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�$�60%$7,87��%$7,#9)��):(9�������;�)+���!<.,)1�(91!�9,+07�� 82�$��!7�� : 8�;�:7�#9�+ : �!�� >�

,& !��?�� 1:1:1 ���> 7#�)��8�� ��#0) ���;*��)�� ���8��� #�����%�<,) ���> 7����1�,0��<;, @�1!�9A�?��$�60
),9,,9$��!6���.�20���> 7#�)8��#����#0)>�7���� 28 �&� #���$�60),9�7���.�20���> 7#�)���;*��)��>�7�������
:-) 37 �&� �?�����$�!6�>�9�!),98,)�$�60�!6���.�20�+E07>�#�)��#0) %�&)/�9�$�60),9 60 �&� E07 !�/�&+
���$#86)#!)8,) 7�,?,� �+�?� 7�,?,���.),9���> 7#�)���%�<,)$����$#86)#!) �,0/�$�0&���9�!),9�()�20
�0�$��?��G��.����$�()��?�9&+ 0.79 I$. 8���0���9&� 7�,?,���.),9���> 7#�)���%�<,)#��#�)8��>%7�?��G��.�
/*����!�9#�����$���!�9�()�20 !�$�&;)/*����>+,?,�07�� 9�?���<, #�)���%�<,)$��?��G��.�/*����>+��?�9&+ 5 
>+/ 7� #��#�)8�� 5.2 >+/ 7� I-.)$�99�?� 7�,?,���.),9>�#�)��#0) ���8��� #�����;*��)�� 9�!�0�,)�������;�)
�$�60%$7,87��%$7,#9)��)>�,�%�!�( ! ?�)L 20 �( ! �+�?�,�%�!�&)��!��%"�( !��.�%$�� ?,9�!�����$�60�<,
,�%�!�( ! ½ MS ��.>�?@):?�� I-.)$��?��G��.�9�!),9,�(?��.!7,��� 87.57 #���( ! ½ VW ��.>�?@):?��I-.)>%7@�0� # ?
>+$����8���,?,�9�?�>+8,) 7�,?,���.),9+�,�%�!�( ! ½ MS ��.>�?@):?�� I-.)$��1,!"�I6� "9�!),9,�(?��.!7,��� 
44.33 %�&)/�9�$�60),9@?��E1 30 �&� �*� 7�,?,���.#86)#!)�7���)�������;�)+�,�%�!�( ! ½ MS ��.� �$ BA 
���$�87$87� 0, 0.5,  1.0,  2.0  #�� 3.0 $9./�. �+�?�,�%�!�( ! ½ MS ��.� �$ BA 3.0 $9./�. �1V��( !,�%�!��.
�%$���$��.�*�>%7$�/*����>+ ���$9�7�)>+ !�$�&;)���$���!�9$�9��.�20 
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Abstract 
Seeds of Nepenthes mirabilis were germinated in vitro on sterile composted medium (coconut husk : rice 

ban ash : sand = 1:1:1). Seeds were germinated under white (fluorescent), red, green, blue and yellow light. 
Over a period of 28 days, some Nepenthes mirabilis seeds under white and red light germinated first, and those 
under green light were the last one to germinate. The highest average speed of emergence was recorded for 
seedlings under red light. All healthy and complete seedlings were counted after 60 days. Seedlings under 
yellow light were the most vigorous with the highest germination index and average height of 0.79 cm. 
Seedlings under yellow light and white light exhibited the highest average number of roots and light green 
leaves as well as greatest root length, but seedlings under green light had few roots and pale green leaves. There 
were more young leaves on seedlings under yellow light (average 5.2) and red light (average 5.0) compared 
with those under green light and blue light. Mature seeds of a pitcher plant [Nepenthes mirabilis (Lour.) Druce] 
were cultured in solid medium 21 treatment. The optimum strength of solid medium for the maximum 
production was ½ MS medium supplemented with activated charcoal gave the highest percentage of 
germination (87.57%). And ½ VW medium fortified by activated charcoal were the second and their percentage 
of germination was 44.33. The leaves of seedling from ½ VW was lighter green than ½ MS medium 
supplemented with activated charcoal. Seedling which 30 days olds were used as explants for culturing on ½MS 
medium supplemented with 0, 0.5, 1.0, 2.0 and 3.0 mg/l of 6-benzyladenine (BA). It was found that ½ MS 
medium supplemented BA 3.0 mg/l was the optimum medium to cause the number of leaf width, leaf and root 
length. 
 

