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Sustainable crop production: challenges and targets

Key challenges

Nitrogen surplus

Food nutrition security
Climate Change
Biodiversity loss

Natural resources degradation

Environmental pollution

De Vries (2021)

Targets for 2030 (EU F2F Strategy)
Reduce use of chemical pesticides by 50%

Glyphosate application rates

Maggi et al. (2019)

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

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

Decline in insect biomass

£ FAIRagro
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FAIRagro domain: scales, disciplines and data categories !'=nf’ FAIRagro

- Sustainable solutions require an agrosystem approach

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

Scales

Landscape

Farm field

Crop trial

www.fairagro.net 3



FAIRagro domain: scales, disciplines and data categories FAIRagro

- Sustainable solutions require an agrosystem approach

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

Scales Subjects and disciplines

Landscape

Farm field

bz Crop trial Environment

® .,

www.fairagro.net

® 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
o ..




FAIRagro domain: scales, disciplines and data categories FAIRagro

- Sustainable solutions require an agrosystem approach

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

Scales B Subjects and disciplines Data categories

H
il y
time-series geo data

Landscape

7, oo

Farm field
Farming 4.0 sensitive data

N\
B #

legacy data omics data

Crop trial

Environment

www.fairagro.net




FAIRagro

Agrosystem research: current RDM challenges

Where and how can |

Where should |
find e.g. soil data?

publish my data?

Which measuring (Heterogeneous data and standards

How can | best
method was used

publish my data? EEN-TEEVETT
Communit for e.g. soil pH? g
Y } casa @ DataCite  (7)miappe
0e08
Can I trust
Is the dataset '." the data? ( Data quality
complete?
CORE
Are the data e.g. @ @ }3'}25};

. L
Am | allowed to publish my yields plausible: )
Legal questions

data, e.g. farmers survey?
Is the aerial photo
| found restricted? § @ @ @

www.fairagro.net




Agrosystem research: current RDM challenges FAIRagro

Where should | Where and how can|
publish my data? find e.g. soil data?

(Heterogeneous landscape of data infrastructures

ot T Cenl-e [or

s edapho R
OPQAQ\AR &e!DF"‘ 'bapse PUBLI‘S’S'&???" BONARES

How can | best Which measuring

publish my data? [TV method was used (Heterogeneous data and standards

Community for e.g. soil pH? g ]
} IcASA (@ DataCite @mlappe
n‘ﬁ’
0e08
Can | trust
Is the dataset '." the data? ( Data quality
complete?

Are the data e.g. @ @ v 33 fz

?
Am | allowed to publish my yields plausible:

data, e.g. farmers survey? Legal questions
Is the aerial photo

| found restricted? § @ @ @
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Agrosystem research: current RDM challenges i

'FAIRagro

(Heterogeneous landscape of data infrastructures

o) edapho r
QA{Q\R ‘R\%e!DFIL .'.'bapse PUBLISSO
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research data management (RDM)
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The FAIRagro approach: Our use cases s | FAIRagro

Flagship use cases on relevant sustainability problems

Scales Use cases

@ Integrated modeling
Agronomy

Landscape

@ Long-term experiments

Pest & Diseases

@ Sensor systems

Farm field

Crop trial

Breeding

www.fairagro.net 9




Bodenzustandserhebung Landwirtschaft
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The FAIRagro approach: Our databases

. FAIRagro
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Core Databases for development

d

£ FAIRagro

Table 1: Summary of main characteristics of FAIRagro’s core research data infrastructures: e!DAL-PGP, BonaRes repository, OpenAgrar,
PUBLISSO and Thiinen Atlas. License explanation: PD = public domain, BY = open to use but cite as source, NC = open for
noncommercial use when citing as source; access explanation: OA = open access, Req = data only available upon request.

