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Abstract. Scientific and methodological approaches to the development of land
protection measures in modern land management documentation are proposed.

The article examines the current requirements for the development of working land
management projects for the removal and transfer of fertile soil in accordance with the
regulatory framework of Ukraine. The main tasks of such projects are outlined, including
ensuring the rational use and preservation of soil fertility, minimising the negative
effects of economic activity, and restoring disturbed lands. The article analyses the key
indicators that determine the feasibility of removing and storing soil layers: humus
content, acidity, proportion of exchangeable sodium, and particle size distribution. It is
shown that compliance with these parameters is an important factor in environmental
safety and sustainable development of agricultural production.

The content of working land management projects includes design tasks, an
explanatory note, description of natural conditions, results of soil and geodetic surveys,
design solutions to determine a set of land protection measures, plans of agricultural
soil groups, and calculations of the estimated cost of work. This structure ensures the
scientific validity of decisions and the practical efficiency of their implementation.

The article summarises current knowledge and practices in the field of land
management, offering a comprehensive approach to the development of working land
management projects. The proposed rules and recommendations can serve as a basis
for professionals involved in land management, agronomy and ecology.
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Actuality

Soil health is a key constraint on
agricultural productivity and climate re-
silience. According to the IPCC, arable
soils have lost 20-60% of their organic
carbon stocks since the beginning of de-
velopment, and degradation processes
(including erosion) directly reduce fer-
tility and increase greenhouse gas emis-
sions [1]. The UNCCD estimates that
up to 40% of the world's land is already
degraded, which requires systematic
measures to restore and manage soils
based on the principles of land degrada-
tion neutrality (LDN) [2].

Ukraine is one of the countries with
the most fertile black soil, but suffers
from significant erosion losses. Accord-
ing to FAO estimates, more than 20%
of arable land (=6.5 million hectares) in
Ukraine is degraded or unproductive,
with 300-600 million tonnes of soil lost
annually and crop losses of up to 50%
depending on the level of degradation
[4]. National assessments under the
LDN initiative document the spread of
water and wind erosion over approxi-
mately 57% of the country's territory
[5]. Separately, significant annual losses
of humus due to mineralisation and ero-
sion are recorded [9].

The European Soil Strategy 2030
defines the goal of "healthy soil ecosys-
tems" and requires linking land use, soil
protection, and climate policy to reliable
indicators of soil ecological status [3].
In Ukraine, since 2022, the Rules for the
Development of Working Land Man-
agement Projects have been in force,
which directly regulate the removal and

transfer of fertile soil, storage and use
of excavated soil, and reclamation of
disturbed land [6]. However, interna-
tional generalisations show that the ef-
fect of topsoil removal depth on yield
and degradation risks is quantitatively
sensitive and ambiguous, and therefore
requires substantiation by specific data.
A meta-analysis of topsoil removal ex-
periments shows that yield reduction
becomes statistically significant with
decreasing thickness of the A-horizon
and increases with increasing depth of
removal [7]; modern field studies also
document an increase in erosion flows,
changes in infiltration and moisture af-
ter topsoil removal [8].

Thus, the scientifically sound design
of topsoil removal and transfer works in
Ukraine is critically important for three
reasons: 1) the scale of degradation and
loss of fertility at the national level [4],
[5],[9]; 2) the requirements of European
policy on soil restoration and monitor-
ing [3]; 3) the quantitative sensitivity of
yields and erosion processes to topsoil
removal parameters, which requires lo-
cal experimental data and standardised
methods for assessing effects [1], [7],
[8]. It is this framework that creates the
basis for the transition from normative
description to obtaining reproducible
scientific results necessary for adjusting
land management practices [2], [6].

Analysis of the latest scientific
research and publications

International reviews have docu-
mented the causal link between soil
degradation, loss of organic carbon and
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declining agricultural productivity. The
[PCC report (SRCCL) summarises the
data on SOC losses due to arable land
development and shows that degrada-
tion reduces yields and increases GHG
emissions, which directly addresses the
need to minimise topsoil disturbance [1].
The UNCCD in GLO2 assesses the ex-
tent of land degradation and formulates
the LDN framework for restoration plan-
ning, where topsoil removal, relocation
and return operations are considered
high-risk without proper reclamation and
monitoring [2]. The European Soil Strat-
egy 2030 requires quantitative indicators
of soil health and alignment of land man-
agement practices with ecosystem resto-
ration goals [3].

