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ABSTRACT

The existing drainage infrastructure in Lithuania fails to ensure proper land drainage due to the inefficient or complete
malfunctioning of drainage collectors and drains. In some areas, surface water runoff is inadequate, resulting in the
inability to effectively utilize land, as land areas become waterlogged. This waterlogging leads to financial losses for
farmers, as excess moisture reduces soil fertility. In some cases, the land becomes inaccessible or even abandoned
due to these issues. This study analyzes waterlogged areas in Lithuania, with a focus on soil types, terrain features,
and variations in the spatial extent of waterlogged regions. An analysis of orthophotographic maps from 1995 to 2023
was conducted to assess changes in waterlogging within the study sites. A forecast of future waterlogging trends was
also developed. Additionally, field research was conducted during the 20202024 period, which involved evaluating
waterlogged areas in selected locations. The findings suggest that soils most commonly become waterlogged due to
a combination of factors, including granulometric composition (with clay and peat soils being the most susceptible),
unsustainable human activities (such as topsoil compaction), excessive rainfall (as Lithuania is located in a region
with a moisture surplus), the condition of drainage systems (72% of which are degraded), and land relief (with water-
logging primarily occurring in depressions, valleys, and saddles). Based on the research, a classification of waterlog-
ged areas was created. Waterlogged land was grouped into three categories based on its suitability for agricultural use.

Soils were also classified by their granulometric composition and likelihood of waterlogging.

Keywords: soil waterlogging, waterlogged land, land monitoring, drainage problems.

INTRODUCTION

The planning of rational land use, water re-
source management, and the global impact of
climate change are critical issues worldwide, es-
pecially in the context of agricultural crop pro-
duction [Cammerino et al., 2024; Hyandye et al.,
2018; Kalfas et al., 2024]. Agriculture is one of the
most vulnerable sectors to climate change, with
regions facing the dual challenge of requiring irri-
gation during droughts and water regulation dur-
ing periods of heavy rainfall [Jiang et al., 2024;
Scatolini et al., 2024]. The distribution of water
resources globally is uneven, with some regions
experiencing abundance while others struggle
with severe shortages [Li et al., 2020; Suvendran
et al., 2024]. Droughts can significantly impact
crop yields, with serious consequences for global
and regional food security [Eslamifar et al., 2024;
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He et al., 2024; Novaes et al., 2024]. It is essen-
tial to recognize that atmospheric precipitation is a
fundamental component of the hydrological cycle
and a primary source of surface water [Yang et
al., 2024; Zhu et al., 2024]. In agricultural regions
with higher precipitation, such as Lithuania, well-
functioning drainage systems provide considerable
benefits. These include increasing the amount of
arable land, facilitating access to fields with larger
and more efficient machinery, and improving con-
ditions necessary for plant growth, including mois-
ture regulation and soil aeration. This enables the
achievement of maximum crop yields [Hu et al.,
2024; Li et al., 2024].

In Lithuania, there are 2.978 million hectares
of drained land (47% of the country’s territory or
87% of agricultural land). Lithuania, based on the
drainage infrastructure in agricultural fields, is
one of the countries with the most drained land in
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the world. The rapid development of Lithuania’s
drainage systems took place during the Soviet era,
specifically between 1960 and 1990. As a result,
the current drainage systems are now 70-80 years
old. The drainage systems installed during the So-
viet period in Lithuania are approaching the end
of their operational life. Nowadays, most of these
systems are worn out and no longer function ef-
fectively. It is estimated that €3 billion would be
needed to repair and renew the entire drainage sys-
tem. To maintain the proper functioning of drain-
age networks alone requires an annual investment
of approximately €70 million [Adamonytée et al.,
2013; Bastiené et al., 2020]. However, due to a
lack of funding, Lithuania is currently facing a
situation where drainage systems operate poorly,
resulting in waterlogged soils [Grygelaitis, 2017,
Juknevicien¢ et al., 2021].

Given the current situation, the research
aims to determine the intensity and causes of
waterlogging in Lithuanian territories. It seeks
to assess how much waterlogging is due to mal-
functioning drainage systems and how much is
influenced by other factors.

MATERIALS AND METHODS

The research object was selected waterlogged
agricultural land in different geographical regions
of Lithuania. The study focused on three areas
from different municipalities (Fig. 1), with the re-
search on waterlogged areas conducted during the
2020-2024 period.

The studies were conducted in parts of
the Kaunas District Municipality, Kalvarija

Figure 1. Selected municipalities for the study in
Lithuania

Municipality, and Rokiskis District Municipality.
Municipalities located in the Southeastern Lithu-
ania and Zemaitija Highlands were not selected
for the study, as they are classified as low-yield
lands according to the General Plan of the Repu-
blic of Lithuania regarding the differentiation zo-
nes of agricultural territories.

The tasks of this study are to determine the
levels of waterlogging in selected areas by esta-
blishing criteria for identifying waterlogging le-
vels, to analyze changes in waterlogged areas over
a 30-year period using orthophotographic maps,
and to identify the causes of waterlogging and
assess factors for predicting future waterlogging.

