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Abstract
This paper presents selected aspects of a data platform to store agricultural data. It analyses the key user 
and system requirements for the data platform. The presented aspects were identified through a literature 
review, interviews and discussions with selected data experts and researchers and future users 
of the platform. The following issues of the data platform are discussed in the paper: architecture, data types, 
data source types, metadata, disciplinary interfaces, data sharing, data reusability, Open Science, FAIR data 
principles, and further data processing options. Part of the knowledge from this article was used in the design 
and implementation of the Institutional Data Repository called Data Management Platform (DaMP.) CZU 
(Czech University of Life Sciences Prague) (OPENAI, 2023).
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Introduction
With the advent of new technologies, it is possible 
to share data easily and at a reasonable cost 
over the Internet around the world. The sharing 
of data in machine-readable formats was kick-
started by the Open Data initiative (Stočes et al., 
2018) (Marešová et al., 2019), which primarily 
aimed at publishing public sector data. The 
current trend is the concept of Open Science. The 
idea that scientific research should be free for all 
was popularised by Robert King Merton in the 
early 1940s. Data produced by research should 
be freely shared for the common good. (Merton 
et al., 1942) Open science has the potential to make 
the scientific process more transparent, inclusive 
and democratic and is increasingly recognised 
as a critical accelerator for achieving 
the Sustainable Development Goals and a true game 
changer in bridging gaps in science, technology 
and innovation and fulfilling the human right 
to science (Tzanova, 2020), (UNESCO, 2013).

The data is stored and made available through 

so-called data repositories. The current trend is 
to link national, thematic and other repositories 
using metadata catalogues so that data can be 
retrieved from one place (Thoegersen and Borlund, 
2022). The issue of data sharing and repository 
creation, either at the national or scientific society 
level, is one of the European Commission's research 
and innovation strategies. This strategy is presented 
under the term European Open Science Cloud 
(EOSC) (Burgelman, 2021). In the Czech Republic, 
this issue is addressed by the project: the project 
for the creation of a modernised national large 
research e-infrastructure e-INFRA CZ, which is 
formed by a consortium of organisations CESNET, 
CERIT-SC and IT4Innovations.

In order to increase the reusability of scientific 
data, it is essential that the data is appropriately 
described with metadata and standardised. 
The FAIR Principles initiative addresses this 
issue. In 2016, "The FAIR Guiding Principles 
for Scientific Data Management and stewardship" 
was published in the journal Scientific Data 
(Wilkinson et al., 2016). The authors intended 
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to provide guidelines for improving  
the discoverability, accessibility, interoperability, 
and reuse of digital assets. The principles emphasise 
machine action (i.e., the ability of computational 
systems to find, access, interoperate, and reuse  
data with little or no human intervention)  
as people increasingly rely on computational  
support to work with data due to the increase  
in the volume complexity, and speed of data creation. 
This methodological toolkit presents how to publish 
data based on fifteen principles in four groups: 
Findability (to be Findable), Accessibility (to be 
Accessible), Interoperability (to be Interoperable)  
and Reusability (to be Reusable). The FAIR 
principles are also reflected by science and research 
funders such as Horizon Europe, TAČR and others 
(Prodan et al., 2022).

The advent of innovative techniques  
and technologies to acquire data in the field  
of biology has brought the problem of how  
to effectively handle the acquired data. 
Communities have started to emerge in different 
scientific disciplines to create standards, regulations  
and ontologies for data handling. An example is 
the MIAPPE community (Papoutsoglou et al., 
2020), which addresses the issue of data standards 
designed to harmonise data from plant phenotyping 
experiments. Other initiatives are addressing 
the issue of how to share data efficiently further. 
Examples include The Breeding API (BrAPI) 
project (Selby et al., 2019), an ontology-driven 
information system designed for plant phenotyping 
PHIS or the open-source ISA framework.

ISA's open-source framework and tools help  
to manage an increasingly diverse set of biological, 
environmental and biomedical experiments that use 
a single technology or combination of technologies. 
Built on the "Investigation" (project context), 
"Study" (unit of research), and "Assay" (analytical 
measurements) data models and serialisations 
(tabular, JSON, and RDF), the ISA framework 
helps you provide detailed descriptions of 
experimental metadata (i.e., sample characteristics, 
technologies and measurement types, relationships 
between samples and data) so that the resulting data  
and discoveries are reproducible and reusable 
(Sansone et al., 2012).

