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Abstract: 

Soil water content (SWC) is one of the foremost ecological factors affecting the natural ecosystem. It is the principal constituent 

of plant protoplasm and vital to soil formation. Therefore, continuous monitoring of SWC is essential. Furthermore, information 

on the SWC measurements is important to various fields like hydrology, agriculture, environmental studies, etc. In past decades, 

researchers have employed different methods to measure the SWC in laboratories and in-situ conditions. Therefore, a large 

body of knowledge is available on the theory and applications of the methods of SWC measurements. This study aims to 

critically evaluate the several SWC measurement techniques such as Gravimetric, Time domain reflectometry (TDR), 

Frequency domain reflectometry (FDR), Ground penetrating radar (GPR), Neutron scattering, Tensiometry and  Gamma-ray 

attenuation method including both advantages and disadvantages, and physical principles based on the past research findings. 

This study will be useful to develop new techniques to estimate the SWC and to introduce modifications for existing methods. 

 

Keywords: Soil water content (SWC), Gravimetric method, Time domain reflectometry (TDR), Frequency domain 
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1. Introduction  

Soil water content (SWC) is the measure of the amount of 

water held in a unit volume or mass of soil and is the 

foremost ecological factor affecting the ecosystem. It can 

exist in three different forms capillary, gravitational and 

hygroscopic water. Measurements of SWC have an 

important impact on many fundamental biophysical [1] and 

chemical process. This is essential to plant growth, soil 

formation, and the organization of the natural ecosystem and 

biodiversity. Furthermore, SWC can be used as an indicator 

for the prediction of natural disasters, such as drought and 

flooding [2]. There are several mechanical properties of the 

soil, such as consistency, compatibility, swelling, and 

density. It is necessary to estimate SWC since these 

properties depend on it for a variety of applications, from 

large-scale calibration of global-scale climate models to 

field monitoring in agricultural systems [3].  

 

There are several methods which are available to measure the 

SWC. These methods can be divided into two groups; (i) 

direct and (ii) indirect method. The direct method which is 

cheap and simple includes gravimetric method and indirect 

methods include Time Domain Reflectometry (TDR), 

Tensiometry, Ground Penetrating Radar (GPR), Neutron 

scattering method etc. There are some drawbacks of direct 

methods such as destructive, time-consuming, labor-

intensive and costs. Indirect methods are simple and easy to 

be implemented for continuous operations. Hence, the 

applications of indirect methods for measuring SWC is 

popular among the soil scientist to cover large area and to 

have repeat measurement. 

The TDR method is non-destructive and far easier indirect 
method than the gravimetric method. Topp et al. reported 

first application of TDR to SWC measurements [4]. It is used 

in stationary laboratories and field experiments in which 

changes in time and depth of SWC in the soil profile [5]. 

TDR equipment determines the SWC by performing 

dielectric measurement through the probes [6]. Frequency 

domain reflectometry (FDR) is similar to TDR [7] because 

both methods are based on dielectric techniques.  

The tensiometry method is a non-destructive indirect 

method. The tensiometer is the equipment that is used in this 

method. It is made comprised of a manometer and a porous 

ceramic cup that are all connected by a tube and filled with 

water. The tension reading on the tensiometer is related to 

SWC by the water retention relationship. This is very useful 

as continuous reading equipment for estimating SWC in 

specific location though this will work only up to 1 atm. 

The neutron scattering method is an indirect method for 

estimating SWC. In this method, the source neutrons that 

reach the soil are moderated and thermalized in interactions 

with hydrogen. The detector signal is further related to the 

amount of water in the soil [8]. 

The GPR is another method that is used to measure topsoil 

moisture content. This is the most promising, non-destructive 

geophysical method that uses high-frequency 
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electromagnetic waves to detect material properties inside 

the medium [9]–[11]. The gamma ray attenuation method is 

the non-destructive indirect method used to measure SWC. 

This technique measures the changes in saturated density and 

from this density change, the SWC is determined. The 

objective of this review article is to compare the different 

SWC estimation methods using past research findings with 

including working principle, advantages and disadvantages. 

The details of this review article are useful to select the 

suitable SWC measurement method for a particular research, 

to estimate SWC and to introduce modifications for existing 

methods. 