This study is relevant because the drainage sys-
tems in Lithuania are worn out and no longer fulfill
their functions. The amount of precipitation in Li-
thuania exceeds the amount of water evaporated by
approximately 1.48 times, placing the country in a
zone of moisture surplus. The average annual preci-
pitation in Lithuania was 612 mm in 2019, 628 mm
in 2020, 708 mm in 2021, 675 mm in 2022, and 722
mm in 2023. On average, excessively wet lands
account for 52% of the country’s territory. Due to
varying amounts of precipitation, the soil’s capaci-
ty to absorb and evaporate excess moisture, tem-
perature variations, and the poor condition of both
neglected and newly uninstalled drainage systems,
waterlogging occurs unevenly across different are-
as. The extent of waterlogged lands varies, new are-
as emerge, and the waterlogging levels of existing
areas change. Thus, it is crucial to frequently update
existing data and take all possible actions to redu-
ce or eliminate waterlogging of land surfaces. It is
necessary to identify the causes of waterlogging in
agricultural lands and provide recommendations
on how to halt the waterlogging of these plots. The
study is also relevant for neighboring geographical
zones or states facing similar situations regarding
the condition of drainage systems and/or similar
granulometric composition of soils.

During the research, the analysis of waterlog-
ged land areas utilized the following methodolo-
gies: spatial data analysis, field studies, analysis
of orthophotographic maps data, data grouping.
The field study was conducted from 2020 to 2024,
in early spring, at a time when water excess pro-
minently highlighted the negative factors of poor
drainage. The study identified waterlogged areas,
monitored changes during the analyzed period,
and observed these areas again (in late spring) to
assess how excessive surface water could have
contributed to their waterlogging.
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One factor that may influence water accumu-
lation is soil structure. The granulometric com-
position of the waterlogged areas was evaluated.
Soil composition was determined using the soil
spatial data set Dir DR10LT available at www.
geoportal.lt. The prevailing surface granulome-
tric composition was assessed according to Fere.
A list of waterlogging coefficients for different
soils was compiled. To create this list, the soil‘s
granulometric composition and waterlogged level
were evaluated, and the coefficients were coordi-
nated with four experts in geology and agriculture
in Lithuania. The projected saturation coefficients
provided can be used to predict the likelihood of
future waterlogging. In analyzing waterlogged
land areas with poorly functioning drainage sys-
tems, the relief was also evaluated. The relief in
orthophotographic maps was delineated using a
relief mapping tool. Once the waterlogged areas
were identified, all land areas were classified into
three levels based on the degree of waterlogging.
The criteria and examples for these levels are pre-
sented in the study: Level I indicates light water-
logging, Level II indicates moderate waterlog-
ging, and Level III indicates severe waterlogging.

To further investigate changes in the areas
of waterlogged land, the following orthopho-
tographic maps were analyzed: ORTIOLT
(2021-2023), ORT10LT (2018-2020), ORT10LT
(2015-2017), ORT10LT (2012-2013), ORT10LT
(2009-2010), ORT10LT (2005-2006), ORT10LT
(1995-1999) - digital raster orthophoto map of
the Republic of Lithuania. The study utilized
orthophotographic maps from 1995 to 2023 at a
scale of 1:10,000. This detailed study allows for
a deeper understanding of changes in land condi-
tions and aids in identifying specific issues faced
by the agricultural sector.

RESULTS AND DISCUSION

Causes and problems of land waterlogging

The preservation and appropriate use of ara-
ble land is a globally relevant task. Due to natu-
ral reasons, the use of some areas for agriculture
is complex. One natural problem is the excess
of water, and its solution involves draining are-
as suitable for agricultural activities. Globally,
areas with heavy granulometric composition and
high groundwater levels are often drained to im-
prove agricultural operations. Scientific studies
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related to the installation of drainage systems in
arable land emphasize that this impacts rational
land use. The protection of arable land and the
establishment of drainage systems are crucial for
ensuring food security, social stability, and sustai-
nable development [Zhou et al., 2021]. It is essen-
tial to regulate the amount of water in arable land
to ensure rational land use [Vlotman et al., 2020;
Sousa et al., 2022; Wu et al., 2022]. When conside-
ring land as a means of production, it is crucial to
maintain the quality of land resources and environ-
mental safety while meeting the land needs of the
population [Adizovna et al., 2023; Yusupjonovich,
2020], as well as in the production of agricultural
products and the supply of raw materials for indus-
trial production [Adizova et al., 2021; Zatsepina
et al., 2020]. Soil is a mixture of minerals, living
and dead organisms (organic matter), water, and
air. These four components interact remarkably,
making soil one of our most important natural re-
sources [Rahman et al., 2023]. However, the world
faces soil depletion, or degradation [Klevinskas,
2018]. In Lithuania, soil has lost 50-60% of its hu-
mus since 1991 [Liakas, 2019].

Drainage systems aim to dry smaller, seaso-
nally and temporarily flooded, swampy land are-
as. Waterlogging has a significant negative impact
on grain production in all regions of the world
with high precipitation and undeveloped drainage
systems. For example, in Australia’s grain industry,
waterlogging during rainy years can reduce wheat
yields by as much as 40-50%. The establishment
of drainage systems is particularly important for
the most efficient use of farmland [Adizovna et al.,
2022; Bhunia et al., 2021], ensuring the maximum
satisfaction of both landowners® and land users’
economic interests [Fetai et al., 2022; Martyn et al.,
2019]. Drained soils in the United States are among
the most productive [Sands, 2018]. In agricultu-
ral areas, drainage systems improve field working
conditions and help regulate soil moisture levels
[Mika, 2017; Petel, 2020]. In the United Kingdom,
improved drainage has been observed to yield nu-
merous positive outcomes in fields: better seedling
emergence, yield, and quality [Hill et al., 2015].