Evaluated aspects e!DAL-PGP[18,19] BonaRes repository [20,21] OpenAgrar [22] PUBLISSO [23] Thiinen Atlas [24]
Data domain Genomic and Soil, agriculture, Agriculture Life science Agriculture,
phenomic ecology and forestry, fisheries,
geodata rural studies
Persistent DOI [25] DOI [25] DOI [25] DOI [25] -
identifier
Metadata DC [26] DC [26], INSPIRE DC [26], MODS DC [26], MODS DC [26], INSPIRE
standards [27], DataCite [28] [29] [29] [27], DIF [30]
Metadata Schema.org Schema.org Schema.org JSON-LD JSON, XML
serialization (JSON-LD) [17], (JSON-LD) [17] (JSON-LD) [17]
format Bioschemas
(JSON-LD) [31]
AFI type OAI-PMH [32] 0GC[33] REST [34], REST [34], REST [34],
OAI-PMH [32] OAI-PMH [32] OAI-PMH [32],
0GC[33]
Technologies elDAL [35] smart.finder SDI, MyCore [37] to.science [38] GeoNode [39],
map.apps [36] GeoServer [40]
License PD, BY, NC BY BY BY PD, BY, NC
Access OA 0A, Reqg OA, Req OA, Req 0A, Req

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

d

£ FAIRagro

Table 1: Summary of main characteristics of FAIRagro’s core research data infrastructures: e!DAL-PGP, BonaRes repository, OpenAgrar,
PUBLISSO and Thiinen Atlas. License explanation: PD = public domain, BY = open to use but cite as source, NC = open for
noncommercial use when citing as source; access explanation: OA = open access, Req = data only available upon request.

Evaluated aspects e!DAL-PGP[18,19] BonaRes repository [20,21] OpenAgrar [22] PUBLISSO [23] Thiinen Atlas [24]
Data domain Genomic and Soil, agriculture, Agriculture Life science Agriculture,
phenomic ecology and forestry, fisheries,
geodata rural studies
Persistent DOI [25] DOI [25] DOI [25] DOI [25] -
identifier
Metadata DC[26] DC [26], INSPIRE DC [26], MODS DC [26], MODS DC [26], INSPIRE
standards [27], DataCite [28] [29] [29] [27], DIF [30]
Metadata Schema.org Schema.org Schema.org JSON-LD JSON, XML
serialization (JSON-LD) [17], (JSON-LD) [17] (JSON-LD) [17]
format Bioschemas
(JSON-LD) [31]
AFI type OAI-PMH [32] 0GC[33] REST [34], REST [34], REST [34],
OAI-PMH [32] OAI-PMH [32] OAI-PMH [32],
OGC [33]
Technologies elDAL [35] smart.finder SDI, MyCore [37] to.science [38] GeoNode [39],
map.apps [36] GeoServer [40]
License PD, BY, NC BY BY BY PD, BY, NC
Access OA 0A, Reqg OA, Req OA, Req 0A, Req

Brizuela et al. 2024 doi:10.1515/jib-2024-0027
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FAIRAgro a mini cross discipline use case

NFDI4Microbiota

NFDI4Immuno

NFDI4Health
NFDI4BIOIMAGE
NFDI4Biodiversity
GHGA

FAIRagro
DataPLANT

DAPHNE4NFDI
FAIRmat

MaRDI
NFDI4Chem
NFDI4Earth
PUNCH4NFDI

NFDI-MatWerk
NFl4Cat
NFDI4DataScienc

NFDI4Energy

NFDI4Ing

» MNationale
Forschungsdaten
Infrastruktur
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Basic Middleware concept

sh

sitemap

RDI (Web)

Discovery Service

sitema

)

sifema

)

Landing
pages

REST API
endpoints

RDI (API)

PULL: Extract or query Siemap and Meladata in RDI native
JSON represantalion and format

docker

* Harvester
>

r\l

JSON

extract from
Lamding page

rLI

JSON

REST call result

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

E1FAIRagro 1

schemaorg schema.ong

=) r,@}

sehama.org

@

Middleware

(GitHub Repaository)

json-id

PUSH: Create JSON-LD dumps of the whole data stock of
every ROl and save it In & singhs repository

£ FAIRagro

Legend

Research Data
@ Infrastructure (RDI)

D Interface
::> Data Flow

[ FaiRagro

Search and
Inventory Portal

E (Dataverse)

FAlRagro Search and Inventory Portal

PULL; harvest JSON-LD dumps to ingest into




'FAIRagro

Searching for Datasets

Search

Use search terms, filters and sorting to narrow down your search. If you need help creating your search query, please visit our Guide to searching, filtering and sorting.

