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Abstract

With the increase in research on the various types of soils and their influence on the
properties of soil such as physical, chemical and biological properties, it is necessary to
understand the effect of inorganic material present in soil on the dielectric properties of soil at
microwave frequencies. With this objective, soil samples were collected from different
locations of Surajpur district, Chhattisgarh. Detailed studies on the chemical properties of soil
are still under investigations. Hence, we have investigated the properties of soil particularly
dielectric properties of soil collected from different locations at microwave frequencies. The
analyzed data explained the sensitivity of different types of soil which contributed in
understanding the texture of soil. Also, determination of dielectric properties aids in
understanding different chemical and physical properties of soils. The results revealed that
there was significant variation in the properties of soils including physical and chemical
depending on the location from where the soil was collected. These results were in agreement
with the literature reported earlier. This paper would be beneficial to the researchers who are
involved in agricultural research, development and innovation.
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1. Introduction

In the past three decades the tremendous research on soils has revealed the facts on different
soils which are useful for agriculturists. These indications also focused on the measures that
need to be taken in order to preventive measures that are necessary to preserve the quality and
properties of soils. From the point of welfare of public and environment, it is important to
focus on the point that when limited resources are available, it is required to properly plan to
conserve these resources and work towards the development. Soil is the uppermost layer of
earth possesses essentials that are vital for growth of plants. However, because the soil is not
uniform throughout and the composition is varied, in some parts the elements are present in
large amounts and in some parts the elements are present in minute quantities. The analysis of
soil to understand its suitability for various purposes is critical to make the maximum benefit
of the resource.

Soil as described earlier is a thin layer of the planet earth which acts as a nutrient substrate for
plant growth. Soil gives a developing substrate for plant life to meet our meals and fiber
requirements. Soil fertility is one of the maximum vital variables that regulate crop increase
and production. Soil is taken into consideration to be an important component of environment
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which should be conserved in the context of the surroundings, and it truly is essential to
analyze the ability total impact of upkeep measures. Each time a soil degrades; related
ecological components degrade as nicely. Soils are perhaps the maximum vital herbal sources
for agricultural operations. Agriculture and its allied pastimes, which can be founded on the
research of soil resources, are accountable for the manufacturing of fodder, meals, and gas to
satisfy the ever-increasing demands of humans and animals. Plant desires sufficient
extraordinary soil to include their roots and deliver vital nutrients. Soil is used to domesticate
meals, fiber, and decorative plant life, and lumber, regularly, biofuels. Varied soil
management methods are desired for various agricultural purposes [1]. Moreover,
commercial product variations are reliant on agriculture and forest merchandise which might
be at once derived from the soil. For long-time period manufacturing, it is essential to be
acquainted with soil's ability, boundaries, and makes use of, as well as the way to hold soil
without deteriorating it. It is also essential to place broken land lower back into use after right
reclaiming. Knowledge of these kinds of soil, in addition to its distribution, is vital for
powerful planning and most reliable are the use of in agriculture output. The one and most
effective way to make a soil inventory is to conduct a soil evaluation. Soil evaluation
facilitates determine soil potency and agricultural manufacturing regulations, and also
provide enormous facts on many soil factors [2]. Soil is agriculture's most essential asset, and
it should be managed nicely with the intention to maintain agricultural output and soil health.
Soil checking out has been one of the greatest instruments for determining the bodily
residences and nutrient content material of a land so as to determine the fertilizer necessities
for a crop or farming pattern, as nicely as to determine the revitalization needs if the soil is
saline in appeal. The exceptional contemporary method for collecting the financially possible
potential crop yields through boosting inputs useful resource utilization and maintaining soil
exceptional is fertilizer administration depends on soil analyses [3].