Relief also plays a significant role in the for-
mation of waterlogged areas. In depressions or
even small indentations, greater amounts of snow
accumulate during the cold season and remain
in these low-lying areas. In spring, as a result of
higher snow accumulation, pools and wetlands
form, potentially leading to the destruction of
all existing vegetation in the soil. Water flowing
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down from higher soil elevations can clog drai-
nage ditches with sediment, washing away the
fertile humus layer from the soil. The likeliho-
od of waterlogging increases with the slope of
the plot, elevation above sea level, and poor soil
characteristics. Land areas in undulating relief
have a higher risk of waterlogging during rainy
periods than areas in higher elevations [Yossif,
2022; Krecek et al., 2019]. Water runoff regulati-
on is crucial not only for collecting and draining
surface water but also for reducing erosion. This
problem arises in large drained, uneven relief
areas. To prevent surface erosion, it is advisable
to establish a denser network of drains. Natural
drainage occurs even without human interven-
tion, according to the landscape‘s topography
and the soil‘s properties. However, when the re-
lief and soil do not facilitate the timely removal
of unwanted water, the installation of artificial
drainage becomes necessary.

The risk of land waterlogging is also related
to soil composition. The most widespread and da-
maging soil processes include nutrient leaching,
erosion, compaction, acidification, organic ma-
tter decline, crust formation, and waterlogging.
Compacted soil can cause adverse changes—du-
ring periods of excess moisture, the soil becomes
waterlogged [Feiza, 2016]. In heavy soils, surface
water accumulates on the soil surface, similarly
saturating both higher and lower soil locations.

Numerous studies indicate that the cultivati-
on of agricultural crops also affects optimal soil
water regime management [Tokarev et al., 2022],
but it has been theoretically and practically pro-
ven that waterlogged land areas have low agri-
cultural land use potential [Wang et al., 2022].
Prolonged waterlogging leads to the formation of
a low-value soil layer on the surface. Agricultu-
ral losses due to temporarily flooded or saturated
soils are a persistent problem in many countries
[Kaur et al., 2020; Kaur et al., 2017]. Excessi-
ve soil moisture, resulting from extreme rainfall
in early spring, can reduce yields by up to 30%
[Ahmed et al., 2023; Nash et al., 2015]. Water-
logged soils are also affected by water erosion,
which further diminishes profitable farming and
fails to meet the good agricultural and environ-
mental condition requirements for agricultural
land. Protecting soil from erosion and impro-
ving the fertility of agricultural landscapes are
common environmental issues that have recently
intensified [Kaminskyi et al., 2024]. Failing to
meet the good agricultural and environmental

condition standards may result in land users lo-
sing access to direct subsidies (also known as
direct payments) [Pipiskova et al., 2023].

In the context of climate change, selecting
and adjusting crop cultivation systems in mois-
ture-deficient and risky farming zones is crucial
for ensuring production profitability [Pichura et
al., 2024]. One of the main challenges we face is
the increasing climate changes and extreme we-
ather events (e.g., droughts, floods, heavy rains),
as these changes lead to irregular water supply,
a reduction in agricultural land areas, and con-
tribute to land degradation. Waterlogged areas
also cause land degradation [Erian et al., 2023].
In the context of global climate change, drainage
is an urgent issue for achieving high agricultural
yields. Waterlogged lands negatively impact soil
fertility [Pichura et al., 2023]. Analyzing the im-
pact of drainage has shown it to be important not
only in agriculture but also in engineering infras-
tructures. To mitigate the effects of heavy rainfall,
which brings significant amounts of water, good
drainage through melioration systems must be en-
sured. Water is a substance capable of penetrating
all structures and surfaces, whether clay or con-
crete. This phenomenon can cause problems, as
it can saturate essential structures such as dams,
which can directly affect objects on the land‘s
surface. Due to rapid urbanization and climate
change, not only agricultural areas but also urban
flooding disasters frequently occur, causing signi-
ficant economic damage and threatening public
safety. Understanding the main urban flooding
factors significantly impacts the reduction of flo-
oding [Liu et al., 2023].

Waterlogged land areas can also be investiga-
ted using remote methods. The works of foreign
authors substantiate the need to develop multidi-
mensional soil maps to make scientifically groun-
ded decisions regarding soil drainage at all levels.
Integrating spatial data on soil and soil-forming
factors is a critical issue in soil science [Nikifo-
rova et al., 2019; Thorslund et al., 2017]. Various
datasets integrated into a geographic information
system help monitor land use changes [Meng et
al., 2022]. A 50-year analysis using remote sen-
sing data indicated that soil waterlogging during
rainy periods is periodic, with no clear trend of
increasing area [Shapovalov et al., 2020].

In analyzing scientific research on the in-
crease of waterlogged areas in arable lands over
recent decades, it has been noted that retrospec-
tive soil and land cover monitoring methods are
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applied. Remote monitoring is also conducted
[Koroleva et al., 2019]. In the scientific and prac-
tical communities, soil and other spatial planning
documents for waterlogged areas are being com-
piled. Such maps clearly depict the surface are-
as of waterlogged land, which are represented in
various shaded colors according to the degree of
waterlogging [Dagar, 2013].

Changes in waterlogged areas

An analysis of orthophotographic maps (sca-
le 1:10,000) was conducted. The study examined
an area of nearly 100 square kilometers using
these orthophotographic maps. Analyzing se-
ven orthophotographic maps from 1995 to 2023

revealed that the extent of waterlogged areas in-
creased during this period (Table 1).

