
��������-	
��
���������� 27

���������	
��
����

������ 1

��� 2 ��� 3 ��	 4, 5

� �

���������	
�2004��
������������������� 

!"�#$%&!" 53:27-38�

'!"()*+,�
������ -���� (Bupleurum kaoi Liu, Chao et

Chuang)-./0����� 12)345�6789:;<=����>?@ 1 mg/l

Benzyladenine (BA)AB 0.1 mg/l C-Naphthaleneacetic acid (NAA)� 1/2MSD'EF�

�D<3GH�����IJ���=KIJ2��>LM 0.25 mg/l BA� 1/2MSD

'EF��D3NO��� )()<PQRS�TUVWXYZ[\]^/0��2

��>?@ 0-0.8 mg/l kinetin� 1/2MS��D_3`aXYZ[2b�<c� def

BA (0.25-2 mg/l)ghi�D'EFjkl 1/2MS��Dm>�����Tnofp^
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;<�=>?@ABC(DEF�G.H�I�J"�KHLM�ANOP.H�QR'���ST
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ª��ÈÉVÊ�ËÌ��¸ÍÎ¬Ï��Ð½¾c��
� (Bupleurum kaoi Liu, Chao et

Chuang),Ñ�ÒÓO�P(1995)ÎÔco967�ÕÔÖÄ×26Ø¿À,Ñ!ÙØ×2"#c��


�ÚÛÜp\ÝL(Þ 1a)3ßFÏ5#,Y�àÜp\ÝØ 10 kßF��á\5LÛâ¶ãÛâ

ä 5kßF�mnßFå±p'¶æ�¸Í�Îh.çQ#z¦Ï5èé
j��¸Íc#,Yêë!

�
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ª��ì�l MS (Murashige � Skoog 1962).íîïð�íK\5Úªñ»?òó 3%ôõð

0.9%ö÷(Difco Bacto-agar)��øùäï,-p'úûü�#SÚùýö÷þÿX 1N NaOHgñ�

HCl� pH�ú� 5.7±0.1�¨èl 121�f1.05 kg/cm
2
(15 lb/in

2
)���ç 15\�è��	
X!�

�#SÚ­&ùö÷�? pH�ú� 5.2±0.1!
�#S�l¸�g 125ml¤��5#S�d�\��

ý 10¶ 25ml #SÚmn¸Í�©��#S­WXó� 10ml��#SÚc 125ml¤��mn��#

S!#,YÄ�9è��Ä 25±1�c�C¶�� 16�1(� 2,800 lux)��ãmn
�#S���#

S­`= C!¶������Ä"#$%&��dl 100 rpm'!mn��#S!

��
�ßFå±.ç#Sc¹º�ÙØ×2(6��
�,Ñ\Ý(Þ 1a)��)*+,c& 

Ûâ3-.l 0.5% NaOCl (à 100ml/�ó� 2-30 Tween 20)mn 15\�1ç2q�/.ç"34

3-45è�ÙØ-.LcßF#SÄó� 1 mg/l BAð 0.1 mg/l NAAc 1/2MSÚªîï#SÚ�6¸

& ÛâßF7å±Q#zc8*!/#S 29èßF:;<�o=K�z(Þ 1b)��p'> 69(Þ

1c)c 1.5cm.çz?@#SÄ= ñ»cÜA#SÚ�¦¹º��
��z.ç#S(Þ 1d)�B��

Cj�zèmnèé¸Í!

BA ¶ kinetin 7��
�Q#zæ�cDE�WX)*Û\+,?�� 1.5cm 3��
�.ç

zÏ5#,Y�#SÄøù& F! BA (0.25f0.5f1.0ð 2.0 mg/l)¶ kinetin (0.1f0.2f0.4ð 0.8 mg/l)

c 1/2MS Úªîï
�#SÚ�/#S 6 ð 8 9è�úGQ#zHIðJK²]zI�LM BA ¶

kinetin7��
�Q#zæ�cDE!

