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Onucanpl MUHIMAIIFHO HE0OXoanuMast HH(pOpMAIis U TOCIeN0BaTeIbHOCTh BBIIEICHUS arpo-
9KOJIOTHYECKHUX THUTIOB 3€Mellb Ha TEPPUTOPHH 3eMJICTIONB30BaHus onbITHOH craHImu (OC), pacmo-
JoxeHHOH B necoctenu [Ipnoonst HoBocubupckoii o6nactu. BeieneHsl arposKoornaeckue TUITbI
3EMCEIIb. HepBI:-IfI THIT (HHaKOpHBIC 3CMHI/I) mpeaAcTaBJICH YEPHO3EMOM BBILICIIOYCHHBIM B COUCTAHUU
¢ 0OBIKHOBEHHBIM, OTIOJI30JIEHHBIM M TEMHO-CEPOH JIECHO MOYBOM, BTOPOI THII (c71a003pO3NOHHBIE
3eMJIH) — YEPHO3EMOM BBIIIEIIOYCHHBIM B COUYETAaHUU C TEMHO-CEPOH JIeCHOM 1mouBoil. [louBeHHBII
mokpoB OC B 000MX THIax 3eMejb MpPEACTaBlIeH YePHO3EMOM BhIMIENoueHHbIM (UB-2-2¢C), momns
KOTOPOTO ISl IIEPBOTO THIIA COCTaBisieT 75,26%, s Broporo — 76,26% oT o0mIe riomamm tu-
moB. /1yl mepBOro arposKOIOTHYECKOr0 THIIA 3eMeJIb XapaKTepHO BapbHUpOBaHUE BBICOT OT 134 no
165 M. Paboune yyacTKu OTHOCHTENILHO yIJla HaKJIOHa penbeda pacroNoKeHbl Ha CKIoHax oT 0
1o 3 rpaa. BeprukansHoe pacuinieHeHue pesibeda B CpeAHEeM cocTaBiseT 1,3 M, rOpH30HTaIbHOE
pacusieHeHne 3po3uoHHbIMU hopmamu — 0,8 kM/kM?2. BTOpOi#i THIT 3eMelTb XapaKTepU3yeTcs: BbICO-
TOii HajL ypoBHEM Mops oT 113 o 137 M, yrimom HakioHa penbeda — oT 1 10 4 rpan. BeprukansHoe
pacuieHeHue penbeda B CpeHeM cocTaBiseT 1,7 M, TOpH30HTAIbHOE pacuIeHEHUE 3PO3UOHHBIMA
dopmamu — 0,9 km/km?. TUnU3anUs OCYIIECTBICHA C TIOMOIIBIO chOpMHUPOBAHHOI M(PPOBOIT MozIe-
nm 3emutenoib3oBanus (LIM3) OC na ocHoBe aHanu3a reorpaduyeckoil ”HPOpPMaIHU, MaTePHAJIOB
JMUCTAaHIIMOHHOTO 30HAMpoBanus 3emun (/33) u kamacTpoBoii kapTel. [[M3 cocTOUT UX Cleqyro-
IUX TeONMH(OPMAITMOHHEIX CIOEB: Tomorpadus, TOYBESHHBIA MTOKPOB, U(poBas MoIeNb penbeda
(LIMP), paboune yuactku. [[MP BrirouaeT nHbOpMaIHIO 0 KpyTH3HE U KCIIO3UITUH CKIIOHOB, BEp-
THUKAJIHHOM M TOPU30HTAIBHOM PacUJICHEHHUH.

