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Abstract  The objective of this study was to investigate the
suitable parts for callus induction and optimal concentrations
of growth regulators contained in the medium affecting
shooting and rooting Echeveria laui and Echeveria elegans
for in vitro mass production. To determine the suitable plant
parts for callus induction, the leaves were divided into upper,
medium and bottom parts and cultured on MS medium at
different concentrations with 0 ~2 mgL"' NAA and 0~ 4
mgL' BA. The upper and middle parts of leaves both showed
100% callus formation rate with NAA 1 mgL™" and BA 1
mgL" treatment in E. laui. The middle parts of leaves
showed 83.3% callus formation rate at NAA 2 mgL™" and BA
4 mgL! treatment in E. elegans. The shoot induction rate
from callus was highest at NAA 0.1 mgL" and BA 3 mgL"'
treatment in E. laui and NAA 0.3 mgL" in E. elegans. In
addition, the number of shoots formation was 10.4 shoots
high in NAA 1 mg L and BA 1 mgL™" treatment in E. laui
and 12.0 shoots in most effective NAA 1 mgL' and BA 0.1
mg L™ treatment in E. elegans. In the case of acclimatization
of regenerated plant, growth characteristics did not show any
significant difference (35 ~ 55%) shading with respect to the
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different ratio of substrate mixture, and it was determined
that would be appropriate considered plant height and
appearance preference of E. laui and E. elegans. It was
established that the optimization of culture condition was
responsible for the mass propagation in vitro cultures of E.
laui and E. elegans.
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of| B3z} 31 Q) th(Park et al. 2008). ol A W] &] oK Echeveria)=
HAZE FAHCRE g dopr |77t H4bR](Jorge et al

2003)0] 1 1400 % 2 1l - T}oFs}TH(Eric 1972). 7 Al A A
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A 7; A (Echeveria elegans)~ QAR 01 Ml A . HE Q7]
o & 27 ¥ o] 3Uth(Arias et al. 2005). o] o] 54 0] 7Hs
3t F H A AF7) 4 (Guadalupe et al. 1999) 2 4] 2= 2] ulj 9F o] 3}t
O] th¢to 2 Fo Bkl Ql o uf AR ThSA 5 Q1 of Al 2]
ofol ek 22w A7 ulo)at Ao}

=0l A= E =K Crassulaceae) o] <55}1= Al <5(sedtum)
54159 7| A &3} A= S-S (Sedum sarmentosun)
o] gl 402 el A Q17(Ahn and Lee 2004), 5
7 A (Rhodiola sachalinesis)2] Q& AHOZ AHA FAJ 9
A &) B}ol| u) 2= o FF(Bae et al. 2005), L o H] &
(Sedum rotundifolium) 2] A& 4| A E3}of u] 2] = A& AYAF =
A A 3K Kwon and Yoon 2010), 52 H] S-(sedum tosaense) 2]
A AHO =R 7|y AEA A3 B w3 A (Ko
etal. 2013)5-0] HIL | ¢ 0w, = 9] of| A = of| A H 2] o} |
72 (Echeveria elegans) 2] 2o} vl &F &1 -(Solis et al. 2013), 2}
&2} AN E A|(Crassula helmsii)] 7] A3} A G-(Kane et al.
1993), Zr=f 7.0} A & o|(Kalanchoe tomentosa) A 53} 44 A
“~(Saifullan et al. 2006) U A H <40 HE 97|21 &9 Al &
U= (Hylotelphium sieboldii) ] F-7J o} WFAY - (Nakano et al.
2005), Al 9| 2 v &< 0 8l & E(Sempervivum tectorum) 2] 742
2 90} A% 2 B3} 3 4] o F(Dobos et al. 1994) Z0] 7] 1)
A2 3ho] th kol ATk vk 9l oL, of A 2ot 7]
A3} FRIE0] T ATE WA ok Eat, 2 ujo]
A G AEA = QY LA F T 7] F o W] vl - FX18}
of A3 Qi AT HF Al 29 S sl WolE
oS e 24 g T A2 ol Sl dHE H
A=A 9 719 bAoA LALSH= A7 o E R A
BalH o] £33l x B2z 0 2 ZukE th(Grout and Aston
1977, Sutter and Langhans 1982; Wetzstein and Sommer 1982).
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L:1(viv), 24 . Helo| E=12(viv), A A : o] E T ERA
=Ll:L1(vivy), 24 Heo| B g EX A=]:1:2(viviv) 2 A g
shol.om, ol el A Y E S Pt A ke
S A} 35,55, 15% 5 3= o = H A ST = ohE A
EA=Tem AFFEE of A 0] 20524 SRHE O 2 35T 7240%, &
£ 23:2°C 270 4] A el oL 4] 3% Fo 2.

