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SUMMARY

Lilium is one of the important flower cultivars of which export is expected to
be promising. However, the bulbs are mostly imported from overseas, which
causes increase in production cost and loss of compatibility in the international
market. Studies have been carried out in various ways to establish domestic
production of [llium bulbs but it has not been completed yet. Reasons are:
propagation of in vitro bulblets was dependent on conventional tissue culture
methods. As a result, bulblet propagation rate was extremely low and it required
a long time to grow the bulblets to the bulbs that induce flowering. These are
another reasons for high production cost. We have conducted these experiments to
improve bulblet production method by mass production of the bulblets in

bioteactors so that the production cost could be significantly reduced.
1. Several factors affecting bulblet production as affected by Cultivars

Several factors such as explant sources, growth regulators, light, medium salt
strength, concentration of sucrose and nitrogen which influencing on in vitro
bulblet induction and growth from several cultivars of Lilium were investigated.

1) Effect of explant sources and plant growth regulators on bulblets formation in

lilium

'Lereve’ and 'Casablanca’ showed the excellent abilities of bulblet regeneration
and 'Pesaro’ exhibited maximal increment of bulblet weight among tested. Though
there were some differences among the cultivars, flower stems and / or bulb scale
segments were found to be more desirable explant sources for the mass
proliferation of bulblets. BA was very effective for bulblet formation but bulblet
growth was severely inhibited by kinetin treatment. Different responses were
observed among the cultivars when bulblets were grown in the MS basal medium
containing NAA. Relatively low concentration of NAA stimulated bulblet formation
in 'Dame Blanche’ and ’‘Casablanca’ and enhanced bulblet weights of ’'Cherry
Blossom’ and 'Acapulco’ as well. These results suggested that NAA may play a

role in organogenesis in Lilium tissue culture.

— 15 —



2) Effect of light, medium composition and growth retardants on bulblet formation
in lilium.

The number of bulblets were increased when grown in 15 strength of MS
salts supplemented with 3% sucrose under 16 hr light illumination. Although high
inorganic salts were favorable for bulblet induction, the requirement of nitrogen
were relatively low. In contrast, the maximal bulblet growth was achieved when
grown in 1/4 strength of MS salts supplemented with 9% sucrose under
continuous dark. Most of growth regulators were not effective for bulblet growth.
But the high concentration of B-9 strongly suppressed the formation of scaly
leaves under light illumination and enhanced bullblet growth of ’'Casablanca’.
These results suggested that two-stage culture process are quite feasible for mass

production using bioreactor.,
2. Effect of nitrogen sources on bulblet proliferation and growth

Effects of explant and nitrogen concentration on bulblet formation were
investigated in tissue culture of lilium oriental hybrid ‘Casablanka’. When small
bulblets (5g) were cultured, 26 bulblets were formed, while 117 bulblets were
obtained when the small bulblets were cut half and cultured. Scale leaves of the
bulblets formed were cultured but the number of bulblets decreased compared to
half-cut bulblets. 5g of small bulblets were chopped and cultured, which resulted
in 183 bulblet formation but the size were smaller than that in other treatments.
NHs-N concentration in MS medium was varied, while NO3-N concentration was
fixed at 40mM to observe the difference in bulblet formation. NHs-N
concentrations of 20 and 30 mM increased the number of bulblets (3-4 per
explant) and the highest bulblet weight was obtained at 20 mM NHs-N. When
NO3-N concentration was varied, 60 mM NO3~N resulted in the best results in
bulblet number and weight.

3. Effect of PPF on bulblet proliferation and growth

Lilium Oriental hybrid ’'Casablanka’, Asiatic hybrid 'Mona’ and Longiflorum
hybid 'Hinomoto’ were cultured under various PPF levels to observe differences in
bulblet formation and growth. The effect of PPF levels on bulblet formation was
varied according to cultivars: 40 zmol m“s” induced highest number of bulblets
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in ‘Casablanka’ but no difference was observed in 'Mona’. In the case of
‘Hinomoto’, bulblets were formed more in light culture than in dark -culture,
regardless of PPEF levels. Bulblet growth was enhanced in light culture compared
to dark culture in all cultivars. Higher PPFs increased bulblet growth in
"Hinomoto’ but little difference was observed in 'Casablanka’ and "Mona’.

4. Effect of DIF and environmental factors on bulblet proliferation and

growth under Photoautotrophic culture

Effects of culture condition, PPF, and DIF on in vitro growth of lilium were
investigated. Leaf number and chlorophyll content increased under photoautotrophic
culture, high PPF, and positive DIF conditions. Leaf area increased under
photomixotrophic culture but a low stomatal resistance and a high transpiration
were observed, showing abnormal leaf growth. High PPF also increased leaf area.
Photoautotrophic culture increased bulblet weight and photosynthetic rate. Overall,
a high PPF (250 g#mol m? '), CO; enrichment, and +DIF (26/18C) increased
bulblet growth.

5. Effect of LED on bulblet proliferation and growth

The purposc of this study was to investigate the LEDs effect on bulblet
formation and growth of Lilium oriental 'Pesaro’ in vitro. Bulblet formation was
faster at the white light treatment than at other treatments. Comparing with other
treatments, red light treatment leaded to lower bulblet formation rate and the least
number of bulblets. However, there was no significant difference of these two
items among the other treatments. Both the fresh and dry weight of bulblet and
root were lower at the red light treatment than at other treatments. In addition,
the purplish bulblets emerged at the blue, blue plus red, and white light
treatments, while the green bulblet was observed only at the red light treatments.
Key words : lily, bulblet, LEDs.

6. Large scale bulblet production using bioreactor culture system

Several cultivars of Lilium were mass propagated in bioreactors such as air-lift
balloon and bubble type balloon bioreactor with two-stage culture methods,
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formation stage and growth stage. A lot of bulblet was induced from bulb-scale
in bioreactor containing MS basal medium supplemented with 1.0 mg - L' BAP,
03 mg - L' NAA and 3% sucrose (formation stage) and the bulblet induced in
formation stage was enlarged in the bioreactor exchanged to MS basal medium
supplemented with 5% sucrose and 3% mannitol (growth stage).

Sucrose and nitrogen in the liquid medium were consumed rapidly with the
lapse of time and exhausted at 6 weeks after culture. Ammonium ion was
consumed more preferentially than nitrate ion in the bulblet formation, but there
was no difference in the preference of use between fructose and glucose. In view
of long-term culture, it was desirable to add or exchange fresh medium every 4
to 6 weeks. pH and dissolved oxygen in the medium rapidly deceased form 59
and 8 mg - L' at initial stage to 4.3 and 4 mg - L' in 2 weeks, respectively.
However the values decreased to 4.3 and 4 mg - L' werc remained constantly
from 1 weeks after culture to harvest. Among the concentration of nitrogen tested,
MS (309 mM NHiNOs; combined with 4.7 mM KNOs) greatly affected the increase
in bulblet numbers.

Bulblets grown at 05 air volume/culture volume, min (vvm) of air were
damaged due to the hydrodynamic stress and released a high amount of phenolic
compounds into the culture medium. Enforced aeration and ventilation using
rotating apparatus increased bulblet formation.

The circulation of medium with an activated charcoal filter increased the
number of bulb-scales with bulblet, the number of bulblets per scale and total
weight as compared to the circulation without an activated charcoal filter (ebb &
flow, E&F). Moreover, their morphological features were more similar to bulblet
grown in soil than those from control.

With application of previously described factors as like two-stage culture,
exchange of medium, nitrogen concentration and aeration volume, mass propagation
of lily bulblets using bioreactors was successfully achieved.

7. Several factors affection bulbing of in vitro produced bulblets after
transplanting in greenhouse

In vitro-produced lilium bulblets were grown in a greenhouse under various
environmental conditions to determine the optimal conditions for bulblet growth.
Increases in bulb size and weight were greatest in peatmoss(50%) + kuntan(50%)
medium and the larger the bulblet size in planting, the greater the bulb weight in
harvest. On the other hand, vermiculite or vermiculite-mixed medium decreased
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bulb size, resulting in leaf chlorosis and early defoliation. Bulblet weight greatly
affected the emergence of stem leaves: around 60% in the bulblets more than lg
and 90% in the bulblets above 1.2g, while less than 50% in the bulblets below 1g.
Emergence of stem leaves increased at a Scm of planting depth and dropped as
planting depth decreased. Bulb weight increased more than ten-fold when the stem
leaves emerged but decreased half when only scale leaves emerged.

8. Effects of nutrient concentrations and growing media on bulb growth of
lilium oriental hybrid 'Casablanca’ produced in vitro

This study has been carried out to determine optimum growing medium and
EC of the nutrient solution for ex vitro growth of [ilium oriental hybrid
Casablanka bulblets produced in vitro. Bulb growth was greater in coconut
dusk-mixed medium compared to coconut dusk-single medium. Coconut dusk
mixed with perlite (5:1) resulted in the greatest bulb growth. Bulb growth
increased with increasing EC of the nutrient solution: Greatest bulb growth was
obtained in EC 2.0 mS-cm-1, exhibiting highest fresh weight, dry weight, and
number of scale and stem leaves. Mineral contents were higher in leaves rather
than in bulbs. As EC concentrations increased, contents of nitrogen, phosphorous,
potassium, and calcium in leaves also increased but not in magnesium content. EC
concentration did not affect the mineral contents in bulbs, while scale part
significantly affected them: highest mineral contents were obtained from the middle

scale.

9. Effect of growing medium on flower quality of in vitro—produced lilium
spp. in hydroponic culture

To determine optimal growing medium for cut flowers of [ilium oriental
hybrids Marcopolo, Reneveu, and Casablanka in hydroponic culture, bulbs were
planted in five kinds of growing medium. Bulbs used for the experiment were 175
19 cm in diameter and 65 89 g in weight with two to three scale leaves. EC of
the nutrient solution was adjusted to 1.5 mS-:cm-1 in all treatments. Early shoot
elongation was greatest in Reneveu but lowest in the final. Shoot length, number
of leaves, and number of flowers increased more in peatmoss single or peatmoss
mixed medium, while decreased in vermiculite single or vermiculite mixed medium.
Casablanka resulted in the highest shoot length in peatmoss single medium, which
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was considered a proper cultivar for cut flower production in summer season.

Followings are the results of the experiment on llium bulblet production using

bioreactors:

1.

In conventional tissue culture of lilium bulblets, medium composition should be
changed according to growth stage; the subculture for propagation requires high
labor cost and consequently increases production cost.

It takes at least 4 months to produce bulblets more than 1g in conventional
method, requiring longer culture period with constant subcultures although early
investment cost is low.

In bioreactor cultures, bulblets more than lg can be mass produced in three
months without subcultures by two-stage culture method (stage 1 of bulblet
propagation and stage two for bulblet growth). With this method, bulblet
propagation rate increased five times and bulblet growth period reduced by a

month.

. Bioreactor culture can cut down the production cost including labor cost but

requires high cost for early investment. It also needs experts in cultures.
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Fig. 1. Freshly havested bulbs of Lilium oriental ’Casablanca’(A) and trimmed

shoot sfter dissecting outer bulbscales(B).
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Fig. 3. Effect of bulblet produced in vitro on bulblet formation in several Lilium
cultivars after 6 weeks in culture.
WH = White Hope, GP = Gran Paradiso,
DP = Dame Blanche, MT = Mentorn.
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Fig. 4. Bulblet formation and growth from un-split (A) and split in vitro (B)

bulblets in Lilium oriental 'Gran Paradiso’ sfter 6 weeks in culture.
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Fig. 5. Induction of bulblets from the basal (upper two rows) and distal (lower
two rows) part of the bulbscales in Lilium asiatic "Mona’
Note ; Multiful bulb scale formation from the distal part of bulbscale.
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Fig. 6. Effect of BA on bulblet formation of oiental Lilium hybrid 'Dame Blanche’
after 6 weeks in culture Alphabets indicate mean separation within

treatment by Duncan’s multiple range test at the 5% level.
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Fig. 7. Effect of NAA on bulblet formation of oriental Lilium hybrids in vitro.
Alphabets indicate mean separation within treatment by Duncan’s multiple

range test at the 5% level.
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Fig. 8. Effect of light or dark on bulblet formation and growth in four cultivars of
Lilium. Light intensity was 40 ¢ mol m %' PPF with a 16 hr photoperiod.
AP = Acapulco, MP = Marcopolo,
CR = Cherry Blossom, CB = Casa Blanca
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Fig. 9. Effect of MS medium strength on bulblet formation and growth of Lilium
oriental hybrid ’‘Cherry Blossom’. Alphabets indicate mean separation

within treatment by Duncan’s multiple range test at the 5% level.
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Fig. 10. Bulblet formation and growth cultured in different MS medium strength of
MS medium in Lilium oriental 'Casablarica’(A) and ’'Acapulco’(B) after 6

weeks in culture.
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Fig. 12. Effect of nitrogen concentrations in MS medium on bulblet formation and
growth of cultured Lilium oriental hybrid ‘Pesaro’ in vitro. Alphabets
indicate mean separation within treatment by Duncan’s multiple range test
at the 5% level.
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Fig.

