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Effects of Light Emitting Diodes on Growth and Morphogenesis of in vitro
Seedlings in Platycodon grandiflorum
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lDeparnnent of Ornamental Horticulture, Provincial College of Changhung, Changhung, 529-850, Korea
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ABSTRACT To clarify the possibility of plant production under red, green, blue, and red+blue using light emitting
diodes (LEDs) and fluorescent lamps (control), the effects of light quality on the growth and morphogenesis of in
vitro seedlings in Platycodon grandiflorum were examined. The plantlets grown under the LEDs resulted in taller
plants with greater stem than fluorescent lamps. The shortest shoot length, 3.8 cm, was observed in the control and
the longest one, 13.4 cm, in the red light. But the shoot length was 5.6 ¢cm under red LED with supplemental
blue(red+blue light). This results indicate that red LED may be suitable, in proper combination with other
wavelengths of light. The root length under red light was significantly smaller among the treatments. The plantlets
grown under red+blue light had lower shoot dry weight, higher dry matter than other lights-grown plantlets. Among
the various growth parameters measered, there was an indication that leaf area was controlled by the LEDs. Leaf
area of a plantlets developing under green light was about 2.4 times wider than that of plantlets grown under red
LED (10.1 cm” in area). The dry matter rate per plantlet among the treatments was greater in plantlets grown under
the red/blue LEDs in comparison with that grown under other LEDs. Chlorophyll contents in plantlets grown under
the red, green, blue and red/blue LEDs were 2%, 7% 20% and 10% lower, respectively, than those in plant grown
under fluorescent lamps.
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N B Z7t 2% Aoy o] F3] A7) wjFo] AEANE F
oA o837 £L A SHL AT UG
(Watanabe et al. 1996).

WAr}o] 9 S & (Light emitting diode, LED)E ZHg, %}-Er AN 7P &3] AMEHE FHoZE HIAF,
W WA, 2 T M-VE 84 R o3, AIEE AR F metal halide lamp, 3% sodium lamp, B g§ 5<lt) ] %
I-V% 229 838 9SS T2 ARE b BPax 985S F2 A0 99 2PANN 2YE A5t 1
olth. £ LEDE MALMER Zo] WzA F BARE o 42 FFEASES AAE t2w 4B
ZARHE 540) I BuF) AL EeaA Rorl F WA 4SSl FASS 92 7 DA 7 ARl 4B

ol Al 233t FML ohr} (Bulaetal. 1991).
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2 glFo] Q7] W Fol LED] 7128 F A E23A 2"
B Qe T3] o)2o)x) T U} (Okamoto and Y anagi
1994; Tanaka 1999; Yanagi and Okamoto 1994). 3=y H %}
A QoA AR B B 400~700 nmE A
A AERAS A% ATl A Jded Fdy &
B PSS AT AEY g7 Eits oo} 3} of
23 FelA LEDE #3330\ metal halidese] 4wzl
FA NI o ZFuFE HAF AeiANA A EAA
o glo] -8 Aol d 4 Utk I3t LEDE ©] 43t 7]
WA A 2 gl 3% 97E B2 By
(Tanaka 1999; Yanagi and Okamoto 1994)7} S #ojt}h
¥ ARANE LEDS A8 A4, B4, 383 2 #ai3}
A o] EEMY Y =2iA fEe A A
vAs FAEFS 9 FFo IdE 4854 FF S sk
ZAVST

e o 2y

T2kx e AZEAE Murashiges}t Skoog (1962)¢] 7182
WA (MS)oll B1g3te] 25C9) ar2719k0lA 6Y7 F-g2o}
Azl T ¥3=zw (PPED, 75 pmol - ms”) olefell A 2
TY X AN F Y 20i7b &3 ANEHRE o =
HAs 5 mm felelA Adste 7lWlo) X)Aetc vl
MS712ulAle] 0.5 mg/ NAAE 718l oy g 9704
A oukE HslY L 27 1 cm 2718 7YYol 374 H2Ue
229 FZdl membrane filter (pore size, 0.45 pm)S &
2ate] v gt vgRA L L& 25CAA A&zl
AL Wi 309 F 2 2%, €U, AAF AEF A
8, §548F 55 2t

