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ABSTRACT

Background: Oplopanax elatus is widely distributed at high altitudes (about 1,100 m) in China,
Russia and Korea. It is hard to propagate, breed, and difficult to grow. Hence, it has been desig-
nated as a rare and endangered medicinal plant. A study was conducted to establish a system for
large scale seedling production of Oplopanax elatus in vitro and to find the ideal environment for
its seedling growth.

Methods and Results: In this study, the explants produced under in vitro conditions during our
previous study were grouped into three categories (under 10 mm, 10 mm - 30 mm and above 30 mm)
based on plant height and were transferred to the growth-chamber and greenhouse for two weeks in
each setting for acclimatization. The plantlet category of above 30 mm showed good performance,
and was further evaluated under three acclimatization methods as follows: three different growth
media (commercial soil, commercial soil + perlite, commercial soil + sand), four shading levels
(0%, 50%, 70%, 90%) and four altitude levels (157 m, 218 m, 601 m, 870 m) in Gangwon prov-
ince of South Korea. As results, O. elatus seedlings showed better growth characteristics at 870 m
of altitude, 70% shading level and in the commercial soil compared to other treatments.
Conclusions: The regenerated seedlings of Oplopanax elatus obtained through plant tissue culture
would be advantageous for use in large scale seedling production systems paired with a good accli-
mation method. For obtaining optimal results, it is recommended that seedling be acclimatized in a
high altitude environment.

Key Words: Oplopanax elatus Nakai, Acclimatization Method, Environment Conditions, Growth
Characteristics, Seedling
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O, cirensenosides P 5°] $H+d ZCZ WaF L (Zhang et mn o]AFS] G2 EAS 10 JHAA 3 wrEo s Bk o])s}
al, 1993), £3] ¥elde ZE3 FIEAHS Yehls A wFFUSE o4 Al KLASMANN Potgrond H A&
falcarindiol, oplopandiol Ad¥°] Zo] g-HH Zozw U (Klasmann-Deilmann Ltd., Geeste, Lower Saxony, Germerny)

Z T} (Huang et al, 2010). 220 HuE ALz d AL
glycosides A-D, cirenshenosides I-V <} anthraquinone,
polyacetylene A22] oploxynes A-B= RFFUF Uzt =7]
oA EEENoH, Fdu 5 A Tt U= AL
2 98-} (Shikov er al, 2014).

Ot e 7R SRRUTE AEA JAE
o7 AR 4= 9lov} (Lee and Lee, 1997) $-2luie}t 34
2 EEL7] AER AFE vt Slo] AR AR e
sich. BFEUTe] ke visl dER ERlste] wolrt of
Houg T4 9E)A A% 717kl A 7 Y, FH
o 17 7HE ool &t} (Liu ef al, 2005). B3 3¢
AAEE Sl 25, 3], Aol Fo AN
ol ATt (Wang, 1989). BHF-EuHF-o] ApjzA-e
717} TSl Fqdo] B APACA & AEpA|RE JHA] 5o
2] A2 U oEE A& oIt} (Lee and Lee, 1997). ©]
2t SRRl g Al 71ee] SR wiEel 2Eol
A 7S JES s AA des A7 240l
2HA gk HEEUTe] @S] As AR A
iR E o] &-gk A 2] A B {AEAR] F3} T 7]
Aol E=E4 AE A7 Aol Y} (Moon ef dl.,
2006; Kim ef al., 2012).
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2 ARl 712 10 em x AR 10 em x =o] 8 em 9] 3}
ol =3ttt 2 F 5t growth chamber (HK-
GC1000, HANKUK S&I Co., Hwaseong, Gyeonggi-do,
Korea)ol A ¥]dS #& ez 2% 26 + 1T, % 70 +
3% FEIE ol AZAITIAL, 7 E Foll S-S AT
FzxAe 35 (1,700 lux, 23.8 pmol/ni-s, PPFD)o|3L 35
712 16 AZF 33/8 A7 o Z27dolA Aut3dtt.