Keywords: Nepenthes mirabilis, germination index, seedling vigor index, speed of emergence 
 
 

1. ���P� 
%$7,87��%$7,#9)��)�1V��<�9��#$�)��.,�(?>�

+&r���<�>9�7�(r�&�'2" # ?1s//2+&�$�9�!1�(9���;�)9&�
#�!?%���$�98-;� �*�>%7$�+�+���1V�E$71!�0&+��.
�*��&r,�9���0%�-.)8,)E�� /�9�&9t����.�00�0?�
8,)�<� /-)$�9�!�96+/�91u�$�8����<.,@�� �1V�9�!�7� 
0&)�&;�9�!�������;�)��<;,��<.,�1V���'�9�!%�-.)��.��$�!:
@�� >%7 ����)�,9&+���$ 7,)9�!8,) ��0E07 
��<.,)/�9,)�"���$!(7 ?�)L ��.�9�.��87,)9&+9�!1�(9���;�)
�<�9��#$�)$�,�(?�7,�#��/*�9&0,�(?>��)#�+L [1] 

��<.,>%7E07 7�%$7,87��%$7,#9)��)��.��$�!:�*�E1>�7
E07,�?�)$�1!����'����$�9��.�20 #��9�!1!��29 ">�7
9�!�������;�)��<;,��<.,>�9�!���.$/*���� 7�,?,�
%$7,87��%$7,#9)��)��<.,>%7E07 7��&�'2"/*����$�9>�
!�������,&��&;� /-)�1V���.$�8,))����/&���; 
 

2. 'U���V
 
2.1 	��'�,�*12& 

2.2.1 �$�60%$7,87 ��%$7,#9)�� ) 
[Nepenthes mirabilis (Lour) Druce]  
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2.2.2  7�%$7,87��%$7,#9)��) 1�,0��<;,��.
E07/�99�!�����$�60 #���������;�)��.%7,)1A�+& �9�!
�������;�)��<;,��<., ���������������������� ���
�������� !"#�����������  /�9$%�������&� 
'!!$��� !" �(��"!&)��  /&)%�&01�2$'��� 

2.2 ���%U��#�  
82�$��!7�� :?��#9�+ #���!�� >� 

,& !��?�� 1:1:1  �9!7����� �9 #��:2)���� �9 
2.3 ����������/&$/�����1�
���3�*��23'��2�' 

��!��$���.�1V��?��1!�9,+8,),�%�!
�������;�)��<;,��<.,�( ! Murashige and Skoog #���( ! 
Vacin and Went �0�$���!��+�2$9�!�/!�r� �+�  
N6-Benzyladenine (BA) ��!��$�,<.�L �,9/�9��; 7,)
>�7#,�9,w,�" 70% #�� 95%, 1.0 N HCl, 1.0 N 
NaOH, �;*� ��I(��!�, @)�27�, Clorox, Ew�0!�/�
�1,!",,9EI0", 9�7��%,$, $&�z!&.) #���;*�$��!7�� 

2.4 +$'*�,���23'��2�'�P�+������3�*��23'��2�' 
�$�60%$7,87��%$7,#9)��)#����<;,��<.,:(9

+?$>�%7,)��+�2$,2�%�($� 25±2ºC �$�60>�# ?����.)
�0�,)E07!&+#�)��8�� (%�,0}(�,,�!��I� ") 
%�,0��#0) ���%�<,) ���;*��)�� ���8��� ��.%7, ��+7�
8��0 20 �&  " �&��� 16 �&.��$)/�&� �0���)#@�9�!
�0�,)#++ CRD (completely randomized design) 
# ?����.)�0�,)�*� 25 I;*� �1��.����;��?����<;,��<.,�)
+�,�%�!�( !�0�$�29 4 �&10�%" 
 

3. ��Z�����%�'* 
3.1 �����������&��%)'*��*�������"�	,'���

*'�)'*���[%+�$')$��+�$'��*��* 
�$�60%$7,87��%$7,#9)��)����+���!<.,)

1�(9��.@?��9�!�-. )�?���<;,#�7� 1!�9,+07�� 82�
$��!7�� :?��#9�+ #���!��>�,& !��?�� 1:1:1 

#����):�0����>�:2)���� �9 $&01�9:2)>%7#�?� 
�0�>%7E07!&+#�)��8�� (#�)/�9%�,0}(�,,�!�
�I� ") ��#0) ���;*��)�� #�����8��� �&��� 16 �&.��$)/
�&� >�%7,)��+�2$,2�%�($� 25±2ºC #���&)�9 @�
�29L 5 �&� 

