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SUMMARY

| . The title

Horticultural commercialization for pot plants by flowering promotion

and establishment of the dwarfing culture of Korean native Lilium.

Il. The aim and necessity of research and development

It has been reported that 22 species including 10 varieties are growing
wild in Korea which is one of the most important places of origin in
Lilium. 12 species such as Lilium hansonii, L. distichum, L. medeoloides, L.
miquelianum, L. lancifolium, L. cernuum, L. tenuifolium, L. maximowitzii, L.
amabile, L. concolor var. parthneion, L. davuricum, and L. callosum are
growing naturally. Most of native Lilium are reportedly distributed
nationwide with the exception of Lilium hansonii that Ulneung island is the
chief producing district and L. davuricum , L. tenuifolium that North Korea
is the main producing place. But large groups of native Lilium. except L.
lancifolium that is currently the most common have been hard to find their
existence owing to indiscriminate random collection.

As most of native Lilium species are a colored strain with good flower
shape or color and good qualities of disease resistance, cold tolerance and so
forth, the original species itself has great value of development as well as
considerable marketability. L. cernuum, L. concolor var. parthneion which
their height is short can be used for pot plants or a flower garden and L.
lancifolium which 1its height is long can be used for cut flowers. In
particular, L. hansonii with thick petal is valuable to be used as a model for

flower longevity prolongation. The potential of application of native lilies is
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considered to be extended further if the distinct classification and the
examination of useful character for varieties, which have been recently
discovered, are understood exactly. Advanced countries in the floricultural
industry have already collected and crucially made use of Korean native
lilies for new variety breeding of Asiatic lilies. Moreover, Japan has
developed the culture technology of L. hansonii, which is indigenous to only
Ulneung island in Korea, for horticultural commercialization of it and has
produced and sold it. Likewise Korean native Lilium has been used
worldwide for new variety breeding or horticultural commercialization with
its good quality trait of flower color and resistance to shade, disease, and
cold. Therefore, the original species itself has great value for both use and
genetic resources.

Nevertheless, in Korea such valuable resources have been neglected as
well as randomly collected. Before we realize the value of our useful plant’s
genetic resources, the war of plant has already broken out and the value of
plant resources before long will have significant value for domestic economy
like petroleum. Considering the reality of home and abroad like this, the
preservation of the plant genetic resources, the development of new variety
and horticultural commercialization are extremely urgent. Therefore, what is
needed most is not a narrow sighted or short term study but a systematic
and organized research.

Accordingly, while we should shorten the period of a bulb production and
establish year-round production system, at the same time it is necessary for
us to contribute to the agricultural income increase by both scheming
horticultural commercialization for the use of pot plants and a flower bed

and creating a new demand .
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llI. Contents and extent of research and development

In this study, in order to collect Korean native Lilium, which is valuable
to development, and to establish the systematic production organization, Wwe
made use of 8 species of native lilies as plant materials for 1) mass
propagation by tissue culture, 2) shoot induction from the bulblet, 3) the
correlation between tissue culture environment and dormancy of bulblet, 4)
establishment for the dormancy breaking technology of the bulblet, 5)
derivation of flower bud differentiation and establishment of the year-round
production of pot plant by developing the technology of long term storage
and 6) establishment for the pot plant production system by plant height
inhibition using the growth retardant, 7) the pot plant production of native
Lilium with high quality as the ultimate purpose by selecting compound soil.
In addition, 8) we judged commercial added value by analyzing fragrance of
native Lilium. In the other words, we'd like to improve international
competitiveness by achieving complete localization of native Lilium for the

pot plant.

IV. The result of research and development and
suggestion for its application.

1. The result of research and development
A. Mass propagation by tissue culture
We examined 8 species of native lilies for formation and enlargement of
the bulblet in case solid medium, and the effect in case liquid static culture.
1) Formation of the bulblet in case solid medium
In case culture temperature, we had the higher rate and increased the
number of bulblet formation at 20C. Most of the species excepting 80% of

L. distichum and 88.3% of L. amabile were not affected by the day length,
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showing 96.7-100% of the formation. On the contrary, the rate of bulblet
formation of L. distichum was high in the dark condition. The number of
bulblet formation significantly differed in each species; L. concolor var.
parthneion was the largest and it ranked in order like L. cernuum, L.
maximouwitzii, L. davuricum, L. amabile, L. hansonii, L. miquelianum, and L.
distichum. In case Sucrose, concentration did not affect on the bulb
formation rate, resulting in significantly high rate like 99.2% of L. hansonii,
90% of L. concolor var. parthneion, L. davuricum, and L. cernuum, 85.0%
of L. miquelianum, and 84.3% of L. maximowitzii. However, it showed
quite low rate of 52.2% of L. distichum and 309% of L. amabile
respectively. The higher Sucrose concentration, the less the number of

bulblet formation tended to be.

2) Bulblet enlargement in solid medium

In case culture temperature, generally bulb enlargement tended to be
ineffective between 15C and 30C. The effective temperature was at 20 C
in case L. davuricum and L. hansonii and at 25C in case L. cernuum, L.
concolor var. parthneion, L. distichum, L. miquelianum, L. maximowitzii, and
L. amabile. On the occasion of day length, bulblet enlargement of L.
concolor var. parthneion, and L. davuricum was promoted well in the dark
condition, but that of most of lilies such as L. amabile, L. cernuum, L.
distichum, L. distichum, L. miquelianum, and L. maximowitzii was promoted
in the light condition for 24 hours because of its increasing fresh weight by
having longer and longer day length. In case Sucrose, as concentration
increased, the fresh weight increased and the bulblet enlargement promoted
well at the added bulb of 120g:L'. However, L. cernuum, L. miquelianum,
and L. amabile were good at the added bulb of 60g:L " and L. davuricum
was good at the added bulb of 90g L Likewise, the reaction to sucrose

was different according to each species. So it was thought to consider
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necessarily composition of medium according to its species in vitro culture.

3) Liquid static culture

In case MS salt concentration in liquid static culture, as MS salt
concentration increased, fresh weight increased among all lilies and it was
the most effective at MS 1 time strength. Bulblet enlargement of most of
Lilium was promoted well in liquid medium than in solid liquid for all
treatments. In case the quantity of medium infused into 250 mL container in
liquid static culture, as the quantity of medium increased, the survival rate
tended to decrease. and with the exception of 50mL of L. concolor var.
parthneion, L. davuricum, L. distichum, L. miquelianum, L. maximowitzii and
L. amabile were the best at 30 mL. All of the sucrose concentration in
liquid static culture resulted in 1009 of survival rate. Sucrose concentration
affected fresh weight of Lilium and resulted in the heaviest weight in
concentration of 90g L' excepting L. davuricum and L. maximowitzii which

were the heaviest in 60g-L".

B. Shoot induction from a bulblet

Bulblets of L. concolor var. parthneion and L. davuricum growed in
dark culture showed faster rate and days of sprouting than those growed in
light culture. Days of sprouting according to size of a bulblet were that L.
concolor var. parthneion was examined to be promoted well in its smaller
bulblet, and on the contrary, L. davuricum was consistent regardless of size
of a bulblet. The ability of stem emergency required specific size of a
bulblet. In case the effect which the light condition in culture had on the
bulblet enlargement and the bulblet formation in vitro next generation,
though it differed from each species, the smaller the size of a bulblet was,
the higher the rate of enlargement tended to be in dark culture rather in

light culture and the number of a bulblet increased in light culture. In case
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the number of stem emergence, the rate of bulblet enlargement was higher
than the number of scaly leaf emergence. The bulblet produced in dark

culture rather than in light culture contained higher protein.

C. Correlation between tissue culture condition and bulblet’s dormancy

As a result of the examination of the survival rate of a bulblet
according to culture condition of Lilium, as culture temperature increased,
the survival rate tended to decrease and the day length and Sucrose
concentration were unrelated to the survival rate in culture regardless of
species. The culture condition and the survival rate after planting resulted in
the survival rate higher than 90% among most species regardless of
treatment. In case the effect which culture condition had on the sprouting
rate of lilies bulblet, the bulblet that was cultured at lower temperature,
namely at 15C showed higher sprouting rate. Day light showed different
effect according to species. The sprouting rate of L. cernuum and L.
hansonii was consistent regardless of day length while the bulblet of L.
concolor var. parthneion in light culture showed higher rate of sprouting. As
sucrose concentration increased, the sprouting rate decreased. In brief, the
higher the temperature was, the higher sucrose concentration was, the
deeper the dormancy tended to be. However, the reaction to day length was

considerably different according to species.

D. Establishment of bulblet’s dormancy- breaking -technology

The bulblet of both L. davuricum and L. hansonii tended to enhance the
sprouting rate and shorten days of sprouting as the period of cold
treatment was getting longer and longer. Even L. hansonii that takes quite
long period of time of dormancy could nearly break the bulblet dormancy by
the cold treatment for 8 weeks. As a result of the examination of the effect

which the sort of the plant growth regulator and the temperature of warm
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bath treatment had on the bulblet dormancy breaking, the rate of sprouting,
namely, the rate of dormancy breaking was promoted by GAs3 in L.
davuricum and by GA47 in L. hansonii. It showed that the different sort of
GA was required according to species. However, the plant growth regulator

for dormancy breaking did not make effect on plant physiological activation.

E. Induction of flower bud differentiation and the long term preservation
for year round production
As a result of observing the process of flower bud differentiation of
bulbes of L. concolor var. parthneion and L. davuricum by the light
microscope and the scanning electron microscope, the occurrence course of
each organ was I1dentical in those two species 1in succession of
undifferentiation, early phase of flower bud differentiation, initial primordia,
outer perianth, inner perianth, stamen (outer side), stamen (inner side), and
pistil. Flower bud initiation of L. concolor var. parthneion occurred on the 32
days after wet cold storage and completed on the 20 days after planting.
That of L. davuricum appeared prior to wet cold storage and perfected on
the 4 days after planting. Flower bud differentiation of L. davuricum
initiated at low temperature and completed at high temperature and the
appropriate temperature range for flower bud development was from 20T to
25C. As a result of the experiment on the appropriate growth temperature
for flowering induction, both species growed well from 15T to 25C. In
case L. concolor var. parthneion, higher and higher temperature led to
decrease sprouting rate, flowering rate, flowering maintenance period, flower
width, floret length, fructose, glucose, and sucrose content and to shorten
the number of days of sprouting and flowering.
In the mean time, as a result of long term storage of bulblets of L.
concolor var. parthneion, L. maximowitzii, L. lancifolium, and L. callosum,

there were difference in bud formation rate according to species. In case L.
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lancifolium, 100% of bud were formed and the quality like the flower
diameter and sustaining days of flowering was not significantly affected. In
case L. callosum, bud formation rate was the lowest at 20-40% on the 6
months after cold temperature storage. However, we could minimize damage
by regulating the period of cold temperature storage and temperature.
Accordingly, it was judged that we could establish the year round
production system by long term storage by controlling storage period and

temperature according to species of native lilies.

F. Plant height control using the plant growth inhibitor

As a result of the examination on plant height control of L. concolor
and L. davuricum using the plant growth inhibitor, the 50mg Lt of
diniconazole spray and 2th 5mg L' of ancymidol drenching treatment were
effective regardless of species. Even though, the plant height was
significantly controlled by diniconazole 50mg L' soaking treatment for L.
davuricum and 25-100mg L' of uniconazole treatment for L. concolor, the
sprouting rate was low. Therefore, it was thought that the examination at a
low concentration should be considered. On the contrary, L. distichum 1is
needed to be detected at a much higher concentration owing to insensitive
reaction to the growth inhibitor. L. lancifolium was the most effective in
plant growth control among native lilies. And diniconazole treatment
diminished size and length of stem cell, but it did not make much effect on

leaf cell size.

G. Selection of compound soil

The use of artificial soil is essential for pot plant production of native
Lilium. We are under study to select the most appropriate artificial soil by
examining the effect on the growth of native Lilium according to the kind

and compounded proportion of artificial soil.
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H. Fragrance analysis of native Lilium

As a result of the analysis of volatile aromatic ingredient of L.
maximowitzii, L. miquelianum, L. hansonii, and L. amabile using frozen
materials, 60 kinds of compound were estimated or identified, which were 28
aldehyde of hexanal, nonanal, and etc., 9 ketone of fi—-ionone and etc., 8
alcohol of linalool and etc., 5 ester of methyl hexanoate and etc., 5 acid of
2-furoic acid and etc., 3 furan of 2-pentyl furan and etc., and 2 of the
others. Aromatic ingredient was considerably diverse according to species.
As a result of the analysis of volatile aromatic ingredient of L.
maximowitzii, L. Asiatic Hybrids and L. Oriental Hybrids using fresh flower,
in case L. maximowitzii, 56 kinds of compound were estimated or identified,
which were 20 aldehyde of hexanal, heptanal, and etc., 9 alcohol of benzyl
alcohol and etc., 8 hydrocarbon including 3 terpene hydrocarbon, 7 ester of
hexyl acetate and etc., 4 ketone of linalool oxide and etc., 3 acid, 3 furan,
and 2 of the others. In case L. Asiatic Hybrids, 56 kinds of compound were
also estimated or identified, which were 16 aldehyde of hexanal and etc., 12
hydrocarbon including 5 terpene hydrocarbon, 8 alcohol of phenylethyl alcohol
and etc., 7 acid of octanoic acid and etc., 4 ketone, 3 furan, 2 ester, and 4 of
the others. Lastly in case L. Oriental Hybrids’ volatile ingredient, 91 Kkinds
of compound were estimated or identified. The volume of volatile
ingredient’s enriched materials of L. maximowitzii, L. Asiatic Hybrids
‘Connecticut King' and L. Oriental Hybrids ‘Casa Blanca' extracted from
continuous distillation was 1.58 mg%, 1.63 mg% and 2.59 mg% respectively.
In conclusion the volume of L. maximowitzii was the lowest and not a bit
different from that of L. Asiatic Hybrids 'Connecticut King" but that of L.

Oriental Hybrids ‘Casa Blanca® was abundant significantly.
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H 3 & dagdsd E 2 22t
M1 == ol o5t tfzksA

1. A

yale] ZAu Y Robb(1957)0] <& Hx= AEEHA o™, Emsweller
(1957)ll ol A B 7ol deA UM FE&e S o] oA £
2wl el o3k vele] F4 7l&2 ¥ (Hackett, 1969; Kim 5, 1998; Park %,
1997; Robb, 1957), F=oF(Paek®} Shin, 1983), 24 F(Allen &, 1980; Been %,
1996; Kim % 1996), & (Niimi, 1986; Stenberg 5, 1977), 3}7d(Lee 5, 1994;
Niimi®} Watanabe, 1982) %2 3}7](Liu®} Burger, 1986), ®1(Kim %, 1997) 5 <

S NAZHE Aot shootd A FESHE WHA Ael2E KT

m

Al Ww (Park &, 2002; Sheridan, 1968; Simmonds®} Cumming, 1976) 2.2 U}
= Atk 2y AR e Ag o] AEEolA Fd Al wWolAl e
kAol B w3l 9o (Bennici, 1979; Kim¥} De Hertogh, 1997; Takayama$}
Misawa, 1979), 215 % Q1 WHo] At o g o] =i gt}

e o FAgol FAHL Aol vls] 7| FrF il vpgE dd Ry
= oF& olH o] -3 (Lee 5, 1994; Paek¥ Chun, 1982; Stimart®} Ascher,
1978), olefgk -9 Hpol= A S2le] SA4olsem Ay 7|% Fh(Dennist
Ascher, 1981; Stimart®} Ascher, 1978). Q1H O ZHE 2] Ao} HAL 2 EH|
of W adld wigFAl FolA= wiFSGolut wiA Y et A e 9
Haglo] Beddow zggtt 53] #F2 AW vAtEAdS 318, sucroses
o]l g3t thalgFol] L3 duUAYor Axy FAEH Tor ofgd My
ofyzt AEAY wgA Y AFxAARAAY dEde 2 Fow AZ4ETHGoost
Kim; 1994; Niimi®} Onozawa, 1979; Takayama®} Misawa, 1979). & <& %
o AEolvt MiFAETE Tttt stete FFolu Az A, RaAdH S
of wel M= o2 Wkgo] YEHTH(Kim¥} Lee, 1993; Park &, 1997). 184}
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aicd(24-D) 1.0mg-L"' EFA 7ol Ekor], ARsE NAA 05mg-L s
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70wkl EueEl(Lilium cernuum), FsWEI(L concolor var.  parthneion),
ISt davuricum), (L distichum), 22 U2l(L. hansonii), 22 (L

miquelianum), Y=L maximowitzii), Y@L amabile)®] 2175 AHE-SFATH

L Q1A A}

Abgve] 174 e g wpgE 1d|s A7sta RS JIAES EeEA
Folg thg wWaolEQg- L) F&dd 3087 AAAY F s2e FRER
AFe]l Ak 1§ stol=2ES 43 TKS-29 vermiculites 7 @ 302 A%
flower boxell Zo] 2cm=z Q1\AFgH & 20T o] =4 sttt

o 71w A1 fr= B oH

Z]19ol Al QIAA SR FEYE ARAL 2% FREE A3 AL T &
TR 33 Aol odeE 70% SodolA 183 ¥ 253 U HiEsR

33 AAHsATE. Tween 20°] €< 100mLT 3 HE H7FE  sodium

hypochlorite(act. Cl. 10%) 208] &<Ho|A 5&37F A= & Hyg= 33 AF

3k t}& thA] AF7] sodium hypochlorite 1008] & Mo A 1087F A&t At

T2 33 AFsAT 1 F 2Q1A e S U EEske] wjA ol

2217 (in vitro bulblet)g f=3F%th. B FE=E SldAe 7IW HAt
d %!

F 8% wgsigon, 249 W W AARFoR FrEE 29
= %

(

iv‘
S~
2

ol

o

2

2k, 8l 2] 2= A
A 7] E A= MSHIA S A&l o A<l H (microscales) & 2 5B 9
297 HEE sucrose 30g-L7!, 2274 HUE sucrose Mg -L'E H7te the

[e)
X
pH 572 =A% F &4 7g-L's F7regieh Fde 274 2x10cm A1 @3
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ol = 8mL, 100mL A7z} Zgb~=o)E 30mLy EFsle] dFnF sUd= B
2 120C, 1.2714elA 1027 ndEAstAnh 29074 HdE 98] AHgd o

A= RS HrbetA @ wxoln, MSHlA ol sucrose 60g-L'E #7}s}

gom, pHi 572 shalth wgale 47 10x5em Mg 716l 0mLA B

D, stsauelel FuEl s A9stE 20ToA 204 FAdLe] =u A5}
Bokth Aol 329l 30ToAAE 29174 Ao EFSATE ol 87t
20C AFe A A2, AFL 25T oo Aha 2 sl Fzsirt

T Eum 520019 A¥et dAsts Aot 204 FH&L s
7F 99.2% % 7HE wokom, thgo] distE e, Sy, e gy, 9,
Auhge], &l ollen Wuelrt 638% = 7Hg wekth &9l el A4
= atEuEzt AR P Bgeton, tiel v, Fue, dF v, dst
sy, skeduE, Ty, Adde selden, el 1L7AR M A
Atk 1A FAHEL ssuEst 08%E M Egon, thdo] dilss
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v, d3ue, sy, v, 2y, stegud, ARy ol

Table 1. Effect of culture tenperature on bulblet formmation in microscaling of Korean native lilies in vitro.

Species Temp. Bulblet formation Morphology (%)
(0) % No. Scaly leaf Root

L. cernum 15 90.0 2.9+0.2 40.7 92.6
20 100.0 45+0.2 82.8 100.0

25 93.3 3.2+£0.2 96.4 96.4

30 10.0 2705 0.0 0.0

Mean 73.3 3.3+04 55.0 72.3

L. concolor 15 96.7 3.5+0.2 63.3 96.7
var. parthneion 20 100.0 5.3+0.2 100.0 100.0
25 100.0 51+0.2 100.0 100.0

30 100.0 49+0.3 100.0 100.0

Mean 99.2 47+04 90.8 99.2

L. davuricum 15 100.0 2.4+0.2 100.0 100.0
20 100.0 3.1+0.2 100.0 100.0

25 100.0 2.8+0.2 95.5 95.5

30 68.2 1.0£0.2 31.8 27.3

Mean 92.1 2.3x04 81.8 80.7

L. distichum 15 72.0 1.7+0.1 0.0 76.0
20 875 2.0+£0.1 125 100.0

25 875 1.8+0.1 83.3 83.3

30 8.0 1504 0.0 0.0

Mean 63.8 1.8+0.1 24.0 64.8

L. hansonii 15 96.7 2.1+0.1 0.0 100.0
20 100.0 2.5+0.1 0.0 100.0

25 100.0 2.2+0.1 0.0 100.0

30 0.0 - 0.0 100.0

Mean 74.2 1.7x0.5 0.0 100.0

L miqueliacum 15 86.7 1.7+0.1 6.7 76.7
20 100.0 1.7+0.1 0.0 100.0

25 93.3 2.1+0.1 6.7 83.3

30 26.7 2.3x0.4 0.0 16.7

Mean 76.7 2.0+0.1 34 69.2

L mowamowitzi 15 88.2 2.9+0.2 0.0 82.4
20 100.0 2.7+0.2 86.2 100.0

25 94.1 3.0+0.3 94.1 94.1

30 47.1 2.6+0.2 47.1 47.1

Mean 82.4 2.8+0.1 56.9 80.9

L. amabile 15 56.7 2.2+0.2 56.7 73.3
20 86.7 2.8+0.2 86.7 90.0

25 90.0 2.6+0.2 100.0 93.3

30 73.3 2.5+0.2 73.3 56.7

Mean 76.7 2.5+0.1 79.2 78.3
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L. concolor var. parthneion

Temperature (C)

Fig. 1. Effect of culture temperature on scaly leaves formation in
microscaling of Korean native lilies in vitro.
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oF v, e, shsuue 5 el ABAE 0-24%2 Au ol
Aol FAEA gkom, Autelsh sree QWY FHYEL 0% FFo

AT Mol FHES AU} 100%2 AF Esken, ssv, Fua,
Asksitel, dFte, stel, sdite, Tty 2R delgon, wije:
64.8%°] A .

—

e

AU E o] Ajld @Al mA= A IS tEd Zh(Table 2).

AE e B 80%, BSuE 833%E Al9lskd 96.7-100% % '8 %ol
1 29078 F48&0 =%

A

v e Faebedh ey wue ek kil A
=5 FATFE stevElrt 53E 7HE wekew &uby 387, Fute
2970, EstsvE e dsveEl = 287, AdEveE s stedydE s 217, 2y
g 192 Fol wE Aozt Hrh JAARS] FAHES 0% ALt shs
e, 47%% EueE AL e AU A s 80-100% Tl
ok QHE]ie] = dFo] HdojdFs WolxE AFo|rh(Fig. 2). e 34

£& 87-100%2 thiie] ele A & ol
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Table 2. Effect of day length on bulblet formation in microscaling of Korean native lilies in vitro.

] Day length  Bulblet formation Morphology (%)
Species
(hrs) % No. Scaly leaf Root
L. cernum 0 100.0 3.2+0.2 96.7 93.3
8 100.0 3.7£0.2 93.1 100.0
16 100.0 4.3+0.1 3.2 97.8
24 100.0 3.8+0.3 86.7 86.7
Mean 100.0 3.840.2 89.9 945
L. concolor 0 100.0 5.3+0.3 100.0 100.0
var. parthneion 8 100.0 5.1+0.2 100.0 100.0
16 100.0 5.310.2 100.0 100.0
24 100.0 55+0.3 100.0 100.0
Mean 100.0 5.3+0.1 100.0 100.0
L. davuricum 0 97.0 2.0£0.1 30.0 93.3
8 100.0 2.8+0.2 100.0 100.0
16 100.0 3.0+0.2 100.0 100.0
24 100.0 3.2+0.2 100.0 100.0
Mean 99.3 2.8+0.2 825 98.3
L. distichum 0 83.0 1.8£0.1 83.0 83.0
8 4.0 1.6+0.1 52.0 100.0
16 4.0 2.0+0.1 24.0 92.0
24 64.0 2.1+0.1 24.0 84.0
Mean 0.0 1.9+0.1 47.0 91.0
L. hansonii 0 100.0 1.520.1 0.0 100.0
8 100.0 2.5+0.1 0.0 100.0
16 100.0 2.4+0.1 0.0 100.0
24 96.7 2.1+0.1 0.0 100.0
Mean 99.2 2.1+0.2 0.0 100.0
L miqueliarum 0 93.3 2.2+0.1 0.0 90.0
8 93.3 2.0+0.1 0.0 96.7
16 100.0 2.2+0.1 0.0 96.7
24 100.0 2.1+0.1 0.0 100.0
Mean 96.7 2.1+0.0 0.0 95.9
L mowanmawitzii 0 100.0 2.6+0.2 58.8 94.1
8 100.0 3.6+0.3 8.2 100.0
16 100.0 2.7+0.2 6.2 100.0
24 100.0 2.6+0.2 94.1 94.1
Mean 100.0 2.9+0.2 81.8 97.1
L. amabile 0 86.7 2.510.2 50.0 83.3
8 93.3 2.3+0.2 96.7 93.3
16 90.0 3.0£0.3 93.3 86.7
24 3.3 3.2+0.2 93.3 83.3
Mean 88.3 2.8+0.2 83.3 86.7

_35_



L. concolor var. parthneion

L. amabile

i

0 8 16 24
Day length (hrs)

Fig. 2. Effect of day length on scaly leaves formation in microscaling of
Korean native lilies in vitro.
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3) Sucrose FE°] 4F
AAGE o] 2074 FAol| WA= sucrose FEo TS AHE A
(Table 3), &1 FAHEL Aduelrt 99.2%= 7Hd =8kaL, thso] stsy
2] 98.2%, g/st=E 97.8%, 4kl 90.8%, stEduE] 85.0%, sl 84.3%
Toz vy Fustslont @yt daues 247 522%9F 30.9%= -
SOkt A1 FAFE stevEt A4 E TP wken, &uhe] 357,
Astsvtel 3170, Fuel 25670, E5ve] 2270, Adgve et st 207,
o 17 o2 FIHe Aol Wi vk EIE A A=
sucrose F%=7F S7MEFE grolA = Aot &b o]
=7k 30g-L el A 120g-L 'R FUheb 2917 e FAFE 4270004 24702 7
At 2 Aol M Fr it ddg A ES dshd 90.5%, Elsks
g 74.2%, Tyl 426%, &uEl 422%, @svE] 31.7% ¥ e Tug AT
ol Ay, stEdue], Tuels 0-25%=2 APl Ao FAEA et}
e e Ay 983%, Ty 96.2%, EstEYEl 95.0%, s EyE
94.2%, stsuE]l 89.6%, Tyl 86.4%, &4t 77.2%, @5 UE 633% To=
A =tk 1Ay o] FAES
B

2
s Aol AR WAol Ak AL

< sucrosed] F

>

AAF FAHEH} mRIHAR
sucrose &7} Z71e4E 71
01437 EXHETE ujo]B R syucrose AFEoAE YU ES A EdH
AAiol 7o FAHA Fekrk(Fig. 3).
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Table 3. Effect of sucrose concentration on bulblet formation in microscaling of Korean native lilies in vitro.

) Sucrose Bulblet formation Morphology (%)
Species A
(g-L) % No. Scaly leaf Root
L. cernum 30 100.0 4.2+0.1 83.2 97.8
60 100.0 3.840.3 63.3 86.7
90 90.0 3.4+£0.3 22.2 74.1
120 73.3 2.4+0.3 0.0 50.0
Mean 90.8 3.5+£0.3 42.2 772
L. concolor 30 100.0 5.3+0.2 100.0 100.0
var. parthneion 60 100.0 4.7+0.3 100.0 100.0
90 929 3.1£0.3 96.4 929
120 100.0 45+0.3 65.5 65.5
Mean 98.2 44404 90.5 89.6
L. davuricum 30 100.0 2.9+0.2 100.0 100.0
60 100.0 3.2+0.2 100.0 100.0
90 90.0 3.0+£0.3 73.3 90.0
120 93.0 3.1+0.3 23.3 90.0
Mean 97.8 3.1+0.1 74.2 95.0
L. distichum 30 90.0 1.4£0.2 10.0 90.0
60 414 1.8+0.1 0.0 724
90 53.3 1.7+0.2 0.0 83.3
120 24.1 1.7£0.2 0.0 100.0
Mean 52.2 1.7£0.1 2.5 86.4
L. hansonii 30 100.0 2.1+0.1 0.0 100.0
60 100.0 2.1+0.1 0.0 100.0
90 100.0 1.8+0.1 0.0 100.0
120 96.7 1.8+0.1 0.0 93.3
Mean 99.2 2.0+0.1 0.0 98.3
L miquelianum 30 100.0 2.0+0.1 0.0 100.0
60 96.7 2.0+0.1 0.0 100.0
90 80.0 1.9+0.1 0.0 80.0
120 63.3 1.940.1 0.0 96.7
Mean 85.0 2.0+£0.0 0.0 94.2
L nowanmawitzii 30 100.0 2.7+0.2 86.2 100.0
60 93.1 2.6+£0.2 62.1 100.0
90 839 2.320.2 22.2 96.3
120 55.2 2.4+0.2 0.0 88.5
Mean 84.3 2.5+0.1 42.6 96.2
L. amabile 30 83.3 2.6+£0.2 90.0 93.3
60 26.7 2.3+05 23.3 60.0
90 6.7 25104 6.7 50.0
120 6.7 15204 6.7 50.0
Mean 30.9 2.2+0.2 31.7 63.3
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Fig. 3. Effect of sucrose concentration on scaly leaves formation
in microscaling of Korean native lilies in vitro.
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L 2917 e Bl
1) 2w

7h) vt me] 4

217 9] vidlel WA= wig2Ee] %S HWH(Table 4, Fig. 4), ¢yt
Ao 15T 30TCAME vld7 Ba3Fs Helqdt drlstavel et Adues
20T A Hti7h & ol Foi R At &ube], staute], By, stewve, S,
gd3uel= 25ColA Bzt dastct s HuE], Ay, stsEvEs
exo Wzkek Holdh Eubelel Aol AEES 30TNA 63.3%%
50.0% 2 "ol om, stsdbe] o] AAFS 15T 171.5mg, 25C 499.3mg, 30T
228mg ol 2 %o wE o7} wl¢ Zith AAFES ALyl 4485mgl 2
7 FAYeH, ol shsud, stedud, TuE, FuE, Eue, 254
gl oo, st vtel= 127.0mg o= 7 The st dRbHow e
AL ZF, e sEgve, guels Foo a27)7r & Aot &S A
Zupe] 112mm, @5UE] 71mm= Abe]lom, QAo meke 25 1 B
goldrh, EFEe IAstEUEst 563%%2 7 Egkow thgo] dsuel
189%, &4 129%, €5 51%, skedued] 1.8% weoldew, e, A
e, Fuele E7EA Fodth S, dolsts s AEARR AL e
E b o] A7 B AowA B gl Eol HgEETE =Y Fo
gt & & Qo B stEvEvh 2202 s ggten, dsEal
1270, &u= 10, €5y 0870, stedutel 03719ith i 482 3
Metsvel 921%, stsvel 91.9%, E5uvel 87.4%, T4l 50.0%, &4l
43.4%, wte] 334%, skEEube] 19.3%, duuel 0%2 E3F 2ol 7h Zich #
7 P48 67.1-99.6% ¥t
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Table 4. Effect of culture temperature on bulblet enlargement of Korean native lilies in vitro.

