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ABSTRACT 
 

The study aimed to correlate the principal soil types and subtypes of the Kostanay Region of Kazakhstan with the World Reference Base for 

Soil Resources (WRB) and to provide a unified nomenclature suitable for international soil research. The analysis was based on regional soil 

maps, the National Atlas of the Republic of Kazakhstan, published studies on soil morphology and properties, and the fourth edition of WRB 

(2022). More than 30 national classification units and eight soil complexes identified within the region were compared with corresponding 

WRB reference soil groups and qualifiers. The main zonal soils were correlated with Calcic Chernozems (Pachic), Calcic Chernozems, Gypsic 

Kastanozems (Humic), Gypsic Kastanozems, Calcisols, and Luvic Calcisols, while the principal intrazonal soils corresponded to Fluvisols, Gleyic 

Chernozems, Gleyic Kastanozems, Solonetz, and Technosols. The most widely applicable supplementary qualifiers were Aric, Sodic, and 

Endoprotosalic, with Katocalcic, Skeletic, Hyperhumic, Salic, and Urbic used for specific profile features. The dominant soil groups were 

identified for all 16 districts of the Kostanay Region. The proposed WRB-based nomenclature provides a standardized basis for soil mapping, 

monitoring, agricultural assessment, and international comparison of regional soil data. 
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INTRODUCTION 
 

At present, specialists from various countries are actively 

implementing the International Soil Classification System and 

the World Reference Base for Soil Resources (WRB) (IUSS 

Working Group WRB, 2022). In soil studies of the Republic of 

Kazakhstan, the USSR Soil Classification (Egorov et al., 1977) 

with regional additions (Erokhina et al., 2006) has been used for 

many decades. The new international system and the older 

national classifications are based on similar principles and 

reflect the current understanding of soil-forming processes. The 

international soil classification system is represented by 

reference soil groups with a set of principal and supplementary 

qualifiers (Krasilnikov et al., 2009; Shi et al., 2010; Gerasimova 

& Bogdanova, 2015; Gerasimova, 2019), while diagnostic 

horizons are used for soil identification. In scientific 

publications in soil science and related fields, most international 

journals use the WRB system. Correlating the WRB classification 

system with soil classifications used in the Republic of 

Kazakhstan is therefore an important task. 

Soils are a key component of landscapes and an indispensable 

natural resource for agricultural production, ensuring the food 

and environmental security of the region. In the Kostanay 

Region, the area of land involved in agricultural use amounts to 

11.073 million hectares (Ministry of Agriculture of the Republic 

of Kazakhstan, 2023). The Kostanay Region is one of the main 

agricultural regions of the Republic of Kazakhstan. From north 

to south, three latitudinal soil zones are distinguished within the 

region, each subdivided into several subzones (Baisholanov, 

2017). The diversity of climatic conditions and soil-forming 

parent materials determines the complex structure of the soil 

cover in the Kostanay Region. The main types of zonal and 

intrazonal soils used in agriculture across vast areas of 

Kazakhstan have developed here. Chernozems and 

Kastanozems are the most valuable soils on arable land, 

pastures, and hayfields. For effective interaction between 

specialists from different countries and for the exchange of 

research data on Chernozems and Kastanozems soil groups of 

major agricultural importance in the Kostanay Region of the 

Republic of Kazakhstan the International Soil Classification 

System should be applied. 

Under conditions of climate change and intensification of 

agricultural production, many steppe soils are subject to 

degradation and desertification due to water and wind erosion, 

dehumification, desiccation, pasture trampling, solonetzization, 

and salinization (Robinson et al., 2003; Meyer et al., 2008; 

Issanova et al., 2014; Koshen et al., 2019; Filippova et al., 2020; 

Hu et al., 2020). As a result of degradation processes, soil 
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fertility declines, soil structure changes, the thickness of the 

humus profile decreases, the agronomically valuable structure 

of soil aggregates deteriorates, and secondary accumulations of 

gypsum and salts develop in lower horizons. Degraded 

Chernozems and Kastanozems may lose their humus horizons, 

transforming into semi-desert and even desert soils (Kabała et 

al., 2019; Deckers et al., 2024). At the same time, land 

degradation dynamics in some regions of Eurasia are 

multidirectional and may become favorable with the 

implementation of soil conservation and agroforestry 

reclamation measures (Kulik et al., 2018; Lyu et al., 2020; 

Ryspekov et al., 2021; Kust et al., 2024). The WRB international 

classification system provides extensive opportunities for 

describing spatial variability and different stages of evolution, 

transformation, degradation, and restoration of all soil types 

within the territory of the Republic of Kazakhstan. 

This research aims to establish a definitive correlation between 

the WRB system’s classification nomenclature and the principal 

soil types and subtypes previously recognized within the 

national framework for the Kostanay Region, located in the 

Republic of Kazakhstan, for standardized comparative analysis. 

