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ABSTRACT: Geophysical methods are effective tools for soil characterization and 

monitoring because they allow prediction of soil properties from measured 

geophysical parameters. Despite their notable advantages including rapid data 

acquisition, large data coverage, high data density and inexpensive survey 

implementation, the geophysical methods have been getting little attention in 

Vietnam so far. This article gives an overview of popular geophysical methods 

being applied in agriculture of several countries in the World to characterize and 

monitor soil properties. The main applications of each method are summarized and 

related publications are given for reference. A preliminary experiment of the most 

popular method, Ground Penetrating Radar, was carried out by the authors to reveal 

that although geophysical methods are very potential applications in agriculture, a 

great challenge of applying them in Vietnam is the lack of reliable techniques to 

accurately infer soil properties from measured geophysical parameters, which can 

be very noisy and have no explicit relationship with them. 

 
Keywords: Geophysics, geophysical methods, precision agriculture, soil 

properties, soil monitoring, soil characterization. 

 

1. INTRODUCTION 

 

 Geophysical methods, traditional tools for studying deep earth properties, in recent years have been 

actively applied in agriculture to utilize their significant strengths, such as quick measurement, easy 

deployment, high data density and low operational cost. With the help of geophysical methods, maps 

of soil properties in vast areas can be created and updated regularly to assist land management, 

plantation optimization and farm planning. Several techniques for geophysical data analysis have been 

established and widely applied to determine soil properties (Besson et al., (2013); Blanchy et al., (2020); 

De Benedetto et al., (2012); Donohue et al., (2013); Jadoon et al., (2015); Grote et al., (2010); Huang 

et al., (2016); Keller et al., (2017); Moghadas et al., (2019); Wong et al., (2009). 

 In Vietnam, however, soil properties are still solely measured by sample analyses in laboratories 

which are time consuming, expensive, and hence leading to sparse data points. Apparently, little 

attention has been given to geophysical applications in agriculture in spite of their effectiveness. Trung 

et al., (2008) and Thu et al., (2012) are probably the only two articles found on Vietnamese public 

domain that tried to use electrical method to predict the high salinity of underground water in a northern 

Vietnam coastal plain area.  

 With that background, this article gives an overview of the most common geophysical methods 

being applied in agriculture over the World and describes a preliminary experiment implemented at 

Agricultural Academy testing ground aiming to evaluate the potential application of these methods in 

Vietnamese agriculture. 
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2. GEOPHYSICAL METHODS AND THEIR APPLICATIONS IN AGRICULTURE 

 

2.1. Geophysical methods 

 

 The applications of geophysical methods in agriculture have been previously described and 

reviewed by several authors (Romero- Ruiz et al., (2018), (2021); Pradipta et al., (2022)). Table 1, 

modified from Pradipta et al., (2022), summarizes the most popular methods, their measured physical 

parameters and the soil properties that can be inferred from them. Related original publications are also 

given for reference. 

Geophysical 

Methods 

Physical 

parameter 

Applications References 

Ground-

Penetrating  

Radar 

(GPR) 

 

 

 

 

 

 

Propagation 

velocity (v) of 

EM waves 

 

Soil moisture measurement Zhou et al., (2019); Lu et al., 

(2017) 

Monitoring SM variabilities Barca et al., (2019);  Zhou et 

al., (2019);  Klotzsche et al., 

(2018); Jonard et al., (2013); 

Cavallo et al., (2016) 

Spatial variations of clay 

content 

De Benedetto et al., (2012); 

Identifying the compacted 

layer 

Muñiz et al., (2016);  

Akinsunmade et al., (2019)  

Delineation of soil and bed 

rock 

Nováková et al., (2013);  

Identifying humous and non-

humous layers 

Winkelbauer et al., (2011); 

 

Electromagnetic 

Induction 

(EMI) 

 

 

 

Bulk electrical 

conductivity 

(𝜎) 

 

Soil moisture variations Blanchy et al., (2020); 

Moghadas et al., (2019);  

Monitoring SM variabilities Barca et al., (2019);   

Moghadas et al., (2019); 

Identification of clay, silt, and 

sand/gravel 

Heil et al., (2012); De 

Benedetto et al., (2012); 

Soil organic matter mapping Rentschler et al., (2020); 

Soil salinity distribution Jadoon et al., (2015);  

Detection of soil compaction Schmäck et al., (2021);   

Electrical 

Resistivity 

(ER) 

 

 

 

 

 

Resistivity () 

 

Soil moisture variations DeJong et al., (2020); 

Identifying root water uptake Vanella et al., (2018);  

Soil-bed rock delineation Cheng et al., (2019);  

Identification of compacted 

zones 

Besson et al., (2013); 

Characterization of regolith Gourdol et al., (2018); 
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Soil structural change after 

compaction 

Keller et al., (2017); Besson et 

al., (2013); 

Spectral 

Gamma 

 

 

Gamma ray 

energy (MeV) 

Clay content and soil quality Ameglio, (2018); 

Soil moisture variations Sunori et al., (2021); 

Soil salinity distribution Viscarra Rossel et al., (2007); 

Total soil organic carbon and 

cation exchange capacity 

Kassim et al., (2021); 

Seismic seismic 

velocities  

(vp and vs) 

Detection of compacted soil   Romero-Ruiz et al., (2021); 

Donohue et al., (2013); 

 

2.2. Geophysical applications in agriculture 

 

Ground-Penetrating Radar method  

 Ground-Penetrating Radar method (GPR) is a method of non-destructive electromagnetic wave 

reflection, high frequency electromagnetic wave, commonly used for high-resolution near-ground 

studies. Antennas transmit high-frequency electromagnetic waves from a few tens of MHz to several 

GHz into the soil, part of the energy reflect back to the antenna at the boundary of the two layers which 

have different dielectric permeability. The change of electromagnetic wave energy tells the nature of 

the medium it passes through. GPR method has been widely applied in agriculture to predict soil layers, 

soil compaction and soil moisture (Muñiz et al., (2016); Akinsunmade et al., (2019); Nováková et al., 

(2013). 

