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ABSTRACT

In order to induce somatic embryogenesis from the stem explants and anther of Kalanchoe daigremontiana,

the explants were cultured on MS medium supplemented with auxin (2,4-D, TAA, NAA) and/or cytokinin

(BAP) for 8 weeks. Callus from both explants was induced most cfficiently on MS medium containing

2.0mg/L NAA and 0.2mg/L BAP. Somatic embryogenesis in stem callus was formed by transfering

embryogenic callus from induction media containing growth regulators to medium without growth regulators
and then to the medium containing auxin and cytokinin (0.1mg/L IAA and 1.0mg/l. BAP). Callus formation

occurred actively in the anthers at early uninucleate stage, and by low temperature pretreatment at 4°C for 3

days. Somatic embryogenesis from the anther callus was induced on MS medium containing 1.0mg/L. NAA
and 1.0mg/L BAP, 2.0mg/L. NAA and 0.2mg/L. BAP. The tetraploid of 5.4% was obtained among plants regencrated

from anthers.
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dFor F2 o 7R oA HiFFel o3 T4
A& s, At g AN S sleE RAAE
2.8 o] &5 1 Ut 24DE H7He Wi A ol A Kalanchoe
pinnata®) A YIir-& e e] @il FHEE Wadhi
9} Mohan Ram (1964)0] B 1 & v} ] 01}, K. daigremo-
ntiana®) MFRFEH O 2 KB MRS o) B3 BT
e e WiEeldh

9, A& thE RE vE gitig el &
B e Eddd T M 7Rz 9l
oo 2, LHHMEYY] HEBol el TiEK ke
ZEEH BHRKE FEdAY BESLE ¢
2 2l tH(Watanabe %, 1972). Datura innoxia®) o] &



A2 st N ET tizke) KR S A2
o] F ofe] A EoA FHIEE HHY & A HGuha
9} Maheshwari, 1964). 8t 28l 20 FHEE 25
ofl Wb} 35l (Keller®} Armstrong, 1979; Klimaszewaska
o} Keller: 1983) = {EifL (Horner®} Street, 1978)2]
HiEH o £ o] charcoal & HRmeo & x)
= Ao 2 ¥daelA At Anagnostakis, 1974; Johansson
3} Eriksson, 1977; Weatherhead ¥, 1978). 18]35, &
o] T GA o utebM = Ml FHEd d o] Ue

Ao i HwiE o] o (Kameyao} Hinata, 1970; Gresshoft

2} Doy, 1972a. 1972b; Ouyang 2, 1973).

adez 2 A s &7 YA H Hekkel ¥
& JEAEhol A B Hrakst WA 3 Al e
WAl A 2,4-DO] S Wl AAEWE T
AlEZAe] AL e el na Al RE AT

il

RZENA 5 9EA A= Al A& 2o (Kalanchoe
daigremontiana Hamet et Perr.)9] E7191 7S Bhttt
B2 ARSI #e] 553 49 971 = A
ZEF ) & # 2500Luxe] Zx bl A 16413 ¢4
(15C) L A1 7t 223 C)e] RfF o2 Aulsted 9 45
H #8 thell BElE T8 A3 st #Hsks
tHZeevaart 9} Lang, 1962).

Z7] Yy 7 o A £ & 70% ethanolol] 1 £}, 18]
3 1% sodium hypochlorite o] 1587} 3 & 3}
BH AT F, O BEKSE 3 - 41 AEd e o
2mmE A A3t £ K/ M Petridishel] o] A s}¢ ).
RREERA = oA EFS wo] 4T o} ol
aluminum foil 2 A4 B A QA G7F Kkl2 FHY
o}, B Murashige and skoog 3543 310)) 30g/L. sucrose,
9¢g/l. agarg @S 1, pHE 5.82 FEIstL ). o
w AR ANEE A TRETE 2 1AA, NAA, 24-D, BAP
< HHStA o # sk s fmilol B A
< KR SmmE FHdke] fEASH 2, Baldwin(1938)2)
Jiigel wheh ol FolHe

gl = £59 232 2.0mg/L NAASH 0.2mg/L
BAP7d 2 7bE wlzlol] v oFate] Zhzh wiabay ey A~
E g, o) & HEAGZAEEE FTAH wiA =
© 2.4-D. IAA, NAA, BAPY} 23 2] ulj =2} o)) o]
A gt A A Eeje) F5E FALEH T

& R

EI4 R =

Agsole] £718HE 24-D) WEE £% 0.1,
0.5mg/LE @548 A, 0.1, 0.5, 1.0mg/L 2,4-D
of &% L.Omg/L BAPE Rhnste] oF 831t skl
& Bl el Ao 8 EHEEY o, 2.0myL 1AA

