYHE 35, &I, 7PIF 5)o EERt
ofel A Al BiRESIE ok & =Rl T
FARS AET 5 o] o g =N S8 =
< Ao= 7dgkal JAk(Park 5, 2012).

A5(Lactuca sativa Ly= 8, AH=8 502 o8

77 wobA kst FEEY U =2 dAF &
Eolt}, aglal FAAES she 1EF ol&F AEF
o] Arbale] A3l 2AEZ gEA 9lor, ol b
gk AE WS Ak REAEEA E8E ok
(Dougher®} Bugbee, 2001; Kim 5, 2004). 5=+ a7}
3 B57I7t0] ol YA AEALA|IZE] Aol o
A o] &Eal ot

b £ e dHEE AEAAAZE] el 2
o] AFE I g A Fde Addsla,
Ao olgHa Qe HiXEY vluE 3 A
Hjx]o) A8 7Fe S kst A

e o

1. M8z ¥ xHufEtd

WA E AEAAASE(C1200H3, FC Poibe Co. Lid.,
Seoul, Korea) WollA] 5&<] HiX|(Table 1)E o83}
1287 &1 Egold Xt & A5 FFHAWp
(Lactuca sativa L., ‘Nongjeogchima’, Syngenta Korea
Co. Ltd., Seoul, Koreayg A 173 194 3531tk
2017 072 19U%E 2017 072 304704 1293t 2
T 25£1°C, F%=  150£10pmol'm™'s? photosynthetic
photon flux density(PPFD)2} 37| 14/10(%871/37)=
&GS (FHF32SSEX-D, Osram Co. Ltd., Munich,
Germany) 3ol ol @ SHE it 75 £ 139
Aol 4+ 55 FF53 RB LEDs(red:blue = 7:3, L-
PEC Co. Ltd., Jeonju, Korea) 3}oll 9x9cm2] #|2J7+A2
2 28Itk 3353 RB LEDS] J31¢ #X= Fig.
13} 294}, AigEe SEXAY FUH A8k
W, Fes el AellA B&AIHD2101.1, Delta
OHM Co. Ltd., Padova, Italy)S ©]83l =43I30H,
Fapge BFEAMI(ILTIS0, International Light Co.
Ltd., MA, USA)E ol&3le] S48t de I35 &
2Y7A= USE Al9fslae 2d 18] 58S Ad o
F381900™, USE Choi 5(2011)2] W] we} 21

Table 1. The type, manufacturer, and specification of the five media used in the experiment.

Medium Type* Manufacturer Specification’ (mm)
Urethane sponge (US)  Inorganic material Gafatec Co. Ltd., Hwaseong, Korea 28 x 28 x 30
C(;Ir;r;irrndal Rockwool (RW) Inorganic material ~ Grodan Co. Ltd., Roermond, The Netherlands 32 x32x%x27
Q plug (QP) Mixed material Thort Co. Ltd., CA, USA 15 x 25 %25
Newly TP-S2 (TP) Mixed material ~ Smithers Oasis Korea Co. Ltd., Chenonan, Korea 27 x 25 x 20
d;‘;zliouriid PU-7B (PU) Inorganic material Smithers Oasis Korea Co. Ltd., Chenonan, Korea 27 x 28 x 33
“Mixed material means mixture of organic and inorganic materials.
YSpecifications were measured as width x length x height.
AMRO-AESE, M28A M25 20194 135
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Fig. 1. Relative spectral distributions of FL, fluorescent lamp (A) and RB LED, red:blue = 7:3 (B) used in a closed-type plant production

system.

Ege]o] 80%7F A71=% st v F 1320l A
T3 gl AN WAlS 0831 Sonneveld 35
oFolzful-8 HH](Sonneveld?} Straver, 1994)2 pH 6.59}
EC 2.0dsm™'Z FF3lh. £ Aol A vl 3
Fo] 71& 284A|Q] urethane sponge(US, Gafatec Co.
Ltd., Hwaseong, Korea), rockwool(RW, Grodan Co. Ltd.,
Roermond, The Netherlands), Q-plug(QP, Ihort Co. Ltd.,
CA, USA), 18]31 Z* Smithers Oasis AfllA 7idkE
TP-S2(TP, Smithers Oasis Korea Co. Ltd., Cheonan,
Korea), PU-7B(PU, Smithers Oasis Korea Co. Ltd.,

Cheonan, Korea)3JTHTable. 1).

