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A study on properties, organic carbon content and aggregate stability of soils under different types 
of forest was conducted in eight areas in Sakaerat Environmental Research Station, Wang Nam Kheo district, 
Nakhon Ratchasima province. They comprised one soil each under secondary mixed deciduous forest and 
ecotone (transitional zone between dry dipterocarp and dry evergreen forests), two soils under dry dipterocarp 
forest, and four soils under dry evergreen forest. Water stable aggregate was analyzed and separated into six 
sizes; 2-8 mm (WSA1), 1-2 mm (WSA2), 0.5-1 mm (WSA3), 0.25-0.5 mm (WSA4), 0.1-0.25 mm (WSA5), 
and smaller than 0.1 mm (WSA6) in order to investigate the relationships of the impact of soil properties on 
the formation of soil aggregate at different sizes and their organic carbon content in those aggregates.  

 
Results revealed that WSA1 and WSA5 statistically had, respectively, highly positive and negative 

correlation with organic carbon (r=0.71** and -0.64**) due to the organic carbon being the important 
cementing agent that basically forms large aggregate. Iron and manganese in crystalline, amorphous and 
organo-complex forms were statistically positively correlated with WSA2 and WSA3, and had negative 
correlation with WSA5. This is because iron and manganese acting as cementing agent binding between 
organic matter and clay to form aggregates of larger than 0.25 mm. Most plant nutrients in soil had the 
positive correlation with large aggregate in a similar fashion as that of organic carbon, indicating that the role 
of organic matter is not only essential for aggregation but also contributing the availability of some plant 
nutrients in these soils. WSA1 dominated in the top layer of all forest soils studied whereas WSA5 was found 
dominant in subsoil layers. The highest amount of WSA1 was in the soils of the transitional zone between dry 
dipterocarp and dry evergreen forests (Skr-4) and undisturbed dry evergreen forest (Skr-8), having the 
contents of 51.4 and 51.30 g 100 g-1 soil, respectively. The soil under secondary mixed deciduous forest (Skr-
1) contained the greatest amount of WSA5 with the content of 60.10 g 100 g-1 soil. There was no different 
organic carbon content in various sizes of water stable aggregate in topsoil and subsoil. This indicates that 
different types of forest had no influence on the amount of organic carbon distribution in different sizes of 
water stable aggregate. 
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��#�/�)�&���1/ก��! 
 

Relationship between Soil Properties, Organic Carbon and Water-stable 

Aggregates in Forest Soils of Sakaerat Environmental Research Station 
 

 6��6� 
 

������	 (Soil aggregates) �����_� ก�H��T���	HJ����	��'�ก�
�_�ก�	�"d	ก�H�� �ก��T_�	�%��
ก�
��	ก�����
���(��� Y��!	(�������T���	HJ��&
�"d	����ก����กZ���
��ก�"��'�	T��	� �
��
��ก�M (�I
ก���ก��&��� ��&	�	Hก��"O�������, 2551; NRCS, 2008) TI
��'����������
T��������	 (aggregate stability) 	��	 �����_� ����������T��������	��'&
�	��	���ก��� ����
Y�����J��	�ก (��ก&
�"d	�����'�ก��&�ก	� �) i_'����ก����'�����
�������������������T��������	
	��	$�%�ก��	U����	 (	��T�������	��	��� ����ก��'�ก��$�% ���$���	��'�ก��$�% (	��T����	��������H 
��
T	��T����'���(���� (NRCS, 2008) 	�ก&�ก	����	��������H���(���"���"�H�ก���ก��������	��

Y�����%��T����	 (Caravaca et al., 2004; Pinheiro et al., 2004; Tisdall and Oades, 1982) �������
(���!	ก��"���"�H����������������
|}��ก�� (Carter, 2002) Boyle et al. (1989) ��H"���������	
��	�����!	��	���P�ก�
��������������|}��ก��T����	!	������	��'$������' ��
������	��	�����
�U��"d	����(U'�����ก!	��	��'&
� �!�%�ก��������	T	������� (Le Bissonnais and Le Souder, 1995) 
��ก���������
������Y�����%����	��
����������Y��ก���ก�
�_�T���	HJ����	��� (�����ก����ก
���T��������	�%��	� � ��
�����
�����������ก����(��ก�T��������	 (Onweremadu et al., 2007) 

������	��	�������
"����I$	Y���&	T����	��'��!	������	����T	��&
������� ���X���ก��
ก ��	�"����IT����	��'�������ก���QX����Y��ก�
��	ก��ก���	��	 
 

Barthes et al.  (2008) �����	��� ก���ก��������	!	�T��%�	$��$�%�ก��&�ก���
���T���	U��
��	Y��(���&	 TI
��'ก�����'�T_�	T��������	���!	��	��
"����IT��������	!	��	��������H
T	���
�����&
�����������	
�ก��"����I�	HJ����	��	�����
�	HJ�������"������������T��
������	T	��!�X������������	
�ก��������	���!	��	��
"����IT��������	!	��	��������H
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���IO�	 

 
��	��&��	���%��ก����'&
M_กZ��_����������	
��
�����������	��	�����ก������������T��

������	 ����_���������	����� ��'��P��������������T��������	!	�J��"#�����(	�� Y�������Q%��'
$�%&�กก��M_กZ� &
������!(%�"d	O�	�����Q% ��	� �!�%�ก�������T%�!&!	M����������	��'ก�
&���
T_�	 ��U'�&
$�%	 ������Q%	��$""�
�Hก��!�%�ก��"�
Y�(	���
�����&��XT��M����������	���$" ��ก
�������������	 �T%��Q�$""���!(%ก����	!	�U�	��'�กZ��ก����%�� 
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1. ��U'�M_กZ����������	
��
�����������	��	�����!	��	��
��������	ก�����������	
������	� � !	�J��"#�$�%����(	��T�����	���&����'�����%���
�ก��( 
 

2. ��U'�M_กZ��_����
���T��(	��"#�$�% ���ก���&กก�
&��T��������	 
 

3. ��U'��"�����������กZI
ก���&กก�
&��T��������	��	�����!	������	����T	��!	
�J��"#�$�%����(	��T�����	���&����'�����%���
�ก��( 
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ก�����'��ก��� 
 
1. �%�/��/�1��Y'�ก� ������ (Carbon cycle) 

 

��y&�ก�������	�"d	���&�ก�(��
�I����� (biogeochemical cycle) i_'�������	�Qก��ก�"��'�	
�
�������'���(���� ���	��	 	� � ��
�����ก�MT��Y�ก (Burkett et al., 2005) ��y&�ก�������	�"d	
� ����ก���"��'�	�Q"������	$���ก$i��$"��Q�!	�Q"�����	�����Y��ก�
��	ก���������
�����
��U�ก�
��	ก���������
�����������%��Qก!(%$"!	(��	(��J�� (biosphere) ��
!	��'�H�ก�ก����Q��Q"
������	$����ก$i��Y��P��	ก�
��	ก�����!&��U��P�$��% (�I
ก���ก��&��� ��&	�	Hก��
"O�������, 2551) 
 

������	�"d	
��H����"�
ก����'� ���XT����'���(���� �"d	����"�
ก��"�
��I�%���
50
T���	U����U'�T����'���(���� ��
!	�Q"������	$���ก$i�� i_'�������& ��"d	���ก���&��X����Y�T��
�U( (Bolin, 1979) �	U'��&�กY"���	 ����Y�$����� ��
���"�
ก����	������U'	 � ��'� ���X�%�	���
��� � ��� �	�"d 	���� " �
 ก ����� � ��� 	  � � ��� �	" �� กy ��Q� !	� ��� � ก� M ! 	�Q " T �� ก{ � i
������	$���ก$i�� i_'�����Q�!	�Q"T������
��� 	�ก&�ก	��	����"d	����"�
ก����'� ���XT��
��	"Q	�����H����"����I������	��กก���!	�����ก�M�_� 50 ���� ��y&�ก�T��������	&

��H	����	��Q��
�������'���(������
��'�����%����U��
�����������	��	����� ��
������	�	�	����� 
 

�Q"T��������	!	��	������ก$�%�"d	 2 "�
�J� $�%�ก�������	�	�	�����!	��	 
(inorganic carbon) ��
������	��	����� (organic carbon) ������	�	�	�������'�����	!�X�&
��Q�
!	�Q"T���ก�U��������	� i_'�����ก!	�T�ก_'���%���%� &�กก��"�
���	"����IT���	�	�����
������	����������� ����� ������	�	�	���������Q�"�
��I�%���
 12 T��������	�������!	��	 
(Schlesinger, 1991) 
 

��ก��ก ��
 �H��M (2552) ก������� 
��H������	�"d	
��H���ก!	���	"�
ก��T��
��	��������H�Hก�Q"��� Y�����'�&�กก���������
�����T���U(Y���Q�i��������	$���ก$i��!	
��ก�M��� � "y�ก�����ก��	� ���%������Y�$������������T_�	 ��
� �ก���������
������"d	�"�� 
$T��	 	� ���� ��
	� ������U'	 � ��'��Y�����%������i��i%�	 &�ก	��	ก�� �ก�����P��	$"�Q������Y��
ก�
��	ก��T��ก���"d	�������� ������	!	�����ก�	�U(�������$"�Q������ก�	�	U��Y��ก������"d	
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�������
�"��'�	�Q"�"d	�	U����U'� ������	!	�	U����U'�T���U( �����ก�	�U( ��
�����ก�	�	U���Qก
	 ���!(%!	ก�����!&��
"��"����������	$���ก$i����ก�Q������ก�M���	�	_'� ��
���	��'
���U�ก�!(%!	ก���&��X����Y�ก���ก�"d	i�ก��U'������ i�กT���U(��
�����ก�&
�Qก��������Y��
ก��ก�
� �T�������������
�(U���� "��"����������	��ก��!	�Q"T��������	$���ก$i�� 
��ก���	�	_'���'ก���$"�Q������ก�M������� ������	��ก���	�	_'��Qก�ก���"d	�	U��$�% i�ก ��U����	��	
!	��	 ก{�i
���(�����
	� ���	 ��&�Qก"��"�����"d	������	$���ก$i���T%��Q������ก�MY��ก��
�P�$��%&�กก�&ก���T���	HZ����U�&�ก���Hก��I����
���(��� �(�	 $|"#� �"d	�%	 i_'�ก��� �
ก�&ก��������T���	HZ��!	"�&&H��		��	 �"d	"�&&���	_'���'� �!�%������	$���ก$i��!	�����ก�M
���'�T_�	 &_����������'� �!�%�ก��"��กyก��I���U�	ก�
&ก (green house effect) Y��
������	$���ก$i��&
� ��	%���'���U�	ก�
&ก ��U'���������������P��	�T%�$"!	��U�	ก�
&ก  
ก�&
� �!�%�ก�������%�	J��!	T_�	��������%�	��'�ก��T_�		��$��������P��	ก�
&ก��ก$"$�% &_��ก��
ก���
�������%�	T_�	J��!	��U�	ก�
&ก	��	 i_'������_��U�	��'Y�ก	�'	��� (���	�, 2548) 
 

Kudeyarov and Nurganova (1998) ��
 Phillipss et al. (1998)  ���������������	 (carbon 
pool) ��'� ���X��'���	Y�ก��ก�"d	�����!�X� � $�%�ก� "O��J�� (pedosphere) �����ก�MJ�� 
(atmosphere) �H�กJ�� (hydrosphere) (������ (biosphere) ��

�I�J�� (lithosphere) "����I
������	!	���	��'��Q�!	��	��'�Y�ก����Q���������M�� (Schlesinger, 1991) "�
��I�����"����I�"d	
�������T��������	!	�����ก�M ��U��"d	 �������T��������	��'�
��!	��'���(������'��M���	
�ก ��"����I�"d	�MZ�	_'����	���T��������	!	������(U�������!	�Q" fossil fuels ��'��!	���	��'
�"d	(��	��	!�%��	��$" ��
�"d	�MZ�	_'����	��'����%�T��������	��'��!	���	��'�"d		� � Y����'�$"
��%�!	�
��	���M��'��ก��"��"����������	��กก���ก��ก�ก�ก��������	 ��ก����ก����"d	�����
"��"����������	 (carbon sources) ��
!	������ก�	T%���
��	���M��'��ก��ก�ก�ก��������	
��กก���ก��"��"����������	 ��ก����ก����"d	�����ก�ก�ก��������	 (carbon sinks) 
 

Ciais et al. (2000) �����	��� ������	!	�Q"T��ก{�i������	$���ก$i����ก��
��ก�"��'�	�
����������ก�M �����H�� ��
�U�	��	 ก����ก�"��'�	�Qก����H�Y��ก�
��	ก��
�������
�������
ก�����!& ก����ก�"��'�	��'��ก��'�H��U�ก����ก�"��'�	�
����������ก�M��

��'���(�����	�U�	��	 ������
��������	��'� ���X $�%�ก� �����H�� �%	$�% ��
��	 Y��!	���ก�I� 
������	!	�Q"T����	�������!	��'���(���� ��&&
$��$�%��H	����	ก����U	�Q������ก�M!	
��	����	!� �����&&
�
����Q�!	(����
�
�����	_'� ��&&
	�	�"d	���"� �%��"� ��U��%�	"� 
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���������(�	 ������	��'��Q�!	�Q"�	U��$�%!	�%	$�%!�X� i�ก�U(��
�����!	�H�Y���I��'�	���"����PH
�������$����� ���	��	 ��
ก{�i
���(��� �"d	�%	 (MQ	����&��"#�$�%, 2552) 
 

ก����H	����	T��������	!	�
��	���M����$�%�"d	 3 ��� ����
�
������'!(%!	ก��
��H	����	!�%������ (turnover time) �U� �
�
���	 �
�
ก��� ��
�
�
��� ก����H	����	P��	
ก�
��	ก���������
�������
ก�����!& �"d	����
�
���	 ก����H	����	P��	�����	�����!	��	
�
ก�	 ���	��	 ��
	� ���	�"d	����
�
ก��� ��
ก����H	����	P��	Y�����%��T��Y�ก����
�����H������_�!	��	 �"d	����
�
��� (Mackenzie, 1995) 
 

��	�"d	���������ก�ก�ก��������	 ��
�����"��"����������	��'� ���X!	���&�ก� ��
�
�
����!	ก����H	���	������		�	ก���������U'	 � �������ก���
��������	$�%!	"����I
��ก (Smith et al., 1997; Lal et al., 2000) 

 
2. ��*))�� (Soil aggregates) 
 

������	 (soil aggregates) �����_� ก�H��T���	HJ����	��'�ก�
�_�ก�	�"d	ก�H�� �ก��T_�	�%��
ก�
��	ก�����
���(��� Y��!	(�������T���	HJ��&
�"d	����ก����กZ� ��
��ก�"��'�	T��	� �
��
��ก�M (�I
ก���ก��&��� ��&	�	Hก��"O�������, 2551; NRCS, 2008) 

 
Tisdall and Oades (1982) ��
 Oades (1984) $�%� �ก��& ��	ก����ก�
�_���	����� 

(organic binding agents) ��ก�"d	 3 ก�H�� �U� transient, temporary ��
 persistent Y������ก�
�_�
��	����� ก�H�� transient �ก��&�ก��	��������H��'�Qก��������������������Y����'���(����T	�����ก !�%
�����'� ���X�U� Y����i���$��� (polysaccharides) ����ก�
�_���	�����ก�H��	��&
��"�
���
�J��!	
ก���ก�
�_���	�"d	��������������� TI
��'����ก�
�_���	����� ก�H�� temporary �ก��&�ก��ก�U(��

��%	!�T���(U����!	ก�H�� $�����$�i�� (mycorrhiza) ����ก�
�_���	�����ก�H��	��&
��"�
���
�J��
!	ก���ก�
�_���	�"d	����������U�	��U���&�"d	����"� i_'���&&
���P����ก��&��ก����	 ���
�ก�
�_���	�����ก�H���%���H� �U� ก�H�� persistent 	��	�ก��&�กก���������T������H�����กi_'���
���������	
�ก������ก���IO�	 �
�Q���	������IO�	 ��
�
�Q��Y	i����ก���	

T�� persistent 
�����	�� ����"d	���"�
ก���(��i%�	 C-P-OM (clay-polyvalent metal-organic matter) !�%
����
�����Y�� Edwards and Bremner (1967) i_'�PQ%�T��	$�%��	���� ��	

��� inter-particle T��
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������	T	�����ก	��	�ก��T_�	Y�����
���T�����"�
ก���(��i%�	 C-P-OM ��
&
������������
T��������	�Q� 
 

Tisdall and Oades (1982) $�%��	���� ก���ก��������	&
T_�	��Q�ก��T	��T��������	��
 
�������ก����T������ก�
�_�������	��'��T	����%	P��	MQ	��ก�����กก��� 2,000 $�Y������ i_'�
�_��ก�
ก�	�%����ก�U(��
��%	!� &
��"����I����&H������	��	�����!	��	��กก����%���
 2 ����
��	T	���
����� 20-250 $�Y������ "�
ก��$"�%���	HJ����'��T	����%	P��	MQ	��ก��� 2-20 
$�Y������ �_��ก�
ก�	Y������(U'����'���ก���� ��	"�
ก���%������H��	����� P�_กT����ก$i�� 
��
�
�Q��Y	i����ก���'������$���"d	�
������Q� ����������T��������	!		� ���'T	�� 2-20 
$�Y������ "�
ก���%���	HJ����'��T	����%	P��	MQ	��ก���	%��ก��� 20 $�Y������ �_��ก�
ก�	
������T������%����	

��	����� ������	T	��	�������������	
�ก���i��������������'��(������

�	HJ����	��	��� 

Oades and Waters (1991) $�%	 ���	��	������U'��� ����(��	T��������	�������H��	������"d	
�������H�����������T��������	 ������	�����	��&
�Qก� �������T��	��	��
ก�H��T���	HJ����'��
T	������ก�	&
����������������	
�ก�	 � ����(��		���Qก��%��T_�	��Y������PQก��	T���	HJ��Y��
��ก�U(��
��%	!� !	������	T	��!�X�ก���_กก���	&
� �!��ก��������	��'��T	����%	P��	
MQ	��ก�����Q��
����� 20-250 $�Y������ i_'���������������กก���������	T	��!�X� ����H��'��T	��
���ก��� 20 $�Y������ &
�Qก"��"�����
�����T��	��	T��ก������T��������	 � �����������	��'��
T	��	%��ก��� 20 $�Y������&
"��กy��Q�!	Y�����%��T	�����กT����	��	��� ก�H��T��
���(��J�� ��
��'���(����T	�����ก 
 
3.  �����4,
������*))�� (Aggregate Stability) 

 
����������T��������	�"d	P����
�T�������(U'��Y����	i��i%�	�
����� ก�
��	ก��

���(��J�� ���� ��
ก�
��	ก�����|}��ก��!	��	 (Tisdall and Oades, 1982) ����������T������
��	T_�	��Q�ก����	

T����	��	�����
��	��������H ��	

����T�������	������(��i%�	 ��
����_�
�ก�
���ก��J��T���	HJ��Y����%	!�T������
��ก�U( (Miller and Jastrow, 1990; Beare and 
Bruce, 1993; Angers and Caron, 1998) 
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ก��ก�
&��T��������	����T	����'������������	��	 T_�	��Q�ก��"����IT��������������

����$��������T��������	 ��'& ��	กY��T	����
����P�	P�	T������������������	 (Andraski 
and Scanlon, 2002) &�กก��M_กZ���U'������������T��������	 �������"d	$"$�%��'���ก���� 
ก��&��ก����	 &
(���"���"�H�!�%�HI������T����	��
M�ก�J��T��ก��!(%��'��	���ก���กZ�� 
��T_�	 (Pinheiro et al., 2004) �����H������T��ก��M_กZ���U'��ก��ก�
&��T��������	����T	����'��
����������	��	 ก���U'���'&
�������O�	!	ก����'&
& ��	ก������	�%��T	����
�������	!		� �
T��������	 ��
�ก��������U�ก���������QX���T��������	&�กก����������	 ����&�ก���������
�QX���&�กก��������������	��'��T	����กก��� 250 $�Y������ (Andraski and Scanlon, 2002) &

$�%�����(	�����������T��������	��
�����(	�����������T��������	T	��!�X� ก��M_กZ���U'��
����������T��������		��	 &
��Q��	�U�	O�	��'��������%�	��	T��������	���ก���QX���&
� �!�%
$�%��i_'����	� ��	�ก�w��'����T��������	��'��������
���	� ��	�ก�w��'����T��������	T	��!�X���'
������ ���� ���� (Marquez et al., 2004) ������ � ��
�ก����'!(%!	ก�������ก��ก�
&��T��������	
��'������������ (Andraski and Scanlon, 2002) ��������
��T����
�ก�������	��T_�	��Q�ก��
����H"�
������'�%��ก��&
M_กZ� 
 

����������T��������	�"d	���(�������'� ���X��'&
��ก�_��HIJ��T����	 ��
�������Q�I�
T���U�	��'�H���X%� (Herrick et al., 2001; Nael et al., 2004) ������������������	
������!ก�%(��ก��
������T����	 ก�
��	ก�� ��
"�&&������� "�
ก��$"�%��"����I��
P����T����	��������H 
(Pinheiro et al., 2004) ก�&ก���T����'���(����!	��	 (Roldan et al., 2005) "�
���
�J��!	ก��i��
i_�	� � (Abu-Sharar and Salameh, 1995) ��
�����%���	ก��ก���	��	 (Barthes and Roose, 2002; 
Ramos et al., 2003) ������	T��������	��'����%	P��	MQ	��ก�����กก�����U�����ก�� 2 ��������� &
��
����
����'&
!(%�"d	���(������_����
���T���
��ก��$����	���ก���ก��������	 (Pinheiro et al., 
2004) ������	��'��T	��!�X�ก��� 2 ��������� ��
���กก��� 0.25 ��������� &
��"����I������	��

$	Y���&	��ก i_'�&
�����������	
�ก��������	��'��T	�� 2-0.25 ��������� ���������	
��
�����
������	��	�����ก��T	���w��'�T��������	������	� � (mean weight diameter, MWD) ��
���������	
�ก�	�������	��� ���X ����"d		��� ���X��'������' � (Zhang et al., 1996; Adesodun et al., 
2005) ����������T��������	!		� �&
�������T	��T��������	��'���'�T_�	 Y���w��
�������'�!	
��	��'����	��������H�' � ��	��������H�����������	
�ก���	HJ����'��T	�����กก��� 20 $�Y������ Y��
&
$��"��กy���������	
�	��ก���������������T��������	T	��!�X�!	��	�T�ก_'���%���%� 
(Caravaca et al., 2004) �������������T��������	&
�����������	
��������'����ก���������&H
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��	��������H ���$�������	
�ก������Y�$����� ���������	T	�����กก��� 1 ��������� &
��ก���
��
����Y�$�������กก���������	��'��T	��!�X�ก��� 1 ��������� (Spaccini et al., 2002) T	���w��'�T��
������	�����������	
�ก����	��'��Y�Y	�i���$�����U���	��'��	� �����(�����'���"d	���	"�
ก�� 
����_���	�����'��Y"���	 ��	�����'��ก��|�Y	����"d	���	"�
ก�� ��
�����'�ก��$�%T�� 
��������%	�����ก (Martens, 2000) 
 

����������T��������	�	P���	%�T����		��	 ������� ���X���ก���ก��ก��ก���	��	��

ก���ก��ก��$������	%���	T��	� � (Li et al., 2005) �����_กT��ก��$������	%���	 ��
ก��
�QX������	�"d	�����ก�	ก��� 30 	��� �����������	
�!	�(����ก��(��	��	�	i_'���������	T	��!�X� 
��'������������ (������	T	����กก��� 0.2 ���������) (Barthes and Roose, 2002) ��	��'��ก�� 
$����	��
T������H�ก�%�� &
	 ���i_'�ก������T��ก���ก��������	��
������	��	�����Y��
"�&&���������&���"d	"�&&����'���������	$�����ก���ก��ก��ก���	��	 (Pinheiro et al., 2004) 
 

4.  ������
������� ������ก�� �����4,
������*))�� 
 

Igwe et al. (2009) $�%� �ก��M_กZ���U'������������T������������	ก��P�ก�
��&�ก
����ก��ก$i����
�
�Q���	�����ก$i��!	��	�T��%�	�����IJ���
��	��ก�w���!�%T��"�
��M
$	&����� ����� !	��	�������(	�ก���ก�
���T����	��	��� (clay-flocculation index) ��
���������	
T	�������"����
��	��	��� (aggregated silt+clay) "�	ก����_��Q�&
� �!�%M�ก�J��T��������	��
����Q����$"�%�� TI
�����ก�	!	ก��M_กZ���������������	��	�����	��	 $�������
����������
������T��������	T	�����ก (microaggregates) TI
��'����ก!	�Q"���IO�	 ��
�Q"�����	�����
�(��i%�	����_��
�Q���	���!	�Q"�
�Q���	������ (total aluminium) i_'��"d	�Q"�	_'�� ��'��Q�!	����ก
��ก$i����
�
�Q���	�����ก$i�� &
�"d	����(U'����'� �!�%�ก��������	T	�����ก &_���������H"$�%
�����ก$i��T������ก��
�
�Q���	��������������	
�ก�����"�
ก���(��i%�	 C-P-OM i_'��"d	
���ก����'&
� �!�%������	�ก������������ 
 

Razafimbelo et al. (2007) M_กZ���U'��������	!	������	��
ก��"���ก�	���������|}��ก��
!	��	��	����T��%�	J��!�%�U�	��'��'��ก��$����	��
$��$����	T��"�
��M����ก��ก��� Y��
� �ก��M_กZ�!	�U�	��'��'��ก�����
"�Qก��'�����ก��T%��Y����������������"d	����	�	ก��� 11 "� ����
�"��������"d	 2 ��� �U� ���$����	��
	 �����H�ก�%�� (i�ก�U() ��ก&�ก�"�������ก��
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���$��$����	��
���������H�ก�%��!	�"�������$�% &�กP�ก��M_กZ����������������T��
������	�����
������"����IT��������	��	�����!	��	Y������������T��������	&
(���"���ก�	
$��!�%����������H�Qก��������Y����'���(����T	�����ก TI
�����ก�	����� �
��$����	��
����H
�ก�%�� ��P�ก�
�����ก���
��������	�%�� Y��!	�"����'$��$����	��
���������H�ก�%��$�%
�������ก���
��������	�_��%���
 64 (� �	�I&�ก������	��	�����!	��	��'��ก���
��T������H
�ก�%��!	��� 1 "�) ��
��������������	�����������	
�ก������������T��������	����T	��!�X� 
(200-2000 $�Y������) T	��ก��� (20-200 $�Y������) ��
T	�����ก (	%��ก��� 20 
$�Y������) !	��������
���"������� 
 

&�กก��M_กZ�P����
�����!�%���	���"����I������	T	��!�X������������	
��������
	��� ���Xก���"�����$��$����	��
���������H�ก�%��!	�"�������$�%��กก���ก���"�����
$����	��
	 �����H�ก�%����ก&�ก�"���������
"����I������	T	��ก��������������	
�
�������	��� ���X!	��M������ก�	T%��ก��������	T	��!�X� ��"����I������	��'��P����ก�����Q"
T��������	T	��!�X�!	�"�����$��$����	��
���������H�ก�%��!	�"�������$�% ��"����I
��กก���!	�"�����$����	��
	 �����H�ก�%����ก&�ก�"��������_� 1.8 ���� (31.9 ��
 17.9 
ก���������	���ก�����	���� ����) &�กก��M_กZ�	�������T%��Q�� ���X��ก����� �U� ������	T	��
!�X���
T	��ก���������"���ก�	ก���QX����������	$�%	%��ก��� 54 $�Y��ก������ก�����	!	
���� 2 �
���"������� �%�����H	��ก��"���ก�	ก���QX����������	Y��������	T	��!�X�ก��� 50 
$�Y������ &_�$��!(�ก�
��	ก�����ก!	ก����กZ�������	$�% ���	��	 ก��"���ก�	ก���QX����
������	��&�ก��T_�	!	������	��'��T	��!�X���U����กก��� 50 $�Y������ P��	������������	
�
�
�������	��������Hก���	HJ����	��	�����
�	HJ�������"����U���&"���ก�	ก���QX����������	
Y��ก��ก�ก�ก��$�%!	�Q"����"�
ก��������� 
 

5. ������)��/�1!��)�7�	,#
��������4��,��'�
��#�/�)�&���1/ก��! 

 
"#�������� (Deciduous Dipterocarp Forest ��U� Dry Dipterocarp Forest) 

 
�"d	������	_'�!	ก�H��"#�P���!� ��$�%��(	���'��ก����$"&�ก"#�!	ก�H��"#�P���!��%��ก�	

�����(���&	 Y��$�% ���	��' �"d	$�%��(	�"�
ก��$"�%��$�%!	��M����P���!� (deciduous 
Dipterocarpaceae) $�%�ก� ���� (Shorea obtuse Wall. Ex Blume) ��� (Shorea siamemsis Miq.) ����� 
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(Dipterocarpus obtusifolius Teijsm. Ex Miq.) ���� (Dipterocarpus tuberculatus Roxb.) ��
���
ก��� (Dipterocarpus intricatus Dyer) �"d	�%	 "ก��$�%�����	���%���"d	$�%���	!	(��	��U�	�����

����������	%�����(	��T_�	$" ��กZI
Y�����%��T���������
"�&&����'�����%����&�����	(���
�����	!& "#��������Y����'�$"��ก$����$�%$P�P����Q� �ก��%	�����I�	��������
�����"#�(	��	��ก��"#�
P��P���!���&�����	$�%�%�����(	�� Y���w��
$P�$����'��$�%��ก��'�H� (Smitinand, 1977a; 
Kutintara, 1975) ก��ก�
&����'	T��"#������	�� ��ก��ก��ก�
&����'	i%�	���ก�	��Q�ก��"#�P��P���
!����ก��"ก��H��U�	��'���ก������ก	%�� �	U'��&�ก�_�����!	���	��'�U�	��'��������%���%�&�� ��	ก�ก
�ก��	� �$�%	%�� �(�	 �	��	�	�	 �U�	��'�����'�"d	����&�� ����	�	P����	��ก ��U��	��	�Qก�����'��(��	
T���Qก����U�	 ��"��กy������������Q�&�ก�
���	� ��
�� 50 ���� T_�	$"&	�_� 1,000 ���� 
(Bunyavejchewin, 1979) 
 

"#��������T_�	��Q�!	�U�	��'��'��Q������ก���	T%��(���&	�
�������Q�	ก����Q��%� "ก����ก�%��
��(�����%���%�&���ก�	ก��� 4 ��U�	���"� ��	�U�	ก�ก�ก��	� �$�%	%����ก "����I	� ��	��Q�!	�����  
900-1200 ������������"� (Nalampum et al., 1969) $|"#��ก��T_�	�"d	"�
& �&		�ก	���M���������
���	�(U'���������"#�(	��	���"d	������H����Y��$| (pyric climax community) ��ก$����$|&
����Q�
$��$�%  "ก��$|"#���ก�ก��T_�	!	(�����U�	
�	����$"&	�_���U�	��	��� $|�"d	"�&��� ���X���ก��
&��Y�����%�� ก����(	����
ก���U���	
H�T��$�%!	����� ก������Y���
ก���&��X����	T��$�%
���	!�X�!	�����	�� ��กT_�	��Q�ก������(U�	��
�HIJ��T����	 "#�(	��	��&
���Q�I���'�H���U'�T_�	��Q�
�	Y�����%����	��'�"d	��	���	"	���� ��กZI
���	T%���"d	ก�� (��ก��ก ��
 �H��M, 2552) 

 
�
��	���MT��"#�(	��	��$�%���������	&�ก���������������������"�� ������U(!	ก��

��%����	��������H ���ก���������
�������
ก��$����U'�	T��������	��ก�Qก& �ก��!	(�����Q�%�	 
P�P���!	T��	"O�JQ�� (primary production) ��
�������ก����T��(	����&	%�� �����H&�ก
������%���%� �������Q�I�T����	���	T%���' � P�P������	!�X��ก��T_�	!	(�����Q�	��U'�����(U�	
!	��	��������� ก����ก���T���U(���T����ก��T_�	!	(�����Q��%���U'�	� �!	��	T�����	 ��	
H�$�%�Hก
(	��P���!�������U'���ก�����	� ���
��H�ก���&��X����Y� (��ก��ก ��
 �H��M, 2552) 
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"#������%� (Seasonal Rain Forest, Semi-evergreen Forest ��U� Dry Evergreen Forest) 
 

"#������%�& ��	กY����กZI
Y�����%��!	�%�	����"�
ก��T��(	����	
H�$�%��
��กZI

�������
T����	
H�$�%!	����� ���I$�%!	�����	���"d	ก��P��ก�	�
�����$�%P���!���
$��P���
!�!	��������	��'!ก�%�����ก�	 $�%��'P���!���กP���!����	T%���Q�!	(�����Q��%�i_'�����ก�$�%&�ก
"����IT��ก���������	T��!� �����$�ก����&
��ก����ก!�T_�	����	��' (replacement) !���'����
$"!	�
�
����������� � �!�%��U�	����������กZ������T���$�%$�%Y������ $�%��(	�T�������"#�
	�� ��������ก����&�ก�����"#��U'	���	T%�����	(�� ����!	�
�����U�	���(��	�	 (��	ก��� ��
(��	
�U�	���� "ก��$�%(��	�	"�
ก���%��$�%P���!���
$��P���!�!	& �	�	����� ก�	 $�%��(	�(��	��U�	
���"�
ก���%�� ������ (Dipterocarpus tubinatus C.F.Gaertn) ���	� (Dipterocarpus alatus 

Roxb. Ex G.Don) �
����	��	 (Hopea ferrea Laness.) ���'���
	�� (Shorea henryana Pierre) 
ก�
��ก (Anisoptera costana Korth.) $�%P���!���'�"d	���(�������!	(��	��U�	���	���(�	 �
���Y�� 
(Afzelia xylocarpa (Kurz) Craib) �
��ก!�X� (Lagerstroemia calyculata Kurz) �
��ก��� 
(Lagerstroemia ovalifolia Teijsm. and Binn.) ��
�
�Q� (Dalbergia cochinchinensis Pierre) �"d	
�%	 (��ก��ก ��
 �H��M, 2552) 
 

"#������%�T��"�
��M$�� ��T_�	����ก��"#�$P���
"#�P��P���!���
��&���H���X%���'�ก��
&�กก��� ����"#��"d	����� � &
��"#�(	��	��!	�
��������Q�"�	ก�����
�w��
�U�	��'��'"�&&��
����%������
�� (Smitinand, 1977a; Lekagul and McNeely, 1977; Kutintara, 1975) 

 
"#������%�&��$�%����"d	���������!	�J����ก�M���!�%�T��%�	 (Subtropical climate) 

