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The aim of the study was to identify 1) the main regularities of surface runoff formation due to downpours
and 2) the extent of erosion process on arable chernozems in areas with dissected relief and sharply
continental climate. The influence of rainfall patterns and soil physical factors on soil erosion was studied in
three large geomorphological regions in the South-East of West Siberia. Field observations were carried out
during 1968-1979 in the Kuznetsk Depression and in 1984-1986 in the Near-Ob areas, and from 1995 until
present in the Near-Salair area. The data of meteorological stations were analyzed for rainfall patterns in
the same years, including inter-year variability and downpour recordings. Summer precipitation and its
intensity were measured by using hydrograph unit. Water infiltration in the field was studied by the method
of small flooded areas (Nesterov’s method), when square or round frames with an area of 2500 (external)
and 625 cm? (internal) were installed on the soil surface. To simplify and automate water supply, the PVN-00
device was used, consisting of two hermetically sealed tanks, two cylindrical frames of different diameters
and a tripod. The influence of rainfall patterns and soil physical factors on the processes of soil erosion was
studied. As regards climatic factors the data of meteorological stations were analyzed for historical rainfall
patterns, including interannual variability and downpour recordings. Experimental data of water infiltration,
runoff and soil loss were discussed for the main soils units: Greyzemic Phaeozems (Siltic), Luvic Chernozems
(Siltic) and Haplic Chernozems (Siltic) with variable content of soil organic matter and erosion levels. The
studied regions were characterized by the prevalence of precipitation during the warm growing season and
by sporadic or cyclical precipitation patterns. Heavy rains were found to cause significant damage to
agricultural land only locally, during early spring, when the soil is not protected by vegetation. The greatest
erosion hazard is represented by meltwater, not only by its total amount, but also by the snow thawing rate.
The significant decrease in the infiltration rates with extensive farming is the main factor of degradation of
the most fertile soils in West Siberia. Soil vulnerability to erosion in the studied area was shown to decrease
in the range: Kuznetsk Depression > Near-Salair > Near-Ob (no storm damage).
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INTRODUCTION

Erosion is one of the main factors leading to the destruction of soil cover on the planet (Lal 2001;
Daniel et al. 2015; Owens 2020). The accumulation and analysis of climatic and soil data describing
erosion processes over long observation periods serve as good material for studying the behavior of
erosional landscapes and making forecasts of erosion. In the European part of Russia, according to the
generalized analysis of soil and climatic data for the period from 1963 to 2015, the decrease in annual
amount of erosion losses was due to a decrease in surface runoff during the spring snowmelt. This was
due to an increase in air and soil temperatures during the winter period. At the same time, summer
precipitation amount increased which led to an increase in soil erosion losses (Golosov et al., 2018). West
Siberia has specific soil and climatic condition, therefore, its territory is classified as vulnerable in terms
of erosion.

Most of the arable land of dissected forest steppe of West Siberia consists of chernozems which
occupy almost 20-10° ha, including 13-10° ha of arable lands (Khmelev, Tanasienko, 2009a) that yield
high-quality grain owing to its high initial fertility. The population of West Siberia increased essentially
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in the 20th century with an accompanying increase in the agriculturally used area. By that time, the most
fertile lands in West Siberia (chernozems) on its rather flat territory were completely developed. The
further development of virgin and fallow lands was performed on sloping surfaces which are prone to soil
erosion; the slope of these surfaces is sometimes greater than 5% and even 15%. The surface runoff is
well known to occur already on slopes as steep as 2-4%; consequently, at present in West Siberia a total
area of about 7-10° ha is exposed to different levels of erosion.

The erosion rates in West Siberia depend closely on the strong dissection of the relief, heavy
snowfalls in winter and rapid snow melting, which is accompanied by the formation of an ice sheet that
prevents the filtration of snow melted water into the soil profile. In consequence, during the thaw period,
runoff on the slopes can affect as much as ca. 60% of the arable land in the region. Heavy rainfall during
the summer period also significantly damages the soil cover on arable slopes. Due to the fact that profile
thickness of Siberian chernozems is less than in soils of the European Russia, the soils are extremely
exposed to erosion (Tanasienko, 2003).

Under these conditions and in combination with local geomorphological constraints, the analysis of
extreme events has long been a major topic in environmental change research (Hudson, Inbar, 2012).
Thus, this work aims to identify i) the main regularities of the surface runoff formation due to downpours
and ii) the extent of erosion processes on arable chernozems under conditions of dissected relief and
sharply continental climate.

MATERIALS AND METHODS

The study area is located in the basin of the upper reaches of the Ob River and is represented by
structural-denudation and accumulative plains of the West Siberian lowland, denudation plains, low
mountains and middle mountains of the Altai-Sayan mountain region (Orlov, 1983). The studies were
carried out both in the left-bank part (Figure): the Near-Ob plateau (Preobye), and in the right-bank part,
the Near-Salair hilly plain (Predsalairye) (within the limits of the Novosibirsk region) and the Kuznetsk
Depression (within the limits of the Kemerovo Region). The main physical and geographical features of
these geomorphological regions are given below.
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Figure. Map of the main orographic units of the South-eastern part of West Siberia, Russia (dashed lines
indicate boundaries between the main units.

