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Abstract―The current trend in erosion rate of ordinary chernozems in Saratov oblast has been assessed.
Detailed studies have been performed in a small catchment area of the Bolshoi Kolyshley River (Medveditsa
River basin) using the radiocesium and soil-morphological methods. Data of long-term hydrometeorological
observations in the region, reported results of observations of water runoff and soil loss on the runoff plots of
the South-Eastern Research Institute of Agriculture (Saratov oblast), results of analysis of the grain size and
mineral composition of stratozems developed on the catchment valley bottom were also used for analysis. The
quantification of sedimentation rate in the valley bottom during two time windows (1963–1986 and 1986–
2017) based on the sediment dating using 137Cs as a chronomarker indicates their decrease at least in 4–
6 times after 1986, which points to a proportional reduction in erosion rate on the plowed slopes of the catch-
ment area. The analysis of the temporal variability of suspended yields in the regional rivers (Medveditsa and
Khopyor) during the period from 1940 to the present time allows us to draw an analogous conclusion for the
Volga Upland within Saratov oblast. The decrease in the erosion rate of ordinary chernozems could be mainly
caused by the reduction in water runoff from slopes during the spring snowmelt because of reduction in soil
freezing depth against the background of rising air temperature in winter and spring. This decrease in erosion
rate during the snowmelt period was not balanced by the regional increase in rainfall erosion related to some
increase in the rate of runoff-forming rainfalls. In the part of Saratov oblast, located within the Volga Upland,
where the studied catchment is situated, on the contrary, even a reduction in the frequency of rains with a
rainfall depth of more than 30 mm occurred over the last decades. The reduction in the cultivated land area
since the late 1980s because of the abandonment of plowlands on the steepest slopes also contributed to the
decrease in total soil loss by erosion at the river basin scale. Within the studied small catchment, the share of
perennial grasses in crop rotations increased after 1986, which also led to reduction of the rate of erosion of
ordinary chernozems. 

Keywords: ordinary chernozem (Haplic Chernozem (Pachic)), stratozem (Fluvisol), erosion, sediment, cae-
sium-137, radioisotope techniques, snowmelt runoff, dry valley, small catchment, climate change, land use
change, steppe
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INTRODUCTION
Saratov oblast is one of the most agriculturally

developed administrative regions of European Russia.
In 2015, it entered the top five regions of Russia with
the largest cultivated area: 3730 900 ha, or 4.7% of the
total cultivated area in Russia [27]. The water erosion
degradation of soil cover is one of the consequences of
the high economic development of lands in Saratov
oblast, although relatively slight, including because of
the high erosion resistance of local soils. Thus, in
1995, the mean erosion rate in the region was esti-
mated to be 1.8 t/(ha year), and the proportion of
eroded lands was 10.8% [17], which were the lowest
values for the Middle and Lower Volga River regions

(except the lower and droughty Astrakhan oblast). A
high degree of agricultural development is also typical
for the Volga Upland in Saratov oblast, where the
mean duration of the agricultural use of chernozems is
about 200–250 years [49]. Long-term monitoring [21]
showed that arable lands of the Volga Upland were
subjected to relatively active erosion during the snow-
melt period and the warm season until the 1990s.
According to the erosion-prone map of European
Russia [17], the soil loss rate from cultivated lands in
the upland within the boundaries of Saratov oblast was
estimated to be 1 to 10 t/(ha year) under the existing
farming system. Lands in small river basins (the Volga
River tributaries) with the maximum gradients of up to
1514
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Table 1. Changes in areas of the main crops within the arable lands of Saratov oblast in 1950–2016, thousand ha

(±∆) relative change in areas between the periods of 1970–1987 and 1990–2016; share in the structure of crops (%) is given in parenthe-
ses; (*) from [25, 26]; (**) from [28]; (***) from [24]. The 1950–1965 areas did not include the territory entering into the former Bal-
ashov oblast of the Russian Soviet Federative Socialist Republic in 1954–1957.

Crops
Periods, years

±∆, %
1950–1956* 1970–1987** 1990–2016***

All crops, including 3928.9 (100) 5829.9 (100) 4082.9 (100) –30
cereals 2901.0 (73.8) 3938.3 (67.6) 2627.1 (64.3) –33
sunflower 193.6 (4.9) 286.5 (4.9) 646.3 (15.8) +126
corn 43.9 (1.1) 46.8 (0.8) 34.6 (0.9) –26
annual crops (Sudan grass (Sorghum sudan-
ense L.), mohar (Setāria itālica))

215.0 (5.5) 494.9 (8.5) 149.3 (3.7) –70

perennial crops (alfalfa (Medicago sativa L.), 
sainfoin (Onobrychis viciifolia), wheat grass 
(Agropýron))

359.8 (9.2) 266.9 (4.6) 216.9 (5.3) –19

Other crops 215.6 (5.5) 796.5 (13.6) 408.7 (10.0) –49
15°–20° were most subjected to erosion (more than
3 t/(ha year)), and lands in the basin of the Medved-
itsa River (a left tributary of the Don River) with the
maximum gradients of up to 7°–8° were the least
eroded (up to 1–3 t/(ha year)) [21]. Analogous soil
loss rates (1–3 t/(ha year)) were found in the Khopyor
River basin, a transitional zone between the Volga
Upland and the Oka–Don Lowland [17].

In the recent decades, appreciable hydroclimatic
changes have been observed on the major part of
European Russia [23, 30, 44, 46]. According to
Frolova et al. [29], a significant degradation of f loods
as a stage of river water regime was caused by the rise
in winter air temperatures and the increase in the
amount and duration of thaw periods, which resulted
in a reduction in the maximum snowmelt runoff in
spring and a simultaneous increase in the share of
groundwater runoff. The decrease in the intensity of
floods in the Russian Plain was most significant in the
Don River basin that occupies the major part of the
Volga Upland in Saratov oblast. The share of water
runoff during the f loods decreased to 50% and less of
the annual value, while about 60–70% of the annual
runoff corresponded to the f loods in the first half of
the 20th century [29]. The noted hydrometeorological
changes obviously affected the current rate of erosion
in the region. The effect of these changes on erosion
processes in basin geosystems was supplemented by
measurements in land use: the reduction in plowland
area was especially notable in the 1990s and early
2000s, primarily in the regions with low-efficient agri-
culture in the forest zones and the dry steppe subzone,
as well as the change of crop rotations. In the steppe
zone, the reduction area of cultivated lands was
smaller than in the adjacent, more humid landscape
zones, but it was still considerable: up to 27.5% on the
average [39]. The dynamics of the cultivated land area
and its structure in Saratov oblast is shown as an exam-
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
ple in Table 1. According to calculations from erosion
models [39], the total volumes of eroded soils in the
steppe zone of the plain were reduced by 14% on the
average.

The aim of this work was to assess the contempo-
rary (since the 1950s) trend in erosion of arable soils in
the steppe zone with the ordinary chernozem subtype
as an example, based on the results of field studies on
a typical small catchment area in the Medveditsa River
basin located on the western megaslope of the Volga
Upland (Saratov oblast), which were supplemented by
hydrometeorological monitoring data.

