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HIMOMACHI OBASHIKAWA ANIGAWA MODA

*

**

:

Hewlett Packard

Kraszewski, , , Kraszewski and Nelson, ;

Takashi S *, Chiaki K **, Hiroaki T ** and Emi O **

* Faculty of Environmental Studies, Nagasaki University,

Bunkyo-machi, Nagasaki , Japan

** Graduate School of Science and Technology, Nagasaki University,

Bunkyo-machi, Nagasaki , Japan

The physiological adaptation responses in plants to environmental stress, such as water stress

and salt stress induce changes in physicochemical conditions of the plant, since formation of

osmotic-regulatory substances can be formed during the environmental adaptation responses.

Strong electrolytes, amino acids, proteins and saccharides are well-known as osmoregulatory

substances. Since these substances are ionic conductors and their molecules are electrically

dipolar, it can be considered that these substances cause changes in the dielectric properties of the

plant, which can be detected by microwave sensing. The dielectric properties ( . to GHz),

water content and water potential of plant leaves which reflect the physiological condition of the

plant under salt stress were measured and analyzed. Experimental results showed the potential

of the microwave sensing as a method for monitoring adaptation responses in plants under saline

environment and that suggested the saline environment in rhizosphere can be detected non-

invasively and quantitatively by the microwave sensing which detects the changes in complex

dielectric properties of the plant.

: plant, adaptation response, salt stress, complex permittivity, microwave

Application Note , : Pethig, .

Nelson, ; Schilz and Schiek, ; El-rayes and

Ulaby,

:

* ** ** **

Detection of Plant Adaptation Responses to Saline Environment

in Rhizosphere Using Microwave Sensing

j j

J. Jpn. Soc. Soil Phys.

No. , p.
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A EC

PPF mol

PPF , mol

m s

Shimomachi

NaCl mmolL

E ects of NaCl concentration (mmolL )

in liquid fertilizer non dielectric proper-

ties of liquid fertilizer.
m s h h

Shimomachi

. Sm

mm

NaCl mmol L Dew point Microvoltmeter HR-

T, Wescor Inc., U.S.A. Sample Chamber C-

NaCl mmol L -SF, Wescor Inc., U.S.A.

Sample Chamber

mmol L

NaCl mmol L

mmol L NaCl

Model HP ES, Agilent technologies

Co., U.S.A Open-ended coaxial probe Agilent

D Dielectric Probe Kit, Agilent Technologies

Co., U.S.A NaCl

GHz

Hewlett Packard

et al.,
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Suaeda japonica

Application Note , NaCl

Pethig,

. .

PPF , mol m s

Cucurbita pepo was . and . re-

:

Changes in permittivity and loss factor

by plant adaptation responses to saline

environments.

Cucurbita pepo . ( ) plant except tomato, ( ) tomato

. (after adaptation) (control)

(after adaptation) (control)Dielectric properties of plant leaves and

pure water.

(Water content of Suaeda japonica and

spectively.)

. GHz

NaCl

Fig.

Fig.
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Pethig,

. GHz

Control

( ) Control, ( ) mmolL NaCl, ( )Control

mmolL NaCl, ( ) mmolL NaCl, ( )

mmolL NaCl, ( ) Seawater.

Relationship between dielectric properties

of plant leaves and water potential under

saline environment. ( ) Control, ( )

mmolL NaCl, ( ) mmolL NaCl, ( )

mmolL NaCl, ( ) mmolL NaCl,

( ) Seawater.
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*

:

Yuji T *

* Graduate School of Environmental Science, Okayama University,

, Naka -chome, Tsushima, Okayama, , Japan

Some new field techniques for measuring unsaturated soil hydraulic properties by using soil

water content measured from dielectric properties of unsaturated soils are proposed. Firstly

in-situ permeability tests for unsaturated soils are developed. The constant head infiltration test

and the gravity drainage test were performed continuously. The transient soil water content

data during these tests were measured by a portable soil moisture device. The vertical soil

moisture profiles during the drainage test were used to determine the unsaturated hydraulic

conductivity. The inverse solution of unsaturated soil hydraulic functions was applied to

independently measured transient water content for wetting and drying process to consider

hysteresis phenomenon of unsaturated soil hydraulic properties. Secondly surface ground-

penetrating radar (GPR) system is employed to estimate the average soil water content profiles in

the survey region as a function of the dielectric constant measured by electromagnetic wave

velocities. GPR o ers a simple and nondestructive approach for in-situ determination of soil

water content. The utilities of proposed methods are demonstrated by using field experimental

data for unsaturated dune sands.

: soil water content, dielectric constant, soil hydraulic properties, in-situ test, unsatu-

rated soils

*

Field Determination of Soil Hydraulic Properties by Using Soil Water Content

Measured from Dielectric Properties of Unsaturated Soils

J. Jpn. Soc. Soil Phys.

No. , p.
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Schematic diagram of proposed in-situ permeability test
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* Graduate school of Science and Technology, Kumamoto Univ., Kumamoto, , Japan

** Ashisuto, Co. Ltd. Tokyo, , Japan
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The stem flow is volumetrically much less than through fall and it was believed to be less wet

around a tree stem than the other part of the forest floor because of rainfall resistance of a tree

canopy and little contribution of stem flow. In the present study, the continuous resistivity

survey was conducted at the experimental deciduous forest along the one selected line for about

. years’ intervals to observe the seasonal change of soil water content under the tree canopy.

The observation results were applied to evaluate the e ect of the stem flow on the shallow soil

water content around the selected trees. The results clearly show that the downward soil water

flux under the tree canopy is . times larger than that of the no tree area in the study forest. By

using this downward flux data with tree density in the study forest, the groundwater recharge

rate was calculated. The groundwater recharge through the stem flow is nearly . in the

total groundwater recharge in the study forest, which is completely larger than the tree density

of the study forest ( . m /m ( . )). This result clearly supports the e ect of stem flow on

the groundwater recharge in the forested area.

: stem flow, soil water content, groundwater recharge, resistivity survey

* ** *** ***

Influence Area of Stem Flow on a Soil of Deciduous Forest Floor

by Electric Resistivity Survey and the Evaluation of

Groundwater Recharge through Stem Flow

J. Jpn. Soc. Soil Phys.

No. , p.

Abstract

Key words

, ,

20* 2/// , -3 +

20* 2///

+*, 2+*3

20+ ++3,

+ /

#

, ,

-3 +

* ++/ + +/ #

,**1

1*

+33/

+*2 +3 ,2 ,**2

+



� �

� �

� � � � �
�

� �
�

� � �
� �

� � � �
� � � �
� � � � � �� � � �� �

� � �
� � � � � �� �

� �� � � � �
� �

� � �
�

� � �
� �
� � �

	 
 � � �
� �
� �

� � �
�

� �
� � � � �

�� � �� �

� � �

� �� � ���� ���� !"#� $ %&' �( )* +
, �- � ./0123 � � 

4 5/67�8� 9:; <=>?@AB
%&'�� �CD2 E �F�GHI� JK
L�M � N N  � "# " � OPQ@RSTU� VWX

"#�0 $ E �F� Y Z� [\ ]^�_ �`a� bc��d� N�
@�CD2 ef$ � �gh �� i " N� "� j� "� "�(
�k l�m nopqo[ %&'  ��r� s t+ � ���( �
u � v�( S �2D� E � wx�ys 
�� � �� � �F� zzS�( � k {|�\}@~�

Y Z� D � k � � � �2 �( t+
S �#�k S  �� ��z�� �_ ����B U �
G$!  �����2D� k ]^��GH� j���
� �� � D� �# � �

� �� ���� v ���k
� Ic�� D e Z�Gh2 � bc� �k  � t+ � �
� r�� e k � ������~ 2  �S�( � v ��� �v s

� D2 ¡ e �¢ ^� £ ¤��k �CG¥u �
� z �¦§��GH� � ��2¨` t+ ©� � �ªS �( � �«
� �2�¬H®v s^� u �S8�%&'
�� i¯ �C��, �°@±K@²k  ��2 �( k |� v³ �´ID.

N � N � �_  D "S8� ���( � �m
 , Sµ¶� � �g s2D�z��I�

H�·���¸�2 � ��� �� ¬ � z�k ¤� "�%&'�_ ����B v

�� ��� �� �	


 �� 

� �� � � � � � �� �� �
��
 � � � �

� � ��
� � �

�  !  ! " � #� $ %
 & # ' ( � )� *+

,- . �� � /+ � *+ /+ �
� 0 1 *+ � 2 � � � � 3
+ )� � 45
�� ��� �� �	 � 3
' ( 6 	 7 � �� � �
' � ' �	 8 9
: � �� �

; <= 6 > ?
�� " � @ !
AB$ 6 ,- ( �� C D � � �

,- �� D � 3 EF G
6 ,- �� H D �

� I 
 I �J � � 3
K G + �

� � ��
 2L �� � �$
 ! ! )� M *+ C � 3

� 
 �N

 O � /+

�

�

�����	
������

�
�

���� ���������
�����

�

�
�

�

�

�
�

�

�

�
�

�

�

�

20

m F

. a Herwitz

F :

NEXT- RS V : mm event P :

. m mm event B : mm

m Wenner-

F VB P

mm

Tera

RES DINV. ver. . mm

pF mm

. m, . m, . m, .

m, . m, . m, . m

Layout of observation system in the study Oak forest.Fig.

-

,

+ +

+*2 ,**2

+

,**- 0 ,2 ,**. +, -+

+ + -

. +,

+-

- / + +320

+

.**

* / 30

.2

. +33/ 0 +
+**

.* + +

* ,*

* +/

, - .3 * +.*

.* 1

,**, 0 +, 0 ,0 * + * - * / * 1

+ * + / + 2 1

- +

+

+

,

-

�

�
�



� �
� � �

� �
� � � � �

�
�

� �
� � �

� � � � � ��
� � �

� � �
� � � ��

� � �
� �

�
�

� � � �
� ��� � � �

�
� � � �

�
� � �

� � �
� � � �� � �

�
�

� � �
� � � � � �� � �� � ��

� � � �
� � � �	 �
� � �

� � � ��
� � � �

�

 �

� �
�

� � � � �
�

�
� � �� � �

�
� � � � �

�
� �

� � �

 � � ��� ���� � ��� �� � ���  

!"� � # $%��& ' � � �(� �) � * +,-
./ 0��123�4 �566789 � � :;� <= �� <12�#� >���2
� �./��?@8A� B C D�= �E FG�H�5I.A� HA= J�
K� %�(�4L� '3MN 0� � � � O�(� ' �� <12�#�
�3P�5��?@8A� > � Q RSTUV �>�W ���2

� XY�H��I12�N � �(�4LZ�
[\]-^' <12�#�H�5_7N 0�

:`a � �� �  b � �� <12�#� >� �) 1�
F c68 c�Dd e Zd� �./�5��f7A�
dgFhN 1 � �ij� M� k = k Dd �c WL �

Dd Z� l#� ���2m\nopVq�( Y� � � � �� > �
N �r � �i�  �68 � �� <12�#� > �
8A� sY� F�  �m\nopVqFt F� +,-:;c u �I
1�r I �vwx� 12�� � �� >F=Dd ��yz�
� � �"�2t{ �| 1�  � #+,-:;' X12�N Dd � d�y
0�68}~ 12 8A� � �� � z +,-:;= �#��� 1
��  vwx��� � ��� � * yz +,-:;= FG

�i� �� �� 1� �c� Y� � B �� <12�#� >F= �
�� � �IY HA8� 68 * yz+,-:;�4L� *�yz�+,-:;'
1�(*#C u� * � u' � #C u�I12�N Dd � d�yz

� @������H�'Fz� HH +,-:;= FG��� 1
F = ���r� � FGN � � * yz +,-:;= FG

� �Y�� FG� N 0� � �� <12�#� >F=
4LK� Y� � F � D � F�yz 4�= �D Fz#�H�'
c �4L[�\^ � 12= D 6�

' #��"3� � � �5"�P 4L
K �= � �F # � ��>' � �I1�  ���
� Fz LFGj25 � ' 12��H�' � ��q�\��Vq �2 4L[�\^K
� Fz� B D c ���2 � �(j2��.A� _>�
F= D ' � D� 1�4L[�\^� � 1 � > �� �Y�
��= 4L� K� ��� � '�Hj � F I � �1�  ¡ Dd � �
2�� ¢�KZd�£���5� �� <12�# 4L[�\^K�� .A� � >
� >F� 5 ¤�#��P �12=¥ �¢A� ./� ��¦3 � ��d
§#4L �#j2�� ¨'I.A2�� M� �= x�(*# ©vw' P8A�
ª� 1� � � >� �� <
12�#� > ¢A«A � � �
F� � d� +,-:; HHF B  ¡ �1�:`a � �IY(*#

+,-:;=  0�68 .A� �  > � 1 H
68��1� � � w 68 � > �G� 2� :`a' FG�'B
�s¬2� 1� w � �2� 1 �� 5® � � ��¢� 68

� � ¯1�0� b � � >= 8A� = �#j� M� HA
d� 12�yz�+,-:;' <12�N 8� � ���� � x68 � >�
�° #±²�Gj� HA= Q RSTUV ( 12 � �12I1� (N  >
� O� � � �(�³ #4L[\]-^� � � > ´ = F �
<� ��µY�5��?@8A�  > � � Y� ¶N� =
B $ �I.A� � ·C� 4LDd �� <12�#� � 1 ¢� ¸�=

���� �� � 	 
 ����� � � � � ��� �

�� ��� � ��� �� � ! ��"#$ %&�� ' ( )*
�+ � � , - � - �.

/ 01 2� 2� � 3 �%" 45
� 67 � � � 8 9�"#$ � - �.