Near-Salair. This region refers to tabular and undulating strongly dissected flat plain with absolute
heights of 200-300 m a.s.l.; in general, this territory slopes towards West-Siberian plain. Watershed
spaces in this area occupy about 1/5 of the territory. The slopes are as steep as 5-15%, complicated and

www.soils-journal.ru 2


https://soils-journal.ru/index.php/POS/index

[TouBel U okpyxatiwas cpena 2021 Tom 4 Ne2

rather long (600-800 m). The density of horizontal dissection ranges within the limits of 1.0-1.2 km-km
2, whereas vertical dissection averages 75-100 m.

This region shows widely spread man-made degraded forest steppe landscapes under conditions in
which soil cover is characterized by low complexity. Basic soil background consists of leached and
podzolized chernozems. Soil-forming rocks of chernozems are loess-like loams. The following features
are typical for such rocks: pale-yellow color, calcareousness, columnar structure and high porosity.
Loess-like loams are homogenous in terms of their granulometric composition and most of them derive
from heavy-textured rocks (Khmelev, Tanasienko, 2009a).

At present due to the general socioeconomic development of the land, the territory of Near-Salair
with highly sustainable sloping soils has turned into zones of intensive denudation. In consequence, up to
1/5 part of the arable lands (i.e., about 200-10° ha of 950-10% ha) are eroded to weak and medium extents.
Therefore, as regards erosion, this region is classified as being at the medium potential risk.

Near-Ob. This region is located in the transition belt from forest steppe to steppe. As regards soil
cover, this area includes mainly leached chernozems which are medium in thickness, humus content and
loamy fraction content. Total area of the arable soils amounts to 670-10° ha; of which about 7.5% is
subjected to serious soil loss. The most distinguishing features of the territory are the general elevation
(absolute heights between 130-310 m a.s.l.), good natural drainage conditions, lack of primary salinity,
and deep groundwater table (10-15 m). Soil-forming rock is loess-like, nonsaline silty clay loam, which
characteristically provides high aeration. The mineral material of the deposits was subjected to syngenetic
changes in response to steppe and meadow-steppe soil formation and displacements at the expenses of
sheet washing during formation of the slopes in the interfluves (Shaporina, Tanasienko, 2003). This
region has relatively gentle horizontal dissection, i.e., 0.6-0.8 km-km. As a consequence, watershed flat
spaces account already for 30% of total area. Really, the steepness of the near-watershed slopes ranges
from 2 to 9%. The steepness of the convex near-ravine slopes approaches to 15-30%, as corresponds to
significant erosion hazard of the territory, an essential part of which (15%) is eroded from weak to
medium extent. Therefore, as regards erosion, this region is also classified as being at the medium
potential risk.

Kuznetsk Depression. This region is an elevated denudational plain where leached, high humus
content and medium in thickness heavy-textured chernozems present the greatest agricultural
significance, the latter being determined not only by their wide spreading but also by the fact that these
soils are the most fertile in West Siberia. The area of arable soils of the Depression makes up to 900-10°
ha. It is important to emphasize that 150-10° ha is eroded to various extents. Soil-forming rocks consist
of loess-like loams which occupy almost all the ecosystems of erosion catena. The thickness of loess-like
loams varies: high values occur in the depressions of the interfluves (up to 2025 m) and minimum values
(often less than 1 m) at the exposures of Paleozoic and other bedrocks (Khmelev, Tanasienko, 1983). The
relief of the Depression is strongly dissected. Horizontal dissection varies from 0.6-0.8 km-km™ in its
western border to 1.0-2.6 km-km in the remaining area. Vertical dissection is the same as in Near-Salair
(75-100 m). In view of such essential dissection the watershed spaces make up to 20 % of the total area.
It is necessary to emphasize that 15% of the arable land in the dissected part of the Depression is eroded
from slight to moderate extent. Therefore, this geomorphological region, as well as the regions decribed
above, should be classified as prone to a medium erosion hazard. Thus, undulating relief of the Near-
Salair and Near-Ob areas as well as the Kuznetsk Depression in addition to sufficient supply with solid
and liquid precipitation favors considerable surface runoff of thawing and downpour waters on the arable
land; this leads to substantial losses of the soil solid phase and hence decreased chernozems’ fertility.

In Near-Salair and the Kuznetsk Depression the main arable lands are represented by medium- and
heavy-textured humus-rich leached chernozems (Luvic Chernozems (Siltic)) (Khmelev, Tanasienko,
2009a, 2013; IUSS Working Group WRB, 2014), in Near-Ob by medium-textured, medium in thickness
ordinary chernozems (Haplic Chernozems (Siltic)) (Panfilov et al. 1976; IUSS Working Group WRB,
2014). Total area of the arable lands amounts to 2.5-10° ha, the most part of which (on the average 80%)
representing the non-eroded land. Non-eroded chernozems of the Near-Altai soil province perform two
very important functions: a) environmental because they are the main constituent of the soil cover in the
most populated area of West Siberia; b) high agronomical production as they are fundamental for grain
crop production (Khmelev, Tanasienko, 1983).

A specific feature of humus horizons (A+B) is the tonguing, which is a specific feature of
chernozems in West Siberia (Karetin, 1982). The thickness of humus horizons varies within the limits of
50-60 cm. The most specific and stable feature of the chernozems subjected to erosion processes is the
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decrease of the thickness of humus horizons. Slightly eroded chernozems occupy the upper third of the
slope; they are characterized by a reduced thickness (up to 30%) of humus horizon. Moderately eroded
chernozems can be found in the middle part of the slope. The thickness of their humus horizons is
reduced by 50%. Strongly eroded chernozems are found in the lowest and steepest part of the slope and
do not have separate horizons (A, AB and B).