E. laui®} E. elegans 2] 78 2~ §-I= o] &

d EE iR E Agstarat ¢l

TE51] NAALLBA S| 5= 2 v 5l 2 7= Table 137} T}
E. laui®] A~ P& ¢

BA 1 mgL", NAA 2 mgL"+BA 1~2 mgL" T &1} 2] o] 4] 100%,
AZ ol 4= NAA I mgL"+BA I mgL" &84} 2] o 4] 100%,
A3HEo) A= NAA 2 mgL”! + BA 1 mgL”! Z-8uj x| of| A=
86.7%= 7H > el A okl ek E laui®]
AL freols QdF7 Aol A0l =UTENAA
ImgL"+BA I mgL" E-8uj2| & o] §3l= Aol A&HOR
ke Qi

E. elegans= E. laui B U= AHEA 0 & Ay A A go|
S Holglom, A A PAE-S et FFFolA=NAA
2mgL '+ BA 4 mgL! Z8-1 x| o] A] 212} 66.7%, 83.3%, & 3
o A= NAA 2 mgL" + BA 2 mgL”! 88} 2] o] A] 533%E =
Lt BHH, 73 2] ef J 55k BA T8 a Al o A A A7F
Ao A Fgton, Ae| 2 FA A E elegansol| A= E.
laviB o= 315 = 0] BAZ} Q7= Qi 3 A4 2o A=
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Table 1 Effect of growth regulators on callus formation from in vitro part of leaf segment of Echeveria laui and Echeveria elegans

Growth regulators (mgL™")

Callus formation (%)

Cultivar NAA BA Leaf upper Leaf medium Leaf bottom

E.laui 0 0 0i 0k 0i
0 1 46.7g 33.3i 0i
0 2 40.0h 46.7h 0i
0 3 46.7g 20.0j 0i
0 4 73.3d 43.31 6.7h
1 0 6.7i 46.7h 13.3g
1 1 100a 100a 60.0b
1 2 86.7¢c 83.3de 46.7¢
1 3 66.7¢ 66.7f 33.3e
1 4 66.7¢ 86.7d 33.3e
2 0 53.3f 43.3i 33.3e
2 1 100a 96.7b 86.7a
2 2 100a 86.7d 40.0d
2 3 93.3b 90.0c 40.0d
2 4 53.3f 63.3g 13.3g

E.elegans 0 0 Og Oh Og
0 1 0g Oh 0g
0 2 Og Oh 0g
0 3 6.7d Oh 0g
0 4 20.0d Oh 0g
1 0 Og 43.3e 13.3e
1 1 Og 56.7cd 6.7f
1 2 13.3e 33.3f 0g
1 3 6.7d 20.0g 0g
1 4 13.3e 40.0e 20.0d
2 0 20.0d 56.7cd 33.3c
2 1 20.0d 60.0c 20.0d
2 2 40.0b 73.3b 53.3a
2 3 33.3¢ 33.3f 20.0d
2 4 66.7a 83.3a 40.0b

*Cultured on MS medium containing various plant growth regulators for 30 days
"Mean separation within columns by Duncan’s multi range test (P=0.05)
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A A FALEES B A4 1 (Kwon and Yoon 2010), 2+7H
2 (Gypsophila paniculata)®] 73 % 2} ulc]afoFo] A NAA 1
mgL"+BA 0.5~1.0 mgL" E-&ulj x| A A A Frof gt
3} z%tolgl= o L2 1K(Cheong et al. 2004), X ZHRehmannia
glutinosa) @] G-z 2 o] 5] NAA 0.5 mgL' +BA2.0mgL"' &-&
Hlj 2] o] A 100%2] ZH 2] 2 & A& W91 ¢4 2(Park et al.
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Table 2 Effect of plant growth regulators on shoot formation from callus of Echeveria laui and Echeveria elegans

Growth regulators (mgL™)

Shoot formation Root formation

Cultivar NAA BA rate (%) rate (%)

