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Application of the Nature Frame
concept to ensure the
sustainability of agroecosystems
and manage Soil Organic Carbon
content in agricultural soils

Jonas Volungevicius*, Mykola Kochiieru and Julius Maciulaitis

Department of Geography and Land Management, Institute of Geosciences, Faculty of Chemistry and
Geosciences, Vilnius University, Vilnius, Lithuania

Context: This conceptual study explores the role and application of landscape
polarisation principles in addressing applied issues of agriculture and soil health
maintenance. The Nature Frame concept reflects universal principles of
sustainable landscape management and land use; promoting these principles in
agriculture can establish a robust system of sustainable soil use and contribute to
policymaking aimed at achieving the objectives of the Soil Monitoring and
Resilience Directive.

Objectives: To present the concept of a Nature Frame as a tool for modeling and
optimizing the intensity of agroecosystem use and prioritizing agricultural
measures in order to ensure their sustainable functioning, biodiversity dispersal,
and the preservation of Soil Organic Carbon (SOC).

Methodology: An analysis of the pilot area (Kelmé distr. mun., Lithuania) was
performed, incorporating the 2025 crop declaration dataset of the National
Paying Agency, and soil erosion and SOC distribution data from the Lithuanian
Soil Information System database Dirv_DR10LT. A Nature Frame model for the
pilot area was developed to identify soil problems related to SOC migration and
accumulation. The importance of the areas for the conservation and restoration
of biodiversity was also identified. Based on this analysis, a landscape
management model for the pilot area’s agroecosystems was developed,
incorporating measures to address these issues.

Results: The pilot area, as defined by the measures for managing the quality of
agroecosystems and soils, is divided into the following categories: Priority 1 (areas
of the Nature Frame), where intensive agriculture is practiced and where
problems related to soil degradation are encountered. In these areas, the
landscape structure must first be restored and soil degradation issues
addressed. Within this priority, the following are distinguished: geoecological
divides (agrarian forested hilly landscape) — measures for biogen accumulation
and stabilization, anti-erosion measures; geoecological divides (agricultural hilly
landscape) — measures for biogenic and carbon accumulation and stabilization,
anti-erosion and biodiversity enhancement measures; Internal areas of
geoecological stabilization — measures to support biodiversity and the
ecological functions of the landscape; migration corridors — control of
biogenic accumulation and biodiversity enhancement measures. Priority 2 (hilly
areas with eroded soils outside the Nature Frame), where intensive agricultural
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activity is carried out. Measures for biogens and carbon accumulation and
stabilization, as well as anti-erosion measures, are planned for these areas.
Conclusions: The study revealed that the Natural Framework covers 75.16% of
the territory of Kelmé distr. mun., while as much as 60.73% of all agricultural land
within the municipality falls within the Natural Framework. Of this area, 61.24% of
agricultural land is intensively used, being cultivated as arable land under crop
rotation systems. Furthermore, 78.42% of all eroded soils are concentrated within
Natural Framework territories, particularly in geoecological divides and migration
corridors. These findings indicate that the agroecosystems of the study area are
being managed unsustainably and that landscape planning measures are
required. The Natural Framework concept, operating through the identification
of landscape geoecological potential as well as potential risks and environmental
problems, provides a valuable basis for the targeted differentiation of areas where
restrictions on agricultural intensification are environmentally justified. Priority
should be given to measures aimed at soil conservation, biodiversity
enhancement, and the restoration of ecosystem functions. Its application may
contribute to more effective agroecosystem management, SOC preservation,
soil degradation reduction, and the achievement of European Green
Deal objectives.

Implications: Applying the Nature Frame concept allows support and
environmental protection requirements to be specifically directed to areas
where soil degradation is most severe, thereby increasing the cost-
effectiveness of agricultural investments. This approach integrates ecosystem
services into intensive agriculture, rather than simply setting aside protected
areas. This enhances the effectiveness of environmental protection. Linking
agricultural policy to the Nature Frame becomes a practical tool for restoring
soil health. It not only halts erosion but also actively contributes to restoring soil
properties and increasing the resilience of agroecosystems.

KEYWORDS

agrarian forested hilly landscape, agricultural (productive) landscape, agricultural
areas, agricultural hilly landscape, agricultural land, agricultural policy,
agroecosystem internal resources, nature frame

1 Introduction

Soil health is one of the most complex terms in sustainable soil
use. Its definition is highly context-dependent: the geo-ecological
context emphasizes multifunctional systemic functionality, whereas
the agronomic context understands health in terms of economic
monofunctionality and productivity. The dominance of the agro-
nomic concept means that increasing soil fertility and maintaining
related properties become essential factors in achieving soil health
and its sustainable use. This concept should not be underestimated,
as soil fertility is one of its essential functions; however, the
implementation of this concept is associated with specific agricul-
tural measures whose implementation is not related to the land-
scape and its geo-ecological characteristics. If landscape-specific
data are not incorporated into decision-making (1), agricultural
measures become ineffective or even counterproductive.

Therefore, to achieve genuine soil health, agricultural policy and
support measures must be linked with environmental protection

Abbreviations: SOC, soil organic carbon; OM, organic matter; N, nitrogen; CO,,

carbon dioxide; EU, European Union.
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concepts. This alignment directly supports the EU Green Deal’s (2)
Biodiversity Strategy (3), which mandates that at least 10% of
agricultural land be dedicated to high-diversity landscape elements
(e.g., buffer strips, hedges) to improve connectivity.

