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Abstract   

Soil physical health sustenance is vital for ensuring sustainable agricultural output 

and environmental well-being. This review discusses several tactics and 

viewpoints targeted at protecting and promoting soil physical health. Soil health 

comprises its physical, chemical and biological characteristics, defining its 

capacity to sustain life. Degradation of soil physical health, caused by erosion, 

nutrient depletion and incorrect management methods, offers difficulties to 

agricultural sustainability, manifesting as reduced crop output and increased soil 

erosion. Soil physical qualities, including structure, porosity and water retention, 

directly influence plant development and ecosystem functioning. Effective soil 

management techniques, including practices like conservation tillage, covering 

crops and the use of organic amendments, are essential for preserving ideal soil 

physical conditions. Furthermore, advancements in technology, such as precision 

farming and remote sensing, provide innovative solutions for monitoring and 

managing soil health. However, constraints such as a lack of standardized 

assessment procedures and inadequate laboratory facilities restrict thorough soil 

health assessments. Future efforts should focus on multidisciplinary research to 

clarify the complex relationships among soil features and develop appropriate soil 

management solutions for varied agroecosystems. This analysis gives insights 

into soil physical health sustenance strategies and highlights the necessity of 

holistic soil management for resilient and sustainable agriculture. 
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Introduction   

Soil is a vital natural resource, comparable to air and water, and is a valuable gift 

to humanity. Soil is a complex system that interconnects various components of 

the Earth such as the atmosphere, hydrosphere, lithosphere and biosphere. It 

comprises organic and inorganic minerals, air and water that act as a reserve for 

plant growth and productivity. Soil functions as a medium for plant growth, but it 

also plays a significant role in the environment by purifying water, sequestering 

carbon, recycling nutrients and providing habitats for various organisms (1). 

 Soil health can be defined as  “the continued capacity of a soil to function 

as a vital, living ecosystem that sustains plants, animals and humans” (2). Soil 

health includes the physical, chemical and biological characteristics of soil, all of 

which are essential for maintaining sustained agricultural output. Consequently, 

soil health primarily emphasizes enhancing or maintaining the diverse activities 
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that the soil is currently capable of performing. Preserving or 

enhancing soil health is regarded as essential to achieve 

sustainable agricultural production. 

 The deterioration of soil health in India is increasing 

continuously due to factors such as soil erosion, excessive 

extraction of nutrients, decreased utilization of organics and 

imbalanced fertilizer application. Consequently, this results in 

nutrient deficiencies in crop growth and reduces the 

effectiveness of fertilizers. A healthy soil, considered "fit for 

purpose," is defined by its cultivability, flexibility, efficient 

retention of water and nutrients and superior drainage capacity. 

Such soil conditions facilitate robust root growth and optimal 

crop establishment (3). In turn, these characteristics can be 

collectively improved by maintaining the soil’s physical health. 

 The physical health of any soil is determined by the 

function of climate, time, topography, parent material and 

vegetation (4). Soil physical and mechanical properties include 

soil structure, moisture, permeability, temperature, bulk 

density, texture, porosity and others (5). Among various physical 

properties of soil, it is mandatory to understand that certain 

factors affect plant growth directly or indirectly. Soil air, 

temperature, water and mechanical resistance that hinder the 

germination of seedlings are the major factors that directly 

obstruct plant growth whereas soil bulk density, structure, 

texture and aggregate stability are the properties that show 

indirect effects on plant growth (6).  

 This review discusses the impact of several physical soil 
qualities on crop growth, development and productivity. This 

review also seeks to elucidate soil physical health, markers of 

soil physical quality, obstacles in sustaining soil physical health, 

solutions for improvement and future views for maintaining 

optimal soil physical health. 

Soil physical health 

Soil health and soil quality are terms often used to describe the 

soil's ability to support sustainable production. However, these 

terms can be used as synonyms for each other except for the 

limitation that soil health is mainly focused on soil dynamic 

quality. It is mainly pertained to soil biological characteristics. In 

contrast, soil quality can be defined as the ‘capacity of soil to 

function within its ecosystem boundary to sustain biological 

productivity, maintain environmental quality and promote 

plant and animal health’ (2). 

