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SUMMARY 

 
 

The report presents the methodology for determining ecological and technological limitations in the use 

of agricultural landscapes using GIS tools and analyses it on the example of agricultural landscapes of 

the Vinnytsia Municipal Territorial Community (MTC). It is proved, that digital relief model generated 

with GIS tools can be used to plan and form environmentally friendly agricultural landscape use with 

high accuracy and efficiency. 
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Introduction 

 

The basis of highly efficient ecologically safe land use in the agrarian sector of the economy is the 

differentiated use of land depending on the ecological and socio-economic features of a specific rural 

area. In conditions of increased erosion danger, this principle corresponds to the division of arable land 

into ecological and technological groups (ETG) with the formation of appropriate restrictions on their 

use. In accordance with the third part of Article 37 of the Law on Land Protection, “On agricultural 

lands, activities may be restricted regarding: the cultivation of certain agricultural crops, the use of 

certain technologies for their cultivation, or the conduct of certain agrotechnical operations; ploughing 

hayfields, pastures; use of degraded, unproductive, as well as technogenically polluted land plots; 

unreasonably intensive use of land”. According to part five of Article 34 of the same Law, “When 

establishing indicators of the intensity of agricultural land use, agricultural crops, the cultivation of 

which is limited or prohibited, as well as technologies and separate agrotechnical operations for their 

cultivation are determined”. According to the third part of Article 47 of the seme Law, “It is prohibited 

to plough slopes with a steepness of more than 7 degrees” It is possible to use it for afforestation and 

implementation of soil protection measures or turn it into meadow. On slopes with a steepness of 3 to 

7 degrees, the placement of row crops, black steam, etc. is limited according to the same article of the 

same Law. The report presents the methodology for determining ecological and technological 

limitations in the use of agricultural landscapes and analyses it on the example of agricultural landscapes 

of the Vinnytsia Municipal Territorial Community (MTC). 

 

Method of investigation and Theory 

 

The basis for the division of arable land into ecological and technological groups is the cartogram of 

agricultural production groups of soils and steepness of slopes, which, in accordance with point “e” of 

part five of Article 45 of the Law of Ukraine “On Land Management” is part of the “Scheme of land 

management and technical and economic justifications of use and protection of lands of the relevant 

administrative-territorial unit, territories of territorial communities”. The information necessary for 

drawing up a cartogram of agricultural production groups of soils and the steepness of slopes is obtained 

“in the process of soil, geobotanical and other surveys of land during the implementation of land 

management” (Article 36 of the Law of Ukraine “On Land Management”). The map of the steepness 

of the slopes is developed on the basis of vectorization of data on the topography of the studied area. 

As part of our research, the digital data obtained on the topography of the surveyed territory using the 

GRASS plugin for the Quantum GIS software product were used to form a digital model of the 

topography, on the basis of which a cartogram of the steepness of the slopes was formed in the following 

sections: 0-1º, 1-3º, 3-5º, 5-7º, 7-10º and over 10º. 

 

In terms of our literature research, we found a lot of publications regarding topics “digital relief model” 

and “digital terrain model” published over the last 10 years, but they are usually devoted to general 

digital relief generation techniques (Wang et al., 2010), general landform analysis in geomorphology 

(Dikau, 2020) or landform analysis in geomorphology of an anthropogenically transformed area 

(Zarychta, 2013). So, we decided to use the digital relief model to try to plan and form an 

environmentally friendly agrarian landscape. 

 

Arable land is divided into three ecological and technological groups (ETG): group I includes non-

eroded and slightly eroded lands located on slopes with a steepness of up to 3°, the nature of the relief 

and the quality of which (granulometric composition, the degree of deflationary stability, absence of 

overwetting, salinity, clogging with stones, etc.) allow growing agricultural crops using intensive 

technologies. On these lands, field crop rotations are mixed with maximum saturation with row crops, 

if necessary. Within Group I, two ecological and technological subgroups are distinguished: Ia – flat 

lands with a slope of up to 1°, on which there is no restriction in the choice of the direction of cultivation 

and sowing; Ib – lands with a slope steepness of 1-3°, where cultivation and sowing across or at an 

acceptable angle to the slope is mandatory (Tararyko et. al., 1998). For example, a crop rotation with 

the following rotation scheme can be used on these lands: 1 – perennial and annual grasses, 2 – winter 
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wheat, 3 – sugar beets, 4 – corn for grain, 5 – peas, buckwheat, 6 – winter wheat, 7 – sugar beets, 8 – 

barley, oats with perennial herbs. 