Species Temp. Survived — Bulblet Total Diameter Separation Scaly Root
(0) ) fresh wt.  fresh wt.  (mm) ——————— leaf (%)
(mg) (mg) % No. (o)

L. cernum 15 9.7 1619£11.6 195.3+11.1 7.0+£02 237 1.0+0.0 11.9 100.0
20 983 2227157 268.0+144 7102 150 15+03 21.7 100.0

25 1000 2497158 2788+145 74#02 102 1.0+00 40.0 100.0

30 63.3 2337+179 2400176 71+02 26 1.0+0.0 1000 92.1

Mean 896 2170166 2455+16.1 7.2+0.1 129 11x01 434 980

L. concolor 15 1000 311.2+159 3455+115 88+0.2 11.7 18+05 716 983
var. patimeion 20 994 400.6+234 527.4+155 97+02 136 1604 96.1 100.0
25 1000 5183+332 650.8+20.1 105+0.2 150 26+06 1000 100.0

30 966 2831£224 540.9+209 9302 351 26+05 100.0 100.0

Mean 99.0 3783#459 51624548 96+03 189 22+02 919 996

L dwuricum 15 100.0 1275£83 217.0#9.7  77x02 650 1.1+0.1 &81.7 983
20 989 140.8#87 230.3x10.2 7.8+0.1 50.0 1.3+0.1 91.7 994

25 1000 132.0£88 220.0+10.7 75x0.2 533 1.3+0.1 1000 933

30 96.7 1076151 104.0+46 5501 567 1.0+0.0 9.0 967

Mean 989 127061 1928+258 7.1+05 563 12+01 921 969

L distichum 15 1000 189.3t15.8 189.3+158 8.0%0.3 0.0 0.0 6.7 100.0
20 1000 3186%19.2 3186+19.2 9.2+03 0.0 0.0 0.0 100.0

25 1000 350.7#26.7 350.7+26.7 9.3+0.2 0.0 0.0 26.7 100.0

30 1000 226.0+24.1 226.0+24.1 83+0.3 0.0 0.0 1000 667

Mean 1000 2712329 271.2+329 8703 00 0.0 334 917

L. hansonii 15 1000 457.0+21.8 457.0+21.8 127+22 0.0 0.0 0.0 100.0
20 983 546.1+22.3 546.1+22.3 11.6x0.3 0.0 0.0 00 966

25 96.7  4779+£23.8 477.9+238 11.1£0.3 0.0 0.0 0.0 569

30 50.0 313.0£17.0 313.0x17.0 9202 0.0 0.0 00 233

Mean 863 4485+424 4485+424 11.2+06 0.0 0.0 0.0 69.2

L maeiowm 15 1000 1715128 171.5+128 7901 0.0 0.0 0.0 100.0
20 1000 337.9%241 33794241 9.7+03 0.0 0.0 71 1000

25 1000 499.3+17.7 514.3+t182 10.8+04 7.1 1.0+0.0 0.0 100.0

30 100.0 2280+£231 228.0+23.1 9.0+04 0.0 0.0 70.0  40.0

Mean 1000 309.2#625 31294654 94+05 18 0302 193 8.0

L nwanowitzii 15 1000 201.3+21.9 201.3+21.9 7.4+0.3 0.0 0.0 0.0 100.0
20 1000 250.7£17.8 250.7x178 7.9+02 0.0 0.0 0.0 100.0

25 1000 36b.3+17.8 365.3+17.8 9.0+02 0.0 0.0  100.0 100.0

30 1000 2587+288 2587288 7.6+0.3 0.0 0.0 1000 933

Mean 100.0 269.0£29.9 269.0+29.9 80+03 0.0 0.0 50.0 983

L. amabile 15 1000 1535127 1535£127 65+0.2 0.0 0.0 65.0 65.0
20 1000  190.0£21.7 190.0+21.7 6.7#04 0.0 0.0 9.0 550

25 1000 2565+21.9 2735+245 75+03 150 1303 950 850

30 100.0 2574+£258 264.2+278 75+03 53 20+0.0 947 632

Mean 1000 214.4+223 2203+252 7102 51 08+04 &74 671
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Fig. 4. Effect of culture temperature on bulblet enlargement of Korean native
lilies in vitro.
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Table 5. Effect of day length on bulblet enlargement of Korean native lilies in vitro.

Species Day  Suvived  Bulblet Total  Diameter Separation  ocay Root
length (%) frsh wt.  fresh wt.  (mm) leaf (%)
(hrs) (np) (mg) % No. (9
L cermum 0 983 196.0+13.7 2255+137 7902 11.7 1.3%0.2 15.0 100.0
8 983 179.6+115 217.8+114 6.8+0.2 169 1.2+0.1 30.0 983
16 100.0 203.1£126 238.7x125 69+0.2 13.3 1.4+0.2 250 933
24 933 2037133 236.4+11.3 6.8+0.2 150 1.3+0.3 305  90.0
Mean 975 195649 229642 7102 142 1.3x0.0 251 954
L concolor 0 100.0 468.3+29.4 5873296 105+0.2 21.7 2.0+04 86.6 100.0
var. parthneion 8 983 3189+229 552.0+145 10.2+0.2 37.3 2.2+0.3 93.2 100.0
16 994  400.6+234 5274+155 9.7x02 136 1.6+04 96.1 100.0
24 100.0 4465+29.0 616.8+175 10902 21.7 1.8+0.3 98.3 100.0
Mean 994 4086£286 570.9£17.0 10.3+0.2 236 1.9+0.1 93.6 100.0
L davuricum 0 100.0 179.7£9.8 212.8+11.0 79+0.2 16.7 1.1+0.1 53.3 983
8 983 1374+94 2142125 7.7x02 433 14+0.2 100.0 100.0
16 989 140.8+87 230.3+x10.2 7.8+0.1 50.0 1.3+0.1 917 994
24 100.0 1288+88 212.0£125 75+0.2 533 1.3+0.1 833 96.7
Mean 993 146.7#9.8 217.3+38 7.7+0.1 408 1.3%0.1 83.3 986
L distichum 0 100.0 308.7+274 308.7+274 93+04 0.0 0.0 26.7 100.0
8 100.0 273.3£235 273.3+235 93+03 00 0.0 6.7 100.0
16 100.0 260.7£17.7 260.7x17.7 8903 0.0 0.0 0.0 100.0
24 100.0 3127154 3127154 8.9+0.2 00 00 0.0 100.0
Mean 1000 2889£11.2 2889£11.2 9.1+0.1 00 00 84 100.0
L hansorii 0 100.0 413.2+195 413.2+195 10.4+0.3 00 00 00 967
8 98.3 524.5%24.3 524.5+24.3 10.9£0.2 00 00 0.0 100.0
16 100.0 528.8+23.2 5288+23.2 11.6+03 0.0 0.0 0.0 100.0
24 96.7 535.3£25.6 535.3+25.6 11.7£0.2 00 00 0.0 100.0
Mean 988 500.5£25.3 500.5£25.3 11.2+0.3 00 00 00 992
L maqueliaum 0 100.0 2665+166 2665+16.6 9.2+0.3 00 00 15.0 100.0
8 100.0 301.8+236 301.8+236 94+03 00 0.0 9.1 100.0
16 100.0 261.0£26.0 261.0£26.0 9.3+05 0.0 0.0 0.0 100.0
24 100.0 317.1+19.7 3171197 99+03 0.0 0.0 0.0 100.0
Mean 1000 286.6£11.8 286.6£11.8 95+0.1 00 00 6.0 100.0
L rmoarauitzii 0 100.0 234.0+16.4 234.0+16.4 7.4+0.2 00 00 0.0 100.0
8 100.0 2733253 273.3+25.3 8.5+0.2 00 00 0.0 100.0
16 100.0 2873258 287.3+258 85x03 0.0 0.0 6.7 100.0
24 100.0 3133224 313.3£224 83+0.2 00 00 0.0 100.0
Mean 1000 270.1£14.3 270.1£14.3 82+0.2 00 00 1.7 100.0
L anabile 0 100.0 334.0+23.6 3385+22.7 7.8+0.2 50 1.0+0.0 50.0 100.0
8 100.0 2016184 201.6+184 7.1+03 00 0.0 842 842
16 100.0 236.1£14.0 236.1+140 7603 00 0.0 100.0 778
24 100.0  255.0+195 2555+195 7.9+0.2 50 1.0£00 1000 70.0
Mean 1000 256.7£24.3 257.9£25.2 7.6+0.2 25 05+0.3 836 830
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Fig. 5. Effect of day length on bulblet enlargement of Korean native lilies in vitro.
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t}) Sucrose =2 93

AAUE] 291l vl m A= sucrose TE FFES HW(Table
6) sucorse EE7} 7152 A Fo] Frhete] 120g L HIFol A A4 <]
Hlt7 FEd #elglnh ey el stsdvel, €3 uels 60g-L Y, Gy
sheuelE 90g- L AN dEaginh 291749 HUE 9% sucrose F

Ee TEE gE 7 aFAllls Sl wE wiA] 2] arefrr RtEA]

8% Aog AAHAY. AEES 954-100%= HluLA =2 Ho|glow AYA
T2 AYye7E 645mge 2 T FASCH, I viol steEud, Wy,

steve, sy, 2, Euy woldlen, dristeye= 1192mgo =
b 7He S, F3F AlgieE e Aelrh v EL 74-114mm AR QAT
W2 F Aoy vEdA gtk &S sksEuE s 61.3% 2 7HE
wokom, stEubE] 234%, "E vl 14.0%, EuhE] 12.8%, i 1.7%°1A 2
W, Adue, sedvd, sueEls 277 JHA Fanh EAstevEE A9
& e YE = sucrose EXE7F mobyel wel EEo] UAY HA Ee
Aot B 03-1.971 Aol dth(Fig. 6). 99 F4&S dF v
7F 988% = 7HE mkow, thgo] stuvte, EstevE, EueE, duvd, F
v, stedue], dgvE] solddh 1Y A EE sucrose FE7F FUHE
T5 Yol th(Fig. 6). o= AHuiAlel dHg AARAS AHSE = 3o
olxzqie] WA WelA FHEE zlom dAdHUnh. Y FHES

91.3-100% = = &l th
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Table 6. Effect of sucrose concentration length on bulblet enlargement of Korean native lilies in vitro.

Species Sucrose Survived  Bulblet Total  Diameter ~Separation Scaly  Root
@L") (@ fresh wt. fresh wt. (@m — leaf (%)
(mg) (mg) %  No. %)
L cernum 30 967 2034129 267.2¢143 78+02 153 14403 915 983
60 917 2438+151 2793151 81+02 138 13:02 672 967
90 950 2356157 27284151 77+02 172 11+01 345 917
120 983 1987+134 2054+131 7.3+02 50 10:00 317 917
Mean 954 2204:98 2562+148 7701 128 12:01 5 562 946
L concolor 30 1000 162.3+11.3 281.6+115 82+02 350 17+02 1000 100.0
v putveion. 60 1000 2497+17.2 4647+144 93+02 400 24403 1000 100.0
90 994  4006+234 5274+155 97+02 136 1604 961 1000
120 1000 517.1#269 586.0£190 10102 67 20:04 933 1000
Mean 999 3324+683 4649+57.1 93+04 238 19+02 974 1000
L dawwricum 30 1000 98451 200293 71402 867 1301 1000 100.0
60 983 1114+64 2012+74 7601 717 12:01 1000 100.0
90 989 1408487 2303+102 7.8+0.1 500 13+0.1 917 994
120 1000 1263+89 1855+100 70+0.1 367 13+01 817 933
Mean 993 1192+79 2043+81 74+02 613 13+00 934 982
L distidum 30 1000 2860155 2860£155 94:02 00 00 1000 100.0
60 1000 3440215 34404215 95:03 00 0.0 200 100.0
90 1000 334.0+289 33604282 93+04 67 1.0+0.0 00 100.0
120 1000 3853288 3853+288 92:03 00 00 00 1000
Mean 1000 337.3+17.7 337.8+176 9401 17 03x02 300 1000
L. hansonii 30 967 4545253 45454253 105¢03 00 0.0 207 931
60 1000 5615269 56154269 11.6+02 00 0.0 133 967
90 983 579.0+31.1 57904311 11.6£02 00 00 17 967
120 1000 582.8+247 58284247 11.7¢02 00 0.0 17 917
Mean 988 5445+263 5445263 114:02 00 0.0 94 946
L miqeiaum 30 1000 3369+195 3369+195 98:03 00 00 500 100.0
60 1000 4056+225 4056+225 11403 00 0.0 00 100.0
90 1000 3775179 3775+179 103+03 00 00 00 100.0
120 1000 3340+304 334.0+304 95:04 00 00 00 100.0
Mean 1000 3635+149 3635+149 10304 00 0.0 125 1000
L maarouitzii 30 1000 286.0+174 2860174 81:03 00 00 800 100.0
60 1000 332.0+21.0 33204210 84+03 00 00 267 1000
90 1000 3180+255 31804255 8304 00 00 00 100.0
120 1000 350.7+22.2 350.7+222 83+02 00 00 6.7 100.0
Mean 1000 321.7+11.8 321.7+11.8 83+0.1 00 00 284 100.0
L amabile 30 1000 2955+161 3025+181 8603 150 1.0:00 1000 950
60 1000 3126+164 32004184 87+02 158 1.0+00 1000 100.0
90 1000 1975+197 2015+198 7.4+03 100 10+0.0 1000 750
120 1000 2475+128 2500+152 83+0.3 150 1.0+00 950 950
Mean 1000 2633+224 27084229 83+03 140 10:00 988 913
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Fig. 6. Effect of sucrose concentration on the bulblet number and scaly
leaves formation of Korean native lilies in vitro.
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Table 7. Effect of the MS salt concentration of medium on the bulblet enlargement in
liquid stationary culture of Korean native lilies in vitro.

Species MS Sivived Bulblet Total  Daneter  Separation  Scaly Root
srength (%9  fresh wt. fresh wt. (nm . leaf (%)
(mg) (mg) % Noo (o)

L concolor  Control” 1000 7785480 7965562 115404 50 10:00 800 1000
var. purtieion. 1/8 1000 11485573 11485573 11803 00 00 00 DO
1/4 1000 1259960 1269960 126804 00 00 ‘06 1000

1/2 1000 119704565 11970#565 146804 00 00 DO N0

1 1000 13RB5+1060 13R5+16O 147404 00 00 %0 1000

Mean 1000 11477#901 11513871 13006 10 0202 &1 970

L dawuricum  Control 1000 77444370 884360 117403 400 1502 400 9RO
1/8 1000 724378  SBIEI6 95403 WO 1302 400 600

1/4 1000 68004580 67124603 10304 120 1000 640 720

1/2 1000  WB2t575  TOO061 110804 360 12401 720 60

1 1000  &L2H83 WOO8LZ 121204 B0 23t04 1000 00

Mean 1000 7156487 709613 109104 288 1502 632 760

L hansonii  Control 1000  888+469  8B8+497 113103 40 1.0£00 00 1000
1/8 600 11640616 11640616 132403 00 00 240 20

1/4 &8 11MB2:570 110824570 132402 00 00 40 1000

1/2 1000 124847 1234847 140103 00 00 00 1000

1 1000 13167448 13167448 147403 00 00 67 1000

Mean D8 1IVSG79 114054663 133105 08 02402 69 B4

L mqueliamum Control 1000 70724373  W072:373 143105 00 00 00 1000
1/8 B0  Sb4346  8b4346 125603 00 00 40 1000

174 1000 244377 244377 139103 00 00 400 1000

/2 1000  10104#466 10252+#421 154404 40 10:00 640 1000

1 1000  11644#363 11644#563 169806 00 00 300 1000

Mean 92  9100£719  9129£727 146107 08 02402 466 1000

L nmwamaitzi Control 1000 6668319 668319 116402 00 00 00 1000
1/8 1000  6B4+H3 6B4+HB3 114402 00 00 280 1000

1/4 1000  WL24315  0L24315 115802 00 00 400 1000

1/2 1000 70842 TSHM2 112402 00 00 6O RO

1 1000  &D2t522 &H222 124403 00 00 600 1000

Mean 1000 7273314 7273314 116102 00 00 638 B4

L amabile Control 1000  8000£62  800£/62 115804 00 00 00 K00
1/8 1000 7100437 7100437 110403 00 00 67 67

1/4 1000 TR7A539  TRHE2S 113104 67 1000 467 400

1/2 1000 66790 667490 111x03 00 00 467 200

1 1000 1048571 104724571 132403 40 1000 520 560

Mean 1000 80484577 865580 1164804 21 04402 364 405

“Control shows that is one fold in solidified medium.
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L. concolor var. parthneion

L. davuricum

L. hansonii

Control” 1/8 1/4 1/2

MS salt concentration (fold)

Fig. 7. Effect of the MS salt concentration of medium on the bulblet
enlargement in liquid stationary culture of Korean native lilies
in vitro. “Control shows that is one fold in solidified medium.
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A QA wl Al 250mL & 71l F]lshe wiA el FHTE A1 9
el WX 9FS Ay 2 Au(Table 8, Fig. 8), WA ¥-371 S71a4
5 AEEE Yolx= AFo R sy 50mLE 9= | EistEu
2, Ay, stedve, FuE, 9FvEs 30mLA HE Fssksih
AEES st dd, Suel, €3uel7t 97.3-100% = E8ka, sy,
Adge],  seguds 400-587%2 vtk AAFe  atsuEvt
1256.6mg o2 7b4 FASon, d5Iube] 1068.2mg, 4 Zibe] 1040.8mg,
g35ube] 687.2mg, Syl 666.8mg, ENet el 5888mg =ol itk A
g ags o Fol wet 2-58 Ax &2AF e vzt HHAEAG
TE&e A EYEI 120%2 M wgkoen shEveE 22%, €35y
2.1%, @], stsduel, SubE 0%E aA el He w9 W Hol
ATt ETFE 03-1270 A=A 99 S-S steEvE v 9L7%E
7V wmokow thgol stewue, FuE, Wilstsud, €suE ol
om AwuErt 34%= 7bd skskeh e g4&e duvy, U, st
sdue], shEuEs 91.1-100%2  Egtoy dstsvel s d3ues
21.9-38.4% % wrotrh.
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Table 8. Effect of the volume of medium on the bulblet enlargement in liquid stationary
culture of Korean native lilies in vitro.

Species Voure Suvived — Bulblet Total Diameter Separation Scaly Root
L/BmL (% fresh wt. fresh wt. (mm) leaf (%)
cortainey) (mg) (mg) % No. (o)
L aorncdor 10 100.0 2ET1A 2T 4 109805 00 00 &7 BT
var. parttneion 30 1000  13835+1060 1385+1060 147404 00 00 B0 1000
50 B3 162865142 16686+1625 16107 67 1000 9B3 &7
70 0.0 - - - - - - -
90 00 - - - - - - -
Mean BT 126642134 1266642192 139413 22 0303 917 9L1
L dwuriaum 10 100.0 408+275 4704306 90+03 160 1000 9%0 760
30 100.0 &1.2+6383  W6.0+81.2 121+04 280 2.3#04 1000 &0.0
50 100.0 6736£111.3 7R1+1402 107406 160 2506 320 360
70 100.0 3036226 3364226 8602 00 00 120 00
90 100.0 336.0£21.2  336.0£21.2 8502 00 00 150 00
Mean 1000 537.0£939  588&*1157 98106 120 12+05 510 384
L Forscri 101000 764854 TA8tH4 116:03 00 00 00 1000
30 1000 136748 136748 147:03 00 00 67 1000
5 00 - - -
70 0.0 - - - - - - -
90 Ov - - - - - - -
Mean 400 10408+1%.1 10408+x19%.1  132+1.1 00 00 34 1000
L maqueliaum 10 100.0 634.4+31.0  6344+31.0 12104 00 00 320 1000
30 1000 116444563 1164.4+%6.3 16906 00 00 8.0 1000
50 630  14069+H47 14069tHA7 166805 00 00 RO 760
70 0.0 - - - - - - -
90 0.0 - - - - - - -
Mean 536 10682180 106821860 152413 00 00 630 920
L rmoarauitzii 10 100.0 646.8+325  646.8+325 11.0£03 00 00 40 1000
30 100.0 8024522 924522 12403 00 00 60.0 100.0
50 100.0 646.8+3H3  646.8+3H.3 11.0£03 00 00 0.0 0.0
70 100.0 6125+445  6125+445 11.1£03 00 00 DO N0
90 100.0 68 7+41.7 5687417 10.7£03 00 00 66.7 100.0
Mean 1000 606.8+449  666.8+449 11203 00 00 601 A0
L anubile 10 100.0 60.8:h9 68362 112106 67 10+00 533 400
30 1000 104484571 104724571 13203 40 1.0+00 520 560
50 100.0 08+1304 7081304 11907 00 00 333 133
70 100.0 06.7+433  506.7+43.3 9804 00 00 00 00
90 &.7 4731398  4731+39.8 10304 00 00 00 00
Mean 97.3 6621919  687.2+92.3 11305 21 0402 277 219
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L. concolor var. parthneion

. davuricum

L. hansonii

Medium volume (mL/250mL)

Fig. 8. Effect of the volume of medium on the bulblet enlargement and
survivals in liquid stationary culture of Korean native lilies in vitro.
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t}) Sucrose?] FZ=9] gk

¥ 2 A3} (Table 9), L& EE HeolA 100%°] At} Sucrose®] &=+
60g-L 'l A wg7l dsd dAstEve e TuEE AYEd ZE oA
vt 7 &34 sucrose 9g-L oAl A A Fo] 7}
F FAYY AT AEdert 1346.2mgE Mg FAY oY, theol ey
, steEve], 9suy, @listeve, Fue o2 Fol wE HgA xR
AAER A 2F A 2 Al &S steEyevE 162mm= Vh
e bl Adve, stsve, deuE o8 I sy
7F 11.8mm= 7HE Aot &7&2 Gt s e 496%8 A stie 0-3.7%
FroZ mg g Helglon, E4E 02-1.97) FEolth Ay &

< sEyEl7t B0%E M =3, AduErl 41%=2 g wgkeH

Jfu

sucrose &=7} =7Fsk

sucrose FE=7F HE&FE QAR Ut B2 AFo|Avh(Fig. 9). A A wl
FA AHEF FAdEo] e T A Ee steduEls 704%9 =2 A9
HA el e PAES 976-100%% HluLZ] =S Holglort g

o O%
vhelel A9 59292 e Wolgth
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Table 9. Effect of the sucrose concentration on the bulblet enlargement in liquid
stationary culture of Korean native lilies in vitro.

Species Suwcrose Srvived Bulblet Total  Diameter  Separation  Scaly Root
@L") @9 freshwt freshwt (mm) ——————— leaf (%)
(mg) (mg) % No. (%)

L concolor  Control” 100  7R85+80 76562 115404 50 1.0+00 &0 1000
var. parttmeion. - 30 100 10983#904 108304 136405 00 00 1000 1000
45 100 1340490 1303+#492 14304 67 10:00 1000 1000

60 100 13851060 13R5+1060 147404 00 00 %O 1000

90 100 1524741140 153601151 15404 67 10£00 1000 1000

Mean 100 1278+1183 1234741170 139406 37 06402 %O 1000

L davuricum Control 100 7744370  884+360 117103 400 1502 400 RO
30 100 72844311  8772+41 118104 &40 19403 1000 960

45 100 &28+309  9904+#90 120403 &80 21#03 1000 760

60 100 &12#83 B08L2 121704 280 23804 1000 &0

90 100 3324879 W0+1278 116805 B0 19404 480 600

Mean 100  8160+%1  9AER7 118401 496 19+01 76 8

L hansonii  Control 100 88869 888497 113403 40 1.0+00 00 1000
30 100 1220£770 1220770 144+04 00 00 100 1000

45 100 13344486 1334486 152403 00 00 00 1000

60 100 131674648 131674648 14703 00 00 67 1000

90 100 1802772 18024772 157403 00 00 40 1000

Mean 100 13462+1424 13432+141.0 14.3+07 08 02402 41 1000

L mqueliamwm Control 100 70724373  TW72+373 143105 00 00 00 1000

30 100 10484406 10648+406 160405 00 00 1000 1000

45 100 124674618 12674618 165805 00 00 1000 1000

60 100 116444563 116444563 169406 00 00 300 1000

90 100 141964068 14196468 17.3104 00 00 720 %0

Mean 100 11183+1062 111831062 162+05 00 00 04 D2

L mwamaitzi Control 100 6668319 6063+319 116402 00 00 00 1000
30 100 7R304 788404 114403 00 00 680 1000

45 100 8R4+389  SR443B9 120403 00 00 600 1000

60 100 &02+522 8024522 124403 00 00 600 1000

90 100 &316481  BLEHWI 115403 00 00 520 &0

Mean 100 708313  7H8313 11802 00 00 480 976

L amabile  Control 100  800£62 80062 11504 00 00 00 00
30 100 8B24617  SW&H6LS 123106 50 10400 4H0 400

45 100 960EB9  9BB5EA1 121405 50 10400 0O N0

60 100 10484571 104724571 132403 40 10400 520 %60

90 100 10065802 1006502 128405 00 00 20 300

Mean 100 9HBI1#98 962500 124403 28 06402 484 D2

“Control shows that is one fold in solidified medium.
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L. concolor var. parthneion

L. hansonii

e

L. miquelianum

L. maximouwitzii

©O000

L. amabile

Control” 30 45 60 90

Sucrose concentration (g-1 1)

Fig. 9. Effect of the sucrose concentration on the bulblet enlargement and scaly
leaves formation in liquid stationary culture of Korean native lilies in
vitro. “Control shows that is one fold in solidified medium.
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7F AEAR
st=uel (L. concolor var. parthneion) 2 E73t=ua](L. davuricum)®)

Ao zRE VoA 22 2904e HAPAEE AHESH A tH(Fig. 10).

L. concolor var. parthneion

L. davricum

A g o, 45 R

Fig. 10. Bulblets regenerated by microscaling of Lilium concolor var.
parthneion (upper) and L. davuricum (lower) in vitro.
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174 =4S A4 (growth chamber)S ©]83to] A3 16417} # % 68umol'm *'s ',

=5 20T, % 70%=2 =43ttt A4 Fo s 1-2¢ HF0=2 17143 o}

Fig. 11. A scaly leaf and a shoot formed from the bulblets regenerated
in vitro of L. davuricum

sucrose, 25mM
EDTA, 0.ImM MgCl] 10mL=® F&ellA wastalo] 500xgell Al 15%7F 4l
Bed F 4AAL 10000l A 1587 Al QalBelste] 1 ggole v

A2 gy @A e Lowry 5(1951)¢] wWwel el Bovine serum
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albumin(BSA)& #+ @@ 2ste] Al 5, 2% Na.COsg &3 0.IN
NaOH:1% CuSO4 5H,0:2% Nas-tartrate 84S 5o zkzF 100:1:1(v/v/v) =
e o] EFEAA ARE P 2B5TCAdA 1083 WA F
Folin—Ciocalteu’s phenol reagent 2v¥] 3]0 0.3mLE #H7}sl 25T A 30&E7F
HES A ATE o] HFS-NS spectrophotometer(Shimadzu, UV- 160A)E 500nmel] A

FHES 4%t B $FE mg/g FWE theh gl

Guld wHel B4 Kang $5(1995)°] 33 SDS-PAGE(sodium
dodecyl sulfate polyacrylamide gel electrophoresis)#ol 93] tfS3 o] 43
3} 9t} Separating gel¥} stacking gele polyacrylamided %2 27 125%
9} T%E 3t geld FAE 0.75mm=E S o™, A& S0ugel SDSeF B
-mercaptoethanol®] A 7}# SDS extraction buffers 2o 100Co| A 2837t #
At A71PE2 15-20mAdA 5AIE B AAERen, 0.1% coomassie
brilliant R-250-8<H[10% acetic acid : 0.25% coomassie brilliant blue R-250 in
95% ethanol = 1 : 1(v/v)|&2 @M3}3L, acetic acid : methanol : SFF = 70
100 : 830(v/v/v)el &g oom A% & dijd Wies f#Esirt &
Aol EAEke 14.000-97.000dalton(Bio-Red Co.)e] A% w2 (maker protein)
= e

Aol e FEAT 29179 A7 Polol WAL G,

Aoz e A4 ek s gt AA%e ARZ WY
Aol gzEe] Webel MAE 9GS ARG A3H(Table 10), 93.6% ol 4ol =
5 ohulkel ) AALE 29179 Welgo] 3%

®%m
A =okth Wotagdaes EskEvy det 5-6dE sksuE] EAf

_63_



10-11¥ Ry 59 J= wgiv) oje} o] et 4217
Wolg 3y} &b wglt)

gl el aRARY

flo

Table 10. Effect of species and light condition during culture on sprouting of
Lilium bulblets after-generation in vitro.