, � � : ; �
< � � �
!� - �

= > �� ?@ A B � - �. CD� ' �
E E F �

?G H �� ?G ? A ? ! I + A D
!J KL MN JO � 4 �. A ! �
���P Q�R ?G �� � S T � - �. A ! �
D KL �� U T ���P IV A

? Q�R % � 4 �. !W
KL �& � G �� � GW� < ! E

X S �� �" PY ���P D
) �� KL �&Z #$ ( ) ���P

�" � [% 0� - �. #$ (
�" A A ) (

MN \V ( � �V %&��� ] � \V ! E �
P PYA ^ ��P D #$

�� _DU D` �� � ( ) ���P
P�� � a � � - �. #$

Cb �" ! � 2� c ���P d e P
A D f ��

�P+ g � � ,
�" � 4 hi � �jk MN A �� ?@�" PY

l g � � $m no 
 
l 0p� A � � � ���P�
f �P+ c q �! r � �jk. � !s 4

t 4 Ku � �jk % G Dv = w`
� - r � �jk.

�. jk x yz $m � 4
jk O @ l

{ |r �T � 4 �. � -
�. A ! Cb

���P � 0 Dv = A �
��P �� ?G }G ���� . >G
U �RU �� ~�k� ` � . = y �� �z u

P+ G �~�k� ` 
 r �� ��� � 4 PY�L
� A B � 4 �. E S ���L
� - CD� � 4 )N � �jk.
� � }G A PYA A � . =
8 �� � � �� � �jk. � "� � ����
- �0 . "� Cb �
0 A A O � - 9� Cb "� yz

�

�

������	
�����������
���

��������� 
!"#$�%&'()

�

� �
�
�
�

�

�

�

�

�

�
�

�

�
�

�

� �
�

21:

m

a

E

F

b

pF . m, . m, . m

. mm y

pF mm y

pF

pF a d

pF . mm y

pF . mm y

pF

c

pF pF

a b d

INFA :

m

INFA

BDH m

INFA . BDH .
E F

. m . m

m m, , m

pF

. m m

. m

. , . m

,

, ,

,

,

.2 +

,**- 0 ,**. +, 0

. .

+

+

.

* / + * + /

-

, 0*+ -

- *

, ,

,

,1. +

20/ *

+ -

,

,

. +, ,

,
0 22 * -0

+

* / + / +

0* .* , .**

- * ++/

/

/.0 1

,, 2 + 2/- -

, -

- , ,

- -

�
�

�
�

�



� �

�����	
�� ������

	
���� � �

� � ��

22

pF

Two dimensional of pF soil moisture distribution on leafed season in .

a

Fig. (a)

+*2 ,**2

,**-

,**-

,

,



�������	
 ���
�� ���

���� �������� !"�#$%��&'()#*+�,-./012	3456�78

� � ��

23:

pF

Two dimensional of pF soil moisture distribution on leafed season in (continued).

b

Fig. (b)
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pF

Two dimensional of pF soil moisture distribution on leafless season in .

c

Fig. (c)
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pF

Two dimensional of pF soil moisture distribution on leafed season in .

d

Fig. (d)
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. m . m

Seasonal fluctuation of soil water flux between . m and . m depths for under-trunk

tree forest floor area and for under-no-trunk tree forest floor area.
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a

b

Seasonal variation of Gross rainfall (a), and monthly total upward and downward

soil water flux (b) for under trunk tree forest floor area and under no trunk tree

forest floor area.

Fig.

.
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Herwitz, S.R. ( ) : Episodic stemflow inputs of mag-

Groundwater recharge evaluation area in the study forest and the estimated

distribution of representative stemflow infiltration contribution area.
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CSMT

a a

ANDA

*

: CSMT

Shun H *

* Faculty of Agricultural Science, Saga University, Honjo machi , Saga, , Japan

The surveys using the high-frequency CSMT system were carried out to make clear the elec-

trical conductivity structures in the landslide area in Izumi and in the test-field of Shirasu banks

in Satuma-sendai.

Although the survey in Izumi was conducted along a short line in a narrow flat area, relatively

good data were obtained because of the short span of electrodes in this system. The -D re-

sistivity model indicates that a high-conductive layer possibly highly satisfied with water lies just

upon impermeable tu breccia. Beneath the test-field of Shirasu banks, it is found that the deep

layers on March are rather dry than those on January after rainfall test. These results indicate

that the high-frequency CSMT method is relatively e ective to survey shallow subsurface struc-

tures.

: High frequency CSMT, Electrical conductivity, -D model, Groundwater, Landslide
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Application of the High-frequency CSMT Method to Surveys

in Shallow Subsurface Regions
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kHz

kHz

MT Controlled Source m m

CSMT CD

Hz kHz U F

k kHz ; Vogel-

CSMT sang,

;

m

m

m

CSMT GH . m

MT

MT

.

CSMT

CD, GH

CSMT AB

CD : The survey lines in the landslide area

in Izumi. An open circle and closedm GH : m

circles indicate a horizontal loop an-

tenna and the observation sites in the
CSMT

high-frequency CSMT survey, respec-

tively. The geological cross section

along AB is obtained by Yakabe and

Kobayashi ( ).
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the figure are the site name. The stripe

concrete blocks. cd : landslide deposits,

: CSMT

GH

MT

: Ogawa,
CD

F

cd : An :

Tb :
MT

The resistivity cross section along the
CSMT

line CD shown in Fig. . Numbers in

CD m lines indicate the slope covered with

An : pyroxene andesite Tb : tu brec-

cia, F : fault.

F

m

F

MT AB

m

m F

m m

F

m
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Apparent resistivities and phase calculated in the D modeling and obtained

by the survey, which are indicated by open squares and closed circles, re-

spectively.

CSMT

m

, mm Test bank L L

Fig.
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33: CSMT

L

m

L

L

kHz
CSMT L

The high frequency CSMT-survey lines

of L , L and L in the test-field of the

Shirasu banks in Satuma-sendai.
MT

Closed circles with numbers indicate

observation sites. The directions of

the antenna are shown by arrows.

L

L

m

L L L

.
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m L

L m

L m, L m
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L L

The resistivity pseudo-sections along three lines of L , L and L , which observed on

January and March. The cross sections of the banks are also shown.

L

, mm

m m

mm, mm L
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L

The resistivity models along the survey line of L , using the data on January and

March. Triangles indicate the observation sites.
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Time Domain Re-

Hideki M *, Jiro C * and Taek-Keun O *

* Biotron Institute, Kyushu University, Hakozaki, Higashi-ku, Fukuoka , Japan

Time domain reflectometry (TDR) has been drawing a lot more attention as a way to identify

the interfaces in between di erent dielectric media. To monitor water level ( ) with electrical

conductivity ( ) and sediment surface level ( ) in river by applying TDR, we developed a

mathematical model to evaluate these properties and verified its e ectiveness by measuring the

dielectric constant of conductive fluid media and a soil material (sand) using TDR probes with

di erent lengths. Although the determination of in extremely high-conductive media was

technically incompleted, we could successfully determine , , and with a probe in moderate-

conductive media. Judging from the relatively good agreement between properties evaluated

from the model and observed data, we concluded the TDR measurement could be useful to

evaluate , , and with su cient accuracy for practical use within an appropriate conduc-

tive range. In actual application of TDR to a river monitoring, the calibration of the probe used

must be required to conduct accurate measurement based of the model.

: Time domain reflectometry, Microwave, Dielectric constant, Water level, Electrical

conductivity, Sediment surface level

flectometry, TDR

TDR

TDR

* * *

Measurement of Water Level, Electrical Conductivity, and Sediment

Surface Level Using Time Domain Reflectometry
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A. ( ) : Simultaneous measurement of dielec- Friedman, S.P. ( a) : A review of advances in

tric properties and levels of liquids using a TDR dielectric and electrical conductivity measure-

method. J. Hydrology, in press and available at ment in soils using time domain reflectometry.

doi : . /j.measurement. . . . Vadose Zone J., : .

: TDR Robinson, D.A., Schaap, M., Jones, S.B., Friedman, S.P.

. and Gardner, C.M.K. ( b) : Considerations for

Dalton, F.N. and van Genuchten, M.Th. ( ) : The improving the accuracy of permittivity measure-

time-domain reflectometry method for measur-

calibration, e ects of cable length. Soil Sci. Soc.

. Am. J., : .

:

J.M. ( ) : Assessing temporal variations in soil

Soil Sci. Soc. Am. J., : . Thomsen, A., Hansen, B. and Schelde, K. ( ) : Ap-

: plication of TDR to water level measurement. J.

pp. Hydrology, ( ) : .

Topp, G.C., Davis, J.L. and Annan, A.P. ( ) : Elec-

MS TODAY, : . tromagnetic determination of soil water content

Moret, D., López, M.V. and Arrúe, J.L. ( ) : TDR using TDR : I. Application to wetting fronts and

application for automated water level measure- steep gradients. Soil Sci. Soc. Am. J., : .

ment from Mariotte reservoirs in tension disc Yu, X. and Yu, X. ( ) : Measurement of simulated

infiltrometers. J. Hydrology, : . scour by time domain reflectometry, Proc. TDR
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Evaluating Influence of Di erent Cover Materials on

Runo and Sediment Loss from Bare Upland

Soil Using Laboratory Rainfall Simulator

NISHI ATO ISHIMURA

* United Graduate School of Agricultural Science, Tokyo University of Agriculture and Technology,

Saiwai-cho, Fuchu-shi, Tokyo Japan

** Graduate School of Agricultural and Life Science, University of Tokyo,

Yayoi, Bunkyo-ku, Tokyo Japan

The use of composted organic matter as soil surface cover is recently viewed as a potential

application for erosion control similarly to straw cover. However, limited information on the

e ect of these cover materials on erosion from bare soil is available. This study evaluates two

cover materials, rice straw and cattle manure compost, with a focus on the relationship between

soil surface coverage (expressed in areal ) and soil loss from bare upland field. A clay loam

Andisol was packed into a . m . m . m soil box with a slope of and subjected to

simulated rainfall of . mm hr for minutes. The soil surface was either left bare or was

covered with rice straw ( L.) or cattle manure compost at a surface coverage of areal

for straw, areal for compost, and areal for both materials. During the simulated

rainfall, surface runo was periodically collected to determine sediment concentration and

infiltration rate. As the coverage rate increased from or to areal , the straw and compost

covers acted to significantly reduce the sediment concentration. The observed reduction in

sediment loss from the covered soils resulted from the direct interception of raindrops and

trapping of sediment by the cover ; however, neither cover material was able to reduce the runo

rate. The total runo volume was higher for compost-covered soils than for bare or straw-covered

soils. This result may reflect the development of a depositional crust over the soil surface. Such

crusts formed in sediment-trap areas close to pieces of the covering material.

: Cattle manure compost, Surface coverage, Runo , Erosion, Surface crust

ering. Under this situation, the use of straw as

an organic resource for upland field soil conser-

Soil erosion occurs where the bare soil sur- vation has become limited. It is therefore nec-

face is exposed to rainfall. Plant residues such essary to investigate more e ective and less

as rice straw have been conventionally used labor-intensive soil conservation measures us-

for erosion control and soil conservation in ing alternative materials (Nakao ).

sloping upland fields in Japan (Yamamoto Livestock manure compost has been tradi-

). However, in recent times, rice straws tionally applied to agricultural fields in Japan

are chopped and spread over the paddy soil by as an organic fertilizer or soil amendment. Re-

using a harvesting machine while the amount cently, its application is accelerated as a renew-

of land for rice paddies has been decreasing, able use of organic waste for sustainable farm-

and biomass-energy use of the straw is consid- ing (MAFF, , Shimizu, ). Many studies

Taisuke O *, Makoto K * and Taku N **

Oryza Sativa

et al.,

et

al.,

J. Jpn. Soc. Soil Phys.

No. , p.
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Eguchi, ; Nanzyo and Yamada, ), which

germination. And in Japan, some studies point-

were focused on the nutrient release perform- of compost under the no-till conditions.

ance of livestock manure compost in the soil In the above-cited studies, the composts were

and/or on the improvement of soil physico- applied to soil surface with huge amount (

chemical properties (e.g. Nishida ; t ha ) (Agassi ) or to form grossly

Kawata ; Kato and Yoneda, ), thick surface compost-layer above soil (Fauc-

however, few studies have focused on the ap- ette ). Too much compost applica-

plication of livestock manure compost and its tion, however, might cause a risk of nitrate pol-

e ect on soil erosion upon sloping upland lution of ground water and may create anaer-

fields in Japan (Watanabe and Kawabata, ). obic condition following rainfall event (Fauc-

From this perspective, an investigation of the ette ) which is harmful to plant seed

use of animal waste compost for soil conserva-

tion as an alternative to rice straw would be ed out that too much compost application may

valuable in Japan. cause the problem of excess potassium and

Some studies showed the performance of or- phosphorous application to soil (i.e. Goto and

ganic materials in minimizing sediment loss

and runo (Foltz and Dooley, ; Benik diminishes plant growth. Also, too much appli-

). Foltz and Dooley ( ) showed a cation of composts may rise risk of ground

greater reduction in both sediment loss and water pollution by leaching of compost derived

runo with a cover of wood strand (thin rec- chemicals. From this point of view, compost

tangular wood piece) than for a straw cover for application should be limited and a surface

the same surface coverage, areal . Other cover rate might be less than . It is there-

than plant residues, Agassi ( ) showed fore important to evaluate the relationship be-

a reduction in surface runo rate with high tween soil surface coverage by livestock ma-

application rates ( , , and t ha in dry nure compost and erosion rates in sloping up-

weight) of composted municipal solid waste. land fields in Japan. Investigations of the e ec-

