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Micropropagation of Gotu Kola (Centella asiatica L.) via Runner 
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3-Apiaceae (Umbelliferae)  
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   5����87�� ��2��8 "�#��
�� E���	��E�  �� ��/*J� 9��4 "���[# ;��E�����0"�# �2 6� 9o� d � �&�� �#"���5  9/�#�
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 9*8MS  "���5 5/0 �/�	��0 - �5/�3 BA  ����" ��/, �� K�_�4/Y  9*8MS  "���5 1 �/�	��0 - �5/�3 BA 5��.  K@/�Z�#
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   ;��E�� 6� 	��.*� 12 ��/0���  ��/:� �i�����5 94�K ���6 ��_ ��
/�  .94� @/��, ��/:� �i�[#@/�\  ;��E��	*���  ��/0 @�� 

 � ���E#�,�� ���6 ) 94�3 .(�� 12 ��/0 	����5 76�� �� ���&	��.*�K 94��>�5  �� 6�� ��/0 @�� "���� 6��� ��  .94� ;��E��

W�4 �5"�# K�3�i0 	� 9��5�� </-5 �����5 F���! 6�/
 ;��E�� K����12 ;#�8 K"6�4;/� �5� 34� K	�=4 "�#  6� �d 6�

[4�# 9�2 �;8 � ;�8��, 9�5���� K�#5��
  "��� 	��8 7`&q��
 12 	#�/0 ��/>l K��/0 @��C/�X �5 	��.*� 9��4 �� 9

@/� ��5��&� �5 ��/0 @�� ��
 �8 "��X �� �3��� ;#�8) 	�� F���� � 9C/�X 6� 9o� d 	���-�IUCN �5 (94�P�  ��#�/0 �� ��

�� ��  �=>"5���
  �3��0 ���_) 94�13.( E��	��E�� 7�� 6� 	D�"���PQ
 � r d "�#  ��#�/0> �� �� �� ��"5���
 �= ) 94�16(. 

W�4 �5 �� @�� 6� "�#�3�i0 K5����8 ���5 9*8 �����*/� ��/0 @�� F��4 ;��E�� "��� "� 7�3:094� �3��� .5  ;#�+, @�� �

12 ��/0 	��E��E�� "��� O�
�� O�
 	��.*��5�� ��8 �� �� 9��� @3��5 </-5 �� O�
�� O�
 .���4 ��� 	�3:F�� �3��5 "�&

 ���P�  �2 	05�-2�5�4 �&.94�  

���� ��� ���  

 %	&'%(��()�� �  ���*+�,-  

   @�� �5;#�+,  ��#�/012 	��.*���� 9*8 	:���/
 s��X 6� �Q*
�5 "6���*8 ��D*
�5 	�6��2 �
�J�0 �5�`/0 �  ��

����� "�5�� ��#�/0  � ��3�� ��8 �� �C=_"�# 12 	��E��E�� "��� �
��
E�� F��� ����� �� O�
�� O�
 	��.*��5�� ��8 �� ��. 

O�
��"�#  W�X ��5  �&6 	3
�4 � ��� ��� "�5�� ��/0 6� �3�	�t
�5 ��0 "��� <.3�� ��Q*���62 �� 	��56� .�
�9:J
 K

�
��
 � 12 �� 	#�/0 "�#	��*��o F��� �
�� �3:�  � ^n4 q�� ��30  �./_5 12 ��6 �5"���  .��3��0 ���_,K�2 6� ^ 

0 9���/ 	#�W�
�&� ��70%  q�� ��30 �/
�G  [��4 9���8�n/# �5%  q�� ��15 �./_5 ��6  5�# ���/�]56��0	�� ���
. ^n4 K

�
��
�#  ��� �# � ��� �4 "��� q�� ��5 �� �./_5 �=.� 12 ��� 	��56��0 .�
�� 	��*�2   

 %,	. /���
�+��  

                                                                                                                                                                                              

1- Madecassic acid             2- Asiaticoside acid            3- Madecassoside            4-  Quercetin       5- Kaempferol  

6- Murashige and Skoog         7-  adenine Benzyl -6      8- aphthalene Acetic acidN          9- butyric acid-3-Indole  

10- 2,4-Dichlorophenoxy acetic acid  
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   6� ^, 	��56��0K �_�4 O�
 ��
�� "�#��  �6��
�4  �&5 	�/� �5�5 7�� �3� �
�� 9*8 Y/�� "�� �MS  ����# ��

9H�
 6� I�3J� "�#&[/H����8��� "�# BA  K� !)1 K2 K3 K4  �5 	�/� (�3/- �5 ��0 �NAA  K� !)25/0 K5/0 � 1 	�/� ��0

(�3/- �5 .�
�� 9*8 O�� 98�� 6� ��02 � 	#�/0 ��� ����8 [/H�& 5��� 	���&1 �� �/P& ���-2 ��*8�
. 

