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Abstract  Calanthe striata f. sieboldii Decne. ex Regel is a
terrestrial orchid with beautiful flowers arranged in racemose
inflorescences. This species is threatened due to over-collection
and loss of suitable habitats. Asymbiotic germination is
useful in the conservation efforts to re-establish plants in the
wild, and for commercial propagation. In this study, we
investigate the effects of sodium hypochlorite (NaOCI),
three types of culture media (Phytomax Orchid Maintenance
- POM, Seed Germination Maintenance - SGM, and
Murashige and Skoog 1962 - MS), and plant growth
regulators on embryo swelling, protocorm formation, and
embryo diameter of C. striata f. sieboldii. Treatment with
1% NaOCl for 30 min greatly enhanced embryo swelling
(28.3%), embryo diameter (205.8 um), and embryo protocorm
formation (54.8%) compared to seeds without NaOCl treatment
(embryo swelling 8.5%, embryo diameter 14.6 um, and
protocorm formation 13.4%) on POM medium. Protocorm
formation on POM medium supplemented with 1.0 mg/L
N6-benzyladenine (BA) (95.6%) was better than the control
(54.5%). Additionally, the effects of activated charcoal (AC)
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and sucrose on seedling growth in in vitro culture were
examined. The protocorm converted into healthy plants with
well-developed shoot primordia on the POM medium with
AC and sucrose. The most suitable conditions for seedling
growth after 10 weeks of culture were the POM medium with
AC or sucrose. These results show effective asymbiotic seed
germination and in vitro seedling growth of C. striata f.
sieboldii.

Keywords Activated charcoal, in vitro, Medium, Sodium
hyporchlorite, Sucrose

ME

M- F 2 (Calanthe)2 A=, F=t, 3=, & 5 I,
ofdtl I 2t A of oF 2000]F o] APl Glrh(Gale
and Drinkell 2007; Kim and Kim 1989; Lee 2011; Lee et al.
2008). 2|yt etz SE(MN U Calanthe discolor
Lindl., A3 x: C. biscolor Lindl, AISFA&E=x: C.
aristulifera Rehb. f., &} S &% C. reflexa Maxim., & A|
Qwx: C. striata f. sieboldii Decne. ex Regel)Q] 8 =AY
A AFE, 5%, SHE, FA4E 5 47 2AX 9L
2 4 A A THHyun et al. 1999a; Hyun et al. 1999b; Lee
2006; Lee 2011; Lee and Choi 2006; Lee et al. 2008), At
Z(C. discolor)®] 73%-, 7| W32 Qg 7| 2452 F3F
o FHAEY %P moHholE A et
3 BaE v QQth(Lee et al. 1993; Hyun et al. 1999a).
SN GEZ(C. striata f. sieboldii)= A=A o] HF 2%
(£ Wl Azt o esfatolE= Y hterrestrial orchid)
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AL, T = dH E/d O]E}(Lee 1980 Lee 2006; Lee
2011). FASGRE 2 otz s A B vl 39
5 sho] $4stol, Qe EL BAEO 2 o|§ A7
o}, AMATL AR EAF o] T AHE
A thHLee 1980; Lee 2006). T3t EHAF 9 2712 ZAY
Ao A AR §1314d o] ok(Hyun et al. 1999a), 275
7 FoutE S/ EAY R XY ste] FEEgt
AR =otES aAsHL Utk

At zgo] gk A2 S A iS5

} 22(Kim and Kim 1989)2F A2 % 248 Aoubz 20
F5h4 AF(Kim et al. 1990), A2 =, FA4
Hx, e E2Y Eaxo A 54 24 (Hyun et
al. 1999a) ¥ IsozymeX} RAPD (Random Amplification of
Polymorphic DNA)EA & E3t A=, FAS-Hx, &
ANtz §HsHA EA A (Hyun et al. 1999b)o] SJth.
B3 Az, SR 9 SRSt E2E
Aouz)e A Burolsl ZAjo] TEF AL AT
B35 v} QJtMiyoshi and Mii 1988; Miyoshi and Mii 1995a;
Miyoshi and Mii 1995b; Kim and Chung 1997; Chung et
1998; Park et al. 2000). Aj S H2<E A E9] =222 L2
A EAY FEAA(EZ7|UR7], B
o], mae] AL BUuE AU YA A
£ Lot £X5 olga WA BhuEy
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of ool B o] EAste, #LY FHL B
of B A UlO R Wolsh o} F 1 Azko] 2.7 A
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L9l EE BAEOR B8 A
rxd %Aﬁfuu dFZAe BHoz 5eHel v
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Ao AFE-H FAEZ(C. striata . sieboldii) 2] Bl
Al FEElA AR E AL (20134 104), =7 oRg4]
EFZA Yo A o RITHAFY ™ S NIBRGR0000153639).
A&} 719t - QH(121°C, L7192 207t
Hatsto] Aol ARgshTh

