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 A study on soil characteristics and land capability classification of highlands soils for agriculture 
was carried out on 6 representative areas in Huai Luek Royal Project Development Center, Chiang Mai 
provience. These soils are Paleustults (4 pedons) and Haplustalfs (2 pedons). They are very deep soils. Their 
parent materials are local alluvium and colluvium over residuum derived mainly from limestone. Textures of 
these soils vary from clay loam to clay. Hydraulic conductivity ranges from very slow to very rapid. These 
soils are very strongly acid to neutral (pH 5-7). They have very low to very high organic matter content (0.7-
62.4 g kg-1). Total nitrogen content of these soils are very low to low (0.1-1.7 g kg-1). Available phosphorus 
and potassium are very low to very high ranging from 0.6-76.3 mg kg-1 and 25-525 mg kg-1, respectively. 
Extractable bases are medium to high (8-46 cmol kg-1). Extractable acidity is low (1-2.6 cmol kg-1). Cation 
exchange capacity is medium to very high (13-64 cmol kg-1). Base saturation percentage is low to high (17-
85%). Kaolinite is the dominant mineral in all Paleustults while smectite and illite are the dominant minerals 
in Haplustalfs. 
 

Land capability classification of these soils for agriculture indicates them as mostly suitable (U-I, 
U-IIe, U-IIs) except pedon 3 that is a moderately suitable (U-IIIe) because of soil erosion problem. Land 
classification of highlands for agriculture also has similar result which most of the soils are very well suitable 
(C1) and pedon 3 is suitable with minor soil conservation improvement (C2). These soils are mostly suitable 
for field crop except for pedon 3 which has topographic problem. All of the soils are suitable for fruit tree but 
non-suitable for paddy rice. These soils have good capability for field crop and fruit tree because their low 
surface slopes and they are very deep soils. However they need proper practical soil conservation measures, 
for examples contour cultivation to minimize soil loss from surface soil erosion. 
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Soil Characteristics and Land Capability Classification of Highland Soils  

on Limestone in Thailand 
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 �'���(�Y��PQ
"ก�
���"�$���Wก &�"�����E��"+��F ��Z���W�"+��'���(�Y��PQ
"ก�
���" 
36 PQ
"ก�
 eW�"ก
�&��!�'F+� 5 &�"����V�Q���)! !��,�$�กF �E��"+��F �E��"
�� ��FLF!"�!� (���� 
����%�('� &��	�*" W*��()�!�F"��
��ก�
�%�ก�
�ก�	
+�()*����V'� �+�$�
�E�E�P��
!
 �()�!��ก�
�%�
ก�
�ก�	
�

,
F��)�!��!� (shifting cultivation) ����F"��
��+�$�
�E�E�+�()*��������
�
�
�ก!
!�E�(����������!�'F
F��ก�
�V�(����$!�+�$���"�)�,�$ ()*�����F��+�MF !"�'���(�Y��
PQ
"ก�
���"�$���Wก ��Z�()*����
�
�#F����
V'� � 
 
 ก�
�%�ก�
�ก�	

�()*���������Q������E�� ��P!ก�������"	F!ก�
�ก��ก�
ก
F!���� ���
�F"D�+�$Q���!#����
'
�� !"������"!�F�"
���
̂� (FAO and IRRI, 1989) +�ก�
+E$()*���������
Q������E��,�FQ�
�!" $��Q��������"	F!ก�
ก
F!���� P��+�$��ก�
ก�
!�#
�ก�����Q�
Q'F,�ก�

ก�
�ก�	
 eW�"��Z���N�ก�
�%�ก�
�ก�	
��������������#�����()�!+�$����
��%�ก�
!�#
�ก��,�$
���������ก����#� &W"Q�
&%���ก��

������Q���������� !"()*���� �()�!+E$+�ก�
�ก�	
กF!�
ก�
�(����'ก ���ก�
+E$()*�����%�ก�
�ก�	
+�$	
"��

��������� ก^��Z�ก�
EF��!�#
�ก��()*����!�ก
��"��W�"�$�� (กG��("��, 2549) �	F"��&%���ก��

���������+�()*�����'"��Z�"�������ก �(
�����
+�����'"��Q�����
�
���'" (����, 2529; ก
�(�Y��������, 2550; Tongchuta, 1973) ������k&&��
	F�" | ���!�&�F"D�ก
��
	F!ก�
&%���ก��

�����������ก��� �EF� Q������E�� ��� $!&%�ก��
��"�$��V'��!�ก�� (Klingbiel and Montgomery, 1961) !�F�",
ก^	�� ก�
&%���ก��

������+����
�'" ��Q����%�Q�M	F!ก�
	�����+&+�ก�
+E$()*���� 
���W"ก�
!�#
�ก���
�(��ก
��� ก�
�Wก��+�Q
�*"
��* &W"�%����� W*��()�!+�$����
�+E$D�ก�
�Wก����Z�()*�O��ก�
(�Y��ก�
+E$�������'"+�$��
�
����N�V�(�����" W*� 
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����������I	 
 
 1.  �()�!�Wก�����
�

�� $!�'���"���O�������  ��
�	���"ก��V�( �Q�� ����
F�����
 !"����������	�#	$�ก%�����&�ก����'� 
�()*�����'" 
  
 2.  �()�!&%���กE�*���

������E�*�Q���������� !"������ �%��
�
�%� $!�'����,�$,�
�
�ก!
ก�
	�����+&+E$�
�P�E��������!�F�"������� 
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ก�����"��ก��� 
 

1.  I!�"!�ก��I��� 
 
 ()*�����'" (highland area) �����W" �V'� �� P��Q%��F�V'� ���*�&�ก(
�
�EกG���ก�&��	�*"
���
����&�����(�Y������'" (!"Q�ก�
���E�) +�$Q%�&%�ก��Q����F���Z�()*���������Q����'"&�ก

���
�*%����� 500 ��	
 W*�,� �
)!()*�������!�'F
���F�"()*�����'"	�����Q��ก

�ก�
ก%���� (
�E
ก�&&��#�
ก��, 2548) 
  
 ����������	�#	$�ก%�����&�ก����'� Q)!�������ก��&�กก�
D#(�" !"�������
F�����Z��F�"&%�(�ก
����'� +�� 	
$!������� | ��Q���E)*��'"�EF��
����,�� ���&�����	��!�F�"
#��
" P���h(��
!�F�"���"

���������D����$������
 �����QF�Q���&#��ก��������Q	,!!!�	�%� (Buol and Sanchez, 
1986; Beinroth et al., 2000) �����ก�����*&������*%�	����"&��W"��"��)�!"&�กก�
�ก��!!กe���E��
 !"���^ก�����Z�!"Q��
�ก!
 !"���	$�ก%����� (�!�
, 2533) �������)*!�����Z����������ก�&ก

�	�%� 
(Paramananthan and Eswaran, 1980) PQ
"�
$�" !"���
F��e#� ��PQ
"�
$�" �����^ก !�&&�&�
	��
ก�� �EF���^���� ����
���
)!�
����}" �����ก�

�
���*%��� (Paramananthan and Eswaran, 1980; 
Beinroth et al., 2000; Imhoff et al., 2002) �����Q���!#����
'
��	��N

�E�	����ก��"�W"	�%�  
 
2.  ��ก�������������$�(������)*�� 

 
 �V�(V'���
���������Z�����'" !"�
����,�� �F��+�MF(
!�'F��"V�Q���)! !"�
���� 
P������
��
F"!!ก,�$	��PQ
"�
$�"N
���������Z� 3 �
��V� Q)! 
  

1.  V'� �����ก
��	 P���ก�� W*�&�กก�
�����PQ
"�
$�"��"N
��������

PQ$""! (folding) 
����ก��
!���)�!� (faulting) �

	F�" | &�กF!+�$�ก��ก�
��
กe!� !"���!�Q�� &%�(�ก����ก
��	
� $���


&#	��EF!"�F�" eW�"�'ก���&�ก�
"V��+�P�ก+�$��
ก W*�������Q
�*"������+��	F���#Q 
 

2.  V'� �����'� ���!ก��ก����h(��	��	
"�����
'��
",�F��F�!� �!�� ��������ก���ก D��
 !"Q������E��QF!� $�" 
# 
���Z�V'���
����Q��	� (Karst topography) V'� �����'�������*%����
��Z�ก
�,�$QF!� $�""F�� �%�+�$�ก����Z��*%���������"!ก (stalagmite) ����$!� (stalagtite) �!ก&�ก��*��"
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�ก����Z���#��#
 (sinkhole) eW�"�ก��&�กก�
,��eW� !"�*%��",�+�
F!"
!�����'�����'ก�*%�ก���e��&�
�ก��ก�

�
���*%���Z��%��*%�+	$��� 
 

3.  V'� �����
�� ���!ก��ก��� !"
'��
"���O�������ก&����!�� ���Z��!�	�� �%�+�$�ก��
��Z�V'� ������Q������E���$����W�"�'"��ก 

����	
"ก��"� ���Z�()*����
�
�
)!QF!� $�"
�
 ���
!�ก�$����W�" !"V'� �&���Z�������E��QF!� $�"	�%�ก�F�!�ก�$����W�" 
 
  ก�
&%���ก���
�����'"��*�!!ก�W" �*�E#���� (series) ��*��%�,�$��ก �(
�����k&&��	F�" | � $�
���ก���� $!"��ก��� �����"�ก��ก�
����������",�$
���
̂� �(
��+�()*�������E���E�"e$!� (slope 
complex) �����ก��!�&��Q����	ก	F�"ก����ก���+�()*������*�,�$ ��*"���()*����!�'F�F�"ก��,�F��ก �%�+�$
��"�$��ก�
&��ก�
�#F��*%�
�()*�����'" &%���ก���!!ก�W"
���
ก�#F�������ก (great soil group) 
��F���*� P����กก�#F��������'"!!ก��Z� 5 ก�#F�������ก (����, 2529; Tongchuta, 1973) ��"��* 
 
 1.  Red Yellow Podsolic Soils 
 
      ���E�����*�ก��&�ก���eW�"��
�V�(+�$�ก�������Z�ก
� �EF� ����ก
��	 ���,��� ��� 
Q�!
�	,e	� ���d��,�	� ����
�� ��������� ��Z���������ก�

�
���*%��� (
	�����
�
�E�"� ��
)!

�V'� �P������,� ��ก��� !"�����E�*� A1-A2- Bt-C �
)! R  Q����Wก !"���E�����* W*�!�'Fก�

Q������E�������ก�����"ก��V�(!)�� | ��ก������E�����*�����^�,�$E��ก^Q)! �F��+�MF&�����e�� 
���
F���
)!����
�� ��ก$!�ก
���
)!��� �����^ก ����!�'F��ก �ก��ก�
����	��(�"����,�$"F�� 
��� ��Q���!#����
'
�� &W"��ก(
�F�����F��+�MF&���Z�()*��������	̂"
�" �
)!����M$�Q� �!ก&�ก
()*�������!�'F�'"&�ก
���
�*%�������ก !�&(
�����,�$ eW�"+�G�'��$" &��ก��,d,��$���,�	��D�����
��Z��
�&%� ��
���
(��!E����
���� 5.5-7 +�
���
���
� ��� 4-5 +�
���
����F�" ,�F�����	F!
ก�
�ก�	
 ��Q�
!�#
�ก��()*����+�$��Z������F���*� 
 
 2.  Reddish Brown Lateritic Soils  
 
     ��Z���������ก�

�
���*%��� �ก��&�ก��E�����Z�ก��"�EF� ����!���,e	����,��������,�ก�
�� �
)!���,�ก�E��	� +�
�"()*����(
�F� ���E�����*����	����&�ก	$�ก%����������Z����������eW�"��
��� $� ���������'����� ����ก������Q�$��ก�#F��
ก �	F�ก��
���	�#	$�ก%����������e���ก��$!�ก�F� 
�����(��!E����'"ก�F� ����)*!�����Z������������กก�F� ����ก���E�*�����
��"	��ก����Z� A1-A3-Bt-C 
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�
)! RP������,� ���&���Q����Wก��ก 
�"��F"�Wก�ก�� 2 ��	
 ,�FQF!�(
������� �
)!�$���ก^�$!�
��ก P������,���$����E�����*&�(
�F��������
� � �����
��$"  W*��กQ�#�!�'F ���
����!���
����	�#�'"
��ก �����Q���!#����
'
���'" (��!E����
���� 5.0-6.0 
 
 3.  Red Brown Earths   
 
     ����ก���Q�$��ก�
���+�E#� Reddish Brown Lateritic Soils 	F�"ก��������E#���*�ก��&�ก
��	�#	$�ก%�������������ก�
�����Z��F�"�EF�����'� �
)!���D�� !"����'� �
)!��������)*!�'�D��!�'F 
�F��+�MF&�(


����eW�"��Z���)!ก� �����'� ��ก�

�
���*%��� !�&��Z�

�������
�
�
)!��Q���
���E��ก^,�$ ���P������,�&�,�F(
�������!�'F��� �ก��$�
�������E�� !�&(
ก$!�����'� ���
��^ก ก
�&������!�'F,�$ ����ก���E�*�������)!�ก�
��� Reddish Brown Lateritic Soils Q)!��Z�E�*� 
A1-A3-Bt-C �
)! R  ��)*!�����Z���������� �
)!��������������
F�� ��$������Z���� $� �*%�	��
�
)!�*%�	����" ��(��!E�
���� 6.5-8 ������"�Wก�",����"��Z��F�" W*� ��Z���������Q���!#����
'
��
�'" +�

���������Z����
�
 �
)!����"�*%�,��DF�� ���E�����*&�(
E�*������� �%�+�$���	)*���ก	F!
ก�
�ก�	
ก

�  
 
 4.  Alluvial Soils   
 

    (
���E�����*	��

�����#
� � eW�"�ก��&�ก�*%�(��(����	�ก!�,���!�����
��+�


����eW�"��Z����
�
 �
)!��Q������E����^ก�$!� ���&W"��Q���!#����
'
���'" �	F��ก�

�
���*%�,�F
����ก��)�!"&�ก��Z����	�ก!� eW�"��!�#V�Q�������������!�'F��ก �%�+�$���!#$��*%����E#F�E)*�!�'F
���! ��������&�+E$�%����%���F���*� ��)�!"&�ก��Z����	�ก!� ��)*!���!�&�	ก	F�"ก��,�	���V�(
()*�������!�'F���)!E#������* W*�,� �$�	!�
���Z�E#���� Red Yellow Podsolic Soils ��)*!���&���Z����

F�� �
)!���
F�����
�� Q���!#����
'
��,�F��ก��ก �$����	!�
���Z� Reddish Brown 
Lateritic Soils �
)! Red Brown Earths ������(
	���#
� �&���Z���������� ���!#����
'
���'"
	��,��$�� 

 
 5.  Colluvial Soils   
 

      (
��Z�()*������^ก�$!���Z���F!� | 	���E�"� � eW�"���E����ก ���E�����*����ก���Q�$�� 
Alluvial Soils �(��"�	F�F�,�F,�$�ก��&�กก�
,����	��
F!"�*%� �	F�ก��&�กD����$����,���"����
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��ก���!"	���
"P�$��F�" !�&�ก��&�ก()*�������E����ก �*%���(��(����,����)�!��"�� �
)!�ก��
&�ก����W�	��ก������ | �
)!�ก���DF����,�� �%�+�$E�*�D����$����,���"���'F���	�%� ��ก��� !"���
ก�#F���*&���"�ก	,�$"F��&�กก�
�
��"	�� !"E�*����eW�"��Z��

 A-B ��$�ก^�� A-B e*%�!�กE�*���W�" กF!�
&��W"E�*� C �
)! R  
 

��"��*�&�(
�F� �����*" 5 ก�#F�������ก��* &����h(����� Reddish Brown Lateritic Soils ���
��� Red Brown Earths ��F���*����&��%���(�&�
��+�ก�
ก%������

��������� �(
����Z�������
����
��%����%�ก�
�ก�	
,�$��กก�F�ก�#F����!)�� 
 
3.  ก��"!���ก����������I����#�����������������ก���ก���  

 
 ก�
&%���ก��

������Q���������� !"������ �%�,�$P�� �ก^
 $!�'�	F�" |  !"()*�������
�ก���� $!" ����%���(�&�
��
��ก�� �%�ก�
&%���ก!!ก����Z�E�*�	��
�

 P��&��
F"��"��*  
 
 3.1  ก�
&%���ก��

��� !"��� 
 
        ก�
&%���ก��

�����������Z�ก�
&%���ก��� ก
�(�Y��������,�$�%��!��

!�F�"&�ก
ก�
&%���ก��

��������� !"�
������
�O!��
�ก���������"+E$ P��
���!�����������%�ก�

�(����'ก,�$�$��ก��	��Q�������
� ��� $!&%�ก��+�ก�
+�$D�D��	 !"()E eW�"&�+E$+�ก�
&%���ก
�h(��()E����!���F���*� P��ก%����,�$�F� �������%���&%���ก��

�����*���Q�����������'"�#� 
�����)�!(
�F� $!&%�ก�� !"()*������*�	ก!�'F+�!����
�����������$!��"����$�(��"!�F�"����� ()*����
��*�ก^&�	ก�"���'F!����

Q����������	��E�*���� $!&%�ก����*� eW�"&�Q�$��ก�
 Law of Minimum 
�
)! Law of Limiting factor (���"���%�
�&&%���ก��

���������, 2520) 
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GRAZING CULTIVATION 
Land  

Capability  
Class W

ild
lif

e 

Fo
res

try
 

lim
ite

d 

M
od

rea
te 

Int
en

se 

Li
mi

ted
 

M
od

era
te 

Int
en

se 

Ve
ry 

Int
en

se 

I                   
II                   
III                  
IV                 
V                
VI               
VII              
VIII                   

 

H����� 1  ���"Q�������
�+�ก�
+E$������+�E�*���

���������	F�" | (�!�
, 2548) 
 

      ก�
&%���ก��

�����������*�
F"!!ก,�$��Z� 8 E�*� (V�(��� 1) P��!���� $!&%�ก�� !"
()*���������
�	� !"��������Z�!#��

Q	F!ก�
�&
�M�	�
P	 !"()E P��+E$!�ก�
 U �%���$� 	���$��
�� P
���	�*"�	F I � VIII �()�!���
���
E�*���

�����*" 8 E�*� E�*�����������	F!ก�
�(����'ก��ก
����#�Q)!E�*���� I �����������$!�����#�Q)!E�*���� IV E�*���� V � VII &�,�F�����	F!ก�
��'ก()E �	F
��������&��%�,��%�!�F�"!)�� �EF��#F"�M$����*�"��	�� ���,�$ ,�$�)�	$� �F��E�*���� VIII ,�F!�&+�$
D�	!
����$����
�Oก�&&�กก�
�ก�	
������,�$,�$ �	F!�&��Z����F"�*%��%�N�
,�$ (���"��
�%�
�&&%���ก��

���������, 2520) E�*���

��������� (land capability classification) �
F"!!ก
,�$��"��* 
 
       E�*���

������������ 1 (U � I) �����Q����������!�F�"���"�%��
�
��'ก()E ��������
Q���������� �������
��%�,���'ก()E,�$�ก)!
�#กE��� ����
����&��%�,��%�ก�
�(����'ก �%�
�#F"�M$�������,�$ก^,�$ ���&�!�'F+�E�*������Z�����Wก��ก�

�
���*%��� ���()*�����ก)!
&�!�'F+����

���
��ก�����)*!�����Z����
F�� �
)!���
F�����������"F��	F!ก�
���&����
�	�"�� !#$��*%��� �����
Q���!#����
'
���'" �
)!�$�Q���!#����
'
��	�%� ()Eก^��ก�
	!
��!"	F!ก�
+�$�#����Z�!�F�"��  
  



 
 

 

8 

       E�*���

������������ 2 (U � II) ���+�E�*���*��Q�������������&��%�ก�
��'ก()E,�$
����E��� �	FE���()E�����'ก,�$��&����$!�ก�F�E�*���

������������ 1 	$!"ก�
ก�
&��ก�
������$��
Q���!#����
'
�����PQ
"�
$�" !"��� ���	$!"��ก�
!�#
�ก���������*%�!�F�"��W�"�
)!����!�F�"
��Z�(���� eW�",�$�กFก�
,�+����
���
 ก�
�%�Q����� ก�
�%���"
�
���*%� ก�
��'ก()E+����

���
 ก�
+�F�#���
)!�'� ��Z�	$� 
 

       E�*���

������������ 3 (U � III) ���+�E�*���*��Q��������"�
)! $!&%�ก�����ก��"���&��%�
ก�
��'ก()E,�$ P!ก�����&���)!กE��� !"()E+E$�(����'ก��&%�ก�� �	F������F���*ก^��"��Q����������
	F!ก�
�%�ก�
�ก�	
!�'F 
���W"�#F"�M$����*�"��	��������,�$ �	F	$!"ก�
ก�
&��ก�
��������" W*�ก�F����
+�E�*���

������������ 2 ��*"�$��Q���!#����
'
������$��!)����Z�(����!�F�"��ก  
 

       E�*���

������������ 4 (U � IV) ���+�E�*���*��Q��������"�
)! $!&%�ก��!�F�"��ก���&�
&%�ก��+�ก�
+E$��� P!ก�����&���)!กE��� !"()*�+E$�(����'ก��*����$!���ก ��Q����������	F!ก�

�%�ก�
�ก�	
!�'F �	F	$!"��ก�
&��ก�
���
����
���"��ก 
�"E������+�E�*���*!�&����
��%�,�$�QF
��'ก�#F"�M$����*�"��	���
)!��Z����,�$,�$��F���*� eW�"������F���*&��ก�
��ก 
 

       E�*���

������������ 5 (U � V) ���+�E�*���*��!��	
��&�กก�
(�"�����$!��
)!,�F����� 
�	F�� $!&%�ก��!)�� | eW�"��ก�กFก�
�ก$,  �%�+�$���,�F�������	F!ก�
��'ก()E����!� �EF� �ก���*%��F��
��Z�
���������� �
)!�ก���*%��F��
F!�Q
�*" !�F�",
ก^�� ������F���*!�&��Q����������+�ก�
+E$�%�
�#F"�M$� ���,�$ �
)!+E$��Z�(����+�ก�&ก

�!)�� | 
 

       E�*���

������������ 6 (U � VI) ���+�E�*���*�� $!&%�ก����ก ,�F�������+�ก�
��'ก()E
����,� �	F����������&�+E$��Z��#F"�M$����*�"��	�� ���,�$ ��Z����!�'F!���������!���
 !"��	����� 
�
)!��Z����F"	$��*%��%�N�
 �(
���� �� $!&%�ก�����,�F����
��ก$, ,�$ 
 

       E�*���

������������ 7 (U � VII) ���+�E�*���*�� $!&%�ก����ก��� �%�+�$,�F������%��
�

ก�
��'ก()EP������,� Q�
Q"+�$!�'F+��V�(���,�$���	$��*%��%�N�
��Z�������#� 
 

      E�*���

������������ 8 (U � VIII) ���+�E�*���� 8 �� $!&%�ก����ก����#�Q)!&%�ก��Q��� !"
���E�*���* &��%�+�$,�F��Q�
�%���+E$�%�ก�
�ก�	
 ���&%�ก��+�$+E$��Z�()*����!�'F!���� ��!���
 !"
��	����� ��Z����F"�*%��%�N�
 ����������(�กDF!�,�$��F���*� 
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�������� 1  ���" $!&%�ก���%��
�
&%���กE�*���

�������F!�+�ก�
�
�������

��������� 

 
��M��ก����F!   �kM�����(
 

e  ก�
ก
F!���� 
s  ���kM��+�E�*����()E����"
�ก�W" 
m  Q���E)*�+�G�'��'ก 
f  �*%��F�� 
d  ก�

�
���*%���� 
x  �ก�)!�
)!�F�" 
a  ���kM�������Z�ก
� 
cl    Q���E)*���ก�ก��,� 

  
 E�*���

�������F!� 
 
 E�*���

�������F!�&�
F"
!ก�W"E������ $!&%�ก��	F�" | eW�"���"�$��	��!�ก�

V���!�"กG� (	�
�"��� 1) ��)�!�
�
E�*���

�����������$�+�$�%�ก�
&%���กE�*���

����F!� 
�
#
 $!&%�ก�����
#��
"����#�	����ก��� !"��
�	����+E$�
����� P���	��	��!�ก�
 !" $!&%�ก����*�	F!�$��
E�*���

��� +�E�*���

������������ 1 &�,�F��&%�ก�� !"��

�������F!� �(
����Z�E�*������Q���
�������+�ก�
�(����'ก����#� E�*���

�������F!�&��
�����	�*"�	FE�*���

������������ 2 ��Z�	$�
,� 
 

3.2  ก�
&%���กQ���������� !"��� 
   
 
�

ก�
&%���กQ���������� !"������	����ก���
)! ��Q�������
� (Land 
Suitability Classification) eW�"��Z���N�����
�
�
#"��&�ก�����"ก�
�
����������� !"!"Q�ก�
!���
 