13.

Bulblet growth of Lilium oriental 'Lereve’ cultured in different
concentration of nitrogen after 6 weeks in culture. Bulblets were
cultured on MS medium supplemented with 1.0 mg/L. BA, 0.3 mg/L
NAA and 3% sucrose.
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Fig. 14. Bulblet formation and growth of four cultivars of Lilium cultured at

different B-9 concentrations in vitro. Alphabets show mean separation

within investigated items by Duncan’s multiple range test at the 5%

level.
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Fig. 15. Bulblet growth of Lilium oriental 'Casablanca’ cultured at 10 mg/L(A)
and 150 mg/L(B) B-9 after 8 weeks in culture. Bulblets were grown in
MS medium containing 5% sucrose under 40 g mol - m~2 - s-1 PDFD with
16 hr photoperiod.
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27 F w2 A dsts Aol Wigre dFATE AN FEAHD Y
< Y% + Jody A4E A

200

Number 150
of 100}
bulblets 50}

Bulb 1/28 Scale Chopping

Explant type

Figure 1. Bulblet formation depends on explant type for bulblet proliferation in
Lilium oriental hybrid ' Casa Blanca'.

100
< 80
=60
S
s 40
E
S 20

0

Culture period (Weeks)

Figure 2. Bulblet, scaly-leaf and root formation at each week during 4 weeks in
Lilium oriental hybrid 'Casa Blanca’.
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1722 F4dG3 A5 NO3-N7F 40mMol], NHs-N7F 0-40mMOe & 54F 08 =%
T A7t MS WA oA 452 wioFste] AP PA o M XE 2299 o

A ch(Figure 3, 4). 457F AHA A Y& 2279 F& MS #zle] A2rEE
NOs-N 40mM, NHs-N 20mMol A 713 2tk (Figure 3).

Buiblets number per
segment

O -~ NN W s O00o;,

40

NH4-N conc. (mM)

Figure 3. Effect of NH4-N concentrations in 40mM NO3-N containing MS medium

on bulblet formation from bulblet segment in Lilium oriental hybrid
'Casa Blanca’

AP el dM-E RA(Figure 4) AMAHOR F F79 FAiadol BFE A
TEZ HtE A$ ®ol HAEHAR 53] NO;-N7F 20mMe] A% A% 9#Hg
I B Aol dA3 Esktl NO-NEZd #A¢le] NH-N7F 718 &L A
YolMe UG £ Hejo Ao HF gk o] Axz QUG ¥ g
713 E-8= NOs-NoF NHe-N9 ¥ % H&E Fa3h ), NHi-N7F 2838 d88 3=
Aoz AZE AT

a “
2 g 10
= N S 8
e 3¢
£ g | EC 5
3 E 4 3 E
c2 —8—NO3 20mM D 4y
n 0 w3
28%2/ —a—NO3 40mM e,
& —%— NO3 60mM 8
0l : : 3 o * ‘ :
0 10 20 30 40 0 10 20 30 40
NH4-N conc. (mM) NH4-N conc. (mM)

Figure 4. Effect of NO3-N/NH4-N ratic on root and scaly-leaf formation from
bulblet segment in Lilium oriental hybrid 'Casa Blanca’
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FA9 2ATe] vdgel WAl NHe-No| 43S 78324 40mME NO;-N%
E7F 245 MS wiAdl NHe-NE FEd2 Hste L2475 ¥t oH(Figure 5,

Table 1).

1500

1000 '
i I '4'

10.3 20.6 30.9 41,
NH4—-N conc. (mM)

Buiblet fresh wt. (m

Figure 5. Effect of NH4a-N concentrations in 40mM NO3-N containing MS medium
on bulblet enlargement from bulblet culture in Lilium oriental hybrid

"Casa Blanca’

2Ate] Wl NIL-N kel weh o]zt @235tk NHo-N 20mME 2 7Hg
] 1“:1011/\% ZApe] ez 7B Fskow Ax F43Ath(Figure 5). 1y A
& FEE ¥ 10101 i) el A AT Mg FE¥ £ Y AdTE 2
A skl et Aty ‘9 A Al NH-N 20mME H7beh M7 #of NHe-N ¥
woll gk wreyf S AEy] ojEfa ¥k AT Hlgirt FAle] olfojF e
o 5 ATk (Table 1)

Table 1. Effect of NH4-N concentrations on root and scaly-leaf formation in
40mM NO3-N containing MS medium from bulblet culture in Lilium
oriental hybrid ‘Casa Blanca’

NIs-N Fresh wt, Root No. of Toots Root length
con.(mM) (g) formation(%) (cm)
0 290.9% 86.6 8671116 38+09 2.8%08
10 1,300.6+180.0 100.0% 0.0 102£16 39106
20 1,635.7+356.6 1000 + 0.0 119*16 38108
30 1,065.3%330.9 1000x 0.0 82+16 39106
40 1,093.5+320.3 100.0x 0.0 78+2.1 37207
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Table 1¢] A¥A#}E ZAZ MS HWAW NHs-N FEZ 20mM2 233 thf
NOs-NEEE 0-120mM7+x] geldte A247E wUdsldch(Figure 6, Table 2).
NH,-N s5d® A#ste AxttE add Ha, NOs-N ¢ 60(59.)mME H7hst
A FolA AT vt 712 E%ch(Figure 6). 93 MS iAo H7td NO3-N
7b 9F 40(39.4)mM <149 ¥l vk w2 =R

S 1000 r

E

~ 750

S

é 500

® 250 i
a

2

m O [

19.7 39.4 . 78.8 118.2
NO3-N conc. (mM)

Figure 6. Effect of NO3-N concentrations in 20mM  NHs-N containing MS
medium on bulblet enlargement from bulblet culture in Lilium oriental
hybrid ‘Casa Blanca’

NO3-N7} A7F5)A) &kAYV ¢F 120(1182)mM e 1% A2 FolA e 33.3-46.7%
o] A7 HAEFEtH(Table 2). 12]3L NO3-N9o HEE A4 vt oz} QI
Aq, B, de)a A FolE B 4%S vHed, 2 IS A I ¥
g gdAAM thx 2ol Ay NO3-N7F 20mM=Z A% H7ke A4 8ty 24
100%°] 23t olste @a AWy $ALS NOs-N F57 Eoldd wet Frtshed
80mMel A 44%7kx] g vk AT vl WA= Fo] 9% H7HE wiAE Iyt MS
AR Ao Qi PAo] HA] gt olviE NOs-N7F ¥ FAo T
g st Roez AZEHAY NO:-N7F 60-80mM H7Hd Ml 7ol Azl ¥4
&% 66.7-702%=2 =%tk A3 60mMe] %% NO-N A7t A9 ®dig I
ARoY A2 AY T EFAS VAP AdE A #dET. oo A
& F¢s 2¥ NHi-N9 NOs-N& 79 dA47 vldd d33HA ##o] Qo
E3 NOs-Nt Azx9 AdAq, 8 9 4= &S vz 22 249
FEE A% Aveze Heo ARG dAo] AAEa Aol nlgiE = o
A WAE Awsted Fe2h AR m A4FdEE 9 PPF, 2% F9 g A
Fx Wy E oo} & Aol

=
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Table 2. Effect of NO3-N concentrations on root and scaly-leaf formation in
20mM NH4-N containing MS medium from bulblet culture in Lilium

oriental hybrid 'Casa Blanca’

M Q,
NOs+N  Fresh wt. Formation (%)

Adventitious

con.(mM) (g) Root Scaly-leaf bulblet Callus Necrosis
0 0.16+0.03 267+ 81 6.7+ 1.1 - - 46.7+124
20 0.71+0.24 100.0£ 00 111+ 27 56t 1.1 222178 -
40 0.96+0.19 944+ 78 56t 18 222t 78 167£22 -
60 1.44+0.31 91.7t144 375% 44 708%216 702+138 -
80 0.71+0.15 209+ 71 447+144 250t 83 667t117 -
120 0.37£0.10 - 416+% 83 - - 333+117

Al 44 A

M3l Casa Blanca %< ol 839 A stAS o AT vxes UA
A Y 2 A4 FE A¥E ZAEIAY ZRA 2A 3 oA A(5g,
2T 1070 AE)E MIFWUE A= 2670, 2xFE 128 F A HEFoAAE
117702 2A7E A EA. A8 AFolA AL EEste] e FeE &
ATE 1282 Adste wgd And 7P U 23 FAEAT. 2y bg
2719l A1E Choppingdtd w43t R-& A$ 18379 AA7& I F+ AU
w zate] :@z)E g Al vlE Aok MS wiAlY NOs-No 55& 40mM
2 RAHAYT NHe-Ne| 3= des] 2 23 20~30mMoAA AAAZ 27571
3~47 2 ZF7tster. ey ATFES 20mMelAd 7 FAS Y NHe-N 20mME
AAF MS wiAldl NOs-N F&& 2zt wFdds o A7 2 AFTL
60mMell A F-7}3} .
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A 3% PPEVF WiE 7|0 RETEA W 4
nlxlE 3

A 1d A

50 ZAuge] o W T F7e AAdH A JbeAdel rud
(Emsweller, 1957) ol#l #3% 7l ol &3 A7 23] YPH o &7
o] A&~ (Simmond and Cumming, 1976; Been et al. 1996), ¢¥%x2] (Sharp et al
1971; Han et al. 1997), 9927 (Niimi and Onozawa 1979), ¥ (Peak and Yu
1996) 0.2 A 9] A A o] thkstAl B so] rh ol oz frE Lz
2 7oA dAF A7 M AAkE THAA A er AF & £ AG. 9
s 71U AuigiAl e 3 gitol] el Niimiseol ¥, ¢ a3&E HETI A
A (1999) 2 &3 FF wet ok van 3':7501]/\1 AT ot FEE F
Z z @5 Z PPF (Photosynthetic Photon Flux)7} &4yl wlx]& o 8ol tig
= M o)lirolx A gkt B A¥L Wl orientla hybrid, asiatic hybrid,
longiflorum hybrid 3A1% % Z+ &7Fx £%& AA3IS PPF7F A7EA 2 vldd
A Qg rEsly] At B APE AR

—_—

—

Al 2A AR R
1. 5% 2 A

M3} oriental hybrid ‘Casa Blanca’, asiatic hybrid 'Mona’ % longiflorum hybrid
‘Hinomoto’ 3% %S B Ao ALgstdet W 27 F4A ZIdalA 27449 o
¥ o 20 go AG AW 284S AAST R ZRE 3 - 4944 AL 05cm=
Aer] BFEaoA AMzH AFY wFEro HAXNE N FFeo AW A
Zul g E e wRE §59 01gd AATE By E AAPS AATE
7] (FFEAN 9% & 22T 6718 FE&Ah

2. mMA g g

Az A A= MS  (Murashige and  Skoog  1962) ulX|e]l BA  (6-
benzylaminopurine) 1.0 mg/LeF NAA (1-naphthyl acetic acid) 0.3 mg/LE 78t
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I A% 30 g/Ls} gelrite (Duchepa Biochemie BV) 24 g/L-& #713tdt}h pHE 5.8
(B¢ HA)E ZHIHow WX BFHFL 50 mLate wlYg 309 £ A IHE A}
Aok, A g el A= MS vl A o] Ae 90 g/Le} gelrite 24 g/l H7M3tQ 1 wiA
pHE 58 (B¢ )2 2EsHon vix EFFL 100 mLolx W 708 ¥ 4§22
AHE B4 .

YR 2PE X, 5+2C, AUFE, 70£5%, FF7]1E 16Aez2 -
A7l PPF (Photosynthetic Photon Flux) 0, 40, 120 zmol m? s'2 3o 2
3 5 RS HAAEA

3. TAELH

B Ay AE SAS WA 612 EAZZ I (SAS Institute Inc. Cary, NC 27513,
USA)E ol &atgdem ZF Halol ZALEL P g FEA 94 AAL &9k

m)#

Al 34 A3 R 3

L 2AF 24

FEHE PPFI W& &z FHEAE WY 3308 T =AE Add (Fig. 1)
'‘Casa Blanca’'¢] A9 AAAANA FHE 22T BAHNA, 53] PPF 40 £ mol
em 2 s 2T 26702 AAEA BAE 2xpte 1ewlo]lm PPF 120 4
mol  m - sl A= ok Mzle d Aot AU 2EER B EF AT A
M PPF 40pmol - m™®-s 7t A48t AZ€r) ‘Mona’ EEE Fo] QMoz
B9 247840 9L NN 9T G FERTY AT vz 2.
'Hinomoto’ 2| 7$- ®uj Foll A PPFSt A#glo] ARt Az 4471 o 1.84)
b Btk B AgdAnz gzt g0 E E50 o7t drlE dAw of
4pmol - m?- s Fol H@H Agaidn AL WY & ok
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Bo umolmZs™

3.5 | O40 umolm2s™ a a
W 120 umol-m™2-s™*

3 3
£
s

5 25
2

3 2
3
B

5 1.5

2

0.5

0

cB Mn Hm
Cultivars

CB: Casa Blanca, Mn: Mona, Hm: Hinomoto

Fig. 1. Effect of PPF on the bulblet formation of three Lilium oriental hybrid
‘Casa Blanca’, asiatic hybrid 'Mona’ and longiflorum hybrid '"Hinomoto’

cultured in vitro for 30 days

01ge] AA4E 7047 v v x| A wF3t ZHi} ‘Casa Blanca’= Huigo] ¢
MRy azpte] A, AAF, AEFe] 953 A (Fig. 2) P E 4
A Aol Al FABPon £33 =L PPFY 120pmol -mZ-stdA ©& 443
At (Fig. 3).