2. Research methodology 

Scientific databases such as Google Scholar and Science 

Direct were searched using keywords of gravimetric method, 

tensiometry method, use of groundwater penetrating radar 

methods, neutron scattering method and other relevant 

keywords for different SWC methods. There were 98 articles 

randomly selected at the beginning as shown in Table 1. Then 

those articles were categorized based on the relevant 

keywords. Among those article, the number of 58 articles 

were selected after refining for do the review as shown in 

Table 2. Then, the available methods were compared based 

on their principle, major specifications, measured 

parameters, cost effectiveness, response time and depth of 

measurement.  

 
Table 1. The number of initial articles according to the relevant keywords. 

 
Keyword Number 

of articles 

Gravimetric method 8 

TDR method 24 

FDR method 10 

Neutron scattering method 17 

Tensiometric method 8 

GPR method 21 

Gamma ray attenuation method 10 

Total 98 

 

 

Table 2. The number of articles after refining the initial searching. 

 
Keyword Number of articles 

Gravimetric method 3 

TDR method 12 

FDR method 5 

Neutron scattering method 14 

Tensiometric method 5 

GPR method 17 

Gamma ray attenuation method 2 

Total 58 

3.    SWC measurement methods 

3.1. Gravimetric method 

The gravimetric method is the widely used, accurate method 

for SWC estimation. In this method, a wet soil sample is 

dried at 105 oC in the oven for overnight. The constant dry 

mass is measured and calculate the SWC using the Eq. 3.1. 

Excessive oxidation may occur at 105 oC and some organic 

matters can remove from the sample. The wet and dry mass 

of the soil sample is measured before and after oven drying, 

respectively. Mass of the water exist in the soil sample can 

be determined from the mass difference between wet and 

oven dry soil sample [12]. Furthermore, it can expressed as a 

percentage of the dry soil mass [13].  SWC can be calculated 

as follows; 

% SWC =   Wwet (g) – Wdry (g)                    Eq 3.1 

                          Wdry (g) 

Wwet = Mass of wet soil 

Wdry = Mass of dry soil 

This is a destructive, labor-intensive, and time-consuming 

method [2]. Furthermore, it is independent on salinity and 

soil type but estimation of SWC in a heterogeneous soil 

profile is difficult [13].  

3.2. Time domain reflectometry method 

The TDR method is an indirect method for non-destructive 

and continuous measurements of SWC.  The working 

principal of TDR is, it applies a voltage signal to transmission 

line inserted into the soil. The signal of voltage requires time 

to travel from source to the end of the transmission line and 

back again. The propagation velocity is determined using 

travel time along a TDR probe and known length of the 

probe.  Propagation velocity can be calculated as equation 

Eq. 3.2.1: 

v=2l/t                                                                      Eq. 3.2.1   

Where; 

v = Propagation velocity 

l = Length of the probe 

t = Travel time. 

The dielectric constant (K) is determined from the velocity of 

electromagnetic waves. The K of pure water is 80 as 

compared to other constituents of the soil [14]. Table 3 shows 

K of various constitutes of the soil. 
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Table 3. Dielectric constants of soil constituents and major textures of soils 

[15]. 

Material Dielectric constant (K) 

Air 

Water 

Ice 

Sandstone 

Dry loam 

Dry sand 

1 

80 at 20  0C 

3 at -5  0C 

9 -11 

3.5 

2.5 

 

TDR method determines the apparent dielectric constant (Ka 

) of the soil according to Eq. (3.2.2) [3] and this Ka of soil is 

dependent on the volume fractions of the other soil 

constituents and their respective dielectric constants [16]. 

Ka = (ct/2l) 2                    Eq. 3.2.2 

Where; 

c = Velocity of light in free space (3 x 108 ms-1) 

l = Length (m) 

t = Travel time (s) 

The empirical relationship between Ka and volumetric water 

content () is proposed by [17] as in the Eq: 3.2.3: [3] 

 = -5.3 x 10-2 + 2.92 x 10-2Ka – 5.5 x 10-4 Ka2  

+ 4.3 x 10-6Ka3                                              Eq. 3.2.3 

The relationship between the Ka and   is not entirely linear, 

although it is nearly so over much of the range of SWC 

encountered in the field [18]. Fig.1 shows the schematic 

diagram of SWC measurements using TDR. 

