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TDT

IYAMOTO TO ASUNAGA AKAICHI

ASE HIKUSHI

*

**

: TDT

Hideki M *, Naoki I **, Eriko Y *, Shinya T **,

Atsushi M ** and Jiro C *

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

Fukuoka city, Fukuoka , Japan

** Art, Science and Technology Center for Cooperative Research, Kyushu University,

Kasuga-koen, Kasuga city, Fukuoka , Japan

Time domain transmissiometry (TDT), a method of measuring transmitted broadband signal in

microwave frequency, has been drawing a lot of attention more than ever as an alternative

method to monitor water content and solute concentration in soils. To establish the monitoring

method by applying TDT, we measured travel time and amplitude of impulse-signal transmitted

through several types of fluid media using TDT probes with di erent lengths, and verified the

e ectiveness of TDT for the estimation of apparent permittivity and electrical conductivity of the

media. Although the determination of apparent permittivity and electrical conductivity of an

extremely high-conductive medium was not completed due to the inadmissible loss of the

transmitted signal, we successfully determined both properties by TDT in moderate-conductive

media. Judging from their distribution from referential values in literature, we concluded that

the longer probes provided more accurate estimations of apparent permittivity and electrical

conductivity.

: Time domain transmissiometry (TDT), Apparent permittivity, Electrical conductivi-

ty, Travel time, Signal intensity

Noborio,

TDR TDR ; Jones ; Robinson a

TDR

TDT

Topp , TDT TDR

TDR

Topp ; Dalton

* ** * ** ** *

Measurement of Dielectric Properties Using Time Domain Transmissiometry

(TDT) with Broad Band Impulse-Signal

al.,

et al., et al.,

et al.,

et al., et

J. Jpn. Soc. Soil Phys.
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W

permittivity ( ) of materials under test.

Electrical conductivity ( ) and real

Fluid media (S m )

CaCl solution, #

CaCl solution, #

CaCl solution, #

CaCl solution, #

CaCl solution, #

CaCl solution, #

CaCl solution, #

Air

Cooking oil

TDTEthanol, . kg kg *

Schematic diagram of a TDT probeEthanol, . kg kg *

designed.Ethanol, . kg kg *

Distilled water (DW)

* Ethanol/(ethanol water)
TDT

Chronological scientific tables
mm,Averaged -value from MHz to MHz at

mm

TDT BNC SMA

GHz Atem

CaCl TDT

AVH-S- -C, AVTEC ELECTRO-

SYSTEMS

D, Agilent Technologies HP A, Hewlett-Packard

HP ES, Agilent Technologies

MHz MHz

TDR

Campbell Scientific

TDT a TDR

. mm b

ps

. D- V, Fujikura ps

TDT B . V

C . mm, . mm, mm

. . dB .

mm TDT

A D . ps

. m

TDT ,
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t, s

t, s t, m

: TDT

Schematic diagram of experimental setup.
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CaCl

. mm, mm

mm

. D- V, Fujikura

TDR

TDR

Campbell Scientific

TDR TDRTDR

PCTDR

a b

Transmitted signal and step-pulse sig-

nal emitted from a TDR cable tester

expressed in (a) time domain and (b)

frequency domain.

mm TDR TDR

. ps DW

TDT CaCl TDR

TDR

TDT

t

t t
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R

TDT W

W TDT

TDR

CaCl TDR

TDR waveforms measured with a TDR

probe in CaCl solutions with di erent

electrical conductivities.

. S m
TDT CaCl

TDT

TDT waveforms measured for di erent

mm, mm, mm TDT probe lengths in CaCl solutions with

di erent electrical conductivities.

CaCl TDT mm

. S m TDT

TDR

TDT

TDT

mm . ns,

mm . ns, mm TDR

. ns CaCl

TDT

TDR

Dalton and van Genuchten, ;

Ren

B C

TDT

TDT TDT

TDT TDT

TDT

et al.,
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V
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TDT act

TDT

TDT

TDT

TDT

W

W TDT

TDT act

TDT

act

TDT

: TDT

:

SEP

TDR

mm TDR

.

S m

TDT TDR

:

CaCl TDR SEP

mm TDT .

Electrical conductivity of CaCl solu-

tions ( ) versus signal voltage ( ).
TDT

TDT

TDT

. kg kg TDT

mm TDT

TDT TDR CaCl

TDT
Electrical conductivity ( ) of CaCl

solutions determined by TDT and TDR

versus actual electrical conductivity

( ).

TDR
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. . S m Mashimo
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V
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a

a

a

a

a

a

a

a a

a

a

TDT TDR

Apparent permittivity ( ) measured

by TDT and TDR versus real permit-

tivity ( ) of fluid media.

. CaCl

mm TDR

. . mm

TDR . S m

TDT

DW TDT

TDRTDT waveforms measured with di er-

ent TDT probes for standard medium

(air or cooking oil), ethanol, and dis-
TDT

tilled water (DW).
TDT mm

mm TDT . S

m . S m

TDR

TDT TDR

TDT TDR

. S m Ave.

SE mm,

TDT mm TDR mm, mm TDT SE

: . . . TDT

TDT

TDR

Fig.

Fig.
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a W

a

W

Rhoades, J.D. ( ) : Time-domain reflectometry :

: TDT

TDT

TDR

TDT

Blonquist

TDR TDT

TDT TDR CaCl

TDT TDR
Apparent permittivity ( ) of CaCl so-

lutions determined by TDT and TDR

versus actual electrical conductivity

( ).

TDT

TDT

mm TDT

SE mm TDR SE

.

TDT TDR Blonquist Jr., J.M., Jones, S.B. and Robinson, D.A.

TDR ( ) : A time domain transmission sensor with

TDR performance characteristics. Journal of Hy-

drology, : .

Dalton, F.N., Herkelrath, W.N., Rawlins, D.S. and

simultaneous measurement of soil water content

and electrical conductivity with a single probe.

Science, : .

TDT Dalton, F.N. and van Genuchten, M.Th. ( ) : The

time-domain reflectometry method for measur-

Harlow ing soil water content and salinity. Geoderma,

: .

Harlow, R.C., Burke, E. J. and Ferré, P.A. ( ) : Meas-

uring water content in saline soils using impulse

time domain transmission techniques. Vadose

TDT Zone Journal, : .

Hook, W.R., Ferré, T.P.A. and Livingston, N. J. ( ) :

et al.,

et al.
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:

:

tromagnetic determination of soil water content :
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Time domain reflectometry (TDR), measuring dielectric properties, has widely been applied

to monitor volumetric water content ( ) and bulk electrical conductivity ( ) in soil. TDR is,

however, not applicable to clays due to the inadmissible energy loss of emitted microwave sig-

nals. To reveal the response of the clays to the signals, by using a vector network analyzer we

measured the spectra of real ( ) and imaginary ( ) part of complex permittivity in the frequency

of . to . GHz for kaolinite and bentonite having di erent -values. Besides the distinct - and

-spectra for , for kaolinite we found that the relation of versus can be given by a unique

expression within a range of examined frequency, and can be estimated from -values at

around . GHz with relatively small errors. Although the values for the bentonite, estimated

by the present method, included unacceptable large errors, the relations of versus were

adequately determined in whole examined frequencies. Judging from the gradient of -

relations for bentonite, we suggested that the signals with higher frequency should provide more

sensitive determination of than that with lower frequencies.

: Dielectric relaxation spectroscopy, Real and imaginary part of complex permittivity,

Frequency, Volumetric water content, Electrical conductivity

TDR
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Dielectric Properties of Clays in Microwave Frequency
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TDR Delgado, A.V. ( ) : Rheological and electro-

kinetic properties of sodium montmorillonite

suspensions. II. Low-frequency dielectric disper-

sion. J. Colloid Interface Sci., : .

Campbell, J.E. ( ) : Dielectric properties and infl-

uence of conductivity in soils at one to fifty

megahertz. Soil Sci. Soc. Am. J., : .

Dalton, F.N. and van Genuchten, M.Th. ( ) : The

time-domain reflectometry method for measur-

. GHz ing soil water content and salinity. Geoderma,

: .

Dasberg, S. and Hopmans, J.W. ( ) : Time domain

reflectometry calibration for uniformly and non-

uniformly wetted sandy and clayey loam soils.

Soil Sci. Soc. Am. J., : .

Dirksen, C. and Dasberg, S. ( ) : Improved calibra-

tion of time domain reflectometry soil water con-

tent measurements. Soil Sci. Soc. Am. J., :

.

Fernando, M. J., Burau, R.G. and Arulanandan, K.

( ) : A new approach to determination of

TDR cation exchange capacity. Soil Sci. Soc. Am. J.,

+333

++

0 ,**2

* + - *

,***

++, +,,

+33*

--, -.+

+320

* - - .

,-1 ,/*

+33,

+-.+ +-./

+33-

00*

001

+311

,,3

/.

-2

/0

/1

/

q

e s

e

e

s

e

e

e

e s

e

q s

s

q e q

q

s

q

e e

e

q

q e q

e

s

e s

e q



� �

� �
� � �

� � � � � �

� �
� �

���	
� � 


���� ���� ���� ������
 !"# $%&'()*+,-�./ ��0 123456789:;<'()=>��?@A
�BCDE FGHIJKL� MN O PQPRSFGTUVWX

Y Z[ \�]^ >��_`abc�'d
4e PQ�fFGghX

�
�

�

� �

� �
�

�
�

�

�

�

�

�
�

�

� �

� �

� �

�

22

: . by microwave analyses. J. Chem. Phys., ( ) :

Heimovaara, T. J. ( ) : Frequency domain analysis .

of time domain reflectometry waveforms. . Mitchell J.M. ( ) : Fundamentals of soil behavior,

Measurement of the complex dielectric permit- John Wiley & Sons, Inc., New York.

tivity of soils. Water Resour. Res., : . :

:

.

Ishida, T., Kawase, M., Yagi, K., Yamakawa, J. and Mojid, M.A. and Cho, H. ( ) : Estimating the fully

Fukuda, K. ( ) : E ects of the counterion on developed di use double layer thickness from

dielectric spectroscopy of a montmorillonite sus- the bulk electrical conductivity in clay. Applied

pension over the frequency range Hz. J. Clay Sci., : .

Colloid Interface Sci., : . Mojid, M.A., Wyseure, G.C.L. and Rose, D.A. ( ) :

Ishida, T., Makino, T. and Wang, C. ( ) : Dielectric- The use of insulated time-domain reflectometry

relaxation spectroscopy of kaolinite, montmoril- sensors to measure water content in highly

lonite, allophane, and imogolite under moist con- saline soils. Irrig. Sci., : .

ditions. Clays Clay Miner., : . Mojid, M.A., Wyseure, G.C.L. and Rose, D.A. ( ) :

Jones, S.B. and Or. D. ( ) : Extending TDR meas- Electrical conductivity problems associated with

urement range in saline soils using frequency time-domain reflectometry (TDR) measurement

domain methods. Proc. TDR : The second in- in geotechnical engineering. Geotechnical and

ternational symposium and workshop on time Geological Eng., : .

domain reflectometry for Innovative geotechn- Nichol, C., Beckie, R. and Smith, L. ( ) : Evaluation

ical applications, http : //www.iti.northwestern. of uncoated and coated time domain reflecto-

edu/tdr/tdr /proceedings/Final/TDR . metry probes for high electrical conductivity

pdf (verified March. ). systems. Soil Sci. Soc. Am. J., : .

Kanayama, M., Ohtsubo, M., Higashi, T., Hiyama, H. :

and Takayama, M. ( ) : E ect of pore water : .

salinity on the consolidation characteristics of Robinson, D.A., Jones, S.B., Wraith, J.M., Or, D. and

clay, Proc. international symposium on lowland Friedman, S.P. ( ) : A review of advances in

technology, : . dielectric and electrical conductivity measure-

Kaviratna, P.D., Pinnavaia, T. J. and Schroeder, P.A. ment in soils using time domain reflectometry.

( ) : Dielectric properties of smectite clays. J. Vadose Zone Journal, : .

Phys. Chem. Solids, ( ) : . Robinson, D.A., Schaap, M.G., Or, D. and Jones, S.B.

