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Abstract. Targeted scientific and applied research on the ap-
plication of artificial intelligence and digital technologies in agri-
culture reduces costs for farmers, improves soil management and
water quality, reduces the use of fertilizers and pesticides, and
reduces greenhouse gas emissions, improving biodiversity and cre-
ating a healthier environment for farmers. This paper presents
the results of research aimed at the application of artificial intel-
ligence to support Bulgarian crop production. Results obtained
within the framework of the project BG PLANTNET “Estab-
lishment of National Information Network GenBank — Plant ge-
netic resources” and the National Research Program “Smart crop
production” are presented. A concept for building an intelligent
platform for agricultural process management is presented.
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1. INTRODUCTION

Artificial intelligence is one of the main drivers of digital transformation in
Europe and an important factor in ensuring the competitiveness of the Euro-
pean economy and high quality of life. Artificial intelligence will significantly
contribute to the development of modern, efficient, knowledge-based agricul-
ture, which will increase the quality of food and conserve natural resources.

The National Scientific Program “Intelligent Crop Production” was ap-
proved by a decision of the Bulgarian Council of Ministers No 866 of November
26, 2020 [1]. The topics and goals of the program according to the National
Strategy for Development of Scientific Research until 2030 refer to one of the
priorities for targeted basic research and the following priority areas for devel-
opment of applied research:
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— Improving the quality of life — food, health, biodiversity, environmental
protection, urban environment and transport, etc.;

— Mechatronics and clean technologies;

— Information and communication technologies;

— Health and quality of life. Prevention, early diagnosis and therapy, green,
blue and eco-technologies, biotechnologies, eco-foods.

The obtained results are planned to support the future implementation of
the Strategic Plan in the new Common Agricultural Policy 2021-2027, based
on the analysis of the needs and requirements of our country in the field of
agriculture, as well as the adopted European strategy “From farm to table”
accelerating the transition to a sustainable food system.

The Agricultural University—Plovdiv is the coordinator of the National Re-
search Program that is structured in four Components:

e Component 1. Digital, IoT and robotic technologies in crop production.
Construction of infrastructure for intelligent crop production;

e Component 2. Diagnosis and prognosis through artificial intelligence;

e Component 3. Intelligent management system for agricultural processes;

e Component 4. Artificial intelligence and digital technologies — Drive for
innovative management systems, sectoral dynamics and change in quality
of life.

Each component consists of several work packages, the teams of which
include scientists from nine scientific organizations — partners in the program.

Participants in the team from the Institute of Information and Communi-
cation Technologies at the Bulgarian Academy of Sciences are included in the
execution of the tasks in two of the Components of the program (Components
1 and 3), which are presented in the following work packages:

e WP 1.3. Intelligent Agriculture Infrastructure;

e WP 3.2. Convergence of the Internet of Things and Big Data in Intelligent
Agricultural Process Management;

e WP 3.3. Virtual Operational Center for Intelligent Agriculture Management;

e WP 3.4. Blockchains for Intelligent Agriculture.

Each work package consists of several tasks. The scientific research in
this program will support the development of agriculture as a high-tech, sus-
tainable, highly productive and attractive area of the economy, which will
contribute to improving the living conditions of farmers and rural areas in
general.

In the last year, various projects were launched, the aim of which was to de-
velop platforms for intelligent agriculture. The FaST digital services platform
(https://fastplatform.eu/) aims to provide EU farmers with possibilities for
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agriculture, sustainability, and the environment. The platform is supported
by the European Commission’s DG Agriculture and Rural Development, by
the EU Space Programme (DG DEFIS), and by the EU ISA2 Programme (DG
DIGIT).

This paper presents the idea of creating an original platform for intelligent
Bulgarian crop production adapted for the needs of Bulgarian farmers — Smart
Agriculture Platform.

