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Abstract 
 

  In agriculture, some plants are implemented as pesticides with a focus on insects 
(insecticides).  Weeds  is an another important issue as well which they are mostly managed 
by the synthetic chemicals since rapid results. However, weed control with widespread use 
of chemical herbicides may also pose questions about their potential health impacts and 
environmental effects due to residual activity and/or soil and groundwater contamination.  

This study, therefore, was aimed at screening the inhibitory effects of various 
aqueous and methonolic extracts from two species (Tagetes minuta (TM) and 
Chrysanthemum  indicum (CI) flowers) of flowering plants in Compositae family on plant 
growth using Lemna phytotoxicity assay. 

Dried flowers of TM and CI were serially extracted with methanol and water (for CI, 
the marc from water extract is repeatly extracted with methanol) and used to test if they 
exhibited inhibitory effects on Lemna minor growth compared with medium as negative 
control in the Lemna phytotoxicity assay. This assay has been an acceptable, sensitive, 
simple and inexpensive screening test for phytotoxic effects. 
 The inhibition activities of extracts was determined by serial dilutions of each extract 
and expressed as effective concentrations that resulted in 10% (EC10), 20% (EC20) and 50% 
(EC50) inhibition of duckweed growth. 
  
 



 
 

Our  results showed that  methonolic extracts of TM had greatest  inhibitory effects 
with EC10, EC20, and EC50 of  95.58, 108.11, and 156.47 µg/ml respectively. Aqueous 
extracts of TM had the second most inhibitory effects with EC10, EC20, and EC50 of 107.59,  
140.26, and 310.75 µg/ml respectively. 
 Extracts of CI were shown to have much less inhibition activity. Methanolic extract  
and methanolic extract of marc from water extract of CI had EC10 of 227.44 and 212.22 µg/ml 
respectively, while aqueous extract of CI was shown to have the least inhibitory effect (EC10 = 
277.68 µg/ml) on duckweed growth. 
 A phytochemical screening of TM and CI flowers showed similar patterns of chemical 
compositions, the major constituent being flavonoid glycoside. Besides, steroidal structures 
were present only in methanolic extracts from both species of plants. Triterpenoid saponins 
were detected in both aqueous extracts of TM and methanolic extracts of marc from water 
extracts of CI. As expected, aqueous extract of CI was shown to contain no other 
phytochemical except sugars and phenolic group moiety structure. Alkaloids were not 
detected in both species of plants. 
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 Chrysanthemum  indicum         = "��������#�!$�%-����<�&�#!�� (�ก>ก?��) 

 CuSO4   = Copper sulphate, �([�!��&�$����0�ก����!��9�:�; 

      �����2�ก������<�$��8$-��5�� 

 Duckweed  = 5�� 

 ECx   = Effective concentration, �([����&�-
&-
�-��!���1�&1�' 

      �����2�ก������<-��+�"��
 X % 

 E � medium  = �������'�!)������+�
�'12��5�� 

 Frond   = 0��']ก4 5$3'
0�-��5���1���&ก�����3�([�ก'�3& 

 Frond number  = �)����0��']ก4 ��2��&��1�$��������
 

 Lemna   = 5�� 

 Lemna minor  = "��������#�!$�%-��5�� 

 mg   = milligram 

 ml   =  milliliter 

 ppm   = part per million, ��/��!3��0�'
��!3�� 

 SD   =  standard deviation 

 µg   = microgram 

 Tagetes minuta  = "��������#�!$�%-���������� 
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&19�:�;�1�
!�0�5$3+���
0�(�
��#����&3&�ก��ก ��
5ก3��ก�������� 5'
��ก��ก�12���&1��ก��<�&�#
!�� (�ก>ก?��) �1�7/�5&
�3��
�&3��
&1�������3�&19�:�;ก)����5&'� 5$3��������ก�([�+�"0�!ก�'
��1��ก���+�1���& (Chrysanthemum cinerariifolium) ./��&1!�� Pyrethrins ./��0"
ก)����5&'���
�1
(14-15)    �/��'��ก+�" 2 "����12&�#/ก6�  

�������� (marigold) (14-15)  �([�+�"'
&'�ก�1����30�!ก�' Tagetes &1�'��"��� ���30���#% 
Compositae  ��ก����������ก��ก�
�)��(0"
(�
8�"�%0�5�3-���&
$����ก$�5$3�������+���
���&!����&5'
� ���!�&��7�)���ก��������&�(�
��ก$%0"
�([�!��ก)����5&'�#�$��+�"��
�1ก
�
�� �+��
��ก5'
0�&1ก'���o�� 5&'��/��&3���ก�-
��ก'
 !���1�+�0���ก��������&1�'��ก'�3& 
��
5ก3 �2)�&����&�
���  5'
!��!10�ก'�3& xanthophylls �"3� lutein �([�$
� 

��<�&�#!�� ������ก�ก>ก?�� �([�+�"'
&'�ก &1"��������#�!$�%�3� Chrysanthemum 

indicum ���30���#% Compositae  �([�+�"0�!ก�'��1��ก���+�1���& (Chrysanthemum 
cinerariifolium) (14-15)  ./��&1!�� Pyrethrins &19�:�;ก)����5&'���
�1  ��ก��<�&�#!��������ก
�ก>ก?���12�([��1���
��กก���10�5�3-��ก���)�&�$
&ก���2)� 0"
�([�����������&ก����3��5+�3�'��  !���1�
+�0���ก��
5ก3 �2)�&����&�
���  flavonoids  5'
!��!10�ก'�3& carotenoids �([�$
� 

��:1�1�0"
0�ก��#/ก6����2��$
� (preliminary screening) �+����
���!���1����&19�:�;ก)����
��"+�"��� Lemna phytotoxicity assay(16-18) ./���([�ก�����'$3�ก������<�$��8$-����"+�"5�� 
��:1�12�([��1����&0"
0�ก��#/ก6������ &1���&��$3�ก����!��!��5'
�&3!�2��('����3�0"
�3��(17,18) 
ก����!�����2��$
��
����:1�12�
�)�0�
����9�:�;-��!��!ก����ก��������5'
��ก��<�&�#
!�� (�ก>ก?��) �3�&19�:�;���2��$
�0�ก�������2�ก������<�$��8$-��+�"�����&3  

��ก�'ก��#/ก6��1���
���2��12 7
�!��!ก��+�"!&���+���'3��12&19�:�;0�ก�������2�ก��
����<�$��8$-��+�" (5��) ./�����&1�'0�ก��"3��ก)������"+�"(17) �)�0�
!�&��7�)��(0"
�([�
-
�&�'���2��$
��+���#/ก6�0�
�o+�
ก��"���-����"+�"����$3��( �)�0�
��
!&���+�0�&34 �([�!��
ก)������"+�"5��!����&1!������
�%�1��)�0�
�ก���'�!1�$3�!���&1"1��$5'
�
������#��
 5'
����

�([�ก���+��&��	�3� (value-added) -����ก�&
 2 "����12�
�� ��2����"3��'�$
����-���ก6$�ก�



 
 

0�ก��.�2�!����&1����5+� 5'
'�ก���)��-
�!����&1!������
�%��ก$3��(�
��#�1ก�
�� 8��0�
ก����!����2��
&1ก����!��!��!ก����ก��ก��������5�
�./���([�!3���1��&30"
5'
���กก���)�
&�'����ก�&
!�$3��4  (0����������12�����$����3���([���ก��������!�5'
��)�&��)�0�
5�
�)  
5'
��ก��<�&�#!�� (�ก>ก?��) ��2��
&1ก����!��!��!ก����กก�ก-��+�"�'����ก�)��($
&
�([��2)��ก>ก?��5'
��
�� (�+������3�ก�ก�1���'����2���กก��$
&�2)��ก>ก?��5'
����!�&��7�)�&�0"

�([�!��ก)������"+�"��
�����&3) 

 
 
 

 

 

 

 



 
 

 

 

���() 2 
 

���(�O�����ก����	
� 
 

ก�����(��
��
ก
�	�กK�I
�H�QK� 
 

1. ��ก��<�&�#!�� (�ก>ก?��) ��
0���(��ก5�
���ก�
���
� 
2. ��ก��������!���ก�
���
��)�&��/�ก'1���ก�([�"�2�4 (5��!�)  
3. �)���ก��������0�-
� 2 &����1���	� �&�(�
&�	 30-40 ��#��.'�.1�! 0� hot air oven 

0�
5�
� (5��5�
�) 
4. �)�+�"5�
�5$3'
"���&�5�ก!ก���
���2)� 5'
 �&����' (0�!��!3�� 1:10) 8��0"
���&

�
��"3�� (digestion) 5'
&1ก��!ก��.2)� 2 ���2�  0�ก�	1-����ก��<�&�#!�� (�ก>ก?��) 
�1�!ก���
���2)�     ก�ก�1���'���
�)�&�!ก���
���&����'�
�� 

5. ก���5'
�)�!��!ก���1���
�(�
�����5�
� 8��0"
������� Rotary evaporator ��
!��!ก��
���� (crude extracts) 

6. �)�!��!ก�������1���
�ก]���
0�87������&"�2� (desiccator) �+����ก]���
0"
0�ก����!��
$3��( 

 
ก��#RกS�������
��
��ก���	��"����,����K�I ,�����( Lemna Phytotoxicity Assay (16-18) 
  

I. ก��*ก>�42�ก��*��5 �4?9 
 

1. �)�5��&���ก5�'3��+�
�'12��������ก�3��2)�$�&:��&"�$� 
2. '
���
���2)�(�
(�0�
!
���5'
�'��ก5$35���1�!&���	%&�0"
 
3. '
���
���2)�ก'����1�(��#��ก�"�2� 3 ���2� (�)�0� lamina air flow hood) 
4. �)�5���1���
��ก -
� 3 �'12��0������!)������+�
�'12��5�� (E - medium ) �1�(��#��ก

�"�2��1��$�1�&��
 5'
�+�
�'12����
0��
����	� �&� 25+ 2 ��#��.'�.1�! 5'
&15!�
$'����'�  

5. �)�5�� ��ก-
� 4 �12!)�����0"
0�ก����!��$3��(  
 
 
 



 
 

 
II. ก��*��5 � Culture medium (E-medium) (.�?���4?9 

 
 

������() 1  ������
��
�����-���K�!� (����-� (E-medium)   
 

0��������'� 1 '�$� (�
ก���(�
��!��$3��(�12 
6.  