Kelly, S.F., Selker, J.S. and Green, J.L. ( ) : Using ( ) : On the e ective measurement frequen-

short soil moisture probes with high-bandwidth cy of time domain reflectometry in dispersive

time domain reflectometry instruments. Soil Sci. and nonconductive dielectric materials. Water

Soc. Am. J., : . Resour. Res., : W , doi : . / WR

Lockhart, N.C. ( a) : Electrical properties and the .

surface characteristics and structure of clays. I. Saarenketo, T. ( ) : Electrical properties of water

Swelling clays. J. Colloid Interface Sci., ( ) : in clay and silty soils. J. Applied Geophysics, :

. .

Lockhart, N.C. ( b) : Electrical properties and the Sridharan, A., El-Shafei, A. and Miura, N. ( ) : A

surface characteristics and structure of clays. II. study on the dominating mechanisms and pa-

Kaolinite-a nonswelling clay. J. Colloid Interface rameters influencing the physical properties of

Sci., ( ) : . Ariake clay. Lowland Technology Int., ( ) :

Mashimo, S., Umehara, T. and Redlin, H. ( ) : .

Structure of water and primary alcohol studied Topp, G.C., Davis, J.L. and Annan, A.P. ( ) : Elec-

/ +*

++* ,**2

2+2 2,* 3

+33. 0,/1 0,0*

+ +33-

+23 +33 ,**1

,**-

+,3 +., +30 +31

,**0

,**- # #

+* +* ,12 ,20

+,+ +,0 +332

,***

// 0+

1/ 2. ,**-

,**+

,**+

,.- ,/2

,**,

,**+ ,**+

/ ,**2 +./. +.0/

,***

,*** # ,+ ,1

,**-

31 +*,

+330 ... .1/

+, +231 +3*0

+33/ ,**/ #

31 +*, *,**1 +* +*,3 ,**.

+32* **-2+0

+332

,

/*3 /+3 1- 22

+32* ,***

, /,* /,3 , //

+33+ 1*

+32*

.+ 3/

-*

--

,02

+2

.2

,+

00

,*1

/3

,

/1

/3 .+

1. .*

1. ,



����� � � �
����� � � �

� 	 

	 
 	 �
 � �


 � � � � � 	 


 �

� 

� � 
 � �

� � �
� � � 


�� ��������������� !"#$

��������%&�'()�� *+,-.�/0� 123(4 ,-56/789:�;
<=>;:�; ?@!"4 ABC <DBC  EF�;G,  H�B��I
JK6/ L6M H�B�%&� <  NO < < PQ �RSTUG�"VWXY
 JK Z[,\]6/ 789:�;  EF�;G^ �_`MabTcde fgh iH�
B����jM PQklmn�opqr/ =>;:�;��jMs �_�EF�;G tc
^uvwr/k 'H�xy �%&�  z{k|}I~e JK �Yk'�`/ l�  E
F�;G JK���q ���<s �_q��H���,abT��&�#�,���< �/
��0���)� ��k����wjH�BI^ ��q  ��kZ�I~�<�pqr/

� �

�

�
� �

�
�

�

23

b

b

:

:

:

tromagnetic determination of soil water con- lines. Water Resour. Res., : .

tent : measurements in coaxial transmission

. GHz

,**2 . +1

,**2 0 ,+

/1. /2,

* + -

+0

q

e e

e e e q e s

e q

e q q

q e e

q

e e s



������
� � �

� �

�

�

�

The E ectiveness of Nominal Dosage of Ordinary Cement

on Strength and Permeability of Clayey Soil

OSSAIN AKAI

* Graduate School of Bioresources, Mie University, Kurimamachiya-cho,

Tsu, Mie , Japan

Pozzolanic materials, either naturally occurring or artificially made, have long been in practice

for soil stabilization. Of the artificial pozzolans, the ordinary portland cement is the most

commonly used globally. Literature review indicates that, to date, the percentage of the cement

used to improve the properties of soil is to or more. For the sake of cost saving in soil-

cement construction works, it is crucial to scrutinize the e cacy of an incredibly diminutive

amount of cement on the engineering properties of soils. In this paper, e orts have been made to

study the usefulness of nominal dosage rate of the ordinary portland cement on the bearing

capacity and permeability of a clayey soil in Mie prefecture. Laboratory tests were conducted on

California Bearing Ratio (CBR), unconfined compressive strength and the permeability coe -

cient of the clayey soil with the cement content of . , . , . and . in the ratio of mass. On the

basis of the test results, it was concluded that both the CBR and compressive strength, a measure

of bearing capacity of a soil, increased with the increase in the amount of cement. The stress-

strain relationships of the soil under the unconfined compression tests indicated that the addition

of the nominal dosage rate of ordinary portland cement reduced the strain at which the ultimate

compressive strength occurred noticing the increase in the rigidity of soil. The modulus of

deformation, a measure of deformation characteristics of a soil, was also found to increase with

the increase in the quantity of cement content. Permeability tests revealed that the coe cient of

permeability increased with the increase in the amount of cement.

: Bearing capacity, Stress-strain relationships, Compressive strength, Modulus of de-

formation and Permeability coe cient

terials, such as ordinary Portland cement, is

one of the most popular solutions anticipated

It is recognized that soil, a bequest of nature, to improve the properties of soils (Wilhelms-

is both intricate and uneven material. There- son, ; Awal and Mamun, ). Dating

fore, the soil existing at any particular site may back some years ago, Mitchell ( ) re-

not be appropriate for the intended purpose ported that the improvement of soil properties

because of its complex properties and variable using cement began with the concept of the

characteristics. Usually some techniques such process of deductive reasoning (Ahuja and

as mechanical, chemical, thermal, electrical and Swartzendruber, ; Kataoka, ).

physical etc. are used to improve the properties Cement treated soil is not a simple mixture of

of natural soil for proper applications in soil and cement but a unique conditioned mate-

the field (ACI, ; Sera, ). Among rial produced through the interaction between

these, the use of supplementary cementing ma- calcium oxide of cement and water contained

Md. Zakaria H * and Toshinori S *

et al.,

in-situ

et al.,

J. Jpn. Soc. Soil Phys.

No. , p.

Abstract

Key words

. Introduction

#

+/11

/+. 2/*1

. +.

$

#

$

* * * , * . * 0

$

$

+331 +332

/* +310

+31, +33,

+33, +33*

++* ,/ -/ ,**2

+



��

��

�

� �����	
 � �

�

�
�

26

among of soil particles (Boswell, ; Hossain, to reduce the cost of the construction works. In

). spite of the volume of technical information

A very little amount of ordinary Portland existed on soil-cement and cement treated soil,

cement is, especially, suitable to improve the there is no or little work available on the e ect

bearing capacity of clayey soil because of the of very small amount of the ordinary portland

chemical reaction that occurs between clay cement to improve the bearing capacity and

mineral and positive ion come from cement in permeability of a clayey soil, although it has

water. Research has shown that more than great advantages for the environmentally

of the ordinary portland cement is calcium friendly construction of a farm road, option

oxide ; a mixture of calcium, silicon and alu- way & drain ditch etc. (Nagaishi ).

minium oxides ; quickly hydrate with water The development of soil-cement with nominal

resulting a high concentration of calcium, and dosage of cement is a significant contribution

content of silica and alumina (Stocker, ; in this direction because of its environmental

Ingles and Metcaf, ). These positive ions consideration, cost-e ectiveness and drainage

of calcium oxide provide cementing action ability. In Japan, there is a lot of terrace land

among the clay particles bearing negative ions to which cement treated soil can be suitably

and, therefore, the ions unite the soil particles and e ciently used for making new cultivat-

together as well as increase the stability of able paddy fields from unused land. In this

aggregates (Mindess and Young, ; Arora, paper, since the soil-cement is made from nom-

). Also, Marshal and Holes ( ), Prusinski inal dosage of cement, it has tremendous ben-

and Bhattacharya ( ) and JSCE committee efit to the environment and significant cost

( ) reported that the negative ions created saving in material acquisition along with the

by the clay minerals are, especially, attracted development of strength and permeability.

by the positive ions of calcium (Ca ). As cal- The main objective of this research is to

cium ions stuck to the negative sites, it conse- investigate the influence of nominal dosage of

quences the soil-cement mixture as a chemical ordinary portland cement on the strength and

compound that not only act to bring the clay permeability of locally available clayey soil to

particles together but also facilitate for binding be used for soil structures applications. In

the clay particles. According to Mindess and view of this objective, the soil used in this re-

Young ( ), the main source of the observed search was collected from Kameyama moun-

strength in cement treated soils is due to the tain of Mie Prefecture, Japan. It is noted herein

formation of C S H compounds, a well-known that this soil possesses some basic strength,

binding agent. It is noted that the Ca ions however, further improvement in strength and

released by cement connects to the Si ions of permeability is necessary, because most of

clay mineral and therefore, it forms C S and these soils are impervious which has many

C S compounds. These C S and C S compounds disadvantages especially in the rainy seasons

hydrate to form C S H compounds which are causing disaster of sloping land. The present

particularly responsible to the strength devel- research is highly significant to overcome

opment in cement treated soil even at a nomi- these basic needs. To date, a number of re-

nal dosage rate of cement content. searches have been conducted on strengths

Literature review, clearly, indicated that, to characteristics of soil with cement content of

date, the percentage of cement used to improve more than . . The authors believe that the

the properties of soil is to or more. A research reported in this paper is rudimentary

nominal dosage rate of cement to improve the and there is no research work on soil-cement

bearing capacity and permeability of clayey with nominal dosage of cement content consid-

soils is getting much attention lately in order ered in this research article.

et al.,
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The E ectiveness of Nominal Dosage of Ordinary Cement on Strength and Permeability of Clayey Soil:

Properties of the soil used

Parameters Properties

Maximum dry bulk density ( ) Mg m

Optimum water content ( )

Density of soil particles ( ) Mg m

Cohesion ( ) kPa

Angle of internal friction ( )

Sand, m

Silt, m

Clay, m

Liquid limit

Plastic limit

Plasticity index

Particle size distribution curve of the soil used

The bearing capacity of clayey soils has been in height were prepared in cutter-ring placing

investigated to study the e ectiveness of the into the mould of standard compaction test.

nominal dosage rate of the ordinary portland The shear tests were carried out in accordance

cement. A series of California Bearing Ratio with Japan Industrial Standard (JIS). The dry

(CBR) tests, Unconfined Compressive Strength bulk density given in Table was determined

(UCS) tests, permeability tests and Scanning by performing the standard compaction test. It

Electron Microscopy (SEM) analyses of clayey is the maximum density at which the optimum

soil with cement content of . , . , . and . water content was obtained. The densities of

in the ratio of mass were performed. Results on soil particles and the particles of soil-cement

the CBR value, compressive strength, stress- mixtures were determined by the particles den-

strain relationships of the soil under uncon- sity test method according to JIS A .

fined compression tests, the modulus of defor-

mation, the permeability coe cient and the Any type of cement can be used for improv-

SEM images are reported. ing the engineering properties of soils. Ordi-

nary portland cement (Type I), which is the

The soil samples were collected from the

Kameyama Mountain in Mie prefecture, and

tested at the laboratory. The particle size dis-

tribution curve is shown in Fig. . The soil has

percent of the clay and silt fractions. The

other properties of the soil used in this research

are shown in Table . According to the unified

classification system, the soil used in this re-

search is classified as CH. For obtaining the

cohesion and frictional properties of soil given

in Table , the specimens were tested by the

direct shear test apparatus. The shear tests

specimens of size mm in diameter and mm

d

optW

c

Table

Fig.

. Properties of cement

. Materials and Methods

. Properties of soil used
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most common for construction works and also of compaction. In order to avoid these dis-

readily available in the local market, was used crepancies, all the specimens were prepared

in this investigation. The detailed properties of with the optimum water content and compac-

this cement can be found elsewhere (Prusinski tion was done in accordance with the standard

and Bhattacharya, ). modified proctor test. All the samples for CBR,

compression and permeability tests were moist

The soil sample was air-dried in room tem- cured for days in room temperature of .

perature of nearly and humidity of about All the tests samples were prepared with the

for days, and it was grinded to ease the optimum water contents of . , . , . and

sieving process. For removing unnecessary . for specimens containing . , . , . and

elements from the soil and for reducing the . cement, respectively, obtained through

variability of the particle sizes of the soil, it the standard compaction tests. The compac-

was sieved by JIS Sieve No. ( mm opening). tion curves are shown in Fig. .

