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Abstract

An overlay of cattle manure compost, several centimeters thick, on a lowland soil-column with

a depth of ,. cm, and watering at a rate of -3mm a day resulted in significant reduction of

water-percolation in one or two weeks. With watering, large amounts of dissolved or dispersed

organic matter and K�were released from the compost. The K� was exchanged with Ca,� in the

soil column and the degree of Ca,�-saturation of the organic matter increased with downward

movement and the organic matter was retained in the soil. The precipitated or flocculated

organic matter with Ca,� might have clogged the capillary pores of the soil. Formation of

bubbles due to biological activities and swelling of soil colloids with increased K� saturation

might also have been involved in the reduction of water-percolation. No significant reduction of

water-percolation occurred when an Ap horizon soil of nonallophanic Andisol was placed in the

column. Ion exchange of Ca,� with K� proceeded less in the nonallophanic Andisol than in the

lowland soil. Aggregates are more stable and bulk density was lower in the nonallophanic

Andisol than in the lowland soil. These properties were favorable for the nonallphanic Andisol

to keep its high water-percolation. Other changes in soil chemical properties were an increase in

labile P and a pH rise. The increase in labile P took place in the upper part of the nonallophanic

Andisol column due to its high P retention capacity whereas an increase in the labile P was also

observed in the lower part of the lowland soil column.
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+� � � � �

	
� �
�������������������
� �!"#$%&�������'(" )*+�
,**,,� ������-./0�!12�34�56�
7
89:�#;�< =>�?@� �A/BCADE�
��� FG� HFIJ/KLM
NO!P�QR�S�
T� U��VWXSY9� LZ�M�XS�[�\]^
_� `aMb�=cXSdeP�^_/KSef� g�

-�hi�jkLZ�M�X� ��X� aMX�lm

n9:�#;� )op�q�� ,**+ ; Kato et al., ,**+ ;

rp�stu� ,**,,< vw"� BCMh7��xy!"
#z{|�}~/��S���!� �����B��~
S��/;�!/K��O���<
"�"/
:� BCMhi�jkZ����
��"
v!�1������;�4��/;< ���j���
BCADE�:�c�/�C )rp���� +331,� BC
�~
��&��< g��|��C�	� BC�@M�

*������ 1�¡¢£� ¤32+�2/// ¥¦§¨©ª«¬­®¯ +�+
����	 : °2Z� ±�²Z� ³G´µ¶� ·¸G¹º� �»¼

J. Jpn. Soc. Soil Phys.

Z��M�X
No. 33, p. ./
/. �,**/�


 �



�����������	
� �
���������
�� ��� ��������	��
� ����
�
��������� !��"� #���$�����
��%&�'(
� �������)�*�����+
,����� #��
���������-./
0�
�1�23�45�6��.
�$
 7Miyazaki, +33- ;

Seki et al., +3328� #� !� 7�8"9:#$9�%

;<�%=>&� 7�8 &'�(���%
%=>&�
7�8 ���?)�(
@��%
%=>&�A�	
�
>,� *B�+,C�-..
,*B/�01D�?�
��E���$$2�34��
5 767� ,**- a, b8
F�
�F�%
%=>&�A6G"�

�
��8� *B�+,�H>

9B(�:;��� 
!6G"�

� <=>�I��?�9B2�	&
7Yokota et al., ,**-8� ���I�@AB�������
J
���$��'(
� >,� KLM��NOP 7Q
C�DE� +3338� KLMFGH* 7RC�� ,**.8� I
JKL�A��STUIVM����/N��H)6�
?	
� �
��9B(�6������	� 3O
7Iwata et al., +33.8 �W+�����P�� !(
X
B�?	
�
QYZ��U[\R]�%&� KLM��NOP�?
F(
*B�+,�^S�T��U�FVS�_`��
Wa1�U��XY+���+� ���'b�c%d�
P����"
 !�eZ+,�

,� � � � �

,�+ ���	
��
��������
����H�� 'b��f�
VS�_`��Wa1
� 7g-�Wa1�8 +[�F^S�T� 7g-��T�8
+[��h ,[��\$,� VS�_`��Wa1��
]^_b_bi`bYZjaMb��2_klT�jb
mnYZo�pl 7cd8 ef�Apg�\$,� ^S
�T��qhrsci�ef�C�jk+,� #+��
lmmnYZo�pl 7cd8 n�KLM��NOP
7g-� ��NOP8 �\$,� gm���� ��NOP
R��otu� pvqr+� �w ,mmg-�����
s+�� ���tFU[\R]�\$,�
����wu(�xv'�wGHu� �xyFyz2
Py�%&z{+,� �� pH 7H,O8 �� : |�{+ :

,./�|[O1}y�%&z{+,� 1@}~� 7EC8
�� : |�{+ : /�z{+,� ��������.� �
�����!� 7CEC8 � + M�vS�~��\�*
7pH 18 F�
�.���\$
o��1������
�T|ly�%�,� X�2I�H�������y�
%&z{+,� *B�w� ��wH�� NCS�[�

�l�%&z{+,�z{y��v����v�X�Al

7Alo8� Fe 7Feo8 H��H�� �����ty 7���
��ty�
���� +3318 �%�,� KLM��NO
P��$�� pH 7H,O8� EC, �������� X�2
I�H��*B�wH����wH�� Alo, Feo���F
l��z{+,� z{��� +*/�t����,&��
�+,� �c� |���INS�� Elix S���+,�

,�, �����
 w 1*mm, /. -*mm�S1IT����� 2�

7�!X{3,-mL8 ���%��oI���v�&� �
�lT�l���$�u�7�� ;w +mmF *.*/mm

����� 2���D�����¡,� �
��U[
\�Wa1� +.*kg 7���¢.{,.*mm ; t���{
+.*/Mgm£- ; ;<�{*./28 >,��T� +.+kg 7t�
��{+.+2 Mg m£- ; ;<�{*.//8 �=��|���
+� U[\ ����5���H>/, 7Wa1���
¤H���{�{*.-0 ; �T���¤H���{�{
*.-,8� >,� l��S1IT����� -���+� ;
w + mm� 2������¡�KLM��NOP�
+**g=�,�����NOP¥¡�U[\���¥¡�
U[\� c%d��NOPU[\���U[\�m�k
&�¡,6��¦ ,Q§���h +*Q� |[O� �
 {+,� $§
�U[\6ST�_¨�T��$�¡
©+� U[\m¢�ª[_kT\�£)�¤¥+,�
�
��U[\�¦§ +« +/*mL�|�����¨
�©.�$%¬�ªC�­"� U[\��C�.
P�
���lP�«¡� NI!®� 1§�§�>F��jk
+,� ������§¯�� -3mm�¬�(
� 1§°
����� +,*/*mL���U[\�;<!X�­ ,®
�¬�(
� |��U[\��P�?�-+�$���
.¯°��P�?}°��-+,�T��� ,±-¯%�
>�±­+,� #�P���\$��²�²³���
�� pH, EC�z{+,��²�²³������P��
,*mL�k&� #� +*/��c¡
t���F+,� .
��� 0**�� 0´°­µ+-�u�³� 7�µ³�8 �
z{+,� P���´¢� *../ mm� ��[�_kT
p�¶x./,u� Na, KH��µ©©�y� Ca, Mg�
C,H,-N,Oµ�%
¶0·©©�y� �I�H��x�
wv�D�SO�T��v¸¹~I�º��Tly� �
�wH��º0T»�V�·v�Dy� *B�wH��
�1�\vv'y�z{+,� *B�w� ��wH��
��¸�z{��ty 7��¸�z{��ty�
��
�� +3208 �%&� #�8������ty 7����
�ty�
���� +3318 �%&�t+,�
��¹	u��U[\�D5+� ��R��¢. -

cm¦�k&� ot"����+� � +�º%�m¼�

����H� » 33¼ 7,**/846



������������	
�

-� �����

-�+ ��	
���
��������
�
	
������������� �������
������  !��"#$ %� +&� ���� pH %H,

O&� EC�'()	*�� �����
+,-.���
��� /.1�� �����/�012/34
Al.�
����� +.�5����"#6789
� :���
���/�012/34
Al�;����Al��<�
=>5��%Shoji et al., +33-&� ����� CEC�"#
$��?�@$�<.��
A�BCDE�� ��.�
������'()	*�� ����FG.��H8
6� IG� 0JK.��@$LM5�9
� N
� OP
�QRSTU� CaVMgWK�� X�Y�Z�[��)
	5�9
� :�������Z��\= pH %H,O& �
/�]� OP�QRSTU� Ca, Mg, K�H86Al�
^$ %Shoji et al., +33-& �� Z����$� pH %H,O&
�_`	� OP�QRS.��ab	
�cdeE��
X�Y�Z����)	�� :������ C�N��
�����@$fgh	
�
iSjkK� pH %H,O&� EC��@$fgh	�OP
� Kl.��@$fgh	
� EC�@$:�me� OP

� Kl�noX�����3�	pqr���BCDE

� C�N���6� �st�u��veE
� wxQy
S.������@m9
� /�012/34
Al.
��z�@6�8m9
�

-�, ���������
{|}�~�������A
������iSjk
K���
������	
� iSjkK{|}� ��
��{|}� iSjkK������{|}� ���{
|}� .��N5 +���~�� +����{|}g�
�	�� +�/���� , �!�f5�h	
�iSj
kK�����{|}5�~���"#6��	
� ?
�
A� ,"��� +"� ,���N5� �nX"� -

���N5��g��	p�~	� ?E�E��~��
��~g��	
� 	m	� ?���De�~����
689

A� �~���~���g��	
� :Ee
�iSjkK�����{|}��$p� ,�� ��
���~� , �!�f� -�� ���X ���f
5� +�/���g�h	
� 1��~ ����~��
�� "#8����6� 3,+�+,+*3mL %!� +,**.mL,

#¡$¢ ,.mL& 5�9
� :�{|}5 +��� +/*

mL���~���� {|}_�£~¤g�¥	� �¦
�@D§¨~©¢��Eª� �~«¬� ../­+*®/ cm

s®+5���

��+ ���¯°±iSjkK��²
Table + Properties of soils and cattle manure compost

%³´µ¶S²
����Ap·

¸¹���
Ap·

¯&iSjkK
%º»�\&

'¼TU FG� gkg®+

IG
0JK
��

,/3

-*1

,-2

+30

0/

.,1

-+3

+22

pH %H,O&
EC, dSm®+

CEC, cmol%l& kg®+

04*

*4*0

.+40

04-

*4*2

,*4,

24-

+,4.

