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Table 1. Composition of MS's macro-elements and Fe

Ingredient mg-liter '

Macro-elements
NH4NO s 1,650
KNOs 1,900
CaCl2-7H20 440
ka{L ‘THz{] 370
KH2PO.4 170
Fe
Na.-EDTA s
FeS04-TH20 27.8

Table 2. Composition of White's and 1/2 Knop's macro-elements

Ingredient mg-liter™! Ingredient mg-liter™'
White 1/2 Knop

Ca(NOs) 2 200 Ca(NOs) 241120 500
KNOs 80 KNO43 125
KC1 65 MeS0.4-TH20 125
Na2S04 200 KH=P0.4 125
Nal 2P0, 16.5

MgS0. 360

Table 3. Composition of RN's micro-elements and organics

Ingredient mg-liter™! Ingredient mg-liter !
Micro-elements Organics

MnS0. -4H20 25.7 Glycine 20,0
HaBOs 10.0 myo-Inositol 100.0
ZnS04 -4H20 10.0 Nicotinic acid 5.0

KI 1.0 Pyridoxine-HC1 0.5
NazMo04 - 2H.0 0.25 Thiamine-HC1 0.5
CuS04-5H20 0.025 Folic acid 0.5
CoClz-6Hz0 0.025 Biotin 0.05
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Table 4. Influence of the composition of macro-elements in the medium on growth of shoot tips

of L.longiflorum "Georgia' cultured in vitro. (Culture period : 75 days)
% of No. of leaves % of
macro-element explants per explants
with shoot explant with roots
Murashige-Skoog (MS) 90 T 90
1/2Knop 60 3 20
White 50 2 50
Cul ture medium :Any one of above macro-elements, Ringe-Nitsch(RN) 's micro elements

! agar, pH5.7.

and organics, 40g-liter™' sucrose, 8g-liter
Culturing conditions:23 °C, continuous light (1,500 lux)
Culture materials :Shoot tip with one or two leaf primordium(0.4~0.7mm in width,
0.5~0.8mm in height) was excised and placed in upright position
in a test tube(25mm diam) containing 20 ml medium.

MS - MS-NiL. MS-NOs " White

Fig. 1. Influence of macro-elements in the medium on growth of shoot Lips
of L.longiflorum ‘Georgia' cultured in vitro. (Culture period :
75 days)
Culture medium: MS and White media were the same as in Table 4.
[n the MS-NH. medium, NH.NO: and KNO: of MS's
macro-elements were replaced with NH4C1, and KCI
was supplemented to compensate for decrease of
of K concentration.
[n the MS-NO; medium, NH.NOs of MS's macro-elements
was replaced with NaNOs.
The N concentration of macro-elements of both media
was same as that of MS.
For culturing conditions and materials: See Table 4 .




Fig. 2. Influence of organic-addenda in the medium on growth of shoot tips of
L.longiflorum 'Georgia' cultured in vitro . (Culture period : 70 days)

Upper left : Basal medium (MS;macro-elements and Fe ,RN;micro-elements
and organics (vitamins and amino acids))
Upper right : MS, RN's micro-elements, thiamin-HCl and myo-inositol of RN
organics.
Lower left : Basal medium minus RN's organics.
Lower center: MS, RN's micro-elements, myo-inositol of RN's organics.
Lower right : MS, RN's micro-elements, thiamin-HCl of RN's organics.
All these media contained 40g-liter 'sucrose and 0.1lmg-liter™'NAA,
and the pll was adjusted to 5.7.
For culturing conditions and materials: See Table 4 .
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Table 5. Influence of changing the pH of the medium on growth of shoot tips of L.longiflorum

‘Georgia’ cultured in vitro. (Culture period : 70 days)

W of shoots No. of scales per explant FW of roots

pll per explant ~220mg 20 >~=10mg 10 >~=5mg total per explant
(mg) (Fw) (FW) (FW) (mg)
S | 148.9 0.8 2.4 0.1 3.3 434.5
4.7 360.0 1.0 1.4 1.5 3.9 610.0
5.7 423.0 1.5 3.0 1.5 6.0 775.0
6.7 285.5 0.6 4.0 1.1 5.7 472.3
T-7 227.0 0.1 1.4 L2 2.7 422.0

Shoot tips were cultured on paper-wick supports in liquid media.

Culture medium: MS's macro-elements, RN's micro-elements and organics, 40g-liter™ 'sucrose,
0.1mg-liter 'NAA, pl5.7 .

For culturing conditions and materials: See Table 4.

pll i 4.7 0.7 6.7 1.7
Fig. 3. Influence of changing the pH of the medium on growth of shoot tips of
L.longiflorum 'Georgia' cultured in vitro. (Culture period :70 days )

Shoot tips were cultured on paper-wick supports in liquid media.

For culture medium, culturing conditions and materials: See Table 5.



Agar concn 0 4 8 12
(g-liter™"')
Fig. 4. Influence of agar concentration in the medium on growth of shoot
Lips of L.longiflorum 'Georgia' cultured in vitro. (Culture period
: 70 days)

Culture medium: The same medium as in Table 5 was used except for changing
the concentration of agar. In liquid culture(0g-liter™ 'agar),
culture tubes were rotated at 1 rpm.

For culturing conditions and materials: See Table 4.

Table 6. Influence of sucrose concentration in the medium on growth of shoot tips of L. longiflorum

‘Georgia" cultured in vitro. (Culture period : 70 days)
Sucrose W of shoots No. of scales per explant W of roots
conen per explant ~=20mg 20 >~=10mg 10 >~=5mg total per explantment
(g-liter ') (mg) (Fw) (FW) (FW) (mg)
10 84.0 0 0.2 1.0 1.2 105. 0
20 301.0 118 1.3 1.9 DL 497.0
40 264.5 1.0 1.9 1.0 3.9 753.5
80 91.0 0.5 2.0 2.4 4.9 1018.5

Culture medium: The same medium as in Table 5 except for the addition of 8g:liter 'agar and
changing the sucrose concentration was used.
For culturing conditions and materials: See Table 4.
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Table 7. Influence of NAA concentration in the medium on growth of shoot tips of L.longiflorum ‘Hinomoto' cultured
in vitro. (Culture period : 70 days)

NAA F¥ of shoots No. of scales per explant No. of leaves F¥ of roots

conch per explant ~220mg 20 >~=10mg 10 >~25mg  Total per explant per explant
(mg-liter~!) (mg) (Fw) (FW) (FW) (mg)

0 271.3 0.0 1.8 6.3 8.1 Tsd 91.3

0.01 451.3 0.1 2.6 4.5 T:2 6.0 272.%

0.1 911.3 0.9 4.9 3.6 9.4 5.1 1480.0

1.0 47.5 0.0 0.0 2.0 2.0 0.3 547.5

Culture medium: The same medium as in Table 5 was used except for the addition of Bg-liter™'agar and
changing the NAA concentration.
For culturing conditions and materizls: See Table 4.

Table 8. Influence of auxins in the medium on growth of shoot tips of L.longiflorum ‘Georgia' cultured in vitro.

(Culture period : 80 days)
: Concn F¥ of shoots No. of leaves Length of leaves No. of scales per explant F¥ of roots
Auxin i per explant per explant per explant =20mg 20 >~=10mg 10 >~=bmg Total per explant
(mg-1liter-1) (mg) (em) (Fw) (F¥) (F¥) (mg)
Control 0 97.5 1.3 2.4 1.5 1.0 0.3 2.8 63.3
NAA 0.1 730.0 5.1 7.1 3.9 1.5 0.3 5.7 1028.8
1AA 0.01 95.0 2.5 1.7 0.0 0.0 0.5 0.5 41.3
0.1 440.17 4.0 4.9 4.0 1.4 0.9 6.3 365.17
_______ 1.0 378.0 3.0 2.0 2.2 0.8 0.0 3.0 522.0
2,4-D 0.01 182.9 2.7 3.8 1.9 0.4 0.0 2.3 89.3 '
0.1 136.9 2.7 4.4 1.8 1.0 0.6 2.9 £39.4
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Culture medium: The same medium as in Table § was used except for the addition of 8g-liter”‘agar end changing the concentration of various auxins.
For culturing conditions and materials: See Table 4.



NAA O 0.01 0.1 1.0
(mg-liter™')

Fig. 5. Influence of NAA concentration in the medium on growth of shoot

tips of L.longiflorum 'Hinomoto’ cultured in vitro. ( Culture

period : 70 days )

For culture medium: See Table 7.
For culturing conditions and materials: See Table 4.

NAA 0.01 =+ 1.0
(mg-liter™")
Fig. 6. Influence of NAA concentration in the medium on growth of shoot

tips of L.speciosum ‘Uchida' cultured in vitro. ( Culture period :
140 days )

For culture medium: See Table 9.
For culturing conditions and materials: See Table 4.
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Table 8. Influence of auxins in the medium on growth of shoot tips of L.speciosum

‘Uchida’ cultured in vitro.
(Culture period : 70 days)

Concn % of Bulblet % of Root % of
Auxins explants explants explants
(mg-liter"') with shoot growth® with roots growth” with callus
Control 0 100.0 e 66.7 - 4 33.3
NAA 0.01 100.0 + 4+ <+ 100.0 ++ + 30.0
0.1 100.0 +++ 100.0 ++++ 0.0
1.0 20.0 - 100.0 ++++ 0.0
IAA 0.01 100.0 ++++ 66.7 +++ 33.3
0.1 100.0 ++++ 30.0 +++ 70.0
1.0 20.0 + + 100.0 oW K 10.0
2.4-D 0.01 100.0 ++++ 80.0 +++ 80.0
0.1 100.0 ++++ 100.0 +++ 40.0
1.0 60.0 + 4+ + 16.7 ++ 90.0

Culture medium: The same medium as in Table

) of various auxins.
For culturing conditions and materials: See Table 4.
Bulblet growth : + = bulblet with diameter of 1 ~2mm,

Root growth

5 was used except for the addition of 8g-liter~‘'agar and changing the concentration

+ + = bulblet with diameter of 2 ~4mm,
+ + + = bulblet with diameter of 4 ~6mm,

+ + + <+ = bulblet with diameter of bmm ~.

++ + = many root formation,
++++= many elongated root formation, ¥ ¥ 3 = many abnormal root formation.

: += few root formation, + + = several root formation,
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(B) A shoot tip after culturing for 25 days.

Fig. 7. Longitudinal section of shoot tips of L.speciosum 'Uchida’
cultured on the medium containing 0.1 mg-liter 'NAA.



Fig. 8. Callus formation of L.speciosum ‘Uchida® shoot tips on the medium
containing 1.0 mg-liter '2,4-D. ( Culture period : 70 days )

For culture medium: See Table 9.
For culturing conditions and materials: See Table 4.

Fig. 9. L. japonicum bulblets propagated by shoot-tip culture for 210 days

on the medium containing 0.1 mg-liter™ "NAA.

For culture medium: See Table 7.
For culturing conditions and materials: See Table 4.
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Fig.10. Multiple bulblet formation in callus like meristematic tissue
originating from L.brownii shoot tips on the medium containing
0.1 mg-liter 'NAA. ( Culture period : 140 days)

For culture medium: See Table 7.
For culturing conditions and materials: See Table 4.

_—

Fig.1l. Flowering of L.brownii plants propagated by shoot-tip culture.

L.brownii bulblets with diameter of 2~8mm propagated by :
shoot-tip culture were cultivated in soil. After 2 years ol
cultivation, these plants flowered normally.
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NAA 0 0.01 0.1 1.0
( mg-liter™'.)
Fig.12. Influence of NAA concentration in the medium on growth of shoot
tips of "Kiyozubeni’ cultured in vitro. ( Culture period : 120
days )
For culture medium: See Table 7.
For culturing conditions and materials: See Table 4.

0.01 mg-liter™ 'NAA
+

BA (mg-liter™) 0 0.01 0.1 1.0
Fig.13. Influence of NAA and BA in the medium on growth of shoot tips of
L. longiflorum 'Georgia' cultured in vitro. ( Culture period : 70

days )

Culture medium : MS's macro-elements and Fe, RN's micro-elements and
organics, 40g-liter 'sucrose, 8g-liter 'agar,
combination of 0 ~1.0mg-liter 'BA with 0.0lmg-liter
NAA, pH5.7 .

