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In the last two decades, an exponentially growing number of meta-analyses (MAs) synthesize 
thousands of peer-reviewed studies on the environmental impacts of farming practices (FPs). This 
paper describes the iMAP-FP evidence library, a comprehensive dataset on the effects of 34 categories 
of FPs (such as agronomic practices, cropping and livestock systems, land management options and 
mitigation techniques) on 34 impacts including climate mitigation, soil health, environmental pollution, 
water use, nutrients cycling, biodiversity, and agricultural productivity. Through systematic screening, 
570 MAs published since 2000 were selected and categorized according to the type of FP. We assessed 
their impacts, the geographic regions covered, and their quality. We extracted 3,811 effects and their 
statistical significance associated with sustainable FPs (intervention) compared to a control (typically 
conventional agriculture) across 223 different intervention-control pairs. Our dataset is accompanied 
with an online free-access library, which includes a catalogue of synthetic reports summarizing the 
available evidence on each evaluated FP.

Background & Summary
Synthesizing the wealth of scientific evidence on the sustainability of agricultural practices is critical for 
informed decisions by policy makers, public administrators, and private investors. Producing food entails 
multiple and interlinked challenges around food-security, regenerating ecosystems, and the need to preserve 
resources and mitigate greenhouse gas emissions1. Decision-makers need robust knowledge on farming prac-
tices (hereafter FPs, including agronomic practices, cropping and livestock systems, land management options 
and impact-mitigation techniques) to drive agricultural systems towards higher climate, environment, and pro-
ductivity performance.

A general search for sustainable agriculture science-related terms, such as (agric* OR farm*) AND (sus-
tainab* OR environm*) in databases like Web of Science and Scopus retrieves over 260,000 peer-reviewed pri-
mary studies. While some of these individual studies may produce convergent or similar results, some others 
may provide contradictory findings. These disparities can arise from different locations, varied environmental 
conditions, and other factors, often making it challenging to achieve the statistical robustness necessary for 
decisive conclusions.
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Systematic reviews and meta-analyses (MAs) can help to detect general trends and deal with dispar-
ities, as observed by the exponential growth in the number of published MAs and systematic reviews in 
agri-environmental science, since the year 2000. For example, a search string tailored to agricultural and envi-
ronmental science as above such as (agric* OR farm*) AND (sustainab* OR environm*) AND (meta-analy* 
OR “systematic review*”) run in the databases Web of Science and Scopus yields 4,591 and 6,260 peer-reviewed 
MAs, respectively (search performed in June 2023).

A systematic review entails the systematic compilation, evaluation, and description of all pertinent studies 
retrieved using a specific query. Employing a comprehensive protocol safeguards against bias and ensures a 
transparent and reproducible process2. MAs, in turn, combine systematic review with statistical analysis, ena-
bling the quantification of specific outcomes across primary studies3. This approach has gained traction within 
agri-environmental sciences, offering distinct advantages over primary studies4. These advantages include refin-
ing outcomes of the effects, upscaling results of local experiments, scrutinizing the diversity in FP performance 
under varying bio-geographical, environmental, and farm management contexts, while reconciling seemingly 
opposite research findings. MAs cover a large range of FPs, such as cover crops, intercropping, agroforestry, 
organic farming, and conservation agriculture and their impacts on e.g. crop production, water and soil quality, 
biodiversity, pest- and disease-control, greenhouse gas emissions5–8.

Recently, at an even higher synthesis level, systematic review methods are being used to synthesize the evi-
dence from multiple published MAs to generate robust and reliable conclusions regarding the effects of different 
FPs4,9–19. However, these syntheses of MAs are still scarce and focused on relatively limited groups of FPs and/or 
of impacts and fail to provide a broad picture of the impacts of a large range of FPs in the context of sustainable 
agriculture. The iMAP-FP dataset20 presented here can contribute to fill such gaps.

Overview of the protocol used to build the iMAP-FP dataset.  This paper describes one of the most 
comprehensive datasets to date on the impacts of 34 FPs categories on climate, environment, and agricultural pro-
ductivity. The dataset was developed within the iMAP project (Integrated Modelling platform for Agro-economic 
and resource Policy analysis), which aimed to provide robust scientific evidence to support the implementa-
tion, monitoring and evaluation of the Common Agricultural Policy, in particular for the environmental and 
climate change objectives. The project was commissioned by the European Commission's Directorate General of 
Agriculture and Rural Development to the Joint Research Centre, with a long-term perspective going beyond the 
specific duration of the project.

Figure 1 provides a schematic overview of the protocol, used to screen and select published MAs. Following 
a rigorous methodological framework21, described in the next section, we systematically selected 13,935 
peer-reviewed MAs published since the year 2000, of which, based on a series of criteria (see Section 3 of the 
dataset20), we further selected 570 and categorized them according to the type of FPs considered, the assessed 
impact/s, the covered geographical regions, and their quality level. We extracted the statistical significance of the 
effects associated with sustainable FPs (intervention) compared to a control (typically conventional agricultural 
practices) across 223 independent intervention-control pairs. We classified outcome metrics into 34 impact 
categories, including, but not limited to, climate mitigation, soil health, environmental pollution, water use, 
nutrients cycling, biodiversity, and agricultural productivity. Finally, we also mined the main knowledge gaps 
reported in the MAs. In addition to the iMAP-FP dataset20, we developed an open-access online library, which 
can be used to generate reports summarizing the available scientific evidence on specific FPs, accessible in the 
European Commission domain (iMAP-FP-EvidenceLibrary).

