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Abstract  

The term of soil quality frequently mentioned in soil science literature in recent years is 

considered as a soil concept that shows differences in terms of assessment methods according to 

the aims and conditions, and often subjected to severe criticism in terms of application methods, 

but expected to play a key role in classic and postmodern agricultural practices. Nowadays, soil 

problems arising from soil degradation due to various natural or anthropological reasons, 

especially climate change and infertility of agricultural soils have led to focus on the concept of 

soil quality in order to determine the effects of land use on soil resources. The concept of soil 

quality which includes the inherent natural characteristics of the soils and the dynamic 

characteristics those vary depending on the use is an important indicator showing the reaction of 

the soil to natural or anthropological effects. Soil quality concept is mostly used for the purpose 

of crop production and nature conservation in agricultural ecosystems and land use areas such as 

forest and pasture. In the soil quality studies focused on how to determine soil quality 

asssessment, there is still no consensus on a certain method that can be accepted as a standard 

because of the variability of management objectives and related evaluation parameters. However, 

in the modern concept of soil quality, dynamic soil quality indicators are regarded as valuable 

tools for identifying and evaluating soil problems, delivering reliable and comparable results in 

practice, and increasing applications in targeted quality assessments. 
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Introduction 
As a dynamic interface between the lithosphere, atmosphere, hydrosphere and biosphere [1], the 

soil is the region where minerals and organisms interact with air and water moving in and around 

it, and is considered a limited and non-renewable resource in nature [2].  

The phenomenon of soil quality is regarded as a dynamic interaction between various physical, 

chemical and biological soil properties affected by many external factors such as land 

management practices and socio-economic priorities [3]. Determination of soil quality is 

important in terms of evaluating changes due to use in soil and developing environmentally 

compatible soil management strategies in the use of soil resources [1]. At the same time, soil 

quality is considered as the ability of the soil to fulfill its functions in the ecosystem. In many 

other evaluations about the live and dynamic nature of the soil, it is seen that the concept of soil 

quality is shaped by different types of land use such as forest and pasture ecosystems, urban and 

industrial areas, recreational uses. Due to the differences in potential land uses, the concept of 

soil quality is evaluated from a relative rather than absolute perspective. Despite the great 

controversy, the modern concept of soil quality is currently accepted as a valid and important 

framework for scientific interpretation of soil characteristics and for predicting sustainable soil 

use and management [4]. 
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Soil quality can be reduced for many reasons; not only wind and water erosion, but also soil 

degrading processes such as nutrient losses due to runoff and leakage, soil organic matter 

depletion, scaling, degradation, compaction and desertification are effective in this. In addition, 

soil quality can be reduced by the accumulation of toxic substances from excessive use of 

chemical fertilizers and biocides, atmospheric emissions or improper waste disposal [5]. Today, 

as an important process of soil degradation, the decrease in soil quality is seen as an important 

constraint in the provision and development of crop production and food safety. Improper use of 

agricultural chemicals, improper use of land, gradual decreases in soil fertility due to insufficient 

nutrition and land management in cultural lands, increases in soil erosion and gradual decrease in 

fertile agricultural and forest lands, resulting in various environmental, public health, economic 

and social problems arise. In this respect, determination of soil quality is recommended as a 

valuable tool in determining the sustainability of soil and land use practices. 

In this review, the components of soil quality, the influencing factors and their usage areas and 

determination methods will be evaluated. 

Sustainable Agriculture and Soil Quality 

The concept of soil quality, defined by data from soil analyzes or visual observations (such as 

compressibility, wear and fertility) and defined as a natural quality of a soil, traditionally focuses 

on soil fertility and is often equated with it [6]. In this context, soil quality is considered as the 

suitability of a soil for long-term continuous and safe agricultural use without reducing 

vegetative growth and without harming the environment. According to this approach in case the 

soil properties are carefully characterized, soil quality can be used as an indicator of changes in 

both the optimum and safe vegetative production capacity of the soil with certain functions in its 

structural and biological integrity. According to the opinions of many experts, it is argued that 

producing healthy and nutritious products that protect and improve human and animal health 

depends on quality soils. 

