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Abstract

The aim of this study was to establish plant regeneration from leaf
explants of globally rare and endangered species Sedum tosaense Makino.
The leaf explants of S. fosaense were cultured on the MS medium
supplemented with different concentration of BA and NAA for plant
regeneration. Callus induction and weight obtained the highest (100%) on
MS medium containing 2.0 mgl.”! BA and 1.0 mgL ' NAA. The highest
number of shoots, weight of shoots, compactness of shoots were
regeneration when callus were cultured on MS medium containing 2.0 mg:
L' BA and 1.0 mgL™' NAA. The axillary bud were cultured on the MS
media supplemented with combination of BA and NAA for in vitro mass
propagation of S. tosaense . MS medium supplemented with 2.0 mgl™" BA
and 1.0 mgL.”! NAA was number of shoots 7.9, weight of shoots 66.9 mg
by effective the best for mass propagation. For rooting, MS medium
supplemented with and without 2.0 gL' activated charcoal was tested.
The optimal results were observed using MS medium supplemented with
2.0 gL activated charcoal, on which 85.7 (No. of root), length of root
4.6 cm. 1200 ppm CO2 and 350 ppm CO2 were supplide for make certain
the effects of CO2 on pre-acclimatization by photoautotrophic culture.
Number of leaf, leaf width, leaf thickness, length of shoot, length of root,
total weight and chlorophyll contents of 1200 ppm CO2 treatment was
estuimented higher than 350 ppm CO2 treatment. The survival rate was
100% in soil acclimatization of regenerated plantlets were mixed culture
soil with peat moss and perlite that was the highest culture condition and

the greated growth.
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T8 5 (Sedum tosaense Makino)< =4= 2 (Crassulaceae) Sedumzol &
ste AERA, £ 7YY AxE bkel ol Adke tsE e thdxeold. 7h
A dow wWon REAsa, RZAE Hfor AFsiy, o th4=o] Zo]
sl =717F A oS do®m Bl W] glow, FAFPo T e
3~5g ¥ NS i, FA= 24 P es Adolt FAHES Aw
A= A& Tl

AA, =FAEE A e A3 ekt nke] flollA Ak, FiAS=7E 400704 o] &
24 59 2 VI ER Besta s v A% Zo® RHixi gt
(Anonymous, 2000; Song et al., 2004). S-glvete] 45 =ul #3327} =4
ow dEAA Fkon, 20029 AFE HAFT 2355 T 438mell 9A g
Abmig] sk el A A& EEE e, gEuet o] 52 glo] AR
© A agste] ‘SR Eolgt W aAtHSong et al., 2004).

Y= 1948 e thdA 2Eo] giREdd v oS A, skat
of we} 25~33%0] 900~1300F o2 A= Y& ASE Hi i, dFE
o] o9 379 &, = 7IfE%5(Sedum L.: 30091), Crassula 1..(25091-8),
Kalanchoe Adans.(1209%)°l 43t (Cronquist, 1981; Lawrence, 1963). %
grtetel Exete EUEHR AHES 9 ES(Orostachys Fisch. ex Al
Berger), YA 08l & (Penthorum L.), 2% (Rhodiola L.), 7|9 %%, d4+&4
E&(Tillaea L) & 5522 745 l=dl(Lee et al., 2003), -t-=vtetel =}

st JE EYHEHS] SedumEoly= EYE(Sedum sarmentosum), °N7]17]1&

|

O

Z%(Sedum middendorffianum), W79 Z(Sedum latiovalifolium), Y&
(Sedum  drythrostichum), & &E3HSedum  oryzifolium), &% Y&
(Sedum routundifolium), AYE=Y=(Sedum sieboldi) &°] AtH(Kwon and
Jeong, 1999).

HZ 2= A5 s AR ds B A7 FdEe L 550

= T dvt. A (Rhodiola sachalinensis)S 343t &3 (Park et al.,



2005)¢F #ehd 4 A& Choi et al., 2004)7F e oz deA o
H, o a3 kAE A a7 e Ae® YEsEtH(Bae, 2005). LY
Tt kst anE vellem(Lee, 2011), 4= 3
Akslh &4de] #3(Kim et al, 2006), HIV % 7+ wlejg 2o A an7t 9
o (He et al., 1998; Woo et al., 1997), &28(Kang et al., 2000; Park
et al.,, 2002) ¥ g 2&(0h et al., 2004), 2ehd A A& &¥HSim et