Table 1. Effect of growth regulators on callus formation from stem explants and somatic embryogenesis
from stem-derived calli of Kalanchoe daigremontiana

Growth regulators (mg/L)

Callus formation

Somatic embryogenesis

Auxin BAP
24-D - +
0.1 - + -
0.5 - + -
0.1 1.0 + -
0.5 1.0 + -
1.0 1.0 + -
1AA 0.1 1.0 + +
2.0 0.2 +++ -
NAA 2.0 0.2 +++ -
3.0 0.5 +++ -

-1 none, + poor, +++: good
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9} 0.2mg/L BAP 1281 3.0mg/L NAA S} 0.5mg/L
BAPS] A mBERr] We]2o] FHMEIL REFSIA TG
(E1).

2.0mg/L NAASH 0.2mg/L BAP i/ ol M
d KEEAEAE BiHske 0.1, 05, 1 0mg/l. 24D
o BMiHET 2 1.0mg/L 24-D9} 0.2mg/l. BAPE #
& ERE S AV 2.0mg/L NAAQL 1.0mg/L 1AAC) zh2t
0.2mg/Le] BAPE 7insted oF 453 5t -& 5
el et e FHEE A ke, 6.im/l 1AAS
1.0mg/L. BAPS} #iA&MREEE o £ RMEWH S i
mpEel] FR QKR 1H”HIA, 1B),

¥eol Ex

TEHE #90.74cm (4EA7]), 0.82em (7] 138 7]), 1
2] i1, 1.0em (28§ 7))9] 2718 2 $REREbe] £ 2.0mg/L
NAASH0.2mg/l. BAPS] Ffiss ol 8531 s %ste] 24
2} 29 FHEE BRI (Y I0), 4827 o] T
27118719} #o giitol A xe FHEL A ol
ol Z th®2).

3 2. 0mg/l. NAASH0.2mg/L BAPEEER[E o A 9.6%
o] A~ AP ES VeI, 0.5% charchoal & ¥
sHA W 1.0mg/Le] BAP IRl 2 2] ~ o] FHisr)
A3 dojrtal ggrew, 0.5mg/L NAAS 1.0mg/L
24-Dol %4 0.2mg/Le] BAPE AR < il &
z}zE 5.0 2 5.6%9] A A HRE BT 0.5mg/L
2, 4-D9) HIHEEEEA 09%2] Yo W~ K

Table 2. Effect of polien stage on the callus formation from anthers of Kalanchoe daigremontiana

after 8 weeks of culture

Stage of pollen No. of anther No. of callus
cultured formed (%)
Tetrad 233 0 (0)
Early uninucleate 197 19 (9.64)
Binucleate 210 0

Table 3. Effect of growth regulators and charcoal on callus formation from anthers of Kalanchoe

daigremontiana

Growth regulators

No. of anther

No. of anther Induction rate

(mg/L) cultured forming callus (%)
NAA(2.0)+BAP(0.2) 197 19 9.6
NAAQ2.0)+BAP(0.2)+0.5% charcoal 254 0 0
NAA(0.5)+BAP(0.2) 140 7 5.0
2,4-D(1.0)+BAP(0.2) 177 10 5.6
2,4-D(0.5)+BAP(0.5) 145 10 6.9
2,4-D(0.5) 116 | 0.9
BAP(0.5) 120 0 0

Table 4. Effect of cold treatment (4T) on callus formation from anther of Kalanchoe daigremontiana
on MS medium supplemented with 2. 0mg/L NAA and 0.2mg/L BAP

Period No. of anther No. of anther Induction rate
(Days) cultured forming callus (9%)

0 197 19 9.6

3 223 29 13.0

7 180 12 6.7

14 204 12 5.9
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Table 5. Effect of growth regulators on somatic embryo formation from anther-derived calli of Kalanchoe

daigremontiana

Growth regulators
(mg/L)

Somatic embryo

2,4-D(0.5)+BAP(0.5)
2,4-D(1.0)

NAA(2.0)+BAP(0.2)
NAA(1.0)+BAP(1.0)

