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Abstract
In most districts of the Rostov region, soil erosion leads to a significant decrease in fertility and has a
devastating effect on the environment. The studies were carried out in 2017-2020, on a multifactorial
stationary experimental site. It was placed in the system of contour-landscape organization of the slope
territory with a steepness of up to 3.5-4.0°. Two crop rotations, two main tillage systems and three levels of
plant nutrition were studied. The aim of the research was to study the humus balance depending on intensity of
soil washout to identify the optimal ratio of perennial grasses in the structure of soil-protective crop rotations
of eroded slopes of the Rostov region. The data obtained show that the ecological stabilization of the eroded
slopes of the Rostov region is possible due to the introduction of 40% of perennial grasses into the crop
rotation, which reduces the soil washout by 23.1-26.0%, the use of soil-protective tillage by 20.0-23.0%. The
role of perennial grasses in stabilizing the humus balance on an erosion threatening slope is shown.
Fertilization at a dose of 5 tons of farmyard manure (FYM) + mineral fertilizers N 46P24K30 increased the
humus content by 0.05-0.07%, and an increased fertilizer dose up to 8 tons of farmyard manure + N84P30K48
enhanced the humus content by 0.29-0.3%. The calculated data showed a positive humus balance (175-207 kg
ha-1 and 399-436 kg ha -1) when applying the same doses of fertilizers in a crop rotation containing 40% of
perennial grasses. The application of fertilizers increased the crop rotation productivity up to 3.42-3.95 t ha -1
grain units.
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Introduction
In most districts of the Rostov region, a decrease in the
soil fertility level is aggravated by water and wind erosions,
which, moreover, significantly worsen the moisture regime
of arable lands. The water erosion is on 2700 thousand
hectares or 26.7% of lands, the wind erosion on 1120
thousand hectares or 11.1% and both of them on 400
thousand hectares or 4.0%. Thus, about 42% of the territory
of the Rostov region is subject to erosion processes, and a
large part of it is arable lands (Mishchenko et al., 2015).
The humus content has decreased by 0.3-1.0% over the past
15-20 years (Gaevaya, 2013). Therefore, there is a need for
the development and application of farming systems of a
new generation adaptive-landscape, allowing the most
complete and rational use of natural and man-made
resources (Ma et al., 2021). In the South of Russia, erosion
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hazard slopes with a steepness of up to 3.5–4.0 ° occupy
more than 20% of arable land. The share of eroded and
deflated soils continues to grow steadily. Over the past 20
years, their growth rates have been in the range of 6–7%
every 5 years. As a result of soil erosion and deflation, the
shortfall on arable land reaches 36%, on forage lands – up to
47% (Chopin et al., 2019).
Soil erosion leads to a significant decrease in fertility
and has a devastating effect on the environment.
Environmental measures to increase the efficiency and
sustainability of agricultural enterprises also involve a set of
measures aimed at maintaining and improving soil fertility,
optimizing the structure of sown areas. This will increase
the area for additional products. One of the factors
contributing to the stabilization and preservation of land
fertility is the development of the farming system (Zuazo
and Pleguezuelo, 2008). The development of erosion
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processes on the slope affects the indicators of soil fertility.
Degradation can be prevented by applying in practice
adaptive-landscape farming systems. The main element of
landscape agriculture remains soil-protecting crop rotation,
taking into account the special role of crop rotation. Another
most important element is soil conservation tillage (Larney
et al., 2009). Recently, scientists have paid much attention
to soil fertility recovery and the provision of soil with
organic matter. Regular organic fertilization and plant
residues to transform to humus and elements of mineral
nutrition of plants is one of the most important tasks of
modern agriculture (Wei et al., 2016).
The soil-protective role of crop rotations is presented in
two aspects. The first is the creation of special soil-protective
crop rotations on the fields subject to water erosion and soil
deflation. The second is the endowment of conventional field
and forage crop rotations with soil-protective properties
(Belyuchenko, 2019). In the first case, we refer to the creation
of special soil-protective crop rotations with the selection of
crops and their tillage method, at most preventing the erosion
processes. In the second case, the organization of a complex of
soil-protective measures for conventional crop rotations, first of
all, a strip arrangement of crops in the contour-landscape
organization of the territory is included (Yashutin, 2007;
Suleymanov et al., 2019).
On the slopes, it is envisaged to arrange protective
forest belts regulating the runoff and the construction of
water-retaining hydraulic structures aimed at regulating the
distribution of meltwater (Soltanzade, 2011).
The introduction of legumes in the crop rotation
preserves the soil fertility (Shah et al., 2016). The process of
symbiotic nitrogen fixation, whereby rhizobia form a
symbiotic association with leguminous plants and fix
atmospheric nitrogen gas, can substantially improve
agricultural system as, it has how environmental and
economic costs for nitrogen supply. Tillage methods affect
many soil characteristics such as aeration, structure,
temperature and water use, all of which affect the microbial
composition, nitrogen fixation and nodulation (Torabian et
al., 2019). To accelerate the soil-forming processes, it is
recommended to sow leguminous herbage mixtures able to
fix nitrogen from the air. The territories suffering from
constant water erosion are subject to long-term cultivation
of perennial legumes (Li et al., 2020). The presence and the
accumulation of various organic and organomineral forms
of humus in the soil affects the soil processes and their
properties (Ali et al., 2018; Kоlli, 2018). The application of
straw and mineral fertilizers in the crop rotation stabilizes
the humus content (Timoshkin et al., 2009). On the slopes,
non-moldboard tillage for crop rotation reduces erosion
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processes, thereby reducing
(Roshaniyan et al., 2020).

