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Fig. 1. Plant material and establishment of shoot cultures of Bupleurum kaoi. Growth of new shoots in one-year-old Bupleurum
kaoi plant maintained at Agricultural Research Institute’s farm in Taichung (a); Sprouted shoot in the axillary bud after
two weeks (b) and proliferated shoots after six weeks (c) of culture on half-strength MS basal medium supplemented
with 1 mg/l BA and 0.1 mg/l NAA; Established shoot culture using axenic explant (in vitro grown shoot, 1.5cm in
length) on the same medium after 6 weeks of culture (d).
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Table 1. Influence of axillary bud explant position on shoot induction of Bupleurum kaoi *

Explant No. of explants Percentage of explants Percentage of Average no. of shoots
position ¥ cultured contaminated explants responded per responding explant
Upper 25 64 80.0 33

Lower 25 56 66.7 2.6

t value 0.49 0.43 0.58

Pr> [t 0.64 0.68 0.59

“ Explants were cultured on half-strength MS basal medium supplemented with 1 mg/l BA, 0.1 mg/l NAA, and 3% sucrose for
4 weeks. Each treatment contained 5 replications with 5 explants in each replication.

¥ Explants were collected from new shoots from the field grown plants. Each new shoot had approximately 10 axillary buds.
The axillary bud explants were categorized as upper (near to apical meristem) and lower position.

BA B kinetin 5 KRS EIREC B
SRERHE AN 2 TR 0.25 mg/l BA JEFE AR 6 Bl 8 5E - (RIS By BRI S 4E 6 B2 7.3 1 -
HZk 0.5 mg/l BA » 43318 5 81 6.2 1 » FFEZB 1 mg/l BA » 43Rk 4.1 Bl 6 1% » 1 2 mg/l BA 5%
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% 3.9 & -

3R 2. BA B kinetin 35 ISR H W T 2 5o 28
Table 2. Influence of BA and kinetin on shoots multiplication of Bupleurum kaoi *

Plncgowthroguiaors N oLhooiprodueed N oflopeiydic shoois | Prreagel
Kinetin(mg/l) BA(mg/l) 6 weeks 8 weeks 6 weeks 8 weeks 6 weeks 8 weeks
0 0 13g* 19¢ Oc Oc 0 0
0.1 0 25f 2.6 de Oc Oc 0 0
0.2 0 2.6 ef 3.0d Oc Oc 0 0
0.4 0 2.9 de 41c Oc Oc 0 0
0.8 0 2.7 def 2.7d Oc Oc 0 0
0 0.25 6.0a 73a 0.6 b 1.2¢ 10.0 16.4
0 0.5 50b 6.2b l.l1a 29a 22.0 46.8
0 1.0 41c 6.0b l.l1a 28a 26.8 46.7
0 2.0 3.0d 39¢ 1.0a 1.6 b 33.3 41.0

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

¥ Shoots smaller than 2 cm in length were not scored.

¥ Twenty explants were tested per treatment and the data was collected after 6 and 8 weeks of culture. Means within a column
followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.

MS ES3E R S KA RINA 2 &

PRBE RS RN 3 FioR 0 1/2MS BRIEIATESCR AR o SR BB nT A A 3.8 MIER T 0 HX R MS
FREZ 3.2 fHIEH W - 11 1/4MS Bd 2MS FREZ &5 AR - fEssfaae s B4 2 B 13 EIERE - A
KF > 1/4MS BB AR B AL B TP R - HORRER BRI A A BB - 23050 % 1/2MS ~ MS B 2 MS J&
Bz 3.8~ 8.6 j 3.7% 2 B HEEALY > HEAR 2 MS R B2 B R AL 1 SRR (H2 S (E RS AR S L
1.3 fEIEH T
} 3. MS EERRE B RS I 8

Table 3. Influence of MS basal salts on shoots multiplication of Bupleurum kaoi *

Strength of MS Avg. no. of normal shoots Avg. no. of hyperhydric Percentage of
basal medium produced per explant ¥ shoots produced per explant” hyperhydric shoots
1/4x 20c¢c* 0b 0

1/2x 38a 0.15 ab 38

1x 32b 030a 8.6

2% 1.3d 0.05b 37

% Invitro grown shoots about 1.5 cm in length were cultured on half-strength MS basal medium supplemented with 0.25 mg/I
BA and 3% sucrose.

¥ Shoots smaller than 2 ¢cm in length were not scored.

* Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. 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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ER R 1.8 fEIER W - BRAh o 1.5%RERE R BE NG M B i O A - T HL AR B S 7 AR B e Ly
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R 4. FEFEH SRS IYE R
Table 4. Influence of sucrose on shoots multiplication of Bupleurum kaoi *

Sucrose conc. Avg. no. of normal shoots Avg. no of hyperhydric shoots Percentage of
in the medium (%) produced per explant” produced per explant” hyperhydric shoots
1.5 25b " 0b 0
3.0 31a 0.50 a 13.9
6.0 24b 0.15 ab 5.9
12.0 1.8¢ 0.05b 2.7

* In vitro grown shoots about 1.5cm in length were cultured on half-strength MS basal medium supplemented with 0.25 mg/1
BA and various sucrose concentration for 6 weeks.

¥ Shoots smaller than 2cm in length were not scored.

* Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. Means within a column
followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.

[ 45 B2 T S 2 7 R SRt T O 2 B

I PR B Y R 5 2 2 SR S SR 2 B 3 U - (BRI AR 16 R IR - W pE P
MG R 72 B TR ARG 28 4 SR R R AR R R B 2 - F B R S0 2R 2.7 % 1.9 fElIE
HHG o MIEERE 6 ERFHYZE R E R WIS - fE S E GBI R 4.2 B 1.3 (8 IEH s - 25 DI E (b
S > WG ERAER 2 HR N B AR - MRS 4 B 6 SERF/REAEE 0.6 B 0.9 {3
HEALE - BVRREEE T - B 2 - 4 B 6 HEBR ISR E L > 20l 0.1~ 1.7 B 2.7 f#3%
HBEALET > KIEAG 6~ 47 J 68% -
RRETAR B S REAAEHIGECHE

ABEAERANER S R - IRRRTHES 28 2 Rpg Bl /BT m P s R 2 > ARt i T 2R 3.6 I IE
W > HXWWETHESE 6 RigH.Z 3.2 HIEH R - MG 10 KB 14 R 2 #RRE -
A E BE AT R L BB R E 3 (IR - FH DB E RS - WRTHESE 2 KR8 6 RAVEH A
42 0.3 J 0.4 AR E LR - WRETHETER 10 KRB AU i 2 B B L E - LEREE 29.9% > k&
TR 14 RpE B 2 SO B LR LR B 5E 60% -
£ 5. IR T IE AT SRR IR AL T M B

Table 5. Influence of liquid medium pretreatment on shoots multiplication of Bupleurum kaoi *

Liquid Avg. no. of normal shoots Avg. no of hyperhydric shoots Percentage of
pre-treatment (days) produced per explant ¥ produced per explant” hyperhydric shoots
2 36a” 0.30¢c 7.7

6 32b 0.40 ¢ 11.1

10 2.7¢ 1.15b 29.9

14 1.6d 240a 60.0

“ In vitro grown shoots about 1.5cm in length cultured on liquid half-strength MS basal medium supplemented with 0.25 mg/I
BA for 2, 6, 10 and 14 days and then transfer to solid medium of similar composition in 125ml Erlenmeyer flask.

¥ Shoots smaller than 2cm in length were not scored.

* Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. 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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Fig. 2. Effect of solid or liquid medium on ir vitro shoot multiplication of Bupleurum kaoi. Normal ((]) and hyperhydric (Il
shoots of Bupleurum kaoi produced, when explants cultured on half-strength MS basal medium supplemented with 0.25
mg/1 BA, and with (Solid) or without (Liquid) 0.9% Difco Bacto-agar for 2, 4 and 6 weeks.
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3. EIRSEHIRHES R R B RR RS R BN 15 TP
1= A HHES B RS FR TR AN 0.25 mg/l BA (2 1/2MS FEANEA L [ERE(a, b) BRI (c, DBSERAL » #EHTHE 4 58(a, o)
6 (b, )R IEH N KB AL DB EE -

Fig. 3. Effect of solid or liquid medium on in vitro shoot multiplication of Bupleurum kaoi. Normal (N) and hyperhydric (H)
shoots produced on half-strength MS basal medium supplemented with 0.25 mg/l BA and 0.9% Difco agar and cultured
for 4 weeks (a) and 6 weeks (b). Hyperhydric (H) shoots produced in liquid half-strength MS basal medium
supplemented with 0.25 mg/l BA and cultured for 4 weeks (¢) and 6 weeks (d).