For culturing conditions and materials: See Table 4.

b
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Table 10. Influence of cytokinins in the medium on growth of shoot tips of L.speciosum

‘Uchida” cultured in vitro. (Culture period : 70 days)

Concn No.of bulblets Bulblet % of Root % of
Cytokinins [adventitious buds]* [adventitious bud]* explants growth® explants
(mg-liter™') per explant growth” with roots with callus

BA 0.01 1.0 e o o o 100.0 ++ 60.0

0.1 [7.0] [++] 0.0 — 0.0

1.0 [>8.0] [+] 0.0 - 0.0

Kinetin 0.01 1.0 ++++ 62.5 ++ 5

0.1 1.4 R 90.0 o e 50.0

1.0 (6.0] [++] 0.0 —

Culture medium: MS's macro-elements and Fe, RN's micro-elements and organics,
40g-liter 'sucrose, 8g-liter 'agar, 0.01~I1.0mg:liter 'BA or kinetin, pl5.7 .
For culturing conditions and materials: See Table 4.
“ Numbers and plus signs in branckets indicate the number and growth of adventitious buds,
respectively.
¥ Bulblet [bud] growth: += bulblet [bud] with diameter of~2mm, ++ = bulblet [bud] with
diameter of 2~4mm, + ++= bulblet [bud] with diameter of 4~fmm,
+++-+= bulblet [bud] with diameter of Gmm~.
* Root growth: —= no root formation, += few root formation, ++= several root formation,
+++4+= many root formation, ++-++= many elongated root formation.

Fig.14. 'Multiple adventitious bud' formation from shoot tips
of L.speciosum 'Uchida’ on the medium containing 0.1 mg-
liter 'BA. (Culture period : 70 days )

For culture medium: See Table 10.
For culturing conditions and materials: See Table 4.
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(A) A shoot tip after culturing for 10 days.

(B) A shoot tip after culturing for 25 days.

Fig.15. Longitudinal section of shoot tips of L.speciosum 'lUchida’
cultured on the medium containing 1.0 mg-liter 'BA.
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lable 11. Influence of NAA and BA in the medium on growth of shoot tips of L.speciosum 'Uchida'
cultured in vitro. (Culture period : 70 days)
Growth regulators (mg-liter™') _.'_\'n._nf Adventitious . %of j l—._;(,_[
—_— adventitious buds bud explants :
NAA BA per explant growth? with roots growth”
. 6.6 b+ 50 &
0.1 0.1 8.9 + + 30.0 +
>T.6 -+ 0.0 -
1.0 1.0 >9.3 = 0.0 —

Culture medium : MS's macro-elements and Fe, RN's micro-elements and organics, 40g-liter 'sucrose,
8g-liter 'agar, combination of 0 ~1.0mg-liter 'NAA with 0.1 ~I1.0mg-liter 'BA, pH5.7.

For culturing conditions and materials: See Table 4.

=¥ For adventitious bud growlth and root growth: See Table 10.

Table 12. Influence of NAA and BA in the medium on growth of 'multiple adventitious bud' derived

from shoot-tip culture of L.speciosum ‘Uchida’. (Culture period : 70 days)
Growth regulators (mg-liter™') No.of bulblets Bulblet % of Root
—— = — adventitious buds]? [adventitious bud]? segments
NAA BA per segment growth” with roots growth™
= 1.3 + -+ 100.0 +
0.1 = 1.5 + -4+t 100.0 e £Bo oy £
0.1 0.1 [9.6] [+ +] 20.0 +
1.0 (> 10.6] [+] 0.0 -

Culture medium : MS's macro-elements and Fe, RN's micro-elements and organics, 40g-1iter 'sucrose,
8g-liter 'agar, combination of 0~ 0.1mg-liter *NAA with 0~1.0mg-liter 'BA, pll5.7 .
Culture materials: A 'multiple adventitious bud’ formed by shoot-tip culture was cul into four pieces
and each piece was transfered to the four different media as described above.
For culturing conditions: See Table 4.
Numbers and plus signs in branckets indicate the number and growth of advenlitious buds,
respectively.
¥ * Bulblet [bud] growth and root growth: See Table 10.

0.1 0.1 i}
BA ( mg-liter™!) 0 0.01 0.1 1.0 _
Fig.16. Growth of 'multiple adventitious bud' derived from a shoolt tip

NAA( mg-liter™!) 0

of L.speciosum 'Uchida’ cultured in vitro after transfer to new

medium. (Culture period : 40 days )

‘miltiple adventitious bud’ formed by shoot-tip culture were
cut into four pieces and each piece was transfered to the four
different media as indicated above.

For culture medium and materials: See Table 12,

For culturing conditions: See Table 4.

o
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Table 13. Influence of NAA and BA in the medium on growth of shoot tips of several lilies.
(Culture period : 70 days)

Species Growth No.of bulblets Bulblet % of Root
and regulators [adventitious buds]* [adventitious bud]*  explants

variety (mg-liter™") per explant growth” with roots growth*
= 1.0 +++ 87.5 + 4+
L. auratum NAA 0.1 1.3 +++ 87.5 ++++
BA 0.1 [>8.6] [+] 50.0 +
- 1.0 + 80.0 +
L. concolor NAA 0.1 1.5 2 b o 100.0 = ok s o =
BA 0.1 3.0 + 50.0 +
L. X elegans = 1.0 T 100.0 i
"Enchantment’” NAA 0.1 1.0 ++ 100.0 +++
BA 0.1 0.1 5 0.0 -
L. Xelegans - 1.0 + 0.0 -
'Kinsen' NAA 0.1 1.0 ++ 100.0 +++
BA 0.1 I ! + 0.0 e
L. X elegans — 1.0 + 30.0 T
'Ubatama’ NAA 0.1 3.4 ++ 100.0 +=
BA 0.1 3.5 + 0.0 —

Culture medium : MS's macro-elements and Fe, RN's micro-elements and organics, 40g:liter 'sucrose,
8g-liter 'agar, no growth chemicals or 0.1 mg-liter 'NAA or BA, pH5.7 .
For culturing conditions and materials: See Table 4.
“ Numbers and plus signs in branckets indicate the number and growth of adventitious buds,
respectively.

¥ Bulblet [bud] growth :+ = bulblet[bud] with diameter of~1mm, +=bulblet [bud] with diameter of
1 ~2mm, ++= bulblet [bud] with diameter of 2~4mm, +++= bulblet [bud]
with diameter of 4~6mm, ++++= bulblet [bud] with diameter of Gmm~.

* Root growth: See Table 10.



(A) Control -+NAA +BA
(0. Img-liter™!) (0.1mg-liter™ ')

(B) Control +NAA +BA
(0. Img-liter™") (0.1mg-liter™?)

Fig.17. Influence of NAA and BA in the medium on growth of shoot tips of
several lilies cultured in vitro.

(A) L.auratum after culturing for 70 days.

(B) L.concolor after culturing for 70 days.

(C) L.xelegans 'Enchantment’ after culturing for 150 days.
(D) L.Xelegans "Kinsen' after culturing for 150 days.

(F) L. Xelegans 'Ubatama’ after culturing for 150 days.

For culture medium: See Table 13.
For culturing conditions and materials: See Table 4.



{(C) Control (E) Control +NAA +BA
(0. Img-liter™*) (0. Img-liter™') (0. Img-liter™')
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Table 14. Influence of temperature on growth of shoot tips of L.longiflorum ‘Georgia' cultured

in vitro. (Culture period : 70 days)

W of shoots No. of scales per explant W of roots

Temperature per explant ~230mg 30>~=220mg 20>~=10mg 10>~=5mg Total per explant

(C) (mg) (Fw) (Fw) (FW) (FW) (mg)
17 ~18 176.3 0.0 0.0 0.4 1.9 2.3 313.8
23 ~24 708.9 0.0 4.0 1.9 0.3 6.2 1092.2
27 ~28 681.4 3.0 1.0 4.0 0.3 8.3 897.1
31 ~32 135.0 0.0 0.0 3.0 1.4 4.4 130.0
Culture medium : MS's macro-elements and Fe, RN's micro-elements and organics,

40g-liter 'sucrose, 8g-liter 'agar, 0.1 mg-liter 'NAA, pH5.7 .
Culturing conditions : The same conditions as in Table 4 except for temperature.
For culture materials: See Table 4.

Table 15. Influence of light intensity on growth of shoot tips of L.longiflorum ‘Georgia’

cultured in vitro. (Culture period : 70 days)

Light W of shoots No. of scales per explant I'W of roots

intensity per explant ~=220mg 20 >~=210mg 10 >~=5mg Total per explant
(1x) (mgz) (Fw) (FW) (FW) (mg)

400 120.0 0.0 0.0 2.9 29 221.7
1,500 384.4 3.0 3.2 1.0 7.2 1048.9
4,000 497.0 2.9 3.0 2.1 8.0 1045.0
7,000 268.3 2.0 3.0 0.3 5.3 1383.3

13, 000 173.0 0.7 1.0 1.0 2.7 628.0

For culture medium : See Table 14.
Culturing conditions and materials: The same as in Table 1 except for light intensity.

Table 16. Influence of daily light period on growth of shoot tips of L.longiflorum

‘Georgia’ cultured in vitro. (Culture period : 70 days)
Light FW of shoots No. of scales per explant FW of roots
per day per explant ~=20mg 20 >~=10mg 10 >~=5mg Total per explant
(hours) (mg) (Fw) (FW) (FW) (mgz)
0 181.7 I 3.8 1.5 6.6 155.0
8 456.0 0.4 2.0 1.3 3.7 598.0
16 556.3 1.6 3.0 1.9 6.5 768.8
24 473.3 1.6 2.5 ol 6.3 950.0

For culture medium : See Table 14.
Culturing conditions and materials: The same as in Table 4 except for daily light period.



Fig.18. Influence of explant orientation on growth of shoot-tips of

L. longiflorum 'Georgia' cultured in vitro. ( Culture period :
70 days )

Upper: Normal placement of shoot tips(apex up) on the medium.

Lower: Inverted placement of shoot tips(apex down) on the medium

For culture medium: See Table 14.

Culturing conditions and materials: The same as in Table 4 except
for the orientation of shoot-
tip explants on the medium.
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Table 17. Diagnosis of virus in L.longiflorum * Georgia'.

Observation with an electron microscope Sap inoculation to L.formosanum seedlings

Diagnostic No.of mesh-grids discerned rod-shape virus No.of virus-infected seedlings
method particles over no.of observed mesh-grids over no.of inoculated seedlings
Diagnosed line no.
1 2 1 2 3
Clone derived from
scale propagation of 16/16 16/19 3/3 3/3 3/3
field grown bulbs
Clone derived from
shoot-tip culture of 0/12 0/16 0/3 0/3 0/3

field grown bulbs

Fig.19. Symptoms of mottling induced in L.formosanum seedling by inoculation
of leaf sap of a plant derived from scale propagation of field grown
bulbs.

Photograph taken 33 days after sap inoculation.
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eSS, BTEMYTHL 1) OXEHMOMERC L. WS EEFHMRORMASEL TVW2 E &2
TRWTCHA . FBE. 201280 T. )\$BS (232) % Van Aartrijk & (221) b, 2hFhRfa) &
#H /22 OO TSI A FV. SR04 HOROMUI DO TRVESRA TV A,
MSO) | EEXAAAR L . AR (FRON . K ) D5k, &, 7V E=TREERLAZTC T L IBSH
%o LU, MSHIBKOBHRFA MIEREOS & L THEREIT-> TH. MSHEK TR Lz b & HL
T. EMBOEBICE LAY ERHONEP STz, TOTEDS. FRAETERUE | ~28RE#38
MR SR 2BRCH N, WS EEERHMGSIOEAEERIE. TORFHBICLL2 60T
< BRI DFRBEREASFIIEATNAZLRZE>TWAEEZONS, . TyRIY, H)
2.11) OERBOIEKX « AAFINZIE. B ) D AOBIR - KHDYEA T, BHEP 2 Ofthosr & LU
THY) " AOBRNEE IR OV EBIRESHTNS ( 138,105.219 ). Ufedi-> T, REIRRORS %
&> TIHOoNZEEOIEROIK - D ARTUZHULTA Y Y4860 THE L b TF-Eh, AYIA
B DRV WMSHIE DS 2 ) ORSEICIEBL TVl b Hd. OOV T. AERTEIBISHIZLTY
DD, JERRE N EIROI AR, X620 Fad 288 L. Bald 2088 H 5.

