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Introduction

The European Union (EU) aims to achieve climate neutrality by 2050, as outlined in the
Paris Agreement and the European Green Deal (EurorEaN Commission 2019). The Land
Use, Land-Use Change, and Forestry (LULUCF) sector, which includes agriculture,
has set an even more ambitious goal of climate neutrality by 2035 (VikoLaNen 2022;
EUrROPEAN PARLIAMENT AND CouNcIL oF THE EUROPEAN UNIoN 2023). Understanding the inter-
relationship between major carbon pools is crucial for effective carbon emission manage-
ment. According to the Guidelines for National Greenhouse Gas Inventories (IPCC
2019), these pools comprise living biomass, dead organic matter, and soil carbon within
the biosphere. Although estimating carbon in biomass is relatively straightforward and
may only be a minor contributor to certain land uses, such as grasslands, the quantifi-
cation and assessment of soil organic carbon (SOC) stocks are considerably more com-
plex, particularly in mountainous regions with small-scale landscape variations.
Recent global studies have examined SOC stocks (FAO 2018; FAO & ITPS 2019; Pocaio
et al. 2021). However, regional soil organic carbon modeling is becoming increasingly
important due to the limitations of global models in capturing small-scale landscape
complexities (Yicint & Panacos 2014; Kotz & Van Tor. 2023; Rora et al. 2024). Developing
tailored strategies that address the specific characteristics of small-scale landscapes is
therefore needed (ZHANG et al. 2023). Regional approaches are vital for informing deci-
sions related to agricultural land-use conversions and supporting climate neutrality
efforts. These approaches are essential for carbon conservation, carbon sequestration,
and initiatives such as carbon farming. The ‘Carbon Inventory South Tyrol’ (CIS) pro-
ject aims to assist the European Union’s objectives within the agricultural sector at a
regional level. The primary goal is to address the knowledge gaps in quantifying the
agricultural soil organic carbon (SOC) stock within the Italian province of South Tyrol.
SOC stock is estimated using a soil organic carbon mapping (SOCM) approach. The
initial step involves sourcing completed and ongoing soil studies from relevant litera-
ture specific to the study area. The subsequent sections will briefly report on the pro-
cess and preliminary results of collecting soil data from the literature.

Methodology

This study examined the agricultural regions in South Tyrol, which is the northern-
most province of Italy. South Tyrol encompasses an area of 7,400 km?2, with 37 % desig-
nated for agricultural use. The agricultural land is generally categorized as follows:

Proceedings Euregio Biodiversity Research Conference (EUBIRECO) 2024, Bozen/Bolzano (Italy)



59 % pastures, 27 % hay meadows, 8 % orchards, 3 % vineyards, and 3 % arable land.
Notably, 94,000 hectares are classified as intensively utilized agricultural areas
(SCHONAFINGER et al. 2024).

As part of the CIS project, which aims to assess SOC stocks using machine learning
methodologies for SOCM, the process of generating input data involved acquiring
existing soil information from literature sources, which have been gathered from com-
pleted and ongoing projects primarily within the boundaries of South Tyrol. To achieve
this objective, institutions that have conducted soil surveys were contacted to provide
their data. The collected datasets were standardized to create a comprehensive data-
base containing all available soil information. Emphasis was placed on acquiring data
concerning SOC content, as well as physical measurements necessary for modeling SOC
stock, such as bulk density and coarse fragments. Furthermore, it has been essential
that the soil data are georeferenced to facilitate the interpolation of empirical soil data
across agricultural areas in South Tyrol.

In addition to the digital collection of georeferenced soil data, Martin Thalheimer from
the Institute for Fruit and Viticulture at Research Centre Laimburg has curated an
extensive literature collection on soil information for South Tyrol. The collection
includes significant contributions such as Avanzint et al. (2007), BroLoGIscHES LANDES-
LABOR (1986), FiscHER & WETZEL (1996), GruBER et al. (2019), KLoTzNER (1938), MAGAZZINI
(2001), MaIr (2010), Minersr (2003), NitscH (2016), PEer (1969), Porro et al. (2018),
Sarrtori (1978), ScHroper (2010), STarrLER et al. (2003), and WenzeL et al. (1996). These
studies and reports will be used as additional data source and will be digitized when
opportunities and needs arise.

