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Abstract

Background. This article discusses the problem of soil degradation from flood-
ing and waterlogging. The analysis of the influence of these factors on the quality
of land resources and agricultural productivity is given. As a solution, it is proposed
to use digital surface modeling and other methods aimed at preventing erosion and
improving soil condition. The article may be useful for scientists and specialists in
the field of land reclamation and agronomy

Purpose. Objective of the study to explore numerical modeling in the study of
agricultural land degradation processes.

Materials and methods. The research was conducted in the Dinsky district of
the Krasnodar Territory, which belongs to the steppe zone. This area is characterized
by significant humidification (from moderate to severe), relatively warm winters,
short spring, hot summers, and long warm autumn. The annual rainfall in recent
decades has increased to 643 mm, including 370 mm for the warm period (April —
October) and 273 mm for the cold period (November — March).

Results. A feature of the territory has been determined, which is weak slopes
and depressions of the terrain, in which even small obstacles to surface and ground
runoff in wet years can lead to waterlogging of soils. Closed relief depressions (sau-
cers) were formed due to subsidence of soils under the influence of natural moisture.
Due to the high porosity and significant carbonate content, loess-like rocks of the
irrigation site are predisposed to subsidence phenomena that occur during irrigation
or during waterlogging of rocks. The territory is in the initial stage of degradation
caused by flooding and waterlogging of the land. Land degradation is caused by
natural and anthropogenic factors, where anthropogenic factors are more strongly
influenced.
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Conclusion. For intensive use of the studied territory (which is represented by
meadow-chernozem leached weakly developed soils) in agricultural production, it is
necessary to: carry out reclamation work on drainage (reducing the level of high wa-
ter) by installing tubular periodic drainage in irrigation fields with the withdrawal of
excess water into drainage channels that are located parallel to the irrigation fields;
construction of absorption wells in the centers of low-lying areas of fields with up-
stream and outlet through drainage pipes into drainage channels that are located
parallel to irrigation fields; to improve water permeability and aeration, eliminate
the plow sole and reduce the density of the humus horizon of meadow-chernozem
leached weakly silted soils, use chisels or deep dredges once every 2-3 years; change
the composition of crop rotation by increasing the proportion of legumes crops;
application of organic matter to the fields in the amount of 8-10 t/ha for 5 years.
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HIUPPOBOE MOJAEJIUPOBAHUE
B UCCJIEJOBAHUMU ITPOLHECCOB JAETI'PAJALIUN
CEJIbCKOXO3MCTBEHHBIX 3EMEJIb

JI.B. Kpasuenxo, A.E. Xaoxcuou,
A.H. Kypmnezupos, X.U. Kunuou

Annomayusn

O6ocHoBanme. B cratbe paccmarpuBaeTcs mpobiema aerpajanny o4yB OT Ha-
BOAHEHHH 1 3a0omaunBanys. [[pHBOIUTCS aHAN3 BIUSHUA 3THX (haKTOPOB Ha Ka-
YECTBO 3€MENIbHBIX PECYPCOB U IPOAYKTUBHOCTD CEIILCKOIO X03s1iicTBa. B kauecTse
peLIeHus IpeUIaraeTcsl UCIoIb30BaTh NU(POBOE MOAESIHPOBAHUE TIOBEPXHOCTH U
JpyTHE METOJIBI, HAallpaBICHHbIE HA IIPEJOTBPAICHIE SPO3UH U YITydIICHHE COCTO-
stHUSE 1104B. CTaTbs MOXKET OBITh IOJI€3HA IS YUEHbIX U CIIELMAIUCTOB B 001aCTH
MEeJIMOpaluy U arPOHOMHUHU.

Henasn. Lens nccnenoBanus n3yduTs DH(GPOBOE MOJACTNPOBAHUE B HCCIIEIOBA-
HHH MIPOLECCOB JETPATAINHU CeIbCKOXO3AHCTBEHHBIX 3EMelTh
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Marepuaisl u MeToabl. VcciaenoBanus npoBoauianch B JIMHCKOM paiioHe
Kpacnomgapckoro xpast, KOTOpBIi OTHOCUTCSL K CTEMHOM 30HE. J{71s1 3TOM TeppuTo-
pHH XapaKTepHO 3HAYUTENBbHOE YBIaKHEHHE (OT YMEPEHHOTO JI0 CHIIBHOTO), OTHO-
CHUTEJIBHO TeIlIas 3MMa, KOPOTKast BECHA, )KapKOE JICTO ¥ IIPOJOJDKUTEIbHAS TeTlast
oceHb. [010BO€ KOJTMYECTBO OCAIKOB 3a MOCISTHNUE ASCATHICTHS YBEIUIUIOCH 10
643 mm, 13 HuX 370 MM IPUXOAUTCS HA TEIUIBINA TIEPHO (Apelib - OKTIOph) 1 273
MM - Ha XOJIOZHbIH (HOAOpS - MapT).

