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#"*.�-�#-�45����
��
�63
��57�����
��������&�
�8���	
&�
���*����*�"��
������� ��(����	
     

#��%9� ��  �* �#-8# : &��9*#9���$#���'�(�����9����#-*#9���$#���'�(���#;*%������

����*��  ��**��'3*.������������ 17 �*$# �#- 18 ���  ������������#	�&�/4� 7 �*$# 

�#- 7 ���  ������������#	�&�� 	
&� �#-�������%"��&�����*�����	
'3*.��	* 10 �*$# �#- 

10 ���  �����?������� 
�) 9�57� 2 ���  /�� 
��57���9�� 	
&��#-
��%*�
�� 
��"�� 2 

��� ���	�6##(� 	&��#-�#�&�6##( 
��57���9�� 	
&� �6##(� 	&� �	
�	5#�&
���	&���#� ����

�*$# Heliotropium (Boraginaceae) Chloris Dactyloctenium Digitaria Eleusine Melinis Panicum 

Paspalum Pennisetum (Poaceae) Ageratum Chromolaena Eclipta Emilia Tridax Vernonia 

Wedelia (Compositae) Hibiscus Urena (Malvaceae) Melastoma (Melastomataceae) Mimosa 

(Fabaceae)  Borreria (Rubiaceae) �#- Melochia (Sterculiaceae) 
��57���9�� 	
&� �6##(� 	&� 

�	
�	5#�&
�
&�&��*�����*$# Hyptis (Lamiaceae) 
��57���9�� 	
&� �#�&�6##( �	
�	5#�&


���	&���#������*$# Ageratum Chromolaena Tridax Vernonia Wedelia (Compositae) 

Trichosanthes (Cucurbitaceae)  Croton Euphorbia (Euphorbiaceae) Hyptis Leucas Ocimum 

Pogostemon (Lamiaceae) Hibiscus Urena (Malvaceae) Melastoma (Melastomataceae) 

Borreria Mussaenda (Rubiaceae) �#- Melochia (Sterculiaceae) 
��57���9�� 	
&� �#�&�6##( 

�	
�	5#�&
�
&�&��*�����*$# Ageratum Chromolaena Tridax Vernonia Wedelia 

(Compositae) Trichosanthes (Cucurbitaceae) Leucas Ocimum Pogostemon (Lamiaceae) 

�#- Hibiscus Urena (Malvaceae) �#-
��%*�
�� 2 *�
� (bifurcate ���� T-shape) ����

�*$# Vernonia (Compositae) Hibiscus Urena (Malvaceae) �#- Melochia (Sterculiaceae) 
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��%*�
����**��� 2 *�
��57��45 �� 3-16 *�
� (stellate) �����*$# Hibiscus Urena 

(Malvaceae) Melochia (Sterculiaceae) Croton (Euphorbiaceae) �#-#"*.�-*��%� 
��
�

�������89������ 
��*����$*��� %� ) 9 	�	
�$ ��89�^_�& 89 � 8 � �  � # - 89 � : � #� � � � � % � �( 

%��#�� "� 
��	
 �57���9�� 	
&��"���6##(� 	&��#-�#�&�6##(�	�"%��*��%�  	�	
�$ /����'( 

Compositae �#-
��	
%�  	�	
�$ ��89�^_�&/�� Ageraum (0.92 ± 0.91 ����: 1 %�. ��.) ��89�

8��/�� Chromolaena (0.64 ± 0.50 ����: 1 %�. ��.) �#-��89�:�#�����%��(/�� Tridax (0.47 

± 0.61 ����: 1 %�. ��.) 63
�8#*��'3*.��	��-�57�5�-:&��(�� 9���"%?$�&���	
�����?���)5
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����/9��&���� #9����*�����4��(/ 	��9�57��	
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Thesis Title  Trichome of Plants at Swamp in Hat Yai District, Songkhla  
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Author   Miss Uraiwan  Kulechoiy 
Major Program Forensic Science 
Academic Year 2010 
 

ABSTRACT 

 Plant trichomes were collected and identified in Thung Yai swamp, 
Amphur Hat Yai, Songkhla province since March 2008-December 2010. Trichomes are 
specialized epidermal appendages found in the surface of aerial organs of land plants 
(stem, leaves, flower and fruit). All plant trichome types were measured and examined 
by using light and scanning electron microscopy. Eighteen species of 17 genera 
(dicotyledonae) and 7 species of 7 genera (monocotyledonae) of pubescent plants were 
studied including the 10 species of 10 genera, the others trichome plants for comparing 
with all families found in study area. Two trichome types were distinguished as followed: 
unbranched of unicellular with tapering end was found in Heliotropium (Boraginaceae); 
Chloris Dactyloctenium Digitaria Eleusine Melinis Panicum Paspalum Pennisetum 
(Poaceae); Ageratum Chromolaena Eclipta Emilia Tridax Vernonia Wedelia 

(Compositae); Hibiscus Urena (Malvaceae); Melastoma (Melastomataceae); Mimosa 
(Fabaceae);  Borreria (Rubiaceae) and Melochia (Sterculiaceae), unbranched of 
unicellular with swollen end was found in genus Hyptis (Lamiaceae); therefore, 
unbranched of multicellular with tapering end was found in  Ageratum Chromolaena 
Tridax Vernonia Wedelia (Compositae); Trichosanthes (Cucurbitaceae); Croton 

Euphorbia (Euphorbiaceae); Hyptis Leucas Ocimum Pogostemon (Lamiaceae); Hibiscus 
Urena (Malvaceae); Melastoma (Melastomataceae); Borreria Mussaenda (Rubiaceae) 
and Melochia (Sterculiaceae), unbranched of multicellular with swollen end was found in 
Ageratum Chromolaena Tridax Vernonia Wedelia (Compositae); Trichosanthes 
(Cucurbitaceae); Leucas Ocimum Pogostemon (Lamiaceae) and Hibiscus Urena 
(Malvaceae). Branched trichomes were found two or more branches and composed of 
unicellular in each branch. Two branched trichomes (bifurcate or T-shape) were found 
in Vernonia (Compositae); Hibiscus Urena (Malvaceae) and Melochia (Sterculiaceae), 
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and stellate trichomes vary from 3-16 branches were found in Hibiscus Urena 
(Malvaceae); Melochia (Sterculiaceae) and Croton (Euphorbiaceae). In addition, the 
sticking of plant trichome on 3 types of fabric found that cotton had the higher 
attachment strength than mixing cotton and polyester, respectively. The unbranched 
trichomes with unicellular and multicellular of Compositae were penetrated into the 
fabrics more than other types of trichome. Ageratum trichome on cotton were observed 
0.92 ± 0.91 pieces per 1 mm2, Chromolaena trichome on mixing cotton were observed 
0.64 ± 0.50 pieces per 1 mm2 and Tridax trichome on polyester were observed 0.47 ± 
0.61 pieces per 1 mm2. Moreover, this study will be useful for forensic investigation as 
valid scientific evidence in all legal acceptance.  
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1.1 :����=�2	�50$�#J���2K*8
+8��82$#�$���*����L22&G2���L22& (peltate hair)   9 
1.2 :����=�G2���L22&82$=��.��������:�81+���,# %2����9#*�� (stellate)     9 
1.3 
+�=���:	�!+����*�.�����& (trichome-hydathodes)       9 
1.4 
+�=;���)����.��	
�& (glands of carnivorous plant)     10 
1.5 
+�=����#2����8#2�,#�#J�G��=8:K� (stinging hair)     10 
1.6 :���� (root hair)         10 
2.1 ������<������.��034�5� �#J���<����)"+=�<�� *.�=�%��=)�<��9�    20 

3.1 8�*����!+��:�; Ocimum sanctum, Hyptis capitata     54 

3.2 8�*����!+��:�; Pogostemon auricularius, Leucas zeylanica    55 

3.3 8�*����!+��:�; Mussaenda philippica, Borreria laevis    56 

3.4 8�*����!+��:�; Borreria alata       57 

3.5 8�*����!+��:�; Melastoma malabathricum      58 

3.6 8�*����!+��:�; Melastoma sanguineum       59 

3.7 8�*����!+��:�; Hibiscus sabdariffa, Urena lobata     60 

3.8 8�*����!+��:�; Urena lobata        61 

  3.9 8�*����!+��:�; Mimosa invisa, Mimosa pudica   62 
 3.10 8�*����!+��:�; Wedelia trilobata, Eclipta prostrate  63 
 3.11 8�*����!+��:�; Tridax procumbens  64 
3.12 8�*����!+��:�; Ageratum conyzoides       65 

3.13 8�*����!+��:�; Chromolaena odoratum      66 

3.14 8�*����!+��:�; Vernonia cinerea, Emilia sonchifolia     67 

3.15 8�*����!+��:�; Trichosanthes cordata, Trichosanthes anguina   68 

3.16 8�*����!+��:�; Melochia corchorifolia       69 

3.17 8�*����!+��:�; Melochia umbellata        70 
3.18 8�*����!+��:�; Croton hirtus        71 
3.19 8�*����!+��:�; Heliotropium indicum       71 
3.20 8�*����!+��:�; Pennisetum pedicellatum, Panicum repens    72 
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���                     �	
� 

3.21 8�*����!+��:�; Melinis repens, Eleusine indica     73 

3.22 8�*����!+��:�; Paspalum conjugatum, Digitaria adscendens    74 

3.23 8�*����!+��:�; Dactyloctenium aegyptium, Chloris barbata    75 

3.24 8�*����2������:�:����)��3&�$���� (Lamiaceae); Ocimum sanctum;    76    

Hyptis capitata; Pogostemon auricularius; Leucas zeylanica  

3.25 8�*����2������:�:����)��3&�:K= (Rubiaceae); Mussaenda philippica   77 

Borreria laevis; Borreria alata  

3.26 8�*����2������:�:����)��3&(%2��%2� (Melastomataceae);    78 

Melastoma malabathricum; Melastoma sanguineum 

3.27 8�*����2������:�:����)��3&)�� (Malvaceae); Hibiscus sabdariffa;   79 

Urena lobota  

3.28 8�*����2������:�:����)��3&!	�� (Fabaceae); Mimosa pudica;    80 

Mimosa invisa 

3.29 8�*����2������:�:����)��3&���
$�	� (Compositae);    81 

Ageratum conyzoides; Chromolaena  odoratum; Eclipta prostrata;  

Emilia sonchifolia; Tridax procumbens; Vernonia cinerea; Wedelia trilobata  

3.30 8�*����2������:�:����)��3&ij�8i� (Cucurbitaceae);     82 
Trichosanthes anguina; Trichosanthes cordata  

3.31 8�*����2������:�:����)��3&,=����(�� (Sterculiaceae);     83 
Melochia- corchorifolia; Melochia umbellate  

3.32 8�*����2������:�:����)��3&������� (Euphorbiaceae); Croton hirtus   84 

3.33 8�*����2������:�:����)��3&G
�����)��� (Boraginaceae);    84 

Heliotropium indicum  

3.34 8�*����2������:�:����)��3&G
�� (Gramineae); Dactyloctenium aegyptium; 85
 Digitaria adscendens; Eleusine indica; Melinis repens; Panicum  repens;  

Paspalum conjugatum; Pennisetum pedicellatum; Chloris barbata  

4.1 ���
	*:���G���
	*:������;�82$2	�50$1.�:�����<�1��    93 
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���������	�
��� (Forensic Science) ���������������	�
������
���� !"����
�����	�
���#��
��$�% &���'�����()*�+,!-��'.�)��/01"�20&�� ����������	�
���3*���1�"4&�
����/����"(����5*�0�67*��'���6�3.3�()*+���089�:��-9�;3*/�1 +����9�<� +����-�
�� 
+���#�558 �8-3=�< "+���089�:��-,!�4����
1��
��59>(����58?!58��53?/8'
�&��<()*(�
����'#��9�67*��'���5��&6�3;3* +���089�:��/#1"--����� 3 ��'�A�5,- +���089�:��
.3���"0�,-+���#�558 +���089�:��/�*=��"0�,-+����9�<����)��3 ����+���089�:��� !"

�&��<+�
7=��< "�*-��B==��"(�53?&?5��&)93/=*"(��9��-" /8'+���089�:��/�38*-&��C?0�,-
+���089�:����"-*-&� !"����+���089�:���?!#�558�9!�;�/8'#�55867*� !"��'���5��&6�3&9�
&-"�*�&;�/�1
�&��<���&�58?!58��53?0�,-�-#5��<�&#�"��'���;3* (
9���%, 2550) ��&�2
/01"���/8���8?!��� !"�����HI2?089��-"���������	�
���5,- (�
<���?!���3�0��#�"
�!"
#�"-�1�"<7���J";�* /8'#�"
�!"#�"-�1�"<7����--�;�/�15"��J"�1-"�-�;�*�
&- (Locard, 1910 
-*�".3� Marriner, 1991) �+,!-���68��"���������	�
���&�#9"59#()* �+,!-(0*
�&��<-�����
5��&����$��&(0*�9#53?5��&�9J"�1-67*�
?�0��/8'67*�*-"0�;3*����-�1�"3? 