Sodium hyperchlorite (NaOCI) X2|<} HiX|
CHHY 7= 3 Loz

Ol IhE HI

Sodium hyperchlorite (NaOCl, Sigma-Aldrich, USA)2] %] 2]
o wjA FF7F AR FA | e} Hobsof
A= Gk 2AE] S8 EuiE 70% oflgh&of 30
A @ F, BFEE 38 SAS TR A4S
g 3A4E 9 DAL A8t dujelq sl
POM (Phytomax Orchid Mainternance medium, Sigma, USA),
SGM (Seed Germination Mainternance medium, Sigma, USA),
MS (Murasige and Skoog 1962)u} X| 9jof Z}-2F 2] Aks)4itt.
Wb, AR A FA NaOCI(1%)E 3057 A
3t &, Hate R 53] A5k NaOCle: 8] A Azt
% POM, SGM, MSH}A] ¢jo] 24ttt A+ Ex &
ARo] a2 ‘%?OP‘E‘@S Z2(22 £ 1°C), F71(16/8
A|Zb), FE(46 pmol m”s™)7F YA GA & wjFA
o A AA|sHATE 3559 vl A= sucrose (20 g/L)9} gerlite
(3.0 gLYE A7}skaL, pHe 5.52 245 A 5T
HH H|tfj(embryo swelling)&2 85 &, Hrol(germination)&
o 12 3o 47 24D, WARL 25 A0 R 85
Fob Aol A Zyshelc

of

A2 dEdARIE7Id, $4)Y S/ =7t
2 FAEotof| WA= YIS dotE7] sl F
S NaOCI(1%)-&-2 ol 3027t #2] gt &, Abo] =77
2] BA (6-benzyl amino purine: 0, 1.0, 3.0 mg/L)2} KT (Kinetin:
0, 1.0, 3.0 mg/L), &AlF2] NAA (Naphthalene acetic acid:
0, 0.5 1.0 mg/L)2} TAA (Indole acetic acid: 0, 0.5 1.0 mg/L)
£ A7k POME A ol ) 4¥ah ek, HjAE suerose (20 glL)
9} gerlite (3.0 g/L)E A 7}8lal, pHE= 552 24351 ZA|
SFATH él%‘fi &&(22 £ 1°C), FF71(16/8A17F), 33 (46

umol m>s™") 7} LA GA = wjoFAo A S E
o} ghol&-& wjoF 125 Fo] ZAlslYit
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S} sucroseR2lof e AlZH| S Th(Fig. 1B). NaOCI F-32]7-2] Wol&o mE %] o] 4

15% o]st= FAME Qlth(Fig. 1B). Z|* ‘?:l% GxiAE
e Activated charcoal, AC, Duchefa, Netherland)Z} sucrose (FE5o7E E2vyyd, gE2Fyyd, 2xdx, 59
o 5= Aelst FAURe W ABA S v AR, bk o] Huho) Ay W } A NaoCl9]
A= FFe A7) S8 HolAlE AC (0, 100, 200, A 2]7t Tﬂﬂ"ﬂ Hgf wfjH & okaa 50% o]/

400 mg/L)%} sucrose (0, 10, 30, 50, g/L)7} s =¥ =2 H7t=
POMH} %](Agar 7.0 g/L, pH 5.8)] 507HA|# 38FE35}o] |
Z&staitt *Elféfl 2225 £ 1°C), FF7I(12124]7)), %
(46 umol m?s")7F AAEA GA E = wjFA o A A4
E ook g 105 & Azl el do|, AFga 1

FHS 22 2T

o
i

A

RE Yolgt B + REAAR BASHAT, 49 2
Ho|xlo] & dolH 7| Y3 A one-way ANOVAE AA 5}
o, §-o]Ad o] Q&= 7% Duncan's multiple range test=2 AR5

