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The objective of this document is primarily to provide the key outcomes of the Data-driven Technological
Innovation approach realised within the Ploutos project. Based on our experience on the use of digital
technologies in Ploutos Sustainable Innovation Pilots, this document aims to be a practical guide on what
works and what doesn’t work with regards to data sharing in the scope of data-driven innovation for the agri-
food sector.

This deliverable initially presents the fundamental challenges of the agri-food sector as these are also
affected by the accelerated climate change and the extreme weather events in the European continent.

It then presents a high-level view of the final release of the data sharing mechanisms that are developed by
the Ploutos project along with the respective references to the code repository where the source code,
directions for reuse, working examples, and the latest specification of the Ploutos Core Semantic Model are
available.

The next section provides a list of the key issues identified as crucial towards the realisation of data-driven
innovation for the agri-food sector and significant outcomes were extracted by the Ploutos project. The issues
to analysed are categorised as follows:

A) Before the farm gate: Agricultural Production

e Data acquisition during agricultural production

e Agri Food data analysis and data-driven decision support

e Farmers’ adoption of data-driven solutions

e Monitor sustainability performance of farming practices - a policy perspective

B) After the farm gate: Food Supply Chain & Retail Market
e Using traceability services for food provenance and quality assurance
e e-lLabels on food products

C) Across the agri-food value chain
e Data interoperability among systems and the use common semantics
e System interoperability and interaction among agrifood systems

**
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1.1 Project Summary

The Ploutos project focuses on rebalancing the value chain for the agri-food system, transforming it into one
that works for the benefit of society and the environment. The project will develop a Sustainable Innovation
Framework that applies a systemic approach to the agri-food sector, building on three pillars: Behavioural
Innovation, Sustainable Collaborative Business Model Innovation and Data-driven Technology Innovation.
Exploiting a history of significant agri-food projects and the respective ecosystems around them, the project
will deploy 11 innovative systemic Sustainable Innovation Pilots, where by adopting a Multi-Actor Approach
innovative solutions and methodologies will be implemented, tested, assessed, generating practical
learnings. The pilots cover a large range of agri-food ecosystems, across 13 countries, covering arable,
horticulture (both open fields and greenhouses), perennials and dairy production among others. In each case,
behaviour change, collaborative business modelling and data driven innovation will be integrated to deliver
the most environmentally, socially, and economically sustainable solution. Moreover, a Ploutos Innovation
Academy will be established as a vehicle for integrating the know-how, best practices and assessments
developed across the project and derived from the Sustainable Innovation Pilots. Ploutos includes 33
partners, 22 of them being end-users, representing all relevant actors in the food system, including farmers,
food industry companies, scientists, advisors, ICT specialists and policy makers.

1.2 Document Scope

This document aims to consolidate the key outcomes of the Data-driven Technological Innovation approach
realised within the Ploutos project. This deliverable aims to be a practical guide, including examples, on what
works and what doesn’t work with regards to data sharing in the scope of data-driven innovation for the agri-
food sector. To this end, this deliverable includes the latest specification of the Ploutos data-sharing
mechanisms, and then provides an analysis of the key challenges/barriers and best practices identified
through the Ploutos SIPs. The main objective is that the learnings and practices developed in this work to be
adopted by the digital agri-food sector, e.g. by the digital innovation hubs who support similar cases.

1.3 Document Structure
The document is structured as follows:
Chapter 1 presents a summary of the project as well as the document scope and structure.
Chapter 2 presents the fundamental challenges of the agri-food sector.

Chapter 3 presents a high-level description of the most recent developments of the Ploutos data sharing
mechanisms.

Chapter 4 presents a practical guide on selected issues with regards to data-driven innovation for the agri-
food sector.

Chapter 5 presents the conclusions of this deliverable.
Chapter 6 presents the references of the deliverable.

Chapter 7 is the annex presenting the most up-to-date version of the Ploutos Core Semantic Model (PCSM).

**
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2.1 Fundamental challenges in the sector

The food and agriculture system is facing immense challenges and in the eyes of many analysts is
fundamentally broken. The global agrifood system continuously encourages the unsustainable and unhealthy
production and consumption with concomitant waste of food at all stages of production and distribution
(Ghosh, 2023). However, it is important to stress that food and agriculture both cause environmental
devastation as well as being subject to devastating environmental impacts.

From an environmental impacts perspective, the food system including agricultural production and food
processing and distribution is responsible for well over 30% of GHG emissions. Livestock and dairy are
recognised as being the major sources, especially in the EU where land-use change is less significant.
Agriculture uses over 70% of all freshwater available and is responsible for large scale pollution of watersheds
and coastal seas (Crippa et al., 2021; Halpern et al., 2022; Lee et al., 2016). As noted by the IPBES report,
agriculture is responsible in large part for the global collapse in biodiversity and the fact we are now
undergoing a 6™ mass-extinction event. This due to both industrial agriculture’s use of fertilisers and
pesticides, as well extensive land use change (IPBES et al., 2019). Agriculture has also been recognised as a
major source of air pollution by spreader PM2.5 particles. Concurrently there is great misallocation of
resources both in terms of global hunger and food insecurity, as well as large scale food loss (on the farm)
and waste (post farm) equally in the global north and the global south (FAO et al., 2022).

Equally the agrifood system is a victim of environmental impacts and change. Recent weather events have
provided ample evidence of this with droughts and extreme rainfall hitting many areas of Europe, not to
speak of other continents. There have been huge crop losses due (for example) to the floods in central
Greece (Sept 2023) or the droughts in Spain (Spring 2023). There are now recognised risks for multi-
breadbasket failures at a global level (Gaupp et al., 2020). Climate change is also creating opportunities for
agricultural pests and diseases to flourish either due to high average temperatures or due to the absence of
sufficient cold spells. It has been widely recognised that soils are highly degraded in Europe and around the
world, with over 60% in poor health in Europe (Directorate-General for Research and Innovation (European
Commission) et al., 2020; Kopittke et al., 2019). This is largely the result of industrial agricultural practices.

The successes and failures of the agri-food system have economic and social impacts as well as environmental

impacts. While in the EU, the overall proportion of the economy of agriculture is relatively small, agri-food

writ large including logistics, food processing, catering, and retail form a significant share of EU economies?.

In spite of the overall significance of the food and agriculture sector, and in spite of the existence of major
multinational companies based in the EU either providing inputs to the agriculture sector (Bayer, BASF, Yara)
or processing the products of the agriculture sector (Unilever, Danone, Nestle), EU farmers suffer from very
small returns on their activities, are largely dependent on the EC’s CAP subsidies, and face continuously
economic pressures to consolidate in order to survive financially. Average farm income in the EU is around
€25k with profits on capital invested hovering around 1% (Martinho, 2022). 66% of farms have annual
outputs of less than €8000, with a small number (1.1%) of large scale farms producing 37% of output (Kryszak
et al., 2021).

It is in this context that the Ploutos project was designed to explore opportunities and the potential more
amelioration of the three dimensions of sustainability (environmental, social, economic) by looking at three

" Agriculture and forestry represent 1.8% and food and drinks 1.9% of gross value added, with 8% of the workforce in
the bioeconomy (various sources).
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pillars of activity, viz. innovative behaviour change, collaborative business modelling, and data-driven
technological innovation (Work Packages 2-4). These three pillars of innovation have been framed by the
sustainable innovation assessment framework developed in the context of Work Package 1.

The fundamentals described above have not changed for the better since the original development of the
vision for the proposal in 2019. Environmental challenges have become worse or rather experienced in more
direct manner both by food producers and the wider public. Social and societal challenges around food
production have continued to be a major issue both from a political perspective and for the perspective of
societal developments?. The financial pressures have worsened partly due to the war in Ukraine and the
knock-on effect in increases in the cost of inputs (a great deal of fertiliser is produced from natural gas) and
the indirect impact of rising cost of living on the buying habits of consumers (cf. conflicts at a European level
between protection of the environment and political pressures to increase production of cheap food) (EAT—
Lancet 2.0 Commissioners, 2023).

The Ploutos project has not been able to offer radical solutions to the predicaments of the agrifood sector.
In the following sections, we provide an account of our initiatives in data-driven technological innovation,
the lessons learnt, the opportunities taken or not taken and (where possible) why.

2.2 Opportunities or future demands on the sector

There are many expectations imposed on the agrifood sector in combination with a great many rules and
regulations which constrain the choices of farmers, for good and for ill. The most basic demand upon the
food sector is to produce large quantities of cheap and safe food. Food safety is an entirely different topic
but is constrained by a great deal of regulation as well as reputational concerns of the food industry and retail
sectors. The production of cheap food is a political demand that is often repeated or supported in public by
politicians and opinion makers (Carolan, 2011; Lang & Heasman, 2015; Patel & Moore, 2020). The industrial
farming paradigm (or “Productivist” model according to Lang and Heasman) currently dominates commercial
activities in farming. Within this paradigm there is an expectation that there will be great deal of innovation,
including digital innovation, and also there is the expectation that there will be widespread adoption of these
innovations. The digital innovations (precision agriculture, smart farming, etc.) are expected to resolve or at
least mitigate the challenges listed above (Wolfert et al., 2017). Expected benefits include “the increase in
production, the decrease in cost by reducing the inputs needed such as fuel, fertilizer and pesticides, the
reduction in labor efforts, and finally improvement in the quality of the final products.” (Moysiadis et al.,
2021). There is no doubt that the move towards greater digitalisation of the agrifood sector will create a
great many opportunities for technological innovation at all steps of food production and processing. Some
of these innovations are likely to be quite disruptive to the sector, but the EC is trying to create an
environment to support such innovation with subsidies and seed funding, and further obligations within the

CAP to collect data which will necessitate the use of digital technologies3 (Ehlers et al., 2021, 2022).

Key expectations around the greater use of digital technologies in agriculture in the European context

include:

e That greater digitalisations will reduce environmental impact.

e That greater digitalisation will increase per hectare productivity

e That greater digitalisation will provide secondary income streams to farmers through data sales.

e That greater digitalisation will have positive social impacts such as increase in farmer’s leasure or

reduction of stress.

* For example the rise of the Farmers’ Party in the Netherlands.

® https://digital-strategy.ec.europa.eu/en/policies/digitalisation-agriculture
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e That greater digitalisation will enable greater transparency for policy makers on the impacts (positive
and negative) of policy choices.

This is not the context in which to provide a greater analysis or critique of these widely accepted expectations
but nonetheless they should be borne in mind by the reader in the following sections.

2.3 Path dependencies and technological lock-in

In an analysis of innovation in any domain, it is important to bear in mind the path dependencies,
technological channelling or lock-in of technological regimes. Such technological regimes reflect assemblages
of technical choices, regulatory contexts and business models or incentives which inter-lock and can slow
down or limit the space for manoeuvre for the introduction and adoption of innovation (Berkhout, 2002).
Understanding these assemblages is essential for breaking out of the inevitability of earlier choices, especially
if we are to construct a more sustainable future (Bai et al., 2016).

In the Ploutos project, it became apparent that choices that were made very early on in designing the SIPs
(Sustainable Innovation Pilots) remained in most cases constant throughout the life of the project. The SIPs
were constructed in a process of co-creation between the participants of the SIPs in combination with
feedback from the coordination team. Thus, they emerged at least organically reflecting genuine needs and
requirements. But the choices made then (early 2019) remained in most cases constant. This was true of all
three pillars of the project (behaviour innovation, collaborative business model innovation, and technological
innovation).

2.4 Ploutos data driven innovation design principles

Data driven technological innovation within the Ploutos project has largely focused on ways to achieve
greater data sharing across different sets of stakeholders. In previous deliverables, we have described the
technological infrastructure which has been implemented based largely on semantic technologies to enable
such data sharing among multiple agrifood stakeholders. Data sharing in this context refers to the design of
systems, standards and infrastructure that enables data to be shared between stakeholders both with supply
chain relations but also off-chain stakeholders such as certification providers and food safety agencies. The
importance of data sharing in the agrifood sector is widely recognised (Brewster et al., 2017; CEMA, 2020;
Copa-Cogeca et al., 2018; Durrant et al., 2021; Spanaki et al., 2021; Wysel et al., 2021), but for our purpose
here it is needed primarily for:

a) Monitoring purpose e.g. monitoring of agricultural certification (GlobalGAP, organic etc.) or
environmental reporting (of great significance in the new EU CAP).

b) Promotional and reputation management purposes e.g. providing information and data to
consumers and retailers concerning agricultural practices.

c) Enable different value chain relations e.g. providing mechanisms for payments for specific
agricultural or environmental practices such as carbon farming or protection of biodiversity.

d) Tracking and tracing e.g. identifying the location or origin of a specific product, or optimising supply
chain flows.

There are, of course, many other purposes for data sharing in the agrifood sector, both currently identified,
and which could potentially arise, mostly revolving around increased or better decision support for farmers
and other food chain actors. Data sharing for any purpose has usually meant architectures and systems which
were centralised either explicitly or implicitly (Scholten et al., 2016). This is apparent in most solutions which
centred around the use of the GS1 standards, and (although seemingly contradictory) most systems built
using one form or another of blockchain technologies. The literature (e.g. (Minnens et al., 2019)), but above
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all our analysis of the real-life agrifood requirements and the barriers and drivers to technology adoption, led
us to assume the following principles:

A. Stakeholders should retain control of their data.

B. Interoperability must be maintained with conventional software, whether legacy or developed in the
future.

C. Vendor lock-in must be avoided thereby ensuring both flexibility and future proofing of any given
part of the overall system.

Principle A, control of data, implies that data should remain as much as possible in the hands of the actors
concerned (e.g. the farmers), that full control of access should be possible, but also that queries or requests
for data should be for specific purposes. Principle B, interoperability with other systems, means there is no
expectation that a specific system will be adopted by all stakeholders, only that interoperability with past
and future systems should be designed in. Principle C, avoiding vendor lock-in, implies that a standards-
based, semantic technology driven approach is inevitable, and this implies use or reuse of widely accepted
ontologies. From a practical perspective data sharing has meant the application of semantic technologies,
and to a greater or lesser extent the adoption of the FAIR data principles (Wilkinson et al., 2016). As
demonstrated below, this has meant the use of ontologies, URIs, and some degree of reasoning. The
Findability of data is ensured through the use of a registry and a discovery directory, the Accessibility of data
is ensured by the use of standardised protocols integrated with access control, Interoperability of data is
ensured by the (re)use of widely used ontologies/vocabularies that are accessible online, and the Reusability
of data is ensured by using community standards and by ensuring data provenance is a consequence of data
ownership and control. Obviously here the target is the relevant agrifood community rather that the wider
scientific research community.