 

The II ecological and technological group includes lands located on slopes of 3-5° with a preference for 

unwashed soils (if available, also weakly and moderately washed ones). On the lands of the II group, 

grain-grass and soil-protecting crop rotations are planned, excluding the placement of black steam, row 

crops (technical, vegetable, melons, fodder roots, potatoes) and other erosion-dangerous crops (Saiko, 

Boyko, 2002). To differentiate the density of anti-erosion measures, including agrotechnical ones, the 

lands of the II group are divided into two ecological and technological subgroups: IIa – slopes with a 

steepness of 3-5° without basins; IIb – slopes with a steepness of 3-5° with basins. Grain-grass crop 

rotations are placed on the lands of the ecological-technological subgroup IIa, and soil protection crop 

rotations are placed on the lands of the IIb subgroup. Lands of the III ecological-technological group 

include slopes steeper than 5° and degraded lands, the use of which is ecologically dangerous and 

economically inefficient. These lands are excluded from intensive use, are subject to removal from the 

arable lands and transformation into natural fodder lands or forest plantations. The boundaries between 

the I and II ecological-technological groups of lands are simultaneously the boundaries between field 

and soil-protective crop rotations and are fixed on the site by various elements of land management 

(forest strips, roads, embankments, water bodies etc.). If necessary, linear boundaries are created on the 

border of ecological and technological subgroups of lands. Deviation of linear boundaries (borders of 

ecological and technological groups) from contour (height) lines is possible within the limits of 

permissible parameters (according to calculations), determined by the granulometric composition of 

soils, the length of slopes, and the amount of precipitation. Mutually agreed placement of linear 

boundaries is carried out taking into account natural, organizational and economic conditions. 

 

During the design, it is necessary to strive to achieve parallelism of the borders of the crop rotation 

fields (working areas), but not to the detriment of the general anti-erosion organization of the territory, 

that is, with compliance with the permissible deviations of the direction of the main cultivation from 

the horizontals, the value of which depends on the slope, the amount of opals, the erosion resistance of 

the soil, the agro background and is from 0.5 to 2°. Each field is placed on the slope of one exposure. 

If it is impossible to achieve a uniform exposure, uniform work areas are designed for each of the 

exposures. In areas with wind erosion, crop rotation fields are placed with their long sides across the 

prevailing winds. In addition, crop rotation fields should be of equal quality in terms of soil cover. The 

best design solution should be considered when the field consists entirely of an agrotechnical 

homogeneous plot, that is, it should include soils of the same quality and granulometric composition. 

 

Initial data 

 

Vinnytsia MTC is located in the central part of Vinnytsia Oblast, which belongs to the Bug-Middle-

Dnieper District of the Forest-Steppe Right Bank Province of the Forest-Steppe Natural-Agricultural 

Zone of Ukraine. The soil cover of the studied territory is dominated by the soils of agricultural 

production groups: 41d – Black soils with silt and slightly regraded and dark grey strongly regraded 

medium loamy soils and 53d Typical low-humus black soils and strongly regraded medium loamy black 

soils – (respectively 58.44% and 19.08% of the area of agricultural land of the community). The level 

of ploughing of agricultural land within the community is 93.01%, the ratio of arable land and 

ecologically sustainable agricultural land is 13.32, which indicates an extremely high level of 

anthropogenic load on the ground cover of the community's agricultural landscape. 

 

Results of investigation 

 

According to the data on contour (height) isolines provided by the state research and production 

enterprise “Cartography”, a digital model of the relief of the studied territory of Vinnytsia MTC (Figure 

1) was created using the GRASS plugin for the Quantum GIS software product. 

On its basis, a cartogram of the steepness of the slopes of the studied territory of Vinnytsia MTC in the 

following sections: 0-1º, 1-3º, 3-5º, 5-7º, 7-10º and over 10º was formed. 
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Figure 1 digital model of the relief of the studied territory of Vinnytsia MTC 

 

According to the results of the comparison of the map of the steepness of the slopes and identified arable 

lands, the steepness of the slopes of agrarian landscapes was determined and ecological and 

technological land groups were formed based on these data, and the lands ploughed on the slopes, the 

steepness of which does not imply their intensive agricultural use, were determined (Figure 2). 