7+,"(�� �����3 (mg) 
KH2PO4 680 
KNO3 1515 
Ca(NO3)2.4H2O 1180 
MgSO4.7H2O 492 
H3BO3 2.86 
MnCl2 3.62 
ZnSO4.7H2O 0.22 
CuSO4.5H2O 0.08 
Na2MoO4.2H2O 0.12 
FeCl3.6H2O 5.40 
EDTA 11.2 

 
ก������������� !�� E-medium  $���%&�'�(�)�*�+,�- 

7.  

1. �!&!��$3��4 $�&!�$�0��2)�ก'���0�
���(��&�$��1�$
��ก�� 
2. (��� pH 0�
��
���30�"3�� 5.5 � 6.0 
3. �)��(�)�0�
(��#��ก�"�2� 8��ก���)��(�-
� autoclave �1� 121 ��#��.'�.1�!  
      ��� 15 ���1 
4. ��0�
��]� 5'
0"
!)�����ก����!��9�:�;ก������<�$��8$-��5��$3��( 

III. Lemna phytotoxicity assay 
 

1. �$�1�& culture medium (E-medium ) !)�����0"
0�ก���'12��5�� 5'
0"
�([�$���)�'
'��
!)������������!��!ก����ก+�"�+���0�
��
���&�-
&-
�$3��4!)�����ก����!��9�:�; 

2. '
'��!��!ก��������ก+�"0�
��
���&�-
&-
��1�5�3���  
3. �$�1�&-��5ก
� (vials) !)�����ก����!��9�:�; 8��0!3!��!ก��0�
&1���&�-
&-
�-��!��

!ก����ก+�"5$3'
ก����!�� 6 ���&�-
&-
� 0�"3�� 1-1000 µg/ml (100, 200, 400, 

600, 800 5'
 1000 µg/ml) 5'
&1 negative control (�&30!3!��!ก����ก+�") 5'
 
positive control ��� Copper sulfate (CuSO4) 8���)� triplicate 0�5$3'
ก����!�� 



 
 

 

4. �)�5���1��+�
�'12����
 �'��ก�o+�
ก'�3&�1�&1 2-4 0� (2-4 fronds) &�0"
 8��0!35$3'
 vials 
0�
��
 15 0� (15 fronds / vial)  

5. (���� vials 5'
�)��(�+�
�'12��0��
����	� �&� 25+2 ��#��.'�.1�!5'
0�
5!�
$'����'� 

6. !���ก$���&�('1���5('�$3��4 8��0"
5�3�-���"3�� 0�����1� 3, 5  5'
 7  -��ก����!�� 
8��0�����1� 7 �
&1ก������)����0�-��5�� (frond  number) �1�&1���3�
�� 

 

?�� *?�I 
 

1. 0"
�)����0�-��ก'�3&�����& (negative control) 0�����1� 7 �([�$���(�1����1��ก������<�$��8$
ก��ก'�3&��!��$3��4 

2. ������
�%-
�&�'5'
�(�1����1��9�:�;�����2�ก������<�$��8$-��!��!ก����ก+�"$3��4 8�����3� 
EC10  EC20  5'
 EC50 

IV. ก��:�*����?1K8"�-2  
 

1. ����$��ก������<�$��8$  (relative growth rate) -��5��0�!��!ก��$3��4  5'
0�ก'�3&
�����& (negative) 8��0"
!�$�����12 
 

Relative growth rate (RGR) / 5%-  =    Ln(Nt / N0) / 9$�-5-5%-  
2.  

Nt   =  �)����0� (fronds) 0����&�-
&-
���2�4 �'����ก�3���( 7 ��� (����1� 7) 
N0   =  �)����0� (fronds) ����&$
� (����1� 0) 0����&�-
&-
���2�4 �&�������&$
�ก����'�� 
 (0�ก����'���12&1�3���3�ก�� 15 0���ก-��) 
 �)������� 0�ก����'���12��3�ก�� 7 

 

2. �� % inhibition relative growth rate  0�����1� 7 ��1��ก��ก'�3&�����& (negative) 8��0"
 
    !�$�����12 
 

Percent inhibition of relative growth rate (% GR Inh)   =  (RGRC > RGRT) / RGRC  X 100 
 

RGRC  =   �3��o'1����$��ก������<�$��8$$3���� (Average relative growth rate, Average 
        RGR)  -��5��0�ก'�3& negative control 
RGRT  =    �3��o'1����$��ก������<�$��8$$3���� (Average relative growth rate, Average  

RGR)  -��5��0�ก'�3&�1���
���!��!ก��$3��4 ��&7/� positive control �
�� 
 

3. plot ก��m�
��3�� % inhibition (5ก� Y) ก�� ���&�-
&-
� (5ก� X)   
    8���)���ก���&�-
&-
� 
4. ���3� EC10  EC20  5'
 EC50 ��กก��m�1���
      
5.  �(�1����1���3� EC10  EC20  5'
 EC50 -��!��!ก���1���
��ก+�"!&���+�5$3'
"��� 



 
 

 

ก�����	
��ก H+�
���Z�([�K�I ,��ก���O� Phytochemical screening (19) 

 

���%(�
ก�������&1-��+�"!&���+�5$3'
"���&1���&5$ก$3��ก��  �/�!3��'$3�ก��5!��
!��+��	  5'
ก���$�1�&!&���+���2��+���0"
�([���  ก��#/ก6�"���-��ก'�3&!����&10�+�" 
(phytochemicals) &1���&!)���<$3�ก�
���ก���'�$����ก+�"!&���+�  ก������"���-��ก'�3&!��
�1�+�0�+�" ���5!��7/�!��+��	5'
���&�([�+�6-��+�"��2���3����3��4 ��
�1ก�
��  �"3���ก+��3�+�"
��2�&1���%(�
ก�������&1�([�!��ก'�3& tannins  +�"��2����&19�:�;���!&��  7
�+�!��ก'�3& cardiac 
glycosides  +�"��2����&1�'$3�ก���)����-�����0�  �([�$
�      
  

  ก��$���!���)���
8���)�!��!ก��������ก+�"5$3'
"���&���!��ก�� reagent $3��4 �1�0"
 
!)�����ก��$���!��8���!�
�������&1���ก'�3&�1�&1���30�ก'�3&!��$3��4 �1�&1���30�+�"(19) �)�0�

$���!��ก'�3&!��$3��4 �1�&1���30�+�"��
 ��
5ก3 phenolic compounds, tannins, flavonoids, 
coumarins, anthraquinones, steroids, triterpenoids, saponins, cardiac glycosides 5'
 
alkaloids 
 

 ก��$���!��8���!�
�������&1���ก'�3&�1�&1���30�ก'�3&!��$3��4 �1�&1���30�+�" !�&��7�)���
8��
ก����!���
����:1$3��4 ���� reagent test  $3��4 ����12 

1. ก��$���!�� ��ก)AB� tannins:  ��� 2% gelatin solution 1-2 ���'��(0�!��!ก���1�
'
'���
���2)�  5'
�!���ก$$
ก���1��ก��-/2� 

2. ก��$���!�� ��ก)AB� saponins:  0"
��:1  Foam test  8���-�3�!��!ก���1�'
'���
���2)�
5��4  5'
�!���ก$m���1��ก��-/2�   

3. ก��$���!��GH�+ �I�+ phenolic:  ��� FeCl3 T.S. 1-2 ���'��(0�!��!ก���1�'
'��
�
���2)�����5�'ก�?�'%  5'
���!15'
$
ก���1��ก��-/2� 

4. ก��$���!�� ��ก)AB� flavonoids:  0"
��:1 cyanidin test  8��0!3 magnesium ribbon 1-
2 "�2� '��(0�!��!ก���1�'
'���
��5�'ก�?�'%    ���ก�� hydrochloric �-
&-
�'��( 2-
3 ���  5'
���!1�1��ก��-/2� 8��7
�!��!ก��&1!1�-
&��ก��  0�
!���ก$!1�1�m���1��ก��-/2� 

5. ก��$���!��-*$���): 0"
��:1 MolischNs test  8����� 5% α-naphthol 0� alcohol 1-2 
���'��(0�!��!ก���1�'
'���
��5�'ก�?�'%  �-�3�0�
�-
�ก��  5'
��3��4 ���ก�� sulfuric 
�-
&-
�0�
��''��(���3�1�ก
��'����'������]�ก��5�ก"�2�ก��!��!ก��   5'
�!���ก$!1-��
��5����1��ก��-/2� 

