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[ & £ 1]
1. Z2RBEBLCETSIAEFENHNOESR
g M U 7= Hyponex & IE K Hi @ fii I Hyponex 3 A £ M |

MS

B A K% Hh . 1/72MS K5 i B X TF White K "o 58 B A2 H W,

N oOEER, BHERBBIUHELZ ELEBEL K.
EHFRITT4~860% THHOBBICXEX-> TAKER ER
Mmoo 2. BREHERXEBE MSHE A B oW, 1/2MSE it 3 X
Hyponex & A& #f 1t T I3 3.8~ 4. 5 T & o = O T & L
Hyponex £ IE K% Mt & White B W 13 & v &£ 11 5. 38 & 5. 5 K
ARICEDP2 . — K, BHRLIFT MSHE £ 8 #t, 1/2MS

W B K ' Hyponmex #t A 1 #t T3 7.2~ 8. 8mm T &» - 7= H,

Hyponex £ IE § H T i& 10. Tmm, White 85 2 T I3 9. 8§ mm &
i 8< Bo k& (Tablel) .

LM EDOBES, 22+ —56 0O X JH I3 Hyponex £
M & White 85 TR R A F 2 T 5 2 EMN R EN k.

2. EABBCBUSAAEREOYVHRHOESR

fi

4= K i i % B & L T IAA(indole- 3 -acetic acid), NAA

( | -naphtleneacetic acid) , Kin(kinetin) 3 £ X BAP @ 4ffi 1 # JH W 7=

% E 320, 0.0138 &£ X0.1mg/s IR EL, #F—F ¥
BMEVYaT A== EEDSTHZESED ®E .
o & EFERIZTTLI~88% T, ML =4 EHGH W

kb B E&ED2 RN B 5D O0FE B k2T D=

. —h, B E % :ELRZ, £EHGDYHEOFEMIC
> THFERCREREINEN, TS5 TR EEHLOH T A
RPRAREHFOAEAENRD SN, FEREHAEEREEIZT WX
Mok. THHsDR¥EBYAS PIAAZ B OBEMNEROD
& &Ebic®md 2@mMANd o> 7= (Table 2) .

D EOHBRER»S, EEHGHWHEOEM, &L ITHA
hA4AZZ>>BHOoFMEBEHHED oL EZEET S D00,
7 & AL ® EEMNEEBLT, EH¥EBEELEEZHETT

7% 5

~

1%

7
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Table 1. Survival rate and the plantlet growth

for 12 weeks under different mediums.

after shoot apex culture

Survival rate No. of Plant height
Mediums %) leaves (mm)
Hyponex modified medium 82a’ 5. 3b 10. Tb
Hyponex basal medium 78a 4. ba 8. 8a
MS  medium T4a 3. 8a 7. 2a
[/2MS medium 80a 4. 2a 8. 0a
White medium 86a 5. bb 9. 8b

Hyponex basal medium supplemented with organic components of MS medium.
Values with the same letter in a column are not significantly different

at 5% level according to Duncan's multiple range test.



Table 2. Survival rate and the plantlet growth after shoof apex culture for
12 weeks under different growth regulators and concenfration.

Growth regulators Survival No. of Plant
Auxin concen- Cviokinin concen- rate leaves height
tration (mg/¢) tration (mg/ Q) (€3] (mm)
ey L3 B i b.4a 10. 6a___
[AA 0 Kin 0.01 T4a 5. 0a 8. 2a
0 il T2a 6. bh* [3. 6b
0. 01 0 88a 9. ba 9. Ha
0.01 0.01 86a 5. 8a 8. 2a
0.01 0.1 80a 6. b 14. 6b
0.1 0 86a b. 8a 8. Ta
0.1 0.01 T6a 6. 2ab* 13. 2b
rorn 0, T s 1t s g 4 0.1 .o 82 6.4b+ 12.8b___
[AA 0 BAP 0. 01 78a h. ha 9. 2a
0 0.1 82a 6. 9b* 14, 2b
0.01 0.01 88a 6. Oa 8. Ha
0.01 0.1 T6a 6. 8h* 12. 0ab
0.1 0. 01 78a b. ha 2. 0ab
g e TAE i S A, B . .4 - 6.8b+ 13.5b
NAA  0.01 Kin 0 T6a 5. 0a 8. ba
0.01 0.01 Tda 5. 8a 9. 3a
0. 01 0.1 88a 6. 6bx 14. 9b
0.1 0 80a 5. ha 9, 3a
0.1 0.01 T2a b. Ta 10. 8a
e e Pt o 81 ol el Ta " % 6.8b 14. 3b
NAA 0.0l BAP 0.01 88a 5. 8a 10. Da
0. 01 0.1 Tda 6. Thx 13. 2b
0.1 0.01 78a b. 2a% 10. Ta
0.1 0.1 T2a 7. 2bx I1. 9ab

