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Symposium Objectives

The 1st International Symposium on Digital Technologies in Agriculture
will enhance the exchange and dissemination of knowledge, experience,
ideas and results. The aim is to promote internationalization and friend-
ships among researchers and professionals in all research fields asso-
ciated with digital technologies in agriculture, with a focus on precision
agriculture, agronomist education in digital agriculture, data collection
and all the other aspects of digital technologies in agriculture.

The key topic of the 1st International Symposium on Digital Technologies
in Agriculture is an interdisciplinary application of technologies toward
sustainable digital agriculture.

DIGITAGRA 2022 Workshop Objectives

The main purpose of the 1st Satellite Workshop Digital Agriculture in
Rural Area will be:

» Disseminate the idea, goals and methods of digital agriculture in the
rural area

» Discuss the opportunities and challenges for small farmers in the
transformation toward digital agriculture

» Connecting the stakeholders in the digitalization of agriculture at
local and regional levels
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VITICULTURAL DEVELOPMENTS WITH THE
APPLICATION OF DIGITAL TECHNOLOGY )
SOLUTIONS AT THE RESEARCH INSTITUTE IN PECS

Zoltan Madaras

University of Pécs, Research Institute for Viticulture and Oenology, Pdzmany Péter u. 4, 7634 Pécs, Hungary

Abstract

The sustainability is constantly shaping the future
of agriculture. At the heart of the transformation of
agriculture is the development and embracing of new
technologies. The gene bank “big data” researches cu-
rrently being conducted at the Research Institute of
Viticulture and Oenology in Pécs will be the basis for
future precision farming. Using the data collected in
the digital gene bank catalog in our possession, the
next generation of precision farming will be able to
operate.

At the Research Institute of Viticulture and Oenology
of the University of Pécs, we strive to ensure that our
research brings quick and useful results to producers.

To this end, we have started to build a digital vine re-
gistration and data collection system. This unique de-
velopment, due to the location, size and capabilities
of the Research Institute, can effectively serve the
digital scale change of micro and small enterprises.

Due to the peculiarities of the field, the interactive
presentation of the latest technologies is a suitable
test environment, and the experience of the insti-
tute’s specialists can also be used excellently.

An important decision support tool for growers is the
systematization (meteorology, soil moisture, pheno-
logy, crop parameters, nutrient supply, must and wine
composition, etc.) of the database collected during
the 70 years of existence of the Research Institute.

With the digitalization and database development of
grape gene banking items, we are developing a new
perspective compared to previous gene banking rese-
arch, and we also support domestic and international
viticulture research in a database subscription-based
and service-based system.

The aim of the system is to keep a register of each
vine bearing a unique identifier. About 150 types of
properties of the capitals are recorded, and the deve-
lopment is recorded on continuous photo documenta-

tion. In addition, the unique sequence number on the
RFID (Radio Frequency IDentification) identifier helps
to specifically indicate the area and capital to be culti-
vated during the work processes.

Subsequent purpose of the system

- allinfluences that influence its development should
be collectible. In other words, each cultivation phase
and environmental impact can be collected manually
and electronically.

- the system should be able to store the data (physical
and chemical values) measured by sensors later fitted
to the system for the corresponding capitals. Further-
more, it can be further developed to create algorit-
hms and mathematical models using the stored data,
which helps to determine the infestation and other
characteristics of grapes.

These recorded values can be processed retrospecti-
vely or online, and calculations, analyses and foreca-
sts can be made from the collected data. This system
can also be useful for a data-based decision, such as
spraying.

The mechanization has nowadays a particular impor-
tance in the practice of the grapevine growing. In re-
cent decades, the mechanization of more and more
viticultural technology operations has been solved in
the most diverse grapevine plantation types. Phyto
technical operations (pruning, canopy works) and th
harvest are undoubtedly the most time-consuming i
terventions For practicing viticulturists. Nowadays, t
mechanization of the harvest can be effectively im
mented in most plantations, as can a significant pa
the canopy works or the pre-pruning of the vines

In addition, it should be noted that some ope
requiring human expertise and a large inv,
of working time, such as finalized prunin
cluster thinning cannot be achieved wi
machines operating on the mechanic
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With the development of artificial intelligence, the
implementation of these specific phytotechnical ope-
rations will become feasible in the near future.