 

Fig. 1. Schematic diagram representing SWC measurements using TDR after 

[3]. 

The TDR can measure  SWC on-site without testing the 

SWC of the physical sample in the laboratory [19]. This 

method has investigated by various researchers in different 

soil textures and the equipment is conveniently usable for 

determining SWC [6]. This method is independent from the 

soil texture, temperature, and Organic materials [3]. When 

TDR is used to measure SWC, the un-insulated conductors 

are inserted in the medium being tested. The conductors are 

normally placed at the end of the coaxial cable and they 

referred as a “probe’’. These probes are comprised with two 

or three rods which made from stainless steel. Most of the 

time, three-rod probes are used to measure SWC because, it 

nears to coaxial condition easily [20]. The SWC response of 

two-rod probes and three-rod probes were compared by 

[21]. As a result, many studies examining the attributes of 

these TDR probes conducted a desk study comparing in 

detail the Sampling volume of balanced two and three-rod 

probes [22]. SWC can be measured by using   hand probe 

and portable TDR equipment has shown by [23]. Rods 

installed horizontally can be used to measure water content 

near the soil surface but rods installed vertically cannot be 

used to measure water content near the soil surface [24]. 

TDR 100 has given good results in clay loam and loamy soils 

and overestimated the SWC in sandy soils according to the 

research done by [25]. The SWC measurements were 

evaluated by [26] at a clay loam location in Switzerland, over 

the period of two years using three low-cost sensors and one 

high-accuracy and high-cost TDR sensor. Most of the time, 

TDR is used to measure the SWC of mineral soils. However, 

TDR method has been used to determine the water content of 

organic growing media by [18].  

The advantages of this method are high temporal resolution, 

the rapidity of acquisition and repeatability of measurements. 

Moreover, TDR includes its small measurement volume,  

ease of use and its ability to be automated and multiplexed 

compared to gravimetric methods [27]. However high initial 

cost, loss of reflection in highly saline soil and the accurate 

measurements with TDR require proper calibration and it 

involves establishing a relationship between the time delay 

of the electromagnetic pulses and the corresponding SWC 

and the calibration curves for TDR used to measure SWC can 

be varied across different soil types due to the inherent 

variations of soil properties. Furthermore, TDR is often more 

suitable for shallow SWC measurements, typically within the 

first 20cm of the soil profile. 

3.3. Frequency Domain Reflectometry (FDR) method 

The FDR method is similar to the TDR method, however, 

FDR method provides continuous measurement of SWC, 

which is based on changes in the frequency of signals due to 

the dielectric properties of the soil [28]. In here the tested 

sensor is mainly composed of a pair of circular metal rings 

which are formed into a capacitor and the soil act as a 

dielectric material.  The tuning circuit contains a capacitor 

and an oscillator with 100 MHz sinusoid signal scanning 

[29]. When the capacitor is coupled to an oscillator, forming 

an electrical circuit, changes in the SWC is indicated by 

changes in the frequency of the circuit [30]. Then the SWC 

is calculated using the resonance frequency value. The 

relationship between the frequency of oscillation and SWC 

is inverse [31].The polarization between the measured K of 

the soil constituents and the sensor capacitance is directly 

proportional.  

FDR probes must be calibrated for the type of soil they will 

be buried in and should be careful installation is necessary to 
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avoid air gaps [7].  FDR has a faster response time and better 

resolution than TDR. Moreover, certain FDR devices may be 

less expensive than TDR devices since they utilize low 

frequency standard circuitry [7]. 

 

3.4. Neutron scattering method 

This method is appropriate for measurements that involve 

estimating soil moisture in the upper 1000 to 2000 mm of soil 

[32]. The SWC in expansive soils has been measured using 

this method by [33]. The neutron scattering method of 

measuring SWC is based on the principle of neutron 

thermalisation [32]. Thermalisation is the process of 

reducing fast neutrons to slow [16]. This process is relevant 

because it influences the number of slow neutrons that return 

to the detector after interacting with the soil. These neutrons 

are thermalized or slowed down by collisions with the nuclei 

of hydrogen atoms present in water molecules in the soil. The 

propagation of thermalized neutrons is related to SWC [3].  