Pe3yabrarhl. OnpeneneHa 0COOEHHOCTh TEPPUTOPUH — c1a0ble YKIOHBI U 110-
HIDKEHUS penbeda, TPH KOTOPBIX ke HeOOBILIE MIPEISITCTBHS AJISI IIOBEPXHOCT-
HOTO Y MOJ3€MHOI'0 CTOKa BO BJIQKHBIE T'OJIbI MOTYT NPHUBECTH K 3a00JIa4MBAHUIO
no4B. 3aMKHYTBIC MOHWKEHHS penbeda (Onrozana) oOpa3oBalich B pe3yibTaTe
IIpOCEIaHusl OB 10 BO3ACHCTBHEM €CTECTBEHHOTO yBIaXXHEHHMs. V3-3a BBICO-
KO TIOPUCTOCTH 1 3HAYUTEITBHOTO COJEPKaHMUs KapOOHATOB JIECCOBHTHBIE TOPOJIBI
y4acTKa OPOLICHHUS TPEAPACIIONOKEHBI K TPOCAI0YHBIM SBJICHHUSM, BOSHUKAIOIIUM
P OPOLICHUH WX IPH MOATOIUICHUH TMOPOA. TeppuTOpys HaXOIUTCS B HaYaJIb-
HOM CTaJINH IeTpaIalliy, BEI3BAHHON 3aTOIUICHHEM U 3200 1auMBaHIEM 3eMelb. [le-
rpajanus 3eMellb MPOUCXOHT I10]] BO3CHCTBUEM MPUPOIAHBIX U AHTPOIIOTCHHBIX
(hakTOpOB, MPUYEM aHTPOINOTEHHBIC (PAKTOPBI OKA3BIBAIOT 00JICE CUIIBHOE BIUSIHUE.

3akJrouenue. [711 HTHTEHCUBHOTO HUCIIOIB30BAHMS UCCIIEAYEMON TEPPUTOPHH
(xoTOpast mpecTaBIeHa JyroBO-4ePHO3EMHBIMHU BBILIEIIOYEHHBIMH C1a00pa3Bu-
TBIMHU TIOYBaMH) B CEJIHCKOXO35HCTBEHHOM MPOU3BOJICTBE HEOOXOMMO: TIPOBECTH
MEJIMOPaTUBHBIE PAOOTHI 110 OCYIIEHHIO (CHIYKEHHUIO YPOBHSI BBICOKUX BOI) ITyTEM
YCTpOWCTBa TPyOUaToro MepruoANYEcKOro JpeHaxa Ha IOJIsX OPOIICHHUS C OTBO-
JIOM M30BITOYHOM BOJIbI B IPEHAXKHBIC KaHAJIbI, PACTIONOKEHHbIE MapajlIeIbHO M0~
JISIM OPOLIEHHST; CTPOUTENIBCTBA ITOITIOTUTEIBHBIX KOJIO/IEB B [IEHTPaX HU3MEHHBIX
YUYaCTKOB IMOJIEH € IObEMOM U OTBOZIOM Yepe3 APEHaXKHbIE TPYOBI B APEHAKHBIE Ka-
HaJIbl, PACHIOJIOKEHHBIE MAPAJIIEIILHO MOJISIM OPOLICHUS; IS YITyUIIEHHSI BOIOTIPO-
HHULAEMOCTH ¥ adpalMu, TUKBUIALNH IUTY>KHOH TOOIIBBI M CHI)KCHHUS INIOTHOCTH
TYMYCOBOTO TOPH30HTA JIyTOBO-4YEPHO3EMHBIX BBIIIEIOUEHHBIX CIa003arIeHHBIX
I0YB HCIIOJIb30BATh JI0JI0Ta WK IIyOOKHe 3eMiedepnaiky 1 pa3 B 2-3 roaa; usme-
HHUTB COCTaB CEBOOOOPOTA 3a CUET YBEJIUUCHHS 0JIM 00OOBBIX KYJIBTYp; BHECCHHE
OpPraHUYECKOro BellecTBa Ha MoJis B KonuuecTre 8-10 T/ra B TeueHue 5 JieT.