2. RELATED WORKS

One of the major challenges that smart agriculture is expected to address
is the efficient use of water resources. The conservation and the efficient use
of clean water is a long-term strategy worldwide. Modelling smart agriculture
systems is an important factor because the processes there are very slow, and
sometimes it takes a year or more for a full crop cycle. At the same time, a
large amount of data is usually needed to make informed decisions. This deter-
mines the importance of developing appropriate systems through which to sim-
ulate, generate, optimize and analyze various possible scenarios and prepare
appropriate plans. An infrastructure known as Virtual-Physical Space (ViPS)
adapted for agriculture is presented in [2]. The space supports integration of
the virtual and physical worlds where analysis and decision making are done in
the virtual environment and the state of the physical objects (things) of inter-
est is also taken into account at the same time. Special attention is paid to the
possibilities of modelling an irrigation system. An ambient-oriented approach
has been adopted, using the Calculus of Context-aware Ambients formalism
as the basic tool for modelling agriculture processes. Furthermore, the sup-
porting platform is briefly presented. Active components of the platform are
implemented as intelligent agents known as assistants. Users (agriculture oper-
ators) are serviced by personal assistants. Currently, the presented modelling
system is deployed over a two layered system infrastructure in the region of
Plovdiv city. Plovdiv is the center of vegetable production in Bulgaria.

Paper [3] represents the view of the authors about the needs and the im-
plementation of a distributed system among all institutes in Bulgaria for man-
agement of plant genetics resources according to the standards defined by the
EURISCO catalogue.

An adaptation of ViPS to build an intelligent infrastructure for agriculture
in the Plovdiv region termed “Agriculture 2.0 — Plovdiv” is presented in [4].
The main challenge is the virtualization of “things” from the physical world, as
well as related events, time and spatial aspects. To present the spatial aspects
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of things an Ambient-Oriented Modeling approach is used. An animated sim-
ulator is created by adapting an ambient-oriented interpreter to model some
scenarios implementing basic services in the space.

Paper [5] presents the development of ontology for plant genetic resources
in the Genebank of the Institute of Plant Genetic Resources in the town of
Sadovo. The structure of the ontology and metadata are exhibited along with
each of the concepts and properties in order to present knowledge about plant
genetic resources using the capabilities and benefits of ontologies. The ontol-
ogy was developed on the basis of the taxonomy for plant genetic resources
and the EURISCO European standard.

An infrastructure for smart agriculture is presented in [6]. The basic com-
ponents of the infrastructure are also presented. The kernel component is the
Operative Center consisting of personal assistants. The purpose of this center
is to be the institution for operational management of the whole infrastructure.
The development of a personal assistant as a belief-desire—intention intelligent
agent is presented in more detail. Some implementation issues of the personal
assistant are also discussed in this paper.

The model presented in [7] enables integration and interconnection between
different modules of the developed “Agriculture 2.0 — Plovdiv” system. The
use of blockchain technologies provides the necessary level of security, com-
pleteness and reliability in the input and use of information related to the
Bulgarian Genebank. The main tasks in the environment development are
the digitalization of the Bulgarian Genebank and the creation of a web portal
providing information and services to different groups of users.

A multistage algorithm for automatic analysis of documents from the area
of plant genetic resources is proposed in [8]. The determination of the signifi-
cant words in the document and the type of its content is carried out based on
the object-oriented ontologies in the field. The documents are classified into
related and not related to the studied subject area — agriculture and plant ge-
netic resources of Bulgaria, by applying software instruments for classification,
testing and evaluation.

A multi-step application-oriented decision-making model for digital risk
management of disruptive technologies in agriculture is presented in [9, 10].
The model is a conceptual framework of known risk management procedures
and multicriteria selection instruments. The model is tested with data on
nine disruptive technologies and eight digital risk categories. The risk data is
assessed with the quasi-multicriteria algorithm SIGMA. The tests demonstrate
both the application of the model, the approach to the analysis of identified
digital risks, and the risk profiles used in the decision-making process.
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The modern educational spaces shown in [11] integrate data from the
Cyber-Physical-Social System (CPSS) space, which can be analyzed using var-
ious techniques. This enables the implementation of intelligent applications
and services.

