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ABSTRACT

The paper presents the study of two Indian soils of different colors. It consist microwave dielectric measurement and
its comparison with the polynomial empirical model of Hallikainen. The objective of this study was to determine the
physical, chemical compositions of these two soils and its behavior for agricultural purpose. The variation in
resistivity with water content, physical- chemical properties of the said soils has been also reported in the paper.
The dielectric properties that is, dielectric constant (&) and dielectric loss (£”) has been reported at microwave
frequency using transmission line waveguide technique. The comparative dielectric study show that there is
variation in (&) and (&”) though the texture composition of the two soils is approximately same. The gravimetric
water content (6g), volumetric water content (6v), water holding capacity, bulk density, conductivity, P™ and total
dissolved solids are also calculated to study the soils behavior for agricultural purpose.

Keywords: Black and white soil sample®ielectric study; Physical-Chemical analysis; Ripgty; Waveguide
transmission line technique.

INTRODUCTION

Knowledge of dielectric constant of soil at micraxafrequencies is valuable in microwave remote isgndt

determines the response of the soil to an incig&tttromagnetic wave. This response is composead@fparts
(real and imaginary), which determine the wave e#®yoand energy losses respectively. In a non-ha@negus
medium such as soil, the dielectric properties havstrong impact on its microwave emission. Howgvtee

relationship between soil dielectric constant arelgoil physical properties is not straight forwakdarge number
of studies have been performed during the lastdiescto find out this relationship since it playiaportant part in
the soil moisture retrieval algorithms from remsémsing data [1-4]

The real part of complex dielectric constant isiraportant parameter for soil moisture estimatioat is useful in

agriculture. The soil water is the most importanygcal property of the soil that affects intenspmmany physical
and chemical reactions of the soil as well as ptaotth. The theoretical basis for soil moistureaswement is
based on the large contrast between the dielembristant of water (80) and that of dry soil (3 Jo[%& 6]. The

dependence of soil dielectric properties on mogstian be observed with either passive or activeawi@ve sensors
through its effect on the soils emissivity andeefivity [7].

In the present experimental study the author haerted the microwave dielectric behavior of soikter mixture of
black and white soil samples and the results amepeoed with the polynomial empirical model of Hadlinen [8].
The measurements were carried out at 11.00 GHuérexy and at room temperature 4@pusing X — band set up.
The accuracy of measurement is up to + 0.3 % iledigéc constant and 2 % in dielectric loss carob&ined with
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this experimental technique. Various physical ahdnaical properties of the said soils have been @dported to
study its behavior for agricultural purpose.

EXPERIMENTAL SECTION

Dielectric Data analysis

Theoretically, the dielectric properties of the eral depend on the concentration, activity of pament electrical
dipole molecules, ionic conduction and degree gpbldi alignment with the applied time varying- etecfield.
Therefore, when sample holder is filled with matkrihe dielectric properties are affected by tbeposition of the
material and temperature which affects moleculavemneent.

The microwave soil dielectric measurement usesralisa of microwave energy corresponding to theatiohal
energy of the water molecules. When electromagffielit is applied to the dielectric material, itdssipated in the
dielectric material as a result of dielectric reli@n process. The interaction of the electromagrfitld depends
upon the complex dielectric constant relative eftlee space [9].

In an alternating electric field, complex dielectrconstant varies with applied frequency. This Gty
dependence complex dielectric constant can beitlesdny the relation:

gr=g-je"
J (1)
The real partd) is called as the dielectric constant and the imeag part €"') is called the dielectric loss. Thg)(

describes the ability of a material to store elmuimgnetic energy, and the imaginary component sepis loss of
electromagnetic field in the material [10].

When a plane wave is incident normally upon a diele medium in free space, part of it is transedtinto the
medium and part is reflected at the interface betwizee space and dielectric medium. The real (@griof the
complex dielectric constant and los$)(of the medium is given by the equations;

éJ:/]zo|:/;- +1824l:|?2i| @)
2
“=Gne g

In above equationi, A;, a and are free space wavelengtiutoff wavelength attenuation constant and phase
constant respectively. These parameters can béebttérom experimental observations. Puttipgh, a andp in
equations (2) and (3), the dielectric properties determined [11].

Experimental procedurefor Dielectric properties

The experimental technique used for dielectric mesasent is that of Roberts S. and Von- Hipple [T2je method
consists of reflecting microwaves at normal incierin TE mode from a dielectric sample placed a&iam
perfectly reflecting surface. The reflection sgtsstanding waves in space in front of the sanite. separation of
the first minima from the face of the sample widpgnd upon wavelength of the EM wave in the saraptkon
sample dimensions and hence on dielectric conskamther, the change in wavelength shall cause shithe
minima and in turn a change in half power widthtitoé standing wave pattern. Also, losses in thesdigt shall
decrease to Voltage Standing Wave Ratig{Hi,) and so tas may be related to this decrease in VSWR. A least
squares fit program was developed to determinéi#ectric properties. This program provides predalculations

of high and low loss materials depending on theatttar of input data.

