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Abstract 

 
Soil dielectric properties have been extensively studied in the past decade. 

This review focuses on understanding the dielectric behaviour of soils, 

particularly sodic soils. The dielectric characteristics of soil can be analyzed 

to gain insight into the presence and quantities of contaminants. Soil texture, 

composition, and salinity play a crucial role in determining soil erodibility, 

nutrient losses, and intensity of erosion. The salt of the earth (SOTE) model 

is introduced to evaluate the risk of long-term soil degradation. The Salt of 

the Earth model is used to simulate the progression of sodicity in soils 

exposed to shallow, Na-rich groundwater and experiencing clear dry 

seasons. The SOTE model can be used to assess soil degradation, providing 

an alternative method for soil analysis and the development of sensors for 

soil response analysis. In this paper, we discuss the importance of 

understanding soil dielectric behaviour, focusing on soil microbial 

communities and their interactions within soil profiles. The results show that 

sandy soil has lower dielectric property, whereas Dookie clay soil has higher 

dielectric loss factors. 

 

Introduction 

 

The dielectric properties of soils are crucial in various fields such as geophysical exploration, agriculture, and 

remote sensing. These properties are influenced by factors such as physical characteristics, chemical 

composition, and geographic location. The moisture content in the soil is the main factor that affects its 

dielectric behaviour, with different types showing distinct characteristics that are enhanced as the soil moisture 

content increases. The presence of bound water in the soil poses a challenge when modelling the permittivity 

of the soil, as its complex permittivity is not well defined. Radiofrequency heating can be used to address 

contaminated soil, while electromagnetic region-based studies offer an alternative approach. The dielectric 

properties of polluted soils can be analyzed to gain insight into the presence and quantities of contaminants. 

The dielectric behaviour is mainly influenced by its moisture content, with both the dielectric constant (Ɛ’) and 

the loss factor (Ɛ”) increasing as soil moisture increases. The dielectric properties of soil can be effectively 

modelled using advanced techniques such as deep neural networks, which consider various factors including 

frequency, texture, moisture content, temperature, and salinity. 

Several methods are available to measure the dielectric properties of soil, including the parallel plate 

capacitance technique, complex dielectric spectroscopy, transmission line system design, time-domain 

reflection (TDR) for reflection-decoupled analysis (RDA), and VNA. These techniques enable measurement 

of parameters such as the dielectric constant and the loss factor, which are influenced by factors such as 
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frequency, texture, moisture content, and temperature. The dielectric properties of soil have significant 

implications for both agriculture and the environment. Dielectric heating has proven to be a valuable tool in 

agriculture, offering a range of applications, including the treatment of seedborne pathogens, effective insect 

control, improved seed treatment for better germination, and the conditioning of products to enhance their 

nutritional value and maintain quality. The detection of moisture content and other quality factors in agricultural 

products can also be achieved by using dielectric properties. The dielectric properties of the environment can 

be used for soil treatment to effectively manage pests, improve nutritional value, and deactivate weed seeds 

and plant-infecting organisms. In addition, the dielectric properties of soil can be used to study the effects of 

sewage pollutants on soil contamination, providing an alternative method for soil analysis and the development 

of sensors for soil response analysis. 

The dielectric properties of agricultural materials and products can be used for the detection of moisture content 

and other quality attributes that are crucial for the production, handling and processing of agricultural and food 

products. The dielectric properties have the potential to enhance agricultural and environmental practices in 

various ways. They can be used for non-destructive sensing of product moisture content and other quality 

factors, ensuring maximum storage conditions and guaranteeing the highest quality of the product. 

Additionally, dielectric heating can facilitate the drying process of agricultural products, control insects in 

stored goods, and enhance their nutritional value. The application of dielectric properties in agriculture allows 

improved control over product quality, pest management, and soil fertility, leading to the advancement of 

agricultural and environmental practices. However, dealing with sodic soils can be challenging due to their 

physicochemical properties that are not conducive to crop production. The development of salt-tolerant 

cultivars for sodic soils is a complex task due to difficulties in reproduction and limited genetic diversity among 

main crops. The application of gypsum for reclamation in wetland areas can be challenging due to inadequate 

drainage in sodic soils. However, amendments such as press mud, gypsum, and Mangala Setright can improve 

the overall condition of the sodic soil, making it more conducive to crop production. In salt-stressed areas, 

using the microbiome for bioremediation can provide a safe and effective solution to restore soil structure. 

Agricultural challenges arise from the dielectric properties of sodic soils. Remote microwave detection of saline 

soils has a significant impact on the monitoring and management of soil conditions. These properties play a 

crucial role in ensuring the effectiveness of the process. An investigation was conducted to examine changes 

in the dielectric properties of sodic solonchak, a saline soil, in response to fluctuations in moisture and 

temperature. The dielectric properties of sodic solonchak are influenced by the various phases of water that it 

contains, including bound water, crystallization water, and soil solution. It is crucial to have precise 

measurements of these properties to enhance the accuracy of remote microwave sensing of saline soils and to 

properly interpret satellite data. The presence of soil sodic conditions can have detrimental effects on plant 

growth and crop productivity. These conditions can result in poor ventilation, limited root development, and 

increased susceptibility to root diseases. Therefore, it is crucial to understand and effectively handle the 

dielectric properties of sodic soils to address these agricultural challenges. 

Various studies have been conducted to analyze the dielectric properties of different soil types, including soil 

texture, microwave response to soil salinity, and the Dobson semiempirical dielectric mixing model. 

Geophysical electromagnetic methods offer an efficient and non-invasive approach to measuring these 

properties, which can provide valuable information on the nature and quantity of pollutants within the soil.  

Buliya et al. (2013), Ahire et al. (2014), and Itolikar et al. (2020) have made several significant contributions. 

Gaining a comprehensive understanding of the dielectric properties of soil is crucial for efficient soil 

management and accurate environmental characterization. This knowledge yields valuable information on soil 

contamination levels and hydrophysical properties, enabling informed decision-making. Researchers have 

favoured conducting low-frequency conductivity measurements (less than 100 kHz) instead of high-frequency 

dielectric response measurements (greater than 1 MHz), as low-frequency measurements are relatively 

straightforward to carry out. The findings obtained from a modified oedometer cell can enhance our 

understanding of the soil-water electrolyte system. Farahani et al. (2005) conducted a study on the relationship 

between soil properties and ECa, focusing on three pivot-centre irrigated fields in eastern Colorado over a six-

year period from 1998 to 2003. The study found that the relationship between ECa and soil properties changed 

due to significant variations in soil solution concentration (ECw). Changwen et al. (2011) used Fourier 

transform mid-infrared photoacoustic spectroscopy (FTIR-PAS) as a rapid method for analyzing greenhouse 

soils, providing a quick and efficient solution for greenhouse soil management without the need for sample 

pretreatment or a large sample mass. 

Huang et al. (2014) developed epoxy nanocomposites containing BaTiO3 nanoparticles, which were modified 

with six different surface chemistries, leading to improved nanocomposites. The study examined how the 

surface chemistry of the nanoparticles affected the dielectric properties of epoxy nanocomposites using 
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broadband dielectric spectroscopy. Soil science plays a crucial role in advocating for ecological intensification 

in agriculture, and Andrea et al. (2017) explored the intricate connection between soil and ecosystem services 

using evidence from case studies in Italy. Chaney et al. (2019) published a publication on the probabilistic 

mapping of soil properties using SSURGO (POLARIS), which contains detailed soil property maps for the 

continental United States (CONUS). The database contains 21,481 distinct soil series, each accompanied by 

its own set of vertical profiles detailing soil properties. The initial POLARIS soil series maps underwent 

improvements by integrating data from traditional soil maps, resulting in improved accuracy in predicting soil 

series. Chatterjee et al. (2021) discovered the accurate prediction of various soil properties using partial least 

squares regression (PLSR) models with pXRF spectra, with validation values R2 determined to be 0.81, 0.74, 

0.73, 0.68, and 0.64, respectively, on the Pedon scale. However, the performance of the PLSR models was 

somewhat lacking in soil pH. Blonquist et al. (2005) and Schröder et al. (2016) made significant contributions 

to soil science, including a study on the microwave response to soil salinity at the L-band frequency of 1.25 

GHz, a polynomial model that can accurately predict soil moisture levels using permittivity measurements at 

100 MHz, and insights provided by Qadir et al. (2002) to improve soil management practices for long-term 

sustainable agriculture. 

The application of sulfuric acid and gypsum-like by-products has shown potential in tackling soil crusting and 

restoring calcareous sodic soils. A study by Amezketa et al. in 2005 evaluated the effectiveness of four different 

amendments, including the use of sulfuric acid, the extraction of gypsum from mining, coal gypsum, and lacto 

gypsum, to prevent crusting in non-sodic and calcareous soils. The study also investigated the potential of these 

amendments to reclaim sodic soil. Approximately 60% of salt-affected soils worldwide are sodic and alkali 

soils, which requires cost-effective and environmentally friendly methods to enhance their quality. Qadir et al. 

(2007) explored various techniques to improve nutrient management and agricultural practices, but also 

addressed the obstacles that prevent widespread adoption of these methods on a larger scale. Sabath et al. 

(2004) examined high-power microwave (HPM) narrow-band source technologies and their corresponding 

HPM open-area radio-frequency (RF) test capabilities in four European countries. Rheem et al. (2004) delves 

into the analysis of various water surface conditions and their effects on microwave scattering using X- and C-

band microwave scatter meters. Ding et al. (2014) explored research on the RF output envelope of a c-band 

multibeam klystron, focusing on the shoulder and tilt of the MBK RF output envelope of the C-band broadband 

MBK. Yang et al. (2014) presented a groundbreaking and versatile multiband frequency conversion scheme for 

satellite repeater applications, using optical frequency combs (OFCs) to achieve their objectives. 

Recent advances in micro- and nanotechnologies and microwave dielectric spectroscopy have led to a notable 

surge in the miniaturization of high-frequency biosensors. This study examines a microfluidic sensor that uses 

a one-port coplanar interdigital capacitor (IDC) to make a valuable contribution to the advancement of this 

intriguing and challenging area of research. Ramachandran et al. (2023) explored the intricate nuances of a 

metamaterial design that showcases a fascinating multilayered symmetry, focusing on the implementation of 

this design in the C and X-band frequencies. Swift et al. (1986) and Yu et al. (2018) conducted a comprehensive 

exploration that delves into the dielectric properties of soils, with a specific emphasis on sodic soils.  

This review article discusses the agricultural difficulties associated with sodic soils, provides possible remedies 

and highlighting the importance of effectively managing dielectric properties to ensure sustainable crop 

production under these conditions. Understanding the dielectric properties of soils, particularly sodic soils, is 

of utmost importance for a wide range of applications, including geophysical exploration, agriculture, and 

remote sensing. By examining the impact of frequency, moisture content, and salinity on soil dielectric 

behaviour, valuable insights can be obtained to support decision-making in related domains. 

 

II. Dielectric Properties of Soil 

 

Various factors, such as frequency, texture, moisture content, and temperature, can affect the dielectric 

properties of the soil.  Understanding these properties requires examining the dielectric constant and loss factor, 

which are crucial indicators of the electrical properties. Factors such as soil pollution, sewage waste, and 

contamination can affect these properties. As contaminants increase, so do the dielectric constant and loss 

factor. Techniques such as vector network analyzers and open-ended coaxial probes can measure these 

properties, providing valuable information on the electrical behaviour. Understanding soil dielectric properties 

is crucial in fields like agriculture, geotechnical engineering, and environmental science, as it helps evaluate 

soil quality and identify potential contamination hazards. 

 

A. Definition and significance of dielectric properties 
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Dielectric properties refer to a material's ability to absorb and release microwave energy as heat, which is 

crucial in various applications such as radio-frequency and microwave processing, heating, and cooking of 

food materials. These properties can be affected by factors such as frequency, temperature, moisture content, 

and density. In the food industry, dielectric properties are used in processes such as drying, pasteurization, 

sterilization, and quality monitoring of fats and oils. They also help to evaluate the excellence of food materials 

and improve the consistency of dielectric heating. 

Research on the relationship between dielectric properties and frequency and temperature can be understood 

through the concepts of dielectric relaxation and ionic conduction. A study conducted by Selig et al. in 1975 

examined the correlation between soil moisture levels and dielectric properties. The study provided a brief 

overview of the sensors developed to monitor moisture in soils and highway materials, focusing on their 

dielectric properties. However, the semi-empirical model was found to be ineffective in predicting the real part 

of the dielectric constant when there is a lot of moisture present. 

Curtis' 2001 study focused on how moisture affected the dielectric properties of soils, using a polynomial model 

for predicting soil moisture based on permittivity measurements at 100 MHz. Lin et al. (2001) investigated the 

application of the time-domain reflectometry (TDR) technique in determining the physical properties of soils 

by analyzing their electromagnetic characteristics. Miyamoto et al. (2003) used TDR to study the structure of 

aggregates and their impact on the dielectric property of Andisol soil. 

Over the past twenty years, researchers have extensively studied the dielectric properties of soil to measure 

water content, but encountered surprising outcomes when dealing with saline or smectite clays. Logsdon (2005) 

focused on developing a procedure for determining complex permittivity spectra for soils. Measurement of 

dielectric properties can be useed to estimate physical and chemical properties, provided that the correlation 

between dielectric properties and other relevant factors is thoroughly investigated and understood. 