����ก�	
��F"���
�E�E�	� (Food and Agriculture Organization of the United Nations, FAO) 
��Z�
�

����'ก(�Y�� W*����()�!	!
��!"	F!ก�
+E$"��+��
����,�� P����
��
����
ก�
E���
 !"()E +E$Q�����������กFE���()E��Z����ก+�ก�
	�����&%���ก eW�"�%�+�$����
�&%���ก,�$��$
��Z�ก�
��'ก $�� (ก!"�%�
�&���&%���ก���, 2542) 
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      ก�
&%���กE�*�Q���������� !"����%��
�
()E��
�Oก�& !"�
����,�� �
F"��Z� 4 
ก�#F�()E ,�$�กF  $�� ()E,
F ,�$D�����#F"�M$����*�"��	�����
 P���
F"E�*�Q����������!!ก��Z� 5 
E�*���"��* 

 

  E�*�Q������������� 1  ��Z�E�*������Q��������������ก 
  E�*�Q������������� 2 ��Z�E�*������Q������������ 
  E�*�Q������������� 3 ��Z�E�*������Q�������������ก��" 
  E�*�Q������������� 4 ��Z�E�*����,�FQF!�������� 
  E�*�Q������������� 5 ��Z�E�*����,�F������� 
  

        $!&%�ก�� !"����ก��$�E�*���� 1 +��	F��E�*�&��� $!&%�ก������%�+�$Q���������� !"���
!�'F+�E�*���*� eW�"�$� $!&%�ก��+�
#��
"�#� ก^&�	ก!�'F+�E�*�Q������������*�	���

ก� Law of 
Minimum �EF������ก�
ก�
�
�������

��������� ��)�!�
�
E�*�Q���������� !"�����$�+�$�%�
ก�
&%���กE�*�Q�����������F!� P��
�
# $!&%�ก�����
#��
"����#�,�$	F!�$�� 	����ก��� !"��
�	�
���+E$�
����� (	�
�"��� 2) 
 
�������� 2  ���" $!&%�ก�����+E$+�ก�
&%���กQ���������� !"������ 

  

��M��ก����F!  �kM�����(
 
t  �V�(()*����,�F������� 
s  ��)*!���,�F������� 
b  E�*���������ก�
E������
#��
" 

c, g  (
E�*����� "̂�
)!ก$!�ก
����ก 
r  (
���()*�PD�F 
z  (
ก$!����PD�F 
x  ����Q^� 
d  ก�

�
���*%� !"���,�F������� 
f  ���*%��F�� 
w  �*%��EF �" 
m  �����"	F!ก�
 ���*%� 
n  Q���!#����
'
�� !"���	�%� 

a, k  (��!E��� (a: acid, k: alkaline) 
j  E�*����ก
�ก%������ 
e  ก�
ก
F!� !"���  
o  E�*����!���
������ 
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3.3  ก�
&%���ก��

��� !"���+�()*�����'" 
  
        ก�
&%���ก��

��� !"���+�()*�����'"P����N�ก�
	���

 !" Sheng eW�"�������
+�ก�
&%���ก��

���������

����V'� �+�()*����� 	
$!� (Sheng, 1986) �()�!+E$"����"ก�
�ก�	
 
�(
��()*����V'� ���Q���D����
�'" �����Z�()*�������	$!"ก�
!�#
�ก��Q�
Q'F,�(
$!�ก�
ก�
�%�
ก�
�ก�	
 ��ก��� !"E�*���

��� !"ก�
&%���ก��N���* &W"��ก�
!�#
�ก��()*����Q�
Q'F,��$��+��#ก
E�*���

���  
 
         ก�
&%���ก��

�����������*�%�ก�
�
F"E�*���

���������!!ก��Z� 7 E������
�"
E���!�&!�'F�$��ก��P������
���)!ก,�$�F� &��%�!�F�",
ก�
()*����  $!&%�ก��	F�" | ����ก������	��	��  
P��!������
�	���"ก��V�(�����ก���()*���� P��(�&�
��&�กQ����Wก !"������Q������E��
 !"()*������Z����ก (	�
�"��� 3) �	F�$�()*��������ก���������*%� �"�
)!Q���E)*��'"+�$�%���(�&�
��ก�

Q������E�� 
 
  �%��
�
()*��������*%� �"�
)!�������ก 	$!"&%���ก�(����	����"��* 
     (a) Q���E��	�%�ก�F� 25o: �#F"�M$����*�"��	�� 
     (b) Q���E����กก�F� 25o: ���,�$ 
   
�$�()*�����ก��ก�
ก
F!��


F!"N�
 (Gully erosion)  �� ��"ก�
,�+�$()*��������
�+E$"����Z� ���
,�$�
)!�#F"�M$����*�"��	�� 
 

      ��M��ก������+E$���"��

���+��D����&�+E$��ก�����"	F!,���* 
 
 
 
       ��Z���M��ก���������"�W"
�����!���+�ก�
&%���ก +������* C2 �����W"E�*���

������ 
2 	��ก�
&%���ก, 2 �����W"E�*�Q������E�� 7o - 15o (moderately sloping), D �����W" E�*�Q���
�Wก��กก�F� 90 �e�	���	
 (deep) (	�
�"��� 3) ��� C ��Z�	�������)*!���	��ก�
&%���ก !"�	F��
�
����&�ก%���� +������*�����W"��������� (clay) �������
��'E�*� !"��)*!���,�$&�ก	�
�"
D��ก��� 6 
 

C2 
C � 2 � D  
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�������� 3  ���"ก�
&%���กE�*���

�������'"()*����� 	
$!� (Sheng, 1986) 

 
1. Gently  
sloping 

2.Moderately  
sloping 

3. Strongly  
sloping 

4. Very strongly  
sloping 

5. Steep 6. Very 
steep 

Soil Depth\ 
Slope 

<7o 7o - 15o 15o - 20o 20o - 25o 25o - 30o >30o 
Deep (D) 
>90 cm 

C1 C2 C3 C4 FT F 

Moderately 
Deep (MD) 
50-90 cm 

C1 C2 C3 C4/P FT F 

Shallow (S) 
20-50 cm 

C1 C2/P C3/P P F F 

Very Shallow 
(VS) 

<20 cm 
C1/P P P P F F 

 

 

C1 : Q��������������ก ��������%��
�
ก�
�(����'ก  
	$!"ก�
ก�
&��ก�
���!�#
�ก���(��"��̂ก�$!� 

C2 : Q������������ ��������%��
�
ก�
�(����'ก
!"&�ก C1 	$!"ก�
ก�
&��ก�
���!�#
�ก�����ก��"  
�$�&���'ก()E Q�
�%� �*�
��,� �������
�+E$�Q
)�!"&�ก
 ���+�MF,�$ 

C3 : Q�������������ก��" ��������%��
�
ก�
�(����'ก
!"&�ก C2 	$!"ก�
ก�
&��ก�
���!�#
�ก����ก  
�$�&���'ก()E Q�
�%� �*�
��,� �������
�+E$�Q
)�!"&�ก
 �����̂ก,�$ 

C4 : Q�����������$!� ��������%��
�
ก�
�(����'ก
!"&�ก C3 	$!"ก�
ก�
&��ก�
���!�#
�ก����ก����#�  
,�FQ�
+E$�Q
)�!"&�ก
+�ก�
&��ก�
 �	FQ�
+E$�
""���
)!
�,��
���F���*� 

P : +E$��Z��#F"�M$� P���h(��

���������Q���E)*��'" 
FT : ��'ก(�ก,�$D������
�ก�Wก 	$!"��ก�
!�#
�ก��Q�
Q'F,��$�� ���Q�
��'ก�M$�Q�#���� 
F : ��F!�,�$��Z���� 



 
 

 

13 

�H������*����%���������!�ก��)Nก�� 

 
1.  �����'����������� 

 
 �'���(�Y��PQ
"ก�
���"�$���Wก 	�*"!�'F+�� 	()*����!%��V!�E��"��� &�"�����E��"+��F���	�*"
 !"�'���(�Y�� PQ
"ก�
���"!�'F+�� 	��'F
$���$���Wก ��'F��� 7  	%�
���"PQ$" !%��V!�E��"��� 
	�*"!�'F�
������$�
#$" 19 !"�� 31 ����� �W" 19 !"�� 33 ��������)! �����$���"��� 99 !"�� 02 
����� �W" 99 !"�� 05 �����	����!!ก ��()*����
�
D��E!
 14.70 	�
�"ก�P���	
 �
)! 9,186.24 ,
F 
()*�����'���(�Y��PQ
"ก�
���"�
F"	��� 	ก�
�กQ
!"!�'F+�()*����	%�
���"PQ$"��*"��� (�'���
 $!�'� �����
�����, 2548) ��!���� 		��	F!ก�
()*����+ก�$�Q��"��"��* 
 
 ������)! ���+	$ ������	����!!ก 	��	F!ก�
 	%�
���"PQ$" !%��V!�E��"��� &�"�����E��"+��F 
 ���	����	ก 	��	F!ก�
 	%�
��#F" $��(�" !%��V!�E��"��� &�"�����E��"+��F 
 
2.  �H��H$�������) 

 
 V'���
���� !"�'���(�Y��PQ
"ก�
���"�$���Wก ����ก�����Z����
�
���
ก�
����� ����
�$!�
!
�$��V'� ��'"E�� ��Q����'"&�ก
���
�������ก��"	�*"�	F 400-1,000 ��	
 P��()*���������

���
Q����'" 500-600  ��	
 Q����Z�
$!��� 44.32  !"()*���� 
!"�"����Z�()*������
���
Q����'" 
600-700 ��	
 Q����Z�
$!��� 23.43 ���()*���������Q����'" 700-800 ��	
 Q����Z�
$!��� 16.30  !"
()*���� Q������E��D����$��F��+�MF!�'F���
$!��� 0-2 Q����Z�
$!��� 31.09  !"()*���� 
!"�"����
Q������E��D����$�!�'F���
$!��� 20-35 P��Q����Z�
$!��� 20.56  !"()*�������Q������E��D����$�

$!��� 35-50 P��Q����Z�
$!��� 17.08  !"()*���� 
 
3.  �H��H$����ก�) 
 
 �'���(�Y��PQ
"ก�
���"�$���Wก!�'F+�� 	Pe�
$!� ��V'��!�ก����Z��

�#F"�M$�� 	
$!� 
(tropical savanna) P��,�$
�
!��N�(�&�ก���
�#�	����	ก�h��"+	$(��(�Q���E#F�E)*�� $��'F()*���� �%�
+�$��	กE#ก+�EF�"ก��"��)!�(G�V�Q� �W"�
������)!�ก������ ���+�EF�"��)!�	#��Q��W"
��)!�ก#�V�(��N� ,�$
�
!��N�(�&�ก���
�#�	����!!ก�h��"���)!(��(�Q���������^���&�ก 
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ปริมาณน้ําฝน (มิลลิเมตร) อุณหภูมิ (องศาเซลเซียส)

ความชื้นสัมพัทธ (รอยละ) ปริมาณการคายระเหยของน้ํา (มิลลิเมตร)

 
 
H����� 2  �
�����*%��� Q���E)*����(��N� !#��V'���h���� ����
����ก�
Q��
���� !"�*%� 
���F�"

�~ (.�. 2521-2550 +�

�����'���(�Y��PQ
"ก�
���"�$���Wก 
 
�
����&�� ��D��%�+�$!�ก��������^� &�ก $!�'�!#	#��������� �'���(�Y��PQ
"ก�
���"�$���Wก 
(
�F���!#��V'���h�����'"�#� 29.4 !"���e��e��� !#��V'���h����	�%��#� 21.9 !"���e��e��� �
����
�*%����h���� 1,480 �������	
 �
�������h�����'"�#�!�'F�����)!���"��Q� 276 �������	
 �
������
�h����	�%��#�!�'F�����)!�ก#�V�(��N� 3.7 �������	
 
 
4.  ��ก��������������� 
 
 ��ก���N
������� !"()*�����'���(�Y��PQ
"ก�
���"�$���Wก �'ก&%���ก��Z�������'F	��
E��� E�*���� ���!��# !"���,�$��Z� 4 ��F�� (V�(��� 3) 
 
 
 



 
 

 

15 

 
 

H����� 3  �D������"N
������� !"�'���(�Y��PQ
"ก�
���"�$���Wก 	%�
���"PQ$" !%��V!�E��"���
&�"�����E��"+��F 
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 4.1  ���	�ก!�&�ก����#Q(���P!Pe!�ก (Paleozoic) P��(
��ก��*"��"	����!!ก���
	����	ก !"()*���� eW�"�
F"���!!ก	���#Q,�$��"��* 
 

4.1.1  �#Q��P������ (Devonian) eW�"�
�ก!
�$�� ����E�
�� ��������� ����'�������
�
�� 
$!��� 17.4  !"()*���� �
)!�
���� 2.56 	�
�"ก�P���	
 

 
4.1.2  �#QQ�
�
!���d!
�� (Carboniferous) eW�"�
�ก!
�$�� ��������� ����
�� ���

�E�
�� ����ก
����ก ������ก
���������-��� ��� �*�$� 
$!��� 32.29  !"()*���� �
)!�
���� 4.75 
	�
�"ก�P���	
  

 
4.1.3  �#Q�(!
������ (Permian) eW�"�
�ก!
�$�� ���	�ก!���ก�������E��� ���

����'� ����E�
�	 
$!��� 30.5  !"()*���� �
)!�
���� 4.48 	�
�"ก�P���	
  
 
  4.2  ���	�ก!� &�ก����#Qe�P�Pe!�Q (Cenozoic) (
��ก

����	
"ก��" !"()*�������
�%�ก�
�Wก�� ��Z����E�*�	�ก!���",�F� ^"	�� �
�ก!
�$��E�*��
�� E�*��
��ก
�� E�*����������
E�*��
����}"+��#Q��!
��E��
� (Tertiary) 
$!��� 19.81  !"()*�����
)!�
���� 2.91 	�
�"ก�P���	
  
 
5.  ������ก���� 

 
  ()*�����'���(�Y��PQ
"ก�
���"�$���Wก �
F"ก�#F�E#�����
)!��F���D�������,�$ 2 ก�#F� 
(�'��� $!�'������
�����, 2548) ,�$�กF ��F���D���������� 29 �����F���D���������� 62 	��
ก%����P��ก
�(�Y�������� ��
�����!�����"��*  
 
 ��F���D���������� 29 ����)*!�����Z���������� �������Z����*%�	�� ��	�#	$�ก%�������Z�(�ก
	�ก!��*%��
)!�ก��&�กก�
����	��D#(�" !"�����)*!���!��� (


��������!������Z��'กQ�)��,�
&��W"����� � ��Z�����Wก ก�

�
���*%��� Q���!#����
'
��QF!� $�"	�%� ��Z�ก
�&���W"ก
�&����ก 
 
 ��F���D���������� 62 �
�ก!
�$��()*����V'� ������)!ก� ������Q������E����กก�F� 35% 
��Z�����Wก������	)*� ��ก���������Q���!#����
'
���	ก	F�"ก��,�	��E��� !"���	$�ก%����� 
��������ก$!�����
)!���PD�F �F��+�MF��"�กQ�#��$�����,�$  
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6.  ������ก��X�*�  

 
 �'���(�Y��PQ
"ก�
���"�$���Wก!�'F+�()*����!#������F"E�	�
�� 5,401 ,
F Q����Z�
$!��� 
58.8  !"()*���� !�'F+�� 	()*����!#������F"E�	��E��"��� 4,578 ,
F Q����Z�
$!��� 49.8  !"()*���� ���
+�� 	!#������F"E�	��
������ 823 ,
F Q����Z�
$!��� 9  !"()*���� !�'F+�� 	����"����F"E�	����
�#F��*%���F��" 5,683 ,
F Q����Z�
$!��� 61.87  !"()*�����������E��"��� 3,503 ,
F Q����Z�
$!��� 38.1 
 !"()*���� 
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���ก��	�������ก�� 
 

���ก��	 

 

  1.  �D������� !"&�"�����E��"+��F ��	
��F�� 1:100,000 (ก!"�%�
�&���, 2519) 
 

  2.  �D����N
������� !"�
����,��  !"ก
��
�(��ก
N
��  �����	
��F�� 1:500,000 
(ก
��
�(��ก
N
��, 2526) 
 
  3.  �Q
)�!"�)!�%�
�&���V�Q������	
O�� (�!�
, 2548; Soil Survey Division Staff, 1993) 
 
  4.  �Q
)�!"�)! !#�ก
�������
�Q�����+E$+�ก�
���Q
���������"�Q�� ��"ก��V�( �����"�
F
����� 
 

����ก�� 

 
 1.  ก��)Nก��� ��$��%&'��� � ���ก������K�กO����ก�!���"H�I���� 

   
 1.1  �Wก����ก������ !
� 	 !"()*���� +�

��������Wก�� P��+E$�D�����V�(V'���
���� 
��	
�F�� 1:50,000 
 
  1.2  !!ก�%�
�&�
)*!"	$� �()�!��

���������Z�	����� ��$��%�ก�
��)!ก

��������%�ก�
�Wก�� 
 
 1.3  �Wก�� $!�'��$��	F�" | ����ก���� $!"ก�


��������Wก�� ��$�Q����)!ก&#����&��%�ก�
�ก^

	��!�F�"��� P��ก%����&#��"+��D�����V�(V'���
���� ��	
��F�� 1:50,000  #���#���$�	�����
�()�!���&��Wก������ก^
	��!�F�"�����Q
����+��$!"���
�	�ก�
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2.  ก���Y�%������(�H�I���� 

 

 2.1   #���$�������	%����F"���ก%����,�$ P���� ���ก�$�" 1.5 ��	
 ��� 2 ��	
 �Wก 2 ��	
 
	ก�	F"��$�	�����+�$����
��!"��^����O������� !"���+����� �Wก���V�(����$!�(
$!��%�
Q%�!N�
����$�	�����

������*� (�!�
, 2547) 
 
 2.2  �ก^
	��!�F�"����()�!ก�
���Q
���� ��ก!!ก��Z� 2 ��N�Q)! 
 
        2.2.1  	��!�F�"�������'ก

ก�� (Disturbed soil samples) �ก^
����#กE�*� 	��E�*�ก%�����
��� (genetic horizon) ���,�$�
F",�$	�!���$�	����� E�*����
���� 1-2 ก�P�ก
�� 
 
       2.2.2  	��!�F�"������,�F�'ก

ก�� (Undisturbed soil samples) ��)!ก�ก^
�h(��E�*����
	$!"ก�
�%����Wก��QF��V�(�%��*%� !"���!���	�� (saturated hydraulic conductivity) P��+E$ก
�
!ก
�ก^
	��!�F�" (soil core)  
 
3.  ก�����I���#	(�# ���Y�%���ก�� 

 
 3.1  ก�
���Q
������"ก��V�( 
 

3.1.1  ก�
�&กก
�&�� ���!�#V�Q��� (Soil particle size distribution) P����N�,���	 
(Kilmer and Alexander, 1949; Day, 1965) D����,�$&�กก�
���Q
�����%����&ก�&"�
��V� !"��)*!
��� (soil textural class) P��ก�
��
��
����
ก�
E�*���)*!���	���ก��� !"ก
��
�"�ก�	

��
�O!��
�ก� (USDA Textural Class) (Soil Survey Division Staff, 1993) 
 

3.1.2  �V�(�%��*%� !"���!���	�� (Saturated hydraulic conductivity) P��+E$(��""�� �

�*%�D����
 (variable head method) (Klute, 1965) 
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3.2  ก�
���Q
������"�Q�� 
 

3.2.1  (��!E��� (pH) P��+E$�*%������
����� 1M KCl +�!�	
��F�����	F!�*%� �
)!
���	F!��
�������F�ก�
 1:1 (National Soil Survey Center, 1996) ���QF�P��+E$�Q
)�!"���(��!E (pH 
meter) 
 

3.2.2  !���
����	�# (Organic matter) Q%����,�$&�ก�
����Q�
�
!�!���
���������Q
����
,�$P����N� Walkley-Black titration ��$��%�QF����,�$,�Q'� 1.724 (Walkley and Black, 1934) 

 
3.2.3  ,�P	
�&�
�� (Total nitrogen) P����N� Kjeldahl method (Black, 1965)  

 
3.2.4  d!�d!
�������Z��
�P�E�� (Available phosphorus) P����N� Bray II (Bray and 

Kurtz, 1945) 
 

3.2.5  P(����e��������Z��
�P�E�� (Available potassium) +E$�ก���$��
�!�P������!�e��		 Q���� $� $� 1 M �����Z�ก��" (pH 7) (Pratt, 1965) ����
����P��+E$ atomic 
absorption spectrophotometer (AAS) 
 

3.2.6  �
�����ก��,�$ (Extractable bases) P��ก�
�ก���$����
������!�P������!�e�
�		�����Z�ก��" (Peech, 1945) 
 

3.2.7  �V�(Q�����Z�ก
�����ก��,�$ (Extractable acidity) P����N� barium chloride-
triethanolamine pH 8.2 (Peech, 1965) 
 

3.2.8  Q���&#��ก��������Q	,!!!� (Cation exchange capacity: CEC) P��+E$ก�
E�
������Q	,!!!��$���!�P������!�e��	������Z�ก��"  ����������!�P������,!!!��$��
Pe�����Q�!,
��
$!��� 10 +��V�(ก
� ก�������!�P������,!!!� ��$�Q%����QF�Q���&#
��ก��������Q	,!!!� !"��� (Chapman, 1965) 
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3.2.9  QF�!�	
�
$!���Q���!���	���
� (Base saturation percentage, %BS) P��Q%����
&�กQF� !"�
�����
�
������ก��,�$��*"���  ���Q���&#��ก��������Q	,!!� (CEC = extractable 
bases + extractable acidity) (National Soil Survey Center, 1996) &�ก�'	
 
 
 %BS      =  x 100  
 
 
 3.3  ก�
���Q
����!"Q��
�ก!
��"�
F+���� 
 
        3.3.1  ���Q
����E�������
���� !"�
F��������� (clay mineral) ����� ���!�#V�Q���
��^กก�F� 2 ,�PQ
��	
 �

 oriented-clay plate P����N�ก�
���*���
� !"
�"���!กe� (X-ray 
diffraction analysis) (Jackson, 1965) P��ก�
�%�!�#V�Q ������������+�$!���	���$��P(����e��� 
���P(����e����D����!#��V'�� 550 !"���e��e��� ��ก���e��� �����ก���e������!���	���$�� 
glycerol ����%��,���,�� $��Q
)�!"���Q
����P��ก�
���*���
� !"
�"���!กe� (X-ray diffractometer) 
�%�D����,�$,���
��
����
ก�
E��� !"�
F��	
O�� (standard minerals) (Whittig, 1965) ���
�
��������
���� !"�
F P����N� relative peak height (Jackson, 1965)   

 
3.3.2  ���Q
����E�������
���� !"�
F +�!�#V�Q ����
����}" (silt fraction) 

 ��� 2-50 ,�PQ
��	
 �

 random powder P����N����*���
� !"
�"���!กe� (Jackson, 1965) �%�
D����,�$,���
��
����
ก�
E��� !"�
F��	
O�� (Brindley and Brown, 1980) ��$��
�������
�
���� !"�
F P����N� relative peak height (Jackson, 1965)   

 
3.3.3  ���!
�()�!�)����ก�
���Q
�����
F boehmite P��ก�
�%�!�#V�Q���������+�$

!���	���$��P(����e����D����!#��V'�� 260  ��� 480 !"���e��e��� �%��,���,�� $��Q
)�!"���Q
����
P��ก�
���*���
� !"
�"���!กe� �%�D����,�$����
��
����
ก�� �()�!�
��������
F boehmite P����N� 
relative peak height (Brindley and Brown.  1980)   

 
 
 
 
 

Extractable bases 

Extractable bases + Extractable acidity 
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3.4  ก�
���Q
�����
����N�	#
�� (XRF) 
 

�%�ก�
���Q
�����
����N�	#
��P��+E$�Q
)�!" Phillips PW1400 X-ray fluorescence 
(XRF) fitted with a rhodium tube P��+E$	��!�F�"���&%���� 0.700 ก
�� ��!�ก�
 lithium 
metal/tetraborate flux ���!#��V'�� 1050oC (Karathanasis and Hajek, 1996) 
 
4.  ก�����I���#	� ��$� 

 

 �%� $!�'����,�$&�กก�
���Q
������
�	���"ก��V�( �Q�� �����"�
F ��&%���ก��

���
������ (���"���%�
�&&%���ก��

���������, 2520)  Q���������� !"��� (ก!"�%�
�&���
&%���ก���, 2542) �����

�������������'"  (Sheng, 1986) 
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K������"���	 
 

 D�ก�
�Wก����ก������

�����'���(�Y��PQ
"ก�
���"�$���Wก  ��*"+�V�Q�������+�
�$!"���
�	�ก�
�()�!�
�������

������Q���������� !"������P��+E$�����Z�	�������*"��� 6 


���� �
�ก!
,��$���V�(����,� ���O����������� !"��� ��
�	���"ก��V�( ��
�	���"�Q��
�����ก����E�"�
F����� !"��� 
  
1.  �H������*�����&'����)Nก��������Z����������������� 

   
 �V�(����,� !"()*�����Wก���F��+�MF��Z�()*�������E��+��#
� � (V�(��� 4) P����Q������
E��
$!��� 1-10 �����Z�����Wก ��(�Y��ก�
�� �V�(()*���������ก������O����������+��	F��


���� (V�(��� 5, 	�
�"��� 4 ��� 5) ����"��* 
 
 (��!� 1 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
 

�V�(V'���
������Z��

�'กQ�)���!���� ����Wก��ก ��(�Y��ก�
��$�	�������Z��

 
Ap-Bt ��	�#	$�ก%�������Z�	�ก!�����E�"� �
�����#	กQ$�"&�ก����'� �����ก�
e�
eW��*%��
̂� �*%�
,��
F�DF��D��E$� 
���
�*%�+	$���!�'F�Wกก�F� 195 �e�	���	
 ���%�ก�
�Wก�� 
 

���
���Q����Wก 31 �e�	���	
 ��������*%�	������"� $�����)*!�����Z���������� ��
PQ
"�
$�"��Z��

ก$!���������#������PQ
"�
$�"�

ก$!�ก�� (

�ก()E+�E�*����
����QF�
(��!E�����Z�ก
���^ก�$!� (pH 6.5) 
 

����F�"��Q����Wก	�*"�	F 31-195+ �e�	���	
 P����������*%�	������"����*%�	������"
� $� ����)*!�����Z���������� PQ
"�
$�"�����Z��

ก$!���������#������(

�ก()E	�!���$�	��
��� (
Q
�
���������+�EF!"�F�"���D����$���^���� (
ก$!�ก
�����D#(�"��&�ก���E��� ���Q���
�Wก 53-132 �e�	���	
 (
ก$!��
"�� !"���^ก�����"ก����!!ก,e�����Q����Wก 80 �e�	���	

�",� (

�"��	��/���" �����^ก���Q����Wก 106-132 �e�	���	
 ���QF�(��!E�����Z�ก
����ก��"
�W"��Z�ก��" (pH 6-7)   
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H����� 4  ���" !
� 	

��������%�ก�
�Wก�� ���&#��ก^
	��!�F�"��� 
 

(��!�  2 Typic Haplustalf, fine, mixed, active, hyperthermic.  
 