Several instruments are available to use in this method, such 

as neutron moisture meter, neutron-scattering moisture 

meter, neutron probe,  neutron depth probe and neutron meter 

[34]. This is not hampered by environmental factors such as 

barometric pressure and temperature but salinity and degree 

of water binding to the soil are slightly affected.  The total 

SWC can be measured using this instrument if it is properly 

calibrated with gravimetric sampling [2]. The SWC in a 

swelling clay soil was measured by [35] using a neutron 

moisture meter. The gauge and the probe are the two major 

parts of the neutron moisture meter. The probe has a slow 

neutron detector and a fast neutron source, which commonly 

creates fast neutrons by mixing beryllium and alpha particles 

from the radioactive emitter. The actual SWC measurements 

is made by lowering a probe consisting of the source and a 

detector to the required depth in appropriate access hole in 

the field [35]. The neutron probe assumes the overall SWC 

of a volume of soil by measuring the extent of thermalisation 

of a diffuse cloud of neutrons and thereby has the potential 

to determine the overall SWC equally well in both cracked 

and uncracked soils [30]. Schematic diagram of neutron 

gauge has shown in Fig. 2 [36]. 

 

Fig. 2. Schematic diagram of neutron gauge after [36]. 

The accuracy of this method depends on the derivation of 

the regression whereby neutron counts can be converted to 

SWC [36]. The detector measures the neutron cloud's 

density. This was confirmed in swelling/shrinking clay soils 

by [37]. 

The main advantage of this method is the measurement 

procedure is relatively easy and straightforward [2]. When 

the instrument is properly calibrated, it provides higher 

accuracy of better than + 0.02 in volumetric water content 

[2], [16]. Furthermore, this method is nondestructive, fast 

and repeated measurements can be performed at exact same 

location [36]. However, instrument is very expensive, it 

requires extensive soil specific calibration [3]. 

Manufacturers provides a calibration curve with each 

neutron probe, but it is probably useful only for SWC 

measurements in homogeneous sands and gravels [16].  

Radiation hazard can be happen. The application of this 

method is lesser than past years due to that radiation 

hazards. 

3.5. Tensiometry method 

The tensiometry method is an indirect method for estimating 

SWC. This method estimates the soil water matric potential. 

The tensiometer is very useful as continuous reading 

instrument in this method. This is the only equipment that 

can make a direct measurement of soil suction.  The tension 

reading on the tensiometer is related to SWC.  

This is made with a porous ceramic cup, connected through 

a tube to a manometer with all parts filled with water. 

Different shape and size of the ceramic cups are available [7]. 

The ceramic cup is placed in the soil, where information, 

regarding soil water is desired. This instrument measures the 

moisture potential based on the  suction force exerted on 

water by soil [13]. The working principle of the tensiometer 

is as follows: a porous vessel is buried in the soil to the depth 

at which SWC is to be measured; it is connected by means of 

copper tubing to a manometer. When the system is sealed and 

filled with water, thus forming a continuous column between 

the porous vessel and manometer. This water communicates 

with the SWC through the pores in the vessel and any change 

in capillary tension in the soil is accompanied by a flow of 

water through the pores until the tension inside equals the 

capillary tension in the soil surrounding the cup [38]. The 

magnitude of this tension is measured by the manometer. It 

is commonly expressed in units of bars. A thermally 

insulated tensiometer to investigate the movement of water 

under frozen soils was developed by [39]. 

The advantages of this method including: inexpensive, less-

destructive, and easy to install. Operate satisfactorily only in 

the saturated range is disadvantage. Furthermore, it has slow 

response time and intimate contact with soil around the 

ceramic cup is required for consistent reading [7]. Moreover, 

it needs different calibration for different soil types and it 

works in the range from saturation to 0.8 bar. 
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3.6. Ground Penetrating Radar (GPR) method 

The GPR method is an efficient electromagnetic wave based 

method [40] which has been successfully used as non-

destructive tool to estimate SWC. It has made significant 

progress over the past 25 years in estimating SWC [41] .  

