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Abstract: Soil hydraulic conductivity is one of the most important physical properties of soil, indicating
the soil's ability to transmit water under a hydraulic gradient. Knowledge of hydraulic conductivity
plays a key role in water resources management, the design of irrigation and drainage systems,
prediction of water infiltration, and control of groundwater pollution. Various physical, chemical, and
biological factors affect the hydraulic conductivity of soil. Soil texture, as a physical factor, has a direct
impact on hydraulic conductivity. Sandy soils often have high hydraulic conductivity due to their large
and continuous pores, but they have low water retention capacity. Salts, as one of the chemical factors,
alter soil structure through two pathways: physical (such as pore blockage caused by salt precipitation)
and chemical (such as clay dispersion by sodium), thereby affecting water flow, permeability, and
hydraulic conductivity of the soil.
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Introduction: Soil hydraulic conductivity (K) is one of the most important physical properties of soil, indicating
the soil's ability to transmit water under a hydraulic gradient. It is mathematically defined by Darcy's law (Equation
(1): i = K *dZ/dh), where ‘i’ is the volumetric flux, ‘K’ is the hydraulic conductivity coefficient, and ‘dZ/dh’
is the hydraulic gradient. Hydraulic conductivity coefficient depends on both the physical properties of the soil
matrix and the characteristics of the fluid. When the soil is fully saturated, it is termed saturated hydraulic
conductivity (Ks,.), a crucial parameter for predicting water infiltration, drainage, and solute transport in
environmental, agricultural, and engineering applications (Carrick et al., 2011; Usowicz and Lipiec, 2021).
Hydraulic properties are key indicators for understanding water behaviour in soil and play a determining role in
sustainable land and water management. These properties, including moisture retention and hydraulic
conductivity, are influenced by complex interactions of the soil's physical, chemical, and biological characteristics
(Lin, 2003; Das Gupta et al., 2006; Usharani et al., 2019). Understanding these relationships is essential for
analysing subsurface flow, designing irrigation/drainage systems, optimizing agricultural productivity, and
predicting phenomena like flooding and groundwater contamination (Deb & Shukla, 2012; Gamie & De Smedt,
2018; Usowicz and Lipiec., 2021). Factors such as soil texture, bulk density, porosity, structure, organic matter,
and land management significantly affect hydraulic conductivity.

Methidology: This study employed a systematic review methodology for the collection and analysis of references.
The requisite data and findings were extracted by searching databases such as Web of Science, Scopus, and others,
using keywords relevant to hydraulic conductivity. The final article selection criteria focused on empirical and
modeling studies related to factors influencing soil hydraulic conductivity. Ultimately, from the gathered pool of
articles, 64 scientific references (spanning from 1984 to 2024) were selected for the development of this paper.
Over 50 percent of these sources were published in top-tier and mid-tier journals with high to good impact factors,
including, but not limited to: Earth-Science Reviews, Environment International, Science of The Total
Environment, Journal of Hydrology, Geoderma, Hydrology and Earth System Sciences, Geophysical Research
Letters, Water Resources Research, Soil Science Society of America Journal, Vadose Zone Journal, Soil & Tillage
Research, Frontiers in Plant Science, Scientific Reports, Plant and Soil, European Journal of Soil Science, Soil
Use and Management, Journal of Soils and Sediments, Pedosphere, Hydrological Processes, Journal of Soil
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Science and Plant Nutrition, Geocarto International, Land, and Agriculture. These references were utilized to
examine research progress trends, identify key influential factors, and formulate a comprehensive synthesis of the
subject.

Rezults and Discussion: Among the physical factors, soil texture plays the most important role; sandy soils with
larger particles have higher hydraulic conductivity and lower water retention capacity, while clay soils, due to
smaller particles and higher porosity, have lower conductivity (Cosby et al., 1984; Jarvis et al., 2013). Soil bulk
density and porosity, especially pore connectivity, have a strong impact on saturated hydraulic conductivity;
increasing soil compaction leads to an exponential decrease in hydraulic conductivity (Assouline, 2006). The
Kozeny-Carman and Assouline models explain this relationship well. Among biological factors, plant roots and
the activity of soil organisms such as earthworms and termites improve soil pore structure, leading to increased
porosity and permeability (Tang et al., 2024; Kutilek and Jendele, 2008). Additionally, soil organic matter,
especially biochar, contributes to enhancing hydraulic conductivity by increasing microbial activity and
strengthening soil structure, although high amounts of it can cause pore blockage and reduce conductivity (Steiner
et al., 2007; Rawls et al., 2004). The effect of biochar depends on the soil type, its origin, and the pyrolysis
temperature (Zhang et al., 2016; Brockhoff et al., 2010). In the realm of chemical factors, soil salts, especially
sodium ions, play an important role. Sodium causes dispersion of clay particles and deterioration of soil structure,
leading to a decrease in hydraulic conductivity (Choudary et al., 2023). The effects of salts are complex and
nonlinear; at moderate concentrations, conductivity may increase somewhat due to temporary structural
stabilization, but at high concentrations, severe clay dispersion occurs, causing a decrease in conductivity (Zhang
et al., 2024). New models, such as the one by Kramer et al. (2021), incorporate the phenomenon of moisture
hysteresis to better model the irreversible reduction in hydraulic conductivity, providing improved opportunities
for sustainable management of saline and sodic soils. The change in pH caused by alkaline compounds can have
a dual effect on hydraulic conductivity; within certain ranges, it can improve conductivity, but at higher levels, it
can lead to soil structure degradation and decreased hydraulic conductivity (Ali et al.,, 2021). Therefore, a
comprehensive understanding of the interactions among physical, biological, and chemical factors, with special
attention to soil texture, organic matter, and chemical properties, is essential for the optimal and sustainable
management of soil and water resources.

Conclusion: The hydraulic conductivity of soil is affected by several factors, including texture, bulk density, living
organisms, organic matter, soil management, salinity, and chemicals. In other words, any factor that alters the
characteristics of soil pores and the fluid (water) can also change the hydraulic conductivity. To maintain and
improve hydraulic conductivity, sustainable soil management, reduced compaction, increased organic matter, and
salinity control are essential.
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Fig. 2 Effects of sodium chloride (NaCl) and calcium
chloride (CaCl;) concentrations on the saturated
hydraulic conductivity of soil for (a) silty clay soil and
(b) sandy loam soil (Zang et al., 2024).
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5- List of symboles

i (m%(s.m?®) Volumetric flux

K (m/s) Saturated Hydraulic Conductivity

Ks (m/s) Satura'fed .hydrauhc conductivity under
consolidation
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