Farid et al. (2007) explored the use of microwave dielectric measurements to infer soil density and moisture 

content in engineering applications. Palta et al. (2021) presented the relationship between moisture content and 

dielectric properties in the Faridkot region (Punjab) at the 9.08 GHz X-band frequency. The study found that 

higher-density soils exhibited lower values for both parameters, suggesting that microwave dielectric 

measurements have the potential to accurately estimate soil moisture content and density in engineering 

applications. 

 

B. Factors Influencing Dielectric Properties in Soils 

The properties of materials significantly influence how electromagnetic fields interact with them, making them 

crucial in the design of efficient dielectric heating processes. Zhang et al. (2019) examined the dielectric 

properties of pecan kernels using a Novocontrol broadband dielectric spectrometer, while Kabir et al. (2020) 

studied soil properties using a vector network analyzer. Cho et al. (2020) investigated soil decontamination and 

found that soil dielectric properties were influenced by temperature changes. imeková et al. (2020) explored 

the impact of atmospheric water precipitation on soil properties, using dielectric barrier discharge (DBD) to 

prepare PAW. Szypowska et al. (2021) explored the connections between factors such as organic matter content, 

dry bulk density, volumetric water content, and dielectric permittivity. 

Umar et al. (2021) provided a comprehensive assessment of the existing literature on different dielectrics. The 

dielectric properties have been extensively studied, and recent studies have shed light on additional factors that 

significantly impact estimation. Yamada (2022) provides practical insight for scientists and engineers working 

in interdisciplinary fields. Soil erodibility (K factor) and saturated hydraulic conductivity (Ks) play a crucial 

role in determining the intensity of erosion and nutrient losses, which are essential for assessing the quality of 

land reclamation. Qian et al. (2022) collected 132 soil samples from 22 soil profiles and analyzed various soil 

physicochemical properties, providing valuable information on the characteristics of these soils. Guo et al. 

(2022) investigated the impact of polypropylene microplastics on the hydraulic properties of various soil 

textures, finding that larger particles had a less pronounced impact on the infiltration properties. 

 

Table 1: Dielectric Property Investigations in Various Materials and Environments 

Material Investigated 
Frequency 

Range 

Temperature/Moisture 

Conditions 
Method/Instrumentation Study 

Pecan Kernels 10 - 3000 MHz 
5-65 °C, 10-30% wb 

moisture content 

Novocontrol broadband dielectric 

spectrometer 
Zhang et al., 2019 

Soil (Clay, Clay 

Loam, Loam, Loamy 

Sand) 

700–7000 MHz 
Room temperature 

(25 ± 2°C) 

Vector network analyzer with open-

ended coaxial probe kit 
Kabir et al., 2020 

Soil (Total Petroleum 

Hydrocarbons 

removal mechanism) 

Microwave 

Heating 
- Not specified Cho et al., 2020 
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Dielectrics for non-

contact bioelectrodes 
- - 

Literature review on various 

dielectrics 
Umar et al., 2021 

Textile Materials - - 

Overview and Discussion of 

dielectric properties of textile 
materials 

Yamada, 2022 

Reclaimed Soils in 

Pingshuo opencast 

coalmine, China 

- 

Soil physicochemical 

properties, particle size 
distribution, bulk density 

Measurement of soil erodibility (K 

factor) and saturated hydraulic 
conductivity (Ks) 

Qian et al., 2022 

Soil (Loam, Clay, 

Sand) with 

Polypropylene 

Microplastics 

- 
Different particle sizes (20, 
200, 500 μm), 

concentrations up to 6% 

Investigation of Effects on hydraulic 

properties of soils 
Guo et al., 2022 

 

The dielectric properties are influenced by factors such as moisture content, compaction level, contamination 

of sewage waste and bound water. Moisture content increases permittivity, while compaction level affects 

permittivity because of higher dry density. Soil composition changes with sewage waste, affecting the dielectric 

constant and loss factor. Bound water, including strongly and weakly bound water, influences soil complex 

permittivity. Existing models use dielectric algorithms for bound water, which are reliable but require further 

research to understand the impact of bound water on soil properties and improve accuracy. Studying the effects 

of temperature and soil moisture content on dielectric permittivity could provide a more comprehensive 

understanding of soil behaviour. 

 

1. Moisture content 

Robinson et al. (2019) and Wilczek et al. (2020) have explored the role of biological feedbacks in soil structure, 

revealing that these feedbacks from plants, macrofauna and the microbiome directly impact soil hydraulic 

parameters and water content signals. These changes can have long-lasting effects, leading to alternative stable 

soil moisture. Wilczek et al. (2020) developed a soil moisture sensor and analyzed signals to accurately 

determine bulk dielectric permittivity. Pizarro et al. (2020) established calibration models that connect moisture 

variation and dielectric permittivity in compacted tropical soils, highlighting the importance of developing 

specific calibrations for these types of soils. 

 

Table 2: Moisture Content 
Material Investigated Methods/Techniques Key Findings References 

Soil structure, soil hydraulic 

parameters, soil water content 

Biological feedbacks, alternative 

stable states (ASS) of soil moisture 

Irreversible changes in soil hydraulic function 

due to biological feedbacks 

Robinson et al., 

2019 

Soil Moisture Sensor Design 
and Signal Analysis 

Determined dielectric permittivity 
determination 

Research Results on soil moisture sensor 
design and signal analysis 

Wilczek et al., 
2020 

Compacted Tropical Soils Calibration models, dielectric 

permittivity, moisture variation 

High-density and magnetic properties 

influence dielectric permittivity 

Pizarro et al., 

2020 

Soil Relations among organic matter, bulk 
density, water content, dielectric 

permittivity 

Investigation in the 10–500 MHz frequency 
range 

Szypłowska et 
al., 2021 

Subgrade Slope Calibration calculation model, TDR, 
moisture content, dry density 

Significant influence of moisture content and 
dry density on dielectric constant 

Xiao et al., 2021 

Soil Effect of fertigation, limiting field 

moisture capacity, stable wilting 

moisture content 

Assessment of the physicochemical 

properties under fertigation 

Ziganshin et al., 

2021 

Soil Optimal cement and water content, 

degree of compaction, temperature 

Influence of compaction and temperature on 

moisture conductivity 

Nikolaeva, 2021 

Treated Subgrade Soil Resilient modulus-suction 

relationship, soil additive, mechanical 
properties 

Improved soil mechanical properties under 

various moisture contents 

Muhammad et 

al., 2021 

Black Locust Plantations Understory composition, stratification, 

environmental factors 

Effects of the understory on soil moisture 

content, altitude, organic carbon 

Wu et al., 2021 

 

Szypowska et al. (2021) examined the correlations between factors such as organic matter content, dry bulk 

density, volumetric water content, and dielectric permittivity, focusing on the frequency range of 10 to 500 

MHz. Xiao et al. (2021) developed a calibration calculation model that evaluates the moisture content of 

subgrade slopes using the TDR testing principle, providing valuable insights into moisture levels. Ziganshin et 

al. (2021) examined how fertigation impacts the physicochemical properties of the soil, finding that the soil's 

limiting field moisture capacity is 34%, while the moisture content at stable wilting is 21%. Nikolaeva (2021) 

focused on determining the most suitable cement and water content for soil, examining how compaction and 

temperature affect the coefficient of moisture conductivity in thawed and frozen soils. 

Muhammad et al. (2021) conducted extensive experiments to determine the relationship between the resilient 

modulus and suction in the treated subgrade soil. Muhammad et al. (2021) demonstrated that the addition of a 

soil additive can significantly improve the mechanical properties of the soil, even when subjected to different 
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levels of moisture. Wu et al. (2021) explored the impact of the composition and stratification on environmental 

factors within black locust plantations, finding that factors such as soil moisture content, altitude, and soil 

organic carbon content played a significant role in determining understory stratification of the understory. 

 

2. Soil texture and composition 

Understanding soil texture is crucial, as it has a significant impact on various soil characteristics. In a recent 

study by Zimmermann et al. (2020), it was found that performing particle size analysis without any 

pretreatment had a significant impact on the composition of the samples. The clay content was reduced by 54-

89% compared to the content after particle size analysis with pretreatment. However, the silt content increased 

by 13–36% and the sand content increased by 3-483% in all sample groups.   Soil physical properties have a 

significant impact on the estimation of soil water and energy fluxes. In a recent study by Tafasca et al. (2020), 

the focus was on examining how soil texture influences soil water fluxes and storage on various scales.  

 

Table 3: Soil Texture and Composition 
Material Investigated Methods/Techniques Key Findings Study 

Soil Particle Size 

Distribution 

Particle size analysis, pretreatment, clay, silt, 

sand content 

Impact of pretreatment on clay, silt, and 

sand content in soil samples 

Zimmermann et al., 

2020 

Soil 
ORCHIDEE LSM, soil water fluxes and 
storage, soil texture maps 

Impact of Soil Texture on soil water 
fluxes at different scales 

Tafasca et al., 2020 

Lancangjiang River Basin 

Soil 

Vertical distributions, soil organic carbon, 

soil pH, soil texture 

Variation in pH with soil depth in two soil 

profiles 
Zhou et al., 2020 

Soil 
High-throughput sequencing of marker 

genes, bacterial and fungal distribution 

Soil texture as the second most important 

factor in shaping microbial community 
Xia et al., 2020 

Different Soil Types 
Soil amendment effectiveness, second maize 

plantation season 

Evaluation of soil amendment 

effectiveness in different soil types 
Karamina et al., 2020 

Soil 
Relations among organic matter, bulk 

density, water content, dielectric permittivity 

Investigation in the 10–500 MHz 

frequency range 

Szypłowska et al., 

2021 

Northern Loess Plateau 

Soil 

Vegetation types, soil properties, transport 

parameters 

Correlations between Soil Properties and 

transport parameters 
Pei et al., 2021 

Agricultural Soils (Sandy, 

Sandy Loam) 
USS applications, sludge-soil interactions 

Influence of USS Applications on sludge-

soil interactions 
Hechmi et al., 2021 

Not specified Not specified Mentioned as influential work Oliveira et al., 2020 

Not specified Not specified Mentioned as influential work Wang et al., 2022 

 

The research team used the ORCHIDEE LSM model to analyze the soil properties and their interactions within 

two soil profiles in the Lancangjiang River Basin. They found that soil pH ranged from 4.50 and 5.74, with an 

upward trend as soil depth increased. Xia et al. (2020) used high-throughput sequencing to investigate the 

patterns of bacteria and fungi in relation to soil texture. Soil texture emerged as a crucial factor that had a 

significant impact on the soil microbial community. 

Biochar and organic fertilizers can significantly improve soil properties. Karamina et al. (2020) evaluated the 

efficacy of soil amendment in enhancing the second maize plantation season across various soil types. 

Szypowska et al. (2021) explored the correlations between soil properties, such as organic matter content, dry 

bulk density, volumetric water content, and dielectric permittivity. Pei et al. (2021) investigated the impact of 

vegetation types on waterwind erosion in the northern Loess Plateau region. They found a strong connection 

between soil properties and transport parameters, with factors such as bulk density, number of macropores, 

pore connectivity density, saturated hydraulic conductivity, soil organic carbon content, and particle 

composition that significantly affect transport parameters. Hechmi et al. (2021) found that transport parameters 

were significantly affected by annual applications of USS in agricultural soils, and the presence or absence of 

vegetation had a notable impact on sludge-soil interactions in both sandy and sandy loam soils. 

 

3. Soil salinity and sodicity 

A study by Liu et al. (2019) investigated the impact of soil salinity and sodicity on silt loam and clay soil 

materials. The study found that soil properties play a crucial role in regulating evaporation, with irrigation 

water salinity having a minor impact. Researchers used electromagnetic induction (EMI) methods and 

inversion techniques to capture images of electromagnetic conductivity of the soil, providing valuable 

information on the electrical conductivity (σ). Paz et al. (2020) also investigated the prediction of soil salinity 

and sodicity using electromagnetic conductivity imaging, focusing on the correlation between these factors and 

methods for accurately assessing and forecasting them. The study provides valuable information on the use of 

electromagnetic conductivity imaging as a tool for assessing soil quality and its impact on agricultural 

productivity. Craats et al. (2020) used the HYDRUS-1D model to simulate the progression of sodicity in soils 

exposed to shallow, Na-rich groundwater and experiencing clear dry seasons. 
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Scientists have made successful predictions about saturated soil hydraulic conductivity (Ksat) and the soil water 

characteristic curve by considering factors such as soil texture, bulk density, and other physical properties of 

the soil. Klopp et al. (2021) conducted an analysis of the performance of pedotransfer functions (PTFs) in saline 

and sodic soils, aiming to develop predictive models that consider both clay mineralogy and solution 

composition. Qadir et al. (2021) explored a proposed parameter to evaluate irrigation water quality, the 

potassium adsorption ratio (PAR), and two numerical coefficients that can be changed to account for the effect 

of potassium (K) and magnesium (Mg) as dispersing cations. They examined 600 water samples from irrigated 

regions around the world using this novel parameter and presented updated guidelines for assessing soil 

permeability hazards. 