The water content of the air dried soil was

measured as . The required amount of soil The California Bearing Ratio (CBR) test ad-

was taken, and the desired quantity of cement opted here is widely used all over the world to

was mixed properly. In order to obtain the evaluate the bearing capacity of soils and sub-

required percentage of cement in a mix, the grades since its invention in by the Cali-

amount of cement was calculated according to fornia Division of Highways, United States of

the following equation : America. In this research, the CBR test speci-

mens were prepared in steel mould of cm in

internal diameter and . cm in height. After

where is the required percentage of cement, placing a special disk of . cm in height in the

is the weight of cement mixed and is the mould, the soil was poured and compacted in

weight of air dry soil required for a test. It is three layers using a . cm diameter automatic

noted that for each soil-cement ratio, three rammer. The rammer mass was . kg with

specimens were prepared and tested for all falling height of . cm. Each layer was com-

the cases. In case of unconfined compressive pacted by blows. The final height of the soil

strength test, usually kilograms soil was re- specimen was . cm. The compaction energy

quired. The amount of cement ( ) was calcu- was calculated as . kJ/m for each speci-

lated as , and gms for . , . and . men. All the CBR tests were carried out ac-

soil-cement specimens, respectively. The soil cording to the JIS-A- with the optimum

and cement were mixed manually in a bowl water contents of soil.

with a scoop for to minutes to uniform the

mixture. The calculated amount of water nec-

essary to obtain the water-cement ratio of . For the unconfined compressive strength

was added gently to the dry mix, and, finally, (UCS) test, specimens were manually com-

the components were mixed thoroughly. Wa- pacted in the mould of . cm in height and .

ter up to the optimum water content was ad- cm in diameter. In this case also, the tests were

ded gradually to the mixture while continu- carried out with the optimum water content

ously stirred. The additional water calculated of the soil with the di erent percentage of

as water to cement ratio of . . cement. The optimum water contents were

It is noted here that the CBR values, com- . , . and . as well as the particles

pressive strengths and permeability of the densities of compacted soils were . , .

specimens depend on the water content, dry and . Mg m for cement content of . , .

density after compaction as well as the degree and . , respectively. The specimens were

C
P

S

P

C S

C

. Preparation of specimens

. Method of CBR test

. Method of unconfined compressive

strength (UCS) test
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Compaction curves of soil-cement with di erent cement content

(Z.A.V.C. means zero air void curve)

High pressure constant head permeabil-

ity test apparatus

( . Gas cylinder, . Control valve for gas,

. Water supply, . Control valve for

water supply, . Air releaser, . Pressur-

ized water, . Control valve for pres-

surized water, . Specimen, . Air re-

leaser, . Dial gauge, . Graduated cyl-

inder)

compacted in three layers using a . cm diam-

eter hand-rammer with rammer mass of . kg

and falling height of cm. Each layer was

compacted by blows. The samples were test-

ed for the unconfined compressive strength at

a loading rate of . mm per minute. Average

strength values were calculated for each set of

the three samples. These tests were also car-

ried out in accordance of Japanese Industrial

Standards (JIS-A- , ).

For the sake of clarification of the high pres-

sure permeability testing apparatus used in

this research, a simple diagram of it is shown in

Fig. . The permeability tests were conducted

by the constant head permeability test method

according to JIS . The specimens for the

permeability tests were prepared in the steel

mould of . cm in diameter and . cm in

height. The compaction of the specimens was

done manually using . kg rammer with the

falling height of . cm. After compaction, the

mould with specimen was placed on a stand to

ease in collecting the outlet water by a grad- was poured to the pressure chamber by adjust-

uated cylinder. The water pressures gauge was ing the water control valve. The water of pres-

set at the upper plate of the specimens to surized chamber was then poured on the spec-

confirm the constant water pressure on the imen. During pouring the water into the

specimen. Before applying the pressure from mould, the air inside the mould on the top of

the gas cylinder, the water from the water tank the specimen was released by the air release

Fig.

Fig.

. Method of permeability test
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opt opt

Load vs. penetration curves of soil-cement under CBR tests

valve. The front face of the specimen was (w ) of the soil. The w were . , . , .

continuously connected to the pressurized and . for specimens containing . , . , .

water chamber during the test. Therefore, the and . cement, respectively.

top surface of the water in the mould was In Fig. , the calculated CBR values of the ce-

subjected to a constant pressure of . MPa ment treated soils with cement content of . ,

(gauge pressure). The amount of water flowing . , . and . both at penetration level of .

through the specimen was measured by the and . mm are shown. It is evident that the

collected water in the graduated cylinder. CBR values increased with the increase in ce-

Before recording the readings, percolation was ment content. The rate of the increase of the

allowed for some time to ensure a high degree CBR values at . mm penetration is more than

of saturation and uniformity of test results. that at . mm penetration. Also, the CBR val-

ues at . mm penetration are higher than that

at . mm penetration for all the level of cement

content.

The results of the CBR test on cement

treated soil containing . , . , . and . In order to understand the bearing capacity

cement are shown in Fig. in the form of the of the cement treated soils, the compression

applied load vs. the depth of penetration rela- behavior of specimens under unconfined com-

tionships. As can be seen from this figure, all pressive tests is demonstrated in Fig. using

the curves are curvilinear initially and then the stress-strain curves. The stress-strain re-

linear. These curves also indicated that no lationship of the controlled specimens ( .

initial correction for the calculating the CBR cement content) is also provided in the same

value is necessary except in the case of control figure for better comparison. For each curve,

specimen ( . cement content). For . ce- there is a peak or ultimate stress (here termed

ment content, the extension of the initial as compressive strength) and then, after the

straight portion showed that it crossed x-axis peak value, there is a softening behavior. It is

slightly right side of the origin and this was observed that the compressive stress increases

taken account in calculating the final CBR with the increase of displacement until appear-

value. It is noted herein that all the tests were ing the peak value, naturally, but, owing to the

carried out under optimum water contents di erent quantity of cement, the increment

Fig.

. Results and Discussion

. Results of California Bearing Ratio

(CBR) tests . Results of Unconfined Compressive

Strength (UCS) tests
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31The E ectiveness of Nominal Dosage of Ordinary Cement on Strength and Permeability of Clayey Soil:

CBR values of soil-cement with di erent cement content

Stress-strain relationships of soil-cement under compression

rate varies depending on the amount of cement compressive strength ( / ) are calculated

content. as . , . , . and . kPa, and the cor-

Figure shows the variation of the compres- responding strain ( ) are . . , . and

sive strength ( ) and the strain obtained at the . for cement content of . , . , . and . ,

compressive strength with di erent levels of respectively. The moduli of deformation ( )

cement content. Notice a significant increase of cement treated soil are calculated by the

in the compressive strength with the increase following equation.

in the percentage of cement content. The

strain at the ultimate compressive stress ( ),

on the other hand, decreases noticeably with

the increase in the quantity of cement content. Here, is the modulus of deformation of a soil

For the sake of calculating the modulus of in MPa, is the compressive strain when

deformation ( ) of the cement treated soils / in kPa. The moduli of deformation ( )

with . , . , . and . cement, the stress- calculated by equation ( ) are shown in Fig.

strain relationships of the straight portions, with the di erent levels of cement content. It

avoiding the initial and final nonlinearities, are is evident that the moduli of deformation ( )

considered. The values corresponding to the of the cement treated soils are increased re-
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Compressive strength and strain at compressive strength of

soil with di erent cement content

Modulus of deformation of soil with di erent cement content

markably with the increase of the nominal cracks formed in the vertical plane for the

dosage rate of cement content. control specimen without any cement content.

It is noted here that although the percentage No diagonal cracks were formed even the load

of cement is very nominal, it is observed that was continued until compressive stain of .

both the bearing capacity and the modulus of . The addition of . cement in soil, al-

deformation are conspicuously enhanced as though nominal, changes the failure pattern

compared to the controlled specimens (Figs. from vertical to diagonal direction as can be

to ). It is also noticed that the addition of the seen from the formation of major cracks di-

very small quantity of cement gives a continu- agonally in Fig. b. This change of failure

ous increase of both the properties. This is due plane or formation of diagonal cracks occurred

to the chemical reaction among cement, soil at . strain indicates the development of

and water. the shear strength in soil by the addition of

It was observed that the failure modes of test cement. Further addition of cement ( . and

samples under unconfined compressive tests . ), altered the failure modes of the soil in

were varied depending on the quantity of ce- crashing type failure at strains of . for

ment added. These failure modes are clarified . cement content and . for .

in Fig. . It is apparent from Fig. a that the cement content as shown in Fig. c and Fig. d.

Fig.

Fig.
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33The E ectiveness of Nominal Dosage of Ordinary Cement on Strength and Permeability of Clayey Soil:

Failure pattern of specimens under unconfined compressive strength test

E ect of cement content on permeability coe cient

through cementing action is confirmed by

The test results on the permeability coe - Scanning Electron Micrographs (SEM) as

cient of the cement treated soils are depicted in shown in Fig. . It is also evident from the

Fig. . It is evident that the permeability co- compaction curve given in Fig. that the dry

e cient increased with the increase in the bulk density of the soil decreased with the

amount of cement content. The higher rate of increase of cement content indicating the infl-

water permeability was occurred due to the uence of formation of bigger particles.

flocculation of the soil particles. This floccula-

tion brought the clay particles together by

cementing them to form a compound or sec- In this paper, the e ectiveness of the very

ondary particle. This phenomenon has already nominal dosage rate of the ordinary portland

been discussed in the introduction section il- cement, such as, . , . and . was used

lustrating the e ectiveness of nominal cement to investigate the compressive strength, Cali-

in forming the finer particles into secondary fornia Bearing Ratio, modulus of deformation

ones. The formation of secondary particles and permeability of clayey soils in Mie prefec-

Fig.

Fig.

. Results of Permeability tests

. Conclusions
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creased remarkably with the addition of the

small amount of the ordinary portland cement.

. The compressive strength increased with

the percentage of cement content.

. The modulus of deformation ( ) in-

creased with the increase in the percentage of

cement content.

. The addition of cement increased the per-

meability coe cient.
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ture. From the analyses of the test results

depicted above, the following conclusions can

be drawn.

. The bearing capacity in terms of the CBR

value and the compressive strength was in-
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ARAGUCHI RAKAWA ANAKA USABA

AKUSHIDO AMADA

*

: BTC

Noburo H *, Yusuke A *, Akihiro T *, Takashi K *,

Ken-ichi Y * and Ichiro Y *

* National Agriculture and Food Research Organization, National Agricultural Research Center

for Kyushu Okinawa Region, Suya, Koshi, Kumamoto , Japan

Currently, various types of livestock manure composts have been developing for application to

farmlands as an organic fertilizer. Nutrients released from these newly developed composts play

an important role in the overall chemical dynamics in soils. In the traditional methods, such as

an incubation method, the nutrient release patterns were measured under soil-compost mixing

conditions, in which the major cations and anions were not analyzed precisely. Thus, in this

study, a new method for measuring early nutrient release pattern from composts was developed

using sand column mixed with manure compost and was applied for analyzing the nutrient

release patterns for four kinds of cattle manure compost. A sand column of . cm height and of

cm diameter, having the unsaturated sand layer of . cm height mixed with compost overlain

the saturated sand layer of cm height, was prepared. Distilled water was supplied to the top of

the column at a constant rate and the pattern of the nutrient concentration in drained water was

measured. This could be evaluated as BTC normalized with pore volume. This method per-

formed well in detecting the delayed release of nutrients and the increase in the released K in the

pelletized composts compared with the traditional ones.