CATCHMENT AREA AND ITS 
PHYSICOGEOGRAPHICAL CONDITIONS

The study site was the upper part of the “Sred-
nyaya” dry valley catchment located on the left bank of
the Bolshoi Kolyshley River valley (the river basin area
is 651 km2; the river is a left tributary of the Medveditsa
River) near the village of Varypaevka in the Atkarsk
district of Saratov oblast (Fig. 1).

Topography. The catchment has a drop shape in
plan, which is typical for the region. The dry valley
bottom is a zone of sedimentation and transit of soil
washed out from slopes. The length of the studied part
of dry valley together with the hollow in its heads is
1850 m (the total length from the source to the output
on the Bolshoi Kolyshley River f loodplain is 3030 m).
The area of the studied part of the catchment is
0.78 km2, including its part (0.09 km2) separated by an
embankment of an automobile (concrete-slab) road
(presumably since the late 1960s) in the southwestern
part. The relief of slopes, the longitudinal profiles of
the hollow and the dry valley bottom, and the trans-
verse profiles with sampling sites are shown in Fig. 2.
The projection area of the “Srednyaya” dry valley is
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Fig. 1. The geographical position of the studied small catchment of the “Srednyaya” dry valley (Atkarskii district, Saratov oblast,
European Russia). Satellite image (WorldView-2, August 27, 2014): white (black) dashed lines denote the boundaries of the entire
(studied) catchment area; (I, II, and III) soil (stratozem) profiles (sections) in the dry valley bottom; (V) the village of Vary-
paevka; (1) oblast centers; (2) administrative district centers of Saratov oblast; (3) Oktyabr’skii Gorodok weather station;
(4) hydrological gauging stations on the Khopyor River (the city of Balashov and the village of Besplemyanovskii) and Medveditsa
River (the village of Lysye Gory (LG)); (5) the catchment location.
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Table 2. The changes in monthly air temperatures averaged over the two periods from the data of the Oktyabr’skii Gorodok
weather station (Tatishchevskii district, Saratov oblast) in 1950–2016, oC

(±∆) change in air temperature between the periods.

Period, years
Calendar month

Year
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1950–1986 –11.7 –11.9 –5.6 6.6 14.5 18.4 20.3 18.9 12.6 4.7 –2.6 –7.9 4.7
1987–2016 –9.5 –9.2 –3.7 6.9 17.7 19.2 21.1 19.5 13.1 5.8 –1.9 –7.1 5.7
±∆, °C +2.2 +2.7 +1.9 +0.3 +3.2 +0.8 +0.8 +0.6 +0.5 +1.1 +0.7 +0.8 +1.0

Table 3. The changes in seasonally total precipitation averaged over the two periods from the data of the Oktyabr’skii Goro-
dok weather station (Tatishchevskii district, Saratov oblast) in 1966–2016, mm

(±∆) changes in total precipitation between the periods (relative values are given in parentheses).

Period, years
Season

Year
winter spring summer fall

1966–1986 91.4 88.3 150.3 114.3 444.3
1987–2016 93.1 97.1 124.2 118.8 433.2
±∆, mm (%) +1.7 (+1.9) +8.8 (+10.0) –26.1 (–17.4) +4.5 (+3.9) –11.1 (–2.5)
0.069 km2, including the dry valley bottom area of
0.01 km2 with a mean gradient of 0.027 (0.019 in the
heads of the studied area, 0.048 in its middle part, and
0.017 in the lower reaches). The mean absolute height
of the studied part of the dry valley catchment is 235 m
(height amplitude is 45 m); the mean gradient of its
surface is about 2° (maximum of 4.4°). The catchment
topography has a lithological (?) step in its central part
and two hollows of 473 and 578 m in length, which
concentrate the runoff in the left (with respect to the
dry valley bottom) part of the catchment, as well as a
small (150 m long) hollow in its right part.

Geological structure. The dry valley dissects Mid-
dle and Late Paleocene sediments (sand, silt, sand-
stone, clay, gaize, etc.) covered by Quaternary eluvial-
deluvial loams and clays, which are parent rocks for
the soils of the catchment slopes [3].

The climate of the region is moderately continental
with hot summer and cold winter characterized by a
steady snow cover. According to the data of the
weather station in the town of Oktyabr’skii Gorodok
of the Tatishchevskii district nearest to the catchment
(about 23 km to the south-southeast), the mean
annual temperature of atmospheric air was 5.1°C in
1950–2015 and showed a tendency of increase in the
last decades (Table 2). Analysis of linear trends in total
annual precipitation (from the Oktyabr’skii Gorodok
weather station during the period of 1966–2016,
439 mm/year) for 1936–2012 showed a tendency of
increase in all landscape zones of Saratov oblast [13].
The highest increase in annual precipitation was
observed in the western region of the oblast, where the
studied catchment is located. During the last 30–
35 years, total annual precipitation mainly increased
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
by 8–10%. The highest increase in monthly precipita-
tion on the entire area was observed in September,
January, and June; tendencies of decreasing precipita-
tion were recorded for all stations in May and for most
stations in August [13]. During the cold period
(November–March), the amount of precipitation in
the oblast generally increased, except for the forest-
steppe zone. In the warm season (April–October), the
amount of precipitation in most regions also increased,
except the regions near the city of Saratov, where its
decrease was noted. From the Oktyabr’skii Gorodok
weather station data, a significant tendency toward a
decrease in precipitation was noted in summer during
the last decades, as well as its light increase during the
other seasons, especially in spring (Table 3). The share
of precipitation during the warm season (April–Octo-
ber) was about 67% in 1950–1986 and 63% in 1987–
2016. In total for the oblast, the frequency of erosion
hazard rainfalls (with a rainfall depth of more than
30 mm) increased during the last decades in 1.3 times
compared to the period of 1912–1980 [16], while the
Oktyabr’skii Gorodok weather station data indicated
an opposite tendency, as will be shown below, which
points to a high heterogeneity of precipitation distri-
bution and its temporal variability in the semiarid
landscapes of the Russian plain. Along with the rise in
the winter and early-spring air temperatures (against
the background of a slight increase in winter precipita-
tion), a rise in soil temperature in the region was also
noted in spring (March–April), which was most
expressed at depths more than 0.2 m (Table 4).

Soils, vegetation, and landscapes. In landscape
terms, the catchment and adjacent areas belong to the
Idolga–Kolyshley region of the southern subzone,
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Table 4. The changes in soil temperatures at different depths averaged over the two periods from the data of the Oktyabr’skii
Gorodok weather station (Tatishchevskii district, Saratov oblast) in 1963–2011, °C

Share of years (% of the available data) with negative mean ten-day soil temperature at the given depth during the period.

