EEE 252 (). Taiwan Agric. Res.) 54:93~102 (2005)

ey R FHERMEZH O HA S A3z
% > 2 4k 1
7 2 9k 3 A AL 2 25

RAES B R B

W OR

BREER ~ 22AE ~ 29078 - H 578 - 2005 - i KR BB R M A e B LA 2 B
MBI A L Z R - BRI 54:93-102 ¢

AR FERE G M 0 ARG B A SSE RN - #5712 (Salvia miltiorriza Bunge)
FELBS B A 2 T R B B AL B R L 5% - B 2 EIR RN &R 1 mg/l 1 IR
" (benzyladenine, BA)E 0.1 mg/l %% Z % (a-naphthaleneacetic acid, NAA)Z & & MS
(Murashige & Skoog) L EERTFCARS T S vh » W] B Iy 30 375 S 2 WD 1l B A N W) AR ARE BT
Z2REEE Y - MR B ESERIN 0.25 mg/l N-FREL IR NS (N-furfuryladenine, kinetin)Z % &
MS FARE AT - i 6 AR RGMEEEE A ERE 6.5 21 - #12 0.5 mg/l kinetin
Ed 0.5-1 mg/l BA &8 - HFTERE I F Y 2BBEE AL o FK MS BIHEL kinetin
TR TR S B B AL BB L » R LA 0.2 mg/l kinetin 2 1/2MS BR AR 21
FREEN - RSN RS 5.6 WIS - B3 EGE 46.6% IR BELE I - FIFZER
MR EEACE TR B AR D E RN - v ARG A 2R B E AL Hp
DU SRTEARES R 2 2 58 - R DA =g S8 a3 D B R B RS = 4 8 - B
RIS 4.8 MRIEH I RERE - MERET 2B TR - HEEEN
4.78 em o FREARIICHER - ST 2HEEE FIAETE 0.2 mg/l kinetin 2 1/2MS HA
BR g AT - IR & a5 0 (2 SR TR R A R H D B UR B -
NMEREV SRR RS HA e SR B B A A

RASEE ST - Y - MEERE - BEEHEL -

il

Al
P12 (Salvia miltiorrhiza Bunge) Fs /57 £l (Labiatae) ~ )8 2 AL HHY) > HLIZHARES Rt % T 35

IMABHS o BB R EEGIRSE 1989 Wu et al. 1998) - SUACSEBI T2/ 38 B 112 BAA G HE L IUE R
RN A ~ it ~ THBGENIRBECEL TR 2 S (R - U BETaE Lo BEL Ot LA RS st

[ Y S

CATE PR ER B R IREE S 2228 5 c R HW M ETH 1ITH -
- ARFTEZHEE R - 28 2rh iR B -

. TR B A SR AT - 238 2R FES -

. AFTEZHEIRE - 28 2R FEYS -

. REENEE - ETEY: ¢ hsia@wufeng.tari.gov.tw ; {HEL# © (04) 233302806 °
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AR IEE ST R BT L(TEE 1998 5 22 1994 ; Hu et al. 1999) 5 [h4h » B &1z2(1999)EH Park et al.
(1999)f5H1 » FH2FTHIGIFEMA R - BURFI2RERKIGHR LAYERER AR -

FIF YRR RS B R v R E A BT K B T AR — B s+ B Ry BRTTE)
FIFREES Bl K BB IE A DRI - A0eA0E ~ 5860~ AR - B - W2 - g - e
EAFEFHER (25 1999 ; Nalawade et al. 2003 ; Nalawade & Tsay 2004 ; Nishioka 1988) o i -2 4% ] FH 43
AR TR T T BT+ R ST e BT RS HL B SR R (RIS R i B A 45 B B
TR 0 EEEM TS LR DR SE SRR IR TS - SR EEA S E DU — (RS 1998 5 FFEE 2002 5 iR
& 2003) o B EE P2 M S AL D > FEEA IEMER G B TR E S 0 LAY RSER - TR =
EEHEFI2 AR - FTHEBE BRI AR HE S EREB L -