�V�(V'���
����
�
�
��
 �����Z�����Wก��ก ��(�Y��ก�
��$�	�������Z��

 Ap-Bt-Btg 
��	�#	$�ก%�������Z�	�ก!��*%�(��$!"���� (local alluvium) �����ก�

�
���*%��� ��ก�
e�
eW��*%����
ก��" �*%�,��
F�DF��D��E$� 
���
�*%�+	$���!�'F�Wกก�F� 2 ��	
 ���%�ก�
�Wก�� 
 

���
���Q����Wก 24 �e�	���	
 �������������� $���ก ����)*!�����Z���������� PQ
"�
$�"
��Z��

ก$!���������#������PQ
"�
$�"�

ก$!�ก�� (
Q
�
���������+�EF!"�F�"���D����$�
��^���� (

�ก()E+�E�*���� QF�(��!E�����Z�ก��" (pH 7) 
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 H����� 5  ���"��ก���V'���
���������$�	����� !"�������%�ก�
�Wก�� 
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�������� 4  �V�(V'���
���������ก��� !"��$�	���������%�ก�
�Wก�� 
 

���O��V'���
���� 	��!�F�"��� Q������ !"E�*�
���
� (e�.) 

Q����Wก 
(e�.) 

(�Y��ก�
 !"
��$�	����� 

Q������E�� 
(%) 

�V�(V'���
���� 
ก�
+E$������ 

��	�#	$�ก%�������� 

Dissected footslope  Pedon  1 31 195+ Ap-Bt 3 Undulating 

Vegetable and maize 

Colluvium  over  residuum 

Narrow valley floor Pedon  2 24 200+ Ap-Bt-Btg 1 Nearly Flat 

Vegetable and legume 

Local alluvium 

Upper footslope Pedon  3 12 200+ Ap-Bt 10 Rolling 

Groundnut and maize 

Colluvium over residuum of 
limestone 

Lower footslope Pedon  4 13 210+ Ap-Bt 4.5 Undulating 

Groundnut and maize  

Colluvium 

Narrow valley floor Pedon  5 16 200+ Ap-Bt-Btg 1 Nearly Flat 

Vegetable  

Local alluvium 

Middle part of footslope Pedon  6 30 200+ Ap-Bt 3 Undulating 

Vegetable and maize 

Colluvium over residuum 
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�������� 5  ���"���O������� !"��$�	���������%�ก�
�Wก�� 
 
E�*���� Q����Wก ����� ��)*!��� PQ
"�
$�" ก�
�W�	�� (��!E���  !
� 	 ��ก���!)��| 

  (e�.) ��&#��
�     ��$" E)*� ��~�ก +����� E�*����   
Pedon 1  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic  

Ap 0 - 31 5 YR 3/3 C 2, f-m, sbk and 2, vf-f, gr SH F MS/MP 6.5 A and S Many very fine, common fine and few  
          medium roots 

Bt1 31 - 53 2.5 YR 3/4 C 3, f-m, sbk H F MS/VP 7 D and S Common very fine and few fine roots 
Bt2 53 - 80 2.5 YR 3/4 C 3, f-m, sbk H F SS/VP 6.5 D and S Few angular gravels of weathered slate; many  

          very fine and few fine roots 
Bt3 80 - 106 2.5 YR 4/4 C 3, f-m, sbk H F SS/VP 6 D and S Few medium rounded Fe-Mn oxide  

          nodules, few angular gravels of weathered 
          slate and few very fine and fine roots 

Bt4 106 - 132 2.5 YR 4/4 C 3, f-m, sbk VH F SS/VP 6.5 D and S Few medium rounded Fe-Mn oxide  
          nodules, few angular gravels of  
          weathered slate few very fine and fine  
          roots and a large hole of cricket nest 

Bt5 132 - 156 2.5 YR 4/4 C 3, f-m, sbk VH F SS/VP 6.5 D and S Few medium rounded Fe-Mn oxide  
          nodules, few very fine roots 

Bt6 156 - 195+ 2.5 YR 4/4 C 3, f-m, sbk VH F SS/VP 6.5  Few medium rounded Fe-Mn oxide  
          nodules, few very fine roots 
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�������� 5  (	F!) 
 
E�*���� Q����Wก ����� ��)*!��� PQ
"�
$�" ก�
�W�	�� (��!E���  !
� 	 ��ก���!)��| 

  (e�.) ��&#��
�     ��$" E)*� ��~�ก +����� E�*����   
Pedon 2  Typic Haplustalf, fine, mixed, active, hyperthermic 

Ap 0 - 24 mixed  10 YR 3/1, 10 YR 4/1 C 3, vf-f, gr and  SH F VS/VP 7 A and S Many very fine and fine roots 
    3, f-m, sbk       

Bt1 24 - 50 mixed  10 YR 4/4, 10 YR 3/2 SiC 3, f-m, sbk H F MS/VP 6.5 D and S Few very fine and fine roots 
Bt2 50 - 82 mixed  10 YR 4/2, 10 YR 4/3 SiC 3, f-m, abk H VF MS/VP 6.5 A and S Very few very fine roots 
Bt3 82 - 107 10 YR 4/3 SCL 4, vf-f-m, abk S Fri MS/MP 6.5 A and S Common rounded and subrounded  

          gravels of resistant rock fragments 
Bt4 107 - 129 mixed  10 YR 4/2, 10 YR 4/3,  SC 4, vf-f-m, abk S Fri MS/VP 6.5 G and S Few rounded and subrounded gravel  

  10 YR 4/4        of resistant rock fragments 
Btg1 129 - 151 mixed  10 YR 4/2, 10 YR 4/3 C 3, f-m, sbk-abk SH F MS/VP 6.5 D and S Few traces of highly weathered  

          slate rock fragments 
Btg2 151 - 178 mixed  10 YR 4/3, 10 YR 4/2 C 3, f-m, sbk-abk H F MS/VP 6.5 G and S Few traces of Mn oxide powder 
Btg3 178 - 200+ mixed  10 YR 4/1, 10 YR 3/2,  SC 3, f-m, abk SH F MS/VP 6.5  Few traces of Mn oxide powder 

  10 YR 4/2, 10 YR 4/3         
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�������� 5  (	F!) 
 

E�*���� Q����Wก ����� ��)*!��� PQ
"�
$�" ก�
�W�	�� (��!E���  !
� 	 ��ก���!)��| 
  (e�.) ��&#��
�     ��$" E)*� ��~�ก +����� E�*����   

Pedon 3 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
Ap 0 - 12 5 YR 2.5/2 C 3, vf-f, gr and  S Fri VS/VP 6.5 A and S Few fine and medium subrounded Fe-Mn oxide  

    3, vf-m, sbk      nodules, common very fine and few fine roots 
Bt1 .12 - 35. 2.5 YR 3/3 C 3, vf-f-m sbk SH Fri VS/VP 6 D and S Few fine and medium subrounded Fe-Mn oxide  

           nodules, common very fine and few fine roots 
Bt2 35 - 60 2.5 YR 3/3 C 3, f-m, sbk SH Fri VS/VP 6 D and S Few fine and medium subrounded Fe-Mn  

          oxide nodules, few very fine roots 
Bt3 60 - 84 2.5 YR 3/3 C 3, f-m, sbk SH Fri VS/VP 6 D and S Few fine and medium subrounded Fe-Mn  

          oxides nodules, few very fine roots 
Bt4 84 - 105 2.5 YR 3/4 C 3, f-m, sbk SH F VS/VP 6 D and S Few very fine subrounded Fe-Mn oxide  

          nodules, few very fine roots 
Bt5 105 - 125 2.5 YR 3/4 C 3, f-m, sbk SH F VS/VP 5.5 D and S Few very fine subrounded Fe-Mn oxide nodules  
Bt6 125 - 149 2.5 YR 3/4 C 3, f-m, sbk SH F VS/VP 5.5 D and S Few very fine subrounded Fe-Mn oxide nodules  
Bt7 149 - 171 2.5 YR 3/4 C 3, f-m, sbk SH F VS/VP 5.5 D and S Few very fine subrounded Fe-Mn oxide  

           nodules, few traces of dead roots 
Bt8 171 - 200+ 2.5 YR 3/4 C 3, f-m, sbk SH F VS/VP 5.5  Few very fine subrounded Fe-Mn oxide nodules 
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�������� 5  (	F!) 
E�*���� Q����Wก ����� ��)*!��� PQ
"�
$�" ก�
�W�	�� (��!E���  !
� 	 ��ก���!)��| 

  (e�.) ��&#��
�     ��$" E)*� ��~�ก +����� E�*����   
Pedon 4 Typic Paleustult, fine, mixed, semiactive, hyperthermic 

Ap 0 - 13 5 YR 3/3 C 3, vf, gr and  SH F MS/VP 7 D and S Many very fine and fine roots 
    2, f-m, sbk       

Bt1 13 - 33 5 YR 3/4 C 3, f-m, sbk SH F MS/VP 7 D and S Few fine rounded Fe-Mn oxide nodules and 
           few very fine roots 

Bt2 33 - 57 2.5 YR 3/4 C 3, f-m, sbk SH F MS/VP 6.5 D and S Few fine rounded Fe-Mn oxide nodules and 
          very few very fine roots 

Bt3 57 - 76 2.5 YR 3/4 C 3, f-m, sbk SH F MS/VP 6.5 D and S Very few fine rounded Fe-Mn oxide nodules and 
          very few very fine roots 

Bt4 76 - 100 2.5 YR 3/4 C 3, f-m, abk SH F MS/MP 6.5 D and S Very few fine rounded Fe-Mn oxide nodules and 
          very few very fine roots, small hole of cricket nest 

Bt5 100 - 120 2.5 YR 3/4 C 3, f-m, abk H VF VS/VP 6.5 D and S Few fine rounded Fe-Mn oxide nodules  
          few small holes of cricket nest, few traces of  
          highly weathered rock fragments,  few gravel  
          of weathered slate and very few very fine roots 

Bt6 120 - 150 2.5 YR 4/4 C 3, f-m, abk VH VF VS/VP 6.5 D and S Few fine rounded Fe-Mn oxide nodules few 
          traces of highly weathered rock fragments, 
          common gravels of weathered slate and very few 
          very fine roots 

Bt7 150 - 178 2.5 YR 4/6 C 3, f-m, abk VH VF VS/VP 6.5 D and S Few angular gravels of slightly weathered rock 
          fragments 

Bt8 178 - 210+ 2.5 YR 4/6 C 3, f-m, abk VH VF VS/VP 6.5  Common rounded Fe-Mn oxide nodules 
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�������� 5  (	F!) 
 
E�*���� Q����Wก ����� ��)*!��� PQ
"�
$�" ก�
�W�	�� (��!E���  !
� 	 ��ก���!)��| 

  (e�.) ��&#��
�     ��$" E)*� ��~�ก +����� E�*����   

Pedon 5 Ultic Haplustalf, fine, mixed, superactive, hyperthermic 
Ap 0 - 16 7.5 YR 3/2 CL 3, f-m, sbk H F SS/VP 6.5 A and S Many very fine and few fine roots and 

very few traces of charcoal 
Bt1 16 - 42 7.5 YR 4/3 C 3, f-m, sbk H F MS/V

P 
7 A and S Few very fine and fine roots 

Bt2 42 - 62 10 YR 4/3 C 3, f-m, abk VH VF SS/VP 7 G and S Very few very fine roots and very few 
traces of charcoal 

Bt3 62 - 90 Mixed 10 YR 4/4, 7.5 
YR 4/3 

C 3, f-m, abk H F SS/VP 6.5 G and S Very few very fine roots and very few 
traces of charcoal 

Bt4 90 - 109 Mixed 10 YR 4/4, 10 
YR 4/2, 5 YR 4/6 

C 3, f-m, abk H F VS/V
P 

7 A and S Very few traces of charcoal 

Bt5 109 - 126 Mixed 7.5 YR 4/2, 10 
YR 4/2, 10 YR 4/6 

C 3, f-m, abk H VF VS/V
P 

7 G and S Very few traces of charcoal 

Bt6 126 - 158 Mixed 10 YR 4/3, 10 
YR 4/1 

C 3, f-m, abk H F VS/V
P 

7 A and S Common traces of charcoal 

Btg1 158 - 180 Mixed 10 YR 4/4, 10 
YR 4/2, 10 YR 4/6 

C 3, f-m, abk H F SS/VP 7 G and S Very few angular gravels of rock 
fragments and common traces of charcoal 

Btg2 180 - 200+ Mixed 10 YR 3/1, 10 
YR 3/2 

C 3, f-m, sbk H F SS/VP 7  Common angular gravels of weathered 
rock fragments (mainly slate), few traces 
of charcoal, common fine flat and rounded 
gravel of resistant rock fragments 
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�������� 5  (	F!) 
 

E�*���� Q����Wก ����� ��)*!��� PQ
"�
$�" ก�
�W�	�� (��!E���  !
� 	 ��ก���!)��| 
  (e�.) ��&#��
�     ��$" E)*� ��~�ก +����� E�*����   

Pedon 6  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 

Ap 0 - 30 5 YR 3/3 C 
3, vf-f, gr and 3, f-m, 

sbk H F MS/VP 7 A and S few fine rounded Fe-Mn oxide nodules  
          and common very fine and few fine roots 

Bt1 30 - 50 2.5 YR 3/3 C 3, f-m, sbk H F VS/VP 7 D and S very few fine rounded Fe-Mn oxide  
          nodules and few very fine roots 

Bt2 50 - 72 5 YR 3/4 C 3, f-m, sbk H F VS/VP 6.5 D and S few fine rounded Fe-Mn oxide  
          nodules and very few very fine roots 

Bt3 72 - 99 5 YR 3/4 C 3, f-m, abk SH F VS/VP 6.5 D and S few fine rounded Fe-Mn oxide  
          nodules and very few very fine roots 

Bt4 99 - 120 2.5 YR 3/6 C 3, f-m, abk H F VS/VP 6 D and S few fine rounded Fe-Mn oxide  
          nodules and very few very fine roots 

Bt5 120 - 148 2.5 YR 3/6 C 3, f-m, abk H VF VS/VP 5.5 D and S few fine rounded Fe-Mn oxide  
          nodules and very few very fine roots 

Bt6 148 - 175 2.5 YR 3/6 C 3, f-m, abk H F VS/VP 5 D and S few fine rounded Fe-Mn oxide  
          nodules and very few very fine roots 

Bt7 175 - 200+ 2.5 YR 3/6 C 3, f-m, abk H F VS/VP 5  few fine rounded Fe-Mn oxide nodules 
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�������� 5  (	F!) *Q%��F!+�	�
�" 
 

��)*!��� PQ
"�
$�"  ก�
�W�	��  !
� 	E�*���� 
C = clay 1 = weak ��$" SH = slightly hard ��~�ก MS = moderately sticky A = abrupt 
SiC = silty clay 2 = moderate  H = hard  SS = slightly sticky D = diffuse 
SC = sandy clay 3 = strong  VH = very hard  VS = very sticky G = gradual 
SCL = sandy clay loam 4 = moderately weak  S = soft  MP = moderately plastic S = smooth 
CL = clay loam vf = very fine E)*� VF = very firm  VP = very plastic    

   f = fine  F = firm        
   m = medium  Fri = friable        
   abk = angular blocky            
   sbk = subangular blocky            
   gr = granular            

 
 
 
 
 
 
 
 
 

33 
 

 



 
 

 

34 

����F�"��Q����Wก	�*"�	F 24-200+ �e�	���	
 ��������*%�	�� ���*%�	�����)!"� $� �*%�	����
���)!"� $���ก �*%�	�������� $� �*%�	�������� $���ก ��������� $� ����)*!�����Z� ��������� ���
���������
����}"�W"������������
�� PQ
"�
$�"�����Z�ก$!���������#������Q����Wก 24-50 
�e�	���	
 ���(
!�กQ
�*"���Q����Wก 129-178 �e�	���	
 (
PQ
"�
$�"�

ก$!�ก�����Q����Wก 
50 �e�	���	
�",� 
�ก()E(
	�!�&��W"Q����Wก 82 �e�	���	
 ��Q
�
���������+�EF!"�F�"���
D����$� !"��^����	�!���$�	�� (
��(���������������E)�!�!�#V�Q�
�����Q����Wก 82-129 
�e�	���	
 (
���E������D#(�"���Q����Wก 129-151 �e�	���	
 ���(
D"��"ก����!!ก,e�����
Q����Wก 151 �e�	���	
�",� QF�(��!E�����Z�ก
���^ก�$!� (pH 6.5) 
 

(��!�  3  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic    
 
�V�(V'���
������Z��

�'กQ�)���!�E�� �����Z�����Wก��ก ��(�Y��ก�
��$�	�������Z�

�

 Ap-Bt ��	�#	$�ก%�������Z�	�ก!�����E�"� �!�'F
�����#	กQ$�"&�ก����'������ก�

�
���*%��� 
ก�
e�
eW��*%��
̂�����*%�,��
F�DF��D�����ก��" 
���
�*%�+	$���!�'F�Wกก�F� 2 ��	
  ��
�%�ก�
�Wก�� 

 
���
���Q����Wก 12 �e�	���	
 ��������*%�	������"� $� ����)*!�����Z���������� ��

PQ
"�
$�"�

ก$!���������#������PQ
"�
$�"�

ก$!�ก�� (
ก$!��
"�� !"���^ก���
��"ก����!!ก,e�� QF�(��!E�����Z�ก
���^ก�$!� (pH 6.5) 

 
����F�"��Q����Wก	�*"�	F 12-200+ �e�	���	
 ��������*%�	������"� $� ����)*!�����Z����

������ PQ
"�
$�"�����Z��

ก$!���������#��� (

�ก()E�W"
���
Q����Wก 105 �e�	���	
 (

ก$!��
"�� !"���^ก�����"ก����!!ก,e��	�!���$�	����� (
Q
�
���������D�����^ก+�
EF!"�F�"���D����$� !"��^�������Q����Wก 35 �e�	���	
�",� ���Q����Wก 149-171 �e�	���	
(

E�*��F��
�ก()E	����^ก�$!� (��!E���!�'F+�EF�"ก
�&���W"ก
����ก��" (pH 5.5-6) 

 
(��!�  4  Typic Paleustult, fine, mixed, semiactive, hyperthermic    

 
�V�(V'���
������Z��

�'กQ�)���!���� ��Z�����Wก��ก �����(�Y��ก�
��$�	�������Z�

�

 Ap-Bt ��	�#	$�ก%�������Z�	�ก!�����E�"� � (colluvium) �����ก�

�
���*%��� ก�
e�
eW��*%�
�
̂�����*%�,��
F�DF��D��E$� 
���
�*%�+	$���!�'F�Wกก�F� 2 ��	
 ���%�ก�
�Wก�� 
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���
���Q����Wก 13 �e�	���	
 ���*%�	������"� $� ����)*!�����Z���������� ��PQ
"�
$�"
�

ก$!���������#������PQ
"�
$�"�

ก$!�ก�� QF�(��!E�����Z�ก��" (pH 7) 

 
����F�"��Q����Wก	�*"�	F 13-200+ �e�	���	
 �����*%�	������"� $� �*%�	����" �������" 

����)*!�����Z�������������Q����Wก 13-76 �e�	���	
 PQ
"�
$�"�����Z��

ก$!���������#������
�Wก�",���Z�PQ
"�
$�"�

ก$!�ก�� (

�ก()E&��W"
���
Q����Wก 1 ��	
 (
Q
�
���������
+�EF!"�F�"���D����$� !"��^����	�!���$�	�� !"����F�" (
ก$!�ก
�����D#(�"��ก&�ก���E���
���Q����Wก 100-150 �e�	���	
 (
ก$!��
"�� !"���^ก�����"ก����!!ก,e��+�����F�"�ก��$����
Q����Wก 150-178 �e�	���	
 (
Q
�
���������D�����^ก+�EF!"�F�"���D����$� !"��^�������
Q����Wก 150 �e�	���	
�",����(

�"��	��/���" �����^ก���Q����Wก 76-100 �e�	���	
 (��!E
���!�'F+�EF�"��Z�ก
���^ก�$!��W"��Z�ก��" (pH 6.5-7)  
 
 (��!�  5  Ultic haplustalf, fine, mixed, superactive, hyperthermic    
  

�V�(V'���
����
�
�
��
 �����Z�����Wก��ก ��(�Y��ก�
��$�	�������Z��

 Ap-Bt-Btg 
��	�#	$�ก%�������Z�	�ก!��*%�(��$!"���� (local alluvium) �����ก�

�
���*%��� ��ก�
e�
eW��*%��
̂�
����*%�,��
F�DF��D��E$� 
���
�*%�+	$���!�'F�Wกก�F� 2 ��	
 ���%�ก�
�Wก�� 

 
���
���Q����Wก 16 �e�	���	
 �����*%�	��� $� ����)*!�����Z����
F�������� PQ
"�
$�"��Z�

�

ก$!���������#��� (

F!"
!� !"�F����^ก�$!� (

�ก()E+�E�*����
����QF�(��!E�����Z�
ก
���^ก�$!� (pH 6.5)  
 

����F�"��Q����Wก	�*"�	F 16-200+ �e�	���	
 ��������*%�	�� �*%�	��� $� �*%�	�������)!"� $� 
�*%�	�������� $� �*%�	�������� $���ก ��"�����)!" ���� $� ��������� $���ก ����)*!�����Z� ���
������ PQ
"�
$�"�����Z��

ก$!���������#������Q����Wก 16-42 �e�	���	
 ���(
!�กQ
�*"���
Q����Wก 18 �e�	���	
�",� PQ
"�
$�"��Z��

ก$!�ก�����Q����Wก 42-180 �e�	���	
 (

E�*��F��
�ก()E&��W"Q����Wก 90 �e�	���	
 (
Q
�
���������+�EF!"�F�"���D����$� !"��^����
	�!���$�	������F�" (
D"�F�����Q����Wก 42 �e�	���	
�",� (
��(������������E)�!�
���F�"
!�#V�Q�
�����Q����Wก 158 �e�	���	
�",� �����Z�ก
���^ก�$!��W"��Z�ก��" (pH 6.5-7) 
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 (��!�  6  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic    
 

�V�(V'���
������Z��

�'กQ�)���!���� ��Z�����Wก��ก �����(�Y��ก�
��$�	�������Z�
�

 Ap-Bt ��	�#	$�ก%�������Z�	�ก!�����E�"� �
�����#	กQ$�"&�ก����'� �����ก�

�
���*%��� 
ก�
e�
eW��*%��
̂� ����*%�,��
F�DF��D��E$� 
���
�*%�+	$���!�'F�Wกก�F� 2 ��	
 ���%�ก�
�Wก�� 

 
���
���Q����Wก 30 �e�	���	
 ���*%�	������"� $� ����)*!�����Z���������� ��PQ
"�
$�"

�

ก$!���������#������PQ
"�
$�"�

ก$!�ก�� (
ก$!��
"�� !"���^ก�����"ก����
!!ก,e�� (

�ก()E QF�(��!E�����Z�ก��" (pH 7) 

 
����F�"��Q����Wก	�*"�	F 30-200+ �e�	���	
 �����*%�	������"� $��������"� $� ����)*!���

��Z���������� ���Q����Wก 30-72 �e�	���	
 PQ
"�
$�"�����Z��

ก$!���������#�������Wก�",�
��Z�PQ
"�
$�"�

ก$!�ก�� (

�ก()E&��W"
���
Q����Wก 175 �e�	���	
 (
Q
�
���������
+�EF!"�F�"���D����$� !"��^�������(
ก$!��
"�� !"���^ก�����"ก����!!ก,e��	�!���$�
	����� !"����F�" (��!E���!�'F+�EF�"��Z�ก
�&����ก�W"��Z�ก��" (pH 5-7) 

 
�����*" 6 (��!���Z�����Wก��ก Q������ !"E�*����
�!�'F+�EF�"   12-31 �e�	���	
 eW�"&�

����
�	��������	ก	F�"ก���
F"��Z��!"ก�#F� ก�#F��
ก,�$�กF���(��!���� 1, 3, 4 ��� 6 ���+�ก�#F���*&�
�����*%�	������",�&��W"����" ��PQ
"�
$�"�

ก$!���������#������PQ
"�

ก$!�ก�� ��ก�

���"(�Y��ก�
 !"��$�	�����E���&� ��	�#	$�ก%�������Z�	�ก!�����E�"� �!�'F
�����#	กQ$�" ก�

��������(�Y��ก�
�� ��)*!������*%�	������"�������" ���"�F������ก�

�
���*%�
�
��!�ก����
��������^ก!!ก,e����ก (Foth, 1990; Buol et al., 2003) ก�#F�����!",�$�กF ���(��!���� 2 ��� 5 ���
�����*%�	���W"���� $��������)*!������
ก�F� ����	�#	$�ก%�������Z�	�ก!��*%�(��$!"���� ��*"�!"ก�#F�
��*����"(�Y��ก�
 !"��$�	�����E���&� ��E�*�ก�
������������� (Bt) +�E�*�����F�" eW�"�ก��&�ก
ก�
�������������'ก�*%�E� �%�+�$����������Q�)�!��$���"������+�E�*�����F�" (Buol et al., 2003; 
�!�
, 2548) 
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2.  ��%������ก��H�����������)Nก�� 

   
 1.  ก�
�&กก
�&�� !" ���!�#V�Q���E�*���)*!��� 
 
       D�ก�
�Wก��ก�
�&กก
�&�� !"!�#V�Q���(
�F� �����!�#V�Q�
����Z�!"Q��
�ก!
 
