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Table 1. Soil composition used in the study.

Treatment Soil composition

S Horticultural substrate only

SV Horticultural substrate : Vermiculite = 2 : 1

SVP Horticultural substrate : Vermiculite : Perlite = 2 : 1 : 1
C Cocopeat only

Cv Cocopeat : Vermiculite = 2 : 1

CVP Cocopeat : Vermiculite : Perlite =2 : 1 : 1

Pm Peatmoss only

PmV Peatmoss : Vermiculite = 2 : 1

PmVP Peatmoss : Vermiculite : Perlite = 2 : 1 : 1

Table 2. Physio-chemical properties of the soil used in the experiment.

Mineral elements(%)

Treatment TN B K Ca Mg
S 0.251 0.18 0.26 2.83 0.12
SV 0.503 0.14 2.63 0.27 3.19
SVP 0.579 0.13 2.07 0.26 4.61
C 0.014 0.10 0.10 0.35 0.15
Ccv 0.197 0.21 3.00 0.09 3.22
CVP 0.017 0.27 1.71 0.04 3.84
Pm 0.361 0.09 1.15 0.15 0.10
PmV 0.426 0.16 4.54 0.02 3.76
PmVP 0.261 0.16 2.71 0.01 2.74




SAZA TR 9o E3HA] A EA O AFo PX= Wi¥ES] S Table 3, Fig. 29 #Zth
242 JER29 HulFgolEE 2:19 HIEE TR wWFECMVIAA L7cmE 7Hg U
% 3, FES HulFetelE, Hto]EE 2:1:19 HIEE 3 vWigE
(SVP)ol A 27.4cm= 7Hd 243 A5S YelWth 93 =3 SVPolA 35cmz, T& #jdEl
Hlg frolatAl WolAle Aog yegon, JES HuFHolES 211 EFI W FEGV)
ME 29mz 25 3T 2HE B L 99 MFEdA = 0.7-2.0cme] M2 AHstE=
A UEtHth 942 2R ES}; Mu|FetolE, HEolEE 2112 33 Y ECVP) 3l
FES Hu|FEolE, HEo|EE 21119 HIEE ii}ﬂ Hj G E(SVP)l A Z+2; 6.4cm 2 6.0cm
2 M F5stdod, JER2: 38 9 E8S S AE GRS 25 Wk AFE
SV &

lo
o,
4

|
fz
45/
rd
pav
2
=
o]

-

BAadh E713AdA= SVPol A Z}7k 15cm ¥ 1.8mm=E 7} =%or, T HiSE
ok FofAol dAHHAVT. A=+ B“—f?} 273 AR A=, SVPAlA 7HE =4 vebd Wk,
BEA 9} Ao e SVellA Z+z: 64709 967102 Be BX9 A4 Ao A4S =
AT H3re A F o= 54 Ol—r—rEi Azt Aol FASHA Walrte AEFS EAo
(Fig.D. 982 239 E G0 IV ES} Hu|FeiolEE 212 T HFECY) i%
ANA Ta dAlE = AHE YERR oW, FES HrFetolEE 2112 E3T vYFEGY) 2

Eo} Hu|feto|E, HEolEE 2:1:112 T3 v FEGSVP)ONA 72t 356 L 38282 =& <F7‘<]
Bt oo AAziE SAEAd=TgA e w5t Slo] AT Hue A AMIE
BT B O ERZ2S] T§o] ofd B HH| FUA B FE BHEF 5ol Hold FES}
nsetolE, HElo]lEE 21119 Hl&= EHT WiGESVP)ZF ARtA oz thE B Bl
A=A 27] A Ao 7o Aoz AAEHAH.

bt

| o= o[

Table 3. Effect of soil composition on growth characteristics of Platycodon grandifiorum with

green petal.
Soil' . }11361 ?grﬁt widthLea];ength di:rtr?:tler No. of No. of No. of Leaf color
composition leaves  branches nodes (SPAD-502)
cm  (m  (cm) (mm)
S 5.6¢” 1.1c 1.5¢ 0.4c 26.8¢ 5.2b 4.0cd 17.0cd
SV 22.5b 2.9b 4.7b 1.5a 68.8b 6.4a 9.6a 35.6a
SVP 27.4a 3.5a 6.0a 1.8a 73.2a 3.4c 9.2a 38.2a
C 41cd  2.0b 2.8¢C 1.1b 33.8¢c 3.6¢ 6.4b 6.3¢e
Cv 39cd 1.7c 2.6¢C 1.1b 30.0c 4.0c 6.2b 12.1cde
CVP 29cd  1.8c 6.4a 1.2ab 28.6¢ 3.8c 4.8cd 14.2d
Pm 2.3d 0.7c 1.0c 0.9b 21.0c 3.0d 3.8d 11.9cde
PmV 1.7d 0.9c 1.1c 0.9b 28.0c 2.6d 4.4cd 20.6¢
PmVP 2.1d 1.2c 1.8c 1.0b 25.0c 2.9d 5.0bc 26.2b

“refer to Table 1
*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Fig. 1. Effects of soil compotision on the growth of Platycodon grandiflorum with green petal

Fig. 2. Effect of soil composition on growth of Platycodon grandifiorum with yellow green
petal. “refer to Table 1.
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Table 4. Effect of soil on growth characteristics of Platycodon grandifiorum for. duplex.

Soﬂ” fel ?griltt widthLeaflength dizrtr?gtler No. of No. of No. of Leaf color
composition” leaves  branches nodes (SPAD-502)
(cm) (cm) (cm) (mm)
S 32.2a’ 3.8a 6.9b 3.3a 64.0ab 6.6b 11.0a 43.0a
Y% 30.92a 4.5a 8.1a 3.6a 71.2a 7.0b 9.4b 41.9a
SVP 31.8a 4.7a 8.9a 3.8a 68.4a 8.2a 9.2b 39.7a
C 2.5d 0.7bc 1.1d 0.9b 14.2c 2.0c 3.4d 13.5¢
Cv 4.3c 1.2bc 2.0c 0.9b 21.0c 2.6¢ 5.0c 9.5¢c
CVP 5.6¢c 1.2bc 1.9cd 1.0b 17.8c 2.2¢c 4.2cd 12.2¢c
Pm 1.5d 0.3c 0.5d 0.3c 5.6d 0.8d 2.0e 1.1d
PmV 4.7c 1.0bc 1.4cd 0.6¢c 18.4c 2.4c 4.2cd 23.6b
PmVP 7.9b 1.1bc 1.4cd 1.2b 18.8¢ 2.0c 5.2¢ 22.4b

“refer to Table 1
YValues followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Fig. 3. Effects of soil on internode length of Platycodon grandifiorum for. duplex.

Fig. 4. Effects of soil on the growth of Platycodon grandifiorum for. duplex.
refer to Table 1.
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Table 5. Effects of light intensity on the growth of Platycodon grandifiorum with green petal

Light

intensity Plgnt Leaf width Leaf .Stem No. of No. of No. of
o height length diameter Leaf color
(pmol - m (cm) leaf branches  nodes
SN (cm) (cm) (mm)
10 12.7¢" 2.0b 2.7b 0.8c 47.0b 2.7b 11.0b 25.1c
15 13.1c 2.5b 3.2b 1.1c 38.7¢ 2.3b 12.3a 35.9b
30 19.8b 3.4a 6.0a 1.7b 54.0a 5.7a 13.0a 42.2a
60 23.0a 3.8a 6.5a 2.3a 59.7a 6.0a 12.7a 45.9a

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Fig. 5. Effects of light intensity on the growth of Platycodon grandifiorum with green petal
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Fig. 6. Effects of light intensity on the growth of Platycodon grandifiorum with green petal
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Table 6. Effects of light intensity on the growth of Platycodon grandifiorum for. duplex.
Light

intensity Plgnt Leaf width Leaf .Stem No. of No. of No. of
height length diameter Leaf color
(xmol - m (cm) leaf branches  nodes
2. (cm) (cm) (mm)

10 6.9d" 0.7c 0.8c 0.4c 40.7¢ 4.3c 6.7b 21.7¢
15 14.6¢ 2.3b 3.7b 1.3b 53.7b 5.3bc 10.7a 31.3b
30 24.8b 3.7a 6.1a 1.6b 62.3a 6.3b 12.0a 39.92a
60 28.2a 4.1a 6.8a 2.6a 53.2b 9.3a 11.3a 41.2a

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Fig. 7. Effects of light intensity on the growth of Platycodon grandifiorum for. duplex.
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Table 7. Effects of Temperature on the growth of Platycodon grandifiorum with green petal

Plant Leaf Stem

Temp. height Leaf width length  diameter( No. of No. of No. of Leaf color
() (cm) leaves  branches nodes
(cm) (cm) mm)
15 23.3b” 2.3b 4.3b 1.6b 60b 3c 10a 34.6b
20 24.7b 3.2a 6.7a 1.2b 50cd 4bc 9a 34.3b
25 32.2a 3.3a 4.5b 2.4a 78a 6b 10a 4]1.1a
30 4.1c 1.7b 2.2C 1.1b 46d 8a 6b 8.7c

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).

Fig. 9. Effects of temperature on the growth of Platycodon grandiflorum with green petal
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Table 8. Effects of temperature on the growth of Platycodon grandifiorum for. duplex.

Temp. Plgnt Leaf width Leaf .Stem No. of No. of No. of
height length  diameter Leaf color
(C) (cm) leaves  branches nodes
(cm) (cm) (mm)
15 20.0b” 2.5b 5.1c 1.6b 15b 2b 7b 16.3c
20 28.0a 4.5a 8.4b 3.3a 65a 4ab 10a 45.3a
25 28.2a 4.6a 9.6a 3.5a 60a 6a 9a 35.2b
30 4.5¢ 1.5¢ 2.5b 1.1b 19b 4ab 6b 11.6¢

“Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).



Fig. 10. Effects of temperature on the growth of Platycodon grandifiorum for. duplex.
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Table 9. Chemical properties of soil used in the experiment.

- OM CEC P,0s Ex. cation (cmol” - kg)
P (%) (cmol” - kg)  (mg - kg) Ca K Mg Na
Soil 5.9 1.8 13.2 208 4.25 1.04 0.53 0.19
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Table 10. Effect of N, P, K fertilizers application on growth of Platycodon grandiflorum for.

auplex.

Plant Leaf Stem Total leat ~ CLoroPIl

Treatment” height length width diameter bNO' of area content
(cm) (cm) (cm) (cm) ranches (cm’/plant) (mg - g F.

wt)

TO 50.4b" 6.9a 3.4a 2.3a 11.5ab 732.3a 13.7a

T1 60.5b 7.5ab 4.5b 2.9b 10.9a 905.1b 14.7a

T2 70.6b 7.8ab 3.9ab 2.9b 14.3bc 823.2ab 23.8b

T3 75.6bc 6.8a 3.6a 2.8b 13.8bc 751.8a 22.1b

T4 85.7c 8.5b 4.4b 2.8b 15.5¢ 966.9b 20.7b

"Fertilizer application were maintained per pot as nitrogen: active phosphorus acid: potassium = 6g: 7g: 3g as a
standard, a non fertilizer group (T0), P+K group (T1), N+K group (T2), N+P group (T3) and N+P+K group (T4)
YValues followed by common letters in the same column are not significantly different (p=0.05, Duncan’ s multiple
range test).
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Table 11. Effect of N, P, K fertilizers application on flower characteristics of Platycodon
grandiflorum for. duplex.

Number of Flower ' Flowering _ Pollen .
Treatment” flowers length width day viability size
(per plant) (cm) (cm) (%) (um)
TO 10.8a° 4.3a 6.1a Jul. 28 53.5a 28.7a
T1 15.1b 4.1a 6.0a Jul. 28 58.1b 27.5a
T2 14.2b 4.5a 6.2a Jul. 30 54.3ab 28.6a
T3 11.8a 4.4a 5.8a Jul. 29 51.9a 29.3a
T4 14.6b 4.1a 6.0a Jul. 29 56.8ab 30.1a

“Fertilizer application were maintained per pot as nitrogen: active phosphorus acid: potassium = 6g: 7g: 3g as a
standard, a non fertilizer group (T0), P+K group (T1), N+K group (T2), N+P group (T3) and N+P+K group (T4)
YValues followed by common letters in the same column are not significantly different (p=0.05, Duncan’ s multiple
range test).

@ N, P, Ko] Au- g7} AatF A5 wX= F&F

Aol Apolo] whE PHEepA o] At WSS AR A Table 1294 2t

AL FRIEHTO7F 17.3cmA™ A vls| AluA o] 93] ZAojA= ALR Yepyton,
3] 4AF(THAA 20.9cm=E 7HE Aol o8 A9 FoAo] AARAHJS. &4 =3 &
A FARRE AEFS BRoy, FZ4EHT3)e G--HTHelA Zb2h 21.6mme} 23.4mm=z 43
St AAE YeRWth E7129 e SAFTHNA 7302, 71 443 2712 45 B2
K& Aol Bvls 1 9 AETe 25~470Y HARE FYAL Tk 2o AT AT
(TH A 55.8g0.2 ThE Au|A ] Ftol Hl3] =2 FFS Ytk 53] FHIEF(T0)o) nlsf| <
29 A= F7HE BT

Table 12. Effect of N, P, K fertilizers application on root characteristics of Platycodon
grandiflorum for. duplex.

Root - No. of lateral .
Treatment” Length Diameter Fresh weight (g)
(cm) (mm) roots
TO 17.3a’ 16.5ab 4.7a 28.6a
T1 19.3b 17.3b 2.5a 28.9a
T2 17.5a 15.5a 2.5a 3l.1a
T3 19.9b 21.6¢ 4.6a 40.6b
T4 20.9¢ 23.4c 7.3b 55.8¢

"Fertilizers application were maintained per pot as nitrogen: active phosphorus: potassium = 6g: 7g: 3g as a
standard, a non fertilizer group (T0), P+K group (T1), N+K group (T2), N+P group (T3) and N+P+K group (T4)
*Values followed by common letters in the same column are not significantly different (p=0.05, Duncan’ s multiple
range test).
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Table 13. Chemical properties of soil used in the experiment.

. OM CEC P,0s Ex. cation (cmol” - kg)
P (%) (cmol” - kg)  (mg - kg Ca K Mg Na
Soil 5.9 1.8 13.2 208 4.25 1.04 0.53 0.19
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Table 14. Effect of cultivation method on growth characteristics of Platycodon grandiflorum with
green petal.

o Plant Leaf Stem Total leaf Chlorophyll
Cultivation ) - . No. of
method height length width diameter branches area content
(cm) (cm) (cm) (mm) (cm’/plant)  (mg - g E. wt)
Vinyl 47 82" 7.5a A.4a 2,52 10.5a 784.52 14.52
greenhouse
Open field 26.8b 4.9b 2.9b 1.6b 5.3b 556.9b 14.7a

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 15. Effect of cultivation method on photosynthetic characteristics of Platycodon grandiflorum
with green petal.

Cultivation Photosynthetic rate Stomatal Intercellular .C02 Respiratory rate
method (umol CO; +m™-s™ conductanﬁczeil concentration. (umol H:0 m™2s™
(umol H:O m™s™) (umol CO, /mol air)
Vinyl greenhouse 14.5b° 0.441a 362a 8.3a
Open field 17.8a 0.453a 339a 8.9a

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).



Table 16. Effect of cultivation method on flower characteristics of Platycodon grandiflorum with
green petal.

Cultivation Flower Flowering
No. of flowers length width Flowering day period
method
(cm) (cm) (days)
Vinyl greenhouse 8.5a" 3.8a 4.7a Jul. 30 35
Open field 6.3a 3.8a 4.5a Aug. 4 33

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 17. Effect of cultivation method on root characteristics of Platycodon grandiflorum with green

petal.
Cﬁigﬁgn Root length (cm)  Root width (mm) No. of lateral roots Fresh weight (g)
Vinyl greenhouse 20.3a° 17.9a 3.1a 30.5a
Open field 15.8b 14.8b 2.0b 15.9b

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).

3 AuiE Y zol7t AE=A Y A D S mA= dF
b A4
O IANAE F Az

ZEstw FE&EAo ndst-Aet 2o Z 120cm, o] 157 20cme FEE 9WE I
AAAY = 20x20cm=z st 1WA HAE2HHA —rﬂl(8~15g)% ol 2lsle] EAFAYAL 5
RTE AlRlE AR EAS AES] Fetdtr] flste] FH 2R st om, HIEsH-2A)
o M= HABFA LS BA8t F71H o= BE AT

201513 9€ %, 24, 9 2 9F, A93, AT H ANH TY ALY BsEAE A
A &g o, 013%7—‘1% Li-3100 Area meter(Li-Cor, Inc. USA), 334 &2 Li-6400(Li-Cor Ins.
USAE 0]%°P°4 W 2078 SASAY. e A8 549 A 32FARAPMRS

LP%E}. 94 T, FEste ¥y AyAS, 2, o4 2 B 59
=

73
d AR ZEA Rl Fste s

_mi
o

3
to [
(o]
ol

3

@ SAEA
FAEA L SAS 2 TI3(SAS, 9.2, Institute Inc, USA)-& ©]-83}le] Duncan’ s multiple range
test(p=0.05)2 2514},



W a2
@ Awpg el zolo] E PREeA ] HFEA
Aol olo] WE FTEA o] AKEHS 2AF A Table 187 m}

2o wdshe o)A AP AEekA A A7.8mE, A AA ABE Aol s AR
3 —%c& e nel, AN WE FOIYE AU, B AR AP A
flol 4 ol FRE FAY Arte] AL BPOoH, solEarle] HIBUA AFL FHH
B gl u}(x} WA, o] ge AnzRE PgEekd Auel ol =2 4TS AT 4F=
AR At dgro] 4~5d o] T, FAT Al AAF ) s o] KT HoE B
A9tk 94 9 GFL 24T AAR AR, mAAM) v HFsgs AN FEs
Ak 53 9% A9, DS aAMANE =AM me) L5 = Z7hste] del
Bl MY dHoE AR AhE BYTh AP MIsEaANA tha Folx
Agolon, A5 w3 ndseaAml A Be YU HPon, fujgrc) BE Fo
gol ARAY @ WAL w2 B, HE F 78550m’ = wAA el HE)
JatA Fkshe ZoE uehgth 454 §Fe AL BAKC] 145~14Tmg - g F. wt
o WOIZ Aol7k Gtk o Be Aw, AmEA Y ANE YK Aol wE o)z
2 AL ¢ 5 Ao, SHANE A% st WHOE ol g, FsT o AU

Table 18. Effect of cultivation method on growth characteristics of Platycodon grandifiorum for.

duplex.
Cultivation Plgnt Leaf . _Stem No. of Total leaf Chlorophyll
method height length width diameter branches area content
(cm) (cm) (cm) (mm) (cm’/plant)  (mg - g F. wb)
Vinyl 4788  17.5a 4.4a 2.5 10.5a 784.5a 14.5a
greenhouse
Open field 26.8b 4.9b 2.9b 1.6b 5.3b 556.9b 14.7a

“Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 19. Effect of cultivation method on photosynthetic characteristics of Platycodon grandiflorum

for. duplex.
Cultivation Photosynthetic rate Stomatal Intercellular .COZ Respiratory rate
method (umol CO, +m™+s™) conductance concentration (umol H,0O m™s™)
’ (umol HO m™®s™)  (umol CO, /mol air) T
Vinyl greenhouse 11.6b° 0.402a 312a 7.1a
Open field 14.3a 0.408a 299a 7.5a

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).

Table 20. Effect of cultivation method on flower characteristics of Platycodon grandifiorum for.

duplex.
o Flower . Pollen
Cl;rllg}?égn flfc?\%/eorfs length width Floxg;rmg viability size
(cm) (cm) Y (%) (um)
Vinyl greenhouse 10.5a° 4.1a 5.6b Aug. 2 74.4a 28.5b
Open field 8.7a 4.3a 6.1a Aug. 4 44.9b 38.1a

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 21. Effect of cultivation method on root characteristics of Platycodon grandiflorum for.

duplex.
Cultivation Root width No. of Fresh weight
method Root length (cm) (mm) lateral roots (@)
Vinyl greenhouse 20.3a° 17.9a 3.1a 30.5a
Open field 15.8b 14.8b 2.0b 15.9b

“Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 21. Soil composition used in the study.

Treatment Soil composition

S Horticultural substrate only

SV Horticultural substrate : Vermiculite = 2 : 1

SVP Horticultural substrate : Vermiculite : Perlite = 2 : 1 : 1
C Cocopeat only

CV Cocopeat : Vermiculite = 2 : 1

CVP Cocopeat : Vermiculite : Perlite = 2 : 1 : 1

Pm Peatmoss only

PmV Peatmoss : Vermiculite = 2 : 1

PmVP Peatmoss : Vermiculite : Perlite = 2 : 1 : 1

Table 22. Physio-chemical properties of the soil used in the experiment.