* Values with the same letter in a column are not significantly different

at 5% level according to Duncan’'s multiple range test

¥ Vitrification plants.



3. EEBICHBIT A EBRRTHODES
B ERE#Z20C, 260 8 X UF30TC, B B - B 2 8. 16
= 2

B X U240 B @ hEThiIggg &L T, oS Bt

By

SE R OB EBHREIZB TS 4 HFRTE0~82% i
KE2ZE2ZR3 0o k. BHEHERIZT, 26CH5.8T20C
D4. 1, 0CDODL.5BEDEBIZZEZNo 2. 20T 25°C
D E LIBI0. lmm & 10.4mm T30C O 8. 2mm & VW H & I2 &

Mm o = {( Table 3) .

A

M

-, WOH R OB, SEMBWHAEGER NIV
E16B XV 24 ) W B X 0 @ 2 o = . B M S B 16K M
BB & 24 M BB B A, TN FN5.3K ES5. 08 T 8 [ I8
BHm 4. 38 £ O Hh w5 - A, WO, 16k [ R oB
E 24K M OB B 210, 2mm & 11, 9mm T 8HF [ M B @ 7. 1 mm
X D & MM o> & (Table 4) .

LEo R, £FBNPIKEMB®HIS IZES ko
EHBbDOD, 26CTI6E 24l BB T T 9 % & %
WY OEENRRFERDZ I EMNHAHSNER > .

4. REBRBR CBUITSIERREROYEROE S
U UNIOIE - 7 N+ b L tele SO SO I I/ B G 7 N ) | I S B T Y 7 N~
EH MY OE LS RMBERZERLAEZ. EEHAGY HC

i TAA, NAA, Kin B3 X O BAPDO 4 ¥ = H v, 0, 0.138 k£
S0.mg/le DIBBEW O BEZEREL T, £+ —F 3 8 &
YA AT =R Egd CHamgDEE. T, B H

g

e XKELSVWRIBEEH O A P A = HZ2MBED
B3I L TRWVWHEZBTWS 2D, BAP &L Kin 2 #l &
bt BREK D & T L.

EARHEBYHEHZEMNDL 2B T8 MMEEDNHS
o, ERAGHHZENMT 52 &ic & b
il & 20/ 5 e, WMBMBEAERTAEEMNGHD EO MBS B
E I TEMNRD » 7. IAA ¢ KinZ2#ladbdbt kB8

I



Table 3. Survival rate and the plantlet growth after shoot apex culture

for 12 weeks under different temperature.
Temperature Survival rate (%) No. of leaves Plant height (mm)
20C 82a’ 4. la 10. 1b
251C 80a b. bb 10. 4b
30°C 82a 4. 5a 8. 2a

* Values with the same letter in a column are not significantly different
al 5% level according to Duncan’s multiple range test.

Table 4. Survival rate and the plantlet growth after shoot apex culture
for 12 weeks under different day-length.

