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Introduction 

As quoted by Daniel Hillel, “The soil physical fertility and 

chemical fertility are the two sides of soil fertility”. While 

chemical fertility refers to the chemical status of the soil, 

physical fertility pertains to its physical status. Together, they 

form the soil's physical environment for crop production. This 

concept integrates all the physical properties of the soil in 

relation to their role in influencing soil usability. Therefore, it is 

more appropriate to use the term “physical fertility” to 

represent the overall physical characteristics of the soil (1). Soil 

is a fundamental component of the terrestrial ecosystem, 

playing a critical role in supporting plant growth, regulating 

water flow and maintaining environmental quality. A soil 

quality indicator can be classified into physical, chemical and 

biological attributes, with the interaction of these components 

creating a complex functional state. This makes it essential to 

define how soil functions in relation to each attribute (2). The 

capacity of soil to support various forms of life, including plants 

and animals, while also contributing to human well-being and 

environmental stability, is known as soil health. This concept is 

often used interchangeably with soil quality. The soil health is 

heavily influenced by farming practices and the physical, 

chemical and biological methods used in both conventional 

and organic agriculture. Recently, there has been growing 

awareness of the importance of soil biodiversity and ecology, 

as the abundance of soil organisms can transform sustainable 

farming practices and soil health management systems (3). 

Healthy soils are crucial for producing high-quality food and 

supporting ecosystem functions. Healthy soil offers many vital 

services, including water regulation, nutrient supply, gas 

exchange and carbon sequestration. However, ecosystem 

health and global food security are being adversely impacted 

by agroecological practices, crop intensification and alterations 

to the soil's biological, chemical and physical properties (4).  

 Soil has physical, chemical and biological properties 

that differ from one soil to another (4). Soil is considered a 

living, dynamic ecosystem, where its characteristics are shaped 

by a diverse array of micro and macro-organisms (5). Soil 
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Abstract  

The favourable physical (such as texture, structure, bulk density, porosity and water holding capacity), chemical (including pH, cation 

exchange capacity and EC) and biological (like microbial diversity, soil respiration and enzyme activity) traits are regarded as defining 
features of healthy soil, which is critical for productive and sustainable crop production. Soil health and quality are significantly influenced 

by these physical, chemical and biological characteristics. The physical properties of soil, such as texture, structure and bulk density, play 

a pivotal role in determining water holding capacity, nutrient retention, nutrient cycling, root penetration, aeration, drainage and 

microbial activity all of which are interconnected for sustainable agriculture. Soil quality can be improved through the application of 
various soil amendments, which are materials derived from organic, inorganic, or biological sources and are aimed at enhancing soil 

productivity and overall characteristics. Amendments such as cover crops, farmyard manure, vermicompost and biochar have 

demonstrated significant effects such as reducing bulk density and increasing porosity in various soil textures, including silt loam, clay 

loam and sandy loam. Similarly, conservation tillage practices, particularly under organic management systems, have been shown to 
improve soil physical properties compared to conventional tillage by increasing infiltration rates, reducing penetration resistance and 

enhancing soil structure stability. These practices also positively impact chemical and biological soil properties such as improving nutrient 

availability, boosting microbial diversity and enhancing soil organic carbon sequestration. By fostering a supportive environment for plant 

growth, such integrated soil management approaches lead to higher crop yields while promoting long-term soil sustainability and 
resilience.  

Keywords: nutrient availability; pH regulation; soil physical fertility; sustainable yield  

http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.10243&domain=horizonepublishing.com
https://doi.org/10.14719/pst.10243
mailto:sheeba.s@tnau.ac.in
https:/doi.org/10.14719/pst.10243


VIKRAMAN  ET AL  2     

https://plantsciencetoday.online 

health is highly vulnerable to damage and degradation caused 

by climate change, global warming, nutrient depletion, 

erosion, compaction, contamination, salinization, overgrazing 

and human activities (6). The restoration or enhancement of 

soil health requires global attention. It is expected that the 

evaluation of soil health indicators will lead to an improved 

understanding of the mechanisms that support sustainable 

farming practices. 

 Sustainable agriculture involves farming practices that 

safeguard the environment, enhance and preserve natural 

resources and optimize the use of non-renewable resources. 

This approach aims to balance agricultural productivity with 

ecological responsibility. Soil health is closely linked to human 

health, water and air quality, food security and the socio-

economic well-being of regions. The expected rapid rise in the 

global population to 8.9 billion by 2050 will result in increased 

demand for agricultural products (7). A critical challenge facing 

us is the need to meet the anticipated demand for healthy and 

sustainable food production. Boosting crop productivity while 

reducing the impacts of climate change and protecting 

agroecosystems is a key objective of sustainable agriculture (8).  

 Sustainable crop production relies heavily on the ability 

to manage soil physical properties effectively to maintain soil 

health, increase resilience to climate variability and improve crop 

yields. In recent years, the importance of sustainable soil 

management has gained significant attention due to the growing 

need to enhance agricultural productivity while minimizing 

environmental degradation. 

 This review emphasizes the global importance of 

improving soil physical properties for soil fertility. It explores 

how physical properties influence chemical and biological 

characteristics, affecting nutrient availability and microbial 

activity. The review highlights the interconnections between 

soil physical conditions and overall soil health, stressing their 

impact on sustainable agriculture. The review aims to analyse 

research findings and management strategies to improve soil 

physical properties for sustainable crop production. 

Soil physical properties: An overview 

Soil physical properties play a critical role in agricultural 

productivity and the sustainable use of soil. The study of these 

properties is essential for understanding soil health and overall 

productivity (9). The relationship between soil physical 

properties and crop production can vary widely (10) and the 

degradation of soil productivity is often due to issues related to 

soil structure, erosion and depletion of organic matter (11). Key 

physical and mechanical characteristics, such as soil structure, 

texture, temperature, bulk density, particle density, porosity, 

infiltration rate, hydraulic conductivity and moisture content 

are vital determinants of soil health (12). These properties 

influence important soil functions such as root penetration, 

nutrient availability, microbial activity and water retention, all 

of which are crucial for sustainable crop production. The 

physical properties which are necessary for plant growth are 

shown in Fig. 1.   

Soil structure 

Soil structure is a crucial factor indicating soil physical quality. 

The soil structure is the arrangement of sand, silt and clay 

particles. Aggregate stability serves as a key indicator of soil 

structure (13). The naturally occurring aggregates or clumps of 

soil particles are known as ped. Peds of soil structure are 

classified based on three characteristics: type (shape), class (size) 

and grade (strength of cohesion) (14). Based on aggregate shape 

soil structure is classified as platy, prismatic or columnar, angular 

blocky and subangular blocky (15). Soil structure manages 

 

Fig. 1. Physical properties necessary for plant growth.  
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infiltration and water retention, the dynamics of soil organic 

matter (SOM) and nutrients, gas exchange, root penetration and 

vulnerability to erosion (15, 16). The structural aspects of soil are 

determined by its aggregates, whose "size, shape, composition 

and stability define various micro-regions in soils, providing 

structures for microbial growth, as well as controlling the 

exchange of gas, water, enzymes and nutrients" (17, 18). 

 A soil with a good structure develops stable aggregates 

and contains numerous pores of different sizes. This type of soil 

is easy to cultivate and supports the emergence of seedlings 

and strong root growth. In contrast, a soil with poor structure 

lacks stable aggregates and sufficient pore spaces. This can 

lead to compacted or waterlogged conditions, poor drainage 

and aeration issues, making it prone to erosion (14). The soil 

with low bulk density can decrease soil compaction leading to 

increased aeration, nutrient availability, water holding capacity 

and infiltration rate can enhance the root and growth of the 

plant to get a high yield.  

Soil texture 

Soil texture is fundamentally defined as "a physical property of 

soil that refers to the different sizes of the mineral 

particles" (19). Soil texture is classified into three categories 

according to the USDA system of particle size distribution: fine, 

medium and coarse. The fine-textured category encompasses 

clay, clay loam, silty clay, silt and silty clay loam; the medium-

textured category consists of loam, sandy loam, silt loam, 

sandy clay and sandy clay loam and the coarse-textured 

category includes loamy sand and sand. This term is 

sometimes used interchangeably with the mechanical 

composition of soil and is a relatively stable characteristic that 

influences many other soil properties (20).  