!�'F+�(���� 25-688 ก
��	F!ก�P�ก
�� P��(��!���� 1 �W"(��!���� 6 ��!�#V�Q�
��!�'F+�(���� 38-107,  
73-688, 63-146, 130-225, 18-310  ��� 57-120 ก
��	F!ก�P�ก
��	���%���
 P��(
�F���!�#V�Q�
��
�'"+�E�*����
� ���+�E�*�����F�"��!�#V�Q�
�����"�
)!QF!� $�"Q"���+�E�*����!����

!"�"�� 
�ก��$� (��!���� 2 ��� (��!���� 5 �����!�#V�Q�
���(��� W*�������",�F���%����! ���"+�$��^��F�
��	�#	$�ก%�������Z�	�ก!����(��(�������&W"�%�+�$�ก��Q���,�F���%����! !"!�#V�Q�
��V��+�
��$�	����� (V�(��� 6) (�!�
, 2548) 
 
      ก�
�&กก
�&�� !"!�#V�Q�
����}"(
�F� �����!�#V�Q�
����}"��Z�!"Q��
�ก!
!�'F
+�(���� 99-619  ก
��	F!ก�P�ก
�� P��(
�F�(��!���� 1 �W"(��!���� 6 ��!�#V�Q�
����}"!�'F+�(���� 
99-283, 126-520, 153-361, 185-328, 353-619 ��� 100-280 ก
��	F!ก�P�ก
��	���%���
 !�#V�Q
�
����}"��*� �����P�$����"	��Q����Wก �ก��$�(��!���� 2 ���(��!���� 5 �����Q���D����
 ���
���
������กก�F�+�(��!�!)�� | 
 
       ก�
�&กก
�&�� !"!�#V�Q���������(
�F� �����!�#V�Q�����������Z�!"Q��
�ก!

!�'F+�(���� 186-858 ก
��	F!ก�P�ก
�� P��(��!���� 1 �W"(��!���� 6 ��!�#V�Q���������!�'F+�(���� 
610-858, 186-460, 494-774, 447-685, 310-628 ��� 600-839 ก
��	F!ก�P�ก
��	���%���
 ���P�$�
 !"!�#V�Q����������F��+�MF �����P�$��(��� W*�	��Q����Wก �ก��$�(��!���� 5 ���!�#V�Q���
��������Q���D����
D��,�&�ก(��!�!)�� 
 
 ��ก���ก�
ก
�&�� !"!�#V�Q���+�

��������%�ก�
�Wก����*�(
�F� ���+�(��!���� 
1,3,4 ��� 6 ��ก�
�Q�)�!��$��!�#V�Q �������������",�����+�E�*�����F�" P�����*%���Z�	��ก�
 
���"+�$��^��F������(�Y��ก�
��$�	���� �F��(��!���� 2 ��� 5 ��*�&�����ก���ก�
ก
�&��!�#V�Q
,�F	F!��)�!"ก��+��	F��E�*� ��Z�D���&�ก!��N�(�&�ก	�ก!��*%� (Buol et al., 2003; �!�
, 2548)  
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(ก) ( ) 

  

(Q) 
 

 
    

H����� 6  ���"Q������(��N�
���F�"�
����!�#V�Q�
�� (ก) !�#V�Q�
����}" ( ) 
               ���!�#V�Q��������� (Q) ก�
Q����Wก !"�������%�ก�
�Wก�� 
 

D
e
p
th
 (
c
m
) 

D
e
p
th
 (
c
m
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  2.  �V�(�%��*%� ��!���	�� !"�������Wก�� 
 
      �V�(�%��*%� !"��� ��!���	���$���*%���*" 6 (��!� eW�"�%�ก�
�Wก���h(�����
� (
�F� ��
QF�	�*"�	F 0.11-135 �e�	���	
	F!E���P�" ��QF�!�'F+�
���
 E$���ก�W"�
̂���ก (O{ Neal, 1952) (	�
�"
D��ก��� 1) 
 

     �������%�ก�
�Wก���F��+�MF&���Z������)*!���!��� �	F��ก�

�
���*%��� ��Z�D���&�ก
PQ
"�
$�"�������� �����Q���	F!��)�!" !"EF!"�F�"+���� �%�+�$ก�

�
���*%����
�
��!�ก��&�ก
EF!"�F�"
���F�"��^����,�$�� (Hillel, 1982) +�(��!���� 3, 4 ��� 5 ���
����V�(�%��*%�����'"ก�F����
�F�"!�F�"E���&� ��ก����EF���*�%�+�$�ก���*%�,��
F�DF��D��,�$"F�� ����F"D�+�$E�*����
��� ���
�"
�" �F��(��!�!)��������
����V�(�%��*%� ��!���	��	�%�ก�F�����F�" &���"��E�*����
������Q������!�'F 
�	F��*"��*E�*����
�&�
�"��ก��F�,
 ก^ W*�!�'Fก�
Q������E�����D����$��$�� (Q��&�
��V�Q��E�
�O(������, 2548; �!�
, 2548) 
  
 3.  ��
�	���"�Q�� 
 
 D�ก�
���Q
������
�	���"�Q�� !"�������%�ก�
�Wก�� ����"��* 
 
 1.  (��!E��� (pH) 
 
     (��!E�������%�ก�
�Wก�� ��)�!���P��+E$���	F!�*%�+�!�	
��F�� 1:1 (V�(��� 7 ก) ��QF�!�'F+�
(���� 5-7 eW�"��QF�!�'F+�EF�"��Z�ก
�&����ก�W"��Z�ก��" ���(��!E���P��+E$�N����	F!��
�����
P(����e���Q�!,
��+�!�	
��F�� 1:1 (V�(��� 7  ) ��QF�!�'F+�(���� 4.2-5.7 ��QF�!�'F+�EF�"��Z�ก
�

#��
"��ก�W"ก
����ก��"  
 
   QF�(��!E��� !"�������%�ก�
�Wก��(
�F����E�*�
� !"�#ก(��!� ��QF�!�'F+�EF�"��Z�ก
�
���ก��"�W"ก
���^ก�$!� (pH 5.8-6.4) QF�(��!E���������P���*%� ��QF��'"ก�F�������P��+E$��
�����
P(����e���Q�!,
�� ���"�F������D���(N� !"�
�&#+����
����Z��
 eW�"��Z�N

�E�	� !"
�


������Q�
Q#�P��!��N�(� !"�
F���������e����ก	 (Sanchez, 1976; Sposito, 1992) +�E�*��F�" !"
���(��!� 6 ��D�	F�" !"QF�(��!E���������P���*%�ก�
������P����
�����P(����e���Q�!,
����Z� 
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                                          (ก)                                                                    ( ) 
 

 
 

H����� 7  ���"Q������(��N�
���F�"QF�(��!E���������+��*%� (ก) ���QF�(��!E���������+� 
   ��
����� 1M KCl ( ) ก�
Q����Wก !"�������%�ก�
�Wก�� 
 

�ก �����QF�  (��!E�����Z�ก
��(���	��Q����Wก !�&��)�!"&�ก������
���� !"���������
�
��V��QP!��,�	� ����
F���^ก!!ก,e	� �%�+�$��ก�
�������
�&#����� ���+ก�$�Q��"ก���$!���ก 
�
�&#�F��+�MF W*�!�'Fก�
QF�(��!E�����Z����ก ���ก�
��� pH  !"������"	��Q����Wก ���"�F�
,!!!�
�ก�����Z��F�"�'กE������!!ก,�&�ก��$�	����� (Bell and Edwards, 1987; Sanchez and 
logan, 1992; Buol et al., 2003; Brady and Weil, 2004) 

 
2.  �
����!���
����	�# 

  
      �
����!���
����	�# !"�������%�ก�
�Wก�� ���
�����QF�!�'F+�EF�"QF!� $�"�'"�W"�'"��ก 
(30.2-62.4 ก
��	F!ก�P�ก
��) �F������F�"��QF�!�'F+�
���
	�%���ก�W"QF!� $�"�'" (0.7-34.3 ก
��	F!
ก�P�ก
��) (V�(��� 8 ก) �
����!���
����	�#�������������"��Z�D���&�ก�k&&����"�$��!#��V'�� 
Q���E)*� ��)*!��� ���E��� !"(

�()E (Parton et al., 1987) ���ก�
����
����!���
����	�#��

D
e
p
th
 (
c
m
) 
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���P�$����"	��Q����Wก��*� ��Z�D���&�กก�
��
�� !"���e�ก()E �%�+�$!���
����	�#����
!�'F
�E�*����
� �F������F�"��ก�
���� !"E�*��F��()E�$!�ก�F� &W"��ก�
����!���
����	�#�$!�
ก�F� (Virgo and Holmes, 1977) 
 
 3.  �
����,�P	
�&�
�� 
  
      �
����,�P	
�&�
�� !"�������%�ก�
�Wก�� ��QF�!�'F+�EF�"	�%��W"	�%���ก (0.1-1.7 ก
��
	F!ก�P�ก
��) ���
���QF�,�P	
�&�
��	�%� (1.1-1.7 ก
��	F!ก�P�ก
��) +��#ก(��!� (V�(��� 8  ) 
,�P	
�&�
����QF����"	��Q����Wก eW�"����ก���,���"�����ก��ก�
�
����!���
����	�# �(
��
��)�!!���
����	�#����	��&�+�$N�	#,�P	
�&� (Brady, 1990)  
 

4.  �
����d!�d!
�������Z��
�P�E�� 
  
      �
����d!�d!
�������Z��
�P�E��+���� �%�ก�
�Wก����*" 6 (��!�(
�F� ��QF�	�*"�	F	�%�
��ก�W"�'"��ก (0.6-76.3 �����ก
��	F!ก�P�ก
��) ��QF��'"���ก��"�W"�'"��ก+����
� (15.5-57.2 
�����ก
��	F!ก�P�ก
��) ��������P�$����"	��Q����Wก (V�(��� 9 ก) P����Z�D�&�กก�
��Z���������
(�Y��ก�
�'" DF��ก�
E������������%�+�$�����Z�ก
� d!�d!
��&W"�'ก�'��W�!�'F+�
'���������
!!ก����ก (Sanchez, 1976; Havlin et al., 1999) �ก��$�(��!���� 2 eW�"d!�d!
����QF�D����
	�!�
��$�	������ก��&�ก��Z�()*����
�
�*%�&�ก

��������%�ก�
�ก�	
 ���ก�
�����	�#	$�ก%�������Z�	�ก!�
�*%�(� eW�"��d!�d!
�����!�&��&�กก�
+�F�#�� �
)!���&�
	��ก�
�Q��e���&�กV'� �����'� eW�"��Z�
	�ก!����,������
��	�!��#ก�~ ���(!(��!E����������" d!�d!
��ก^����������F!�!!ก�� 
�%�+�$�
����d!�d!
����
D��,�	��	�ก!��������
�� (Buol et al., 2003) 
 
 5.  �
����P(����e��������Z��
�P�E�� 
  
      �
����P(����e��������Z��
�P�E�� 
���
	�%���ก�W"�'"��ก (25.0-524.8 �����ก
��	F!
ก�P�ก
��) �
����P(����e��������Z��
�P�E��+����
���
���
�'"�W"�'"��ก (92.7-524.8 
�����ก
��	F!ก�P�ก
��) �F��+�����F�"�
����P(����e��������Z��
�P�E��!�'F+�
���
	�%���ก�W"�'"
��ก  (25.0-149.1 �����ก
��	F!ก�P�ก
��) (V�(��� 9  ) ก�
������
����P(����e��������Z��
�P�E��
��ก+����
�������"	��Q����Wก ��Z�!��N�(���&�กก�
+E$������ �(
����ก�
+E$"��()*������"
ก�
�ก�	
 &W"��ก�
+�F�#�� �%�+�$+����
�(
�F���P(����e����'"ก�F�+�����F�" �
���� 
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                                        (ก)                                                                       ( ) 
 

 
 

H����� 8  ���"Q������(��N�
���F�"�
����!���
����	�# (ก) ����
����,�P	
�&�
�� ( )  ก�
 
   Q����Wก !"�������%�ก�
�Wก�� 
 
P(����e�����Q������(��N�ก�
�
����!���
����	�# �(
��!���
����	�#��Q�������
�+�ก�
�'�e�

�Q	,!!!�,�$+��
�����'" ���ก�
����	�� !"!���
����	�#&�+�$P(����e���
�"�F�� 
(Sanchez et al., 1983; Brady, 1990)  
                  

6.  �
�����
�����ก��,�$ 
 
       �
�����
�����ก��,�$ !��,�$�กF�Q	,!!!������Z��F�"!�'F+�
'�����ก��,�$����%�ก�

���Q
���� ,�$�กF �Q��e��� ��ก���e��� P(����e��� ���Pe����� 
 

D
e
p
th
 (
c
m
) 
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                                         (ก)                                                                       ( ) 
 

 
 

H����� 9  ���"Q������(��N�
���F�"�
����d!�d!
�������Z��
�P�E�� (ก) ����
����   
   P(����e��������Z��
�P�E�� ( ) ก�
Q����Wก !"�������%�ก�
�Wก�� 
 
  �Q��e�������ก��,�$ 
  
        �
�����Q��e�������ก��,�$+���� ��QF�!�'F+�
���
���ก��"�W"�'"��ก ��(����!�'F
+�EF�" 6.4-30.1 �e�	�P��	F!ก�P�ก
�� ���
���QF�!�'F+�
���
�'"��ก ��(����!�'F+�EF�" 20.2-26.7 
�e�	�P��	F!ก�P�ก
�� �������F�"��QF�!�'F+�
���
���ก��"�W"�'"��ก ��(����!�'F+�EF�" 6.4-30.1 
�e�	�P��	F!ก�P�ก
�� +�(��!���� 1, 3, 4 ��� 6 �Q��e�������ก��,�$��QF����"	��Q����Wก +�(�
�!� 2 �����P�$�Q"���	�!���$�	�� ���(��!� 5 �����P�$��(��� W*�	��Q����Wก (V�(��� 10 ก) 
ก�
����
�����Q��e�������ก��,�$���"	��Q����Wก ���"�W"��������(�Y��ก�
�'" �%�+�$����'กE�
������Q��e���,�&�ก��$�	����� +�(��!���� 2 ��������P�$�Q"��� ���(��!���� 5 ��������P�$�
�(��� W*���)�!"��&�ก!��N�(�ก�
E������P���*%���"��,�F��ก ���ก�

�
!��N�(���&�ก��	�#	$�
ก%����� (FitzPatrick, 1971; Buol et al., 2003) 
 
 

D
e
p
th
 (
c
m
) 
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                                       (ก)                                                                   ( ) 
 

 
 

H����� 10  ���"Q������(��N�
���F�"�
�����Q��e�������ก��,�$ (ก) ����
������ก���e���   
     ����ก��,�$ ( ) ก�
Q����Wก !"�������%�ก�
�Wก��  

 
  ��ก���e�������ก��,�$ 
 
     �
������ก���e�������ก��,�$ !"�������%�ก�
�Wก�� ��QF�!�'F+�
���
	�%��W"�'"��ก ��
(����!�'F+�EF�" 0.4-16.6 �e�	�P��	F!ก�P�ก
�� ���
�QF���ก���e�������ก��,�$!�'F+�
���
���ก��"
�W"�'" (����!�'F+�EF�" 2.8-5.2 �e�	�P��	F!ก�P�ก
�� ����F�"��QF�!�'F+�
���
	�%���ก�W"�'"��ก ��(����
!�'F+�EF�" 0.4-16.6 �e�	�P��	F!ก�P�ก
�� P��(��!���� 1, 3, 4, 5 ��� 6 �����P�$�Q"��� �F��(��!�
��� 2 �����P�$��(��� W*�	��Q����Wก (V�(��� 10  ) &�กก�
����F��+�MF�
������ก���e�������ก��,�$�� 
���P�$�Q"�������(��� W*�	��Q����Wก��*� D���&�ก��	�#	$�ก%����������ก�
E������&�ก���
��"
,�����+�����F�"P���*%� 
���W"!�&��!��N�(�&�ก�*%�+	$���
F���$�� (Chadwick and Graham, 
2000; Buol et al., 2003) 
 
 
 

D
e
p
th
 (
c
m
) 
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P(����e�������ก��,�$ 
 
     �
����P(����e�������ก��,�$ !"�������%�ก�
�Wก�� ��QF�!�'F+�
���
	�%���ก�W"�'" 
��(����!�'F+�EF�" 0.1-1.1 �e�	�P��	F!ก�P�ก
�� ���
�P(����e�������ก��,�$!�'F+�
���
	�%��W"�'" 
(����!�'F+�EF�" 0.2-1.1 �e�	�P��	F!ก�P�ก
�� ����F�"��QF�!�'F+�
���
	�%���ก�W"	�%���(����!�'F+�EF�" 
0.1-0.3 �e�	�P��	F!ก�P�ก
�� P���#ก(��!���QF����"	��Q����Wก (V�(��� 11 ก) �(
��
!���
����	�#eW�"�
����P(����e�����Q������(��N�ก�
�
����!���
����	�# �EF������ก�
�
����
P(����e��������Z��
�P�E�� (Sanchez et al., 1983; Brady, 1990) 

 
Pe���������ก��,�$ 

  
     �
����Pe���������ก��,�$ !"�������%�ก�
�Wก�� ��QF�!�'F+�EF�"	�%���ก�W"�'" ��QF�
(����!�'F+�EF�" 0.05-1.46 �e�	�P��	F!ก�P�ก
�� ���
���QF�!�'F+�EF�"	�%��W"�'" ��QF�(����!�'F+�EF�" 
0.18-1.26 �e�	�P��	F!ก�P�ก
�� ����F�"��QF�!�'F+�EF�"	�%���ก�W"�'" ��QF�(����!�'F+�EF�" 0.05-1.46 
�e�	�P��	F!ก�P�ก
�� P��+�(��!���� 1, 2 ��� 3 ��QF��(��� W*�	��Q����Wก (��!���� 4 ��� 6 ��
Q���D����
�'" �F��(��!���� 5 �����P�$����"	��Q����Wก����(��� W*�+�	!��$�� (V�(��� 11  ) 
�(
��Pe���������
������,�ก�
�*%�,�$"F�� �%�+�$��Q�����
D���'" 
 
    �
�����
�
������ก��,�$ !"�������%�ก�
�Wก�� eW�"��,�$&�กD�
�� !"�Q��e��� 
��ก���e��� P(����e������Pe���������ก��,�$ ��QF�(����!�'F+�EF�" 8.2-45.8 �e�	�P��	F!ก�P�ก
�� 
���
����
�����
�
������ก��,�$��QF�(����!�'F+�EF�" 24.7-32.7 �e�	�P��	F!ก�P�ก
�� �F������F�"
��QF�(����!�'F+�EF�" 8.2-45.8 �e�	�P��	F!ก�P�ก
�� �����P�$����"	��Q����Wก �ก��$�(��!� 2 
��� 5 ��������P�$��(��� W*� (V�(��� 12 ก)  
 
    ก�
����
�����
�
�����"	��Q����Wก ���"�W"ก�
��(�Y��ก�
�'" ���
F��������������
ก�&ก

�	�%� ��ก�
�'�e�
,!!!�
�ก,�$�$!� eW�"�Q	,!!!�����
��'กE������,�&�ก��$�	�����
,�$"F�� +�(��!���� 2 ��� 5 ���
�����
�
������ก��,�$���P�$��(��� W*����Q����Wก ��)�!"��&�ก
!��N�(�ก�
E��������",�F�	̂���� �%�+�$��ก�
�����
�+�	!��F�" !"��$�	����� eW�"���"�F������

���
(�Y��ก�
,�F�'"��ก (FitzPatrick, 1971; Buol et al., 2003) 
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                                           (ก)                                                                     ( ) 
 

 
 

H����� 11  ���"Q������(��N�
���F�"�
����P(����e�������ก��,�$ (ก) ����
����Pe����� 
     ����ก��,�$ ( ) ก�
Q����Wก !"�������%�ก�
�Wก�� 
 
  7.  �V�(ก
�����ก��,�$ 
 
      �V�(ก
�����ก��,�$ !"�������%�ก�
�Wก����QF�	�%� ��(����!�'F+�EF�" 1.0-2.6 �e�	�P��	F!
ก�P�ก
�� P��(��!���� 1, 3, 4 ��� 6 �����P�$����"	��Q����Wก�F��(��!���� 2 �����P�$�
�(��� W*�	��Q����Wก ���(��!���� 5 �����P�$�Q"��� (V�(��� 12  ) 
 
 �V�(ก
�����ก��,�$ !"�������%�ก�
�Wก�� ��QF��$!�+��#ก(��!���)�!"&�ก(��!E�����QF�
��กก�F� 4.5 �%�+�$!��'�����+����,�F�����!!ก�����&�
	��ก��!�'F+�
'� !"�
Fก�

�,e	�  �%�+�$
������
����ก
�����ก��,�$,�F�'"��ก (Q��&�
��V�Q��E��O(������, 2548) 

D
e
p
th
 (
c
m
) 



 
 

 

47 

            
                                           (ก)                                                                ( ) 
 

 
 

H����� 12  ���"Q������(��N�
���F�"�
�����
�
������ก��,�$ (ก) ����V�(ก
�����ก��,�$ ( ) 
     ก�
Q����Wก !"�������%�ก�
�Wก�� 
 