Humus content in humus-rich non-eroded chernozems which are widely spread in the Kuznetsk
Depression and partly in Near-Salair amounts to 8-10%, in some cases being as high as 12-13%. Haplic
Chernozems (Siltic) of Near-Ob are classified as medium in humus content. It is known that the heavier
the chernozem texture is, the richer in humus their upper part of the profile is. Main “carriers” of humus
in chernozems are finely dispersed particles (Tanasienko et al. 2019). Annual loss of considerable part of
silty particles (no more than 200 kg -ha* in very low-snow hydrological year and up to 3304200 kg-ha™
in very high-snow year) led to the fact that only slightly eroded chernozems of the West Siberia in the
Kuznetsk Depression are explicitly included in the group of high-humus chernozems (more than 5% C),
moderately eroded to medium-humus (4.0-4.5% C) and strongly eroded transformed to low-humus
chernozems (2-4% C). Sedimentation of highly dispersed particles in the lower parts of the slope caused
by slow velocity of thawing and downpour water leads to the formation of slightly drift meadow
chernozemic soils in ploughed layer where humus content is the same or even higher than in the non-
eroded chernozems (5.8-6.8% C).

In order to assess the role of the climatic factor in the development of erosion processes in West
Siberia, long-term data on precipitation including downpours were acquired and processed by variation
statistics. At the same time, the lack of general consensus among specialists in soil erosion was taken into
account concerning the controversy about which kind of precipitation (solid or liquid) plays a more
crucial role in removing the soil cover of arable slopes. Most researchers consider that solid precipitation
should be taken into account as the main factor, especially in West Siberia. The duration of a cold season
is about half a year, and for this time interval a quarter of precipitation is accumulated. Apart from this, in
West Siberia downpours are frequent, repeating every 5 or 6 years. For instance, in the Kuznetsk
Depression during cold and warm periods (hydrological year) the total amount of liquid precipitation is
ca. 430 mm in the very wet years, and from 450 to 500 mm during extremely wet years. The minimum
amount of liquid precipitation sometimes falls to 50 mm (i.e., during the cold period, i.e. November—
March). Therefore, taking into account such variation in the amount of liquid atmospheric precipitation
we analyzed moisture gradations during the warm time interval for each geomorphological region under
study. The gradations were also studied in detail regarding the inputs of solid precipitation on the
territories during the cold time interval (Table 1). This is the case with the Kuznetsk Depression and
Near-Salair areas where during the warm time interval a “very dry year” is considered to be such a year
when precipitation is no more than 360 mm. In this scenario, the total amount of liquid atmospheric
precipitation sometimes exceeds 450 mm. Consequently, we have to distinguish an extremely wet warm
period. At the same time, extremely moist warm period was not observed in the course of almost 50 years
of meteorological records in the Near-Ob area which is located in the transitional belt from forest steppe
to steppe.

SPECIFIC FEATURES OF CLIMATE AS A SOIL-FORMING FACTOR

The climate of the three geomorphological regions under study, similar to the entire West Siberia,
is sharply continental. Its specific features consist of different duration of the cold and warm periods of
the year and uneven distribution of atmospheric  precipitation  (Slyadnev, 1965;
http://aisori.meteo.ru/ClimateR). The largest duration occurs in the cold period (about six months) and the
shortest in spring.

The proportion of winter precipitation with respect to the annual amount is comparatively low
(Table 1) and represents about 25 %, whereas in spring it represents only 10 %. Thus most of the
precipitation falls during the warm season (from April to October). During the cold time interval (from
November to March) the Kuznetsk Depression on average receives 100 mm of solid atmospheric
precipitation, Near-Ob receives less than 90 mm and Near-Salair area receives more than 130 mm. Snow
cover usually forms on the frozen soil. The duration of the preliminary winter period varies from two
to three weeks.

www.soils-journal.ru 4



https://soils-journal.ru/index.php/POS/index

[TouBel U okpyxatiwas cpena 2021 Tom 4 Ne2

Table 1

Precipitation in the cold (XI-I1), warm (IV-X) periods and hydrological year in the forest steppe
of West Siberia (Tanasienko, 2003)