 It serves as "an important index that reflects the 

potential productivity of the soil" and is "significantly related to 

soil moisture, nutrient content, pH, salt content and aeration as 

well as farming difficulty" (21, 22). Soil physical characteristics 

have far-reaching effects, as "the mechanical resistance, 

particle composition and porosity of soil of different textures 

vary." This variation in texture "changes the water, air, heat and 

nutrition status of the soil", which consequently affects "the 

growth and development of crop roots, above ground parts as 

well as the species and quantity of microorganisms in the 

soil" (23, 24). Soil texture influences numerous processes, such 

as infiltration, drainage (both water and air distribution), 

erosion, chemical interactions and biological activities. Soil 

textural aspects are broadly discussed in Table 1.  

Bulk Density (BD) and compaction 

BD is crucial in assessing soil quality, productivity, compaction 

and porosity. Research has shown that increases in BD lead to 

reductions in root length density, root diameter and root mass 

(25). Nevertheless, the functions of soil BD vary based on soil 

type, particularly soil texture and the amount of soil organic 

matter (SOM) present (15). It serves as an indicator of the pore 

space within individual soil horizons, being inversely proportional 

to pore space. It is useful for evaluating soil compaction levels.  

 Soil compaction negatively impacts soil's physical 

properties and fertility, particularly its ability to store and supply 

water and nutrients. It leads to higher soil BD, reduced porosity, 

increased soil strength and diminished water infiltration and 

holding capacity. These changes lower fertilizer efficiency and 

crop yields, while also increasing risks of waterlogging, runoff 

and soil erosion, which can contribute to environmental 

pollution issues (26). The weight of agricultural machinery 

compacts the soil, leading to increased soil BD, reduced porosity 

and lower crop yields (27). 

 Research indicates that higher compaction levels 

correlate negatively with organic carbon and essential 

nutrients, such as nitrogen, phosphorus and potassium, across 

various soil textures (26). This decline in organic matter and 

nutrient availability can adversely impact soil microbial 

communities, which are crucial for ecosystem functions (28). 

Furthermore, while some studies have documented the 

resilience of microbial communities’ post-compaction, the 

recovery rates vary significantly depending on agricultural 

management practices (28). Thus, understanding the interplay 

between soil compaction and biological properties is essential 

for effective soil management and reclamation strategies.  

Hydraulic conductivity and Infiltration 

Hydraulic conductivity is one of the properties closely related 

to soil structure and water movement in the soil. It determines 

how water moves in soil, with horizontal movement dominant 

in saturated conditions and vertical flow preferred in non-

saturated conditions, based on interlinked pores and pore size 

(29). The saturated hydraulic (Ksat) conductivity is a very 

sensitive estimation for the movement of water in the soil that 

changes spatially and temporally due to paedogenic (soil 

texture and parent material) and anthropogenic factors (crop 

management practices) (30). 

 Infiltration rate refers to the speed at which water 

enters the soil. The amount of soil infiltration is reduced due to 

excess rainfall leads to runoff (31). Soil permeability is a key 

physical characteristic that influences the rate at which water 

infiltrates the soil. The primary indicators of soil permeability 

are the initial infiltration rate and the steady-state infiltration 

rate.  Factors such as soil bulk density, total porosity, capillary 

porosity, organic matter content and root characteristics play 

significant roles in determining soil infiltration rates. Soil 

infiltration properties are crucial indicators of soil quality and 

fertility, influenced by various factors such as soil type, land use 

and management practices (32). 

Texture 
Structural  

development 
Infiltration 

rates Drainage 
Water holding 

capacity 
Chemical and biological  

processing Effect 

Sand Limited Rapid Rapid Low Reduced compared to high 
clay content 

Leaching of minerals 
and organic material 

Silt Poor Moderate Well drained Moderate Moderate Easily eroded and 
compacted 

Clay High Slow Poorly drained High High when not compacted 
or saturated 

Easily compacted 

Loam Good Well drained Well drained Good Chemically and biologically 
diverse and active 

A mixture of sand, silt 
and clay 

Table 1. Soil textural aspects  
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Soil aeration 

The physical characteristics of soil, such as its texture, structure 

and porosity, have a significant impact on the ability of air to 

move through the soil. This soil aeration is a critical factor that 

influences the growth and development of plants, the cycling 

and availability of nutrients and the release of greenhouse gases 

from the soil into the atmosphere (33). Factors such as soil 

texture, structure, density, porosity and colour significantly 

impact soil aeration by influencing oxygen availability, root 

penetration, moisture retention and nutrient availability for 

plants (34). Moreover, when soil becomes compacted, it reduces 

the amount of pore space available for air movement as well as 

the overall pore volume within the soil. This decreased soil 

aeration hinders the transport of gases that are critical for plant 

respiration and the activities of microorganisms living in the soil. 

Compacted soils with limited aeration can negatively impact 

plant health and microbial activity (35). Overall, the physical 

properties of soil have a significant impact on microbial activity 

and soil aeration, highlighting the importance of understanding 

and managing these factors for sustainable soil health and 

productivity.  

Impacts of physical property management on chemical and 

biological properties 

Soil is a dynamic system and its physical, chemical and 

biological properties are intricately interconnected. Managing 

the physical properties of soil such as texture, structure, 

porosity and water retention, profoundly influences its 

chemical and biological characteristics. This interplay is critical 

for optimizing soil health, enhancing agricultural productivity 

and maintaining ecosystem sustainability. Physical property 

management practices such as tillage, compaction control and 

organic matter incorporation significantly influence soil's 

aeration, water movement and aggregation. These changes 

impact chemical processes, including nutrient availability, pH 

balance and ionic exchange capacity. Favourable physical 

conditions also support microbial activity, promoting nutrient 

cycling and organic matter decomposition. Thus, the interplay 

between physical, chemical and biological properties is crucial 

for maintaining soil health, as shown in Fig. 2. Integrated 

management strategies are essential to ensure sustainable 

productivity and ecosystem stability. 

Effect of physical properties on soil chemical properties 

Influence of soil texture on nutrient availability and retention 

Soil texture plays a crucial role in nutrient availability and 

retention, directly influencing agricultural productivity. The 

physical and chemical properties of soils vary with texture, 

shaping nutrient dynamics and ultimately affecting crop 

performance, water use efficiency (WUE) and nitrogen use 

efficiency (NUE). Studies have shown that finer-textured soils, 

such as loamy and clay soils, tend to outperform sandy soils in 

crop productivity. For example, maize yields were significantly 

higher in loamy clay soils (11440 kg ha-1) compared to sandy 

loam soils (8257 kg ha-1), attributed to better water and 

nitrogen retention in the loamy soils (36). Similarly, a study on 

irrigated crops found that loam-textured soils yielded 23.9 % 

more maize and retained nitrogen more effectively than sandy 

soils (37). Cucumber yields also favoured clay loam over sandy 

loam due to superior NUE and WUE (38). Wheat yields varied by 

texture, with silt loam producing the highest yields under 

freshwater irrigation conditions (39). In Northwest China, 

nitrogen leaching in sandy soils was observed to be 1.65 times 

higher than in loam-textured soils (40). 

 Finer-textured soils, such as silty loams, demonstrate 
greater nutrient retention due to their higher cation exchange 

capacity (CEC) and organic matter content, which enhance 

nutrient availability for crops (41). In contrast, coarse-textured 

soils like sandy soils, typically exhibit lower nutrient retention, 

leading to greater leaching losses and reduced nutrient 

availability (40). As a result, sandy soils often produce lower 

yields due to their poor nutrient and water retention capacity, 

necessitating the adoption of improved management practices 

(40).  

 

Fig. 2. Interplay between physical, chemical and biological properties in maintaining soil health.  
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 Soil texture also impacts microbial activity, which is vital 

for nutrient cycling. Finer-textured soils tend to support more 

stable microbial communities, promoting sustained nutrient 

availability over time (42). Meanwhile, biochar amendments in 

sandy soils have been shown to boost microbial biomass and 

activity, improving nutrient availability (43). While loamy and 

clay soils generally support higher crop yields, sandy soils can 

still be made productive through proper management, such as 

adding organic matter to enhance water retention and nutrient 

availability.  

Role of soil structure in chemical reactions and pH regulation 

Soil structure plays a crucial role in regulating pH through 

mechanisms such as buffering capacity, microbial activity and 

physical properties. The interaction between soil pH and 

structural characteristics significantly influences microbial 

communities and their functions, which are essential for 

maintaining soil health and nutrient cycling. Soil structure affects 

proton distribution in the soil solution, a key factor in 

determining soil pH and nutrient availability (44). Structural 

changes, such as increased microporosity can enhance microbial 

respiration rates, especially under acidic conditions (45). The 

arrangement of soil pores determines the accessibility of 

nutrients and organic matter, which impacts microbial activity 

and chemical reactions (46). 