Day-length Survival rate (%) No. of leaves Plant height (mm)
8 hr 90b* 4 2a 7. 1a
[6 hr 82a 5. 3b 10. 2b
24 hr T6a 5. 0b 11.9b

Values with

the same

letter

in a column are

at 5% level according to Duncan's multiple range test.

not significantly different



& O M hi MK B iE2.9~9.3T, Kin® & mifit 28 %

F O B KRl . KMo B %L

0.5mg/e ™ML 2R T2 3.56~4. 28 & Mic< 5
<, HEXBHT7.8~8.2mm & B » o5 k. [AA & BAP O
b T, ¥ MME &KEIZTT.9~18.4T, BAP O &
2 < a5 EWM ML 2. 1AA %

mm L ERKoORSPMBEREBLI20TH &< &5 XX T K
A, EXICRBRBEMTZEZNEMN-> . NAA & Kin
b B &, WMMMAAEKKIZI. 8~7.8T Kin 2 %

0. Ilmg/ ¢ , BAP %Z 0.

< & B
[AA %=
N T %
fil & &
ke A%
| mg/ ¢
4 P
Ml &

A

E ER M T 5 mZE xR L . BMHIERIZ NAA Z 0. 5mg/ 0
Kin 2 0. dmg/ ¢ &M L ZXKMNBNI3. 8K TMMEK D2. T~ 3. 4K &
D ZMh-o>k. HEELIENAMOHEBBRTEMN > . NAA & BAP

DM A&»EDHDHE TIE, NAA 0. 1mg/e , BAP 0. 5mg/ ¢
W kB N20.4 2D, EDT.2~12.31C<
Mo 2. NAA %Z 0. lmg/0o , BAP Z 0. lmg/ ¢ & 1 L &
BB OB O3E B oAt 3. 8K, B A8, 9Imm & iz < 5 X
7z ( Table §) .

B ZWBE D YA A B E BT R
BAP & Kin @ # I & 28 8 9 %5 & 6 & £ i3 ¥ m L
0.5mg/¢ , Kin# 0. lmg/e MU ERKITI2.6& F ~
REXKobh THEDEVWVHBEREZRLE. LD2L, B
NWHMAS ST ON TRMHEEMBEAL, B LD K-S
Ml A28 & - 7= ( Table 6) .

U Ero# B, 14 b1 =220 F3MNMBF—F ¥ >

5 X 1Y Gl fE K
B = (2 e L
L # L BAPWK WM %2 X b REL L. £, MM
BN EWVWEERERMERNDARLS, BEXLHBEK A -

&

i kEL< ETEBL, TORBREMNEG® E
i

» K T
%

5 N
X T
e

2 &

E ks BEOHA PBPAEAST & Kl

n =
e



Table 5. Effects of growth regulators and concentration on shoot development
in meristem plantlet culture.

Growth regulators No. of Developing shoots
Auxin concen— Cytokinin concen— shoots per No. of Shool
tration (mg/¢) tration (mg/e) plantlet leaves height (mm)
Lo e SEORAROL = e s e L 08 e o o S
[AA 0 Kin 0.1 2. 9a 3. Da 1. 2a
0 0.5 8. 2b 3. 2a 8. 1b
108 0 3. la 3. la 7. Tab
(A 0] 3. 9a 2. 8a 7. 4a
0.1 0.9 9. 3b 2. ba 6. 6a
0.5 0 5. 2ab 3. 8b 7. 9b
05 0: 1 4. 8ab 4. 2b 8. 2b
_________ 000 o By, SR L SR AN
IMA 0 BAP 0.1 10. 4b 3. ha 5. 9a
0 0.5 14 2¢ 2. ba 6. 2a
0.1 0.1 7. 9b 4. 2b 6. Ta
0.1 0.5 12. 8b 2. 8a 7. 2a
0.5 0.1 18. 4c 2. ba 6. 0a
_________ 0.5 .05 84 28 _ Th
NAA 0.1 Kin 0 3. 8a 3. 1a 8. 1b
0.1 0. 4. 2a 2. 8a f. 4a
0.1 0.5 7. 8b 2. Ta 7. ba
0.5 0 4, 6ab 3. 4a 7. 9b
0.5 0.1 5. 9b 2. 9a b. 8a
_________ (L TP LSRR SRR, SR of |
NAA 0.1 BAP 0.1 12. 3b 3. 8b 8. 9b
0.1 0. % 20. 4¢ 2. ha 6. 2a
0.5 0.1 9. 6b 2. 4a 7. Tab
0.5 0.5 7. 2b 3. 2a 7. 8ab

Meristem plantlets were cultured for six weeks on Hyponex modified medium
* Values with the same letter in a column are not significantly different
at 5% level according to Duncan’'s multiple range test.