DArf R B R EBERE T - HRE B S G S B A S N SR E - SR E -
35’5 b (hyperhydricity, vitrification) (%% 1998 ; Paques 1991 ; Tsay 1998) - #Xifi > #5HERMER 2
B 1 DUREAS R P9 AH S 3 88 - AN {88 AN 2 7% 22 (Dianthus - caryophyllus) #H £5 v 2 3% 58 B 1k (BR 55
1998) » FREEFIHETH =1 FGSEHH (Bupleurum kaoi)#H E% B OB EGE R (BREE 2004b) o ARWFSE Ry 17 7] 17 H.
B2 EERS BB 2MEHR SRS > MRS B AR HY AR
AR TIRRY - (R i K B B R AR R RS T A A B B LR RE - DURER e R B e RS
FERIE R » RS G R A B R B2 6 B (good agricultural practice, GAP)/EEFIEE - HIREH N2
8 R 2 SE TR YR B YR 5 -

MERTGE

F}22(Salvia miltiorrhiza Bunge)fE A H o B B8 88 A B2 8% 5 i SR BRUEU N B HR 1 - R BS R AT R
BEGEFEAB AR - AFREHCEARREEESHE 3%FE - 0.9% Difco Bacto-agar ~ 25 MS
(Murashige & Skoog 1962)JR M BaE K #fe 4 32 - BRI IMA BB ERT5ELL 0.1~1 N NaOH B HCI
pH {H#H2 5.740.1 » LL121°C ~ 15 Ib/in® (1.05 kg/cm *)MEFT 5 o VR 15 3 St 0 AN - BEAERS
PR E R 25£1°CHEE - WOLGKT 38 umol/m?/s) 14 /NEFERBE N 5528 MR MRS i & # 07 BB 3B
PABE R3S (20 mm x 120 mm > Pyrex » HA)MEST - M O EH#EERE R A 125 ml =& (Pyrex »
HAOE R b5 A8 -
R2EEHEEE 28T

YINGHA RS P2 R (RAY 0.7 em)TE R BEHERS » DL 0.5% R @SR & 0F 5 IR e i
10 73§ - FEMERE /K PRI 3-4 K% > FEHEBEEN S 1 mg/l BA J 0.1 mg/l NAA & MS BB E AL B
# - M2 ERAEERSE 0.25 mg/l kinetin 2 MS B B EGEITNE M Rt i 8t -
BA Hi kinetin ¥ fAIEHIBHME R ZFEE

HHRAT 1.5 em BYFF2AHES R LA ZE 1% - B5 R VR 0 BA (0.05 B 0.1 mg/) B kinetin (0.25 Eil
0.5 mg/l);z MS EARRE S E: » 558 6 BRFATN = - wEEEEEEH -
Kinetin #{HIEHIBHMERZFEE

[A]_Efiraft 2 PH2AEES 2 0~ 0.05 ~ 0.1 52 0.2 mg/l kinetin 2 5 MS fiEFLHRE 2 FOARS # R
HREEER 0 KRB 6 EBRIAEN - WEEREEE L -
EEAREEYEREEHEERIEERERZEE

Bl LAt 2 P2 RS RN &5 0.2 mg/l kinetin 72 1/2MS EARRI 3 EL B3 AR A LB R
AR Z $R 5 (aluminum foil, AF)EE g 5 DL3%E 514 85 5 o B AL (dispense paper, DP) [9.5 x 9.5 x 0.046
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em » (EFE 0 ERE]=JEE R B 0 R B HIE R R A BARIBREEE (1999) 3 B8 A R EUR » B/ RIS R
#a# (changes/h) 53 7l By 0.27 B 0.92 » #URFNEBERBEIEAHE RV R - B A2 6 E3
DR TR (AF6) i ZE R AR(DPO)E Ky Bf 1 » DURSEH FI S8 S HNET [R5 28 2 50 4 51 - KR Ta MK B i 3
BARE OB RIS 4 K 238 JRIAIE5 I LL AF2+DP4 Bil AF4+DP2 RoR - 5528 6 EBRFAEMEE
EEE -~ WO B B AL R -

T F R IE  EBURIEE R AR 1 om ZHESH - 3B LR RIE DIZE R M 2 KRRy
g - WTEERER 4 A > FEERER 10 SR HOEREERERIE 4 BE > SEERE9
PREAET BT BT = B DL 4 B4 I EAEER A 15 PRAAET I - BABB AT13 ERHAR SAS 8.02 (SAS Institute Inc.
200 ELERET MR RS HETT ANOVA #5534 » 25 i B ] 72 SR AR -~ HUAI P B/ )N 722 B (Least
significant difference test, LSD test) [k 4 Bl S HE [ 2 72 2 -