Many research groups around the world are working
on the development of the mechanization of pru-
ning with artificial intelligence. The creation of the
grape-pruning robots was motivated everywhere by
the shortage of labor in agriculture or by the lack of
sufficiently skilled labor, as well as by increasing cost
efficiency.

In this publication, first we present the types of pru-
ning robots currently known in the world, and then
we report on the development that we have been
carrying out in Hungary since the previous yearin the
consortium cooperation of InnoviTech Ltd., SBS Ltd.,
Bay Zoltan Nonprofit Ltd., and the University of Pécs.
The goal of our development is to create an autono-
mously functioning GPS-controlled robot that can
perform the necessary pruning independently after
recognizing the organs of the vines.




EVALUATING HORSE DRAWN TILLAGE
TECHNOLOGY THROUGH DIGITAL DATA LOGGING

Paul Schmit’, Ranko Gantner?, Anna Neubauer?, Anna Garré*

' Schaff mat Pderd asbl, 27, rue de Brouch, 7481 Tuntange, Luxembourg (schaffmatpaerd@pt.lu)
2 Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek, Vladimira Preloga 1, 31000 Osijek,

Croatia

3 University of Kassel, Faculty of Organic Agricultural Sciences, Steinstral3e 19, 37213 Witzenhausen, Germany
4 Stockholm Resilience Centre, Kraftriket 2B, 10691 Stockholm, Sweden

Abstract

The aim of the paper is to present the importance of
digital data logging for recording the draft forces in
the development of improved horse-drawn inter-row
cultivators.

A number of recent researches has shown that horse
traction offers a viable option for sustainable farming
despite the era of robotization and space technology
in large-scale agriculture. Horse traction is apprecia-
ted because it offers an independence of distant fo-
ssil fuel resources, it is suitable for uneven, small and
inclined land plots in hilly and mountainous regions,
draft animals and animal-drawn implements can be
purchased at low costs and simply maintained, and
draft animals cause relatively little soil compaction
thus enabling for recovery of soil pores and water
holding capacity.

Traditional horse drawn implements can be improved
for modern low-input farming systems. In the case of
traditional single-row cultivators, there was found
great variation of draft forces during its operation
due to imperfect control of working depth. On newly
developed inter-row cultivators (Schaff mat Péaerd
asbl, Figure 1), penetration into soil is limited by accu-
rate skids or jockey wheels on parallelogram suspensi-
ons. Such limitation of working depth has lowered the
draft force, and thereafter enabled for simultaneous
cultivation of up to three rows of row crops, at draft
forces appropriate for a single horse.

Figure 1. Newly developed inter-row cultivator

Such an improvement offers near threefold increa-
sing in work efficiency.

Measurements of draft forces in horse drawn im-
plements are being conducted with dynamometers
equipped with digital data loggers. Draft force me-
asurements taken in the field are being stored and
graphically viewed on PC, thus providing a constru-
ctor with the data. A draft force of 0,78 kN at a wor-
king speed of 1 to 1,25 m/s is considered as an avera-
ge continuous physical effort of a medium sized work
horse in longer work effort without excessive strain,
also on several consecutive days, at field work.

Keywords: horse drawn tillage, animal traction, draf
force measurement
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DESIGN AN AUTONOMOUS ROVER FOR USE IN

PRECISION AGRICULTURE

Mario Kozul', Goran Fruk?, Zeljko Hederi¢?

' MMM Agramservis d.0.0., Samoborska 145g, 10000 Zagreb, Croatia (mario.kozul@agramservis.hr)
2 University of Zagreb, Faculty of Agriculture, Svetosimunska cesta 25, 10000 Zagreb, Croatia
3 Josip Juraj Strossmayer University of Osijek, Faculty of Electrical Engineering, Computer Science and Information

Technology Osijek, Kneza Trpimira 2B, Osijek Croatia

Abstract

The current trends in agronomy follow the digitalisa-
tion in the sector, which is already going through the
phase of Industry 4.0, and management strategies,
data collection and analysis is directed towards the
general objective of increasing efficiency, sustaina-
bility and productivity by use of technology, automa-
ted systems and robotics. The AgriArt project aims to
develop an overarching management system in the

field of precision agriculture, focusing on increasing
organically produced fruits using the key concepts
of 10T and artificial intelligence. For this purpose, a
system needs to be developed to monitor the growth
of all plant and fruit elements over a large area of the
orchard with high precision of sampling position and
quality of analysis.

b)