T��"�
��M$�� "�&&�����ก��'�"d	"�&&��ก ��	�T�������	���U� ��Qก����'��ก��������ก���	(�� �����
	%���%����(���������%���%���'���	�	"�
��I 3-4 ��U�	 ����	���	T%���_ก������ก�ก�ก��	� �$�%��
�������'&
� �!�%��	
H�$�%���(	����������!���Q�$�%����(���������%���%�	�� ��
$����$|"#���
��ก�	 �%�������H	����	!	"#������%�&_���ก�"d	��	��	�����U���	��	���"	���� "ก��"#�(	��	��
��������������Q�&�ก�
����
��"�	ก���"�
��I 100 ����T_�	$"&	�_� 800 ���� ��	� ��	�w��'�
"�
��I 1,000-2,000 ������������"� ���	��	&_�"��กy��Q�!	��%	���T�����H������	��	U�T��
J��!�%T_�	$" !	����U�	��'��&����	��'�"d	�%	ก ��	��T����	YP��T_�	��!�%���	�%�� ���	"�&&����'
�ก�'��ก���HI�JQ����
����(U�		������������	%�� (��ก��ก ��
 �H��M, 2552) 
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"#���X&���I��U�"#�P��P���!� (Mixed Deciduous Forest) 
 

(U'������X&���I	��	 ����'��&�กก������ก!	������'����ก(U'�������I$�%���		 �!	�(��
�M�ZOก�&���ก� 5 (	�� �U� ��ก (Tectona grandis L.f.) ��� (Xylia xylocarpa (Roxb.) Taub. Var. 
kerrii (Craib and Hutch.) I.C.Nielsen) "�
�Q� (Pterocarpus marcrocarpus Kurz) �
���Y�� (Afzelia 

xylocarpa (Kurz) Craib) ��
(��(�	 (Dalbergia oliveri Gamble) �"d	�%	 ��กZI
��'!(%!	ก��
& ��	กT��	�%	�U� ก����'�%	$�%�กU�����������ก��P���!�����!	(�����Q��%� Y���w��
�������"���
��U�	�ก����$"&	�_���U�	��Z��	 ��U�	���"#������U����$�%�����%��������"#� (��ก��ก ��
 
�H��M, 2552) 
 

T���T�T��ก��ก�
&��T��"#�(	��	��!	"�
��M$�� "��กy���
���(���!	J����	U� 
J��ก��� ��
J������	 ������H��' ���$"�_�&������"�
&������T�	
���	�	 ��"��กy��'�
���
�����Q�������� 50 ���� &	�_� 800 ����&�ก�
���	� ��
�� ��U���กก���	��!	����U�	��'��"����I
	� ��	"�
��I 1,600 ������������"���U��' �ก���	�� ���	!�X���Q�!	(��� 1,200-1,400 ������������"� 
ก��ก�
&��!	����
�%����'T_�	��Q�ก��ก���"�P�	T��"�&&����'�����%�� �(�	 �	����T������M
�
��	�กT��"�
��M$�� J����	U� ��ก����'�
��������Q��' �ก��� 700 ����&�ก�
����
��"�	
ก��� ����%�	��������M�
��	��ก��กT_�	�Q�ก���	�� (Kutintara, 1975) 
 

"�&&��� ���X��'ก��!�%�ก��������U(	��T_�	!	"�
��M$���U� ��Qก�� "#�P��P���!���!	
�U�	��'��'�������Q�U� ��Q�%�	 ��Q�	�� ��
��Q�	 ��(�����'T���	�ก�	ก��� 4 ��U�	�"d	������' � ��

"����I	� ��	���	T%��	%�� ����(U�	!	��	T�����	� �����ก����กZ�!�!�%����Q�!	(�����%���%� 
$|"#���&�"d	"�&&��� ���X��ก"�
ก���	_'���'� �!�%�����"#�(	��	��� �����Q�$�% (��ก��ก ��
 �H��M, 
2552) 
 
6. ��ก��1
"5�	,#	6�ก���-ก�� 
 

6.1 ��'������
��กZI
��'�$" 
 

���	���&����'�����%���
�ก��( ������Q�!	�T�� ���JQ���� � ��J�"�ก
�(�� ��
� ���
���	� ��T��� ก��� ����H�������� � ��J����	� ��T��� &������	����(���� i_'���Q������M�
��	��ก�w���
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!�%T�������U��	����(���� ���
�
�������&�ก�����U��"�
��I 60 ก�Y����� ����������
������T 304 (w
�(������-	����(����) ��
����&�กก�H�������	��"�
��I 200 ก�Y����� 
(	�	�M�ก��W, 2542) 

 
�U�	��'M_กZ���Q�!	�����I"#�������� "#������%� "#���X&���I "#�$P� !	�U�	��'���	���&��

��'�����%���
�ก��( !	�%����'� ����
�ก��( � ��J����	� ��T��� &������	����(���� i_'�������Q�
�����I��%	�H%���' 14 ��M� 13 ��"����	U���
��%	�����' 101 ��M� 55 ��"���
��	��ก ���	U����'
"�
��I 81.047 �����ก�Y����� ��Q��Q�&�ก�
����
��"�	ก���"�
��I 250-762 ���� ��กZI

�U�	��'"ก��H��%��"#������%� "�
��I 29.54 �����ก�Y����� "#��������"�
��I 12.22 �����
ก�Y����� ��
��'��Q���M����ก"�
��I 0.0005 �����ก�Y����� �H���X%���
�U�	��'�กZ��ก��� 
"�
��I 37.87 �����ก�Y����� ��กZI
��'�$" �"d	JQ�T���'���������(�	"�	ก��� �������������%��
�
 10-35 �"d	���	!�X� ��กZI
T��� ��%�����	!�X��"d	��� intermittent �U��� 	� �$��!	�����Q 
���	��Q��%�	� �&
��%� (������ ��
�I
, 2523) (J����' 1) 

 
6.2 ��กZI
JQ��"�
��M 

 
���	���&����'�����%���
�ก��( ������Q��	T����'����Q�Y���( (Korat Plateau 

Escarpment) �U�	��'���	!�X��"d	JQ�T� $�%�ก� �T������� �T��T��� ��
�T��Q� �������Q� 762 ���� 729 
���� ��
 725 ����&�ก�
����
��"�	ก������� ���� Y������กZI
�	%�P�(�	����%�	!�%��

���� � �����$"�����	U� (	�	�M�ก��W, 2542) 
 

6.3 ��กZI
���"O������� 
 

��	��'�����	!�X�������H�%	ก ��	����&�ก��	���� ��
��	��	��	 (H���	���	!�X�&���"d	(H���	
Y���( ��
 ��	�T�!�X� i_'��������H�����Q�I�T����	���	T%���' � Y���	U����	���	T%������ �"d	
��	���	��	���"	���� �������$�%�ก� ��	���	"	���� ��
��	���	��	��� ���� ���� Y�����%��
��	�"d	���ก%�	����'���H��	 (subangular blocky) ��x	�ก��T���	%������	���	!�X��"d	 A-B-C  
Y����(��	 C ��������_ก��'��ก����ก�	 ��	���	!�X��"d	��	�U�	�������_ก$���ก�	 80 �i	������ 
(��	��	�	�	�"�
��I 10-20 �i	������ ��
�����	�T��(��	��	����"�
��I 20-30 �i	������  
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��
	,# 1  T���T��U�	��'��'M_กZ� �����I���	���&����'�����%���
�ก��( &������	����(���� 
 



16 

 

�������_ก$���ก�	 80 �i	������ ��
������������!	ก���H%�	� ��' � ก��i_�	� �$�%"�	ก��� ��

����	YP�������IP����	 (���
M�ก��W, 2523) 
 

6.4 ��กZI
JQ����ก�M 
 

�J��JQ����ก�MT���U�	��'���	���&����'�����%���
�ก��(������ก�"d	 3 ��Q ��Q�
J��!�%���
���T�������H��
��	��ก�w�����	U� ��
�����H��
��	�ก�w���!�%!	��Q�	����ก�M
�	�����	 ������(U�	T����ก�M	%����ก !	��Q�%�	��ก�M�%�	��
������(U�	!	��ก�M�Q���
����(U�	T����ก�M�w��'�����"�"�
��I�%���
 69 ��Q�	�����'����������U�	��M&�ก��	 �_���U�	
กH�J���	
� ��Q�%�	��Q��
�������U�	��	��� �_���U�	���H	��	 ��
��Q�	��Q��
�������U�	ก�ก���� 
�_���U�	�H���� i_'�!	(�����Q�		��&
$�%������
���&�ก�����H��
��	�ก�w���!�%��'�������&�ก
�
��&�	 � �!�%�ก���	�ก(Hก "����I	� ��	�w��'���������"� "�
��I 1,222 ��������� �HI�JQ���w��'�
����"�"�
��I 27 ��M��i��i��� (������ ��
�I
, 2523) 
 

6.5 ก��!(%��'��	 
 

& ���� (2549) $�%� �ก��M_กZ�ก��"�
�Hก��ก������Q%�
�
$ก���
�
������	��M
JQ��M����� ��U'�M_กZ�ก���"��'�	�"���U�	��'"#������%� ��
"#�������� �����I���	���&����'�����%��
�
�ก��( ����� �U�	��'"#�$�%��
ก��!(%"�
Y�(	���'��	�����I�U�	��'���	���&����'�����%���
�ก��(
����������ก�H�����(	��"#�$�%��
ก��!(%"�
Y�(	���'��	T���U�	��'$�% 6 ก�H�� $�%�ก� "#������%� "#�
������� "#�$P� "#�"�Qก �H���X%� ��
��'�"�Qก��%�� (J����' 2) 
 

6.6 "#�$�% 
 

"#�$�%
���(���!	�T��U�	��'���	���&����'�����%���
�ก��( ������ก�"d	"#�$�%��'
� ���X 2 "�
�J�$�%�ก� (	�	�M�ก��W, 2542) 
 

6.6.1 "#������%� (Dry evergreen forest) ��กZI
"#�(	��	�����	T%���_� ������
�	��	�	"�
(�� (crown closure) "�
��I 85% ��U��������	��	�	"�
��I 123 �%	���$�� (765 
�%	�����ก����) �"d	�	U��$�%��'������� ��"d	��	�%�$�%"�
��I 1,188,584 �Qก��Mก����� &�ก& �	�	
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"#������%���'��!	"� �.M. 2522 i_'���"�
��I 33.63 �����ก�Y����� ��กZI
Y�����%��T��"#� ����
��ก$�% 4 (��	Y��$�%(��	�	�������Q���Q��
����� 21-40 ���� (	��$�%��'� ���X$�%�ก� �
����	��	 
(Hopea ferrea Pierre) �
����	��� (Hopea odarata Roxb.) (�	 (Shorea sericeiflora) ก�
�ก 
(Irvingia malayana Oliv.ex A.Benn.) $�%(��	ก����������Q� 15-20 ���� (	��$�%��'� ���X$�%�ก� 
ก�
���ก��ก (Hydnocarpus ilicifolius King) ���� (Memocylon ovatum J.E. Smith) ก�����	 
(Walsura trichostemon Miq.) (��	�����������Q��
����� 4-14 ���� (	��$�%��'� ���X$�%�ก� �
$| 
(Baccaurea sapida Muell Arg.) ���ก��ก�� (Apodytes dimidiate) $�%�U�	�����������Q��' �ก��� 4 
�������� ���	!�X��"d	�Qก$�% (seedings) ��
$�%�H��(	������ � 

 
6.6.2 "#�������� (Dry dipterocarp forest) ��กZI
T��"#�(	��	���"d	"#�Y"��� ����

�	��	�	T���%	$�% 84 �%	���$�� (523 �%	�����ก����) �����	��	�	"�
(��T����U�	����������
�%���
 25 T_�	$" ��
 ��"������$�%��'������� ��"d	ก���%�$�%"�
��I 57,603 �Qก��Mก����� 
��กZI
Y�����%��T��"#��������������ก$�%�"d	 3 (��	 (��	�	�������Q�"�
��I 21-25 ���� (	��
$�%��'� ���X$�%�ก� ���� (Shorea obtuse Wall.) ��� (Shorea siamensis Miq.) ��
���� (Dipterocarpus 

tuberculatus Roxb.) ����� (Dipterocapus obtusifolius Teijsm Ex. Miq.) ��
ก��� (Dipterocapus 

intricatus Dyer) �
��� (Shorea roxburghii G. Don.) $�%(��	ก����������Q��
����� 11-20 ���� 
(	��$�%��'� ���X$�%�ก� ก����
 (Queyrus kerrii) � ���ก���� (Gardenis sootepensis) � ���ก	%�� 
(Gardenis obtusifloria Roxb.) �	������ (Randia tomentosa) ��
$�%(��	�����"d	�Qก$�%(	������ � 
$�%�ก� $P����� (Arundinaria pusilla Cheval and A. Camus) �X%��� (Imprerata cylindrical Beauv.) 
�"d	�%	 

 
	�ก&�ก	��"#�$�%� ���X 2 "�
�J����ก������%� �����"#�$P� i_'�ก�
&����Q�!	���	���� � T��

���	���&��� Y���w��
�����I� ��%����
�	%�P� "�
ก���%��$P�"#� (Bambusa arundinacea 
Willd.) ��
$P�i�� (Dendrocalamus strictus Nees) �������$���%����'�ก��&�กก���Hก�Hก�P%����T��
"�
(�(	��U'�� �$����U'�	��� ��
���������U'��J����	��U'��Y����� &	ก�
��'�$�%!�X�$��
������T_�	$�%	�ก&�ก�X%��� �X%��� �X%�T&�&� �"d	�%	 	�ก&�ก	��	!	�U�	��'$���%�� $�%��ก��
"�Qก"#�����	��'� ��	�	ก��Y�����	���&��� ��
ก��"#�$�%���Y���ก�����������U�$��-X�'"H#	 
"�
��I 9,000 $�� ��	
H�$�%��'"�Qก"�
ก���%�� ก�
��	���� (Acacia mangium Willd.) ก�
��	
I���� (Acacia auriculiformis Cunn.) ��
i%� (Gmelina arborea Roxb.) �"d	�%	 
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��
	,# 2 T���T��U�	��'��กZI
ก��!(%��'��	�����I���	���&����'�����%���
�ก��( &������

	����(���� ("� �.M. 2543) 
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�W�ก���/�1���,ก�� 
 

�W�ก��� 
 

1. �P	��'�J��JQ��"�
��M���	���&����'�����%���
�ก��( ��������	 1:50,000 (ก��
�P	��'����) 
 

2. �P	��'
�I���������	���&����'�����%���
�ก��( ��������	 1:100,000 
 

3. ���U'���U�����O�	��'!(%!	ก��� ���&��	J���	�� (����, 2547; Soil Survey Division 
Staff, 1993) 
 

4. ���U'���U� �H"ก�I���
���������'!(%!	ก��������
�����������|}��ก�� ��
����T����	  
 

���,ก�� 
 
1. ก���-ก���&��%���"5���&� 

 
ก ��	�T���T��U�	 ��
&H���'!(%� �ก��M_กZ� ������T%��Q���
M_กZ�T%��Q���U����%	 i_'�

"�
ก���%�� �J��JQ��"�
��M �J��JQ����ก�M ��กZI
���"O������� �U(���I
���(�����

ก��!(%"�
Y�(	���'��	 ��
T%��Q��U'	 � ��'�ก�'��T%�� 
 
2. ก���Y������������ ���� 
 

2.1 M_กZ�T%��Q�ก��!(%"�
Y�(	���'��	�����I���	���&����'�����%���
�ก��( Y��ก��
��ก� ���&!	�U�	��' ��
�����U�ก&H��ก������������	��'�"d	�����	��U'�!(%!	ก��M_กZ����������� � 
T����	 
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2.2 ก����U�ก�ก����	���&H�M_กZ� 
 

ก��M_กZ���กZI
��	�����	T��"#�����(	�� ��
/��U��Q"���ก��!(%"�
Y�(	���'��	
"�
�J��U'	 "�
ก���%�� "#���X&���I�H���JQ�� "#�������� ��
"#������%� Y��� �ก��TH���H���	!	
�����I��'ก ��	�$�% ��'��T	��ก�%�� 1.5 ���� ��� 2 ���� ��
�_ก 2 ���� �ก�����	%����T����	!�%
������������	��IO�	T����	$�%(���&	 ����(��	��	���ก��ก ��	����	 (genetic horizon) M_กZ�
������T����	!	����
(��	��	 ��%��ก��� �� ��
�����	%������	�����
�ก������O�	 (����, 2548; 
Soil Survey Staff, 1993) Y���ก������������	��U'�� �ก��������
����ก��
�ก���ก����ก�"d	 2 ��
� �U� 
 

����������	��'�Qก��ก�	 (disturbed soil samples) Y���ก������������	�Hก(��	��	���
(��	ก ��	����	 (genetic horizon) ��'$�%����$�%�����	%������	 (��	�
 1 �������� � �
"�
��I 1-2 
ก�Y�ก��� ��U'�	 �$"M_กZ����������|}��ก�� ��
������������� 

 
����������	��'$���Qก��ก�	 (undisturbed soil samples) ��U�ก�ก���w��
(��	��'�%��ก��

	 ���M_กZ�T%��Q�������	T�����������|}��ก�� Y��!(%ก�
��ก�ก���������� (core) (Buol et al., 2010) 
 

3. ก�����,
�/�1��� ��1������
.��)�����&���Y�����ก�� 
 

3.1 ก������������������	 
 

1) 	 �����������	��'�Qก��ก�	��P_'�!�%��%�!	��'��� ����&�ก	��		 ������%��Yก�����
��	��
���	P��	�
�ก��T	�� 2 ��������� ��กก%�	ก��� �MZ��	��
��� ��
�MZi�ก�U(��ก i_'�
&
	 �$"!(%!	ก��������
�����������|}��ก�� ��
�������������T����	 

 
2) 	 �����������	��'$���Qก��ก�	!	ก�
��ก�ก������������M_กZ������	��	�	���

T����	 (bulk density) ��
������
�����J��	 �	� �T����	TI
��'���� (saturated hydraulic 
conductivity) 
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3.2 ก��������
�����������|}��ก��T����	 
 

1) ก��ก�
&��T	��T���	HJ����	 (Soil particle size distribution) Y����
�$"�"� 
(pipette method) (Kilmer and Alexander, 1949; Day, 1965) P���'$�%&�กก��������
��	 ����&ก�&�
"�
�J�T���	U����	 (soil textural class) Y��ก���"���������ก��(��	�	U����	����กIN�T��ก�
����
�กZ������O�����ก� (USDA textural class) (Soil Survey Division Staff, 1993) 
 

2) �����	��	�	���T����	 (Bulk density) Y����
�!(%ก�
��ก�ก������������	��'$��
� ����Y�����%�� (core method) (Blake and Hartge, 1986) 
 

3) �J��	 �	� �TI
��	��'���� (Saturated hydraulic conductivity) Y��!(%������	T��
	� �P�	�"� (variable head method) (Klute, 1965) 

 
4) ก���&กก�
&��T��������	����T	�� (Aggregate size distribution, WSA) ��


T	���w��'�T��������	������	� � (mean-weight diameter, MWD) Y��ก��	 ���	��'���	P��	��
�ก
��T	����%	P��	MQ	��ก��� 8 ��������� 	� ��	�ก 100 ก��� $"�(�!		� �ก����"d	���� 5 	��� &�ก	��	
&_�� �ก���T���Y�����U'�� Aggregate Analyzer ��'����%	P��	MQ	��ก�����ก����ก�	& �	�	 5 T	�� 
"�
ก���%��T	�� 2, 1, 0.5, 0.25 ��
T	�� 0.1 ��������� ����&�ก� �ก���T���Y�����U'�� 
Aggregate Analyzer ��������ก������	����T	����ก$�%�"d	 6 T	�� "�
ก���%��T	��2-8 
(WSA1), 1-2 (WSA2), 0.5-1 (WSA3), 0.25-0.5 (WSA4), 0.1-0.25 (WSA5) ��������� ��
T	��
���กก��� 0.1 ��������� (WSA6) ���� ���� 	 �������	����T	������ 6 T	�� $"����'�HI�JQ�� 50 
�� M � � i � � i� � �  � �% � &_ � (�' � 	� � �	� ก ��� � �� 	 �� � � T 	 � �  � �U' � � � ก � � � � 	 �I " �� � � I T � � 
������	����
T	�����$" (Elliott, 1986; Elliot et al., 1991) ��
��T	���w��'�T��������	������	� � 
(MWD) i_'�$�%��&�กP����T�����ก���&กก�
&��T��������	 i_'�� �	�I$�%&�ก�Q�� 

 

MWD = ∑XiWi 
 

Y�� Xi �U� ����w��'���%	P��	MQ	��ก���T��������	����
T	�� ��
 Wi �U�������		� ��	�กT������
��	����
T	��&�ก	� ��	�ก����������T��������	 (Kemper and Rosenau , 1986) 
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3.3 ก��������
���������������T����	 
 

1) ����(��	 (Soil pH) ���Y��!(%���U'���U�����������(��	 (pH meter) !(%��������	��	
���	� � ��
��	�������
��� 1M KCl ����ก�� 1:1 (Thomas, 1996; National Soil Survey Center, 
1996) 
 

2) "����I������	��	����� (Organic carbon) Y����
� Walkley and Black titration 
(Walkley and Black, 1934; Nelson and Sommers, 1996) &�ก	��		 �$"� �	�I��"����I
��	��������H!	��	 (organic matter) Y��!(%�Q�����	�� 
 

Organic matter (%) = %Organic carbon × 1.724 
 

3) "����I$	Y���&	��� (Total nitrogen) Y����
� Kjeldahl method (Jackson, 1965; 
Bremner, 1996) 
 

4) "����I|��|������'�"d	"�
Y�(	� (Available phosphorus) Y����
� Bray II (Bray 
and Kurtz, 1945) ��%����"����I|��|����Y����
� Ascorbic acid �%�����U'�� Spectrophotometer ��'
���������U'	 882 	�Y	���� (Watanabe and Olsen, 1965) 
 

5) "����IY�����i�����'�"d	"�
Y�(	� (Available potassium)Y��!(% 1M NH4OAc 
��'�"d	ก��� (pH 7.0) (Pratt, 1965) ��%����"����IY�����i����%�����U'�� Atomic Absorption 
Spectrophotometer 
 

6)  �J��ก����'�ก��$�% (Extractable acidity) Y����
� barium chloride-triethanolamine 
��' pH 8.2 (Thomas, 1996) 

 
7) "����I��������'�ก��$�% (Extractable bases) "�
ก���%�� ����i��� ��ก	��i��� 

Yi����� ��
Y�����i��� Y����
�ก���ก���%������
��� 1M NH4OAc ��'�"d	ก��� (pH 7) 
(Thomas, 1996) ��%����"����I����%�����U'�� atomic absorption spectrophotometer 
 



23 

 

8) �������&H��ก�"��'�	���$���	 (Cation exchange capacity: CEC) Y��ก��(

�
������$���	�%������
��� 1M NH4OAc ��'�"d	ก��� (pH 7) ��
��	��'���Y��	���$���	
�%������
���Yi��������$��������T%�T%	�%���
 10 !	�J����'�"d	ก�� ก��'	�����Y��	���
$���	 ��%�� �	�I���������&H��ก�"��'�	���$���	T����	 (Chapman, 1965; Summer and 
Miller, 1996) 
 

9) ���������%���
������'������� (Base saturation percentage: %BS) Y��� �	�I
&�ก���T��"����I��������'�ก��$�%������� ��
����J��ก����'�ก��$�% (extractable bases, 
extractableacidity) (National Soil Survey Center, 1996) &�ก�Q�� 
 
Base saturation percentage =      Extractable bases   x 100 
    Extractable bases + Extractable acidity 
 

10) "�� ��I���� ก  ���ก�	� � ��
�
�Q �� �	� ��!	�Q "�� ��
Y���� 
�  dithionite-
citratebicarbonate (Mehra and Jacson, 1960) !	�Q"���IO�	Y����
� ammonium oxalate (McKeague and 
Day, 1966) ��
!	�Q"�����	�����Y����
� sodium pyrophosphate (McKeague, 1967) 
 
4. ก����� ��1���&��%�	���4��� 
 

������
��T%��Q��������Y��ก����������"�
���
�W�������	
��
�������������	ก��"����I
������	������	� � ��U'������������	
�����������'�
��������(U'���'	�%���
 95 T_�	$" 

 
5.  �4��	,#/�1�1
1����	,#	6�ก���-ก�� 
 

5.1 ���	��'� �ก������� 
 

M_กZ���
�ก��T%��Q�J���	�������I���	���&����'�����%���
�ก��( � ���JQ���� 
� ��J�"�ก
�(�� ��
� ������	� ��T��� � ����H�������� � ��J����	� ��T��� &������	����(���� i_'���Q�
�����M�
��	��ก�w���!�%T�������U��	����(���� 
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������
�����������|}��ก��  ��
�������������T����	 �%��"y�����ก��J����(�
"O������� �I
�กZ�� ������������กZ��M����� ������T�����T	 
 

5.2 �
�
������'� �ก������� 
 

���'�� �ก��M_กZ�!	��U�	���H	��	 2553 ��
���	�H�ก��M_กZ�!	��U�	��	��� 2555 
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$�/�1��'���� 
 

P�&�กก��M_กZ���������	 ������	��	����� ��
������	������	� �J��!�%�J��"#�����(	��
!	�U�	��'���	���&����'�����%���
�ก��( & �	�	 8 �����I Y��!	����
�����Iก ��	�!�%�"d	��
��	 (pedon) i_'��"d	"��������' ���ก��'�H���'��������ก$�%����"d	�U	�	_'� (soil individual) 
(Buol et al., 2010) ��
�"d	�	�����'���ก��'�H���'������&
�
�����	%������	$�%����Hก��กZI
 
(����, 2548) 
 

1. ��ก��1	�#�(�/�1���`����	
��������)�� 
 

�����I��'� �ก��M_กZ� "�
ก���%�� "#���X&���I�H���JQ�� 1 ������ (Skr-1) "#�������� 2  
������ (Skr-2 ��
 Skr-3) �U�	��'�������
�����"#��������ก�������%� (ecotone) 1 ����I (Skr-4) "#�
�����%�|�~	|Q 3 ������ (Skr-5, Skr-6 ��
 Skr-7) ��
 "#������%�$���Qก��ก�	 1 �����I (Skr-8) 
(J����' 3) Y�����J��JQ��"�
��M�"d	�U�	��'��	�	T����'����(���T���	�����_���	�	T����'���
�(���T���	ก��� �������Q�&�ก�
����
��"�	ก��� 328-531 ���� ���������(�	��Q�!	������%��
�
 2-15 ��Q�!	�T���'���J��JQ����ก�M����H���X%��T��%�	 (tropical savanna) "����I	� ��	�w��'�
���"� 1,222 ��������� �HI�JQ���w��'�"�
��I 27 ��M��i��i��� �U(���I
���(����"d	"#������%�
"#�������� "#���X&���I �ก��&�ก����H�%	ก ��	����	�"d	�MZ�
ก�	��	����(���T� (colluvium) ��'
���������&�ก��	���� i_'�� �!�%��	���	!�X����	U����	�"d	��	���	"	�����_���	��	��� ���	!�X�
�"d	��	�U�	�_��_ก��ก ��ก���
���	� ��� ก��i��i_�	� �T����	"�	ก����_����� ��
ก��$�����T��
	� ��	P����	"�	ก��� �J���U�	��'��
��กZI
��IO�	�������	!	����
�����I (J����' 3, J����' 4, 
�������' ) �����	�� 

 
1.1 �U�	��'"#���X&���I�H���JQ�� (secondary mixed deciduous forest, Skr-1) 

 
��	��'� �ก��M_กZ�����Q��	�J���U�	��'��'�"d	��'����(���T��Qก��� �������Q� 424 ���� 

&�ก�
����
��"�	ก��� ���������(�	�%���
 4 ����H�%	ก ��	���"d	�MZ�
ก�	��	����(���T� 
(colluvium) ��'���������&�ก��	���� (sandstone) ��กZI
��	�"d	��	�_ก ��ก���
���	� ��� ��
��
ก���
����	��	������'�T_�	��������_ก ��ก���!	��	���� ����x	�ก��T���	%������	�"d	  
A-Bt-Btc TI
� �ก��M_กZ����
���	� �!�%��	�_กก��� 80 �i	������ &�กP����	  
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��
	,# 3  ����T���T���
&H��ก������������	�����I���	���&����'�����%���
�ก��(  
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��
	,# 4 ������กZI
JQ��"�
��M ��
�	%������	T����	"#�$�% �����I���	���&����'�����%��
�
�ก��( 

 
��	�	�	� 22 �i	������ ����	� ��������T��&	�_�������U�� �	U����	�"d	��	���	"	

���� ��
����(��	!	�	���"d	ก�����ก	%���_�ก��&����ก (pH 5.0-6.5) Y�����%���"d	���ก%�	
����'���H��	T	���
�������'���������	!	�
������	 ���'���ก�����U��P��T����	��	������$��
����(���&	�����IP���	%�T��������	 ��
��ก���(U'��ก�	�
�������	��	���ก���	HJ����	�����"d	
������	 ��
ก���&กก�
&��T����ก�U(��"����I���	T%����ก�_���ก T	�����ก��ก�_�"�	ก��� 
 

��	����������������_ก 22-60+ �i	������ ��	������� �	U����	�"d	��	���	��	���"	
�����_����	��	���"	����"	�
�������ก ����(��	!	�	���"d	ก��&����ก (pH 4.5-5.0) 
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Y�����%��T����	�"d	ก%�	����'���H��	T	���
������_�"�	ก�����'���������	!	�
������	
"�	ก��� ��ก�����U��P��T����	��	������	T%����ก�����IP���	%�T��������	��
��ก���(U'��ก�	 
�
�������	��	���ก���	HJ�������"d	������	 ��
����	����T	�����ก-!�X���'ก ����PH����"d	
& �	�	��ก ��ก���T����	����T	�����ก-!�X�& �	�	��ก!	(��	��	���� ���������ก��T��
����ก��
���ก�	�����ก$i�� ��
ก���&กก�
&��T����ก�U(!	(��		����"����I����&�ก�	 
������ 
 

1.2 �U�	��'"#�������������I��	�	T����'����(���T���	���� (dry dipterocrap forest, Skr-2) 
 

��	��'� �ก��M_กZ�����Q��	�J���U�	��'���	�	T����'����(���T���	���� �������Q� 
328 ����&�ก�
����
��"�	ก��� �������(�	�%���
 6 ����H�%	ก ��	���"d	�MZ�
ก�	��	��� 
�(���T� (colluvium) ��'���������&�ก��	���� ��กZI
��	�"d	��	�U�	 ��ก���
���	� ��� ��
��ก��
�
�� ��	��	������'�T_�	��������_ก ��ก���!	��	���� ����x	�ก��T���	%������	�"d	 A-Btc 
TI
� �ก��M_กZ����
���	� �!�%��	�_กก��� 40 �i	������&�กP����	  
 

��	�	�	� 22 �i	������ �������	� �����T%��_��T%���ก �	U����	�"d	��	���	"	���� 
��
"y�ก�������	!	�	���"d	ก��&����ก�_�ก�����ก	%�� (pH 5.0-6.5) Y�����%����	�"d	���ก%�	
����'���H��	T	���
������_�"�	ก�����'���������	!	�
������	 ���'���ก�����U��P��T����	
��	��������I������	���$������(���&	 ��
ก���&กก�
&��T����ก�U(T	�����ก& �	�	��ก
"����I���	T%����ก�_���ก 	�ก&�ก	�� ���'���ก�����กZI
�"d	����'����'�ก��&�กก���������T��
��	����!	"����I	%�� 

 
��	�����_ก������� 22-40+ �i	������ ��	����	� �����T%� �	U����	�"d	��	���	��	���"	

�����
�������ก Y�����%��T����	�"d	���ก%�	����'���H��	T	���
������_�"�	ก�����'������
���	!	�
���"�	ก��� ����(��	!	�	���"d	ก��&����ก (pH 5.0) ��ก�����U��P��T����	
��	������	T%����ก�����IP���	%�T��������	 ��
��ก���(U'��ก�	�
�������	��	���ก���	HJ����	
�����"d	������	 ����!�%���	�����ก�����U'�	��'T���	HJ��T	���
�������������_ก ���������
ก��T������ก��
���ก�	�����ก$i�� ��
ก���&กก�
&��T����ก�U(��"����I����&�ก�	 
������ 	�ก&�ก	���������	������'ก ����PH����������T	������������ก�_�!�X��"d	& �	�	��ก 
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1.3 �U�	��'"#�������������I��	�	T����'����(���T���	ก��� (dry dipterocrap forest,  
Skr-3) 
 

��	��'� �ก��M_กZ�����Q��	�J���U�	��'��	�	T����'����(���T���	ก��� �������Q� 
417 ���� &�ก�
����
��"�	ก��� �U�	��'���������(�	�%���
 4 ����H�%	ก ��	����	�"d	�MZ�
ก�	
��	����(���T� (colluvium) ��'���������&�ก��	���� ��	�"d	��	�_ก"�	ก��� ��ก���
���	� ��� 
��
��ก���
����	��	������'�T_�	��������_ก ��ก���!	��	���� ����x	�ก��T���	%������	�"d	  
A-Bt-Btc TI
� �ก��M_กZ����
���	� �!�%��	�_กก��� 60 �i	������ &�กP����	  

 
��	�	�	� 17 �i	������ �������	� �����T%� �	U����	�"d	��	���	"	�����
�������ก 

��
����(��	!	�	���"d	ก��&����ก (pH 5.0) Y�����%��T����	�"d	���ก%�	����'���H��	T	��
�
�������'���������	!	�
������	 ���'���ก�����U��P��T����	��	��������IP���	%�T��������	
���$������(���&	 ��
��ก���&กก�
&��T����ก�U(T	�����ก!	"����I��ก ��
T	��!�X�!	
"����I���ก	%�� 

 
��	�����_ก������� 17-60+ �i	������ ��	����	� �����T%���� �	U����	�"d	��	���	��	���

"	�����
�������ก ����(��	!	�	���"d	ก��&���_�ก��"�	ก��� (pH 5.5-6.0) Y�����%��T��
��	�"d	���ก%�	����'���H��	T	���
������_�"�	ก�����'���������	!	�
���"�	ก��� ��ก��
���U��P��T����	��	������	T%����ก�����IP���	%�T��������	 ��
��ก���(U'��ก�	�
�������	
��	���ก���	HJ����	�����"d	������	 ����!�%���	�����ก�����U'�	��'T���	HJ��T	���
��������
�����_ก ���������ก��T������ก��
���ก�	�����ก$i�� ��
��ก�U(ก���&กก�
&������&�ก
��	�	������ 	�ก&�ก	������	������'ก ����PH�����������������T	�����ก�_�!�X��"d	& �	�	��ก 
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�����	,# 1  ��กZI
��'�$"T����	��'� �ก��M_กZ� 
 

Profile symbol 
(Pedon) 

Thickness of  
soil surface (cm) 

Effective depth (cm) Profile development Landform Parent Material 

 Skr-1 22 60 A1-A2-Bt-Btc Dissected Footslope Colluvium of sandstone 
Skr-2 22 40 A1-A2-Btc Upper lower Footslope Colluvium of sandstone 
Skr-3 17 60 A-Bt-Btc Upper middle Footslope Colluvium of sandstone 
Skr-4 29 105 A1-A2-Bt1-Bt2-Bt3 Concave footslope Colluvium of sandstone 
Skr-5 26 70 A1-A2-Bt-Btc Convex footslope Colluvium of sandstone 
Skr-6 18 55 A-Bt1-Bt2 Erosional surface of 

footslope 
Colluvium of sandstone 

Skr-7 26 175+ A1-A2-Bt1-Bt2-Bt3-
Btc1-Btc2-Bvg 

Lower footslpoe Colluvium of sandstone 

Skr-8 14 200+ A-Bt1-Bt2-Bt3-Btc1-
Btc2-Btc3-Btc4 

Upper middle footslope Colluvium of sandstone 
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�����	,# 2  �J������%����'�$"!	�����I��'� �ก��M_กZ� 
 