Chhattisgarh is divided into three major regions based on geography. The regions are plains
of Chhattisgarh, Northern hill regions and the Bastar plateau. Chhattisgarh state is surrounded
by Andhra Pradesh in south, Uttar Pradesh in north, Orissa in east and Madhya Pradesh in
West. Chhattisgarh is known as ‘Rice bowl’ in the central part of India. This is because the
land is suitable for growth of Rice and paddy is the principal crop of the state. Most of the
states in Chhattisgarh are covered with soils have yellow and red soil. The yellow color is due
to the iron oxides that are present in soil, and the red color of soil is due to the presence of
hydroxides ferric oxides in un-hydrated state. The state has four dominant types of soils that
cover the landmass; they are names as Bhata, Dorsa, Matasi and Kanhar. The soil is rich in
minerals that include Nitrogen (N), Potassium (K), Phosphorus (P), Lime and Potash. The
soil has a sandy texture that is favorable for growth of plants. The state also has red and
yellow colored loamy soils. The soils based on their color and textures have different water
holding, water percolation and production abilities. The state of Chhattisgarh has different
soil types, Loamy soils also known as Matasi has a yellow color with mixture of clay, it has
low moisture absorbing capacity, and the best for growing paddy. Clay soil also known as
Kanhar, which is dark black in color and has great capacity for absorbing moisture. Clay-
loamy is other type of soil which is a mixture of Kanhar and Matasi and is known as Dorsa, it
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has a brown to yellow color. Laterite is another type of soil that is present in the state, it is red
is color and has a sandy to coarse texture that is known as Bhata.

Surajpur is a district which falls in the northern part of Chhattisgarh. This district is
composed of six Taluka or tehsils which are named as Ramanujnagar, Premnagar, Surajpur,
Pratappur, Bhaiyathan and Odagi. The geographical location of Surajpur is 23.22°N latitude
and 82.85°E longitude. The district has warm and temperate climate, it has a rainfall of
around 1000-1050 mm. The major crops grown here are Rabi crops and Kharif crops. The
main types of soils present in this region are Entisol (Bhata-gravely), Inceptisol (Matasi-
Sandyloam), Alfisols (Dorsa-clayloam), Vertisols (Kanhar-clayey) and Others (Sandy) [4],
[5].

Materials like metals are good conductors of electricity, in contrast to these di-electrics are
materials which have poor conduction capacity and are bad electrical conductors. Since a few
years the studies of analyzing the dielectrics of various soils, products of agriculture and
minerals have been realized. The complexity of dielectric permittivity which is relative to
free space regulates the behavior of electromagnetic radiations when different frequencies are
used. The properties with respect to dielectric behavior depend on the physical characteristics
as well as chemical characteristics of soil [6]. The physical characteristics may be such as
texture, density and composition and the chemical characteristics may be amounts of sodium,
potassium, nitrogen, iron as well as magnesium. Numerous researches have been focused on
analyzing the dielectric properties of materials [7—13]. The physical and chemical elements of
soil are important in order to study the dielectric properties at different microwave
frequencies [14]. Different factors which affect the dielectric characters of soil comprise of
electric fields that are naturally or artificially generated and has a major effect on the in-
organic ions in soils. Soil is formed due to dispersion of electric charges and profiles of soil.
Soil has physical, chemical as well as electric properties. The physical characteristics of soil
involve roughness, texture, color, particle size, density. Chemical characteristics of soil
include organic and inorganic content, N, P, K, minerals, nutrients, pH. Electric properties of
soils include electric conductivity, dielectric behavior, resistivity and permeability. The
dielectric properties greatly rely on the electrical properties of materials. Important
information on measuring the characteristics of soil is reported by researchers which is useful
for specific application. Also testing the soil for analyzing the nutrients present in soils is
important to understand the nutrients present in soil and develop fertilizers that can improve
the soil performance in growing plants [15], [16].