+ @

El 1902 £ Haberlandt 15 ZCHe HifE Y BLH N 2 A5 23 (L A HEME (totipotency) BH i £ » HARES E Bl i
ZHERIR R ~ BEE R MG 5 A RIS R MR EN K ERIAZ ~ FE -
E G - BRI B - B ALEA - 1Y - BIE - SRS EEE YRR
MOHR(#% 1999 5 Nishioka 1988 5 Sagare er al. 2000) - FF % WFFEHE REUR » [Al— G HA [ AL Z BEAR
FAHIA > SRR RS R B A AR 4 ERE TIPS - WO B0 5 Bt i D AR RS E ) i TR 2R
##(Chueh et al. 2000 ; Huang et al. 2000 ; Kohda ef al. 1990 ; Komalavalli & Rao 2000 ; Miller et al.
1991 ; Shoyama et al. 1986 » 1987 ; Tang & Eisenbrand 1992) - Hiraoka (1989)fA = E48#H(B. falcatum)
KB IEHR - R E TR S E Ry B I O Rl S 5E i SR Ry - Alen & Jain (1997)
R 3 b 1 28 By = B A (Catharanthus roseus){H RIS B KR BB HE Z RIERETE - HEEEENE (Gentiana

fiZ 2R R RE T il - TR T D AR e - PR e vl A AR 6.3 fEfisg e - [
fl b fE e - FEARIRIRG B e T RI5E 2 MR B 2 2 P B (Chueh et al. 2000) - ARFSEAI ] SR <&
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IREEANG A TE R RS TE RS B22RURIN 1 mg/l BA LA 0.1 mg/l NAA (2 1/2MS BEARRTEEL » v F R4
ARmMEREESER X MERFIHEHR 0.25mg/l BA Z 1/2MS R # A mETTHH RS 1 oA S0 78 (&
1) BEAh » R 1 ZASRAEUR » BRI A 2 A S B 35 R R 2 A -

Cytokinin ¥EfEY) 4 RFETH S G REEMMES A ~ /MbBE4 R ABIER - A ERERSHEE
R RS REEAE R 2 DR SHAFTRE THEF B 2 M 27 4 R B AR AYBUR » (EE s i)
RERER IR » H <~ cytokinins &5 BA ~ kinetin ~ zeatin F1 2ip Z:PUfd » H [l BA fY4:F/E
P58 (Gaspar et al. 1996) - Cytokinins JRE B S HIMkEEE - HAEFRIFFEE S ER - (HHBHE
BEERINE ) S RGBS YK S HH K (Paques 1991) © Tsay (1998)AFE TS (D. caryophyllus)¥<TH
EREERE - 4381 BA B A A BB HIREES B ERE - =555 (B. falcatum) [R5 E#R
#H 1~2 mg/l BA Bl 0.1 mg/l NAA ;7 1/4AMS B ARBRMERTZR I v = BLAS I 2 1 5R  JR G T
F1993) - AWFZERERATEUR - FIEH 1 mg/l BA Bl 0.1 mg/Il NAA 2 1/2MS FEARBRMEG 3 AL - 7]
LR ZF A Feifi i 07 = IR IR R 55 22 YR 0 0.25 mg/l BA (2 1/2MS 8% 3% FLiff ] K B BETH /=) [C AR 1S
B AR R AE BB S MHRRET B RN & 0-0.8 mg/l kinetin 2 1/2MS FEAEEAE
BRI 2 R BB - (A BETE RS 3R A BA (0.25-2 mg/DERFRAK(FR 2) - KL - Alfar#E s
BB AL G H )OO B i - Qg S —EES YRR E S © thAh - B R E IR AR R i B s
(LELRBIRRET @ A RS TP T 4 -

TR (Limonium wrightil) 8 K =B REUR - HIFREOHE TN MS 57 2MS 7 5 s
FERGEREL - 9 80 Bl 87 5%BIHMEII MR AF RS - HSP IS R AL 7.4 K 8.2 {85 (Huang
et al. 2000) LA} - G TR ESHEE (Anoectochilus formosanus) - HatEE Y& 1/4MS (fa[5F 1987) ~ H i
(Angelica sinesis)FSIRIGSEE A MS Bl 1/2MS (BEZE 1998) » =S SEiHA MEMEE A 1/4MS (%%
1993) » JELEIR SRR REM BB BN AR » A E#EENERNEERE - BESHMSE S
—EEZENRE T - 2REEETSERS ZERYE - ETEIRER I A KT - (LiGER
FETBERE - RE R H A R M R R A - 3R (2000) i FERE REUR - 0-5%H NS IR
FEY 0] 35 H 5 (sweet potato)fHES T RL > (H L 2-3%FERHE I B Bl I AR - iy B8 2 3 O
it ] Y 375 S SR AN AR o AN GBS S SR AR o DL 1/2M S B P BAL 3% e 0 i B e A5 R I v FG 58
BRI 2GR 3 ~ &k 4) -