FEE AN, 34, J9 EREA o] Zzh 673 nm, 522
nm, 442 nme] IPFFHAA FPAY FEFFA FYLE
(PPFD)7} iz JeP = (Figure 1) B4, 544, a9
SAILEDSH EFF02 AA (80%) + B (20%) LEDs&
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Figure 1. Comparison of relative spectral photon flux for blue (B),
green (G), red (R) LEDs, and fluorescent lamp (FL).

olgstgion, EF2E AT AT olF ALY
PPFDE 2% 75pmol - m’s' 2 24k wjokaigdch

HEA TFF AN oS 309 F &3] AN A 2rn)9)
A 80% acetonel T FEAE FEHIHUT FLATAE )
235te] 9 645 nm € 663 nme] FHEXE Arnondhy
(1949)0) )3} Ar&3hsich.

o
AlIE.

i
z
5
B
=
=

dol ¥ B 2ufrt A3 AAE RES 2T (A2
), ANF, HA, A2 oA LEDsS} HA/ANe] &
¥ LEDs 5 F2& 22istd wjo) 309 F ZAEE 484
AR ZABIAY vt (Figures 2, 3) ZAuj kol Uyt
Ao g o] T e HFFHIA MYH AEx] WPF
371 Fe o FH9 sl AL HEAE
FA0) w2l B2 Aol Bk Lo e AEH)
9 A% ol = 27 2 U2 379 FAAS v
g o 7P AAR, 2L t=277) 3.8 om, FAFolA] 5.1
cmZ Ao} 23} 7P AL zolg Bk 13y
QB ZAo] 13.4cmB hZ79} vIRG uf 3u)] oo
2 AAEQT vl $E 5.7HE Mgl vis] HA et
U b dekeiA £3E FR9 ASAHE Bgor) =4
F& z7e viwEA oloss 277} 5.8, 430
6.1702 A A% 2L 2ullo)4d Ao} AR A&

ol

Figure 2. Plant growth pattern under fluorescent lamp (F), blue (B),
green (G). and red (R) LEDs.
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Figure 3. Growth parameters of 30-day-old Platycodon
grandiflorum plantlets grown under fluorescent lamps (F), blue (B),
red (R), green (G), and red plus blue (R/B) LEDs.

< FF5EY LEDAZM IA 43S ¢ 4 AUt

Bals HAgo)A 2.8 cmite] Aekx] kol A Ayt F
Z73o] 7 A Rl wistd Baldols /M ggked
2%l 71 AW UixTHo PIYFo] A AHRE
B ey gix27et 543 7212 43 cm, 4.4 cmZ ¥)
% AFo|Ach 24 Fdd wa} 7+ X FAA Z 2}o)
£ 59 W) ¥ dolel: IA YA 4T A B
3712 AZEU

HHAE AN A AE)ein Zo)7t daien 3%
Sl ¥ 213 cm’e Aol WA 4P| 24.1 cm’
Z 7P BRT AR 101 em’E 7P} He FXE B
SRl wel FhFe 2 ztolE velith

AEA S AR A3RE Lt AT ABFS
ZAR A3 A Fol 7HE 2 AL APl 351.8 mg,
7Y R 2 HMPA 251.7 mgo|EH o|RE A
o] Aozt 71 #E FNFA HAFE Y =% 27
o] 7M} AUA HAFolA 7 HA vent Aol A
A8 AEAE 34 =Astd Be) 2o dgs Aol
£ & 7 ANTE B WAFNM FRE AJo)E Hel R
& qZTe} SAFo 2 B ole] JAME v|5d A
olo; AAFANME 2T 7% 170.5 mg, =AZ9]
73% 2541 mgl 2 & xolg Ho] XAFolA Hele] ulh)
7t & AgTRo ¢5g Aok 22y AEFLS A
472 tiEF7}E 41.6 mg, Z4)F0) 446 mgE T A7
Z Aot AT AEEY YoM e 2T HAF, I
& A9 vlxdt wido] HaFo)A 7P Bl el g
< AP A o7t B A0 FE etk
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S, BB EA AN EGROLN HAANE &
#% LEDs®) #98 vzside o olodst A4

ST, EFBA S22 HiSEAT, 23 HYFPo] 134
em, HAY ] EFFo] 5.6 cmT HaGo|M ] £
QR 2ol 2ol FAET, AR AAME HA)
Zo] 10.1 cm’, A3 EFgo] 19.1 cm™2 EgHFolA
ok 2ujol 4t Z7hEI T

EE Agge AEE Yo AR Ego|
153%QEd ol ZE ATEo MY &S AT,
DAATNE AT A9 HAgo] 132%, FAFo] 12.0%E
vebd A v 2 o YA DS 3tk
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A2 F 309A0] ZF ATl g AE 49 A
B2 oo &9 AATT 9S4%F G54 abu]Ed AL

3}tk (Table 1).