ERASHEEEZET

FH2EHEY)(E 1A)Z EEHRENEH 1 mg/l BA J 0.1 mg/l NAA (2 MS FeARRE 2R - #8 8 %
HEARKEZFR(E 1B)- R 1.5 cm Z MR HEE RN & 0.25 mg/l kinetin 2 MS EARE AL
TER P2 BT B T AR 2 -

BA Ei kinetin ¥ F} SRS HIREZEE

TN [FIRE BA B¢ kinetin 2 MS FEARKS 28 FL 5 PHBHHE RS W I T8 2 FG SR A% 1 BfE 1C Fios > DA
0.25 mg/l kinetin JiZ 3 T fHE 55 8 v 15 6.5 FAYIMTESUR S fE > Ky 0.5 mg/I kinetin 3% 2 RE 45 4
BEME RS O 1S 5.8 B - 1 0.05 B 0.1 mg/l BA R ZRURIKE - EHEREME S HIHES 5 K 4.3 1 -
FLHRKRR 2 ecm ZH BT S > 520 0.25 mg/l kinetin RERFETT 2.5 W2 G R it - AR BIE AR
B A B T 1S AR RS ) R BUR RITR B K BHREE /> JREITE LS AR T - NI 2B A I E
bz Big -

Kinetin ¥} f+ 2 RIS EIGE 2 &

Ryt Lt R BB < BB - BRI B R BRI > JRFAIRE kinetin 2R -
HARE B B B AL TR B BOR - RS SRR 2 BilfE 1D iR - FEllER e =FRE T > 2L 0.2 my/l
kinetin JRERAEE#E 6 I - FGEEAES > BIRT AR 3 MRIEH B & 2.6 MRIGIRE (L i R i i > (L3555
B LB 46.6% 5 0.05 B 0.1 mg/1 kinetin JEEH 2 TEH B 840 5k 2.2 B 2.3 1 > A& kinetin
Z EHEAHRCOR A EZEL 1.7 TEHET > T 0 ~ 0.05 B2 0.1 mg/l kinetin =R B .2 5 3 B 1L 1 EL =R Rl 43
ARy 45.4~52.4 B2 51.1% o BLERESHE SRR - RRARRE 2 5L 2 BRI 4 e mT 300 IG5 B BB (L > {H kinetin
B IR BRI LR K F - KR T R A B B b 2 B -
EERRIHONEREREHASHEERRBELZEE

AGRER B A E SRR = 2 AR R — RS P 2 B PR R s SR AR E R B B R A
C1 o S e SRR A g 2 R DR A 2 AEEHRE - IR RSB B L 2 TR - 3R
FERAIF 3 K& 2 Fis o M T AR B, AR SR TE AR S I B5 28 (AF6),2 5.2 iEL AF2+DP4 JjZH .2 4.8
il fE » HRZIBAL 4.0 iz AF4+DP2 JRE > {H b il = R B )0 S 9 3 2 AT A M2 fE DI AR
B 85382 DP6 FRBRAI A T RCR i 722 - (#1815 3.4 i - (BB LB 2 LIS > AF6 &
HWE 64% 2 BB L AL HEAT &SR E ORE2 AR 2 AF4+DP2 ~ AF2+DP4 i DP6 =
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1. Fr2EEIAR - SRR S MR NEC B - RSN EERR YA R FI2EERA) 5 T
REEEAEH 1 mg/l BA Bz 0.1 mg/l NAA Z HAREFFREL » #QES IR 8 SR ICARIEV(B) ; FI2MHE RSN BA
(0.1 B 0.05 mg/l) (1, 2) 5% kinetin (0.5 E& 0.25 mg/1) (3, 4);Z MS E5#F(C) ;s LUK RN kinetin (0.2~0.1+0.05 Ei 0 mg/1)
(5.6,7, 8):Z 1/2 MS K5 #IL(D)#EHT 8 6 R BT HIMIHEID -
Fig. 1. Explant source, aseptic shoot culture establishment and shoot proliferation of in vitro Salvia miltiorrhiza cultured for 6
weeks of culture. Growth of S. miltiorrhiza plant maintained at growth chamber in Agricultural Research Institute (ARI)
(A); Adventitious buds derived from nodal segment on a full-strength MS basal medium supplemented with 1 mg/l BA
and 0.1 mg/l NAA for 8 weeks culturing (B); Multiple shoots were obtained on a full-strength MS basal medium
containing 0.1, 0.05 mg/l BA (1, 2) and 0.5, 0.25 mg/1 kinetin (3, 4) (C), and on a half-strength MS basal medium
containing 0.2, 0.1, 0.05 and 0 mg/I kinetin (5, 6, 7, 8), respectively (D).
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2. BRSBTS B I B A R P - PSS B RS RN 0.2 mg/l Kinetin .2 1/2 MS FeAE;
FRFLGE P STEAR A B R 3R 6 SH(AF6) (A) 5 FEME B SriE i 2 B 3% 4 %% > BLI S e S s i 2 2
(AF4+DP2) (B) 5 DIEEESHIEMRE 5588 2 1% - L= 22 mAtE T2 4 H(AF2+DP4) (C) ; LI= g i
#E;7E 6 H(DP6) (D) -