GPR measurements are based on the transmission and 

reflection of an electromagnetic wave in the soil [42]. This is 

also the dielectric method as TDR and FDR methods. 

The GPR system consists of a transmitting antenna, receiving 

antenna, control unit and display unit. Transmitting antenna 

emits pulses of electromagnetic radiation into the subsurface 

and the receiving antenna then receives echo signals as a 

function of time. These received signals thus contain useful 

information as a result of high frequency electromagnetic 

waves propagation within the media of different K [10]. The 

schematic diagram of the GPR antenna and travel path of 

ground wave, air wave and reflected wave shows in Fig.3 

[43] 

 

Fig. 3. Schematic diagram showing the GPR antenna and travel path of 

ground wave, air wave and reflected energy modified from [43]. 

In modern days, SWC measurement can be performed by 

using ground-coupled, air-launched, and borehole GPR 

antenna systems [9], [10]. In the ground-coupled GPR 

antenna system, antennas are placed on the investigated 

surface to maximize energy coupling into the subsurface [44] 

and the surface GPR measurements, fixed separation 

between transmitting and receiving antenna is essential [45], 

[46]. Air-launched antennas are elevated 0.3-1.0 m above the 

ground for pavement studies [47]. 

Earlier researchers have conducted so many researches to 

estimate SWC using different GPR method such as ground 

wave, borehole, reflected wave, surface reflections, full 

waveform inversion, average envelope amplitude and 

frequency shift method [10]. The borehole GPR methods are 

carried out in three different kind of modes, such as, 

reflection, cross-hole, and surface to borehole. In the 

reflection mode, transmitting and receiving antennas are 

placed in same borehole. Trnasmitting and receiving 

antennas are placed in different boreholes in cross-hole 

mode. In the surface to borehole mode, one borehole antenna 

is placed on the surface and other one is lowered into 

borehole. The borehole GPR system both transmitting and 

receiving antennas were placed in same borehole and they 

were recorded reflection data along the length of borehole by 

[48]. Furthermore, the borehole GPR method was used by 

[49] to measure the temporal and spatial variability of SWC 

under uniform wetting and drying conditions and the 

capacity of ground wave GPR method has been examined by 

[50] to predict water content in this zone. 

The direct ground wave GPR technique is well-suited for 

monitoring SWC in shallow root zone environments [51]. 

The full-waveform inverse modelling procedure was applied 

to identify surface soil moisture from proximal GPR, in 

irrigated areas in southern Tunisia by [52]. Furthermore, the 

SWC was determined of the unsaturated zone in sandy 

deposits via measurements from the surface at two test sites 

in the Netherlands by using GPR method by [53] and the 

SWC determination was used by [41] using a digital GPR. 

The GPR Trans-ZOP (Transillumination Zero Offset Profile) 

method was used to measure SWC in raised beds by [45].  

Most researchers have used GPR method as very common 

non-destructive method, and it facilitate to acquire precise 

and repeat data for large covering area with very short period 

of time.  

3.7. Gamma ray attenuation method 

The gamma ray attenuation method is a radioactive method 

that can be used to measure SWC which is restricted to a soil 

depth of 2.5cm or less with high resolution [3]. There is a 

presumption that the diffusion and absorption of gamma rays 

are correlated with the density of the matter in its path, 

gravity being constant irrespective of the SWC [30]. The 

instrument consists a source that emits gamma rays encircled 

by a collimator, detector and scalar [13].  

This method permits exploration of the profile by sample 

movement of measuring device inside the tube and the main 

disadvantage of this method is that different types of soils 

give the same calibration curve [2]. Moreover this method is 

a non-destructive in situ method having response time of 

approximately less than 1 min which measures the SWC. 

4. Discussion 

The reviewed literature indicates researchers have employed 

various SWC measurement methods like gravimetric, TDR, 

FDR, GPR, neutron scattering, tensiometry and gamma ray 

attenuation method. The choice of the SWC measurement 

method is dependent on the applications, cost, and the 

resource availability. Furthermore, while choosing a method 

one should consider such as accuracy, repeatability, 

calibration requirements, and ease of use [16]. Gravimetric 

method is the precise method compare to other methods. As 

it is direct and destructive method, that will not help to have 

repeat measurement. The gravimetric method can be apply 

for any depth size where we can take soil sample. The 

dielectric methods including TDR, FDR, GPR and 

tensiometry methods do not provide direct SWC 

Antenna separation
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measurements data. They need different calibration curves 

for different soils.  

