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Abstract. The aim of the work was to conduct an agro-ecological
assessment of agricultural lands, select a typical test area by key indicators,
and conduct a comprehensive analysis with the mapping of the utilisation
efficiency of this area. The aim of this work was to demonstrate the
fundamental possibility of solving socio-economic and environmental
problems of the land use in the context of reforming the land and property
complex by the example of a specific project. The algorithm of the land
management actions for efficient economic use of the territory of the key
site has been offered. The proposed measures are based on the organisation
of an arable land with the allocation of field, grain-grass and soil-protective
crop rotations, grassing-down of spillways, and conservation of a low-
productive arable land, design of a field-protective forest range,
determination of the type of use of natural forage lands, allocation of
places for the implementation of erosion-hazardous agricultural land
afforestation, organisation of a bee park, clumps of broadleaves and micro-
reserves. The prospectivity of transition from a spatial object of lands
assessment to their agro-ecological type by means of morphometric
analysis of the terrain using GIS-technologies, calculation of territory
roughness, determination of the erosion potential of the terrain, and
complex integration of the results into the typification of agro-climatic
resources has been proved. The prospectivity of use of soil-recovering
effects for the development of new models of resource-saving sustainable
agriculture has been demonstrated.

1 Introduction

To optimise the economic use of lands, to form effective land relations, it is necessary
to develop ecologically sustainable and soil-protective agricultural landscape systems.
Implementation of adaptive landscape cropping systems with application of new
technological solutions of land management design allows providing the efficient use of
soil fertility resources in agricultural landscapes.

The influence of methods of forming sustainable land use on the economic and socio-
cultural development of the country and the region is widely studied both in Russia [1, 2]
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and abroad [3, 4, 5]. Economic, organisational, environmental, and social aspects are the
indicators of efficient agricultural land turnover [6, 7].

Currently, the transformation of territorial planning to ensure the rational use of natural
resources follows the path of applying various concepts [8, 9, 10], but the basin nature
management has some significant advantages [11, 12, 13]. Justification of ecologically-
oriented regional development of the area based on the principles of basin nature
management implies the division of geosystems according to the basin-based principles. It
is attractive because with the automated identification of watersheds, they are an objective
and natural basis for solving territorial issues in the area of nature management and in
carrying out geo-planning [14, 15]). Territory planning in terms of such components as the
landscape natural basis, the system of population settlement and the economy, enables to
single out such components of geo-planning as the formation of the natural framework of
the territory safety, demographic and economic geo-planning [16, 17] with their subsequent
synthesis. Currently, there is a need for an integrated approach to the organisation of
conservation efforts in river basins. Herewith, it is advisable to assess any basin and
human-induced load within it from a systemic standpoint, without ignoring any of the
aspects (water resources and facilities, other landscape components, sources of human-
induced load, etc.) [18].

The problems of soil and water protection and ecological arrangement of watersheds
can be successfully solved when developing land use projects using GIS technologies [19,
20]. A whole new basis for the projects of agriculture soil and water protection systems,
which use the results of an unbiased agroecological assessment of lands, is provided by GIS
technology tools and remote sensing materials. Their combined application enables creating
adequate map models of the territory, identify the features of agroecological conditions and
carry out landscaping based on new conceptual principles [21, 22].

2 Materials and Methods

The key subject of the study is the land of the joint-stock company Druzhba in the
Repyakhovskoye rural settlement, Krasnoyaruzhsky region by Belgorod Oblast. As a test
area, this territory has typical geomorphological, geological, and climatic features, which
are typical for the forest-steppe part of the Belgorod Oblast territory (it occupies 2/3 of the
region's territory).

For the agro-ecological assessment of lands and the design of an adaptive landscape
farming system, the — GIS product- package ArcInfo and its application ArcGIS which
have a basic model of high-level geographical data to provide file sets of spatial
information in the form of vector and raster layers, attributive and statistical information,
were used.

