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Project Synthesis:
Educators & Learners

https://holisoils.eu/wp-content/uploads/2025/10/HoliSoils_D7_4_Education.pdf

=
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https://holisoils.eu/wp-content/uploads/2025/10/HoliSoils_D7_4_Education.pdf
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Why you should use the project’s outputs 7, Holisoils

oooooo toge

60-70% of EU soils are degraded

Universities and vocational training instructors as well as students in forestry and related
disciplines, forest extension services and forest pedagogues can make a contribution to
enhancing, maintaining and protecting forest soil health.

Educators and learners in...

» forestry

» natural resources and environmental management
» soil science

» ecology

» environmental and climate policy

» bioeconomy

...are encouraged to learn from the project and use the materials and tools presented here
to equip themselves to make this contribution.

17/12/2025 4
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Working together for forest soils

Definitions %@ HoliSoils

Forest soils are complex systems comprising many component parts:
minerals, organic matter, air, water, and a diverse array of organisms.

They facilitate complex These functions provide or
processes such as nutrient support ecosystem services
cycling, organic matter such as biomaterials provision,
decomposition, and water water purification, erosion
filtration, which are essential for control, habitat for biodiversity,
plant growth and ecosystem and carbon sequestration and
functioning. storage.

17/12/2025 6



Technical information [, Holisoils

Full title: Holistic management practices, modelling and monitoring for European forest soils
Funding: European Commission, Horizon 2020

Grant Agreement Number: 101000289

Duration: May 2021 — October 2025

Further information:
https://holisoils.eu, https://cordis.europa.eu/project/id/101000289/results

17/12/2025 7


http://www.holisoils.eu/
https://cordis.europa.eu/project/id/101000289/results

Project objectives [, Holisoils

oooooo toge

» Advance knowledge of soil properties, processes, biodiversity and soil microbiota activity.

» Develop and improve state-of-the-art soil models, harmonise them into a monitoring
framework for nutrient and gas fluxes, and integrate them into forest ecosystem models.

» Determine the effects of natural and human-caused disturbances on soil-functioning and
resilience.

» Determine the effects of forest management on soil functioning.

» Enhance understanding of impacts, trade-offs and synergies of Climate-Smart-Forestry
regarding soils across Europe.

» Facilitate consistent and accurate greenhouse gas reporting vis-a-vis forests.

» Boost collaboration between relevant research institutions, governance bodies and
practitioners across Europe.

17/12/2025 8



Project activities [, Holisoils

nnnnnn toge

» Testing of forest soil management practices aiming to mitigate climate change & sustain
provision of ecosystem services

~ Development and improvement of methodologies and knowledge, harmonised analytical
techniques, data collection & sharing, understanding of soil properties, dynamics &
biodiversity, model development, optimisation of soil health through forest management
practices.

~ Production of hands-on tools and recommendations for policy makers, practitioners, sector
representatives, experts, learners and instructors in relevant disciplines & lay audiences.

17/12/2025 9



Selected Key Messages



%‘%@ HoliSoils

Working together for forest soils

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
(e.g. clearcuts).




%‘%@ HoliSoils

Working together for forest soils

Soils across European forest ecosystems
contain vast amounts of carbon, but they
are regionally vulnerable to carbon loss.

Forest management practices can be
optimised to prevent loss and enhance
uptake of carbon.




—
7= HoliSoils
@ Working together for forest soils

Forest management practices and forest
use impact soil health in different ways.

Climate-Smart Forestry practices and
sustainable post-disturbance recovery
activities are beneficial for soil health,
including biodiversity and carbon retention,
as well as long-term productivity.




—
7= HoliSoils
@ Working together for forest soils

Forest soils are complex systems of biotic
and abiotic components engaged in
physical, chemical and biological
processes.

Improved soil models are available to
further understanding of soil functioning,
vulnerability, recovery potential and to
inform management decisions that
promote and preserve soil health.
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Working together for forest soils

Within a global context of increasingly
degraded soils, the EU Soil Monitoring Law
aims to improve, maintain and safeguard
soil health.