: Livestock manure compost, Nutrient release pattern, Sand column, Breakthrough

curve (BTC)
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Schematic view of experimental setup
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Selected properties of four

T-C T-NEC
pH H O

( kg kg ) (dS m ) ( kg kg )

mm

: :

MKCl

H O mm

cm

cm . cm s

. mm

.

cm s

.

cm

EC

B- Horiba

. mm, EC S cm S cm

. cm,

. g,

. g, . g Ca, Mg, K, Na

SOLAAR M , UNICAM Cl SO

Quanta E,

Waters NH -N, NO -N, PO -P, T-N, T-P

TRAACS , BRAN-LUEBBE EC

EC
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kinds of cattle manure compost

P O K O CaO MgO NH -N NO -N
C/N

( kg kg ) ( kg kg )

Ca, Mg, K, Na NO -N, PO -P, Pore Volume

T-N, T-P . cm

NH -N

. mm, mmol KNO

. mm

mm

mm, . cm EC

HTV N- KP, HY-NET :

CR X, Campbell

BTC

. . .

cm

pH pH pH B- . cm mmol

Horiba KNO

. . NO

.

. cm s

: Pore Volume

Pore Volume

. cm

BTC

l

l

Pore Volume
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Change in pore water pressure at two points in the saturated sand layer during

the nutrient release experiment

EC
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Typical pattern of drainage flux versus time during the nutrient release experiment

Selected physical properties of the sand column
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BTC EC a
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Pore volume EC

EC versus cumulative drainage in the experiment for determining pore volume

KNO

Breakthrough curves in response to the pulse-like inputs of KNO solution
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EC : a b c

d e

Breakthrough curves for EC of drained water : (a) chemical fertilizer, (b) N-enriched

cattle manure compost, (c) N-enriched cattle manure compost pellet, (d) cattle manure

compost, (e) cattle manure compost pellet
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EC pore volume BTC

Pore volumes at which the peak ECs a e

were observed in the nutrient release

experiments
H PO HPO

Run PV

Run a EC a

Run

Run

NO , Cl Ca, Mg
Run

ECRun

b
Run

K, NH , Na NO
Run

Run
Cl, NO

Run
d

K NH Na

NO EC c

BTC

c

BTC Cl, NO EC

a e

e

SO

pH NO Cl

H PO HPO

b e

NH

NO

Ca, Mg

pK . . . NH H

p.

. pH . .
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p. NO

PO -P pH b c

pK H PO HPO

NO
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H PO HPO H
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BTC : a b c

d e

P H PO HPO P

Breakthrough curves for the cations and anions : (a) chemical fertilizer, (b) N-enriched cattle

manure compost, (c) N-enriched cattle manure compost pellet, (d) cattle manure compost, (e)

cattle manure compost pellet

( P : The sum of phosphorous concentration originated from H PO and HPO )
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The relationship between the positive and negative charge in the drained water

collected during the nutrient release experiments

NH -N NO -N T-N

.

.

K . .

H PO
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The amount of early released nutrients for chemical fertilizer and the four kinds of cattle

manure compost

T-N T-P
NH -N Ca Mg K Na NO -N P Cl SO

kg kg kg kg kg kg

*

**

*** P H PO HPO P

K

K

NO BTC

b NO

K

c

b

K

BTC . cm, cm

BTC

BTC

Pore Volume BTC

Table

. - .

- + - + - +
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+* +* +*
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*4.1 +4*1 *40+ *4,. *432 *4+2 *4/- *4+3

14/* 04*3 ,4-1 +243* -401 +140, +4,* 041/ -4-- ,04*. +4,2

*43+ *4., *4.* *411 +4*+ *4+0 *400 *4+1

+4+. 042/ +40. 24.0 .43, +402 .4-* +.41. ,4+/ .410 .4/3

*400 *4// *4,- *4-+ *432 *4-* *4+1 *4-,

+4*1 .4+- *430 ,+4-, /421 .402 .41* +-4-+ -4/* 1430 .43+
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Evaluation of Powdered Polyacrylamide Application

along with Source of Electrolytes in

Controlling Sodic Soil Erosion

e

AMAMOTO HIMURA ISHIMURA NDRY

ORITANI L USAIDI

* Tottori University, Arid Land Research Center, Hamasaka, Tottori, , Japan

** Nishida Industry Co. Inc., Koaza-inumaru, Aza-amada,

Hukuchiyama-shi, Kyoto, , Japan

*** University of Tokyo, Yayoi , Bunkyo-ku, Tokyo , Japan

The anionic polyacrylamide (PAM) is recently used to rehabilitate saline and sodic soils. It is

also applied to control soil erosion ; however, few researches have tested the e ectiveness of

anionic PAM along with source of electrolytes application to control artificial sodic soil erosion.

An experiment was conducted to study the e ects of anionic PAM with and without gypsum on

the erosion of sodic soils under saline rain water conditions. A clay loam soil was prepared to

achieve three levels of exchangeable sodium percentage ( ) ; . , . and . with appropriate

salts solutions. Soil samples were air-dried and packed in the trays. Powdered PAM, gypsum or

a mixture of both were applied to the salt treated soils. Soils were subjected to simulated rain-

storm of mm h by a fixed rainfall simulator. Saline waters with di erent levels of electrical

conductivity ( ) ; . , , , and dS m were used for simulated rains during the study.

It seems that the artificial soil showed fairly similar soil erosion characteristics as that reported

on a natural sodic soil. It was found that the soil sodicity enhanced soil erosion under non-saline

water. It seems that the e ects of electrolyte source on soil erosion were a ected by the soil initial

electrical conductivity ( ) rather than by the level of soil. PAM amendment substantially

increased the surface runo while at the same time controlled the soil losses. A reduction in

surface runo was found by applying gypsum or saline water on the soil treated with PAM.

However, it seems that the mixed addition of PAM with gypsum or salts enhanced detachments

of soil particles by raindrop impact.

: Gypsum, saline water, polyacrylamide (PAM), artificial sodic soil, soil erosion

total area, which has sodic soils, is estimated at

about million hectares ; but as the distribu-

Soil sodicity occurs naturally and can be tion of sodic soils is very scattered worldwide

enhanced by human activities such as irriga- the individual areas are often too small for

tion. In arid and semi-arid areas, sodic soils inclusion in overview soil maps at a world

exhibit poor soil-water and soil-air relation ; scale (FAO-AGL, ).

these properties adversely a ect root growth Soil sodicity can a ect many physicochem-

restricting plant production and making the ical reactions. Soil pH usually has a strong

soils di cult to work when wet or dry. The relationship with exchangeable sodium per-

Tahei Y *, Yutaka S **, Taku N ***, Henintsoa A *,

Shigeoki M * and Ahmed A -B *
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centage (Tan, ). Problem of sodic soil is improve soil physical properties such as soil

caused by the presence of sodium attached to aggregation and permeability as a result of

clay in soil. A soil is considered sodic when the providing electrolyte into the rainwater and

sodium reaches a concentration where it starts also dissolved Ca ions into the soils as well

to a ect soil structure. The sodium may (Shainberg ). On the other hand,

extend di use double layer and thus weaken Polyacrylamide (PAM) was found to improve

the bonds between soil particles when wetted soil structure by reducing clay dispersion

resulting in the clay swelling and often dispers- (Saybold, ). An anionic PAM having large

ing. When this happens the clay particles molecular weight has the ability to stabilize

spread out or disperse making the soil water soil structure, reduce runo and soil loss

turbid. The dispersed clay particles can then (Zhang and Miller, ), when soil solution

move through the soil and clog the pores. Both cations can bridge negative charged clay parti-

swelling and dispersion reduce infiltration and cles with anionic PAM (Theng, ). For this

drainage. During irrigation and rainfall, such process carboxyl groups of PAM are attaching

soils tend to have more runo and thus be with soil particles.

vulnerable to water erosion (Shainberg It was reported that the dissolution of PAM

). Agassi ( ) reported a considera- encouraged soil aggregation and structuring

ble runo from dispersive non-calcareous sodic (Al-Abed ). This phenomenon could

soil induced by rainfall. Soil loss becomes more ensure reduction of soil loss by runo . Beside,

severe under sprinkler systems with high Yu ( ) reported a decrease in infiltra-

spraying intensities and longer duration of sur- tion rate after an anionic PAM application on

face irrigation. Runo and eroded sediments the soil. This was caused by clogging pores by

not only lead to deterioration of land produc- long chains of gel structured PAM. Also, small

tivity, but also contribute substantially to- molecular weight PAMs may prevent coagula-

wards non-point source contamination of sur- tion of clay particles by cancelling the particle

face water bodies (Tang and Rengel, ). charges by adsorption (Heller and Keren, ;

The scarcity of good quality water forces Shainberg and levy, ; Shainberg

farmers world wide to use poorer quality water ).

or reuse drainage water for irrigation. In some Treating sodic soil with anionic PAM or

arid areas, saline (electrical conductivity of to gypsum can improve soil structure (Shainberg

. dS m ) and sodic (sodium adsorption ratio ; Al-Abed ) ; however, few

of to ) water have been used for irrigation researches have tested the e ectiveness of

(Levy ; Yamamoto ). Irri- anionic PAM along with gypsum application

gation with such water introduces sodium to on soil erosion (Tang ). The direct

the exchange sites and leads to the buildup of relationship between soil structure, PAM and

high levels of the soil (Mantell ). gypsum application on soil erosion is not very

When exposed to the impact energy of water clear. Moreover, the e ect of anionic PAM on

drops, aggregates with high levels disinte- soil erosion was not fully studied.

grate more readily than those with low There is a limitation for basic research to be

levels (Shainberg ). Consequently, at conducted on a natural soil due to inherent

high levels the soil erosion is significantly variability of the soil properties in the field.

higher than that at low levels (Shainberg Controlling and measuring many physico-

). chemical parameters under field study with

Reduction of soil erosion can be obtained by variable conditions of sodic soils could lead to a

improving soil structure and aggregate stabili- complexity and variation in measured values.

ty at the soil surface. Gypsum has been used to As a result, it is hard to determine which factor

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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: Evaluation of Powdered Polyacrylamide Application along with Source of Electrolytes

in Controlling Sodic Soil Erosion

Some characteristics of the studied

soil

Physicochemical properties Values

Sand [ mm] ( )

Silt [ mm] ( )

Clay [ mm] ( )

Bulk density (g cm )

Hydraulic conductivity (cm s )

pH [ : ]

(dS m )

(cmol kg )

Clay minerals ( )

Smectite

Chalcedony

Analcime

Plagioclase

Calcite

Dolomite

Pyrite

Quartz

is more important and to predict where and

when soil erosion events are going to take

place in the field. These problems have gen-

erated the need for controllable simulation,

such as simulated rainfall as well as simulated

sodic soil. Rainfall simulation has been used

for decades to study basic erosion processes

that are di cult to study in detail on the field ;

for example, surface sealing, soil aggregate sta-

bility, and raindrop detachment. Using arti-

ficial sodic soil may be a method for a basic

study on sodic soils induced by blackish water

irrigation. The current experiment was de-

signed and carried out on the objective to ana-

lyze the e ects of anionic PAM mixed with

gypsum or under saline rain water on artificial

sodic soil erosion. Therefore, conducting a

basic study under laboratory condition will

give precise understanding on the response of

sodic soils to various amendments.

(Table ).

The soil for the experiment was sampled

from the paddy fields of Tottori prefecture, Steel boxes having a dimension of (

Japan. Smectite is the dominant clay mineral cm) were used for this experiment. Boxes

in this soil. Textural class of the soil was deter- were filled with cm of sand overlain to cm

mined as clay loam by pipette method (Gee and thickness gravel layers. The treated soil was

Bauder, ). The pH of the soil was measured air dried and then uniformly packed with

in : . soil-water suspensions. Electrical con- thickness of cm to the top of the sand box.

ductivity ( ) was measured in saturation ex- The boxes were placed at slope and

tract by electrical conductivity meter. Ex- mm h simulated rainfall was applied for

changeable cations are extracted by using so- hours. Rain water was prepared by mixing

dium acetate solution and cation exchange ca- salts of NaCl and CaCl with tap water (

pacity ( ) was determined by quantifying . dS m ) to attain electrical conductivity

the adsorbed sodium cation following replace- ( ) levels of . , , and dS m . These

ment of the cation by ammonium acetate saline rain waters were prepared in order to

solution. Quantification of cations was con- simulate the e ect of saline water used in

ducted by atomic absorption spectrophoto- sprinkler irrigation. The sodium adsorption

meter. The selected properties of the soil are ratio ( ) value of the rain water for every

given in Table . level of was maintained as . This

Soils were air-dried and passed through value was selected based on the average

mm mesh sieve. The soil samples were treated of drainage water of irrigation reported in the

with CaCl , MgSO and Na CO to attain the previous research of Yamamoto ( ) un-

following three levels of : i) low . , dertaken in Khuzestan areas of Iran. Moreover,

ii) medium . , and iii) high . this value, which is classified to be higher

EC

CEC

EC

EC

CEC

EC

N

SAR

EC SAR

SAR

et al.