Intermediary Results

An extensive collection of soil data has been compiled from literature, resulting in over
34,000 records from various sources (TasLE 1). In South Tyrol’s agricultural regions, the
dataset covers 19,203 locations (Ficure 1), with 97 % of these records containing infor-
mation on SOC content.

grassland, Alpine

®
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Figure 1: Soil data point distribution on South Tyrol’s agricultural land classified by land-use/land-cover (LULC) based on
AutonoMmE Provinz Bozen (2021).
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Table 1: A comprehensive overview of studies concerning soil properties, including the measurement of soil organic carbon
(SOC) in South Tyrol.

ID | Sample period | Data count | Land use Reference
1 | 2006-2016 28,964 arable land, (forests), fruit orchards, (Genova et al. 2022)
grassland, vineyards
2 | 2002-2005 1,033 forests, grassland (Tasser 2023)
3 | 1997-2019 47 arable land, grassland (BurcHia 2021)
4 | 2023-2025 635 fruit orchards, grassland (INNONAHRsTOFFE 2024)
5 12023 504 vineyards (BioViSo 2025)
6 | 1998-2002 491 fruit orchards, grassland (STimprL et al. 20064,
2006b)
7 | 2019-2023 460 arable land, forests, fruit orchards, (HiLroLp et al. 2023)
grassland, riparian areas, settlement,
vineyards, wetland
8 | 1997 403 forests, grassland (Tasser et al. 2001)
9 | 2014-2015 326 forests, grassland, vineyards (Germner et al. 2017)
10 | 2011 153 larch meadows (NaGLER et al. 2015)
11 | 2015 107 forests, fruit orchards, grassland (LT(S)ER MatscH 2023)
12 | 2009-2018 103 forests, fruit orchards, grassland, (PanAcos et al. 2022,
vineyards 2012; ESDAC et al. 2025)
13 | 2010-2011 91 grassland (NieprisT 2023)
14 | 2010-2016 70 grassland (PasoLLl et al. 2014)
15 | 2022 56 glacier forefield (RawmskoaLER et al. 2023)
16 | 2010 52 grassland, forests, wetland (NieprisT et al. 2011)
17 | 2022 10 fruit orchards (SCOOP 2025)
18 10 arable land, grassland (Batues et al. 2019)
19 | 2008 6 grassland (MEYEr et al. 2012)
20 | 2023 8 vineyards (CaLLESEN et al. 2023)
20
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Figure 2: Soil organic carbon (SOC) content variations in the collected literature data classified by agricultural land-use/
land-cover (LULC) types based on Autonome ProviNz Bozen (2021).
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The distribution of soil data points is uneven throughout the study area, primarily
located at valley bottoms and largely concentrated in apple orchards, followed by vine-
yards and permanent meadows.

Based on the data presented (Ficure 2), Alpine grasslands (7.38 % * 0.38) and exten-
sively used meadows (7.18 % * 0.27) have the highest amount of SOC on average. In
contrast, arable land (2.78 % * 0.05), apple orchards (2.52% * 0.01), and vineyards
(2.41 % +0.02) contain the lowest levels of SOC.

Discussion and directions for future research

The evaluation of data has revealed notable gaps in spatial coverage, particularly the
lack of surveys in remote areas such as Alpine grasslands. In contrast, apple orchards,
vineyards, and permanent meadows have extensive soil data coverage. Furthermore,
there is an insufficiency in the coverage of physical parameters, with only a few soil
surveys addressing bulk density and coarse fragments. To address these gaps, an addi-
tional field survey has been initiated, which will commence in late summer and
autumn of 2024 and conclude in spring 2025.