(��Q==�#9��Q>0���"3*��-�)>����&���3� J�&��&�� ���()*��'#�����
����$��&������,!-"
��59>��!" .3��R+�'�����#��&+���089�:��&��,��9�(0*
�&��<+�
7=��
5��&=��"(0*����S)93�=�= "�*-"&?5��&<7��*-"/&1�����+,!-;&1(0*53?�081��9J�6�3+8�3 39"�9J�(�
��'��	�?!+9T�� �)1� >?!��U� -9"�HI --
���?� ��-�&�? V�9!"�	
 --
����8?� ����?/8�3�/8'

0�9:-�&���� = ";3*����-�5��&�7*��"3*�������	�
���/8'��5.�.8�?�1�"4&�+9T���+,!-()*����
�5�,!-"&,-(����
,#
����3��&0�67*��'���5��&6�3/8'#��8�68
����B=(�53?��"-�)>����&;3*
����-�1�"&�� 

+���089�:����"3*��+,)0�,-����+H�I	�
��� (Forensic Botany) �����9J"
+���089�:��/�*=��"/8'+���089�:��/�38*-&��C? +���089�:��/�*=��" -����)1� )�J�
1��
�-"+,)�?!+#-�71A��(���'�+�'-�0���-"67*�
?�)?��� (Dickison, 2000) /8'����+���089�:��
/�38*-&��C?�?!+#;3*(���"53? -�=����)�J�
1���-" 8���*� (# 3-� 68 /8'�&8B3 .3��?!&9���3
;��9#-�9��'
1���1�"4�-"�1�"��� � !"(���C?	 �I�08��53? 67*�9#6�3)-#53?;&1&?5��&�7*�?!='
�'#�;3*/�1)93�1�����
<���?!���3�0��=��"0�,-���-��+��" 89�IC'�����3�-")�J�
1��+,)�?!
��3��&�1�"���-�=+#�?! 6& 8���9� /�� �� �
,J-6*��5�,!-"/�1"��� �?!�-"��*� �����*� +,)08��

1 
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)��3='&?���"5��,!�--�&�� !"��?���1� �� (trichome) � !"���081��?J
�&��<+#;3*(����
.5�"
�*�"�-"+,) /8'���(0*���'� 3�9#�1�"����-"&��I��0�,-#��5�,!-"/�1"����-"&��I��;3*3?
��!"� J� ��&9�='������1-����1-�
8��;3*3?��1���,J-��,!-
1��-,!�4�-"+,) 39"�9J���#�
.5�"
�*�"���
1���-"+,)= "����+���089�:��-�1�"0� !"�?!='<7����;������9�<�+���089�:��
�+,! -+�
7=��< "�*- ��B==�� "(�53?;3*  ���(0* ���35��&�),!-&.�"�-"�0�����C��?! ���3� J� 
(reconstruction) �'0�1�" 67*�*-"
"
9� 67*�5��'0��*�� /8'
<���?!���3�0����*�3*���9� (Heather, 
2005) 089����
��59>�-"�����B#�9�<�+���=��+,)5,- �*-"��B#�9�-�1�"+,)=��
<���?!���3�0�� 
(control sample) /8'��B#)�J��9�-�1�"+,)�?!+#=���9�67*�*-"
"
9� 0�,-=��67*�5��'0��*�� /8'���
�9�-�1�"�9J"0&3�?!��B#;3*;����5��'0����?�#��?�#�9#89�IC'�?!����S��"
9C:�������0�,-���
��A�5�-"+,) �+,!-���5��'0�68(����3������53?�1-;� 

��������,J-��,!-)9J��-+��3-��&�
 (epidermis) �?!��8?!��/�8";� � !"�,!�--�;�
A���-� -�=='��'�-#3*����88��+?�"��88��3?��0�,-08����88� ��/#1";3*���� 2 )��3 
(��?�&(=, 2546) 5,- ��;&1&?�1-& (non-glandular trichome) /8'��&?�1-& (glandular 
trichome) � !"+#;3*�9J"(�
1�� (# 8���*� 3-� /8'68 ��,J-��,!-�-+��3-��&�
���0�*��?!��58�&/8'
�f-"�9�-9�����(0*/�1+,) � !"��&?0�*��?!�9#
���?!����+�I �f-"�9�5��&�*-�(0*�9#+,) 0�,-;�*81-
/&8"(�+,)���/&8" �)1� 0&*-�*��0&*-/�"8�" (Nepenthes albomarginata Lobb ex Lindl.) 
(Merbach, 2002 -*�".3� 
��9	��, 2551) �����*� ��-�=='&?89�IC'�?!/���1�"�9�0�,-�0&,-��9� 
� !"����89�IC'����S�R+�'+,) -�=&?68�-"
A�+/�38*-&&������Q==9�-�71#*�" � !"���?!
��,J-��,!-6��(#�����*-&78�?!&?67*	 �I�/8'���&������*-&78(����=93=��/��+,)#�")��3;3* 
(Webster /8'5C', 1996)  

��,!-"=�����-"+,)/�18')��3&?89�IC'�?!�1�"�9� -�=
�&��<���&���'�-#
(����=93=��/��+,);3* /8'���-"+,)/�18')��3
�&��<�?!='���'��3�9#�
,J-6*�;3* ���&�C���
���'��3� J�-�71�9#)��3�-"��/8')��3�-"��,J-6*�����
��59> 39"�9J�
�&��<������-"+,)&�����
�9�<�+����?!()*��'�-#(����+�=��C�53?;3* ���	 �I��?J�+,!-	 �I���#����C (# 8���*� 3-� 
/8'68 �-"+,)�?!+#(�#����C�?!	 �I�/8'89�IC'������'��3�-"���9#��,J-6*�#�")��3 �+,!-

�&��<��������*-&78�#,J-"�*��+,!-������'.�)���9#"����"3*�����������	�
����1-;� 
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���������	�
�����"+H�I	�
���0�,-����+H�I	�
��� �����������-�
+���089�:���-"+,)&������9�<�+����+,!-)1��(����58?!58��53? �+,!-��'.�)��(����

,#
�� /8'3�����������"�20&���+,!-)1����'#���������$��&(����+�
7=��089�:��/8')?J
���;�
7167*��'���5��&6�3��"-�>� ������+���089�:����"3*��+,)&�()*(�������=+�
7=��
���!&&?���	 �I�&��9J"/�1��'&�C�8�"	����I�?! 19 .3�(��j 5.	. 1932 �?!&8�9:�����/5.�;8
�� 
0�9:-�&���� ���3�0�����C�89�+��9��3B�����)���-" Charles Lindbergh �9� 20 �3,-�
=��
<���9#�8?J�"�3B� � !"������C?	 �I�/���?!;3*���+���089�:��3*��+,)&�()*+�
7=��(�)9J�
	�8.3�67*�)?!��)�>3*��+H�I	�
���5,- Arthur Koehler � !"()*5��&�7*3*�������A�5�-"+,)/8'
�"�j;&*&�)1�����=+�
7=��/8'
�&��<=9#��&67*�*��;3*(���8��1-&� .3�+#)�J�
1���-"��,J-;&*�?!
#9�;3�?!=���8�()*�j���*�;�A��(�#*���+,!-89��.&��3B�
-358*-"�9#��,J-;&*�?!)9J�Vf��+3���?!#*��
�-"=���8� .3�=���8����&���'�-#����#9�;3 ��'�-#�9#+���089�:��-,!�= "���;�
71���
=9#��&(���8��1-&� (Coyle /8'5C', 2001) 089"=���9J�= ";3*���!&&?������+���089�:��3*��+,)
&�()*(���C?	 �I�-,!�4 .3� Arthur Koehler � !";3*�9#������1-"�1�����#�3�/01"����+H�I	�
���
(�
0�9:-�&���� (Lane /8'5C', 1990) 
�!"
��59>
��0�9#�9�����+H�I	�
���5,-�*-"��B#�9�-�1�"�?!

�&��<='��B#;3* =��
<���?!���3�0�� 67*�*-"
"
9�0�,-67*�5��'0��*�� � !"�9�-�1�"�9J�;&1�1�='&�
=��
1��(3�-"+,) �)1� 
1���-" 8���*� (# 3-� 68 /8'�&8B3 �+��')��3+,)�?!�1�"�9�='#1"
#-�5��&�����-�89�IC��R+�'�-"+,J��?!�9J�4 (Gale, 2005) /8'����?!��
�&��<81-"��'=��
(�-���	;3*�)1��3?���9# 
�-��/8'8'--"��C7 (Sinha, 2001) ���(0*
�&��<��?�#;3*�1���"�9#
+,)(�A7&�	�
���(3;3* 

��'#�����(������B#+���089�:��3*��+,)��'�-#3*����'#�����
��59>  
5,- ���(0*����9#�-"���&?-�71�-"+���089�:�� � !"-�=���;3*08����$? �)1� ���<1��A�+ ���
<1����3?.- �����*� /8'�����B#��#��&+���089�:�� (Collection) 3*����$?����1�"4��"
�����	�
��� /8'='�*-"��B#�+,!-�9�I�+���089�:�� (Preservation) �+,!-5"
A�+�-"�9�<�
+��� (Coyle /8'5C', 2005) ��'#������9J"0&3�?J&?5��&=����������9J��-� =�< "������=
+�
7=��(�0*-"�S�#9����� �+,!-(0*
�&��<��B#089�:��<7��*-"/8'
�&��<���&����=+�
7=��;3*
3*����$?��"����+H�I	�
��� -9���?!���*-"�9#��C7����� (Palynology) �����A�5	�
��� (Anatomy) 
)8$������� (Limnology) �"�j;&* (Dendrochronology) 
9C:������� (Morphology) ����	����� 
(Ecology) /8')?�������'39#.&�8��8 (Molecular biology) (Dommelen, 2002) � !"����+H�I	�
���

�&��<()*(�������=+�
7=��53?5��&0�,--�)>����&�1�"4 �)1� ������=+�
7=������
?�)?���
=�����r1��9����0�,-���r�����&�+,!--��+��"53? ������=+�
7=��
<���?!���3�0���?!/�*=��" 
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(Primary and Secondary Crime Scenes) ������=+�
7=�����
+����3 ������=+�
7=������-�
��'�9�A9� �����*�  
 
1. �
������	���	


���������� ���	!"
���	#$	�

!������ %�&� 
 

1.1  ������=+�
7=������
?�)?��� 
   ��C?	 �I��?! 1 +#	+0>�"5�0� !"�*�"-�5��#����C�1-�'#���J�� (�����&,-" 
��'��	;�*0�9� =�����)9�
7��	+5�3�1� 67*�����!"/8*�<7���'/��-�1�"/�" �?!	++#)�J�
1��
8���*�/8'68�-"+���#-�?!�?!6& �?!�1-�'#���J��+#)�J�
1��8���*��?!��"�9#�-�/��09��-"+,)
)��3�?J(���'<�" +,))��3�?J����+,)(��"	�&'��,- (Solanaceae) /8'#��'�#?�"+#�*�;&*)��3
0� !"-�71(�
��8 Solanum 
����1�=��53?�?J�������r1��9����.3������'.338"&�=��� �-�5��

7"< " 3.5 �&�� /8*�)��9#��'<�"�?!�87��*�;&*�?J �+��'089�:���-")�J�
1��+,)
��8 Solanum 

-358*-"�9� (Coyle /8'5C', 2005)  
   ��C?	 �I��?! 2 +#	+)��/���5-���-�71#��*�;&*�?!��'��	;�*0�9� �?!8���9�
/8'�
,J-6*��8-3=�&,-/8'�),-��-"67*���&?&-
��3-�71 /8'+#&-
)��3�?J�=��>���#.�-�71#�8��
�*�/8'��!"�-";&*�*��?!)��5��?J/���5-��� =��089�:���?!&?
����1� )��5��?J�j��U��� J�;��-" 
/8*��C'�j��U��&-
��3-�71��&8���9� �
,J-6*� &,-/8'�
*��),-��?!()*/���5- ��C?�?J)�J�
1���-"
&-
)1��(0*
�&��<58?!58��;3* (Coyle /8'5C', 2005)  
   ��C?	 �I��?! 3 +#	+0>�"5�0� !"<7�r�����&-�71(�#*���?!��'��	;�*0�9�

A�+	+<7���#3*���-"/�B" =��+���089�:���9J"0&3
���;3*�1� <7�r�����&.3�
�&? 
�+��'�?!	+&?�	I)�J�
1���-"+,)�?!�87�#�#����C��"�3���-"#*�� /8*�8��	+;���"#�.�s�
(�#*�� -?��9J"�
,J-6*�
�&?+#�-�5��#�8,-3�-"67*��� /8'&?�	I)�J�
1���-"+,))��3�3?���9#�?!
+##����C��"�3���-"#*��/8'�?!	+3*�� ��C?�?J)�J�
1���-"+,))1��(0*
�&��<58?!58��;3* 
(Coyle /8'5C', 2005) 
   ��C?	 �I��?! 4 +#�9���?��)���
?�)?��� (��9:s8-��3� 
0�9:-�&���� (���'�+�'
-�0��+#(#�-"
�
��8 Taxus =��+���089�:��+#�1� �9���?��)��39"�81�����(# Taxus ��*�
;� (#�-" Taxus &?
��-985�8-�3� � !"&?+�I���/�"&?68�1-5��&39�.80��/8'������"���-"09�(= 
=��089�:��
���;3*�1��3B�5��?Jr1��9�����+��'���(# Taxus /8'&?�����?3�*-&,-�9��-"3*�� ��C?
�?J)�J�
1��(#
�(���'�+�'-�0��)1��(0*
�&��<58?!58��;3* (Dilcher, 2001) 
   ��C?	 �I��?! 5 +#	+�3B�)���
?�)?���089"=����'.33�81�(��-"0>*��?!()*
�8?J�"
9��� 089"=���9J�&?-����0��(=;&1--� 
8#/8'�
?�)?���(���8��1-&� �=*�0�*��?!�����=;3*

1"�9�-�1�"�?!;3*=��08-38&�-"�3B�&��9"+�+�$A9Ct�$��&)���	 �I� �9:s8-��3� 
0�9:-�&���� 
;&1+#)�J�
1��(# 8���*� �-"0>*��8� /�1�89#+#�&B3/�f"�-"�*��.+3#3�?!()*�8?J�"
9��� ��C?�?J
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���;3*�1�67*���;3*
733&<�"(
1�*��.+3#3��*�;� ���(0*0��(=;&1--� �1-��?!='�
?�)?���(���8�
�1-&� (Dilcher, 2001) 
   ��C?	 �I��?! 6 +#	+�3B�)���
?�)?��� (���'��	-9"�HI =�����=&�J�� 
089�:���?!��B#;3*5,- +#5��#.58��?!��"��"�-"67*�*-"
"
9�/8'5��#.58��?!�
,J-6*��-"87�
��
67*�*-"
"
9� &?�&8B3+,))��30� !"�'��-�71(�.58� �&8B3+,))��3�?J&?��/8'+#�9J"�?!.58��?!
5��*��/8'�?!87�
���?!��*�&�)1�����r�����& <,-�1�����5�
&�7*�1�&5�3 � !"089�:��+#�&8B3
+,)�?!&?��)��3�?J(�.58��?!��3�?!	+3*�� ��C?�?J���-"�&8B3+,))1��(����=9#67*�*��;3*(���8�
�1-&� (http://www.encyclopedia.com/doc/1G2-3448300095.html, 2010) 
 

1.2 ������=+�
7=��
<���?!���3�0���?!/�*=��" (Primary and Secondary Crime Scenes) 
��C?	 �I��?! 1 +#	+)��-�71�?!�1-"�J����&<���?!��'��	;�*0�9� (���'�+�'

-�0��&?(#�-"�*�;61 &,-���(#;61;�*/�1��9J"
-"�*�" ��1��9J"
-"�*�"&?�-�s�)J�� =��089�:��

<���?!�?!+#	+;&1&?�*�;61-�71�8� ��C?�?J/
3"(0*�0B��1�	+�?J='�*-"<7��58,!-��*��--�&�=��

<���?!���3�0�� 
<���?!���3�0��=��"�����U�;61 �&,!-����*��/8*��*��	+&���J";�*�?!�1-"�J����&<�� 
(Coyle /8'5C', 2005) 

��C?	 �I��?! 2 �3B�)�� 2 5�<7�����*���1�"����?!/-1"�J��/01"0� !" (�A�5
�'�9�--��R?�"�0�,-�-"
0�9:-�&���� 67*�*��/�"�3B�/8'&93&,-/8*�8��;���J"(�/-1"�J�� 
089�:���?!=9#67*��'���5��&6�3;3*�+��'�1��'�-��-".58��?!��3;��9#�-"��*��-"67*�*�� &?�	I

�0�1��/8';3-'�-&)��3�3?���9#�?!+#(�/-1"�J���?J ��C?�?J
�0�1��/8';3-'�-&)1��(0*

�&��<58?!58��53?;3* (Coyle /8'5C', 2001) 

 
1.3 ������=+�
7=�����
+����3 

   ��C?	 �I��?! 1 �����==9#�3B��9���?��)��67*0� !" �?!�9:s8-��3� 
0�9:-�&���� 
� !"�3B�)���-�(#+,)#3����)�J��8B�4/8'#��=�;�*(���'��y� =��������=+�
7=��(#+,)�?!��B#
;3*&�	 �I��9J"��"
9C:�������/8'�����A�5 +�
7=��;3*�1� ;&1()1(#�9>)� � !";&1()1+,)�*-"0*�&
= "�81-��3B�;� �+��'(#�-"�9>)��������
+����3�*-"0*�&/8'&?���()*�9�&��(��'39#
.�"��?��(�
0�9:-�&���� (Dilcher, 2001) 
 

