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In this article we have summarized the studies on the distribution and genesis of saline soils in Russia 

from the early 20th century to the present. Emphasis is placed on the ones carried out by the 

V.V. Dokuchaev Soil Science Institute, which will celebrate its 100th anniversary in 2027. Maps of the 

distribution of saline soils of varying chemistry across Russia are analyzed. The factors, sources, 

and mechanisms of soil salinization in different regions of the country are considered. 

Brief information is provided on the types of saline and solonetzic soils in all administrative units 

of the country where they occur, their areas, predominant degrees, depths, and chemistry, as well as 

the genesis of salinization. The largest areas of saline and solonetzic soils are found in southern 

Russia, due to a combination of an arid climate, poor drainage, and the presence of saline rocks. 

This determines the predominantly chloride salinization of the soils of the Caspian Lowland. Further 

north in the Volga Federal District, the area of saline soils decreases, with chloride-sulfate salinization 

becoming predominantly present. Gypsum appears, and, more often in solonetzic and irrigated soils, 

soda also appears. Saline soils form underlain by saline loess-like loams and clays or at close 

proximity to mineralized unconfined groundwater. In the Central Federal District, saline soils are 

localized, as the area is better drained, and the soil moisture index is close to 1. They are primarily 

found in the south and southeast of the district. At higher elevations, sulfate-based saline soils develop 

on saline rocks and where mineralized unconfined groundwater approaches the surface, while soda-

based salinization is more common in the lowlands. Significantly fewer saline soils are found in the 

Northwestern Federal District, where saline soils are confined to the coast, forming under the 

influence of the sea and on marine saline sediments. This determines the predominantly sulfate-

chloride and chloride types of salinization of coastal soils. Saline soils are found in the steppe and 

forest-steppe zones of the Ural Federal District. In addition to climate, salinization is facilitated by 

outcrops of saline, often gypsum-bearing, rocks and a loamy soil texture. The chemistry of salinization 

is predominantly sulfate. Saline soils of the Siberian Federal District are divided into two sharply 

distinct regions. The western part of the district, which belongs to the West Siberian Plain, is where 

solonetz and solonetzic soils most often form, with sodic chemistry dominating; the salinization type 

is continental, associated with climate and poor drainage of the territory. The eastern part of the 

district is characterized by smaller areas of saline soils; solonetz is extremely rare, and the chemistry is 

predominantly sulfate. Salinization is determined by gypsum-bearing saline deposits and the waters 

that erode them, including groundwater. Lake Baikal separates the soils of different salinization types. 

West of Lake Baikal, sulfate salinization clearly predominates, while to the east, a significant 

proportion of soils exhibit sodic salinization, which is prevalent in eastern Transbaikalia. The causes 

of salinization in Transbaikalia are similar to those in Western Siberia. Both regions lack saline rocks, 

gypsum, and salt deposits; salinization is primarily continental in origin, and soda-based chemistry or 

soda-based chemistry predominates. The chemistry and causes of salinization in the soils of the Far 

Eastern Federal District are different. In the Lena Valley, in the absence of saline rocks or deposits, 

sulfate-chloride and chloride-saline soils form under permafrost conditions. Permafrost prevents 

chloride salts from leaching from the profile. In northern Yakutia, Chukotka, and on the country's 

eastern coast, predominantly chloride salinization is determined by proximity to the sea and the 
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presence of marine sediments. In Kamchatka, in a zone of increased seismic and volcanic activity, the 

presence of saline soils is determined by hydrothermal systems, leading to the formation of alum-type 

salinization. 
Keywords: soil salinization maps of Russia, salt accumulation factors, chemistry, depth, degree of 

salinization, salt genesis, areas of saline soils, administrative units of the Russian Federation. 
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In this article we describe the distribution and properties of saline soils of Russia, classifying 

them based on their depth, chemistry, and causes of salinization. These soils are relevant due to their 

worldwide occurrence in arid and semiarid regions, and due to their need for irrigation that causes 

further salinization and leads to valuable lands being taken out from agricultural use. Understanding 

the parameters and causes of salinization, as well as the locations of such soils, will help minimize 

economic investment in their reclamation and enable more rational use, or avoid their agricultural 

use in general. For example, finding soils with salinization in the 2nd meter of the soil profile will help 

avoid water-intensive irrigation methods that only increase salinization intensity. 

In the 1970s, saline soils occupied more than 950 million ha worldwide (Szabolcs, 1989). 

In the 2020s, according to the “Global Salt-Affected Soil Map”, created by more than 350 experts 

from 118 countries, including Russia, and FAO (Global Status …, 2024), their total area increased 

to 1,381 million ha, i.e., 10.7% of the total area of the surveyed territories. In some regions, 

every year up to 30% of agricultural land is withdrawn from cultivation due to salinization 

(Metternicht, Zinck, 2009), while the area of irrigated soils decreases by 1-2% (FAO, 2002). 

Salinization occurs and becomes predominant in arid and semiarid regions, occupying the largest 

areas in Australia, China, India, Iran, and Central Asia. In Russia, they are found in 51 of 

85 regions, but their area is estimated differently by various sources: from 43.4 million ha 

(Stolbovoy, Sheremet, 1997), to 54 million ha (Soil cover …, 2001), and 66.4 million ha (Unified 

state register …, 2014). For agricultural soils, the area is from 22.1 million ha (Natural and 

economic …, 1986) to 39.7 million ha (State …, 2016). It was proven that the distribution of saline 

soils correlates with the moisture coefficient, while their share’s dependence on this coefficient 

is inversely proportional (Kalinina et al., 2016). 

 

Development History of the Saline Soils Mapping 

 

The V.V. Dokuchaev Soil Science Institute was the first one to compile the general maps of soil 

salinization of the Soviet Union. This field of science was led by V.A. Kovda, who emphasized in 

his work in 1946 that as early as the early 20th century, N.V. Dimo and D.G. Vilensky showed that 

the distribution of saline soils of Russia followed a pattern. They discovered that there were sodic 

soils in the north, where the chernozem zone was located; in the southernmost regions, the deserts, 

there were sulfate-chloride soils; in the dry steppe zone they had a chloride-sulfate salinization. 

In 1946, V.A. Kovda published the first schematic map showing the distribution of salt 

accumulation processes in the USSR soils, and identified 4 provinces of such accumulation (Fig. 1): 

1 – sulfate-sodic, 2 – chloride-sulfate, 3 – sulfate-chloride, 4 – chloride. 

Next, a map showing the distribution of saline sodic soils in the USSR was made 

(Kondorskaya, 1965; Fig. 2). It was established that sodic salinization was not always associated 

with the chernozem zone and occurred locally in the southern regions, i.e., in desert and semi-

desert. However, this information required a further study of the genesis of the saline sodic soils 

(Bazilevich, 1965). Researches in the south of Eastern Siberia and the medium-scale maps of 

salinization in some regions (Chernousenko, 2022) confirmed that inversion of salinization was 

often observed. For example, the dry steppes (Southern Buryatia, Trans-Baikal Krai) mainly 
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experienced a sodic salinization, while the northern forest-steppe regions (northern Khakassia) had 

a sulfate chemistry and even a predominantly chloride one, widely spread in the forest-steppe and 

steppe landscapes of the permafrost zone (Yeravninskaya and Tunkinskaya Hollows in Buryatia, 

Central Yakutia). 

The “Map of Soil Salinization Types in the USSR” (1 : 2,500,000) was compiled in 1976 by 

editors-in-chief V.V. Yegorov and N.I. Bazilevich, and regional editors E.I. Pankova, 

V.A. Molodtsov, V.M. Borovsky, V.N. Mikhailichenko, R.V. Kovalev, P.S. Panin, and 

T.V. Korolyuk. For the first time, in addition to the main salt composition (its chemistry), 

it included the proportion (in %) of saline soils within the soil contour, as well as the salts presence 

in the 1st or 2nd meter of the profile. In vast areas, however, salts were found only in the 2nd meter, 

which was previously overlooked and therefore never taken into account in cadastral valuations. 

 

 
 

Fig. 1. Distribution of modern salt accumulation processes in soils of the USSR (Kovda, 1946). 

Legend. Salt accumulation provinces: 1 – sulfate-sodic, 2 – chloride-sulfate, 3 – sulfate-chloride, 

4 – chloride, 5 –elevations. 

 

Information on the distribution and taxonomy of saline soils, solonetzes, solonetzic soils of 

varying hydromorphism degree, their complexes, solonchaks, floodplain and marsh saline soils can 

be found in the “Soil Map of the RSFSR” (1 : 2,500,000), edited by V.M. Fridland (1988). 

The most detailed series of maps of Russia (1 : 2,500,000) that describes the properties and 

processes limiting soil fertility was compiled by A.F. Novikova in 2003 at the Department of 

Genesis and Reclamation of Saline and Solonetzic Soils in the V.V. Dokuchaev Soil Science 

Institute, and edited by E.I. Pankova, and then published for certain regions in the monograph 

“Saline Soils of Russia” (2006). It was based on the “Soil Map of the RSFSR” (1 : 2,500,000) 

published in 1988 and includes several layers of information on salinization (Pankova, 

Novikova, 2002), such as soil type, the proportion of saline, solonetz and solonetzic soils in the 
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contour (in %), the dominant and collateral chemistry of salinization, the proportion of soils with 

different degrees of salinization (weak, medium+strong) and salinization depth (solonchakous – 0-

30 cm, solonchak-like – 30-100 cm, deeply saline – 100-200 cm, potentially saline – 200-500 cm) 

in the saline contour. It also mentioned the proportion of solonchaks and solonetzes with different 

hydromorphism (in %). In Figure 3, a map with salinization depth and percentage of saline soils in 

the contour is shown. 

