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INTRODUCTION

Erosion processes, their development and im-
pact on landscapes, as well as the ways to limit the 
negative consequences of erosion have interested 

mankind since the beginning of intensive land cul-
tivation. Since before human intervention, natural 
erosion existed, which never reached planetary 
scales and the magnitude of which did not ex-
ceed a critical limit, the balance of substances in 
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ABSTRACT
Erosion is one of the most dangerous causes of soil destruction. It leads to soil degradation and reduction of ag-
ricultural land, as well as desertification of landscapes as a whole. The article examined the intensity of erosion 
processes in an anti-erosion organized agricultural landscape. The purpose of the work was to determine the effec-
tiveness of anti-erosion agrotechnical measures on the chernozems of the regraded forest-steppe of Ukraine. The 
research was conducted in the Kupiansk Rayon of the Kharkiv Oblast, which is characterized by a complex terrain. 
Experimental data were obtained from a stationary experiment, where two groups of studies were established: 1) 
traditional rectangular layout of the territory with the length of the drain line over 800.0 m; 2) anti-erosion orga-
nized agricultural landscape with a system of embankments-terraces and forest strips (the length of the drainage 
line does not exceed 200.0 m) and infrastructure for safe drainage in extreme periods of water discharge. In both 
groups, the effectiveness of such methods of tillage as plowing, flat-cut and chisel tillage, as well as their com-
bination with mole drainage. The results of the experiments confirmed the high protective effectiveness of agro-
landscape improvement against erosion processes. It was found that flat-cut and chisel tillage, especially when 
combined with mole drainage, contributes to a 1.5–15.0-fold reduction in water runoff, which significantly reduces 
the risk of erosion. The use of protective forest strips and embankment-terraces after 200.0 m helps to reduce the 
intensity of runoff and minimizes soil erosion. An important aspect of the research was the study of the aggregate 
composition of the soil and its resistance to destruction by water. It was found that the content of agronomically 
valuable aggregates (0.25–10.0 mm) did not differ significantly between tillage methods. A comparative analysis 
showed that moldboard plowing increased the content of the fraction of > 1.0 mm aggregates in the topsoil layer; 
however, the water stability of these aggregates remained low. The best water resistance indicators were noted in 
flat-cut tillage, where the average weighted diameter of water-resistant aggregates was 1.40 mm, which increases 
the erosion resistance of the soil. Special attention is paid to the influence of the terrain on the development of 
erosion processes. It was found that on gentle slopes (3–4°) soil erosion occurs gradually, while on convex slopes 
(4–5°) erosion processes are much more intense, because the speed of surface runoff and its eroding speed increas-
es. Thus, the results of the study confirm the need to implement adaptive farming systems based on considering 
the natural conditions of the region.
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landscapes was optimal – erosion was balanced 
by soil formation. However, the intensity of ero-
sion processes increased significantly with human 
intervention in the geosystem (Peng and Wang, 
2012, Pham et al., 2020). 

Erosion processes, which are based on the de-
struction of soil cover by water flows and wind, 
as well as its degradation as a result of anthropo-
genic activity, are the result of a complex interac-
tion of natural and economic factors within the 
agro-landscape system (Zhu and Xu, 2021). The 
degree of manifestation of erosion processes de-
pends on many factors, including those indepen-
dent of humans, such as weather conditions. This 
makes it necessary to consider the anti-erosion 
organization of the territory as a system and use 
a systemic approach to solving problems (Pavli-
chenko et al., 2023; Litvinova et al., 2023; Voy-
tovyk et al., 2024).

Determining the quantitative regularities of 
the influence of soil erosion factors on its intensi-
ty made it possible to estimate and forecast poten-
tial soil washout because of erosion. Significant 
success in this was achieved by American sci-
entists based on a large amount of experimental 
data, creating the Universal Soil Loss Equation 
(Wischmeier and Smith, 1965). An important step 
was the creation of a logical-mathematical model 
of erosion (Shwebs, 1974), which, in fact, opened 
a new direction for mathematical modeling, cal-
culation and forecasting of water erosion of soils 
in the former USSR.

