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The Development of Container-type Plant Factory and Growth
of Leafy Vegetables as Affected by Different Light Sources
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Vegetable Research Division, National Institute of Horticultural & Herbal Science, RDA, Suwon 440-706, Korea

Abstract.

For the energy-saving production of fresh vegetables in poor environment such as the Antarc-

tic, a container-type plant factory was designed and developed. To maximize space usage of the 20 feet con-
tainer (L5.9 m x W2.4 m x H2.4 m), a three-level hydroponic cultivation system was installed and the
nutrient solution was supplied by bottom watering. Using this system, 3 lettuce cultivars were grown under
different the light source (light intensity). After 2 weeks from the transplanting, fluorescent lamp
(145 umol - m™ - s7') showed the best fresh weight of top part and leaf area. However, After 4 weeks, fluo-
rescent lamp plus metal halide lamp (150 umol - m2 - s7!) led to the optimum growth of the each lettuce cul-
tivar. The cultivar, ‘Cheongchima’, showed the best fresh weight of top part and leaf area, followed by
‘Jeokchukmyeon’ and ‘Lollo rosa’. The chlorophyll concentrations (SPAD) showed no significant differ-
ence among the sources of lights. However, ‘Cheongchima’ showed relatively high chlorophyll concentra-
tion. With the above results, we found that the growth of lettuce is depend on light intensity and even at
same intensity, the growth is different among the cultivars. Therefore, the selection of optimum cultivar
should be considered in the plant factory system that has only weak light density.

Key words : artificial light sources, hydroponic culture, lettuce, plant factory

o

e 2] Aol B
AgH oz 22g A

dpgste] LRal, BT
DT A N B, o5, F, ollshas, F7)
#5, PR} SR 5L AT 5 Y A2Ge B
Sk o AL YA 2Pl P e
22 THE} 7FsEIkaL FTHTIIC, 2009).

@ Bage FRL AT 2l 57}
RO E o P BIOR PPN

=0
o=

3¢

d

Jo

o
=2

Y

Rl
2

p‘L

al,

*Corresponding author: ycum0403@korea.kr
Received November 17, 2010; Revised November 24, 2010;
Accepted December 1, 2010

T80l A=l 3lon, IAlFoR ==749)
ToR AERRINE ARl e M HET
of thk Bafo] obx|ar .
a3 AU HEe
SR A FasiA A 5
Aol Zgglo] Abt, SAM, Jit, siqt
T SO A HES A
At B3 Aoy e el = 33t
F71Hez 5L & o] EAY] Aitgo] =obA|aL
oA EAME FAP 7FsdE Alslolt) EAAY
23] S7ks IR} QIS A el xfe] A
7} 7Fssial dxdstel g T ARdate] At
A, o oS AIs 2dsto] Apigt
the A IS Eole A ol9jdll F2& Al
2

e Aol Ao B ARISENE

el

e o

=20 o=

o
=

-333 -



EHYOTE o EA wHEY] 11w FAR e
S E{Jet kg HAYE A&H R IHE
AL FFH A, 2L FHol st ‘l‘7]'7]'7q7]'
& RS FF3E S0 JTHTIIC, 2009).
ol AEAl] HHg S Ao EH HalTY
ol glar, wbA] Foke] ARge] glo] A7t 7ks
=g

F2ol FF
Y 5 o] 7154 *é%(’
IFA FAE ALY 7FsAdol ATKTIIC, 2009;
Nishimura 5, 2006; Nozue 5, 2010). 1|3l 7
A AIELS: o] Asholet -5 35S T+ A
o] ol EE Fola AR Pk HE F 9
= AAo] Aite] Thsstal, FHAEE 23] st
tdo] AL A4S A == Ut (Matsumoto
2009, 2010).
oPd} 2 o] USoll® EFslal Axnlgo] uj
5 EoA BAE 717 ofHuke Blo] Halel &
Aoz AXH JrhKimd} Jang, 2009; Masamoto,
2010). AAHR19) F7tol st 171549 EARES
AARste] 7S o] W R oL Al
B3t 55 Bl Axulge] d7tx Fasitt

sHAoE QIZMelA oA Alihe WM, HlE}‘ﬂ
o YeA FFolU ARE 5 sl T sl
M ¢t He 83 715E I 371 UHEOH =
A, 7, AV, A T AARe] AAte] ofE Ao
A Agshe AlEEdAle AEEde] BHyol Algst
Aol B Aqte H AIETIA IES tifoE
ATrRe] AEFFS ARlsle] BHgsial o]olA ¥
JOI Q3 ofe] 7EAY ALAfEZe g Al les

et AT HH o2 Fsit. ol A Aa
X% RS 915 AEEl gk dTe AEEEE
AF53PdR)0] B3t 7K (Chang 5, 2005), PLCS} 7
FEZE o] 83F @710 (Kim 5, 2006) 2] 714
H} XMX‘H ol gk A7} olFolHar, 2E87 Wi
A7 IS A8l S R=2] HEEA(Son 5, 1999),
QAFFYU(Cho 5, 1998), =%=(Choi9} Lee, 2003)
Wl F5(Choi®t Lee, 2001), Fd=2} vlldls
(Park¥®} Lee, 1999b), CO, &%, F4E L HH%@%
S (Park®} Lee, 1999a), ZAF 2% (Lee 5, 2004)
5o Apiey 270 wE ZEo] M8y SAe o)

