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Table S1. Analysis of soils of Ktodzko County for potential for carbon sequestration®

Type of soils according to

Soil-agricultural map at a 1:5,000 (WODGIK, IUSS Working Soil appraisal

2024) i el (@) Group WRB (2022)

Gleby torfowe i murszowo-torfowe Soil type: Gleby torfowe [Peat soils] )

[Peat and peat-muck soils] Gleby murszowe [Murshic soils] _ The most valuable soils that
- - - U Histosols are important for carbon

Gleby mutowo-torfowe i torfowo-mutowe Soil type: Gleby limnowe [Limnic soils] sequestration.

[Silt-peat and peat-silt soils] Soil subtype: gleby mutowe [limnic muddy soils]

Czarnoziemy i czarne ziemie wlasciwe Soil type: Czarnoziemy [Chernozems] Chernozems

[Chernozemic soils (Chernozems and black earths)]

Czarne ziemie [Black earths]

and Phaeozems

Gleby murszowo-mineralne i murszowate

[Mineral and mucky soils] Soil type: Gleby murszowate [Semimurshic soils] Umbrisols
Gleby brunatne wlasciwe Soil type: Gleby brunatne [Brown soils] _ fhi;:i;::el?gygratgl;izfrsglsb o
[Brown soils proper] Soil subtype: gleby brunatne wtasciwe Cambisols sequestratign.
[ordinary brown soils]
Redziny brunatne [Brown rendzinas] Soil type: Redziny brunatne [Brown rendzinas] Leptosols
Mady brunatne [Brown fluvisols] Soil type: Mady brunatne [Brown alluvials] Fluvisols
Mady [Fluvisol] Soil type: Mady witasciwe [Ordinary alluvial soils]
Soil type: Gleby bielicowe [Podzolic soils]
Gleby bielicowe i pseudobielicowe Gleby ptowe [Clay-illuvial soils]
[Podzolic and pseudo-podzolic soils] Soil subtype: ptowe zbielicowane
[podzoilic clay-illuvial soils]
Soil type: Gleby brunatne [Brown soils] Valuable soils th
Gleby brunatne wytlugowane i brunatne kwasne Soil subtype: brunatne wylugowane Cambisols irr?pltj)?taﬁtsgrscgrztoire

[Leached brown soils and acid brown soils]

[leached brown soils]
brunatne kwasne [acid brown soils]

Redziny o stabo wyksztatconym profilu [Poorly
formed rendzina profile]

Soil type: Gleby inicjalne [Raw mineral soils]
Soil subtype: litosole [lithosols]
redziny inicjalne skaliste
[raw rocky rendzinas]

Litosols/Arenosols
/Regosols

sequestration.




continue Tab.

Type of soils according to

Soil-agricultural map at a 1:5,000 (WODGIK, IUSS Working Soil appraisal
2024) i el (@) Group WRB (2022)
Soil type: Mady wtasciwe [Ordinary alluvial soils]
Soil subtype: mady gruntowo-glejowe

Gleby aluwialne glejowe [Gleyic alluvial soils] [gleyic oridnary alluvial soils] Fluvisols

mady opadowo-glejowe

[stagnogleyic oridnary alluvial soils]

. N Soil type: Gleby gruntowo-glejowe [Gleysols]
Gleby glejowe [Gleyic soils] Gleby opadowo-glejowe [Stagnosols] Gleysols
Czarnoziemy i czarne ziemie zdegradowane i gleby | Soil type: Czarnoziemy [Chernozems] . Heavily degraded soils in
Umbrisols need of reclamation, but

szare [Degraded chernozem and black soils and grey
soils]

Czarne ziemie [Black earths]

Gleby szare [Grey soils]

and Phaeozems

important for carbon
sequestration.

Y Original Polish soil type names are used to ensure terminological precision and clarity of interpretation.

Source: own study.




Table S2. Assessing the use of carbon sequestration potential

Land use”

Type of soil

Value?

Explanation

Urban fabric
Industrial, commercial
and transport areas
Mines, extraction
sites, and construction
areas

all types of soils

Urbanisation, including hardening and replacing topsoil, severely degrades land, affecting soil
structure and reducing organic carbon (Herrmann, Schifman and Shuster, 2020). Transforming land
for urban use involves grading and excavation, which reshapes the landscape (Jones ef al., 2014).
Mining disrupts soil by removing humus, accumulating heavy metals and depleting nutrients,
harming plant and microorganism growth. It also promotes erosion and contaminant migration
(Wong, 2003; Ungaro et al., 2022).

Urban green
and recreational
spaces

all types of soils

Urban green and recreational areas can both benefit and harm soils, depending on factors like
urbanisation level, land-use practices, and vegetation. In highly urbanised areas, green spaces can
improve soil structure and water infiltration, especially with sustainable management and native or
drought-resistant plants. However, activities like trampling, pollution, and the use of non-native
species can degrade soil, compact it, and reduce biodiversity. Poorly planned areas, particularly in
dense environments, can lead to erosion, waste contamination, and loss of fertile topsoil. The
impact of these areas varies based on their design, maintenance, and use, making the overall effect
neutral (Kumar and Hundal, 2016; Lindén et al., 2020; O’Riordan et al., 2021; Todorova and
Zhiyanski, 2023).

