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ABSTRACT 

 

In this paper it has been discussed dielectric behavior of soil at microwave 

frequency. Soil behavior of a region is an important aspect in relation to sustainable 

agricultural production. The macronutrients and micronutrients are important soil 

elements that control its fertility and enhance the yield of crops. There are a lot of 

parameter to affect the soil behavior. 
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INTRODUCTION 

 

The state of Chhattisgarh was carved out of erstwhile Madhya Pradesh on November 

01, 2000 because of its distinctive historical, social background and natural resources, It is 

paradoxical state with richest natural endowments and amongst poor state in the country. The 

soil is mainly red and yellow sandy soil. The soil requires irrigation and double crop can be 

cropped with the irrigation facility. Paddy is mainly grown on this soil. In some parts black 

soil, formed from the basalt is highly fertile soil. The black colour of this soil is because of 

high iron content. The soil requires less irrigation due to its water retaining quality. The soil is 

most suitable for wheat, jawar, cotton, pulses and oilseeds. The chhattisgarh region 

experiences tropical monsoon type of climate receiving an average rainfall of about 150cm. 

The rainfall in chhattisgarh is during the month of June, July, August and September. Rests of 

the months are dry with negligible rain and relative high temperature 350C to 45 0C in summers. 

The approximate evaporation losses on exposed and unexposed water bodies can account for 

50% of total rain received in that area. Soil can be simply defined as a mixture of small rock 

particles /debris and organic materials /humus which develop on the earth surface, and support 

growth of plants. In India, soil had been classified from the ancient period itself even though 

it was not as detail as the modern classification. In the ancient period, the classification was 

based on only two things; whether the soil is fertile or sterile. Thus the classification were: 

Urvara (fertile) and Usara (sterile). In the modern period, when men started to know about the 
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various, characteristics of soil they began to classify soil on the basis of texture, colour, 

moisture etc. when the soil survey of India was established in 1956, they studied soils of India 

and their characteristics as well as behavior. Major classification of Indian soils: 

1. Alluvial Soil 43% 

2. Red soil 18.5% 

3. Black/regur soil 15% 

4. Arid/desert soil 

5. Laterite soil 

6. Saline soil 

7. Peaty/marshy soil 

8. Forest soil 

9. Sub-mountain soil 

10. Snow fields. 

Red soil seen mainly in low rainfall area, also known as omnibus group. It is porous, 

friable structure. It has absence of lime, Kankar (Impure calcium carbonate). It has deficient 

in lime, phosphate, manganese, nitrogen, humus and potash. It has red colour. Red because of 

ferric oxide. The lower layer is reddish yellow or yellow. its texture is sandy to clay and loamy. 

In this type of soil wheat, cotton, pulses, tobacco, oilseeds, potato etc are cultivated. It has been 

seen that soil behavior are affected by physical properties, chemical properties and location. It 

has been found that dielectric constant increases as moisture content increases at frequency 

level. The variation of dielectric constant of slightly acidic soil is nonlinear with moisture 

content. The aim of the present, work is to discuss the dielectric behavior of soil at microwave 

frequency. 

 

THEORETICAL CONSIDERATION AND METHODOLOGY 
  

Soil is a thin layer that covers earth’s rocky surface. Soil in an intimate mixture of 

organic and inorganic materials, water and air. Productive soils are necessary for agriculture 

to supply the world with sufficient food. Now a day’s soil contamination has become a severe 

environmental problem. Remote sensing can play a role in the identification, inventory and 

mapping of soils that are on the surface of the earth. Microwave remote sensing of natural 

planet earth materials such as soil and water has a very close dependence on their electrical 

parameters. The most important parameters are the dielectric constant and dielectric loss.            

The knowledge of dielectric constant loss. The knowledge of dielectric constant and dielectric 

loss helps in the study of dry and wet contaminated soils using microwave sensor.  

Theoretically, dielectric properties of the material depend on the concentration, 

activity of permanent electric dipole molecules, ionic conduction and degree of dipole 

alignment with the applied time verging electric field. Therefore, when sample holder is filled 

with material, the dielectric properties are affected by the composition of the material and 

temperature, which affects molecular movement. The microwave soil dielectric measurement 

uses absorption. The microwave soil dielectric measurement uses absorption of microwave 

energy, corresponding to rotational energy of water molecules. When electromagnetic field is 
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applied to dielectric material, electromagnetic energy is dissipated in dielectric materials as a 

result of dielectric relaxation process, and the interaction of electromagnetic field depends 

upon the complex dielectric permittivity relative to the free space. 

 The infinite sample method described by HM Altshuler is used for the measurement 

of dielectric properties. An X band microwave bench operating at 10.45 GHz in the TE10 mode 

with a slotted section and a crystal detector used for measurements of VSWR and the shift of 

minima are needed. In this research work theoretical data (Remote sensing characteristics of 

soils at X band microwave frequency range 10.45GHz by Rajeshri Narayan, 2011) have been 

analyze. The complex dielectric constant calculated using the relation, 

∈∗=∈′− 𝒋 ∈ ′′ 
 

RESULT AND DISCUSSION  
 

It is found that dielectric constant of the soils increase only slowly with the moisture 

content initially and after reaching a transition point the permittivity increase rapidly. It is also 

seem that transition point moisture value (Wt) are higher for soil with high clay content as 

compared to sandy soils. Emissivity decreases with moisture content of the soil. As moisture 

content as the soil increases their emissivity values decreases fastly. Emissivity in the very 

important parameter, which provides information about soil. It has been seen that variation of 

dialectic constant with increase in moisture contents. 
 

CONCLUSION  
 

Physical and chemical properties show remarkable variation in dielectric properties 

these dielectric properties can be used to predict the soil fertility and health. Dialectic constant 

of soil are strongly dependent on soil moisture and soil texture. Moisture is soil significantly 

affect the dielectric properties of soil. Such study of soil in also useful in microwave remote 

sensing and agriculture in order to increase its productivity. 
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