ESP ESP

ESP ESP SAR

Table

. Materials and Methods

. Soil preparation and analysis

. Soil erosion experiment
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c-H O e

Selected chemical properties of the salt treated soils

Exchangeable cations (cmol kg )level pH

of soil ( : . ) (dS m ) Na Mg Ca

Low

Medium

High

Soil erosion experiment

and kg ha . The saline rain water of .

dS m , which is also referred as a non-saline

rain water in the subsequent text, was used in

the case of dry gypsum and anionic PAM.

Prior to the simulated rainfall these chemical

amendments were uniformly spread on soil

surface.

In case of mixing experiment either dry PAM

mixed with gypsum or dry PAM subjected to

saline water, prior to the simulated rainfall, dry

gypsum was uniformly spread on the soil sur-

face at the rate of , , , and Mg ha whereas

the dry PAM was uniformly spread at the rate

of , and kg ha . Application rate of the

two chemical agents was arranged in a manner

that the above two doses of the PAM were

mixed with the three doses of gypsum to give a

total of six di erent application conditions.

The powdered anionic PAM (AP ) used in

the experiment was manufactured by the Dia-

in the USDA Agricultural Handbook Guideline Nitrix Co., Ltd, with a molecular weight of .

(US Salinity Lab. Sta , ), was also selected g mol and to hydrolysis.

in order to analyze soil dispersion of the sodic

soil. Soils of highest amended by anionic

A drip-type rainfall simulator with raindrop PAM, gypsum and mixtures of both were

fall-height of m was used for the study (Fig. used in the intake rate study. Infiltration rate

). Average rain drop size was mm. Runo of the soil was measured using constructed

was collected by a flume connected at the soil column. The study was done following

lower end of the tray during every minutes Bouwer ( ). Soil with thickness of . cm

intervals. The sediments in the runo were was packed uniformly in columns of cm in

determined gravimetrically after oven-drying height and cm in diameter. The soil column

at for hours. was kept ponded with water depth of cm.

The e ect of gypsum, saline water and Water supply rate was monitored until the

anionic PAM alone was determined by supply- steady state condition. At the end, soil basic

ing of gypsum at the rate of , , and Mg ha , intake rate at steady state condition was calcu-

under saline rain water having values of lated (Table ). The infiltration experiment

. , and dS m , or dry PAM at the rate of , was performed with to replicates and with

ESP EC
ESP

ESP

EC
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Fig.

. Soil intake rate study
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: Evaluation of Powdered Polyacrylamide Application along with Source of Electrolytes

in Controlling Sodic Soil Erosion

Soil basic intake rate ( in mm h ) of high soils

Water quality used in this test Non-saline water Saline water dS m Saline water dS m

Control n/a n/a

PAM kg ha Gypsum Mg ha n/a n/a

PAM kg ha Gypsum Mg ha n/a n/a

PAM kg ha Gypsum Mg ha n/a n/a

PAM kg ha

PAM kg ha

n/a : not available

either non-saline or saline water. which had highest showed the highest

values of surface runo , followed by low

The e ect of PAM on soil aggregate stability and medium This result was in contrast

of low and high levels was tested under with the initial of the soil as cited in the

deionizer water to assimilate the e ect of natu- following order : high soil low soil

ral rain. A g of the treated soil was spread on medium soil. Based on this ranking, it

an aluminum plate ( by . cm) to form a seems that the e ectiveness of gypsum on im-

monolayer and then anionic PAM was applied proving soil infiltration was a ected by the

by spraying the m of dilute PAM solution at initial of the soil. It is important to men-

a concentration of mg L . The treated soils tion that as was measured in saturation

were air-dried for hours before analysis. Soil extract, this depends on the concentration

aggregate stability was done by a combination of total soluble salts in the solution. And since

of wet-sieving using two aperture meshes of soil and are not linearly dependent, a

and . mm and then measured by hydrome- possible decrease in with increasing soil

ter method. Distilled water was used for wet- could be occurred such as seen in this

sieving. study and also reported by Yamada

( ).

The soil loss was not clearly a ected by

gypsum application rate ; however, it seems

that the e ect of gypsum application varied

Gypsum is known as a dispersion-restricting accordingly to the level of in the soil.

agent for sodic soils due to electrolyte concen- Gypsum application reduces soil loss from high

tration and cation exchange e ects (Shainberg ESP soil. The soil having low showed the

; Zhang and Miller, ). The per- lowest values of soil loss among treated soils.

formance of gypsum depends on the soil water Gypsum helps clay particles to flocculate that

electrolyte and Ca concentrations that result may at least reduce seal formation on soil sur-

from gypsum dissolution, and on the e ciency face (Shainberg and Letey, ). During rain-

of the Na-Ca soil exchange process (Keren and fall season, application of gypsum enhanced

Shainberg, ). The e ects of gypsum and deposition of sediments and reduced the trans-

exchangeable sodium percentage ( ) of the port of finer particles by surface runo (War-

soil on surface runo and soil loss under non- rington ; Yu ). The incon-

saline rain water are shown in Fig. . It was sistency of the results in this study as com-

found that the cumulative runo of each treat- pared to those reported by previous researches

ment for hours rainfall event did not clearly were partly due to the initial condition of the

di er among the gypsum levels. The soil low and medium soils having high initial

I ESP
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ESP,

ESP.

ESP EC

ESP ESP

ESP

l EC

EC

EC

ESP EC

EC

ESP

et al.,
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et al., et al.,
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E ect of gypsum on soil erosion at di erent subjected to non-saline water

, . and . dS m , respectively. The hance in dispersion due to raindrop impact

electrolyte concentration exceeded the cation under dilluter electrolyte concentration could

exchange e ect in soil. happen at soil surface during saline water rain-

Without gypsum application, the surface fall event. This caused more soil loss under

runo from soils subjected to saline rain water dS m rainfall without drop in infitration rate.

decreased with increasing the electrolyte con- Then, soil loss decreased with higher saline

centration of rain (Fig. ). This result could be rain water with the same SAR.

explained by the improvement of soil infiltra- For both gypsum and saline water treat-

tion by restricting clay dispersion (Shainberg ment, surface runo and soil loss were varied

; Zhang and Miller, ) of the and inconsistence since those might be highly

whole soil layer. It was found that saline rain a ected by both and the initial

water with value dS m enhanced soil of the soil. Hereby, the interactive e ect of ,

loss of the medium and low ESP soils as com- gypsum and saline water treatment was

pared to the non-saline rain water of . dS among the main reasons for di erentiated

m . However, the soil loss from the soil ranking order of soil loss and surface runo

having high decreased significantly with among all treatments as shown in Fig. and

increasing the electrolyte concentration in rain Fig. .

(Fig. ). For the low and medium soils had

high at the beginning of rainfall event.

Combination of lower electrolyte concentra-

tion and rain drop impact of the saline water The temporal changes of runo and soil loss

rainfall exceeded ion exchange e ect following during hours simulated rainfall was a ected

to apply saline water (SAR ) rainfall. En- by PAM application (Fig. ). Runo was great-

ESP

EC

EC

et al.,

ESP, SAR EC

EC EC

ESP,

ESP

ESP

ECe

Fig.

. E ect of PAM on temporal change of

soil erosion under non-saline rain

water
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59
: Evaluation of Powdered Polyacrylamide Application along with Source of Electrolytes

in Controlling Sodic Soil Erosion

Characteristics of soil erosion at di erent without gypsum application subjected to

saline water

er with higher dose of anionic PAM. This could bound soil particles together, thereby develop-

happen due to the long chain of the PAM ing higher resistance to the impacts of rain-

which clogged soil pores, prevented infiltration drops.

and enhanced surface runo . This is sup- This result in Fig. seems consistent with

ported to some extent by the soil basic intake the e ects of PAM on the stability of soil ag-

rate test on the soil having high (Table ), gregate of the low and high levels as given

showing that the water intake increased as in Fig. . The stability of the aggregate having

follows : PAM kg ha PAM kg ha to . mm was enhanced by anionic PAM

control. Soil loss decreased by higher amount application. This is probably due to the ani-

of PAM incorporation in the following order : onic PAM incorporation with soil particles and

control kg ha kg ha PAM. Yu reduction of sediment formation. PAM is an

( ) and Al-abed ( ) reported that adhesive agent which is combining small parti-

anionic PAM e ectively reduced soil loss and cles into from large ones that can resist soil

enhanced surface runo water. The long chain erosion. The large fraction ( . mm) was

of the ionic PAM polymer in the soil surface reported as an appropriate range to assess the

exposed to non-saline rain water could be a ability of soils to withstand rain impacts

possible reason of reduction in soil loss. As Yu (Rasiah and Kay, ). Furthermore, as frac-

( ) explained that the chain length of tion of the largest aggregate increased, the for-

the PAM polymer in diluted solutions might mation of small particles decreased (Berthes

reach to a certain length and the polymer ab- and Roose, ). The results in general indi-

sorbed on external surfaces of aggregates and cate that PAM stabilized the larger size frac-

ESP

ESP ESP

et al.

et al.

et al.

Fig.
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E ect of PAM on surface runo and soil loss at di erent subjected to non-saline water

tions, suggesting that soil erosion from soil clearly a ected by gypsum application rate or

treated with PAM would be less than that from by level (Fig. ). While, PAM application

control and this result is consistent with alone was found enhancing surface runo and

reports by other workers (Berthes and Roose, decreasing soil loss (Fig. ). As shown in Fig. ,

). mixing PAM with gypsum decreased surface

runo compared to the soil treated with PAM

alone. Higher dose of gypsum application

caused generally a slight decrease in surface

As shown in previous sections, the cumula- runo . It seems that the low rate of PAM

tive runo and cumulative soil loss were not application mixed with gypsum is more e ec-

ESP

ESP

Fig.

. E ect of PAM mixed with gypsum on

soil erosion under non-saline rain wa-

ter
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: Evaluation of Powdered Polyacrylamide Application along with Source of Electrolytes

in Controlling Sodic Soil Erosion

E ect of PAM on soil aggregate stability at two di erent soil levels

tive for certain soils than gypsum application companied by a decrease in viscosity in the

alone. On the other hand, the application of presence of electrolyte, especially gypsum,

PAM with gypsum greatly reduced the soil could be a reason of less e ectiveness of PAM

loss compared to gypsum alone (Fig. and Fig. with gypsum treatment. Although, surface ap-

). The maximum load of soil loss from soil plication of dissolved PAM mixed with a

treated with PAM mixed with gypsum was source of electrolytes such as phosphogypsum

Mg ha whereas the minimum load of soil loss has been reported to be more e ective in

from that treated with gypsum alone was Mg decreasing seal formation, surface runo , and

ha . In detail, an increase in trend of cumula- soil erosion (Shainberg and levy, ). The use

tive soil loss with increasing gypsum applica- of dry PAM mixed with gypsum also could

tion was found particularly on the soil treated result in lower runo and wash erosion levels

with PAM at the rate of kg ha . This was than gypsum alone in loamy sand and clay

similar to the results of Yu ( ). He soils (Tang ), which is in agreement

reported that PAM along with gypsum treat- with our result for intake rate observed on

ments was found less e ective than the appli- high soils (Table ).

cation of PAM alone for reducing soil loss of Basic intake rate of high soil under non-

silty loam. Shrink of the PAM structure ac- saline water di ered among treatments as

ESP

et al. et al.,

ESP

ESP

Fig.

+

+

+

# #

#

,

0

1

#

2 #

+33.