 A soil that can effectively sustain its inherent or acquired 

productive capacity/ability and provide ecological benefits is 

indicated to be in good health. The concepts of soil quality and 

soil health are discussed in the 14th Edition of the Soil Science 

textbook, Nature and Properties of Soils  (7) . The book states that, 

although both phrases are frequently used interchangeably, they 

represent two separate concepts. Soil health denotes the self-

regulation, stability, resilience and absence of stress indicators 

within the soil as an ecosystem. Soil quality refers to the biological 

integrity of the soil community, including the equilibrium among 

organisms inside the soil and the interactions between soil 

organisms and their surroundings. The concept of soil health 

demands the integration of soil's physical, chemical and 

biological properties together and their role in sustainable 

production, crop growth and ecological stability (8).  

 

 The soil's physical health refers to the capability of the 

soil to meet the needs of plants and the ecosystem such as 

aeration, physical strength, water, etc. The physical properties 

of soil depend on the arrangement, shape, amount, size, shape 

and mineral composition, organic matter content and pore 

spaces. Physical properties of soil such as the degree of 

compaction, aeration, water holding capacity, drainage and 

soil aggregate stability should be in optimum conditions 

because they can affect the plant growth adversely (9).  

Soil Quality Indicators 

The soil quality, or its ability to function, is generally assessed 
using in-built and dynamic soil properties. They act as 

indicators of soil function because these properties cannot be 

measured directly and they may be subjective. These inherent 

soil properties are formed over thousands of years and alter 

very little or not at all when managed. These properties are the 

result of soil-forming factors such as climate, time, biota, 

parent material and landscape. Examples of soil inherent 

properties include the type of clay, soil texture, drainage class 

and depth of bedrock. The soil quality indicators are generally 

classified as physical, chemical and biological indicators 

depending upon how the soil function gets affected but this 

classification is not clearly defined because any single soil 

property or indicator influences the many soil functions (10). 

 Physical indicators, used for evaluating the soil quality, 

rationale for selection, their functions in soil characteristics and 

issues caused by them due to improper maintenance are listed 

in Table 1. 

 These soil quality indicators determine how effectively 

water and roots can move or penetrate the soil and how 

resilient the soil resource is to the effects of climate change. 

Features like soil color, topsoil thickness, subsoil exposure, soil 

structure and sediment deposits are considered visual 

examples of physical indicators (10). This represents another 

category of soil quality indicators, distinct from physical, 

chemical and biological indicators, currently referred to as 

visual indicators. These can be observed directly or interpreted 

from photographs. Examples of potential visual indicators 

include subsoil exposure, soil color changes, plant responses, 

ephemeral gullies, runoff, blowing soil, weed species, ponding 

and sediment deposition. Such visual signs indicate clearly that 

the quality of the soil is either changing or under threat (11) 

(Fig.1). 

Challenges in Soil Physical Health Management 

While numerous soil health indicators have been suggested, 
there is still no globally accepted and standardized method for 

assessing soil health (5). Physical parameters of soil health, 

such as bulk density, water retention, soil texture (proportions 

of sand, silt and clay) and water holding capacity, are 

recognized as important indicators for maintaining soil health. 

However, many soil health cards fail to include these 

parameters.  Estimation of soil physical properties is mostly 

laborious and many of the soil science laboratories lack 

facilities to carry over these experiments so they cannot be 

measured (12). For example, the infiltration rate measurement 

in the field is a time-consuming procedure and also it utilizes 

about 10 liters of water which becomes challenging when the 

experiment is to be carried out widely (13).  
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 A further constraint in preserving soil physical health is 

the focus on measuring only surface soil parameters rather 

than the entire profile characteristics (14). Even if the soil 

physical health analysis is carried out worldwide, the slight 

variations made in standard methods of analysis used by 

different laboratories may make it difficult to compare the 

existing datasets which is challenging (15). 

Strategies for the sustenance of soil physical health 

Indian soils are naturally low in quality due to the warm climate 

and the effects of erosion. The conversion of forest land to 

cropland, along with improper management practices in 

agriculture, further contributes to the degradation of soil (16). 