6. ก��$���!��GH�+ �I�+ unsaturated lactone ring:  ��� Kedde reagent A  1-2 ��� 
'��(0�!��!ก���1�'
'���
��5�'ก�?�'%  �-�3�0�
�-
�ก��    5'
���� Kedde reagent B 
1-2 ���$�&'��(  !���ก$!1�1��ก��-/2�  8������)� blank ��
�(�1����1���
�� 



 
 

 
7. ก��$���!�� ��ก)AB� anthraquinones:  0"
��:1 Borntrager test  8���$�1�&!��!ก���1�

'
'���
��5�'ก�?�'%0�
&1���&�-
&-
�&�ก!�ก��3�� �$�&ก�� 10-20 % hydrochloric 
'��(0�(��&�$��1���3�ก��ก��!��!ก���-
&-
� 5'
��)��(0�
���&�
��8��ก��$
&0��&
����
���2)� ����$�2��� hot plate 8��$�� !�ก 2-3 ���1  ��0�
��]� 5'
�!ก���
�� ethyl acetate 
8��ก���-�3�0��'����'�� 5�ก!��!ก��"�2� ethyl acetate ��ก&�0!3�'����'�����
0�&3 5'
��$�& 10 % alkaline solution �"3� KOH, NaOH ���� NH4OH '��( 1-2 ml 5'
�
�-�3� 5'
!���ก$!10�"�2���2�!��  

8. ก��$���!�� deoxy sugars: 0"
��:1�1����5('���ก Kiliani test  8���$�& FeCl3 T.S. 1-2 
���'��(0�!��!ก���1�'
'���
��5�'ก�?�'%  �-�3�0�
�-
�ก��  5'
��3��4 ���ก�� sulfuric 
�-
&-
�0�
��''��(���3�1�ก
��'����'������]�ก��5�ก"�2�ก��!��!ก��   5'
�!���ก$!1-��
��5����1��ก��-/2� 

9. ก��$���!�� ��ก)AB� triterpenes / steroids:  0"
��:1 Liebermann-Burchard test 8��
��� acetic anhydride 1-2 ��� '�0�!��!ก���1�5�
� ��0�
'
'��  5'
����ก�� 
sulfuric �-
&-
� '�-
��4 0�
�3��4 ��'�(!�&��!ก��!��  !���ก$!1�1��ก��-/2�����15'
$3��(�1ก 
1-2 ���1 

10. ก��$���!�� ��ก)AB� alkaloids:  ��� DragendorffNs reagent  '�0�!��!ก���1��-
&-
�
5'
'
'���
��ก�� 10 % hydrochloric 5'
ก���5'
� (7
�&1$
ก��)   5'
�!���ก$$
ก��
5'
!1$
ก���1��ก��-/2� 
 

 

 

 

 

 

 

 

 

 



 
 

 

���() 3 
 

* ก����	
�� !�F�L���*  
 

1. ������
��
��ก���	��"����,�����-�,�����( Lemna Phytotoxicity Assay 
 

ก����!��9�:�;-��!��!ก����ก��������5'
��ก��<�&�#!�� (�ก>ก?��) �1�&1�'$3�ก��
����<�$��8$-��5�� 8����:1  Lemna Phytotoxicity Assay ��2�  �)���
8���$�1�& culture medium   
(E- medium) !)�����0"
0�ก���'12��5��5'
0"
�([�$���)�'
'��!)������������!��!ก����ก+�"�+���0�

��
���&�-
&-
�$3��4 !)�����ก����!��9�:�;  ���&�-
&-
�-��!��!ก���1�0"
0�ก����!��9�:�;&1 6 
���&�-
&-
� ��� 100, 200, 400, 600, 800 5'
 1000 µg/ml (ppm) 8���)�5�� 3 .2)� (triplicate) 
5'
0"
!��'
'�� Copper sulfate (CuSO4) 10 µg/ml (ppm) �([� positive control 

ก��������
�%-
�&�'��กก���+�
�'12��5���)���
8��ก������$��ก������<�$��8$  (relative 
growth rate)  5'
�(��%�.]�$%�����2�ก������<�$��8$-��5��  (% Inhibition of growth rate, % GR 
Inhibition)  -��!��!ก���1����&�-
&-
�$3��4 ��1��ก�� negative control �1��&3&1ก��0!3!��!ก��'��( 
����
�([�������'12��5�� (E-medium) �+1����3����1��  ./����
��ก�'ก������<�$��8$-��5�� ./����
��ก�)����0�-��5���1������
0�����1� 7 (day 7) �&�����1��ก���)����0�-��5���1�0!3'��(0����
����&5�ก-��ก����'�� (day 0) ./��!)�����ก����'��0����2��12 ��� 15 0�0���ก4 ก����!��  
 

1.1 	O����[�����-� (Frond number) [�ก��� (������)����)���� (�
��() 0) � ! 
�
��() 7 ���ก���� �� 

 

�&����'12��5��0��
���+�
�'12�����2�������1�&1ก�������&��	� �&��1� 25°C 5'
�����"�2����-��
�1�&1ก���(���m!�3��$'�� 24 "���8&� 8��0�5$3'
-���
0!35��'��( 15 0�0��������&$
� (����1� 0) �&���
��� 7 ��� (����1� 7) ก]�
�)�ก������)����0�-��5�� (frond number) 0�5$3'
-�� 5'
����/ก-
�&�' 
8��0�ก����'��5$3'
���2��
&1$�������&��2��1��([� positive control  ./���([�!��&�$�����1�&19�:�;
�����2�ก������<�$��8$-��5����
�1  0�ก����'���120"
  Copper sulfate (CuSO4) 5'
&1 negative 
control  ./���([�ก������<�$��8$5��(ก$�-��5�� �
�&3&1ก��0!3!��!ก�� ����!��&�$����'��(  8��
�
&1�+1��5$3�������'��'12��5����3���2� ./��0�ก����'���120"
!���������'��1���1�ก�3� E-medium 
 �'ก����'��!)�����!��!ก��-��+�"5$3'
"��� 5!��0�$�����1� 2 - 3 
 
 
 

  
 



 
 

 
1.1.1 
O�-�
�
��
ก
���ก�������� (������() 2) 

 
������() 2  �)����0�-��5�� (frond number) 0�!��!ก����ก��ก�������� 0�����1� 7 
 
 

  Day 0 Day 7 

 conc. 
 (µg/ml or ppm) 

  

จํานวนใบ
เริ่มตน 

(frond no)  

ในแตละขวด 

frond no 

 ขวด 1 ขวด 2 ขวด 3 

  1000 15 7 1 1 

  800 15 4 1 6 
MeOH 
Extract 600 15 12 10 12 

  400 15 15 10 19 

 200 15 27 26 25 

  100 15 50 46 42 

  1000 15 16 10 13 

  800 15 12 18 17 
Water 

Extract 600 15 38 40 22 

 400 15 48 38 32 

 200 15 50 40 48 

 100 15 54 62 52 

 CuSO4 10 15 9 5 5 

 Control -  15 70 82 76 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
1.1.2 
O�-�
�
��
ก
���ก��"	��#
�� (�ก%ก&��) (������() 3) 

 
  
������() 3  �)����0�-��5�� (frond number) 0�!��!ก����ก��ก��<�&�#!�� (�ก>ก?��)  

       0�����1� 7 
 

 
  
 
 

 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 

  Day 0 Day 7 

 conc. 
(µg/ml or ppm) 

  

จํานวนใบ
เริ่มตน 

(frond no)  

ในแตละขวด 

frond no 

 ขวด 1 ขวด 2 ขวด 3 

  1000 15 37 45 50 

  800 15 45 46 47 

MeOH 600 15 53 52 56 

Extract 400 15 49 48 66 

 200 15 79 91 85 

 100 15 119 87 104 

 1000 15 57 49 55 
Water 

 800 15 76 84 60 

Extract 600 15 73 66 81 

 400 15 75 67 73 

 200 15 100 88 86 

 100 15 82 98 97 

กากที่เหลือ  1000 15 44 54 54 

จากการ 800 15 50 60 75 

สกัดดวยน้ํา 600 15 55 73 90 

นํามา 400 15 71 79 76 

สกัดตอ 200 15 71 76 89 

ดวย MeOH 100 15 72 87 80 

CuSO4 10 15 20 13 15 

  Control  -  15 89 94 89 



 
 

 
1.2  �
���ก���	��"����,� (Relative growth rate, RGR) � !�L����de����
��
��ก�� 

�	��"����,� (% Inhibition of growth rate, % GR Inhibition) ����-�[�
��
ก
�	�ก��ก
�������� � !��ก��"	��#
�� (�ก%ก&��)  �()Z�����������+��h ���)���(��ก
�ก H+�
Z��ZH� (Negative � ! Positive control) 

 

��$��ก������<�$��8$ (Relative growth rate, RGR) -��5������ก�)����0��1��+��&&�ก-/2�0�
5$3'
-��0�����1� 7 ��1��ก���)����0�0��������&$
� (����1� 0) ����1�5!����
0�$�����1� 2 � 3 8���

�)���	��ก&��([���$��ก������<�$��8$$3���� ����12 
 

Relative growth rate (RGR) / :�9  =    Ln(Nt / N0) / ;.�9:9:�9  
 

Nt   =  �)����0� (fronds) 0����&�-
&-
���2�4 �'����ก�3���( 7 ��� (����1� 7) 
 N0   =  �)����0� (fronds) ����&$
� (����1� 0) 0����&�-
&-
���2�4 �&�������&$
�ก����'�� 
  (0�ก����'���12&1�3���3�ก�� 15 0���ก-��) 
  �)������� 0�ก����'���12��3�ก�� 7 

  

  �'����ก��2��
���3��o'1����$��ก������<�$��8$$3���� (Average relative growth rate, 
Average RGR) -��5��0�5$3'
���&�-
&-
�-��!��!ก��   0�!��&�$���� ���� positive control 
(CuSO4)  5'
0� negative control  (�&30!3!��!ก�� ����!��&�$����!)�������!�� &1�+1�������
�'12��5����3���2�)  -�2�$3��(�
0"
�3��o'1����$��ก������<�$��8$$3����-��5��0�ก'�3& negative 
control ./������([���$��ก������<�$��8$(ก$�&��([�$���(�1����1��ก���3��o'1����$��ก������<�$��8$$3�
���-��5��0�5$3'
���&�-
&-
�-��!��!ก��   5'
��)���	��ก&��([��(��%�.]�$%�����2�ก��
����<�$��8$-��5�� (% Inhibition of growth rate, % GR Inhibition) 0�5$3'
���&�-
&-
�-��!��
!ก����
   !3�� positive control ./���([�!���1�����ก���1�3�&19�:�;�����2�ก������<�$��8$-��+�"��
 8��0�
ก����'���120"
 CuSO4 �+���0"
(�
ก��ก��+����	����&�"���7����
-��-
�&�'0�5$3'
���2��1��)�ก��
��'�� 8�����3� positive control !�&��7�����2�ก������<�$��8$-��5����
����0�5$3'
���2�-��ก��
��'�� 

Percent inhibition of growth rate (% GR Inhibition)  -��5��0�!��!ก����ก+�"$3��4 �1�
���&�-
&-
�$3��4 �&�����1��ก��ก'�3&�����& (Negative control) 0�����1� 7 �)���	��
$�&!�$� ����12 
  

Percent inhibition of growth rate (% GR Inh)   =  (RGRC X RGRT) / RGRC  X 100 
 

    RGRC  =   �3��o'1����$��ก������<�$��8$$3���� (Average relative growth rate, Average 
   RGR)  -��5��0�ก'�3& negative control 
 RGRT  =   �3��o'1����$��ก������<�$��8$$3���� (Average relative growth rate, Average  
   RGR)  -��5��0�ก'�3&�1���
���!��!ก��$3��4 ��&7/� positive control �
�� 



 
 

 
 

��$��ก������<�$��8$ (Relative growth rate, RGR)  5'
�(��%�.]�$%�����2�ก������<�$��8$        
(% Inhibition of growth rate, % GR Inhibition)  -��5�� 0�!��!ก����ก+�"$3��4 5!��0�$�����1� 
4 � 5 
  



 
 

  1.2.1 
O�-�
�
��
ก
���ก�������� (������() 4) 
 

������() 4   ��$��ก������<�$��8$ (Relative growth rate, RGR) 5'
�(��%�.]�$%�����2�ก������<�$��8$ (% Inhibition of growth rate, % GR Inhibition) -��5�� 
   0�!��!ก����ก��ก�������� 

   

  Day 0 Day 7       

 conc.(ppm) 
จํานวนใบ

เริ่มตน frond no       

   frond no ขวด 1 ขวด 2 ขวด 3 growth rate 1 growth rate 2 growth rate 3 avg.GR SD % GR Inh 

  1000   7 1 1 -0.1089 -0.3869 -0.3869 -0.2942 0.1605 227.09 

  800   4 1 6 -0.1888 -0.3869 -0.1309 -0.2355 0.1342 201.74 

MeOH 600 15 12 10 12 -0.0319 -0.0579 -0.0319 -0.0406 0.0150 117.52 

Extract 400   15 10 19 0.0000 -0.0579 0.0338 -0.0081 0.0464 103.48 

  200   27 26 25 0.0840 0.0786 0.0730 0.0785 0.0055 66.09 

  100   50 46 42 0.1720 0.1601 0.1471 0.1597 0.0125 31.01 

  1000   16 10 13 0.0092 -0.0579 -0.0204 -0.0230 0.0336 109.96 

  800   12 18 17 -0.0319 0.0260 0.0179 0.0040 0.0314 98.27 

Water 600 15 38 40 22 0.1328 0.1401 0.0547 0.1092 0.0473 52.83 

Extract 400   48 38 32 0.1662 0.1328 0.1082 0.1357 0.0291 41.37 

  200   50 40 48 0.1720 0.1401 0.1662 0.1594 0.0170 31.13 

  100   54 62 52 0.1830 0.2027 0.1776 0.1878 0.0132 18.89 

                        

Positive Control 10 15 9 5 5 -0.0730 -0.1569 -0.1569 -0.1290 0.0485   

CuSO4                       

                        

Negative Control   15 70 82 76 0.2201 0.2427 0.2318 0.2315 0.0113   

                        



 
 

   

1.2.2 
O�-�
�
��
ก
���ก��"	��#
�� (�ก%ก&��)  ������() 5 
 

 
������() 5   ��$��ก������<�$��8$ (Relative growth rate, RGR) 5'
�(��%�.]�$%�����2�ก������<�$��8$ (% Inhibition of growth rate, % GR Inhibition) -��5�� 

    0�!��!ก����ก��ก��<�&�#!�� (�ก>ก?��)   
                   

     Day 0 Day 7       

 conc.(ppm) 
จํานวนใบ

เริ่มตน frond no       

   frond no ขวด 1 ขวด 2 ขวด 3 growth rate 1 growth rate 2 growth rate 3 avg.GR SD % GR Inh 

  1000   37 45 50 0.1290 0.1569 0.1720 0.1526 0.0218 40.61 

  800   45 46 47 0.1569 0.1601 0.1632 0.1601 0.0031 37.72 

MeOH 600 15 53 52 56 0.1803 0.1776 0.1882 0.1820 0.0055 29.17 

Extract 400   49 48 66 0.1691 0.1662 0.2117 0.1823 0.0255 29.06 

  200   79 91 85 0.2373 0.2575 0.2478 0.2476 0.0101 3.67 

  100   119 87 104 0.2959 0.2511 0.2766 0.2745 0.0224 -6.82 

  1000   57 49 55 0.1907 0.1691 0.1856 0.1818 0.0113 29.26 

  800   76 84 60 0.2318 0.2461 0.1980 0.2253 0.0247 12.33 

Water 600 15 73 66 81 0.2261 0.2117 0.2409 0.2262 0.0146 11.98 

Extract 400   75 67 73 0.2299 0.2138 0.2261 0.2233 0.0084 13.13 

  200   100 76 68 0.2710 0.2318 0.2159 0.2396 0.0284 6.78 

  100   82 88 86 0.2427 0.2528 0.2495 0.2483 0.0051 3.39 



 
 

   

������() 5   ��$��ก������<�$��8$ (Relative growth rate, RGR) 5'
�(��%�.]�$%�����2�ก������<�$��8$ (% Inhibition of growth rate, % GR Inhibition) -��5�� 
    0�!��!ก����ก��ก��<�&�#!�� (�ก>ก?��)  $3� 
 

  Day 0 Day 7       

 conc.(ppm) 
จํานวนใบ

เริ่มตน frond no       

   frond no ขวด 1 ขวด 2 ขวด 3 growth rate 1 growth rate 2 growth rate 3 avg.GR SD % GR Inh 

  1000   44 54 54 0.1537 0.1830 0.1830 0.1732 0.0169 32.59 

  800   50 60 75 0.1720 0.1980 0.2299 0.2000 0.0290 22.18 

กากที่เหลือจากการสกัดดวยน้ํา  600 15 55 73 90 0.1856 0.2261 0.2560 0.2225 0.0353 13.41 

นํามาสกัดตอดวย MeOH 400   71 79 76 0.2221 0.2373 0.2318 0.2304 0.0077 10.34 

  200   71 76 89 0.2221 0.2318 0.2544 0.2361 0.0166 8.14 

  100   72 87 80 0.2241 0.2511 0.2391 0.2381 0.0135 7.35 

                        

Positive Control 10 15 20 13 15 0.0411 -0.0204 0.0000 0.0069 0.0313   

CuSO4                       

                        

Negative Control   15 89 94 89 0.2544 0.2622 0.2544 0.2570 0.0045   

                        

 

 

 

 



 
 

 
1.3  Effective concentration for 10 %, 20 % and 50 % Inhibition of relative growth 

rate  (EC10, EC20 and EC50)  K"&(��(ก��;�ก�"ก��:*�+"& 42��"ก*�);���(:9 
(*ก_ก`: )  69ก�� �� �a&ก��*;��)*���b�K"&4?9 
 
