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Abstract
The growing digitalisation of agriculture is leading to a rapid increase in the volume of data produced  
by agricultural enterprises; however, its practical use is often limited by fragmented data sources, varying 
data quality, insufficient metadata, and inconsistent storage and management practices. The aim of this 
article is to propose a practical framework for the systematic management of data in agricultural enterprises 
to support its long-term availability, reuse, and integration into decision-making processes. The proposed 
approach is based on four interlinked steps: identifying data needs and issues, creating and recording a data 
inventory, drawing up a Data Management Plan (DMP), and implementing it in practice. The framework 
links technical aspects of data management – such as data formats, metadata, quality, integrity, security, 
backup and archiving – with the definition of responsibilities for individual staff members and farm 
(agricultural enterprise) management. For practical implementation, two basic approaches to data storage are 
distinguished: file systems and data platforms or repositories. The more advanced platform-based approach 
enables the centralisation of heterogeneous data sources, the automation of their transfer and processing,  
and subsequently the integration of the acquired data with analytical tools and decision-support systems.  
The proposed framework thus represents a path from the isolated collection of operational data to its 
systematic management and utilisation as a long-term information source for both operational and strategic 
decision-making within an agricultural enterprise.
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Introduction 
The digitalisation of agriculture is leading  
to a rapid increase in the volume of data 
generated during routine operational, production  
and administrative processes. Data is generated 
by agricultural machinery, sensors, information 
systems, agricultural enterprise staff and external 
organisations. Its importance is growing further 
with the development of precision farming, 
automation, Business Intelligence (BI), Decision 
Support Systems (DSS) and artificial intelligence 
methods. The main sources of data for agricultural 
enterprises are the enterprises themselves (internal 

data), technology suppliers, public administration, 
the market environment and research organisations. 
The growing availability of these sources creates 
significant potential for data-driven decision-
making (Oral et al., 2023), whilst also placing high 
demands on systematic data management.

However, the sheer volume of available data 
does not automatically guarantee its practical 
usability. Previous research shows that a significant 
proportion of agricultural data remains in formats 
unsuitable for subsequent analytical processing. 
Records often remain isolated in separate  
applications, on local personal computers  
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or in suppliers’ accounts. Retrieving data then 
depends on a specific employee's personal 
knowledge, and linking data requires repeated 
exports and manual adjustments. The most common 
problems include low consistency, incompleteness, 
a lack of context and metadata (Stočes et al., 2018), 
or errors arising from manual entry. Operational 
and analytical uses of data, however, have different 
requirements: whilst incomplete data may suffice 
for immediate machine control or operational 
intervention, a lack of context is a major obstacle  
for long-term evaluation, prediction and comparison 
of production cycles. Without precise knowledge  
of the location, time, sensors used and data 
acquisition methodology, it is not possible  
to reliably compare individual production periods.

Metadata is a key element in preserving the meaning 
and traceability of data. (Michener et al., 1997) 
Metadata describes the original source, structure, 
format, temporal and spatial coverage, and currency 
of the data, and supports their correct interpretation 
and integration across different information 
systems. In an agricultural context, metadata 
includes, for example, geographical location, 
time of collection, equipment identification, 
meteorological conditions, and information on soil 
and crops. Data that is inadequately described loses 
its informational value over time, and its further 
processing becomes unfeasible (Šimek et al., 2013).

Another significant problem is fragmented storage 
and limited interoperability. Data formats that 
are dependent on the original software mean that  
a file that has been technically preserved may not 
be practically usable in the future (proprietary 
data format). Another potential problem is that 
the data is owned by the service provider. In this 
context, the FAIR principles (Findable, Accessible, 
Interoperable, Reusable) (Kumar et. al., 2024) 
provide a relevant general framework not only  
for scientific data but also for the business 
environment of agricultural organisations.