2. HiX|e| =2| 2ty SY

Al 2l & 5=, 8718, VEE, THIF
S S all miAE 48A%F B AR ¥ 5
BEFe SGSIUAL Ag2oNA 2AZE F<E ulEsto] wy
Ao] FAS} vird =2 84S ST 1 F 72
AFESE P xR - iR AT ST
=43 & Fonteno(1996)2} Choi 5(1997)°] AIAISH
4L olgsto] ALk

% J=(total porosity, TP) = CC+AS

87]- 8% (container capacity, CC)
= [Fa5F(wet weight)-T1ZF % (dry weight)]HlA]S] &
Z(volume of sample)x100

7VdE (air space, AS)

=u<8 S5 (volume of water drained)HjA|2] 8%
(volume of sample)x100
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7M1 (bulk density, BD)
= AZZ % (dry weight)MZ]2] -84 (volume of sample)

Hixe] pHel ECE S48 sl wiAleh 13} SR/
E L5(viv)d] HIER E9tste] 3AIRE B2t XI’7I(KS-
500, Koencon Co. Ltd., Hanam, Korea)@ FBAIZ] &
pH/EC meter(HI 98130, Hanna Instruments Co. Ltd.,

RI, USA)Z Z33}AHKim¥#} Jeong, 2000).

3. TAEE

HiA|S]  FRoll wE %7] ol (initial
germinationy> & & 6471A] WolE FA FE, HE
Whol-&-(final germinationyS 35 - 12947FA] wold &
b FE A7 F IAESE U] WiEEE ARSIt
Bt WO(MDG, mean daily germinationy= HolE &
A 75 AR IR Uro] ARRIeH, TS HE
Wol=e] 509 Wol7kx] AW AG4E ARSI A5
o AsE vF F 13940 24, 9%, 9F, 9= S
AL, 30dAls 2%, 9%, 9%, 95, 2%, 99
2, Aot Aspe] AT 1EF, SPAD, AEAE
3 kS S48t A 9Wd S347)(LI-3100, LI-
COR Inc., Nebraska, USA), ZA} =59 A= ZHA1A
S(EW 220-3NM, Kem and Sohn GmbH., Balingen,
Germany)2- ©|83l Sg3I=t] HESS AIEE 70°C
g2 AZ7](Venticell-222, MMM Medcenter Einrichtungen
GmbH., Munich, Germany)ollX] 72A13F AZ3H & =4
3l9tt. SPAD #HS A=A =47](SPAD-502, Konica
Minolta Inc., Tokyo, Japan)s ©]&3}t}. o] 2~E
g AFE FRIE] sl A2 oiAE et
307 A T FEL FEEA7)(PAM-2100, Heinz

gFe

-

B

Protected Horticulture and Plant Factory, Vol. 28, No. 2, 2019



Y BN AEANE 918 QTR AT A vl K

FEAYF AEVFmyS ST HA: B9k (Fo)yS
0.6kHzS] =4 #& B44F= ko] 0.lumolm™s! X}
e PPFDE LED®S olgle] Zlala Z4sigle.
w, HY FF Z(FmyS 20kHzZ 7,000umol'-m?s'e]
23} F= 08% S AR ST Fv/Fmake
Fv/Fm = (Fm-Fo)/Fm J2422 A3t tHGenty -5,
1989).

4. SHEN

AYTe] wixl= REESle] o HiA|sielt).
AEATe] EARAS SAS ZTEIW(SAS 9.4, SAS
Institute Inc., NC, USA)S ©]83}o] HAHEA(ANOVA)
= ANsET, A 3 Hd 2ol dHe] vsA
(Duncan’s multiple range testyS o]g3sle] 5% FelaE
oM HAS3IFTE. IE= SigmaPlot X213 (Sigma
Plot 12.0, Systat Software Inc., CA, USA)S ©]-8-3}]
eI