 

 
 

Fig. 2. Distribution pattern of saline sodic soils in the USSR (Kondorskaya, 1965). Legend: 1 – 

main areas (> 15-20% of the total area), 2 – limited distribution (< 15-20%), 3 –isolated foci 

of sodic salinization (≤ 2-5%), 4 – isolated cases of sodic  salinization. 

 

Later, the researchers of the Department of Genesis and Melioration (E.I. Pankova, 

A.F. Novikova, and G.I. Chernousenko) and of the Laboratory of Computer Research of Soils 

(E.V. Vilchevskaya, N.V. Kalinina, and P.V. Korolev) under the leadership of N.B. Khitrov and 

D.I. Rukhovich, created a digital version of the map (1:2,500,000) and published it in 2017 on 

a CD. This new vector map is made of 13 layers: 

1) depth of the upper boundary of the 1st (from the surface) saline horizon of the saline soils 

predominant in the contour (4 gradations), 

2) proportion of soils that are saline in the 0-100 cm layer (7 gradations), 

3) proportion of soils that are saline in the 100-200 cm layer (4 gradations), 

4) absence/presence (without proportion estimation) of soils that are saline in the 200-500 cm layer, 

5) proportion of solonchaks in the contour (5 gradations), 

6) proportion of moderately and highly saline soils in the 0-100 cm layer in the contour 

(7 gradations), 

7) proportion of slightly saline soils in the 0-100 cm layer in the contour (7 gradations), 



9 CHERNOUSENKO, PANKOVA, KHITROV 

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2026, Vol. 10, No. 1 

8-10) predominant and collateral chemistry of soil salinization (5 gradations), 

11) type and subtype of solonetzes (6 gradations), 

12) proportion of solonetz soils in the contour (7 gradations), 

13) proportion of solonetzic soils in the contour (6 gradations). 

The mapping database was expanded to include the contour area and the main components of the 

soil cover (from 1 predominant component up to 7 components in case with complex soils). The contour 

base of the map was synchronized with the “Soil Map of the Russian Federation” (1988). In 2021, N.B. 

Khitrov, D.I. Rukhovich, and N.V. Kalinina added information about Crimea. 

An important milestone in the generalization of mapping and analytical data on saline soils of 

Russia was the monograph “Saline Soils of Russia” (2006), which described the areas and 

analytical materials, assessed the chemistry, depth, and degree of salinization of saline and 

solonetzic soils in various regions. Southern Russia is where saline soils occupy the largest areas 

(Fig. 3) due to climate features, such as decreasing annual precipitation, increasing air temperature, 

and, consequently, decreasing moisture coefficient. 

Figure 4 shows regions with saline soils that can be locally found where the mineralized 

groundwater emerges, often sourcing from anthropogenic activities, such as salt mining, wells, 

oil and gas exploration. Places like were found in the Rostov Region near Lake Nero (Simonova 

et al., 2020), in Perm Krai at potash salt mining sites (Yeremchenko et al., 2020), in the Tyumen 

Region in the valley of the Aremzyanka River (Yakimov et al., 2014), and in the Yamalo-Nenets 

Autonomous Okrug (Solntseva, Sadov, 2000). Anthropogenic salinization also occurs in cities after 

the use of de-icing agents, usually made from rock salt, which is 80-90% NaCl (Chernousenko 

et al., 2000, 2003; Nikiforova et al., 2014). 

In Russia, saline soils occupy almost 54 million ha, i.e., 3.3% of the total soil area of the 

country, or 5.0% of the soil area of its plains (Saline Soils of Russia, 2006). The area of the saline 

agricultural soils ranges from 36.0 to 39.73 million ha (Pankova, Gorokhova, 2020). The main areas 

of saline soils in the country are soils of solonetzic complexes, the soil cover of which has a 

significant share of solonetzes (Pankova et al., 2008). 

Among solonetzes in European part of Russia, automorphic solonetzes are predominant, while in 

Western Siberia those are hydromorphic solonetzes and meadow-chernozem solonetzic solonchakous 

and solonchak-like soils. In general, solonetzes are significantly fewer in Eastern Siberia. They occupy 

somewhat larger areas in Khakassia, represented mainly by automorphic varieties (Gradoboev, 1954). 

In the Irkutsk Region, automorphic solonetzes and solonetzic chernozems are also more common 

(Soil Map …, 1959). However, the fact of their wide distribution requires further research. 

According to the vector map, in the European part of Russia, the total area of soils that are 

saline in the 1st meter of the soil profile was 23.3±4.4 million ha (Khitrov et al., 2009), which is 

2.7 times higher than the estimates in the “Qualitative characteristics …” (1996). In terms of 

salinization depth, 50% of the soils are solonchak-like, 27% are solonchakous, 17% are deeply 

saline, and 6% are potentially saline. In terms of chemistry, sulfate (49%) and chloride (43%) 

salinization is most common, 7% have some soda, including soda in their solonetzic horizon, and 

1% are sodic. The total area of solonetz and solonetzic soils is about 25 million ha, where 

9.45 million ha are solonetzes, and 15.4 million ha are solonetzic soils. The majority of solonetzes 

(63% of the total solonetz area) is located in the dry steppe, where automorphic solonetz soils are 

predominant, primarily with neutral salts (Khitrov et al., 2009). In the Ural Economic District 

(Chelyabinsk, Kurgan, Tyumen, Sverdlovsk Regions), soils that are salinized at the 1st meter 

occupy 4.9 million ha, and 2 more millions are salinized starting from the 2nd meter. Solonetzes are 

found over an area of 2.9 million ha; they are mainly automorphic (1.4 million ha) and semi-

hydromorphic (1.1 million ha) varieties. In the Kurgan Region, they occupy the largest area of all, 

which is 1.8 million ha (Chernousenko et al., 2011). 
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Fig. 3. Map of saline soils distribution in Russia, including the depth of salinization and the proportion (%) of saline soils in the contour (2003). 
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Fig. 4. Schematic map of saline soils distribution in Russia. Legend: 1 – administrative units where 

saline soils are widespread/occur, 2 – list of administrative units: 1 – Arkhangelsk Region, 2 – 

Belgorod Region, 3 – Voronezh Region, 4 – Kursk Region, 5 – Lipetsk Region, 6 – Tambov Region, 

7 – Astrakhan Region, 8 – Volgograd Region, 9 – Samara Region, 10 – Penza Region, 11 – Saratov 

Region, 12 – Ulyanovsk Region, 13 – Republic of Kalmykia, 14 – Republic of Tatarstan, 15 – 

Krasnodar Territory, 16 – Republic of Adygea, 17 – Stavropol Territory, 18 – Karachay-Cherkess 

Republic, 19 – Rostov Region, 20 – Republic of Dagestan, 21 – Kabardino-Balkarian Republic, 22 – 

Republic of North Ossetia, 23 – Chechen and Ingush Republics, 24 – Kurgan Region, 25 – Orenburg 

Region, 26 – Sverdlovsk Region, 27 – Chelyabinsk Region, 28 – Republic of Bashkortostan, 29 – 

Altai Krai, 30 – Altai Republic, 31 – Kemerovo Region, 32 – Novosibirsk Region, 33 – Omsk 

Region, 34 – Tyumen Region, 35 – Krasnoyarsk Krai, 36 – Republic of Khakassia, 37 – Irkutsk 

Region, 38 – Ust–Orda Buryat Autonomous Okrug, 39 – Chita Region, 40 – Republic of Buryatia, 

41 – Republic of Tuva, 42 – Sakha Republic (Yakutia), 43 – Magadan Region, 44 – Primorsky Krai, 

45 – Republic of Karelia, 46 – Nenets Autonomous Okrug, 47 – Yamalo-Nenets Autonomous Okrug, 

48 – Chukotka Autonomous Okrug, 49 – Kamchatka Krai. 
 

Factors of Salt Accumulation in Soils 
 

The properties and genesis of saline soils in different regions are determined by a mix of soil-

forming factors that cause salt accumulation; primarily, climate. Such soils are most common 

in arid and semi-arid regions with dry and hot climate, where the moisture coefficient is < 1. 

In Southern Russia, salinization occurs at the coefficient equal 0.5-0.85, and never at higher values 

(Kalinina et al., 2016). Salinization occurs when salts concentrate in surface horizons after 

evaporation, when unconfined groundwater solutions are drawn by capillary action into the profile. 

However, salinization can also occur at a coefficient > 1, if the profile is constantly refilled with 

mineralized water, as observed in coastal areas, for example, on the northern and eastern coasts of 

Russia (Chernousenko et al., 2001). 

Another important factor is the drainage of the territory, determined by its topography, particle 

size, and the presence of impervious layer (including the ice layer of permafrost). The influence of 
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these parameters is often stronger than that of the climate. Additionally, it was mathematically 

proved by D.I. Rukhovich et al. (2019). It determines the formation of the main areas of saline soils 

in depressions that are located in zones of terminal geochemical accumulation, with unconfined 

groundwater or perched water close to the surface. 

Extremely important are the sources and mechanisms of salt entry into the soil, which can be 

divided into 5 following groups. 

1) Saline rocks formed during geological periods of history after getting exposed at the surface 

after a tectonic lift of the area and/or the destruction and disappearance of overlying, younger rocks, 

which then became the parent material for modern soils. In this case, the soil inherits readily soluble 

salts from its parent material. 

2) Atmospheric entry with the rain and/or solid precipitations, known as “aeolian salt input” 

or salt impulsion (Vysotsky, 1903; Pivovarov, 1906; Obruchev, 1911). In their turn, salts enter 

the atmosphere with storms and strong winds, transported from the oceans, seas, and salt lakes as 

part of water droplets, and are also blown off the solonchaks in deserts. 