Terrain conditions determine the formation and spatial redistribution of all components
of erosion and slope geosystems. Erosion potential of the terrain as a set of morphological
parameters determines the influence of the terrain on erosion processes. The application of
GIS-technologies allows for rapid morphometric terrain analysis through an automated
analysis of a raster digital elevation model (DEM). The basis for DEM construction was
vector layers of contours and elevations «Topo to raster», which had been obtained from
topographic maps. To create a DEM, we used a tool with the obligatory designation of
belonging to the class of linear objects, which provides information about the location of
flows. The size of the output resolution cell was selected 30x30 m. The obtained DEM
allows visualising the investigated territory in three-dimensional space.

The slope steepness has been defined by a program module tool «Spatial Analysty». In
this case, the output data type «Raster Layer» and additional parameters have been
specified «Raster Layer». This tool sets the units of measurement «Degree», «String» as a
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type of measurement data and as «Z-factor» a set of ground units of X, Y coordinates in
one unit of Z-value of the surface.

Exposure is expressed from 0 to 359.9°, measured clockwise from north. The input
resolution cells with zero slope (flat) have been assigned exposure levels equal to 1. The
slope exposures have been determined by the software «Aspect» by module tools «Spatial
Analyst». Reclassification of the obtained pattern made it possible to calculate the total
statistics of expositional test areas.

In the GIS environment the program module tool «Curvature» has created a slope shape
map, the principle of which is to assign each cell of the input surface of the 4th order
polynominal. As a result, maps of the «Out plan curve raster» planned and profile curvature
have been formed, at the construction «Out profile curve raster» of which, as well as for
slope steepness, the cell height factor has been selected «Z factor» as an additional
parameter.

As a main agro-climatic indicator, which determines heat resources and crop demand,
the duration of periods and the sum of average daily temperature values above 100 have
been assumed. Taking into account the fact that the Belgorod Oblast is a region with the
leading role of crop production in the specialisation of agriculture, S.A. Sapozhnikova's
moisture index has been chosen to assess the area's moisture content, as it takes into
account precipitation of warm and cold period of the year, which is more in line with the
actual regime of water availability and is important for forecasting crop yields. The erosion
network density for the northern and southern part of the farm has been calculated by
ArcGIS a software tool «Kernel Density». The soil map has been digitised in the software
package ArcGIS by the tool «Field Editor». In total, 60 soil varieties and 480 soil contours
have been identified on the territory of the farm.

3 Results and Discussion

The analysis of geospatial data showed that both 41% of the territory of the Belgorod
Oblast and the territory of the test area are characterised by flat terrain without significant
height differences with prevailing slopes with a steepness of 1-3°, and uniform distribution
of slopes along the exposure. The distinctive feature of this area is almost complete absence
of chalk-marlaceous rocks on the slopes of gullies and river valleys. One of the topical
environmental problems of land use, just like in the whole Belgorod Oblast, is the intensive
erosive dissection of the area. In terms of the density of erosive dissection of the terrain, the
Belgorod Oblast ranks first among the regions of the Central Black Earth Region. For 74%
of the Oblast land area, this indicator corresponds to the average degree of erosion
dissection. The terrain of the test area is characterised by the smoothed forms of
watersheds; there are mainly narrow gullies, slopes of which are crossed by numerous
water galls. Erosion is promoted not only by slope types of terrain, and high swelling but
also by climatic factors. The current state of the region's climate system, which was
calculated on the basis of observations from the network of meteorological stations of
Roshydromet (Federal Service for Hydrometeorology and Environmental Monitoring),
made it possible to define the test area as an area with an average level (1.82-1.86%) of
bioclimatic potential, which is typical for most of the region's territory. The test area
belongs to the Second Agro-climatic Region, which covers 70% of the Oblast territory. In
terms of agro-climatic indicators, the test area is classified as a weakly arid humidification
zone of a typical forest-steppe subzone with an average moisture index of 0.8-1.0.