Faucette ( ) demonstrated reductions tiveness of various surface coverages in terms

in runo and sediment loss by covering the soil of minimizing soil loss may help farmers to

with a cm thick layer of aged poultry litter, adopt more e ective practices, especially for

composted poultry litter, biosolids, and yard soil conservation purpose, of surface mulching.

waste. They found reduction in runo and Previous studies have reported reductions in

sediment loss by covering with these composts soil loss with increasing soil surface coverage

except for the application of the poultry litter. (Singer and Blackard, ; Greene ),

Previous studies have also documented the however, the single e ect of compost applied

e ects of surface-applied livestock compost on at relatively low rate (i.e. low coverage rate) on

runo and soil loss from field plots (Gilley and runo and soil loss from bare soil remains

Eghball, ) and laboratory soil boxes (Vadas unclear. Also, the relationship between sur-

) under simulated rainfall. Gilley and face coverage and changes in surface runo

Eghball ( ) applied simulated rainfall of and infiltration rate is still not fully understood

mm hr for hour to no-till field plots where and requires further study (Ruan ;

beef cattle compost was spread over a sorghum Greene ).

residue at a cover rate of . The application The objective of the present study is to eval-

rates (dry weight basis) for the compost were uate two cover materials, cattle manure com-

either . t ha to satisfy corn phosphorus re- post and rice straw in relatively small amounts,

quirement or t ha for that of nitrogen. from the relationship between soil surface cov-

They reported no significant di erence in run- erage, runo and sediment loss from bare up-

o rate and soil loss following the application land soil. We also discuss changes in funda-

et al., et al.,

et al.,

et al.,

et al.,

et

al.,

et al.

et al.

et al.,

et al.,

et al.,

et al.,
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: Evaluating Influence of Di erent Cover Materials on Runo and Sediment Loss from

Bare Upland Soil using Laboratory Rainfall Simulator

Schematic of the soil box used in this experiment.

layer. A cotton cloth was inserted at the bound-

teracted by surface treatments. Also in evaluat-

Simulated rainfall was applied using a nozzle-

mental soil surface hydrological properties fol- ed into a soil box of . m in length, . m in

lowing the application of cattle manure com- width, and . m in depth (Fig. ) at a bulk

post. density of . Mg m . The soil was packed at

Furthermore, soil erosion is complicated phe- a mass wetness of using a wooden soil

nomenon, and many factors, such as anteced- tamper at an increment of . cm layers to form

ent soil moisture content and timing and inten- a cm thick soil layer upon a cm thick gravel

sity of rainfall, a ect soil loss. In this study, we

employed laboratory experiment under simu- ary of the soil and gravel layers to support

lated rainfall to control experimental condition the soil structure. Discontinuities between the

for precise discussion on interrill erosion as in- four . cm thick layers were minimized by

disturbing the surface of each layer (Singer

ing surface coverage, a grid sampling method and Walker, ) using a sharp metal rod prior

(Singer and Blackard, ; Foltz and Dooley, to packing the overlying layer. The box had a

), similar to the photographic method slope of ( ), which is an upper-limit of the

(Laflen ), has often been employed. standard slope for reclaimed upland fields in

However, it can involve operator-induced and mountainous areas of Japan (MAFF, ). A

systematic errors in determining surface cover- metal flume at the lower end of the box and

age and be less accurate (Han and Hayes, ). drainage outlets ( mm) at the lower front

It is necessary to adopt precise evaluation of of the box were connected to collect surface

coverage to consider relations among extent of water and percolated water. In this study the

soil surface coverage, surface cover material packed soil represents a flat surface such as

and soil loss. Recent image analysis technique seed bed, which is particularly vulnerable to

can help to improve accuracy of surface cover- erosion (Kleinman ), especially under

age evaluation and was employed in this study. the high rainfall intensity. However, it is our

intention to evaluate di erent contributes of

cover materials to runo generation or sedi-

ment transport under such an erosive condi-

In the present study, we used a clay loam tion.

Andisol ( . sand, . silt, and . clay)

as a typical sloped upland soil in Japan. The

soil was sampled from an upland field of the oscillating-type rainfall simulator (Niebling

Field Science Center of the Tokyo University ) from . m above the soil surface. We

of Agriculture and Technology (TUAT). Soil used two veejet nozzles (Spraying Sys-

passed through a mm mesh screen was pack- tem CO., USA). The rainfall was set at an av-

et al.,

et al.,

et

al.,

Fig.

. Materials and Methods

. Soil and soil-box preparation

. Rainfall simulation
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for five surface conditions. Four replicates were

sectional area of approximately . cm . Meyer

erage of . mm hr for minutes. The rain

intensity had a coe cient of variance of .

within the . . m rainfall area, as deter- Rice straw ( L.) and cattle ma-

mined from small rain gauges with a cross- nure compost that had been composed for six

months were obtained from the Field Science

and Harmon ( ) reported this rainfall simu- Center of TUAT. Wood shavings and chips

lator can represent raindrop size distribution were mixed with the cattle manure to control

and rainfall energy of gentle natural rainfall in moisture content. The carbon/nitrogen ratio

southern part of USA with operating water of the soil was . while that of the compost

pressure of KN m and water drop hight of was . as determined by using a CN coder

. m. In this study, we selected water operat- (MT- Mark , Yanaco CO., Kyoto, Japan).

ing water pressure of . KN m instead of Dried rice straw was cut into lengths of

KN m , since former number could give us cm prior to application. The carbon/nitrogen

more even distribution of rainfall intensity. ratio of the dry rice straw was not determined

Also, height of the rainfall simulator was . m in this study. It is typically much higher than

due to dimension of the experimental room. that of the cattle manure compost, and about

Thus, expected rainfall energy was a little bit (Nishida ), or in some case more

lower than the natural rainfall. For the simu- than (Fujiwara, ).

lated rainfall, we used tap water with a mean Prior to the experiment, two di erent meth-

electrical conductivity of . dS m . ods to determine the soil surface coverage,

Runo and subsurface drainage were collect- image analysis using ImageJ software version

ed at -minute intervals during the simulated . o, which is public domain software pro-

rainfall. Samples of surface discharge were duced by the National Institute of Health, USA

collected and weighed to determine the runo (Reinking, ), and conventional grid sam-

rate and sediment concentration. To deter- pling method (Foltz and Dooley, ) were

mine the infiltration rate, the runo rate was compared and evaluated. Surface photographs

subtracted from the rain intensity. The steady- consisting of covered and uncovered regions

state was determined as the final minutes of were used for image analysis. The separation

the total -minute rainfall event according to of these two area-types was made using an

the observed changes in runo hydrographs automated binarization routine implemented

to the ImageJ software. The threshold adjust-

made for bare soil, three for applied straw, and ment is similar to that described by Chen

two for applied compost. ( ). For calibration, we took sample photo-

The surface cover materials were applied by graphs of straw cover within . m quadrate

hand to obtain the desired surface coverage ( , frames installed at the soil surface. In the grid

or , and areal ). This was done immedi- sampling method (GS), a clear gridded screen

ately prior to the start of the rainfall. Several was projected onto a photograph of the straw

hours following the half of rainfall period cover. The surface coverage is then deter-

when rapid drainage from the soil had ceased, mined by dividing the number of grids that

undisturbed soil samples (n ) were taken contain straw bodies by the total number of

from the box using a stainless steel cylinder, . grids (Singer and Blackard, ).

cm in diameter and . cm in length, to measure Figure shows the relationship between ap-

the saturated hydraulic conductivity of the plication rate in dry weight and surface cover-

surface soil by the falling head method (Klute age rate. The plotted surface coverage, as a

and Dirksen, ). function of application rate for both compost

and rice straw, is fitted by a power equation (

Oryza Sativa

et al.,

et al.

Y

. Cover materials and determination of

the coverage rate
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: Evaluating Influence of Di erent Cover Materials on Runo and Sediment Loss from

Bare Upland Soil using Laboratory Rainfall Simulator

Relationship between mass application

rate of cover materials (dry rice straw

and dry cattle manure compost) and

soil surface coverage. For rice straw,

the data were determined by image

analysis (IA) and grid sampling (GS)

with two total grid point numbers ( ,

), measured at nine di erent loca-

tions over the test area. The data pre-

sented by Singer and Blackard ( )

with the GS ( grid points) is also

shown (vertical bars denote standard

deviation).

Dry weight of each cover material with given surface coverage applied on a soil box.

Cover materials and surface coverage as determined by image analysis

Rice straw Rice straw Cattle manure Cattle manure
areal areal compost compost

(SC areal ) (SC areal ) areal areal
(CC areal ) (CC areal )

Dry weight (t ha )

g m

where is the surface coverage, is the GS with grid points are greater than that of

application rate, and and are constants). the GS with grid points for each application

The dry mass weight of the cover materials rate of the rice straw. The total number of grid

applied to the soil surface prior to the rainfall points was changed from to by doubling

experiment and corresponding coverage rates the grid interval after determining the cov-

are summarized in Table . The error of the GS erage with points. The GS with grid

in the obtained surface coverage is demon- points showed similar result to the result of

strated by changes in the coverage rate of Singer and Blackard ( ) that employed the

straw as determined by using two di erent same grid interval as the GS with grid

grid sizes, and grid points for the same points in this study. To achieve a more consis-

area (Fig. ). The surface coverage rate of the tent determination method, image analysis was

used to determining the coverage rate of ap-

plied compost in the present study.

We analyzed saturated hydraulic conductiv-

ity, steady-state runo , and infiltration rates

among the di erent surface conditions (bare

soil, coverage of or , and areal for the

two materials) using the non-parametric Mann-

Whitney -Test to identify significant di er-

ences ( . or . ). In this study, saturated

hydraulic conductivity after rainfall had a non-

parametric distribution for all surface condi-

tions. For the runo rate, a series of measured

data collected at -minute intervals during the

steady-state was averaged among replicates of

each surface condition and paired among all

the conditions to analyze the measured di er-

ences. Only the average values of steady-state

runo and infiltration rates are reported for

each condition.

The packed soil had a high saturated hy-

baX , Y X

a b

U

P

Fig.

Table

Patterns of runo , sediment concentra-

tion, and soil loss

. Data analysis

. Results and Discussion
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Runo from Andisol with di erent surface coverage and mulching material. Rain intensity

was . mm hr (vertical bars denote standard deviation).

Changes in sediment concentration of Andisol with di erent surface coverage and mulch-

ing material. Rain intensity was . mm hr (vertical bars denote standard deviation).

shown in Fig. . Vertical bars in the figure show

draulic conductivity ( . mm hr ) that was o when cumulative rainfall of approximately

much greater than the rainfall intensity of the mm was applied.

experiment ( . mm hr ). Despite this, runo Figure shows changes in sediment concen-

occurred during the simulated rainfall for all tration during the rainfall event for each sur-

the surface treatments (Fig. ). Runo rates face condition. Sediment concentrations were

during the minutes of the rain event are calculated as the mass of transported solid

particles per unit volume of runo water, i.e.,

the standard deviations of replicates. The run- grams per liter of runo . Sampled sediments

o rate for compost-applied soil exceeded that contained both soil particles and particles

for bare soil. This result is contrary to the derived from composted material. Very few

general concept that surface contact cover may coarse compost materials were transported

reduce surface runo if the cover is su ciently into bed of the flume, while finer particles from

close to soil surface and not be carried away by the compost were mostly suspended in runo

the runo (Marshall ). All soil sur- water. It was easy to identify the color of run-

face conditions showed near steady-state run- o water from the soils with and without ap-

et al.,

Fig.

Fig.
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Cumulative sediment loss of Andisol with di erent surface coverage and mulching mate-

rial. Rain intensity was . mm hr (vertical bars denote standard deviation).

cles as a microsediment pond (Meyer ;

plied compost during the rainfall simulation. drop impact, while a portion of the waste wood

In all conditions, the sediment concentration fraction was displaced from its original posi-

decreased slightly with increased rainfall dura- tion by raindrop impact.

tion. The relationship between the average steady

Progressive changes in cumulative sediment- state runo rate of each surface condition

loss for each surface condition during the during the final minute of rainfall and soil

minutes of rainfall are compared in Fig. . Sed- surface coverage rates is shown in Fig. . The

iment loss from covered soils was significantly observed changes in steady state runo rates

less (approximately ) than that lost from were not significantly di erent ( . ) be-

bare soil, even with just (for straw) or (for tween the various surface conditions except

compost) areal surface coverage. for the application of compost at a surface

Sediment loss was greatly reduced when the coverage of areal , which showed greater

soil surface was covered at a surface coverage steady-state runo than the other covered con-

of areal . This held true for applications of ditions and bare soil (Fig. ). Cumulative sedi-

both rice straw and cattle manure compost. ment loss at the end of rainfall event for all

For straw-covered soil, we observed the direct surface conditions and varying surface cover-

interception of raindrops by pieces of straw. age rates are plotted in Fig. . Sediment loss

This mechanism acted to reduce soil detach- was reduced with increasing surface coverage

ment by raindrop impact, and accordingly led for both covering materials (Fig. ). However,

to a reduction in soil loss (Singer and Walker, extent of the reduction in sediment loss may

). As reported previously, straw lying ac- have been smaller for the compost cover than

ross-slope can capture transported soil parti- that of the straw covers.

Singer and Walker, ). We also observed the The hydraulic conductivity of the upper-

interception of raindrops and capture of sedi- most cm layer of soil decreased significantly

ments by applied compost material. Fibers of during the rainfall event. The saturated hy-

waste wood mixed into the cattle manure com- draulic conductivity of the surface soil prior to

post contributed to the interception of rain- rainfall was . mm hr , decreasing to .

drops. During the runo event, some solid . mm hr following rainfall. However, there

composted matter was disintegrated by rain- was no significant di erence ( . ) in the

et al.,

P

P

Fig.