Numerous literatures have focused on studying the dielectric properties of soils where
measurement using microwave has been widely considered. The dielectrics of soils rely on
the amount of moisture present in soil [17]. Moisture content is a very important property of
soil as it greatly contributes to remote sensing and determines the quality of soil and its
applicability. Various methods are developed to analyze the dielectric properties of soil at
particular microwave frequencies [18-19]. Also literature on different soils are also reported,
for instance, data is available on the dielectric constant of red soil, black soil and brown soil
has been analyzed in GHz frequency range [20-21]. Another study reported the soil with
diesel content in particular frequency [22]. The dielectric properties of soil which were
collected from Bidar, Karnataka were analysed [23]. Numerous techniques are available to
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analyze the dielectric properties of agricultural food materials and the reports on the
properties in microwave regions have been reported [24]. Density, temperature, moisture
content and frequency are the important factors that affect the dielectric properties of soil.
Research on analyzing the dielectric properties of soil as function of different microwave
frequencies has been reported [25]. Dielectric properties of stones which are used for
constructions and it were seen that the absorption of moisture causes increase in the dielectric
properties, also limestone and sand were said to have less value of dielectric constant [26].
Coal and limestone were used for studying the dielectric properties at frequency of 11.7 GHz
[27].
As per the available literature it is seen that soils having large pores has a positive effect on
enhancing the productivity of soil and results in improvement in growth of crops [28]. The
dielectric properties of soil at X-band frequency of microwave for organic and inorganic
materials were studies [29]. A more detailed investigation on studying the properties such as
electrical conductivity, relaxation time for red and black soils were studied [30]. Studying the
dielectric properties of soil which is moist was investigated using a LCR meter at radio
frequencies and it was seen that the increase in the nutrients of soils results in increase in the
dielectric constant as well as the dielectric loss [31]. For non-homogenous soils, the dielectric
constants of individual elements such as sand, clay, organic-inorganic content, silt etc
together will determine its total dielectric constant. Also, the dielectric behavior at different
microwave frequencies depends on the physico-chemical properties of soil [32]-[36].
In this paper the real and imaginary parts of dielectric constant have been studied for soils
with different moisture or water content. This result shows bound water in soil water affects
the dielectric properties of soil and relationship between dielectric properties with gravimetric
water content is nonlinear.

2. Methodology

2.1 Soil Sampling
The samples of soil were collected from different locations of Surajpur districts from a depth
of about 0 to 20 cm in a criss-cross method. For every sample, five pits were digged. All the
samples were thoroughly mixed and a composite having mass of 3-4 kg was made, this
indicated one site. This process was repeated for all the samples from different locations.
Firstly using sieve coarse particles were removed and top soil was removed [37]. The
particles which had fine sizes were screened using sieves and allowed to dry for 24 h in oven
having temperature of 110 °C to remove moisture from the sample. Six locations were
selected from the district of Surajpur, Chhattisgarh. The locations were which were selected
for the particular study were the blocks of Ramanujnagar, Prem nagar, Surajpur, Bhaiyathan,
Pratappur, and Odgi. Figure.1 shows the map of the study area that is selected for this work.
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Figure 1 Map of the study area

2.2 Theory
The physical and chemical properties of the soils that were collected from different locations
were analyzed in laboratory using different analysis techniques [38].

2.2.1 Moisture in soil
As already discussed, the amount of moisture that is present in soil is important factor as they
affect the dielectric properties of soil. The moisture content in soil can be evaluated by
estimating the bulk density of soil and the density of particle [38]. If the mass of water can be

in terms of bulk density and particle density can be expressed as seen below
mass of water _ mw pwxb

= N ()

Mass of water = — =
Mass of dry soil ms pp*c

Where b is the bulk density
p is the particle density
pw is the density of water
b is the depth of water
c is the equivalent solid depth
The mass of water can be expressed as the difference between the readings before (ms) and
after addition of water (ms+w). The knowledge of mq is not sufficient for estimating the depth
of water in field when the volume of water is not unknown. Hence m, can be defined as a
ratio of corresponding depth to equivalent depth.
Volume of water b 3

my = o of soil T e e e e e e (i)
Where D is the depth of soil
If my is 0.38, it means that 380 mm of water is detected in 2000 mm of soil. As the relation is
simple and directly proportional to other parameters measuring, this measurement can be
stated to be the most serviceable statement for content of water in soil. Equation 2 can be
used to define the equivalent depth of water can be expressed as shown below:

b=mvD .............(ii0)
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Using the above expression, the porosity of soil can be determined. The porosity of soil can
also be expressed