Harmonised sampling and assessment
methodologies are available that capture
relevant information about forest soils to
ensure consistent reporting, balanced
funding allocation and effective remedial
action for the health of soils across the EU.
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Experimentation focuses [, Holisoils

Working together for forest soils

~ Effects of soil and forest management —including
thinning regimes, tree species composition, fertilisation, rewetting,
debris and deadwood management...

» Effects of natural disturbances such as forest fires, windthrow,
droughts, and selected disturbance (recovery) management...

...on forest soil processes, resilience and climate change
mitigation potential.

Measurements;

» soil physico-chemical properties [
> SO” biOdiverSity Examples of measurement and

monitoring setup, Kranzberg Forest,

' : - G ©HoliSoil
~ soil processes such as greenhouse gas fluxes & nutrient cycling ermany OHoliSolls
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Experimental sites [, Holisoils

Working toget!

Countries: Finland, Lithuania, Romania, Slovakia, Germany,

! Netherlands, France, Spain, and Uruguay

(70

» bioclimatic regions

» soil types

» tree species compositions

» current management practices

» disturbance exposure (selected sites)
» experimental treatments

i

The HoliSoils test site locations https://hOIiSOiIS.eU/teSt'SiteS/



https://holisoils.eu/test-sites/
https://holisoils.eu/test-sites/
https://holisoils.eu/test-sites/




Working together for forest soils

%‘%@ HoliSoils

Improved Knowledge




The Keylink model (Deckmyn et al. 2020)

Pore size class (um)

0,01 0.1 1 10 100 1000 10000
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| A I I r
Microbivores \ ;‘.-"-'1 Predators  Lngineers

Structural effects

Soil
biota Food web effests Mycorrhiza and

functional 3 ot
o other fungi Detritivores Herbivores
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?}ﬁ@ HoliSoils

Working together for forest soils

The interaction of soil structure,
biodiversity and carbon dynamics
(SOM: soil organic matter) that is
at the core of soil functioning and
resilience.

https://doi.org/10.7717/peerj.9750



https://doi.org/10.7717/peerj.9750

Working together for forest soils

%‘%@ HoliSoils

Management Guidance
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Summary of Climate-Smart Forestry methods [, Holisoils

Working together for forest soils

Business-As-Usual Approach Climate-Smart Forestry Alternative

Continuous-cover forestry (CCF) with selective harvesting to
maintain multistorey structure and canopy cover and to reduce
CO, emissions, especially from peat soils.

Rotation Forestry: Regular even-aged management with clear-
cutting and replanting, disrupting soil and carbon storage.

Single-species stands with uniform age; low biodiversity, high Mixed-species and uneven-aged forests for greater resilience,
pest/drought vulnerability. biodiversity, and potentially also for carbon sequestration.

High-intensity thinning: Heavy tree removal leading to
temperature/moisture fluctuations and increased carbon
emissions.

Moderate thinning to maintain canopy cover and balance soil
temperature and moisture.

Heavy use of Nitrogen fertilisation (in some parts of Europe):
Applying synthetic fertilisers, increasing N,O emissions and
disturbing microbial activity.

Organic amendments (e.g., biochar) and site-adapted Nitrogen
fertilisation to sustain soil health with lower emissions.

Fire suppression without fuel management: Preventing fires but  Controlled burns or mechanical fuel removal to reduce fire risk and
allowing fuel buildup, increasing risk of severe fires. protect soil carbon and functioning.

Draining peatlands for timber production, increasing CO, Rewetting or maintaining natural hydrology to protect peat carbon

.emissions and reducing methane sinks. storage. .



Guidance for Climate-Smart-Forestry practice

Summary of recommendations:

Continuous-cover forestry in drained peatlands: Use selection
harvesting instead of clear-cutting and avoid ditch maintenance to
reduce greenhouse gas emissions and improve resilience.

Fire risk reduction in Mediterranean forests: Apply thinning,
prescribed burning, or mechanical fuel removal to lower fuel loads,
reduce water competition (= drought stress), and enhance post-fire
soil recovery.