E.laui 0 0 0.38¢ 11.7a
0 1.5 0g of
0 3.0 Og of
0 4.5 Og of
0.1 0 Og of
0.1 1.5 0.65b 6.7c
0.1 3.0 0.98a 1.7e
0.1 4.5 0.63b of
0.2 0 0g of
0.2 1.5 0.58bc 3.3d
0.2 3.0 0.6bc 1.7e
0.2 4.5 0.5cd 1.7¢
0.3 0 Og of
0.3 1.5 0.47de 8.3b
0.3 3.0 0.6bc 3.3d
0.3 4.5 0.27f 1.7e

E.elegans 0 0 0.7e 100a
0 1.5 3.3cd 88.3a
0 3.0 0.8¢ 100a
0 4.5 2.0cde 74.7ab
0.1 0 5.8ab 100a
0.1 1.5 1.5¢ 100a
0.1 3.0 Oe 100a
0.1 4.5 Oe 52.2b
0.2 0 6.0ab 100a
0.2 1.5 2.3cde 100a
0.2 3.0 0.2¢ Oc
0.2 4.5 0.8e 93.3a
0.3 0 7.3a 100a
0.3 1.5 4.2bc 100a
0.3 3.0 Oe 100a
0.3 4.5 0.2¢ 46.7b

*Cultured on MS medium containing various plant growth regulators for 12 (E. laui), 16 (E. elegans) weeks
"Mean separation within columns by Duncan’s multi range test (P=0.05)
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2o A Al A o] T Eglon, Ay ArFE Ax7t
P Aot 23 e, NAA0.1~03 mgL'+BA 1.5~4.5
mel ! E8u} o] 4] 4127} 2Alel .0 NAASE BA T
S 2 ol e S £ s 212

2 9814 = NAASIBAY] B84 )7} a5 Qo m, A%
351*3%0] 0.98%% 7} =9 NAA 0.1 mgL"' + BA 3 mgL"
s gz 7} Aaket 2 0 2 whehE] 9 oh(Table 2 and Fig. SA).
SV E(Sedum sarmentosum) 2] 2 A H o A NAA 0.2 mgL™" +
BA3mgL"! B8 2o 4 92749] A% RS Wl A
I} (Ahn and Lee 2004), A5 (Malus domestica)] o Z 2] o]
X NAA 0.5 mgL" + BA 6 mgL”" Z-8H] 4| o] A 93.3%2] Al 2
A B3-S 1ol AL AT Jun et al. 1997), S| Z(Pulsatilla
koreana)®] A rE 2 2] v FS 35 NAA I mgL' + BA 5
mgL"! LR o A 62%2] A% PAL Bl AT THKo
and Kim 2008), W &-5(Liriope platyphylla) X&) A &35
93l A NAA 0.5 mgL'+ BA 2 mgL" &-8-1 2] o] 4] 34.2%2] 7|
B8-S Kol 932 3KKim et al. 1996), & 2} x| (Platycodon
grandiflorum)©) %1 % 9FY-2- NAA 0.5 mgL'+BA 1 mgL" &4
i 2] of| Al 600%0] /2] A2et Age Hl A7 Bl
%l th(Han et al. 2014). & AL A= E. laui 74 2~ vj oF o) A]
NAA 0.1 mgL"+BA 3 mgL" Z-8u)j %] of| ] 0.98%2] Al % 23
27 st e, o= W Ao Alx T At
A BAZ oS- mTpHolet T she Antel AXekT 9t
(Mailk and Saxena 1992; Wright et al. 1986).

E. elegans= v} oF 85 & M) AR HE Al % o] T2k
%9l © 1, NAA 0.1 mgL", NAA 0.2 mgL", NAA0.3 mgL" t+&
B 2] o Al = Al 2 EA&ro] Z+Z) 5.8%, 6.0%, 7.3%= LFEFG
O, E. laui=NAA2} BA T8-8f ] of| 4] Al 27} 2k 5l Wb
3|, E. elegans) A1 Z WrA o] 9lo] A= NAA 527 =24
= 112 W gol kol s 4B Hach 44 oha
Al o} WAH Haworthia maughanii)©] 71 o) &34 A F(Kim
et al. 2018)0]] A= NAA 0.1 mgL™" TH-&-H] x]of| 4 22.07] 2] Al
Z 7} dASE AL A2 B sk v) gt o] o 8-x}s)A E.
elegans = NAA 0.3 mgL" T8l x| o A A1 % A &0 7}
=0 AES HolE elegans= | Ao A Az A B3 5&
= o= dl AfolE7d o] Al & 3t FFE A A =
Aoz e Q). o] 9} o] A& 0] A jFE Sk A
w3ko] B2 T2 A o] F7bE A=A GA e A=
ol = WA B89 24 4 43, dHA

Al ZA o 25 Ay, A
o Bas, 42%] genotypeo] |5 A H 0, o] 5& 2>
% 325U FOIHE EFo] theh G Ao S Ml
(Koroch et al. 2002; Ryu et al. 1992).