The GPR is not typically used to obtain a specific range of 

values from saturation. Direct ground wave can be used to 

measure the SWC in the soil and further different GPR 

transmitting method will help to investigate the soil moisture 

profile. The suitability of each indirect methods based on 

several factors such as the accuracy, response time, 

management and durability of the instrument [7]. Table 4 

shows the comparisons of various SWC measurement 

techniques based on their principle, major specifications, 

measured parameter, response time, cost effectiveness, and 

depth of measurement and Table 5 shows the general 

specifications of the several soil moisture techniques.  

 

The TDR is an economical [34] non-destructive indirect 

method. The TDR equipment are portable therefore can be 

carried easily to the field.  Most of the researcher have 

employed both methods to measure SWC in various soil type 

and they have compared which data they have taken. The 

SWC measurements were taken from TDR and gravimetric 

method by [54] and it shows a 1:1 relation between both 

methods. We measured the SWC in topsoil using TDR and 

gravimetric method in Uva Wellassa University (UWU) 

premises (N 60 58’ 52.53708, E 810 4’ 30.26964) [55]. In 

here, TDR-100 portable instrument was used to measure field 

moisture content. The TDR-100 and field measurements are 

shown in Fig. 4a and 4b respectively. Fig. 5 shows that 1:1 

relationship for measured SWC using the TDR and 

gravimetric method in the UWU selected 5-survey lines.  

 

Furthermore, SWC measurements data was taken by [19] 

using TDR and the gravimetric methods for agricultural clay  

and marine clay soil and it has been shown, the significant 

discrepancy in SWC value as the quantity of water increase 

for agricultural and marine clay samples.  

In here, agricultural clay provides more accurate moisture 

content reading compared to marine clay using both methods. 

The accuracy of TDR is higher than FDR [30].  

 

The GPR method is an efficient electromagnetic wave-based 

method [41] which has been successfully used as non-

destructive tool to estimate SWC. Furthermore, it covers the 

large area  but it is sensitive to unwanted signals caused by 

different geological factors [30].  

 

The accuracy of GPR used to measure SWC can vary based 

on GPR antenna configuration and soil condition. Only the 

frequency shift method can reclaim information of SWC 

directly from GPR data [10]. The borehole GPR method can 

obtain distribution of SWC at greater depth with higher 

resolution than the ground and air coupled GPRs [10]. Earlier  

Researches have done several experiments using TDR and 

GPR to measure SWC and compare these two methods 

respectively.  

The SWC has been measured by [9] using TDR and borehole 

GPR method in well-drained sandy loam soil profile and the 

off-ground inverse modelling techniques and the ground 

wave GPR methods were used to estimate the shallow SWC 

at the field scale by [56]. 

 

Earlier researches have used different SWC measurement 

methods to measure the SWC in different types of soil. 

The summary of these research in the SWC measurement 

techniques which is applied to determine SWC in various 

soil types have illustrated in Table 6.  

 

 

 

 
 

Fig. 4. Measurement of volumetric water content in the field 

using the (a) TDR-100 and (b) reading of TDR data.  

 

 

 

 

  

(a)

(b)
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 Table 6: Summary of some research in SWC measurement techniques to determine SWC in various soil types. 

 

Year Author Technique Remarks 

2008 Bittelli et 

al. [1] 

TDR and 

Gravimetric 

method 

SWC is determined in conductive soils under three different depths 

using gravimetric, corrected TDR and non-corrected TDR. 

1997 Wyseure et 

al. [57] 

TDR They have shown that for saline soils the effects of conductivity and 

frequency on the travel time cannot be neglected and that, as a result, 

TDR systematically overestimates the water content in saline soils. 