the

loss

of

nutrients

The plowing of virgin chernozems leads to a noticeable
decrease in the organic matter in the arable layer
(Belolyubtsev, 2010). During the first 5-10 years after
plowing, chernozems can lose about a third of the original
content of organic matter, followed by a relative
stabilization. Maintaining microbiological processes at a
high level contributes to the formation of humus in the soil
(Chekmarev, 2015). The reasons for the decrease in humus
reserves are: 1) water and wind erosion; 2) an excess of
physiologically acidic mineral fertilizers; 3) a decrease in
the supply of organic residues during the natural biocenoses
changes to the lands used for agricultural products; 4)
monocultural farming; 5) moldboard tillage; 6) irrigation
and others (Meng et al., 2021).
Based on the foregoing, the purpose of the current
research is to study the humus balance depending upon
intensity of soil washout to identify the optimal ratio of
perennial grasses in the structure of soil-protective crop
rotations of eroded slopes of the Rostov region.

Materials and Methods
Location of experimental site
The studies were carried out on a multifactorial
stationary experimental site located on the slope of the
Bolshoi Log beam, Aksay District of the Rostov region, in
2017-2020. The experiment was conducted in the system of
the contour-landscape organization of the slope with a
steepness of up to 3.5-4.0° using a complex of hydraulic
engineering techniques and the simplest structures: shaftsditches and shafts-terraces, which allow to reduce soil
washout to safe limits. The slope is on the southeastern
exposure, erosion processes are low-observable. The
thickness Adg is 25-30 cm, A + B – from 30 to 60 cm
depending on the washout. The soil washout and erosion
were determined by measuring the volume of gullies
according to V.N. Dyakov’s method (1984). The experiment
was registered in the Russian Geographical Network of
long-term experiments with fertilizers (certificate No. 169).

Weather data
The initial values of precipitation and temperatures
were obtained at the meteorological station in Rassvet
village using Precision Weather Station Vantage Pro2. The
climate of the research area is dry, moderately hot, and
continental. The average temperature in January (-6.6° С),
in July + 23 °С, minimum temperature in winter – minus 41
°С, maximum temperature in summer – up to + 40° С. The
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Table 1: Characteristics of the meteorological conditions
Period
Precipitation, mm
Temperature,ºС
springspringyear
summer
year
summer
period
period
Long-term average
492
300
8.4
18.4
Period 2017-2020
387
176
11.7
18.6
sum of active temperatures is 3210-3400°C. Often there are
dry winds and dust storms of varying intensity (Table 1).