els . MPOHEEIEIC LV oh AR IE. BROE S I 297 I/ BBEnEhTwWa. 1/
¥ b = )Uik Haworthia® AV AMD 7 0117 4 VRO, HERFEES LOREHMUATNTH O (80).
F7 I T v A EOXEFRHCEN T, A/ <L IBA. TR IE L k0
70n7 4 VAR EELZENERL TV EBREINTVS (144). LU, ZLOEZIV. 7
3 J OSBRI OV TR —EE Y, FEEBIETEEVEVAS. ARBROTT
it RNOATHEIAIRR A MU 725 & 4 < BMU Zep - KT o), SEFARIOE I W A28 5
h#rhp-1z. Mellor& Stace-Smith v A EOEARICHIT245H (103) Llikk 1 ~2HDOH
WAFTB) LM, KT, & —F oY AFMU R E TR LB, ERCSEL
P43 VLY % FHICBIRTE2006 Lhiw. UL, BEURA LA LLV LD a2 26
B IR 2 IBADIEE FCERT 28AR Y. ChoOABWHOEMALE L 10 % vlfErHEd
%

i v < i h, BAAIEE LW & 5 M AR 2 & &, iy e it S
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HMTHTEBVETHHLEZSNHOT, TR L %0 R OB L0 L ) @b 11550
HBOEHABES 22 L5 TFREND FBE 79 RH2Y DY AK/NES S8 S h - ST 50
TH. BRI a bl 60 g-liter™* ZFMT 2T LICE->T, RESEE 0, BEROPA - D AK
{LLIRES N DR EDOHRHBDONTNS (112) o F/z, Allen (F2Y - Yo )L AT —EREIA R+
51z DOIAER E LT, SheridanDULF % VRS R A8 L Hl5 L TW3 (5) o Sheridan 1
. > afhhs 40g- liter™' OBETIHRMENTEY (170) . KEHRTROEERA G a L —5
LTW2. AEBROT v R 1) EEFEIC BN TL, RO ROl chTna L
TEPEERIE 20 ~30g-liter™" K0, ALEOORMETEEHSIFRICER L. Y AFOERPIALSS
NBLEORVERBEONE. FHC, 2 VERIRTI, FEWEL L7 Y 7 UosERicEfiashac e
PS5, L. EOHRMBME - BRET 2O R U¥ —HE LTEITRL . RIROPKICHL TLEEL
ERERL TS e TFHENS, LIA-> T, FHRIEREORROPRAZM T 2L, 1) ORI
EPPEOOEPEREABL TS EFXTLN. —H. BRI L TUElEhizv~va) 7T
&, P ORRED ERE & ITERIROKIRS RS 22 LGS TS (197). XEBKRTYH, 80g-
liter™" Ok > @IS OLE. ERE N IREROMBEEORD ML 252D SN, ERIROAE
REEE, KIRHICA D D2 $H 2T EHBHIDPBRB L L LI, ROABBER LA OO CORNRED
AR 5 - BRIROEH A 2585RE - e eh o, 7 v R ) ETRHIEEOREHT A 255
OPSIAE L LT, Wle 2 i &) €. 40g-liter™' BEICT A LY ChD. UL, KT
5221 OMMIC L > T, ZOREBIEICEROH L L HEZSNADT. &) QXM #AETRS
HBETIR. FRFRCHOVTEHRL TBLXETHA ).

BEplld, ZOMIC k> T, FFEOEDOBRESKE S ZLL . MPOEEICHEA KT, Wit
WRTEMEIhOL S, 5.5 ~6.8 BEOMES—HRICHVShTWS. —A. 1) ORI Tk, pll 6.0~
6.5 OMEEMETIRT, ZDEBBRVEENS (54) . S, Wk ARV. - b 2L -THET 5
ANCAAEEL f-itpH 7 » R 2 ) ZTRHEOFE H IR TERE«H 2 L. Eih ol hiziER - Kk
HROEFIEPHI. 7 ~7.7 OGRS SH., plh. 7T TROLBITdh- fo. HEtHOplfiild, HEOFBRE
EHIZ, BRSOBIIROZERIC K> TH A D LT % T L PREMICIE—EDITE S BEAHISh
T3, AEERCIE. B P ORpH ORI LIEHINE X TV hS, LS O Yol EEfi T TRk
SRR AR LS S, 2 ETHORRICHEL T, KthpHOFEEA M2 > MBI e &
WA %, Ll ERAL#FML EREOSE, (Kol TIXIRRHIHEKINC 42D . Sl TS %
AT ELHSATVS, COBRBLRENTE. EMAMIEHTICAaS <. —EAMCERS TV
f2dh, FOHAEEMBET L. HILATEASIERSIC 2> 12—/, BEOEETLE, REDSIIX h, %
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RMELOOHAMOEMICRAT XY, REMBASE K EID 617 % 48 THES 2 bOba6h
leo LW T, [SHAESETE. £ DOBEREOZELA ML T, pHI¥MiE5. 7 2l LT, 4.7 ~
6.7 DR E $ UL LV e Tz,

HimEIC LU THTHBHE. ToRD2Y) OEFHICEUGERRME XH223~24C (156.227) 128
WT. RIAHRD SRS N2 B PROERITRE TH D . BOMEL . BERESY. X61027~28
CTECHDHS L. EOMEITMIEN 205, B0 AFOIEKERIFE 25 2 LB P-120 DT LD
5. BISICE T 2800 L k. BHRRAE2T~28CIk, A HlEA o2 8ETHY . ComETE. %
SN/ LT OBADSES . KIRIKBIZA S C L IC &> T BRRAOKEDOERDMEE XN ¢
fiigxn s, Uledio> T, FARET L TERENOIERRO D AN 2RI LT RiciTied H AFEsE
KA OHD S HD & TD N ARTEBROMELE 2 AIEKU 20 AV A 22 1011, 21~
WCTHES 2 HDBFARNTHALAZ LD, . DA INAOBER{ T HE, LIRS ia%
TELRETROENT, D1 WAT ) AL Tk efEE0. €07 ) —(SHADKMABIGY 2 2 &£ b8
PELV. CO/RDST B E. LIRS FEX NG E HOT, B AV ABER T 5 2 b
TENIHEANTHD. V1 NAREDREE - R, S5 N Y O OMAME L § 2 Hd0eh
WKL - BT Lo TRZZZEBREZINTE N, KO AN RN ED{Efiiy L L
TOANABREBIEL > TWVWS (81,82 ). Uizdi-> T, XIAHERONRIC & - TH/NRIRD Y A
F&D b Z20/NRMRD SR LU TETWAELREICHWS L BGESEEN0 |§ 2 vlitthidh s, &
D& A7 W ABRGEMOMEREZ1$2 Z L #HNE 4 25AIE. 23~ 24CTREEY 2 5V Th s
&z s,

Bih o 2 1) BRI O K OWR DS EE A e § 2 Z L RIS TV A A5 (96,98, 166, 167) . SN
MO ENTH, B PRI EOMEEE Uz, LU, 400 1x0 & 5 7 {KESRESH 2 U XIS
MW ERM (BRHEIHER) Tk, 803, MBI, FEAYIEX - DARELEh o1z &
Te. 7,000 1xPAEOEIETEEL TH. EROEACHRIROEAEEX N> 1z, Liedi> T fil
REQDI VA 2 701l B CIERThE LV, o RO SRBMEL TOLEL XA %
WERA. 1,500 ~4, 000 1xOFENIBIARBEOH 2 X % | 6B SRR T X 2726, XPALBHTHEL
THEER V. 4 ROV SRR WSS, B BT 2 AN ORMYT ZBYELHE T
L. SIS Tz B80T OREIHAIOEARRE & N RET S . toEfEEshanC eds
WEaNTWS (36.37.88) » COTELSERSLE. AFKRENT O, K NilMEOSWEENG%E
FVWT=E, Frogoikan., SR U LB, @R L2 A2 Sho b L

/4N



Earle & langhans (32) (3% 2 OREMFREEICE N T, ERMEROE RFIHEAN 4 L %o L Thstinc s
K (ER) §2 e BMMOERMSEoN. Fr=icUTRE (BIl) +2 & leafy (5 4L 25T
ha L HELTWS, XEROT v R 1Y) OEFHMOERC SN T L, ERMNSHANA FlXicLT
ERUSSH Y 2L, HERICHERTA2ANADIERENS L E2BBLE. L-> T, XHAd» S H L
AEBHEY . AN AT ) —EREEEICE A 100, ERMMEEN% Fmxic LTSt iEKs 2
VENDHD. —F. TyRI1) OXTHBOEETIE. 4 —F 20 X o REIEAECEmL
TH. WWAERORHECHL T, —EOMRSBH SNz, LEA->T, ALAERARBE T2
HA, ERMHEN A TREICU THERT 2505, ALAEMELL B LB TE20T, ERHAGD
EERATE LTHEL TS,

Allen(5). Van Aartrijk & (221)%/GKS (232)i, 1) OEFEROMEMC, F—%2 v ELT
NAA L. EFHES SIERE N 2HRIBOPKEfEEL 1z, ERBIYEICHT 2 ARAEROER T
b, BEhIC A — %2 E U TRRED NAERINT 22 LItk »> T, ERENLEROEB PROME
HBiEExh, ZOHER. PALEERESEONT. ThoDTbhs, 1Y) FOXRAKONRTIE, —
AT, (EBEEDONAA ZIRINT 2 T A5, BRIROIERK - B AL, ELLY AR%S2Z L IZHNT
HBEWVWR Do

—h AFT, X7, H—R5, A4/, FVTAVAXSRET, ERZY A DA = JERNT
BT EICEH T, BEFPREF S BN 2 iE0BE S TV (21,32, 33,59,60,118) , 1) JETARS
BOGE, BAOY A b AA =VEMOBEL, BT ML > TRE->TW e YA b=V
OFME. 7y RY ) Tk, EHBOEE LN 2MAsHShiss, H)ax), ¥
Tld. XU EFHBOREL S EHOREFAMEL 12 [AESFM] RIS 2 (EENRASED S
Nz, TakayamakMisawa (195,196) X, Y21 DN AREERICBNT, EREOY A MAA =2 OFM
kY TH AR EEN /NS0 AFTOREKREMES Bz 2L T, ZORIBYIH OB %
W TOARK BEHONSBEFIEORAKRTH ST E2RUTz. KEROY A A+ =i
CBNT, ED SIHMEL LEHORESFRORERS, [HARBL LR SHO/hSERA
L FORERIY., EFHMOKALEDL SHEL LD TH- . COREFORAKRTHD [FEHF
B . SEEESOH S A bAoA = VS 2 WO ENAA RIS IASE - BT A2 LICE- T,
FNFhREFAZSICHML Y. BRRICE THEREE 2L LAETH D, DAF LIRER HhIHMF
ELTHIATE 203D 1

N %) OB A. N SISt CoBElsR< 2512>0 T AL IROMHRTIC
7L 2T E N, £ CHS/NEMBHEEL. ShEo/NERIEHNS 2 FE CIERICHfEL 2o L2t
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2T NAZ) TR, TOANVIHERERR LT, 8L < BRERAHT 2 ik LRIHTX 2. $7-.
AA 22RO HAEL P BHE TR NN ERNULET, SEUtOMITHKY 2 L Ebh
LEBEOKREMEUTz. COZER. AA T2 ) ORI HKU SO LOHBENE xh 2 =
EELMENHLOPH LAV, LU, ZOBE, BlREhiEiihx<, 200 AK0PALA
RTHo e MO bDRERARL TR O, R E L 2IPALED AN E2BET 2
ASZERESEL TWA, Lz T, EREOIEBOEEIZVLO0, TOFABARTHZ DL
DFTIE. S 61T, BREIEAITE U 75505800 & ARG 4 208058 %

ISR & B A AR FOBIEE LT 4 T2 B AO R L 291 L 20ORE
B A RERTIE. BREE OmmFEE D FEKD S B TR WAEIHAD . hE U >0 4 30 o ¥ 54 ¥
BOEMELE UTGAL . 2 OMPHED Y A VADREHRESHERE T X A Z Lo 1. Thbb, Eif
SBEERIRNC L 5 & ATRROMIES T ERR U 7B IZHHR Y A W ADHEL TE Y. £z, 2O
AHEREL 129 A4 0 2) RERIEEERE T2 < . BHEKTY 1 7 ORE R U, Tho 03RS
R, mREEOSBRERPOLENRWVEBEREPSHATE 22 L AL TV, 2 (RS 24
KoL LR E LT, lily symptomless virus . lily mottle virus &4 tulip breaking virus @
M5, WitRBIHE cucumber mosaic virusk lily symptomless virusO@EGBEAERE 20, —
Ji. lily mottle virus &tulip breaking virusid £ EHiREPRTY 1 2% 5| SR T LHISHh
TW2, Lzdt> T, KEBRTHEXN-HMED AV RE. lily symptomless virusTdH2 &0 lily
mottle virusdh 2t Mdtulip breaking virusTd 2 alfEPEASEV S, £ ORIET T > TUVVELY,