Promoting mixed species forests in Central Europe: Replace
spruce monocultures with diverse broadleaf—conifer mixtures to
improve drought and pest resilience, maintain soil carbon, and
stabilise methane uptake.

Moderate thinning: Maintain canopy cover to buffer soil
microclimate, support soil carbon storage, and preserve
biodiversity, while managing understory vegetation carefully.

Nitrogen fertilization in boreal forests: Use balanced fertilization
strategies to increase tree growth and soil carbon sequestration,
while considering site-specific conditions, nutrient balance, and
risks of nutrient leaching.

%‘%@ HoliSoils

Working together for forest soils

Put it to Use:

Instructors and learners in the fields of forestry, natural
resources and environmental management, soil science,
ecology, environmental and climate policy, and bioeconomy are
encouraged to familiarise themselves fully with the findings of
the empirical work in order to understand the processes at work.
They are also advised to engage with the guidance and tools
derived from them. Including an introduction to and instruction
in these tools in curricula would mean that cohorts of future
practitioners may benefit from them in their own practice and
act as multipliers by advocating their, or future iterations’,
adoption.

https://holisoils.eu/wp-content/uploads/2025/07/Deliverable-
D4.7-Good-practice-guidance-for-CSF-including-ecosystem-
services-by-soils.pdf

https://holisoils.eu/wp-content/uploads/2025/11/HoliSoils-
CSF-Factsheet.pdf
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Summary of (post-)disturbance management methods @ HoliSoils

Working together for forest soils

Key Effects & Recovery Time Sest Management |, rther Explanation
Type Practices

Effect: Short-term impact on soil; recovery Fire intensity determines soil recovery
Fire possible within decades if.fires are pot too Prescnjibed burns, speed. Soils expog,ed to Iow-i.ntensity fires
(Mediterranean severe or frquent. Prescribed burning has . selective removal of recover faster, while severe fires damage
Sites) minimal negative effects. Recovery: Decades if fuel, and controlled  soil for decades. Prescribed burns and
unmanaged, faster with prescribed burns or livestock grazing. grazing prevent fuel buildup, reducing fire
grazing. severity and improving resilience.

Effect: Canopy removal leads to increased soil _ _
temperatures and moisture fluctuations. Slash  ayoid clear-cutting,  C2n°PY removal disrupts soil
Canopy Loss  'etention improves microclimate, biodiversity,  retain slash to aid microclimate and biodiversity. Slash

(Spain, France, and carbon storage. soil health. and retention st.at.)lllses' temperature and

Romania) o o . implement longer moisture, aiding microbial and plant
Recovery: 2-3* years show limited recovery; otation cveles recovery. Without intervention, soil may
long-term effects depend on slash ycies. take longer to regain stability.
management.

Effect: Tree uprooting exposed deeper soil
layers, making them vulnerable to carbon loss.
Windthrow Residue cover temporarily increased CO, and
(Finland) N,O emissions but helped stabilise soil organic 1 raises emissions, but later supports
, soil disturbance ) ) :
carbon long-term. Recovery: Early recovery post-event carbon sequestration and microbial

. signs after 2 years.* recovery, stabilising soil over time. .

Windthrow exposes deeper soil, leading to
carbon loss and increased greenhouse
gas emissions. Residue cover initially

Leaving woody
debris to stabilise
carbon, minimising

*Experimental period. Long-term study is recommended.



Guidance for disturbance (recovery) management 7, Holisoils

Summary of recommendations: Put it to Use:

- Prevention and fuel management: Reducing fuel loads through Providers and recipients of education can use the research and
prescribed burning, removal of dead vegetation, or introducing recommendations to understand the impact of disturbances on
livestock to prevent severe fires. soil ecosystems and explore practical solutions for soil