Note: While these principles make sense to the community, and while they were implemented and adopted
in some of the SIPs, to a large extent technical design decisions reflected the legacy technology integrated
into the SIPs, and as such did not follow these principles in a consistent manner.

**
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3 Ploutos data sharing mechanisms

In this section we summarise the technical design decisions for the Ploutos data sharing mechanisms as these
for the core of the technological innovations designed, developed and deployed in the Ploutos project. Early
in the project we identified a set of software requirements which followed naturally from the principles laid
out above Section 3.5 above. The software design principles guided the design of the overall data sharing
architecture and the all important Ploutos Common Semantic Model which underpinned the ability of
different stakeholders with different legacy or current systems to share data in a controlled manner. It is also
important to stress that the requirements listed in Table 1 arose out of extensive analysis of the SIPs design
and in dialogue with the stakeholders.

ID

Title

Ensure Semantic
Interoperability of
heterogeneous data
items

Heterogeneous data items should be modeled based on if possible

Description

standarised data modeling approaches. Use of core ontologies in
combination to domain specific ontologies allows the expandability
of the data model capabilities.

Ensure Syntactic
Interoperability with the
various data sources.

The system should provide a set of formal data format specifications
and the ability to exchange information in order to communicate on
a technical abstraction level with the various data sources.

Support seamless
integration with legacy
information sources

The interoperability mechanisms should not affect the existing
operation of the systems or to affect it as minimal as possible. The
PLOUTOS interoperability enabling modules needs to be versatile and
easy to adapt to the underlying system. Use of translators that will
convert legacy data to the semantically annotated (e.g. OWL).

Ensure Interoperability in
data provision by legacy
data sources

PLOUTOS platform will provide a common query language interface
via a interoperable/standarised API that will allow to extract data
from heterogeneous databases and data sources. The service API
should be able to direct the query to a specific database or source,
using query languages like SPARQL (able to provide integrated view
over different datasets) or SQL syntax. The APl should represent
results in a standard format (e.g., JSON or XML), and it should support,
if possible, content negotiation to allow the clients to specify their
preferred representation for results.

Asynchronous exchange
of data

The system should be able to operate in Asynchronous mode.
Asynchronous operation is realized based on notification mechanisms
to register upon Often a
publish/subscribe process is followed.

data consumers specific events.

Support of enhanced
descriptions for data
items

The data modeling approach to be implemented for the needs of
PLOUTOS should be expandable and to foresee the assignment of
additional descriptions in the form of metadata.

Make data
discoverable/findable

Data provision mechanisms should ensure that the various data
items/ data sets will be discoverable with the use of quering
mechanisms. This requirement is aligned with the FAIR principles. The

**
*

*
* *

* *
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Ensure availability of The datasets/data items should be available for retrieval through the
9 datasets use of standardised well documented APIs along with robust data
provision mechanisms.

Ensure confidentiality and | The confidentiality and integrity of datasets/data items should be

10 | integrity of datasets ensured through the use of information security mechanisms (e.g.
access control, cryptography).

Ensure ethical data The utilization of data sets/data items should confront with current

11 utilisation (legal/ethical) regulations. (Code of Conduct, GDPR) This requirement

will be addresses via the implementation of both technical and
administrative/regulatory means.

The data provider has the | The administrative entity of the Information Management system
means to control the data | that provides the various data sets has the appropriate means for
sharing mechanisms and | total control on which data items are shared and with whom.
policies

12

Table 1. Software requirements developed in dialogue with the SIPs

3.1 Ploutos data sharing design architecture.

With the digitisation of farm practices and decision support systems (e.g. Farm Management Information
Systems), data needs to be shared not just vertically up and down the supply chain but also horizontally e.g.
between comparable farmers needing to share data for benchmarking or productivity comparisons. Current
reality is that data, if exchanged at all, is shared in multiple formats and through various modalities (including
manually handing over a usb key).

One of the core objectives of the Ploutos data sharing framework is to achieve the controlled and technically
sound flow of data between the various information providers and consumers without disturbing the current
operations of the underlying systems. In order to achieve this the Ploutos Interoperability Enabler (PIE) has
been introduced which aims to be generic enough in order to be deployed as a plug and play extendable
module on top of the targeted system with minimal customisation efforts. The PIE operates in combination
with the Ploutos Registration and Discovery Directory (PRDD) for the various PIEs to announce their
existence and their capabilities in order to be discoverable by entities interested in exchanging data. One of
the core characteristics of this approach is that data are not shared with a common third party but are
exchanged directly among peers. The conceptual view of the Ploutos Data Sharing Approach is shown in
Figure 1.

**
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Figure 1. Ploutos Conceptual Architecture

For a full explanation of the technical details of the architecture, the role of the PIEs (interoperability
enablers), and the part played by reasoning to enable the dynamic linking of underlying data bases with the
the Ploutos Conceptual Models, the reader is referred to Deliverable D4.2 and (Brewster et al., 2023).

3.2 Ploutos Common Semantic Model

A key enabler of data sharing across supply chains and given the complexity of the food system lies in the
development of a common semantic model or ontology. The Ploutos Common Semantic Model was
developed following a set of principles some of which are listed in Table 2. It should be noted that this data
model is built entirely following the principles espoused and promoted by the W3C in the use of semantic
technologies. Thus, the PCSM is an OWL language ontology. The PCSM is a core model in the sense that it
only represents the main common classes and properties for the agri-food supply chain domain with a focus
on sustainability. These classes and properties are defined in the Ploutos namespace. In total, the PCSM
contains around 30 Ploutos classes and about 50 Ploutos properties, data-properties plus object-properties.
As much as possible Ploutos classes and properties are being defined reusing classes and properties in
existing ontologies. Only, when necessary, a Ploutos class or property is being newly defined.

ID Principles followed to develop the PCSM

The PCSM is based on semantic technologies, such as RDF and OWL, because this is the best way of
1 defining formal semantics and provides the flexibility for modular reuse of existing data models or
extending them.

The PCSM should be a small, core model that covers the main common classes in the agrifood
domain ranging from the farm via the supply chain to the consumer.

The classes and relations for the PCSM are selected from the requirements of the pilots. When most
3 of the pilots require a certain class, it is part of the PCSM, e.g. the classes farm, farmer, parcel, and
soil that are required by most of the pilots.

**
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Existing ontologies that already define the required classes are reused by the PCSM as much as
possible. Nonetheless, a specific Ploutos namespace for the PCSM has been defined, namely

4
https://www.tno.nl/ agrifood/ontology/ploutos/common# prefixed as ploutos, that is used to
inherit the classes of these existing ontologies.
Existing ontologies are only reused when they have a clear formal OWL structure that is publicly
available and accessible or downloadable in a .owl, .ttl or .rdf format, for instance at the W3C
5

website or the AgroPortal (http://agroportal.lirmm.fr). Consequently, reuse of proprietary
ontologies of different projects is avoided.

Table 2. A selection of the principles followed to develop the PCSM

The core classes of the PCSM includes such classes as farmer, farm, parcel, crop, soil, ferl=tiliser and
pesticide. Core action-oriented classes included ProductOperation and ParcelOperation. An example
extract of the ontology is shown in Figure 2 which shows the Farmer, Farm and Crop relations.

sdagri:Crop
0bo:TAXRANK_1000000
B ploutos:hasCropVariety : string
sdagri:hasHarvestDate : dateTime

sdagri:hasName : string
/V sdagri:hasPlantDate : dateTime

ploutos:Crop

[ i ins some sdagri:Crop

geo:Feature
geo:hasGeometry : geo:Geometry |

sdagri:Building \

sdagri:contains : geo:SpatialObject
sdagri:hasName : string[0..1]

sdagri:Parcel
sdagri:contains : geo:SpatialObject
sdagri:hasName : string

some gri:|

ins some s4agri:Buildir 0bo:ENVO_00000114

N

sdagri:Farm

Aagri ialObject

sdagri:hasName : string[0..1] ploutos:Parcel
[ ] igati : (max 1
? B ploutos:hasArea : float
some s4agri:Farm | ploutos:Farm
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Figure 2. OWL diagram of the PCSM classes for Farmer, Farm, Parcel and Crop.

The PCSM is a common semantic model that contains the main classes and their relations for the agrifood
domain with a focus on the farmer end. We reused a set of existing ontologies and their classes to represent
the Ploutos classes. The PCSM was used for several pilots in Ploutos and specifically for the traceability
scenario in SIP 1. More recently the PCSM was extended to handle concepts concerning certification as
several pilots had explicit or implicit need to exchange data with a certifier/auditor. In the most recent
iteration, the PCSM has been adapted to handle the data necessary for GlobalGAP certification, an almost
universal requirement on farmers selling into the wider agrifood market, and thus a good starting point. The
section of the PCSM relevant to this type of certification is shown in XXXX.

The full version of the PCSM is available from a Gitlab repository set-up for the Ploutos project
(https://gitlab.com/Ploutos-project/). A detailed description of the design, development and core
components of the PCSM is available in Deliverable D4.2 and (Brewster et al., 2023). The most recent
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specification of the PCSM ontology in Terse RDF Triple Language (TTL) format is available in the Annex of this

Deliverable.
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Figure 3. Sections of PCSM for Certification Conformity Assessment

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 101000594

17



@ PLO UTos D4.10: Ploutos consolidated data-driven innovation

4 Overall lessons learnt: What works, and
What does not.

The main objective of this section is to provide the core outcomes and practical examples of mechanisms
that facilitate data-driven innovation for the agri-food sector based on the experience gained during the
realisation of the Ploutos project. The section focuses on the different steps of the agri-food production and
the respective challenges that were addressed within the Ploutos SIPs. To better organise our analysis, we
follow the agri-food chain steps as these were defined in D4.1 “Technology assessment and Ploutos technical
requirements” where a high-level review of existing scientific and commercial technologies and innovations
that are relevant to the technological needs of the Ploutos SIPs were reported. The data-driven innovations
analysed in D4.1 are conceptually organised as follows: A) Agricultural production, B) Food supply chains and
retail markets and C) Data and system interoperability across the agri-food value chain.

Following this categorisation, this section will provide practical approaches to topics where data-driven ICT
mechanisms can provide solutions to challenges and facilitate innovation. The identified challenges/issues
are not meant to analyse technologies for agri-food production in an exhaustive manner, but they are mainly
reflecting the areas that data-driven innovation was used within the Ploutos project. This section acts as a
practical guide towards the replication of successful examples and as a what-not-to-do guide for some of the
issues. Figure 4 provides an outline of the identified issues.

A) Before the farm gate: B) After the farm gate: Food C) Across the agri-food
Agricultural Production Supply Chain & Retail Market value chain

/Al. Data acquisition \ @ Using traceability \ /Cl Data interoperability \

services for food

during agricultural among systems and the

production provenance and quality use common semantics
assurance
A2. Agri Food data
3 . B2. e-Labels for food ;
analysis and data-driven j at SCRIOES C2. Interaction and d_ata
decision support PrOCBCS exchange among agri-
A3. Farmers’ adoption of food systems

data-driven solutions
A4. Monitor sustainability
performance of farming

practices - a policy \ / \ /
Qerspective /

Figure 4. Agri-food production issues that data-driven ICT mechanisms have a significant role towards data-driven innovation.

4.1 Before the farm gate: Agricultural Production

4.1.1 Data acquisition during agricultural production

Challenge Description: A fundamental prerequisite for the implementation of data-driven solutions is farm
level data collection during the cultivation period. In the context of Ploutos SIPs - but also in many smart-
farming cases - the data to be collected can be grouped into two main categories: a) agro-environmental
conditions and b) cultivation practices applied by the farmer.
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The first category includes data items that are feasible to be collected with the use of sensing equipment,
e.g. weather stations, sensing devices installed within the plant or tree canopy, other types of remote sensing
from satellites or UAVs. Data collection can be realised in an automated manner to a great extent.

The second category mainly refers to farmers' daily practices and data collection is still in most cases a manual
process. Data collection on the applied practices is realised with the use of paper or digital forms (also known
as digital farm-book or farm-calendar). Examples of these practices include irrigation, applying pesticides,
fertilisation, harvesting, soil management, etc.

Both categories of data recordings are crucial for any further action or process that will follow, such as:
provision of data-driven farming advice, food traceability, evaluation of the overall sustainability of food
production, etc.

How this issue was addressed in Ploutos:

Recording of environmental parameters: The monitoring of agro-environmental conditions was undertaken

with the use of weather stations or similar sensing equipment. In all SIPs (except SIP9) loT based agro-
environnemental stations (weather stations) were used to record conditions in an automated manner. In
many cases (SIPs 2,5,6,8) in-situ data collection was combined with Earth Observation data to monitor on a
larger scale.

Overall, a mix of various environmental sensing technologies were used. In most of the SIPs partners
deployed loT based smart farming systems that they already had previous experience of and thus the overall
installation and operation was without any delays or other problems.

The following solutions were used or installed:

e S|P1,3,10 the gaiasense system Farm Management Information System which provides a web-

interface for recording farm practices and proprietary weather stations installed in the pilot fields.

e SIP 2, 10 the granoduro.net and vite.net decision support system, provides web-interface for

recording farm practices and agro-environmental stations installed in pilot fields.

e SIP11the NADIA system which is an loT platform for data collection, data management and actuation
on controllers.

e SIP6the Farm Manager by ITC which acts as a digital farm book and decision support system.

® SIP4 Hispatec’s smart farming solution MARGARET which integrates with a variety of commercial
sensors for controlling conditions in greenhouses.