Month (ten-day period) Period, years
Depth, cm

160 80 20

March (last)
1963–1986 0.52 (33) –0.85 (75) –1.03 (75)
1987–2011 1.58 (4) 0.19 (36) –0.31 (60)

April (first)
1963–1986 0.83 (17) 0.12 (58) 1.11 (35)
1987–2011 1.75 (0) 0.78 (32) 1.16 (32)
steppe zone, the Volga Upland [31]. The soils on the
catchment are mainly clay and heavy loamy ordinary
chernozems (Haplic Chernozems (Loamic, Pachic))
formed on the Late Pleistocene eluvial-deluvial
deposits. Stratozems (Fluvisols) are developed on the
dry valley bottom. The studied region is characterized
by a slight general development of erosion processes
proceeding on relatively gentle (1°–3°) slightly undu-
lating watersheds [3]. Before the agricultural devel-
opment of the region, the vegetation cover of the
catchment consisted of rich forb-fescue-feather grass
steppes [30]. At present, almost 89% of the catchment
is tilled; its grassy zones (dry valley sides and bottom,
space adjacent to the road) do not exceed 11% of the
total area. At the time of fieldwork (third ten-day
period of June 2017), the plowed ordinary chernozems
of the studied catchment were sown with barley1.
According to Ivanov et al. [12], the plowland area in
the Medveditsa River basin (upstream of the town of
Atkarsk, Saratov oblast), where the studied catchment
is located, decreased from 68.5% in 1985 to 61.9% in
2015, while the forest and meadow areas increased
from 13.7 to 16.5 and from 15.2 to 18.8%, respectively.

METHODS OF STUDY
The trend of changes in erosion–accumulation

rates was estimated by the radiocaesium (137Cs)
method, which is capable of reliably estimating the
sedimentation rates in the different sediment sinks
within the areas with bomb-derived and Chernobyl
fallouts of 137Cs for different time windows [8, 40, 48].
The radioactive isotope 137Cs with a half-life of
30.2 years is widely used for assessing the present-day
temporal dynamics of erosion and accumulation pro-
cesses in basin geosystems [34, 38, 41, 43, 45, 47, 50, 51].
Several 137Cs fallout peaks are recorded within the
major part of Europe (except the Pyrenean Penin-
sula): so-called bomb-derived (1958–1959 and 1962–
1964) fallouts (with a maximum in 1963) related to the

1 In 2012–2016, the crop structure in the Atkarskii district of
Saratov oblast was as follows: cereal and pulse crops (wheat, oat,
corn, etc.), 53%; technical crops and vegetables (sunflower,
camelina, potato), 41%; forage crops, 5%; and other crops and
fallows, 1% [24].
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years of the most active open-air nuclear bomb tests in
the atmosphere and distributed over the entire North-
ern hemisphere, and the Chernobyl fallout (1986)
caused by the accident at the Chernobyl Nuclear
Power Plant, whose distribution mainly includes East-
ern, Central, and Northern Europe [2, 37]. All peaks
fix the high altitudinal position of soil/sediment sur-
face on the bottoms of first-order valleys and other
undisturbed zones of stable sedimentation with a suf-
ficiently good accuracy (±1 to 3 cm) at the time of
137Cs fallout in these years [5, 33]. The most active ver-
tical migration of cesium occurs in the first years after
the fallout of the isotope from the atmosphere and
gradually decelerates with time in 1.5–2.0 times
depending on the soil type, acidity, grain size distribu-
tion, infiltration features, etc. [36, 42]. If the men-
tioned 137Cs-marking layers persist in the stratum of
accumulated sediments, the dating of sedimentation
and the determination of its rate during three intervals
(1959–1963, 1963–1986, and from 1986 to the soil
sampling date) can be performed. The sedimentation
rate of the soil particles eroded from the catchment
slopes are directly and closely correlated with the
dynamics of soil losses. However, the exact calculation
of changes in erosion rate is feasible only for closed
catchments (e.g., in the presence of a pond in the out-
let) after the determination of the sedimentation rate
and the areas of all accumulation zones existing or
have existed within a specific catchment area [5].

Before the sampling of soil from the bottom of the
studied dry valley “Srednyaya” for determining the
specific activity (concentration) of 137Cs, the relief
morphology of the dry valley catchment was thor-
oughly studied using a DJI Phantom 4 drone. The
drone data were processed in Agisoft Photoscan, and a
high-precision digital model of catchment relief was
developed (Fig. 2). A detailed survey of the dry valley
was also performed to study its morphology, including
the analysis of bottom gradients and the identification
of erosion cuttings, sediment accumulations in the
bottom, transport paths of sediments from agricultural
fields, etc.

From the results of surveys performed along the dry
valley bottom, sites for three soil (stratozem) profiles
of 64 (profile I), 30 (profile II), and 51 (profile III) cm
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in depth were selected to characterize areas with dif-
ferent morphological dynamics. The shallow depths of
profiles II and III were related to the high groundwater
level during fieldwork in June 2017. Soil horizons of
each profile were described, and soil/sediment sam-
ples were taken layer-by-layer with intervals of 2, 3,
and 5 cm from areas of 10 × 10 and 15 × 15 cm by
manual tools, as well as with intervals of 10 cm at
higher depths by a soil sampler (from 5 verticals in
each profile to a depth of 100 cm), for the determina-
tion of 137Cs concentrations. Also, in all three profiles,
samples were taken by a sampler with 5-cm intervals
for the determination of grain size distribution in the
accumulated sediments, as well as for the determina-
tion of mineral composition in profile I. On the culti-
vated slopes of the “Srednyaya” dry valley catchment,
integrated samples of chernozemic soil were taken by a
sampler at a depth of 0–30 cm in three transversal pro-
files in the different parts of the catchment also for the
determination of 137Cs concentration. In the same
sampling points, the thickness of the A + ABca humus
horizon of ordinary chernozem was evaluated by the
soil-morphological method. The coordinates of the
sampling sites were determined using a high-accuracy
GNSS receiver Trimble GeoExplorer 6000.

All samples were dried, disaggregated, and passed
through a 2-mm sieve in the Makkaveyev Research
Laboratory of Soil Erosion and Fluvial Processes, Fac-
ulty of Geography, Moscow State University
(M.M. Ivanov, Principal Investigator). The specific
activity of 137Cs was measured with an accuracy of 5–
10% using an SKS-07(09) gamma-spectrometer
(Green Star Instruments). Grain size distribution was
determined on a Microtrac Bluewave S3500 analyzer
(I.B. Vybornova, Principal Investigator) in the Research
Laboratory of Ecological Innovations (Institute of
Environmental Sciences, Kazan Federal University);
the mineral composition of samples was determined
with a Shimadzu XRD-700 diffractometer in the Lith-
ological Laboratory of the Institute of Geology and Oil-
and-Gas Technologies, Kazan Federal University.

Some meteorological parameters (air temperature,
atmospheric precipitation, water storage in the snow,
soil temperature at different depths) for 1950–2016
were also collected and processed using data of
weather stations in the towns of Oktyabr’skii Gorodok
and Atkarsk (freely available electronic resources of
the All-Russia Research Institute of Hydrometeoro-
logical Information – World Data Center for Meteo-
rology, VNIIGMI–MTsD) and observation results of
water discharges and suspended sediment yield in the
Medveditsa River (for 1940–2015) at the hydrological
gauging station near the city of Lysye Gory (Saratov
oblast), whose basin includes the studied small catch-
ment of the “Srednyaya” dry valley, and in the Khopyor
River (for 1940–2015), the river network of which
drains the western part of the Volga Upland in Saratov
oblast at the hydrological stations near the city of Bal-
ashov (Saratov oblast) and the village of Besplemy-
anovskii (Volgograd oblast). High-accuracy Landsat
satellite images (image archive of the US Geological
Survey) for the period from 1972 to 2014 were ana-
lyzed to reveal possible changes in plowland area and
crop rotation within the studied catchment.