FF L FURG SRR - AR RS E B B i B T 2 — (A A Ry B £ /720 - Shoyama er al. (1986)
R BB (Flitillaria verticillata) i ¥EHE2E /Y 1 mg/l BA B 0.5 mg/Il NAA 2 MS RS R 2L > 9 s %]
55 26 fE/NgEEE > TEIREET & 13 USRS 8.2 HSFX - = BSHIEF SR RN - IRREES R
AR BRI A E R YR 1 mg/l BA ZIREERI BB RGO TR EF —MHA > vF 13
ARV BIARORGEFEE 1993) © BL4h - FIFIWEES 28 U7 T S RUH 2 i BB RS 28 AME AT 2 e Rk
HZIRM > B2 b BN E SR 2 N E Bk R A 82 - HAR a2 4 RIS s A (Al
& 1987) « WAL H BE(Fritillaria hupehensis)iFSEfG RIRE Y » WREES BB EIRE R - FBRAEMEL
e B/ il AR 30 REGER - sr BN E]5E 19.6 K 23.7 f5(#5% 2001) - Shoyama et al. (1983)[A3E
(Pinellia ternata) i Ba5E AT Fes R ANHUR - 5588 ERE 2SR IS > B0 L 4R ST B 4107
PLRZ MR - H R B 5522 77 AR 58 B BT T I (BB HERF B » Chen er al. 200)RERZEW 2
(Adenophora triphylla)iFF5E RN - TRRERGEE ST 2 R T A R & =R TE R RS 28 - (HAl B 2 5%
B - [RII - IR RS FE 0 T R A TE R (S RE RS 22 15 - AR AN 15 B B B (b it LR AR 2 s -
JEb At SRS T L e K R BTG A K Y R (Paques 1991) » KRB SERERATHUR - [EREETEE 4 Bl 6
TR FE AR D BB B LT » 23 BIF Ry 18.5%8E 21.4% ; [REIRERGHRE 2 ~ 4 B 6 SEIR S W] L
Bl EEREEE o HRHPEGEE 2.7 [EBF AL E e - FMGHEES R 67.5% (& 2 ~ & 3) -
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Studies on in vitro Shoot Multiplication of Native
Medicinal Herbs - Bupleurum kaoi by
Axillary Bud Culture '

Uei - Chin Chen *, Mau-Shing Yeh ° and Hsin-Sheng Tsay *°

Summary

Chen, U. C., M. S. Yeh, and H. S. Tsay. 2004. Studies on in vifro shoot multiplication of native medicinal herbs -
Bupleurum kaoi by axillary bud culture. J. Agri. Res. China 53: 27-38.

An efficient method for in vitro shoot multiplication of Bupleurum kaoi Liu, Chao et Chuang using the
axillary bud explants has been developed. The axillary buds dissected from nodal segments of the field grown
plants induced shoots after culturing for 4 weeks on half-strength MS medium supplemented with 1 mg/l
benzyladenine (BA) in combination with 0.1 mg/l « -naphthaleneacetic acid (NAA). Among the various
concentrations of BA (0 - 2 mg/l) or kinetin (0 - 0.8 mg/l) tested, maximum shoot multiplication (7.3 shoots per
explant) was achieved in the in vitro grown shoots by culturing on half-strength MS medium supplemented with
0.25 mg/l BA for 8 weeks. Although BA was more effective than kinetin in shoot multiplication, BA stimulated
hyperhydric shoots (10 - 33%) after 6 weeks of culture. Prolonged culture period from 6 weeks to 8 weeks
resulted in higher number of hyperhydric shoots (16 - 47%). Half-strength of MS basal medium and 3% sucrose
as carbohydrate source was found optimum for shoot multiplication. Pretreatment of the explants by culturing
them on liquid half-strength MS basal medium containing 0.25 mg/l BA for 2-14 days did not support shoot

multiplication.

Key words: Bupleurum kaoi, Medicinal plant, Shoot multiplication, Hyperhydricity.
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