Profile symbol 
(Pedon) 

Land use Elevation (m) Slpoe (%) Relief Drainage Permeability Runoff 

Skr-1 Secondary Mixed Deciduous Forest 423.7 4 Slightly 
Undulating 

Well drained Rapid Moderate 

Skr-2 Dry Dipterocarp Forest mainly 
covered with Ya Pek (Arundinaria 

pusilla) 

327.5 6 Undulating Well drained Moderate Rapid 

Skr-3 Dry Dipterocarp Forest 417 4 Undulating Well drained Moderate Moderate 
Skr-4 Ecotone with Dry Dipterocarp mixed 

with Dry Evergreen species 
428.4 2 Slightly 

Undulating 
Well drained Rapid Moderate 

Skr-5 Secondary Dry Evergreen Forest 389.4 5 Undulating Well drained Rapid Moderate 
Skr-6 Secondary Dry Evergreen Forest 414.3 15 Rolling Well drained Moderate Moderate 
Skr-7 Dry Evergreen Forest 488 10 Rolling Well drained Moderate Rapid 
Skr-8 Dry Evergreen Forest 531 8 Undulating Well drained Rapid Moderate 
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�����	,# 3  ��กZI
��IO�	�����T���	%������	!	�����I��'� �ก��M_กZ� 
 

Horizon Depth 
(cm) 

Soil color 
Texture Soil structure 

Soil consistence 
pH Horizon 

boundary Other 
Mottle Dry,Moist,Wet 

Skr-1      Haplic Plinthustult (Secondary Mixed Deciduous Forest) 
A1 0-10 5YR 2.5/2 SL 1,f,sbk S,VFri,NS/NP 6.5 A and S Fine and common medium roots 
A2 10-22 5YR 4/6 SL 1,f,sbk S,VFri,NS/SP 5.0 C and S Fine and common medium roots; few traces of 

dead roots 
Bt 22-41 2.5YR 4/8 SCL 4,f-m,sbk SH,F,SS/SP 4.5 C and S Fine and common medium roots; few traces of 

dead roots; few very fine coated sands; many 
small to large angular stones and boulders of 
slightly weathered and fresh sandstone 

Btc 41-60 2.5YR 4/8 VGSCL 4,f,sbk SH,F,SS/SP 5.0  Few very fine coated sands; many small to large 
angular stones and boulders of slightly 
weathered and fresh sandstone; common fine 
and medium subrounded Fe-Mn nodules 

Skr-2      Lithic Haplustult (Dry Dipterocarp Forest mainly covered with Ya Pek (Arundinaria pusilla)) 
A1 0-11 10YR 3/2 SL 4,f,sbk S,VFri,SS/MP 6.5 A and S Common fine and very few medium roots 
A2 11-22 7.5YR 4/6 SCL 2,f-m,sbk S,VFri,MS/VP 5.0 A and S Common large angular gravel and small to 

medium angular stones of weathered and fresh 
sandstone 

Btc 22-40 Mixed 7.5YR 5/6 
(95%), 2.5YR 4/8 (5%) 

SCL 2,f-m,sbk SH,F,MS/VP 6.0  Many various sizes of weathered sandstone rock 
fragments; 

Skr-3      Haplic Plinthustult (Dry Dipterocarp Forest) 
A 0-17 5YR 3/3 SL 1,f,sbk S,VFri,NS/SP 5.0 C and S Few large gravel of ironstone 
Bt 17-40 5YR 4/4 SGSL 1,f,sbk S,VFri,NS/SP 6.0 C and S Few faint clay coating on faces of peds 
Btc 40-60 5YR 4/4 VGSCL 4,f-m,sbk S,VFri,SS/SP 5.5  Common faint clay coating on faces of peds 
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�����	,# 3  (���) 
 

Horizon 
Depth 
(cm) 

Soil color 
Texture Soil structure 

Soil consistence 
pH 

Horizon 
boundary 

Other Mottle Dry,Moist,Wet 
Skr-4      Kanhaphic Haplustult (Ecotone with Dry Dipterocarp mixed with Dry Evergreen species) 

A1 0-13 2.5YR 2.5/2 SL 4,f,sbk S,VFri,SS/MP 6.0 A and S Few fine and very few medium vesicular pores 
A2 13-29 2.5YR 4/4 SL 4,f,sbk S,Fri,SS/MP 6.0 A and S Many very fine, fine, medium and few coarse 

roots; few traces of dead roots 
Bt1 29-53 2.5YR 4/6 SCL 2,f-m,sbk SH,F,MS/VP 6.5 C and S Few faint clay coating on fces of peds and pore 

walls; few very fine coated sand 
Bt2 53-79 2.5YR 4/8 SCL 4,f-m,sbk SH,F,MS/VP 6.5 G and S Common faint clay coating on faces of peds and 

porewalls; few very fine coated sand 
Bt3 79-105 2.5YR 5/8 SCL 2,f-m,sbk SH,F,MS/VP 6.5  Common faint clay coating on faces of peds and 

porewalls; few very fine coated sand 
Skr-5      Haplic Plinthustult (Secondary Dry Evergreen Forest) 

A1 0-13 5YR 3/2 SL 4,f,sbk S,Fri,SS/SP 6.5 C and S Few very fine coated sands; many very fine and 
fine vesicular pores 

A2 13-26 5YR 4/4 SL 4,f-m,sbk SH,F,SS/MP 5.5 A and S Few very fine coated sands; many very fine and 
fine vesicular pores 

Bt 26-44 5YR 4/6 SCL 3,f-m,sbk SH,F,MS/VP 4.5 A and S Many distinct clay coating on faces of peds; 
surfaces of rock fragment and Fe-Mn oxide 
nodule 

Btc 44-70 5YR 4/6 VGSCL 2,f,sbk SH,F,MS/MP 5.0  Many distinct clay coating on faces of peds; 
surfaces of rock fragment and Fe-Mn oxide 
nodule 
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�����	,# 3  (���) 
 

Horizon 
Depth 
(cm) 

Soil color 
Texture Soil structure 

Soil consistence 
pH 

Horizon 
boundary 

Other 
Mottle Dry,Moist,Wet 

Skr-6      Typic Haplustult (Secondary Dry Evergreen Forest) 
A1 0-18 Mixed 5YR 4/1 (40%), 

5YR 6/6 (60%) 
SL 2,f,sbk SH,F,SS/VP 7.0 C and S Few medium to large angular stone of 

weathered sandstone 
Bt1 18-34 5YR 5/8 SL 2,f,sbk SH,F,SS/VP 5.5 C and S Many distinct clay coating on faces of peds 
Bt2 34-55 5YR 5/6 SCL 3,f-m,sbk SH,F,MS/VP 4.5  Few small Fe-Mn oxide nodules; common 

medium large angular gravel of weathered 
sandstone 

Skr-7      Typic Plinthustalf (Dry Evergreen Forest) 
A1 0-11 7.5YR 5/3 SCL 2,f-m,sbk SH,F,MS/VP 5.5 C and S A large holes of termite nest 
A2 11-26 Mixed 7.5YR 5/4 

(80%), 7.5YR 5/3 (20%) 
SCL 2,m,sbk SH,F,MS/VP 6.0 C and S A large holes of termite nest 

Bt1 26-48 5YR 5/4 SCL 2,m,sbk SH,F,MS/VP 5.5 C and S Common distinct clay coating on faces of peds 
and pore walls; few very fine single tubular 
pores 

Bt2 48-76 5YR 4/6 SC 2,f-m,sbk SH,F,Vs/VP 5.0 C and S Few very fine, fine vesicular and few very fine 
simple and dendrite tubular pores 

Bt3 76-109 Mixed 2.5YR 4/3 
(70%), 7.5YR 6/3 (30%) 

SC 2,f,sbk SH,F,VS/VP 5.0 C and S Few traces of dead roots, few small to medium  
Fe-Mn oxide nodules 

Btc1 109-120 Mixed 10R 4/4 (60%), 
7.5YR 7/4 (40%) 

VGSC 3,f,sbk H,VF,VS/VP 5.0 A and S Common traces of dead roots, small to large Fe-
Mn oxide nodules 

Btc2 120-148 Mixed 10R 6/4 (30%), 
7.5YR 7/4 (70%) 

VGSC 3,f-m,sbk H,VF,VS/VP 6.5 C and S Many prominent clay coating on faces of peds, 
pore walls and surface of Fe-Mn oxide nodules 

Bvg 148-175 Mixed 10R 4/6 (40%), 
5YR 6/2 (40%),  
10R 6/6 (20%) 

VGSCL 3,f-m,sbk H,VF,VS/VP 7.0  Many prominent clay coating on faces of peds, 
pore walls and surface of Fe-Mn oxide nodules 
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�����	,# 3  (���) 
 

Horizon Depth 
(cm) 

Soil color 
Texture Soil structure 

Soil consistence 
pH 

Horizon  
boundary Other 

Mottle Dry,Moist,Wet 
Skr-8      Typic Plinthustult (Dry Evergreen Forest) 
A 0-14 5YR 6/8 SL 2,f,sbk SH,F,SS/SP 5.5 C and S Many very fine and common fine vesicular pore 
Bt1 14-35 5YR 5/8 SL 4,f,sbk S,Fri,SS/MP 5.5 G and S Comon faint clay coating on faces of peds 
Bt2 35-60 5YR 5/8 SL 4,f-m,sbk S,Fri,MS/VP 5.0 G and S Few medium angular stone of weathered 

sandstone, few small Fe-Mn oxide nodules 
Bt3 60-88/99 5YR 5/8 SCL 2,f-m,sbk SH,F,MS/VP 5.0 A and W Few faint clay coating on faces of peds 
Btc1 88/99-120 5YR 5/8 VGSCL 2,f,sbk SH,F,MS/VP 5.0 C and S Common distinct clay coating on faces of peds 

and surfaces of Fe-Mn oxide nodules 
Btc2 120-142 5YR 5/8 VGSC 2,f,sbk SH,F,MS/VP 5.0 C and S Common distinct clay coating on faces of peds, 

surfaces of rock fragment and Fe-Mn oxide 
nodules 

Btc3 142-165 5YR 5/8 VGSC 2,f,sbk SH,F,MS/VP 5.0 C and S Many distinct clay coating on faces of peds, 
surfaces of rock fragment and Fe-Mn oxide 
nodules 

Btc4 165-200+ 5YR 5/8 VGSC 2,f,sbk SH,F,MS/VP 5.0  Many distinct clay coating on faces of peds, 
surfaces of rock fragment and Fe-Mn oxide 
nodules 
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1.4 �U�	��' Ecotone �"d	�U�	��'�
�����"#��������ก��"#������%� (ecotone, Skr-4) 
 
��	��'� �ก��M_กZ���Q��	�J���U�	��'��'�"d	Y�%���%�T����'����(���T� �������Q� 417 

����&�ก�
����
��"�	ก��� �U�	��'���������(�	�%���
 2 ����H�%	ก ��	����	�"d	�MZ�
ก�	��	
����(���T� (colluvium) ��'���������&�ก��	���� ��	�"d	��	�_ก ��ก���
���	� ��� ��
��ก���
��
��	��	������'�T_�	��������_ก ����x	�ก��T���	%������	�"d	 A-Bt ���
���	� �!�%��	�_กก���  
105 �i	������&�กP����	  
 

��	�	�	� 29 �i	������ ���������� ��_�	� ������� �	U����	�"d	��	���	"	���� 
�
�������ก ��
����(��	!	�	���"d	ก��"�	ก��� (pH 6.0) Y�����%��T����	�"d	���ก%�	
����'���H��	T	���
�������ก�_��
�������'���������	!	�
������	"�	ก��� ��ก���&ก
ก�
&��T����ก�U(T	�����ก��ก�_�"�	ก���!	"����I��ก 

 
��	�����_ก������� 29-105+ �i	������ ��	������� �	U����	�"d	��	���	��	���"	����  

����(��	!	�	���"d	ก�����ก	%�� (pH 6.5) Y�����%��T����	�"d	���ก%�	����'���H��	T	��
�
������_�"�	ก�����'���������	!	�
���"�	ก��� ��ก�����U��P��T����	��	���
���	T%����ก�����IP���	%�T��������	 ����!�%���	�����ก�����U'�	��'T���	HJ��T	���
��������
�����_ก ���������ก��T������ก��
���ก�	�����ก$i�� ก���&กก�
&��T����ก�U(��"����I
����&�ก�	������ ��
����	������'ก ����PH����������T	��!�X�T%��!�%T���	%������	 
 

1.5 �U�	��'"#������%�|�~	|Q �����I���	Y�%�	Q	T����'����(���T���	ก��� (dry evergreen 
forest, Skr-5) 
 

��	��'� �ก��M_กZ�����Q��	�J���U�	��'��'�"d	���	Y�%�	Q	T����'����(���T���	ก��� 
(convex surface on middle footslope) �������Q� 389 ����&�ก�
����
��"�	ก��� �U�	��'������
���(�	�%���
 5 ����H�%	ก ��	����	�"d	�MZ�
ก�	��	����(���T� (colluvium) ��'���������&�ก 
��	���� ��	����กZI
�"d	��	�_ก"�	ก��� ��ก���
���	� ��� ��
��ก���
����	��	������'�T_�	���
�����_ก ���MZก���!	��	���� ����x	�ก��T���	%������	�"d	 A-Bt-Btc TI
� �ก���ก����������
���
���	� �!�%��	�_กก��� 70 �i	������&�กP����	 (J����' 8) 
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��	�	�	� 0-26 �i	������ ����	� ��������T�� �_�	� ������� �	U����	�"d	��	���	"	
�����
�������ก ����(��	!	�	���"d	ก��&���_�ก�����ก	%�� (pH 5.5-6.5) Y�����%��T����	�"d	
���ก%�	����'���H��	T	���
�����ก��������	��'�"d	�������ก��T	���
�����"�	ก��� ��'��
�������	!	�
������	"�	ก����_�"�	ก��� ��
��ก���&กก�
&��T����ก�U(T	�����ก��ก  
�_�"�	ก���J��!	�	%������	& �	�	��ก 
 

��	�����_ก������� 26-70+ �i	������ ��	�������"	���U�� �	U����	�"d	��	���	��	���
"	���� Y�����%��T����	�"d	���ก%�	����'���H��	T	���
������_�"�	ก�����'���������	
!	�
������	�_��T�� ����(��	!	�	���"d	ก��&����ก (pH 4.5-5.0) ��ก�����U��P��T����	
��	��������IP���	%�T��������	 ����!�%���	�����ก�����U'�	��'T���	HJ��T	���
������������
�_ก ���������ก��T������ก��
���ก�	�����ก$i�� ��
����ก�U(T	�����ก��ก�_�"�	ก���
!	"����I��ก 
 

1.6 �U�	��'"#������%�|�~	|Q���	��'$�%������
���&�กก��ก���	��'�����IP���	%�T����'��� 
�(���T� (dry evergreen forest, Skr-6) 
 

��	��'� �ก��M_กZ�����Q��	�J���U�	��'��'$�%������
���&�กก��ก���	��'�����IP���	%�
T����'����(���T� (erosinal surface of footslope) �������Q� 414 ����&�ก�
����
��"�	ก��� ��
�������(�	�%���
 15 ����H�%	ก ��	����	�"d	�MZ�
ก�	��	����(���T� (colluvium) ��'���������
&�ก��	���� ��	����กZI
�"d	��	�_ก"�	ก��� ��ก���
���	� ��� ��ก���
����	��	������'�T_�	���
�����_ก ��ก���!	��	���� ����x	�ก��T���	%������	�"d	 A-Bt TI
� �ก���ก���������� ��
�
���	� �!�%��	�_กก��� 55 �i	������ &�กP����	  
 

��	�	�	� 0-18 �i	������ ��������T%� �	U����	�"d	��	���	"	�����
�������ก  
����(��	!	�	���"d	ก��� (pH 7.0) Y�����%��T����	�"d	���ก%�	����'���H��	T	���
����� 
�_�"�	ก�����'���������	!	�
���"�	ก��� ��
ก���&กก�
&��T����ก�U(T	�����ก!	
"����I��ก 	�ก&�ก	��������MZ��	������'ก ����PH������������'����กZI
�"d	�H�����'��!	"����I
���ก	%�� 
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��	�����_ก������� 18-55+ �i	������ ��	�������U��"	����	U����	�"d	��	���	"	����
�_���	���	��	���"	���� ����(��	!	�	���"d	ก��&����ก�_�ก��&�� (pH 5.0-5.5) � �����
Y�����%��T����	�"d	���ก%�	����'���H��	T	���
�������ก�_��
�������'���������	!	�
���
"�	ก��� ��ก�����U��P��T����	��	��������IP���	%�T��������	 ����!�%���	�����ก�����U'�	��'
T���	HJ��T	���
�������������_ก ���������ก��T������ก��
���ก�	����ก$i�� ����ก
�U(�������T	�����ก��ก�_�"�	ก�����'��ก���&กก�
&��!	"����I��'����&�ก��	�	������ 

 
1.7 �U�	��'"#������%�|�~	|Q ��	����T����'����(���T� (dry evergreen forest, Skr-7) 

 
��	��'� �ก��M_กZ�����Q��	�J���U�	��'��	����T����'����(���T� (lower footslope)  

�������Q� 488 ����&�ก�
����
��"�	ก��� �U�	��'���������(�	�%���
 10 ����H�%	ก ��	����	�"d	
�MZ�
ก�	��	����(���T� (colluvium) ��'���������&�ก��	���� ��กZI
��	����กZI
�"d	��	�_ก
��ก ��ก���
���	� ��� ��
��ก���
����	 ��	������'�T_�	��������_ก ���MZก���!	(��	��	���� 
��x	�ก��T���	%������	�"d	 A-Bt-Bvg TI
��' �ก�������� ��  ���
���	� �!�%��	�_กก�� �  
175 �i	������&�กP����	 (J����' 10) 

 
��	�	�	� 0-26 �i	������ ����	� ���� �	U����	�"d	��	���	��	���"	�����
�����

��ก ����(��	!	�	���"d	ก��&���_�ก��"�	ก��� (pH 5.5-6.0) Y�����%����	�"d	���ก%�	
����'���H��	T	���
������_�"�	ก�����'���������	!	�
���"�	ก��� ��
��ก���&กก�
&��
T����ก�U(T	�����ก��ก�_�"�	ก��������	%������	 
 

��	�����_ก������� 26-175+ �i	������ ��	����	� ������� �	U����	�"d	��	���	��	���"	
�����_���	��	���"	�����
����� ����(��	!	�	���"d	ก��&����ก�_�ก��&�� (pH 5.0-5.5) 
Y�����%��T����	�"d	���ก%�	����'���H��	T	���
������_�"�	ก�����'���������	��Q�!	�
���
"�	ก��� ��ก�����U��P��T����	��	��������IP���	%�T��������	 ����!�%���	�����ก�����U'�	��'
T���	HJ��T	���
�������������_ก ���������ก��T������ก��
���ก�	�����ก$i�� ��
��ก
�U(T	�����ก��ก�_�"�	ก���!	"����I	%�� ��'�
��������_ก 109-148 �i	������ ��	����������	 
�	U����	�"d	��	��	���"	�����
�������ก ��
���'���ก���T	�����ก ����(��	!	�	���"d	ก��
"�	ก����_�ก�����ก	%�� (pH 5.0-6.5) � �����Y�����%��T����	�"d	���ก%�	����'���H��	T	��
�
������_�"�	ก�����
���������	��Q�!	�
����T�� ��ก�����U��P��T����	��	��������I
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P���	%�T��������	 ���������ก��T������ก��
���ก�	����ก$i�� ��
��ก�U(T	�����ก��ก�_�
"�	ก���!	"����I	%�� ��'�
��������_ก 148-175+ �i	������ ��	������� �	U����	�"d	��	��	���
"	�����
�������ก ��ก���T	�����ก � �����Y�����%��T����	�"d	���ก%�	����'���H��	
T	���
������_�"�	ก���  ��
���������	��Q�!	�
����T��  ����(��	!	�	���"d	ก��� (pH 7.0) 
��ก�����U��P��T����	��	��������IP���	%�T��������	 ���������ก��T������ก��
���ก�	��
���ก$i�� ����ก�U(T	�����ก��ก�_�"�	ก��� "����I	%�� ก���&กก�
&��T����ก�U(��"����I
����&�ก�	������ 	�ก&�ก	�������Y�����	��'�ก��&�กก��ก�
T������� �������ก�����U'�	�%��T�� 
���&�ก(��	��	�U'	�����
����Q� ����!	Y�����		��	 � �!�%���	�"d	�	��Q"�����'��' � ���� 
(krotovina) 
 

1.8 �U�	��'"#������%�$���Qก��ก�	 ��	�	T����'����(���T���	ก��� (dry evergreen 
forest, Skr-8) 

 
��	��'� �ก��M_กZ�����Q��	�J���U�	��'��	�	T����'����(���T�ก��� (upper middle 

footslope) �������Q� 531 ����&�ก�
����
��"�	ก��� �U�	��'���������(�	�%���
 8 ����H�%	
ก ��	����	�"d	�MZ�
ก�	��	����(���T� (colluvium) ��'���������&�ก��	���� ��	����กZI
�"d	
��	�_ก��ก ��ก���
���	� ��� ��
��ก���
����	��	������'�T_�	��������_ก ���MZก�����'ก ����
�������T����	����H�%	ก ��	��!	��	���� ��x	�ก��T���	%������	�"d	 A-Bt-Btc TI
�ก����������
��	���
���	� �!�%��	�_กก��� 200 �i	������ &�กP����	  
 

��	�	�	� 0-14 �i	������ �������U����� �	U����	�"d	��	���	��	���"	����
�
�������ก ����(��	!	�	���"d	ก��&�� (pH 5.5) Y�����%��T����	�"d	���ก%�	����'���H��	
T	���
�������'���������	��Q�!	�
���"�	ก��� ��ก���&กก�
&��T����ก�U(T	�����ก��ก�_�
"�	ก���!	"����I���	T%����ก 
 

� �������	�����_ก������� 14-200+ �i	������ ��	�������U����� �	U����	�"d	��	���	"	
�����_���	���	��	���"	�����
����� ����!�%���	�����ก�����U'�	��'T���	HJ��T	���
�����
��������_ก ����(��	!	�	���"d	ก��&����ก�_�ก��&�� (pH 5.0-5.5) � �����Y�����%��T����	
�"d	���ก%�	����'���H��	T	���
�������ก�_��
�������
���������	��Q�!	�
������	"�	
ก����_�"�	ก��� ��ก�����U��P��T����	��	��������IP���	%�T��������	 ���������ก��T��
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����ก��
���ก�	����ก$i�� ��
��ก�U(T	�����ก��ก�_�"�	ก���!	"����I	%���_����	T%����ก 
��'�
��������_ก 88/99-200 �i	������ ��	�������U����� �	U����	�"d	��	��	���"	�����
�����
��ก ��
��ก���T	�����ก ����(��	!	�	���"d	ก��"�	ก����_�ก��&����ก (pH 5.0) 
Y�����%��T����	�"d	���ก%�	����'���H��	T	���
����� ��
���������	��Q�!	�
���"�	ก��� 
��ก�����U��P��T����	��	��������IP���	%�T��������	 ��
���������ก��T������ก��

���ก�	�����ก$i�� ����ก�U(T	�����ก��ก�_�"�	ก���!	"����I	%�� 

 
2. ������	��ab��ก�����)�� 
 

2.1 ก���&กก�
&��T���	HJ����
(��	�	U����	 
 

��	��'M_กZ����	U����	�"d	��	���	"	�����_���	��	��� Y����"����I�	HJ��������Q�
!	����� 229-718 ก������ก�Y�ก��� "����I�����"����Q�!	����� 130-626 ก������ก�Y�ก��� ��

"����I��	��	�����Q�!	����� 62-600 ก������ก�Y�ก��� (J����' 5) 
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��
	,# 5 ���������	
��
������	HJ��T	������ (ก) �	HJ��T	�������"�� (T) ��
�	HJ��

T	����	��	��� (�) ก���
��������_ก��	 
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ก���&กก�
&��T��T	���	HJ����	 ����� �	HJ��������
�����"���"d	�	HJ��
���	!	��	��'� �ก��M_กZ� Y�����	�Y	%���������
��������_ก i_'����T%��ก���	HJ����	��	�����'
"����I���	�Y	%����'�T_�	����
��������_ก ก���&กก�
&��T���	HJ��T	����	��	�����'���'�T_�	
��������_ก ����!�%���	�����	����x	�ก��T���	%������ (�J����
�W, 2527; Buol et al., 2010) ��ก��
���U'�	�%��T���	HJ����	��	���������	&�ก��	�	��$"�
�������	���� � �!�%�	HJ��T	����'
!�X�ก������U���Q�!	(��	��	�	 i_'��"d	P���&�กก�
��	ก�����U'�	�%���(��ก� (lessivage) ��

ก�
��	ก�����U'�	�%������H&�ก(��	��	�	 (eluviation) (Buol et al., 2010) 

 
P�������
��ก���&กก�
&��T���	HJ��T	������ � T����	���� 8 �����I ��U'�	 �$"

������
����U'���"�
�J�(��	�	U����	&�ก������������'���������������	
�T���	HJ����	 Y��!(%
�กIN�"�
���	T��ก�
�����กZ������O�����ก� (USDA textural class) (����, 2547; Soil Survey 
Staff, 2006) �������	���	!�X��������T���	U����	��Q�!	ก�H����	���	 (loamy) �_���	��	��� (clayey) 
Y��(��	��	�	���	!�X���Q�!	ก�H��T����	���	 ��!	�U�	��'"#����������	����T���U�	��'����(���T�
��	�	 (Skr-2) T_�	$"&	�_�"#������%���	�	T���U�	��'����(���T���	ก��� ���	��	����	��	 
����� ���	�Y	%���'"����IT���	HJ��T	����	��	���&
���'�T_�	��������_ก Y���w��
��	!	
�����I�U�	��'"#������%�i_'����	$�%��������	(�� ���	��	!	�U�	��'"#���X&���I�H���JQ�� ������	U����	
�"d	��	���	"	���������	%������	 Y����"����I��	��	������'�T_�	��������ก	%��!	��	���� 
(J����' 6) 
 

 
 
��
	,# 6 ก��& ��	ก"�
�J��	U����	���������	Y�����T���	HJ��T	������ �����"�� ��


��	��	��� 

Skr-1 Skr-2

Skr-3 Skr-4

Skr-5 Skr-6

Skr-7 Skr-8
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2.2 �����	��	�	���T����	 
 

�����	��	�	���T����	��'� �ก��M_กZ��������Q�!	�
����' ��_��Q� !	����� 1.02-1.96
��ก
ก�������Qก��Mก����� (J����' 7) Y�����	�Y	%����'�T_�	��������_กJ��!	�	%������	 i_'�ก��
��'��	�	�������	��	�	T����	�' �ก���!	��	�����	U'��&�ก ��	�	��"����I��	��������H�Q�&�ก
���
���T���MZi�กT��!�$�% (litter) ��'�������	���
����'P����	 ���	��	�����������	��	�	���
�Q�T_�	 �"d	P���&�กก�
��	ก�����U'�	�%����	��	����Q���	���� i_'��	HJ��T	�����ก	��&
�T%�$"
���ก�����Q�!	(�������T	������ � !	��	 � �!�%��	�	�	�_�T_�	 (���I��(X�, 2551; Brady and 
Weil, 2008) 

 
2.3 �J��	 �	� �T����	TI
��'���� 

 
�J��	 �	� �T����	TI
��'�����"d	�����'����������ก����T��	� ���'&
������

���U'�	��'P��	(�������!	��	 �����ก�����U'�	��'T��	� �!	�����	_'�&
T_�	��Q�ก������������ � T����	 
(����, 2548) 
 

��	��'� �ก��M_กZ����J��ก��	 �	� �TI
��'������Q�!	�
���(%���ก�_�������ก �������Q�!	
����� 0.03-66.05 �i	���������(�'�Y�� (J����' 7) Y�����	!�X���	�	&
������Q�ก�����	���� ����	��
�	U'��&�ก ��	��"����I��	��������H�Q�i_'��������ก���ก��������	 ��
��Y�����%����'������ (Iwata et 

al, 1995; Juma, 2001) &_�� �!�%��	��(�����������	U'�� ����	���ก��%	 ��	!	�U�	��'"#����������	����  
(Skr-2) ��'��Q�!	�
�������!	��	���� �	U'��&�ก���MZ(��	���	T����	���� ��
�������ก��T��
����ก��
���ก�	����ก�� � �!�%�ก��(�������T	��!�X�!	(��	��	���� &_���&���P����ก�����U'�	�%��
	� �!	�	%������	 
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��
	,# 7 ���������	
��
����������	��	�	��� (ก) ��
�J��ก��	 �	� �T����	TI
��'���� (T) 

ก���
��������_ก��	 

 

3. ������	��� �,���)�� 
 

�������������T����	��'� �ก��M_กZ�J��!�%"#�����(	�������I���	���&����'�����%���
�ก
��( Y����&��I�����กIN�ก��"�
���	�
���������������� (����, 2547; Land Classification 
Division and FAO Project Staff, 1973; Soil Survey Division Staff, 1993) P�ก��M_กZ� ����� 
 

3.1 ����(��	 (Soil pH) 
 

�������(��	!(%(�����	�&w���_��J�������"d	ก���"d	���� �
���ก��PH�����Q�ก����' �����
ก��(
�
��� �����"d	"�
Y�(	�T��
��H������U(���(	�� ��
�J�������"d	��ZT����	���
�U( (Brady and Weil, 2008; Buol et al., 2010) P�������
��ก�I�!(%��	���	� �!	��������	 1:1 ����� 
��	��'� �ก��M_กZ����� 8 �����I ���������(��Q�!	�
��� ก�����	�_�ก���H	��� �������Q�!	����� 4.4-6.3 
i_'���������	T%������'�����	%������	 (J����' 8) ก����'��	�����������(�"d	ก��	��	 �"d	��กZI

T����	��'�$"!	�T��%�	��'����x	�ก�����	T%���� ��
��ก��(
�
����Q� (Sanchez, 1976; 
Eiumnoh, 1984) Y��ก����'��	!	�U�	��'��'� �ก��M_กZ�������"d	ก��	��	�"d	P���&�ก���
���T��
�J��JQ����ก�M ��U'��HI�JQ���Q�T_�	 ���������T��"y�ก������������ก��Q�T_�	�%������Qก(
�
��� 
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��
	,# 8 �������(T����	��'���!		� � (ก) ��
!	����
���Y�����i������$��� �����T%�T%	 1   

Y����� (T) ก���
��������_ก��	 
 
��ก$"&�ก�	%������	$�%���� (����, 2548; Zhang et al.  ,2006) ���	�������(��	��'���Y��!(%��	���
����
��� 1 Y����� Y�����i������$���!	��������	 1:1 �������Q�!	����� 3.2-4.8 (J����' 8) i_'�
�����'���$�%� '�ก����������(��'����%��	� �"�
��I 1  �	��� ����!�%���	��� ��	��"�
&H�H�
��"d	�� ��	
�����	��&_�������������!	ก���Q�i�����$���	$�%��ก�����	$���	 �"d	��กZI
T����	�T�
�%�	���	!�X���'����x	�ก���Q� ����ก$i��T������ก��
�
�Q���	��� ��
�����	��	�����Y���$	��
�"d	����"�
ก����'� ���X (��Y�& ,2531: Cindy et al., 2008) 
 

3.2 "����I��	��������H 
 

"����I��	��������H!	��	��'� �ก��M_กZ����� 8 �����I ��Q�!	�
����' ���ก�_��Q�"�	
ก��� Y���������Q�!	����� 3.4-32.7 ก������ก�Y�ก��� (J����' 9) ก���&กก�
&�����	�Y	%�
���U�	ก�	!	�Hก�	%������	 �U� �����������������_ก Y��ก����'��"����I��	��������H!	(��	��	
�	�Q�ก���!	(��	��	���� �"d	P���&�กก��PH����������T���MZi�ก��	�������'�
����Q�!	��	���

���(��� Y���w��
!	��	��'����x�	�ก��!	�J��"#�$�% (Thomson and Troch, 1978) ���	!	(��	
��	����Y�ก����'��	������������ &
��$"�
����Q���	%�� "�
ก��ก��!	�J���T��%�	ก������  
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��
	,# 9 "����I��	��������H (ก) ��
"����I$	Y���&	��� (T) ก���
��������_ก��	 
 
������	��������!	(��	��	�	&
�"d	$"������������ ก��(
�
�����$"!	(��	��	�����ก��T_�		%�� 
� �!�%��"����I��	��������H�' � (Virgo and Holmes, 1977; Baize, 1993; Brady and wail, 2008) 
 

3.3 "����I$	Y���&	��� 
 

"����I$	Y���&	�����'� �ก��M_กZ����� 8 �����I ��"����I$	Y���&	�����Q!	
�
����' � �������Q�!	����� 0.21-1.75 ก������ก�Y�ก��� (J����' 9) ��	�	��"����I��"����I$	Y���&	
����Q�ก���(��	��	���� i_'��"d	$"!	��กZI
�����ก��ก���&กก�
&��T����	��������HJ��!	�	%����
��	 ����	�� �	U'��&�ก$	Y���&	!	��	���	!�X�&
$�%��&�กก���������T����	��������H!	��	 
(Brady and Weil, 2008; Kalembasa, 2008) 
 

3.4 "����I|��|������'�"d	"�
Y�(	� 
 

��	��'� �ก��M_กZ����� 8 �����I ����� ��"����I|��|������'�"d	"�
Y�(	���Q�!	�
���
�' ���ก �������Q�!	����� 0.01-0.17 �����ก������ก�Y�ก��� (J����' 10) Y��"����I���	�Y	%��������
�����_ก ก����'��	��"����I|��|������'�"d	"�
Y�(	���Q�!	�
����' � ����!�%���	�����	��'
� �ก��M_กZ��"d	��	��'����x	�ก���Q� (����	
�,2531; Sanchez et al., 1983) i_'�"����I|��|������'
�"d	"�
Y�(	�	�� &
�����������	
�ก��"����I��	��������H!	��	Y����Q�!	�Q"|���|���	����� 
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(Tisdale and Nelson, 1975; Sanchez, 1976) ��
ก����'��	��"����I��	��	������'�T_�	!	(��	��	����
� �!�%�����"d	"�
Y�(	�T��|��|�������� (Brady and Weil, 2008) ����
"����I��	��	�����'
���"d	�����	��	���(	����Y���$	�� i_'���ก�H��$����กi�� (hydroxyl group) ��Q��
�����(��	 
�
�Q��	�i_'���������ก�"��'�	ก��|��|����$�% (Havlin et al., 2005) � �!�%!	��	�	��"����I
|��|������'�"d	"�
Y�(	��Q�ก���!	��	���� 

 
3.5 "����IY�����i�����'�"d	"�
Y�(	� 
 

��	��'� �ก��M_กZ����� 8 �����I ��"����IY�����i�����'�"d	"�
Y�(	���Q�!	�
����' �
��ก�_��Q���ก �������Q�!	����� 11.7-174.6 �����ก������ก�Y�ก��� (J����'  10) Y��"����I
Y�����i���&
������������_ก ก����'Y�����i�����'�"d	"�
Y�(	�������Q�!	(��	��	�	 �"d	P�
��&�ก���
���T����	��������H!	��	 i_'�&
�
����Q�!	(��	��	�	��กก���(��	��	���� �	U'��&�ก
��	��������H������������!	ก���Q�i��
��H$���	��ก$�%�Q� ��U'��������&_�"��"����
Y�����i�����'�"d	"�
Y�(	�!�%ก����	 (Sanchez, 1976; Brady and Weil, 2008) 
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3.6 "����I�����'�ก��$�% 
 