The Ukrainian regulatory context is
structured by the Resolution of the Cabi-
net of Ministers of Ukraine "On Approv-
al of the Rules for the Development of
Working Land Management Projects"
No. 86 of 02.02.2022, which regulates
the content of working land management
projects for the removal and transfer of
the fertile layer, including quality param-
eters, technologies, storage and reclama-
tion [6]. DSTU 4362:2004 "Soil quality.
Indicators of soil fertility" defines fertil-
ity indicators (humus content, density,
granulometry, pH, etc.) that should be
the basis for design decisions and mon-
itoring the effects of work [7]. The Law
of Ukraine "On Land Protection" sets
out the legal framework for preserving
soil fertility and reproduction, includ-
ing through technological requirements
for land use [8]. FAO's generalisations
about Ukraine confirm the widespread
degradation of arable land and the need
for restorative practices and monitoring
[4], [9].

The quantitative assessment of the
effects of topsoil removal is summarised
in the 2021 meta-analysis: the effect of

erosion '"cutting" or experimental re-
moval of the surface layer statistically
reduces yields; critical thresholds are
associated with the residual thickness of
the A horizon (> 25 cm) and the depth
of removal (< 5 cm), beyond which the
yield drop increases sharply [7]. Field
surveys in 2023 recorded an increase
in erosion flows, changes in infiltration
and moisture, and a restructuring of plant
communities after the surface layer was
removed, which confirms the need for
spatial risk modelling and phased imple-
mentation of the work [8].

A separate segment of the literature
relates to temporary stockpiling and sur-
face layer transfer. It has been proven
that with the increase in storage time and
height of the dumps, the viability of the
seed bank decreases and the biological
integrity of the soil deteriorates; direct
prompt return of the removed layer to the
reclamation sites provides better results
for vegetation restoration than long-term
storage [10-13]. Altered geochemical
profiles and a decrease in nutrients in
the thickness of the dumps, sometimes
with accumulation of metals, have also
been recorded, requiring control of the
composition and stratification of dumps
[14]. In different biomes, the results are
consistent: the need to minimise the time
between removal and placement, limit
the height/angle of slopes, and apply pro-
tection against drying out and weed ger-
mination have been pointed out [10-15].

Ukrainian research emphasises the
need for integrated monitoring of agri-
cultural land and the link between deg-
radation and economic losses, which is
consistent with international findings on
the criticality of topsoil conservation [9].
Taken together, the body of work forms
a methodological basis for science-based
design: quantitative justification of the
depth of removal, storage, storage, mon-
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itoring of fertility and erosion risks, as
well as alignment with EU requirements
for soil health [1-4], [6-15].

The aim of the study is to provide
scientific justification for methodological
approaches to the development of work-
ing land management projects for the re-
moval and transfer of fertile soil layers,
taking into account regulatory and legal
requirements, soil and environmental
parameters, and the practical results of a
specific case study — a 11.8-hectare land
plot located in the Kyiv region.

Materials and methods
of scientific research

The study uses a set of generally
accepted scientific methods aimed at
analysing the regulatory, agrochemical,
and spatial-soil aspects of developing
working land management projects for
the removal and transfer of fertile soil
layers. The basic materials were the
provisions of the current regulatory
acts of Ukraine (Land Code, Law "On
Land Management", Resolution of the
Cabinet of Ministers of Ukraine "On
Approval of the Rules for the Devel-
opment of Working Land Management
Projects" No. 86 of 02.02.2022), the
results of soil and geodetic surveys of
a land plot with an area of 11.7981 hect-
ares, as well as agrochemical indicators
determined in accordance with DSTU
4362:2004. The following methods
were used analysis and synthesis — to
systematise legislative requirements;
comparative method — to compare na-
tional and international approaches to
soil protection; systematic method — to
assess the interrelationships between
standards, soil removal technology and
environmental consequences; geoinfor-
mation analysis was used to spatially vi-
sualise agricultural soil groups and land

development plans; generalisation was
used to formulate practical recommen-
dations and conclusions on improving
the structure of working land manage-
ment projects.