Species Light No. of Sprouting
condition bulblets tested % days
L. concolor var. Light 314 93.6 11.3+0.2°
parthneion Dark 561 96.5 10.3+0.1
L. davuricum Light 704 95.3 6.7+0.1
Dark 395 98.7 5.6£0.0
“Mean*SE

207 A7le whE WotaadsE B (Table 11), Fol wet o2 F4S
BeTh shavEle] A a9 Ar7h A& wel gobrt Hlh o]
& AT Buldr hugel A AidE =AM v Fsisgth 2y

st el Avldl me Wothgdge] WMk gl

N

Table 11. Effect of bulblet size and light condition during culture on days to
sprouting of Lilium bulblets after-generation in vitro.

Bulblet Days to sprouting

size (g) L. co.ncolor var. parthneion . L. davuricum
Light Dark Light Dark
x<0.3 10.3+0.3 8.9+0.1 6.5+0.3 5.9+0.1
0.3<x<04 12.7£0.4 9.4+0.2 6.9+0.2 5.9+0.1
04<x<05 14.0+0.5 10.2+0.3 6.5+0.2 5.6+0.1
05<x<06 12.7+0.4 11.0+0.2 6.4+0.2 5.6+0.1
0.6<x<0.7 11.0+0.0 12.0+0.4 6.1+0.7 5.3+0.2
0.7<x<0.8 16.0£0.0 11.9+04 5.9+0.2 5.4+0.2
0.8<x<09 14.0£0.0 12.6£0.5 6.6+0.9 5.2+0.2
09<x<1.0 - 14.4+0.8 6.3+0.5 5.7+0.3
1.0<x<1.1 - 18.0+2.1 4.7+0.5 6.0+0.5
1.1<x<1.2 - 15.3+1.2 - 5.5+0.3

1.2<x<1.3 - 16.5+2.5 - -
1.3<x - - - 6.5+0.4
Total 11.310.2 10.3+0.1 6.7£0.1 5.6=0.1

"MeantSE
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Epigeous type
V Seedllng plant (ETP)

| Hypogeous type plant

mw>\§i¥;

Hypo-epigeous type
plant (HETP)

Fig. 13. Types of leaves and plant development(Matsuo2} Tuyl, 1984).

© 239 Axz AgdE ssude EstaYdA R dddRt Ed7
A, =271 28 A, F7]9 dAgel EF S8 A 5 oA Fde 2 9

e 25 &0 5 dAT(Fig. 14).

e

Fig. 14. Three types of plant development in after—generation in vitro of L.
concolor var. parthneion (upper) and L. davuricum (lower) bulblets.

HiFAl o] Fxo e F7EdE&S BW(Table 12), 7% 25 Wulgdno
o w AAE AN F7|EdEo] =dHh steuEle HEAA
0%, Fx7olA 4% o, drlstsvel= B 06%, FxdAA 7.9%

olth. o= uEue el du|A F FAYVE =V]IEde mHHolge B



(Choi, 1985)¢} mujfrct tujdo s vitlE AAAdA F7] EAE] =
al g B4, 200009 LA s Aol

Table 12. Effect of species and light condition during culture on shoot
appearance of Lilium bulblets after-generation in vitro.

No. shooted/No. planted (%)

Species Light Dark Total(Mean)
L. concolor var. parthneion 0/294(0) 22/556(4.0) 22/ 850(2.6)
L. davuricum 4/666(0.6) 31/392(7.9) 35/1,058(3.3)
Total(Mean) 4/960(0.4) 53/948(5.6) 56/1,907(2.9)

A7 A7l wE E71Edede vl 2E, sevee] 45 Wude
2 AN 204 =717F 2d6kA fske vE g A1 06g ol
NMFEE Z717F EdstAth(Fig. 15). 28y Eolsksvels gujdola At
d 2904 04g ol FlMFH, @il 204 07gdMFEH E717F =9

SAARE WujFe] B9, 2904 ATl mE EV|EdY HdAHe AT

L. concolor var. parthneion O Light (Shooted)

Joooomooo © 0o o o o o o o @ Dark(Shooted)
o Bulb leafed

0.6
90-@ W @ @ @

L. davricum

0.4
0 (Do) cococo(ocoaoooccoow()eo 0w o o 00 00 00

0.7
grocenoccaocccocco GO 0D CENDED O ® ® o
0.4 05 06 07 08 09 10 1.1 12 13 1.4 15 1.6

Fresh Weight per bulblet(g)

Fig. 15. Effect of bulblet size and light condition during culture on shoot
appearance in after—generation in vitro of L. concolor var. parthneion
and L. davuricum bulblets.
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< JdA4E & gldlem dAE 06% AEolAdth Iy e Z7Ede &9
A9 Ar)el Aol gtk W Stimart 5(1983)¢] Harebi= Aubel Axglo
v, egdg vgle &a1749 A7 F4E 7|8 & Zokxitie Al

Table 13. Effect of bulblet size and light condition during culture on shoot
appearance percentage in after-generation in vitro of L. concolor
var. parthneion and L. davuricum bulblets.

No. shooted/No. planted (%)

B.ulblet L. concolor var. parthneion L. davuricum

size(g) Light Dark Light Dark

x<0.3 0/166(0) 0/169(0) 0/284(0) 0/49(0)
0.3<x<04 0/79(0) 1/120(0.8) 0/145(0) 0/50(0)
04<x<05 0/37(0) 3/80(3.8) 2/101(2.0) 0/78(0)
0.5<x<0.6 0/6(0) 2/72(2.8) 1/70(1.4) 0/76(0)
0.6<x<0.7 0/1(0) 3/38(7.9) 0/30(0) 4/47(8.5)
0.7<x<0.8 0/3(0) 5/33(15.2) 1/23(4.3) 4/31(12.9)
0.8<x<09 0/1(0) 3/19(15.8) 0/7(0) 8/26(30.8)
0.9<x<1.0 - 1/14(7.1) 0/3(0) 10/22(45.5)
1.0<x<1.1 - 2/4(50.0) 0/3(0) 1/4(25.0)
11<x<1.2 0/1(0) 2/5(40.0) - 1/5(20.0)
1.2<x<1.3 - 0/2(0) - -

1.3<x - - - 2/2(100)

Total 0/294(0)  22/556(4.0) 4/666(0.6)  31/392(7.9)

"Mean+SE
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Table 14. Leaf area by plant developmental types of Lilium davuricum
bulblets in after-2 generation in vitro.
Bulb leafed Bulb Shooted

No. of Leaf area Leaf area No. of Leaf area Leaf area
leaves  per leaf per bulblet leaves  per leaf per bulblet

Bulblet size
in planting(g)

0.5=<x<06 2 3.5 6.9 6.3 1.2 7.6
0.6<x<0.7 1 4.6 4.6 6.3 1.2 7.5
0.7<x<0.8 2 3.8 7.6 8.0 1.0 7.6

Mean 1.7 4.0 6.4 6.9 11 7.6

. 2
Leaf area unit: cm
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Table 15. Effect of species and light condition during culture on enlargement
of Lilium bulblets in after-generation in vitro.
Enlarged (%)
Species Bulb leafed Bulb shooted
Light Dark Light Dark

L. concolor var. parthneion 182.0°£6.6° 187.1+3.4 217.1£20.8 195.4+3.0

Mean

L. davuricum 159.7+7.8  131.624.5 - 1404+ 7.9 143.9+4.0
Mean 170.9+5.2  159.4+3.0 - 178.8+10.9 169.7+6.4

“Enlarged percentage = FW of bulblet at harvesting time/FW of bulblet at planting timex100,
"Mean+SE
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Table 16. Effect of bulblet size and light condition during -culture on
enlargement in after—generation in vitro of Lilium concolor var.
parthneion bulblets.

Enlarged (%)

Bulblet
] Bulb leafed Bulb shooted
size (g) Light Dark Light Dark
0.3<x<04 195.9°£8.8" 184.246.3 - 224.31 0.0
04<x<05 167.7+10.1 206.6+7.6 - 297.8+11.7
0.5<x<06 122.3+15.5 205.8+6.2 - 227.71+36.9
0.6<x<0.7 785+ 0.0 160.3+6.8 - 197.1+71.5
0.7<x<0.8 133.1+19.4 157.3+7.1 - 166.1+23.1
0.8<x<09 106.8+ 0.0 146.2+8.6 - 255.1+48.6
Total 182.0= 6.6 187.1+3.4 - 217.1+20.8

“Enlarged percentage = FW of bulblet at harvesting time/FW of bulblet at
planting timex100. YMean+SE

U E hujekol A AAE 29738 A7)7F ASFE Aggo] Eof

A= Ao Ath(Table 17). 12ivl, shsubelsh oA el s gatd

g &o] ohulgrRT =9y WHYS F7|7 F42 vyl o] Eolx

= Aot ol Wuldo]l dmMFRT ATt e A #¥ol S A

2 A7tE QItH(Table 18). kAl ®iaryl A7 (Stimart®t Ascher, 1978)¢} &
%

BT Wl MU EE Rolde & 5

o
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Table 17. Effect of bulblet size and light condition during culture on
enlargement in after—generation in vitro of Lilium davuricum bulblets.

Enlarged (%)

Bulblet
i Bulb leafed Bulb shooted
size (g) Light Dark Light Dark
0.6<x<0.7 147.4°£125% 141.6+8.4 - 138.3+17.1
0.7<x<0.8 172.5+11.7 122.3+6.1 - 135.8+£20.9
0.8<x<09 156.6+£25.7 129.4+10.5 - 160.4+19.0
09<x<1.0 166.7+20.3 125.9+8.7 - 128.0+7.2
1.0<x<1.1 181.8+29.3 111.2+7.0 - 132.0+0.0
Total 159.7+7.8 131.6+4.5 - 140.4+7.9

“Enlarged percentage = FW of bulblet at harvesting time/FW of bulblet at
planting timex100. *Mean+SE

AFHRFE WlEE st ssdeng wetom ghignt Bl
wath(Table 18). 53] ARG 28 AAuts 27 28 AAAA 2079
4ol o @e Zow vy

Table 18. Effect of species and light condition during culture on bulblet
formation of Lilium in after-generation in vitro.

No. of bulblets

Species Bulb leafed Bulb shooted
Light Dark Light Dark
L. concolor var. parthneion 0.1+£0.0” 0.1+£0.0 - 0.6+£0.2
L. davuricum 0.4+0.0 0.0£0.0 2.5%0.3 1.8+0.1
"Mean+SE

o

29179 ANEE A3 AFE v Ay ssyds ZE 279 &
ANABAA ATF A7 0= A ] A&

A7 &= A2 et 7] Fd AMANAN AFF 457 25 BolA
(Table 19).

o

Q7 =7 ATF RN JGL
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Table 19. Effect of bulblet size on bulblets formation in after-generated in
vitro of L. concolor var. parthneion.

No. of bulblets

gibiegt) "~ Bulb leafed “Bulb_shooted
Light Dark Light Dark

x<03 0.0<0.07 0.0£0.0 - -
03=x<04 0.1+0.1 0.0£0.0 - 1.0£0.0
04<x<05 0.1£0.1 0.10.0 - 1.00.0
05<x<06 0.0£0.0 0.1£0.0 - 0.3+0.3
06=x<0.7 2.0+0.0 0.1£0.0 - 0.0+0.0
07=x<08 0.00.0 0.10.0 - 0.4+0.2
08<x<09 0.0£0.0 0.0£0.0 - 2.040.0
09=x<10 - 0.1+0.1 - 0.0£0.0
10=x<1.1 - 0.0+0.0 - 0.0+0.0
11=x<12 - - - 0.00.0

12<x<13 - - - -

13<x - - - -
Total 0.10.0 0.10.0 - 0.60.2

"MeantSE

S s e ik & ES
4 Ak 255 AT Y5 B o Gl Aage als g
#glol Aol A7E FAeA @ArhTable 20 5, WA He A7HA

TE T/ 9FE e AS & F AT o] Stimart®} Ascher(1978)

oL

NE FAAAT WEAES £907

il Taeb¥} Alderson(1990)¢] &9 <1HW YA &

z T2 7](bulbing shoot)9] AAWS F7HAIZITH= H
aop el g QB FA] 24412 Hx7e] 24T o2 7] Al
w4 ZIpAolgt= Park 5(1998)9 ZA#etw dX|stint. &9 Fxd
et g5 Fol o AEAU WASERe] vt wisgtslr] s x4
@

2 A o)k @At 3 Bu(Niimi 5, 19992 A3€E 4 9o

s, 1999)¢k LAt e
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Table 20. Effect of bulblet size on bulblet formation in after-generated in
vitro of Lilium davuricum.

No. of bulblets

S]?ibiegt) Bulb leafed Bulb shooted
Light Dark Light Dark

x<03 0.240.17 0.0£0.0 - -

03<x<04 0.3+0.1 0.00.0 - -

04<x<05 0.4+0.1 0.0£0.0 3.040.0 -

05<x<06 05+0.1 0.00.0 2.040.0 -
0.6<x<0.7 0.8+0.2 0.140.1 - 15403
07<x<08 0.9+0.3 0.00.0 2.00.0 18402
0.8<x<0.9 0.4+0.5 0.00.0 - 16403
0.9<x<1.0 0.7+0.3 0.040.0 - 1.8+0.2
10=x<1.1 0.3+0.3 0.040.0 - 2.0+0.0
11=x<12 - 0.0£0.0 - 2.0+0.0

12<x<13 - - - -
13<x - - - 35+0.4
Total 0.4+0.0 0.0£0.0 25403 18+0.1

"Mean+SE

gt 7Id o 24l el A o] F7]EE whE
AW e 24 gl A 9 ATl wE &7 AEES xAE Al
(Table 21, Fig. 16), 3t=1te]l= 1.3g o9 45% 5 ALstd &71&do
o] FojA A goktt. ol wlE] dAstEyvElE 04ge A2 A7

=717 Edste]l 719 1A de nAMA R 29140 A E4E EV|EES

2
o

o] Eo} 09g olFelM = =71Ed MAZE 100%0] 3tk o= FZul 7t Al
Aoz ot stave el 49, IAdedA 79 22 A= 24 el A 9

=
=
@ sEol LAt WAL, GFPE gEY Aow 233 5+ Uh

Eul

gol £71&de gAedew 2§ 7}

N
oY

]

e
i

olr
oX,
k
ox
)
i
4>
%0,
32
o

_73_



Table 21. Effect of bulblet size on shoot appearance in after-2 generation in
vitro of Lilium bulblets regenerated in vitro.

No. shooted/No. planted (%)

Bulblet size (g)

L concolor var. parthneion L. davuricum
04<x<05 0/ 9(0) 4/21(19.0)
0.5<x<0.6 0/14(0) 25/47(53.2)
0.6<x<0.7 0/11(0) 44/49(89.8)
0.7<x<0.8 0/12(0) 47/48(97.9)
0.8<x<0.9 0/14(0) 34/35(97.1)
09<x<1.0 0/10(0) 13/13(100)
1.0<x<1.1 0/13(0) 14/14(100)
1.1<x<1.2 0/18(0) 9/9(100)
1.2<x<1.3 0/17(0) 2/2(100)

1.3<x 3/66(4.5) 4/4(100)
Total 3/184(1.63) 196/245(80.0)
L. concolor var. partheneion o Bulb leafed

O Bulb shooted

1.3
b NI @D 00 W@ 0 0 COP

L. dauricum

04050607080910111213141516 17181920

Fresh weight per bulblet(g)

Fig 16. Effect of bulblet size on shoot appearance in after-2 generation
in vitro of Lilium bulblets regenerated in vitro.
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Table 22. Effect of bulblet size on bulb enlargement in after-2 generation in
vitro of L. davuricum.

Bulblet Enlarged (%)

size (g) Bulb leafed Bulb shooted 0 Pulblet formed
0.3<x<04 106.1+4.4" - 0
04<x<05 99.4+3.2 115.6£5.8 0
05<x<0.6 93.2+2.5 104.8+3.5 0
0.6<x<0.7 90.1+7.2 104.8+1.9 0
0.7<x<0.8 101.4+0.0 105.0+£1.8 0
0.8<x<09 71.6x0.0 105.1+£2.3 0
09<x<1.0 - 103.3+2.7 0
1.0<x<1.1 - 100.7£2.4 0
1.1<x<1.2 - 97.9+1.8 0
1.2<x<1.3 - 96.8+114 0

1.3<x - 95.8+2.1 0

Total 94.4+2.2 104.3+0.9 0
"Mean*SE

SAsAH(Fig. 18). 1 23, Foll w& o] Aol= gldv. 22y A7)
= L

Fehgle] Wuldnch e oz AR AQlAolA wuld ghekol

o

longiflorum ‘Georgia’ Q1AW %A FZANA GACIH o WAool Axdta 3
B 31 (Paek? Chun, 1982)2 &= ®i, 7| wjgAre] oA = Qg A%
of AAH ALY, JIHS W] thARES o] Fol== W AW 23 thabg
do] EolA A (Kim &, 1996b) WrjFr ) bufkel Al ikl A&

4 Fako] Wolx Ao F=w
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Fig. 18. Effect of bulb size and light condition on protein content of Lilium
blublets regenerated in vitro.

stadEl et dulsta e o] A4S A2 A3 §F Aol 270d F <)
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protein(mg/g FW)

0 _

Leafed Shooted Leafed Shooted

L. concolor var. parthneion L. davuricum

Fig. 19. Difference of protein content of bulblet and aerial part in L. concolor
var. parthneion and L. davuricum.

A71dEow vl el xolg wus £ Ay st @seu
2 e Zpol7h W&k aitt. Fig. 20914 ask bWl=+ dsvheldl Ao, Erist
Suges @itk a2l gujdaelE 22kDe] cil=eo] o] Wujakw )
Botrh ol g wd HEl e Aoyt F71EFA TH I o BAC) YA
el 2ok 53] &7 Jelde B &L DNAY RNA FFolA 9 o7t
o] Foj ok & Ao AHztE )

L. concolor var. parthneion L. davricum
MW LL LS DL DS LL LS DL DS
97kD —
45kDf = 5 = R ———
31kD —
22kD —

Fig. 20. Protein pattern by bulblet size and light condition of Lilium bulblets
regenerated in vitro.

LL: Light-Large, LS: Light-Small, DL: Dark-Large, DS: Dark-Small
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ZIWell A Aake 49149 FH-2 wlA] W9 sucrose &%, WY, d]d7]
b Soll o8] JFS o uFE gibberellic acid(GAs), A¥ X2l sucrose,
Ao oA FHo] Lol (Aguettaz =, 1990; Stimart®} Ascher, 19814,
1981b; Takayama<$} Misawa, 1980)32 &# A 2t} Kim 5(1998)2 Q&g
2] ‘Casa Blanca'®t ‘Marco Polo’e] 7]WelA Aite £2A4dE5L wjd7zta
sucrose & =0 #Aglol ¥ FHFTI &t

Delvallee 5(1990)2 & 7FA] 891 FolA w7t FHdded 714 5
a3gk Zog Hustrh 5, o] vl 15T olstell A wj st
GO 20T ool = o] fA fF=dvkal skalvh. =3, wjF7]ke] 65
olgte]™ FWstA Fevhar itk eEldY ydM = vt 15T

il U itk A HKim 5, 1998). 23y A2 15T
olst & 65 oW wigo e Fws v oy A Ut

kA, Yae 5(2001)2 22d¥ v ‘Casa Blanca'®] wl AUl sucrose X7}
= FH7izo]l Aoy AA g oA wt Fro] eapEtial skl
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GAA 2] (Niimi &, 1988)° <]3 etutd 5 vk A 2le] o= 4TolA
6573 Aoz 7oA Aitd eeldd v A4 FHol 100% E
vkl A tHKim, 1999).
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1985) 3! & 3H(Mellon¥} Triplett, 1989)ell 25 &l i, Fel& A (Boyer
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dehydrogenase &4¢] F71E& Rad vl dth(Wang &, 1991).
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Z12H] R = MSHIX| & AFEsI o, AQlHo2HE A904 FEe
sucrose 30g'L', 29174 ¥lUlE sucrose g L 'S #A7pe e pH 572 =4
& F @d 7gL'e AAsArh o wigde A7 2x10cm Al el SmLA

WP 2P FEANE 8F, 279 HHAelE 1252 3
Mgage guzy sheld 4 1647, 5% 23umolm >s 2 59

71l A AR Qe FH wgFsAE e #AE ghetstr] 9§
sucrose Vg L7F A7Fa MS 712 Aol A wiFL (15, 20, 25, 30T), 270,
8, 16, 24X 7H S a8t} 20T, 94 16A17F 3ol A sucrose 5% (30,
60, 90, 120g L HE 2glsle]l 1257 wWFd oo FHe AEE eotaigih
2t Aeld 29749 £ 60/MZ Ak g F 30/MAE FAYTR 2 vz

Egold, 3070 A= A2A 25 Efolo AojA WeldE=E #FsITh

29
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SEHE AES TKS-29 vermiculiteE 7 : 39 H|E&E =33 8£EZ A
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gy 258 Kim 5(1999)9] el wel A2de] A A&
H A o] F33st ). Spectrophotometer(Shimadzu, UV- 160A) = 500nmell
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gl wye] BEAM2 Kang $5(1995)¢] a3k SDS-PAGE(sodium
dodecyl sulfate polyacrylamide gel electrophoresis)®ell 93} a1, =}A|3F =W
= A2de] Aol AMest A Zu. dwEe] Fx%e 14.000-97.000
dalton(Bio-Red Co.)o] #|3& @W A= v s}
t}) Peroxidase A2 Hl L
2917 3go] wmFa [04M sucrose, 25mM Tris—-HClI(pH 7.6), 1mM
DTT, 0.1% BSA, 10mM KCIl, ImM EDTA, 0.ImM MgCly] 10mLE& #7}s]
ol A fAsteh & 500xgoll Al 158 3F AR s AHdES 12 AAT o
B

&, AANS 10000 A 158 oA aaReste] 1 4PNe 2E

N!

(crude enzyme)® AF&3}3A T} Peroxidase @42 =42 Kim 5(1999)¢] a3k
W whskt), & vkl [20mM Na-acetate(pH 5.0) 1.5mL, 10mM guaiacol
0.5mL, 30mM H-0, 0.2mL, 53 12mL]ol &4 0.0omLE 7Fsf 25C ol A

Ao F712 =AYt Peroxidaseo &4 FAIE @A Imgo] 18 F9t
Y AJ 3= tetraguaiacol®] o2 FAISFHTE S, specific activity pmoles/min
/mg protein® &, total activityt pmoles/min/g FW= FA] 3t}

2}) Fumarase A

Kim %(1999)9 wWiel wa} 4974 3g& 4718 v [04M
sucrose, 256mM Tris~HCI(pH 7.6), ImM DTT, 0.1% BSA, 10mM KCl, ImM
EDTA, 0.1mM MgCly] 10mLZ 2ol Ax #2&3}ste] 500xgol A 1583 U4
TEe & A AE 10,000xgol A 1587 thA]l dAEE s AT 1 HAES

1mM DTTE 73 04M sucrose®& 9 05mL=E dE3e] crude mitochondria
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2 A&3t . Fumarase €4 =742 Racker(1950)¢] el uwel wE-g-of
[0.IM potasium-phosphate buffer(pH 7.4) 1.5mL, 0.5M Na-L-Malate 0.3mL,
=¥ L1bmL]9l  crude mitochondria 0.0omLE  7Fste] 30Tl A
spectrophotometer(Shimadzu, UV-160A)Z o] &3lo] Axe =71E =A 3 A}
Fumarase 42 ZTAl= @94 Imgo] 18 ¢ AASIE= fumarated] %o =
¥ A8 =, specific activity= mmoles/min/mg protein® =, total activity

A 2e =27

tlo
rlo

= mmoles/min/g FW=Z ZEAISIGY. A7 & 849 F&

0-4CoNA st

Table 23. Effcets of culture condition on survival percentage during culture
of Lilium bulblets regenerated in vitro.

Culture condition Survived (%)
concolor var. . ..
. davuricum cerunnm hansonii
parthneion
Temperature 15 100 100 85.0 100
(C) 20 98.3 100 91.7 98.3
25 100 100 83.3 96.7
30 91.7 96.7 46.7 50.0
Day length 0 98.3 100 96.7 100
(hours) 8 98.3 98.3 95.0 100
16 100 100 88.3 100
24 100 100 88.3 96.7
Sucrose 30 100 100 96.7 96.7
(gL 60 100 100 95.0 100
90 100 100 88.3 98.3
120 100 100 86.7 100
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(Table 24), &3} sucrose == AES
v a1 st A diFst st uEl e Sy A1 AEES AxE L

v Z}7} 345%9}F 85.7% St}

i

Table 24. Effcets of culture condition on survival percentage during chilling
of Lilium bulblets regenerated in vitro.

Culture condition Survived (%)
concolor P9 davuricum  cerunnm hansonii
parthneion
Temperature 15 93.3 100 100 96.7
(C) 20 100 96.7 100 100
25 96.7 96.7 95.2 96.7
30 100 34.5 85.7 100
Day length 0 96.7 96.6 96.7 100
(hours) 8 93.3 100 96.7 100
16 93.3 100 100 100
24 96.7 100 100 100
Sucrose 30 93.3 93.1 86.7 100
(gLh 60 93.3 96.4 96.7 96.7
90 96.7 96.2 100 100
120 90.0 100 96.7 100
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Table 25. Effects of culture condition on survival percentage after planting
of Lilium bulblets regenerated in vitro.

Culture condition Treatment Survived (%)

concolor var. . ..
davuricum cerunnm  hansonii

parthneion

Temperature 15 Control 100 100 88.0 100

() Chilling 100 100 92.3 100

20 Control 36.7 100 94.1 100

Chilling 100 100 100 100

95 Control 96.7 100 38.0 100

Chilling 100 100 89.1 100

30 Control 96.4 100 57.1 100

Chilling 100 100 75.0 100

Day length 0 Control 100 100 96.6 100

(hours) Chilling 100 100 100 100

Control 86.2 100 85.7 100

8 Chilling 96.7 96.4 100 100

16 Control 96.7 100 974 100

Chilling 96.7 100 100 100

24 Control 96.7 100 100 100

Chilling 100 96.6 100 100

Sucrose 30 CO?lt'I”Ol 100 100 96.6 100

(gL Chilling 100 100 100 96.2

60 Control 100 100 93.1 100

Chilling 100 100 100 100

% Control 100 100 100 100

Chilling 100 92.3 100 36.7

190 Control 93.3 100 100 100

Chilling 100 100 100 100
ol ol o} o] wjYArlel A} sucrose FEE AUAFY HIY T H&
W 5 2 B Fo AL dFs vAA Fdoh 1Yy 30TY 1=
270 AERA 2 JFL AT F, N FolE 4T BF, $8UY T
ol walebsuE e e, A4 Folb Suue] AEgel wdy Fu=
w4, Gisteve, Adduve] oz m2dd uig ude] gk Ao=

= Aot



&g ol vy A1) Wetgel mAl= dF

7l A AR A A0 Welgo] mAE IRk TS
HAES A3(Table 26), MFLE7 15CY wfo] Wol&2 stsvhe] 100%, 270
shsuhE] 83.3%, £uheE] 70.0%, Awube] 333% %tk ey e E=rE =l
Aol wet mE FeA Wolgo] AA HAste] 30TCAA mMIAS We 47
85.7%, 271.6%, 3.7%, 6.71%A Tt o] 7}¢d steve s w2 JI&Fe A

whz] okol 2o digh U] vl ek oz FEAu Kim 5 (1998)
L ogdg Yo AE wFerrt I5CE wod FAAE EAY gvn
3o B Ao Axtel ATt Aguettaz 5(1990)2 7oA AABE A<l

Aol FRAzdE MEFLE FAF A8 v, 15CAN AgR 2aGe

o

Delvallee 5(1990)% Stimart$} Ascher(1981a)& ol dial] 417 <] FHol
15CHY = 254 dojui= ‘heat units’®] FA o 93] #F$-%7] wjFo
2 aZstAnh 9, Aguettaz 5(1990)% Kim(1991)2 15ColA] FHo] &
AL v ABA(abscisic acid) &#eo] w7] wielgtal sttt A, Kim &
(1994)& 15CelA AAE Hutojuhe] A7 o] el A2 ABA FTo] w
7] W& RbE oby gkl skt e vl A A ko] vl Aol
ABAS] AAGsEet A = tE A 39 89l o FHol =

rlo

Faddel o= Tl #Aslel FHEdIE SAHAY. 2, 589

7130 4% ‘heat units’®] el wel BtErE Kim 5(1999)¢] KoLl A
2ol Folup W&ol wet & VI3te] 2de] 28 Aow A7)
ot
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Table 26. Effects of culture temperature on sprouting percentage of Lilium
bulblets regenerated in vitro.

Culture  Treatment Sprouting (%)

temlz?éa)lture concolor .Var. davuricum cerunnm hansonii Mean
parthneion

15 Control 100 83.3 70.0 33.3 717
Chilling 100 83.3 76.7 86.2 86.6
20 Control 84.6 434 3.8 10.3 355
Chilling 100 92.6 100 76.7 92.3
25 Control 79.3 30.0 6.7 85 31.1
Chilling 100 83.3 50.0 65.5 74.7
30 Control 85.7 27.6 3.7 6.7 30.9
Chilling 100 30.0 75.0 26.7 579
Mean Control 87.4 46.1 21.1 14.7 42.3
Chilling 100 72.3 75.4 63.8 779

Il A AR AHAGE] A1) Wolge WA= AP dFgFS HES
A (Table 27), dxeA= B v8) stave et dstsve e Wof
&o] vttt ssvelst dstEve e 4$ el oF)
o] A E Aoz AdEdry 53] steve] A9, &

33%ol oyt Hxo A= 80% oldox Ho| o3 Fufk

ot 3 Aguettaz 5(1990)2] H el Aottt 3 Foluf Ao A

glo] sadddo=m 90% oo Weokg, = Faetadtes etk
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Table 27. Effects of day length on sprouting percentage of Lilium bulblets
regenerated in Vvitro.