 �'����ก��
�3��(��%�.]�$%�����2�ก������<�$��8$ (% Inhibition of growth rate, % GR 
Inhibition) -��5�� 0�!��!ก����ก+�"$3��4 �1����&�-
&-
�$3��4 5'
� �&����)��(!�
��ก��m�
��3�� 
���&�-
&-
�-��!��!ก�� (conc.) 0�5ก� X  ก�� �(��%�.]�$%�����2�ก������<�$��8$ (% Inhibition of 
growth rate, % GR Inhibition)  -��5�� 0�5ก� Y  ก]�
��
!&ก���!
�$����ก&�./��!�&��7���3�
���&�-
&-
�-��!��!ก���1�!�&��7�����2�ก������<�$��8$-��5���1��(��%�.]�$%$3��4 ��
  0�ก��
��'���12�
��ก�������2�ก������<�$��8$-��5���1� 10 % (EC10)  5'
 20 % (EC20)  ./��$�&
&�$����-�� Organization for economic co-operation and development (OECD)(20) 
guidelines for the testing of chemicals (Lemna sp. Growth Inhibition Test)  ก'3���3�ก�����'
ก�������2�ก������<�$��8$-��5����
 10 ���� 20 % ก]�+1��+�5'
��&�
!&5'
�  5$3��3����ก]$�&
�'-��ก�������2�ก������<�$��8$-��5���1� 50 % (EC50) ก]��
5!����
�
�� 
 

1.3.1 
O�-�
�
��
ก
���ก��������  
 

  ��ก�'ก����'�� ($�����1� 4)  +��3�!��!ก����ก��ก���������1�!ก���
�� methanol 
(methanol extract) 5'
�1�!ก���
���2)� (water extract ���� aqueous extract) ��2� 0�
�'�����2�ก��
����<�$��8$-��5����
 ��2� 2 !��!ก�� 8��5(�$�&���&�-
&-
� ����������&�-
&-
�&�ก����&1�'
�����2�ก������<�$��8$-��5����
&�ก 5$3&1���&5��$3��ก�� 8�� methanol extract �
&19�:�;0�ก��
�����2�ก������<�$��8$-��5����
�1ก�3� (�3� % inhibition of growth rate !��ก�3�)   

�&���!�
��ก��m�
��3�� concentration ก�� % inhibition of growth rate -�� methanol 
extract  (��(�1� 1) 5'
 water extract ���� aqueous extract (��(�1� 2) 5'
�ก]�
��
!&ก���!
�$��
��ก&�5'
!�&��7���3����&�-
&-
�-��!��!ก���1�!�&��7�����2�ก������<�$��8$-��5���1�
�(��%�.]�$%ก�������2�$3��4 ��
  8���3�ก�������2�ก������<�$��8$-��5���1� 10% (EC10), 20 % 
(EC20) 5'
 50 % (EC50) -��!��!ก����ก��ก���������1�!ก���
�� methanol  5'
 water 
(aqueous) &1�3�����1�5!��0�$�����1� 6   
 
 
 
 



 
 

 
 

                       
 

��L�() 1  ก��m5!�����&!�&+��:%�
��3�� concentration ก�� % inhibition of growth rate 
            -��!��!ก����ก��ก���������1�!ก���
�� methanol  
 
 

   
 
��L�() 2  ก��m5!�����&!�&+��:%�
��3�� concentration ก�� % inhibition of growth rate 
            -��!��!ก����ก��ก���������1�!ก���
���2)� (water) 



 
 

 
 
������() 6  �3� EC10, EC20 5'
 EC50 -��!��!ก����ก��ก���������1�!ก���
�� methanol 
                    5'
�1�!ก���
���2)� (water)  
  

 EC10  
µg/ml (ppm) 

EC20 
µg/ml (ppm) 

EC50 
µg/ml (ppm) 

!��!ก���
�� methanol 95.58 108.11 156.47 
!��!ก���
���2)� (water)   107.59 140.26 310.75 

  
 

1.3.2 
O�-�
�
��
ก
���ก��"	��#
�� (�ก%ก&��)   
  
 ��ก��<�&�#!�� (�ก>ก?��)  &1ก��5�ก!ก���
�� methanol 5'
�2)� (water) 8��ก�ก��ก
��<�&�#!�� (�ก>ก?��)  �1��3��ก��!ก���
���2)�5'
��
&1ก���)�&�!ก���
�� methanol �1ก���2� 

��ก�'ก����'�� ($�����1� 5)  +��3�!��!ก����ก��ก��<�&�#!�� (�ก>ก?��)  �1�!ก��
�
�� methanol (methanol extract) 5'
�1�!ก���
���2)� (water extract ���� aqueous extract) 5'

ก�ก��กก��!ก���
���2)��1�!ก��$3��
�� methanol ��2� 0�
�'�����2�ก������<�$��8$-��5����
 ��2� 3 
!��!ก�� 5$3&1�'�+1���']ก�
����3���2� (�1����&�-
&-
� 1000 µg/ml (ppm) &1�3� % inhibition of 
growth rate ��3�ก�� 40.61, 29.26 5'
 32.59 $�&')����)  

�&���!�
��ก��m�
��3�� concentration ก�� % inhibition of growth rate -�� methanol 
extract  (��(�1� 3),  water extract ���� aqueous extract (��(�1� 4) 5'
 !��!ก��ก�ก�1��3��ก��!ก��
�
���2)�5'
��)�&�!ก��$3��
�� methanol (��(�1� 5)  5'
�ก]�
��
!&ก���!
�$����ก&�5'
!�&��7��
�3����&�-
&-
�-��!��!ก���1�!�&��7�����2�ก������<�$��8$-��5���1��(��%�.]�$%ก�������2�$3��4 ��
  
8���3�ก�������2�ก������<�$��8$-��5���1� 10% (EC10), 20 % (EC20) 5'
 50 % (EC50) -��!��
!ก��$3��4 ��ก��ก��<�&�#!�� (�ก>ก?��) �12 &1�3�����1�5!��0�$�����1� 7   
 
 
 
 
 
                       
 



 
 

 
 

  
 

��L�() 3  ก��m5!�����&!�&+��:%�
��3�� concentration ก�� % inhibition of growth rate 
            -��!��!ก����ก��ก��ก��<�&�#!�� (�ก>ก?��) �1�!ก���
�� methanol  
 
 

 
   
��L�() 4  ก��m5!�����&!�&+��:%�
��3�� concentration ก�� % inhibition of growth rate 
            -��!��!ก����ก��ก��<�&�#!�� (�ก>ก?��) �1�!ก���
���2)� (water) 

 



 
 

 
 
 
 

 
 
��L�() 5  ก��m5!�����&!�&+��:%�
��3�� concentration ก�� % inhibition of growth rate 
             -��!��!ก����กก�ก��ก��<�&�#!�� (�ก>ก?��) �1�!ก���
���2)� 5'
�!ก��$3��
��  
             methanol  

 
 
������() 7  �3� EC10, EC20 5'
 EC50 -��!��!ก����ก��ก��<�&�#!�� (�ก>ก?��) �1�!ก���
��      

        methanol  5'
�1�!ก���
���2)� (water)  5'
!��!ก����กก�ก��ก��<�&�#!��    
        (�ก>ก?��) �1�!ก���
���2)� 5'
�!ก��$3��
�� methanol  

 
  

 EC10  
µg/ml (ppm) 

EC20 
µg/ml (ppm) 

EC50 
µg/ml (ppm) 

!��!ก���
�� methanol 227.44 357.94 > 1000 
!��!ก���
���2)� (water)   277.68 946.23 > 1000 
!��!ก����กก�ก��ก��<�&�#!��   
(�ก>ก?��) �1�!ก���
���2)� 5'
�!ก��$3�
�
�� methanol  

212.22 626.04 > 1000 



 
 

 

 

 
1.3.3 
O�-�
�
������m�� Copper sulfate (CuSO4) �()[I��Lp� Positive control 
 

!��&�$�����1�0"
�([� Positive control 0�ก����!��9�:�;0�ก�������2�ก������<�$��8$
-��5�� 0�ก����'��5$3'
���2����!��'
'�� Copper sulfate (CuSO4) ���&�-
&-
� 10 µg/ml 
(ppm) ./��&19�:�;0�ก�������2�ก������<�$��8$-��5����
�([���3���1 8���)�0�
5��$��  
 ก����!��9�:�;�����2�ก������<�$��8$-��5��-��!��'
'�� Copper sulfate (CuSO4) �1�
���&�-
&-
�$3��4 (�&3��
5!��-
�&�'��
) 5'
�&���!�
��ก��m�
��3��  concentration ก�� % 
inhibition of growth rate �����(�1� 6 ก]�
��
!&ก���!
�$����ก&�5'
!�&��7���3����&�-
&-
�
-��!��&�$���� (CuSO4) �1�!�&��7�����2�ก������<�$��8$-��5���1��(��%�.]�$%ก�������2�$3��4 ��
 
8���3�ก�������2�ก������<�$��8$-��5���1� 10% (EC10), 20 % (EC20) 5'
 50 % (EC50) -��!��
&�$���� (CuSO4) &1�3�����1�5!��0�$�����1� 8 
 

                     

CuSO
4

y = 22.978Ln(x) + 14.508

R2 = 0.8578
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��L�() 6   ก��m5!�����&!�&+��:%�
��3�� concentration ก�� % inhibition of growth rate -�� 

 !��&�$���� Copper sulfate (CuSO4)  
 
������() 8  �3� EC10, EC20 5'
 EC50 -��!��&�$���� Copper sulfate (CuSO4)         
 

 EC10  
µg/ml (ppm) 

EC20 
µg/ml (ppm) 

EC50 
µg/ml (ppm) 

!��&�$���� Copper sulfate (CuSO4)        0.82 1.27 4.67 
 



 
 

 
 