To restore the soil's physical health, several approaches are 

employed, including regenerative agriculture, the application 

of organic and inorganic soil amendments and engineered 

nanoparticles (ENPs). Many practices such as crop rotations, 

cover crops, crop residue management, mulching, 

conservational tillage, livestock integration and rotational 

grazing are associated with regenerative agriculture. These are 

generally considered ‘Good Agricultural Practices’ and they 

remain integral to traditional farming practices (17). Organic 

amendments consist of materials such as sphagnum peat, 

straw, wood chips, biosolids, grass clippings, manure, 

compost, sawdust, wood ash and biochar. In contrast, 

inorganic amendments include vermiculite, sand, tire chunks, 

Table 1. The physical indicators considered for evaluating the soil quality 

Physical indicators Rationale for selection 
Soil functions mediated by 

them 
Issues caused due to improper 

maintenance References 

Soil texture 
Water and nutrient 

retention and transport, 
modeling use 

 It determines the soil 
characteristics affecting crop 
growth such as water-holding 

capacity, permeability and 
workability of soil. 

Cannot be readily changed and cannot be 
easily managed. (34) 

Infiltration rate 
Runoff, leaching and 

erosion potential. 

The rapid infiltration rate 
indicates a good soil 

structure in clay or silt soil 
textures but not in soils 
having sandy textures. 

Quick infiltration of water can increase the 
risk of off-site contamination in the water 

table. The field method of analysis of 
infiltration rate is tedious and requires 

more amount of water. 

(35, 13) 

Soil penetration 
Plant root penetration, 
water infiltration, soil 

aeration 

Based on the soil types, a 
little topsoil compaction is 

advantageous for crop 
development and root 

anchorage. 

Soil compaction alters the structure of the 
soil by raising its bulk density and 

penetration resistance while reducing its 
porosity, negatively affecting crop growth 

and development. 

(36, 37.38) 

Bulk density 

Porosity, penetration of 
crop root, porosity, 

indicator of soil 
compaction. 

It replicates the ability of soil 
to function for water and 

solute movement, structural 
support and soil aeration. 

Increased risk of pollutant transfer occurs. (35) 

Soil crusting 
Water penetration, 

Increased water runoff and 
soil loss. 

  

Precipitation leads to the breakdown of 
soil aggregates that leads to soil aggregate 
breakdown blocking the spoil's pores. This 

results in the sealing of pores, reducing 
water penetration and increasing water 

runoff and soil loss. 

(39) 

Aggregate stability 

Soil structure, crop 
emergence and erosion 

resistance which is an early 
indicators of soil 

management effects. 

The stability of soil macro 
aggregates is linked to 

microorganisms that produce 
adhesive substances, which, 
together with fungal hyphae 
and fine roots, help bind the 

aggregates together. 

It does not sufficiently describe the soil 
habitat, or the soil structure encountered 

by soil microbes or roots. 

  

(15,40) 

Hydraulic conductivity 
Indication of relative water 

transmission rate of the 
soil. 

Rainfall retention, water 
storage and comprehensive 
soil moisture management. 

Dynamic characterization of the soil-plant-
atmospheric continuum is determined by 

hydraulic conductivity. 
(19,41,42) 

Porosity 

Closely associated with 
bulk density and frequently 
utilized to assess the extent 

of compaction. 

An increase in porosity 
decreases the bulk density, 

soil strength and soil 
compaction. 

Decreased soil porosity is linked to limited 
root growth, reduced root proliferation, 

and diminished nutrient availability. 
(38,43,44) 

Water holding capacity 

Good water-holding 
capacity of the soil is 

correlated with good soil 
structure. 

It is a fundamental hydraulic 
property of soil, responsible 
for the functioning of soil in 

ecosystems and has a 
significant impact on soil 

management. 

Soil water movement and retention, 
crusting and aeration are all influenced by 

aggregation. 
(38,45,46) 

Fig. 1. Visible Soil quality indicators. 
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perlite and pea gravel (18). Out of these soil amendments, 

biochar is being used widely and is creating interest as a 

potential soil amendment. It results from the incomplete and 

slow combustion of organic materials, containing a high 

organic carbon content (60 to 80 %), which can improve 

various soil properties and be especially beneficial for soils with 

low organic carbon levels (19). The different effects of these 

strategies on soil physical health are outlined in the following 

sections. 

Impact of various strategies on soil physical health 

Agronomic practices 

To maintain good soil physical health, various agronomic 

practices are carried out and they are collectively termed 

‘regenerative agriculture’. A compilation of practices related to 

regenerative agriculture proposed by McGuire (20) and Merfield 

(21) are depicted in Fig. 2. It is crucial to emphasize that 

meeting the standards of Regenerative Organic Agriculture 

requires the exclusion of chemical fertilizers and synthetic 

pesticides and soil-free cultivation methods are not allowed. 