 

Table 4: Soil Salinity and Sodicity 
Material Investigated Methods/Techniques Key Findings Study 

Silt Loam, Silty Clay 
Different levels of soil sodicity, impact on soil 

properties 

Soil Properties crucial in regulating 

evaporation 

Liu et al., 

2019 

Soil 
Electromagnetic conductivity imaging, EM38 

instrument, inversion algorithm 

Prediction of soil salinity and sodicity using 

electromagnetic conductivity imaging 

Paz et al., 

2020 

Shallow, Na-rich Groundwater, 

Normal Weather Regime 

HYDRUS-1D model, simulation of sodicity 

development in soils 

Simulation of Sodicity Development in soils 

exposed to Na-rich groundwater 

Craats et al., 

2020 

Saline and Sodic Soils 
Pedotransfer functions (PTFs), Analysis of PTF 

performance on saline and sodic soils 

Analysis of PTF performance on saline and 

sodic soils 

Klopp et al., 

2021 

Irrigation Water Quality 
Sodium Adsorption Ratio (SAR), Potassium 

Adsorption Ratio (PAR) 

Proposed parameter to assess irrigation 

water quality 

Qadir et al., 

2021 

Soil 
Effects of salinity and sodicity on soil properties, 

PGPR role 

Comprehensive review of salinity impact 

and management 

Al-Tawaha 

et al., 2021 

Soil 
Spatial variability mapping, EC values, soil 

salinization 

Mapping the Spatial Variability of soil 

salinity and sodicity 
Günal, 2021 

  

Soil salinity has a significant impact on crop productivity, hampering plant growth, and resulting in lower 

yields. Al-Tawaha et al. (2021) investigated the origins of soil salinity and its impact on different soil properties, 

such as chemical, physical, and hydraulic properties. The authors also explored the role of plant growth-

promoting rhizobacteria (PGPR) in improving tolerance to saline stress and offered valuable insights into 

practices for managing salinity. Günal (2021) conducted a study that quantified and mapped the spatial 

variability of soil salinity and sodicity, finding that incorporating PGPR into agricultural practices could be an 

effective strategy to manage and mitigating the effects of soil salinity. 

 

III. Microwave frequency and Soil Interaction 

 

The frequency significantly impacts soil properties, leading to changes in pH, nutrient composition, and 

bacterial diversity. The intensity and duration of exposure directly influence the impact. Microwave applicator 

designs can affect the depth and pattern of soil heating. The highest heating rate indicates the potential for pest 

control without harming beneficial microorganisms. The frequency of microwave radiation affects the response 

of the soil, with higher frequencies causing localized heating and lower frequencies affecting deeper soil. 

Understanding this relationship is crucial for optimizing pest control methods. 

 

A. Introduction to C-band microwave frequency 

Frequency hopping has significantly advanced high power microwave sources, with new microwave generators 

and antennas designed for various applications. Mazhar et al.'s 2020 study focused on a quad band antenna 

with CPW feed, specifically for wireless and satellite applications. Itolikar et al.'s 2020 study measured the 

complex dielectric constant of sorghum vegetation at room temperature and the C-Band microwave frequency. 

Dash et al. introduced a sleek and efficient substrate integrated waveguide-backed self-quadruplexing antenna 

for quad-band applications. Chang et al. (2020) design of a silicon-germanium 130-nm bipolar complementary 

metal-oxide-semiconductor technology-based E-band low-noise amplifier (LNA) monolithic microwave 

integrated circuit (MMIC) demonstrated impressive performance, achieving a measured S21 ranging from 16 

to 21 dB. Liu et al. (2021) successfully designed an ultrathin microwave absorber with a Jerusalem cross 

resonator for a broad low-frequency absorption bandwidth. Qin et al. (2022) created a sympathetically cooled 

ion microwave frequency standard in a Paul trap, offering improved stability and accuracy for precise 

measurements and potential advancements in telecommunications, navigation systems, and scientific research. 

 

B. Mechanisms of interaction between microwaves and soil particles 

Xiang et al. (2019) studied the sorption mechanism, kinetics, and isotherms of degradable petroleum gas (DBP) 

on six different paddy soil. The study found that hydrophobic and ionic interactions in different parts of the 

soil affect the amount of organic matter, the surface area, and the number of pores. Microwave pretreatment of 
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crumb rubber before blending it with an asphalt matrix can effectively solve the modification issue of crumb 

rubber modifier (CRM) asphalt plants. Cho et al. (2020) investigated the removal of total petroleum 

hydrocarbons (TPH) from soil using microwave heating, revealing an impressive removal efficiency of 91.1% 

for coarse soil. Chen et al. (2020) examined the kinetics, isotherms, and mechanisms of PFOS sorption in six 

different soil particle-size fractions of paddy soil. Jie et al. (2022) studied the interaction between microwave 

radiation and solid Fe catalysts, focusing on the deep dehydrogenation of hexadecane. 

Liu et al. (2023) investigated the use of magnetic fe-doped silicon carbide to activate microwave-induced 

persulfate for the removal of decabromodiphenyl ether. The combination of microwaves and Fe@SiC 

demonstrated remarkable catalytic performance, resulting in an impressive 90.1% degradation of BDE209 in 

15 minutes. More research is needed to optimize the process conditions and investigate its applicability in real-

world scenarios. 

 

C. Relevance of the frequency in soil studies 

The dielectric constant (ε") was obtained by analyzing the SAR data at the C-band frequency (5.36 GHz) under 

three different moisture conditions: 25%, 50%, and 70%. A new dielectric model was introduced that has shown 

promise in accurately measuring soil salinity. Domenech et al. (2020) presented a novel technique that uses C-

band radar data to predict soil properties in a spatial context, which contributes to the field of soil property 

prediction and offers valuable information for future research. Remote sensing techniques can gain valuable 

insights from the interaction between microwaves and earth resources, such as soil and vegetation. Itolikar et 

al. (2020) conducted laboratory measurements to determine the complex dielectric constant of sorghum 

vegetation at room temperature (30°C) and at the C-band microwave frequency. The upcoming launch of the 

NISAR mission in 2021 offers opportunities to use observations at multiple frequencies, including the L, S, 

and C-bands. Monsiváis-Huertero et al. (2020) explored the impact of soil and vegetation water content on 

multifrequency observations. 

The L-band Synthetic Aperture Radar (SAR) satellite mission, Radar Observing System for Europe, is just 

around the corner, combining L-band SAR with existing C-band satellite missions. Mengen et al. (2021) 

introduced a P-band SAR moisture estimation method that provides a more accurate understanding of soil 

properties, allowing for improved agricultural planning and water resource management. 

 

IV. Sodic soil characteristics 

 

Sodic soils with high exchangeable sodium and low total salts are common in semi-arid and arid regions. They 

can negatively impact soil quality, agricultural productivity, and plant growth. High sodium content can cause 

nutrient imbalances, elevated pH levels, and soil structure degradation. Variables such as soil type, texture, 

drainage conditions, and irrigation water affect symptoms. Sodic soils can also hinder the availability of 

nutrients, cause poor soil structure, and increase soil salinity. Excess sodium can also cause osmotic stress, 

reducing plant growth and nutrient absorption. 

 

A. Definition and classification of sodic soils 

Sodic soils, characterized by high concentrations of exchangeable sodium and low total salts, can negatively 

impact soil health, reduce productivity, and hinder plant growth. They often have poor structure and drainage, 

and high pH levels can lead to nutrient deficiencies or imbalances. The soil classification depends on factors 

such as exchangeable sodium percentage (ESP) and alkalinity levels. Soils with high sodium content are found 

in various environments, including semiarid and arid regions, as in well as wetlands. 

Soil classification has evolved as a result of human influence and natural formation. Kabaa et al. (2019) explore 

the principles, classification scheme and rules of Soil Group 6 (SGP6), while Basak et al. (2020) discuss the 

classification and behaviours of soils with high salinity, as well as the threats associated with it. Rai et al. (2021) 

provide a comprehensive overview of saline ecosystems, discussing their concept, classification, and impact 

on climate, soil organic carbon (SOC), and nutrients. Khadbaatar (2021) presents an innovative method that 

combines thermal remote sensing and machine learning techniques to accurately forecast wheat genotype 

biomass and grain yields under varying water stress in sodic soil conditions. This approach can help farmers 

and breeders optimize agricultural productivity under sodic soil conditions. 

 

B. Challenges associated with sodic soils in agriculture 

The conversion of salt-affected land into productive agricultural areas is crucial for food security. Factors 

related to salt-affected soils, particularly in arid regions, are discussed in various studies. The Salt of the Earth 

(SOTE) model is introduced to evaluate the risk of long-term soil degradation. Conservation agriculture, which 
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supports soil-related services and improves biotic potential, is examined on a large scale. Phytoremediation in 

arid and semi-arid soils presents technical challenges, including the limited availability of PTEs and difficulties 

in plant growth. 

Conservation agriculture practices, when implemented with Agrimat incorporation, can increase food 

production while reducing the need for input resources. Agrimat can improve soil quality and promote food 

security among small farmers. Factors such as climate, lithology, topography, and pedology contribute to 

natural causes, whereas human causes are primarily related to agricultural land use. Smart solutions in 

conservation agriculture are evaluated in the Mediterranean Basin, focusing on the evolution of conservative 

tillage systems and their impact on crop productivity, weed control, and business viability. The economic 

implications of adopting smart solutions include cost effectiveness and long-term sustainability. 

 

C. Importance of understanding the dielectric properties of the sodic soil 

The correlation between soil dielectric response and soil water content has seen a significant increase in sensors, 

both ground-based and remote, highlighting the importance of considering soil structural properties in 

understanding and forecasting soil dielectric response. Factors such as climate, lithology, topography, and 

pedology contribute to natural causes, while human causes are primarily related to agricultural land use, 

particularly irrigated agriculture. The increase in saline, sodic, and saline-sodic croplands has led to rapid 

degradation of land and expansion of desert areas, which poses a significant threat to the environment and food 

security. Soil fertility has been a strong correlation throughout agricultural development, with the soil being a 

dynamic system driven by energy and matter flows caused by organic compounds. Research has also explored 

the impact of surface roughness on dielectric films, soil microbial communities, and the nature of interactions 

between multiple factors or stressors. 

Hongde et al. (2021) analyzed the correlation between the shear strength of unsaturated soil, the salt content 

and particle content in coastal reclamation areas, while Balasubramaniam et al. (2021) analyzed the reflections 

of GNSS-R over land, which has demonstrated the ability to detect changes in soil moisture on land. The 

HFEMI system may use important soil features, such as induced polarization and dielectric permittivity, linked 

to relaxation phenomena. 

 

V. Dielectric Properties of Sodic Soil in the C-band 

 

The dielectric properties of different soil types were examined in a study by Kabir et al. (2020), using four 

textural classes of soil. The results showed that sandy soil had lower dielectric properties, whereas Dookie clay 

soil had higher dielectric loss factors. Itolikar et al. (2020) conducted laboratory measurements to determine 

the complex dielectric constant of the sorghum vegetation, using the least-square fitting technique. Periasamy 

et al. (2020) investigated the effectiveness of a semi-empirical dielectric model in measuring soil salinity, 

highlighting the potential of C-band SAR data in accurately measuring salinity levels in both bare and vegetated 

soil. The electrical properties of the soil can significantly impact the process and the properties of grounding 

electrodes also play a role. 

Ground penetrating radar (EMI) methods and inversion techniques have been used to acquire electromagnetic 

conductivity images of the soil, providing valuable information on soil salinity and other soil properties. Fu et 

al. (2020) examined the effects of maize roots on soil properties in the root zone. Szypowska et al. (2021) 

explored the connections between organic matter content, dry bulk density, volumetric water content, and 

dielectric permittivity. 

 

A. Historical perspective on sodic soil research 

In 1981, the Biomass Research Center in Banthra, India, conducted screening trials for fuelwood production, 

focusing on the impact of babul trees on soil enrichment. In 1995, researchers investigated the microwave 

response to soil salinity using L-band frequencies, highlighting the potential to differentiate between saline and 

sodic soils. A greenhouse pot trial in 1994-1995 evaluated the use of tree plantations to reclaim sodic soils for 

the growth of agricultural crops. In 1998, grain yields in the Prosopis soil were significantly higher than in the 

reference farm soil. In 2013, Khotabaei et al. investigated the use of soil amendments in saline-sodic soil, 

finding that organic and/or inorganic amendments can improve soil quality. 

Recently, anionic polyacrylamide (PAM) has gained popularity for soil rehabilitation and control of soil 

erosion. In 2014, Mansour et al. assessed the effectiveness of industrial by-products, such as sugar lime, vinasse 

and aluminum sulfate, as soil amendments, revealing significant improvements in the chemical and physical 

properties of sodic saline soils. Researchers have introduced a revolutionary "soil continuum model" that 

challenges traditional notions about soil organic matter, proposing that soil organic matter is a complex mixture 
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of organic fragments of varying sizes. This discovery has significant implications for understanding soil 

composition and its role in ecosystem processes. Baveye et al. (2019) explore the intricate world of soil humus 

and humic substances, while Amin et al. (2019) focus on examining research gaps and potential future 

directions for soil carbon management in Australia. 

