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ABSTRACT 

The mineral composition, moisture content, and porosity of red soils found in tropical and 

subtropical regions each contribute to the unique collection of electrical characteristics that 

these soils possess. An examination was conducted on the dielectric properties, namely the 

dielectric constant (ε') and the dielectric loss (ε"), of red soil samples that were taken from the 

locations of Pune, Phaltan, and Karanja. Within the C-band, these measurements were done 

at a frequency of 5.1 GHz and at several degrees of moisture content. According to the results 

of the experiments, the dielectric constant of the red soil samples increased as the related 

gravimetric moisture content went from 0% (oven dry) to around 30%. In addition to it, the 

conductivity of the electrical alternating current is also reported. The development of passive 

sensors that are used in microwave remote sensing applications might benefit tremendously 

from the utilization of this data. 
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I. INTRODUCTION 

Soil electrical behavior is important for many industries, including agriculture, environmental 

monitoring, and geotechnical engineering, and important criteria to understand include soil 

dielectric properties and AC conductivity. Because they are so common in tropical and 

subtropical areas—which cover a lot of land in Africa, Asia, and Australia—red soils, often 

called red earth soils, are very important. The presence of iron oxides is the primary cause of 
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the reddish hue of these soils. The mineral makeup, particle size distribution, and organic 

matter content of red soils are some of the physical and chemical features that make them a 

significant subject for study since they impact their dielectric characteristics and conductivity. 

The capacity of soils to conduct and release electrical energy is known as their dielectric 

characteristics. The dielectric constant, sometimes called relative permittivity, assesses the 

soil's capacity to allow an electric field to be formed inside it and thereby quantifies these 

features. Soil temperature, bulk density, mineral composition, and moisture content are among 

the variables that affect the dielectric constant. Dielectric behavior is distinct in red soils as a 

result of their high iron oxide concentration and varied moisture retention capacity. Soil 

moisture sensors and improved remote sensing methods based on electromagnetic wave 

propagation through soils depend on a thorough understanding of these characteristics. 

The capacity of a substance to carry alternating current (AC) is quantified by its AC 

conductivity. The mobility of ions, the kind of soil, the amount of moisture, and the frequency 

of the electric field all have a role. Enhanced polarization effects cause soil AC conductivity to 

rise at lower frequencies while it falls at higher ones. Research on alternating current (AC) 

conductivity in red soils is essential for geophysical surveys, underground cable, and soil health 

evaluations—all of which rely on the conveyance of electrical impulses through soil. Important 

factors affecting soil fertility and crop yields include water content, the presence of dissolved 

salts and other ions, and the behavior of AC conductivity in red soils. 

Good drainage, poor fertility from nutrient leaching, and variable moisture retention based on 

clay concentration are some of the distinctive characteristics of red soils. Red soils' dielectric 

behavior, agricultural production, and crop compatibility are all impacted by these 

characteristics. Variations in moisture content can cause red soils to have a dielectric constant 

that varies dramatically. The dielectric constant of soil normally increases with increasing 

moisture because water has a higher dielectric constant than soil minerals. Because red soils' 

composition determines their moisture retention capacity, this link is especially important for 

these soils. Additionally, red soil AC conductivity is proportional to both soil wetness and 

electric field frequency. At low frequencies, the alternating current (AC) conductivity of red 

soils is elevated because of enhanced polarization and ion mobility. Conversely, at higher 

frequencies, the conductivity falls as these influences weaken. 

Researching AC conductivity and dielectric characteristics is important for more than just soil 

science. In the agricultural sector, for instance, a better grasp of these characteristics might lead 
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to more targeted approaches to watering crops and controlling soil moisture. To maximize 

water efficiency, precise soil moisture measurements are essential, particularly in areas where 

water shortage is an issue. An growing number of remote sensing technologies are being 

employed to measure soil moisture content across vast regions by analyzing soil dielectric 

characteristics. In light of the growing urgency of water management in the face of climate 

change, this competence becomes paramount importance. In geophysical research, 

understanding AC conductivity can help find subterranean water sources, minerals, and more. 

Predicting the transport of pollutants through soils is crucial for environmental monitoring and 

protection, and understanding the electrical characteristics of red soils can help with that. 

Red soils, like other soils, have complicated electrical characteristics that are affected by many 

different things. The mixture of sand, silt, and clay particles that make up soil determines its 

texture, which in turn affects dielectric characteristics and AC conductivity. The increased ion 

exchange capacity and greater water retention capacity of soils rich in clay are the reasons why 

these types of soils often exhibit higher AC conductivity and dielectric constant values. 

Incorporating organic materials into soil changes its structure, porosity, and ability to retain 

water, all of which impact these characteristics. Another factor that affects soil conductivity 

and dielectric characteristics is temperature. Elevated soil temperatures have an effect on the 

dielectric constant by changing the soil's moisture content and the condition of water inside it, 

and they can also enhance ion mobility, which in turn increases AC conductivity. 