KuroueBsble cjioBa: jerpajanys 3eMelb; U(POBbIE MOJIEIN MECTHOCTH; Ha-
BOJHEHMS; 3a00/1aurBaHIE

Jast uutupoBanus. Kpasuenko, JI. B., Xamkumu, A. E., Kypraesupos, A. H.,
& Kumnmu, X. U, (2025). HudpoBoe MonenipoBaHUe B UCCIIEI0BaHUU ITPOLIECCOB
JIerpaallii CeIbCKOXO3IHCTBEHHBIX 3eMenb. Siberian Journal of Life Sciences and
Agriculture, 17(6-2), 639-651. https://doi.org/10.12731/2658-6649-2025-17-6-2-1589
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Introduction

One of the main causes of degradation of agricultural lands in the south of the
Russian Federation is the processes of flooding and waterlogging of lands. These
phenomena are important factors that have a detrimental effect on cultivated
crops, affecting the quality and quantity of the crop. The consequences of water-
logging and flooding are: soaking of crops, their diseases, oppression or com-
plete death; the inability to carry out most types of agricultural work in optimal
agronomic terms; the inability to cultivate certain types of crops (winter crops,
perennial plantations and grasses); degradation of waterlogged soils (loss of struc-
ture, multiple decrease in water and air permeability, compaction, gluing, etc.),
accompanied by a significant decrease in their potential and actual fertility [1; 2].
Waterlogging and flooding of lands is a phenomenon summing up the effects of
natural and anthropogenic factors. Agro-landscapes are very sensitive to external
influences, which leads to the exit of landscape systems from equilibrium after
a certain time of man-made impact. An example of such a process development
is the emergence of hydromorphic complexes among initially automorphic soils.

Due to the fact that engineering topographic surveys, which make it pos-
sible to assess the qualitative condition of agricultural lands, are financially
costly, digital modeling comes to the rescue, which serves as the main tool, in
particular, for studying the development of erosion, and also allows predicting
its further development [3].

Topography is a soil-forming factor and, therefore, affects the characteristics
of the soil that determine the use, management, conservation and degradation of
this resource. In the case of erosion, the relief is a factor affecting the transfer
and accumulation of soil by water, depending on the features of the relief. The
influence of relief on erosion is associated with variables such as the length and
steepness of the slope, the shape and uniformity of the slope.

Land degradation from the effects of flooding and waterlogging is a process
of deterioration in the quality of land resources, which leads to a decrease in
productivity and a general decline in the ecosystems of agricultural production.
The purpose of this study is to study the effectiveness of digital modeling of the
surface of agricultural fields to prevent soil degradation.

Materials and methods

The research was conducted in the Dinsky district of the Krasnodar Territo-
ry, which belongs to the steppe zone. This area is characterized by significant
humidification (from moderate to severe), relatively warm winters, short spring,
hot summers, and long warm autumn. The annual rainfall in recent decades has
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increased to 643 mm, including 370 mm for the warm period (April — October)
and 273 mm for the cold period (November — March). The increase in precipi-
tation is to some extent associated with the creation of the Krasnodar reservoir.
Evaporation of water from the reservoir surface contributes to an increase in
climate humidity and an increase in precipitation. The increase in precipitation
during the cold season was 63 mm.

The soils of the study site are represented by leached low—humus heavy-du-
ty light-clay chernozems on loess-like clays and meadow - chernozem leached
weakly layered low-humus heavy-duty light-clay on modified loess-like clays.
Meadow-chernozem leached weakly silted soils lie in the bottoms of shallow
depressions. They were formed on modified loess-like clays. The morphological
structure of the profile of these soils is similar to the structure of chernozems,
but their periodic waterlogging contributed to the appearance of hydromorphic
signs in the form of ochre spots, compaction and deterioration of the structural
condition of the horizon to a depth of 1 m deep from the earth’s surface. The
water permeability of these soils decreases to 0.001-0.0001 m/day, they become
practically waterproof, this factor is the main problem of flooding and water-
logging of the studied agricultural lands. Taking into account the anthropogenic
impact, which is expressed in the planting of forest belts across the direction of
prevailing winds, subsurface and surface runoff, as a result of deflationary pro-
cesses, dust deposits accumulate, in which or next to which rises form, block-
ing the runoff, which contributes to the development of waterlogging along
dry gullies and the formation of puddles. The formation of a closed depression
is accelerated if a field road is laid along the forest belt. Since the direction of
runoff and the direction of deflationary winds coincide (from east to west), flow
blocking is observed everywhere in this area.