The country’s provision of land resources is 
the most important economic and political fac-
tor in the development of social production. The 
availability of land resources provides a wide 
scope for the economic development of regions of 
the world. The structure of the land fund is con-
stantly changing under the influence of two op-
posing processes. One is the struggle of mankind 
for the expansion of lands suitable for habitation 
and agricultural use (land development, land rec-
lamation, drainage, irrigation, development of 
coastal areas of the sea); the other is the deteriora-
tion of lands, their withdrawal from agricultural 
use as a result of erosion, desertification, indus-
trial and transport development, open-pit mining 
of minerals, waterlogging, salinization. The sec-
ond process occurs faster in time. Thus, the main 
problem of the world’s land fund is the degrada-
tion of agricultural lands, as a result of which there 
is a noticeable reduction in cultivated lands and a 
constant increase in the load on them (the lowest 

provision of arable land per capita in China is 0.09 
hectares, in Egypt – 0.05 hectares) (Zos-Kior and 
Sokolova, 2012, Zbarskyi et al., 2020). 

It should be noted that cultivated land (ar-
able land, gardens) today occupies 1450 million 
hectares, or only 11.0% of the inhabited land area. 
The corresponding figures for meadows and pas-
tures are 3400 million hectares, or 26.0%. The 
data indicate that not all possible reserves for the 
expansion of agricultural and livestock cultural 
landscapes have been used (Searchinger et al., 
2023). However, natural factors severely limit 
the possibilities of such expansion. Such natural 
factors include steep slopes, climatic dryness or 
permafrost, and negative soil properties. The ter-
ritories with various natural limitations for the de-
velopment of agriculture occupy a total of 78.0% 
of the entire land area. In turn, 13.0% of lands 
have low productivity, 6.0% have medium pro-
ductivity, and only 3.0% have high productivity 
out of a total of 22.0% of lands without natural 
limitations (Belkin, 2024).

The area of ​​potentially suitable for agricul-
ture is 3.4 billion hectares, of which 40.3% is cur-
rently used (Belolipskii and Bulygin, 2009). The 
above proves that only a relatively small part of 
the reserve areas can be brought to economic use 
at relatively low costs.

Today, the number of areas involved in agri-
cultural circulation of unproductive, washed-out, 
sloping lands is increasing, especially after the 
full-scale invasion of Russia into the territory of 
Ukraine. As of 2023, the area of mined fields was 
8 million hectares, of which 6 million hectares are 
in temporarily occupied territories, and 2 million 
hectares are in liberated territories. More than 500 
thousand hectares of arable land in Ukraine are 
not used (Bavrovska et al., 2024; Moskalenko and 
Heryn, 2023). Military activity causes long-term 
and large-scale soil degradation, as evidenced by 
the experiences of countries where military opera-
tions have taken place or are ongoing. Such opera-
tions exert a significant impact on the soil’s resis-
tance to pollution and its mechanical or physical 
integrity, leading to changes in soil structure.

Soil aggregates are destroyed when the hu-
mus horizon is mixed with other layers due to 
trench digging, explosions, and fires. The move-
ment of military equipment also causes mechani-
cal damage – compacting the soil and increasing 
its aridity. The soil microbiota, which is essential 
for maintaining soil health and fertility, is also 
disrupted. It can be destroyed by soil compaction, 
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thermal shock, disruption of soil horizons, and 
the exposure to explosive toxic substances. These 
substances contribute to chemical pollution 
through fuel leaks, the deposition of combustion 
products from the air, and toxins released from 
explosive shells.

Blast waves lead to soil erosion, further ex-
acerbating the challenges of climate change and 
the efforts to adapt to it (Moskalenko and Heryn, 
2023). This highlights the urgent need to address 
land degradation in the post-war period and to as-
sess the ecological condition of the areas affected 
by military conflict. 