Mineral elements(%)

Treatment

T-N P K Ca Mg
S 0.251 0.18 0.26 2.83 0.12
SV 0.503 0.14 2.63 0.27 3.19
SVP 0.579 0.13 2.07 0.26 4.61
C 0.014 0.10 0.10 0.35 0.15
CvV 0.197 0.21 3.00 0.09 3.22
CVP 0.017 0.27 1.71 0.04 3.84
Pm 0.361 0.09 1.15 0.15 0.10
PmV 0.426 0.16 4.54 0.02 3.76
PmVP 0.261 0.16 2.71 0.01 2.74

SAFEAT G Y A Al AGE Sl m = viYgES FFS Table 237 2.

242 TEE29 WulFgolEE 219 vE&E T wjFEPmMV)AA 4.8cm=E 7+ v
S AEES BAY A v, dESF vujFaolE, HejolEE 21119 HEE EFT MYE
(SVP)ll A 48.7cmZ 7H <A ASS Yeplith 9F 2 JF =3 FES vr|FHolE
Heglo|EE 2:1:12 &33 vlFESVP)OlA 3.5cm, 7.1cmZ, tE vjFE H|s| F2l3tA 4
A= AL=Z YElgon, JEe} Hu|fFglo]EE 2.1 T3 mMIFESV)AAE 5.2cm, 6.8cm



.1 99 HjYEY A E 1.5~3.8cm, 2.7~5.2cme] W2 A3tEE Ak
< YERTH ?3-?% 243 A AR, FES HuFagolE, golEE 2112 &3
} A UdEbG 9, X9} AFoA e FES HuFeolEE 212 &
JJ Wl FEGY) ZH2F 52709 9.9/ R We EXo I Hre FAS E 5 Uitk 4
e gAHoR 5754_ o] T RE A7t iAol FASA WVl AFESE HIAHHIE HA A,
Ao FANE ©&(O)F} ZATEQ} Bu|FHolES 218 TFF WYECY) EL4 o
AAH= A5 UEtdon, FES} HuFgolES 212 EFF FECV) 2 FE} ¥
nfglolE, HgolES 2:1:12 T3 vjSEGSVP)AA 2+t 351 2 378E H& FXE HY
o o] de] AAZRE ZAEILHAY Aujestel] o] AFFE AFE AT HAAMSES
BE 9 JER2 @go] ofd By HH|, B4 P FEY HEF 5ol Hold FES H
?’rﬂ‘rﬂé, féﬂME% 2:1:191 H]%E &3k HH FEGSVP)7L ARt o2 g EY b
gt Ao 2 YZhE T

i-> o2

Table 23. Effect of soil on growth characteristics of Platycodon grandifiorum with green petal

Plant Leaf

Soﬂ” ] height widh length No. of No. of No. of Leaf color
composition leaves branches nodes (SPAD-502)
(cm) (cm) (cm)

S 16.1b" 2.1cd 3.9d 15.6¢d 4.2b 5.2c 26.8cd
SV 44.7a 5.2a 6.8a 32.2b 5.2a 9.9a 35.1a
SVP 48.7a 5.5a 7.1a 38.5a 4.8a 9.6a 37.8a
C 11.5cd 3.8b 5.2b 19.8c 2.9¢c 7.3b 24.3d
Ccv 11.3cd 3.2b 5.0b 19.2c 3.2¢c 7.0b 25.2cd
CVP 8.4cde 3.3b 4.9c 18.5¢ 3.1c 4.5d 24.8d
Pm 6.6de 1.5d 2.7e 10.6d 2.4cd 4.2d 28.7bc
PmV 4.8e 1.8cd 3.1de 14.8cd 2.1d 4.5d 31.1b
PmVP 6.1de 2.1cd 3.3de 17.3cd 2.4cd 5.6¢C 32.5b

“refer to Table 21
YValues followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 24. Effect of soil on growth characteristics of Platycodon grandiflorum for. duplex.

Soﬂ. . ;2 iagr;ltt wvidh Leaf Jength No. of No. of No. of Leaf color
composition® leaves branches nodes (SPAD-502)
(cm) (cm) (cm)

S 33.8¢ 3.6b 6.2b 34.2¢c 10.8b 9.3bc 33.0a
SV 44.7b 4.3a 6.9a 52.4b 15.2a 12.3a 35.2a
SVP 50.2a 4.5a 7.1a 60.3a 17.2a 14.5a 36.5a
C 18.3de 2.1cd 3.5¢cd 28.5¢d 7.2C 6.4cde 28.4b
Ccv 21.2de 2.5¢cd 4.1c 24.6¢cd 6.5C 7.1bcde 19.5¢
CVP 27.3cd 2.3cd 4.0c 25.5¢cd 7.0c 8.2bcd 20.3c
Pm 14.2e 1.7d 1.8e 5.7e 0.3d 5.4e 15.4d
PmV 19.3de 2.0cd 3.0d 30.1c 6.9¢c 5.5e 29.8b
PmVP 22.9de 2.1cd 2.9d 32.3c 7.1c 7.8bcd 30.2b

refer to Table 21
YValues followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 25. Chemical properieties of soil used in the experiment

. OM CEC P,0s Ex. cation (cmol” - kg)
P (%) (cmol” - kg)  (mg - kg) Ca K Mg Na
Soil 5.7 1.7 12.4 125 3.78 1.26 0.23 0.27

Table 26. Effect of N, P, K fertilizers application on growth of Platycodon grandiflorum for.

duplex
Plgnt - Leaf .Stem No. of No. of Leaf color
Treatment” h(ec1;g;k)1t \gﬁ? ligit)h dla(rcnrﬁ;ter branches nodes (SPAD-502)
TO 48.8d’ 4.6b 6.1c 3.1b 8.9bc 9.3c 32.3b
T1 61.4c 6.1a 6.7bc 3.9a 8.5¢C 10.9bc 38.2b
T2 67.3bc 5.3ab 7.0ab 3.9a 11.0ab 13.8ab 43.7a
T3 72.5b 4.8b 6.0c 3.8a 10.6ab 14.6bc 46.5a
T4 83.1a 6.0a 7.6a 3.8a 12.1a 16.5a 42.8a

Fertilization conditions were set in per pot nitrogen: active phosphoric acid: potassium = 6g: 7g: 3g as a standard,
a non fertilizer group (T0), non nitrogen group (T1), non phosphoric acid (T2), non potassium group (T3) and
fertilized all nitrogen, phosphoric acid, potassium group (T4)

"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Fig. 10. Seasonal changes in top growth of Platycodon grandiflorum for. duplex as affected
N, P, K fertilizers
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Table 27. Effect of N, P, K fertilizers application on root characteristics of Platycodon
grandiflorum for. duplex

. Root - . Dry weight
Treatment Length Diameter Fresh weight(g) @
(cm) (cm)
TO 10.6¢” 2.1bc 16.2c 4.1c
T1 13.0b 2.2bc 16.7c 4.1c
T2 11.8bc 1.9¢ 17.8¢ 3.8c
T3 13.3b 2.6a 24.6b 5.4b
T4 14.9a 2.8a 33.2a 7.7a

“Fertilization conditions were set in per pot nitrogen: active phosphoric acid: potassium = 6g: 7g: 3g as a standard,
a non fertilizer group (T0), non nitrogen group (T1), non phosphoric acid (T2), non potassium group (T3) and
fertilized all nitrogen, phosphoric acid, potassium group (T4)

*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple

range test).
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Table 28. Effect of N, P, K fertilizers application on growth of Platycodon grandiflorum with
green petal

z Plgnt - Leaf .Stem No. of No. of Leaf color
Treatment h(ecl il)lt Yé(rjrtl? 1?2%? dlazrcn;)ter branches nodes (SPAD-502)
TO 40.4d” 3.9c 5.7c 2.9b 5.7¢c 7.8d 39.5¢
T1 47.7¢c 5.1a 6.3b 3.7a 5.5¢ 9.2cd 41.2bc
T2 56.8b 4.5b 6.5b 3.7a 7.1ab 11.6bc 44.6ab
T3 60.4ab 4.1c 5.6C 3.5a 6.8bc 12.2ab 47.2a
T4 65.2a 5.1a 7.1a 3.6a 7.7a 13.8a 48.1a

"Fertilization conditions were set in per pot nitrogen: active phosphoric acid: potassium = 6g: 7g: 3g as a standard,
a non fertilizer group (T0), non nitrogen group (T1), non phosphoric acid (T2), non potassium group (T3) and
fertilized all nitrogen, phosphoric acid, potassium group (T4)

"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Fig. 11. Seasonal changes in top growth of Platycodon grandiflorum with green petal as
affected N, P, K fertilizers
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Table 29. Effect of N, P, K fertilizers application on root characteristics of Platycodon
grandiflorum with green petal

. Root . . Dry weight
Treatment Length Diameter Fresh weight(g) @
(cm) (cm)
TO 8.6d" 1.9b 7.4c 2.4c
T1 10.6bc 2.0b 7.6¢ 2.4c
T2 9.5cd 1.8b 8.1c 2.2¢c
T3 10.8ab 2.4a 11.2b 3.1b
T4 11.4a 2.5a 15.2a 4.5a

Fertilization conditions were set in per pot nitrogen: active phosphoric acid: potassium = 6g: 7g: 3g as a standard,
a non fertilizer group (T0), non nitrogen group (T1), non phosphoric acid (T2), non potassium group (T3) and
fertilized all nitrogen, phosphoric acid, potassium group (T4)

"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 30. Effects of air temperature and light intensity on growth of Platycodon grandiflorum

for. duplex
Temperature Light Plant height Leaf -
. . length width No. of branches

() intensity” (cm) (cm) (cm)

15 H 64.3d" 6.1ab 3.2b 10.5d
L 41.8¢c 7.9¢ 3.9¢c 7.5bc

20 H 61.1d 6.2b 3.1ab 12.7e
L 44.4c 7.1bc 3.6bc 8.7¢c

25 H 63.0d 6.5b 3.3ab 10.4d
L 45.1c 6.7b 3.4b 7.9bc

30 H 23.8a 5.ba 2.8a 3.9a
L 36.2b 6.8b 3.6bc 6.7b

“H, high light intensity(=natural light); L, low intensity(=10% natural light)
*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 31. Effects of air temperature and light intensity on root characteristics of
Platycodon grandiflorum for. duplex

Temy()%r)euure Light intensity? Lengih Root Diameter Fresh(g\gJelght
(cm) (mm)
15 H 8.2d" 7.8d 14.2¢
L 7.0cd 6.0bc 4.5¢c
20 H 7.1cd 7.3cd 13.8e
L 5.5b 5.3b 6.5d
25 H 5.7bc 6.7c 4.3¢c
L 5.4b 6.1bc 3.7c
30 H 2.5a 3.1a 0.3a
L 3.5ba 5.1b 1.4b

’H, high light intensity(=natural light); L, low intensity(=10% natural light)
"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 32. Effects of air temperature and light intensity on growth of Platycodon grandiflorum
with green petal

. Leaf
Teml()oecr)a ture m%elﬁgtty Plan(tcrfrlglght length width No. of branches
(cm) (cm)
15 H 48.2d" 4.8abc 2.6ab 6.7d
L 33.1c 6.2d 3.2¢c 4.8bc
20 H 45.8d 4.9abc 2.8ab 8.1e
L 33.3¢ 5.6cd 2.9bc 5.6C
25 H 47.2d 5.1bc 2.7ab 6.6d
L 33.7c 5.3bc 2.8bc 5.0c
30 H 17.8a 4.3a 2.3a 2.5a
L 26.9bc 5.4c 2.9bc 4.3b

’H, high light intensity(=natural light); L, low intensity(=10% natural light)
"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 33. Effects of air temperature and light intensity on root characteristics of
Platycodon grandiflorum with green petal

Temperature Light intensity” Length Koot Diameter Fresh weight
(C) (cm) (mm) ®
15 H 5.6d 4.5e 6.8d
L 4.8c 3.5¢ 2.2bc
20 H 4.9cd 4.2d 6.6d
L 3.8b 3.1bc 3.1c
25 H 3.9b 3.9cd 2.0bc
L 3.7 3.5¢C 1.8bc
30 H 1.7a 1.8a 0.5a
L 2.4a 2.9b l.1a

“H, high light intensity(=natural light); L, low intensity(=10% natural light)
"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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24-hour

Day Night average
DIF Temperature Temperature
o o temperature
(C) (C) o
0 15 15 15
0 20 20 20
0 25 25 25
0 30 30 30
+5 25 20 22.5
-5 20 25 22.5
+15 30 15 22.5
-15 15 30 22.5
6:30a.m. 6:30p.m 6:30a.m.

Fig. 12. Experimental set-up for the DIF treatment
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Table 34. Effects of DIF on growth of Platycodon grandifiorum for. duplex

Tgr?g)/el\rhagtﬁe Plant height width s length No. of branches
() (cm) (cm) (cm)
15/15(0) 13.5a° 1.7a 2.9abc 0.5ab
20/20(0) 18.8ab 2.1ab 3.0abc 1.3bc
25/25(0) 45.9d 2.0ab 2.6a 4.3d
30/30(0) 20.4ab 2.6C 3.2bc 0.8b
25/20(+5) 35.6¢ 2.0ab 2.9ab 0.3a
20/25(-5) 29.7b 2.1ab 3.0abc 0.3a
30/15(+15) 36.9¢ 2.1ab 3.3c 1.5¢c
15/30(-15) 12.7a 1.8a 2.7a 0.8b
'DIF value

Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 35. Effect of DIF on root characteristics of Platycodon grandifiorum for. duplex

Day/Night Root
Temperature Length Diameter F.r esh
(C) (cm) (mm) weight(g)
15/15(0)" 7.2cd 5.6a 10.4ab
20/20(0) 8.3cde 5.9ab 11.3ab
25/25(0) 9.7e 7.2C 29.7d
30/30(0) 4.8b 6.1ab 13.8b
25/20(+5) 7.8d 6.7bc 27.8cd
20/25(-5) 6.6¢C 6.3b 24.6¢C
30/15(+15) 6.8¢c 6.4b 29.2d
15/30(-15) 3.1a 5.7a 7.4a
'DIF value

Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 36. Effects of DIF on growth of Platycodon grandiflorum with green petal

TeDr?l;/el\iﬁ?lze Plant height width Ll length No. of branches
(C) (cm) (cm) (cm)
15/15(0)" 12.8a* 1.5a 2.7a 0.3a
20/20(0) 17.8ab 1.9ab 2.8ab 0.8ab
25/25(0) 43.5d 1.8a 2.4ab 2.6¢C
30/30(0) 19.3ab 2.3b 3.0ab 0.5a
25/20(+5) 33.8cd 1.8ab 2.7ab 0.2a
20/25(-5) 28.2bc 1.9ab 2.8ab 0.2a
30/15(+15) 34.9cd 1.9ab 3.1b 1.0b
15/30(-15) 12.1a 1.6a 2.5a 0.5a
'DIF value

*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 37. Effect of DIF on root characteristics of Platycodon grandifiorum with green petal

Day/Night Root : Fresh
Temperature Length Diameter .

(C) (cm) (mm) weight(e)
15/15(0) 5.1¢ 4.0a 5.7ab
20/20(0) 5.9cd 4.2a 6.2ab
25/25(0) 6.9d 5.2b 16.3d
30/30(0) 3.4b 4.3a 7.6b
25/20(+5) 5.6¢cd 4.8ab 15.2cd
20/25(-5) 4.6bc 4.5a 13.6¢
30/15(+15) 4.8¢c 4.6ab 16.0d
15/30(-15) 2.1a 4.1a 4.1a

'DIF value

*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 38. Effect of GA, BA and TDZ on growth characteristics of Platycodon grandifiorum

for. duplex.
Growth Conc. feliargt widm Leaflen m No. of No. of Leaf color
regulator  (mg - L™ g g branches nodes (SPAD-502)
(cm) (cm) (cm)
Cont. 48.8 4.6 6.1 8.9 9.3 32.3
GA 50 50.3 4.5 6.5 12.5 12.3 34.2
100 53.6 4.6 6.3 13.8 14.5 334
200 42.7 4.3 5.5 11.1 10.9 27.2
BA 100 46.6 4.6 6.0 11.0 9.3 35.1
300 52.7 4.6 6.0 12.1 9.9 33.6
500 53.2 4.5 5.9 11.7 10.3 27.5
TDZ 10 47.5 4.2 5.6 9.2 8.7 30.8
50 49.9 4.2 5.7 10.3 9.6 34.2
100 50.8 4.5 5.8 10.5 9.7 27.6
Significant
Growth regulator(A) ** NS * NS * NS
Conc.(B) ** NS NS * * *

AXB * NS NS NS NS NS
" "Nonsignificant and significant at p=0.05 and 0.01, respectively.

Table 39. Effect of GA, BA and TDZ on flower characteristics of Platycodon grandifiorum for.

auplex.
Flower
Growth COHC'_1 width length No. of Flowering time
regulator (mg - L) flowers
(cm) (cm)
Cont. 5.2 34 10.6 Jul. 15
GA 50 4.3 6.9 8.4 Jul. 22
100 4.5 7.1 7.2 Jul. 24
200 2.1 3.5 6.1 Jul. 24
BA 100 5.3 3.3 11.2 Jul. 19
300 5.6 3.2 13.2 Jul. 19
500 54 3.3 11.5 Jul. 21
TDZ 10 5.7 3.2 12.4 Jul. 19
50 5.7 3.1 10.0 Jul. 18
100 5.6 3.2 9.9 Jul. 19
Significant
Growth regulator(A) * * *
Conc.(B) NS NS o
AXB NS NS **
NS % "Nonsignificant and significant at p=0.05 and 0.01, respectively.
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Table 40. Effect of GA, BA and TDZ on root characteristics of Platycodon grandiflorum for.

auplex.
Root
Growth COHC'_1 diameter length No. of lateral Fresh weight(g)
regulator (mg - L) roots
(cm) (cm)
Cont. 2.1 10.6 5.4 16.2
GA 50 1.8 9.5 2.6 14.3
100 1.7 8.8 3.0 12.7
200 2.0 12.1 2.7 15.1
BA 100 2.2 11.3 4.1 17.3
300 2.1 10.8 34 17.2
500 2.0 10.6 3.5 16.5
TDZ 10 2.1 11.7 3.7 16.8
50 2.1 11.8 3.8 17.1
100 2.2 11.2 3.6 17.7
Significant
Growth regulator(A) NS NS NS *H
Conc.(B) NS ** * *F
AXB NS NS NS *x

NS "Nonsignificant and significant at p=0.05 and 0.01, respectively.
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Table 41. Effect of GA, BA and TDZ on growth characteristics of Platycodon grandiflorum
with green petal.

Growth Conc. }feliargt widh Leafl Tenath No. of No. of Leaf color
regulator (mg - L™ g g branches nodes (SPAD-502)
(cm) (cm) (cm)
Cont. 40.4 3.9 5.7 5.7 7.8 39.5
GA 50 52.2 4.0 5.9 7.6 13.2 37.4
100 58.1 4.2 6.0 8.7 14.1 38.2
200 40.9 4.1 5.7 7.2 9.6 31.8
BA 100 35.2 4.3 5.8 8.2 8.6 37.5
300 47.6 4.7 5.8 7.2 94 39.1
600 51.3 4.5 5.6 6.9 11.3 34.7
TDZ 10 42.5 3.8 5.9 6.3 9.1 33.6
50 46.3 4.0 5.6 6.1 10.8 38.1
100 48.4 4.1 5.6 6.4 9.3 32.5
Significant
Growth regulator(A) x NS NS * * NS
Conc.(B) i NS NS * o NS
AXB * NS NS NS NS NS

NS % "Nonsignificant and significant at p=0.05 and 0.01, respectively.

Table 42. Effect of GA, BA and TDZ on flower characteristics of Platycodon grandifiorum
with green petal.

Growth Conc. - Flower . .
1 width length No. of flowers Flowering time
regulator (mg - L)
(cm) (cm)
Cont. 4.7 2.3 5.2 Jul. 15
GA 50 4.6 3.2 3.6 Jul. 22
100 4.6 3.1 3.1 Jul. 24
200 4.3 24 24 Jul. 24
BA 100 5.1 2.5 6.3 Jul. 19
300 5.3 2.9 7.5 Jul. 19
600 5.1 2.7 6.9 Jul. 21
TDZ 10 5.9 2.6 8.1 Jul. 19
50 5.7 2.6 6.2 Jul. 18
100 5.7 2.7 6.0 Jul. 19
Significant
Growth regulator(A) * NS o
Conc.(B) NS NS *
AXB NS NS o

NS % "Nonsignificant and significant at p=0.05 and 0.01, respectively.
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Table 43. Effect of GA, BA and TDZ on root characteristics of Platycodon grandifiorum with
green petal.