- Post-disturbance interventions: Instead of salvage logging, leaving ~ conservation, resilience and recovery. The practical guidance
or spreading slash (branches, leaves, woody debris) on soils helps derived from the research will equip future practitioners with an

maintain microclimate, add nutrients, and support biodiversity. advanced understanding of preventive and reactive
. management practices that ensure long-term soil health and
- Avoiding harmful extraction: Whole-tree and stump harvesting are productivity
discouraged as they degrade soil health and hinder recovery. '
- Managing greenhouse gases: While adding residues boosts
recovery, it may temporarily increase CO, and N,O emissions; https://holisoils.eu/wp-content/uploads/2025/03/D5.3-Best-
effects tend to decline over time. practices-for-improving-soil-recovery-capacity-after-

disturbances.pdf

- Site-specific management: Recovery depends on forest history,
tree density, soil condition, and climate. Longer rotation forestry
and “closer-to-nature” management enhance resilience.
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Working together for forest soils
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Reference Resources
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Public web portal of soil information [ Holisoils

Working together for forest soils

A growing collection of materials: Put it to Use:

« Europe-wide maps of forest soil properties in 100x100m This web portal presents a continuously updated resource of
resolution data and information about the condition of European forest
soils across different temporal and spatial scales to learners
and future experts interested in soils — be they soil scientists,
- Link to the Global Fungi Database foresters, natural resource managers, environmentalists, or
other relevant researchers or professionals.

- Map of drained peatlands of the Baltic Sea region

« Map of European forest soil microbial diversity and guilds

HoliSoils

* Maps on soil vulnerability

- Maps illustrating future climate resilience, carbon About
sequestration and storage optimisation via CSF e sttt i e e ot e s e s s

anyone who is interested. The current focus of the portal is on European maps of soil properties in forests. The final portal includes European maj s0il properties
in forests, a map of peatlands in the Baltic states, and a biodiversity map. The portal is being continuously updated over the course of 2025 as results become
available. The maps are made to be explored. On the right-hand side thers will always be a statistical overview of the data visible in the current map section. This

+ Guidelines for Soil Sampling for GHG reporting e o3 ooy e 561 s g by 200G

The HoliSoils project

Holisolls - Holistic management practices. modelling and monitoring for Eurapean forest sails - s an o
develop a harmanised soil my

ngoing Horizon 2020 project (May 2021- October 2025) to

amewaork. It identifies and tests soil management practices mmirvg to mitigate climate change and sustain pn:wsluncl
st human livelinoods and wellbaing. In HoliSoils, 20 institutes from all over Europe, Japan and Urugu ywn k together. We

close contact to our stakeholder organisations to enable an exchange of knowledge, practices and the axplml ation and joint dissemination of HoliSails

fya want te lsarn more about the Holisolls p oject, visit the HoliSoils homepage: https//ho

The Thuenen Atlas
The Thuenen Atlas is a tool based on the open-source software GeoNode. GeoNode is a platform for developing geospatial information systems (G1S) and for
deploying spatial data infrastructures (SDI). Th itute employaes can publish their maps and other data in the atlas. The published maps are not static, but

can be changed and explored by zooming in certain layers. The HoliSoils subpage has the same opticns, but was designed specifically for the project
and acts as an independent homapage.
You can visit the Thusnen Atlas here: hi

https://holisoils.thuenen.de/#/


https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fholisoils.thuenen.de%2F%23%2F&data=05%7C02%7CAnne.Ackermann%40efi.int%7C01e932da8cc649345ec808de28217995%7C76f498dbd149402c9c09707cb0a4a20d%7C1%7C0%7C638992321401044414%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=bz3rtpVHF4pF8IC%2BlV2zft1uDlXSBsEk%2F9cJ8jNf9As%3D&reserved=0
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Database of EU Soils’ Vulnerability to Natural Disturbances (& HoliSolls

Working together for forest soils

- Essential data on European forest soil carbon & nitrogen Put it to Use:

stocks and their changes under varying climate conditions. , . , ,
This resource is ideal for instructors and students focussing on