  8.  Q���&#��ก��������Q	,!!!� 
 
      Q���&#��ก��������Q	,!!!�P����N�E������,!!!�
�ก�$����
����� 1 M 
NH4OAc (pH7.0) (Chapman, 1965) +��������%�ก�
�Wก����*" 6 (��!� ��QF� 13.1-64.3 �e�	�P��	F!
ก�P�ก
�� ��QF�!�'F+�EF�"���ก��"�W"�'"��ก +����
���QF��'"�W"�'"��ก !�'F+�EF�" 20.1-39.4 �e�
	�P��	F!ก�P�ก
�� Q���&#��ก��������Q	,!!!� �F��+�MF�����P�$����"	��Q����Wก �ก��$�(�
�!� 2 �����P�$��(��� W*�	��Q����Wก (V�(��� 13 ก) 
 

ก�
���+����
���Q���&#��ก��������Q	,!!!��'" ������"	��Q����Wก ��D���&�ก
+����
���!���
����	�#�'" ���Q���&#��ก��������Q	,!!!����"	��Q����Wก��*"����
�������
�������(��� W*� ��D���&�กE��� !"�
F��������� �����Z��
F���������ก�&ก

�	�%� 
F��ก�
ก�
������
F
���^ก���!��'�����!!ก,e	� +���"ก��
ก�� (��!� 2 �����Q���&#��ก��������Q	,!!!��(��� W*�	�� 

D
e
p
th
 (
c
m
) 
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                                         (ก)                                                                 ( ) 
 

 
 

H����� 13  ���"Q������(��N�
���F�"Q���&#��ก��������Q	,!!!� (ก) ���!�	
�
$!��� 
     Q���!���	���
� ( ) ก�
Q����Wก !"�������%�ก�
�Wก�� 
 
Q����Wก ��*���Z�D���&�ก���
F���������E��� 2 : 1 �����ก�
E������	�%� (Sanchez, 1976; Young, 
1976; Brady, 1990) 
 
 9.  !�	
�
$!���Q���!���	���
� 
 
      !�	
�
$!���Q���!���	���
�+��������%�ก�
�Wก�� ��QF�!�'F+�(����
$!��� 17-85 ��QF�!�'F
+�EF�"	�%��W"�'" P�����
�&���QF�!�'F+�(����
$!��� 52-67 ���P�$�!�	
�
$!���Q���!���	���
�
 !"�������Wก�� �F��+�MF�����P�$����"	��Q����Wก �ก��$�(��!� 2 �����P�$��(��� W*�	��Q���
�Wก ���(��!� 5 �����P�$�Q"��� (V�(��� 13  ) 
 
 ก�
���!�	
�
$!���Q���!���	���
� !"�������Wก����QF��'"ก�F�
$!��� 35 ��*� ���"�W"��ก�

E��������",�F�	̂���� �%�+�$�����"Q"��N�	#�����Z��F�"���)!!�'F��กP���h(��+�����F�" �F��+�(��!�

D
e
p
th
 (
c
m
) 
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�����!�	
�
$!���Q���!���	���
�	�%�ก�F�
$!��� 35 ��*����"�W"��ก�
�Q�)�!��$�� !"�Q	,!!!�
!!ก,�&�กE�*����P��ก�
E������ ���N�	#!���
���!"Q��
�ก!
�����ก�&ก

��'"	F�" | &�&%�ก��
!�'F+�� 	
�ก()E	!�
���Z��F��+�MF (Bell and Edwards, 1987; Sanchez and logan, 1992; Buol 
et al., 2003) 
 
4.  ก�����I���#	����I����� 
 

D�ก�
���Q
�����
������*"��� !"N�	#	F�" | ��"�Q��
��P����N� X-ray fluorescence 
spectrophotometer (XRF) 	��Q����Wก !"��� ���"D���"	�
�"��� 6 �����)�!��Q������(��N�

���F�"�
����N�	#
��ก�
E�*��������%�ก�
�Wก��P����N� principal component analysis (statsoft, 
2003) (V�(��� 14) (
�F��
F"!!ก,�$��Z� 3 ก�#F���"��* 

 
ก�#F���� 1 ��Z�ก�#F� !"E�*����+�(��!���� 2 P��(
N�	#���ก��Z� CaO, Na2O, MgO, P2O5 

��� TiO2 P���!�Q�$!"ก�
(��!���� 2 ��* ���(
�
F���ก,�	� ��Z��
F���ก ���"�W"��������(�Y��ก�

��",�F�'"��ก &W"��"(
N�	#&%�(�ก��ก���e�������Q��e��� (Dixon and Weed, 1989) 

 
ก�#F���� 2 ��Z�ก�#F� !"E�*����&�ก(��!���� 5 P��(
N�	#���ก��Z� K2O ��� SiO2 eW�"��Z�

N�	#!"Q��
�ก!
���ก !"�
F!��,�	� eW�"�!�Q�$!"ก�
(��!���� 5 ��*���
F!��,�	���Z��
F���ก ���"
+�$��^��F������"��(�Y��ก�
,�F�'"��ก (Dixon and Weed, 1989) 

 
ก�#F���� 3 ��Z�ก�#F� !"E�*����&�ก(��!���� 1, 3, 4 ��� 6 P��N�	#���ก���(
Q)!N�	# Fe2O3, 

Al2O3, MnO ��� SO3 P���!�Q�$!"ก�
ก�
(
�
F���ก !"���ก�#F���*�����Z��
F�QP!��,�	� ���^ก
���!��'�����!!ก,e�� eW�"���"+�$��^��W"�V�(����$!�ก�
D#(�"!�'Fก�
��� !"���������
F���^ก��Z�
!"Q��
�ก!
 �����Z������(�Y��ก�
�'" (Dixon and Weed, 1989; Dixon and Schulze, 2002) 

 
4.1  e���Q!� 

 
        �
����
�� !"e���Q!�+��������%�ก�
�Wก����QF�!�'F+�EF�" 313-729  ก
��	F!ก�P�ก
�� 
�#ก(��!������P�$�Q"���	�!���$�	����� �ก��$�(��!���� 4 ��������P�$��(��� W*�	��Q����Wก ���
(��!���� 2 ��� 1 ��������P�$����"	��Q����Wก �(
��e���Q!���Z�N�	#���(
��ก+���$�	����� �� 
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�������� 6  ���"D�ก�
���Q
����!"Q��
�ก!
��"�Q��
�� (total analysis)  !"�������%�ก�
�Wก�� 

 
Depth Horizon Si Al Ca Mg P K Ti Fe Mn Na S 
(cm)   (------------------------------- g kg-1 ------------------------------)      (- mg kg-1-) 
Pedon 1  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 

0 - 31 Ap 431 279 7.4 9.6 7.6 8.5 39.3 209 7.9 473 118 
53 - 80 Bt2 416 306 2.8 10.1 2.9 7.9 36.0 213 5.2 292 233 

80 - 106 Bt3 415 305 2.6 9.9 2.5 7.8 36.9 215 5.1 458 - 
106 - 132 Bt4 415 304 2.6 10.0 2.2 7.8 37.2 215 5.1 406 - 
132 - 156 Bt5 411 306 2.4 10.3 2.1 7.8 37.5 217 5.3 398 - 

156 - 195+ Bt6 404 306 2.5 10.8 1.9 7.8 39.1 221 5.9 519 - 
Pedon 2  Typic Haplustalf, fine, mixed, active, hyperthermic 

0 - 24 Ap 598 175 12.3 19.5 5.3 22.0 35.4 127 1.9 3679 115 
24 - 50 Bt1 481 200 11.0 26.6 4.7 15.2 54.3 199 2.7 4599 233 
50 - 82 Bt2 463 204 14.0 33.1 4.8 13.5 54.3 204 2.3 6592 - 

82 - 107 Bt3 472 184 21.5 40.7 5.9 12.3 44.4 209 2.9 7852 - 
107 - 129 Bt4 470 205 15.0 32.9 5.6 13.4 54.3 195 2.5 5908 - 
129 - 151 Btg1 468 203 15.0 34.0 6.2 13.7 55.2 197 2.3 5883 - 
151 - 178 Btg2 469 200 12.8 34.5 4.3 13.5 54.6 204 2.1 5602 - 

178 - 200+ Btg3 476 192 13.8 31.4 5.9 13.1 55.2 205 3.1 5155 - 
Pedon 3  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 

0 - 12 Ap 334 344 9.3 15.7 5.3 3.5 36.7 238 12.5 549 488 
.12 - 35 Bt1 318 365 3.0 13.2 2.6 3.2 37.3 245 11.7 571 - 
35 - 60 Bt2 313 366 2.6 13.4 2.3 3.2 37.6 249 12.9 458 - 
60 - 84 Bt3 313 368 2.6 12.8 2.1 3.2 37.5 248 12.4 572 - 

84 - 105 Bt4 318 366 2.7 13.0 2.1 3.4 37.3 245 12.0 399 - 
105 - 125 Bt5 330 356 5.6 14.5 3.8 3.2 36.9 237 11.7 646 470 
125 - 149 Bt6 327 356 4.0 14.6 3.6 3.0 36.7 242 12.2 465 465 
149 - 171 Bt7 319 359 3.3 13.8 3.2 3.0 37.1 248 12.7 572 229 

171 - 200+ Bt8 317 365 3.3 13.4 3.0 3.0 37.9 245 12.1 401 114 
Pedon 4  Typic Paleustult, fine, mixed, semiactive, hyperthermic 

0 - 13 Ap 421 301 8.4 12.2 6.8 5.8 32.3 202 9.5 527 117 
13 - 33 Bt1 403 315 6.1 12.9 4.9 5.3 32.3 210 9.8 524 233 
33 - 57 Bt2 393 325 4.7 12.9 4.7 5.3 32.7 209 11.6 573 115 
57 - 76 Bt3 419 310 4.1 12.6 3.8 5.9 31.4 202 9.7 560 112 

76 - 100 Bt4 410 317 3.9 12.5 3.7 5.7 31.6 206 9.5 395 - 
100 - 120 Bt5 425 308 3.8 12.3 3.2 6.3 31.0 200 10.2 506 - 
120 - 150 Bt6 503 262 3.4 10.4 2.1 8.1 27.9 175 7.0 443 - 
150 - 178 Bt7 596 217 3.1 9.3 1.1 11.0 22.0 136 4.3 380 - 

178 - 210+ Bt8 597 226 3.2 9.5 0.9 12.3 20.3 128 3.0 388 - 
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�������� 6  (	F!) 

 
Depth Horizon Si Al Ca Mg P K Ti Fe Mn Na S 
(cm)   (---------------------------- g kg-1 ------------------------------)       (-mg kg-1-) 
Pedon 5  Ultic Haplustalf, fine, mixed, superactive, hyperthermic 

0 - 16 Ap 729 117 5.7 10.4 3.1 14.2 21.3 97 1.6 708 109 
16 - 42 Bt1 606 182 5.3 13.7 2.1 18.4 29.5 140 2.3 671 112 
42 - 62 Bt2 651 179 5.6 15.1 1.8 23.2 20.2 101 1.3 1675 - 
62 - 90 Bt3 645 179 5.7 14.5 1.8 21.7 21.9 108 1.4 1598 - 

90 - 109 Bt4 618 189 6.3 14.7 2.2 20.4 24.5 121 1.7 1167 - 
109 - 126 Bt5 601 202 7.6 14.8 2.4 19.7 28.1 123 0.8 840 - 
126 - 158 Bt6 629 176 6.3 13.8 1.9 17.6 25.5 126 2.2 930 - 
158 - 180 Btg1 685 154 6.6 13.1 1.8 19.7 20.1 96 1.7 1747 - 

180 - 200+ Btg2 699 138 7.6 14.3 2.6 18.5 19.6 96 1.5 2233 - 
Pedon 6  Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 

0 - 30 Ap 432 286 9.0 9.8 7.2 9.1 35.9 204 7.5 354 236 
30 - 50 Bt1 432 300 4.6 9.4 4.5 7.7 33.8 202 6.5 574 - 
50 - 72 Bt2 422 300 3.5 9.7 3.2 7.4 34.8 212 6.2 452 226 
72 - 99 Bt3 427 298 3.0 9.7 2.2 7.1 35.1 211 6.1 396 339 

99 - 120 Bt4 422 299 2.9 9.6 2.2 7.1 35.8 214 6.0 567 113 
120 - 148 Bt5 422 302 2.7 9.4 1.9 7.1 36.1 212 6.0 510 - 
148 - 175 Bt6 424 302 2.5 8.9 1.7 7.1 36.0 211 6.1 341 - 

175 - 200+ Bt7 421 302 2.7 9.3 1.6 7.0 36.9 213 6.4 507 - 

 
Q������(��N�ก�
�
���� !"!�#V�Q�
������
����}"+���� (Dixon and Weed, 1989; Buol et 
al., 2003) D����,�$&W"�!�Q�$!"ก�
D�ก�
�Wก��ก�
�&กก
�&�� !" ���!�#V�Q 
 
 4.2  !��'������� 
 
        �
����
�� !"!��'������� !"�������Wก����QF�!�'F+�EF�" 117-368 ก
��	F!ก�P�ก
�� ��
���P�$�Q"���	�!���$�	������ก��$�(��!���� 4 ��������P�$����"+�	!��F�" !"��$�	����� 
!��'���������Z�N�	#�����Q������(��N�ก�
�
�����
F���������+���� �(
��!��'���������Z�
!"Q��
�ก!
�%�Q�M+��
Fก�#F�!��'��P�e����ก	 (Q��&�
��V�Q��E��O(�, 2548; Dixon and Weed, 
1989) eW�"�����P�$�	
"ก�� $��ก�
e���Q!� +�(��!���� 4 �Wก�",� ����F�� !"e���Q!���)�!����

ก�
!�'���������*��(����'" W*� ���"+�$��^��F�+�!�#V�Q ������������ ���
F&%�(�ก!�'�����!!ก,e��
���"+�	!��F�" !"��$�	����� ������
F���������E��� 2:1 ��ก W*� 
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H����� 14  ���"Q������(��N�
���F�"�
����N�	#
��ก�
E�*��������%�ก�
�Wก�� P����N� principal 

component analysis P��+E$	����
 41 N�	# ก�
 49 E�*����  
 

ก�#F���� 1 

ก�#F���� 1 

ก�#F���� 2 

ก�#F���� 2 

ก�#F���� 3 

ก�#F���� 3 
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 4.3  �Q��e��� ��ก���e��� P(����e��� ���Pe����� 
 
        �
����
�� !"N�	#�Q��e���!�'F+�EF�"  2-21 ก
��	F!ก�P�ก
�� ��ก���e�����QF�!�'F
+�EF�" 9-41 ก
��	F!ก�P�ก
�� P(����e���!�'F+�EF�" 3-23 ก
��	F!ก�P�ก
�� ���Pe�������QF�!�'F
+�EF�" 292 -7852 �����ก
��	F!ก�P�ก
�� �
�����Q��e��������P�$����"	��Q����Wก�ก��$�(�
�!���� 2 ��� 5 ��������P�$��(��� W*�	��Q����Wก ��ก���e��������P�$��(��� W*�	��Q����Wก �ก��$�
(��!���� 4 ��� 6 ��������P�$����"	��Q����Wก P(����e��������P�$����"	��Q����Wก�ก��$�
(��!���� 4 ��������P�$��(��� W*�	��Q����Wก ���Pe����������P�$�Q"���	�!���$�	����� �ก��$�(�
�!���� 2 ��� 5 ��������P�$��(��� W*�	��Q����Wก �
���� !"N�	#�����Z��F�"��QF��'" �!�Q�$!"ก�
QF�

$!���Q���!���	���
� eW�"��Z�D���&�ก!��N�(� !"��	�#	$�ก%����� ����V�(ก�
E������V��+�
��$�	�����(Q��&�
��V�Q��E��O(�, 2548; �!�
 2548; Dixon and Schulze, 2002; Buol et al., 2003)  
 

4.4  ���^ก���,�������� 
 
        QF����Q
�����
����
�� !"N�	#���^ก��QF�!�'F+�EF�" 95-248 ก
��	F!ก�P�ก
�� �
����
,����������QF�!�'F+�EF�" 19-55 ก
��	F!ก�P�ก
�� �����*"Q'F�����P�$�Q"���	�!���$�	����� ���^ก
!!ก,e���ก�� W*���ก��)�!"&�กก�
D#(�"+��������������� clay ��ก ��"��*���)�!�����(�Y��ก�
�'"&W"
��ก��!!ก,e�����,L�
!ก,e�� !"!��'����� ���^ก ���,����������ก (!�ME��, 2534) 
 4.5  ��"ก���� 
 
        �
����
�� !"N�	#��"ก����+��������Wก�� (
�F���QF�!�'F+�EF�" 0.8-13 ก
��	F!
ก�P�ก
�� �����P�$����"	��Q����Wก �ก��$�(��!���� 2 ��������P�$��(��� W*�	��Q����Wก (

�
����N�	#��"ก����+��������'"��ก ��)�!"&�ก��Z�E�*������ก�
������
ก$!��
"�� !"���^ก���
��"ก����!!ก,e�� �����	�#	$�ก%����������Z�����'� eW�"����'� (CaCO3) !�&�ก��ก�
������ !" Ca 
�$�� Mn2+ ��)�!D#(�"&���F!�N�	#��"ก����+�$�กF��� (Q��&�
��V�Q��E��O(�, 2548; Dixon and 
Schulze, 2002) �%�+�$���

������*��N�	#��"ก�����'"	��,��$�� 
 
 4.6  d!�d!
�����ก%������ 
 
        �����QF����Q
����d!�d!
��!�'F+�EF�" 0.9-7.6 ก
��	F!ก�P�ก
�� �����P�$����"	��
Q����Wก�ก��$�(��!���� 2 ��������P�$��(��� W*�	��Q����Wก �%��
�
QF����Q
����ก%��������QF�!�'F
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+�EF�" �$!���ก&�,�F����
����,�$�W" 500 �����ก
��	F!ก�P�ก
�� ��������P�$����"	��Q���
�Wก ��*"d!�d!
�����ก%�������F��+�MF&���&�ก!���
����	�# ก�
�����������P�$� !"d!�d!
��
���ก%���������"	��Q����Wก��D��!�Q�$!"ก�
�
����!���
����	�#+���� (Q��&�
��V�Q��E�
�O(�, 2548; Brady, 1990; Germida and Siciliano, 2000) 
  

5.  ก�����I���#	��I	���ก�%�J����O������ 

 
 D�ก�
���Q
����E�������
����!"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q ������������ ���
!�#V�Q ����
����}" !"�������Wก����*" 6 

���� P����N�ก�
���*���
� !"
�"���!กe� ��$��%���
��
��
����
ก�
�
F��	
O�� (	�
�"��� 7) 	����N� !" Whittig and Allardice (1986)  
 
 1.  !"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q ������������ 
 
 (��!� 1 !"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q����������
�ก!
�$�� �
F�QP!��,�	� �
����
���ก��" (20-40%) �W"�'" (40-60%) ��!
���Q��,�	��
������^ก�$!� (<5%) �W"�
�����$!� (5-20%) 
(
�
F�ก!,�	����ก�

�,e	��
�����$!� ���(
�
FQ�!	e����L���,�	��
������^ก�$!�	�!���$�
	�����  
 
 (��!� 2 !"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q����������
�ก!
�$�� �
F�QP!��,�	� �
����
�$!� (5-20%) �W"���ก��" (20-40%) (
�
F!��,�	��
������^ก�$!� (<5%) �W"���ก��" (20-40%) 
�
F���ก,�	�(
+��
�����$!� (5-20%) �W"�'" (40-60%) ���(
�
FQ�!	e� �ก!,�	� ���ก�

�,e	�
�
������^ก�$!� (<5%) 	�!���$�	�����  
 
 (��!� 3 !"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q��������� �
�ก!
�$�� �
F�QP!��,�	�, �
!��
,�	� �����!
���Q��,�	� �
�������ก��" (20-40%) ���(
�
Fก�

�,e	����L���,�	��
�����$!� 
(5-20%) (
Q�!	e�  �ก!,�	� ����Q�,e	�+��
������^ก�$!�  
 
 (��!� 4 !"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q����������
�ก!
�$�� �
F�QP!��,�	�, �
!��
,�	� �����!
���Q��,�	� �
�������ก��" (20-40%) (
�
Fก�

�,e	�, �ก!,�	� ���L���,�	��
����
�$!� (5-20%) (
�
F!��,�	� ���Q�!	e� �
������^ก�$!� (<5%) 	�!���$�	����� 
 



 
 

 

55 

�������� 7  ���"D�ก�
���Q
����!"Q��
�ก!
�E�"�
F+�!�#V�Q ������������ ���+�!�#V�Q 
 ����
����}" !"�������%�ก�
�Wก�� 

 
Clay  fraction Silt fraction Depth (cm) Horizon 

Kao Ill Smec Ver Qtz G Gib B He Ma Ca Qtz Other 
Pedon 1 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic   

0-31 Ap xx - - tr tr x x tr tr - - xxx A, B, T 
53-80 Bt2 xxx - - tr tr x x tr tr - - - - 
80-106 Bt3 xxx - - x tr x x tr tr - - - - 
Pedon 2 Typic Haplustalf, fine, mixed, active, hyperthermic    

0-24 Ap xx xx x - tr tr tr - - - - xxxx B, T 
24-50 Bt1 x tr xx - tr tr - - - - - - - 
82-107 Bt3 x tr xx - tr tr - - - - - - - 

129-151 Btg1 x tr xxx - tr tr - - - - - - - 
Pedon 3 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic   

0-12 Ap xx - - xx tr - x xx x - tr xx A, B, G, T,  
12-35 Bt1 xx - - xx - tr x xx x - - - - 

149-171 Bt7 xx - - xx - tr x xx x x tr - - 
Pedon 4 Typic Paleustult, fine, mixed, semiactive, hyperthermic   

0-13 Ap xx tr - xx tr x x xx  x - - xxx A, G, T 
76-100 Bt4 xx tr - xx tr x x xx  x - - - - 
Pedon 5 Ultic Haplustalf, fine, mixed, superactive, hyperthermic   

0-16 Ap xx xx tr - tr tr - - tr tr - xxxx B 
62-90 Bt3 x xx tr - tr tr - - tr tr - - - 

180-200 Btg2 xx xx xx - tr tr - - - - - - - 
Pedon 6 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic   

0-30 Ap xx tr - x tr tr x tr tr - - xxx A, B, T 
50-72 Bt2 xx tr - x - tr xx tr tr - - - - 
99-120 Bt4 xx tr - x tr tr xx tr tr - - - - 

148-175 Bt7 xx tr - x tr tr xx tr tr tr - - - 

 
������	# 
xxxx = dominant (>60%) xxx = large (40�60%) xx = moderate (20-40%) x = small (5-20%) tr = trace (<5%) 
 - = not detected, Kao = Kaolinite, Ill = Illite, Smec = Smectite, Qtz = Quartz, Gib = Gibbsite , He = Hematite, 
Ma = Magnetite, Ca = Calcite, A = Anatase, B = Boehmite, G = Goethite, T = Tourmaline 
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(��!� 5 !"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q����������
�ก!
�$�� �
F�QP!��,�	��
����
�$!� (5-20%) �W"���ก��" (20-40%) �
F!��,�	��
�������ก��" (20-40%) (
�
F���ก,�	�
�
������^ก�$!� (<5%) �W"���ก��" (20-40%) �!ก&�ก��*(
�
FQ�!	e�, �ก!,�	� L���,�	���� 
��ก��,�	��
������^ก�$!� (5%) ���Q����Wก 180-200 �e�	���	
 ,�F(
L���,�	������ก��,�	� 
 
 (��!� 6 !"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q��������� �
�ก!
�$�� �
F�QP!��,�	� �
����
���ก��" (20-40%) �
F��!
���Q��,�	��
�����$!� (5-20%) ����
Fก�

�,e	� �
�����$!� (5-20%) 
�W"���ก��" (20-40%) (
�
F!��,�	� �ก!,�	� �
!��,�	� L���,�	����Q�!	e��
������^ก�$!� 
(<5%) �#กE�*�����ก��$�E�*� Bt2 ,�F(
�
FQ�!	e�  
 

 ก�#F�!�#V�Q������������
F�QP!��,�	���Z�!"Q��
�ก!
�E�"�
F���ก +�(��!���� 1, 3, 4 ��� 
6 (
�F����
F��!
���Q��,�	� (
!��,�	��(��"��^ก�$!� ก��
ก��+�(��!���� 2 ��� 5 (
�F����
F���ก
,�	����!��,�	���Z�!"Q��
�ก!
�E�"�
F���ก ��*"��*�(
����*" 2 (��!���*!�'F+�

����
�
	�ก!��*%� 
eW�"��Z��V�(���������� !"ก�
�ก���
F��!
���Q��,�	����!��,�	� (!�ME��, 2534, Buol et al., 2003) 
(��!���� 1, 3, 4 ��� 6 ��"(
ก�

�,e	� �ก!,�	� L���,�	� �
!��,�	� eW�"��Z��
F!!ก,e�� !"���^ก
���!��'������� ���"+�$��^��W"ก�
��������(�Y��ก�
�'" ���������V�����Z�ก
� (!�ME��, 2534) 
eW�"�!�Q�$!"ก�
D�ก�
���!"��"�Q��กF!���$���* 
 
