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Increasing soil organic carbon (SOC) in natural and cultivated ecosystems is proposed as a natural
climate solution to limit global warming. SOC dynamics is driven by numerous factors such as land-use
change, land management and climate change. The amount of additional carbon potentially stored

in the soil is the subject of much debate in the scientific community. We present a global database
compiling the results of 217 meta-analyses analyzing the effects of land management, land-use change
and climate change on SOC. We report a total of 15,857 effect sizes, 6,550 directly related to soil carbon,
and 9,307 related to other associated soil or plant variables. The database further synthesizes results

of 13,632 unique primary studies across more than 150 countries that were used in the meta-analyses.
Meta-analyses and their effect sizes and were classified by type of intervention and land use, outcomes,
country and region. This database helps to understand the drivers of SOC sequestration, the associated
co-benefits and potential drawbacks, and is a useful tool to guide future global climate change policies.

Background & Summary

Limiting the global mean temperature increase below 2 °C above mid-19th century levels would significantly
reduce the risks and impacts of climate change"? Soil is a key compartment for climate regulation either by
emitting greenhouse gases (GHGs) or by sequestering organic carbon (OC)?. The first meters of soils contain
between 1,500 and 2,400 Pg OC*7, i.e. three to four times the amount of carbon (C) present in the vegetation
(450-650 Pg C) and two to three times the amount of C in the atmosphere (~829 Gt C).

Soil organic carbon (SOC) storage represents about 25% of the potential of natural climate solutions® to offset
global anthropogenic GHG emissions. Increasing SOC is also expected to provide other indirect benefits such
as an improved capacity of soils to contribute to agricultural adaptation to climate change, and to enhanced food
security’~!!. These multiple benefits are the rationale of the “4 per 1000 Initiative: Soils for Food Security and
Climate” (www.4p1000.0rg), which sets a global aspirational goal to increase SOC stocks in agricultural soils
at an annual rate of 0.4% to a depth of 0.3-0.4 m. Yet, the achievability of such annual increase in agricultural
SOC stocks has been intensively discussed and criticized. Biophysical limits (e.g. in terms of supply of water and
nutrients) and other barriers such as the socio-economic implications for the agricultural sector, were raised by
several authors'*""7. The many biophysical factors affecting SOC storage (e.g. biomass and nutrient input levels,
land-use change, pedoclimatic conditions, and climate change) and their spatial and temporal variability and
interactions confound a clear comprehension of their effects on SOC storage despite the exponential increase
in the number of studies on SOC. The evidence is fragmented'®, too often characterized by studies of variable
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Fig. 1 Methodological framework used to identify and characterize the data included in the database. Criteria
for study selection are (1) duplicates are removed; (2) only studies published in English (non-English studies:
n=7) with available text (studies with non-available text: n=7) are considered; (3) studies not dealing with

SOC are excluded; (4) only meta-analyses are included; (5) the meta-analysis present at least one effect-size, i.e.
a quantitative measure on SOC (or one effect-size described for different levels of SOC contents, i.e. SOC as a
covariable). The hexagons represent the different characteristics analyzed in the meta-analyses or in the primary
studies.

quality- and by poor analyses of trade-offs with other variables (e.g. nutrient availability'®-2!). As a consequence,
strategies to scale out management options for increased SOC storage are still debated?.

Our database provides a worldwide exhaustive and quantitative assessment of available meta-analyses about
the impact of major interventions on SOC. It contains 15,857 effect sizes published in 217 meta-analyses cov-
ering 13,632 experimental studies that took place between 1909 and 2020, across more than 150 countries. Our
database covers interventions related to land-use change, land management, and also compiles studies on the
impacts of climate change. We provide the explicit locations of the primary studies used in the meta-analyses,
along with the type of interventions and outcomes analyzed, providing an opportunity to identify knowledge
gaps. We also report possible trade-offs between SOC and, for example, crop productivity, or soil biological
and chemical variables to explore the practical implementation of the investigated interventions. Finally, to
provide guidance for future work, we also identify transparency and reproducibility issues of each of the 217
meta-analyses.