 Y/�� �5�8 �`8�&� 6� ;/,  ��*� �5) 9*85/1  "��5 � ���121  q�� �� u�/:�4 ���520  K(�./_5pH  "��8/5  [/H�&

.�� �# B� �3 # �5���K �
��
E�� 	���& �#�5 �6�& � ���*� Y/�� 9*8��6 .�
��  6� ^,5 �3 #K 	0+����
�� 	��#  �& �6�

��/, K��� </D*& "�#  ��� T�
�
�6�� ��/, � �#��/, �!�5�6��
� 	��6 "�/0 ^n4 ���/, �#Y/�� �5  9*8���:>�� ���_ 	��6

��3��0� .�6��
� "�� "�/0 ��� T�
�
�6�� �5 � �!��/, b/&�& �� 	��66� �=��� 1  �2 .�� �5� 34� ;���62 <���38�� q��! �� 

-�_ �5 v�X b�� <��8 ��X ���D& �4 �� 	�5�w&  .�� ���
�� �*/� �4 <��� ���D& �#  �*/� �# �5�4 ��
E�� .9��0 ���_ �


�*/� �#  "���530 	�/� 9*8 Y/�� �3/-MS ���/& ����# �� "�#BA  �NAA 5��.  

�=��� 1-        DGR = (ln x − ln xo)/t                                                                       )6(  

DGR :�
�6�� ��� T�
      ln x: ��/, �6� �5 �#����, ;���62      ln xo: ��/, �6�;���62 "��3�� �5 �#  

t: ;���62 ���
� ���6 q��  

 

 W����2-                      =
�5�5 ��/, "�# �
��
 E�� ����

�*/� �5 ��� 9*8 "�# �
��
 E�� <8
× 100  �!�5��/,	��6               )27 (  

  

 %
��
��"01"2���+  

   ��d�� @�� �5��/, "�#��� </D*&  ���/& 6�4 	�/� �3/- �5 ��0BA  ����# ��1 	�/� �3/- �5 ��0NAA "�� �Y/� "�#

���:>�� 	��6q��! �� ;���62 .��3��0 ���_  v�X��<��8 ��X  	�5�w&�� ;�  .�� ���
� ���D&& �# <��� ���D;�  �*/�� 

 �*/� �# �5�4  .9��0 ���_ �
��
E�� �#�*/�  "���530 	�/� �3/- 9*8 Y/��MS ���/& ����# ��[/H�& "�#����8 "�# ���

BA  f=4 x�, �5)1 K2 K3 K4  �5 	�/� �� b/8�& �5 (�3/- �5 ��0NAA ) f=4 B� �51/0 	�/�(�3/- �5 ��0 5�� .�
��
E�� �#

B� �3 # �5 �# ����5  �6�& � ���*� Y/�� 9*8��6  � 9��
 �# �59�:_��P_ "�# ��/4 � "� �2 6� t
� ����� ��d�� 	���6�� .

���:>�� 	��6 6� �C�6 # ���
� �3 ���d�� @�� �5 .� 	0+��"�# <��� �H
 5���  �!�5���:>�� K	��6 � W�X���� ���:>�� "�#

��� � �
��
E�� �# 6� ��� 5�[#@/�\ ����  V���5	���6�� .�
�� 9�:_��P_ "�#��/4 � "� t
�  �# 6�����:>�  � ��� Aid

���:>����� 	��66�� "�#  �8[D345 5/0 	3
�4 �3� ��3��5 W�X�*�� ��d�� "���.��3�� ��8 �� 	��6  

%3�� /���
 � ���+��(+�("
  

   ���:>�� 	��66�� "�# ��� 6�  ��d��@/*/, "��� �*�� 9*8 Y/�� �� 	��6MS  "���5 	
����# ���/& ;�IBA  K� !)