2008), #wk ofyel #HAZ7] o] HAL R Qg FolE FAaATIV] At

al.,
of 5835t AAERZE HAE 4 = phytoestrogenol#hs &dE& whFd

iR ERFEES

—10

3t = Aoz dHAH T Kim, 2003).
A Zo AN Y $FHEHFTH L FE&=d A FAAINS T A AR
59 59 FHor de o]&%a ArHChoi et al., 2002; Kim et al., 2002;

Seo et al., 2002). &2 =AHF+ 37 L AFHAVFT A= HAY FHo
= ol&o] 7hedty Il Ao WHE St I FFd g AXA
9] HES g Ayt waxy vk vk (Moon et al., 1997; Moon et al., 1999;
Yoon, 1997). AlEXAu%ke] &2 Aw Tl Wt & Aol& HolW, #dF
ANXE FF B wgxAd wt AFd=4Y a4 =7 HEH o= MYk
EAWe WS =E &3 dAHt #AAVE de Aem dEA Advk(Lisowska
and Wysokinska, 2000; Koroch et al., 2002). A2 &0 njori-9o] ulz}ia

ool Fshs AdRd=de veFshAl wheskr] witel wiAe] g A

=

2004), T AEA AwEst A7 (Kwon and Yoon, 2010) €]+
Aol §le AAo|t

A= A7 ZIWeAM = dA] axz 7o) H7b glo] 2am bl o A
e = A sk e S g (photoautotrophic culture)o]z gt}

(Kozai, 1991). F5gulefe] a2 AAg7]o] o5 @2 FdsE=E F4I8t
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I. A5 % ¥y
2.1. 24

T8 E(Sedum tosaense Makino)EAE AFE AAELE A A

2010 699 TAE AFsAT. A TA= AA HAxe] A T HAH

THFE AHT v 70% ethanolol] 1&37F AT dad SHFE
53] A F 1% NaOCl <ol HAsto] 1023t &5 FA. A dd

FR5E 58 FAT F A7 filer-paper 90| LEL B71E AR 7]
W ek obstel AP FAUE FAwolAe AL HBA AR A

gl AHgatgit

3}

A

2.2. dHdHo " BE AEH )

o

FARE S FApEoA R A EA AEstE f8 9= 0.5 X 0.5 cmé] A
712 Agsigith. 0.0, 1.0, 2.0, 5.0, 10.0 mgL™' BA(Benzyl adenine)9t 0.0,
1.0, 2.0, 50, 10.0 mg'L.”! NAA(Naphthalene acetic acid)® T8 =2 T8 A
2]8H(Table 1) MS(Murashige and Skoog, 1962)81%(30 gL' sucrose, 7 g
L™ agar, pH 5.5 A&3(15 cmx2 cm)ol 10 mLA EF3849ch 121C, 1.5
ZI9to 2 204 ZF WA E -ashEar & 7z APl JAEH 118 208
A= 2Aselth. 55 - FAE Ao Fof WYz FAE AL,
4704 5 A zdM fFi=

oh W2 2% 25 £ 2T, #F57] 16/8A1%F, F= 1600 Luxe] 7oA wjed

sheie.



Table 1. Hormonal combination for plant regeneration from leaf explants

of Sedum tosaense Makino.

Treatment (mgL™")
BA NAA
0.0 0.0
1.0
2.0
5.0
10.0

1.0 0.0
1.0
2.0
5.0
10.0

2.0 0.0
1.0
2.0
5.0
10.0

5.0 0.0
1.0
2.0
5.0
10.0

10.0 0.0
1.0
2.0
5.0
10.0




2.3. EFF4

FARES HEFSASs Al A 2 A B F3d A9 47 5=

%3H(Table 2)& A3t MSHIA(30 gL' sucrose, 7 gL' agar, pH 5.7)
of E2#S kel 1 L widH(A7 cm, €10 cm)oll ZH2z 200 mLA #538
a121°C, 1.5719e® 208 b a2-agt ditste] xS Alxsey Aes
NA FmE FAHFY 74 dotE et v E 1 cme dol= Ad
shol Z} A 3704 SR o R X4dste] 953 HiF 5 Alxe] ok FA,
WA E Y] AEE FAFSEITH Wik =% 25 + 2T, FF7] 16/8A1%t, &

% 1600 Lux® Z7ol A wjekataict.