1.4 ������=+�
7=������-���'�9�A9� 
��C?	 �I��?! 1 )��5�0� !"�*-"����-��"��)3�)���'�9�A9�.3�()*&?3��?3/��

�9��-"/8'-*�"�1�<7�.=��8*� =��089�:���?!�=*�0�*��?!+�
7=��+#�1� )��5��?J����*���9��-"�+,!-
�-��"��51�)3�)� �+��'+#�1�#�
��&0>*�&?�-��8,-3 /8'+#0>*��?!��z{-��8,-3(��<�-")��
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5��?J =�����()*(#0>*�0*�&�8,-3�9��-"�+��'5��&��(=�1-��?!=';��-5��&)1���08,-=��
.�"+��#�8 ��C?�?J= ";&1
�&��<��?���*-"�-��"����'�9�A9�;3* (Coyle /8'5C', 2005) 
  �-�=���?J ��C7���������
���0� !"�-"�����	�
����?!&?#�#����"����
�����	�
���3*���)1��9� (���"���������	�
�����?��	�
���3*���?J�1� ������C7����� � !"����
	�
����-"���()*8'--"��C7/8'
�-��(����58?!58��53?5��& �9����� ��C7������*-"
���?�#��?�#8'--"��C7/8'
�-���?!;3*=���9�<�+��� C =�3�?!���3�0�� 67*�*-"
"
9� 0�,-=��
67*�5��'0��*���1�&?5��&��"�9�0�,-;&1 .3���'�����()*5��&�7*��?!���9#���68��/8'��'=��8'--"
��C7/8'
�-���-"+,) (Mildenhall, 2006) ������8'--"��C7/8'
�-��&�����089�:����"����
�����	�
����9J������?!�-&�9#(�#�"��'��	��1��9J� -����)1� ��'��	-9"�HI --
���?� /8'
����?/8�3� ����-&�9#8'--"��C7/8'
�-��&�����089�:����"���������	�
��� (Wiltshire /8'
5C', 2006) 39"��C?	 �I��?!���8'--"��C7/8'
�-��&������9�<�+����9�-�1�"�)1� 

0>�"
��<7��1&�,� �?!�&,-"-|-5/8�3� ��'��	����?/8�3� 67*�5��'0��*��
�&��<

�'#�+,J��?!�?!<7��1&�,�;3*<7��*-" �+��'�1�#����C�9J�+#8'--"��C7�-"+,)
��8 Coprosma -?��9J"

8'--"��C7�?!+#='&?����*�;��=��>-�71 �+��'+,J��?!�?J),J� ='�1�";�=��8'--"��C7(��&,-"-,!�4 

(Mildenhall, 2006) 0�,-��C?�?!&?0>�"
��<7�r�����& �?!��'��	
�?�3� 089�:���?!+�
7=��;3*�1�

-��+��"/8'�58,!-�	+&� �+��';&1+#8'--"��C7�-"0>*�/8'+,)(�
��8 Plantago �9# Rumex �?!

	+�-"67*��� � !"+,)�081��?J� J�-�71�?!�?!+#	+ = "
9���I:���1�='�*-"<7�r1�=���?!-,!�/8*��58,!-��*��

	+&� ()�&	9�3�%, 2551) -?��9J"��C?�?!)��67*�
?�0���?!��'��	--
���?�=9#67*�*-"0�;3*�+��'�-"��*�

&?8'--"��C7�-"�*�
��7� (Spruce) 08�� /8'-98�3-�� � !"8'--"��C7�081��?J&?(�+,J��?!�?!���353? 

67*�*-"
"
9�=�����9#089�:��= "�-&�9#
��A�+ ()�&	9�3�%, 2551) 

 -�1�";��B��&"����"����+H�I	�
���  /&*;&1()1089�:���?!/�*=��" /�1
�&��<
���&�����089�:��/�38*-&��C?)1��(�������=+�
7=��;3* �-��0�,-=��8'--"��C7�?!����
+���089�:���?!()*�9�&��(�"����"3*�����������	�
��� )�J�
1��-,!��-"+,) �)1� /61�(# 68 
/8'�&8B3 ��&< "�� (trichome) �?!+#;3*(����.5�"
�*�"�-"+,) 
�&��<���&�()*��'.�)��(�
"����"���������	�
���;3*3*���)1��9�  

 
2. ()���*�	��)�+	����,	-(*�	,��.	��	�

�%��%� 

 

��0�9#)��3�-"��
�&��</#1"--�;3*����
-")��3(0>145,- (��?�&(=,  2546) 

1. ��;&1&?�1-& (Non-glandular trichomes) 0&��< " ���?!;&1&?�1-&�?!()*(�����9#<1��
��
�1�"4 &?0�*��?! �f-"�9�����'�0��-"�J�� �+�!&5��&5"���1--�C0A7&��?!�!��&��4 )1��
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(����/+�1��'=���-"�&8B3 )1��(����373� &�J�� /8'���f-"��,J-��,!-+,)=��/
"/33 
(Serna /8'Martin, 2006)  ���?!;&1&?�1-&;3*/�1 
1.1 ���?!&?��88��3?��0�,-08����88� ��?�"�9��+?�"/<��3?�� 89�IC';&1/#� ����

)��3�?!+#(�+,)�9!�4;� �)1� (�8���*�/8'�*��(#�-"6����-" �*��(#=�&=��? 
�����*� 0�,-�
*�(�� !"���3=����8,-��&8B3 �)1� �
*�(�Vf��������=���-+��3-��&�
 
�?!&?��88��3?!��/8'-�=���;3*< " 6 �&. ��&�9J"
1���?!&?89�IC'������1&�8B� (vesicle) 
� !"��?���1���1&�J�� (water vesicle) 3*��  

1.2 ���?!&?89�IC'������8B3/�1/#�/8'��'�-#3*����88�08����88� � !"-�=&?�*��
0�,-;&1&?�*�� <*�;&1&?�*����?����8B3 (scale) �)1� (�(#0"-�;�1�'�8 <*�&?�*��
&9�+#�8��/61/#� (peltate hair) �)1� (�(#/
&��� 

1.3 ���?!&?08����88�/8'&?��!"�*��
���/61--�;� �)1� ���7�3�� (stellate) (�(#
�'�#V�9!" 0�,-58*��3��/�1&? 2-3 )9J� (candelabrum-like) (�(#�8?!�� (Melia)  

1.4 ���?!&?=�����&�� ��'�-#3*����88�-�1�"�*-� 2 /<�0�,-&����1� �)1� +#�?!
.5��*��(#�-"+,)�"	�����'�9� (Compositae) #�")��3 

2.  ��&?�1-& (Glandular trichomes) 0&��< " ���?!�9#<1��
���1�"4--�&�&9���?���1��1-& 
(gland) &?0�*��?! 
�*�"/8'�81-�
���5&?�+,!-�f-"�9�/&8"	9��7+,)/8'�),J-.�5�1�"4 ��&< "
�81-�
���5&?�+,!-81-
9���+�0'�+,!-)1��(�����S�
�$��-"+,) (Serna /8'Martin, 2006) 
;3*/�1 

2.1 �1-&�?!�9#<1����3-����?�� (trichome-hydathodes) ����
1���?!�9#
��8'8���?!&?
��3-����?��--�&� �)1� (�(#-1-�/8'8���*��-"<9!�09�)*�" (Cicer arietinum L.) 
�����*� ��'�-#3*���*���?!&?��88�0� !"/<�/8'
1���8��������88�08����88�
��?�"�9������7�;�1  

2.2 �1-&�?!�9#<1����8,- (salt-secreting trichomes) &? 2 /##3*���9� /##0� !"&?
89�IC'58*��<�"(0>1-�71#��*���8B�4 ��'�-#3*����88�0� !"��88� 0�,- 2-3 
��88� ;�.�+8�
� &='�9#��8,-��*�;�(�/�55��.-8(0>1 �&,!-(#&?-���&��� J�
��88�='/0*" ��8,-�?!-�71(���88�='��5*�"-�71#�6��(#����6"��� -?�/##0� !"
�����1-&�?!��'�-#3*����88�08����88� -�=='&?�*��3*���B;3* ;3*/�1 �1-&��8,- 
(salt gland) �-"/
&��� /8'chalk gland 5,- �1-&� !"&?
��+��/58��?�&�-"
+�9#0&-� �����*� �1-&+���?J&?;�.�+8�
� &0��/�1� &?;&.�5-��3�?� �-�
.3+8�
&�� ����5��89& (endoplasmic reticulum) /8'�-8=�#-3? (golgi bodies) 
/8'
1���?!&?89�IC'������1&�8B�4=�����&��  

2.3 �1-&�?!68���J��0��� (nectar-secreting trichomes) ��'�-#3*����88��3?!�� �)1� 
(��8?#3-�
���J��6 J" 3-�/
& 3-���"+��� �����*�  
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2.4 �1-&�?!68��
���&,-� (mucilage-secreting glands) �)1� 
1���?!&?89�IC'����
/61����3&�=��:��(#�-"+,)
��8 Rumex /8' Rheum 
���&,-�
1��(0>1����
+��5���.#;��3�� 
���?J='<7��9#--�&�-�71�'0�1�"6�9"��88�/8'5�����5�8 �&,!-
5�����5�8/��
���&,-��B--�&��?!6��;3*   

2.5 �1-&(�+,)�?!���
9��� (glands of carnivorous plant) 
1���?!���0�*��?!=9#
9����-"
+,)+���?J&9�='����(#�?!��8?!��/�8";�.3�&? 
? �8�!� �
 0�,-�J��0�������
�5�,!-"3 "373�0�,!- /8'=9#;�*����-�0��.3���$?����1�"4 �)1� &?
���&,-� .3�
���0�#��*�0��9��-"
1���-"(# �����*� � !"����?!='=9#/8'�1-��0�,!-�?J&?���?!&?
�1-&�����5�,!-"&,-�?!
��59> � !";3*&?���	 �I��9�-�1�"��*�"���"�9J"(�3*��

�?������/8'�����A�5.3�()*�8*-"=�8���	��-��8B���-���*�)1��3*�� � !"=��
���	 �I�(�+,)
��8 Pinguicula &?67*+#�1�&?�1-& 2 )��3 5,- �1-&�?!&?�*��/8'
;&1&?�*�� �1-&�?!&?�*��='
�*�"
���&,-� (muco-polysaccharide) /8'��?!���9#
���=9#�0�,!- 
1���1-&�?!;&1&?�*�� &?0�*��?!
-"-�1�"5,- �9J"68���-�;�&� 
(proteolytic) �+,!-=9#�0�,!-/8'373� &-�0���?!�1-�/8*�  

2.6 �1-&�?!68����-��+?� (terpene-secreting trichomes) &?�9J"�1-&� !" ��'�-#3*��
��88��?!����:�� &?�*����?�"�9�/<��3?��0�,-08����88� /8'&?
1��#��?!&?0� !" 
0�,-08����88��)1��9�39"�?!+#(�+,)�"	��'�+�� (Labiatae) 0�,--�=�������?!
-�71�9�������'=��&?�*��/8'
1��#���'�-#3*����88�08��/<� (multiseriate)  

2.7 �1-&�?!68���J���0�?�� (colleters) ��'�-#3*����88�08����88� -�=&?�*��0�,-;&1&?
�B;3* &9�+#-�71(���8B30�*&�� (bud scale) �)1� (���08�# ��/s .5��*��(#
�-"�?!.< .5�07(#��&�-".�"��" �����*� ='68��
��6
&+����-��+?��9#
��
�&,-� ���0�*��?!�58,-#��(#�'0�1�"�?!+9��9� �&,!-�����3--�/8'(#����--�&� 
�1-&�?J='/0*"/8'�1�"081�;� 

2.8 �1-&�?!��8?!��/�8";�����0��&/�B" (stinging hair) ��'�-#3*����88��3?!��
��� &?:��89�IC'58*��<�" 
1���8��89�IC'58*����B& ��'�-#3*����8���
��"3*��#�/8'�!��8"&�����+��/58��?�& �8��
�3&?89�IC'�8&/�1='09�����
/���R?�"8"&��&,!-���?J;�
9&69

�!"0� !"
�!"(3 �8���?!/��--�&��?J&?89�IC'
58*����B&R?3�� = "/�"��*�;�(�6��0�9";3* /8'�81-�
��+�I5,- �?
��&?� 
(histamine) /8'-'����8.58?� (acetylcholine) ��*�;����(0*/
#/8'59�                               

2.9 ����� (root hair) ������)��30� !" ���3=��6���-"��88��-+��3-��&�
51-�4�,!�
���--�&� =�-�=���;3*�9J"/�1 80-1,500 ;&.5��&�� /8'&?�
*�61�	7����8�" 
5-17 ;&.5��&�� &?/�55��.-8(0>1/8'6�9"��88�#�" (�+,)#�")��3 &?��88�
�R+�'�?!
�&��<���3�����;3* 
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A�+�?!1.1   ���?!&?89�IC'������8B3/�1/#�/8'��'�-#3*����88�08����88� (peltate hair) 

�?!&�:   http://www.cactus-art.biz/note-book/Dictionary/Dictionary_S/dictionary_scale.htm 

 

 

 

 

 

 

 

 

A�+�?!1.2   ���?!&?08����88�/8'&?��!"�*��
���/61--�;� 58*���7�3�� (stellate) 

�?!&�:   http://www.flora.sa.gov.au/lucid_keys/Solanaceae/Solanaceae_glossary.shtml 

 

 

 

 

 

 

 

A�+�?!1.3   �1-&�?!�9#<1����3-����?�� (trichome-hydathodes) 

�?!&�:   http://www. corbis.co.in 
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             A�+�?!1.4   �1-&(�+,)�?!���
9��� (glands of carnivorous plant) 

�?!&�:   http://rsta.royalsocietypublishing.org/content/367/1893/1445.full 

 

 
 

 

 

 

 

 

A�+�?!1.5   �1-&�?!��8?!��/�8";�����0��&/�B" (stinging hair) 

�?!&�:   http://waynesword.palomar.edu/wigandia.htm 

 

 

 

 

 

 

 

A�+�?!1.6   ����� (root hair) 

�?!&�:   http://qwikstep.eu/search/root-hairs.html 
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� !"���	 �I���,!-"���-"+,)(�"����"����+H�I	�
���&?���	 �I�51-��*�"

�*-� /�1
�&��<���&�()*(�53?5��&�1�"4;3*(�#�"��C?  