3.6.1 "����I����i�����'�ก��$�% 

 
��	��'� �ก��M_กZ����� 8 �����I ��"����I����i�����'�ก��$�%��Q�!	�
����' ���ก

�_�"�	ก��� �������Q�!	����� 0.04-6.46 �i	��Y�����ก�Y�ก��� (J����'  11) Y����U'���&��I�
���������	
�T��"����I����i�����'�ก��$�%ก�������_ก����
�	%������	 ���	!�X����	�Y	%�
������U'������_ก���'�T_�	 �ก��%	��	J��!�%"#������%�|�~	|Q (Skr-7) ��'������Q� ��
�"�"��	$��
�	�	�	!	��	����T���	%������	 �	U'��&�ก�����I�U�	��'��'� �ก��M_กZ�	��	����กZI
�"d	���� ����	
�T��!	(��	��	������'�_ก��$" � �!�%��ก���
��i�ก�U( ��
�ก��ก�
��	ก�����U'�	�%�����
��!	
�����I	�� i_'�i�กT���U(&
��"����I����i��� (�HX��
�W, 2525) 

 
3.6.2 "����IY�����i�����'�ก��$�% 

 
��	��'� �ก��M_กZ����� 8 �����I ��"����IY�����i�����'�ก��$�%��Q�!	�
����' �

��ก�_�"�	ก��� �������Q�!	����� 0.03-0.45 �i	��Y�����ก�Y�ก��� (J����'  11) ��U'���&��I�
���������	
�T��"����IY�����i�����'�ก��$�%ก�������_ก����
�	%������	 ���	!�X����	�Y	%�
������U'������_ก���'�T_�	 �������"�"��	�%�����ก	%��!	�����	 &�กก��M_กZ� ����� "#������%�
&
������Q���'�H� i_'�����กZI
$"!	��M��������ก�	ก��P�ก��������
��Y�����i�����'�"d	"�
Y�(	�
!	��	 

 
3.6.3 "����IYi�������'�ก��$�% 
 

"����IYi�������'�ก��$�%!	��	��'� �ก��M_กZ����� 8 �����I��Q�!	�
����' ��_�
"�	ก��� �������Q�!	����� 0.07-0.50 �i	��Y�����ก�Y�ก��� (J����' 11) ��U'���&��I����������	
�
T��"����IYi�������'�ก��$�%ก�������_กT������
�	%������	 ���	!�X����	�Y	%�P�	�"���ก!	
�Hก�����I "����IYi�����!	��	���	!�X���&�กi�ก�U( i_'�!	�U�	��'"#�������� Yi��������	!�X�
$�%��&�ก ���� (Shorea obtuse Wall.) (�HJ����, 2544) ���	"#������%����$����T%��Q��U	��	�����&�ก
�U((	��!� 
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3.6.4 "����I��ก	��i�����'�ก��$�% 
 
��	��'� �ก��M_กZ����� 8 �����I ��"����I��ก	��i�����'�ก��$�%��Q�!	�
����' ��_�

"�	ก��� �������Q� !	�����  0.03-2.58 �i	��Y�����ก�Y�ก��� (J����'  11) ��
��U'���&��I�
���������	
�T��"����I��ก	��i�����'�ก��$�%ก�������_ก����
�	%������	 ���	!�X����	�Y	%�
������������_ก ��U'��"���������ก�	 ����� "#������%� ��
"#�������� "����I���	�Y	%��������
�
��������_กT����	���$�����	(����ก	�ก �ก��%	!	ก�I�T����	!	"#������%�|�~	|Q (Skr-7) ��'����
�	�Y	%��Q�T_�	��������ก	%��!	(��	��	��	���� �	U'��&�ก �J��T���U�	��'��������!�%�ก��ก���
�� 
���$�%�
����$"��%�!	ก�I�T��"����I����i�����'�ก��$�% ���	!	"#���X&���I�H���JQ�� (Skr-1) 
 
 "����I��ก	��i�����'�ก��$�%���	�Y	%�������������_ก��������	(�� ��
���
����� "#����������	����T����'����(���T���	�	 (Skr-2) ������Q���'�H� i_'�"����I��ก	��i���&

����!	��	 �	U'��&�ก�
���	� �$�%�� ��
 �Qก(
�%����$"�
��!	��	���� (Zinke et al., 1970) 
��
"�
ก��ก���U�	��'&
���X%����กT_�	��Q�������	��	�	 � �!�%��Y�ก���ก��ก���
��
��H	��!	��	
i_'�ก��M_กZ���'P��	�� "����I
��H������
����'�������	��$"�
����'P����	 �����
��H
��ก	��i��� �������T%�T%	�Q��H�!	i�ก!��U( (Katagiri and Tsutsumi, 1973) 
 

"����I
��H���� � ��'�
��!	��	 &
��ก����ก�	$"���(	���U( ��
(	��"#� 
�����$�ก���� J��!�%"#�(	�������ก�	ก���&&
��������ก����ก�	$"$�%��ก����	���"d	P���&�ก����
��ก����T������"�
ก��(	�����I$�%��'T_�	��Q�!	"#�	��	 � �(�	�����ก�����
���T��(	����	 ��

����H�%	ก ��	����	�%�� (��Z�M�ก��W ��
�I
, 2527) 
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��
	,# 11 "����I����i��� (ก) Y�����i��� (T) Yi����� (�) ��
��ก	��i�����'�ก��$�% (�) ก��  

�
��������_ก��	 
 

3.7  "����I��������'�ก��$�% 
 
P����T��"����I ����i��� ��ก	��i��� Y�����i��� ��
Yi�������'�ก��$�% ��U'�

	 ���� �	�I"����I��������'�ก��$�% ����� ����Q�!	�
����' ���ก�_�"�	ก��� ��Q�!	����� 0.26-
8.74 �i	��Y�����ก�Y�ก��� (J����' 12) "����I!	��	���	!�X��������"�"��	���ก	%����
��
�	�Y	%�������������_กJ��!	�	%������	��	 ก����'"����I��������'�ก��$�%��Q�!	�
����' ���ก
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�_��' � ������� ��	$�%������
���ก��(
�
�����'�H	�������'&
���U'�	�%�����������	��ก$"&�ก
�	%������	 (Bloom and Grigal, 1985; Bloom, 2000; Buol et al., 2010) 
 

��U'���&��I��
�����"����I��������'�ก��$�%ก��"����I����i�����'�ก��$�% &
���	
��������������	
�ก�	�����(���&	 �����������i����"d	
��H��'���	 �	U'��&�ก��"����I��'�ก��$�%�Q�
ก����������U'	 i_'��"d	��กZI
���	T����	��'����x	�ก��J��!�%�J��"#�$�%�T��%�	 (Buol et al., 
2010) 
 

3.8 �J��ก����'�ก��$�% 
 
��	��'� �ก��M_กZ����� 8 �����I ����� ���J��ก����'�ก��$�% ��Q�!	�
����' ���ก�_��Q�

��ก �������Q�!	����� 1.0-23.0 �i	��Y�����ก�Y�ก��� (J����' 12) ���	!�X�����������"�"��	
J��!	�	%������	���	T%��	%�� i_'�!	��	�	&
������Q���
���	�Y	%�������������_กT����	 
����!�%���	�_�"�
���
�J��T��ก��(
�
������$���	��' �"d	���� ��
ก����	��'T��
$�Y���&	$���	!	��	���(����� ��	��'� �ก��M_กZ�����x	�ก��"�	ก����_����	T%���Q� (Sanchez, 
1976; Brady and Weil, 2008; Buol et al., 2010) 

 
3.9 ����&H��ก�"��'�	���$���	 

 
��	��'� �ก��M_กZ����� 8 �����I ������&H��ก�"��'�	���$���	��Q�!	�
����' ��_��Q� 

!	����� 4.5-38.5 �i	��Y�����ก�Y�ก��� (J����' 13) Y��!	J��������	!�X��������Q�!	�
����' � 
�ก��%	 ��	J��!�%"#����������	�	T����'����(���T� (Skr-3) ��'������Q���'�H�!	��	�	 i_'��"d	P���
&�ก��กT���X%����ก��'��& �	�	��ก � �!�%��	��"����I��	��������H�Q� (3.4-32.7 ก������ก�Y�ก���) 
��� �	�� �	U'��&�ก����&H��ก�"��'�	���$���	&
�����������	
�ก��"����I��	��������H 
!	��	 �(�	�����ก��"����I�	HJ����	��	��� ��
(	��T�������	��	��� (Sanchez, 1976) 
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��
	,# 12 "����I��������'�ก��$�% (ก) ��
�J��ก����'�ก��$�% (T) ก���
��������_ก��	 
 

3.10 ������%���
������'������� 
 
��	��'� �ก��M_กZ����� 8 �����I ��������%���
������'���������Q�!	�
����' ��_��Q� ��

�����Q�!	������%���
 3.5-81.2 ���	!�X�&
�������Q�!	�
����' � ��
���	�Y	%�������������_ก i_'�
�����_�ก����'��	����x	�ก���Q� �ก��%	"#������%�|�~	|Q (Skr-7) ��'�����"�	ก����_��Q� ��
��
�	�Y	%����'�T_�	��������_ก��������ก	%�� (J����' 13) �	U'��&�ก�J���U�	��'�"d	��������	�T��!	
��	������'�_ก��$" � �!�%�ก��ก���
��������� � !	�����I	�� ��	!	�����I	��&_�����x	�ก����Q�!	
�
���"�	ก��� �	U'��&�ก�������������U���Q�!	�	%������	���	T%����ก ��P�� �!�%������%���

������'����T�������กก�����	!	�����I�U'	 
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��
	,# 13 ����&H��ก�"��'�	���$���	 (ก) ��
������%���
������'������� (T) ก���
��� 

�����_ก��	 
 

3.11 "����I����ก �
�Q���	��� ��
���ก�	�� 
 

1) ����ก 
 

����ก����
��'�ก���%����
�$�$
Y�$	��-i�����-$��������	� (dithionite-citrate-
bicarbonate; Fed) (J����' 14) i_'���Q�!	�Q"������IO�	 ��
�Q"��'��P�_ก Y���w��
�������$��� ��

�ก���$��� T�������I��'� �ก��M_กZ����� 8 �����I ����� �������Q�!	����� 14.0-90.6 ก������ก�Y�ก��� 
Y����	 Skr-8 i_'���J��!�%�J��"#������%���
�"d	� ���	����'��Q��Q���'�H���"����I����ก����
��ก
��'�H� ��U'���&��I��"���������"����I����ก����
J��!	����
�����I��'� �ก��M_กZ������ก��
�
������ก����
!	��	��������'�T_�	��������_ก ��
�������"�"��	�%�� ก����'!	(��	��	�	��
"����I����ก����
�' �ก���!	(��	��	���� �	U'��&�ก!	(��	��	�	��ก��(
�
����Q� � �!�%����ก�Qก(

�
�������T%��������%��ก���	HJ����	��	��� (ก��I�ก��� ��
�I
, 2529) 

 
����ก��'�ก��$�%�%����
����Y��	�����กi���� (ammonium oxalate; Feo)  

(J����' 14) ��Q�!	�Q"���IO�	 i_'��"d	�Q"��'����$����ก���ก��"y�ก�������������� (active Fe) P�
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ก��M_กZ���	���� 8 �����I ����� "����I����ก!	�Q"���IO�	����� ��Q�!	����� 0.61-5.39 ก������
ก�Y�ก��� Y�����	!�X���"����I������������_ก ���������	������ก!	�Q"	��  ��
�Q"�"d	
���"�
ก����	������(��i%�	�Q�!	(��	��	�	 i_'���&�ก���	U'��&�ก���
���T����	��������Hi_'�����Q�
�Q�!	(��	��	���ก���� ��ก������	��'M_กZ�������(��	�"d	ก��� �!�%��P����ก���ก��"y�ก��������� 
Y���w��
ก����_�
��H������U( (���I��(X�, 2551; Trakoonyingcharoen et al., 2006) 

 
����ก��'�ก���%����
�Yi�����$�Y�|���|� (sodium pyrophosphate; Fep)  

(J����' 14) ��Q�!	�Q"���"�
ก����	������(��i%�	 P�ก��M_กZ���	���� 8 �����I ����� "����I
����ก!	�Q"	���������Q�!	����� 0.01-4.40 ก������ก�Y�ก��� ����ก!	�Q"	�������_�M�ก�J��!	ก����_�
|��|����T����	 (P&�&����, 2545)  
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��
	,# 14 ���������	
��
���������ก��'�ก��$�%�%�� dithionite-citrate-bicarbonate (Fed) (ก), 

ammonium oxalate (Feo) (T) ��
 sodium pyrophosphate (Fep) (�) ก���
��������_ก
��	 
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2) �
�Q���	��� 
 

�
�Q���	�������
��'�ก���%����
�$�$
Y�$	��-i�����-$��������	� (dithionite-
citrate-bicarbonate; Ald) (J����' 15) i_'��"d	�
�Q���	�����Q�!	�Q"��'��P�_ก �Q"���IO�	��

���"�
ก����	������(��i%�	 ���������'��Q�!	��กZI
ก����	��'���"�
ก���U'	 � �(�	 ����ก
��ก$i�� (P&�&����, 2545) P�ก��M_กZ���	���� 8 �����I ����� "����I�
�Q���	�������
����Q�!	
����� 2.4-12.4 ก������ก�Y�ก��� Y����	 Skr-3 ��J��!�%"#�������� ��
 Skr-8 !	"#������%� ��
"����I�
�Q���	�������
��ก��'�H� 

 
�
�Q���	�����'�ก���%����
����Y��	�����กi���� (ammonium oxalate; Alo) 

(J����' 15) ��Q�!	�Q"���IO�	 �Q"��'����$����ก���ก��"y�ก��������� ��
�Q"���"�
ก����	�����
�(��i%�	 (McKeague and Day, 1996; Nationnal Soil Survey Center, 1996) P�ก��M_กZ���	���� 8 
�����I ����� ��"����I��Q�!	����� 0.69-4.42 ก������ก�Y�ก��� Y��"����I�
�Q���	���������
�"�"��	�����	%������	 
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��
	,# 15 ���������	
��
������
�Q���	�����'�ก��$�%�%�� dithionite-citrate-bicarbonate (Ald) (ก), 

ammonium oxalate (Alo) (T) ��
 sodium pyrophosphate (Alp) (�) ก���
��������_ก
��	 
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�
�Q���	�����'�ก���%����
�Yi�����$�Y�|���|� (sodium pyrophosphate; Fep) 
(J����' 15) ��Q�!	�Q"���"�
ก����	������(��i%�	 (McKeague and Day, 1996; Nationnal Soil 
Survey Center, 1996) P�ก��M_กZ���	���� 8 �����I ����� "����I�
�Q���	�����Q�!	����� 0.44-12.55 
ก������ก�Y�ก��� ��
$�������������	
�(���&	ก���
��������_กT����	 
 

3) ���ก�	�� 
 

���ก�	����'�ก���%����
�$�$
Y�$	��-i�����-$��������	� (dithionite-citrate-
bicarbonate; Mnd) (J����' 16) �����	%����ก��U'������ก������ก����
 ���ก�	����'�ก��Y����
�	����Q�!	
�Q"P�_ก �Q"���IO�	 �Q"��'�����i�$�%���� ��
�Q"���"�
ก���(��i%�	 (Mehra and Jackson, 1960; 
Nationnal Soil Survey Center, 1996) P�ก��M_กZ���	���� 8 �����I ����� "����I���ก�	�� �������Q�
!	����� 0.001-1.23 ก������ก�Y�ก��� Y������� ���	!�X�������Q�!	��	�	 ��
����!	(��	��	���� 
����!�%���	�_����������	
��
�����"����I���ก�	����'��Q�!	�Q"P�_ก �Q"���IO�	 �Q"��'�����i�$�%
���� ��
�Q"���"�
ก���(��i%�	ก��ก���
����	��������H!	��	 

 
���ก�	����'�ก���%����
����Y��	�����กi���� (ammonium oxalate; Mno) 

(J����' 16) ��Q�!	�Q"���IO�	 ��
�Q"���"�
ก����	������(��i%�	 (McKeague and Day, 1996; 
Nationnal Soil Survey Center, 1996) P�ก��M_กZ���	���� 8 �����I ����� "����I���ก�	���������Q�
!	����� 0.01-1.30 ก������ก�Y�ก��� Y������กZI
ก���&กก�
&����%����_�ก�����ก�	����'�ก��
�%����
� $�$
Y�$	��-i�����-$��������	� 

 
���ก�	����'�ก���%����
�Yi�����$�Y�|���|� (sodium pyrophosphate; Mnp) 

(J����' 16) ��Q�!	�Q"���"�
ก����	������(��i%�	 (McKeague and Day, 1996; Nationnal Soil 
Survey Center, 1996) P�ก��M_กZ���	���� 8 �����I "����I���ก�	���������Q�!	����� 0.002-0.303 
ก������ก�Y�ก��� i_'�����กZI
�&กก�
&�����U�	ก�����ก�	����'�ก��Y����
��U'	�����'$�%ก��������%� 
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��
	,# 16 ���������	
��
��������ก�	����'�ก��$�%�%�� dithionite-citrate-bicarbonate (Mnd) (ก), 

ammonium oxalate (Mno) (T) ��
 sodium pyrophosphate (Mnp) (�) ก���
��������_ก
��	 

 
4. ��.�
ก��'6�/�ก)�� 

 
P�ก��M_กZ���กZI
�����IO�	����� ���������|}��ก�� ��
�������������T����	 

������& ��	ก��	����
���	Hก����
�	��	 (Soil Survey Staff, 2010) $�% 2 ��	��� Y����(��	
�	Hก����
�	��	 ������$"	�� 

 
4.1 ��	��������i���� (Ultisols) 

 
��	��ก���
����	��	���!	(��	��	���� �"d	(��	��	������	�&w������&����ก (argillic 

horizon) ��
��������%���
������'��������' �ก��� 35 ��'�
��������_ก 1.25 ����&�ก��	����T��
(��	����&����ก &_�&��& ��	ก��Q�!	��	��������i���� (Ultisols) ��
�U�	��'��"����I�	���	T%���' � � �
!�%��	������(U�	& �ก�� &_�&���T%�!	�
�������(U�	��	��������ก (ustic soil moisture regium) � �
!�%��		����Q�!	��	�����	���� Ustult ��
��	��ก���
���	� ��� ��(��	���	$�������	U'�� ��U���กก���
��_'��	_'�T���	U����	 !	(��	�������� � J��!	�
��������_ก 1.25 ����&�กP����	 &_�������& ��	ก
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!	�
���ก�H����	!�X� (great group) $�%�"d	 Plinthustults � �������	��ก���
���	� ��� ��(��	��	����
��	�&w������&����ก��� ��U��	�"�	ก��� ��
��ก���&กก�
&��T����	��	�����'"����IT����	
��	���������กก����%���
 20 T��(��	��'��"����I�Q��H�J��!	�
��������_ก 1.50 ����&�ก(��	P��
��	 &_�������& ��	ก!	�
���ก�H����	!�X� (great group) $�%�"d	 Haplustults 
 

	�ก&�ก	�� ��	���������กZI
 ��
�������U'	��'��ก����$"&�ก��กZI
���	T��ก�H����	
!�X��%�� i_'�������&��& ��	ก!	�
���ก�H����	����$�%�"d	  

 
Haplic Plinthustult: "#���X&���I�H���JQ�� (Skr-1) 
Lithic Haplustult: "#�������� (Skr-2) 
Haplic Plinthustult: "#�������� (Skr-3) 
Kanhaplic Haplustult: �U�	��'������ (Skr-4) 
Haplic Plinthustult: "#������%�|�~	|Q (Skr-5) 
Typic Haplustult: "#������%�|�~	|Q (Skr-6) 
Typic Plinthustult: "#������%�$���Qก��ก�	 (Skr-8) 

 
4.2 ��	������|}i���� (Alfisols) 

 
��	��'� �ก��M_กZ���ก���
����	��	���!	(��	��	����(���&	 ��'����ก���(��	��	����

��	�&w������&����ก (argillic horizon) ��
��������%���
������'��������Q�ก��� 35 &_�&��& ��	ก��Q�!	
��	������|}i���� (Alfisols) Y����J��!�%�J���U�	��'��"����I�	���	T%���' � � �!�%��	��
����(U�	& �ก�� &_�&���T%�!	�
�������(U�	��	��������ก � �!�%��		����Q�!	��	�����	���� Ustalf 
��
����������	��'��ก���
���	� ��� ��(��	���	$�������	U'�� ��U���กก�����_'��	_'�T���	U����	 !	(��	
�������� � &_�������& ��	ก!	�
���ก�H����	!�X� (great group) $�%�"d	 Plinthustalf ����	U'��&�ก
��	$������กZI
��
�HI�������U'	!���'��ก����$"&�ก��กZI
���	T��ก�H����	!�X� ���	��	��	
�����	��'� �ก��M_กZ������	��&��& ��	ก!	�
���ก�H����	����$�%�"d	 Typic Plinthustalf (Skr-7) 
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5.  ������
�����1��.�� ���������	�,
� ������)�������1ก�� /�1 �����4,
������*))�� 
 

������	��'&
�ก��T_�	����_�����������T��������	 &
�ก��&�ก�������ก����T����
�ก��
������ ��
T	��T��������	��� ����i��i%�	T��ก���ก��������	 T_�	��Q�ก��"y������	
�T��"�&&��
����(	������ก�	 $�����&
�"d	�J������%�� ก��&��ก����	 ��ก�U( ��
��������	 �(�	 
����"�
ก���(�����!	��	 �	U����	 �����T%�T%	T��������	��	�����!	��	 ก�
��	ก�������	 
����_�$���	��'��ก�"��'�	$�% (Horn and Smucker, 2005; Pulleman et al., 2005)  
 

���������	
��
�������������	ก��������	������	� �J��!�%�J��"#�����(	�� "�
ก��$"
�%�� "#���X���I�H���JQ�� "#�������� �U�	��'�������
�����"#����������
"#������%� (ecotone) "#����
��%�����Qก��ก�	 ��
�����'���J�����
���(���$�%Y��$���Qก��ก�	 Y��� �ก������T	��
T��������	��ก�"d	 6 T	�� $�%�ก� ������	������	� �T	�� 2-8 ��������� (WSA1), ������	������	� � 
T	�� 1-2 ��������� (WSA2), ������	������	� �T	�� 0.5-1 ��������� (WSA3), ������	������	� �
T	�� 0.25-0.5 ��������� (WSA4), ������	������	� �T	�� 0.1-0.25 ��������� (WSA5) ��
������	
������	� �T	�����ก��� 0.1 ��������� (WSA6) (Elliott, 1986; Elliot et al., 1991)  
 

���	T	���w��'�T��������	������	� � (Mean weight diameter; MWD) 	��	�"d	�����'$�%&�ก
P�����w��'�T��������	������	� ����� 6 T	��T%���%	 (�����P	�ก��' 1) i_'����T	���w��'�T��������	
������	� � ������!(%�"d	������(���_�����������T��������	Y�����$�%������	�Y	%��"d	�����$� 
(Kemper and Rosenau, 1986) &�ก	��	&_�	 ����������	������	� ���� �ก����������"�
���
�W
�������	
� (Correlation Coeficient; r) ก����������	 (�������' 1) ��U'�����M�����
�
���
���������	
� ����_�� �ก����%��ก��|���������	
��
�����������	������	� �ก����������	����
��� 
Y����������"�
���
�W���ก ��	� (Coeficient of determination; r2) ก �ก����U'�!(%��ก�����������	���
�
(	����P��������P�	�"�T��������	������	� �����
T	�������$� P�ก��M_กZ� �����������	
������	� �����
T	�����������	
���
������P�	�"������������	 ���	��  
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�����	,# 4  ������"�
���
�W�������	
��
�����������	������	� �ก����������	���"�
ก�� 
 

Soil properties Size of aggregates 
WSA1 WSA 2 WSA3 WSA4 WSA5 WSA6 MWD 

SOC (g kg-1) 0.71** 0.32 0.01 -0.37* -0.64** -0.28 0.72** 
Total N (g kg-1) 0.59** 0.14 0.01 -0.23 -0.52** -0.24 0.59** 
Avai. P (mg kg-1) 0.39* -0.11 -0.40* -0.42** -0.07 -0.12 0.36* 
Avai. K (mg kg-1) 0.04 0.28 0.43** 0.17 -0.28 -0.14 0.08 
Extr. Ca (cmolc kg-1) 0.21 0.07 0.08 -0.17 -0.23 0.15 0.22 
Extr. Mg (cmolc kg-1) 0.17 0.38* 0.38* 0.02 -0.43** 0.09 0.21 
Extr. K (cmolc kg-1) 0.04 0.28 0.43** 0.18 -0.28 -0.15 0.08 
Extr. Na (cmolc kg-1) -0.12 -0.23 -0.06 0.10 0.15 0.08 -0.13 
CEC (cmolc kg-1) 0.2 0.16 0.06 -0.06 -0.21 -0.18 0.22 
EA (cmolc kg-1) 0.28 0.31 0.01 -0.18 -0.27 -0.24 0.30 
BS (%) -0.02 0.01 0.24 0.10 -0.13 0.21 -0.01 
BD (Mg m-3) -0.58** -0.25 0.05 0.34* 0.47** 0.30 -0.59** 
Ksat (cm hr-1) 0.26 0.16 0.02 -0.11 -0.22 -0.28 0.27 
Fed (g kg-1) -0.26 -0.09 0.05 0.23 0.20 -0.04 -0.25 
Feo (g kg-1) 0.15 0.58** 0.53** 0.12 -0.48** -0.19 0.21 
Fep (g kg-1) 0.12 0.43** 0.42** 0.21 -0.38* -0.32 0.17 
Ald (g kg-1) -0.09 -0.03 0.07 0.23 0.03 -0.17 -0.09 
Alo (g kg-1) 0.17 0.07 0.05 0.10 -0.20 -0.22 0.17 
Alp (g kg-1) -0.07 0.15 0.20 0.09 -0.08 0.11 -0.05 
Mnd (g kg-1) 0.32* -0.25 -0.28 -0.28 -0.10 0.12 0.29 
Mno (g kg-1) 0.35* -0.16 -0.20 -0.28 -0.17 0.06 0.33* 
Mnp (g kg-1) 0.45** -0.20 -0.29 -0.37* -0.20 0.06 0.41** 

 

* ��	��� ���X��'�
��������(U'���'	�%���
 95 ; ** ��	��� ���X��'�
�������(U'���'	�%���
 99 (n=38) 
 
���
���W WSA1 = ������	������	� �T	�� 2-8 ��., WSA2 = ������	������	� �T	�� 1-2 ��., 

WSA3 = ������	������	� �T	�� 0.5-1 ��., WSA4 = ������	������	� �T	�� 0.25-0.5 
��., WSA5 ������	������	� �T	�� 0.1-0.25 ��., WSA6 = ������	������	� �T	�� 0.1 
��.,MWD = T	���w��'�T��������	������	� � (��.), SOC = "����I������	��	�����, 
CEC = ����&H��ก�"��'�	���$���	, EA = ����ก����'�ก��$�%, BS = ������%���

������'�������, BD = �����	��	�	���T����	, Ksat = ���"�
���
�Wก��	 �	� �T��
��	TI
��'����, Fed, Feo and Fep = ����ก��'�ก��$�%!	�Q"����
 �Q"���IO�	 ��
�Q"
�����	������(��i%�	, Mnd, Mno and Mnp = ���ก�	����'�ก��$�%!	�Q"����
 �Q"�
��IO�	 ��
�Q"�����	������(��i%�	 
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 ���	T	���w��'�T��������	������	� � (Mean weight diameter; MWD) 	��	�"d	�����'$�%&�ก
P�����w��'�T��������	������	� ����� 6 T	��T%���%	 (�����P	�ก��' 1) i_'����T	���w��'�T��������	
������	� � ������!(%�"d	������(���_�����������T��������	Y�����$�%������	�Y	%��"d	�����$� 
(Kemper and Rosenau, 1986) &�ก	��	&_�	 ����������	������	� ���� �ก����������"�
���
�W
�������	
� (Correlation Coeficient; r) ก����������	 (�������' 1) ��U'�����M�����
�
���
���������	
� ����_�� �ก����%��ก��|���������	
��
�����������	������	� �ก����������	����
��� 
Y����������"�
���
�W���ก ��	� (Coeficient of determination; r2) ก �ก����U'�!(%��ก�����������	���
�
(	����P��������P�	�"�T��������	������	� �����
T	�������$� P�ก��M_กZ� �����������	
������	� �����
T	�����������	
���
������P�	�"������������	 ���	��  
 

5.1 ���������	
��
�����������	��	���������ก����	������	� � 
 

������	��	��������������	
��(����ก�������	��� ���X��'���������ก��"����I������	
������	� �T	��!�X� (2-8 ���������, WSA1) (�������' 4) (J����' 17) ก����'������	������	� �T	��
���ก������"����I���'�T_�	���"����I������	��	�������'���'�T_�	�"d	����
��� ������	��	�����&
� �
�	%���'�_��ก�
ก��������	������	� �T	�����ก (0.1-0.25 ���������, WSA5) � �!�%�ก��������	T	��
!�X�T_�	 (Yamashita et al., 2006; Bronick and Lal, 2005) TI
��'������	������	� ���'��T	�����ก��
�� $�%�ก� T	�� 0.25-0.5 ��������� (WSA4) ��
 0.1-0.25 ���������  (WSA5) ���������	
��(����
ก��"����I������	��	�����!	��	 �������	��� ���X��
�������	��� ���X��'��������� (�������' 4) 
(J����' 17) �	U'��&�ก ������	��	�����&
$�������
����������������T��������	T	�����ก ��U'�
������	��	�������"����I	%�� (Nwadialo and Mbagwu, 1991) Y�� Mbagwu (1989) ��
 Mbagwu 
and Bazzoffi (1988) $�%��	���� �����T��������	��	��������ก���"d	����(U'��&
���� ��U'����
�(U'���U'	 � �(�	 ��	��	���i����ก� ��
"�
&H���� � ��� �	�&!	ก���"d	����(U'��$�%�Q�ก��� �	U'��&�ก
��"����I��กก���  Y����U'���	��"����I����ก��
�
�Q���	�����ก$i����Q��Q� �����T��������	
��	������������������T��������	&
���� (Oades, 1984) � ��������������	
��
�����������	
��	�����ก��T	���w��'�T��������	������	� � ����� ���	�Y	%�$"!	��M��������ก�����������	
�
�
�����������	��	�����ก��"����I������	������	� �T	�� 2-8 ��������� 
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y = 0.282x + 2.058
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WSA5 (g 100 g-1 soil)  
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Skr-1 Skr-2 Skr-3 Skr-4 Skr-5 Skr-6 Skr-7 Skr-8
 

 
��
	,# 17 ก��|�������������	
��
�����������	������	� �T	�� 2-8 ��������� (WSA1) (ก) ����

��	������	� �T	�� 0.25-0.5 ��������� (WSA4) (T) ������	T	�� 0.1-0.25 ���������
( WSA5)  ( � )  � � 
 T 	 � � � w ��' � T � � � �� � �� 	 � � �� � � 	� �  ( MWD)  ( � ) ก� � " �� � � I 
������	��	����� 

 
5.2 ���������	
��
�����"����I$	Y���&	���ก��������	������	� � 
 

"����I$	Y���&	������������	
��(����ก�������	��� ���X��'���������ก��"����I
������	������	� �T	��!�X� (2-8 ���������, WSA1) ������������	
��(�����������	��� ���X��'����
�����ก��������	������	� �T	�����ก (0.1-0.25 ���������, WSA5) (�������' 4) (J����' 18) 
���������	
��
�����"����I$	Y���&	���ก��T	���w��'�T��������	������	� � ����� ���	�Y	%�
$"!	��M��������ก�����������	
��
�����"����I$	Y���&	���ก��"����I������	������	� �
T	�� 2-8 ��������� 
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��กZI
���������	
��
�����"����I$	Y���&	���ก��������	������	� � ������
��%����_�ก�����������	
��
�����������	��	�����ก��������	������	� � �	U'��&�ก$	Y���&	!	��	
���	!�X�&
$�%��&�กก���������T����	��������H!	��	 (Brady and Weil, 2008; Kalembasa, 
2008) i_'��"d	������ ���X!	ก��!�%������	��	������(�	ก�	 

 

y = 0.016x + 0.385
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��
	,# 18 ก��|�������������	
��
�����������	������	� �T	�� 2-8 ��������� (WSA1) (ก) ����

��	������	� �T	�� 0.1-0.25 ��������� (WSA5) (T) ��
T	���w��'�T��������	������	� � 
(MWD) (�) ก��"����I$	Y���&	���  
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5.3 ���������	
��
�����"����I|��|������'�"d	"�
Y�(	�ก��������	������	� �  
 

"����I|��|������'�"d	"�
Y�(	����������	
��(����ก�������	��� ���X��������ก��
"����I������	������	� �T	�� 2-8 ��������� (WSA1) ��
T	���w��'�T��������	������	� � (MWD) 
��
���������	
��(�����������	��� ���X����������
�������	��� ���X��'���������ก��"����I������	 
 

y = 0.001x + 0.028
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��
	,# 19 ก��|�������������	
��
�����������	������	� �T	�� 2-8 ��������� (WSA1) (ก) ����
��	������	� �T	�� 0.5-1 ��������� (WSA3) (T) ������	������	� �T	�� 0.25-0.5 
��������� (WSA4) (�) ��
T	���w��'�T��������	������	� � (MWD) (�) ก��"����I
|��|������'�"d	"�
Y�(	�  
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������	� �T	�� 0.5-1 ��������� (WSA3) ��
T	�� 0.25-0.5 ��������� (WSA4) ���� ����  
(�������' 4) (J����' 19) ����!�%���	��� "����I|��|������'�"d	"�
Y�(	�&
����กT_�	��Q�ก��ก��
���'�T_�	T��"����I������	������	� �!	��	 ��
|��|������'�"d	"�
Y�(	���'���������	
�ก������
��	������	� �T	��!�X� 	��&
�"d	P���&�ก"����I������	��	�������'����Q���ก!	������	T	��
���ก���� ����	�� |��|����	��&
�Qก&����Q�!	�Q"T����	�����|��|����i_'��"��'�	�"d	�Q"��'�"d	
"�
Y�(	�$�%���� (�I�&����J����(�"O�������, 2548) 

