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ABSTRACT 

 

In this paper it has been discussed about microwave remote sensing 

Characteristics of soil for agriculture. The quality of soil is controlled by physical, 

chemical and biological components of soil and their interactions. The soil has 

physical, chemical as well as electrical properties, colour, texture, grain size, bulk 

density etc. comprise the physical properties, nutrients, organic matter, pH etc, 

comprise chemical properties while, electrical properties include dielectric constant, 

electrical conductivity and permeability. The concept of soil health and soil quality 

has consistently evolved with an increase in the understanding of soils and soil quality 

attributes. It has been found that scattering cross-section increases with frequency and 

decrease will visibility. It has also been seen that the intensity of radiation from soil 

depends directly on the frequency of exciting field. Thus, the increase in frequency is 

bound to increase the scatters, radiation, which ultimately changes the overall loss of 

energy. 
 

Keywords: Microwave, Remote Sensing, Scattering Cross Section, Visibility, Soil 

Quality. 

 

1.  INTRODUCTION 

 

Indian agriculture occupies an eminent position in global cultivation of rice, wheat, 

sugarcane, pulses and vegetables. Soil is the unconsolidated or loose covering of fine rock 

particles that covers the surface of earth. Soil testing is the only way, to determine the available 

nutrient status in soil and the only way it can be developed specific fertilizer recommendations. 

Characterization of soil helps in determining soil potentials and identifying the constraints in 

crop production besides giving detailed information about different soil properties. Now a days 

large number of chemical fertilizers are used instead of manures. Due to this the crop 

http://www.physics-journal.org/
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productivity increases speedily but the health of soil decreases. So management of natural 

resources is possible only after characterization and identification of constraints limiting crop 

production. High yielding crop cultivators were highly responsive to fertilizers. Soil 

characterization in relation to evaluation of fertility status of an area or region is an important 

aspect in context of sustainable agricultural production. A different study predicts that the 

dielectric properties of soil at microwave frequencies are the function of its physico-chemical 

constituents. The Physical capacities of a soil are influenced by the size, proportion, 

arrangement and composition of the soil particles. Microwave remote, sensing techniques are 

now a days widely adopted and used to estimate the presence of natural resources underneath 

the ground surface. The present study has been taken to have an idea of microwave remote 

sensing characteristics of soil properties in agriculture for food purpose. 

 

2. THEORETICAL CONSIDERATION AND METHODOLOGY 
 

Now destructive systems are recent trends for quality evaluation of fruits and 

vegetables. Information on post nearest variations in electrical properties is needed to develop 

new instruments for agricultural propose. Electrical properties are finding increasing 

application in agriculture and food processing. Knowledge of dielectric properties of foods as 

a function of moisture content and temperature is essential in the design and control of drying 

systems. The values of dielectric properties of a number of products including food grains, 

fruits and vegetables and meat products are presented. Electrical characteristics of agricultural 

materials have been interest for many year and are utilized in many areas of human activities. 

Permittivity and moisture can be closely correlated when water content is high. The dielectric 

properties of cereals grain and oilseeds are essential for understanding their electrical behavior. 

My methodology is theoretical as well as data based. 
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3. FUNDAMENTAL PRINCIPLES & PROPERTIES 
 

3.1 Basic Principles 
 

In considering the interaction of electromagnetic energy with soil the dielectric 

permittivity or dielectric properties of the materials involved are of utmost importance. The 

permittivity of a material can be expressed as a complex quantity, the real part of which is 

associated with the capability of the material for storing electric energy in the material, and the 

imaginary part is associated with the dissipation of electrical energy in the material by 

convention of electrical energy to heat energy in the material. This is the phenomenon to as 

dielectric heating. The complex permittivity, relative to free space, will be represented as, 
 

Є*=Є′-jЄ′′           (1) 

Where Є′ is celled the dielectric constant, j denotes the complex operator,  √−1 is the dielectric 

loss faster. The power dissipated per unit value in a non-magnetic uniform material expressed 

to RF or microwave fields can be expressed as, 

P= E2 𝜎 =55.63x 10-12 f F2Є′′                                          (2) 



 Ashish Kumar Verma, et al., J. Pure Appl. & Ind. Phys. Vol.7 (3), 107-114 (2017)  

111 

Where P is in watts per cubic meter (W/m3) when f is in hertz and E is the rms electric field 

intensity in volts/m (v/m). Power dissipated over a period of time provides energy to raise the 

temperature of the material and this time rate of temperature increase (c/s) is given by, 
 

𝑑𝑇

𝑑𝑡
 = 

𝑃

𝑐𝜌
             (3) 

Where c is the specific heat of the material in k J/kg c), and 𝜌 is the density (kg/m3). 
 

3.2. Attenuation 
 

The dielectric properties of the soil are very important in evaluating the penetration of 

energy that can be achieved. It can be expressed as  
 

α = 
8.686𝜋∈"

𝜆0√∈′

𝑑𝐵

𝑚
                                                 (4) 

Where  α = attenuation constant 

𝜆0 =  Free space wavelength.  

Thus, since E” for soils is relatively small with respect to E1. E equation (3) can be used to 

provide good estimates of attenuation in soils if we know the values for the dielectric properties 

at the frequency of interest. 
 

