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Abstract: Microwave techniques for the measurement of soil moisture content are based on the fact that the dielectric properties of 

water and the soil particles are dissimilar. An attempt has been made for determining the relation between moisture content and 

dielectric constant by simple estimation of dielectric constant measurement from microwave signal. Electrical properties of soils have 

been measured using an automated X-band microwave set-up in the TE10 mode with Reflex Klystron source operating at frequency 

operating at 9.56 GHz. In this present work, authors made an attempt to present soil moisture measurement by estimation of emissivity 

i.e. the ratio of energy radiated by an object to absorbing the body of same physical temperature. A strategic method of measuring 

dielectric constant using a microwave signal is used in this research work. The measurement of the dielectric constant of the soils 

collected from the specific regions and analysis of results has been reported. This method is simple and can further be used for the 

identification of soil moisture and agricultural applications. 
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1. Introduction 
 

Soil compaction is the main form of soil degradation which 

alters the extent and configuration of the pore space. In 

compacted layers, water, nutrients, and airflow towards the 

plant roots are also restricted. Soil water content is a soil 

physical state variable which is defined as the water 

contained in the unsaturated soil zone. Knowledge of soil 

water content (SWC) is hereby essential as it represents a 

key variable in many hydrological, climatologically, and 

environmental processes. The standard reference method to 

determine SWC is the gravimetric technique, which consists 

of extracting soil samples from the field. The samples are 

then weighted before and after drying in an oven at 105
◦
C 

for 24 hours to derive their water content. The amount of 

water in the soil is classically expressed as volumetric (m3 

of water per m3 of soil) or gravimetric (g of water per g of 

soil) water content. The gravimetric method is the only 

direct measurement technique but several indirect 

techniques are also available to measure SWC [1, 2]. Local 

indirect methods include mainly electromagnetic sensors, 

namely time domain reflectometry (TDR) [3, 4, 5] and 

capacitance sensors [6, 7, 8,]. The TDR measurement 

principle is based on the propagation velocity of guided 

electromagnetic waves along a probe through the soil, which 

is dependent on the soil electromagnetic properties. 

 

At microwave frequencies, the real part of the complex 

numbers representing the dielectric constant are air, K = 1, 

soil, K = 4 and water, K = 80. These large contrasts in K 

make it possible to measure soil moisture. As this much 

significant difference in dielectric constant lies in soil and 

water, it makes possible to measure soil moisture using 

microwaves. Because of water molecules absorbed into the 

surfaces of particles and restrained dipoles, the bounded 

water has a lower dielectric constant than free water 

confined to the aperture spaces [9, 10]. Several researchers 

have used active microwave sensors in order to test the 

capability of such equipment to measure the soil surface 

water content [11, 12, 13], and monitor the water budget at a 

field or regional scale [14, 15]. 

 

2. Experimental Method 
 

A. Study Area 

Soil samples were collected from ten different agricultural 

land of Igatpuri Tehsil, Nasik, Maharashtra. Igatpuri is a 

town and a Hill Station Igatpuri is surrounded by the highest 

peaks in Sahyaadri i.e. Western Ghats council in Nashik 

District in the Indian state of Maharashtra. Soil samples 

were collected in the depth of 0-20cm from desired location. 

The details of the land are given in Table no.1 below. 

 
Sample No. Survey No. Area Latitude Longitude 

1 35 Deole 19°72"39' 73°65"11' 

2 53 Take(Ghoti) 19°70"42' 73°61"09' 

3 7477 Talegaon 19°68"73' 73°55"92' 

4 350/3 Alwand 19°71"59' 73°60"86' 

5 572 Khambale 19°74"06' 73°63"78' 

6 118 Senvad 19°77"82' 73°67"31' 

7 54 Wadiwarhe 19°86"13' 73°67"87' 

8 375 Morambi 19°85"10' 73°65"52' 

9 316/B Kushegaon 19°86"42' 73°57"87' 

10 29 Wanjole 19°83"60' 73°56"66' 

 

B. Soil Sampling 

Soil samples are collected from different locations of 

agricultural land at the depth of ranging between 0-20 cm. in 

zigzag pattern across the one site areas. Five pits were dug 

for each sample. A composite sample of about 3 to 4 Kg 

representing one site was taken after thorough mixing of all 

above soil samples. This procedure was repeated while 

preparing composite samples representing all ten sites 

covering Western Ghat of Maharashtra. These topsoil 

samples are first sieved by gyrator sieve shaker (size 425 

μm) to remove the coarser particles. The sieved out fine 

particles are then dried in the hot air oven to a temperature 

around 110
o
C for about 24 hours in order to completely 

remove any trace of moisture. Such dry sample is then called 

as oven dry or dry base sample when compared with wet 
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samples. The Physical and chemical properties of the soil 

are measured at soil analysis laboratory. 

 

C. Measurement of Dielectric Constant of dry Soil 

Samples: 

The waveguide cell method is used to determine the 

dielectric properties of the dry soil samples. X-band 

microwave bench set-up for measurement of dielectric 

constant of soil samples is used. An automated X-band 

microwave set-up in the TE10 mode with Reflex Klystron 

source operating at frequency 9 .56 GHz is used for 

measuring dielectric constants .PC-based slotted line control 

and data acquisition system is used for this purpose. The 

solid dielectric cell with soil sample is connected to the 

opposite end of the source. The signal generated from the 

microwave source is allowed to incident on the soil sample. 