In SIP 5 there was no previous experience with such deployments and the overall process of specifying the
needs, identifying the appropriate technical provider and the final installation of the technical means took
considerable time. Indeed, given that many solutions are now available from different vendors, the selection
of the appropriate system becomes crucial. An interesting criteria-based methodology for deciding on the
appropriate technical provider was presented by partners in SIP4. The key characteristics that such a system
should demonstrate are: high precision, low maintenance, and affordable cost. Going a step further these
criteria were analysed as follows:

e Portability: The ability to change the station's position throughout the crop cycle.
e Installation: Ease of placement of the station and sensors.

® Cost: Cost of the station and sensors set.
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o Technical Support: Availability of personnel to address any type of issue.

e Signal Coverage: Signal coverage received by the station.

e Data Interpretation: Ease of tool for users to understand the data.

e Measurable Parameters: Parameters that are measured or calculated through the measurements.

Using these criteria, tests were conducted on hardware solutions from different commercial vendors. This
allowed SIP4 to select the technical solution to install. More details on the implementation of the
methodology and the respective outcomes are available in “D5.6 Final periodic evaluation of the SIPs
performance”.

Recording of Farming-practices:

Based on our experience from the Ploutos project, the monitoring of cultivation practices applied by the
farmer is a more challenging task compared with environmental parameters monitoring. In most of the SIPs,
it is reported that manual data collection is considered a huge burden for the farmers, and mechanisms to
relieve them of this task as much as possible are needed. Manual data collection is prone to intentional and
unintentional errors. In most of the Ploutos SIPs (except SIP9 and SIP5), recording of farming practices were
realised with the use of digital forms. One of the key findings is that although user-friendly digital applications
greatly facilitate the process, extensive support from an expert is required. In most of the cases farmers are
not willing to spend time using a web-based application for the daily recording of applied practices due to
time constraints or because they consider this task as a boring and not important. The role of an expert or a
person that is dedicated/responsible for the data collection greatly improves the process. For example, in
SIPs 1,3,7 the farm calendar was mainly updated by the farm advisor who is in direct contact with the farmers.
A common practice for the advisor was to contact farmers often (e.g. making phone calls or visiting them)
asking more details about the implementation of the various farming practices whether these were dictated
by a data-driven farming advice or by farmer’s practical experience. Even if this process is followed,
verifications on the details such as quantities of pesticides, fertilisers, and irrigation are not easily obtained.
In some cases, additional digital evidence such as Variable Rate Application digital logs may act as a ground
truth of farming practices, but this process also increases the overall complexity and may also raise issues of
user acceptance (more on this in section “5.1.3 Farmers’ adoption of data-driven solutions”). In contrast, in
SIP6, logs generated by a precision farming solution with the use of machinery (tractors) are integrated
automatically to create a parcel-level digital log on soil related parameters (soil-passport).

Data cleaning and cross-referencing of data recording is important and must occur early and not during the
decision-making process. For example, an irrigation activity recorded in a farm-book should logically be
accompanied by a changed value of soil moisture derived from sensing equipment. Automatic processing of
farm calendars entries may reveal at an early stage incorrect and exceptional entries that can be corrected
before they are propagated in the next phases of the decision-making process.

4.1.2 Agri Food data analysis and data-driven decision support

Challenge Description: The data analysis and data-driven decision support include knowledge extraction
mechanisms that range from simple computer-based decision models based on logical rules and thresholds
to more complex Machine Learning and Artificial Intelligence algorithms. Such mechanisms are at the heart
of data-driven innovation for the agri-food sector and among the core challenges is the overall efficiency of
the data analytics approaches in generating useful outcomes (knowledge) that can result in tangible benefits.
There are a wide set of challenges to be addressed on this domain that are currently under researcher from
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multidisciplinary scientific fields. The Ploutos project as an Innovation Action mainly focused on the reuse of
existing, mature, and with clear track-record data analytics approaches.

How this issue was addressed in Ploutos:

In Ploutos project data driven decision support was evident in almost all the SIPs. The following table
summarises the various approaches realised while more details on their actual implementation are available
in D5.6.

SIP Number and Scope Data-driven decision support model

1.Supporting a frozen fruit value chain with small
farmers, to optimise production, reduce environmental
footprint and re-use the data for certification and
subsidies

Cultivation type: Peaches

e |Irrigation recommendation based on sensed
environmental data and agronomic models.

®  Pest infestation risk index estimation for specific diseases
based on sensed environmental data and phytopathology
models.

e Fertilisation recommendation based on soil sample
analysis and cultivation type needs.

2. Better food-chain contracts for improved durum
wheat production

Cultivation type: Wheat

Diseases pressure risk calculator based on current/historic
environmental recordings and algorithms based on phytopathology
knowledge. Forecasting durum wheat yield, able to identify the
yield losses and distinguish their causes.

3. Empowering consumers through crowdsourcing to
take back control over their food and create healthy,
sustainable, fair-trade products
Cultivation type: Potato, Beans

Pest infestation risk index estimation for specific diseases based on
sensed environmental data and phytopathology models supporting
optimised use of pesticides.

4. Traceability solutions covering the horticulture
greenhouses value chain to improve operations,
sustainability performance and brand recognition

Cultivation type: Vegetables (greenhouses)

Benchmarking methodology on a set of farm calendars (agronomic
data including post-harvest) escorted by environmental
measurements for the identification of the best farming practices,
namely irrigation, nutrition, and plant health.

5. Smart Farming on rural farms demonstrating its
benefit in the wider agri-food community and co-
creating new food products and services

Farming type: Livestock and pasture management

e Threshold based rules for slurry tanks management.

e Logical rules on environmental and weather parameters
for optimised pasture planning through grass growth rate
predictions.

6. Applying soil-passport approach rewarding land
owners/users and a precision farming solution to
increase soil health and sustainability.

Cultivation type: Arables

Image analytics on satellite/UAV based earth observation images for
identifying in-field diversification.

7. Supporting wine producers in taking advantage of the
changes in labelling regulations and enhancing their
sustainability performance

Cultivation type: grapevine

Pest infestation risk index estimation for specific diseases based on
sensed environmental data and phytopathology models supporting
optimised use of pesticides.

8. Carbon Farming - compensating farmers for climate
friendly soil management.

Carbon sequestration analytical engine on farm/parcel level based
on RothC-26.3 algorithm considering the effects of soil type,
temperature, moisture content and plant cover on the turnover
process.
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10. Increase sustainability in the grapevine sector by ® Pest infestation risk index calculation based on
introducing payments for ecosystem services provision environmental datasets and phytopathology based

and parametric insurance to support losses from models for the rationalisation of input during the growing
sustainable approaches season.

e  Algorithm for calculating avoided carbon emissions and
increased carbon sequestration due to the optimised
farming practices.

Cultivation type: grapevines

11. Improving the sustainability of Balearics agri-food Threshold based rules for environmental conditions management in
chains with Smart Farming and by using the collected greenhouses.

info to organise agri-tourism activities

Cultivation type: vegetables-greenhouses

Table 3. Data analytics in support of decision support in Ploutos SIPs

One of the issues identified by Ploutos SIPs (namely SIP4) was how to make a substantial amount of data
available to be utilised as a ground-truth datasets for the training of predictive models. Such data needs to
be collected over a long period even after the end of the project because the more data that is collected and
analysed, the better the accuracy of the results obtained.

Another issue is the need for algorithms to be adapted to local contexts. A way to address this issue is by
establishing synergies with local academia, including research centres and universities that often already
possess their own algorithms and are willing to share them. This allows the client (farmer) to select the most
suitable model, tailored to their specific regional and crop conditions and allows the technical provider (ICT
Company) to offer the software, without being directly involved in model development.

4.1.3 Farmers’ adoption of data-driven solutions
Challenge Description:

A key challenge towards data-driven innovation in agriculture production is the level of adoption of digital
agricultural technologies by the target users, viz. farmers and farm advisors. This is issue is highly researched
and there are already numerous scientific reports on aspects of user behaviour, while Ploutos project
dedicated WP2 on this topic. It should be noted that, data-driven innovations also have potential exclusionary
impacts on certain categories of farmers (the smaller-size production units, those least able to achieve
economies of scale and to invest in technology; or farmers who oppose the use of data-driven technologies
for ideological reasons; or who don't possess the knowledge required). These were also evident in Ploutos
project, while core issues identified are the initial investment cost, the ease of interaction of the

farmer/advisor with the digital solution, and the actual effectiveness of the solution in everyday tasks.

How this issue was addressed in Ploutos:

The issue of initial investment cost and lack of financial capacity of smaller-size production units was

addressed in SIP 1,3,7 with the adoption of innovative business models. The gaiasense smart farming system
utilised in these SIPs employs a Smart Farming as a Service (SFaaS) model (Adamides, 2020) thereby
removing the upfront investment burden. In southeast Europe many farms have small and fragmented
holdings, so a subscription model is particularly suited. With gaiasense farmer(s) pay an annual subscription
proportionate to the area of their holdings and in accordance with the type of farming advisory services that
they are choose (e.g., pest management, irrigation, and fertilization).

Ploutos provided evidence of another manner for addressing the investment cost. This is through the
formation of smaller-sized production units like “Producers Groups”, “Farmer Association” and also groups
that may include other agri-food chain stakeholders e.g. the local agri-products processors/retailers. Given
the shared interest of these stakeholders in optimal and sustainable agricultural production, a synergistic
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relationship can be established which shares the investment cost and the collected data (e.g. farm calendars
and agro-environmental conditions of the area). This was the case in SIP1 where the farmers cultivating
peaches and agronomists of the local frozen fruit factory had access to the same web dashboard and hence
to all relevant with the peach cultivation datasets. All the applied and recorded cultivation practices, data
from loT weather stations and calculated data products (e.g. pest infestation risk index) were visible to SIP’s
farmers, advisors and fruit processors. This resulted in greater trust between the parties and consequently
the processor committed to purchasing the harvest without further inspection in advance. This was an
advantage for farmers participating in Ploutos compared with other farmers in the area. It is important to
mention that the farmers participating in SIP1 were considered as the data owners of the recorded farming
practices and hence their consent was necessary prior to any data sharing. The farmers had no objection to
giving access to the local fruit factory’s agronomists. In addition, the fruit factory representatives considered
these farmers as “trusted” in terms of the farming practices they were applying.

In order to support small farm holders, throughout the project, we have encouraged the use of open source
software to lower costs and barriers to entry. However, the challenge remains to avoid consolidation and
eventual monopoly control over this emerging sector. Ploutos considers interoperability of agri-food systems
a mandatory prerequisite for data-sharing and data reuse allowing to maximise/amplify the offered services.
This also applies to low cost agritech services targeting smaller-size production units.

With regards to the issue of farmers' interaction with digital technologies, the use of existing communication

channels that are easy to use and farmers are already familiar with proved to be effective. For example, in
SIP5 farmers with minimal experience on the use of digital solutions received predictions of grass growth rate
on a weekly basis allowing grazing planning through WhatsApp group. In a similar approach, in SIP1,3,7 advice
on irrigation and pesticides applications were sent to farmers through SMS.

The effectiveness of the digital solution in farmers' everyday tasks is also a parameter that is related with the

overall willingness for interaction. According to SIP4, convincing farmers of the benefits of technological
solutions has been challenging since the beginning of the project. Farmers need to see results fast; otherwise,
they perceive the cost of the solution as too high. The farmers need to understand the mechanism of the
various services, why the data collection is important and how it is closely connected with the quality of the
offered services/predictions/decision support. It is necessary to put effort into engaging the farmers by
working more closely together with them, collecting their interest in the products developed and getting
their feedback. Based on the outcomes of the several Open Day events that were realised, support from
local actors is an important parameter. Farmers and advisors tend to trust more someone with offices in their
area than someone moving from a big city just to install the hardware, demonstrate the software and then
leave.

Based on the findings of SIP4, it is necessary to provide proper guidance and regular monitoring of farmers'
use of the tools. As many farmers are not accustomed to using such technologies, if they don't learn to use
it correctly this is leading to distrust in the system or abandonment. Once farmers grasp what digital tools
and algorithms can do for them, and as the tangible outcomes of digitalization and data analytics become
apparent, their willingness to embrace these technologies is very high.

A more generic outcome is that the farmer should not feel threatened by the data collection process and the
use of the solutions. The maintained datasets should remain to his/her personal virtual property, be
transparent, available and useful, in a comprehensible manner.

It should be noted that in Ploutos project user behaviour issues towards the realisation of innovation are
extensively analysed in “D2.5 Ploutos Sustainable Behavioural Innovation Toolbox”.
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4.1.4 Monitor sustainability performance of farming practices
- a policy perspective
Challenge description: A number of EU policies impose the implementation of sustainable farming practices

(Common Agricultural Policy 2023-2027, Biodiversity strategy for 2030, Regulation on the Sustainable Use
of Plant Protection Products, Carbon Farming). These policies are setting specific measurable targets while

currently there are no available tools to measure the achieved performance on the granularity level required

and for this reason there are currently various initiatives towards more advanced data collection mechanisms
(e.g. FSDN, Agricultural inputs and outputs (SAIO)) on EU level. In addition, digitisation of agricultural
production and data collection with digital means demonstrates the potential to calculate and benchmark
sustainability performance indicators of farming practices on a farm and group of farms level. These
indicators can support both monitoring of policy objectives but also can be useful for the management of
individual farms or groups of farms (e.g., Farmers Association) supporting sustainable farm practices.

How this issue was addressed in Ploutos:

As it was analysed in previous challenges recording of farming practices in farm calendars allow to extract
various useful results. An approach where data are collected once and utilised for various purposes is
considered as a best practice given that avoids fatigue caused to stakeholders (farmers, advisors) by data
collection process.

This practice was implemented in SIP1 and 7 where aggregation algorithms on collected datasets of farming
practices for individual parcels and groups of parcels were developed. The algorithms were applied on the
existing data collections of the digital farm calendars. Aggregates are calculated based on the following
criteria:

e Time based: Calculating data products for user defined time-periods, e.g., per cultivation cycle, on a
yearly or monthly basis.

e Intervention based: Calculation of quantitative aggregates referring to specific cultivation practices
e.g., irrigation, pest management, fertilisation, harvests yield.

e Location/area based: Calculations are realised for a group of farms located in the same area.