A7 o o

589 wix] &84 EAL Fig. 29F 2ok = 3=
L7 8<2RS AN vix]Ql TPOlA 97.03%2} 93.77%

2 717} feolFo g 7 E=gkon, Use RWollA 49
ZHog it F=o] B wixl= 8] W wixe] 4k
Ao} o] FFE TVMIRIT®No 5, 2012). 8718
g2 B2 Z3kE HiRE AR AdElOlA wlAIRl &
A7 S 4 e RS VRS AEEEA
A7 B Ue Hoo 5ot 8718550l
e wizle 2 g0l ATk WA fAEo] B
gof| 2E#2rt dAstal Fe] St Ao
ZA7} eRliRItHAljibury2} May, 1970; Martin 5,
1970). 87)8<FHo] Fow HEAo] 3tk A
R ®HA5E 72 5 f4A o8 & Ue 9z
AFAGoxe] Esto] Bol E814 $Ho] &4,
FEAY7E vlwE goldltk(Shin 5, 2012). 7IES
A7REE BiR]Q1 PUSIA 7.50%E f+oFo® =A Yet
Wt AEAES A% H4 4 3HES 245 Sl
g, W, 7Pde]l A-g dFS o]Fofok dlal(Bunt,
1984), vix]e] F F=ol Wigt 7PFES ZHF 2R
o8-S {3+ FTQ3F AFo|tk(Soffer?}t Burger, 1989;
Lemaire, 1995; Hartmamn 5, 1997). 7}]50] YT o
< Afole AES ARG sEo] oBid
B7187Eo] Yol @ARE ol wljRef] o] &
Ax|o] HAfseo] "Hojx= Ao gt (Hwang
7 Jeong, 2004). & Al AREEH HiA] F F7EHIA]

& o

o

¢

Total porosity (%)

Air space (%)

us RW Qr TP PU

Medium

Container capacity (%)

40.20

1 0.15

1 0.10

Bulk density (g'm™)

1 0.05

us RW Qp TP PU
Medium

Fig. 2. Total porosity (A), container capacity (B), air space (C), and bulk density (D) of five media used in the experiment for production
of lettuce. Refer to the Table 1 for abbreviations of media. Vertical bars indicate + standard errors (n = 3). Different lower-case letter,
above each bar indicate that the means are significantly according to the Duncan’s multiple.
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¢l QP2 TPOIlA 7HIZFo] 2}t 0.19gm™% 0.20g'm”
2 fFoFoRE A A, uset PuellM  zbzt
0.02gm>9} 0.01gm % FoJZHo 7 I},

Hiz]o] 3}8tAQl pHS} ECE Table 20 YERAT) pH
= 71091 QPel TPolld FrIjRHLE fo)Z o
2 2 JEREANE 5% 25 Nelson(1991)0] #AI&
27 pH IR 5.6-6.59] Hfll =AY =2 <A
slo] a2 ARESAY Desiha Abgoly delA
HISE 37F e d49 AE B3t wiAe] pHE
HE F IS Aew FAdHET. ECeE A7IEER
QPS} TPolA =& ZAS XYoo, US, RW, PUIA
£ 0.00-0.20dS'm'e] HLZ == o] AP FI|E
Hjz|e] slekd EAS Bt

HjZ] TR WE I § A 2] dolg, HE
Wolg HiF WolE, Ty Table 39 YeRith %7
dolg-o AZREF HiRIQl TPollA 59.00%= fojZos
2 S UEleH, HE dokey Hu dole
RW, QP % TPoA 3 23S KHYth T3 JF
ool 50%7H4] ALFE 4d9E Y= Ts6S QP

Table 2. The chemical properties of five media used in the experi-

ment.
Medium” pH EC (dS'm™)
us 6.52 b” 0.00 ¢
RW 6.73 a 0.17b
QpP 5.71d 0.40 a
TP 622 ¢ 0.28 ab
PU 6.58 b 0.18b

“Refer to Table 1.
YMean separation within columns by Duncan’s multiple range test
at P <0.05.

Aa -

b

Pdd - geAl

d

oA 7.00¥¢=2 Wolkerl 7 wska, theo = Tpoj
Al 7.334E doprh wEEe RS sk USelA
= FHF Polgo] 833%= 7Fg Ax3IGEd ols V)
Yol Ea wiA o] Fto] Sl &) R o]
SoPHA WA FSRTE 543 dxste] Wolgo] "ol

= ZoF FokEn) ole} fAlet AR AYehd,
P+ EolE E8u7], Folof, HejolE, a1
FHEAAAE o] &3t AlgA] SEHIA] A Aol
T US7F 7F8 grgo] 7P v A7E YeRtkSeo
5, 2007). 3 Lee 5(2011)2] Aol = USOlA A
wA9] Wolgo] vty Bag ul Qity. 1R
USE o]&3ld TAE WolAZd 49 B8 53] F4l
T FYa EFoly 80wt Bl FVIEE AEshe
Choi 5(2011)%] el wa} v 7 AxEe As
7] $g AEAQ] v 9o Ao E Alsdn
USet PIRZIAIEZ PUE U2 HiR|HT} 7S] o}
HiR] o] gEo] wiEA] AxRE o] Wolgo] Ax3gh
oz FetEc)