5/0 K1 K5/1 K2  �5/2 	�/��3/- �5 ��0 (<.3�� ���
 . ;���62 v�X b-�_ �5��<��8 ��X  	�5�w& ��3  .�� ���
� ���D& ���D& �#

 �*/� �4 <���� �5  �*/� �#��P\ ��/0 9*8  6� ^, .��4 �3 # y>��	��# ��
�� �*�� �!�5 K	��6���� �*�� �  W�X

�6��
� �*��^n4 .�� "�/0K �Z#�/0�# "���  �!�5 	4�����
6	
�� ���/- <>�5 �� 	#�Q*���62 Y���� �5	D/34`, "�# 

A� � 500 	�/� "�3/-"���5 ]�, K9/,�8�8 b/8�& � 9�	���9�:
 �� 94�n�8"�# b/&�& �� 2 K1  �5/0  � EC �����2 

	3
�4 �� u�� ��D/��3� �
�� )24 ( ����/- "�� �� �Q�5 ���/- B� �#���� T���4 ""��� 5 ���_ 9��X� r d�� �5� 6� ^, .

 �5�8 6�� �� �3 # B�;��, 	����& ���/- .�
�� ��06�4 	3��� 9*8 ��#�/0 �#�5�5 "��5��15  6��^, 3
� 6��Z#�/0 W�. �#

���/- <>�5 �� �!�5 � 6�
2 �#��
6 	
�� ���/& �# ��#�/09��55�� .��  �5����, �Z#�/0 ��# �# "���� ��� �3*//�� �� Y

 �� �
�J�0 5��d "��5 @/Q
�/�25/20 (b�/6��) u�/:�4 ���5 �� 12  � �
�� <.3�� 	������ 9��4^, �/P& 6� �3:�  9*8

���E� Y���� �5.�
�� 9*8 "�  

  

                                                                                                                                                                                              

١- Merck   
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 W����4-     =
  ��� ��5 �*�� ��#�/0 ����

�*/� �5 ��� 9*8  ��#�/0 <8 ����
× 100             �*�� �!�5	��6                  )27(  

                           

 �"!��  �"
4  

   ^
����� ��E�&�5�5�#  ��E�� ��
 ��/4� ��SAS  �J:
1/9 �5�5 @/Q
�/� �:��.� � ���
��5 �# 	�C� q��! ���62 �� "��5

��/�8  A`3>�	�C� ��5)LSD(  W��3d� f=4 �55%  .�� 	���6��[#@/�\ "��� ��5��
 [4� � "���2 q��4��� ���
� ��
 6� �#

<:8� ��E�� W���
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 6� K@/Q
�/� �:��.�K  ��� T�
�
�6�� ��/, �!�5 � ��/,	��6 	#�/0 ��� ����8 [/H�& ���/& @��3P� K

 �� z���� b/8�&4 	�/� �3/- �5 ��0BA  �1 	�/� �3/- �5 ��0NAA ) ��/, �& �6� @/Q
�/� @��3*/� "���5 �8 5��24/4  K(��0

 ��� T�
�
�6�� ) ��/,13/0 ��0 6�� �5��/, �!�5 � () 	��633/83% .5�� ([#@/�\  ��# �5	0+��"�# �6��
� @��3�8 ��� "�/0

 K��/, �& �6� ��E/� ��� T�
�
�6�� ��/, �!�5 �) �#�� ���/& �� z���� 	��6MS  (���,5�� W���) 1(. 	4��� �8 5�5 ��*
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���/&"�# BA  ����# ��NAA �� ���� ��/, </D*&4 "�#"5�& 9��� �8 �
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� E� ��3��5���/& ."�# NAA  �� ���� 
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 W���1- �G� b/8�& I�3J� "�#BA  �NAA  �� ��� T�
 K�& �6� �
�6�� ���/,12 O�
�� O�
 	��6.	��.*�  

  Table 1. Effect of different combinations of BA and NAA on fresh weight, daily growth rate and callus induction 

of runner tip of Gotu kola. 

��/,	��6  

Callus induction  
(%)  

 ��� T�
�
�6�� 

Daily growth rate 

(g/day)  

 �& �6�(��0)  

Fresh weight (g)  

NAA  
)1-mgL(  

  

BA  
)1-mgL( 

 