In Europe, the non-governmental ELIXIR (David 
et al., 2020) is the umbrella for activities dealing 
with bioscience data. ELIXIR brings together 
biological data resources, which include databases, 
software tools, training materials, cloud storage 
and supercomputers. The ELIXIR structure aims 
to coordinate these resources to form a single 
infrastructure. This infrastructure makes it easier 

for scientists to find and share data, exchange 
expertise, and agree on best practices. Ultimately, it 
will help them to gain new insights into how living 
organisms work.

Materials and methods
Building data repositories in organisations working 
with data reflects the current state of development 
in data management. Correct data management 
without tools to store and catalogue data is almost 
impossible. This paper presents selected aspects  
of data platforms.  The article's authors are actively 
involved in developing the CZU institutional 
repository called the Data Management Platform 
CZU (Czech University of Life Sciences) (DaMP.) 
In the following sections, selected aspects  
and requirements for a data platform used  
to store scientific and research data from the field 
of agriculture in general from the Life Sciences will 
be presented.

The procedure for the development of this paper 
was as follows. The selected aspects presented 
were developed based on a thorough literature 
search of current knowledge in the field of data 
storage and sharing. In the second step, extensive 
interviews were conducted with scientific lawyers 
in the field of data sciences. The results were then 
complemented by interviews with future platform 
users - life scientists.

The scientific community perceives the need  
to manage data in a way that enables its reuse. 
The problem is the theoretical requirements 
arising from FAIR principles on the one hand 
and theoretical models and standards based  
on disciplinary needs on the other. According  
to a survey (Godem et al., 2022), 46% of biologists 
do not know how to organise data to reuse it. 
The object of the project application is to fill  
the identified research and technology gap, using 
data from the field of agricultural research and rural 
development as an example, e.g. crop production, 
hydrology, economics, etc. Based on the findings, 
general conclusions valid for other scientific fields 
will be formulated.

Results and discussion
The current state of data management

In discussions with members of the different 
scientific teams, it became apparent that there 
is a notable diversity in the approaches each 
group employs for data storage. The variations 
in data storage methods are quite substantial, 
ranging from the conventional use of USB flash 
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drives to the utilisation of cloud drives and even  
the implementation of advanced and intricate storage 
systems. Each team has adopted a unique strategy 
tailored to their specific needs and preferences, 
showcasing the diverse landscape of data storage 
practices within the scientific community.

The following main issues were identified:

	- Insufficient or non-existent backup 
procedures were identified as a prevalent 
issue during discussions with scientific 
team members. This vulnerability could 
potentially lead to data loss, highlighting  
the critical need for robust backup 
mechanisms.

	- Another challenge raised was the inadequate 
description of data and the time-consuming 
nature of data retrieval processes. The lack 
of comprehensive data documentation 
could hinder efficient data management  
and retrieval, posing a significant obstacle  
to research progress.

	- Regarding data protection, concerns were 
expressed about suboptimal measures  
in place, exposing valuable data to potential 
risks. Strengthening data protection 
protocols emerged as a priority to safeguard 
against unauthorised access or loss  
of sensitive information.

	- Additionally, the difficulty encountered 
in sharing data with other scientific 
teams emerged as a noteworthy concern.  
The existing barriers to seamless data 
exchange underscored the importance 
of fostering improved collaboration  
and interoperability between research 
groups.

System architecture design

In the analysis of the system architecture, two 
key requirements were identified and defined: 
scalability and modularity. Scalability became  
a priority in view of future growth and increasing 
demands on the system. This requirement requires 
the system to scale efficiently and handle increased 
loads without loss of performance. The second 
important requirement is modularity, which 
emphasises a structured and hierarchical approach 
to system design. A modular architecture allows 
the separation of functionalities into separate 
and independent components, making it easier  
to maintain, extend and update the system. This 
feature also contributes to the system's overall 
flexibility, allowing adaptation to changes  
in requirements and technological environment. 
Meeting these two requirements together  
in architectural design is key to creating a robust 
and sustainable system capable of responding  
to current and future needs.

The main functional modules of the data platform 
were defined as data catalogues used for access  
to data. Database layer used to store heterogeneous 
data. Which are available through a single API 
(application programming interface) module.  
The management portal with the CMDB 
(Configuration management database) field 
controls data access through the catalogue  
and the interface, describing and configuring 
data sources and describing data collections  
with metadata. The MQQT broker is an entry point 
for messages sent by sensors and IoT devices.  
The modules and data flows of the proposed 
solution are presented in Figure 1.