Paper [12] proposes a method of making optimal decisions with risks in
the very important task of transporting agricultural products on a network
of arbitrary configuration. The method takes into account both the specific
network properties and the probability of adverse events and the risks to the
individual sections of the network in the implementation of these services.
The proposed method minimizes not only the total cost of transporting agri-
cultural produce but also the insurance costs to cover the risks. A complete
numerical modelling of decision-making and transportation of agro-products
on a network of arbitrary configuration is implemented, whereby both the cost
of transport and the coverage of emerging risks are minimized by the proposed
method.

A model of an intelligent system for the recognition of wheat crops pests is
introduced in [13]. The recognition allows the species of weeds, their density,
the various diseases and vermin of beneficial plants to be defined, as well as
the exact location of objects in the field. The recognition technology is based
on a convolutional neural network and on the independent work of a drone.

Paper [14] outlines the prerequisites for the introduction of a model for the
integration of an intended interface platform for storing information regarding
results and background in a blockchain network. The results are based on
the research and the development of a concept for use of the existing infras-
tructure of the Institute for Plant Genetic Resources “Konstantin Malkov”,
Sadovo, Bulgaria. The described model is based on existing concepts from the
Blockchain research community and the resulting architecture can be used to
build a class of applications based on this concept.

Bulgaria is one of the richest countries in plant species. Many of these
species are disappearing for various reasons — climate change, artificial modi-
fication, or adaptation due to different climate conditions. One of main tasks
is to preserve and protect these species over time. A large number of scientific
organizations and institutes study and store plant genetic resources in gene
banks under special conditions. One of them is the Institute for Plant Genetic
Resources in the town of Sadovo, where the largest gene bank in Bulgaria is
located. Processing information for storage and management of plant genetic
resources is performed by using the system developed and designed for the
needs of the institute, which is called the GenBank Management System [15].
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The documentation of germplasm accessions stored in the Bulgarian seed
Genebank is presented in [16], as well as the new approaches correspond-
ing with the international agreements addressed the conservation, sustainable
use and access and benefit-sharing of these resources. The survey is based
on the national register of plant genetic resources and the European Search-
ing Catalogue EURISCO. The National Inventory of Bulgaria includes 69,644
accessions according to EURISCO. Among those 17,978 accessions are char-
acterized with Bulgarian origin. During the period 1982—2021 the fund of the
National Genebank in Sadovo has been enriched with 53,474 seed accessions.
10,715 local accessions and wild crop relatives from home gardens and natural
habitats within the country have been collected through expeditions. There
are 36,712 genotypes introduced by the international free exchange. 6,047
breeding materials are registered: lines and advanced varieties. Collections of
cereals, grain legumes, oil and industrial crops, forages, vegetables, medical
and aromatic plants have been created. All seed accessions are listed accord-
ing to the international standards of FAO/Bioversity Multi-Crop Passport
Descriptors.

3. INTELLIGENT CROP PRODUCTION

In the last decades, with the great break-throughs in science, technology
and engineering, people have been interacting more and more intensively with
the surrounding physical world. The modern technologies of Cyber-Physical
Systems (CPS) and the Internet of Things (IoT) contribute significantly to the
evolution of computer interconnection [17-22]. They integrate the dynamics
of physical processes with those of software and communication, providing
abstractions and techniques for modelling, designing and analyzing complex
integrated systems [23]. Cyber-physical systems closely connect and coordi-
nate computational (cyber) and physical resources, i.e. systems that maintain
close integration between computing, communication and control, interacting
with the environment in which they are located [24].