MATERIALS AND METHODS  

The Kostanay Region is a major industrial and agricultural 

region of the Republic of Kazakhstan. The study used 

information presented on maps published in specialized 

editions (Medeu, 2006; Baisholanov, 2017). Within the territory 

of the Kostanay Region, natural zones change in accordance 

with the law of latitudinal zonation. From north to south, three 

natural zones are distinguished: steppe, semi-desert, and 

desert. Within the steppe zone, three subzones are identified: 

moderately humid, moderately arid, and dry steppe. The 

administrative division of the Kostanay Region includes 16 

districts and 4 cities of regional subordination (Figure 1). 

 

 
Figure 1. Location within the map of Eurasia and administrative division of the Kostanay Region of the Republic of Kazakhstan 

Administrative division of Kostanay region: 1. Altynsarin District; 2. Amangeldi District; 3. Auliekol District; 4. Denisov District; 

5. Fyodorov District; 6. Kamysty District; 7. Karabalyk District; 8. Karasu District; 9. Kostanay District; 10. Mendykara District; 

11. Nauyrzym District; 12. Sarykol District; 13. Beimbet Mailin district (formerly Taran district); 14. Uzunkol District; 15. Zhangeldi 

District; 16. Zhitikara District; 17. Arkalyk; 18. Kostanay; 19. Lisakovsk; 20. Rudny. 

The soil map of the entire territory of the Republic of 

Kazakhstan presented in the National Atlas has a scale of 

1:5,000,000 (Medeu, 2006). Additional information on horizon 

properties, profile structure, soil types, subtypes, and varieties 

was obtained from studies conducted in different districts of the 

Kostanay Region. 

The research methods included establishing correspondence 

between the names of all soil types, subtypes, and varieties 

identified in the Kostanay Region according to the soil 

classification system of the Republic of Kazakhstan and the 

standards of the International Soil Classification System WRB, 

the fourth edition of which was published in 2022 (IUSS 

Working Group WRB, 2022). For the identified classification 

units, information was compiled on soil profile structure and the 

distribution of different soils across individual districts of the 

Kostanay Region. 

RESULTS AND DISCUSSION  

On the soil map of the Republic of Kazakhstan (Medeu, 2006), 

more than 30 classification units and 8 soil complexes are 

distinguished within the Kostanay Region. The main zonal soils 

of the Kostanay Region are represented by subtypes of 

chernozems, chestnut soils, and brown desert soils identified 

using the national classification system. In all districts of the 

region, intrazonal soils are also widespread, including meadow 

alluvial soils, meadow chernozems, meadow chestnut soils, and 

solonetz soils (Erokhina et al., 2006). 

In the natural zone of moderately humid steppes, ordinary 

chernozems prevail; according to the International Soil 

Classification System (IUSS Working Group WRB, 2022), these 

correspond to Calcic Chernozems (Pachic) (Table 1). The upper 

part of these soils is formed by the diagnostic chernic (Ah) 

horizon, which is defined by its dark color, granular or crumb 

structure of soil aggregates, and organic carbon content 

exceeding 1%. The supplementary qualifier “pachic” indicates 

that the thickness of the chernic horizon exceeds 50 cm (Figure 

2) (Zhalankuzov, 2014). The supplementary qualifier 

Hyperhumic is applicable to horizons with a weighted mean soil 

organic carbon content ≥ 5% in the 0–50 cm layer. 

 



Yskak et al.                                                                                                         World J Environ Biosci, 2026, 15, 3: 76-85 
 

78 
 

Table 1. Main types and subtypes of zonal soils of the Kostanay Region in the national and international classification systems 

Soil names according to the soil classification of the 
Republic of Kazakhstan (Medeu, 2006) 

Soil names in the International 
Classification System (IUSS Working Group 

WRB, 2022) 

Specifying supplementary qualifiers 
(IUSS Working Group WRB, 2022) 

Zonal soils 

Ordinary chernozems Calcic Chernozems (Pachic) (Aric, Hyperhumic) 

Carbonate ordinary chernozems Katocalcic Chernozems (Pachic) (Aric) 

Solonetzic ordinary chernozems Calcic Chernozems (Pachic, Sodic) (Aric, Endoprotosalic) 

Southern chernozems Calcic Chernozems (Aric) 

Carbonate southern chernozems Katocalcic Chernozems (Aric) 

Solonetzic southern chernozems Calcic Chernozems (Sodic) (Aric, Endoprotosalic) 

Dark chestnut soils Gypsic Kastanozems (Humic) (Aric) 

Carbonate dark chestnut soils, locally residually carbonate Gypsic Calcic Kastanozems (Humic) (Aric) 

Solonetzic dark chestnut soils Gypsic Kastanozems (Humic, Sodic) (Aric, Endoprotosalic) 

Shallow skeletal dark chestnut soils Gypsic Skeletic Kastanozems (Humic) (Aric) 

Medium chestnut soils Gypsic Kastanozems (Aric) 

Solonetzic medium chestnut soils Gypsic Kastanozems (Sodic) (Endoprotosalic) 