OP� Na, cmol%l& kg®+

K

Ca

Mg

*4+

*42

+34*

+4.

*4-

+40

+-4+

+40

,*4,

+++

..4,

++4,

wxQ�¡ P,O/, g kg
®+

¨ C, gkg®+

¨ N

C�N

+4*

3+4,

/4-

+14+

*4/

+04*

+4.

++4/

143

,0*

,240

34+

/�012/34
Al, gkg®+

Fe

+043

24*

+4,

04-

*4-

-4+

() : ¯°±iSjkK�����~����������~������ 47



-�,�+ ���� pH, EC

���	
���� pH� 1.3�2..
�������
���������� ��� ����� !"�#��
�� pH�$�%&�'()*+
� ,-.�
�/�
� 0.-
0��(� .1��� 1.+%�2� 34�
�
0.2�# 1.1�'56�� 78#�96:� ���	
;
<=6���
�� >2 pH�?@���	
����
AB
����>2 pH�'5*+%�2� ,-.�

� 0.-�# 1.1�� 34�
� 0.2�# -1�� 2.3�'
56��
���	
���� EC� +1�
?���( ,1�
CD3E6� FG +H� �����#�����IJKL
M(3N� EC�ON3@PP
QR6�� ���	

;<=6��� !"���� EC� +1�
���	

���>2��N3E6�� ,1�CD����	

���%STM
0���

-�,�, K, Na, Ca, MgLM
+1�����	
�����KULM������

VW:XY�?��� FG ,H� KU� +1�
 .1��
�Z 2+�(��6:[2� ���	
�\P8)��
� KU]��^%Q_`8) Fab�cd� +331H� 78
�96:���	
<=������ KULM����
�>2ee?���(� ���	
���#����L
M>2��Nfg6�� ���	
�# .1����6
� KU -.-/ g�hi,-.� !"� 02�� 34� !
"� 12�(	j`8�� NaUkS
�*+;l6��

Ca,U���� KU, NaU%�m�*+;l6 FG -H�
����� ���	
���#�����g�N� ��
�	
<=�� !"�#�������������
�VW:��Nno6�� 78��� !"�
���
	
�#��6� KU, NaU%pq�rs6:��6�
�^
0)� ,1�CD� Ca,U, Mg,U�������
Nfg6��
� �pq�rs�t�u
v�� +1
�� wi� xy�<�� ,z�
��6�� Ca,U, Mg,U

�����,-.� F{| Ca,U : /+* mg, Mg,U : /,

mgH >234� F{| Ca,U : 12* mg, Mg,U : +/* mgH
��(}N� 34��rs~ Ca,U, Mg,U��(rs�
�6e@�^%��#8)� ����� Ca,ULM� C,

H,-N, O�;�h�����
��6��
���{�
%6:��6� Ca,Uk\P8:@)�

-�,�- ����� ���
���	
�#�����k}����6� +� ,1�
���������S

L���� -1������
�N�2���� .1���#���N�2��%��
�� 7����>)������������%*+�
S

0��(� ��������fg�� +1��#
,1��[@:����� FG .H� ���	
<=��
�#����k���	
�����@��;l6�
(� ������LM�G .�>h� +1��[@:�
���	
���>2���fg6��
� �����
%����LM����9 ������
���	
�# .1����`8��¡�¢£¤K�

��+ ���	
 F¥H� ���	
<=�� F¦H� �� F§H ����I¨©ªM FECH �QR� «!¬
­¬� ,��®�¯;l°� «!¬­¬(�@±{�� ,����®�¯(²�-³>2´`@� «!¬
­¬�µ6:�CE�G ,�3
kS

0)� ¶6� G +�/�[·)��34�¸ -1������¹
@:� +����º»
0)�

Fig. + Changes in electric conductivity (EC) of percolating water from cattle manure compost (�), soil

overlaid with the cattle manure compost (�) and soil (�) with time. Error bars show the

di#erences between values of duplication. Some error bars are smaller than the symbols.

Notes on error bars of Figs. , to 3 are the same as those of Fig. +. One plot for the percolation

water at the -rd week of the brown lowland soil overlaid with the cattle manure compost has

exceptionally no error bar in Figs. + to /.
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Fig. . Changes in organic C (OC) concentration of percolating water from cattle manure compost (�),

soil overlaid with the cattle manure compost (�) and soil (�) with time.
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Fig. / Changes in total P, O/ concentration of percolating water from cattle manure compost (�), soil

overlaid with the cattle manure compost (�) and soil (�) with time.
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