This paper builds directly on the authors' previous 
research. The study “Information sources  
in agriculture” (Jarolímek et al., 2024) identified  
the main sources of agricultural data  
and highlighted the importance of a Data 
Management Plan (DMP) (Michener, 2015).
for their effective and secure management.
The follow-up study, “Agriculture Data 
Platform – Institutional Data Repository  
– Selected Aspects” (Stočes et al., 2023), focused 
on the technological requirements of a data 
platform, including repository architecture, 
data types, metadata, sharing, interoperability  

and the FAIR principles. The results show that  
the organisational and technological aspects of data 
management are closely interrelated.

The aim of this article is to propose a comprehensive 
and practical methodological framework  
for the systematic management of data  
in agricultural enterprises, integrating  
the identification of data sources, their recording, 
the creation of a Data Management Plan,  
and its subsequent implementation. The framework 
covers the entire data lifecycle, from acquisition 
and storage through to analytical processing  
and use for both operational and strategic decision-
making within the enterprise, whilst assessing two 
basic options for technological implementation:  
an organised file system and a data platform.

Materials and methods
The framework was based on the methodology 
“Data management in the agricultural sector” 
(Stočes et al., 2026) and on related analyses  
of agricultural information sources. These 
materials are the result of long-term collaboration 
and structured interviews with representatives 
of agricultural, forestry and food businesses, 
technology suppliers and public administration 
bodies. The results of the authors’ previous research, 
focusing on the architecture of data repositories 
and institutional data platforms, were also utilised. 
To design the framework, the available data sets, 
methods of their storage and the practical needs  
of business management were analytically 
assessed. Legal and contractual frameworks 
governing the protection, access and use of data 
were also considered, in particular the General 
Data Protection Regulation (GDPR) (European 
Parliament and Council of the European Union, 
2016). and the European Data Act (European 
Parliament and Council of the European Union, 
2023).

The methodological approach combined content 
analysis, qualitative comparison and design 
synthesis. Content analysis was used to identify 
and categorise data management requirements 
across the phases of the data life cycle: acquisition, 
description, storage, protection, and processing.  
For each requirement, the operational problem 
being addressed and a verifiable output were 
defined (e.g. assigning a metadata record to missing 
context, or a requirement for verifiable export  
to avoid dependence on a supplier).

The proposed synthesis subsequently integrates 
the identified requirements into a comprehensive 
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four-step methodological framework for data 
management: Identification of data needs  
and issues – assessment of data origin, traceability 
and portability. Data registration and inventory 
creation – compilation of a structured overview  
of datasets, their location, formats  
and responsibilities. Preparation of a Data 
Management Plan – formalisation of rules  
for description, storage, backup, archiving, access 
and ethical and legal aspects. Implementation  
and roll-out – application of DMP rules in day-to-
day practice, setting up processes and staff training.

The FAIR principles (Findable, Accessible, 
Interoperable, Reusable) have been integrated  
into the methodological framework.

The qualitative comparison assessed two 
basic architectural options for data storage  
and management: a controlled file system  
and a data platform or repository.  
The evaluation criteria included data organisation, 
metadata management, processing automation, 
interoperability, traceability of changes, security 
and overall operational complexity (Lin et al., 
2020).

Metadata requirements were assessed according  
to their ability to ensure long-term traceability, 
correct interpretation and repeated processing  
of data without reliance on the creator’s personal 
memory. The basic scope of a dataset description 
includes the dataset identifier, source, custodian, 
purpose of use, and temporal and spatial boundaries. 
At the attribute level, the framework requires  
the development of a data dictionary that defines 
the meaning of items, units of measurement, 
code lists, known sensor calibration conditions,  
and the method for recording missing or estimated 
values.