Shallow skeletal medium chestnut soils Gypsic Skeletic Kastanozems  

Light chestnut soils Calcisols  

Solonetzic light chestnut soils Calcisols (Sodic) (Salic) 

Shallow skeletal light chestnut soils Skeletic Calcisols  

Brown semi-desert soils Luvic Calcisols  

Solonetzic brown semi-desert soils Luvic Calcisols (Sodic) (Salic) 

 

 
Figure 2. Distribution of organic carbon content in soil 

profiles of the Kostanay Region: ordinary chernozem (Calcic 

Chernozems (Pachic)), southern chernozem (Calcic 

Chernozems), dark chestnut soil (Gypsic Kastanozems 

(Humic)), meadow chernozem soil (Gleyic Chernozems) 

Extensive agricultural activities characterize much of the 

Kostanay Region, leaving minimal virgin steppe terrain 

untouched. Consequently, the upper soil layer across vast tracts 

is consistently ploughed. According to international standards 

(IUSS Working Group WRB, 2022), this layer is designated as an 

Aric horizon (Ap) provided it exceeds 10 cm in thickness, 

originates at the surface, maintains structural uniformity 

through cultivation, and features a distinct, level lower 

boundary. This specific horizon serves as a supplementary 

qualifier in soil classification. Conversely, various districts 

within the region utilize land for pastures, hayfields, or fallow 

purposes. Soils in these areas often lack a standard ploughed 

horizon or exhibit significant post-agrogenic evolution; 

therefore, the application of the Aric horizon terminology and 

the corresponding Aric qualifier is deemed inappropriate for 

these distinct, non-cultivated segments of the regional 

landscape. 

The middle and lower parts of chernozem profiles are 

represented by the calcic (Bk) horizon, characterized by the 

accumulation of secondary carbonates with a content in the fine 

earth fraction of ≥ 15%. Secondary carbonates may occur as 

calcite crystals smaller than 1 mm or as pedogenic features such 

as impregnation of soil aggregates, coatings, veins, soft and/or 

hard concretions, and nodules. In some districts of the Kostanay 

Region, carbonate chernozems are observed, in which strong 

effervescence in reaction with HCl is recorded in the upper part 

of the profile (above a depth of 50 cm). According to the 

International Soil Classification System, such soils can be 

classified as Katocalcic Chernozems (Table 1). 

In all soil zones of the Kostanay Region, solonetzic soils are 

present and are distinguished at the level of soil genus in the 

national classification (Egorov et al., 1977). In solonetzic 

chernozems, a sodic (Bn) horizon forms, in which the 

exchangeable sodium content exceeds 6% of the total 

exchangeable cations (Figure 3) (Almanova et al., 2021). These 

soils have lower fertility, and their agricultural use requires 

reclamation measures. In the international classification 

system, the qualifier Sodic should be added to the names of 

solonetzic soils. In some solonetzic soils, a weak accumulation 
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of readily soluble salts may occur in deeper horizons; this 

process is reflected by the supplementary qualifier 

Endoprotosalic. 

In the natural zone of moderately arid steppes of the Kostanay 

Region, the main soil subtype is southern chernozem. According 

to the international classification, it belongs to the Calcic 

Chernozems soil group. The thickness of the chernic horizon in 

these soils is less than 50 cm; therefore, the Pachic qualifier is 

not applied (Table 1). The soil organic carbon content in the 

profiles of these chernozems is 1.5–2 times lower than in Calcic 

Chernozems (Pachic) (Figure 2) (Zhalankuzov & Nazanova, 

2015). Within the Calcic Chernozems soil group, extensive areas 

are also occupied by the Aric classification unit, corresponding 

to arable soils. 

Within the Kostanay Region, carbonate soils (katocalcic) are 

distinguished within the Calcic Chernozems group; in these 

soils, carbonate features are observed even within the chernic 

horizon. Solonetzic varieties of Calcic Chernozems (Sodic) are 

confined to lowland plains underlain by saline clays or heavy 

loams. Soils with accumulation of readily soluble salts in the 

lower part of the profile are also found; this feature is indicated 

by the supplementary qualifier Endoprotosalic. 

In the natural zone of dry steppes of the Kostanay Region, dark 

chestnut and medium chestnut soils are most widespread. A 

characteristic feature of these soils is the sandy nature of profile 

horizons. According to the International Soil Classification 

System, chestnut soils belong to the Gypsic Kastanozems 

(Humic) and Gypsic Kastanozems soil groups (Table 1). For 

dark chestnut soils, the supplementary qualifier Humic is 

applicable, corresponding to a weighted mean organic carbon 

content ≥ 1% in the 0–50 cm layer (Figure 2) (Almanova et al., 

2023). 

In the lower part of these soil profiles, a gypsic horizon occurs, 

characterized by the accumulation of secondary gypsum, most 

often in the form of pedogenic features of various shapes. The 

main criterion for the Gypsic qualifier is a gypsum content ≥ 5% 

(by soil mass). When calcium sulfate is present in groundwater 

under dry climatic conditions, an overlying calcic horizon and 

an underlying gypsic horizon are formed. Their position within 

the soil profile may vary due to the lower solubility of 

carbonates compared to gypsum. 