 Soil pH has a direct effect on microbial community 

composition and enzyme activities that drive organic matter 

decomposition (47). Tropical soils are more sensitive to 

acidification compared to temperate soils, highlighting the 

importance of soil structure in pH regulation (48). For example, 

forest soils generally exhibit higher pH buffering capacities than 

agricultural soils, indicating complex interactions between land 

use and soil structure (49). However, anthropogenic activities 

such as fertilizer use can disrupt these natural processes, leading 

to soil degradation and reduced agricultural productivity (50). 

Overall, soil physical properties strongly influence microbial 

dynamics and aeration, underscoring the need for informed 

management to maintain soil health and long-term productivity. 

Soil physical properties and its influence on biological 

functions 

Soil texture 

Soil physical properties play a critical role in shaping biological 

functions by influencing the habitat and resources available to 

soil organisms. These properties affect nutrient cycling, organic 

matter decomposition and overall soil fertility. For instance, 

soil texture has a significant impact on moisture distribution 

and particulate organic matter availability, which are crucial for 

microbial access to substrates and subsequent organic matter 

mineralization (27, 51). Finer-textured soils, such as silt loam, 

are more effective in retaining moisture, which promotes 

higher rates of particulate organic matter mineralization. In 

contrast, coarser soils like loamy sand, while retaining some 

moisture, influence microbial community dynamics and 

nutrient cycling differently due to their texture. These 

variations highlight the significant role of soil texture in organic 

matter mineralization and nutrient supply (27). The interplay 

between soil texture and biological functions underscores the 

importance of fine and coarse soil fractions in supporting 

microbial activity. Management practices that consider soil 

texture can help optimize organic matter turnover and sustain 

soil fertility.  

Porosity 

The physical properties of soil, including porosity are crucial for 

root growth and overall plant health, which in turn affects soil 

biological properties (52). Porosity plays a vital role in creating 

habitats for microorganisms, as it fosters greater diversity and 

abundance.  Increased soil porosity promotes higher microbial 

biomass carbon (MBC), nitrogen (MBN) and phosphorus (MBP) 

levels, enhancing nutrient cycling (53).  Studies have shown 

that incorporating biochar into soil can increase total porosity 

and pore volume, positively influencing the structure of 

microbial communities. The size of pores is particularly 

important, as larger pores (> 5 µm) support a wide range of 

bacterial genera, whereas smaller pores (< 5 µm) are associated 

with anaerobic microbial populations (54). Conversely, while 

increased porosity generally benefits biological properties, 

excessive porosity can lead to nutrient leaching and reduced 

water retention, potentially harming soil health. Thus, a 

balance is essential for optimal soil management. 

Bulk density 

BD and porosity play a critical role in hydrological conditions, 

affecting soil moisture and biological processes like peat 

mineralization (55). Beneficial bacteria such as Paenibacillus 

polymyxa aid in phosphorus absorption in potato farming, 

illustrating the connection between soil microbial health and 

density (56). Lower BD increases pore space within the soil, 

promoting the proliferation of bacteria like Pseudomonas 

fluorescens. Research indicates that soils with a BD  of 1.3 g/cm³ 

support higher bacterial densities compared to those with a BD 

of 1.5 g/cm³, highlighting the importance of reduced 

compaction for microbial activity (57). However, while reduced 

BD generally enhances microbial functions, it is important to 

avoid excessive soil loosening as this can lead to erosion and 

nutrient leaching, potentially negating the benefits of increased 

microbial activity. SOM significantly influences BD and porosity. 

Higher SOM content typically leads to lower BD and increased 

porosity, facilitating better water retention and nutrient cycling 

(58, 59). 

Soil moisture 

Soils with finer textures generally support enhanced biological 

activity but can also be more susceptible to extreme weather 

events like droughts and floods. These conditions can disrupt 

microbial communities and carbon cycling processes (51). 

Drought stress significantly reduces microbial populations and 

enzymatic activity, adversely affecting nutrient cycling in 

agricultural soils (60). While extreme moisture levels generally 

harm microbial and faunal communities, some microbial groups 

may adapt over time, potentially increasing their resilience to 

future climate variability. Fungi tend to be more drought-tolerant 

than bacteria, reflecting their greater resilience to changes in 

moisture levels (61). Additionally, the interaction between soil 

moisture and litter nutrient diversity suggests that nutrient-rich 

habitats may be particularly vulnerable to the effects of climate 

change (62). This underscores the need for managing soil 

physical properties, such as texture and moisture, to enhance 

microbial resilience and nutrient cycling, aligning with strategies 

for sustainable crop systems.  
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Soil physical fertility management practices 

Soil quality can be enhanced through the application of soil 

amendments, which are materials derived from various 

sources aimed at boosting soil productivity and improving soil 

characteristics. These amendments fall into two broad 

categories: organic and inorganic. Organic amendments 

include substances such as biochar, straw, fruit/vegetable 

waste residues, animal manure, sawdust and composted 

organic matter. Inorganic amendments comprise materials 

such as sand, gypsum, vermiculite, zeolite and lignite. Both 

organic and inorganic soil amendments play a crucial role in 

improving the physical and biological properties of soil. They 

contribute to increased carbon sequestration in the soil, aid in 

the remediation of saline and contaminated soils and 

ultimately lead to higher crop yields and more efficient 

utilization of fertilizers. By incorporating suitable soil 

amendments, farmers and land managers can enhance the 

overall quality and fertility of their soils, promoting sustainable 

agricultural practices (63-65). The amendments and their 

impacts both above and belowground are shown in Fig. 3.  

Effect of tillage practices for improving soil physical properties in 

different textures 

Different tillage practices have varying impacts on soil physical 

properties across different textures. Conservation tillage 

methods like zero tillage have been shown to improve soil 

quality by increasing soil microbial biomass carbon and reducing 

BD (66). Similarly, conservation tillage practices in organic 

management have been found to enhance soil physical 

properties compared to conventional tillage, with higher 

infiltration rates and lower penetration resistances under organic 

management (67). Additionally, the use of no-till practices has 

been linked to improved soil moisture conservation, organic 

matter maintenance and enhanced crop production compared 

to conventional tillage, especially in dry-land agriculture 

scenarios (68). Furthermore, the combination of different tillage 

systems with soil plastic mulching and fertilizer applications can 

significantly impact soil porosity, water content and aggregate 

stability, highlighting the importance of integrated management 

practices for optimizing soil physical properties to achieve 

sustainable crop production (69). The effects of different tillage 

practices on various crops for increasing yield and improving soil 

physical properties are presented in Table 2.  

Effect of various organic amendments for improving soil physical 

properties 

Organic amendments like manures, composts, biochar, cover 

crops and crop residues can improve several important 

physical properties of soils such as increasing soil organic 

matter content, improving soil aggregation and aggregate 

stability, lowering BD, increasing total porosity and improving 

resistance to surface crusting and compaction. Sandy loam 

and clay loam soils amended with hay straw at the rate of 6 % 

can decrease BD and increase porosity, leading to better water 

retention and nutrient availability for plants (74).  

 Other organic amendments such as farmyard manure 

at the rate of 15 t ha-1, poultry manure at 5 t ha-1 and 

vermicompost at 5 t ha-1 have significant effects on decreasing 

BD and increasing soil porosity. These effects, expressed as 

different percentages, are shown in Fig. 4 (75-77).  

Effect of cover crop for improving soil physical properties 

Initially, cover crops were cultivated to serve as green manures, 

providing a protective mulch layer on the soil surface and 

acting as a soil amendment to improve soil quality. 

Subsequently, their use evolved and cover crop residues began 

to be incorporated directly into the soil to enhance soil fertility 

and nutrient levels (78).  

Fig. 3. Amendments and their impacts both above and belowground. 
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 Among the most widely used leguminous cover crops 

by farmers and researchers are alfalfa (Medicago sativa), 

crimson clover (Trifolium incarnatum), hairy vetch (Vicia villosa), 

Austrian winter pea (Pisum sativum subsp. arvense), sunn 

hemp (Crotalaria juncea) and subterranean clover (Trifolium 

subterraneum). Commonly grown grass cover crops include 

cereal rye (Secale cereale), oat (Avena sativa), annual ryegrass 

(Lolium multiflorum) and Sudan grass (Sorghum × drummondi). 

Additionally, buckwheat (Fagopyrum esculentum), a summer or 

cool-season annual broadleaf grain and brassicas are other 

popular cover crop options (79). Table 3 shows the benefits of 

using cover crops for improving soil physical properties such as 

BD, hydraulic conductivity and infiltration rate to support 

better crop production. Table 4 shows the variance in soil 

temperature resulting from the cultivation of cover crops. 