Statistical parameters

Period Description of the year n | lim, mm Mim.mm | o.mm | V. %
Near—Salair, Toguchin weather station (1936-1997)
Very low—snow 12 61-72 6612 4.6 7
Low-snow 10 81-90 85+1 3.6 4
Cold Normal-snow 11 98-105 101+1 3.0 3
High-snow 9 108-119 11442 4.6 4
Very high-snow 17 122-190 14845 175 12
Very dry 18 233-296 26245 20.0 8
Dry 14 307-330 31942 8.3 3
Warm Nor.mal 3 339-345 34245 6.6 2
Moist 7 361-390 36945 11.0 3
Very moist 15 394450 43048 30.1 7
Extremely moist 4 451490 476+4 7.4 2
Very droughty 11 303-374 338 - —
Hydrological | Droughty 10 380415 396 - -
year Normal 18 427-462 446 -
Moist 8 466-508 483 - -
Very moist 13 512-606 560 - -
Near—Ob, weather station of Ordynskoye (1936-1990)
Very low—snow 14 51-75 64+2 5.2 8
Low-snow 4 78-88 8243 6.2 7
Cold Normal-snow 10 93-105 100+£2 5.2 5
High-snow 10 106-115 11142 4.9 4
Very high-snow 6 129-159 14145 13.1 10
Very dry 15 160-243 21347 28.0 13
Dry 9 276-300 28743 13.0 5
Warm Normal 7 301-319 30846 20.5 6
Moist 6 332-349 34443 8.5 3
Very moist 9 370-497 419+12 26.3 6
Very droughty 9 215-341 297 — —
Hydrological Droughty 14 349-389 369 - -
year Nor_mal 5 412435 420 - -
Moist 9 443-477 456 — —
Very moist 5 489-570 538 - -
Kuznetsk Depression, weather station of Kolchugino (1936-1990)
Very low—snow 8 49-75 68+3 8.4 12
Low-snow 8 7790 8142 5.4 7
Cold Normal-snow 12 93-105 99+2 5.4 6
High— snow 12 106-117 113+1 4.1 4
Very high-snow 9 121-153 13144 11.3 8
Very dry 9 67-300 28744 12.2 4
Dry 9 307-330 318+3 8.7 3
Warm Nor_mal 7 338-360 35044 9.7 3
Moist 9 361-381 370+3 10.0 3
Very moist 12 393-443 436+10 41.3 9
Extremely moist 4 459-493 48445 8.8 2
Very droughty 5 342-379 358+8 18.9 5
Hydrological Droughty 10 389-429 405+4 12.8 3
year Nor_mal 10 433-479 461+6 17.6 4
Moist 4 495-428 5137 13.9 3
Very moist 5 533-641 569+23 50.3 9

Footnotes for Tables 1-3. Compiled from: Climatologic Reference Book of the USSR (1956); Reference
Book of Climate of the USSR (1977); Meteorological Reference Book (1961-1988).
n — sampling years; lim — fluctuation of data; M — mean; m — standard error of the mean; 5 — mean-square
deviation; V — coefficient of variation. Dashes indicate not available data.
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Precipitation is the most important factor which determines the erosive role of climate. Not all the
climatic indices to the same extent influence the intensity of erosion processes. The most important
indices are annual precipitation and snowfall regime. In any location the amount of precipitation varies
with time and is rhythmic by its nature (Rode, 1978). Therefore, annual precipitation gives a general idea
of the moisture on the territory but is associated with the fact that the higher the precipitationis, the
stronger the erosion is. At the same time, it was established that the correlation between total precipitation
and erosion intensity was not significant as the same precipitation amount could result in different extents
of erosion (Gudzon, 1974). Considerable variation of the precipitation in the cold and warm seasons and
its annual amount was related to its rhythmic falling (Table 1). While studying meteorological data for the
40-60 years long period we succeeded in observing conspicuous regularity patterns. As it was noted
earlier (Slyadnev, 1965), droughty seasons are known to be repeated in cycles of ca 10-11 years. In fact,
no more than half of the annual amount of precipitation falls in these years during a warm weather
interval. Nevertheless, as a rule, precipitation in the cold weather interval proved to be extremely high
over the course of these years (Khmelev and Tanasienko, 1983; 2009 ab). As for the three
geomorphological regions under study, erosion losses were greatly different that is why it is interesting to
follow how the total amount of precipitation and slope exposure determined the erosion intensity and how
solid atmospheric precipitation and radiation regime influenced snow thawing. Based on the precipitation
data, it is possible to forecast yearly erosion losses due to downpour and thawing water runoff, in order to
implement appropriate strategies to reduce erosion processes to admissible levels.

The same precipitation pattern was found to be peculiar to Near-Salair and Near-Ob areas for the
same Yyears. Therefore, the rhythm of precipitation which we observed in the dissected forest steppe of
West Siberia confirms and supplements the observations of researches in different regions of Russia
(Bazykina, Boiko, 2010; Komissarov, Gabbasova, 2014; Bazykina et al. 2015; Bazykina, Ovechkin,
2016; Gusarov et al. 2018). As for the West Siberia, purposeful soil studies on the changeability of
atmospheric moistening have not been practically carried out (Tanasienko et al., 2019).

FIELD STUDIES: DATA COLLECTION AND SAMPLING

Summer precipitaion and its intensity were measured by using Hydrograph unit. Water infiltration
in the field was studied by the method of small flooded areas (Nesterov’s method), when square or round
frames with an area of 2500 cm (external) and 625 cm (internal) are installed on the soil surface. The
outer frame is protective and the inner one is measuring. The essence of the method is to take into account
the amount of water poured into the measuring frame (known area) per unit of time. To simplify and
automate the water supply, the PVN-00 device is used which consists of two hermetically sealed tanks
(Marriott vessels), two frames (cylindrical) of different diameters and a tripod. The calculation of water
permeability is carried out in the same way as in the Nesterov method. The snow survey stage was
measured using a BC-1 snow-gauge and a special metal snow scale (Mueller et al., 2016).

Descriptive statistics (Dospekhov, 1979), Microsoft Office Excel 2007 were used for the data
processing.