ME BN Qw3 Qe

Aol 22 WA A ZE o §3te] A0 ST
S RE517] $131 NAASHBAS g 2 &8 A | sto] A&

Fig. 1 Effect of plant growth regulators on multiple shoot
induction from shoot of Echeveria laui. (A) Explants were
cultured on MS medium supplemented without growth regulators;
(B) with 0.1 mgL™" BA; (C) 1 mgL"' BA; (D) 2 mgL" BA (E)
4 mgL" BA; (F) 0.1 mgL"' NAA; (G) 0.1 mgL™" NAA and 0.1
mgL"' BA; (H) 0.1 mgL" NAA and 1 mgL"' BA; (I) 0.1 mgL"'
NAA and 2 mgL" BA; (J) 0.1 mgL"' NAA and 4 mgL"' BA;
(K) 0.2 mgL" NAA; (L) 1 mgL"' NAA and 0.1 mgL"' BA; (M)
1 mgL" NAA and 1 mgL"' BA; (N) 1 mgL" NAA and 2 mgL"
BA; (0) 1 mgL"' NAA and 4 mgL" BA; all inductions of shoots
on agar medium were photographed 12 weeks after culture

“ZaN. .

Fig. 2 Effect of plant growth regulators on multiple shoot induction
from shoot of Echeveria elegans. (A) Explants were cultured on
MS medium supplemented without growth regulators; (B) with
0.1 mgL" BA; (C) 1 mgL" BA; (D) 2 mgL" BA (E) 4 mgL"' BA;
(F) 0.1 mgL"' NAA; (G) 0.1 mgL" NAA and 0.1 mgL" BA; (H)
0.1 mgL"' NAA and 1 mgL" BA; (I) 0.1 mgL" NAA and 2 mgL
BA; (J) 0.1 mgL"' NAA and 4 mgL"' BA; (K) 0.2 mgL"' NAA;
(L) 1 mgL"' NAA and 0.1 mgL"' BA; (M) 1 mgL"' NAA and
1 mgL"' BA; (N) 1 mgL"' NAA and 2 mgL™" BA; (O) 1 mgL’
NAA and 4 mgL" BA; all inductions of shoots on agar medium
were photographed 16 weeks after culture
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Table 3 Effects of plant growth regulators on multiple shoot formation and rooting formation from shoot of Echeveria laui and

Echeveria elegans

Growth regulators (mgL™)

Cultivar

Number of leaves  Number of multiple Root formation

NAA BA (per explant) shoots (per explant) rate (%)
E.laui 0 0 26.9fe 1.8ed 44b
0 0.1 23.1fge 1.5ed 83a
0 1 17.4fg 1.3ed 0d
0 2 9.7g 1.7ed 0d
0 4 9.6g Oe 0d
0.1 0 28.0fde 2.1ed 25¢
0.1 0.1 49.1bc 3.2¢d 0d
0.1 1 58.7b 6.5b 0d
0.1 2 36.2cde 5.2bc 0d
0.1 4 29.4fde 1.6ed 0d
1 0 24.1fe 1.4ed 0d
1 0.1 49.7bc 2.8d od
1 1 73.6a 10.4a 0d
1 2 41.8cd 3.1cd 0d
1 4 31.8fde 2.2de 0d
E.elegans 0 0 31.8cd 2.3b 100a
0 0.1 17.4de 2.4b 100a
0 1 13.6e 2.0bc 100a
0 2 12.8¢ Oc 0Oe
0 4 12.3e Oc 0Oe
0.1 0 61.4b 3.8b 100a
0.1 0.1 45.6¢ 2.7b 100a
0.1 1 31.7cd 1.7bc 40bc
0.1 2 12.8¢ 0c 15d
0.1 4 13.5¢ 0Oc 0Oe
1 0 35.8¢ 1.7bc 50b
1 0.1 93.6a 12.0a 100a
1 1 13.0e 1.8bc Oe
1 2 12.1e 0Oc 0Oe
1 4 10.8¢ Oc 0Oe