Table 6. Effects of cytokinin and concentration on shoot development in
meristem plantlet culture.

No. of Developing shoots
Concentration(mg/ o) shoots per No. of Shoot
plantlel [eaves height (mm)
IR ¢ ¢ e S S AL R, AT i

BAP 0 Kin 0.1 3. 9a 2. 8b 7. 9b
0 0.5 8. 3b 3. 2b 7. la

0.1 0 9. 2b 2. bab 7. 8b
0.1 0.1 9. 6b 2. 3a 7. bab

0.1 0.5 14. 3bc 2. hab 6. 3a

05 0 18. 2¢ 2l b. 9a

0.5 0.1 22. 6¢C 2. 2a 5. ba

s 0.5 18. Tc 2. 4a 6. 2a

Meristem plantlets were cultured for six weeks on Hyponex modified medium
Values with the same letter in a column are not significantly different
at 5% level according to Duncan's multiple range test.
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Table
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Gl fE
B K
Table
[
L7

BELRFEULS BEEREZ20C, 25CB XU30C O
M B R Wl 2 8, 1638 K T 24 ] © 3B B %2 3% & L

¥ B ERE L .

E3IOC T O MMBEARRBRENRENIS. 9&17.8T &

S EHy AT TTRIIERSE LS R LE - L NTL;

hoRMBEREE L THEEEREMNMIZZ2RZRZ» > k

Ty

HE BH e ] 28 B < 72 % 13 & 9 5 M 4K i % m L o=

o B BB B 16K M M B T 8K M B X X 24K
DM mMmULEMN, EXICHERBRHEAKEB TEZENEZE » > k&

8) .

DR RE, 25C, 16k M KB T &9 % &1 IF &

BABICHBINNSEZRLE.

Al

'\._.

ERBLCH T SEFEHOLEE

& A

WA T 58 o EZH S NITYT %7 Y, Hyponex

(£ 15 1T i A T Hyponex 2 A& Kf Hi , MS 3t A B o, 1/2MS
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Table 7. Effects of temperature on shoot development in meristem plantlet

culture.
No. of shoots Developing shoots
Temperature per plantlet No. of leaves Shoot height (mm)
207 10. 2a 2. 9a T. ba
26°C 18. 9b 3 53 8. 9a
30°C 17. 8b 3. la 9. 2a

Meristem plantlets were cultured for six weeks on Hyponex modified medium
Values with the same lettier in a column are not significantly diflferent
al 5% level according to Duncan's multiple range test.

Table 8 Effects of day-length on shoot development in meristem plantlet

culture.
No. of shoots Developing shoots
Day-length per plantlet No. of leaves Shoot height (mm)
8 hr 12. ba* 2. 8a 1. 2a
16 hr 17. 5b 3. 0b 7. 4a
24 hr 21. 8b 3. la 6. 6a

Meristem plantlets were cultured for six weeks on Hyponex modified medium
Values with the same letter in a column are not significantly different
at 5% level according to Duncan’'s multiple range test.



Table 9. Effects of medium on rooting rate and number of roots in plantlet

culture.

No. of roots
Medium Rooting rate (%) per plantlet
Hyponex modified medium’ 94b’ 3. 8ab
Hyponex basal medium 90b 2. ba
MS  medium 78a 3. la
1/2MS medium 96b 5. 2b
White medium 88b 3. 9ab

Meristem plantlets were cultured for four weeks.

Hyponex basal medium supplemented with organic components of MS medium.
Values with the same letter in a column are not significantly different
at 5% level according to Duncan's multiple range test

Table 10. Effects of temperature on rooting rate and number of roots in
plantlet culture.

Temperature Rooting rate (%) No. of roots per plantlet
20C 92a’ 3. 9a

25°C 90a 4. 8b

30C 86a 4. 9b

Meristem plantlets were cultured for four weeks on 1/2MS medium
Values with the same letter in a column are not significantly different
at 5% level according to Duncan's multiple range test.