Drawing on the data governance roles discussed 
by Abraham et al. (2019), the procedure adapts 
this framework into four basic organisational 
roles to support operational discipline and enable 
staff to cover one another’s responsibilities.  
To ensure operational discipline and substitutability, 
the procedure defines four basic organisational 
roles: Originator: creates the primary record  
and provides details of the circumstances of its 
creation. Administrator: checks the structure, 
quality, storage and documentation of the dataset. 
User: assesses the suitability of the source data 
for a specific decision-making task. Company 
management: provides the necessary resources, 
approves the DMP rules and contractual terms.

The continuity of processing was assessed 

through the controlled separation of three data 
layers: Raw data layer: represents data in its as-is  
or unmodified form from devices, applications  
or external services. Cleansed data layer: includes  
the results of data cleansing, the removal 
of duplicates, the harmonisation of units  
of measurement and the standardisation  
of identifiers. Analytical layer: contains aggregated 
datasets, spatial layers, calculated indicators  
and data for visualisation in analytical and decision-
making tools (e.g. Microsoft Excel, Power BI, 
QGIS, R, Python, Grafana) (Grafana Labs, 2024; 
Negi et al., 2025).

A key validation criterion was the ability  
to unambiguously link the derived analytical 
output to a specific version of the input data  
and the calculation method used. Routine 
transformations and data cleansing must not 
overwrite the original records, whilst the retention 
of both the originals and the processed datasets is 
subject to specified retention rules and disposal 
periods.

This work is of a conceptual and design nature.  
The result is a methodological data management 
model adaptable to the technical, personnel and 
economic capabilities of a specific agricultural 
enterprise. As part of the assessment, a model 
data process was created, linking both automated 
(e.g. IoT data sources) and manual data collection, 
through the storage of primary data, to analytical 
models and support for both operational  
and strategic management decision-making.

The internal consistency of the proposal was 
assessed based on the logical sequence of individual 
steps – from the identification and recording  
of sources, through metadata description and secure 
storage, to the final analytical reports. Economic 
return on investment and direct operational benefits 
were not empirically measured at this stage  
and represent a direction for follow-up research  
in the real-world operations of agricultural 
enterprises. Saiz-Rubio and Rovira-Más, 2020).

Results and discussion
Classification of sources and data formats

The data overview for an agricultural holding 
distinguishes between three main categories 
of sources: agricultural enterprise data  
e.g. operational records, agrotechnical operations, 
sensor measurements, financial and economic data, 
public sources e.g. LPIS (Land Parcel Identification 
System), land registry, meteorological data,  
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and open statistical data) and external non-public 
sources (paid consultancy services, supplier 
databases, measurements from contracted 
machinery).

The origin of the data, access regime and technical 
format are distinct characteristics. The choice 
of format has a significant impact on portability. 
Open formats with publicly available specifications 
protect against dependence on specific software, 
whilst proprietary formats require licences or 
conversion tools. (Falcão et al., 2023).

Data representations and requirements for their 
preservation

In practice, the condition for further processing 
means that it is not enough simply to store data 
physically on a disk; it is also necessary to attach 
a basic technical and content-related description 
(metadata) to it, without which the file will lose 
its meaning over time. If this condition is not met,  
the file remains technically preserved but is 
practically unusable for analysis. Put simply, this 
is a minimum set of instructions that enables both 
humans and software tools to correctly retrieve  
and accurately interpret the data in the future.  
Table 1 provides an overview of the most common 
data representations found on agricultural holdings, 
together with their typical uses and specific 
conditions for further processing (Nurseitov et al., 
2009; Butler et al., 2016).

Practical implementation of the framework:

	- Identification and registration of data 
sources: The organisation shall compile  
a register of all available datasets. For each 
dataset, the source, format, location, intended 
use, historical scope and dependence  
on an external supplier shall be recorded.  
The register will reliably identify duplicates 
and gaps in coverage. 

	- Creation and updating of the Data 
Management Plan: The DMP formalises 
file-naming conventions, object identifiers  
(e.g., unique land parcel code), data 
dictionaries, backup rules, retention periods, 
and contingency procedures in the event  
of a supplier service outage.