*Cultured on MS medium containing various plant growth regulators for 12 (E. laui), 16 (E. elegans) weeks
"Mean separation within columns by Duncan’s multi range test (P=0.05)

L2871 73.6710 2] 42} 10.471 2] Al % (multiple shoot)E- 3
435194 © 1 (Fig IM), ¥H BA 2 mgL" 0] 4F2] A 2] 4o
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A ch(Fig. 2L). §H, BA 1 mgL” o] A4}o] vhg- 1 T8 A &)+
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30,

oAM= Alx7} S}3Ketiolation) =] H 4] & 2](abscission) &)=
e B, o] Axstal A QA A = A H
7] 55191 ChFig 2). T3, 77 2 9 NAA T8 w ] o A = 2
%ol 1.8~ 1.9 em=E Al =47} =4 5h= 7% g (Fig. 2F)E o]
Az FAo| AgstA] o Ao ekl Skooget
Miller(1957)7} A& 9] 71383 -2 SAIT} Ao E7]H 9 o
ol &Jsto] 2 -F okl B gk o] 2, FAl} Ao E 7| U
T80 7 Hrtsto] A2 E A8k Wi o] W 319 Foll
A BAE A Qloh dRtd o s AL iAol A AE
T 0] SA4l3} A5 = O] Alo] B 7| RO HrerlE
o SR H k= Ao 2 A A Sl o] eF Zho] Kim F(1997)
Of &) 5-F(Achyranthes japonica)®| HotE o]-& 2
NAA 0.5 mgL"'+BA 1 mgL"' & A 2]7Lof| A 19.77] 9] 4%
BS 9 AT+ A28} Y= (Dracaena fragrans)©] Q1 A
A v oFof A NAA 0.5 mgL "+ BA 1 mgL" &8 A 2o A 5~8
Mo Axs 42 A2 (Ko et al. 2011), v &}v}E(Ra-

& o

£ ol
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nunculus kazusensis) ] NAA 0.5 mgL"'+BA 1 mgL! & 2 2] 7}
47.6709] A1z 228 Wol AL ATHE ¥ T (Park etal. 2017b)
Sk, 2 A1E of| A= NAA I mgL"' +BA 0.1 mgL' &8-3 2]
o A 12.070 9] AAFA 0] Al % HFAl A2 A o] A& 0] £o
wie} ukg-o] Aol 7} choyahe o 4= AL

SAFY AET 2R U o A dF= 7 A=
Ao g2 g d# A 9l=d|(Scott 1972) T-£>0](Fatsiajaponica)
Az R WS FE517] oA = IBA THEA 2 2
q} HFLo| o] £ 0] %] 31(Choi et al. 2005), B &}4> 2 (Cynanchum
wilfordii)®] -G o = NAAZF IBAR T §7}&Ql Ao &2
R W (Leeetal. 2011)%] W, A| 20| (Empetrum nigrum) 2] Qo]

_12

L 1% 2] IBA A 2o 4 W2o] H9irke A7k 9ot

(Han et al. 2010), &

Aol A E. elegans B A %]

AETEES

A2 A A 242 2F BA 0.1~ 1 mgL", NAA 0.1 mgL™", NAA

T E| QI T}, R E. elegans BE<Fol| A 2] 9] 2HLE] 7} o]
U E] 9l T} BA 2 mgL! o] A4F9] th&-H) 7], NAA 0.1 mgL' +
BA4mgL",NAA 1 mgL" + BA 1 ~4 mgL"' &-8uj 7| o] A =2}
o] A5 o] Foj A 7] ¢hottt. o3t A= A EF R
upet 1 al B 2] 9 SA19) Feof what 7| W dhte] A}ol
7} Atk A& A AFst= Aol th whet A E. eleganst=NAA 1
mgL'+ BA 0.1 mgL"' &8 A ] oA 7} wk-o Al % wbAy 3}
100% & Hof 4z FA4 o A3t vi x| = Heksb gl

TFrgsty] Sl Bl ERA
i}%l'ﬁ 5,75%%] 3470 2 A4
3% 3 2AFSE 2 = Table 49} % E} A TSR E, E. laui