A

ok

[‘O

7S 98l 7IusAE T4 59 7|94 mligE 1 cme] dol= A
3l MSEElX (30 gL' sucrose, 7 gL' agar, pH 5.7)° X85t
L—l

3
Activated charcoale] Z]WdZo] mxE= AGTFS LdolHI] Hd 2 o

—

activated charcoal® $Hr3F MSEu]A] 9} activated charcoal 3 7}gF MS®

0 mL¥ ®¥F3ta 121TC, 15714z 208 7+
A9t Hatdko] wiAE A XA ZF ATt 3704 Sk A sk 95
Fowjgete] BElE FRgE § felo] Sof felo] ZolE ZASTE Mg

=% 25 £ 2C, #FF7] 16/841%F, % 1600 Lux® o)A wj%Fstdtt.



Table 2. Hormonal combination for shoot multiplication from axillary bud

culture of S. fosaense.

Treatment
BA (mgL™h) NAA (mgL™)
1.0 1.0
2.0
2.0 1.0

2.0




2.5. FEHujg g ¢3dA

FEgugel o s Hsl oA Mg A FAuE FAEA
& AUl SRR AFs el &2 wixE AASGATh A plastic ¥l
H(SPL, Korea)oll &A1 25 g} sucroseE H7}sHA] &<
S H7tete] wiXE Azt FEHuG Al olikste At v A= dFgS &
ofr 7] 98 ¢ A= olikstEAaEErE 1200 £ 100 ppm?l F5 Hul A
(X 25 £ 1T, F5F7] 16/8, F= 1600 Lux)olA wiFaRar, = 2 Az
T= olAkstetAFErF 350 + 100 ppm¢9! 5 C

16/8A1%F, #%= 1600 Lux)oll A i gatdet. Aelam3 27044 16WH538te] o] 4

o
=
%)
12
2
jus)
_
X
oo
S
3
&=

Jukuf kAl (&% 2

.

sttt 7 AEt B ke 542 24 2 mjgEHlen, 25 A0 R
sucrose’t FH7FE Al & MSAAMAE BFetdvt. 85 F AT M F9

Ay
FAI, oo e A, Hele] of Hol, £719] o], dF54%IFS FAteS
U Q54T SAS A=A 2 g ZA ddste] 80% acetoned <ol FA]
SEATE 4T x7ol A 48A13F %313l chlorophyll a, be] &2 333 =7
(MQX 200R, Biotek, America)&
&t th(Lichtenthaler, 1987).

I
l

2.6. TSR ES+3t

7l GBS EdestE fstel ZIddA g f4=A 5 2o 1-~2
cm, @4 0.5~1 cm WO E FAEAE Attt 712 Aol SRTF= #
o =2 WX E 3ol AHE F ALESIITE EYS peat moss$} pearlite
E Ll(viv)E asrst &3 WlYgE, vermiculite®?} pearliteE 1:1(v:iv)Z ] gst
=3 WS E, pearlite &8 MYER AU 2 A 20/MAE o] A3}
. T 13 Bl ESestE AIEEA 125 5 27]9F e Aol

o
FHE L AEES 2AHAG. LA U ASBFS 2E 25 + 5T,

rlo



Aol i Kwon and Yoon, 2010). Zgi 10 mglL™
Aol A= A =Ew ofye FEw FAEA
BA ©= H7b v & Aeart FA4H 7= sglod, 34
% ol Ant AT (Fig. 6C). Ao Aitstd 2lxe] F9 FA=
BASt NAAE =3 71gh wiA|eF & Afol7} Yt o™ (Table 4), 1.0

BA ©5A S AYstas YA BA 9EH 75 Ax AN HE B
A THFig. 2A, 3A, 4A, 5A). WHH BASH NAAZS &3 #H7lsle] 2 ~2Z2 #
3 A3} 2.0 mgL ' BASH 1.0 mgL ™' NAAES &3 Ad Ae+7 71 %
& A PAES B, Agsd AR 7P FAgtH(Table 3). 18
Azol FAFE 7P wokon, g BAS wn 7143 s THTable 4
and Fig. 3B). FZH|F9 AN AerE FEsis W AFd=dEA

BA, NAAS @502 A3 5= TdAZ 7R 2es 48 2 A%

H‘I

3
I, Az AT dAE e AnE Bt BA9 NAAES &35kl A
3 A9 AFxAEAS 77 1.0~2.0 mgL ' sER E£Feto] Agegds u ot
2 EdAEFERY 2AYa S 2 Axo £ Az AR BT e
A vl tH(Table 3 and 4)