WHRROE R A TR - AFBEY 20800 - FTHAEEE. oo TEZREF R BYRRIRONMA Bk 4 2728
ik, EFAEROREIC & > O hizin vitro® YA % SR0EMELE U CREERIV. 20D 1 b
ZADREHKEA VRN T XS Z EBLE LV, Uiebd> T ZOKHUEWREEMPHED D A L 2 OREHK
A 2 it S, PURDUARIC R IR & RIS 2805k (228) . 0 A LV ABYELSIER
WARWGRENZ BV T & A VAR F AR T X 2 & L TIREE N T2 FUSHUABIE & 16 1Si & 24
BEERESE( 10 ) Y5 - RT3 EBBETHE. X610, Tl FrEDfizT (DN
RNA) #5884 2 & & bio. ZORI - EFROEDIC. Th6 EHIFINER R A FHORSRU I T &
O THEA Xt 20 F AW EN. D1 LRARYA OA Kl OWPHEHEORINC bR
XHTWVS (11.161.162) . DL HFLWRIEBHiZ L) ICBVWTHAMTEL LTI L L. H
BE - DN ) O A N ABREBR ALY 5 03N ETHS D,



BaAh  HEE

Ty R il BEEAO 2 ) (TOWTETHIERORE R #1170, BEROROFN & 4 B RE
RIS & CE RS ORI OV TR Ule. /e, EIMROESEIC Ak ¢ 2 Wik «
W2 OEHRBIZ DWW T b LTz,

1. FRIGHHIEGE U T, HNE (FRCZEREN Y D A) OfEVMSILEORSA IV &, SRR
EREEE . EOLLRRE . NSN3 BROIEROEX - D AR{ESRD SNz, £ ¥ 3
v 73 BHERMUZWEIT O, ZIRHBNIER U, SEIEROIEAL TOAN 2D, BREMEL
rShiA IR E Oz,

2. EMHERD SERE N2 8 PHROERICIE. X 8g-liter™' %A, pHA&5. 7 ([ZRHEL fehihs
WU TV -Tz. oo Y aliBEEIHOVWTIR,  ROMSIRICHV S hAREL D OPE
BH?D. 40g-liter ' MU=,

3. TyARI2Y L OXEED S SN 2RO L T DOIERD A OIEA & REYERIE, HRH
T E LT, NAA %0, Img-liter ™' OBRJETHERUCENY 2 Z Ll k- THEXN, YY) Dh /)
221 2 Tk, BA 0. 1~1.0mg-liter™" HBWEHARF > 1. Omg: liter " #IMIY 2 & Lk
Kifi 2D 6 EBOANEFSMELU T TAESFR] PEkShiz. O TAESR) (UM - 2880 T
LWEc B h s &, Btrho RIEE OB L S0 U T, S SICAESFOHSERRINK
EIT0, HRMEIE UTRIITE2 2 e ole. Eer WD © BHE ZEDLDIZ.NAA
DB &> THEERHM EL, BEFHK E E R SN2 Bki¥2mm FEEO/NS 7 bkl Sk 4 5 2.1
bl

4. E[fMlikD SR N2 BEOEH I, 23~ 28COMNERBESEL TV, 23~24CTiE, E&p
SOEOMESRES ., 21~28TTliE, MET 2B L. O AFORASMEES Nz,

5. BROEOMEE. WS TRESO, BRME TS Oz, FROEFP D AROIK - IEX
i, 183 LUF24BEREIEAN], 1, 50045 L T4, 0001x OWUETHEtEX NIz, Eieo BRHIENTH, DAK
DHEKU =Bkl Ds5 S iz,

6. REFMEROERMMANA Fio U Ot iR () LB, EaioRmeke. ke
W ADIER & Y H Sz,

7. G TSABEEI &2 VA VAR FOBEE KU Y T2 ) RAEFITRY 2 58 R L2 EGE
DFSHL. TS ORTHDBIRERO BRSOV EHERP SR TE 22 b Eie AFROZFHM
OB RS 2ERBE. VAR —Tdhd T LhkaEniz.
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o5 I e REARRSRE LT O 2 BRARGH & By R ERAR o>
ST

AIEECIE. MM TR LS DA LAT ) — (15) o) ihiEHE2ENRT 2 2 L #EMIC, AL
OEEIC BT HIERCROLET, & SITI/NRROEA D A I OIRAIZ B 3 I B L oS
FEOWEEPSPICU . HAMZEHRNE ThiE, ZREEAPPKE R, EFRYEFoERARL
=9 (51,116), RiEEDA ) 22 ) REDPID L DI, REFOMEAR TR EAHWT, TREF
W] NS5 HEELEILSNS. LL, R, FHTY A LA7 Y —iiPofElizEBE Thid. ©
ESEVHRINT 2XAMSA/ NS T 2088H Y K, 1 ERESD S8 on2MMikoE 1 [k
Thd. LEDB>T. COHE, DA NAT Y —Hi e KB T X 2HKRARL T 2120101,
OB ETHON: | BEROYHPEMEIE LT, XSIZBHOY A LA T ) — (8555) HithEaD
FLMMTE SEINERRET 2 e NE L 25,

TALIWATY —OL Y KiREKRICHM T 2154, ZOMMIBETO D A )L AHEBEORRERE L
LU hiEze o, ZMABAERT 2L ICE->TOM VAT Y —KIlABAZEMNTERLLT
b, FOMMAEE LT, WHBTOARTEL 2 X OEROFIEYNMEA V54, S0 THRE
VA NAEWNT BT TS AVORKZET LD DA IV AFRTHREL 120, R HOBRA 2T 12
DNTBTEITEST, WMLV ALAT Y —ERRBSKRONSERESKEN. COfd, FHEIY
{5h0F 1= AR AR O FI PR S0 TR - BESEIA L U - TR ERE A NRICTT A D R E D TR ASEE
25T e TOEHIT. (ERORIESMFER D A L ARROMIC AW EE, KEZREEPTH N
BLBELL. &l 9 VARPREROFREATR2CHET 22 L ERAMTH L. COri, EAHRD
SN EEOSHMAAEROMELL LT, Bi% in vitro TEREANM T 2HI80EIEADL.
BRETOYA NAPIRERIC L AERERT, YA N7 Y — (HGH) FRRAZSE - R TESL
WA TRL . EROBISEC X 2MMOBE L HEL T, MEEI NI MCEHT AT LW TE,
KRR OB N 6D THG EW- 1Flissdh 5. F1=. MK CI. BHRMAZARC, »
O MEIRAY PO - LT BT ENTELOT, ko /NS WEEH D S T b BHOEKE DR
TERAE, 204 H4RESHBT L LAFEICRS, LEd>T, 94 NVA7 ) — (FER) BRIRIETT
24, HUWGHEE OB E AR A 2 T 2 TR LTOHDIERICANICH 5.

ZO & RKROPT. HEEETOL ) FRBOME - MM T 2RSS HESNTVS (12,
28, 29, 38, 40, 44, 45, 90, 93. 108, 129, 130, 136, 154, 157, 170,176, 179, 222, 223, 224) . EHI) 2R ERES T
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EMULLDIZOVWTH, BETHRAL LT, FERIER L RIRIER L 20 H A DU A TN
Simmonds & (177, 178) , Takayama® (195, 196,201). ZDfthu\ DD (64,192, 210) A SN2 LS
RoTELRY, TOBITZL 2V, XETH, BETHESWLERGRHO AR, BH20V\EEORL
COYINEERME L LT, IBAL 22 )/ NRI% in vitro TR L < M T X 2884 Bk (3€
R) HihzRWTHSMIC T 2 L &b, ETRMBOBETHSNLEMED D AFYIFAMEIL L
T, MR CHEANTML 1o/ R 2 BT - IS L. 20EFIT>WTHLREL .

W1 0 ARTEE

) OFAIE, FERIL £ (disc) ITEOZTY - IELL D ARPERZ D 45> THELTWA D AR
DAETHSD. TOYARZERRPOYIVEEL TESZHCIRLIAZL, TEREFEREE2 D ARTRLIC
K HWHMIT. KTFEMOBA LKL T, KIROIEKIZENZ LD, —HICEHORRMSEO N, B
LHEMEHTHZ20T, 1) MO ¥MEkL LT A fThbhTWa. DARTELICET 29880k
EE 2 OREBIFEROMELHEE L MEZN TS (57, 67,68, 69, 98,99, 100, 101, 102, 119, 220, 240) » %
foo Utk D iz, HIEREEEC & 2 2V RIRORMC IS 2TFR LBATHHH. 20HTH, VAR
#IEAEOMENZER L TOW AR L E U (224)

AT, DARBERIZBNT, BRLEYAREZRET 5 FEREDHRL S HE - S 25825
PIZT B8, Ty eh)aa)ERN. LTOFERE TR 2. RIS, BCHNT 24K
R ONRAET KTz KT, RN E L CGREOEEEREN, 2612, FMECHERT 20 AR
ML 256 08B AR, RRIC, 0L L THShERAN RS2 ho2) DY AR
BFICOBEHA L. 2 SOKRROMAN & =IO T 28R AW,

W1 FEROME L BT RF T Etrh o4 R O

pEtchicEm 2 REEE L LT, RS S OREEROEF CAREFOHEUCEEN R AR L 12
=XV BLCYA b=V EFAVD,. ZOMMLBELSY ARDSOTFROUROMEL EFICRIZY
OV THGT 2T 12

MEB LU R

FyRoay) ‘Ua-v7 BLUAH a2 ‘WELOZ" AL

HAEME 418 3 1- D ORTERE MRS L UBRES N REGREMIARORHL - HEFMNmC ., E3E
ML L LOMSOMLY . BRBER L AHRME L L TRNOLGERV. & afiliZ40g-liter™! | X%
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8 g-liter™ | LRSI E UTNA % 0.1 mg-liter " OBEIT22 LHHFMULHE. ol 5.7 1=
ML bORER Uz, SRHORMNCIE. Fadhtot RWHOA %L FO LB EH L= 60
EHWe. 4 —F 2 OEREDLFROBE. TyRI2)) Tl NA . 1M $H20E2,4-D (& 0.01.
0.1 « 1.0 5.0 10.0mg-liter™") %, #2221 Tidk. NM . £ K—)LEME (LLFIBA ) AW
2,4-D (#50.01, 0.1 . 1.0 mg-liter™") % FRAPICRUFTERIET 25 & it i 7.
Y4 ML=V DEBEDIBROBE. Ty RI2LY Clk. H4FF> (5.0, 10.0mg-liter ') #HH
Jhidh 2 U VENAA (0. Olmg-liter™') LHMAHT. /232 Clk, BA (0.01, 0.1 . 1.0 mg-liter™') %.
FHENEUARNRU IATERBEC 25 KD ICERMU Tz, iz, S RAFHDERERMONE A M1 Y L
2o BHEhOBEEIL. 1.2 kg/em® - 120 °C - 123OFRF Tl - 12,

B E 122 O ARIBRA RO K S ik Tz, £9. (A4 2BE0ETAMERA S | SiCalbizh
HICREVER U 2. BONIEERRO D AR %, 10~120 HREMUSRS 2 bick-> T, &ML
X, 6T, ARRIZU TTOHMIFRT O ARSR%ETT D T &I & 0 H - HEFRS U 7 3656 7Bk 10~30
mgFLEEIT A L2 D A%, RRIBLIE >ty b EA R U TH8E - BIRU 2. 158, BER25m
KBTI E U iz 20ml #1500 Lo, BRIRU 729 AFY L M. £ o mfilaskstic %y 2 & 5l U
T - fze BEESRAFE. BOREHEONATIC & 2 BBRHE A A S RSN T, HE23~247C, iy
B, MEEEL 500 1x& U7z,

*;‘5. L

-V UMBME T, Ty RDY) ‘Ta-I7 OARETOORHEEEL A RA B0
Ufeo "ERMEPIEZ RO T, RS KO FIROMEb D72 < sMEL T FEREUERTE 1 O A
e L2 chn. 2OEAbEPo T, oo FEROOMRLIEGHD >, HtZEINL 24
— ¥ Y VHMOPTIE. N HSRRE K FERO/MEE EFICEbLBL TH ). 0. Img-liter™" OFETH]
BUIEE, IBALEDAREATS FERE L DA YNR202.5 fsMEU. 1M Tk, FERO/MEEE
A U TONAA 0. Img-liter™ &[alfSBEDIRENRAIGS f28bic, & O E#EE (10. Omg-liter™') Zab%
EUtze 2,4-D IZROIMEL MBS 2RENRMNT LAY BONT . Floo THROMEEERIINT
AIEENEIZBEL TH. N | IM L T T e N H5WVIEIA ZRINL T, Mk
U 7= OIS HT IR E A L ADTRE NS T L5550 . 2.4-D ZEMU I THAEL 72 O AJT DR
i, WEHIVABRES HEG0H 60T

A2y ‘WHPOZ ONANEETE. ERETRRNO AR | T/MEL 72 FRid 1
DAKY=01.8 BTHN. FHROIFAZSTCREERUOER A — % Y FNIRO O LU TH
otz TuRHLY OB LK. FEROMEEETICET 54 — ¥V @NM TH- 1z N % 0.1
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mg-liter ' OIS LIZEMT HE. 1 DARYRD 3IBOFHRSHMEL, 204BFLERIFTH
lze ZOMER, 1 DARNSENICHEL =FRO ST 2 2 L AT % 220mell AL 120 AK®
B, &% /R TO 0. THICH L T, NAA 0.1mg-liter ' IRINESHICIEA.5 Huo £ CRIML
fo (BB18%K. 521(K) o IBA {EMNEHITIE. 1.0mg-liter™ OPET1 DAY D3.2 WOTFERSDE
Lizhs, £OHEBIINAA 0. Img-liter™' FMIZEHTHONL FHROEF LHEL TH->THED. 1 DAKN
B ICHEL =R SIRINT X 220mgll O Y AFBELD3.0 #7220, NAA IO L0 L 0 E
DLl 2,4-D OF5E, 0.01, 0.1mg-liter™' DB|EETIE. FEROMEEEFICTHT 2 RN RIIZHS
hittpofehs, 1.0 mg-liter ' OMETIE. IBA #1.0mg- liter™ ML S TR Wi IR & AR
FEICARA L 72 FERA33.0 fli§ Shiz.