AZS AN EAH §o4L P<0.052 A A3}l

AP odE o0
Ast7] 9l ol B EE el sk dolt. oleld
S o= 29 BA Ao &5t NaOCL A5
2(C. discolor), BEFH Y (Cypripedium guttatum Sw.),
B 22U o Cypripedium macranthum Sw.), SFeFA UK Gastrodia
verrucosa Blume), of| 7] ul(Hetaeria sikokiana Tuyama), 34
5 Q732 (Cypripedium japonicum Thunb.), 3 AEZ(Oreorchis
patens Lindl) 5 #tF% FAL0] WiB|th S FIAIA Tof
& Folet $a3 A9&-S gt NaOCl A 2] ef A
F57F AR FAC) WUl g, ol 9 W7
°ﬂ N2 = S A Aal, viE| g&-LS NaOCl A
& POMH| R o] A AMHS uff 28.3% = =3k, SGMHE| A=
22.1%, MSHIZ| = 20.9% 2 7}7} ZAbE|QlthFig. 1A). o
21742 NaOCl # 2] & POMH|A]of 2 AF31S w) 205.8 um
2 748 29 1(Fig. 2), SGMuR|(144.8 1um), MSH 2] (104.6
um)9] =02 FARETH(Fig. 2). L2yt o 25-(NaOCl
e EAHE 3ZF(POM, SGM, MS)9] Hj o] AL
W 5 WA oAl ch &2 10% o]k, A AL 146 um
o|8t&2 Z+z ZALE|QItHFig. 1A, Fig. 2). BHole-2 NaOCl |
o % POMMAIo] FAE AAHE W, UINE A
9FiL, SGM (41.6%), MS (39.4%)HI %] 2] =08 ZAlE|¢]

S/ AtA 2t HarE vl ‘ilE}(Bae et al. 2009;
Bae et al. 2010; Bae et al. 2012; Bae and Choi 2013; Bae et

al. 2014). £3] BF0]Yko] 3%, NaOClo] 53] wh4
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Fig. 1 Effects of 1% NaOCI treatment and culture media on
embryo swelling and protocorm formation from C. striata f.
sieboldii seeds after 10 weeks of culture. A: Percentage of
swelling embryo, B: Percentage of germination
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Fig. 2 Effects of 1% NaOCI treatment and culture media on
embryo diameter of C. striata f. sieboldii seeds after 0, 2, 4, 6,
and 8 weeks in vitro culture
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Fig. 3 Asymbiotic germination and in vitro seedling growth of
C. striata f. sieboldii. A: Capsule(scale bar, 20 mm), B: Control
(Non-treated NaOCl) (scale bar, 0.1 mm), C: Hyaline seed coat
(treated NaOCl) and embryos swollen after eight weeks of
culture (scale bar, 0.1 mm), D: Swollen (SE) and non-swollen
(N-SE) embryo (scale bar 0.1 mm), E: Germinated embryo
(equalprotocorm) (scale bar, 0.1 mm), F: Further growth of
protocorm (scale bar, 1.0 mm), G: Shoot and root elongation after
10 weeks of culture (scale bar, 10 mm), H: The well-developed
plantlets in culture box after five weeks of culture (scale bar,
20 mm)

sho] Qg uj A =5 e wj7hA] FEolE o]l

23} wobgo] 7} SI9IA, YA
sanguinea)®] FAFOl Al NaOCI9) A 2] £ W Hof
AAEEE AASE] Wokgs 50% ol S7HAI
5} th(Lee and Koh 2002). whebA|, Fujf-52Ql
A B FTAMGES e AFHEiAolA  H
(embryo)7HA] QT 4 ol o] Agaof 5} %) v
wotel 4l £ o] A7 % oF T,

7IW e} et Hols s AR ST
Qo= slo] FE 40)ga(Fig 34), FAH=
WS ww(Fig. 3B), Zoli= 11 umE A QI TH(H] o]
Bl U] AA]). S SR NaOCI(1%)& 30481t A
gt WA o = gAY ] 31(Fig. 3C), 85 & H|thHEi7} f+
T 5]7] A 2+a}9lthFig. 3D). Bl |7} S EE 3
Y= H A FAFE | thg o] 7h(rhizoid)o] 4 & L,
OFStol A BLE] 7] (root primordia)7} ¥HE5} I thFig. 3E).
235 3 743 RAU 1 ARG, dob S
Qo A =2 A olshoot primordia)7} 3= % 3 THFig. 3F).