Large areas of land on Gypsic Kastanozems (Humic) and Gypsic 

Kastanozems are ploughed and belong to the Aric classification 

unit. Residually carbonate soils are widespread on elevated, 

leveled, weakly drained plains and in broad river valleys, where 

carbonate heavy loams and clays serve as parent materials. Such 

soils are assigned the Calcic qualifier. 

A shortened profile and high stoniness are characteristic of 

shallow, skeletal chestnut soils occurring on the spurs of the 

Trans-Ural Plateau. According to the International Soil 

Classification System, the qualifier Skeletic should be added to 

the names of these soils, reflecting a content of coarse fragments 

≥ 40% (by volume) on average within the 0–100 cm layer. In the 

natural zone of dry steppes of the Kostanay Region, solonetzic 

soils Gypsic Kastanozems (Humic, Sodic) and Gypsic 

Kastanozems (Sodic) are widespread, many of which are 

difficult to use as agricultural land. Among them, soils with 

accumulation of readily soluble salts in the lower part of the 

profile are common; this feature is reflected by the 

supplementary qualifier Endoprotosalic. 

In the semi-desert (desert–steppe) zone of the Kostanay Region 

of the Republic of Kazakhstan, light chestnut and brown semi-

desert soils prevail. According to the International Soil 

Classification System, they belong to the soil groups Calcisols 

and Luvic Calcisols (Table 1). In these soils, the upper layer 

with an organic carbon content ≥ 1% is less than 30 cm thick; 

therefore, a chernic horizon is not distinguished. The calcic 

horizon is usually recorded at a depth of 25–40 cm. Solonetzic 

semi-desert soils are described using the supplementary 

qualifier Sodic. Arid climatic conditions and the geological and 

geomorphological features of soil-forming and underlying 

parent materials determine the widespread occurrence of saline 

soils, which are described by the qualifier Salic. Light chestnut 

shallow skeletal soils correspond to the soil group Skeletic 

Calcisols. 

Across the entire territory of the Kostanay Region, intrazonal 

soils occur alongside zonal soils (Table 2). In river and lake 

floodplains, meadow alluvial soils develop, which correspond to 

fluvisols in the International Soil Classification System. These 

soils are characterized by high fertility and are often used as 

arable land; therefore, many of them require the Aric qualifier. 

Table 2. Main types of intrazonal soils and soil complexes of the Kostanay Region in the national and international classification systems 

Soil names according to the soil classification of 
the Republic of Kazakhstan (Medeu, 2006) 

Soil names in the International Classification 
System (IUSS Working Group WRB, 2022) 

Specifying supplementary qualifiers 
(IUSS Working Group WRB, 2022) 

Intrazonal soils 

Meadow alluvial soils Fluvisols (Aric) 

Meadow chernozem soils Gleyic Chernozems (Aric) 

Meadow chestnut soils Gleyic Kastanozems (Aric) 

Solonetz soils Solonetz  

Saline solonetz soils Salic Solonetz  

Technogenic soils Technosols  

Urban soils Urbic Technosols  

Soil complexes 

Solonetzic ordinary chernozems + Solonetz Calcic Chernozems (Pachic, Sodic) + Solonetz (Endoprotosalic) 

Solonetzic southern chernozems + Solonetz Calcic Chernozems (Sodic) + Solonetz (Endoprotosalic) 

Solonetzic dark chestnut soils + Solonetz Gypsic Kastanozems (Humic, Sodic) + Solonetz (Endoprotosalic) 

Solonetzic medium chestnut soils + Solonetz Gypsic Kastanozems (Sodic) + Solonetz (Endoprotosalic) 

Solonetzic light chestnut soils + Solonetz Calcisols (Sodic) + Solonetz (Salic) 

Meadow alluvial soils + Solonetz Fluvisols + Solonetz (Endoprotosalic) 
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Meadow chernozem soils + Solonetz Gleyic Chernozems + Solonetz (Endoprotosalic) 

Meadow chestnut soils + Solonetz Gleyic Kastanozems + Solonetz (Salic) 

Meadow chernozem soils, identified in the zones of moderately 

humid and moderately arid steppes, are confined to watershed 

depressions, valleys, and large lake basins such as Sarykol and 

Koibagar. In the International Soil Classification System, these 

soils are classified as Gleyic Chernozems. They are characterized 

by increased humus content in the upper and middle parts of 

the profile (Figure 2) (Almanova et al., 2021), as well as by 

gleying features expressed as bluish and rusty mottles in the 

lower horizons. Gleyic Chernozems on arable land are assigned 

the Aric qualifier. 