2.  !"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q�
����}" 
 
 �
F+�ก�#F�!�#V�Q ����
����}" !"�������Wก����*" 6 (��!�(
�F����
FQ�!	e���Z�
!"Q��
�ก!
���ก+��#ก(��!� �!ก&�ก��*(
�
!��,�	�  L���,�	� �ก!,�	� ���
��������� !����� 
�
������^ก�$!�  
 

+�!�#V�Q ����
����}" ���
FQ�!	e���Z�!"Q��
�ก!
���ก eW�"�
FQ�!	e���Z��
F���(
,�$
��ก+��
�� &W"(
��ก+�(��!���� 2 ��� 5 �����Z�	�ก!��*%� �
FQ�!	e���*��Z��
F�����	F!ก�

����	���'" (!�ME��, 2534, Buol et al., 2003) ���,�F��D�	F!ก�
�'�e�
N�	#!���
()E��ก��ก
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5.  ก�
&%���ก��� 
 
 &�กก�
�Wก����ก�����"���O������� ��
�	���"ก��V�( �Q������
F����� !"������
�%�ก�
�Wก����*" 6 

���� ����
�&%���ก���	��
�

!�#ก
���N����� (Soil Survey Staff, 2006)  
��"��* 
  
 1.  ก�
&%���กE�*��'" 
  
 ก�
&%���ก!����
 (order) (
�F��������%�ก�
�Wก��(��!��#ก(��!���ก�
�������
������+�E�*�����F�"���E���&� �����QF� CEC 	F!!�#V�Q����������ก�� 16 cmol kg-1 �%�+�$�ก��E�*����
����&h��!�
�&����ก (argillic horizon) +�(��!����  1, 3, 4 ��� 6 ��!�	
�Q���!���	���
�	�%�ก�F�
$!��� 
35 &W"&��!�'F+�!����
!����e!��� (Ultisols)+�(��!� 2 ��� 5 ��!�	
�Q���!���	���
���กก�F�
$!��� 
35 &��!�'F+�!����
�!�d�e!��� (Alfisols) 
 
 ก�
&%���ก+�E�*�!����
�F!� (suborder)  (
�F�+��#ก(��!���
�

Q���E)*��

!��	�ก 
(ustic) +�(��!���� 1, 3, 4 ��� 6 &W"&��!�'F+�!����
�F!� Ustults (��!���� 2 ��� 5 &��!�'F+�!����

�F!� Ustalfs 
 
 ก�
&%���กE�*�ก�#F���� (great groups) (
�F�(��!���� 1, 3, 4 ��� 6 &%���ก��Z� 
Paleustults ��)�!"&�ก�
�������������+�	!��F�"�(��� W*�	��Q����Wก !"��$�	����� (��!���� 2 
��� 5 &%���ก��Z� Haplustalfs ��)�!"&�ก���
���� !"���������+�	!��F�"���"��กก�F�
$!��� 
20 	��Q����Wก 
 
 ก�
&%���ก �*�ก�#F�����F!� (subgroups) +�(��!���� 1, 2, 3, 4 ��� 6 ,�F���"��ก���
!)������	ก	F�",�&�กก�#F���� &W"&%���ก��Z� Typic (��!���� 5 ��E�*�����F�"����&h��!�
�&����ก�����QF�
!�	
�Q���!���	���
�	�%�ก�F�
$!��� 75 &W"&%���ก��Z� Ultic  
 
 2.  ก�
&%���ก �*�	�%� 
 
      ก�
&%���กE�*���)*!���(
�F����+�(��!���� 1, 3 ��� 6 !�'F+�E�*���)*!��� very-fine 
��)�!"&�ก������
����!�#V�Q�����������กก�F�
$!��� 60 P���*%����ก +�(��!���� 2, 4 ��� 5 !�'F
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+�E�*���)*!��� fine ��)�!"&�ก������
����!�#V�Q�����������กก�F�
$!��� 35 �	F�$!�ก�F�
$!��� 60 
P���*%����ก 
 
      E�*��
F�����&%���กP��Q��&�ก!�#V�Q+�ก�#F� ��� 0.02-2 �������	
 P���#ก(��!� ,�F
(
�
F+��
������ก(!&W"&����Z�E�*��
F����� mixed  
 
      E�*�!#��V'����� (
�F����+��#ก

��������%�ก�
�Wก����!#��V'��P���h����	�!��~��F�ก�
 
26 !"���e��e��� �
)!�'"ก�F������Q����	ก	F�" !"QF�!#��V'���h����+�G�'
$!����G�'����
�	ก	F�"ก���ก�� 6 !"���e��e��� &W"&��!�'F+�E�*�!#��V'����� hyperthermic  
 
      E�*�!�#ก
���N�� !"��� 
 
      (��!� 1   Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
      (��!� 2   Typic Haplustalf, fine, mixed, active, hyperthermic 
      (��!� 3   Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
      (��!� 4   Typic Paleustult, fine, mixed, semiactive, hyperthermic 
      (��!� 5   Ultic Haplustalf, fine, mixed, superactive, hyperthermic 
      (��!� 6   Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
 
6.  D�ก�
&%���ก��

��������� 
 
 6.1  ก�
&%���ก��

��������� 
 
 ก�
&%���ก��

��������� P��+E$���ก�ก��� !"ก
�(�Y�������� (���"���%�
�&
&%���ก��

���������, 2520) eW�"+E$��
�	�	F�" | ,�$�กF Q������E�� ��)*!��� Q����Wก !"��� D�
 !"ก�
ก
F!��������ก������$� ก�
,��eW� !"�*%��",�+���� Q�������
�+�ก�
!#$��*%����!)�� | 
eW�"&�	$!"(�&�
���F���Z�Q#���
�	������ก���������
 !"��� &�ก��
�	�	F�" |  !"������
�%�ก�
�Wก�� ����
�&%���ก��

��������� (	�
�"��� 8) ,�$��"��* 
 
 (��!���� 2 &%���ก��

���������,�$��Z� U-I ��Q����������+�ก�
�(����'ก()E���
�!�,�$�#กE���  
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 (��!���� 1, 4 ��� 6 &%���ก��

�����������Z� U-IIe P����Z�()*���������Q��������" �
)!
 $!&%�ก���
)!�kM���ก����ก�
ก�
ก
F!�����(��"��^ก�$!� +�ก�
+E$��������"ก�
�ก�	
 ����F��+�MF
&���Z�����Wก ��ก�

�
���*%��� �����Q���!#����
'
�����ก��"�W"�'" �����������%��
�
ก�
�%�
ก�
�ก�	
 ��ก��ก�
&��ก�
�������$� &�����
���'ก()E,�$����E���  
 
 (��!���� 5 &%���ก��

���������,�$��Z� U-IIs ���kM���$��Q���!#����
'
��
��^ก�$!� �����Q���!#����
'
�����ก��" �	F��"����
�+�$D�D��	��"ก�
�ก�	
 �(��"�	F	$!"��
ก�
&��ก�
�(��"��^ก�$!��$��Q���!#����
'
�� 
 
 (��!���� 3 &%���ก��

�����������Z� U-IIIe P�����k&&��Q��������"�
)! $!&%�ก���$��
Q��������"	F!ก�
ก
F!�����(��� W*� &%���Z�	$!"��ก�
&��ก�
���������� �ก����ก�
�V�(Q��������
 !"()*���� &�����
�+�$D�D��	�����,�$ 
 
�������� 8  D�ก�
&%���ก��

��������� !"���+�()*�����Wก�� (���"���%�
�&���&%���ก���,  
      2520) 

  
(��!� 
���
Q���������� Q�������  $!&%�ก�� 

1 U-IIe ��������� e (ก�
ก
F!����) 
2 U-I �����������ก - 
3 U-IIIe ����������ก��" e (ก�
ก
F!����) 
4 U-IIe ��������� e (ก�
ก
F!����) 
5 U-IIs ���������           s (Q���!#����
'
��) 
6 U-IIe ��������� e (ก�
ก
F!����) 
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6.2  Q���������������� 
 
 ก�
&%���กQ���������������� (ก!"�%�
�&���&%���ก���, 2542) P��+E$��
�	�	F�" | 
,�$�กF Q������E�� ��)*!��� E�*���������ก�
E������
#��
" Q����Wก���(
E�*����� ^" ���()*�PD�F 
ก$!����PD�F Q����Q^� !"��� ก�

�
���*%� !"��� !��	
��&�กก�
�'ก�*%��F�� !��	
��&�ก�*%��EF
 �" Q��������"	F!ก�
 ���*%� Q���!#����
'
����� (��!E��� Q����Wก���(
E�*����ก
�ก%������ ก�

ก
F!� !"��� ��� Q������ !"E�*����!���
��� ����
�&%���กQ���������� !"�������()�!+E$+�
ก�
��'ก $�� (	�
�"��� 9) ()E,
F (	�
�"��� 10) �����'กD�,�$ (	�
�"��� 11) ,�$��"��* 
 

�������� 9  Q���������� !"�������%��
�
ก�
��'ก $�� !"�������%�ก�
�Wก�� 

 
(��!� 
���
Q���������� Q�������  $!&%�ก�� 

1 
2 
3 
4 
5 
6 

P-5d 
P-5d 
P-5d 
P-5d 
P-5d 
P-5d 

,�F������� 
,�F������� 
,�F������� 
,�F������� 
,�F������� 
,�F������� 

d (ก�

�
���*%����ก��,�) 
d (ก�

�
���*%����ก��,�) 
d (ก�

�
���*%����ก��,�) 
d (ก�

�
���*%����ก��,�) 
d (ก�

�
���*%����ก��,�) 
d (ก�

�
���*%����ก��,�) 

 
�������� 10  Q���������� !"�������%��
�
ก�
��'ก()E,
F !"�������%�ก�
�Wก�� 

 
(��!� 
���
Q���������� Q�������  $!&%�ก�� 

1 
2 
3 
4 
5 
6 

N-1 
N-1 
N-3t 
N-1 
N-1 
N-1 

�����������ก 
�����������ก 

����������ก��" 
�����������ก 
�����������ก 
�����������ก 

- 
- 

t (�V�(()*����) 
- 
- 
- 
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�������� 11  Q���������� !"�������%��
�
ก�
��'ก,�$D� !"�������%�ก�
�Wก�� 

 
(��!� 
���
Q���������� Q�������  $!&%�ก�� 

1 
2 
3 
4 
5 
6 

F-1 
F-1 
F-1 
F-1 
F-1 
F-1 

�����������ก 
�����������ก 
�����������ก 
�����������ก 
�����������ก 
�����������ก 

- 
- 
- 
- 
- 
- 

 
 +�ก�
+E$������+��#ก(��!�,�F����������&��%�()*�������%����*%� �" �(
���F������ก�


�
���*%����ก��,� �%�+�$,�F����
�ก�ก�ก^
�*%�,�$ ��"�$��()E,
F �#ก(��!���Q��������������ก 
�ก��$�(��!���� 3 ����� $!&%�ก����"�$���V�(V'���
�������,�F������� �kM�����ก��&�กQ������
E�� !"()*���� eW�"&%���Z�	$!"��ก�
!�#
�ก���(����	���EF�ก�
��'ก�M$���ก �F��ก�
+E$�������%��
�

��'ก,�$D���Q��������������ก+��#ก(��!��(
��,�$D���Z�()E
�ก�Wก �%�+�$,�F���kM���$��
Q������E�� 
 
 6.3  E�*���

�������������'" 
 
 ก�
&%���ก��

�������������'" +E$��
�	���"ก��V�(�����ก���()*���� P��(�&�
��
&�กQ����Wก !"������Q������E�� !"()*������Z����ก (	�
�"��� 12) ,�$��"��* 
 
 (��!���� 1, 2, 4, 5 ��� 6 &%���ก��

�����������Z� C1 ��������%��
�
ก�
�ก�	

+�����'" ����
�+�$D�D��	���Q#$��#�,�$ �(��"��ก�
&��ก�
�$��ก�
!�#
�ก����$�����(��"��^ก�$!� �EF�
ก�
,�(
�����
���
 ก�
��'ก()E	�����
���
 
 
 (��!���� 3 &%���ก��

�����������Z� C2 ��������%��
�
ก�
�%�ก�
�ก�	
 �	F�(
��
���kM���$��Q������E�� �%�+�$&%���ก,�$+�E�*���* ก�
+E$"��()*����ก^���"&%���Z�	$!"��ก�
!�#
�ก��
�����ก���" W*� �EF�ก�
��'ก()E ��"Q�������� �
)!��'ก�M$���ก
���F�"���" �()�!��ก�

(�"����� !"��$���� 
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�������� 12  D�ก�
&%���ก��

�������������'" P����N�ก�
 !" Sheng  

 
(��!� 
���
Q���������� Q�������  $!&%�ก�� 

1 
2 
3 
4 
5 
6 

C1 
C1 
C2 
C1 
C1 
C1 

�����������ก 
�����������ก 

���������  
�����������ก 
�����������ก 
�����������ก 

��ก�
!�#
�ก�������^ก�$!� 
��ก�
!�#
�ก�������^ก�$!� 

��ก�
!�#
�ก��������ก��" 
��ก�
!�#
�ก�������^ก�$!� 
��ก�
!�#
�ก�������^ก�$!� 
��ก�
!�#
�ก�������^ก�$!� 

 

�����&�* 13  ������������	ก������
���
������	������ก���
��
���
��������� 

 

Pedon 
Land suitability classification  

(ก!"�%�
�&���&%���ก���, 2542) 

  

 Land capability classification  
(���"���%�
�&&%���ก
��

���������, 2520) Upland crop Fruit trees Paddy rice 

Highland 
capability 

classification  
 (Sheng, 1986) 

Pedon 1 U-IIe N-1 F-1 P-5d C1 
Pedon 2 U-I N-1 F-1 P-5d C1 
Pedon 3 U-IIIe N-3t F-1 P-5d C2 
Pedon 4 U-IIe N-1 F-1 P-5d C1 
Pedon 5 U-IIs N-1 F-1 P-5d C1 
Pedon 6 U-IIe N-1 F-1 P-5d C1 
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�������� �������� 

 
 ก�
�Wก����

������Q���������� !"()*�����'"�������	�#	$�ก%�����&�ก����'� 

����
�'���(�Y��PQ
"ก�
���"�$���Wก 	%�
� ��"PQ$" !%��V! �E��"��� &�"���� �E��"+��F P��+E$�����Z�
	����� 6 

���� �%�ก�
�Wก�����
�

�� $!�'� !"��� ��*"+�V�Q�������+��$!"���
�	�ก�
 
�
�ก!
�$�� $!�'�&�กก�
���Q
�������O����������� ��ก����E�"�
F����� ��
�	���"ก��V�(
�����
�	���"�Q�� !"��� 
 
 

��������%�ก�
�Wก�����V�(V'���
������Z�()*����
�
���
����� ��$!�
!
�$���#
� ��'" 
��	�#	$�ก%���������F��+�MF��Z�	�ก!��*%�(��$!"�������	�ก!�����E�"� �!�'F
�����#	กQ$�"&�ก
ก�
D#(�"!�'Fก�
����������	����&�ก����'� �����Z�����Wก��ก ��ก�

�
���*%��� ก�
e�
eW��*%� !"
������ก��"�W"�
̂� ���*%�,��
F�DF��D��E$��W"���ก��" ��ก�����"���O����������"�F������
(�Y��ก�
�'" ��E�*�ก�
�������������+�����F�" ��PQ
"�
$�"�

ก$!���������#����W"�#��������
���PQ
"�
$�"�

ก$!�ก�� ��������*%�	������"� $���Z��F��+�MF �h(��(��!���� 2 ����������Z���
����W"�*%�	������� ���(��!���� 5 ��Z����*%�	��&��W"�*%�	�������)!" ��)*!����F��+�MF��Z���)*!
���!��� �ก��$�(��!���� 2 �������)*!���ก��" �V�(ก�
�%��*%� !"��� ��!���	���$���*%�!�'F+�
���
E$�
��ก�W"�
̂���ก ��QF�(����!�'F+�EF�" 0.11-135 �e�	���	
	F!E���P�"  
 

&�กก�
���Q
������"�Q�� !"

��������Wก��(
�F� QF�(��!E��� !�'F+�EF�"��Z�ก
����ก��"
�W"ก
���^ก�$!� (pH 5-7) !���
����	�#��QF�!�'F+�EF�"	�%���ก�W"�'"��ก (0.7-62.4 ก
��	F!ก�P�ก
��) 
,�P	
�&�
����+�EF�"	�%��W"	�%���ก (0.1-1.7 ก
��	F!ก�P�ก
��) d!�d!
�������Z��
�P�E�� ��QF�	�%�
��ก�W"�'"��ก (0.6-76.3 �����ก
��	F!ก�P�ก
��) P(����e��������Z��
�P�E����
���
	�%���ก�W"�'"
��ก (25.0-524.8 �����ก
��	F!ก�P�ก
��) �Q��e�������ก��,�$��QF�!�'F+�
���
���ก��"�W"�'"��ก 
(6.4-30.1 �e�	�P��	F!ก�P�ก
��) ��ก���e�������ก��,�$!�'F+�
���
	�%���ก�W"�'"��ก (0.4-16.6 �e�
	�P��	F!ก�P�ก
��) P(����e�������ก��,�$!�'F+�
���
	�%���ก�W"�'"  (0.1-1.1 �e�	�P��	F!ก�P�ก
�� 
Pe���������ก��,�$��QF�!�'F+�EF�"	�%���ก�W"�'" (0.05-1.46 �e�	�P��	F!ก�P�ก
��) �
�����
�
�����
�ก��,�$��QF�(����!�'F+�EF�" 8.2-45.8 �e�	�P��	F!ก�P�ก
�� �
����ก
�����ก��,�$ !"�������%�ก�
 
�Wก����QF�	�%� ��(����!�'F+�EF�" 1.0-2.6 �e�	�P��	F!ก�P�ก
�� Q���&#+�ก�
��ก��������Q	,!!!�
+���QF�!�'F+�EF�"���ก��"�W"�'"��ก (13.1-64.3 �e�	�P��	F!ก�P�ก
��) !�	
�
$!���Q���!���	��
�
���QF�!�'F+�EF�" 17-85 ��QF�!�'F+�EF�"	�%��W"�'"  
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�������%�ก�
�Wก�����
����
�� !"e���Q!� !�'F+�EF�" 313-729  ก
��	F!ก�P�ก
�� 
!��'�������!�'F+�EF�" 117-368 ก
��	F!ก�P�ก
�� �
����
�� !"N�	#�Q��e���!�'F+�EF�"  2-21 ก
��
	F!ก�P�ก
�� ��ก���e�����QF�!�'F+�EF�" 9-41 ก
��	F!ก�P�ก
�� P(����e���!�'F+�EF�" 3-23 ก
��	F!
ก�P�ก
�� ���Pe�������QF�!�'F+�EF�" 292-7852 �����ก
��	F!ก�P�ก
�� ���^ก��QF�!�'F+�EF�" 95-248 
ก
��	F!ก�P�ก
�� ,����������QF�!�'F+�EF�" 19-55 ก
��	F!ก�P�ก
�� ��"ก���� ��QF�!�'F+�EF�" 0.8-13 
ก
��	F!ก�P�ก
�� QF����Q
����d!�d!
��!�'F+�EF�" 0.9-7.6 ก
��	F!ก�P�ก
�� ���ก%��������QF�!�'F
+�EF�" �$!���ก&�,�F����
����,�$�W" 500 �����ก
��	F!ก�P�ก
�� 
 
 &�กD�ก�
�Wก����
�	���"�
F�����(
�F� ���+�(��!���� 1, 3, 4 ��� 6 ���
F�QP!��,�	������
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I!����%��#� ������� (Soil profile description) 

Pedon 1 
I Information on the site 

Profile symbol : Pedon 1 
Classification : Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
Date of examination : April 20, 2006 
Described by : Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha 

Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith. 
Location : Tambon  Pinkhong, Amphoe  Chaingdao, Changwat  Chaingmai 
Elevation : Approximately  580  m (MSL) 
Map sheet number : 5238 II    Coordination :  47Q 0505599E , 2160764N 
Landform 
1. Physiographic position : Dissected footslope  
2. Surrounding land form : Undulating 
3. Slope on which profile site : 3%      Aspect  :  South-east 
Land use : Vegetable and upland crop such as maize 
Annual rainfall : Approximately 1,200 mm 
Mean temperature : Approximately 26 oC 
Climate : Tropical savanna 
Other : Agricultural 

II General information on the soil 
Parent material : Colluvium  over  residuum derived from limestone 
Drainage : Well drained 
Permeability : Rapid 
Runoff : Slow 
Depth of groundwater : Deeper than 195 cm at time of sampling  

III Profile description  
 

Horizon Depth (cm) Description  
Ap 0 -31 Dark reddish brown (5YR  3/3); clay; fine and medium subangular blocky 

parting to moderate very fine and fine granular structure; slightly hard dry, 
firm moist, moderately sticky and moderately plastic; many very fine and 
few fine vesicular pores; many very fine, common fine and few medium 
roots; slightly acid (field pH 6.5); abrupt, smooth boundary to Bt1. 

Bt1 31 - 53 Dark reddish brown (2.5YR  3/4); clay; strong  fine and medium 
subangular blocky structure; hard dry, firm moist, moderately sticky and 
very plastic; many prominent clay films on faces of peds and pore walls; 
many very fine, common fine vesicular and few fine tubular pores; 
common very fine and few fine roots; neutral (field pH 7.0); diffuse, 
smooth boundary to Bt2. 

Bt2 53 - 80 Dark reddish brown (2.5YR  3/4); clay; strong  fine and medium 
subangular blocky structure; hard dry, firm moist, slightly sticky and very 
plastic;  few angular gravels of weathered slate; many very fine   and few 
fine roots;  slightly acid (field pH 6.5); diffuse, smooth boundary to Bt3. 

Bt3 80 - 106 Reddish brown (2.5YR  4/4); clay; strong fine and medium subangular 
blocky structure; hard dry, firm moist, slightly sticky and very plastic; 
common distinct clay films on faces of peds and pore walls; few medium 
rounded     Fe-Mn oxide nodules  and few angular gravels of weathered 
slate; many very fine and few fine vesicular pores; few very fine and fine 
roots; moderately acid (field pH 6.0); diffuse, smooth boundary to Bt4. 

Bt4 106 - 132 Reddish brown (2.5YR  4/4); clay; strong fine and medium subangular blocky 
structure; very hard dry, firm moist, slightly sticky and very plastic; common distinct 
clay films on faces of peds and pore walls; few medium rounded     Fe-Mn oxide 
nodules and few angular gravels of weathered slate; many very fine and few fine 
vesicular pores; many very fine and few fine vesicular pores; few very fine and fine 
roots; a large hole of cricket nest; slightly acid (field pH 6.5); diffuse, smooth 
boundary to Bt5. 
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Bt5 132 - 156 Reddish brown (2.5YR  4/4); clay; strong fine and medium subangular 
blocky structure; very hard dry, firm moist, slightly sticky and very 
plastic;  few distinct clay films on faces of peds and pore walls; few 
medium rounded     Fe-Mn oxide nodules; many very fine vesicular pores; 
few very fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary 
to Bt6. 

Bt6 156 � 195+ Reddish brown (2.5YR  4/4); clay; strong fine and medium subangular 
blocky structure; very hard dry, firm moist, slightly sticky and very 
plastic; few distinct clay films on faces of peds and pore walls; few 
medium rounded     Fe-Mn oxide nodules; many very fine vesicular pores; 
few very fine roots; slightly acid (field pH 6.5). 

 

Pedon 2 
I Information on the site  

Profile symbol : Pedon 2 
Classification : Typic Haplustalf, fine, mixed, active, hyperthermic 
Date of examination : April 21, 2006 
Described by : Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha 

Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith. 
Location : Tambon  Pinkhong, Amphoe  Chaingdao, Changwat  Chaingmai 
Elevation : Approximately 570 m (MSL)  
Map sheet number : 5238 II    Coordination :  47Q 0505434E , 2160473N 
Landform 
1. Physiographic position : Narrow valley floor 
2. Surrounding land form : Nearly flat 
3. Slope on which profile site : 1%      Aspect  :  South-east 
Land use : Vegetable and legumes  
Annual rainfall : Approximately 1,200 mm 
Mean temperature : Approximately 26 oC 
Climate : Tropical savanna 
Other : Agricultural 

II General information on the soil  
Parent material : Local alluvium 
Drainage : Well drained 
Permeability : Moderate 
Runoff : Slow 
Depth of groundwater : Deeper than 200 cm at time of sampling  

III Profile description  
 

Horizon Depth (cm) Description  
Ap 0 -24 Very dark gray (10YR  3/1)  (80%), Mixed with dark gray (10YR  4/1)  

(20%); clay; strong very fine, fine granular and fine, medium subangular 
blocky structure; slightly hard dry, firm moist, very sticky and very 
plastic; few faint clay films on faces of peds and pore walls; many very 
fine and fine vesicular pores; many very fine and fine roots; few traces of 
charcoal; neutral (field pH 7.0); abrupt, smooth boundary to Bt1. 