2. Mol WFsSUTF aAEAIel A S OlZst w35t
2Bg Aol mE w3t a85 TP Sk, A1
JE (commercial soil) [(%)-zeolite 4, perlite 7, vermiculite
6, cocopeat 68, peat-moss 14.73, fertilizer 0.201, wetting
agent 0.064, pH conditioning agent 0.005, Seoul Bio Co.,
Ltd., Eumseong, Koreal& A& XEo| 30 mm o]2] F4&
AE AL, 2 F7 A Fd (% 26+3C, F=
60 £ 3%)°l14 28717 o]F 2F 0%, 50%, 70% 3 90%S]
asgoR AEdE 24 (¢¥ - 59, 2% 10+£3C, F= 45
+ 3%l Fol ESAITIAL 2 9 4 FRpl AA AES X
AbstATh AS2AF 52 LS, 24, 4, 98 2 9F

O
& Bae 2HHA.
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3. MESHE WESUT RAIZAIC] S5 %5t
$% TR we a8k A8 24 9dsk] 30 m

ool 7IW ZAulF JNAE ¥R AJE (commercial soil)
(Seoul Bio Co., Ltd., Eumseong, Korea), JE (commercial
soil) + ZE}O|E (perlite) (1 : 1) (100% perlite, 100 L, Sung
Hyun Perlite Co., Ltd., Seoul, Korea), 4E (commercial
soil) + &2 (sand) (1 : D= 2 A& 10cm x 10 cm x 8
cm o] 3ol AFAstal 3l 2 MY F AR 23, 97,
A4S ek AMBARALS 25 26 + 1C, = 60
+ 3%%] A wjgAolA et B0 G5 (1,700
lux, 23.8 pmol/ni-s, PPFD)°|2L FF71E 16 A7+ 3/8 A7+
oF Z71llA AfufstAT.

4. Mot WFEUT RAISHQ| oL =35}
sl W sHEELRTe] AlEst © fAEA w5k A

S 2P flste] A71E, AEE Well A%7F 157 m

E3), 218 m (719), 601 m (21A]), 870 m (FF)l 30

mn o}Fe] fFA=AE B 2 F ol 77 A= Ao
At 271 (42 - 69) ¥ 24, A, 9, HE e =

At 423 2 F F9F growth chamber (HK-GC1000,
HANKUK S&I Co., Hwaseong, Korea)ollA H|ES &2
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5. SAxe

ZF A dlelele] FAAEE S freld AES S8l
IBM SPSS Statistics (SPSS v.23, International Business

Machines Co., Armonk, NY, USA) Z 21318 ©]-835}% 0
A 87re] §924<l Ae]= Duncan’s Multiple Range Test
(DMRT)$} Two sample T-test2 o= 5%olA A5
tt (p < 0.05).

o 2 o
1. AEA =20l WE =8 g3t

T s AR AA ) TS Fel G T

o} ©Ae] AAM FEHIES 1/3 MS 7]1E uiA]ol 1%2] sucrose
5 7K AR R &AA 3 7Y ol Foll Zgt A EH]

2 35 TS WA AEAe] dadAd e dd
oA S} Brele] el Al ol Folzl f2lEAl T 30
mm 27] o] FAEA 100%2] £3HS BT, 20
mm 2] FAEANNE 85%2] HlwA =& £skeS B
(Table 1). A=A AYEE HwA w2

Holot, =3t

NEEE

T A=A 0] S el 30 nm o]
FS AT, 20 mm HTH] FAEA =
Zek = ek T3, 30 mm o)de] A

At slEEtE o= AE Ado] At I A A2 A3}
=715 Ak Ag 3ET F A}t (Fig. ).

A3 FAEAE 2% A/ ER Fslet 29, 2% 50
mm - 60 mme] 2]E-o] 30 mm - 40 mm AERT} 380 =UTh
(Lee et al, 2004). BET-7E T3 7249 A6
oM 7oA 5 cm o) AASHA A FAEAE 8

S Hoj F2EA FHo| o=

Foll E AEES A
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N =
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Table 1. Comparison of survival rate of explant stages of
Oplopanax elatus after one month acclimation condition.

Acclimation condition  Explant stage Survival rate (%)
2 weeks growth ISV (<20 mm) 85.0=7.1"
chamber + MS? (20 mm - 30 mm) 95.0+7.1%
2 weeks green house  £g3 (30 mn - 50mm)  100.0+0.0°

VIS (initial stage); shoot was formed but not elongated leaf and shoot
length reached 20 mm below, ?MS (medium stage); shoot length
reached 20 mm - 30 mm, *ES (entire stage); shoot length reached 30 mm
- 50 mm after leaf and root formation in vitro culture. Data represent
means = SD of three independent experiments. ‘Mean within a
column followed by the same letters are not significantly different
based on the Duncan’s Multiple Range Test (DMRT, p < 0.05).