 

 
Figure 2 The steepness of the slopes of arable land in the studied territory of Vinnytsia MTC. 

 

According to the results of the study of the steepness of the slopes on which the arable lands are located, 

it was established that 96.6% of the arable lands are located on slopes with a steepness of up to 3º and 

constitute the I ETG, 3.0% of the arable lands are located on slopes with a steepness of 3º to 5º – the II 

ETG. Accordingly, only 0.4% of lands are located on slopes of more than 5º (III ETG). They are located 

mainly along ravines in the eastern part of the studied area around the Velyki Krushlintsi village. Within 

subgroup Ia of I ETG, which includes arable land located on slopes with a steepness of up to 1°, due to 

the lowest level of erosion danger, there are no ecological and technological restrictions. This subgroup 

of land needs only field protection land reclamation and protection against deflation (Bulyhin et al., 

2004). We identified 2 444,71 ha of arable land of Ia ETG. Within subgroup Ib of I ETG, which includes 

arable land located on slopes with a steepness of 1-3°, due to a higher level of erosion danger compared 

to subgroup Ia, ecological and technological restrictions are established regarding the direction of soil 

cultivation and sowing of agricultural crops. On the arable lands of this subgroup, it is mandatory to 

cultivate the soil and sow agricultural crops across the. We identified 5 390,47 ha of arable land of Ib 

ETG. In general, on the lands of the I ETG intensive technologies for growing agricultural crops are 

used to achieve the maximum yield of the latter with minimal negative consequences for the 

environment. In these technologies, preference is given to a differentiated system of soil cultivation and 

the introduction of maximum doses of fertilizers precisely on the lands of the I ETG to ensure high 

economic efficiency of the use of agrochemicals (Tsentilo, 2019). 

 

In the II ETG, which includes arable land, located on slopes with a steepness of 3-5°, with the 

dominance of the ground cover of weakly and moderately washed soils, due to the increased level of 

erosion danger, ecological and technological restrictions are established regarding the placement of 

black steam and row crops. In this context, according to the recommendations of scientific research 
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institutions, the placement of black steam, row crops (technical, vegetable, melon, potato, fodder root 

crops) and other erosion-unstable crops is not allowed on the lands of II ETG (Saiko, Boyko, 2002). On 

the lands of II ETG, soil-protective crop rotations with the inclusion of crops with high soil-protective 

capacity are planned. On the lands of II ETG, the principles of soil-protecting agriculture with the use 

of elements of biologization are being implemented. Preference is given to soil-protecting tillage 

technologies, which are supplemented by loosening and mulching with plant residues. In the zone III 

of the ETG, which includes arable lands, located on slopes with a steepness of more than 5°, with the 

dominance of medium-washed soils in the ground cover, due to the high level of erosion danger, 

ecological and technological restrictions are established regarding their use in intensive cultivation. 

Economic use of lands of III ETG is ecologically dangerous and economically inefficient. These lands 

are excluded from intensive use, subject to conservation with their subsequent transformation into 

natural fodder lands or forest plantations. 

 

Recommendations and conclusions 

 

The process of determining ecological and technological restrictions on the use of arable land includes 

the following stages: 1) development of a digital terrain model; 2) development of a map of slope 

steepness; 3) division of arable land into ecological and technological groups; 4) formation of 

restrictions on the use of arable land within the limits of the selected ecological and technological 

groups. On the arable lands of the Vinnytsia MTG, 3 ecological and technological groups are allocated: 

I ETG (0-3°) with an area of 7835.2 ha; including subgroup Ia (0-1°) with an area of 2444.7 ha, subgroup 

Ib (1-3°) – 5390.5 ha; II ETG (3-5°) – 243.7 ha; III ETG (>5°) – 33.47 ha. There are no ecological and 

technological restrictions within subgroup Ia of the first ETG. Within the boundaries of subgroup Ib of 

the first ETG, restrictions are established regarding the direction of soil cultivation and sowing of 

agricultural crops, which must necessarily be carried out across the slopes or contour with a permissible 

slope to the horizontal terrain. Within the limits of the II ETG, there are restrictions on the placement 

of black steam and row crops. Arable land of the III ETG must be removed from intensive use 

altogether. Based on the results of our research we strongly recommend using digital relief model 

generated with GIS instruments to form environmentally friendly agrarian landscape use, as digital 

relief models can be generated very accurately. 
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