The objective of this project is to develop a SOC stock map for all agricultural areas in
South Tyrol. Moreover, carbon flux has been measured for apple orchards and meadows,
and it is currently being monitored for pastures and vineyards. These measurements
will be utilized to validate SOC stocks in their stability and to identify potential differ-
ences in agricultural land use and land cover (LULC) behavior, determining whether
certain LULC types function as carbon sinks or sources.

References

AutoNoME Provinz Bozen, 2021: Lafis Flaichenbogen. Informationssystem der Autonomen Provinz Bozen fiir
Land- und Forstwirtschaft (LAFIS). Amt fiir landwirtschaftliche Informationssysteme, Autonome
Provinz Bozen - Siidtirol, Bozen.

AvanzINT M., BArcosst G. M., BorsaTo A., CasTiGLIONI G. B., CucaTo M., MORELLI C., PROSSER G. & SAPELzZA A., 2007:
Erldauterung zur Geologischen Karte von Italien - Im Maf3stab 1:50:000: Blatt 026-Eppan. Dipartimento
Difesa Del Suolo, Servizio Geologico d’Italia, Agenzia per la protezione dell’ambiente e per i servizi
tecnici (APAT), Padova/Treviso.

BaTtjes N. H., RiBeiro E. & van OosTruM A., 2019: WoSIS snapshot — September 2019. https://doi.org/10.17027/
ISRIC-WDCSOILS.20190901

BioLociscHEs LANDESLABOR, 1986: Interdisziplindres Forschungsprojekt ,Montiggl“. Autonome Provinz Bozen —
Siidtirol, Bozen, Italy.

BioViSo, 2025: Next Generation Biomonitoring Vineyard Soils (BioViSo) to Support Sustainable Agroeco-
systems [ongoing project]. Free University of Bozen-Bolzano, University of Innsbruck, Eurac Research.

Burchia E., 2021: Program for mapping chemical soil properties: tested on grassland and arable land in
South Tyrol, Northern Italy (Master thesis). University of Innsbruck, Innsbruck.

CALLESEN T. O., GonzaLEz C. V., Bastos Campos F., ZANOTELLI D., TAGLIAVINI M. & MoNTAGNANI L., 2023: Under-
standing carbon sequestration, allocation, and ecosystem storage in a grassed vineyard. Geoderma
Regional, 34, e00674. https://doi.org/10.1016/j.geodrs.2023.e00674

ESDAC, EC, JRC, 2025: European Soil Data Centre (ESDAC), European Commission, Joint Research Centre
[WWW Document]. URL esdac.jrc.ec.europa.eu

EuroreaN CommissioN, 2019: The European Green Deal: Communication from the commission to the Euro-
pean parliament, the European council, the council, the European economic and social committee and
the committee of the regions, COM(2019) 640 final.

EuropEAN ParLIAMENT, CoUNCIL oF THE EuroPEAN UNION, 2023: Regulation (EU) 2018/841 of the European Parlia-
ment and of the Council of 30 May 2018 on the inclusion of greenhouse gas emissions and removals from
land use, land use change and forestry in the 2030 climate and energy framework, and amending
Regulation (EU) No 525/2013 and Decision No 529/2013/EU. Official Journal of the European Union, 61:
1-38.

FAO, 2018: Soil organic carbon mapping cookbook, 2nd edition. ed. Food and Agriculture Organization of
the United Nations, Rome.

FAO, ITPS, 2019: Global Soil Organic Carbon Map (GSOCmap) [dataset]. Global Soil Information System
(GloSIS). Available at https://data.apps.fao.org/catalog/dataset/7730e747-eb73-49c9-bfe6-84ebae718743

Fischer K. & WerzeL K. F.; 1996: Standortokologisches Gutachten - Mittelvinschgau (technical report).
Arbeitsgruppe ,Vinschgau®, Universitat Augsburg. p. 89.