The Nature Frame concept is a set of landscape management
principles based on the principles of energy and material cycles in
the landscape, as well as the migration and polarization of biodi-
versity within a given area. The application of these principles
allows the identification of the areas most critical to the functioning
of the landscape—that is, those characterized by the greatest geo-
ecological potential but also high sensitivity to the impacts of
economic activity. This concept is based on the assumption that
integrating such areas into a unified system and regulating activities
within them will ensure the reliability of ecological compensation
functions in the landscape (and consequently in agroecosystems),
the protection of biodiversity, and the quality of other landscape
components, including soil.

The fundamental basis for this concept was created by B. B.
Rodaman (4-6) when he developed the concept of the polarized
landscape. In Lithuania, this idea was developed and applied to the
territory by P. Kavaliauskas (7, 8), who formulated the concept of
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the Nature Frame. This concept describes the principles (9) of how
natural, urbanised, and agricultural areas should be differentiated
territorially to ensure the sustainable development of the landscape.
Essentially, this concept is based on the polarization of the land-
scape’s geoecological potential, which has become particularly
evident as the landscape has been intensively transformed for
urbanisation and agricultural needs, without taking into account
the spatial heterogeneity of soil properties and their varying
resistance to the impacts of economic activity.

In Lithuania, this concept, as one of the fundamental principles
of environmental management and urban planning, is codified in
the regulations on the Nature Frame (10). Only the new version
currently being drafted includes measures aimed at ensuring the
sustainable use of agroecosystems and the protection of soil quality
(preservation of SOC stocks and nitrogen accumulation).

Globally, the Nature Frame concept has no direct equivalent as
an applied measure, but various countries and regions have adopted
similar landscape management measures aimed at achieving sus-
tainable land use and, at the same time, soil preservation.

“Ecological Network” is the most widely used term, particularly
within the European Union (11), where it is associated with the
Natura 2000 network of sites. Its main priority is the protection of
biodiversity and the preservation of its migration routes. This
concept is based on the spatial structure of biodiversity Core
Areas, its migration Corridors, and Buffer Zones (12).

The term and concept of “green infrastructure” are most
commonly used in the context of strategic planning and sustainable
development and are primarily associated with the urban landscape.
This concept is primarily associated with ecosystem services and
their implementation through specific natural, natural/engineering,
and engineering measures aimed at managing the moisture and
temperature balance of the urban landscape and creating local
islands of biodiversity (13).

In North America, the concept of Greenways dominates,
combining the ecological and recreational functions of the land-
scape (14, 15). This concept is oriented toward local linear elements
that also perform environmental functions in the context of the
protection of agricultural areas and their soils (16, 17).

The integration of environmental protection network concepts
(ecological networks, nature frame, green infrastructure) is one of
the most relevant research topics in the context of finding relations
between the use and conservation of agroecosystem resources, as
well as in the context of finding ways to create relations between
protected areas and agricultural land. J. Fischer (18), together with
his co-authors, presents principles for the integration of the
agricultural (productive) landscape and the ecological network,
which link protected areas with agricultural land. His principles
emphasize measures aimed at strengthening biodiversity and its
connections within agroecosystems.

L. Fahrig, together with his colleagues (19), continues to develop
J. Fischer’s ideas and presents the concept of agro-ecological micro-
networks and methods for integrating agricultural land into an
ecological network, thereby addressing issues related to biodiversity
and the functions of ecological services.

The concept of a Nature Frame, which is being developed in
Lithuania and applied in landscape planning, is broader than the
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concepts of ecological networks, green infrastructure, greenways, or
agro-ecological micro-network, as it encompasses not only biodi-
versity principles but also geo-ecological ones, such as moisture
migration, control of nutrient and pollutant movement, soil erosion
prevention, and visual quality. The concept can be applied across
local, regional, and national levels. In essence, this concept inte-
grates the concepts discussed above and offers comprehensive
solutions for the sustainable development of agroecosystems, one
of the key elements of which is the preservation of soil functions and
quality - as fundamental conditions for the sustainability of
agroecosystems — as well as the restoration of damaged areas and
the recovery of lost functions.

While the Greenway concept in the agricultural context is
primarily oriented toward the integration of linear ecological
elements into agroecosystems and the strengthening of connections
between humans and nature, the Nature Frame concept is funda-
mentally focused on maintaining and restoring ecological functions
within systems and regulating the intensity of agricultural activities.
This concept promotes the development of systems of both areal
and linear elements, thereby expanding the range of spatial plan-
ning solutions and enabling a broader spectrum of ecological
functions to operate. Furthermore, the inclusion of areal elements
within the system creates greater ecological added value
for agroecosystems.

Despite the existence and widespread application of ecological
networks and green infrastructure concepts across Europe and
worldwide, most of these approaches are primarily focused on
biodiversity conservation and habitat connectivity. Wtihin these
concepts, less attention is given to the maintenance of soil functions,
the preservation of SOC stocks, erosion control, and the optimiza-
tion of agricultural land-use intensity. In contrast, the Nature Frame
concept offers an integrated landscape-based approach. Although
its implementation measures are largely aimed at managing
geosystem sustainability and maintaining biodiversity, they also
directly contribute to addresing soil-related problems throught the
management of agricultural land-use intensity, including the main-
tenance and enhancement of SOC content.