Root

Growth Conc. - No. of lateral Fresh weight
regulator (mg - L™ diameter length roots ()
(cm) (cm)

Cont. 1.9 8.6 2.1 7.4
GA 50 1.8 7.8 1.5 6.8
100 1.7 8.0 1.8 7.0
200 1.8 10.3 1.9 8.1
BA 100 2.0 9.2 1.2 7.8
300 2.1 9.7 1.3 9.2
600 2.1 9.0 1.7 8.9
TDZ 10 1.7 8.5 1.8 7.3
50 1.8 8.7 2.0 7.1
100 1.8 9.3 1.8 7.6

Significant
Growth regulator(A) NS NS NS NS
Conc.(B) NS * NS *
AXB NS NS NS *

NS % "Nonsignificant and significant at p=0.05 and 0.01, respectively.
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Table 44. Effect of topping treatment on growth characteristics of Platycodon grandifiorum

for. duplex
Treatment” widh Leaf lengih Stem diameter No. of Leaf color
(cm) (cm) (cm) (mm) branches (SPAD-502)
Control 3.9a’ 6.0a 5.1a 11.8a 31.5a
15 3.8a 6.0a 5.3b 16.8b 30.9a
25 3.8a 6.1a 5.4b 13.7ab 32.8a
35 3.9a 6.2a 5.3b 12.4a 31.4a

“Topping treatments at 15, 25 and 35cm height above soil surface
"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).

Table 45. Effect of topping treatment on flower characteristics of Platycodon grandifiorum

for. duplex
. Flower )
Treatment - No. of Flowering
width length .
(cm) flowers time
(cm) (cm)
Control 5.4a" 3.3a 14.7a Jul. 15
15 5.1a 3.1a 22.4b Jul. 19
25 5.3a 3.2a 15.3a Jul. 17
35 5.4a 3.2a 14.2a Jul. 15

“Topping treatments at 15, 25 and 35cm height above soil surface
*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).

AAA 7Y AR o] Aol B vAs dFe AR 23= Table 463 2t
o742 AAAE e FFol BAQlCl e A TolA 1.8~21cme] WA= ool A H
A wgkoy, AL A7l mE 8} AFS /ey 25cm F-9 e A4 Tl A

| E7125E AAANZZE 7HE wRE 15em H9)
Acz ety el AAFE 25em Rele] A



Table 46. Effect of topping treatment on root characteristics of Platycodon grandifiorum for.

aduplex
Treatment” - Root No. of Fresh weight
diameter length
(cm) lateral roots (@

(cm) (cm)

Control 1.92° 9.3ab 6.3b 8.9ab

15 1.8a 9.0a 5.2a 8.7a

25 2.1a 9.8b 6.1b 9.5¢c

35 2.0a 9.4ab 6.5b 9.2bc

“Topping treatments at 15, 25 and 35cm height above soil surface
*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 47. Effect of topping treatment on growth characteristics of Platycodon grandifiorum
with green petal

Treatment” widm Leal length Stem diameter No. of Leaf color
(cm) (cm (cm (mm) branches (SPAD-502)
Control 3.5a” 5.1b 6.4b 4.3a 37.2a
15 3.4a 4.7a 6.0a 7.8¢c 35.1a
25 3.6a 5.2b 6.3b 6.2b 38.4a
35 3.7a 5.2b 6.4b 5.0ab 34.3a

“Topping treatments at 15, 25 and 35cm height above soil surface
*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).



Table 48. Effect of topping treatment on flower characteristics of Platycodon grandifiorum
with green petal

Treatment” . Flower No. of Flowering
width length .
(cm) (e (cm) flowers time
Control 4.5a" 2.1a 5.7a Jul. 16
15 4.2a 1.9a 6.4b Jul. 17
25 4.4a 2.2a 5.5a Jul. 16
35 4.5a 2.2a 5.6a Jul. 16

“Topping treatments at 15, 25 and 35cm height above soil surface
*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 49. Effect of topping treatment on root characteristics of Platycodon grandifiorum with
green petal

z Root .
Treatment Jameter Jength No. of Fresh weight
(cm) (mm) (cm) lateral roots (g
Control 7.5ab’ 8.3a 2.7a 7.1ab
15 7.2a 7.9a 2.8a 6.5a
25 8.2c 8.2a 3.1a 7.7bc
35 8.0bc 8.8b 3.0a 8.2¢

“Topping treatments at 15, 25 and 35cm height above soil surface
YValues followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 52. Soil composition used in the study.

Treatment Soil composition

S Horticultural substrate only

SV Horticultural substrate : Vermiculite = 2 : 1

SVP Horticultural substrate : Vermiculite : Perlite = 2 : 1 : 1

C Cocopeat only

Cv Cocopeat : Vermiculite = 2 : 1

CVP Cocopeat : Vermiculite : Perlite =2 : 1 : 1

Pm Peatmoss only

PmV Peatmoss : Vermiculite = 2 : 1

PmVP Peatmoss : Vermiculite : Perlite = 2 : 1 : 1
b A7
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Table 53. Effect of soil on growth characteristics of tetraploid Platycodon grandifiorum for.
auplex.
Soil. . fel iagr;ltt widh Leal lengih No. of No. of No. of Leaf color
composition” leaves branches nodes (SPAD-502)
(cm) (cm) (cm)
S 40.3ab’ 3.8b 7.2a 36.3b 8.9b 8.2cd 43.5a
SV 45.2a 4.6a 7.1a 47.2a 12.5a 11.8b 41.1a
SVP 46.8a 4.8a 7.5a 55.3a 15.8a 15.5a 38.8ab
C 17.3cd 2.6¢cd 4.1b 31.1b 5.8¢c 6.8cd 27.9¢
Cv 19.8cd 2.3cd 3.7b 33.5b 7.1bc 8.2cd 29.1c
CVP 23.5¢ 2.3cd 3.9b 35.1b 3.3cd 7.5¢cd 18.8d
Pm 13.6d 2.1d 2.0c 15.2¢ 1.1d 5.3e 16.0d
PmV 18.9cd 2.2cd 3.2bc 36.1b 5.5C 5.1e 31.3c
PmVP 20.8cd 1.9d 3.5bc 33.4b 6.7bc 7.3cd 33.3c

“refer to Table 52.
*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 54. Effect of soil on growth characteristics of tetraploid Platycodon grandifiorum with
green petal

Soﬂ. . }Eiagriltt vidh Leaflength No. of No. of No. of Leaf color
composition leaves branches nodes (SPAD-502)
(cm) (cm) (cm)

S 25.3b 4.3b 5.5¢C 32.2b 5.8a 7.2bc 35.2b
SV 39.8a 5.3a 8.1a 41.1a 5.0a 9.3a 36.2b
SVP 38.9a 5.6a 7.4b 35.5b 3.9b 8.9a 41.3a
C 15.2c 3.5cd 4.8¢c 20.5¢ 2.1cd 6.8¢ 20.2¢
CV 13.3c 3.8bc 3.2d 15.8cd 2.0cd 8.0ab 22.2¢
CVP 11.3cd 3.2cd 5.0c 21.1c 2.8cd 5.5de 23.9¢c
Pm 5.5de 3.0cd 3.2d 15.5¢d 1.8d 6.8c 30.4b
PmV 6.4de 2.2e 3.5d 10.3d 3.1bc 5.0de 35.1b
PmVP 4.8e 2.5e 3.8d 15.9cd 3.0bc 4.3e 33.3b

“refer to Table 52.
YValues followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 55. Effect of N, P, K fertilizers application on growth of tetraploid Platycodon
grandiflorum for. duplex

z Plgnt - Leaf .Stem No. of No. of Leaf color
Treatment h(eclri})lt \22?3 le(zzit)h d1ezrcnr$er branches nodes (SPAD-502)
TO 46.9¢’ 4.8¢c 6.6C 2.9b 10.1b 8.2d 39.8b
T1 55.6bc 6.5a 7.2ab 3.6a 10.5b 11.5bc 40.1b
T2 56.7bc 5.7ab 7.1ab 3.1b 11.1b 11.5bc 45.5a
T3 65.8b 5.2bc 7.0ab 3.5a 10.9b 13.5ab 42.7a
T4 75.2a 6.5a 7.8a 3.5a 13.3a 15.5a 45.8a

Fertilization conditions were set in per pot nitrogen: active phosphoric acid: potassium = 6g: 7g: 3g as a standard,
a non fertilizer group (T0), non nitrogen group (T1), non phosphoric acid (T2), non potassium group (T3) and
fertilized all nitrogen, phosphoric acid, potassium group (T4)

YValues followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 56. Effect of N, P, K fertilizers application on root characteristics of Platycodon
grandiflorum for. duplex

. Root - . Dry weight
Treatment Length Diameter Fresh weight(g) @
(cm) (cm)
TO 11.6¢” 1.8d 21.1c 5.5¢
T1 16.5ab 2.4bc 22.5¢C 5.2C
T2 12.9¢ 2.7ab 26.5b 6.1b
T3 15.2b 2.1cd 26.8b 6.6b
T4 18.2a 3.0a 35.4a 8.1a

*Fertilization conditions were set in per pot nitrogen: active phosphoric acid: potassium = 6g: 7g: 3g as a standard,
a non fertilizer group (T0), non nitrogen group (T1), non phosphoric acid (T2), non potassium group (T3) and
fertilized all nitrogen, phosphoric acid, potassium group (T4)

*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 57. Effect of N, P, K fertilizers application on growth of tetraploid Platycodon
grandiflorum with green petal

z Plgnt - Leaf .Stem No. of No. of Leaf color
Treatment h(ecl i})lt Yé?g le(jgit)h dlazrcnrger branches nodes (SPAD-502)
TO 38.4¢’ 4.5¢c 5.3b 3.0a 3.7d 6.5¢C 40.5b
T1 42.5bc 4.5¢c 5.5ab 3.5a 5.0c 10.1b 42.5b
T2 48.9b 5.0b 6.1a 3.7a 6.2ab 10.8b 45.1a
T3 55.3a 4.9b 5.8ab 3.8a 5.1c 13.1a 45.5a
T4 56.8a 5.6a 6.0a 3.5a 6.6a 12.9a 46.2a

Fertilization conditions were set in per pot nitrogen: active phosphoric acid: potassium = 6g: 7g: 3g as a standard,
a non fertilizer group (T0), non nitrogen group (T1), non phosphoric acid (T2), non potassium group (T3) and
fertilized all nitrogen, phosphoric acid, potassium group (T4)

YValues followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 58. Effect of N, P, K fertilizers application on root characteristics of tetraploid
Platycodon grandiflorum with green petal

, Root . . Dry weight
Treatment Length Diameter Fresh weight(g) @
(cm) (cm)
TO 8.1¢” 2.2b 9.2d 3.1d
T1 10.3b 1.9b 10.3cd 3.7cd
T2 10.3b 2.0b 12.2¢ 4.1bc
T3 10.9b 2.7a 15.5b 4.8b
T4 13.2a 2.9a 18.0a 6.3a

"Fertilization conditions were set in per pot nitrogen: active phosphoric acid: potassium = 6g: 7g: 3g as a standard,
a non fertilizer group (T0), non nitrogen group (T1), non phosphoric acid (T2), non potassium group (T3) and
fertilized all nitrogen, phosphoric acid, potassium group (T4)

"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 59. Effects of air temperature and light intensity on growth of tetraploid Platycodon
grandifiorum for. duplex

Temperature . Light ; Plant height length = width No. of branches
() intensity (cm)
(cm) (cm)
15 H 56.8a” 5.8cd 3.8ab 9.2b
L 38.9b 6.5ab 4.2a 9.0b
20 H 59.2a 6.5ab 4.0ab 10.8a
L 42.1b 6.9a 3.9ab 9.2b
25 H 53.8a 5.9cd 4.0ab 11.0a
L 39.2b 6.2bc 3.9ab 8.8b
30 H 20.9¢ 5.5d 3.3cd 3.1d
L 28.7c 6.0bcd 3.1d 5.9¢

“H, high light intensity(=natural light); L, low intensity(=10% natural light)
"Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 60. Effects of air temperature and light intensity on growth of Platycodon grandiflorum
with green petal

Temperature . Light Plant height length v width No. of branches
() intensity” (cm)
(cm) (cm)
15 H 35.8bc” 4.7cd 3.1ab 6.2a
L 32.2¢ 5.8a 3.5a 4.5¢C
20 H 39.8ab 5.1bc 3.4a 5.3b
L 35.2bc 5.5ab 3.4a 5.4b
25 H 44.3a 5.2bc 3.1ab 5.7ab
L 30.8¢ 5.3bc 2.8bc 4.3c
30 H 16.2e 4.2d 2.4c 3.4d
L 21.4de 4.4d 2.9bc 4.7c

“H, high light intensity(=natural light); L, low intensity(=10% natural light)
*Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).
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Table 61. The growth characteristics of diploid Platycodon grandiflorum with green petal
cultivated under different shading conditions for 4 months.

Shading ;;1 ?gr;[t Wi dthLeagength No. of No. of No. of Leaf color Flowering
(%) (cm) em (cm) leaves branches nodes (SPAD-502) time
0 46.6a" 2.3a 5.1a 73.8a 8.2a 8.2a 40.1a Jun. 19
30 38.5bc 2.1a 4.9a 66.2b 6.8b 7.1b 42.3a Jun. 22
50 35.8¢c 2.2a 5.0a 68.8ab 8.1a 6.8b 45.2a Jun. 25
70 36.1bc 2.3a 4.5a 68.5ab 6.5b 6.1b 40.5a Jun. 25

“Values followed by common letters in the same column are not significantly different(P=0.05, Duncan’ s multiple
range test).

70%
Fig. 15. Comparison of flower color in diploid Platycodon grandiflorum with green petal
cultivated under different shading conditions.
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Table 1. Medium composition used in this study.

Materials Treatments*® Basal medium composition
MS  medium 3%  Sucrose, pH 5.8, agar 0.8%
) ~ Sucrose 1/4MS, pH 5.8, agar 0.8%
;e‘gfgzjggum with Agar 1/4MS, 3% sucrose, pH 5.8
pH 1/AMS, 3% sucrose, agar 0.8%
PGRs 1/4MS, 5% sucrose, pH 5.8, agar 0.6%
MS  medium 3%  Sucrose, pH 5.8, agar 0.8%
, Sucrose 1/8MS, pH 5.8, agar 0.8%
];up(i ;zndzﬁorum for. Agar 1/8MS, 3% sucrose, pH 5.8
pH 1/8MS, 3% sucrose, agar 0.8%
PGRs 1/8MS, 5% sucrose, pH 5.8, agar 0.6%

* The concentrations of MS culture medium, Sucrose, Agar, pH and PGRs were mentioned in the materials and
methods section.
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Fig. 25. Effect of light and temperature conditions on seed germination of P. grandiflorum
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Germination speed calculated as (number of seeds germinated at day 7/number of total seeds germinated)x 100.
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Fig. 26. Effect of GAj; soaking treatment on seed germination of P grandifiorum for. duplex

Germination speed calculated as (number of seeds germinated at day 4/number of total seeds germinated)x 100.
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Fig. 27. Effect of IAA soaking treatment on seed germination of P. grandiflorum for. duplex

Germination speed calculated as (number of seeds germinated at day 4/number of total seeds germinated)x 100.
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Fig. 28. Effect of KNO; soaking treatment on seed germination of P. grandiflorum for. duplex

Germination speed calculated as (number of seeds germinated at day 4/number of total seeds germinated)x 100.
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Fig. 29. Effect of KH,PO, soaking treatment on seed germination of P grandiflorum for.
duplex

Germination speed calculated as (number of seeds germinated at day 4/number of total seeds germinated)x 100.
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Germination speed calculated as (number of seeds germinated at day 4/number of total seeds germinated)x 100.
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Table 2. Outline of experimental designs.

Plot No. Treatment Variables
Temperature 15, 20, 25, 30C
Sucrose, Fructose, Glucose 0, 5, 10, 15, 20%
pH 56,78
Growth regulators
A Kinetin, NAA 10, 50, 100 mgL™ }
GA3 0.01, 0.05, 0.1 mgL
Boric acid 10, 50, 100, 150 mgL™
5 Asparaginic acid 0, 0.001, 0.003 0.005%

(W) A2+

AS BAF 5 itk BRAL YA sRutols} o] HIS| oF 2
e AL va] ;Mg wolrl Egon, 3

£248 Wohgo] e Ao vehgo

10

Germination(%)

v

15 20 25 30
Temperature(°C)

Fig. 31. Effect of temperature on germination of Platycodon grandifiorum pollens.

25

20

15

1L

Fig. 32. Effect of pH on germination of Platycodon grandiflorum pollens on agar medium
containing 15% glucose at 30C.
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Fig. 33. Effect of carbon sources on germination of Platycodon grandifiorum pollens at 30C.
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Fig. 34. Effect of growth regulators on germination of Platycodon grandiflorum pollens on
agar medium(pH 5) containing 15% glucose at 30C.
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Fig. 36. Pollen germination and pollen tube growth of Platycodon grandiflorum on 1.2% agar
medium(pH 5) containing 15% glucose at 30C.

A: planting, B: 1 hour after planting, C: 3 hours after planting, D: 6 hours after planting
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Fig. 41. Effect of boric acid on germination of Platycodon grandiflorum for. duplex pollens on
agar medium(pH 6) containing 20% glucose at 25C.



Fig. 42. Effect of storing Platycodon grandiflorum for. duplex pollens at 5C in the presence
of silica gel as a desiccant. Measurements were made 6hrs after planting the pollen
on 1.2% agar medium((pH 6) containing 20% glucose at 25C. A: 1 week after
storing, B: 2 weeks after storing, C: 3 weeks after storing, D: 4 weeks after storing.
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Table 3. Effect of colchicine on chromosome doubling and plant regeneration of Platycodon
grandiflorum with green petals explants.

Conc. Soaking No. of explants No. of explants % of No. of
(%) time(hrs) treated regenerated regeneration tetraploids
0.01 50 50 100 4
0.05 3 50 45 90 2
0.1 50 48 96 0
0.01 50 50 100 11
0.05 6 50 50 100 5
0.1 50 50 100
0.01 50 50 100 15
0.05 12 50 50 100 13
0.1 50 50 100 5
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Fig. 43. Comparison of DNA contents between diploid and tetraploid Platycodon grandiflorum

with green petals. Flow histograms showing DNA measurements of nuclei from leaves
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Fig. 44. Comparison of morphologic characteristics between in vitro cultured diploid and
tetraploid Platycodon grandiflorum with green petals.
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Table 4. Effect of colchicine on germination of Platycodon grandifiorum for. duplex seeds.

Conc. Soaking No. of seeds No. of seeds % of No. of
(%) time(hrs) treated germinated germination tetraploids

Control 150 78 52 0
0.05 150 50 33 0
0.1 3 150 35 23 0
0.5 150 17 11 0
0.05 150 46 31 0
0.1 6 150 29 19 0
0.5 150 8 5 0
0.05 150 7 5 0
0.1 12 150 0 0 0
0.5 150 0 0 0
0.05 150 3 2 0
0.1 24 150 0 0 0
0.5 150 0 0 0
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Table 5. Effect of colchicine on chromosome doubling and plant regeneration of Platycodon
grandiflorum for. duplex seeds.

Conc. Soaking No. of explants No. of explants % of No. of
(%) time(hrs) treated regenerated regeneration tetraploids
0.01 50 50 100 0
0.05 3 50 50 100 5
0.1 50 50 100 6
0.01 50 47 95 8
0.05 6 50 50 100 13
0.1 50 45 90 10
0.01 50 45 90
0.05 12 50 35 70 2
0.1 50 40 80

o] DNA gHaFo] w755 &2135t7] 9l5te] Flow CytometryE ©|8, GAINZES 4900 %
IARAAZ F BAS A3 o33 o] DNA HaFo] wiZtE & &0 = YJArkFig. 45).
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Fig. 45. Comparison of DNA contents between diploid and tetraploid Platycodon grandiflorum

for. duplex. Flow histograms showing DNA measurements of nuclei from leaves
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Fig. 46. Comparison of morphologic characteristics between in vitro cultured diploid and
tetraploid Platycodon grandiflorum for. duplex.
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Fig. 47. Effects of culture media on shoot and adventitious root formation from node of

tetraploid P. grandiflorum with green petals for 8 weeks in culture.
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Fig. 52. Effect of IBA concentration on shoot and adventitious root formation from node of
tetraploid 2. grandiflorum with green petals for 8 weeks in culture.
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Fig. 55. Effect of kinetin concentration on shoot and adventitious root formation from node
of tetraploid P. grandifliorum with green petals for 8 weeks in culture.
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Fig. 56. Effect of TDZ concentration on shoot and adventitious root formation from node of
tetraploid 2. grandiflorum with green petals for 8 weeks in culture.
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Fig. 57. Effects of culture media on shoot and adventitious root formation from node of
tetraploid P. grandifiorum for. duplex for 8 weeks in culture.
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Fig. 58. Effects of sucrose concentration on shoot and adventitious root formation from node

of tetraploid P. grandifiorum for. duplex for 8 weeks in culture.
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Fig. 59. Effects of pH on shoot and adventitious root formation from node of tetraploid P~.

grandifiorum for. duplex for 8 weeks in culture.
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Fig. 60. Effects of agar concentration on shoot and adventitious root formation from node of
tetraploid P. grandifiorum for. duplex for 8 weeks in culture.
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Fig. 61. Effect of IAA concentratlon on shoot and adventitious root formation from node of

tetraploid P. grandifiorum for. duplex for 8 weeks in culture.