Research results and their
discussion

In accordance with paragraph 28
of Resolution No. 86 of the Cabinet of
Ministers of Ukraine dated 2 February
2022 "On Approval of the Rules for the
Development of Working Land Man-
agement Projects," such working proj-
ects are developed to implement mea-
sures for the reclamation of disturbed
lands, the removal and transfer of fertile
soil layers, conservation of land, im-
provement of the quality of agricultur-
al and forest lands, as well as for their
protection against erosion, flooding,
waterlogging, salinisation, drying out,
landslides, compaction, acidification
and contamination with waste, radioac-
tive and chemical substances.

Working projects are developed by
business entities that have the right to
perform land management work in ac-
cordance with the Law of Ukraine "On
Land Management", on the basis of a
contract with the customer.

The working land management proj-
ect includes: tasks for its preparation,
an explanatory note, a description of
the natural and agroclimatic conditions
of the territory, materials from soil and
geodetic surveys, technical and eco-
nomic indicators, design solutions for
land protection, cost estimates, plans of
agricultural production groups of soils
and slopes (if necessary), plans of mea-
sures and materials for transferring the
project to the ground.

The main purpose of developing
working projects for the removal and
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transfer of fertile soil layers is to de-
termine the scope of work involved in
removing, transporting and storing soil,
and 1in the case of soil covering, also the
scope of its rational use. Such working
projects involve developing the tech-
nology for performing the work, deter-
mining the sequence of operations and
calculating costs.

Practical experience in developing
working land management projects in-
dicates the advisability of a two-stage
approach to their creation.

The first stage involves conducting a
soil survey of the land plot to determine
the mass fraction of humus at the lower
boundary of the fertile layer, which is
the basis for establishing the depth of its
removal and transfer. The survey should
include not only agrochemical analysis,
but also a detailed study of the genetic
profile of the soil.

The second stage is the direct devel-
opment of a working land management
project in accordance with Article 54 of

the Law of Ukraine "On Land Manage-
ment".

According to the Resolution, a
working land management project for
the removal and transfer of fertile soil
must contain justified decisions on the
layer-by-layer removal and separate
storage of the most fertile layer.

The object of the study of methods
for developing land management docu-
mentation was a land plot with an area
of 11.7981 hectares. The land plot is lo-
cated in an agricultural land mass and
borders on privately owned land plots.

According to soil survey data, the
soil cover of the land plot is repre-
sented by an agricultural production
group of soils with code 42d (dark grey
podzolised, slightly leached, medium
loamy soils).

According to the agrochemical char-
acteristics of the soil, the humus con-
tent in this agricultural soil group in
the 0-100 cm layer varies from 1.80 to
2.10%, which is assessed as slightly hu-

General plan
removal, transfer, storage and use of soil cover
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Fig. 1. General plan for removal, transfer, storage and use of topsoil
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mus soil (according to DSTU 4362:2004
Soil quality. Soil fertility indicators).

The project solution provides for
the layer-by-layer removal of the upper
most fertile soil layer to a depth of 0.70
m and other soil layers to a depth of
0.30 m from an area of 11.7981 ha and
their separate storage. The soil density
is 1.30 t/m? (Fig. 1).

General standards for removing soil
cover from land plots and standards for
removing soil cover in terms of stages
(years) of development are given in Ta-
bles 1 and 2.

The removal and transfer of topsoil
will be carried out in the fourth stage of
development. The technological scheme
for removing topsoil includes:

- removal of the upper most fertile
soil layer to a depth of 0.70 m;

- removal of other soil layers to a
depth of 0.30 m.