RESULTS OF STUDY

The 137Cs peaks of Chernobyl origin characterizing
the position of soil/sediment surface in 1986 are
located in the profiles of stratozems in the studied part
of the dry valley either at the surface (profile I) or at a
shallow depth (Fig. 3). The 137Cs peaks, characterizing
the soil surface in 1963 and located at depths of 21–
24 m, were detected only in profiles I and III,
although they were partially eroded. In profile II, the
1963 peak cannot be identified; it apparently was
degraded, because the profile is located on the part of
dry valley bottom area with a relatively steep gradient
at the crossing of the lithological (?) step. The pres-
ence of a small bench in the current longitudinal pro-
file of the dry valley bottom on this plot indicates the
formation of shallow secondary cuttings. The locations
of the 1963 and 1986 137Cs-peaks in profiles I and III
can be indicative of a significant decrease (at least by
4–5 times in terms of sediment thickness) in the accu-
mulation rate of sediments on the dry valley bottom
after 1986 compared to the period of 1963–1986. In
profile I, sediments were not accumulated at all (in the
result of their potential deposition and erosion) after
1986. In profile III, with consideration for the differ-
ence in the mean densities of sediment layers formed
in different times, the accumulation rate was
7.5 kg/(m2 year) in 1963–1986 (mean density
962 kg/m3) and 1.17 kg/(m2 year) in 1986–2017
(726 kg/m3); i.e., it decreased by 6.4 times. The deep
location of the presumable 137Cs 1959 peaks remained
in profiles I and III compared to the 137Cs 1963 peaks
indicates a higher (almost in 4 times) accumulation
rate of sediments (soil material) washed away from
arable slopes during the period of 1959–1963 com-
pared to the period of 1963–1986. In other words, a
stable general trend of decreasing accumulation rate of
sediments (which formed stratozems in the dry valley
bottom of the studied catchment) has been observed
since at least the late 1950s. The depth of the accumu-
lated sediments indicates that almost no soil loss could
occur after 1986, because the layer of 3–5 cm thick
deposits in profiles II and III could theoretically be
accumulated during only a few erosion events.

The presence of sediment interlayers free from
137Cs in profiles I and II suggests that they could be
formed during the accumulation of linear erosion
products (now overgrown washouts?), which exposed
almost cesium-free deluvial loamy deposits underly-
ing chernozemic soils in the dry valley catchment
(including dry valley sides?).
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
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Fig. 3. Vertical distribution of 137Cs concentration in the stratozem profiles (I, II, and III) in the “Srednyaya” dry valley bottom
(Atkarskii district, Saratov oblast): (h) sampling depth; mean sedimentation rates during the periods: r1, 1959–1963; r2, 1963–
1986; r3, 1986–2017; (1) boundaries of sediment layers identified by their texture features; (2) sediment interlayers with small con-
centrations of 137Cs, if any. The concentrations of 137Cs in profiles at depths from 64–71 cm down to the maximum sampling
depth are close or equal to zero; therefore, they are not shown on the diagrams.
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For the grain size distribution in sediments (stra-
tozems) on the dry valley bottom exposed by cuttings,
a general tendency is observed toward an increase in
the share of the clay fraction and a decrease in the
share of sand down the profile, which resulted in the
general coarsening of mineral grains in the upper lay-
ers of profiles (Fig. 4). This can be partially related to
soil-forming processes in the wetted valley bottom,
which favor the vertical migration of the finest mineral
particles. However, the retention of the 137Cs 1986
peak in profile I on the soil surface indicates that 137Cs
migration was not very active. Otherwise, the 137Cs
1986 peak would shift to a depth of 3–5 cm, as it is
observed, e.g., in Scandinavia [32]. The difference in
grain size distribution was most marked in the topmost
profile (I) of stratozem in the dry valley. The increased
content of sand particles can be partially related to the
intensive erosion event observed on the catchment
during a downpour of 54 mm in 1985. In the case of
significant rainfall runoff, coarser (sand) particles are
primarily deposited in the zone of accumulation,
because fine fractions move more actively during their
transportation by the f low after the decomposition of
soil aggregates [35]. Visual analysis of the vertical dis-
tribution of grain size parameters identified sediment
series of different age in the stratozem layers (Fig. 4,
Table 3), which are characterized by the specific land-
scape and climatic conditions of their accumulation.
The relatively homogeneous mineral composition of
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
stratozem in depth (Table 6) indicates that the sources
of sediments incoming to the bottom did not change
with time, and, hence, the construction of the automo-
bile road had no effect on erosion processes, but it led to
decreasing the maximum water runoff because of some
reduction in the catchment area. It is important to note
that the plowland area on the catchment has varied
since 1960 only because of the construction of the road.

Analysis of the spatial distribution of the A + ABca
horizon thickness of ordinary chernozem and the inte-
grated concentration of 137Cs in its topmost 30-cm-
thick layer within the dry valley catchment (Fig. 2)
made it possible to identify plots differing in the rate of
the agrogenic soil erosion. Thus, the best preservation
of the humus horizon with a near-natural thickness is
noted in the southwestern part of the catchment adja-
cent from the east to a motor road. This area is also
characterized by the highest 137Cs concentration,
which is typical for undisturbed or slightly eroded
chernozem profiles, with an increased isotope con-
centration in its upper part. A relatively narrow belt of
uneroded soils, although with some disruptions, is
also detected along the watershed with the adjacent
catchment in the east. Both plots are located in the
catchment zones with natural or artificial limitations
of surface runoff: in the first case, because of the pres-
ence of road embankment, and in the second case,
because of the closeness to the watershed line, which
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Fig. 4. Vertical distributions of texture (G) and some its quantitative parameters ((D) mean diameter of mineral grains, μm;
(Sk) asymmetry; (Ku) kurtosis), density (P, kg/m3) of sediments forming stratozems in the profiles I, II, and III in the “Sred-
nyaya” dry valley catchment (Atkarskii district, Saratov oblast): (h) sampling depth; (g) sediment layer boundaries; texture: clay:
(1) fine-grained (0.2–1 μm), (2) coarse-grained (1–5 μm); silt: (3) fine-grained (5–10 μm), (4) coarse-grained (10–50 μm);
sand: (5) fine-grained (50–100 μm), (6) small-grained (100–250 μm), (7) medium-grained (250–500 μm), (8) coarse- and
large-grained (500–2000 μm).

Se
ct

io
n 

I
h, cm

0–5
10–15
20–25
30–35
40–45
50–55
60–65
70–75
80–85
90–95

0 50
G

100 %
0

10
20
30
40
50
60
70
80
90

100

0 1000
P

2000 0 8040
D

120–1 0
Sk

1 –2 –1
Ku

0
Se

ct
io

n 
II

0–5
10–15
20–25
30–35
40–45
50–55
60–65
70–75
80–85
90–95

0 50 100 %
0

10
20
30
40
50
60
70
80
90

100

0 1000 2000 0 4020 60 –1 0 1 –2 –1 0

Se
ct

io
n 

II
I

0–5
10–15
20–25
30–35
40–45
50–55
60–65
70–75
80–85
90–95

0 50 100 %
0

10
20
30
40
50
60
70
80
90

100

0 1000 2000 0 4020 60 –1 0 1 –2 –1 0

1 2 3 4 5 6 7 8

g

decreases the natural water runoff concentration.
Both plots represent a domain of the predominant
destruction of soil cover by raindrops.