#

,*

,**- ,**0

# -

#

/



� �

�

� �

�

� �����	
 � �


 

� �


 �
�

62

e

Characteristics of soil erosion at di erent and treated with PAM mixed with gypsum

subjected to non-saline water

follows : PAM kg ha PAM kg ha ( ). Soil loss decreased with increasing PAM

PAM gypsum Mg ha PAM gyp- application rate except with the soil having

sum Mg ha PAM gypsum Mg ha medium and also with the low one

(Table ). It seems that improving the soil when this soil was subjected to dS m saline

infiltration is the benefit from the application rain water (Fig. ). A significant decrease in

of PAM with a source of electrolytes such as soil loss with increasing PAM application rate

gypsum on sodic soil conservation, since the was found on the soil having the highest

PAM e cacy for preventing seal formation . , in which whose was the lowest

was enhanced by the presence of electrolytes among treatments. In the low and high

(Shainberg ). soils treated with PAM, it seems that increas-

ing of the saline rain water enhanced cumu-

lative soil loss but decreased surface runo

PAM treated soil showed greater soil loss (Fig. ). Decrease in surface runo with in-

under saline water rainfall than non-saline creasing in saline rain water shows that the

water rainfall (Fig. and Fig. ). The increase soil infiltration was substantially improved. It

in soil loss could be associated to the shrinking seems that the e ects of saline water on the

of PAM chain structure as reported by Yu soil treated with PAM were fairly similar to

ESP

ESP ESP

ESP, EC

ESP

et al.,

EC

EC

et al.

Fig.

. E ect of PAM on soil loss under vari-

ous saline rain waters
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: Evaluation of Powdered Polyacrylamide Application along with Source of Electrolytes

in Controlling Sodic Soil Erosion

E ect of PAM on soil erosion at di erent subjected to saline rain water

those soils treated with gypsum mixed with and soil loss on the medium soil in Fig. .

PAM (Fig. ). Based on the results in Fig. and Laboratory and field studies with anionic

Fig. , it shows a distinct reduction of soil loss PAM (e.g., Gardiner and Sun, ; Bjorneberg

from soil treated either PAM with gypsum or ; Vacher ) have demon-

PAM with saline water compared to that from strated that addition of small amounts of PAM

the soil treated with either gypsum or saline ( kg ha ) on the soil surface were e ec-

water alone (Fig. and Fig. ). The aim of gyp- tive to maintain high permeability and de-

sum application was to increase the electrolyte crease runo and soil loss from soils exposed to

concentration on soil surface prior to rainfall to impact of rain drops, especially when the PAM

restrict the dispersion of clay particles. In this was applied together with a source of electro-

experiment, higher initial electrolyte concen- lytes (Tang ). In our study, where the

tration of the soil could shrink the PAM struc- e ect of PAM on soil erosion of sodic soils was

ture and decrease its e ciency in binding soil tested with solutions of di erent electrolyte

particles. This could be the reason that PAM concentrations ; the results obtained were in-

together with saline water induced higher de- consistent and could not relate to the salt con-

tachments of soil particles and less surface centration of rain water used particularly on

runo , which could be verified by analyzing the medium soil (Fig. ). Ben-Hur

the changing pattern of both surface runo ( b) and Levy ( ) have noted that

ESP
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et al., et al.,
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ESP et al.

et al.
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Agassi, M., Shainberg, I. and Morin, J. ( ) : E ect

of electrolyte concentration and sodicity on

the infiltration rate and crust formation. Soil

Sci. Soc. Am. J. : .

Al-Abed, N., Amayreh, J., Shudifat, E., Qaqish, L.

and El-Mehaisin, G. ( ) : Polyacrilamide

(PAM) e ect on irrigation induced soil erosion

and infiltration. Achieves of Agronomy and

even at , the impact of PAM tested with rainfall condition were studied. The e ects of

solutions of di erent electrolyte concentra- gypsum and saline water treatments on sur-

tions was found ine ective or less e ective on face runo and soil loss on di erent soil

soil erosion from sodic soil as compared to sodicity level were a ected initial soil

non-sodic conditions. Conversely, these same and and of rain water. Soil loss

authors found that PAM mixed with source of seems to be controlled by soil surface condi-

electrolytes was very e ective in reducing soil tions such as and of the soil and

erosion even at (Levy ). In and rain drop impact of simulated saline water

our study, it seems that the impact of PAM rainfall while infiltration and runo may be

tested with solutions of di erent electrolyte a ected whole soil chemical conditions.

concentrations was found e ective in reducing The anionic PAM was very e ective than

surface runo only on the soil having high applying electrolyte source alone in controll-

and low precisely under the soil treated ing soil loss. Beside, PAM could not reduce

with kg ha PAM (Fig. ). runo or in some case reduced water intake of

The increased PAM application exhibited soil since PAM clogged pores of the surface

lower infiltration rate in the high soil of soil. This side e ect was improved by supply-

intake rate experiment (Table ). The final rate ing electrolytes by either applying gypsum or

of water intake di ered among the treatments saline water rainfall. Those electrolytes may

as follows : PAM kg ha with non-saline shrink PAM structure and prevent clogging

water PAM kg ha with non-saline water pores by PAM. PAM application is e ective to

PAM with saline water of dS m PAM reduce soil loss, however sensitivity of PAM

with saline water of dS m PAM with structure and physical properties on electro-

saline water of dS m PAM with saline lyte concentration must be considerd. This is

water of dS m . When PAM was mixed with important especially planning PAM applica-

saline water, the accumulated electrolytes on tion onto saline and sodic soil that inherently

soil surface improved hydraulic conductivity contains some sort of electrolytes.

even under high sodic conditions. However,

adding PAM with high concentration ( kg

ha ) might induce soil surface sealing and con- The authors gratefully acknowledge the as-

sequently inhibit infiltration rate. In the study sistance support provided by Mr. T. Shimizu

conducted by Tang ( ), he found in- during the rainfall simulation experiments.

creasing from to in the loamy sand Acknowledgement is also extended to Dr. M.

decreased final infiltration rate from to mm Irshad, visiting professor of Arid Land Re-

h and increased runo and wash erosion in search Center (ARLC), Tottori University, for

the control ; similar trends but of di erent his editorial comments. This research was

magnitude were noted in the other soil types. carried out under the Cooperative Research

He concluded that spreading PAM mixed with Program of ARLC.

gypsum or gypsum alone was e ective in

maintaining final infiltration rate, low runo ,

and low wash erosion levels as compared with

control.

The e ects of anionic PAM mixed with

gypsum and subjected to saline rain water on

artificial sodic soil erosion under simulated
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Thermal Properties and Shrinkage-Swelling Characteristic

of Clay Soil in a Tropical Paddy Field

RDIANSYAH HIOZAWA ISHIDA

* Graduate School of Agricultural and Life Sciences, The University of Tokyo,

Yayoi, Bunkyo-ku, Tokyo , Japan

Thermal conductivity ( ) as functions of water content ( ) is not so well known for swelling

soils as that for non-swelling soils. We measured and thermal di usivity of a swelling soil taken

from paddy fields in Indonesia, together with its shrinkage-swelling characteristic. The soil

showed remarkable shrinkage-swelling nature ; void ratio of the soil in-situ exceeded . when

flooded condition whereas it became less then . when the soil was dry. Observed increased

from . to . W m K with increased from zero to . g g . However, for greater than

. g g , decreased gradually with increase in di erently from non-swelling soil that shows

monotonic increase with The decrease in with increase in must be produced by increased

void ratio. As a result, the value of for the soil of most dry condition in the field (K . W m

K ) was almost the same as the value of for flooded condition. Consequently, drying of the

swelling soil has no e ects of reducing heat conduction from surface into the soil when it is

exposed to sunshine.

: thermal conductivity, thermal di usivity, swelling soil, paddy field, shrinkage-

swelling characteristic

content (de Vries D.A., ). On the other hand,

-

ing and shrink by drying. The relation of

is well known ; the thermal conductivity of

non-swelling soil monotonically increases with

Thermal properties of soil are necessary to increase in water content ( ). Thermal conduc-

predict heat flow and temperature changes in tivity of water is about twenty times greater

soil. The heat flow in soil is proportional to the than that of air ; if soil air is replaced by water

temperature gradient in soil, and the pro- in the process of increasing soil water content,

portionality coe cient is thermal conductivi- thermal conductivity must increase with water

ty. Another soil thermal property, thermal

di usivity, is defined as the ratio of thermal increase in bulk density (by compaction) in-

conductivity to volumetric heat capacity, and creases thermal conductivity. Empirical equa-

is a measure of the rate of transmission of tions for these relations have been also pro-

temperature change into soil, when the surface posed (Campbell, ).

temperature changes with time. Soil thermal In paddy fields, there often exists surface soil

conductivity and di usivity depend on soil containing swelling clay minerals. Because of

composition, bulk density, particle shape, and puddling practice of every time of paddy cul-

especially water content. A number of meas- ture, its original soil structure has been lost

urements have been conducted for thermal and single-grained structure is formed. These

conductivity of non-swelling soils. General soils in paddy field remarkably swell by wett

tendency of them as functions of water content ther-
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w f

s

wet season are and , respectively (Yoshi-

Shrinkage-swelling characteristic is expressed

soil paste was dried slowly by evaporating water

nomena

To obtain field water content, we selected two

sample was taken from uncultivated paddy field

We measured thermal conductivity of a swell-

ing

and S S). This area is part of the trop-

ical

soil (including water inside soil) and soil volume

markable swelling-shrinkage and cracking phe-

mal conductivity with water content of the observed in the paddy fields are re-

swelling soil is significantly di erent from that sponsible for the swelling property of the clay.

of non-swelling soil because water content

change of the swelling soil is accompanied by paddy fields and sampled soils of both fields.

the change in bulk density. However, thermal One soil sample was taken from a paddy field

conductivity of the swelling soil with relation in flooded condition (wet field), and the other

to water content or bulk density is not well-

known. in dry condition (dry field). The water contents

of the sampled soils were determined by oven

soil in paddy field in Indonesia in the labo- drying ( ) and weighting in laboratory.

ratory. The paddy field becomes uncultivated

and dry bare soil with cracks is exposed during

dry season of the tropical climate. Therefore, by void ratio ( ) as a function of moisture ratio

in order to estimate evaporation from the ( ). and are defined as follows,

paddy field, thermal properties of the paddy

field soil, as functions of water content or bulk

density, are necessary to calculate the heat

flow into or out of the soil that is a component

of heat exchange at the soil surface. where is volume of solid, is volume of

water, and is volume of void (fluid ; air and

water). Volumetric water content ( ) is given

from and by

Soil sample was taken from a paddy field in

Cidanau watershed, located northwest of Java

island, Indonesia (between E E For saturated condition, , and

Therefore, of saturated condition ( ) is given

monsoon region, in which the rainy season by

and the dry season are explicitly distinguisha-

ble. This watershed receives a great deal of

precipitation : average annual rainfall is about Shrinkage-swelling characteristic was deter-

, mm. Since average daily temperature is mined by measuring volume and mass of the

high and constant all year around ( ),

rice can be cultivated in the paddy fields at any on changing water content. Initially soil paste

time of the year as long as water is available ; with . g g water content ( . cm cm )

up to three times cultivation of rice in a paddy was made and put in a container to have a size

field in a year is feasible if water is available in of . cm wide, cm long, and . cm deep. The

the paddy field during dry season. The ratio of

cultivated area of the paddy fields to the total in a room (the room temperature was ,

area of the paddy fields during dry season and but not controlled) to prevent unequal vertical

deformation due to quick evaporation. Several

kawa and Shiozawa, ). The uncultivated times during evaporation, volume of shrunken

paddy fields expose dry bare soil with cracks soil and mass of lost water were determined by

during dry season. measuring length of three size of the soil block,

The soil has . clay, . silt, and . and weighing. Bulk density was calculated

sand content (Yoshino and Ishioka, ). Re- using the soil volume mass of water and mass

of dry soil that was obtained by oven-drying
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: Thermal Properties and Shrinkage-Swelling Characteristic of Clay Soil in a Tropical Paddy Field

ity is therefore computed from (Campbell,

the soil components. Soil is made up of minerals,

the soil, large cracks are formed in uncultivated

curves are shown in Fig. . The observed values

after the evaporation experiment. the heating current is switched o . During this

period, an imaginary heat sink removes the

Due to strong shrinkage-swelling nature of same heat which exists previously. The tem-

perature in the cooling period is the result of

dry paddy field. To measure cracks area, image superposition of e ects of the imaginary heat

of dry paddy field with crack taken by a digital source and sink. Therefore probe temperature

camera was analyzed. Image analysis with during the cooling period is given by

thresholding methods of pixels (using ImageJ)
ln ln

separated object into soil surfaces and the
for t t

cracks only.