The topsoil from the first stage of
development is to be transferred and
stored in temporary dumps No. 1 and
No. 2. Subsequently, during the devel-
opment of the quarry, as the areas of
the development stages are freed up,

Table 1. General standards for removing soil cover from land plots

No. Code agro- Area from Depth of | Volume of the | Density of the | Removal of
choi soil which the removal of | upper most | upper most | the topmost
group topmost the topmost fertile soil fertile soil fertile soil
fertile soil fertile soil layer/other | layer/other | layer/other
layer/other layer/other soil layers, soil layers, soil layers,
soil layers are | soil layers, m m3 t/m? tonnes
removed, m2
1 117981 0,70 82587 107363
2 42d 117981 0,30 35394 1,30 46013
Total: - - 117981 153375

Table 2. Standards for soil cover removal in terms of stages (years) of

development
Queue Area from which Depth of Volume of the | Density of the | Removal of the
number the topmost removal of the | upper most upper most | topmost fertile
(year) of fertile soil layer/ | topmost fertile | fertile soil fertile soil soil layer/other
development | other soil layers | soil layer/other | layer/other | layer/other soil | soil layers,
are removed, m* | soil layers, m | soil layers, m* | layers, t/m’ tonnes
I 48812 0,70 34168 1,30 44419
0,30 14644 19037
Bcesoro: 48812 63456
II 31863 0,70 22304 1,30 28995
0,30 9559 12427
Besoro: 31863 41422
11 32507 0,70 22755 1,30 29581
0,30 9752 12678
Bcenoro: 32507 42259
\Y 4799 0,70 3359 1,30 4367
0,30 1440 1872
Beroro: 4799 6239
Pazom: 117981 117981 153375
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the soil cover of the next stage will be
transferred (stored) to temporary dumps
Nos. 3-8 in the space developed during
the previous stage.

In accordance with paragraph 26 of
the Resolution of the Cabinet of Min-
isters of Ukraine "On Approval of the
Rules for the Development of Working
Land Management Projects" dated 2
February 2022 No. 86, land plots of any
intended use may be used for temporary
storage of fertile soil with the consent of
the owner or user of the land plot.

When the soil cover is removed, it 1s
loosened, resulting in a 5-7% increase
in volume, and the volume of tempo-
rary dumps for storage also increases by
5-7%. Before laying temporary soil cov-
er dumps, the area is cleared of debris
and its surface is levelled with a bulldoz-
er (loader). A complex of works on the
arrangement of a temporary dump in-
cludes levelling the soil cover, forming
the "body" of the dump, approaches and
exits from the dump, levelling the slopes
and crest of the dumps. Work to protect
temporary dumps from denudation pro-
cesses (washing away, blowing away,
weathering, etc.) is carried out by sow-
ing perennial grass seeds on its surface.

The proposed stages (years) of de-
velopment are generally advisory in
nature and determine the general di-
rections for removing and transferring
soil cover and the general sequence of
actions. They may change (be adjusted)
depending on the economic situation
and the increase in the number of units
of equipment.

In accordance with Article 168 of
the Land Code of Ukraine and Article
52 of the Law of Ukraine "On Land Pro-
tection", the fertile soil layer/other soil
layers will be used for land reclamation.
The reclamation scheme is shown in
Figure 1.

Conclusions and perspectives

The results of the study confirmed
that the effectiveness of developing
working land management projects for
removing and transferring fertile soil
layers directly depends on the scientific
validity of the parameters of the work,
taking into account agrochemical in-
dicators and spatial characteristics of
land plots. The analysis of the regula-
tory framework, combined with a case
study based on a land plot with an area
of 11.7981 hectares, proved that the cur-
rent standards need to be adapted to re-
gional fertility conditions and different
soil types, since the actual values of hu-
mus, acidity and granulometric compo-
sition may differ significantly from the
established limits.

It has been determined that a two-
stage structure for preparing working
projects (preliminary soil survey and
development of technical and economic
solutions) provides an optimal combi-
nation of regulatory requirements and
practical implementation of work, but
its effectiveness is enhanced by the use
of digital mapping methods, automated
models for predicting erosion losses,
and multifactorial analysis of soil quali-
ty indicators. The proposed approach to
assessing the suitability of land for top-
soil removal based on agrochemical in-
dicators (humus content, pH, exchange-
able sodium, granulometry) creates the
basis for the formation of national stan-
dardised criteria for the environmental
safety of these works.