A1/ a2 ‘HEAOTT ARV, BAOBEARALRRIC B 24 REIEEEAntGh F e, 5
FILPATLIDARYLY LS BOREFOMMSHSHIz. BAOFMEREFOMEAREL. 1.0
mg-liter 'OFETIE. 1 DAFEENA.6 BOREFHHEL 2. HEIVBE TR, ERENMEIRE
OB S . REFHMEEOMMTIEE AEHSONE, SHEURAREFIIRRL THRE - 1.
—}i, BA%Z0.1 &AWL 1.0 mg-liter™ DFEITA S LD ITIFINL 5 THREL 5. NEFORE
BFRAHEK -  AFEY 2 C &S L ZIRROIEAULEESD Shiedp > 2o FHS. 1.0 mg-liter ' OFET
&, NEFOMEEHEMLTED, 1 VARSI 1.2 B EOREFS GOSN (3819
% P2E) . CHSDEBHOTEFPOSMS [REFM] OIFEAEEO X LHEIL TH, AEFEIY
Myazbid#zd, CLABETLZLOBBSNz. LHL, TO IFEFR] 2L TRV
fete 4 b A =PSRRI 2 &, YIF» S S SIEREFSMEL 12,

Ty ‘Va-I7 OHAFERIZBNTL, Y4 bAA =2 L LTHA 2 F VAN
T 5L k> TREFMEORENRBHA SNz, o, (KHEONAL  (0.01 mg-liter™') LHlHAED
HTHVWA L, ZOMRIE IR L>Te LBL, YA MO =VFMICE>THONET v KDL
VO AR SOASEFOMEEIE, A/ 22 TORALIET 202 <. 1 VARYRD5.0 #iTH
>z (823) »

B2 FHROMEEERCRE T HIRREOEE

LS LT Hik

FEBRICIE, ToAILY ‘Va-v7 BIUA a2 HHILOZ AL, HEKROF
i - HEFE, F0 D AR ORI E A ORI, HEAR. i, B o4 CERTHICHED 12
WiEtd 2 HEREREL. 17~18°C. 23~24°C, 21~28CHBLUBI~32CL L. HRSORMEREALEL
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NAA ( mg-liter—*) 0 0.01 0.1 1.0 3.0 5.0 10.0

l

[AA( mg-liter™') 0 0.01 0.1 1.0 3.0 5.0 10.0

2,4-D(mg-1liter 1)0 0.01 0.1 1.0
Fig.20. Influence of auxins in the medium on differentiation and growth of

B % TS 10.0

plantlets in the culture of scales of L.longiflorum ' Georgia'.
(Cul ture period: 70 days)

Cul ture medium:MS's macro-elements and Fe, RN's micro-elements and organics,
40g-liter 'sucrose, 8g-liter 'agar, pH5.7 and 0 ~10.0 mg-
liter 'auxin( NAA, IAA or 2,4-D ).

Culturing conditions:23°C, continuous light (1,500 lux)

Culture materials:The scales with 10 ~30mg were taken from bulblets
regenerated through shoot-tip culture and the abaxial
side of the explant was placed in contact with 20ml of
the medium in a test tube(25mm diam).



Table 18. Influence of NAA concentration in the medium on differentiation and growth of plantlets

in the culture of scale of L.speciosum ‘Uchida’. (Culture period : 70 days
NAA FW of shoots No.of bulblets No. of harvested scales per scale F¥ of root
concn per scale per scale ~z20mg 20 >~=10mg 10 >~=5mg Total per scale

(mg-liter™') (mgg) (FW) (FW) (FW) (mg)

0 112.0 1.8 0.7 1.3 . 3.1 112.0
0.01 124.5 2.1 0.3 1.4 1.8 3.5 182.0
0.1 865.5 3.3 4.5 3.8 1.4 9.7 1222.5
1.0 115.0 I=% 0 1.5 1.3 2.8 1920.0

Culture medium: MS's macro-elements and Fe, RN's micro-elements and organics, 40g-:liter 'sucrose,
8g-liter 'agar, pH5.7, 0 ~1.0 mg-liter 'NAA .
For culturing conditions and materials: See Fig.20.

NAA 0 0.01
(mg-liter™')
Fig.21. Influence of NAA concentration in the medium on differentiation
and growth of plantlets in the culture of scales of L.speciosum
'Uchida’. (Culture period - 70 days )

For culture medium: See Table 18.
For culturing conditions and materials: See Fig. 20.



Table 19. Influence of BA concentration in the medium on differentiation and growth of bulblets
(adventitious buds) in the culture of scale of L.speciosum 'Uchida’.
(Culture period : 70 days)

BA No.of bulblets Bulblet % of Root % of
concn [adventitious buds]* [adventitious bud]* scales scales
(mg-liter™') per scale growth” with roots growth® with callus
() 3.1 ++ 80.0 +++ 0.0
0.01 gid +++ 60.0 +++ 0.0
0.1 (3.8] [+++] 20.0 + 0.0
1.0 [>17.2] [++] 0.0 - 20.0

Culture medium: MS's macro-elements and Fe, RN's micro-elements and organics, 40g-liter™ 'sucrose,
8g-liter 'agar, pH5.7, 0~1.0 mg-liter 'BA .
For culturing conditions and materials: See Fig.20.
# Numbers and plus signs in branckets indicate the number and growth of adventitious buds,
respectively.

¥ Bulblet [bud] growth :+= bulblet [bud] with diameter of~2mm, -+ += bulblet [bud] with
diameter of 2 ~4mm, +-++= bulblet[bud] with diameter of 4~Gmm,
44+ += bulblet [bud] with diameter of Gmm~.

*  Root growth :—= no root formation, += few root formation, ++= several root
formation, -+ ++ = many root formation,

BA 0 0.01 0.1 L0
(mg-liter™!)
Fig.22. Influence of BA concentration in the medium on differentiation

and growth of plantlets in the culture of scales of L.speciosum
"Uchida'. (Culture period : 70 days )

For culture medium: See Table 19.
For culturing conditions and materials: See Fig. 20.



NAA (mg- liter~") 0 0.01 001 0.1
Kin(mg-liter™') 0 5.0 10.0 0
Fig.23. Influence of NAA and kinetin in the medium on differentiation
and growth of bulblets in the culture of scales of L.longiflorum
'Georgia'. (Culture period : 35 days )

Culture medium: MS's macro-elements and Fe, RN's micro-elements and
organics, 40g-liter 'sucrose, 8g-liter 'agar, pli5.7,
combination of 0~0.Img-liter” '"NAA with 0 ~10.0 mg-
liter 'kinetin,as shown above.

For culturing conditions and materials: See Fig. 20.
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HEst i, SRS LUK L U TUSOAL. SIREERS X UERMEL L L TRNOL AN
RS LTNAA % 0.1 mg-liter™ | 3/ afli% 40 g-liter™' | MXK#%8g-liter 'OREIT LS
EAHML. ph#%5.7 ICHBL L bOAR., AiTHL ARORMETA — b 2L —THEL 12,

Fii R

7w RN B 5 ARERIIBROBREBORITRL 2. BT 17 ~18CTH. DARD
SORMRB LTROMESARTH-> 2. —H. HMELLTERIE. HIVELBRL TWA3005%L, %
2. HEVERLTWED 120 23~UCTTHEELESE, MELETROBADSRIFTCHY . THIS
RULELFEL . £OREROEKTE 560mgfEIC & THIML 72. 27T~28COPPEmMAEN CHIET 5
. HMELI=FERD S ORI E i izds, FIREBAROIERIROBIFCTH- 2. THhESORRE
FE21~28C TSN TR TIE. HINTE 220mgll EICHEAL 2L WY AROHS. 153 1 Y AR
N9.0 BembEL oo foo WEHREA, XSI3I~RCETEDS L, MORERFTORAFERE T
LT, RSB LCTFROMEL EBSIHIE Nz,

A2 A1) O ARTEFECBNTS, TR 'Va-I7 ORALAROERSEONT. 1
HEAE2TI~28CTHIE T 2 &, HMEL PO SOREOMREPROEF MM E hize LHL, FERERK
OHEBARRIFCHY . MELTFREEELTWA D ARG, 23~24'CTHIEL TR S TEROY AR
LHBLT, &DEXKLE.

B3WH FEROMEEEFITRZYT Y AFTHOMER

HMEB LTk

FEBZE. A a2 "WEHLOZ OFERPSH 1 AOHEICTENRINL 1220~30mgd Y Afr %, A
ATYML AR (Genii) & FER (2EERI) 2 aEldbsnidEAIC2aWILchA . oA X
U FROEAICAZEILESACHRONAB Y ARYIRE, £RFNEEICMEAL 7z, BEERIROERL -
HEFF.  ARYIR ORI OBK S, S, 2 838 1 THICHED 2. BEhoRE - B
. DAR%Z 2L RS TS 1 FICHEL, 400U ERBRTIE, 27~28°C, 4,000 lux OjlifHIH
LU, NS, W2THL RO LD AR .

P

EFi2a8UL A, YA EICHET 2FRIE. EC&VIRoRRIcashiz. chsDYH T,
N A Y ICHEE L 1254 LB L T, 300 mgl) EOFEROMEEUTHA U125, FhLITFO/hE
FEROMEBUIRIINL 2. $i2, T GEEED o cik, YIRRERE T T2 < YIA TR O Y
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LFREMET BT EICL- T FEROSMEEEHIML 7 (5821 (A)) . D ARAEREAMICYML T
A 28U IEES,. FROMUEYIF ORI T Thl . SEAMOYNED S LS H SN 20
#R UL 0D AREREL L E LRU T, SHELETROBSIZZ 2L 8o fee ThOOS
(LU FERDSHBONLH 0 AROBE S, 20 mg PLEIZER LD ARETIEIEDNED A ORISR
LRABETH S 20 mg LITOLOTIE2.4 fSLh-1z (H21E (W) .

0D AREYIIL TA458IL G, WThOBOYIRICEWTHYIESIEAL. £OUMmoiEk
U1k S UM L 2V ) AR EIEEL 1o & & L RIRELLEOFERESHEL 1. UMYl S kL1
FHROKEX A2 L. REO/NX2LOOHEHSHML. EOTFERNPSEMTESDANS. 20 ng L)
FRRIPKL b DOEIED N2 totze LAL. 1 DARYEDIZGONE N AFOKEEIE. 47EIL
EENEFhOY ARYIATERE Q- FRPSSHL 1220 mg LI EOY AREEATTT 2 L. JEUMD A
FatfELiha L viinL = (5821 (B) ) .

B4 FUERTERFOEEHO 1Y A

HREEE S LORREREA. B 1H B2RCBWTT vy RY Y BLUAH ) a2 YAFHSD
FEROMEEETATHEL 72 NAAO. Img-liter™' ¥23~24CIZFEL T, fIOEEHOL)IZHOWTHY
ARTEEAR TRV, FOREEREL 2.

HMEB LU hE

Sk, YY), A b ALY ( L.rubellum Baker) . NA# Y, #EbY (L.nobilissimum
Makino) . > FwHo2Yy (L. Xformolongi hort.) , ¥==21, #4721 (L. hansonii
Leichtle.). PHEXZYBIUTITFovINAT )y KBOIy BV F 2 —-N{ T v KRS
THd TUFx2bAVE . '8 " & "BEE "ZMH#EALL.

HEFFROBEN - #515. 700 AK O EISAOBEK, WA, b, i, bR
JEE - B 72 & ORISR 1 FUTHEL 12,

Ficit. B2IHEEROLDER V.

FER
WThOYHUICENTS, TuRDY, A a2 TORISRERERIR. 1E8) ARD ST
Eh., £z, ZOFERPOERMULYARABELT, SOCHKREMMT2ZLLTER.