According to the thickness of the humus horizon of
chernozem, the erosion rate on the resting cultivated
slopes of the dry valley catchment is slightly higher.
With consideration for the tillage of local soils for
about 200–250 years [49] and the reduction in the
thickness of the A + ABca horizon by about 10 cm, the
erosion rate is estimated at about 4–5 t/(ha year). The
distribution of cesium with depth in the catchment
chernozems is relatively similar, which suggests a grad-
ual decrease in the content of the radioisotope in the
lower horizons. Therefore, the maximum current
truncation (erosion denudation) of chernozem profile
should be observed in the lower (northern) part of the
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
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Table 5. Changes in the averaged values of density (P) and some texture parameters (Fig. 4) for identified sediment (stra-
tozem) layers in profiles of the “Srednyaya” dry valley bottom (Atkarskii district, Saratov oblast)

* (CLGS) coarse- and large-grained sand (500–2000 μm); (D) mean diameter of mineral grains, μm; (Sk) asymmetry; (Ku) kurtosis.

Depth, cm P, kg/m3
Texture and its characteristics

clay/silt/sand (including CLGS*), % D, μm Sk Ku

Profile I
0–5 758 20.0/40.3/39.7 (3.86) 120.7 –0.25 –0.74
5–35 1349 28.9/51.6/19.5 (1.29) 49.0 0.12 –1.53

35–55 1487 36.6/53.2/10.2 (0.10) 23.9 0.35 –1.40
55–75 1347 34.2/54.3/11.5 (0.11) 25.3 0.26 –1.53
75–100 1293 34.3/58.1/7.6 (0.02) 18.6 0.28 –1.46

Profile II
0–10 558 27.6/53.0/19.4 (0) 29.9 –0.16 –1.58

10–35 1188 32.9/53.4/13.7 (0) 23.9 –0.14 –1.57
35–60 1613 39.2/51.1/9.7 (0) 19.4 0.06 –1.60
60–75 1488 37.8/55.2/7.0 (0) 16.3 0.03 –1.59
75–100 1263 31.6/58.2/10.2 (0) 21.6 0.18 –1.56

Profile III
0–5 725 30.7/50.8/18.5 (0.55) 44.6 0.29 –1.46
5–25 995 32.5/56.4/11.1 (0.03) 24.6 0.24 –1.57

25–70* 1110 36.3/52.5/11.2 (0.00) 23.3 0.28 –1.52
70–100 1170 38.6/53.6/7.8 (0.04) 18.5 0.24 –1.60

Table 6. Mineral composition of sediments (stratozem) in profile I (Fig. 2) in the “Srednyaya” dry valley bottom (Atkarskii
district, Saratov oblast)

* See Fig. 4.

Sediment layer depth, cm* 0–5 5–35 35–55 55–75 75–100
Sampling depth in the layer, cm 0–5 20–25 40–45 60–65 85–90
Mineral composition, %:

quartz 66 61 63 63 64
montmorillonite 21 26 20 16 16
albite 5 8 9 8 9
microcline 4 3 6 8 6
chlorite 4 2 2 2 2
muscovite 0 0 0 3 3

Total 100 100 100 100 100
catchment (the presumable thickness of the humus
horizon is about 50 cm), where a low concentration of
the isotope (<10 Bq/kg) is largely recorded. In the
major (middle) part of the catchment, the content of
137Cs is higher (10–14 Bq/kg), which indicates, all
other conditions being equal, a smaller loss of cherno-
zem (the mean thickness of the humus A + ABca hori-
zon is about 55–60 cm). However, it cannot be
excluded that 137Cs of Chernobyl origin fell nonuni-
formly on the catchment surface, because its input
from the atmosphere was caused by only a few rain
events. Some increase in erosion rate in the northern
direction is related to some topographic features of the
catchment: there is general surface declivity to the
north. Small areas of relative increase (point 3.2) and
decrease (points 3.3 and 4.2) in soil loss on the trans-
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
versal profiles are related to their local topographic
features.

Soil loss in the southwestern part of the catchment
located westward the motor road, which was laid in the
late 1960s, had no appreciable effect on the contem-
porary (since the late 1950s) tendency toward a
decrease in the accumulation rate of its products on
the dry valley bottom. Therefore, no field studies were
performed in this area.

DISCUSSION

The obtained results indicate a significant (at least
4- to 6-fold) decrease in the sedimentation rate on the
valley bottom of the studied catchment in the last
decades. Consequently, a proportional decrease in the
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Fig. 5. Long-term variability of water storage in the snow (H) in three ten-day periods of March, 1966–2015, at the weather sta-
tions in (a) Oktyabr’skii Gorodok and (b) Atkarsk, Saratov oblast: (1) polynomial trend of the sixth order with its coefficient of
approximation (R2); (r) linear correlation coefficient. Long-term average H value for the first ten-day period of March: 71.5 ±
18.5 mm in 1966–1986 and 74.4 ± 13.6 mm (∆ = +4.1%) in 1987–2015 at the Oktyabr’skii Gorodok weather station; 76.9 ±
20.0 mm and 88.7 ± 14.7 mm (∆ = +15.3%), respectively, at the Atkarsk weather station.
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erosion rate of ordinary chernozem (the material of
which was the main source of these sediments) on the
catchment may be supposed, with some degree of con-
ventionality. Under the natural conditions of the
catchment, the observed tendency in soil loss rate
could be due to both climate change and changes in
land use (land cover).

Climate change. The earlier observed positive long-
term trend for air temperature in the region, especially in
winter months, March and May, affected the formation
of surface runoff and soil loss during the snowmelt
period. From the data of weather stations in the towns of
Oktyabr’skii Gorodok and Atkarsk (nearest to the
catchment), a slight increase of water storage in the snow
has occurred in March (just before the snowmelt period
in the region) at least since the mid-1960s (Fig. 5).
Unfortunately, reliable data (without multiyear gaps)
were available only for the first ten-day period of March.
However, the relatively high correlation of snow water
storages between the ten-day periods of the same month
and the same year indicates that the positive tendency of
changes in snow water storage revealed in the first ten-
day period remained throughout March. A rise in soil
temperature was also noted in the region during the
same period, which decreased the soil freezing depth at
the end of the cold season.