The main objective of this paper is to present the Nature Frame
concept as a tool for modeling and optimizing the intensity of
agroecosystem use and the prioritization of agricultural measures to
ensure their sustainable functioning, the promotion of biodiversity,
and the preservation of soil organic carbon (SOC) in the soil.

2 Materials and methods
2.1 Study site

The territory of Kelmeé distr. mun., as the subject of this study, is
located in the western part of central Lithuania and encompasses
part of the Samogitian uplands and the Eastern Samogitian undu-
lating plateau (Figure 1). The coordinates of the municipality’s
administrative center are: 55°37°51.2”N 22°55°59.2”E. The agro-
climatic indicators of the study area (20) are presented in Table 1.
This area was selected for its significant natural diversity, featuring
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FIGURE 1
Geographical location of the study site.

10 different landscape types (Table 2). Consequently, this area
possesses a high diversity of agroecosystems and varying relation-
ships with geologically and ecologically significant areas, which in
Lithuania are integrated into the system of Nature Frame territories.
In this regard, the landscape of Kelmeé distr. mun. stands out from
other administrative units of local self-government in Lithuania.

According to the Lithuanian Soil Information System database
(2026) (21), the agricultural land of Kelmé distr. mun. comprises
eleven soil typological groups distinguished in the Lithuanian Soil
Classification System (LTDK-99): Regosols, Leptosols, Cambisols,
Luvisols, Retisols, Planosols, Arenosols, Podzols, Gleysols, Histosols,
and Fluvisols. No single dominant soil group can be identified.
However, the largest areas are occupied by Luvisols (36.27%),
Retisols (16.53%), and Gleysols (13.60%), which together account
for more than two-thirds of soils within agricultural land. In terms of
texture, loamy soils dominate (approximately 59%), while sands
account for about 18%, clays for 10%, sandy loams for 4%, and
peat soils for 8%. Due to the diversity of relief and parent materials, a
mosaic-like complex of well-drained, moist, and wet soils has
developed across the territory. Well-drained soils predominate,
accounting for 42.66% of the total agricultural land area.

The largest part of the municipality’s territory is occupied by the
boggy, agricultural, and slightly urbanized plateau of Eastern
Samogitia (40.30%), but there is no single dominant morphological
landscape unit. The rugged relief covers about 40% of the territory,
while the other 60% consists of a more flat surface.

Undulating landscapes (40.62%) and hilly uplands (37.66%)
dominate the territory. And although the absolute majority of these
areas are characterized by clay and loam deposits, sandy landscapes
still account for about 20% of the territory. In terms of the natural
composition of the landscape of the Kelmé distr. mun., the western
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loamy hilly part, the central and eastern loamy/clayey undulating
parts, and the sandy hilly and undulating relief features interspersed
within them stand out very clearly. The entire territory is dissected
by very expressive river valleys and lake basins (12.80%).

Functional components of the Nature Frame cover 75.16% of
the total area, with geoecological divides (watersheds) making up
the largest portion (Figure 1; Table 3).

Geoecological divides (watersheds) cover 58.49% of the total
area of the Nature Frame within the territory of the Kelmé distr.
mun. The largest part of these territories consists of divides of
regional relevance. Almost half of these territories (35,044.18 ha,
46.77%) are characterized by reliable and sufficient ecological
compensation functions (Table 3).

Internal stabilization areas account for approximately 15.98% of
the total Nature Frame. 92.74% of these areas (18,989,82 ha) are in
sufficient and reliable condition.

Migration corridors cover 25.54% of the total Nature Frame.
57.86% of these corridors (16,527,46 ha) have limited geoecological
potential or are degraded.

Although the territory of Kelmé distr. mun. contains a consid-
erable proportion of ecologically important and sensitive areas
(Table 3), approximately 50% of the municipality’s total area is
used for agriculture (Table 4). Of all agricultural land, as much as
60.7% is located within the Nature Frame. From the perspective of
Nature Frame regulations, agricultural land can be divided into land
uses that are favourable to the objectives of the Nature Frame
(grasslands and pastures) and less favourable land uses (arable
land). Grasslands and pastures account for 38.76% of the agricul-
tural land within the Nature Frame, whereas arable land account for
61.24%. This indicates that a substantial part of the Nature Frame
territory in Kelmé distr. mun., where sustainable agricultural
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TABLE 1 Agro-climatic indicators of the studied area (20).

Agro-climatic indicators Values

In the air 1970-2100
L il 2200-2300
Sum of active temperatures (>10 °C), °C oamy sor
Sandy
. 2300-2400
loam soil
Average annual temperature, °C 6.0-6.6
Amount of precipitation, mm ~685
Average absolute minimum temperatures, °C -19.0 ... -214
Duration of frost-free periods on the soil surface, annual
132-140
number of days
Amount of precipitation when air t>10 °C, mm 330-350
Maximum depth of soil freezing, cm 34-39

practices should be prioritized, is currently dominated by intensive
agricultural land use. Such land use is associated with increased
risks of soil erosion, SOC loss, and biodiversity decline.

Soil erosion is also a significant issue within the territory of
Kelmé distr. mun. and its agricultural land. According to the
Lithuanian Soil Information System database (21), as much as
23,821.1 ha of agricultural land in Kelmé distr. mun. is affected
by soil erosion. This represents approximately 28% of all agricul-
tural land within the municipality. Of all eroded soils, as much as
78.4% are located within Nature Frame territories (Table 4).