1600 — 1.8
o Fresh weight Casa Blanca
1400 | pomrm Dry weight ——— 1.5
Diameter 1
. 1200 » E
g: ) 112 &
T 1000 : 3
@
g 800 &
3 g
3 600 ’ 3
2 el
@ 400 3
o
200
0

0 40 120

PPF (umol-m?2s)

Fig. 2. Effect of PPF on the bulblet diameter, fresh weight and dry weight of
Lilium oriental hybrid 'Casa Blanca’ cultured in vitro for 70 days

— 59 —



800 14

I a

700 | |Casa Blanca;l 12
g’ 600 | [:Eresh weight 110
= —eo— NoO.
:5, 500 8 %
£ 400 5
& 300 z
= 4
o 200 |
o c

100 | 2

0 | T 0

0 40 120
PPF (umol-m2s)

Fig. 3. Effect of PPF on the roots number and fresh weight of Lilium oriental
hybrid 'Casa Blanca’' cultured in vitro for 70 days

’Mona-4 © Ao AHL 120umol -m s A A P e 1204
mol-m? s, GAA LA 1 x-mq aATe AAF 2 AEFe Yy
ol %}Hﬂ%iﬁ} A w42 AAF2 fﬂﬂﬂ"&"l %‘Hl%}"l ok 12ujeln AEFE
251 0]tk 18} PPFREE] AT AR F, 5 Aolw Holx &t} (Fig. 4).
Zb Mgz Wma e xolsp YA w wa]xg,lz};o 120umol-m2-s"‘i1a°ﬂﬂ ==
Ao vl3 =qoh(Fig. b5).

700 1.2

600 | 1
S 500 | 8
E {08 T
% 400 - ‘g

8 &

; 300 | S
@ 3
3 200 04 2
[17] fra)

100 | 0.2

0 v 0

——Fresh weight 0 40 120

pn Dy weight
—a Diameter PPF (umol-m?s')

Fig. 4. Effect of PPF on the bulblet diameter, fresh weight and dry weight of
Lilium asiatic hybrid "Mona’ cultured in vitro for 70 days
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300 9

250 Wona’ a 8.8
£ [:!5235“ weight |88
= 200 "
) 1 8.4 §
m e
; 150 182 5
2 8 =
£ 100 —5
g b
& 178

50 178

Y 7.4

0 40 120
PPF (umol-m?2s™)

Fig. 5. Effect of PPF on the roots number and fresh weight of Lilium asiatic

hybrid ‘Mona’ cultured in vitro for 70 days

Hinomoto’ 2] -9 HA] HujdolA et Azt A, AAF AEFo]
H%I PPF7L %84% 237 FAH AAFS o F5sgom 120umol -m -
Aol A el At AAFS A axT AAF oF 2ujolAn (Fig 6).

Sl
el AAl PPF7Y &5 5 Aol 4dsdet (Fig 7).
1000 1.5
. i a
900 ’ Hinomoto i
goa | - 12 _
S 700 5
E g
= 600 09 £
B 500 E
z 5
® 400 {06 g
a ]
3 900 =
200 | o3
100
0 " 0
[_—:3 Fresh weight 0 120
= Dry weight
ngeté‘r PPF (umolm2s)

Fig. 6. Effect of PPI* on the bulblet diameter, fresh weight and dry weight of
Lilium longiflorum hybrid 'Hinomoto’ cultured in vitro for 70 days
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2 400 | g
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Fig. 7. Effect of PPF on the roots number and fresh weight of Lilium longiflorum
hybrid ‘Hinomoto’ cultured in vitro for 70 days

A (Joung et al, 1995) ‘Casa Blanca’'®] 71 A2t AFe @ oA o w %
Bt o £93 393 ¥ (Park et al, 1998)& guba] 7oA Al B wjgol
2ATFALE FX3a Busto oY Axe B AdAde) dXsio A vt
gH(Han et al, 1999)% 9, v %o] 'Casa Blanca’ &A1 A& o] 43S vx)x] &&=

i wasgeh o7 Ashis wgAle) ve Bol A thax @gheA Lo
A 44 A8

WSt oriental hybrid ‘Casa Blabca’, asiatic hybrid ‘Mona’, longiflorum hybrid
'Hinomoto’ #A&°] th& 3FF S A&t} PPF/F &7 A4 2 vldge] WA= o
s THAA B AYE YA

QlHOo ZRE S AXTF PAHFE FFIE PPFA uist gL A @it ‘Casa
Blanca'® A% 40zmol m? sTolA 2xF FA47E /M4 B ot "Mona' EF oA
= PPFo| we} &&= A37E 8 zol7l fll i ‘Hinomoto’i= " ujdol A PPF}
A glo] iRt AT Bol A AT

24 A E 3FE BT AT Aol WuldelA g F3s
9t} 1% ‘Casa Blanca’® 'Mona’ 2 £%% PPF 40zmol m? s'3 120 #mol m °
s'ol A 22T AAAtol7k i1 ‘Hinomoto'®] 9 PPF7L ¥4 5 237 4%
o] Jxstqrh
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M 4% HSEIGYsto|AM DIF B &HF 200 UHE
derel 71U & o= g

Al 1A A

S-guviety] 8y dslAadge FEREE mw I3 4 g, g, aE, o
g, Fhlo)l A wolth dE8L 3}, A, Jhdlol A, Y, F& &oln, vMdd=s F
m, F3, €9, v, 7hdleld 22 Z7 Auisn gick vied] wel Ak whet
ds} 2o MI et A ol ot A 100 HEERE Z W Qo
), SAAAFES AR5 gFeA A= gk

T F2F F WY QgL S E bR 48 UdI=dqME 35
e Aol F=HAA Jedz gtk fEivie PR dsAAdEde dA At
AAAA Y 18% Weeln, 1 Jelo)(uF}) AFAAHH L 10% HEolrt WL
9] Wolel FUME F87F FFTn e AFoR 95d FUl AuiEF
1725ha2 =3}, A, Az Sl oo Fad A5 F shfo|th, Myt FAF A
Aboll #AZ AFE F ARE olFo)x] Koy} MG WIFR OF FIAA
= 9lthH(Paek and Chun, 1982; Robb, 1957, Sheridan, 1968).

% FoAME Uelz) 50% ol4e AA3tn oA vzle]l AEmvt ELHSMI
A% A717F JdE #2747 FAAELES ¢ 5 Aok DIFS 53 &2 ofk 2= =
AR 238 Fopxt X9 A AHT AAE A1 de A4S ”‘o}
1, GA Al 9% 4% %?11 st B oA 252 7)E 2w ge FAlY
e FEo AAHA wAY FFol o3 FEFAH L] ofste) o] st F
7] ag, iAW AHFEQE ﬂﬁé 1%} of 9% HAGA AEdAe] (st A4,
S 2498y & &3S AV AdAT 2HA 7E 2ANYY] EAME B
&at7l HlsE 3 %i%“w Aus) B An ddd FAzA g8 S5 AEAS
I AFE AL F UAL, A71E R AT HAY AeEE AMEE MEE Hot
A FeoEN P_%EE A S A8 ¢ Q3 FE5HIIFAMA A E9
719 w3t we g #F 5 don AFRAZRNE B3] AEAGR AFo] A
Z4 Nsdtn o999 A% 07 Bioreactor® 3§ AE Aldle] 7hsivte AL
ZEA 3 oA B A3e shA =AU

A 2d Ax R U
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TAA g W3 ‘Hinomoto'el 7IW&aztFolil FF3t7] Ao A+ HFFAE
349.826mgel e, WX A4 FEPF G wiAst = o] #iAE MS #jX
NAA 03mg/LE H7F COZ Fd(ilten) P32, F7189 2 H7eix Egron, &
FAdde AWy BErddde 247 T FA S FASEA WA U F& 3% HUt
Aot FEHIFL 71E9 2ANG WA E g FHEAN EFIFuA filterE
dolg2] gskrt,

pHE ®"Etsly] dol 5832 w3 o] Fi1, o}7hE 64mgE WolA AAIAAY Wi
oF 20% AXx B olzbrt b ¥%E W wiAE H HAFHA &7]4 30mLy 5
gk ol 119 "EE 7ER 100mLe] 42 Eet23, 100mLe] F3E HgZFes
g AHgstRen &r]del WAzt 22 W3 ‘Hinomoto’' el 3 HElE 7R
AABAL FASI W% ATE AL § &I AFE 27 YEed AFE e
2 ZAgA AEe] 47 HEE ©Ee] 295 S vt HFE EF viX2 UM 4
Mol (A WA 26/18C(DIF), 5 WA 12/18C(DIF), Al WAl 25/25C, vl WA
22/22°C)oll  FAALEHNEE 250 £ mol/ms (4, 100 £ mol/ms* (%), 50 ¢ mol/ms*(3h)<]
FEE Astdon 20kES ¢ AEES Ao HA3, 16X THE FUHA
Hl) sk et

COz= e A 217kl 2 A 900~1100 £ mol/mol FF38 A1, F58 70%E Fo
Al 155 AR AFS s

DIFS 4387 918 HE td FRE d5ddd 3 A4 COE 43+

Al 3E A3 % nF

21wl ekgl Wl ‘Hinomoto' 9 3% 9bA 1} Fdxps
A7} At Ao v X o del] disle] ZAEH ow Ao Az vhS 2o,

ARl ds 4%a 9y

Fig. 1191929 94)= 250 2 mol/ms*(“d), 100 # mol/ms* (%), 50 £ mol/ms*(3})<]
Fro Al 16A1ZF F=8 o COE 900~1100 £ mol/mol FF3le] 26/18°C(DIF), 22/18C
(DIF), 25/25C, 22/22C2 2232 ¥ A5HIIY EFFLF 71Ed A143)
AE FTEHAY) Muy FzEA Aehd 2L 26/18C(DIF), 22/18C(DIF)Y] 259
apol7b zZ Al Vel o] vliA FE ST

Fig. 2(3%a 39 A9+ 99 52L 23S TR, 45 FH2 “
mol/ms*(“3), 100 zmol/ms*(F)ell FEHgF A go] HwH o] Ugon, Fofzltel
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Fig. 2. Effect of culture methods and DIF on chlorophyll value from tue scale
segments culture of Lilium 'Hinomoto' after 8 weeks in culture
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Fig. 30718 &AL 715& & FAEel AHolxdv, o'l 0471 A Fi
BASYE FE5HISNETN EFIFAEL FAA0] @A vea, FHIEY
& EAUST 2 olfrE SHIGHET EFIFHEY ~?~°ﬂL COz =3

I d9HE ‘%0} FRAUY 2Ed2E go] WobA 7139 FAMFe] e Zola,
& JEANEL HEE GolFA gobr 7Y F7wts AREstel A 71E AR
w4 U 7;i°1\?1r.