3) Hydrogenous entry from unconfined groundwater, groundwater and/or perched water, when 

water loss through transpiration by plants and/or evaporation from the surface is predominant, and 

during flooding sourcing from salt lakes and seas. It helps with the active accumulation of readily 

soluble salts over a single season, often causing secondary salinization. 

4) With plant litter. Albeit being part of soil formation, these salts are not a key source of 

salinization (Pershina, Yakovleva, 1964; Rodin, Bazilevich, 1965). 

5) Anthropogenic influences: entry with irrigation water, the disposal/discharge of wastewater, 

saline and drilling muds, and other industrial waters, with fertilizers, ameliorants, or any other solid 

substances. 

The anthropogenic factor that causes a secondary salinization has become one of the main 

factors worldwide, increasing the area of saline soils due to irrigation with mineralized waters or 

due to the rise of mineralized waters after irrational and exceeding irrigation. 

In different regions of Russia, different factors are more prominent, therefore determining the 

chemistry, degree, and depth of soil salinization. 

 

Saline Soils of Different Districts of Russia 

 

Below, we will discuss the areas of saline soils, based on calculations from the “Saline Soils of 

Russia” map (2006), their chemistry, and genesis in federal districts of Russia, starting with the 

largest areas in the Southern, Volga, and North Caucasian ones. The areas of different genetic types 

of saline soils, classified by their economic regions, were examined by E.I. Pankova and 

A.F. Novikova (2005). Additionally, we describe most of the regions based on the monograph 

“Saline Soils of Russia” (2006). 

In the Southern Federal District, according to the “Saline Soils of Russia” (2006), the overall 

saline area (excluding Crimea) is 14.3 million ha, where 7.6 million ha have moderate to high 

salinity, 6.52 million ha are solonetzes, and 9.42 million ha are solonetzic soils. The largest areas 

that are saline in the 1stmeter of their profile were found in Kalmykia (5.38 million ha), followed in 

descending order by Volgograd (4.22 million ha), Astrakhan (2.43 million ha) and Rostov 

(1.79 million ha) Regions. The smallest amounts were found in Krasnodar Krai (0.43 million ha) 

and the Republic of Adygea (0.03 million ha). The largest areas that are saline starting from the 

2nd meter were found in Rostov (0.52 million ha) and Volgograd Regions (0.19 million ha). 

The areas in the remaining regions are insignificant, within 0.003-0.03 million ha. 

Saline and solonetzic soils are most common in the dry steppe and semi-desert, within solonetz 

complexes of various origins: they are solonetzic chernozems, dark/light chestnut solonetzic and 
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solonchak-like soils, brown solonetzic and solonchak-like soils, and solonetzes. In the river valleys, 

there are floodplain, meadow saline soils and solonchaks. Among the soils with moderate and high 

salinity the chloride and sulfate-chloride ones are dominant (4.48 million ha), followed by sulfate 

salinity (2.57 million ha), soda participation (0.25 million ha), and soda salinity (0.02 million ha). 

Soil salinization genesis in the Astrakhan Region, Republic of Kalmykia, and the southeastern 

Volgograd Region is determined by the arid climate, poor drainage of the Caspian Lowland, and the 

formation of soils on saline marine sediments. Unconfined groundwater depth is usually 5-10 m, 

rising to 0.5-1 m in depressions; their composition is mostly sodium chloride, and their 

mineralization is 10-15 g/l. The rise of Caspian Sea in 1978 intensified hydromorphism and 

salinization in those soils of the Astrakhan Region that were subject to flooding, i.e., in the delta 

and around the Baer mounds and ilmenites, as well as in Kalmykia. In 1996, the sea level started 

dropping, falling below negative 29 m by September 2025, or negative 29.5 m on the Baltic Height 

System (Bulletin …, 2025). In the future, this change may lead to desalination of some light-

textured soils whose unconfined groundwater level has dropped. 

In the Volga-Akhtuba floodplain and the Volga River Delta, soils form on layered alluvial 

deposits with mineralized unconfined groundwater close to the surface. In the Volga-Ural 

interfluve, salt domes are formed very close to the surface (Doskach, 1979). In the coastal belt of 

the Caspian Sea, especially in its lagoons, there are marsh saline soils formed on sandy-shell 

deposits whose salinization is associated with seawater surge, salt impulsion, and the influence of 

mineralized unconfined groundwater. Their salinization is highly sodium sulfate. In the Volgograd 

Region, specifically, in the Syrtovoye Zavolzhye, Yergeni, and Volga Upland, saline soils and 

solonetzes are formed primarily on Quaternary saline deposits, such as loess-like loams, Scythian 

and Syrt clays; their composition is mostly chloride-sulfate, with occasional gypsum. Some 

researchers believe (Kovda, 1946; Slavny, 2001) that salinization in the region is caused by the 

aeolian transfer of salts from the sea. 

In the 1970-1990s, unconfined groundwater levels rose in many irrigation systems, leading to a 

secondary salinization. The following significant reduction of the irrigated lands contributed to the 

drop of the unconfined groundwater level, gradual desalination and alkalization of the surface 

horizons of secondary salinized soils, both of which are currently progressing (Gorokhova et al., 

2020). The area of secondary salinized irrigated soils has significantly decreased by now 

(Gorokhova, Pankova, 2022). In a number of areas where solonetzic complexes were previously 

widespread, they are no longer recorded (Gorokhova et al., 2018). 

In the Rostov Region, saline soils and solonetzes are mainly found in the southeast of the 

region, while their salinization is associated with the presence of saline loess-like rocks, primarily 

of chloride and chloride-sulfate composition. In the Sal-Yergeni Plain, they often contain gypsum, 

and the mineralized unconfined groundwater is close to the surface. In the floodplain and delta of 

the Don River in the Bagaevsky District, in addition to predominantly chloride-sulfate soils, there 

are some with soda or sodic salinization. 

In Krasnodar Krai and the Republic of Adygea, saline soils were found on the Azov-Kuban 

Plain, formed on loess-like loams that are underlain by saline Scythian clays; by estuary clays 

on the Primorskaya Plain, by Tertiary clays on the Taman Peninsula and Zakuban Plain. 

The salinization on the Azov-Kuban Plain is mainly sulfate-chloride, while sulfate on the peninsula 

and plain, and sodic on the second terraces of Kuban. 

In the Rostov Region, Krasnodar Krai, and Adygea the deeply and potentially saline soils are 

quite common. 

The Republic of Crimea is considered part of the Southern Federal District of Russia since 

2014. The saline and solonetzic soils are widespread, occupying the center, northeast and east of the 

peninsula (Fig. 5). They are saline in the 1st (Fig. 5a) and 2nd m of the soil profile (Fig. 5b). 
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a) b) 

c) d) 

 

Fig. 5. a) Prevailing depth of the upper boundary of the 1st (from the surface) saline horizon, cm; b) proportion of saline soils in the 1-2 m layer, %; 

c) prevailing chemistry in the 0-1 m layer, d) 1stcollateral chemistry in the 0-1 m layer. 
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Saline soils are most common in the dry steppes of the North Crimean Lowland along Sivash and 

Karkinitsky Bays on loess-like loams and clays, and in the Kerch Peninsula on Tertiary swelling clays 

of Oligocene-Miocene. In the lowland, salinization is influenced by mineralized unconfined 

groundwater. On loess-like saline loams and clays, there are southern solonetzic chernozems and dark 

chestnut solonetzic complexes, with dark chestnut solonetzic and non-solonetzic deeply solonchak-

like and deeply saline soils, meadow chestnut solonetzic solonchak-like and solonchakous soils of 

moderate/high salinity, solonchak-like and solonchakous meadow-steppe chestnut solonetzes. 

Severe salinization and solonchaks are typical for the coasts of the Black Sea and Sivash Bay. 

On the Kerch Peninsula, salinization is caused by highly saline swelling Tertiary clays 

(e.g., Maikop, Sarmatian). There, soils are solonetzic solonchak-like vertisols, solonchak-like vertic 

solonetzes, meadow-chernozem vertic solonchak-like soils, meadow-chestnut vertic solonetzic and 

solonchak-like soils. The peninsula’s ravines are where solonchaks can be found. Soils in the higher 

part of the Central Crimean Plain are saline in the 2nd meter of their profile, lying on the saline 

loess-like loams and red-brown clays. 

At the forest-steppe foothill, deeply vertic solonetzic chernozems are formed on the Lower 

Cretaceous clays; meadow-chernozem solonchak-like and solonetzic soils are formed on the loess-

like saline loams of floodplain terraces; meadow saline soils are formed in depressions. Brown 

solonetzic soils can be found on the southern coast of Crimea, specifically, in the mountainous sub-

Mediterranean landscapes. They are saline by seawater and wind-blown salts. 

Despite the peninsula being surrounded by the sea, having the Sasyk-Sivash table salt deposit 

and 13 small/medium occurrences of chloride salts on the lakes, e.g., Kiyatskoye, Krasnoye, 

Sakskoye and Aigulskoye, its soil salinization is still mainly sulfate and chloride-sulfate (Fig. 5c). 

In the solonetzic horizon of the solonetzic complexes, soda occurs (Fig. 5d), and soda salinization 

is detected under irrigation. In coastal areas, a collateral type is chloride salinization that can be 

dominant in some cases. 

From the 1960s to 2014, irrigation through the North Crimean Canal played its part in partial 

desalination of solonetzic complexes down to 1-2 m in the grain and forage fields, as well as in the 

orchards, and down to 3-4 m in rice fields. In 2015-2022, after water supply through the canal 

stopped, the formerly irrigated soils remained predominantly desalinized. However, secondary 

salinization still took place at the coast (1-3 km from the sea) at less than 2-3 m above sea level. 