Therefore, a situation exists in which a municipality dominated
by Nature Frame territories (75.16% of the total area; Table 3) is also
characterized by intensive agricultural land use. Approximately
60.7% of all agricultural land is located within the Nature Frame,

TABLE 2 The structure of the natural landscape in the Kelmeé distr. mun.

Landscape character  Area Percentage of
(ha) district (%)

Plain landscapes:

PL’ - Clayey plan 15,200.99 8.92

Plateau landscapes:

;Jll;e;uclayey undulating 64,809.66 38.02

UP - Sandy undulating plateau | 4,431.43 2.60

Hilly upland landscapes:

HU’ - Loamy morainic hilly

upland 46,229.25 27.12

HU - Sandy hilly upland/dune 14,307.57 8.38

R - Morainic/fluvioglacial ridge | 3,659.37 2.15

Valley landscapes:

RV - River valley 18,002.99 10.56

RV’ - Ancient river valley 399.79 0.23

Lake landscapes:

LV - Lake-filled basin 3,197.51 1.88

LV’ - Lake district 225.31 0.13

Total: 170,463.87 100.00
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TABLE 3 The structure of the Nature Frame areas in the Kelmé distr. mun.

eta ona ompone ana Ava Area
e geoecolodg dal pote d

Geoecological divides 74,927.09 58.49
Realiable 12,185.43 9.51
Sufficient 22,858.75 17.85
Limited 38,822.05 30.30
Disturbed 799.31 0.63
Degraded 251.54 0.20
Internal stabilization areas 20,477.34 | 15.98
Realiable 7,045.96 5.50
Sufficient 11,943.86 9.32
Limited 1,487.52 1.16
Disturbed - -
Degraded - -
Migration corridors 32,710.83 | 25.54
Realiable 4,543.40 3.54
Sufficient 11,984.06 9.36
Limited 15,919.65 12.43
Disturbed 258.15 0.20
Degraded 5.07 0.00
Total: 128115.25 75.16*

*Percentage of the total area of the district municipality.
Bold values is used to structure the table and highlight different land-use groups.

of which 61.24% is associated with land-use practices that weaken
the ecological compensation functions of the Nature Frame.
Furthermore, the majority of eroded soils (97.6%) are concentrated
within the most ecologically important components of the Nature
Frame - geoecological divides and migration corridors — where the
principal ecological compensation functions are concentrated.

2.2 Spatial data and analysis

The study was based on the analysis of existing open-access
spatial datasets, including the 2025 crop declaration dataset of the
National Paying Agency (22), and soil erosion and soil organic
carbon (SOC) data obtained from the Lithuanian Soil Information
System database Dirv_DRIOLT (21). Nature Frame territories were
delineated according to the Nature Frame delineation methodol-
ogy (9).

Spatial analyses were performed using ArcGIS Pro 3.6 (ESRI).
Spatial overlay analysis was applied to integrate Nature Frame
territories, agricultural land-use data, soil erosion data, and SOC
data. Based on this analysis, a unified geodatabase was created,
enabling the assessment of the distribution of agricultural land,
arable land, grasslands and pastures, and eroded soils across
different metafunctional components of the Nature Frame.

Descriptive statistical methods were applied in the study. Area
calculations and percentage shares were used to evaluate the
distribution of agricultural land, eroded soils, and other analysed
variables. These indicators were subsequently used to assess the
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TABLE 4 Distribution of agricultural land within the Nature Frame in
Kelmé distr. mun. [according to: NMA Crop Declaration Dataset, 2025
(22); Dirv_DR10LT, 2026 (21)].

Area Area
(ha) (%)
Total area of Kelme distr. mun. 170500

Total agricultural land area 84973.50 | 49.84
Of which within the Nature Frame 51600.80 | 60.73
Of which arable land 31599.30 | 61.24
Of which lands (<5 R ial lands (>5

which grasslands (<5 years), perennial grasslands ( 2000150 | 38.76
years), and pastures
Agricultural land within geoecological divides 35392.70
Of which arable land 22099.60 | 62.44
Of which lands (<5 R ial lands (>5

which grasslands (<5 years), perennial grasslands (> 1329320 | 3756
years), and pastures
Agricultural land within migration corridors 12181.00
Of which arable land 6410.50 52.63
Of which B i

which grasslands (<5 years), perennial grasslands (>5 5770.50 1737
years), and pastures
Agricultural land within internal stabilization areas 4027.10
Of which arable land 3089.20 76.71
Of which lands (<5 § ial lands (>5

which grasslands (<5 years), perennial grasslands (> 937.90 2329
years), and pastures
Total area of eroded soils within agricultural land 23821.10 | 28.03
Area of eroded soils within agricultural land located
. 18681.70 | 78.42
in the Nature Frame
Of which within geoecological divides 15701.18 | 84.05
Of which within migration corridors 2526.66 13.52
Of which within internal stabilization areas 453.90 243

Bold values is used to structure the table and highlight different land-use groups.

relationships between land-use intensity, the structure of the Nature
Frame, soil erosion, and SOC distribution.

No field surveys were conducted as part of this study. The
analysis relied exclusively on national spatial datasets and was
designed to assess the potential of the Nature Frame concept as a
spatial framework for agroecosystem management.