Agriculture is becoming an increasingly relevant area for conducting re-
search and practical developments in the field of Cyber-Physical-Social Sys-
tem, Cyber-Physical System and Internet of Things. These three relatively
new and interconnected technologies provide a variety of unthinkable possi-
bilities of building infrastructures for intelligent farming. As water supplies
become scarce due to climate change, there is an urgent need to irrigate more
efficiently in order to optimize water use. Effective pest control and mini-
mizing the risk of environmental pollution by pesticides are the other major
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challenges of smart farming. In the same time, agriculture usually has a huge
number of crops and machinery that grow and operate in the wide geographic
areas in which they are located. They are subject to operational factors often
beyond their control, such as the amount of sunlight or rainfall that they re-
ceive, or the temperature fluctuations. In this context, agriculture is ripe for
the adoption of new technologies to help monitor and manage assets on a gran-
ular level, and the development of intelligent CPSS- and loT-based agriculture
infrastructures would be of great benefit [25]. In the specialized literature, a
great number of examples of such solutions and systems can be found.

An agricultural cyber-physical-social system integrating three worlds that
in turn are mapped to the cyber space and physical space is presented in [26].
The physical world consisting of crops, their environment and control devices,
is mapped into cyberspace through various IoT techniques. The mental world
includes a wide variety of data in the form of producers’ experience and knowl-
edge, customer preferences, timing, quantity and application of fertilizers. In
the artificial world of the system, crop models are maintained and decisions
are made that affect the physical world through the control devices. The func-
tionality of the proposed architecture is demonstrated with a case study on
the solar greenhouse. Architecture for monitoring soil humidity and temper-
ature in small farms divided in regions is described in [27]. The proposed
system monitors soil moisture, humidity and temperature in the relevant ar-
eas using wireless sensing networks and IoT methods, and if needed it sends
reports to the end users. The farmers can more effectively plan crop culti-
vation, harvesting, irrigation and fertilization by help of reports information.
An infrastructure consisting of five nodes with one or more sensors is proposed
in order to assist precision agriculture [28]. The data acquisition from vari-
ous sensors allows monitoring of climate elements such as soil moisture, air
quality, temperature and humidity, precipitation intensity, precipitation level,
wind speed and direction, light flux and atmospheric pressure. In addition, a
web page has been developed where the user can view the climatic conditions
of cultivation or afforestation. Another architecture and an application proto-
type for precision farming using a wireless sensor network with an IoT cloud
is proposed in [29].

A useful review of current research and research projects in the field of big
data to analyze and solve various significant issues in agriculture is presented
in [30]. The review highlights the large capabilities of large data for intelligent
and precision agriculture. Furthermore, it shows that the availability of hard-
ware and software, techniques and methods of analyzing large data as well
as the increasing openness of data sources will encourage further academic
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research, public sector initiatives and business initiatives in the agricultural
sector.

The IoT technology is built on the concept of “smart” objects that are able
to autonomously and proactively collect, store and transmit data. According
to this concept, Virtual-Physical Space can receive data from the physical
world, as well as share knowledge, plan and make decisions in the virtual
world.

In recent years, the team in the program has been developing a reference
infrastructure called ViPS [33], which can be adapted to develop CPSS appli-
cations in various application areas, Fig. 1.

An agent-oriented approach is applied to build the genetic infrastructure.
The fundamental components of ViPS are implemented as rational practical
reasoning agents. Personal assistants will assist users in working with domain-
specific adaptations of ViPS.

Our idea is ViPS to operate as a space, i.e. the active components are
autonomous and proactive and they interact through messages rather than
through strictly defined interfaces. However, the individual components can
be considered as located in three functional layers: ViPS User Interface, ViPS
Middleware, and ViPS Physical World.

Usually, it is hard for users to work in a heterogeneous space such as a
ViPS-like application due to the inherent complexity. For this reason, per-
sonal assistants operating on the behalf of the users are aware of their needs
to select or prepare appropriate scenarios for the execution of users’ requests.
Furthermore, personal assistants can manage and control scenario execution
interacting with the ViPS middleware. Besides, the personal assistants exer-
cise control of personal access to a ViPS-like space, Fig. 1.