Meadow chestnut soils are formed in the dry steppe zone on 

depressed plains and on above-floodplain river and lake 

terraces. In the International Soil Classification System, they 

correspond to Gleyic Kastanozems. These soils are 

characterized by moisture supply from surface water and/or 

shallow groundwater (3–6 m). Gleyic Kastanozems contain 

more humus than zonal Gypsic Kastanozems. Their profiles are 

not characterized by the accumulation of carbonates and readily 

soluble salts in the upper and middle parts, while signs of 

gleying are observed in the lower horizons. Cultivated Gleyic 

Kastanozems, according to the International Classification 

System, are described using the supplementary qualifier Aric. 

Throughout the Kostanay Region, Solonetz soils are widely 

distributed, forming both large individual massifs and 

complexes with other solonetzic soils. In the International Soil 

Classification System, Solonetz constitutes a separate soil group 

(Solonetz) (Table 2). These soils have a diagnostic natric 

horizon, the upper boundary of which occurs at a depth of 20–

50 cm, where the exchangeable sodium content is ≥ 15% of the 

total exchangeable cations (Figure 3) (Lyubimova et al., 2016). 

Solonetz forms complexes with many zonal and intrazonal 

solonetzic soils, resulting in a complex soil cover structure. The 

profiles of Solonetz are often saline; the presence of this feature 

should be described using the Salic qualifier. 

 
Figure 3. Distribution of exchangeable sodium content in 

soil profiles of the Kostanay Region: ordinary chernozem 

(Calcic Chernozems (Pachic)), solonetzic southern 

chernozem (Calcic Chernozems (Sodic)), solonetz soil 

(Solonetz). 

In urban areas and in mining and industrial territories, natural 

soils are typically replaced by technogenically disturbed or 

anthropogenic soils. According to the International Soil 

Classification System, these soils belong to the Technosols soil 

group. If the horizons of such soils consist of ≥ 35% (by volume) 

of construction debris and other wastes accumulated in human 

settlements, they are assigned the Urbic qualifier. 

The presented soil nomenclature of the Kostanay Region of the 

Republic of Kazakhstan (Tables 1 and 2) includes about 50 

classification units. Agricultural lands may also contain soils 

affected by water or wind erosion processes. The presence and 

degree of erosion are recorded through the description of 

surface irregularities (Jahn et al., 2006). 

During soil diagnostics in the Kostanay Region of the Republic 

of Kazakhstan, soil profiles with varying morphological 

structures were identified (Table 3). The morphological and 

chemical properties of the chernic (Ah) horizon vary 

considerably within a single soil group of Chernozems (Sorokin 

et al., 2021). The aric (Ap) plough horizon is diagnosed on 

agricultural lands, which predominate across most of the 

Kostanay Region. 

Table 3. Soil horizons and examples of soil profile structures of the Kostanay Region in the International Classification System 

Soil Soil horizons and examples of profile structure 

Calcic Chernozems (Pachic) Ah-Bhw-Bkw-Ck Ah-Bhw-Bwk-Ck 

Calcic Chernozems (Pachic, Aric) Ap-Ah-Bhw-Bkw-Ck Ap-Bhw-Bwk-Ck 

Katocalcic Chernozems (Pachic) Ah-Bhkw-Bk-Ck Ah-Bhwk-Bkw-Ck 

Katocalcic Chernozems (Pachic, Aric) Ap-Ah-Bhkw-Bkw-Ck Ap-Bhwk-Bkw-Ck 

Calcic Chernozems (Pachic, Sodic) Ah-Bhw-Bkwn-Cky Ah-Bhw-Bwkn-Cky 

Calcic Chernozems (Pachic, Sodic, Aric) Ap-Ah-Bhw-Bkwn-Cky Ap-Bhw-Bwkn-Cky 

Calcic Chernozems Ah-Bwh-Bkw-Ck Ah-Bw-Bkw-Ck 

Calcic Chernozems (Aric) Ap-Bwh-Bwh-Bkw-Ck Ap-Bwh-Bkw-Ck 

Katocalcic Chernozems Ah-Bwhk-Bkw-Ck Ah-Bwk-Bkw-Ck 

Katocalcic Chernozems (Aric) Ap-Bwh-Bkwh-Bkw-Ck Ap-Bwhk-Bkw-Ck 

Calcic Chernozems (Sodic) Ah-Bwh-Bkwny-Ckyz Ah-Bw-Bkwny-Ckyz 
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Calcic Chernozems (Sodic, Aric) Ap-Bwh-Bkwny-Ckyz Ap-Bw-Bkwny-Ckyz 