Fig. 4343 e 71838dAZe] ol 71go] @A FAF
Aol F Aol & UAEF 2 FFd dE&EE AAFL UG B
Row Fakako] wobr nMIAAH Ko wAHPYLH, LFE
7t e A¥%E JvEhla Qo

0310
A g

mlm

to

ABFA| 7| L
kA 3ol

71&
2 A 2] ol A
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3. 944dA 43 A7 FA

Fig. 5(8 W3 &) F45YFEolA vy gzstgovd 7182 A
FAEe ARE i‘?ifi Po] HAFH oz P&} AL B F At olfe FHY
G ET EFIFNEL 2 RE ¢HE Polr & AyA| FKate wide] F&H
FAEL 9K %}%'!E W) okm AR Wl BE & shAsty] Wi A7) v
SUlZ &efA AKo] vAFGAR] Aolrt

Fig 6(A47¢ A& BRAEH ndxoX FEHIYAE 2 EFISA & A
22 »}x}»h oleh. = whE B E(250 £ mol/ms(H St CO.5 AREsH AT
ZAZ M 2REHgow, FEHAYA B v FEHIYE R EFFFEC] 3
W olake] RAZIE S UEhilz: sS4+ Ak

(n

4. AAFH CO, ¥&=

Fig 783%)9 A% #59ddxste] 23 E(250 2 mol/ms* (Aol A 3
gof 7o) Fopr £ 20|l 26/18C(DIF)ANA AAF o] AY Bol vrzm. 1A
& A7t FAE) WEelvh

Fig 8(CO: ¥ %) Z2Au| o) 71Ne) COx =7/ ZHE(250 ¢ mol/ms™ () A2
e Basti AFEE0xmol/msi () AHdE A FAHAL 1 o)fHRE
AFE e BE7t Yolr B LA Kahy] wj&Ee COx o] wA Yetyx
COp o] &&L ¥ vedr ez 483 334 38 M e L3 =(250p
mol/ms*(h) HedlA & FF8 FE Aol AHHolgts ANE B FU qrh
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Fig. 3. Effect of culture methods and DIF on diffusive resistance from tue scale
segments culture of Lilium 'Hinomoto' after 8 weeks in culture
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Fig. 4. Effect of culture methods and DIF on transpiration rate from tue scale
segments culture of Lilium 'Hinomoto' after 8 weeks in culture
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Fig. 6. Effect of culture methods and DIF on bulblet weight from tue scale
segments culture of Lilium 'Hinomoto' after 8 weeks in culture
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Fig. 7. Effect of culture methods and DIF on total fresh weight from tue scale
segments culture of Lilium 'Hinomoto' after 8 weeks in culture
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Fig. 8. Effect of culture methods and DIF on CO: concentration in culture vessel
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2ol A i wgtel FFdan FF F Fopzte] LR AFAAK A
A g dste] A Aie E}%ﬂ Fige )
F 2 AFS g3 A5PIG2AsgAA dsEn, FAAE A=V 23, F
L= A7t EFE F 1&]315}
4 JIxdaA o] FrHJY 7] o] wgkal FAFo] wWol
Al Qlo]l mARAQ AKo]l #AHNUR, AFE E FAGFANM Frhsts S
LR AL gl

goddzAste] P EFAX AFFAL FIF M FR ABETAME A
To FA= &7 Ak

ZAgE 71U CO, BEE 250 pmoldll Al FA3dtH 3, 50 pmoldll Al EA #A
ol s P FAE HAME ndEe FTHol e

upebx] ZARbTEe] ASHH T oA BRES FAATN A HEE
%9 CO; FF7 250 umolm %™ o] 49 B stoA 26/18C¢ +8 W9 DIF
A7t a3 Re g wdEdch

A 54 Q1873

Fujwara, K., T. Kozai and I Watanabe. 1987, Fundamental studies on
environments in plant tissue culture vessels. (3) Mecasurements of calbon
dioxide gas concentration in stoppered vessels containing tissue-cultured
plantlets and estimates of net photosynthetic rates of the plantlets. J. Agr,
Met., 43: 21-30. (in Japanese with English summary)

Gasstra, P. 1963. Climatic control of photosynthesis and respiration. p.113-140. In:
Evans, L.T.(ed) Environmental control of plant growth., Academic Pree, N.Y.
George, EF. and P.D. Sherrington. 1984. Plant propagation by tissue culture
(Handbook and directory of commercial laboratories). Exegetics Ltd., England.
Kozai, T., K. Fujiwara and I Watanabe. 1986. b. Fundamental studies on
environments in plant tissue culture vessels. (2) Effects of stoppers and vessels
on gas exchange rates between inside and outside of vessels closed with

stoppers. J. Agr. Met. 42: 119-127. (in Japanese with English summary)

Kozai, T. M. Hayashi, Y. Hirosawa, T. Kodama and I. Watanabe. 1987.

Environmental control for acclimatization of vitro cultured plantlets. (1)
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summary)
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plantlet growth during the multiplication stage. (Environmental control for mass
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22-26. (in Japanese with English summary).

Lee, N, HY. Wetzstein and HE. Sommer. 1985. Effects of quantum flux density
on photosynthesis and chloroplast ultrastructure in tissue-cultured plantlets and
seedlings of Liquidambar styraciftua L. Towards improved acclimatization and
field survival. Plant Physiol. 78: 637-641.

Williams, E.G. 1985. Plant tissue culture in Australia-1985, Summary of resources.
Plant Cell Bio. Res. Center, School of Botany. University of Melbourne, Tech.
Report 8501: 1-33.

vhe] 7 A A AivlE, FUAEAL AR #4959 13 1-3, 14:1-10.
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N 5 LED7I #gfe] 7[Ul Aied A &
Ojx[= &

A1 M

Ne ANE Py s zAse T2 #4 8ot HEAE F9 49 A
S A5 A AAHsA oA IR ALAAE -G AE
A Aol g A HAg 3 7HA F FEAVE Ao, F A NFI 9GBS Fdte
s} 48491 phytochrome, 343 / UV-A 9o 3 F8&A, UV-Be FF&H o))
(Kendric %, 1993). o]¥ #8as 5 3L F5 3o FeEdAPLE o F 31 ok
LED(Light Emitting Diode)Al 2§12 A g F3tellA A& A o 73 %
¥ FAE FEE 5 Y3 AfFHeR xEAE Mt 1923 O. W. Lossev7t
SiColl B4 vl 4FAGS SHPL A E o] &g A& 1988 NASA-Wisconsin
Univ. 97225 0] LEDs%ell o3 A& Aujo] #3 AFoldrh. K. Okamoto 5
199410 A Ajaks) A NBLEDS FUoR 3t FFAFo mAe F3dS HAIFHO
2 7% o) (Okamoto %, 1994) LEDsE o] &3] 3. 15, 20}, B S A4
B(Brown %, 1993; Bula %, 1991; Hoeneke %, 1992; Schuerger &, 1994; Tripathy
%, 1995; Yanagi %, 1994) 2 7IW A 24 E A (Miyashita 5, 1995)°) #3F o7
b s slAl AgE 5 ko)Wl LEDsol #d dyE 8 4 &9 B4
2 B FAo) =XE FUem LEDsol 93 7|dl @At g4 R vl @
AT A9l fle Aol A8 AuE Adx Fdo2A LEDsE F AFEFo] 4
Y ek kA stolar Ao ﬁ}”ﬂ]"iﬂ folgittE AT B Fol g0l XA
ROAl A Eol L FAIL sheEte SdFTIE Y pulsedtrt JhEdte] F ol &
o] g m e Zla AX 7} /FC}?FP“/P: FHE 7HA 3 Yk (Bula 5, 1991).

B Ao A BREA 9 01]14741%%]"33‘3 olvel FHHPPY S dodle A%
o}71% 3}r}, Inada®t McReets A Fo] HMART FFAH of & & 1
3 F3r(Inad, 1976; Mcree, 1972) , Yanagi 52 ZHAMFo|de] A EAAFL nAgo
2 ovhubddsr glow23) At AR A Az 4 PefA S JF& ¢
Ak AFEE oln] &¥lA 9lth(Yanagi 5, 1994).

I WghAEat A 2 AT AL Rl o3 o] Fof A= Aol oty Wy
A% HM7tE 38 dageR o AFS doin, dutxor g gt o
A AR R AR ALE e S BRAFE glon ofd d4e o2 84
899 ggolr|x sy o F FAL F&ol /M Az A" AAE, AN

o

——
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3, HAs AN 3% L ¥Psoze NAgo) A7 YAY L AT wA=
F3-g FHs7] st B AP L FASHAT

A 24 A5 % i
1. 3ANA =9 wMEF=D

7}, ATRA: ATLPAL Y& wjxE Murashige and Skoog (MS, Murashige
= 1962) WIXINAA 03 mg - L-1, BA 1.0mg - L-1, A% 3 %, gelrite 0.24 %5
HA7 93 pHE 5827 F)2 2ot EytE WA petridish (15 X 1.5 cm)el
30 mlE& B33 F 2)HANA wlge A3 (Lilium oriental Pesaro) A2 AL 9
Bz ng 248 WAA 05 cmE AE F petridisholl 1570 18 HHAAE X454
o &% 25 C, AUFETO %, 47] 16 / 8 hr,, PPF 70 mol m-2 - s-1& Aol €l
Agae] LEDs Mgz A d\Asl A48 petridishE M2d 3744 ¥3 45
ZF g & A{2ALE s

Y. A7F84 : MSHIAe] Ae 9 9%, gelrite 024 %& H7F3L pHe 58(H &
)2 2APoY 100 ml F8 APB 30 mle MAE BEF3Ah ZlHelA wl g
2 Ao o AWML AASY ¢ 01 g AVR o] A B AFY F FHn|dE
(Cooking wrap) 478 9¢ten g 3 207] ¥5E-& F3U51 LEDsAG A 85
7 wikich Ao Wz ® LEDs A& ofefieh Zrh

2. LEDs A]2=4

B A3o)A o]&9 CF-320S LEDs A28 33Ro= UyA itk (1) AE A
A Yol 2+ vb7)(7FE 680 cm , AE75 cm , ¥°] 250 cmE Z4 A FE A
31 DC e+ HY717h Wgs gioh (2) HA% 2 A4 FE FAHD Fe A7
A2 (3) gol FFd wd. 7k 2 vyl Ao AAE @de] FHMLEDsH (R,
660 nm)l Al 20 =¥ / 4009(GFLE-102R, ¥4 99 mm), I MLEDsA (B, 450
nm)E 20 29 / 400 ¥(GFLE-102B, ®xt7 99 mm) 4 9 #(B+R) £HLEDs
Aels A 10 289 /200 ¥ ¥ 10 2% / 20092 I AHFig. 1). 45
(FL 20W2)& W43 Q(W)e.2 ol &5tk 2 Ao Fspg Exe 4o ¥ F5
2. PORTABLE RESEACH SPECTRORADIOMETER(LI- COR, Li-1800, made in
U. S. A& A3 AHFig. 2).

— 78 —



i

-2
~F
e
-1
%
3
g
-2 -
a8

=t
B
=
wn
<«

B Panel

C Control box

Fig. 1. LED plant radiation system (GF-320S, Korea)
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Fig. 2. Diagram illustrating the three LEDs boards used as a light source
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Fig. 3. The spectral irradiance relative unit of the red (R), blue (B), blue+red
(B+R) LEDs and fluorescent Lamp (W),

A 39 A3 & :7
1 A7HA

WY AR o g R AFHAHE 98 Mg AFA(Table 1), WiF F710158) W
Aol A A A&l 71 wden BS B+RA# Kok 25 %, R el 297
%7} o =¢tv), o8l Az M3 Pesaro ¥ MA FGSolA] thE st aya] Bl
A wrey] PPt AMLS o 4 ATk vl E2)13E0 )l AT A& o
Al WA A Ear b2 Aol A5 FAE Aolsb Addoh Ak A E
AW AA\A L AFFE A AT PN EFE B, B+R, FAE A
H w2 gokom Azt Aolzb fllth wkHel RA e A tS3= nlaz 3
Rz E A7 46 - 58 % Yol F HAUTH ATHAATEAANA AAANU ] =)
il e AAMF 2 A FEAVE & £Este] AU A g wgs do
29, FA48% S8 BNRE —’F%?}OEH AT@ARN FRREE e
6-benzyladenine (BA)¢} W& % Az AlHoeer Azitark Kraepiel#
Miginiac= AFOIEZ] U3} 32 A EAY B wS oA 22L& 288 doyy =29
of AAet oS, o IR, Al 2 dnAe E38 2™l Ph(Kraepiel
5, 1997). kAT A AFE BAS] XE&S AAIIN AN DL HAF EFHYAAME
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G F8AS FAg FEATE FE ALt BAFE] FAHA oW At
vehd A gk ARAVE #e dA & F vEd o2 7R ane 493 a3%E
doglug 27|19 A5 E Adgste WAUSE ARG vFda A=l Furuya©l
AF A cH(Furuya, 1993). ¥ dPol ol&€ W3 22 dF pesaroFF oA AH4F 5
A VEAF] ATHEA BA AEE AAA AFEA] Az FZd
71 2R ZAPd 9FE VA AT Fxed dE @7 BRa(Park F, 1998;
Stimart 5. 1978)& QIAA Fdo #g A7= AZAA A fAH

Table 1. Effect of LEDs on bulblet formation from scale segments of Lilium
oriental hybrid “Pesaro” cultured in vitro under various lights after 30
days of culture

Bulblet formation rate (%) No. of bulblets /
LEDs
15 days 30 days segment
D 195 bz 634 b 23 b
R 78 ¢ 60.8 b 18 b
B 125 b 612 b 31 a
R+B 125 b 66.1 b 35 a
W 375 a 80.2 a 39 a

z Mean separation within columns by Duncans multiple range test, P=0.05

2. ATA

7b A 8l

LEDsH el & 22k 604 vl & ZARE 43 A Fo] kg B, B+R, WA
Foll Al AAFTE At frolAd Aolzb glo) vlnA ki RAA w2y Az
A depbgren RAje e Azt AAFL 2 Ay 37-45 %ol <oF Hldh
AFE AN D HA8 EFE BRI WAool vlng wgtow @i x g o
A v skekd, 53 Ao A s Az A B+R, WA 356-40.1
%, BA2] 9] 44.8 %ol vt stAlwE 72} AT AEELS FolA Aozt AT A
o A AL Y 2 EFFAA vl AR AN vlxy A JeEgt
(Table 2). ¢]gl At M3} Pesaro’ FFANA AT BAFTS AAPgo] F5 A
S e S d AN HAG HYE s Fiol AFE @ol oFH AA
ol ZhgtE AL F5F 5 ey AEFY FUhe AN E AAGe A5
fog Ads =HAE AL & F AT S8 AFqA HABo] 2L WYAE
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S5 FNFE AEAUNA AASEE afFo] YAHT ol T HMFo] 9