Day length Treatment Sprouting (%)
(hours) concolor Y davuricum cerunnm  hansonii  Mean
parthneion

0 Control 3.3 10.0 10.3 10.1 8.4
Chilling 96.7 100 929 86.2 94.0

8 Control 83.3 50.0 7.1 6.7 36.8
Chilling 96.7 96.4 92.9 69.0 38.8

16 Control 90.7 50.0 3.8 85 38.3
Chilling 99.2 92.9 100 74.9 91.8

24 Control 86.7 50.0 3.3 7.6 36.9
Chilling 100 96.7 100 70.0 91.7

Mean Control 66.0 40.0 6.1 8.2 30.1
Chilling 93.2 96.5 96.5 75.0 916

1ol A ABE A &9 o] Wolkgel M A= sucrose &9 FIFS
AE3 A (Table 28), sucrose FE7F =71e 43 ®Wolgo] JA =L} =,
sucrose 30g L 'olA 120g:L'2 Z7}sto] wel stsihels 100%9 A 80% =
Gt = 733%ClA 433% %, EuhE= 20.0%01A4 4.0%= 7HAE
Adue] & sucrose &0l #AGlO] 10% oletz 1 AFS ¢7] ofH it

AW e sucroses =7l oW FHol ZojXyzm  §  Takayama<t
Misawa(1980), Aguettaz %5(1990), Stimart®} Asher(1981a)9] H e} E 23
Avte AR o9 2L A= 1FEQ sucrose’t FE 2EHAE of
718t A1 W] ABAS AFPALS FXAo2ZAN FHol {f7] HeE AR
o8 (Karssen &, 1983)3tal itk §#, Kim %(1998)7 Kim %5(2000)2
sucrose &%k TAGLO]l 7ol AikE AQ1AS iR FHS o st
Atk ey stsuEl e A$-olE sucrose F=7F 30g LY wlE FHS &4
gt ol= Foll Wt sucroseo] e vEEo] thE Ao w wAehE Sl
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Table 28. Effects of sucrose concentration on sprouting percentage of Lilium
bulblets regenerated in vitro.

Sucrose Treatment Sprouting (%)

CR concolor Ve davuricum  cerunnm  hansonii  Mean
parthneion

30 Control 100 73.3 20.0 3.4 49.2
Chilling 100 100 100 73.1 93.3
60 Control 96.7 50.0 11.1 10.0 42.0
Chilling 96.7 96.4 96.3 79.3 92.3
90 Control 82.0 46.7 3.8 6.7 34.8
Chilling 98.4 92.3 100 73.1 88.9
120 Control 80.0 43.3 4.0 6.7 335
Chilling 100 92.6 96.2 414 82.6
Mean  Control 89.7 53.3 9.7 6.7 39.9
Chilling 98.8 95.3 98.1 66.7 89.3

ity
o
i
)

¥
0,
Yy
Lo
=Y

9
N

AJv. 2y stedEs d9l® sucrose AE=Q
30g Lol s FaskA ergvh Agve e F9 Fuo Ars Adde, &
we, sty steue] w2 A AR 4T A 853 FadEe
o2 FE2 4 BabE v

kv

CgES o] Yl 2907 Wolro U
el A FEE e 2040 Woba
k=i b A (Table 29), 4% EF wld&=7t Eolge] wpgh ol d
F7 AdEAd F, stsues 73Y004 146Y R, dlstsuUe = 11.0Y9)
A 16292, £ugE 9404 173¢ 2, AZutg s 179904 19092 A A=A
otk T Wtk dae ey, dilstedE, Suvy, dEddeo® wgt
o a2y 589l 9 WolaedsE dEEHAY 53 Aduuels Hat

19.64014 8342 AA GFHHATE FAZ A Polrdr= Ao rt 7t

i)
il
u}L
r°"



A Aoy 89 Tl 7P wEY o= Auyert e Tl HlE =

A wbgdt= As ovletm £(2002)9] A¥kete A A st

Table 29. Effects of culture temperature on days to sprouting of Lilium
bulblets regenerated in vitro.

Temp. Treatment Days to sprouting
T
(C) concolor 'Var. davuricum cerunnm  hansonii Mean
parthneion
15 Control 7.3+0.5 11.0+1.1 9.4+0.9 17.9+1.3 11.4+1.0
Chilling 7.6+0.4 7.840.8 9.7+£0.7 7.0£0.6 8.0£0.6

20 Control 13.4+0.6 14.4£0.8 14.0£0.0  20.3¥3.2  125%1.2
Chilling 12.6+0.6 10.2£1.1 13.4+0.5 8.8+0.8  11.3x0.8
25 Control 13.4+0.4 12.3+1.2 157£0.8  21.0+0.5  156%0.7
Chilling 11.940.8 9.8£0.8 15.0+0.0 7505  11.1+05
30 Control 14.6+0.9 16.2£1.5 17.3£16  19.0+0.0 16.3+1.0

Chilling 13.8+0.3 9.0+2.9 12.0+04  10.0£1.8 11.2¢14
Mean Control 12.2+0.6 13.5+1.2 14.1+0.8  19.6+1.3  14.9+1.0
Chilling 11.5+£0.5 9.2+1.4 12.5+0.4 8.310.9  10.4+0.8

"Mean+SE

AMelA #3HE A Rage] olradid WAL dFe e
AES AdK(Table 30), BTl AE Pol 7}

HulFA sl Aol AW E vha AdHE AFo] dglon 2 Aok YUl
oo FdE wE, s, dsksde, vl RelrpdeE U AT
govt dutelt 20192 7P %tk @3, F29Fl s ol

2
codas dEEdY. 53 sty deuds 47 74939 12¢¢]
= AT
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Table 30. Effects of day length on days to sprouting of Lilium bulblets
regenerated in vitro.

Day  Treatment Days to sprouting
length concolor ‘Var. davuricum cerunnm  hansonii Mean
(hours) parthneion

0 Control 13.0+£0.0° 12.8£1.0 13.0£4.1 19.3£2.7 145+20

Chilling 125104 5.2+0.1 11.2+0.4 7.0+0.3 9.0+0.3

3 Control 15.3%1.1 13.7+£0.6 125+£32 20.3%29 155+20
Chilling 12.7+0.5 7.7+0.7 11.7+0.4 7.6%1.0 9.9+0.7

16 Control 14.0+0.9 15.9+1.2 13.0£0.0 205%£3.1 159+1.3
Chilling 13.6+0.5 75+1.2 12.7£0.5 7505  10.3%0.7

24 Control 13.5+£0.9 15.4+1.3 16.0£0.0 204+32 16.3%14
Chilling 13.9+0.6 7.8+0.6 14806 10.4+£0.8  11.7+0.7

Mean  Control 14.0+0.7 14.5%1.0 13.6£1.8 20.1£3.0 156+1.7
Chilling 13.2+0.5 7.1+0.7 12.6+0.5 8.1+0.7 10.2£0.6

"Mean+SE

7ol A R AU 21 Wolihg Al A E sucrose FEQ]
S AES AF(Table 31), U8 E d =2 31 sucrose =7} E71&EF
= Woli 47t A=At =, sucrose %7} 30g LA 120g L= Z7}
gho] whe}l stsvEls 9.00lA 15592, YlstsvEE 106Ul 17.3¥9 %, 4
o] 1A 22592 AJHAT F8YY FoE wjdF] sucrose FEC
FFol Hol ANy BE FolA T B A dS5H Sl

o
o

0
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Table 31. Effects of sucrose concentration on days to sprouting of Lilium
bulblets regenerated in vitro.

Sucro§e Treatment Days to sprouting
(L) concolor 'Var. davuricum cerunnm  hansonii Mean
parthneion
30 Control 9.0+0.4* 106+0.7  16.0+29 11.0£0.0 11.7+¢1.0
Chilling 8.9+0.2 59+0.1 89+0.3 6.610.3 76%0.3
60 Control 10.4+0.3 155+1.3 17.0+0.8 15.8+1.6 14.7£1.0
Chilling 9.7+0.3 6.3+0.2 11.9+0.5 8.0+0.4 9.0+04
90 Control 13.3£0.7 16715  156+2.2 20.4+3.2 16519
Chilling 12.3+0.5 9.0+2.2 13.4+0.7 9.4+0.7 11.0£1.0
120 Control 155+1.0 17.3+¥1.4  16.2+2.0 22.5%1.1 179+1.4
Chilling 12.2£0.5 86+0.8  125+05 8.4+0.4 10.4+0.6
Mean  Control 12.1+0.6 15.0+1.2 16.2+2.0 174+15  15.2+1.3
Chilling 10.8+0.4 7508  11.7x05 8.1+0.5 9.5+0.6
"MeantSE

ojFol At #ol, 475 RF wF2=Tt EobE SR, sucrose =7 S7HE

T, £ gl E et drt dojA = Aol adyY &Y

k)

oL

Hj < e Fol stevhE] Al Aol v A= I
] & u) 2] o] sucrose 90g L}, #lgL® 20Ce] Sz sl A hujek

I A 1647 e ge® ARl A94S B4 ARE AR tH(Fig.

=
»
N

Dark Light (16 hours)

Fig 21. Effect of day length on dormancy status of L. concolor var.
parthneion regenerated in vitro.
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Fig. 23. Effect of light on protein content of L. concolor var. parthneion
bulblets regenerated in vitro.

shsvhele]l Wulokah ghjfos YAE 49179

o

W] A9} peroxidase

Ay} gujekdt 4ol AL 239umoles/min/mg protein, 9Hvl %3
o] nFEFAL 125umoles/min/mg protein® & °F 28f 7l#F o 4 = &
38 7FF O =A dEEY oo 22 Ay dof o3 uixEd &

AEA o] FAATGE AL o n g
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FHS At AR A5 5 e @4 E st dAA
oz Aol AAEAY v =¥ @delth(Juntilla, 1983). FRE XTI

o FHe RAFE Aol 2Hgekr] iAol oluoli A A )

I
=
A4 AeBYEA B Wit 9% AoE F4sm 9rkDe Hertogh

U= 1de] ASF7] s o3 Aol AAEE F
Atk 7ol A AakE 29074 FAl Fol w1 FEt

F I HKim 5, 1996). FHe Aks e FFY
st (Kim¥ De Hertogh, 1997), Y424 g+ 12 FHISE FHo| HluA <&
& oA nk ofAoty Tl o QY AlES A FHEISE
o ZIdell A AakE A0 A FHS o, FHe Ak =l
Sk, M =(sabelle 5, 1990), Wi &713t Soll olste] FaFs W=t

ol AUAY FHL A4 (Higgins?t Stimart, 1990), <83 2] (Choi,
1983) = GAA 2 (Niimi &, 1988)el ¢Jsl etztd 4 vk A3 2 ¢
ACoNA 6577 Aegozn 7oA Aikd eglddvte] 29079 FHol
100% etk sk vh(Kim, 1999). ol ¢ o] v 2914 FH Baes F
2 AAged ofEsta glom, A2AHYE A= EEe] A2A g
=YY ofye} Frigle] AQEBERE - AL Eo] O whE bkl dh
st e Fo FHEtgE 98 GAS AHYd 4 GAl "l HES-o]
wee] SRkl 2. ds 59, eddEgyes GAs(Kim 5, 1998)7F
Zutg] = GAs(Lin 5, 1975)¢], orlotE el = GAyZF & ¥4 o] tH(Takayama
5, 1993). Kim 5(2002)2 2@ lghvtz] ‘Casa Blanca, ‘Gran Paradiso’e] A2
Fa AYA FTHFF U GAs BE GAwo® FA435te] FAERES A7 )
Atk 53] GAsr Aol A= Folu vigxxdol] #ARle]l 2539 A&
A2 FHErgrE 100% 7Fsskrhar sk

o
o
2,
rir
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% 35-40T 9] GAs BE GAr S04 e8Aes Folu} wekzd @
Aglel o7 FHetsgol 95-100%etx ATk AeHe, evHe wE
GAA o] o7 e 249 FHeshs U oAlE o] a8 ABAS
GASl A9l wetzel Wa, & WA GAS Fo] Z7H7] gEoR o
(Kim, 1999337 ot} Fol wel GAol tet wgo] the Bk ofujel 24l

Uelel F9 9 Fuets g #3 A7 A gl
AzAe Aol Ralelt Hga tARASe] polsn fow, o
i

Aol = Be e Zase] v ddE sta ok Aol 3kl 2

40

5o AAy w8 2 E3(Mellon?} Triplett, 1989)°l
WA #Ho] oA FE P A (Boyer &, 1983) 53] 71#H I Mato &5, 1988)
% StobE sH(Gaspar &, 1975)° A HFA o w2 @S vA AL Ut Peroxidase™
st & Saet e AFzAdAE 1 ddo] giAd wg don
(Goo¢t Kim, 1995), Mgt QlHomE e FAof g4 34 Feted= &4l
S 7HPark &, 1998)st= & AAolv 7]#Estel o] &40 &4 Aloldl= |
A wAZE oot @ peroxidaseE kel tidh AshelA Ax=A st
24 st A= wol FdEo] gt (Coppens®t Dewitte, 1990; Goo2} Kim,
1995).
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2. A=

M
yu
Z

L

7F AEAR
Gt (L. davuricum) 2 ARUE (L. hansonii) @] 7]WelAl Ak

29742 4BARE Agasit

. A g

1) A4
A7t FHE e nXE G Fotstr] & sl e
st EYE 2 Aguee 29074E& 4ToA 0, 2, 4, 6, 873 A2 F& A
A3 T ¥ E A2sle] WolEd ARE AT AL F& AGH] 9l
AGY s AAS L &% 30T, JulFE 90%0 Al 2-34 7 o
Y(curing) &t & Aaxste] AAFTS SAHSAYG. 1 F FTHFE AR A

g ool B/l e AEE AH EBihsg 709 @3 o] FE Lo

¢

rlo

=

2) ="

egAelAe] eE 2 AgEAEdel FUEs Mt g@e vots

sk He &4 £xE 30, 35 AT e AFxAEHA=RE
6-Benzylaminopurine(BA), Kinetin, Thidiazuron(TDZ), Gibberellin  A3(GA3),
Gibberellin As7(GA47)& AR oH, SRTE dxT 2 ot A4x4d=
Ao Fre AtelE7bold 50mg LY, Aw@ 500mg L= stk At &

O adge FRER AeS dolmy o n EEd FAstivh @9

o

2gAY F goldt o) /T BART FH2 G wasteoh
Ae R eg A ALTY AAFE DAdEtE 17-3070, A
13-1570 = sF .
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FEdS Kim 5(1995)0] 33 el wgtom A%< &2

7h) aj A 2 A

iy

712 A = MSHIAI S AFEsElon, Qo m R EH e 494 fEA

o & sucrose 30g-L", 2917 Bt Al sucrose g L 'S H71sts o
57% 4% F ¥4 7oL '8 Arbakdnh o widals 100mL A Eehse
3t aluminium foil2 %3 U3 120C, 1.2714elA 10+

o
K
2

30mLA =+

ekl

vkt A e gz st A 9 16413, FE 23umol'm ©s 'R 3HY
Hi 717 A1 9 Al = 85, &7 HIAl = 12F ol o

2) Wold3
A7 A AFS AJBI A T 2EAHE AJAAS
TKS-2¢} vermiculiteE 7 @ 39] v &2 233 SEZ AP X E A2
A Fol= F3F 25T, oFtF 18T7F frAlE = 2AolA AALH st A
ettt WolgH Woldre 1-2¢ A2 8F7F ZHAFSIATE Wole= ¢
Ea

Aoy Aol THSE AL Wold A

5-1.0cm¢l A& 25% glutaraldehydeo] ¥ i 4T A 2-4A 7+
.M potasium phosphate buffer(pH 7.4)% 10-15%37F 2-43] 4
Al & 4T A overnightatFth 2B 1% 0sO= o™ 4ToA 1-24]
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.

T u A3 S 0.IM potasium phosphate buffer® 10-15%7F 2-33] =) 3f
430, 50, 70, 80, 90, 95, 100% EtOH & o] A= ztzt 10-15+4 EH

TAIAY. I % Iso—amylacetate®] 20-30% &<t 23] A& $ F overnight
7

e AdAA AxHoR ANBE AZAA mount-diskel st A2

> oam

)

Al5E Ton coater® F7 100-200A % ®& coating 3t SEM(Scanning

Electron Microscope) 2.2 7| &S ##3}4

A < (fresh leaves) 1g= 80%%] oFAE 100mLE vwiajsle] AEF o=
o] 73k t}e spectrophotometer(Shimadzu, UV-160A)E o]&3le] 645, 652,
663nmol A F3 =5 SAHsA. 954 TS Yoshita 5(1971)9 Bl o
gk ALt o, 54 S meg/g FWE A8

e mg/g FW= e

o) wud e

el 3252 Kim 5(1999)9] whel uwheh A2d o] A<=
e o] B} 14,000-97,000dalton (Bio-Red Co.)¢d] A& @ d 2 v w3}t

2}) Peroxidase &4

2907 2g& AEE st Kim 5(1999)¢] g3k el wskch A134
o M3 2 e o, specific activity:s pM/min/mg protein®. &, total
activity= pM/min/g FWZ 3EA| &1t}

v}) Fumarase 43

Kim 5(1999)9] el w} A9 25 AFE stlon, A3dd
A8 A&t &40 A EAR specific activity:® mM/min/mg protein

© 2 total activity:™= mM/min/g FW=Z 3% A] 3} %t}

2o,
A=
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3. 43 4 1z

o ALALY e a7 FHehste] vxE g

el AsE wsEu e ddele] 242 AR AR}
Foio] vA: e AT AT (Table 32), heTe] Wol&e 22t 548%5}
T7%AT. UETe Welradit WS 1519, Hwiel UAA
leks e o] ol wst A dibele] us) 26 o4 Wkt

o
m\j
<

Table 32. Effect of cold-wet storage at 4C on sprouting of Lilium bulblets
regenerated in vitro.

Species Chilling Sprouting
period
(week) % days
L. davuricum 0 54.8 15.1+0.6”
2 76.5 10.0£1.0
4 100.0 114414
6 90.0 12.0£1.7
8 90.5 10.8£1.5
L. hansonii 0 77 34.0£0.0
2 7.7 27.0£0.0
4 154 16.5%1.8
6 60.0 13.310.8
8 92.3 9.1+£0.7
Mean+SE

=
GEE e Aot st eUE = 450 AAER 100%, ey 8

il & 2ok ey @skEyY
T 108991 Hls) Ay
c8des gyt

rir
[N}
(o)
el
o
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O
—
1o
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o
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. egAgAe] ex 9 4Gzl 2914 FHET vAE 3
eagAgAe] e 9 Agzdzdol el AdE sA4e] FUes
9GS 7R ATH(Table 33, Fig. 26), WET = ZH59 Popg o
Golsks U7 809%<1El Ha AEvels 182%24 BAsselst w3
euA £E 30T A% Wilssvels Agzd2de] FR ANl
Wolgol 867-100%% ‘et Wal, AUuUE GAy, AATR Wolgol
846%01 0w Tt A4xded AdTE BE ez ved va) v A
oAt e Auiiele] Wolge ewAe AFxAEd Aed od =2
A AAHQEE wa, S s s 2T AAe) Wolgo] Egky] Wl
egAey 4dza8d Ao o Wolgel AL 10% U9l ).

Table 33. Effect of temperature and PGRs during hot-water treatment on
sprouting percentage of Lilium blublets regenerated in vitro.

Tembp. Sprouting (%)
() DW BA  Kinetin TDZ  GAs  GAsr  Mean
L. davuricum
30 88.2 86.7 93.3 93.8 100 86.7 90.1
35 78.2 66.7 93.3 93.3 80.0 73.3 80.0
40 76.4 66.7 80.0 80.0 46.7 62.5 715
Mean 80.9 73.4 88.9 89.0 75.6 74.2 80.5
L. hansonii
30 8.3 154 154 46.2 23.1 84.6 32.2
35 385 76.9 23.1 53.8 15.7 76.9 449
40 77 77 N 385 8.3 66.7 22.8
Mean 18.2 33.3 154 46.2 15.7 76.1 33.3

A2l 2 Table 32014 E74stavtel= Aoy Bo FH A=t
&t gAY AddeM e Estavel= A=A ¥ A &
A BE AT Aol ve &L Wokes WEAT o9k o] &
Astautele] fH A A Bla] 7] wie sty A

9 2 AgRAEA] UF wgo] Aubel v Egsite A
(o]
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TDZ GA3 GA47 TDZ GAs GAsr

30T

35T

40C

DW BA  Kinetin DW BA Kinetin

L. davuricum L. hansonii

Fig. 26. Effect of temperature and PGRs during hot-water treatment on
dormancy breaking of Lilium blublets regenerated in vitro.

S guntelel FHERE fd LYY LEE 40T/ UF meoleh

gk Aguettaz 5(1990)2> Futolvtg]e] A&7 FHET = GAZF 284
gt A= GAs(Kim -5, 1998)7F WZuelol A= GAsqel, okrletg ol =
GAu(Takayama 5, 1993)7h Faelste] @apaolela shedrh Kim 5(2002)&
gy, vy, okxletgue] E5F GAsgol A olTta stk &
Ao A A= GAs ARy s GAwol o #Hets, 5 FiE
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sgo] W) olsh e v uel FRol weh Fueise Bew

Il A AR A9l o] WMot dsE Ay E W (Table 34), E7lst=1g

= 2BAY 2y AFded Aol os AA NAEHA S

Table 34. Effect of temperature and PGRs during hot-water treatment on
days to sprouting of Lilium blublets regenerated in vitro.

Temp. Days to sprouting
(0 DW BA  Kinetin  TDZ GA GAw;  Mean

L. davuricum
30 123118 109+08  99+1.1 129423 12522  95+1.7 11.3+05
35 134420 12516  97+0.7 109+1.3 79+04  84%12 105+0.8
40 11.7¢16 142428 148+28 162+26 104+04 108+24 13.0+09
Mean  125#04 12508 115+14 133#1.3 10311 9606 11606
L. hansonii
30 23300 125+x1.1 105+1.8 21837 17.7+1.7 145+16 16719
35 236155 227+23 23783 28741 192408 119+1.1 184439
40 41.0£00 26000 320+00 28629 22000 163+1.3 27.7+32
Mean  293+48 204+33 221451 264£19 19610 142+10 209428
“Mean*SE

gy eEAE &% 35T, 2183 GAsSF GAsr A g Tl A HolAe ATt
Attt oo HlE AoutElE 2EAE &% 30-35C o A
Ao 53 GAs A TFAAE Wolrodert A &

A AP ok G m Aol o)k Ath(Fig. 27). dlsEUE
of AdvEE BF GAyr A TolA o AT v AdAge] 7t g
A Fol FAHTable 35). st vEle 49 d54E 35T, GAwrH g T-olA
55MZ 7b4 Bgton g% 75cmz 7HE 2t a2y GEZe GALA Y
of &) thh FolAE Aotk AuvEe AeE d5e 9% 35T

GAprA g 7oA 7HE gken 3 L3 Aotk Fol wARlel dude]
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o FElE GAmSl GFol 2 Zor nyrh

DW GA47 DW GA47
L. davuricum L. hansonii

Fig. 27. Effect of GA47 during hot-water treatment on morphology of leaves
sprouted of Lilium bulblets regenerated in vitro.
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Table 35. Effect of temperature and PGRs during hot-water treatment on
number, length and width of scaly leaf of Lilium bulblets
regenerated in Vvitro.

Species Temp. PGRs Scaly leaf
() Number Length Width
(cm) (cm)
L. davuricum 30 DW 2.3+0.5 5.4+0.7 0.5+0.1
BA 2.3+0.4 55+0.5 0.5+0.0
Kinetin 2.6+0.4 6.4+0.5 0.6+0.0
TDZ 2.1£0.3 3.2204 0.3£0.0
GA; 2.1+0.2 6.4+0.5 0.6+0.0
GA47 5.1+0.6 7.2+0.4 0.4+0.0
35 DW 1.5£0.2 6.4+0.6 0.5+0.1
BA 1.6£0.2 4.6+0.7 0.4+0.0
Kinetin 2.3+0.2 7.1+0.4 0.6+0.0
TDZ 1.6+0.2 4.0+0.4 0.3+0.0
GA; 2.4+0.3 6.6+0.4 0.6+0.0
GA47 5.5+0.6 7.5+0.5 0.4+0.0
40 DW 2.9+0.6 6.4+0.4 0.6+0.0
BA 2.4%0.3 5.4+0.5 0.5+0.0
Kinetin 1.8£0.2 6.3+0.4 0.6+0.0
TDZ 1.7+0.2 3.1+0.3 0.3+0.0
GA; 1.1£0.1 6.0+1.0 0.5+0.1
GA47 3.8+0.3 7.1+0.4 0.3+0.0
L. hansonii 30 DW 1.0£0.0 0.6+0.0 0.2+0.0
BA 1.0£0.0 1.7£0.8 0.9+0.4
Kinetin 1.0£0.0 3.6+0.0 1.4%0.1
TDZ 1.0£0.0 3.6+0.6 1.2+0.2
GA3 1.0£0.0 1.5+0.2 1.0£0.3
GAL7 2.5+0.3 4.1+0.3 0.7+0.0
35 DW 1.0£0.0 2.8+0.7 0.9+0.2
BA 1.2+0.1 1.9+0.3 0.6+0.1
Kinetin 1.0£0.0 2.4%1.0 0.8+0.4
TDZ 1.1+0.1 2.7+0.5 1.1+£0.2
GA3 1.0£0.0 2.5+0.0 1.1+0.0
GA47 3.0+0.3 5.2+0.3 1.0£0.1
40 DW 1.0£0.0 5.0+0.0 2.6+0.0
BA 1.0£0.0 2.4+0.0 0.8+0.0
Kinetin 1.0£0.0 2.0+0.0 0.5+0.0
TDZ 1.0£0.0 2.4+0.2 0.8+0.1
GA3 1.0£0.0 3.0+0.0 1.1+0.0
GA47 1.1+0.1 2.9+0.3 0.7+0.1

"Mean+SE

o

29174 e] vt wA= 2'AYA AFEdede] d3Fs HES 23K (Table 36),

gt e Ayl 2% 35T, GAnr HE Foll A 157.4%, 153.8% = BT
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ekt Lelu GAE

T EF AgE

ol = 40C A& +7F 713

F RE GAwAAG 29179 #I7} by

ol

olN

AAE ymA Agzd=sd & a3 gldd

SEok

o},

Table 36. Effect of temperature and PGRs during hot-water treatment on
enlargement of Lilium bulblets regenerated in vitro.

Temp. Enlarged (%)
() DW BA  Kinetin TDZ GA;  GAy7  Mean
L. davuricum
30 98.7 107.6 128.2 77.2 1174 146.2 112.6
35 81.7 101.8 121.0 91.7 122.8 1574 112.7
40 114.7 115.0 102.7 66.1 949 122.1 102.6
Mean 98.4 108.1 117.3 78.3 111.7 141.9 109.3
L. hansonii
30 119.0 1175 95.5 98.7 104.4 144.2 113.2
35 107.1 87.7 109.7 103.3 1114 153.8 112.2
40 93.1 104.4 78.1 91.8 83.5 75.3 87.7
Mean 106.4 103.2 94.4 979 99.8 124.4 104.4
oh 2"5A g9 GAsrol A7 9 Al gl nA= g

Exdieasds =
28), @MetaEl= GApA T ol A izl

oF Ao wWolgt du 4

B Ay s 28y FolEs A4S B
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Chlorophyll contents (mg /g FW)

1.0
08 |
06 |

0.4 r

O Control

O GAsr

0.0

L.

davricum

L. hansonii

Species

Fig. 28. Effect of GA4.7 hot-water treatment at 30C on chlorophyll content
in leaves sprouted of Lilium blublets regenerated in vitro.

Skl o A Euels] Woldk nde

159 4 A7)0 2 2ol7h glo] &8

)
N
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DwW

GA4+7

L. davuricum L. hansonii

Fig. 29. Morphology of stomata after hot-water treatment at 30C in leaves
sprouted of Lilium bulblets regenerated in vitro.

el A%z ¥ 0 LYAUN GAwel Wb Fushwelw EubHe @
ool 94E 2AAA FEY BEe FHAAD J1F e BA

glom 291749 Hithel = &2 o]t
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g "2 A el Aol flleu, Ftel= Aol 7k v (Fig.
31). & 2UlstEvEl = 116.0kD, 97.4kD, 38kDell F3igh W=7 o, A
s o E Ay 215kDel el METE giley, drlskayte
= Ak

MW 0 30 60 90 120 0 30 60 90 120 min

L. davuricum L. hansonii

Fig. 31. Protein pattern after hot-water treatment of Lilium bulblets
regenerated in vitro.