Although the concept of soil quality is considered in some cases in terms of soil pollution, it is 

often associated with the concept of sustainable soil management. In order to achieve this, it is 

envisaged to evaluate the concept of soil quality with criteria including soil productivity, soil 

fertility, soil degradation, and environmental quality. In recent years, soil quality has begun to be 

expressed as the dynamic quality of soils, which is also defined as the change in soil properties 

caused by human use. Sustainable agriculture is seen as a long-term goal that aims to overcome 

the problems and constraints associated with the economic viability, environmental suitability 

and social adoption of agricultural production systems. Although there are many definitions of 

sustainable agriculture, most of them include productivity, profitability, protection, health, safety 

and environment themes. In this context, soil quality is currently evaluated within the scope of 

environmental quality, human and animal health, and food safety and quality. 

It is accepted that the most appropriate method for improving or maintaining soil quality is 

alternative farming practices such as crop rotation, recycling of agricultural business waste and 

animal manure, reduction of chemical fertilizer and biocide use, and increased use of cover 

crops, green fertilizer crops and nitrogen fixing legumes. These help maintain a high level of soil 

organic matter, which facilitates tillage and increases fertility and productivity, while protecting 

the soil from erosion and nutrient leaching. Effective use of these alternative agricultural 

practices with a holistic and system approach requires skilled management and innovative 
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understanding in practice. A conceptual diagram of how soil quality characteristics link 

alternative farming strategy to the ultimate goal of sustainable agriculture is shown in Figure 1. 

Soil quality has a very important place in this concept and the idea that soil quality is the "key" 

in the sustainability of agricultural production is accepted by many experts  [7]. 
 

Strategy Linkage Goal 

Alternative Agriculture 

Skilled Management 

Crop Rotation 

Organic Recycling 

Reduced Chemical Input 

Crop/Livestock Systems 

Integrated Pest Management 

 Soil Quality  

Sustinable Agriculture 

Productive / Profitable Energy 

Conserving Environment 

Sound 

Economically Viable 

Conserved Natural Resources 

Improved Health / Food 

Quality / Safety 

Figure 1. A conceptual diagram showing how soil quality traits link the alternative farming strategy with the ultimate 

goal of sustainable agriculture [7]. 

 

Soil Quality Types and Soil Health 

The phenomenon of soil quality is shaped by various factors such as soil type and characteristics, 

management practices and environmental effects including climate characteristics [8]. Soil 

quality is generally expressed as "the capacity of the soil to fulfill its special functions for the 

sustainability of vegetative and animal production within the boundaries of natural and managed 

ecosystems, protection and improvement of water and air quality, and to support human health 

and life" [9]. According to this definition, soil quality is important in sustainable land use as an 

ideal indicator that reflects the soil's response to natural and / or human influences, resistance or 

soil use results [10].The process of evaluating the soil quality is not new, and a lot of experience 

has been gained in the determination of soil quality with the agricultural-ecological land 

assessment studies developed since the middle of the 20th century [11]. 

The soil has original (internal) and dynamic quality values. While unique features are the natural 

ability of a soil to fulfill its function, the term dynamic quality includes properties that can 

change depending on the use of the soil. Soil management or soil use primarily affects soil 

properties, organic matter, structure, and water and nutrient capacity. Physical properties that 

cannot be easily changed such as soil textural properties and soil depth are considered within the 

scope of internal quality. The original soil quality is mostly used to compare the ability of one 

soil with another and to evaluate the suitability of soils for specific use. Traditional studies on 

land evaluation basically cover the practical interpretation of specific soil properties (soil 

suitability) as in the soil survey studies. The main purpose of soil quality determination is to 

determine how the soil will be used or its suitability for use in order to improve its functions. 