This dataset and evidence library are easily accessible by policymakers, scientists, stakeholders and the 
general public. It is currently used by European Commission officers to support decisions and evaluations of 
key policies such as the European Union Common Agricultural Policy (CAP), the Farm to Fork strategy, the 
Biodiversity strategy, the Climate law and the recent Nature Restauration Law. Likewise, we believe it could be 
a useful tool for other worldwide policy-making contexts. We also propose it to the scientific community as a 
“living” library, helpful in coordinating efforts and progressively fill current knowledge gaps in the field of agri-
culture sustainability.

Methods
The dataset was developed using a systematic review approach, implemented to retrieve and synthetize pub-
lished MAs, following the steps described below.

Identification and definition of farming practices categories.  We identified 34 categories of FPs 
based on their relevance to the European Union Common Agricultural Policy (CAP). The European Commission’s 

Fig. 1  Schematic overview of the workflow underpinning the iMAP-FP dataset20.
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Joint Research Centre team, together with external experts and officers from the Directorate-General for 
Agriculture and Rural Development, selected these FPs categories, based on their relevance for the CAP Strategic 
Plan (programming period 2023-27). They cover instruments under direct payments (GAEC and Eco-Schemes) 
as well as Rural Development interventions. The list of FPs includes cropping systems (such as agroforestry, 
organic farming, conservation agriculture), wide-ranging groups of land management options (such as landscape 
features or grassland management), specific agronomic or livestock-management practices (such as organic fer-
tilisation, enhanced-efficiency fertilisers, livestock feeding techniques, etc.) and environmental mitigation tech-
niques (such as manure storage techniques). These categories of FPs not only include group-level information 
(e.g. landscape features), but also specific sub-practices (e.g. field margins). Definitions of FPs derive from various 
official sources, such as Eurostat, the European Food Safety Agency (EFSA), the Organisation for Economic 
Co-operation and Development (OECD) or the Food and Agriculture Organization of the United Nations (FAO), 
as well as ad hoc descriptions found in the scientific literature reviewed.

Systematic identification of potentially relevant meta-analyses.  For each FP category, a specific 
search equation was defined. The first part of the search equations included a combination of keywords targeted 
to the FP derived from its definition, the scientific literature and the relevant EU policy frameworks (Table 1). This 
FP-specific combination of keywords was reviewed by a “core” team (seven scientists) and iteratively improved 
after discussions with a wider team of scientists and policy officers. The second and the third parts of the equation 
were common to all FPs. The second part was optionally used to restrict the search to articles that address topics 
specifically related to agricultural practices. This second part was not always necessary, but it was useful when the 
keywords listed in the first part of the search equation selected a large number of irrelevant articles (not related 
to agricultural activities). The third part of the search equation included specific keywords to focus the search 
on meta-analyses or systematic reviews only, excluding primary literature and non-systematic narrative reviews. 
We did not include keywords related to one or several specific environmental/climate/productivity outcomes, 
because we wanted this review to be as comprehensive as possible, without limiting the potential outcomes.

Searches in the two major electronic databases (Web of Science and Scopus) began for the first set of FPs in 
July 2020 and ended with the latest FPs in June 2023.

Farming practice Keywords related to the practice* Boolean
Keywords used to focus the 
search on agriculture** Boolean

Keywords used to select MAs and systematic 
reviews ***

Organic farming 
systems

TOPIC: (“organic farm*” OR “organic 
agriculture” OR “organic system*” OR 
“organic product*”)

AND
TOPIC: (“meta-analy*” OR “systematic* 
review*” OR “evidence map” OR “global 
synthesis” OR “evidence synthesis” OR “research 
synthesis”)

Soil amendment 
with biochar

TOPIC: (biochar OR charcoal OR 
“black carbon”) AND TOPIC: (soil* OR 

agricultur* OR farm*) AND
TOPIC: (“meta-analy*” OR “systematic* 
review*” OR “evidence map” OR “global 
synthesis” OR “evidence synthesis” OR “research 
synthesis”)

Table 1.  Structure of the search equations (and examples) used for the systematic review of meta-analyses, for 
each farming practice category. Search equations for all farming practice categories are available in section 2 of 
the dataset20. * provide as many synonyms and/or sub-practices definitions as possible, using stemming when 
possible ** Not always used. It is only used to restrict the search when a high number of papers not related to 
agricultural activities are retrieved. *** standard query to avoid retrieval of primary studies

Quality criteria

Scoping 1 The objectives of the synthesis are clearly stated

Search 2 The search databases are clearly mentioned

3 The search string(s) is/are clearly reported in details

Study selection 4 The selection criteria are mentioned and clearly explained

5 All details of the selection process are described (e.g. Prisma statement22)

6 The list of selected studies is reported and complete of full references.

Data extraction 7 The methods used for data selection, extraction and storage is clearly explained.

Statistical analysis 8 A quantitative assessment of the effects is presented, complete of proper statistics.

9 The statistical methods are clearly described.

10 Individual effect sizes of primary-studies comparisons are reported (e.g. forest plot or tables).

11 Heterogeneity of the effects is analysed.

12 Individual studies or experiments are weighted.

13 Confidence intervals are presented.

Transparency and bias 14 The primary-studies dataset is made available and accessible.