KiroueBble cjioBa: arpo3KoJOrMYECKHE THIBI 3eMellb, TeonH(pOpMaloHHas Moznenb, 133,
I'C, 6a3b1 aHHBIX
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The minimum required information and the sequence of agroecological land type allocation on
the land management territory of the experimental station (ES) located in the forest-steppe of the
Priob'ye region of Novosibirsk is described. Two agroecological land types are distinguished: the
first type (upland lands) is represented by leached chernozem in combination with common, podzol-
ized and dark-grey forest soils; the second type (slightly erosive lands) is represented by leached
chernozem in combination with dark-grey forest soils. Soil cover of ES in both types of lands is
represented by leached chernozem (Lch-2-2s), the share of which for the first type is 75.26%, for the
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second - 76.26% of the total area of the types. The first agroecological land type is characterized by
a range of heights from 134 to 165 m. The working areas are located on the slopes between 0 and
3 degrees in relation to the terrain angle. Vertical dissection of the relief averages 1.3 m, horizontal
dissection by erosion forms is 0.8 km/km?. The second type of land is characterized by an eleva-
tion of 113 to 137 meters above sea level and a slope of 1 to 4 degrees. Vertical dissection of the
terrain averages 1.7 m, horizontal dissection by erosion forms 0.9 km/km?. Typification was carried
out with the help of a generated Digital Land Use Model (DLM) of the ES based on the analysis of
geographical information, remote sensing materials (ERS) and cadastral map. The DLM consists of
the following geo-information layers: topography, land cover, digital elevation model (DEM), work-
ing areas. The DEM includes information on slope steepness and exposure, vertical and horizontal

dissection.
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INTRODUCTION

The design of adaptive-landscape farm-
ing systems is impossible without a compre-
hensive agro-ecological assessment of lands.
Agroecological assessment of lands takes into
account the characteristics of the soil cover,
geomorphological and agroclimatic features
of the land use area, which determines the
productivity of agricultural crops [1]. The ca-
pabilities of geographic information systems
(GIS), which allow you to systematize spatial
information and analyze it in accordance with
the objectives are used to carry out analytical
work [2-4]. Geoinformation solution of such
tasks consists in the system of accumulation,
storage and processing of the information ob-
tained [5]. There are a number of functions
in GIS with the help of which it is possible to
carry out the analysis connected with changes
of land resources (calculation of the areas,
lengths and other parameters), to receive geo-
morphometric characteristics of the surface of
a territory (slope angle, exposition of a slope,

vertical and horizontal dissection of a relief),
that allows to give an estimation of the land
use.

The basis for GIS is geodata. They are in-
formation about a real object obtained through
observation or measurement, with the data unit
having two components: information about the
location of the object in space and information
about the properties of the object describing its
essence, and respectively spatial and attribute
characteristics [6]. With the integration of GIS
and Earth's remote sensing (ERS) it is possible
to obtain information about land resources for
their analysis on-line.

The purpose of the study is to carry out
agro-ecological typification of land using the
created digital model of land use.

MATERIAL AND METHODS

The research was conducted on the territory
of'the ES "Elitnaya" (54°54'57 "N, 82°57'6 "E)
of the Novosibirsk district of the Novosibirsk
region, located on the third terrace of the Priob
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plateau, which has a slight slope towards the
Ob river. According to the scheme of agro-
landscape zoning of the Novosibirsk region
compiled by the Siberian Research Institute
of Soil Management and Chemicalization of
Agriculture (SibNIIZiH) of SFSCA RAS, the
farm territory belongs to the forest-steppe Pri-
obsky agrolandscape district of the North-Pre-
Altai forest-steppe province [7]. The soil cov-
er is mainly represented by different subtypes
of chernozem and dark gray forest soil.

Public cadastral and topographic maps were
used to clarify information on the boundaries of
the objects. The geospatial database (GDB) re-
flects information about geometry, spatial loca-
tion of objects and characteristics of the territo-
ry. The GDB is developed in SpatiaLite DBMS.
GIS geo-information layers were formed with
the use of land use project data of M 1: 21 000,
topographic map of M 1: 100 000, Landsat-8
satellite images with the resolution of 30630 m
in one pixel. The satellite images were down-
loaded from the site of the US Geological Sur-
vey (https://earthexplorer.usgs.gov). All elec-
tronic layers were created in the unified 3857
WGS-84/Pseudo-Mercator coordinate system
using Quantum GIS (QGIS) software with
open modular architecture (https://qgis.org/ru/
site/) [8]. When preparing the geoinformation
layer soil cover, the map of the experimental-
production farm "Elitnoe" (1999 M 1: 10 000)
was taken as the basis.