��ก�'ก����!��9�:�;�����2�ก������<�$��8$-��5��-��!��!ก����ก��ก�������� 5'


��ก��<�&�#!�� (�ก>ก?��) �1�!ก���
��$���)�'
'�� 2 "��� ��� methanol 5'
�2)�  8��!)�����
��ก��<�&�#!�� (�ก>ก?��) �1�!ก���
���2)���2��
&1ก���)�ก�ก&�!ก��$3��
�� methanol �1ก���2� 
��&��2�!��&�$���� Copper sulfate (CuSO4) ��
�'!��(�3� EC10, EC20 5'
 EC50  ���5!��0�
$�����1� 9 

 
������() 9   �3� EC10, EC20 5'
 EC50  -��!��!ก����ก��ก�������� 5'
��ก��<�&�#!�� 
                  (�ก>ก?��) �
��$���)�'
'�� 2 "��� ��� methanol 5'
�2)� (!)�������ก��<�&�#!��  
                  (�ก>ก?��) �1�!ก���
���2)���2��
&1ก���)�ก�ก&�!ก��$3��
�� methanol �1ก���2�) 

       ��&��2�!��&�$���� Copper sulfate (CuSO4)  
 
 

"���-��+�" /  
!��&�$���� (CuSO4) 

 
!��!ก��!����ก+�"0� 
$���)�'
'��"���$3��4 

 

 
EC10  
µg/ml 
(ppm) 

 
EC20 
µg/ml 
(ppm) 

 
EC50 
µg/ml 
(ppm) 

 !��!ก��0� methanol 95.58 108.11 156.47 
��ก��������  !��!ก��0��2)�  107.59 140.26 310.75 
 !��!ก��0� methanol  227.44 357.94 > 1000 
��ก��"	��#
�� 
(�ก%ก&��)   

!��!ก��0��2)�  277.68 946.23 > 1000 

 !��!ก��ก�ก�1��3��ก��!ก���
��
�2)� 5'
��)�&�!ก��$3��
�� 
methanol  

212.22 626.04 > 1000 


������m�� 
(CuSO4) 

 0.82 1.27 4.67 

 

 ��ก$����!��(�'�3� EC10, EC20 5'
 EC50  ($�����1� 9) -��9�:�;�����2�ก������<�$��8$
-��5��-��!��!ก����ก��ก�������� 5'
��ก��<�&�#!�� (�ก>ก?��) �
��$���)�'
'�� 2 "��� 
��� methanol 5'
�2)� (!)�������ก��<�&�#!�� (�ก>ก?��) �1�!ก���
���2)���2��
&1ก���)�ก�ก&�
!ก��$3��
�� methanol �1ก���2�)  +��3� ��ก���������1�!ก���
�� methanol &19�:�;�����2�ก��
����<�$��8$-��5����
�1�1�!�� (EC10 ��3�ก��  95.58, EC20  ��3�ก�� 108.11 5'
 EC50 ��3�ก�� 



 
 

156.47) ���'�&���� ��ก���������1�!ก���
�� �2)� (EC10 ��3�ก��  107.59, EC20  ��3�ก�� 140.26 5'
 
EC50 ��3�ก�� 310.75) !3��!��!ก����ก��ก��<�&�#!�� (�ก>ก?��)  �1�!ก���
�� methanol 
(methanol extract) 5'
�1�!ก���
���2)� (water extract ���� aqueous extract) 5'
ก�ก��กก��
!ก���
���2)��1�!ก��$3��
�� methanol ��2� 0�
�'�����2�ก������<�$��8$-��5����
 ��2� 3 !��!ก�� 5$3&1
�'�+1���']ก�
����3���2� (EC10  ��3�ก�� 227.44, 277.68 5'
 212.22 $�&')����) 8��!��!ก��0�"�2�
�2)�0�
�'�����2�ก������<�$��8$-��5����
�
���1�!�� ( EC10  ��3�ก�� 277.68 )   
 

2. ก�����	
��������������K�กS�Z�( (Phytochemical Screening) ���
��
ก
�	�ก 
    ��ก�������� � !��ก��"	��#
�� (�ก%ก&��)  

ก��$���!�����2��$
����+9ก6��&1 (Phytochemical screening) �([�ก��$���!��8��
���2��$
� �+���0�
�����3�0�$����3��+�"��2�4 &1���%(�
ก�������&1�([�!��0�ก'�3&0��
��  ��3����ก]
$�& !�����ก'�3&�&3&1��:1ก��$���!���1��o+�
���
�� �"3�!��0�ก'�3&����%(*� (terpenes) �
&1��:1
$���!���o+�
!��ก'�3& triterpenes ��3���2�  5'
ก��$���!��!��5$3'
ก'�3& ����8���!�
��5$3
'
5�� &�ก&1&�กก�3� 1 ��:1 8������)�ก��$���!���'��4 ��:1�+����������' 

 ก��$���!��5$3'
��:1 ���+��'��ก'�� (false positive) 5'
�''�'�� (false 
negative) �����2��'�1���
��กก��$���!���/��([��+1��ก������
�� ./���
�([��1�5�3���ก]$3��&���
!�&��7!ก��5�ก!�����!��:�; 5'
�)�!����2��(+�!���%��!�$�8���!�
�������&18��������$3��4 5'
�
��3���2� 

ก��!��(�'ก��$���!�� ��:1ก��$���!���'����:1 �&3&1���&�)��+�
ก��!��ก'�3&0�ก'�3&
��/�� ��������ก�([�ก��$���!��'�ก6	
-��8���!�
����3���2� ./�����+���
0�!��&�กก�3� 1 ก'�3& 
�"3�ก��$���!��+�'�ก6	
8���!�
��5�� phenolic ����([�!3��-��8���!�
��!����
�'��ก'�3& 
�"3�flavonoids, coumarins, tannins, anthraquinones ����!�� phenolics ก'�3&����4 ก]��
 ก��
!��(�'�/�$
���)��'ก��$���!����ก��:1&�(�
&�'��3���������1�!��  5'
0�$����3��+�"���+�
!��&�กก�3� 1 ก'�3&ก]��
 
  

ก��
�HL* ก�����	
�� 
 !��5$3'
ก'�3&�
!�&��70�
�'��กก����:1ก��$���!��5$ก$3��ก���(  8��!�&��7
5�3�ก'�3&!���1�!�&��7$���!����ก$����3��+�"5�
� ������ก!��!ก�� ��
�([� 3 �)�+�ก0�<34 ����12 

1. (��;.�0:ก triterpenes 42� steroids 
 ��:1ก��$���!���'�ก-��!���)�+�ก�12��� Liebermann-Burchard test 8���
0�
!1&3��5��
ก��!���1�&18���!�
���'�ก5�� triterpenes 5'
!1�-1��m��ก��!���1�&18���!�
���'�ก steroids ��ก0�
$����3��&1���%(�
ก�������&1��2� 2 '�ก6	
 �
��]�!1��2�&3��5��5'
�-1��m��.
��ก���([�"�2� 5'
&1
�
�
��'�ก��5!��!1�1�$3��ก��   



 
 

 
!���)�+�ก triterpenes 5'
 steroids 5$3'
ก'�3&�
0�
�'ก��$���!����� 

 !���1��&3��
���30�'�ก6	
-�� glycosides �
0�
�'��กก���o+�
 Liebermann-Burchard 
test 5$3�
�&30�
�'��กก��ก����!���2)�$�'8�� Molisch�s test 

 
��ก H+� saponins �
0�
�'��กก�� foam test 5'
ก��$���!���2)�$�'�
��  !3��!1
�'��กก�� Liebermann-Burchard test �
-/2�ก���3��([� triterpenoid saponins ���� steroidal 
saponins 

 
��ก H+� cardiac glycosides  �
0�
�'��ก!1�-1��m��ก�� Liebermann-Burchard test  
5'
�
0�
�'��กก��ก��$���!�� unsaturated lactone ring 8�� Kedde�s test 5'
 deoxy-
sugars 8�� Keller-Kiliani�s test �
��  ��ก��ก�12 ก��&1 deoxy-sugars 0�8���!�
�� �)�0�
!��
ก'�3&�125!���'��กก��ก��$���!���2)�$�'5���&3�)��+�
���
�� (Molisch�s test) �1ก�
�� 

2. (��;.�0:ก phenolics 
 ��:1ก��$���!���'�ก-��!���)�+�ก�12��� ก��$���!��8���!�
�� phenolic group 
(aromatic ring � OH)  0�$����3��+�"&�ก&1 phenolic compounds �1�&1'�ก6	
ก��$��-���&�3 
hydroxy �� benzene ring �'��5��(�ก�����3  ก��0�
!1�'��ก�/��([�!1(�ก��  !�&��7��]��([�!1
�-1�� �2)����� �2)�$�'�(��7/��)�  ก���)�5�ก"���-�� phenolic compounds �
0"
�'ก��$���!��
����&�(�
ก�� ����12 

 
��ก H+� flavonoids �
0�
�'��กก�� cyanidin test �
�� 8��!��'
'���('1����([�!1"&+� 
!
& ����5�� 

 
��ก H+� tannins �
0�
�'��กก��ก����!���
��!��'
'�� gelatin �
�� ����ก��$
ก��
-�3�-��-/2� 

 
��ก H+� anthraquinones �
0�
�'��กก�� Borntrager test �
�� 8���
�ก��!1"&+� !
& 
����5��-/2�0�"�2�!��'
'���3�� 5'
!1��'����1����30�"�2�$���)�'
'�������1�%�
���'���7/��&3&1!1 