16e 0.02f  0.91g† 0  �#��  

30.44d  0.07d  2.35d  0.25  0  

55.c  0.09c  2.86c  0.5   

33d  0.05e  1.88f  1   

44.29c  0.08d  2.7c  0   

37.66cd  0.07d  2.48d  0.25   

30.11cd  0.05e  1.74e  0.5  1  

47c  0.08d  2.75c  1   

55.33c 0.08d  2.68c  0   

52.66c  0.08d  2.69c  0.25  

44.33cd  0.08d  2.59d  0.5  2  

38.33cd  0.07d  2.48d  1    

55c  0.10b  3.22b 0    

39.44cd  0.08d  2.50d  0.25   

44.33cd  0.08d  2.62d  0.5  3  

66.77b  0.10b  3.17b  1    

66b  0.10b  3.35b  0    
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66.66b  0.09c  3.03b  0.25   

74.55b  0.10b  3.36b  0.5  4  

83.33a  0.13a  4.26a 1    

69b  0.10b  3.27b  0    

38.11cd  0.06e  2.10e  0.25   

33d  0.08d  2.54d  0.5  5  

27.44d  0.05e  1.78f  1    

† In each column, different letters indicate significant differences in 5% level of probability using LSD test.  

†  K��34 �# �5A�d ���*��/
 "�#��*
	�C� A`3>� ���#5 W��3d� f=4 �5 ��55%  6� �5� 34� ��2 ���6LSD 	�.����  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Callus induction from runner tip explant of C. asiatica. A, Callus induction on medium containing BA 

(4.0 mgL-1) and NAA (1.0 mgL-1). B, Callus induction using NAA ((1.0 mgL-1). C, Callus induction on 

MS medium free of plant growth regulator (control). D, Callus induction using BA (3.0 mgL-1). 

<D� 1-  7E/Q
� 6� ��/,�
��
E�� "�#��
�� �_�4 O�
  ��/0Centella asiatica. AK  7E/Q
���/,  "��d Y/�� "��4 	�/� ��0

�3/- �5 BA ����# �� 1 	�/��3/- �5 ��0 NAA .B K 7E/Q
�P�/,6� �5� 34� �� 1 	�/��3/- �5 ��0 NAA .C K 7E/Q
�

/,��  Y/�� "��MS [/H�& ��������8	#�/0 ��� "�# ) �#��(. DK  7E/Q
���/, 6� �5� 34� �� 3 	�/��3/- �5 ��0 

BA.  

  

��"01"2���+  

  ��/3
"�#  A`3>� K^
����� ��E�&	�C�b/8�& @/� �� "��5"�# =4f"�# [/H�& I�3J�����8 	#�/0 ��� "�#BA  ��

 ����#NAA  �� �=��� �5���:>����/, 	��6"�#  .5�5 ��*
 ��� </D*&��/3
"�# @/Q
�/� �:��.� 5�5 ��*
 �8 ���/& 3 

	�/� �3/- �5 ��0BA  �� ����#1/0 	�/� �3/- �5 ��0 NAA "���5��/*/� �!�5 ���:>�� 	��6)99/74% K(���� ���:>�� 

)66/7( ��/, �# �5 K���� ) V���586/6(  �# �5���:>�� �  W�X���:>�� )56/1 3
�4	(�3�  �5 5�� ��� B� ���6 q�� �8

 "���2 A`3>�	�C� "��5 W��3d� f=4 �55% ���/& �/.� ���# 9��5  W���)2(. ��  Y���� �� ���&�+�� ���:>��12 	��6 K	��.*�

��d�� "�#  I�3J����:>����/, 6� [/.3:� �/
 	��6 <D� �5 O�
�� O�
 6� ��� </D*& "�#2 94� ��� �5��2. u�4��� 
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W��� 2- �G� b/8�& I�3J� "�#BA  ��NAA �!�5 �� >����:� K	��6���� >����: K����� >�� W�X � V���5��:�  	��66��

��� ��/, 6� ��� </D*& "�#�
��
E�� "�� "�#12 O�
�� O�
.	��.*�  

Table 2. Effect of different levels of BA in combination with NAA on percentage of shoot proliferation, number 

of shoot, number of petiole and length of regenerated shoots on runner tip calli of C. asiatica. 

>�� W�X��:� (�3� 	3
�4)  

Length of shoot (cm) 

���� V���5  

Number of 

petiole 

���� >����:�  

Number of shoot 

>����:�	��6(%)  

Shoot proliferation 
(%) 

 

NAA 
(mgL-1) 

 

BA 
(mgL-1) 

1.10b  2.66c 2.33b  33.33c†  0.1  1 

0.89c  4.33b  3.86c  38.88b  0.1  2 

1.56a  6.86a  7.66a  74.99a  0.1  3 

0.77c  2.77c  3.33c  35.99b  0.1  4 

0.5d  2.83c  2.66c  27.77d  0.1  5 
†In each column, the different letters indicate significant differences in 5% level of probability using LSD test.  