The sample reflects part of the incident signal from its front 

surface. The reflected wave combined with incident wave to 

give a standing wave pattern. These standing wave patterns 

are then used in determining the values of shift in minima 

resulted due to before and after inserting the sample. 

Experiments were performed at room temperatures ranged 

between 25
o
 -35

o
 C. The dielectric constant ε' of the soils is 

then determined from the following relation: 

 

 

 

Schematic diagram of X band microwave bench set up 

 
 

The sample holder for X band measurements was fabricated 

from the standard waveguides available. At the one end of 

the sample holder a metallic flange was connected, so that it 

can be connected to the main line and the other end was 

shorted. Length of X band is 3 cm. Initially, with no 

dielectric in short circuited line the position of the first 

minimum DR in the slotted line was measured. Now the soil 

sample of certain length (lϵ) having certain moisture content 

was placed in the sample holder, such that the sample 

touches the short circuited end. Now the position of the first 

minimum D on the slotted line and the corresponding 

VSWR, r were measured. This procedure was repeated for 

another soil sample of same moisture content for another 

soil sample length (lϵ’).Now the propagation constant (in the 

empty waveguide) is calculated as  

k=
2∏

𝜆𝑔
 

where𝜆𝑔 = 2x (distance between successive minima with 

empty short circuited waveguide sample holder). 

 

Table 2: Gives details of Physical characteristics of soil samples. 

Sample No. 
Bulk  

Density (gmcm-1) 

Particle Density 

(gmcm-1) 

Water holding 

capacity (%) 
Sand (%) 

Silt 

(%) 

Clay 

(%) 
Textural Class 

1 1.22 2.63 48 47.22 37.45 15.33 Loam 

2 1.29 2.47 39 52.5 31.75 15.75 Sandy Loam 

3 1.42 2.42 46 57.75 26 16.25 Sandy Loam 

4 1.21 2.46 44 47.82 45.1 7.08 Loam 

5 1.2 2.22 48 48.25 38.75 13 Loam 

6 1.21 2.3 41 73.82 22.58 3.6 Loamy Sand 

7 1.17 2.16 47 42.25 40.25 17.5 Loam 

8 1.21 2.17 45 41 34.25 24.75 Loam 

9 1.2 2.16 48  67.77 13 19.23 Sandy Loam 

10 1.29 2.04 42 64.05 21.93 14.02 Sandy Loam 

 

The mineral fraction of soil contains particles of widely 

varying sizes, shapes and chemical compositions. The 

properties of soil are mainly classified into three groups i) 

Physical ii) Chemical & iii) Electrical. The electrical 
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properties of material are mainly the permittivity and 

permeability. The table no.3 gives details of electric 

characteristics of soil sample. 

 

Table 3: Electrical Properties of Igatpuri 

 
 

3. Result and Discussion 
 

For moisture content below transition moisture in the soil, 

most water molecules are tightly bound to the soil particles. 

It is difficult to polarize these bound water molecules and 

the bulk of water shows a smaller dielectric constant ' ∈ than 

that of free water [16]. The present values of dielectric 

constant are in good agreement with the values reported by 

other authors. From fig.1 to fig. 4, it is observed that 

dielectric constant increases with increase in moisture 

content slowly up to transition moisture then it increases 

rapidly with increase in moisture content. The result shows 

the change in the electrical properties of soil before and after 

the addition of water. 

 

 
Figure 1: Variation of dielectric constant and loss of Dry 

soil 

 

 
Figure 2: Variation of dielectric constant and loss of soil 

with 5 % moisture content 

 

 
Figure 3: Variation of dielectric constant and loss of soil 

with 10 % moisture content 
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Figure 4: Variation of dielectric constant and loss of soil with 30% moisture content 

 

Table 4 shows that the ranges and means of physical, chemical properties of soils collected from Igatpuri tehsil. 

 

Table 4: Ranges and means of physical, chemical properties of soils collected from 

Igatpuri tehsil 

 
 

Table 5: Relation between Dielectric constant and crops of Igatpuri Tehsil 

 
 

4. Conclusion 
 

Rice can be cultivated under a variety of climatic and soil 

conditions. Rice comes up well in different soil types. It is 

observed that soil pH in the range of 7.1–8.5, the range of 

clay 13-50%, calcium carbonate 1-3%, Nitrogen 110-158 kg 

ha
-1

, copper2.69-7.84 ppm, iron 6.5-12.34 ppm and 

manganese range10.69-11.77 ppm and dielectric constant 

0.439 is suitable for grapes, and 0.482 is suitable for rice and 

soyabean crops. 

 

The results have importance not only for better 

understanding of soil physics but also microwave remote 

sensing application. The measurement is very sensitive to 

volumetric water content. The dielectric constant of Western 

Ghat of Maharashtra soil is dependent on the texture of soil 

i.e. the percent content of sand, slit and clay.  
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