15 The funding sources are reported.

16 The publication bias was analysed.

Table 2.  Quality criteria used to assess the quality of the selected meta-analyses. The quality criteria cover the 
main steps followed when performing a meta-analysis.
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Selection of meta-analyses.  The systematic review methodology used in this study was aligned with 
best practices in the field and was guided by the Preferred Reporting Items for Systematic Reviews and MAs 
(PRISMA) statement and the Cochrane Handbook for Systematic Reviews of Interventions22. After merging 
the results obtained from the two databases and deleting the duplicates, the selection process included multiple 
steps to identify relevant MAs. The screening was performed by two researchers for each FP category and then 
reviewed by a group of seven other reviewers based on explicit exclusion/inclusion criteria (see below). Although 
our framework was primarily intended to synthetize MAs, we also considered systematic reviews if they included 
some quantitative results even if formal statistical analysis was lacking. Purely qualitative systematic reviews and 
non-systematic reviews were excluded. In short, when we use the term “MA”, we also include systematic reviews.

For all FPs, eligible studies were those that: (a) were peer-reviewed MAs of primary literature retrieved 
through systematic protocols; (b) reported results derived from pairwise comparisons of one or several sus-
tainable FPs with control practices, on either agronomical (production yield, efficiency, etc.), environmental or 
climatic impacts, and (c) were published in English. Then, specific additional inclusion and exclusion criteria 
were established for each FP (see Section 3 of the dataset20). Using these criteria, the first screening was based on 
the title and abstract. Articles retained were then assessed for eligibility, identifying the Population, Intervention, 
Comparator, Outcome (PICO) after reading the full text. Any discrepancy of opinion among the reviewers was 
resolved by consensus.

The “PICO” structure is a typical semantic structure used in meta-analysis and evidence-based science4. The 
Intervention-Comparator pair is the basis of experiments used to assess the effect of an intervention (in our case 
a farming practice), with respect to a benchmark (in our case a comparator practice), by measuring the outcome 
(in our case an environmental, climatic or productivity impact) using one or more metrics. The “population” 
describes the object of the intervention and the experimental conditions, using many different variables. In our 
case, the population is the type of agro-ecosystem, which the intervention (farming practice) is applied to, and 
it can be described by several variables, such as pedo-climatic conditions, type of soil, ecosystem and landscape 
structure, type of crops, etc.

Section Name Content File name
Readme file 
tab

Number 
of rows

Number of 
columns

1 Farming practices definitions 
and descriptors

Definitions of each farming practice with 
bibliographic references and key descriptors that 
specify the inclusion and exclusion boundaries of 
the definition.

01_fp_definitions.csv 01_readme 128 4

2 Search equations
For each farming practice category: complete 
list of search equations in web libraries (Web of 
Science and Scopus) and search dates.

02_search_eq.csv 02_readme 128 9

3 Screening selection criteria
List of specific inclusion and exclusion criteria 
used to select relevant meta-analyses during the 
screening phase.

03_selection_criteria.csv 03_readme 332 3

4 Systematic screening records
Complete list of literature records retrieved from 
Web of Science and Scopus and details of the 
systematic screening of abstracts and full-text 
reading.

04_screeening.csv 04_readme 14152 13

5 List of selected meta-analyses Final list of selected unique meta-analyses, with 
reference details. 05_ma_list.csv 05_readme 694 6

6 Quality assessment of each meta-
analysis

Assessment of the quality of the systematic review, 
quality of the statistical analysis and the risk of 
bias (16 criteria)

06_ma_quality_assessment.csv 06_readme 1313 19

7 Synthesis of each meta-analysis

Short reports of the main findings of each meta-
analysis, using a standardised structure following 
the Cochrane Handbook for Systematic Reviews 
of Interventions13. This includes background 
and objectives, search strategy, statistical 
methods, main results, main conclusions, factors 
influencing the main results, main knowledge gaps 
as identified by the authors of the Meta-analyses.

07_ma_synthesis.csv 07_readme 1313 18

8
Population-Intervention-
Comparator-Outcome (P-I-C-O) 
combinations and types of effect 
sizes

Structure of the intervention-comparator pairs, 
metrics used to measure the outcome and type 
of effect sizes, as described by the authors of each 
meta-analysis.

08_pico_combinations.csv 08_readme 1313 10

9 Population variables found as 
influencing factors

Variables of the population that significantly affect 
the main results of each meta-analysis. 09_population_variables_factors 09_readme 1622 10

10

Classification of intervention-
comparator pairs, impact 
categories and results of 
statistical tests of each P-I-C-O 
combination

Classification of the intervention-comparator 
pairs. Classification of outcome metrics into 
impact categories. Qualitative results for each 
PICO combination: direction of the main results 
of the statistical tests (significantly positive or 
negative, non-significant, lacking statistical tests).

10_pico_cat_results.csv 10_readme 3704 17

Table 3.  Structure of the iMAP-FP dataset, structured into sections. Each section corresponds to one single 
datafile (.CSV format), reported in the JRC data catalogue repository20, to which a “readme” file is associated 
with explanations about all the variables.

https://doi.org/10.1038/s41597-024-03682-6
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Data extraction.  Data were extracted from selected MAs, for each FP category, using a standardized data 
extraction spreadsheet (see Supplementary Table S1). For each FP category, at least two reviewers (who were 
in charge of the identification and selection of MAs) conducted the data extraction. The data extracted were 
reviewed by the other researchers of the team.