Gypsic Kastanozems (Humic) Ah-Bwhk-Cky Ah-Bhwk-Cky 

Gypsic Kastanozems (Humic, Aric) Ap-Bwhk-Cky Ap-Bhwk-Cky 

Gypsic Calcic Kastanozems (Humic,) Ah-Bkwh-Cky Ah-Bkhw-Cky 

Gypsic Calcic Kastanozems (Humic, Aric) Ap-Bkwh-Cky Ap-Bkhw-Cky 

Gypsic Kastanozems (Humic, Sodic) Ah-Bkwhn-Ckyz Ah-Bkhwn-Ckyz 

Gypsic Kastanozems (Humic, Sodic, Aric) Ap-Bkwhn-Ckyz Ap-Bkhwn-Ckyz 

Gypsic Kastanozems Ah-Bwk-Cky Ah-Bwk-Cky 

Gypsic Kastanozems (Aric) Ap-Bwk-Cky Ap-Bwk-Cky 

Gypsic Kastanozems (Sodic) Ah-Bkwn-Ckyz Ah-Bknw-Ckyz 

Luvic Calcisols A-Bkw-Ck A-Ck 

Luvic Calcisols (Sodic) A-Bknw-Ckz A-Bnkw-Ckz 

Fluvisols (Aric) Ah-C1-2C2-3C3 Ap-C1-2C2-3C3 

Gleyic Chernozems (Aric) Ah-Bhwg-Bgkw-Cgk Ap-Bhwg-Bgkw-Cgk 

Gleyic Kastanozems (Aric) Ah-Bhgkw-Cgk Ap-Bhwg-Bgkw-Cgk 

Solonetz Ah-Bnt-Ckz A-Btn-Bk-Ckyz 

Technosols, Urbic Technosols Ahτ-2B-3C Ahu-2Bu-3Bw-3C 

Note. Horizon indices: Ah – chernic; p – aric; Bw – cambic; h – humic; k – protocalcic, calcic; n – sodic, natric; y – gypsic; z – protosalic, salic; t – clay 
accumulation; u – urbic; τ – human-transported natural material; C – parent material. 

In some soil groups—Chernozems, Kastanozems, and 

Calcisols—several processes may be observed simultaneously 

in the middle part of the soil profile, including humus 

redistribution, accumulation of secondary carbonates and 

gypsum, and solonetzization. For the B horizons, indices are 

listed in decreasing order of the intensity of soil-forming 

processes, with the most strongly expressed process indicated 

first (Table 3). 

In both the International Soil Classification System and the 

national soil classification of Kazakhstan, Solonetz soils are 

defined at a high taxonomic level. At the same time, solonetzic 

(sodic) variants are also distinguished within other soil groups, 

including Chernozems, Kastanozems, and Calcisols. However, 

the morphological and chemical criteria used to assess the 

degree of solonetzic development differ somewhat between 

classification systems (Pankova et al., 2018). 

Profiles of Technosols are highly diverse. They may be disturbed 

by industrial activities and earthworks and can include horizons 

of relocated material as well as urbic horizons. 

Within natural zones and individual districts of the Kostanay 

Region, the structure of the soil cover changes mainly in 

accordance with the law of latitudinal zonation. An important 

role is also played by regional characteristics of soil-forming and 

underlying parent materials (Ganea et al., 2024; Soman et al., 

2024; Ahn et al., 2025; Castellano-Rioja, 2025; Cavero & Ferraz, 

2025; Mikail et al., 2025; Petronis et al., 2025; Shen & Bao, 2025; 

Silik, 2025; Zulkarnain et al., 2025; Batra & Rajasekar, 2026; 

Merzouki et al., 2026; Mohammad, 2026; Shon & Yang, 2026). 

In Karabalyk District, located in the northwestern part of the 

region (Figure 1), Calcic Chernozems (Pachic, Aric) 

predominate, while solonetzic Calcic Chernozems (Pachic, Aric, 

Sodic) occupy smaller areas. In Uzunkol District in the 

northeastern part of the region, along with these soils, Calcic 

Chernozems (Pachic, Aric, Hyperhumic), Katocalcic Chernozems 

(Pachic, Aric), and Solonetz are also found (Table 4). 

 

Table 4. Nomenclature of predominant soil groups identified according to the International Classification in individual natural zones and 

districts of the Kostanay Region 

Districts of the Kostanay Region (area) Natural zone Predominant soil groups (IUSS WRB, 2022) 

Karabalyk District (6.9 thousand km²) Moderately humid steppe Calcic Chernozems (Pachic, Aric); Calcic Chernozems (Pachic, Aric, Sodic) 

Uzunkol District (7.2 thousand km²) Moderately humid steppe 
Calcic Chernozems (Pachic, Aric); Calcic Chernozems (Pachic, Aric, 

Hyperhumic); Katocalcic Chernozems (Pachic, Aric); Calcic Chernozems 
(Pachic, Aric, Sodic); Solonetz 

Fedorov District (7.2 thousand km²) 
Moderately humid and 
moderately arid steppe 

Calcic Chernozems (Pachic, Aric); Calcic Chernozems (Pachic, Aric, Sodic); 
Calcic Chernozems (Aric); Calcic Chernozems (Sodic); Gleyic Chernozems; 

Solonetz 

Mendykarin District (6.6 thousand km²) 
Moderately humid and 
moderately arid steppe 

Calcic Chernozems (Pachic, Aric); Calcic Chernozems (Pachic, Sodic); Calcic 
Chernozems (Aric); Solonetz; Fluvisols (Aric) 

Sarykol District (6.1 thousand km²) 
Moderately humid and 
moderately arid steppe 