HiZ] FRe] W 9 & 1394 5o 22 QP
7F 31emz 7P Aok 487 G99 RW, QP ¥
TPA Z42F 2.1eme} 40702 FolFoz =kom, 4
Zo RWeF TP 12emZ 7FF HAtH(Table 4). ©]
£ 7154121 US, RW, PUel B8] f-7]1&881=)¢1 QP
o} TP} EC 0.402} 0.28dS'm'E A3 o]&F ujx|
% EC7F =8ka(Table 2), ¥R Wol] Qe Yoz
F5 Hol Aol A Yeid Aoz ddE o]
+ Kim 5(2018)%] AolA A3 o8 wjA| F
EC7F e ol &3 QP wiAlolM A Erke Rl
Ago] 955 Ao} ARSI

IE $ 30¢A FdH wiRAERo IE A5 A
S AR A% FoHQ1 Aol BYAtK(Table 59% 6,

)

Table 3. The germination rate of lettuce seeds as affected by five media in a closed-type plant production system.

Medium* germilrrllallzilny (%) genniE;rtliz:)ln" (%) MDG® Tso”
US 0.00" 833 ¢ 0.89 ¢ K
RW 19.33 be* 85.68 a 9.14a 8.00 b
QP 26.00 b 86.98 a 9284a 7.00 ¢
TP 59.00 a 90.88 a 9.70 a 7.33 be
PU 333 cd 69.01 b 736b 933a

“Refer to Table 1.

YGermination rate at 6" day after sowing.
*Germination rate at 12" day after sowing.
“Mean daily germination (no. of total germination/total measuring days).

"Days to reach 50% of the final germination rate.

“No germination observed.

‘The final germination rate did not reach 50%.

*Mean separation within columns by Duncan’s multiple range test at p < 0.05.
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Table 4. Growth characteristics of lettuce ‘Nongjeogchima’ as affected by five media at 13 days after sowing.

Medium? Plar&z;e)lght Lea(fcl;r;gth Lez}ix;dth No. of leaves
UsS 14 d I.1b 0.7¢ 3.0b
RW 24Db 2.1a 12a 4.0a
QP 3.1a 2.1a 1.0b 40a
TP 26b 2.1a 12a 40a
PU 1.8¢ 13b 0.6¢ 3.0b

“Refer to Table 1.
*Mean separation within columns by Duncan’s multiple range test at P < 0.05.

Table 5. Growth characteristics of lettuce ‘Nongjeogchima’ as affected by light source and five media at 30 days after sowing.

Light source” Medium” Plant height Leaf length Leaf width Root length Leaf area

(A) B) (cm) (cm) (cm) No. of leaves (cm) (cm?/plant)
usS 9.6 ¢* 9.0f 45f 53d 16.2d 53.7d
RW 15.0c 13.8d 7.7d 69e 27.0 be 227.6 ¢
FL QP 152¢ 15.0 cd 85¢ 7.0 be 243 ¢ 237.0 ¢
TP 163D 15.8 be 7.6d 6.8 ¢ 26.2 be 237.0 ¢
PU 11.9d 11.6e 52ef 48d 179d 76.1d
[N 89e 89f 45f 52d 179d 53.1d
RW 144c 13.8d 9.0c¢ 7.6b 31.8 ab 247.1¢
RB LED QP 17.6 a 174 a 11.5a 87a 303 ab 5345a
TP 164D 16.5 ab 104 b 83a 328a 35450
PU 109d 10.8 ¢ 57e 5.1d 14.5d 84.0d
Signiﬁcance B koksk kkok ksksk kkk sksksk &Kk
A X B k% kk sksksk kk kk Kk k

“The light sources are FL, fluorescent lamp, and RB LEDs, red:blue=7:3 LEDs.
YRefer to Table 1.

*Mean separation within columns by Duncan’s multiple range test at P < 0.05.
NS.***Nonsignificant or significant at P < 0.05, 0.01 or 0.001 respectively.