While some practices commonly associated with regenerative 

agriculture, such as crop rotations, crop covers and integration 

of livestock, have long been recognized as standard agricultural 

techniques and remain essential in conventional farming, other 

practices present challenges (22). For example, conservation 

agriculture can be practiced within an organic system or as a 

method that depends on genetically modified organisms 

(GMOs), along with the use of intensive herbicides and 

fertilizers (17) (Fig.2). A few research findings have been listed in 

tables (2-7) to support that the above-stated agronomic 

strategies help improve soil physical health. 

 

Engineered Nanoparticles 

Engineered nanoparticles are specifically designed materials 

with dimensions typically ranging from 1 to 100 nanometers 

and can take various forms, such as nanowires, spheres, 

nanotubes and nanorods (23). Research has demonstrated that 

ENPs like Iron (II,III) oxide (Fe3O4), Zinc Oxide (ZnO), Magnesium 

Oxide (MgO), Silicon Dioxide (SiO2) and Titanium Dioxide (TiO2) 

positively impact on soil physical properties, including 

enhancing hydraulic conductivity and increasing soil porosity 

(5,24). In a study by Aggelides (25), the application of MgO ENPs 

was shown to reduce soil bulk density, an effect not observed 

to the same extent with Fe3O4 ENPs. This reduction in bulk 

density improved soil aeration and root penetration, 

potentially due to the smaller particle size of MgO ENPs. 

However, specific particle dimensions for both ENPs were not 

detailed. Additionally, MgO ENPs improved soil structure, 

increased porosity and lower bulk density. On the other hand, 

Fe3O4 ENPs primarily contributed to strengthening soil 

aggregates by enhancing the bonds between iron and soil 

particles, thereby increasing the tensile strength of the 

aggregates. Furthermore, the use of γ-Al2O3 and CuO ENPs 

resulted in reduced swelling and shrinkage stress, as well as 

decreases in hydraulic conductivity and soil density (25). The 

application of ENPs for soil remediation has been extensively 

studied and reviewed, with nanoscale zero-valent iron (nZVI) 

being one of the most researched materials for environmental 

remediation over the last two decades (26). Other studies have 

found that carbon nanofibers (CNFs) act as growth enhancers, 

improving plants' water uptake abilities. These studies also 

reported significant increases in germination rates, shoot and 

root growth and higher levels of chlorophyll and protein 

content in plants treated with Cu-CNFs (27). 

Fig. 2. List of agronomic practices associated with regenerative agriculture. 
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 Table 2. Soil Structure with respect to the various practices 

S.No. Strategy / Practice followed Results Reference 

1. Crop rotation 
When legume-based crops were included in crop rotations, the labile carbon 

concentration increased and resulted in soil structure improvement. (47) 

2. Rotational grazing 
Light to moderate grazing significantly improved the soil structure and soil organic 

carbon (SOC) more than heavy grazing (48,49) 

3. Biochar application 
Biochar application along with animal manure improved the structure of soil by 

binding soil particles strongly resulting in the formation of soil aggregate and 
increasing soil’s tensile strength, in sandy soils. 

(50) 

4. No-tillage 
The increase in SOC resulted in higher aggregate stability and maintenance of good 

soil structure. (51) 

Table 3. Bulk density, Particle density, Porosity of soil 

S.No. Strategy / Practice followed Results Reference 

1. Residue retention 
Retaining residues on the soil surface improved porosity and soil 

aggregates. (52,53,54) 

2. Biochar application 

As the amount of biochar applied increased, soil thermal conductivity 
declined due to a reduction in soil bulk density. 

The incorporation of biochar was observed to enhance soil porosity by  
8.4 % while lowering the bulk density. 

(55,56) 

3. Zero tillage 
Zero tillage along with residue retention, resulted in a considerable 

decrease in bulk density in semi-arid regions. (57) 

4. Organic soil amendment application 
Soils amended with C. pascorum, P. biglobosa and L. purpereus, resulted 

in a 9.6 %, 8.2 % and 6.2 % decrease in bulk density values respectively, in 
comparison with the non-amended soils. 