Source: author
Figure 1: Data platform - modules and data flow.
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Data sharing

Based on a survey of users (data owners), a key need 
emerged to enable effective information sharing 
between different scientific teams. This requirement 
reflects the urgent interest in creating a mechanism 
to facilitate seamless data exchange between 
teams, thereby promoting mutual collaboration 
and synergy in research.

Given the diversity of scientific projects 
and the specialisms of the different teams, 
it proved crucial to ensure that the system allows 
flexible and secure sharing of data resources. 
In this way, scientific groups could enrich 
each other's knowledge and results, ultimately 
contributing to synergetic progress in scientific 
research.

Moreover, the emphasis on this need also reflects 
the importance of communication interfaces 
and standards that would allow interoperability 
between the different data systems used 
by the different teams. This would ensure that data 
sharing takes place efficiently and without loss 
of information value, although individual teams 
may work with various data formats and structures.

In response to the identified need for efficient 
data sharing between scientific teams, a solution 
was proposed that uses the principles of Findable, 
Accessible, Interoperable and Reusable (FAIR). 
This approach provides a framework for ensuring 
data findability, accessibility, interoperability, 
and reusability. Implementing FAIR principles 
ensures that data are systematically structured 
and described to make them easily locatable, 
accessible, and compatible with different systems.
(Figure 2)

Source: Kalendralis at al.
Figure 2: Schematic representation and description of the FAIR 

data principles..

Another key element of this solution is the use 
of a Digital Object Identifier (DOI), which is 
a standardised identifier that uniquely identifies 
a digital object, in this case, data. The DOI provides 
a unique and persistent reference to the data, 
increasing its citability and continued availability. 
This combination of FAIR principles and the DOI 
identifier thus strengthens the integrity, reliability 
and sustainability of data-sharing processes 
between scientific teams.

Standards for data harmonisation

Scientific information data harmonisation tools 
and frameworks are key in addressing several 
important data management challenges. One 
of the main challenges is the diversity of data 
formats and structures, which can complicate 
interoperability and information exchange 
between different scientific projects. These 
frameworks facilitate standardisation, providing 
a unified approach to defining schemas 
and metadata, eliminating differences 
and facilitating compatibility between different 
datasets. Another major problem that these tools 
address is the lack of a unified approach to data 
description and metadata. Metadata standards help 
to create a consistent and structured description 
of data, which simplifies the processes of finding, 
interpreting and managing information. This 
increases the transparency of scientific data 
and facilitates knowledge sharing among scientific 
communities. These frameworks and tools support 
a systematic and consistent approach to scientific 
data management, contributing to more efficient 
information exchange, reliable data analysis 
and overall higher-quality scientific research. 
The area of plant phenotyping was selected 
for further analyses in the area of data 
harmonization. Based on the analysis of the issue 
and interviews with plant scientists to further 
evaluate the MIAPPE and BrAPI data 
harmonisation guidelines and standards.

The following figure shows the connection scheme 
of the BrAPI module to the data platform modules 
(Figure 3).
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Source: author
Figure 3: Diagram of a possible connection between the data platform and BrAPI. 

Conclusion
The following requirements for the Data Platform 
can be defined from the results. As the data is 
acquired, it will be stored. This will create 
the so-called Row data, and then the processed 
data will be stored. This implies that the Data 
Platform "does not need to understand the data". 

The platform development should be based 
on pilots' different data sources with data of different 
natures. The core data types from the agricultural 
domain are: 

- Location data - GIS data
- Sensor data - time series
- Tabular data - e.g. csv format
- Data stored in the field interface
- Photographs, video recordings

Key types of data sources include

- IoT - data from IoT sensor networks
- REST-based interfaces
- Cloud-based file systems - primarily

for initialising data retrieval.
The system for describing data with metadata 
needs to be made generic so that it is extensible 
and mappable to different data consumers 
in the future. The form of the metadata itself 
must allow the use of different data formats such 
as XML (Extensible Markup Language), JSON 
(JavaScript Object Notation) or YAML (Ain't 
Markup Language).

Other aspects, such as platform security, data 
backup and archiving, and API access to data, will 
be addressed in follow-up studies.

The aspects discussed in this article are mainly 
focused on scientific data from the field 
of agriculture - generally life sciences. However, 
similar principles can be implemented when 
analysing the requirements for a data platform 
for agricultural enterprises.  
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