FANES 2L SedumFHQl F2YHAWELS 1.0~2.0 mgL NAASH 1.0
mgl' BAE £33t Agsg e ul Aeso P& 7MY Edva Bas)
AHKwon and Yoon, 2010). °ol= FAREFH FARE dEFoltt. 2y 2
Sedum?9] E4=9 7 9% BA9 NAAE AL ols o Ay JAA4E
A Yty FAME o] At Adolgk xolE K GItHAhn and Lee, 2004). ©]
o o] wjAlo] H7tete= A=A T sd wet A PG4
o] t=i(Ryu et al, 1992), A2 A U A= Ax AT £
Zxeke ST M7 daA e, AbolE7Id S 3 HTEsklE W e
F2 485 Fh(Skoog et al., 1965). EF BASH NAAS FR=7l FoldFS
Ao FAEd Az FA, Az 5 3 AALEI7E sl vbnl#ste] ot
olx &= IS B tH(Table 3 and 4). ol AFXLELS 1vE= AT
B AEAe ARIE JAZHE A0 st A Moon et al,
1999; Moon et al., 2002). WA T2 =
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Table 3. Effects of BA and NAA on callus induction from leaf explants of
S. tosaense in MS medium supplemented with 30 gL.”' sucrose and 7.0 g

L' agar after 5 weeks of culture.

Treatment Induction of Callus
BA (mgl™  NAA (mgL™ callus (%) weight (mg)
0.0 0.0 0 _
1.0 0 -
2.0 0 -
5.0 0 -
10.0 0 -
1.0 0.0 50 2.0 gh”
1.0 90 25 Db
2.0 90 2.4 ¢
5.0 80 2.3 d
10.0 55 20 g
2.0 0.0 10 1.2 jk
1.0 100 2.7 a
2.0 95 25 Db
5.0 85 2.4 ¢
10.0 60 2.1 ef
5.0 0.0 5 1.0 k
1.0 80 2.2 de
2.0 75 2.2 de
5.0 70 2.1 e
10.0 55 2.1 ef
10.0 0.0 5 0.9 1
1.0 15 1.2 4
2.0 50 1.9 h
5.0 35 1.9 h
10.0 30 1.2 1

z)

—-=not detected

YMean separation within columns by Duncan's multiple range test at P < 0.05.



Table 4. Effect of BA and NAA on shoot induction from leaf explant of S.
tosaense in MS medium supplemented with 30 gL.”! sucrose and 7.0 gL}

agar after 16 weeks of culture.

Treatment Number Weight of Compactness
BA (mgL ™) NAA (mgL™")  of shoots shoots (mg) of shoots
0.0 0.0 =7 - -

1.0 - - -
2.0 - - -
5.0 - - -
10.0 - - -
1.0 0.0 10 ¥ 75 f + 9
1.0 26 ¢ 786 ¢ +++
2.0 22 de 698 d +++
5.0 21 de 68 g ++
10.0 111 10 m +
2.0 0.0 4 mn 4 p +
1.0 36 a 824 a +++
2.0 31 b 801 b +++
5.0 21 de 118 e ++
10.0 15 fg 18 k ++
5.0 0.0 30 3 q +
1.0 17 f 37 h ++
2.0 15 fg 34 1 ++
5.0 15 fg 26 ] ++
10.0 12 h 13 1 +
10.0 0.0 1p 3 q +
1.0 3 mn 3 q +
2.0 8 k 5n +
5.0 61 4 no +
10.0 4 m 2r +

z)

—=not detected.

YMean separation within columns by Duncan's multiple range test at P < 0.05.

x)

+=poor, ++=moderate, +++=good.



Fig. 1. Plant regeneration from leaf explant of S. tosaense. A, control; B,
medium containing 0.0 mgl™' BA and 1.0 mgL™' NAA; C, medium
containing 0.0 mgL™ BA and 2.0 mgL™' NAA; D, medium containing 0.0
mgL.”! BA and 5.0 mgL™' NAA; E, medium containing 0.0 mgL.”! BA and
10.0 mgL™" NAA. Scale bar, 2cm.

Fig. 2. Plant regeneration from leaf explant of S. tosaense. A, medium

containing 1.0 mgL.”! BA and 0.0 mgL.”' NAA; B; medium containing 1.0
mg L' BA and 1.0 mgl ™' NAA; C, medium containing 1.0 mgL.”! BA and
2.0 mgL™' NAA; D, medium containing 1.0 mglL™’ BA and 5.0 mgL™
NAA; E, medium containing 1.0 mgL™' BA and 10.0 mgL™' NAA. Scale

bar, 2cm.