(46) 

Table 4. Soil permeability / Infiltration rate 

S.No. Strategy / Practice followed Results Reference 

1. Crop residue retention 
Retention of crop residues and surface roughness creation by opting for strategic 

tillage proved to be a practical option for breaking soil crusts, improving water 
infiltration and reducing runoff. 

(58) 

2. Organic amendment application 

An increase in organic matter content and soil microbial activity led to improved 
water infiltration. This was particularly noticeable when 120 t/ha of household 

waste and manure were applied, resulting in higher water infiltration rates              
(549.25 cm and 596.46 cm, respectively) compared to the control, which measured 

around 332.16 cm. 

(59) 

3. Zero tillage Zero tillage along with mulch resulted in a significant reduction in bulk density (BD) 
and a higher infiltration rate. 

(60,61) 

4. Biochar application 
The hydrophobic nature of biochar induces water repellency, leading to a reduction 

in water infiltration and hydraulic conductivity. (19) 

Table 5. Soil temperature 

S.No. Strategy / Practice followed Results Reference 

1. Cover crops 
Cover crops usage in summer was found to reduce soil compaction and temperature 

and increase aggregate stability and water content of the soil. (51) 

2. Residue retention 
Surface residue retention was found to control weeds, moderate soil temperature, 

decrease evaporation and increase biological activity. (62) 

3. Conservational agriculture 
In hot regions, under conservational agriculture systems, the soil temperatures were 

found to reduce when residues are retained which also helped in plant growth and 
yield improvement. 

(63,64) 

Table 6. Water holding capacity 

S.No. Strategy / Practice followed Results Reference 

1. Biochar application 
The application of biochar has been shown to increase water retention in 17 out of      

19 soils, demonstrating that in 90 % of cases, biochar enhances the soil's capacity to 
retain water. 

(19) 

2. Conservational agriculture 
Increased soil water storage was identified as one of the outcomes when conservation 

agriculture and its components were implemented. (65,66,23) 

3. Conventional tillage 
In certain situations, the soil tilled conventionally resulted in a greater infiltration and 

storage of soil water than conservational agriculture by loosening the surface of the 
soil and destroying soil crusts. 

(24,67) 

4. Compost application 
Compost, when applied to loamy and clay soils in different concentrations, the water 

retention capacity of the soils increased when a higher amount of compost was 
applied. 

(25) 
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Crop simulation modeling for soil physical health management 

Crop modeling has been utilized in agriculture since the 1970s, 

and various models are now more readily accessible to users 

with varying degrees of experience and knowledge. The 

science field is attaining greater heights from being a neophyte 

science to date, with lots of evolution supported and backed up 

by improved languages, software, computer facilities and 

development tools. Despite being cultivated through scientific 

methods, the fundamental basis remains rooted in the 

knowledge gained from crop physiology, soil science, agro-

meteorology and other relevant agricultural disciplines. The 

crop system simulators use empirical equations to model 

carbon, water and nitrogen balance processes and these 

equations are calculated daily or hourly by a computer 

program to forecast crop growth, nutrient absorption, water 

usage, final yield and other plant characteristics (28).  

 The crop models may be empirical/mathematical, 

mechanistic, static and dynamic, deterministic and stochastic, 

simulation and optimizing models. The majority of crop 

models that are used to predict crop production are in 

these categories and they offer a variety of low-cost 

management alternatives and tactics (29). In early models, 

where solar radiation and temperature were only the driving 

variables, they were focused exclusively on crop carbon 

balance under optimum conditions (28). Using the leaf-level 

parameters for simulation of crop photosynthesis along with 

prediction of crop development throughout their stages of 

growth and scrutinizing policies for reproductive yield increase 

were the primary focus (30, 31). The following advances made 

in models were oriented to field decision making such as 

irrigation scheduling, pest and disease management (32, 33). 

Some of the crop simulation models used to assess soil 

physical health are given in Table 8.  