Therefore, the current task of the field of soil 
science is to increase the efficiency and sustain-
ability of agricultural production through adap-
tation to climate change, preservation and resto-
ration of soil fertility, and improvement of soil 
protection measures. This task is complicated on 
the agricultural lands located on the slopes of wa-
tersheds. Therefore, the protection of such soils 
from erosion is an important task of rational na-
ture management.

The main cause of soil destruction and agri-
cultural production shortages is progressive ero-
sion. Soil erosion is more of a social phenome-
non. Natural factors can be considered more as 
a prerequisite, in the presence of which erosion 
under human influence is possible to occur and 
develop (Jin et al., 2021; Kucher et al., 2022).

During agricultural development of agri-
cultural landscapes, increased water erosion is 
observed, because of which the productivity of 
sloping lands decreases. It is believed that even 
highly fertile chernozems degrade under the con-
ditions of the temperate humid climate of Cen-
tral Europe, especially in the areas with intensive 
cultivation of agricultural crops and hilly terrain 
(Koshel et al., 2023; Labaz et al., 2022).

Conventional anti-erosion agrotechnical mea-
sures can prevent the intensity of erosion process-
es. However, their actions are not always effective. 
Modern approaches to solving this problem are 
associated with the implementation of an adaptive 
landscape system of agriculture with an anti-ero-
sion ordered agricultural landscape that consider 
possible terrain, climatic and ground conditions. 
It contributes to the formation of a high yield and 
protects the soil from erosion. Thus, an erosion-
resistant cultural landscape was created.

Sloping soils are particularly susceptible to 
erosion. Soil erosion increases along with the 
slope angle (Yongshan and El-Swaify, 2001). The 

intensity of erosion depends on many factors, 
among which the physical properties of the soil 
are of key importance. All soil aggregates are di-
vided by size into macroaggregates (> 0.25 mm) 
and microaggregates (< 0.25 mm). In the case of 
destruction of macroaggregates, the soil becomes 
more susceptible to erosion (Six et al., 2000). Ag-
gregate stability, as a physical property of the soil, 
is increasingly considered as the main indicator 
of soil quality and resistance to water erosion 
(Nsabimana et al., 2021).

MATERIALS AND METHODS 

The Kharkiv region is in the north-east of 
Ukraine on the border of the forest-steppe and 
steppe physiographic zones and occupies the 
southwestern outskirts of the Central Russian Up-
land. The research was conducted on a stationary 
experiment to study the erosion resistance of slop-
ing lands when growing agricultural crops (2017–
2022) in the village of Lisna Stinka, Kupiansk 
Rayon, Kharkiv Oblast, which was established 
in 1987. On February 27, 2022, the territory of 
the Kupiansk district was captured by the Armed 
Forces of the Russian Federation, which led to the 
suspension of the research.

The soil of the experimental plot is a slightly 
washed-out, degraded chernozem (Figure 1). Ag-
rochemical indicators in the studied soils were 
performed according to the National Standard of 
Ukraine DSTU 4362:2004 (DSTU 4362:2004, 
2005). The arable layer of the soil has the follow-
ing agrochemical indicators: mobile phosphorus – 
58 mg kg-1, exchangeable potassium – 106 mg kg-1 
by Chirikov’s method, humus content – 3.8% by 
the Tyurin method, (DSTU 4362:2004, 2005).

Soil washout was determined using the 
method of S. Sobolev in two experiments: 1) 
traditional rectangular arrangement of the terri-
tory with a drain line length of more than 800.0 
m (49°30’43”N 37°33’47”E); 2) anti-erosion ar-
ranged agricultural landscape with a runoff line 
length of no more than 200 m with a system of 
equipped embankments-terraces (40.0 m wide, 
0.4–0.5 m high) and single-row tree and shrub 
forest strips planted along their crest (49°30’43”N 
37°34’30”E,) and infrastructure created along the 
flanks of the embankment system for safe dis-
charge of runoff during extreme periods of high 
rainfall (Figure 2). In parallel, erosion processes 
of gentle and convex slopes on production crops 
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were studied. Crop rotation: (1) barley with un-
dersowing of perennial grasses; (2–4) perennial 
grasses 1–3 years of mowing; (5) winter wheat; (6) 
corn for silage.