-lnone, +: poor

2 JeEh i oen, 0.5mg/L 2.4-Doj] 0.5mg/L BAP i
fnegel 6.89%2) He 2 FHEERS GERATHE).

T, Fo el 3lo] KA HRE g3
7] 918t 4T dEEA A EHE 42 3Y, 7Y,
144 7t R @8t vzl 2.0mg/L NAA S 0.2mg/L BAP
o] gl # 873 gAY v, (KIREE 3
dof Bl 13.0%2 A Aol 29 F#IL 2 o] Fof
A g 5 ARTHES). 2.0mg/L NAASE 0.2mg/L
BAP #mErel o 2 8e Aay A 2 A L7}
AN FHEHJTHIYIC, 1D), o] 2HA FEg
IR B 28 05mg/l 24-D9} 0.5mg/L. BAP, 1.0mg/L
9] 24-D EHE Bt oF 6577 s Fe 4 5ol
© AR FHEsE oAl ggtoy, 2.0me/L
NAAS} 0.2mg/L BAP, 1.0mg/L NAAS} |.0mg/L. BAP
o] EREC] o] 4% 7ol MMt HkdE Bl
28 4 JAtHES, 1Y IE).

ESH KR e el R P R R
(94.6%)°] 2n=340) Y o0, /| B(5.4%)7} 2n=68(4H)
Aol RATHZFIF). IEH L 4vf Ayl EiEM
TS WESIAS o, MR 719 Q1o 27
Ao A = LR o] B A sHAl Z 2.4, epiphyllous bud
o] FAL J% R HEHJACTHLHIH).

Z

K. daigrementiana 272 # o] uf ofo| A 2§ ] ~ 9] %
B JAAY NAAS e Sl REFst 2.
24-De} FhmAlel & st =l o] g #HRe K
pinnataol| A A A9 FHE = 5.0mg/L 2.4-D {INEE
of & HAthe #WE (Wadi &, 1964)%tE 2Rty =
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foll whek WMk R miE A o
= R Th g, A A ¥Euf o]
Foll =A5o) wid A e] A5 [AA
S SEF AW iR RREET R el AlAE el
Al ol 01*41?} Bilhel dojutnz B 12 HES
&2 FRol A s e fibo] Atk Steward 5,
1970; Huber 5, 1978). 18] b, 1.0mg/L2) 1AA£}°()mgL
o] NAAol zFz} 0.2mg/Le] BAPZ FEme 72 & 2
0.1, 0.5mg/l.o] 24-D HIHEF o & ALY &
7} o] £ 2 2] ekskeh. o] 2} & WAL S0mpl.e] 24-
DS imete] v =8 W32 o1 A% 5 5LE
ofl #ANMIL 7 FHHE K pinnaa®] 8} o 21 (Wadi
2} Mohan Ram, 1964), Tvlophora indica®} Panax ginseng
©] 7 %ol 24-DF #fnskd wiEydH 271 BKE
ol & (R ] 2, 4-D FNhnsboll A fRAH
Tt 7h e ok #5329 @3 thRaoe} Narayanaswamy
. 1972; Chang3} Hsing, 1980).

A, HAES] Wi v, 48R LIS 271
7)ol A 20 FE7F BRI 20, 48217) 9 2
Aol = Heol 2o FEIL doluhA] Ykong o
o] =ollMe] slst Az e AgelAnt
ameya 2} Hinata, 1970; Gresshoff2} Doy, 1972b; Ouyang
5,1973). 18] 31, 2.4-DE T NAA RN A
Helzol FEE 2 HAen, [.0mg/L BAP @54
2ol A& el 2] FEIE A dojuiA] efskrt

EEH 0.5% charcoal & M-S SiBlE A=
FHEe Aol esked, e HE9 HilEde 2
5 & A% 2ol A(Anagnostakis, 1974; Johanssonat}
Eriksson; 1977, Weatherhead 5, 1978), #£¥te] A}
olz HHtdch EFE NENZFH do] 4Te i

ri

=



Figure 1. Somatic embryo formation from stem explants and anther in Kalanchoe daigremontiana.
(A) globular embryo (GE) and (B) cotyledonary embryo formed from stem explant. (C) callus
developed from pollens (PC). (D) cotyledonary embryo (CE) developed from anther, (E) a plantlet
regenerated from anther-derived callus. COT:cotyledons, RT: roots. (F) a root tip cell (2N=68: tetraploid)
of plant derived from anther culture (G) diploid plant regenerated from stem explants. (H) a
tetraploid plant regenerated from anther-derived calli. EB: epiphyllous bud.
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UE piEEEste] I 8T Fo HES AR, Ay
29 FHEE 3Y FIEET Bl dExTRY R
st o, 7. 1443t A g Hifd e dzTEG
o Y aadct oleldl MknA Y Ak v ol oy
ool A & F A 8L A T (Mercy & Zapata, 1987, Kim ¥}
Raghavan, 1988). ik ] RS Q35l+ Brassicas
o] A B3 & At H(Keller®t Armstrong, 1979:
Klimaszewska®} Keller, 1983).