 
5.4 ���������	
��
�����"����IY�����i�����'�"d	"�
Y�(	���
"����IY�����i���

��'�ก��$�%ก��������	������	� � 
 

"����IY�����i�����' �"d	"�
Y�(	���
"����IY�����i�����'�ก��$�%������
�������	
��(����ก�������	��� ���X��'���������ก��"����I������	������	� �T	�� 0.5-1 ��������� 
(WSA3) (�������' 4) (J����' 20) Y��ก����'Y�����i�����������Q"���������	
��(����ก ����!�%
���	��� Y�����i������	!�X�	��&
�
����Q�!	������	T	�� 0.5-1 ���������!	ก�I�T����	��'��
�	U����	�
������_�"�	ก���!	ก��M_กZ�	�� ��
&�กกก����'������	T	��	��$��$�%���������	
�!�ก��
"����I������	��	����� ���	��	 "����IY�����i�����'�"d	"�
Y�(	� ��
"����IY�����i�����'
�ก��$�%i_'�����Q�!	�
����' ���ก�_��Q���ก ��
�
����' ���ก�_�"�	ก������� ���� !	��	�����	��&_�
$��	��&
�ก�'��T%��ก��"����I������	��	����� 
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��
	,# 20 ก��|�������������	
��
�����������	������	� �T	�� 0.5-1 ��������� (WSA3) (ก) 

ก��"����IY�����i�����'�"d	"�
Y�(	� ��
������	������	� �T	�� 0.5-1 ��������� 
(WSA3) (T) ก��"����IY�����i�����'�ก��$�% 

 
5.5 ���������	
��
�����"����I��ก	��i�����'�ก��$�%ก��������	������	� � 
 

"����I��ก	��i�����'�ก��$�%&
���������	
��(����ก�������	��� ���X��������ก��
"����I������	������	� �T	�� 1-2 ��������� (WSA2) ��
"����I������	������	� �T	�� 0.5-1 
��������� (WSA3) ���� ���� ������������	
��(�����������	��� ���X��'���������ก��������	������
	� �T	�� 0.1-0.25 ��������� (WSA5) (�������' 4) (J����' 21) ���������	
�T����ก	��i���	�� ��&
�ก��&�กก����'��ก	��i���� �����"d	�
��	�(U'����	��������H��
�	HJ����	��	����T%��%��ก�	&	�ก��
�"d	������	 (NRCS, 2008) � �!�%"����I������	������	� �������� �U� ������	������	� �T	�� 1-2 
��
 0.5-1 ��������� (WSA2 ��
 WSA3) ��"����I���'����"����I��ก	��i�����'���'�T_�	 
TI
�����ก�	"����I��ก	��i�����'�ก��$�% �����������	
�!	�(����ก��������	������	� �T	�� 0.1-
0.25 ��������� (WSA5) i_'������_�"����I��ก	��i�����'�ก��$�%���'�T_�	 &
� �!�%"����I������	
T	��T%���%	���� �������
����$�%��� �ก��&�กก����'������	������	� �T	��T%���%	��%������"d	
������	������	� ���'��T	��!�X�T_�	 Y������ก	��i���� ��	%���'��%������(U'��(���!	ก��&�����T��
������	 ��U'��"d	�(�		��������	T��������	T	�����ก&_����� ��
�"��'�	�"d	������	��'��T	��!�X�
ก���!	������	��'���'�T_�	 
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��
	,# 21 ก��|�������������	
��
�����������	������	� �T	�� 1-2 ��������� (WSA2) (ก) ����

��	������	� �T	�� 0.5-1 ��������� (WSA3) (T) ��
������	������	� �T	�� 0.1-0.25 
��������� (WSA3) (�) ก��"����I��ก	��i����i�����'�ก��$�% 

 
5.6 ���������	
��
�������������	��	�	���T����	ก��������	������	� � 
 

��������	��	�	���T����	���������	
��(�����������	��� ���X��'���������ก��
"����I������	������	� �T	��!�X� (2-8 ���������, WSA1) ��
���������	
��(����ก�������
	��� ���X��'������������"����I������	������	� �T	�����ก (0.1-0.25 ���������, WSA5) (�������' 4) 
(J����'  22) �����	��	�	���T����	�"d	���������	�
����������%�T����	ก��"������  
(�I�&���J����(�"O�������, 2548) ��������	��	�	���T����	�' � �ก��&�ก���
���T��
��	��������H (Brady and Weil, 2008) i_'���P����ก����%�����T��������	�(�	ก�	 �����U'����  
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��
	,# 22 ก��|�������������	
��
�����������	������	� �T	�� 2-8 ��������� (WSA1) (ก) ����

��	������	� �T	�� 0.25-0.5 ��������� (WSA4) (T) ������	������	� �T	�� 0.1-0.25 
��������� (WSA5) (�) ��
T	���w��'�T��������	������	� � (MWD) (�) ก���������
�	��	�	���T����	 

 
�����	��	�	������'��Q�T_�	 ��	ก�&
��ก������	�	������'�T_�	 ������	������T	��!�X�$��������
�	����������	�	��'�ก��T_�	 &_��ก��ก����ก�����ก�"d	������	��'��T	�����ก�� ���H	��"����I������	
������	� �T	�����ก&_���"����I���'�T_�	��������	��	�	���T����	��'���'�T_�	 TI
��'T	���w��'�
T��������	������	� ����	�Y	%��"d	$"!	��M��������ก��������	������	� �T	�� 2-8 ��������� 
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5.7 ���������	
��
�����������	������	� �ก��"����I����ก ��
���ก�	��!	�Q"����
 
���IO�	 ��
�Q"�����	������(��i%�	 

 
��U'�	 �"����I����ก ��
���ก�	��!	�Q"����
 �Q"���IO�	 ��
�Q"�����	�����

�(��i%�	�����������	
�ก��������	������	� � ����� "����I����ก ��
���ก�	��!	�Q"����
 ���I
O�	 ��
�Q"�����	������(��i%�	���������	
��(����ก�������	��� ���X��'���������ก��������	������
	� �T	�� 1-2 ��
 0.5-1 ��������� (WSA2 ��
 WSA3) ������������	
�!	�(�����������	��� ���X
��'���������ก��������	T	�� 0.1-0.25 ��������� (WSA5) (�������' 4) (J����' 23 ��
 24) ������
�
����$�%��� ����ก��
���ก�	����ก$i����&� ��	%���'�"d	����(U'���
�������	��	�����

��	��������H ��U'���'&
��%������"d	������	 (Colombo and Torrent, 1991; Zhang et al., 1996; Kenedy 
et al. 2002; Wei et al., 2003; Huang, 2004; Igwe and Stahr, 2004) 	�ก&�ก	�� Taylor et al. (1983) 
$�%����� ���ก�	����ก$i�����U�	��'P����ก ���ก�	��&_���&$"�(U'�����ก����	��	����"d	������	$�% 
TI
��'Y����'�$"
���(���T��
��H"�
&H��ก&
��%����	

ก���U�	��'P��T����	��	��� Y��
��	��������H ��	��	��� ��

��H"�
&H��ก&
�(U'�����ก�	!	��กZI
���	�� ��	��	���-(����ก-
���ก�	��)-��	��������H-(����ก-���ก�	��)-��	��	��� (Edwards and Bremner, 1967) 
 

���	����U'	 � "�
ก����%�� "����I����i�����'�ก��$�% "����IYi�������'�ก��$�% 
����&H��ก�"��'�	���$���	 �J��ก����'�ก��$�% ������%���
������'������� ���"�
���
�Wก��
	 �	� �T����	TI
��'���� ����ก!	�Q"����
 ��
�
�Q���	���!	�Q"����
 �Q"���IO�	 ��
�Q"
�����	������(��i%�	 ��U'�	 ������������	
�ก��������	������	� � ����� $�������������	
�ก�	���
����� 
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��
	,# 23 ก��|�������������	
��
�����������	������	� �T	�� 1-2 ��������� (WSA2) (ก) ����

��	������	� �T	�� 0.5-1 ��������� (WSA3) (T) ��
������	������	� �T	�� 0.1-0.25 
��������� (WSA5) (�) ก��"����I����ก��'�ก��$�%!	�Q"���IO�	��
�Q"�����	�����
�(��i%�	 
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��
	,# 24 ก��|�������������	
��
�����������	������	� �T	�� 2-8 ��������� (WSA1) (ก) ก��

"����I���ก�	����'�ก��$�%!	�Q"����
��
�Q"���IO�	 ������	������	� �T	�� 2-8 
��������� (WSA1) ��
������	������	� �T	�� 0.25-0.5 ��������� (WSA4) (T) ก��
"����I���ก�	����'�ก��$�%!	�Q"�����	������(��i%�	 ��
T	���w��'�T��������	������
	� � (MWD) (�) ก��"����I���ก�	����'�ก��$�%!	�Q"���IO�	��
�Q"�����	�����
�(��i%�	 
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6. ������/�1���)�g�,#
�����*))����4,
��56���
��&���
�7��.��!��) 
 

ก��M_กZ�(��	�	%������	��
� �ก���ก�������������(��	ก ��	����	��U'�M_กZ�ก���&กก�
&��
��
T	���w��'�T��������	������	� �J��!�%"#�����(	�� P�ก��M_กZ������	�� 
 

6.1 ��	"#���X&���I�H���JQ�� (Skr-1) 
 

ก���&กก�
&��T��������	������	� �T����	T����	"#���X&���I�H���JQ�� ��&��I�
����
��������_กJ��!	�	%������	  ����� "����IT��������	������	� �T	�� 2-8 ��������� 
(WSA1) ���	�Y	%�������������_กJ��!	�	%������	 Y���������Q�!	����� 4.85-43.87 ก������ 
100 ก�����	 ������	������	� �T	�� 0.1-0.25 ��������� (WSA5) ��"����I���'�T_�	��������_กY��
�������Q�!	����� 28.24-60.10 ก������ 100 ก�����	 ���	������	������	� �T	���U'	 $�%�ก� 1-2 
(WSA2), 0.5-1 (WSA3), 0.25-0.5 (WSA4) ��
T	�����กก��� 0.1 ��������� (WSA6) ��ก���&
ก�
&�����	T%���"�"��	����
��������_กJ��!	�	%������	 Y���������Q�!	����� 6.14-11.24, 
5.13-8.95, 7.07-13.90 ��
 3.63-11.32 ก������ 100 ก�����	���� ���� T	���w��'�T��������	������
	� � (MWD) �������Q�!	����� 0.54-2.42 ��������� (J����' 25) Y��T	���w��'�T��������	������	� �!	
��	"#���X&���I	�� ���	�Y	%�������������_ก 
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��
	,# 25 ก���&กก�
&��T��������	������	� �T����	"#���X&���I�H���JQ�� (Skr-1) ����
���
�����_กJ��!	�	%������	 
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ก���&กก�
&����
���T	���w��'�T��������	������	� �"#���X&���I�H���JQ������!	
��	�	��
��	���� ��������ก����ก�	�����(���&	 !	(��	��	�	 ����� "����I������	������	� �
T	�� 2-8 ��������� (WSA1) ��"����I��กก���!	(��	��	���������(���&	 �����H��'�"d	�(�		�� 
�	U'��&�ก��	��������ก����T��"����I������	��	�������'�"d	����_��ก�
ก��������	T	�����ก (���ก
ก��� 250 $�Y������) � �!�%�ก���"d	������	T	��!�X� (!�X�ก��� 250 $�Y������) (Yamashita  
et al., 2006; Bronick and Lal, 2005) ก����'(��	��	�	��"����I������	��	������Q��"d	ก��(���
��������!�%�ก��������	T	��!�X�T_�	 TI
��'!	(��	��	���� ����� "����I������	������	� �T	�� 0.1-
0.25 ��������� (WSA5) ��"����I�Q� �	U'��&�ก��	"#���X���I�H���JQ����'� �ก��M_กZ� ��"����I
�	HJ��T	��������ก TI
��'�	HJ��T	����	��	�������Q�	%�� � �!�%ก��&�����ก����	��������HY��
��&��"�
&H��กT������ก��
/��U��
�Q���	����"d	�
��	� �!�%�ก��ก����%������"d	������	 
(Kenedy et al., 2002; Wei et al., 2003; Huang, 2004) ��'�ก��&�ก��	��	�������Q�	%�� &_�$����������
!�%�ก��ก����%�����T��������	��'��T	��!�X�T_�	 
 

6.2 ��	J��!�%�U�	��'"#�������������I��	�	T����'����(���T���	���� (Skr-2) 
 
ก���&กก�
&��T��������	������	� �T����	"#�������������I��	�	T����'����(���T�

��	���� ��&��I�����
��������_กJ��!	�	%������	 ����� "����I������	������	� �T	�� 2-8 
��������� (WSA1) �������Q�!	����� 29.03-41.01 ก������ 100 ก�����	 i_'��"d	"����I��'���	ก�������
��	������	� �T	���U'	 � Y����'������	������	� �T	���U'	 � ��	"�
ก���%��������	������	� �T	�� 
1-2 (WSA2), 0.5-1 (WSA3), 0.25-0.5 (WSA4), 0.1-0.25 (WSA5) ��
T	�����กก��� 0.1 ��������� 
(WSA6) ��"����I������	������	� ���Q�!	����� 17.51-23.40, 15.89-20.52, 10.99-13.51, 8.15-9.11 
��
 4.57-5.69 ก������ 100 ก�����	���� ���� TI
��'���T	���w��'�T��������	������	� � (MWD) ��
�����Q�!	����� 2.02-2.52 ��������� (J����' 26) Y��T	���w��'�T��������	������	� ���������'�T_�	��

����$"!	��M��������ก�	ก��"����IT��������	������	� �T	�� 2-8 ��������� (WSA1) 

 
 
 
 
 

 



73 

 

 

S
iz

e
 o

f M
W

D
 (m

m
)

WSA1

WSA2

WSA3

WSA4

WSA5

WSA6

MWD

0.0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

2.4

2.7

3.0

0

10

20

30

40

50

60

70

80

90

100

0-11 11-22 22-40+

W
S

A
 (

g
 1

0
0
 g

-1
s
o

il
)

Depth (cm)  
 

��
	,# 26 ก���&กก�
&��T��������	������	� �T����	"#�������������I��	�	T����'����(���T�
��	���� (Skr-2) ����
��������_กJ��!	�	%������	 

 
6.3 ��	J��!�%�U�	��'"#�������������I��	�	T����'����(���T���	ก��� (Skr-3) 
 

ก���&กก�
&��T��������	������	� �!	��	"#�������������I��	�	T����'����(���T�
��	ก��� ��&��I�����
��������_กJ��!	�	%������	 ����� "����I������	������	� �T	�� 2-8 
��
 0.1-0.25 ��������� (WSA1 ��
 WSA5) ��"����I��กก���������	������	� �T	���U'	 � Y����
�����Q�!	����� 8.45-41.32 ��
 24.05-29.07 ก������ 100 ก�����	���� ���� TI
��'"����I������	
T	���U'	 � �U� ������	������	� �T	�� 1-2 (WSA2), 0.5-1 (WSA3), 0.25-0.5 (WSA4) ��
T	��
���กก��� 0.1 ��������� (WSA6) �������Q�!	����� 9.20-13.03, 8.19-13.48, 13.09-23.39 ��
 4.15-9.64 
ก������ 100 ก�����	���� ���� T	���w��'�T��������	������	� � (MWD) �������Q�!	����� 0.88-1.83 
��������� (J����' 27) Y��T	���w��'�T��������	������	� ���������'�T_�	��
����$"!	��M���
�����ก�	ก��"����IT��������	������	� �T	�� 2-8 ��������� (WSA1) 
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��
	,# 27 ก���&กก�
&��T��������	������	� �T����	"#�������������I��	�	T����'����(���T�
��	ก��� (Skr-3) ����
��������_กJ��!	�	%������	 

 
J��!�%"#��������������������I (Skr-2 ��
 Skr-3) ����กZI
ก���&กก�
&��T������

��	������	� ���'��%����_�ก�	 ก�����U� "����I������	������	� �T	�� 2-8 ��������� (WSA1) !	
��	����T��(��	��	�	&
������Q�ก���!	��	�	T��(��	��	 ����	���	U'��&�ก ������	��'��T	��!�X�ก��� 
250 $�Y������ &
�ก��ก����%�����&�ก������	��'��T	�����กก��� 250 $�Y������ Y��ก���ก�
���
ก��(��	���	T����ก�U( (Vrdoljak and Sposito, 2002) Y��J��!�%�J��"#����������'��$�%�U�	������'
� ���X �U� �X%����ก (Arundinaria pusilla Cheval & A. Camus) (	�	�M�ก��W, 2542) ก�
��	ก��
��%��������	T��������	J��!�%"#��������������������I	�� &_��ก��&�กก���ก�
���ก�	T��������	ก����ก
�X%����กi_'�����Q���ก!	(��	��	�	��	���� �"d	���H!�%"����I������	������	� �T	�� 2-8 ��������� 
(WSA1) !	��	����T��(��	��	�	��"����I�Q�ก���!	��	�	T��(��	��	 
 

6.4 ��	!	�U�	��'�
�����"#��������ก��"#������%� (ecotone) (Skr-4) 
 

ก���&กก�
&��T��������	������	� �T����	!	�U�	��'�
�����"#��������ก��"#������%� 
��&��I�����
��������_กJ��!	�	%������	 ����� "����I������	������	� �T	�� 2-8 ��������� 
(WSA1) ���	�Y	%�������������_ก Y���������Q�!	����� 14.21-51.45 ก������ 100 ก�����	 TI
��'
"����I������	������	� �T	���U'	 � "�
ก���%��������	������	� �T	�� 1-2 (WSA2), 0.5-1 
(WSA3),0.25-0.5 (WSA4) ��
T	�����กก��� 0.1 ��������� (WSA6) ��ก���&กก�
&����Q�!	�������'
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��� Y���������Q�!	����� 12.51-18.13, 10.08-15.33, 8.20-13.30 ��
 2.24-5.59 ก������ 100 ก�����	
���� ���� �ก��%	������	������	� �T	�� 0.1-0.25 ��������� (WSA5) ��'��"����I������	������	� ���Q�
!	����� 12.17-39.55 ก������100 ก�����	 Y��!	��	����T��(��	��	����&
��"����IT��������	
������	� �����ก�� 39.55 ก������ 100 ก�����	 T	���w��'�T��������	������	� � (MWD) �������Q�!	
����� 1.18-2.89 ��������� (J����' 28) 
 

��	!	�U�	��'�
�����"#���������
"#������%� (Skr-4) ������	������	� �T	�� 2-8 
���������(WSA1) ��"����I���	!	(��	��	�	 ��
!	(��	��	��'�_ก��$"��"����I�������� ���� 
������	������	� �T	���U'	 � ��"����I��'$����ก����ก�	 ����!�%���	������
���T����	��������H��	
�ก��&�กก���
��T���MZi�ก!���'�������	��
��ก�U(T��$�%�U�	����!	�����I�U�	��'��'
� �ก��M_กZ���P����"����IT��������	������	� �T	�� 2-8 ��������� (WSA1) 

 
6.5 ��	!	�U�	��'"#������%�|�~	|Q�����I���	Y�%�	Q	T����'����(���T���	ก��� (Skr-5) 

 
ก���&กก�
&��T��������	������	� �T����	"#������%�|�~	|Q���	��'$�%������
���&�ก

ก��ก���	��'�����IP���	%�T����'����(���T� ��&��I�����
��������_กJ��!	�	%������	 ����� 
"����I������	������	� �T	�� 2-8 ��������� (WSA1) ��"����I��'��ก����ก�	�����(���&	 �
�����
(��	��	�	��
(��	��	����Y���������Q�!	����� 28.12-39.49 ��
 7.6.5-7-7.95 ก������ 100 ก�����	 
���	"����I������	������	� �T	�� 1-2 (WSA2), 0 5-1 (WSA3),0.25-0.5 (WSA4), 0.1-0.25 
(WSA5) ��
������	������	� �T	�����กก��� 0.1 ���������(WSA6) �������Q�!	����� 8.52-16.79, 
10.10-13.63, 10.71-26.53, 13.30-51.55 ��
 4.68-12.03 ก������ 100 ก�����	���� ���� Y��!	
��	����T��(��	��	���� ��"����I������	������	� �T	�� 0.1-0.25 ��������� (WSA5) ���	ก���
!	(���(��	�U'	 � �U� 51.55 ก������ 100 ก�����	 T	���w��'�T��������	������	� � (MWD) ���	�Y	%�
������������_กY���������Q�!	����� 0.75-2.40 ��������� (J����' 29) 

 
 
 
 
 
 



76 

 

 

 

S
iz

e
 o

f M
W

D
 (m

m
)

WSA1

WSA2

WSA3

WSA4

WSA5

WSA6

MWD

0.0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

2.4

2.7

3.0

0

10

20

30

40

50

60

70

80

90

100

0-13 13-29 29-53 53-79 79-105+

W
S

A
 (

g
 1

0
0
 g

-1
so

il
)

Depth (cm)  
 

��
	,# 28 ก���&กก�
&��T��������	������	� �!	��	�U�	��'�
�����"#��������ก��"#������%� (Skr-4) 
����
��������_กJ��!	�	%������	 
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��
	,# 29 ก���&กก�
&��T��������	������	� �!	��	�U�	��'"#������%�|�~	|Q �����I���	Y�%�	Q	T��
��'����(���T���	ก��� (Skr-5) ����
��������_กJ��!	�	%������	 
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6.6 ��	!	�U�	��'"#������%�|�~	|Q���	��'$�%������
���&�กก��ก���	��'�����IP���	%�T����'
����(���T� (Skr-6) 

 
ก���&กก�
&��T��������	������	� �T����	�U�	��'"#������%�|�~	|Q���	��'$�%������
���

&�กก��ก���	��'�����IP���	%�T����'����(���T� ��&��I�����
��������_ก��	J��!	�	%������	 
����� "����I������	������	� �T	�� 2-8 ��������� (WSA1) ���	�Y	%�������������_ก ���	
"����I������	������	� �T	�� 0.1-0.25 ��������� (WSA5) ���	�Y	%����'�T_�	��������_ก Y��
"����I������	������	� ��������T	���������Q�!	����� 12.51-30.05 ��
 13.94-43.36 ก������ 100 
ก�����	���� ���� TI
��'"����I������	������	� �T	�� 1-2 (WSA2), 0.5-1 (WSA3), 
0.25-0.5 (WSA4) ��
T	��������	������	� �T	�����กก��� 0.1 ��������� (WSA6) �������Q�!	����� 
7.08-16.84, 10.41-18.03, 15.18-23.07 ��
3.57-5.97 ก������ 100 ก�����	���� ���� T	���w��'�
T��������	������	� � (MWD) ���	�Y	%�������������_กY���������Q�!	����� 0.97-1.97 ��������� 
(J����' 30) 
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��
	,# 30 ก���&กก�
&��T��������	������	� � J��!�%�U�	��'"#������%�|�~	|Q���	��'$�%������
���
&�กก��ก���	��'�����IP���	%�T����'����(���T� (Skr-6) ����
��������_ก��	J��!	
�	%������	 
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6.7 ��	!	�U�	��'"#������%�|�~	|Q ��	����T����'����(���T� (Skr-7) 
 

ก���&กก�
&��T��������	������	� �!	��	�U�	��'"#������%�|�~	|Q��	����T����'���
�(���T� ��&��I�����
��������_กJ��!	�	%������	 ����� "����I������	������	� �T	�� 2-8 
��������� (WSA1) ���	�Y	%�������������_ก ������������_ก 0-109 �i	������ Y���������Q�!	
����� 6.89-49.30 ก������ 100 ก�����	 �������&�ก�����_ก 109 �i	������$"&	�_������_ก 175+ 
�i	������ "����I������	������	� �T	�� 2-8 ��������� (WSA1) &
��"����I���'�T_�	��ก����� Y����
�����Q�!	����� 15.61-17.11 ก������ 100 ก�����	 TI
��'"����I������	������	� �T	���U'	 � 
"�
ก���%�� ������	������	� �T	�� 1-2 (WSA2), 0.5-1 (WSA3), 0.25-0.5 (WSA4), 0.1-0.25 
(WSA5) ��
������	������	� �T	�����กก��� 0.1 ��������� (WSA6) ��ก���&กก�
&�����	T%��
�"�"��	J��!	�	%������	 Y���������Q�!	����� 10.93-15.53, 10.10-18.83, 7.93-24.60, 11.69-
30.76 ��
 3.84-10.19 ก������ 100 ก�����	���� ���� T	���w��'�T��������	������	� � (MWD) ��
�	�Y	%����'�T_�	��
����$"!	��M��������ก��"����I������	������	� �T	�� 2-8 ���������
(WSA1) Y���������Q�!	����� 0.83-2.76 ��������� (J����' 31) 
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��
	,# 31 ก���&กก�
&��T��������	������	� ��U�	��'T����	"#������%�|�~	|Q ��	����T����'����(��
�T� (Skr-7) ����
��������_ก��	J��!	�	%������	 
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6.8 ��	"#������%�$���Qก��ก�	 ��	�	T����'����(���T���	ก��� (Skr-8) 
 
ก���&กก�
&��T��������	������	� �T����	�U�	��'"#������%�$���Qก��ก�	��	�	

T����'����(���T���	ก��� ��&��I�����
��������_กJ��!	�	%������	 ����� ������	������	� �
T	�� 2-8 ��������� (WSA1) J��!	�����_ก�
����� 0-89/99 �i	��������$"���	�Y	%�����
��������_ก !	TI
��'������	������	� �T	�� 0.1-0.25 ��������� (WSA5) ก������	�Y	%����'�T_�	
��������_ก��'�
��������_ก��	�����ก�	 Y��"����I������	������	� ����� 2 T	�� ��'�
��������_ก
T%���%	 �������Q�!	����� 9.01-51.30 ��
7.61-43.51 ก������ 100 ก�����	���� ���� �������&�ก����
�_ก 88/99-200+ �i	������ "����I������	������	� �T	�� 2-8 ��������� (WSA1) &
��"����I
���'�T_�	��ก����� !	TI
��'"����I������	������	� �T	�� 0.1-0.25 ��������� (WSA5) &
��"����I
����!	�
��������_ก���ก���� Y��"����I������	������	� ����� 2 T	����'�
��������_ก 88/99-
200+ �i	������ �������Q�!	����� 14.14-23.77 ��
 32.08-30.55 ก������ 100 ก�����	 ���	T	������
��	������	� �T	���U'	 � "�
ก���%�� ������	������	� �T	�� 1-2 (WSA2), 0.5-1 (WSA3), 0.25-
0.5 (WSA4) ��
������	������	� �T	�����กก��� 0.1 ��������� (WSA6) ��ก���&กก�
&�����	T%��
�"�"��	�����	%������	 Y���������Q�!	����� 10.11-16.45, 10.61-17.24, 8.28-20.01 ��
 2.21-
12.07 ก������ 100 ก�����	 T	���w��'�T��������	������	� �T��������	������	� � (MWD) �������Q� 
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��
	,# 32 ก���&กก�
&��T��������	������	� �T����	�U�	��'"#������%�$���Qก��ก�	 ��	�	T����'

����(���T���	ก��� (Skr-8) ����
��������_ก��	J��!	�	%������	 
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!	(�������� 0.87-2.95 ��������� Y��T	���w��'�T��������	���	�Y	%����'�T_�	��
����!	�	%����
��	�����	
�ก��"����IT��������	������	� �T	�� 2-8 ��������� (WSA1) (J����' 32) 

 
ก���&กก�
&��T��������	������	� �!	��	"#������%� �����I��'� �ก��M_กZ�������"#�

�����%�|�~	|Q��'�����ก����ก�	��ก��	 (Skr-5, Skr-6 ��
 Skr-7) ��
"#������%���'��Q�!	�J��

���(���$����ก����ก�	 (Skr-8) P�ก��M_กZ� ����� ������	������	� �T	�� 2-8 ��������� 
(WSA1) !	(��	��	�	T��"#������%�|�~	|Q���� 3 �����I��"����I	%��ก���"����I!	(��	��	�	T��
"#������%�
���(��� (Skr-8) i_'������H	��&
�ก��&�ก��	��������H��' �ก��ก���
��!	"����I��'
��ก����ก�	 i_'�ก����'"����I��	��������H�����������	
�ก��ก����%�����T��������	 (Tisdall and 
Oades, 1982; Beare et al., 1994; Six et al., 2002) &_���P�� �!�%������	��"����I	%�� �����%��ก��
P�ก��M_กZ����������	
��
�����������	��	�����ก��������	������	� �T	������ � !	��	"#�$�% 
(�������' 5) !	��	����T��(��	��	���������I"#������%�|�~	|Q��
"#������%���'��Q�!	�J��
���(��� 
(Skr-7 ��
 Skr-8) "����I������	������	� �T	�� 2-8 (WSA1), 1-2 (WSA2) ������������	�Y	%�
���'�T_�	 ��&�ก��&�ก$���	T������ก��
���ก�	���ก��ก��&�����ก����	��	�����
��	��������H��U'�
��%������"d	������	��	T	�����ก����T_�	 (Edwards and Bremner, 1967) 

 
7. ก��/'กก�1'�
��� ���������	�,
�����*))����4,
��56����)�.�� h ��
��&���
�7��.��!��) 

 
ก���&กก�
&��T��������	��	�����!	������	������	� �����
T	�� Y����ก�"d	(��	��	

�	 (Topsoil, (��	 A �������) ��
(��	��	������	�	 (�w��
(��	 Bt ��U� (��	 Bt1 ����	��	) ����� 
"����I������	��	�����!	������	������	� �����
T	��T��(��	��	�	��
(��	��	���� ��������	�� 
(�������' 4) 

 
7.1 (��	��	�	 (topsoil, A horizon)  

  
!	(��	��	�	T����	��'� �ก��M_กZ����� 8 �����I ����� J��!�%�J��"#�����(	��

"����IT��������	��	�����!	������	������	� ���"����I��'��ก����ก�	 (�������' 5) ��
��U'���ก
�"d	����
�����I��%���&��I�"����I������	��	�����!	����
T	��T��������	������	� ������ 
"����IT��������	��	�����!	����
T	��T��������	������	� ���������ก����ก�	��������ก	%�� 
Y������กZI
�"�"��	$���	�	�	 �(�	 J��!�%�J��"#���X���I�H���JQ�� (Skr-1) 
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�����	,# 5 "����I������	��	�����!	������	������	� �T	������� T��(��	��	�	 (Topsoil, A 
horizon) ��
(��	��	������	�	 ((��	 Bt ��U� (��	 Bt1) 

 
  Soil organic carbon 

 
WSA1 WSA2 WSA3 WSA4 WSA5 WSA6 

  (------------------------------------------------ g kg-1-----------------------------------------------) 
Topsoil, A horizon 
Skr-1 8.81 9.98 11.87 12.34 7.02 10.80 
Skr-2 15.50 22.22 17.49 17.30 15.30 13.95 
Skr-3 19.29 15.88 18.59 18.13 19.18 20.34 
Skr-4 9.90 12.88 15.24 14.33 14.68 13.46 
Skr-5 12.69 12.78 16.50 16.33 12.11 11.33 
Skr-6 15.11 14.91 14.53 13.56 11.43 12.40 
Skr-7 8.33 9.01 10.07 10.56 8.72 6.88 
Skr-8 19.29 19.29 18.59 19.06 13.95 11.43 
Subsoil (Bt or Bt1) 
Skr-1 3.29 3.29 3.68 3.20 3.49 4.65 
Skr-2 13.27 12.98 13.17 13.17 12.78 11.14 
Skr-3 14.33 13.95 15.69 14.53 13.17 19.37 
Skr-4 6.20 6.97 7.75 7.55 7.36 6.97 
Skr-5 7.36 7.75 7.94 6.97 5.81 6.78 
Skr-6 5.42 6.20 7.17 6.39 5.42 5.23 
Skr-7 6.20 5.23 5.23 4.07 3.49 3.68 
Skr-8 14.14 14.33 13.75 13.95 11.62 12.01 

 

���
���W WSA1 = ������	������	� �T	�� 2-8 ��., WSA2 = ������	������	� �T	�� 1-2 ��., 
WSA3 = ������	������	� �T	�� 0.5-1 ��., WSA4 = ������	������	� �T	�� 0.25-0.5 
��., WSA5 ������	������	� �T	�� 0.1-0.25 ��., WSA6 = ������	������	� �T	�� 0.1 
��. 