This dynamic perspective of soil quality is seen as a focal point in determining and protecting 

healthy soil resources. Depending on the soil factors considered, soil quality can be physical, 
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chemical and biological. Although most of the physicochemical factors are related to the specific 

soil quality, biological factors and some physical and chemical factors constitute the dynamic 

quality. 

The concept of soil health is defined as a sustainable soil management principle used by some 

soil scientists. Soil health is defined as the continuous cultivation capacity of the soil in order to 

fulfill the function of the soil in the ecosystem as a living system, maintain biological 

productivity in cultural soils, improve the quality of air and water environments, and protect 

plant, animal and human health  [12]. In this sense, the soil is accepted as a living system, all the 

basic functions of the soil in the field are taken into consideration, the situation of the land is 

compared with its unique potential in the climate, landscape and vegetation pattern and 

meaningful evaluations are presented. While it was stated by some authors that holistic soil 

health indicators should consist of a data set with minimum criteria including physical, chemical 

and biological properties [13], others should cover the most important criteria affected by land 

management and should focus on chemical properties that have a great impact on crop yield. 

[14]. Although some authors take the terms soil quality and soil health as synonymous, "internal 

soil quality" is considered to be the concept of "integrated soil quality", which includes the 

traditionally known "land suitability" and "dynamic soil quality" or "soil health"can also be 

defined (Figure 2). 
 

 Integrated soil quality   

Inherent / Natural Soil Quality 

(Suitability of Soil for Use) 

 Dynamic soil quality  

(Soil health) 

Figure 2. Graphical representation of the soil quality concept integrating inherent soil quality and dynamic soil quality 

[15]. 

Soil Functions and Threats 

The soil system can often perform many functions simultaneously, and a soil is expected to 

fulfill the following minimum basic functions [16]: 

- Provide a physical, chemical and biophysical environment for living organisms; 

- Infiltration and storage of water and recycling of nutrients and other elements; 

- Supporting biological activity and diversity for plant development and animal production; 

- It has a suitable filtering, buffering, separating, immobilizing and detoxifying organic and 

inorganic substances; 

- It provides a mechanical support for living organisms and their structures. 

Specific soil functions are expressed in relation to some specific issues such as cultivation of 

crops, soil erosion risks and soil pollutant risks (Table 1). Some soil physical functions such as 

water holding capacity, infiltration, and soil aeration are directly related to the biological status 

of the soil system, organism diversity and nutrient supply capacity. In this respect, soil quality is 

accepted as a multi-functional concept and it is predicted that the excessive use or exploitation 

(vegetative production function) of some functions may harm other functions. 
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Table 1. Specific soil functions relevant to some soil quality issues [15] 

Soil Quality Issue Special soil Function 

Crop growth 

 

Plant root penetration 

Plant water use efficiency 

Water and air filled pore space 

Infiltration of water 

Natural fertility 

 

Nutrient availability 

Cation exchange capacity 

Soil reaction 

Salinity / alkalinity 

Toxicity 

Erosion risk 

 

Runoff potential 

Erodibility 

Cover protection on the surface 

Subsoil compaction 

Workability 

Soil compaction risk 

 

Water retention 

Water infiltration 

Cohesion effects 

Workability/trafficability 

Contamination risk Leaching potential 

Toxic absorption 

Toxic mobility 

Chemical degradation 

 

Considering soil threats is of great importance in assessing the quality of the soil system. Major 

life threats facing soils: 

- soil erosion, 

- soil contamination, 

- decline in organic matter and biodiversity, 

- soil compaction, 
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- salinization, 

- floods and landslides, and 

- soil impermeability / insufficient drainage. 