Table 6. Fresh and dry weights of shoot and root, SPAD, and chlorophyll fluorescence of lettuce ‘Nongjeogchima’ as affected by light
source and five media at 30 days after sowing.

Light source” Medium® Fresh weight (g/plant) Dry weight (g/plant) SPAD Chlorophyll
(A) B) Shoot Root Shoot Root fluorescence (Fv/Fm)
usS 0.97 ¢* 0.98 cd 0.056 ¢ 0.028 cd 15.3 be 0.557d
RW 5.53d 048 e 0.268 d 0.037 ¢ 16.8 b 0.780 a
FL QP 6.20d 0.83d 0.299d 0.028 cd 16.5 be 0.766 a
TP 5.88d 0.80d 0.253d 0.029 ¢ 15.4 be 0.789 a
PU 141e 0.14 f 0.075¢ 0.015 de 14.1c¢ 0.766 a
UsS 1.05¢ 1.21 be 0.074 ¢ 0.013 e 14.4 be 0.568 d
RW 7.51¢ 1.29b 0.396 ¢ 0.066 b 16.8 b 0.689 b
RB LED QP 18.69 a 228 a 0.832 a 0.081 a 20.1a 0.735 ab
TP 12.13 b 2.13a 0.516 b 0.086 a 19.1a 0.667 bc
PU 222 0.20 f 0.104 e 0.008 e 15.0 be 0.618 cd
A kkk kkk dkksk dkksk kk *kk
A X B skskosk skokok skskok skskok % Ns

“The light sources are FL, fluorescent lamp, and RB LEDs, red:blue=7:3 LEDs.
YRefer to Table 1.

*Mean separation within columns by Duncan’s multiple range test at P < 0.05.
NS "*Nonsignificant or significant at P < 0.05, 0.01 or 0.001 respectively.
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Lactuca sativa L. ‘Nongjeogchima’
Sown: July 20, 2017
Photo: Aug. 17, 2017
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Fig. 3. Effect of light source and five media on growth of lettuce at 30 days after sowing. Refer to the Table 1 for abbreviations of media.

Fig. 3). 9%, 993, AR} Ao AT A=
o] F, vl we} 9 e ol 87 dE
ZRgollA st zlolE BT 5] ASe] A
LEDOIA frojFo=m o] AJSo] FxlE 27K (Son
5, 2012)¢} vRPIAIE A4339] Hlgo] %2 RB LED
SlollA] 93t AS Bt Al o] FI3 #
A 7)ol EHHOE o]8E] 31 (Sacbo T, 1995), &=
o] Ay} MAFo] F7kE= &3H(Johkan 5, 2010;
Wu 5, 20077} e B3 5o 2%, 9%, 9%,
iz, Ao AT =5 RB LEDS] QPO
A el Al #=34aL, T & RB LEDS| TP
A 98t AS A9E Bk G, Askte] A
Z3} 7183, SPADE RB LEDY] QP9} TPA f<]7]
o7 o Ao ey, 23S RB LEDY TPoA
S8} o= Kim 5(2018)9] ATellA ERfE B
o] 7] A8o] 535I9E QP HiR|oA ErfE He]
HT 5ol 7P 9578 A AR A Bl =
7] 5ol $5519E QP TPollA 2] Algo] -
3R, TPZF F 35°] 97.03%=2 7FF Zo} 52
TR e A0 a2t JE Ao AgEn
(Fig. 2A). €84 F 14L& 33 589 AxE= A
SEH(Fu 5, 2012), 2 FFAA 4 =1 slellA
A AE9] FvFme ¢F 0.83¢|th(Maxwell®} Johnson,

=
S
o]

140

2000). 2] AEAFF 7k o uixel] Hls)] Usel
A FeFez v ®BYor, ols 2719 AF AH
Al iR AdSe] Azt WAEo] o] A Axe}
G710 2Bz JS vR Aoz ddE
ole} FARRF A= Jeong S(2018)°] TIEe]l SH A
FHEEAAE HIA R ARSSIES AT BSAske |
24089 gho] YolAle Ayl gx|ght.

AnAog B Aol UHE A 2HeA A
5 AMIA] RB LED7} AJ59] Ao 93 295 BE
on, QPe} TPolA] ZJ5-9] wotel Al avxollct.
ok o}, A wliA] TP} A8uiAIQ1 QP Akt
Al g5 Wolga} Ago] 95t AE B A5 A
AhE 913 miREA Z8E = US Flole} e
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