RESULTS AND DISCUSSION

It should be pointed out that a specific feature of farming in the three geomorphological regions
under study is represented by the lack of winter crops. Fallows and perennial sown pastures account for
no more than 20% among agricultural lands. The sowing of spring crops begins, as a rule, in the first
decade of May. During the entire May soil surface is not protected by plant cover. Therefore, the highest
erosion risk in the strongly dissected forest steppe of West Siberia is in May. In May, during all the years
regardless of moisture, except the dry years, precipitation varied within very narrow limits, such as 46-53
mm (Table 2). The characteristic property of the very dry vegetative season was found to be represented
by a small and approximately equal precipitation, i.e. 44-54 mm, whereas in the remaining years (dry —
very wet) the maximum precipitation falls in June and July. During these months the precipitation was
half of that in May. However, by the end of June soil surface is closely covered by spring crops and the
erosion hazard becomes essentially weaker.

It is known that total precipitation data are routinely used to assess the potential soil erosion,
although the increase in summer precipitation is not always accompanied by appropriate increase in the
surface runoff and the loss of solid soil phase (Cheremisinov, 1955; Zaslavsky, 1979). The value of
surface runoff depends mainly on rainfalls intensity, their duration and frequency as well as on soil
infiltration capacity (Livovich, 1974). It should be taken into account that about 70% of the precipitation
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at the territory under study falls during the months of extreme erosion risk, i.e. May—August. At a given
time, the daily maximum precipitation ranged widely (from 15 to 83 mm) in the Kuznetsk Depression and
the Near-Ob area during the years with normal moistening. On the other side, daily maximum
precipitation was not high in the very dry and dry warm erosion risk periods, with the exception of Near-
Salair.

Table 2
Monthly precipitation during vegetational season in the years with various moistening. Kuznetsk
Depression, Kolchugino weather station (1948-1988)

Month _ Statistical parameters
lim, mm | M+m, mm | 6, mm V, %
Very dry, n=9
May 21.4-77.9 46.2+7.9 23.9 52
June 25.1-76.8 43.9+4.8 14.3 32
July 10.1-82.9 53.7+31.0 93.0 173
August 20.3-59.0 45.1£7.5 22.5 50
Total - 130.7 - —
Dry, n=10
May 13.549.9 23.5+£3.5 11.1 47
June 31.4-85.8 49.1+5.8 18.5 37
June 18.7-112.6 64.1+8.8 28.0 44
August 10.9-107.2 73.1£26.6 94.0 128
Total — 209.8 - -
Normal, n=7
May 23.8-98.6 53.1+10.7 28.3 55
June 35.4-120.3 74.4+12.4 32.8 44
July 23.5-100.8 68.3+12.6 33.8 49
August 18.9-70.1 45.749.2 24.6 54
Total - 222.1 - -
Moist, n =6
May 30.7-62.8 48.3+5.2 12.8 26
June 35.5-73.0 51.3+5.7 141 27
July 65.9-113.7 93.74+8.2 20.2 22
August 18.9-121.8 65.5+15.0 36.8 56
Total — 258.8 - —
Very moist, n =9
May 27.7-90.5 55.0+£6.5 194 35
June 70.8-125.6 90.4+6.8 20.3 22
July 27.8-144.2 80.6+£14.8 44.4 55
August 48.5-109.4 81.0+5.6 16.8 21
Total — 307.0 - —

Footnotes: n — sampling years; lim — fluctuation of data; M — mean; m — standard error of the mean; & —
mean-square deviation; V — coefficient of variation. Dashes indicate not available data.

In all three geomorphological regions the precipitation usually varied during the warm period
within 15-46 mm, significantly increasing as the temperature rose. For instance, in the Kuznetsk
Depression, the maximum daily precipitation reached 36, 67 and 49 mm in May, June and July
respectively, in the very wet and warm period. It was supposed that all daily rains—as heavy as 20 mm
and more—were associated with significant erosion hazards (Kaufluss, 1980). However, it should be
noted that rains with comparatively smaller daily precipitation can also lead to substantial erosion risks.
In West Siberia and in the Kuznetsk Depression in particular considerable part of liquid precipitation falls
as downpours. Maximum precipitation during a downpour varied 50-54 mm in the Kuznetsk Depression.

In May downpours were infrequent and poor, precipitating 10-16 mm (Table 3). However, they
fall on the soil unprotected by plant cover, and hence significant erosion loss of soil solid phase in arable
lands occured on the slopes. The most frequent downpours occured in June and July, especially in the
normal and extremely wet years. For instance, 5-8 downpours fall in June and July, whereas in the
normal and extremely wet years such downpours were twice as frequent. Of course, the risk of erosion
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by rains in June and July was much lower than in May, but in the course of these two months it was 2-3
times higher than in May.
Table 3
Description of downpours in the years with different moistening (Kolchugino weather station).
Roman numbers indicate months of the year

Description of Months Total downpours, | Total precipitation, | Downpours, % of
the years Vv VI Wil VI V-VIIl, mm" V=VIII, mm total sum for V-VIII
very gry, ~ | 1411 | 62.9/4 |680/5|  145.0/10 318.8 45

Eiyé 27.0/2 | 40.5/3 | 84.9/6 |18.5/2 |  170.9/13 729.3 23
Nﬁr:msa" 133/1 | 932/6 | 111.3/7 | 62.3/4 |  280.1/18 769.5 36
Moist,
o 165/1 | 38.8/3 | 936/4 | 71.8/5 |  219.7/13 839.3 26
Veymolst | aves | 7745 1221 | 13127 384.3/1 34
Extremely 1 10471 | 104777 | 8487 | 4123 | 240818 1312.5 18
moist, n=3

Footnotes: *Left-hand value refers to total precipitation, mm; right-hand value refers to number of
downpours.