Description of the selected MAs.  For each selected MA, we extracted information regarding the scientific back-
ground and main objectives, the methods used for the systematic review (i.e., literature search strategy and 
selection criteria), statistical analysis, the number of original primary studies and experimental trials, the target 
population (that is, the specific pedo-climatic conditions, geographical areas, the types of crops or land use cov-
ered by the primary studies included in the MA), the comparison pairs (the FP used as intervention and the FP 
used as comparator), the main results, the influential factors, the conclusions drawn by the authors and the main 
knowledge gaps identified. The information was recorded in spreadsheets (Supplementary Table S1) using text 
strings faithful to the original wording used by the authors of each MA.

Report of effect size types and results of statistical tests.  In primary studies, outcomes are measured separately 
for intervention and comparator using specific metrics (e.g. grain yield, soil organic carbon content, farmland 
bird’s species abundance, nitrous oxide emission per hectare, etc.). MAs combine results to estimate the mean 
effect size of the intervention versus the comparator for the outcome considered. Here, we reported the types of 
effect sizes used in each MA, such as the ratio of the metric in the intervention and the comparator (I/C), or their 
relative difference ((I-C)/C)), the logarithm of the ratio, the standardized difference, etc.

Each PICO combination was extracted as a new entry row in the spreadsheet (Supplementary Table S1). We 
classified each mean effect size reported into four possible levels: (a) significantly positive effect, (b) significantly 

Fig. 2  Records retrieved from Web of Science and Scopus databases. Yearly distribution of unique records 
retrieved by using specific search equations for 34 farming practice categories. Farming practice categories 
are ordered chronologically according to the search dates, provided after the name. Purple squares are used to 
visualize the year of search and screening for each farming practice category.

https://doi.org/10.1038/s41597-024-03682-6
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negative effect, (c) non-significant effect, (d) results lacking formal statistical analysis. This classification was 
based on confidence intervals or p-values (or other statistical test outcomes) reported by the authors of the MAs.

Quality assessment of the meta-analyses.  The quality of the selected MAs was assessed based on 16 independent 
quality criteria (Table 2), following a standardized quality assessment method11. The criteria cover the quality of 
the systematic review process, the quality of the statistical analysis and the risk of bias, in all the different steps 
followed when conducting a MA. Several of these criteria can also be found in previous publications10,11,23,24.

Classification and harmonization of intervention-comparator pairs and outcome met-
rics.  After the PICO extraction, we classified intervention-comparator pairs (such as agroforestry vs conven-
tional farming) and outcome metrics (such as soil carbon stock, soil sediment loss, birds’ abundance, etc.) into 
homogenized categories. We classified the intervention-comparator pairs by associating the original FPs defini-
tions of each MA with generic definitions. We classified the metrics into two different types, depending on the 
experiments: empirical experiments (e.g. pot-, laboratory-, greenhouse-, field- or farm-scale) or numerical exper-
iments based on model simulations (including life-cycle-assessment models). Additionally, we further classified 
these metrics into different impact categories depending on whether they addressed environmental, climate or 
productivity targets. Metrics were attributed to impact categories when a direct link could be established, while 
avoiding proxy-based or indirect cause-consequence associations. For instance, the metrics “nitrogen leaching” 
or “sediment run-off ” were respectively associated to the impact categories “Nutrient leaching and run-off ” 
and “Soil erosion”, while not to “Water quality” or “Soil nutrients”. To each metric, we assigned a direction of 
change (i.e. either decrease or increase) to be associated with the positive effect towards the impact. For instance, 
“increase soil carbon content” was associated with “increase carbon sequestration” and “increase soil methane 
uptake” was associated to “decrease greenhouse gas emission”.

Fig. 3  Graphical representation of the selection process leading to the systematic mapping applied to meta-
analyses (MAs) published in the field of agriculture sustainability. The number of MAs retrieved from Web of 
Science and Scopus (after duplicate removal) is reported in the first bar-plot, for each of the 34 farming practice 
(FP) categories. The number of MAs retained and discarded after title-abstract reading and after full text 
reading is reported in the following two bar-plots. As some MAs were reporting results on more than one FP 
category, the final number of unique MAs selected for further data extraction is also reported.

https://doi.org/10.1038/s41597-024-03682-6
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Restrictions.  We deliberately limited MA selection and data extraction to outcomes related to environmental, 
climate and productivity impacts. Therefore, in the current version of the dataset (2023 version)20, all outcomes 
related to economics, food quality, safety, nutritional values, labour and social dimensions were not considered.

To speed up the analysis, when the number of MAs exceeded 10 for a specific combination of FP and impact, 
we limited the selection process to the 10 most recent MAs, either excluding older MAs or prioritizing MAs car-
ried out on a global scale. The details of such criteria are reported among selection criteria for each FP category.

In the present version of the iMAP-FP dataset (2023 version)20, the quantitative numerical estimates of the 
effect sizes reported by the selected MAs were not extracted.

Data Records
The full iMAP-FP dataset (2023 version) is available at the JRC data catalogue platform20. Below we describe 
the different sections of the dataset20. Table 3 supports the reporting of the different sections, specifying the data 
resulting from each analytical step and the names of the corresponding files, each one being stored in a separate 
spreadsheet (CSV format). Here we give a brief description of the content.

Section 1 - Farming practices glossary.  Section 1 corresponds to the first step of the process, defining 
the FPs. It includes a glossary of the definitions of the FPs, accompanied with literature references, as well as more 
detailed explanations regarding the boundaries (what is included or excluded) of these definitions.

Sections 2, 3 and 4 - Systematic screening of MAs.  Section 2 reports all search equations run on Web 
of Science® and Scopus® databases, together with their dates. The number of literature records resulting from all 
the search equations run in the Web of Science and Scopus databases (including the dates of search) is reported 
in Fig. 2, sorted by FP category and publication year and after duplicate removal.