Prior to measuring the dielectric properties, thié samples were dried by heating in an oven almvald to cool in
a dessecator. The cooled dry soil sample of knowight was placed in the empty dielectric cell atightly

pressed by a specially designed mechanical sysiem@ntove air and discontinuities in the sample. @iedectric
cell with sample was connected to the other enth®fsource of the microwave bench set up. The bggreerated
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from the source was allowed to incident normallytioe dielectric sample. The values of power (cujrandifferent
points of standing waves have been measured asctidn of probe position. About (80—-100) points eveecorded
for a single standing wave pattern. The measurewfedity soils was conducted for three differentkimesses and
averaged them to obtain accurate values. The valtie’,, Ac a and 3 was obtained from the experimental
observations and fitting them in equation (2) a8idtiie dielectric constant and loss was determifiedneasure the
dielectric properties of wet soils, a predetermiaetbunt of distilled water was added to the sdiile;combination
was mixed well and then stored in the dessicatorrdter to cure for 24 hours. Using similar procedile dielectric
properties of wet soils was determined.

Soil Resistivity

Knowledge of soil resistivity is the key factordecide its structural stability. It varies widehpi field to field and
changes seasonally. It depends on water conteetnichl composition, soil type (sand, clay and sidhd

temperature. It has a direct impact on the degfeeorosion in underground pipelines. The decreassoil

resistivity relates to an increase in rusting csiop activity of the soil therefore the protectitreatment is
necessary. Soil resistivity data is also usefumake sub-surface geophysical survey. It affectsddign of a
grounding system. When it is possible to choosddbation of the earth connection, resistivity maasment helps
to qualify the soil [13-17].

The variation in resistivity with water contenttbe said soil samples by percentage of weight ahahwetric is also
reported in this worklt is measured in laboratory at temperature’@pwith an indigenously developed resistance
meter. The Wenner equation was used to determ@eesistivity.

Soil sampling

The soil samples were collected from the fieldhat depth of 5 to 12 cm in the vicinity of Marathweacgkgion of
Maharashtra state of India. These soil samples selexted for study, due to their different col@iso to get an
idea about the chemical compositions responsibighfe colors, and to verify the effect of color agricultural
production. The soil samples were taken from déiférlocation and mixed thoroughly to make one caositpo
sample. The soil samples then brought to laboratera polythin air tight bag so as to avoid the shaie
evaporation. Immediately in the laboratory thevgreetric and volumetric water content was measu#stier

drying the soil samples in air for few days theestharameters were determined.

Soil Characterization

Soil P! was measured in water at a soil: water ratio 6fuking a P meter after shaking the suspension for 15 min
and equilibration for 15 min. The same suspensi@s wsed to measure the electrical conductivity (Bffgr
allowing them to settle for half an hour using adactivity meter. The chemical and texture analgdishe soils
was obtained from the Government soil survey offafe Aurangabad, which is based on the agricultural
classification system. The gravimetric water cotitealumetric water content, soil melting capacitigter holding
capacity, bulk density, porosity, air-filled portysiconductivity and total dissolved solids (TDSaswetermined in
laboratory.

RESULTSAND DISCUSSION

Microwave dielectric behavior of soil- water mix¢éuof black and white soil samples was reportedguXinband
and the data was compared with polynomial empingatiel. The dielectric data shows that the real phthe
complex dielectric constant initially increasesndipup to the transition point and after that itieases sharply. The
slow rise in dielectric constant is due to the lbwater. At moisture level less than the transifp@int, water is
tightly bound to the soil particles by metric andnwtic forces (bound water). It is difficult forabe water
molecules to polarize at the applied field. Ad sda@ter increases, water is able to move moreyrasund the soil
particles and this free water have a dominant effache dielectric constant. The results are emafreement with
the results of Hallikainen et al., Wang et al, Goeli al, 2007, Boyarskii et al [4, 6, 9].

The experimental dielectric data of black and wikibd samples is graphically illustrated in Figdr@) and 1(b)
respectively. The experimental data show slightyhar values of dielectric constant for black gbién that of
white soil. This is due to the textural compositifithe two soils. The texture analysis of the kland white soils
is given in Table 1Generally, the clay content of soil decides watgliding capacity and dielectric constant. The
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black soil has slightly higher content of clay &B%) than that of white soil (52.24%). Therefore ttielectric
constant of black soil is higher than that of wisitd.