3.2 �����������&��%)'*'�+����*����
+
 
�������;�)�$�60%$7,87��%$7,#9)��)+�

,�%�!�&)��!��%"�( ! MS, VW, ½ MS, ½ VW ��.� �$
9�7��%,$ 100 9!&$ $&�z!&.) 50 9!&$ #���;*�$��!7�� 
150 I�I� �1V�������� 3 �0<,� #���*�8�0�0�,)E1
E�7>�%7,)+?$��<;,��<.,>%7E07!&+#�) 37 µmol. m-2 s-1 
�1V����� 16 �&.��$)/�&� ��.,2�%�($� 25±2ºC #���7��
 7�,?,��)+�,�%�!�&)��!��%"�( ! ½ MS #��       
½ VW �1V����� 2 �0<,� #���7�� 7�,?,��!&;)��. 2 �)
+�,�%�!�&)��!��%"�( ! ½ MS 

3.3 �\�]�"�)'*�#	�'�+����
 BA �����	,'

����-��.�	���	 
�*� 7�%$7,87��%$7,#9)��)��.E07/�99�!

�����$�60>�����1�,0��<;,�7���)�������;�)+�
,�%�!#86)�( ! MS ��.� �$ BA ���$�87$87� 0, 0.5, 
1.0, 2.0 #�� 3.0 $9./�. pH 5.8 �1V����� 6 �0<,� #��
�*�8�0�0�,)E1E�7>�%7,)+?$��<;,��<.,>%7E07!&+#�) 
37 µmol. m-2 s-1 �1V����� 16 �&.��$)/�&� ��.,2�%�($�
25±2ºC +&��-9@�9�!�0�,)>�07�����$�() 7� 
���$���>+ ���$9�7�)>+ /*����>+ /*����!�9 
���$���!�9 #���&9t��@�019 ���.�9�08-;� 
 

4. "�����%�'* 
�$�60%$7,87��%$7,#9)��)%�&)/�9�������;�)

+���!<.,)1�(9 #��,�(?���> 7�������.$�#�)�� �%�<,) 
#0) �;*��)�� #���8��� ��+�2$,2�%�($���. 25±2ºC @�
1!�9A�?��$�60��.E07!&+#�)8�� (}(�,,�!��I� ") 
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>%7@�9�!),9�!6���.�20 �<, 28 �&� !,)�)$�
�1V�#�)��#0) $��?��G��.���?�9&+ 28.67 �&� #���$<.,
 !�/�&+�1,!"�I6� "9�!),9!�$�&;)%$08,)�$�60>�
# ?��#�)�� �+�?����> 7#�)���%�<,)$��?��G��.�
�1,!"�I6� "9�!),90���.�20 �<, 83.69 �1,!"�I6� " # ?
���> 7#�)���%�<,)�+�?�>+���;�)#�>+/!�)��.),9
,,9$�$����8���,?,� I-.)�%$<,�9&+ 7�,?,���.),9
���> 7#�)8�� ( �!�)��. 1) 

%�&)/�9�����$�60E07 45 �&�  !�/�&+0&���
9�!),9 ���$�!6�>�9�!),9 #��0&������$#86)#!)
8,) 7�,?,� �+�?�# ?���&9t��$����$# 9 ?�)9&�
��)�:� �,�?�)$��&��*��&r (p<0.05) ( �!�)��. 2) /�9
9�!�-9t��+�?����> 7#�)���%�<,)$��?�0&������$
#86)#!)8,) 7�,?,�$�9��.�20 (SVI = 0.661) #��
0&���9�!),9$��?���?�9&+ 2.384 # ?���$�!6�>�9�!),9
�1V�!,) #���+�?����> 7#�)��#0)$��?����$�!6�>�
9�!),9�()�20 (49.38%) I-.)E$?# 9 ?�)/�9 7�,?,���.
),9,,9$����> 7#�)8�� (}(�,,�!��I� ")    I-.)$��?� 
 

���$�!6�8,)9�!),9��?�9&+ 49.12%  �$�*�0&+ 
 
	���*��� 1   @�8,)#�)���%�<,) #0) �;*��)�� �8��� #��

#�)8�� ?,9�!),98,)�$�60%$7, 87��
%$7,#9)��) 

���08,)
#�)�� 

NDFG 
(�&�) 

 

GP (%) * 
 

��8,)>+ 

8�� 28.00 57.00±7.71bc �8���,?,� 
#0) 28.67 60.75±8.52b �8��� 
�;*��)�� 37.00 31.63±11.06d �8��� 
�8��� 30.00 36.40±2.93cd �8��� 
�%�<,) 30.00 83.69±3.372a �8���,?,� 

*$��&��*��&r��)�:� ���.!�0&+ p ≤ 0.05, abc >�#:�
�0���9&��1V�9�!�1!��+����+�?��G��.�07����'�8,) 
Turkey test ��. p ≤ 0.05, NDFG �<, �&�#!98,)9�!
),9 (number of days to first germination), GP �<, 
�1,!"�I6� "9�!),9 (germination percentage) 
 