- Identifies regions most at risk of future soil degradation due environmental science, forestry, and climate change, as well as
to drought or extreme precipitation changes: educators looking for data-driven examples to illustrate soil-
ecosystem interactions. It provides case studies on the effects

of climate change on soil health, supporting coursework,

- Boreal forest soils: longer term risk research projects, and discussions on sustainability and land
(continuing climate change) management. Based on a real-world, data-driven exploration of

soil-climate interactions, it offers an engaging way to study how

climate change affects forest ecosystems and soil

 Mediterranean forest soils: immediate risk

+ Informs effective soil conservation and forestry management

practices for effective future soil health maintenance & sustainability.
improvement.
(a) (b) —
A a Q
- Underscores the importance of adaptive strategies (species %% T, £
. . . £ @©
selection, ground cover management, and soil moisture SR g x
. - . . i o o
conservation) to mitigate climate impacts on forests. e 2
Change In C stocks (Kg per m? Q
(©) y () 500,000 %
https://holisoils.eu/data/ ,A g



https://holisoils.eu/data/

Climate-Smart Forestry impact atlas [ Holisoils

Model-based maps and analyses showing how forest and soil Put it to Use:
management across Europe should be adapted over the coming

decades to store more carbon, reduce greenhouse gas emissions, and :
) . g g Educator and learners can use these maps explore the likely
increase resilience. : :

impacts of climate-smart management. They show where

- Focus areas are: different strategies — such as protecting peat soils, reducing
Soil protection - Safeguarding peat'andS, drought-prone, and thinn?ng, or Sh|ft|ng to climate-resilient tree SpeCieS - W |” make
erosion-prone soils by avoiding clearcuts and diversifying the biggest difference for carbon storage, harvest potential, and
tree species. forest resilience. By comparing regions and time horizons (2050

vs. 2100), practitioners can see the likely trade-offs between

» Soil-smart management — lighter thinning to improve long- . _ :
timber supply, soil health, and climate goals.

term carbon storage in both trees and soils.

« Climate adaptation — promoting continuous-cover forestry,
changing species to those better suited to future climates,
and diversifying stands.

MPI26 - soil protection management v2 - gini - 2100

- Results show that all three strategies increase forest and soil
carbon storage compared to current practices, with the climate
adaptation pathway giving the strongest long-term benefits.

(lustrative example)

« The atlas highlights trade-offs between wood harvest, carbon
storage, and ecosystem resilience, stressing that solutions must
be tailored to local conditions.

https://holisoils.eu/maps/
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Working together for forest soils
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Integrate+ Application module on soil carbon @ HoliSoils

The I+ App, geared towards including biodiversity conservation Put it to Use:

considerations in forest management training, provides users .

with the opportunity to understand the future impact of different Educatqrs and learners can use the Integrate+ App’s soil carbon
management practices on different kinds of forest ecosystems, ~ Simulation module to explore how different forest management
by performing virtual tree selection exercises. strategies influence soil carbon dynamics. By providing

scenario-based insights, the tool supports understanding of
present-day decision-making for sustainable management,
carbon accounting, and certification processes, and other

The App is based on a large network of well-understood test sites e ! ’ ,
activities that future forestry practitioners are likely to engage in.

called Marteloscopes.

It now features a new module to demonstrate soil carbon effects
of Climate-Smart Forestry compared to conventional forest

management.
Federal Ministry
integrate [y | s
Network

https://holisoils.eu/models/

facilitated by EFI


https://holisoils.eu/models/
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Model ensemble script for forest soil simulations [, Holisoils

A free (R-based and online) tool based on six models (Century,
Roth-C, ICBM, Yasso07, Yasso20, SG) supports better land and
forest management by simulating soil carbon storage and
greenhouse gas (GHG) changes under various scenarios.

Extended to include advanced information like microbial
biomass, soil structure, hydrology and trophic networks, it runs
six scientifically recognised models in combination to show the
impact of forestry practices — such as thinning or clearcutting -
on soil health and climate-relevant emissions.

Data from different sources can be used, for instance specially
produced information about privately owned sites can be entered
by users, or the tool can auto-fill information from reliable publicly
available databases.

http://me4soc.geologie.ens.fr/demo/

Put it to Use;

Instructors can use the tool to teach about key topics such as
carbon cycling, climate change, or forest soil responses to
disturbances. Students can explore “what-if” scenarios, interpret
outputs, and practice environmental modelling with real data
and recognised scientific models.

me4socDemo

Multi-model ensemble interface

This webtool is designed to run a multi-model ensemble over European forest sites. It allows to predict the effect of climate, land-
use and land management changes on soil organic carbon (SOC) stocks and greenhouse gas (GHG) emissions. By benefitting
fromn the complementarity of structurally different SOC models, it provides the level of uncertainty of the predictions.