 
��ก H+� coumarins �
0�
�'��กก��ก��$���!�� coumarins �
��  �����]�ก�������5!�
��ก�
��6ก����1�"��!��!ก��5'
��)��(!3�� ��0$
 UV 365 ��8��&$� 5$3��ก�([� coumarins 
"����1��
�����
�3��&�ก  ����&30�
�'��กก��ก��$���!��8���!�
�� phenolic 

 
��ก H+� phenolic ��)�h ��ก�������ก�1�ก'3��&�5'
� �
0�
�'��ก�o+�
ก��ก��
$���!��8���!�
�� phenolic group ��3���2� 

��ก��ก�12  !���)�+�ก�12&�ก���30���(-�� glycosides �/����+��'��กก��ก��$���!��
�2)�$�'�3�&�
�� (Molisch�s test)  



 
 

 

3. (��;.�0:ก alkaloids 
 ��
5ก3 !��ก'�3& alkaloids ./���
0�
�'��กก��ก����!���
�� Dragendorff�s reagent 8��
�
�ก��$
ก�����ก!1!
&���-/2� 
 

ก��$���!�����2��$
����+9ก6��&1 (Phytochemical screening) -��!��!ก����ก��ก
�������� 5'
��ก��<�&�#!�� (�ก>ก?��) �
��$���)�'
'����2� 2 "��� ��� methanol 5'
�2)� (8��  
0�ก�	1-����ก��<�&�#!�� (�ก>ก?��) �1�!ก���
���2)� ก�ก�1���'���
�)�&�!ก��$3��
���&����'
�
��) 5!�����30�$�����1� 10 



 
 

 
������() 10  ก��$���!�����2��$
����+9ก6��&1 (Phytochemical screening) -��!��!ก����ก  
                    ��ก�������� 5'
��ก��<�&�#!�� (�ก>ก?��) �
�� methanol 5'
�2)� (8��0�ก�	1   

        -����ก��<�&�#!�� (�ก>ก?��) �1�!ก���
���2)� ก�ก�1���'���
�)�&�!ก��$3��
�� 
        �&����'�
��)  

 
 ��ก�������� ��ก��"	��#
�� (�ก%ก&��) 
 
ก
����� 

methanol 

ก
����� 

��O� 

ก
����� 
methanol 


ก
����� 
��O� 

!��!ก��ก�ก�1��3��ก��!ก���
���2)�
5'
��)�&�!ก��$3��
�� methanol  

ก����
��       

FeCl3 T.S. + + + + + 

2% Gelatin Solution - - - - - 

Foam test 
- + - - + 

Molisch�s test 
+ + + + + 

Cyanidin test 
+ + + - + 

Kedde reagent 
- - - - - 

Borntrager test 
+ - - - - 

Lieburmann-Burchard 
test 

+ 
(�-1��) 

+ 
(&3��5��) 

+ 
(�-1��) 

- + 
(&3��5��) 

Dragendroff�s reagent - - - - - 

 
 
 



 
 

 
��ก�'ก��$���!�����+9ก6��&1-��!��!ก����ก��ก�������� 5'
��ก��<�&�#!�� 

(�ก>ก?��) �
��$���)�'
'��$3��4 ($�����1� 10) +��3�+�"��2� 2 "����12&1���%(�
ก��-��!����&1
�'
��4 ก�� ���+�!�� Phenolic compounds 0�ก'�3&-��!��(�
ก��m'�8�����% (Flavonoids) 
��������ก0�
�'��กก��ก��$���!��8���!�
�� phenolic group �&���0"
 FeCl3 T.S. 0�ก��
$���!�� 5'
���0�
�'��กก�� Cyanidin test  ./���([�ก��$���!��8���!�
���'�ก-��!��0�
ก'�3&m'�8�����%  8�����30���(-�� glycosides ��������ก0�
�'��กก��ก��$���!���2)�$�'8�� 
Molisch�s test �
��  ./��!�� Flavonoid glycosides 0���ก����������2�!�&��7$���+���
��2�0�
!��!ก���1�!ก���
�� methanol 5'
�1�!ก���
���2)�  !3��!�� Flavonoid glycosides 0���ก
��<�&�#!�� (�ก>ก?��) ��2�$���+��o+�
0�!��!ก���1�!ก���
�� methanol ��3���2� (��&��2�!��
!ก��ก�ก�1��3��ก��!ก���
���2)�5'
��)�&�!ก��$3��
�� methanol �
��) 5$3$����&3+�0�!��!ก��
�
���2)� ��ก��ก�12���$���!��+�!���1�&18���!�
���'�ก-�� Steroids ���30�+�"��2�!��"����12�
�� 
(+��o+�
0�!��!ก���1�!ก���
�� methanol ��3���2�) ��������ก��
�'��กก�� Lieburmann-
Burchard test �([�!1�-1�� !3��0�!��ก���
���2)�-����ก����������2�$���+�!���1�&18���!�
���'�ก
-�� Triterpenes ��������ก��
�'��กก�� Lieburmann-Burchard test �([�!1&3��5�� 5'
���0�

�'��กก��ก��$���!�� Foam test �1ก�
�� 5!���3�&1!�� Saponin ���3 (�([� Triterpenoid 
saponins) !3��0�!��!ก��ก�ก��ก��<�&�#!�� (�ก>ก?��) �1��3��ก��!ก���
���2)�5'
��)�&�!ก��
$3��
�� methanol ��2���ก��กก��+�!�� Flavonoid glycosides 5'
����$���+�!���1�&18���!�
��
�'�ก-�� Triterpenes ��������ก��
�'��กก�� Lieburmann-Burchard test �([�!1&3��5�� 5'
���0�

�'��กก��ก��$���!�� Foam test �1ก�
�� 5!���3�&1!�� Saponin ���3 (�([� Triterpenoid 
saponins) !3��!��!ก����ก��<�&�#!�� (�ก>ก?��) �
���2)���2�$���!���&3+�!��+9ก6��&1
�'�ก0�4 ��ก��ก�2)�$�' (0�
�'��กก��ก��$���!�� Molisch�s test) 5'
!3��8���!�
�� 
phenolic group (0"
 FeCl3 T.S. 0�ก��$���!��) ��3���2�  ��2���ก��������5'
��ก��<�&�#!�� 
(�ก>ก?��) �12$���!��5'
��&3+�!��0�ก'�3& Alkaloids ��������ก0�
�''�ก�� Dragendroff�s 
reagent  

��ก�'ก��$���!��ก'�3&!����&10�+�"��2�!��"����12 �)�0�
������3����3��4 �3�+�"&1
���%(�
ก����&1�([�!��(�
ก��0�ก'�3&0��
�� 5$3����&3!�&��7�:����7/����&!�&+��:%�
��3���'
ก����!��9�:�;ก��!���1�+�0�+�"��
 ./����2���ก��������5'
��ก��<�&�#!�� (�ก>ก?��) �1�!ก��
�
�� methanol +����%(�
ก��-��!����&1�'
��ก��&�ก �
&1�+1��ก]5$3��ก��<�&�#!�� 
(�ก>ก?��) �1�!ก���
���2)���3���2��1��&3+�!���'�ก0�4 ./�����!�&+��:%ก��ก���1�&��&19�:�;�����2�ก��
����<�$��8$-��5����
�
���1�!�� ( EC10  ��3�ก�� 277.68 )   
 



 
 

 

 

���()  4  
 

��
�HL� !����
����! 
 

 ���������12�)�ก��#/ก6�9�:�;���2��$
�-����ก�������� 5'
��ก��<�&�#!�� (�ก>ก?��) 8��
5�ก!ก���
�� methanol  5'
�2)� (8����ก��<�&�#!�� (�ก>ก?��) ��2�&1ก���)�ก�ก-��+�"
�'����ก$
&ก���2)�5'
��(!ก��$3��
�� methanol �
��)   ��:1ก���1�0"
0�ก����!�� ��� Lemna 
phytotoxicity assay

 
 ./���([�ก��$���!��ก������<�$��8$-��5�� (Duckweed, Lemna minor)  

0�!��!ก��$3��4 -��+�"!&���+��1�0"
��!����1��ก��ก'�3&�����&�1��&3&1ก��0!3!��!ก��'��( 
�'ก������� +��3���ก���������1�!ก���
�� methanol  &19�:�;�����2�ก������<�$��8$-��5��

��
�1�1�!�� (EC10 ��3�ก��  95.58 µg/ml, EC20  ��3�ก�� 108.11 µg/ml 5'
 EC50 ��3�ก�� 156.47 
µg/ml) ���'�&������ก���������1�!ก���
���2)� (EC10 ��3�ก��  107.59 µg/ml, EC20  ��3�ก�� 140.26 
µg/ml 5'
 EC50 ��3�ก�� 310.75 µg/ml) !3��!��!ก����ก��ก��<�&�#!�� (�ก>ก?��)  �1�!ก��
�
�� methanol 5'
�1�!ก���
���2)� 5'
ก�ก��กก��!ก���
���2)��1�!ก��$3��
�� methanol ��2�0�
�'
�����2�ก������<�$��8$-��5����
��2� 3 !��!ก�� 5$3&1�'�+1���']ก�
����3���2� (EC10  ��3�ก�� 227.44, 
277.68 5'
 212.22 µg/ml $�&')����) 8��!��!ก��0�"�2��2)�0�
�'�����2�ก������<�$��8$-��5��
��
�
���1�!�� (EC10  ��3�ก�� 277.68 µg/ml)   

