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Effects of Light Sources, Light Quality on the Growth Response of Leafy Vegetables in Closed-type
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of Life Science, Kongju National University, Kongju 314-701, Korea; 'Warm-Temperate and

Subtropical Forest Research Center, KFRI)

Abstract

This study was conducted to evaluate the growth response of economical six leafy vegetables that

are crown daisy, pak-choi and four kinds of lettuce (Red leaf lettuce, Green leaf lettuce, Head lettuce, Romaine
lettuce) by light treatment of LED in plant factory. The light treatments were composed of red, blue, red+far-
red, red+blue, red+blue+white LEDs, irradiation time ratio of the red and blue LED per minute (1:1,2:1,5:
1, 10: 1), and duty ratio of mixed light (100%, 99%, 97%). The following results were obtained in different
LED light sources treatments: Shoot biomass and S/R ratio of romaine lettuce were the highest under mixed
red+blue LEDs. S/R ratio of head lettuce was higher under mixed red+blue+white LEDs than red+blue
LEDs. The others showed no difference in LED light treatment. Shoot biomass, total biomass and S/R ratio of
green lettuce, head lettuce and pak-choi were highest in the higher red ratio (5: 1) on irradiation time of red :
blue LED ratios. By the different duty ratio (red+blue and red+blue+white LEDs), Under the mixed light of
red+blue, shoot and root biomass of crown daisy and romaine lettuce were high in duty ratio of 100% and
99%, and S/R ratio was highest in all the 6 kinds in duty ratio of 97%. All the 6 kinds showed a fine growth
state in low duty ratio (97%). Green lettuce, romaine lettuce and pak-choi showed relatively high shoot
biomass and total biomass in low duty ratio of 97% under the mixed light of red+blue+white. S/R ratio of
romaine lettuce and head lettuce were highest in the duty ratio of 97% with red+blue+white LEDs. Thus, we

can cultivate stably without reference to external factors, if we use appropriate light sources and light quality

in closed-type plant factory.

Key words : closed-type plant factory, duty ratio, shoot biomass, S/R ratio, total biomass

A2 e VP F2 s FAY 1353 9 THE

Manuscript received 20 January 2014, revised 9 March 2014,

revision accepted 18 March 2014

* Corresponding author: Tel: +82-41-850-8508, Fax: +82-41-850-0957,
E-mail: youeco21@kongju.ac.kr

1l ;51 =22

HAAle vy, AFEH T a}% 2] o|5} (Kim et al., 2011)
9] 3AA ] W =+

I Y3 2ES

(© The Korean Society of Limnology. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provide the original work is properly cited.



3 AR 9= /\]/\Eﬂ__i’ Z+E-o] &AL =}
o] p&AAL, ZHEO] =R AL, x,}“ﬂ A=A

A& 7R3 2k (Son, 1997). A&
glx] A|2Hl o 2 4] (Hashimoto, 1991) v B2
Heoz A HelA 3 2 - 5=, CO, v 2] v
59 e AFEHE 53 A9Hez A
Al o]t

Z Ao 3 oo} 3] TEE e EA
3 FtelA AR s e o]
Aol FoF ARge]l A, AEE Ak
3 e oot (Lee, 2010). 53], o] 7 *—4%%%‘
F49 FES Ak Sl AAA

02 ofN ofrl

rr 1%

ol

]_

o

il

&oﬂ H
o)

>

B3 e AU A ALge) Basi
LED: Al234sl4 A% Al A Beg g 77
e AT ek 3, AT Aol cheka

s
S =gstar QIAIRE LED 312 @A Pojmnz A
= A & o Zest e Addste] &S A
Auct A4, wgddete| =, I EF T 2
75l vls] LED:= o] Hof Aulj 7|7t F<t
o] o w87} A} (Lee, 2010). AA|, LEDd| = 4=
ARS3HA] okel 37 A ol 3, 71 47 (10,000
~50,000Azhez fAH]E-S ¥& & glom AHA
7} & 80| &t} (Hwang et al., 2004; Yoon, 2012).
Aepae) A 27 7 BAE o4 97 e
I 4B A2 ol% o8 B BAF
ZAEA (Um et al., 2010), 1333942 FH7F A TS
o s 9 FAe vX & I3k (Lee, 2013) 5 A E
Aol W3 Q77 A =2 ek

Al2o] Ag 1l A ukee A Ao
A\7bel et ke vehde) SAge JAge) &
34 (R57: B43)3tol| A A &3 k57 A4 33}
I A5 Aguct A5 odaD Wb, eheAlol
ek =34 Z7kE Y (Lee et al., 2010). ©] X3
LED 318 ol43te] 2ol mieh AAss} e
443 Eisted ALastel s Aol Feshe
(Park et al., 2011).