2.3 Research and Nature Frame concept

The pilot area (Kelmé dstr. mun., Lithuania) was analyzed: the
natural landscape base, relief model, distribution and degree of soil
erosion, and SOC distribution (modeled based on Lithuanian data).
The Nature Frame model of the pilot area was developed based on
the Nature Frame concept. The data from the pilot area analysis
were used to identify soil problems related to SOC migration and
accumulation. The importance of the areas for the preservation
and restoration of biodiversity was also identified. Based on this
analysis, a landscape management model of the pilot area’s
agroecosystems was developed, incorporating measures to address
these issues.
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2.3.1 The concept of a Nature Frame

The study is based on a landscape management/ecogeographic
approach to the regulation of agroecosystem use, assuming that
applying this approach in the planning of agricultural activities
would allow for the preservation of SOC in the soil, control of N
migration, and, on that basis, ensure soil health in general.

Agronomists suggest agronomic measures (crop rotation sys-
tems, organic fertilisers, and other soil improvement and
agrotechnical measures) to balance SOC content in agricultural
land use (23-27). However, they face a fundamental problem: how
to select the optimal measures for maintaining and/or restoring soil
productivity and, at the same time, how to differentiate them
geographically to maintain the potential and profitability of the
farm while restoring the structure and functions of the landscape.

The Nature Frame concept is essentially focused on managing
landscape material and energy flows to control pollution and
nutrient migration while ensuring the spread of biodiversity.
Therefore, it can be applied to the management of agroecosystems
in general and to the localisation of agricultural activities and their
intensity on farms. In agroecosystems, the application of this
concept should be linked to recommendations on the differentiation
of the type and intensity of agricultural practices (agrotechnical,
agrochemical, crops and perennial grasslands, ecological land use).
Some measures should be recommended in more ecologically
sensitive agroecosystems or locations, while others should be
recommended in less sensitive areas.

The Nature Frame concept provides three types of metafunctional
zones (Figure 2), interconnected by the toposystemic principle:

1. Geoecological divides (hills, hilltops/ridges) — geoecological
“windows” through which water and energy enter. They
must function as a filter ensuring the supply of clean water
and nutrients and the elimination of sources of pollution. In
terms of Lithuania’s territory, the landscape is predomi-
nantly agricultural and agricultural/forested, characterized
by eroded soils, and the preservation and enhancement of
soil organic carbon (SOC) is a key challenge.

2. Areas of internal stabilisation (relatively flat, relatively flat
forested surfaces) — function as biological barriers and
biodiversity hotspots. Areas of internal stabilization also
create additional connections in urbanized and agricultural
landscapes, through which additional biodiversity migration
corridors are created. In terms of soil sensitivity to agricul-
tural impacts, these are the least significant areas. Their
primary role is to promote biodiversity and regulate nutrient
cycling within the system. Furthermore, within agricultural
areas, they are most often associated with forested areas.

3. Migration corridors (river valleys, lake systems, and drainage
channel slopes) ensure biodiversity and balanced migration of
materials and energy, ensuring that only as many nutrients
migrate as the ecosystem can assimilate. Most often, this is a
forested agricultural landscape (excluding surface drainage
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FIGURE 2
Geoecological concept of nature frame [illustration prepared by (9)].

networks), where agricultural land and soils are exposed to
increased risks of soil erosion, and thus a risk of SOC loss, as
well as a limited capacity to accumulate SOC and nutrients in
accumulation landscapes.

2.3.2 Research principles

Although the Nature Frame (10) has been legislated in
Lithuania as one of the legal measures regulating spatial planning
processes in terms of environment protection requirements, it is
primarily used to manage urbanization processes. Although various
measures to protect the environment (e.g., eco-schemes) are used in
Lithuanian agriculture, their effectiveness is limited because they are
not specifically tied to a particular area and therefore do not always
address the specific problems. The prime example of this is no-till
farming, which dominates in the fertile loamy agroecosystems of
the Central Lithuanian morainic plains. However, this measure
would be most relevant in the agroecosystems of hilly uplands,
where eroded soils prevail. The application of the Nature Frame
concept in agriculture makes it possible to purposefully link
environmentally sustainable agricultural measures with the achieve-
ment of environmental protection goals (Figure 3, concept part).

From a practical viewpoint (Figure 3, analysis part), the concept
is applied in the following stages:

1. The origin of the agroecosystems in the analyzed territory is
identified. In this case, the most important thing is to distin-
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guish between hilly, undulating, and plain surfaces, as well as
the water flow system (both the natural river network and the
artificial one - the surface agricultural drainage system). The
systems can also be further detailed based on soil texture. In
this conceptual analysis, this was not done.

2. Based on the agroecosystem origin model and the Nature
Frame concept, a network of Nature Frame territories is
formed. In this network, territories are grouped into two
categories: territories where the accumulation, stabilization,
and transformation of organic matter (OM) and nutrients
occur or should occur; and territories where accumulation
and migration occur or should occur.

3. Eroded soils are identified based on the Lithuanian Soil GIS
database (21).

4. Soils are classified by soil organic carbon (SOC) content. In
Lithuania, soils with a SOC content of <2% are considered
damaged and degraded. This classification correlates with
eroded soils and allows for the identification of agricultural
areas and soils where measures to increase SOC content
should be planned, as well as soils where measures to
stabilize and preserve SOC should be planned.

These stages of the study reflect the key principles of territory
typification and the identification of priority measures for soil

protection, which were applied in this study:

+ Toposystemic principle of territory identification. This is the
principle of nutrient migration control, which ensure their

frontiersin.org


https://doi.org/10.3389/fsoil.2026.1835012
https://www.frontiersin.org/journals/soil-science
https://www.frontiersin.org

Volungevicius et al.