Table 11. Effects of day-length on rooting rate and number of roots in
plantlet culfure.

Day-length Rooting rate (%) No. of roots per plantlet
8 hr 96a’ 4. 4a
16 hr 90a 5. Tb
24 hr 92a 3. 9a

Meristem plantlets were cultured for four weeks on 1/2MS medium
Values with the same letter in a column are not significantly different
at 5% level according to Duncan's multiple range test.
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Samples

Extracted with 20ml of 80%-
concentrated methanol in vacuo
Aqueous phase

Extracted with ethvl acetate

[
Aqueous phase Ethyl acetale phase

Extracted with 2% NaHCO;

|
Ethyl acetate phase Aqueous phase
Adjust to pH 3.0 with IN-HCI
Extracted with ethyl acetate

I
Aqueous phase Ethyl acetate phase

| Concentrated in vacuo to dryness
Dissolve with ethyl acetate
Paper chromatography
(isopropanol :ammonia water:water=10:1:1)

Fig. 1. Flow chart ol auxin extraction.
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Table 12. Influence of sampling date of runners on survival rate

in shoot apex culture.

No. of runners Sampling date of runners (Day/Month)
examined 23/6 1/1 20/7 4/8 18/8 1/9 21/9
Survival rate (%)
1993 50 80 86 84 86 82 86 82
1995 20 85 80 90 80 85 85 75

Shoot apices were cultured for four weeks on Hyponex modified
medium

Table 13. Influence of sampling date of runners on growth of plantlet in
shoot apex culture.
Sampling date of runners (Day/Month)
23/6 T 2077 4/8 18/8 1/9 21/9
1993 No. of plantlets examined 40 43 42 43 4] 43 41
No. of leaves developed b.3a* bh.2a bH.3a 4.9a 3. 7Tb 40b 3.8b
Plant height (mm) 752 T7.8& 7.7a 7.3a 8.4b 8 2b 11.3b
1995 No. of plantlets examined 17 16 18 16 17 17 15
No. of leaves developed b.ba 6.0a 5.4a 3.7b 4.2b 3.9b 3.5b
Plant height (mm) 8.2a 8. .5a 8. .6a 10.7ab 13.4b 12. 2b 12. 6b
Shoot apices were cultured for 12 weeks on Hyponex modilied medium

*Values with the same letter in a column
at 5% level according to Duncan's multiple range test.

are not significantly different
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Two types of cells.
A: Short cell type of the early term
B: Long cell type of the late term
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Table 14. Comparison of the number of leaves developed on plantlets between
two sampling terms of runner.

Culture period (weeks)

2 4 6 8 10 12
No. of leaves developed (average=s.d.)
The early term 0 0.05z2000. 0, 90,20 2:0==0.08 3 4:E108 52101
The late tern | 0.0.3£0.7 0.6%1.7 1.4+2.2 2.5+2.0 3.8+1.6
Difference of No. of
leaves between two - ¥ ¥ % FEk %%

terms (by t-test)
¥ %% and **%: Significant at 5, 1 and 0.1% levels, respectively.

Fig. 4. Two types of shoot apex.
A: Tune 23 - September 21
B: August 4 - September 21



Table 15. Comparison of two types of shoot apices.

No. of shoot Diameter of shoot
apices examined apices (mm)
Type A 10 0.26 = 0. 051"
Type B 10 0.27 £+ 0.048

See Fig. 4.
“Slow progress type of differentiation of leafl primordium.
*Rapid progress type of differentiation of leaf primordium.
*Standard deviation.

Table 16. Petiole length, runner length and number of runners at the seven
developing terms.

Examining date (Day/Month)

23/6 A7 20/ 4/8 18/8 /g 21/9

Petiole length (cm) 20.92° 19.4a 19.1a 18.4a 17.0a 13.9ab 8. 8b
Runner length (cm) 45.9a 46.5a 42.T7a 39.9a 40.4a 46.8a 25.4b
No. of runners h.0al JBedan  biba 5 3a . 632 h.8a 3.0b

“Values with the same letter in a column are not significantly different
at 5% level according to Duncan's multiple range test.
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