Arable land

the most valuable
soils that are
important for carbon
sequestration

Peatland drainage for cultivation leads to intensification of greenhouse gas emissions, especially
carbon dioxide, which is released due to aerobic decomposition of peat (Jarosz and Faber, 2024).
This process significantly contributes to the concentration of CO, in the atmosphere and accelerates
climate change.

particularly valuable
soils that are
important for carbon
sequestration

Soils rich in organic matter are among the most agriculturally valuable (Pikuta, 2015). With
appropriate practices, agriculture can have minimal negative impact on such soils (Foereid and
Hogh-Jensen, 2004). However, long-term cereals monocultures has been found to degrade humus
quality. Intensive land use is a major factor threatening the quality and persistence of soils, as it
accelerates soil depletion processes (Witkowska-Walczak, Walczak and Slawinski, 1999).
Continuous cultivation, particularly when involving regular ploughing and mineral fertilisation,
reduces humus content in the topsoil and gradually transforms soils into “grey soils” (Kowalinski et
al., 1987; Chodorowski et al., 2019).




continue Tab. 2

Land use”

Type of soil

Value?

Explanation

Arable land

valuable soils that
are important for
carbon sequestration

Agricultural cultivation disrupts soil structure and leads to a reduction in organic matter content in
all soil types (Kabata et al., 2019; IUSS Working Group WRB, 2022). However, due to their lower
initial organic matter content, these soils have lower carbon sequestration potential, so agricultural
use does not lead to a significant loss of this function compared to soils with higher organic carbon
content (Gerzabek ef al., 2006; Kodesova ef al., 2011; Jonczak, 2012; Kurganova ef al., 2022).

heavily degraded
soils in need of
reclamation, but
important for carbon
sequestration

Agriculture can have both positive and negative effects on degraded soils, depending on
management practices. Sustainable techniques such as no-till farming, crop rotation, and organic
farming help restore soil health, improve carbon sequestration, and reduce erosion. However,
conventional practices such as intensive tillage, monoculture cropping, and heavy use of synthetic
fertilisers can exacerbate soil degradation, promote carbon loss, and disrupt soil ecosystems. Thus,
the impact of agriculture on soil carbon dynamics is highly context-dependent, with the land-soil
carbon balance index considered neutral (Mikha et al., 2014; Lal, 2015; Mayel, Jarrah and Kuka,
2021).

Pastures and meadows

all types of soils

Meadows and pastures stabilise soil, reduce erosion, and increase organic matter, boosting carbon
sequestration. Permanent vegetation with minimal intervention improves soil properties, supporting
long-term carbon storage (Celik, 2005; Gerzabek et al., 2006; Kodesova et al., 2011; Mayel et al.,
2021). Restoring vegetation cover, such as with cover crops and trees, is the most effective way to
rehabilitate degraded soils and promote carbon sequestration (Lal, 2003; Lal, 2015; Zhang et al.,
2019).

Heterogeneous
agricultural areas

all types of soils

Due to the heterogeneous nature of this land use, which encompasses a mix of various agricultural
practices with both beneficial and detrimental impacts, its overall environmental effect is generally
assessed as neutral Kosztra ef al. (2019).

Forests

Shrub and woodland
vegetation

all types of soils

The presence of forests on soils with high organic matter content significantly increases the
potential for long-term carbon sequestration by enhancing soil stability, promoting humus
formation, and facilitating the accumulation of organic carbon. In such conditions, the capacity of
the ecosystem to capture and store atmospheric carbon is considerably strengthened, contributing to
climate change mitigation and improving soil quality. As a result, the utilization potential index is
assessed as very high, reflecting the strong capacity of these forested areas to act as effective
carbon sinks (Lasota ef al., 2019).




continue Tab. 2

Land use” Type of soil Value? Explanation

Forests established on soils with lower organic matter content have reduced carbon sequestration
potential compared to those on organic-rich soils. Nevertheless, forests on these soils contribute to
carbon sequestration by increasing organic matter inputs, enhancing microbial activity, and
improving soil structure, thereby supporting long-term carbon stabilisation (Carter ef al., 1992;

Forests Bens et al., 2007; Jonczak, 2012; Wiesmeier et al., 2013; Liebmann et al., 2022).

Shrub and woodland |all types of soils 2 Afforestation of degraded soils is one of the most effective strategies for their restoration, as it

vegetation enhances soil structure, increases organic matter content, and promotes the accumulation of stable

carbon pools. Tree root systems facilitate soil aeration and microbial activity, accelerating nutrient
cycling and organic matter formation. Additionally, afforestation contributes to long-term carbon
sequestration by stabilising organic carbon in soil aggregates and reducing erosion, thereby
improving the resilience of degraded ecosystems.

Y All land-use types listed in Figure 4 were assessed, except for “Inland wetlands”, as no soil type data is available for these areas.

2 Value explanation: 2 = full (completely preserved) potential of soils for sequestration, 1 = partially preserved potential of soils in CO, sequestration, 0 = impossible to
determine precisely, dependent on detailed use, —1 = partially lost potential of soils in CO sequestration, —2 = completely lost potential of soils in CO sequestration.

Source: own study.
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