	���*��� 2 �?��G��.����$#86)#!)8,) 7�,?,� 0&���9�!),9 #�����$�!6�8,)9�!),9 7�
,?,�%$7,87��%$7,#9)��) %�&)/�9),9��� 80 �&� 

���08,)
#�)�� 

0&������$#86)#!)
8,) 7�,?,� (SVI) * 

0&���9�!),9 
(GI) * 

���$�!6�8,) 
9�!),9 (SE) (%) * 

���08,)
#�)�� 

8��  0.399 bc 1.65 bc 49.122 a 8�� 
#0) 0.419 b 1.823 b 49.38 a #0) 
�;*��)�� 0.227 d 0.733 d 33.003 c �;*��)�� 
�8��� 0.251 c 0.949 cd 32.96 cd �8��� 
�%�<,) 0.661 a 2.384 a 39.825 b �%�<,) 

*$��&��*��&r��)�:� ���.!�0&+ p≤0.05, abc >�#:��0���9&��1V�9�!�1!��+����+�?��G��.�07��
��'�8,) Tukey test ��. p≤0.05, SVI �<, Seedling Vigor Index, GI �<, Germination Index 
#�� SE �<, Speed of Emergence 
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 7�,?,�%$7,87��%$7,#9)��)��.�/!�r� �+� 
���> 7#�)�� ?�)L  �1V�������� 30 �&� #�7�/-)�7��
,,91�(9  !�/�&0/*����!�9 ���$���!�9 ���$�()
8,) 7�,?,�  �,0/�/*����>++� 7� �+�? �
�&9t�� ?�)L +� 7�,?,���.),9���> 7#�)��# ?��
���0$����$# 9 ?�)9&�,�?�)$��&��*��&r (p<0.05) 
( �!�)��. 3) /��%6�E07�?��?��G��.����$�()8,) 7�,?,�

���> 7#�)���%�<,)�&;��()�20 (0.79 I$.) �?��#�)��
,<.�L �&;�>%7�?��G��.����$�()�,L 9&� ��?��0���9&+
�?��G��.�/*����!�9#�����$���!�9 �+�?����> 7
#�)��8��>%7�?��()�20 �$<.,����+9&+#�)�� ?�)L �?��
�?��G��.�/*����>+,?,� ?, 7��+�?�#�)��#0)#����
�%�<,)E$?# 9 ? �)9&�  (5 .2  >+  #�� 5  >+/ 7� 
 �$�*�0&+) 

 
	���*��� 3 �?��G��.�/*����!�9 ���$���!�9 ���$�()8,) 7�,?,�#��/*����>+ ?, 7�

8,) 7�,?,�%$7,87��%$7,#9)��)%�&)/�9�������;�)���> 7#�)�� ?�)L �1V�
������� 30 �&� 

���08,)#�)
�� 

/*����!�9 
(!�9) * 

���$���!�9 
($$.) * 

���$�() 
 7�,?,� (I$.) * 

/*����>+,?,�
 ?, 7� (>+) * 

8�� 3.4a 3.42a 0.7±0.026b 4.2b 
#0) 2.6c 2.36b 0.69±0.101b 5.2a 
�;*��)�� 1.1d 1.24c 0.72±0.041b 3.2c 
�8��� 1.1d 1.20c 0.69±0.058b 2.8cd 
�%�<,) 3.1ab 2.79b 0.79±0.053a 5.0ab 

*$��&��*��&r��)�:� ���.!�0&+ p≤0.05, abc >�#:��0���9&��1V�9�!�1!��+����+�?��G��.�07��
��'�8,) Tukey test ��. p≤0.05 

 
4.1 �#	�'�+������+��
��	,'����1�
���[%

/��0�1��'%�&23' 
9�!�-9t��( !,�%�!��.�%$�� ?,9�!),9

8,)�$�60%$7,87��%$7,#9)��) /*���� 24 �( ! �<, 
MS, ½ MS, VW #�� ½ VW !?�$9&+9�!� �$#��E$?
� �$@):?�� 9�7��%,$ 100 9!&$ $&�z!&.) 50 9!&$ #�� 
�;*�$��!7��150 I�I� �+�?�# ?���( !>%7@�9�!�0�,)
# 9 ?�)9&� ( �!�)��. 4) 

4.2 ��'�
�_[�	
���*'�   
%�&)/�99�!�����$�60��� 12 �&10�%" 

 !�/�&+�$�60��.),9 �+�?��!�.$$�9�!),9>��&10�%"��. 