Fig. 1. Effect of plant height on growth of young plantlet of Oplopanax elatus during acclimation. A; acclimatization of O. elatus on
10cm x 10cm X 8cm pot after one month, B; more than 30 mm height O. elatus with healthy growth and higher survival rate, C;
short height (less than 20 mm). O. elatus with slow growth and less survival rate during acclimation.
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CfAlel - AEA - E[6lR
T AAG (Li et al, 2005). °l= RFEYF (Oplopanax
elatus Nakai)2] M= ZFo] o I3 & A F2
EAE A5 O 52 365 HoFe ZoE AlRd
. BEEUTE EY 4840 oEE AERE HiHUX
s A AFe wEjEtRR, 7|y B 4 Ids £
sl oL, BEG oA Al e FES woF0] &3}
&8 Fole AFE AEFAA & et US FOE AR
=

o}

Ol

2. A8 THg St w5 g3

7oA wiekE AR FAEA RFEUT] AR A
of mE AEEH AEAS 548 A A9 2718 4
T 5o AS P Zol7t Wk FEUE w3k 2 F
T AR A S 50%2F 70%00A4 100%2] AEES
YERNQATE v, 25351 92 At 90% 233 2704
7] ¢ HFEEUHE FAEAE 66.7%2 AEES UEhfo,
50%9F 70% xFgEA F2IEA0 vls) AEE] 50% P%
ol s RU frAlEA e 22 AREsA] k2 27
A 3.1 + 0.1 cm AEZ thh =A zAbgeH, gF=
70% EZAES ALIEAL 0%, 50%, 90% AN &
2l0|15 BoJFA] ATt FE-L 90% 2RFEANA A vt
FEUEIT 7P 2 36 + 1.5 em 2 YEREL, G3S 0%,
50%, 90% =FdE7A A SEFUTe] 2R A
o)A zol= fle A0SR AT (Table 2). 2FF A =o
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Hae= vlAlEA AP Zfel7t wom, e 50% 2Rdx
7, GF2 90% AFEA, GF2 70%2F 90% XFdE700A
=2 ARE et Auk oz 709% o)Ak xpFdzzclA
Ago] =2 AE FARIBIIAH, 90% oA = JNAE
A =RAR, AEES aste AE8S JERT 271 2
T S S IS JERE 70% 2R3ER70] 47 Foll=
Ago] 3lEEAA FosR= AS AT (Table 3). ©]
= 70% 2R AREY SEEURETE Aol 2537

l

Agse F9 FRoPI Agax) RaW Aoz Aasn, 4
$oA) R ABo] YA 47 ol FHHE Ao A 55
of HEAgol ATHE Ao AL,

z2pel AEe AeATte 7]19e] B S0 A
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2 EA ] 79 dSAE F7150] Bol EY o)X & F
o] ZrhatA Aoy A EEo] Artal AWEH
(Fuchigami ez al, 1981). 2%} )71718% A4E A%
AErt mold s At A fhasts A0 UERsTh
(Kim and Kim, 2015). ¥WAl, Haworthia. truncata -3}
2 EAE B 8] 95% 25 Eeflo] Halo] fA]H
WAL 100% AAEES Hole ASE Yeigth (Kim ef dl,
2019). o= BHFEFUTF] A5 70% A= 23S 3P, 23
kA ke A=Al vls| AEE 2 A Tt dFe] 2
AoFE Rt A3} dX|she Aifoln, XA || oL
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2
2oz Fo ox

>

o At 2L 7]

Table 2. Effect of survival rate and growth characterization by shading levels after 2 weeks of acclimatization of Oplopanax elatus Nakai.

Shading levels (%) Survival rate (%) Plant height (cm) No. of leaf Leaf width (cm) Leaf length (cm)
0 166.7+5.8° 3.1+0.1° 43+2.3° 2.3+0.8" 1.5+0.8"
50 100.0=0.0 2.3+0.8° 4.3%2.0° 3.0+1.0% 2.3+0.9®
70 100.0%0.0 2.0+0.4° 2.0+1.0° 1.4+0.4 0.7+0.2°
90 166.7+5.7° 2.8+0.3% 43+1.17 3.6+1.5° 3.2+1.2°

Data represent means = SD of three independent experiments. "Mean within a column followed by the same letters are not significantly different

based on the Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 3. Effect of survival rate and growth characterization by shading levels after 4 weeks of acclimatization of Oplopanax elatus Nakai.