The work of the personal assistants is closely related to the Event Engine.
The personal assistant’s lifecycle is supported by a user’s personal timetable.
The personal timetable presents the activities that the user has to perform
in a certain period of time. The entries on the timetable are presented as
domain-specific events corresponding to a suitable activity. Furthermore, the
events can be used for a specification of policies that in turn present space
operative scenarios.

The personal assistants are implemented as BDI rational intelligent agents
[34]. The BDI lifecycle incorporates two steps known as deliberation and
means-ends reasoning. During the deliberation, a personal assistant gener-
ates its current goal while in the next step (means-ends reasoning) a plan
for the goal achievement is prepared. Usually, the plan is launched when a
corresponding event occurs, i.e. by means of the Event Engine.
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Fig. 1. Architecture of ViPS. (©) 2018 IEEE

The personal assistants must also be able to operate in an “overtaking ac-
tion” mode, i.e. as an early warning system. In this way, certain operations
must be performed before the event occurs. Therefore, the personal assistants
cannot rely on the Event Engine in the timeframe before the event occurs.
Then, they are supported by the AmbiNet and Temporal Net (TNet) com-
ponents. The interaction between the personal assistants and the Analytical
Subspace is implemented by specialized interaction protocols. Additionally,
the user interface can be supplemented with a web application. The web ap-
plication could offer public information resources of the space as well. Several
components extremely essential for the operation of ViPS are located in the
middle layer of the architecture. Practically, the virtualization of “things” is
supported by this level. The middleware takes into account time and spatial
aspects of the “things” to be virtualized as well the events binding “things”
with user’s activities. In this way, the Analytical Subspace provides means for
the preparation of a domain-specific analysis based on the following formalisms
and the supported tools:

e Interval Temporal Logics [31] and TNet — provide an possibility to present
and work with the temporal aspects of things, events and locations;

e Calculus of Context-aware Ambients [32] and AmbiNet — the spatial char-
acteristics of the “things” and the events are modelled as ambients;

e Event Model [33] and Event Engine — model and interpret various types of
events and their arguments such as identification, conditions for occurrence
and completion.
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The components of the Analytical Subspace are supported by the Digital
Libraries Subspace operating as a central repository of ViPS. This subspace
stores domain-specific background knowledge and documentation. The repos-
itory is implemented as a knowledge network including relational data bases
and a hierarchy of ontologies known as OntoNet.

The operative assistants implemented as rational intelligent agents provide
access to the resources of the two subspaces and they accomplish interactions
with the personal assistants and the web applications. They are architectural
components suitable for providing the necessary dynamism, flexibility, and
intelligence. Unfortunately, the agents are unsuitable to implement business
functionality. For this reason, assistants work closely with services or micro-
services.

The Guards operate as an intelligent interface between the virtual and the
physical environments. They provide data about the state of the physical
environment transferred to the virtual part of ViPS. There are multiple IoT
nodes integrated in the architecture of the guards that provide access to sen-
sors and actuators of the “things” located in the physical environment. The
sensors-actuators configurations are domain-specific. The communication in
the guard system operates as a combination of a personal network (e.g. LoRa)
and the Internet.

Usually, a ViPS-like application for a specific domain needs only some
ViPS components to be adapted. Subsequently, these adapted components
are archived in the Domain Libraries. In this way, the genetic architecture
can be continuously ended. The smart agriculture aims to help address three
major challenges: an efficient use of water for irrigation, an effective pest con-
trol and, at the same time, minimizing the risk of environmental pollution
by pesticides, and an early detection of plant diseases. The space consists of
the following four components: Operative Center, DiLib “Smart Agriculture”,
Operative Assistants, and Guard Network, Fig. 2.

ViPS adapted for smart agriculture consists of the following basic compo-
nents: Analytical Subspace (including Personal Assistants), Operative Sub-
space, Agriculture Data and Knowledge Center, Guards Subspace, and Exter-
nal Interfaces, Fig. 3.