The size of the plots according to the meth-
ods of soil cultivation is 50.0 × 200.0 m. Repeti-
tion is two-fold. Drainage areas measuring 20.0 
× 100.0 m were built on the experimental plots. 

Figure 1. Fragment of a soil map of Ukraine. Kupiansk Rayon, Kharkiv Oblast (1972)

Figure 2. Location of research fields (Google Earth aerial photos)
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Soil cultivation and ameliorative measures were 
carried out in the direction of the horizontals.

The following methods of soil cultivation 
were studied in the experimental plots. 
Experiment 1:
	• plowing for all crops of crop rotation,
	• plowing + mole drainage,
	• flat-cut tillage to the depth of plowing for 

the crop,
	• flat-cut tillage + mole drainage,
	• chisel tillage,
	• chisel tillage + mole drainage.

Experiment 2:
	• plowing, 
	• flat-cut tillage, 
	• chisel tillage.

Methods to estimate soil erosion resistance

To study soil erosion resistance based on till-
age methods, the structural-aggregate composi-
tion was determined using dry and wet sieving 
methods. The soil samples were assessed for 
their stability and resistance to water jet ero-
sion (Akshalov, 2010). According to Savinov’s 
dry sieving results, the content of agronomically 
valuable (0.25–10.0 mm) and non-valuable (sum 
> 10.0 mm and < 0.25 mm) structural aggregates 
was determined. The structural coefficient (Kstr) 
was calculated as the ratio of the sum of fractions 
0.25–10.0 mm to the sum of fractions < 0.25 mm 
and > 10.0 mm from dry sieving: Kstr = Σ(0.25–
10.0 mm)/ Σ (> 10.0 mm and < 0.25 mm) (DSTU 
4744:2007, 2008).

The predicted soil washout was calculated us-
ing Mirtskhulava’s formula modified by Bulygin 
(Bulygin and Nearing, 1999). Liquid runoff was 
measured by flow through a thin-walled weir with a 
90° cutout angle (Akshalov 2010). Soil erosion re-
sistance was determined using Bastrakov’s method 
(Bastrakov 1977, 1994). The content of water-sta-
ble aggregates > 0.25 mm was determined by wet 
sieving using Bakheyev’s device (Sukhanovsky et 
al., 2016). The mean weighted diameter of water-
stable aggregates was calculated according to Bu-
lygin (Bulygin and Vitvitsky, 2024). 

The runoff coefficient was defined as the ratio 
of the volume of liquid runoff to the amount of 
precipitation that fell on the catchment area and 
caused this runoff (Goewin et al, 2024). It shows 
what part of the precipitation is spent on the forma-
tion of runoff. The runoff coefficient varies within 

0.05–1.0 and depends on the type of soil, vegeta-
tion cover of the soil surface, slope of the terrain, 
rain intensity, and previous soil moistening.

Statistical analysis of the considered indica-
tors was conducted according to analysis of vari-
ance (ANOVA) for a randomized complete block 
design (RCBD) with a split-plot arrangement. 
The least significant difference (LSD) test was 
also used to compare arithmetic means at the 5% 
probability level.