Duty B2t 7|2 7}A|= F2 (Pulse)ol| A 2o]= &
ojojt}, dutbA © 2 duty ¥]2}al &1H on duty ratioZ 7}
271 A4} AR, ol T 710 HhsiA B
7} on AFefQl A17he] B]&-S T3t} wiebr] duty H]E

S EH off 7} oA nm A Lu|ERE FHa
AlZ 4 Qe

SEvete] AET A8 BH 3l o A}
T Tol o]FoA AT ZAPIZE BIEF duty Bl

N

flo > ko ot md ofd
OvE _‘>

to Mo =&

OH e oé

s

ARl HRUS 33

#H QAT ob Wol %

dei=e] QA e
mebr 2 QAFexe AaztE QAF 658 A
o2 LED 39 (AA+XA &3t} 2+ 3]0 )

EU AR EGE A, ), A% A

223 duty Blo] w2 AEukS

4

o] 2417 )

SYobu 32} steleh

o

ERIET

1. A7 22

2z el o) ol AN FAFol G B4
= 2793 Slek R GAF FolA e AEH
Z|u}Al3= (red leaf lettuce, Lactuca sativa var. crispa cv.
jeokchima), W] A X|n}Ak3= (green leaf lettuce, Lac—
tuca sativa var. crispa cv. cheongchima), 73 21|q]
Z (romaine lettuce, Lactuca sativa var. Longifolia), 13
= SFAF3 (Head lettuce, Lactuca sativa var. capatata),
Nekatee 227% (Crown daisy, Chrysanthemum coronari-
um L. var. spatiosum), °3%1 73 x| (Pak-choi, Brassica
Campestris var. Chinensis)S WALo 2 Al E-FA oA &
Fa3ich

2. RHHH 2 23|

QAR 6% FAEF 20119 79 fEE Fela
=& o] G2l Ael& AEE FAale] T 7ol 344
shEstgeh 119 Fo $UF Fela =ef o] 3279
& 7ol @ AAA HAstel 2 9 FxAelA )
9 gk Asiadet 2dlol: F2A F 244 WA
Qo g3 7F 62L& »5 27 15448 A

Al E-ZA-e 582 (W) X334 (L) X260 cm (H)¢l ZH] o]
] kel 360 (W) x 60 (L) x 230 cm (H) =7]2] /:}—‘,_jrlg—FQ-
< ofz WMo A5}l ABEIZAL AA o|o B
Al 3% FE22 Hosla, 253 35 A dE *éilfi
ek A el welE 120 (W) x 52 (L) eme] 1L
ol 74zt 67H4ﬂ’3}°4 3 127Hi °l%°V% °lt}. *42
7] 141%'—

A

¢

Ri)

¥ 2ol D)% AAstelsh
=3t 141 E ’553 zA4317] A W - =57
(SS-2000, Zero enginerring, Korea)®} 7}1<7] (Fox-1H,
Parus Co, Cheonan-si, Korea)3 A x]3}9]3l o]& o]&
sle] W 24~25°C, 15~85% = A3} 18w
o] e% 2w F27S LCSEMS (PARUS Co.,

/\IU:L
"IEO



34 2 - 070l - szt - Rt
Cheonan-si, Korea .%- ] 3lo] AlF 77 el 2447 Table 1. Twelve light treatments with LED source, the irradiation
o} 108 7Hho= J5}9ie), 2258 239 7hA0 ;;r:luz f(}){f) r]il;(])) supplying red (R), blue (B), white (W), far-
3319l 0 XU\H_,,_ o 5] A 3ted o '
=3 Hs]:M—U:] ] 50g== 500 H & _1'6]-0:] Gradients LED source (ratio) Duty ratio (%)
Tl 131 353t T1 R(1)+B(1) 100
%252 Quantum sensor (LI-190, Li-Cor, Lincoln ™ R()+B(1) 99
USA)E o]g3}e] ks AlEA 7+ 72]e) 30 cmeiA] T3 R(1)+B(1) 97
27 o] m * oA HF 110415 1 -1 T4 R(1):B(2) 100
;:4 2] Fell A 4t umol m - N 100
151 T6 R(10)+B(1) 100
T7 R(D)+B(D)+W(1) 100
3. &fo| =2 T8 R(1)+B(1)+W(1) 99
T9 R(H+B(1)+W(1) 97
3}919] 25 Parus (Cafe Farm System)®] LEDA] T10 B(—) lgg
S o] 83l AM+AAN 3ty AN XA+ 5 ig R(lli-(l-;l;(l) 100
b A4+ B, A, A om PAshede,
Zy B1e] 272 FAJs}= LED Light Panel®] =7]
= n= 1200(W)><520mm (L) w]oﬂ LED%H c] 4z 5. M8 H2 &3
A2 °]E°1X% ok &3] A} v]EL AA4+A s2 o ]}i];]_ BE ZV} 9} A=z v 65
A4 EgFgo] A (A+W)=11:(4+3), A+ o= —';_ . za;:oTz 1510
g °1 A A=11:700h LEDAAS] FAL lemz ) S AR F A AGEE SAA
=HE e T o]= =3 S/R ratio (Shoot/Root ratio)e} 3+ 7|A|¢] =
= aﬁ]zv—a—g— Ao 630~660 nm, AATo] 440 Lo T '
nm, WAl Zo] 450~540 nm 18] A A o] 730 nmel| 6. EAEM
Al Hd 9325 B T
Azl xpe]o] §-2]A2 Statistica 8 FA 3| 7]#]
MMT MAZo| TAZ|ZH HIE (R:B)Z duty H|  (Statsoft Co. 2008)F o]-43le] EA=-F Aoz
> 2 Hol= A ALS)S Noh and Jeong,
NEpa 3 A2l2AL Table 13} 2o, 22)’(;‘12) 12 frol2k Wels AAbske( g
5333 ) 3 A uF-2- (Photomorphoge- ’
st RAge] 2717
ol AAUE Az A el Za 9 px
= = =
o)
ST i mue z80 ue usws
A QAR A FLT AL AT
7} AR+ XA+l AR 53 (R+B+W)E o
¥, el %
LA
2o