Lehmann et al. (2020) explore the concept of soil health and its potential for the future. Wadoux et al. (2020) 

provide a comprehensive overview of data-driven soil research, highlighting the challenges and possibilities of 

extracting knowledge from soil data. Karki et al. (2021) provide a comprehensive analysis of soil fertility 

management in Nepal, examining climate and topography, and providing policy recommendations to improve 

practices. Yuan et al. (2021) explore the shear strength, permeability, formation, and development of 

desiccation cracks in sodic soil. Alteio et al. (2021) examine the technical challenges and limitations associated 

with marker gene amplicon sequencing, proposing various statistical and experimental approaches to tackle 

the intricate spatiotemporal complexity of soil and the vast diversity of organisms found within it. Qu et al. 

(2023) focus on Shanxi province, reconstructing meteorological data from the early years of Guangxu in the 

Qing dynasty. 

 

B. Overview of studies that focus on dielectric properties 

Dielectric properties studies explore materials' response to electric fields, which is crucial in electronics, 

telecommunications, and materials science. Factors such as temperature, frequency, and composition influence 

dielectric behaviour, aiding in technology development and improving existing ones. 

 

1. Review of key methodologies and techniques 

Itolikar et al. (2020) conducted laboratory measurements to determine the complex dielectric constant of 

sorghum vegetation at room temperature and the C-band microwave frequency. Fu et al. (2020) explored the 

impact of maize roots on soil heat capacity, thermal conductivity, and dielectric constant within the root zone. 

Kojima et al. (2020) introduced a novel thermo-TDR method for estimating θi, using a dielectric mixing model 

to improve accuracy. Tashayo et al. (2020) created land suitability maps for maize farming in Marvdasht Plain, 

Iran, using analytic hierarchy process, GIS, and geostatic. WiEps (2020) measures dielectric properties without 

contact using WiFi signals. 

Sagar et al. (2021) proposed a novel approach to localize EM-fields in a rectangular waveguide using a dual 

layer metamaterial interface. Barrett-Lennard et al. (2021) explored solutions to alleviate soil stress, proposing 

microwater harvesting on the soil surface and soil improvement using gypsum, elemental sulfur, or a 

combination of both. Pérez et al. (2023) developed a compact and cost-effective microwave time domain 

transmission (TDT) sensor for accurate soil dielectric properties. This nondestructive and efficient method has 

the potential to revolutionize soil analysis and aid in precision agriculture practices. 

 

VI. Methodologies for Dielectric Property Measurement 

 

Time-domain reflection (TDR) and Frequency Domain Reflectometry (FDR) are widely used methodologies 

for measuring soil dielectric properties. TDR involves sending electromagnetic waves through the soil, while 

FDR analyzes the soil's frequency response to an applied electromagnetic field. 

 

A. Laboratory techniques for measuring dielectric properties 

1. Time Domain Reflectometry)   

Time-domain reflectometry (TDR) is an efficient and non-destructive method for assessing soil moisture, with 

applications in agriculture and engineering. It has gained popularity because of its sensitivity and resolution 

capabilities. However, the cost of probes and data loggers can be a challenge. Several studies have explored 

the application of two-dimensional weighting theory, the calculation of the spatial sensitivity of TDR probes, 

and numerical simulation techniques. 

TDR has been used to measure θi at temperatures near freezing points and it has proven effective in assessing 

contaminated soil sites. Comegna et al. (2020) investigated the impact of olive mill wastewater on the dielectric 

response of contaminated soils, while Lee et al. (2020) presented an alternative approach to determine hydraulic 

conductivity using TDR. Yan et al. (2021) presented a novel experimental setup for the precise measurement 

of dynamic moisture profiles, focusing on high spatial and temporal resolution. This study contributes to 

understanding the dynamics of soil moisture and provides valuable insights for agricultural and environmental 

applications. By accurately measuring dynamic moisture profiles, farmers can optimize their irrigation 

schedules and reduce water waste, thereby benefiting agricultural productivity and sustainable use of water 

resources. 
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2. FDR (frequency domain reflection)   

The study explores the use of time-domain reflectometry (TDR) signals to measure dielectric behaviours, 

including apparent dielectric constant (Ka) and complex dielectric spectroscopies. The Dual Reflection 

Analysis (DRA) method was introduced to accurately measure the CDP spectrum within the frequency range 

of 10 MHz to 1 GHz. A seven-rod sensor was developed to measure the soil water content using TDR and FDR 

techniques, providing precise measurements within a specific sample volume. The study also examined the 

performance of a seven-rod probe in determining the soil dielectric permittivity. Other techniques to measure 

soil water content include point-scale sensors and satellites that use microwave technology. 

The study also examined the accuracy and reliability of the formulae used to convert dielectric permittivity 

data from ground penetrating radar measurements. The study also focused on mapping the physical and 

dielectric properties of the layered soil using ground penetration radar. The study also developed a portable 

frequency domain reflection instrument (NIP-FDR) for continuous and automatic monitoring of soil water 

content. The study also validated the performance of a soil moisture sensor using a porous weighing ceramic 

cone filled with soil. The FDR method was found to be a reliable and accurate alternative to the core method 

for measuring soil moisture content, indicating its versatility and applicability in various agricultural settings. 

 

3. Resonant cavity methods 

The demand for precise and sophisticated systems to accurately measure material moisture content is 

significant in various industries. Cheng et al. (2020) explored microwave detection technology to measure the 

dielectric coefficient and moisture content using 3D printing technology. Gutierrez-Cano et al. (2020) 

developed a portable instrument to measure the complex permittivity of dielectric materials at microwave 

frequencies. Deng et al. (2020) presented an efficient method to detect soil moisture in low salinity and low 

organic matter content. Kim et al. (2020) explored variations in resonant frequency and $Q$ factor of a cavity, 

allowing for consecutive measurements at each resonance mode. 

Sheng et al. (2020) introduced a novel testing system focusing on electromagnetic parameters of microwave 

materials, allowing for accurate and reliable results. Tu et al. (2020) useed the strip line ring resonator principle 

to determine the dielectric constant of thin films. Wang et al. (2020) introduced a novel electromagnetic 

material measurement method using a commercially available material characterization kit (MCK) and a vector 

network analyzer (VNA). Wen et al. (2021) developed a model using Gaussian beam theory to accurately 

measure the dielectric properties of materials with low-loss characteristics. Wang et al. (2022) investigated the 

behaviour of high dielectric sheet materials using the perturbation method, offering an innovative approach for 

measuring the permittivity of high dielectric constant and loss. Zou et al. (2023) presented an innovative 

method for accurately measuring permittivity and loss tangent of low-loss materials using a cylindrical resonant 

cavity. 

 

B. Field-based techniques and challenges for measuring the dielectric properties of sodic soil 

Wilczek et al. (2020) discuss research on soil moisture sensors and their ability to accurately determine bulk 

dielectric permittivity. Itolikar et al. (2020) used the least squares fitting technique to determine the complex 

dielectric constant of the sorghum vegetation. Ju et al. (2020) used thermotime domain reflectometry (TTDR) 

to investigate the impact of NAPL contamination on unsaturated soils. Choudhari (2020) found a strong 

correlation between the soil dielectric constant and the water content, allowing an accurate measurement of 

surface soil moisture levels. Lee et al. (2020) proposed an alternative method for determining hydraulic 

conductivity using TDR. 

Yu et al. (2021) introduced a new dielectric tube sensor (DTS) to measure soil water content and soil matrix 

potential in heterogeneous soil profiles. Mukhlis et al. (2021) compared various techniques and developed a 

versatile sensor capable of measuring soil water content, electrical conductivity, temperature, and matric 

potential simultaneously. 

 

VII. Applications and Implications 

 

The development of this sensor has significant implications for precision agriculture, as it allows farmers to 

make informed decisions about irrigation scheduling and fertilizer application based on real-time soil data. 

Additionally, the sensor’s ability to measure electrical conductivity can help identify areas of soil salinity, 

allowing farmers to take corrective measures to improve crop productivity. Overall, this sensor has the potential 

to revolutionize agricultural practices and contribute to sustainable farming methods.  
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A. Agricultural applications of the dielectric properties of sodic soil 

Soil moisture content can be measured effectively by detecting the soil dielectric constant. Deng and colleagues 

(2020) developed a method to detect soil moisture in low salinity and low organic matter content. A study found 

that mixing nanofine sandy soil with sandy soil significantly improved its hydrophysical properties. Banti's 

article provides an overview of electrical conductivity in food, with a focus on fruits and vegetables. Zhong et 

al. (2021) introduced the modified general agricultural products effective medium (MGAPEM) formula to 

calculate dielectric properties in the microwave band. 

Sheoran et al. (2021) studied the benefits of using pressmud, a waste product from the sugar industry, on soil 

properties and plant adaptation. Barman et al. (2021) found that pressmud positively impacts soil fertility and 

sodicity levels in the Ghaghar basin, influenced by factors such as land use, irrigation practices, and 

groundwater salinity. 

 

B. Environmental Implications and Sustainability Dielectric Properties of Sodic Soil 

The article discusses the sustainability of electrokinetic remediation, focusing on its applications and potential 

solutions. Highlights the challenges of this approach, including its lack of sustainability and the need for cost 

effectiveness. The increasing presence of saline, sodic, and saline-sodic crops has led to land degradation and 

desert expansion, threatening the environment and food security. The study by Kunakh et al. (2023) explores 

factors influencing soil macrofauna diversity in protected ecosystems, while Omar et al. (2023) explores 

management options to boost agricultural productivity in rice-growing regions. Hu et al. (2023) discuss 

advances in nanobiochar for metal-contaminated soil remediation, emphasizing the need for efficient 

nanobiochars to promote environmental sustainability. 

Nackley et al. (2024) analyze the physical and chemical properties of tectonite and emphasize the importance 

of incorporating waste by-products into agricultural practices to promote environmental and economic 

sustainability. This approach can reduce greenhouse gas emissions and improve soil fertility, reducing the need 

for synthetic fertilizers and promoting sustainable farming practices. 

 

C. Integration with remote sensing technologies.   

Field sampling is a common method for soil mapping, but its size is limited due to factors such as labour 

availability and funding. Wang et al. (2019) proposed a sampling design method to improve precision, focusing 

on spatial coverage and feature space coverage. Remote sensing applications have seen significant progress 

with microwaves in the frequency range of 3 to 30 GHz. The correlation between soil dielectric constant and 

water content allows for an accurate assessment of surface soil moisture levels. Active radar remote sensing 

technology has immense potential for agricultural monitoring, with applications in crop identification, soil 

moisture inversion, crop growth parameter inversion, crop phenology retrieval, agricultural disaster 

monitoring, and crop yield estimation. 

Advancements in remote sensing techniques have improved the effectiveness of mapping and monitoring saline 

soils, with the detection of the application of soil dielectric constant finding in irrigation. A study by Klc et al. 

(2022) examined the salinity levels of surface soils in central Anatolia, Turkey, highlighting the importance of 

targeted management strategies for sustainable agriculture in arid regions. 

 

VIII. Challenges and future directions 

 

One of the main challenges identified in this study is the need for improved irrigation practices to mitigate the 

effects of salinity on crop production. Additionally, future research should explore the possible impact of 

climate change on soil salinity levels in arid regions, as this could further exacerbate the problem.  

 

A. Limitations of current research methodologies. 

Current research methodologies for studying dielectric properties of sodic soils have limitations, including a 

lack of a comprehensive theory and the intricate connection between measured quantities and soil permittivity. 

Real-world sensors are crucial for accurate measurements. The study of dielectric properties becomes more 

complex as a result of the diverse nature of the soil. Advanced techniques such as electromagnetic induction 

and ground-penetrating radar can improve accuracy and reliability. Incorporating machine learning algorithms 

and data fusion techniques can also enhance these measurements. 

 

B. Unexplored aspects in C-band dielectric property investigations 
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Kushwaha's 1999 study found that the size of the lowest band-gap increases with greater dielectric and plasmon 

frequency mismatch. Wang et al.'s 2008 study found a connection between moisture distribution and coal's 

dielectric properties. The 2014 study by Hashemi et al. validated the presence of carbonation in mortar samples 

using microwave technology. Mannodi-Kanakkithodi et al. explored compounds made from elements of Group 

14 for energy storage and electronics applications. Tahseen et al.'s 2016 article discussed the extraction of a 

material's relative dielectric constant using the resonance method. 

Bhattacharjee et al. (2020) investigated the dielectric, optical, transport and magnetic properties of the double 

perovskite BaSrFeVO6. Mao et al. (2020) found that compressive stress affects the dielectric property of 

feldspar minerals at higher frequencies, suggesting a potential correlation between stress and changes in the 

electrical behaviour. More research is needed to fully understand the relationship between stress and the 

dielectric properties of rock at higher frequencies for engineering applications. 

 

C. Future research directions and potential advancements 

The study of soil's C-band dielectric properties can provide valuable insight into soil interactions with 

electromagnetic fields. Including multifrequency SAR data and incorporating factors like soil type, texture, 

temperature, and salinity can improve accuracy. New methods such as two-component decomposition and 

hybrid scattering models can improve soil moisture estimation. Sensor technology that can measure multiple 

soil properties simultaneously is crucial for smart agriculture. Research on adapting dielectric property models 

to challenging environmental conditions is essential. 

Field testing and validation studies are crucial to ensure reliability and accuracy. These advances could 

revolutionize monitoring and management of natural resources, leading to more efficient decision-making. 