UutA o 7 peroxidasers FAFLoHKim 5, 1988), A A (Choi¢t Kim,
1997) & A3 71 Fgol T 95 st ok SddES T2 7y
2774 T2 Husd Wy fFHv] Boe fFde] guy oy ol o
G d gHeFo]l o, peroxidase® Aol wl-g- =rha Wl \F AvHGoot
Kim, 1995). ¥ A3d= <Astsvedst Adeuee Fdol wad 1
peroxidase®] Al AHol7b S Ao R s SifstsvE et AdveE
308 7tAo R 1208714 L¥AH 82 sle] peroxidased TS =AH3IT)

(Fig. 32).
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L. davricum
20 1""""—'_""""--.~1l-----1l-.......-—|I444,
0

L. hansonii

Specific activity of peroxidase
(umoles/min/mg protein)

2500
2
8"-—%\ 2000 r
S o 1500
g = L. hansonii
5 £
> 3 1000 -
= O
g
S 2 500 t
% /. davricum
[ 0 I I I

0 30 60 90 120
Hot-water treatment(min)

Fig. 32. Change of peroxidase activity after GAs7 (500mg-L ") hot-water
treatment at 30°C in Lilium bulblets regenerated in vitro.

gt sEvg o A Eubal o peroxidase FAL BT 308 Tor 29 g%
Q1AM 7HE mskow, Aduele A 0% ol 2EALUE 9
peroxidase &/d¢] w243 "ot Gl e 29A

2 peroxidase &9 ztolE #AT F gldlony
peroxidase &7do] glojxlth. o]ef o] L&A &<k
o Fxrel & Aot AdNeH, F F BT E'AZ 60 FHE & peroxidase

2go] FFashiith

(o)
D
=
o
A,
[oN
o))
wn
@]
i)
o,
rlo
kv
AC)

Wang 5(1991)2 AF#pu-9] el Al FHo] Baps e 34 52t T
49l isocitrate dehydrogenase(ICDH)E&A 9 S71& #z3 v 9y, 2 49

NAE £ YANEL 5 LAY FHol BHE AYF ESD
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cgole] 3F A4S vty ¢l TCA cycled] AFE&AQ fumarased &

& S48 th(Fig. 33).

25
20 F & L. hansonii 40’
15

L. davricum

10 r

Specific activity
(mmoles/min/mg protein)

O/O\O\Oﬁ%//

g @0 ./‘\/.\‘
o
SE aw L. daviicum
&
oL 150
E 100
£
50
0
0 30 60 %0 120

Hot-water treatment (min)

Fig. 33. Change of fumarase activity after GAs7 (500mg-L ") hot-water
treatment at 30°C in Lilium bulblet regenerated in vitro.

(2

dA3 dstsvg o AZua o fumarased 1LFEAL 2w g AgE
| dojd4E Frhekdnh. a8y = FA L 308 ol FHYH #HAadts Fgol
A= Aol ol wef &&= F weld 1fgAd2 SUksh

@ uheh go] WA gero] asle] & 4ol Astw A

AR |

(o]
e

2 o
o
®
=

Al

A"

LA

W

o

o
2 &7

R
re

o

.
o el Aot ol difstatel et AautE] o] Jvel A Askd &4
A=A os Aol 100% EfstE A on, AHE 717 dstE v
T, Ague 85 28 HATh ofdl vl 1AFERke] 2R A= A2A g

@ FUHIES 1B om, GAy S0 eRAeE el 20749 F

52
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bl

=2 SR AEAS A3e M a3 4ot ol JstetE Al
7= Foll wet Z47] g2 sl Nstag e shs, H st stobdAl, stet
3, stepdrd, steld s, 7iste] THAlR FESEE Zlo] WA ol T
1988). Langhans®} Weiler(1968)= u2le] 78t @AIE sfoldA|, stolis) s}
obd <, JNste] AGAIE RSt AEA Y AdddxA oA gJotE F3et
© GEBFNA slotE FA = AR AEst= Hos AEA AA
of WAl o] ztFolxof dtar of7lo] 2= UdF, FE T FHa0]
#olstAl Hrh stopidste] FEFS A= L0 AVIE HEdoRN FA4 T
© 9AlE S8l AfFRol s MIATIE 24T 5 JA Aok wEA A
Auele]l FAAAS feiM = stofEstol gk olajrF wh=A] H sttt

et stelrt FAEE PR, o] A AR £3 85 drhe 3o
Weiler?} Langhans(1968)2] Aol A vfsl Hoh. A5 AA &2 ‘Ace’s]
A ok 21TCe] 24doA Aujetd Wol= %= ZAEALS] dnk =
W ol ekA @ow, ol e AEjolA oF 3002 AujaE] & AEAES 72T
oA 457 & F, Bgo] HA oL 21T Aol Aujstd ZE A7 A
sheteh. o9} o] vydyEE AL
Fta T4 Aotk F2E 17T A2eA A F HA 21T 249
A AskE A 7)7ke] 2-4F 2 Aol el uhgt Afsh&o] EolA Il 65 o] o]
= 100% 7 shetehal skl

Baranova(1972)& vl 35&9] stobist Al7lE #zsta o1 §8o weh 4

aFoR BRI, ol & e FF HA8 Ao 9Fe W

tjo

)

2ow ME T F g AL

Eota 3T Lo martagon® L. davuricum® 28 £5& 8¥d 3ol 7}
H F3hA 7 ZagiAY ZosidgE F3kAE 257 =AY 7|3t &
sta ol Hls] Aoz g 33
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Ohkawa(1989)+= A& AAF v 1565 £33 18F <2 velo] dis] slo}
w3t Al7IE ZARSEY thgd o]l 4o R ERSAT 1-ad e 2UFSel T
o ol A stoli sty AlFHE o] ®Wetstr] el 2AEd SAEH= FEL
rubellum, L. davuricum)©]il, 1-b3 2 =70l - oA stol 37t Azt
Ho] wWol ol oS Jol dAHFEE FH( concolor var. pulchellum, L.
hansonii, L. japonicum, L. maculatum)©]il, 2-a8-S 3fol& 37l of33] &<l
Wop A Fo  AlFEo]  AFFT  HEH= FF(WL leichtlinii.  var
maximowiczii, L. callosum, L. longiflorum, L. alexandrae, L. nobilissimum, L.
speciosum, L. auratum, L. platyphyllum, L. medeoloides, L. brownii, L.
concolor, L. maculatum)°l™, 2-b3d-& @Wo}l 1/]Y Zo] 3jolE 37 A ZHE o]
A H = FH (L lancifolium, L henryi)o|th. o]|Z2% yglo 3loli3dl A7|&=
o wet 7FeRE w7hA wg S e R Fadel o3 FH Ee 34
wg (F)Evio g 2va 3 5 vk ey Lo oconcolor®t L. maculatum}

2o dy £o] ol Alv)|= AARs Ao uel WMsledn 3ok
S A=l oot AFdE B galg A Ee] #odsta =, o F

peroxidase= LG &2 A9 EE XA EAgt o] aihv Wi as=
A A Eo] AR Z&(Imberty 5, 1985) H E3F(Mellon®} Triplett, 1989)¢l
AAg Aol 9l FeF A (Boyer &, 1983) 53] 71#3F A (Mato 5, 1988),

M
Aol A (Park 5,1998a) 2 3}o} &3} (Gaspar 5, 1975) ZHH oz Jas

4z

ul x5 )t} A peroxidaseE Esfel tid AsstA A g=A &&staxt 3}
= A7 E Zo] FHogtHCoppense?t Dewitte, 1990; Coppense}t Gills, 1987;
Kim¥ De Hertogh, 1997; Moncousin® Gaspar, 1983). L&\ &8~
Tapel 2o AgzAolMe L @A o] Y vl YtHGoost  Kim, 1995).
5= Yo stopistet WS 2HI= UMY o dH8A Fo sy
2 uaveler 29 JF JistE F3e] s e 447 Aol 44
sttharl sk A "H(McKenzie, 1989; Stuart, 1946; Wilkins, 1980), $}olsle] &
83k Ao Hejs WEakA fvh Ea Au2 el deidE ARs 9

FE Foe et BE54E AN 957t wEHw

rir

=3 wol i

w7t 9] slgre] wHATh 1 FolA 4FS) A4S ARAE 2UFY st
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Fe stoHEst 27|dAle] Auf2 ol ofs) A7t

obAloty  uElE FAAMIAS W P AL EAe Egadolth
‘Connecticut  King' <& S5 2o g3  fFEE 2 (Boontjes, 1982),
‘Enchantment’®s A&%¢te] #Aax i ddo 93] FEAvH(Durieux 5,
1982). Roh(1990)= ‘Red Carpet’, ‘Cherub’, ‘Sunray’®} ‘Connecticut
Lemonglow’?] 7135 9l s 16/13CE/MhH2 =1 26/24Col A t© whe
Aststar, & AAG Fw] v A2dA o Bol dAgTta 3 th Aoki
9} Yoshino(1984)+= ‘Enchantment’ A¥] Z7]e] 2%7} GG A o2 woH
Wgo]l AAHE e F7F 60%0l ol &rka &3l

ol#g % Fol wet stohist Al7|eh stopbdol] ARG o] tig A=

AT R wAd A ARG ASo|n Selvhe

o,
_>#
oz
iv
Auh
i
2
il
t
rot
2

3, HL A= ek 1ol EobAWA At o] oSt gk
WA= oA Qo Al gk Agte ofF AlEtdEAe] gk Al A
ojth. o] A Al AW LS TI FEHFAN A AL WutFo] Az 9
FAAALE ERstojok gt vl o] bl tiE A= EsAuE A8 A
2AEHAE ol&g 3 FE7F otk Choi &, 1998; Choi -5, 2002
Douglas®} William, 1989; Wang¥} Tsujita, 1990).

A7l M = stEelet dlstE el E ARE 2dd @ st
HA gt G A8 A 23 0] H (Scanning Electron Microscope, SEM) <
o] &3t U3 FtAo = slolits HAS TSI, peroxidase A o}

#3lolel #AE FHslar, HPLC(High- Performance Liquid Chromatography)

=

y 1

oM.

oy
Ho

£ olgstel b B BAH Asirel 4 AMLerE dolnud @

ooE 29142 ARE d] AL AZVRA-6AS 2R 9 A0

s WA FFE £ QA GorA APl b Ak oz A A4

Auels 945 282 = o WEst & 5 o, dFFes AAgdH: =
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%ol B Aoz FNAh ol B A4 sors #32 wRepsm F

7}, AEAR

st (L. concolor var. parthneion), E/0stEYa (L. davuricum), 51}
2)(L. maximowitzii), Zel(L. lancifolium) 2 2 (L. callosum)®] 71 ol A
A 207& A HAA ARGl

ssuels WhssuE e stelist A/E FEeks] s sl
Hol Asd F(asrel 2555 Aleye 355598 Adate] 4T
A 1057 FEYASA #a9F 105, a3 S8 8F F LA

GAsel Solrat gm wrA 42 Aoz A4 54 ez Hweol

syl A AM2=g el &M= AEr Tbed i (Ehede

3
3g o1, WlskEuel 4g oS Adstel 4TeIN 8T HEWR ¥ A4S

stAAl AujstAch z2F A2l 3 AMASE 10712 s
ANALE A e stevd, TuE, e, guyE 2048 E AE=E 4T
oF -1TColA 671E7 FeAZsAA 1719 tg02 A #ol& <+

24893, AAE F A%S 2,

_=
T
z

2) 2 AHHE 3 8y
7h) shopst H A
Ohkawa(1989)7} 33t W& Filz sho] 8GA = skl
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LA FHF T BR AR 4L 0g A% ReE AAdw
benlate 2g' L' #8902 3N 2534k o T2E ARE FHst HolA

4CAA AR FH IS,

1) FES A7
Fegel B PR Rl sl exzdel @ AN

#walednh MY EE TKS-29F vermiculiteE 7 : 39 HE&EE2 83 HE
il

LEE F3F 23+27T, oFgF 18+2T = AASA o dHY FrE AAFoR

stk A Ao s AES olgstel LA 16413, F= 170-220

AAEAN 7 stelA BEe dele] AAHE SmmE FAA(formaliniacetic
acid-ethanol 502%=5:5:90, v/v/v)&H4 o2 IHAA KimZ} Byun(1988), Kim &

(1991)0] <333 "o uwel ethanol® t-buthanol series® EBAIZl 3
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paraffin(55+1C)ell X uj3t t}S rotary microtome(Heidelburg HM-320)2. 2 10
um FA9 AL£HdAE HEQAT Gelatin®e® FH A slide glassell 23 dA
A S Hematoxylin-Safranin-Fast Green FCFZ 3% 9443 vt #sdn A

(light microscope, LM)2o. 2 3z 2 293t}

6) TALE AAgn g @

AA-AN A sl A Yo AAH 3-5mmE glutaraldehyde 2.5%
Gdo] YW 4TCoA 2-4A7F A 12AHAZl & potassium phosphate buffer
0.IM(pH 7.4)2 10-1523F 2-48] A F 4TeolA 16417+ BA skl Tt a7 of
2 0s04 1%2 3t o 4ToA 1-2A13F $3174 38k b5 potassium phosphate
buffer 0.IM(pH 7.4)= 10-15&3F 2-33] G A8 4] ethanol 30, 50, 70, 80, 90,
95, 100% &de =M= 7z 10-15%% 9H gFAAY. 1 F
iso—amylacetateol] 20-30% &<t 23] AHEdk = 1641 WA A ohe JAH
Az712 AZAA mount-diskell H 23tk H2® A&+ ion coaterE ©]-&
3o FA 100-200A 0] = Al W coatingsle] FA}E HAAEw|Aow #Az A
} St

mk&
Ou.,
ofs

7) Peroxidase &4 4
&+ FAH 2g& A% 05ecm FAE P (cork borer)® A FH 3] Kim
5(1988)°] gt WHe| wikty 3/ pmoles/min/mg proteinS =, F&
A& pmoles/min/g fresh weight(fresh wt.)® XA|stG T @ zo] A

Bradford(1976)7} a3+ Wwel uwpgic

e Fes FAT R 1gd APES Aesta o] EI}E =7 A
o 1gS AMESe] B35t AlE 1goll ethanol 80% 25mLE 3 7bshe]
oA wiaE vk, water bathE ©]-&3dte] 80Tl 30&7F A&A sttt
Hgd Al HE 3000rpm(Hanil MF-80, Korea)oll /] 1087 QA 2235t A4
ANg FHshar, FAbe ©hA] ethanol 80%S 7Estel 99 IS 23] WHE3lo
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HFHow A FA o] 50mL7t A Atk 53 FAAS BAEGAA
(round flask)ell Yo 3| &% 37| (rotary evaporator)E ©o]-&3to] 7+t H 38y

FHF 2mLE # 42 v}, Sep-Pak Cis cartrigeE ©| &3}
o] 12 oyatgdet. oJ3E A4S Al 045um ¥ PVDF FAH] S ZHE
o] g3lo] 22+ o ¥}3sle] HPLC(RI 410, Waters Co. USA)E F3df #2&3t}.
A9 272 zorbax carbohydrate colum(HPA}, 4.6mm IDx150mm, S5um)S
| 83tHom o]E AL acetonitrile 75% S AM&dlG en, &% 30T, injection

volume 30uL, % 1.0mL/min® =33t}

o

9) tEAobd 3 FA

-

M-S FA AFH3 £ 1gS ethanol 95% 2 HCl 15N €92 85 :
159 B &= £33 &0 10mLe] Y1 FE o= ntdt t}& parafimo =
715 B3 F 4T dHaoA 1647 FA T o] EFES ARAR A3
st BAstgT. FEHAE spectrophotometer(Shimadzu, UV- 160A)% 535nm
A THEE =HH3I F  Fuleki®t Francis(1968)¢] Wwo] wal total

anthocyanin %S AALsER 2 mg/g fresh wt.2 F A 3FA T}

M3 A AFHE A 1gS acetone 0% &M 50mLE whafste] o
HA 2 o]}dte] BAEATE. FE NS spectrophotometer(Shimadzu,UV-160A)
& o] &3l 652nmolA FHFE=E 54 F Yoshita 519719 Wwel wet

total chlorophyll &S A48 2™, mg/g fresh wt. = 3L A3} T}

11) Ak

NS DA st e xdS AMFAS] TR FEel sl
chromometer(Minolta CR-300, Japan)Z& ©o]&3to] MAES =AH3te] dAHF
(Hunter value)2 2 B3t LY E)32 0(3A)~10008 A1) S a(AAh) gk
-80(55 A1) ~80(A M), b(M ) g2 -80(7 ) ~80(3H A1) vHERHTE
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3. 4% 5 u%

=

7v @8t dnj g3 SEMoll 9§k shobe] #3h B ddaky
st Evele 4A4e Fet dvjdow B An(Fig. 34), dIAE7]
I v (A= B B9z 277 v Zsku AAAET A
2Rl stob A7) = B FE XA o] vy 7 RES o] FAoH, shobA
AA7E FABEAT v BFe] A FdExAo] HHd AWA QsHrt §F
AO)ENeH, o] F Wity =, dE £o= oyt SAD)HATH
FEAYGANA AT oz HkE v5 stolrt et A ol = oA E @
= ARl dukx o g Zo] J) 3 A (flowering process) 79 A= &3 (1)
3}<3 (ripeness to flower) S A Ao 2o Ay 2 FHIAR MIsaS 2t
th (2) Hsk(flower induction)= GGGl BAAGFome] Aer Hgo
g4 = M3 Fxgt sl (3) FolF Al (flower bud initiation)+ 71 3}& Ao
Ao w QA Ao R PEH dFkeolm, stoly o] doju=
Hzxo ey AFolth oluf 3}=(flora axis)e] FAHTE (4) 3ol (flower
bud differentiation)= Sho}iAleb H]S=2dk nj2 ARREH L YA AP =
5 971, & g (floral leaf)o] A= Ae ohr, dwbaozw k3]
29, e, g cog A gy FRFe stohist A Ak =
FobE= oA xol7b glt). Baranova(1972)¢F Boyer(1942)= e o] 3ol &3l 3}
A& ws), stolAl, stolAldAl, x4, Ax4, 93y, Wy, =
(&15), F=(lx), g4 o= AU stARE Ohkawa(1989)= W3},
st A, Aitst, ¢35k, Wsty, ¢& s so= FAsAT (5) sfoht
Z(flower bud development)e 2313+ A U7 7F A, wEste] AAZA 3}
AM7F A Eo] Tk Ao m e 7} Rio] AA st dAlolt. StoldA|, stot
3} sloldtd 3UAIE FH A ol d A (flower bud formation)o] 2haL 3k}, o]
ol $H4 7ol EFelW stolRstrt TuH Al AT R A HEOHIE
Eol=(blind, A Aoy, spoprt WEEFo] A= SEbad
(blasting)o] A&7 = 3t} (6) 3tolAd S (flower bud maturation)S 7 319
Ae) A FajdA o, mAle o 2 (7) 7 sH(flowering) & g}

i

o

i

- 122 -



Flower bud
Undifferentiation initial primordia
apical meristem

Leaf primordia

Stamen Pistil

¥

Outer perianth

( ¥ Inner

perianth Outer

perianth

d
a
y
s
A
)
a

Fig. 34. Dévelopmental process of flower bud in L. davuricum (x40).
A:Ungfifferentiation (Stage I ), BiInitial primordia grown out (Stagelll),
CZOuTégr( perianth developed (StagelV), D:Pistils completed (StageVI).

B
)
af

te

-

R o5 3 o T
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sk (Fig. 35)¢F g@7istsva](Fig. 36)9 stobde 34 S SEMoz #
23 Ak, 7 F3rel JEl 9 AI7IARD Aol o Zh Y] I AR e
"2 3h, sfobdAl, stelAl A, 95ty Wy, Fa(9F), FedlF), 4=
o7 F F RYF sddH o5 ¥ FolA= Baranova(1972)7F #HES ¥
W A2EXPL FEFHA kgkor Ohkawa(1989)7F #2338 43} w23k 34
A=A stoprt A EJTt o9k e A= vEle] Fol wet stoli st Fde
tEte Zs g

st o] stobit st A (Fig. 35)2 o3 #th StageI (A)S FFAE7]
A MESHE 7] AGEdxF o] wpder ofd dUviE =8 A
Ao, stagell (B)= FEAGANA AABFoz Aehel= spopda dA= v
T4l Bl v REeR nlds|A 7] Azt Stagelll(C)= F47] wiAlol
stolAl LA 7F P =M, stagelV(D)l A= 3ule] @3t9] 7|7 9 ¥ 31, stage
V(E)= 3vhe] Wisty @77 A5 F 6vie] sy 7)7F e
StageVI(F)= 95 <= 7] 3717F @4 5HH, stageVl(G)= W5 < 7] 3
A7F ZstE ol 6709 e A7I7F A E I AFA LA Hols WA olH, o]
u 9lstu]e] EREAA RINEEC] EVAY FEoEE Wy, £& A9
o] 94715 =M rth StageVll(H) = A A717F A= DAIRA Shol

to =2 M)

==

B7h gE Agelth olmel = )5y 717k A 1 dRE BHEUF glo]
gk AAG Btk Wolshsbel(Fig. 36) 94 stsvhelsh 2o Bge

AA gtobrp g = A
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Fig. 35. Scanning electron microscope of L. concolor var. parthneion

showing topographical changes from Stage I to Stage VI (x100).
(A) Stage 1

(B) Stage
(C) Stage
(D) Stage
(E) Stage
(F) Stage
(G) Stage
(H) Stage

II:
. Initial primordia grown out.
. QOuter perianth developed.

SE=E=<=28H

Undifferentiation.
Flower bud initiation.

Inner perianth developed.
Outer stamen developed.
Inner stamen developed.

. Pistils completed(removed outer perianth).
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Fig. 36. Scanning electron microscope of L. davuricum showing
topographical changes from Stage I to Stage VI (x100).

(A) Stage I:
(B) Stage II:
(C) Stage III:
(D) Stage IV:
(E) Stage V:
(F) Stage VI:
(G) Stage VI:
(H) Stage VI:

Undifferentiation.

Flower bud initiation.

Initial primordia grown out.

Outer perianth developed.

Inner perianth developed.

Outer stamen developed.

Inner stamen developed.

Pistils completed(removed outer perianth).
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steue] o stopta AL F&HYE AIAFEH Stolrt ehdE wi7hA 4
Aoz ZASEATHTable 37). stoldrle= &Y § 24 Alz=o A
23 209491 ol Aol A E AT stEhE] o Ftolrt A H 7 7EA 9 7]
e FaW oA 56, A4 F 20U=E 76Y0] 2QFHAY sty
(Table. 38)= + FAl, S F5YE 04A o oln| FolFA|7F Al &tE o] F&
W 717 Foll hHEAT. 1Yy &8 8F F A Aeole 84 F
447 ol stolrt £ = At

stevel ot dolstevel BF &Y I Sl 2 el A stolE skt
A A E = FrdolH, stevel = Mol Aol @ E= 1-bPolar, EIstE e
Tadd 717 Fol S 1-agd o2 Ohkawa(1989)2] W arel U35
oo a2y EolskeuE e A 8 Al on| StopidalE JiAIZE BEE
t}. o] A $ol|= Baranova(1972)¢] Haro| A} o] HFHwWAo] oA A
o

Hom A 2m7 =AY AErizte] &< sl A

rr

Table 37. Flower bud differentiation investigated at intervals of 4 days in
L. concolor var. parthneion.

Sampling date

Stem  Number of bulbs with stage of 1st flower
(days after)

length

Wetcold o ting (em) 1 0 m N V VI VI VI
storage

28 - 0.2 5

32 - 0.2 3 2

36 - 0.3 2 3

40 - 0.3 2 3

44 - 0.3 3 2

48 - 0.3 2 3

52 - 0.4 2 2 1

56 - 04 1 2 2

70 - 0.5 5

56 4 0.7 1 2 2

56 8 1.1 2 3

56 12 1.8. 1 2 2

56 16 29 3 2

56 20 35 5

“See the footnote of Fig. 35
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steutel el Erists el o] stop st ddol 2t vAl= dFE B &
s E Fa49F 7S 8F A 10F(Fadd F 09)E e o5y ¢
71974 @7 (stage V) old o= Weshx] Xepar A4 Fol oyt =9l
ol A2 ALl stopstrt Al FE AR Sfolrp @A H Y] s = a1l
dosttts e gt a8y Gy s sadd SOl gebrh A
of Htt. ojet #o] FfstE e StobEate] AlFta} e o] Aol The

Ir

Table 38. Flower bud differentiation investigated at intervals of 4 days in
L. davuricum.

Sampling date

Stem Number of bulbs with stage of 1st flower
(days after)

length

Wet cold ppnting em 11 m om NV VW W
storage

0 - 03 4 1

4 - 03 2 3

8 - 04 41

12 - 04 3 2

16 - 05 2 3

20 - 05 5

24 - 05 41

2 - 06 41

32 - 06 3 2

36 - 0.7 2 2 1

40 - 08 2 1 2

44 - 09 12 2

48 - L1 3 2

52 - 14 3 2
56 - 18 2 3
70 - 30 5
56 4 23 5

“See the footnote of Fig. 35

th oY% 717 & gwd &3 peroxidase &
stevg el ErieteEve Y sadE VI T 2F AR owd e
A A3 (Fig. 37), F & 25 589 7o HojdaE awd 3o

S7tekdn. T Fhel= w8 G e duld e 2 AolE YEhiA sk



ou F&YWHE 8F Fole stsvEl 98dmg/g fresh wt, dE7HstsvE
7.36mg/g fresh wt.2 F3to] 2 =Fo]7F AATh. Patra®t Mishra(1979)e <] 3|

S Hjgtozn tiuwlz A S

il

peroxidase €/d°] F77F @il 34 A4

e 7 vha & Haeh 2 A9l dybe dAsslth

L. concolor var. parthneion

4 r L. davuricum

Protein contents (mg/g fresh wt.)
(@)]

O 1 1 1 1 1
0 2 4 6 8

Weeks after wet cold storage

Fig. 37. Change of protein contents during wet cold storage at 4C
in L. concolor var. parthneion and L. davuricum.

Peroxidase= Hx0:9] &4 &}olA oJ2] hydrogen donorél 7]1&e] thsle] &
3 hgE Frfdke aaRA B2 A Ve THAE dew 4HA
of &3 % 7|#AFA Aol Fag 9FE = AoE By ¢
thoetsug el olstes v e 8 85 St 2
de] wists 4% A3%(Fig. 38), F & EF T8 e Z Aol gl
. a2y F88 25 FHE peroxidase B o] F71al7] AlZslo] 4FE AR
He 2 zolE Yetiidln stsvels stobdsirt A= AlHd &34
4F A o= aFFHA] o] 1.76umoles/min/mg proteinR il HFHYFo] Luys =
slol 8l F 8F Aol = 2.33umoles/min/mg proteino. 2 ¢HaAl F71ak AT
ey dsts v s stobstrl AlE $Q AT A= af24d 2.95umoles/

W

A
—

O
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min/mg protein®] 4] 3}o}E-3}7} AA T = 8FAoli= 6.58umoles/min/mg protein

o 2u) o] F43 Fbakgint,

(@) ~
T

Specific activity
(umoles/min/mg protein)

N w ~ o
T

j—y
T

Total activity
(umoles/min/g fresh wt.)

B 8 8§ 8 8o

(@)
T

0 2 4 6 8
Weeks after wet cold storage

o

Fig. 38. Change of peroxidase activity during wet cold storage at 4C in
L. concolor var. parthneion (—O—) and L. davuricum(—@—).

o

Avgue] BS Super’, FubE] ek W] Hinomoto ol A A o7k &<t
2 #EH7] A4d B wAdAe] g4 Al AAE YEbiYE Park &
(1998a)e] Aot A8ttt vele] Fgoriy stoprt 5= et

rir



i
flo
o
oft

AGEHe] ®Ealof 4tsrt By oa ks oofstal, o]t EalE
sle] oA L JF =
¢t peroxidase &4o] F7lste A2 vl stolist d4 AR E Adsis A

gotd ARZAE Bgo] 5T Ao BHHU,

gt Aok A ssteke] A

stsvel el dolskevel e Wote] wAE Ak dFgS HES Ay
(Table 39), stEuas AME=7E 15ColAM 30CE Eold4= Wolgd
100%° A 66.7% %2 FFAastal Wolr2dFE 41.2U0A 15492 @55 A
GstE el 15-25C9 4% Wolgo]l 100%A o4 30Tl 60%=2 =LA
crolgth, WolhR US4 E 20-25CoAM dEEE Aot Fitlls I
sug7t stsvbelno wel oy o

Table 39. Effect of temperature cultivated on sprouting of L. concolor var.
parthneion and L. davuricum.

Species Temperature Sprouting

(C) % days
15 100.0 41.2+1.4°
L. concolor var. 20 83.3 29.1£2.0
parthneion 25 75.0 17.6+£1.6
30 66.7 15.441.0
15 100.0 17.6+1.1
I davuricum 20 100.0 10.7£0.6
25 100.0 11.4+1.1
30 60.0 16.7£1.3

"Mean=SE

shselsh Wolsks e /4 nAE Auese] e AEd 2
3H(Table 40), F & WF 30CelA Z71440] SiAss Agolart. 959
2 Agellth 53 wohshsbele] 30T ATl

stsua] o] AEtel] m = Auo] S HEIS Ay (Table 41), Ajwj
To BAGe] ZEoE FALS 100%A o 15ColA 30CE AujewrF A
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&l wel AstE 100%NA 50%= AA FASFAT £ X7 =S555
<

Nt A7 @S5an HEpA &3] Fokeh. gkt st o] ol

Table 40. Effect of temperature cultivated on stem growth of L. concolor
var. parthneion and L. davuricum.