Effect of various biochar for improving soil physical properties 

Biochar is a carbon-rich material produced by heating biomass 

in an oxygen-limited environment through a process called 

pyrolysis. The feedstock used to create biochar can vary from 

woody materials to biosolids and is often categorized into 

three main groups: woody biomass (WB), crop residues (CR) 

and organic wastes (OW) (91). When these various raw 

Texture Cover crops Influence on soil physical 
properties 

Increase or decrease Percentage (%) References 

Silt loam Sunn hemp Bulk density Decrease 4 (80) 
Silt loam Winter wheat Bulk density Decrease 12 (81) 

Clay loam Millet Bulk density Decrease 24 (82) 
Clay loam Winter wheat Hydraulic conductivity Increase 7 (83) 
Silt loam Cereal rye Hydraulic conductivity Increase 33 (84) 
Silt loam Rye-hairy vetch Infiltration rate Increase 9 (85) 

Table 3. Benefits of cover crops in improving soil physical properties 

Fig. 4. Organic amendments for improving soil physical properties. 

Crops 
Soil 

 texture 
Tillage 

Management  
strategies 

Comparison 
Yield 

increase 
(%) 

Influence on soil physical 
properties 

References 
Physical  

properties 
Percentage 

increase (%) 

Maize 
Sandy clay 

loam 
Deep 

 tillage 

1 mould board 
plough + 2 planking + 

2 ploughing 

2 planking + 2 
ploughing 10.99 

Bulk density 5.40 

(70) Infiltration rate 9.46 
Porosity 6.05 

Water 
melon 

Clay loam Conventional 
tillage 

1 mould board 
plough + 2 passes of 

disc harrow 

2 passes of disc 
harrow 

11.6 
Bulk density 4 

(71) 
  

Soil moisture 
content 6.52 

Wheat Clayey soil Conventional 
tillage 

  
- 

No tillage 30 

Bulk density 8 

(72) 
Soil porosity 10.23 

Soil moisture 
content 

127 

Bean 
(Phaseolus 
vulgaris L.) 

Clay loam Conventional 
tillage 

1 disc plough + 2-disc 
harrow 

Chisel plough 12.33 
Bulk density 9.5 

(73) 
Soil water content 1.2 

Table 2. Effect of different tillage practices on various crops, yield and soil physical properties  
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materials are converted into biochar, their carbon content 

ranges from 40–80 %. Further modifications can be made to 

alter the cation exchange capacity (CEC) and structure of 

biochar (92). The impact of biochar on soil physical properties 

is influenced by several factors, including the type of biomass 

or feedstock used, the conditions of pyrolysis, the application 

rate and the environmental conditions (93). Moreover, the 

effect of biochar on soils of various textures is presented in 

Table 5.  

 

Conclusion  

Soil physical properties play a pivotal role in determining soil 

health, crop productivity and the overall sustainability of 

agricultural systems. This review has highlighted the 

significance of factors such as soil structure, texture, BD, 

hydraulic conductivity, aeration and temperature in influencing 

various soil processes and functions. Effective management 

practices include conservation agriculture, organic 

amendments, effective tillage practices, cover crops and 

application of biochar to improve soil health and fertility 

without harming the environment. By adopting practices that 

improve soil structure, manage water efficiently, enhance 

nutrient availability, control erosion and promote soil aeration 

and microbial activity, farmers can create a more resilient and 

productive agricultural system. These practices not only 

contribute to immediate crop yields but also ensure the long-

term sustainability of soil resources, supporting the overall 

health and productivity of agroecosystems.  

 

Acknowledgements  

The authors sincerely thank the Chairman and advisory 

members for their valuable feedback and constructive 

suggestions on the manuscript. Their guidance and insightful 

comments have significantly contributed to improving the 

quality of this work.  

Authors' contributions 

VSU wrote the manuscript, with guidance from SS. PSP, RA and 

CSR reviewed the manuscript. All authors read and approved 

the final version of the manuscript.  

  

Compliance with ethical standards 

Conflict of interest: The authors declare that they have no 

conflicts of interest.   

Ethical issues: None 

 

References 

1. Hillel D. Fundamentals of Soil Physics. San Diego: Academic Press; 
2013. https://doi.org/10.1016/C2009-0-03109-2 

2. Cavalcante DM, e Silva AP, de Almeida BG, Freire FJ, dos Santos 
Silva TH, Cavalcante FM. Physical soil quality indicators for 

environmental assessment and agricultural potential of Oxisols 

under different land uses in the Araripe Plateau, Brazil. Soil and 
Tillage Research. 2021;209:104951. https://doi.org/10.1016/

j.still.2021.104951 

3. Lehmann J, Bossio DA, Kögel-Knabner I, Rillig MC. The concept 
and future prospects of soil health. Nature Reviews Earth and 

Environment. 2020;1(10):544–53. https://doi.org/10.1038/s43017-
020-0080-8 

4. Norris CE, Congreves KA. Alternative management practices 

improve soil health indices in intensive vegetable cropping 
systems: A review. Frontiers in Environmental Science. 2018;6:50. 

https://doi.org/10.3389/fenvs.2018.00050 

5. Sharma P, Sharma P, Thakur N. Sustainable farming practices and 
soil health: A pathway to achieving SDGs and future prospects. 

Discover Sustainability. 2024;5(1):250. https://doi.org/10.1007/
s43621-024-00447-4 

6. Talukder B, Ganguli N, Matthew R, VanLoon GW, Hipel KW, 

Orbinski J. Climate change-triggered land degradation and 
planetary health: A review. Land Degradation and Development. 

2021;32(16):4509–22. https://doi.org/10.1002/ldr.4056 

Texture Season Cover crops 
Soil temperature 

References oC Increase or  decrease 

Clay loam 
Winter Crimson clover and white clover mix, hairy 

vetch and red clover 
2.5-5.7 Increase 

(86) 
Summer 0.1-3 Decrease 

Clayey Spring (wet) Roller-crimped + Glyphosate/paraquat 1.7-2.4 Increase 
(87) 

Sandy Spring (wet) Standing rye 0.5 Increase 
Loamy Winter Hairy vetch 1.2 Decrease (88) 

Silt loam Summer Cereal rye mulch 3.5 Decrease (89) 
Clay loam Spring Rolled rye + legume mix 2.1 Increase (90) 

Table 4. Soil temperature variance under cover crops  

Texture Biochar Size of the 
particle 

Biochar rate Increase or 
decrease 

Influence on soil physical  
properties 

References 

Silty loam soil Willow biochar > 2 mm 1.5  % 
Increase Saturated hydraulic conductivity 

(94) 
  

Decrease Bulk density 
Increase Porosity 

Sandy soil Banana peel ground   2 % 
Decrease Saturated hydrological conductivity (95) 

  Decrease Decrease bulk density 

Yellow-brown 
loam soil 

Maize straw 0.2 mm 3 % 
Decrease Bulk density 

(96) 
  

Increase Water use efficiency 
Increase Yield of tomato crop 

Clay loam Woodchips   3 % Decrease Bulk density (97) 

Sandy Sugarcane trash   10 t/ha 
Decrease Bulk density 

(98) 
Increase Porosity 

Loam Rice husk   4 % 
Decrease Bulk density 

(99) 
Increase Porosity 

Table 5. Effect of biochar on various soil textures 

https://plantsciencetoday.online
https://doi.org/10.1016/C2009-0-03109-2
https://doi.org/10.1016/j.still.2021.104951
https://doi.org/10.1016/j.still.2021.104951
https://doi.org/10.1038/s43017-020-0080-8
https://doi.org/10.1038/s43017-020-0080-8
https://doi.org/10.3389/fenvs.2018.00050
https://doi.org/10.1007/s43621-024-00447-4
https://doi.org/10.1007/s43621-024-00447-4
https://doi.org/10.1002/ldr.4056


9 

Plant Science Today, ISSN 2348-1900 (online) 

7. Lichtfouse E, Navarrete M, Debaeke P, Souchère V, Alberola C, 

Ménassieu J. Agronomy for sustainable agriculture: A review. 
Sustainable Agriculture. 2009:1–7. https://doi.org/10.1051/

agro:2008054 

8. Timsina J. Can organic sources of nutrients increase crop yields to 
meet global food demand?. Agronomy. 2018;8(10):214. https://

doi.org/10.3390/agronomy8100214 

9. Chaudhary R, Acharya C, Hati K, Somasundaram J, Mohanty M, 
Sinha N, et al. Advancements in soil physics and its impact on 

sustainable agriculture. Journal of Agricultural Physics. 2018;18
(1):1–3. http://krishi.icar.gov.in/jspui/handle/123456789/49241 

10. Sainju UM, Liptzin D, Jabro JD. Relating soil physical properties to 
other soil properties and crop yields. Scientific Reports. 2022;12

(1):22025. https://doi.org/10.1038/s41598-022-26619-8 

11. Kidanemariam A. Soil acidity characterization and effects of 
liming and chemical fertilization on dry matter yield and nutrient 

uptake of wheat (Triticum aestivum L.) on soils of Tsegede District, 

Northern Ethiopia. Haramaya (Ethiopia): Haramaya University; 
2013. https://doi.org/10.9734/bpi/mono/978-93-48006-81-3/CH1 

12. Bayat H, Kolahchi Z, Valaey S, Rastgou M, Mahdavi S. Iron and 
magnesium nano-oxide effects on some physical and mechanical 

properties of a loamy Hypocalcic Cambisol. Geoderma. 