Total pore volume (a+b)A (a+Db) )
" Bulk volume of soil -~ Dpa D Tt ()
Here,
a represents airspace
A denotes region
The value of P may vary between 0.3 to 0.6 (30 % and 60%)
Therefore, in a soil sample that is saturated all the volumes of pores will be filled with water

saturated (my) = P. The pore which is filled with air can be expressed as

_airporevolume  aA a

" Bulk volume of soil DA DT @)
Relative saturation myt is also used often, this is the ratio of m, to its saturated volume m,s,
and this can be represented as shown below

bA b mv

@+ DA = 2 b " mpe .. (v)
Basically, wet mass, dry mass of soil and bulk volume are analyzed and mg, my, and b can be
estimated. If b of soil is determined the remaining values can be calculated using the above
relations.
Another equation that is necessary for the experiments is mg. It can be expressed as shown
below

mvt =

_m(s+w)—ms

mg = — N (/)

Here
M s+w) IS the ratio of moist soil to dry soil
Also, the equation to convert m, to ms can be written as shown below

pb

V= >soil mg ... ........(viii)

2.2.2 Dielectric constant
Dielectric constant (¢") can be understood as the capacity or the efficiency of a material to
store energy specifically electrical energy. The dielectric losses can be understood as the loss
of electrical energy in form of heat. The real part of dielectric constant explains the degree of
polarization, the greater the value of dielectric constant, greater will be the degree of
polarization. The imaginary part of dielectric constant explains the polarization losses from
the material due to the alternating electric fields. The complex dielectric constant is estimated
using the equation below

e =& —J&"
Here, & is the dielectric constant
" is the dielectric loss
q is the emissivity and
o is the conductivity
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The relations between different electrical parameters can be given as shown below.

A 2
Ags
9o +(%)
=—=
ZAge
1+ (%)
, Be

()

!

&

Here, a is the inner width of rectangular waveguide
Ags IS the wavelength of the air-filled guide
Age is the admittance of real component
B. is the admittance imaginary part

3. Results and discussion

3.1 Physical properties of soils
This study is beneficial in understanding the different physical properties of soil and the
nutrients present in soil of Surajpur district. The soil was collected from different taluk’s of
Surajpur i.e., Ramanujnagar, Premnagar, Surajpur, Bhaiyathan, Pratappur, Odgi. Properties
such as colour, bulk density, particle density, texture, porosity and capacity to hold water are
determined. These properties are very important for growth of crops and also to improve the
quality of soil. So, we have determined the properties, most of the soil that is available is
black soil. The physical properties of soil can be determined in laboratory. The texture of the
soil can be estimated by methods of filtration and sedimentation. To determine the type of
soil, soil triangle experiments are performed. The soils are powered and dried in the oven
before the experiments. The physical parameters of soil collected from different talukas in the
Surajpur District, Chhattisgarh, India are shown in Table 1 and 2. It can be observed that the
texture of soil is mostly loamy slits or loamy sands.

Table 1 Physical properties of soils from different locations

S.No | Location Bulk density | Particle density | Water Porosity
(kg/m?) (kg/m?) holding (%)

capacity %
(Max)

1 Ramanujnagar | 1.55*10° 2.61*10° 42.6 40.8

2 Prem nagar | 1.57*10° 2.59*10° 45.3 39.5

3 Surajpur 1.53*10° 2.57*10° 43.5 40.6

4 Bhaiyathan 1.61*10° 2.55*10° 47.6 37.0

5 Pratappur 1.57%10° 2.52*10° 47.2 37.9

6 Odgi 1.59*10°® 2.54*10° 43.8 375
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S.No | Location Texture % Sand % Slit % Clay
1 Ramanujnagar | Loamy (Slity) 50 35 10

2 Prem nagar Loamy (Slity) 50 36 8

3 Surajpur Loamy 70 20 12

4 Bhaiyathan Loamy (Sand) 85 5 10

5 Pratappur Loamy (Sand) 80 10 11

6 Odgi Loamy (Sand) 87 6 7

3.2 Dielectric properties of soil from different locations
The soil which was collected from the different taluka’s of Surajpur district was analyzed to
determine its dielectric parameters. The real and imaginary parts of the dielectric constant as
a function of soil’s moisture content is determined and presented in Tables 3, 4, 5, 6, 7 and 8.
It can be seen that the soil which has low moisture constant has low dielectric constant, with
increase in moisture content.

