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Forest soil health
impacts ecosystem
services

Forest soils provide multiple ecosystem services. For this, forest
soils rely on complex interactions, interdependencies and feedbacks
between many components and processes of soil biology, soil
physics and soil chemistry — creating a unique balance that varies
according to forest type.
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Accelerated climate change and growing timber demand are putting forest
ecosystems under increasing strain.

Improved measures are needed to protect, maintain, and enhance soil
health (stability, structure, fertility, biodiversity, etc.) and to promote forests’
recovery after natural and human-caused disturbances such as clearcuts.

D4.4/4.7,D.5.2-5.3, D6.3, D2.1-2.3, D1.1-1.3, D3.5
Bosela et al. 2025

Forest management practices affect soil characteristics and processes,
which in turn affect forest structure and growth.

Site-specific Climate-Smart Forestry practices include optimised thinning
regimes, selection harvesting, selection of tree species and mixed-stands,
as well as disturbance recovery activities. Such practices protect and
enhance forests’ potential to provide multiple ecosystem services, such
as carbon storage, biodiversity preservation and long-term productivity.

D2.1-2.3, D4.2/4.4/4.7, D5.2-5.3, D6.3
Johannnesson et al. 2025; Menichetti et al. 2025;
Tikkasalo et al. 2025; Makipaa et al. 2023

Forest soils are complex and vulnerable to many kinds of degradation and
disturbance - both natural ones and those caused by humans.

To protect or restore them, practical tools informing interventions need

to consider soil microbiology, soil biogeochemistry, soil physics, and soil
hydrology, as well as the complex feedbacks between them. It is essential
to protect soil biodiversity and especially soil fauna that facilitate soil water
access, carbon sequestration and top-down trophic effects. Once the
damage is done, recovery will require intervention and time.

D2.1-2.3,D1.5,D5.4
Martin et al. 2024; Pérez-lzquierdo et al. 2025



https://holisoils.eu/deliverables/
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https://doi.org/10.1111/ejss.70154
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Forest soils
contribute to reaching
environmental goals

Forest soils play a crucial role in reaching goals on climate change
mitigation and halting biodiversity loss. They host essential biodiversity,
and they store and sequester significant amounts of carbon.

By accumulating organic matter from decomposing plant material and
root systems, forest soils act as long-term carbon sinks, stabilising
carbon for decades to centuries. In contrast, vegetation—such as
trees and undergrowth—stores carbon more dynamically, with faster
uptake during growth and more rapid release through decay or dis-
turbance. While vegetation is vital for capturing atmospheric carbon
through photosynthesis, forest soils provide a stable and enduring
reservoir, making both components essential but complementary in
the global carbon cycle.
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It is often overlooked that forest soils are a locus of both carbon
sequestration and storage, and important biodiversity.

Adjusting forest management practices, e.g. varying stocking density,
thinning intensity and frequency, and rotation length, as well as adopting
sustainable post-fire management practices, can increase soil carbon
stocks or reduce greenhouse gas emissions and foster biodiversity.

D4.2/4.4/4.7, D4.6, D.5.2-5.3, D6.3
Maikip&a et al. 2023; Pérez-lzquierdo et al. 2025

Forest soils across Europe hold varying yet significant potential to
contribute to reducing net greenhouse gas emissions, and play a role in
addressing other urgent environmental concerns, such as biodiversity loss.

To harness this potential, science-based long-term and multi-scale soil
monitoring of soil carbon sequestration and greenhouse gas emissions

is recommended, along with policy-backed and locally-tailored practices.
These can include restoration of carbon-rich soils, protection and
promotion of biodiversity, and sustainable forest management practices
such as mixed stands, selection harvesting, and continuous cover forestry.

D1.1-13,D2.1-2.3, D3.5, D4.4/4.7, D5.2-5.3, D6.3
Lehtonen et al. 2023

Forest soils across Europe face the risk of becoming net carbon sources.

Carbon stocks in Mediterranean forest soils are acutely vulnerable to
climate change induced changes in precipitation. Carbon stocks in boreal
peatland forest soils are vulnerable due to deep drainage that has reduced
water content and increased aeration, making organic matter more prone
to decomposition.

Strategies for soil health conservation and disturbance recovery, including
thorough regulation of forest management practice, are critical to ensure
continued soil function and carbon storage.
D5.2-5.3, D6.3
Escobar et al. 2022



https://holisoils.eu/deliverables/
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Topic 3

Forest management
impacts soil health

Forest management practices affect soil health, carbon
storage, and greenhouse gas emissions differently across
diverse forest ecosystems.

Climate-Smart Forestry practices and other alternative practices,
such as prescribed burning, can have beneficial impacts when
compared to conventional forestry for soil function, resilience, and
sustained productivity, as well as for carbon sequestration and
emissions reduction.

Forest management can be optimised according to
these considerations.
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Clearcuts have a strong negative effect on soil carbon and soil functioning,
notably in forests on peatlands.

Regulating forest management and replacing conventional practices with
locally tailored Climate-Smart Forestry and disturbance recovery activities
can help prevent this.

D4.2/4.4/4.7, D5.3
Johannnesson et al. 2025; Menichetti et al. 2025; Tikkasalo et al. 2025

In fire-prone regions, prescribed burning increases resistance to wildfires
as well as to severe drought, but, depending on the fire intensity of the
prescribed burn, may have neutral or negative impacts on soil carbon stocks.

Well-informed, sustainable pre-and post-fire forest management practices
can enhance soil recovery after wildfire events.

D4.2,D5.3,5.2

Most forest owners consider soil health important. Moreover, a sizable
majority of forest owners who are not already applying Climate-Smart
Forestry practices are open to testing or adopting such practices.

Carefully designed financial incentives may support wider adoption
of practices to enhance soil health, but full adoption may require
additional interventions.
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Advanced forest soil

monitoring is needed o

ability to contribute to climate change mitigation, but also soil's

Critically, 60-70% of EU soils are degraded. This affects soil’s O 3

importance for provisioning of ecosystem services and biodiversity.

Soil degradation costs the EU tens of billions annually, and healthy
soils are vital for achieving SDGs and the EU Green Deal goals.
In order to inform realistic policy and strategic action, reliable data
and information is indispensable — particularly about forest soils.
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There is growing recognition of forest soils’ capacity to sequester and
store carbon.

This means that harmonised soil monitoring, reporting and compliance
standards, and data sharing are fundamental for comparability and
reliability of assessments of progress towards these targets.

D1.1-1.3.D3.5

The EU Soil Monitoring Law is a welcome initiative.

For its effective implementation, a methodology that captures the features
and dynamics of forest soils (including forest floor and peat soils) alongside
other soil types is needed.

D1.1-1.3,D3.5
Wellbrock et al. 2024; Makipaa et al. 2023

Forest soil processes take time and are subject to great variability.

To understand them and their impacts in terms of ecosystems service
provision — such as carbon storage — more fully, a science-based,
long-term, multi-scale (forest) soil monitoring framework is needed.

D1.1-1.3, D3.5, D5.3-5.4, D4.4/4.7
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