Fig. 1. Using a video camera (a) and lidar (b) to correct the position of the autonomous rover in the orchard

vector map

The design of an autonomous rover as a portable plat-
form for a set of high-resolution cameras is a challen-
ge that not only ensures a safe trajectory through the
orchard according to well-defined GPS coordinates,
but also has to ensure power supply for all necessary
subsystems (cameras, computers, internet router). In

addition, the rover must move independently, over-
come obstacles and communicate with the command
centre. Complex sensor systems are used: lidar, op-
tical camera and ultrasonic sensors that detect the
surrounding space and determine the rover's positi-
on in the vector field map of the orchard. This requi-

6 The ISDTA and DIGITAGRA 2022 | Data collection



res the development of a special element to dampen sition while recording. The drive of the autonomous
the slope of the terrain and dampen vibrations while vehicle is electric with the use of solar energy as the
driving, i.e. to dampen vibrations in a stationary po- energy source.

Fig. 2. The autonomous rover has a special system for pointing the surveillance cameras that consumes no ener-
gy and provides a stable position with vibration damping

Keywords: autonomous field robots, electric drives,
lidar, precision agriculture, artificial intelligence

Acknowledgement

The results presented in the paper are an output from
a research project supported through the European
Regional Development Fund , AgriART comprehensi-
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CROWDSOURCING DATA ON ARABLE CROPS
FERTILIZATION IN CROATIA

Ana Suni¢', Zdenko Lon¢éari¢?

' Master study Digital agriculture, Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek,

Vladimira Preloga 1, 31000 Osijek, Croatia (ana.sunic@fazos.hr)

2 Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek, Vladimira Preloga 1, 31000 Osijek,

Croatia

Abstract

Digital agriculture involves different ways of colle-
cting data, and the biggest involvement of farmers
in the data collection process is crowdsourcing, i.e.
outsourcing data collection by a network of farmers.
Thereby, farmers are not actually employed to colle-
ct data, but voluntarily participate in data exchange,
and such a form of data collection can also be called
farmsourcing. The aim of this paper is to describe
the significance of crowdsourcing data collection in
arable crops production in Croatia. In the Republic
of Croatia, it is mandatory to analyze the soil every 4
years in agricultural production whereby the identifi-
cation of the agricultural parcel, the applicant for the
analysis and information about the planned crop are
necessary fort he fertilization plan. However, a whole
series of additional data is important for optimizing
fertilization and preserving soil Fertility, and that is
why data collection from farmers is organized when
submitting a request for soil analysis. The mentioned
farmsource format was used from 2018 for collection
4 groups of data: 1. type (species) and yields of crop
and pre-crop; 2. type, amount and year of applied or-
ganic fertilizers; 3. data on harvest residues (removal
or incorporation into the soil); 4. data on previous
mineral fertilization. During 4 years (2018-2021) data
were collected from 13,239 requests for soil analysis.
The most complete data were collected for the plan-
ned crop (99.6%) but only 69.13 % data were colle-
cted for target yields in production. Similarly, 97.57
% farmers shared information on pre-crop type, but
only 8,260 (62.4%) provide data on the realized yield
of the pre-crop. These data show that in 4 years only
in 3.4% of cases farmers achieved a yield <60% of
the planned yield, and in 9.8% of cases they achie-
ved >110% of the planned yield. Most often (52.2%
of cases) 60-90% of the planned yield was achieved,
and in the remaining cases (34.64%) the yield was ac-
hieved as planned (90-110% of the planned). At the
same time, only 57.5% of farmers fully shared data

on the level of previous fertilization with N, P and K.
A five different levels of mineral fertilization were re-
corded: 1. without fertilization (3,8%); 2. up to 40%
of the required (recommended) fertilization (2,5%); 3.
40-70% of the required fertilization (19.3-19.7%); 4.
fertilization as needed (73.6-74.2%); 5. >120% of the
recommended fertilization (0,3%). The results show
that as many as 93.5% of farmers fertilized as recom-
mended or with a certain reduction, which is in accor-
dance with the data thatin 86.8 cases the expected or
somewhat lower (60-90% of the expected) yield was
achieved. Collected data show that organic fertilizati-
on was applied to only 15,34% of the analyzed soils.
The most common was the use of cattle (78.8%) and
pig (11.5%) manures. The presented results show that
the data collected by crowdsourcing indicate a close
connection between the recommended and applied
fertilization and the achieved yields.