where the parameters and may be di er-

Thermal conductivity of the soil was meas- ent from and in the equation .

ured by probe method described by Shiozawa A data logger/controller CR X (Campbell

and Campbell ( ). Thermal conductivity Scientific Inc. Logan, USA) was used for the

probe (Decagon Devices Inc., USA) is mm thermal conductivity probe measurement. CR

length- mm diameter stainless steel pipe in X controls switching of the heater and meas-

which a resistive heating wire and a copper- ures temperature of the probe. Heating period

constantan thermocouple is inside. was seconds with the voltage of heating in

Soil of higher water content was prepared the probe up to mV ( is . W m ).

from mixing initially dry soil (oven-dried) and in equations ( ) and ( ) were deter-

water to make clay paste with certain water mined separately for heating and cooling peri-

content. The clay paste was then put into ods by using least squares optimization proce-

container size of . cm long, . cm wide, and dure. The data in the first five seconds of

cm height. The thermal conductivity probe heating and cooling are excluded from the

was inserted to the soil. During wet condition, analysis to eliminate the bias caused by e ects

the thermal conductivity probe can be inserted of probe thermal properties. Examples of the

easily into the soil. Soil block of lower water measured and fitted heating and cooling T-t

content than . g g was prepared by gradual-

ly and slowly dried the soil in the container, fit theoretical curves quite well. Resulting

keeping it in a room temperature in the same thermal conductivity is acquired by averaging

way as the shrinkage experiment. As the soil values from heating and cooling periods.

drying, the heat probe was keep inside the soil. Thermal di usivity ( ) is defined as the ratio

Heat was generated in the probe for a short of thermal conductivity ( ) to heat capacity of

time by a constant current through a heating the soil ( ) :

wire and thermal conductivity was determined

by measuring the probe temperature change

during the heating period and/or subsequent The volumetric heat capacity of a soil can be

cooling period. For the heating period, temper- calculated as the sum of the heat capacities of

ature of the probe, is given by

water, and organic matter. The soil heat capac-
ln for t t

) :

where is thermal conductivity of the soil [W

m K ], is heat generated per unit length of

the probe, is initial probe temperature [ ], where is the volume fraction of the compo-

the heating time [second], and is empirical nent [m m ] indicated by the subscript. Sub-

constants. Temperature in the soil will fall if scripts, m, w, a, and o indicate mineral, water,

o o o

o

o

o

h

o o

h m m w a a o o

o

T T q K t t t t t

d

t d

t d

q

K, t , d

K

D

K

C

K
D

C

T,

T T q K t t d

K
C C C C C

q

T t

t d

Soil thermal conductivity measurement

. Crack area measurement
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h

Examples of temperature rise and down of a heat probe during heating and cooling period.

Heating period was seconds with heat of . W m . Water content was . g g .

soil consists of clayey micro-

aggregates separated

ture ratio ( ). General form of the swelling-

phase, and zero-shrinkage phase (Haines, in

be calculated from and is given by equa- curve shows the typical three phases of normal,

tion

air, and organic constituents. is volumetric

heat capacity [MJ m K ]. Values of for

each of substances are . [MJ m K ] for soil

minerals, . [MJ m K ] for water, and . Figure shows plot of void ratio ( ) vs. mois-

[MJ m K ] for organic matter. Volumetric

heat capacity of air ( ) is given as function of shrinkage characteristic (SSC) curve contains

air temperature (Campbell and Norman, ). normal shrinkage phase, residual shrinkage

In this experiment only two terms of the

equation were used to calculate volumetric Bronswijk, ). On the other hand, Braudeau

heat capacity, namely mineral and water sub- ( ) modeled - curve based on the assump-

stances. Neglected parts of equation is be- tion that the

cause air considered to contributes only small from each other and from

amount to heat capacity, while organic matters the other soil constituents by a network of

found to be few ( ) in the soil. Thus, the heat macropores. Braudeau ( ) divides swelling-

capacity is given by shrinkage curve by four point ; shrinkage limit

(SL), “air entry” in the microaggregates (AE),
. .

the limit of contribution of macroporosity to

where is expressed in MJ m K . For swell- shrinkage (LM), and the maximum swelling of

ing soil, and are not easy to obtain due to the microaggregates (MS) (Garnier ., ).

the shrinkage-swelling characteristic, but can However, it is apparent that the observed -

( ), and is given by residual and zero shrinkage. Since the soil was

made into puddle with water as it was in the

field, it had no microaggregates or structure.

Field observation in dry season indicated

that surface soil of a su ciently wet paddy

field (irrigated and slightly ponded) had water

a

h m

m

m

m

e.

C

C

e

C

e

C

C

et al

e

e

Fig.

. Results and Discussion

. Soil shrinkage-swelling characteristic
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r AE AE

AE

AE SL

SL r n n

SL

n

AE SL

: Thermal Properties and Shrinkage-Swelling Characteristic of Clay Soil in a Tropical Paddy Field

Shrinkage-swelling characteristic of the soil with three phases. Solid arrows indicate

moisture ratios observed in fields of wet and dry conditions, and that gives the thermal

conductivity peak in Fig. . Dashed lines and arrows indicate shrinkage limit and air entry.

that during normal shrinkage the volume change

entering of air into soil and shrinkage simul-

content of . g g and that of a dry paddy c. Normal shrinkage

field (uncultivated) had water content of . g
e K e

g . Mapping these values of moisture ratio

and void ratio in the - curve (Fig. ) indicates Values of parameters in equations obtained by

that soil of dry paddy field lies in the residual fitting them to observed data are :

shrinkage zone, while soil of wet paddy field . [cm cm ], . [cm cm ],

lies in the normal shrinkage zone where water . [cm cm ], . [cm cm ], and .

content is saturated. Subscript SL indicates “Shrinkage Limits”, and

SSC curve for the curve range -SL, SL-AE, subscript AE indicates “Air Entry”.

and after AE is expressed by the following The coe cient which equal to shows

equations :

a. Zero-shrinkage is equal to moisture change. In addition of

equation ( ) means that soil is saturated. This

gives straight line of -degree slope that

b. Residual shrinkage passes ( , ) in Fig. . Three observed points

that lie on the straight line indicate that this
e e K exp V V soil has the volume change of normal shrink-exp

age for . cm cm . Residual shrinkage is

the process of reducing water content follows
V

SL SL

AE r

r

SL

e

e

e K

K

e

e e

Fig.
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Relationship between bulk density and water content of the swelling soil.

Crack pattern in paddy field. (a.) Dry paddy field with crop plant residue and cracks. (b.)

Image of a. which thresholded for soil surface and cracks only. Crack opening is of

surface area.

steeply with increase in By contrast, for water

Neglecting cracks in the edges of the image, the

average surface area of one block surrounded

taneously. In zero shrinkage, reducing water and that of crack opening was . m ( ).

content occurs without shrinkage.

The relationship of bulk density and mass

base water content is shown in Fig. . In rigid by cracks is cm .

soil, the values of bulk density vary with struc-

tural condition of the soil, particularly related Figure shows the relation of thermal con-

to packing. Unlike rigid soil, bulk density of ductivity ( ) to mass base water content ( ).

the swelling soil is variable with water content. For water contents lower than . , increases

The bulk densities vary from . Mg m to .

Mg m with increasing water content up to . contents larger than . , decreases with in-

g g . crease in due to increase in bulk density.

Figure shows observed crack pattern for This relation is di erent from relation of

. m of paddy field surface. As a result, area non-swelling soils, which generally shows

of soil surface in the image was . m ( ) monotonic K increase with the increase in

w.

K w

K

K

w

K-w
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73: Thermal Properties and Shrinkage-Swelling Characteristic of Clay Soil in a Tropical Paddy Field

Relationship between thermal conductivity and water content of the swelling soil. Solid

arrows indicate water contents observed in fields of wet and dry conditions.

However, for water saturated or nearly water

). Roughly the ratio of air : water : soil par-

ticle

tion between zero shrinkage and normal shrink-

m K ] (de Vries ; Campbell and Norman,

water content at an ordinary temperature (e.g. water and soil mineral are . , . , and . [W

Campbell, ; Hiraiwa and Kasubuchi, ).

The thermal conductivity value corresponds to

of the wet (cultivated and flooded) paddy is : : . If void ratio is constant with

field during field observation ( . g g ) changing water content (for non-swelling soil

was . W m K , while that correspond to or zero shrinkage zone of swelling soil), increas-

of dry paddy field ( . g g ) was . W ing water content occurs by replacing air

m K . value of the flooded paddy field soil (lowest ) in pores by water (the second high-

was similar to that observed in a flooded paddy est ) of the same volume and it results in

field in Japan by Mowjood ( ), which increasing thermal conductivity. This e ect of

was . W m K . It is surprising that the increasing with increasing is significant

thermal conductivity value for very dry soil when air exists at contact point of solid parti-

and that for su ciently wet soil are almost the cles (highest ) is replaced by water. For non-

same ; generally for non-swelling soil, of swelling soils, of which void ratio is constant,

water saturated condition is several times as must increase monotonically with increase in

much as of most dry condition. The maxi-

mum value of thermal conductivity is . W saturated condition of the swelling soil, in-

m K at water content value of . g g . creasing water content occurs by increasing

This water content exists in the middle posi- void ratio, that is decreasing solid volume of

the same (or similar) amount of the increased

age in Fig. . water ; therefore, it must result in decrease in

These phenomena can be explained by com-

paring three values of thermal conductivity of Regression equation that expresses thermal

soil constituents. Thermal conductivity of air, conductivity as function of is :

w.
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Solid arrows indicate water contents observed in the paddy fields of wet and dry conditions.

Relationship between thermal di usivity and water content of the swelling soil. Solid

arrows indicate water contents observed in the paddy fields of wet and dry conditions.

Relationship between volumetric heat capacity and water content of the swelling soil.

except for very dry condition in which di usi-

is calculated by equation ( ) and ( ). The di usi-

for . vity ( ) basically decreases with increase in

. . .
vity slightly increase with Its peak value is

for . observed at water content of . g g . The

value of di usivity ranges between .
. ln .

and . m s . At water content less than

Figure shows the di usivity of the soil that the peak value of thermal di usivity, the rate

of increase in thermal conductivity exceeds the

w D w

K w w
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w

K w
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75: Thermal Properties and Shrinkage-Swelling Characteristic of Clay Soil in a Tropical Paddy Field

Soil surface condition and heat flow in soil during daytime ; (a) wet condition of both

swelling and non-swelling soil that have high thermal conductivity ( ) ; is high and heat

flow is large. (b) dry surface of swelling soil with cracks ; is high and heat flow is large

even if cracks exist. (c) dry surface of non-swelling soil without cracks ; is low and heat

flow is small. Heat flows in the reverse direction during nighttime.

a function of water content is remarkably di er-

ent from those of non-swelling soils. The values

contents higher than that of the peak of de-

temperature rise during daytime is thus re-

rate of increase in volumetric heat capacity larger than those of non-swelling soil because

(Fig. ). At higher water content but less than of high bulk density and probably good ther-

that of the peak of ( . . g g ), the mal contacts among clay particles for the

increase in heat capacity ( ) exceeds increase shirked soil.

in and thus starts decreasing. At water Thermal conductivity of the surface soil has

important e ects on heat balance at soil sur-

crease of and increase of resulted in steep face and formation of the surface temperature

decreasing of with increase in w. However, when the soil surface is exposed to sunshine.

for higher water content of . , decrease The higher soil thermal conductivity the more

slightly while is nearly constant values, thus proportion of the heat from the sun flows into

decreases gradually with increase in soil and stored in soil during day time ; surface

strained. On the contrary, when the surface

Thermal conductivity of the swelling soil as soil has a low thermal conductivity, the low

conductivity prevents heat conduction into

soil and surface temperature rises more during

of for the swelling soil of very dry soil and daytime ; apparent heat flux from soil surface

those of su ciently wet (water saturated) soil to air thus increases. In the uncultivated dry

are almost the same ; for non-swelling soil, of paddy field, surface temperature rise during

nearly dry soil is much smaller than that of the daytime would be less than that expected

su ciently wet soil. When the soils are dry, in upland dry fields, by a larger heat conduc-

the values of for the swelling soil are much tion into the soil due to higher thermal conduc-

K K
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K,

K w
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Fig.