The Agriculture Data and Knowledge Center (ADK Center) stores back-
ground knowledge about agriculture and data obtained from the sensor net-
works located in the physical world. In this center, the objects are presented
as instances of two structural templates. The first one known as static (or
features) template contains the inherent attributes (characteristics) of the ob-
jects of interest. The second one called dynamic template (or meta-template)
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stores information about spatial, temporal and event aspects related to the
respective object. Basically, the information is stored in ontologies and rela-
tional databases mutually integrated. The ADK Center provides also tools for
receiving, storing, and processing large volume of structured, semi-structured,
and unstructured agriculture data.

The Analytical Subspace is the operative center assisting agricultural oper-
ators in managing, controlling and coordinating all stages of needed activities.
For this purpose, virtualization is mainly performed here, supported by vari-
ous modelling environments located in this subspace. Currently, the temporal
aspects of the things are modelled through the TNet component implemented
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on the basis of the Interval Temporal Logics [31]. The events in the analytical
subspace are specified in accordance with the Event Model and are interpreted
by the corresponding Event Engine [33].

Cyber-Physical and Social Systems processes due to complexity require
prior modelling and verification. It is necessary to consider the spatial aspects
of intelligent IoTs when developing a system for intelligent agriculture. For
this purpose, ambient-oriented Calculus of Context-aware Ambients (CCA)
modelling is used for the implementation of which a special tool is created — a
visual CCA editor, through which the basic scenarios in the smart agriculture
system are modelled and verified. A system for intelligent agriculture is built
on the basis of the reference ViPS architecture [35]. Preliminary modelling,
testing, and verification of processes and scenarios are part of the main func-
tionalities of the Analytical Subspace. The first prototype version of the visual
editor developed for the CCA modelling significantly accelerates this process.

Some problems regarding the development and use of the event model are
solved in [36]. The first issue concerns the implementation of Event Engine 2.0
that is based on its predecessor. The idea is to keep the existing representation
model while improving the event distribution mechanism, making it more nat-
ural for use by the rational agents and thus reducing their development time
and complexity. The consequence is a library that contains a set of behaviours,
configuration utilities, communication protocols, the ontology and the default
realization of the rational agent with event brokering functionality. Event En-
gine 2.0 supports a proactive management of events; instead of demanding
every agent to check for new events, the engine reverses the process by com-
pelling the new events to inform the interested parties about their existence.
When a new event occurs, it is represented by its own agent that declares its
existence to the other agents in the system. As the number of events is grow-
ing, this approach is becoming relatively inefficient even in environments that
are highly optimized to support a lot of agent instances. Alternatively, a single
agent is designed to represent a whole category of events. Furthermore, the
event model permits the event categories to inherit each other, which allows
filtering and reduction of the communication traffic only to those categories
that a particular party is interested in. The more general the category, the
greater the number of events.

Architecture for a knowledge base in the field of intelligent plant agricul-
ture is designed in [37] to automate the work on growing different types of
agricultural crops. One of the main tasks is to make the process of cultivation
more predictable, which will help farmers obtain better quality crops. For
the realization of the architecture, the authors have chosen Protégé for the
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ontologies, JaCaMo for the environment of the multi-agent system, Jason for
the personal assistant, and Jade for the operational assistants.

In [38], it is shown that the regional data center is an important component
related to the development of intelligent agriculture systems. It maintains the
main part of the data related to the cultivation of crops in the region. Based
on the collected data, analyses and predictions can be made easily for the
production and development of agricultural activities for the region of Plov-
div. It provides basic data on the operation of the ZEMELA platform, which
includes intelligent components to support farmers in making decisions about
growing crops and implementing preventive measures to avoid various prob-
lems. The analyses and statistics obtained on the basis of the data collected in
the regional data center for intelligent agriculture can be useful for decision-
making at the national level as well. This research will contribute to the more
sustainable management of natural resources, to reduce the harmful effects
of agriculture on the environment and the climate, to decrease the use of
pesticides and increase the quality and safety of agricultural products, thus
ensuring food security and public health.