The temperature regime and freezing depth of soils
significantly affect the development of erosion pro-
cesses during snowmelt in spring. This conclusion
agrees with the Barabanov’s rule [4] of limiting factors
for surface snowmelt runoff, according to which run-
off is not formed at a specific (limiting) value of a fac-
tor (freezing depth, air temperature, or snow water
storage) regardless the values of other factors. When
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
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the freezing depth is higher than its critical value, the
volume of spring runoff on arable slopes is determined
by specific hydrometeorological conditions during the
snowmelt period. Consequently, the decrease in soil
freezing depth was the main climate change that
reduced, through the redistribution mechanism of
surface and groundwater runoff, the erosion and loss
rates of chernozemic soils in the region, where the
studied catchment is located, during the snowmelt
period. This agrees with the results of observations on
the runoff plots of the South-Eastern Research Insti-
tute of Agriculture (Saratov oblast): the annual surface
runoff from the plowland and compacted fall-plowed
land during the snowmelt was 10 and 34.5 mm,
respectively, in 1973–1982 and decreased to 1.3 and
9.1 mm, respectively, to 2004–2014 [20]. This ten-
dency was also traced for the long-term changes in
water f low of the Medveditsa River, in the basin of
which the analyzed catchment is located. Thus, a
marked tendency of decreasing water runoff intensity
was noted there during the snowmelt (f lood) period,
which resulted in a more than double decrease of the
maximum water discharges of the river, as well as in a
decrease in the share of f lood runoff during the winter
and summer low-water periods (Table 7). An increase
in river water f low was simultaneously noted during
the winter and summer low-water periods, which was
related to the increase in the share of groundwater run-
off during the periods of winter thaws and spring
snowmelt2. According to observations on the runoff
plots of the South-Eastern Research Institute of Agri-
culture, the reduction in surface water runoff during
the snowmelt period resulted in a decrease of soil loss
rate by 6.2 times [20]. This largely agreed with the
decrease in the accumulation rate of sediments on the
bottom of the dry valley catchment “Srednyaya”
revealed in our studies.

On the background of the mentioned changes in
water runoff in the region, a distinct trend of decrease
in the suspended sediment yield was noted, the domi-
nant part of which was formed due to products of soil
and gully erosion [9, 11]. From the dynamics of
changes in sediment yield, the maximum erosion
intensity in the Medveditsa River basin was observed
in 1960–1970. The reasons for this phenomenon will
be considered below. Analogous changes in water run-
off were also observed in the adjacent Khopyor River
basin located to the west (Table 8), which confirms
their wide regional character.

The current hydrological-climatic decrease in the
mean annual erosion rate of ordinary chernozems was
partially related to the long-term changes in precipita-
tion during the warm season and primarily the most
erosion hazardous precipitation (with a rainfall depth

2 The increase in the low-water runoff in the river is hard to be
largely explained by an increase in the amount of atmospheric
precipitation in the river basin. For summer precipitation, its
total decrease was even noted for the last 50 years.
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more than 30 mm). The latter decreased not only in
amount but also in specific intensity in the studied
(western) part of the Volga Upland, according to
observations of the nearest weather station in the town
of Oktyabr’skii Gorodok (Fig. 6). A slightly different
situation for the frequency of runoff-forming precipi-
tation was observed on the eastern megaslope of the
central Volga Upland, where a slight increase in the
number of such rainfalls was noted at the simultaneous
increase in soil loss rate [20]. However, the increase in
rainfall erosion was mainly recorded on the runoff
plots under fallow, while the share of fallows in crop
rotation was no more than 10%. Moreover, the great
majority of runoff-forming rains fall in summer, when
the soil is to some degree protected by crops3. Conse-
quently, despite the spatial variation of rainfall events,
their contribution to total soil loss over the considered
period was significantly lower.

Changes in land use (land cover) pattern. The effect
of economic activity on the decrease in soil erosion
rate can be considered on the regional (basin) and
local (catchment) scales. The abrupt increase of sus-
pended sediment yield in the Medveditsa River basin,
which was noted in 1963–1975, was not because of the
anomalous water f low, which was minimum during
this period. In the second half of the 1960s–the first
half of the 1970s, a planned mechanization of agricul-
ture occurred in the oblast, which became a significant
factor for the intensification of agrarian production
during this period and later on. From 1966 to 1974, the
numbers of tractors and combines in the oblast
increased by almost 24 and 33%, respectively [22].
Since the 1970s, modern tractors (T-4, T-50, T-53,
T-38M, etc.) have been received. The equipment of
collective and state farms was supplemented with more
efficient high-speed harvesters, modernized self-pro-
pelled combines SK-4, complexes of grain loaders,
etc. Saratov oblast became a pioneer in the introduc-
tion of new powerful tractors K-700: 2456 Kirovets
tractors were delivered to the region only in 1965–
1970 [22]. These heavy tractors were used in almost all
kinds of field works. Tractors K-700 performed more
than 50% of agricultural transportations. In the result,
the production of grain in local state farms was almost
completely automatized to the early 1970s. All these
processes most probably activated the agrogenic soil
erosion on the fields of the region through changes in
some physical properties of soils (primarily, overcom-
paction). This enhanced the total erosion and loss of

3 From the satellite images of the area with the studied catchment,
crops were gotten there in the early or middle August until the
early 1990s. Before 1986, the average monthly precipitation
≥30 mm was maximum in this month and showed a tendency of
the most pronounced decrease. This fact could favor an addi-
tional decrease in the soil loss rate (along with that in spring).
Since the early 1990s, harvesting has already been operated in
early September, when a significant increase in precipitation was
observed. This fact, on the contrary, could slightly enhance soil
erosion in fall.
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Table 7. Variability of water f low (Q) and suspended sediment yield (W) of the Medveditsa River at the city of Lysye Gory,
Saratov oblast (F = 7610 km2) in 1940–2015

* Here and below, confidence interval for P = 0.95; (**) 1985–2007; (***) 1938–1941, 1943, 1945, 1946, 1949–1954; (****) 1963–1975;
(*****) 2008–2015. Identification of three periods was based on the analysis of polynomial trend-curve of the sixth order for the mean
annual river water runoff (R2 = 0.11).

Characteristics of Q and W
Periods of observations, years

1940–1960 1961–1984 1985–2015
Mean annual depth of water runoff, mm 82.0 ± 15.2* 72.9 ± 10.8 87.2 ± 8.3
Mean date of f lood beginning March 31 March 24 March 21**
Mean total runoff depth for f lood, mm 58.5 ± 13.6 47.5 ± 10.1 44.9 ± 6.8**
Mean maximum Q for f lood (Qmax), 
m3/s

455.3 ± 112.7 291.0 ± 66.6 224.5 ± 44.5

Mean date of the maximum Q for f lood April 12 April 7 April 5 **
Mean flood duration, days 35 ± 3 37 ± 3 46 ± 6**
Mean intensity of f lood runoff, 
mm/day

1.7 1.3 1.0**

Years with the maximum intensity
of f lood runoff (mm/day)

1942 (2.8), 1946 (2.6), 
1948 (3.0), 1957 (2.7)

1961 (2.6), 1970 (2.7) 1994 (2.7), 2003 (2.4)

Mean share of f lood Q in annual water 
f low, %

67.0 ± 5.9 61.1 ± 5.2 48.1 ± 4.8**

Years with the f lood runoff share
of 70% and more (% of the total number 
of years in the period)

1940, 1941, 1942, 1946, 
1947, 1948, 1949, 1951, 
1953, 1956, 1957 (52%)

1961, 1963, 1964, 1965, 
1977, 1979 (25%)

no
(0%)**

Years with the f lood runoff share
of 50% and less (% of the total number 
of years in the period)