Relief and hydrography:

The territory of the farm is located on the south-western spurs of the Central Russian
Upland. The territory is characterised by a flat to rolling topography, with a network of
large and small ravines and gullies draining the area. The Sitnaya River divides the area of
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the farm into northern and southern parts, which have a common slope towards the river
floodplain. The density ratio of the cores that characterise the erosion network of the
northern part relative to the southern part is 1.8 (Fig. 1).
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Fig. 1. Histograms of the dismemberment of the territory of JSC "Druzhba": northern part of the
economy (A), southern (B)

The northern part of the land use is most dissected, and the gully network is highly
developed here. The left bank gullies are directed from south to north, the right bank ones
— from north to south; all of them open in the floodplain of the Sitnaya River.

Climate:

The territory of the farm is located in the northern agroclimatic region of the Belgorod
Oblast. The climate is moderately continental, with hot summers and moderately warm
winters.

The frost-free period lasts for 160—165 days. The average annual precipitation is
600 mm, although it can drop to 500 mm. Both seasonal and year-to-year fluctuations in the
total precipitation are noted. Therefore, in general, the climate is characterised by a long
frost-free period, sufficient annual precipitation and warmth. The vegetation period lasts for
195 days.

Soils:
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The soil cover on the territory of the farm is quite diverse and consists mainly of
ordinary and leached black earths, mainly with clayey loamy composition. On the slopes of
the ravines, podzolized, leached, ordinary black earths, typical carbonate, grey and dark
grey forest soils have become widespread. In the floodplain of the Sitnaya River floodplain
meadow soils have been formed, along the banks of the ravines — soils of ravine slopes of
various erosion degrees, and on the bottoms of the ravines, washed soddy soils are
common. There are rock outcrops everywhere on the territory of the farm, their total area is
50 ha. On the territory of the farm, the predominant soil types are ordinary (38.3%) and
leached black earths (31.9 %); the third place is occupied by ravine black earths (8.7%).

Soils on the land use territory are significantly susceptible to water erosion. The area of
eroded soil reaches up to 1858 ha, including 1254 ha of arable land, 424 ha of pastures and
50 ha for perennial plantations.

Croplands of the farm are represented mainly by medium (93.3%) and low (6.7%)
humus soils. From the total area of the arable land, low- and medium-eroded soil types
account for 20% and 1.8%, respectively. Soils with a slightly acidic and neutral reaction of
the soil solution prevail. On arable soils, there is mainly an average (51%), low (27%), and
increased (22.2%) content of mobile phosphorus.

The availability of exchange potassium in soils is much higher: 53.3% of soils are
characterised by elevated, 36.1% by high, 10% by average potassium content.

The forest-steppe soils are in the zone of erosion processes of maximum intensity and
the rates of formation are soil formation more than 10 times lower [23] than the average
annual rate of erosion losses.

Land fund:

The land use of the economy is represented by a single massif with a length of 7.5 km
from north to south and 196.5 km from west to east. The total area of the farm is 7178 ha,
of which citizens own 918.4 ha of land, legal entities - 85.7 ha of land, the remaining
agricultural land is in the state ownership of Belgorod Oblast (86%). In the land reserves of
Druzhba JSC, 79.4% of lands is agriculturally used areas, 61% of which is arable lands,
10.2% is timberlands, 1.1% is wetlands, and 9.4% is occupied by transport network,
industry, and development.

The slope part of land use (steepness ranges from 8° to 15°) prevails over the upland.
The area of land with slopes from 0° to 3° is 62.6% of the territory of the economy, from 3°
to 5° - 16.2%, from 5° to 7° - 10.3% and more than 7° - 10.8%. The slopes are mainly
straight, less often — concave and convex. On the slopes, there are frequent water galls and
slope gullies, which indicates the manifestation of linear erosion. The bottoms of the gullies
are well developed, their width fluctuates from 50 to 150 m. The ravines are waterlogged
and there are streams running along their watercourse, which together with the Sitnaya and
Ilek rivers represent the hydrographic network on the territory of the farm.