10.3389/fs0il.2026.1835012

CONCEPT ——
( ’

4
DI Cooecvcal dice
(D - regional, d - local)
Migration corridors
(C- regional, ¢ - local, ¢’ - sublocal)
internal stabiisation areas
(A-regional, a - focal)
Non-nature frame areas

MEASURES FOR SUSTAINABLE
2 AcricuLure

INTENSIVE
AGRICULTURE

ACCUMULATION ACCUMULATION
of NUTRIENT of NUTRIENT 050

o\ E

SO
£Ro,
Sioy

DIFFERENTIATION OF AGRICULTURAL PRIORITIES AND INTENSITY.
1 1 r 1
'SOC ACCUMULATION|
AND STABILIZATION
INCREASING
BIODIVERSITY

SOC ACCUMULATION MANAGEMENT OF NUTRIEN

FIGURE 3

ANALYSIS

The nature of agroecosystems
BT Hilty uplands and ridges
Bl Piains / lowlands
Undulating plateaus
Valloys

RESULT

= a

Natural framework areas
compen

(acoorsi wsaiion funciions)
YY) Preas for the input, stabilization
W, s canstormion o sveray

[ /coumuiation and migration of
energy and materials
(migration coridors)

and the sustainable
use of soil.

Eroded soil
(according [o the degroe of rosion)

[ siightly eroded
Il Moderately eroded
Il severly eroded
[] Boundaries of agroecosystems|

A set of measures to ensure the
sustainability of agroecosystems

SOC distribution in agricultural areas, %
2 (according o moistur groups)

[ Au, siightly eroded - 0.663 [ sH (gleyic, < 50cm) - 2.112
[_] AU, moderately eroded - 0.859  [___] SH (gley, 50-100cm) - 2.843
[ AU, severly eroded - 0.987 [ sH (gley, < 50cm) - 2.888
[ AU (gleyic, > 200cm) - 1.355 [l SH (murshic, gley < 50cm) - 5.049
[ ~u (gleyic, 100-200cm) - 1578 [l SH (peat, gley < 50cm) - 9.263
B st (gleyic, 50-100cm) - 1857 [l H (peat soils) - 34,720
AU - automorphic, SH - semi-hydromorphic, H - hydromorphio

Conceptual framework for applying the Nature Frame to agroecosystem management.

preservation and increase in hilltops and accumulation/
sorption in wet areas.

* Principle of territory prioritization. Priority is given to
Nature Frame territories. This ensure the complexity of
measures for the sustainable use of soil and the restora-
tion/revitalization of agroecosystem ecological services.

* Principle of differentiation of measures. Measures are differ-
entiated according to the problems that are relevant to
different toposystemic surfaces (top, bottom, slope) and
meta-functional units of the Nature Frame.

 Principle of measure localization. Measures should be local-
ized according to the characteristics of the soil typological
unit (fertility, degree of erosion, identification of peat mate-
rial and etc.) and their fragmentation should be ensured,
especially when it is the case of measures that affect the
biodiversity of agroecosystems (perennial grasslands, agro-
forestry, etc.).

3 Results and discussion

The analysis revealed three major patterns. First, Nature Frame
territories occupy 75.16% of the total area of Kelmeé distr. mun. and
contain 60.73% of all agricultural land. Second, intensive agricul-
tural land use remains dominant within these territories, where
arable land accounts for 61.24% of agricultural land. Third, 78.42%
of all eroded soils are concentrated within Nature Frame territories,
particularly within geoecological divides and migration corridors.

Frontiers in Soil Science

These findings indicate a strong spatial overlap between environ-
mentally sensitive areas and territories currently exposed to inten-
sive agricultural use.

The results of this pilot study indicate that ensuring the
sustainable use of agricultural soils and addressing existing soil-
related problems requires agricultural land management to be
viewed through the prism of agroecosystem and management-
measure polarization, applying a landscape management approach
(28). A “one-size-fits-all” approach is not suitable for this purpose.
Our results demonstrate that, under the conditions of a complex
agricultural landscape (Figure 1), the application of the Nature
Frame concept in agricultural land management provides a reliable
basis for the spatial polarization of environmental and land-use
measures. The polarization of agricultural measures within the
framework of the Nature Frame concept is consistent with soil
health management principles (29-35), which emphasize improv-
ing SOC management efficiency, reducing soil erosion, simplifying
or abandoning intensive tillage technologies, maintaining perma-
nent vegetation cover, and implementing similar soil-conservation
measures. The polarized application of soil-conservation practices
across different agroecosystems ensures their maximum effective-
ness and ecological compensation return, including SOC accumu-
lation, nutrient retention, and biodiversity enhancement, while
simultaneously avoiding the withdrawal of productive agricultural
land from agricultural production.

According to the Nature Frame methodology (9) and the
Regulations of the Nature Frame of Lithuania (10), agroecosystem
territories are considered to provide reliable ecological compensation
functions when they contain <10% arable land, <30% grasslands and
pastures, and >70% forest cover. The spatial analysis demonstrates
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TABLE 5 Distribution of environmental measures within agroecosystems in Kelmeé distr. mun.