Keywords: fertilization level, organic fertilization,
pre-crop, yield
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ENERGY MANAGEMENT OF AN AUTONOMOUS
ROBOTIC PLATFORM FOR APPLICATION IN

ORCHARDS

Mario Kozul', Ivan Aleksi?, Zeljko Hederi¢?

" MMM Agramservis d.0.0., Samoborska 145g, 10000 Zagreb, Croatia (mario.kozul@agramservis.hr)
2 Josip Juraj Strossmayer University of Osijek, Faculty of Electrical Engineering, Computer Science and Information

Technology Osijek, Kneza Trpimira 2B, Osijek Croatia

Abstract

The use of autonomous robotic platforms for various
tasks in orchards is based on the use of electric dri-
ves, which are highly dependent on the energy of the
storage system. It’s very important to define the con-
ditions under which the vehicle will move through the
space of the orchard, i.e. through specific rows, mani-
pulations between rows and within rows. The relief of
the orchard, the slope along the rows and the slope
perpendicular to the row direction play an important
role. In addition, there’s the moisture of the soil (mud,
traces of heavy machinery) and the requirements for
the speed of movement.

Predicting the trajectory under the above boundary
conditionsis the first step in the development of ener-
gy storage systems, from the question of capacity and
battery type to the question of the possibility of rec-
harging and the use of renewable energy sources.

COMPUTER POWER mséz
BATTERY
SENSORS 8% <: PACK

heative: 7% ] ENERGY: > speenive up

DECELERATION 6% NS TETH > MANOUVERING

) CONSTANT DRIVE

Fig. 1. Energy distribution of the autonomous robot
drive in orchard

There are various work tasks for autonomous robots
in the orchard - from pest and disease control to ot-
her tasks. The dynamics of these tasks are determined
by the agronomist himself based on the meteorolo-
gical and biological conditions on site. On this basis,
the possible travel distances of the vehicle must be
determined, which will determine the design of the
energy storage system, the required distance from
the work area to the charging station and the work
requirements for energy must be considered, while

providing sufficient capacity for the agrotechnical
requirements. Excessive battery storage capacity for
redundancy steers the design into an area of exces-
sive weight and results in even higher energy requi-
rements, which is why the optimisation process must
be carried out in the simulation domain before pro-
totyping.

sensing computing | manouvering

recuperation breaking |

Fig. 2. Energy drain during cycles

Keywords: autonomous field robots, energy mana-
gement, optimization process, precision agriculture,
artificial intelligence
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EVALUATION OF HEMP SEEDLING SIZE USING

IMAGEJ SOFTWARE

Dusan Dunderski', Ivana Varga?, Dario Iljki¢?, Dubravka Uzar’

T University of Novi Sad, Faculty of Agriculture, Trg Dositeja Obradovica 8, 21102 Novi Sad, Serbia (dundjerskid@gmail.com)
2 Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek, Vladimira Preloga 1, 31000 Osijek,

Croatia

Abstract

In vitro hemp seed germination is crucial for investi-
gating factors impacting production conditions. It is
laborious and time-consuming to measure and eva-
luate the morphological traits of seedlings grown in
vitro. One of the most well-known machine vision te-
chniques is image processing, which offers detailed
information and more reliability and accuracy than
traditional counting and visual determination of seed-
lings.

The study aimed to determine if hypocotyl images
obtained with semi-automatic processing through
SmartRoot could be replaced with faster, automatic
processing.

Seedlings were scanned in RGB color profile in 300 dpi,
using an open lid flatbed scanner HP Scanjet G4050.
The images were processed in ImageJ software. The
steps in image processing are shown in figure 1.

e sl e
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Figure 1: Steps from original (scanned) images to
hemp hypocotyl images used for comparation.

One scanned image was used to create ARFF segmen-
tation data from Weka Segmentation training. The
images in step 8 obtained with SmartRoot were com-
pared with images in step 7 using cross-correlation
with Fast Fourier transform (Ffigure 2).

Figure 2: Function map and 3D surface plot of cro-
ss-correlation

The average cross-correlation coefficient between
hypocotylimages was 0.86. The average diameter and
length with the automatic process were 0.108 and
0.745, respectively, and with SmartRoot 0.104 and
0.759, respectively. Using a t-test it was concluded
that the average length and diameter obtained with
the two methods didn’t show a statistically significant
difference. Comparing length and diameter acquired
from the two methods showed a correlation of 0.91
and 0.98, respectively. Results showed that hypocotyl
images obtained with the automatic process can re-
place the ones with the SmartRoot process. Macro in
ImageJ could be recorded, and images could be batch
processed, reducing time for analysis.