2019;335:57–68. https://doi.org/10.1016/j.geoderma.2018.08.007 

13. Six J, Elliott ET, Paustian K. Soil structure and soil organic matter 
II. A normalized stability index and the effect of mineralogy. Soil 

Science Society of America Journal. 2000;64(3):1042–9. https://
doi.org/10.2136/sssaj2000.6431042x 

14. Mekonnen A. Effect of soil physical properties on crop production 
in Ethiopia: A review. World Journal of Agricultural Sciences. 

2021;17(1):1–8. http://doi.org/10.5829/idosi.wjas.2021.01.08 

15. Rabot E, Wiesmeier M, Schlüter S, Vogel HJ. Soil structure as an 
indicator of soil functions: A review. Geoderma. 2018;314:122–37. 

https://doi.org/10.1016/j.geoderma.2017.11.009 

16. Pires LF, Borges JA, Rosa JA, Cooper M, Heck RJ, Passoni S, et al. 
Soil structure changes induced by tillage systems. Soil and Tillage 

Research. 2017;165:66–79. https://doi.org/10.1016/
j.still.2016.07.010 

17. Blaud A, Lerch TZ, Chevallier T, Nunan N, Chenu C, Brauman A. 
Dynamics of bacterial communities in relation to soil aggregate 
formation during the decomposition of 13C-labelled rice straw. 

Applied Soil Ecology. 2012;53:1–9. https://doi.org/10.1016/

j.apsoil.2011.11.005 

18. Nunan N, Wu K, Young IM, Crawford JW, Ritz K. Spatial distribution 
of bacterial communities and their relationships with the micro-
architecture of soil. FEMS Microbiology Ecology. 2003;44(2):203–15. 

https://doi.org/10.1016/S0168-6496(03)00027-8 

19. Wang F, Wang Z, Zhang J, Li W. Combined effect of different 
amounts of irrigation and mulch films on physiological indexes 

and yield of drip-irrigated maize (Zea mays L.). Water. 2019;11

(3):472. https://doi.org/10.3390/w11030472 

20. Phogat VK, Tomar VS, Dahiya RI. Soil physical properties. In: Soil 
Science: An Introduction. 2015. p.135–71. https://
www.researchgate.net/

publication/297737054_Soil_Physical_Properties 

21. Arora VK, Singh CB, Sidhu AS, Thind SS. Irrigation, tillage and 
mulching effects on soybean yield and water productivity in 

relation to soil texture. Agricultural Water Management. 2011;98

(4):563–8. https://doi.org/10.1016/j.agwat.2010.10.004 

22. Wang D, Wang Z, Zhang J, Zhou B, Lv T, Li W. Effects of soil texture 
on soil leaching and cotton (Gossypium hirsutum L.) growth under 
combined irrigation and drainage. Water. 2021;13(24):3614. 

https://doi.org/10.3390/w13243614 

23. De Freitas PL, Zobel RW, Synder VA. Corn root growth in soil 
columns with artificially constructed aggregates. Crop Science. 

1999;39(3):725–30. https://doi.org/10.2135/

cropsci1999.0011183X003900030020x 

24. Sheng Y, Wang H, Wang M, Li H, Xiang L, Pan F, et al. Effects of soil 
texture on the growth of young apple trees and soil microbial 
community structure under replanted conditions. Horticultural 

Plant Journal. 2020;6(3):123–31. https://doi.org/10.1016/

j.hpj.2020.04.003 

25. Dal Ferro N, Sartori L, Simonetti G, Berti A, Morari F. Soil macro 
and microstructure as affected by different tillage systems and 

their effects on maize root growth. Soil and Tillage Research. 
2014;140:55–65. https://doi.org/10.1016/j.still.2014.02.003 

26. Singh PD, Kumar A, Dhyani BP, Kumar S, Shahi UP, Singh A, et al. 
Relationship between compaction levels (bulk density) and 

chemical properties of different textured soil. International 

Journal of Chemical Studies. 2020;8(5):179–83. https://
doi.org/10.22271/chemi.2020.v8.i5c.10294 

27. Liu H, Colombi T, Jäck O, Keller T, Weih M. Effects of soil 

compaction on grain yield of wheat depend on weather 
conditions. Science of The Total Environment. 2022;807:150763. 

https://doi.org/10.1016/j.scitotenv.2021.150763 

28. Longepierre M, Feola Conz R, Barthel M, Bru D, Philippot L, Six J, 
et al. Mixed effects of soil compaction on the nitrogen cycle under 

pea and wheat. Frontiers in Microbiology. 2022;12:822487. https://
doi.org/10.3389/fmicb.2021.822487 

29. Connolly RD. Modelling effects of soil structure on the water 

balance of soil–crop systems: A review. Soil and Tillage Research. 
1998;48(1–2):1–9. https://doi.org/10.1016/S0167-1987(98)00128-7 

30. Bodner G, Scholl P, Loiskandl W, Kaul HP. Environmental and 
management influences on temporal variability of near saturated 

soil hydraulic properties. Geoderma. 2013;204:120–9. https://

doi.org/10.1016/j.geoderma.2013.04.015 

31. Kirkham MB. Principles of Soil and Plant Water Relations. 2nd 
edition. Amsterdam: Elsevier; 2023. https://doi.org/10.1016/B978-

0-12-409751-3.X5000-2 

32. Zhang C, Liu E. Experimental study on moisture and heat 
migration and deformation properties of unsaturated soil column 
under a temperature gradient during rainfall infiltration. Plos One. 

2023;18(6):e0286973. https://doi.org/10.1371/

journal.pone.0286973 

33. Venterea RT, Rolston D. Aeration. In: Gross MJ, Oliver M, editors. 
Soil science: An introduction. Netherlands: Elsevier; 2023. p. 216–

24. https://doi.org/10.1016/B978-0-12-822974-3.00039-2 

34. Betioli Junior E, Tormena CA, Moreira WH, Ball BC, Figueiredo GC, 
Silva ÁP, et al. Aeration condition of a clayey Oxisol under long-
term no-tillage. Revista Brasileira de Ciência do Solo. 2014;38:990

–9. https://doi.org/10.1590/S0100-06832014000300031 

35. Meng F, Hu K, Feng P, Feng G, Gao Q. Simulating the effects of 
different textural soils and N management on maize yield, N fates 

and water and N use efficiencies in Northeast China. Plants. 