†   K��34 �# �5A�d ���*��/
 "�#��*
	�C� A`3>� ���#5 W��3d� f=4 �5 ��55%  6� �5� 34� ��2 ���6LSD 	�.����  

  

  
  

  

 

  

  

  

  

  

  

  

    

  

  

  

    

 

 

 
 

 
 

 

Fig.2. Regeneration of shoots from calli of runner tip explants of C. asiatica. A; Callus induction from runner tip 

explants (on MS media with 4 mgL-1 BA + 1 mgL-1 NAA). B, Indirect regeneration of shoots from runner 

tip calli. C; the arrow indicates the petiole of the produced shoots. D; the arrow indicates the produced 

shoot. 
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%3�����+  ���(+�("
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"�# ^
����� ��E�& 	�C� A`3>�@/� �� "��5 6  ���/&I�3J�  IBA "����*�� 	��6 �5���:>��"�#  ���2 945 ��

 ��d�� 6�@/*/, .5�5 ��*
 ��/3
"�# ���/& �8 5�5 ��*
 @/Q
�/� �:��.� 1 	�/� �3/- �5 ��0IBA  @/Q
�/� @��3*/� "���5

�*�� �!�5	��6 )66/84%( K���� ) �*��15( ) �*�� W�X �33/8 	3
�4 (�3� 5���8  6��H
 	�C� A`3>� "���2 f=4 �5 "��5

 W��3d�5% ���/& �/.� ���6��
� ��E/� @��3�8 .5��5 �# 	���& �5 ��� "�/0	0+���# .5�� �#�� ���/& �� z���� K��/3
"�# 

��:��. �*�� �!�5 @/Q
�/�	��6 K����  �*�� W�X � �*�� W��� �53 94� ��� �5��2 . �!�5 @/Q
�/� �:��.���
6	
�� 

#�/0��  �8 5�5 ��*
�Z#�/0 "�# ���/&1 	�/��3/- �5 ��0 IBA  "���5��/*/� ��
6 ��E/�) 	
��99/74%( 5���
 �8  A`3>�

	�C� "��5 �5 W��3d� f=45% ���/& ���4 ��5��5 �#. �*�� I�3J� <d����Z#�/0 �5�8��06�4 � 	��6��� �/-�& "�#  <D� �5

3 .94� ��� �5�5 ��*
  

   

 W���3- �G�  9H�
 I�3J� "�#IBA �!�5 �� �*�� K	��6���� *�� K��*�� W�X  � �!�5��
6	
�� �Z#�/0�#��� 	��66�� " 

��/, 6�"�# 12 O�
�� O�
	��.*�.  

Table 3. Effect of different IBA concentrations on rooting, root number, root length and survival percentage of 

plantlets regenerated from calli of runner tip of C. asiatica. 

 ��
6	
�� �Z#�/0�# (%)     

Plantlets survival (%) 

	3
�4) �*�� W�X(�3�  

Root length 

(cm) 

���� �*��  

Root  number 

           ��*��6	�(%)   

Rooting (%) 
 

    

    IBA           

   (mgL-1)     

e7.10  d2  d1.66  †e13.88  0 
b45.33  b6.63  b6.33  c49.66  0.5 
a74.99  a8.33  a15  a84.66  1 
b43.66  c5  b5.66  b.55  1.5 
c26.66  c4.73  c3  c33.66  2 
d17.33 d3 cd2  d19.66 2.5 

†In each column, the different letters indicate significant differences in 5% level of probability using LSD test.   

†  K��34 �# �5A�d ���*��/
 "�#��*
	�C� A`3>� ���#5 W��3d� f=4 �5 ��55%  ���6� 6� �5� 34� ��LSD 	�.����  
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�6�� ���/& ��E/� �&4 	�/� �3/- �5 ��0BA  ����# ��1 	�/� �3/- �5 ��0NAA  �/4 K�2 6� �3*/� �5 � �3��� ;��E��

	*#�8 �=��� @�� �5 .5�8 ��/, ��/3
7��E0 �� �� ;#�+, "�# Das ) ����D�# �2( �8 �
5�8 7��E0   @/�/8�3��4 9H�
 ;��E��

 @/:8� �� 9�:
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���
� �5 �+�� �� 	C/�X q��! �� 	���# "�#�3>�4 	�) 5��13 	*#�+, �5 .( Skoog� Miller )22 9�:
 �8 �
5�8 7��E0 (

4 �� @/:8��8�3����/, b��� KW5�C3� �d �5 @/��	� 	��6 �� ���& �� .5����/3
"�# 	� �H
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Fig.3. A, Proliferated shoots ready to receive rooting treatment. B and C, In vitro rooted plantlets. D: In vitro 

rooted plantlets ready for acclimatization. E, Acclimatization stage.  F: plants in greenhouse. 