This database is relevant to advance the scientific and policy debate on the interest and possibility of imple-
menting practical recommendations to increase SOC stocks, as proposed for instance by the 4p1000 Initiative,
and thus contributing to climate change mitigation.
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4 per 1000 dimension | Definition Indicative keywords

GHG emissions, GHG fluxes, CH,, N,0O, CO,,
carbon budget, carbon balance, soil respiration,
anthropogenic emissions, cumulative emissions,
depletion, loss, decarbonization, carbon
sequestration, carbon stock, carbon storage, carbon
sink, carbon pool, carbon source, accumulation rate,
storage rate, stocks, tC, Mg, GtC, anthropogenic
removals, carbon dioxide removal, GHG removal,
negative emissions, uptake

Mitigation of climate | A human intervention to reduce emissions or enhance the
change sinks of greenhouse gases®2.

In human systems, the process of adjustment to actual or
expected climate and its effects, in order to moderate harm | yield, drought, dry spell, heavy rains, rainfall

Adaptation to climate | or exploit beneficial opportunities. In natural systems, the patterns, hydric stress, water stress, heat stress,
change process of adjustment to actual climate and its effects; human | thermal stress, flood, vulnerability, resilience,
intervention may facilitate adjustment to expected climate climatic variability, impact, effects

and its effects®.

A situation that exists when all people, at all times, have
physical, social and economic access to sufficient, safe and yield, food, diet, nourishment, human consumption,
nutritious food that meets their dietary needs and food income

preferences for an active and healthy life®.

Food security

Table 1. Keywords related to each 4 per 1000 dimension.

Methods

Data collection. The literature search was performed on January 09, 2020 (Fig. 1). The following search
equation was used: (“meta*analysis” OR “systematic review”) AND (“soil organic carbon” OR SOC OR “soil
organic matter” OR SOM OR “soil carbon”) in the “topic words’, i.e titles, abstracts and keywords of the following
databases:

o Web of Science, New York, USA, http://apps.webofknowledge.com, encompassing 12,000 journals and
160,000 conference proceedings.

o Scopus, USA, https://www.scopus.com/search. The Scopus database includes more than 41,000 referenced
journals.

o OVID. Publisher, USA. https://www.ovid.com. The Ovid database includes more than 10,000 titles of scien-
tific journals, books and proceedings (for Cab Abstracts on Ovid).

o Google Scholar. https://scholar.google.com/. Publisher: Google. It contains both, multidisciplinary peer
reviewed and grey literature. We selected the first 150 search results, organized by relevance, as this engine is
highly precise for the first pages of results displayed®***.

Following the recommended golden standard of systematic review?>?, we used these different databases
with various journal coverage to obtain an exhaustive literature search and to avoid potential bias. The search
was supported by a librarian to further help to reduce the possibility of bias and improve the overall quality of
the search strategy?’.

No restriction on year of publication was applied. All climatic zones and countries were considered.
Sensitivity was favored over specificity. Sensitivity implies that emphasis in the search procedure is put on
collecting the largest selection of potentially relevant studies at the risk of also obtaining a high number of
non-relevant studies (hence increasing the duration of the screening step). In addition to the database searches,
a number of other potentially relevant meta-analyses were added by the authors of this study.

The literature search identified 1,535 studies (of which 1,008 were unique). These studies were compiled in
a database and then screened to identify the relevant studies based on the following inclusion and exclusion
criteria: (i) only studies published in English with available full text were considered; (ii) the study presents
a quantitative, formal analysis of several previous empirical studies, i.e. a meta-analysis (we did not consider
studies with vote-counting methods and narrative reviews were also excluded); (iii) the meta-analysis presents at
least one effect-size, i.e. a quantitative measure of the magnitude, of a SOC variable, either as the main variable,
or as a co-variable.

The studies were first screened based on the title and abstract, and if necessary, the whole manuscript was
read. Each study was screened by two authors of the present article. The rejected studies were compiled in an
exclusion sheet of the database, with reasons for exclusion. Finally, 217 meta-analyses fulfilled our inclusion/
exclusion criteria, of which 18 with SOC as a co-variable.