Calcic Chernozems (Pachic, Aric); Calcic Chernozems (Pachic, Sodic); Calcic 
Chernozems (Aric, Sodic); Gleyic Chernozems; Solonetz 

Kostanay District (7.5 thousand km²) 
Moderately humid and 
moderately arid steppe 

Calcic Chernozems (Aric); Calcic Chernozems (Aric, Sodic); Calcic 
Chernozems (Pachic, Sodic); Solonetz; Gleyic Chernozems 

Altynsarin District (6.4 thousand km²) Moderately arid steppe 
Calcic Chernozems (Aric); Calcic Chernozems (Aric, Sodic); Solonetz; 

Katocalcic Chernozems (Aric) 
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Denisov District (6.8 thousand km²) Moderately arid steppe 
Calcic Chernozems (Aric); Katocalcic Chernozems (Aric); Calcic Chernozems 

(Aric, Sodic); Solonetz 

Beimbet Mailin District (formerly 
Taranovsky) (7.6 thousand km²) 

Moderately arid and dry 
steppe 

Calcic Chernozems (Aric); Gypsic Kastanozems (Humic, Aric); Katocalcic 
Chernozems (Aric); Calcic Chernozems (Aric, Sodic); Gypsic Kastanozems 

(Humic, Sodic); Solonetz; Fluvisols (Aric) 

Zhitikara District (7.3 thousand km²) 
Moderately arid and dry 

steppe 
Calcic Chernozems (Aric); Calcic Chernozems (Aric, Sodic); Gypsic 

Kastanozems (Humic, Aric); Gypsic Skeletic Kastanozems (Humic); Solonetz 

Karasu District (12.8 thousand km²) 
Moderately arid and dry 

steppe 

Calcic Chernozems (Aric); Katocalcic Chernozems (Aric); Calcic Chernozems 
(Aric, Sodic); Gypsic Kastanozems (Humic, Aric); Gypsic Kastanozems 

(Humic, Sodic); Solonetz; Gleyic Chernozems (Aric) 

Auliekol District (11.1 thousand km²) Dry steppe 
Gypsic Kastanozems (Humic, Aric); Gypsic Kastanozems (Humic, Sodic); 

Solonetz 

Kamysty District (12.1 thousand km²) Dry steppe 
Gypsic Kastanozems (Humic, Aric); Gypsic Kastanozems (Humic, Sodic); 

Gypsic Kastanozems (Sodic); Solonetz 

Naurzum District (15.2 thousand km²) 
Dry steppe and semi-

desert 

Gypsic Kastanozems (Humic, Aric); Gypsic Kastanozems (Humic, Sodic); 
Gypsic Kastanozems (Aric); Gypsic Kastanozems (Sodic); Solonetz; Gleyic 

Kastanozems (Aric) 

Amangeldy District (22.6 thousand km²) 
Dry steppe and semi-

desert 
Gypsic Kastanozems (Aric); Gypsic Kastanozems (Sodic); Calcisols; Skeletic 

Calcisols; Calcisols (Sodic); Solonetz; Fluvisols (Aric) 

Zhangeldy District (37.6 thousand km²) 
Dry steppe and semi-

desert, desert 
Gypsic Kastanozems (Aric); Gypsic Kastanozems (Sodic); Calcisols; Calcisols 

(Sodic); Solonetz; Luvic Calcisols; Luvic Calcisols (Sodic) 

In Fedorov, Mendykarin, and Sarykol Districts, Calcic 

Chernozems (Pachic, Aric) are widespread, as well as complexes 

of Calcic Chernozems (Pachic, Aric, Sodic) with Solonetz. In the 

southern parts of these districts, soils with a thinner humus 

horizon—Calcic Chernozems (Aric)—predominate. Gleyic 

Chernozems are typical around lake basins. Fluvisols are 

widespread on floodplains and terraced sections of the Tobyl 

and Obagan rivers, although isolated Solonetz massifs also 

occur. 

In the natural zone of moderately arid steppes, Calcic 

Chernozems (Aric) dominate in Kostanay, Denisov, and 

Altynsarin districts. Less widespread are Calcic Chernozems 

(Aric, Sodic) and their complexes with Solonetz. Katocalcic 

Chernozems (Aric) are present in the Denisov and Altynsarin 

Districts. Gleyic Chernozems and their complexes with Solonetz 

occur in river valleys. In the valleys of the Kamysty-Ayat and 

Obagan rivers, continuous Solonetz massifs are locally 

observed. 

In Taranovsky (Beimbet Mailin) and Karasu districts, the 

northern parts are occupied by Calcic Chernozems (Aric) and 

their solonetzic variants. In the southern halves of these 

districts, Gypsic Kastanozems (Humic, Aric) prevail, while 

Katocalcic Chernozems (Aric) and complexes of Gypsic 

Kastanozems (Humic, Aric, Sodic) with Solonetz are found in 

peripheral areas. Fluvisols are extensively developed in the 

floodplain and on terraced sections of the Tobol River, while 

Solonetz are widespread in the Damdy River valley. The soil 

cover of many lake depressions (Tenteksor, Karasor, Sulukol 

lakes) includes large Solonetz massifs, whereas Gleyic 

Chernozems (Aric) are more common around Lake Koibagar. 