In many places, soil erosion is the most serious consequence of soil degradation and it is 

recognized that controlling erosion in soil reclamation is a prerequisite for maintaining a healthy 

soil. However, most of the soil degradation processes are interdependent and often linked to 

similar causative factors. Therefore, actions to protect soil quality collectively require dealing 

with different threats. 

Soil-Quality Indicators 

The quality indicator of a soil is briefly defined as the property of the soil that can be measured 

according to a specific function / functions in quality assessment. Efforts to characterize the 

quality of the soil have focused primarily on the chemical and physical properties of the soil due 

to the availability of relatively simple and standard measurement methods. Due to the difficulties 

in measuring and predicting soil biological behavior, soil biological properties are largely 

neglected, and a single reliable and standard indicator of soil quality has not yet been 

determined. Improved soil quality is generally expressed by increases in criteria such as soil 

infiltration, macropores, total size and stability, soil organic matter and aeration rate, decrease in 

soil resistance to tillage and root penetration, and decrease in runoff and erosion [17]. On the 

other hand, it is stated that plant health and nutritional quality can be one of the useful and 

reliable indicators of soil quality [18]. Given the complex nature of the soil and the large number 

of soil parameters that can be determined as exemplified in Table 2, it is important to select the 

appropriate qualities from these parameters for the purpose considered in quality determination. 
 

Table 2. Some data patterns on soil quality indicators 

No Sample data set 

1 Defining and classifying the properties of the soil profile 

2 Determination of morphological and other characteristics of each soil horizon 

3 Determination of soil chemical properties in sampled horizons 

4 Determination of the main soluble salts and heavy metals related to soil contamination 

5 Determination of soil physical characteristics 

6 Water retention and determination of hydraulic conductivity 

7 Determination of additional physical, chemical and biological properties required for the intended purpose 

8 Digital photography of the studied area, soil profile and other special soil layers 

 

The choice of soil indicators varies depending on the nature of the soil function under 

consideration. These soil properties can be classified in three broad groups as physical, chemical 

or biological indicators as shown in Table 3 [19]. Although physical and chemical soil properties 

are often permanent (inherent parameters) over time, biological and some physical properties are 

dynamic and highly sensitive to changes in soil conditions and management practices (dynamic 
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parameters). In the selection of soil indicator properties; (i) land use; (ii) soil function; (iii) 

reliability of the measurement; (iv) spatial and temporal variability; (v) sensitivity to changes in 

land management; (vi) comparability in monitoring systems; and (vii) the skills required for use 

and interpretation [18] are significantly determinant. In the selection of the relevant parameters 

for the data set that includes the minimum criteria, differences can be seen according to the 

targeted quality elements [19] [20] [21]. 
 

Table 3. Minimal data recommended for characterizing soil quality (USDA (2006). 

Physical properties  Chemical properties Biological attributes 

Soil texture 

Stoniness 

Soil structure 

Volume weight 

Porosity 

Agragate stability 

Soil crusting 

Soil compaction 

Drainage 

Water holding capacity 

Infiltration 

Hydraulic conductivity 

Topsoil depth 

Reaction (pH) 

Carbonate content 

Salinity 

Sodium saturation 

Cation exchange capacity 

Plant nutrient contents 

Toxic elements 

Organic matter content 

Population of organisms 

Fractions of organic matter 

Microbial biomass 

Respiratory rate 

Mycorrhizal associations 

Nematode communities 

Enzyme activities 

Fatty acid profiles 

Bioavailability of contaminants 

 

The critical limits of soil quality indicators are threshold values that must be maintained for 

normal operation of the soil system. Within this critical range, soil performs its unique functions 

in natural ecosystems. However, some difficulties may be encountered in determining critical 

limits for soil quality indicators. For example, a defined critical boundary of a soil indicator can 

be improved or worsened by interactions between the boundaries of other soil characteristics and 

soil quality indicators [22]. There are well-known procedures for interpreting results for most 

soil chemical indicators in this regard. For example, a number of critical levels for the 

concentration of heavy metals (Cd, Cu, Ni, Pb, Zn, Hg and Cr) in chemical contamination of 

soils are set out in the European Council Directive 86/278 / EEC. It is stated that these values 

should not be exceeded, especially when treatment sludges are applied to agricultural soils. 