Keywords: Image processing, SmartRoot, hypocotyl,
length, diameter
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INFORMATION SYSTEMS SUPPORTING PLANT

PRODUCTION

Nenad Bestvina
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Abstract

Monitoring efficiency in agricultural production, in or-
der to ensure a timely reaction to observed problems,
becomes necessary to ensure competitiveness. To-
day’'s software tools make it possible to receive all the
necessary information justin time and provide timely
information that increases the efficiency of agricultu-
ral production.

Efficiency of production, in order to increase compe-
titiveness and awareness of the importance of de-
monstrable production of healthy food in order to
secure a market position, in the last few years have
significantly changed the way of monitoring business
processes in plant production.

We are witnessing an increasing number of various
norms, legal provisions and certificates, in which the-
re is one common denominator - more and more de-
tailed, precise and long-term planning, and more and
more detailed and precise records of the daily produ-
ction process.

On the other hand, with all these additional records,
we increase the rationalization of production, whichiis
in direct correlation with greater preservation of the
natural environment during production.

In response to these processes, Spin offered through
the Jupiter software a set of functionalities for ma-
naging processes in plant production, which are an
integral part of a complete ERP solution.

With these solutions, we have enabled rational produ-
ction, which increases efficiency, reduces production
costs and, with the application of other ecological me-
asures in agronomy, raises the level of preservation of
the natural environment during production.

Integration with GPS systems for monitoring agricul-
tural machinery achieves a fully automated perfor-
mance record.

GEO Portal is a graphic information system that visu-
ally displays data related to the condition of crops,
works and yields, facilitates the timely recognition of
the need for additional activity.

After the finished production, the calculation of the
actual cost price, and thus the profitability of the pro-
duction, becomes a challenge, if all business data and
processes are not mutually integrated.

On the other hand, with structured data collected by
the described methods, the cost price calculation be-
comes simpler, more accurate and faster.

Structured analytical data related to agricultural pro-
duction is the basis for timely detection of inefficient
procedures in agricultural production, which ultima-
tely affects the market position of the company.

Keywords: plant production, production optimizati-
on, Jupiter software
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Abstract

The application of image processing and robotics
in agriculture can help reduce manual labor in fruit
harvesting and sorting. In this paper, an image pro-
cessing-based system consisting of real robotic arm,
an RGB-D camera, and a YOLO v4-based image pro-
cessing algorithm for detecting and sorting apple is
proposed. The proposed system takes a 3D image of
applesinthe real world, detects the applesin the RGB
image, determines their size in depth image, and sorts
them accordingly.

Table 1: Apples detection results

Without With Hands
occlusion | occlusion | occluding
!\lumber of 46 11 9
images
Total number of 536 206 131
apples
Precision [%] 97.54 94.16 94.11
Recall [%] 96.26 54.85 85.49
F1-score [%] 96.89 69.32 89.59

Table 2: Mean deviation in measuring apple diameter

Total number of apples 19
p[mm] 4.3

The proposed algorithm performs best in scenarios
without occlusion (Table 1). However, the algorithm
detects apples with precision higher than 94 % in all
scenarios. Results from size determination experi-
ments are given in Table 2. Mean standard deviation,
M, is computed as mean deviation between real mea-
surements and measurements obtained by the pro-
posed vision algorithm. In practice, this means that

the robot would correctly detect, pick, and sort the
apples. By picking one apple at a time from the pile,
the number of apples would decrease and there wo-
uld be less occlusion. This means that the robot would
probably work very efficiently in the real world. De-
termining size is important for two things. First, se-
llers expect apples to be about the same size for sale.
Second, an incorrect size determination may cause
the robotto smash an apple if the predicted size is too
small, or to fail to grasp it if the predicted size is too
large. An error in size prediction of a few millimeters
would not affect either of the above problems. Ove-
rall, the results of the proposed approach justify the
use of vision- based robots in apples detection and
sorting tasks. In future work, some adjustments to
the prediction thresholds could be considered. Also,
outdoor RGB-D images should be acquired to test the
application of the depth sensor in even more realistic
scenarios. Finally, sorting experiments should be con-
ducted where apples are picked and placed by a robot.