Shading levels (%) Survival rate (%) Plant height (cm) No. of leaf Leaf width (cm) Leaf length (cm)
0 ND ND ND ND ND
50 50.0+5.0° 3.5+0.6% 3.0+1.0° 2.5+0.4° 1.8+0.4°
70 66.7+1.5° 3.0+0.6 2.7+1.0° 2.5+0.7 2.5%0.5
90 50.0+10.0 3.3+1.2° 2.7+1.5P 3.1+1.9° 2.7+1.7°

ND; not determined. Data represent means =+ SD of three independent experiments. "Mean within a column followed by the same letters are
not significantly different based on the Duncan’s Multiple Range Test (DMRT, p < 0.05).
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SFEU AESE AEAY A9 FERT AHRs o AE
A Aol 71 dsEith AFEUTE B dEkel
10% mIREe 2 7HAshd A&l &/do] G438k A stke o
AzE 7] Bl FHokk FolwA (Lee er al, 2014),
= ¢ ®AeE AEolgtal Al Eh dYE A
Bo| TS WIE F I ZElE g A= 7% A
T FfrEolslo] el goldt Ao AlFEH, HelolE g
ol 53.5% old (FE + HEo|E)] HIUS wf= vjogo]
Eol 93] Ago] Adts= AL AT 5 AUTE F5)
RS 8 E Afz7eAe] A4 gl ek Y
A7 e d Ao =R AFFTH

4, Mulfx] n=¥ =3 S1}

AE3HE SFEUE FA Ao AR awol] wE 53
2848 ARG A3, =4S 870 moll HAT F-A=A 7}
133 + 2.0 cmZ 2h} ok =] A28k A EA R A4S
o] £& Zo7 Yehyith = 870 m k=0l g 2
EA47F 11.8 £ 1.7 en2 ZAHEYT, AZE 118 + 1.7 cn2
Ueh, o2 kel ZAsh AEA G g8 9F % 870
m =& AR 2 FE Hoz AR A
2)9] LI =T} FETE RFFUE FAEA ] 8ol &
Sl o, Gl oA A=’ zlol= TAXCE f
27t gl AoZ YEhTh (Table 5). ol &2 1=
T5 7)2Wste] Zjo|7t ALl gbEEu Aleje] AR 2x

A

Fig. 2. Differentiation of plant growth accordin§ to growth medias used in acclimatization of Oplopanax elatus Nakai. A;
it

commercial soil, B; commercial soil + per

e, C; commercial soil + sand.

Table 4. Effect of growth characterization by growth media after 2 months of acclimatization of Oplopanax elatus Nakai.

Growth media Survival rate (%) Plant height (cm) Leaf length (cm) No. of leaf
Commercial soil 100.0+0.0" 3.7+0.5 6.5+0.5 7.3+1.5
Commercial soil+ Perlite 100.0+0.0 2.1%0.1 3.9+1.5 6.7+1.1
Commercial soil+Sand 0.0+0.0 N.D N.D N.D

ND; not determined. Data represent means = SD of three independent experiments. ‘Mean within a column followed by the same letters are

not significantly different based on the Two sample T-test (p < 0.05).
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Table 5. Effect of growth characterization by altitude levels after 2 months of acclimatization of Oplopanax elatus Nakai.

Altitude levels (m) Survival rate (%) Plant height (cm) No. of leaf Leaf length (cm) Leaf width (cm)
157 100.0=0.0° 8.2+1.2° 2.3+0.5" 5.8+1.0% 7.5+0.5%
218 100.0+0.0° 6.8+1.0° 2.7+0.5% 4.7+0.7° 6.3x0.7°
6071 100.0+0.0 6.7+2.0° 3.3+0.3° 3.0£0.8° 3.6%1.2
870 100.0=0.0° 13.3%2.0° 3.3+1.5% 11.8%1.7° 11.8%1.7°

Data represent means = SD of three independent experiments. "Mean within a column followed by the same letters are not significantly different

based on the Duncan’s Multiple Range Test (DMRT, p < 0.05).

0] 15C -23CE fA 3 & mwpgo] 2= A A8t
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