Fig. 2. Influence of container closure on in vitro shoot proliferation and growth of Salvia miltiorrhiza. Multiple shoots grew on
a half-strength MS basal medium containing 0.2 mg/l kinetin by using 2 layers aluminum foil as container closure for 6
weeks of culture (AF6) (A); Using 2 layers of aluminum foil as container closure for 4 and 2 weeks, then exchanging
container closure with 3 layers of dispense paper for extending 2 and 4 weeks of culture, respectively (AF4+DP2,
AF2+DP4) (B, C); Using 3 layers of dispense paper as container closure for 6 weeks of culture (DP6) (D).
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® 1 il ZREI2ASENEEE R P E

Table 1. Influence of cytokinins on shoot proliferation and growth of in vitro Salvia miltiorrhiza *

Cytokinin (mg/l) No. of shoots produced per explant *

Kinetin BA Total shoots Shoot length between 1 and 2 cm Shoot length longer than 2 cm
0.25 0 65+042a 41+034a 24+049a

0.5 0 5.8+0.61 ab 4.1+0.69a 1.7+0.14 ab

0 0.05 5.0£0.57 be 3.6+£046a 1.4+0.27 be

0 0.1 43+044c 33+0.17a 1.0+£027 ¢

“ In vitro shoots about 1.5 cm in length were cultured on full-strength MS basal medium containing various concentration of
kinetin and BA.

¥ Forty explants were tested per treatment and the data was collected after 6 weeks of culture and shoots length smaller than 1
cm were not scored. Means within a column followed by the same letter/s are not significantly different from each other at the
5% level by LSD test.

3 2. Kinetin ¥ 1M 240 B i W IH B4 R 2 s
Table 2. Influence of kinetin concentration on shoot proliferation and growth of in vitro Salvia miltiorrhiza *

Kinetin No. of shoots produced per explant Percentage of hyperhydric shoots
(mg/l) Total shoots Normal shoots Hyperhydric shoots (%)

0 3.1£027¢ 1.7£0.18 ¢ 14+0.16 b 454+3.28b

0.05 47+030Db 22+0.14b 25+0.17a 524+1.01a

0.1 46+0.25b 22+0.13b 24+0.13a 51.1+£0.72a

0.2 5.6+0.28a 3.0+0.19a 26+021a 46.6+2.64b

“ In vitro shoots about 1.5 cm in length were cultured on half-strength MS basal medium containing various concentrations of
kinetin for 6 weeks of culture.
¥ Same as Table 1.

R EE LB - ELERTS © AILL AF2+DP4 JRHIE 4.78 ocm 4 R ifE - Hik AF6 -
AF4+DP2 Bl DP6 & ={HjE W AR 1.83-2.12 cm 2 i -

T

A AFZE A H > ST B 20 2 A B K S BT o A EE RS A S HI201R & /E(Catharanthus roseus) (Alen
& Jain 1997) ~ ZE#E g(Gentiana davidii var. formosana) (Chueh et al. 2000) ~ & FC &5 (Bupleurum koai)
(B 2004c) B3G5 (Limonium wrightii) (Huang et al. 2000)% F 228 FIHY) - ATFFERI IRy
B o FI2IH CEF R RS TaRS - BEE RN 1 mg/l BABLE 0.1 mg/l NAA (2 MS FEARRG#EL » AJ H
B ugS E RINEANES N > B2 RE SR E(E 1B) -