L"_i‘ FAIRagro

Search and

Inventory Portal Begin your search Open query builder >
(Datavel'se) Currently 1,817 datasets to explore.

Q) nitrate [ ) m Reset

> Search syntax explanation

Showing 28 results Sortby v 10 results per page

0ECEES bonares-be50451c-al1da-421f-abf0-55ebfbead400

Cover Crop Derived Microbial Biomass N - Nitrogen uptake from different soil depths by maize at growth stage
BBCH33 as derived from labeling with 15N-ammonium and 15N-nitrate in the year 2021

Cover Crop Derived Microbial Biomass N - Nitrogen uptake from different soil depths by maize at growth stage BBCH33 as derived from labeling with 15N-
ammonium and 15N-nitrate in the year 2021.

Research data infrastructure: BonaRes Repository View

0ECEES bonares-5d3cb74d-8c2d-44c0-a02e-4ad2f76chdef

Cover Crop Derived Microbial Biomass N - Nitrogen uptake from different soil depths by maize at growth stage
BBCHS50 as derived from labeling with 15N-ammonium and 15N-nitrate in the year 2021

Cover Crop Derived Microbial Biomass N - Nitrogen uptake from different soil depths by maize at growth stage BBCH50 as derived from labeling with 15N-
ammeonium and 15N-nitrate in the year 2021.

Research data infrastructure: BonaRes Repository View
15



Searching for Datasets 'FAIRagro
Search B soresbesstcand 21t seeaton

'l_g FAIRaZTo Cover Crop Derived Microbial Biomass N - Nitrogen uptake from different
x soil depths by maize at growth stage BBCH33 as derived from labeling
Search and with 15N-ammonium and 15N-nitrate in the year 2021

lnventory Portal Begin your SearCh Share Access dataset metadata
(Datavel'se) Currently 1,817 datasets to explore.
Q) nitrate

> Search syntax explanation

Use search terms, filters and sorting to narrow down your se

General information

Basic information Details

Description
Cover Crop Derived Microbial Biomass N - Nitrogen uptake from different sail depths by maize at growth stage BBCH33 as derived from labeling with 15N-

- ammonium and 15N-nitrate in the year 2021.

Dataset source

Source:
BonaRes Repository 2

Showing 28 results Dataset link:
htips://maps.bonares.de/mapapps/resources/apps/bonares/index.html?lang=en&mid=be50451c-a1da-421f-abf0-55ebfbead400

(Loaded Jun 17, 2025, 11:29)
0ECEES bonares-be50451c-al1da-421f-abf0-55ebfbead400

Cover Crop Derived Microbial Biomass | Additional metadata
BBCH33 as derived from labeling with 1

Geographic information

Cover Crop Derived Microbial Biomass N - Nitrogen uptak

ammonium and 15N-nitrate in the year 2021. Geographic bounding box #1 @

Research data infrastructure: BonaRes Repository Bounding box western longitude @ 9.995111
Bounding box eastern longitude @ 9.996946
Bounding box northern latitude @ 54.312613

0ECEES bonares-5d3cb74d-8c2d-44c0-a02e-4ad2f76chdef
Bounding box southern latitude @ 54.311173

Cover Crop Derived Microbial Biomass | S ——" S -
BBCHS50 as derived from labeling with 15N-ammonium and 15N-nitrate in the year 2021

Cover Crop Derived Microbial Biomass N - Nitrogen uptake from different soil depths by maize at growth stage BBCH50 as derived from labeling with 15N-
ammeonium and 15N-nitrate in the year 2021.