ol e 2rEWsle 3HE-& embryogenicdtA &)
Al Al 2 o] SrbaEE #ifiste] ElitdE = A )
v Ao HEldE Tt Dale, 1975. Horner &} Street,
1978). 2.0mg/L NAA9 0.2mg/L BAP ol Al j
ofgl cko MY SuE agAyYYAZ 0.5me/L
2.4-Doll 0.5mg/L BAPE Z3H3F vjA] 2 1.0mg/Le]
24-D sl A of] o] 4] & st ol = fEMIuiL 7} AL ]
2 e v 24-De] Aol SlojX e 7161/ 9
gt 2 Bl

aeju}, 2.0mg/le] NAAC] 0.2mg/l. BAPE st
BEe} 1.0mg/Le] NAAY 1.0mg/l. BAP Fhnigel 48
HIBE 7 FEsE oM, 271490 ol A 2.0mg/l. NAA S}
0.2mg/L. BAP gmel sEieb 1.0mg/l 1AA9F 0.2mg/LL
BAPE hnel 8ol tilinice] FHEol 51 &skd
e MREgS o4 F UAdt o183 HiHe &
Z1eh FERs R o] /Ry REVE e Y] i Ed AL
2 ke o

EOEEmol A #Hs S A
ol el thF-Fol A 2ofA o] M, A gREe] F
e o] o2 2] ghsketl, o]y g 9Ae A 20t
oFH] = conneclive regionol Al =% QA &
A FrE AT e W29 o] spontancousd}
Al doubling® el 719133 @AFA T

ol 3t o= F7] D Solanum melongena®l A °F
ko 2 E fxE A EAe B57F 29) A (Raina
9} lyer, 1973) 1= 8vf Al o] 9l 2. B (Rosati %. 1975),
hybrid grapevines®| 7% sk B A wra=A 9}
DA ES Zhx 3 QLA R R ol AT
¥ & A S-oll A B 4= 9l thiKajasekaran &, 1979). Petunia
axillaris| A = 28171 8] /N TF & 2 e oA T 4
SA7 o . g AEAU ) 2uiH AP Fe 3
ol A Be) 7t S AV A D 4 A 7t FEE Y
T FFoH(Engvild, 1973). o] 9} zbo] AF2}Fefl B A

4(5.4%)7} 4u) H|
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W Fm el Ao MRS Gt g ol 2
WA e ool dullAzt dAAEES 4 4 ok
Ryud(1992) # o] oful oFA] 2ke] B 3Alo] ¥
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oAle g A
wpeba] o 27 sl A FelE ActH A
e Ao oyt dejd Re g F3 s, vy
Petafgo] Wolol 9k Fo] of]at oIl A
A E 22 2] tapetum tissueo| A S H U 754 o) 9
o} o R A9 o] 3 T oo o
L ZoA HA=AE FeiHsor E Aol

o]
$E AR 48

wmE

B S 4@ 3ol (Kalanchoe daigremontiana Hamet
et Perr) o] E7141 T H & ¥t BMKREKES
FEE ol lolA o ML RFAGWHE 53], 24D
= 5&%2 st AAstdd v, & 79 A
AAlo] gloja] el 2 A A 2w Fxo 1o
24-De AL QAT 7] Y e RE WY 9
B 24-Dell vla) IAASE NAA iRinel sl <
ot on, Rl el Sl R4 e A5 0.0mgl.
IAAS} 1.0mg/L BAP M Q) {RiBAr 2] auxin REHH
Eo} Mg A ET R ol BnE Al @ i x)o) #%
Histe] 53 Sl pFsd o 24-De FEEE
(0.1- 1.0mg/L)yol Fofiizte] vl kgt 2 ole dojr}
2] ekt

EF HoRRH A xe HEE, BEREY
BE 27 137]0A 223, KR Ml 4TeA 3
A7 HIEEER Bl RAFSIE 3, 2.4-Del] v &)
NAA EHRro] BTl o, 18] 3 charcoal jEEE
feell M Aoz kgt

S WAluife] FHMe ) HA A ghgdo] 24
DAIg|Alell & o] gkstoy, E71-8H 9] 7 ¢9
= €7 1.0mgL NAAS} 1.0mg/L. BAP A 2] L 9} 2.0mg/LL
NAA®} 0.2mg/L BAP R Q] EiBEE S auxin BEH
Eell A RiFste, 7] A ofo glojA AR AL
HErel gk whgell R G4 USE ¢ 5 U



o} oF gl AT ) QAL A o) Fo] =34
o121, /N (5.4%)7)} 4} A o) k.
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