0.1~ 1mgL" +BA 0.1 mgL' 9] Z&uj 2] o] A 100%2] Wto] =2 5] 7] A|&she] ¢l o A] wl&ho] WrAY 3} 9] 10, E elegans
Table 4 Effect of Echeveria laui and Echeveria elegans growth on different mixed soils media
Shading Plant Plant Number Survival
Cultivar level Treatment height width of rate
(%) (cm) (cm) leaves (%)
Vermiculite:perlite=1:1 1.3 2.3 14.0 100
35 Vermiculite:perlite=1:2 1.3 23 15.5 100
Vermiculite:perlite:peatmoss=1:1:1 14 22 14.6 100
Vermiculite:perlite:peatmoss=1:1:2 1.4 2.7 14.7 100
Vermiculite:perlite=1:1 1.4 2.3 14.4 100
. Vermiculite:perlite=1:2 1.4 23 14.2 100
E.laui 55 - .
Vermiculite:perlite:peatmoss=1:1:1 1.5 2.1 15.1 933
Vermiculite:perlite:peatmoss=1:1:2 1.5 2.2 14.9 100
Vermiculite:perlite=1:1 1.6 22 14.1 90
75 Vermiculite:perlite=1:2 1.7 23 14.2 100
Vermiculite:perlite:peatmoss=1:1:1 1.5 2.2 15.1 96.7
Vermiculite:perlite:peatmoss=1:1:2 1.6 2.1 13.8 100
Shading * ns ns ns
Soil ns ns ns ns
Shading*Soil ns ns ns ns
Vermiculite:perlite=1:1 1.0 1.6 23.7 100
Vermiculite:perlite=1:2 1.0 1.3 21.3 100
33 Vermiculite:perlite:peatmoss=1:1:1 1.1 1.4 22.5 96.7
Vermiculite:perlite:peatmoss=1:1:2 1.0 1.2 19.7 90.0
Vermiculite:perlite=1:1 1.2 1.6 243 96.7
E.elegans 55 Vermiculite:perlite=1:2 1.2 1.4 23.1 96.7
Vermiculite:perlite:peatmoss=1:1:1 1.3 14 21.2 93.3
Vermiculite:perlite:peatmoss=1:1:2 1.2 1.3 21.6 100
Vermiculite:perlite=1:1 1.3 1.6 22.8 86.7
75 Vermiculite:perlite=1:2 1.4 1.4 22.9 93.3
Vermiculite:perlite:peatmoss=1:1:1 1.4 1.6 234 93.3
Vermiculite:perlite:peatmoss=1:1:2 1.4 1.6 24.1 93.3
Shading *x ns ns ns
Soil ns ns ns ns
Shading*Soil ns ns ns ns

*Cultured on containing different soil for 3weeks
"Mean separation within columns by Duncan’s multi range test (P=0.05)
“Nonsignificant or significant at P=0.05
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Fig. 3 Acclimatization of regenerated Echeveria laui in the soils
(A) Vermiculite:perlite =1:1 (v:v), (B) Vermiculite:perlite = 1:2
(v:v), (C) Vermiculite:perlite:peatmoss = 1:1:1 (v:v:v), (D) Vermiculite:
perlite:peatmoss = 1:1:2(v:v:v)

35% 55% 75%

Fig. 4 Acclimatization of regenerated Echeveria elegans in the soils
(A) Vermiculite:perlite = 1:1 (v:v), (B) Vermiculite:perlite = 1:2
(v:v), (C) Vermiculite:perlite:peatmoss = 1:1:1 (v:v:v), (D) Vermiculite:
perlite:peatmoss = 1:1:2 (v:v:v)

7 Wto] AlAtEof A 25 Fof o] &
A o] A A E. laui®} E. elegans &) 5314 B-E 7t
ol 2 Aol & Kol gron], 2T A Lo
2 g Aol & Ktk ghE, b 4 = 35~ 55%00| Al =
Z80]90~100%R 1L 270 E. laui=1.3 ~ 1.5 cm, E. elegans
L3 A9 75000 W31 A7} g
S Ao A4 B LA 952
Ay} 35~ 55%0] 4 2345t o] AFBeh B
& 2 Th(Fig. 3 and 4).
2A R 2315 AFHFE, £3487], 7 W2 of
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Fig. 5 Regeneration of Echeveria laui. (A) Shoot induction of
callus (0.1 mgL"' NAA and 3 mgL' BA). (B) Effects of plant
growth regulators on shoot multiplication of E. laui (1 mgL’
NAA and 1 mgL" BA); (C) Shoot induced from the excised
shoot segment (B) cultured on MS medium for 2 months later;
(D) Acclimatized E. laui plants in pot from regenerated plant
for 2 months