Table.3 Real and imaginary part of dielectric constant at different moisture contents

(10%, 20%0, 30%, 40%) of Ramanujnagar block at X-Band Frequencies 9.84 GHz

S. | Sample | Real part of Dielectric constant Imaginary part of Dielectric
No. constant
Dry |10% |20% |30% |40% | Dry 10% | 20% | 30% | 40%
soil soil
01 |s1 3.12 | 7.31 | 10.61 | 15.78 | 19.31 | 0.12 0.19 | 0.25 | 0.31 | 0.49
02 |S2 3.15 | 7.33 | 10.62 | 15.81 | 19.36 | 0.13 0.20 | 0.26 | 0.32 | 0.50
03 |S3 3.16 | 7.36 | 10.69 | 15.83 | 19.38 | 0.14 |0.21 | 0.27 | 0.33 | 0.51
04 | S4 3.21 | 7.38 | 10.72 | 15.86 | 19.41 | 0.15 0.22 [ 0.28 | 0.34 | 0.52
05 | S5 3.28 | 7.39 | 10.74 | 15.88 | 19.47 | 0.16 0.23 | 0.29 | 0.35 | 0.53
06 |S6 3.31 | 7.41 | 10.78 | 15.91 | 19.49 | 0.17 0.24 | 0.30 | 0.36 | 0.54

Table.4 Real and imaginary part of dielectric constant at different moisture contents
(10%, 20%0, 30%, 40%) of Prem Nagar block at X-Band Frequencies 9.84 GHz

Eur. Chem. Bull. 2023, 12(Special Issue 4), 4773-4785

S. Sample | Real part of Dielectric constant Imaginary part of Dielectric
No. constant
Dry |10% [20% |30% |40% |Dry |10% |20% | 30% | 40%
soil soil
01 S1 342 (831 |11.61|14.78 |18.31|0.13 | 0.20 | 0.27 | 0.36 | 0.48
02 S2 3.55 [8.33 | 11.62 |14.81 | 18.36 | 0.14 | 0.21 | 0.28 | 0.37 | 0.49
03 S3 3.56 [8.36 | 11.69 | 14.83 | 18.38 | 0.15 | 0.22 | 0.29 | 0.38 | 0.51
04 S4 3.51 [8.38 |11.72 | 14.86 | 18.41 | 0.16 | 0.23 | 0.30 | 0.39 | 0.52
05 S5 3.62 [8.39 | 11.74|14.88 | 18.47 | 0.17 | 0.24 | 0.31 | 0.40 | 0.53
06 S6 3.81 [8.41 |11.78 |14.91|18.49|0.18 | 0.25 | 0.32 | 0.42 | 0.54
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Table. 5 Real and imaginary part of dielectric constant at different moisture contents
(10%, 20%, 30%, 40%) of Surajpur block at X-Band Frequencies 9.84 GHz

S. Sample | Real part of Dielectric constant Imaginary part of Dielectric
No constant
Dry |10% |20% |30% |40% |Dry |10% |20% | 30% | 40%
soil soil
01 S1 3.62 | 781 |12.61|15.78|19.31|0.14 |0.21 | 0.28 | 0.38 | 0.46
02 S2 3.65 | 7.83 |12.62|15.81|19.36 | 0.15 | 0.22 | 0.29 | 0.39 | 0.45
03 S3 3.68 | 791 |12.69|15.83|19.38|0.16 [ 0.23 | 0.30 | 0.40 | 0.44
04 S4 3.69 | 796 |12.72|15.86|19.41|0.17 |0.24 |0.31 [ 0.41 |0.42
05 S5 3.72 | 798 |12.74|15.88 | 19.47 | 0.18 | 0.25 | 0.32 | 0.42 | 041
06 S6 3.89 | 799 |12.78 1591|1949 |0.19 |0.26 | 0.33 | 0.43 | 0.40

Table.6 Real and imaginary part of dielectric constant at different moisture contents
(10%, 20%0, 30%, 40%) of Bhaiyathan block at X-Band Frequencies 9.84 GHz