MS îïF!7��
�Q#zæ�cDE�WX)*Û\+,?�� 1.5cm 3��
�.çz

Ï5#,Y�#SÄó� 0.25 mg/l BAc& MSÚªîï(1/4MSf1/2MSfMS¶ 2MS)
�#SÚ�

/#S 69è�úGN)zðJK²]zI�LM MSîï7��
�Q#zæ�cDE!
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�������������������� !"#$%&'(a)()*��+,- 1 mg/l BA. 0.1 mg/l NAA

� 1/2MS!/01��!23�� 24(b)
 64(c)5�
��%678(���(1.5cm)9:��+;<=>�

$?��!� 64(d)�
��@A78B

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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������������������ !"#$�% 1.5cm&����'(�)*

�+,-�./01 0.25 mg/l BA234
��
(1.553562 12%)� 1/2MS6789:;�.6-

<�. 6=>-?@AB�CDEFG�H-IJ
��������������K

:;2L;�.������������������ !"#$�% 1.5cm&����'(

�)*�+,-�./M0 25ml:;N 10mlL;�.6� 125mlOPQ-�.6RS*TU 0.25 mg/l

BA � 1/2MS 6789�.6-<�. 254 2 6 =>-?@AB�CDEFG�H-IJ:;2L

;�.�������������K

L;VWXYZ������������������ !"#$�% 1.5cm&����'(

�)*�+,-�./M0 10mlL;�.6� 125mlOPQ-�.6RS*TU 0.25 mg/l BA� 1/2MS

6789L;�.6-< 100 rpm [\]
L;V�. 2565102 14^>-_+/M0 10ml :;

�.6� 125mlOPQ-�.6RS2L;�.6`4-<�.a 6=>(bcVWXYZ)-?@A

B�CDEFG�H-IJL;VWXYZ�������������K

����

7���defg'(�.hi�-jWX�. 25k�+,(jWX0 5klm-jlm0 5k

�+,)n-ophijWXq�. 20 k�+,(jWX0 4 klm-jlm0 5 k�+,)rhis

tuv< SAS 8.02 (SAS Institute Inc. 2001)wxyz!{|,}~�S!{-�WXZ����-�

�� Student’s t testN Least significant difference test ���WX�q�Z���rN� Sigmplot 8.0
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����� �2� �de<�./fg�.6>����� 1s�-� �2� ����

�!�* 64%2 56%r'(����!�* 80%2 66.7%r� ��jk1��+,�q��� 3.3

�-�� ��q  2.6�r¡��¢hiuv< Student’s t test!{��q��-� �2� �

deWX�/���5e,fg�2fge,H���q£a��¤¥K

� 1. ��������	
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����

Table 1. Influence of axillary bud explant position on shoot induction of Bupleurum kaoi
z

Explant

position
y

No. of explants

cultured

Percentage of explants

contaminated

Percentage of

explants responded

Average no. of shoots

per responding explant

Upper 25 64 80.0 3.3

Lower 25 56 66.7 2.6

t value 0.49 0.43 0.58

Pr > |t| 0.64 0.68 0.59

z
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.

y
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� kinetin�������������

hi���� 2s�-0.25 mg/l BAWX/�. 62 8=>-jk�+,!��¦§ 6C 7.3�-

o¨* 0.5 mg/l BA-!�* 52 6.2 �-©o¨* 1 mg/l BA-!�* 4.12 6�-� 2 mg/l BA�
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�²�-!�  32 3.9�KkinetinWX�/��������³-�. 62 8=>-jk�+,%

�� 2.5-4.1�-30§´?µ¶��·��������²³-  1.32 1.9�K¸n-30§´?