 

Conclusions 

 

This review explores the dielectric properties of sodic soil exposed to the C-band microwave frequency, which 

are crucial for geophysical exploration, agriculture, and remote sensing. Factors such as frequency, moisture 

content, texture, temperature, and salinity influence the behaviour of the soil. Different soil types display 

different dielectric characteristics, providing information on levels of environmental pollution. Techniques such 

as vector network analyzers and deep neural network models measure the properties of the soil. Understanding 

soil properties helps farmers make informed decisions about irrigation, nutrient application, water use, and 

salinity levels, promoting sustainable farming practices and allowing targeted interventions for optimal soil 

health and productivity. 

 

References 

 

1. Martti Hallikainen; Fawwaz Ulaby; Myron Dobson; Mohamed El-rayes; Lil-kun Wu;  "Microwave 

Dielectric Behavior of Wet Soil-Part 1: Empirical Models and Experimental Observations",   IEEE 

TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING,  1985.  (IF: 8) 

2. K. Sreenivas; L. Venkataratnam; P. V. Narasimha Rao;  "Dielectric Properties of Salt-affected Soils",   

INTERNATIONAL JOURNAL OF REMOTE SENSING,  1995.  (IF: 3) 

3. Arvin M. Farid; Akram N. Alshawabkeh; Carey M. Rappaport;  "Microwave Dielectric Measurements For 

Soil Density And Moisture Content Inference In Engineering Applications",  2007. 

4. Arun Prakash Jaganathan; Erez N. Allouche;  "Temperature Dependence of Dielectric Properties of Moist 

Soils",   CANADIAN GEOTECHNICAL JOURNAL,  2008.  (IF: 3) 

5. Asha Buliya; K. C. Pancholi; R. K. Paliwal; S. P. Bhatnagar;  "Dielectric Properties of Clay Loam Soil at 

Lower Microwave Frequencies",   SOLID STATE PHENOMENA,  2013. 

6. Huaze Gong; Yun Shao; Brian Brisco; Qingrong Hu; Wei Tian;  "Modeling The Dielectric Behavior of 

Saline Soil at Microwave Frequencies",   CANADIAN JOURNAL OF REMOTE SENSING,  2013.  (IF: 

3) 

7. D. V. Ahire; P. R. Chaudhari;  "Study on Correlation Coefficient of A. C. Conductivity and Relaxation 

Time of Soils with Moisture Content at 5.3 Ghz",   INTERNATIONAL JOURNAL OF INNOVATIVE 

RESEARCH IN SCIENCE, ...,  2014. 

8. Yueru Wu; Weizhen Wang; Shaojie Zhao; Suhua Liu;  "Dielectric Properties of Saline Soils and An 

Improved Dielectric Model in C-Band",   IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE 

SENSING,  2015.  (IF: 3) 



Journal Of Advance Zoology 

 

Available online at: https://jazindia.com                                                                                                                                     320 

9. Ashish B Itolikar; Anand Joshi; Santosh Deshpande; Mukund Kurtadikar;  "Dielectric Response Due to 

Combine Effect of Soil and Vegetation Layer (Grass) at C-Band Microwave Frequency",   2020 IEEE 

INDIA GEOSCIENCE AND REMOTE SENSING SYMPOSIUM ...,  2020. 

10. Ashish B. Itolikar; A. S. Joshi; S. S. Deshpande; V. M. Arole; M. L. Kurtadikar;  "Dielectric and Emissive 

Properties of Sorghum (Jowar) Vegetation at C-Band Microwave Frequency",   MATERIALS TODAY: 

PROCEEDINGS,  2020. 

11. William John McCarter; P. Desmazes;  "Soil Characterization Using Electrical Measurements",   

GEOTECHNIQUE,  1997.  (IF: 3) 

12. J. M. Blonquist; Scott B. Jones; David A. Robinson;  "Standardizing Characterization of Electromagnetic 

Water Content Sensors: Part 2. Evaluation of Seven Sensing Systems",   VADOSE ZONE JOURNAL,  

2005.  (IF: 4) 

13. H. J. Farahani; Gerald W. Buchleiter; M. K. Brodahl;  "CHARACTERIZATION OF APPARENT SOIL 

ELECTRICAL CONDUCTIVITY VARIABILITY IN IRRIGATED SANDY AND NON-SALINE 

FIELDS IN COLORADO",   TRANSACTIONS OF THE ASABE,  2005.  (IF: 3) 

14. Du Changwen; Deng Jing; Zhou Jianmin; Wang Huoyan; Chen Xiaoqin;  "Characterization of Greenhouse 

Soil Properties Using Mid-infrared Photoacoustic Spectroscopy",   SPECTROSCOPY LETTERS,  2011.  

(IF: 3) 

15. Xingyi Huang; Liyuan Xie; Ke Yang; Chao Wu; Pingkai Jiang; Shengtao Li; Shuang Wu; Kohei Tatsumi; 

Toshikatsu Tanaka;  "Role of Interface in Highly Filled Epoxy/BaTiO3 Nanocomposites. Part I-correlation 

Between Nanoparticle Surface Chemistry and Nanocomposite Dielectric Property",   IEEE 

TRANSACTIONS ON DIELECTRICS AND ELECTRICAL INSULATION,  2014.  (IF: 3) 

16. J. J. Schröder; Rogier P.O. Schulte; Rachel Creamer; Antonio Delgado; van Jl Johan Leeuwen; T. 

Lehtinen; Michiel Rutgers; Heide Spiegel; Jan Staes; Gergely Tóth; Dennis P. Wall;  "The Elusive Role of 

Soil Quality in Nutrient Cycling: A Review",   SOIL USE AND MANAGEMENT,  2016.  (IF: 3) 

17. Ferrarini Andrea; Claudio Bini; Stefano Amaducci;  "Soil and Ecosystem Services: Current Knowledge 

and Evidences from Italian Case Studies",   APPLIED SOIL ECOLOGY,  2017.  (IF: 3) 

18. Mousa I. Hussein; Dwija Jithin; Indu Jiji Rajmohan; Arjun Sham; Esam Eldin M. A. Saeed; Synan F. 

AbuQamar;  "Microwave Characterization of Hydrophilic and Hydrophobic Plant Pathogenic Fungi Using 

Open-Ended Coaxial Probe",   IEEE ACCESS,  2019. 

19. N. Chaney; B. Minasny; J. Herman; T. Nauman; C. Brungard; C. Morgan; A. McBratney; E. Wood; Y. 

Yimam;  "POLARIS Soil Properties: 30‐m Probabilistic Maps of Soil Properties Over The Contiguous 

United States",   WATER RESOURCES RESEARCH,  2019.  (IF: 3) 

20. Sumanta Chatterjee; Alfred E. Hartemink; John Triantafilis; Ankur R. Desai; Doug Soldat; Jun Zhu; Philip 

A. Townsend; Yakun Zhang; Jingyi Huang;  "Characterization of Field-scale Soil Variation Using A 

Stepwise Multi-sensor Fusion Approach and A Cost-benefit Analysis",   CATENA,  2021.  (IF: 3) 

21. D. L. Rowell; I. Shainberg;  "THE INFLUENCE OF MAGNESIUM AND OF EASILY WEATHERED 

MINERALS ON HYDRAULIC CONDUCTIVITY CHANGES IN A SODIC SOIL",   EUROPEAN 

JOURNAL OF SOIL SCIENCE,  1979.  (IF: 3) 

22. Pichu Rengasamy; K. A. Olsson;  "Sodicity and Soil Structure",   SOIL RESEARCH,  1991.  (IF: 6) 

23. Rob Fitzpatrick; Sc Boucher; Ravi Naidu; E Fritsch;  "Environmental Consequences of Soil Sodicity",   

SOIL RESEARCH,  1994.  (IF: 3) 

24. Christoper Amrhein;  "Australian Sodic Soils: Distribution, Properties, and Management",   SOIL 

SCIENCE,  1996.  (IF: 3) 

25. P. W. Arnold;  "Australian Sodic Soils: Distribution, Properties and Management: R. Naidu, M.E. Sumner 

and P. Rengasamy (Editors). CSIRO, Melbourne, 1995. Paperback, Viii + 351 Pp., ISBN 0-643-05537-1",   

GEODERMA,  1996. 

26. John O. Curtis;  "Moisture Effects on The Dielectric Properties of Soils",   IEEE TRANS. GEOSCI. 

REMOTE. SENS.,  2001.  (IF: 4) 

27. . M.AnwarZaka; Fakhar Mujeeb; Ghulam Sarwar; . N.M.Hassan; . G.Hassan;  "Agromelioration of Saline 

Sodic Soils",   JOURNAL OF BIOLOGICAL SCIENCES,  2003.  (IF: 3) 

28. Hwat Bing So;  "Sodic Soils: Physical Properties and Behavior",  2005. 

29. M. Qadir; J. Oster; S. Schubert; A. Noble; K. Sahrawat;  "Phytoremediation of Sodic and Saline‐Sodic 

Soils",   ADVANCES IN AGRONOMY,  2007.  (IF: 6) 

30. Pichu Rengasamy;  "Sodic Soils: Properties",  2020. 

31. Manzoor Qadir; Sven Schubert;  "Degradation Processes and Nutrient Constraints in Sodic Soils",   LAND 

DEGRADATION & DEVELOPMENT,  2002.  (IF: 6) 



Journal Of Advance Zoology 

 

Available online at: https://jazindia.com                                                                                                                                     321 

32. E. Amezketa; R. Aragüés; R. Gazol;  "Efficiency of Sulfuric Acid, Mined Gypsum, and Two Gypsum By-

products in Soil Crusting Prevention and Sodic Soil Reclamation",   AGRONOMY JOURNAL,  2005.  

(IF: 4) 

33. Manzoor Qadir; Sven Schubert; D. Badia; Bharat R. Sharma; Asad Sarwar Qureshi; Ghulam Murtaza;  

"Amelioration and Nutrient Management Strategies for Sodic and Alkali Soils",   CAB REVIEWS: 

PERSPECTIVES IN AGRICULTURE, VETERINARY ...,  2007.  (IF: 3) 

34. Calvin Swift; Douglas Dehority; Alan Tanner; Rorert Mcintosh;  "Passive Microwave Spectral Emission 

from Saline Ice at C-Band During The Growth Phase",   IEEE TRANSACTIONS ON GEOSCIENCE 

AND REMOTE SENSING,  1986.  (IF: 3) 

35. F. Sabath; M. Backstrom; B. Nordstrom; D. Serafin; A. Kaiser; B.A. Kerr; D. Nitsch;  "Overview of Four 

European High-power Microwave Narrow-band Test Facilities",   IEEE TRANSACTIONS ON 

ELECTROMAGNETIC COMPATIBILITY,  2004.  (IF: 3) 

36. Chang-Kyu Rheem; Hidetaka Kobayashi; Kazuomi Yamanishi;  "Doppler Spectra of Microwave 

Backscatter From Water Surface",  2004. 

37. M. Hosseinipanah; Qun Wu; Chengwen Zhang; F.A. Mianji; Guohui Yang;  "Design of Square-loop 

Frequency Selective Surfaces Utilize C-band Radar Stations",   2008 INTERNATIONAL CONFERENCE 

ON MICROWAVE AND MILLIMETER ...,  2008. 

38. Yaogen Ding; Jin Cao; Xiaoxin Sun; Bin Shen; Haibing Ding;  "The Research on RF Output Envelope of 

C-band Multi-Beam Klystron",   IEEE INTERNATIONAL VACUUM ELECTRONICS CONFERENCE,  

2014. 

39. Xinwu Yang; Kun Xu; Jie Yin; Yitang Dai; Feifei Yin; Jianqiang Li; Hua Lu; Tao Liu; Yuefeng Ji;  "Optical 

Frequency Comb Based Multi-band Microwave Frequency Conversion For Satellite Applications",   

OPTICS EXPRESS,  2014.  (IF: 4) 

40. M. Brogioni; G. Macelloni; F. Montomoli; K. Jezek;  "Simulating Multifrequency Ground-Based 

Radiometric Measurements at Dome C—Antarctica",   IEEE JOURNAL OF SELECTED TOPICS IN 

APPLIED EARTH ...,  2015.  (IF: 3) 

41. J-H Yu; Y-T Chang; K-Y Lin; C-C Chang; S-F Chang; Y Ye; A V Pham; B J Tobias; Y Zhu; C W Domier; 

N C Luhmann;  "Millimeter-wave System-on-chip Advancement For Fusion Plasma Diagnostics",   THE 

REVIEW OF SCIENTIFIC INSTRUMENTS,  2018.  (IF: 3) 

42. Giovanni Crupi; Xiue Bao; Paweł Barmuta; Ilja Ocket; Dominique M. M.-P. Schreurs; Bart Nauwelaers;  

"Microfluidic Biosensor for Bioengineering: High-frequency Equivalent-Circuit Modeling of Interdigital 

Capacitor",   2019 14TH INTERNATIONAL CONFERENCE ON ADVANCED ...,  2019. 

43. Tayaallen Ramachandran; Mohammad Rashed Iqbal Faruque; Mandeep Singh Jit Singh; K S Al-Mugren;  

"Compact Multi-Layered Symmetric Metamaterial Design Structure for Microwave Frequency 

Applications",   MATERIALS (BASEL, SWITZERLAND),  2023. 