���	 �I����-"+,)(�������=+�
7=��53?5��&�1�"4��"3*�����������	�
��� 

;3*&?������&�()*(�+,)�?!�������
+����3(��9>)� (Cannabis sativa L.) ����
1��&�� ��,!-"=��

���?!(#�-"�9>)�&?89�IC'�R+�'5,- ��'�-#3*����&?�1-& ��&?�1-&�-"�9>)�+# 3 /##

5,- ���7��1�"������'���'�8& (bulbous gland) ��;&1&?�*���8��.�U"������'=�� (capitate-

sessile gland) /8'��&?�*���8��.�U"������'=�� (capitate-stalk gland) ��&?5��&0��/�1�

&��#����C6��(#��'39#3*��#� ��&?�1-&�9J"�7��1�"������'���'�8&/8'��;&1&?�*���8��.�U"

������'=��='+#(��'�'���!&/��(����+9T��;�����(#��'39#� !"+#��'=93��'=��#����C6��

(#��'39#3*��#� ���7��1�"������'���'�8&�?!�=��>���#.���B&�?!/8*�+#�1�&?09��?!+-"--�-�71

#��*��
9J� �C'�?!��;&1&?�*���8��.�U"������'=��&?09��7��1�"�8&���3(0>1��3�9#6��(#

��'39# ��,!-"=��=������?!+#&��/8'���3�?!(0>1�-"��;&1&?�*���8��.�U"������'=��= "+#

�0B�;3*)93�=�(��'0�1�"���+9T�����!&/��(�������3(#��'39# 
1����&?�*���8��.�U"����

��'=��+#&?09��8&���3(0>1#��*���?!&?08����88� (Charles /8'5C',1973)  

� !"��&?�1-&;&1&?�*��(��9>)�='+#&���9J"(��*��9�67*/8'�*��9��&?� ��)��3�?J


�&��<���;�()*=93=��/��)��3;3* �&,!-	 �I��9>)��?!#30�,-09!�(0*����)�J��8B�4 �?!<7����;�(
1(�

;
*#�0�?!
7#0�,-�8*-"�9>)�A��(�*�8*-"=�8���	��+#�1� +#��)��3�1�"4�-"�9>)� /8'

89�IC'��"
9C:��������-"�<*��9>)�='/���1�"=���<*��-"+,))��3-,!� ��,!-"=��(��Q==�#9�

�?J;3*&?�������9>)�(
1/-#/V"(�#�0�?!�
&,-�#�0�?!�9!�;����(0*���/�1���=9#��&3������53? � !"


�&��<���89�IC'���?!+#(��9�-�1�"&����=+�
7=���#,J-"�*� (Screening Test) �1�&�9#��5��5

-,!�4��"�5&?�+,!-���=0�
�� THC (��9>)��+,!-���=+�
7=���,��9� (Confirming Test) �1-;� 

(Smith /8'5C', 2005)    

���	 �I�����+H�I	�
��� .3�()*���-"+,)����+���089�:�� (��j 5.	. 1997 
;3*���3-�#9���0��������-"�5�,!-"#�� C �&,-" Ruidoso &8�9:����&B���.� 
0�9:-�&���� =�����
���=
-#+#���7�3��=������-"�5�,!-"=9�� � !"�����*-.�*�<?�"�1����?!+#���3=��5��&
6�3+8�3�-"���--�/##�5�,!-"=9���?!;&1
�&��<�f-"�9��	I8'--"���3�8B��1�"4�?!81-"8-�
-�71(�-���	;&1�1�='����V�U�8'--"0�,--,!�4 -����)1� 8'--"��C7 ���-"+,) ���(0*�	I8'--"
�081��9J�
�&��<61����*�;�A��(��5�,!-"#��;3* ���(0*�5�,!-"=9���93�*-"���3�
?�"39"/8'���;�
71
������-"�5�,!-"#�� � !"=�����	 �I����?!+#=������5�,!-"=9�� �������-"+,)(��"	�&'��,- 
/8'�"	�)#� (Malvaceae) � !"����+,)(�#����C�?!���3�0�� /8'+�
7=��;3*�1����7�3���?!+#&?���
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����z{-�089"=���5�,!-"#����&����1��?!���3=�����6�3+8�3�-"���--�/##�5�,!-"=9�� 
(Bates /8'5C', 1997) 

���	 �I�������C7�����(���'��	/5��3���"3*��.#��C53?/8'&��I������ 
	 �I�(�)9J��-"3��.58�(��'�8
�# Seeley +#)�J�
1�����-"+,)�"	�
�0�1��+�")'.3 
(Ceratophyllaceae) /8'&?&��(�)9J�3�� (Rolf, 2006) 

 
1��"����"3*��+H�I	�
���&?���	 �I�51-��*�"&�� 
��0�9#���	 �I����?!
6��(#�-"+��C+,)(���'��	;��&?67*	 �I�(�+,)08���"	�3*���9� ���?!��,J-��,!-6��(#�9#����
�*-&78
��59> ��,!-"=�����?!6��(#&?89�IC'/���1�"�9�08��/## = "&?���	 �I����+,!-���
�*-&78&���'�-#���=93=��/��+,)  
 

3. �	
����	%����	��0���	�

� 
 

���	 �I���(���"+H�I	�
���&9�	 �I��1�&�9#�����A�5	�
����-"��,J-��,!-
6��-,!�3*�� ���	 �I�89�IC'�-"��.3��R+�'�9"&?���	 �I���,!-"�?J�*-�  

��&?�1-& +#(�+,)08���"	�3*���9� � !"
�&��</#1";3*08��89�IC' �)1� 
��88��?!�����1-&�9#
����88��3?��0�,-08����88� (���C?�?!&?08����88�+#�����?�"�9�����/<�
�3?��0�,-08��/<� 0�,-��&?�1-&-�=+#;3*�9J"&?�*��/8';&1&?�*�� (���C?�?!&?�*��+#;3*�9J"
��88��3?��/8'08����88� �����*� 
  ��88��?!�����1-&�9#
�� ;&1&?�*�� �)1� +#(��"	�
��.�" (Sterculiaceae) )��3 
Scaphium macropodum Beaum +#�1-&�9#
���7��1�"+-"--� (capitates trichome) +#
��'=���9!�;� (
�=��? /8'5C', 2550)  
 ��88��?!�����1-&�9#
����88��3?��/8'�*����88��3?�� �)1� +#(��"	�
0>*�"�")*�" (Boraginaceae) )��3 Cordia verbenacea DC (Ventrella, 2008) �"	��'�+�� 
(Lamiaceae) )��3 Rosmarinus officinalis L. +#�1-&�9#
���7��1�"+-"--� (Mari /8'5C', 
2006) )��3 Nepeta congesta Fish. & Mer. +#�1-&�9#
���7��1�"+-"--� (Kaya /8'5C', 
2006) )��3 Salvia chrysophylla Stapf +#�1-&�9#
���7��1�"+-"--�58*��/�*� (Kahraman 
/8'5C', 2009) �"	�0>*� (Poaceae) 
��8 Chloris Sporobolus  /8'
��8 Aeluropodeae +#
�1-&� !"()*(�����9#��8,---�A���-� (Liphschitz /8'Waisel, 1974) 
  ��88��?!�����1-&�9#
����88��3?��/8'�*��08����88� �)1� +#(��"	�0>*�
"�")*�" )��3 Cordia verbenacea DC (Ventrella, 2008) /8'
��8 Cordia Echium  Heliotropium 
Lithospermum  Nonea /8' Onosma (Dasti /8'5C', 2003) �"	� �'�+�� )��3 Rosmarinus 
officinalis L. +#�*�� 2 ��88�/8'�1-&�9#
���7��1�"+-"--� (Mari /8'5C', 2006)  
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)��3 Nepeta congesta Fish. & Mer. +#�*��
-"��88� �1-&�9#
���7��1�"+-"--� (Kaya /8'5C'
, 2006) )��3 Salvia chrysophylla Stapf +#�*�� 2-5 ��88� �1-&�9#
���7��1�"+-"--� (Kahraman 
/8'5C', 2009)  
   ��88��?!�����1-&�9#
��08����88� /8'�*����88��3?�� �)1� +#(��"	�
�'�+�� )��3 Rosmarinus officinalis L. +#�1-&�9#
���7��1�" 2 /##5,- �8��+-"--�/8'
�8��/61/#� (peltate trichome) (Mari /8'5C', 2006) )��3 Nepeta congesta Fish. & Mer. 
+#�1-&�9#
���7��1�"+-"--� 2 ��88� /8'�1-&�9#
���7��1�"/61/#� 4 ��88� (Kaya /8'5C', 
2006) )��3 Salvia chrysophylla Stapf +#�1-&�9#
���7��1�"/61/#� 4-12 ��88� � !"&? 1 0�,- 4 
��88�-�71��"�8�"/8'8*-&�-#3*����88��-#�-� 4 0�,- 8 ��88�  (Kahraman /8'5C', 2009) 
�"	�&'8� (Oleaceae) )��3 Phillyrea latifolia L. +#�1-&�9#
���7��1�"/61/#� 10-16 ��88� 
(Gravano /8'5C', 1998)    
  ��88��?!�����1-&�9#
��08����88� /8'�*��08����88� �)1� +#(��"	� 
�'�+�� )��3 Salvia chrysophylla Stapf +#�1-&�9#
���7��1�"+-"--� 2 ��88� /8'�*�� 2-4 
��88� (Kahraman /8'5C', 2009) 

�-�=���?J�"	�69�;61 
��8�-,J-"�+B3&*� (Polygonum) =����� 16 )��3 (�A�5�0�,-
�-"��'��	;�� +#��&?�1-&08����88� �1-&�9#
���7��1�"�8��+-"--�/8'�8��/61/#�  
()1-��+�� /8'5C', 2550) /�1;&1�'#�=�������88��?!�����1-&�9#
��/8'=������*����88�  
  ��;&1&?�1-& +#(�+,)08���"	�3*���9� � !"
�&��</#1";3*08��89�IC' �)1� 
��;&1&?�1-&��88��3?��0�,-08����88� 89�IC'���/��/��"������!"/8';&1/��/��" �����*� 
  ��;&1&?�1-&��88��3?�� +#(��"	�0>*�"�")*�" )��3 Cordia  verbenacea 
DC. +#���7��1�"58*���7����� (Ventrella, 2008) 
��8 Echium Myosotis 89�IC'��;&1/��
/��" (Dasti /8'5C', 2003) �"	��'/#� (Lythraceae) )��3�?!��1" (Lagerstroemia indica L.) 
/8'�
8�3�� (L.  undolata Koehne.) +#��/##��88��3?��:����*�" 
1���8��/08& (C9S:
��, 
2551) �"	�)#� (Malvaceae) )��3 Malva alcea L. +#�������
*��3?!�� ;&1/��/��" (Celka /8'
5C', 2006) �"	�0>*� 
��8 Chloris Echinochloa Eragrostis Panicoid Sporobolus Zea /8' 
Zizania +#�����3�8B� �8������0��&0�,-�'�- (=���89�IC�, 2552) 
 ��;&1&?�1-&08����88� +#(��"	�0>*�"�")*�" 
��8 Nonea /8' 
Lithospermum +#��/��/��"������!" 2 ��!" (bifurcate) /�18'��!"-�=='�����1�0�,-;&1��1��9� 
(Dasti /8'5C', 2003) �"	���"+��� (Euphorbiaceae) 
��8��8*� (Croton) =����� 160 )��3 
+#��/��/��"58*���7�3��0�,-/��/��"������'=�� /�18'��!"��'�-#3*����88��3?�� 
(Webster /8'5C', 1996) �"	��'�+�� )��3 Salvia chrysophylla Stapf +#��08����88� 2-
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13 ��88� ��?�"�9�/<��3?�� ;&1/��/��" (Kahraman /8'5C', 2009) �"	��'/#� )��3
�'/#�/3" (L. calyculata Kurz.) �
8���� (L. tomentosa Presl.) /8' �
8�(#(0>1  
(L.  loudonii Teysm. et Binn.) +#���?!&?�7��1�"
1��:���8&�7� 08����88� 
1��#��-"��
/��/��"������!"08���'��# =�������!"��'&�C 6-12 ��!" (C9S:
��, 2551) )��3-�����8�J�� 
(L.  speciosa Pers.) +#���7��1�"�����
*���'�-#3*�� 1-4 ��88� ��?�"�9�/<��3?�� (Metcalfe 
/8'Chalk, 1950) �"	�)#� )��3 Malva alcea L.  +#��/��/��"���� 2 ��!" 58*��
*-& /8'
��/��/��" 3-10 ��!" 58*���7�3�� � !"���?!/��/��"/�18'��!"='��'�-#3*����88��3?�� 
(Celka /8'5C', 2006) /8')��3 Pavonia serrana G.L. Esteves +#��/��/��"58*���7�3�� 
5-12 ��!" /�18'��!"='��'�-#3*����88��3?�� (Esteves, 1994) �"	�.58"�58" (Melastomataceae) 
)��3 Leandra altomacaensis Baumgratz & D'El Rei Souza +#��;&1&?�1-&/��/��"58*���7�
3�� (Baumgratz /8' Souza, 2009) /8'�"	�69�;61 
��8�-,J-"�+B3&*� +#�������
*��3?!�� ;&1
/��/��" 89�IC'�8���R?�"/�B" ()1-��+��, 2550) 
 
  � !"���-"+,)/�18'�"	�&?89�IC'�?!/���1�"�9� ���?!6��(#�-"+,)#�"�"	�����
�*-&78
��59>�?!
�&��<���&�()*=93=��/��;3* ��,!-"=�����?!6��(#&?89�IC'�?!/���1�"�9�08��
/## = "&?���	 �I����+,!-�����*-&78(����=93=��/�� �)1� ���?!6��(#�-"+,)�"	���"+��� 
��8
��8*� � !";3*=93=��/��+,)(�
��8�?J--����� 36 0&71 /8' 120 )��3 .3�()*�*-&785��&/���1�"�-"
�� (Webster /8'5C', 1996) -�1�";��B��&89�IC'��"
9C:�������0�,-89�IC'��"�����A�5
	�
����-"��-�=/��69�;���&
A�+/�38*-&;3* �)1� ���	 �I�.5�"
�*�"�-"6��(#�-"+,)
�*-"<�!� 10 )��3�?!��'��	-���3?��?!;3*�9#&8+�I.3�����38-"R?3V�U�8'--"=����� 5 ��9&���
�9� ������8� 60 �9� +#�1�.5�"
�*�"�-"����8?!��;�=������ ��88�&?���
7>�
?��J�����(0*
��88� �0?!��8" /&*�1�89�IC'��"�����A�5	�
����-"(#+,)#�")��3/��69�;���&

A�+/�38*-&-�=���&�()*��'.�)��(����=93=��/��;3*�)1� �-�5� /8'59��-8 (Aiken /8' 
Consaul, 1995) 	 �I�.5�"
�*�"(#�-"+,)
��8 Festuca /8' Leucopoa +#�1� 89�IC'��"
�����A�5	�
����-"(#+,)�9J"
-"
��8/��69�;���&���A7&�	�
��������'=�� = ";3*����*-&78
&�=93��������7���$�� �+,!-=��/��+,)�9J"
-"
��8--�����
��8�1-� /8')��3 ��&���A7&�	�
���
�����'=�� 39"�9J����	 �I�89�IC'���-"+,)#�")��3
�&��<���&�()*������'.�)��(���"
���������	�
���;3*   
 
4. ���&�2�	-(*�3��!�)
�       

 
   ��,J-6*�5,- �������
*�(� (fiber) � !"�����9�<��?!;3*&�=��$��&)���0�,-��'3�I:�
� J� &?-9���
1��5��&����1-5��&��*�"�+?�"+- 08��4�
*�&���&�9�/8*�#�30�,-��*���8?�� 
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0�,-�������
*�(�&���?�"/8'�1-�9������
*������?���
*�3*�� (yarn) �&,!-����
*�(� �
*�3*�� 0�,-