. E ects of thermal conductivity of sur-
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.
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dependence of thermal conductivity of soil
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ropean Journal of Soil Science, : .

Mowjood, M.M., Ishiguro, K. and Kasubuchi, T.

( ) : E ect of convection in ponded water

on the thermal regime of a paddy field. Soil
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Shiozawa, S., and Campbell, G.S. ( ) : Soil ther-

mal conductivity. Remote Sens. Rev. :

.

Yoshikawa, N. and Shiozawa, S. ( ) : Estimating
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soil conservation towards integrated basin

management for sustainable development : A
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and Water Environment, : .

lower water saturation. In general, thermal con-

dries. We consider that the cracks can be re-

tivity of the swelling clay soil.

Cracks are formed in the paddy field as soil

garded as insulated spaces for heat conduction

and also for heat convection because thermal

conductivity of air is low and because convec-

tion of air should be limited in the narrow

space of cracks (at most a couple of centime-

ters). However, the formation of the crack is

vertical direction that is parallel to heat flow in

soil (Fig. -b). It creates system of parallel heat

resistance with crack resistance as one compo-

nent. Resistance for heat flow parallel to heat

flow has only minor e ect on the heat flow,

even if the resistance is extremely large. Open-

ing area of cracks was about of surface

area and cracks closed at about cm depth ;

even assuming crack as insulator, the e ect of

cracks on thermal conduction is at most only

reduction within a few cm surface soil

layer. Therefore, we think that heat flow in soil

in the paddy field with cracks is approximately

the same as the heat flow that would be ob-

served in the soil of the same thermal pro-

perties but with no crack.

Existence of air in soil that is series to heat

flow significantly resists heat flow in soil. This

situation is expressed by the remarkably lower

thermal conductivity of non-swelling soil of

ductivity of dry soil is about one order smaller

in magnitude than that of water saturated soil.

Due to such lower drying of the surface of

non-swelling soil interrupt heat conduction

(Fig. -c). On the other hand, drying of the

swelling soil with forming of cracks does not

reduce heat conduction significantly (Fig. -b).

K,

References
. E ect of cracks on heat flow in soil
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Relationship between Soil Water Content of a Surface

Sandy Soil and Groundwater Level in a Study Site

in Northeast Thailand

AMADA UKCHAN

* Japan International Research Center for Agricultural Sciences,

Owashi , Tsukuba, Ibaraki, , Japan

** Land Development Department, / Phaholyothin Rd.,

Lardyao, Chatuchak, Bangkok, , Thailand

In some areas of northeast Thailand, groundwater is confined by a clay layer, and the water

level in wells drilled into the aquifer is above the ground surface, suggesting that water could be

supplied from the aquifer to the surface soil and making it possible to cultivate crops with

minimum irrigation. We measured the groundwater level in wells and the water content of the

surface sandy soil during the dry season. In recharge areas, the soil water content was usually less

than the depletion of moisture content for optimum growth in the dry season, and less than the

permanent wilting point in the late dry season (from January), indicating that in these areas,

irrigation would be required for the cultivation of crops. In the discharge areas, where the water

level in wells drilled into the confined aquifer was higher than the ground surface, the soil water

content was more than the depletion of moisture content for optimum growth throughout the dry

season, indicating that in these areas it would be possible to cultivate crops with minimum

irrigation during the dry season using natural upward flow.

: Northeast Thailand, Confined groundwater, Soil water content of sandy soil, Mini-

mum irrigation, Natural upward flow

region (Kohyama and Subhasaram, ). In

some areas, a clay layer at depths of to m, of

The main industry of northeast Thailand is which permeability is on the order of cm/

agriculture, which depends on rainfall. Only s, is overlaid by the sandy soil. Beneath the

of the area used for agriculture is irrigated clay layer is a weathered sandstone aquifer. In

(Prapertchob and Humnath, ). The topog- the lowlands, groundwater in the aquifer is

raphy is undulating hills, and farmers grow confined by the clay layers and sometimes the

rice in the lowlands during the rainy season, water level in observation wells drilled into the

and sugarcane and cassava in the uplands aquifer is higher than the ground surface

throughout the year. Though annual rainfall is (Hamada ). In this case, water could

, to , mm, little rain falls during the be supplied to the surface sandy soil through

months of the dry season (November to April). the clay layer. It might be possible, therefore,

Therefore, it is essential to develop water re- to cultivate some crops with minimum irriga-

sources to enable cultivation during the dry tion using natural upward flow during the dry

season. Sandy soils cover about of this season. In this study, we measured water re-

Hiromasa H * and Somsak S **

et al.,

J. Jpn. Soc. Soil Phys.
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Elevation, depth, screen, period of measurement and land use

Elevation Depth Screen
No. Period of measurement Land use

(m) (m) (m)

April , to April , Fallow

April , to April , Fallow

September , to May , Forestry

Paddy (rainy season)
April , to April ,

Fallow (dry season)

Paddy (rainy season)
April , to April ,

Fallow (dry season)

sandy soil (Watanabe , Oda and Ogura,

of the groundwater level in the confined aquifer

water retention characteristics of the sandy soil

layer and moisture damage to cassava (Tani-

tention characteristics of surface sandy soil ). Fig. is a map of the observation sites

and monitored the water content in fields and and information about the observation wells

the groundwater level in observation wells and the measurement periods is listed in Table

during the dry season to examine the influence . Locations and are in the uplands, and

locations (at the foot of a hill) and (a flat

on the surface sandy soil water content and to land) are in the lowland where farmers culti-

consider the possibility of minimizing irriga- vate rice in a rainy season. We measured the

tion. Studies of soil water movements in Thai- groundwater level in the observation wells at

land have been reported, the relationship be- intervals of one to two weeks during the period

tween shallow groundwater above the clay from to .

In the soil investigation, we measured the

yama and Miura, ), the relationship be-

tween variation of soil moisture and surface and monitored the soil water content, to exam-

runo (Watabe ; Funakawa ine the possibility of the cultivation of plants

), variation of soil water content in the with minimum irrigation. For the measure-

ment of the water retention characteristics soil

; Moroizumi ), and regional samples were collected as -ml cores at the

groundwater flow (Srisuk ). Howev- point between location and location in Sep-

er, no reports on the influence of the ground- tember (Fig. ). We collected nine samples,

water level in a confined aquifer on soil mois- three samples at each depth, cm, cm

ture have been published. and cm. The water retention character-

istics were measured by the pressure plate

method. For monitoring of soil water content,

We selected Nong Saneg village, km south we collected disturbed soil samples at every

of Khon Kaen city as the study site. The soil cm depth by using an auger and measured the

from the surface to m depth is Loamy Sand water content (by weight : ). The measured

(LS), of which permeability is on the order of values indicate the average water content of

cm/s, and from to m depth is Sandy the soil layers cm thick. We conducted our

Clay (SC), of which permeability is on the order first soil investigation in December . After

of cm/s. A weathered sandstone aquifer that, we measured the soil water content at

underlies the SC layer (Hamada ). locations between October and April

We selected two sites in the recharge area and at intervals of one to three months. The

two sites in the discharge area for the measure- soil water content at location was measured

ments of groundwater level and soil water con- on January , to confirm that the soil

tent considering the topography (Hamada, water content where the groundwater level in

et al.,

et al., et al.,

et al.,

et al.,

w

et al.,

Table
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b

b

: Relationship between Soil Water Content of a Surface Sandy Soil and

Groundwater Level in a Study Site in Northeast Thailand

Observation sites (No. : Two wells)

Longitude : , Latitude : (UTM coordinates).

the observation well was above the ground clay layer and could keep the soil wet even

surface would be high. The monthly rainfalls during the dry season.

during the investigation at location were

. mm in October, , no data in November Figure shows the water retention charac-

and December (due to equipment problems), . teristics of the sandy soil. According to the

mm in January, . mm in February, . mm in engineering manual for irrigation and drainage

March and . mm in April (until April ). by Japanese Institute of Irrigation and Drain-

age ( ), the lower limit of available soil mois-

ture for crops is regarded as the point at which

crops begin to be damaged. The soil water

The variation in the groundwater level is content is called the depletion of moisture con-

shown in Fig. . The water level in well ( tent for optimum growth ( ). In this study, we

m deep) was higher than that in well ( m used the depletion of moisture content for opti-

deep), indicating that these wells are in the mum growth as the lowest point of soil mois-

recharge area. The water level in well was ture at which irrigation is not required, and

more than m below the ground surface, in- adopted the value of kPa (Suction). The

dicating that the soil water content of the sur- bulk density of the samples ( ) was . .

face sandy soil was not a ected very much by (Mg m ). Water content ( ) was calculated

the groundwater. The water level in well was using volumetric water content and bulk den-

higher than the ground surface and that in well sity ( / ). The of the sandy soil is .

also rose above the ground surface after May m m ( : . . kg kg ), and the perma-

. In these areas, groundwater levels in nent wilting point ( ) is . m m ( : .

holes which were drilled through the clay layer . kg kg ). When the soil water content is

were higher than the surface, inferring that more than . kg kg , plants could grow

water from the confined aquifer could be without irrigation. When the soil water con-

supplied to the surface sandy soil through the tent is less than . kg kg , the plants might

og

og
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w

w

w

w

Fig.

. Water retention characteristics
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Groundwater level (upper : No. , Lower : No. , No. and No. ).

Water retention characteristics.

die. groundwater level was . m above the ground

surface, the soil water content was more than

Figure shows the soil water content meas- , indicating that plants could grow there

ured on December and , . The soil without irrigation. The water content at loca-

water content to a depth of m at location , tion , where groundwater level was . m

where the groundwater level was . m deep, deep (well ) was similar to that at location .

was less than . At location , where the Figures show the soil water content near

og

wp

Fig.

Fig.

. Variation of soil water content
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: Relationship between Soil Water Content of a Surface Sandy Soil and

Groundwater Level in a Study Site in Northeast Thailand

Soil water content (December , ).

Water content (No. ).

Fig.

Fig.
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Water content (No. ).

about mm. However, our observation showed

vate crops there with minimum irrigation using

the observation wells during the dry season sandy soil was about mm, less than the es-

(October to April ). At location , the timated value. Moreover, the soil water con-

soil water content tended to increase with tent in location in a flat land, where sub-

depth. From December to April , surface flow from the upland didn’t a ect the

the values, except for some from more than soil moisture, was more than , suggesting

cm depth, were less than , and most values at that some water was supplied to the surface

depths above cm, were less than (Fig. ). sandy soil through the clay layer in locations

Most values of the soil water content at loca- and . Therefore, it should be possible to culti-

tion from November were lower than

and after December , became less than natural upward flow.

(Fig. ). In these areas, irrigation is required

for the cultivation of crops in the dry season.

The soil water content at locations and In this study, we examined the influence of

was more than throughout the period of the the groundwater level in the confined aquifer

investigation. Moroizumi ( ) reported on water content of the sandy soil to a depth of

that the actual evapotranspiration during the m in northeast Thailand. The soil water con-

dry season in the lowland of northeast Thai- tent in the area where the groundwater level in

land where soil is same as our study sites was observation wells was higher than the ground

. mm day . Using this value, the decrease of surface was more than the depletion of mois-

soil water content in the sandy soil to a depth ture content for optimum growth, even during

of m during the period of between December the dry season, indicating that it should be

, and April , was calculated to be possible to cultivate crops there with minimum

irrigation using natural upward flow.

that the decrease of soil water content in the

og

og

wp

og
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og

et al.

Fig.

. Conclusion
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: Relationship between Soil Water Content of a Surface Sandy Soil and

Groundwater Level in a Study Site in Northeast Thailand

Water content (No. ).

This land was used for rice fields until the end of November.

Water content (No. ) : January , .

Fig.

Fig.
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