4 #����,�),9E1/�:-)�&10�%"��. 12 �,9/�9��;
�$�60��.����+�,�%�!�( ! ½ MS ��.� �$@):?��>%7
�1,!"�I6� "9�!),9�()�20 (87.57%) !,)�)$��<, 
½VW ��. � �$@):?��$��1,!"�I6� "9�!),9 44.33% 
( �!�)��. 4) 

�?���$�60��.�����)>�,�%�!�&)��!��%"
�( !,�%�! ?�)L 0&)��; �<, VW ��.� �$9�7��, VW ��.� �$
9�7��#��$&�z!&.), ½ VW ��.� �$9�7�� $&�z!&.)#���;*�
$��!7��, ½ MS ��.� �$9�7��, ½ MS ��.� �$9�7��#��$&�
z!&.), ½ MS ��.� �$9�7�� $&�z!&.) #���;*�$��!7�� 
1!�9A�?��$�60E$?),9#���$�60�1��.���1V����;*� ��
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0*� �?����.�1V��&����+�?�$����;*� ��0*���?�9&� #��
E$?),9 ( �!�)��. 4 #��!(1��. 1) 

4.3 "�)'*�#	�'�+�� ½ MS����	��"*a,�� 

�,����� BA �����)$�)$�	,�*b   
% �& ) / � 9 9 � ! � � � � � ��; � )  7 � ,? , �

%$7,87��%$7,#9)��)E07 24 �&10�%" (�0��*�9�!�7��
 7�,?,��),�%�!�( !�0�$�29 4 �&10�%") E07 7�,?,�
8��0 1.0-1.5 I$. #���$<.,�*�9�!�7���)+�,�%�!
�( ! ½ MS ��.� �$ BA 0.5, 1.0, 2.0 #�� 3.0 $9./�. 
�1V����� 24 �&10�%" (�0��*�9�!�7�� 7�,?,��)

,�%�!�( !�0�$�29 4 �&10�%") >%7E07!&+#�) 55        
E$��!�$�/ �!�)�$ !/������ �1V�������� 16 
�&.��$)/�&� #��,2�%�($���.  25±2ºC �+�?�9�!
�/!�r� �+� 8,) 7�,?,�%$7,87��%$7,#9)��)+�
,�%�!��.� �$ BA $�9�!�9�0�,0>%$? >+���8-;� #��
!�9$�98-;�  �$1!�$�� BA ��.���.$8-;� �0��G���
,�%�!��.� �$ BA 3.0 $9./�. �*�>%7�9�0/*����>+0�
��.�20 >+$�8��0>%r? �*� 7��() !�9�$+(!�" 9�?�
1!�$�� BA ,<.�L 

 
	���*��� 4 �?��G��.�9�!),98,)�$�60%$7,87��%$7,#9)��)%�&)/�9�����$�60 12 �&10�%" 

�( !,�%�!�&)��!��%" 9�!),9 (%) 
½ MS ��.� �$@):?�� 87.57 
½ VW ��.� �$@):?�� 44.33 
VW ��.� �$@):?�� 43.96 
VW 38.62 
½ VW 35.02 
½ MS 29.16 
½ VW ��.� �$9�7��#��$&�z!&.) 28.94 
½ VW ��.� �$9�7�� $&�z!&.) #��@):?�� 24.65 
½ MS ��.� �$9�7�� $&�z!&.) #��@):?�� 17.50 
VW ��.� �$9�7�� $&�z!&.) �;*�$��!7�� #��@):?�� 16.01 
VW ��.� �$9�7�� $&�z!&.) #��@):?�� 15.44 
½ MS ��.� �$9�7��#��@):?�� 15.26 
½ VW ��.� �$9�7�� $&�z!&.) �;*�$��!7�� #��@):?�� 15.05 
½ VW ��.� �$9�7��#��@):?�� 10.00 
VW ��.� �$9�7��#��@):?�� 8.20 
VW ��.� �$9�7�� $&�z!&.) #���;*�$��!7�� 4.00 
VW ��.� �$9�7�� 0.00 
VW ��.� �$9�7��#��$&�z!&.) 0.00 
½ VW ��.� �$9�7�� $&�z!&.) #���;*�$��!7�� 0.00 
½ MS ��.� �$9�7�� 0.00 
½ MS ��.� �$9�7��#��$&�z!&.) 0.00 
½ MS ��.� �$9�7�� $&�z!&.) #���;*�$��!7�� 0.00 
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�#���� 1 �&9t��9�!),98,)�$�60%$7,87��%$7,#9)��)�$<.,@?��E1 12 �&10�%" >� (9) �( !,�%�! ½ MS ��.� �$@)