��8'8��&�6
&��&�9� &�68�������9�<�
����B=����6,���?��6*�6,� (fabric) � !"���(0*;3*��,J-6*��?!&?
5�C
&#9���?!/���1�"�9���&)��3�-"�
*�(� � !"���=93�'##/8'���=��/���
*�(��9J�/���1�"
�9�;� /8'=93=��/��39"�?J (��8/�, 2542) 

1. /081"�?!&��-"�
*�(� ;3*/�1 �
*�(��?!;3*&�=��$��&)���/8'=�������'3�I:� 
2. )��3�-"
1����'�-#��"�5&?�-"�
*�(� ;3*/�1 (���887.8
 (�.���?� (�/�1 /8'(�


9"�5��'0� 
3. ),!-
�&9>0�,-),!-
��8�-"�
*�(� .3�/#1"�
*�(��?!&?
1����'�-#��"�5&?�?!�0&,-��9�

0�,-58*��58 "�9�=93-�71(��8�1&),!-
��8�3?���9� �)1� ���-�0�,-.+8?�-
��-�� 
4. ),!-�R+�'�-"�
*�(�/8'),!-���5*� �)1� (�8-� �#B&�#�������-� /8'�35�-�.+8��-


��-�� 
 
���=��/���
*�(���&�?!&�/8'
1����'�-#�-"�
*�(� 

� !"�
*�(�&? 2 �8�1&5,- (�$��&)���/8'(���'3�I:� � !"(�$��&)���&?(�$��&)���
=��+,) 
9��� /8'=��/�1 
1��(���'3�I:�/#1";3*����(���'3�I:�=����887.8
 (���'3�I:��?!.+8�
�&-��;&1&?��887.8
 (���'3�I:�=��.���?� ��" .80' /8'/�1 

(�$��&)��� 
1. )��3�-"�
*�(��?!;3*=��+,) ;3*/�1 Vf�� 8���� �U�� �- ��1� (�&'+�*��  
2. )��3�-"�
*�(��?!;3*=��
9��� ;3*/�1 ��/�' ;0&   
3. )��3�-"�
*�(��?!;3*=��/�1 ;3*/�1 (�0��  
(���'3�I:� 
1. )��3�-"�
*�(��?!��'3�I:�=����887.8
 ;3*/�1 ���-� -'����� ;��-'�����  
2. )��3�-"�
*�(���'3�I:��?!;&1&?��887.8
 ;3*/�1 ;�8-� .+8?�-
��-�� -'5��8�� 
/��

�3B��� -98=���� �����*� 
3. )��3�-"�
*�(��?!;3*=��.���?� ;3*/�1 /-�8-� 
4. )��3�-"�
*�(��?!;3*=����" ;3*/�1 (#��"  
5. )��3�-"�
*�(��?!;3*=��.80' ;3*/�1 (�.80' 
6. )��3�-"�
*�(��?!;3*=��/�1 ;3*/�1 (�/�*� (�����&�� /��;s�� 

 
 ���/#1"
&#9���-"�
*�(�  

    ���/#1"5�C
&#9���-"�
*�(�-�=/#1";3*08����$? (��8/�, 2542) � !"���/#1"
��&5��&
��59> ;3* 3 �8�1& 5,- 

1. 5�C
&#9��089� (primary properties)  
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      5,- 5�C
&#9��=�������?!�
*�(����)��3�*-"&?-�1�"�+?�"+-�?!='���&��Q������
�
*�3*�� /8'68������6,�6*��+,!-���;�()*;3* 5�C
&#9���?!=�������081��?J;3*/�1 -9���
1��
5��&����1-5��&��*�" 5��&�0�?�� ���.5*""-0�,-��9#
A�+;3* ���&?/�"� 3���'
��3�9�;3*3? /8'5��&&?89�IC'�0&,-��9�����-9�0� !"-9��3?���9� 
 

    2.  5�C
&#9���-" (secondary properties) 
5,- 5�C
&#9���?!)1���
��&(0*6*�&?5�C
&#9���1�()*&��� J�;3*/�1 �7��1�"

89�IC'�-"�
*�(� 5��&0��/�1�/8'5��&<1�"=���+�' ���373� &�J��/8'5��&),J� ���
�,3/8*�03�89#�?!�3�&;3* 5��&�,3;3*/8'5��&5,��9� �����*� 

 

        3.  5�C
&#9���
��& (additional properties) 
      5,- 5�C
&#9���R+�'0�,-
&#9��+��	I�-"�
*�(�/�18')��3 � !"&?68�1- 

       5�C
&#9��������;�()*�-"6*�/8'&?-��$�+8�1-����8,-�()* 5��&
#�� �7��1�"89�IC'  
       5��&����� ���37/8�9�I�68��A9Ct�
�!"�- �)1� 5��&���1-����93
? 5��&5"�7� ���   
       ���;ssf� ������1-5��&�*-�/8'�����B#5��&�*-� 5��&&9� 5��&.��1"/
" 5��&��   
       �1-/
"/33 /8'5��&���1-��30�,-31�" �����*� 

          � !"�
*�(��-"6*�/�18')��3&?5�C
&#9���?!&?5��&/���1�"�9� �&,!-���;��-
����6*�6,����(0*;3*��,J-6*��?!&?89�IC'5�C
&#9���?!&?5��&/���1�"�9� 39"�9J�67*()*= "
�&��<�8,-�
��,J-6*�;3*��&5��&�*-"����?!='()*��&5�C
&#9���-"��,J-6*�/�18')��3 � !"5��&���&�-"��,J-6*�
/�18')��3�9J�&?5��&/���1�"�9�/8'� J�-�71�9#5��&)-#
1��#�558��,!-"=����,J-6*�/�18')��3&?
�*-3?/8'�*-�
?��?!/���1�"�9� � !"6*��?!���&
�&(
1 -����)1� 6*�Vf�� (100%Vf��) 6*�Vf��6
&�9#6*�
(�
9"�5��'0� (35%Vf�� /8'65%.+8��-
��-��) /8'6*�(�
9"�5��'0� (100%.+8��-
��-��) �����*� 
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�)
435
*����%��6�
��	
 
 

1. �+,!-
�&��<=��/��)��3�-"+��C+,)(�#����C/-1"�J�� ���#8��1"(0>1 -���A-
0�3(0>1 =9"0�93
"�8� 

2. �+,!-	 �I�89�IC'�-"���?!+##����C(# 8���*� 3-� /8'68 �-"+��C+,)/�18'
)��3  

3. �+,!-��B#��#��&����:���*-&78#�"
1���-"+��C+,)�?!&?�� �+,!-���;���'�����()*
��"3*�����������	�
����1-;� 

 
5
*6,#������	 �7	�*8 �
)� 

 

1. ����:���*-&78�-"+��C+,)#�")��3�?!&?��(�#����C�?!	 �I� 
2. ��'�����()*(�"����"3*�����������	�
���/8'"����"�����	�
���#�"
���

�1-;� 
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����� 2 
 

��	�
����
�� 
 
����� ���
��� ���������� 
 
1. ����� ���
��� �������������� !�
"�#����$�%&���&'   
1.1  ����	
�� 
1.2  
���
����
����
� 
1.3   ���������
	
���������� 
1.4   
� ��!"#�� #$�� 30 x 40 	'$��	
�� 
1.5   ")�����*+ 
1.6   
� ��!-$���*���
�. 
1.7   
� ��!�0
10
 
1.8   1��$23� 	+*�

��")� 
1.9   �0������5�*+ 
1.10  �
����$67
#��
0����������*+ 
1.11  
������$67
8�� 
1.12  ��9
�5.��$67
#��
0� 
1.13  $23���+�����������*+	�*��
�$"
��"� �� 

 
2. ����� ���
��� ���� !#��
��
��
(�� 
2.1   	#�
	#:�� 
2.2   9�
;:� 
2.3   -���-�� 
2.4   
����<��6��=$.>+�"�� (light microscope) 
2.5   
����<��6��=$.>+�"��"���	����M� (stereoscopic microscope) 
2.6   �3���"� 	�
���#���$�
�
��N�$�*+ 	+�$  Flora of Thailand, Flora of 

  Malesiana, Flora of Malay Peninsular, Flora of India 	9[$��$ 
2.7   -$���*�+*�����5�
�"-��9� 	6=�6� 	��
 �
���$�$6. (2542) 
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3. ����� ���
��� �������������� !*+
(�,-,�%&���&' .��
�!�%
�����*-� 
3.1   >�
:�M
$ 
3.2   $23�
���$ 

3.3   <�$"
�� 
3.4   -���-�� 
3.5   �0�
�$ 
3.6   9�
;:� 
3.7   ����."� 
� <
9\�����. 
3.8   
����������
 
3.9   
����>������. 
3.10  "9]$6��	-�*�� 
3.11  	69
�����-$�� 
3.12  ��$�����8�� 
3.13  
� ��!�# 
3.14  1��.
���$ (formaldehyde)  
3.15  	
�	+:�� � ':��
"�'�� (acetic acid)  
3.16  
�:	'���� (glycerol) 
3.17  �'�:$ (xylene) 
3.18  �:'�1��$�$ (safranin O 1%)  
3.19  	�N��"��
�`��.;��
	#�
#�$ 50% 70% 95% "� 100% 
3.20  $23���)$7
���������$����. (permount) 
3.21  ������1��	1� ��1	1��. ;��
	#�
#�$ 0.1 M
���. pH 7.2 
3.22  
����<��6��=$.>+�"��"��N��
�� "� 
����<��6��=$.��	��
���$"������
���  

  (Scanning Electron Microscope: SEM) ���$ JSM 5200 JEOL (Japan) "� ��9
�5. 
  ��$67
8������ 

3.23  
����<��6��=$.>+�"��"������8�����$ Olympus DP12 "�  DP71 (America) "�  
  ��9
�5.��$67
8������ 

3.24  
����<��6��=$.���8�����	��$ (camera lucida) 
3.20  �	
�>+����#$��#��#$ (ocular micrometer "�  stage micrometer) 
 
4. ����� ������
������� !�������������
(��,�%,-�����������#��
���-'0�1!���%

 -�� 
4.1   )��i]�� (100% i]��) 
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4.1   )��i]��)�

��)��>����	;�� -. (35% i]�� "� 65% M���	��	���. ) 
4.2   )��>����	;�� -. (100% M���	��	���.) 
4.3   
����<��6��=$.>+�"��"��N��
��  

 
&'0-���*+
(� 
 

>$
��=7
!�;��2�$:2 	
�����������*+>$�*2$6:�"���$23� �3���6���>-j� �3�	8�
-��>-j� <��-�����#�� >$�*2$6:�#$�� 52 x 120 	
�� '7����
!5 #���*2$6:�	9[$6���$�����"� 
�*2$6:�������$
:$23�6��
#������9k "� �*2$6:�������$�
�
:$23�6��
#��"����$
:�8��+*2$�0� '7��
���5�*+6:�#72$9
;��

�
	9[$���5�*+6:�#72$>$$�#���"� 	9[$�
���
��
	9[$���$>-j� ��
���

���
����
>$������$  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  8��6:� 2.1    �8���*2$6:����	�5=7
!� 	9[$�*2$6:�+��
$23� ��$
:;��
+*2$�0� 


 

, 
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��	��2��-�-
�� 
 
1. 
���
"�#����$�%&���&' �����,- 

  ��
�3���<	
�������������5�*+ 	
�������������5�*+6:�
:#$���	�56:�=7
!�
M����N:"�����
 (random method) 	�*�$�  1 ;��2� � -����	�*�$
:$�;
 2551 �7� N�$��;
 2553 
+$���  3 
��� M��$3��9=7
!���
!5 #$����9 "� +�2$�������� 1 +�2$< $3��9���	9[$��������
"-��M����N:
��	
����������"-�� (
���
�$��, 2541) "� ��������"-��< 	
�����6:�����N8�5l.�*+ 

-���6�������#��$;��$6�. 8�;��+�+:���6�� ;5 ��6��=����. "� 	
�����5�
�$�
�*2$6:�
=7
!�>$��=.	�:��
��6:�	
��>$�*2$6:�=7
!�	�*��	9�:��	6:��+$��#$ M��	
��	9�:��	6:����=.�  1 
�
�� 

 
2. 
��
2��-
 -��,�%&���&' �����,- 

$3����5�*+6:�	
��
�=7
!��09���5��5m�$M��� 	�:��"� ��$67
8������

��������8�� "� ��$67
��
!5 ��>$")�$��$67
#��
0�	�*��
�����<���	�
��
!5.�*+ 
(Identification chart) "� ���<���	�
��
!5.�*+��
��N:6���$�
�
��N�$�*+ M��>+��3���"� 
	�
���#���$�
�
��N�$�*+ ���"
� Flora of Thailand, Flora of Java, Weed of Indonesia, 
Flora of Malesiana, Flora of Malay Peninsular, Flora of India 	9[$��$ 
 

3.    
��*+
(���
(��,�%,- .��� !
�!�%
�����*-����� !��%���
�!�%
�����*-�
����"
#��-����$�%
��� 
3.1  
���#����#����$�%,-,�%&' ���*+
(��!��
�!�%
�����*-����� !��%  
 3.1.1 
��*+
(�,-����� M�����"9��<�
��N:
��#�� Ruzin (1999) 

1. $3�>�#���*+6:��
�0�5. 
�+$���  3 >� 
2. ������������>�����$23�>-�� ��� 
3. �����������>�#�����5�*+>-��������
:�M
$ 
4. >+��0�
�$"� +�2$���$#��>� >$#�� 3 ���>$<�$"
��6:�
:$23�
���$	�*���
�>-�	'��.	-:��� 
5. 	�*�
+�2$��������
�"+�>$���� ��� FAA 	�*����
!��8��	$*2�	�*��	9[$	��� 10 

$�6: 
6. "+�+�2$��������>$	�N��"��
�`��.6:�;��
	#�
#�$ 50% 2 ;��2� ;��2��  1 $�6: 
7. "+�+�2$��������>$	�N��"��
�`��.6:�;��
	#�
#�$ 70% "�  95% ;��2��  2 $�6: 

��
�3���� 
8. $3�+�2$���������9���
�:'�1��$�$ (safranin O 1%) 	9[$	��� 1 $�6: 
9. $3�+�2$��������"+�>$	�N��"��
�`��.6:�;��
	#�
#�$ 100% 2 ;��2� 
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10. $3�+�2$����������������	�N��"��
�`��.6:�;��
	#�
#�$ 100% )�

���'�:$ 
��������$ 1:1 	9[$	��� 5 $�6: 

11. $3�+�2$��������
�����$����. "� >+�$23���)$7
���������$����. (permount)  
9\�6������
� <
9\�����. $3��9=7
!�����
����<��6��=$.>+�"�� ����
��$67

8������"� 8�����	��$ 

          3.1.2 
��*+
(�,-����2�#!-  
1. $3��3���$#���*+"��� +$�����	9[$+�2$#$����� 3 	'$��	
��  
2. ��
+�2$)����
#$�� 0.5x1 	'$��	
�� >����>$<�$"
��6:�>��$23����	�*��9]��
�$

	'��.	-:���  
3. 63���
#�2$��$	+�$	�:��
��=7
!�#$6:�)��>� (#��6:� 5-11) 

  3.1.3 
��*+
(�,-���
�����
 
1. $3�
�:���
#���*+"��� +$�����	9[$+�2$	��
s >����>$<�$"
��6:�>��$23����	�*��

9]��
�$	'��.	-:���  
2. 63���
#�2$��$	+�$	�:��
��=7
!�#$6:�)��>� (#��6:� 5-11) 

 3.1.4 
��*+
(�,-���1�������"� 
1. ���	9�*�
)�+�2$)��	9[$+�2$	��
s"� $3�	
���63���
#�2$��$	+�$	�:��
��=7
!�

#$6:�)��>� (#��6:� 5-11) 
 

3.2  ��	�
���#����#����$�%
�!�%
�����*-�����"
#��-����$�%
���  
3.2.1 
��*+
(�,-����� 
1. ������$#��>�+$���  3 >�  
2. $3�
�;��8�� (fixative) M��
��"+�>$���� ��� FAA 	9[$	��� 2 +���M
�  
3. $3���������6�2�-
�
�����$23��� ��
<�
	$*2�	�*��M��>+�$23�	9��� "�  0.1 M
���.