1943, 1945, 1954
(14%)

1966, 1967, 1969, 1972, 
1976, 1984 (25%)

1989, 1990, 1992, 1993, 
1995, 1999, 2000, 2001, 

2002, 2005, 2007 (47%)**
Mean minimum Q during the river-ice-
free period (Qmin), m3/s

3.2 ± 0.6 3.0 ± 0.6 7.1 ± 0.6

Mean minimum Q for the winter 
period, m3/s

2.9 ± 0.4 3.9 ± 0.8 9.1 ± 0.8

Qmax/Qmin 141.8 97.7 31.6
Mean annual W, kg/s 1.73 ± 0.61*** 3.61 ± 1.55**** 1.03 ± 0.53*****
Years with anomalously high annual W 
for the given river (≥3 kg/s)

1946, 1953 1963, 1964, 1965, 1968, 
1970, 1973

–

Years with anomalously low annual W 
for the given river (≤0.5 kg/s)

1943, 1945, 1954 1969 2008, 2014, 2015
soil, which increased the share of basin erosion prod-
ucts in rivers of the region. The effect of the mentioned
anthropogenic changes is demonstrated in Fig. 7a,
where the plot of correlation between the mean annual
suspended sediment yield and the annual depth of
water runoff in the Medveditsa River basin during the
period until 1975 clearly distinguishes two scenarios
(two curves) for the development of erosion in the
basin: the years of relatively weak erosion (mainly
during World War II and in postwar times): 1941,
1945, 1946, 1951, 1954, etc., and the years of relatively
active erosion, mainly 1960–1970. Thus, the last
period includes the years characterized by especially
high (compared to the normal functioning described
by a power correlation curve) values of sediment yield
(erosion rate): 1973 (+124.8%), 1972 (+67.7%), 1970
(+40.3%), 1965 (+15.4%), 1964 (+11.5%), etc. The
anthropogenic effect of river sediments on the runoff
increase is indirectly confirmed by their specific
parameter η (ratio between the specific sediment yield
and the specific water discharge in a river basin), the
value of which increased in the 1960s and early 1970s
(Fig. 7c)4. However, the history of interaction between
the anthropogenic and hydrometeorological factors
had peculiar features in every specific year of the

4 Generally, high η values in the Medveditsa River compared to
the Khopyor River indicate a higher agrogenic erosion of soils in
the former river basin, although both basins occur under almost
similar climatic conditions and the mean long-term annual
water runoff depth in the Medveditsa River basin is even lower
than in the Khopyor River basin. The large sediment yield in the
Medveditsa River (12.6 t/(km2 year) in 1950–1975 and
4.3 t/(km2 year) in 2008–2015) is also favored by the predomi-
nance of better erodible loessial deposits of the Late Pliocene
on the left part of the basin, while less erodible loamy–loamy
sandy deposits of the Early Eopleistocene prevail on the right
part of the Medveditsa River basin and in the Khopyor basin
(6–8 t/(km2 year) in 1950–1975 and 1.3–1.8 t/(km2 year) in
2008–2015) [14].
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
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Table 8. Variability of water f low (Q) and suspended sediment yield (W) in the Khopyor River at the city of Balashov, Sara-
tov oblast (F = 14300 km2) in 1940–2015

(*) 1994–2007; (**) 1939, 1941, 1942, 1944, 1947, 1950–1966; (***) 1967–1975; (****) 2008–2015. Identification of three periods was
based on analysis of the polynomial trend-curve of sixth order for the mean annual river water runoff (R2 = 0.15).

Characteristics of Q and W
Periods of observations, years

1940–1966 1967–1993 1994–2015

Mean annual depth of water runoff, mm 107.4 ± 16.6 84.8 ± 11.8 116.0 ± 15.7
Mean date of f lood beginning March 31 March 25 March 19*
Mean total runoff depth for f lood, mm 82.1 ± 15.5 53.8 ± 11.6 69.3 ± 11.1*
Mean maximum Q for f lood (Qmax), m3/s 929.0 ± 200.9 441.0 ± 119.3 394.2 ± 92.1
Mean date of the maximum Q for f lood April 19 April 16 April 15*
Mean flood duration, days 44 ± 3 50 ± 5 65 ± 10*
Mean intensity of f lood runoff, mm/day 1.9 1.1 1.1*
Years with the maximum intensity of f lood 
runoff (mm/day)

1941 (3.0), 1948 (3.5), 
1955 (3.0), 1957 (2.5), 

1963 (3.1)

1968 (2.4), 1970 (2.3), 
1977 (2.7), 1979 (2.6)

1994 (2.8)*

Mean share of f lood Q in annual
water f low, % 74.3 ± 4.3 58.5 ± 4.4 55.9 ± 3.0*

Years with the f lood runoff share of 70% 
and more (% of total number of years
in the period)

1940–1942, 1945–1949, 
1951, 1953, 1955–1957, 
1959–1961, 1963–1965 

(76%)

1968, 1970, 1977, 1979, 
1981, 1988 (21%)

no
(0%)*

Years with the f lood runoff share of 50% 
and less (% of total number of years in the 
period)

1954 (4%) 1969, 1976, 1978, 1984, 
1989, 1990, 1992 (25%)

2007 (7%)*

Mean minimum Q during the river-ice-free 
period (Qmin), m3/s

5.4 ± 0.7 10.1 ± 1.1 18.7 ± 1.7

Mean minimum Q for the winter period, 
m3/s

7.2 ± 0.8 12.1 ± 1.6 20.2 ± 2.3

Qmax/Qmin 172.0 43.7 21.1
Mean annual W, kg/s 4.3 ± 1.1** 2.7 ± 1.2*** 0.8 ± 0.5****
Years with anomalously high annual W
for the given river (≥6 kg/s)

1941, 1942, 1951, 1955, 
1957, 1961, 1963, 1964

– –

Years with anomalously low annual W
for the given river (≤1 kg/s)

1954 1967, 1969 2008, 2009, 2011, 
2014, 2015
period, e.g., the years of 1969 and 1973 with more or
less close (small) values of water storage in the snow in
early March. The year of 1969 was characterized by an
appropriately low share of f lood runoff and anoma-
lously small amounts of soil erosion products in rivers,
while in 1973, on the contrary, an anomalously strong
soil erosion was noted in the Medveditsa River basin, as
estimated from the sediment runoff values, at the mid-
dle share of flood runoff. In the latter case, it could also
be partially related to the atmospheric precipitation of
erosion hazard for chernozems (≥30 mm) in the warm
season.