Also, the development of land degradation is influenced by methods of till-
age with agricultural implements leading to the formation of foci of local wa-
terlogging — plowing across the direction of natural runoff, plowing of beams,
passages of heavy agricultural machinery, etc.

All this confirms the need to pay special attention to measures to regulate
the nutrient and water regime of irrigated soils in the reclamation system. It is
necessary to note two important circumstances that determine the special im-
portance of the nutrient regime of irrigated soils:

— firstly, high crop yields on irrigation leads to accelerated removal of food
elements from products;

—secondly, increased soil moisture causes higher mobility of mineral nutri-
tion elements and their leaching into the underlying layers, and microbiological
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activity under optimal humidity conditions leads to accelerated mineralization
of humus. The reaction of the soil medium is neutral (pH 6.6 — 7.2).

Crop rotation, cover culture and resource-saving tillage are traditional farm-
ing methods aimed at improving soil conditions. These methods reduce soil
erosion and promote nutrient cycling. Their effectiveness depends on factors
such as crop selection, application of cover crops and optimal tillage methods.
In addition, the implementation of these methods by farmers may be difficult
due to lack of awareness and potential resistance to change. The development
of technologies, in particular digital surface modeling (DSM), has made it pos-
sible to create reliable tools and methods to solve this problem, such as geo-
graphic information systems (GIS) [4; 5]. The analysis of surface changes over
time allows for detailed and comprehensive mapping and monitoring of land
degradation processes. The overlap of various spatial data, such as topography,
vegetation cover and human activity, makes it possible to identify areas subject
to degradation in GIS [6].

SN b) o)
Fig. 1. a — triangulation of the surface, b — digital model digital model of the relief
of the studied area, ¢ — hydrodynamic model of flooding of the area of the studied area
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Digital surface modeling is the most important tool for modern analysis and
visualization, allowing you to create detailed representations of real surfaces in
digital format. While traditional modeling methods required the creation of phys-
ical prototypes, computer algorithms are also used to capture and manipulate
geometric surface data. By integrating climate data, it is possible to predict future
changes in the land surface according to various scenarios, which allows us to
obtain valuable information about the potential consequences of climate change
and develop adaptation strategies [7; 8]. Modeling the effects of precipitation or
temperature changes in various climatic scenarios can exacerbate soil degradation
processes, and in the future it becomes possible to develop strategies to mitigate
such consequences, for example, to introduce methods of sustainable land use or
identify zones to prevent soil erosion through reclamation [9].

To analyze the spatial variability of the relief, which is the main parameter
for evaluating geomorphometric variables, the profile characteristic of the land-
scape unit was determined. One field of the studied crop rotation was selected
as a landscape unit.

The process of modeling a digital surface model was performed using the
IndoorCAD program. Before starting the modeling process, it is necessary to
collect the necessary data. IndoorCAD relies on accurate measurements, these
data can be obtained using laser scanning or total station survey. IndoorCAD
supports various file formats, including DXF and DWG, which are widely used
in engineering applications.

The import of the collected data into the IndoorCAD program should be car-
ried out with the condition that the coordinate system and units of measurement
correspond to the collected data. Accurate geographic reference is necessary to
align the model with any external data sources or geospatial information. The
workflow in the project is organized by creating the necessary layers. Specific
model elements, relief points, triangulation lines (Fig. 1, a), isolines, and iso-
contures are assigned. This arrangement of layers helps simplify the modeling
process and makes it easier to make changes later.