RESULTS AND DISCUSSION

Study area and limiting factors

In the research area, one of the limiting factors 
for increasing agricultural crop yield is moisture. 
However, a significant amount of moisture is lost 
as surface runoff during snowmelt and heavy rain-
fall. Over the five years of research (2017–2022), 
early spring soil washout occurred in 2017 and 
2022. The studies conducted on runoff plots (20.0 
× 100.0 m) demonstrated that during snowmelt, 
liquid runoff in the soil treated with mole drain-
age was 1.5–15.0 times lower than without it (Fig-
ure 3). The highest liquid runoff was recorded on 
agricultural background 1 with conventional plow-
ing without mole drainage – 507.4 m³ ha-1. For flat-
cut tillage, the runoff was 244.0 m³ ha-1, and for 
combined chisel and mole drainage – 0.9 m³ ha-1.

The significant reduction in washout on the 
combined agricultural background can be ex-
plained by the looser composition of the arable 
layer, which led to better soil absorption capacity 
compared to other agricultural backgrounds. In 
flat-cut tillage, the stubble residues in the upper 
0–10.0 cm layer reduced soil pore clogging, posi-
tively affecting rainfall infiltration.

In the anti-erosion arranged agricultural land-
scape with a runoff line length not exceeding 
200.0 meters and a system of equipped embank-
ment terraces, there was minimal soil runoff.

The highest solid soil washout was also noted 
in variant 1.0–1.19 t  ha-1 (Figure 4). However, 
this amount is significantly below the permissible 
limits (3.0–5.0 t ha-1). The soil washout in flat-cut 
tillage was 8.5–29.7 times lesser than in plowing.

In experiment 1, not only the amount of wa-
ter runoff increased, but also its velocity, thereby 
enhancing its erosive and transport capacity, re-
sulting in more noticeable soil washout. This is 
confirmed by the data obtained when accounting 
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for water rills after intense snowmelt, where soil 
washout amounted to 4.0–5.0 t ha-1.

Calculations of the predicted soil washout in 
t  ha-1 using Bulygin’s modification of Mirtskhu-
lava’s formula (Bulygin and Nearing 1999) show 
that in early spring, in the absence of anti-erosion 
measures, it can reach 19.0 t ha-1 (Figure 5).

The runoff coefficient decreased from 0.81 
for plowing to 0.01 for chisel tillage with mole 
drainage (Figure 6). The graph shows that the use 
of chisel tillage significantly reduces surface run-
off during precipitation.

In production crops of winter wheat grown 
after silage corn, significant soil washout was ob-
served, varying from 5.29 to 45.41 t ha-1 depend-
ing on the slope exposure (Figure 7). The wash-
out data were obtained in April during erosion 
inspection and water rill accounting using S.S. 
Sobolev’s method (Shein, 2005).

On the southern slope exposure, washout be-
gins at 5.0–7.0 m from the upper embankment, 
whereas on the northern slope exposure, soil 
washout is recorded only when retreating 75.0–
80.0 m from the embankment, which is explained 

by the lower intensity of snowmelt on this slope. 
However, with an increase in the runoff line 
length to more than 100.0 m, soil washout sharply 
increased. Thus, at 142.0 m from the upper em-
bankment on the northern slope exposure, soil 
washout increased more than 4 times, although 
with further retreat down the slope, this ratio de-
creased by half. At the same time, the disparity 
in the number of water rills and the difference in 
their quantitative characteristics also decreased. It 
should be noted that on gentle slopes, soil wash-
out increases proportionally with the increase in 
runoff line length, whereas on convex slopes, it 
increases sharply.

The convex shape of the southern slope expo-
sure, at 102.0 m from the water-retaining embank-
ment, contributed to an increase in soil washout 
to 18.24 t ha-1, while on the northern slope expo-
sure, soil washout increased more than twofold, 
reaching 54.6 m³ ha-1 (Figure 8).