The GDB terrain model includes slope
angles, horizontal and vertical dissection,
and slope exposure. Digital elevation model
(DEM) is formed on the basis of topographic
map with digitized elevations and isolines, as
well as SRTM data (https://earthexplorer.usgs.
gov).

To assess the dissection of the relief, the arca
was divided into squares of 1 x 1 km. Within
the resulting squares, the main indicators were
calculated using GRASS GIS in the QGIS in-
terface. Horizontal landform dissection was
calculated using the algorithm "Fill sinks" —
"catchment area" — "channel network" and
linked attribute information about the area
and the degree of erosion development. The

vertical dissection of the relief was calculated
based on a map of elementary catchments us-
ing the algorithm — "r.watershed". Then, us-
ing the tool "Vector <-> raster" - "Raster sta-
tistic for polygons", the maxima and minima
of heights in each watershed were calculated.
Using the field calculator in the attribute infor-
mation, the value of height difference and the
area occupied by a certain height on the terrain
were calculated.

RESULTS AND DISCUSSION

The data obtained during the formation of a
digital land-use model (DLUM) were formed
into geoinformation layers with a GDB. Geo-
information layer topographic map carries in-
formation about actual boundaries of land use,
working areas, reference points of the geodet-
ic network, settlements, road network, power
lines, gas pipelines, heights, horizontals, etc.
With the help of the public cadastral map the
boundaries of the working areas of land use
were specified. When digitizing and clarifying
the areas of the working areas with the help
of the territorial land management project,
remote sensing, raster map substrate (Google
Satellite Hybrid) and the data provided from
the ES, it turned out that the accounting area
is different everywhere. Therefore, it is nec-
essary to specify the acreage of the working
sites with the help of contour interpretation of
aerial photos.

The formed GDB by working plots in-
cludes attributive information: plot number,
area, ridge length, configuration of the work-
ing sites, distance from the central farmstead,
thickness of the humus horizon, crops culti-
vated over the last 5 years, and their yields
(see Fig. 1).

The basis of land management is crop rota-
tions, the placement of which depends on soil
and climatic conditions. The geoinformation
layer of the crop rotation scheme in the ES
"Elitnaya" is shown in Fig. 2. Field and forage
crop rotations prevail equally on the territory
of the ES "Elitnaya", since the specialization
of the agricultural organization is cattle-breed-
ing and plant-growing.
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As one of the thematic layers of GIS, a
geoinformation layer soil cover was created,
which contains the characteristics of the soil
cover of the territory, and serves as the basis
for agro-ecological land typing [9].

The soil cover of the "Elitnaya" ES terri-
tory is represented by different subtypes, the
share of which from the total area is the fol-
lowing values: leached chernozem - 83.35%,
common - 6.11, podzolized - 3, dark gray for-
est - 7.54% (see Fig. 3). Soil GDB contains
information on soil index, soil name, con-
tent of humus and physical clay, pH, mobile
phosphorus, and exchangeable potassium.
The granulometric composition of soils var-
ies from medium to heavy loamy. The humus
content in the soils varies from 2 to 5%, pH
from 4.51 to 5.01.