Research data infrastructure: BonaRes Repository View

16



Searching for Repositories . FAIRagro

BETA E] () Search Explore by research data infrastructure ~

=
|21 FAIRagro

Animal sciences

SearCh and o Atmosphere and more
Inventory Portal - Biology
(Dataverse) BonaR _
Agricultural sciences
Share Access repository metadata ~
Biosphere
climate change r
C h
General “veserer
Datasets
Basic informati Dublette
Earth and Atmospheric Sciences
Descrip‘tio Environmental sciences
The BonaRes | Evolution iblishes soil and agricultural research data from research projects, agricultural long-term field experiments and soil
profiles which Food safety ilysis of changes of soil and soil functions over the long term. Research data are described by the metadata following
the BonaRes {bonares-5pgg-8yrp) which combines international recognized standards for the description of geospatial data
(INSPIRE Dire¢ Forestry 1 4.0). Metadata includes AGROVOC keywords. Within the BonaRes Repository research data is provided for free reuse
underthe CCL  genetics advanced text and map search via a number of criteria.
Genomics F
. Geodata
Contribt
Geosciences
Geosphere
Author Author Author
Ilalmals = & H}rd[[ﬂogy - I milnmiom Mmmbes fme A melmoildmm ] | oo ol oo I milmio Mimmbes fne A melmsildiimnl | omom ol o omomom
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All good? Did we forget something ? FAIRagro

« 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?

18
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Extended FAIRAgro Middleware 'FAIRagro

[Datae
)(\PLAR-‘T DataHUB

\
\

Nromace DataHUB

y
/

‘ RDI I/RDI\ RDI I
e.g. eDAL-PGP e.g. BonaRes e.9.0penAgrar X\

y

1FAIRagro

Search and

Inviantan: Dartal

local terms
J S J FAIRagro
variables...) 7
b, : I Middleware
AV & (ARC-based DataHUB)
global
unique
names @\30“
es®

Infrastructure
(SciWin)

Va v A

Investigation Study / Assay Observed
(Processes) Variables

N J
Y
ISA + (CWL)
Registering of new datasets or versions Executing defined CI/CD processes
A triggers commit to middleware (PUSH) . (UnitTest) & creating new version

B Recursive Harvesting routine execute
commit for existing datasets (PULL) ——

R h Data - .
Brizuela et al. 2024 doi:10.1515/jib-2024-0027 Legend [ ettt on)y == DataFlow [ FARDigial Objects [ Metadata 19




. . . %]
NFDI always strives for integration =3 FAIRagro
NFDI4Microbiota
NFDI4lmmuno
NFDI4Health DAPHNE4NFDI

NFDI4BIOIMAGE = 2 = FAIRmat
NFDI4Biodiversity ‘ MaRDI

GHGA NFDI4Chem
FAIRagro NFDI4Earth
DataPLANT PUNCH4NFDI

NFDI-MatWerk
NFl4Cat

NFDIl4DataScience

NFDI4Energy

NFDI4Ing

e Nationale
Forschungsdaten
Infrastruktur

NFDIxCS

20




'FAIRagro

=
.Iln

Joint Developments & Standards

FAIR Digital Objects:
specification
& infrastructure

JEEN.-

i
o

FAIR Digital Objects:
analysis
& workflows

H:
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Reminder: Metadata

d

£ FAIRagro

Table 1: Summary of main characteristics of FAIRagro’s core research data infrastructures: e!DAL-PGP, BonaRes repository, OpenAgrar,
PUBLISSO and Thiinen Atlas. License explanation: PD = public domain, BY = open to use but cite as source, NC = open for
noncommercial use when citing as source; access explanation: OA = open access, Req = data only available upon request.