Fig. 3. Plant regeneration from leaf explant of S. tosaense. A, medium
containing 2.0 mgL™ BA and 0.0 mgL™' NAA; B, medium containing 2.0
mg L' BA and 1.0 mgl ™' NAA; C, medium containing 2.0 mgL.”! BA and
2.0 mgl™' NAA; D, medium containing 2.0 mgl ™' BA and 5.0 mgL™
NAA; E, medium containing 2.0 mgL™' BA and 10.0 mgL™' NAA. Scale

bar, 2cm.

Fig. 4. Plant regeneration from leaf explant of S. tosaense. A, medium

containing 5.0 mgL™" BA and 0.0 mgL™' NAA; B, medium containing 5.0



mg L' BA and 1.0 mgl ™' NAA; C, medium containing 0.0 mgL.”! BA and
5.0 mgL™' NAA; D, medium containing 5.0 mgl™' BA and 5.0 mgL™
NAA; E, medium containing 5.0 mgL™' BA and 10.0 mgL™' NAA. Scale

bar, 2cm.

Fig. 5. Plant regeneration from leaf explant of S. tosaense. A, medium

containing 10.0 mgl™" BA and 0.0 mgL™' NAA; B, medium containing
10.0 mgl™" BA and 1.0 mgL™' NAA; C, medium containing 10.0 mgL™!
BA and 2.0 mgL™' NAA; D, medium containing 10.0 mgl ™' BA and 5.0
mg L' NAA; E, medium containing 10.0 mgL.™' BA and 10.0 mgL™' NAA.

Scale bar, 2cm.



Fig. 6. Callus induction from leaf explants of S. tosaense after 4 weeks
of culture. A, control; B, medium containing 0.0 mgL.”" BA and 5.0 mgL™
NAA; C, medium containing 1.0 mgL™' BA and 0.0 mglL™' NAA; D,
induced callus were cultured on the medium containing 2.0 mgL™" BA, 1.0

mgLl.”" NAA. Scale bar, A, 50mm; B; C; D, 2mm.



AvlFo] HFSA S 98 Table 29 & AFxd=4ds AHesto] Wi 9
golst Ax}, B3e AlxSol AxFAE 797, 66.9 mgo® 2.0 mg
L' BA% 1.0 mgL ™' NAAS &3 Ag7 7P #9ten 1.0 mgl ™' BASH
L' NAAES &3 Al 771 Az 1.3, A% 10.0 mge= 7}

A Al 2.0 mgL™ BAS 1.0 mgL' NAAZS =

sl A7t b 2o, 1.0 megl™ BAS 2.0 mgl! NAAE £33t
771 7H4 A ZFH(Table 5 and Fig. 7). o213 Ay ok A& &3}
Ageh e Aoty AEA RS AFME arF EE F9] 47HA A
AxHEA %23 F 2.0 mgL ' BA9 1.0 mgL ' NAAS &3 g7} A
24Eg 2 ARsE Az Aol 7 Fer, 1.0 mgl ' BAS 2.0 mg
L' NAAS &3 AgT7t 7b8 Ax3 gd 232 223k b gltk(Table 3
and 4). et} AEshE 2z0] oA AelzolA AldstE Az Fof b
o] XU, Ryu et al. (1992)2 A=A g A] vl o] &%= 249 &

Fol uhet 3} ol dEvkn wasc.



Table 5. Effect of BA and NAA on shoot multiplication from axillary bud
culture of S. tosaense on MS medium supplemented with 30 gL.”' sucrose

and 7.0 gL' agar after 9 weeks of culture.

Treatment
Weight of Compactness
4 .. No. of shoot
BA (mglL ) NAA (mglL ) shoot (mg) of shoot
1.0 1.0 2.0 ¢? 22.8 ¢ ++
2.0 1.3 d 10.0 d +
2.0 1.0 7.9 a 66.9 a ++ +
2.0 4.3 b 33.9 b ++

“Mean separation within columns by Duncan's multiple range test at P < 0.05.

Y+ =poor, ++ =moderate, +++=good.



-

BA2.0mg/L BA2Omg'L BAl1.O0mg'L BAalomgL
+NAA 1L.0mg 'L +NAA 2.0mg/L +NAA LO0mg/L +NAA 2.0mg'L

Fig. 7. Shoot conversion from axillary bud culture of S. tosaense. A, plant
regeneration according to hormone combination; B, MS medium with 2.0
mgL™' BA and 1.0 mgL™' NAA; C, MS medium with 2.0 mgL™' BA and
2.0 mgL™' NAA; D, MS medium with 1.0 mgL™' BA and 1.0 mgL™ NAA;
E, MS medium with 1.0 mgL”! BA and 2.0 mgL.”! NAA. Scale bar, 2cm.