 
"����I������	��	�����&
	%����'�H�!	������	������	� �T	�� 0.1-0.25 ��������� (WSA5) TI

��'��	!	"#��������������������I (Skr-2 ��
 Skr3) "����I������	��	�������ก��'�H�!	������	
������	� �T	�� 1-2 ��������� (WSA2) ��&�ก��&�กก����'��	�	��ก���
��T����	��������H��ก 
ก������������
�T%����ก��������	������	� �����
T	�� $����������' �����ก�	 ��U'��"d	�(�		��P�
��'������U�"����I������	��	�����!	������	���T	��&_���"����I��'��ก����ก�	 ����!�%���	��� 
"����I��	�����������	!	������	��'��T	����ก����ก�	 ��U'���&��I��"����������
�����"#�����
(	��&
$�������������	
�!� � ��'(���&	  
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�����$�ก���� ��U'���&��I�Y��J�����T����	����
�����I�"���������ก�	 ����� 
"����I������	��	�����!	��	"#���X&���I�H���JQ�� (Skr-1) ��
"#������%�|�~	|Q (Skr-7) �����
���	T%���' �ก�����	"#��U'	� ��'� �ก��M_กZ� Y���������Q�!	����� 7.02-12.34 ��
 6.88-10.56 ก������
ก�Y�ก������� ���� ��
���	�Y	%�$"!	��M��������ก�	 �U� ������	��	�������'�
��!	������	��
"����I��ก!	������	T	�� 0.5-1 ��
 0.25-0.5��������� (WSA3 ��
 WSA4) 
 

!	ก�I�T����	"#������%�|�~	|Q (Skr-7) i_'����	U���
�����ก��� (��	���	��	����_���	
���	) ��"����I������	��	�����	%����'�H�!	�กU���HกT	��T��������	������	� ��������� "����I
������	�����	����!ก�%�������U���กก���!	���� � ��	��'� �ก��M_กZ� ����!�%���	��� �����T��
������	��	��������ก����%�����T��������	������	� �!	��		������Q�	%�� ������	��'�ก��T_�	�"d	P�&�ก
���
���T��"�&&���U'	 Y���w��
����i��� �	U'��&�ก ��		�����������(!	(��	��	�	�Q���'�H�����ก�� 
(pH 5.5-5.8) i_'��ก��&�กก����'��	��"����I����i�����'�ก��$�%��Q��Q� (1.66-6.46 �i	��Y�����
ก�Y�ก���) ����i�����'����ก!	��		��&_�	��&
�������� ���X���ก����%�����T��������	������	� � 
�	U'��&�ก ����i��� � �����"d	�
��	�(U'����	��������H��
�	HJ����	��	����T%��%��ก�	&	�ก���"d	
������	 (NRCS, 2008) 

 
� �������	"#������%�
���(��� (Skr-8) i_'��������"����I������	��	�����!	������	

������	� �T	��"�	ก����_�!�X� (WSA1-WSA4) Y��J�������Q��Q�ก�����	�U'	�U'	 � Y���������Q�
!	����� 18.59-19.29 ก������ก�Y�ก��� ����!�%���	��� ������	��	��������������'� ���X���ก��
��%�����T��������	������	� �!	��		�� i_'��"d	��	��'���	U�����	T%���
�����ก�����	�U'	 (��	���	��	���) 
��
�%����กZI
Y�����%��������U(!	"#�(	��	����'���������ก������
�����	��	�	T���U(
�Q� � �!�%�����(��J����	U���
!�%�U�	��	�Q� (����M, 2548) �MZ���U�T�����(��J����'�ก��
�
���	��	 ��U'���������"��'�	�"d	��	��������Hi_'����Q��_� 31.3 ก������ก�Y�ก���!	(��	��	�	 ก�
	��&
�����	(���� ��	%���'!	��กZI
����(U'��������	$�%�"d	������� (Caravaca et al., 2004; Pinheiro 
et al., 2004; Tisdall and Oades, 1982) ����
�U(���I���ก�������	!�X��"d	�U(!��������Q���'�Qก����
����$�%���������%�&
!�%������	��	�������'��T	�����ก � �����!	������	������	� �T	�����ก��$" 
�����T��������	��	�����&
����Q�	%���	U'��&�ก��"����I	%�� ���ก��&�����T��������		��&
�ก��
&�ก���
���T���	HJ��T	����	��	�������ก����ก$i��T������ก��
�
�Q���	�����กก��� 
(Mbagwu, 1989; Mbagwu and Bazzoffi, 1988)  
 



83 

 

 

���	��	"#��������������������I (Skr-2 ��
 Skr-3) ��������	��	�����!	"����I
���	T%���Q�ก�����	�U'	�(�	ก�	 ����	���"d	P���&�ก��	������������I���X%����กT_�	�	��	�	 "����I
������	��	�������'����Q��Q�!	������	������	� ����	!�X�	��&
�ก��&�กก����������T����ก���T��
�X%����ก����i_'�����Q��"d	& �	�	��ก ����!�%���	��� (	��T���U(���I�����
����Q����ก����%�����
T��������	������	� �Y���w��
������	��'��T	��!�X� ��
�	U����	�"d	��	���	�_���	���	��	���"	
�������!	ก�I�T����	�������	�� 

 
7.2 ��	������	�	 (Bt or Bt1 horizon) 
 

��	��'� �ก��M_กZ����� 8 �����I ����� J��!�%�J��"#�����(	��"����IT��������	
��	�����!	������	������	� �&
��"����I��'��ก����ก�	 (�������' 5) �����U'���ก�"d	����
�����I��'
� �ก��M_กZ� ��%���&��I�"����I������	��	�����!	����
T	��T��������	������	� �!	�����I 
	��	 � &
����� "����IT��������	��	�����!	����
T	��T��������	������	� �&
��������ก����
ก�	��������ก	%�� ����!�%���	���!	��	������	�	 J��!�%�J��"#���'��ก����ก�	&
$�����P�!�%
"����I������	��	�����!	������	������	� �����
T	����ก����ก�	 

 
�����$�ก���� ����������ก�H��ก���
��������	��	�����!	������	T	������ � T��

(��	��	������	�	��ก$�%�"d	 2 ก�H��!�X� � �U� 1) ��	��'��"����I������	��	�����!	������	������
	� ���Q��Q� $�%�ก� ��	J��!�%"#������������ 2 �����I (Skr-2 ��
 Skr-3) ��
��	J��!�%"#������%���'$���Qก
��ก�	 (Skr-8) ��
 2) ��	��'��"����I������	��	�����!	������	������	� ���Q��' � $�%�ก� ��	��'���U�
������� Y��!	ก�H����'��"����I������	��	�����!	������	������	� ���Q��Q� ��&�ก��&�ก"�&&����'
��ก����ก�	 Y����	!	"#������������ 2 �����I (Skr-2 ��
 Skr-3) ก����'��"����I������	��	������Q� 
��&�ก��&�ก"����IT����ก�X%����ก��'��U'��������ก�&
!�%��	��������H ���	��	!	"#������%���'$���Qก
��ก�	 (Skr-8) ก����'��"����I������	��	������Q� ��&�	H��	$�%����ก��&�ก��กZI
T��Y�����%��
������U(!	"#�(	��	����'���������ก������
�����	��	�	T���U(�Q� � �!�%�����(��J����	U�
��
!�%�U�	��	�Q� (����M, 2548) ��ก���������I� �ก��M_กZ��"d	�����I��'$���Qก��ก�	� �!�%ก��
�
�����(��J�����
���(�����"����I��ก i_'�&
���P�!�%"����I��	��������H!	��	�Q����$"
�%�� TI
��'"#������%���'�Qก��ก�	 (Skr-5, Skr-6 ��
 Skr-7) ��'��"����I������	��	�����!	������	
�' � ��&�ก��&�กก����'�U�	��'"#������%�T%���%	 ����Qก��ก�	��ก��	��'&
�Qก&��ก��!�%�"d	"#�

���(������"�&&H��	 ก����ก�	�U�	��'&
ก��!�%�ก��ก���QX�������(��J�������	��	��
!�%��	 i_'�
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�"d	"�&&�����ก���"����I��	��������H � �!�%"����I������	��	�����!	��	J��!�%�J��"#����ก����
��"����I	%�� ��	J��!�%�U�	��'�
�����"#��������ก��"#������%� (ecotone) ก����'��"����I������	!	
������	�' � 	��&
�ก��&�กก����'�U�	��'$�%������
�������ก�	�
�����"#�����������ก��"#������%� ��กZI

Y�����%��T��������U(!	�U�	��'$�����������	(�� � �!�%ก���
��T�����(��J��������	U���	��

!�%��	&_�	%��ก���!	"#������%� TI
�����ก�	�U(�U�	���� �(�	 �X%����ก�������	��	�	$���Q�����ก��
!	"#�������� &�ก�����H���ก����T%���%	&_����P�!�%"����I������	��	�����T��������	J��!�%�J��
"#�	����ก���
��T��������	��	�����	%�� ���	!	"#���X&���I�H���JQ�� ก����'��"����I������	
��	������' � ��&�ก��&�ก��กZI
T���	U����	 �	U'��&�ก��	J��!�%"#�(	��	�� ���	U����	�"d	��	���	"	
���� �	U����	��กZI
	��&
$��������������!	ก��&�����ก����	��������H ��'�Qก(
�%��T�����Q���	
�����"d	���H!�%������	J��!�%"#�	����"����I������	��	������' � 
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��W�/�1�&�����/�1 
 

��W� 
 

P�&�กก��M_กZ���������	��
ก��ก�ก�ก��������	J��!�%"#�����(	�� !	�U�	��'���	���&��
��'�����%���
�ก��( & �	�	 8 �����I "�
ก���%�� "#���X&���I�H���JQ�� 1 �����I (Skr-1) "#�
������� 2 �����I (Skr-2 ��
 Skr-3) �U�	��'�������
�����"#��������ก�������%� (ecotone) 1 �����I 
(Skr-4) "#������%�|�~	|Q 3 �����I (Skr-5, Skr-6 ��
 Skr-7) ��
 "#������%�$���Qก��ก�	 1 &H� 
�����J��!�%�J��"#�����(	�� ��	����x	�ก��"�	ก����_����	T%���Q� �ก��&�ก����H�%	ก ��	����	
�"d	�MZ�
ก�	��	����(���T���'���������&�ก��	���� ��������	��Q�!	�����ก�%�� $�%�ก� ��	�"d	
��	�U�	�_��_ก��ก �	U����	��Q�!	�������	���	"	�����_���	��	�����
��ก���
����	��	���!	 
(��	��	���� ��	�"d	ก���H	�����ก�_�ก�����ก	%�� "����I��	��������H��Q�!	�
����' ���ก�_�"�	
ก��� $	Y���&	�����Q�!	�
����' � |��|������'�"d	"�
Y�(	���Q�!	�
����' ���ก Y�����i�����'
�"d	"�
Y�(	���Q�!	�
����' ���ก�_��Q���ก ����&H��ก�"��'�	���$���	��Q�!	�
����' ��_��Q�  
����%���
������'���������Q�!	�
����' ��ก��%	!	��	�����I"#������%�|�~	|Q�����I��' 3 (Skr-3) 
 

���������	
��
�����������	������	� �ก����������	 �����������	������	� �T	�� 2-8 
(WSA1) ��
T	�� 0.1-0.25 ��������� (WSA5) ���������	
��(����ก��
�(����ก��"����I
������	��	������������	��� ���X��'�������� (r=0.71** ��
 -0.6.4** ���� ����) Y��������	
��	�����&���"d	����(U'��� ���X��'� �!�%�ก��������	T	��!�X� ������	������	� �T	�� 1-2 (WSA2) 
��
T	�� 0.5-1 ��������� (WSA3) ���������	
��(����กก��"����I����ก!	�Q"���IO�	 
(r=0.58** ��
 r=0.53** ���� ����) ��������Q"�����	������(��i%�	 (r=0.43** ��
 r=0.42** 
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���
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��'"����I������	������	� �T	�� 0.1-0.25 ��������� (WSA5) ��"����I
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��'������	������	� �T	�� 0.1-0.25 ��������� 
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ก���Q� � �!�%$����������!�%�ก��������	T	��!�X�T_�	 

 
ก���&กก�
&��T��"����I������	��	�����!	������	����T	��J��!�%�J��"#�����(	��

����� "����I������	��	�����!	������	����
T	��&
$����������ก����ก�	����!	��	�	��
!	
��	���� � �!�%��������H"$�%����J��"#���'��ก����ก�	 $�����P����ก���&กก�
&��T��������	
��	�����!	������	����
T	��  
 
 
 
 
 
 
 
 
 
 
 



87 

 

 

�&�����/�1 
 

1. �����ก��M_กZ����'�����!	�U�	��'�U'	��'��������ก�����
�����(	��"#� ��
��กZI
 ��U�
��������	 ��U'�!�%$�%T%��Q���'���'���กT_�	� �����ก�������������	
��
������U(���I ��������	 
ก���&กก�
&��T��������	��	����� ��
������	������	� ���'���������	� ���กT_�	  
 

2. &�กP�ก��M_กZ� ����� "����I������	��	����������������	
�ก��ก���&กก�
&��T��
������	������	� ���ก ���	��	 &_������'&
M_กZ��_������ก ��	��T��������	��	�����!	��	T������

"#��%�� �(�	 M_กZ��_����(��J��������	U��U�	��	��
!�%�U�	��	T��!	����
"#� i_'�T%��Q�	����&��
�����(U'��Y��ก��ก���&กก�
&��T��������	������	� �$��������ก���&&
�(U'��Y������%��$�% 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



88 

 

 

��ก���/�1��#��&����� 
 
ก���P	��'����.  2537.  /$�	,#�%����1�	� �4��,��'�
��#�/�)�&���1/ก��! '�����)� ���!�,��

�6�)��!W) L7017 ������.�� 1:50000. 
 
ก��I�ก���  ��Q����, ���J�����  ���J��� ��
 �H��  �HX��J���	
�.  2529.  "����I����ก��ก$i��

����
!	��	���U����
��	���T��J���
��	��ก�w�����	U�T��"�
��M$��. 
 ��������	
��������ก��� 19(3): 116-185 
 
ก��� ���&��	.  2523.   %.�"�'6�/�ก �������1�����	,#)���6�����
"!����`ก�'.  ��ก�����(�ก��

������' 28.  ก����x	���'��	 ก�
�����กZ����
��ก�I�, ก�H�����. 
 
�I�&����J����(�"O�������.  2548.  �`
,��	
���"5���&�.  �������'����� 10.  J����(�"O�������  

�I
�กZ�� ������������กZ��M�����, ก�H�����. 
 
�I
ก���ก��&��� ��&	�	Hก��"O�������.  2551.  
'���Wก���`
,��	
�.  J����(�"O������� 

�I
�กZ�� ������������กZ��M�����, ก�H�����. 
 
& ����  �"�ก��
	%��.  2549.  ก����1
Wก��ก������%&'�ก�1
1(ก�/�1�1��������	� �%�������� 

�
"#��-ก��ก�����,#
�/���
"5�	,#�7�)��/�&� /�1�7���*��������4��,��'�
 ��#�/�)�&�� 

�1/ก��!.  �����	��	
�"��XX���ก, �������������(J��	����(����. 
 
��ก��ก  ����� ��
 �H��M  กH���	���.  2552.  �������	
��7�(�&.  ������������กZ��M�����, 

ก�H�����. 
 
�	��  ��������.  2528.  ���,ก������`
,ab��ก����� ��1��.  J����(�"O��M�������
�	H��กZ�M����� 

�I
�กZ��M����� ������������(���!���, �(���!���. 
 



89 

 

 

	�	�M�ก��W  "}�	�ก%�.  2542.  ��ก��1	��!,���	
�/�1�������	
������1ก�����/���	����/)�  

���7���*�����������4��,��'�
��#�/�)�&���1/ก��!.  �����	��	
�"��XX���ก,
������������กZ��M�����. 

 
	����X  ก�X&	"�
����O.  2529.  ก���-ก����ก��1����'g�
	,#�6� ����
�k��ก�����)��/�1

��ก
��
���)�����)��/��abl����/�1����l���l�����������W.��56�/�.ก���.  
�����	��	
�"��XX���ก, ������������กZ��M�����. 

 
���I��(X�  �����
�W.  2551.  ��ก��1/�1����4�1 ����W)����%������)��	,#�%������������

 &� '�����)�
!��%���.  �����	��	
�"��XX�Y�, ������������กZ��M�����. 
 
�HX��
�W  JQ����ก�.  2525.  ก�����,#
�/���������)�����7�����!��������ก��1ก���!&��1+
!��

	,#)��	,#�1/ก��! �mก��!�
 � ���!�,��.  �����	��	
�"��XX�Y�, 
������������กZ��M�����. 

 
P&�&����  M���HT.  2545.  ����4�1 ����W)����%������)������/�������nmo�	1���1�����ก

�g,
���&�����1�	�(	
.  �����	��	
�"��XX�Y�, ������������กZ��M�����. 
 
��Z�M�ก��W  ��H	��H, �HX��M�  $���H������, ��M�ก��W  �HT��M�, �	��  ��กZ��ก%� ��
��	��  �ก�H

"��I��.  2527.  ก����W���,
�������W��������7���*���� �1/ก��!.  �����	��&��w���
���Q�I�. �I
�	M�����������������กZ��M�����, ก�H�����. 

 
��ก�  ����
กH� I ��H
��.  2532.  'W����`����	
����)��.  ก��������
����	 ก����x	���'��	 

ก�
�����กZ����
��ก�I�, ก�H�����. 
 
����	
�  �ก�����i��กH�.  2531.  ก���-ก�� W�������/�1ก��ก6����)���)���,/)�/�1)���,���"����

�� �1����ก�����1�	�(	
.  �����	��	
�"��XX�Y� ������������กZ��M�����. 
 
���	�  ���J�ก��.  2548.  ��#�/�)�&��ก��ก��
�k��.  �I
�����M�������
���Y	Y��� 

�������������(J�y�������, ���H��. 



90 

 

 

��Y�&	�  ��'�����กZ�.  2531.  ก��'�)ก��)��.  J����(�"O������� �I
�กZ�� 
������������กZ��M�����, ก�H�����. 

 
���
M�ก��W  �H��Y(�.  2523.  P�ก�
��T��ก��� ����"#�����J��
��ก�M �����I���	���&�� 

��'�����%���
�ก��(, 	. 14.  *+ ������������+	.  ������������กZ��M�����. 
 
MQ	����&��"#�$�%.  2552.  /$�/�.�	)&��ก�����,#
�/������
�%����ก��.  ก���H���	����(���  

�����"#� ��
��	
H��U(, ก�H�����. 
 
������  ��(�ก����, "�
���  ��	��&�	��� ��
 �����(��  ���ก���	.  2523.  ก��M_กZ�

������ก�
���(�����
ก��!(%��'��	T�����	���&����'�����%���
�ก��(, 	. 44.  *+ 
��
�������������'�
 ��.�	,# 69.  �I
�	M����� ������������กZ��M�����, ก�H�����. 

 
����M  ���ก�����	
�.  2548.  ��y&�ก�������	!	"#������%��
�ก��(��
"#���X&���I�H��	� ����

ก���.  *+ ��
���ก����1!W���!�ก��ก�����,#
�/������
�%����ก��	��)&���7�(�&  

p ��ก
��
����7�(�&��ก��������W�
��,����ก,
�+�q I Y����������ก�����%	 ก�H����� 
��	��' 4-5 ������� 2548. 

 
�HJ����  �กH�
��.  2544.  ���������	
��
��������Hก��
��H�����!	!��������H!�T�����I$�%

"#��������.  *+ ก����1!W�	����!�ก����������	
���
�ก���������  ��5�	,# 39 ����ก��

'�)ก��	��

�ก�/�1��#�/�)�&��.  ������������กZ��M�����, ก�H�����. 
 
�J����
�W  ���'���	��.  2527.  ก��ก6����)/�1ก��'6�/�ก)��.  J����(�"O������� �I
�กZ�� 

������������กZ��M�����, ก�H�����. 
 
����  �T����U'	��I�.  2548.  ก���6���')��: �+�	���� ���กก��/�1�	 �� .  ������������' 2.  J����(�

"O������� �I
�กZ�� ������������กZ��M�����, ก�H�����. 
 
______________.  2552.   %.�"��Y�����ก�� ก���6���')��.  ������������' 6.  J����(�"O������� �I


�กZ�� ������������กZ��M�����, ก�H�����. 



91 

 

 

Abu-Sharar, T.M. and A.S. Salameh.  1995.  Reductions in hydraulic conductivity and infiltration 
rate in relation to aggregate stability and irrigation water turbidity.  Agric. Water 

Manage.  29(1): 53-62. 
 
Adesodun, J.K., J.S.C. Mbagwu and N. Oti.  2005.  Distribution of carbon, nitrogen and 

phosphorus in water-stable aggregates of an organic waste amended Ultisol in southern 
Nigeria.  Bioresour. Technol. 96(4): 509-516. 

 
Andraski, B.J. and B.R. Scanlon.  2002.  Thermocouple psychrometry, pp. 609-642.  In J.H. Dane 

and G.C. Topp, eds.  Methods of Soil Analysis, Part 4: Physical methods.  Soil Sci.  
Soc. Amer. Book Series NO.5, Wisconsin: Inc., Madison. 

 
Angers, D.A. and J. Caron.  1998.  Plant-induced changes in soil structure: processes and 

feedbacks.  Biogeochemistry 45(1): 55-72. 
 
Baize, D.  1993.  Soil Science Analysis: A Guide to Current Use.  John Wiley and Sons, Ltd., 

England. 
 
Barthes, B. and E. Roose.  2002.  Aggregate stability as an indicator of soil susceptibility to  

runoff and erosion: validation at several levels.  Catena 47(2): 133-149. 
 
Barthes, B.G., E. Kouakoua, M.C. Larre-Larrouy, T.M. Razafimbelo, E.F. de Luca, A. 

Azontonde, C.S.V.J. Neves, P.L. de Freitas and C.L. Feller.  2008.  Texture and 
sasquioxide effects on water-stable aggregates and organic matter in some tropical soils.  
Geoderma 143: 14-25. 

 
Bear, M.H. and R.R. Bruce.  1993.  A comparison of methods for measuring water-stable 

aggregates: Implications for determining environmental effects on soil structure. 
Geoderma 56(1): 87-104. 

 



92 

 

 

Blake, G.R. and K.H. Hartge.  1986.  Bulk density, pp. 363-375.  In A. Klute, ed.  Methods of 

Soil Analysis, Part 1: Physical and Mineralogical Methods.  SSSA Inc., ASA Inc., 
Madison, Wisconsin, U.S.A. 

 

Bloom, P.R.  2000.  Soil pH and pH Buffering, pp. B333-B352.  In M.E. Summer, ed.  
Handbook of Soil Science.  CRC Press LLC. 

 
_______and D.F. Grigal.  1985.  Modeling soil response to acidic deposition in non-sulfate 

absorbing soils.  J. Environ. Qual 14: 481-495. 
 
Bolin, B., E.T. Degens, P. Duvigneaud and S. Kempe.  1979.  The global biogeochemical carbon, 

pp. 23-28.   In B. Bolin, E. T. Degens, S. Kempe and P. Ketner, eds.  The Global 

Carbon Cycle.  SCOPE Report No. 13: 1-56. 
 
Boyle, M. J., W.T. Frankenberger and L.H. Stolzy.  1989.  The influence of organic matter on soil 

aggregation and water infiltration.  J. Prod. Agric. 2: 290-299. 
 
Brady, N.C. and R.R. Weil.  2008.  The Nature and Properties of Soils.  14thed. Pearson 

Prentice Hall, Upper Saddle River, New Jersey. 
 
Bray, R.H. and L.T. Kurtz.  1945.  Determination of total organic and available form of 

phosphorus in soil.  Soil Sci. 59: 39-45. 
 
Bremner, J.M.  1996.  Nitrogen-total, pp. 1085-1121.  In D.L. Sparks, A.L. Page, P.A. Helmke, 

R.H. Loeppert, P.N. Soltanpour, M.A. Tabatabai, C.T. Johnston and M.E.  Sumner, eds.  
Method of Soil Analysis, Part 3: Chemical Methods.  SSSA Inc., ASA Inc., Madison, 
Wisconsin, USA. 

 
Bronick, C.J. and R. Lal.  2005.  Soil structure and management: a review.  Geoderma.  

124(1-2): 3-22. 



93 

 

 

Bullock, P., N. Fedoroff, A. Jongerius, G. Stoops, T. Turisna, U. Bablel, J. Agrilar, H.J. 
Altemuller, E.A. Fitzpatrick, S.T. Kowalinski, G.K. Rutherford and E.A. Yarilova.  1985.  
Handbook for Thin Section Description.  Waine Research, Albrighton, United 
Kingdom. 

 
Bunyavejchewin, S.  1979.  Phytosociological Structure and Soil Property in Nam Pong 

Basin.  M.S. Thesis, Kasetsart University, Bangkok. 
 
Buol, S.W., R.J. Southard, R.C. Graham and P.A. McDaniel.  2010.  Soil Genesis and 

Classification.  5th ed.  Iowa State Press.  A Blackwell Pub. Co., Ames. 
 
Burkett, V., D. Wilcox, R. Stottlemyer, W. Barrow, D. Fagre, J. Baron, J. Price, J. Nielsen,  

C. Allen, D. Petersen, G. Ruggerone, T. Doyle.  2005.  Nonlinear Dynamics in 
Ecosystem Response to Climatic Change: Case studies and Policy Implications.  
Ecological Complexity 2: 357-394. 

 
Caravaca, F., A. Lax and J. Albaladejo.  2004.  Aggregate stability and carbon characteristics of 

particle-size fractions in cultivated and forested soils of semiarid Spain.  Soil Till. Res. 
78: 83-90. 

 
Carter, M.R.  2002.  Soil quality for sustainable land management: organic matter and  

aggregation interactions that maintain soil function.  Agron. J. 94: 38-47. 
 

Chapman, H.D.  1965.  Cation exchange capacity, pp. 891-901.  In C.A. Black, ed.  Method of 

Soil Analysis, Part II: Chemical and Microbiological Properties.  Agron. No. 9. 
Amer. Soc. of Agron. Inc., Madison, Wisconsin. 

 
Christensen, B.T.  2001.  Physical fraction of soil and structural and functional complexity in 

organic matter turnover.  Eur. J. Soil Sci. 52: 345-353. 
 



94 

 

 

Ciais, P., W. Cramer, P. Jarvis, H. Kheshgi, C. Nobre, S. Semenov and W. Steffen.  2000.  Global 
perspective, pp. 69-96.  In IPCC Special on Report Land Use, Land Use Change, and 

Forestry.  Intergovernmental Panel on Climate Change.  Cambridge Univ. Press, 
Cambridge. 

 
Cindy, S.M., J.C. Casagrande, L.R.F. Alleoni, O.A. Camargo and R.S. Berton.  2008.  Nickel 

adsorption in two Oxisols and an Alfisol as affected by pH, nature of the electrolyte, and 
ionic strength of soil solution.  J. Soils Sed. 8: 442�451. 

 
Colombo, C. and J. Torrent.  1991.  Relationships between aggregation and iron oxides in Terra 

Rossa soils from southem Italy.  Catena 18(1): 51-59. 
 
Day, P.R.  1965.  Particle fraction and particle size analysis, pp. 545-567.  In C.A. Black, ed. 

Method of Soil Analysis, Part I: Particle Size Analysis.  Agron., No.9.  Amer. Soc. of 
Agron. Inc., Madison, Wisconsin, USA. 

 
Edwards, A.P. and J.M. Bremner.  1967.  Microaggregates in soils.  J. Soil Sci. 18(1): 64-73. 
 
Eiumnoh, A.  1984.  Application of soil taxonomy to fertility capability classification of problem 

soil in the S.E. Coast of Thailand, pp. 169-190.  In Ecology and Management of 

Problem Soils in Asia.  FFTC Book Series No. 27.  Taipei, Taiwan. 
 
Elliott, E.T. 1986.  Aggregate structure and carbon, nitrogen, and phosphorus in native and 

cultivated soils.  Soil Sci. Soc. Am. J. 50: 627-633. 
 
Elliott, E.T., C.A. Palm, D.A. Ruess and C.A. Monz.  1991.  Organic matter contained in soil 

aggregates from a tropical chronosequence: correction for sand and light fraction.  Agric. 

Ecosyst. Environ. 34: 443-451. 
 



95 

 

 

Havlin, J.L., J.D. Beaton, S.L. Tisdale and W.L. Nelson.  2005.  Soil Fertility and Fertilizer: an 

Introduction to Nutrient Management.  7th ed.  Prince-Hall Inc., Upper Saddle River, 
New Jersey. 

 
Herrick, J.E., W.G. Whitford, A.G. de Soyza, J.W. van Zee, K.M. Havstad, C.A. Seybold and M. 

Walton.  2001.  Field soil aggregate stability kit for soil quality and rangeland health 
evaluations.  Catena 44(1): 27-35. 

 
Hillel, D.  1998.  Environment Soil Physics.  Academic Press, San Diego, U.S.A. 
 
Horn, R. and A. Smucker.  2005.  Structure formation and its consequences for gas and water 

transport in unsaturated arable and forest soils. Soil Till. Res. 81(1): 5-14. 
 
Huang, P.M.  2004.  Soil mineral-organic matter-microorganism interactions: Fundamentals and 

impacts.  Adv. Agron. 82: 391-472. 
 
Igwe, C.A. and K. Stahr.  2004.  Water-stable aggregates of flooded Inceptisols from southeastern 

Nigeria in relation to mineralogy and chemical properties.  Aust. J. Soil Res. 42(2): 171-
179. 

 
Igwe, C.A., M. Zarei and K. Stahr.  2009.  Colloidal Stability in some tropical soils of 

southeastern Nigeria as affected by iron and aluminium oxides.  Catena 77: 232-237. 
 
Iwata, S., T. Tabuchi and B.P. Warkentin.  1995.  Soil Water Interaction; Mechaisms and 

Applications.  2nd ed.  Macel Dekker, Inc., Madison Avenue, New York, USA. 
 
Jackson, K.L.  1965.  Soil Chemical Analysis: Advance Course.  Dept. of Soil Sci., Univ. of 

Wisconsin, Madison, Wisconsin. 
 



96 

 

 

Juma, N.G.  2001.  The Pedosphere and Its Dynamics: A Systems Approach to Soil Science.  
Salaman Productions Inc., Enmonton, Alberta, Canada. 

 
Kalembasa, D.  2008.  Carbon and nitrogen in organic matter fraction of Histosols located in 

upper valley of Liwiec river [Poland].  Roczniki Gleboznawcze J. 59(2): 98-103. 
 
Katagiri, S. and T. Tsutsumi.  1973.  The relationship between site condition and circulation of 

nutrients in forest ecosystem (I) Litterfall and nutrient contents. JIBP-PT 155: 83-90.  
(in Japanese with English summary). 

 
Kemper, W.D. and R.C. Rosenau.  1986.  Aggregate stability and size distribution, pp. 425-442. 

In A. Klute, ed.  Methods of Soil Analysis, Part I: Physical and Mineralogical 

Methods.  No.9. Agronomy, SSSA, Madison, WI, USA. 
 
Kenedy, M.J. and D.R. Pever and R.J. Hill.  2002.  Mineral surface control of organic carbon in 

black shale.  Sci. 295(25): 657-660 
 
Kilmer, V.J. and L.T. Alexander.  1949.  Method of making mechanical analysis of soil.  Soil Sci. 

68: 15-24. 
 

Klute, A.  1965.  Laboratory measurement of hydraulic conductivity of saturated soils, pp.  210-
220.  In C.A. Black, ed.  Methods of Soil Analysis, Part I: Physical and Mineralogical 

Methods.  Agron., No.9.  Amer. Soc. Agron. Inc., Madison, Wisconsin. 
 
Kudeyarov, V.N. and I.N. Nurganova. 1998.  Carbon dioxide emissions and net primary 

production of Russian terrestrial ecosystems.  Biol. Fertil. Soils 27: 246-250. 
 
Kutintara, U.  1975.  Structure of the dry Dipterocarp Forest.  Ph.D. Thesis, Colorado State 

Univ. Fort Collins, Collins, USA. 
 



97 

 

 

Lal, R., J.M. Kimble and B.A. Stewart. 2000.  Carbon Pools and Dynamics in Tropical  

 Ecosystems.  CRC/Lewis Publishers, Boca Raton, FL. 
 
Land Classification Division and FAO Project Staff.  1973.  Soil Interpretation Handbook for  

Thailand.  Dept. Land Development, Min.  Agri. Coop., Bangkok.  
 
Le Bissonnais, Y. and C. Le Souder.  1995.  Mesure de la stabilite structurale des sols pour 

evaluer leur sensibilite a la battance et a Iverosion.  Etude et Gestion des Sols 2(1):  
43-56. 
 

Lekagul, B. and J. A. Mcneely.  1977.  Mammals of Thailand.  The Assoc. for the Cons. of 
Wildlife, Sahakarnbhat Co., Bangkok. 

 
Li, Z.X., Cai, C.F., Shi, Z.H. and Wang, T.W.  2005.  Aggregate stability and its relationship with 

some chemical properties of red soils in subtropical China.  Pedosphere 15(1): 129-136. 
 
Lynch, J.M. and E. Bragg.  1985.  Microorganisms and soil aggregate stability.  Adv. Soil Sci. 2: 

133�171. 
 
Mackenzie, F.T. 1955.  Biogeochemistry, pp. 261-267. In W.A. Nierenberg, ed.  Encyclopedia of 

Environmental Biology.  Academic Press Inc., San Diago. 

 
Marquez, C.O., V.J. Garcia, C.A. Cambardella, R.C. Schultz and T.M. Isenhart.  2004.  

Aggregate-size stability distribution and soil stability.  Soil Sci. Soc. Am. J. 68(3): 725-
726. 

 
Martens, D.A.  2000.  Management and crop residue influence soil aggregate stability. 

J. Environ. Qual. 29(3): 723-728. 
 



98 

 

 

Mbagwu, J.S.C.  1989.  Influence of cattle feedlot manure on aggregate stability, plastic limit and 
water retentions of three soils in north central Italy.  Biological Waste 28: 257-269. 

 
Mbagwu, J.S.C. and P. Bazzoffi.  1988.  Stability of microaggregates as influenced by antecedent 

moisture content, organic waste amendment and wetting and drying cycles.  Catena 15: 
565-576. 

 
McKeague, J.A. and J.H. Day.  1966.  Dithionite- and Oxalate-extractable Fe and Al as aids in 

diffentiating various classes of soils.  Can. J. Soil Sci. 46:13-22 
 
Mehra, O.P. and M.L. Jackson.  1960.  Iron oxide removal from soils and clays in adithionite-

citrate-bicarornate system buffered with sodium. Clays Clay Miner. 7: 317-321. 
 
Miller, R.M. and Jastrow, J.D.  1990.  Hierarchy of root and mycorrhizal fungal interactions with 

soil aggregation.  Soil Biol. Biochem. 22(5): 579-584. 
 
Nael, M., H. Khademi, and M.A. Hajabbasi.  2004.  Response of soil quality indicators and their 

spatial variability to land degradationin central Iran.  Appl. Soil Ecol. 27(3), 221-232. 
 
Nalamphum, A., T. Santisuk, and T. Smittinand.  1969.  The Defoliation of Teng (Shorea 

obtuse Wall) and Rung (Pentacme suavis A.DC.) at ASRCT Sakaerat 

ExperimentalStation.  Rep 1.  NRCT, Bangkok. 
 
National Soil Survey Center.  1996.  Soil Survey Laboratory Methods Manual.  Soil Survey 

Invest.  Rept. No 42, Version 3.0.  U.S. Dept. of Agr., U.S.  Government Printing Office, 
Washington D.C. 

 
Nelson, D.W. and L.E. Sommers.  1996.  Total carbon, organic carbon, and organic matter, pp.  

961-1010.  In J.M. Bigham, ed.  Method of Soil Analysis, Part III: Chemical Methods.  
Amer. Soc. of Agron., Madison, Wisconsin. 



99 

 

 

NRCS.  2008.  Soil Quality Indicators: Aggregate Stability.  Soil Quality Information Sheet.  
 USDA. 
 
Nwadialo, B.E. and J.S.C. Mbagwu.  1991.  An analysis of soil component active in 

microaggregate stability. Soil Tech. 4: 343-350. 
 
Oades, J.M.  1984.  Soil organic matter and structural stability: mechanisms and implications for 
 management.  Plant Soil 76: 319�337. 
 
Oades, J.M., Waters, A.G.  1991.  Aggregate hierarchy in soils.  Aust. J. Soil Res. 29: 815�828. 
 
OvNeal, A.M.  1952.  Pedology (translation from French).  George Allen and Unwin Ltd., 

London. 
 
Onweremadu, E.U., V.N. Onyia and M. A. N. Anikwe.  2007.  Carbon and nitrogen distribution 

in water-stable aggregates under two tillage techniques in Fluvisols of Owerri area, 
southeastern Nigeria.  Soil Till. Res. 97: 195�206. 

 
Pinheiro, E.F.M., M.G. Pereira and L.H.C. Anjos.  2004.  Aggregate distributon and soil organic 

matter under different tillage systems for vegetable crops in a Red Latosol from Brazil. 
Soil Till. Res. 77: 79-84. 

 
Phillips, O.L., Y. Malh, N. Higuchi, W.F. Laurance, V. Nonez, R.M. Vasquez, S.G. Laurance,  

L. V. Ferreira, M. Stern, S. Brown and J. Grace.  1998.  Changes in the balance of 
tropical forests: Evidence from long-term plots.  Sci. 282: 439-442. 

 
Pratt, P.E.  1965.  Potassium, pp. 1023-1031.  In C.A. Black, ed.  Method of Soil Analysis,  

Part II: Chemical and Microbiological Properties.  Agron. No.9. Amer. Soc. of 
Agron.  Inc., Madison, Wisconsin. 

 



100 

 

 

Pulleman, M.M., J. Six, A. Uyl, J.C.Y. Marinissen and A.G. Jongmans.  2005.  Earthworms and 
management affect organic matter incorporation and microaggregate formation in 
agricultural soils. Appl. Soil Ecol. 29(1): 1-15. 

 
Ramos, M.C., S. Nacci and I. Pla.  2003.  Effect of raindrop impact and its relationship with 

aggregate stability to different disaggregation forces.  Catena 53(4): 365-376. 
 
Razafimbelo, T.M., Albrecht, A., Oliver, R., Chevallier, T., Chapuis-Lardy, L., Feller, C.  2008.  

Aggregate associated-C and physical protection in a tropical clayey soil under Malagasy 
conventional and no-tillage systems.  Soil Till. Res. 98: 140-149. 

 
Roldán, A., J.R. Salinas-García, M.M. Alguacil and F. Caravaca.  2005.  Changes in soil enzyme 

activity, fertility, aggregation and C sequestration mediated by conservation tillage 
practices and water regime in a maize field.  Appl. Soil Ecol. 30(1): 11-20. 