. Changes in soil surface permeability
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Relationship between steady-state run- Relationship between cumulative sedi-

o rate (during to min. period of ment loss (for min.) of Andisol with

rain event) and soil surface coverage. di erent surface coverage and mulch-

Data with the same letter are not sig- ing material. Rain intensity was .

nificantly di erent at . . Rain in- mm hr (vertical bars denote standard

tensity was . mm hr (vertical bars deviation).

denote standard deviation).

Comparison of steady-state infiltration rate and saturated hydraulic conductivity of

whole core soil after rain and that of surface crust part. Average infiltration rate of each

condition at the steady-state, min to min of runo event, is shown. Standard

deviation in parentheses.

Steady-State Saturated Hydraulic Conductivity after Rainfall
Surface

Infiltration
Condition

Rate (mm hr )* Whole Soil Core (mm hr )** Surface Seal Layer (mm hr )

Bare Soil a a

SC areal a a ND

SC areal a a

CC areal a ab

CC areal b ac

Average :

Mean values that have the same letters are not significantly di erent at ;

* the . probability level,

** the . probability level.

ND, no data.

ples among uncovered, straw-covered, and com-

saturated hydraulic conductivity of soil sam- the steel cylinder. This could have enhanced

the saturated hydraulic conductivity of the un-

post-covered conditions (Table ). A signifi- disturbed soil. The removal of covering mate-

cant di erence ( . ) was only observed for rial, both compost and straw, that acts as an

soils with compost application at and impermeable media potentially enhanced hy-

areal . Cover materials that remained on the draulic conductivity.

surface of the soil were carefully removed prior McIntyre ( ) reported a decrease in satu-

to taking undisturbed soil core samples to alle- rated hydraulic conductivity related to the for-

viate breaking soil structure upon inserting mation of a surface seal. In this study, we

P

P

Fig. Fig.
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observed the development of a seal at the sur- could be more significant in the bare soil sur-

face of covered soils. Visual observation in- face than that in the covered soils where the

dicated that state of the surface seal develop- seal formation is limited to partial area of the

ment was di erent between the bare soil and soil surface.

the covered soils. Only the bare soil surface The steady-state infiltration rates and satu-

showed the seal development over the entire rated hydraulic conductivities of core samples

area of it. The saturated hydraulic conductivi- are summarized in Table . For bare soil, the

ty of the seal layer was calculated using a steady-state infiltration rate was close to the

similar method to that presented by McIntyre saturated hydraulic conductivity of the undis-

( ) : turbed core soil sample. There was no signifi-

cant di erence between steady-state infiltra-

tion rates ( . ) and the saturated hydraulic

where is the saturated hydraulic conductiv- conductivities ( . ) of the soil under all

ity of the entire soil column, is the saturated covering conditions except the areal com-

hydraulic conductivity of the surface seal post cover for the infiltration rate. The di er-

layer, is the saturated hydraulic conductivi- ence between the average infiltration rate

ty of the layer beneath the seal, is the thick- under areal compost cover and the aver-

ness of the seal, is the thickness of the under- age hydraulic conductivity of all five condi-

lain layer, and the total depth of the soil tions was . mm hr . This is greater than the

column was cm ( di erence between the average infiltration rate

, was assumed to be ( . mm hr ) for all other conditions and the

. cm, as a distinct boundary observed be- average hydraulic conductivity of all five con-

tween the thin dense layer at the surface and ditions ( . mm hr , Table ). Our observa-

the subsoil underneath. The surface . cm tions indicated that wet compost clumps acted

thick layer was easy to remove and separate to seal the soil surface and provided obstacles

from the sub-layer. For each coverage condi- to infiltration of surface water. The presence of

tion, one sample for every replicate was used to compost clumps as an additional seal appears

determine the saturate hydraulic conductivity to explain the low degree of infiltration ob-

of the seal layer. Due to this limitation in the served for a compost cover of areal .

number of available soil core samples for meas-

uring the hydraulic conductivity of the seal,

we did not undertake a statistical comparison

of di erences in the permeability of seal layers

among di erent conditions. No data could be

obtained for the soil with areal cover by Figure shows the relationship between in-

straw due to structural disturbance of the sur- filtration rate and sediment concentration at -

face seal that occurred when collecting undis- minute sampling intervals during the -

turbed core samples. minute rainfall event for all soil surface treat-

The surface seal layer showed significantly ments. Di erent trends were observed for the

low saturated hydraulic conductivity, with covered and uncovered soil. The uncovered

values ranging from approximately to mm bare soil showed a decline in infiltration rate

hr in the bare soil and the three covered soils with increasing sediment concentration, while

(Table ). The considerable low saturated hy- covered soils showed a sharp fall in infiltration

draulic conductivity of the surface seal re- rate at lower sediment concentrations relative

sulted in reducing the soil surface permeabili- to bare soil. For bare soil, only eroded and

ty. However, this function of the surface seal deposited fine soil particles were considered to

tot tot c c u u

tot

c
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c

L K l k l k
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L l l ). The thickness
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Trends of infiltration rate with sediment concentration for each treatment. Dash-dot line

indicates average infiltration rate of all treatments at steady-state. Mean rain intensity was

. mm hr .

Morphological feature of soil surface

with compost application after rainfall.

Arrows indicate where transported par-

ticles are deposited to form surface seal

(relatively smooth area).

reduce the infiltration rate of the soil by clogg-

ing pores and developing seal. At the same

time, some of the deposited fine particles were

re-detached by raindrop impact or runo wa-

ter. Steady-state infiltration rates were similar

for covered and uncovered soils, with average

rates of . and . mm hr , respectively. For

average steady-state infiltration of all the treat-

ment, as indicated by the dash-dot line in Fig.

, the sediment concentration of soil with a

coverage rate of areal was approximately

that of uncovered soil. If the fine soil

particles transported in runo is a main cause

for soil pore clogging and thus for the decrease

in infiltration rate, the sediment concentration

of the covered soil should be as high as that of

the bare soil since both soil showed similar

reduction in permeability. However, the soils

covered by straw or compost showed rather duce infiltration rate. The depositional crust

low sediment concentration (Fig. ). As men- was developed mostly in sediment-trap areas

tioned above, some of the detached finer soil close to the covering material fractions. Fig.

particles in the covered soil were transported shows compost applied to the soil surface. The

by runo , trapped by surface cover, and de- photograph shows the partial formation of a

posited on the soil surface. In this way, soil loss surface seal, which is visible as the relatively

could be reduced, and trapped soil particles smooth area in the photograph.

locally form depositional crust that could re-

Fig.

Fig.
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Agassi, M., Hadas, A., Benyamini, Y., Levy, G. J.,

Kautsky, L., Avrahamov, L. and Zhevelev, H.

( ) : Mulching e ects of composted MSW

on water percolation and compost degradation

rate. Compost Sci. Util., ( ) : .

Barrington, S.F. and Madramootoo, C.A. ( ) :

Investigating seal formation from manure in-

filtration into soils. Trans. ASAE, ( ) :

.

Chen, Y., Monero, F.V., Lobb, D., Tessier, S. and

Cavers, C. ( ) : E ects of six tillage methods

on residue incorporation and crop perform-

ance in a heavy clay soil. Trans. ASAE, ( ) :

age. The compost cover at areal which

corresponds to the application rate of t ha in

A decrease in infiltration rate under surface- dry weight could reduce the cumulative sedi-

covered condition can be attributed not only to ment loss less than of that from the bare

sealing but also to runo -generation process soil. However, surface runo from the soils

induced by the characteristics of the cover ma- covered with rice straw or cattle manure com-

terial. As stated previously, we observed sus- post was not reduced at coverage rates of or

pended compost particles in runo water for , and areal . Trends in soil loss described

the case with applied compost. These fine par- in the present study involve a decrease with

ticles may also have clogged surface soil pores increasing surface coverage rate, however,

and thereby acted to reduce the infiltration runo behavior varied more with the nature of

rate. Barrington and Madramootoo ( ) in- the surface-covering material than with cover-

vestigated changes in infiltration rate for a age rate.

clay loam soil under water-ponding conditions The results of this laboratory study showed

by pouring sterilized manure solution onto the an adverse impact of the surface cover, which

soil surface. They found that a decrease in in- is generally considered to improve rain infiltra-

filtration rate resulted from the trapping by tion thus reduce runo , on surface runo . In

soil pores of particles derived from the manure. this study, a decrease in infiltration and related

Moreover, they reported that retention of ma- runo increase were observed for soil with a

nure-derived solids by pores was influenced by compost cover at areal ( t ha in dry

the adsorption of manure-derived organic par- weight). The increased runo could be a major

ticles by clay components of the soil. factor to transport fine compost particles into

In the present study, the straw-covered soil downward slope, and then utility of the com-

showed a decrease in infiltration rate with a post as organic resource could be degraded.

lesser increase in sediment concentration than Regarding the e ects of slope, rain intensity,

that recorded for bare soil (Fig. ). The lower and soil type used in this study on simulated

concentration of sediment was due to the trap- runo , soil conservation benefit is not assured

ping of sediment by straws, as the microsedi- for the compost cover at areal . Further

ment pond. Under rainfall, the microsediment investigations on the transport of fine solids

pond was puddled by raindrop impact. Parti- and nutrients in runo from surface applied

cles were displaced and sorted according to compost under di erent experimental condi-

particle size during the puddling that formed a tions (i.e., slope, rain intensity) would be need-

depositional crust (Le Bissonnais ) in ed.

the vicinity of pieces of straw. Therefore, the

straw-covered soil showed a decrease in in-

filtration rate and increased runo with lower

sediment concentrations (Fig. ).

Two soil cover materials with di erent sur-

face coverage, rice straw as conventional

mulching material and cattle manure compost

as an alternative, were applied to a clay loam

Andisol with a slope of . Under simulated

rainfall, soil loss was significantly reduced by

surface cover even with low soil surface cover-

et al.,

. . E ects of cover-material on runo

generation

References

. Conclusions

+

+

# #

+332 #

- -. .+

+323

- 2/+

2/0

,**. #

.

-/

-

/*

# #

-*

# -/ 0*

#

+323

# #

#

0* 0

#

#

2

#

0*

#

#

,**/

#

2

#

+.

0

-,

.1

- - , # #

.



� �

� �

�
�

����	
 � �

�

�

�

�

�

�

�

� �

� �

�
�

� �

� �

�
�

� �
�

64

cover measurement. Trans. ASAE, ( ) :

. tivity and di usivity : Laboratory methods.

Faucette, L.B., Jordan, C.F., Risse, L.M., Cabrera, M., pp. - . A. Klute (ed.) Methods of soil

Coleman, D.C. and West, L.T. ( ) : Evalua- analysis. Part . Agron. Monogr. . ASA and

tion of stormwater from compost and conven- SSSA, Madison, WI.

tional erosion control practices in construction Le Bissonnais, Y.L., Cerdan, O., Lecomte, V.,

activities. J. Soil Water Conserv., ( ) : Benkhadra, H., Souchere, V. and Martin, P.

. ( ) : Variability of soil surface characteris-

Faucette, L.B., Risse, L.M., Nearing, M.A., Gaskin, J. tics influencing runo and interrill erosion.

W. and West, L.T. ( ) : Runo , erosion, and Catena, : .

nutrient losses from compost and mulch blan- Li, F. and Chaplin, J. ( ) : Analysis of random

kets under simulated rainfall. J. Soil Water and systematic sampling methods for residue

Conserv., ( ) : .

Foltz, R.B. and Dooley, J.H. ( ) : Comparison of .

erosion reduction between wood strands and Marshall, T. J., Holmes, J.W. and Rose, C.W. ( ) :

agricultural straw. Trans. ASAE, ( ) : . Soil erosion and conservation. p. . Soil

. Physics, rd edn. Cambridge University Press,

Fujiwara, S. ( ) : Method of composting and its Cambridge, United Kingdom.

usage from the principle to the practical . McIntyre, D.S. ( ) : Permeability measurement

p. . Rural Culture Association, Tokyo, Ja- of soil crusts formed by raindrop impact. Soil

pan (in Japanese). Science, : .

Gilley, J.E. and Eghball, B. ( ) : Runo and ero- Meyer, L.D. and Harmon, W.C. ( ) : Multiple-

sion following field application of beef cattle intensity rainfall simulator for erosion re-

manure and compost. Trans. ASAE, ( ) : search on row side slopes. Trans. ASAE, :

. .

Goto, S. and Eguchi, H. ( ) : Ca, Mg and K release Meyer, L.D., Wischmeier, W.H. and Foster, G.R.

rates from some green manure and composts ( ) : Mulch rates required for erosion con-

under field conditions. Jpn. J. Soil Sci. Plant trol on steep slopes. Soil Sci. Soc. Am. Proc., :

Nutr., : (in Japanese with an English .

abstract). Nakao, S., Takagi, A. and Hosokawa, M. ( ) :

Greene, R.S.B. and Hairsine, P.B. ( ) : Elementa- Water erosion control practices and its e ects

ry processes of soil-water interaction and on sloping upland fields. Jour. JSIDRE, ( ) :

thresholds in soil surface dynamics : A review. (in Japanese).