2022;11(23):3338. https://doi.org/10.3390/plants11233338 

36. Wang X, Guo M, Liu J, Kong X, Peng D, Zhang Q. Soil anti-
scourabilities of four typical herbaceous plants and their 
responses to soil properties, root traits and slope position in 

Northeast China. Sustainability. 2022;14(24):16807. https://

doi.org/10.3390/su142416807 

37. Lim TJ, Park JM, Park YE, Lee SE, Kim KI. Effect of soil textures on 
fruit yield, nitrogen and water use efficiencies of cucumber plant 

as affected by subsurface drip fertigation in the greenhouse. 
Korean Journal of Soil Science and Fertilizer. 2015;48(5):372–8. 

https://doi.org/10.7745/KJSSF.2015.48.5.372 

38. Mojid MA, Mousumi KA, Ahmed T. Performance of wheat in five 
soils of different textures under freshwater and wastewater 

irrigation. Agricultural Science. 2020;2(2):89. https://
doi.org/10.30560/as.v2n2p89 

https://doi.org/10.1051/agro:2008054
https://doi.org/10.1051/agro:2008054
https://doi.org/10.3390/agronomy8100214
https://doi.org/10.3390/agronomy8100214
http://krishi.icar.gov.in/jspui/handle/123456789/49241
https://doi.org/10.1038/s41598-022-26619-8
https://doi.org/10.9734/bpi/mono/978-93-48006-81-3/CH1
https://doi.org/10.1016/j.geoderma.2018.08.007
https://doi.org/10.2136/sssaj2000.6431042x
https://doi.org/10.2136/sssaj2000.6431042x
http://doi.org/10.5829/idosi.wjas.2021.01.08
https://doi.org/10.1016/j.geoderma.2017.11.009
https://doi.org/10.1016/j.still.2016.07.010
https://doi.org/10.1016/j.still.2016.07.010
https://doi.org/10.1016/j.apsoil.2011.11.005
https://doi.org/10.1016/j.apsoil.2011.11.005
https://doi.org/10.1016/S0168-6496(03)00027-8
https://doi.org/10.3390/w11030472
https://www.researchgate.net/publication/297737054_Soil_Physical_Properties
https://www.researchgate.net/publication/297737054_Soil_Physical_Properties
https://www.researchgate.net/publication/297737054_Soil_Physical_Properties
https://doi.org/10.1016/j.agwat.2010.10.004
https://doi.org/10.3390/w13243614
https://doi.org/10.2135/cropsci1999.0011183X003900030020x
https://doi.org/10.2135/cropsci1999.0011183X003900030020x
https://doi.org/10.1016/j.hpj.2020.04.003
https://doi.org/10.1016/j.hpj.2020.04.003
https://doi.org/10.1016/j.still.2014.02.003
https://doi.org/10.22271/chemi.2020.v8.i5c.10294
https://doi.org/10.22271/chemi.2020.v8.i5c.10294
https://doi.org/10.1016/j.scitotenv.2021.150763
https://doi.org/10.3389/fmicb.2021.822487
https://doi.org/10.3389/fmicb.2021.822487
https://doi.org/10.1016/S0167-1987(98)00128-7
https://doi.org/10.1016/j.geoderma.2013.04.015
https://doi.org/10.1016/j.geoderma.2013.04.015
https://doi.org/10.1016/B978-0-12-409751-3.X5000-2
https://doi.org/10.1016/B978-0-12-409751-3.X5000-2
https://doi.org/10.1371/journal.pone.0286973
https://doi.org/10.1371/journal.pone.0286973
https://doi.org/10.1016/B978-0-12-822974-3.00039-2
https://doi.org/10.1590/S0100-06832014000300031
https://doi.org/10.3390/plants11233338
https://doi.org/10.3390/su142416807
https://doi.org/10.3390/su142416807
https://doi.org/10.7745/KJSSF.2015.48.5.372
https://doi.org/10.30560/as.v2n2p89
https://doi.org/10.30560/as.v2n2p89


VIKRAMAN  ET AL  10     

https://plantsciencetoday.online 

39. Wang L, He Z, Zhao W, Wang C, Ma D. Fine soil texture is conducive 

to crop productivity and nitrogen retention in irrigated cropland 
in a desert-oasis ecotone, Northwest China. Agronomy. 2022;12

(7):1509. https://doi.org/10.3390/agronomy12071509 

40. Ye C, Zheng G, Tao Y, Xu Y, Chu G, Xu C, et al. Effect of soil texture 
on soil nutrient status and rice nutrient absorption in paddy soils. 

Agronomy. 2024;14(6):1339. https://doi.org/10.3390/
agronomy14061339 

41. Ding SJ, Zhang XF, Yang WL, Xin XL, Zhu AN, Huang SM. Soil 

nutrients and aggregate composition of four soils with contrasting 
textures in a long-term experiment. Eurasian Soil Science. 

2021;54:1746–55. https://doi.org/10.1134/S1064229321110041 

42. Jílková V. Biochar-application rate and method affect nutrient 
availability and retention in a coarse-textured, temperate 

agricultural Cambisol in a microcosm experiment. Journal of 
Plant Nutrition and Soil Science. 2023;186(2):209–16. https://

doi.org/10.1002/jpln.202200331 

43. Bruggenwert MG, Hiemstra T, Bolt GH. Proton sinks in soil 
controlling soil acidification. In: Soil acidity. Berlin: Springer; 1991. 

p. 8–27. https://doi.org/10.1007/978-3-642-74442-6_2 

44. Horne J, Hallett PD, Fraser FC, Willoughby C. Soil pH influences on 
microbial functional responses to crop rotational management 

and field translocation. In: Proceedings of EGU General Assembly 
Conference; 2022. p. EGU22-8258. https://doi.org/10.5194/

egusphere-egu22-8258 

45. Leuther F. Soil structure-a dynamic soil property which affects 
multiple soil functions. In: Proceedings of EGU General Assembly 

Conference; 2023. p. EGU23-15721. https://doi.org/10.5194/
egusphere-egu23-15721 

46. Wang C, Kuzyakov Y. Soil organic matter priming: The pH effects. 

Global Change Biology. 2024;30(6):e17349. https://
doi.org/10.1111/gcb.17349 

47. Wei H, Yang J, Liu Z, Zhang J. Data integration analysis indicates 

that soil texture and pH greatly influence the acid buffering 
capacity of global surface soils. Sustainability. 2022;14(5):3017. 

https://doi.org/10.3390/su14053017 

48. Zhang T, Huang JC, Lei Q, Liang X, Lindsey S, Luo J, et al. 
Empirical estimation of soil temperature and its controlling 

factors in Australia: Implication for interaction between 
geographic setting and air temperature. Catena. 2022;208:105696. 

https://doi.org/10.1016/j.catena.2021.105696 

49. Neina D. The role of soil pH in plant nutrition and soil 
remediation. Applied and Environmental Soil Science. 

2019;2019:5794869. https://doi.org/10.1155/2019/5794869 

50. Patel KF, Fansler SJ, Campbell TP, Bond-Lamberty B, Smith AP, 
RoyChowdhury T, et al. Soil texture and environmental conditions 

influence the biogeochemical responses of soils to drought and 
flooding. Communications Earth and Environment. 2021;2(1):127. 

https://doi.org/10.1038/s43247-021-00198-4 

51. Ascari JP, de Araújo DV, Mendes IR, Prieto RS, de Carvalho MA. 
Influence of biological fertilizer and plant cover in the physical 

properties of soil. Agrarian. 2020;13(47):42–55. https://
doi.org/10.30612/agrarian.v13i47.8245 

52. Shah A, Huang J, Han T, Khan MN, Tadesse KA, Daba NA, et al. 

Impact of soil moisture regimes on greenhouse gas emissions, soil 
microbial biomass and enzymatic activity in long-term fertilized 

paddy soil. Environmental Sciences Europe. 2024;36(1):120. 
https://doi.org/10.1186/s12302-024-00943-4 

53. Yang C, Liu J, Ying H, Lu S. Soil pore structure changes induced by 

biochar affect microbial diversity and community structure in an 
Ultisol. Soil and Tillage Research. 2022;224:105505. https://

doi.org/10.1016/j.still.2022.105505 

54. Dettmann U, Tiemeyer B, Heller S, Piayda A, Schemschat B, Frank 
S. Physical parameters of peat and other organic soils can be 

derived from properties described in the field. In: Proceedings of 

EGU General Assembly Conference; 2024. p. 8124. https://

doi.org/10.5194/egusphere-egu24-8124 

55. Tartlan L, Nugis E. Soil bulk density and phytosanitary conditions 
at potato field. Journal of Agricultural Science. 2018;29:1–5. 
https://doi.org/10.15159/jas.18.03 

56.   Juyal A, Otten W, Baveye PC, Eickhorst T. Influence of soil 
structure on the spread of Pseudomonas fluorescens in soil at 
microscale. European Journal of Soil Science. 2021;72(1):141–53. 

https://doi.org/10.1111/ejss.12975 

57. Robinson DA, Thomas A, Reinsch S, Lebron I, Feeney CJ, Maskell 
LC, et al. Analytical modelling of soil porosity and bulk density 

across the soil organic matter and land-use continuum. Scientific 
Reports. 2022;12(1):7085. https://doi.org/10.1038/s41598-022-

11099-7 

58. Thomas A, Seaton F, Dhiedt E, Cosby BJ, Feeney C, Lebron I, et al. 
Topsoil porosity prediction across habitats at large scales using 

environmental variables. Science of The Total Environment. 

2024;922:171158. https://doi.org/10.1016/j.scitotenv.2024.171158 

59. Bogati K, Sewerniak P, Walczak M. Effect of changes in soil 
moisture on agriculture soils: response of microbial community, 
enzymatic and physiological diversity. Ecological Questions. 