In addition, mechanisms for the controlled sharing of the calculated outcomes with stakeholders were
evaluated. Aiming to further support farmers' collaboration with digital means, selected calculated
outcomes/aggregates were shared with individual farmers that consent to share their calendars’ datasets
and contribute to aggregates calculation. This data sharing approach was evaluated as a reward and
incentivisation for farmers to share their data but also as a mutualisation of resources approach where
calculated performance indicators are not only utilised for policy monitoring but also for more informed
farm-level decision making. The overall approach was presented in Open Day events to a large group of
farmers (not only SIP participants). The farmers provided positive replies and considered data sharing —
especially among members of the same farming association- as a feasible and useful approach.

SIP4 had a similar approach where a “data lake” was developed for gathering data from different sources
(loT), crop management data (manually collected) and ERP data (post-harvest data). Analysis of pre-harvest
and post-harvest data allows knowledge sharing among producers, learning from each-other and improving
their practices. According to the recorded SIP outcomes this approach facilitated anonymous benchmarking,
allowing growers to compare their crop performance and practices with others without revealing individual
identities. This encourages healthy competition and provides opportunities for improvement.
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In SIP8, data from different sources was integrated in a tool for calculating carbon sequestration on
farm/parcel level. A baseline calculation, assistant option and scenario calculation option was developed in
order to create a decision support tool for farmers. As it is stated in D5.6 through this benchmarking tool
farmers participating in SIP8 are motivated to take extra measures for Carbon Sequestration. Farmers are
provided with complete and reliable insight not only in their negative environmental impact, but also in their
positive impact. Farmers are willing to show to their local network, neighbours, customers, etc. how they
are performing. The tool not only supported the monitoring of policy objectives, but it also gave insight on
farm level performance and what measures are most effective.

4.2 After the farm gate: Food Supply Chain & Retail Market

4.2.1 Using traceability services for food provenance and
guality assurance

Challenge description: Data collection throughout the stages of production, as well as in food processing, is
meant to realize the desired traceability in food products and more efficient farm management. As
consumers become more aware of the environmental impact of food production, they tend to demand more
environmental-friendly production of safe food, and on top of that, to be aware of the specificities of the
product that they hold in their hands. This demand puts farmers in the difficult position of implementing new
technologies and traceability solutions at farm level and in need of collaborating with more external chain
actors who have the tools and methodologies for implementation. However, it is true that almost all the
systems applied to the agri-food value chain are centralised, monopolistic, asymmetric and opaque, and may
result in serious trust problems.

How this issue was addressed in Ploutos:

The Ploutos project developed data interoperability and data sharing mechanisms that were then exploited
and adapted in support of food traceability cases. The developed mechanisms and the respective realised
evaluation in a real-world case are documented in detail in “D4.9: Final distributed ledger agri-food
traceability and data sharing service specifications”. The source code of the developed tools and the testing
scenario are publicly available in gitlab, while a short video illustrating the developed approach is available
here. In order for this document to be complete and self-sustained a short summary of the key points on the
Ploutos traceability are presented hereafter.

For the Ploutos project our focus has been on an approach that can satisfy a number of criteria, all reflecting
the realities of the agrifood system and the suitability of such systems in the current social, political and
economic environment:

e Interoperability with legacy systems: Any system or architecture developed should allow
stakeholders to continue using existing legacy systems.

e Standards-based: Any system developed should follow internationally agreed and preferably widely
used data standards. Semantic web-based standards using URIs, ontologies and related technologies
are the obvious candidates. Here we have used the previously developed Ploutos Data Model
described in Deliverable D4.2.

e Data access and control: Every stakeholder should have complete control over their own data and
be able to control who has access and under what conditions.

e Openness: Standards, architectures and APIs need to be open so that a multiplicity of solution
providers can build systems which interoperate and thus permit an ecosystem of interoperable
systems to develop.
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e Flexibility: The use of data standards and the selection of those standards should always enable
extensibility and adaptability for developing scenarios. The growing importance of data capture
concerning environmental and social parameters (very absent from GS1 for example) needs to be
possible to future-proof such a system and to ensure that it is relevant to the needs of food
producers, processors, retailers, certifiers and end consumers.

Despite the popularity of blockchain (or distributed ledger) based initiatives and solutions, a careful analysis
of the needs and requirements of the Ploutos SIPs led to the conclusion that such an approach would add
complexity with no added value, and above all without addressing the fundamental challenges of the
agrifood sector and its supply chains.

In Ploutos a demonstration service for food provenance and quality assurance was realised by exploiting the
Ploutos data sharing mechanisms (documented in D4.5, D4.7). The data sharing mechanisms were
appropriately configured to integrate the participating information systems (digital farm books containing
the applied farming practices and the Warehouse Management System of the fruit processing factory). The
Ploutos Traceability Application has been developed as a web-based service capable to initiate federated
calls to information systems that maintain data items of interest using the Ploutos Interoperability Enablers.
The demonstration is based on real data recordings that refer to cultivation practices applied to peach
orchards and the processing of the harvested fruits. Traceability on agriculture production and fruit
processing information is initiated using the LOT ids that are assigned on the packages of the final product
(more details in D4.9).

The overall approach was evaluated by relevant actors with satisfactory outcomes. Federate queries of
relevant datasets, access control enforced by the data owner, integration with existing legacy systems and
use of standardised semantics were all successfully addressed. However, there are still common unresolved
issues that are evident in similar food traceability cases that couldn’t be addressed in an optimised manner.
For example, at the fruit processing factory it is common practice that harvest yields from multiple farmers
are mixed in order to accumulate to the necessary quantity of fruits that the processing line requires to start
operate. This is a problem when trying to trace back the applied cultivation practices given that the end
product (e.g. frozen peaches packed in boxes) contains fruits from many different farms that have applied
different cultivation practices. This is a difficult to solve problem, given that in south European countries
agricultural holdings are small and scattered.

4.2.2 e-Labels on food products

Challenge description: In the European Union, the labelling rules enable the citizens to get comprehensive
information about the content and composition of food products. Labelling helps consumers to make an
informed choice while purchasing their foodstuffs. New legislation in the EU now supports the use of digital
labels which provides the potential for providing to consumers enriched and dynamic content with a focus
on the sustainability of the applied food production practices. Data logs from the cultivation phase (e.g.,
digital farm books) and from the processing stage can now be integrated as data sources of the information
that may escort agri-food products. On the other hand, farmers and food-processors are reluctant to share
detailed information about the production steps with consumers.

How this issue was addressed in Ploutos:

SIP8 focused on developing a generic digital label scheme, applied and tested to wine products, capable of
providing to consumers dynamic content with regards to wine characteristics and production process. QR-
codes were developed and integrated into the printed physical labels which allowed the querying and
rendering of additional information with a use of mobile devices (e.g., smartphone). In the case of wine
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products, the e-label can promote important information to consumers, related to the vineyards’ location,
soil type, grape varieties, alcohol content, ingredients, nutritional value (e.g., calories), contribution to
environment, SF microclimate agro-environmental parameters in real time (e.g., temperature, humidity), etc.
Two short demo videos have also been integrated into the e-labels to enhance consumer experience. The
one video presents the sustainable practices applied by the winery “Soil improvement and land conservation
practices”, while the other one presents the wines through an interactive discussion between the oenologist.
These information items are not feasible to be included on printed labels which means that the e-label can
provide competitive marketing advantages.

One of the technical issues to be addressed was data integration from heterogeneous information systems,
namely the farm book of the smart farming provider (containing a history log of applied farming practices,
etc.), and the wine making processing data logs (day and quantity of harvested yield, duration of ageing in
barrel, date of putting the way in bottles, etc.). After the winemaking process is over, these datalogs are not
anymore changing so it was feasible to translate, integrate and make them retrievable with the use of simple
webservices.

The more challenging issue was the amount and type of information that should be available to consumers.
The digital farm book contains detailed logs of all the applied farming practices including the use of pesticides
and fertilisers. The winery owners -that were also responsible for the marketing strategy - were reluctant to
reveal the full log of the farm book to the consumers through the QR-code. The main reason was that even
if an optimised pest management approach was implemented the consumers may not be in position to
interpret the list of pesticides applications that would be presented in their devices screen. Especially given
the fact that there are not widely accepted and publicly available base values on applied farming practices
and that other wines from competitors' wineries are not providing similar information. SIP8 winery
representatives were afraid that, even if technically was feasible to integrate various data sources and
provide enriched content to consumers, disclosing too much information may become a marketing
disadvantage. However, the implementation of data-driven optimised use of agricultural inputs is considered
as a farming approach that the winery wanted to share with the consumers. As a compromise limited and
easy to comprehend data made available through the QR-code wine-tracing-app that prove the
implementation of sustainable farming practices with the use of digital technologies but without disclosing
details of the actual practices.

4.3 Across the agri-food value chain

4.3.1 Data interoperability among systems and the use
common semantics

Challenge description: Data driven technological innovation for the agri-food sector has largely focused on
ways to achieve greater data sharing across different sets of stakeholders. As it is stated in section 3, Ploutos
elaborated in the technological infrastructure which has been implemented based largely on semantic
technologies to enable such data sharing among multiple agrifood stakeholders. Data sharing in this context
refers to the design of systems, standards and infrastructure that enables data to be shared between
stakeholders both with supply chain relations but also off-chain stakeholders such as certification providers
and food safety agencies. The use of common semantics is a prerequisite for the various systems to be able
to interoperate and the use of (standardized) ontologies address this issue.

However, developers and system engineers are reluctant to use complicated data-modeling schemes due to
the introduced overhead for data maintenance. Scarcity of resources combined with security and system
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administration related requirements are forcing engineers to apply custom, simple and practical solutions,
tailored to the needs of each application domain, having as first priority the sound operation of production
services (Kalatzis, 2019). Introducing data interoperability mechanisms (namely use of ontologies) to existing
operational systems raises questions about the overall system performance, integration efforts required,
introduced cost, and return of investment thus making the overall effort not an easy task and system
administrators reluctant to proceed.

How this issue was addressed in Ploutos: The need for mechanisms to enable data sharing among the
various key players of the agri-food sector has already been extensively analysed in the previous sections of
this document (see section 2.5) along with the key design principles specified for addressing these issues. In
Ploutos project interoperability in semantic level is addressed with the PCSM (ontology).

The challenge described here and the reluctance in adopting a semantic interoperability solution were also
evident in Ploutos SIPs. Although the overall feedback form Ploutos SIP partners with a technical background
was positive on the usefulness of the developed approach they were not keen to proceed with the actual
technical adoption within their systems. In many cases in the context of SIPs, partners had developed their
own mechanisms for sharing data in a custom and practical manner without integrating a more wide
interoperable but potentially more complex approach.

One explanation on this, is that data sharing in SIPs was among a small number of partners (e.g., two or three
entities) with existing, real-world, established relationship, thus it was easier for them to agree -in an adhoc
manner- in common interpretations of the utilized data models. Of course, this approach can’t scale when
there is a need for large scale data sharing with unknown stakeholders, but it is still a practical working
approach. To our understanding, this situation reflects in a more generic manner the existing conditions in
agri-food domain with regards to data-driven innovation. Data sharing still occurs in small, isolated clusters
consisting of platforms and proprietary systems that are mainly isolated and act as “vertical silos”.

With regards, to Ploutos project SIP partners it was necessary for WP4 to make numerous training meetings
and most importantly it was only when they identify the need for data sharing in an extended manner that
motivated them to consider adopting generic data interoperability mechanisms.

4.3.2 System interoperability and interaction among agrifood
systems

Challenge description: To facilitate data-sharing among agri-food systems there is a need to identify each
other and use a common data exchange protocol. This is also known as syntactic or technical interoperability.
Given the heterogeneity of agri-food information systems technical interoperability is still an open issue.

Best Practice: In Ploutos project discovering and exchanging data among agri-food information systems is
facilitated with the combined use of Ploutos Interoperability Enablers (PIE) and the Ploutos Registration and
Discovery Directory (PRDD). Both modules are detailed described in the relevant deliverables “D4.5 Final agri-
food data-sharing reference architecture” and “D4.7 Final agri-food data sharing platform”. These modules
use standardized protocols for data exchange namely W3C SPARQL language. The combined use of PIE, PRDD
and the PCSM creates a fully scalable and interoperable data sharing framework that was successfully
evaluated in SIP1. The data sharing mechanisms are applicable and reusable in different context with minimal
technical adaptation.
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It should be noted that the presented approach is in line with the International Telecommunication Union
(ITU%) recommendation on the use of “Minimal Interoperability Mechanisms (MIMs)” as a method of
specifying sets of requirements that will enable minimal but sufficient interoperability for smart and
sustainable cities and communities. As it is stated, “implementation can be different, as long as crucial
interoperability points in any given technical architecture use the same interoperability mechanisms. The
MIMs are vendor-neutral and technology-agnostic, meaning that anybody can use them and integrate them
in existing systems and offerings.”

One of the crucial practical outcomes from the evaluation in Ploutos project is that data sharing in a
standardised manner can be facilitated even with existing operational systems. There is no need to expect a
radical change with an introduction of new information ICT systems that will be interoperable by design to
move towards a more transparent food production system. Data sharing with standardised and interoperable
mechanisms is feasible to be applied on top of existing systems and can facilitate data sharing without
disturbing normal operation. The modular design approach of the PIEs supports the adaptation according to
the different domain specific requirements, e.g., expressing data with different semantics, enforce role-
based access control to datasets. To this end, it is more data governance and the overall agri-food data
sharing regulatory framework that is still open and hinders data driven innovation rather than the lack of
technical means.