44. Patricia Davies;  "Influence of Organic Matter Content, Moisture Status and Time After Reworking on 

Soil Shear Strength",   EUROPEAN JOURNAL OF SOIL SCIENCE,  1985.  (IF: 3) 

45. R. D. Magagi; Yann Kerr;  "Retrieval of Soil Moisture and Vegetation Characteristics By Use of ERS-1 

Wind Scatterometer Over Arid and Semi-arid Areas",   JOURNAL OF HYDROLOGY,  1997. 

46. C. Yu; Arthur W. Warrick; Martha H. Conklin;  "Derived Functions of Time Domain Reflectometry for 

Soil Moisture Measurement",   WATER RESOURCES RESEARCH,  1999.  (IF: 3) 

47. Qingrong Hu; Yun Shao; Huadong Guo;  "Microwave Dielectric Behavior of Moistsalt Soil - Experimental 

Observations and Improved Dielectric Models",   IGARSS 2003. 2003 IEEE INTERNATIONAL 

GEOSCIENCE AND REMOTE ...,  2003.  (IF: 3) 

48. Borja Velázquez-Martí; C. Gracia-López; P. J. Plaza-Gonzalez;  "Determination of Dielectric Properties 

of Agricultural Soil",   BIOSYSTEMS ENGINEERING,  2005.  (IF: 3) 

49. Wojciech Skierucha;  "Temperature Dependence of Time Domain Reflectometry-measured Soil Dielectric 

Permittivity",   JOURNAL OF PLANT NUTRITION AND SOIL SCIENCE,  2009.  (IF: 3) 

50. Wojciech Skierucha;  "Time Domain Reflectometry: Temperature-dependent Measurements of Soil 

Dielectric Permittivity",  2011. 

51. Seung-Bum Kim; Motofumi Arii; Thomas J. Jackson;  "Modeling L-Band Synthetic Aperture Radar Data 

Through Dielectric Changes in Soil Moisture and Vegetation Over Shrublands",   IEEE JOURNAL OF 

SELECTED TOPICS IN APPLIED EARTH ...,  2017.  (IF: 3) 

52. Karla Silva Santos Alvares de Almeida; Luciano da Silva Souza; V. P. S. Paz; Maurício Antônio Coelho 

Filho; Eduardo Holzapfel Hoces;  "Models for Moisture Estimation in Different Horizons of Yellow 

Argisol Using TDR",   SEMINA-CIENCIAS AGRARIAS,  2017. 



Journal Of Advance Zoology 

 

Available online at: https://jazindia.com                                                                                                                                     322 

53. Seung-Bum Kim; Motofumi Arii; Thomas J. Jackson;  "Modeling L-Band Synthetic Aperture Radar 

Observations Through Dielectric Changes in Soil Moisture and Vegetation Over Shrublands",   IGARSS 

2018 - 2018 IEEE INTERNATIONAL GEOSCIENCE AND REMOTE ...,  2018. 

54. Jigang Zhang; Maoye Li; Jianghua Cheng; Jiao Wang; Zhien Ding; Xiaolong Yuan; Sumei Zhou; Xinmin 

Liu;  "Effects Of Moisture, Temperature, And Salt Content On The Dielectric Properties Of Pecan Kernels 

During Microwave And Radio Frequency Drying Processes",   FOODS (BASEL, SWITZERLAND),  

2019.  (IF: 3) 

55. Humayun Kabir; Mohammad Jamal Khan; Graham Brodie; Dorin Gupta; Alexis Pang; Mohan V. Jacob; 

Elsa Antunes;  "Measurement and Modelling of Soil Dielectric Properties As A Function of Soil Class and 

Moisture Content",   JOURNAL OF MICROWAVE POWER AND ELECTROMAGNETIC ENERGY,  

2020.  (IF: 3) 

56. I.I. Makoed; N.A. Liedienov; A.V. Pashchenko; G.G. Levchenko; D.D. Tatarchuk; Y.V. Didenko; A.A. 

Amirov; G.S. Rimski; K.I. Yanushkevich;  "Influence of Rare-earth Doping on The Structural and 

Dielectric Properties of Orthoferrite La0.50R0.50FeO3 Ceramics Synthesized Under High Pressure",   

JOURNAL OF ALLOYS AND COMPOUNDS,  2020.  (IF: 3) 

57. Kanghee Cho; Eunji Myung; Hyunsoo Kim; Oyunbileg Purev; Cheonyoung Park; Nagchoul Choi;  

"Removal Of Total Petroleum Hydrocarbons From Contaminated Soil Through Microwave Irradiation",   

INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC ...,  2020.  (IF: 3) 

58. J. Šimečková; F. Krčma; Daniel Klofáč; L. Dostal; Z. Kozáková;  "Influence of Plasma-Activated Water 

on Physical and Physical–Chemical Soil Properties",   WATER,  2020.  (IF: 3) 

59. Agnieszka Szypłowska; Arkadiusz Lewandowski; Shin Yagihara; Hironobu Saito; Kahori Furuhata; 

Justyna Szerement; Marcin Kafarski; Andrzej Wilczek; Jacek Majcher; Aleksandra Woszczyk; Wojciech 

Skierucha;  "Dielectric Models for Moisture Determination of Soils with Variable Organic Matter 

Content",   GEODERMA,  2021.  (IF: 3) 

60. Alhassan Haruna Umar; Mohd Afzan Othman; Fauzan Khairi Che Harun; Yusmeeraz Yusof;  "Dielectrics 

for Non-Contact ECG Bioelectrodes: A Review",   IEEE SENSORS JOURNAL,  2021. 

61. Yusuke Yamada;  "Dielectric Properties of Textile Materials: Analytical Approximations and Experimental 

Measurements—A Review",   TEXTILES,  2022.  (IF: 3) 

62. Mingjie Qian; Wenxiang Zhou; Shufei Wang; Yuting Li; Yingui Cao;  "The Influence of Soil Erodibility 

and Saturated Hydraulic Conductivity on Soil Nutrients in The Pingshuo Opencast Coalmine, China",   

INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC ...,  2022. 

63. ZiQi Guo; Peng Li; XiaoMei Yang; ZhanHui Wang; BingBing Lu; WenJing Chen; Yang Wu; GuanWen 

Li; ZiWen Zhao; GuoBin Liu; Coen Ritsema; Violette Geissen; Sha Xue;  "Soil Texture Is An Important 

Factor Determining How Microplastics Affect Soil Hydraulic Characteristics",   ENVIRONMENT 

INTERNATIONAL,  2022.  (IF: 3) 

64. David A Robinson; Jan W Hopmans; Vilim Filipovic; Martine van der Ploeg; Inma Lebron; Scott B Jones; 

Sabine Reinsch; Nick Jarvis; Markus Tuller;  "Global Environmental Changes Impact Soil Hydraulic 

Functions Through Biophysical Feedbacks",   GLOBAL CHANGE BIOLOGY,  2019.  (IF: 3) 

65. Andrzej Wilczek; Marcin Kafarski; Jacek Majcher; Agnieszka Szypłowska; Arkadiusz Lewandowski; 

Wojciech Skierucha;  "Time Domain Transmission Sensor for Soil Moisture Profile Probe, Selected 

Technical Aspects",   2020 BALTIC URSI SYMPOSIUM (URSI),  2020. 

66. Pizarro; M. Françoso; L. de Almeida; Edson Eiji Matsura;  "Calibration of An Empirical Model for 

Moisture Content Assessment and Monitoring in Compacted Tropical Soils Used in The Subgrade of Road 

Pavements",  2020. 

67. Agnieszka Szypłowska; Arkadiusz Lewandowski; Shin Yagihara; Hironobu Saito; Kahori Furuhata; 

Justyna Szerement; Marcin Kafarski; Andrzej Wilczek; Jacek Majcher; Aleksandra Woszczyk; Wojciech 

Skierucha;  "Dielectric Models for Moisture Determination of Soils with Variable Organic Matter 

Content",   GEODERMA,  2021.  (IF: 3) 

68. Ke Xiao; Wen-qi Bai; Si-si Wang;  "Multifactor Analysis of Calibration and Service Quality of The Soil 

Moisture Sensor Applied in Subgrade Engineering",   ADVANCES IN MATERIALS SCIENCE AND 

ENGINEERING,  2021. 

69. Jiaqi Li; Xianggui Xiao; Jipeng Wang; Zonghui Liu; Kang Lin;  "Analysis of Dielectric Properties and 

Influencing Factors of Zn Contaminated Soil",   ADVANCES IN GEOTECHNICAL ENGINEERING & 

GEOENVIRONMENTAL ...,  2021. 

70. Bulat Ziganshin; Ilgiz Galiev; Rail Khusainov; Al'bert Muhametshin; Ahmed H. Abdel'fattah;  

"INFLUENCE OF FERTIGATION ON SOIL SALINATION",   VESTNIK OF KAZAN STATE 

AGRARIAN UNIVERSITY,  2021. 



Journal Of Advance Zoology 

 

Available online at: https://jazindia.com                                                                                                                                     323 

71. G O Nikolaeva;  "Research on The Physical and Mechanical Characteristics of Stabilized Soil Subgrade 

of The Central Yakutia",   IOP CONFERENCE SERIES: MATERIALS SCIENCE AND ENGINEERING,  

2021.  (IF: 4) 

72. Nurmunira Muhammad; Sumi Siddiqua;  "Moisture-dependent Resilient Modulus of Chemically Treated 

Subgrade Soil",   ENGINEERING GEOLOGY,  2021.  (IF: 3) 

73. Hui-Feng Wu; Tian Gao; Wei Zhang; Gang Li; Wen-Fang Hao;  "Understory Vegetation Composition and 

Stand Are Mainly Limited By Soil Moisture in Black Locust Plantations of Loess Plateau",   FORESTS,  

2021.  (IF: 3) 

74. Iris Zimmermann; Rainer Horn;  "Impact of Sample Pretreatment on The Results of Texture Analysis in 

Different Soils",   GEODERMA,  2020.  (IF: 3) 

75. Salma Tafasca; Agnès Ducharne; Christian Valentin;  "Weak Sensitivity of The Terrestrial Water Budget 

to Global Soil Texture Maps in The ORCHIDEE Land Surface Model",   HYDROLOGY AND EARTH 

SYSTEM SCIENCES,  2020.  (IF: 3) 

76. Wenxiang Zhou; Guilin Han; Man Liu; Jie Zeng; Bin Liang; Jinke Liu; Rui Qu;  "Determining The 

Distribution and Interaction of Soil Organic Carbon, Nitrogen, PH and Texture in Soil Profiles: A Case 

Study in The Lancangjiang River Basin, Southwest China",   FORESTS,  2020.  (IF: 3) 

77. Jessica Souza de Oliveira; Alberto Vasconcellos Inda; Vidal Barrón; José Torrent; Tales Tiecher; Flávio 

Anastácio de Oliveira Camargo;  "Soil Properties Governing Phosphorus Adsorption in Soils of Southern 

Brazil",   GEODERMA REGIONAL,  2020.  (IF: 3) 

78. Qing Xia; Thomas Rufty; Wei Shi;  "Soil Microbial Diversity and Composition: Links to Soil Texture and 

Associated Properties",   SOIL BIOLOGY & BIOCHEMISTRY,  2020.  (IF: 3) 

79. Hidayati Karamina; Wahyu Fikrinda;  "Soil Amendment Impact to Soil Organic Matter and Physical 

Properties on The Three Soil Types After Second Corn Cultivation",  2020.  (IF: 3) 

80. Agnieszka Szypłowska; Arkadiusz Lewandowski; Shin Yagihara; Hironobu Saito; Kahori Furuhata; 

Justyna Szerement; Marcin Kafarski; Andrzej Wilczek; Jacek Majcher; Aleksandra Woszczyk; Wojciech 

Skierucha;  "Dielectric Models for Moisture Determination of Soils with Variable Organic Matter 

Content",   GEODERMA,  2021.  (IF: 3) 

81. Yanwu Pei; Laiming Huang; Danfeng Li; Ming An Shao;  "Characteristics and Controls of Solute 

Transport Under Different Conditions of Soil Texture and Vegetation Type in The Water-wind Erosion 

Crisscross Region of China's Loess Plateau",   CHEMOSPHERE,  2021.  (IF: 3) 

82. Sarra Hechmi; Helmi Hamdi; Sonia Mokni-Tlili; Rahma Inès Zoghlami; Mohamed Naceur Khelil; Salah 

Jellali; Saoussen Benzarti; Naceur Jedidi;  "Variation of Soil Properties with Sampling Depth in Two 

Different Light-textured Soils After Repeated Applications of Urban Sewage Sludge",   JOURNAL OF 

ENVIRONMENTAL MANAGEMENT,  2021.  (IF: 3) 

83. Jian Wang; Chunye Lin; Ziming Han; Chunbao Fu; Di Huang; Hongguang Cheng;  "Dissolved Nitrogen 

in Salt-affected Soils Reclaimed By Planting Rice: How Is It Influenced By Soil Physicochemical 

Properties?",   THE SCIENCE OF THE TOTAL ENVIRONMENT,  2022.  (IF: 3) 

84. Dongdong Liu; D. She; Xingmin Mu;  "Water Flow and Salt Transport in Bare Saline‐sodic Soils 

Subjected to Evaporation and Intermittent Irrigation with Saline/distilled Water",   LAND 

DEGRADATION & DEVELOPMENT,  2019.  (IF: 3) 

85. Ana Marta Paz; Nádia Castanheira; Mohammad Farzamian; Maria Catarina Paz; Maria Conceição 

Gonçalves; Fernando A. Monteiro Santos; John Triantafilis;  "Prediction of Soil Salinity and Sodicity 

Using Electromagnetic Conductivity Imaging",   GEODERMA,  2020.  (IF: 3) 

86. Xiao Jin; Wen Yang; Xiaoqing Gao; Zhenchao Li;  "Analysis and Modeling of The Complex Dielectric 

Constant of Bound Water with Application in Soil Microwave Remote Sensing",   REMOTE. SENS.,  

2020. 