AL ) o Y ARTEE I P R ROMRERLRIRUIZ. ZEMLY, VT 9R92Y), ¥
) (B2 (A) )« Pryva)BLUEMFEALY TIE. 300 mgll EOFEROIE ., MEX
) OEE. BIEERY AR SHSH AR TEROKEOFEIL. ¥) 8mTh-12. 1 HAFOEIEC L
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Table 20. Influence of temperature on differentiation and growth of plantlets in the culture of scale of L.longiflorum 'Georgia"}n daut
[Culture period : ays

Temperature F¥ of shoots No. of bulblets No. of harvested scales per scale No. of leaves FW of roots
ol per scale per scale ~=20mg 20 >~=10mg 10 >~=5mg Total per scale per scale
(mg) (FW) (FW F¥) (mg)
17-18 316.0 2.2 0.4 2.6 0.2 3.2 2.6 620.0
23-24 558.5 22 5.8 1.8 0.8 8.4 3.6 1186.0
27-28 506.5 2.0 9.0 1.2 0 10.2 0 1110.5
31-32 176.0 1.4 | &5 1.0 0 2.2 0 134.0

Culture medium: MS's macro-elements and Fe, RN's micro-elements and organics, 40g-liter™'sucrose, Bg-liter~'agar, pH5.7, 0.1lmg-liter™'NAA.
Culturing conditions and materials: The same as in Fig.20 except for temperature.

Table 21. Influence of cutting scales into various segments on differentiation and growth of bulblets in the scele culture of
L.speciosum "Uchida'. (Culture period : 70 days)

No. of bulblets per scale segment No.of harvested scales per scale segment
Treatment ~2300mg 300 >~=100mg 100 >~=50mg 50 >~=30mg Total ~=20mg 20 >~=10mg 10 >~25mg Total
(F¥) (F¥) (FW) (FW) (F¥) (FW) (F¥)
(A)
Intact scale 0.8 A 0.7 0.2 4.0 5.1 3:9 0.7 8.8
Upper scale segment cut horizontally 0.2 3.0 0.8 0.5 4.5 4.0 3.3 0.5 7.8
Lower scale segment cut horizontally 0.2 3.0 2.0 2.0 1.2 B-5 6.7 1.7 14.9
Scale segment cut longitudinally 0.7 4,3 o2 0.8 8.0 6.2 6.7 3.2 16.1
(B)
Intact scale ) % 2.2 0.3 0.7 4.5 e 2.0 0.3 10.0
Upper one fourth scale segment cut 0.2 2.8 1.4 2.6 6.9 3.3 2.8 2.3 6.4
horizontally and longitudinally
Lower one fourth scale segment cut 0.7 2.3 0.5 1.5 5.0 3.3 3.0 1.0 1.3
horizontally and longitudinally

For culture medium: See Table 20.

Culturing conditions: For exp. (A).see Fig.20. For exp. (B),27-28°C, continuous light (4,000 1x) .
Culture materials: The same as in Fig.20 except that scales with 20~30mg were cultured.
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Table 22. Differentiation and growth of bulblets and roots from bulb scales of several lilies cultured in vitro.
Culture period : 95 days)

No.of bulblets per scale No.of harvested scales per scale Size of largest bulblet FW of roots
Species ~ 300 >~ 100 >~ 50 >~ ~ 20 >~ 10 >~ per scale
and = 300mg = 100mg =50mg =30mg Total = 20mg = 10mg =5mg Total Diameter Height
variety (FW) (F¥) (FW) (FW) (FW) (FW) (FW) (mm) (mm) (mg)
L. japonicum 0 0.8 2.8 1.8 5.4 1.8 9.4 5.2 16.4 5.0 x3.8 9.8 195.0
L.rubeilum 0 0 1.0 3.5 4,5 0.7 1.2 1.5 3.4 4.5 X2.8 7.6 93.3
L.brownii 0 0 0.5 § 1.7 0.9 1.0 0.5 2.4 4.3 x3.1 6.8 100.8
[.nobilissimum 0.5 2.3 1.5 ; 5.5 6.3 4.0 0.5 10.8 y 4% P 8.0 350.0
[. Xformolongi 0.4 1.8 1.0 2.3 5.5 6.2 5.7 0.6 12.5 .3xT.0 | 567.0
L.auratum 0.2 2.4 2.4 2.6 7.6 2.5 5.0 3.2 10.7 6.1 X4.6 78 355.0
L.hansonii 0.8 0.8 0.4 1.4 3.4 3.0 1.0 0 4.0 6.1 x4.7 11.0 263.0
L.concolor 1.4 2.4 0 1.4 B2 T 1.4 0.6 9.2 7.9 x5.4 12.8 180.4
L. X elegens
* Enchantment ' 0 0 1.5 2.8 4.0 0 2.0 2.5 4.5 4.3 x2.8 6.1 35.0
* Kinsen ° 0 1.0 2.0 2.0 5.0 1.5 1.8 4.0 7.0 6.0 x3.0 7.5 510.0
* Ubatama' 0 0.3 0.8 2.3 4.4 0 0.8 0.8 1.6 2,89 x1.9 4.0 8.0

For culture medium: See Table 20.
For culturing conditions and materials: See Fig.20.



(A) L. auratum after culturing for 73 days.

(B) L. japonicum after culturing for 73 days.

Fig.24. Differentiation and growth of plantlets from bulb scales of several
lilies cultured in vitro.

For culture medium: See Table 20.
For culturing conditions and materials: See Fig.20.
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(C)L. X formolongi after culturing for 75 days.

(D)L. Xelegans 'Enchantment’ after culturing for 70 days.
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NAA 0 0.01 0.1

(mg-liter™!) - i =
: (A) L.longiflorum “Georgia

NAA 0 0.01 0.1
(mg-liter™")

(B) L.speciosum 'Uchida’

Fig.25. Influence of NAA concentration in the medium on growth of
bulblets of L.longiflorum ‘Georgia' (A) and L.speciosum
"Uchida" (B) cultured in vitro. (Culture period : 70 days )

For culturing conditions,medium and materials: See Table 23.



Table 23. Influence of NAA concentration in the medium on growth of bulblet of

L.longiflorum ‘'Georgia’ cultured in vitro. (Culture period: 70days)
NAA FW of shoot Size of bulblet (mm) W of roots
(mg-liter™") [bulblet] ¥ (mg) Diameter Height (mg)
0 98.6[ 74.3] b 0SRRA Rf D 23.6
0.01 774.6[344.3] 99" Xpli2Z 9.3 864.3
0.1 1127.1[492.9] 12.0 x9.0 12.1 3021.4

Culture medium: MS's macro-elements and Fe, RN's micro-elements and organics,
40g-liter 'sucrose, 8g-liter 'agar, pH5.7, 0 ~0.1 mg-liter 'NAA .
Culturing conditions: 23 ~24°C, 1,500 lux (continuous light).
Culture materials: The outer scales of bulblets, regenerated through shoot-tip culture,
were removed and then their inner parts ,which had a diameter of
1 ~2 mm and were called by the name bulblet , were cultured in vitro.
¥ Prior to weighing the bulblets, any existing leaves and roots were removed.

Table 24. Influence of sucrose concentration in the medium on growth of bulblet of

L.speciosum 'Uchida’ cultured in vitro. (Culture period: 70days)
Fxp. Sucrose W of shoot Size of bulblet (mm) FW of root
no. (g-liter™') [bulblet]?® (mg) Diameter Height (mgg)

20 545.7[ 465.0] D971 13.2 290.0
40 520.0[ 520.0] 11.1% 8.2 14.3 1405.7
1 60 678.6[ 650.5] 11.0x 8.0 15.1 1900.0
80 1038.6[1038.6] 13.2X 9.8 18.2 2127.1
100 1484. 3[1450.0] 13.2x%11.1. 22.0 2152.9
40 730.0[ 682.5] 10.0X 6.8 15.9 2400.7
2 100 1163.3[1100. 0] 12.1x%10.0 19.0 2105.3
120 1360.5[1360. 5] 12.1x10.2 Pl | 1310.0
140 1231.7[1231.7] 10.0x 8.9 22.0 911.7

Culture medium: MS's macro-elements and Fe, RN's micro-elements and organics, 8g-liter”
agar, pli5.7, 0.1 mg-liter 'NAA, 20~100g-liter 'sucrose for Exp.1
and 40~140g-liter 'sucrose for Exp 2.

For culturing conditions, materials and ¥ : See Table 23.



Fig.26. Influence of sucrose concentration in the rnuhum on growth of
bulblets of L.speciosum ‘Uchida’ cultured in vitro. ( Culture

period : 70 days )

For culturing conditions,medium and materials: See Table 24.

Fig.27. Growth of a bulblet of L.speciosum ‘Uchida’ cultured in vitro
for 190 days.

For culturing conditions,medium and materials: The same as in
Table 24 except that the volume of the medium and the culture
vessel was 80 ml and 200 ml, respectively.



Table 25. Influence of temperature on growth of bulblet of L.longiflorum 'Georgia'
cultured in vitro. (Culture period: 70days)

Temperature FW of shoot Size of bulblet (mm) FW of roots
(C) [bulblet] ¥ (mg) Diameter Height (mg)
2495.0

23~24 780.0[ 476.7] 12.0x 8.9 L2
790.0[ 790.0) 14.1x12.0 12.2 1530.0

T~
Zi~4

Culture medium: MS's macro-elements and Fe, RN's micro-elements and organics,
8g-liter 'agar, 40g-liter 'sucrose, 0.1 mg-liter 'NAA, pH5.7.
Culturing conditions and materials: The same as in Table 23 except for changing
the temperature.

For ¥ : See Table 23.

271~28

Temperature 23~24
(C)
Fig.28. Influence of temperature on growth of bulblets of L. longiflorum

"Georgia " cultured in vitro.
For culturing conditions,medium and materials: See Table 25.
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Table 26. Growth of bulblets of several lilies cultured in vitro. ( Culture period: 95 days)

Species and Size of bulblet (mm) No. of leaves FW of shoot and roots
variety Diameter Height Circumferance per bulblet (mg)

L. japonicum 7.6 X6.5 11.9 25.0 0 578.9
L.rubel lum 8.3 X5.4 12.7 23.0 0 722.%5
L. brownii 10.5 x7.8 9.2 30.7 0.3 1228.3
L.nobilissimum Ll 28l » 12,8 36.9 0.2 1850.0
L. candidum 12.0 x9.1 13.0 43.0 4.1 3580.5
L. X formolongi 11.0 X9.3 11.1 33.2 7.6 4078.0
L. auratum 10.3 x9.0 11.6 33.2 2.1 1234.2
L. lancifol ium 9.9 x6.6 10.4 30.3 0.3 9575
L. hansoni i LL:2 Xbih 158 32.6 1.4 1917.0
L. concolor 11.1 X9.3 14.5 42.8 6.6 3086. 1
L. Xelegans

" Enchantment ' 7.6 X6.3 7.0 24.8 2.8 774.2
" Kinsen ' 8.8 X6.0 12.0 27.2 0.2 673.3
" Ubatama' h.0 X3.T 5.6 not measured 3.4 128.8

Culturing conditions, medium and materials:The same as in ']'uhl_e 23 except for
temperature (23~24°C).

(A) L.concolor B) L. X formolongi
Fig.29. Growth of bulblets cultured in vitro. ( Culture period : 95 days )

For culturing conditions,medium and materials: See Table 26.
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Fig.30. Differentiation and growth of plantlets in the culture of leaf
segments of L. longiflorum 'Georgia’.

Culture medium: MS's macro-elements and Fe, RN's micro-elements and
organics, 40g-liter 'sucrose, 8g-liter 'agar, 0.lmg-
liter™'NAA and pH5.7.

Culturing conditions:23 °C, continuous light (1,500 1x).

Culture materials: Apical foliar parts of foliage scales taken from
plantlets regenerated through scale culture were
cut into several segments (5mmX5mm). The abaxial
side of the explant was placed in contact with
20ml of the medium in a test tube (25mm diam).



Table 27. Influence of kinetin concentration in the medium on bolting of chilled bulblets
of L.longiflorum ‘Georgia' cultured in vitro. (Culture period : 70 days)

Kinetin Bolting Stem length No. of
(mg-liter ') (%) (cm) node
0 0 — —

1 80 9.8 3.0

5 100 5.1 4.7

10 100 3.9 4.7

Culture medium: The same as in Fig.30 except for substituting Kinetin for NAA.

Culturing conditions and materials: Bulblets with a diameter of 5-7mm,differentiated
through in vitro scale culture,were cultured in vitro
at 10 °C for 40 days ,and then at 23°C in continuous

light of 1,500 lux for‘ 33 days.

1.0 5.0 10.0

Kinetin 0
(mg-liter™ ")
Fig.31. Influence of kinetin in the medium on bolting of chilled bulblets

of L.longiflorum 'Georgia' cultured in vitro. (Culture period : 33

days )

For culturing conditions,medium and materials: See Table 27.