4 International Telecommunication Union (ITU) is the United Nations specialized agency for information and
communication technologies
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The last decade has seen an explosion of interest and investment in the use of digital technologies for the
agri-food sector. However, despite all the efforts and resources invested, there is a considerable lag in the
uptake and use of such technologies especially by the EU farmers operating small and medium farms. Almost
97% of all EU farms are family farms and 70% of farms have a size of less than 5 ha (EUROSTAT, 2022). The
implementation of the CAP 2023-2027 aims to further push the use of digital technologies by introducing
specific objectives that support through subsidies schemes the use of digital farm books and data-driven
decision support services. The use of digital technologies in the farming sector is expected to expand in the
following years, even if this is realised in the simple form of the digital recording of farming practices.
Consequently, the available data sets of farming and processing activities are expected to expand providing
the potential for a more transparent food production and food distribution through the use of data-driven
innovative services.

There are still many challenges that need to be tackled and an increase in the availability of data doesn’t
necessarily guarantee the development and the sound operation of a data-driven agri-food sector. The
Ploutos project tried to address these challenges in a holistic manner considering — not only data-driven
innovation- but also user behaviour and business modelling aspects. The key outcomes on the data-driven
innovations are documented in “D4.2 - Data interoperability for the agri-food sector”, “D4.5 Final agri-food
data-sharing reference architecture”, “D4.7 Final agri-food data sharing platform”, and “D4.9 Final
traceability and data sharing specifications”. In addition, a significant number of data-driven innovations that
have been developed in the context of SIPs are documented in “D5.6 Final periodic evaluation of the SIPs
performance”. This deliverable aims to consolidate the key outcomes and to act as a short and practical guide
based on the gained experience that will be useful in other new or similar projects that aim to facilitate data-
driven innovation for the digital agri-food sector.

As a final note, since the initiation of the Ploutos project in 2020 we are noticing an increase in the frequency
of extreme weather events that also affected Ploutos SIPs. Freezing temperatures during the blossoming
phase of orchards, long heatwaves, limited rainfalls when are needed, heavy rainfalls causing extended
floods, tropical nights even during wintertime were evident all over Europe and also in the pilot fields of the
Ploutos project. Agriculture is becoming even more unsustainable due to this extreme conditions. During
these challenging times a shift to a more synergetic farming paradigm may provide the means to mitigate
the effect. Based on our experience within the Ploutos project, for the farming sector and with regards to
the digital sphere, synergies can be facilitated through the formation of trusted collaborative schemes and
the sharing of resources (namely data, knowledge, equipment) combined with a special focus to the needs
of small farms. These are — among others — the core objectives of the recently started Horizon Europe
Farmtopia project where the gained experiences from Ploutos will be reused and extended.
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The most up-to-date version of the Ploutos Core Semantic Model (PCSM) is available here:
https://gitlab.com/Ploutos-project/ploutos-common-semantic-model/-
/blob/master/ploutos.ttl?ref type=heads

The PCSM specification in TTL format follows:

# baseURI: https://www.tno.nl/agrifood/ontology/ploutos/common
# imports: http://eulersharp.sourceforge.net/2003/03swap/countries
# imports: http://purl.obolibrary.org/obo/envo.owl

# imports: http://purl.obolibrary.org/obo/foodon.owl

# imports: http://www.ontology-of-units-of-measure.org/resource/om-2/
# imports: http://www.w3.0rg/2002/07/owl

# imports: http://www.w3.0rg/2006/time

# imports: http://www.w3.org/ns/org.ttl

# imports: http://www.w3.org/ns/sosa/

# imports: http://www.w3.org/ns/ssn/

# imports: https://bimerr.iot.linkeddata.es/def/weather

# imports: https://gsl.org/voc/

# imports: https://saref.etsi.org/sarefdagri/v1.1.2/

# prefix: ploutos

@prefix MathM: <http://www.w3.0rg/1998/Math/MathML> .

@prefix cybele: <https://w3id.org/cybele/> .

@prefix envo: <http://purl.obolibrary.org/obo/envo.owl#> .

@prefix foodie: <http://foodie-cloud.com/model/foodie#> .

@prefix foodon: <http://purl.obolibrary.org/obo/foodon.owl#> .

@prefix gs1: <https://gsl.org/voc/> .

@prefix obo: <http://purl.obolibrary.org/obo/> .

@prefix om: <http://www.ontology-of-units-of-measure.org/resource/om-2/> .
@prefix org: <http://www.w3.org/ns/orgh> .

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix ploutos: <https://www.tno.nl/agrifood/ontology/ploutos/common#> .
@prefix ploutosData: <https://www.tno.nl/agrifood/data/ploutos/common#> .
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schemat> .
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@prefix s4a: <https://saref.etsi.org/sarefdagri/vl.1.2/> .

@prefix sdagri: <https://saref.etsi.org/sarefdagri/> .

@prefix sosa: <http://www.w3.org/ns/sosa/>.

@prefix spin: <http://spinrdf.org/spin#> .

@prefix ssn: <http://www.w3.org/ns/ssn/> .

@prefix weather: <https://bimerr.iot.linkeddata.es/def/weather#> .
@prefix xml: <http://www.w3.0rg/XML/1998/namespace> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

foodie:Intervention
rdf:type owl:Class ;

owl:equivalentClass ploutos:SoilManagementOperation ;

foodie:Plot

rdf:type owl:Class ;

obo:ENVO_00000078
rdf:type owl:Class ;

owl:equivalentClass ploutos:Farm ;

0bo:ENVO_00001998

rdf:type owl:Class ;

obo:FOODON_03411266
rdf:type owl:Class ;
rdfs:label "FOODON 03411266" ;
rdfs:subClassOf obo:NCBITaxon_89151 ;

obo:FOODON_03411439
rdf:type owl:Class ;
rdfs:label "FOODON 03411439" ;
rdfs:subClassOf obo:NCBITaxon_89151 ;

0bo:FOODON_03412072

**
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rdf:type owl:Class ;
rdfs:label "FOODON 03412072";
rdfs:subClassOf obo:NCBITaxon_3716;

obo:FOODON_03413355
rdf:type owl:Class ;
rdfs:label "FOODON 03413355" ;

rdfs:subClassOf obo:NCBITaxon_3716 ;

0bo:PATO_0000033

rdfs:subClassOf sosa:ObservableProperty ;

ssn:haslnput

rdfs:subPropertyOf owl:topObjectProperty ;

ssn:hasOutput

rdfs:subPropertyOf owl:topObjectProperty ;

<http://xmins.com/foaf/0.1/Agent>

rdf:type owl:Class ;

<http://xmins.com/foaf/0.1/Person>

rdf:type owl:Class ;

gsl:AllergenTypeCode
rdf:type owl:Class ;
rdfs:label "Allergen type code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:AnatomicalFormCode
rdf:type owl:Class ;
rdfs:label "Anatomical form code" ;

rdfs:subClassOf gs1:TypeCode ;
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gsl:CertificationStatus
rdf:type owl:Class ;
rdfs:label "Certification status" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:CheeseFirmnessCode
rdf:type owl:Class ;
rdfs:label "Cheese firmness code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:ColourCodelistCode
rdf:type owl:Class ;
rdfs:label "Colour code list code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:ConsumerLifestageCode
rdf:type owl:Class ;
rdfs:label "Consumer lifestage code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1l:ConsumerSalesConditionsCode
rdf:type owl:Class ;
rdfs:label "Consumer sales conditions code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:DietTypeCode
rdf:type owl:Class ;
rdfs:label "Diet type code" ;
rdfs:subClassOf gs1:TypeCode ;

gsl:DiscountTypeCode
rdf:type owl:Class ;
rdfs:label "Discount type code" ;

rdfs:subClassOf gs1:TypeCode ;

**
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gsl:FoodBeverageRefrigerationClaimCode
rdf:type owl:Class ;
rdfs:label "Food beverage refrigeration claim code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:FoodBeverageTargetUseCode
rdf:type owl:Class ;
rdfs:label "Food beverage target use code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:FootwearFasteningTypeCode
rdf:type owl:Class ;
rdfs:label "Footwear fastening type code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:FreshOrSeawaterFarmedCode
rdf:type owl:Class ;
rdfs:label "Fresh or seawater farmed code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:GrowingMethodCode
rdf:type owl:Class ;
rdfs:label "Growing method code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:LevelOfContainmentCode
rdf:type owl:Class ;
rdfs:label "Level of containment code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:MaturationMethodCode
rdf:type owl:Class ;

rdfs:label "Maturation method code" ;
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rdfs:subClassOf gs1:TypeCode ;

gsl:MeasurementPrecisionCode
rdf:type owl:Class ;
rdfs:label "Measurement precision code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:MeasurementType
rdf:type owl:Class ;
rdfs:label "Measurement type" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:NonbinarylLogicCode
rdf:type owl:Class ;
rdfs:label "Nonbinary logic code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:NutrientBasisQuantityCode
rdf:type owl:Class ;
rdfs:label "Nutrient basis quantity code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:NutritionalClaimTypeCode
rdf:type owl:Class ;
rdfs:label "Nutritional claim type code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:0fferRedemptionTypeCode
rdf:type owl:Class ;
rdfs:label "Offer redemption type code" ;
rdfs:subClassOf gs1:TypeCode ;

gs1:0OrganicClaimAgencyCode

rdf:type owl:Class ;

**
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rdfs:label "Organic claim agency code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:0rganizationRoleType
rdf:type owl:Class ;
rdfs:label "Organization role type" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:PackagingFeatureCode
rdf:type owl:Class ;
rdfs:label "Packaging feature code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:PackagingFunctionCode
rdf:type owl:Class ;
rdfs:label "Packaging function code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:PackagingMarkedDietAllergenCode
rdf:type owl:Class ;
rdfs:label "Packaging marked diet allergen code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:PackagingMarkedFreeFromCode
rdf:type owl:Class ;
rdfs:label "Packaging marked free from code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:PackagingMarkedLlLabelAccreditationCode
rdf:type owl:Class ;
rdfs:label "Packaging marked label accreditation code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:PackagingMaterialTypeCode
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rdf:type owl:Class ;
rdfs:label "Packaging material type code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:PackagingRecyclingProcessTypeCode
rdf:type owl:Class ;
rdfs:label "Packaging recycling process type code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:PackagingRecyclingSchemeCode
rdf:type owl:Class ;
rdfs:label "Packaging recycling scheme code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:PackagingShapeCode
rdf:type owl:Class ;
rdfs:label "Packaging shape code" ;
rdfs:subClassOf gs1:TypeCode ;

gsl:PaymentMethod
rdf:type owl:Class ;
rdfs:label "Payment method" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:PreparationTypeCode
rdf:type owl:Class ;
rdfs:label "Preparation type code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:PreservationTechniqueCode
rdf:type owl:Class ;
rdfs:label "Preservation technique code" ;

rdfs:subClassOf gs1:TypeCode ;

**

an This project has received funding from the European Union’s Horizon 2020 research and
N innovation programme under grant agreement No 101000594



Z PLOUTOS

gsl:ProductYieldTypeCode
rdf:type owl:Class ;
rdfs:label "Product yield type code" ;
rdfs:subClassOf gs1:TypeCode ;

gsl:ReferencedFileTypeCode
rdf:type owl:Class ;
rdfs:label "Referenced file type code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:SeasonParameterCode
rdf:type owl:Class ;
rdfs:label "Season parameter code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:SecurityMarking
rdf:type owl:Class ;
rdfs:label "Security marking" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:SensorAlertType
rdf:type owl:Class ;
rdfs:label "Sensor alert type" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:SharpnessOfCheeseCode
rdf:type owl:Class ;
rdfs:label "Sharpness of cheese code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:SizeGroupCode
rdf:type owl:Class ;
rdfs:label "Size group code" ;

rdfs:subClassOf gs1:TypeCode ;
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gs1:SizeSystemCode
rdf:type owl:Class ;
rdfs:label "Size system code" ;

rdfs:subClassOf gs1:TypeCode ;

gs1:SizeTypeCode
rdf:type owl:Class ;
rdfs:label "Size type code" ;
rdfs:subClassOf gs1:TypeCode ;

gsl:SourceAnimalCode
rdf:type owl:Class ;
rdfs:label "Source animal code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:SportingActivityTypeCode
rdf:type owl:Class ;
rdfs:label "Sporting activity type code" ;
rdfs:subClassOf gs1:TypeCode ;

gsl:TargetConsumerGenderCode
rdf:type owl:Class ;
rdfs:label "Target consumer gender code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:TradeChannelCode
rdf:type owl:Class ;
rdfs:label "Trade channel code" ;

rdfs:subClassOf gs1:TypeCode ;

gsl:UpperTypeCode
rdf:type owl:Class ;

rdfs:label "Upper type code" ;
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rdfs:subClassOf gs1:TypeCode ;

gsl:certificationEndDate

rdfs:subPropertyOf ploutos:isValidUntil ;

gsl:certificationStandard

rdfs:subPropertyOf ploutos:hasCertificationScheme ;

gsl:certificationStartDate

rdfs:subPropertyOf ploutos:isValidFrom ;

gsl:certificationStatus

rdfs:subPropertyOf ploutos:hasStatus ;

sdagri:Crop

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"~xsd:nonNegativelnteger ;
owl:onDataRange xsd:string ;
owl:onProperty ploutos:hasCropVariety ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:string ;
owl:onProperty s4agri:hasName ;
owl:qualifiedCardinality "1"A*xsd:nonNegativelnteger ;

l;

ploutosData:cow-meat-part-1

rdf:type owl:NamedIndividual ;

ploutosData:cow-meat-part-2

rdf:type owl:NamedIndividual ;

**

an This project has received funding from the European Union’s Horizon 2020 research and
N innovation programme under grant agreement No 101000594



Z PLOUTOS

ploutosData:cow-meat-part-3

rdf:type owl:NamedIndividual ;

ploutosData:cow-meat-part-packaged-1

rdf:type owl:NamedIndividual ;

ploutosData:cow-meat-part-packaged-2

rdf:type owl:NamedIndividual ;

ploutosData:cow-meat-part-packaged-3

rdf:type owl:NamedIndividual ;