 
Sanchez, P.A.  1976.  Properties and Management of Soil in the Tropics.  John Wiley and Son, 

Inc., New York. 
 
Sanchez, P.A., J.H. Villacchica and D.E. Bandy.  1983.  Soil fertility dynamics after cleaning a 

tropical rainforest in Peru.  Soil Sci. Soc. Amer. J. 47: 1171-1178. 
 
Schlesinger, W.H.  1991.  Biogeochemistry: An Analysis of Global Change.  San Diego: 

Academic Press, New York. 
 

Smith, P., J.U. Smith, D.S. Powlson, W.B. McGill, J.R.M. Arah, O.G. Cheryov, K. Coleman, U. 
Franko, Frolking, D.S. Jenkinson, L.S. Jensen, R.H. Kelly, H. Klein-Gunnewiek, 
A.S.Komarov, C. Li, J.A.E. Molina, T. Mueller, W.J. Parton, J.H.M. Thornley and 
A.P.Whitmore.  1997.  A comparison of the performance of nine soil organic matter 
models using datasets from seven long-term experiments.  Geoderma 81: 153-225. 

 



101 

 

 

Smitinand, T.  1977.  Vegetation and Ground Covers of Thailand.  The Forest Herbarium, 
Royal Forest Department., Bangkok. 

 
Soil Survey Division Staff.  1993.  Soil Survey Manual.  U.S. Dept. Agr.  Handbook No.18.  

U.S. Government Printing Office, Washington D.C. 
 
Soil Survey Staff.  2010.  Keys to Soil Taxonomy.  10th ed.  Natural Resources Conservation 

Service, USDA, Washington, D.C. 
 
Spaccini, R., A. Piccolo., J.S.C. Mbagwu., A.Z. Teshale and C.A. Igwe.  2002.  Influence of the 

addition of organic residues on carbohydrate content and structural stability of some 
highland soils in Ethiopia.  Soil Use Manage. 18(4): 404-411. 

 
Summer, M.E and W.P. Miller.  1996.  Cation exchange capacity and exchange coefficients, 

pp.1021-1229.  In J.M. Bigham, ed.  Method of Soil Analysis, Part III: Chemical 
Methods.  Amer. Soc. of Agron., Madison, Wisconsin. 

 
Taylor, R.M., R.M. McKenzie., A.W. Fordham and G.P. Gillman.  1983.  Oxide minerals, pp. 

309-355.  In Soil an Australian Viewpoint.  CSIRO, Division of Soils.  
 
Thomas, G.W.  1996.  Soil pH and soil acidity, pp.  475-490.  In D.L. Sparks, A.L. Page, P.A. 

Helmke, R.H. Loeppert, P.N. Soltanpour, M.A. Tabatabai, C.T. Johnston and M.E. 
Sumner, eds.  Method of Soil Analysis, Part 3: Chemical Methods.  SSSA Inc., ASA 
Inc., Madison, Wisconsin. 

 
Thompson, L.M. and F.R. Troeh.  1978.  Soil and Soil Fertility.  4th ed.  McGraw-Hill Inc., New 

York. 
 
Tisdale, S.L. and W.L. Nelson.  1975.  Soil Fertility and Fertilizers.  Macmillan Publ, New 

York. 



102 

 

 

Tisdall, J.M. and J.M. Oades, 1982.  Organic matter and water-stable aggregates in soil.  J. Soil 

Sci. 33: 141-163. 
 
Trakoonyingcharoen, P., I. Kheoruenromne, A. Suddhiprakarn and R.J. Gilkes.  2006.  Properties 

of kaolins in red Oxisols and red Ultisols in Thailand.  Applied Clay Sci. 32: 25-39. 
 
Virgo, K.J. and D.A. Holmes.  1977.  Soil and landform features of mountainous terrain in South 

Thailand.  Geoderma 18: 207-225. 
 
Watanabe, F.S. and S.R. Olsen.  1965.  Test of an ascorbic acid method for determining  

phosphorus in water and NaHCO3 extracts from soils.  Soil Sci. Soc. Am. Proc. 29: 
677-678.  
 

Walkley, A.  and I.A. Black.  1934.  An examination of Degtjareff method for determining soil 
organic matter and a proposed modification of the chronic acid titration method.  Soil 

Sci. 37: 29-38. 
 
Wei, C.F., D.T. Xie and B.G. Li.  2003.  Progress in research on soil organo-minaral complexes. 

Adv. Earth Sci. 18(2): 221-227. 
 
Yamashita, T., H. Flessa, B. John, M. Helfrich and B. Ludwig.  2006.  Organic matter in density 

fractions of water-stable aggregates in silty soils: effect of land use.  Soil Biol. Biochem. 
38: 3222-3234. 

 
Zhang, G., G.M. Zeng, Y.M. Jiang, C.Y. Du, G.H. Huang, J.M. Yao, M. Zeng, X.L. Zhang and 

W. Tan.  2006.  Seasonal dry deposition and canopy leaching of base cations in a 
subtropical evergreen mixed forest, China.  Silva Fennica. 40: 417-428. 

 
Zhang, M.K., Z.L. He, G.C. Chen, C.Y. Huang and M.J. Wilson.  1996.  Formation and water 

stability of aggregates in red soils as affected by organic matter. Pedosphere 6(1): 39-45. 



103 

 

 

Zinke, P., S. Sabhasri and P. Kunstadter.  1970.  Soil Fertility Sapects of the Lua� Forest 

Fallow System of Shifting Cultivation and Economic Development, in Northern 

Thailand.  Department of Land Development, Bangkok. 



104 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

�� $��ก 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



105 

 

 

 6������
��&���))�� 

 (Soil Profile Description) 
 

Sakaerat 1 
 

I  Information on the site 
Profile symbol    : Skr-1 
Soil name    : - 
Classification   : Haplic Plinthustult 
Date of examination   : October 16, 2010 
Described by   : Somchai Anusontpornperm, Suphicha Thanachit, Woranan Sonkanha,  

Narissara Suksawat, Nipat Thanimmarn, Naruedon Poviang, Wanrapee 
Suwanprapa, Walailuck Saikaew, Yuttakarn Kaewkaemthong, Jeeranut 
Hongjaturun, Jeerawan Promma, Piyavut Pomthong. 

Location    : Sakaerat Environmental Research Station, Tambon Udomsup,  
Amphoe Wang Nam Kheo, Changwat Nakhon Ratchsima. 

Elevation    : Approximately 423.7 m (MSL) 
Map sheet number  : 5338 II-5337 I Coordination: 47P 0816140E, 160 6310N  
 
Landform 
1. Physiographic position   : Dissected Footslope 
2. Surrounding land form   : Slightly Undulating 
3. Slope on which profile site  : 4%  Aspect: 320 Azimuth 
Land use    : Secondary Mixed Deciduous Forest  
Annual rainfall    : Approximately 1,222 mm 
Mean temperature   : Approximately 27.0oC 
Climate    : Tropical Savanna 
Other     : - 

 
II General information on the soil 

Parent material    : Colluvium of sandstone 
Drainage    : Well drained 
Permeability    : Rapid 
Runoff     : Moderate 
Depth of groundwater   : Deeper than > 80 cm at time of sampling 
 

III Profile description 
Horizon         Depth (cm)    Description 

 
A1                0-10 Dark reddish brown (5YR 2.5/2); sandy loam; weak fine subangular 

blocky structure; soft dry, very friable moist, non sticky and non plastic; 
few very fine coated sands; many very fine vesicular pores; many very 
fine, fine and common medium roots; few traces of dead roots; slightly 
acid (field pH 6.5); abrupt and smooth boundary to A2 

A2               10-22 Yellowish red (5YR 4/6); sandy loam; weak fine subangular blocky 
structure; soft dry, very friable moist, non sticky and slightly plastic; few 
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faint clay coating on faces of peds and clay bridges between sand grains, 
few very fine coated sands; many very fine and few fine vesicular pores; 
many very fine, fine and common medium roots; few traces of dead 
roots; very strongly acid (field pH 5.0); clear and smooth boundary to Bt 

Bt                22-41 Red (2.5YR 4/8); sandy clay loam; moderately weak fine and medium 
subangular blocky structure; slightly hard dry, firm moist, slightly sticky 
and slightly plastic; common on faint clay coating on faces of ped, 
surfaces of rock fragments and clay bridges between sand grains; many 
very fine and common fine vesicular pores; many very fine, common 
fine and few medium roots; few traces of dead roots; few very fine 
coated sands; many small to large angular stones and boulders of slightly 
weathered and fresh sandstone; extremely acid (field pH 4.5); clear and 
smooth boundary to Btc 

Btc             41-60 Red (2.5YR 4/8); very gravelly sandy clay loam; moderately weak fine 
subagular blocky structure; slightly hard dry, firm moist, slightly sticky 
and slightly plastic; common distinct clay coating on faces of ped, 
surfaces of rock fragments and clay bridges between sand grains; 
common very fine and fine vesicular pores; common very fine, fine, 
coarse and few medium roots; few traces of dead roots; few very fine 
coated sands; many small to large angular gravel, stones and boulders of 
slightly weathered and fresh sandstone; common fine and medium 
subrounded Fe-Mn nodules; many large angular boulders of weathered 
sandstone underneath Btc horizon; very strongly acid (field pH 5.0). 
 

Sakaerat 2 
 

I  Information on the site 
Profile symbol    : Skr-2 
Soil name    : - 
Classification   : Lithic Haplustult 
Date of examination   : October 27, 2010 
Described by    : Somchai Anusontpornperm, Suphicha Thanachit, Woranan Sonkanha,  

Narissara Suksawat, Nipat Thanimmarn, Naruedon Poviang, Wanrapee 
Suwanprapa, Walailuck Saikaew, Yuttakarn Kaewkaemthong, Jeeranut 
Hongjaturun, Jeerawan Promma, Piyavut Pomthong. 

Location    : Sakaerat Environmental Research Station, Tambon Udomsup,  
Amphoe Wang Nam Kheo, Changwat Nakhon Ratchsima. 

Elevation    : Approximately 327.5 m (MSL) 
Map sheet number  : 5338 II-53371 I Coordination: 47P0816784E,160 6020N 

 
Landform 
1. Physiographic position   : Upper lower Footslope 
2. Surrounding land form   : Undulating 
3. Slope on which profile site  : 6%  Aspect: 350 Azimuth 
Land use    : Dry Dipterocrap Forest mainly covered with Ya Pek (Arundinaria   

pusilla Cheval & A. Camus) 
Annual rainfall    : Approximately 1,222 mm 
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Mean temperature   : Approximately 27.0oC 
Climate    : Tropical Savanna 
Other     : - 

 
II General information on the soil 

Parent material    : Colluvium of sandstone 
Drainage    : Well drained 
Permeability    : Moderate 
Runoff     : Rapid 
Depth of groundwater   : Deeper than > 40 cm at time of sampling 

 
III Profile description 
Horizon         Depth (cm)    Description 

 
A1             0-11 Very dark grayish brown (10YR 3/2); very fine sandy loam; moderately 

weak fine subangular blocky structure; soft dry, friable moist, slightly 
sticky and moderately plastic; many very fine, common very fine 
vesicular pores; many very fine, common fine and very few medium 
roots; few very fine coated sands; common traces of dead roots; few 
medium to large angular gravel of weathered and fresh sandstone; 
slightly acid (field pH 6.5); abrupt and smooth boundary to A2 

A2            11-22 Strong brown (7.5YR 4/6); very fine sandy clay loam; moderate fine and 
medium roots subangular blocky structure; soft dry, friable moist, 
moderate sticky and very plastic; few faint clay coating on faces of peds; 
few very fine coated sands; common very fine and fine vesicular pores; 
many very fine, fine and very few medium roots; few traces of dead 
roots; common traces of dead roots, common large angular gravel and 
small to medium angular stones of weathered and fresh sandstone; very 
strongly acid (field pH 5.0); abrupt and smooth boundary to Btc 

Btc           22-40 Strong brown (7.5YR 5/6) (95%) mixed with red (2.5YR 4/8) (5%); very 
fine sandy clay loam; moderately fine and medium subangular blocky 
structure; slightly hard dry, firm moist, moderate sticky and very plastic; 
many distinct clay coating on faces of peds, surfaces of rock fragments 
and clay bridges between sand grains; few very fine coated sands; 
common very fine, few fine vesicular and few very fine simple tubular 
pores; common very fine and fine roots; common traces of dead roots; 
many various sizes of weathered sandstone rock fragments; many large 
angular boulders of weathered sandstone underneath Btc horizon; 
moderately acid (field pH 6.0);  
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Sakaerat 3 
 

I  Information on the site 
Profile symbol    : Skr-3 
Soil name    : - 
Classification   : Haplic Plinthustult 
Date of examination   : October 26, 2010 
Described by    : Somchai Anusontpornperm, Suphicha Thanachit, Woranan Sonkanha,  

Narissara Suksawat, Nipat Thanimmarn, Naruedon Poviang, Wanrapee 
Suwanprapa, Walailuck Saikaew, Yuttakarn Kaewkaemthong, Jeeranut 
Hongjaturun, Jeerawan Promma, Piyavut Pomthong. 

Location    : Sakaerat Environmental Research Station, Tambon Udomsup, 
Amphoe Wang Nam Kheo, Changwat Nakhon Ratchsima. 

Elevation    : Approximately 417 m (MSL) 
Map sheet number  : 5338 II-5337 I Coordination: 47P 0816066E, 160 5460N 
 
Landform 
1. Physiographic position   : Upper middle Footslope 
2. Surrounding land form   : Undulating 
3. Slope on which profile site  : 4%  Aspect: 71 Azimuth 
Land use    : Dry Dipterocrap Forest  
Annual rainfall    : Approximately 1,222 mm 
Mean temperature   : Approximately 27.0oC 
Climate    : Tropical Savanna 
Other     : - 

 
II General information on the soil 

Parent material    : Colluvium of sandstone 
Drainage    : Well drained 
Permeability    : Moderate 
Runoff     : Moderate 
Depth of groundwater   : Deeper than > 60 cm at time of sampling 

 
III Profile description 
Horizon         Depth (cm)    Description 

 
A                   0-17 Dark reddish brown (5YR 3/3); very fine sandy loam; weak very fine 

and fime subangular blocky structure; soft dry, very friable moist, non 
sticky and slightly plastic; few very fine coated sands; many very fine 
vesicular and few fine simple tubular pores; many very fine, common 
fine, medium and very few coarse roots; common traces of dead root; 
few large gravel of ironstone; very strongly acid (field pH 5.0); clear and 
smooth boundary to Bt 

Bt               17-40 Reddish brown (5YR 4/4); slightly gravelly very fine sandy loam; weak 
very fine and fine subangular blocky structure; soft dry, very friable 
moist, non sticky and slightly plastic; few faint clay coating on faces of 
peds; few very fine coated sands; many very fine and very few fine 
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vesicular pores; many very fine, common fine, medium and few coarse 
roots; few traces of dead roots common large gravel of ironstone; many 
large angular boulders of slightly weathered and fresh sandstone; 
moderately acid (field pH 6.0); clear and smooth boundary to Btc 

Btc               40-60 Reddish brown (5YR 4/4); very gravelly very fine sandy clay loam; 
moderately weak fine and medium subangular blocky structure; soft dry, 
very friable moist, slightly sticky and slightly plastic; common faint clay 
coating on faces of peds and clay bridges between sand grains; few very 
fine coated sands; common fine vesicular and few fine simple tubular 
pores; many very fine, common fine and medium roots; many small to 
large gravel of ironstone and Fe-Mn oxide nodule; many large angular 
boulders of weathered sandstone underneath Btc horizon; strongly acid 
(field pH 5.5). 

 
Sakaerat 4 

 
I  Information on the site 

Profile symbol    : Skr-4 
Soil name    : - 
Classification   : Kanhaplic Haplustult 
Date of examination   : October 26, 2010 
Described by    : Somchai Anusontpornperm, Suphicha Thanachit, Woranan Sonkanha,  

Narissara Suksawat, Nipat Thanimmarn, Naruedon Poviang, Wanrapee 
Suwanprapa, Walailuck Saikaew, Yuttakarn Kaewkaemthong, Jeeranut 
Hongjaturun, Jeerawan Promma, Piyavut Pomthong. 

Location    : Sakaerat Environmental Research Station, Tambon Udomsup,  
Amphoe Wang Nam Kheo, Changwat Nakhon Ratchsima. 

Elevation    : Approximately 428.4 m (MSL) 
Map sheet number  : 5338 II-5337 I Coordination: 47P 0815876E, 160 5285N 
 
Landform 
1. Physiographic position   : Concave footslope 
2. Surrounding land form   : Slightly Undulating 
3. Slope on which profile site  : 2%  Aspect: 160 Azimuth 
Land use    : Ecotone with Dry Dipterocrap mixed with dry evergreen species 
Annual rainfall    : Approximately 1,222 mm 
Mean temperature   : Approximately 27.0oC 
Climate    : Tropical Savanna 
Other     : Few large angular sandstone rock boulders on the surface 

 
II General information on the soil 

Parent material    : Colluvium of sandstone 
Drainage    : Well drained 
Permeability    : Rapid 
Runoff     : Moderate 
Depth of groundwater   : Deeper than > 105 cm at time of sampling 
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III Profile description 
Horizon         Depth (cm)    Description 

 
A1                0-13 Very dusky red (2.5YR 2.5/2); very fine sandy loam; moderately weak 

very fine and fime subangular blocky structure; soft dry, very friable 
moist, slightly sticky and moderate plastic; few very fine coated sands; 
many very fine, few fine and very few medium vesicular pores; many 
very fine, fine and medium roots; few traces of dead roots; moderately 
acid (field pH 6.0); abrupt and smooth boundary to A2 

A2                13-29 Reddish brown (2.5YR 4/4); very fine sandy loam; moderately weak 
very fine and fine subangular blocky structure; soft dry, friable moist, 
slightly sticky and moderate plastic; few very fine coated sands; many 
very fine vesicular pores; many very fine, fine, medium and few coarse 
roots; few traces of dead roots; moderately acid (field pH 6.0); abrupt 
and smooth boundary to Bt1 

Bt1               29-53 Red (2.5YR 4/6); very fine sandy clay loam; moderately fine and 
medium subangular blocky structure; slightly hard dry, firm moist, 
moderate sticky and very plastic; few faint clay coating on faces of peds 
and pore walls; few very fine coated sands; few very fine and common 
fine vesicular pores; common very fine, medium coarse and many fine 
roots; few small Fe-Mn oxide nodules, few traces of dead roots; slightly 
acid (field pH 6.5); clear and smooth boundary to Bt2 

Bt2               53-79 Red (2.5YR 4/8); very fine sandy clay loam; moderately fine and 
medium subangular blocky structure; slightly hard dry, firm moist, 
moderate sticky and very plastic; common faint clay coating on faces of 
peds and pore walls; few very fine coated sands; common very fine and 
fine vesicular pores; many medium, coarse, common fine and few very 
fine roots; few small mixed Fe-Mn oxide nodules, few traces of dead 
roots; slightly acid (field pH 6.5); gradual and smooth boundary to Bt3 

Bt3               79-105 Red (2.5YR 5/8); very fine sandy clay loam; moderately fine and 
medium subangular blocky structure; slightly hard dry, firm moist, 
moderate sticky and very plastic; common faint clay coating on faces of 
peds and pore walls; few very fine coated sands; common very fine and 
fine vesicular pores; common very fine, fine and medium roots; few 
medium subrounded Fe-Mn oxide nodules; many large angular boulders 
of weathered sandstone underneath Bt3 horizon; slightly acid (field pH 
6.5). 
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Sakaerat 5 
 

I  Information on the site 
Profile symbol    : Skr-5 
Soil name    : - 
Classification   : Haplic Plinthustult 
Date of examination   : October 27, 2010 
Described by    : Somchai Anusontpornperm, Suphicha Thanachit, Woranan Sonkanha,  

Narissara Suksawat, Nipat Thanimmarn, Naruedon Poviang, Wanrapee 
Suwanprapa, Walailuck Saikaew, Yuttakarn Kaewkaemthong, Jeeranut 
Hongjaturun, Jeerawan Promma, Piyavut Pomthong. 

Location    : Sakaerat Environmental Research Station, Tambon Udomsup,  
Amphoe Wang Nam Kheo, Changwat Nakhon Ratchsima. 

Elevation    : Approximately 389.4 m (MSL) 
Map sheet number  : 5338 II-5337 I Coordination: 47P 0815833E, 160 5241N 

 
Landform 
1. Physiographic position   : Convex footslope 
2. Surrounding land form   : Undulating 
3. Slope on which profile site  : 5%  Aspect: 72 Azimuth 
Land use    : Secondary Dry Evergreen Forest 
Annual rainfall    : Approximately 1,222 mm 
Mean temperature   : Approximately 27.0oC 
Climate    : Tropical Savanna 
Other     : Few large angular sandstone rock boulders on the surface 
 

II General information on the soil 
Parent material    : Colluvium of sandstone 
Drainage    : Well drained 
Permeability    : Rapid 
Runoff     : Moderate 
Depth of groundwater   : Deeper than > 70 cm at time of sampling 

 
III Profile description 
Horizon         Depth (cm)    Description 

 
A1                0-13 Dark reddish brown (5YR 3/2); very fine sandy loam; moderately weak 

fine subangular blocky structure; soft dry, friable moist, slightly sticky 
and slightly plastic; few very fine coated sands; many very fine and fine 
vesicular pores; many very fine, fine and medium roots; many traces of 
dead roots; slightly acid (field pH 6.5); clear and smooth boundary to A2 

A2             13-26 Reddish brown (5YR 4/4); very fine sandy loam; moderate fine and 
medium subangular blocky structure; slightly hard dry, firm moist, 
slightly sticky and moderate plastic; few very fine coated sands; many 
very fine and fine vesicular pores; many very fine, fine and medium 
roots; few traces of dead roots; few medium gravel of ironstones; 
strongly acid (field pH 5.5); abrupt and smooth boundary to Bt 
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Bt              26-44 Yellowish red (5YR 4/6); very fine sandy clay loam; strong fine and 
medium subangular blocky structure; slightly hard dry, firm moist, 
moderate sticky and very plastic; many distinct clay coating on faces of 
peds, surfaces of rock fragments and Fe-Mn oxide nodule; few very fine 
coated sands; few very fine and fine vesicular pores; common very fine, 
medium and many fine roots; few small angular stones of weathered 
sandstone, few; extramely acid (field pH 4.5); abrupt and smooth 
boundary to Btc 

Btc              44-70 Yellowish red (5YR 4/6); very gravelly very fine sandy clay loam; 
moderately fine subangular blocky structure; slightly hard dry, firm 
moist, moderate sticky and moderate plastic; many distinct clay coating 
on faces of peds rock and surfaces of Fe-Mn oxide nodule; few very fine 
coated sands; many very fine and few fine vesicular pores; common very 
fine and few very fine roots; many Fe-Mn oxide nodules, many small to 
large angular stones of weathered sandstone; many Fe-Mn oxide nodules 
mixed with weathered sandstone stones and boulders of underneath Btc 
horizon; very strongly acid (field pH 5.0). 

 
Sakaerat 6 

 
I  Information on the site 

Profile symbol    : Skr-6 
Soil name    : - 
Classification   : Typic Haplustult 
Date of examination   : October 27, 2010 
Described by    : Somchai Anusontpornperm, Suphicha Thanachit, Woranan Sonkanha,  

Narissara Suksawat, Nipat Thanimmarn, Naruedon Poviang, Wanrapee 
Suwanprapa, Walailuck Saikaew, Yuttakarn Kaewkaemthong, Jeeranut 
Hongjaturun, Jeerawan Promma, Piyavut Pomthong. 

Location    : Sakaerat Environmental Research Station, Tambon Udomsup,  
Amphoe Wang Nam Kheo, Changwat Nakhon Ratchsima. 

Elevation    : Approximately 414.3 m (MSL) 
Map sheet number  : 5338 II-5337 I Coordination: 47P 0815446E, 160 5556N 
 
Landform 
1. Physiographic position   : Erosinal surface of footslope 
2. Surrounding land form   : Rolling 
3. Slope on which profile site  : 15%  Aspect: 332 Azimuth 
Land use    : Secondary Dry Evergreen Forest 
Annual rainfall    : Approximately 1,222 mm 
Mean temperature   : Approximately 27.0oC 
Climate    : Tropical Savanna 
Other     : Many large angular boulders of sandstone rock on the surface 
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II General information on the soil 
Parent material    : Colluvium of sandstone 
Drainage    : Well drained 
Permeability    : Moderate 
Runoff     : Moderate 
Depth of groundwater   : Deeper than > 55 cm at time of sampling 

 
III Profile description 
Horizon         Depth (cm)    Description 

 
A                0-18 Dark gray (5YR 4/1) (40%) mixed with (5YR 6/6) (60%); very fine 

sandy loam; moderate fine subangular blocky structure; slightly hard 
dry, firm moist, slightly sticky and very plastic; few very fine coated 
sands; many very fine and fine vesicular pores; common very fine, many 
fine, medium and coarse roots; many traces of dead roots, few medium 
to large angular stones of weathered sandstone; neutral (field pH 7.0); 
clear and smooth boundary to Bt1 

Bt1             18-34 Yellowish red (5YR 5/8); very fine sandy loam; moderate fine 
subangular blocky structure; slightly hard dry, firm moist, slightly sticky 
and very plastic; many distinct clay coating on faces of peds; few very 
fine coated sands; many very fine and few fine vesicular pores; common 
very fine, many fine, medium and coarse roots; few traces of dead roots; 
few medium angular stones of weathered sandstone, strongly acid (field 
pH 5.5); clear and smooth boundary to Bt2 

Bt2             34-55 Yellowish red (5YR 5/6); very fine sandy clay loam; moderate very fine 
and fine subangular blocky structure; soft dry, firm moist, moderate 
sticky and very plastic; common distinct clay coating on faces of peds; 
few very fine coated sands; common very fine vesicular pores; common 
fine, few very fine, medium and coarse roots; few traces of dead roots; 
few small Fe-Mn oxide nodules; common medium large angular gravel 
of weathered sandstone; many very large angular boulders of weathered 
sandstone lying underneath Bt2 horizon;.very strongly acid (field pH 
5.0). 

 
Sakaerat 7 

 
I  Information on the site 

Profile symbol    : Skr-7 
Soil name    : - 
Classification   : Typic Plinthustalf 
Date of examination   : October 27, 2010 
Described by    : Somchai Anusontpornperm, Suphicha Thanachit, Woranan Sonkanha,  

Narissara Suksawat, Nipat Thanimmarn, Naruedon Poviang, Wanrapee 
Suwanprapa, Walailuck Saikaew, Yuttakarn Kaewkaemthong, Jeeranut 
Hongjaturun, Jeerawan Promma, Piyavut Pomthong. 
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Location    : Sakaerat Environmental Research Station, Tambon Udomsup,  
Amphoe Wang Nam Kheo, Changwat Nakhon Ratchsima. 

Elevation    : Approximately 488 m (MSL) 
Map sheet number  : 5338 II-5337 I Coordination: 47P 0814585E, 160 4947N 

 
Landform 
1. Physiographic position   : Lower footslope 
2. Surrounding land form   : Rolling 
3. Slope on which profile site  : 10%  Aspect: 190 Azimuth 
Land use    : Dry Evergreen Forest 
Annual rainfall    : Approximately 1,222 mm 
Mean temperature   : Approximately 27.0oC 
Climate    : Tropical Savanna 
Other     : - 

 
II General information on the soil 

Parent material    : Colluvium of sandstone 
Drainage    : Well drained 
Permeability    : Moderate 
Runoff     : Rapid 
Depth of groundwater   : Deeper than > 175 cm at time of sampling 

 
III Profile description 
Horizon         Depth (cm)    Description 

 
A1                0-11 Brown (7.5YR 5/3); very fine sandy clay loam; moderate fine and 

medium subangular blocky structure; slightly hard dry, firm moist, 
moderate sticky and very plastic; few very fine coated sands; many very 
fine and few fine vesicular pores; many very fine, fine and few medium 
roots; A large holes of termite nest, few traces of dead roots; strongly 
acid (field pH 5.5); clear and smooth boundary to A2 

A2               11-26 Brown (7.5YR 5/4) (80%) mixed with brown (7.5YR 5/3) (20%); very 
fine sandy clay loam; moderate and medium subangular blocky 
structure; slightly hard dry, firm moist, moderate sticky and very plastic; 
few very fine coated sands; many very fine vesicular pores; many very 
fine, common fine and few medium roots; A large hole of termite nest, 
few traces of dead roots; moderately acid (field pH 6.0); clear and 
smooth boundary to Bt1 

Bt1               26-48 Reddish brown (5YR 5/4); very fine sandy clay loam; moderate medium 
subangular blocky structure; slightly hard dry, firm moist, moderate 
sticky and very plastic; common distinct clay coating on faces of peds 
and pore walls; few very fine coated sands; common very fine, fine and 
few very fine single tubular pores; common very fine, fine and medium 
roots; few traces of dead roots; few traces of rock fragment; strongly 
acid (field pH 5.5); clear and smooth boundary to Bt2 

Bt2               48-76 Yellowish red (5YR 4/6); very fine sandy clay; moderate fine and 
medium subangular blocky structure; slightly hard dry, firm moist, very 
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sticky and very plastic; many distinct clay coating on faces of peds and 
pore walls; few very fine coated sands; few very fine, fine vesicular and 
few very fine simple and dendrite tubular pores; common very fine, fine 
and few medium roots; few traces of dead roots, few medium Fe-Mn 
oxide nodule; few very fine krotovinas; very strongly acid (field pH 5.0); 
clear and smooth boundary to Bt3 

Bt3               76-109 Reddish brown (2.5YR 4/3) (70%) mixed with (7.5YR 6/3) (30%); very 
fine sandy clay; moderate fine subangular blocky structure; slightly hard 
dry, firm moist, very sticky and very plastic; many prominent clay 
coating on faces of peds and pore walls; few very fine coated sands; few 
very fine, fine vesicular and few very fine simple and dendrite tubular 
pores; few very fine, fine and medium roots; few traces of dead roots, 
few small to medium Fe-Mn oxide nodules; very strongly acid (field pH 
5.0); clear and smooth boundary to Btc1 

Btc1            109-120 Weak red (10R 4/4) (60%) mixed with (7.5YR 7/4) (40%); very gravelly 
fine sandy clay; strong fine subangular blocky structure; hard dry, very 
firm moist, very sticky and very plastic; common distinct clay coating on 
faces of peds, pore walls and surfaces of Fe-Mn oxide nodules; few very 
fine coated sands; few very fine, fine vesicular and very fine simple 
tubular pores; few very fine and fine roots; common traces of dead roots, 
many small to large Fe-Mn oxide nodules; very strongly acid (field pH 
5.0); abrupt and smooth boundary to Btc2 

Btc2             120-148 Pale red (10R 6/4) (30%) mixed with light brown(7.5YR 6/4) (70%); 
very gravelly very fine sandy clay; strong fine and medium subangular 
blocky structure; hard dry, very firm moist, very sticky and very plastic; 
many prominent clay coating on faces of peds, pore walls and surfaces of 
Fe-Mn oxide nodules; few very fine coated sands; few very fine, fine 
vesicular and very fine simple tubular pores; few very fine, fine and 
medium roots; common traces of dead roots, many small to large Fe-Mn 
oxide nodules; slightly acid (field pH 6.5); clear and smooth boundary to 
Bvg 

Bvg              148-175+ Red (10R 4/6) (40%) mixed with pinkish gray (5YR 6/2) (40%) and light 
red (10R 6/6) (20%); very gravelly very fine sandy clay; strong fine and 
medium subangular blocky structure; hard dry, very firm moist, very 
sticky and very plastic; many prominent clay coating on faces of peds, 
pore walls and surfaces of Fe-Mn oxide nodules; few very fine coated 
sands; few very fine, fine vesicular and very fine simple tubular pores; 
few very fine, fine and medium roots; few large krotovinas few traces of 
dead roots, common small to medium Fe-Mn oxide nodules; common 
small angular boulders of weathered sandstone lying underneath Bvg 
horizon; neutral (field pH 7.0). 
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Sakaerat 8 
 

I  Information on the site 
Profile symbol    : Skr-8 
Soil name    : - 
Classification   : Typic Plinthustult  
Date of examination   : October 27, 2010 
Described by    : Somchai Anusontpornperm, Suphicha Thanachit, Woranan Sonkanha,  

Narissara Suksawat, Nipat Thanimmarn, Naruedon Poviang, Wanrapee 
Suwanprapa, Walailuck Saikaew, Yuttakarn Kaewkaemthong, Jeeranut 
Hongjaturun, Jeerawan Promma, Piyavut Pomthong. 

Location    : Sakaerat Environmental Research Station, Tambon Udomsup,  
Amphoe Wang Nam Kheo, Changwat Nakhon Ratchsima. 