Gredleriana | vol. 25/2025

41 |



| 42

GeITneR C., Baruck J. & Gruser F., 2017: ReBo — Reliefklassifizierung aus ALS Daten als Grundlage fiir die
Regionalisierung von Bodendaten: Bodenprofil-Steckbriefe — Dokumentation zum Projekt ReBo (Teil 2)
(No. 2), ReBo - Terrain Class. University of Innsbruck, Innsbruck, Austria.

GENOVA G., DELLA CHIESA S., Mimmo T., Borruso L., Cesco S., Tasser E., MaTTEAZZI A. & NiEDRIST G., 2022: Copper
and zinc as a window to past agricultural land-use. Journal of Hazardous Materials, 424, 126631. https://
doi.org/10.1016/j.jhazmat.2021.126631

GruseR F. E., BAruck J., MAIR V. & GEITNER C., 2019: From geological to soil parent material maps — A random
forest-supported analysis of geological map units and topography to support soil survey in South Tyrol.
Geoderma, 354, 113884. https://doi.org/10.1016/j.geoderma.2019.113884

HiLpoLp A., ANDERLE M., GUARIENTO E., MARSONER T., MiNna M., Paniccia C., PLUNGER J., Rico F., RUDISSER ]., ScOTTI
A., SEEBER J., STEINWANDTER M., STIFTER S., STROBL J., SUAREZ-MUNOZ M., VANEK M., BOTTARIN R. & TAPPEINER U.,
2023: Handbook Biodiversity Monitoring South Tyrol 118 pages. https://doi.org/10.57749/2Q0M9-FQ40

INNONAHRsTOFFE, 2024: INNONé&hrstoffe — Optimierung der regionalen organischen Nahrstoffkreislaufe
mit Fokus auf Alternativen zum Mineraldiingereinsatz im Obst- und Weinbau [ongoing project]. Siid-
tiroler Bauernbund, Versuchszentrum Laimburg.

IPCC, 2019: 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2019
Refinement No. [PCC-XLIX-9). IPCC Task Force on National Green House Gas Inventories, Kanagawa,
Japan.

Krorzner F., 1938: Die Entstehungsgeschichte unserer Ackerboden, in: Der Schlern — Illustrierte Monatshefte
fiir Heimat- und Volkskunde (19. Jahrg., Heft 5 u. 6). Athesia Druck GmbH, Trentino-Siidtirol, Italien,
pp. 75-83.

Kotzt J. & Van ToLJ., 2023: Extrapolation of Digital Soil Mapping Approaches for Soil Organic Carbon Stock
Predictions in an Afromontane Environment. Land, 12, 520. https://doi.org/10.3390/1and12030520

LT(S)ER MarscH, 2023: Large scale soil sampling campaign at the LT(S)ER open air laboratory Matsch/Mazia
in 2015 [ongoing project]. Eurac Research.

Macazzini P., 2001: Capitolo 3: I suoli delle rive del fiume Adige, in: Analisi biologiche-ecologiche in alcune
aree campione fluviali dell’Adige, 224. Museo Tridentino di Scienze Naturali, Bolzano/Trento, p. 90.

MAaIr V., 2010: Landschaft zwischen Genese und Gefdhrdung — Geologie und Geomorphologie Siidtirols, in:
Kreisel W., Ruffini F. V., Reeh T., Portge K.-H. (Hrsg.), Siidtirol. Eine Landschaft auf dem Priifstand.
Entwicklungen — Chancen - Perspektiven. Alto Adige — Un paesaggio al banco di prova. Sviluppi —
Opportunita — Prospettive. Tappeiner. 36-49.

MEvER S., LEFeLD J., BAuN M. & Funrer J., 2012: Free and protected soil organic carbon dynamics respond
differently to abandonment of mountain grassland. Biogeosciences, 9: 853-865. https://doi.org/10.5194/
bg-9-853-2012

Minersi S., 2003: Il programma per il Controllo Integrato degli ecosistemi forestali in Trentino-Alto Adige.
Gredleriana, 3: 37-48.