:?�� (8) �( !,�%�! ½ VW ��.� �$@):?�� #�� (�) �( !,�%�!��.$�9�!),9�7,�%!<,E$?$�9�!),9 
 

4.4 "�)'*�#	�'�+�� ½ MS ����	��"*a,��

�,����� BA �����)$�)$�	,�*b   
%�&)/�99�!�������;�) 7�,?,�%$7,87��%7,

#9)��)E07 24 �&10�%" (�0��*�9�!�7�� 7�,?,��)
,�%�!�( !�0�$�29 4 �&10�%") E07 7�,?,�8��0 1.0-
1.5 I$. #���$<.,�*�9�!�7���)+�,�%�!�( ! ½ MS ��.
� �$ BA 0.5, 1.0, 2.0 #�� 3.0 $9./�. �1V����� 24 
�&10�%" (�0��*�9�!�7�� 7�,?,��),�%�!�( !�0�$�29 
4 �&10�%") >%7E07!&+#�) 55 E$��!�$�/ �!�)�$ !/
������ �1V�������� 16 �&.��$)/�&� #��,2�%�($���. 
25±2ºC �+�?�9�!�/!�r� �+� 8,) 7�,?,�
%$7,87��%$7,#9)��)+�,�%�!��.� �$ BA $�9�!�9�0
�,0>%$? >+���8-;� #��!�9$�98-;�  �$1!�$�� BA 

��.���.$8-;� �0��G���,�%�!��.� �$ BA 3.0 $9./�. �*�
>%7�9�0/*����>+0���.�20 >+$�8��0>%r? �*� 7��() !�9
�$+(!�"9�?�1!�$�� BA ,<.�L ( �!�)��. 5 #��!(1��. 2) 

�����#*8,)%$7,87��%$7,#9)��)>�
����1�,0��<;,�1V����� 6 �0<,� +�,�%�!
�&)��!��%"�( ! ½ MS ��.� �$ BA ���$�87$87� ?�)L 
(0, 0.5, 1.0, 2.0 #�� 3.0 $9./�.) �+�?����$�()$�
���$# 9 ?�)9&���)�:� �,�?�)$��&��*��&r (p<0.05) 
#�� 7�,?,���.�������;�)+�,�%�! ½ MS >%7�?��G��.�
���$�()8,) 7��()�20 1.86 I$. >�8����. 7���.E07/�9
,�%�!�( ! ½ MS !?�$9&+ BA 2.0 $9./�. >%7 7�
�()�20 $��?��G��.��1V� 1.30 I$. (!(1��. 3) 

 

	���*��� 5 @�8,) BA ��.���$�87$87� ?�)L  ?,���$�() 7� /*����>+ ?, 7� ���$9�7�)>+ ���$���>+ /*����
!�9 #�����$���!�9 8,) 7�%$7,87��%$7,#9)��)+�,�%�!�( ! ½ MS �1V����� 6 �0<,� 

���$�87$87� 
BA* ($9./�.) 

���$�() 
(I$.)* 

/*����>+ ?,
 7� (>+)* 

���$9�7�)>+ 
(I$)* 

���$���>+ 
(I$)* 

/*����!�9 
(!�9)ns 

���$���!�9 
(I$)ns 

0 1.86±0.40c 9.80±1.30ab 0.82±0.20ab 2.92±0.39c 4.20±0.44 2.56±0.43 
0.5 0.42±0.08a 7.80±1.30a 0.56±0.15a 0.86±0.40a 3.80±1.48 2.24±0.49 
1.0 0.70±0.12ab 9.80±2.16ab 0.78±0.27ab 1.00±0.38a 3.60±0.54 2.26±0.25 
2 1.30±0.67bc 8.80±0.83ab 0.82±0.17ab 1.44±0.55ab 3.60±0.65 2.74±0.50 
3 0.92±0.35ab 10.6±1.14ab 1.00±0.15b 2.34±082bc 4.60±0.41 3.04±1.20 

*$��&��*��&r��)�:� ���.!�0&+ p≤0.05, ns �<,E$?$��&��*��&r��)�:� �, abc >�#:��0���9&��1V�9�!�1!��+����+
�?��G��.�07����'�8,) Tukey test ��. p≤0.05 
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�#���� 2 �&9t�� 7���.E07/�99�!�������;�) 7�,?,�8,)%$7,87��%$7,#9)��)�1V����� 6 �0<,� +�,�%�!�( ! ½ MS 

��.� �$ BA ���$�87$87� 0.5, 1.0 , 2.0 #�� 3.0 $9./�. (!(1 1-4  �$�*�0&+)  
 

 
�#���� 3 �&9t���1!��+����+���$�()8,) 7�%$7,87��%$7,#9)��)�$<.,�������;�)�1V����� 6 �0<,� +�,�%�!�( !    