These precautionary levels are established for cleaning and / or control of contaminated areas, 

based on functional criteria and health norms. 
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Purposes of Soil Quality Determination 

Soil quality determination can be used by politicians and public administrators, researchers, 

extension agents and farmers as a decision support tool for low-cost soil management practices, 

and as indirect soil function measurements that serve to protect soil health [23]. Potential 

applications of soil quality determination include planning of soil resources in general, guiding 

land acquisition, identifying unique and dynamic problems in the soil and developing solutions, 

and determining land use sustainability and environmental impacts. 

Comparing soils under a particular use and management system with intact natural soils in the 

ecosystem over several years seems like an appropriate procedure to assess the quality of the soil 

with single indicators. These natural soils, which are outside agricultural systems and support 

mature vegetation, can be used as high quality reference soils due to the ideal balance between 

physical, chemical and biological properties. 

Soil Quality Assessment Procedures 

Soil quality is a complex and functional concept that cannot be measured directly, but can be 

obtained from both soil properties and vegetative production practices. The "Soil Quality Index" 

(SQI), which is among the different approaches used, is considered to be the most suitable 

method for quantitative assessment of soil quality. However, although various approaches have 

been developed for SQI estimation, there is still no standard method. However, significant 

progress has been made so far in estimating SQI among various soil types and management 

practices [24], and soil quality analyzes are now being applied by soil analysis laboratories with 

target-specific criteria. 

In the modern concept of soil quality, quality indices and indicators are selected according to the 

relevant soil functions and the management goals set for the system. These include multiple land 

uses such as agricultural production, forest, pasture, nature conservation, recreation or urban 

development. However, the most widely accepted concept of soil quality is related to agricultural 

ecosystems. Agro-ecological approaches are based on a two-stage approach, which includes 

long-term, natural (inherent) and specifically physicochemical evaluations of soils, as well as 

short-term, dynamic evaluations. Management objectives are often individual rather than 

common public goals and focus mainly on agricultural use effects. 

It is stated that the issue of "suitability for use" and "health" of the soil is not the result of a good 

soil management alone, but also depends on the specific characteristics of the soil and natural 

soil factors should be taken into account in determining soil quality and evaluating the 

sustainability of soil management practices. However, the use of internationally comparable 

methods for determining the natural (inherent) quality of soil is not easy, and the results are 

presented as a semi-quantitative measure. For example, a quality rating score between 1 and 100 

can be given to the soil for crop production or pasture use of a land. Known as "visual soil 

assessment", this practice requires an on-site assessment of soil suitability for arable land or 

pasture cultivation and an estimation of crop yield potential [25]. 

The intended benefits of soil quality determination methods (eg Muencheberg, Munkholm 

methods) based on visual assessment and mostly covering specific soil characteristics  [25] can 

be summarized as follows: 

 - In the medium term, it refers to the hydrological, thermal, geological characteristics of a soil 

pedon, as well as the existing conditions of land conditions and human impacts. 
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- Soil quality scores are carried out in the field and real-time decisions are made without delay 

due to laboratory analyzes if necessary. However, these analyzes are mostly used to verify the 

results. 

- Soil quality ratings in visual evaluation are limited to determining the suitability of the soil for 

crop production and pasture. The focus is on the use of plants irrigated by rainfall as pasture in 

temperate regions and the rotational production of grain crops, especially wheat. 

 - Soil quality indicators are empirically graded and summarized on an ordered scale. Such a 

procedure minimizes, but does not eliminate, different individual judgments based on empirical 

evaluation. 