At higher altitudes, salinization reoccurred only down at 3-5 m. 

Later, irrigation was done with low-mineralized water from rivers and unconfined groundwater 

sources, which caused a gradual accumulation of salts, and led to secondary salinization in some places. 

In the North Caucasus Federal District, according to the “Saline Soils of Russia” map (2006), 

saline and solonetzic soils occupy 3.94 million ha. The largest areas are in Stavropol Krai 

(2.05 million ha) and Dagestan (1.69 million ha). It is noteworthy that previously, Stavropol Krai 

had significantly fewer saline soils (Saline Soils of Russia, 2006). In the mountainous region, 

the saline area is significantly smaller, around 0.001-0.18 million ha. The saline soils there are 

mainly solonetzic chernozems, solonetzic and solonchak-like chestnut soils, solonetzes, 

meadow and floodplain solonchakous and solonchak-like soils, and solonchaks. 

In Stavropol Krai, the soils are primarily solonchak-like and solonetzic chernozems, deeply 

saline soils of chloride-sulfate and sulfate salinity, often with gypsum (0.48 million ha 

of moderately/highly saline soils). In solonetz and meadow solonetzic-vertic soils, there can be 

chloride-sulfate salinity with soda participation, and soda salinity. 

Salinization genesis of the Stavropol Upland is associated with the fact its soils form on red saline 

Oligocene-Miocene sulfate clays with gypsum and on outcrops of saline Maikop clays in the valleys 

of the Yegorlyk and Kalaus Rivers. Loess-like loams are often saline there; the chestnut solonchak-

like soils of chloride-sulfate salinity with gypsum are formed on them. Salinization depth and degree 

depend on the depth of perched water and surface moisture (Saline Soils of Russia, 2006). 
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In the Republic of Dagestan, chloride salinity is most common, affecting 0.51 million ha of 

moderately/highly saline soils, while another 0.20 million ha are of sulfate salinity. Salinization 

processes vary depending on the level of the Caspian Sea. 

Salinization of the Terek-Kuma Lowland occurs due to Upper Khvalynsk saline marine 

deposits (Sokolovsky, 1960). Saline soils are widespread in its central part, where they separate 

sand massifs and form into complexes with solonetzic soils, solonetzes-solonchaks and just 

solonchaks. The salinization is mainly sulfate-chloride with gypsum and a high level of Mg due to 

the marine origin of the parent rocks (Chernousenko et al., 2023). Similar chemistry can be 

observed in saline meadow and meadow-bog soils and solonchaks in the valleys and deltas of the 

Terek, Kuma, and Sulak Rivers, formed in hydromorphic positions under the influence of 

mineralized unconfined groundwater; near the sea, they are formed around marshes and during 

seawater surges (Stasyuk, 2016). Additionally, salinization can be associated with unconfined 

groundwater rising during irrigations in the valleys of the Sulak, Terek, and Kuma Rivers, whose 

alluvial deposits are saline. 

Small saline areas in the Chechen Republic, the Republic of North Ossetia-Alania, and the 

Kabardino-Balkarian Republic are associated with the widespread light fluvial-glacial and alluvial 

boulder-pebble parent materials. In areas with Tertiary (Maikop) clays and saline alluvial deposits 

in the floodplain and on the terraces of the Terek River there are saline and solonetzic soils, often 

deeply saline and sulfate. Generally, Dagestan has widely spread deeply and potentially saline soils 

Volga Federal District. The area of soils that are saline at 0-1 m is approximately 5 million ha, 

the area of solonetzes is 2.49 million ha, and solonetzic soils cover 4.16 million ha (Khitrov 

et al., 2009). Territories with deeply saline soils cover 0.98 million ha, their largest areas being 

in the Orenburg Region (2.57 million ha) and Saratov Region (2.02 million ha). Significantly 

smaller areas are in the Samara Region (0.34 million ha) and the Republic of Bashkortostan 

(0.05 million ha). They are even smaller in the Ulyanovsk, Penza, and Kirov Regions, in Perm Krai, 

and the Republic of Tatarstan, covering only 590-13,770ha. In some of these, solonetzes and 

solonetzic soils are more abundant: 51,360 ha in the Ulyanovsk Region, 23,710 ha in the Penza 

Region, and 3,660 ha in Tatarstan. The soils of Volga Federal District are predominantly sulfate, 

some are chloride, and even less are sodic and soils with soda participation. 

Salinization in the Orenburg Region is due to the soils being formed on mainly gypsum-bearing 

Permian clays in the Cis-Urals (Fig. 6), and salt-bearing, often clayey, colored rocks in the Trans-

Urals. This determines the mainly sulfate salinization, often with gypsum and carbonic calcium 

gypsum soils in the Cis-Urals (Yamnova, Chernousenko, 2023),with sulfate-chloride salinization 

in the Trans-Urals. 

In the Northern Trans-Urals, neutral salinity with soda can be found, and the soils that are often 

saline in automorphic positions. For example, southern, typical and normal chernozems are deeply 

saline at 1-2 m, or potentially saline with salts down at 2-5 m. Steppe solonetzes, solonchaks, floodplain 

and meadow soils, solonetzic chernozems and dark chestnut soils are saline in the 1st m of the profile. 

In the Saratov Region, on the Volga Upland, the hydromorphic and semi-hydromorphic 

solonetzes and collateral saline soils were formed on saliferous Jurassic gray clays, on Cretaceous 

and Tertiary deposits. In the Trans-Volga Region, most saline soils can be found in its southern and 

eastern arid parts on slightly saline Syrt clays and highly saline chocolate clays. There, chemistry is 

mainly sodium-sulfate or chloride-sulfate, often with gypsum; in the northern Caspian Lowland 

(i.e., southeast of the region), it is sulfate-chloride. Automorphic, hydromorphic and semi-

hydromorphic solonetzes, solonetzic chernozems, chestnut and light chestnut solonetzic soils are 

the most common ones. Chernozems and dark chestnut soils are usually saline deeper than 1 m. 

The Republic of Bashkortostan is located in the southeastern elevated part of the area, where 

saline soils are not quite widespread. Thick (50-300 m and deeper) layers of gypsum and rock salt 



17 CHERNOUSENKO, PANKOVA, KHITROV 

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2026, Vol. 10, No. 1 

from the Permian period that are being washed out by groundwater, usually do not affect 

salinization. However, saline soils (e.g., solonetzes, solonetzic and solonchak-like chernozems, 

solonchaks) can be found in the southern Cis-Urals, where gypsum sulfate karst is common and 

mineralized waters run close to the surface (e.g., the Assinsky mineral chloride springs), and in the 

south, in the Trans-Urals, where the developed marine saline deposits had formed during the 

transgression of the Caspian Sea. The chemistry of the Cis-Urals varies; it can be sulfate with 

gypsum, chloride-sulfate, or sodic. In the Trans-Urals it is usually sulfate-chloride. 

 

 
 

Fig. 6. Orenburg Region, Kyzyladyr Karst Field with saline gypsum-bearing (carbonic calcium 

gypsum) soils (here and below photos are by G.I. Chernousenko). 

 

The salinization and soil structure of the Samara and Ulyanovsk Regions are very similar. 

The Volga River divides them into a right-bank part (the Volga Upland) and a left-bank part 

(the Syrtovoye Zavolzhye, and the Obshy Syrt Upland. The right-bank soils (with the exception 

of the southern part of the area) are mostly non-saline, while the left-bank ones are way more saline. 

There, solonetzic and solonchak-like chernozems, meadow chernozem soils and solonetzes 

are found; in the south, there are dark chestnut solonchak-like soils combined with solonetzes. 

Saline soils form on the eluvium of saliferous Jurassic, Lower Cretaceous and Pliocene rocks, 

rich in sodium sulfate. Their chemistry is mostly chloride-sulfate, often with gypsum, 

and occasionally sulfate-chloride, but sulfate-sodic and sodic in river valleys. 

The Republic of Tatarstan is located further north, and despite having solonchaks, the saline 

soils are extremely rare there, occurring only in its southern and southeastern parts, where Tertiary 

saline clays are close to the surface, as well as the emerging saline unconfined groundwater. 

The Penza Region is part of forest-steppe of the Volga Upland. Saline soils are extremely rare there 

and understudied, with virtually no analytical evidence of salinization present. Locally in the southeast, 

where saline Paleogene clays outcrop in saline depressions (saucer-shaped), there are solonetzic 

chernozems and solonetzes of sulfate chemistry, with soda (Saline Soils of Russia, 2006). 

In the Perm Region, salinization is localized due to erosion of tailings dams of the Kama 

deposits of rock salt, sylvinite and carnallite caused by unconfined groundwater and groundwater. 

Its chemistry is mainly potassium-sodium chloride. Alluvial solonchakous soils are common, 

and sometimes even solonchaks, covering extremely small areas (Eremchenko et al., 2020). 

The soils of the Central Federal District are mainly non-saline, while the saline ones are local, 

most common in the steppe part of the district, where they are represented by solonetzic 

chernozems, automorphic and meadow solonetzes, and soloths. According to the map 

“Saline Soils of Russia” (2006), they are mainly sulfate and sodic, but the low-saline soils are often 



SALINE SOILS OF RUSSIA (HISTORY OF STUDY, DISTRIBUTION AND GENESIS) 18 

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2026, Vol. 10, No. 1 

just sodic. The area of soils that are saline in the 1st meter is small, around 0.076 million ha; 

solonetzes cover the same area, while solonetzic soils are more common, covering 0.27 million ha 

(Khitrov et al., 2009). Deeply saline soils occupy 0.027 million ha and are mainly located in 

the Voronezh Region: 65,220 ha – saline soils, 64,000 ha – solonetzes, 172,800 ha – solonetzic 

soils. These areas are significantly smaller in the Tambov Region: 7,060 ha – saline soils and 

solonetzes each, 60,140 ha solonetzic soils. The areas of the Belgorod Region are even smaller: 

3,140 ha – saline soils, 3,130 ha – solonetzes, 26,700 ha – solonetzic soils. According to the map, 

the smallest areas are in the Lipetsk, Kursk and Ryazan Regions – 260-3,790 ha. In the Yaroslavl 

Region, saline soils are mainly chloride-sulfate, often with gypsum, and are found near Lake Nero, 

locally around slightly mineralized springs where people have been acquiring salt for centuries 

(Simonova et al., 2020). 