<https://www.tno.nl/agrifood/ontology/ploutos/common>
rdf:type owl:Ontology ;
spin:imports <http://topbraid.org/spin/owlrl-all> ;
owl:imports <http://eulersharp.sourceforge.net/2003/03swap/countries> ;
owl:imports <http://purl.obolibrary.org/obo/envo.owl> ;
owl:imports <http://purl.obolibrary.org/obo/foodon.owl> ;
owl:imports om: ;
owl:imports <http://www.w3.0rg/2002/07/owl> ;
owl:imports <http://www.w3.0rg/2006/time> ;
owl:imports <http://www.w3.org/ns/org.ttl>;
owl:imports sosa: ;
owl:imports ssn: ;
owl:imports <https://bimerr.iot.linkeddata.es/def/weather> ;
owl:imports gsl:;

owl:imports s4a:;

ploutos:AgriculturalMachine
rdf:type owl:Class ;
rdfs:comment "This class represents the set of all agricultural machines that are used on the farm" ;
rdfs:label "Agricultural machine" ;
rdfs:subClassOf owl:Thing ;
rdfs:subClassOf [
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rdf:type owl:Restriction ;
owl:onProperty ploutos:hasGreenhouseGasEmission ;

owl:someValuesFrom sosa:Observation ;

l;

ploutos:Atmosphere
rdf:type owl:Class ;

rdfs:comment "This represents the earth atmosphere, particularly the air on and above the earth surface,
including parcels of a farm and its environment being cities or nature." ;

rdfs:label "Atmosphere" @en ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:hasWeatherProperty ;

owl:someValuesFrom weather:WeatherProperty ;

l;

ploutos:AuthoritySpecificCertificateldentifier
rdf:type owl:Class ;

rdfs:comment "1: An authority specific certificate identifier is an identifier that is issued by an authority, to
identify a certificate." ;

rdfs:comment "2: This class is equivalent to the property https://gsl.org/voc/certificationldentification in
the GS1 vocabulary" ;

rdfs:label "Authority specific certificate identifier" ;

rdfs:subClassOf ploutos:AuthoritySpecificldentifier ;

ploutos:AuthoritySpecificldentifier
rdf:type owl:Class ;

rdfs:comment "An authority specific identifier is an identifier that is issued by an authority, to identify an
entity that is authorised by the authority." ;

rdfs:label "Authority specific identifier" ;
rdfs:subClassOf owl:Thing ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onClass ploutos:CertificateStandardOwner ;

owl:onProperty ploutos:isProvidedBy ;
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owl:qualifiedCardinality "1"A*xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:string ;
owl:onProperty ploutos:hasldentifier ;
owl:qualifiedCardinality "1"~"*xsd:nonNegativelnteger ;

l;

ploutos:AuthoritySpecificOrganisationldentifier
rdf:type owl:Class ;

rdfs:comment "An authority specific identifier is an identifier that is issued by an authority, to identify an
organisation. For instance, this can be a GlobalGapNumber: a GGN is a 13-digit number that uniquely
identifies each producer and individual member of a producer group in the GLOBALG.A.P. Database. The GGN
matches the Global Location Number specification of GS1." ;

rdfs:label "Authority specific organisation identifier" ;

rdfs:subClassOf ploutos:AuthoritySpecificldentifier ;

ploutos:Certificate
rdf:type owl:Class ;

rdfs:comment "1: This class represents all kind of certificates that can be issued for compliance of systems,
processes and products for both private and public standards that concern food safety, food quality, good
agricultural practices, good manufacturing practices and/or good management practices, labor practices,
environmental standards and/or non-genetically modified materials." ;

rdfs:comment """2: Each certificate contains a number of attributes:
- identifier: e.g. the authority specific certificate identifier => hasAuthoritySpecificCertificateldentifier

- certification standard owner: the name of the authority organization that owns the certification standard
and additionally provides access to the certification => isProvidedBy as part of the AuthoritySpecificldentifier
class

- organization: the company that is being certified, including name and address (nb: an ontology containing
addresses and countries should be reused here) => hasCertifiedOrganization

- conformity assessment organization: the name and address of the organization that performed the
conformity assessment checks for the certificate, this organization includes the specific certificate
auditor/reviewer/issuer roles => isCertifiedBy

- certification scheme: the specific scheme against which the organization is being certified, e.g., GlobalGAP
General Regulations, GlobalGAP Integrated Farm Assurance Control Points & Compliance Criteria version 5.2
for Crops - Fruit & Vegetables => hasCertificationScheme
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- certified object: the type of product, process or system for which the certificate holds, e.g., apricots, beans,
peaches, cleaning, packaging, juggling by <https://www.knowledge-engine.eu/nouwt/Barry> is subClassOf
owl:Thing, to be decided ... => hasCertifiedObject

- status: the status of the certification process, e.g., assessed, certified,... => hasStatus

- validFrom: the date up to which the certificate holds => isValidUntil

- validUntil: the date from which the certificate holds => isValidFrom""" ;

rdfs:comment "3: This class is a subclass of the class https://gs1.org/voc/CertificationDetails that represent
the details of a certification in the GS1 vocabulary" ;

rdfs:comment "4: Compared to GS1, the PCSM does not yet cover the following properties:
certificationAgencyURL, certificationAuditDate, certificationStatement, certificationType, certificationURI,
certificationValue, initialCertificationDate. By making the ploutos:Certificate a subclass of
gsl:CertificationDetails, these properties are automatically inherited by ploutos:Certificate instances." ;

rdfs:label "Certificate" ;
rdfs:subClassOf owl:Thing ;

rdfs:subClassOf gs1:CertificationDetails ;

ploutos:CertificateStandardOwner
rdf:type owl:Class ;

rdfs:comment "1: This class represents the set of organizations that own certificate standards, such as
GlobalGAP or EuroCert. They are also responsible for providing access to certificates that are issued by a
conformity assessment organisation after auditing and reviewing the certified object." ;

rdfs:comment "2: This class relates to the property https://gsl.org/voc/certificationAgency in the GS1
vocabulary. This property however expresses the certification agency as a string instead of a class. So, the
gs1 certificationAgency property is added to this class."” ;

rdfs:label "Certificate standard owner" ;
rdfs:subClassOf owl:Thing ;
rdfs:subClassOf org:Organization ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~*xsd:nonNegativelnteger ;

owl:onProperty gsl:certificationAgency ;

l;

ploutos:ChemicalControlOperation

rdf:type owl:Class ;
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rdfs:comment "This class represents the set of operations to protect crop against any kind of pest or disease.
It is a specific PestinterventionOperation and uses a specific pesticide with a treatment material is meant for
pest prevention, pest monitoring and pest intervention." ;

rdfs:label "Crop protection operation" ;
rdfs:subClassOf ploutos:PestinterventionOperation ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"~"xsd:nonNegativelnteger ;
owl:onClass om:Area ;
owl:onProperty ploutos:isAppliedPer ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onClass om:Measure ;
owl:onProperty ploutos:hasAppliedAmount ;
owl:qualifiedCardinality "1"~"xsd:nonNegativelnteger ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onClass om:Measure ;
owl:onProperty ploutos:hasTreatedArea ;
owl:qualifiedCardinality "1"~"*xsd:nonNegativelnteger ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:string ;
owl:onProperty ploutos:isjustifiedBecause ;
owl:qualifiedCardinality "1"A"*xsd:nonNegativelnteger ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:usesPesticide ;

owl:someValuesFrom ploutos:Pesticide ;

l;
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ploutos:ConformityAssessmentOrganization
rdf:type owl:Class ;

rdfs:comment "This class represents the set of conformity assessment organizations, such as ControlUnion,
SKAL, QMSCert,.... They are responsible for auditing and reviewing the conditions for issuing certifications
according to a specific scheme on behalf of a partner in the chain or a governmental organization that
requires the specific certificate." ;

rdfs:label "Conformity assessment organization" ;
rdfs:subClassOf owl:Thing ;

rdfs:subClassOf org:Organization ;

ploutos:Crop
rdf:type owl:Class ;

rdfs:comment "This class represents all kinds of cultivated plants that can be grown on a parcel of a farm or
more generically on any type of substrate in any kind of environment. It is thus a superclass of a wide variety
of different species.";

rdfs:comment "We have defined this class to be equivalent to obo:PO_0000003 which is the concept of a
\"whole plant\", in the PO classification, which is reused by the FOODON ontology. Thereby, the ploutos:Crop
concept automatically inherits all the subclasses defined in the FOODON ontology under PO_0000003." ;

rdfs:subClassOf s4agri:Crop ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~*xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasSeedRate ;
1;
owl:equivalentClass obo:PO_0000003 ;

ploutos:CropCycle
rdf:type owl:Class ;

rdfs:comment "1: This class represents the set of crop cycles. A crop cycle is a single cycle of cultivating a
crop from sowing till harvesting. For a multiyear plant or crop, a crop cycle is the period between first leaving
until harvesting." ;

rdfs:comment "2: A crop cycle has various attributes, such as the parcel on which the crop is being cultivated
as well as various dates, such as first leaves date, blossoming date and fruiting date." ;

rdfs:comment "3: A ploutos:Crop is equivalent to the class obo:PO_0000003, which contains all or most
plant varieties." ;

rdfs:subClassOf [
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rdf:type owl:Restriction ;
owl:cardinality "1"~"*xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasBlossomingDate ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~*xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasEndDatetime ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~*xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasFirstLeavesDate ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"A*xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasFruitingDate ;
1;
rdfs:subClassOf |
rdf:type owl:Restriction ;
owl:cardinality "1"~"xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasStartDatetime ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~"xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasToponym ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onClass ploutos:Crop ;
owl:onProperty s4agri:contains ;

owl:qualifiedCardinality "1"A"*xsd:nonNegativelnteger ;
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ploutos:CropManagementOperation
rdf:type owl:Class ;

rdfs:comment "1: This is the class of crop management operations in which the crop/plant is being treated
to enhance the performance, e.g. a crop protection operation or pruning operation" ;

rdfs:comment """2: The actsOnCropStage property indicates that the crop management operation acts on
a crop that is in a certain crop stage. Crop stages can be:

1: germination;

2: leaf development;

: formation of side shoots;
: stem elongation;

: vegetative plant parts;

: inflorescence emergence;
: flowering;

: fruit development;
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: ripening;
10: senescence.""" ;
rdfs:subClassOf ploutos:Operation ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:actsOnCropStage ;
owl:someValuesFrom xsd:string ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;

owl:onProperty ploutos:isOperatedOn ;

owl:someValuesFrom ploutos:Parcel ;

l;

ploutos:CropProtectionOperation
rdf:type owl:Class ;

rdfs:comment "This class represents the set of operations to protect crop against any kind of pest or disease.
It is a specific CropManagementOperation and is meant for pest prevention, pest monitoring and pest
intervention." ;
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rdfs:label "Crop protection operation" ;

rdfs:subClassOf ploutos:CropManagementOperation ;

ploutos:CuttingOperation
rdf:type owl:Class ;

rdfs:comment "This class represents the set of operations to for cutting a product in pieces for further
processing. It is a specific ProductOperation." ;

rdfs:subClassOf ploutos:ProductOperation ;

ploutos:ENVO_00001998_1
rdf:type obo:ENVO_00001998 ;
rdfs:label "ENVO 00001998 1" ;

ploutos:Farm
rdf:type owl:Class ;
rdfs:subClassOf org:Organization ;
rdfs:subClassOf s4agri:Farm ;
rdfs:subClassOf [
rdf:type owl:Restriction ;

owl:onDataRange <http://eulersharp.sourceforge.net/2003/03swap/countries#iso3166-1-
alpha-2DT>;

owl:onProperty ploutos:hasCountry ;
owl:qualifiedCardinality "1"A"*xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:hasGreenhouseGasEmission ;

owl:someValuesFrom sosa:Observation ;

l;

ploutos:FarmAssociation
rdf:type owl:Class ;

rdfs:comment "This class represents the set of organizations to which a farm and its farmer can be
associated. A farm/farmer might belong to a larger conglomerate of cooperating farms." ;

rdfs:subClassOf org:Organization ;

**

an This project has received funding from the European Union’s Horizon 2020 research and
N innovation programme under grant agreement No 101000594



Z PLOUTOS

rdfs:subClassOf s4agri:FarmHolding ;
rdfs:subClassOf [
rdf:type owl:Restriction ;

owl:onDataRange <http://eulersharp.sourceforge.net/2003/03swap/countries#iso3166-1-
alpha-2DT>;

owl:onProperty ploutos:hasCountry ;

owl:qualifiedCardinality "1"~"*xsd:nonNegativelnteger ;

l;

ploutos:Farmer
rdf:type owl:Class ;
rdfs:comment "bla" ;
rdfs:subClassOf s4agri:Farmer ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty s4agri:isMemberOf ;

owl:someValuesFrom ploutos:FarmAssociation ;

l;

ploutos:FertilizationOperation
rdf:type owl:Class ;

rdfs:comment "This class represents the set of operations to fertilize the soil on the land of a farm. It is a
specific SoilManagementOperation and uses a fertilizer or a specific type and applies this on an area that is
treated. A fertilizer is a chemical or natural substance added to soil or land to increase its fertility." ;

rdfs:label "Fertilization operation" ;

rdfs:subClassOf ploutos:SoilManagementOperation ;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onClass om:Measure ;
owl:onProperty ploutos:hasTreatedArea ;
owl:qualifiedCardinality "1"~"xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:string ;