Characterization of the meta-analyses. Our database reports the meta-data (author names and affili-
ations, journal name, keywords, date of publication, and countries covered in the meta-analysis) for considered
meta-analyses (Fig. 1). The transparency and reproducibility of each of the 217 meta-analyses was assessed based
on criteria related to the literature search, data extraction, data analyses, and interpretations. These criteria are an
adaptation of the ones proposed in several other studies covering various research fields**=*!. When satisfied, a
criterion was scored 1, and 0 otherwise. A global quality score was given by calculating the proportion of criteria
met.

We also classified each meta-analysis for their scope, delineating whether they address “mitigation of cli-
mate change’, “adaptation to climate change” and “food security” dimensions. Definitions of the dimensions
are based on the IPCC glossary®?, and the objectives of the 4p1000 Initiative'> (https://www.4p1000.o0rg/).
Keywords related to each dimension (Table 1) were defined for the classification, that was manually performed
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Percent of meta-analyses reporting the
Co-variable co-variable (%)
Biomes/climatic conditions 65.9
Detailed management practices 57.1
Soil depth 47.0
Soil types 47.0
Plant species 433
Experimental duration 429
Experimental methods/conditions 30.4

Table 2. Co-variables reported in the meta-analyses.

Management

Land use change

[ 1

Global changes

[ Cropland
= Related to SOC ll [ Forest land
[ Related to other - [ Grassland

outcomes i = Wetlands

[ Other land

Others
8000 6000 4000 2000 50 100
Number of effect sizes Number of meta-analyses

Fig. 2 Number of effect sizes (left) and number of meta-analyses (right) available in the database pertype of
intervention and land-use. The total number of effect sizes reported in the database is presented, together with
the number of effect sizes on SOC (dark shaded) or on other outcomes (light shaded). For the land-use change
intervention, both initial and final land-uses are considered in this plot. A meta-analysis can comprise different
interventions or land-uses.

by two different authors of this study. Title and abstract were screened, and the full text was studied if necessary.
Consistency between reviewers was checked on a sample of 30 studies. The final database comprises respec-
tively 199, 28 and 54 meta-analyses that analyse the mitigation, adaptation and food security dimensions.

Characterization of the effect-sizes. We extracted all the quantitative data related to the effects reported
in the retrieved meta-analyses: effect size, indicator of dispersion (confidence interval, and/or standard deviation
or quantiles), significance (P-value) and number of data on which the effects were calculated (Fig. 2). The data-
base contains both the effect-sizes that quantified the direct effect of an intervention on SOC, and the effect-sizes
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Other

Fig. 3 Categories used for the characterization of interventions for globalchanges, land-use changes and

management.

that assessed the effect on other outcomes but with SOC as co-variable (indirect effects). Data were collected
from tables or from figures using WebPlot Digitizer software (www.automeris.io/ WebPlotDigitizer/). We also
described the type of metric associated with each effect-size (e.g. mean difference, ratio, hedge’s d).

We did not extract data from meta-regressions, correlations and their associated characteristics because of
the difficulty to synthetize this type of results across different studies. However, when subgroup analyses were
performed (e.g., by soil characteristics or climate zones - Table 2), we extracted the effects of the moderators in
order to analyze and understand the variability of SOC values.

The interventions related to the effect-sizes were grouped into main categories: land management, land-use
change, and global changes (Figs. 2, 3). We considered land-use types as defined in the IPCC Guidelines for
National Greenhouse Gas Inventories®*: cropland, forestland, grassland, wetlands and other land. We considered
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Others
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Carbon
Others

Fungi
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Fig. 4 Main categories and subcategories of other effect-sizes retrieved in the 217 meta-analyses and studied
concurrently with SOC. The areas are proportional to the number of effect-sizes in the database.

land-use change as the conversion of one of the aforementioned land uses to another one. We considered land
management as any intervention performed on any of the aforementioned land uses (e.g. forest harvesting,
wetland restoration, mineral fertilization). We defined global changes as planetary-scale changes other than
land-use change (e.g. climate change). The database presents broad categories of interventions, but also the more
detailed interventions reported in each study (Fig. 3). The number of effect sizes and meta-analyses is largely
dominated by studies of land management, particularly for cropland. This is followed by land-use change and
global change type interventions, for which the distribution of land uses is more balanced.