The relief of the earth's surface influences
the physical and geographical elements of the
landscape, being the main factor of its forma-
tion. Microclimatic and geochemical condi-
tions of the territory under study - water flow
and soil erosion, which are its main character-
istics, depend on the steepness, shape, exposi-
tion of the slope and dissection of the territory.
The temperature of soil warming, the intensity
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of erosion and the thickness of the soil pro-
file depend on the steepness and shape of the
slopes. Therefore, the obtained spatial data
on the morphometric characteristics help to
estimate the erosion potential of the territory
[10]. For these purposes a DEM was created.
A GDB with point and linear geometry was
formed for the DEM. The linear layer contains
information about heights, which are built
with a cross section in 10 m (see Fig. 4).

The calculation and analysis of maps of hor-
izontal and vertical dissection, exposure and
steepness of slopes, and conclusions about the
exposure of the territory to geomorphological
risks depending on the values of morphomet-
ric parameters of the relief were made [11].

One of the main characteristics of the re-
lief is the steepness of the slope and its shape,
which determine the rate of surface water
runoff. Proceeding from the fact that it is the
steepness of the slope that affects the mani-
festation of erosion processes, we calculated
the slope indicators of the territory of ES "Elit-
naya" on the basis of SRTM.

The territory of the ES "Elitnaya" has land
plots of different steepness, the classification

Puc. 1. ®parmenT 6a3bl reONPOCTPAHCTBEHHBIX JIAHHBIX pa0OUUX Y4acTKOB

Fig. 1. Fragment of the geospatial database of work sites
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Fig. 2. Geographic information layer of working areas of crops of the ES «Elitnayay» in 2021

of which was carried out by the method of
M.N. Zaslavsky (see Fig. 5) [12].

The largest part of the ES "Elitnaya" is
occupied by 0-1-degree slopes. They cover
57.17% of the area, slopes 1-3 deg. occupy
41.03%, 3-5 deg. - 1.77, 5-7 deg. - 0,03%. This
shows that the relief of the slopes varies from
very gentle to slightly sloping [1]. Working
sites are mostly located on slopes 0-3 degrees,
they are less washed away than the location on
steeper slopes.

The intensity of sunlight distribution, veg-
etation and soil cover, microclimate, and snow
distribution in winter depend on the exposure
of slopes. The most favorable slopes for plac-
ing agricultural crops in the forest-steppe are
considered the southern ones, they warm up
faster, the duration of vegetation period of
plants on them is higher, and the most unfa-
vorable - the northern, colder and often over-
moistened. On the eastern slopes, the maxi-
mum temperature is reached in the morning

and in the evening on the western slopes [13].
When forming the electronic layer of slope ex-
posures, a breakdown into eight ranges was ad-
opted: north, northeast, east, southeast, south,
southwest, west, and northwest (see Fig. 6).

The analysis showed that the slopes of the
northern exposure account for 14.79%, north-
eastern - 15.86%, eastern - 14.22%, south-
eastern - 10.57%, southern - 14.42% of the
total area on the territory of "Elitnaya" ES.
The southwestern exposure slopes are repre-
sented by the smallest proportion and account
for 8.96%, the western exposure 11.20, and
the northwestern exposure 9.99%. The south-
ern exposure of slopes is most significantly
expressed in the working sites located in the
southwestern part of the ES "Elitnaya", the
other sites have equally complex distribution
of slope exposures.

The degree of horizontal dissection of the
territory under study depends on the develop-
ment of the erosion network, the classifica-
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Puc. 3. ®parmenT 6a3bl reoNpOCTPAHCTBEHHBIX JTAHHBIX 3JICKTPOHHOTO CJI0sI TIOYBEHHBIN ITOKPOB
Fig. 3. Fragment of the geospatial database of the electronic layer soil cover
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Puc. 5. I'eonHpopMannOHHBIN CIION pacIipe/ieIeHns 3HaueHII KPyTH3HBI CKIIOHOB, TPaI.
Fig. 5. Geographic information layer for the distribution of slope steepness values, degrees

tion of which is generally accepted [12]. The
formed layer of horizontal dissection of the
relief is characterized by the indicator of the
territory division into sections on the basis of
a regular grid with the area of 1 km?, with sub-
sequent calculation of the length of the erosion
network in each cell. The attributive GDB data
contain information about the area, length of
permanent and temporary watercourses.