Table 1 Soil texture

Sr. No. Soil texture Black soil | White soil
1 Coarse Sand (Percentage) 4.23 15.6f
2 Fine sand (Percentage) 4.80 5.97
3 Silt (Percentage) 31.50 26.12
4 Clay (Percentage) 59.47 52.24

Table 2 Soil Physical properties

Sr. No. Physical properties Black soil White soil
1 Gravimetric water conteniid) 0.12 9.¢ 0.01 9.9
2 Volumetric water conterfty) | 0.14 cm.crd | 0.02 cm.crii
3 Soil melting capacity 0.350 % 0.440
4 Water holdiig capacit 48.83 ¥ 35.00 ¥
5 Bulk density 1.19 g/ctn| 1.16 g/cm
6 Soil porosity 0.55 0.56
7 Air — filled porosity 0.41 0.54

Table 3 Soil Chemical properties

Sr. No Chemical Composition Black sail White soil
1 Organic carbon 0.71% 0.85 %
2 Available phosphorus (Kilo/hectarg) 29 % 32%
3 Available potassium(Kilo/hectare) 366 % 380 %
4 Combined calciul 58.24 Y 79.04 ¥
5 Combined magnesit 15.62¥% 14209
6 Combined sodium 9.5% 10.5 %
7 Free calcium carbonate 3.85% 6.10 %
8 Conductivity 1340075 fom | 220u%F /cm
9 Total dissolved solids (TDS) 670-1005 ppm 125-pPm
10 pH 7.9 7.7

The polynomial empirical data for black and whitel ssamples is approximately same and it is gregihic
illustrated in Figure 2(a) and 2(b) respectiveljheTcomparison of experimental and polynomial datgiven in
Figure 3(a) and 3 (b) respectively. The comparisbows thathe experimental and polynomial dielectric data of
black and white soil is not same, though the tettwomposition of the two soils is nearly same.c8irthe
polynomial empirical model is based only on finedasilt and clay. The effect of coarse sand, dgaratter and
other compositions of soils were shown by the erpemtal results not by the empirical model. Therefthere is
variation in experimental and empirical dielectiata of the two soils.
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Figure 1 (a): Experimental data of dielectric constant and loss of black soil at 11.00 GHz frequency

156



V. V. Navarkhele J. Chem. Pharm. Res., 2016, 8(1):153-160

Dielectric constant

a 61 02 0.3 04 05
Yolumetric water content

Figure 1 (b): Experimental data of dielectric constant and loss of White soil at 11.00 GHz frequency.

The variation in the resistivity of black and whiseils with water content is given in Figure 4(ajda4(h
respectively. The resistivity of both the soils dEses with water content in both the methods #&atha constant
value at saturation. It is also observed that réséstivity of white soil is higher than that ofalsk soil in both the
methods. This indicates that the black soil hahérigvater retentive capacity than that of whitd. doue to this
property the black soil is better for agricultupalrpose than that of white sail.

The study also shows that, the color of the sodlsdeot matter for agricultural purpose. The whdit Isas all those
ingredients which are available in black soil. T soils has slight difference is physical-cherijo@perties.
Therefore white soil is equally good for agricuétuproductivity.

The chemical compositions of the white soil shoghlerr percentage of the ingredient like calcium cadbe, this
make it possible to use white soil for constructard other applications where calcium carbonateséed. White
soil is a popular building material in the ruradia, where it occurs, since it is soft, durable éwtit is mixed
properly with water for two/three days), and comigyarccurs in easily accessible surface exposuresn Eoday, in
southern part of India white soil is used as a onxt(Mixture of white soil and water) in betweer ttvo bricks/
stones for construction purpose as an alternativeefment.

The physical and chemical analysis of black andtevhoil samples is given in Table 2 and 3 respelgtiv The
physical properties like gravimetric water conterdlumetric water content, water holding capacitylk density,
porosity, air-filled porosity of both the soils wdstermined in laboratory. These parameters aetecklwith soil
water content and are higher for black soil that tf white soil.
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Figure 2 (a): Polynomial empirical data of dielectric constant and loss of black soil at 11.00 GHz frequency
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Figure2 (b): Polynomial empirical data of dielectric constant and loss of White soil at 11.00 GHz frequency
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Figure 3 (a): Polynomial empirical data of black and white soil at 11.00 GHz frequency
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Figure 3 (b): Experimental data of black and white soil for 11.00 GHz frequency
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Figure4 (a): Variation in resistivity of black and white soil with water content by per centage of weight
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Figure4 (b): Variation in resistivity of black and white soil with volumetric water content
CONCLUSION

The dielectric behavior of soil-water mixture ofabk and white soil samples have been reported aGH1
frequency. The real part of the complex dieleatnastant is exponential function of water contang can be used
to determine water content. The experimental resuktre compared with the polynomial empirical moddie
comparative study shows that the experimental tesué more accurate, since it is carried outgtidr frequency.

The variation in resistivity with water contenttbf said soil samples has been reported. Theivdsistecreases by
adding water content and reaches to a constane.vllis higher for white soil and lower for blaskil. Due to
lower water resistance or higher water retentiy@ac#y black soil is good for agriculture purpose.

The color of the soil does not matter the agricaltproductivity. Due to higher percentage of aatcicarbonate,
the white soil is used for construction and othmpli@ations where calcium carbonate is used.
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