½ MS ��.� �$ BA ���$�87$87� 0.5, 1.0 , 2.0 #�� 3.0 $9./�. (!(1 9-)  �$�*�0&+) 
 

-P����/�8,) 7�,?,���. �������;�)+�
,�%�!�&)��!��%"�( ! ½ MS � �$ BA 3.0 $9./�. >%7
/*����>+$�9��.�20�<, 10.6 >+ #����.���$�87$87� 
BA 0.5 $9./�. /�>%7/*����>+�7,���.�20 #�����$
� 87 $87 �  BA $� @ � ? , /* �� ��>+8,) 7 �
%$7,87��%$7,#9)��) �+�?�$����$# 9 ?�)��)�:� �
,�?�)$��&��*��&r (p≤0.05) ��.$�9�!� �$ BA �29���$
!�0&+�87$87�9&+ 7���.E$?$�9�!� �$ #��/*����>+
���.$8-;��$<.,���$�87$87�8,) BA ���.$8-;� 

������$�*/�  7�,?,���.�������;�)+�½ 
MS #��� �$ BA 3.0 $9./�. >%7���$9�7�)>+$�9
��.�20�<, 1 I$. #��$����$# 9 ?�),�?�)$��&��*��&r 
(p≤0.05) 9&+ 7���.�������;�)+�,�%�! ½ MS ��.� �$ 
BA 0, 0.5, 1.0 #�� 2.0 $9./�. (0.82, 0.56, 0.78 #�� 
0.82 I$. �$�*�0&+) /�9�?��G��.���.E07/��%6��?��$<.,

1!�$�� BA ���.$8-;�$�@��*�>%7���$9�7�)8,)>+���.$
$�98-;� (0.82, 0.56, 0.78 #�� 0.82 I$.  �$�*�0&+) 

-P���������
����������  7�,?,���.
E07/�99�!�������;�)+�,�%�!�&)��!��%"�( ! ½ MS 
��.� �$ BA ���$�87$87� ?�)L �&;� E$?$����$# 9 ?�)
9&���)�:� � I-.) 7�,?,���.�������;�)+�,�%�! ½ MS 
� �$BA 3.0 $9./�. >%7/*����!�9#�����$���!�9
$�9��.�20�<, 4.60 #��3.04 I$.  �$�*�0&+ 
 

5. ��-��V
"�����%�'* 
5.1 "�)'*��*�������	,'���*'�)'*���[% 

9�!�����$�60%$7,87��%$7,#9)��)���> 7
#�)��#0) �8��� �;*��)�� �%�<,) #��8�� (}(�,,�!�-
�I� ") @�1!�9A�?����>� 28 �&� �$�60),9,,9$�
���> 7#�)��8��#����#0)%�&)/�9���� I-.) Colbach 
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#����� [2] !��)���?��$�60�<�%������0��$�!:
),9E07���> 7#�)�� ?�)L #��9�!�0�,)��;�+�?�#�)
��8��#����#0)9!� 27�>%7�$�60%$7,87��%$7,#9)��)
),9E07�!6���.�20 I-.)��?��0���9&�9&+9�!),98,)�$�60  
Ruellia tuberosa [3] Asteracantha longifolia [4] #�� 
Cucumis callosus [5] ),9E070��$<.,E07!&+#�)��#0)
8����.9*��&)),9 /�9)���0�,)8,) Sharma #�� 
Sen [6] E07!��)���?�#�)��#0)��.$��?�)���$�����<.� 
590 #�� 680 nm �1V�#�)����.�%$�� ?,9�!),98,)
�$�60�<� �?��#�)���;*��)���*�>%7�$�60 Merremia sp. 
),9E07�7,�$�9 9�!�0�,)8,) Wareing #�� Black 
[7] 9&+ Gwynn #�� Scheibe [8] ��.�0�,)�����$�60
@&99�0%,$ �+�?��$�60��$�!:),9E070� �$<.,,�(?
>��?�)#�)���%�<,) 

5.2 ����1�
���[%/��0�1��'%�&23' 
/�99�!�0�,)�+�?�,�%�!#86)�( !      