	- Defining organisational roles  
and responsibilities: Effective governance 
requires a clear division of responsibilities:

	◦ Data originator: Responsible  
for the initial collection of the record and 
for providing details of the circumstances 
of its creation (e.g. machine operator, 
agronomist).

	◦ Data manager: Checks the structure,  
validity and completeness  
of the metadata description  
and the storage of the dataset.

Data Format Typical Uses Conditions for further processing

CSV Spreadsheet exports, sensor logs, time 
series

Describe the delimiter, character encoding (UTF-8), 
units of measurement and column data types.

XLSX, ODS Spreadsheet records, operational 
calculations and working analyses

Carefully separate the input data from the formulas; 
describe the structure of the worksheets and the meaning 
of the data cells.

GeoPackage, GeoTIFF Vector (block boundaries) and raster 
(yield maps, orthophotos) spatial data

Keep the reference coordinate system (CRS,  
e.g. S-JTSK, WGS84), extent and resolution.

JSON, XML Structured exchange of records between 
systems, e.g. REST API

Keep the data schema (XSD/JSON Schema),  
the meanings of the attributes and the interface version 
number.

Proprietary formats Exports of machine terminals  
and specialised software

To provide technical documentation, a verified 
conversion to an open format and access to the original 
application.

Image formats  
and images (JPEG, PNG, 
TIFF)

Photographic documentation  
of vegetation, images from unmanned 
aerial vehicles (UAVs), sensors, remote 
sensing data

Retain EXIF metadata, GPS location, capture time, 
spectral bands, resolution and sensor calibration.

IoT data streams and time 
series (Parquet, InfluxDB, 
MQTT)

Continuous monitoring  
of the microclimate, soil moisture  
and stable operations

Define the sampling frequency, calibration curves, UTC 
timestamp and rules for measurement failures.

Source: Own processing
Table 1: Overview of data representations in agricultural practice.
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	◦ Data user: Uses the data for analytical 
evaluation and assesses its suitability  
for a given decision.

	◦ Company management: Ensures  
the necessary capacity and investment 
in IT, and approves the company’s data 
strategy.

Metadata and the separation of data layers

A key architectural principle of the proposed 
framework is the strict separation of original records 
from processed layers: Raw Data: This is stored  
in an unaltered form as received from telemetry, 
sensors or imports. The originals are never 
overwritten, which guarantees reproducibility. 
Cleansed Layer (cleansed data): Created  
by applying validations, standardising units, 
removing errors and adding identifiers.  
The cleansing process generates a log  
of the changes made. Analytical Layer  
(Processed Data): Contains aggregated 
datasets, yield maps, cost calculations 
and key performance indicators (KPIs) 
prepared for visualisation and as input  
for DSS (Wieder and Nolte, 2022).

A comparison of file-based and platform-based 
solutions

In the practical implementation of data management 
on an agricultural enterprise, a distinction is made 
between two basic technological levels: a managed 
file system and a data platform or repository.  
The choice of a specific architecture depends  
on the volume and diversity of the data generated, 
the size of the agricultural enterprise, the technical 
infrastructure, and the organisation’s human 
and financial resources. A managed file system 

represents a technically less complex solution, 
suitable primarily for a manageable range  
of sources, administrative tasks and less frequent 
processing. Its reliability relies on strict adherence 
to a uniform directory structure, file-naming 
conventions, the maintenance of a set register 
and the use of accompanying metadata files  
or a data dictionary, which requires a high degree  
of discipline. In contrast, a data platform  
(repository) enables the centralised storage  
of heterogeneous data sources from machines, 
sensors and applications, the automation  
of data flows via APIs, and direct integration  
with analytical and decision-making tools.  
The platform-based approach replaces manual 
steps with controlled formation processes;  
upon ingestion, it automatically checks  
the structure and mandatory attributes  
and ensures precise traceability of data provenance 
across layers. However, it requires a higher level  
of technical management, continuous monitoring 
and dedicated administrative support. The transition 
to a data platform alone will not resolve incomplete 
or erroneous records; its successful implementation 
is contingent upon the prior harmonisation  
of identifiers and the standardisation of metadata 
descriptions as early as the file stage (Fountas et al. 
2015; Wilson et al. 2017).