The results confirm that the inte-
gration of geoinformation technolo-
gies, digital monitoring and regionally
adapted standards can significantly re-
duce the risks of soil degradation and
increase the effectiveness of recultiva-
tion of disturbed lands. This approach
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forms a practical basis for the transition
from formal implementation of project
procedures to systematic soil fertility
management, which is consistent with
European standards of "soil health" and
the goals of land degradation neutrality.
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AHomayifa. 3anponoHoO8aHO HAYKOBO-MemoOUuYHI nioxoou wo0o po3pobsieHHA 3axodie 3
OXOPOHU 3eMerib 8 CY4AcHIli O0KyMeHmauii i3 3emaeycmporo.

Y cmammi po32aaHymo cy4acHi aumozau 00 po3pobeHHA poboyux npoeKMis 3emMsaeycmporo
w000 3HAMMSA Ma repeHeceHHs Poo4020 Wapy rpyHmy 8iornosioHo 00 HOPMAMUBHO-NPA8o8oT
6a3u YkpaiHu. OKpecneHo OCHOBHI 3080GHHS MAKUX MPOEKMI8, ceped AKUX — 3abe3neyeHHs
PAYioHANbHO20 BUKOPUCMAHHA ma 36epexceHHA pooryocmi rpyHmis, MiHiMi3ayis HecamusHUX
Hacniokie 20crnodapcbKoi 0igabHOCMI ma 8i0HOB/1EHHSA NMopyuweHuUx 3emens. [IposedeHO aHani3
KAKYOB8UX MOKA3HUKIB, WO 8U3HA4Yarome OouinbHicmes 3HAMMA U CKAAOyB8AHHA IPYHMOBUX
wapis: emMmicm 2ymycy, KUCI0mHicms, YaCmkKa 06MiHHO20 HAMPIO Ma epaHysoMmempuyHuUli cknao.
loKa3aHo, w0 GOMPUMAHHSA UUX Napamempis € 8aHIUBUM YUHHUKOM eKos02iYHoi 6e3neKku ma
€Masio020 Po38UMKY a2papHO20 8UPOOHUUMEA.

3micm pobovux npPOEKMIis 3emMaeycmporo BKMOYAE 3A80AHHA HA POEKMYBAHHS,
MOACHIOBAbHY 3QAMUCKY, XAPAKMEPUCMUKY MpUpoOHUX YyMO8, pe3yabmamu rpyHmosux i
2e00e3uyHuUx obcmexeHb, MPOEKMHI PilleHHS i3 8U3HAYEHHS KOMI/AEKCY 3ax00ieé 3 OXOPOHU
3emenb, MAGHU 02p0BUPOBHUYUX 2pyn I'PyHMIi8 ma Po3pPaxyHKU KOWMOPUCHOI sapmocmi
BUKOHAHHA pobim. Taka cmpykmypa 3abe3neqye Haykosy 06rpyHmMo8aHicme piuieHb i npaKkmuyHy
epekmusHicme ix peanizayii.

Cmamms y3a2a716HI0E AKMYAAbHi 3HAHHA MA MPAKMUKU Y cghepi 3emMsaeycmporo, rnpornoHyoYu
KomnnekcHuli nioxio 6o po3pobaeHHA pobovux npoekmis 3emaeycmpotro. [pornoHosaHi npasuna
ma peKkomeHOauii MoXyms CAyHUMU OCHOB0K 0714 ¢haxisuis, 3aliHAMuUX y cghepi ynpasniHHA
3emesnnbHUMU pecypcamu, a2poHoMii ma eKonoail.

Knrouosei cnosa: oxopoHa 3emerss, 3emaeycmpili, noninuweHHA cmaHy 3emess, ynpasaiHHA
3emesnbHUMU pecypcamu, GOKYMeHMAuisa i3 3emaeycmporo, 3HAMMsA pPoo4o20 wWapy rpyHmy,
poboyuli Npoekm 3emsaeycmporo.
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