Earth Surf. Process. Landforms, : . Nanzyo, M. and Yamada, K. ( ) : Changes in

Han, Y. J. and Hayes, J. ( ) : Soil cover determi- chemical properties and water-percolation of

nation by image analysis of textural informa- soils overlaid with cattle manure compost. J.

tion. Trans. ASAE, ( ) : . Jpn. Soc. Soil Phys., : (in Japanese

Kato, T. and Yoneda, K. ( ) : E ects of long-term with an English abstract).

application use of compost on the physico- Niebling, W.H., Foster, G.R., Natterman, R.A.,

chemical properties of andosol and yields of Nowlin, J.D. and Holbert, P.V. ( ) : Labora-

cabbage and Japanese radish. J. Jpn. Soc. Soil tory and field testing of programmable plot-

Phys., : (in Japanese with an English sized rainfall simulator. pp. . Erosion

abstract). and sediment transport measurement. Interna-

Kawata, A., Itami, K., Kyuma, K. and Kosaki, T. tional Association of Hydrologic Sciences Pub-

( ) : The e ect of organic matter on dis- lication, , Oxfordshire, United Kingdom.

persibility of clays A case study of Hiki- Nishida, I., Tatekawa, M. and Koyama, K. ( ) :

gawa reclaimed agricultural land Soil Phys. E ect of organic matter applications for the

Cond. Plant Growth Jpn., : (in Japa- vegetative cultivation on reclaimed field. Bull.

nese with an English abstract). Nara Agri. Expt.Sta., : (in Japanese

Kleinman, P. J.A., Sharpley, A.N., Veith, T.L., with an English summary).

Maguire, R.O. and Vadas, P.A. ( ) : Evalua- Reinking, L. ( ) : ImageJ version . o, updated

tion of phosphorus transport in surface runo August , . http : //rsb.info.nih.gov/ij/

from packed soil boxes. J. Environ. Qual., : docs/pdfs/ImageJ.pdf (accessed ).

. Ruan, H., Ahuja, L.R., Green, T.R. and Benjamin, J.

Klute, A. and Dirksen, C. ( ) : Hydraulic conduc- G. ( ) : Residue cover and surface-sealing

In

In

In

/ +-/-

+*2 ,**2

+**- +*+* #

021 1-.

,**/ + 3

0 ,22 ◊

,31 ,**/

#

,**. # +++ +,.

+33/

. +/. +0*

,**- +-0+

+330

/ +-23 ++ -+.

+-30 -

,**-

+3/2

+++

+2/ +23

+332 # +313

/

+,23 +,3. +** +*-

+331

+31*

0.* 0.. 3,2 3-+

,**,

,**. #

1

0+3 0,,

+*11 +*3+ ,**/

+33*

, 02+ 020 ./ /.

,**+ #

+32+

- +1 .*/ .+.

+330 # +--

+33/

#

-+ -2

/- 0*

,**. ,**+ + ,.

# ,* ,**+

,**1 +, +-

+.+- +.,-

+320 ,**+

-2

0*

0,

/3

.0

2/

.+ ,,

-.

02

1*

,3

-- 33

21

1/

,0

--



�

����� � � �
����� � � �

	


 � �
�

 � � � 
 �

 �� 
 � � �

 �  �
� � � �




� � � �

��

����� � ��������� !"#�$ %&'()*!+,-./01234567
89:;<=>?�@��A7BC9>?DEF ��EGHI7JKLMN�>?D:;O�@PQ
RSTUV! ���WX@YZ[�7\ @:;]7^ _`a9:;O '():; *!
+ 23456:; B8b c:;] d:;�$a ef7gh d
ij@���kl! m@no p:;qr7^ _s:;qr7tuvwx<yz{|! }~

:;@�s ��789>?DEFx@yz+s� �7 0123456:; + s:;8
��� >?DEFx��V! >?DEF<�l!���V_���7:;��S7��{|!��
[)56789����A<�U{|!

0123456 :;O >?DEF ��EG ?D[)56

�
�

��������� /��¡¢£ ��¤¥¦§¨©
���������Iª£�¡¢£ ��¤��«¬I

�®¯ °± ² ³ ´

�����

� �

�	
�����������������

���� !"#$�%&'()

�

� �

� �
�

�
�

�

� �

� � �
� � �

�

�

� �

_

_

65

:

:

: Evaluating Influence of Di erent Cover Materials on Runo and Sediment Loss from

Bare Upland Soil using Laboratory Rainfall Simulator

e ects on infiltration : Numerical simulations eries of Japan (MAFF) ( ) : Chapter III :

for field applications. Soil Sci. Soc. Am. J., : Section The roles of farming, forestry and

. fishing villages in making sustainable use of

Rural Development Bureau, The Ministry of Agri- biomass. Annual report on food, agriculture

culture, Forestry and Fisheries of Japan and rural areas in Japan FY (summary).

(MAFF) ( ) : A planning - farm field im- http : //www.ma .go.jp/hakusyo/kaigai/

provement (upland) - Design criteria for a rep.pdf (accessed ).

land reform project program, draft revisions Vadas, P.A., Meisinger, J. J., Sikora, L. J., McMurtry,

(in Japanese). http : //www.ma .go.jp/www/ J.P. and Sefton, A.E. ( ) : E ect of poultry

public/cont/ seisaku e.pdf (accessed diet on phosphorus in runo from soils

). amended with poultry manure and compost. J.

Shimizu, N. ( ) : Measures of support to promote Environ. Qual., : .

a system for utilization of organic resources Watanabe, T. and Kawabata, T. ( ) : E ects of

A case of livestock manure utilization. Tech. farmyard manure on soil-erosion and soil fer-

Rep. Natl. Inst. Rural Eng. Japan, : . tility of an inclined field. Bull. FUKUI Agr.

Singer, M. J. and Blackard, J. ( ) : Evaluation of Exp. Sta., : (in Japanese with an Eng-

wild oat straw as a soil erosion retardant using lish summary).

simulated rainfall. Agron. J., : . Yamamoto, H., Osozawa, S., Ishihara, A. and

Singer, M. J. and Walker, P.H. ( ) : Rainfall- Hanano, Y. ( ) : E ects of straw mulch on

runo in soil erosion with simulated rainfall, soil erosion from steep slopes in Shikoku,

overland flow and cover. Aust. J. Soil Res., : Japan. Soil Phys. Cond. Plant Growth Jpn., :

. (in Japanese with an English abstract).

The Ministry of Agriculture, Forestry and Fish-

areal . mm hr

areal

:

*

**

* * **

In

In

+

,**1 / ,,
,**1 ++ ,3

# #

# ,**,

,

2/- 20+

,**,

,**0 # ,**,

,**1 +, +-

# ,**. #

,**0*+*. + #

,**1 *3 +3

,**/ +2./ +2/.

+32* #

.1 /0

+311 /+ /3

2++ 2+.

+32- +33/ #

#

+*3 +,, .+ .0

2

* -*

-/ 0* ./ +

+**

0*

+2- 2/*3 - / 2

++- 20/1 + + +

0/

--

,*-

+1

03

,+ 1+



� � �
� � �

�� �

	 
 �	������� ������ �������� !
"#$ %& '( )

* � �
�

� � *
* + � � �

, � � � �
� *

* � � � � �
� * �
� * �

� *
+ , � � � � �

* �
� � *

�

-./ 01.23456. 787 9:;< <
=> )?@A 01."#>B C>9.DEFG

"#$%&� )B %&�HI �A J1.K5 5BL� %& �MEANO 4-.
�P LQ 5-. 'R S	TUQV "#$W "#$%& � )ME 37X Y B

)�Z 5B "#$R[� �A \ME]^_`a ]^_`a A bX"#$%&
c1.d�Q �e�37X %&8f� )Agh �ij� k3 )l��mn4o L23Ap7"
Xb. q" R[>rfs "#$�tuv I > q" f B'wx`]>9. )y3 )y
zbX{ %&>|}Xb. )BP LQ 5-. 3� y~�DE��� �8f )� A c1.
�� 8f )�Z>9�X=���Xb � A� 7" 2�f� )ME B %& �?
. ' ) �� I�K��������a5-. �A���;>��.23456 3��f�.
� � ���6 )�Z >zbX{ 787 ME�"#����� � A 31.23
)B"#$%&� m¡ 37Xghf�Xb. 8f¢£� A 7 ¤¥A¦#.§¨ L"#$5
%&� )?@B %& A C5�©7 )� �DE>B= ;5BLb
ªn�«^¬®5|}"¯ A 01.23>9: (° ±�'²) >9�X³´��.' w�µ

¶ ·

� ��

� � � �
�

	

� 
 �

� 	 � � ��
� � � � � � � 

� �� �� � � �
� � � � � �

� � � � �
� � � � � �  !

" #	 �� � $ � � �
� % &�
' ( �� ) ��

� * � +� � ,
� -. � � �

/ 
 0 12 3

4

� � �

�����

	 
 �

� 

�������	
�������

� � �

� � �

�

�

� �

OSHISAKO

*

:

Hiroshi Y *

* National Institute for Rural Engineering, National Agriculture and Food Research Organization,

Kan-nondai, Tsukuba-shi, Ibaraki , Japan

To establish a method to investigate leakage from small earth dams by measuring ground

temperature at a depth of one meter, its daily range and seasonal variation and the surface

temperature of the small earth dam body were measured at the Aoike Irrigation Pond in Kagawa

Prefecture. The relationship between the ground temperature at a depth of one meter and the

conditions of the small earth dam body surfaces, leakage paths and seepage surfaces was in-

vestigated through simulation. The results indicate that ground temperature anomalies caused

by partial leakage from a low-height small earth dam can be detected by the measurement of the

ground temperature at a depth of one meter on the crest of the small earth dam during summer

or winter, when ground temperature di erences are more likely to occur. A method to set leak-

age paths, seepage surfaces and fixed temperature boundaries for simulation is also presented.

From the simulation of ground temperature at a depth of one meter, the width and depth of

leakage paths can be estimated by determining the conditions of leakage paths and seepage

surfaces that are concordant with the measured temperature values.

: irrigation pond, small earth dam, underground temperature, leakage

a

a

*

Investigation of Leakage for a Small Earth Dam

by Underground Temperature Survey

J. Jpn. Soc. Soil Phys.
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Measurement line and points (Aoike : Center of dam crest)

m

Result of ground temperature measurement at a depth of m (Aoike)
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m

Daily change of ground temperature at a depth of m (Aoike)

m

Annual change of ground temperature at a depth of m (Aoike)

. m

. m

m

m, m m

Fig.

Fig.

+

+

+

+

,**/ 3 1 2

* ,

,**/ 3 2

+31. , 1

0 1

, 0

1 22 +

.

.

/

/

, , .



� �

�����	 �
�� ��� �����

�����	 ����� ����� �����

� �
�

�
� �

� � � �
� � �

� � � �

�

������  !

"#$ % &' ���������	(�)*
�+,-./01�	23456$7/ ��&'�

)* 8"�9:;<=�>�?@-ABCD$ E�FGHI JK���( )+��L
M4 N��:(O�M4PQRS1T$7/4U& V4WK1XRT7/&' ��Y:ZD$[\](
$ 8J ^_:ZT1()M�`�(�MHIa�" bcde�fg:H$hi[jklm Yno[60
#I 7�a��4p�/01��Y:qrs$7/: /01tu 8J vw0Jxy� )z{f"(�
H|1+�5i a�n 4PQRS$7/4U&$ ��[jk-}h/01t|1T$7/ [jk~/�

�:��s$�����������6��(��67
/&' ���:q��&'�n�����[jk(}

�

�

�
� �
����� 	
��������
������������

�

�

�

72

Daily change of temperature of a bank body surface (crest, Rokudoike)

Daily change of temperature of a bank body surface (underwater, Rokudoike)
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A. Casagrande
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Section of the bank body using simulation (Aoike)
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m

Calculation condition ( ) and calculation value of ground temperature

at a depth of m

A B C D E

m m m m m

m m m m m

m :

Calculation condition ( )
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Leakage paths in the bank

m

Relations of depth of leakage paths and ground temperature at a depth of m

m m
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m m

m

Fig.

Fig.

+

+

+- - - +*

+

+ +

+

3

3

+*

+*

, .



� �

�����	 
����

������	 
����

�
� � �

� � �
� � �

�
� �

����� � �

������	��� !"#$�%&'() �����	
�*+,- �."	-/��
01*23 ����	456��*7, ��*8,
9:;7<=>?7@AB !"C6�� D EF@GH3/IJKL'IM)@A
NO P�O *Q, B 
��*RST

.U>&'()0VW�X 	 YZ*[\- ]^_`a1-3	b
7,%7c�d456
�*Q, efTAg@eTh%ij*kBlm

�

�

� �

� � � �

� � 	 �

�

�

76

m

Relations of width of leakage paths and ground temperature at a depth of m

m

Relations of temperature of leakage paths and ground temperature at a depth of m

m

A. Casagrande
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m

Relations of thickness of leakage paths and ground temperature at a depth of m

Calculation condition ( )

m

m

mm

Specifications of leakage paths

(Aoike)
m

A. Casagrande m
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m :

Comparison of a calculation value and actual survey value (ground temperature

at a depth of m : Aoike)

Velocity vector and main leakage paths

. m

Fig.
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Amendment of Soil Physical and Biological Properties

Using Rice Husk and Tapioca Wastes

OMARIAH TO ENGE

DOMAKO FANDI

* Graduate School of Agriculture, Gifu University, Yanagido , Gifu City, Japan

** Faculty of Applied Biological Science, Gifu University, Yanagido , Gifu City, Japan

*** Soil Science Department of Lampung University, Jl. Sumantri

Brojonegoro No. , Bandar Lampung, Indonesia

A field experiment in a pineapple plantation at Lampung Province of Indonesia was conducted

for months to investigate the e ect of rice husk and tapioca wastes (cassava bagasse and

cassava peel) used as organic amendments, on soil physical and biological properties. The

treatments included control, rice husk mulch, cassava bagasse mulch, cassava peel mulch, cassava

peel-soil mixture and black polyethylene film mulch. The organic materials were applied

manually at a rate of kg m . The soil physical and biological properties at the initial and final

stages of the experiment were measured and compared. The results showed that the moderate

rate of rice husk’s decomposition process slightly increased SOM of surface layer that may had led

to somewhat decreased particle density and available water content enhancement. On the other

hand, cassava bagasse mulch decomposed within very short period after application and thus its

roles especially in soil physical properties were no more noticeable in months after its

application. Due to the slow decomposition rate, months was probably too short for cassava

peel to contribute in SOM enhancement as well as other soil physical properties. However, the

application of investigated organic materials for soil amendment resulted in the more abundance

earthworm populations, bulk density decreasing, and the increases of macro pores and WSA in

general. The existence of earthworms in the soil is certainly contributed positive e ects in the soil

properties, especially physical soil properties. But which soil properties that were most a ected by

the earthworm activities cannot be concluded, since other factors such as soil microorganisms

could also play a role in promoting soil properties enhancement.