-

2k

=
o,

77} ofFolA ik & el e )
4 g% Delele] Ao A58
AR, o] Belel] AT TS B
15 B pgEoR @ 4 glws el
273300l g A BaE AEskich

N
Ea

%;
E

% do g L
OE [‘_8.4
i
rBL

o{ﬂ 2
4

[od
o

e
o,

e o

o

21577} o} & SAZRHNE SFgF o7 Afi
S A = Qo Agkd FHe Hug &8
T UAEF AF AEFFS AFst] B AFE A

Atk - AEEe] Axe Zol 5.9m, HH
24m, 0] 24mE ¥k 209E =7]9] AHoUE
Z-g3i3nt. Aeloluole fHE GAANS g A
Al 3 7)ol E IS HAs) S 519
ok Ui BHol= &FrlE HEFrlE I8 2H2A4)
< FERBR] UiRox] Wegshe e Yol diste] vt
AR ol HA| st #F o8 &S ETh 2871,
AUz Az, vtk 5 o] 7PgEo] AEAso)
DS 7AA FEE oFo] kS AA|et e

Fale] A B FYHES S

e

G4l B71e] f5e Al £ RS 24
3ol o 05m s At S Shsick. R AR
W eE, SE, ks FEE A5 1, W,
I, A%, B 37 Sal 290sT S,

Al e 2789 =ololl g 3o g MdA|siiaL,
Z ¥do]| FAste] o]Fo] golsteS 60x130cm &
cJo] IS 5 15 ARSI 2 =] ol
12 40cm, 25 55cm, 3% 80cmZ PFERAL, Hl=w}
o} thaek B X3 o] Hlaskch
Z¥zYo] Mt AATRe] ol e 5= QT E
ZERME 2 Ho 2 AL, FAY] FHE
& Ao Sgie), QAR Gobg Azl 37
3 Foll A% wl) Hes dumps 2ssch
Zhzol webd AEE B, T, TEARE =
228 5 =S Eloln Fo] RahE 34 5737
HjA|2ELS 285150t 7 W= 3§ %Ol 50cm
33kl BFIE ] 110L 872 ~E}*Q é |
Folaz BEHOR, 7 Barit) PxE olgs
of Z} SHE 7] gE 00_1‘10] CRE] 7]’0_01'—1——1 S

et

-

~334-



Avjol 42

2349 it ol2 283 BLY AAFY A5

Inhaleduct

—_—
Cultivation bed

i 7
A= Nutrient
solution tank

Preparation
room

Fig. 1. Schematic diagram of container-type plant factory for the production of leaf vegetables.
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Fig. 2. The absolute irradiance spectrum of each light source.
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Fig. 3. PPF level of each light source.
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Fig. 5. Leaf fresh weight of lettuce grown in the container-type plant factory as affected by different light sources and grow-
ing temperature. A: 23°C, B: 20°C. Green: Cheongchima, Head: Lollo rosa, Red: Jeokchukmyeon. Vertical bars represent

mean £+ SD.

23°Ce} 20°CY] AALE 2 W ASAjo)E
Hlwek A3} AAZOZ 20°C ZNA AAIFe] o
B AE Bk HX PSS = FL10 A2]TrollA
AA|Zo] F 20.76g Z7FlA0H, HEAA 9}
‘EEZAPE FL4+M2 AHZTolA ZH2E 18.98g,
24.23g SVl 235ee] 2E3 Wl Aol 20°C
o] AFsivta AU, @, FAET}F =2
FL10 #2729} FL4 + M2 HgTFolMe 8 55
o] AT Wi} B whd, B} e LEDS}
FL4 Ag|FolXe BAFS] Hsrt BA & 29
Kol ofe] 7HA] F9le] FRY AT Alole AET

2000

o] 2ol wle} 1 Fyjo| Apolrt g Ao=
ek,

Choi®} Lee(2003)y= 21E374oNA 25 AuiA] =
ok ZHo] ZHz} 30/25°Cet 20/15°CY w A
FT S5 25575 AAFe] gkor, vka+
e 250 e Xjolr} gitkarl ®Buse] FEa)
2370l mEl Aol 2ol7t S & 5 AU
AEFG UIF AL FATFEET )l U2
AT 3EFY GUAS HEIItHFig. 6). 23°C &
HollX= FL4 + M2 HE|FollA] GXwPde F52
dHFo] 1,568em’Z TR AHTHEu Bith 45

o

A B
EEm Green
[ Head
= 1500 - Red
C
o
o
&
§
~ 1000
©
<4
©
“
©
(0]
- 500 -
FL4+M2 FL4 FL10 LED FL4+M2 FL4 FL10 LED

Light sources

Light sources

Fig. 6. Leaf area of lettuce grown in the container-type plant factory as affected by different light sources and growing tem-
perature. A: 23°C, B: 20°C. Green: Cheongchima, Head: Lollo rosa, Red: Jeokchukmyeon. Vertical bars represent

mean + SD.