The following patterns were found in the distribution of saline soils throughout the Central 

Federal District (Saline Soils of Russia, 2006). 

1. From north to south and southeast, their areas increase. Hydromorphic and semi-

hydromorphic solonetzes, solonetzic meadow-chernozem soils are most common. 

2. When comparing saline soils from uplands and the Oka-Don Plain, automorphic soils 

predominate in the uplands due to the outcrop or close underlying Tertiary rocks. Tertiary rocks are 

mostly sulfate, with a high proportion of Mg cations, which determines the sulfate chemistry of 

automorphic soils that often contain gypsum; the presence of soda in automorphic solonetz soils 

is extremely rare. In the depressions of the plain, semi- and hydromorphic soils are predominant, 

formed on mineralized unconfined groundwater. Their chemistry is sodic or sulfate-sodic. 

In hydromorphic conditions along with solonetzes, patches of solonchaks can be found, occupying 

small areas and are typically of sodic composition. Soloths and solodized soils are widespread in the 

poorly drained watershed areas of the plain, formed under increased moisture, in large depressions 

and confined lowlands where surface waterremains for long periods. Most researchers attribute the 

origin of soda in the depressions of the plain to various processes, such as E.W. Hilgard’s reaction, 

which is the interaction of sodium sulfate from Tertiary rocks with calcium carbonates; 

K.K. Gedroits’ reaction, which is the interaction of exchangeable sodium with calcium carbonate; 

and the biochemical process known as sulfate reduction (Antipov-Karatayev, 1953). 

3. Among the saline soils of the district, there are deeply and potentially saline solonetzic and 

southern chernozems, automorphic solonetzes, meadow-chernozem and chernozem-meadow 

solonchak-like soils, and, less commonly, solonchakous, often solonetzic soils combined with 

solonetzes, solonchak-like meadow-chernozem and chernozem-meadow soils. Rarely and locally, 

solonchaks and solonchaks-solonetzes can be found. Alluvial hydromorphic solonetzes are located 

in the central parts of small river floodplains. Saline soils of the Lake Nero (Yaroslavl Region) 

are chloride-sulfate or sulfate, often with gypsum (Simonova et al., 2020). 

Northwestern Federal District. About 13,000 ha of saline soils, i.e., a very insignificant area, 

are found on the northern coast of Russia, mainly in the Arkhangelsk Region and the Nenets 

Autonomous Okrug (Pechora Plain, Khaipudyrskaya Bay, Yugorsky Peninsula, Amderma Village, 

Lake Kolguyev, and Lake Vaygach). In Karelia (Kandalaksha Gulf) and the Murmansk Region 

(Ainov Islands, Veliky Island), their area is less than 1,000 ha. No solonetzes or solonetzic soils are 

present there. Salinization is caused by the marine saline deposits that the soils are formed on, under 

the influence of seawater surges, and by the wind-blown salts. In the lagoons with a closed 

coastline, loamy and clayey soils or peat soils, there are marsh solonchaks. The soil chemistry 

is mainly sulfate-chloride or chloride in Karelia, the Murmansk Region, and the Nenets Okrug, 

and chloride and chloride-sulfate in the deltas and estuaries of the Northern Dvina, Kuloy, and 

Mezen Rivers (Arkhangelsk Region). Sulfate soils are also present due to the river erosion of 

gypsum-bearing rocks; Mg is most prominent among other cations. 
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In the Nenets Autonomous Okrug, saline soils are formed on marine saline permafrost. 

Additionally, there are cryopegs, i.e., liquid brines with subzero temperatures, the chemistry of 

which is mostly sodium-chloride, with salt content equal 0.03-2.4% (Brushkov, 1998). 

The chemistry of marsh soils is often sulfate-chloride or chloride-sulfate-Mg with gypsum; the 

salinity is of varying degrees, including solonchaks (Shamrikova et al., 2018; Chernousenko, 2025). 

In Komi, specifically, in Vorkuta and in the salt-mining areas on the Vym River, the man-made 

salinization occurs. 

The Ural Federal District is located in the Trans-Urals Region. Saline soils are present 

throughout it with the exception of the Khanty-Mansi Autonomous Okrug, although in some places 

salts are still present there below 5 m. The total area with salinity present in the first 2 m is about 

6.85 million ha. The total area of soils that are saline within the 1st m is 4.91 million ha: 

4.13 million ha – solonchak-like soils (84%), 0.78 million ha – solonchakous soils (16%). Of these, 

58.3% are moderately/highly saline. About 45% of soils that are saline within the 1st meter are of 

neutral salinity, 55% are of sodic salinity or neutral with soda. Solonetzic complexes are predominant 

there, with solonetzes occupying about 3 million ha, and solonchaks about 0.09 million ha. 

The largest area of saline soils is registered in the Kurgan Region (2.3 million ha), where solonetzes 

are most present (1.8 million ha); smaller areas are in the Tyumen Region (1.36 million ha) 

and Chelyabinsk Region (1.16 million ha); the smallest area is in the Sverdlovsk Region (0.086 

million ha) and the Yamalo-Nenets Okrug (0.003 million ha; Chernousenko et al., 2011). 

The saline soils of the Ural Federal District are present due to the local climate conditions of the 

steppe and, consequently, moisture deficit, and due to lithological and geomorphological 

conditions, such as the saline Paleogene-Neogene deposits and poor drainage of the territory. 

In the Kurgan Region, saline soils and solonetzes are found almost everywhere, occupying 10% 

and 29% of the agricultural area respectively (Saline Soils of Russia, 2006) and covering the largest 

areas in the southwest and east. Usually, they occur in lakeside lowlands, in the vast, poorly drained 

depressed plains, in the hollows of the elevated parts of watersheds, and in the river valleys. 

Salinization is caused by an arid, strongly continental climate, Paleogene saline-bearing parent 

rocks, and unconfined groundwater running as deep as 1-4 m, with a mineralization of 3-5 g/L. 

Chloride-sulfate salinity is predominant, while sulfate-chloride one is less common. Soils with 

sodic salinization and soils containing soda are not as widespread and can be found in the north. 

There are also solonetzic chernozems, solonetzes, solonchaks, and saline bog and meadow soils. 
The Sverdlovsk Region is located on the eastern slope of the Middle Ural Mountains and the 

adjacent plains. The saline soils are extremely uncommon there, found only in the forest-steppe of 
the south and southeast of the Trans-Urals, in the interfluve of the Iset–Pyshma and Nitsa–Pyshma 
Rivers. The depressions in the interfluve of the Iset–Pyshma Rivers are occupied by solonetzes, 
meadow solonchaks, soloths, saline meadow-bog and bog soils. Small areas are occupied by  
solonetzic chernozems and saline meadow-chernozem soils. The main salinization type is sulfate 
and chloride-sulfate; but sodic in the northern part of forest-steppe, and, less commonly, only with 
soda participation. 

To the south there is the Chelyabinsk Region, where saline soils are more common in the forest-
steppe and steppe zones. Most of them are located in the east, on the West Siberian Plain, the soil-
forming rocks of which are thin Quaternary deluvial deposits of heavy loamy and clayey composition, 
with gypsum, carbonates and easily soluble salts. Their chemistry is sulfate and chloride-sulfate. 
In the poorly drained areas of watersheds and river valleys, there are solonetzic chernozems, 
solonetzes, solonetzic and saline meadow soils, solonchaks and soloths. Their chemistry varies, from 
the most common chloride-sulfate, often with gypsum and sometimes with Mg predominant over Na, 
to sulfate-chloride in solonchaks, or with soda in the better drained areas. 

The Tyumen Region is part of the Ural Federal District. It occupies the poorly drained Tobol–

Irtysh lowland and part of the Ishim Plain. The saline soils can be found only in its south and 

southeast, the predominant ones being bog and meadow-bog soils; in better drained areas those are 
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meadow and meadow-chernozem solonetzic ones. Meadow solonetzes and solonchaks are less 

common. Their chemistry is mainly neutral, with soda, but sodic in the northern and western parts, 

and sulfate and chloride-sulfate in the far south. 

In the Yamalo-Nenets Autonomous Okrug, the saline soils are distributed mainly on the Yamal 

Peninsula, with a moisture coefficient above 1.33. Their salinization is due to the saline marine 

deposits that cover almost the entirety of the peninsulas, including the Tazovsky Peninsula; 

at the coastline it is due to a surge and flooding by sea water. The soils are peat-gley and tundra-

gley, or marsh on the coast itself. Salinization ranges from weak to very strong, up to solonchaks. 

Its chemistry is mainly chloride and sulfate-chloride, less often it is chloride-sulfate; 

the predominant cations are Na and Mg (Chernousenko et al., 2001). 

In the Siberian Federal District, the saline soils are widespread, with the exception of the 

Tomsk Region. In the west, saline and solonetzic soils are found on the West Siberian Plain, 

with the maximal distribution in the Novosibirsk Region (2,146,000 ha, 3,013,000 ha) and Omsk 

Region (1,661,000 ha, 1,949,000 ha); and a smaller distribution in Altai Krai (983,000 ha, 

807,000 ha), the Altai Republic (53,000 ha, 0 ha), and in the Kemerovo Region (20,000 ha, 

65,000 ha; Qualitative Characteristics …, 1996). 