Section 3 reports the detailed list of exclusion/inclusion criteria used for the screening and selection of the 
relevant MAs for each of the FP categories. Details of the screening process (including references of each record, 

Fig. 4  Distribution of the selected meta-analyses per publication year (a), per number of primary literature 
articles synthetized (b) and per geographical coverage (c). Dotted lines indicate the starting date of the literature 
screening process (a) and the median of primary studies synthetized per meta-analysis (b).

https://doi.org/10.1038/s41597-024-03682-6
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exclusion/inclusion during abstract or full text reading) are included in Section 4 of the dataset20. Figure 3 pro-
vides an overview of the systematic selection process, which lasted around 36 months, from July 2020 to June 
2023. After elimination of duplicates found in both databases, we identified a total of 13,935 records, potentially 
valid to meet the selection criteria of each FP category (reported in detail in Section 3 of the dataset20). After 
screening the titles and abstracts, 4,580 full-text articles were assessed for eligibility, and finally 759 MAs were 
retained for data extraction. Some of these MAs were selected simultaneously in more than one FP category 
selection process; therefore, the final number of unique MAs selected across all FPs is 570.

Further details regarding selection process of each FP category (i.e. derived from each single search equation) 
are reported in the Supplementary Information, using the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement diagrams25.

Section 5 – Selected MAs.  Section 5 includes the reference list of 570 unique MAs, selected along the 
screening process. Of the selected 570 unique MAs, nearly 100 reported results on more than one FP category. On 
average, 10 MAs were relevant per each FP (Fig. 3), with some FPs covered by up to 73 MAs (Leguminous crops), 
51 (No tillage and reduced tillage), 41 (Cover and catch crops, mulching), while other FP categories covered by 
few MAs (e.g. fallowing, with only 4 MAs).

The distribution of the selected MAs per publication year is reported in Fig. 4a. The median number of 
primary studies in each MA was 53, and ranged from 4 to 678 (Fig. 4b). The selected MAs were often con-
ducted (397 MAs out of 570) at a global scale (Fig. 4c), without specific geographical limitations. Fewer MAs 
were focusing on specific continents (e.g. 65 on China, 27 on Europe, 18 on North America, 21 on Africa/
Sub-Saharan-Africa/west-Africa and 13 on Asia/south-Asia), or on countries (e.g. 72 on China, 18 on the USA, 
6 on Brazil, 3 on India, 2 on New Zealand and Canada) or on biogeographical zones (e.g. 6 on Mediterranean, 5 
on temperate, 3 on tropical, 3 on continental, 2 on artic and 2 on arid).

Fig. 5  Data by farming practice category. Number of results of statistical tests on the effects (i.e. results of 
statistical models used to test the significance of the effect of a farming practice on the outcome, relative to a 
comparator practice), unique intervention-comparators pairs and outcome metrics (i.e. metrics used to quantify 
the outcome of farming practices), identified for each farming practice category.

https://doi.org/10.1038/s41597-024-03682-6
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Section 6 – Quality assessment of MAs.  Section 6 of the dataset20 includes the assessment of the quality, 
transparency and robustness of the selected MAs (16 criteria), as shown in Table 2. Note that slightly different qual-
ity assessment may have been recorded on different FP categories or impact categories reported by the same MA. 
For instance, in some cases, the statistical analysis was of different quality (e.g. weighted mean, confidence inter-
vals, etc.) for metrics regarding carbon sequestration and others regarding biodiversity, reported by the same MA.

Section 7 – Qualitative synthesis and reporting.  Section 7 of the dataset20 summarizes the selected 
MAs, using wording as reported originally by the authors of MAs. For each combination of FP and impact catego-
ries, the following items are reported: the main characteristics of each MA, including their scientific background, 
main objectives, main findings, the relevant factors influencing the results, the authors’ conclusions and main 
knowledge gaps. This structure is a standard used in reporting systematic reviews and meta-analyses, by the 
Cochrane Handbook for Systematic Reviews of Interventions26.

Sections 8 and 9 – Classification of intervention-comparator pairs, outcome metrics and impact 
categories.  Section 8 of the dataset20 reports the intervention and comparator pairs (e.g. “no tillage” and 
“conventional tillage”, “cover crop” and “bare soil”, etc.), outcome metrics (e.g. soil organic carbon stock, N2O 
emission, etc.) and type of effect sizes (e.g. logarithm of the ratio, Hedge’s g, etc.). All items are reported using the 
definitions used by authors in the original text of the MAs.

Section 9 reports a categorized list of 3,811 results, their significance based on statistical tests (i.e. signifi-
cantly positive or negative, non-significant, lacking statistical tests) for each of the main PICO combinations 
reported by each MA. In total, we classified 223 different combinations of intervention-comparator pairs (spe-
cific FP vs a control FP). The average number of unique intervention-comparator pairs per FP was 6, but ranged 
from 1 to 21 (Fig. 5). The results reported by the selected MAs covered 553 unique outcome metrics. We grouped 

Fig. 6  Data by impact categories. Number of results of statistical tests on the effects (i.e. results of statistical 
models used to test the significance of the effect of a farming practice on the outcome, relative to a comparator 
practice), unique intervention-comparators pairs and outcome metrics (i.e. metrics used to quantify the 
outcome of farming practices) identified for each category of environmental/climate/productivity impact. 
Impact categories are also divided according to the type (either empirical or modelling) of primary studies.
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these metrics into 34 impacts categories (Fig. 6). The large majority of such metrics (i.e. 542 metrics, grouped 
into 25 impact categories) were estimated from experimental (or observational) studies, while few of them (i.e. 
17 metrics and 9 impact categories) were based on modelling studies (typically life-cycle cradle-to-farm-gate 
models) (Fig. 6).