Species Temperature  Stem length No. of

() (cm) leaves nodes
L. concolor 15 39.2+1.17 24.0+1.4 23.4+1.4
var. 20 40.3£1.5 24.0+0.9 23.8+0.9
parthneion 25 39.8+1.9 24.3+15 23.8+1.5
30 35.0£0.4 21.0£2.1 21.0+2.1
L. davuricum 15 13.8+1.2 28.4£2.6 29.8£1.8
20 145+1.0 33.0£1.3 30.2+1.1
25 16.4+1.1 33.2+15 31.1+14
30 3.0+0.8 17.0+1.2 6.7t3.3

“Mean+SE

Table 41. Effect of temperature cultivated on flowering of L. concolor var.

parthneion.
Teomp. Flower .bUd Flowering Flower Pedicel
(C) formation .
davs width length
% No. % Y period (cm) (cm)
required
15 100.0 1.8+0.3 100.0  90.4+19 10.0+0.2 6.3+0.1 1.8+0.3
20 100.0 1.9£0.2 90.0 659422 7.3%£0.2 57£0.1 1.7£0.2
25 100.0 2.1+0.2 90.0 43316 3.9+0.1 51+£0.2 1.3£0.2
30 75.0 1.3£0.2 50.0 37.0+14 3.0£0.0 41+04 09+04
"Mean=SE

st ok st vEl el BA - 3093 60d A s FEHE #EdS 4
HH(Fig. 39), st=suel(A, B)= A4 5 3090l Au 15T = Bols A &
gkal 60 BAHE W ke oA X3 AEslem dAl E7]2ole 1/2
A Hioll AlstAl Rekqdh ey 25TCe 30TCoA= HA JHstE Ella
AR7E FEgo] e=a T @ et wEl(C, D)l = 30d0l FHdes
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E Aol "ol o 15-25ToE 257t S71a5EE 744 0]
A At 28y 60¢e] A4S W 1
Z7)7F AZEJ o 30TCAAE 2AE A4S YERY A

B

fru
T
N
31
@)
=
2
rir
w
S
e
)
=
A
g
o
o2
o

15 20
s ( Temperature (C) Temperature (C)

Fig. BS>9. Effect of temperature cultivated on growth at 30 days (A) and 60
days (B) after planting in L. concolor var. parthneion. and at 30 days
a f(C) and 60 days (D) after planting in L. davuricum.

te
arjstses stsgE g 2eage] wol wAsdEY, Zatage] o
oJuPslolz Bae An(Fig 40) 7] Agie] A45 Folsl 3 MZZ ul
a}

b

o

o, A7]E 2-3mm AEAT}

e

# 3}o}= video—microscope

i
o
=] oo
8

2 FES A9, sloldshe ddE FEF o wdo] o] FojAA] kil YR
AAE Aeje] E<5o]elth. Boontjes(1982)% ‘Connecticut King'¢ Eof~® &

Sio o A 4 dvtal st o9k FAFSHAl Roh(1990)

‘Red Carpet’, ‘Cherub’, ‘Sunray ¢} ‘Connecticut Lemonglow’2] 74-%-, 73}l

s
ali
> ogP )
Hir
flo

i

1

+ 16/13C(day/night)®] A ==Xt} 26/24°C(day/night)®] aLLolA 7st7E Fx31

oy, A" A § o wol AT stk Aokist
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Yoshino(1984)= jrl A2 ©@Aje] %71 X Ux]A =™ ‘Enchantment’ 2]
B2y 5 60%7HA] F713thal &t Post(1949)el ol&hH A Al Al 9]
A2 AFE= slololl A ©FstE Y fAE ofr|sta 1 Ad Bty

o elojwtii alr.

Fig. 40. Bud blasted (left) and bud stopped of development (right) in L.
davuricum (left bud observed with eye and right bud observed
with video-microscope).
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steue o] s gAY =719 2o 7HEAd 9 A A (Table 42),
A L7 H8Ad G el 2 Aoz e stede e A 2
T =543 279 & 25 o fructose, glucose, sucrose’} A stE ek
oAk LYl Fo] F7] By HAHow VA T o]l A5 BAUTh
Roh(1990)¢] <AellA 7H8A & =S F51el Aol & #wk oy}
a2 A ol A fructose, glucose, sucrose 3r#Eo] ZHAdAT Yo FolE
Fo] o] woll A= ARG ¢ ugton, A
FotEe] Faol Ad W JAHHEA Z7]o] 7HEsk= Red Carpet’e] &t
%

& dodl= d]lolsar sl webd 2 Ao Aatel dA st

flo
(-3
i)
ofi
rO
Hr
=
-
oo
N
)
olf
&

Table 42. Effect of temperature cultivated on ethanol soluble carbohydrate of
L. concolor var. parthneion.

Teomp. Stem(mg/g fresh wt.) Flower(mg/g fresh wt.)
e fructose glucose sucrose fructose glucose sucrose
15 2.13 6.29 11.02 12.77 15.11 14.18
20 1.90 6.92 8.02 9.12 9.41 13.17
25 1.19 7.23 8.30 6.41 9.55 12.85
30 0.85 2.64 5.37 458 7.00 9.07

o A= gEa

shsuEleh Goists el dEa e AWt A 9FE A=
& A (Fig. 41), stsvgls v/t Z7s42 7astgan, Slstsvgs
I5CE Aestie =7t S7Hdes gash. 2ea dAA R fF
FE stavdaEg dstE A o gott

b

- 135 -



2.5
[J L. concolor var. pathneion

W L. davuricum

Chlorophyll contents (mg/g fresh wt.)

0.0 1 1 1
15 20 25 30

Temperature(C)

Fig. 41. Effect of temperature cultivated on chlorophyll contents of
L. concolor var. parthneion and L. davuricum.

YRR 2o Aat AL U Gt S4A Ul EAsEH, oE Mt
ARE, AHED, dEA 5o Akst @ T FEgel ofs wAH

= Aoz d¥A Uri(Ashtaka®l Schwartz, 1971; Osawa, 1982). 71 & StE
Alofd e 2%, 4ba, olabsterA ¥ 53 22 374 21 (Rivereau-Gayon,
1982)2 polyphenol oxidase, [i-glycosidase, phenolase, peroxidase &< &4
St AlZ ol pHell ol fA AFHAAY s s= Aoz dHA Uth(Asen T,
1973; Lopez-Serrano} Barcelo, 1995).

shauhe] o] QtEAlobd SFFa spAatolo] A= A= FFS HAED
A7 (Table 43), StEAOIA e 257t =&55 aste Aol &
3], 30CelA A srold A M7 gol i Edes & UM

oA Lata bk 2=7F =5 S/t ey, age 2 Aot
ole] ®EH(Fig. 420 HW, 15Tk 20CAAE A4 ubxdo] el A WA <
1/2-2/3 o)7d= AAstaL o] ol AAELT =45 Fi, i 30ColM= v
& AgFEn st % Asta AAaab gk @A HAda s =g o A

P nct Hob BgshA S ol



RJFEAJobd I} A3t fACA KHE 7h&ol 3 3ol o] HdHsirtal &
o NFAE FUPEE AUt Aok ol dubd o Ao o9& siMo] v
A E Aoz ossta o, a3lvte] ARE ofyrh StEAlolU N T 2
28 QAR E S A7E G Aol e wigAlelal, E FomiPE dojzl
AUA S ol&ste] MArt FAFHER FFgitEe] FESokET. o &9
T QFEAob el Ao o] &Ho] w2 MAE FASHAET(H, 1999).
Maekawa®} Nakamura(1977)2] Z}dle]x o] s} o =X o] g3l
Toll A Aoz AZolA MAAAF] FRE], AL FEd W A

[oXre =1
0 Z#Holdn &9

o

1%

=
z

’

3

fo

Table 43. Effect of temperature cultivated on anthocyanin contents and
Hunter value of L. concolor var. parthneion.

Temperature Anthocyanin Hunter value
() contents
(mg/g fresh wt.) L a b
15 1.80 40.5%0.3" 46.3+1.1 37.1+0.5
20 1.34 40.7+0.3 48.2+0.2 36.4+0.7
25 0.87 451+0.5 48.8+0.7 45.6%0.3
30 0.78 479+0.3 46.8+1.3 47.3+1.3
“Mean=SE

15 20 25 30
Temperature (C)

Fig. 42. Effect of temperature cultivated on color spot of L. concolor var.
parthneion.
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A} AN AR Teo] AT S
stevd, sy, Fuel 2 oguEe] ZiWel A Qe 2907dS 67143t

AeAgE dg BAOR Aol LA AT F AKY WMHE A

d

49} -1CelA Z+2F 20, 50% wWolw o] 7)Aol &olstddnt. st 74
UA mwolElo] 4TE AFT W 2/ML7HA = Rttt 3L As AdEst
of 20% ™ol AaL, 470 ol AFEE 100% Wols ATk A7 2 A%
exo mE AYgYe FHE 242 B2y stEuEE 405-522cm, FuEE
65.2-89.8cm, FuEl= 54.7-74.9cm, WyE= 33.8-57.3cm =T A= o
SuEl7h 269-43370, Syl 30553370, FuEs 57.8-81.37H, wubEls
15.0-22.070 ek vid<sE stsvel 23.7-39570, FubE]l 29.8-51.970, I
56.6-76.870, Bute] 145-20.07H%dw. Wl F7Fe AU E A= VAL
A, ALAFe] et 4TY wroh -1Cdur7 2] o A, A5t
o E o weolxth AAdYE e A4 717 2 2% 9% 2%, A
2 outtg 5o AKS dodFEs) shed 2 EAF flddth oA o ® mFol
Hol AU e 2074 A4 6/E7A FElglo] FHT = 9, o=

8 A7) 2A R FAARAAT e Ao wEHh

2
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Table 44. Effect of the storage period and storage temperature on shoot
growth in Lilium.

Species Storage II.I Storage. Days to Plgnt No. of No. of
Temp. Rooting Sprouting . height
() %) ©6) sprouting (cm) leaves nodes
1 month
L. concolor var. 4 0.0 0.0 26.0+2.3  40.0+5.1 34.8+5.0 34.3+5.8
parthneion -1 0.0 0.0 292447 448409 40.0+64  36.5+6.7
. L 4 0.0 0.0 259414 87.0+4.8 49.3+45  48.8+45
L.maximowitzii
-1 0.0 0.0 37065 76.8+86 46.8+6.4  43.8+4.6
o 4 0.0 0.0 17.4+0.6 54.7+46 79.3+54  74.3x4.7
L. lancifolium
-1 0.0 0.0 185+0.7 64.3x40 721+54 66.5+4.0
4 0.0 0.0 29.0£6.6 33876 22.0+0.7  20.0+0.7
L. callosum
-1 0.0 0.0 473+104 355+0.0 20.0+0.0 15.0+0.7
2 months
L. concolor var. 4 40.0 0.0 18.8+1.7 44.4+3.4 30.6£1.5 279+1.6
parthneion -1 0.0 0.0 189+1.1 52.2+26 43.3+2.8 395+2.8
) o 4 80.0 0.0 15.7£0.9 89.8+3.3 45.0+¢5.3  44.2+55
L.maximowitzii
-1 70.0 0.0 16.3£15 89.2+94 53334  51.9+3.3
o 4 50.0 0.0 13.0£0.3 74.9+1.7 70.9+2.8 67.9+2.2
L. lancifolium
-1 0.0 0.0 13.9£05 70.8+2.3 81.3¥3.9 76.8+3.5
4 30.0 0.0 23.3x4.2 57323 183+1.1 17.0+0.9
L. callosum
-1 0.0 0.0 26.4+39 52.0+3.2 17.0x0.9 15.6+0.6
3 months
L. concolor var. 4 30.0 0.0 13.1+0.4 49.6+1.4 36.1+2.9  34.0£2.7
parthneion -1 0.0 0.0 146205 52.2+2.7 406%26  36.8+2.1
) o 4 60.0 0.0 11.1£0.9 89.2+4.2 423+25 41.2+24
L.maximowitzii
-1 20.0 0.0 13.7£1.1 83.9+3.1 44.0+35  43.1+£3.2
o 4 90.0 20.0 74+05 746+1.0 651+36 639+3.1
L. lancifolium
-1 40.0 0.0 84+04  70.1+2.0 749+6.0 71.4+#51
4 9.1 0.0 16.0£0.4 51.8+2.8 175+0.9 16.8£1.0
L. callosum
-1 36.4 0.0 15.1+0.8 54.9+2.2 17.0x0.7 16.1+0.4
4 months
L. concolor var. 4 60.0 0.0 152+1.2 514422 343+1.2 31.1+1.1
parthneion -1 10.0 0.0 152206 454+1.9 35326  32.7£25
4 90.0 30.0 11.7205 71.9+3.7 36.1+2.3  34.7£2.2

L.maximowitzii
-1 90.0 90.0 6.1+1.0 784+1.0 37.1+27 365+2.7

4 100.0 100.0 0.0£0.0 69522 644+21 63.7£2.0

L. lancifolium
-1 100.0 100.0 0.0+0.0 684+2.2 66,642 652+3.7

4 455 0.0 134+0.8 159+05 16.4+1.0 15.6+0.8
-1 182 0.0 14408 50.2+2.4 159+05 15104

L. callosum

- 139 -



(Table 44 continued)

Species Storage In Storage Plant
Tem . . Days to height No. of No. of
o D- Rooting - Sprouting sprouting £ leaves nodes
(C) (%) (%) (cm)
5 months
L. concolor var. 4 70.0 10.0 99+04  43.1+22 27721 23727
parthneion -1 50.0 0.0 12.6+0.9 475+25 31.8£1.8 29.6+19
. L 4 90.0 90.0 1.1+0.1 686+3.1 355+24  34.4+2.3
L.maximowitzii
-1 100.0 100.0 0.0£0.0 74.1+23 385%£28 37.4+28
o 4 100.0 100.0 0.0£0.0 66.0x26 686+£31 66.4+3.0
L. lancifolium
-1 100.0 100.0 0.0£0.0 61.2+x1.8 57.8+24 56.6+2.3
4 455 0.0 105+0.6 445+4.2 19.0£0.0 15.3+0.3
L. callosum
-1 545 0.0 13.8+04 51.8+4.2 16507 15306
6 months
L. concolor var. 4 50.0 0.0 11.0+0.8 405+2.1 26.9+26 265+25
parthneion -1 40.0 10.0 12.6+0.7 46.7+26 31.2+1.3 29315
. o 4 100.0 100.0 0.0£0.0 652+27 348+24 34.0+24
L. maximowitzii
-1 90.0 100.0 0.0+0.0 72434 305%2.0 29.8+2.1
o 4 100.0 100.0 0.0£0.0 625+3.0 72.7+45 69.0+39
L. lancifolium
-1 100.0 100.0 0.0+0.0 675+26 61.3t46 59.0+3.7
4 50.0 50.0 12.9+0.7 485+25 15.0+14 145+1.1
L. callosum
-1 50.0 20.0 13.6+0.9 458+6.3 18.0+24 17.8+2.2
A A 710 AU TREER 228 FAdES Aol7t Ak (Table

45). Fug e A

= A2AY INEAAE A 2=

3}

Algle] 100% &<

g7t FAEAL, 6719 FHAoll = 4T AFTFoANAE 90%=E =9kt 3% 5714
ol AgFozM tha ZebPARt A EAFNE AA FFE XA F
of ¥ T JFS wAA &t G A9 Bed FHE&] A U
WA, -1TCA 3-470d A2AFsAe W 727-81.8%° T8 dd&s
Bol A 717 B exo MR AFfE HAST F AS Ao A7
stevElet Fuel 9A A7 2E olFHHE T MEE, £
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Table 45. Effect of the storage period and storage temperature on flowering

in Lilium.
Species Storage  Bud Flowering Days to Width of
. - . No. of
Temp. formation %) Duration flowering flowers flower
(C) (%) ’ (days) (cm)
1 month
L. concolor var. 4 40.0 30.0 5.0£0.0 55.7£1.5 1.3+0.5
parthneion -1 20.0 20.0  5.0+0.0 62.0+0.0  1.0+0.0
. L 4 44.4 444 4302 109.8+52 1.8+06  9.0+0.7
L.maximowitzii
-1 60.0 60.0 3.3%04 113.2+68 1.0£0.0 7.8+x05

4 100.0 100.0  4.1+04  1155+47 28+0.5 10.2+0.7

L. lancifolium
-1 100.0 100.0  3.6+0.3 1205+4.0 2.6+0.3 10.0£0.6

4 20.0 20.0  3.0+0.7 117.0+78 1.0£0.0 3.2£06
L. callosum
-1 10.0 100 3.0+0.0 126.0x0.0 1.0+0.0 2.2+0.0
2 months
L. concolor var. 4 77.8 77.8 3.3+0.2 56.9£2.2 2.4+0.4 6.4+0.3
parthneion -1 55.6 55.6 3.2+0.6 66.7+4.1 2.2¥04  6.3£0.2
) o 4 70.0 70.0 4.1+04 93.0+25 19+04 10.0£0.6
L.maximowitzii
-1 77.8 77.8 3.4+04 98.1+24 21+0.2 9.3+04

4 100.0 100.0  39+0.3 113.7#+14 35+0.3 11.5+0.8

L. lancifolium
-1 100.0 100.0  3.6x0.3 109.9+1.7 4.0+04 105+05

4 60.0 60.0 3.0+0.0 101.5+#1.0 1.0£0.0 35%0.1
L. callosum
-1 50.0 50.0 3604 1028+2.3 1.0£0.0 3.4+0.3
3 months
L. concolor var. 4 88.9 88.9 5.0£0.0 478+0.2 19402 6.2+0.1
parthneion -1 80.0 80.0 5.0£0.0 55.1+1.2 2604 57+0.3
) L 4 90.0 90.0 4.3+0.2 787+14 1.8+0.2 9504
L.maximowitzii
-1 70.0 70.0 3.3+0.4 87.1+1.3 16+0.3 9.4+04
4 100.0 100.0 41+0.4 97.0+1.0 29+0.2 11.1+04
L. lancifolium
-1 90.0 90.0 3.6+0.3 98.0+1.2 28+0.3 11.8+04
4 36.4 36.4 3.0£0.7 83.0+1.2 1.0+0.0 3.7+0.6
L. callosum
-1 81.8 81.8 3.0+0.0 89.2+21 1.0+0.0 2.9+0.3
4 months
L. concolor var. 4 70.0 70.0 2.9+0.3 47.7x0.7 2.6+0.3 6.2+0.2
parthneion -1 875 87.7 3.3+0.3 489+1.4 2.1+03  6.2£0.3
) o 4 90.0 90.0 2.7+0.2 75314 1.7+£0.2  9.6+0.3
L.maximowitzii
-1 100.0 100.0  3.1x0.2 71.4£15 1.7+£0.2  9.4+04
o 4 90.0 90.0 2.2+0.2 90.8+1.0 26+0.2 10.1+04
L. lancifolium
-1 100.0 100.0  2.3+0.1 88.0+0.5 2.2+¥0.3 10.1+0.6
4 63.6 63.6 3.4%0.2 88.0+0.5 1.0£0.0  3.8+0.3
L. callosum
-1 2.7 2.7 2.8+0.2 88.5%1.7 1.0£0.0  3.7+0.3

- 141 -



(Table 45 continued)

Species Storage  Bud Flowering Days to  No. of Width of
Temp. formation %) Duration flowering flowers flower
(C) (%) ° (days) (cm)
5 months
L. concolor var. 4 70.0 70.0 2.7+0.3 39.7+0.8 1.6+0.2 6.5+0.3
parthneion -1 100.0 100.0  2.6+0.2 45.1+0.9 24+04  6.8£0.2
) o 4 70.0 70.0 2.4+0.3 72419 1.7£0.2 8904
L.maximowitzii
-1 90.0 90.0 2.6+0.2 63.7£1.2 1.8+0.1 9.6+0.4
o 4 70.0 70.0 2.3+0.3 81.7t1.6 2.0+0.3  8.4+0.3
L. lancifolium
-1 100.0 100.0  2.1+0.1 84.4+0.9 1.7£0.2  95+05
4 30.0 30.0 3.3+0.3 83.7+3.3 1.0£0.0 4.8+05
L. callosum
-1 60.0 60.0 2.7+0.3 83.8+1.2 1.0£0.0 3.1+0.1
6 months
L. concolor var. 4 100.0 100.0  3.1+0.3 39.2£1.3 2.0+0.3 59+0.2
parthneion -1 66.6 66.6 3.0+0.2 41.8+0.6 1.7+0.3 5.9+0.1
. o 4 90.0 90.0 2.3+0.2 65.7£2.8 1.4+0.2  7.6+0.3
L.maximowitzii
-1 80.0 80.0 2.6+0.2 70.9£1.9 1.0£0.0  8.7+0.3
o 4 90.0 90.0 3.3+0.2 77.7+1.2 1.9+0.2 8.7+0.6
L. lancifolium
-1 60.0 60.0 3.0+0.2 785%15 1.5+0.2 8.6+0.7
4 20.0 20.0 2.0+0.0 90.0+4.2 1.0£0.0 4.4+0.8
L. callosum
-1 40.0 40.0 25+0.3 88.8£4.0 1.0£0.0 3.4+0.2
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A6d AFAAAZS o] &3 =4A

5 A whak BEAF, AwA-Y o] FAAA, AwAAd A
FAAAAE 3w BFE & ATk ZIAGH] dEA2 sHelY daolA
= 2 A8H 7HAI7E A9 vk webA ZalF HuA s A E AW A oldE
A AT = BAFE B stk o] Tl A ol HES FATEA ] A A A
T 7P AEAoldd AEY 2HdEdFE Hevea brasiliensisol A & H]
=3, SBspapde] A 3, gelefEe] s, Ao A5E3, s 2
oA HAAGAA T o]&F 3 JvH(Gianfagna, 1987, Liirssen, 1982;
Yang, 1985).

A @AY o] 54 EAFZE daminozide’} FL g thEE A o|t}h. Daminozide
= o' AEFAAE S =& 45 Holw A wF TaEa FFY A
A2z Aakel mlalA o] ARREOl gtk Iy FHtedle A E54S
RThE Zlo] Bl A WA o] ofA| o] ARg e w43 FHAE S

AP A AA=ZAFE onium 5=, FE A heterocycle R 3HEE,

_|

cyclohexanetriones®] 3 FF/F7F €& A At} o] 7F2H cyclohexanetriones< A
Agstex ga o, HFYel, "R el 2

cyclohexanetriones 1% Ao 93S W= (Heller?} Forkmann, 1980; van

HS

48 o

-

Tunen® Mol, 1989). Onium 3}3 &= phosphonium X+ sulfoniumfFZA4] A
HAd AP A2 F ent-kaurene 2 W IS AESi(Fig. 43, ©] &,
1998). o] &l %38l 71 HEA QA 3stE 22 chlormequat chloride (CCC)

9} mepiquat chloride®]t}. Quarternary ammonium”] S 7FA 2 A= o5 2
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Fig. 43. Suppression of growth retardants in the GA biothynthesis pathway.
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AT heterocycle X+ 3FELS Au&H A Ao A ent-kaurene
o] ent-kaurenoic acid® AF3lE= Ao &3l o] HFol= ancymidol,
flurprimidol, paclobutrazol, uniconazole, diniconazole, tetcyclacis, hexaconazole
So] 9t &3], gundA E49¢ ancymidol® flurprimidol $-& AF¢d A<l
T84S AYe 4= 53] Aol &7t AH(Sterrett®t Tworkoski,
1987). Zeell= B 7k EgolEA dgeEsS 49 w2 ddE Ha e
w, hexaconazole, paclobutrazol, uniconazole®] ©] 1&o] %3l E S|t}
agxn Zawig]e] gEAS o] &3t A A  tetcyclacis A B abscisic
aicd(ABA)7} H] &4 & &2l phaseic acid® AHaEE HAHES A= Ho| ubg
AHZeevaart &, 1990). oo AwAA A A A= AwAA g=Fo] 7+

A0k oy}l sterols, carotenoids, ABA, Alo]E7lo]d ASHA o= S W)

w3 = o o]&o] wFeta Utk 53] vl ditgom wol AujEa gle
u, 2Elels 238 oo SR f4ETe S Ayt Soheka o

(Curry, 1983; Park, 1994). wl=r¢] 7% 198037k 4= 348 AJatels 4
Bo]l A= H&o] wshAEC] HERT Eokou 1990 o= w3}
Aakeol 9915 Asta glod, Yo Agos RaddE A vz
Aol F23lar JH(Choi %, 1998; Nelson, 1991). #3}& U2l $=50]
Agletar avAzt AFs7] AE5E A AY 239 25 T A5
w37l 9% Faor AFxAAS Hesta JrkMiller, 1992).
o ]

A YJeales F2 24 heterocycle HF-3H3HE <]

ol
o

ancymidol, paclobutrazol, uniconazole %, onium 3}3&< CCC, X#&@dd o] F
A A A Q] daminozideZ7b T2 A& Atk ol& A A Al g wgL F
Z, Ay, Agssd wel =9 (De Hertogh, 1989; Miller, 1992; Yoo2}
Kang, 1999; Yoo¢} Kim, 1996), Y& olA & #FEol whel ofstAle] whg-o] 717
o2 vetyar i (Wang3 Tsujita, 1990). Choi 5(2002)2 o}A]olg g
Q1 ‘Solemio’, ‘Lemon Pixie’, 2l dle }2]<l ‘Star Gazer, UZ ]l ‘Gerlia

2 AAAYEE 3 AAAAA EFg Ao daminozide: 7=l
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HANe] 2 A a7t gldlen, CCCE Lemon Pixie'o| A vk 37 9lthal
3} th. Diniconazole ‘Star Gazer'E #|2]3t 3% o)A, hexaconazole2 4%+
FolA 244 a97F AUk Choi 5(1998)2 ‘Star GazerE& A ZA &=
gl 9 w2 29y 3dlo] uniconazoleS A3 Ay Az BRE 9 gFH
g BF A st UM s 230 Ui 24 AdEHAgG JHs A
A4 B2k 99Ul val, 100mg L' A A2 P& 1129, 40mg L'

g 7E 1119, 1.12mg L' #FAYTE 1492 A7 Addtn &9l
Uy el 4§ ancymidol¥} uniconazoled 13] & 23] BT ol <)
z49 aradrt AT 1EE  uniconazolex NSHE A AA A A RE
2= MetE AAA 1A & ktH(Douglas®t William, 1989).

]
ol# ZaAME AY WHxE=ZE HdAdL F= ddF ANEE T4

7w st st=yeEl(L. concolor var parthneion) E70s&12] (L
davuricum), FY=(L. maximowitzii), Y2 (L. lancifolium), 3t=2v2](L.
miquelianum), 2 W2 (L. distichum) 29788 AF&3F

AR ARe FAAE ATAA 870 FaWs] Fdol BvE &

vermiculiteZ 7 : 322 %3 & AE 10kg" EIH] Z(N:P:K+Mg= 21:12:11
N:P:K= 20:20:20)
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A AAA A= ancymidol, diniconazole, uniconazole®] 3ZHZ A&3sl o
M E5E 0, 25 50, 100mg-L = B #AF AAHE st BEA e
=Ao] 2%l Sem AE HAE © AGFIF I s Adsislon,
FAE AgA 22 2719w AEA FHdd 20mLY #FEdv JAAA =
A7 2 5 3HToA 1A ¢ AFAAA &
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2%, 9%, s, ARYE, ARR8DSE, AR S Ao,
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Kim $(1991), Kim¥ Byun(1983)¢] 433+ t}g Hematoxylin- Safranin-Fast
Green FCFZ 3% 943 t5 Fgddun|4do=z

7b A A o F 2AzA
1) #5A+¢
BFEAA o] AGAAAY T/ D w7t shEvEe 2Fe mAE
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s Ay E Ay (Table 46, Fig. 44), ancymidol, uniconazole, diniconazole
wom 2o AAEHRTE Flom, B kAl #AIgle]l FEVt SEFE 2%
o] JA &7} At Ancymidol 100mg-L ' Hgl 3= 2% 19.6cm= W2+
424cmell M]3l 46.2%° =79 FHAEARTE AT Aok vides Ao o

2 Atol7h 24 ekt

|

Table 46. Effect of the drench treatment of growth retardants on shoot
growth in L. concolor var. parthneion.

Growth retardant Conci1 Plant height No. of Leaves No. of nodes
(mg L") (cm)

Control (DW) 0 42.4%2.0 20.4%+1.5 20.3x1.5

Ancymidol 25 24.0£2.2 20.2%2.1 19.5+2.2
50 20.9+1.8 20.4+1.8 19.3£1.7
100 19.6+1.3 20.2+1.0 18.3+1.0

Diniconazole 25 40.9+1.2 23.620.6 23.0£0.6
50 379125 21.6+1.7 20.8£1.6
100 39.4+1.4 22.6+1.2 21.9+1.2

Uniconazole 25 24.6+2.2 20.1+0.9 19.5+1.0
50 24.4+2.3 21.3+2.2 19.6+2.1
100 21.6+2.3 19.8+£1.1 19.4+2.3

Ancymidol Diniconazle Uniconazole

Contrd 5 i50) l(lhg. Cord &5 9 l(Dng. Cd &5 X 1(1)1g.

Fig. 44. Effect of the drench treatment of growth retardants on shoot
growth in L. concolor var. parthneion.
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o

Hogo PAgS BE AT 100% G tHTable 47). thx79] /M3t&&

90%°] A =d H&, AASAA A FAAAs FAe FFHo HTgle] AFxel
25mg-L ol A= 80-889% & thxT- v E=atg oy Fwrt Z71EEE s

§o] wrolx 100mg-L ' ol 222-556% HIATH 53] ancymidol 1%
ol A 22%2 Mg Azsrh @8 e e VN, Asasds
£ oF 509, SIS 49, HEE 5-6em FER AL ol gk

H

rlo

Table 47. Effect of the drench treatment of growth retardants on flowering in
L. concolor var. parthneion.