T A R B SAARES R A A DR —ER » F A ER i 23 2434 (cytokinins) Bk
e = DUKGESIZFE R BN HEEIEA R B » T RBA LTI Rk Hek » AR AILUE
BRI M E QNEEEROMLZE » 2 cytokinins JEEF Bl S B AU BT - MBS L
Fri AT B A /KRR B R B AL BN - LB B L A HOBR AR R TR R - B RS B KR
2O AR R A RE(BREE 2004a 5 George 1993 5 Paques 1991 5 Tsay 1998) o Tsay (1998)fAKRE J5E&
(Dianthus caryophyllus) & JHES 3 1RF » 2B BA S ZFig R BB L - HIREES B B E -
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RFSEHE T 0 N BA (0.05 B 0.1 mg/1)EY kinetin (0.25 il 0.5 mg/1);2 MS £& 71735 BLoEw] A B¢
TEFH 2 ARG - A ST T BBl - P X DL BA BEHE REE > HEEARR 1 cm 2
R - WRFR RS IMTEER 2 - 8 10) 5 Bhdh - MBS RN ESH 0.2 mg/l kinetin ;2
1/2MS FAR B3 FL B vl B B LA HasR - (BT SR8 BA (0.05 5 0.1 mg/I)Ed kinetin (0.25 5%
0.5 mg/DERE Ryl » A ERZ 0.2 mg/l kinetin BREH AT 5 2 FoiiE BB 10 v SO L BR R B s (3% 3 ~
[l 1D) - #7 A FodiRS REER - B MS B kinetin YR B8 w043 I P 258 B LS TR - B00E
#) 45-53%FHEE ETTE B R B 1L - SEAR U8 P H M 5 3 DA th— e S R -

A M PR SR B PR R AR A IR R4 R e S B i RS =8 S MRS e R S AR A
2 RIBL RS A A A B 2 B R R Al i R T A B L R SRS WP SE YRR RE AT I B 3 B b B XN
B TE R AE S — e BB (S 2001) - FIF ESER MR R AR 5 O DU A ER B A A 35 05
& MEREE BN HIB B L A 4 0 B AT HY 02X 22 (Scrophularia yoshimurae) (Lai et al. 2005)E2 5 %
BR(BREE 1998)FHES T fh'E - | F 8 Uz 3 ] 130 K 2 (Gypsophila paniculata) 5 388 {LAHES E 4
R 4= 5 HI [F] IR 52 2% (Dillen & Buysens 1989) - SHIR M KR FRA BN OGS R B < B E AL - (H38
EBRAN G A RSN AR - h— 4 B SZHE 2 1B > 1l A8 B R OO A
BRES 0 40 CO;, ~ O, B Zi(ethylene) @RS HH R B 7k 3 VIR R S R+ - BEER 4 R bZEE
BA(A 1993 5 BRSE 2001 ;5 Lai et al. 1998) - AR5t GHEMKE RGN - #EHRZR M SIEEERIER
EEBASRE L v 58 2 EIHI P 2R B B AL (A0 R P IR 8 R N R B i B T SR B
IEGR 3) o RILFI SR BT BASRE O » A RN S AH SR E DR A R da s E 1 - a0
REC & 30 i PR IR [ 58 ] SRR B 1 2 B R B T O SR AR i 3 R T R R AR O R B A
e > ERTRR R AL B A B B LS N EY R e 2% -

ey i seAs RES » A ET RS B A RS 2R AR S - SR EREE 0.2
mg/l kinetin & 1/2MS EEARRZEE » Wil & IS EMB R B R Z SRERE O B EREEIRE
TIHERA A BRI = B E T S TR - Bh4h > BRI 2R R EILAER L E R
BETHIISE - SRR -

3} 3. ERNEA SR BT B R T RS R T S R v B T AR RS
Table 3. Influences of ventilating container closure on shoot proliferation and growth of in vitro Salvia miltiorrhiza *

No. of shoots produced per explant * Length of normal shoots *
Treatment *
Total shoots Normal (% ) Hyperhydric (% ) (cm)
AF6 52+0.16a 36+£1.0 64 +1.0 2.12+0.08b
AF4 + DP2 4.0+0.29 ab 100+ 0.0 0+0.0 1.83£0.03 ¢
AF2 +DP4 48+021a 100+ 0.0 0+0.0 478+0.11a
DP6 34+0.03c¢ 100 +0.0 0+0.0 2.05+0.11b

“ In vitro shoots about 1.5 cm in length were cultured on half-strength MS basal medium supplemented with 0.2 mg/1 kinetin
for 6 weeks of culture.