Fig. 6 Regeneration of Echeveria elegans. (A) Shoot induction
of callus (0.3 mgL' NAA ); (B) Effects of plant growth
regulators on shoot multiplication of E. elegans (1 mgL™' NAA
and 0.1 mgL" BA); (C) Shoot induced from the excised shoot
segment(B) cultured on MS medium for 1 months later; (D)
Acclimatized E. elegans plants in pot from regenerated plant for
2 months
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a1 537 7hof] A AFo] 2%
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5= 2 9 5} tH(Kozai 1992).
Bae 5(2012)2 Y-Sl 7 A (Rhodiola sachalinesis)
o S BN 2SR50} HepOIS SRS Aol
O] E th-& HjjoFE 719 o]4] & 9 1 o] Aro] Z}o] 7} 9l
o= A+ 2 1}, ok A -2 (Anthurium andreanum) ] 7] U ﬁ/_ﬂ
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Qtt= A3 A3 (Han and Goo 2003), &= 7}A] oK Alocasia
cadieri)®) A B8+ A1) 9] STpA Bo A GETb] AE%
oF =0 A 2fo] 7§ itk -2 TH(Han etal. 2004), B =
B = 2(Philodendron cannidolium) 2] A &3] <3}= Ha}o]E
W wju| 2 efo| 29| 11l EFLEAA 100% AEEL 2
O nf, AEA o] 241 Heldol= EEL Ao 7L gl vk
o 7L 71 (Han et al. 2008)2} 9 AFa} % ch.

Y Ko 5(2013)9] 3| A 5= 32 H] S (sedum tosaense) 2]
Eof 2] 32 w0t Hefo| £ B o] A AR
HEGO] 100%2 713 $-4otch A7 AT, 52 AR
Y] S(Sedum rotundifolium) &) A|2E3tA| = A A1} Hefo| EE
2:12 Z35F L & o A 100%2] =8-S 1 ¢ © 1 (Kwon and
Yoon 2010), "}5Z(Kummerowia striata)S 2 X1} He}o]E
(Lol A Aol 7t BE&o] 7Hd w=8kd A2 IH(Park
et al. 20172)@} 3£ = (Vitis vinifera) Z 2 8| ¥ 1 9] 7] @] &3}o]
g AP <EEE volBo|E 0%} TEBA
30%0l| A 7H $-=3F <12 2H(Hong et al. 2002)= A&
wjel 512 70] 8 % 9ok 4 HolF: Aot

5
of| Al 2] o} 2}-$-0|(Echeveria laui) 2} A& 73 2~(Echeveria elegans)
O 71} A EA| R ARS 9okl A Aok Alx Fie, A%
Ao G A = WARAYA T F L s T

solet. Ael s ol Mk X9lE T

S, B, SHE R RO NAAYIBAY s 2
Aget A, E laui= Q3555 8 3195 o NAA |
mgL" + BA 1 mgL' ] E-EA o)l Al 2] 27} 100% 34 &
9 o1, E elegans= 3 ZF 50 A NAA 2 mgL "'+ BA 4 mgL"
S A7} 83.3%= 7MY =2 A A P S Kol Ay A
ol agdd Aog et AY AR HE A X P&
2 E lauiol| A= NAA 0.1 mgL" + BA 3 mgL"' E-84%], E
elegans=NAA 0.3 mgL" th-8-1}) 2] o] A 7} =9t} T3 Al
29| Zalo) A3l v E laui= NAA 1 mgL"' + BA 1
mgL! T8l 2| o] A Al 27} 10.47Y, E. elegans=NAA 1 mgL™"
+BA 0.1 mgL"! E&u) x| o] 4] 1207 & A %7} 714 wo] &
AEon, FAE QA= BdAQ AlEA = st
Aok 719 8219 A5, G RO ek A2 & Al E
Ho|z] gFgtow, P72 & ar e aho] Zpgut 35 ~ 55%0] A]
o3}t A5tz Aol AP A o= wekH. o] 3k Axt
= A 7Y g 21 9 AR} A EA <3k A A
S Tl LR hS A& E laui®t E. elegans ] T %
Ay ato] s Ao & 7| E ot

ot rloi
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