ABAREEEAR Y, SA)] FRe FEA
o|7F S HZ FAY 7| vir| e} Hrop&of v A=
A 2] ) FASGE SRl NaOCI1%)&
305 223k & BA (1.0, 3.0 mg/L), KT (1.0, 3.0 mg/L), NAA
(0.5, 1.0 mg/L), IAA (0.5, 1.0 mg/L)7} Z+2+ & 7F= wj o]
v Fgt A7}, 1.0 mg/Le] BAZF 71l POMu] <] of] ufj <)

Table 1 Effects of cytokinin (BA and Kinetin) and auxin (NAA
and IAA) concentrations on protocorm formation from C.
striata f. sieboldii seeds after 10 weeks of culture on POM
medium supplemented with 20 g/L. sucrose and 3.0 g/L. gelrite

Auxins

(mg/L)

Cytokinins

1 0,
(mg/L) Protocorm formation (%)

Non-treated

BA KT NAA IAA NaOCl treatment

NaOCl

0 0 0 0 8.4+0.2f* 54.542.6i
1 26.1£3.2a 95.6+1.4a
3 16.2+1.7b 91.3+2.3b
1 11.3£0.5¢ 86.0+3.9¢
3 12.3+0.6d 80.5+0.8ef

0.5 16.8+0.4b 83.5+1.0d

1.0 15.8+0.7bc 81.6+0.8¢
0.5 12.5+1.1d 72.7+1.0gh

1.0 11.4£0.9¢ 73.5¢1.2g

*Data are the means = SD, of three experiments. Different letters
are significantly different according to Duncan's multiple range
test at P < 0.05.

HE TP Ee WOLR(95.6%)S AL, 3.0 mglLY
BA AT+ 91.3%, 1.0 mgLe KT AT+ 86%, 3.0
mgL o] KT A2 80.5%2] ol g2 247} 2Abs] olct
(Table 1). 37, 1] 24 WHol2 915 SAIRNAA, 1AA)]
Ao Abo] 7] 5H(BA, KT)9] %5t} wolgo] 25%
SOIA AR FAel T AL TH)
o4 £ ATE HYTHTable 1). A% Sz 0]
W EAE A 02 mglLo] BAH L RAHN(LoLE
18.6%)°] ]3] dro}-&2 24 o]AF F7FAF th(Godo et al.
2010). 3 E ALY Ay A7 ATE B e
(Cypripedium) 5074 320] 7|U] FA1ukol A BA 72
KTH 2 Hr} wolge Z7bA AthBae and Choi 2013).
R A Ao E BAK L KT, NAA, AAZ] 2o o]
3 wolgS AW, WolAA ] 10%F =7t 1G4
ACIAE 2% 9 Aejs 52 wdshe 4L 29
SOl wAA). B AT SR A quje A
BAZ 27} wolRle] 7|4 BHa AYasts fEal
3, Welurere olA|sto] w A4 R BEE L At}
S-AFSFA THKim et al. 2008).