¥ AF6 and DP6: Using 2 layers of aluminum foil (AF) or 3 layers of dispense paper (DP) as container closure for 6 weeks of
culture, respectively; AF4+ DP2 and AF2 + DP4: Using 2 layers of aluminum foil as container closure for 4 and 2 weeks of
culture, then exchanging container closure with 3 layers of dispense paper for the rest 2 and 4 weeks of culture, respectively.

* Thirty-six explants were tested for shoot production and length of sixty shoots were recorded per treatment and the data was
collected after 6 weeks culturing. Means within a column followed by the same letter/s are not significantly different from
each other at the 5% level by LSD test.
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HREF ~ JSCE ~ F—AL 0 1989 - EEEFAHHAEME AR o R BB SER B P B SE T SERT - 2 e
197 pp °

ZRE - 1994 o PE2ARAIHIN B B e o hEgE 250 156-157 -

IREETE ~ ARG ~ AUHAM - 2003 o PH2AGRHIRES 2 R DGR BEIE - MY AR BRERE@ER 39: 139 -

FREAR - HEERTS ~ R - 2002 - PI2EEEFIICER o R EEHEEE 27: 492-495 -

PRECEL ~ H 778 ~ 3254 ~ 2588 - 2004a - FEYIRHAR B 32 i Bl B L B A (L 1 P BRI 1 o2 B85 -
RIS 52: 90-96 -

BREGED ~ E Ry ~ B4 ~ S50 - 2004b - BRMHIRIE ~ JEHE - A RANEREDROEEYH S K
SelH R R AR B B R - R REEESERE 53:249-260 -

BRECEL ~ B84 ~ 2508 - 2001 » MBI R B B B A R 22 - BIEESE 49:276-280 -

BREREL ~ ZEEA: ~ ZEH7AF - 2004c - B2 )54 25 FIEY) -5 IR ORI 2R RS B L R R BETE I T - RS
5% 53:27-38 -

BRIEGED ~ FEA2RE ~ SN ~ 29073 - 1998 - RE R FALAH LB RS | A 28 7 B R R R B e BB
{LELFEARAY 8 - TR EESENESE 47: 364-376 -

BREX ~ B85 % - 1999 - PF2RELFERGG - Hh5igE 30: 226-228 -

EEHTE - 1999 - SERIHEY)Z AHRREG F T - p.113-124 - ZEAITEY) I BASE BLF OGRS Eram S8R (PR PR
RS ~ BUTH ~ BRUEIT ~ BREGE ) - G E BB - B

TEAREN ~ AL - EOTE ~ BRBREL - 1999 o MIRRESEMA A E DM EERRZIFTE - p. 185-186 2
SEMRER R R R - PR - 2L - -

Alen, K. H. and S. M. Jain. 1997. In vitro multiplication of Catharanthus roseus. Acta Hortic. 447:
167-169.

Chueh, F. S., C. C. Chen, A. P. Sagare, and H. S. Tsay. 2000. Quantitative determination of secoiridoid
glucosides in in vitro propagated plants of Gentiana davidii var. formosana by high performance
liquid chromatography. Planta Med. 66: 1-4.

Dillen, W. and S. Buysens. 1989. A simple technique to overcome vitrification in Gypsophila paniculata L..
Plant Cell Tissue Organ Cult. 19: 181-188.

George, E. F. 1993. Plant propagation by tissue culture, Part 1. The technology. England: Exegetics Ltd.
574 pp.

Hu, Z. B., D. Liu, and A. W. Alfermann. 1999. Genetic transformation of Salvia miltiorrhiza. p.249-260. in:
Biotechnology in Agriculture and Forestry 45, Transgenetic Medical Plants (Bajaj, Y. P. S. ed.).
Springer-Verlag, Berlin.

Huang, C. L., M. T. Hsieh, W. C. Hsieh, A. P. Sagare, and H. S. Tsay. 2000. In vitro propagation of
Limonium wrightii (Hance) Ktze. (Plumbaginaceae), an ethnomedicinal plant, from shoot-tip,
leaf- and inflorescence-node explants. In Vitro Cell. Dev. Biol. 36(P): 220-224.