 

Conclusion and Future Perspectives    

Maintaining the physical health of the soil is essential for 

ensuring sustainable agricultural productivity and 

environmental resilience over the long term. This review 

highlights various strategies and viewpoints aimed at 

preserving and enhancing soil physical health. Essential soil 

management techniques, including conservation tillage, cover 

cropping, crop rotation and the application of organic 

amendments, are vital for preserving soil structure, enhancing 

water infiltration and reducing erosion. Soil organic matter is a 

vital measure of soil physical health, influencing soil structure, 

water retention and nutrient availability. Practices that focus 

on increasing soil organic matter, such as the application of 

compost and the management of agricultural residues, are 

vital for sustaining soil physical health. Soil compaction 

presents a major threat, as it limits root growth, impedes water 

infiltration and hampers nutrient uptake. The use of 

appropriate soil conservation methods, such as controlled 

S.No. Strategy / Practice followed Results Reference 

1. Conservational agriculture 

When conservation agriculture is followed, a decrease in subsurface compaction 
was noted, particularly it was evident in the 15-30 cm layer where soil 

penetration resistance significantly decreased. This reduction likely enhanced 
root structure, resulting in increased crop yields. 

(26) 

2. No-tillage 
The implementation of no-tillage practices alongside permanent raised beds, in 

contrast to conventional tilling, led to a 15.9 % and 30.7 % decrease in 
penetration resistance in maize. 

(27) 

3. Compost application 
Bulk density and penetration resistance decreased with the use of composts 

made from municipal waste and sewage sludge, with the reduction being more 
significant in loamy soil compared to clay soil. 

(25) 

Table 7. Penetration resistance 

Simulation models Reference Time & scale Summary of functions 

DSSAT                                                                 
(Decision Support System for 

Agrotechnology Transfer) 
 (68) 

Day                   
Field 

It features simulation models for over 42 crops, as per version 4.8.2 and 
includes modules for simulating soil water movement, nutrient 
dynamics, runoff, percolation and crop growth responses to soil 

physical properties. 

APSIM                                                          
(Agricultural Production Systems 

sIMulator) 
 (69) 

Day                     
Field 

A comprehensive model designed to simulate biophysical processes in 
agricultural systems, including crop growth, soil processes and 

management practices. It provides detailed representations of soil 
physical characteristics, such as water infiltration, moisture retention 

and the dynamic behavior of soil structure. 

STICS                                                                
(Simulateur mulTIdisciplinaire pour les 

Cultures Standard) 
 (70) 

Day                   
Field 

This is a process-based crop model designed to simulate the growth of 
various crops under diverse management practices and environmental 

conditions. The model is now adapted for nearly 20 crop species. It 
comprises components for replicating soil's physical characteristics 

like moisture levels, temperature and compaction. 

CROPSYST                                                     
(Cropping SYSTems simulator)  (71) 

Day                         
Plot 

It is a process-driven crop model created to simulate the growth of 
multiple crops under varying management practices and 

environmental conditions. It includes modules for simulating the 
physical properties of soil such as soil temperature, soil water content 

and soil compaction. 

SALUS                                                               
(System Approach to Land Use 

Sustainability) 
 (72) Day                        

Field 

It is a dynamic modeling framework for simulating agricultural systems 
at various spatial and temporal scales. It includes modules for 

simulating soil physical properties such as soil temperature, soil water 
dynamics and soil compaction. 

Table 8. Crop simulation models are used to assess soil physical health 
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traffic farming and subsoiling, can mitigate the negative effects 

of soil compaction. Technological advancements, such as 

precision agriculture and remote sensing, offer promising 

opportunities to monitor soil physical health and implement 

site-specific management practices to address soil 

degradation. 

 Additional research is required to enhance our 
understanding of the intricate interactions between soil's 

physical, chemical and biological properties and their influence 

on overall soil health. Since laboratory analyses of various soils' 

physical properties can be time-consuming, combining 

experimental studies, field observations and modeling 

techniques will be beneficial for understanding these 

interactions. Developing new soil management strategies 

tailored to different agroecosystems and environmental 

conditions is necessary to promote sustainable soil physical 

health. Adopting regenerative agricultural practices that focus 

on enhancing soil resilience and ecosystem services will 

contribute to the long-term sustainability of soil health. 

Initiatives aimed at educating and communicating the 

significance of soil health can enhance social involvement and 

backing for soil conservation endeavors. Utilizing emerging 

technologies, such as Artificial Intelligence (AI) and machine 

learning, for assessing and monitoring soil health can offer 

valuable insights into soil physical processes and support 

targeted efforts to enhance soil health. Addressing global 

challenges like climate change and food security requires an 

integrated approach that incorporates soil health 

considerations into agricultural planning and management 

strategies.  
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