— 108 —



BAIME 05 mg-L" H7hiAdA dHAD 414 22 FAo] ¥zsigon ¥ge
A WA A F53 AFFoR 01 mg-L' FEAA 45 cmE HL Az AFS BYTh
nAZe BAS #H7byt &a7A FAS BHel BA 1.0 mg- LT A oA AuAD 14672
ol Wo] FAFHPOoH BAHZ AAE BA 1.0 mg- L' FEFA =%chFig. 62).

1 6
4.5
5
4
3.5 _
g . g
o | ™ S
Eoas - =4
@
5 g
g 2 g
& 2
1.5 -
] 1
0.5
o o i
0.1 10 mg/L 10 mgfL
18 5
16 4.5
14 4
3.5 -
12 =
..-, 5
£ e Hon
8 10 £
= P25 -
. B T =2
2 § 2 4
6 - =15 -
4 el
2 - 0.5
0+ . - i)
0.1 10 mg/L 10 mgfL

Fig. 62. Effect of IBA concentration on shoot and adventitious root formatlon from node of
tetraploid P. grandifiorum for. duplex for 8 weeks in culture.
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Fig. 63. Effect of NAA concentration on shoot and adventitious root formation from node of
tetraploid P. grandifiorum for. duplex for 8 weeks in culture.
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Fig. 64. Effect of BA concentration on shoot and adventitious root formatlon from node of
tetraploid 2. grandifiorum for. duplex for 8 weeks in culture.
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Fig. 65. Effect of kinetin concentration on shoot and adventitious root formation from node
of tetraploid P. grandifiorum for. duplex for 8 weeks in culture.
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Fig. 66. Effect of kinetin concentration on shoot and adventitious root formation from node
of tetraploid P. grandifiorum for. duplex for 8 weeks in culture.
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Table 6. Comparison of growth characteristics in diploid and tetraploid of Platycodon
grandiflorum with green petal and Platycodon grandiflorum for. duplex

Plant Leaf Stem
Varieties  Ploidy  height width length diameter i‘;v‘e’i blr\;?{cﬁis ﬁgdeosf (Iéngfglgg)
(cm) (cm) (cm) (mm)
Green Diploid 27.6ab” 1.9b 3.9¢c 1.2¢c 29.6b 2.0c 4.8b 26.4a
petal Tetraploid  21.7b 29a  4.7b 1.8b 30.4b 3.6b 5.6ab 25.4a
Double Diploid 31.5a 3.3a 5.8a 1.7b 40.6a 6.7a 6.6a 24.9a
petal Tetraploid 26.9ab  3.2a 5.5a 2.2a 39.2a 3.8b 5.2ab 25.4a
significance
Varieties (A) *% *% *% *% *% *% *% NS
Ploidy (B) NS NS NS * NS * NS NS
AXB NS NS NS NS NS NS NS NS

Values followed by common Iwtters in the same column are not significantly different.

™, ", 7 Notsignificant and significant at p=0.05 and 0.01, respectively.

aufE i 3 avfR

Fig. 67. Comparison of growth of diploid and tetraploid of Platycodon grandiflorum with green
petal and Platycodon grandifiorum for. duplex
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Table 7. Soil composition used in the study.

Treatment Soil composition

S Horticultural substrate only

SV Horticultural substrate : Vermiculite = 2 : 1

SVP Horticultural substrate : Vermiculite : Perlite = 2 : 1 : 1
C Cocopeat only

Cv Cocopeat : Vermiculite = 2 : 1

CVP Cocopeat : Vermiculite : Perlite =2 : 1 : 1

Pm Peatmoss only

PmV Peatmoss : Vermiculite = 2 : 1

PmVP Peatmoss : Vermiculite : Perlite =2 : 1 : 1

(W A2

4 A Sz ER o w3hA AEA ] Aol HAL WFES] FL Table 87 2T,
2 FIATES g D E3H HjUYENA = 2.1~3.9cme] HYE AAo]
AASA AAEE Aoz Yedd Ad wa) AEsh wuAeols, BeloEE 2119 H&
= EF LRGP AEe wuFeolEs 21 ERF MBFEGCVIOIA Z7H 243cm,
271.6cmE %43 gqa o] fo)Ado]l AHHAT. AET AFE 4=, WrFdolE 2 B
23 i O P N
) ER 2o DJ% wo 2esEE A% d9 a0 AN Acw eht aAl Sz
=R MYFERE A e do® wuEt 719 #r] 9 A4 w9 e I
3 §AR ATE 145}141 Qo MER~ B8 B ELTE A9 e WFEst = olst ¢l
1 ER NFEGSY) 2 AEe} v FetolE, We
Z

S Y BE ALz Uehkod, o Me =t fro) gl Qg
ole] ATERE 4ulA HAZEY o)A o

FESH WP el ES 212 TR W FESV 1
HEE ERT MPEGCVPIE SAZASRA 27 Aol U FF Aow Bk

Table 8. Effect of soil composition on growth characteristics of tetraploid Platycodon
grandiflorum with yellow green petal.

. Plant Leaf Stem
Soil . - . No. of No. of No. of Leaf color
composition® h(eclr%gt \zlé?rgl le(zggl)h dl?rrnn;t)er leaves  branches nodes (SPAD-502)
S 7.5b" 1.8b 3.4b 1.1bc 27.5b 3.2bc 4.5b 25.2a
SV 21.6a 2.8a 4.6a 1.7a 35.6a 4.6a 6.8a 28.2a
SVP 24.3a 3.3a 5.1a 1.7a 38.9a 4.5a 6.6a 32.0a
C 3.9¢c 2.1b 2.8b 1.3ab 25.3b 3.1bc 4.3b 12.3c
Ccv 3.7c 2.0b 2.5b 1.1bc 23.1b 3.5b 3.9bcd 11.3c
CVP 3.1c 1.8b 2.6b 1.3ab 18.3c 3.0bc 3.8bcd 13.5¢
Pm 2.1c 0.8c 1.2¢c 1.0bc 16.2c 3.1bc 3.2cde 13.5¢
PmV 2.2C 0.9c 1.1c 0.8c 15.1c 2.8C 2.9e 15.2c
PmVP 2.1c 1.1c 1.5¢ 1.1bc 17.8c 2.7c 3.3cde 19.2b

“refer to Table 7
YValues followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table 9. Effect of soil composition on growth characteristics of tetraploid Platycodon
grandiflorum for. duplex.

Soil Plgnt - Leaf .Stem No. of No. of No. of Leaf color

composition® height width — length  diameter leaves  branches nodes (SPAD-502)

(cm) (cm) (cm) (mm)
S 27.8a" 3.3ab 5.6ab 2.8a 43.2a 4.5b 7.5b 28.3a
SV 28.9a 3.2ab 6.1lab 2.9a 42.3a 5.5a 9.3a 29.2a
SVP 30.8a 4.1a 6.9a 2.9a 48.2a 5.4a 9.9a 33.2a
C 3.3b 1.8¢c 2.7¢ 1.2b 15.0b 2.2¢C 3.2c 14.3b
Cv 5.1b 1.6¢ 2.9c 1.1b 16.8b 2.5¢C 3.6¢C 11.0b
CVP 4.9b 1.8¢c 2.2C 1.2b 16.7b 2.6¢ 3.8c 11.6b
Pm 3.0b 1.0c 2.0c 1.1b 15.3b 2.8¢c 3.1c 16.2b
PmV 3.1b 1.3c 2.5¢C 1.0b 16.8b 3.0c 3.3c 13.3b
PmVP 5.0b 1.6¢ 2.8¢C 1.2b 15.9b 3.1c 2.9c 12.6b

“refer to Table 7.
YValues followed by common letters in the same column are not significantly different
(P=0.05, Duncan’s multiple range test).
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Table 10. Effects of temperature on the growth of tetraploid Platycodon grandiflorum with
green petal

Plant Leaf Stem

Temp. height Leaf width length  diameter No. of No. of No. of  Leaf color
() (cm) (cm) (cm (mm) leaves  branches nodes (SPAD-502)
15 23.5ab’ 4.4a 5.6a 2.2ab 21.2¢c 1.6b 5.6bc 23.9b
20 27.9a 4.1a 6.7a 2.4a 37.4a 3.0a 6.6a 29.6a
25 18.2ab 2.9b 4.7ab 1.5bc 30.4ab 1.8b 5.2bc 22.9b
30 10.1b 1.8¢c 3.0b 1.0c 26.0bc 2.0b 4.8¢c 20.2b

“Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’s
multiple range test).
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Fig. 68. Comparison of growth of tetraploid Platycodon grandiflorum with green petal as
affected by different temperature
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Table 11. Effects of temperature on the growth of tetraploid Platycodon grandifiorum for.

auplex.
Temp. Iiel fgrﬁt Leaf width lér?gatfh dia?rtr?értler No. of No. of No. of Leaf color
() (cm) leaves  branches nodes (SPAD-502)
(cm) (cm) (mm)
15 19.1bc” 3.7ab 6.5a 2.3a 39.6a 3.6a 5.0a 29.8a
20 24.9a 4.4a 7.3a 2.3a 36.2a 3.4a 5.0a 27.0ab
25 22.8a 3.2b 5.4b 2.2a 39.2a 3.8a 5.2a 25.4b
30 16.2¢ 2.2C 3.1c 1.4b 28.5b 2.3b 5.0a 15.6¢

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Fig. 69. Comparison of growth of tetraploid Platycodon grandifiorum for. duplex. as affected
by different temperature.
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Table 12. Effects of light intensity on the growth of tetraploid Platycodon grandiflorum with
green petal

Light intensity Plant Leaf Leaf .Stem No. of No. of No. of Leaf color

(yzmol - m™-s™h height  width length  diameter leaves  branches nodes (SPAD-502)

(cm) (cm) (cm) (mm)
10 17.0b°  2.8b 3.3c 1.6b 22.1c 1.6b 4.3b 19.1b
15 18.9b 2.8b 3.8c 1.8b 26.3bc 2.1b 5.2ab 22.6b
30 24.0a 3.8a 5.5b 2.4a 34.2ab 3.1a 5.3ab 28.9a
60 28.2a 4.4a 6.8a 2.4a 44.0a 3.0a 6.5a 30.3a

*Values followed by common letters in the same column are not significantly different

(P=0.05, Duncan’ s multiple range test).

o

60 pmol - m2 - 51

Fig. 70. Comparison of growth of tetraploid Platycodon grandiflorum with green petal as
affected by different light intensity.
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Table 13. Effects of light intensity on the growth of tetraploid Platycodon grandifiorum for.
auplex.

Light intensity Plant Leaf Leaf Stem No. of  No. of No. of Leaf color

2 gl height  width length diameter

(gmol - m (cm cm (cm (mm) leaves branches nodes (SPAD-502)
10 11.3b°  1.9b 1.8c 0.9b 19.2b 2.2b 3.4c 22.9a
15 11.2b 2.6ab  3.4b 1.2b 16.4b 1.8b 4.8ab 25.0a
30 16.8b 3.6a 4.9a 1.7a 30.8a 4.2a 4.0bc 21.1a
60 23.8a 3.2a 5.0a 2.0a 30.4a 2.6b 5.4a 14.9b

“Values followed by common letters in the same column are not significantly different
(P=0.05, Duncan’s multiple range test).

Fig. 71. Comparison of growth of tetraploid Platycodon grandifiorum for. duplex. as affected
by different light intensity.

(4) LED3Z
7h a8 H

2 BH wsto] H3e LED Fde] AFHS dolrr] 9Jste] 7t
AA g g s3t(bluetred) LEDY 5714 A2 & FdS AHEsiath A% =1
16717t 4% 70% 2 3t9om 6097t AR #FE mjY
(h aTdn
D 260 A HA T Ee}A

LEDF2le] #olo] upe 20fA) HAmetze] Aane] Asd hd AL Table 149
sy

1e o
fo AN
=
e
e oyp
}‘g o2t
> ojt
>
ol é_(:’
o BN
44/
2 2
e ol
o =
o i

- 120 -



272 HAF A 21.5cm=E EF Fol vl FEg S HPow, 53 ti2T(EW I
B3l mlsl of 25MiAE =2 S UeEEth 99 AR Ao FF F S FdY
TRl #Aglel Be FdolA 7 1.9~2.2cm, 3.9~4.7cme] HAZ fFode] AT &7]
o F7] EZF HAFoA Zg 52 AFAE U oU AN ANERFES AT OE A
g3t frode glidth e Aol M FUY AAFolA M e AdE B
W A A g g A A ELRelA Be Yo A4S vUEEHo BEASsE 39y FFI
ARl BE AeTolA 2.0~24719 HAZE FAol Tt Hgo A9, G A4
BollA 2z 6.071, 5.97ME 71 & AAE BYW WA mz:ﬁoﬂ/‘i 7Hd B ¥4 UE
Wt G e Aol 7hE AxPY tE2TolAM 2642 & S UERReH, Hag g m
Asgo A e AnE BT

o] }e] AF}EHE 2ujA = =}A] Hﬂok‘j«] 247 7] AKE S5t NP =&
Aol A AT Aoz AAFYPoH, FTo| W2 AL olr AAJYW AT
(Table F=43F F)EHFEH LED Fd ZAF Al %—1—57‘ Aol g AT=E 5% 8T A

Table. 14. The growth of diploid £ grandiflorum with green petal grown under different
LED’ s for 60days.

Treatment” Ifelfgrgt WidthLeagength di:fr?:tler No. of No. of No. o Leaf color
(cm) (cm) (cm) (mm) leaves  branches nodes  (SPAD-502)
Cont. 8.7¢" 1.9a 3.9a 1.2ab 29.6bc 2.0a 4.8b 26.4a
Blue 19.3ab 1.9a 4.0a 1.7a 25.8¢ 2.2a 6.0a 20.6bc
Red 21.5a 2.1a 4.0a 1.3ab 36.0a 2.3a 5.9a 17.2¢
White 12.4bc  2.2a 4.7a 1.6ab 28.8bc 2.2a 5.6ab 17.5¢c
Blue+Red 8.9c 2.2a 4.4a 1.1b 32.4ab 2.4a 5.0b 21.2b

“Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’s
multiple range test).
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Table. 15. The growth of tetraploid P grandiflorum with green petal grown under different
LED’ s for 60days.

Light }?elﬁgrgt Wi dthLeagength diglt;gtler No. of No. of No. of Leaf color
sources (cm) (cm) (cm) (mm) leaves branches nodes (SPAD-502)
Cont. 6.9b” 2.3a 3.5¢ 1.3b 29.4a 2.8a 5.6b 25.4a
Blue 4.3b 2.9a 4.9a 2.1a 24.6ab 2.2a 6.6a 17.7c
Red 18.6a 2.8a 3.9b 1.2b 25.6ab 2.8a 3.2c 22.0b
White 7.4b 2.9a 4.8a 1.8a 21.4b 2.4a 4.8b 16.1c

Blue+Red 6.6b 2.7a 4.0b 1.1b 20.0b 2.0a 5.0b 23.3b

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).

White Blue+Red

Fig. 72. Comparison of growth of tetraploid Platycodon grandiflorum with green petal grown
under different LED’ s for 60 days.
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Table. 16. The growth of diploid 2. grandifiorum for. duplex. grown under different LED’ s

for 60days.
Plant Leaf Stem
Treatment”  height  width length  diameter Il\(i,(;vgz bIr\IaOric}?fes Ijlg'dgsf é;ifogg)

(cm) (cm) (cm) (mm)
Cont. 24.8ab” 3.3a 5.8a 1.7b 41.6b 5.2a 6.6a 24.9a
Blue 19.7b 2.7a 5.1a 1.7b 52.0a 3.2b 5.8ab 18.2¢c
Red 31.9a 3.3a 5.6a 1.6b 42.6b 2.6b 3.0b 25.1a
White 23.0ab 3.1a 5.6a 2.6a 49.8a 5.4a 6.4a 15.6d
Blue+Red 22.8ab 3.3a 5.9a 1.6b 34.0c 2.2b 7.0a 21.3b

*Values followed by common letters in the same column are not significantly different (P=0.05, Duncan’ s multiple
range test).
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Table. 17. The growth of tetraploid P2 grandifiorum for.

LED’ s for 60days.

duplex. grown under different

z Plgnt - Leaf .Stem No. of No. of No. of Leaf color
Treatment h(ecl il)lt V(Jé?ﬁ ligrigh dl?rrrrll;t)er leaves  branches nodes (SPAD-502)
Cont. 24.4ab” 3.9a 5.5ab 1.5¢ 24.0b 2.6bc 6.8a 23.3a
Blue 23.4ab 4.3a 6.0a 2.2ab 35.6a 2.2¢c 6.6a 21.6a
Red 30.7a 3.6a 4.9c 1.4c 39.8a 3.2ab 5.9b 22.7a
White 25.6ab 4.1a 5.7a 2.5a 40.0a 3.8a 6.4ab 17.5b
Blue+Red 18.7b 3.5a 5.1bc 1.8bc 35.4a 3.2ab 5.8b 20.9ab

“Values followed by common letters in the same column are not significantly

multiple range test).

Red

White

Blue+Red

different (P=0.05, Duncan’s

Fig. 73. The growth of tetraploid P. grandifiorum for. duplex. grown under different LED’ s

for 60days.
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Table 1. Influence of pinching height on the growth of Platycodon grandifiorum

Pinching Plant Node Node Stem Branch
height height number length diameter number
(cm) (cm) (node) (cm) (mm) (number/plant)
Control 98" 36.5° 2.2° 4.2 4.6°
20 72 22.1" 2.3 4.1° 9.5°
35 71° 23.2° 2.2° 3.9° 8.3
50 67° 19.8° 2.0° 4.1° 6.3

‘Data represent the mean values of five plant. Means with the same letter in column

are not significantly
different at p<0.05 level by Duncan’ s multiple range test

Photo 1. The state of growth according to pinching height.
A:Control, B:20cm, C:35cm, D:50cm

- AE A g AEAEZEA AEd e =8 A5

AEYFZAAT =g A] AGE S AR FFS A7) fst
ZAAZ AY3ATE AA ABAES 0, 10, 100, 500ppm HEE &g =
ESTE FAET 95cmel vls) tha FolAle AES BN, £7|AA S RO oR —F7J
AAE AAE BYon, BXFe AYsE ol & Aole fIAA R 100ppm ] A gl ol A %
Aoz Z7FHt. T3 paclobutrazolE 0, 10, 50, 500ppm &%=, 18]32 CCCE 0, 100, 300,
500ppm == HYPe W, 2 A s=7F o5 FA Tl vlE] @A 6 FgotA= A2
FE BJA, 7R BATE FEYEH R A HAhshe A0 2 YERth T3 BIS 0,

- 139 -



1000, 2000, 3000ppm FE2 A2 dS we] 24 Az i F2 AT ns A

3] oA = AFgS HY, BEAFE wro&Z o7 ZHAsE Ao g Yo, ancymidolS

0, 10, 50, 100ppm TE= A& o 2HAE A FE7F 5575 FA T Hl& #olA

AINE BYAN, 7] AA A} BAFE AT 3ol & zbol7t I oo AolA &

BE o ]6}—‘5 A AoJA paclobutrazole] @A sk E3& BRJ{A T, A =471 thA

UrEPlH olglgt A- & BHesr] fsiAe thE ALt 85t Agshe
a7 2 U} A2 = AT

_124_
[o

-

© A S

Table 2. Influence of natural ABA treatment on the growth of Platycodon grandifiorum

growth Treatment Plant Node Node Stem Branch
regulating concentration height number length diameter number
substance (ppm) (cm) (node) (cm) (mm) (number/plant)
0 95° 36.2° 2.0° 3.7 51
10 91° 37.5° 2.1° 3.8 4.9
ABA C a a a a
100 86 37.8 2.3 4.5 5.8
500 84° 36.1° 2.2° 4.2° 5.5°

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly
different at p<0.05 level by Duncan’ s multiple range test

A B C D
Photo 2. The state of growth according to natural ABA treatment.