One of the key factors affecting soil erosion is 
the distribution of rainfall intensity during show-
ers. Many field and laboratory studies have been 
conducted to better understand soil erosion and 

Figure 3. Liquid runoff during spring snowmelt depending on the agro-background in experiment 2, m³ ha-1

Figure 4. Solid soil washout during spring snowmelt depending on the agro-background in experiment 2, t ha-1
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its relationship with the amount, intensity, as well 
as structure of precipitation (Truman et al., 2007; 
Ahmed et al., 2012; Gholami et al., 2018). A rain-
storm on one soil type can cause varying erosion 
intensities depending on the vegetation cover 
(Lal, 2018). In the system of anti-erosion mea-
sures aimed at combating erosion, a crucial role 
belongs to a complex of meliorative techniques 
that ensure the formation of a surface resistant to 
runoff and soil washout. Studies show that reduc-
ing the runoff line length is not sufficient for ef-
fective erosion control (Figures 9, 10). 

Due to the reduction of the runoff line length, 
the soil losses in winter wheat crops decreased 
by 1.5–4.5 times, and in row crops (corn) by 
6.3–12.0 times (Figures 10). The soil losses on 
sloping soils when cultivating crops without spe-
cialized tillage exceed the permissible limit by 

3.9–8.2 times (3.5 t ha-1 – permissible loss limit) 
(Bulygin and Nearing, 1999).

Soil erosion resistance depends on the meth-
od of soil tillage, the density of the arable layer, 
the humus content, as well as the physical and 
chemical properties (Guo, 2018). One of the main 
qualitative characteristics of soils is the size of 
aggregates. Soil mass consists of clods of vari-
ous shapes and sizes. There are three groups by 
size: macroaggregates (structural units larger 
than 10.0 mm), mesoaggregates (from 0.25 to 
10.0 mm), and microaggregates (smaller than 
0.25 mm). In agronomic terms, soil is consid-
ered structured if crumbly-granular water-stable 
structural units of 10.0–0.25 mm in size consti-
tute more than 55%. These aggregates have water 
stability, ensuring an optimal water-air regime in 
the soils (Harvey et al., 2020, Yakovenko, 2019, 
Shahzad, 2020).

Figure 5. Predicted soil washout during spring snowmelt depending on the agro-background, t ha-1, using 
Bulygin’s modification of Mirtskhulava’s formula (Bulygin and Nearing, 1999)

Figure 6. Runoff coefficient during spring snowmelt depending on the agricultural background in experiment 2
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Figure 7. Results of soil washout accounting after spring snowmelt on a gentle southern and northern slope 
(3.0–4.0 degrees) during winter wheat cultivation using the water rill method

Figure 8. Results of soil washout accounting after spring snowmelt on a convex slope (4–5 degrees) at 102 m 
from the embankment, using the water rill method during winter wheat cultivation

Figure 9. The effect of slope steepness on soil washout during the cultivation of agricultural crops with a runoff 
line length > 800 m on slopes of varying steepness, m³ ha-1
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The study of the structural-aggregate compo-
sition of the arable layer of regraded chernozem 
was conducted in experiment 1 (Table 1). The 
content of agronomically valuable fraction (10.0–
0.25 mm) determines the quality of soil crum-
bling during tillage. Of particular importance is 
the content of water-stable aggregates larger than 
1.0 mm in the surface soil layer, which helps re-
duce the intensity of erosion processes (Thai et 
al., 2022). If the topsoil has a good aggregate 
composition, the water entering the soil surface 
filters into the lower layers through non-capillary 
pores. Where soil structure quickly deteriorates 
under the influence of water, individual particles 
of destroyed aggregates, especially their silt frac-
tion, clog the pores of the lower layers, sharply 
reducing soil permeability for air and water, lead-
ing to surface washout on sloping areas (Fajeri-
ana et al., 2024).

The content of agronomically valuable ag-
gregates (10.0–0.25 mm) in the 0–40 cm layer 
was practically the same, regardless of the tillage 
method. However, the content of aggregates larg-
er than 1 mm was slightly higher in the 0–10.0 cm 
layer with conventional plowing at 87.8%, com-
pared to 79.6% in flat-cut tillage and 84.4% in 
chisel tillage, showing a statistically significant 
increase in the coarse fraction with convention-
al plowing by 8.2% compared to flat-cut tillage 
(LSD 0.5–3.02%). This is explained by the fact 
that plowing brings the structured part of the low-
er horizon to the soil surface, while the pulverized 
upper horizon is buried.