3.3 Electrical Properties 
 

3.3.1 Electric conductivity  

3.3.2 Dielectric properties 

3.3.3 Permittivity and loss factor 

3.3.4 Polarization of dielectrics 

3.3.5 Power density and penetration depth 
 

Electrical Conductivity 
 

The conductivity of a material is generally measured by passing a known current at 

constant voltage through a known volume of the material and by determining resistance. The 

internal structure of agricultural products change substantially during their deformation. It is a 

measure of electric current flows through a food of unit cross sectional area A, unit length L 

and resistivity and is expressed in the following relation, 

 𝜎= 
𝐿

𝐴𝑅
           (5) 

The electric conductivity of food has been found to increase linearly with temperature and 

water/ionic content. 
 

Dielectric Properties 
 

Electrical permittivity is a dielectric property that determines the interaction of 

electromagnetic waves with the matter and defines charge density under an applied electric 

field. The study of dielectric properties of earth constituents at microwave frequencies plays 

vital role. Dielectric properties of the material depend on the activity of permanent electrical 
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dipoles, ionic conduction and degree of dipole alignment with the applied time varying electric 

field. In case of non-homogeneous material such as soil the dielectric properties are affected 

by the composition of the material which affects the molecular movement. The microwave soil 

dielectric measurement uses absorption of microwaves corresponding to rotational energy of 

molecules. When electromagnetic field is applied to the dielectric material, energy is dissipated 

in these materials as a result of dielectric relaxation process. The interaction of electromagnetic 

field depends upon the complex dielectric permittivity relative to the free space. The dielectric 

properties of soil are function of its naturally available chemical constituents such as carbon, 

sodium, potassium, iron and physical properties such as sand, silt, clay. In a non-homogenous 

medium such as soil, the dielectric constants of its physical properties, naturally available 

macro-nutrients, micro-nutrients, minerals, organic and inorganic contents.  

 

Permittivity and loss factor 

 

By definition the dielectric properties of food are meant to be the electrical properties 

measuring the interaction of food with electromagnetic fields.  In foods, permittivity can be 

related to chemical compositions, physical structure, frequency, and temperature, with 

moisture content being the dominant factor, The absolute permittivity of a vacuum is ε0 and it 

is determined by the speed of light (c) and magnetic constant (μo) which are linked together by 

the equation: 

c2μoε0 =1           (6) 

The relative permittivity, εr of a material equal to εabs /ε0 

where,  

εabs= absolute permittivity of a material  

 εr= relative permittivity of a material. 

The fundamental electrical property through which the interactions are desired, is the complex 

relative permittivity of the material. The equation for complex permittivity is, 

𝜀 = 𝜀′ − 𝐽𝜀′′           (7) 

Where 

𝜀 =relative complex permittivity 

𝜀′ = relative real permittivity (Dielectric comtant) 

𝜀′′ = dielectric loss factor 

𝐽= imaginary unit 

The ratio of dielectric loss factor to dielectric constant (𝜀 ′′/𝜀′) is called the loss tangent 

(tan α) or dissipation factor,  
 

Polarization of Dielectrics 
 

An electric dipole is constituted of two charges separated by  a vector called the dipole 

moment. Molecules with non zero permanent electric dipole moments are called polar 

molecules. Due to a distortion of their electronic distributions and nuclear positions ,non polar 

molecules can acquire a dipole moment in an electric field. The average dipole moment per 
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unit volume is known as the polarization.. A relation between permittivity and the polarization 

is given by, 

P =  (Є -1) Є 0 E 

Where P is the polarization , E is the electric field , (Є -1) is the electric susceptibility, and Є 0 

is the relative permittivity of vacuum. There are four types of polarization – 

 Ionic 

 Orientation 

 Atomic 

 Electronic 
 

Power  density and penetration depth 
 

The penetration depth can introduce a better understanding of dielectric properties. 

The distribution of the energy is determined by the transmission properties that are related to 

dielectric and thermal properties. The dielectric constant that decreases the speed of 

propagation makes the wavelength in the dielectric medium shorter than the free space. Thus, 

a reflection occurs at the interface between two media with different dielectric constant. 
 

4. RESULT AND DISCUSSION  
 

Dielectric properties of a soil depend on a number of factors , including its bulk 

density, the texture of the soil particles (sand, silt, clay), the density of a soil particles ,the 

temperature and the frequencies. Soil texture can be expressed significantly by its electrical 

conductivity and dielectric constant. Clay texture soil is highly conductive while sandy  soils 

are poor conductors. It has been observed that the relation between the dielectric constant and 

gravimetric water content is non linear. This is because for a composite material such as moist 

soil. The dielectric loss is proportional to the a.c. conductivity. 
 

5.  CONCLUSION  
 

Dielectric constant of soil is dependent on the texture of soil. The existence of bound 

water in soil-water mixtures significantly affects the electrical properties of mixtures.  

The solid relationship between dielectric behavior and the chemical and physical 

structure of the agro-physical material in the studies highlighted throughout the review opens 

the doors to explore the existing investigations further and to elicit more accurate indices. With 

the availability of updated analyzers on the market, future research is encouraged to invest 

deeply in the dielectric characterization of the agricultural and food sector. The dialectic 

spectroscopy has been proven to have great potential in the electrical assessment of cereal 

grains, fruits and vegetable and various other food industry products. 
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