The average size of a single waterlogged area
increased from 1.7 hectares to 3 hectares. Based
on the analysis of the orthophotographic maps,
it was found that the area of waterlogged lands
is increasing annually. The most significant in-
crease in the size of waterlogged areas occurred
after 2013. A forecast is being made regarding the
anticipated increase in area in the future (Fig 2).

If the current situation persists, the area of
waterlogged lands will continue to increase, and
by 2060, the extent of waterlogged areas will be
double what it is today. An example of the chang-
es in one of the studied areas is presented in the
orthophotographic map (Fig. 3).

Table 1. Waterlogged areas identified in orthophotographic maps in the studied locations

Size of waterlogged areas Quantity of waterlogged Average size of a single area
Year
(ha) areas (ha)
1995-1999 274 164 1.67
2005-2006 325 165 1.97
2009-2010 479 162 2.96
2012-2013 472 160 2.95
2015-2017 539 179 3.01
2018-2020 569 196 2.90
2021-2023 550 192 2.86
1400
1200 1103
1000
©
< 800
©
2600
<
400
200

1995 1997 2000 2003 2005 2009 2012 2015 2018 2021 2024 2030 2040 2050 2060

Figure 2. Forecast of changes in waterlogged areas

b)
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Figure 3. Condition of waterlogged areas in orthophotographic maps from (a)1995, (b) 2005, (c) 2015 and
(d) 2023 years
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The changes in the area over 30 years are pre-
sented, showing a long-term state of waterlogging.
According to the spatial soil data set Dir DR10LT,
peat is predominant in the area. Using orthographic
data, signs of waterlogging and swamp formation
can be monitored. Field studies of this area have
revealed that the area and shape of waterlogged
land remain unchanged, although the level of wa-
terlogging in the soil varies (Fig. 4).

During the study, field verification was con-
ducted using drone inspections to assess whether
the representation of waterlogging levels in the
orthophotographic maps aligns with the actual
conditions on the field. Based on this research,
a classification system for waterlogging levels
is created. When analyzing orthophotographic
maps, it is essential to consider that these maps
are created during different time periods. Level I
waterlogging may be less discernible, while Lev-
els II and III can be observed in the orthophoto-
graphic maps, regardless of extended dry periods.

Classification of waterlogging levels

All waterlogged land areas were classified into
three levels. The identification criteria and examples
for each waterlogging level are presented below.

Level I waterlogging: areas classified under
Level I have slightly waterlogged soils. These
plots exhibit mild waterlogging, typically oc-
curring after rainfall events. The waterlogging is
temporary and does not cause significant long-
term damage to the soil structure or agricultural
productivity (Fig. 5).

Level 1 waterlogged areas, as identified
through orthophotographic maps, are character-
ized by smooth, dark-toned patches that are a few
shades darker than the surrounding soil, appear-
ing sporadically throughout the surveyed area.
These areas typically exhibit surface-level soil
waterlogging, where crops show signs of slight
water saturation. While agricultural machinery
can still be used on these plots, the consistent
pressure from heavy machinery may further in-
crease soil moisture, quickly elevating the level
of waterlogging. This can result in issues related
to soil productivity, necessitating additional mea-
sures to manage soil moisture levels effectively.

Orthophotographic maps also identify Level
II waterlogged areas, where the soil is moderate-
ly saturated with moisture. These areas are easily
distinguishable by more defined contours, with the
color of the waterlogged surfaces being noticeably
more prominent compared to non-waterlogged

Figure 4. Waterlogged land area in the field for (a) 2022 and (b) 2024 years

Figure 5. Level [ waterlogged land (a) in an orthophotographic map (source: www.geoportal.lt) and (b) in the field
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soils, based on soil type. This suggests that Level 11
waterlogging has a moderate impact on land condi-
tions and may require special attention and man-
agement to ensure optimal moisture levels and cre-
ate favorable growing conditions for crops (Fig. 6).
At this level, waterlogging is characterized
by deep, large-scale flooding, where significant
amounts of water accumulate. The shape and
depth of these waterlogged areas remain stable
regardless of changes in surrounding conditions.
Due to the inability to cultivate these waterlogged
lands, farmers face losses as they are unable to
use these areas. This situation highlights the need
for effective water drainage management and soil
moisture control to minimize agricultural losses
and ensure sustainable land use.
Orthophotographic maps clearly show that Lev-
el Il waterlogged areas are heavily saturated with
water. The color of these plots contrasts sharply
with non-waterlogged soils, and standing water is
visibly apparent (Fig. 7). This situation can signifi-
cantly impact land use and surrounding agricultural
activities. Special interventions and measures may
be required to manage moisture levels effectively,
ensuring agricultural sustainability and efficiency.

These land areas are highly saturated with
moisture, which persists for extended periods,
making them prone to transitioning into wet-
lands. Due to the constant presence of moisture,
these surfaces are often overgrown with grasses
and marsh vegetation. This ecological condition
requires special attention and management, as the
wetland formation process can have various neg-
ative impacts on the environment and agricultural
activities. These may include habitat loss, mois-
ture stress for plants, the spread of pests and dis-
eases, degradation of water quality, and reduced
biodiversity. Therefore, it is crucial to implement
measures to manage and monitor these areas ef-
fectively to preserve the environment and ensure
sustainable land use.