The outcomes other than those related to SOC were grouped into seven broad categories: soil chemistry,
plant productivity, soil physics, soil biology, greenhouse gases, water quality and others. The first three categories
represented nearly 20-30% of the reported effect sizes. Each category was further refined into 2 to 11 subcate-
gories (Fig. 4). The soil nutrient and aboveground biomass subcategories alone represented nearly 15-20% of
the effect sizes.

Characterization of the primary studies used in the 217 meta-analyses. We retrieved all available
references (primary studies) used by the 217 meta-analyses, by searching through the available list of references,
supplementary materials and databases associated with each meta-analysis.

The primary studies were characterized by their meta-data (e.g. DOI, authors, date of publication, jour-
nal). Based on the title and the abstract, if necessary, we also manually extracted the type of interventions and
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Fig. 5 Geographical distribution of the 13,632 primary studies included in the 217 meta-analyses (a), with
details of provincial/state distribution for (b) USA, (c) China, (d) Brazil, (e) Australia and (f) India.

outcomes associated with the primary studies. The manual classification into the same intervention and outcome
categories as described before, was facilitated by an automatic classification based on keywords (Supplementary
Table 1). The final database comprises 13,632 unique primary studies (Fig. 5). 9,130 primary studies were used
in several meta-analyses. The geographical distribution showed the highest number of these primary studies
in the United States and China, followed by Brazil and Canada, and then Australia, India and some European
countries (United Kingdom, Germany, Spain, and Italy). The regional distribution within the five countries with
the largest number of studies showed great regional disparities. Africa was the least investigated continent; no
primary studies were conducted in several African countries.

Data Records

All data is available on the CIRAD repository, which can be accessed through the following link: https://doi.
org/10.18167/DVN1/KKPLR8*. An excel file (version 16.16.27, 201012), with different sheets is provided, as
described in Fig. 1:

o The sheet “readme” presents the contact information of the authors and the articles associated with the
database.

o  The sheet “retained meta-analyses”, includes the list of the 217 meta-analyses retrieved by our literature search
and used for the analysis, their associated meta-data, and general characterization.

o The sheet “non-retained meta-analyses” includes the list of studies retrieved by the literature search but not
used for the analysis, as well as the reasons for exclusion.

o The sheet “effect-sizes”, comprises all the effect-sizes extracted from the 217 meta-analyses. The effect-sizes
are associated with a meta-analysis (with an ID), and characterized by the mean effect, indicators of disper-
sion (e.g. standard deviation, confidence interval) and the associated number of data used to calculate the
effect-size.

o The sheet “primary_studies” includes the list of 22,772 (of which 13,632 are unique) primary studies collated
from the 217 meta-analyses. The primary studies are associated with a meta-analysis (with an ID), and char-
acterized by their meta-data, country, type of intervention and outcome analyzed.

o The sheet “header_names” describes the header of the four above-mentioned sheets.

Technical Validation

The information extracted for each retained meta-analysis (general characterization, effect sizes and the asso-
ciated primary studies) has been systematically double-checked by at least two different reviewers to reduce
potential errors.
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Fig. 6 Values of the effect-sizes on SOC compiled in the database. The effect-sizes are presented as log ratios,
with the bars representing the lower and upper confidence intervals. Subset a and b present histograms of the
mean values of the effect-sizes for all drivers in cropland (a), and for land-use change (b).

After the data extraction, we examined data quality using R software. We plotted the frequency distribution
of the different variables, and returned to the original studies to verify any extreme values that were identified in
this process. In this step we also randomly selected ~10% of extracted data to check for consistency by compar-
ing them with the original data.