In its central (formerly known as Central Siberia) and eastern parts, saline soils are almost 

everywhere, covering smaller areas compared to the western part. Slightly saline solonchakous soils 

predominate, while solonetzes are very rare. Their maximum areas are registered in the Republic of 

Buryatia (382,000±95,000 ha), Republic of Khakassia (295,000±94,000 ha), Republic of Tuva 

(270,000±70,000 ha), south of Krasnoyarsk Krai (140,000±35,000 ha; Chernousenko, 2022), 

Transbaikal Krai (128,000 ha), and Irkutsk Region (90,000 ha; Qualitative Characteristics …, 1996). 

Most of the Omsk Region is highly saline, with hydromorphic and semi-hydromorphic solonetzes, 

meadow-chernozem solonetzic soils, automorphic solonetzes predominating, and occasionally 

with soloths (Bazilevich, 1967). In its central part, the main salinity is sodic and with soda (Fig. 7a), 

in the southern part it is chloride-sulfate and sulfate, chloride and sulfate-chloride (Fig. 7b). 

 

 
a)       b) 

 

Fig. 7. Omsk Region: a) the right bank of the Irtysh River, Kulunda Depression, forest-steppe with 

patches of woods and soils of the solonetzic complexes; b) sulfate-chloride solonchaks near Lake 

Ebeyty, eastern part. 

 

In the Novosibirsk Region, saline soils take more than 50-75% of the local soil contour. The 

dominant soils are hydromorphic and semi-hydromorphic, such as meadow-chernozem solonetzic 
soils, semi-hydromorphic and hydromorphic solonetzes, meadow soloths, solonetzic and solonchak-
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like soils. Solonetzic chernozems and solonchaks can also be found. The soils are mainly saline 

in the middle of the profile and on the surface. The chemistry is sodic and with soda 

(Bazilevich, 1965), but sulfate in the northeast, and chloride in the far south and southeast. 

In Altai Krai and the Altai Republic, saline soils cover 5.5% of the total area. They are found in 

the center, north and southwest, where semi-hydromorphic and hydromorphic soils are widespread 

(Fig. 8): meadow-chernozem solonetzic soils, hydromorphic and semi-hydromorphic solonetzes, 

meadow solonetzic and solonchak-like soils, with much fewer solonetzic chernozems. Additionally, 

there are soloths, solonchaks, automorphic solonetzes, and alluvial soils. The salinity varies from 

the sodic, chloride-sulfate and sulfate in in the south; sulfate in the west, sodic or with soda, sulfate 

and less often chloride in the center, to sulfate or with soda in the north. 

 

 
 

Fig. 8. Altai Republic, Kosh-Agach District, Chuya Steppe – a cold, rocky semi-desert with saline 

soils and Halerpestes salsuginosa in hydromorphic depressions (photo by Yu.V. Konoplyanikova, 

G.I. Chernousenko). 

 

In the Kemerovo Region there are few saline soils: solonetzes, solonetzic chernozems, 

and alluvial meadow-bog and meadow soils with chloride-sulfate chemistry, sometimes with soda. 

In the Republic of Khakassia, the saline soils are distributed due to climate characteristics, 

due to mineralized groundwater emerging to the surface, due to gypsum-bearing and locally saline 

rocks (Fig. 9a), and also due to the predominance of a relatively heavy (compared to other 

East Siberian regions) medium loamy particle size. Among the automorphic soils, the predominant 

ones are southern chernozems whose salinity reaches to different depths, from the surface under 

the secondary salinization to potentially saline. In the southern dry steppe regions there are chestnut 

solonetzic and solonchak-like soils; in the steppes there are steppe solonetzes. Among the semi-

hydromorphic soils, there are solonetzic soils and saline chernozem-meadow soils (Fig. 9b). 

Among the hydromorphic ones, there are meadow solonetzes, meadow, bog and sor (i.e., a closed 

drainless depression in the Central Asian deserts, found mainly in Kazakhstan) solonchaks, 

and meadow, alluvial and peat-bog soils. 

The solonetzes areas in Khakassia in the south of Eastern Siberia are maximal, covering 

36,000 ha, while also being part of solonetz complexes occupying 450,000 ha. Their chemistry is 

mainly sulfate from the forest-steppe to the dry-steppe due to gypsum in the rocks. However, when 

weak or strong salinity and irrigation are present, the chemistry becomes neutral, with soda, 

and since there are quite a lot of soils of weak salinity, they spread over large areas. 

In Krasnoyarsk Krai, there are significantly fewer saline soils. They are found in the Minusinsk 

Basin (Fig. 10), in the Kansk and Krasnoyarsk forest-steppe, and in the far north of the region. 

The reasons for salinization in the south of Krasnoyarsk Krai are similar to those in the Republic of 
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Khakassia. In the areas with gypsum outcrops, salinity is mainly sulfate. No chestnut soils were 

found. Among automorphic soils, salinity occurs in common and southern chernozems. 

When irrigation is present, salinization can start from the surface, but more often it is either deep or 

potential. Saline soils are more common in hydromorphic positions: alluvial and meadow soils, 

meadow and bog solonchaks. In the areas with Devonian red rocks with gypsum, the chemistry is 

mainly sulfate (Fig. 10a); irrigation and hydromorphic conditions bring in soda, and entirely sodic 

salinization also takes place; in the areas with groundwater running close to the surface, a chloride 

type is registered. Perhaps, salinization also occurs on the northern coast of the Kara Sea, where 

saline chloride-sodium marine deposits are widespread, e.g., in the upper reaches of the Malaya 

Kheta River (Danilov, Zhigarev, 1979). Marsh soils are found on the Taimyr Peninsula in the lower 

reaches of the Pyasina River (Atlas of the Arctic, 1985). 

 

 
a)       b) 

 

Fig. 9. The Republic of Khakassia: a) Devonian red and motley sediments with lenses of gypsum and 

readily soluble salts, b) drilling of the saline chernozem-meadow soils in the Abakan River valley. 
 

 

 
a)       b) 

 

Fig. 10. Krasnoyarsk Krai, Minusinsk Depression: a) solonchaks on gypsum-bearing red soils, 

b) solonetzic chernozems near Syda Bay, right bank of the Yenisei River. 

 

In the Republic of Tuva, located in more arid conditions south of the Republic of Khakassia, 
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the saline soils are fewer, primarily due to the lighter particle size of the soils and the gravel in the 

underlying rocks, which prevents them from retaining salts. Salinization usually manifests itself 

when the loamy layers are present. It can be found in most intermountain basins and even above 

2,000 m above sea level. Sulfate and chloride-sulfate chemistry is predominant, often with gypsum, 

while sodic chemistry is extremely rare, and alkalinity is often found in hydromorphic positions. 

Predominantly chloride chemistry is more common than in other southern regions of Eastern 

Siberia. Saline soils are represented mainly by hydromorphic and semi-hydromorphic solonchakous 

or solonchak-like soils in the river valleys, swampy hollows and lakeside depressions (Fig. 11): 

solonchaks, meadow solonetzes, brown meadow-desert-steppe, meadow solonetzic, alluvial and 

meadow-bog soils. Automorphic, slightly saline solonchak-like soils are less common, represented 

by light chestnut, chestnut, and dark chestnut soils, southern chernozems, steppe solonetzes, and 

brown desert-steppe soils, primarily of chloride-sulfate chemistry. Solonetzes are rare there, but 

solonetzic soils are more common. 

 

 
a)       b) 

 
c)       d) 

 

Fig. 11. Tuva, Ubsunur Depression: a) the saline valley of the Tes-Khem River as seen from 

the slope of the Tanu-Ola Mountains, b) solonchaks near Lake B. Dus-Khol, c) southwest, 

the Mogen-Buren River valley, a field of Halerpestes salsuginosa on saline alluvial soil, 

d) the Ulug-khem Depression, saline soils near the endorheic Lake Cheder. 

 

In the Irkutsk Region with its giant Angara–Lena saline basin down at 300 m, saline and 
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solonetzic soils are rare. Almost 90% of the region is covered with forests. Saline soils are primarily 

found in the steppe and forest-steppe of the Ust-Orda Buryat Okrug, along the river valleys in the 

region of the Angara River, around the mineralized lakes in the Olkhon Region in general and 

on Lake Olkhon in particular (Fig. 12). Moreover, they are localized where saline, often chloride 

underground springs emerge to the surface. Gypsum outcrops, their erosion and transportation with 

surface water and unconfined groundwater define the primarily sulfate salinization, often with 

gypsum and the formation of carbonic calcium gypsum saline soils (Fig. 12b; Yamnova, 

Chernousenko, 2023). Where mineralized groundwater emerges to the surface, the salinity is 

chloride. The alkalinity that appears in some cases is associated mostly with Mg (Chernousenko 

et al., 2023). Automorphic saline and solonetzic soils were found there: chernozems, chestnut and 

dark chestnut soils, steppe and soddy-carbonate solonetzes. Semi-hydromorphic soils include 

chernozem-meadow, meadow-chernozem and meadow-chestnut ones, as well as meadow 

solonetzes. Hydromorphic soils include meadow and carbonic calcium gypsum solonchaks, 

as well as meadow, bog and alluvial soils. 

 

 
a)       b) 

 
c)       d) 

 

Fig. 12. Irkutsk Region: a) Olkhon Region, solonchaks near salt lakes, b) Kuda River valley 

with gypsum-bearing carbonic calcium gypsum soils; Olkhon Region: c) the dried-up salt lake 

Shara-Nur, d)  solonetzic chernozems (photo by G.I. Chernousenko, I.A. Yamnova). 