 <D�3- AK ���:>��"��2�, "�#K��� �5��2  9����5���/& �*�� 	��6 .B  �C K�Z#�/0"�# �*����5 ��� �5 Y���� 

���5�*/�"� .DK �Z#�/0"�# �*����5 Y�����5 ����*/� ���5� "� �5��2 "��� ��06�46�4" .EK  ��d��"��06�4. 

FK ��#�/0 �5 �
�J�0.  

  

 	
����# W5�C&"��� ��/,	� �H
 �� 	.=�� 	��6[/H�& .�4� ��� ����8BA ��6�
+/:8�n/- [�E
2 �3�8 9/-�C� {�1  6� � ���

 </����8 b��J&	� "�/Q*/,.����
 )18	� �H
 �� ( E�4 t
� �4���/, ��}d �5 �#BA ��  @/�#</-5  @/:8� .�������� �6

	� 	
��5 @/:8� ;��E�� {���:�2 �/-�& b�4 E/
 �2 �8 ��� @�/&� �����# 5���� {��� ��� @�� � 5����B�E ) �/4�ABA(2 

	�) 5��7:�2 .(��B�E  �/4�0 ��� ����8��P� ����� ��/�� � �3��0 �H
 �5	 � 5�� ��X ��W��C�  9*8 �5 ��� ��P� ����� ��

0 9���/��#� 5�� 	� ��8 �� )22( 94� @D�� .��/, �/-�& {��� 	��P�& �� @/:8� 6� �5� 34� </-5 @/�# ��	� "�#�� 9/ /8 �

����.  

  �5 �/�3* ��� F����" 12 	��66�� 	��.*�4��8�3/�/@ �P�& ��	� �� 8�& �5/b �� [8 9H�
 :8�/@ �3�� ��8 �� 94�.  "���

���:>�� 	��6 �5;#�+, ��  6�BA 9H�
 �5 @/�/8�3��4 ����� �� ����# �� �&]�� "�#NAA @/��, 9H�
 �5 @/:8� ����� �� �&

4� �8 �� �5� 3@��3*/� � �!�5 ���� ���:>��  9H�
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Research article 

 

Micropropagation of Gotu Kola (Centella asiatica L.) via Runner Tip 

Culture 
 

M. Habibisilabi, Y. Hamidoghli*, A. Sahraroo11 
  

Gotu kola (Centella asiatica L.) is one of the most valuable medicinal plants. Due to the 

reduction of surface water and the limitation of dispersion, the natural populations of this plant 

species are in extinction risk. The purpose of this experiment was to introduce a tissue culture 

protocol for rapid micropropagation of the Gotu kola plant. For callus induction, explants were 

established on Murashige and Skoog (MS) medium supplemented with different concentration 

of 6-benzylamino purine (BA) at six levels (0, 1, 2, 3, 4, and 5 mgL-1) and α-naphthaleneacetic 

acid (NAA) at four levels (0, 0.25, 0.5, and 1 mgL-1). The best callogenesis was obtained with 

maximum callus induction (83.33%), fresh weight (4.26 g), and daily growth rate (0.14 g/day) 

by combined application of 4 mg L-1 BA and 1 mg L-1 NAA. Different concentrations of BA 

(0, 1, 2, 3, 4 and 5 mgL-1) and NAA (0.1 mg L-1) were used for shoot regeneration. Combination 

of BA (4.0 mgL-1) with NAA (1.0 mgL-1) showed the highest shoot proliferation (74.99%), 

maximum number of shoots (7.66), petiole (6.66) and the longest shoots (1.56 cm). The effects 

of, IBA (0, 0.5, 1, 1.5, 2, 2.5 mgL-1) were examined on adventitious root formation. MS 

medium supplemented with IBA (1 mgL-1) showed the best percentage of rooting (84.66%), 

maximum number of roots Per plantlet (65), and the longest roots (3.33 cm) along with the 

highest percentage of survival (74.99%). 

Keywords: Auxin, Cytokinin, Callus induction, Tissue culture, Medicinal plant. 
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