The list of included and excluded studies were further checked by creating a PRISMA diagram (Fig. 1). The
quality criteria of the meta-analyses were checked and analyzed in detail in®. The ‘effect-size’ sheet was examined
by ii) plotting the number of data available per outcome, per sub-category of outcome (Fig. 4), per land-use type
(Fig. 2), and per intervention (Figs. 2, 3, in*), iii) plotting the value of the effect sizes and their associated standard
errors globally (Fig. 6) and for each combination of intervention and outcome. The information of the ‘primary
studies’ sheet was examined by i) mapping the number of studies by country, or by region for the main countries
(Figs. 3, 5 in*), and ii) analyzing the number of common studies between the meta-analyses (Fig. 4 in*®).

Usage Notes

To our knowledge, this database constitutes the most comprehensive database based on published meta-analyses
for analyzing the potential of various interventions for storing SOC. The database is useful for scientists and
decision makers in defining relevant climate change policies to limit global warming based on robust experi-
mental evidence. It can be used to analyze the expected efficiency and associated uncertainty of proposed solu-
tions to store C in soils. As we systematically extracted all available data on SOC, our database can also inform
about possible knowledge gaps, and can be used to guide future research agendas.

Since we extracted all variables and moderators presented in the meta-analyses, the database also provides
a good basis for analyzing trade-offs between SOC and other related variables. Numerous studies have indeed
demonstrated that trade-offs can limit the efficiency of an intervention in mitigating climate change, as for
example shown by the trade-off between SOC storage and N,O emissions*. The numerous non-SOC effect-sizes
comprised in our database can be a good starting point for systematic reviews on other outcomes (e.g. impacts
of agricultural practices on GHGs, or on soil quality).

Importantly, our database can be easily updated using new data produced by the increasing number of
meta-analyses published on this topic. We welcome anyone interested to share data or studies not included in
this meta-database and send them to the corresponding author. We will add the new observations and update
our database regularly with the latest experimental data.

The database is currently being integrated into a web platform providing user-friendly visualisation of the
data and results of soil carbon studies (http://www.review4c.net).

Code availability
The codes that were used to make the graphs presented in this paper are available at the following address: https://
github.com/dbeillouin/Data_Paper_SOC#readme.
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References
1. United Nations. Paris agreement at COP21. https://unfccc.int/sites/default/files/english_paris_agreement.pdf (2015).
2. Schleussner, C.-E et al. Differential climate impacts for policy-relevant limits to global warming: the case of 1.5°C and 2°C. Earth
Syst. Dynam. 7, 327-351 (2016).
3. Cayuela, L. et al. Direct nitrous oxide emissions in Mediterranean climate cropping systems: Emission factors based on a meta-
analysis of available measurement data. Agric. Ecosyst. Environ. 238, 25-35 (2017).

SCIENTIFIC DATA|

(2022) 9:228 | https://doi.org/10.1038/s41597-022-01318-1 8


https://doi.org/10.1038/s41597-022-01318-1
http://www.review4c.net
https://github.com/dbeillouin/Data_Paper_SOC#readme
https://github.com/dbeillouin/Data_Paper_SOC#readme
https://unfccc.int/sites/default/files/english_paris_agreement.pdf

www.nature.com/scientificdata/

4. Batjes, N. H. Total carbon and nitrogen in the soils of the world. Eur. J. Soil Sci. 47, 151-163 (1996).

5. Jobbagy, E. G. & Jackson, R. B. The vertical distribution of soil organic carbon and its relation to climate and vegetation. Ecol. Appl.
10, 423-436 (2000).

6. Ciais, P. Carbon Cycling over Lands and Oceans. In Global Climate: Current Research and Uncertainties in the Climate System (eds.
Rodd, X. & Comin, F. A.) 102-128 (Springer, 2003).

7. Stockmann, U. et al. The knowns, known unknowns and unknowns of sequestration of soil organic carbon. Agric. Ecosyst. Environ.
164, 80-99 (2013).

8. Bossio, D. A. et al. The role of soil carbon in natural climate solutions. Nat. Sustain. 3, 391-398 (2020).

9. Lal, R. Enhancing crop yields in the developing countries through restoration of the soil organic carbon pool in agricultural lands.
Land Degrad. Dev. 17, 197-209 (2006).