 

In the Republic of Buryatia, saline soils are found in basins across most of its districts (Fig. 13). 

Hydromorphic saline soils are widespread: meadow, bog and sor solonchaks, alluvial and bog soils. 

Their chemistry is varied and independent from the zonal distribution discussed by V.A. Kovda. 
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In the southern dry-steppe, sodic salinization predominates, in permafrost basins it is mainly 

chloride, and sulfate one can be found everywhere. Unlike in Khakassia, Tuva, and the Irkutsk 

Region, the chemistry of the local hydromorphic saline soils is more alkaline and less chloride, 

often alkaline-sulfate-sodium. Permafrost persists in some basins, significantly affecting the 

morphological soil profiles through a process known as cryoturbation, as well as their chemistry, 

increasing the proportion of chloride salinity (Chernousenko, 2022). Semi-hydromorphic soils 

include meadow-chernozem and meadow-chestnut soils. Automorphic soils are rare; solonetzes, 

chestnut soils and solonetzic chernozems are present. 

 

 
 

Fig. 13. Republic of Buryatia: on the left – saline soils of the Barguzin Basin, with the Ikatsky 

Range in the distance, on the right – drilling of a highly saline meadow-chernozem soil in 

Yeravninskaya Hollow near Lake Gunda. 

 

In Trans-Baikal Krai (the Chita Region), saline soils are common in the south of the Onon-

Argun Steppe around saline lakes, in the Nerchinsk and Chita–Ingoda Depressions, and locally in 

the north in the Muya and Chara Basins. Hydromorphic soils are quite widespread there: meadow, 

alluvial, bog and meadow solonetzes, meadow and sor solonchaks, semi-hydromorphic meadow-

chestnut and meadow-chernozem deeply solonchak-like soils. Solonetzic and deeply solonchak-like 

chernozems, and steppe solonetzes are less common. Their chemistry is mainly sodic and sulfate-

sodic; in solonchaks and meadow solonchakous soils of the Chara Basin it is chloride-sulfate, with 

gypsum. 

Far Eastern Federal District. Saline soils are found in the Sakha Republic (Yakutia), Magadan 

Region, Chukotka Autonomous Okrug, Kamchatka Krai and Primorsky Krai. Within Yakut 

agricultural lands, their area covers 413,000 ha, while the solonetzic complexes cover 8,400 ha 

(Saline Soils of Russia, 2006). In Primorsky Krai, their area is 0.4%, or 65,900 ha; in the Chukotka 

Region it is 0.2%, or 144,300 ha (Unified State Register …, 2014). 

In the Republic of Sakha (Yakutia), saline soils are widespread on its central plains in shallow 

depressions formed by subsidence of the Arctic permafrost owing to repeated melting and 

refreezing (known as “alases” and exclusive to Yakutia) of the Lena–Amga interfluve, in river 

valleys (Fig. 14), and are sometimes found in the northern lowlands. Hydromorphic soils are the 

most common type: those are chernozem-meadow, soddy-meadow, meadow-bog, bog, alluvial 

solonchakous, solonchak-like, solonetzic and solothized soils. In Central Yakutia, permafrost 

meadow and meadow-steppe solonchaks are quite common, while permafrost solonetzes are less 

common. In the north, permafrost marsh gley soils, marsh solonchaks and marsh soddy-gley 

solonchakous soils form. Their chemistry is varied: in the valleys of the Lena and Amga Rivers and 

their tributaries it is often chloride-sulfate, chloride, and sulfate-chloride; sulfate one with gypsum 

also occurs. Among cations, Mg has a significantly high share. On the ancient alluvial plain of 
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upper level and in the alases, sodic and sulfate-sodic soils are common, including solonchaks. 

Marsh soils in the north are of chloride salinization. 

 

 
 

Fig. 14. Central Yakutia: on the left – thermokarst depressions “alases” with saline soils of the 

Lena–Amga interfluve, on the right – saline soils of the Lena River valley, Yerkeeni. 

 

There are several salt sources and salinization causes of Yakut soils: 

1) salts are removed from surrounding denudation plains and plateaus formed of Paleozoic 

carbonate rocks with gypsum and layers of readily soluble salts; 

2) salts are leached when the permafrost complex thaws into the alases; 

3) permafrost prevents the removal of salts from the soil profile; 

4) the presence of cryopegs; 

5) low precipitation with a moisture coefficient < 1; 

6) anthropogenic salinization around human settlements; 

7) frequent freezing and thawing, leading to salt metamorphosis and increased Mg and 

exchangeable Na content; 

8) in some cases, discharge of pressurized chloride water flowing through the top of an 

aquiclude, also known as hydrogeological windows; 

9) northern regions are influenced by seawater and underlying marine sediments. 

In Primorsky Krai and the Magadan Region, saline soils are found on the coastal plains and 

terraces of the Sea of Japan and the Sea of Okhotsk, in the Khanka Lowland, along river valleys and 

lakeside terraces. 

In the sea influence zone, there are the coastal (marsh) soils (marsh meadow-bog solonchaks, 

floodplain and meadow-bog soils); on marsh deposits of the ancient marine terraces there are 

meadow-gley soils. On the Suifun-Khanka Plain and lake terraces there are hydromorphic meadow-

gley solonetzic soils, meadow-gley solothized soils, and animal salt licks in the Middle and 

Southern Sikhote-Alin and river terraces. Their salinization genesis is varied. Continental soils are 

saline due to mineralized unconfined groundwater and the surface outcrop of salt-bearing rocks. 

Coastal soils are saline due to seawater and salt impulsions. Varied genesis makes their chemistry 

varied as well, from sodium-hydro-carbonate on the mainland to sodium-chloride on the coasts. 

Despite the ultra-humid climate of Kamchatka Krai, there are saline stratified ocher soils 

of hydrothermal systems. Salt content is above 1%, reaching up to 7.7%; salts are introduced 

through mineralized thermal waters during soil condensation and aerial transport of hydrothermal 

steam. In the soils of thermal fields, aside from Ca2+, Мg2+, Na+ cations, there are Fe3+, Al3+, Mn2+ 

ions that, together, form peculiar alum salinity with low pH (Goldfarb, 2005). 
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In the Chukotka Autonomous Okrug, saline marsh soils are present, but we could not find any 

analytical data on soil salinity in the okrug. Saline deposits are widespread in the Valkarai Lowland, 

7-9 km from the coastline, with salinity levels ranging from 0.1 to 1.4%, while chloride-sodium 

salinity predominates. According to the results of water extracts, the following are dominant in the 

sediments of the lowland, in descending order: NaCl, MgSO4, CaSO4, Ca(HCO3)2, and even MgCl2. 

Maximum salinity (up to 3%) is observed in lagoons, such as the Rypilkhin Lagoon in the Chukchi 

Sea (Danilov, Zhigarev, 1979). 

 

Conclusions 
 

In Russia, hydromorphic and semi-hydromorphic soils in arid and sub-arid regions are usually 

most prone to salinization, having mainly loamy or clayey particle size and being located in the area 

of finite geochemical accumulation with unconfined groundwater running close to the surface. 

Landscape depressions add to gravitational concentration of unconfined groundwater. Heavy 

composition of both soils and soil-forming rocks contribute the capillary rise of solutions from 

unconfined groundwater into the profile, as well as adsorption and retention of exchangeable 

cations. Dry and hot/cold climate add to evaporation/freezing of solutions and increase salt 

concentration. Saline rock and mineralized unconfined groundwater and grounwater lead to soil 

salinization in automorphic and semi-hydromorphic positions. The reasons for that can be wind-

blown salts, salt transfer from the sea, irrigation, and other anthropogenic activities, such as salt and 

oil extraction, or use of deicing agents. 

According to the monograph “Saline Soils of Russia” (2006), in Russia, automorphic solonetz 

and solonetzic soils with cultivated (plowed) chernozems occupy quite large areas. However, recent 

studies showed that in such regions as the Volgograd Region desalination has occurred, possibly, 

due to plowing (Gorokhova et al., 2018, 2020). 

In the European part of Russia, saline soils are widespread from the south, where they cover the 

most area, to the coasts of the northern seas. The main salinization factors are saline rocks, particle 

size distribution, and climate. In the forest-steppe, the dominant chemistry is neutral with soda; in 

the steppe, it is sulfate or chloride-sulfate; in the dry steppe, it is sulfate-chloride; in the Caspian 

Region, on the northern coasts, and in places where chloride groundwater discharges, it is chloride. 

The largest areas of saline and solonetzic soils are in the Southern Federal District, especially 

in the Republic of Kalmykia, the Volgograd, Astrakhan, and Rostov Regions, and in vast areas of 

the Crimean Peninsula. They are represented by automorphic and hydromorphic soils of chloride 

and sulfate-chloride chemistry, and of sulfate salinity in Crimea in particular. Its genesis is 

associated with climate aridity, poor drainage or lack of it in the Caspian Lowland, and with the fact 

that the loamy or clayey soils have formed on saline Khvalynsk and Scythian or Tertiary clays. 

The Volga Federal District has somewhat fewer saline soils due to lower aridity and better 

drainage. Salinization is primarily caused by soil formation on saline rocks, such as gypsum-bearing 

Permian clays, clayey colored clays, salt-bearing Jurassic gray clays and Cretaceous deposits, 

weakly saline Syrt and strongly saline chocolate clays. All of that predetermines the formation of 

saline soils in automorphic positions and their predominantly sulfate salinity, often with gypsum. 

The largest saline areas are found in the Orenburg and Saratov Regions. 