When selecting the technological infrastructure, 
the organisation is considering two main options. 
Table 2 presents a comparative analysis based  
on five defined qualitative criteria (Sawadogo  
and Darmont, 2021).

The criterion Managed File System Data Platform / Repository

Data organisation Structured directories, naming 
conventions and manual set registration

Data catalogue, unique identifiers and relationships 
between objects

Metadata Management Accompanying text and file metadata 
records and dictionaries

A centralised description integrated directly  
with the dataset and checks

Data Processing Manual imports/transfers or batch scripts
Managed automated ETL/ELT (Extract, Transform, Load 
or Extract, Load, Transform) processes and integration 
channels

Traceability File versioning and manual change logs Automatic tracking of runs, data lineage  
and transformation history

Operational Complexity Low technical complexity, high demands 
on discipline at work

It needs professional administration, monitoring  
and technical support

Source: Own processing
Table 2: Comparison of file-based and platform-based solutions.
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Integration with analytical software

Cleaned and structured data from a data platform 
or managed repository can be used in various types 
of analysis and decision-support tools, depending 
on users’ needs (Wolfert et al., 2017), for example:

	- Spreadsheet programmes (e.g. Microsoft 
Excel): These are used for quick data checks, 
creating simple reports and pivot tables,  
or analysing smaller data sets.

	- Reporting and decision-support tools  
(e.g. Microsoft Power BI): These enable data 
from different areas of the business – such  
as agronomic and financial data – to be 
linked together to create interactive reports 
for business management.

	- Geographic Information Systems  
(e.g. QGIS): These enable the analysis  
of spatial data and the combined display  
of, for example, soil analysis results, yield 
maps and plot boundaries. To ensure these 
data are correctly linked, their coordinate 
systems must be aligned.

	- Programming languages and data analysis 
tools (e.g., R and Python): These are used  
for advanced statistical analysis, 
data processing, machine learning,  
and the automation of repetitive procedures.

	- Tools for real-time monitoring and data 
visualisation (e.g. Grafana): These are used 
to create dashboards that display trends  
in measured values over time and the current 
status of equipment, for example, based  
on data from sensor networks. They 
also allow automatic alerts to be set  
up when specified thresholds are exceeded  
or abnormal conditions occur.

The legal assessment of data management 
emphasises that the requirement to “own the data” 
necessitates a contractual definition of specific user 
rights. Contracts with technology suppliers should 
guarantee the availability of complete and unaltered 
data exports, including the necessary metadata. 
Attention must also be paid to proprietary formats, 
whose use may be restricted to a specific supplier’s 
software. To mitigate the risk of vendor lock-in 
(dependence on a single supplier), it is advisable 
to contractually ensure the ability to export  
data to open or widely supported formats that  
enable transfer to other systems and further use.  
The framework also takes into account compliance 
with the GDPR when handling employees’ personal 

data, as well as the provisions of the European Data 
Act, which, among other things, regulates users’ 
rights to access data generated during the use  
of connected agricultural machinery and equipment 
and to share such data with third parties. (Wiseman 
et al., 2019).