The microclimatic conditions and the rate of erosion are influenced by the exposure of
slopes. Therefore, this parameter is an essential component of the agroecological
assessment of lands [24]. In this case, the share of northern slopes is 21.3% of the territory,
southern — 14%, eastern — 10.4% and western — 6.7%.

The analysis of the maps obtained thanks to GIS technologies allowed determining the
prevalence of transversely convex and longitudinally concave slopes in the study area. And
since these types of slopes have different levels of erosion hazard, the maps of slope types
create the basis for substantiating the design contour elements of land use planning,
considering the transverse profile of the slopes.

The terrain is an active factor in the displacement of soil solids due to erosion. In order
to calculate parameters of mechanical migration of the soil material, we carried out
determination of the terrain erosive potential. CyIIecTByIOT aJTOPUTMBI, KOTOPBIE
MO3TAITHO ONMHUCHIBAIOT BBIYKCIEHUE penbedrort ¢ynkmuun B GIS [25, 26, 27, 28].
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Previously [11] we presented the methodology, tested on the territory of the Belgorod
Oblast, of using tools for automatic calculation of the terrain erosion potential in ArcGIS.
The map chart of the terrain erosion potential was constructed based on the weighted
average values of the LS model USLE. As a result, the tools of modelling allowed
obtaining a spatial distribution of the erosion potential of Druzhba JSC terrain (Fig. 2),
which let us assess the activity of water erosion processes and plan measures for soil
protection arrangement of the selected test area.
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Fig. 2. Raster distribution of the erosion potential of the relief over the territory of JSC "Druzhba" by
the values of the topographic factor (LS).

The results of agro-ecological assessment of lands, physical-geographical and economic
features of land use determined the possibility of soil protection arrangement of the territory

of Druzhba (Fig. 3).

B canle cemetery FrRIn-grass rotation | orchard B forest belt
I mucroreserve B ol protecting crop rotation [ rangeland B comservation
B vuilt-up xcea [ ] beepark [171] hayfield nanwral gracs vegetation
projected forest belt I sedimentation tank 2
Mo - Qs T

Fig. 3. The project of an adaptive-landscape farming system of JSC "Druzhba".
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The measures for efficient economic use of the territory of Druzhba JSC are based on
the following land management actions: organisation of arable lands with the allocation of
field, grain-grass, and soil-protective crop rotations, grassing-down of spillways, and
conservation of low-productive arable lands, design of field-protective forest range,
determination of the type of use of natural forage lands, allocation of places for the
implementation of erosion-hazardous agricultural land afforestation, creation of a bee park,
clumps of broadleaves and micro-reserves.

Considering the landscape features of the territory, three types of crop rotations have
been designed. Field crop rotations with sowing of perennial grasses and break crops are
recommended on the arable land with a slope of 0—3°. Grain-grass crop rotations with a
share of perennial grasses of about 50% are designed for erosion-hazardous arable lands
with 3-5° slopes. Conservation crop rotations should be planned for the most dangerous in
terms of soil erosion arable lands with more than 5° slopes. The Project provides for the
creation of a field-protective belt with a total area of 4.1 ha as erosion control measures on
the arable land. To prevent troughs, a grassing-down of spillways with a total area of 22.4
ha is provided.

Due to the reduction in the number of farms for raising cattle and small ruminants, the
concentration of animal husbandry in large complexes, as well as due to the transfer of
animal husbandry to tethered technologies, the land under pastures and hayfields is not used
efficiently on the territory of a farm. In this regard, the need for pasture plots is decreasing,
while the demand for hayfields is growing. The total area of land where the locals used to
graze their livestock may be reduced. Thus, on these lands, it is possible to implement
activities within the framework of the regional Green Capital project, which aims to
increase the forest cover of the territory. Thus, it is recommended to increase the forest
cover by 1.5% by the afforestation of degraded and unproductive agricultural lands. An
increase in the ecological stability of the territory ensures an increase in the area of grain-
grass crop rotations and a reduction in forage lands (by 8%), some of which will be
transformed into a park with entomophilic crops for beekeeping. When creating a bee park
with an area of 10.2 ha, it is planned to use 30% of its area for planting honey trees and
shrubs, and 7% for sowing melliferous crops.