AAbstgo] FFAdo] BATTE AFHLS o) WA e AHolA 71 Wi
of A= Q3 & € &l ARVIALE UF olFsle AFFE FYAQ
HIuE o

SR O
i x

Table 2. Effect of LEDs on bulblet growth of Lilium oriental hybrid “Pesaro’
cultured in vitro under various lights after 60 days of culture

LEDs Bulblet diameter Bulblet weight (mg) Dry matter
(cm) Fresh Dry (%)
D 092 d z 4109 ¢ 1271 ¢ 30.9
R 086 d 2833 d 35.0 d 30.0
B 1.00 ¢ 666.7 b 1836 b 28.3
B+R 119 a 766.8 a 2384 a 31.1
w 1.08 b 630.3 b 207.0 ab 32.8

Z Mean separation within columns by Duncans multiple range test, P=0.05

v A} E ) A g

2 APNA AT ENLE A 23E A E A E Aolst A
Ak AA4F AEos & 2olE BAFEH(Fig. 4). B, B+R, WA Z oM AT H3] A
e AL AFHo R wgda RAGGAE Z4 Mido] W) FulF9 EvfENAYR
A & 34N AP F HAA AP ARG g BHoh HEA
oldo] @o] A (Mancinelli 5, 1994), Sorghum vulgare Pers?|&-& A%
AA dEAolde] QA =HA Fdw FAFHE L FABo)l ¥3E HdMe
APRNTGL 23 HJoen(Drumm , 1978) B9% 5& ANY $44 YEILE
2 A xA T g zAo] ASHAGA(A 5, olztdvhElxn siged B Ay A
B o) @ o] Xt AL &+ UdTh

o X T Py

I R &ATdA 4gd Best WAFe] g duvAdor o FE P
TEE FroM AT oAU B AEY % 4F AFd: ® 33 2o &
FFAA e ATl g EJUR DNEF BHEE RAE wo Rayge
oh RA S Ry YA FL BA 2 435 %ol B+R, WA 29 o 33-36 %0l
o AETS WAHAAN 7H3Fdn &2 B, BtRA W Ha43xodAM 743
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Az8A JEbstE, RAeo Ao A EF
259 % wro] =X &skoh AL ML 2ot gt £3E BIFE RA
oAl 7HE A5 & A Fhede o]zt qlo] wlud o] velytt. old A
Fe WA ZId W SA RAE A elRs 2 A JARLS ddn B 4§
ARt 71N Cymbidium 2=2EA7F LEDsA € d4=d R 7 B B
B AAFol o @obiiTanakas el B2 HTanaka 5, 1998). o] A= 2 A
Aot 2 Vel e 2 FFT G g wSo] thEX wFolg
3 Az

2 B, B+RA 29 37%°lg i WAge
Fds

Fig. 4. Bulblet growth of Lilium oriental hybrid Pesaro under the red (R), blue
(B), blue+red (B+R), LEDs and fluorescent lamp (W) for 60 days

— 83 —



Table 3. Effect of LEDs on root growth of Lilium oriental hybrid Pesaro”
cultured in vitro under variouslights after 60 days of culture

Roots weight ( mg) Dry matter

LEDs No. of roots o
Fresh Dry (%)
D 38 Db 64.4 d 161 ¢ 250
R 52 b 1333 ¢ 300 ¢ 225
B 10.6 a 3038 b 799 b 26.3
R+B 11.8 a 366.7 a 814 b 22.2
W 106 a 404.1 a 108.3 a 26.8

z Mean separation within columns by Duncans multiple range test, P=0.05

A 44 HQ

Z1 v %ol LEDs7} W §t Lilium oriental Pesaro A 784 R AATF AR 1
A 4 FHE EFoz B AYe st N dHo 2R AT g
43 AFAAE LEDs 98§ wov FAFAeE & Ay 2o zprsr gy
FEHAL HAFAGNA AFHYE DL AT g A 2o Ao g &
A 3 RS AR A MY AxPon thE HEYtde & Aozt gl
A%, AN ANERT L PR EHY AT ENNGLE A AAFMo g 2
3 AYeA e 5402 Yepyd,

F8o] @ MY, 2T, LEDs.
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S Wi &t dAd AE2N 2 FFE o 130F0E Y,
B ofAlo}, #¥{l, Holwle]gle] Eukt il Mut B¥stn gt}

ol g WML Euiv s, FYH A AA 39 FEEHEA F2 UL,
B T FREI v, AR BAE, o AAFE vid Zrlsien Yo ¢
2luetel e 1988 o)l ¥R YR A3lFEol FEen YE AFo|thAE,
1996).

e, Aol Fodt WEFo dEEe Udd=2RE £yt Y AR
ol Azle]l A F&F s1Ao] ol IxtFol o3 FFANHE H7EA FaA
T FE AN F3] ofFE gHon,

1950 e o] & zAwjge] o wWgel AdH Aol Hud(Emsweller, 1957)
ol#f, Al WAool vhFE AFAA WPo] RuEATt, kAT olel g sAu)x
oA AT AT E BE wFHo]l aFEI] wigo hBYAES 9% s dygo

2 QA E o] 83 FPA A4ato]l AR ItH(Takahashis, 1992). A Al & o)
83 pilot system& A}, AHMole} A4t E B 1 EQTh(Akita and Takayama,
1994, Akita 5., 1994, Yoshikawa's, 1993). A EWL71E 0] L3 pilot systemol] A <)
HFAELS Aol A3k A& YA azls fold dAxPe F £ g AR
o] 8t

oAy F5Hd By valFel gkl 9138 pilot systeme] Autat o
o] Agstel gl AEWNZ/NE o] 8T SN wiNZETH FrIFYFe Fie)
W Fuhg ol A al A Frlol2xt Fol W3l §F3ALe o] &S HESA )

Al 2d AR H R

1. i< A8

AENEY] AFL 93 AaE fig.ld 243 JJrﬂoﬂ o3 AR RS ALY
o oMlgRde mMYges 2551C, FYAE QOpmd-m?-stoez 1647 9 E==
ooz A% M)A 8F wjdslArTt
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7F 2A ARE AT A4 AeEwer) e 24

Individual scales were separated from the basal
plate of the bulb (circumference 18-20cm)

\4
Washed in detergent, rinsed with running water (lhr) !

Disinfected for 20 minutes in 2% (v/v) NaOCl solution
then dipped in 70% (v/v) ethanol for 30 seconds

Preparatioh of explant
(bulbscale segments: 5X5 mm)

Placed on half strength of MS solidified medium supplemented
with 0.3 mg - L! BAP, 0.3 mg - L'} NAA and 3% sucrose

After 8 weeks, bulblets induced explant
were subcultured to MS basal solidified medium
supplemented with 3% mannitol and 5% sucrose

Fig. 1. Method of lily explant preparation.
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HlE A FRAA air lift & bubble columnd 8l AE2w$r)7} e ZA
2 AR 74 @ol HAL 5= bioreator: stirred tank reactorojth, o]l jte] E &
g AENEE VoA AE7 8 wigal /Y a2 JuE AR A stg).

D AE AR
28 dg A%< Cherry Blossom, Marcopolo, Casablanca® A A o)A =43}
o} AbLEATTWE. 1). ARTE 2~35 835 ATHYGA o] L),

2) e g

23589 AT 4712 O& e AEwngrid HEHAG

Stirred jar(Fig. 2), Non-stirred jar(Fig. 3), Air-lift column(Fig. 4), Air-lift
ballon(Fig. 5)

Z4zke]  AEWEIle] AT FAL 9% wAE 9. wixlE BAP 1.0mg/l,
NAA 03mg/l, 432 30g/15 Y& MSHIAE ALg3lt} pHE 74 582 RA3
a1, F71%2 0lvvmiair volume/culture volume. min)o. 2 ZA At Hjga &
=¥ 26F17C, AN 853 wge At AENEr|vg 8748 Table 19
A3 Ak

Table 1. Dimensions and experimental conditions for various bioreactor systems.

Bioreactor systems

Non stirred jar Stirred jar Air lift column Air lift balloon
Working vol.(L) 8 05 15 35
itted gl filt i
Sparger Glass filter rod Glass filter rod Fi glass fiter Fl.tted glass
plate filter plate
el 45° pitched 2-broad
mpetier flat blade
Agitation(rpm) 35 35 - -
Aeration(vvm) 0.1 0.1 0.1 0.1
Culture temperature(C) 25 25 25 25
photoperiod Darkness/24hr  Darkness/24hr Darkness/24hr  Darkness/24hr
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Fig. 2. Scheme of stirred jar bioreactor.

(a) air compressor, (b) after cooler and air dryer, (c) air flowmeter,
(d) membrane filter, (e) glass sparger, () magnetic bar, (g) impeller,
(h) stirrer, (i) sampling port, (i) condenser.

t%‘

e

Fig. 3. Scheme of non stirred jar bioreactor.
(a) air compressor, (b) after cooler and air dryer, (c) air flow meter,

(d) membrane filter, (¢) glass sparger, (f) sampling port, (g) condenser.
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Fig. 4. Scheme of air-lift column bioreactor.
(a) air compressor, (b) after cooler and air dryer, (¢) air flow meter,
(d) membrane filter, (e) glass sparger, (f) sampling port, (g) connector

for medium exchange, (h) condenser
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Fig. 5. Scheme of air-lift balloon bioreactor.
(a) air compressor, (b) after cooler and air dryer, (¢) air flow meter
(d) membrane filter, (¢) glass sparger, (f) sampling port,

(g) connector for medium exchange, (h) condenser
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1}, 201 BTBBOIA A&AFE w|gsts &< pH, DO, ¥ 4%

ARG ANAE BEFAY A7 AAE ARE A7 27198
pH, DO, %#e Watd ol AL Fasth o AT ZHL wIAATL A
AY pH, DO, o W Es @33}y $)3e)d).

D AE AR

olxjolel AlE<Ql ‘Mona’'et 22jdg Al%5-Q 'Pesaro’, '"MArcopolo’¥= Fig 1914 ¢}
2ol ZAsY mAuAAM wFEH A& AEE ALLIAT. AFEA GA M=
LATE 2~35 8] ARE AMESAT

2) Qe w
&3t ool o5 pwE AZNLI(Fig. 6)8 ©f APNA AgAT. w gt
& 8FEt ol Fol A 1FAAoR WIAE 10ml¥ A 24 SR

3) &4 Wy

A A AU sucrose, glucose, fructose?] ¥ ZA3l7] Yt FaH 3 RIFEV]
7b F-Z¥ HPLCOl o &A%
Na', NH4', K', Mg®, Ca® oFo] 9| ##2 Conductivityd %719} IC-Pak™ CM/D#
WG o]g, oML 05mM EDTA/2mM HNO3, £ 10ml- min-128 3&9h
285t Cl, NO* |, SO €o]2 & suppressed conductivityd 719} IC-Pak™ Anion
HR 4%, °l%4< 16mM NaHCO¥1.4mM Na,COs, %<& 1.0ml-min"' 0.2 3%
t}.

4) WA plgt DO W}

AR wgF 710Et AENE7ld F3E pH meterst DO sensorg 53 A3
o}, WXl pHEA ¢ pH meter(Triode™, Orion, co.)&, DOE DO controller(MDL-
4CR, Marubishi, Japan)® & A 3}l%th

o}, Carboyoll Al Azt Aol mals= AisE 7] a3 ¥

D AeAds

ofAlo}e] 7%l ‘Mona’'9t 2.2]'d AE<¢ 'Casablanca’t Fig 19149} o) =
Astel mAjul ol WMIFd AL AEZ ALsAT AT A E 2ATE
~3% 23] ARz AHgsA



Fig. 6. Configuration of 20 L BTBB with pH and DO measuring
devices and sampling port.