It is recommended that the proposed framework be 
implemented gradually, considering the agricultural 
enterprise size, available technical equipment,  
and staff capacity. A suitable starting point is 
to select a single high-value-added area, such 
as monitoring costs and yields for individual 
land parcels. This task can be used to verify  
the availability and quality of the necessary data,  
the possibilities for linking it, and the usefulness 
of the resulting reports for decision-making. 
Experience gained from the initial implementation 
can then be used to refine data management 
rules and to gradually extend the framework  
to other areas of the agricultural enterprise.  
The framework is designed as a generally 
applicable methodological guide, the specific 
form of which must be tailored to the needs  
and capabilities of the individual agricultural 
enterprise. The framework itself does not 
constitute proof of economic return or an increase 
in operational efficiency. Verification of these 
benefits will be the subject of follow-up 
research based on the practical implementation  
of the framework and an evaluation  
of the results achieved. The evaluation should 
include, for example, the costs of implementation 
and operation, the time required to prepare data 
and reports, the error rate of the data, and its 
availability for decision-making. A comparison  
of the baseline situation with the situation following 
the implementation of the framework will enable 
an assessment of its actual benefits and limitations 
under the specific conditions of the agricultural 
enterprise (Žáková Kroupová et al., 2025).

Conclusion  
The proposed approach demonstrates that  
the effective use of data on an agricultural 
enterprise requires more than just its collection 
and technical storage. A key prerequisite is  
the systematic management of data throughout its 
entire lifecycle, linking the identification of data 
sources, the creation of a data inventory, the definition  
of operational rules within the Data Management 
Plan, and the subsequent implementation of these 
rules into the agricultural enterprise’s day-to-day 
operations. A process setup in this way creates 
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the conditions for the long-term availability, 
traceability, quality, and reusability of data  
in accordance with the international FAIR 
principles.

The results confirm the particular importance  
of data quality and standardised data description. 
Data that is inconsistent, insufficiently complete 
or lacking appropriate metadata has limited value 
for advanced analytics, decision support systems 
(DSS) and the application of machine learning 
and artificial intelligence methods. Data quality is 
not merely a technical issue but is fundamentally 
influenced by human factors and established 
working procedures (Milleret el., 2024). For this 
reason, the Data Management Plan should be 
viewed as a continuously updated management 
tool, rather than a one-off document. Regular 
reviews, updates, staff training and adaptation  
to new technologies and legislative requirements 
(e.g. the GDPR and the Data Act) are essential  
for its long-term effectiveness.

A key benefit of the framework is the comprehensive 
integration of organisational data management  
with its technological storage and automated 
analytical processing. As illustrated by the model 
data process (Figure 1), the entire chain links 
together the individual stages from primary 
collection through to decision support:

	- Acquisition of primary data (Data Source 
→ RAW Data): Data from automated 
IoT sensors, mobile measuring devices  
or structured files (CSV, GIS) is transferred 
via an application programming interface 
(API) to the raw data layer.

	- Centralised storage (Data Platform):  
The data platform stores raw records in their 
unprocessed form (RAW data), manages 

metadata structures and model parameters, 
and strictly separates the original data from 
processed datasets.

	- Model processing and AI (Model / AI → 
Processed Data): The platform communicates 
via a bidirectional API with analytical 
and predictive models utilising artificial 
intelligence algorithms, which transform 
the raw data into validated and structured 
derived data (Processed Data).

	- Decision-making support: The processed 
data is delivered to management 
dashboards, GIS systems or analytical tools  
for both operational and strategic business 
management.

Practical implementation also confirms that no 
single technological solution is suitable for all 
agricultural businesses. The choice between  
a managed file system and an advanced data  
platform must be tailored to the agricultural 
enterprise's size, the nature and volume of the data  
being processed, the available infrastructure,  
and the agricultural enterprise’s human  
and financial resources. In both cases, however, 
contractual control over the data, format portability  
and the avoidance of vendor lock-in are essential.

The main benefit of the proposed framework is 
therefore the possibility of a gradual transition  
for an agricultural enterprise from a situation 
in which data is used only once for a specific 
operational task to one in which it constitutes  
a long-term managed information resource. Further 
research should focus on the practical validation 
of the entire framework in enterprises of various 
sizes and on quantifying its impact on data quality, 
data management costs and the effectiveness  
of decision-making processes.

Source: Own processing
Figure 1: Automated model data process.
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