A:Oppm, B:10ppm, C:100ppm, D:500ppm
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Table 3. Influence of paclobutlazol treatment on the growth of Platycodon grandifiorum

growth Treatment Plant Node Node Stem Branch
regulating concentration height number length diameter number
substance (ppm) (cm) (node) (cm) (mm) (number/plant)
0 93° 32.5° 2.3° 3.6° 5.3°
10 81° 29.8" 2.6° 3.2" 4.2"
Paclobutrazol . b . ab .
50 65 275 2.4 3.4 3.8
100 54 23.7° 2.3° 31 3.1

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly
different at p<0.05 level by Duncan’ s multiple range test

A B C D

Photo 3. The state of growth according to paclobutrazol treatment.
A:Oppm, B:10ppm, C:50ppm, D:100ppm

Table 4. Influence of CCC treatment on the growth of Platycodon grandifiorum

growth Treatment Plant Node Node Stem Branch
regulating  concentration height number length diameter number
substance (ppm) (cm) (node) (cm) (mm) (number/plant)
0 95° 32.8° 2.2 3.5% 4.9°
100 87 31.6° 2.5° 3.6° 4.5
CCC c b b b b
300 72 28.2 2.1 3.2 4.2
500 68° 28.1° 2.2 3.4 3.8°

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly
different at p<0.05 level by Duncan’ s multiple range test
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A B C D

Photo 4. The state of growth according to CCC treatment.
A:Oppm, B:100ppm, C:300ppm, D:500ppm

Table 5. Influence of B9 treatment on the growth of Platycodon grandifiorum

growth Treatment Plant Node Node Stem Branch
regulating concentration height number length diameter number
substance (ppm) (cm) (node) (cm) (mm) (number/plant)
0 94° 33.5° 2.3 3.3 5.1°
B9 1000 89" 31.2° 2.2° 3.2" 4.0°
2000 70¢ 30.8" 2.4° 3.8 4.6"
3000 63 29.6" 2.3 3.5% 4.1°

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly
different at p<0.05 level by Duncan’ s multiple range test

A B C D
Photo 5. The state of growth according to B9 treatment.
A:Oppm, B:1000ppm, C:2000ppm, D:3000ppm
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Table 6. Influence of ancymidol treatment on the growth of Platycodon grandifiorum

growth Treatment Plant Node Node Stem Branch
regulating concentration height number length diameter number
substance (ppm) (cm) (node) (cm) (mm) (number/plant)
0 96" 33.8° 2.1 3.5 4.8
. 10 78" 34.1° 2.5° 3.7 5.2°
Ancymidol b . X . .
50 75 32.5 2.5 3.6 5.3
100 66° 32.2° 2.4% 3.5 45

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly
different at p<0.05 level by Duncan’ s multiple range test

A B C D
Photo 6. The state of growth according to ancymidol treatment.

A:Oppm, B:10ppm, C:50ppm, D:100ppm
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Table 7. Influence of BA treatment on the growth of Platycodon grandiflorum

growth Treatment Plant Node Node Stem Branch
regulating concentration height number length diameter number
substance (ppm) (cm) (node) (cm) (mm) (number/plant)
0 95° 34.2° 2.2° 3.4 4.5
BA 100 9% 33.8° 2.7 3.5 5.6"
300 92 35.1° 2.5% 3.8° 5.8°
600 89" 34.5° 2.8° 4.0° 5.5°

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly
different at p<0.05 level by Duncan’ s multiple range test

A B C D
Photo 7. The state of growth according to BA treatment.

A:Oppm, B:100ppm, C:300ppm, D:600ppm
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Table 8. Influence of ethephon treatment on the growth of Platycodon grandiflorum

growth Treatment Plant Node Node Stem Branch
regulating concentration height number length diameter number
substance (ppm) (cm) (node) (cm) (mm) (number/plant)
0 97° 34.2° 2.2 3.4° 5.0¢
Ethephon 100 88" 33.8° 2.7° 3.5% 6.2°
300 86" 35.1° 2.5 3.8% 6.8°
600 85" 34.5° 2.8° 4.0° 6.1°

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly
different at p<0.05 level by Duncan’ s multiple range test

A B C D
Photo 8. The state of growth according to ethephon treatment.

A:Oppm, B:100ppm, C:300ppm, D:600ppm
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Table 9. Influence of pot media on the growth of Platycodon grandifiorum

Growine media Plant height Node number Node length Stem diameter
g (cm) (node) (cm) (mm)
Hm 68° 20.3" 1.6° 2.6
Hm:V (2:1) 72" 22.8% 1.8° 2.5
Hm:V:Pl (2:1:1) 75" 22.6% 1.8% 2.6°
Hm:V:PL:Wg (2:1:1:1) 83 25.8° 2.1° 3.2

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly

different at p<0.05 level by Duncan’ s multiple range test.
Hm, Horticultural media; V, Vermiculite; Pl, Perlite; Wg, Weathered granite soil(Masato)

A B C D
Photo 9. The state of growth according to different pot media.

A;Hm, B:Hm:V=2:1, C;Hm:V:PI1=2:1:1, D;Hm:V:P1:Wg=2:1:1:1
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Table 10. The state of growth according to root age on Platycodon grandifiorum.

Plant Node Node Stem Branch Root
Root age height number length diameter number weight

(cm) (node) (cm) (mm) (number/plant) (gfroot)
1-year-old 67.5° 18.7° 2.5° 2.1° 1.3° 15.6¢
2-year-old 71.3° 25.2° 2.5° 2.5° 4.1° 28.3°
3-year-old 78.2° 28.5° 2.7° 3.2° 3.8° 36.2°

‘Data represent the mean values of five plant. Means with the same letter in column are not significantly
different at p<0.05 level by Duncan’ s multiple range test

A B C
Photo 10. The state of growth according to root age on Platycodon grandiflorum.

A:1-year-old root, B:2-year-old root, C:3-year-old root
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Photo 11. The experiment state 1or.1. vase life of cﬁt flower from Platycodon grandifiorum.
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Table 11. Influence of holding solutions on vase life and flowering rate of cut flower from
Platycodon grandifiorum

Holding solution Vase life (days) Flowering rate (%)
Distilled water 8.6° 52.6°
STS 12.2° 68.9°
3% sucrose 11.7° 67.2°
3% sucrose +STS 13.5" 72.5°
3% sucrose +STS+HQS 14.7° 74.2°
3% sucrose +STS+HQS +AgNO; 14.9° 73.7°

"Means with the same letter in column are not significantly different at p<0.05 level by Duncan’ s multiple range
test
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Fig. 1. Flowering stage of cut Platycodon grandifiorum

Table 12. Influence of pre-treatment on vase life of cut flower from Platycodon grandifiorum

Pre-treatment Vase life (days) Flowering rate (%)
Distilled water 9.8 54.6
3% sucrose 12.5 66.3
150ppm STS 15.8 75.5
1ppm 1-MCP 15.2 73.5
AAYA FFEE A3y A% Ao g 3d3 Ae/x 235 BY, Qx4 S/
Foll Blsl| STS M FollA &a37F 7Hd F3kom, 1I-MCP A FolAe dhdow & A
£ HAo da AistEel AoAXE STS Aok 1-MCP A FrollA tizTo Hlsf =2
7S Bt 28y Ayl EgAES OE SR Hads o Aol Foks =
FRoRE DAY Wo| tha 9lor, o|F FE| 9T Mze FEoA HAEY
P ERAE £ 33 ERoEAe 1 X Aty st weld 9B £3e Bhow
e mo =eARY AMES TLHOE FAFHY] AT PHOEAE FF Fo A&
STS &2 1-MCPE HAHYE T U, F& 2o o] 5Tl 4841 A= A2AF &
S FLe RHFE B0l g EapH gty Bady

1-MCP Ippm

3% Sucrose STS 150ppm

Fig. 2. Appearance of cut Platycodon grandiflorum passed 7 days at room temperature after
pretreatment and storage for 48 hours at 5C.
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Table 13. Vase life and period for storage according to storage condition of cut flower from
Platycodon grandifiorum

Storage condition Storage temperature (C) V?szyg)fe Period((sz;sitorage
Dry storage 1 14.5 11.2
3 13.9 10.1
Wet storage 4 15.2 11.5
8 13.3 9.6

Dry 1C Dry 3C Wet 4C Wet 8C
Fig. 3. Appearance of cut Platycodon grandiflorum passed 7 days at dry and wet storage
conditions.
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Table 14. Effect of precooling treatment. of cut Platycodon grandifiorum

Storage condition Fresh weight Vase life
(g/cut flower) (days)
5C dry storage 35~40 12.1
5C wet storage 43~48 12.8
5C general storage 33~38 10.5
15C general storage 30~35 9.6

Wet 5C General 5C “General 15C
Fig. 4. Appearance of cut Platycodon grandiflorum passed 7 days after 5C, dry and wet
precooling treatment.
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Table 15. Control of fusarium wilt by treatment. of the diluted benomyl WP solution of
Platycodon grandiflorum

Control effect

Control agent Dilution % of initials)
Non treatment 0 100
Benomyl WP 50% 1,000 x 98.5
1,500 x 97.2
2,000 x 98.8
Balo] et okl EAE Koo Wtz QlojA thh BEWIE PR Zosites
NE5rel A% oln Ao UrE‘rUrfﬂ fAE X = A MAHA FEde Ae AT
o SlAen, & obsl B 0 ele] e BAe ASE Bens
Table 16. Control of stem decay disease by treatment. of the diluted pencycuron
solution of Platycodon grandifiorum
S Control effect
Control agent Dilution (% of initials)
Non treatment 0 100
Pencycuron 500 x 92.5
1,000 x 85.2
1,500 x 86.6
71858 A, olv Wol IPH AEAE AY AAEATE JIAAT 27] BAE Hol
© A=Als oAl Zxo] axprl dF FJFHAH. e 10008 Aol A 7Y T2 Ao=
UERs T ol ¥ A 27 ARRE AR vl WAEE A s HLE e AR

Table 17. Control of flower decay disease by treatment. of the diluted polyoxin
solution of Platycodon grandiflorum

Control effect

Control agent Dilution % of initials)
Non treatment 0 100
Polyoxin 500 X 88.2
1,000 x 88.5
1,500 x 85.3

FAo A2 e Hs} 50w olﬁom AAAE e e A
I 24 8uel A ool gol AT AEAL bl AEZ 1% AL A

A
A A BAE Helt AEAL o AE F O& AUAL HHE FAT + U
oh MRS 15000 AN T B AOE JEn} To A 1FEY ¢ FHE Y
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oFA Axrte I SA HlE FolA AAGL FHO FE Fojuo] I AEAC T4
HA FEE FoE 7Y oyt Aok T3 B Ay AuA|o A TEkA] A& gk F3
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2) FAAE A7E 8 P o3 AR

Bal WAy =abA] AEAC e kAA Y Al7le 53] AotA @il SO E FARE
st WAool HYH Al7|Ql 59 XA 6€ ol AA HAAES AT B Ao
AHESE OFA S 100081 o] Fo 2 ARSI tIREE e e AoE FAHAUAT, EH
=1 Ao AFESE ¢FAIQl polyoxing] 74-$- 5008 o]t A= ThA FIE Usl= A=

T A

A EFE, A AN =84 238 393 2 9
FTEEAEEGA, SAEAEA, oAl =etA, 4ufjA=2tA) 2 SAE(EA, s, 3
24, A4, ) 7l ESRAEE SAANRER st FHT R AL AolE =

AFSEA T

D A3

Oh F ZYde 9 EgEkolt g A
- ZY9E 3 =4
=gA FEE U3 = ZHE TS spectrophotometerE o]g, 725nmolA FIREE
A5t BT ERAIFEES Y44 TEE Zola 0.25m 4 Test tubeo] HE &, 7]

[e)
o 108 3]43&F Folin & Ciocalteu’ s phenol reagent 0.5ml & &3 3le], Ao 5&7F ¥x]3}
A 1 F, 7.5% Sodium carbonate(Na;Cos) 0.5ml S E3ste] 30 ° Coll A 90E7F W3 &
spectrophotometerE ©]&, 725nmolA SF=E ZSAHsIYPT. F A= dHFS 87 98k
o FE4 Chlorogenic acids o]&3ste] AFHE A3ty T8bA] AZ9] F Zdls T

2 Tt A,

- % ZYdErolE g 54
F ZPExoE ¥F ZHLE =R FEES Img/mle s=F 80% methanole o] &3}
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HES-A] 7131, 420nmoll A 3 EE SASRY. TFEY Z = Naringing AFE-sFA T
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Table 18. Total polyphenol and flavonoid contents of in vitro cultured adventitious
root extracts in different Platycodon grandifiorum varieties

Total polyphenol Total flavonoid

PG Varlety (mg/g extract) (mg/g extract)
Green petal 253.75+3.67" 20.07+0.80°
Double petal 201.56+2.27¢ 18.69+0.84°
Tetraploid 264.75+4.39 25.15+0.68"
Diploid 172.17+1.59" 18.22+1.12°

"Data represent the mean values+SE of three independent experiments. Means with the same letter in column are
not significantly different at p<0.05 level by Duncan’ s multiple range test.

FE2E EohA FE= F s ¥ ETERolE FFS HU, 4] =2HA oA
7V =2 ARE YEElon, o SARQERA, dRETA, Hxl A w2 Y
by,

) Ak B AR

- DPPH radical &A%

7zt FE&< Chol 5(2003)¢] Wl o7t Faxdagofsol o 4kt &4

ofo o
_10
=
o
(@)

Ak o4 l'“:4 Al 22 vEe (or DMSO) &2 £3)35}ed, 900 xLe] DPPH
M ZF Alm 100 4 LE &3] awksgith o] &3 AIRE Ao 30E3E HESAIZ
% 517 nmollA & E%— =439t FaATAdEe 4 AYS 33 HESY HAS W
g2 gzl 3 FFEY A AEE g2 Ao o3t A Aanh

An= (Ap-A)/Ay X 100

An : DPPH radical &7 %l th3t &4kst &4(%)
Ao : AE7} W74EA) ek DPPH $99) &35
A HEg8& Fo] DPPHe} Al59 vHe3F $3 =

Table 19. DPPH radical scavenging activities of i vitro cultured adventitious root extracts in
different Platycodon grandiflorum varieties

DPPH radical scavenging activity, % of control

PG Variety Concentration (mg/mL)
0.5 1 2.5 5 10
Green petal 19.52+1.13b 30.36+2.04b 46.95+1.51c 65.20+1.48¢ 83.98+1.98ab
Double petal 24.61+1.63a 39.41+1.85a 64.15+0.28a 80.37+0.80a 82.57+0.37b
Tetraploid 20.69+1.25ab 37.54+1.27a  56.54+0.56b  76.88+0.67b  86.59+0.72a
Diploid 16.76 £1.51c 26.84+1.53c  33.42+0.12d  50.25+0.60d  76.60+0.58c

Data represent the mean values=SE of three independent experiments. Means with the same letter in column are
not significantly different at p<0.05 level by Duncan’ s multiple range test.
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Table 20. DPPH radical scavenging activities of adventitious root extracts from Platycodon
grandiflorum according to flower color and flower shape
DPPH radical scavenging activity, % of control

PG Extract Concentration (mg/mlL)
1 2.5 5 10 20
Green 7.84+0.38" Y 9.95+0.45°  11.81+0.88 21.22+1.08° 40.55+1.49°
Blue(Dwarf) 6.62£0.26°  7.61+£0.51°  9.91+0.39°  13.91+0.74° 34.57+1.18"
Semi double pink  8.49+0.14*  9.79+0.16>°  12.43+0.52°  18.00+1.08" 38.48+1.85%
Semi double white 8.85+0.40" 10.58+0.60" 12.92+0.42°  20.67+0.89" 41.12+1.41°
Double purple 9.49+0.64* 11.40+0.64* 14.25+0.44"  21.45+0.44 41.76+0.27°

“Data represent the mean values£SE of three independent experiments. Means with the same letter
in column are not significantly different at p<0.05 level by Duncan’ s multiple range test.
0.5, 1, 2.5, 5, 10 mg/mL 57}A &%)l FFE DPPH /\74%/“% A% ARE HH,
)

Ho a1, 2.5,

10 mg/mL oA 80% AT =& aABRHL , 10, 20 mg/mL
ool S48 DPPH £AZAHL 84 gl 2 Aol _H_omt UgA T BT B
oo, AEE AN AU O Ba BA thelstch A% e DPPH AATHE Bl

oo HEss sxoE3 43S ek,

- ABTS %o]2(ABTS+) &A%

7.4 mM ABTS(2,2’-azinbis-(3-ethyl-benzothiazoline-6-sulfonic acid) & <43} 2.6 mM3}-3+4k
F(potassium persulphate)s &3, HaolA oF 15AIZF RESAIZ] ¥ 414 nmellA FF =7}
157} H&=E A3 4% &9 3 o] 7 FEEZ AT AE 150 WE
vortex mixer2 10%3t g3t A2 907t WA & 414 nmolX FFEE =
t}. Sk#, ascorbic acidE Al5¢ 2L T2 XAt FY3 WHOR FIFEE =
Z M welFT. Fole A£AHF5S AEAC(relative ascorbic acid equivalent antioxidant
capacity) 2 YE A o1, o]= ascorbic acide] £ %5S 1.0002Z 33 v 5LFE AR
o] ABTS ol 2745 Uel= A& a3 & A o) Attt

RAEAC = Caa X AAs
AAaa Cs
AAaa : ascorbic acid €S W &3F% W3}, Caa : ascorbic acide] &%

AAs : Mg E9e W F¥E W3 Cs

Table 21. ABTS radical scavenging activities of iz vitro cultured adventitious root extracts in
different Platycodon grandiflorum varieties

ABTS radical scavenging activity, % of control

PG Variety Concentration (mg/mL)
0.5 1 2.5 5 10
Green petal 21.68+0.80c  31.33*1.54c 69.10+0.71b  87.09+£0.15b 89.14+0.37b
Double petal 25.82+1.82b  51.20%£0.22b 83.28+0.71a  87.40x0.59ab 92.00£0.55a
Tetraploid 43.71+0.8l1a  64.27+0.96a 81.95+0.36a  89.60+0.22a 92.55£0.29a
Diploid 21.03£0.40c  25.50%1.45d 53.53+1.68c  78.77+1.26¢C 92.32+0.30a

Data represent the mean values*=SE of three independent experiments. Means with the same letter in column are
not significantly different at p<0.05 level by Duncan’ s multiple range test.
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Table 22. ABTS radical scavenging activities of adventitious root extracts from Platycodon
grandiflorum according to flower color and flower shape

ABTS radical scavenging

activity, % of control

PG Extract Concentration (mg/mL)
1 2.5 5 10 20
Green 9.08+0.53"Y  10.23+0.14"  12.70+0.48"  19.50+0.73° 44.01+1.12°
Blue(Dwarf) 7.69+0.26" 8.47+0.21° 10.96£0.49°  1554+0.38°  33.33+0.81°
Semi double pink  8.47+0.17  10.38+0.30"°  11.77+0.13"  17.98+0.28" 38.62+0.36°
Semi double white 10.73%0.15°  12.24+0.57°  16.47+0.70*  22.85+1.01°  45.17+0.56"
Double purple 9.80+0.48"  12.52+1.22°  17.67+0.75°  25.41+0.25" 46.38+0.78"

“Data represent the mean values*+SE of three independent experiments. Means with the same letter

in column are not significantly different at p<0.05 level by Duncan’ s multiple range test.

FTH A5 A5 B9, 5 mg/mL o] FEAAE FF
S

o, AAH o 52 2784 BA SEE 2ARE ABT
S ol £AZARL TN =R E At s tells & Aols HelA ¢ghtor, 3
A Beb mEpAjo A FiA R tha =4 UERRTE AAFH O E ABTS ol A
& sEfEHOE = Usus BEFE 2t

- obAdY A%
NS FE2E9 ofdid 2AZEe F4L2 ImM NaNO; 20u el Al5e FE9 40u <
0.IN HCI(pH 1.2) == 0.2M citrate buffer (pH 4.2, 6.00= 140ul A3l B3I E 200u 2
g2 o] HEEAE 37C FF2A A 1AZE REGAIZL & 2% acetic acid 1000ul, Griess
AleF (30% acetic acidZ ZA|+ 1% sulfanilic acid®} 1% naphthylamine< 1:1 H|&2 &3+
A, AR 24D 80uE 7hste] 2 EFAIA He AegE d2ollA 15623t RESAIZ
520nmell A FFEE A offjef o] ofEAdd AAFS Tt

N(%) = [1-(A-C)/B]1x 100

N : nitrite scavenging ability

A : absorbance of 1ImM NaNO, added sample after standing for lhour

B : absorbance of 1INaNO;

C : absorbance of control

Table 23. Nitrite scavenging activities of /7 vitro cultured adventitious root extracts in
different Platycodon grandiflorum varieties

Nitrite scavenging activity(%)

PG Variety

pH 1.2 pH 4.2 pH 6.0
Green petal 64.75%£0.69a 40.81+1.52a ND
Double petal 59.30£0.48b 28.03+2.07b ND
Tetraploid 64.43+0.16a 43.05+1.00a ND
Diploid 63.63+0.84a 41.38+1.38a ND

“Data represent the mean values+SE of three independent experiments. Means with the same letter
in column are not significantly different at p<0.05 level by Duncan’ s multiple range test.