Soil waterlogging assessment

Based on orthophoto maps from different
periods and field survey data identifying wa-
terlogged areas, a granulometric analysis of the
soils confirmed the hypothesis that waterlogged
areas are primarily due to soils that retain mois-
ture. The accumulation of high moisture content

a)

Figure 7. Level III waterlogged land (a) in an orthophotographic map (source: www.geoportal.It) and (b) in the field
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prevents evaporation, leading to soil saturation
and waterlogging (Table 2).

Clay and peat soils are the most prone to wa-
terlogging. In Lithuania, peat soils cover 6.4%
of the total land surface. In areas where peat is
the dominant soil component, long-term mois-
ture retention, including peatland formation, is
observed. These waterlogging trends are clearly
visible in the orthophotographic maps (as seen in
the analysis of Figure 3).

A comparison of the granulometric composi-
tion of soils with their respective waterlogging
levels has been performed, leading to the recom-
mendation of a list of soil granulometric compo-
sition impact coefficients (Table 3).

The coefficients are categorized from 0 to 5,
where 0 indicates no probability of waterlogging,
1 indicates a low probability, 2 indicates a moder-
ate probability, 3 indicates a high probability, 4
indicates a very high probability, and 5 indicates
that the area will become waterlogged unless
there are functioning drainage systems in place.
The coefficients established by the authors are
based on the analysis of orthophotographic maps
to identify flooded areas and moisture levels.

In determining the values of these coefficients,
the local soil conditions were assessed, and a com-
parison of moisture levels and soil types was con-
ducted. The list of coefficients was compiled after

Table 2 Granulometric composition of waterlogged areas

consultation with four experts in the fields of geol-
ogy and agriculture. These established coefficients
can be used to forecast the future usage prospects
of agricultural lands in areas with excess water.

Another cause of waterlogging evaluated is
the relief of the terrain. Topographical irregu-
larities are a significant factor contributing to
soil moisture retention. In areas with uneven
relief, waterlogging tends to expand further due
to continuous water accumulation, leaching of
soil materials, and the effects of intense water
erosion. This is clearly observable when analyz-
ing orthophotographic maps. In many locations
examined for these reasons, it has been noted
that waterlogging has been intensifying every
few years. In areas with soil depressions, water
quickly accumulates from higher ground, which
encourages moisture retention. This phenom-
enon is particularly characteristic of areas with
stagnant runoff (Fig. 8).

Significant topographical undulation encour-
ages water to accumulate in low-lying areas. The
relief of waterlogged regions was assessed, re-
vealing that the highest probability of waterlog-
ging is found in depressions, saddles, and valleys.

The study determined that 35% of the areas
became waterlogged due to non-functional drain-
age systems and the soil‘s ability to retain moisture
from the surrounding environment. The remaining

Predominant soil Number of waterlogged areas Waterlogging level
granulometric (early spring/late spring)
composition Early spring 2024 | Late spring 2024 | I 1]
Sand 0 0 0/0 0/0 0/0
Loamy sand 4 3 3/2 11 0/0
Loam 18 13 13/9 3/2 2/2
Clay 76 74 12/10 28/28 36/36
Peat 102 102 11 39/39 62/62

Table 3. Soil waterlogging probability coefficients

Soil composition Coefficient Soil composition Coefficient
Sand 0 Dusty light loam 2
Cohesive sand 0 Dusty medium loam 2
Sandy loam 1 Dusty heavy loam 3
Light sandy loam 2 Sandy clay 3
Heavy sandy loam 3 Dusty clay 3
Medium loam 3 Clay 5
Heavy loam 4 Peat 5
Silty sandy loam 1 Gyttja 5
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Figure 8. Relief of the waterlogged area in an orthophotographic map (source: www.geoportal.lt)

65% of waterlogging was attributed to the terrain‘s
relief. A follow-up study conducted in late spring
indicated that the extent of waterlogged areas had
decreased by approximately 25% (see Table 4).

Another cause of waterlogging is beavers.
Water from drainage systems has nowhere to flow
and accumulates on the field surface. Prolonged
blockage by a beaver dam can completely dama-
ge drainage pipes, which may become clogged
with mud and other river sediments.

Soil waterlogging can be influenced by hu-
man activities and efforts to reduce or even neu-
tralize this issue. One temporary method to slow
down or reduce soil waterlogging is soil cultiva-
tion or the addition of new soil, which decreases
soil compaction and reduces the likelihood of ex-
cessive water saturation. Cultivation also facili-
tates soil drying and significantly decreases the
probability of waterlogging. A long-term solution
to combat soil waterlogging is the installation of
collectors. This approach ensures that even after
prolonged rainfall, the land will not remain satu-
rated for long periods. It allows for better mana-
gement of moisture levels and maintains the soil
in optimal conditions for plant growth.

Table 4. Field study data

Size of Number of
Study period waterlogged areas |
(ha) waterlogged areas
Early spring 2020 704 204
Late spring 2020 482 180
Early spring 2022 675 199
Late spring 2022 530 188
Early spring 2024 681 200
Late spring 2024 524 192
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CONCLUSIONS

In all scientific and practical studies, the im-
portance of regulating water levels is emphasized,
as achieving this leads to greater resilience in the
agricultural sector under changing conditions. The
research revealed that 35% of the analyzed areas
were waterlogged due to non-functional drainage
systems and the granulometric composition of the
soil. The study found that clays and peats are the
most prone to waterlogging. Additionally, un-drai-
ned areas with peat soils account for 28% of the
analyzed territory. The remaining areas experien-
ce waterlogging primarily due to the relief, which
consists of moisture-retaining soils.