1��	1���1	1��. pH 7.2  
4. $3���������6�2�-
�
�#<��$23� (dehydration) ����	�N��"��
�`��.6:�;��
	#�
#�$ 

M��)��$ 50% 70% 95% "�  100% #�2$��$�  10 $�6: (63� 2 ;��2�) ��
���
6�2������������#��
;*$M��"+������������6:�;��
	#�
#�$ 70% ���>$6:�	��$ '7��
��
���	
��������	9[$	���-�����$  

5. -���<�
$�2$$3���������M�����
 
����	9[$+�2$	��
s#$�� 0.5x0.5 	'$��	
�� 9����
��������>-�"-�� 5 ��5-80
�-��� -�*�$3�
�63�>-���������"-��M��	;�*���63���������
>-�"-�� 5 ��5-80
���
t� (Critical Point Dryer) 	�*���7�$23�6:�	-�*���
<�
+�2$
�������� (>$
�5:6:����������
�"-����)  



23 
 

6. $3�+�2$��������)��>����$�$ )��>����$���� 
�����$"9]$6��	-�*������
�����
-$��-�*�$23���6�	���	�*��>-�+�2$�����������"$�$
�
#72$ 6�2�>-�$23���"-��  

7. $3�"9]$6��	-�*��6:����+�2$��������"����9v��6������	;�*���	;�*��������������
6�� (Sputter Coater)  

8. $3��9=7
!�8��>��
����<��6��=$.��	��
���$"������
������$ JSM 5200 JEOL 
(Japan) ����
��9
�5.��$67
8�� 

  3.2.2 
��*+
(�,-����2�#!- 
$3��3���$#���*+"��� +$��
����	9[$+�2$#$�� 3 	'$��	
�� "� ��
+�2$)����

#$�� 0.5x1 	'$��	
�� "� 63���
#�2$��$	+�$	�:��
��=7
!�#$6:�)��>� (#��6:� 
3-8) 

  3.2.3 
��*+
(�,-���
�����
  
$3�
�:���
#���*+"��� +$�� 63���
#�2$��$	+�$	�:��
��=7
!�#$6:�)��>� (#��
6:� 3-8) 

            3.2.4 
��*+
(�,-���1�������"� 
 ���)��6:�)�	9[$+�2$	��
s"� $3�	
���63���
#�2$��$	+�$	�:��
��=7
!�#$6:�)��>� 
(#��6:� 3-8) 

 
4.   *+
(��������������
(��
��#��,�%,-
���-'0�1!��#$�� -�� 

	�*�
	$*2�)�� 3 +$��;*� )��i]�� )��i]��)�

��)��>����	;�� -. "� )��>����	;�� -. 
	9[$���"6$#��	$*2�)�� "� �*+<3�$�$ 22 �
�� "�  23 +$��  

1. $3�)��i]�� (100%i]��) )��i]��)�

��)��>����	;�� -. (35%i]��"� 65% M���	�
�	���.) )��>����	;�� -. (100%M���	��	���.) 
����	9[$+�2$#$�� 5x5 	'$��	
��  

2. 	�*�
>�#���*+6:��
�0�5. "� 
:#$��	6��
�$-�*�>
��	;:��
�$  
3. #�:2>��*+6:�
:#$6�2����$�$"� ���$����#��")�$>��$	$*2�)�� ����$23�-$�
 1 


�M�
��
#��"9]$M�-  ����"��6:�	6��s
�$ M��)����0��������"� $3�>��*+����$
	$*2�)�� -���<�
$�2$<7�$3�"9]$M�- ���6��"���#�:2 10 ;��2� "���$3��9=7
!�
�����
#��#$�$)��8��>��
����<��6��=$."��>+�"��"� ��$67
8�� 6�2�-
�<3�$�$ 3 
'23� 

4. )��>�"��� ���$ ���
$��<3�$�$#$6�2�-
�8��>��
����>$#$���*2$6:��  1 �����
	'$��	
�� 6�2�-
�<3�$�$ 5 <�� $3�
�-�;��	v�:��"� $3�
���	;�� -.)�6������� 

 
 
 



24 
 

�2�-����*�&���3&�� 
  

1.1 
�����;��

���� ;��
���#��#$ 
;��

���� ��� 5 �3�"-$��6:�#$
����6:���� #$���+$��m�$
:
��#�����

���� 

63�>-����$m�$
����6:���� 
;��
��� ���<�
���$m�$#��#$ <$�7����$9������#��#$  
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 3 

 

 

3.1  

 

  

    2   

 17   18  (  �.1) 

 7   7  (  �.2)  

  9   

 9  (  �.1)  1  1  (  �.2) 

 

3.2   

 

 17   18  

 9   9  

 

1.  (Lamiaceae) 

1.1  (Ocimum sanctum L.) 

:   �5-67    

 1-2.2 x �-4.7   2   

    

 2   

1. Type A:   2   1   1   

  45-50   50-57   

(  �.1 ;  �.24 ) 

2. Type B:   2-15      

     25-�0   12�-588  (  �.1 ;  �.24 )  

  2   1) Type A  10-15  1  

2) Type B  8-10  1   2-4  

  5-15   

25 
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  2   1) Type A  15-25  1  

2) Type B  15-2�  1  

  2   1) Type A  �-7  1  2) Type 

B  8-9  1  

  7  

  2   1) Type A  10-12  1  2) Type 

B  �0-45  1  

  1   Type A  2-5  1  

 

1.2  (Hyptis capitata Jacq.)  

:   58-160    

 4-5 x 6.5-9.6   2  

   

  

 2   

1. Type A:    1    28-�� 

  65-80  (  �.1 ;  �.24 , ) 

2. Type B:   4-6    

   46-5�   540-786 

 (  �.1 ;  �.24 )    

  2  1) Type A  8-1�  1  

2) Type B  �-5  1  

  2  1) Type A  58-65  1  

2) Type B  10-15  1   

  2  1) Type A  60-70  1  2) 

Type B  �-5  1  

  2  1) Type A  12-15  1  2) Type 

B  2-�  1   
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1.3  (Pogostemon auricularius (L.) Hassk.)  

:   �0-56   

  1.9-�.2 x �.8-7   2   

(spike)    

 

 2   

1. Type A:   2   1   1  

  27-6�   ��-116  (  �.2 ; 

�.24 ) 

2. Type B:   5-12    

  

   50-100  

 851-1,875  (  �.2 ;  �.24 ) 

  2   1) Type A  46-57  1  

 2) Type B  2-4  1  

  

  2   1) Type A  49-60  1 

 2) Type B  9-15  1  

  2   1) Type A  20-�0  1  2) 

Type B  2-4  1   

 1,875  

  1   Type B  10-15  1  

   

  

 

1.4  (Leucas zeylanica (L.) R. Br.)  

:   105-120    

 0.9-2.2 x 4.�-7.5   2  

    

 

 2   
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1. Type A:   2   1   1   

 27-54   �0-65  (  �.2 ;  �.24 ) 

2. Type B:   2-�    

   

   1.�  

 15-85   295-811  (  

�.2 , ;  �.24 , ) 

  2  1) Type A  �5-45  1  

 2) Type B  �-4  1   2 

  �   

  1  Type B  4-6  1  

 2   � 

  

  2  1) Type A  4-6  1  2) Type 

B  7-10  1  

  2  1) Type A  25-�0  1  2) Type 

B  �-7  1  

  

 

2.  (Rubiaceae) 

2.1  (Mussaenda philippica A. Rich.)  

:    2.5-�     

5-8 x 10-12.5   2    

  (drupe)  

 1   

1. Type A:   �-10     15-20 

  100-250  (  �.� , ;  �.25 , ) 

  �5-50  1   

  45-70  1  

  50-60  1   

  20-25  1  
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2.2  (Borreria laevis (Lam.) Griseb.)  

:   25-4�    

 0.4-0.7 x 2.5-�   2   

   (capsule)  

 �   

1. Type A:      

  1.9  

 ��-56   60-11�  (  �.� ;  �.25 ) 

2. Type B:      

 �1-�5   45-70  (  �.� ; 

 �.25 ) 

�. Type C:   2-7    

   

  19-29   1�1-�27 

 (  �.� ;  �.25 ) 

  1   Type A  5-8  1  

  1   Type A  8-1�  1   

  1   Type C  7-11  1  

  2   1) Type B  40-60  1  2) Type 

C  �0-54  1  

  2   1) Type B  �-4  1  2) Type C 

 �-4  1  

 

2.3  (Borreria alata (Aubl.) DC.)  

:   25-�5    

 1.9-2.5 x �.9-5   2   

    

 2   

1. Type A:   �-9    



�0 

 6-9     

   19-75   149-9�8 

 (  �.4 ;  �.25 ) 

2. Type B:   4-5     

   

  2�-25   2�1-269  

(  �.4 ;  �.25 ) 

  1   Type A  6-9  1  

  1   Type A  7-14  1  

  1   Type A  40-56  1  

 4  

  1   Type B  10-1�  1  

  1   Type B  5-9  1  

 

3.  (Melastomataceae) 

3.1  (Melastoma malabathricum L.)  

:   1�5-150   

  �.2-4.7 x 9-1�.5   2   

   

  

 �   

1. Type A:     �5-40 

  50-70  (  �.5 ;  �.26 , ) 

2. Type B:   25-�7   �-5  

 10    1  1 

    2  

   

   9�-42�  

 �10-2,885  (  �.5 , , ;  �.6 ;  �.26 , , , ) 

�. Type C:   25-�7   �-5  

   



�1 

  �1-41   65  

 269  (  �.6 ;  �.�2 ) 

  1   Type B  8-11  1   

  1   Type B  25-29  1  

   

  2   1) Type A  �-5  1   2) 

Type C  �-5  1  

  1   Type B  2-4  1  

 

  1   Type B  10-15  1  

 

3.2  (Melastoma sanguineum Sims)  

:   1.2-1.57     �.7-

4.7 x 11.2-15   2    

   

 2   

1. Type A:     

  

 85-97   1,257-2,777  (  �.6 ;  �.26 

) 

2. Type B:   15-20   �-5  

 7    1  1  

   2  

    

  50-75   112-1�0 

 (  �.6 ;  �.26 ) 

  1   Type B  0-1  1  

  

  1   Type B  0-1  1  

  

   

  1   Type A  2-5 : 1   



�2 

  1   Type A  2-5 : 1  

 

4.  (Malvaceae) 

4.1  (Hibiscus sabdariffa L.)  

:   1.5-1.95     

�-4 x 8-10   2    

   

 4   

1. Type A:      15-17 

  656-926  (  �.7 ;  �.27 ) 

2. Type B:     25-�5   200-

�15  (  �.7 ;  �.27 ) 

�. Type C:   2-5   1   2-4  

     17-22  

 �5-50  (  �.7 ;  �.27 ) 

4. Type D:   2-7    1  

  

    1�-15  

 295-�50  (  �.7 ;  �.27 - ) 

  2   1) Type B  1-�  1  2) 

Type C  7-10  1   

  2   1) Type B  2-5  1  

2) Type C  8-14  1   

  1   Type D  �-7  1  

  1   Type A  5-7  1  

  1   Type A  �-7  1  

 

4.2  (Urena lobata L.)  

:   90-215     

�.8-5.2 x �.1-4.1   2    

   



�� 

 4   

1. Type A:     

  4-5  

    24   244 

  129-145   1,�71-1,452  (  

�.7 ;  �.27 ) 

2. Type B:     

22-44   ���-666  (  �.8 ;  �.27 ) 

�. Type C:   4-6   1-2   

 �-4      10-25 

  60-100  (  �.8 ;  �.27 ) 

4. Type D:   2-14     

  1)  2   2   2)  �   

  �   �0-45  �)  4   

  4     

90   14  4)  5   

   20-�0   

190-4�0  -  (  �.8 , , , 

;  �.27 - ) 

  �   1) Type B  1-6  1  2) 

Type C  16-20  1  �) Type D  18-25 

 1  

  �   1) Type B  �-5  1  

2) Type C  20-25  1  �) Type D  80-

110  1   4-9  

 4   27-��   267-400 

 

  �   1) Type B  �-7  1  2) Type 

C  18-20  1  �) Type D  45-60 

 1   

  2   1) Type B  1-�  1  2) Type C 

 10-20  1  



�4 

  �   1) Type A  6-10  1  2) Type C 

 6-8  1  �) Type D  10-15  

1  

 

5.  (Fabaceae) 

 5.1  (Mimosa invisa Mart.) 

:   46-80   

  1.5-2 x 7-10   2  

    (legume)  

 �   

1. Type A:      5-20  

 121-�88  (  �.9 ;  �.28 ) 

2. Type B:    

    17�-�85 

  1,058-2,885  (  �.9 ;  �.28 ) 

�. Type C:       11-18 

  50-68  (  �.9 ;  �.28 ) 

  1   Type A  20-27  0.5  

  

  1   Type A  12-15  0.5  

  2   1) Type A  5�-70  1  2) 

Type B  5�-70  1  

  1   Type C  8-12  0.5  

  
  

5.2  (Mimosa pudica L.)  

:   �5-87  

   0.1-0.2 x 0.5-0.6  

    

  

 �   



�5 

1. Type A:      1� 

  270-540  (  �.9 ;  �.28 ) 

2. Type B:     

   18-57 

  1,250-5,000  (  �.9 ;  �.28 ) 

�. Type C:    

     250-4�5  

 1,15�-�,215  (  �.9 ;  �.28 ) 

  

  2   1) Type A  5-7  1  

  2) Type B  5-8  1  

   

  1   Type C  1-5  1  

  1   Type A  �-5  1  

  1   Type A  5-7  1  

 

6.  (Compositae)  

6.1  (Wedelia trilobata (L.) Hitchc.)  

:     �.2-�.5 x 5-6 

  2   

    

  

 �   

1. Type A:   

   10-15   40-55  

(  �.29 ) 

2. Type B:   �-5   2-4   1  

 17-29   90-186  (  �.10 ;  �.29 ) 

�. Type C:   2   

   

   0.005  



�6 

 50-85   �17-500  (  �.10 ;  

�.29 ) 

  1   Type C  0-1  1  

  2   1) Type B  0-1  1  

2) Type C  0-1  1  

  2   1) Type B  �-5  1  2) Type 

C  2-5  1  

  2   1) Type A  �-4  1  

  2) Type C  5-7  1 

 

  2   1) Type A  �-4  1  2) Type C 

 5-7  1  

 

6.2  (Eclipta prostrata (L.) L.)  