ND = Not detected.
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Table 24. Nitrite scavenging activities of adventitious root extracts from Platycodon
grandifiorum according to flower color and flower shape

Nitrite  scavenging activity(%)

PG  Extract
pH 1.2 pH 4.2 pH 6.0
Green 52.75+1.10%" 36.86+0.88%° ND
Blue(Dwarf) 40.72+0.85° 29.63+0.62° ND
Semi double pink 47.40+1.34° 33.94+0.76" ND
Semi double white 49.11+1.13° 37.36+1.46™ ND
Double purple 54.19+0.94% 41.22+2.77° ND

“Data represent the mean values£SE of three independent experiments. Means with the same letter
in column are not significantly different at p<0.05 level by Duncan’ s multiple range test.
ND = Not detected.

iy

Zd, S8 =eAe] ofdatd £ARAE pHoll od) = 9EFe werow], 53] pH 1.2
oA 71 =A UErST pH 6.0014 = otd A4t &A Tl HAEEA ol I E37)F gl

(h &5 g4 &4

EA FE2E ABE Ui dEF 24 S8 95 B4 <A stk macrophage 264.7
cellsoll A LPS atol 2]k NOAA 2 IL-14, IL-6, TNF-¢ o] &HdS EA 3%t}

- RAW 264.7 WA A n)j <

RAW 264.7 cell& 10% fetal bovine serum (FBS)e] 3x3t¥l DMEM HlAE AL&31% o,
RAW 264.7 cell2 24 well plate®l 2x10°2 BF383 5% CO, 37C oA syt o]= &m
Ao 2 AES] MEVF E3E AL AT T AP AFESEATH

)
ox
b

- NxAEE Z4 (MTT assay)

RAW 264.7 tiA Mz digt E&A FE259 MEFAZES FUstr] st MTT assay &
PF3tAth F, A wFeA RAW264.7 MIZE96 well plateo] HEFE =43 E‘r" =k
ZES HUEsta IAZE wlek & LPS 1 ug/ml S Z+ wellol A @stgon, 447 & 10% SDS
(0.1 N HCL)100 ul & =75t 18/\]7P Zol WS xhalm ¥k$-A]F . ELISA readerE o] 83l
A ZF welld] F3EE 570 nmollA S8t thxde FFE9 Hlwsty MEZASEES AE
&= gtski

AN

Table 25. Cytotoxicity in RAW 264.7 cell of in vitro cultured adventitious root extracts
in different Platycodon grandifiorum varieties

Cell viability (% of control)

PG Variety Concentration (4 g/mL)
50 100 200 400
Green petal 95.80+2.11b 92.82+1.02b 92.25+1.30a 81.93+0.16a
Double petal 99.89+2.09a 96.33+1.06a 89.21+2.24b 73.45+2.26b
Tetraploid 97.72+1.11ab 95.98£1.56a 92.06£0.82a 80.88+2.76a
Diploid 99.57+4.05a 96.79+2.43a 93.47%£2.80a 78.99+0.75a

"Data represent the mean values+SE of three independent experiments. Means with the same letter
in column are not significantly different at p<0.05 level by Duncan’ s multiple range test.
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Table 26. Cytotoxicity in RAW 264.7 cells of adventitious root extracts from Platycodon
grandiflorum according to flower color and flower shape

Cell viability (% of control)

PG Extract Concentration (ug/mL)
50 100 200 400 800
Green 98.78+1.31°Y  95.79+1.66®  95.154+0.79° 79.93+1.87% 71.84+2.13"
Blue(Dwarf) 96.57+1.61 92.21+1.69"  88.10+1.22" 83.87+0.91° 77.08+0.21°

Semi double pink 98.60+1.23° 97.78+5.22  83.36+3.08° 75.9343.94 73.43+3.16%
Semi double white  98.78+1.20° 90.00+1.40°  86.79+0.21°  73.54+0.23° 71.22+2.27"

Double purple 97.30+1.32° 96.06+1.44  88.54+1.03"  78.81+£192"  68.54+2.46°
“Data represent the mean values*+SE of three independent experiments. Means with the same letter
in column are not significantly different at p<0.05 level by Duncan’ s multiple range test.

FTH, s Telx] FEE AXxs5A B35 B, RAW 264.7 A2 AEE2 200 ug/
mL ol8te] FEol At 85% ol 4o Lheht tlAAZ e B4e] Ao fe FAT 5
2191k

- A A oA S NO A4

RAW264.7 A== 1x106 cell/ml 5% FBSE %3 DMEMeo| B3 & M= BFH4ES 12well
platec] 800u & F2AIZ1 & ANEE Agstal hAAE A5A% LPSE 1 g
ZStA T 24A %o wlF A HI00 WE HSI 96 well plate= ;%Zl %100 ul Griess
Reagent(Sigma)S ¥ 1l 1083F A Lo WS 23t Aej2 ¥F-3-AZl & ELISA readerE A&
skl 540nmellA FBE=E 783k th Sodium nitrite & A A Oit‘a o) A M 27} Bu)s)
+ nitric oxideE A4l T

40
1 50 ug/ml
100 ugfmi
B 200 ugfmi
30 5
=
=
5
o -
=
=
10 H
; Z

green petal double petal  tetraplboid diploid

LP3 0.5 ug/ml
Fig. 5. Effect of PG extracts on LPS-induced NO production in RAW264.7 cell.
The bars represent the standard error. Means followed by the same letter
are not significantly different at p<0.05.
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Fig. 6. Effect of Platycodon grandiflorum adventitious root extracts on LPS-induced NO
production in RAW 264.7 cells. Within an extract concentration, means followed by
the same letter are not significantly different at p<0.05. Bars represent SE.

50, 100, 200 ug/mLe] s=2 =2}A FE& AA g Fo LPS Agjd ddFolA 9 NOAA
A3E HA, gEoEZFo® NOYA S FYstA JATS AT =+ A

- Cytokines (IL-14, IL-6, TNF-¢)2] =4

CytokineS =A3l7] #13l4] 6-well plated)] cell& EF31 T&tA] FEES A XS s, 1
A o LPSE A X3t LPS A X & 6~12A13F HiAE A3S}] cytokines A3t
TAHE WA= A A7FA -70C A BastH ok IL-14, IL-6, TNF-« = ELISA Kit (Pierce
endogen, Rockford, IL, USA)E A}M-&3le] =A3FATH

1 50 ugiml
100 wag'ml
B 200 ugfml

300

IL-1B (pa/mi)
[=]
=]

100

A AN

I—
%]

P green petal double petal  tetraploid diploid

LPS 0.5 ugiml

Fig. 7. Effect of PG extracts on LPS-induced IL-14 production in RAW264.7 cells.
The bars represent the standard error. Means followed by the same letter
are not significantly different at p<0.05.
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Fig. 8. Effect of Platycodon grandiflorum adventitious root extracts on LPS-induced IL-1 /4
production in RAW 264.7 cells. Within an extract concentration, means followed by
the same letter are not significantly different at p<0.05. Bars represent SE.
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IL-6 {pa'ml)
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green petal double petal  tetraploid diploid
LPS 0.5 ug'ml

Fig. 9. Effect of PG extracts on LPS-induced IL-6 production in RAW264.7 cells.
The bars represent the standard error. Means followed by the same letter are
not significantly different at p<0.05.
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Biue {Dwarf)
B Semi double pink
200 Semi double white
B Double pumple

m
=1
1

&

IL-6 {pa'ml)

=
=1

e
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R

LFS 5 ’ml 100 ug/ml ZEC'ug."mI
LPS 0.5 ugiml
Fig. 10. Effect of Platycodon grandiflorum adventitious root extracts on LPS-induced IL-6
production in RAW 264.7 cells. Within an extract concentration, means followed by

the same letter are not significantly different at p<0.05. Bars represent SE.
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W
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green petal double petal  tetraploid diploid
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Fig. 11. Effect of PG extracts on LPS-induced TNF- ¢ production in RAW264.7 cells.
The bars represent the standard error. Means followed by the same letter are not
significantly different at p<0.05.
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Fig. 12. Effect of Platycodon grandifiorum adventitious root extracts on LPS-induced
TNF-« production in RAW 264.7 cells. Within an extract concentration, means
followed by the same letter are not significantly different at p<0.05.
Bars represent SE.
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Table 27. Vase life according to packaging materials of cut flower from Platycodon grandiflorum

Fresh weight Vase life

Packaging material Flower color change

(g/cut flower) (days)

Mesh paper 30~35 No change 10.9

Korean paper 35~40 No change 12.2

OPP film 28~33 Fading slightly 10.2

Hemp material fiber 30~35 Fading slightly 11.0

AF film 33~38 No change 11.6

Kraft paper 32~37 No change 11.8
A T 5o EHAEY FAE BH, A A #AQlel 23 A3 vlwajq F A
ol AT, ol ESHOE FAVE 27]dE tA SoluUARE Aldo] ARd+F dE}
ANE7tHA 27] FARGE o84 He 208 KRl Sto= AFPS WY =47
%o 34 ¥sle OPPEE mf A ol A mAsHA SIS B A2 Wyt giith 1
3 Azt S A 2RFA AR a4 I Aeg Hlow, OPPEE ZANAE 7
S 2eg Yyt OPPEE ZAR A= PlEAE AY " #A=Z 57140 ¥
AR A HiHogE tha W AEoHEs ZOoE BT AFZE9 A9+ BlEA ol ARt

anti-fogging 7| 713 75 EAA)

=
Aol Sebd ASE £EIEH UolN TFEE )

45 al
Hzo TAYHE S FAstA g TR EZAE AHEste AP S A8 3EA
TAE dubZd & 7 =8 ARG 2717F 22 FdE o] AAE ol &3
= ZIWi e Bl 4" mAEel’ =obA Aol A dut 3§ died 2Y &
717 &7 wWiEol 2RGAE o] BHA ArlE Ao Ev. 2 A d3tE ¥ X
A AstE N FE 23 A =3 wle Sastth diustd d3kE dRe ZRATE B
S T 7Y ZEE WalsHA Lolok sk, F T H3}e] 2 RAFozRE A
StE HEd o Slojof I TRAEAE FE Arder we A4 e A A
Aoz ATHM, B3 AFE 2SN AN B2 A FAE ARD A= EET &
Az BP0 ok St offoll AANE AL 6T EAADR AR =2HA HIE ¥
of TAT EFe HAFHAFEE =4 A2 E45H AN X)), AAACZE U4 A
I &

2
>
o
)
>
X
2
>
. 0
St
5 8w
35
2 i
* oL
mﬁ rr
& H
o8 O
&t
L &
=
ofr
e
> 2
r’.?ﬂ o
N o
g
i by
o
23
E o
o g
2l
M o2
ol o
oo

3 A

A Zad 2Q7F g B a3y Ay E!]- ;(H?Qp% ZAAE /K]—%‘Sg Ao = %%\_ =

2 ey} glom g oio uy AFo FTAX

MAE 7] 95k thFel FA9 AAE o ) o)

TEx A3 =0 A3 FAOoEZAME= AF Aozl #r] wEo 80x40x40 FAL] AA}

HAGSE Ao E HIAFEUT B dA] A= FujEz e FEA3E AU old AG-
a R ;

AN

oo
QL
&
I
_|):,
_?1',
i
:Jd
r
>
i
4

- 169 -



OPPHIE® =AY =A% A5} A

AR =49 =AZE A} A

A% A A

- 170 —



CPAL ARR mAE =HAR sk 4D

Fig. 14. Appearance of cut Platycodon grandiflorum boxes packed by different packaging
material

A, =AY TN HES 9B

7
el MYT FAEY SRARE AT/ BOZRE AT} B3

IR 392 W @ =X =344 H)
Ea L
53N A AEFS]) Y8 1 AeAEE 2 BAEAY 1 As dE AEsles 9

3 =4y
cex Aujs EHFAAARE wARGE AU a¢x WelH AEATE Aol S 4
ES US4 QS 2o Holn, mAdAY waAME 9 B4 2l wet Ha9 5

Aol M3 FHAEo] FFEAl tha oS & ATk

<__1_X] oﬂ A‘] «] ""ﬂ'xﬁ HH >

- 171 -



Bhp-2= el M o) =3k & 7j3te =

oy
A4

- 172 -



. 24 EREE AR 2 23 I
AAH FEUF QB FAYA B HENET A7l A Yol A, Halwe)

3}
2 B3l 2 A3 AAE 2= AL AEA EAN AR 2 AT &2 =
= 0 0 u—lx_x‘ﬂ = 1__\_—1—‘|T] [ O:]E1 7]';(]

o7k QoA RAFsTHE g do] el vk MY Jb5T P mASE ST
T A g e A PR WG SaEs ofd B8 TRFEs)e] I goiA
FEFOR £EHE o] BYH, AAHOEE FYSTL BUsel FF olNF PHow

522 AWVHLA Wol Fol AT WA FEE EBANAE o @ P4 dAANYC
o, A ZAuso] P g ok AAE AR 2k

[+&8 Fauddr] ¥2 =32 FH]

honocﬁr'\een

pride on jgju's farm products

- 173 —



7t =B =AY $54 FES 9T AR L vAY Y £
Aol A FOE MG HAEY SAAE FEEOE AFHAI] AT & )
W ow Ao Ao aTHE b, oo tE A AL B nARAY

< s 2ol sHsth

n AP omazms 2y s s

ETETERCEEL s

m 2 AH[MS IoLIO| TN LED WHES B %,Esm

O GNiEezas) 10% $7F » 24H Y 91%E e *mﬁ
]
m SUHE BT E AU Yoz
O 20| Qot3- A2 A 2000008 > 2L& 1000008 > Th= 148358 [E] P8 N7 B A
B S B AHEE B
O 19| FEA cugg > 29 WALE > 39 FPEHE cuomsn > 49| 7|EF o
509
e W

FTEETEY
et 05% I ST

-
L]
am

CHSHII ol A 2 AH|'e] o|nj9} 914

o 30|18 — B2o| 5
O HIH|H o|HES — Mo HE FY WY &
b B2 ulMch & Q30| Zaiglof Raulol £3F AY

- 174 -



n EABRM  ononss 20 smg 8

20 33 Arglo] A %

33 ey BE A
O FHEHSE Za : 7.950 ha @o0s — 6.829 ha o — 6.429 ha 2o
- HEh-25t2 EM0Z HUHRO| 2ha B4

B B BME x|&Xo 2 UL EM|
O MAtHS Snpdos ZHa ¢ 10005 ¥ oos — 8510 # o0 —
7567 A3 oo

B 53 5% 20109 o|X FHA} T4 M
O 20I09F 2|2 ?7|E O|F 513M 103,067 B oo — 90.596 HE con — 83,960 I con
— 60,835 H$ o

O 2010 o|E U2 FIEMY : 44427 H$ on — 478562 HF on — 51103 HE com
O UE US| AFo e B HEt

[EMI IR el Be i T

n RN omazngg 2y suse Hy

2ol el BHo| ahE e ATe ZAUY

B Sl AH T4 XE » FO0|9| AH| B asmme ne pam
O FLE Al DMe| WEE T2 B Yojo| ASERANS 2ol 108
-2t £50| So{EH £& @ &= g0

- M 2HE 51 CAMANE A4 gl BAHlE 2AFAM

B 30 E3Ro HYHF 24 » Qo XA 7|8 cosw am
O TH| 81 AH(2| 70%2! F0O|, S5 FHye]de] HelE — 7180 6148 &
O 20109 Hajgk — 99k 70694 » 54 Alo| 21% T4

<3 WaR> ar7e 836 .
- __‘h NB B
P o ] 327
- o i
© "' —C) 303 =
J 76 97 — A
80
an . ; | i i %] BHEE 50 7Y
201 2013 2015

- 175 —




n BN onanss 20 suug 8

20 SHIAIROIA ] £3 B8 i

m Esiel Fof MY HlFo| HA FOE » 522 HElo| LE LA XLEF
O 20159 Ul 24 — X 105HUC R 1XH 43 b 19800] H|s) o 47ui2| o/HY YH
O £F/E HFF0|
- 80U : 25T FAQ] 50% o| Y AHX| — Q0ACH - Ea} 9 BatRe| Qi 2|3 &2 Liete
- 28 A4l HIF > 1980% 156% — 2008 37%2 F7I6t0] FakRFete| it HiFo| bl

1980 1990 2000 2005 200 2012
34 592 3012 45817 2863 2591
= 082 24.7) (45.3) (44.7) (34.8) 342
B3R 33 1s0 2684 3490 2,766 2548
056) (4163 (40.4) (430 336 {3500
= 124 557 585 608 349 349
ks (53.4) 233) (8.8 (60} 4.2) (4.6)
T 213 2393 6649 10505 B215 7567
(00.0) (0.0 (o0.0) (0000 (1000) (0000
IR R ]
[B] Sl SR BSE 44 30| :
W Ol S Tegels AX|SH WSE C R 2RYT T ETEUL eSS ERR T BRFIE S0 204 Y DR Eo-EE- T peTH g

n SHESRY ouozzy 2y s vy

20107 7|Ho2 313 =& A w4y

m S 8 1Y TR B8 ¥ o0 ooy
O 1995 6402 H2{of] BaStE B+ b 15 Mol 158 7t
- 19991 RE +FU0| +UAE FO{E0 FXHE 7|57 AR
- 20108, AT EE EIAH0 AU|CIE SEUH SO0 B 1Y £5 24

2000 | 2005 [ 2000
&+ 8 1443 6.363 484 | 28888 E2142 | 103,067

5907 26,738 10:336 19,472 | 268845 44744

[B] 4 85 8% 44 3o

&M ETER] BReal L RREY

BB a0 U p 2 Y(HWAE)TE YEE
O f2|ui2} 2o Fo £5=: UE (NI} JM XL
- AHX T, FRA0 FRAE] FOE LS A5} + O L= A 0] % 2T} X AP
— TE Wale| PR COHE BB b T BHUFL 7MY VY st =3

- 176 —




n EABRM  guozzs 2y suse w

AgAstof| mhE EfMITEO| AlSE S

=]
. Q0
B 25 4 st2tel Bost = » M2 2 S0HF 0F AF e
O Aot Ml H (YN, AE) — WE T2 &0 HA 5
0
- gojijol & EHIASDe| FYUHEZR +E3LHM Boj2 U .
O 0|9 o] Bl eIu|et at| B — Hojo I 4L 24 A &
O YUEo| AHAF EHY T =& 4F siefe] Fo $#9 ”
1t}
5\5 ) 3 | Le
m BElsTe BY AU £S5 wor oM Wwg e -

O 20024 ZHASLHEZHSSUWUPOV) 1Y — ERIAE JE/2R
- HO| SEEAMA U YHAEE YU HoiTt 2HE| X2 9 r EERE FEE
O 2F A EAI7E S MR A 2T — 5 Miksrte| AR LB, ST B AH|Bep WE 25 L

- HIHYU I[N EF HE. EFEIE UYEE B 57t 2EE| REFH0 AT
- ERE OUT LYUET NEE 86 +ETVHEE RFoor B

n RN gnazms 20 smng s ys

SHl 2H| V3= gE )

PN X0l U2 YUE HAUAF
O YEL YRR 0= F3f CHECf M 30| 2 Lt LH=
= HE M 22| T YNJEo W SELE TEE 0 TRz sysen?t 712 THE 237U

B EP3 AH|%0| F£ olf b HIIY R 2u|YT BH » £27F RES FY Aoz 9dF
O #2| HE
- SO Moy, ROPY. PHEHIE § SHITR0E0| A8 FHd) ol e
- &H|AP} M35 BHIES0|L Aol CheEh 2H| 5o AZ
O EX g2¢S9 2fo|ZAlO[29| O|&2|: TIEYO|L: YA HE-BS =T
O TE U el 2Pt AU G5 — YM S Y » 1FE AR +YUAER AHBA2Z VY

TR Y

=8

1987

1258

2000

oz

LIS 100
o 63530007

ot 270¢100)

99
B3P
28K1C4)

134
B.3780132)
4080151

Eche

ok 525000

63201200

1.2310234)

[&] 2&2 BHR c8T8Y

W AL 00 s

- 177 —




n EASRM omazzy 29 guse 8y us
HIHO Z2F Y BY =7
mUTEEE ST Y EF Y b Adx} 230 &

O FRBYeas ey 6] S/E 25 § 60% BEF — 2 F 90%7 WY FREA &
- "CHYY BEAME HOu UTEAINUESL + TSEAY B8 WA, o HE » UEE Y

aizes|at b))
R85t 2
[ LB At S
selsrt 2580 §5
SERY vR
2l i .
REREE ﬁ oo R CHRIIE T ivises
e I Ennl iend T LT + (5] SHUNRL DEpINES @D soTres
SNEIMBERER  OF e w0 [+, Jrpr. ﬁmh!“n_ﬂp

e e

n EABRM gnazss 2y ny 9 g% wy e

mst AR g BN AL 24 :

m Esto] Msh(+E) ¥ el T4
O Ez Al £2 2FH 24 FLI0A 27} #2 Tyl BE
- BHIF QRS2 £ FoE 72t 4% § ¥E80| UYED, =3 ¥ | Ecpuo ase w2 TUYE
O Mzt ¥ Z3po| FYE oixlE 2¢
- ¥4 2L HOEs, A2 G O|MEA, oS O)YSE, 82 pH. 82|H &4, S6lF
O oo £YE YA TYTHRIE THAZ|7| fE 22|12 Lol F2 &SR BT HMME.
> 2B F 9o HinFo S SHllE2l/ YA AR 22| Ho| Kool &
b 7IERY ToNE Y. /S 2 ® HE § odR BE 2B7sk AStl 2as00f g

[ | §§|-E| xfﬂ ﬂ'ﬂ & @b TSR Suie) ol B SR 8 28 e A SUSPHERAR e A LR X
0l § A& H% 02 He &AM 03 CA%dY
EHopE 8ol @0F g ool Y RS FED WY Ha
AR Fof ME MEIY i 92 87 g ojftt Eta B T
HAths Uy HEths Wy DEE YHAA B UaE
WEsHE MY Y