Growth retardants Conc. Bud Flowering Days to  No. of Width of
(mg'L") formation o Duration flowering flowers — flower
(%) (days) (cm)
Control (DW) 0 100 90.0 4103 49.8+0.7 1.1£0.1 54+0.1
Ancymidol 25 100 875 40£0.2 50.3+1.0 1.4£0.2 49+0.3
50 100 50.0 35+£0.3 50.8£1.5 1.0£0.1 5.2+0.3
100 100 22.2 3.5+04 495+1.8 1.0+£0.0 5.2+0.2
Diniconazole 25 100 88.9 45+0.3 495+06 1.0£0.0 5.6+0.2
50 100 55.6 4.0+0.3 49.2+0.7 1.0£0.0 5.4+0.2
100 100 55.6 40+£0.0 51.2+£1.0 1.0£0.0 54+0.2
Uniconazole 25 100 80.0 4102 488+0.7 1.0£0.0 56+0.2
50 100 65.0 3705 51.3£19 1.1+£09 55+0.2
100 100 50.0 4.0+04 49.2+0.7 1.0£0.0 4.9+05

AR A olgk stavyl 2de ABAAY dAEHE HU(Fig. 45),
ancymidol¥} uniconazoledl A& 3YAF-E o] A &rt vebyr] Al #E)

of enkd AF F 21dAl AR ol

)

o] PWEFe Aowm TEHUU
AZA7E 719 gl
R A &37F 7bd £9 Y diniconazoleS #TFEA M E HEUE a3E
YERN A ol Ao 2 AFAAAe] H&3 Aol FaF ZoF A
ZHE ATk ARl wE A ARme] Aol F e Aol ofF A
S & ancymidol HElE F3I FFHEE FHHUE #FAHAC g A
A Yehis ez AzbeEd 283l diniconazoles EFA o] gy & o
2 Ko} paclobutrazol¥ Zo] A3 Z7|= E3 T4 (McDaniel, 1990)5 = Ho
= Azl xlth

Diniconazole2 ™ Z7¢} H|<=23F AAIHOZ X729

o 2
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olge] Adsr B u stevy BFAYA Y AAAAAZE 2T AAA
w=7b A sfope] A wdo] YA O R o] Fo}A = ancymidol 25mg-L

A7 4gd Aoz A4E A,

50
Ancimidol

40 |

30 |

Plant heigth (cm)

Diniconazol

40

30

20

Plant height (cm)

10

0
50

Uniconazol

40

30

20

Plant height (cm)

10

0

0 3 6 9 121518 21 24 27 30 33 36 39 42 45
Days after treatment

Fig. 45. Time course of plant height by the drench treatment of growth
retardants in L. concolor var. parthneion. Bars mean *SE.
(e DW, 025 mg-L"', —m50 mg-L' --100 mg-L")
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dAsEde BEAee F9E sEvesh Atz RE AT g
Fol W 2ol oAHAon, AFAAAY FE} EAEFE 1 FFE

=z
& FYstdth(Table 48, Fig. 46). AFdAAe FTHEEZE  ancymidol,
uniconazole, diniconazole =2 = AFAA g7t Zth Ancymidol A+
Zo] 97-121cm® HWHZE txT 245cmel HlE] 50.6-60.4% A = ATE AY
ol AAgel wel Az Enk oy} wir o) Fk thA AAHAY. JF

= diniconazole® uniconazole A& Tl A 2-67] AE Z=7}st= 7 3Fo] Yt}

Table 48. Effect of the drench treatment of growth retardants on shoot
growth in L. davuricum.

Growth retardants Conc. Plant height No. of Leaves No. of nodes
(mg-L™) (cm)

Control (DW) 0 24.5%2.1 37.6+3.1 34.1£3.0

Ancymidol 25 10.5+£0.9 35.1+3.3 28.4%29
50 12.1+1.5 36.9£3.3 30.1£2.7
100 9.7+0.9 37.3£1.8 29.0£1.0

Diniconazole 25 19.9+2.7 40.6+2.5 35.6+2.5
50 22.6+0.5 43.6+3.0 37.3£2.5
100 17.7+1.6 39.5+2.8 33.5%1.8

Uniconazole 25 13.6+1.7 43.8+3.6 34.0£2.7
50 11.5+1.2 37.8+3.7 29.9+2.5
100 11.3+1.5 41.9£1.9 33.0£1.5
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Ancymidol

Diniconazole

Uniconazole

Control 25 50 100
Concentration (mg:'L7")

Fig. 46. Effect of the drench treatment of growth retardants on shoot
growth in L. davuricum.

Toge] P& 375%-75.0%, MEE&S 16.7-333%° ®eAR %2 P

ojror, wode FHTe EF I/MATHTable 49). 7HstA@da= 51.0-

5509, MeH717He 50-60%, SFEE 95-105em W= x=To 2 2ozt 9
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oo Axnz & w st dFA A= ancymidole] 7HE &3

Holglom, FrtlEs 2 Aol7l fllomz AFee 26meg-L 7t AET A

Table 49. Effect of the drench treatment of growth retardants on flowering
in L. davuricum.

Growth retardants Conc. Bud Flowering Days to  No. of  Width of
(mg'L'Y) formation % Duration flowering flowers flower
(%) (days) (cm)
Control (DW) 0 50.0 25.0 6.0£0.0 52.0£0.0 1.0+0.0 9.5£0.0
Ancymidol 25 375 11.1 55+0.0 52.5+0.0 1.0+0.0 9.6£0.0
50 375 33.3 5.0£0.0 53.0+0.0 1.3£0.3 9.8+0.0
100 62.5 0 - - 1.0+£0.0 -
Diniconazole 25 75.0 16.7 5.0£0.0 55.0£0.0 1.0+0.0 10.5+0.0
50 50.0 0 - - 1.0+0.0 -
100 375 0 - - 1.0+0.0 -
Uniconazole 25 75.0 16.7 5.0+0.0 51.0£0.0 1.0£0.0 10.2+0.0
50 50.0 0 - - 1.0+£0.0 -
100 375 0 - - 1.0+£0.0 -

A Aol ofg 23] A WEtE BW(Fig. 47), dx7+ 553 A
AL 15dAd Aol A F ATt AncymidolZ} uniconazole * 2] $ 3YU A F-H
2749 gAEHNE vEhon o]% vkt S g o 66Ul gl A9
A3t 28y A Edrt 7 A9 diniconazole> 9UAFE 2o o

Al Z7E vER 1524 Ao Aol A o] A E AT,
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Fig. 47. Changes of plant height by the drench treatment of growth
retardants in L. davuricum. Bars mean +SE.
(—-DW, 025 mg-L' -m50mgL' -3-100mg-L"
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2) AAA

sty A A gAY Hol&-& uniconazole HE TS A L3 RE A
T-ol A 933-100% = =A vEbst o, wotd s gl HlE) AAlE 19
A BAE 8UEA =2 Ao UEsktH(Table 50).

Table 50. Effect of the dipping treatment of growth retardants on
sprouting in L. concolor var. parthneion.

Growth retardants Conc. Sprouting Days to sprouting
(mg-L ) (%)

Control (DW) 0 93.3 16.9+0.3

Ancymidol 25 100 17.0+0.3
50 93.3 18.4+0.7
100 100 21.2+0.7

Diniconazole 25 100 20.7+0.9
50 100 20.1£0.6
100 100 20.1£0.4

Uniconazole 25 60.0 21.6+1.0
50 20.0 25.3t1.7
100 20.0 20.3t1.8

AR A 93 A9 JgAEHE hE2T7F 47.1ecme H B8 uniconazole
AT 96-185ecm=  F=Fe  JAE&H7E  Foew,  ancymidol?
diniconazole =&l o]+ M A &= YEFA] skt (Table 51).

Table 51. Effect of the dipping treatment of growth retardants on shoot
growth in L. concolor var. parthneion.

Growth retardants Conc. Plant height No. of Leaves No. of nodes
(mg-L") (cm)

Control (DW) 0 47.1+1.1 39.3+1.3 37.7+1.2

Ancymidol 25 46.8+1.7 40.4£1.0 38.3£1.2
50 49.1+1.6 386t1.4 375£1.4
100 47.7+1.6 40.1+1.6 379+1.5

Diniconazole 25 51.7+0.9 39.9+1.2 38.8£1.0
50 48.3+1.4 39.4+1.4 38.4+1.4
100 477419 39.5+0.7 38.6£0.8

Uniconazole 25 18.5+3.3 375%2.1 34.8+1.7
50 14.4+2.7 30.0+2.9 32.6+3.7
100 10.245.2 31.3+1.5 30.3+2.0
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BoE FAES BE A FAA 100%H o, NEHE-S 84.3-100% WA
t}. Uniconazole g 7-& FXel #Agle]l 100%°] =& /Mst&S YeER A
(Table 52).

ol e A¥EZ & u uniconazoled 7% Wol&ut FAAIZITIH Ao o

Agdrr 25, Fod e # Agec] wof HEA0l v& Aoz AdsH

ot

om, o] F Hup v FhoMel HEVF d8d Ao AAHU

Table 52. Effect of the dipping treatment of growth retardants on flowering
in L. concolor var. parthneion.

Growth retardants  Conc. Bud Flowering Days to  No. of Width of
(mg'LY) formation 9% Duration Howering flowers — flower
(%) (days) (cm)
Control (DW) 0 100 100 4.4#0.2 554+0.6 2.0+0.1 59+0.1
Ancymidol 25 100 81.8 4.6+0.2 56.6+1.0 2.0+02 59+0.1
50 100 84.3 4.1+02 57.3x0.7 2.0+02 55+0.2
100 100 86.7 4.0+0.1 59.7+0.3 2.1+0.2 55+0.1
Diniconazole 25 100 933 4.0+0.2 586+0.8 24+0.2 5.7+0.1
50 100 96.7 4.0+0.2 58.0+0.6 2.2+0.2 56+0.2
100 100 100 4.0+£0.2 582+0.4 2.2+01 56+0.1
Uniconazole 25 100 100 35+0.2 635+1.3 2.0+04 55+0.1
50 100 100 4.0£0.0 615+1.8 2.0+0.0 5.0+0.3
100 100 100 3.0£0.0 59.0+0.0 1.0£0.0 5.8+0.0

st ve e A AAl AAAe A3(Table 53), W79 =Wops2
100%1 2™, ancymidol®} diniconazole #2719 #o}l&-2 92.9-100%°] At} L
211 uniconazole #2]79] Wol&2 333-80.0%% AZaHow A A A <]
SE7F =SS Wobso] Yot B uniconazole A # el A= Holrt H Y
g A5 gl 2-3F oo aAlstATE WoldgE tlET7F 9.8Y
old] H]3] ancymidol 1-2%, diniconazole 1-49¥, uniconazole 6¥ AHE X

A= At
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Table 53. Effect of the dipping treatment of growth retardants on
sprouting in L. davuricum.

Growth retardants (nfgo_n]fil) Spr((;i‘gmg Days to sprouting
Control (DW) 0 100.0 9.9+0.8
Ancymidol 25 100.0 10.5+0.7
50 100.0 11.1+0.8
100 100.0 12.4+1.2
Diniconazole 25 96.5 11.8+14
50 100.0 12.8+0.9
100 929 14.2+0.8
Uniconazole 25 30.0 15.5+0.9
50 85.7 15.6+0.9
100 33.3 15.6+0.6

AAA G 2% 2] A&} diniconazole A2 Tl 7 584
TH(Table 54, Fig. 48). WA  ancymidol®] &2 =X &ty 18|
uniconazole 25mg-L ! Hgl el ASol= Aol 0.6cmz ofF o}y or}) A
EA7F W] aAbsheE A gFolol A H XA 2] Al uniconazole®] A& vbwA EA|
Ao Ao AAHUY A5 ALZAAAY] vt FNAFE Frse 4
0 2 uniconazole 25mg-L ! g = vz o] nlE 1687 TAastgon, vl

O e we Aol

Table 54. Effect of the dipping treatment of growth retardants on shoot
growth in L. davuricum.

Growth retardants Conc. Plant height No. of Leaves No. of nodes
(mg-L™Y (cm)

Control (DW) 0 23.3%£1.3 35.8£1.9 31.8+1.8

Ancymidol 25 26.4%1.6 40.4+3.6 37.2£3.7
50 20.6£1.4 34.9+1.7 31.1+1.6
100 20.0£1.9 34.2+2.6 29.8£2.5

Diniconazole 25 7.0£1.0 32.7+2.8 29.2£2.7
50 5.0+1.2 27.3%4.1 21.6£4.5
100 3.2+0.9 26.8+4.1 15.8+5.2

Uniconazole 25 0.6+0.1 19.0+£2.8 1.0+0.0
50 - - -
100 - - -

“Mortality
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Fig. 48. Effect of the dipping treatment of growth retardants on shoot
growth in L. davuricum.
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Fode A8 MEtee AFGAA 53], ancymidol¥} diniconazole *

glo] 93] TolxE= ATFo|dTtH(Table 55). 1o} ¥o8 FAAFE 1, /3
2895E 504 A5, VIS 642 Tk Tl

Table 55. Effect of the dipping treatment of growth retardants on flowering
in L. davuricum.

Growth retardants  Conc. Bud Flowering Days to  No. of Width of
(mg'L) formation % Duration Howering flowers — flower
(%) (days) (cm)
Control (DW) 0 38.5 0.0 - - 1.0£0.0 -
Ancymidol 25 53.8 429  6.0+0.0 483+1.9 1.0+0.0 9.9+04
50 28.6 327  6.0£0.0 49.7+1.0 1.0+0.0 10.2£0.2
100 33.3 250  6.0£0.0 51.0+0.0 1.0+0.0 10.5%0.0
Diniconazole 25 455 40.0  6.0+0.0 50.5+1.1 1.0+0.0 10.2+04
50 33.3 50.0  6.0+0.0 575%1.8 1.0+0.0 9.9+0.5
100 41.7 200  6.0£0.0 55.0+0.0 1.0£0.0 9.5%0.0
Uniconazole 25 = - - - - -
50 - - - - - -
100 - - - - - -
"Mortality

3) A

EFAYA gAY F/F % =7t steve e 2l A= o
W& A3H(Table 56, Fig. 49), ZE Az FollA dizol ws) =3
Ao 7t eSS 23] gAaAT AR e 2-4v %
Ao mrsos 2 Aoz vk AFAAY  FRE
uniconazole, diniconazole, ancymidol £2 %2 %39 dA&axdrt ZAo =
uniconazole 100mg L1 H gt A= 2T 44.6cmel vl&] 21.9cm=z 7+
A= A et

(

[e}
PS4

o
)

12
2,
¥

HI

ni
fl
rlr
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12
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Table 56. Effect of the foliar spray treatment of growth retardants on shoot
growth in L. concolor var. parthneion.

Growth retardants Conc. Plant height No. of Leaves No. of nodes
(mg-L") (cm)

Control (DW) 0 44.6+1.1 23.0£2.0 22.6%2.1

Ancymidol 25 42.3+1.6 21.9+14 21615
50 39.8+0.7 19.9+0.9 19.4+1.0
100 39.0+2.7 21.3+14 20.9+1.5

Diniconazole 25 33.2+1.3 21.5+1.1 21.0+1.0
50 29.1£1.1 21.1+1.4 20.8+1.4
100 30.8+1.1 20.3+1.0 19.9+1.0

Uniconazole 25 31.6x1.5 20.0£1.3 18.6£1.4
50 27.7£1.6 20.6+1.6 19.0+1.7
100 21.9+1.6 19.0+0.8 17.1+0.8

Ancymidol + Uniconazol

Contd 5 9 I0mg-L' JCod 5 5  10mg-L! 5 0 10mg-L!

Fig. 49. Effect of the foliar spray treatment of growth retardants on shoot
growth in L. concolor var. parthneion.

MaE&e xR 50%°] HlE  ancymidol® diniconazole # ] el A=
71.4-100% = =Z A A=A (Table 57). 284 uniconazole RE &
FAAE T gl AstelA ¢ar aAbeATtH(Fig. 49). 7MEt A8 A

N7, e AgelAae £7 2 smol Aol txTel 2 oz}
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2120tk = uniconazole A TE A stH MIAL QUS4 455-46.6Y, W3]
Fe 39-434, 3+ 50-5.8cm A Eo| U

Table 57. Effect of the foliar spray treatment of growth retardants on
flowering in L. concolor var. parthneion.

Growth retardants Conc. Bud Flowering Days to  No. of ~ Width of
(mg'L") formation . Duration flowering  flowers flower

(%) % (days) (cm)

Control (DW) 0 100.0 50.0 4.3+0.5 455+0.8 1.1+0.1 5.5+0.1
Ancymidol 25 100.0 815 3.7+0.2 46.7+06 1.0+0.0 5.7+0.2
50 875 714 4.0+0.3 45.8+0.3 1.1+0.1 5.5+0.1

100 100.0 100.0 3.7+0.3 46.6+0.8 1.1+0.1 5.0+0.3

Diniconazole 25 100.0 100.0 3.9+0.3 46.0+0.5 1.1+0.1 5.8+0.1
50 100.0 7.0 39+0.3 455+1.0 1.1+0.1 5.6+0.2

100 87.5 100 4.0+04 46.1+0.3 1.0x0.0 5.7+0.2

Uniconazole 25 100.0 125 5.0+0.0 49.0+0.0 1.0+0.0 5.2+0.0
50 875 14.3 3.0+0.0 50.0+0.0 1.0+0.0 4.8+0.0

100 875 0.0 - - 1.0+£0.0 -

g A Al o)k = Ae] A4 AH}E EW diniconazole A2 = th

< Aol vl =e oAl mahrh we] ey Ae 21dAFH Aol &
515 7] Alzbske] 24d Aol 5= 2AvH(Fig. 50).
oFel Aytgr & wf £FAYA staue e AR 2] AAA

—

T7t A3 slole] o] AAH o F o] F o] A= diniconazole 50mg-L b A E

& Ao AzE A
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Fig. 50. Time course of plant height by the foliar spray treatment of growth
retardants in L. concolor var. parthneion. Bars mean *=SE.
(—-DW, —-25 mg-L' -®50mg-L' 100 mg-L"
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Sohsste el A
g‘4

R EES

= shvbele mhashA 2
AR em, Aol A el

g-S S8t th(Table 58, Fig. 51). A7 AA] 9]

ul2H7FR| 2 uniconazole, diniconazole, ancymidol o2 TV} =

uniconazole 50mg L' e Fo = =Fo] tZzF 27.6cmdl H]3] 10.8cm= 7}

g gol AANAL. G5E AFAAA BRIt FAEFE Ba gass I

ofk

oM, Hetor W s

b= 35706l A 1-1270 744 725 Sk

Table 58. Effect of the foliar spray treatment of growth retardants on
shoot growth in L. davuricum.

Growth retardants Conc. Plant height No. of Leaves No. of nodes
(mg L™ (cm)

Control (DW) 0 27.6+2.2 38.7+2.1 35.0£2.0

Ancymidol 25 19.3+£0.8 35.2+2.4 29.9+1.9
50 16.9+1.2 35.9+1.7 30.2£14
100 15.6+0.9 28.742.2 24.8+19

Diniconazole 25 16.8+0.9 38.2+1.7 34.2+1.9
50 15.4+1.6 32.6+2.7 28.72.6
100 15.6+1.2 37.3+3.4 33.7£2.9

Uniconazole 25 13.310.6 34.7+3.2 29.8+2.4
50 10.8+0.5 29.6£1.3 24.4+1.2
100 11.2+0.5 28.4+1.9 23.3+1.4
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Fig. 51. Effect of the foliar spray treatment of growth retardants on shoot
growth in L. davuricum.
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ToEe FAEL 0-556%° WA= w2 Ay, e 0-100%=

! 4= BE ]9 cHTable 59). W82 295 78
Apol7} gl om, Ao dsFE 475-51.09, A8
e 50-60%9, %2 93-1lem WHAATE A oAl 7H4 &3 04
uniconazole A 2] Tl A= B EgavoR It A3 o] FojX A &g
th 2Z9A4e] 771 3 ML E =& diniconazole 50mg-L '] BHA =
=2

Nehsuhelol 7bg 2§
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Table 59. Effect of the foliar spray treatment of growth retardants on
flowering in L. davuricum.

Growth retardants Conc. Bud Flowering Days to No. of Width of
(mg'L") formation % Duration flowering flowers  flower
(%) (days) (cm)
Control (DW) 0 44 5.0 5504 475+25 1.0+00  99+05
Ancymidol 25 333 333 5000 450+00 1.0£00 105*0.0
50 11.1 1000 5000 480+00 1.0+00 93%00
100 44 0.0 - - 1.0+0.0 -
Diniconazole 25 333 333 6000 510+00 1.0£00 11.0+0.0
50 333 667 6000 49504 1.0+00 9602
100 5.6 400  55+04 48504 1.0+00 95+04
Uniconazole 25 444 0.0 - - 1.0£0.0 -
50 0.0 0.0 - - - -
100 11.1 0.0 - - 1.0+0.0 -

A A ot 2] AAHSl WeE RW(Fig. 52), 1275 353
A 18U Ao AFol AAHAoH, A a7 Y diniconazoled}
uniconazole= A2 % 3YAFYH 2o A a7t et on, o] kgt

BEE T G5 15-18L A0 Aol WA
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Fig. 52. Time course of plant height by the foliar spray treatment of growth
retardants in L. davuricum. Bars mean *SE.
(-e~DW, —-25 mg-L"', —m50 mg-L"', —-100 mg-L™)
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FuUE ASE AR 2E AZAAA AT gzl we 23
of AR, gFIAAL B FAREE T AT US Faagn
(Table 60. Fig. 53). AgolAAe %73 gl e 23 rhiaz

uniconazole, diniconazole, ancymidol <22 ¥ 37} EHomw E3] uniconazole

100mg-L" g FollAe 240l hxT 743cmel W& 320cmz 74 #o] o

A=A, ds AGIAA st S7HEFE i fdacste Aol

o, F¢row i vhedk wrge Ad 2 Zol7b ISy ancymidol
w4

100mg-L "' =g el A 99712

Table 60. Effect of the foliar spray treatment of growth retardants on
shoot growth in L. maximowitzii.

Growth retardants Conc. Plant height No. of Leaves No. of nodes

(mg-L™Y (cm)

Control (DW) 0 74.3£3.0 33.9+£2.0 33.1%£1.9
Ancymidol 25 67.4+5.7 31.8+2.3 31.0£2.3
50 68.3+£6.7 35.1+£2.0 33.9+£2.0

100 62.8+4.0 35.6%1.7 9.9+0.5

Diniconazole 25 61.2+4.7 34.0£1.8 33.6%1.9
50 56.1£3.9 37.2£1.7 36.9+£1.7

100 51.3£3.8 35.8%£2.3 35.2£2.3

Uniconazole 25 47.6+4.5 31718 30.9+1.8
50 40.1+4.7 345+19 33.5+1.8

100 32.0+£3.0 30.6+2.3 29.7£2.5

Diniconazle ":_ Uniconazole
—

Contrd 5 50 10mgL! Cotrd 5 50 100mgL* Cotrd 5 5 100mg L’

Fig. 53. Effect of the foliar spray treatment of growth retardants on shoot
growth in L. maximowitzii.
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e e MEEe2 30-889%°] WeE AHAAAY FH B v=d
2 Zpol7b wtk(Table 61). €28 P47 ti=7 Hla] 238 tha S7hst

ATk RSt e A Rs7IRE, SEE ek 2 Afolt glloem, JistAed
T 846-987¢, /MEIEe 1.9-299, &L 7.7-102cm WAL FuE 9]

= Msk&ol 7P =il AsrIRE, 4, s so] tiRTtef Afolgle] A
ol /|82 ¥l ancymidol 50mg-L "o B 7t 7bg 2@E Aoz Ay

¢

oy

Table 61. Effect of the foliar spray treatment of growth retardants on
flowering in L. maximowitzii.

Growth retardants  Conc. Bud Flowering Days to No. of  Width of
(mg'L"Y) formation %) Duration flowering flowers  flower
(%) ° (days) (cm)
Control 0 100.0 1000  24+0.2 89.0+26 12+0.1 8304
Ancymidol 25 70.0 70.0 2506 84.6+21 14+0.2 10.2£0.6

50 38.9 889  24+02 84.6+t13 14+02 8.3+04

100 80.0 80.0  23+0.2 90.9+19 18+0.2 9.9+0.5

Diniconazole 25 60.0 60.0 22+0.2 91.2+24 12+0.2 8.0%0.6
50 70.0 70.0  29+0.7 88321 1.7+0.2 8.2+0.6

100 63.6 63.6  20+0.2 924+18 14+02 7.2+0.6

Uniconazole 25 2.7 727 19+0.1 885+1.8 14+0.2 7.7+0.3
50 50.0 50.0  2.0+04 91.0+16 18+0.2 87+1.0

100 30.0 30.0  23+03 98.7£78  1.0+0.0 89+0.1

g el 9% 7Rl 2 uniconazole®] A& 3H7F 714 Zit}h Uniconazole
100mg L Aol el gz 67.9cmel w8 214cm=2 A EUch
(Table 62, Fig. 54). {59 witae AGAAAY w27t 7855 tha
st Aol AAR 2o A E v = Aulekdth o] A2 ARke
Aol7k #olAlaL &717F thai ©] wolA = Ao gRlEATh g AAe] A
gz Qe A 24s A = Ak FastAR AUy 717 2 A

E w3 E Aitstew 717F AopAok st AL ZEola, =714 &0 9

£ Q9 7o) Foopw WAL wolxlth & AFAAAT Aelstel v}



gael gacls 24 9@e uAA g Aol mnA E Aol A&

Table 62. Effect of the foliar spray treatment of growth retardants on
shoot growth in L. lanciforium.

Growth retardants Conc. Plant height No. of Leaves No. of nodes

(mg-L™h (cm)

Control (DW) 0 67.9£2.3 54.5+4.0 54.1+4.1
Ancymidol 25 57.8+4.1 54.3+3.0 53.8+3.0
50 41.6£4.4 51.8t4.4 51.8£4.0

100 30.8+3.9 52.8%4.1 48.3£3.9

Diniconazole 25 54.2+2.2 54.9+2.8 54.1+3.1
50 54.6+3.1 46.7+1.7 46.1+1.9

100 52.5+2.5 B55.7+2.7 53.4£2.3

Uniconazole 25 46.7+2.4 53.5+1.8 51.7+1.7
50 27.8+2.7 53.6+3.7 46.4+4.0

100 21.4+34 49.8+6.9 37.4+5.7

Ancymidol o 2 Uniconazole

Cotrd 5 5 10ngL! Cotrd 5 5 10mgL’ Cotrd 5 5 100mgL’

Fig. 54. Effect of the foliar spray treatment of growth retardants on shoot
growth in L. lancifolium.
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Bogel PALT Met&S ancymidol? uniconazole 100mg-L"' g T& A
o]t R 100%= tiETHTh o Fkth(Table 63). ¥28] JAFE 2+
7} 1470919 mlal 2318 15-3.0702 F7bekdeh s e U, ek o
Z9k & Aol7k gtk 3ES R 77cmol A 9.0-12.3cm MZ Zo] ¢
AR Fuele Z49E B Ao AR AFAA 2] 25 £ 50mg L’
o] #FAYRE g7t F Aom Il

Table 63. Effect of the foliar spray treatment of growth retardants on
flowering in L. lancifolium.

Growth retardants ~ Conc. Bud Flowering Days to  No. of Width of
(mg'L") formation %) Duration flowering flowers  flower
(%) ? (days) (cm)
Control 0 83.3 83.3 2.0£0.3 102.0£1.2 1.4+0.2 7.7+0.3
Ancymidol 25 100.0 100.0 26+0.2 100.2+1.8 1.8+0.2 9.1+04

50 100.0 1000 2102 10L7+1.6 1902 12.3+0.6
100 90.9 727 22+03 1054+0.8 1.9+0.3 10.7£0.7

Diniconazole 25 100.0 1000 2.7+0.3 102.1+1.3 1.5+0.2 9.0+0.6
50 100.0  100.0 25+0.2 103.4+1.3 1.6+02 9.7+1.1
100 100.0  100.0 2.7+#0.2 101.4+1.8 19402 99405

Uniconazole 25 100.0  100.0 2.3+0.2 1034+1.2 2201 10.0+0.3
50 100.0 1000 1.8+0.2 104.1+1.8 2.7+0.3 9.4+0.8
100 30.0 30.0  2.0+0.0 100.3+3.3 3.0+0.0 9.8+0.6

el o] A9 e AeAd A AAstel ofy-d vl e A e
dA 2R AAAA AFAAAE o] &3 HsEIIE FtH(Table 64, Fig.

Ay

55). Uniconazole®] ¢+ s&2& =9 244 A=+ o =9 F s AL
2 AU, 2 A Abgd AAIAA ancymidol, diniconazole,
uniconazole X% AAA <l 3L shsstHA A& dATh Ty
7h A A A hE A Hd oA st AEAY dExs 7
G353 Aoz Yehgth(Table 65). 528 A4S, /Msh&S 90-100%A 3, o

7ol vl Asz, Astreds, Tod F, 8F BF et



Table 64. Effect of the foliar spray treatment of growth retardants on
shoot growth in L. distichum.

Growth retardants Conc. Plant height  No. of Leaves No. of nodes

(mg-L™) (cm)

Control 0 35.1£1.7 13.5+04 5.8+0.4
Ancymidol 25 33.9+15 12.4+£0.8 52+05
50 29.7£1.2 11.9+0.6 49+0.3

100 30.0+2.0 11.8+0.5 5.2+0.2

Diniconazole 25 30.0£1.5 12.2+0.8 47+04
50 30.3+2.1 13.0+0.5 5.7+0.5

100 32.6£1.5 11.8+0.6 5.8+0.3

Uniconazole 25 29.1+1.1 14.3+1.1 6.1+0.2
30 29.4+3.0 12.3+0.6 5.3+0.4

100 20.8+1.2 12.4+£0.5 5.8+0.4

Ancymidol :]f. Diniconazle ﬂ;fUniconazole

Cotrd 5 5 10mgL’ Cord 5 5 100mgL! Cotrd %5 5 10mgL!

Fig. 55. Effect of the foliar spray treatment of growth retardants on shoot
growth in L. distichum.
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Table 65. Effect of the foliar spray treatment of growth retardants on
flowering in L. distichum.