**
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owl:onProperty ploutos:hasApplicationMethod ;
owl:qualifiedCardinality "1"~"xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:string ;
owl:onProperty ploutos:hasFertilizationType ;
owl:qualifiedCardinality "1"A*xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:usesFertilizer ;

owl:someValuesFrom ploutos:Fertilizer ;

l;

ploutos:Fertilizer
rdf:type owl:Class ;

rdfs:comment "1: This represents the class of fertilizers that are used in fertilization operations to give
nutrients to soil, water or another substrate" ;

rdfs:comment "2: The property hasNutrientConcentration relates to an om:Percentage that has a value and
a \"phenomenon\" that indicates for which nutrient the percentage holds" ;

rdfs:label "fertilizer" ;
rdfs:subClassOf ploutos:TreatmentMaterial ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:hasNutrientConcentration ;

owl:someValuesFrom om:Percentage ;

l;

ploutos:FoodCompany
rdf:type owl:Class ;
rdfs:comment "The class represents all companies that process food or produce food products" ;
rdfs:subClassOf org:Organization ;

rdfs:subClassOf [

**
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rdf:type owl:Restriction ;

owl:onDataRange <http://eulersharp.sourceforge.net/2003/03swap/countries#iso3166-1-
alpha-2DT>;

owl:onProperty ploutos:hasCountry ;

owl:qualifiedCardinality "1"~"xsd:nonNegativelnteger ;

l;

ploutos:HarvestingOperation
rdf:type owl:Class ;

rdfs:comment "1: This class represents the set of operations to harvest a product from the land of a farm. "

rdfs:comment "2: It is a ProductOperation in the sense that it has as input the tree, plant or crop that has
produced fruits or vegetables that are ripe for harvesting and as output the harvested fruits/vegetables" ;

rdfs:comment "3: It is a CropManagementOperation in the sense that it is the last operation to manage the
in a crop cycle on a parcel”;

rdfs:label "Harvesting operation" ;
rdfs:subClassOf ploutos:CropManagementOperation ;

rdfs:subClassOf ploutos:ProductOperation ;

ploutos:IrrigationOperation
rdf:type owl:Class ;

rdfs:comment "This class represents the set of operations to irrigate the soil of a parcel of a farm with water.
It is a specific SoilManagementOperation." ;

rdfs:label "Irrigation operation" ;
rdfs:subClassOf ploutos:SoilManagementOperation ;
rdfs:subClassOf [

rdf:type owl:Restriction ;

owl:cardinality "1"~*xsd:nonNegativelnteger ;

owl:onProperty ploutos:hasCycleDuration ;

l;

ploutos:IrrigationSystem
rdf:type owl:Class ;

rdfs:comment "This class represents all kind of irrigation systems that are used to irrigate the soil of a parcel
onafarm.";

**
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rdfs:label "Irrigation system" ;
rdfs:subClassOf ploutos:System ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"~*xsd:nonNegativelnteger ;
owl:onDataRange xsd:float ;
owl:onProperty ploutos:hasSprinklerFlow ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"**xsd:nonNegativelnteger ;
owl:onDataRange xsd:integer ;
owl:onProperty ploutos:hasNumberOfSprinklers ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"A"xsd:nonNegativelnteger ;
owl:onDataRange xsd:integer ;
owl:onProperty ploutos:hasNumberOfSprinklersPerPlant ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:string ;
owl:onProperty ploutos:haslrrigationType ;

owl:qualifiedCardinality "1"A"*xsd:nonNegativelnteger ;

l;

ploutos:Nutrient
rdf:type owl:Class ;

rdfs:comment "This class represents all kinds of nutrients. A nutrient is a substance used by an organism to
survive, grow, and reproduce." ;

rdfs:subClassOf obo:CHEBI_33284 ;

ploutos:Operation

**
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rdf:type owl:Class ;

rdfs:comment "An operation is a set of actions on an object performed by a responsible agent during a
specific time interval" ;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"~"xsd:nonNegativelnteger ;
owl:onClass <http://xmlns.com/foaf/0.1/Agent>;
owl:onProperty ploutos:responsibleAgent ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minQualifiedCardinality "0"**xsd:nonNegativelnteger ;
owl:onClass ploutos:AgriculturalMachine ;
owl:onProperty ploutos:usesAgriculturalMachinery ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:dateTime ;
owl:onProperty ploutos:hasEndDatetime ;
owl:qualifiedCardinality "1"~"xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:dateTime ;
owl:onProperty ploutos:hasStartDatetime ;
owl:qualifiedCardinality "1"A*xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:hasWeatherObservation ;

owl:someValuesFrom sosa:Observation ;

l;

ploutos:PackagingOperation

**
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rdf:type owl:Class ;

rdfs:comment "This class represents the set of operations to package a product into a larger compound.
Packaging is the activity of enclosing or protecting products for distribution, storage, sale, and use. It is a
specific ProductOperation." ;

rdfs:subClassOf ploutos:ProductOperation ;

ploutos:Parcel
rdf:type owl:Class ;

rdfs:comment "1: This class represents the set of parcels. A parcel is a plot of land, usually a division of a
larger area." ;

rdfs:comment "2: A parcel has various attributes, such as an area, a region, a toponym and an administrator.
In addition, the crop that is being cultivated on the parcel has various dates, such as first leaves date,
blossoming date and fruiting date. Last but not least, various systems can be used on the parcel for
cultivation, such as an irrigation system." ;

rdfs:subClassOf obo:ENVO_00000114 ;
rdfs:subClassOf s4agri:Parcel ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"A*xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasAdministrator ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~"xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasToponym ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"**xsd:nonNegativelnteger ;
owl:onProperty ploutos:inRegion ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"~*xsd:nonNegativelnteger ;

owl:onClass ploutos:IrrigationSystem ;

**
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owl:onProperty ploutos:useslrrigationSystem ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:float ;
owl:onProperty ploutos:hasArea ;
owl:qualifiedCardinality "1"*"xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:hasCycle ;
owl:someValuesFrom ploutos:CropCycle ;

l;

ploutos:PestinterventionOperation
rdf:type owl:Class ;

rdfs:comment "This class represents the set of operations to protect crop against any kind of pest or disease
by intervening current pest attacks with pest control methods. It is a specific CropProtectionOperation." ;

rdfs:label "Pest intervention operation” ;

rdfs:subClassOf ploutos:CropProtectionOperation ;

ploutos:PestMonitoringOperation
rdf:type owl:Class ;

rdfs:comment "This class represents the set of operations to protect crop against any kind of pest or disease
by trying to monitor the presence of possible pests. It is a specific CropProtectionOperation." ;

rdfs:label "Pest monitoring operation” ;
rdfs:subClassOf ploutos:CropProtectionOperation ;
rdfs:subClassOf [

rdf:type owl:Restriction ;

owl:onProperty ploutos:isTargetedTowards ;

owl:someValuesFrom xsd:string ;

l;

ploutos:PestPreventionOperation

**
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rdf:type owl:Class ;

rdfs:comment "This class represents the set of operations to protect crop against any kind of pest or disease
by trying to prevent pest attacks. It is a specific CropProtectionOperation." ;

rdfs:label "Pest prevention operation" ;
rdfs:subClassOf ploutos:CropProtectionOperation ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:isTargetedTowards ;
owl:someValuesFrom xsd:string ;

l;

ploutos:Pesticide
rdf:type owl:Class ;

rdfs:comment "This class represents the set of pesticides. A pesticide is a substance that is meant to control
pests." ;

rdfs:subClassOf ploutos:TreatmentMaterial ;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minQualifiedCardinality "0""**xsd:nonNegativelnteger ;
owl:onDataRange xsd:time ;

owl:onProperty ploutos:hasPreHarvestinterval ;

l;

ploutos:Product
rdf:type owl:Class ;

rdfs:comment "Instances of this class are product items, such as a can with beans, or a box with bananas, a
bin with peaches or a lot with peaches" ;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:string ;
owl:onProperty ploutos:isMeantFor ;

owl:qualifiedCardinality "1"~*xsd:nonNegativelnteger ;

l;

ploutos:ProductOperation

**
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rdf:type owl:Class ;
rdfs:comment "An operation on a product where it changes in a meaningful way, e.g., packaging,"@en ;
rdfs:subClassOf ploutos:Operation ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ssn:hasinput ;
owl:someValuesFrom ploutos:Product ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ssn:hasOutput ;

owl:someValuesFrom ploutos:Product ;

l;

ploutos:Soil
rdf:type owl:Class ;

rdfs:comment "This class represents all kinds of soil. Soil is an environmental material which is primarily
composed of minerals, varying proportions of sand, silt, and clay, organic material such as humus, gases,
liquids, and a broad range of resident micro- and macroorganisms." ;

rdfs:subClassOf obo:ENVO_00001998 ;
rdfs:subClassOf owl:Thing ;

ploutos:SoilManagementOperation
rdf:type owl:Class ;

rdfs:comment "1: This is the class of soil management operations in which certain material is applied to the
soil an a parcel to enhance the performance, e.g. a fertilization operation, a spraying operation or an
irrigation operation" ;

rdfs:comment "2: Wikipedia says: soil management is the application of operations, practices, and
treatments to protect soil and enhance its performance (such as soil fertility or soil mechanics). It includes
soil conservation, soil amendment, and optimal soil health. See:
https://en.wikipedia.org/wiki/Soil_management" ;

rdfs:subClassOf ploutos:Operation ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:maxQualifiedCardinality "1"**xsd:nonNegativelnteger ;

owl:onClass om:Area ;
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owl:onProperty ploutos:isAppliedPer ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onClass om:Measure ;
owl:onProperty ploutos:hasAppliedAmount ;
owl:qualifiedCardinality "1"*"xsd:nonNegativelnteger ;
1;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:isOperatedOn ;

owl:someValuesFrom ploutos:Parcel ;

l;

ploutos:System
rdf:type owl:Class ;
rdfs:comment "This class represents all kinds of systems that are used in the agrifood supply chain";
rdfs:label "System" ;

rdfs:subClassOf owl:Thing ;

ploutos:TreatmentMaterial
rdf:type owl:Class ;

rdfs:comment "This class represents all material or substances that can be used on a parcel, i.e. in the soil
or on the crop, e.g. fertilizers, pesticides, but also water" ;

rdfs:label "Treatment material" ;

rdfs:subClassOf owl:Thing ;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~*xsd:nonNegativelnteger ;
owl:onProperty ploutos:hasCommercialName ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;

owl:onClass om:Measure ;

**
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owl:onProperty ploutos:hasCost ;
owl:qualifiedCardinality "1"~"*xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onClass om:Unit ;
owl:onProperty ploutos:isPricePer ;
owl:qualifiedCardinality "1"A*xsd:nonNegativelnteger ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:hasActiveSubstance ;
owl:someValuesFrom xsd:string ;
1;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty ploutos:isTargetedTowards ;
owl:someValuesFrom xsd:string ;

l;

ploutos:actsOnCropStage
rdf:type owl:DatatypeProperty ;

rdfs:comment """This property indicates that a crop management operation acts on a crop that is in a
certain crop stage. Crop stages can be:

1: germination;
: leaf development;
: formation of side shoots;
: stem elongation;

: vegetative plant parts;

: flowering;

2

3

4

5

6: inflorescence emergence;
7

8: fruit development;

9

: ripening;

10: senescence.""" ;

**
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rdfs:domain ploutos:CropManagementOperation ;
rdfs:label "acts on crop stage" ;

rdfs:range xsd:string ;

ploutos:hasActiveSubstance
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property is used by instances of class TreatmentMaterial to indicate the active
substance in the treatment material." ;

rdfs:comment "2: For now, this is modelled as a string for simplicity. In the future, this can be replaced by a
Substance class of which there can be a different types from a vocabulary" ;

rdfs:domain ploutos:TreatmentMaterial ;
rdfs:label "has active substance" ;

rdfs:range xsd:string ;

ploutos:hasAdministrator
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property expresses the administrator of the parcel, which can be someone else than
the farmer that owns the parcel.";

rdfs:comment "2: For now, this is modelled for simplicity as a string that contains the name of the
administrator. In the future, this can be replaced by a class person with more properties than just the name."

rdfs:domain ploutos:Parcel ;

rdfs:label "has administrator" ;

rdfs:range xsd:string ;

ploutos:hasApplicationMethod
rdf:type owl:DatatypeProperty ;

rdfs:comment "this property defines the type of methods that can be used for crop fertilization, e.g.,
broadcasting, foliar, placement, and fertigation." ;

rdfs:label "has application method" ;

rdfs:range xsd:string ;

ploutos:hasAppliedAmount
rdf:type owl:ObjectProperty ;

rdfs:comment "Here we make the link to the Ontology of units of Measure and enable classes to have a
measure witth a numerical value and a unit" ;

**
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rdfs:label "has applied amount" ;

rdfs:range om:Measure ;

ploutos:hasArea
rdf:type owl:DatatypeProperty ;
rdfs:comment "This property expresses the area of a flat object such as a parcel or field on the land" ;
rdfs:label "has area" ;

rdfs:range xsd:float ;

ploutos:hasAuthoritySpecificCertificateldentifier
rdf:type owl:ObjectProperty ;
rdfs:domain ploutos:Certificate ;
rdfs:label "has authority specific certificate identifier" ;

rdfs:range ploutos:AuthoritySpecificCertificateldentifier ;

ploutos:hasBlossomingDate
rdf:type owl:DatatypeProperty ;
rdfs:label "has blossoming date" ;

rdfs:range xsd:dateTime ;

ploutos:hasCertificationScheme
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property relates a certificate to the specific certification scheme that was used to
check whether the certificate could be issued, e.g., GlobalGAP General Regulations, GlobalGAP Integrated
Farm Assurance Control Points & Compliance Criteria version 5.2 for Crops - Fruit & Vegetables" ;

rdfs:comment "2: For now, we keep the range of this property an xsd:string. In the future, we might add a
class of all kinds of certification schemes" ;

rdfs:comment "3: This property is super property of the property https://gsl.org/voc/certificationStandard
in the GS1 vocabulary" ;

rdfs:domain ploutos:Certificate ;
rdfs:label "has certification scheme" ;

rdfs:range xsd:string ;

ploutos:hasCertifiedObject
rdf:type owl:ObjectProperty ;

**
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rdfs:comment "1: This property relates a certificate to the object that was the target for certification, i.e. a
system, process or product. In the food chain, this is usually a product for which all the production systems,
processes and procedures have to be checked according to the certification scheme" ;

rdfs:comment "2: This property is a super property of the property https://gs1.org/voc/certificationSubject
in the GS1 vocabulary";

rdfs:domain ploutos:Certificate ;
rdfs:label "has certified object" ;
rdfs:range [
rdf:type owl:Class ;
owl:unionOf (
ploutos:Product
ploutos:Operation
ploutos:System
);
1;

ploutos:hasCertifiedOrganization
rdf:type owl:ObjectProperty ;

rdfs:comment "This property relates (at least) a certificate to the organization of class org:Organization that
has been certified. org:Organization is defined as \"a collection of people organized together into a
community or other social, commercial or political structure\". In the context of a certificate this is usually a
company being a farm, a farmingAssociation, a food company etc. This includes the name and address of the
organization." ;

rdfs:domain ploutos:Certificate ;
rdfs:label "has certified organization" ;

rdfs:range org:Organization ;

ploutos:hasCommercialName
rdf:type owl:DatatypeProperty ;
rdfs:label "has commercial name" ;

rdfs:range xsd:string ;

ploutos:hasCost

rdf:type owl:ObjectProperty ;

rdfs:comment "Here we make the link to the Ontology of units of Measure and enable classes to have a
measure with a numerical value and a unit" ;