- 178 —




n %ﬁ%& QEtHE Y TEH Ol S8 &8

ZPo SH BaY

m ZFo Y
O Mt E AR H| SEE mnx| 2| SF|-2E0] mH
O S5F 2 &4 U £ &4 OUT 8 H8Y SoE25E EIE B35k Jlo) By
b LTSS LR oo HA
> ZEE Bof HEHE BHAZ - 2lojol B — MZRX| DEXt| aatEojojop T
O | FXof 0E 25
- HEE £ UOHE U Y J9 +58 S22 Mg
- HE(eh o S E S e (s o g B k2t 58 29

m H3lo| TR Al b AlEo| HE/OSo| 58 + SEE02 OfECIE TX
- f \-*"r 1 i1 S 3 l\'. ; i P T,

m S TR, Y
O UHEE T M 2R BE
- HEE SHRE Y
O O 45cm 1084 1
- 1202 IBOX ZE & &

B OHEO TUE ERRY
O QEUY SIElE Y BYE Yot
O E5 YN8 BU #%
- EYMNIEE QOB Bold ER
- 0§ ENQ) FMH7E Hol waas

m Y TSAEZO20, BHYY
O EHE E 8NN HEY
O HHBEY PO YA AR
O 584 1522 T4 BOXY 64

- B 98 T UBEO 8 33

- 179 -




n SHABRM onemzs 2o uw) ny o s el

29! sl CSohs YES XA b

B UE RpFY e (HNE, F FHE i AUy B
O B FEsitd — YE A= HY PN £ HUESH HaE HeE 57| R

Al
- 2H[ETH F2 FEE UYohs 71E - "MUE,, (YUS0 HshEEY0| F28.F A= B
FES R A F=E

O F& ETLE 98iM L[5 200 7 TN EXsHH mt2|sior @ A& Tt
O 2= (FEMS YD) @ #Y @ HUE |XIH A
O U ¥EY FXE A% S8y B U 2SE W7|IT TR o I JT TR

n EARM gnazss 20w 5y 9 9 Y ¥y

YE SHUAL et FRE ZYEY A

B ojeR2| 'Fatc|E3 L, YA
O =53 258 UNE 5 2%
o Y§ mat 20| He S4E T

- HEXZ EREE SE5HI oM
HEYE /A0S 8

m Ojut2}7 ¥ TgatCiEH A, 2Y
o BOXY EB4¥ 1002
- el 5024 DA Hx
SEELEEE-L)
- BUxl0| FEUOt Fel

W Oj2tE|Y TFRCI &L, BY
O BOXE ZP=% 502
- 4 20&, 4B 3024 X

o 2o ol LECIX Y=

- u2xz 2%

— 180 —




n EHURM qmozzy aoue) 53 U 9E By Uy

m X 7|H CEe, B
O BOXY B4 308
- B CHe 0= 2ad Fot
O Zo| He| m|X| gL HERR E3}
- Rus0 NoX|2 SSYOL B
B (F)TYAT "YAERD2|0f,
O EHES
- BUX| 4Alo] BEE Yo 2
- YRR Bt UES o| ot
- HUBES BUK|Z WAo| 1

B TRAIQRALA(RER}A]), B
O ELF(HEEEHE o281 S4E3t

- ELF2t:= 20| 25 AHBEE W2
CHOel ALE.

- LU HEZ B3 + Sl BH

n BUEY cponss unues sy ys

2o S5l ofE Y S 2EA

m SY A 24F §T Y= HE B
O (YE) wao] ZF227 HE
- EEMPYM RSERLR B 22t ENGO St B
- sEAL gAd R25H 2 g ZFSPL 242 2EE
BE YE0| gl Hals 2H
> ZY S S8 BEM2IYEL Fo| BH Tt 8 ER

[M i -

O (REE) sprof 20| HEl HEf

- BV MY 52 BHEOL 247 WAS ARE MYE SOl 4BO| 248 HoA
- 4B XSt

= 2 JlActee BR S T oj0jX|el XotE ey
> 235 £54

. F2AE ojy Jsd 2lAT0|02, ¢ ROl LR OE/BEN TA-L487) WY AIS

v
- SPl LMo i MR el SARO|7t Y2l 2EAt0] HY
- U ERAAHO| W23 HaME of o] UL WY
> HEES BEAHL TEHILETESEE, £ B4 fotE EMEEC M H2/AS/HUE EN T

— 181 -




n EHEM queznsy 2uny 99 8y 2y

Eote gEA o 242

B YEFEE =017 M E TEE?| T Al
O U HHFS ol Y — 2212 > ezl
- 85 2ol FaA He 2219 550 BEE0| ForEe| wal 82 ol it §42|7) 50X 2 U
oML 2T YY Y ES
@ =L AH|xk2| g0 S HEo|
@ 25 SRS DEEE A7 HEgRH Hale HE
@ WE|-AOfETE Sy O BA| O HE §712] Y
> 2o gE W AR E ot B2l =SS ST Hath SN Y
O AH|Ee| gL} HEE SrET LY EIjC HEIHY o MEQ ToiY ¥ TN Wad ZoE 7Y

Ry I XY ¥ 78 Y 24

U U 22 F5E +58 ZEEHE A

B "HSE2LY, W wehsflowercoks
O 3 H2hso| FHAES
- 222 ol / Syl diE
o ¥ =l ol & 1
- #2ks BHE E0lo S A ME
- TH/EESE RN UEXNZ Y

B =§8 YH|C|E "2H|(Ratti),
O ¥ 550 4ZE
- X|gua glo| REZ M| Fot
O % HE THO Y
- B HAHERE BT HE
- Thepge] oiFt W g 8y
- Hl'\gof] HCoh HEY 2y
O E2tAl AR R BEE g,
e Zyqto2 o|F7 2upmaly
YR HE2 HE

- 182 -




Y8 A 28 2FEY A (Y=

m St3of HjE Pasin DA Uy
- Qo] MELAITIE SHIME OO H|M RES DX\ Euo] SIS §7| 9 ojSWHel CfF A AMo| JLES HIDWE O,
HRSID DEAHCT ¢~ UR,

O "UH|CE, 2] BRWAa YA O THEEA L, fo| BRYHI BEnA
- BpEo] 37of 8ty F DYEE R U Acyyy 20 - &% BEH 2ol YEix| 8 sl o] ZUE
- 2 Bxtofch PPAER SEZY WY — &80 WM Has - &0 R B TR 2F ML 23 HE 2R

© 7[E gubmgl rent, Bl magtaal myula

- O|F7H Fo| WEt= HE WXEIT] 2i3Y 1D U ZHA,
222 PPH|YE O o 2% ga

- 1742 EHolats Ro| Ho|AL sHro] 2Ea R 9 2

= Thme| Fe. oy O IR F2 BHE o FE
FES| BUE AR AUE WS

— 183 —




=8 S50 ot o TR 22X}

m =S PASe 7t 3UE LAFE AT ¥F e U 2o
O 4% Eilego g 7Hsd ofF — LE LH[XEE ZOpt PEAIF| L 7L 2
O YE AHXFEQ LX (T 87| 2 AFE)
@ HE 2¥ED UE ZENO|Z 4T 37
- HA ZEMOC|Z(10cm) BCt O HE x4 B 8 +&8 871 248 HrN2 W Ma

@ =% 300% ojst. =9l £H|X A 27
- TP EHCR. B2 AUMT "LHEL - THENL 2 DT » HTE YES 21
- 7 FH7IEE 26 2R Y YoM 2HRPHE 2o she YEYM. FX0 o2iE2 US

7159 D7 oK@ oIt Xorho| /BB BAET| U 248 7RIS AL/ AF

S B S Y | BOUYE) BH SAUE 24

— 184 -




n HUMCEM ooy ay suuac 2x

X|Zpxfieh AZE7| ol HFE B "X AFUEH, HUE=

B EHUCY Topa|f, _Frx YL B BUE coov sy yESEE B
O of2|Fat 22| o|0|X|E HE| DFASE, OfECIEE LU CE XK= 2O
= SULLAES O HME KX HAI 23] SHYT TS el De|0Y SEERHHE
- UEE EE KX oY Held 2grEt By — HEIH 45 » U B SR 7
O 2001 ST SHEEO ol2|gh HHE FEMB|IALE ME 2HEHY FHE AE
- Zfo| QS O|MITE(BHR)E AMEY|. BHETIHE HYMOE {F — 7 HeE Y YEE Y
O (Z2MEE E2I9 7|DE) HE 7Y : 39 ol A%} TR o| M. HElE SXH & U= 45

B EUCY TojAN, _F7x VAL B BUE (ocee #7848 B L)
O TR DR S A dlE - FN| e 80% oY
- o] & X35 23R7F 0% 7P o| Muje|D S B3Ge] Bl B,

- Bl 2YS 2E[H2, 31 4120 OJUIXE EHYD YT 80| THESES CixtelE
- SULNMBER Yo|HHC KYX|PAIO] ojs] EMIT BT M| 2|0y SYHREHC
- RS B S|, 0P M| Just HAL — AT M b U D 2S5 I

— 185 —




m HUMERY swczs 3y susus gy

X|xprjer R1ZE7| o] MFE BT "XGEULH, HYE

m HAcH

0 oful(Attys 2921L2 DI N NF'E o)
- SHagt Fot Yep7} ofLi2t Fat Aehel Hojet I2E 2 B HIOIM FIWor, F) HAR BuiLe

ECHE YEi2 g9 £7PHX & =8

- F71k HU7ISHY O F FYUISVE. ol FU7ISHE. 2 57t § TEEC| gE

fotu), _F7|= DY-OE-o|HA| S 23| EHE cugeiauet 20100 63 54D

S, JF0

B2 =50 EHESE XIHE ST B 2 oHE 27 7 & W

- JolM KT R YHOE AZsH= OHE DRPBOT J|ojsts S

O FETEY FYNGRITA /R

O 200641 E38k a4 o

O R0 28 glofc SR, TR Ay
SHYT HBLA0 2 R AT Y S
THE

O ot Spo|Choj| AT R] e, M
AAME ZHE - HEE YU B
B ARE HE DOHEE PHS
B 20190 140 0| sEod

i

gzoacy "EHE,

© B7NE FETE N 2000 7HE
O F2 FRAZE B2 F2 B FHY
HEEO 24
- FhA7E I RET B Y0 A&
O PRPS OHECHE Y YA /X
o HESEE B AAZE SEUOEIM
o] HEfE 2 WE
O 208 Al HiE 42 9B F Tl
—= 201340 1030F 30687 THof (206198

Ezumcy O|FY,

O FHE wYU?I@H0| 201

O AmAo|RSHE Bo| MUsD, TR
=HE 20 R0

O 847} ot @Bl F2. By 32

2 pojc},

O Yo BELOA 58 BE (2016
- 2007 BF B3l
- UE U REEY L 3 A4F BED

— 186 —




m BHEEY caczs ae susas g4 g

UL D7 Y A/ EF B i

m HICEH Tojm@2= APPLAUSE, _Eu4: SUNTORY BLUE ROSE APPLAUSE. 770—X
O HA 2He ofoje] EFE FHYe| FEo B AR YEe F5/7F HOROSE, 2E)HE FAIEICL
O Y - HES| B E (SUNTORY FLOWERS)
- MHER| FoY R YRl HofFAl, 200200 HE2| ZERolM Ss) 4, 198900] Q|FLiole] BFY Mo} SEE A2y
I B CE FIEYES Bl o2 Algke 40 BER SRS JW BHCIiAY, HU B84 2E2 0 T HSE

Y YE-HUMES MAE  aopo) Wela crust AENge] ofgQix| ) I

olma= QaK|g Ul oE2x g

- 7158 750 M 7|Me| ARzl UYo| B3 wesD Suct
WYY HUC Hio| HUCASRE odf AEl NS oIt ol 43

n HUMEEY uaces 30 susas g4 e
YE oiZiz|of A/ EX

B EUEY "EHAE MOONDUST; _#u4%: Moondust, L=s X}
O "EMY REIE Z83 %Uc F cloks 2jojg| 2F2 BE AUE FEE M SHE TP BoL
O 7Y - HEE| E2HHZE (SUNTORY FLOWERS)
- M7 fEel BRPHO1Y TRRE 7IMSks BlRHET o 2
- MEVYOIE BEE IEOIA THEE BFOR YR SIA <olZ2X>0| HRT} AISE 1990URE, Y 7O HIF HA 1997 AL
HEAHE £ 4707 Mo AWCICEIUET] SiLto] 28 BEODY X2 Po| ot WU Anojeielol F 2ty 6FRI YUl ot
el IZAEE YOI B wystol YENSE Y3 HCH

B S AE-HUCE HE i HElE CIUE AENUL| o917} PHe

e e F R m FLAZAM RS
L 4
BallA sy rrimy |
Ltk
— e

<Mother's Doy> Z2EH  <Y27E>2 Feiao|f <WET DREcy> T2g4

2 RE2EE o3 Y4B HXE ol ¥E
- RUE AP 714 E B BFCH0IMN MU= RAEE FUSHA T At

- 187 —




EHECRY MY | STPEE

Hej EX{ BT C|XIOl FHME = = oje * 0| BES EHoi7 |5 (FILPUCIRRII B0 T
ERETT sacoxe iy asssess woi [T TaN 2/Reln BohEoIas el

EMdRol z2x| 2HE Ho|Y B
N SMAEQY Tatx| HME uo|H H4 FYE

® KEYWORDS
Yot Ballonflowsr, Bellflowsr, - , Graeny, Emerald, Verdant, Unique Glow Storn, Stella
wEoitio] BEL, hosil WOEAD, EHE1SF L5, kikyol S2HXIZI R, M[A£0), midori] £ E80]52]), RIFL>, sull 5 FE(A0)
AV =2 A G =l groen] (R, : [ . ; anabira (S

[HANAGREEN] u|0|2of| ciEt Ho}

P e L L L L LT

m BH3C Yo|Y =&F

f£TFS / Hanabira / 29
[ ]

S=ZredpV) / Green / w4

aRs
Mataphoreil

O B0 (7276, hanobiea BY12 e [Greenlel 289
@ IESE P WY WM BY SR, § o0

o O 2EUUT PENME TRAEYE, o& oo By
Ergih ! " O WSS BIae, $EENTI AA/YUHE HY

@ | Smap [ Twa By 2l 2EC oo]HEE] Dii'l:

— 188 —




HEH:M =0 !#ﬂﬂ.k _'x_l.r#] =1} EreiRE
B socos cooom mumees g

oF

FURY 28X BEUELC|RLY 2| 2AAY: JE012

® hanagreen(8tL, /\F51)—2/)2] 374X HHME ZX| MY

O Holg/FoE =429 Tatx|e] £ E 2C0i3e s =y o|0X|2 FXE

@ 7|EQ| Haps2 SapR|[AA, purple]?t S4E2 Y EEE|[A, green]2| CHH|2, =42 Z2tXE FE
@ Y Ent3e| 2t AHF2E UYF TEOZ & SHEY XS HEEN & E."-E— Eiic

[HANAGREEN] gae ’Hérﬂil

i @ i CHet Hot ;
hana(Green hanaldreen
(28] [E2HE]

m HEHEMEF crpmayziyumas mae * 0] WEE HOPIY (FILACIXIRI T HopM Aois

(HUE HEll§ 29l Mo Eotsts CAel

EB1-8 hanagreen 4E7ME STPHY @uy/a=a%)

1. MIE2} (Segmentation) 3. BE|MY (Positioning)
L] RE B Ch vt oy
SN Al s Ei [&Te].
i o = | | o 51 I B
& - -| _p = = _.:_i * Ef _{—. _.
B o = B a
cip” A cipl*B c 'p|
e T amm T Fhestomi
o, S o, TR, S o
RO R IEYE WAl QYEY. EYEHEER), WY FEl T UaANE TAE, BEA FRE
ﬁfdl':'?i_ 250) Chet 24 L Hp
.............................................. i
2. Et® (Targeting) P m MErEA :
CEED {0 RS} HEVE. AYT LAY ofolciopt BR :
Bty : | RS R :m ge nmcu AfRrg gicqa|
e - : N [ .
| Al |, : ‘Z ,
£ +—lrtoest— 3 : .,ﬂ Enig ;
T Gl | P ouue H!= colmeie 359 42y
1 A+B+C+D H P AMHEE, 200 B8 Gl :
e H AR T ETA BT -
H {94, o) Hef eila
H THE g A ApORA SEAE 0y 2
Target | _s0-5000 453 oy Target 2 _20-300 e HEx oy HE T L totet 0k :

S LR TELT .-..................................................................................'

— 189 -




BEHEMES srpugzuyju=ygm) 2ag

0| £ E HOPIY (FISDACIRIRI T B A ZHYa

[=E Hal)E 2Rt H7HEptsh= Sy

#2818 hanagreen YE71% STPHE U=z :

1. 428} (seamentation)
€EECD

[ - T |

A8 B

i L ?In B+D

SEIN

fﬁng”:‘A

Rl g-] L -]
B T e N
CRugiol, RYEHREE). 52818

2T, BYE FIEYE, UsMT

2. EPE| (Targeting

| Al B
l,; - g:_lg-&._ Iku ,:r L sofg— 1;.
¢ C P
- A L | |

oy e |

B+D

e D sfT Dweaet
Target 2 _30-500H Meix

o N2 N AL T e F P AC R TS (L Vi BT A TIPSR -

Target 1 _20-7acH e Wiy

3. ZXMY rasitioning)

Wi e

[AlE]
oo

Hol % HA4Y WS, FEM HEE
HeicHkof cish 24 8l E@ot-

L T TR T T

B+D

P m HEEA :
DD M MOE cHREE CHIW ojoWEE 24 Ea :
Pk SN ECHe UARERRME £27 58 Yol
T UBAERME :
E (Epo| ) & WO} E
T U B RS ! :
- 2 ! 2E i
s D P 29, PRI Y REY YEoR clolE] 2
Dok EE FETHE MU BN ARorscm e e et 8
PR AR SRRSO SRR IR LR

CHENHBE) & e | SWOT Analysis & Matrix | 4P Strategy | 4C Strategy

- 190 -




m DIAIEIMEE o= sus nss s 9 9 my g8

¥(HA) B =2 748 EE g
B YE AT +UFY X LHFELE B sMEY 2K 9| 7t
© 19973 ofAlo} FHIPZ|IE A2, ot L=e| 2SS Ay Aoz 230 #3F0| F7t
- Y=o s3] AL Fop517 2 22EC Y YU & 5571 ofd crysie|of o] XH,
O Y& AHFpe| Fato| cist MET FAFo| ofstH, FoiE T of &M =2l chEat 2ol LEH,
- Hele o) T E > MUXE e o5 (MyE o)) > MMTE R > 829 A JHs of
> e;'t'wﬂgﬂ..ﬂ YEZIFNM NESX|QS CHYY 087 ZRT ROIOR NEH Ag oa|.
» EIEET 25T AZE B0l 2 Y B A -FH A or|ue_sEHEEIIN)L A2 HEh

© SSUYR SURL Y ERsan el on g Ao M AT XY A A
) SoLDSAR kel B SN MEAEN el 2 R0 79§

OAL oaxBst H4EY U AREAF S AYHEHNALY X FHEE FYH W

e i P WX YR, sucrose BE, BEY B ogor BE. pHE
- EMFY EotR|o 258 YES 71 MW W OPY T 1A%
Af-“ ROLEAD  \aysis ovopys s 45975 9 2815 98 213/0 HESEEA 29/ & U YEER

m OB R o= sz 2as g 9 9 w2 g8

2(#A) 22 52 Ut S8 Yo

+ENE +EER 2 u &1
giojue L. o |- 4 = oE 24
0lg o Xg L L E
WIS £EA|AHYE 4% +E HE2 oM HEske & 2T YHAE a8 dE
CHEE-430 AR =EER L EEN Oy SRR O] T EUEH §EE
UL LTOl e X[HE BT S == H#Y d#Ean Mita o =

B geyy, 2Aco) ARE DY Y A+ AR £01E= P

- 191 -




I OFHIEIEZE swor analysis & Matrix

Opportunities Threats
swm SRR TR w e g EEol NE
| - e s auix § - BR/BHOIE MAE 281
- 2| - x8 gaosE g3 - 27 HYAE N s 2
amx L | -nppgw eec yon - e A Y0
- R A A B B
INTERMAL
 RUFY qNYPAY 27 s‘u B4 ST vY o
- Ml IR ER P ..
- wMPY SoHNe M5 s e % MBS
RAIEEN B Mg WANE N - MR YR & MARLE 3 3y
R e TR ] - HOME WARY SAN Y8 AW | - 10 20 AR gy
- NA B Y % engos |- EOHE WHEY SR 48 AW | - BI8 + B2C =OC o008 Bt
A - AT HE FHOAY B AT | - Q&% oY ¥ SFA% ma

wu HYN GE qu s

B ORISR QY EHYRE HY | g ononpnieopuNeaY | @SR S0 0E g G 98

- 7EEE mH oY Ko oy BlAbE] Slas HENT 28 ny

-B2C & 5

- gar a:ff;u, o - 3EE Y YRS NE A - MADE W JERI (3 T80 73
BT RE-OY &5 ¥5 (28, B2C#) - wAEY AU A8 ARH Y

- B8 % Doy cpmep (UEeg) | - AZRNE BT Yad gy
- I B G ROETR S E YR AR 38
oS RN A

MBO EaR(o] LY UL AlAY

AR T2 oW FEE T HUS WY Y Y BHC CXYNYE 27 D8 AEe e Y

l]'fl ﬂﬁ‘“%?ﬁf 4P Strategy & 4C Strategy

Product = N8 . Price sraj= stam oixel ojuy®
= SNET G U R AN R e RE R R
- 2 ER/ONRY B AR DT BEL Doy
= WNIN HHEEE AN AR BE AT XN

Cost Communication
WRE SR Mg . BaEe pene
Consumer Jmmme pus Convenience O|CjoLE KB B A8
By Y N Y ABY-22Y LUE 27
(ATOL ) e T REA| DAIEAT

- 192 -




244 ‘FAFY =R FF3E
b AFAE FRAAG

1.3, AR FEIHE

=AMl [0 22| E;AGROLEADIE 2ot [=AH22Q)

(BI TR D2 Z22)

% T2 A T

el
h_l-_AH_l_?j!