An environment for modelling scenarios and processes in intelligent agri-
culture settings, known as ViSMod, is presented in [39]. ViSMod is developed
as an expert system, the architecture of which is also given in this paper. The
use of the environment is demonstrated by an example — a system for diag-
nosing possible poisoning of ruminants. The diagnostic system presented in
the article is implemented on SWI-Prolog.

The paper [40] presents a platform called ZEMELA. ZEMELA is devel-
oped as a cyber-physical-social space providing various services for intelligent
agriculture. The general architecture of the platform is briefly described. Fur-
thermore, the kernel of the platform consisting of an event model and per-
sonal assistants is also presented. One example demonstrates the interaction
between the two components of the platform. Currently, the first version of
the platform is under development. The platform ZEMELA is implemented
by the help of agent-oriented development environment JaCaMo.

In [41], the developed supply chain model connects the main participants
in the experimental network and provides the possibility of implementing the
described interactions between them through the use of blockchain technology
and the creation of different channels of interaction of different types.

Blockchain models of the individual channels have been developed and their
prototype implementations are being worked on. Currently, a three-layer in-
frastructure model of the intelligent environment for intelligent agriculture is
being built, which includes processing of dynamically incoming IoT data at
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the sensory level and their processing in regional and national cloud data cen-
ters. This will provide an possibility of implementing the prototype, testing,
and verification of the modelled supply chain.

A conceptual framework for group multi-criteria selection of blockchain
software in fuzzy environment according to organization needs and experts’
judgements is proposed in [42]. The applicability of the new framework
has been verified through an illustrative example for ranking blockchain sys-
tems. The evaluations of compared alternatives were calculated by using mea-
surement of alternatives and ranking according to the compromise solution
(MARCOS) method. The robustness of the new framework was proven by
sensitivity analysis in which two (crisp and fuzzy) MARCOS models with two
different sets of weighting coefficients were compared.

In [43], it is proposed a reverse interpretation of the worst-case solutions
as recommendation for preliminary guideline for risk management recourse
allocation between these elements of the Enterprise Global Risk Manage-
ment (EGRM). The presented results support the assumption that EGRM
framework is applicable as an additional interpretive tool for risk management
decision-making in blockchain deployment. The framework could be consid-
ered as promising tool for ex-ante guidelines for allocating resources (financial
or other) of enterprises/organizations among the elements of the EGRM.

The paper [44] presents the main issues regarding competencies and knowl-
edge, risks and challenges in performing internal audit when adopting block-
chains. The main purpose is to propose a framework for stages, procedures and
elements for an internal audit plan in organizations that implement blockchains
in agriculture. The basic elements of blockchain technology, characteristics and
functions of internal audit and internal control are analyzed, as well as the im-
pact of blockchains implementation on organization and focus areas affecting
human, financial and technical resources, risk identification, blockchain con-
trol procedures, risk management and mitigation. An example of suggested
framework for internal audit plan is presented.

4. CONCLUSIONS

Plant genetic resources for food and agriculture are critically important for
the sustainable food production in conditions of an ever-growing population
and climate change. Intelligent agriculture aims to improve the quantity and
quality of yields by tackling three main challenges: efficient use of water for
irrigation, effective pest control and at the same time minimizing the risk of
pesticide pollution, and early detection of plant diseases. To achieve this goal
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with the help of information and communication technologies it is necessary
to look for appropriate solutions and technological platforms.

This paper presents the results of research aimed at the application of
artificial intelligence to support Bulgarian crop production. The results ob-
tained within the framework of the project BG PLANTNET “Establishment
of National Information Network GenBank — Plant genetic resources” and
the National Research Program “Smart crop production” are presented. The
reference architecture is presented, as well its adaptation for an important
domain, namely smart crop production. The virtualization of the physical ob-
jects of interest, which could be a crucial way for the integration of the virtual
and physical worlds, is indicated as a serious challenge.

Future research will focus on expanding the scope of artificial intelligence
in various areas of agricultural production. The Smart Agriculture Space will
be supported by combination of created various approaches to modelling and
developed technological platforms.
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