It is necessary to make sure that all dimensions, heights and details accurately
reflect the real space. All inconsistencies and errors that may have occurred in the
process are eliminated, and edges are shifted during triangulation if necessary to
display the slopes more correctly. The study was conducted in two stages:

— Creation of a digital terrain model. Using a 1:1000 scale topographic sur-
vey and a specialized IndorCAD Topo/Road 2023 software package to create a
digital terrain model (which includes processing and analyzing terrain data to
create a three-dimensional terrain model).
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— Creation of a hydrodynamic model: Software tools for modeling phenom-
ena are used to create a hydrodynamic model of flooding of the area. Take into
account the terrain and other parameters that may affect the spread of water
and flooding.

The digital model (Fig. 1, b) reflects the peculiarity of the relief with the
predominance of closed contours of surfaces, the isocontures are highlighted
in different colors with a step of 0.5 m marks. Thus, altitude information about
the relief, data on the drainage system are reflected, which will help to build
hydrographic maps and other parameters that may affect.

The modeling process takes into account various factors that can affect the
spread of water and flooding, such as the speed and direction of flow, surface
and underground runoff, soil properties, etc. The blue contours represent the
most negative flooding scenario (Fig. 1, c).

The actual flood data used, hydrological markers, as well as other parame-
ters, confirm the accuracy and reliability of the model, since the calculated flood
contours coincide with the locations of confirmed flood sites at the moment.

Results and conclusions

The modeling process takes into account various factors that can affect the
spread of water and flooding, such as the speed and direction of flow, surface
and underground runoff, soil properties, etc. The blue contours shown in Figure
2 represent the most negative flooding scenario. The results of hydrodynamic
modeling of the surface during flooding of the studied field revealed 2 flooding
locations with depths of 0.1 — 0.4 m, the corresponding flooding areas are 546.0
m2 and 127879.2 m2. The actual data on flooding used, hydrological markers,
as well as other parameters, confirm the accuracy and reliability of the model,
since the calculated contours of flooding coincide with the locations of con-
firmed flood sites at the moment, confirmed by a route survey.

A feature of the territory has been determined, which is weak slopes and
depressions of the terrain, in which even small obstacles to surface and ground
runoff in wet years can lead to waterlogging of soils. Closed relief depressions
(saucers) were formed due to subsidence of soils under the influence of natural
moisture. The shape of the saucers is very diverse (rounded, elongated, dumb-
bell-shaped, amoeboid, etc.). The number of saucers will increase over time, and
the area of existing ones will noticeably increase. The soil-forming rocks are
represented by loess—like clays, which contain 60.9 — 66.4% physical clay, 35.7 -
40.1% silt, 48.0 - 69.0% dust and sand 3.4 — 17.4%. Due to the high porosity and
significant carbonate content, loess-like rocks of the irrigation site are predisposed
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to subsidence phenomena that occur during irrigation or during waterlogging of
rocks. The territory is in the initial stage of degradation caused by flooding and
waterlogging of the land. Land degradation is caused by natural and anthropogen-
ic factors, where anthropogenic factors are more strongly influenced.

For intensive use of the studied territory (which is represented by mead-
ow-chernozem leached weakly developed soils) in agricultural production, it
is necessary to: carry out reclamation work on drainage (reducing the level of
high water) by installing tubular periodic drainage in irrigation fields with the
withdrawal of excess water into drainage channels that are located parallel to
the irrigation fields; construction of absorption wells in the centers of low-lying
areas of fields with upstream and outlet through drainage pipes into drainage
channels that are located parallel to irrigation fields; to improve water permea-
bility and aeration, eliminate the plow sole and reduce the density of the humus
horizon of meadow-chernozem leached weakly silted soils, use chisels or deep
dredges once every 2-3 years; change the composition of crop rotation by in-
creasing the proportion of legumes crops; application of organic matter to the
fields in the amount of 8-10 t/ha for 5 years. One of the main measures is the
drainage of surface and soil water in relief depressions. To do this, you need a
drainage device at a depth of 1.0-1.1 m in the form of a perforated pipe with a
slope towards the main drainage channel. The pipe into the trench is filled with
coarse-grained to a depth of 0.6 m. The thickness of the layer is due to the filter-
ing ability of the soil (table), which has a high filtration coefficient in the upper
vegetation layer and will allow excess water to be removed from this layer. An
additional mandatory measure is capital planning on the areas of waterlogged
lands where drainage is arranged. Capital planning must be carried out with a
bias towards drainage channels, which are collectors for all excess water in the
area of the reclamation system
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