NaGLER M., FONTANA V., LAIR G. J., RADTKE A., TasseR E., ZERBE S. & TappeINER U., 2015: Different management
of larch grasslands in the European Alps shows low impact on above- and belowground carbon stocks.
Agriculture, Ecosystems & Environment, 213: 186-193. https://doi.org/10.1016/j.agee.2015.08.005

Nieprist G., 2023: Soil sampling campaign in selected grassland sites at the LT(S)ER open air laboratory
Matsch/Mazia, South Tyrol, Italy [dataset ined.]. Personal communication, 11*" October 2023.

NieprisT G., BErTOLDI G., DELLA CHIESA S., HELL V., MAIR E., DEMEZ A., KoLLMANN K., INNERHOFER E., Tasser E. I. &
TappeINER U., 2011: Abschlussbericht Klimawandel Siidtirol: WP 5 Okohydrologie (final report). Eurac
Research, Bolzano, Italy.

NitscH J., 2016: Bodenkundliche Transektanalyse zwischen Andriano und Terlano im Mittleren Etschtal
(Stidtirol/Italien) (Masterarbeit). Institut fiir Physische Geographie und Quantitative Methoden, Uni-
versitdt Augsburg, Augsburg, Deutschland.

PanAGos P., VAN LiEDEKERKE M., BORRELLI P., KONINGER J., BarraBio C., Orciazzi A., LucaTo E., Liakos L., HErvas J.,
Jones A. & MonTANARELLA L., 2022: European Soil Data Centre 2.0: Soil data and knowledge in support of
the EU policies. European | Soil Science, 73, e13315. https://doi.org/10.1111/ejss.13315

PaNAGos P., VaN LiEDEKERKE M., JonNes A. & MoNTANARELLA L., 2012: European Soil Data Centre: Response to
European policy support and public data requirements. Land Use Policy, 29: 329-338. https://doi.org/
10.1016/j.landusepol.2011.07.003

PasorLi L., Notarnicora,C., BertoLpl G., DELLA CHIESA S., NIEDRIST G., BRuzzONE L., TapPEINER U. & ZEBISCH M.,
2014: Soil moisture monitoring in mountain areas by using high-resolution SAR images: results from a
feasibility study. European ] Soil Science, 65: 852-864. https://doi.org/10.1111/ejss.12189

PEER, P., 1969: Bodenkundliche Forschung in Siidtirol, in: Der Schlern — Illustrierte Monatshefte fiir Hei-
mat- und Volkskunde (43. Jahrg., Heft 4). Athesia Druck GmbH, Trentino-Siidtirol, Italien, p. 4.

Pocaio L., DE Sousa L. M., Batjes N. H., HEuveLink G. B. M., KempeN B., RiBeiro E. & RossiTer D., 2021: SoilGrids
2.0: producing soil information for the globe with quantified spatial uncertainty. SOIL, 7: 217-240.
https://doi.org/10.5194/s0il-7-217-2021

Porro D., SarTORI G., VENTURELLI M. B. (Eds.), 2018: I suoli delle valli del Noce: terreno, frutteto, ambiente.
Fondazione Edmund Mach, San Michele all’Adige (TN).

RamskocLER K., KNoFLACH B., ELSNER B., ErRscHBAMER B., Haas F., HEckMANN T., HOrMEISTER F., PIERMATTEI L., RESSL
C., TRAUTMANN S., WiMMER M. H., GErTnER C., STOTTER J. & Tassir E., 2023: Primary succession and its
driving variables — a sphere-spanning approach applied in proglacial areas in the upper Martell Valley
(Eastern Italian Alps). Biogeosciences, 20: 2919-2939. https://doi.org/10.5194/bg-20-2919-2023