ZhqEl(activated charcoal)Zt sucrose SO ME A=xQ}
qulAHo
THST

A G FolA Y 7y AEA el njA= ACe
sucrose®] w5 ARG A3}, A (shoot length)-2 10 g/L
9] sucrose A 2] o A Hat 6.8 em= ZH 71 Wb, 2o
= Bt 3.3 em=z ZFTHTable 2). 73 (root length)-2 50 g/L
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Table 2 Effects of AC and sucrose concentrations on seedling HQ
growth from germinated embryos from C. striata f. sieboldii after
10 weeks of culture on POM medium Bl A dzapAEo]l 2ozl 7y B
AC Sucrose Length of Length of Fresh  Dry weigh Hj -;C-’rE, dop 9 w7 of m 2= E 7FA] §FFNaOCl
(mg/L) (g/L) _shoot (cm) root (cm) weight (¢)  (3) WA, AEAGREA)S 2ASEY] 918 =k 1%
0 0 33+0.8*c  1.7£1.3f 4.4+1.2c  1.2+0.9d NaOClQ 3057F 223t & POMH] | o] HjoFsl 7o u
100 - 5.5£0.5b  3.4+1.5¢ 7.8+1.7b  2.340.7c e S== 28.3%, Wole&L 54.8%, viA A& 205.8 um
200 - 6.6£0.2a 4.1+1.9cd 8.6+1.1a  3.4+1.2b 2 7 =7 2AE ¢tk NaOCl $4 8] £42 POMH]
400 - 62+l.1a  48+12c 84%l6a 3.1+1.3b 2] o] wjokst AL, vt 9 EL 85%, Hrolgo 13.4%,
- 10 6.8£1.3a 53+l.6ab 9.1+1.4a  5.3+0.9a WA AL 14.6 um2 ZAFE QITH E3F A ENRAZHER
- 30 6.1+09a 49+13c 93+08a 52+l.la o] 2|7} ofo] n| x| ke A A 1.0 mgl
- 50 6.2+0.8a  5.8£1.6a 8.8+l.3a 5.6tl4a

*Data are the means = SD, of three experiments. Different
alphabetical letters are significantly different according to Duncan's
multiple range test at P < 0.05.

9] sucrose A ] FolA B 5.8 em=E 7H A9l 11, of
TF= 1.7 em&E %9 th(Table 2). ACS} sucrose S A ] gt
At 2ol vle) AFFH A5l 2~58) o4
57k A5 H GIthTable 2). Sucrose= A=A W AL
Sso] Azt U Loz, 7|y A FHA Y AlZ
U AEZHA R o] &= tHGabriela et al. 2005). 1Y s

(50 g/L)9] sucrose A= DEAL Y| (Lilium bulbscales)
O 7IW wiF Al & S AL, AR A R s &
Zslo] ASo] Al Elttal 3} ¢ th(Takayama and Misawa
1979). ¥V, Cocos nucifera L2] 73-9-= #*=(5 g/L)2] sucrose
A e ALEE(70 gL) Aol vl Fdss FHAIA
Eopesio] APd SUYPARE BBL ARG
(Gabriela et al. 2005). 3t B 7|AF vt 22 V2] (Lilium
martagon) o A= sucrose AgE A7} L= Ao H]
3 WA Y FEZLE A7, RAAAEE AA
& Al o) W4T U] w40] %l cHMagdalena
and Anna 2005). & A 2= 7| AEA YA sucrose
AEE(10 gL)A 27 ALE=(50 g/L)A 2ol Hlsf F2gh
e Hee & o ASUth(Table 2). v =] W ACO] X7}
.39 " T WA A H(gelling agent)o] 2] pH
7b HolAl= @S dAISte] w8 pHE HASHAI A
Az E= 713 A dde] 38A 9T 1L
(Eymar et al. 2000; Pan and van Staden 1998), Alz3g A 4
WS- E Z25= 982 Stti(Dumas and Monteuuis
1995). AmpA oz B ApLATL ofy FAfSHZ EA4}
o ) o} 2 A FA) A A4 24 3
sk, olele AThe % opAlol A Wol} Bl Wz
F S SABFEA A4 Sol A B
AEAE AAA O Bdsts 5ol 5

Zimz N

rr
itl

.nl

P

T =2 0

O] BA A 2] +1(95.6%)9] Hrob&2 o 2H(54.5%)°] H]af
1758 #A A= Atk ACS} sucrosed] A 2] HX7F 7]
U A=A Al vlAle dds 2ARE 23k @82 10
g/L9] sucrose A Z]FOoA 6.8 cmZ 7} AL, 2T
+ 33 ecm=Z 7P &k 232 50 ¢/L 9] sucrose A B
o4 58 em= 7H AU, 2TE 17 em2 7H A9t
o} AEF AEFS ACS} sucrose A 2] E7F T 2L
H) 3 2~5u) o4 > AWE Bk AupHor B o
T g2 7|y ot B 49 lel\_ 2 7HA

Qo] e FAAQ AAE A8 L, ol#gt Zat
£33 A4 d2I e 4 9 y_ﬂaﬁ Aol %
st 7|24 22 AF 2 Holh

AL AL

EOERe S4R FYPEALR ARG oAE
22 ge 9 o3 99 NIBR201519101)9] 2| ¥& who}
=AYk
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