-338 -



Avlold HEFR) A} olF e

FEle HAPEE 7 B B UE F5E
o A o] ol AFo] Sl on, EEZAPE
RE FAATeAN tE FERO o] Axg A
g Yehfo] AAlFe] dre}l FUgh Aol
HETST o} AR ePdw FUEFl wet o3t
7F oW, FL4+M2, FL10, LED, FL4 A2
AAF] 73Tt 20°C ZHME JA] ARt
0] gio] e FETERT Fov, BUTRol
w2 x}o]E & uf FL10 A&7} FL4 + M2 X2+
gholl ozt fIlet. 45 FE1telle 23°C =13
frARHI BE FdxeTela] FxupPdae] fHz

ok

F98 AT BFEA

o] 7P wskom, ASWASS, EREAL o2 &
oA gl

23°Ce} 20°CY] AALE ZAd wE A0S
Hlwg A}, FL4 + M2 A7) AR5 A<
slar, AAZ oz 20C FANA FdHZ o] o] Hol A
Az Aol fARE AEe Ho] 5o 2533
Wl Aol 20°C 2=2710] Asittar ]t

AE8FH Y 55 23°CE Agst] 457 Aula)
A FLEFO 5 TN 954 I Hels
HWEIATHFig. 7). HEA RS AHXPIT oA
FAEF e Aole oY, AHSHIETe} &

40
2 weeks after 4 weeks after
EE Green
[/ Head
0l I = Red
. |
p=}
E
2 20t H
©
Q.
(2]
10 | H
0

FL4+M2 FL4 FL10 LED

Light sources

FL4+M2 FL4 FL10 LED

Light sources

Fig. 7. SPAD value of lettuce grown in the container-type plant factory as affected by different light sources. Green: Cheon-
gchima, Head: Lollo rosa, Red: Jeokchukmyeon. Growing temperature was set as 23°C. Vertical bars represent mean + SD.

0 —
-5
[}
=4
S 0t
*N
2
Q
£ -15¢+ I L
>
T
I Green
-20 - = Head [
N Red

3 weeks after

-25

AL

4 weeks after

FL4+M2 FL4 FL10 LED

Light sources

FL4+M2 FL4 FL10 LED

Light sources

Fig. 8. Hunter’s a* value of lettuce grown in the container-type plant factory as affected by different light sources. Green:
Cheongchima, Head: Lollo rosa, Red: Jeokchukmyeon. Growing temperature was set as 20°C. Vertical bars represent

mean + SD.

-339



Z [e]
GYH - 0 - OlET - U

=

Table 1. Changes in mineral contents of nutrient solution in the container-type plant factory as affected by different light

sources (grown at 23°C).

Light sources pH EC O K O Ca O Mg O P O NH“-I\L NOTT\L
(dS-m™) (mg-L7) (mg-L7) (mg-L7) (mg-L7) (mg-L7) (mg-L7)
Initial
FL4 +M2 6.69 1.27 82.46 112.14 9.86 30.81 9.31 123.69
FL4 6.21 1.31 92.30 127.46 13.06 31.95 4.41 128.10
FL10 6.40 1.29 87.54 122.62 11.98 27.81 3.85 129.22
LED 5.96 1.37 91.46 119.40 12.74 29.65 2.17 130.83
2 weeks after transplanting
FL4 +M2 6.66 1.78 119.78 182.32 15.92 28.13 0.00 177.38
FL4 6.78 1.64 123.86 196.84 21.38 31.37 0.00 165.34
FL10 7.04 1.80 118.42 209.74 22.82 20.29 0.00 183.96
LED 7.00 1.56 120.80 267.84 42.66 21.94 0.00 150.57
3 weeks after transplanting
FL4 +M2 7.01 1.76 103.84 188.78 17.12 20.02 0.00 172.41
FL4 7.02 1.60 112.50 187.16 22.20 26.06 0.00 159.88
FL10 7.28 1.64 83.82 214.6 23.66 13.07 0.00 163.66
LED 7.11 1.46 88.90 161.34 19.48 17.29 0.00 140.70
4 weeks after transplanting
FL4 +M2 7.37 1.70 79.74 185.54 16.92 16.46 0.56 162.61
FL4 7.39 1.69 97.40 198.46 20.10 16.31 0.00 163.66
FL10 7.68 1.50 54.30 229.92 23.66 13.76 0.00 138.53
LED 7.68 1.41 67.86 175.86 19.88 12.73 0.00 137.97
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