87. Yonggan Zhao; Wenchao Zhang; Shujuan Wang; Jia Liu; Yan Li; Yuqun Zhuo;  "Effects of Soil Moisture 

on The Reclamation of Sodic Soil By Flue Gas Desulfurization Gypsum",   GEODERMA,  2020.  (IF: 3) 

88. Imre Cseresnyés; Eszter Vozáry; Sándor Kabos; Kálmán Rajkai;  "Influence of Substrate Type and 

Properties on Root Electrical Capacitance",   INTERNATIONAL AGROPHYSICS,  2020. 

89. Daniël de Craats; Sjoerd E.A.T.M. der Zee; Chunming Sui; Piet J.A. Asten; Pavan Cornelissen; Anton 

Leijnse;  "Soil Sodicity Originating from Marginal Groundwater",   VADOSE ZONE JOURNAL,  2020.  

(IF: 3) 

90. Hans W. Klopp; Francisco A. Arriaga; Aaron L.M. Daigh; William F. Bleam;  "Development of Functions 

to Predict Soil Hydraulic Properties That Account for Solution Sodicity and Salinity",   CATENA,  2021. 

91. Manzoor Qadir; Garrison Sposito; Christopher Smith; James D. Oster;  "Reassessing Irrigation Water 

Quality Guidelines for Sodicity Hazard",   AGRICULTURAL WATER MANAGEMENT,  2021.  (IF: 3) 



Journal Of Advance Zoology 

 

Available online at: https://jazindia.com                                                                                                                                     324 

92. Abdel Rahman Al-Tawaha; Nezar H. Samarah; Aman Deep Ranga; Mayur S. Darvhankar; P Saranraj; 

Alireza Pour-Aboughadareh; Kadambot H. M. Siddique; Ali M. Qaisi; Abdel Razzaq Al-Tawaha; Shah 

Khalid; Abdur Rauf; Devarajan Thangadurai; Jeyabalan Sangeetha; Shah Fahad; Wafa’a A. Al-Taisan; 

Duraid K. A. Al-Taey;  "Soil Salinity and Climate Change",  2021. 

93. Elif Günal;  "Delineating Reclamation Zones for Site-specific Reclamation of Saline-sodic Soils in 

Dushak, Turkmenistan",   PLOS ONE,  2021. 

94. Chenyu Zhao; Xingjun Ge; Lili Song; Rujin Deng; Chao Huang; Peng Zhang; Jun Zhang; Juntao He;  "A 

Cerenkov Microwave Generator with Cross-band Frequency Hopping Based on Magnetic Field Tuning",   

PHYSICS OF PLASMAS,  2020. 

95. Xiaobo Deng; Juntao He; Junpu Ling; Bingfang Deng; Lili Song; Fuxiang Yang; Weili Xu;  "Novel 

Compact and Lightweight Coaxial C-band Transit-time Oscillator",   CHINESE PHYSICS B,  2020. 

96. Zaeem Mazhar; Asma Ejaz; Iqra Jabeen; Aqsa Javed; Yasar Amin; Hannu Tenhunen;  "Quad Band Antenna 

with CPW Feed for Wireless and Satellite Applications",   2020 17TH INTERNATIONAL BHURBAN 

CONFERENCE ON APPLIED ...,  2020. 

97. S. K. K. Dash; Q. Cheng; R. Barik;  "A Compact Substrate Integrated Waveguide Backed Self‐

quadruplexing Antenna for C‐band Communication",   INTERNATIONAL JOURNAL OF RF AND 

MICROWAVE COMPUTER‐AIDED ...,  2020.  (IF: 3) 

98. Woojin Chang; Jong‐Min Lee; Seong-Il Kim; Sang-Heung Lee; D. Kang;  "E‐band Low‐noise Amplifier 

MMIC with Impedance‐controllable Filter Using SiGe 130‐nm BiCMOS Technology",   ETRI 

JOURNAL,  2020. 

99. Qian Liu; Difei Liang; Xin Wang; Tiancheng Han; Haipeng Lu; Jianliang Xie;  "Jerusalem Cross 

Geometry Magnetic Substrate Absorbers for Low-frequency Broadband Applications",   AIP 

ADVANCES,  2021. 

100. Hao-Ran Qin; Sheng-Nan Miao; Ji-Ze Han; Nong-Chao Xin; Yi-Ting Chen; J. W. Zhang; L. J. Wang;  

"High-Performance Microwave Frequency Standard Based on Sympathetically Cooled Ions",   ARXIV-

PHYSICS.ATOM-PH,  2022. 

101. Aijaz M. Zaidi; T. Khan; M. Beg; B. Kanaujia; K. Rambabu;  "Dual-Band Design Techniques for 

Microwave Passive Circuits: A Review and Applications",   IEEE MICROWAVE MAGAZINE,  2022. 

102. Lei Xiang; Xiao-Dan Wang; Xiao-Hong Chen; Ce-Hui Mo; Yan-Wen Li; Hui Li; Quan-Ying Cai; Dong-

Mei Zhou; Ming-Hung Wong; Qing X Li;  "Sorption Mechanism, Kinetics, And Isotherms Of Di- N-butyl 

Phthalate To Different Soil Particle-Size Fractions",   JOURNAL OF AGRICULTURAL AND FOOD 

CHEMISTRY,  2019.  (IF: 3) 

103. Bo Li; Xuwei Zhu; Xingjun Zhang; Xiaolong Yang; Xiuli Su;  "Surface Area and Microstructure of 

Microwave Activated Crumb Rubber Modifier and Its Influence on High Temperature Properties of Crumb 

Rubber Modifier Binders",   MATERIALS EXPRESS,  2020. 

104. Kanghee Cho; Eunji Myung; Hyunsoo Kim; Oyunbileg Purev; Cheonyoung Park; Nagchoul Choi;  

"Removal Of Total Petroleum Hydrocarbons From Contaminated Soil Through Microwave Irradiation",   

INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC ...,  2020.  (IF: 3) 

105. Xiao-Ting Chen; Peng-Fei Yu; Lei Xiang; Hai-Ming Zhao; Yan-Wen Li; Hui Li; Xiang-Yun Zhang; Quan-

Ying Cai; Ce-Hui Mo; Ming Hung Wong;  "Dynamics, Thermodynamics, And Mechanism Of 

Perfluorooctane Sulfonate (PFOS) Sorption To Various Soil Particle-size Fractions Of Paddy Soil",   

ECOTOXICOLOGY AND ENVIRONMENTAL SAFETY,  2020.  (IF: 3) 

106. Xiangyu Jie; Roujia Chen; Tara Biddle; Daniel R Slocombe; Jonathan Robin Dilworth; Tiancun Xiao; 

Peter P Edwards;  "Size-Dependent Microwave Heating and Catalytic Activity of Fine Iron Particles in 

The Deep Dehydrogenation of Hexadecane",   CHEMISTRY OF MATERIALS : A PUBLICATION OF 

THE AMERICAN ...,  2022. 

107. Shengting Li; Rui Zhou; Fan Yang; Yang Zhang; Yongjun Du;  "Effect of Particle Combination Ratio of 

Soil Rock Mixture on Shear Strength",   JOURNAL OF PHYSICS: CONFERENCE SERIES,  2022. 

108. Hossein Sadighi; Mohammadali Rowshanzamir; Milad Banitalebi-Dehkordi;  "A Multi-aspect 

Application of Microwave Radiation on Rehabilitating and Improving The Geotechnical Properties of 

Polluted-sand-clay Mixture",   JOURNAL OF CONTAMINANT HYDROLOGY,  2022. 

109. Jianxun Zhang; Xuesong Mao;  "Analysis of Liquid-vapor Mixed Migration Mechanism in Unsaturated 

Soil Based on The Effect of Temperature on Soil Microstructure",   SCIENTIFIC REPORTS,  2023. 

110. Yuxin Liu; Qintie Lin; Junli Zheng; Xindan Fan; Kehuan Xu; Yongjie Ma; Jin He;  "Magnetic Fe-doped 

Silicon Carbide Induced Microwave Activated Persulfate for Decabromodiphenyl Ether Removal: 

Mechanism and Unique Degradation Pathway",   CHEMOSPHERE,  2023. 



Journal Of Advance Zoology 

 

Available online at: https://jazindia.com                                                                                                                                     325 

111. Song Zhao; Jinbo Liu; Duo Miao; Hongwen Sun; Peng Zhang; Hanzhong Jia;  "Activation of Persulfate 

for The Degradation of Ethyl-parathion in Soil: Combined Effects of Microwave with Biochar",   

JOURNAL OF ENVIRONMENTAL MANAGEMENT,  2023. 

112. Shoba Periasamy; Kokila Priya Ravi;  "The Effect of Varying Moisture Content in The Retrieval of The 

Imaginary Part of Dielectric Constant from C-Band Frequency SAR",   2020 IEEE INDIA GEOSCIENCE 

AND REMOTE SENSING SYMPOSIUM ...,  2020. 

113. Shoba Periasamy; Kokila Priya Ravi;  "A Novel Approach to Quantify Soil Salinity By Simulating The 

Dielectric Loss of SAR in Three-dimensional Density Space",   REMOTE SENSING OF 

ENVIRONMENT,  2020.  (IF: 3) 

114. Marisa B. Domenech; Nilda M. Amiotti; José Luis Costa; Mauricio Castro Franco;  "Prediction of Topsoil 

Properties at Field-scale By Using C-band SAR Data",   INT. J. APPL. EARTH OBS. 

GEOINFORMATION,  2020. 

115. Alejandro Monsiváis-Huertero; Jasmeet Judge; Pang-Wei Liu; Subit Chakrabarti;  "Monitoring Vegetation 

Conditions Over Agricultural Regions Using Active Observations",   IGARSS 2020 - 2020 IEEE 

INTERNATIONAL GEOSCIENCE AND REMOTE ...,  2020. 

116. Nadia Ouaadi; Ludovic Villard; Jamal Ezzahar; Pierre-Louis Frison; Saïd Khabba; Mohamed Kasbani; 

Pascal Fanise; A. Chakir; Valérie Le Dantec; Salah Er-Raki; Lionel Jarlan;  "Diurnal Cycles of C-Band 

Temporal Coherence and Backscattering Coefficient Over A Wheat Field in A Semi-Arid Area",   2021 

IEEE INTERNATIONAL GEOSCIENCE AND REMOTE SENSING ...,  2021. 

117. David Mengen; Carsten Montzka; Thomas Jagdhuber; Anke Fluhrer; Cosimo Brogi; Stephani Baum; Dirk 

Schüttemeyer; Bagher Bayat; Heye Bogena; Alex Coccia; Gerard Masalias; Verena Trinkel; Jannis Jakobi; 

François Jonard; Yueling Ma; Francesco Mattia; Davide Palmisano; Uwe Rascher; Giuseppe Satalino; 

Maike Schumacher; Christian Koyama; Marius Schmidt; Harry Vereecken;  "SARSense: Analyzing Air- 

and Space-borne C- and L-band SAR Backscattering Signals to Changes in Soil and Plant Parameters of 

Crops",   2021 IEEE INTERNATIONAL GEOSCIENCE AND REMOTE SENSING ...,  2021. 

118. Hong Zhao; Yijian Zeng; Bob Su; Jan Hofste;  "Modelling of Microwave Multi-Frequency Emission and 

Backscatter By A Community Land Active Passive Microwave Radiative Transfer Modelling Platform 

(CLAP)",  2021. 

119. A. Fluhrer; T. Jagdhuber; Alireza Tabatabaeenejad; S. H. Alemohammad; C. Montzka; P. Friedl; E. 

Forootan; H. Kunstmann;  "Remote Sensing of Complex Permittivity and Penetration Depth of Soils Using 

P-Band SAR Polarimetry",   REMOTE. SENS.,  2022. 

120. S. Rezapour; E. Kalashypour;  "Effects of Irrigation and Cultivation on The Chemical Indices of Saline–

sodic Soils in A Calcareous Environment",   INTERNATIONAL JOURNAL OF ENVIRONMENTAL 

SCIENCE AND ...,  2019. 