 

II. REVIEW OF LITERATURE 

Palta, Prachi et al., (2022) In the fields of geophysical exploration, agriculture, and remote 

sensing, soil dielectric properties are of the utmost significance. This is due to the fact that they 

have such a direct influence on the accuracy and dependability of electromagnetic sensors. 

varying soils across the globe display widely varying dielectric qualities that are depending on 

frequency, moisture content, bulk density, and salt. These variances are caused by changes in 

geography, climate, population density, and other environmental variables. As a result of the 

wide variety of soil types that may be found in India, a significant amount of research has been 

conducted on the dielectric properties of soils belonging to different states in the nation. Due 

to variances in technique, frequency of interest, and soil type, it is difficult to generalize the 

dielectric behavior of soils across India. This is a challenge. For the purpose of this research, 

all of the radio and microwave dielectric data that is currently accessible on Indian soils is 
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compiled and presented in a state-by-state arrangement. 

Dhiware, Manisha et al., (2018) Samples were collected from the Niphad tehsil in the Nasik 

districts to evaluate the soil dielectric constants at X band microwave frequency for a variety 

of moisture concentrations. There have been automated X-band microwave measurements of 

soil electrical properties performed in TE10 mode at 9.55 GHz. The reflected wave reveals the 

information useful for assessing dielectric properties. A substance's dielectric characteristics 

are determined by its physical and chemical properties. Soil samples are collected in the Niphad 

agricultural area in the Nasik region. The availability of micronutrients was ascertained by 

analyzing the physical and chemical properties of soil samples. Soil dielectric constant is 

affected by soil moisture content, according to research. The dielectric constant of soil slowly 

increases as soil moisture increases. Using the measured complex permittivity, one may find 

the emissivity of soils at various moisture concentrations.Niphad tehsil's sandy loam soil is 

perfect for grape cultivation due to its optimum pH range of 5.5-7.0. 

Dhiware, Manisha et al., (2016) An automated x-band microwave setup was used to explore 

the electrical properties of soils, including dielectric constant and dielectric loss. All 

measurements were taken at 10 GHz in TE 10 mode. It is measured for different percentages 

of moisture. In the Nasik region, soil samples are collected from the agricultural area. Soil 

samples were analyzed to find out what kinds of micronutrients were there, as well as their 

physical and chemical properties. Research established connections between soil samples' 

electrical and physical properties. Researchers have shown that there is a critical moisture 

threshold at which the dielectric constant begins to rise sharply with increasing moisture 

content. The dielectric constant then rises sharply with further increases in moisture content. 

The dielectric loss is proportional to the transition temperature and the conductivity of 

alternating current (AC) microwaves. Scientists have shown that emissivity drops when 

moisture is present. When remote sensing and agriculture come together, useful results may be 

obtained. 

Bai, Wei et al., (2013) Soil composition, structure, water content, and temperature all have a 

role in the electrical properties of various kinds of natural soils. In order to learn about the 

electrical properties of lateritic soil, researchers used a specialized testing device to measure its 

electrical conductivity. According to the results of the tests, the electrical conductivity of 

laterite increases as the water content, saturation level, and dry density increase.  

Chaudhari, Harish & V.J.Shinde, (2012) The complex dielectric constant (ε*) of soil with 
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varying moisture levels has been measured at a frequency of 9.44 GHz using the infinite sample 

approach, with respect to both the real (ε¢) and imaginary (ε'') components. There is a robust 

agreement between the electrical properties of soil samples that have been dehydrated and the 

results of earlier studies. Initially, the values of εŽ  and εŽ • show a slow rise, but when the 

moisture content increases, they quickly climb again. Reporting AC conductivity and 

relaxation time using this data is also a part of the present study. 

 

III. MATERIAL AND METHODS 

Soil Properties 

In varied proportions, solids, liquids, and gases all come together to form soils. The soil's 

particle arrangement determines the air-to-water ratio. How the particles in soil are distributed 

and the sizes of those particles define its makeup. Both of these things affect how many gaps 

there are within the soil and how they are arranged. The proportions of sand, silt, and clay in 

soil define its texture. Red soils may vary greatly in depth and fertility since they are made 

from so many different types of rocks. Soil colors are a result of the pigments found in the soil's 

constituents. In addition to kaolinite and hydrous oxides of aluminum and iron, these soils 

mostly include clay minerals. 

Preparation of soil samples 

The soil samples from Pune, Phaltan, and Karanja were red in color. The red soils, which range 

in depth from 0 to 10 cm (top soil), were collected from both irrigated and non-irrigated barren 

regions. Before further processing, the topsoil samples are passed through a gyrator sieve 

shaker to remove any bigger particles. In order to completely remove any remaining moisture, 

the separated fine particles are further dried in an oven at a temperature of around 110oC for 

thirty minutes. Dry foundation samples or oven dry samples are the alternatives to wet samples. 