Agrochemical soil characteristics
The soil covering of the site is represented by typical
chernozem on loess-like loam (according to the FAO
international classification, Haplic Chernozem (Loamic)
(World reference base for soil resources, 2014). The
thickness of soil layer A+B is from 40 to 60 cm.
The initial humus content in the arable layer of 0-30 cm
when placing the experiment was 3.8-3.83%, total nitrogen,
0.14-0.16%; mobile phosphates, 15.7-18.2 mg kg-1;
exchangeable potassium, 282-337 mg kg-1 soil.

Crop rotations
Two crop rotations were studied in the experiment:
crop rotation "В", 20% of perennial grasses (soybeans,
winter wheat, sunflower, spring barley, perennial grasses)
and crop rotation "С", 40% of perennial grasses (grain
corn, winter wheat, spring barley, perennial grasses).
Esparcet (Onobrychis sativa Lam) was grown in a field of
perennial grasses. Esparcet refers to perennial leguminous
grasses that can fix nitrogen from the atmosphere. It serves
as a good crop for growing on sloping lands. The
agrotechnical value of the esparcet is a good precursor in
crop rotation.
Three levels of organomineral fertilization system
were applied. The control option "0", natural fertility. The
fertilizers were applied in different doses for various
crops, depending on their needs. At the "1st" level of
fertilization per 1 hectare of the crop rotation area, 5 tons
of farmyard manure (FYM) were applied together with
mineral fertilizers at a dose of N46P24K30 (100 kg ha-1 of
crop rotation area). At the "2nd" level, 8 tons of FYM +
mineral fertilizers N 84P30K48 (162 kg ha-1 of crop rotation
area). As the main method, chisel soil-protective tillage
was used, for the control option – moldboard tillage.
Chisel soil-protective tillage was carried out by a chisel
plow – a soil tillage device pulled used to break up and stir
soil a foot or more beneath the surface without turning it,
also called chisel.
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Hydrothermal coefficient
(HTC)
0.9
0.5

Calculation of the humus balance
The calculation of the humus balance consists of two
components: consumption (-) and supply (+) of organic
carbon in crop rotations. The consumable part of the humus
balance consists: 1) the mineralization of soil organic
matter; 2) its removal by crop rotation crops.
The supply part consists of the organic matter of plant
residues (roots and crop residues) entering with manure and
other organic fertilizers, as well as seeds, fertilizers and
partially atmospheric precipitation. The humus balance was
calculated for nitrogen using correction factors for the grain
size distribution, the seeding method. The amount of newly
formed and mineralized humus was also taken into account
with the corresponding sign (+ or -) (Lykov, 1979).

Calculation
rotations

of

the

productivity

of

crop

To calculate the productivity of crop rotations, the
amount of grain and straw in the yield was taken into
account. Then, using conversion factors, grain and straw
were converted into grains (gr.). The factors for converting
to grains: winter wheat (grain, straw), 1.0, 0.16; spring
barley (grain, straw), 1.0, 0.29, soybeans (grain, straw),
1.36, 0.18; sunflower (grain, straw), 1.47, 0.9; corn for
silage, 0.17; perennial grasses (hay), 0.5. The obtained
values of grains were summed up to determine the
productivity of crop rotations per hectare.
Mathematical processing of the data was carried out by
the analysis of variance (GENSTAT Release 8.1., 2005).