A comprehensive analysis of 100 square ki-
lometers was conducted using orthophoto maps
from 1995 to 2023. During this period, the amo-
unt of waterlogged land doubled. Previously ob-
served only in un-drained lands, waterlogging
is now also recorded in drained areas due to the
dysfunction of drainage systems across all seven
analyzed time periods.

Based on the orthophoto maps and field stu-
dies, a classification of waterlogging levels was de-
veloped, categorizing waterlogged areas into three
levels based on their suitability for agricultural use.
The study indicated that up to 50% of waterlogged
areas, due to severe waterlogging (i.e., Level III),
are unsuitable for agricultural purposes.

Through the analysis of waterlogged areas,
waterlogging levels, and soil granulometric com-
position, soils were classified according to their
composition and likelihood of waterlogging. It
was found that clays and peats are the most likely
to become waterlogged, whereas sands and cohe-
sive sands never experience waterlogging.



Journal of Ecological Engineering 2024, 25(12), 340-351

REFERENCES

1. Adamonyte 1., Maziliauskas A., Taparauskiené
L. 2013. Sausinimo sistemy rekonstrukciniy-
techniniy sprendimy tyrimas. Akademija: Zemés
tikio inzinerija, Mokslo darbai., 45(2), 21

2. AdizovaN., Abdurakhimov S., Kuldasheva S., Axm-
adjonov I. 2021. Promising methods of chemical me-
lioration of mobile soils and sands using composition
from local structuring formers. In IOP Conference
Series: Earth and Environmental Science 839(4).

3. Adizovna E.D. 2023. Distinctive features of the
german cadastral system. Models and methods for
increasing the efficiency of innovative research,
2.20, 178-182.

4. Adizovna E.D., Farrukhovna Q.L. 2022. Land re-
sources management issues. European International
Journal of Multidisciplinary Research and Manage-
ment Studies, 2(5), 138—141.

5. Ahmed Z., Ambinakudige S. 2023. Does land u se
change, waterlogging, and salinity impact on sustain-
ability of agriculture and food security? Evidence
from southwestern coastal region of Bangladesh. En-
vironmental Monitoring and Assessment, 195(1), 74.

6. Bastien¢ N., Adamonyt¢ I., Gasitinas V., Miseviciené
S., Aleknaviciené V. 2020. Dirvozemio drégmés
rezimo reguliavimo poveikis augaly derlingumui.
Mano iikis, 2018, gruodis.

7. Bhunia G.S., Chatterjee U., Kashyap A., Shit P.K.
2021. Land reclamation and restoration strategies
for sustainable development: Geospatial technology
based approach. Elsevier.

8. Cammerino A.R.B., Ingaramo M., Monteleone
M. 2024. Complementary approaches to planning
a restored coastal wetland and assessing the role
of agriculture and biodiversity: An applied case
study in Southern Italy. Water, 16, 153. https://doi.
org/10.3390/w16010153

9. Dagar J.C. 2013. Greening salty and waterlogged
lands through agroforestry systems for livelihood
security and better environment. In Agroforestry
systems in India: livelihood security ecosystem
services 273-332. New Delhi: Springer India.

10. Erian W.F., Nasr Y.A., Yacoub R.K., Elabd R.A.
2023. Assessing and monitoring sustainable land
management for land degradation neutrality in Wadi
El Farigh. Journal of Ecological Engineering, 24(3),
55-63. https://doi.org/10.12911/22998993/157390

11. Eslamifar G., Balali H., Fernald A. 2024. Fallow-
ing strategy and its impact on surface water and
groundwater withdrawal, and agricultural econom-
ics: A system dynamics approach in Southern New
Mexico. Water, 16, 181. https://doi.org/10.3390/
w16010181

12. Feiza M. 2016. Comparative performance analysis
of R134a and R290/R600a refrigerants in a vapor

compression refrigeration cycle. Journal of Marine
Technology and Environment Year, 2(2), 31.

13. Fetai B., Tekavec J., Fras M.K., Lisec A. 2022. In-
consistencies in cadastral boundary data—digitisa-
tion and maintenance. Land, 11(12), 2318. https://
doi.org/10.3390/1and 11122318

14. Grygelaitis A. 2017. Melioracijos jrenginiai
Salies zemdirbiams kelia vis daugiau problemy.
Agronaujienos.

15.He Y., Zhao Y., Duan Y., Hu X., Fang J. 2024. Pro-
jected increase in compound drought and hot days
over global maize areas under global warming.
Water, 16, 621. https://doi.org/10.3390/w16040621

16. Hyandye C.B., Worqul A., Martz L.W., Muzuka
A.N. 2018. The impact of future climate and land
use/cover change on water resources in the Ndem-
bera watershed and their mitigation and adaptation
strategies. Environmental Systems Research, 7, 1-24.

17. Hill K., Hodgkinson R., Harris D., Newell Price P.
2015. Field drainage guide principles, installation
and maintenance. Agricology.

18.HuH,, Liu Y., DulJ, Liu R., Wu B., Zeng Q. 2024.
Systematic assessment on waterlogging control
facilities in Hefei City of Anhui Province in East
China. Water, 16, 620. https://doi.org/10.3390/
w16040620

19. Yang H., Wei J., Shi K. 2024. Hydrochemical and
isotopic characteristics and the spatiotemporal dif-
ferences of surface water and groundwater in the
Qaidam Basin, China. Water, 16, 169. https://doi.
org/10.3390/w16010169

20. Yossif T.M. 2022. Potentialities of soil taxa common
in the landscape of valleys in the arid Mediterra-
nean region. Annals of Agricultural Sciences, 67(1),
1-14. https://doi.org/10.1016/j.a0as.2022.02.001

21. Yusupjonovich D.T. 2020. Assess the impact of land
reclamation on increasing agricultural productivity. Eu-
ropean Journal of Molecular Clinical Medicine, 7(7).