Bt1 24 - 50 Dark yellowish brown (10YR  4/4)  (80%), Mixed with  very dark grayish 
brown (10YR  3/2)  (20%); silty clay; strong  fine and medium subangular 
blocky structure;  hard dry, firm moist, moderately sticky and very plastic; 
many  prominent clay films on faces of peds and pore walls; many very 
fine and few fine vesicular pores; few very fine and fine roots; slightly 
acid  (field pH 6.5); diffuse, smooth  boundary to Bt2. 

Bt2 50 - 82 Dark  grayish brown (10YR  4/2)  (50%), Mixed with brown (10YR  4/3)  
(50%); silty clay; strong  fine and medium  angular blocky structure; very  
hard dry, very firm moist, moderately sticky and very plastic; many 
prominent clay films on faces of peds and pore walls; many very fine 
vesicular pores; very few very fine roots; slightly acid (field pH 6.5); 
abrupt, smooth boundary to Bt3. 
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Bt3 82 -107 Brown (10YR  4/3); sandy clay loam; moderately weak very fine, fine and 
medium angular blocky structure; soft dry, friable moist, moderately 
sticky and moderately plastic; many distinct clay films on faces of peds, 
sand grains and few prominent clay bridges between sand grains; common 
rounded and subrounded gravels of resistant rock fragments; common 
very fine and few fine vesicular pores; practical no roots; slightly acid 
(field pH 6.5); abrupt, smooth boundary to Bt4. 

Bt4 107 - 129 Dark grayish brown (10YR 4/2) (60%), Mixed with brown (10YR  4/3)  
(30%), dark yellowish brown (10YR 4/4) (10%); sandy clay; moderately 
weak very fine, fine and medium angular blocky structure; soft dry, friable 
moist, moderately sticky and very plastic; common prominent clay films 
on faces of peds, sand grains and pore walls, few distinct clay bridges 
between sand grains; few rounded and subround gravels of resistant rock 
fragments; many very fine and few fine vesicular pores; practical no roots; 
slightly acid (field pH 6.5); gradual, smooth boundary to Btg1. 

Btg1 129 - 151 Dark grayish brown (10YR 4/2) (60%), Mixed with brown (10YR  4/3)  
(40%); clay; strong fine and medium subangular blocky mixed angular 
blocky structure; slightly hard dry, firm moist, moderately sticky and very 
plastic; many prominent clay films on faces of peds, sand grains and pore 
walls, many very fine and few fine vesicular pores; practical no roots; few 
traces of highly weathered slate rock fragments; slightly acid (field pH 
6.5); diffuse, smooth boundary to Btg2. 

Btg2 151 - 178 Brown (10YR 4/3) (80%), Mixed with dark grayish brown (10YR  4/2)  
(20%); clay; strong fine and medium subangular blocky mixed angular 
blocky structure; hard dry, firm moist, moderately sticky and very plastic; 
many prominent clay films on faces of peds, sand grains and pore walls, 
few traces of Mn oxide powder; common very fine and fine vesicular 
pores; practical no roots; slightly acid (field pH 6.5); gradual, smooth 
boundary to Btg3. 

Btg3 178 � 200+ Dark gray (10YR 4/1) (40%), Mixed with very dark grayish brown (10YR  
3/2)  (30%), dark grayish brown (10YR  4/2)  (20%); brown (10YR  4/3)  
(10%); sandy clay; strong fine and medium angular blocky structure; 
slightly hard dry, firm moist, moderately sticky and very plastic; many 
prominent clay films on faces of peds, sand grains and pore walls, few 
traces of Mn oxide powder; many very fine vesicular pores; practical no 
roots; slightly acid (field pH 6.5). 

 
Pedon 3 

I Information on the site  
Profile symbol : Pedon 3 
Classification : Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
Date of examination : April 21, 2006 
Described by : Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha 

Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith. 
Location : Tambon  Pinkhong, Amphoe  Chaingdao, Changwat  Chaingmai 
Elevation : Approximately 600 m (MSL)  
Map sheet number : 5238 II    Coordination :  47Q 0504886E , 2160621N 
Landform 
1. Physiographic position : Upper footslope 
2. Surrounding land form : Rolling 
3. Slope on which profile site : 10%      Aspect  :  South-east 
Land use : Upland crop such as peanut  and maize 
Annual rainfall : Approximately 1,200 mm 
Mean temperature : Approximately 26 oC 
Climate : Tropical savanna 
Other : Agricultural 

II General information on the soil  
Parent material : Colluvium over residuum derived limestone 
Drainage : Well drained  
Permeability : Rapid 
Runoff : Moderate 
Depth of groundwater : Deeper than 200 cm at time of sampling  
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III Profile description  
 

Horizon Depth (cm) Description  
Ap 0 -12 Dark reddish brown (5YR  2.5/2); clay; strong very fine and fine granular 

and strong very fine and medium subangular blocky structure; soft dry, 
friable moist, very sticky and very plastic; few fine and medium 
subrounded Fe-Mn oxide nodules; many very fine and few fine vesicular 
pores; common very fine and few fine roots; slightly acid (field pH 6.5); 
abrupt, smooth boundary to Bt1. 

Bt1 12 - 35 Dark reddish brown (2.5YR  3/3); clay; strong very fine, fine and medium 
subangular  blocky structure; slightly hard dry, friable moist, very sticky 
and very plastic; few faint; few fine and medium subrounded Fe- Mn 
oxide nodules; many very fine vesicular pores; common very fine and few 
fine roots; moderately acid (field pH 6.0); diffuse, smooth boundary to 
Bt2. 

Bt2 35 - 60 Dark reddish brown (2.5YR  3/3); clay; strong fine and medium 
subangular  blocky structure; slightly hard dry, friable moist, very sticky 
and very plastic; few faint ferriargillan coating on ped face and pore walls; 
few fine subrounded Fe- Mn oxide nodules; many very fine vesicular 
pores; few very fine roots; moderately acid (field pH 6.0); diffuse, smooth 
boundary to Bt3. 

Bt3 60 - 84 Dark reddish brown (2.5YR  3/3); clay; strong fine and medium 
subangular  blocky structure; slightly hard dry, friable moist, very sticky 
and very plastic; few distinct ferriargillan coating on ped face and pore 
walls; few fine subrounded Fe- Mn oxide nodules; many very fine 
vesicular pores and few tabular pores; few very fine roots; moderately acid 
(field pH 6.0); diffuse, smooth boundary to Bt4 

Bt4 84 - 105 Dark reddish brown (2.5YR  3/4); clay; strong fine and medium 
subangular  blocky structure; slightly hard dry, firm moist, very sticky and 
very plastic; few distinct ferriargillan coating on ped face and pore walls; 
few very fine subrounded Fe- Mn oxide nodules; many very fine and few 
fine vesicular pores; few very fine roots; moderately acid (field pH 6.0); 
diffuse, smooth boundary to Bt5. 

Bt5 105 - 125 Dark reddish brown (2.5YR  3/4); clay; strong fine and medium 
subangular  blocky structure; slightly hard dry, firm moist, very sticky and 
very plastic; few distinct ferriargillan coating on ped face and pore walls; 
few very fine subrounded Fe- Mn oxide nodules; many very fine vesicular 
pores; practical no roots; strongly acid (field pH 5.5); diffuse, smooth 
boundary to Bt6. 

Bt6 125 - 149 Dark reddish brown (2.5YR  3/4); clay; strong fine and medium 
subangular  blocky structure; slightly hard dry, firm moist, very sticky and 
very plastic; few distinct ferriargillan coating on ped face and pore walls; 
few very fine subrounded Fe- Mn oxide nodules; many very fine vesicular 
pores; practical no roots; strongly acid (field pH 5.5); diffuse, smooth 
boundary to Bt7. 

Bt7 149 - 171 Dark reddish brown (2.5YR  3/4); clay; strong fine and medium 
subangular  blocky structure; slightly hard dry, firm moist, very sticky and 
very plastic; few faint ferriargillan coating on ped face and pore walls; few 
very fine subrounded Fe- Mn oxide nodules; many very fine vesicular 
pores; practical no roots; few traces of dead roots; strongly acid (field pH 
5.5); diffuse, smooth boundary to Bt8. 

Bt8 171 � 200+ Dark reddish brown (2.5YR  3/4); clay; strong fine and medium 
subangular  blocky structure; slightly hard dry, firm moist, very sticky and 
very plastic; few faint ferriargillan coating on ped face and pore walls; few 
very fine subrounded Fe- Mn oxide nodules; many very fine vesicular 
pores; practical no roots; strongly acid (field pH 5.5). 
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Pedon 4 
I Information on the site  

Profile symbol : Pedon 4 
Classification : Typic Paleustult, very-fine, mixed, semiactive, hyperthermic  
Date of examination : April 21, 2006 
Described by : Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha 

Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith. 
Location : Tambon  Pinkhong, Amphoe  Chaingdao, Changwat  Chaingmai 
Elevation : Approximately 580 m (MSL)  
Map sheet number : 5238 II    Coordination :  47Q 0504983E , 2160658N 
Landform 
1. Physiographic position : Lower footslope 
2. Surrounding land form : Undulating 
3. Slope on which profile site : 4.5%      Aspect  :  South-east 
Land use : Upland crop such as peanut  and maize  
Annual rainfall : Approximately 1,200 mm 
Mean temperature : Approximately 26 oC 
Climate : Tropical savanna 
Other : Agricultural  

II General information on the soil  
Parent material : Colluvium  
Drainage : Well drained  
Permeability : Rapid  
Runoff : slow 
Depth of groundwater : Deeper than 200 cm at time of sampling  

III Profile description  
 

Horizon Depth (cm) Description  
Ap 0 - 13 Dark reddish brown (5YR  3/3); clay; strong very fine granular and 

moderate fine and medium subangular blocky structure; slightly hard dry, 
firm moist, moderately sticky and very plastic; many very fine and few fine 
vesicular pores; many very fine and fine roots; neutral (field pH 7.0); 
distinct, smooth boundary to Bt1. 

Bt1 13 - 33 Dark reddish brown (5YR  3/4); clay; strong fine and medium subangular 
blocky structure; slightly hard dry, firm moist, moderately sticky and very 
plastic; few faint clay film on faces of peds and pore walls; few fine 
rounded Fe-Mn oxide nodules; many very fine vesicular pores; few very 
fine roots; neutral (field pH 7.0); diffuse, smooth boundary to Bt2. 

Bt2 33 - 57 Dark reddish brown (2.5YR  3/4); clay; strong fine and medium subangular 
blocky structure; slightly hard dry, firm moist, moderately sticky and very 
plastic; common distinct clay film on faces of peds and pore walls; few fine 
rounded Fe-Mn oxide nodules; many very fine vesicular pores; very few 
very fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary to 
Bt3. 

Bt3 57 - 76 Dark reddish brown (2.5YR  3/4); clay; strong fine and medium subangular 
blocky structure; slightly hard dry, firm moist, moderately sticky and very 
plastic; common distinct clay film on faces of peds and pore walls; very 
few fine rounded Fe- Mn oxide nodules; common very fine vesicular pores; 
very few very fine roots; slightly acid (field pH 6.5); diffuse, smooth 
boundary to Bt4. 

Bt4 76 - 100 Dark reddish brown (2.5YR  3/4); clay; strong fine and medium angular 
blocky structure; slightly hard dry, firm moist, moderately sticky and 
moderately plastic; common distinct clay film on faces of peds and pore 
walls; very few fine rounded Fe- Mn oxide nodules; few very fine vesicular 
pores; very few very fine roots; few small holes of cricket nest; slightly 
acid (field pH 6.5); diffuse, smooth boundary to Bt5. 

Bt5 100 - 120 Dark reddish brown (2.5YR  3/4); clay; strong fine and medium angular 
blocky structure; hard dry, very firm moist, very sticky and very plastic; 
common distinct clay film on faces of peds and pore walls; few fine 
rounded Fe-Mn oxide nodules; few very fine vesicular pores; very few very 
fine roots; few small holes of cricket nest, few traces of highly weathered 
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rock fragments and few gravels of weathered slated; slightly acid (field pH 
6.5); distinct, smooth boundary to Bt6. 

Bt6 120 - 150 Reddish brown (2.5YR  4/4); clay; strong fine and medium angular blocky 
structure; very hard dry, very firm moist, very sticky and very plastic; 
common distinct clay film on faces of peds and pore walls; few fine 
rounded Fe- Mn oxide nodules; few very fine vesicular pores; very few 
very fine roots; few traces of highly weathered rock fragments and common 
gravels of weathered slated; slightly acid (field pH 6.5); diffuse, smooth 
boundary to Bt7. 

Bt7 150 � 178 Red (2.5YR  4/6); clay; strong fine and medium angular blocky structure; 
very hard dry, very firm moist, very sticky and very plastic; common 
distinct clay film on faces of peds and pore walls; few distinct ferriargillan 
coating on faces of peds and pore walls; few angular gravels of slightly 
weathered rock fragments;  few very fine vesicular pores; practical no 
roots; slightly acid (field pH 6.5); diffuse, smooth boundary to Bt8. 

Bt8 178 � 200+ Red (2.5YR  4/6); clay; strong fine and medium angular blocky structure; 
very hard dry, very firm moist, very sticky and very plastic; common 
distinct clay film on faces of peds and pore walls; few distinct ferriargillan 
coating on faces of peds and pore walls; common rounded Fe- Mn oxide 
nodules; few very fine vesicular pores; practical no roots; slightly acid 
(field pH 6.5). 

 
Pedon 5 

I Information on the site  
Profile symbol : Pedon 5 
Classification : Ultic Haplustalf, fine, mixed, superactive, hyperthermic 
Date of examination : April 21, 2006 
Described by : Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha 

Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith. 
Location : Tambon  Pinkhong, Amphoe  Chaingdao, Changwat  Chaingmai 
Elevation : Approximately 570 m (MSL)  
Map sheet number : 5238 II      Coordination : 47Q 0505372E, 2160716N 
Landform 
1. Physiographic position : Narrow valley floor 
2. Surrounding land form : Nearly Flat     
3. Slope on which profile site : 1%         Aspect : South-east  
Land use : Upland crop such as peanut and maize  
Annual rainfall : Approximately 1,200 mm 
Mean temperature : Approximately 26 oC 
Climate : Tropical savanna 
Other : Agricultural  

II General information on the soil  
Parent material : Local alluvium 
Drainage : Well drained 
Permeability : Rapid 
Runoff : Slow 
Depth of groundwater : Deeper than 200 cm at time of sampling  

III Profile description  
 

Horizon Depth (cm) Description  
Ap 0 - 16 Dark brown (7.5YR  3/2); clay loam; strong fine and medium subangular 

blocky structure; hard dry, firm moist, slightly sticky and very plastic; 
many very fine and few fine vesicular pores; many very fine and few fine 
roots; very few traces of charcoal; slightly acid (field pH 6.5); abrupt, 
smooth boundary to Bt1. 

Bt1 16 - 42 Brown (7.5YR  4/3) (70%); Mixed with dark brown (10YR  3/3) (30%);   
clay; strong fine and medium subangular blocky structure; hard dry, firm 
moist, moderately sticky and very plastic; common distinct clay films on 
faces of peds and pore walls;  many very fine  vesicular pores;  few very 
fine and  fine roots; neutral (field pH 7.0); abrupt, smooth boundary to Bt2. 
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Bt2 42 - 62 Brown (10YR  4/3) (80%); Mixed with brown (7.5YR  4/3) (20%); clay; 
strong fine and medium  angular blocky structure; very hard dry, very firm 
moist, slightly sticky and very plastic; common prominent clay  films on 
faces of peds and pore walls;  many very fine  vesicular pores; very  few 
very fine  roots; very few traces of charcoal; neutral (field pH 7.0); gradual, 
smooth boundary to Bt3. 

Bt3 62 - 90 Dark yellowish brown (10YR  4/4)  (90%), Mixed with brown (7.5YR  4/3)  
(10%);  clay; strong fine and medium  angular blocky structure; hard dry,  
firm moist, slightly sticky and very plastic;  many prominent clay  films on 
faces of peds and pore walls;  many very fine and few fine  vesicular pores; 
very  few very fine  roots; very few traces of charcoal; slightly acid (field 
pH  6.5); gradual, smooth boundary to Bt4. 

Bt4 90 - 109 Dark yellowish brown (10YR  4/4)  (80%), Mixed with dark grayish brown 
(10YR  4/2)  (15%), yellowish red (5YR  4/6)  (5%); clay; strong fine and 
medium  angular blocky structure; hard dry,  firm moist,  very sticky and 
very plastic; many prominent clay  films on faces of peds and pore walls; 
many very fine  vesicular pores; practical no  roots; very few traces of 
charcoal; neutral (field pH 7.0); abrupt, smooth boundary to Bt5. 

Bt5 109 � 126  Brown (7.5YR  4/2)  (50%), Mixed with dark grayish brown (10YR  4/2)  
(30%), dark yellowish brown (10YR  4/6)  (20%); clay; strong fine and 
medium  angular blocky structure; hard dry, very firm moist,  very sticky 
and very plastic; many prominent clay  films on ped  faces and pore walls;  
many very fine and very few fine  vesicular pores; practical no  roots; very 
few traces of charcoal; neutral (field pH 7.0); gradual, smooth boundary to 
Bt6. 

Bt6 126 � 158  Brown (10YR  4/3)  (60%), Mixed with dark gray (10YR  4/1)  (40%);  
clay; strong fine and medium  angular blocky structure; hard dry,  firm 
moist,  very sticky and very plastic;  many prominent clay  films on faces of 
peds and pore walls;  many very fine  vesicular pores; practical no  roots; 
common  traces of charcoal; neutral(field pH  7.0); abrupt, smooth 
boundary to Btg1. 

Btg1 158 � 180  Dark gray (10YR  4/4)  (50%), Mixed with dark grayish brown  (10YR  
4/2)  (40%), dark yellowish brown (10YR  4/6)  (10%);  clay; strong fine 
and medium  angular blocky structure; hard dry,  firm moist, slightly sticky 
and very plastic;  many prominent clay  films on faces of peds and pore 
walls, few distinct clay bridges between sand grains; very few angular 
gravels of rock fragments;  common  very fine  vesicular pores; practical no  
roots; common  traces of charcoal; neutral (field pH  7.0); gradual, smooth 
boundary to Btg2. 

Btg2 180 � 200+ Very dark gray (10YR  3/1)  (80%), Mixed with very dark grayish brown  
(10YR  3/2)  (20%);  clay; strong fine and medium  subangular blocky 
structure; hard dry,  firm moist,  slightly sticky and very plastic;  many 
prominent clay  films on faces of peds and pore walls, common prominent 
clay  bridges between sand grains;  common angular gravels of weathered 
rock fragments (mainly slate);  many  very fine  and few fine vesicular 
pores; practical no  roots;  few traces of charcoal, common fine flat and 
rounded  gravels of resistant rock fragments;  neutral (field pH  7.0). 

 
Pedon 6 

I Information on the site  
Profile symbol : Pedon 6 
Classification : Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
Date of examination : April 21, 2006 
Described by : Saowanuch Tawornpruek, Somchai Anusontpornperm, Suphicha 

Thanachit, Kitti Wongsang, Koson Kentha, Nakharintip Puthasith. 
Location : Tambon  Pinkhong, Amphoe  Chaingdao, Changwat  Chaingmai 
Elevation : Approximately 580 m (MSL)  
Map sheet number : 5238 II      Coordination : 47Q 0505498E, 2160769N 
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Landform 
1. Physiographic position : Middle part of footslope 
2. Surrounding land form : Undulating  
3. Slope on which profile site : 3%         Aspect : South-east 
Land use : Upland crop such as peanut, maize  and vegetable 
Annual rainfall : Approximately 1,200 mm 
Mean temperature : Approximately 26 oC 
Climate : Tropical savanna 
Other : Agricultural  

 
II General information on the soil  

Parent material : Colluvium over residuum derivered from limestone 
Drainage : Well drained  
Permeability : Rapid 
Runoff : Slow 
Depth of groundwater : Deeper than 200 cm at time of sampling  

III Profile description  
 

Horizon Depth (cm) Description  
Ap 0 - 30 Dark reddish brown (5YR 3/3); clay; strong very fine and fine granular and 

fine and medium subangular blocky structure; hard dry, firm moist, 
moderately sticky and very plastic; few fine rounded Fe- Mn oxide nodules; 
common very fine vesicular pores; common very fine and few fine roots; 
neutral (field pH 7.0); abrupt, smooth boundary to Bt1. 

Bt1 30 - 50 Dark reddish brown (2.5YR 3/3); clay; strong fine and medium subangular 
blocky structure; hard dry, firm moist, very sticky and very plastic; 
common distinct clay films on faces of peds and pore walls; very few fine 
rounded Fe- Mn oxide nodules; many very fine vesicular pores; few very 
fine roots; neutral (field pH 7.0); diffuse, smooth boundary to Bt2. 

Bt2 50 � 72 Dark reddish brown (5YR 3/4); clay; strong fine and medium subangular 
blocky structure; hard dry, firm moist, very sticky and very plastic; 
common distinct clay films on faces of peds and pore walls; few fine 
rounded Fe- Mn oxide nodules; common very fine vesicular pores; very 
few very fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary 
to Bt3. 

Bt3 72 - 99 Dark reddish brown (5YR 3/4); clay; strong fine and medium angular 
blocky structure; slightly hard dry, firm moist, very sticky and very plastic; 
common distinct clay films on faces of peds and pore walls; few fine 
rounded Fe-Mn oxide nodules; many very fine vesicular pores; very few 
very fine roots; slightly acid (field pH 6.5); diffuse, smooth boundary to 
Bt4. 

Bt4 99 - 120 Dark red (2.5YR 3/6); clay; strong fine and medium angular blocky 
structure; very hard dry, firm moist, very sticky and very plastic; common 
faint clay films on faces of peds and pore walls; few fine rounded Fe-Mn 
oxide nodules; common very fine vesicular pores; very few very fine roots; 
moderately acid (field pH 6.0); diffuse, smooth boundary to Bt5. 

Bt5 120 - 148 Dark red (2.5YR 3/6); clay; strong fine and medium angular blocky 
structure; hard dry, firm moist, very sticky and very plastic; few faint clay 
films on faces of peds and pore walls; few fine rounded Fe- Mn oxide 
nodules; few very fine vesicular pores; very few very fine roots; strongly 
acid (field pH 5.5); diffuse, smooth boundary to Bt6. 

Bt7 148 � 175  Dark red (2.5YR 3/6); clay; strong fine and medium angular blocky 
structure; hard dry, firm moist, very sticky and very plastic; few distinct 
clay films on faces of peds and pore walls; few fine rounded Fe- Mn oxide 
nodules; common very fine vesicular pores; very few very fine roots; very 
strongly acid (field pH 5.0); diffuse, smooth boundary to Bt7. 

Bt6 175 � 200+ Dark red (2.5YR 3/6); clay; strong fine and medium angular blocky 
structure; hard dry, firm moist, very sticky and very plastic; few distinct 
clay films on faces of peds and pore walls; few fine rounded Fe- Mn oxide 
nodules; common very fine vesicular pores; practical no roots; very 
strongly acid (field pH 5.0). 
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Depth Particle size distribution Textural Hydraulic 

conductivity 
(cm) Sand Silt Clay class (cm hr-1) 
 

Horizon 
 
 

(---------g kg-1--------)   

Pedon 1 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
0 - 31 Ap 107 283 610 C 15.45 
31 - 53 Bt1 43 188 770 C 33.66 
53 - 80 Bt2 38 175 787 C - 
80 - 106 Bt3 42 144 814 C - 
106 - 132 Bt4 43 99 858 C - 
132 - 156 Bt5 45 167 787 C - 

156 - 195+ Bt6 45 180 775 C - 
Pedon 2 Typic Haplustalf, fine, mixed, active, hyperthermic 
0 - 24 Ap 78 520 402 SiC 1.29 
24 - 50 Bt1 121 463 416 SiC 13.94 
50 - 82 Bt2 110 463 427 SiC - 
82 - 107 Bt3 688 126 186 SL - 
107 - 129 Bt4 140 415 445 SiC - 
129 - 151 Btg1 73 480 448 SiC - 
151 - 178 Btg2 96 486 418 SiC - 

178 - 200+ Btg3 172 368 460 C - 
Pedon 3 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
0 - 12 Ap 146 361 494 C 134.66 

.12 - 35 Bt1 92 316 592 C 1.93 
35 - 60 Bt2 75 236 689 C - 
60 - 84 Bt3 88 221 692 C - 
84 - 105 Bt4 84 182 734 C - 
105 - 125 Bt5 74 153 773 C - 
125 - 149 Bt6 70 175 755 C - 
149 - 171 Bt7 72 173 755 C - 

171 - 200+ Bt8 63 162 774 C - 
Pedon 4 Typic Paleustult, fine, mixed, semiactive, hyperthermic 
0 - 13 Ap 225 328 447 C 33.66 
13 - 33 Bt1 188 288 524 C 3.27 
33 - 57 Bt2 173 310 518 C - 
57 - 76 Bt3 130 185 685 C - 
76 - 100 Bt4 143 257 600 C - 
100 - 120 Bt5 151 207 642 C - 
120 - 150 Bt6 177 268 555 C - 
150 - 178 Bt7 184 219 597 C - 

178 - 210+ Bt8 168 228 604 C - 
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�����K��ก��� 1  (	F!) 