In the North Caucasus Federal District, there are even less saline soils due to the predominance 

of light particle size distribution of the parent rocks. The largest areas are found in Stavropol Krai 

and the Republic of Dagestan. In Stavropol Krai, chemistry is mainly chloride-sulfate and sulfate, 

often with gypsum. Salinization genesis is associated with the formation of soils on red saline 

Oligocene-Miocene sulfate clays with gypsum and outcrops of saline Maikop clays. In Dagestan, 

chloride chemistry is prevalent, while sulfate one is less common. Depending on the Caspian Sea 

level, salinization processes change from weaker to stronger. 
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In the Central Federal District, saline soils are localized, occupying the largest areas in the 

Voronezh Region. They can be found in the Oka-Don Lowland and on the watersheds of the Oka-

Don Plain. The most common saline and solonetzic soils are hydromorphic and semi-hydromorphic 

ones: chernozem-meadow and meadow-chernozem soils, meadow solonetzes, usually of sodic 

chemistry. Meanwhile, solonchaks are rare. In automorphic positions on Tertiary outcrops, sulfate 

chemistry predominates, often with gypsum. Chernozem solonetzes and solonetzic chernozems are 

also found there. 

In the Northwestern Federal District, saline soils occupy the smallest areas of the European 

part of Russia. Salinization is associated with the soils formation on marine saline sediments, under 

the influence of seawater surges and the wind-blown salts. Marsh soddy and marsh solonchaks, 

meadow-bog and peat-gley saline soils can be found. Their chemistry is mainly sulfate-chloride or 

chloride, but sulfate in river deltas due to the erosion of gypsum-bearing rocks by river waters. 

In the Urals Federal District, saline soils are present everywhere, except for the Khanto-Mansi 

Autonomous Okrug. Their presence is determined by the climate conditions of the steppe and 

forest-steppe that lack moisture content, as well as by lithological and geomorphological conditions, 

i.e., the presence of saline, often gypsum-bearing, Paleogene-Neogene deposits and poor drainage. 

In the north, in the Yamalo-Nenets Autonomous Okrug, salinization is due to formation of soils on 

saline sodium-chloride marine sediments and the seawater influence. Solonetzic complexes with 

solonetzic chernozems and solonetzes are dominant in the district, but solonchaks, bog and meadow 

saline soils are also present there. The largest saline area is located in the Kurgan Region. 

In the Siberian Federal District, saline soils are present everywhere as well, except for the 

Tomsk Region. Based on the distribution of solonetzic soils and solonetzes, the district can be 

divided into 2 different regions: the West Siberian, with such soils being predominant, and the East 

Siberian, where their area is significantly smaller. 

The south of Western Siberia is covered with solonetzic soils and solonetzes that occupying 

significant areas in the Omsk and Novosibirsk Regions and Altai Krai. It has a continental 

salinization, associated with the modern water-salt regime: underlying clays and poor drainage, 

endorheic lakes, soil moisture content lower than 1, aerial salt transport from arid regions of 

Kazakhstan, and the more widespread hydromorphic landscape in the past. Neutral chemistry with 

soda and sodic chemistry are predominant; in the south, it is only neutral. Soils that are saline in the 

surface layers are predominant there, with neutral sulfate chemistry, while solonetzes and solonetzic 
soils are not as common. Khakassia is an exception, because solonetzic soils and solonetzes are 

widespread there. 

In the south of Eastern Siberia, saline chestnut soils are present, while being atypical for the 

western part. While sulfate salinity, often with gypsum, predominates in the south, the Republic of 

Tuva has a significant level of chloride salinity associated with salt deposits, while the Republic of 

Buryatia and Zabaikalsky Krai have a sodic one. The soda content in the Siberian Federal District 

increases from south to north in Western Siberia, and from west to east in south of Eastern Siberia. 

In the south of Eastern Siberia, saline soils can be found in intermountain basins at various 

elevations, from 200 to 2,300 m, unlike in other regions. Additionally, soil salinization there is 

significantly influenced by mineralized groundwater emerging along tectonic faults. Aside from 

that, the chemistry was determined by permafrost in some basins, and freezing/thawing which cause 

an accumulation of chlorides in the soils of the northern and high intermountain basins. In several 

areas in the south of Eastern Siberia, such as the Republic of Khakassia, the Nazarovo Depression 

in Krasnoyarsk Krai, the Kargyn Depression in south of the Republic of Tuva, the northern slope of 

Mount Tannu-Ola, and the Nukutsky and Osinsky Districts of the Irkutsk Region), salinization is 

affected by gypsum deposits that determine the sulfate chemistry and form carbonic calcium 

gypsum soils, e.g., in the Irkutsk Region. 
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In the Far Eastern Federal District, saline soils are found in the Sakha Republic (Yakutia), 

Magadan Region, Chukotka Autonomous Okrug, and Kamchatka Krai and Primorsky Krai. 

They occupy large areas in river valleys and alases of the central part. Salinization causes vary 

greatly. In Northern Yakutia, Primorsky Krai, Chukotka Okrug, and Magadan Region, saline soils 

occupy coasts where salinization is associated with marine sediments, tides, flooding, and wind-

blown salt. Their chemistry is mainly chloride and sulfate-chloride. In Kamchatka Krai, salinization 

is associated with hydrothermal vents. In Central Yakutia, salts that are transported from the 

plateaus, brought to the surface by human activities, and leached from permafrost complexes during 

thawing are retained in the profile with the help of the permafrost aquicludes. The soils of the Lena 

River Valley are mainly of neutral chloride and sulfate chemistry, while the soils of the alases are 

usually saline due to alkaline salts. 
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В статье проведено обобщение работ, посвященных распространению и генезису засоленных 

почв России с начала ХХ века по настоящее время. Акцент сделан на работы сотрудников 

Почвенного института им. В.В. Докучаева, которому в 2027 году исполняется 100-летний 
юбилей. Проанализированы карты распространения засоленных почв разного химизма 

на территорию России. Рассмотрены факторы, источники и механизмы засоления почв 

в разных регионах страны. Приведена краткая информация о типах засоленных и солонцовых 
почв всех административных единиц РФ, где они встречаются, их площадях, преобладающих 

степени, глубине и химизме, а также генезисе засоления. Максимальные площади засоленных 

и солонцовых почв находятся на юге России, что обуславливается комбинацией засушливого 
климата, слабой дренированности территории и наличием засоленных пород и определяет 

преимущественно хлоридное засоление почв Прикаспийской низменности. Севернее в 

Приволжском федеральном округе (ФО) площади засоленных почв сокращаются, засоление 

становится преимущественно хлоридно-сульфатным, появляется гипс, а также, чаще в 
солонцовых и орошаемых почвах – сода, засоленные почвы формируются в местах 

подстилания засоленными лессовидными суглинками и глинами или при близком залегании 

минерализованных грунтовых вод. В центральном ФО засоленные почвы встречаются 
локально, т.к. территория более дренируемая, а КУ близок к 1. В основном они встречаются 

на юге и юго-востоке округа. На возвышенностях при формировании на засоленных породах 

и при подходе минерализованных грунтовых вод формируются засоленные почвы сульфатного 
химизма, в низинах чаще встречается содовое засоление. Значительно меньше засоленных почв 

в Северо-Западном ФО, где засоленные почвы приурочены к побережьям, формируясь под 

влиянием моря и на морских засоленных отложениях. Это определяет преимущественно 

сульфатно-хлоридный и хлоридный тип засоления почв побережий. Засоленные почвы 
встречаются в степной и лесостепной зоне и в Уральском ФО. Кроме климата засолению 

способствуют выходы засоленных часто гипсоносных пород и суглинистый 

гранулометрический состав почв. Химизм засоления преимущественно сульфатный. 
Засоленные почвы Сибирского ФО делятся на два резко различающихся района. В западной 

части округа, которая относится к Западно-Сибирской равнине чаще формируются солонцы 

и солонцеватые почвы при доминировании содового химизма; тип засоления континентальный, 

связан с климатом и слабой дренированностью территории. Восточная часть округа 
характеризуется меньшими площадями засоленных почв, солонцов крайне мало, химизм 

преимущественно сульфатный. Засоление определяют гипсоносные засоленные отложения 

и воды их размывающие, в т.ч. подземные. Байкал разделяет почвы разного типа засоления. 
К западу от Байкала однозначно доминирует сульфатное засоление, к востоку появляется 

значительная доля почв содового засоления, преобладающая в восточном Забайкалье. 

Причины засоления в Забайкалье перекликаются с территорией Западной Сибири. В обоих 
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регионах отсутствуют засоленные породы, месторождения гипса и солей, засоление имеет 

преимущественно континентальное происхождение, преобладает содовый тип химизма или 

с участием соды. Иной химизм, и причины засоления в почвах Дальневосточного ФО. 

В мерзлотных условиях долины Лены при отсутствии засоленных пород и месторождений 
формируются сульфатно-хлоридные и хлоридно-засоленные почвы. Хлоридным солям 

не позволяет вымываться из профиля мерзлота. На севере Якутии, Чукотке и на восточном 

побережье страны преимущественно хлоридное засоление определяется близостью к морю 
и наличием морских отложений. На Камчатке в зоне повышенной сейсмической и 

вулканической активности наличие засоленных почв определяют гидротермальные системы, 

приводя к формированию квасцового типа засоления. 

Ключевые слова: карты засоления почв России, площади засоленных почв, факторы 
соленакопления, химизм, глубина, степень засоления, генезис засоления.  
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	Fig. 11. Tuva, Ubsunur Depression: a) the saline valley of the Tes-Khem River as seen from the slope of the Tanu-Ola Mountains, b) solonchaks near Lake B. Dus-Khol, c) southwest, the Mogen-Buren River valley, a field of Halerpestes salsuginosa on sali...