�'ก��$���!��ก'�3&!����&10�!��!ก����ก��ก��������5'
��ก��<�&�#!�� 
(�ก>ก?��) +��3�+�"��2�!��"����12&1���%(�
ก��-��!����&1�'
��4 ก�� ���+�!�� Phenolic 
compounds 0�ก'�3&-��!��(�
ก��m'�8�����% (Flavonoids) 8�����30���(-�� glycosides 
(Flavonoids glycosides) ��ก��ก�12���$���+�!���1�&18���!�
���'�ก-�� Steroids ���30�+�"��2�
!��"����12�
�� (+��o+�
0�!��!ก���1�!ก���
�� methanol ��3���2�) !3��0�!��ก���
���2)�-����ก
�������� 5'
!��!ก��ก�ก��ก��<�&�#!�� (�ก>ก?��) �1��3��ก��!ก���
���2)�5'
��)�&�!ก��$3�
�
�� methanol ��2�$���+� Triterpenoid saponins  !3��!��!ก����ก��<�&�#!�� (�ก>ก?��) 
�
���2)���2�$���!���&3+�!��+9ก6��&1�'�ก0�4 ��ก��ก�2)�$�' 5'
!3��8���!�
�� phenolic 
group ��3���2�  ��2���ก��������5'
��ก��<�&�#!�� (�ก>ก?��) �12$���!��5'
��&3+�!��0�ก'�3& 
Alkaloids  0�ก��������12����&3!�&��7�:����7/����&!�&+��:%�
��3���'ก����!��9�:�;ก��!���1�
+�0�+�"��
 ./����2���ก��������5'
��ก��<�&�#!�� (�ก>ก?��) �1�!ก���
�� methanol +�
���%(�
ก��-��!����&1�'
��ก��&�ก �
&1�+1��ก]5$3��ก��<�&�#!�� (�ก>ก?��) �1�!ก���
���2)�
��3���2��1��&3+�!���'�ก0�4 ./�����!�&+��:%ก��ก���1�&��&19�:�;�����2�ก������<�$��8$-��5����
�
��
�1�!�� ( EC10  ��3�ก�� 277.68 )  



 
 

 
�'ก����'��0����2��12  �&���!�
��ก��m�
��3�� % inhibition ก�����&�-
&-
� ��


���&!�&+��:%�"���!
�$���&3�3���1 (�3� r2 &�ก�
��ก�3� 0.9)  ./�� model ก����'��8����ก��
����<�$��8$-��5����2��3��-
���
&1(Z�����'����3��&���ก��ก�����'��
 $
�������&(Z����$3��4 
�1����&1�'ก�
��0�
�1 �����2�ก��(�
�&��9�:�;�����2�ก������<�$��8$-��5���/��([�ก��+����	��'
��3����3��4 0����2��$
���3���2� ���&1ก����!��9�:�;�128����:1����4 �
�� �+����������' 

-
��!��5�
��กก�������0����2��12 �&���+����	���ก�'ก��������)�0�
�����3���ก��������&1
9�:�;�����2�ก������<�$��8$-��5����
�1 8���o+�
�&���0"
 methanol �([�$���)�'
'��0�ก��!ก�� 
!3����ก��<�&�#!�� (�ก>ก?��) &19�:�;�����2�ก������<�$��8$-��+�"��
�
�� �����2���ก��������
5�
��1���'�����30�+��&�'����ก�&
./��(ก$��
��2��([� waste �(�'����ก+��&�'��5�
�5'
�ก]����

�)�&�0"
(�
8�"�%�+��&�$�&0�ก��"3�������2�ก������<�$��8$-����"+�"��
0�����$  

 
 

 



 
 

 
���()  5 

  

��ก
��������� 
 

��ก
��������� (References) 
 

1.  "&�&�ก6$�:��&"�$�. �ก6$�:��&"�$��
����������'����1�%. +�&+%���2��1� 5. ���6�����
ก��+�&+%�)�ก��, 2544. 

2. ������% (Z<<�ก�'. �ก6$�������� ��71ก���ก6$��+�������$. +�&+%���2��1� 2. ก�����+� : 
&�'��:�!��0�5�3����. 2547. 

3. Putnam, A. R. Allelochemicals from plants as herbicides. Weed Technology 2 
(1988), 510-518. 

4. Duke, S. O., Dayan, F. E., Romagni, J. G. and Rimando, A. M. Natural products 
as sources of herbicides: current status and future trends. Weed Research 10 
(2000), 99-111. 

5. Xuan, T. D., Eiji, T., Hiroyuki, T., Mitsuhiro, M., Khanh ,T. D. and Chung, M. 
Evaluation on phytotoxicity of neem (Azadirachta indica A.Juss) to crops and 
weeds. Crop Protection 23 (2004), 335-345. 

6. Tran, D. X, Tawata. S., Nguyen, H. H, Tran, D. K. and Chung, I. M. Assessment 
of phytotoxic action of Ageratum congzoides L. (billy goat weed) on weed. 
Crop Protection 23 (2004), 915-922. 

7. Anaya, A. L., Macías-Rubalcava, M., Cruz-Ortega, R., García-Santana, C., 
Sánchez-Monterrubio, N. P., Hernández-Bautista, E. B. and Mata, R. 
Allelochemicals from Stauranthus perforatus, a Rutaceous tree of the Yucatan 
Peninsula, Mexico. Phytochemistry 66 (2005), 487-494. 

8. Weir, T. L., Bais, H. P. and Vivanco, J. M. Intraspecific and interspecific 
interactions mediated by a phytotoxin, (-)-catechin, secreted by the roots of 
Centaurea maculosa (spotted knapweed) .  J Chem Ecology 29 (2003), 2397-
2412. 
 
 
 



 
 

9. Kato-Noguchi, H., Tanaka, Y., Murakami, T., Yamamura, S and Fujihara, S. 
Isolation and identification of an  allelopathic substance from peel of Citrus 

junos. Phytochemistry 61 (2002), 849-853.  
10. Kato-Noguchi, H., Tanaka, Y. Allelopathic potential of Citrus junos fruit waste 

from food processing industry. Bioresource Technology 94 (2004), 211-214. 
11. Batish, D. R., Setia, N., Singh, H. P. and Kohli, R. K. Phytotoxicity of lemon-

scented eucalypt oil and its potential use as a bioherbicide. Crop Protection 23 
(2004), 1209-1214. 

12. Fujihara, S. and Shimizu, T. Effect of peel extracts from Citrus junos Sieb. Ex 
Tanaka on weed growth. Weed Research Japan 44 (1999), 168-169. 

13. Fujihara, S. and Shimizu, T. Growth inhibitory effect of peel extract from Citrus 

junos. Plant Growth Regulation 3 (2003), 223-233. 
14. ��!�1 !��:�
+��:% 5'
 +��"�$"%  &
'�!����	. !&���+�ก)����5&'�5'
#�$��+�". 

ก�����+&�����: ���6��#�1!��&+����%5���%5+�ก% �)�ก��, 2546. 
15. ก�&��"�ก���ก6$� ก�
�����ก6$�5'
!�ก�	%. +�"�3�5&'� 5'
+�"&1+�6���"���0�

(�
��#���. ก�����+&�����: 8��+�&+%"�&��&!�ก�	%ก���ก6$�5�3�(�
��#��� 
�)�ก��, 2546. 

16. Pomati, F., Netting, A. G., Calamari, D. and Neilan, B. A. Effects of 
erythromycin, tetracycline and ibuprofen on the growth of Synechocystis sp. 
and Lemna minor. Aquatic Toxicology 67 (2004), 387-396. 

17. Rahman, A., Choudhary, M. I, Thomsen, W. J. Bioassay techniques for drug 
development : A Manual of Bioassay Techniques for Natural Products 
Research. 2001, 65-67. 

18. Tong, Z. and Hongjun, J. Use of duckweed  ( Lemna minor L.)  growth 
inhibition test to evaluate the toxicity of acrylonitrile, sulphocyanic sodium and 
acetonitrile in china. Environmental Pollution 98 (1997), 143-147. 

19.  ����"�� !�"��� �	
� !�"#�!$�% &�������'��#�'(�ก�. ����!����3&��(Y���$�ก��
������ก��!ก��5�ก�'�$ �	�%:��&"�$�5'
ก��$���!�����2��$
����+9ก6��&1 ��"�
(Y���$�ก��� !�"���1. 2550, 60-66. 

20.  OECD (2006). Guidelines for the testing of chemicals (Lemna sp. Growth 
Inhibition Test). No.221. Organization for economic co-operation and 
development. 



 
 

 

 

#��d9:ก 
 

 

����&4(�&(-��"�?��*0��*25a &4?9 E-medium(18) 
 
0��������'� 1 '�$� (�
ก���(�
��!��$3��(�12 
 

7+,"(�� �����3 (mg) 
KH2PO4 680 
KNO3 1515 
Ca(NO3)2.4H2O 1180 
MgSO4.7H2O 492 
H3BO3 2.86 
MnCl2 3.62 
ZnSO4.7H2O 0.22 
CuSO4.5H2O 0.08 
Na2MoO4.2H2O 0.12 
FeCl3.6H2O 5.40 
EDTA 11.2 
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