 
Depth Particle size distribution Textural Hydraulic 

conductivity 
(cm) Sand Silt Clay class (cm hr-1) 
 

Horizon 
 
 

(--------------g kg-1-------------)   

Pedon 5 Ultic Haplustalf, fine, mixed, superactive, hyperthermic 
0 - 16 Ap 310 380 310 CL 7.77 
16 - 42 Bt1 109 440 451 SiC 0.11 
42 - 62 Bt2 25 619 355 SiCL - 
62 - 90 Bt3 39 525 435 SiC - 
90 - 109 Bt4 38 409 553 SiC - 
109 - 126 Bt5 18 355 628 C - 
126 - 158 Bt6 140 365 495 C - 
158 - 180 Btg1 155 459 386 SiCL - 

180 - 200+ Btg2 284 353 363 CL - 
Pedon 6 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
0 - 30 Ap 120 280 600 C 11.99 
30 - 50 Bt1 72 180 748 C 7.87 
50 - 72 Bt2 60 110 830 C - 
72 - 99 Bt3 65 152 783 C - 
99 - 120 Bt4 61 138 801 C - 
120 - 148 Bt5 59 132 809 C - 
148 - 175 Bt6 57 116 827 C - 

175 - 200+ Bt7 61 100 839 C - 

 
#����#��   SiCL = silty clay loam, SiC = silty clay, C = clay, SL = sandy loam, CL = clay loam 
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Depth (cm) Horizon pH 1:1 OM. Total N Avail. P Avail. K Extractable Base Sum EA CEC CEC BS 
  H2O KCl (.....g kg-1.....) (.....mg kg-1.....) Ca Mg K Na bases  Sum NH4OAc % 
                (����������.�.cmol kg-1�������������...)   

Pedon 1 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
0 - 31 Ap 5.8 5 42.6 1.1 36.1 380.2 21.77 4.08 1.09 0.18 27.12 2.32 29.44 37.75 57 
31 - 53 Bt1 6.1 5.1 6.2 0.4 1.0 76.0 9.01 2.59 0.17 0.24 12.01 1.95 13.96 20.19 24 
53 - 80 Bt2 6.0 5.2 7.6 0.1 0.7 60.1 7.14 1.73 0.13 0.07 9.05 1.88 10.93 17.3 18 

80 - 106 Bt3 5.4 4.9 5.5 0.4 0.7 62.8 7.40 1.31 0.12 0.59 9.42 2.28 11.70 20.04 20 
106 - 132 Bt4 5.1 5.3 4.8 0.4 2.1 69.6 6.96 1.66 0.13 0.47 9.23 1.88 11.10 18.97 19 
132 - 156 Bt5 5.0 5.1 3.4 0.1 0.7 79.0 6.77 1.93 0.15 0.55 9.39 1.65 11.04 19.95 19 

156 - 195+ Bt6 5.5 5.2 1.4 0.4 0.9 67.9 6.43 1.80 0.12 1.46 9.81 1.65 11.46 19.64 20 
Pedon 2 Typic Haplustalf, fine, mixed, active, hyperthermic 
0 - 24 Ap 6.3 5.1 43.2 1.1 32.1 252.2 26.70 5.15 0.56 0.26 32.67 1.5 34.17 39.41 67 
24 - 50 Bt1 6.2 4.8 21.3 0.9 4.3 149.1 25.39 8.65 0.33 0.47 34.83 2.18 37.02 44.07 68 
50 - 82 Bt2 5.7 4.5 14.4 0.6 16.6 49.7 25.18 10.31 0.12 0.42 36.03 2.25 38.28 48.86 72 

82 - 107 Bt3 6.2 4.2 2.8 0.1 76.3 47.4 29.45 15.04 0.09 0.31 44.89 1.72 46.62 44.67 83 
107 - 129 Bt4 5.6 4.4 10.3 0.5 36.3 69.9 28.88 15.10 0.13 0.47 44.58 2.02 46.60 53.45 83 
129 - 151 Btg1 5.9 4.3 15.8 0.6 47.6 60.5 30.10 15.00 0.11 0.64 45.85 2.10 47.95 46.52 85 
151 - 178 Btg2 6.2 4.5 12.4 0.5 12.4 59.3 26.30 15.79 0.12 0.77 42.98 2.25 45.23 50.27 79 

178 - 200+ Btg3 5.9 4.5 24.0 0.8 41.0 65.8 22.65 16.56 0.12 0.31 39.63 2.40 42.03 64.27 71 
Pedon 3 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
0 - 12 Ap 6.0 4.9 62.4 1.7 15.5 92.7 21.02 4.39 0.20 0.18 25.80 2.62 28.42 38.27 52 

.12 - 35 Bt1 6.0 4.9 34.3 1.1 2.2 33.1 10.91 2.66 0.08 0.17 13.82 1.00 14.82 26.74 27 
35 - 60 Bt2 5.7 4.9 27.4 0.8 2.4 26.2 8.76 2.23 0.06 0.14 11.19 1.00 12.19 23.36 22 
60 - 84 Bt3 5.6 5 13.7 0.6 1.9 25.0 8.63 2.07 0.05 0.70 11.45 1.95 13.40 21.32 23 

84 - 105 Bt4 5.9 5.1 11.0 0.5 0.9 25.6 7.53 1.61 0.06 0.31 9.51 1.95 11.46 20.69 19 
105 - 125 Bt5 6.1 5.1 12.4 0.4 0.8 29.6 10.86 1.79 0.05 0.46 13.16 1.58 14.73 19.23 27 
125 - 149 Bt6 5.8 5.1 7.6 0.5 0.7 27.4 7.34 1.82 0.04 0.48 9.67 1.65 11.32 15.46 19 
149 - 171 Bt7 5.9 5.4 6.9 0.4 0.6 25.3 6.82 1.70 0.05 0.83 9.39 1.65 11.04 15.87 19 

171 - 200+ Bt8 5.9 5.2 2.8 0.4 0.6 31.6 7.12 1.72 0.05 0.89 9.78 1.58 11.36 13.07 20 
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�����K��ก��� 2  (	F!) 
 

Depth (cm) Horizon pH 1:1 OM. Total N Avail. P Avail. K Extractable Base Sum EA CEC CEC BS 
  H2O KCl (......g kg-1....) (.....mg kg-1.....) Ca Mg K Na bases  Sum NH4OAc % 
                (���������....�...cmol kg-1�����.���������.)   

pedon 4 Typic Paleustult, fine, mixed, semiactive, hyperthermic 
0 - 13 Ap 6.2 5.0 32.1 1.5 38.7 127.9 24.04 4.02 0.24 0.29 28.59 2.55 31.14 33.09 58 
13 - 33 Bt1 6.1 4.9 30.2 0.2 11.3 48.0 18.17 3.37 0.08 0.11 21.72 2.10 23.82 21.74 44 
33 - 57 Bt2 6.5 5.0 19.2 0.6 11.9 39.9 13.55 2.51 0.07 0.78 16.90 1.88 18.78 21.53 34 
57 - 76 Bt3 6.7 5.2 17.2 0.1 8.2 41.9 11.67 2.78 0.09 0.51 15.05 1.72 16.78 21.32 30 
76 - 100 Bt4 6.9 5.3 11.7 0.5 5.3 40.7 11.33 2.24 0.07 0.08 13.72 1.50 15.22 19.57 28 
100 - 120 Bt5 7.0 5.3 2.1 0.5 7.5 38.7 15.44 3.20 0.07 0.32 19.03 1.62 20.64 18.37 38 
120 - 150 Bt6 6.8 5.5 7.6 0.4 1.0 40.9 10.45 2.95 0.10 0.47 13.96 1.05 15.01 16.93 28 
150 - 178 Bt7 6.9 5.6 5.5 0.5 1.2 37.7 8.85 2.59 0.07 0.32 11.83 1.20 13.03 15.63 23 

178 - 210+ Bt8 6.9 5.7 2.1 0.6 1.0 43.5 10.63 2.95 0.06 0.53 14.18 1.05 15.23 13.75 28 
pedon 5 Ultic Haplustalf, fine, mixed, superactive, hyperthermic  
0 - 16 Ap 5.8 5.0 30.2 1.2 22.7 169.0 20.19 2.93 0.29 1.26 24.67 1.12 25.80 20.14 52 
16 - 42 Bt1 6.2 5.0 15.1 0.8 1.5 78.4 16.29 3.69 0.16 0.60 20.74 1.28 22.01 25.34 42 
42 - 62 Bt2 6.4 4.8 18.5 1.0 1.5 72.4 18.31 3.86 0.12 0.27 22.55 1.20 23.75 23.8 45 
62 - 90 Bt3 6.2 4.7 16.5 0.4 1.0 53.9 21.24 3.75 0.10 0.33 25.43 1.71 27.14 24.83 51 
90 - 109 Bt4 6.1 4.8 17.2 0.8 2.5 59.2 22.05 3.05 0.11 0.29 25.51 1.35 26.86 28.25 52 
109 - 126 Bt5 6.2 4.7 30.9 0.4 2.2 67.0 26.87 3.38 0.13 0.25 30.64 1.35 31.99 31.53 63 
126 - 158 Bt6 6.3 4.9 17.2 0.7 2.4 53.2 22.95 3.31 0.10 0.13 26.50 1.28 27.77 25.32 54 
158 - 180 Btg1 6.4 4.9 18.5 0.7 4.3 53.2 20.98 3.08 0.10 0.24 24.40 1.28 25.67 23.97 50 

180 - 200+ Btg2 6.2 4.9 22.6 1.0 13.3 58.9 21.07 3.23 0.11 0.79 25.21 0.98 26.19 27.23 52 
pedon 6 Typic Paleustult, very-fine, mixed, semiactive, hyperthermic 
0 - 30 Ap 6.4 5.3 47.4 1.5 57.2 524.8 20.96 2.80 0.94 0.27 24.98 2.18 27.16 34.34 54 
30 - 50 Bt1 6.3 5.2 13.0 1.0 4.1 136.9 14.58 1.73 0.24 0.76 17.31 1.72 19.03 19.93 37 
50 - 72 Bt2 6.4 5.3 11.7 0.3 1.1 71.2 10.91 1.41 0.12 0.38 12.82 1.58 14.40 21.81 27 
72 - 99 Bt3 6.4 5.4 5.5 0.4 1.0 58.4 10.89 1.60 0.11 0.45 13.04 1.80 14.85 17.12 27 
99 - 120 Bt4 6.1 5.3 0.7 0.4 0.6 60.4 8.83 1.01 0.10 0.15 10.09 1.50 11.59 15.44 21 
120 - 148 Bt5 5.4 5.5 3.4 0.4 0.6 73.5 7.34 0.64 0.12 0.05 8.16 1.65 9.81 17.32 17 
148 - 175 Bt6 5.1 5.1 4.8 0.5 0.6 105.9 10.04 0.49 0.17 0.36 11.05 1.80 12.85 12.74 24 

175 - 200+ Bt7 5.0 5.3 4.1 0.1 0.6 119.1 8.81 0.43 0.21 0.25 9.70 1.72 11.42 17.41 21 
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�����K��ก��� 3   $!�'��V�(V'��!�ก��

�����������&���#F��*%��!��E��"��� !.�E��"��� &.�E��"+��F +�Q�
 30 �~ ((.�.2521-2550) (ก
�!#	#���������, 2550) 

 
QF��h����
����)!� !" $!�'��V�(V'��!�ก��&�ก�����	
�&!�ก��+�

�����������&���#F��*%��!��E��"��� !.�E��"��� &.�E��"+��F +�Q�
 30 �~  

((.�.2521 -2550) 
 �.Q. ก.(. ��.Q. ��.�. (.Q. ��.�. ก.Q. �.Q. ก.�. 	.Q. (.�. N.Q. 	�!��~ 
�
�����*%��� (mm) 10.6 3.7 18.4 63.8 198.2 185.9 261.5 276.0 255.2 126.1 56.6 24.4 1480.4 
&%���������	ก(���) 0.68 0.94 2.0 6.39 14.87 16.29 18.19 20.0 17.52 11.19 4.81 1.48 114.35 
!#��V'�� (oC) 22.1 24.1 27.1 29.4 28.8 28.2 27.7 27.4 27.2 26.6 24.4 21.9 26.3 
Q���E)*����(��N� (%) 68.1 58.1 52.8 57.1 71.1 76.5 78.5 80.5 80.9 78.3 75.1 72.0 70.76 
�
����ก�

�����*%� (mm) 2.9 4.0 5.1 5.8 5.4 4.2 3.7 3.8 4.0 3.5 3.2 2.8 48.4 
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�����K��ก��� 4  ก�
�
F"ก�#F� !"��)*!��� 

 
Q%��
��ก����,�  E)�!E�*� !"��)*!������ก 

 

����
�� 
(Sandy) 

 
 
 
 
 

���
F�� 
(loamy) 

 
��������� 
(Clayey) 

 

 

��)*!���
 
 
 
 
��)*!���
���ก��" 
 
 
��)*!���ก��" 
 
 
��)*!������!��� 

 

,�$�กF �
��E���	F�" | 	�*"�	F�
�����
��ก�W"
�
�����!�����ก ����
�������
F���W"���
���!�����ก�����
F�� 
 
,�$�กF ���
F�����
��E���	F�" | 	�*"�	F       ���

F�����
�����
�W"���
F�����
�����!��� 
 
,�$�กF ���
F�������� ���
F�����������
��  
���
F�����
����}" ����
����}" 
 
,�$�กF ������������
�� ������������
����}" 
������������ 

 

 

�����: �!�
 (2548); Soil Survey Division Staff (1993) 
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�����K��ก��� 5   $!ก%����	F�" | ���+E$+�ก�
�
�����
���
��
�	���"�Q�� ���ก�
�
�����Q��� 
!#����
'
�� !"��� (Land Classification Division and FAO Project Staff, 1973; 
Soil Survey Division Staff, 1993; �!�
, 2548) 

 
1.  ���ก�
��� !"��� (soil reaction), pH (��� : �*%� = 1 : 1) 

 

���
 (rating) (���� (range) 
��Z�ก
�
#��
"��ก����#� (ultra acid) 
��Z�ก
�
#��
"��ก (extremely acid) 
��Z�ก
�&����ก (very strongly acid) 
��Z�ก
�&�� (strongly acid) 
��Z�ก
����ก��" (moderately acid) 
��Z�ก
���^ก�$!� (slightly acid) 
��Z�ก��" (neutral) 
��Z��F�"��^ก�$!� (slightly alkaline) 
��Z��F�"���ก��" (moderately alkaline) 
��Z��F�"&�� (strongly alkaline) 
��Z��F�"&����ก (very strongly alkaline) 

< 3.5 
3.5-4.5 
4.5-5.0 
5.1-5.5 
5.6-6.0 
6.1-6.5 
6.6-7.3 
7.4-7.8 
7.9-8.4 
8.5-9.0 
> 9.0 

 
2.  !���
����	�# (organic matter) (% organic carbon x 1.724 x 10) 

 
 
���
 (rating) (���� (g kg-1) 
 	�%���ก (VL) 

	�%� (L) 
QF!� $�"	�%� (ML) 
���ก��" (M) 
QF!� $�"�'" (MH) 
�'" (H) 
�'"��ก (VH) 

< 5 
5-10 

10-15 
15-25 
25-35 
35-45 
> 45 

 



89 
 

 

3.  �
����,�P	
�&�
�� (total nitrogen) 

 
 
���
 (rating) (���� (g kg-1) 
 	�%���ก (VL) 

	�%� (L) 
���ก��" (M) 
�'" (H) 
�'"��ก (VH) 

< 1.0 
1.0-2.0 
2.0-5.0 
5.0-7.5 
> 7.5 

 
4.  !�	
�
$!���Q���!���	���
� (bases saturation) 

 
 
���
 (rating) (���� (%) 
 	�%� (L) 

���ก��" (M) 
�'" (H) 

< 35 
35-75 
> 75 

 
5.  Q���&#��ก��������Q	,!!!� (CEC) 

 
 
���
 (rating) (���� (cmol kg-1) 
 	�%���ก (VL) 

	�%� (L) 
QF!� $�"	�%� (ML) 
���ก��" (M) 
QF!� $�"�'" (MH) 
�'" (H) 
�'"��ก (VH) 

< 3 
3-5 

5-10 
10-15 
15-20 
20-30 
> 30 
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6.  �
����d!�d!
�������Z��
�P�E�� (available P) (Bray II) 

 
 
���
 (rating) (���� (mg kg-1) 
 	�%���ก (VL) 

	�%� (L) 
QF!� $�"	�%� (ML) 
���ก��" (M) 
QF!� $�"�'" (MH) 
�'" (H) 
�'"��ก (VH) 

< 3 
3-6 

6-10 
10-15 
15-25 
25-45 
> 45 

 
7.  �
����P(����e��������Z��
�P�E�� (available K) (NH4OAc) 

 
 
���
 (rating) (���� (mg kg-1) 
 	�%���ก (VL) 

	�%� (L) 
���ก��" (M) 
�'" (H) 
�'"��ก (VH) 

< 30 
30-60 
60-90 

90-120 
> 120 

 
8.  �
�����
�
������ก��,�$ (extractable bases) (NH4OAc) 

 
(���� (cmol kg-1) 
���
 (rating) 

extr. Ca extr. Mg extr. K extr. Na extr. bases 
	�%���ก (VL) 
	�%� (L) 
���ก��" (M) 
�'" (H) 
�'"��ก (VH) 

< 2.0 
2-5 

5-10 
10-20 
> 20 

< 0.3 
0.3-1.0 
1.0-3.0 
3.0-8.0 
> 8.0 

< 0.2 
0.2-0.3 
0.3-0.6 
0.6-1.2 
> 1.2 

< 0.1 
0.1-0.3 
0.3-0.7 
0.7-2.0 
> 2.0 

< 2.6 
2.6-6.6 

6.6-14.3 
14.3-31.2 

>31.2 
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�����K��ก��� 6  �ก���ก�
�
F"
���
�
����Q�����Z�ก
�����ก��,�$ 

 
 
���
 (rating) �
����Q�����Z�ก
�����ก��,�$ 

(cmol kg-1) 
 	�%���ก  

	�%�  
���ก��"  
�'"  
�'"��ก  

< 1.0 
1.0-5.0 

5.0-10.0 
10.0-20.0 

> 20.0 

 
�����: �"Q
�M (2529)  
 

�����K��ก���  7  Q���������M��ก���E�*� !"��)*!������+E$+�ก�
�
�������

�������'" 

 
��M��ก��� Q������� ��M��ก��� Q������� 

S 
C 
L 
Si 
SC 
SL 

�
�� 
��������� 
���
F�� 

�
����}" 
������������
�� 
���
F�����
�� 

CL 
LS 

SCL 
SiC 
SiL 

SiCL 

���
F������������� 
�
�������
F�� 

���
F�����������
�� 
������������
����}" 
���
F�����
����}" 

���
F�����������
����}" 
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�����K��ก��� 8  
���
E�*� !"QF��V�(ก�
�%��*%� !"���!���	���$���*%� 

 
 
���
E�*� QF��V�(ก�
�%��*%� !"������!���	��

�$���*%� (cm hr-1) 
 E$���ก (Very slow) 

E$� (slow) 
E$����ก��" (moderately slow) 
���ก��" (moderate) 
�
̂����ก��" (moderately rapid) 
�
̂� (rapid) 
�
̂���ก (very rapid) 

< 0.125 
0.125-0.50 
0.50-2.00 
2.00-6.25 

6.25-12.50 
12.50-25.00 

> 25.00 

 
�����: O{Neal (1952) 
 
�����K��ก��� 9  ��N�ก�
�
�����
���
Q���!#����
'
�� !"��� &�กD�ก�
���Q
������� 

 

���
Q���!#��
��
'
�� !"��� 

�
����
!���
����	�# 
 

(g kg-1) 

!�	
�
$!���
Q���!���	���
� 
 

(%) 

Q���&#
��ก������� 
�Q	,!!!� 

(cmol kg-1) 

�
����
d!�d!
�����
��Z��
�P�E�� 

(mg kg-1) 

�
����
P(����e������
��Z��
�P�E�� 

(mg kg-1) 

	�%� 
���ก��" 
�'" 

< 15 (1) 
15 - 30 (2) 

> 35 (3) 

< 35 (1) 
35 - 75 (2) 

> 75 (3) 

< 10 (1) 
10 - 25 (2) 

> 25 (3) 

< 10 (1) 
10 � 25 (2) 

> 25 (3) 

< 60 (1) 
60 � 90 (2) 

> 90 (3) 

 
������	#  ��N�Q��
���
Q���!#����
'
�� !"���+E$��N�+�$Q���� (	���� Q����!�'F+��"��^
+�

	�
�") �$�Q������F�ก�
 7 �
)!�$!�ก�F� �����
���
Q���!#����
'
��	�%� �$�Q����!�'F

���F�" 8-12 �����Q���!#����
'
�����ก��" �$���Q���� 13 �
)!��กก�F� �����Q���
!#����
'
���'" 

 
�����: ก!"�%�
�&��� (2523) 
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�����K��ก��� 10  X-ray diffraction spacing obtained from (001) planes of layer-silicate species as    
  related to sample treatment. 

 
Diffraction spacing (nm) Mineral (or minerals) Indicated 
 
1.4 � 1.5 
0.99 � 1.01 
0.72 � 0.75 
0.715 
 
1.77 � 1.80 
1.4 � 1.5 
1.08 
0.99 � 1.01 
0.72 � 0.75 
0.75 
 
1.4 � 1.5 
1.24 � 1.28 
0.99 � 1.01 
0.72 � 0.75 
0.715 
 
1.4 
0.99 � 1.01 
0.715 

Mg-saturated, air-dried 
Smectite, vermiculite, chlorite 
Mica (illite), halloysite 
Metahalloysite 
Kaolinite, chlorite (2nd-order maximum) 
Mg-saturated, glycerol-solvated 
Smectite 
Vermiculite, chlorite 
Halloysite 
Mica (illite) 
Metahalloysite 
Kaolinite, chlorite (2nd-order maximum) 
K-saturated, air-dried 
Chlorite, vermiculite (with interlayer aluminum) 
Smectite 
Mica (illite), halloysite, vermiculite (contracted) 
Metahalloysite 
Kaolinite, chlorite (2nd-order maximum) 
K-saturated, heated (550o C) 
Chlorite 
Mica, vermiculite (contracted), smectitle (contracted) 
Chlorite (2nd-order maximum) 

 
�����: Whittig and Allardice (1986) 
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��������� !"���(��!���� 1 EF�"Q����Wก 31-53 �e�	���	
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H��K��ก��� 5  ก
�d���"ก�
���*���
� !"
�"���!กe� !"!"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q ���
��������� !"���(��!���� 3 EF�"Q����Wก 12-35 �e�	���	
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�d���"ก�
���*���
� !"
�"���!กe� !"!"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q ���
��������� !"���(��!���� 5 EF�"Q����Wก 180-200 �e�	���	
 

 

Mg-sat 

Mg-gly 

K-sat 

K-260 oC 

K-480 oC 

K-550oC 

K = Kaolinite 
V = Vermiculite 
B = Boehmite 
G = Gibbsite 

K V K 
B 

Cu Kα degree 2θ 

Gi Go H 

Co Kα degree 2θ 

I S 
G K K 

Q 

Mg-sat 
 
Mg-gly 
 
K-sat 
 
K-550oC 

K = Kaolinite 
S = Smectite 
G = Gibbsite 
I = Illite 
Q = Quartz 

0                              10                           20                            30                             40 

0                              10                             20                              30                             40 



97 
 

 

 
 

0 10 20 30 40

 

 
 

H��K��ก��� 7  ก
�d���"ก�
���*���
� !"
�"���!กe� !"!"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q ���
��������� !"���(��!���� 6 EF�"Q����Wก 99-120 �e�	���	
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H��K��ก��� 8  ก
�d���"ก�
���*���
� !"
�"���!กe� !"!"Q��
�ก!
�E�"�
F+�ก�#F�!�#V�Q ���
��������� !"���(��!���� 6 EF�"Q����Wก 175-200 �e�	���	
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