2023;34(4):1–33. https://doi.org/10.12775/EQ.2023.043 

60. Leizeaga A, Hicks LC, Rousk J. Moisture as a regulator of microbial 
life in soil. In: Proceedings of EGU General Assembly Conference; 

2022 May 23–27; Vienna, Austria; 2022. p. EGU22-12464. https://

doi.org/10.5194/egusphere-egu22-12464 

61. Biryol C, Aupic-Samain A, Lecareux C, Gauquelin T, Baldy V, 
Santonja M. Interactive effects of soil moisture, air temperature 
and litter nutrient diversity on soil microbial communities and 

Folsomia candida population. Oikos. 2024;2024(7):e10345. https://

doi.org/10.1111/oik.10345 

62. Kamali M, Sweygers N, Al-Salem S, Appels L, Aminabhavi TM, 
Dewil R. Biochar for soil applications-sustainability aspects, 

challenges and future prospects. Chemical Engineering Journal. 
2022;428:131189. https://doi.org/10.1016/j.cej.2021.131189 

63. Głąb T, Gondek K, Marcińska-Mazur L, Jarosz R, Mierzwa–Hersztek 
M. Effect of organic/inorganic composites as soil amendments on 

the biomass productivity and root architecture of spring wheat 

and rapeseed. Journal of Environmental Management. 
2023;344:118628. https://doi.org/10.1016/j.jenvman.2023.118628 

64.   Chatzistathis T, Papaioannou E, Giannakoula A, Papadakis IE. 

Zeolite and vermiculite as inorganic soil amendments modify 
shoot-root allocation, mineral nutrition, photosystem II activity 

and gas exchange parameters of chestnut (Castanea sativa Mill) 
plants. Agronomy. 2021;11(1):109. https://doi.org/10.3390/

agronomy11010109 

65. Al-Shammary AA, Al-Shihmani LS, Caballero-Calvo A, Fernández-
Gálvez J. Impact of agronomic practices on physical surface crusts 

and some soil technical attributes of two winter wheat fields in 
southern Iraq. Journal of Soils and Sediments. 2023;23(11):3917–

36. https://doi.org/10.1007/s11368-023-03585-w 

66. Kour T, Kour S, Sharma V, Bharat R, Kumawat SN, Kukal JK. 
Tillage practices influence on soil quality under different cropping 

systems of N-W Himalayas of India. Research Square. 2023;11
(1):109. https://doi.org/10.21203/rs.3.rs-3075405/v1 

67. Abu-Hashim M, Lilienthal H, Schnug E, Lasaponara R, Mohamed 

ES. Can a change in agriculture management practice improve 
soil physical properties. Sustainability. 2023;15(4):3573. https://

doi.org/10.3390/su15043573 

68. Vilakazi BS, Zengeni R, Mafongoya P. Selected soil 
physicochemical properties under different tillage practices and 

N fertilizer application in maize mono-cropping. Agriculture. 
2022;12(10):1738. https://doi.org/10.3390/agriculture12101738 

69. Shahbaz Khan SK, Aqeel Shah AS, Muhammad Nawaz MN, Mohsin 

Khan MK. Impact of different tillage practices on soil physical 

https://plantsciencetoday.online
https://doi.org/10.3390/agronomy12071509
https://doi.org/10.3390/agronomy14061339
https://doi.org/10.3390/agronomy14061339
https://doi.org/10.1134/S1064229321110041
https://doi.org/10.1002/jpln.202200331
https://doi.org/10.1002/jpln.202200331
https://doi.org/10.1007/978-3-642-74442-6_2
https://doi.org/10.5194/egusphere-egu22-8258
https://doi.org/10.5194/egusphere-egu22-8258
https://doi.org/10.5194/egusphere-egu23-15721
https://doi.org/10.5194/egusphere-egu23-15721
https://doi.org/10.1111/gcb.17349
https://doi.org/10.1111/gcb.17349
https://doi.org/10.3390/su14053017
https://doi.org/10.1016/j.catena.2021.105696
https://doi.org/10.1155/2019/5794869
https://doi.org/10.1038/s43247-021-00198-4
https://doi.org/10.30612/agrarian.v13i47.8245
https://doi.org/10.30612/agrarian.v13i47.8245
https://doi.org/10.1186/s12302-024-00943-4
https://doi.org/10.1016/j.still.2022.105505
https://doi.org/10.1016/j.still.2022.105505
https://doi.org/10.5194/egusphere-egu24-8124
https://doi.org/10.5194/egusphere-egu24-8124
https://doi.org/10.15159/jas.18.03
https://doi.org/10.1111/ejss.12975
https://doi.org/10.1038/s41598-022-11099-7
https://doi.org/10.1038/s41598-022-11099-7
https://doi.org/10.1016/j.scitotenv.2024.171158
https://doi.org/10.12775/EQ.2023.043
https://doi.org/10.5194/egusphere-egu22-12464
https://doi.org/10.5194/egusphere-egu22-12464
https://doi.org/10.1111/oik.10345
https://doi.org/10.1111/oik.10345
https://doi.org/10.1016/j.cej.2021.131189
https://doi.org/10.1016/j.jenvman.2023.118628
https://doi.org/10.3390/agronomy11010109
https://doi.org/10.3390/agronomy11010109
https://doi.org/10.1007/s11368-023-03585-w
https://doi.org/10.21203/rs.3.rs-3075405/v1
https://doi.org/10.3390/su15043573
https://doi.org/10.3390/su15043573
https://doi.org/10.3390/agriculture12101738


11 

Plant Science Today, ISSN 2348-1900 (online) 

properties, nitrate leaching and yield attributes of maize (Zea 

mays L.). Chilean Journal of Agricultural Research. 2017;77(2):123
–30. https://doi.org/10.4067/S0718-95162017005000019 

70. Rashidi M, Keshavarzpour F. Effect of different tillage methods on 
grain yield and yield components of maize (Zea mays L.). 

International Journal of Agriculture and Biology. 2007;9(2):274–7. 

https://doi.org/10.4236/as.2011.23023 

71. Sharifnasab H, Soltani E, Karami H, Gradecka-Jakubowska J, 
Gancarz M. Meta-analysis of tillage methods and their influence 

on wheat productivity. International Agrophysics. 2024;38(4). 
https://doi.org/10.31545/intagr/190044 

72. Martins RN, Portes MF, Moraes HM, Junior MR, Rosas JT, Junior 
WD. Influence of tillage systems on soil physical properties, 

spectral response and yield of the bean crop. Remote Sensing 

Applications: Society and Environment. 2021;22:100517. https://
doi.org/10.1016/j.rsase.2021.100517 

73. Almendro-Candel MB, Lucas IG, Navarro-Pedreño J, Zorpas AA. 

Physical properties of soils affected by the use of agricultural 
waste. Agricultural Waste and Residues. 2018;2(1):77–99. https://

doi.org/10.5772/intechopen.77993 

74. Ojeniyi SO, Amusan OA, Adekiya AO. Effect of poultry manure on 
soil physical properties, nutrient uptake and yield of cocoyam 

(Xanthosoma sagittifolium) in southwest Nigeria. American-
Eurasian Journal of Agricultural and Environmental Sciences. 

2013;13(1):121–5. http://www.idosi.org/aejaes/jaes13(1)13/19.pdf 

75. Azarmi R, Giglou MT, Taleshmikail RD. Influence of vermicompost 
on soil chemical and physical properties in tomato (Lycopersicum 

esculentum) field. African Journal of Biotechnology. 2008;7
(14):2397–401. https://doi.org/10.3923/pjbs.2008.1797.1802 

76. Salahin N, Alam MK, Islam MM, Naher L, Majid NM. Effects of green 

manure crops and tillage practice on maize and rice yields and soil 
properties. Australian Journal of Crop Science. 2013;7(12):1901–11. 

https://www.cropj.com/islam_7_12_2013_1901_1911.pdf 

77. Tadesse T, Dechassa N, Bayu W, Gebeyehu S. Effects of farmyard 
manure and inorganic fertilizer application on soil physico-

chemical properties and nutrient balance in rain-fed lowland rice 
ecosystem. American Journal of Plant Sciences. 2013;4(2):309–16. 

https://doi.org/10.4236/ajps.2013.42041 

78. Kaspar TC, Singer JW. The use of cover crops to manage soil. In: 
Hatfield JL, Sauer TJ, editors. Soil Management: Building a Stable 