22.Jiang Y., Yao Y., Mustafa G., Ren X., Chen C., Wu
W., Liu J.,, Liu Y. 2024. the impact of land use and
biological invasions on ecological service values
of Coastal wetland ecosystems: A Case Study in
Jiangsu Province, China. Water, 16, 56. https://doi.
org/10.3390/w16010056

23. Juknevigiené E., Daniléenko H., Jariené E., Zivat-
kauskiené V., Zeise J., Fritz J. 2021. The effect of
biodynamic preparations on growth and fruit quality
of giant pumpkin (Cucurbita maxima D.). Chemical
and Biological Technologies in Agriculture, 8, 1-15.

24 Kalfas D., Kalogiannidis S., Papaevangelou O.,
Chatzitheodoridis F. 2024. Assessing the connecti-
on between land use planning, water resources, and
global climate change. Water, 16, 333. https://doi.
org/10.3390/w16020333

25.Kaminskyi V., Kolomiiets L., Bulgakov V., Olt J.,

349



Journal of Ecological Engineering 2024, 25(12), 340-351

Kaminska V., Shevchenko I. Rucins A. 2024. Rese-
arch into soil resource management technologies in
context of aggravating exogenic processes. Journal
of Ecological Engineering, 25(6), 128—143. https://
doi.org/10.12911/22998993/186950

26.Kaur G., Singh G., Motavalli P.P., Nelson K.A.,
Orlowski J.M., Golden B.R. 2020. Impacts and
management strategies for crop production in water-
logged or flooded soils: A review. Agronomy Jo-
urnal, 112(3), 1475-1501. https://doi.org/10.1002/
agj2.20093

27.Kaur G., Zurweller B.A., Nelson K.A., Motavalli
P.P., Dudenhoeffer C.J. 2017. Soil waterlogging
and nitrogen fertilizer management effects on corn
and soybean yields. Agronomy Journal, 109(1),97—
106. https://doi.org/10.2134/agronj2016.07.0411

28. Klevinskas G. 2018. I$saugokime jautry pokyc¢iams
virsutinj dirvozemio sluoksnj. Lietuvos zemés tikio
konsultavimo tarnyba.

29.Koroleva P.V., Rukhovich D.I., Shapovalov D.A.,
Suleiman G.A., Dolinina E.A. 2019. Retrospecti-
ve monitoring of soil waterlogging on arable land
of Tambov oblast in 2018—1968. Eurasian soil sci-
ence, 52, 834-852.

30. K#ecek J., Haigh M. 2019. Land use policy in head-
water catchments. Land Use Policy, 80. https://doi.
org/10.1016/j.1andusepol.2018.03.043

31.Li D, Hou J., Xia J., Tong Y., Yang D., Zhang D.,
Gao X. 2020. An efficient method for approxima-
tely simulating drainage capability for urban flo-
od. Frontiers in Earth Science, 8§, 159. https://doi.
org/10.3389/feart.2020.00159

32.Li P, Wu J. 2024. Water resources and sustai-
nable development. Water, 16, 134. https://doi.
org/10.3390/w16010134

33.Liakas V. 2019. Dirvozemio gelb¢jimo planas —
mokslininky rankose. Mokslo, inovacijy ir techno-
logijy agentiira.

34.Liu W., Zhang X., Feng Q., Yu T., Engel B.A. 2023.
Analyzing the impacts of topographic factors and
land cover characteristics on waterlogging events
in urban functional zones. Science of The Total En-
vironment, 904, 166669. https://doi.org/10.1016/j.
scitotenv.2023.166669

35.Martyn A., Openko 1., Ievsiukov T., Shevchenko
0., Ripenko A. 2019. Accuracy of geodetic mea-
surements in real estate cadastral registration: land
value as a determining factor. In the 18th interna-
tional scientific conference. Engineering for rural
development, 22-24.

36.Meng J., Cheng H., Li F., Han Z., Wei C, Wu Y.,
YouN.W., Zhu L. 2022. Spatial-temporal trade-offs
of land multi-functionality and function zoning at
finer township scale in the middle reaches of the
Heihe River. Land Use Policy, 2022, 115. https:/
doi.org/10.1016/j.landusepol.2022.106019

350

37.Mika M. 2017.Interoperability  cadas-
tral data in the system approach. Journal of
Ecological Engineering, 18(2). https://doi.
org/10.12911/22998993/68303

38.Nash P.R., Nelson K.A., Motavalli P.P. 2015. Corn
response to drainage and fertilizer on a poorly drai-

ned, river bottom soil. Agronomy Journal, 107(5),
1801-1808. https://doi.org/10.2134/agronj14.0380

39. Nikiforova A.A., Fleis M.E., Kazantsev N.N.
2019. Multi-scale soil-landscape maps as the basis
of geographic information systems for soil melio-
ration. In IOP Conference Series: Earth and Envi-
ronmental Science, 368(1), 012038. https://doi.
org/10.1088/1755-1315/368/1/012038

40. Novaes C., Marques R.C. 2024. Policy, institutions
and regulation in stormwater management: A hy-
brid literature review. Water, 16, 186. https://doi.
org/10.3390/w16010186

41.Petel J. 2020. What is the importance of drainage?
Hemchandracharya North Gujarat University.