10. Chabbi, A. et al. Aligning agriculture and climate policy. Nat. Clim. Chang. 7, 307-309 (2017).

11. Dignac, M. E et al. Increasing soil carbon storage: mechanisms, effects of agricultural practices and proxies. A review. Agron. Sustain.
Dev. 37,14 (2017).

12. van Groenigen, J. W. et al. Sequestering Soil Organic Carbon: A Nitrogen Dilemma. Environ. Sci. Technol. 51, 4738-4739 (2017).

13. Baveye, P. C,, Berthelin, J., Tessier, D. & Lemaire, G. The “4 per 1000” initiative: A credibility issue for the soil science community?
Geoderma 309, 118-123 (2018).

14. Baveye, P. C. & White, R. E. The “4p1000” initiative: A new name should be adopted. Ambio 49, 361-362 (2020).

15. Rumpel, C. et al. The 4p1000 initiative: Opportunities, limitations and challenges for implementing soil organic carbon sequestration
as a sustainable development strategy. Ambio 49, 350-360 (2020).

16. Chenu, C. et al. Increasing organic stocks in agricultural soils: Knowledge gaps and potential innovations. Soil Tillage Res. 118,
42-51(2019).

17. Poulton, P, Johnston, J., Macdonald, A., White, R. & Powlson, D. Major limitations to achieving “4 per 1000” increases in soil
organic carbon stock in temperate regions: Evidence from long-term experiments at Rothamsted Research, United Kingdom. Glob.
Change Biol. 24, 2563-2584 (2018).

18. Xu, S., Sheng, C. & Tian, C. Changing soil carbon: influencing factors, sequestration strategy and research direction. Carbon Balanc.
Manag. 15, 2 (2020).

19. Kirkby, C. et al. Carbon-nutrient stoichiometry to increase soil carbon sequestration. Soil Biol. Biochem. 60, 77-86 (2013).

20. Kirkby, C. A. et al. Nutrient availability limits carbon sequestration in arable soils. Soil Biol. Biochem. 68, 402-409 (2014).

21. Richardson, A. E., Kirkby, C. A., Banerjee, S. & Kirkegaard, J. A. The inorganic nutrient cost of building soil carbon. Carbon Manag.
5,265-268 (2014).

22. Rumpel, C. Soils linked to climate change. Nature 572, 442-443 (2019).

23. Jansen, B. . & Spink, A. An analysis of web documents retrieved and viewed. In Arabnia, H. R. & Mun, Y. (Eds.). Proceedings of the
International Conference on Internet Computing, IC’03. 1, 65-69 (2003).

24. Jansen, B. J. & Spink, A. How are we searching the World Wide Web? A comparison of nine search engine transaction logs.
Information Processing & Management. 42(1), 248-263 (2006).

25. Kugley, S. et al. Searching for studies: Guidelines on information retrieval for Campbell Systematic Reviews. Campbell Systematic
Reviews 1 (2016).

26. Petrokofsky, G., Pullin, A. S., Frampton, G. K. & Livoreil, B. (eds.) Guidelines and Standards for Evidence Synthesis in Environmental
Management: Version 5.0. Collaboration for Environmental Evidence (2018).

27. Rethlefsen, M. L., Farrell, A. M., Trzasko, L. C. O. & Brigham, T. J. Librarian co-authors correlated with higher quality reported
search strategies in general internal medicine systematic reviews. Journal of clinical epidemiology 68(6), 617-626 (2015).

28. Gates, S. Review of methodology of quantitative reviews using meta-analysis in ecology. J. Anim. Ecol. 71, 547-557 (2002).

29. Mobher, D., Liberati, A., Tetzlaff, J., Altman, D. G. & The PRISMA Group. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. PLoS Med 6(7), e1000097 (2009).

30. Philibert, A., Loyce, C. & Makowski, D. Assessment of the quality of meta-analysis in agronomy. Agric. Ecosyst. Environ. 148, 72-82
(2012).

31. Beillouin, D., Ben-Ari, T. & Makowski, D. Evidence map of crop diversification strategies at the global scale. Environ. Res. Lett. 14,
€123001 (2019).