Different moisture level soil samples are made by carefully adding a certain amount of distilled 

water to a specified bulk of oven-dried earth. To make sure the soil-water mixtures sediment 

properly, they are mixed well and then sealed in a container. A solid dielectric cell is used in 

conjunction with a microwave bench to evaluate the dielectric properties of red soil samples 

that have been treated to a moisture content (MC%) that has been predetermined. The wet soil 

was protected from the air as much as possible by taking extra precautions. 

Measurement of Dielectric Properties 

Using the waveguide cell approach, we determine the dielectric properties of these red soil 
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samples. A fully automated C-band microwave system for TE10 operation at 5.1 GHz using a 

Gunn source. This is made possible by use of a PC-based data collection and control system 

for slotted lines. The components include an 8051 microcontroller, an ADC-12 bit, an MCP 

(3202), and some graphical software. The studies were conducted in rooms with temperatures 

between 30 and 40 degrees Celsius. 

 

IV. RESULTS AND DISCUSSION 

The chemical and physical characteristics of the three samples of topsoil are shown in Tables 

1 and 2. It reveals that the two red soil samples utilized, namely Phaltan and Pine and Karanja, 

are alkaline in composition and have sandy loam and clay loam textures, respectively. 

Table 1: Physical of Red Soils 

Soil 

sample 

Sand 

% 

Silt 

% 

Clay 

% 

Textural 

Class 

Bulk 

density 

M 

gm/cm-

3 

Particle 

Density M 

gm/cm-3 

Wilting 

Point 

WP 

Transition 

Moisture 

Wt 

Pune 64.7 10.6 25.7 Sandy 

clay loam 

1.46 2.67 0.152 0.236 

Phaltan 62.1 11.9 25.7 Sandy 

clay loam 

1.58 2.72 0.145 0.229 

Karanja 73.9 14.7 10.6 Sandy 

loam 

1.39 2.63 0.074 0.204 

Table 2: Chemical Properties of Red Soils 

Soil 

Sample 

pH 

(1:25) 

EC 

(dSm-

1) 

Organic 

Carbon 

OC) % 

Nitrogen 

(N) (kgha-

1) 

Phosphorous 

(P) (kgha-1) 

Potassium 

(K) (kgha-1) 

Pune 7.6 0.21 0.41 269 17.00 548 

Phaltan 7.9 0.25 0.27 255 13.78 425 

Karanja 8.2 0.19 0.46 201 5.00 480 

Figure 2 shows the variation in dielectric loss and Figure 1 shows the change in dielectric 

constant for red soil samples at different percentages of moisture content. While dielectric loss 

grows as moisture content rises, dielectric constant grows slowly at first for all samples before 
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quickly outpacing dielectric loss. From 0% (dry soil) MC up to 30% MC, the data is recorded. 

The dielectric constant for the samples Phaltan (from 2.65 to 19.2), Karanja (from 2.53 to 20.2), 

and Pune (from 2.69 to 19.5) goes up. The dielectric constant experiences a dramatic rise for 

all three samples at a moisture content of 15%. The relative permittivity of soils increases 

slowly with moisture content initially due to the bi-phase dielectric behavior of the water 

molecules in the soil. These molecules have lower permittivity values compared to free water 

molecules below the transition point, but they rapidly increase them after reaching the transition 

point. The results demonstrate that there is no linear connection between the dielectric constant 

and the gravimetric water content. The reason behind this is that the dielectric constant for a 

composite substance like wet soil is not directly proportional to the values of its constituent 

parts.  

 

Figure 1: Changes in the Dielectric Constant as a Function of Soil Moisture Content at 5.1 GHz 

 

Figure 2: The Relationship between Red Soil Dielectric Loss and Moisture Content at 5.1 GHz 

Figure 3 illustrates the relationship between alternating current (a.c.) conductivity and moisture 

content for the Pune, Phaltan, and Karanja samples. The data demonstrates a positive 
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correlation between the moisture content and the alternating current (a.c.) conductivity, 

indicating that as the moisture content increases, the conductivity also increases. 

 

Figure 3: Changes in a.c. conductivity as a Function of Soil Moisture at 5.1 GHz 

 

V. CONCLUSION 

The effect of moisture content on red soil dielectric properties and AC conductivity may be 

better understood by studying these parameters at a frequency of 5.1 GHz. According to the 

results of the physical and chemical analyses of the soil samples taken from Pune, Phaltan, and 

Karanja, the soil in Karanja is classified as sandy loam, while the soil in Pune and Phaltan are 

classified as sandy clay loam. The dielectric behavior of the samples is influenced by their 

acidic pH levels and other chemical characteristics. The dielectric constant of red soils 

increases slowly when wet, but then suddenly and significantly when the moisture content is 

more than 15%, according to the experiment data. A two-phase dielectric behavior is shown by 

the non-linear pattern of water-soil interaction. Specifically, the relative permittivity of water 

in soil undergoes a significant rise after reaching a certain transition point. The presence of 

moisture in soils leads to an increase in dielectric loss, which suggests a higher level of energy 

dissipation. 
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