Client Interviews

Project Key Brief

EetX|, BHHEIHR T2 M| A

HHE 0]y
2 Cixfel
o

Explore

Brand Naming

A3

Evaluate

Brand Architecture

saHECRrol

x4 9 ofee|

Visualize

Identity System

Investigate Research/Development Brandmarks Flexibility Print Application
Define Goals Synthesize Typefaces Consistency Digital Application
Value Statement References Colors Scalability Standards
Project Contract STP Starategy Forms Test Manual Book

SWOT Matrix Slogan 2nd Feed-Back Digital Manual Book

(=4S EetX] 52| =0
> [=Ai2e) Eefx(]e] 2EHE OFo|HIEE]

(2or8 U 2918 58 BT ALH F
b [=4ES Z2kX(] 2218 J&2 ST
b [S42Y mefX]] 28 =2 ST
P [mM%Y EetX] 29H8 JF =hE &

KSF(Key Success Factor)

Graphic Pattern

EEbx], =L B s Tl 8 55
25HOf St=2t?

U

o

o
_ ==

i
fot

1st Feed-Back

- 193 -

UEE HEEHY 7|2 A LAY

FINISHIG(MAKING)

?lot 2218 SHE LAY 3 2ot I3 | X|ClXjel2

=

SIRLIRIRIHE

I3 | R|CIRFIPHE



Listen

Client Interviews

NVEIET
=

A2
= [ i = |

Interpret

Project Key Brief

Product Design

l_}r-x:(,ln Architecture

xg 9 0j22)

Manufacture

Making System

Research/Development Material Flexibility Final 3D & DWG
Synthesize Colors Consistency Mock-up
I iter References Forms Scalability CAD/CAM
je STP Starategy 3D & Drawing Test Manual Book
SWOT Matrix Graphic Pattern (INC
KSF(Key Success Factor)

Listen

Client Interviews

ZAAL ZAL/ 2N
et £

Interpret

Project Key Brief

j7|X| Cixjel
e
Explore

Structure&Graphic Design

{7 |X] CIxfRI
a%

Evaluate

Str'&Graphic Architecture

M 9 [}HEl

== Sl ACo

Marketing

Promotion & Saleing

Investigate Research/Development Package Design Flexibility Mass Production
Define Goals Synthesize Typefaces Consistency Promotional Booklet
Value Statement heferences Eolors Scalability i Domestic Sales
Project Contract ;TP Starategy i:orms ;Fest [Sample making] f.;)w—:-r.wea:\ Export
SWOT Matrix Slogan 3rd Feed-Back Series Products

KSF(Key Success Factor)

Graphic Pattern

1st/2nd Feed-Back

- 194 -

Development




LS E2fX]] £

Hr

ol
=4l

=

=<
Ar

oo
ofl

7~10

Ol

H| 0

- 195 —



. A 2484

<l
IH

T

o ol

2M > 31, R8st BA > 3.1.1, FU Al

3.8+

ih

MEICE = 5250120 10% 32t E

Ao LIERTY,

K

=
i

t

15,000 & 4F0|ct. 24
ot o0, Ukt IFHO|LE £A0[3HS

‘.k=
=

o [2H, f2(Ltef

h.
=

Af
AOIIA BEO[ A

o
=

o

t

= MAHE H|E0| 30%0 &

=13

=]

AtE =t

M0 BH= BRI} 64%0)| 0|21, BE

b

m]
—

e

ZHo2 ZARCE

Sh=

WM «

L=29)0], HOpS, AQIA

200,0008

—1
=

Hel AgtHSt0]| [HE EfAIZH2H0] A

L]
[e]

5

o| EAt

o

F o= 5101 IR Ol R = O2fet

e

S
ZI0|CL SEX|TH AIFFO| BHY

=
=

Kd

r

0|A=

- 196 —



3.8EEN > 3. 2REFE 2 > 3.1.1. L AIF 24

2,500
2127 2'200 2'223 2,253 2,255 2'220 2,240 2,251
2,000
1,500 [ gE5: 1278 1297 1315 1,308 1,302 1313 1,320
1,000 chel: of ol
500 |- : : | e
0 B gor

2008 2009 2010 2011 2012 2013 2014 2015
)  (@x @)

[H4] €& Ul 2t AIF7E 0|

[EM] [OH=AHHARA], IIES APEo| 2t 2AFED 2013

L SHP I oliel £ TS flet S0t 2R

20028 f2|LEPH s HASUES ELSYUPOV)O| 71 SAIH|, A RIEO| HMIE/S2EH| T2t 2= 0|
HE| X288 QESIHM EF B2 0| ZE2HE|7| AIZZHCE Ofof 2F

SESAP} R MARIS S AT STyt 2
RIRPHOIAS SHIHTAS H2), Bl3] MAts 70| ASTHAT} SZ 80, M7 2 Ab|22t0| HALS o =3

=7|20|2 ALt

R F5HE EotR B3 ME

Fol, =st, A2}, 208 & 2o, =FE, A2, Li2l, R0l §

XpStE| D Cirst 5 Y, B3 S0t 2 B St |2e) 3R Ast ma
4%t HADIE B) 50| 7/8 SRR NEHIF YO AEHYAS 2HR0l0 Y

- 197 -



w
rlot
oY
Elin
i
\V4
w
o
4
rlo
o
Bl
ks
AV4
w
—
w
Hi
~
— —

QA HHE 24

HEHETY | M0t (AfR), Z2rgeiz @

2, et Ay, EEst e*ﬁf =P 522 AH A 19| Efﬂf =3,
Hb, 2H[=Q TEAIFUAM B8 I8 SME 'S0 =
m
o

[H1] 2 20 24 2310| YR +EAK =07} s 15000 - 2500
3 (M)
HEE 22 HESKI= 2SS Y 4 QUCE i, U X2
' 12000 - 2% ()
Lif 23o| 4-9) o| =T = FH Z015tD Q= =A0|C} 2000
(2] YO|A[OtLt E20| CHHZ SLRMZ 1A 9000
DHOj| A S XS HEE DAE & Qle ASho|CH T3] 1500
6000
YLDt obE TR Lilete Xaid EEe M3 wett 1000
Of, DEEO| ATt 23|12 Qo) £ZTO M, A 3
sto| 71K S &ofof & 2olct 0 500

20093 20109 20118 20129 20139 2014

[£1] 334 Fspel Che 2547 0|

12| 2.5%%

(5018)
20074
B2 3.8%
20084 (764E)
o HEH 15.0% ——
2009 (2,988E)
Lﬂ
0% E217.2%
20114 (3.4272) SSSOIMORETE%
20121
Il L 1 1 |
0 20 40 60 80 100
[H2] L2 L =22t =2t HIE [#3] 20143 €22 I3} ~YdE
[EH] https//www.atcenter.or p/item/list/chrysanthemum.ghp

of =8 e Hetol| UHsHH 2hS, HSH 2= Cix{ol= 0| ZeE
e S TOH A7} HSSHChA T of S, CHfSt D0 2 as 2Y.

— 198 -



4 [=AZQ) TEIK|] Mot HaHEXEF > 4.1 STPEEE > 4.1.1. M|I28|xzf

Z3}8 HANA GREEN | 321 STP T (FLH/EEAIE)
E3I2 HANA GREEN | AEJ1E M&23HSegmentation) 2

Inb/e=

X713

Segmentation 1 _ Segmentation 2

A | B | A|B
B&D

A
CDECD

AT, 28, LeAE CHEFEHOH, Stiel=Z

- 199 -



4. [=AMEQ) ERIX[] 81 BN > 4.1, STPRZE > 4,1.2, EPIEIRE;

32 HANA GREEN | AHEJHe STP M2 (ZL{/ULEA|E
Z312 HANA GREEN | 4871 EFIR(Targeting) H2f

60CHK

Interest Business
20t
Segmentation 1 Segmentation 2
A e 2213t 210 TAE| A £ ZNES
——Interest —— j ——Business——
C D QIE|2[0] £F C D FEe
B2
Target 1 Target 2
40~50C] 4 FS5 0of’d 20~30CH 2t7 HEE| 0™
X O|ES0], B2RjAE

— 200 —



4. [SMEQ TatX|] 2okg BHEFRE > 42, STPHE! > 4.2.3. EX|MJHE}

=2H8 HANA GREEN | E21E STP HHFL/2=AIE)

2512 HANA GREEN | A&7 ZX| X' (Positioning) T2F

Orientalism

=N

EO0iE

Westernism

Segmentation

A B

) Interest znig

- 201 -



2k [543 =24 238 3 £318 Bd=spd

5.2. E#HE 1|0]U[Brand Naming] 7H&

5.2.1. EHE H[0|Y [Brand Naming] et

[=AH E2fX|2] E2HE 14|02 [GREEN BALLON FLOWER] BRAND NAMING

[i54 E2FE] BRHE 0| g U IR

=4 E2EXI2] S oY W

—_—

2y 2

29% — Xy oz | PR xiofxy
Metaphorical & Intuitive Artificial a Natural

Hoi = thof
English Two-word

¥

[A1Z2Q) ZEHX|] EaiE o] 3|9 E

O] 2tM[=A] =2fx| + S| HYE MOfE F [ DE22F + =M + =2t ]

()R EF & £HXI52| A8 S £0l=0H £EE LEOPIE HE)

[ Tt (hanabira)

4'1) —>(green) / %) >-(green) / Tt(hana) / 15U 5 (hanabira)

- 202 -



5.2. 22iE 14|0|YU[Brand Naming] 22t

5.2.2. 2=HE |0 [Brand Naming] A2t

[=AH E2tX|3E] E2HE H|0| [GREEN BALLON FLOWER] BRAND NAMING

[544

H1

efX|Z] 2= H|O|Y Ot0|C|of0]d

green + hanabira = Greenira

- =olo| heshy| Aot [22 (L2
,Oi(H [g C;““J '
- [=A4 229l70|2¢

green + hanabira = G-hanabira

FAd 04

U= [hanabirg; 22| 24
iL

- Y=0I0| YUZSH0| £t [K-SFLH|2f]
- ¥ [green)it Y0 [hanabira; 22| B0
-[=4 £H]02t= =

doraji+ green = Doragreen
or2 [E2HK];do ra ji]2t PO [2gl;green]2| 240

- 0| JHL Ol AEQIBES [3|R; %+ 39 ]2Hs Y=0f CiA BH20S
- U=0I0| Y o7| it : [Z2}32]

le

AE

5 emeralds = Five emeralds

Kr“ He| OHE=
FX|Z2e| 2ol 59

ﬂ £9 SIS R ER B

green + ballon = Green Ballon

- [Green Ballon]0|2H= HIO|RCZ [

-H2 90| /EHGIHM  [OJZ2HECE T

20|

[

J{ I-H

ofet 2 5le] 27| 20| SIS SLAYLIC 2= A0jE

O
gy = )

n*O

a T2t AMY TTAHS L2
1

0

- 7|2 8ol / ojn| Q1A : [

hanabira + green = Hana Green

*%-'fr [hanabira; 22 Q! ]2} '—k‘||_|H en 2| Bt

=

= OIS 2EHe=E G'EH 0|0/ x| 1At0f| 20|

22l T ILI_[ = ZH]0| A==

— 203 —



M 592 A] A5e BA=AY
5.3.
2ot HIlC CIXQDHR_J[ZEA A .. -

5.3. Motg Ha =Xl 7|2 A| A/ [Basic System] > 5.3.1. AE013

ME[RIE]0FE symbollword] Mark

[E=lE 02! 4=0i=3)
[hana Green] = £ ot HEHQI CIXRIe A2 M EHES| OH0|HIE(E|E 5510

= =1
E3IE0| 0|0|X|2 HASH= I1A =3 oSt

i

honodgneen

[hana Green]S| EgHE EX|MH2 CRS 371X|9| M QA E JHX| 1 QlC}
1, 228 =M Eatx|Ee| £ Y0132t Aot 0|0|X| 2 =

[=Taalian | o=
2. HEHHQ EEH—W EEWE( )LI =4 =2fX |3 (Green)?| HiH|= =M 2K S A=

202 olof RERIST £48S BY

[HEDS £ A8 73]

30mm

| |
hono@r*een

— 204 —



3b

5.3. 38 HHMELC X! 7|2 A| AR [Basic System] > 5.3.3, JE2|EA|AH

A2[HE]O3E Symbol[word] Mark

(=012 J2|= A|A-; Grid System]

J2|eAARS HHEELF O ARl & CD-ROMO| =E& HI0|HE
Qa2 XM Bl 1Fo 2} HIZSH{OF BTt

[d2]= AlAE]

E=ld=4
=0

(=13
o=

=+ Gl O 28 Al AR El= CAR

b

| |
hona(reen

B
b

- 205 —




5.3. dztg HHEC|XIQ! 7|2 A| AR [Basic System] > 5.3.4, A|OL|N

AE[YE]OIR Symbollword] Mark

2 HE = 2| RE0e| Z8E Y RAISH| I8 1 EHE =gz
2T FLEHRILE & 80 T2 SE5 THH2 §29E RABHOF Tt

P2 =22 =2 - A [E|=ALEAE]
4.22X | 35mm ;
0.45% \ . !
A 11 SH==xIE
=MEBX|Rox  honalSreen
2.8X 05X
X
% X i
10.59X
PR dE=& =8 - 8] [Z|2AERE]
422X | 35mm :
071X ||"\ |
T Onoéa%erx@
28X l—'-f*—l]lial'xl';:' Sk reen
‘ 0.23X
een
X V% |
10.59X
PIEY dE2=E =% -C [E|2AERE]

6.27X 25mm

pgg Ahe

X
. 0.4%
A iR
= _IEE|-I|-£ 087X
422X

- 206 —



5.3. ztg EHELC|XQl J|2A|AH] [Basic System] > 5.3.4, A|JL|Y

2[R E]0r3 Symbol[word] Mark

[AIZLH ; Signature] _ 7t28 H12/C1 28 AR A

2T HE/C 2E2 LR CIF SAT2EREo| BIRt2| X218 HESHH |X(oh7| {6 8= 2oz, EYst
HR2E H2lotne= 2 780 L2t S8610 TXEQ EU-HS S X|6HOF B,
[D}2% A2/Cl X% - BEY ; hanagreen 2A%)] EIESVI-eES)
‘ 35mm ,
: h ("‘5
| QNa neen
X1 x AGROLEAD
A = — |
)
"AGRO
PI=d A=2/C =% - 88 | hanagreen Z=3] [£]2=AHEAE]
| 40mm |
|
‘ AGROLEAD

hana(Green

- 207 —



5.3. 3t 2= C|X}Q1 7|2 A| AR [Basic System] > 5.3.5. HE{A|AH

AE[RIE]0F3 Symbollword] Mark Z2{A| AR

=
Al= 2421 ; Symbol Color] _ HiZ 22 X8 0i|A|

HE TE T[] AR Al EE] 27 Ho| Hels O AMefS &0 AFZSHOF 2T

K 10C

ono@r\een

honodgneen
honodgheen honodgneen
honodgneen

honoégneen honodgheen

— 208 —



5.3. H3t8 Ha X1 7|2 A| A/ [Basic System] > 5.3.6. J2{EREIH
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5.4, Mg EHMEC|X SEA|A - [Application System] > 5.4.3. 8HF7

Afgh2 S20l= S20HM =, 5tf1212] 0|0[X|E el 2 TEHTh= SQ0t S otk X150 M2t E2H2
= FEP FEHE o UL D Z HR0)| Tt EAR40] (XS 2EY + UL HIHIE & M2 F=0t0] J|%
=g
e e e Ea T
e .ou:*l . oge .ﬁu L] * 'uo. o oge :*o.
R s & oo oW 0 o o oes
y - — :tu ° & .-n. ° ./: 3 se e o, .l... ° o
/xf/ —’I ( i ‘l CI ocs ox
77 l l || [+ oogo EMERKIR Lo, ee
B -1 ".~nhonaCreen g,
e -: e eeeir | o ok
*:,‘—.H.: |I*l¢ [ * .--- e @, .-a- ® 9
[:l honaGreen st ok o op o oke .ouo wos og  “ees ox

1‘- (T T
(L] * 80 b
{" MHeke & e ||

o0 o i e

m

1L

ol ) U
| @ «l & |
. (@ qummip (©

Z S . sAlgalxp
/ | LJ hana(reen
|

.

|oge ofres o * gPPOO XS o oge LR

oon o o2 w0 ® ses oo

‘ o wee oy . Ll

\-utT s oge  deew i g**® * oge |

- 213 -



@) [5AEd =24A] 2318 Bd=qE

el ™ | E‘}.;-l.-:\a',

o8& BAE CXQDHE JIZA A ] -

Sh= tHEXQI CXRIR42 4 B 0| OF0|HIEIE|S #5501,

hono@?*een

[hana Green]2| EZHE EX|Nq'E2 CHg 37HX|2| ey 245 IHK[ 1 QUCH

1, 2318 EMTaIX|Re| SES YCOpagt Hestod 0j0|X|2 UE
2. YHFEO! ALY £BEX|E (hana) T} 54 ERHX|R(Green)o| THH|E S4 aIXIRS 2%
3. 9/ES01A0| 2 AHES Y2 |20 2 510] HEBST} 242 BH

[HEDOS £|aAtE17d]

‘ 30mm |

\ |
e
honaneen

- 214 -



5.5, 2518 B CIXOl 7|2 A|AE [Basic System] > 5.5.2. EQAIA}

AE[HE]OFR Symbollword] Mark
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5.5. 2218 HHHEC|XRI 7| 2A|AH! [Basic System] > 5.5.4, A|OL|X
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X | X | 0.44x

| 0.44X
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| 0.44X
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24

AME[RE]OI Symbollword] Mark Z2{A|A

(A= Z2{; Symbol Color] _ HiHZH2] H& oi|A|
HE 2|12 ARE Al 220] 22| EHP= KO~K15% 2F K50%, K100%2| HP| LHojA ARSBHOF S,
K0% K 5%

hanalireen honoGFeem

K 10% K 15%

g
hOﬂOBP@@ﬂ hanareen

- 218 -



hana G‘?’~eem comeenams

tEL(Jeju). +82#(O)64_758k2333/fAX(Jeju). +82_(0)64_758_1878

K{Gf ]&(O)L]EAD e-MAIL. swboo@hanmail.net
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e-MAIL. swboo@hanmail.net

AGROLEAD

hono@?een

Agrlcultural Corporation) AGROLEAD

9, Sinsan-ro, Jeju-si, Jeju-do, 63265, KOREA

tEL(Jeju). +82_64_758_2333 / TAX(Jeju). +82_64_758_1878
e-MAIL. swboo@hanmail.net

- 219 -



6. Applicatior

518 HAUC CixfoINY S BA|A

HI o

5.6. 228 EHELC|XIQl S8 A|AH! [Application System] > 5.6.1. A{Al&

MAIZ standard Form
NAIRE 20/ B8, 55, U841, SIS S0| QLOB, M A Z0{7 72, 44, 94, MH| 5 Bt ES ¥
CA| &5t GHLI212| ELUE Of0|HIE|E| O|0|X|E CHLHRIH S 2 & Bode 4= UL &E TiC},

A& Name Card

tEL(Jeju) +82_(0)64_758_2333
fAX(Jeju) +82_(0)64_758_1878

mOBILE +82_(0)10_6690_5636 9& _'L;l__ BOO
e-MAIL swboo@hanmail.net AG&OLE
(Agricultural Corporation) AGROLEAD i == ;'3_] HEE
9, Sinsan-ro, Jeju-si, Jeju-do General Director =
63265 KOREA Ph.D BOO, Hee-Ock
£ 2 0OCK

SHeAE (F)ofa=22 =
2 63265)
HFSEAA| = A M2 9
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SIS honow
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