: Indonesia, soil organic matter, organic mulch, tapioca wastes,

earthworm

organic mulching. Organic mulching also grad-

still be obtained at the third harvest time, which

could take about three years. Long culture

period, high annual rainfall and high mean

Soil deterioration is an important problem in temperature all year long in tropical monsoon

pineapple plantation areas, such as Indonesia, climatic countries result in decreasing of soil

due to the long period of pineapple life cycle physical, chemical and biological properties.

and the tropical monsoon climate. The first Erenstein ( ) stated that soil degradation

harvest time could take about to months process could be arrested by the application of

from seedlings, and optimum production could

ually improves the soil physical and biological
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and cassava bagasse) in particular, on the amend-

been widely conducted. The application of waste

-

ing industrial wastes for soil amendment re-

sulted

the pressmud and its di erent composts signi-

Foley and Cooperband ( ) found that amend-

ing

properties. Crop residues have also been wide- decreasing of soil bulk density, but had no

ly used for organic mulching studies. Straw e ect on soil test P value. Seth ( )

mulches contributed organic matter to the soil, utilized t ha of composted sugar industry

hence increasing infiltration and reducing me- waste (pressmud) in a sodic soil to evaluate the

chanical impedance (Tindall ). Fur- soil properties and rice growth and found that

thermore, Lal ( ) showed that applying

. kg m straw mulch was e ective in sup- ficantly increased the plant height, grain and

pressing soil erosion up to after deforesta- yield. Zheljazkov ( ) investigated that wool

tion. Application of plant residues as mulch in and hair wastes decompose slowly under both

the tropics is known to improve the soil micro- of field and greenhouse conditions, and their

climate, besides providing food for earthworms application of only . g kg for soil amend-

(Tian ). Many studies have shown ment may support crop yield, which became

the importance of worm activity to soil produc- double to five times bigger and would improve

tivity and thereby to plant growth. soil biological and chemical characteristics.

Organic mulching materials could be ob-

tained not only from the crop residues of post- soil with paper mill residuals significantly

harvest, but also from the waste of agricultural increased total soil C and increased plant-

industries. For example, cassava peel and cas- available water by to . The experiment

sava bagasse wastes are generated in the tapio- by Mantovi, P. ( ) using composted

ca industries during tapioca production proc- sewage sludge for long-term application on soil

ess. Generally, in the tapioca production, , resulted in the increasing of organic matter,

kg of cassava would produce about kg tap- total N and available P in the soil. Significant

ioca and almost kg solid wastes (Trade and increases in total organic carbon and aggregate

Industry Dept. of Indonesia, ). Meanwhile, stability were observed in the plots amended

the area for cassava cultivation in Lampung with two-phase olive-mill waste on degraded

province, Indonesia in was , ha, and agricultural soil (Lopez-Pineiro ).

the total cassava production was . kg The researches about the utilization of vari-

(Lukita G., ). It means that there are ab- ous organic materials mentioned above, includ

undant tapioca wastes, which sometimes evoke

environmental problem by spreading o ensive in di erent e ects. But, in spite of the

smell in the surroundings. The daily produc- abundance of tapioca production in South-East

tion of tapioca wastes is relatively high but Asia, especially Indonesia, the application of

their utilization for industries and livestock tapioca wastes as an alternative for soil amend-

feed is limited. Therefore, the utilization of ment and their e ects on soil physical and

those wastes for environmental conservation biological properties are not covered in litera-

must be developed, especially to improve soil tures. Therefore, the aim of this experiment

properties as soil amendment. was to investigate the influence of crop residue

The studies and investigations of industrial (rice husk) and tapioca wastes (cassava peel

wastes amendment as alternatives for wastes

disposal and environment enhancement have ment of soil physical and biological properties.

paper product by Brauer and Aiken ( ) for

soil amendment near Booneville (USA) to de- The experimental field was located in a pine-

crease the risk of phosphorus (P) transport to apple plantation owned by Great Giant Pineap-

surface water showed an increase of soil ple Company (GGPC) in Lampung province of

carbon content (i.e. organic matter) and the Indonesia, lying on latitude S and longi-

et al.

et al.,

et al.

et al.,

et al.

et al.,
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Amendment of Soil Physical and Biological Properties Using Rice Husk and Tapioca Wastes:

smooth pineapple seedlings in two rows.

clay fraction distribution, particle density, total

statistically using Mann-Whitney U-Test at

tude E. The site consisted of complished. The final soil sampling was con-

soil with predominantly sandy loam ducted in the early of October , soon after

texture. The site used had previously been the pineapples were harvested. Soil sampling

cultivated with pineapple for three continuous was taken in the depths of cm, cm,

years followed by one-year cassava cultivation. cm and cm with three samples for each

The investigation was conducted from July depth of each treatment. Undisturbed soil

to September . The experiment was samples were performed with cc soil cores

laid out in a randomized complete block design to determine bulk density and soil water poten-

with three replications. Each plot consisted of tials, and disturbed soil samples were taken to

two beds, measuring . m m, and a height determine particle size distribution especially

of . . m. Each bed was planted with

soil organic matter (SOM) content and water-

The experimental treatments were : control, stable aggregate (WSA).

rice husk mulch, cassava bagasse mulch, cassa- The soil water retention curve at , ,

va peel mulch, cassava peel-soil mixture and , and , kPa was determined

black polyethylene film mulch. The typical using a centrifuge apparatus (Kokusan H-

size of rice husk used in the experiment was B). Based on the standard methods of soil

mm in length, mm in width and about . physical analysis described in JSSMFE ( ),

mm in thickness. Cassava bagasse was in gran- particle density and particle size distribution

ular form with the diameter of bigger than . were determined using pycnometer and the

mm. Cassava peel was chopped in irregular hydrometer methods, respectively. Clay frac-

shape with . . mm in thickness and tion distribution with the particle size of .

mm in diameter. The rice husk, cassava ba- mm was classified according to the Internation-

gasse and cassava peel mulches were manually al Soil Science System (Foth, ). WSA was

applied by hand at a rate of kg m based on determined using a set of wet-sieving cylinder

wet basis, and this resulted in mulch height of having mm, mm, m, m and m

cm. The rate of kg m of application mesh sieves arranged in that order. The WSA

was adjustable to the abundant availability of was expressed as the percentage of soil mass

organic amendments in the surounding. Re- with the aggregate fraction of . mm. The

garding the cassava peel-soil mixture, cassava loss on ignition method was used to determine

peel was thoroughly mixed with the soil to the SOM content (JSSMFE, ). The physical

approximately cm depth in the middle of soil properties mentioned above were analyzed

June . The seedlings were transplanted in

late June and mulching was completely probability level.

applied on soil surface in late July . Pine- Soil temperatures were measured using the

apple fruits were harvested in September . silver-copper thermocouple cords at the depth

Total rainfall was , mm and total evapora- of cm, and soil moistures were measured

tion from evaporation pan class A was , at cm of depth with the Time Domain

mm during months of experiment period. Reflectometer (TDR) probes. Both of soil tem-

Maximum air temperature was . and this perature and soil moisture measurements were

occurred on January , while the mini- connected to a CR X data logger and recorded

mum air temperature of . was observed on every ten minutes, the data were taken only at

August . one point at each treatment.

Initial soil sampling was performed to obtain Soil biological property observed was earth-

the disturbed and undisturbed samples in late worm population at each rainy and dry season.

July , just after mulching application ac- Soil pits of . m . m size were dug in each

cayenne
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Podzolic
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Changes of soil physical properties under various treatments

Clay Fraction SOM Particle Density Bulk Density WSA

Depth
Treatment initial final initial final initial final initial final initial final

(cm)

kg kg kg kg kg m kg m kg kg

Control

(No mulch)

Significance within treat S S S NS S

Rice husk

mulch

Significance within treat S NS NS S S

Cassava peel

mulch

Significance within treat S S S NS S

Cassava bagasse

mulch

Significance within treat S S S S S

Black

polyethylene film

mulch

Significance within treat S S NS NS S

Cassava peel-soil

mixture

Significance within treat S S S NS S

Note : Initial sampling : July ; Final sampling : October

*S : Significant di erent at P using Mann-Whitney U-Test ; n ; n

observed using hand-sorting method (Svendsen,

treatment and the earthworm population (indi- by Duncan’s Least Significant Di erence (LSD)

vidual m ) at depths of , and test at probability level.

cm with three replications were sampled and

). The earthworm population was then

analyzed statistically using ANOVA followed The clay fraction changes at , ,

Table

. Results and discussion

. Clay Fraction Distribution

, + - + - - - - +

+ ,

,

+*2 ,**2

+* +* +* +*

* / ,*4* 24. -. ,2 ,401* ,4021 +4+. +4+* *4,2 *4--

/ +* ,*4* .4, -. ,2 ,4012 ,403, +4+1 +4+/ *4-. *4.3

+* +/ ,*4* /4* -/ ,3 ,4023 ,4022 +4+1 +4,. *4-* *4.1

+/ ,/ +04* /42 -+ -* ,4023 ,4022 +4,- +4-, *4,3 *4..

4

* / 04, .4* -- -0 ,4021 ,401+ +4*0 +4*. *4-/ *4-0

/ +* +/4* /4+ -/ ,3 ,403* ,402* +4,, +4+* *4-1 *4.0

+* +/ +*42 34* -. -- ,402. ,4010 +4-, +4*. *4-2 *4.-

+/ ,/ +,4* 34* -. ,3 ,402- ,403* +4-1 +4-* *4-, *4..

4

* / ,*4* .43 -- -+ ,400, ,401- +4+/ +4*+ *4.1 *4/.

/ +* +,4/ 042 -. ,1 ,4003 ,401+ +4+2 +4*2 *4-/ *4/.

+* +/ ,.4* +-4+ -/ ,1 ,4003 ,4013 +4,- +4,2 *4-- *4/.

+/ ,/ ,*4* ++4- -- ,0 ,400, ,402- +4+2 +4,/ *4-+ *4/,

4

* / +/4* .4, -+ ,1 ,40/- ,401+ +4+- +4*2 *4,3 *4/-

/ +* +,4* 04* -, ,2 ,40/, ,402* +4+3 +4*1 *4-* *4.3

+* +/ +/4* 14. -, ,3 ,40.3 ,4003 +4-/ +4+- *4-0 *4.1

+/ ,/ +24* 14. -+ ,2 ,40/, ,400. +4-1 +4,- *4-/ *4.-

4

* / +.41 .4* -, ,1 ,40/- ,401/ +4** +4+/ *4-. *4.0

/ +* +*4+ .4* -, ,1 ,4011 ,41+* +4+0 +4+. *4,1 *4.*

+* +/ +.4/ 14+ -, ,2 ,40/. ,4002 +4., +4,3 *4,1 *4.0

+/ ,/ 140 04. -, ,1 ,402* ,401. +4-, +4-* *4+. *4/,

4

* / +34* +*4* // -+ ,4/+, ,400. +4*- *41+ *4-* *4/2

/ +* ,*4* 342 .+ ,2 ,4/.2 ,4010 +4+- +4*. *4,. *40*

+* +/ ,*4* 04- -0 ,3 ,4.-3 ,4003 +4-* +4,3 *4,/ *4/2

+/ ,/ ,*4* +*4. -3 -- ,4//1 ,4002 +4-. +4-, *4-+ *4/3

4
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Clay fraction change at - cm depth for months

(Initial sampling : July ; Final sampling : October )

Therefore, further study of other methods would

cantly decreased in all treatments. Vinyl mulch

and cm of depths in Table shows that practice of amending the soil with organic ma-

clay fractions decreased in all treatments at all terials at the experiment site was also aimed at

depths. From Table , it is di cult to inform preventing clay-leaching problem. But, it has

the decreasing trend of clay fraction at each been shown distinctly that irrespective of the

depth between treatments since they do not treatments applied, the clay content signifi-

show a particular tendency in detail. There-

fore, Fig. that shows the percentage of clay that completely protected soil surface from

fraction at cm depth at initial and water infiltration during precipitation should

months later, is also presented to simply under- have prevented clay from leaching into deeper

stand the changes. It is shown that the clay layer. But the vinyl mulch, just as the organic

fractions significantly decreased in all treat- mulches, in this study could not prevent the

ments at cm of soil depth. It was assumed clay loss because water dripping through the

that the clay was leached into deeper soil open spaces of plant stands during rainfalls

layers. Water infiltration through the soil sur- transported the fine particles from surface into

face during rainy days may have caused the deeper layer.

fine particles dispersion, therefore clay frac- The rates of clay content decreases especial-

tions leached into deeper layers through cracks ly under rice husk mulch were smaller than

and soil pores. This clay leaching had caused cassava peel, yet the organic amendment mate-

texture change from sandy loam to loamy sand rials investigated could not play any better

soil in the whole treatments. The degradation role in preventing clay leaching in this study.

of soil physicochemical properties due to clay

particle leaching has been an inherent big pro- be required to overcome the clay-leaching pro-

blem in and around the study site. Due to the blem during pineapple cultivation in the exper-

fragile nature of the soil, deep plowing is usual- iment site.

ly undertaken before the next plantation cycle

to bring the clay particles up to surface and Organic materials are the main source of soil

thus improve soil physical properties. The organic matter (SOM), hence one of the aims of

Fig.