Technical Validation
Dataset revision and data cleaning.  At the end of the entire process (June 2023), all single spreadsheets 
(Supplementary Table S1), used separately for data extraction for each FP category, were merged together using 
dedicated scripts (run in R programming language). The whole dataset went through a revision process, aimed 
at checking the homogenization of the classifications, correcting errors and checking missing data in all sections. 

Fig. 7  Technical validation of the dataset, performed between June and October 2023 by 5 reviewers. Number 
of corrections (e.g. metric attributions to impact categories, wrong direction of the result, missing entries, etc.) 
in each section of the dataset and per farming practice category.
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Particularly, a group of four reviewers revised all attributions of metrics to impact categories for all FP categories. 
Discrepancies were resolved through consent within the team.

The majority of corrections are related to Sections 8 and 9 and were especially necessary to homogenize the 
attribution of metrics to impact categories, in all FP categories. Some other corrections were made to other sec-
tions of the dataset, to correct inconsistencies and missing data. Figure 7 summarizes the number of corrections 
performed for each section of the data set.

The main limitation of the present dataset is the difference in the MA search date between the FPs (from July 
2020 to June 2023). For example, the search equations for “agroforestry systems” and “efficiency-enhanced fer-
tilizers” were run in late 2020 and early 2021. Therefore, new MAs published after those dates, during the years 
2021-2023, were not included in the current version of the iMAP-FP dataset20. An update is foreseen for most 
relevant FPs as identified by policy makers and/or for fast evolving domain (e.g. feed additives, animal welfare).

Usage Notes
The iMAP-FP dataset20, described in this article, can be loaded into any software that supports.csv files. To pro-
cess the dataset, one can use programming languages such as Python, Java, MATLAB, or R. This dataset holds 
significant value for scientists and analysts in the agriculture-environmental science-to-policy domain, as it can 
be used to analyse the effects of farming practices on agriculture sustainability and productivity with robust 
knowledge, systematically extracted from peered-reviewed scientific literature.

As our dataset provides a detailed description and quality assessment of hundreds of MAs covering a wide 
diversity of FPs, it can be used to produce scientific syntheses on a wide range of topics related to agricultural 
sustainability in different regions of the world. More specifically, our dataset can be used to create evidence 
maps, as recently illustrated by Chen et al.14, where a small part of the iMAP-FP dataset20 was used to assess the 
benefits of enhanced-efficiency fertilisers for the environment, nutrient use efficiency, soil fertility, and crop 
production.

The iMAP-FP dataset20 provides all the elements needed to quickly identify relevant MAs for assessing the 
impact of a given FP on a particular environmental impact. It thus greatly facilitates the synthesis work of sci-
entists or evaluators wishing to provide robust evidence concerning the sustainability of agricultural practices. 
Likewise, scientists can quickly identify which MAs can provide relevant primary datasets, in view of data 
re-analysis and towards incremental evidence integration, in accordance to the principles of the so-called “vir-
tuous cycle of data ecosystems”27.

Our dataset can also be used as a basis for selecting relevant studies for vote counting of MAs or second-order 
meta-analysis, as illustrated in recent publications9,13,14. Instead of analysing the primary data as in standard MA 
(1st order), these fast-track methods either count the number of significant mean effect sizes provided by 1st 
order MAs (vote counting of MAs) or computes a weighted average of the mean effect sizes produced by the 
first-order MAs (second-order MAs). These methods are much quicker to apply than standard meta-analyses, 
and thus enable swift response to requests from policy-makers on the environmental impact of FPs, as shown in 
recent years by the increasing use of second order MA28.

Code availability
The 34 spreadsheets used for data extraction (Supplementary Table S1) were merged together and transferred 
into the dataset sections. Data were cleaned and visualized into figures (Figs. 2, 3, 4, 5, 6), using scripts run in the 
software R v4.329 and the Tidyverse v2.030. The code is publicly available in the JRC data catalogue repository20, 
together with renv lockfile31, that records the version and hashes for all packages used.

Received: 31 January 2024; Accepted: 25 July 2024;
Published: xx xx xxxx

References
	 1.	 Hong, C. et al. Global and regional drivers of land-use emissions in 1961–2017. Nature 589, 554–561 (2021).
	 2.	 Chalmers, I., Hedges, L. V. & Cooper, H. A Brief History of Research Synthesis. Eval Health Prof 25, 12–37 (2002).
	 3.	 Gurevitch, J., Koricheva, J., Nakagawa, S. & Stewart, G. Meta-analysis and the science of research synthesis. Nature 555, 175–182 

(2018).
	 4.	 Makowski, D., Piraux, F. & Brun, F. From Experimental Network to Meta-Analysis Methods and Applications with R for Agronomic 

and Environmental Sciences. (2019).
	 5.	 Tonitto, C., David, M. B. & Drinkwater, L. E. Replacing bare fallows with cover crops in fertilizer-intensive cropping systems: A 

meta-analysis of crop yield and N dynamics. Agriculture, Ecosystems and Environment 112, 58–72 (2006).
	 6.	 Kuyah, S. et al. Agroforestry delivers a win-win solution for ecosystem services in sub-Saharan Africa. A meta-analysis. Agronomy 

for Sustainable Development 39, 1–18 (2019).
	 7.	 Tuomisto, H. L., Hodge, I. D., Riordan, P. & Macdonald, D. W. Does organic farming reduce environmental impacts? – A meta-

analysis of European research. Journal of Environmental Management 112, 309–320 (2012).
	 8.	 Jeffery, S., Verheijen, F. G. A., van der Velde, M. & Bastos, A. C. A quantitative review of the effects of biochar application to soils on 

crop productivity using meta-analysis. Agriculture, Ecosystems & Environment 144, 175–187 (2011).
	 9.	 Makowski, D. et al. Synthesising results of meta-analyses to inform policy: a comparison of fast-track methods. Environ Evid 12, 16 