Features
The user is asked to input the geographic coordinates of the site of interest, and provide additional data on pedoclimatic and forest
management conditions. In case some of the data is not available, the webtool directly extracts the required data from open
source databases. Sources and references are listed in the table below and more information can be found in the Docurmentation
Database Reference Variables
ISIMIP data isimip.org Climate, Biomass
TRY try-db.org Litter quality
LUCAS esdac,jre.ec.europa.el Soil

GML gml.noaa.gov Atmospheric CH4




Soil monitoring protocol

A set of methodologies for soil sampling and assessing soil
properties (nutrient stock assessment, organic matter

characterisation, etc.), dynamics, microbial biomass and activity,
and biodiversity

To be used to optimise land use and improve soil conditions for
the benefit of forests’ productivity, long-term sustainability,
biodiversity, and contribution to ecosystem services, not least
climate change mitigation.

Incorporating and building on a variety of existing approaches
and methods to create a pan-European standardised protocol,
they facilitate high-quality, comparable carbon reporting.

https://literatur.thuenen.de/digbib_extern/dn067225.pdf

%‘;@5 HoliSoils

Working together for forest soils

Put it to Use;

A comprehensive set of methodologies for the assessment of
soil nutrient stocks, characterisation of soil organic matter,
estimation of microbial biomass, and analysis of biodiversity in
forest soils is particularly relevant for students in forestry, natural
resources and environmental management, soil science and
ecology, as well as of interest to those of environmental and
climate policy and bioeconomy, it

provides a harmonised protocol for
pan-European use in practice and
research, and advances in
optimising forest soil conditions
and their contribution to climate
change mitigation.

.:o
‘@ | THUNEN

line on pling and
for GHG reporting

lysis of forest soils

Vera Makowski, Steffi Dunger, Nicole Wellbrock

Thiinen Working Paper 229
[ |



https://literatur.thuenen.de/digbib_extern/dn067225.pdf
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Scientific Publications




A long and growing list of journal articles [, Holisoils

» More than 50 peer-reviewed articles to date, more to
come

» Natural and social science studies

» Empirical insights from a multitude of forest
ecosystems and geographical locations

» Meta-analyses, policy reviews, etc.
» New and improved methodologies

» New and improved simulation models

https://holisoils.eu/project-publications/



https://holisoils.eu/project-publications/
https://holisoils.eu/project-publications/
https://holisoils.eu/project-publications/

Explore summaries, use cases and
more in-dept technical details of these
tools and materials here:

https://holisoils.eu/wp-content/uploads/2025/10/HoliSoils_D7_4_Education.pdf

=

@ HO|ISOI|S
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https://holisoils.eu/wp-content/uploads/2025/10/HoliSoils_D7_4_Education.pdf
https://holisoils.eu/wp-content/uploads/2025/10/HoliSoils_D7_4_Education.pdf
https://holisoils.eu/wp-content/uploads/2025/10/HoliSoils_D7_4_Education.pdf

Policy audience: local / regional / national governments and administrations,
parliamentarians, political advisers, supranational institutions, NGOs.

Practitioner audience: forest and landowners, forest managers, environmental
protection agencies.

Sector audience: forest-related public and private sector organisations, representatives
from forestry and bio-based value chains (incl. carbon market), investors, certification
bodies, innovation accelerators.

Expert audience: greenhouse gas inventory experts, soil monitoring experts, researchers.

Lay audience: general public, media, interested and informed citizens, young people,
community groups, campaigners, etc.


https://holisoils.eu/synthesis-reports/
https://holisoils.eu/synthesis-reports/
https://holisoils.eu/synthesis-reports/

Thank you!

www.holisoils.eu

= HoliSoil
@ Working together for forest soils
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