. Soil Organic Matter (SOM)
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general decline of bulk density and the increase

insignificantly decreased under rice husk mulch- of WSA. Especially in the organic amendment

decomposed SOM had already been mineralized

their role in SOM enhancement discussed above,

crease of gravitational water nevertheless show

It is also shown that bulk density signifi-

WSA could be the results of earthworms bur-

organic amendment is to increase the SOM, surface layer ( - cm) under rice husk mulching

which will improve soil physical, chemical and had somehow improved the soil physical pro-

biological properties. But Table shows that perties and consequently decreased the parti-

with the exception of rice husk mulching espe- cle density. On the other hand, the increased

cially at cm depth, SOM significantly de- particle density under control and the other

creased in all the soil layers under the various treatments was accordingly due to the de-

treatments. The rate of decomposition and the crease of SOM.

amount of organic materials are the keys to

determining the availability of SOM in the soil. cantly decreased in rice husk mulch and cassa-

Fifteen months after application, the cassava va bagasse mulch. However, despite insignifi-

peel-soil mixture and cassava peel mulch treat- cant, bulk density in other treatments also gen-

ments had not undergone decomposition and erally decreased. That is probably due to soil

could be seen physically in its original form cracks that occurred during the dry season

with the naked eyes. This indicates that (low rainfall) when soil moisture was extreme-

months was probably too short for cassava ly low. Also, the decreased bulk density could

peel to decompose to contribute to the en- be the result of earthworms burrowing ac-

hancement of SOM. tivities. Beside the burrows formation, earth-

On the other hand, there was a speedy de- worm casts could also played a role in the

composition of cassava bagasse within a very significant general increase of water-stable ag-

short period after application. In that case, the gregate (WSA), as shown in Table . Thus, the

decrease of bulk density and the increase of

into nutrients and used by the plants, hence

SOM decreased at the end of the observation rowing activities.

period.

In the meantime, months after its applica-

tion, the rice husks had been partially de- Table shows that the total soil water con-

composed with the remnant still covering soil tents from saturation ( kPa) to field capacity

surface. Although insignificant, the partially ( kPa) at final stage were generally higher

decomposed rice husk may have slightly in- compared to the initial stage. The total soil

creased SOM at the upper layer ( cm). It is water content from to kPa positively

expected that the remaining rice husks would relates to the soil macro pores. Macro pores

continue to decompose beyond the months cause gravitational water to drain quickly and

study period to enhance SOM at the sub-layers. the total soil water content within to kPa

According to the period and the rate of is called the gravitational water.

decomposition of each organic material and Except under rice husk mulch, there were no

significant di erences in gravitational water

rice husk can be recommended for use as or- increasing in all treatments. The general in-

ganic amendment with a moderate decomposi-

tion rate. that soil macro pores also increased in all the

treatments, which was probably due to the

It is shown in Table that particle density

ing, while it significantly increased in the other treatments, the di erences of macro pores at

treatments as well as the control, which experi- initial to final stage were bigger at all layers

enced a negligible decrease at cm depth. than the other treatments. Among all the or-

However, the slight increase in the SOM at ganic amendments investigated, rice husk

. Soil Gravitational Water and Availa-

ble Water Content (AWC)

. Particle Density and Bulk Density
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Gravitational Water Available Water

Amendment of Soil Physical and Biological Properties Using Rice Husk and Tapioca Wastes:

Changes of Soil Gravitational and Available Water Content

Soil water content (m m )

Soil

Treatment depth
kPa kPa kPa

(cm)

Initial final Initial final Initial final Initial final Initial final

Control

Significance within treat NS S

Rice husk mulch

Significance within treat S NS

Cassava peel

mulch

Significance within treat NS NS

Cassava bagasse

mulch

Significance within treat NS NS

Black

polyethylene

mulch

Significance within treat NS NS

Cassava peel-soil

mixture

Significance within treat NS S

Note : Initial sampling : July ; Final sampling : October

*S : Significantly di erent at P using Mann-Whitney U-Test ; n ; n

The available water contents (AWC) decreased

mulch resulted in significantly more macro of rice husk mulching and in the deeper layer

pores than cassava bagasse and cassava peel of cassava peel-soil mixture treatment. The

application treatments. increased AWC at surface layer of rice husk

mulching is assumed due to the slight SOM

or stable in general, except at the surface layer increasing. It is generally shown that the in-

Table

- -

+ ,

* +* +/**

* / *4/1 *4/3 *4-. *4-, *4,/ *4,- *4,- *4,1 *4*3 *4*3

/ +* *4/0 *4/1 *4.* *4-3 *4,3 *4-* *4+0 *4+3 *4++ *4*3

+* +/ *4/0 *4/. *4-3 *4.* *4,2 *4-+ *4+2 *4+. *4++ *4*3

+/ ,/ *4/. *4/+ *4.+ *4., *4,3 *4-, *4+- *4*3 *4+- *4+*

4

* / *40+ *40+ *4-1 *4.* *4,- *4,+ *4,. *4,+ *4+. *4+3

/ +* *4/. *4/3 *4.. *4-0 *4,0 *4,0 *4++ *4,. *4+2 *4*3

+* +/ *4/+ *40+ *4., *4-, *4-* *4,, *4*3 *4,3 *4+, *4+*

+/ ,/ *4.3 *4/, *4.0 *4.- *4-. *4-, *4*- *4*3 *4+, *4+*

4

* / *4/1 *40, *4-. *4-. *4,. *4,. *4,- *4,2 *4+* *4+*

/ +* *4/0 *40* *4-0 *4-, *4,0 *4,. *4,* *4,2 *4+* *4*2

+* +/ *4/. *4/, *4-3 *4.+ *4,2 *4-+ *4+/ *4+, *4+, *4*3

+/ ,/ *4/0 *4/- *4-2 *4-1 *4,0 *4,1 *4+2 *4+0 *4+, *4+*

4

* / *4/1 *40* *4-. *4-, *4,0 *4,- *4,- *4,1 *4*3 *4*3

/ +* *4// *40* *4-. *4-+ *4,/ *4,/ *4,+ *4,3 *4*3 *4*3

+* +/ *4.3 *4/2 *4.. *4-/ *4-- *4,/ *4*/ *4,- *4++ *4*3

+/ ,/ *4.2 *4/. *4.- *4-0 *4-- *4,0 *4*/ *4+2 *4+* *4+*

4

* / *40, *4/1 *4-+ *4-0 *4,+ *4,0 *4-+ *4,+ *4+* *4+*

/ +* *4/1 *4/2 *4-1 *4-. *4,1 *4,/ *4,* *4,. *4*3 *4*3

+* +/ *4.0 *4/, *4.- *4., *4-- *4-- *4*- *4+* *4+* *4*3

+/ ,/ *4/+ *4/+ *4.- *4.* *4-- *4-* *4*1 *4++ *4++ *4++

4

* / *4/3 *40+ *4-+ *4,3 *4,, *4+2 *4,2 *4-, *4+* *4++

/ +* *4/0 *4/2 *4-. *4-, *4,. *4,, *4,+ *4,1 *4++ *4*3

+* +/ *4.1 *4// *4-, *4., *4,2 *4-+ *4+/ *4+- *4*. *4++

+/ ,/ *4.2 *4/+ *4-+ *4., *4,1 *4-* *4+1 *4*3 *4*. *4+,

4
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# *4*/ +, +,
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Population of earthworms at each season

(n ; rainy season sampling ; February ; dry season sampling : July, ;

a,b,c,d : Means with di erent letters in the same depth for earthworm population

are significantly di erent with Duncan’s statistical test at P . )

gate fraction . mm (water-stable aggregate

vestigated organic amendments, especially for significant general WSA increase in the pres-

soil mulching insignificantly a ected AWC. ent study somehow related to the earthworm

However, the current results show that amend- activities (Fig. ).

ing cassava peel by mixing it into soil greatly Figure shows the earthworm populations

enhanced the AWC especially at deeper layers. in each treatment at three depths ( , ,

cm) during the rainy season and dry

season, respectively. Soil moisture and soil

The percentage of soil mass with the aggre- temperature (Table ) are the soil properties

/ that might be most a ected by the seasons.

WSA) significantly increased in all the treat- But it is shown that those of the properties do

ments including control and black polyethy- not correlate well to that of the earthworm

lene film mulch as shown in Table . Since populations. However, earthworm populations

WSA is also derived from earthworm casts, the were significantly higher in the organic

Fig.

. Water-Stable Aggregate (WSA) and

Earthworms Population
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Erenstein, O. ( ) : Small holder conservation farm-

John Wiley and Sons. United States of America.

Lal, R., De Vleeschauwer, D. and Nganje. R.M. ( ) :

and physical properties. J Environ Qual., ( ) :

:

Mean Soil Moisture and Soil Temperature During Each Season

Soil moisture (m m ) Soil temperature ( )
Treatment

Rainy season Dry season Rainy season Dry season

Control (No mulch)

Rice husk mulch

Cassava peel mulch

Cassava bagasse mulch

Black polyethylene mulch

Cassava peel-soil mixture

Note : Soil moisture was measured at cm depth ; soil temperature was measured

at cm depth

Rainy season is Feb ; dry season is Jul

Brauer, D. and Aiken, G. ( ) : E ects of a waste

paper product on soil phosphorus, carbon and

bulk density. J. Environ Qual., ( ) : .

ing in the tropics and sub-tropics : a guide to

the development and dissemination of mulch-

ing with crop residues and cover crops. Agri-

culture Ecosystems and Environment, :

.

Foley, B. J. and Cooperband, L.R. ( ) : Paper mill

residual and compost e ects on soil carbon

.

Foth, H. D. ( ) : Fundamentals of Soil Science.

JSSMFE. ( ) : Practice book for soil experiment

(in Japanese). Japan Society of Soil Mechanics

and Foundation Engineering. Japan.

Changes in properties of a newly cleared trop-

ical Alfisol as a ected by mulching. Soil Sci.

Soc. Am. J., : .

Lopez-Pineiro, A., Murillo, S., Barreto, C., Munoz, A.,

Rato, J.M., Albarran, A. and Garcia, A. ( ) :

amendment treatments within cm depth ing, and the increases of macro pores and WSA

during rainy season. The earthworm popula- in general.

tions were also rather higher in the organic Organic amendments provided food source

amendment treatments during dry season al- for earthworms, and thus the earthworm popu-

though insignificant. The higher earthworm lations were rather higher in those treatments.

populations in both seasons in organic amend- The existence and activities of earthworms in

ment treatments showed that organic amend- the soil certainly contributed positive e ects in

ments provided food source for earthworms. the soil properties, especially soil physical pro-

The abundance of earthworms in general posi- perties enhancement.

tively a ected soil physical properties.

Each investigated organic material for soil

amendment resulted in di erent e ects on soil

properties months after their application in

the experimental field. Specifically, the moder-

ate rate of rice husk’s decomposition process

slightly increased SOM of surface layer that

may had led to somewhat decreased particle

density and available water content enhance-

ment. On the other hand, cassava bagasse

mulch decomposed within very short period

after application, and thus its roles especially

in soil physical properties were no more notice-

able in months after its application. Due to

the slow decomposition rate, months was

probably too short for cassava peel to contrib-

ute in SOM enhancement as well as other soil

physical properties. However, the application

of investigated organic materials for soil

amendment resulted in the more abundance

earthworm populations, bulk density decreas-

Table

References

. Conclusions
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OMOSE ASUBUCHI

* B H C Robie street

**

:

Weaver and Campbell

V K

Toshihiko M * and Tatsuaki K **

* Division of Engineering, Saint Mary’s University, Halifax, B H C , Canada

** Faculty of Agriculture, Yamagata University, Tsuruoka, , Japan

Measurement of soil heat flux using a thermo-module was examined. The measuring principle

is almost the same to a traditional heat flux plate method, however, the measurement accuracy of

the temperature di erence of the thermo-module is much higher than that of the traditional

thermo-pile. It was considered that the utilization of thermo-module allowed to measure the soil

heat flux accurately even under the soil layer of small temperature gradients. Relation between

the thermo-module output and one-dimensional steady heat flux was examined in agar-gel. As a

result, the thermo-module output was proportional to the heat flux in a wide range. Using this

relation, the soil heat flux in a field was determined. In order to confirm the reliability of the

thermo-module method, the heat storage flux in soil layer was compared between the thermo-

module method and the calorimetric method. Both results corresponded closely. These showed

that the thermo-module method was e ective as the heat flux meter.

: thermo-module, heat flux plate method, soil heat flux, field measurement

mm

mm mV K

* **

Measurement of Soil Heat Flux Using a Thermo-module

J. Jpn. Soc. Soil Phys.
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Thermo Minder, TAITEC

CP . - - L, Melcor

Photo mm mm Table

mm GK-

Fig.

cm cm cm, cm

mm

cm cm

cm

cm

cm

Thermo-module

Apparatus for calibration of thermo-module as a heat flux sensor

Photo

Fig.

+*2 ,**2

+ . +,1 +* -*

+ .* .* +

/ +/ 22

+

-*

-* ,* -

, * + ,

- . , .

+

*

,

.

.