(2023).
	10.	 Philibert, A., Loyce, C. & Makowski, D. Assessment of the quality of meta-analysis in agronomy. Agriculture, Ecosystems and 

Environment 148, 72–82 (2012).
	11.	 Beillouin, D., Ben-ari, T. & Makowski, D. Evidence map of crop diversification strategies at the global scale. Environmental Research 

Letters https://doi.org/10.1088/1748-9326/ab4449 (2019).
	12.	 Beillouin, D., Ben-ari, T. & Makoswki, D. Assessing the quality and results of meta-analyses on crop diversification Protocol for 

systematic review and evidence map. (2018).
	13.	 Tamburini, G. et al. Agricultural diversification promotes multiple ecosystem services without compromising yield. Science advances 

6, eaba1715 (2020).

https://doi.org/10.1038/s41597-024-03682-6
https://doi.org/10.1088/1748-9326/ab4449


1 2Scientific Data |          (2024) 11:979  | https://doi.org/10.1038/s41597-024-03682-6

www.nature.com/scientificdatawww.nature.com/scientificdata/

	14.	 Chen, M. et al. Evidence map of the benefits of enhanced-efficiency fertilisers for the environment, nutrient use efficiency, soil 
fertility, and crop production. Environ. Res. Lett. 18, 043005 (2023).

	15.	 Almaraz, M., Wong, M. Y., Geoghegan, E. K. & Houlton, B. Z. A review of carbon farming impacts on nitrogen cycling, retention, 
and loss. Annals of the New York Academy of Sciences 1505, 102–117 (2021).

	16.	 Rosa-Schleich, J., Loos, J., Mußhoff, O. & Tscharntke, T. Ecological-economic trade-offs of Diversified Farming Systems – A review. 
Ecological Economics 160, 251–263 (2019).

	17.	 Guenet, B. et al. Can N2O emissions offset the benefits from soil organic carbon storage? Global Change Biology 27, 237–256 (2021).
	18.	 Takola, E., Bonfanti, J., Seppelt, R. & Beckmann, M. An open-access global database of meta-analyses investigating yield and 

biodiversity responses to different management practices. Data in Brief 51, 109696 (2023).
	19.	 Fohrafellner, J., Zechmeister-Boltenstern, S., Murugan, R. & Valkama, E. Quality assessment of meta-analyses on soil organic 

carbon. SOIL 9, 117–140 (2023).
	20.	 Schievano, A. et al. iMAP-FP dataset – An evidence library of the effects of Farming Practices on the environment and the climate. 

https://doi.org/10.2905/4e3c371a-be72-4ea0-aa0b-45f8cdda2064 (2023).
	21.	 Makowski, D. et al. Systematic review of meta-analyses to assess the impacts of farming practices - A methodological framework. 

Preprints of Papers- … https://doi.org/10.31219/OSF.IO/BYUW9 (2021).
	22.	 Page, M. J. et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ n71 https://doi.

org/10.1136/bmj.n71 (2021).
	23.	 Aromataris, E. et al. Summarizing systematic reviews: methodological development, conduct and reporting of an umbrella review 

approach. JBI Evidence Implementation 13, 132 (2015).
	24.	 Nakagawa, S., Noble, D. W. A., Senior, A. M. & Lagisz, M. Meta-evaluation of meta-analysis: ten appraisal questions for biologists. 

BMC Biology 15, 18 (2017).
	25.	 Page, M. J. et al. PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. BMJ 

n160 https://doi.org/10.1136/bmj.n160 (2021).
	26.	 Cumpston M, Lasserson T, Flemyng E, Page MJ. Chapter III: Reporting the review. in Cochrane Handbook for Systematic Reviews of 

Interventions (Cochrane, 2023).
	27.	 Voytek, B. The Virtuous Cycle of a Data Ecosystem. PLOS Computational Biology 12, e1005037 (2016).
	28.	 He, X. et al. Agricultural diversification promotes sustainable and resilient global rice production. Nat Food 4, 788–796 (2023).
	29.	 R Foundation for Statistical Computing. R: The R Project for Statistical Computing. https://www.r-project.org/ (2024).
	30.	 Wickham, H. et al. Welcome to the Tidyverse. Journal of Open Source Software 4, 1686 (2019).
	31.	 Ushey, K. & Wickham, H. RENV: Project Environments. https://rstudio.github.io/renv/.

Acknowledgements
The iMAP-FP dataset20 described in the present data-paper has been compiled in the frame of an Administrative 
Arrangement entitled “Integrated modelling platform for agro-economic commodity and policy analysis 
(IMAP4AGRI)” between DG Agriculture and Rural Development (DG AGRI) and DG Joint Research Centre 
(DG JRC), providing the funding of the work. David Makowski and Mathilde Chen were also partly funded 
by the project CLAND (French Research Agency, 16-ANR-0003). Giovanni Tamburini was partly funded by 
the Italian Agritech National Research Center (PIANO NAZIONALE DI RIPRESA E RESILIENZA (PNRR) – 
MISSIONE 4 COMPONENTE 2, INVESTIMENTO 1.4 – D.D. 1032 17/06/2022, CN00000022).