Table 28. Influence of BA concentration in the medium on growth of stem-node segment

of L.longiflorum 'Georgia’'. (Culture period : 60 days)
% of segments with No.of bulblets % of
BA differentiated bulblets [adventitious buds]? segments
(mg-liter™') [adventitious buds]* per segment with roots
0 50.0 1.3 80.0
0.1 100.0 20 40.0
1.0 [100. 0] [6.0] 10.0
2.0 (100.0] [>8.0] 0.0
5.0 [100.0] [5.0] 0.0

Culturing conditions and medium: The same as in Fig.30 except for substituting BA for NAA.
Culture materials: Elongated stems of bulblets on the medium containing 5mg-liter™' kinetin
(Table 27) were cut into stem-node segments (3~5mm long) .
* Numbers in branckets indicate the differentiation-percent and number of adventitious
buds, respectively.

BA 0 0.1 1.0 2.0 5.0
(mg-liter™')

Fig.32. Influence of BA concentration in the medium on differentiation
and growth of adventitious buds and plantlets in the culture of
stem-node segments of L. longiflorum "Georgia' cultured in vitro.
(Culture period : 60 days )

For culturing conditions,medium and materials: See Table 28.



Fig.33. 'Multiple adventitious bud'formation from stem-node segments of
L.longiflorum ‘Georgia ~ cultured on the medium containing
2.0 mg-liter 'BA. (Culture period : 40 days )

For culturing conditions,medium and materials: See Table 28.
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Fig.34. Bulbs Imrvosted after first cultivation in pots of in vitro
bulblets of L.longiflorum 'Georgia’

For cultivation of in vitro bulblets: See Table 29.

Shoot-tip culture line Field-grown line
Fig.35. Comparison of growth and flowering between a shoot-tip culture line®

and a field-grown line Yof L.longiflorum "Georgia  bulbs.

Bulbs with fresh weight of 15 ~20g were planted in
15cm-diameter pots on 10 October, 1979. Photograph was
dk('n on 14 June, 1980.
Bulbs harvested after first cultivation of bulblets
derived from shoot-tip culture in a pipe house with
cheese cloth.
¥ Bulbs harvested after second cultivation of marketed bulbs

in the field.

8 0



\

Fig.36. Start of first bolting of chilled bulblets* of L.speciosum "Uchida’.

z  See Table 30.
Photograph was taken on 16 November, 1977.

Fig.37. Bulbs of L.speciosum 'Uchida’ harvested after first cultivation
in pots of the in vitro bulblets .
Chilled bulblets as described in Table 30 were transplanted

to pots.
For cultivation of the bulblets: See Table 30.
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Bulbs of I8 concolor harvested after first cultivation in [m_t.sﬂ of
the jn vitro bulblets.

Bulblets with fresh weight of 1,000~2, 000 mg were produced

in an agar culture. They were chilled at 4 "C for 45 days

and then transplanted to pots on 15 March, 1981.

After cultivation, bulbs were harvested on 3 November, 1981

and a photograph was taken on that day.

Fig.38.
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Fig.39. Flowering of in vitro propagated bulblets of L.concolor following
the second transplantation into pots.
Bulbs showed in fig.38 were retransplanted into pots on 8§ Nov.,

1981. Photograph was taken on 12 June, 1982.
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Fig.40. Differentiation and growth of bulblets in capsule culture of
scale segments of L. japonicum. ( culture period : 15 weeks )
Capsules with medium and a segment were planted on sterilized

vermiculite containing water.
For culturing conditions,medium and materials: See Table 34.

20 60 80
S Lruse conen
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Fig.41. Influence of sucrose concentrat ion in Lhc medium on the differentiation
and growth of bulblets in an aerated liquid culture of in vitro scale
segments of L. japonicum. ( culture period : 8 weeks )

Culture medium : 3/4 strength of MS macro-elements, MS's Fe, IN's
micro-elements and organics, 0.0lmg-1iter 'NAA,
20 ~80g-liter 'sucrose, pH 5.7 .

For culturing conditions: See Table 35

For culture materials : See Table 34.
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Fig.42. Influence of growth regulators in the medium on differentiation
of bulblets in an aerated liquid culture of in vitro scale segments
of L. japonictm. ( Culture period : 5 weeks )
Culture medium : 3/4 strength of MS macro-elements, MS'Fe, RN's micro-
elements and organics, 40g-liter 'sucrose, pll 5.7 and
the above mentioned growth regulators.

For culturing conditions: See Table 35.
For culture materials : See Table 34.

Table 36. Influence of NAA concentration on differentiation and growth of
bulblets in an aerated liquid culture of in vitro scale segments

of L. japonicum . ( Culture period : 8 weeks)

NAA No. of No. of Diam of
(mg-liter™") roots bulblets bulblet
per scale per scale (mm)
0 2.8 3.6 2
0.001 1.6 4.0 2=
0.01 7.2 7.8 2.1
0.1 11.0 8.0 2.0

Culture medium : 3/4 strength of MS macro-elements, MS's Fe,
RN's micro-elements and organics, 40g-liter 'sucrose,

0~0.1mg-liter "NAA, pll 5.7 .
For culturing conditions : See Table 35.
For culture materials : See Table 34.
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Table 37. Influence of 02 concentration in the aeration gas on differentiation and growth of
bulblets in an aerated liquid culture of in vitro scale segments of L. japonicum.
(Culture period : 8 weeks)

0z conen in % No. of No. of % of bulblet Diam
aeration gas of protuberances and buds bulblets formation of bulblet
(%) survival per scale(A) per scale(B) ((B/A+B) X100)  (mm)
Solid medium culture
Agar (Air:20.9) 100. 0 3.4 8.2 70.7 2.2
Aerated liquid culture
20.9 100.0 4.6 8.8 65.7 2.1
65.0 100.0 3.2 9.0 73.8 2.3
95.0 97.3 3.2 8.4 72.4 2.5
Cul ture medium : 3/4 strength of MS macro-elements, MS's Fe, RN's micro-elements and

organics, 40g-liter 'sucrose, 0.0lmg-liter 'NAA, pll 5.7 .
Conditions of aeration : The same as in Table 32 except for changing the concentration of 02
in aeration gas, 20.9% 02 by ambient air, 95% 0z by 02 Enricher
(Sanyo Electronic Industries Co.), 65% 0z by mixing of ambient air
and 95% 0.
For culture materials : See Table 34 .

20.9 55.0 ; 9.0
02 concn in aeration gas (%)

Fig.43. Influence of 0z concentration in the aeration gas on
differentiation and growth of bulblets in an aerated
liquid culture of in vitro scale segments of L. japonicum.

(Culture period : 8weeks)

For culturing conditions and medium: See Table 37.
For culture materials: See Table 34.
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Influence of temperature on differentiation of bulblets
in an aerated liquid culture of in vitro scale segments of
L. japonicum. ( Culture period : 5 weeks )

: See Table 37.
The same as in Table 35 except for the
concentration of 02(20.9%, ambient air)
and culture temperature(18,23 or 28°C).
For culture materials: See Table 34.

Fig.44.

For culture medium
Culturing conditions :

Table 38. Influence of light condition on differentiation and growth of bulblets in an aerated
liquid culture of in vitro scale segments of L. japonicum . (Culture period : 8 weeks)

Light No. of No. of No.of Diam of % of No. Leaf
condition root protuberances bulblets bulblet leaf of length
per scale and buds per scale (mm) longaLing leaves  (cm)
per scale bulblets
Dark 11.8 5.8 8.0 2.3 0 - -
Light 12.8 4.6 7.8 1.8 6.7 1.4 0.5
For cul ture medium : See Table 37.

Conditions of aeration :

Conditions of lighting :
: See Table 34 .

For culture materials

The same as Table 35 except for the concentration of 0: in aeration

gas (20.9% ambient air).
16hr-day™'and intensity of 3,500 lux.
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Fig.45. Influence of agar culture period of scale segments of L. japonicum
on differentiation of bulblets after culturing for 8 weeks in the
follwing aerated liquid culture.

Culture medium . The same as in Table 37 excluding NAA.

Culturing conditions: The same as in Table 35 except for the concentration
of 02(20.9%, ambient air).

Culture materials : Scales were taken from bulblets obtained by in vitro
scale culture for 3, 7, 9 or 12 months and cut
horizontally into two segments.
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Table.39. Influence of the polarity of a scale on differentiation of
bulblets in an aerated liquid culture of L. japonicum.

No.of bulblets/scale segment

Part
of Culture period (weeks)
the scale
3 5 8
Apical part 0.0 0.2 1.9
Basal part 0.2 2l 4.3
Cul ture medium : See Table 37.

Cul turing conditions: The same as in Table 35 except for

the concentration of 0z (20.9% ambient air).
Culture materials : See Table 34.

Segments from Segments from
apical part of scales basal part of scales

Fig.46. Differentiation and growth of bulblets in an aerated liquid
culture of segments derived from apical and basal parts of
scales of L. japonicum. (Culture period : § weeks)

For culturing conditions, materials and medium : See Table 39.
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Fig.47. Weekly changes in differentiation and growth of bulblets
in an aerated liquid culture of in vitro scale segments
of L. japonicum.
Culture medium: The same as in Table 37 except for the concentration

, of NAA( 0.Img-liter™').
For culluring conditions and materials: See Table 35 and Table 34,
respectively.
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Fig.48. Weekly changes in cation concentration of the medium of
an aerated liquid culture of in vitro scale segments of

L. japonicum.

X—=—=—=K:(Ca** (Initial concn : 2.3 mM)
A—e—e— A : Mg** (Initial concn : 1.1 mM)
O=snvs -0 : K* (Initial concn : 14.9 mM)

49— : Nll,-N* (Initial concn 15 5 mM)
For culture medium and materials: See Table 37 and 34, respectively.

Culturing conditions: 23°C, darkness, 9.6ml-min™'aeration by ambient air,
a 100ml cylindrical vessel (contained 60ml medium)

with a glass filter (pore size grade;G4).

. 100

Ul
o

Anion concentration(% of int.concn. )

% 5 10 15
Culture period ( Weeks )
Fig.49. Weekly changes in anion concentration of the medium of
an aerated liquid culture of in vitro scale segments of
L. japonicum.
0————0 : N0s-N"(Initial concn : 29.6 mM)

Assreseem A P07 (Initial conen @ 0.9 mM)
For culture medium and materials: See Table 37 and 34, respectively.

For culturing conditions: See Fig.48.
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W

N

=t

O

Culture period ( Weeks )

Fig.50. Weekly changes in sugar concentration of the medium of
an aerated liquid culture of in vitro scale segments of

L. japonicun.
= ® : Sugar ( Sucrose + 1/2 [Glucose + Fructose] )
O=————0; Sucrase
A—-—+— A : Glucose

Hewonns =X : Fructose
For culture medium and materials: See Table 37 and 34, respectively.

For culturing conditions: See Fig.48.
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Fig. 5. Influence of Kinetin and ABA in the medium with high sncne
concentration on growth of bulblets in a rotated liquid culture
of in vitro bulblets of L. japonicum. ( Culture period : 8 weeks )
For culture medium: See Table 41.
For culturing conditions and materials: See Table 40.

Table 42. Influence of temperature on growth of bulblets in a rotated liquid culture of

L. japonicum. ( Culture period : 8 weeks )
Initial W Final FW of plantlet (mg) { Gain in weight (%) }
Temperature of bulblet
(°C) (mg) Root, Leaf Bulblet Total
18 13,2 0.2 12.2 95.5{ 723.5 } 107.94 817.4 }
23 14.5 0.0 18.8 149.4{1030.3 } 168.2{1160.0 }
28 13.8 0.0 4.3 118.2{ 856.5 } 122.5{ 887.7 }

Culture medium: MS's macro-elements and Fe, RN's micro elements and organics, 80g-liter™!
sucrose, 0.5mg-liter™'kinetin, 0.lmg-liter™'ABA
Culturing conditions and materials: The same as in Table 40 except for temperature (18~287C).
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Fig.52. Aerated liquid culture using a simplified polypropylene culture box.
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e B Half a sili
alf a silicone
N el rubber stopper

(No. 23)

| ]

s

A spatula 7

as a gripe

Razor blades(0.25 mm in thickness,
9 mm in width) at intervals of
about 2 mm

Fig.53. Sketch of a simple cutting instrument.

Fig.54. Mass-production of bulblets of L. japonicum in an aerated liquid
culture using a 10-liter container with 5 liters of medium.
( Culture period : 24 weeks)
For culturing conditions, medium and materials: See Table 47.
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Fig.55. Influence of cold-storage duration on leaf emergence of in vitro
propagated bulblets of L. japonicum after transplanting in soil.