Evaluated aspects e!DAL-PGP[18,19] BonaRes repository [20,21] OpenAgrar [22] PUBLISSO [23] Thiinen Atlas [24]
Data domain Genomic and Soil, agriculture, Agriculture Life science Agriculture,
phenomic ecology and forestry, fisheries,
geodata rural studies
Persistent DOI [25] DOI [25] DOI [25] DOI [25] -
identifier
Metadata DC [26] DC [26], INSPIRE DC [26], MODS DC [26], MODS DC [26], INSPIRE
standards [27], DataCite [28] [29] [29] [27], DIF [30]
Metadata Schema.org Schema.org Schema.org JSON-LD JSON, XML
serialization (JSON-LD) [17], (JSON-LD) [17] (JSON-LD) [17]
format Bioschemas
(JSON-LD) [31]
AFI type OAI-PMH [32] 0GC[33] REST [34], REST [34], REST [34],
OAI-PMH [32] OAI-PMH [32] OAI-PMH [32],
0GC[33]
Technologies elDAL [35] smart.finder SDI, MyCore [37] to.science [38] GeoNode [39],
map.apps [36] GeoServer [40]
License PD, BY, NC BY BY BY PD, BY, NC
Access OA 0A, Reqg OA, Req OA, Req 0A, Req

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

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

23




Metadata FAIRagro

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

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

Search

24




Metadata FAIRagro

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

NNNNNNN

DAPHNESNFDI

* Buttell us what you did, how you did it and what data do you_have

D IMAGE
NFDMBoSvernsity

« Use Ontologies and systems that are standardized

AW roncs

Search

25




The Research Object Crate (ROCrate) ”.-"i' FAIRagro

%% e,% O

l \1 [ \ ’i L\ Integrated
— | - ,
SOPs Workflows Sth\jNo;e Article view

- -
.
-W
’,:J.,'Z«T
X
- 4
L.
<
)

Describe package
and parts

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



https://doi.org/10.5281/zenodo.10710142

FAIR digital objects (FDO): The ARC RO-Crate profile IE FAIRagro
Da@><PLANT

Data

Digital Object

EBI: MetaboLights

Metadata

Protocols and
Operations
specialized endpoints
Persistent
or Identifiers
E| Google
Collect Open.
dataset search
Preserve =
L Dataverse“g)
ISA::sample / BioSample
INVENIO) ISA::study
data publication
{JSON-LD}

Dataset

ISA::assay

CWlL::Job
CWL::workflow

Dataset
- MediaObject

. MediaObject

N\

ISA::Parameter[xxx]

L

Leo

ISA::Parameter[yyy]

ISA::Parameter[zzz]
27




Use.Reuse.Recycle Be.FAIR . FAIRagro

B isatools & Software Suite ~ # Model and Formats # Blog & Support User Community and Publications

The open source ISA framework and tools help to manage an increasingly diverse set of life science, environmental and
biomedical experiments that employing one or a combination of technologies.

Built around the 'Investigation’ (the project context), 'Study’ (a unit of research) and 'Assay’ (analytical measurement) data
model and serializations (tabular, JSON and RDF), the ISA framework helps you to provide rich description of the
experimental metadata (i.e. sample characteristics, technology and measurement types, sample-to-data relationships) so
that the resulting data and discoveries are reproducible and reusable.

/ Collect and curate, following Store and browse, locally or f Submit to public repositories
B standards publicly When required, reformat
Describe the experimental steps Create your own repository to experiments for submission to
using community-defined search and browse the supported public repositories or
minimum reporting experimental description and directly export to those already
requirements and ontologies, associated data, hosted openly using ISA formats.
where possible. or privately.
~ Analyse with existing tools Release, reason and nanopublish R Publish data alongside your
v Upload experimental .f.i' Explore and reason aver your I article
descriptions and associated data experiments, open them to the Directly export your experiments
to a growing number of well- linked data universe, or publish to a new generation of data
known analysis systems that ISA nano-statements of your journals that are accepting
formats connect with. discoveries. submissions in ISA formats.
ISATools ... starting with Sansone et al. 2012 10.1038/ng.1054 28
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