(a) measuring devices, (b) air flow meter, (¢) membrane filter,

(d) pH probe, (e) DO probe, (f) condenser for ventilation,

(g) sampling port.
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2) Aegr) g
Carboy& ©] &8 AMEWNZ7IFLS AZTHHANA EgD d3t FAd o8] &
HAak, W gF1EL 8F 5t ol Fol M)

A

-

) Ax %

aA S vAE AF%E 1] Yt AAFEE @9 st
(1) 10.3 mM NHuNOs + 9.4 mM KNOs,

(2) 206 mM NH4NOs3 + 94 mM KNO;,

(3) 30.9 mM NH4NOs; + 9.4 mM KNOs,

4) FIFHF
AR F71EE 937 98t air flow meter(Dwyer. USA)E o] €3l (.1, 0.3,
05vvm 2.2 g)de] 233}

Fig. 7. Configuration of 500 mL carboy for nitrogen concentration test.
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g, 247 #49) o] Roller bottles] #7]} 3)ds] &t

D HEAR

28 dg A%< 'Marcopolo’E Fig 104 ¢} Zo] ZAste] Auf=| A wjgd
Ag AEE AT ATFEA SAdME £2A7E 2~3F 859 A82 AHEs)
Ak

2) Roller bottle culture

| 9} (Wheaton, USA.)9] 0.2#m membrane filtersS H#ZA3AG RFsz g
AL o] &3l @r)e}t A AFHE A A Fig. 8). HHAEEE 2~3rpm3t FA
ato] wiFatgoh ATe HEHFL 5%(10g/200mDE ZAFASL WAE BA 1.0 m
g1, NAA 03 mg -1, 30 g-1" #23& ¥ MSHIA & A& )

e

N

3) B4y

A A w2 U] sucrose, glucose, fructose?] ¥4 =A3}7] 93t FAH I RIFHE 7V
7} 39 HPLCOl <3 &4t
Na', NH4', K', Mg?, Ca® o] 29 #3& Conductivityd & 719 IC-Pak™ CM/D3
4L o]g, o|%4< 05mM EDTA/2mM HNOs, #4< 10ml - min"' 22 &9k 1
23 CI, NO¥, SO &o]&& suppressed conductivityZZ7]s} IC-Pak'™ Anion
HR #¥, °]54<& 16mM NaHCOy1.4mM NaxCOs 5%-& 1.0ml - min '22 3%
T},

4) EC &4

ko] BYE migHul AR e ECE AZAEE ZAH7E AHEsld ZHA35
gt (Mettler toledo, MC226,.U.K.)
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Fig. 8. Configuration of roller bottle culture using rotating apparatus.

ul, E&F systemoll A @A €A7T AT (A6 vx= 73

D AEAs

Leldig A% ‘Marcopolo’g  Fig 10148t o] st majujxolA wjdd
As AEE AHESAT ATE4 GANMNE 2ATE 2~35 83t AgZ AL
AL FHE 2AFAE 05~1.0cm)E A vlgidA ) o] &3t}

2) BEwkg7) MY

E&F system3 #Zo] 372 x| wjde A9 AxFE 10L BTBBo| Zatay
IE(sieve)& MA3ta 290 HEFsA EWE AAE Boz wiAE wesAL
SE3A L WA= solenoid valved}t timerdl] &8 5o 2918 TFEH Q)
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Charcaal filter . . Ebb & Flow{Control)

Fig. 9. Scheme of bioreactor system attached activated charcoal
filter compared with ebb and flow (control).

vl 20 A M gS o8 W diF AN AA HH

1) HEAE

L.g9g A%< 'Marcopolo’S  Fig 1914 ¢} o] ZA|sle] mAwjRlel A wjgs
AL An2 LAY AFPAY GAdME AATE 2~-35 835 AZZ AL
A3 FAHE 22AF(XF 05~1.0cm)E AT vl tigkAlo] o] &3tk

2) AA4A

AR Q] BAEE Fig 100 YEA . A8 AHRHA (a) EGOA Aujg =3
oA Ztzte] QWS wo] LFIFH NaOCIR 2E3%FE 05cm’ 272toz #& (b) BA
1.0 mg - 1", NAA 03 mg-1", 30 g+ 1" AZ< ¥ MS AA ) HEHAIL (c)
el AduIFs B3 B2 ARE JdAd v AL wigex 2BE1TC, TS
A Opmd - m?-s'o 1647 Bl e G HATE (d) AR DA =2
¥ AT AA Agege Qs o) &HATh () AA MFE ANEE air lift A
ENSUIE &A A2 (O AFZ3GAFA (W 1~15049) AERS7HRA = H]
il R1Ql 3% vtUEF 5% Aol Xdd MSuWiAE wHATH (g) olZA AAE
AATE 5CAA FAErs A Fo Edd &A 4A Aok
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Fig. 10. The fundermental process for mass production of lily.

Al 3d A3 f un
L2 Aol Agd Agwgrle 2

Z}zhe]l AENEE7I HEFEE AHAANA Wi 25 F B AXPU FEHUG
E 20 YeEpd AA Zo] Stirred jars AYstae FLEA AU 270143k
i F7Izbel AR AAFLS o 10Mold 718, Non stirred jar, Air-lift
column® Air-lift balloonZte] A Aol A ARG 2}t F24 o= Air-lift
balloono] 7}4 AR 9 vlhE YaAlEx Non stirred jarZt A3 Aoz Azt
A} Stirred jarvl Yol A$ RE AAAE AT ol 4L dHeo] 9
g Ao ot AAE JL ddol AAHANMF T, 1994).

2. AEWNE7) Wgel AolA AU FEAEES Fhol2FE, £E4ALY W

e A WF 25 Fo =gy AFeg AFHIUL, 65 F wixY
RE 95E 9338 nAIA AL gAQ02H olfate e 33
7

bols Aoz Jehdh A%uge WA 8 o 467w A
= Aol vttt AzHolAhY 11).
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Table 2. Bulblets production from several cultivars of Lilium in various bioreactor
systems after 8 weeks in culture.

Inoculum size Mean size of Increase of

Reactor type . - . Bulblet no.
(working vol) Cultivar  pfean size Total wt. harvest yields bulblet wt. per scale
(mg) (g) (mg) (folds)

Non stirred jar Cherry z

8 L) Blossom 95 200 1850 195 1.35b
Stirred jar _ _

05 L) Marcopolo 70 15 Dead

Alr lift column /o opolo 70 70 949 135 2.80a
(15 L)

Air lift balloon Casablanc % 200 1063 112 3.454

(35 L) a

*. Mean separation within columns by Duncan’s multiple range test at 5% level.

AFFAGA N AN FES] 2EEE 2§ 120 JeERART. 279 A4 d
< MM aRHTIL X2l AIAA waA ARFE FFo] Qlvh dRF o]
o AF A EE o] uiY 55 Fo| ARFE wide] A o] 8F Fox
-3 FolUTh olrte GEF o] 2o] ANY ol 2rTE AFAG B Hol o
THE RS & F Aok 7, 2297 FAEE AT g2 AN FERE(EA, v
avlw, EFE, 28)2 FdHes HL2 o] o&HAUY oy AAe AT HA
of AA F3 Aide] T3 TS F93n vk RS YEpd.

ALY FAAGR A8 e Mg FA AN E&88L, ABFH Faho)
ks WEte 39 1394 BE btekge], A BE B& WY 2F Fo 4EEH
AL, &EAE GA WFx7] 8 mg/l FE/F WA FAste 25 Fo AWl 4
mg/I12 ZL3RAT FAOILFEE §ELAS Fo HF o2 17 F 5944 48%
golR o] F wFBI7A A WEEkA kot
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Fig.11. Changes of sugar content in culture of Lilium asiatic
hybrid ‘Mona’ in 20 L BTBB.

200 50
—&—Na+ —O—NH4+ ~—a— K+ (x10) —e—Cl-
—~3—Mg2+ —O—Ca2+ 20 P ——NO3- (x10)
a N
g e
E 90
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K] 4
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o
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Fig. 12. Changes of nutrient consumption in the course of culture period by
the cultures of Lilium oriental hybrid ‘Pesaro’ in a 20 L BTBB.

—101 -



DO value (ppm)

Fig. 13. Changes of dissolved oxygen, pH and total sugar in the course of time
at continuously immersed cultures of Lilium 'Marcopolo’ in 20 L BTBB.

3. A7 UoIN A4 FAFNB w3

7 AaxY wxe 9F¥

A7 9 dax9 TEE A3t A3, NHNO3309 mM NHNO; 4.7 mM
KNOg)E7t &2 X FolA 2Ty 2o Jzadan, dAgy Pelo F4e
AAstE AHE dEUAY. djzH o R AX AT AAFe] 206 mM NHNOsz
9.4 mM KNOzolA FA velytth, olelst Axte Qu < ale] AFd 2ste 7]
AE Aoz Aztdr) AxFY FHde e YEF o]lo] AIEH Aoy Azt

gt

. 1Fd e 23

Zkzt 0., 03, 05 vvme F7IFHolM e LA Aol FEALEYTHTable 4).
03 vvmo]3e] A% FIFAL 2T ZAE 2EH2E FEte wAY #H=3)
FEs TANINEA AFE AsAH(Tanaka 5, 1983). 3 243 F71FYo) 2

@ WxEA0) Bol wAE Aoz Az
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Table 3. Effect of nitrogen concentrations in MS medium on bulblet growth of

oriental Lilium 'Casablanca’ in carboy after 8 week in culture.

NH/NOsKNOs  Inoculum Harvest yield ;\:;jzt Leaf Root
(mM) size (8)  No. bulblet Bulblet wt. (g) wt. (g) formation” formation”
103 : 94 10 146 40 0.27 ++ +t++
206 : 9.4 10 162 47 0.29 ++ ++
309 : 47 10 170 34 0.20 + +

" += rare, ++= moderate, +++= good

Table 4. Effect of aeration volume on bulblet growth of Lilium

‘Mona’ in carboy after 8 weeks in culture,

0.1 vym 0.3 vvm 0.5 vvm

Initial medium 500 mL 500 mL 500 mL

Final medium 414 mL 257 mL 155 mL
Inoculum wt. 10 g 10 g 10 g
Harvested fresh wt. 216 g i84 g 162 g

4, AT PO FFE v @dvle A 85

WAl A7l AF- wgriel sH Fr)t o] Fojx A FoA FHd
AREE el oled AR Ee wit Ax7o FAE AP Frtde A
YEPRTH Y 14). E3F HPLCREA o ojdte] 7 Ards AN A3, &xF
218 9EiA] YR F olfo] HAY o] K & Wol oJ&HE AE E 5 YU
(19 15).

34 WE01E o83 AR, AEAd oA BYE ojitsiEie Y FHuA
BHELS A g A dgArrE dAste B-7F dvh A &217F 71 A EH
Mol We JFE Fv Ao A (Tanaka, 1983).

o e

—103—



@0
~
»

(]

o
“n

»

No. of bulblets
°
g -

Electric conductivity (ms/cm)
Residuat sugar (g/L)
£

<
=

Y RN Y N RY BN BY BN
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FRFN: Rotated & non-ventilated FSFN: Stationary & non-ventilated

Fig. 14. Effects of ventilation and rotation on number of bulblet, EC and residual
sugars during bulblet formation stage after 8 weeks in culture.

Nitrogen content(mg/L)

Fig. 15. Residual nitrogen content in medium Lilium 'Marcopolo’ after 8 weeks in
culture.

5. £2ATFY P F¥& F= D £

g =7¢l 9% Ebb and flood ¥4 9] vjgoA Bt ¢ W& Fag Ao
A AT B4, ARAG ALY AT F agan AT AAMFo FE AL B
T AR H(Table 5). ol21 g FA A9 SRR ol e} PYHonr ofF FRHF
Ao R4S YERUATHZY 16). ol&g dA4L &4 de] vix AFIAEA S
Frgtozn A4 Jeygdd 3¢S & Rolgt A2 H(Takayama and Misawa,
1980).
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Table 5. Effect of activated charcoal filter for bulblet formation in E&F system

after 6 weeks in culture.

Number of bulb scales Number of bulblets
Total wt.(g)

with bulblets(%) per scale
E&F 50 1.6b” 44.3
Charcoal filter 80 2.6a 56.1

* Mean separation within columns by Duncan’s multiple range test at 5% level.

Charcoal

Fig. 16. Morphological features of bulblet grown at activated charcoal filter
compared with E&F after 6 weeks in culture.

6. N A AT 2dA MFddEe Y

AERE7 P er Qo A= 4A <8 IAR(Fig 17). & 17hEF AEd
SNANA Dol Aol 90%01d EFM AEHeE £3HAH ). 2ARAE 1EF
EXEQA 7Rssalt
W R AEWS7INA 7o RN JHsddn 2184 AdE ATE &
5 FAR ol &FF QUrk dom AT wME FAG AFE AT Jled €
AAk & Roli JEHErIAA Lo AT EFNA Avid Ao FestE
A Zolzb QA Mids ok & Aol
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Fig. 17. Growth of bulblets taken from bioreactor system after transplanting 1
month (a) and 1 year (h) in soil.

A 44 A8

LEldg 2 olAolE AF YHF FTLRFH AAFE air-lift balloont
bubble type balloon ME4E7]oA A+ F w2 T 20A WMIFE o] &3
o gjZFAAFATT

Bubble type balloon A E4%8-7]& o8& velfFe A wigA wF7|to]l At
stAA AN FFE S293 A2Y BE 5 343 B4 AREtd wg 6
F Fo) A BT nZFHYL 3], AaYes FFE gRYote Fie ANHA
& F grJoeld Aiavt AFFAE 95td vl Be] o]&HE A ¢ 7 AU
aziy gades THE ADL wd 25F Ix3H Ao 25 Eid F o
SolM e Aol YehtR skt A9 A¥E T AAuAE o8 G
FA W 4-65vi) AEE HiXE RS HFE Ao wEAEdn & & U

v Z7] wjAW pH 58& Y 2% F43| Zasted pH 4322 #HA3RL
W, SEALE IR HEx uAY £&84H4 8 ppme 4ppme 2 A AT 2
g uFLAN AR HolF FAE A wigle] FAsATt.