Set of measures for managing quality of agroecosystems, Total zone  Land-use structure within the zone,
area, ha/%  hal/%
Arable  Perennial Forest
land grasslands and
pasture
Geoecological divides — measures for biogens and carbon accumulation and stabilization, 31074.31 10098.16 6850.51 14125.64
anti-erosion measures /23.24 /32.50 /22.05 /45.46
Geoecological divides — measures for biogens and carbon accumulation and stabilization, 20319.57 9740.26 4513.88 6065.43
anti-erosion and biodiversity increase measures /15.19 /47.94 /2221 /29.85
Internal areas of geoecological stabilisation — measures to support biodiversity and the 13136.97 2213.49 612.10 10311.38
ecological functions of the landscape /9.82 /16.85 /4.66 /78.49
Migration corridors - control of biogenic accumulation and biodiversity enhancement 21996.29 5632.58 4709.54 11654.18
measures /16.45 /25.61 /2141 /52.98
Non-nature frame areas — measures for biogens and carbon accumulation and stabilisation, 15200.96 7458.77 6579.42 1162.77
anti-erosion measures /11.37 /49.07 /43.28 17.65
. . . . . 32005.79 20431.69 6133.11 5440.99
Non-nature frame areas — agricultural land not required special environmental regulations
/23.93 /63.84 /19.16 /17.00

that environmental measures aimed at maintaining agroecosystem
quality are most relevant within geoecological divides (Table 5) and
in other ecologically sensitive agricultural lands located outside
Nature Frame territories. The results indicate that, according to the
sustainable agroecosystem provisions established in Lithuanian leg-
islation for Nature Frame territories (10), the area of arable land
exceeds the recommended threshold by two to five times, whereas the
area of grasslands and pastures remains only slightly below the
recommended level. This reflects a negative trend within the study
area, where the decline of grasslands is not being compensated by
increasing forest cover on eroded and unproductive land, but rather
by the continued expansion of arable land.

The applicability of the Nature Frame concept and the corre-
sponding results are presented in Figure 4 and Table 5, while their
interpretation and detailed explanation are provided further below.
Nature Frame areas are necessarily integrated into agroecosystems
because they are part of the overall landscape structure, therefore:

Soils in agricultural areas located in geoecological divides (in
Lithuania), which occupy 31,074.31 ha (23.24% of the study area),
including 10,098.16 ha of arable land and 6,850.51 ha of perennial
grasslands and pastures (Table 5), are highly erodible, therefore
measures should be taken to reduce the risk of erosion: anti-erosion
ploughing, no-till technologies, perennial grasslands, pastures, and
livestock farming. This not only restores soil productivity, but also
restores ecological compensation functions - SOC accumulation,
CO2 sorption, biogen accumulation, and filtration proper-
ties (Figure 4).

Soils in internal stabilisation areas, which occupy 13,136.97 ha
(9.82% of the study area), with forests accounting for 10,311.38 ha
(78.49%) and arable land for only 2,213.49 ha (16.85%) (Table 5),
are not at high risk of productivity loss, but some places (local
depressions) have conditions that are not suitable for farming,
therefore, to achieve economic CO, emission reductions from
agriculture, their functions could be converted into ecological
land use. This would not only increase the biodiversity of the
landscape but also create additional ecological functions for the
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soil - local biogen accumulators and hotspots of soil biodiversity
would be created (Figure 4).

Migration corridors occupy 21,996.29 ha (16.45% of the total
study area), including 5,632.58 ha of arable land and 4,709.54 ha of
perennial grasslands and pastures (Table 5). Agricultural pollution
and nutrients (nitrogen, phosphorus) migrate through migration
corridors (river valleys and drainage channels), making these areas
the last barrier to catch them. By locating perennial grasslands,
agroforestry, and organic farming measures on agricultural land in
these areas, the filtration and nutrient accumulation properties of
the soil would be ensured, and the moisture potential of these areas
would be used for biological CO, accumulation (Figure 4).

The spatial distribution of land-use categories within Nature
Frame components demonstrates that environmentally sensitive
territories are currently subject to substantial agricultural pressure.
Therefore, the implementation of targeted management measures
requires not only ecological planning but also effective policy
instruments capable of supporting their practical application. The
integration of ecological networks into intensive agricultural sys-
tems and agricultural landscapes requires complex solutions capa-
ble of addressing social, economic, and legal challenges.

The study highlights three pathways for change: awareness-
raising, political regulation, and the “seeing is believing” principle.
While education is slow and regulation is complex due to private
property rights, the “seeing is believing” approach — where farmers
adopt proven practices from peers - is often the most effective
(36, 37).

The implementation of political regulatory measures is also
highly complex, as it involves regulations that restrict the nature of
activities on private property. However, if these measures were
combined with economic instruments — such as payments for
ecological services — this would be feasible. For now, the compat-
ibility of political decisions and practical farming is complicated
(38). It is important that sustainable farming measures initiated by
political decisions be promoted and implemented in line with the
concept of environment protection networks (39) and our
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FIGURE 4

Strategic landscape management and optimization of agricultural activities.
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recommended geo-ecological concept of a Nature Frame, as well
as based on the natural characteristics of the area in question
(40, 41). Nevertheless, sustainable agricultural measures established
by political regulation (regional policy tools) are effective only when
they are linked to financial instruments.

In our opinion, the “seeing is believing” principle is the most
effective. Farmers often tend to adopt proven technological solu-
tions or best practices from one another (42-44), especially when
this helps them save money. Therefore, it is very important to
publicize such examples.

The development and implementation of the concept presented
in this study may have both advantages and disadvantages.