From left to right : 0/16, 4/12, 8/8 and 12/4 (Groups of 3 bulblets
after weeks of cold-storage/cultivation in soil).
Upper row : bulblets with leaves emerging during in vitro culture.
Lower row : bulblets with no leaves emerging during in vitro culture.
For cold strage and transplanting to soil in a cell tray : See Table 47.
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Fig.56. Flowering of in vitro propagated bulblets of L. japonicum
following the second transplantation into soil.

Bulbs derived from the experiment described on Table 48 were
re-chilled at 4°C for 12 weeks before transplanting to 12cm-
diameter pots on 16 December, 1992.

Photograph was taken on 28 February, 1993.

Fig.57. Influence of L. japonicum bulb size on their subsequent growth

after second transplantation into soil.

Bulbs derived from the experiment described on Table 48 were
re-chilled at 4°C for 12 weeks and replanted to 12cm-diameter
pots on 16 December, 1992.
They were harvested and photographed on 12 July, 1993.
Circumferences of planted bulbs(cm) were,
Upper (left to right): 6.0=5~<6.5, 5.5 =~<6.0, 5.0=~<5.5
Lower (left to right): 4.55~¢.0, 4.0 =~¢4.5, 3.5=~<.0,
3.05~€3.5
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[ One of advancing-flowering tests (flowering in April) ]

Fig.58. Practical cultivation test of bulblets of L. japonicum
producted in a simplified aerated liquid culture system.
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Studies on the Development of a Practical Mass-Production System of
Horticulturally Desirable Lily Bulbs

with a Simplified In Vitro Culture Technique

WAICHIRO KAWARABAYASHI

Summary

This study was carried out to establish a practical mass-production system of virus-free
lilies, which have good horticultural characteristics, through the application of a

simplified tissue culture technique.

Firstly, in chapter I of this study, the effects of different media and cultural
conditions on plantlet regeneration from shoot tips were investigated mainly with
L.longiflorum and the diagnosis of virus in some plants derived from shoot-tip culture was
performed under electron microscopy and by leaf sap inoculation to L.formosanum seedling.
The following results were obtained.

1. Murashige and Skoog's macro-elements(1962) which have high nutrient concentration,
especially nitrogen and potassium, promoted plantlet regeneration, the growth of roots and
shoots, and the formation of scaly leaves. Whether the medium contains Ringe and Nitch(RN) 's
organic addenda (1967) or not, the growth of plantlets regenerated from shoot tips was good.

2. It was found that a sucrose concentration of 40 g-liter™', an agar concentration of 8
g-liter” ' and pH of 5.7 in the medium were suitable for the growth of regenerated plantlets.

3. Bulblet formation were generally enhanced by addition of 0.1 mg-liter 'NAA to the
medium. A supplement of 0.1 ~1.0 mg-liter " BA or 1.0 mg-liter ! kinetin induced 'multiple
adventitious bud' formation from shoot tips in species such as L.speciosum and L.auratum.
When a 'multiple adventitious bud' was cut into several pieces and the obtained segments
were subcultured, they differentiated to new "multiple adventitious bud’ on the medium
supplemented with an combination of 0.1 ~1.0 mg-liter 'BA with 0.1 mg-liter 'NAA. On the

other hand, they grew and developed many bulblets on the medium containing 0.1 mg-liter™!
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NAA alone. In the case of lilies such as 'Kiyotubeni' and 'Ubatama’, the addition of NAA to
the medium improved the survival rate of shoot tips cultured in vitro and promoted bulblet
differentiation from them but not the growth of the bulblets.

4. The optimum temperature for shoot growth was between 23 and 28°C. Leaf emergence from
shoots was promoted by a lower temperature of 23~24°C, but was inhibited by a higher
temperature of 27 ~28°C. The higher temperature, however, promoted enlargement of scaly
leaves and bulblet formation.

5. Lighting for more than 18 hours per day promoted the growth of shoots and bulblets. Low
light intensity of 1,500~4,000 1x was enough for the growth of shoots and bulblets and
high light intensity such as 13,000 1x in early stage of shoot-tip culture rather inhibited
their growth. In lighted environment, leaf emergence was enhanced. On the other hand,
continuous darkness suppressed leaf emergence but promoted the development of scaly leaves.

6. The inverted placement (apex down) of shoot tips to the medium induced callus formation
and vigorous growth of callus.

7. In diagnosis of virus, observation of leaf sap sample by electron microscope and leaf sap
inoculation to L. formosanum seedling suggested that plantlets derived from shoot-tip
culture of L.longiflorum were free from virus and these technique could be applicable to an

early growth stage of plantlets.

In chapterll, in vitro cultural conditions were studied mainly with L.longiflorum and L.
speciosum for promoting differentiation and growth of bulblets from segments of various
parts of plantlets regenerated through shoot-tip culture. The growth and flowering of in
vitro bulblets, produced by an agar culture of bulblets derived from shoot tips, was also
investigated by cultivation in pots. The results were as follows.

1. The differentiation and growth of bulblets from various tissue segments was enhanced
with addition of auxins, especially 0.1 mg-liter™' NAA, to the medium. Addition of cytokinin
to the medium tends to promote the differentiation of adventitious buds (formation of
‘multiple adventitious bud’), but retarded their development to bulblets.

2. Cutting bulblet scales into segments led to increase of total number of differentiated

bulblets per scale, because many small bulblets differentiated from the enlarged cut edge
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of each segments.

J. The differentiation and growth of bulblets from a scale was observed at relatively wide
range of incubation temperature not higher than 30°C. Higher temperature (27~28°C) and
high sucrose concentration in the medium (60~120 g-liter ') inhibited leaf emergence and
its elongation from bulblets but promoted the growth of bulblets and increased their weight.

4. Although bulblet differentiation was observed in both of leaf- and stem node-segments
obtained from in vitro plantlets, in vitro bulblet scales were the most suitable materials

for in vitro propagation of lilies because of their high propagation rate of bulblets and

their simplicity of culture process.

5.In cultivation of in vitro bulblets of L.longiflorum, leaves emerged quickly and the axes
elongated without cold treatment and flowering was observed within one year after
transplanting to soil in pots. Bulbs harvested after the first cultivation in pots were of
marketable size for cut flower production. In the case of cultivation of in vitro bulblets
of L.speciosum, low temperature was necessary for leaf emergence. Their bulblets chilled
al 10 °C for 45 days had accelerated axis-elongation(bolting) and reduced days to flowering.
In vitro bulblets of L. X formolongi and L.concolor could flower within one year after
transplanting to soil in pots,too. Lilies like these two species, having some advantages
such as cut flower production by using small bulbs and/or some problems such as a lack of
characteristic uniformity because of cultivation of seedlings, were considered to be
promising targets for practical production of bulblets through in vitro culture.

6. These results suggested a possibility that a large number of virus-free and horticul turally
desirable lily clones can be produced in a short period by subculturing bulb scales of in

vitro bulblets derived from shoot-tip agar culture, and by cultivating in vitro bulblets

obtained from the scale-segment agar culture.

Lastly in chapter [l of this study, on the basis of the above results obtained from an
agar culture of scale segments, the effects of culture conditions on differentiation and
growth of bulblets were investigated in a liquid culture of scale- or bulblet-segments of
L. japonicum. Based on the obtained results, a practical in vitro bulblet propagation system

was designed using a simplified culture box. Bulblets of L. japonicum, which were mass-produced
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in the above simplified in vitro system, were transplanted into pots and their growth and
flowering was investigated. The results were as follows.

1. Four cultural methods for simplifying the culture process to enlarge the current in
vitro system; (a)liquid medium culture with polyester fiber support, (b) liquid medium
culture with horizontal rotation, (¢) liquid medium culture with aeration and (d)capsule
culture were tested. Among them, system(c) appeared to be the most practical.

2. From the data of 8 weeks in an aerated liquid culture, it was found that medium with 3/4

strength of MS macro-elements and 40g-liter ' sucrose was optimum for differentiation and

growth of bulblets from scale segments.

3 Addition of NAA to the medium in an aerated liquid culture promoted bulblet
differentiation. Compared with bulblets in the medium that contained 0.1 mg-liter 'NAA, the
ones in the medium that contained 0.01 mg-liter 'NAA had smaller number of roots. These
bulblets with smaller number of roots occupied less culture space and also were easy to be
taken out of the culture box, subcultured and transplanted into pots. Although addition of
kinetin or ABA to the medium did not promote bulblet differentiation in culture of scale
segments of L. japonicum, it was supposed that the effects of these growth regulators would
vary with the species.

4 Bulblets differentiated efficiently when a liquid medium was aerated with ambient air
(20.9% 0.), whereas higher oxygen concentration in aeration gas was ineffective in enhancing
more differentiation and growth of bulblets. In the same way as in agar culture of other
lilies such as L.longiflorum, higher temperature(28 °C) and lighted environment promoted
leaf emergence from bulblets in an aerated liquid culture.

5. The agar culture period of scales required to obtain a maximum number of bulblets in the
following aerated liquid culture appeared to be about 3 months. When the culture period
extended beyond 3 months, the number. of bulblets tended to decrease. Basal segments of
scales produced more bulblets at a faster rate than did apical segments.

6. Bulblet differentiation was observed after 3 weeks of culturing. The number of bulblets
increased significantly 5 to 8 weeks after culture initiation but not thereafter. Clear
increase in diameter of bulblets was not observed after the 5 weeks of culturing. In

examination of changes of nutrients concentration in the medium during culture,almost all
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contents of nutrients including sugar was lost at about 8 ~10 weeks in culturing. Therefore
those nutrients should be supplemented to the medium after 8~10 weeks of culturing for
subsequent growth of the bulblets.

7. Conditions of medium suited for the growth of differentiated bulblets was investigated
using liquid medium with horizontal rotation. By exchanging initial medium for a second one
with an appropriate combination of kinetin, ABA and high sucrose concentration, there was a
possibility of obtaining the well enlarged bulblets without leaves and roots.

8. Dissecting in vitro bulbs into many small bulb segments increased the total number of
differentiated bulblets per cultured bulbs and therefore enhanced the propagation rate of
bulblets.

9. Using a polypropylene container as a culture box, bulb segments obtained from 90~100 in
vitro bulbs(total fresh weight, 12.8g) were cultured in an aerated liquid medium of 1.5
liters. About 2,000 bulblets, with an average diameter of 4.9 mm, were produced in 16 weeks.

10. To simplify the propagation process, 300 in vitro bulbs (total fresh weight, 60g) were

cut. with a cutting instrument of several set razor blades spaced about 2 mm apart. A 10-liter

container with 5 liters of liquid medium was used. In this simplified in vitro system,

about 4,500 bulblets with an average diameter of 5.9 mm were mass-produced in 24 weeks of
culturing.

11. The bulblets, which were mass-produced by 5 ~6 months by the simplified aerated liquid
culture system, in the dark at 23 “C, exchanging initial medium for a second one with high
concentration of sucrose at about 3 months of culturing, appeared to be dormant because
they produced no leaves during 16 weeks of cultivation after transplanting into pots.

12. To promote the leaf emergence and growth of the bulblets after transplanLing into soil,
low temperature or GA: immersion treatment was required. Cold-storage of bulblets at 4°C
for 8 ~12 weeks was more effective in breaking dormancy than bulblet immersion in 200
mg-liter 'GA; solution. When the bulblets, of which growth activity was supposed to be
raised by these treatments, encountered high temperature in greenhouse in summer, their growth
was not inhibited. Bulbs of about 6.3cm circumference were obtained after transplanting in
vitro bulblets weighing 200 to 300mg into pots.

13. About 80% of the chilled bulbs with circumferences of 6.0 to 6.4em, which were planted
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into pots in December, flowered in March of the following year. These plants had one flower
and attained a height of about 20cm.

14. When bulbs with circumferences of 6.0 to 11.5cm were re-chilled at 4°C for 12 weeks and
replanted in mid-October, the flowering period advanced from March to late December and
January. On the other hand, non-chilled bulbs that were replanted in mid-October directly
after harvest flowered between May and June of the following year and some of the bulbs
with circumferences of 10.0 to 1l.4cm produced two flowers. Bulbs with circumferences of
7.0cm or more transplanted into soil grew to more than 11.9cm in their circumferences at
harvest.

15. Thus, by utilizing the simplified in vitro system to obtain mass-propagated bulblets and
subsequently exposing them to low temperature or GAs; immersion treatment, flowering plants
of L. japonicum could be produced in about one year, as the shortest case of cultivation

period.

In the results of chapter I ~Ill presented above, a practical mass-production system of
virus-free and horticulturally desirable lily bulbs was established from a simplified
aerated liquid culture using a polypropylene container and cultivation of the bulblets

mass-propagated in this simplyfied in vitro culture technique.
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