Rota N., Canepoti C., FerrE C., Comorri R., Apu EL KHAIR D. & Papoa-Schioppa E., 2024: Assessing the carbon
stock in the Alps: Considerations on three different approaches. Journal for Nature Conservation, 82,
126746. https://doi.org/10.1016/j.jnc.2024.126746

Proceedings Euregio Biodiversity Research Conference (EUBIRECO) 2024, Bozen/Bolzano (Italy)



Sarrort E., 1978: Studio sui suoli e la vegetazione del bosco di Monticolo (comuni di Appiano e Caldaro -
Provincia di Bolzano) (Tesi di laurea). Facolta di scienze agrarie, Universita degli studi di Firenze,
Firenze, Italy.

SCHONAFINGER A., EGARTER VicL L. & Tasser E., 2024: Spatiotemporal patterns and drivers of orchard meadow
loss in South Tyrol, Italy. Sci Rep, 14, 30812. https://doi.org/10.1038/s41598-024-81077-8

ScHrODER L., 2010: Geodkologische Untersuchung in den Laaser Leiten (Siidtirol/Italien) unter besonderer
Beriicksichtigung der Bodenentwicklung (Diplomarbeit). Fakultét fiir Angewandte Informatik, Univer-
sitdt Augsburg, Augsburg, Deutschland.

SCOOP, 2025: SCOOP - Soil contribution to CO: storage in South Tyrolean apple orchards: possible
improvement measures and influence of cover crops [ongoing project]. Free University of Innsbruck.

StarrLER H., KaTZENSTEINER K., HAGER H. & KARRER G., 2003: Trockene Waldbéden am Vinschgauer Sonnen-
berg (Siidtirol/Italien). Gredleriana, 3: 377-414.

StivprL E., AicHNER M., Cassar A., THALER C., ANDREAUS O. & MatTEAzZI A., 2006a: Zustandserhebung der
Siidtiroler Boden im Obstbau (The state of fruit orchard soils in South Tyrol (Italy)). Laimburg Journal,
Boden in Siidtirol, 3: 74-134.

StivprL E., AicHNER M., THALER C., ViDoNT A., ANDREAUS O. & Cassar A., 2006b: Zustandserhebung der Siidtiroler
Bdden im Griinland (The state of grassland soils in South Tyrol). Laimburg Journal, Boden in Siidtirol,
3:2-73.

Tasser E. 1., 2023: Soil data collection from various projects at different sampling sites in Italy, Austria,
Germany, France, Poland, and Spain [dataset ined.]. Personal communication, 01t December 2023.

Tasser E. I., TappeINER U. & CErNUscA A., 2001: Siidtirols Almen im Wandel: Okologische Folgen von Land-
nutzungsdnderungen, Arbeitshefte = quaderni, 28. Europdische Akademie Bozen.

VikoLAINEN V., 2022: “Fit for 55” package: Revising the Regulation on land use, land-use change and forestry
(LULUCF) (No. PE 699.483), Initial Appraisal of a European Commission Impact Assessment. European
Parliamt Research Service (EPRS).

WENzEL W., MULLER H. & ParTL H., 1996: ANNEX - Bodenuntersuchungen zur Versalzungsproblematik im
Talboden des Oberen Vinschgau. Bonifizierungskonsortium Vinschgau. TBU - Technisches Biiro fiir
Umweltschutz GmbH, Innsbruck, Austria.

Yicint Y. & Panacos P., 2014: Reference Area Method for Mapping Soil Organic Carbon Content at Regional
Scale. Procedia Earth and Planetary Science, 10: 330-338. https://doi.org/10.1016/j.proeps.2014.08.028

ZHANG Y., AN CB., ZHANG Ws., ZHENG Ly., ZHANG Yz., Lu C. & Liu Ly., 2023: Drivers of mountain soil organic
carbon stock dynamics: A review. | Soils Sediments, 23: 64-76. https://doi.org/10.1007/s11368-022-03313-w

Gredleriana | vol. 25/2025

43 |