Comparing regions under study, one should note that the most prolonged and intensive downpours were
recorded in the Kuznetsk Depression. For instance, in June 1977 the downpour delivered a total of 39
mm, being extremely intensive (2.7 mm per min) for 10 minutes, and in July 1983 the precipitation
amounted to 22.4 mm in 7 minutes.The same territory obtained 48 mm of rain that was highly intensive
during the first hour (1.9 mm per min for 5 minutes and 0.43 mm per min for the first hour) and low over
12 hours with intensity of 0.04 mm per min (Meteorological Reference Book, 1961-1988). Rather
intensive and prolonged downpours were recorded in the Near-Salair area, in particular on July 10, 1963,
when there was a downpour totalling 84 mm, its temporal intensity being as follows: 5 min: 1.6; 10 min:
1.4; 20 min: 1.0; 1 h: 0.30; 12 h: 0.07 (Orlov, 1971). As for the Near-Ob area, we never succeeded in
finding there in 1984-1993 period the downpours of intensity and amount exceeding 0.5 mm - min? and
10 mm, respectively. These observations confirm that downpours were not associated with erosive risks,
and eroded soils began to form due to surface runoff from the thawing water. In fact, the only intrinsic
effect of downpours did not represent severe hazard to soil cover of the sloping surfaces if their intensity
is smaller than water infiltration, which is of special importance in the dissected regions. First, infiltration
values inform about the degree “absorption” of atmospheric precipitation, downpours in particular, and
possible formation of surface runoff. Second, according to our results infiltration rate changes in soils
displaying different degrees of erosion. Since the eroded and non-eroded chernozems and drift meadow
chernozemic soils are located on different positions of the drainage basin, it can be confirmed that water
infiltration varies greatly throughout the whole drainage basin as well as in the individual plots of the
slope; this fact adversely affects the accumulation of warm period precipitation and the water balance of
the territory as a whole and leads to the increase both surface runoff and erosion processes. Nevertheless,
in the case of the water infiltration throughout the whole drainage basin (even though such a case can
hardly occur) erosion resilience of soils will depend to a certain degree on their slope location: the lower
positions of the slope where water enters from the top are exposed to the greater water absorption load as
compared with the overlying plots (Burykin, 1972). Therefore, the water infiltration of all sligthly drift
meadow chernozemic soils without an exception was considerably higher even in comparison with the
non-eroded chernozems which occupy slightly sloping watershed areas. The high infiltration of slightly
drift meadow chernozemic soils can be explained by the fact that the drift layer of these soils consists of
sorted water-stable aggregates of more than 1 mm in diameter. During its flow along the slope, the
downpour water causes a loss of the solid phase; this phase sediment on the surface of meadow
chernozemic soils as a consequence of the decreased velocity of the water flow. Characteristically, the
biggest infiltration rate (judging by the third hour of observation) was recorded for the podzolized non-
eroded and slightly eroded chernozems of the Kuznetsk Depression (more than 1 mm-min’t). Infiltration
rate of moderately eroded chernozems is two times less than that of non-eroded and slightly eroded soils.
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The lowest infiltration rate (0.4 mm-min) was characteristic for strongly eroded chernozems. Due to the
low content of humus and organic colloids (mainly humic acids) that contribute to soil structure
formation, water permeability of the non-eroded chernozems of the Near-Salair and Near-Ob areas was
approximately half of that in the similar soils of the Kuznetsk Depression. In particular, humus depletion
is @ major driver of soil degradation after soil structure destruction, soil compaction and soil biodiversity
loss, i.e. conditions which make soils prone to accelerated erosion (Lal, 2004). As for the eroded
chernozems of the Near-Salair and Near-Ob areas, the infiltration rate there was found to be extremely
low, ranging 0.23-0.6 mm-min™. In those areas the downpours with intensity exceeding 5 mm-min?
should cause surface runoff on chernozem at the sloping surfaces. Previous observations (Surmach, 1955)
reported that surface runoff occured already due to 5 min of downpour. As a rule, in most cases the
downpours last for 5-7 minutes, resulting in 10-15 mm of precipitation (sometimes 30-50 mm over more
prolonged time intervals), so that the high kinetic energy of the surface runoff of downpour water
becomes obvious.

Many authors noted that because of intensive rains, the slope runoff, especially from the steep
slopes, is greater on arable lands than on virgin or lay lands (Konovalov, Pyzhov, 1969; Spomer et al.,
1973), resulting in high removal of soil material on arable slopes. Furthermore, due to downpours the
amount of water per unit area of soil surface is several times higher than due to the intensive snow
thawing (Makkaveev, 1975). Moreover, the amount of removed soil can average from 100-160 up to 500
mg-ha!, which is equivalent to 10-50 mm of soil profile ( Luca, 1963; Gorbunov, Ryabov, 1972; Lal,
1976; Zaslavsky, 1979; Schwertmann, 1981). The chernozems under study are heavy-textured but
downpours prove to be extremely destructive in light-textured soils as compared with chernozems. For
instance, under subtropical conditions of the Mediterranean region (e.g., Spain) where luvisols are mainly
characterized by loamy sand texture, the August downpour was as intensive as 70 mm for 45 minutes. As
a result, the loss of soil mineral part ranged from 200 to 700 Mg-ha* and more, as measured in runoff
plots (10 m wide and 50 m long). It is noted that the least loss was found to occur under minimum (zero)
soil tillage practices (De Alba et al. 2003). In this line, the analyses by Nunes et al. (2016) of the spatial
variability of annual precipitation and erosion in southern Portugal suggested that their decrease was
partly counterbalanced by an increase in their intensity i.e., that the recorded decrease in precipitation
should not be interpreted as a decline in the potential risk of soil erosion. This is in line with the studies
by Strohmeier et al. (2016) in plot locations in Austria who also found that the magnitudes of the large
extreme events may overcome the effect of its low occurrence probabilities, and therefore, the large
extreme events effectively contribute to the long-term soil loss.