121. C. Kabała; P. Charzyński; J. Chodorowski; Marek Drewnik; B. Glina; A. Greinert; P. Hulisz; M. 

Jankowski; J. Jonczak; B. Łabaz; A. Łachacz; Marian Marzec; Łukasz Mendyk; Przemysław Musiał; 

Łukasz Musielok; B. Smreczak; P. Sowiński; M. Świtoniak; Ł. Uzarowicz; Jarosław Waroszewski;  

"Polish Soil Classification, 6th Edition – Principles, Classification Scheme and Correlations",   SOIL 

SCIENCE ANNUAL,  2019.  (IF: 3) 

122. Gabriel Ramatis Pugliese Andrade; Sheila Aparecida Correia Furquim; Thiago Tavares Vidoca do 

Nascimento; Alex Cordeiro Brito; Gabriela Ribeiro Camargo; Giovanna Cristina de Souza;  

"Transformation of Clay Minerals in Salt-affected Soils, Pantanal Wetland, Brazil",   GEODERMA,  2020.  

(IF: 3) 

123. Rammamoorthy Palani;  "Management of Saline and Sodic Soils",   SSRN ELECTRONIC JOURNAL,  

2020. 

124. Nirmalendu Basak; Arijit Barman; Parul Sundha; A. K. Rai;  "Recent Trends in Soil Salinity Appraisal 

and Management",  2020. 

125. Nat B. Dellavalle; J. Walworth;  "Determining The Gypsum Requirement for Reclamation of Sodic and 

Sodium‐Impacted Soils",   CROPS AND SOILS,  2020. 

126. Arvind Kumar Rai; Nirmalendu Basak; Parul Sundha;  "Saline and Sodic Ecosystems in The Changing 

World",   SOIL SCIENCE: FUNDAMENTALS TO RECENT ADVANCES,  2021. 

127. Meisam Rezaei; Karim Shahbazi; Reihaneh Shahidi; Naser Davatgar; Kambiz Bazargan; Hamed Rezaei; 

Saeid Saadat; Piet Seuntjens; Wim Cornelis;  "How to Relevantly Characterize Hydraulic Properties of 

Saline and Sodic Soils for Water and Solute Transport Simulations",   JOURNAL OF HYDROLOGY,  

2021.  (IF: 3) 



Journal Of Advance Zoology 

 

Available online at: https://jazindia.com                                                                                                                                     326 

128. F. Javaheri; I. Esfandiarpour-Boroujeni; M. H. Farpoor; Dörthe Holthusen; R. D. Stewart;  

"WITHDRAWN: Counterions, Smectite, and Palygorskite Increase Microstructural Stability of Saline-

sodic Soils",   SOIL AND TILLAGE RESEARCH,  2021. 

129. Sandag Khadbaatar;  "Soils of Mongolia",  2021. 

130. P. Sheoran; Arvind Kumar; Ramandev Sharma; Arjit Barman; Kailash Parjapat; Ranjay K. Singh; 

Satyendra Kumar; P. C. Sharma; A. Ismail; R. K. Singh;  "Managing Sodic Soils for Better Productivity 

and Farmers’ Income By Integrating Use of Salt Tolerant Rice Varieties and Matching Agronomic 

Practices",   FIELD CROPS RESEARCH,  2021. 

131. F. Javaheri; I. Esfandiarpour-Boroujeni; M.H. Farpoor; D. Holthusen; R.D. Stewart;  "Counterions, 

Smectite, and Palygorskite Increase Microstructural Stability of Saline-sodic Soils",   SOIL AND 

TILLAGE RESEARCH,  2022. 

132. Malini Roy Choudhury; J. Christopher; Sumanta Das; A. Apan; N. Menzies; Scott A. Chapman; Vincent 

Mellor; Y. Dang;  "Detection of Calcium, Magnesium, and Chlorophyll Variations of Wheat Genotypes 

on Sodic Soils Using Hyperspectral Red Edge Parameters",   ENVIRONMENTAL TECHNOLOGY & 

INNOVATION,  2022.  (IF: 3) 

133. Sumanta Das; Jack Christopher; Armando Apan; Malini Roy Choudhury; Scott Chapman; Neal W. 

Menzies; Yash P. Dang;  "Evaluation of Water Status of Wheat Genotypes to Aid Prediction of Yield on 

Sodic Soils Using UAV-thermal Imaging and Machine Learning",   AGRICULTURAL AND FOREST 

METEOROLOGY,  2021.  (IF: 3) 

134. Zheli Ding; Ahmed M S Kheir; Osama A M Ali; Emad M Hafez; Essam A ElShamey; Zhaoxi Zhou; Bizun 

Wang; Xing'e Lin; Yu Ge; Ahmed E Fahmy; Mahmoud F Seleiman;  "A Vermicompost And Deep Tillage 

System To Improve Saline-sodic Soil Quality And Wheat Productivity",   JOURNAL OF 

ENVIRONMENTAL MANAGEMENT,  2020.  (IF: 3) 

135. Juan D González-Teruel; Scott B Jones; Fulgencio Soto-Valles; Roque Torres-Sánchez; Inmaculada 

Lebron; Shmulik P Friedman; David A Robinson;  "Dielectric Spectroscopy And Application Of Mixing 

Models Describing Dielectric Dispersion In Clay Minerals And Clayey Soils",   SENSORS (BASEL, 

SWITZERLAND),  2020.  (IF: 3) 

136. Ilan Stavi; Niels Thevs; Simone Priori;  "Soil Salinity and Sodicity in Drylands: A Review of Causes, 

Effects, Monitoring, and Restoration Measures",  2021.  (IF: 3) 

137. Ibanor Anghinoni; Fabiane Machado Vezzani;  "Systemic Soil Fertility As Product of System Self-

organization Resulting from Management",   REVISTA BRASILEIRA DE CIÊNCIA DO SOLO,  2021. 

138. Guanghui Song; Yaojin Wang; Daniel Q. Tan;  "A Review of Surface Roughness Impact on Dielectric 

Film Properties",   IET NANODIELECTRICS,  2021.  (IF: 3) 

139. Jisheng Xu; Wei Gao; Bingzi Zhao; Meiqi Chen; Lei Ma; Zhongjun Jia; Jiabao Zhang;  "Bacterial 

Community Composition and Assembly Along A Natural Sodicity/salinity Gradient in Surface and 

Subsurface Soils",   APPLIED SOIL ECOLOGY,  2021.  (IF: 3) 

140. Matthias C Rillig; Anika Lehmann; James A Orr; Walter R Waldman;  "Mechanisms Underpinning Non-

additivity of Global Change Factor Effects in The Plant-soil System",   THE NEW PHYTOLOGIST,  

2021.  (IF: 3) 

141. Wang Hongde; She Dongli; Sun Xiaoqin; Tang Shengqiang; Zheng Yipeng;  "Analysis of Unsaturated 

Shear Strength and Slope Stability Considering Soil Desalinization in A Reclamation Area in China",   

CATENA,  2021.  (IF: 3) 

142. Rajeswari Balasubramaniam; Mahnaz Vahdat; Christopher Ruf;  "Observing Freeze-Thaw Transitions 

Over Land Using Cygnss Measurements",   2021 IEEE INTERNATIONAL GEOSCIENCE AND 

REMOTE SENSING ...,  2021. 

143. D. Glaser; F. Shubitidze; B. Barrowes;  "Standoff High-Frequency Electromagnetic Induction Response 

of Unsaturated Sands: A Tank-Scale Feasibility Study",   JOURNAL OF ENVIRONMENTAL AND 

ENGINEERING GEOPHYSICS,  2022. 

144. Humayun Kabir; Mohammad Jamal Khan; Graham Brodie; Dorin Gupta; Alexis Pang; Mohan V. Jacob; 

Elsa Antunes;  "Measurement and Modelling of Soil Dielectric Properties As A Function of Soil Class and 

Moisture Content",   JOURNAL OF MICROWAVE POWER AND ELECTROMAGNETIC ENERGY,  

2020.  (IF: 3) 

145. Bamdad Salarieh; Jeewantha De Silva; Behzad Kordi;  "High Frequency Response of Grounding 

Electrodes: Effect of Soil Dielectric Constant",  2020.  (IF: 3) 

146. P. Anbazhagan; Marco Bittelli; Rao Raghuveer Pallepati; Puskar Mahajan;  "Comparison of Soil Water 

Content Estimation Equations Using Ground Penetrating Radar",   JOURNAL OF HYDROLOGY,  2020.  

(IF: 3) 



Journal Of Advance Zoology 

 

Available online at: https://jazindia.com                                                                                                                                     327 

147. Ana Marta Paz; Nádia Castanheira; Mohammad Farzamian; Maria Catarina Paz; Maria Conceição 

Gonçalves; Fernando A. Monteiro Santos; John Triantafilis;  "Prediction of Soil Salinity and Sodicity 

Using Electromagnetic Conductivity Imaging",   GEODERMA,  2020.  (IF: 3) 

148. Yongwei Fu; Yili Lu; Josh Heitman; Tusheng Ren;  "Root-induced Changes in Soil Thermal and Dielectric 

Properties Should Not Be Ignored",   GEODERMA,  2020.  (IF: 3) 

149. A. Orangi; G. Narsilio; Yu-Hsing Wang; D. Ryu;  "Experimental Investigation of Dry Density Effects on 

Dielectric Properties of Soil–water Mixtures with Different Specific Surface Areas",   ACTA 

GEOTECHNICA,  2020.  (IF: 3) 

150. Agnieszka Szypłowska; Arkadiusz Lewandowski; Shin Yagihara; Hironobu Saito; Kahori Furuhata; 

Justyna Szerement; Marcin Kafarski; Andrzej Wilczek; Jacek Majcher; Aleksandra Woszczyk; Wojciech 

Skierucha;  "Dielectric Models for Moisture Determination of Soils with Variable Organic Matter 

Content",   GEODERMA,  2021.  (IF: 3) 

151. P. Baveye; M. Wander;  "The (Bio)Chemistry of Soil Humus and Humic Substances: Why Is The “New 

View” Still Considered Novel After More Than 80 Years?",   FRONTIERS IN ENVIRONMENTAL 

SCIENCE,  2019.  (IF: 3) 

152. Md Nurul Amin; Md Sarwar Hossain; Lisa Lobry de Bruyn; Brian Wilson;  "A Systematic Review Of Soil 

Carbon Management In Australia And The Need For A Social-ecological Systems Framework",   THE 

SCIENCE OF THE TOTAL ENVIRONMENT,  2019.  (IF: 3) 

153. Pardeep Kumar; Pradeep K. Sharma;  "Soil Salinity and Food Security in India",  2020.  (IF: 4) 

154. Johannes Lehmann; Deborah A Bossio; Ingrid Kögel-Knabner; Matthias C Rillig;  "The Concept and 

Future Prospects of Soil Health",   NATURE REVIEWS. EARTH & ENVIRONMENT,  2020.  (IF: 6) 

155. Wadoux; Mercedes Román‐Dobarco; A. McBratney;  "Perspectives on Data‐driven Soil Research",   

EUROPEAN JOURNAL OF SOIL SCIENCE,  2020.  (IF: 3) 

156. Kamal Nabiollahi; Ruhollah Taghizadeh-Mehrjardi; Aram Shahabi; Brandon Heung; Alireza Amirian-

Chakan; Masoud Davari; Thomas Scholten;  "Assessing Agricultural Salt-affected Land Using Digital 

Soil Mapping and Hybridized Random Forests",   GEODERMA,  2021.  (IF: 3) 

157. Krishna Bahadur Karki; Dil Prasad Sherchan; Dinesh Panday; Rajan Ghimire;  "Soil Fertility and Nutrient 

Management",   THE SOILS OF NEPAL,  2021. 

158. Shichong Yuan; Binbin Yang; Jiawei Liu; Bin Cao;  "Influence of Fibers on Desiccation Cracks in Sodic 

Soil",   BULLETIN OF ENGINEERING GEOLOGY AND THE ENVIRONMENT,  2021.  (IF: 3) 

159. Lauren V. Alteio; Joana Séneca; Alberto Canarini; Roey Angel; Jan Jansa; Ksenia Guseva; Christina 

Kaiser; Andreas Richter; Hannes Schmidt;  "A Critical Perspective on Interpreting Amplicon Sequencing 

Data in Soil Ecological Research",   SOIL BIOLOGY & BIOCHEMISTRY,  2021.  (IF: 3) 

160. Yanping Qu; Xuejun Zhang; J. Zeng; Zhe Li; J. Lv;  "Historical Drought Events in The Early Years of 

Qing Dynasty in Shanxi Based on Hydrological Reconstructions",   WATER,  2023. 

161. Yongwei Fu; Yili Lu; Josh Heitman; Tusheng Ren;  "Root-induced Changes in Soil Thermal and Dielectric 

Properties Should Not Be Ignored",   GEODERMA,  2020.  (IF: 3) 

162. Yuki Kojima; Yuta Nakano; Chihiro Kato; Kosuke Noborio; Kohji Kamiya; Robert Horton;  "A New 

Thermo-time Domain Reflectometry Approach to Quantify Soil Ice Content at Temperatures Near The 

Freezing Point",   COLD REGIONS SCIENCE AND TECHNOLOGY,  2020.  (IF: 3) 

163. Behnam Tashayo; Afshin Honarbakhsh; Mohammad Akbari; Mobin Eftekhari;  "Land Suitability 

Assessment for Maize Farming Using A GIS-AHP Method for A Semi- Arid Region, Iran",   JOURNAL 

OF THE SAUDI SOCIETY OF AGRICULTURAL SCIENCES,  2020.  (IF: 3) 

 