A2Y FEAY ZadAM 2= gty HA7F ¥£3E 30.9mM NHMNOs
2} 47mM KNOs ulRlo)A 2p7e F2le] dastyrh thdd &2 715901,
0.3, 05 vwm) A@A3, 01 vvm olAe] Z& FUFYL EA ) 2EHAE ofy]
NFezX dHE F3FES AN Fugd WA FE F& FuUdes ddEew
gt AFE FAANFA 01 vwmel A 7 FL& ASAEHE ek 3432
g o] &% W A e FAPAAE A ¥ A9A F71FYF membrane
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Table.l Bulb size and weight of bulb grown on different growing media.

10-15 g 05-10 g Below 0.5g
Treatment

Size(cm) Wt(g) Size(cm) Wt(g) Size(cm) Wt(g)

M1 8.5ax 10.4a 7.3a 6.7a 6.2a 4.1a
M 2 7.0b 5.5¢ 6.4a 4.7a 5.1b 2.2b
M 3 5.2¢ 2.1d 4.1b 1.2b 3.0c 0.5¢
M 4 7.8ab 7.6b 6.7a 5.9a 5.5b 3.0b
M 5 4.6¢c 1.64d 4.8b 1.7b 2.8¢c 0.4c

*Mean separation within columns by DMRT, at 5% level
M1=Peatmoss and Carbonized rice hull. M2=Peatmoss. M3=Vermiculite and Perlite.
M4=Peatmoss and Perlite. M5=Vermiculite.
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Fig. 1. Effect of bulblet weight on shoot formation of Lilium oriental hybrid
‘Casablanca’ bulblets regenerated in vitro
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Fig. 2. Effect of planting depth on shoot formation of Lilium oriental hybrid
'Casablanca’ bulblets regenerated in vitro
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Fig. 3. Bulblet growth as affected by shoot formation and scale leaf formation
from regenerated bulblet of Lilium ’'Casablanca’ after 5 months in green
house.
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ok GEd&(me/l) ¢ 3.0NO;, 05HPOs 1.3K, 1.8Ca, 1.0Mg. " &2 (ppm) : 3.0Fe,
0.5Mn, 0.05Zn, 0.02Cu, 058. 18|32 0.01Mo7} AF{EH ATt Tk e;% 273 1.6cme]
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3R FAE olu EdUGI HlEdS E°J€EE 7l 95k &k}
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A ¢ BaAle ¥ Auto Kjeldahl(DTP-3, MRK, Japan)& ¥A}3l9l1, 1\}
Vanadate® .2 470nm 3ol A 8] 4 A (Unicon-930, Kontron, USA)E A}-&3}
Ao #HE, e, vtadles 2 vFdaE ASE 03g8 A F3kd Perch]onc
Acid(HCIO)E 3 48 10mi# Wi 270CAA 2412 §< B38 § AAFTFF =
(AA6701, Shimadzu, Japan)$ o]-&3te] &3 4th.

Ao rlo

A 34 A3 2 w3z

A 15Y FHE dopsty] ARl AT AU wjgEE dolgolt
ofAl7]E Aol7h ANe™ 04~08g ATE dAGN TS T AEHL FAEX
Rk 12~16g2 &7E 0%AE BEgol HASYR 24~ ~28g9 AFE T0%A
5 AEdde] wASded M A4 FHL WU E sucrose FE, W Y7)7H
ol oa] 2A FFE TE ReZ HaHo] glov(Takayama®t Misawa, 1980), 1
5Ceolgtel ALojA MId 22U FHE 31/ ¥AY FAL sdae 2 H=s
@2 Aoz delA AHKim 5, 1998). &8 Paffen 5(1998)& sucroseF-3 7} =]
R} sucrose FE7F 90g - L' WX M MY 2Q7A Fol Aum gy &
g AFol ofAetgolnt Ydyelng FHo] zuxm 3¢ th(Hertogh®t Nard,
1993, Miller, 1992). whe}A F22 Z7]o) vl8] FEHol &) e AL B3¢
1Al W gste RY g el ol mEEHo] ALXE 7)3ko] 4TAA 8F313Q
7] o &el o7k AUAR Aeow Alg g

23X AE EE AT gujAe] wls) %7 AAF, AAAF, FEFo) 7
2FUR ELTANE & Zol7k UA| gkgkout C+PulA7L ozt -4tk Wi g
FE Ao M EC 20mS - cm ' M2 T2t EC 05mS - em A TRt AAF, A4,
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AEFo Fratgd e AT 04~08g2 C+PulAIe] A9 EC 05mS - cm ‘2 & 7o
A AAFol 1.15g ©IRNe EC 20mS - cm ‘M2 Fo M= 249ge 2 2wt P& 2
o)g ngen AUYSEE EC 05mS - cm ‘AT AE 212715121} EC 2.0mS -
em'HYFAME 526702 BT AEFAME EC 20 mS - em A FANA %A
UEelstth(Table 1, Fig. 1). &7 12~1.6g¢ C+P wjA¢ A9-E ECI} EolAFE A
A%, AWASF, AEFo] 718 QrHTable 2, Fig. 2). 2T 2.4~28g9 A oA e
0% 3% A&e] FAREd 94 22 FAC) d&FRUYE L7 A&
o] F43 C+PHiA7} C+PPWIA BT} 584tk C+Pujx]¢] EC 05mS « cm ‘A 2 F
M zAo] 154em, 57t 872719y EC 20mS - cm ‘A FaME 23
184cm, G4, 924702 F7atRew F29 AAFH AEFE EC 20mS - cm ‘A g
TFoAA F7FF ] vHTable 3, Fig. 3).

Table 1. Effect of growing media and nutrient concentrations on bulb fresh
weight, number of scale leaves and bulb dry weight in Lilium oriental
hybrid 'Casablanca’.(Bulblets of 0.4 to 0.8 g were planted and grown for

5 months)
EC .z Bulb fresh Number of Bulb dry
(mS - cm™) Medium weight (g) scale leaves weight (g)
C 0.95+£0.05 2.16£0.26 0.27x0.08
0.5 C+pP 1.15£0.14 2.12%0.21 0.34%0.15
C+PP 1.20+0.13 2.10£0.23 0.40%x0.14
C 1.04+0.07 2.78+0.19 0.38+£0.07
1.0 C+P 1.66£0.07 3.14£0.30 0.53x0.05
C+PP 1.65£0.06 3.21x0.24 0.51x£0.07
C 1.81+0.09 3.98+0.22 0.59%0.08
15 C+P 2.34£0.12 4.22%0.22 0.75x0.09
C+PP 2.27%0.17 4.18+0.20 0.74*0.11
C 1.83£0.15 477%x0.23 0.58%0.12
2.0 C+P 249%0.14 5.26%0.29 0.73%0.11
C+PP 2.41+0.12 521%0.27 0.70£0.10

*C: Coconut dust block
C+P: Coconut dust block(5) + Perlite(1)
C+PP: Coconut dust block(5) + Perlite(2)
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Table 2. Effect of growing media and nutrient concentrations on bulb fresh
weight, number of scale leaves and bulb dry weight in Lilium oriental
hybrid ’Casablanca’.(Bulblets of 1.2 to 1.6 g were planted and grown

for 5 months)

EC . Bulb fresh  Number of scale  Bulb dry
(mS - em ™) Medium weight (g) leaves weight (g)
C 1.81+0.23 291%£0.35 0.53+0.14

0.5 C+pP 2.08+0.19 2.90*0.31 0.60*=0.15
C+PP 2.03£0.18 3.20+0.29 0.69%0.19

C 2.55+0.21 3.70+0.33 0.82+0.16

1.0 C+p 3.08+0.19 4211027 0.97£0.18
C+PP 3.13%£0.36 4.4410.36 1.00+0.17

C 2.80%0.15 4121024 0.89+0.23

1.5 C+P 5.33+0.69 464%0.45 1.68+0.22
C+PP 4.9810.40 4721037 1.58*+0.26

C 4.46+0.28 459+0.24 1.36+0.28

2.0 C+P 6.21+0.53 5.487+0.25 1.96+0.31
C+PP 5.86%0.43 5.41%0.31 1.88+0.32

*C: Coconut dust block
C+P: Coconut dust block(d) + Perlite(1)
C+PP: Coconut dust block(5) + Perlite(2)
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Table 3. Effect of growing media and nutrient concentrations on bulb fresh
weight, number of scale leaves and bulb dry weight in Lilium oriental
hybrid ’Casablanca’.(Bulblets of 2.4 to 2.8 g were planted and grown
for 5 months)

EC . Bulb fresh Stem leaf Shoot Bulb dry
(mS - em ™) Medium weight (g) number length (cm)  weight (g)
C 3.64%0.29 8.42+0.45 1550%0.48 1.20%+0.24
05 C+P 3.99£0.45 8.7210.41 15.40%+0.45 122£025
C+PP 3.36+0.23 8.70£0.39 15.60+0.67 1.06%0.31
C 4.70+0.80 8.87+0.51 15.60+0.47 152+0.15
1.0 C+P 4921038 8.92+0.46 14.90%+0.38 1.74%+0.22
C+PP 5.78+t0.41 8.85+0.47 15.40%0.69 1.87£0.26
C 8.1710.58 8.451+0.43 16201055 2 57i028 ------
15 C+P 9.31£0.77 9.16-0.51 1670080 2.96+0.27
C+PP 8.73%0.80 9.12*£055 1660+0.74  2.70%0.34
C 7.99£0.39 8561046  17.90%£0.64 253 +0.28
2.0 C+P 9.79%£0.74 0.241+0.44 1840+ 0.45 3.12%0.29
C+PP 8.63+0.39 916053 1820054 274033

“Ct Coconut dust block

C+P: Coconut dust block(d) + Perlite(1)

C+PP: Coconut dust block(5) + Perlite(2)
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Fig. 1. Lilium bulbs after 5 months of growth on coconut dust block mixed with

perlite (5:1) (Bulblets planted were 0.4 to 0.8 g in weight).

EC05 EC1.0 EC15 EC2.0

Fig. 2. Lilium bulbs after 5 months of growth on coconut dust block mixed with

perlite (5:1) (Bulblets planted were 1.2 to 1.6 g in weight).
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Fig. 3. Lilium bulbs after 5 months of growth on coconut dust block mixed with

perlite (5:1) (Bulblets planted were 2.4 to 2.8 g in weight).

Table 4. Difference in mineral contents in leaves of lilium Oriental hybrid cv.
Casablanca as influenced by nutrient concentrations.

EC Leaf (% dry weight)

(mS +cm™) N P K Ca Mg
05 261053 0.13£0.06 3.1710.42 1.30+0.36 0.47+0.08
1.0 2841048 012+£004  3.19+047 1.80%0.30 0.46£0.06
15 2.86x0.65 0.15:0.07 3.18+0.53 172041 0.48+0.06
2.0 3.2240.74 0.16+0.10 3.26+0.66 2.23=0.45 0.47£0.09
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Table 5. Difference in mineral contents in bulbs of [lium Oriental hybrid cv.
Casablanca as influenced by nutrient concentrations.

EC Bulb (% dry weight) |
(mS - cm ') N P K Ca Mg
0.5 1.35£0.21 0.07£0.02 1.28+£047 0.02+0.01 0.12+0.05
1.0 1.41+0.23 0.06£0.01 0.92+0.43 0.010.02 0.15+0.06
1.5 - 1.3240.19 0.08+0.02 1.14+0.51 0.02%£0.01 0.14+0.05
2.0 1.43+0.20 0.07+0.02 0.87+0.56 0.01=0.01 0.16=0.04

Table 6. Difference in mineral contents in bulbs of lilium Oriental hybrid cv.
Casablanca as influenced by scale parts.