Results and Discussion
Soil washout under various conditions
One of the factors causing slope degradation is water
erosion processes. The greatest soil washout was found in
the moldboard tillage; it was 5.8 t ha -1 for "B" crop rotation,
and 4.3 t ha-1 for "C" crop rotation. Twenty percent of field
of perennial grasses in the crop rotation structure are able to
reduce partially erosive processes. During the years of
intensive development of erosion processes, 20% of
perennial grasses do not sufficiently protect the soil against
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erosion. The double increase in the area of perennial grasses
reduces soil washout by 26.1% (Figure 2). Erosion
processes develop during the intense snow melting with a
sharp increase in average daily temperatures. During this
period, the soil remains frozen and the flows of water
formed during the snow melting rush down the slope,
washing out the fertile layer (Vaezi et al., 2018). Perennial
grasses partially retard the melt water flowing down the
slope, as well as the fertile layer. Plant residues and stubble
left after cutting perennial grasses retard water flows and
small soil particles, preventing the development of erosion
processes (Miqdad et al., 2013; Quijano et al., 2016;
Roshaniyan et al., 2020).
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in the crop rotation with 20% of perennial grasses on the site
with moldboard tillage. In this crop rotation, erosion
processes exceed soil-forming processes by 1.6 times. The
actual soil washout in "B" crop rotation is 1.3-1.6 times
higher than the maximum allowable, and in "C" crop
rotation – by 0.9-1.2 times (Carretta et al., 2021).
The erosion development can be stabilized by
melioration measures – the construction of the simplest
hydraulic structures – shafts-ditches. Another way for the
restoration of the eroded lands is the introduction of
compensatory doses of organomineral fertilizers into the soil
to maintain the quantitative and qualitative composition of
organic matter at the initial level (Khan et al., 2019;
Langewitz et al., 2021).

Humus content in the soil

Figure 2: Soil washout depending on the main tillage (C,
Chisel; M, Moldboard) and the structure of the
crop rotation (crop rotation "B", 20% of
perennial grasses; crop rotation "C", 40% of
perennial grasses), t ha -1, the wide graphics
indicates the maximum allowable soil washout
of 3.5 t ha -1; N = 4; p <0.05
On the eroded slopes, conservation tillage is used for the
protection against erosion processes. The conservation tillage
reduces soil washout in both crop rotations by 20.0-23.0%, in
comparison with the moldboard. The conservation tillage
performed with a chisel plow allows loosening the soil
without turning the layer. Stubble and crop residues remain
on the soil surface, protecting the field from erosion processes
during the spring snowmelt (Klik and Rosner, 2020).
One of the indicators that can be used to assess the
effectiveness of anti-erosion measures is the coefficient of
anti-erosion efficiency (Ke), which shows the ratio of the
actual washout to the maximum allowable. The maximum
allowable washout was determined by Poluektov (1989). He
calculated that the rate of soil formation is 0.28 mm per year
for chernozem, which corresponds to 3.5 t ha -1.
The smallest Ke (0.9) was found in "C" crop rotation,
which had 40% of perennial grasses in the crop structure on
the site with chisel tillage. The highest Ke (1.6) was found

As a result of the development of erosion processes, soil
humus is lost due to washout. The humus content on different
experimental plots was not the same. The initial humus content
was 3.8–3.83% when the experiment was placed. As a result of
long-term cultivation of agricultural crops without the
introduction of organic fertilizers and the development of
erosion processes in "B" crop rotation containing 20% of
perennial grasses, the humus loss was (-0.14 ± 0.01, 0.15 ±
0.02%; p <0.01), in "C" crop rotation with 40% of perennial
grasses (-0.11 ± 0.02 – 0.14 ± 0.01%; p <0.01). The
introduction of organomineral fertilizers at a dose of 5 tons
FYM + N46P24K30 in "B" crop rotation slightly reduced the
humus content by -0.01 ± 0.02, 0.02 ± 0.02%. In "C" crop
rotation, with the same dose of fertilizers, the humus content
was increased by + 0.05 ± 0.02, 0.07 ± 0.02%. The increase in
the fertilizer dose by 1.5 times (8 tons FYM + N84P30K48)
enhanced the humus content by + 0.29 ± 0.01, 0.3 ± 0.03% in
both crop rotations (Figure 3).