42.Pichura V., Potravka L.A., Domaratskiy Y., Nikon-
chuk N., Samoilenko M. 2024. The impact of pre-
crops on the formation of water balance in winter
wheat agrocenosis and soil moisture in the Steppe
Zone. Journal of Ecological Engineering, 25(3), 253—
271. https://doi.org/10.12911/22998993/181553

43. Pichura V., Potravka L., Domaratskiy Y., Vdoven-
ko N., Stratichuk N., Baysha K., Pichura 1. 2023.
Long-term changes in the stability of agricultural
landscapes in the areas of irrigated agriculture
of the Ukraine Steppe Zone. Journal of Ecolo-
gical Engineering, 24(3), 188—198. https://doi.
org/10.12911/22998993/158553

44, Pipi§kové P., Muchova Z., Dezericky D., Michal
P. 2023. GAEC 5 direct payment system imple-
mentation challenges in Slovakia. Journal of Eco-
logical Engineering, 24(6), 109—-118. https://doi.
org/10.12911/22998993/162591

45.Rahman M.M., Chakraborty T.K., Al Mamun A.,
Kiaya V. 2023. Land-and water-based adaptive
farming practices to cope with waterlogging in va-
riably elevated homesteads. Sustainability, 15(3),
2087. https://doi.org/10.3390/su15032087

46. Sands G.R. 2018. How agricultural drainage works.
Extension engineer.

47. Scatolini P., Vaquero-Pifieiro C., Cavazza F., Zuca-
ro R. 2024. Do irrigation water requirements affect
crops’ economic values? Water, 16, 77. https://doi.
org/10.3390/w16010077

48. Shapovalov D.A., Koroleva P.V., Kalinina N.V.,
Rukhovich D.I., Suleiman G.A., Dolinina E.A.
2020. Differences in inventories of waterlogged
territories in soil surveys of different years and in
land management documents. Eurasian soil science,
53,294-309.

49.Sousa C.A.M., Cunha M.E., Ribeiro L. 2022.



Journal of Ecological Engineering 2024, 25(12), 340-351

Tracking 130 years of coastal wetland reclamation in
Ria Formosa, Portugal: Opportunities for conserva-
tion and aquaculture. Land Use Policy, Volume 94.
https://doi.org/10.1016/j.1andusepol.2020.104544

50. Suvendran S., Johnson D., Acevedo M., Smithers
B., XuP. 2024. Effect of irrigation water quality and
soil compost treatment on salinity management to
improve soil health and plant yield. Water, 16, 1391.
https://doi.org/10.3390/w16101391

51. Thorslund Jarsjo J., Jaramillo F., Jawitz J.W., Man-
zoni S., Basu N.B., Chalov S.R., Cohen M.J., Creed
LF., Goldenberg R., Hylin A., Kalantari Z., Koussis
A.D.,Lyon S.W.,Mazi K., Mard J., Persson K., Pie-
tro J., Prieto C., Destouni G. 2017. Wetlands as lar-
ge-scale nature-based solutions. Ecological Engine-
ering, 10(8) (Part B), 489. https://doi.org/10.1016/j.
ecoleng.2017.07.012

52. Tokarev K.E., Rogachev A.F., Protsyuk M.P., Ru-
denko A.Y., Chernyavsky A.N., Tokareva Y.M.
2022. Analysis of promising methods of irrigation
and melioration techniques of crops in arid climate.
In IOP Conference Series: Earth and Environmental
Science, 488(1), 012047. IOP Publishing. https://
doi.org/10.1088/1755-1315/488/1/012047

53. Vlotman W., Smedema L., Rycroft D. 2020. Modern
land drainage: Planning, design and management of
agricultural drainage systems. CRC Press. https://

doi.org/10.1201/9781003025900

54.Wang T., Zhu Q., Bi S., Wang J., Fu P. 2022. Re-
searches on Ecological Solidification and Me-
lioration Effects of Plants on Silty Soft Soil.
In: IOP Conference Series: Earth and Environ-
mental Science, 1011(1), 012052.. https://doi.
org/10.1088/1755-1315/1011/1/012052

55.Wu Q., Yang R., Yang Z. 2022. A study on the ratio-
nality of land use change in the Dianchi Basin dur-
ing the last 40 years under the background of lake
revolution. Sustainability, 14(18), 11479. https://
doi.org/10.3390/sul41811479

56. Zatsepina E., Sorokina O., Kosinsky V., Petrova
L., Fomkin I. 2020. Environmental aspects of land
management. In IV International Scientific and
Practical Conference‘Anthropogenic Transforma-
tion of Geospace: Nature, Economy, Society‘(ATG
2019) (pp. 321-325). Atlantis Press. https://doi.
org/10.2991/aer.k.200202.065

57.Zhou Y., Li X., Liu Y. 2021. Cultivated land
protection and rational use in China. Land Use
Policy, 106, 105454. https://doi.org/10.1016/].
landusepol.2021.105454

58.Zhu H., Zhu L., Luo L., Li J. 2024. Seasonal varia-
tions of modern precipitation stable isotopes over the

North Tibetan Plateau and Their Influencing Factors.
Water, 16, 150. https://doi.org/10.3390/w16010150

351