S. Sample | Real part of Dielectric constant Imaginary part of Dielectric
No constant
Dry |10% |20% |30% |40% |Dry |10% |20% | 30% |40%
soil soil
01 S1 312 | 721 |10.51|14.78|18.31|0.12 | 0.19 |0.25 [0.31 | 0.49
02 S2 3.15 | 7.23 |10.52 | 14.81 | 18.36 | 0.13 | 0.20 | 0.26 | 0.32 | 0.50
03 S3 3.16 | 7.26 |10.59 | 14.83 | 18.38 | 0.14 | 0.21 | 0.27 [ 0.33 | 0.51
04 S4 3.21 | 7.28 |10.52|14.86 | 18.41|0.15 | 0.22 | 0.28 | 0.34 | 0.52
05 S5 3.28 | 7.29 |10.54|14.88|18.47 | 0.16 | 0.23 | 0.29 |[0.35 | 0.53
06 S6 3.31 | 7.31 |10.58|14.91|18.49|0.17 [0.24 | 0.30 [ 0.36 | 0.54

Table. 7 Real and imaginary part of dielectric constant at different moisture contents
(10%, 20%0, 30%, 40%) of Pratappur block at X-Band Frequencies 9.84 GHz

S. Sample | Real part of Dielectric constant Imaginary part of Dielectric
No constant
Dry |10% |20% |30% |40% |Dry |10% |20% | 30% | 40%
soil soil
01 S1 3.62 {9.21 |11.51|13.78 19.31|0.14 | 0.21 | 0.28 | 0.38 | 0.46
02 S2 3.65 [ 9.23 | 11.52 | 13.81 | 19.36 | 0.15 | 0.22 | 0.29 | 0.39 | 0.45
03 S3 3.66 |9.26 |11.59 | 13.83 | 19.38 | 0.16 | 0.23 | 0.30 | 0.40 | 0.44
04 S4 3.61 | 9.28 | 1152 |13.86 | 19.41 | 0.17 | 0.24 | 0.31 | 0.41 | 0.42
05 S5 3.68 | 9.29 | 11.54|13.88 |19.47|0.18 | 0.25 | 0.32 | 042 | 041
06 S6 3.71 {931 | 11.58 | 13.91 |19.49 | 0.19 | 0.26 | 0.33 | 0.43 | 0.40
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Table. 8 Real and imaginary part of dielectric constant at different moisture
contents (10%, 20%, 30%, 40%) of Odgi block at X-Band Frequencies 9.84 GHz

S. Sample | Real part of Dielectric constant Imaginary part of Dielectric
No constant
Dry | 10% |20% |30% |40% |Dry |10% |20% |30% | 40%
soil soil
01 S1 342 |11.21|1251|13.78 19.31|0.13 | 0.20 | 0.27 | 0.36 | 0.48
02 S2 3.55 | 11.23| 1252 | 13.81|19.36 | 0.14 | 0.21 | 0.28 | 0.37 | 0.49
03 S3 3.56 |11.26 | 12.59 | 13.83 | 19.38 | 0.15 | 0.22 | 0.29 | 0.38 | 0.51
04 S4 3.58 |11.28 | 1252 | 13.86 | 19.41 | 0.16 | 0.23 | 0.30 | 0.39 | 0.52
05 S5 3.62 |11.29 | 1254 | 13.88 | 19.47 | 0.17 | 0.24 | 0.31 | 0.40 | 0.53
06 S6 3.81 |11.31| 1258 |13.91(19.49/0.18 | 0.25 | 0.32 | 0.42 |0.54

[1]

[2]

[3]

[4]
[5]
[6]

4. Conclusion
In this study we have collected soil samples from six different locations in the district of
Surajpur, Chhattisgarh, India. All the samples were tested to determine the physical
properties and dielectric properties of soil. It was seen that the soil is mainly loamy with
silty and sandy textures. The dielectric constant and losses were evaluated as a function of
moisture content. It was seen that the value of dielectric constant increased with increase
in the moisture content of soil. The study also explained that the optimum level of
moisture in the imaginary part of dielectric constant was not influenced by the texture of
soil. However, when the soil was dry or has least moisture content the imaginary part of
dielectric constant was significant. The study clearly showed that the dominant type of
soil in the district was mostly loamy sand. Also, porosity and bulk density has an effect
on the dielectric constant of soil.
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