, +

+

+

+

+

,



�
� �

�

� �

� �

�����	
����

� �

� �

�
�� � �

� � � �

� �
� � � �

� � � � � � �
� � � � � � � �

� � �
� �

� � �
� � � � � �

� � �
� � � � � �

� � � �
� � � �

�

� � � �
� �

�
� � �

����� �������� !"#$%&'()*+,-./�

01	2341(5�67�

8%&9�	
�:;<=%>?@

8AB�	
�CD EF ;GHI

J� ()KL<�M �	
�6()KL<
 "N$

O P QRS P QTU( QV�W$
X YZ[\]^_B`abc` d ]^efgh_
B`abc` YZ[ijk (lm` %&n o+
pqr% %s �	Nt )*+,-. � F ;GHI �uv wxb�	
�)*
6�  /�#$ yz �){|= +,-. M }~RS��$
�������� ��# ������  
"Nt �V�U/�# �����#$ T$ �
�yz� ���� �  ��U M6()KL< M���U�� �
�����# %&6� �V�U/�#$ 8y ()*+,-.=��������� =(GH ��
z�	
�:;< 	23%>?@  ��������   �uv ¡M¢ GH
�uv %>?@M £-�¤��¥ ����=¦§SR=¨©$ ;GHIMvªt(��

�2©t/�#$ ���|#t  «¬$ 8����(����
������  �uv

�%&'()*+,-. %&� ®
¯6<(°Q±² uv %&'()*+,-.M

������	
�wxb(��� uv ���������  8����(��������
���M³ZU�SWz´$ 8���(CD E �~�µ¶v��=�2©t��$ ·/¸¹RS Q

�

�
� �

�

�

� � �

�
�

�

�

�

���	
���������� �� ��
���

���	
�������
���������� !"�#�$$%&�
'�()*+,�-./

� 01	2345

�
�
�

�

�

�

�

�

�

�

93

s s

s s

correlation coe cient for each experiment

:

Temperatures at the upper and bottom

water bath for each experiment

Temperature at the Temperature at the

upper water bath bottom water bath

Exp.

Exp.

Exp.

Exp.

Exp.

Exp.

Exp.

Exp.

Temperature distribution under steady-

state condition

Volumetric solid content and soil

particle density for each soil layer

The values of gradient, intercept, andSoil layer
m m kg m

cm
Gradient Intercept Correlation

cm cm coe cient

cm
Exp.

Exp.

Exp.
. Wm K Liley,

Exp.

Exp.

Exp.

Exp.

Exp.

:

: CL Table

cm

GK-

TDR TRIME-MUX , IMKO

Table Fig.

Blake and

Hartge, .

Table

Fig.

Fig.

V

q

q · T

T

V
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Fig.
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thermo-module

thermo-module

calorimetric method calorimetric method

calorimetric method

thermo-module

and heat flux under steady-state condition

day of year cm x

Fig.

J kg K ; Liley,

cm cm kg m ; Liley,

cm J kg K ;

q

The values of gradient, intercept, and

correlation coe cient for each sensor

Gradient Intercept Correlation

W m mV W m coe cient

Sensor

Sensor

Sensor
Relation between thermo-module output

Sensor

Change in soil heat flux with time

W W S S S

W

W

S S

S W W

S

C T t

C

C C · · C · · V
q

C

q C

q q V C

C
TT

q C · · x tt

T
t

T x t T x t T x t T x t
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W m cm

cm day of year

cm

Heat storage fluxes estimated by thermo-module method and calorimetric method ( cm)

cm

Heat storage fluxes estimated by thermo-module method and calorimetric method ( cm)

. W m cm . W m cm .

cm Fig.
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cm

Heat storage fluxes estimated by thermo-module method and calorimetric method ( cm)

Blake, G.R. and Hartge, K.H. ( ) : Particle density.

In : Method of soil analysis ; Part -Physical and

mineralogical methods, nd edn. (ed. A. Klute),

pp. . American Society of Agronomy and

Soil Science Society of America, Madison, WI.

Liley, P.E. ( ) : Thermophysical properties.In :

Handbook of heat transfer fundamentals, nd

edn. (eds. W.M. Rohsenow, J.P. Hartnett, and E.N.

Ganic),Chapter . McGaw-Hill, New York.

Weaver, H.L. and Campbell, G.S. ( ) : Use of peltier

coolers as soil heat flux transducers.Soil Science

Society of America Journal, : .
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Selig and Mansukhani,

Topp ; Topp,

Diagram of the coaxial transmission line soil

column, showing the position relationship of
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Penetrating Rader TDR

TDR

Hz Topp
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cm cm

Fig.

TDR Fellner-Feldegg

TDR Fig.
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Davis Annan Topp

Davis and An-
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TDR Remote Topp TDR

Sensing of Soil Moisture and Groundwater

Topp
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AGU
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Topp Topp

Water Resources Research
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Topp TDR

ToppTopp
cm cm

Topp , Figure

Topp Davis and Chubodiak the ceramic-capped cups. (Topp ,

TDR Figure )
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Topp ,

Figure

Diagram of the water input and removal

procedure. (Topp , Figure )

Fig.

. . g cm

.

Topp TableFig.

Topp , Figure

The measured relationship between and

for the four mineral soils. The solid line

is the empirical best-fit equation and the

dashed lines are shifted . in . The

experimental numbers refer to those used

in Table . (Topp , Figure ).
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The vertical bar at is in and re-

ground vermiculite, and an organic soil. The

Miyamoto ; Miyamoto

Topp , Figure

region as between the dashed lines in Figure

. Bainsville

Topp , Figure

versus temperature from experiment

with Bainsville clay loam soil at . .

presents the measurement precision. (Topp

, Figure )m

.
Topp ; Herkelrath ; Roth

Dasberg and Hopman,
The measured relationship between and

Weitz ; Tomerfor the mineral soils, m glass beads,

; ; Regalado ; Sten-

area between the dashed lines is the same ger

Topp
. (Topp , Figure )

Topp TDR

Topp

Dirk-
. . . .

sen and Dasderg,

. . g cm

Topp

. . .

.
Stenger

Topp Topp TDR
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103: G.C. Topp, J.L. Davis and A.P. Annan :

Davis

Annan GPR Topp

TDR Topp

Foundation Instruments

Topp Foundation Instruments

Foundation Instruments

Topp Agriculture Canada

IRAMS Instru-

ment for Reflectometry Analysis of Moisture in Soil

Soil Science Society of America

Foun-

dation Instruments Campbell

Pacific Nuclear IRAMS

IRAMS Soil-

moisture Equipment TRASE

Topp, Topp. N CaSO , ppm NaCl

Rubicon

Topp , Figure

The measured relationship between and

for the Rubicon soil, where the water so- Topp
lution ( . N CaSO ) for experiment was

Topp TDR TDR
replaced by , ppm NaCl in experiment

. (Topp , Figure )

Topp and Davis, ; Topp

a, b ; Topp and Davis, a, b

TDR Yanuka

Topp

TDR

Topp

Topp TDR

Topp

TDR

Tektronix Topp ,

TDR model Water Resources Research

TDR Mualem

Topp TDR Koutsoyiannis and Kundzewicz,

Topp, Topp

Topp Davis TDR

TDR TDR

Topp Foun-

dation Instruments TDR TDR

v

a

a

v

K et al.

K

et al.,

et al.
et al.,

et

al., et al.,

et al.

et al.,

et al.

Fig.

Topp

.
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Herkelrath, W.N., S.P. Hamburg and F. Murphy ( ) :

hydraulic conductivity of unsaturated porous me-

soil bulk dielectric permittivity measured by time

erties of soils at UHF and microwave frequencies.

Koutsoyiannis, D. and Z.W. Kundzewicz ( ) : Quan-

tifying the impact of hydrological studies. Hy-

drological Sciences-Journal-des Sciences Hydro-

logiques, : .

Topp TDR :

pp.

Topp :

: .

Miyamoto, T., T. Annaka and J. Chikushi ( ) : Soil

aggregate structure e ects on dielectric permit-

tivity of an Andisol measured by time domain

reflectometry. Vadose Zone J., : .

Miyamoto, T., T. Annaka and J. Chikushi ( ) : Ex-

tended dual composite sphere model for deter-

mining dielectric permittivity of Andisols, Soil

Dalton, F.N., W.H. Herkelrath, D.S. Rawlins and J.D. Sci. Soc. Am. J., : .

Rhoades ( ) : Time domain reflectometry : Si- Mualem, Y. ( ) : A new model for predicting the

multaneous measurement of soil water content

and electrical conductivity with a single probe. dia. Water Resour. Res., : .

Science (Washington), : . Or, D. and J.M. Wraith ( ) : Temperature e ects on

Dasberg, S. and J.W. Hopman ( ) : Time domain

reflectometry calibration for uniformly and non- domain reflectometry : A physical model. Water

uniformly wetted sandy and clayey soils. Soil Resour. Res., : .

Sci. Soc. Am. J., : . Regalado, C.M., R. Munoz Carpena, A.R. Socorro and

Davis, J.L. and A.P. Annan ( ) : Electromagnetic J.M. Herńandez Moreno. ( ) : Time domain re-

determination of soil moisture : progress report flectometry models as a tool to understand the

I. Can. J. Remote Sensing, : . dielectric response of volcanic soils. Geoderma,

Davis, J.L. and W. J. Chudobiak ( ) : In-site meter : .

for measuring relative permittivity of soils. Geol. Roth, C.H., M.A. Malicki and R. Plagge ( ) : Empir-

Surv. Can., Ottawa, Pep A : . ical evaluation of the relationship between soil

Dirksen, C. and S. Dasberg ( ) : Improved calibra- dielectric constant and volumetric water content

tion of time domain reflectometry soil water con- as the basis for calibrating soil moisture meas-

tent measurements. Soil Sci. Soc. Am. J., : urements. J. Soil Sci., : .

. Selig, E.T. and S. Mansukhani ( ) : Relationship of

Fellner-Feldegg, H. ( ) : The measurement of die- soil moisture to the dielectric property. J. Geo-

lectrics in the time domain. J. phys. Chem., : tech. Eng. Div. Amer. Soc. Civil. Eng., GT :

. .

Stenger, R., Ẅohling, T., Barkle, G.F. and Wall, A.

Automatic real time monitoring of soil moisture ( ) : Relationship between dielectric permitti-

in a remote field with time domain reflectometry. vity and water content for vadose zone materials

Water Resour. Res., : . of volcanic origin, Australian Journal of Soil Re-

Hoekstra, P. and A. Delaney ( ) : Dielectric prop- search, : .

Tomer, M.D., B.E. Clothier, I. Vogeler and S. Green

J. Geophys. Res., : . ( ) : A dielectric - water content relationship

for volcanic soils in New Zealand. Soil Sci. Soc.

et al.
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:

:

: G.C. Topp, J.L. Davis and A.P. Annan :

domain reflectometry : Experimental evidence and

ductivity using TDR : Soil and water experiments

using TDR : II. Evaluation of installation and con-

soil bulk dielectric permittivity measured by time

Topp, G.C. ( ) : Evening lecture : TDR Reflections :

My thoughts and experiences on TDR. Proc. TDR

Am. J., : . Topp, G.C., M. Yanuka, W.D. Zebchuk and S. J. Zege-

Topp, G.C. ( ) : Soil-water hysteresis measured in lin ( ) : The determination of electrical con-

a sandy loam and compared with the hysteretic

domain model. Soil Sci. Soc. Am. Proc., : in coaxial lines. Water Resour. Res., : .

. Topp, G.C., S. J. Zegelin and I. White ( ) : Impact of

Topp, G.C. ( ) : Soil water hysteresis in silt loam the real and imaginary components of relative

and clay loam soils. Water Resour. Res., : permittivity on TDR measurements in soils. Soil

. Sci. Soc. Am. J., : .

Topp, G.C., J.L. Davis and A.P. Annan ( ) : Electro- Topp, G.C., J.L. Davis and A.P. Annan ( ) : The ear-

magnetic determination of soil water content : ly development of TDR for soil measurements.

Measurements in coaxial transmission lines. Wa- Vadose Zone J., : .

ter Resour. Res., : .

Topp, G.C. and J.L. Davis ( ) : Detecting infiltra-

tion of water through soil cracks by time-domain , Purdue University, West Lafayette, USA,

reflectometry. Geoderma, : . Sept. , Paper ID B , p., https : //engineering.

Topp, G.C., J.L. Davis and A.P. Annan ( a) : Elec- purdue.edu/TDR/Papers.

tromagnetic determination of soil water content Weitz, A.M., W.T. Grauel, M. Keller and E. Veldkamp

using TDR : I. Application to wetting fronts and ( ) : Calibration of time domain reflectometry

steep gradients. Soil Sci. Soc. Am. J., : . technique using undisturbed soil samples from

Topp, G.C., J.L. Davis and A.P. Annan ( b) : Elec- humid tropical soils of volcanic origin. Water Re-

tromagnetic determination of soil water content sour. Res., : .

Wraith, J.M. and D. Or ( ) : Temperature e ects on

figuration of parallel transmission lines. Soil Sci.

Soc. Am. J., : .

Topp, G.C. and J.L. Davis ( a) : Measurement of hypothesis development. Water Resour. Res., :

soil water content using time-domain reflecto- .

metry (TDR) : A field evaluation. Soil Sci. Soc. Yanuka, M., G.C. Topp, S. J. Zegelin and W.D. Zeb-

Am. J., : . chuk ( ) : Multiple reflection and attenuation

Topp, G.C. and J.L. Davis ( b) : Time-domain re- of TDR pulse : Theoretical considerations for ap-

flectometry (TDR) and its application to irriga- plication to soil water. Water Resour. Res., :

tion scheduling, In advances in Irrigation (Ed. D. .

Hillel) pp. . Academic Press, New York.

TDR Topp

Topp Topp

TDR

Topp TDR Topp Topp
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