The processes of soil erosion caused by downpours essentially differ from the thawing water
erosion (Kalianov, 1974). During the warm time interval the surface water runoff occurs only on the
moist and sometimes on the dry sloping surface, rather than on extremely moist surface which is in the
“fluidity stage” like during snow thawing. The slope exposure is of low importance during downpour
precipitation, whereas during snow thawing its importance is very high. In the warm time interval the
steepness of the slope and soil-protective capacity of plants play a substantial role in mitigating the
downpour effects.

The largest soil loss due to erosion occurs during downpours in fallow fields (Hairston et al.,
1984) with tilled and close-growing crops, but in early stages of development of plants when their soil-
protective capacity is still low (beginning or middle of June). During heavy showers the erosion loss of
solid phase of slightly eroded leached chernozems averaged 4.6 mg-ha® when the slope inclination was
up to 5% (Table 4). With increasing slope inclination, and consequently the flow kinetic energy, the
removed mass sharply increases (Wischmeier et al. 1958). This is the case with Kuznetsk Depression,
where the soil loss already reached 16 mg-ha™ at slopes of 5-9% and 22 mg-ha at slopes of 9-15%, as
estimated by Khmelev and Tanasienko (1983).

The most abundant and intensive downpour during the study was observed on July 24, 1970. For
the first 10 min the downpour intensity was 2 mm-min, then for 21 min it was 1 mm-min®. As the
surface of the leached, medium thickness, heavy-textured chernozems was protected by the well-
developed wheat plants, downpours did not seriously destroy the soils of 3-5% slopes, where soil loss
was not more than 2 Mg-ha’. Nevertheless, on steeper slopes (5-15%) the soil loss was considerable and
ranged from 23 to 48 Mg-ha™. In the lower near-narrow part of the slope, at the lower altitude than the
wheat field, the fallow plot was prepared for the forest belt as wide as 15-20 m. In some places of this
plot the downpour washed off completely the ploughed layer as wide as 30 cm; the depth and width of the
rain channels was
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Table 4
Downpour loss of solid phase of chernozems of different erosion degree
Month Crop Ig?gg?f Steepness | Precipitation, _ D.ownpour . | rRunoff, mm Soil Ios_f,
. of slope, % mm intensity, mm-min mg-ha
erosion
Kuznetsk Basin
May 25.0 1.2 13.8 5.3
June . 36.0 15 18.0 6.2
quly | Wheat | Slight 35 38.5 11 17.3 5.1
July 41.0 15 18.0 6.2
June 25.6 15 15.3 2.0
June 36.0 1.0 195 15
July 17.0 1.3 9.0 1.2
August | C°M | Moderate 59 19.0 12 10.0 12
August 38.5 11 16.0 1.7
August 30.0 1.0 18.5 2.9
May 25.0 1.2 15.0 2.2
July Moderate 5-9 41.0 13 28.7 235
July No 36.0 13 19.8 125
July corn 25.0 1.2 18.7 15.6
July Strong 9-13 36.0 13 17.3 125
July 41.0 1.3 19.8 46.7
Near—Salair
June Wheat Slight 1.5 40.0 2.0 32.0 125
June Wheat | Moderate 1.5-5 40.0 2.0 32.0 50.0

measured as 44 and 220 cm, respectively. Therefore, general soil mass loss amounted to ca. 24 m® from
every rain channel. Podzolized loamy chernozems of Near-Salair are characterized by very high erosion
loss. As compared to non-eroded chernozems, their insignificant erosion-preventive resilience can be
explained by the reduced content of clay and humus, i.e. the mineral and organic glues, combined with
not high cation exchange capacity; therefore, these soils are washed off intensively. It is remarkable that
in these soils at the same slopes the thawing waters remove 3—4 times less solid phase than during
downpours. According to our calculations it takes 53-110 m® of thawing water to wash off 1 Mg of
chernozem in West Siberia, whereas during downpours the respective amount is estimated as 8-50 m®,
Such difference in erosion losses due to the snow-thawing runoff or the downpour waters can be
explained by the fact that during snow melting in low-snow hydrological years the thawing waters are in
contact with the surface of thawed soil for 4-6 hours during 3-5 days, averaging 12-30 hours. In high and
very high-snow hydrological years the duration of contact of thawing water with the surface of slope
chernozems increases up to 6-10 days, making up to 30-50 hours. As for the downpour water, its contact
with the surface of chernozems lasts for 10-40 min. It is necessary to keep in mind that downpour water
is partly absorbed by a warm soil profile, and during snowmelt the depth of the maximum soil defrosting
is 5-20 cm. Beyond the thawed layer the soil is in a frozen state and practically does not absorb thawing
water.