Author contributions
Andrea Schievano: JRC-D5, Scientific conceiving, Data extraction, 2nd stage review, data management, paper 
writing. Marta Pérez-Soba: JRC-D5, Scientific conceiving, Data extraction, 2nd stage review, data management, 
project management, paper writing. Simona Bosco: JRC-D5, Scientific conceiving, Data extraction, 2nd stage 
review, data management, project management, paper writing. Ana Montero-Castano: JRC-D5, Scientific 
conceiving, Data extraction, 2nd stage review, data management, paper writing. Rui Catarino: JRC-D5, Scientific 
conceiving, 2nd stage review, data management, paper writing. Mathilde Chen: JRC-D5, Scientific conceiving, 
Data extraction, 2nd stage review, data management, paper writing. Giovanni Tamburini: JRC-D5, Scientific 
conceiving, Data extraction, 2nd stage review, data management. Beatrice Landoni: JRC-D5, Data extraction, 
data management. Otho Mantegazza: JRC-D5, Data extraction, data management. Irene Guerrero: JRC-D5, 2nd 
stage review, data management. Maria Bielza: JRC-D5, 2nd stage review, data management. Michael Assouline: 
JRC-D5, data management. Renate Koeble: JRC-D5, 2nd stage review, data management. Frank Dentener: JRC-
D5, 2nd stage review. Marijn Van der Velde: JRC-D5, 2nd stage review, paper writing. Carlo Rega: JRC-D5, 2nd 
stage review, project management. Andrea Furlan: JRC-D5, 2nd stage review, project management. Maria Luisa 
Paracchini: JRC-D5, 2nd stage review. Franz Weiss: JRC-D5, Scientific conceiving, 2nd stage review. Vincenzo 
Angileri: JRC-D5, 2nd stage review. Jean-Michel Terres: JRC-D5, Scientific conceiving, 2nd stage review, data 
management, project management, paper writing. David Makowski: JRC-D5, Scientific conceiving, Data 
extraction, 2nd stage review, data management, paper writing.

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/s41597-024-03682-6.
Correspondence and requests for materials should be addressed to A.S., M.P.-S., J.-M.T. or D.M.
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.

https://doi.org/10.1038/s41597-024-03682-6
https://doi.org/10.2905/4e3c371a-be72-4ea0-aa0b-45f8cdda2064
https://doi.org/10.31219/OSF.IO/BYUW9
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n160
https://www.r-project.org/
https://rstudio.github.io/renv/
https://doi.org/10.1038/s41597-024-03682-6
https://doi.org/10.1038/s41597-024-03682-6
http://www.nature.com/reprints


13Scientific Data |          (2024) 11:979  | https://doi.org/10.1038/s41597-024-03682-6

www.nature.com/scientificdatawww.nature.com/scientificdata/

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial- 
NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribu-

tion 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 Creative Commons licence, and indicate if you modified the licensed mate-
rial. You do not have permission under this licence to share adapted material derived from this article or parts of 
it. The images or other third party material in this article are included in the article’s Creative Commons licence, 
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative  
Commons licence and your intended use is not permitted 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 licence, visit  
http://creativecommons.org/licenses/by-nc-nd/4.0/.
 
© European Union, 2024

https://doi.org/10.1038/s41597-024-03682-6
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Evidence library of meta-analytical literature assessing the sustainability of agriculture – a dataset

	Background & Summary

	Overview of the protocol used to build the iMAP-FP dataset. 

	Methods

	Identification and definition of farming practices categories. 
	Systematic identification of potentially relevant meta-analyses. 
	Selection of meta-analyses. 
	Data extraction. 
	Description of the selected MAs. 
	Report of effect size types and results of statistical tests. 
	Quality assessment of the meta-analyses. 

	Classification and harmonization of intervention-comparator pairs and outcome metrics. 
	Restrictions. 

	Data Records

	Section 1 - Farming practices glossary. 
	Sections 2, 3 and 4 - Systematic screening of MAs. 
	Section 5 – Selected MAs. 
	Section 6 – Quality assessment of MAs. 
	Section 7 – Qualitative synthesis and reporting. 
	Sections 8 and 9 – Classification of intervention-comparator pairs, outcome metrics and impact categories. 

	Technical Validation

	Dataset revision and data cleaning. 

	Usage Notes

	Acknowledgements

	Fig. 1 Schematic overview of the workflow underpinning the iMAP-FP dataset20.
	Fig. 2 Records retrieved from Web of Science and Scopus databases.
	Fig. 3 Graphical representation of the selection process leading to the systematic mapping applied to meta-analyses (MAs) published in the field of agriculture sustainability.
	Fig. 4 Distribution of the selected meta-analyses per publication year (a), per number of primary literature articles synthetized (b) and per geographical coverage (c).
	Fig. 5 Data by farming practice category.
	Fig. 6 Data by impact categories.
	Fig. 7 Technical validation of the dataset, performed between June and October 2023 by 5 reviewers.
	Table 1 Structure of the search equations (and examples) used for the systematic review of meta-analyses, for each farming practice category.
	Table 2 Quality criteria used to assess the quality of the selected meta-analyses.
	Table 3 Structure of the iMAP-FP dataset, structured into sections.