T FFFeN @529 AA FFo) 42mg-g
FW.'S Bl 723 o Agd7e g 4 #aidn
34mg -g FW.'2 7Pg @ty o2 A2lre A4, w4,
ZA)/34) LEDsol|lA ztz} 4.1,3.9,3.8 mg - g EW.'& e}
W ouRd YRSH s A 922 UL BYT 92
42 abul gl AolM dETFA A5 2.2337 TP
LEDsRHE: 8|2 g o) 3AFo] 2772 7k U A3}
=2 7h2h 2,159 2258 Uehhteh 2t A (80%)/
A (20%)9) EFFNA HEA ab] ulgo] 3.632 HA
SFA Y YA HAFo] Az 2.77% 2157 RA
v A E9krh

LEDZ3A 2" 2938 o142 LEDY peak spectral
outputo] FE4 A F4 peaks}t Hu) FIAEY] Bl
FA doldrhs A o)A EFR)%o| 400~700 nm
£ 71249 A& S o7l FZoAE T} LEDIA
BEHe A g8 o E FPH 282 NHE £ 3
o2 819l (McCree 1972).

olu] Aol Tigt LED A&e)A PPFD 325 ymol - m’’s”
8] 2A] LEDoXM ] HgA3te} F353 HE5L T3
AEANE G AFHE vustd e o QAS, AEF, 9
Z3} 7o), 7] Zo| Fo] 2 xojr} glo} A FAA) LED

Table 1. Chlorophyll contents in vitro plantlets grown under
fluorescent lamps (FL), blue, red, green, and red plus blue LEDs.

Light Chlorophyli contents (mg - g FW.")  Chlorophyll

source Chl. a Chl. b Total ab
FL 294008 13008 4.240.11 2.23
Blue 25+0.11 094+0.07 34+0.13 2.77
Red 28+£0.39 1.3+£039 41055 2.15
Green 27x£0.10 12£006 39+0.12 2.25
Red/Blue 29+023 0.8+0.10 3.7+0.33 3.63
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9] o)L 7E5Ale] Q88 BN (Bula et al. 1991).

2 AN ZEXY 7JUEE A, 4 2 Yo o
A3 AN Ao EFFE Mt AP A F
A3z G A A5 s A1 FE2 AAHAU
o HFAME FFTol vis] 3u) o) Ao AA =
ZAHAT Bdole b AL A R Ay} B3
Ark £ 9UAH A5 vaE o 4] 7 WA
2 AAFAA 7 A et FEel weld guEed &
Aol g H L.

432 AFZ 8to) PPFDE 85 pmol - m™s” ¢} 170 pmol
‘mis' o2 pEalel AN Hae) g He) B A
Ao TgAE Ase 9 271X 54 PPFDS} #3
A HANFolx AR AEAIE HH o) B ET}
O B2 48 T2y HW/AHN EFFMET F
ATk A A EA U sHzlele] DREALS Do)
Zasgel wg] Aoty 3] PPFD 320 22| wet
AEA e Aol gE2A ebdE BYFTH (Yanagi et al.
1996). =& Q9] Z3} Zolg AR A A3 A9
Aol EHgol via] Aozt AU, FEL FHAFolA 7}
F FXT Hen, £7] AFE JA g A F
AEATY 5t B AYP9) T2px| s} v)%3 A4S BYoh

K3 15E metal halideE, A4 LED, AA)/3A LED, ¥
2% AMN/2H4 9 LEDE 723 JA4YPNA H4 LEDT
€ AT A9 AP A FF5E WM ASe
metal halide 3ol w3} 21EH9 Ago] Ax3Y 2, H4F
/249 LEDS] E33olAe A4 Y358 A7t
T Pz wsiM Lo 7t AJTT FHEY )AL FHY
LEDe| th& 9o 338 T/ A% 2 EA9 48] 9
Z Aeig 35S & = YA (Brown et al. 1995).