Base for Agriculture. Madison: American Society of Agronomy; 2011. 
p. 321–37. https://doi.org/10.2136/2011.soilmanagement.c21 

79. Teasdale JR, Brandsaeter LO, Calegari AD, Neto FS, Upadhyaya MK, 

Blackshaw RE. Cover crops and weed management. In: Upadhyaya 
MK, Blackshaw RE, editors. Non-Chemical Weed Management: 

Principles, Concepts and Technology. Cambridge: CABI; 2007. p. 49–
64. https://doi.org/10.1079/9781845932909.0049 

80. Blanco-Canqui H, Mikha MM, Presley DR, Claassen MM. Addition of 

cover crops enhances no-till potential for improving soil physical 
properties. Soil Science Society of America Journal. 2011;75

(4):1471–82. https://doi.org/10.2136/sssaj2010.0430 

81. Haruna SI. Influence of winter wheat on soil thermal properties of 
a Paleudalf. International Agrophysics. 2019;33(3):389–95. https://

doi.org/10.31545/intagr/110850 

82. Nascente AS, Li Y, Crusciol CA. Soil aggregation, organic carbon 
concentration and soil bulk density as affected by cover crop 

species in a no-tillage system. Revista Brasileira de Ciência do Solo. 
2015;39(3):871–9. https://doi.org/10.1590/01000683rbcs20140388 

83. Drury CF, Tan CS, Welacky TW, Reynolds WD, Zhang TQ, Oloya TO, 

et al. Reducing nitrate loss in tile drainage water with cover crops 
and water-table management systems. Journal of Environmental 

Quality. 2014;43(2):587–98. https://doi.org/10.2134/jeq2012.0495 

84. Haruna SI, Anderson SH, Nkongolo NV, Zaibon S. Soil hydraulic 

properties: Influence of tillage and cover crops. Pedosphere. 

2018;28(3):430–42. https://doi.org/10.1016/S1002-0160(17)60387-4 

85. Chalise KS, Singh S, Wegner BR, Kumar S, Pérez-Gutiérrez JD, 
Osborne SL, et al. Cover crops and returning residue impact on 
soil organic carbon, bulk density, penetration resistance, water 

retention, infiltration and soybean yield. Agronomy Journal. 

2019;111(1):99–108. https://doi.org/10.2134/agronj2018.03.0213 

86. Yang XM, Reynolds WD, Drury CF, Reeb MD. Cover crop effects on 
soil temperature in a clay loam soil in southwestern Ontario. 

Canadian Journal of Soil Science. 2021;101(4):761–70. https://
doi.org/10.1139/cjss-2021-0070 

87. Peterson CM, Schomberg HH, Thompson AI, Mirsky SB, Tully KL. 
Cover crop termination method has a limited effect on spring soil 

moisture and temperature in humid mid-Atlantic US. Agricultural 

Water Management. 2025;311:109342. https://doi.org/10.1016/
j.agwat.2025.109342 

88. Teasdale JR, Mohler CL. Light transmittance, soil temperature 

and soil moisture under residue of hairy vetch and rye. Agronomy 
Journal. 1993;85(3):673–80. https://doi.org/10.2134/

agronj1993.00021962008500030029x 

89. Fortin MC, Hamill AS. Rye residue geometry for faster corn 
development. Agronomy Journal. 1994;86(2):238–43. https://

doi.org/10.2134/agronj1994.00021962008600020005x 

90. Kornecki TS, Price AJ, Raper RL, Arriaga FJ. New roller crimper 
concepts for mechanical termination of cover crops in conservation 

agriculture. Renewable Agriculture and Food Systems. 2009;24
(3):165–73. https://doi.org/10.1017/S1742170509002580 

91. Ji M, Wang X, Usman M, Liu F, Dan Y, Zhou L, et al. Effects of 
different feedstocks-based biochar on soil remediation: A review. 

Environmental Pollution. 2022;294:118655. https://

doi.org/10.1016/j.envpol.2021.118655 

92. Tag AT, Duman G, Ucar S, Yanik J. Effects of feedstock type and 
pyrolysis temperature on potential applications of biochar. 

Journal of Analytical and Applied Pyrolysis. 2016;120:200–6. 
https://doi.org/10.1016/j.jaap.2016.05.006 

93. Mukherjee A, Lal R. Biochar impacts on soil physical properties 
and greenhouse gas emissions. Agronomy. 2013;3(2):313–39. 

https://doi.org/10.3390/agronomy3020313 

94. Skic K, Gryta A, Toková L, Botková N, Vitková J, Botyanszká L. 
Impact of the biochar fraction sizes on the selected hydrophysical 

properties of silty loam soil. Acta Hydrologica Slovaca. 2023;24

(1):9–13. https://doi.org/10.31577/ahs-2023-0024.01.0002 

95. Badr Eldin R, Zakzouk SA. Impact of soil amendments application 
for ameliorating the hydraulic properties and solute transport of 
coarse-textured soils. Alexandria Science Exchange Journal. 

2022;43(3):535–42. https://doi.org/10.21608/

asejaiqjsae.2022.266684 

96. Zhang C, Liu E. Experimental study on moisture and heat migration 
and deformation properties of unsaturated soil column under a 

temperature gradient during rainfall infiltration. Plos One. 2023;18
(6):e0286973. https://doi.org/10.1371/journal.pone.0286973 

97. Burrell LD, Zehetner F, Rampazzo N, Wimmer B, Soja G. Long-term 
effects of biochar on soil physical properties. Geoderma. 

2016;282:96–102. https://doi.org/10.1016/j.geoderma.2016.07.019 

98. Hariyono B, Utomo WH, Utami SR, Islami T. Utilization of the trash 
biochar and waste of sugarcane to improve the quality of sandy 

soil and growth of sugarcane. In: Proceedings of IOP Conference 

Series: Earth and Environmental Science; IOP Publishing; 2020. p. 
012067. https://doi.org/10.1088/1755-1315/418/1/012067 

99. Pratiwi EP, Shinogi Y. Rice husk biochar application to paddy soil 
and its effects on soil physical properties, plant growth and 

methane emission. Paddy and Water Environment. 2016;14:521–

32. https://doi.org/10.1007/s10333-015-0521-z  

https://doi.org/10.4067/S0718-95162017005000019
https://doi.org/10.4236/as.2011.23023
https://doi.org/10.31545/intagr/190044
https://doi.org/10.1016/j.rsase.2021.100517
https://doi.org/10.1016/j.rsase.2021.100517
https://doi.org/10.5772/intechopen.77993
https://doi.org/10.5772/intechopen.77993
http://www.idosi.org/aejaes/jaes13(1)13/19.pdf
https://doi.org/10.3923/pjbs.2008.1797.1802
https://www.cropj.com/islam_7_12_2013_1901_1911.pdf
https://doi.org/10.4236/ajps.2013.42041
https://doi.org/10.2136/2011.soilmanagement.c21
https://doi.org/10.1079/9781845932909.0049
https://doi.org/10.2136/sssaj2010.0430
https://doi.org/10.31545/intagr/110850
https://doi.org/10.31545/intagr/110850
https://doi.org/10.1590/01000683rbcs20140388
https://doi.org/10.2134/jeq2012.0495
https://doi.org/10.1016/S1002-0160(17)60387-4
https://doi.org/10.2134/agronj2018.03.0213
https://doi.org/10.1139/cjss-2021-0070
https://doi.org/10.1139/cjss-2021-0070
https://doi.org/10.1016/j.agwat.2025.109342
https://doi.org/10.1016/j.agwat.2025.109342
https://doi.org/10.2134/agronj1993.00021962008500030029x
https://doi.org/10.2134/agronj1993.00021962008500030029x
https://doi.org/10.2134/agronj1994.00021962008600020005x
https://doi.org/10.2134/agronj1994.00021962008600020005x
https://doi.org/10.1017/S1742170509002580
https://doi.org/10.1016/j.envpol.2021.118655
https://doi.org/10.1016/j.envpol.2021.118655
https://doi.org/10.1016/j.jaap.2016.05.006
https://doi.org/10.3390/agronomy3020313
https://doi.org/10.31577/ahs-2023-0024.01.0002
https://doi.org/10.21608/asejaiqjsae.2022.266684
https://doi.org/10.21608/asejaiqjsae.2022.266684
https://doi.org/10.1371/journal.pone.0286973
https://doi.org/10.1016/j.geoderma.2016.07.019
https://doi.org/10.1088/1755-1315/418/1/012067
https://doi.org/10.1007/s10333-015-0521-z


VIKRAMAN  ET AL  12     

https://plantsciencetoday.online 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://plantsciencetoday.online
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