3.3. 7|5

FANE 7S 9§ activated charcoal FH7IMSHIA 9} 2 oL}
activated charcoal® 37}st MSH|A| o] wjFste] 95 & iyl Bl =9}
telo] Zols #|23E A}, activated charcoal® 734 &2 MSHiA]=
gl 4 37770, #E)do] 25 cmgon, 2 gL' activated charcoal® 33t
MSH| A= #2] 4 85.771, #eldo]l 4.6cm@tHTable 6). Activated charcoal
& Frots WAl A RE free] o) B o] BEF % A3E U
W Ao g Hol 7]t Al activated charcoal H7F7F 7|WE S EXA7)+=
Aoz ALEHET Lee et al. (2011) activated charcoalE FH7Fgo =24 7d|
AN Euelel fty] wdo] XIS A¢EY o Fedithe Bt 9o,
Yoon et al. (2010)9] Aol % activated charcoal H7}7F 71Wdk<tel] a3}
7}V ttar B askar QT activated charcoal®] 71 o€dAS &32slo] A&

AE o)A wf AT FAH o AfF& FIIAIATHKarasawa, 1966). 3 12~
JoFESt Al WA O] pHYE SrolA = Als WAISke] AlEo] A e S
Fo] Byl f=E ZF3HEymar et al., 2000; Pan and Vanstaden, 1998;

Dumas and Monteuuis, 1995).



Table 6. Effect of activated charcoal containing on root induction from
plantlet of S. tosaense on MS medium supplemented with 30 gL.”! sucrose

and 7.0 gL' agar after 9 weeks of culture.

Treatment
No. of roots length of roots (cm)
Activated charcoal (g7}
0 37.7 b” 2.5 b
2 85.7 a 4.6 a

“Mean separation within columns by Duncan's multiple range test at P < 0.05.



g

MS+ 2.0 g/lLA.C

MS+2.0g/LAC MS+ 0.0 g/LAC

Fig. 8. In vitro rooting of S. tosaense. A, MS medium with or without
activated charcoal; B, plant growth on MS medium with or without

activated charcoal after 9 weeks of culture. Scale bar, 3cm.
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Table 7. Effect of carbon dioxide concentrations on photoautotrophic

culture from plantlets of S. tosaense after 8 weeks of culture.

Leaf Leaf Length Length Plant

width thickness of shoot of root weight

COz2 No. of

(ppm) leaf (em) (o) (cm) (cm) (g)

350 1492 b7 1.21b 0.83 b 3.97 b 4.85 b 0.74 b

1200 18.92 a 2.94 a 0.97 a 7.09 a 7.99 a 2.76 a

“Mean separation within columns by Duncan's multiple range test at P < 0.05.



Table 8. Effect of carbon dioxide concentrations on chlorophyll contents

in S. tosaense.

Concentration Chlorophyll contents (mg/g)
Total
COz2 (ppm) Chlorophyll a Chlorophyll b
chlorophyll
350 0.91 p? 0.38 b 1.30 b
1200 1.04 a 0.42 a 1.46 a

“Mean separation within columns by Duncan's multiple range test at P < 0.05.



el S
(CO2: 350ppm) — (CO2: 1200ppm)

Fig. 9. Growth of plantlets of S. ftosaense to hardening process after 8
weeks of culture. A; B, According to concentration of carbon dioxide the

growth of plantlets. Scale bar, 3cm.
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Table 9. Effect several soil of the growth and survival of plantlets of S.

tosaense to soil pot after 12 weeks of culture.

Ridging Survival Length of Length of Plant
construct rate (%) shoot (cm) root (cm) weight (g)
Peat moss
+ Perlite 100 5.80 a? 11.57 a 3.87 a

(1:1)
Vermiculite
+ Perlite 85 4.15 b 6.52 b 1.96 b
(1:1)
Perlite 65 2.36 ¢ 1.13 ¢ 0.38 ¢

“Mean separation within columns by Duncan's multiple range test at P < 0.05.



Perlite

Fig. 10. The growth of plantlets of S. tosaense to soil pot after 12 weeks
of culture. A, acclimatized plantlets in soil after 12 weeks of
transplanting; B, S. tosaense steadily grown in mixtures of peat moss and
perlite; C, new sprouts after transplantation. Scale bar, A; B, 3cm; C,

0.5cm.
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