Figure 3: The humus content depending on the main
tillage method (C, Chisel, M, Moldboard), the
level of fertilization ("0", natural fertility; "1",
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5 tons FYM + mineral fertilizers N46P24K30 and
"2", 8 tons FYM + mineral fertilizers N84P30K48
per 1 ha of crop rotation area) and crop rotation
structure (crop rotation "B", 20% of perennial
grasses; crop rotation "C", 40% of perennial
grasses), %; N = 4; p <0.01
The influence of tillage caused a slight increase in the
humus content. On the site with chisel tillage, the humus
content tended to increase by + 0.01 ± 0.01, 0.03 ± 0.01% (p
> 0.01).

Influence of the main tillage method and the
level of fertilizers application on the crop
Soil fertility directly affects the amount of the crop. On
the site without fertilization, the crop of soy was 1.04, 1.13 t
ha -1; sunflower, 1.66-1.75 t ha -1; spring barley, 2.65-2.84 t
ha -1; winter wheat, 2.91-3.11 t ha -1; sainfoin, 4.54-4.79 t ha
-1
; corn for silage, 13.5-14.0 t ha -1 (Table 2).
The application of fertilizers at an average dose (5 t
FYM + N46P24) increased the yield of crop rotations by an
average of 15-29%, an increase in the dose of fertilization
by 1.5 times increased the crop by more than 50%,
compared to the sites with natural fertility. The most
responsive crops were corn for silage corn for silage 4647% and soy 54-57%.

The humus balance
The calculation of the humus balance in crop rotations
of various structures was performed according to Lykov’s
method (1979). The balance was calculated by the amount
of nitrogen supplied and removed by each crop. Then the
amount of nitrogen was recalculated into humus using the
coefficient. The supply of nitrogen consisted of several
ways with seeds, plant residues and organomineral
fertilizers. If the sowing dose of seeds on all sites was the
same, then the amount of plant residues in the soil depended
on the dose of fertilization. With an increase in the
fertilization dose, the yield of both main and secondary
products increased. Therefore, the supply of nitrogen to the
soil increases with an increase in the level of fertilization.
The accumulation of humus also depends on the amount of
nitrogen supplied. The consumption of humus consists of
the removal of nitrogen with the crop and the mineralization
of plant residues. The humus loss with soil washout was
also taken into account. The amount of the supply and
consumption of humus was determined for all crops of the
crop rotation, and then it was summed up to recalculate per
1 hectare of the crop rotation area.
The greatest removal of nitrogen with the crop from 1
hectare of the crop rotation area was found with the
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application of the increased doses of fertilizers and
amounted to 100-104 kg ha-1 of nitrogen in the crop rotation
"B" with 20% of perennial grasses, or 36.2-37.2% more
than on the site, where no fertilizers were applied. In "C"
crop rotation with 40% of perennial grasses, 113-116 kg hа-1
(34.0-37.11%) at the "1st" level of fertilization, the nitrogen
removal was slightly less than at the "2nd" compared to
natural fertility and amounted to 20.7-21.7% and 19.220.7%, respectively. Tillage did not have a significant effect
on the removal of nitrogen by the crop. In the variant of
chisel tillage, nitrogen removal by the crop was slightly
higher (1.0-3.1%) (Table 3).
The nitrogen supply increased in proportion to the
fertilization dose. Nitrogen was supplied with seeds and
plant residues (35-47 kg ha-1) on the sites with the natural
level of nutrition. The application of fertilizers in an average
dose increased the nitrogen intake to 62-75 kg ha -1. The
application of fertilizers in an increased dose increased the
nitrogen intake to 78-99 kg ha -1. In the crop rotation "C",
the nitrogen supply to the soil increases due to a larger
amount of plant residues remaining after perennial grasses.
Tillage did not affect the nitrogen intake into the soil.
Humus mineralization is the reverse process. With an
increase in the dose of fertilization, the processes of
mineralization decrease. The most intensive humus
mineralization occurs in "C" crop rotation (Rodriguez et al.,
2020). In the variant without fertilization, the difference in
humus mineralization was 3.9-6.7%. At the "1st" level of
fertilizer application, the mineralization of humus in two crop
rotations was the same (251-274 kg ha-1). At the "2nd" level
of fertilizer application, the mineralization of humus in the
crop rotation "C" was less by 33.6-35.8%. In the crop rotation
"C", perennial grasses leave more plant residues, which are
later converted into humus. Also, in the crop rotation "C"
there are less losses of humus with soil flushing than in the
crop rotation "B". Therefore, in the crop rotation "C", the
process of accumulation and loss of humus comes into
balance.
The main indicator of the ecological stability of the
eroded slope is the humus balance. This indicator depends
on the structure of the crop rotation, tillage method and the
level of fertilization (Fu et al., 2019). In both crop rotations
on the variant with natural soil fertility, the humus balance
was negative (-40-251 kg ha-1). The application of fertilizers
in the amount of 100 kg ha-1 of the crop rotation area allows
accumulating humus in “B” crop rotation less (+ 4-14 kg ha1
), than in "C" crop rotation (+ 175-207 kg ha-1). The
increase in the fertilizer application dose up to 162 kg a.i.
made it possible to obtain a positive humus balance of 67118 kg ha-1. The introduction of a double field of perennial
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grasses into the crop rotation with the application of the
same dose of fertilizers increased the humus balance to 399436 kg ha-1. On the variant of chisel tillage, the amount of
humus was greater than on the dump (p > 0.05).
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One of the reasons for the accumulation of humus when
using soil conservation tillage is associated with a decrease
in surface soil washout by 23.1-26.0%. Another reason is
associated with soil conservation tillage, which allows plant
residues not to be embedded in the soil, but to leave on the