µ¶��·�2 kinetinWXq'DEFG�¦§-� 0.25 mg/l BAWX/�. 62 8=>!���

0.6C 1.2kDEFG�(�% 102 16.4%)-0.52 1 mg/l BAWX¹�. 8=>-oDEFG���

º�a 46.8%-»¡ 2 mg/l BAWX¹�. 8=>�DEFG����³(41%)-¼jk�+, ��

� 3.9�K

� 2. BA� kinetin�������	
��
�

Table 2. Influence of BA and kinetin on shoots multiplication of Bupleurum kaoi
z

Plant growth regulators
No. of shoots produced

per explant
y

No. of hyperhydric shoots
developed per explant

Percentage of
hyperhydric shoots

Kinetin(mg/l) BA(mg/l) 6 weeks 8 weeks 6 weeks 8 weeks 6 weeks 8 weeks

0 0 1.3 g
x

1.9 e 0 c 0 c 0 0

0.1 0 2.5 f 2.6 de 0 c 0 c 0 0

0.2 0 2.6 ef 3.0 d 0 c 0 c 0 0

0.4 0 2.9 de 4.1 c 0 c 0 c 0 0

0.8 0 2.7 def 2.7 d 0 c 0 c 0 0

0 0.25 6.0 a 7.3 a 0.6 b 1.2 c 10.0 16.4

0 0.5 5.0 b 6.2 b 1.1 a 2.9 a 22.0 46.8

0 1.0 4.1 c 6.0 b 1.1 a 2.8 a 26.8 46.7

0 2.0 3.0 d 3.9 c 1.0 a 1.6 b 33.3 41.0
z
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.
y

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

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��������	
��
����

hi���� 3 s�-1/2MS WX����²½-jk�+,�¦§ 3.8 kAB�-o¨* MS

WX� 3.2kAB�-� 1/4MS2 2MSWX����³-jk�+,!�¦§ 22 1.3kAB�K4

Y-1/4MS WX¾'DEFG���-opWXq¦§DEFG�-!�* 1/2MS5MS 2 2 MS W

X� 3.858.6C 3.7%�DEFG�-»¡ 2 MSWX�DEFG����³-¼¿jk�+, ��

1.3kAB�K

� 3. MS�����������	
��
�

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

Strength of MS
basal medium

Avg. no. of normal shoots
produced per explant

y
Avg. no. of hyperhydric

shoots produced per explant
y

Percentage of
hyperhydric shoots

1/4× 2.0 c x 0 b 0

1/2× 3.8 a 0.15 ab 3.8

1× 3.2 b 0.30 a 8.6

2× 1.3 d 0.05 b 3.7

z
In vitro grown shoots about 1.5 cm in length were cultured on half-strength MS basal medium supplemented with 0.25 mg/l

BA and 3% sucrose.
y

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

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.



������ � 53� � 1	32 2004

��������	
��
��


��
�� 4���3%������������� 3.1�!"#�$�#%&'
()�

*+, 1.5%- 6%�����./, 2.5 - 2.4 �!"#�0 12%����1�
(2������

345 1.8�!"#678�1.5%����9:;<=>#45�0*?��@� ;<=>#�*

ABC 3D6- 12%�����./, 13.9D5.9E 2.7%6

� 4. ��������	
��
��

Table 4. Influence of sucrose on shoots multiplication of Bupleurum kaoi
z

Sucrose conc.
in the medium (%)

Avg. no. of normal shoots
produced per explant

y
Avg. no of hyperhydric shoots

produced per explant
y

Percentage of
hyperhydric shoots

1.5 2.5 b
x

0 b 0

3.0 3.1 a 0.50 a 13.9

6.0 2.4 b 0.15 ab 5.9

12.0 1.8 c 0.05 b 2.7

z
In vitro grown shoots about 1.5cm in length were cultured on half-strength MS basal medium supplemented with 0.25 mg/l

BA and various sucrose concentration for 6 weeks.
y

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

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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��

FG-HG�I 2JK��
�L 2-L 3��������M�� 1.6�!"#�N���

O9:�PQR�0KS�I 4 JTUFG�VWHG��)������./� 2.7 E 1.9 �!

