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Sustainable crop production: challenges and targets
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Key challenges

• Food nutrition security
• Climate Change 
• Biodiversity loss
• Natural resources degradation 
• Environmental pollution 
• …

Targets for 2030 (EU F2F Strategy)

• Reduce use of chemical pesticides by 50%

• Reduce nutrient losses by > 50% 
(reducing fertilizer use by > 20%)

• Increase organic farming on > 25% 
of EU´s agricultural land

• …

De Vries (2021)

Nitrogen surplus Decline in insect biomass

Hellmann et al., (2017)

Loss of ecosystem services

J. Holland (Unsplash)

Glyphosate application rates

Maggi et al. (2019)
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FAIRagro domain: scales, disciplines and data categories
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Agrosystems: Crop production, ecosystems and landscapes whose sustainable management and development are based 
on systems understanding of plant-soil-environment interactions, taking into account cross-scale processes and 
relationships

→ Sustainable solutions require an agrosystem approach

Scales

…

Region

Landscape

Farm field

Crop trial

Plants

Genes

www.fairagro.net
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Agrosystems: Crop production, ecosystems and landscapes whose sustainable management and development are based 
on systems understanding of plant-soil-environment interactions, taking into account cross-scale processes and 
relationships

→ Sustainable solutions require an agrosystem approach

Scales

…

Region

Landscape

Farm field

Crop trial

Plants

Genes

Subjects and disciplines
● Agronomy
● Crop physiology/ecology
● Plant pathology
● Plant nutrition
● Crop breeding
● Crop functional genetics
● Crop bioinformatics
● Soil biology/chem./physics
● Soil microbiology
● Soil hydrology
● Agroecology
● Agrobiodiversity
● Remote sensing
● Modelling
● ...www.fairagro.net

Plant

SoilEnvironment

FAIRagro domain: scales, disciplines and data categories
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Agrosystems: Crop production, ecosystems and landscapes whose sustainable management and development are based 
on systems understanding of plant-soil-environment interactions, taking into account cross-scale processes and 
relationships
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Landscape

Farm field
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Plants
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Subjects and disciplines
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Plant

SoilEnvironment

Data categories

time-series

legacy data

Farming 4.0

omics data

sensitive data

geo data

…

→ Sustainable solutions require an agrosystem approach

FAIRagro domain: scales, disciplines and data categories



Heterogeneous data and standards

Data quality

Agrosystem research: current RDM challenges
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Agrosystem
Community

How can I best 
publish my data? 

Which measuring 
method was used 
for e.g. soil pH?

Am I allowed to publish my 
data, e.g. farmers survey?

Is the aerial photo 
I found restricted?

Can I trust 
the data?

Are the data e.g. 
yields plausible?

Is the dataset 
complete?

Where should I 
publish my data?

Where and how can I 
find e.g. soil data?

Legal questions

Can I trust 
the data?

Are the data e.g. 
yields plausible?

Is the dataset
complete?

Am I allowed to publish my 
data, e.g. farmers survey?

Is the aerial photo 
I found restricted?

How can I best 
publish my data? 

Which measuring 
method was used 
for e.g. soil pH?

ICASA



Heterogeneous landscape of data infrastructures

Heterogeneous data and standards

Data quality

Legal questions
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Heterogeneous landscape of data infrastructures

Heterogeneous data and standards

Data quality

Legal questions
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ICASA

research data management (RDM) 
was

unFAIR
& 

difficult

→ constraining required advances
in agrosystem research

Agrosystem research: current RDM challenges



The FAIRagro approach: Our use cases
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Flagship use cases on relevant sustainability problems
Use casesScales

BreedingUC1

AgronomyUC2

Pest & DiseasesUC3

Long-term experimentsUC4

Sensor systemsUC5

Integrated modelingUC6
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The FAIRagro approach:  Our databases
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Brizuela et al. 2024 doi:10.1515/jib-2024-0027

Core Databases for development
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Brizuela et al. 2024 doi:10.1515/jib-2024-0027

Core Databases for development
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FAIRAgro a mini cross discipline use case
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Basic Middleware concept
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Searching for Datasets
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Searching for Datasets
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Searching for Repositories



All good? Did we forget something ? 

• We can now find data with metadata and reuse it (Fa-R data)

• But what if we want to link data compute, machine learn on 
the data? 
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Brizuela et al. 2024 doi:10.1515/jib-2024-0027

Extended FAIRAgro Middleware
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NFDI always strives for integration
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FAIR Digital Objects: 
specification 

& infrastructure

FAIR Digital Objects: 
analysis

& workflows

Joint Developments & Standards



22
Brizuela et al. 2024 doi:10.1515/jib-2024-0027

Reminder: Metadata
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Metadata

• DC: DublinCore and other minimal metadata standards are a good start
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Metadata

• DC: DublinCore and other minimal metadata standards are a good start

• But tell us what you did, how you did it and what data do you have

Sc
iW

in
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Metadata

• DC: DublinCore and other minimal metadata standards are a good start

• But tell us what you did, how you did it and what data do you have

• Use Ontologies and systems that are standardized

Sc
iW

in



26Goble C (2024) doi:10.5281/zenodo.10710142

The Research Object Crate (ROCrate)

https://doi.org/10.5281/zenodo.10710142
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FAIR digital objects (FDO): The ARC RO-Crate profile



28ISATools … starting with Sansone et al. 2012 10.1038/ng.1054 

Use.Reuse.Recycle Be.FAIR
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Weil et al., 2023 doi 10.1111/tpj.16474 via Brizuela et al. 2024 doi:10.1515/jib-2024-0027

The DataPLANT ARC FDO concept

https://doi.org/10.1111/tpj.16474
https://doi.org/10.1111/tpj.16474
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https://arc-rdm.org/

FAIR digital objects (FDO): The ARC RO-Crate profile
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https://arc-rdm.org/

FAIR digital objects (FDO): The ARC RO-Crate profile
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https://arc-rdm.org/

FAIR digital objects (FDO): The ARC RO-Crate profile
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Getting Data FAIRer

BreedingUC1

AgronomyUC2

Pest & DiseasesUC3

Long-term experimentsUC4

Sensor systemsUC5

Integrated modelingUC6

UC Bridging DataPLANT and FAIRagro
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Thank you