Table 2: Crop yield depending on the main tillage method (C, Chisel; M, Moldboard), the level of fertilization ("0",
natural fertility; "1", 5 tons FYM + mineral fertilizers N46P24K30 and "2", 8 tons FYM + mineral fertilizers
N84P30K48 per 1 ha of crop rotation area) and crop rotation structure (crop rotation "B", 20% of perennial
grasses, crop rotation "C", 40% of perennial grasses), t ha -1; N = 4; p <0.05
Fertilizer application rate
Crop rotation
Crop plant
Tillage method
"0"
"1"
"2"
С
1.13 ±0.23
1.43 ±0.28
1.74 ±0.34
Soy
М
1.04 ±0.19
1.32 ±0.27
1.64 ±0.28
С
3.11 ±0.64
3.78 ±0.54
4.20 ±0.56
Winter wheat
М
3.01 ±0.61
3.61 ±0.48
3.94 ±0.53
С
1.75 ±0.24
2.06 ±0.31
2.45 ±0.31
"B" - 20% of perennial grasses
Sunflower
М
1.66 ±0.24
2.05 ±0.25
2.32 ±0.25
С
2.84 ±0.59
3.57 ±0.63
3.84 ±0.67
Spring barley
М
2.68 ±0.53
3.24 ±0.68
3.71 ±0.62
С
4.58 ±0.76
5.33 ±0.39
5.88 ±0.33
Sainfoin
М
4.75 ±1.03
5.60 ±0.73
5.98 ±0.75
С
14.0 ±0.63
17.8 ±2.28
20.6 ±2.48
Corn for silage
М
13.5 ±0.69
17.4 ±2.27
19.7 ±2.25
С
2.93 ±0.59
3.50 ±0.47
3.78 ±0.43
Winter wheat
М
2.91 ±0.59
3.30 ±0.42
3.58 ±0.40
С
2.78 ±0.55
3.53 ±0.61
3.87 ±0.64
"C" - 40% of perennial grasses
Spring barley
М
2.65 ±0.53
3.34 ±0.55
3.72 ±0.60
С
4.79 ±0.68
5.57 ±0.34
6.58 ±0.15
Sainfoin
М
4.87 ±1.00
5.62 ±0.76
6.39 ±0.57
С
4.52 ±0.72
5.23 ±0.35
6.08 ±0.13
Sainfoin
М
4.71 ±1.00
5.44 ±0.69
6.25 ±0.54
Table 3: The humus balance depending on the main tillage, the level of fertilization ("0", natural fertility; "1", 5
tons FYM + mineral fertilizers N46P24K30 and "2", 8 tons FYM + mineral fertilizers N84P30K48 per 1 ha of
crop rotation area) and crop rotation structure, kg ha-1
Fertilizer
Removal of
Nitrogen
Humus
Crop
application
Tillage
nitrogen with
Mineralization
Balance
supply
accumulation
rotation
rate
method
the crop
С
76
35
405
262
-251
"0"
М
73
35
384
261
-218
"B" - 20% of
С
90
62
274
279
4
perennial
"1"
М
89
62
266
277
14
grasses
С
104
79
249
291
67
"2"
М
100
78
216
287
118
С
84
47
378
348
-55
"0"
М
84
47
369
348
-40
"C" - 40% of
С
102
75
272
376
175
perennial
"1"
М
100
75
251
374
207
grasses
С
116
99
166
399
399
"2"
М
113
99
138
394
436
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surface (Machado et al., 2021). With this tillage method,
plant residues are transformed into humus. With moldboard
tillage, plant residues are embedded in the soil. Anaerobic
conditions are created, contributing to the processes of
humus mineralization (Wang et al., 2020).