Similar increased values of suspended sediments
were observed in the basin of Khopyor River, which
drains the western part of Saratov oblast and the
northwest of Volgograd oblast, upstream of the village
of Besplemyanovskii in 1960–1970 (Figs. 1, 7b). How-
ever, in contrast to the Medveditsa River basin, the
EURASIAN SOIL SCIENCE  Vol. 51  No. 12  2018
mean η-values in the 1960s–1970s underwent no rad-
ical changes with respect to the 1950s (Fig. 7c). This
indicates that economic activity most probably plays a
smaller role in the long-term dynamics of sediments in
the Khopyor River basin upstream of the village of
Besplemyanovskii. The annual suspended sediment
yield in the Khopyor River also showed a marked ten-
dency for a decrease in the recent decades; the mean
values were as follows: 9.32 ± 2.43 kg/s in 1940–1941
and 1946–1966, 6.80 ± 2.48 kg/s in 1967–1975, and
1.79 ± 0.37 kg/s in 2008 and 2010–2015. The intensity
of f lood (snowmelt) runoff in the river basin almost
halved: 1.1 mm/day in 1940–1966, 0.7 mm/day in
1967–1993, and 0.6 mm/day in 1994–2008 (no later
data are available). The upward coarsening in the tex-
ture of sediments exposed in the profiles of stratozems
on the dry valley bottom directly indicates a gradual
decrease in snowmelt water runoff (its erosive role)
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Fig. 6. Long-term variability of atmospheric precipitation in the warm season (April–October) with different rainfall depths (P)
during the period of 1966–2016, according to the Oktyabr’skii Gorodok weather station data: (1) polynomial trend of the sixth order
with its coefficient of approximation (R2); (K1 and K2) average shares of precipitation of the given rainfall depth in their mean annual
amount in 1966–1986 and 1987–2016, respectively; (Pm) monthly precipitation ≥30 mm averaged over the corresponding period;
(±∆) relative change in Pm between the periods. The distribution of precipitation according to the rainfall depths was as follows:

Rainfall depths, mm Periods of observations, years
1966–1986 1987–2016 

P, mm/10 years I, mm/event P, mm/10 years (±∆, %) I, mm/event (±∆, %)
<10 3532 1.5 3320 (–6.0) 1.9 (+26.7)

10–20 555 13.4 718 (+29.4) 13.5 (+0.7)
20–30 148 24.0 237 (+60.1) 23.7 (–1.3)
30–40 100 35.1 78 (–22.0) 33.5 (–4.6)
40–50 Not observed

>50 89 62.6 0 (–100.0) 0.0 (–100.0)

(I) average rainfall depth per event; (±∆) changes in parameter with respect to the period of 1966–1986.
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Fig. 7. Temporal changes in the relationship between the mean annual suspended sediment yield (W) and the mean annual water
runoff depth (h) of the (a) Medveditsa River near the city of Lysye Gory, Saratov oblast (F = 7160 km2) and (b) Khopyor River
near the village of Besplemyanovskii, Volgograd oblast (F = 44 900 km2) in 1940–2015 for the years of relative (1) weakening and
(2) activation of erosion in the river basins; R2 is the coefficient of approximation of the exponential trend line; 1940, 1941 … are
the years of observation. (с) Ratios (η) of the mean annual specific suspended sediment yield (W) to the mean annual specific
water discharge of the river (Q) [t/(km2 yr))/(L/(s km2)] averaged for the indicated periods (η(3)m, η(4)m, and η(5)m) for the
hydrological gauging stations in (3) Lysye Gory (Medveditsa River), (4) Balashov (Khopyor River), and (5) Besplemyanovskii
(Khopyor River), respectively; *for 1949–1954; ** data on 2009 are absent. On the plot (a), data on the Medveditsa River dis-
charges in 1942, 1944, 1947, 1948, and 1955–1962 are absent; on the plot (b), data on the Khopyor River discharges in 1942–
1945 and in 2009 are absent. Relatively low η values for the Khopyor River near the village of Besplemyanovskii (plot (c)) are
partly caused by the large area of the river basins (three to six times larger than that of the Medveditsa River basin).
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since the 1940s–1970s. Under snowmelt erosion, soil
aggregates are degraded almost on-site owing to soil
thawing even before the impact of the slope runoff;
therefore, finer fractions are transported in suspension
at any runoff intensity. This trend toward a reduction
in suspended sediment yield over the last decades
completely agrees with the large-scale decrease of sed-
imentation rate on the dry valley bottom of the studied
catchment.

Reduction in the areas of cultivated lands occurred
in Saratov oblast in the last decades. As noted above,
their area in the Medveditsa River basin (upstream of
the town of Atkarsk) decreased in 2015 by almost 10%
compared to 1985, primarily caused by the removal of
the most erosion-hazardous slope segments from the
plowland [12]. This was another reason for the current
decrease in sediment material, including chernozem
erosion products, in the river basin, although a relative
activation of soil loss against the general decrease was
observed in some years (the 2010s). The significantly
lower values of sediment yield rate (η) in the rivers
observed in 2008–2015 compared to 1950–1975 also
indirectly indicate the leading role of the anthropo-
genic factor in this decrease.

As for the changes in land use (land cover) pattern
within the studied small catchment, the following
temporal dynamics was traced from the Landsat high-
resolution images: different crops (predominantly
spring varieties) were sown in the studied catchment
during the period of 1972–2001, while in 2002–2014,
the role of perennial grasses in this and adjacent small
catchments had increased. According to observations
on runoff plots [20], perennial grasses significantly
prevent ordinary chernozems from loss; hence, they
represent an additional factor of general current
decrease in water erosion rate on slopes of this geosys-
tem. Erosion control measures, which have been taken
in the steppe zone since the late 1970s, and the ponds
created in the river systems of the oblast could also
contribute to the decrease in the weight of soil-rill-
gully erosion products in the river suspended sediment
yield. This information was not analyzed within the
present work.

CONCLUSIONS
The quantitative estimation of changes in sediment

accumulation rate in dry valley bottom of a typical
small catchment in the central part of the Volga
Upland in Saratov oblast, in combination with the
dynamic analysis of water f low and suspended sedi-
ment yield in rivers draining the studied region, indi-
cates a significant reduction in the erosive degradation
of ordinary chernozem on plowlands in the last
30 years. The main reason for the revealed (at least 4–
6-fold) decrease in soil loss rate on the plowlands was
the abrupt decrease in surface water runoff from slopes
during the spring snowmelt period. This decrease was
due to the rise in air temperature in winter and spring
months, which favored the reduction in soil freezing
depth during the snowmelt period. The obtained
results well agree with the data of monitoring observa-
tions over water runoff and sediment yields on the run-
off plots located on the eastern megaslope of the Volga
Upland. The revealed multidirectional changes in the
frequency and intensity of runoff-forming rainfalls in
the warm season played a secondary role and had no
principal effect on the total reduction in soil loss rate
in the region. The role of the anthropogenic factor in
the decrease of the erosive degradation of chernozems
within the studied catchment was manifested in an
increase in the share of perennial grasses in the struc-
ture of crop rotations. In general, a reduction in the
share of plowland occupied by perennial and annual
grasses occurred in Saratov oblast during the last
25 years, partially owing to an increase in the area of
sunflower plantations. An additional factor reducing
the total soil loss by erosion on the regional scale was
the reduction in the cultivated land area by 10% since
1985 because of the abandonment of the steepest
plowland plots.

Tendencies toward a decrease in snowmelt water
runoff, mean annual erosion rate, and sedimentation
of erosion products were traced over the last decades
almost throughout the forest-steppe zone, as well as in
the northern and eastern parts of the steppe landscape
zone in the East European Plain [1, 6–8, 10, 15, 19, 39].
They were most probably representative for the entire
chernozemic zone of European Russia.
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