PH2EEG R R B A BB T v 101

Lai, C. C., T. A. Yu, S. D. Yeh, and J. S. Yang. 1998. Enhancement of in vitro growth of papaya multishoots
by aeration. Plant Cell Tissue Organ Cult. 53: 221-225.

Lai, C. C., H. M. Lin, S. M. Nalawade, W. Fang, and H. S. Tsay. 2005. Hyperhydricity in shoot culture of
Scrophularia yoshimurae can be effectively reduced by ventilation of culture vessels. J. Plant
Physiol. 162: 355-361.

Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassays with tobacco tissue
culture. Physiol. Plant. 15: 473-497.

Nalawade, S. M. and H. S. Tsay. 2004. In vitro propagation of some important Chinese medicinal plants and
their sustainable usage. In Vitro Cell. Dev. Biol. 40(P): 143-154.

Nalawade, S. M., A. P. Sagare, C. Y. Lee, C. L. Kao, and H. S. Tsay. 2003. Studies on tissue culture of
Chinese medicinal plant resources in Taiwan and their sustainable utilization. Bot. Bull. Acad. Sin.
44: 79-98.

Nishioka, I. 1988. Clonal multiplication of medicinal plant by tissue culture. Shoyakugaku Zasshi 42: 1-11.
(in Japanese with English Abstract)

Paques, M. 1991. Vitrification and micropropagation: causes, remedies and prospects. Acta Hortic. 289:
283-290.

Park, S., J. S. Song, D. K. Lee, and C. H. Yang. 1999. Suppression of AP-1 activity by tanshinone and
cancer cell growth inhibition. Bull. Korean Chem. Soc. 20: 925-928.

SAS Institute Inc. 2001. SAS/STAT User’s Guide. Version 8.2, vol 2. SAS Inst., Cary, NC, USA. 943 pp.

Tsay, H. S. 1998. Effects of medium composition at different precultures on vitrification of carnation
(Dianthus caryophyllus) in in vitro shoot proliferation. Acta Hortic. 461: 243-249.



102 TEEZENE H 4% B2 2005

Influence of Cytokinin and Ventilating Container
Closure on Shoot Proliferation and Hyperhydricity of
In Vitro Salvia miltiorriza Culture'

Uei-Chern Chen?, Yih-Juh Shiau?, Hsin-Sheng Tsay” and Chi-Ni Hsia*’

Summary

Chen, U. C., Y. J. Shiau, H. S. Tsay, and C. N. Hsia. 2005. Influence of cytokinin and ventilating container closure on
shoot proliferation and hyperhydricity of in vitro Salvia miltiorriza culture. J. Taiwan Agric. Res. 54:93-102.

In vitro shoot multiplication of Salvia miltiorriza Bunge using nodal segment explants has been
investigated in this study. Aseptic shoots were established on a full-strength MS medium containing 1 mg/1
benzyladenine (BA) and 0.1 mg/1 a-naphthaleneacetic acid (NAA) for shoot multiplication. In the cytokinin
for shoot multiplication experiment, among the concentrations of BA (0.05, 0.1 mg/1) and kinetin (0.25, 0.5
mg/l) tested, the highest shoot multiplication (6.5 shoots per explant) was achieved in the medium
containing 0.25 mg/l kinetin after 6 weeks of culture. Nevertheless, hyperhydric shoots were found for all
cytokinin treatments. In order to improve the hyperhydricity disorder for in vitro shoot proliferation of S.
mitrorriza, a medium with half-strength MS basal salts and lower concentration of kinetin was used for
subsequent experiment. The highest normal shoots (3.0 per explant) were obtained from the 0.25 mg/l
kinetin treatment along with a 46.6% hyperhydricity. Using the dispense paper instead of aluminum foil as
container closure improved ventilation and reduced hyperhydricity in shoot cultures. Both the highest
normal shoots (4.8 per explant) and the longest shoot length (4.78 cm) were obtained in the treatment using
aluminum foil as container closure for the first 2 weeks of culture, then exchanging with dispense paper for
the rest 4 weeks of culture. In conclusion, an in vitro shoot proliferation system for S. miltiorriza was
established by culturing shoots in the medium containing half-strength MS basal salts and 0.2 mg/1 kinetin.
However, using ventilating dispense paper as container closure for certain culturing period was beneficial

to overcome the hyperhydric disorder in shoot cultures.

Key words: Salvia miltiorrhiza, Medicinal herbs, Micropropagation, Hyperhydricity, Ventilating
container closure.
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