According to the calculations of horizontal
dissection of the relief, 64.98% of the territory
of ES "Elitnaya" is attributed to slightly dis-
sected plain with little manifestation of ero-
sion processes. Dissection by erosion forms
is less than 0.2 km/km?. Average dissection of
the territory is 12.77% of the total area, strong
- 12.77% and very strong - 9.57%.

The dissection of the relief by erosive land-
forms from north to north-east increases from
0.1 to 0.9 km/km?. In the eastern part, the hori-
zontal dissection coefficient varies from 0.1 to
0.5 km/km?, in the south-west - from 0.2 to
0.5, in the western part - from 0.1 to 0.3, in the
north-west - from 05 to 0.8 km/km?.

Attributive information of geoinformation
layer of vertical dissection of relief contains
information about heights, the difference be-
tween maximum and minimum heights, the
areas occupied by heights on the terrain. The
difference between heights varies from 11 to
73 m. In general, the territory of land use of
ES "Elitnaya" is characterized by condition-
ally undivided plain, the share of which from
the total area is 96.83%. Shallowly partitioned
plain is 0.52% of the total area, moderately
partitioned - 0.51, deeply partitioned - 0.63
and heavily partitioned - 3.06%.

Agroecological types of lands are identified
by mutual superimposition of map layers [14].
On the basis of the analysis an electronic layer
of agroecological types of land was formed.
The basis of agroecological land typification
is the definition of agroecologically homoge-
neous territory according to the conditions of
crops cultivation.

Agro-ecological land typification was car-
ried out according to the methodology of V.I.
Kiryushin [15]. Two types of lands were sin-
gled out on the land use territory of ES "Elit-
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naya" (see Fig.7). The first agro-ecological
type of lands (upland lands) is represented by
leached chernozem in combination with com-
mon, podzolized and dark gray forest soils. El-
evations above sea level vary from 134 to 165
m. Relief slope angle varies from 0 to 3 de-
grees. Vertical dissection of the relief averages
1.3 m, horizontal dissection by erosion forms
- 0.8 km/km?. The largest area is occupied
by medium-humus medium-loamy leached
chernozem (Chv-2-2s), the share of which is
75.26% of the total area of the type.

The second agro-ecological land type is
located on slightly erosive lands and includes
chernozem, leached in combination with dark
gray forest soil. The elevation varies from 113
to 137 m above sea level. Relief slope angle
varies from 1 to 4 degrees. Vertical relief dis-
section averages 1.7 m, horizontal dissection
by erosion forms - 0.9 km/km?. The largest
area is occupied by medium-humus medium-
loamy leached chernozem (Chv-2-2s), the
share of which is 76.26% of the total area of
the type.

CONCLUSION

The land use area of ES "Elitnaya" has an
upland and a slightly sloping type of terrain,
rugged with linear erosion forms. The work-
ing sites are mainly located on the predomi-
nant slopes of 0-3 degrees. (98,2%). In the soil
cover, leached chernozem is predominantly
expressed, which accounts for 83.35% of the
total ES area. Slopes of the north-eastern ex-
position prevail; they account for 15.86% of
the total area. The ES territory is attributed to
the poorly broken relief plain, where the dis-
section by erosion forms is less than 0.2 km/
km?, and the vertical relief dissection varies
from 11 to 73 m.

Agroecological land typing using DEM
consists of the following algorithm sequence:
coordinate referencing, geoinformation lay-
ers formation using RS data processing, DEM
formation (horizontal and vertical relief parti-
tioning, slope angle, slope exposition), GDB
creation. To form a higher-quality DEM, it
is necessary to specify the boundaries of the

working sites and the spatial location of geo-
graphical objects, as well as to create a soil
map (the paper version of the map is lost) with
the help of RS data and field soil survey.
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