As dynamic quality indicators of the soil, a series of soil parameters (pH, CaCO3, EC, texture, 

total organic carbon, KDK, total N, useful P, exchangeable K, Ca, Mg, Na, useful Fe, Mn, Zn, 

Cu, B , selected heavy metals and other required special parameters) can be used [23]. Based on 

laboratory studies, determination of the quality values of the lands in different usage and the soil 

quality of the reclaimed areas can be measured with changes in soil indicators and parameters, 

and comparable results are obtained [26]. 

In soil quality assessment or determination, the two main questions that come to the fore are: 

- how the soil is cultivated / used and 

- what procedures are appropriate for conducting the quality assessment. 

After answering these questions, a set of analysis parameters or indices that determine the 

working potential of a soil are selected and SQI can be calculated by determining the dynamic 

changes that occur in the soil, taking into account field characteristics and pedogenesis 

information. 

In determining the soil quality, it is seen that scoring in commonly considered parameters in 

terms of quantitative and comparability and grading in the final evaluation are made. After 

defining the management objectives of the system, soil quality indexing consists of three main 

steps: (1) selecting the appropriate indicators or parameters for the minimum data set (2) scoring 

the parameters and converting them into indicator scores; and (3) converting indicator scores to 

index (SQI) and associating them with management practices. The main benefit of this approach 

is that the identification of physical, biological and chemical advantages and constraints 

encourages farmers to seek more advanced and more sustainable soil and crop management 

practices [1]. 

Although there are differences in scoring and grading according to the parameters considered, in 

these applications, basic soil indicators are scored using scoring tables. In scoring, it can be 

graded on a 5-point scale sometimes from the best conditions (2) to the worst (0 or -1, -2) with 

odd-numbered scores and possible 0.5 or 0.25 increments in very sensitive cases. In quality 

assessments including field studies, basic soil indicators are estimated and scored completely in 

the field, and some of these can be supported by measurement of soil properties. In the final 

basic ranking, the proportional value obtained by proportioning the sum of the score obtained 

from the parameters to the highest total score of the parameters is used as the "quality index / 

SQI". The grading system is obtained with a final score ranging from about 0 to 100, and grades 

such as “<20 = Very poor, 20 - 40 = Poor, 40 - 60 = Fair, 60 - 80 Good,> 80 Very Good” can be 

made. 
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In the concept of modern soil quality, it is seen that the quality phenomenon focuses on the target 

and the data set containing the criteria for quality indices is organized according to the focused 

target. Although the concept of minimum data set reflecting sustainable management goals is 

widely accepted, there is a consensus that expert opinion is required first to select minimum data 

set components [27]. Especially in comparing the effects of agricultural ecosystem management 

practices, a large number of soil quality indices varying according to the target have been 

developed due to the complexity of the problems and the comprehensive data set [28]. Modern 

technologies, such as some Agro-ecological land assessment decision support systems, provide 

the opportunity to combine soil quality findings and information in new and productive ways 

with high speed and flexibility. 
 

Conclusion 
Preservation and improvement of soil quality is one of the most important prerequisites for 

agricultural and environmental sustainability. Dynamic soil quality indicators are valuable tools 

in defining and evaluating soil problems, and today targeted soil quality assessments are 

frequently applied to solve problems arising in different areas of soil use. However, estimation of 

natural (unique) soil indicators together with dynamic soil indicators also provides useful results. 

Although there is no application that is accepted as a standard due to the variability of the 

options and related inspection parameters in targeted quality evaluations, soil quality evaluations 

made according to dynamic criteria can provide comparability under similar conditions and give 

reliable and meaningful results in practice. 

In the future, postmodern agricultural practices have great development potential not only 

through the use of biotechnological innovations and improved chemicals, but also through agro-

ecological innovations and sustainable practices to increase crop production and ensure 

environmental protection. However, it is thought that the success of these practices will largely 

depend on the development of soil quality and its integrated assessment methods, where science 

is still young in terms of knowledge and practical application. 
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