32. IPCC, 2019: Annex I: Glossary. (ed. van Diemen, R.). in Climate Change and Land: an IPCC special report on climate change,
desertification, land degradation, sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems (eds.
Shukla P. R. et al.) (In press).

33. IPCC 2006. 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Volume 4 Agriculture, Forestry and Other Land-use,
prepared by the National Greenhouse Gas Inventories Programme. (IGES, 2006).

34. Beillouin, D. et al. A global database of management, land-use change and climate change effects on soil organic carbon. CIRAD
Dataverse https://doi.org/10.18167/DVN1/KKPLR8 (2021).

35. Beillouin, D. et al. A global overview of studies about land management, land-use change, and climate change effects on soil organic
carbon. Global change biology 28(4), 1690-1702 (2022).

36. Guenet, B. et al. Can N20 emissions offset the benefits from soil organic carbon storage? Glob. Change Biol. 27, 237-256 (2021).

Acknowledgements
The authors thank CIRAD (Centre de Coopération Internationale en Recherche Agronomique pour le
Développement) for financial support.

Author contributions

Conceptualization Ideas; formulation or evolution of overarching research goals and aims D.B., EE, ].D.,, R.C,,
Formal analysis Application of statistical, mathematical, computational, or other formal techniques to analyze or
synthesize study data D.B., D.BER,, EE, ].D., R.C. Investigation Conducting a research and investigation process,
specifically performing the experiments, or data/evidence collection. All the authors Data Curation Management
activities to annotate (produce metadata), scrub data and maintain research data (including software code,
where it is necessary for interpreting the data itself) for initial use and later reuse D.B., D.BER., R.C. Writing -
Original Draft Preparation, creation and/or presentation of the published work, specifically writing the initial
draft (including substantive translation). D.B., EE, ].D., R.C. Writing - Review & Editing Preparation, creation
and/or presentation of the published work by those from the original research group, specifically critical review,
commentary or revision — including pre-or post publication stages. All the authors Visualization Preparation,
creation and/or presentation of the published work, specifically visualization/data presentation D.B., D.BER., EE,
].D., R.C. Supervision Oversight and leadership responsibility for the research activity planning and execution,
including mentorship external to the core team. D.B., EE Project administration Management and coordination
responsibility for the research activity planning and execution. D.B., ].D., EE.

SCIENTIFIC DATA | (2022) 9:228 | https://doi.org/10.1038/s41597-022-01318-1 9


https://doi.org/10.1038/s41597-022-01318-1

www.nature.com/scientificdata/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material available at https://doi.
org/10.1038/s41597-022-01318-1.

Correspondence and requests for materials should be addressed to D.B.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

SCIENTIFIC DATA | (2022) 9:228 | https://doi.org/10.1038/s41597-022-01318-1 10


https://doi.org/10.1038/s41597-022-01318-1
https://doi.org/10.1038/s41597-022-01318-1
https://doi.org/10.1038/s41597-022-01318-1
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A global database of land management, land-use change and climate change effects on soil organic carbon

	Background & Summary

	Methods

	Data collection. 
	Characterization of the meta-analyses. 
	Characterization of the effect-sizes. 
	Characterization of the primary studies used in the 217 meta-analyses. 

	Data Records

	Technical Validation

	Usage Notes

	Acknowledgements

	﻿Fig. 1 Methodological framework used to identify and characterize the data included in the database.
	﻿Fig. 2 Number of effect sizes (left) and number of meta-analyses (right) available in the database pertype of intervention and land-use.
	Fig. 3 Categories used for the characterization of interventions for globalchanges, land-use changes and management.
	Fig. 4 Main categories and subcategories of other effect-sizes retrieved in the 217 meta-analyses and studied concurrently with SOC.
	Fig. 5 Geographical distribution of the 13,632 primary studies included in the 217 meta-analyses (a), with details of provincial/state distribution for (b) USA, (c) China, (d) Brazil, (e) Australia and (f) India.
	﻿Fig. 6 Values of the effect-sizes on SOC compiled in the database.
	Table 1 Keywords related to each 4 per 1000 dimension.
	Table 2 Co-variables reported in the meta-analyses.