When loosening the soil with a chisel, signifi-
cant mixing of soil horizons also occurs. This is 
confirmed by data on the stability of soil samples 
to water jet erosion and the water stability of soil 
aggregates during wet sieving.

The structural coefficient is based on the num-
ber of agronomically valuable aggregates. The 
Kstr. ranges used for qualitative assessment of soil 
structure are as follows: more than 1.5 – excellent 
aggregate condition, 1.5–0.67 – good aggregate 
condition, less than 0.67 – unsatisfactory aggre-
gate condition (Artemjev and Guryanov, 2019). In 
the variant with plowing, the 0–10 cm soil layer 
had excellent aggregate condition, which can be 
explained by the turning of the furrow and the ex-
posure of undestroyed aggregates to the surface, 
as well as the 30.0–40.0 cm layer. In the variant 
with flat-cut tillage, the 30.0–40.0 cm soil layer 
had an excellent aggregate condition. In the vari-
ant with chisel tillage, all layers below 0–10.0 cm 
had excellent aggregate condition. In the most 
root-containing layer of 0–40 cm, the excellent 
aggregate condition had a variant with chisel till-
age of the soil Kstr. – 1.54, and the unsatisfactory 
aggregate condition had a variant with flat-cut 
processing and a structural coefficient of 1.36.

Soil erosion resistance was determined in the 
soil samples taken from the top layer (0–10.0cm), 
which is most prone to water erosion processes. It 
was found that to erode a soil sample with conven-
tional plowing, a water jet force of 130.0 N was 
required (Table 2), while for flat-cut tillage – 93.0 
N, and for chisel tillage – 73.0 N. The data on the 
lower stability of aggregates under chisel tillage to 

Figure 10. The effect of slope steepness on soil washout during the cultivation of agricultural crops in an anti-
erosion arranged agricultural landscape with a runoff line length not exceeding 200.0 meters, m³ ha-1
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the destructive action of water are confirmed by 
the results of rainfall and runoff modeling obtained 
using the MDU laboratory-field rain simulator.

Soil erosion resistance depends on the con-
tent of water-stable aggregates > 0.25 mm and 
the mean weighted diameter of water-stable ag-
gregates, calculated based on “wet” soil sieving 
(Torri et al., 1998).

Soil erosion resistance was determined in the 
soil samples taken from the top layer (0–10 cm), 
which is most prone to water erosion processes. 
It was found that to erode a soil sample with con-
ventional plowing, a water jet force of 130.0 N 
was required (Table 2), while for flat-cut tillage 
– 93.0N, and for chisel tillage – 73.0 N. The data 
on the lower stability of aggregates under chisel 
tillage to the destructive action of water are con-
firmed by the results of rainfall and runoff model-
ing obtained using the MDU laboratory-field rain 
simulator.

Soil erosion resistance depends on the con-
tent of water-stable aggregates > 0.25 mm and 
the mean weighted diameter of water-stable ag-
gregates, calculated based on “wet” soil sieving 
(Torri et al., 1998).

Aggregate water stability and conclusions

The water stability of aggregates depending 
on the tillage method changes insignificantly. The 
highest mean weighted diameter of water-stable 
aggregates in the 0–10.0 cm layer was observed 
with flat-cut tillage – 1.40 mm, which is 0.4 mm 
higher than with conventional plowing. With 
chisel tillage, the diameter was 0.17 mm. How-
ever, by 40.0 cm, the fluctuation of this indica-
tor significantly decreases. The content of water-
stable aggregates > 0.25 mm was practically the 
same for all tillage methods and horizons.