½ MS ��.� �$@):?�� 0.5 $9./�. ��$�!:>%7�1,!"�I6� "
9�!),9E07�()�20�<, 87.57% I-.)�,0��7,)9&+@�9�!
�0�,)8,),*��!#����� [9] ��.�-9t��9�.��9&+�( !
,�%�!��.�%$���$>�9�!�����$�608,) 7�%$7,87��
%$7,#9) ��) #��9�!>�7,�%�!#86)�( ! ½ MS �+�?�
�1V��( !��.�%$���$ ?,9�!�����$�60>�����1�,0
��<;, �0�,�%�!#86)�( ! ½ MS ��$�!:),9E07 50% 
���>��&10�%"��. 4 �,9/�9��;�&)�+�?�,�%�!#86)��.
� �$�;*�$��!7��$��1,!"�I6� "9�!),9�7,�/�:-)E$?),9 
>�+�)�( ! ��?� ½ VW !?�$9&+9�7��%,$ $&�z!&.) 
#�� �;*�$��!7�� %!<, ½ MS !?�$9&+9�7��%,$ $&�
z!&.) #���;*�$��!7�� I-.)�,0��7,)9&+)����/&�8,)�8$�
9�#����� [10] ��.�������;�)%$7,87��%$7,#9)��)+�
,�%�!��.� �$�;*�$��!7�� �+�?��$�60$�9�!),9�7,�
��.�20 (2%) #�� 7�,?,�$�9�!� �+� E$?0� ��<.,)/�9
9�!),9#��9�!�/!�r� �+� �7�$�9 #��>�+�)�( !

#��,�/$��$�60��.),9#��E$?),9,�(?>�,�%�!�( !
�0���9&� I-.)���% 2,�/��<.,)$�/�9�$<.,$�9�!@�$ �0
/��9�0zs9/*����$�9 #�����>�zs9$��$�60/*����
$�9��?�9&� # ?�$�60�?��>%r?$&9�1V�%$&� 0&)$�
!��)���?� N. lowii $��$�60����) 4.5% ��?��&;� ��.$�
�,6$+!��, �,9/�9��;�&)�+�?����>��$�60$��,��0
��1�!"$�7,�$�9 /-)�*�>%7�$�60$��,9��),9�7,�#��$�
/*�����7,���.,�(?!,0/��1V� 7�� >%70,9#��@� 
[11] 

5.3 "�)'*�#	�'�+�� ½ MS + "*a,�� 

�,������
%�������)$�)$�)'* BA 
/�99�!�0�,)�+�?�,�%�!#86)��.� �$��!

��+�2$9�!�/!�r� �+�  BA �87$87� 2.0 $9./�. 
��$�!:>%7���$�() 7�E07�()�20�<, 1.30 I$. #��>%7
�1,!"�I6� "9�!�9�0#���&��()��.�20 I-.)�,0��7,)9&+
9�!�0�,)8,),&$�!#����� [9] �+�?��( !,�%�!
��.��$�!:�&9�*�>%7��;��?��87,8,) 7�%$7,87��%$7, 
#9)��)�9�0�,0>%$?$�9��.�20#���,0��.E07$��&9t��
�$+(!�"�<,,�%�!�( ! MS ��.� �$ BA 2.0 $9./�. 
�,9/�9��;,�%�!�( ! ½ MS ��.� �$ BA 3.0 $9./�. 
�1V��( !,�%�!��.�%$���$ �*�>%7�9�0/*����>+ ���$
9�7�)>+ #�����$���!�9$�9��.�20 I-.)�,0��7,)9&+
�8$�9�#����� [10] ��.�+�?�,�%�!��.$�9�!� �$ BA 
3.0 $9./�. >%7�,0��.�$+(!�" >+8��0>%r? #��9�!
�/!�r8,)!�9>�,�%�!�( ! MS � �$ BA 3.0 $9./�. 0�
��.�20 
 

6. ��U� 
9�!�������;�)�$�60%$7,87��%$7,#9)��)+�

,�%�!�&)��!��%"�( ! MS, ½ MS, VW #�� ½ VW ��.
$�9�!0&0#1�)�0�9�!� �$��! ?�)L �)E1 �+�?��( !
,�%�!��.�%$���*�%!&+9�!�����$�60%$7,87��%$7, 
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#9)��)$�9��.�20�<,�( ! ½ MS !?�$9&+@):?��>%7
�1,!"�I6� "9�!),9�()�20 �?���( !,�%�! VW,        
½ VW #���( ! MS !�$�&;) VW ��.� �$$&�z!&.) �;*�
$��!7�� #��9�7��%,$>�,& !��?�� ?�)L �&;� E$?
�%$�� ?,9�!�����$�60 �&;)��;��!���$�60E$?),9>�
+�)�( ! #��:-)#$7�?�),9 # ?96),9�7� %!<,�7,�$�9 
,�%�!�( ! ½ MS ��.$�9�!� �$��!��+�2$9�!
�/!�r� �+�  BA ���$�87$87� ?�)L (0, 0.5, 1.0, 2.0 
#�� 3.0 $9./�.) �+�?�,�%�!�( ! ½ MS ��.� �$ BA 
3.0 $9./�. �1V��( !,�%�!��.�%$���$��.�*�>%7�9�0
/*����>+ ���$9�7�)>+ #�����$���!�9$�9��.�20 
#��$����$# 9 ?�)9&���)�:� �,�?�)$��&��*��&r 
(p≤0.5) 
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