Growth retardants  Conc. Bud Flowering Days to No. of Width of
(mg'L") formation . Duration flowering  flowers  flower
@ % days) (cm)
Control 0 1000 1000 3703  95.0+£1.2 1.0+0.0 10.6£0.5
Ancymidol 25 90.0 90.0 3603 95.0+14 1.1£01 10.3x0.3

50 100.0 1000 3.6+0.3 95409 1.0+0.0 9.9+0.3

100 1000  100.0 34+03 955+1.2 1.1+0.1 9.9+0.3

Diniconazole 25 100.0  100.0 3.7+0.2 93.3+0.9 1.0£0.0 9.9+09
50 100.0 1000 3.0+0.2 96.2+1.0 1.1+0.1 10.0+0.3

100 100.0  100.0 3.2+0.3 94.0+1.2 1.0£0.0 9.9+0.2

Uniconazole 25 100.0  100.0 4504 954+£16 1.2+0.0 10.0£0.2
50 100.0  100.0 3.6+04 96.2+1.6 1.0£0.0 9.8+0.3

100 100.0  100.0 3.7£0.2 97.3+23 1.0+0.0 8.9%0.1

tegduale] Avole 24 A =7 8 AAvy SRl Hl&) Ao
W Qs my s izl Ble & zbo]7h 1A tH(Tabel 66, Fig. 56). 713t
of tiet A A WSS R (Table 67), uniconazole® 50mg-L'e] 23
AYEE Feg MEg&o] 545%2 F43 "old IITHES e,
ancymidol®] Z$-elAq% 100mg-L ' A2z Boe FAgol wakrh sz
i diniconazole Aol 23] Fo MI&F e, ANstredSg, 52
4, 3Zof T FA &kt dts2telE diniconazole 50mg-L el B s}

Aok Astd AEAe FEALS =L 7 d= M A AgTe A

ol
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Table 66. Effect of the foliar spray treatment of growth retardants on
shoot growth in L. miquelianum.
Growth retardants Conc. Plant height No. of Leaves  No. of nodes

(mg-L ") (cm)

Control 0 32.4+4.14 17.0+0.6 7.0+0.3
Ancymidol 25 36.4+1.3 17.0+14 6.9+0.7
50 38.2+0.6 16.6+0.9 6.6+0.4

100 32.9%1.6 17.2+1.1 7.210.6

Diniconazole 25 36.4+2.9 15.6+0.8 6.0+0.4
50 33.4+1.8 17.0+1.0 7.0+0.2

100 35.8+2.1 16.1+0.5 6.8+0.3

Uniconazole 25 36.8£2.0 16.7£0.9 6.8+0.4
50 38.9£1.8 17.2+0.8 7.0+0.4

100 27.7£35 15.0+1.3 6.0+0.6

Ancymidol Diniconazle Uniconazole

Cotrd 5 50 100ngL! Cotd 5 5 10ngL! Cntd 55 5 100mgL'

Fig. 56. Effect of the foliar spray treatment of growth retardants on shoot
growth in L. miquelianum.
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Table 67. Effect of the foliar spray treatment of growth retardants on
flowering in L. miquelianum.

Growth retardants  Conc. Bud Flowering Days to No. of  Width of
(mg-L’l) formation Duration flowering flowers flower
o (%)
(%) (days) (cm)
Control 0 81.8 81.8 4.1+03 679+25 1.7+0.2 7.0+0.3
Ancymidol 25 81.8 81.8 3.1+03 634+11 19+0.3 6.8+0.3

50 100.0 1000 3.1+0.3 70.0+23 1.9+02 7.6£0.2
100 54.5 545 33+03 665+34 15+02  7.4+0.2

Diniconazole 25 81.8 81.8  32+04 65622 14+02  7.5%0.3
50 90.0 90.0 36+04 67.8+24 14+02  7.2+0.3
100 90.0 90.0  3.0+03 66925 19+02  7.5%0.3

Uniconazole 25 90.0 90.0 31+03 67.8+1.1 1.8+01  7.5%0.2
50 54.5 545 3.0+03 71.7£1.7 2.0+02 6.9£0.2
100 40.0 40.0  20+04 77.0+£28 1.3+0.2 6.1+06
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1}, Diniconazole x| 2]t drsts1te &7)9 Qo Fez W)

) =79 diniconazole 50mg-L ' #FH g Fo Z7]¢] IATHS A A

ow #EF A3k(Fig. 57), 7ol wlal AT Az A7 Fee &
AT

Control Diniconazole

Fig. 57. Light microscopic observation transversal section by diniconazole

foliar spray in L. davuricum stem (x40).

gzt Aty AE 9 #HolE 27l 98] 02mm® e HE FE
Ask Ax R 26870, AE T 42002 A7 thETo vlE) oF 1.649

= ®Bees € 5 AH(Fig. 53).
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No. of pith cell (ea/0.2mnt)

Control Diniconazole

Fig. 58. Change of the number of pith cell by diniconazole foliar spray in
L. davuricum.

=719 39X diniconazole A glell &g WsrF JATHFig. 59). =70l
vl A el o] AlE ZAol7b dobA tix+- 083mm, A el 0.52mm=E A 3E 4 o]
7F ok 37% 7HAskAth(Fig. 60). o] Ao 2 & uf diniconazole * &&= AXE2] 4
G Holsts AW AFPAHS AAFomAN AEANGS Asfste] 4

Control Diniconazole

Fig. 59. Light microscopic observation longitudinal section by diniconazole
foliar spray in L. davuricum stem (x40).
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1.0

0.8

0.6

0.4

Length of pith cell (mm)

0.2

0.0
Control Diniconazole

Fig. 60. Changes of the length of pith cell by dinicoanzole foliar spray in
L. davuricum.

Qrze Aeltel A F n2A B 4S

ol7} gl th(Fig. 61).

N
fo
p‘L
=l
rlr
9
kv
i

Diniconazole

Fig. 61. Light microscopic observation transversal section by diniconazole
foliar spray in L. davuricum leaf (x40).
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2) Blu)|Felo] E(Z A vermiculite) : 760C ¢ L0 2 7}Y93te] wtE £
RelgtEolth AA L QAT Abolel mwe] FU|E el FolX T E o] 9l
o, Ze 6%, PFadls Aol 20% FHrElel da abato]l - FHo Q) Al
E=E pH 7 Ak S0l 7pa Bago] Frh Algede dAke] Frlel w

k)

o, &, &9 o] Avjsa glom A= s Addstaith

3) "elo] E(perlite) : IF4S 870TC ALY 2
o2 Yo mYrT} 4208 HEe H4go] glth pHE 6575 ARHE

d Fsbeelu dol2A o] glom HedLd2 d8 i

¢
o
u
N
=
121
Q‘L
s
rﬂ
rin
Y,

N el g AT 1 FRBEA BUHL db Yol FEA T
Be mave, Aot wrlFetolE, A et e, JEhE P gt

L egEe] weE
NFLgES ZEWE 533 u&y £F 2 pHE Table 683 2t}

Table 68. Composition of artificial medium and pH for pot Korea native lily.

Composition(%)

No. . ; pH
TKS-2 Vermiculite Perlite Compost 17
1 100 5.40
2 70 30 5.34
3 30 70 5.40
4 100 6.25
5 70 30 5.33
6 30 70 5.46
7 100 6.90
8 100 593
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Fig. 62. Change of water contents(%) in soil by artificial medium composition.
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A8A A kel o] )B4

=2 W] didelnw o FHe M2 FoArRy Fasit o A3 o
ol 7] w3k 29 Vs s H9ote T AAo|ARE v AE
F7lel A A #HeAd FIFE igka, EAVI7E T FAH F
A9 o= v wvsith Yo F9 AR FFo] 2ekA Rt Al
] (Liliaceae)®] 74-¢ ol F& o] st Zrstr] wfiel, el
F5= FAFAE o] 85y ZgrolrE= Madonna lily(L. candidum)7}

=

o] el A2

L)
e X

s

o%
Mo ouE

AA7EA Gl o] &) el #e ATe e Ho] AA Fow, HA A
71423 key compoundE B3 THA F3H8 ApAve] o] shte] dxe o

Uk 4" LS 2@l I e 33 e AR o&

-

vt AAvE = WES AYstd oF 10 oAFel ol2= H 2 At
e B3 AAYgel SUeEl(L. maximowitzii), d+54YEl (L. concolor var.
parthneion), sty (L. miquelianum), 4 2U2 (L. hansonii) & Y3144
(L amabil)® FH oz ATsta AU e vty 98 AmHon 2}

Aol Yde]Zoz Fujs s ofrlolgye] ‘Connecticut King'¥ &Fo] $-4=3}aL
Aot eg]dlgyg] ‘Casa Blanca’el AFAES v, fHFgo=zA vl g
9 otmutH gty Fol the o] &rte S dotr At ghrh I

ok
ok Q.
AbgE e TR SUlid 2 AR 24 2 i) Y x AREA &85



o
2
lo,
oY
ol
rlr
o%
N
ko
L
lo

AgAE ez dqAd AVE vtdd ¢ 3

tlo

AR AsE 22 A Ay oyl wikel Ay 2004
ol AfHste] YERE(T70C)ste], AdAg glo] Ab&atdnh. 24 Alss A&
T R4 7](Heung sang trading Co., LTD)® ®4&] % A}&3At}. AU ¢
FrEAS YA E U, maximowitzii), dtsYE (L. concolor var.
partheneion), 528 (L. miquelianum), 22l (L. hansoni), & €34ty
(L. amabile)E A&t on, deldAesd F7E4S s AU F
vg], ofAle}El U] (L. Asiatic Hybrids) ‘Connecticut King', 2z d&ua](L.
Oriental Hybrids) ‘Casa Blanca' & AF&3tt)h. ZF 3|2 d 9 s o] &%

Saten, dRSF, U8R, AEF H AT B4

12
rlo

Z}Z} limonene

MN

1-penten-3-ol, hexanal, (E)-2-octenal (Aldrich, Milwaukee, WI, USA),
1-pentanol, 2-pentanol, (E)-2-decenal, (E,E)-2,4

-nonadienal, phenylacetaldehyde, nonanal, (E)-2-decenal, (E, E,)-24-nonadienal,
(E,E)-decadienal, hexanoic acid, heptanoic acid, octanoic acid, dodecanoic acid
(Wako, Osaka, Japan), 2-phenethylalcohol, 3-methylbutanol(Sigma, St. Louis,
MO, USA), L 9] A ¢S Tokyo kasai, Fluka 59 &5 == 15 A S ALE

B

G E L s AHE FZHF = Likens®t Nickersond 9&457157
A S AFgsIGT = 243 A8 2 200ed =F4 1,000mL @ R EE 2

A2 tetradecane £ %(8mg/1,000mL dichloromethane) 1mLE Likens<}
Nickersond AEHFST71SHF FA Al Zgx=ad di gujEgrde s

diethyl ether 50mLE 7}t & 1 A &<t 71E &7sle] 32 AES &
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T MY EFES 7t s €9 F, diethyl
o3
-l

ozl A AR FEEL GC ¥ GC-MS

ooFWAY R B4 9 57
A% FF/1FF o8 Ao AW YR 55T B4 L FHL gas

chromatography(GC)¢ gas chromatography-mass spectrometry(GC-MS)el
9l GC+ Shimadzu model GC-17A(Kyoto, Japan)® 2 AF&3Fth. 3
1A AR HEFel e FID(EZEo|=3 HE7]), columna HP-5MS capillary
column(30mx0.25mm i.d.x0.25um film thickness, J] & W Scientific, USA)&
ARS8 2T column 2%=E 60TColA 583 FAIAIZL T 220C7HA] 2°C/min
o] g Feddoen GC FYFY 22+ 200CE A3k} Carrier gas

= 2Tt

il

, #& 1.0mL/min, ¥4 Al split mode® split ratiot= 1 : 38&
A8k vk, GC-MS:= HP 68902F HP 5973 Mass Selective Detector(Palo Alto,
CA, USA)7} 929 RS AF&3F9 T} Carrier gasE heliumS A& AS A9
3+ columnd 2=2AL GCo A3 HA3A At MSE o3 A

2 70eVE stdth. GColl o3 #2j¥ 7 peak &9 T8

0

== 1
=4

=51

o

retention time(fr) 2 GC-MS #4] A3 =2 A2 mass spectral library data<t
Hl nlslo] glst ATt
3. A¥ 3 ni
7 AAAGE] FRE g1 Bl
FeEje} A2 9w wgko] 2 5% AAYE LA AR FF5E9 gas

chromatograms(Fig. 64-68)¥ %24 9] retention time¥ GC-MS #2443}

ke

2 o2& mass spectral library data®} B nL3te] F 33 ZA3= table 699 UEF
Wt ztE AAYE R #5AQ A= AE R IRt WEste] B
g AU FE A E diobe oFghe] Aozt A, ouj A A AdE

o WeAe g A9 A AES GC H GC-MS o= vl 3 A oF
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hexanal, nonanal 59| aldehyde® 28%, f-ionone 59 ketoned 9%, linalool

A

5 9] alcoholf 8%, methyl hexanoate 59 esteri 5%, 2-furoic acid 59

acid¥ 5%, 2-pentyl furan 59 furani 3% % 7|E} 2% 5 60F9 FTES

T4 e sAsAT 589 AAUE e sAE TS dA G Aol
2 s vusty] $18 peake] MEE M2 AX A H T

Tl (Fig. 63)= ©& Aol vl&f 3ol & ofsidoyt 228 &3 EnfES
Zsks w ve Adg ol vk SuE FIAEE 4659 SFES T4
T = FASE =Y (E)-2-Hexenal®] d3Fo] ®9ki hexanal, hexanol 52| $F
Fe AT olE BAT 6719 dFoly ddHsl=e EET WAl 7o

thH(Yamanishi, 1989). = l4b Wbk g 2pel] 53] Wil (Choi, 2001) #3Fell 7] s}
© phenylacetaldehyde®™ A% EA AW ko] 7]ojslt= 3FEZ nonanal

(H4, 1982)¢] o] 53] Bokth

Fig 63. Total ion chromatogram of aroma components from of L. maximowitzii.
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Table 69. Volatile aroma compounds identified from flowers of Lilium species.

PNeg%{ tr(min) Compound A B Sargple 5 B
1 2.05 3-Methyl butanal t 0.17 t t t
2 2.10 2-Methyl butanal t 0.08 t t t
3 2.20 1-Penten—3-ol 0.57 0.47 0.38 0.28 0.61
4 2.31 2-Ethyl furan t 0.41 t t t
5 2.17 (E)-2-Pentenal t 0.31 t 0.31 t
6 2.93 (Z)-2-Penten-1-ol 0.45 0.63 0.61 0.43 0.60
7 3.33 Hexanal 2.32 1.92 1.48 2.69 2.24
8 3.71 2-Pentenal 0.78 0.48 0.42 0.85 111
9 3.95 Furfural - 0.29 0.45 - -
10 439 (E)-2-Hexenal 5.10 3.93 3.61 8.35 6.77
11 4.56 (Z)-3-Hexenol 0.38 1.10 0.73 t -
12 479 o-Xylene t 1.45 1.54 0.28 1.28
13 482 Hexanol 1.32 0.75 t 1.27 -
14 5.59 (Z)-4-Heptenal t 0.18 t t t
15 566 Heptanal t 0.26 0.32 0.40 0.30
16 595 (E,E)-2,4-Hexadienal t 0.20 t t t
17 6.44 Methyl hexanoate - 0.06 t t t
18 767 (E)-2-Heptenal t t t 0.30 t
19 7.76 2-Furoic acid t 0.10 t t t
20 7.84 Benzoic aldehyde - t 0.25 - -
21 8.01 Methyl furfural - 0.17 t - -
22 9.26 2-Pentyl furan 0.75 0.74 1.27 2.27 1.28
23 956 (E,Z)-2,A-Heptadienal 0.36 0.42 t 0.57 0.62
24 9.73 4-Ethyl benzenemethanol t t t t 0.38
25 982 Octanal t 0.16 t t t
26 10.30 (E,E)-2,4-Heptadienal 0.63 0.91 0.31 0.70 1.03
27 10.84 Hexanoic acid - 0.05 - - -
28  11.06 Limonene - 0.03 t - -
29 1121 (E,Z)-3,5-Octadien-2-one t t 0.87 1.29 t
30 11.95 Phenylacetaldehyde t 0.75 0.71 0.25 t
31 12.83 (E)-2-Octenal 0.54 0.71 1.57 3.61 0.76
32 13.16 Acetophenone - 0.10 t t t
33 1354  (E,E)-3)5-Octadien-2-one t 0.37 0.49 0.45 0.28
34 1372 Octanol - 0.08 t t t
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(Table 69 continued)

Pﬁf tr(min) Compound A B Sargple ) B
35 1453 Linalool oxide - t t 0.56 t
36 1553 Linalool t 1.15 2.37 2.07 t
37 1564 Nonanal 3.78 0.92 0.91 3.76 1.52
38 15.83 (E,E)-Octadienal - 0.08 t t t

38" 1613 Phenylethyl alcohol t t 0.28 0.33 1.64
39 16.83 Methyl octanoate - 0.06 t t t
40 1849 (E,Z)-2,6-Nonadienal 0.30 t t 0.52 0.41
41 1898 (E)-2-Nonenal 2.61 0.38 0.68 1.50 0.57
42 1971 2,4-Dimethylbenzaldehyde t 0.18 0.31 t t
43 20.33 Methyl acetophenone - t - - -
44 20.88 a-Terpineol t 0.22 0.27 0.42 t
45 21.29 Safranal - 0.13 t 0.25 t
46 2191 Octanoic acid t t 0.29 t t
47 2257 Methylphenyl acetate t 1.66 t 0.27 t
48  26.73 3-Methoxy benzaldehyde 0.49 0.45 t t 0.54
49 2703 ggﬁ;ﬁ?ﬁéﬁimmemyk - 009 - - t
50  27.66 (E,Z)-2,4-Decadienal 0.84 0.67 0.64 0.93 0.91
51 28.25 Nonanoic acid t 0.08 t t t
52 2849 Undecanal t 0.20 t t t
53  29.14 (E,E)-2,4-Decadienal 3.26 2.58 1.96 3.80 3.43
54 35.07 Decanoic acid t t 0.40 - t
55 36.48 Dihydro-#-ionone t t 0.77 0.73 t
56 3752 Geranyl acetone t 0.49 t t 0.40
57 39.38 #-Tonone 0.28 0.69 0.53 0.84 0.75
58  39.73 Phenyl ethyl isovalerate t t 1.06 - t
59  40.24 2-Tridecanone t 0.43 t 0.26 0.28
60 41.86 Methyl dodecanoate 0.30 0.46 0.60 0.61 1.79

"Peak area(%), t: trace.
A L. maximowitzii, B: L. concolor var. parthcneion, C: L. miquelianum,
D: L. hansonii, E: L. amabile
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w = linalool®] &= (Choi, 1991)0] @i 23S == phenylacetaldehyde® $J
Aoy E3] EF3 Fol} Hazagow A4 ¢E methylphenyl acetate
O, 1983)7F B2 & 5o AN (Fig. 64). staveld = &34x=AH st
A FRARE Fshzmol A v okt 9% WAlE EAEkal A= 23k
93t WA= 3-methylbutanoic acid< B3 105/ Atell <d Aolgt= A
of B A THA &, 2004). sty oA e ok Hgk WA= hexanoic acid,

nonanoic acid 5 © F7{F9 At 7|¢ld= A Zr). 3-Methylbutanal 3

_I

flo

2-methylbutanal® Z& AH| A g JPed o Fe GF3 xF

S Wittal 3t (Cha 5, 1997). Methylphenyl acetate, 3-Methylbutanal %
2-methylbutanal & st=ttele §4A &3 & 7193t A 2o

Fig. 64. Total ion chromatogram of aroma components from
of L. concolor var. parthcneion

ste 2yl &L stevElet fFAEIAY. s gy stevEl e diA
2 A3 gas chromatogram® patterng 3Fi 1o} linaloole] &&ko] &
3 An 23S ¥ = phenylethyl alcohols 3l 2l A H(Fig. 65). 1] A3

o] phenylethyl valerate 722 ester® $Ff3tal o] sty o= ke Ao

Fig. 65. Total ion chromatogram of aroma components from of L. miquelianum.
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Fig. 67. Total ion chromatogram of aroma components from of L. amabile
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Fig. 68. Gas chromatograms of volatile components from Lilium flowers.

A: L. maximowitzii, B: L. Asiatic Hybrids ‘Connecticut King’,
C: L. Oriental Hybrids ‘Casa Blanca’
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AU el Ty e 3w 7|4+ 2 2+ hexanal, heptanals 9 aldehyde
F 20, benzyl alcohol G2 alcohol+ 9%, hydrocarbon¥ 8% (¢] Zo €H=49
EFsl4=4 3%), hexyl acetate 5 2] ester+ 7%, linalool oxide 52| ketone¥ 4
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esterit 2% % 7B 4F 5 56F9 IFES FH L= FASAT ‘Casa
Blanca'e] 3ug/gditol #siA = wulol A oln st dAEEe] 7] A W
5H(Rho$t Park, 2001l #& ®arh gl 1 ®warol= 7)ok A4 ddol 3l
+ linaloolo] 4} farnesol 22 HEAALE 55 &5 sAZHJoY Friep &

&

ol gl Aol awage A4 @eFast @
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Mo LdFoly L sl=+= EWA o] 7]oldt}(Yamanishi, 1989). ‘Connecticut
King'ol &= A8 ug]me ZWAol 7]dete= Co &Fol o] Bakth =33 w7
= EF &2 (Z)-linalool oxide, nonanal ¥ phenylethyl alcohol 52 A4 S
219} ‘Connecticut King'oll ¥54d2o2 Eo] Ao} &S %= octanol, %
ngks "y APF A F=A 2ol ZS geraniol(Choi®t Bae, 1996) 2 ¢l
g2k 237 Ak 7]ojdtE ¥l benzyl alcohol(Choi, 2001)

KeR
=

ojf

‘Connecticut King’oll&= ¢l AAAvg ot et 2 dx S == decanalS
A Fygel Az Aok H&E FS == citral ‘Connecticut King' ol ® L
Aok &8k AAlA T AZEE BdE ‘Connecticut King'#F ‘Casa Blanca’®l

= S AN FyEdw Je gFgERE dHs=F=E (E)-2-heptanal, safranal
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2 decanal, °]Z~H|ZFZ methylphenyl acetate, methyl dodecanoate, (Z)-3-
hexenyl benzoate, hexyl benzoate HZ#HA € 3}F=A =2+ [i-cubebene, %-
cadinene 5°] AAT}t. DecanalS 2 #:MA SF(EL, 1982)S =32 methylphenyl
acetater G B3 MAATFE He SgEo|thURE, 1983). A FuhEl e
Alaue s 1Y @il = ‘Casa Blancaol Blsl #ASHA A AA T M=

SAAQ Fol &5 = sg=ER2 A A%l ‘Casa Blanca'= ¥ B2

Table 70. Volatile aroma compounds identified in Lilium flower.

Peak g Sample”

N (mim) ~ compound A B C ID
1 1.92 3-Methylbutanal + ms, gc
2 1.96 2-Methylbutanal + ms, gc
3 2.06 1-Penten-3-ol + + + ms, gc
4 2.16 2-Ethylfuran + + + ms, gc
5 2.37 Isoamyl alcohol + ms, gc
6 2.59 (E)-2-Pentenal + + + ms, gc
7 2.77 (Z)-2-Pentenol + + + ms, gc
8 3.14 Hexanal + + + ms, gc¢
9 3.96 (E)-2-Hexenal + + ms, gc
10 440 (Z)-3-Hexenol + + + ms, gc
11 469 (E)-2-Hexenol + ms, gc
12 518 1-Hexanol + + + ms, gc
13 5.33 2-Heptanone + ms, gc¢
14 5.53 Heptanal + + ms, gc
15 592 (E,E)-2,4-Heptadienal + + ms, gc
16 6.41 -Pinene + ms, gc¢
17 747 (E)-2-Heptenal + ms, gc
18 7.61 Benzaldehyde + + ms, gc
19 8.19 Heptanol + ms, gc
20 8.47 6-Methyl-5-hepten—2-one + ms, gc¢
21 8.55 1-Octen-3-ol + + ms, gc
22 8.65 2,3-Octadienone + + + ms, gc
23 891 2-Pentylfuran + + + ms, gc
24 895 (E Z)-2,4-Heptadienal + + ms, gc
25 915 Phenol + ms, gc
26 9.51 Octanal + + ms, gc
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(Table 70 continued)

Peak g Sample”
No* (min) ~ ompound A B C D
27 9.75 (Z)-3-Hexenylacetate + ms
28 9.98 (E,E)-2,4-Heptadienal + + + ms, gc
29  10.08 Hexyl acetate + + ms
30 10.22 (E)-2-Hexenylacetate + + ms
31 10.61 Limonene + ms, gc
32 1121 (Z2)-Ocimene + ms
33 1145 Benzyl alcohol + + ms, gc
34 1158 Phenylacetaldehyde + + ms, gc
35 1176  (E)-f-Ocimene + ms
36 1221 ¥-Terpinene + ms, gc¢
37 1251 (E)-2-Octenal + + + ms, gc
38 12.79 Cyclooctanol + ms
39 1379 Acetophenone + ms
40 13.25 2,6-Octadieanal + ms
41 1344 Octanol + + + ms, gc
42 13.77 (Z)-Linalool oxide + + ms, gc
43 13.89 u-"Terpinolene ms, gc
44 14.19 3-Methylphenol ms, gc
45 1452 Methylbenzoate ms
46 14.75 L-Linalool + + ms, gc
47 1515 Nonanal + + ms, gc
48 1552 (E,E)-2,4-Octadienal + + ms
49  15.76 Phenethyl alcohol + + + ms, gc¢
50 18.05 (E Z)-2,6-Nonadienal + + + ms, gc
51 1816 (E)-2-Nonenal + + + ms, gc¢
52 18.76 Benzylacetate + ms
53 18.89 2,4-Dimethyl benzaldehyde + ms
54 1891 [i-Phellandren—-8-ol + ms
55 1945 2,6—Nonadienol + ms
56  19.58 Nonanol + ms, gc
57 1994 Methylacetophenone + ms
58  20.18 Methylphenyl acetate + ms
59 20.46 Safranal + ms
60  20.67 2-Methoxy-4-methylphenol + ms
61  20.80 (E Z)-2,4-Nonadienal + ms, gc
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(Table 70 continued)

Peak g Sample”

No* (min) ~ ComPeund A B c D
62 21.10 Decanal + ms, gc
63  21.38 Isopulegone + ms

64 21.83 [i-Cyclocitral + ms

65 21.84 Octanoic acid + + ms, gc
66  21.99 (E,E)-2,4-Nonadienal + + ms, gc
67 2230 Benzothiazole + ms, gc
68 2258 2,3-Dihydrobenzofuran + + ms

69 2331 (Z)-Citral + ms, gc
70 2491 Geraniol + + ms, gc¢
71 2511 (E)-2-Decenal + + ms, gc
72 25.24 5-Pentylfuran + ms

73 2598 4-Ethyl-2-methoxyphenol + ms

74 26.26 2-Hexylthiophene + ms

75 2751 (E,Z)-2,4-Decadienal + ms

7% 27.38 Tridecane + + ms, gc
771 2850 4-Vinyl-2-methoxy phenol + ms

78 28.84 (E,E)-2,4-Decadienal + + ms

79 29.13 (Z)-3-Hexenylpentanoate + ms

80 31.35 Eugenol + ms, gc
81 3257 Pyrazole + ms

82  32.68 (E)-B-Damascenone + ms

83  33.67 u-Chamigrene + ms

84  34.30 Decanoic acid + + + ms, gc
85 3452 [i-Damascenone + ms

8 3524 epi-Bicyclosesquiphellandrene + + ms

87 3536 u-Bergamotere + ms

88  36.17 (-)-5-Epiprezizaene + + ms

89  36.97 Geranyl acetone + + + ms

90 3765 [i-Cubebene + ms

91 37.06 (E)-B-Farnesene + ms

92 3724 v-Curcumene + ms

93 3767 v—Cadinene + ms

94 3824 u-Cederene + ms

95  38.77 [i-Ionone + + + ms, gc
9% 3898 [i-Ocimene + ms
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(Table 70 continued)

Peak g Sample”

No* (min)  Compound A B C D
97  39.23 2-Tridecanone + ms

98  39.37 u-Jongipinene + + ms

99  39.72 Pentadecane + + + ms, gc
100 39.97 (Z)-Calamenene + + + ms

101 42.76 Methyl dodecanoate + ms, gc
102 43.66 (Z)-3-Hexenyl benzoate + + ms, gc
103 44.04 Hexyl benzoate + + ms
104  44.36 Dodecanoic acid + + + ms, gc
105 46.95 [i-Cadinene + ms
106 51.37 Heptadecane + ms, gc
107  52.42 Farnesol isomer + ms
108 52.72 (Z,E)-Farnesal + ms
109 54.30 Benzyl benzoate + + ms, gc
110  55.65 Tetradecanoic acid + + ms, gc
111  58.33 Farnesyl acetate + + ms
112 60.34 (2)-9,17-Octadecadienol + ms

113 61.17 Nonadecane + + ms, gc
114 61.27 Pentadecanoic acid + ms
115 62.00 Farnesyl acetone + ms, gc
116  62.46 Methyl palmitate + + ms, gc
117  63.98 Neryl acetate + ms
118  64.49 Pentadecanethiol + ms
119  66.57 Palmitic acid + ms, gc
120 70.12 Heneicosane + + ms, gc
121 71.99 (Z,7)-9,12-Octadecadienoic acid + ms
122 72.26 (2)-9-Octadecenoic acid + ms, gc
123 73.37 Linoleic acid + ms, g¢
124 7556 Octadecanoic acid + + ms, gc
125 79.27 Tricosane + ms, gc
126 81.29 Oleic acid + ms, gc
127  83.08 Tetracosane + + ms, g€
128 86.79 Pentacosane + ms, gc
129 106.33 Octacosane + ms, gc

“Peak number in Fig. 69. YA: L maximowitzii, B: L. Asiatic Hybrids ‘Connecticut King’,
C: L. Oriental Hybrids ‘Casa Blanca’' flower, ID: Identification, ms, tentative identification
using mass spectrometry and MS database ; gc, injection of standard compound.
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