CONCLUSIONS

In West Siberia heavy rains cause significant damage to agricultural land only locally, during early
spring, when the soil is not protected by vegetation. The greatest erosion hazard is represented by
meltwater, and not only by its total amount, but also by the thawing rate. In both cases, soil permeability
plays an important role in the resulting runoff amounts. The vulnerability to soil erosion in the studied
area was found to be as follows: the Kuznetsk Depression > Near-Salair > Near-Ob (no storm damage).
These studied regions were characterized by i) the prevalence of precipitation during the warm growing
season; ii) sporadic or cyclical precipitation patterns; and iii) a significant decrease in the infiltration rate
during extensive agriculture as the important factor determining the degradation of the main fertile soils
in West Siberia.
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pacunenennozo perveda u pesko KOHMUHEHMANbHO20 KIuMama. Bauanue nusnell u nousenno-gusuueckux
@axmopos na 23po3ul0 NOUE U3Y4AIU 8 Npedenax mpex DOTLUIUX 2e0MOPPONOSUYECKUX PALIOH08 HA 1020-1020-
socmoxke 3anaonoti Cubupu. Ilonesvie nabniooenus nposoounu é Kysueyxou komnosurne u Ilpuobve ¢ 1968—
1979 u 1984—-1986 22. coomeemcmeenno, 6 [lpucaraupve — ¢ 1995 200a no nacmoswee gpems. Ilonegvle
3amepbl  600ONPOHUYAEMOCIU NPOBOOUNU Memoodom Hecmeposa na neborbWUX 3ANOTHAEMBIX 6000U
yuacmkax, 20e YCMAaHo6NIeHHble HA NOBEPXHOCMU NOYBbl K8AOPAMHbIE UIU KPY2ble PAMKU O2PAHUHUBANU
nnowads 2500 cm? (snewnss) u 625 cm? (euympennss). Konuuecmeo u unmeHcusHoCms 0ca0K06 USMEPAU C
nomowgvio  euodpoepaga. Ha ocnosanuu  cobcmeeHHbIX  HAOMOOEHUU U MHO2OAEMHUX — OAHHBIX
Memeoponoeudeckux cmanyuti  (1936—-1997 2e.) u3yuenst npedenvl 6apbUpoOBAHUs KOIUYECMBA U
UHMEHCUBHOCIU NIUBHEBbIX OCAOKO08, UX NUKogvle 3HaueHus. Hccrnedosanvi u 0600wensl Oannvie no
8000NPOHUYAEMOCTNU NOUYB, 00BeMAM HCUOKO20 U MBEPO020 CMOKO8 HA OCHOBHBIX MUNAX NOY8 OAHHOU
Mmeppumopuy — cepuix J1eCHbIX NO46ax, GblUYEIOUEHHbIX U ONOO30JIEHHbIX YEPHO3EMAx, Pa3iuialouuxcs no
cmenenu 3pOOUPOBAHHOCIU U COOEPICAHUI0 OP2aHUYEeCcKo20 eeujecmed. Hccaedosannvle meppumopuu no
cmeneHu YA36UMOCMU K 3PO3uu pacnoiazaromcs 6 ciedyiowem nopsoke: Kysmeyxkas xomiaosuna >
Ipeocanaupve > Ipuobve. [IpodonsicumenbHOCMb U UHMEHCUBHOCTb MBEPOLIX U HCUOKUX 0CAOKO8 USPAIOMm
KAI04e8yi0 POl 8 pazeumuu nosepXHocmuoeo cmokd. Cunbhvle 00HCOU HAHOCAM 3HAYUMENbHBIN Yujepo
CEeNbCKOXO3ANUCMBEHHLIM  Y200bsM MOJbKO JOKANbHO, paHHel 6echou, Koedd Nnouyeéd He 3auuiyeHnd
pacmumenvrHocmuio. C KpymuiX CKIOHO8 edce200Ho mepsemcs nopaoka 10-20 m/za meepooti ghazvl noussi.
IIponuyaemocms noy8 uspaem 6adiNCHYIO poib 6 QOpMUposanuu 06vLeMo8 CMmoKa, Kax 6 ciyyae JueHetl, max u
Manwix 600.

Kniouesvte cnosa: pacuienennas — iecocmenv;  6000NPOHUYAEMOCHb;  UHMEHCUBHOCb — CMOKA,
NOBEPXHOCIHbIIL CMOK; NOMEPU NOUYBbL, Cepdsl NIeCHAsl NOY8d; GbIUENIOUEHHbII YePHO3eM; ONOO301EHHbIL
uyepnozem; 3anaonas Cubupo.

Humupoeanue: Tanacuenxo AA., Yymbaes A.C., Axymuna O.I1., Anmenodpoc I'., Knenos B.M. Jlusnesas
oposus uepnozemos 3anaonou Cubupu // Iouevl u oxpyscaiowas cpeoa. 2021. Tom 4. Ne 2. e145. doi:
10.31251/pos.v4i2.145

OHUHAHCOBAS ITOAJIEPKKA
PabGora BeIMONHEHA TpW (UHAHCUPOBAHMHM OT MUHHCTEPCTBA HAYKH W BBICIIETO OOpa30BaHM
Poccuiickoii denepanuu mo rocyAapcTBeHHOMY 3a1aHuio MHcTuTyTa nmouBoBeaeHus u arpoxumuun CO
PAH (mpoext Ne121031700309-1) .
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