1987 
 

 

 
 

 

 
2008 

Jarvis & 
leeds‐

harrison 

[37] 

 

 

Huang & 
Fityus, 

2008) 

[58] 

Neutron probe Comparison of results obtained for bulk soil and for small clods have 
been shown that calibrating the neutron probe using small diameter 

cores may lead to serious under estimates of changes in SWC in  

swelling/shrinkling clay soils. 
They have measured SWC in expansive soils and they have shown 

development of cracks in soils lead to nonlinear relationship between 

volumetric water content and neutron count. 
 

2019 Zhou et al., 

[59] 

GPR High frequency GPR antenna system have used to measure shallow 

SWC in loamy sand, clay, and silty loam. 

 

Table 5. General specifications of the several soil moisture techniques. 

 

Parameter Gravimetric method TDR method FDR method Neutron scattering 

Accuracy +0.01g of samples of 

around 100g 

+0.01 to +0.02%Ø +0.025% Ø +0.001 to +0.002% Ø  

Installation Field soil samples and lab  

application 

Permanently or  temporarily 

burying is possible 

PVC access tube is 

required 

Permanently or temporarily 

burying is possible 

Repeatability Not applicable +0.2 to +0.3% Ø +0.3 to +0.4% Ø +0.01 to +0.03% Ø 

Sensitivity +1.5 0C  +1 to +3% Ø  +1 to +3% Ø  +0.011 to +4% Ø 

Data logging 

reference 

Possible 

[3] 

Possible 

[3] 

Possible 

[3] 

Not possible 

[3] 

 

Table 4. The Comparison of various SWC measurement techniques. 

 
Method Principle Major 

specification 

Measured parameter Cost 

effectiveness 

Response time Depth of measurement 

Gravimetric 
technique 

Evaporation 105 0C Gravimetric SWC Economical 24 hours Any depth 

TDR Dielectric 

constant 

Operating frequency 

up to 1 GHz 

Volumetric water 

content 

Economical 28s [2] 

 

1m 

FDR Dielectric 

constant 

Operating frequency 

10-150 MHz 

Volumetric water 

content 

Expensive 

[30] 

Instantaneous 1m 

Neutron 

scattering 

Neutron 

scattering 

Mean energy 5 Mev 

fast neutron is the 

input 

Volumetric water 

content 

Expensive 1-2 min >3m 

Tensiometry 

method 

Suction or 

negative 

tension 
created 

0-1 atm Volumetric water 

content 

Economical 2-3 hours                 15cm–60cm [3]  

Gamma ray 

attenuation 

Diffusion 

and 
absorption  

Not reported Volumetric water 

content 

Expensive 

[30] 

Instantaneous Upper soil layer 

 (up to 1-2cm)  [30] 

GPR Dielectric 
constant 

Generally 1 MHz 
and  

1 GHz [3] 

 

Volumetric water 
content 

Economical Not reported It can be vary due to GPR 
frequency and antenna 

configuration 
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Fig.5. The comparison of measured volumetric soil water content from TDR (TDR), and gravimetric method (g) for survey lines, (a) L1, (b) L2, (c) L3, (d) 

L4 and (e) L5  

 

 

5. Conclusion 

 

We reviewed SWC estimation methods such as 

gravimetric, TDR, FDR, GPR, neutron scattering, 

tensiometry and gamma ray attenuation methods based on 

working principle, advantages and disadvantages of each 

methods in this paper. Although understanding of the 

principles of each SWC estimation method is the best way 

to certify that it is not used in a situation where another 

method might relevant better outcomes, each has 

characteristics that make it especially useful for specific 

uses, and each also has drawbacks that would make it 

unacceptable for use in some situations or under certain 

constraints. The selection of a suitable method depend on 

soil properties, application, and accuracy. The gravimetric 

method is the most accurate and standard method for SWC 

determination because it gives direct measurement data as 

well as it can be applied for the depth of soil profile where 

we can get a soil sample. Generally, the good relationship 

between TDR and GPR method confirms that available 

TDR calibrations between SWC and dielectric constant, 

such as Topp’s equation. Furthermore, GPR is the 

promising technique for accurate SWC Measurements over 

large areas due to the rapid data acquisition. Future 

research should focus on developing new techniques or 

modifying the available methods to overcome the main 

disadvantage of requirements to measure the SWC. 
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