Within the framework of the project, areas for natural regeneration of the vegetation
cover were determined as well as the soil use regime for such lands. The renaturation
project (on the area of 569 ha) provides for continuous afforestation (94.5 ha), and the
determination of land plots for overgrowth with trees and shrubs (10.8 ha), the creation of
hunting refuge (1.7 ha) and wildlife reserves (12.6 ha), the grassing-down of runoff dells
(22.4 ha), for a bee park (10.2 ha), but mainly the project is associated with increasing the
area for soil-protective crop rotations (416.8 ha).

The parameters of the ratio of the main types of lands and monitoring indicators after
the implementation of the project are presented in Table 1.

Table 1. Targets and indicators of project implementation

Area, ha
Land fund structure Before the After the Balance, ha
project project
Arable land 4375.2 43752 -
Field crop rotation - 3070.0 +3070.0
Grain crop rotation - 766.8 +766.8
Conservation crop rotation - 416.8 +416.8
Tinning of spillways - 224 +22.4
Land conservation - 95.1 +95.1
Designed forest belts 4.1 +4.1
Gardens 5.7 5.7 -
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Natural forage lands, including: 13184 1213.1 -105.3
Hayfields 480.2 978.1 +497.9
Pasture 831 203.3 -627.7
Natural herbaceous vegetation 7.2 7.2 -
Bee park - 10.2 +10.2
Remises and microreserves - 14.3 +14.3
Forest cover 730.5 835.8 +105.3
Forest strips existing 1183 1183 -
State forest fund 353.2 3532 -
Shrubs 28.1 28.1 -
Afforestation under the Green 230.9 3254 +94.5
Capital project
Self-healing forest - 10.8 +10.8
Under water 76.4 76.4 -
Transport land 26.7 26.7 -
Locality 615.6 615.6 -
Industry 27.2 27.2 -
Other 2.3 2.3 -
Total: 7178.0 7178.0

Ecological effect of the planned soil protection measures was calculated through the
coefficient of ecological stability of the territory, which before the design was estimated at
0.42 (unstable), and after the project implementation it was 0.59 (low stable).

4 Conclusions

The implementation of projects for agricultural landscapes arrangement based on water and
land protection will provide a scientifically based practice of consistent implementation of
environmental protection measures, which can provide a higher quality of the environment.
Over a short time, it is possible to ensure the stabilisation of degraded soil and
environmentally friendly crop production within the framework of the general strategy for
transferring agriculture to biological development paths.

The wider implementation of such measures as increasing the areas of perennial grasses,
hayfields, while reducing unsystematic grazing near settlements on erosion-hazardous
slopes of ravine systems, provides both an increase in the amount of forage produced and
an improvement in indicators that characterise the ecological balance of lands. Instead of
the widely used moldboard tillage, the gradual introduction of direct seeding methods
solves two main problems. Firstly, this is a significant economic benefit from savings on
fuels and lubricants, and, secondly, due to the biologisation of agriculture, there will be less
pesticide load and lower costs for plant protection products, including herbicides (by 60%),
insecticides (by 25%) and fungicides (by 20%).

Thus, by the example of a land use typical for forest-steppe conditions, it is shown that,
taking into account available preconditions for the formation of effective land relations and
optimisation of forms of economic use of the lands accounting for the design solutions on
the efficient use of soil and land resources in agricultural landscapes, the fundamental
possibility of the organisation of efficient land use under conditions when the regional share
of the land plots under the state custody prevails on the area has been proved.
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