Electromagnetic induction method 

 Electromagnetic induction (EMI) method measures selected components of an electromagnetic 

(EM) field forming in the soil by induction caused by an artificial EM field. The characteristics of the 

induced EM field is linked with the subsurface electrical resistivity. The measured apparent conductivity 

(ECa) after being corrected gives the soil conductivity vertically at varied depths. The soil conductivity 

data in turn can be further processed to indicate different soil properties such as the amount and type of 

clay content, the moisture variations, the bulk density, or the salinity distribution (Huang et al., (2016). 

Resistivity method 

 This method measures soil’s resistivity which also dependent on other properties such as porosity, 

moisture content, structure and architecture of the soil (Samouёlian et al., (2005). For example, the DC 

resistivity of the soil depends on the mineral salt concentration of the water in the pore or the total 

dissolved mineralization, so the method can be used to evaluate soil salinity or to define the salty – pale 

boundary of the aquifer (Romero- Ruiz et al., (2018). 

Gamma method 

 Gamma ray emission originates from spontaneous radioactive decay and it does not depend on any 

other objective or subjective case. The activity of radioactive isotopes depends on soil geochemistry so 

the gamma activity can be used to predict organic content, clay content, as well as other geochemical 

soil elements (Viscarra et al., (2007).  

Seismic method 
 The seismic method measures the seismic wave and their propagation velocities through the 

subsurface from the source to receivers. Since seismic wave partly reflects at each soil boundary, the 

seismic method can be used to map subsurface soil boundaries. It can also be used to predict the soil 

porosity and density which control the propagation velocities. The main disadvantage of seismic method 

is that it is expensive and requires bulky equipment to be implemented. Although not as popular in soil 

monitoring as other geophysical methods, in certain circumstance, the seismic geophysical method still 

can be applied to provide valuable information on soil properties (Pradipta et al., (2022). 
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3. EXPERIMENTAL APPLICATION OF GEOPHYSICAL METHODS FOR SOIL 

PROPERTY PREDICTION IN VIETNAM 

 Acknowledging the importance of geophysical applications in soil characterization, the 

Ministry of Science and Technology has funded an experimental project to predict soil properties 

from geophysical parameters using technology of industry 4.0. As a part of the project, a GPR 

survey line was carried out in the Agricultural Academy experimental field (Figure 1a) and the 

acquired data have been processed by filtering the noise but apparently the resulted cross section 

is still noisy (Figure 1b). In this section, the horizontal axis is the distance in meters, the vertical 

axis is time on one side and depth on the other side. Three soil boundaries can be interpreted as 

colored lines in the section. The first boundary is sub-horizontal and has a depth of about 30 cm, 

the shallowest part of the boundary is about 25 cm while the deepest part is about 35 cm. The soil 

layer between the first and the second boundaries has an average thickness of 20 cm with the 

thinnest interval of 15 cm and the thickest interval of 25 cm. The third layer has the thickness 

ranged from 15cm to 40cm. Below the third boundary, some coherent features can still be 

observed but they are difficult to interpret due to excessive noise level.  

 Other soil properties besides the boundaries cannot be calculated at this stage of the project because 

they require modeling of GPR data together with actual lab measured data points for calibration 

(Winkelbauer et al., (2011), Zhou et al., (2019), Barca et al. (2019), that are not currently available. 

It is worth noting here that geophysical parameters and soil properties are interdependent but 

inexplicitly. Therefore, careful data processing techniques and sophisticate modeling algorithms are 

crucial to receive accurate information of soil characteristics. This is probably the main reason why the 

geophysical methods have not been applied for soil characterization and monitoring in Vietnam. 

 

Figure 1. A trial application of GPR to predict subsurface soil layers implemented in the experimental 

field of the Agricultural Academy using Geoscaner equipment (a) and the resulted cross section with 

interpretation (b). 

 

4. SUMMARY AND CONCLUSION 

 

 The review has demonstrated that geophysical methods are useful tools for soil characterization 

and monitoring. They have proven effective in soil property studies thanks to the several advantages, 

including rapid data acquisition, high data density, large data coverage with inexpensive 

implementation. 

The main challenge is that soil properties cannot be directly indicated by measured geophysical 

parameters, instead they are inferred from them by sophisticate data analysis and data modeling 

techniques, that are not readily available in Vietnam. This is probably the main reason why geophysical 

methods have not been applied for agricultural purposes in the country so far. 

 A preliminary experiment of GPR method reveals that the data can be useful but need a lot of 

processing effort to reduce the great amount of contaminated noise. A combination of varied suitable 



Huong Phan et al. / A review of geophysical applications in agriculture and their potential in Vietnam 

139 

 

 

geophysical methods and the use of industry 4.0 technologies can be a solution to provide more reliable 

information about soil properties (Sunori et al., (2021). 
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