In Zhitikara District, the northern part is occupied by Calcic 

Chernozems (Aric) and complexes of Calcic Chernozems (Aric, 

Sodic) with Solonetz. In the southern half of the district, Gypsic 

Kastanozems (Humic, Aric) and shallow skeletal Gypsic Skeletic 

Kastanozems (Humic) are widespread. 

In the dry steppe zone of Auliekol and Kamysty Districts, the soil 

cover is formed by Gypsic Kastanozems (Humic, Aric), Gypsic 

Kastanozems (Humic, Sodic), Gypsic Kastanozems (Sodic), and 

their complexes with Solonetz. In the Obagan River valley, 

weakly drained lake depressions, and along the slopes of the 

Obagan–Torgai Depression, large areas are occupied by 

solonetz massifs. 

The territory of Naurzum District lies within the dry steppe 

zone, where Gypsic Kastanozems (Humic, Aric) and Gypsic 

Kastanozems predominate. Gypsic Kastanozems (Sodic) are 

widespread in the Kyzbel mountain massif. Gleyic Kastanozems 

(Aric) occur in the southeastern part of the district. Solonetz 

massifs are common in river valleys. 

In Amangeldy District, Gypsic Kastanozems (Aric) and Gypsic 

Kastanozems (Sodic) dominate in the northern part, while 

Calcisols, Calcisols (Sodic), and their complexes with Solonetz 

are widespread in the southern part. Skeletic Calcisols are 

developed on the spurs of the Kazakh Uplands. In river and lake 

valleys, complexes of Fluvisols with Solonetz are observed, 

which also form separate elongated massifs. 

The northern section of Zhangeldy District resides within the 

dry steppe, dominated by Gypsic Kastanozems and their sodic 

variants. Moving into the central semi-desert region, the 

landscape is defined by Calcisols and sodic Calcisols, frequently 

appearing alongside Solonetzic complexes (Table 4). The 

southern desert zone is primarily composed of Luvic Calcisols 

and their sodic counterparts. Solonetz soils are extensively 

distributed, manifesting either in conjunction with other soil 

types or as independent, vast tracts. Furthermore, sodic and 

salic variations of Calcisols and Luvic Calcisols, developed upon 

saline parent substrates, are also prevalent throughout these 

diverse geological segments, as documented in various 

technical studies (Essah et al., 2024; Hillman, 2024; Souza et al., 

2024; Cuenca-Martínez et al., 2025; Hart & Reed, 2025; Khalil & 

Nassar, 2025; Rani & Gehrke, 2025; Rivas & Molina, 2025; Rojas 

& Paredes, 2025; Silik, 2025). 

In the four cities of regional subordination—Kostanay, Rudny, 

Lisakovsk, and Arkalyk—soils belonging to Urbic Technosols 

and Technosols are developed. 
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The presented soil nomenclature can be used in various 

agricultural and environmental studies in the Kostanay Region 

of the Republic of Kazakhstan. Diagnosis of soil horizons and 

profiles based on the International Soil Classification System is 

essential for soil monitoring, protection against degradation, 

prevention of solonetzization and salinization, and planning and 

implementing agromeliorative measures on agricultural lands 

(Agrawal et al., 2024; Bona & Lozano, 2024; Danchin et al., 2024; 

Khan et al., 2024; Qiao et al., 2024; Braun et al., 2025; Eid et al., 

2025; O’Brien et al., 2026; Tran & Pham, 2026).  

CONCLUSION 

For the soil types and subtypes within the territory of the 

Kostanay Region of the Republic of Kazakhstan, the following 

names are proposed based on the International Soil 

Classification System: ordinary chernozems – Calcic 

Chernozems (Pachic); southern chernozems – Calcic 

Chernozems; dark chestnut soils – Gypsic Kastanozems 

(Humic); medium chestnut soils – Gypsic Kastanozems; light 

chestnut soils – Calcisols; brown semi-desert soils – Luvic 

Calcisols; alluvial meadow soils – Fluvisols; meadow chernozem 

soils – Gleyic Chernozems; meadow chestnut soils – Gleyic 

Kastanozems; and solonetz soils – Solonetz. 

Among the supplementary qualifiers, the most widespread are 

the following: Aric (arable soils), Sodic (solonetzic soils), and 

Endoprotosalic (presence of readily soluble salts in the lower 

part of the profile). In some districts, soils with specific features 

are also found: Katocalcic, indicating the presence of carbonate 

features in the upper horizon, and Skeletic, characterizing 

shallow, stony soils. 

The soil cover of the Kostanay Region has formed in accordance 

with natural zones characterized by latitudinal zonation. In all 

districts of the Kostanay Region, soil complexes with Sodic 

properties and soils belonging to the Solonetz group are 

widespread. 

In mining, industrial, and urban areas, soils belonging to 

Technosols and Urbic Technosols predominate. 
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