:   17-�5    

 0.�-0.8 x �.4-7   2   

    

 1   

1. Type A:   2-�   

   

 0.002   �0-48 

  248-595  (  �.10 , ;  �.29 ) 

  4-7  1   

  14-17  1  

  8-10  1   � 

 

  15-18  1   

  15-18  1  

 

6.3  (Tridax procumbens L.)  

:   �6.4-48.5   

  2-� x �-5.�   2   



�7 

  

   

 �   

1. Type A:      

 12-�0   40-265  (  �.11 ; 

 �.29 ) 

2. Type B:   �-4   2-�   

  1     

45-72   �56-450  (  �.11 ;  �.29 , ) 

�. Type C:   �-7    � 

  1  

 

 5-10   6     

65-120   �11-8��  (  �.11 , ;  �.29 ) 

  2  1) Type B  0-1  1  

  2) Type C  5-8  

1   

  2  1) Type B  0-1  1  2)  

Type C  25-42  1  

  1  Type C  14-17  1  

 4-7    707-

8��  

  1  Type A  100  1  

   40-52 

  150-265  

  1  Type A  100  1  

 

6.4  (Ageratum conyzoides L.)  

:   �0.5-55.5   

  1.5-�.5 x 2.9-5.0   2  

  

     



�8 

 4   

1. Type A:   

   10-15   45-55 

 (  �.12 , ;  �.29 ) 

2. Type B:   2-4   

  1    9-27   

4�-186  (  �.12 ;  �.29 ) 

�. Type C:   �-4    1 

   �1-50   112-165  (  �.12 

;  �.29 ) 

4. Type D:   4-7    

  40-7�   120-989  (  �.12 ;  

�.29 ) 

  �  1) Type B  �-5  1  2) 

Type C  �-7  1   �) Type D 

 2-�  1   

 

  2  1) Type B  2-�  1  

 2) Type D  2-5  1 

  

  2  1) Type B  2-5  1  2) Type 

D  5-8  1  

  1   Type A  46-75  1  

 

  1   Type A  46-75  1  

 

6.5  (Chromolaena odoratum R. M. King & H. Rob.)  

:   125-148    

 4-7 x 7-11   2  

   

  

 



�9 

 5   

1. Type A:     

12-18   65-80  (  �.1� ;  �.29 ) 

2. Type B:   1-4   1   

  10-100   �8-160  (  �.1� , ; 

 �.29 , ) 

�. Type C:   2-�    1 

    40-52   240-275  

(  �.1� ;  �.29 ) 

4. Type D:   6-9    

   

  1.�   25-65 

  284-960  (  �.1� ;  �.29 ) 

5. Type E:   5-10    2-� 

   

   15-2�   71-

20�  (  �.1� ;  �.29 , ) 

  4  1) Type B  11-15  1  

 2) Type C  5-10  1  

 �) Type D  8-17  1  4) Type E 

 14-�0  1  

   4  1) Type B  9-15  1  

2) Type C  5-12  1  �) Type D  25-

�9  1  4) Type E  2-8  1  

  �  1) Type C  �-5  1  2) 

Type D  �2-�5  1  

 �) Type E  6-10  1  

  1  Type A  50-80  1  

 

  1  Type A  50-80  1  
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6.6  (Vernonia cinerea (L.) Less.)  

:   2�-�0     2 

   0.�-0.6 x 1.0-1.7    1.4-2.6 x �-

5.2   2   

   

  

 4   

1. Type A:    6-8   

�0-40  (  �.29, ) 

2. Type B:   2   1   1   

 28-��   7�-80  (  �.14 ;  �.29 ) 

�. Type C:   4-6     1 

    25-�0   

157-�00  (  �.14 ;  �.29 ) 

4. Type D:   �-6   �-4   

 2    1   

   6-8   �8 

  218  (  �.14 , ; �.29 , ) 

  �  1) Type B  2-5  1  2) 

Type C  2-5  1   �) Type D 

 19-21  1  

  �  1) Type B  12-15  1  

2) Type C  2-4  1  �) Type D  �0-

40  1  

  �  1) Type B  10-1�  1  2) 

Type C  2-5  1  �) Type D  28-45 

 1  

  1  Type A  �5-48  1  

 

  1  Type A  �5-48  1  
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6.7  (Emilia sonchifolia (L.) DC. Ex Wight)  

:   2�-��    

 0.2-1 x �-8   2  

    

   

 2   

1. Type A:      7-9 

  14-18  (  �.14 ;  �.29 ) 

2. Type B:   12-25    

  �5-75   �65-2,000  

(  �.14 ;  �.29 ) 

  1  Type B  2-4  1  

 12-22   

  1  Type B  1-2  1  

 16-25  

  1  Type B  1-2  1   

1�-20  

  2  1) Type A  55-60  1  

 2) Type B  10-16  1   12-

18   

  2  1) Type A  55-60  1   2) Type 

B  10-16  1  

 

7.  (Cucurbitaceae) 

7.1  (Trichosanthes cordata Roxb.)  

:     

4.5-5.5 x �.0-5.5   2   

   (berry)  

 2   

1. Type A:   4-10   

   90-98  

 220-264  (  �.15 ;  �.�0 ) 



42 

2. Type B:   4-7    

   �5-5�   �74-7�5 

 (  �.15 , ;  �.�0 ) 

  1  Type A  2-�  1   

  1  Type B   100  1 

  

  1  Type B  8-10  1  

  1  Type B  5-10  1  

 

  1  Type B  20-�8  1  

 

7.2  (Trichosanthes anguina L.) 

:     10-15 x 10-14 

  2     

    

 2  

1. Type A:   �   2   

 1     17-20   77-85 

 (  �.15 ;  �.�0 ) 

2. Type B:   2-6    

  15-�2   86-2�0  (  

�.15 , ;  �.�0 ) 

  2  1) Type A  9-15  1  

2) Type B  50-102  1    

  2  1) Type A  9-17  1  

2) Type B  86-95  1  

  Type B  45-50  1  

  Type A  45-50  1  

 25   

  

 

 



4� 

8.  (Sterculiaceae) 

8.1  (Melochia corchorifolia L.)  

:   50-67    

 1.4-2.8 x 2.4-5.1   2   

    

 2   

1. Type A:     1�-�6   

120-�67  (  �.16 ;  �.�1 ) 

2. Type B:   2-15   2-15    1 

    10-14  

 90-24�  (  �.16 , , ;  �.�1 , , ) 

  2   1) Type A  7-10  1  

 80    2) 

Type B  �-5  1   20  

 

  2   1) Type A  7-9  1  

2) Type B  7-9  1  

  2   1) Type A  �-5  1  2) Type 

B  �-10  1   

  2   1) Type A  5-7  1  2) Type B 

 5-10  1  

  2   1) Type A  10-15  1  

 2) Type B  5-10  1  

 

 

8.2  (Melochia umbellata (Houtt.) Stapf)  

:   2-9.5     �.8-15 

x 9-�0   2    

   

 2   
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1. Type A:     1�-27   7�-

280  (  �.17 ;  �.�1 ) 

2. Type B:   2-12   2-7   

 1     

    10-25 

  75-�00  (  �.17 , ;  �.�1 , ) 

  2   1) Type A  5-15  1  

 40   2) Type B  �-5 

 1   60   

  2   1) Type A  5-15  1  

2) Type B  25-50  1  

  

  1   Type B  15-20  1  

 2-7  

  1   Type B  5-7  1  

 2-7  

  

 

9.  (Euphorbiaceae) 

 9.1  (Euphorbia hirta L.)  

:   10-15    

 0.5-0.8 x 1-1.�   2   

    

 1   

1. Type A:  1   �-7     

   40-50  2�5-465  

  25-�0  1  

  40-50  1  

  10-15  1  

  10-15  1  

  2-10  1  

  5-8  1  
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9.2  (Croton hirtus L. Her.)  

:   �0.5-85.2    

 2.2-�.5 x �.5-5.2   2   

   

 

 1   

1. Type A:   �-16   

 1   

   1�-�0   200-974  

(  �.18 , ;  �.�2 , ) 

  4-6  1   �-6  

   6 

 

  4-8  1  

-    8  

 1�-26   200-974  

  5-8  1  

  �-5  1  

  10-15  1  

 

10.  (Boraginaceae) 

10.1  (Heliotropium indicum L.) 

:   �5-56    

 2-5 x �-7   2   

   5  

   

 2   

1. Type A:     14-8�  

 1�6-1,20�  (  �.19 ;  �.�� ) 

2. Type B:      

 27-��   121-177  (  �.19 ;  �.�� ) 

  1  Type A  0-2  1   
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  1  Type A  1-5  1  

 

  1  Type A  4-10  1  

  1  Type B  �0-50  1  

 

  1  Type B  5-10  1  

 

 7   7   

 1   1  

 

1.  (Poaceae) 

1.1  (Pennisetum pedicellatum Trin.)  

:   85-160    

   0.�-0.9 x 12-�1   

    2  

   

 2   

1. Type A:       

 �0-8�   �2�-6,050  (  �.20 ; 

 �.�4 ) 

2. Type B:     

  8-15   �5-46  ( �.20 

;  �.�4 ) 

  1   Type A  �-5  1   

  1   Type A  9-10  1  

  1   Type A  8-12  1  

  1   Type A  �-5  1  

  1   Type B  86-95  1  
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1.2  (Panicum repens L.)  

:   85-105  

    0.5-0.6 x 20-25   

 �    

 2   

1. Type A:      

 ��   50-100  (  �.20 ;  

�.�4 ) 

2. Type B:      ��  

 560-1,540  (  �.20 ;  �.�4 ) 

  1   Type A  55-62  1  

  

  1   Type A  55-60  1  

  Type B  

  1   Type B  �-5  1  

  

  

 

1.3  (Melinis repens (Willd.) Ziska)  

:    45-150   

    0.�-0.8 x 

10.5-19    

  2  

  

 2   

1. Type A:       

 15-65   0.5-7.5  (  �.21 ;  

�.�4 ) 

2. Type B:       

 15-20   17-20  (  �.21 ; 

 �.�4 ) 
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  2   1) Type A  0-1  1  

 2) Type B   100  1  

 

  1   Type B   150  1 

 

  1   Type A  2-4  1  

  1   Type A  �-5  1  

  

  1   Type A   25-�8  1  

 20-25  1    

  

 

1.4  (Eleusine indica (L.) Gaertn)  

:    �2-58   

    0.4-0.7 x 9.5-19.0  

   4-6    

 5    

 �   

1. Type A:      

  24-8�   297-4,271  (

 �.21 ;  �.�4 ) 

2. Type B:    

   8-25   2�-55  (

 �.21 ;  �.�4 ) 

�. Type C:    

   10-�4   28-

72  (  �.21 ;  �.�4 ) 

  2   1) Type A  �-5  1  

  2) Type B   200 

 1   
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  2   1) Type A  �-5  1  

2) Type B   200  1  

  

  1   Type A  5-8  1  

   

  1   Type C  70-98  1   45-60 

 1    

  

 

1.5  (Paspalum conjugatum P.J. Bergius)  

:   25-�0  

    0.5-0.7 x 7-10  

 2   2  

  

 1   

1. Type A:       

 10-29   �10-960  (  �.22 , 

;  �.�4 , ) 

  4-7  1  

  0-1  1  

  

   

   

  

 

1.6  (Digitaria adscendens (HBK.) Henr.)  

:    45-80   

    1-1.2 x 7.5-12.5  

   

 2    

 4   
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1. Type A:     

 �0-70   41-68  (  �.22 ;  

�.�4 ) 

2. Type B:    

  0.4-60   �5-96  (  �.22 ;  

�.�4 ) 

�. Type C:     250-�65  

 �.56-9.66  (  �.22 ;  �.�4 ) 

4. Type D:   2-�    

    25-�5  

 125-250  (  �.22 ;  �.�4 ) 

  2   1) Type A  85-127  1 

  2) Type B  55-64  1 

  

  2   1) Type B   150  1 

  2) Type C   150  1 

   

  1   Type C  �-5  1  

  

  

   1   Type D  8-1�  1  

 

  

 

1.7  (Dactyloctenium aegyptium (L.) P. Beauv.)  

:    25-�1    

   0.5-0.6 x 6-12.6  

   

 �    

 2   

1. Type A:     4�-50 

  1,�47-1,6�0  (  �.2� ;  �.�4 ) 
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2. Type B:   

  90   45  

  8-1�   �5-52  (  

�.2� ;  �.�4 ) 

   

  1   Type A  5-8  1  

  

  

  

  1   Type B  �5  1   55-70 

 1   

   

  

1.8  (Chloris barbata Sw.)  

:   40-60     

   0.2-0.� x 9-12  

   4-15  

  �  

  

 2   

1. Type A:      

 7-�8   467-�,557  (  �.2� ; �.�4 ) 

2.  Type B:     

 5-12   20-4�  (  �.2� ;  �.�4 ) 

  1   Type A  20-�2  1  

  

  

  

  

  1   Type B   100  1  
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(Family) 

  

(Scientific name) 

  

(Vernacular) 

  

(Lamiaceae) 

Ocimum sanctum L. *

Hyptis capitata Jacq.

Pogostemon auricularius (L.) Hassk.

Leucas zeylanica (L.) R. Br.

 

(Rubiaceae) 

Mussaenda philippica A. Rich. * 

Borreria laevis (Lam.) Griseb.  

Borreria alata (Aubl.) DC.

 

(Melastomataceae) 

Melastoma malabathricum L.

Melastoma sanguineum Sims *

 

(Malvaceae) 

Hibiscus sabdariffa L. *

Urena lobata L.  

 

(Fabaceae) 

Mimosa invisa Mart. *

Mimosa pudica L.

(Compositae) 

Wedelia trilobata (L.) Hitchc. * 

Eclipta prostrata (L.) L.

Tridax procumbens L.

Ageratum conyzoides L.

Chromolaena odoratum R. M. King & H. Rob.

Vernonia cinerea (L.) Less.

Emilia sonchifolia (L.) DC. Ex Wight

(Cucurbitaceae) 

Trichosanthes cordata Roxb.

Trichosanthes anguina L. * 

(Sterculiaceae) 

Melochia corchorifolia L.

Melochia umbellata (Houtt.) Stapf *

(Euphorbiaceae) 

Euphorbia hirta L. * 

Croton hirtus L. Her.

(Boraginaceae) 
Heliotropium indicum L.  

   

 �.1    

* 



5� 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(Family) 

  

(Scientific name) 

  

(Vernacular) 

 

(Poaceae) 

 

Pennisetum pedicellatum Trin.  

Panicum  repens L.  

Melinis repens (Willd.) Ziska 

Eleusine indica (L.) Gaertn 

Paspalum conjugatum P. J. Bergius  

Digitaria adscendens (HBK.) Henr.  

Dactyloctenium aegyptium (L.) P. Beauv.  