Elevation    : Approximately 531 m (MSL) 
Map sheet number  : 5338 II-5337 I Coordination: 47P 0814581E, 160 4947N 

 
Landform 
1. Physiographic position   : Upper middle footslope 
2. Surrounding land form   : Undulating 
3. Slope on which profile site  : 8%  Aspect: 20 Azimuth 
Land use    : Dry Evergreen Forest 
Annual rainfall    : Approximately 1,222 mm 
Mean temperature   : Approximately 27.0oC 
Climate    : Tropical Savanna 
Other     : - 

 
II General information on the soil 

Parent material    : Colluvium of sandstone 
Drainage    : Well drained 
Permeability    : Rapid 
Runoff     : Moderate 
Depth of groundwater   : Deeper than > 200 cm at time of sampling 

 
III Profile description 
Horizon         Depth (cm)    Description 

 
A                0-14 Reddish yellow (5YR 6/8); very fine sandy loam; moderate fine 

subangular blocky structure; slightly hard dry, firm moist, slightly sticky 
and slightly plastic; few very fine coated sands; many very fine and 
common fine vesicular pores; common very fine, fine and medium roots; 
few traces of dead roots; strongly acid (field pH 5.5); clear and smooth 
boundary to Bt1 

Bt1           14-35 Yellowish red (5YR 5/8); very fine sandy loam; moderately weak and 
very fine and fine subangular blocky structure; soft dry, friable moist, 
slightly sticky and moderate plastic; common faint clay coating on faces 
of peds; few very fine coated sands; many very fine vesicular pores; 
common very fine and fine and medium roots; few traces of dead roots; 
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A very large hole of termite nest lining vertically from Bt1 to Bt3; 
strongly acid (field pH 5.5); gradual and smooth boundary to Bt2 

Bt2           35-60 Yellowish red (5YR 5/8); very fine sandy loam; moderate weak fine and 
medium subangular blocky structure; soft dry, friable moist, moderate 
sticky and very plastic; few faint clay coating on faces of peds; few very 
fine coated sands; many very fine and few fine vesicular pores; common 
very fine, fine and few medium roots; few traces of dead roots; few 
medium angular stones of weathered sandstone, few small Fe-Mn oxide 
nodules; very strongly acid (field pH 5.0); gradual and smooth boundary 
to Bt3 

Bt3         60-88/99 Yellowish red (5YR 5/8); very fine sandy clay loam; moderate fine and 
medium subangular blocky structure; slightly hard dry, firm moist, 
moderate sticky and very plastic; few faint clay coating on faces of peds; 
few very fine coated sands; many very fine and few fine vesicular pores; 
few very fine, fine and common medium roots; very strongly acid (field 
pH 5.0); abrupt and wavy boundary to Btc1 

Btc1         88/99-120 Yellowish red (5YR 5/8); very gravelly very fine sandy clay loam; 
moderate fine subangular blocky structure; slightly hard dry, firm moist, 
moderate sticky and very plastic; common distinct clay coating on faces 
of peds and surfaces of Fe-Mn oxide nodules; few very fine coated 
sands, ommon very fine and few fine vesicular pores; few very fine, fine 
and medium roots; few traces of dead roots; many fine to large Fe-Mn 
oxide nodules, many angular gravel of weathered sandstone; very 
strongly acid (field pH 5.0); clear and smooth boundary to Btc2 

Btc2            120-142 Yellowish red (5YR 5/8); very gravelly very fine sandy clay; moderate 
fine subangular blocky structure; slightly hard dry, firm moist, moderate 
sticky and very plastic; common distinct clay coating on faces of peds, 
surfaces of rock fragments and Fe-Mn oxide nodules; few very fine 
coated sands; common very fine and few fine vesicular pores; few very 
fine and medium roots; few traces of dead roots; many fine to large Fe-
Mn oxide nodules, many large angular gravel of weathered sandstone; 
very strongly acid (field pH 5.0); clear and smooth boundary to Btc3 

Btc3           142-165 Yellowish red (5YR 5/8); very gravelly very fine sandy clay; moderate 
fine subangular blocky structure; slightly hard dry, firm moist, moderate 
sticky and very plastic; many distinct clay coating on faces of peds, 
surfaces of rock fragments and Fe-Mn oxide nodules; few very fine 
coated sands; common very fine and few fine vesicular pores; few very 
fine and medium roots; few traces of dead roots; many fine to large Fe-
Mn oxide nodules, many large angular gravel of weathered sandstone; 
very strongly acid (field pH 5.0); clear and smooth boundary to Btc4 

Btc4          165-200+ Yellowish red (5YR 5/8); very gravelly very fine sandy clay; moderate 
fine subangular blocky structure; slightly hard dry, firm moist, moderate 
sticky and very plastic; many distinct clay coating on faces of peds, 
surfaces of rock fragments and Fe-Mn oxide nodules; few very fine 
coated sands; common very fine and few fine vesicular pores; few very 
fine and medium roots; few traces of dead roots; many fine to large Fe-
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Mn oxide nodules, many large angular gravel of weathered sandstone; 
very strongly acid (field pH 5.0). 
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Depth Horizon Particle size distribution Textural class Bulk 

density 
Hydraulic 

conductivity 

(cm)  sand silt clay  (Mg m-3) (cm hr-1) 

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

Skr-1  Haplic Plinthustult (Secondary Mixed Deciduous Forest) 
0-10 A1 718 219 62 Sandy loam 1.26 5.39 
10-22 A2 670 266 62 Sandy loam 1.42 6.69 
22-41 Bt1 641 237 120 Sandy loam 1.51 4.87 
41-60 Btc 635 302 62 Sandy loam 1.58 9.23 
Skr-2  Lithic Haplustult (Dry Dipterocarp Forest mainly covered with Ya Pek (Arundinaria pusilla)) 
0-11 A1 466 363 170 Loam 1.02 9.11 
11-22 A2 320 350 329 Clay Loam 1.41 8.81 
22-40 Bt 303 359 337 Clay Loam 1.50 39.53 
Skr-3  Haplic Plinthustult (Dry Dipterocarp Forest) 
0-17 A 549 225 225 Sandy clay loam 1.17 17.27 
17-40 Bt 510 310 179 Loam 1.45 54.65 
40-60 Btc 487 312 200 Loam 1.68 24.73 
Skr-4  Kanhaphic Haplustult (Ecotone with Dry Dipterocarp mixed with Dry Evergreen species) 
0-13 A1 447 314 208 Loam 1.15 23.93 
13-29 A2 441 383 175 Loam 1.22 12.34 
29-53 Bt1 402 309 287 Clay loam 1.43 6.88 
53-79 Bt2 421 278 300 Clay loam 1.48 5.50 
79-105 Bt3 400 330 269 Clay loam 1.52 2.88 
Skr-5  Haplic Plinthustult (Secondary Dry Evergreen Forest) 
0-13 A1 461 480 58 Sandy loam 1.20 6.71 
13-26 A2 386 463 150 Loam 1.18 4.62 
26-44 Bt 382 433 183 Loam 1.30 2.38 
44-70 Btc 372 435 191 Loam 1.56 1.16 
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Depth Horizon Particle size distribution Textural class Bulk 
density 

Hydraulic 
conductivity 

(cm)  sand silt clay  (Mg m-3) (cm hr-1) 

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

Skr-6  Typic Haplustult (Secondary Dry Evergreen Forest) 

0-18 A 373 505 120 Silt loam 1.43 5.44 
18-34 Bt1 365 326 308 Clay loam 1.48 2.07 
34-55 Bt2 311 296 391 Clay loam 1.55 1.38 
Skr-7  Typic Plinthustalf (Dry Evergreen Forest) 

0-11 A1 282 388 329 Clay loam 1.46 0.48 
11-26 A2 331 431 237 Loam 1.49 0.34 
26-48 Bt1 377 476 145 Loam 1.40 0.76 
48-76 Bt2 305 402 291 Clay loam 1.49 3.95 
76-109 Bt3 272 440 287 Clay loam 1.54 0.03 
109-120 Btc1 304 382 312 Clay loam 1.57 0.41 
120-148 Btc2 251 369 379 Clay loam 1.72 0.17 
148-175+ Bvg 267 345 387 Clay loam 1.82 0.06 
Skr-8  Typic Plinthustult (Dry Evergreen Forest) 

0-14 A1 350 332 316 Clay loam 1.22 42.81 
14-35 Bt1 310 368 320 Clay loam 1.45 17.00 
35-60 Bt2 403 350 245 Loam 1.54 66.05 
60-89/99 Bt3 240 626 133 Silt loam 1.43 8.96 
88/99-120 Btc1 229 170 600 Clay 1.40 2.30 
120-142 Btc2 254 241 504 Clay 1.64 2.68 
142-165 Btc3 369 130 500 Clay 1.72 3.32 
165-200+ Btc4 398 226 375 Clay loam 1.68 1.18 
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Depth Horizon pH 1:1 OM Total Available Extractable bases Sum Extr. CEC BS 
(cm)  H2O KCl  N P K Ca Mg K Na base acidity by sum NH4OAc  

    (-------g kg-1------) (-------mg kg-1-------) (----------------------------------cmolc kg-1 ---------------------------------------) (%) 
Skr-1  Haplic Plinthustult (Secondary Mixed Deciduous Forest) 

0-10 A1 5.5 4.7 32.16 1.33 0.17 40.59 5.39 1.77 0.10 0.50 7.77 2 9.76 10.50 79 

10-22 A2 5.0 3.7 7.22 0.49 0.09 17.79 0.76 0.69 0.05 0.37 1.87 4 5.86 4.50 32 

22-41 Bt1 5.1 3.6 6.88 0.42 0.11 17.86 0.46 0.51 0.05 0.17 1.19 6 7.19 9.25 17 

41-60+ Btc 5.2 3.6 8.60 0.56 0.07 22.29 0.77 0.08 0.06 0.17 1.08 4 5.08 10.25 21 
Skr-2  Lithic Haplustult (Dry Dipterocarp Forest mainly covered with Ya Pek (Arundinaria pusilla)) 

0-11 A1 5.1 4.1 32.68 1.05 0.04 114.28 2.19 2.24 0.29 0.10 4.82 6 10.82 12.25 44 

11-22 A2 5.5 3.5 20.47 0.95 0.02 80.58 1.64 2.58 0.21 0.15 4.58 15 19.57 15.00 23 

22-40 Bt 5.2 3.4 14.45 0.81 0.03 54.38 1.37 2.08 0.14 0.14 3.72 12 15.72 15.25 24 
Skr-3  Haplic Plinthustult (Dry Dipterocarp Forest) 

0-17 A 4.7 3.7 29.58 1.75 0.15 12.09 0.37 0.10 0.06 0.16 4.82 15 19.82 38.50 4 

17-40 Bt 4.9 3.8 12.97 0.84 0.07 12.42 0.07 0.03 0.03 0.11 4.58 8 12.57 7.50 3 

40-60 Btc 5 3.2 11.28 0.70 0.06 10.29 0.11 0.03 0.03 0.21 3.72 11 14.72 9.00 3 
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Depth Horizon pH 1:1 OM Total Available Extractable bases Sum Extr. CEC BS 

(cm)  H2O KCl  N P K Ca Mg K Na base acidity by sum NH4OAc  

      (------g kg-1-----) (-------mg kg-1-------) (--------------------------------------cmolc kg-1 --------------------------------------) (%)  

Skr-4  Kanhaphic Haplustult (Ecotone with Dry Dipterocarp mixed with Dry Evergreen species)       

0-13 A1 4.7 3.7 29.24 1.19 0.12 38.24 0.69 0.43 0.10 0.13 1.35 10 11.34 9.50 12 

13-29 A2 4.8 3.6 18.23 0.91 0.07 21.87 0.76 0.08 0.06 0.10 0.99 9 9.99 8.25 10 

29-53 Bt1 5 3.6 12.73 0.49 0.07 14.83 0.56 0.08 0.04 0.31 0.99 5 5.98 6.50 17 

53-79 Bt2 5 3.5 6.88 0.42 0.06 12.10 0.52 0.08 0.03 0.20 0.82 6 6.81 5.25 12 
79-105 Bt3 4.9 3.4 4.13 0.35 0.05 11.71 0.39 0.08 0.03 0.18 0.68 7 7.67 4.75 9 
Skr-5  Haplic Plinthustult (Secondary Dry Evergreen Forest)         

0-13 A1 4.8 4.1 23.74 0.77 0.15 126.51 1.90 1.56 0.32 0.32 4.10 23 27.10 13.50 15 

13-26 A2 4.8 3.4 19.61 1.05 0.07 62.33 0.31 0.61 0.16 0.24 1.31 7 8.31 8.50 16 
26-44 Bt 4.5 3.3 13.93 0.77 0.05 71.68 0.23 2.10 0.18 0.32 2.84 5 7.84 7.50 36 

44-70+ Btc 4.5 3.3 11.35 0.56 0.05 62.42 0.20 0.24 0.16 0.31 0.91 2 2.91 6.50 31 
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Depth Horizon pH 1:1 OM Total Available Extractable bases Sum Extr. CEC BS 

(cm)  H2O KCl  N P K Ca Mg K Na base acidity by sum NH4OAc  

   (-------g kg-1-----) (-------mg kg-1-------) (----------------------------------------cmolc kg-1 ------------------------------------) (%) 
Skr-6  Typic Haplustult (Secondary Dry Evergreen Forest)          

0-18 A 5.3 4.6 28.04 1.40 0.09 174.57 4.79 1.52 0.45 0.12 6.87 2 8.87 10.25 77 

18-34 Bt1 4.9 3.4 15.82 0.84 0.09 105.28 1.05 0.51 0.27 0.09 1.93 4 5.93 8.75 32 

34-55 Bt2 4.5 3.2 12.56 0.77 0.02 56.06 0.36 0.45 0.14 0.08 1.04 7 8.04 9.25 13 
Skr-7  Typic Plinthustalf (Dry Evergreen Forest)          

0-11 A1 5.8 4.8 25.28 1.55 0.03 71.27 6.46 1.70 0.18 0.40 8.74 4 12.74 12.00 69 

11-48 A2 5.5 3.5 20.64 1.22 0.03 64.05 1.66 0.99 0.16 0.47 3.28 2 5.28 7.25 62 

26-48 Bt1 5.2 3.6 20.30 1.05 0.05 154.42 1.44 1.23 0.40 0.70 3.76 4 7.76 8.25 48 

48-76 Bt2 5.1 3.4 9.12 0.56 0.01 62.78 2.35 1.19 0.16 0.32 4.02 2 6.02 7.75 67 

76-109 Bt3 5 3.4 8.26 0.63 0.03 83.90 1.88 1.13 0.22 0.40 3.63 1 4.63 8.00 78 

109-120 Btc1 4.9 3.4 6.88 0.56 0.03 98.44 2.21 1.35 0.25 0.16 3.98 1 4.98 9.25 80 

120-148 Btc2 5.3 3.9 5.50 0.56 0.01 100.87 5.25 1.87 0.26 0.18 7.55 3 10.55 11.25 71 

148-175+ Bvg 5.6 4.6 6.54 0.49 0.01 85.90 6.24 1.75 0.22 0.44 8.64 2 10.64 11.25 81 
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�����$��ก	,# 2  (���) 

 
Depth Horizon pH 1:1 OM Total Available Extractable bases Sum Extr. CEC BS 

(cm)  H2O KCl  N P K Ca Mg K Na base acidity by sum NH4OAc  

   (--------g kg-1-----) (-------mg kg-1------) (---------------------------------cmolc kg-1 --------------------------------) (%) 

Skr-8  Typic Plinthustult (Dry Evergreen Forest)          

0-14 A1 4.5 3.5 31.30 1.47 0.08 51.25 0.28 0.26 0.13 0.19 0.86 10 10.86 13.50 8 

14-35 Bt1 4.5 3.5 26.83 0.98 0.05 19.05 0.05 0.08 0.05 0.07 0.26 7 7.26 8.75 3 

35-60 Bt2 4.5 3.6 18.40 1.23 0.07 62.46 0.46 0.70 0.16 0.33 1.65 9 10.65 7.25 15 

60-89/99 Bt3 4.7 3.5 9.98 0.56 0.02 27.78 0.04 0.03 0.07 0.20 0.34 7 7.34 8.00 5 

88/99-120 Btc1 5.5 3.6 5.85 0.28 0.01 47.80 0.04 0.03 0.12 0.72 0.92 8 8.92 7.75 10 

120-142 Btc2 5.9 3.5 5.68 0.35 0.02 26.94 0.05 0.03 0.07 0.28 0.43 6 6.43 9.75 7 

142-165 Btc3 6.3 3.6 3.44 0.21 0.03 19.99 0.07 0.04 0.05 0.56 0.72 11 11.72 6.75 6 

165-200+ Btc4 5.8 3.6 4.13 0.28 0.01 15.75 0.08 0.04 0.04 0.17 0.33 9 9.33 7.75 4 
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Depth Horizon Fed Feo Fep Feo/Fed Ald Alo Alp Mnd Mno Mnp 
(cm) 

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

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

Skr-1  Haplic Plinthustult (Secondary Mixed Deciduous Forest) 
0-10 A1 14.0 1.09 0.52 0.08 2.4 0.82 1.33 0.670 0.693 0.189 
10-22 A2 16.7 1.08 0.73 0.06 2.9 0.96 1.22 0.318 0.157 0.078 
22-41 Bt1 18.7 1.15 0.73 0.06 3.0 0.90 1.00 0.297 0.370 0.055 
41-60+ Btc 22.6 1.25 0.60 0.06 3.2 0.97 0.94 0.345 0.167 0.059 
Skr-2  Lithic Haplustult (Dry Dipterocarp Forest mainly covered with Ya Pek (Arundinaria pusilla)) 
0-11 A1 25.2 4.35 1.77 0.17 3.6 0.95 1.30 0.188 0.099 0.058 
11-22 A2 33.1 5.37 3.94 0.16 6.1 1.81 2.39 0.031 0.023 0.013 
22-40 Bt 32.6 5.39 4.40 0.17 6.9 2.20 2.67 0.001 0.009 0.006 
Skr-3  Haplic Plinthustult (Dry Dipterocarp Forest) 
0-17 A 32.7 2.24 2.77 0.07 10.6 3.42 3.48 0.315 0.175 0.085 
17-40 Bt 35.1 1.97 2.69 0.06 12.4 4.42 3.79 0.356 0.188 0.068 
40-60 Btc 40.3 2.14 2.73 0.05 11.5 3.47 2.96 0.281 0.151 0.055 
Skr-4  Kanhaphic Haplustult (Ecotone with Dry Dipterocarp mixed with Dry Evergreen species) 
0-13 A1 26.5 1.62 1.13 0.06 5.9 1.86 1.74 0.207 0.106 0.066 
13-29 A2 30.5 1.73 1.83 0.06 5.9 1.59 1.89 0.121 0.053 0.028 
29-53 Bt1 40.0 1.63 1.40 0.05 5.9 1.40 1.39 0.099 0.041 0.015 
53-79 Bt2 33.7 1.63 1.01 0.05 5.6 1.27 1.06 0.101 0.040 0.012 
79-105 Bt3 31.1 1.32 0.66 0.04 4.7 1.03 0.84 0.103 0.042 0.013 
Skr-5  Haplic Plinthustult (Secondary Dry Evergreen Forest) 
0-13 A1 24.0 1.93 1.42 0.08 5.3 1.66 1.60 0.248 0.134 0.073 
13-26 A2 28.6 2.03 2.07 0.07 5.6 1.53 1.76 0.202 0.095 0.052 
26-44 Bt 32.2 2.22 2.10 0.07 5.7 1.27 1.56 0.086 0.038 0.017 
44-70+ Btc 41.0 1.87 2.87 0.05 6.2 1.21 1.63 0.131 0.037 0.019 
Skr-6  Typic Haplustult (Secondary Dry Evergreen Forest) 
0-18 A 28.7 1.75 1.70 0.06 5.30 1.53 1.59 0.998 1.049 0.198 
18-34 Bt1 34.8 2.06 1.70 0.06 5.39 1.30 1.08 0.232 0.098 0.035 
34-55 Bt2 41.1 2.28 2.34 0.06 6.00 1.38 1.76 0.212 0.085 0.028 
Skr-7  Typic Plinthustalf (Dry Evergreen Forest) 
0-11 A1 14.9 1.90 0.65 0.13 2.41 0.72 0.48 1.226 1.303 0.303 
11-26 A2 20.6 2.72 1.35 0.13 3.00 0.84 0.74 0.534 0.269 0.094 
26-48 Bt1 23.0 2.88 1.88 0.13 4.02 1.13 0.93 0.200 0.103 0.038 
48-76 Bt2 28.2 2.95 2.33 0.10 5.01 1.40 1.17 0.133 0.057 0.023 
76-109 Bt3 30.6 2.88 1.88 0.09 4.66 1.13 1.05 0.114 0.053 0.019 
109-120 Btc1 31.4 2.30 0.53 0.07 4.12 0.83 0.44 0.247 0.121 0.030 
120-148 Btc2 35.9 2.30 0.83 0.06 4.81 0.92 12.55 0.230 0.097 0.043 
148-175+ Bvg 35.7 2.36 0.66 0.07 3.98 0.69 6.74 0.410 0.208 0.031 
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Depth Horizon Fed Feo Fep Feo/Fed Ald Alo Alp Mnd Mno Mnp 
(cm) 

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

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

Skr-8  Typic Plinthustult (Dry Evergreen Forest) 
0-14 A1 59.8 1.71 2.23 0.03 9.99 1.58 2.96 0.101 0.042 0.025 
14-35 Bt1 61.7 1.65 2.61 0.03 10.70 1.78 1.02 0.084 0.030 0.009 
35-60 Bt2 67.6 1.26 2.23 0.02 11.49 1.50 2.67 0.050 0.009 0.002 
60-89/99 Bt3 71.2 1.21 0.57 0.02 10.42 1.40 1.74 0.043 0.005 0.006 
89/99-120 Btc1 80.3 1.73 0.83 0.02 11.05 1.37 1.69 0.053 0.007 0.004 
120-142 Btc2 90.6 0.96 0.06 0.01 11.99 1.41 1.28 0.082 0.010 0.002 
142-165 Btc3 87.9 0.95 0.01 0.01 11.41 1.23 0.97 0.145 0.041 0.008 
165-200+ Btc4 77.8 0.61 0.01 0.01 9.75 0.91 0.89 0.199 0.073 0.011 

 
���
���W Fed, Ald, Mnd = �ก���%�� dithionite-citrate-bicarbonate (DCB) 

Feo, Alo, Mno = �ก���%�� ammonium oxalate (pH 3.0) (AOE) 
Fep, Alp, Mnp = �ก���%�� 0.1 M sodium pyrophosphate (pH 10) (SPE) 
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Depth Horizon WSA1 WSA2 WSA3 WSA4 WSA5 WSA6 MWD 
(cm)   (----------------------------------g 100 g-1 soil----------------------------------) (mm) 

Skr-1  Haplic Plinthustult (Secondary Mixed Deciduous Forest) 
0-10 A1 43.87 7.29 5.13 7.96 28.24 7.50 2.42 
10-22 A2 30.81 11.24 7.64 7.07 31.92 11.32 1.85 
22-41 Bt1 9.38 10.35 8.95 13.90 53.80 3.63 0.84 
41-60+ Btc 4.85 6.14 6.33 11.44 60.10 11.15 0.54 
Skr-2  Lithic Haplustult (Dry Dipterocarp Forest mainly covered with Ya Pek (Arundinaria pusilla)) 
0-11 A1 37.87 17.51 16.74 13.08 9.11 5.69 2.35 
11-22 A2 41.01 19.39 15.89 10.99 8.15 4.57 2.52 
22-40 Bt 29.03 23.40 20.52 13.51 8.27 5.27 2.02 
Skr-3  Haplic Plinthustult (Dry Dipterocarp Forest) 
0-17 A 28.52 13.03 13.48 16.37 24.20 4.40 1.83 
17-40 Bt 41.32 9.20 8.19 13.09 24.05 4.15 2.36 
40-60 Btc 8.45 12.29 17.16 23.39 29.07 9.64 0.88 
Skr-4  Kanhaphic Haplustult (Ecotone with Dry Dipterocarp mixed with Dry Evergreen species) 

   0-13 A1 51.45 12.51 10.08 8.20 12.17 5.59 2.89 
13-29 A2 38.24 16.80 11.78 10.54 15.85 6.79 2.32 
29-53 Bt1 35.45 16.59 11.91 10.16 15.87 10.03 2.18 
53-79 Bt2 34.04 18.13 13.03 10.39 16.47 7.94 2.14 
79-105 Bt3 14.21 15.37 15.33 13.30 39.55 2.24 1.18 
Skr-5  Haplic Plinthustult (Secondary Dry Evergreen Forest) 

 0-13 A1 39.49 16.79 13.63 10.71 13.30 6.09 2.40 
13-26 A2 28.12 15.48 18.01 14.38 16.78 7.23 1.86 
26-44 Bt 7.95 13.66 18.07 26.53 21.77 12.03 0.88 
44-70+ Btc 7.67 8.52 10.10 17.48 51.55 4.68 0.75 
Skr-6  Typic Haplustult (Secondary Dry Evergreen Forest) 
0-18 A 30.05 16.84 18.03 15.18 13.94 5.97 1.97 
18-34 Bt1 24.19 13.32 13.81 15.31 28.78 4.58 1.62 
34-55 Bt2 12.51 7.08 10.41 23.07 43.36 3.57 0.97 
Skr-7  Typic Plinthustalf (Dry Evergreen Forest) 

   0-11 A1 49.30 10.93 10.10 7.93 14.76 6.98 2.76 
   11-26 A2 40.21 13.56 12.75 12.58 11.69 9.21 2.38 
   26-48 Bt1 19.60 12.75 16.13 19.87 27.81 3.84 1.42 
  48-76 Bt2 11.58 12.96 23.84 23.53 22.09 5.99 1.08 
  76-109 Bt3 6.89 12.88 18.93 24.60 27.82 8.88 0.83 
  109-120 Btc1 17.11 14.51 16.05 15.51 29.96 6.85 1.31 
  120-148 Btc2 15.61 15.53 18.83 16.60 23.24 10.19 1.26 
  148-175 Bvg 15.76 14.28 14.00 16.49 30.76 8.70 1.23 
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Depth Horizon WSA1 WSA2 WSA3 WSA4 WSA5 WSA6 MWD 
(cm)   (---------------------------------g 100 g-1 soil---------------------------------) (mm) 

Skr-8  Typic Plinthustult (Dry Evergreen Forest) 
 0-14  A1 51.30 16.45 11.98 8.28 7.61 4.38 2.95 
14-35  Bt1 31.97 16.60 16.52 14.44 13.74 6.72 2.05 
35-60  Bt2 14.78 13.28 17.24 18.81 31.79 4.11 1.20 
60-89/99  Bt3 9.01 10.86 14.01 20.01 43.51 2.60 0.87 
89/99-120  Btc1 14.16 12.33 13.44 15.76 42.08 2.21 1.13 
120-142  Btc2 23.77 11.53 10.61 13.64 30.55 9.90 1.55 
142-165  Btc3 19.79 11.07 12.42 16.16 32.08 8.48 1.37 
165-200  Btc4 14.14 10.11 12.17 17.25 34.26 12.07 1.08 

 

���
���W WSA1 = water stable aggregate  2-8 mm 
WSA2 = water stable aggregate  1-2 mm 
WSA3 = water stable aggregate  0.5-1 mm 
WSA4 = water stable aggregate  0.25-0.5 mm 
WSA5 = water stable aggregate  0.1-0.25 mm 
WSA6 = water stable aggregate smaller than 0.1 mm 
MWD = mean-weight diameter 



    129 

 

 

�����$��ก	,# 5  "����I������	��	�����!	������	������	� �����
T	�� 
 

Depth Horizon Soil organic carbon 

  
WSA1 WSA2 WSA3 WSA4 WSA5 WSA6 

(cm)   (--------------------------------------- g kg-1--------------------------------------) 
Skr-1  Haplic Plinthustult (Secondary Mixed Deciduous Forest) 
0-10 A1 13.17 15.69 19.29 19.06 10.56 15.20 
10-22 A2 4.45 4.26 4.45 5.62 3.49 6.39 
22-41 Bt1 3.29 3.29 3.68 3.20 3.49 4.65 
41-60+ Btc 2.81 3.29 4.02 3.10 5.62 4.55 
Skr-2  Lithic Haplustult (Dry Dipterocarp Forest mainly covered with Ya Pek (Arundinaria pusilla)) 
0-11 A1 16.08 28.94 19.29 19.29 16.08 14.91 
11-22 A2 14.91 15.50 15.69 15.30 14.53 12.98 
22-40 Bt 13.27 12.98 13.17 13.17 12.78 11.14 
Skr-3  Haplic Plinthustult (Dry Dipterocarp Forest) 
0-17 A 19.29 15.88 18.59 18.13 19.18 20.34 
17-40 Bt 14.33 13.95 15.69 14.53 13.17 19.37 
40-60 Btc 9.53 12.19 12.98 11.23 9.49 12.78 
Skr-4  Kanhaphic Haplustult (Ecotone with Dry Dipterocarp mixed with Dry Evergreen species) 
0-13 A1 9.53 15.50 19.06 17.43 19.29 16.08 
13-29 A2 10.27 10.27 11.43 11.23 10.07 10.85 
29-53 Bt1 6.20 6.97 7.75 7.55 7.36 6.97 
53-79 Bt2 6.00 5.42 6.78 6.78 5.42 6.97 
79-105 Bt3 4.26 3.87 4.07 4.07 4.07 4.65 
Skr-5  Haplic Plinthustult (Secondary Dry Evergreen Forest) 
0-13 A1 14.53 14.72 19.06 19.29 14.14 13.75 
13-26 A2 10.85 10.85 13.95 13.36 10.07 8.91 
26-44 Bt 7.36 7.75 7.94 6.97 5.81 6.78 
44-70+ Btc 6.78 8.13 8.91 8.13 6.39 6.78 
Skr-6  Typic Haplustult (Secondary Dry Evergreen Forest) 
0-18 A 15.11 14.91 14.53 13.56 11.43 12.40 
18-34 Bt1 5.42 6.20 7.17 6.39 5.42 5.23 
34-55 Bt2 5.81 6.20 6.20 5.42 4.65 4.45 
Skr-7  Typic Plinthustalf (Dry Evergreen Forest) 
 0-11 A1 11.82 12.98 15.11 15.69 12.78 9.68 
11-26 A2 4.84 5.04 5.04 5.42 4.65 4.07 
26-48 Bt1 6.20 5.23 5.23 4.07 3.49 3.68 
48-76 Bt2 6.20 6.20 4.45 4.45 3.29 6.20 
76-109 Bt3 5.04 4.26 4.07 4.07 3.49 3.29 
109-120 Btc1 4.26 3.68 3.20 2.81 2.13 3.00 
120-148 Btc2 4.94 3.78 3.20 2.91 2.61 2.42 
148-175 Bvg 3.49 3.10 3.29 2.71 1.94 1.94 
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Depth Horizon Soil organic carbon 

  
WSA1 WSA2 WSA3 WSA4 WSA5 WSA6 

(cm)   (--------------------------------------- g kg-1--------------------------------------) 
Skr-8  Typic Plinthustult (Dry Evergreen Forest) 
 0-14  A1 19.29 19.29 18.59 19.06 13.95 11.43 
14-35  Bt1 14.14 14.33 13.75 13.95 11.62 12.01 
35-60  Bt2 6.00 6.00 6.78 6.20 5.04 5.81 
60-89/99  Bt3 4.45 4.45 4.26 3.97 2.61 4.84 
89/99-120  Btc1 3.49 4.07 4.26 3.68 3.68 4.45 
120-142  Btc2 1.94 2.13 2.03 2.23 2.52 2.71 
142-165  Btc3 1.74 1.74 2.13 2.32 1.74 2.52 
165-200  Btc4 1.94 1.94 2.13 2.52 2.32 2.52 

 
���
���W WSA1 = water stable aggregate  2-8 mm 

WSA2 = water stable aggregate  1-2 mm 
WSA3 = water stable aggregate  0.5-1 mm 
WSA4 = water stable aggregate  0.25-0.5 mm 
WSA5 = water stable aggregate  0.1-0.25 mm 
WSA6 = water stable aggregate smaller than 0.1 mm 
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�����$��ก	,# 6  ก������ก�H��T���	U����	 (����, 2552; Soil Survey Division Staff, 1993) 
 

General Terms  Texture class 

Sandy soils Croase texture Sands (coarse sand, fine sand, very fine 
sand), Loamy sands (loamy coarse sand, 
loamy sand, loamy fine sand and loamy 
very fine sand) 

Loamy soils Moderately coarse-textured Coarse sandy loam, sandy loam, fine sandy 
loam 

 Medium-textured Very fine sandy loam, loams, silt loam and 
silt 

 Moderately fine-textured Clay loam, sandy clay loam, silty clay 
loam 

Clayey soils Fine textured Sandy clay, silty clay and clay 
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�����$��ก	,# 7 �กIN����� � ��'!(%!	ก��"�
���	�
������������|}��ก��T����	 
(	����X, 2529; OvNeal, 1952) 

 
Soil properties Range Rating 
Bulk density (Mg m-3) < 1.2 Very low 
 1.2 -1.4 Low 
 1.4-1.6 Moderate 
 1.6-1.8 Moderlately high 
 1.8-2.0 High 
 >2.0 Very high 
Saturateed hydraulic <0.125 Very slow 
conductivity (cm h-1) 0.125-0.50 Slow 
 0.50-2.00 Moderately slow 
 2.00-6.25 Moderate 
 6.25-12.50 Moderately rapid 
 12.50-25.00 Rapid 
 >25.00 Very rapid 

 
 

 

 

 

 

 

 

 



    133 

 

 

�����$��ก	,# 8 T%�& �ก������ � ��'!(%!	ก��"�
���	�
���������������� ��
ก��"�
���	���� 
�H�����Q�I�T����	 (Land Classification Division ��
 FAO Project Staff, 
1973; Soil Survey Division Staff, 1993) 

 
8.1  ����(��	 (soil reaction), pH (��	 : 	 �� = 1:1) 
 

Rating Range 
Ultra acid < 3.5 
Extremely acid 3.5-4.4 
Very strongly acid 4.5-5.0 
Strongly acid 5.1-5.5 
Moderately acid 5.6-6.0 
Slightly acid 6.1-6.5 
Neutral 6.6-7.3 
Slightly alkaline 7.4-7.8 
Moderately alkaline 7.9-8.4 
Strongly alkaline 8.5-9.0 
Very strongly alkaline > 9.0 

 
8.2  ��	��������H (organic matter) (% organic carbon x 1.724) 
 

Rating Range (g kg-1) 
Very Low < 5 
Low 5-10 
Moderately low 10-15 
Medium 15-25 
Moderately high 25-35 
High 35-45 
Very high > 45 
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8.3  "����I$	Y���&	��� (total nitrogen) 
 

Rating Range (g kg-1) 
Very Low < 1.0 
Low 1.0-2.0 
Medium 2.0-5.0 
High 5.0-7.5 
Very High > 7.5 

 
8.4  "����I|��|������'�"d	"�
Y�(	� (available P) (Bray II) 
 

Rating Range (mg kg-1) 
Very Low < 3 
Low 3-6 
Moderately low 6-10 
Medium 10-15 
Moderately high 15-25 
High 25-45 
Very high > 45 

 
8.5  "����IY�����i�����'�"d	"�
Y�(	� (available K) (1M NH4OAc at pH 7.0) 
 

Rating Range (mg kg-1) 
Very Low < 30 
Low 30-60 
Medium 60-90 
High 90-120 

Very High > 120 
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8.6  "����I��������'�ก��$�% (extractable bases) (1M NH4OAc at pH 7.0) 
 

Rating Range (cmolc kg-1) 
extr. Ca extr.Mg extr.K extr.Na extr. bases 

Very Low < 2.0 < 0.3 < 0.2 < 0.1 < 2.6 
Low 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6 
Medium 5-10 1.0-3.0 0.3-0.6 0.3-0.7 6.6-14.3 
High 10-20 3.0-8.0 0.6-1.2 0.7-2.0 14.3-31.2 
Very High > 20 > 8.0 > 1.2 > 2.0 > 31.2 

 
8.7  ����&H��ก�"��'�	���$���	 (CEC) 
 

Rating Range (cmolc kg-1) 
Very Low < 3 
Low 3-5 
Moderately low 5-10 
Medium 10-15 
Moderately High 15-20 
High 20-30 
Very High > 30 

 
8.8  �%���
������'������� (base saturation) 
 

Rating Range (%) 
Low <35 
Medium 35-75 
High >75 
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�����$��ก	,# 9  �กIN�ก�������
���"����I�J��ก����'�ก��$�% (	����X, 2529) 
 

Rating Extractable acidity (cmolc kg-1) 
Very low < 1.0 
Low 1.0-2.0 
Medium 2.0-5.0 
Moderately high 5.0 10.0 
High 10.0-20.0 
Very high > 20.0 

 
�����$��ก	,# 10 ��
�����
�	�
��������H�����Q�I�T����	 Y��ก��"�
���	&�กP�ก��

������
����	 (ก��� ���&��	, 2523) 
 

Fertility 
level 

Organic 
matter 

Base  
saturation 

Cation 
exchange 
capacity 

Available 
phosphorus 

Available 
potassium 

 (g kg-1) (%) (cmolc kg-1) (mg kg-1) (mg kg-1) 
Low < 15 < 35 < 10 < 10 < 60 

 (1) (1) (1) (1) (1) 
Medium 15-35 35-75 10-25 10-25 60-90 

 (2) (2) (2) (2) (2) 
High > 35 > 75 > 25 > 25 > 90 

 (3) (3) (3) (3) (3) 
 
���
���W  Fertility status of the soil used to numbers inparentheses in the table scores. Total is 7 

or less is considered low soil fertility. Total score between 8-12 is considered soil 
fertility is medium. Total score is 13 or more is considered high soil fertility. 
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