H]E-
H3keh
.Q.o}_i X—] ]_ T=

u

F7h 5%
On ZFefjel

109+

nesis response)°ﬂ
60z -3kl
HAA 9l A7 1:1(R60:B60), 2:1(R60:B30), 5: 1
(R60:B12), 10: 1 (R60: B6)= A 3}e] AJ4ul-S-S
A (Pulse)ol]

43ty

Duty ¥] (Duty ratio)= F7|=
A Hol= =
Al Zke] v =
Alzke] S ek 7
2004). A& Eo] duty ¥]7} 100%Y = A7)As7}
o)

©

_z"_
N E31) (R+B) Z7100 A
ﬂﬂ:f‘ F 2Fe] 7} 9 slv (Fig. 1a).
AgwAME= BA

aio

A A zrel] st A

3 F7) e B2}
A)BpH AZeke okAbZ=rL A A4 A 4l A
A s

o A &k,
2 z}e]7} §1<iet (Fig. 1b)

=
2=
—_—
=
1>

=} (Jao and Fang,
A [}
] 7]/\].,9_3 A

]_

Ho
'6—,—./

o %
¥ AFES QAT 6% mF A Sl WA 5

e u»
Aoz 2oz} Ysit (Fig. lo). 221 AARRe} =
A el AZeke w)wat Fkel SR v 2w

= =
<) Rus
QAFZEI} A4 AN 5F3} ko] A+ A 4l

. = =
o] }gkehd, duty B]7F 90% Y
9kl o] oA o} wlebr] Al E-ZA el A duty ratioel]
metr AR Al AR & 4 9ok o]Edt o] &S
goz 3o, 2 dFdAE duty B]Z 97,99, 100% =
Asle]l AM+AAN 3t AR+ (AN a5}

o4 Al shelet



(@) 25

Shoot biomass (g)

HR+B

ﬁﬁkﬂﬁﬂ

35

CJR+B+W

®) 5

0.8 4
0.6 4

Root biomass (g)

zifjﬂﬁ%iﬁﬂﬂhﬁ

© 4 -

Total biomass (g)
S

5.

S/R ratio

e b s
ﬁiﬂhhﬂﬂ

Red leaf Green leaf

Romaine
lettuce lettuce lettuce

Head lettuce  Crown daisy Pak-choi

Fig. 1. Shoot biomass (a), root biomass (b), total biomass (c) and S/R ratio (d) of six species of red led lettuce, green leaf lettuce, romaine
lettuce, head lettuce, crown daisy, pak-choi under the different LED light quality treatments. The different letters on the bars
refer to significantly differences between lighting treatments (Fisher’s least significant difference, P<0.05).
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Fig. 2. Shoot biomass (a), root biomass (b), total biomass (c) and S/R ratio (d) of six species of red led lettuce, green leaf lettuce, romaine
lettuce, head lettuce, crown daisy, pak-choi under the irradiation time ratio of red : blue LEDs. The different letters on the bars
refer to significantly differences between light treatments (Fisher’s least significant difference, P<<0.05).
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Fig. 3. Shoot (a), root biomass (b), total biomass (c) and S/R ratio (d) of six species of red led lettuce, green leaf lettuce, romaine lettuce,
head lettuce, crown daisy, pak-choi under the different duty ratio with red+blue LEDs. The different letters on the bars refer to
significantly differences between light treatments (Fisher’s least significant difference, P<<0.05).
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Fig. 4. Shoot (a), root biomass (b), total biomass (c) and S/R ratio (d) of six species of red led lettuce, green leaf lettuce, romaine lettuce,
head lettuce, crown daisy, pak-choi under the duty ratio of mixed light with red+blue+white LEDs. The different letters on the
bars refer to significantly differences between light treatments (Fisher’s least significant difference, P<0.05).
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