"#�0�IX 6 JT�QRY,Z�������./45 4.2 - 1.3 �!"#6[\;<=>#

0]�FG�IC�I 2 JK9:;<=>#� �0KS�I 4 - 6 JT^3� 0.6 - 0.9 �;

<=>#_`aHG�I���I 2D4 - 6 JK@�bc;<=>#�./, 0.1D1.7 - 2.7 �;

<=>#�Mde 6D47E 68%6

�������������	
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��


��
�� 5f��HGg�I 2h��1$�#%&'
()�������� 3.6�!

"#�*+,HGg�I 6h��1 3.2�!"#�0HGg�I 10h- 14h��1�
W2��

����f451#i@jX 3�!"#6[\;<=>#0]�HGg�I 2h- 6h���3�

 0.3E 0.4�;<=>#�HGg�I 10h��U45Wk;<=>#�ABlX 29.9%�0HG

g�I 14h��1;<=>#ABYmX 60%6

� 5. ��	�������������	
��
��

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

Liquid
pre-treatment (days)

Avg. no. of normal shoots
produced per explant

y
Avg. no of hyperhydric shoots

produced per explant
y

Percentage of
hyperhydric shoots

2 3.6 a
x

0.30 c 7.7

6 3.2 b 0.40 c 11.1

10 2.7 c 1.15 b 29.9

14 1.6 d 2.40 a 60.0

z
In vitro grown shoots about 1.5cm in length cultured on liquid half-strength MS basal medium supplemented with 0.25 mg/l

BA for 2, 6, 10 and 14 days and then transfer to solid medium of similar composition in 125ml Erlenmeyer flask.
y

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

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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� 2. ��(Solid)���(Liquid)����	
���
�����

�	
���
����� 0.25 mg/l BA� 1/2MS������(Solid)���(Liquid)������� 2�4� 6

�� !"�#$
(normal%�)�&'()
(hyperhydric%�)*+

Fig. 2.Effect of solid or liquid medium on in vitro shoot multiplication of Bupleurum kaoi. Normal (�) and hyperhydric (�)

shoots of Bupleurum kaoi produced, when explants cultured on half-strength MS basal medium supplemented with 0.25

mg/l BA, and with (Solid) or without (Liquid) 0.9% Difco Bacto-agar for 2, 4 and 6 weeks.

Weeks after subculture
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� 3. ��������	
��
�
������

��������
��� 0.25 mg/l BA� 1/2MS�����	
(a, b)��
(c, d)�
����
 4�(a, c)�

6�(b, d)�����(N) !"#$�(H)�%���&

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 (c) and 6 weeks (d).
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 1902 � Haberlandt �
��������������(totipotency)���� !"#$%&

'()*�+,-+./0123456�7) !"#$%89*:	;<=>?@A,BC,D

E,FG,HI,JK,LMD,NO,PQR,ST,UV,WXY1Z[\K)��\]^_`

ab(c 19994Nishioka 19884Sagare et al. 2000)def��ghij�klmn_kopqr(_

stk�5u_kop"�v��_kq���wxy�z{|}N"�v~ !"#��qZ[�

�(Chueh et al. 20004Huang et al. 20004Kohda et al. 19904Komalavalli � Rao 20004Miller et al.

19914Shoyama et al. 1986�19874Tang � Eisenbrand 1992)dHiraoka (1989)*��FG(B. falcatum)

<=>?�����7)���q����"�v������o��q�h��dAlen � Jain (1997)

��������� (Catharanthus roseus) !"#<=>?q��"�vd����  (Gentiana

davidii var. formosana)¡v<=>?\��ij�¢��,�£,�¤¥¦o��"�v�§�¢�

¤q�v¨©�w�ª��o"�v«9¬��v�­®«¯°"�v9±² 6.3° "³�r´§

µ"�v�¶tk"#·¸¹�º�»¼¨©�v¬�(Chueh et al. 2000)d½��7)��¾�q¿
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ÁFGÂ���"�v�"#*ÃÄ 1 mg/l BAÅÆ 0.1 mg/l NAAq 1/2MSÇ½"#Ç�9¨©Â�

²�ÈÉÊ»Ë³"#ÌÍ�È�7)Î� 0.25mg/l BA q 1/2MS "#Ç9ÏÐ "³<=Ñ?(Ò

1)456�Ó 1qgh�ij�ÔBo¥¹BoÂ�q "³¨©ÕÖ»i×ØÙd

Cytokinin Ú��²�Û¤Ü��ÝÏ���Þ,��¥²�q²��)�8�ÝÏßÆ !²

�.à�¨©¥²�q���á*âã��äåÈÝÏ��²����æ�\�h�çè=éêë�

¦¥_ì¦q¬�4í)q cytokinins � BA,kinetin,zeatinî 2ip 1ïn�§�¢ BA\²��

)�ª(Gaspar et al. 1996)dCytokininsðñò¿�ó¿òô�­_ì�\¨©�wòª�ç§õö÷

³øÕ8�¿�ííù� "³\<=úû(Paques 1991)dTsay (1998)*ü~ý(D. caryophyllus)��

"#þ�ÿ� BA���v±²õö÷��­ðñò¿�¬ò�Zd��FG(B. falcatum)��"#*

Î� 1~2 mg/l BA¥ 0.1 mg/l NAAq 1/4MSÇ½�Ú"#Ç�9ÉÊ�©FG�� 1�q»Ë"#(e

1 1993)d½��gh�ij�7)Î� 1 mg/l BA¥ 0.1 mg/l NAAq 1/2MSÇ½�Ú"#Ç�9¨

©Â�²�ÈÉÊ¿ÁFG»Ë"#�ÃÄ 0.25 mg/l BAq 1/2MS"#Ç�9<=>?¿ÁFG "

³�	o
 "³�¬�õö÷���4 !"#³"#*Î� 0-0.8 mg/l kinetin q 1/2MSÇ½�Ú

"#Ç�º�»õö÷�³¬��ç§>?
Õ�� BA (0.25-2 mg/l)���(Ó 2)du5����ë

õö÷���­�_��Ñ?�Õ����l°����\Z�456���¿ÁFG "³õö÷

���\����*��]©�ÏÐ��d

� !(Limonium wrightii)�v<=>?ghij�§�v�}""#* MS# 2MSq¿�Úð

ñ"#Ç�$ 80¥ 87.5%"�v«9¬��v�­®«¯°"�v9±² 7.4. 8.2° "³(Huang

et al. 2000)d56�}Æ*WXY(Anoectochilus formosanus)�vÑ?\� 1/4MS (�1 1987),NO

(Angelica sinesis)v%Ñ?}) MS ¥ 1/2MS (&1 1998)���FG�vÑ?}) 1/4MS (e1

1993)�'(��iju��#"#)\q_k�È�§}N\Ç½�Úðñd*Ú� !"#Ô�

l°Z[\u+���"#Ç�Î=�fq�,�÷��[����-��²�x./0,-1�=

.Û¤234�5§"#)\ØÙÈ�678_k\9:d;1(2000)��ghij�0-5%\<=ð

ñ«9¨©>?(sweet potato) "³\¬��ç¢ 2-3%<=ðñ����\�h�È­¶A@\ï°

mnA\¨©�ÕÖ_tkd½@Bgh�ij�¢ 1/2MS�Úðñ¥ 3%<=����7*¿ÁF

G "³qÑ?(Ó 3,Ó 4)d

ef��ghij�CD"#á* "³Ñ?�l°tN��Õ\"#ÌÍdShoyama et al. (1986)
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Studies on in vitro Shoot Multiplication of Native

Medicinal Herbs - Bupleurum kaoi by

Axillary Bud Culture
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2
, Mau-Shing Yeh

3
and Hsin-Sheng Tsay

4, 5

Summary

Chen, U. C., M. S. Yeh, and H. S. Tsay. 2004. Studies on in vitro 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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