Table 2. Characteristics of water stability of slightly washed-out regraded chernozem depending on the tillage method

Tillage method Soil layer, cm Erosion 
resistance, N

Mean weighted diameter of water-
stable aggregates, mm

Content of water-stable 
aggregates > 0.25 mm, %

Conventional 
plowing

0–10 130.0 1.0 18.46

10–20 1.14 18.58

20–30 0.82 20.23

30–40 0.74 17.92

Flat-cut tillage

0–10 93.0 1.40 17.93

10–20 0.96 18.95

20–30 0.77 17.27

30–40 0.73 18.24

Chisel tillage

0–10 73.0 1.17 18.41

10–20 1.00 19.36

20–30 0.76 17.94

30–40 0.69 19.20

Table 1. The impact of tillage methods on the structural-aggregate composition of the 0–40 cm soil layer

Soil layer, 
cm

Tillage method

Conventional plowing Flat-cut tillage Chisel tillage

10–0.25 > 1
Kstr.

10–0.25 > 1
Kstr

10–0.25 > 1
Kstr.

mm mm mm

1.83 94.18 79.63 1.27 95.80 84.41 1.20

0.89 97.44 88.98 1.13 97.14 87.43 1.56
20–30 98.20 90.36 1.18 97.3 88.84 1.11 96.45 86.20 1.64
30–40 97.00 86.32 1.98 94.43 81.63 1.96 95.11 84.72 1.76

LSD05
0–10

3.08 3.02
0.75

3.08 3.02
0.75

3.08 3.02
0.75

LSD05
0–20 0.50 0.50 0.50
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The study covered only a specific time period, 
which may not fully reflect long-term climatic 
or landscape changes. In particular, variations 
in erosion potential may vary significantly from 
year to year due to anomalous weather conditions 
or changes in land use. The results may also be 
partly due to the characteristics of the crop rota-
tions used in the region during the study period. 
For example, the presence of crops with different 
degrees of soil protection (winter, row crops, pe-
rennial grasses) may have influenced the intensity 
of erosion processes.

CONCLUSIONS

The study of erosion process intensity in an 
anti-erosion arranged agricultural landscape with 
a runoff line length not exceeding 200.0 m, us-
ing a system of equipped embankment-terraces, 
allowed for evaluating the effectiveness of dif-
ferent soil tillage methods and anti-erosion mea-
sures. The results confirm that reducing the runoff 
line length to 200.0 m contributes to reducing soil 
washout and improving its water-physical prop-
erties. Among soil conservation tillage, the most 
effective was chisel tillage combined with mole 
drainage to a depth of 50.0–55.0 cm. Flat-cut till-
age combined with moisture accumulation tech-
niques also contributed to creating a reliable anti-
erosion background and reducing soil washout by 
more than 29 times compared to plowing.

Soil tillage for winter wheat on sloping soils 
must necessarily include mole drainage to a depth 
of 50.0–55.0 cm. The use of traditional plowing 
increases liquid runoff and solid soil washout. 
The lowest level of liquid runoff was recorded 
with chisel tillage combined with mole drainage 
(0.9 m³ ha-1), which is explained by the preserva-
tion of plant residues and the improved structure 
of the arable layer.

Placing agricultural crops every 200.0 m with 
embankment-terraces and shelterbelts significantly 
reduces soil washout and minimizes the impact 
of water erosion. The length of the runoff line is a 
critical factor: increasing the length beyond 100 m 
leads to a sharp increase in soil losses, especial-
ly on convex slopes. The content of agronomi-
cally valuable aggregates (10.0–0.25 mm) in the 
0–40.0 cm layer was practically the same regard-
less of the tillage method. Conventional plowing 
increases the content of aggregates >1.0 mm in the 
topsoil and enhances erosion resistance to water 

jet (130.0 N) by bringing stable aggregates to the 
surface, while with flat-cut and chisel tillage – 93.0 
and 73.0 N, respectively. The obtained data can be 
used to develop adaptive strategies for soil fertility 
conservation in the forest-steppe zone of Ukraine.
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