**

an This project has received funding from the European Union’s Horizon 2020 research and
N innovation programme under grant agreement No 101000594



Z PLOUTOS

rdfs:label "has cost" ;

rdfs:range om:Measure ;

ploutos:hasCountry
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property expresses the country in which an object is located. An object can be a farm,
a farmer's association or a processing company" ;

rdfs:comment "2: This is modelled using the existing country ontology:
http://eulersharp.sourceforge.net/2003/03swap/countries" ;

rdfs:label "has country" ;

rdfs:range <http://eulersharp.sourceforge.net/2003/03swap/countriest#tiso3166-1-alpha-2DT> ;

ploutos:hasCropVariety
rdf:type owl:DatatypeProperty ;
rdfs:label "has crop variety" ;

rdfs:range xsd:string ;

ploutos:hasCultivator
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property expresses the cultivator of the parcel, which can be someone else than the
farmer that owns the parcel, and takes care of the cultivation of the crop from seeding to harvesting." ;

rdfs:comment "2: For now, this is modelled for simplicity as a string that contains the name of the cultivator.
In the future, this can be replaced by a class person with more properties than just the name.";

rdfs:domain ploutos:Parcel ;
rdfs:label "has cultivator" ;

rdfs:range xsd:string ;

ploutos:hasCycle
rdf:type owl:ObjectProperty ;

rdfs:comment "This is the property that expresses the relationship between a parcel and multiple crop
cycles." ;

rdfs:label "has cycle" ;

ploutos:hasCycleDuration

rdf:type owl:DatatypeProperty ;

**
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rdfs:comment "This property represents the duration of a sprinkling cycle period including the soak time,
i.e., the time needed for the water to soak into the soil." ;

rdfs:domain ploutos:IrrigationOperation ;
rdfs:label "has cycle duration" ;

rdfs:range <http://www.w3.0rg/2006/time#Duration> ;

ploutos:hasEndDatetime
rdf:type owl:DatatypeProperty ;
rdfs:label "has end datetime" ;

rdfs:range xsd:dateTime ;

ploutos:hasFertilizationType
rdf:type owl:DatatypeProperty ;
rdfs:comment "this property defines the type of fertilization that is used, e.g., pre-planting.” ;
rdfs:domain ploutos:FertilizationOperation ;
rdfs:label "has fertilization type" ;

rdfs:range xsd:string ;

ploutos:hasFirstLeavesDate
rdf:type owl:DatatypeProperty ;
rdfs:label "has first leaves date" ;

rdfs:range xsd:dateTime ;

ploutos:hasFruitingDate
rdf:type owl:DatatypeProperty ;
rdfs:label "has fruiting date" ;

rdfs:range xsd:dateTime ;

ploutos:hasGreenhouseGasEmission
rdf:type owl:ObjectProperty ;

rdfs:comment "This property indicates that a farm or a machine can have an estimation of the total
greenhouse gas emission during a time period of usually a year. The emission is expressed in terms of the
amount of kilograms of carbon equivalent per ton of product produced by the farm.";

rdfs:domain [
rdf:type owl:Class ;

**
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owl:unionOf (
ploutos:Farm
ploutos:AgriculturalMachine
);
1;

rdfs:label "has greenhouse gas emission" ;

rdfs:range sosa:Observation ;

ploutos:hasGreenhouseGasEmissionEstimationFormula
rdf:type owl:DatatypeProperty ;

rdfs:comment "This property indicates the formula that is used to estimate the total greenhouse gas
emission of a farm during a time period of usually a year. The emission is expressed in terms of the amount
of kilograms of carbon equivalent per ton of product produced by the farm." ;

rdfs:domain sosa:Procedure ;
rdfs:label "has greenhouse gas emission estimation formula" ;

rdfs:range xsd:string ;

ploutos:hasldentifier
rdf:type owl:DatatypeProperty ;
rdfs:label "has identifier" ;

rdfs:range xsd:string ;

ploutos:haslrrigationType
rdf:type owl:DatatypeProperty ;
rdfs:domain ploutos:IrrigationSystem ;
rdfs:label "has irrigation type" ;

rdfs:range xsd:string ;

ploutos:hasNumberOfSprinklers
rdf:type owl:DatatypeProperty ;
rdfs:domain ploutos:IrrigationSystem ;
rdfs:label "has number of sprinklers" ;

rdfs:range xsd:integer ;
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ploutos:hasNumberOfSprinklersPerPlant
rdf:type owl:DatatypeProperty ;
rdfs:domain ploutos:IrrigationSystem ;
rdfs:label "has number of sprinklers per plant" ;

rdfs:range xsd:integer ;

ploutos:hasNutrientConcentration
rdf:type owl:ObjectProperty ;

rdfs:label "has nutrient concentration" ;

ploutos:hasOrigin
rdf:type owl:ObjectProperty ;

rdfs:comment """Indicates that some party handled the product. The origin can be, for instance, a farm, a
packaging factory, etc.

Note that a product can have been handled by multiple parties, and therefore the name 'hasOrigin' may not
be ideal.""";

rdfs:domain ploutos:Product ;

ploutos:hasPreHarvestinterval
rdf:type owl:DatatypeProperty ;

rdfs:comment "This property indicates preharvest interval, which is the waiting time between a pesticide
application and when a crop can be harvested. During the PHI, the pesticide may be broken down in the
plant, or on its surface." ;

rdfs:domain ploutos:Pesticide ;
rdfs:label "has preharvest interval" ;

rdfs:range <http://www.w3.0rg/2006/time#Duration> ;

ploutos:hasSeedRate
rdf:type owl:DatatypeProperty ;

rdfs:comment "This property represents the quantity of seed of a crop that is required per hectare of land
to sow for optimum crop production” ;

rdfs:domain obo:PO_0000003 ;
rdfs:label "has seed rate" ;

rdfs:range xsd:integer ;
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ploutos:hasSprinklerFlow
rdf:type owl:DatatypeProperty ;

rdfs:comment "this property indicates the flow of water through the sprinklers of an irrigation system in
cubic meters per hour (m3/h)";

rdfs:domain ploutos:IrrigationSystem ;
rdfs:label "has sprinkler flow" ;

rdfs:range xsd:float ;

ploutos:hasStartDatetime
rdf:type owl:DatatypeProperty ;
rdfs:label "has start datetime" ;

rdfs:range xsd:dateTime ;

ploutos:hasStatus
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property relates any thing to a certain status. An example of this is a certificate that
has the status assessed or certified." ;

rdfs:comment "2: This property encapsulates the property https://gsl.org/voc/certificationStatus in the
GS1 vocabulary" ;

rdfs:domain owl:Thing ;
rdfs:label "has status" ;

rdfs:range xsd:string ;

ploutos:hasToponym
rdf:type owl:DatatypeProperty ;

rdfs:comment "This property expresses the toponym of a parcel, meaning the name of the parcel as it is
used by the locals" ;

rdfs:domain ploutos:Parcel ;
rdfs:label "has toponym" ;

rdfs:range xsd:string ;

ploutos:hasTreatedArea
rdf:type owl:ObjectProperty ;

rdfs:comment "Here we make the link to the Ontology of units of Measure and enable classes to have a
measure with a numerical value and a unit" ;
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rdfs:label "has treated area" ;

rdfs:range om:Measure ;

ploutos:hasWeatherObservation
rdf:type owl:ObjectProperty ;

rdfs:comment "This property indicates that an operation can have an observation of a weather
phenomenon done during the execution of the operation. Such a weather phenomenon can have influence
on the operation and the environment in which the operation is executed." ;

rdfs:domain ploutos:Operation ;
rdfs:label "has weather observation" ;

rdfs:range sosa:Observation ;

ploutos:hasWeatherProperty
rdf:type owl:ObjectProperty ;

rdfs:comment "This property indicates that the atmosphere can have different weather-related properties,
such as temperature, wind, humidity, etc." ;

rdfs:domain ploutos:Atmosphere ;
rdfs:label "has weather property" ;

rdfs:range weather:WeatherProperty ;

ploutos:inRegion
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property expresses the region in which a parcel is located, meaning the county or
province of the parcel." ;

rdfs:comment "2: For now, this is modelled as a string for simplicity. In the future, this can be replaced by a
class of region with more properties than just the name.";

rdfs:domain ploutos:Parcel ;
rdfs:label "in region" ;

rdfs:range xsd:string ;

ploutos:isAppliedPer
rdf:type owl:ObjectProperty ;
rdfs:label "is applied per" ;

rdfs:range om:Area ;
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ploutos:isCertifiedBy
rdf:type owl:ObjectProperty ;

rdfs:comment "This property relates certification to the organization that has performed the certification
process and has issued the certificate" ;

rdfs:domain ploutos:Certificate ;
rdfs:label "is certified by" ;

rdfs:range ploutos:ConformityAssessmentOrganization ;

ploutos:islustifiedBecause
rdf:type owl:DatatypeProperty ;

rdfs:comment "This property indicates the reason why a chemical control operation and the use of a certain
pesticide is justified" ;

rdfs:domain ploutos:ChemicalControlOperation ;
rdfs:label "is justified because" ;

rdfs:range xsd:string ;

ploutos:isMeantFor
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property expresses the porpuse for which a product that is cultivated is meant, e.g.
industrial processing or private consumption" ;

rdfs:comment "2: For now, this is modelled for simplicity as a string that contains the purpose of the
product. In the future, this can be replaced by a class ProductPurpose with more properties than just the
name." ;

rdfs:domain ploutos:Product ;
rdfs:label "is meant for" ;

rdfs:range xsd:string ;

ploutos:isOperatedOn
rdf:type owl:ObjectProperty ;
rdfs:domain ploutos:SoilManagementOperation ;

rdfs:label "is operated on" ;

ploutos:isPricePer

rdf:type owl:ObjectProperty ;
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rdfs:comment "Here we make the link to the Ontology of units of Measure and enable classes to have a
measure with a numerical value and a unit" ;

rdfs:label "is price per";

rdfs:range om:Unit ;

ploutos:isProvidedBy
rdf:type owl:ObjectProperty ;

rdfs:comment "This property relates a certificate to the organization that provides the certificate, e.g.
GlobalGap, EuroCert, ..." ;

rdfs:domain ploutos:AuthoritySpecificldentifier ;
rdfs:label "is provided by" ;

rdfs:range ploutos:CertificateStandardOwner ;

ploutos:isTargetedTowards
rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property expresses the organism towards which a pest prevention operation or a
treatment material is targeted, e.g. late blight" ;

rdfs:comment "2: For now, this is modelled for simplicity as a string that contains the name of the targeted
organism. In the future, this can be replaced by a class Organisms with more properties than just the name."

rdfs:domain [
rdf:type owl:Class ;
owl:unionOf (
ploutos:TreatmentMaterial
ploutos:PestPreventionOperation
ploutos:PestMonitoringOperation
);
1;

rdfs:label "is targeted towards" ;

rdfs:range xsd:string ;

ploutos:isTechnicallyAuthorizedByDocument
rdf:type owl:DatatypeProperty ;

rdfs:comment "This property indicates the link to a document that techincally authorizes a chemical control
operation" ;
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rdfs:domain ploutos:ChemicalControlOperation ;
rdfs:label "is technically authorized by document" ;

rdfs:range xsd:string ;

ploutos:isValidFrom
rdf:type owl:DatatypeProperty ;
rdfs:comment "1: This property can be used to indicate a date time from which something is valid" ;

rdfs:comment "2: This property is a super property of the property
https://gsl1.org/voc/certificationStartDate in the GS1 vocabulary. This means that all the subject-object pairs
that have the GS1 startdate relation also should have the ploutos isvalidfrom relation." ;

rdfs:domain ploutos:Certificate ;
rdfs:label "is valid from" ;

rdfs:range xsd:dateTime ;

ploutos:isValidUntil
rdf:type owl:DatatypeProperty ;
rdfs:comment "1: This property can be used to indicate a date time until which something is valid" ;

rdfs:comment "2: This property is a super property of the property https://gs1.org/voc/certificationEndDate
in the GS1 vocabulary. This means that all the subject-object pairs that have the GS1 enddate relation also
should have the ploutos isvaliduntil relation." ;

rdfs:domain ploutos:Certificate ;
rdfs:label "is valid until" ;

rdfs:range xsd:dateTime ;

ploutos:responsibleAgent
rdf:type owl:ObjectProperty ;
rdfs:range <http://xmins.com/foaf/0.1/Agent> ;

ploutos:suppliedBy
rdf:type owl:DatatypeProperty ;
rdfs:domain ploutos:AuthoritySpecificOrganisationldentifier ;
rdfs:label "supplied by";

rdfs:range ploutos:CertificateStandardOwner ;

ploutos:usesAgriculturalMachinery
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rdf:type owl:ObjectProperty ;

rdfs:comment "This property indicates the kind of agricultural machine that is used for a specific operation"

rdfs:domain ploutos:Operation ;
rdfs:label "uses agricultural machinery" ;

rdfs:range ploutos:AgriculturalMachine ;

ploutos:usesFertilizer
rdf:type owl:ObjectProperty ;
rdfs:label "uses fertilizer" ;

rdfs:range ploutos:Fertilizer ;

ploutos:useslrrigationSystem
rdf:type owl:ObjectProperty ;
rdfs:domain ploutos:Parcel ;
rdfs:label "uses irrigation system" ;

rdfs:range ploutos:lrrigationSystem ;

ploutos:usesPesticide
rdf:type owl:ObjectProperty ;
rdfs:label "uses pesticide" ;

rdfs:range ploutos:Pesticide ;
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