Chloris barbata Sw. * 

  *  

 �. 2    



54 

 

 

 

 

 

 

 

 

 

 

 

 

        �.1    ; Ocimum sanctum ( - ), Hyptis capitata ( - ) 

.   1   1  ( ; Type A) 

.  8  ( ; Type B) 

.  1  ( ; Type A)  

.  4-6  ( ; Type B) 

 

 

 

 

 

 

50 µm

10 µm 100 µm

50 µm
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  �.2    ; Pogostemon auricularius ( - ), Leucas zeylanica ( - ) 

.   1   1  ( ; Type A) 

.   1   1  ( ; Type A)  5-9  (

; Type B) 

.   1   1  ( ; Type A) 

.  2  ( ; Type B) 

.  �  ( ; Type B) 

10 µm 

100 µm

100 µm

10 µm

100µm 
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      �.�    ; Mussaenda philippica ( - ), Borreria laevis ( - ) 

.  ( ; Type A) 

.  ( ; Type A) 

.  1  ( ; Type A) 

.  1  ( ; Type B) 

.  4  ( ; Type C) 

10 µm100 µm

50 µm

50 µm 50 µm
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                         �.4    ; Borreria alata ( - ) 

.  �  ( ; Type A) 

.  4-5  ( ; Type B) 

 

 

 

 

 

 

 

 

 

    

                   

                   

                                     

 

50 µm   100 µm
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                    �.5    ; Melastoma malabathricum ( - ) 

.  1  ( ; Type A) 

.   ( ; Type B) 

.   ( ; Type B) 

.   ( ; Type B) 

 

 

 

 

 

 

 

100 µm 

100 µm

50 µm

500 µm



59 

 

 

 

 

 

 

 

 

 

 

 

                 �.6    ; Melastoma malabathricum ( - ), 

                 Melastoma sanguineum ( - ) 

.  25-�7   ( ; 

Type B) 

.    ( ; Type C) 

.  1  ( ; Type A) 

.  15-20    

 ( ; Type B) 

 

 

                                 

                             

 

 

100 µm 100 µm 
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          �.7    ; Hibiscus sabdariffa ( - ), Urena lobata ( ) 

.  1  ( ; Type A) 

.    ( ; Type B, C) 

.   1   ( ; Type C) 

.  1   ( ; Type D) 

 

 

 

 

 

 

500 µm

100 µm 100 µm

10 µm
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                         �.8    ; Urena lobata ( - ) 

.  1-�   ( ; Type A) 

.  2  ( ; Type D) 

.  4   ( ; Type D)     

.  4   ( ; Type D) 

.   1-2   �-4  ( ; Type C) 

.  4-14   ( ; Type D) 

100 µm

10 µm

100 µm

100 µm 100 µm

100 µm
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          �.9    ; Mimosa invisa ( - ), Mimosa pudica ( - ) 

.  1  ( ;Type A) 

.  1   ( ; Type B) 

.  1   ( ; Type C) 

.  1  ( ; Type A)   

.  1  ( ; Type B) 

 

100 µm

100 µm

500 µm 100 µm

50 µm



6� 

 

 

 

 

 

 

 

 

 

 

 

       �.10    ; Wedelia trilobata ( - ), Eclipta prostrate ( - ) 

.   �   1  ( ; Type B) 

.  2  ( ; Type C) 

.  2  ( ; Type A) 

.  2  ( ; Type A) 

 

 

 

 

 

 

 

10 µm 100 µm 

100 µm
100 µm 
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100 µm100 µm 

 

 

 

 

 

 

 

 

 

 

                    �.11     ; Tridax procumbens ( - ) 

.  1  ( ; Type A) 

.   2   1  ( ; Type B) 

.  �  ( ; Type C) 

.  4  ( ; Type C) 

   

 

 

 

 

 

 

100 µm 50 µm
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                   �.12     ; Ageratum conyzoides ( - ) 

.  1  ( ; Type A) 

.  1  ( ; Type A) 

.   2   1  ( ; Type B) 

.   2   1  ( ; Type C) 

.  ( ; Type D) 

 

100 µm 100 µm

50 µm

100 µm 

50 µm
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                  �.1�    ; Chromolaena odoratum ( - ) 

.  1  ( ; Type A) 

.   1   1  ( ; Type B) 

.   1   1  ( ; Type B) 

.   1-4   1  ( ; Type C)   

.  6-9  (  ; Type D)   

.  5-10   ( ; Type E) 

50 µm

100 µm 

50 µm

100 µm 

100 µm

50 µm
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       �.14   ; Vernonia cinerea ( - ), Emilia sonchifolia ( - ) 

.   2   1  ( ; Type B) 

.  4  ( ; Type C) 

-     ( ; Type D) 

.  1  ( ; Type A)   

.  12-25  ( ; Type B) 

 

 10 µm

50 µm  

50 µm 100 µm

100 µm
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   �.15   ; Trichosanthes cordata ( - ), Trichosanthes anguina ( - ) 

.    8  ( ; Type A) 

.  4-7  ( ; Type B) 

.  ( ; Type B) 

.   2   1  ( ; Type A) 

.  2  ( ; Type B) 

.  �  ( ; Type B) 

 

100 µm 10 µm

50 µm 50 µm

100 µm100 µm
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                   �.16    ; Melochia corchorifolia ( - ) 

.  1  ( ; Type A) 

.  2   ( ; Type B) 

.  8   ( ; Type B) 

.  1-2  ( ; Type B) 

 

                  

 

 

 

 

 

 

 

10 µm 50 µm

50 µm  100 µm
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                    �.17    ; Melochia umbellata ( - ) 

.  1  ( ; Type A)  

.  2-5   ( ; Type B)  

.   ( ; Type B)   

 

 

 

 

 

 

 

 

 

50 µm

100 µm

100 µm
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                        �.18    ; Croton hirtus ( - ) 

.  6-16   ( ; Type A) 

.  9   ( ; Type A) 

 

 

 

 

 

 

 

 

     �.19    ; Heliotropium indicum ( - ) 

     .   1  ( ; Type A) 

     .   1  ( ; Type A) 

 
 

 

 

 

50 µm100 µm

100 µm100 µm 
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 �.20    ; Pennisetum pedicellatum ( - ), Panicum repens ( - ) 

.  1  ( ; Type A) 

.  1  ( ; Type B) 

.  1  ( ; Type A) 

.  1  ( ; Type B) 

 

 

 

 

 

 

 

 

 

100 µm  100 µm 

100 µm100 µm
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          �.21    ; Melinis repens ( - ), Eleusine indica ( - ) 

.  1  ( ; Type A)   

.  1  ( ; Type B) 

.  1  ( ; Type A)  

.  1  ( ; Type C)  

.  1  ( ; Type C)     

10 µm100 µm

100 µm

50 µm 

 50 µm
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 �.22   ; Paspalum conjugatum ( - ), Digitaria adscendens ( - ) 

.  1  ( ; Type A)    

.  1  ( ; Type A) 

.  1  ( ; Type A)   

.  1  ( ; Type B) 

.  1  ( ; Type C) 

.  2-�  ( ; Type D) 

500 µm 

10 µm 

100 µm

100 µm 100 µm

100 µm



75 

    

    

 

                        

   

 

 

 

 

 

 

 

 

 

 

 

 �.2�     ; Dactyloctenium aegyptium ( - ), Chloris barbata ( - ) 

.  1  ( ; Type A)  

.  1  ( ; Type B)   

.  1  ( ; Type A) 

.   1  ( ; Type B)   

 

 

50 µm500 µm 

 500 µm 50 µm 
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 �.24    (Lamiaceae); -  Ocimum sanctum;   

 -  Hyptis capitata; -  Pogostemon auricularius; -  Leucas zeylanica 
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 �.25    (Rubiaceae); -  Mussaenda philippica 

-  Borreria laevis; -  Borreria alata 
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 �.26    (Melastomataceae); 

-  Melastoma malabathricum; -  Melastoma sanguineum 
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 �.27    (Malvaceae); -  Hibiscus sabdariffa; 

-  Urena lobota 
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 �.28    (Fabaceae); -  Mimosa pudica; 

-  Mimosa invisa 
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 �.29    (Compositae); -  Ageratum 

  conyzoides; -  Chromolaena  odoratum;  Eclipta prostrata; -  Emilia  

  sonchifolia; -  Tridax procumbens; -  Vernonia cinerea;  

  -  Wedelia trilobata  
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              �.�0    (Cucurbitaceae);  

               -  Trichosanthes anguina; -  Trichosanthes cordata 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               �.�1    (Sterculiaceae);  

                -  Melochia corchorifolia; -  Melochia umbellate 
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 �.�2    (Euphorbiaceae); -  Croton hirtus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              �.��    (Boraginaceae);  

               -  Heliotropium indicum 
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 �.�4    (Gramineae); 

-  Dactyloctenium aegyptium; -  Digitaria adscendens;  

-  Eleusine indica; -  Melinis repens; -  Panicum  repens;  

-   Paspalum conjugatum; -  Pennisetum pedicellatum;  

-   Chloris barbata 
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3.3 ������	�
��	�
������
������������������� 3 ���� 

 

������	�
��	�
������
�������������������� 22 ���
 �

 23 ���� !�"�
�#$����%&"�'��(�)�'�������*�%&"%&"���	� +�,%�����%���'��'���*�-.������� 3 ����/�� -.�01�, 
(100% 01�,) -.�),����/��
78 (100% +�
��������8) �

-.�01�,-�9��'-.�),����/��
78 (35% 
01�, �

 65% +�
��������8) ��'������%&"���
���,�, 100 �%(� )���*�%&"���� 1 �����
9�

��9��  
 
3.3.1 
��	�
��������������������� 

  ��%&"����(��9�� ���
7��9����(���%&"�9';��8 ��%&"9&
��	�
�#$���.���&",�
�
����&��(���%&"��������#$���"� �

��%&"��(9�
���<�.�&��(���%&"/(���.����=�  
 
          ������� (100% ����) 

 �������'��.���'�� (Ageratum conyzoides) 9&#��9���>
&",�������;���� 
0.92 ± 0.91 ��*� �(� 1 �����9�

��9�� ���
�9�/����'���� (Chromolaena odoratum) 9&
#��9���>
&",������ 0.79 ± 1.13 ��*� �(� 1 �����9�

��9�� +�,�'�(��(��#
�,���
�����'
���*�-.�9����(��(��C���� �

�'%�*���%&"����,;(%&"-�������.�),-.��

�����.�<#D�,)���.�),  

        ���$�%���&��
'( (100% )*
���%����()  

                  ������&���E��� (Tridax procumbens) 9&#��9���>
&",�������;���� 0.47 ± 
0.61 ��*� �(� 1 �����9�

��9�� ���
�9�/����'���� (Chromolaena odoratum) 9&#��9��
�>
&",������ 0.38 ± 0.49 ��*� �(� 1 �����9�

��9���

�����7G.�#H�,�� (Mimosa pudica) 
<9(���-.�),����/��
78  
 
        ��������%+������$�%���&��
'( (35% ���� -

65% )*
���%����() 

 �������'���� (Chromolaena odoratum) 9&#��9���>
&",�������;���� 0.64 ± 
0.50 ��*� �(� 1 �����9�

��9��) ���
�9�/���*���9����&78 (Euphorbia hirta) 9&#��9���>
&",
������ 0.58 ± 0.59 ��*� �(� 1 �����9�

��9�� ��%���������'����*�-.��&*%�*�79�  
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                             �������           /(��>
&",�

/(��'&",��'�9���C�����������

��%&"���
���'����*�-.������(��I 
(x̄ ± SD)  

01�, ),����/��
78 -�9 
1. Heliotropium indicum 0.17 ± 0.27 0.08 ± 0.17 0.04 ± 0.14 
2. Ageratum conyzoides 0.92 ± 0.91 0.31 ± 0.39 0.14 ± 0.27 
3. Chromolaena odoratum 0.79 ± 1.13 0.38 ± 0.49 0.64 ± 0.50 
4. Eclipta prostrata 0.24 ± 0.31 0.16 ± 0.23 0.44 ± 0.49 
5. Emilia sonchifolia 0.32 ± 0.49 0.22 ± 0.24 0.33 ± 0.40 
6. Tridax procumbens 0.34 ± 0.33 0.47 ± 0.61 0.29 ± 0.29 
7. Vernonia cinerea 0.26 ± 0.36 0.22 ± 0.30 0.27 ± 0.27 
8. Wedelia trilobata 0.27 ± 0.46 0.03 ± 0.10 0.24 ± 0.32 
9. Trichosanthes cordata 0.44 ± 0.52 0.24 ± 0.30 0.32 ± 0.44 
10. Croton hirtus 0.38 ± 0.36 0.14 ± 0.18 0.31 ± 0.26 
11. Euphorbia hirta 0.42 ± 0.49 0.26 ± 0.33 0.58 ± 0.59 
12. Hyptis capitata 0.38 ± 0.44 0.10 ± 0.15 0.32 ± 0.41 
13. Leucas zeylanica 0.18 ± 0.23 0.23 ± 0.31 0.14 ± 0.18 
14. Hibiscus sabdariffa 0.36 ± 0.42 0.26 ± 0.27 0.18 ± 0.17 
15. Urena lobata 0.18 ± 0.34 0.29 ± 0.23 0.32 ± 0.29 
16. Melastoma malabathricum 0.10 ± 0.27 0.24 ± 0.33 0.19 ± 0.19 
17. Mimosa invisa 0.06 ± 0.15 0.11 ± 0.18 0.07 ± 0.18 
18. Mimosa pudica 0.14 ± 0.27 0.00 ± 0.00 0.11 ± 0.22 
19. Borreria alata 0.40 ± 0.39 0.22 ± 0.24 0.30 ± 0.32 
20. Melochia corchorifolia 0.40 ± 0.34 0.23 ± 0.20 0.27 ± 0.20 
21. Digitaria adscendens 0.07 ± 0.16 0.22 ± 0.20 0.09 ± 0.17 
22. Panicum repens 0.17 ± 0.23 0.01 ± 0.06 0.14 ± 0.21 
23. Pennisetum pedicellatum 0.10 ± 0.19 0.24 ± 0.21 0.06 ± 0.15 

 

�����%&" 3.3    /(��>
&",�

/(��'&",��'�9���C�� (x̄ ± SD) �����������%&"���
���'����*� 
                   -.�01�, (100% 01�,) ���*�-.�),����/��
78 (100% +�
��������8) �

���*�-.� 
                   -�9 (35% 01�, �

 65% +�
��������8) 
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    Heliotropium 

(Boraginaceae)  Chloris Dactyloctenium Digitaria Eleusine Melinis Panicum Paspalum 

Pennisetum (Poaceae)  Ageratum Chromolaena Eclipta Emilia Tridax Vernonia Wedelia 

(Compositae)  Hibiscus Urena (Malvaceae)  Melastoma (Melastomataceae)  

Mimosa (Fabaceae)  Borreria (Rubiaceae)   Melochia (Sterculiaceae) 

  Compositae  
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(Lamiaceae)  

   Ageratum  

Chromolaena Tridax Vernonia Wedelia (Compositae)  Trichosanthes (Cucurbitaceae)  

Croton Euphorbia (Euphorbiaceae)  Hyptis Leucas Ocimum Pogostemon (Lamiaceae) 

 Hibiscus Urena (Malvaceae)  Melastoma (Melastomataceae)  Borreria 
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