The main advantages of applying the Nature Frame concept are
associated with its ability to differentiate agroecosystems according to
geoecological potential and environmental sensitivity. The division of
agroecosystems into Nature Frame metafunctional zones creates
conditions not only for differentiating territories according to their
geoecological potential and sensitivity, but also for identifying exist-
ing and potential land-use risks associated with soil degradation. The
development of a digital model of this concept in the future would
create opportunities to evaluate the effectiveness and appropriateness
of environmental measures implemented through eco-schemes under
the EU agricultural policy. This aspect is currently one of the most
strongly criticized elements of EU agricultural policy. Researchers
investigating EU agricultural policy (45-47) argue that farmers’
decisions to implement environmental measures are often driven
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by pragmatic motivations, such as additional payments, low admin-
istrative burdens, and ease of implementation, rather than by
environmental objectives. As a result, the environmental effectiveness
of these measures remains limited. The implementation of this
concept would restore and strengthen ecosystem services in
agroecosystems (agricultural landscapes) by contributing to the
spatial targeting of eco-scheme measures.

At the same time, several limitations and implementation
challenges should be acknowledged. The principal methodological
limitation is the national character of the concept itself, as it is
currently known and applied only in Lithuania. Consequently, its
applicability and potential risks remain insufficiently studied. No
such studies have yet been conducted in the agricultural sector.
Therefore, there is currently no possibility of building upon the
work of other researchers or developing a broader scientific discus-
sion. The possibilities for implementing the concept in the agricul-
tural sector are also very limited, even when linked to EU eco-
scheme measures, because it introduces additional conditions and
restrictions for farmers when selecting environmental measures. As
repeatedly noted in previous studies (45, 48), farmers generally do
not base their decisions on ecological imperatives. Therefore, the
implementation of Nature Frame principles may be perceived not as
an additional environmental guideline but rather as an administra-
tive restriction.

At present, the application of the concept in agroecosystem
sustainability research remains at a methodological stage.
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Consequently, a digital model has not yet been developed that would
expand its geographical applicability across different geographical
regions, landscapes, and soil taxonomic units beyond Lithuania.

At the same time, we believe that the present study makes a
substantial contribution to the development of sustainable
agroecosystem management by introducing a new conceptual
framework together with its geoecological application criteria. In
doing so, it expands the two currently dominant approaches -
ecocentric and technocentric (49). Furthermore, it contributes to
the development of holistic agroecosystem management models
(50) and to the incorporation of spatial dimensions into sustain-
ability research (51) by introducing a polarized spatial perspective
for identifying sustainable solutions.

Our findings, demonstrating the necessity of applying spatially
polarized measures in Kelmé distr. mun., confirm and complement
broader international research in the context of ecological networks
and green corridors. In several European countries (e.g., the
Netherlands and Germany), the Ecological Network (Econet)
concept has traditionally focused on ensuring biodiversity migra-
tion and abundance (52). However, recent studies increasingly
emphasize the need to integrate these networks with soil-related
ecosystem services, including soil erosion control and the enhance-
ment of SOC stocks (53). This trend brings the ecological network
concept closer to the Nature Frame concept.

Research conducted in the United Kingdom and other countries
within agricultural landscapes (54-56) has shown that green corri-
dors designed along river systems not only function as biodiversity
pathways but also effectively retain up to 65% of diffuse agricultural
pollution. These findings are consistent with our conclusions
regarding the role of migration corridors as the final barrier for
nutrient retention.

One of the key measures highlighted in our study for increasing
the SOC sequestration potential of Nature Frame structures located
within agricultural areas is the establishment of perennial grass-
lands and pastures. This finding complements the work of
Lithuanian and international researchers (57-59). These authors
demonstrated that no-till technologies and the establishment of
perennial vegetation in erosion-prone areas (in our study,
geoecological divides) can increase SOC stocks in the upper soil
layer by up to 20-30% over a decade (60).

4 Conclusions

The study demonstrated that Nature Frame territories occupy
75.16% of the total area of Kelmé distr. mun. and contain 60.73% of
all agricultural land. It was found that more intensive forms of
agricultural activity predominate within Nature Frame territories,
with arable land accounting for 61.24% of all agricultural land
located within these areas. The results also showed that 78.42% of all
eroded soils are associated with Nature Frame territories, with the
majority concentrated in geoecological divides and migration cor-
ridors, where the most important ecological compensation func-
tions are located.

Frontiers in Soil Science

11

10.3389/fs0il.2026.1835012

The obtained results indicate that, in many agroecosystem
areas, the current pattern of land use is not aligned with the
geoecological sensitivity of the landscape and the requirements of
ecological compensation. This suggests that the Nature Frame
concept can be used as a spatial planning instrument for identifying
areas where agricultural land-use intensity should be limited, soil
conservation measures should be prioritized, and the maintenance
of biodiversity and ecosystem functions should be strengthened.

Unlike many ecological network and green infrastructure con-
cepts, the Nature Frame integrates not only biodiversity-related
principles but also geoecological principles associated with the
regulation of material and energy flows, soil protection, and
landscape stability. Therefore, its application may contribute to
more effective agroecosystem management, the preservation of
SOC, the reduction of soil degradation, and the achievement of
the objectives of the European Green Deal.

Future research should expand the analysis to larger territories
and quantitatively evaluate the effects of land-use measures differ-
entiated according to the Nature Frame framework on soil organic
carbon accumulation, erosion reduction, biodiversity status, and
ecosystem service provision.
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