perennial grasses into the crop rotation. Twenty percent of
field of perennial grasses in the crop rotation structure are
able to reduce partially erosive processes. Introduction of
40% of perennial grasses into the crop rotation reduces soil
erosion by 23.1-26.0%, the application of soil–protective
tillage – by 20.0-23.0%. Fertilization at a dose of 5 tons
FYM + mineral fertilizers N46P24K30 increases the humus
content by 0.05-0.07%, and an increase in fertilizer
application doses up to 8 tons FYM + N84P30K48 increases
the humus content by 0.29-0.3%. The calculated data show
a positive humus balance (175-207 kg ha-1 and 399-436 kg
ha-1) when applying the same doses of fertilizers in the crop
rotation containing 40% of perennial grasses. However, the
productivity of crop rotation increases with the introduction
of average doses of fertilizers by 19.6-21.3%, with higher
doses – by 34.0-36.8%.

Figure 4: The productivity of crop rotations depending
on the method of basic tillage (C, Chisel; M,
Moldboard), the level of fertilization ("0",
natural fertility; "1", 5 tons FYM + mineral
fertilizers N46P24K30 and "2", 8 tons FYM +
mineral fertilizers N84P30K48 per 1 ha of crop
rotation area) and crop rotation structure (crop
rotation "B", 20% of perennial grasses, crop
rotation "C", 40% of perennial grasses), t ha-1
grain units; N = 4; p <0.05
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Crop rotation productivity
An integral indicator of soil fertility is its productivity
(Chahal et al., 2021). The lowest productivity was on the
site with natural fertility (2.76-2.88 t ha-1 grains). The
application of fertilizers in an average dose (5 t FYM +
N46P24K30) increased productivity in "B" crop rotation to
3.35-3.48 t ha-1 grains (21.3-21.5%), in "C" crop rotation,
3.42-3.50 t ha-1 grains (19.6-21.3%). With an increase in the
fertilization dose (8 t FYM + N84P30K48), the productivity
increased in crop rotations to 3.78-3.94 t ha-1 grains (36.937.5%) and 3.83-3.95 t ha-1 grains (34.0-36.8%) (Shah et
al., 2016; Ali et al., 2018) (Figure 4).
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Conclusion
Ecological stabilization of the eroded slopes of the
Rostov region is possible due to the introduction of
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