Tanaka (1999)= 100%2} ZHX43g TGP o 2N g7
32, Aol FAFL Az} 10%, 20%, 30%4H Esld
Ay A3 A/ ERFsINM Eucalyptuset @719]
AEAE g A EucalyptusXe A (80%)/3N
(20%)01- tZTo vl AAZF, 95 L RaIAEY A
FERRE A =4 Jelston, 2719 A9 2348 Iy
o] dMFAN 71 Edo} AAE 2 AEFLS HN
(70%)/ 34 (30%)o1A dagolt ok T3 Xt 7t
=7 Jepst

ol Az AN ddBeA A EAY 2L =AU
oy Haygel] ANFE T A4S A F5 Aiko] 7t
e RE € F YU oJRL £ AFPAME v
AfFed dAaFozy A LEDS Egzoza HAY
(80%) 3N (20%)< vlastd & of A3 dUdxeldME
HEAY 2% 134 cmZ 71 LAY vl ol 2
Aoz} glo] Azito] A}E TABEAN o] L7117} Q1A
Bt EFoIME 5.6 cmE AAEA ASEH] AR E W
atsich
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Tibbitts 5 (1983)& 471A Zgo] wa} PPFDE 320
pmol - m?s' 9} 700 pmol - m7s' 22 FEG & AR AR
A, D 52 539 AKE AEAY HE2H) AP A
¥ A3, PPFD 700 pmol -m_zs'lﬂa)oﬂ-’\i 2949 sodiums
3} metal halide 5-& ¥|W39S W sodiumEolA A1g9 A
F9} AEA Y oA AEAGA Y22 FE7} metal halide
oM A58 AEAET FF9 AL 5%, NFAY FS
26% T @3ttty sle] Fhel wel JE2 Ao Gkl
== ¢ F AUk

HEL Ade F93 o7t F238 9L AT
& ZPAME A EA 9] shoots}t Hejzke] J3 g 23
ME AE2A Q9 zAste 9L 70T sl
(Tripathy and Brown 1995), 29} 45 32 «34x|o] 1}
FoAY vElReoES B FAHN HEH FBS
3 AA3L PPFD 1003} 500 pmol - m’s' & FRaled A
£ A3 HY39) 500 pmol - ms NG odFHRo) 3}
3 ¥ 27} k39 A2 457 A4S 9220 1Y o)
oxA] YT 5Y Fol= do] xFrt 10Y FAE 31
A H3T 18y wn)FelolEd wEste) Halrt 3o
EEHA G 7% 10034 500 pmol - m’s" 9] Fwol A3
FEE A AT AES I Phon, YA A W
7 x% odRs Fro] FRUX YL IFA FAS A9
e £k =3 H42e) PPFDE 100~500 pmol -
m’s'2 PR o ¥ Rt kw3 AT 4SA2
Yo} FHAN 9S4 FFL BIY A3+ 1003 200 pmol

-m’s oA A% R ¥TE 9 300 pmol - ms NHE
80% 74817, 40053 500 pmol - ms ' ANME Ag) FAE
A got Bwo) wat FF2 A4l Jol7} Yok siek

£ 439 79 LEDs] Ao u2 4524 ke F4)
BN 7Pt =4 JEl Y abe] v|&-2 AMLEDSH FAl
Al 3 LEDsAAM 78 EA4 veht O a7 b
3 HEA a9 §hefo] E9tY AN HEA FFL FHAFo]
7V =4 vebgth

4 2

2gt}o) 2= (Light emitting diode)S AML3H FA) =
A g Aol 2 EAAe] FHsAE ZAR) S8l &
22 FEY A3 P n)X= P29 Fet 32
o & 4TS FF5H vinse AR A8
8 273L FFFoIM 3.8 cmZ 7H¢ A} LEDsol A 4%
g A& HABoA 134 cmE 7P ATk viniel] Hay/xy
Mol EHFL 5.6 cmZ FA AN JEAI =249
Aol vlal AFAQ AEA 9 AAEFE B FHAs} YA
o] Egol AEA 9 Aol AGEGT B H4) 3]
A 241 cm’ 22X BAZAA 10.1 cm’Q Ao nlsted oF 2.4
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