Bulb (% dry weight)

Scale part
N P K Ca Mg

Outer scale 1.18+0.27  0.06+£0.01 1.10+0.13  0.01%0.004 0.12%+0.02
Middle scale 140+t033  0.07%0.02 1.26+0.09 001=0006 0.11+0.03

Bulb core 1.03+025  0.06+0.01 1.01+£0.11  0.01£0.008 0.10+0.01

Mutsao 5(1982)2 Easter lily2] 184 A go]A 13N-3P-11KZ 7I¥|& &
8tal Hyponex (IN-6P-19K)& 230 3 #538 AgFdA vlgg FIFA &
Ae]gtel sl &G QUFY HA mHAoln AA Ae Hol A&
g HAS Az A Th ¥ 3 F(1995)7 Argo §(1994)2 Zuigto)
Bt MA EF BEC7E 3mS - em ol g AuistE Aol A HA HEBAM] A}
A ojg a4l

C+PHl Ao Xl ECH 1o F718 3FFE Table 49 2l ECPt EHold45E G
Aret QA ZE, AFe FHFL oA AFoIRoy vtavlge] FTEFL HA
b ATk oA E 7t o] wEE Frlo)le] o] FREA JEhA] Fsi
(Table 5). 12|y} o] 9 F71E §#F2 ARAH] FAHAY o] A A
e EY Matsuo 5(1982) % yadvta]e] QI A oAl FlHo] WHAld & #3olet
3l a2 Takayama$} Misawa(1980) = 1#H s FellA] &lH BT} AdHo] A97% A

oo ox

fl
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Z EC7} 30 mS - cm 'ol8l7} HEE Ege dFFEEE Aasiy Aol YaoF &
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A 44 Ha

B A7E VAN diF g eodgdA e sAEGI g} TE 71960 A
FTE “H 7}’9 e Wil HA widge $EE otz HA] sRew A
s 2o owixe 23yl P &8 AR &4 AT Fkew ==
A (6)s %E}NE(I)«] EA A Mg - AT FY FEE AN
EC 05 mS - cm” HeF#xRet EC 20 mS - cm' A FojA 729 AAFH A
%, dudey AEAFUE SU1EAT AEA BYAA pETE YoM BE
7189 ol o WFY T MM EC/T wotdsE i, A, &
, %}%"é o] ":711 veigtey rladlgd & ez e v 72l E o)

AgoA FRE FFol A skt a2y F29 B9 Fr1E #F
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Argo, W.R. and J.A. Biemmbaum. 1994. Irrigation requirements, root-medium pll,
and nutrent concentrations of Easter Lilies grown in five peat-based media
with and without an evaporation barrier. J. Amer. Soc. Hort. Sci. 119(6):
1151-1156.

Choi, JM. and CW. Lee. 1995, Effects of irrigation methods, nutrient
concentrations and media on salt accumulation in media, growth and flowering
of Easter lilies. J. Kor. Soc. Hort. Sci. 36: 715-724.

Hertogh, A.D. and M.L. Nard. 1993. The physiology of flower bulbs. Chapter 27,
28 391-454.

Kim, E.Y., J.D. Choi, K.I. Park, M.S. Byun and KW. Kim. 2000. Production of
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non—-dormant bulblets of Lilium oriental hybrid by control of culture
temperature and growth regulators in vitro. J. Kor. Soc. Hort. Sci. 41: 78-82.

Kim, KW,, J.5. Kim, J.D. Choi, and K.I. Park. 1998. Effects of culture conditions
on dormant status of in vitro regenerated Lilium oriental hybrid bulblets. J.
Kor. Soc. Hort. Sci. 39: 641-646.

Lee, ]S, JS. Lee, J K. Suh and E.J. Han. 1994. In vitro Bulblet formation from
various explant sources and sizes of bulbscale segment in (lilium elegans
Hybrid. J. Kor. Soc. Hort. Sci. 35: 507-513.

Matsuo E. 1975. Studies on the growth and development of bulb in the Ester lily.
IV. Effect of temperature light conditions on leaf emergence of scale bulblets.
J. Japan. Soc. Hort. Sci. 44: 281-285.

Matsuo, E., K. Arnsumi and H. Kawashima. 1982. Cultural practices influencing
premature daughter leaf and/or shoot emergence in scale-propagated easter
Lily. HortScience 17: 196-198.

Miller, W.B. 1992. Easter and hybrid lily production. Timber press, pp. 19-90.

Paffen, AM.G., P. Aguettaz, I. Delvalléee, G.J. De Klerk, and R.]. Bogers. 1990.
The development of dormancy in lily bulblets generated in vitro. Acta Hort.
266: 51-58.

Takayama, S. and M. Misawa. 1980. Differentiation in Lilium bulbscales grown in
vitro. Effect of activated charcoal, physiological age of bulbs and sucrose
concentrations on differentiation and scale leaf formation in vitro. Physiol.
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Al o&f =2[uffsto{ T8 HEFo| 2kl R H Of A
HiX|e] SF/IF et F2of 0x= g

A 14 M

WL S "es 3, A, Fhdlolde tiBo 40 F8 Asjeln F2 33
TAME &4 98 A3 ' AHolth $8 vEaA Astz AuEHzT Ye
W3 (Lilium spp)e F2 olAlolg, egladg, Yy S U4 aujFoel (3,
1995) 53] 2= de W} dEA QA7 glo) &0 FFslxn Yt

g EGAA dRAe ESEAEFY FHE AL 5 o] HAE o8
FAAQu I o] o] gx Ut olw wlFd 9 HE ECLO mS/cm7t 7H3 H s}
o & A oh.(Miller, 1992; Pasterkamp, 1996) Z2tAulE AZ & w woldz o] &
FozN AAAMA AK27] ALBAYr Hegdoezs FAS FHAZL F U A
AR 718 @5AgezN AL s dFg $ Qo = 3 FHEA
@otx oz FHA T2 Adst Ao asy AAAQuE Ax olFA PGS
golatA &7 dsiAEe AFNAE Agdol stez YKo ¢33, /AR, 74
o] & wixje] sidte] fFHTHERE T, 1995 ; Carlile 5 1968).

B FHF Azt & FEE Aol4 g Al Fox F2o FYE
e Folof gt o AR WA o2 ojgd Wk oy YR MFNBoz ¥
AAl A, 4 DL ANEEe B oh(Hertogh®t Nard, 1993; Lin¥ Roberts
1970).

wetA B AYL 2 $Fo FFsn JdE oddg W] AT 3y A
Aug MFEE TR AE drle G50l BE 7o AHE Golruna 53
sttt

Al 248 g R A

2 AYS FEUGR Ao Ed FHE W2 fel24dA 19999 49
130 g ste] 79 2697HR] oF 4709 3 AFESH MFAL Y LAZEAR
A9 egdg W FA(N-3, P-0.15 K-1.3, Ca-1.8, Mg-1.0 me/)& o] &3} o
ECx 227|(19~33C)& #4349 1.0 mS/em 2 19 13 F95dh AA4E 2¥
ZFu2A (51X40X 11em)ol W7l A EE 10cm FHo2 XE 2cme FHE U
I 2EYE 2t WMIEI FAHA dE2 A4 MIEE 5FF AFERS
ALE3AEd FEGGEIERA(G)>-MI, HERA(10)-M2, Helo)E(5):H u]Eelo)E
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(5)-M3, "ol EG):YERA(5)-M4, HulFeto]E(10)-M5d F2& A3t
Fae eodd ugge gEAY FFQ 2HE, nt2aEz, JAERI AFEFS
4C ALAFRAA 10533 AT Fo] 2~3cm AE wolgt F2& o] &3 e
W FIE 6~75cm, FFE 175~19cm, T35 656~89g2 M+E & ARl 15x
15cm AR 6709 78 EYEHAAM bcm ZolE A on AW ZA PE
gdgoz WAs AfzAe 23, 3F 3, g5, 2 ASUE 232 24
akqict.

AL F A F2o nEF FTFE A 45F 10788 200 E AT
Fglate] FZo FEE AU

A 34 Ay 2

A dFY FRE dolaty] AFsPen dolFE JFAF ) F2o)l veh}]
Aztatdct 2y el A9 59 29 stobE st Algtso] 648U AN A s}
2244 E 57YAE 285U BE FAHERIS vtEAERe A3 L8d7)
Zylrx} Zo] 88U A X A8 HUTH

240 Mg By 2R A dolFy F&T xF AFE Reldrt 54
i Ao 44e PFEAHFig. 1). vt2aE2E #F3 239 2
42 HoEuA o o) xgo] AAsA Fskrh. AAEZ I e 69x7RAE

1
th ol AFo] mer)o] o]FojA TE Fopt LERE AstY o] F&3 A
o At dEEAt Al

o m3te] AstAedsyE FA9E M & 2L AMSEEN AuLs
7t oA W AsA47E @dEHI 6~7490 FAE AAAME 1~2€9] A =4
Aurct g2 AL dert d5Ee g 23] Folx d3te FHo A
SEtH3 F, 1996). 53 E719 AEZF ¥ JoA= FIFol Avtin s
(Pasterkamp. 1992).

H 5L 9 FHEEe) Aol g gElstd YIRS W HgFHdde
ol 7k Aot F3F 30T, okt 20T, FYU ZAGAA MstAedFIE M #@okR
oy A3zle] Zoly) FHolxuz FA HIE AVIfsiAe 5T 25T, okt 17C~
1I8CE #alsts Aol Az sy o A9 Astds7t FREZIIZL 130, 2EHAI 0]
A 1109, 2dRE 86U 2880y ot wAE d3EAE vtEaERe 3¢
JERA G848 T M2 wlAA 653cmz 7HE A3 win|ggolE ©f AT
3l M5 WAl A 559em#E7HE 2ol M2>MI>MA>M3>MS ¢ 2 Aslhgo] de
L} M1, M2, M4 A3}ao)l Zxpo)7k gideyt 9 A& T vla] M3} MoHi A=
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Fig. 1. Growth of stem length in [llium c¢v. 'Marcopolo’, ‘Lereve’, and
'Casablanca’ during culture period as affected by growing media.

M1: Carbonized rice hull(b) : Peatmoss(5), M2: Peatmoss(10)

M3: Perlite(5) : Vermiculite(5), M4: Perlite(5) : Peatmoss(5), M5: Vermiculite(10)
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Table 2. Effect of growing medium on number of leaves, flower diameter and
flower number in 'Lereve’.

Growing medium”

M1 M2 M3 M4 Mb5

Treatment

No. leaves 559+1.26" 581+097 54.1+0.69 546+1.41 53.2%1.22

Flower 1494014 1334017 1364034 137014  134%025
diameter(cm)
Flower count 39-+0.19

per stem 3.6%+0.23 2.7%0.26 3.9+0.24 35+0.23

"M1: Carbonized rice hull(5) : Peatmoss(5), M2: Peatmoss(10),
M3: Perlite(5) @ Vermiculite(5), M4: Perlite(5) : Peatmoss(5), M5: Vermiculite(10)
YEach value represents mean * standard error.

Table 3. Effect of growing medium on number of leaves, flower diameter and
flower number in ’Casablanca’.

Growing medium”

M1 M2 M3 M4 Mb

Treatment

No. leaves  502+140° 49.1%+0.96 50.6*1.24 495+1.30 477155

Flower

. 20410.16 19.6+£0.19 18.6+0.42 20.3+0.21 17.6:0.36
diameter(cm)

Flower count  g64015 364017 291018 381014 284021
per stem

’M1: Carbonized rice hull(5) : Peatmoss(5), M2: Peatmoss(10),
M3: Perlite(5) : Vermiculite(5), M4: Perlite(5) : Peatmoss(5), M5: Vermiculite(10)
YEach value represents mean= standard error.
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Marcopolo OR-10
g R-20

Bulb size (cm

Fig. 2. Bulb enlargement in [lilium 'Marcopolo’ as influenced by treatments after
flower harvest.

M1: Carbonized rice hull(5) : Peatmoss(5), M2: Peatmoss(10),

M3: Perlite(5) : Vermiculite(5), M4: Perlite(5) : Peatmoss(5), M5: Vermiculite(10)

R~10: Ten leaves were left after harvest.

R-20: Twenty leaves were left after harvest.

Lereve R-10
O
25
g 20
L
9 15
2 10
a s
0

Growing medium

Fig. 3. Bulb enlargement in llium 'Lereve’ as influenced by treatments after
flower harvest.

M1: Carbonized rice hull(5) : Peatmoss(5), M2: Peatmoss(10),

M3: Perlite(5) : Vermiculite(5), M4: Perlite(5) : Peatmoss(5), M5: Vermiculite(10)

R-10: Ten leaves were left after harvest.

R-20: Twenty leaves were left after harvest.



Casablanca gR-10
@R-20

T

Growing medium

Bulb size (cm)

Fig. 4. Bulb enlargement in lilium 'Marcopolo’ as influenced by treatments after
flower harvest.

M1: Carbonized rice hull(5) : Peatmoss(5), M2: Peatmoss(10),

M3: Perlite(5) : Vermiculite(5), M4: Perlite(5) : Peatmoss(5), M5: Vermiculite(10)

R-10: Ten leaves were left after harvest.

R-20: Twenty leaves were left after harvest.

A 48 MR

B AHEE H2 &0 9382 de cgdg vy vaaks =2¥2, 4}
E#919 49 ’z}z}zﬂﬁﬂoﬂfﬂ Z—'I 43 Gy FAAuE NIEE TP 3T d)
© g4 BE 7o AHE Rz P AHA 29 Arle FF 17
5~19cm, T% 65~89cm2] /N3FEA #o] 2~3ecmAHE Holgt T2 o] &3}ch.
AEL 28871 7B we 239 AFE Boy vleaZz el sAEgstag 3
ok WA Aol e A FF RF HER2E Gfoy ELTAN 2%, 45, EF
7 F7HE 3 WulgEdgolE ggol} TLTFoA BAHUY. 239 Aol e
717t HERA @& X FolA 794ecmE e EFFHT FRY Ao 7] AsiA
vel] A3t FFolat AZE A

A 54 J&EF

Carlile. W.R. and C.P. Rumer. 1986. Growing media for bulbs in bowls. Acta. Hort.
178 : 257~261.
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