Keywords: apple, machine vision in agriculture, robot,
YOLO v4
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Abstract

There is no question that only precision farming
allows for the rationalization of plant production.
Optimization of agricultural technology, according to
the variability of the environment, is the base of this
system. For field plant production, this optimization
at the moment means adjustment of sowing, fertili-
zation and plant protection parameters. However, it is
the water content in the soil that determines virtually
all of its physical, biochemical and microbial activity.
Water availability is often more important than other
agricultural factors. Precise application of individual
elements of agricultural technology must therefore
consider the current availability of water for plants in
every part of the field. Because of these relationships,
the aim of the research was to evaluate the currently
used methods of soil moisture measurementin terms
of their precision and usefulness in optimizing basic
agricultural factors.

The literature was analyzed in terms of the selectivi-
ty of soil moisture measurement methods in relation
to biological water retention. The TDR method (three
probes with different sensitivity zones) and the gravi-
metric method were physically tested in this regard.
Soil moisture variability at the microscale (resolution
of 100-400 cm2) was also tested.

It was found that a significant problem in the deter-
mination of soil moisture is the correct interpretation
of the results. There is no explanation in the scientific
literature on whether soil moisture determined by va-
rious methods includes only water contained in its abi-
otic part or also water contained in living organisms.

Under soil moisture conditions of 3-5% (vv), the mea-
surement error resulting from the presence of rape-
seed and rye roots was estimated at 33.5 and 45.4%.

In addition, it was found that the range of soil moistu-
re on the surface of 1 m2 can reach even 15.2% (vv).

Conclusions: For the purpose of precision farming, it
is necessary to develop appropriate methods to mo-
nitor soil moisture throughout the growing season.
Due to the low measurement accuracy, remote sen-
sing methods are not a sufficient basis for making
the right decisions regarding the use of production
resources and must be calibrated with in situ measu-
rements. Calibration methods may be burdened with
avery large error resulting from the biological reten-
tion of the soil. Probes used to calibrate remote sen-
sing methods should have a large measurement zone
to minimize microscale soil variability.

Keywords: biological water retention, soil moisture,
microscale variability
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Abstract

Plant breeding uses principles from various sciences
to improve the genetic potential of plants. The proce-
ss combines parent plants to produce the next gene-
ration with the best traits. Breeders improve plants by
selecting those with the greatest potential based on
performance data, pedigrees, and more complex ge-
netic information. Creating plant breeding programs
requires detailed planning and knowledge of geneti-
¢s, plant breeding techniques, and others. Creating
a platform where the information about the plant
breeding program is stored and managed is the main
topic of this paper. In this paper, a mobile applicati-
on has been developed to improve the organization
and productivity of a plant breeding program. For the
development of the application described in this pa-
per, Kotlin was used. Kotlin is a general-purpose, free,
open-source program-ing language, often considered
the successor to Java. Kotlin is most commonly used
for native android application development.

It has object-oriented principles for software support
development, the ability to use Android persistence
libraries such as Koin dependency injection library,
and what is the right structure of mobile application
based on MVVM structural pattern is also covered, Fi-
rebase as a Backend-as-a-Service (BaaS) from which
the Firebase authentication and database was used.
and ability to work with multithreaded processes.

The application brings a simpler approach to giving
and receiving information to the onfield workers and
the person in charge of the plant breeding program.
It gives the possibility of easier communication, from
which column to which row to pollinate and to what
type of pollination is required.

In conclusion, the application is a platform for the
organization and management of plant breeding pro-
grams. Improvements and upgrades of the application
are inevitable. It lacks the possibility for the breeder
to upload its own database with the pedigree of the
bred crop due to data confidentiality. The application

has not yet been tested in the field, nevertheless, its
utilization will greatly facilitate plant breeding pro-
grams.

Keywords: plant breeding, application, organization,
Kotlin
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Abstract

Awide selection of different sizes and types of unman-
ned aerial vehicles (UAVs), like single-rotor or helicop-
ter, multi-rotor aircraft and aerodynamic aircraft, can
be used in agriculture. The research paper presents
the data obtained from an unmanned aerial vehicle
used to record fields (winter wheat, barley, maize)
for precise crop topdressing. Agricultural land data
recording, data processing and analysis of the recor-
ded material were performed using a SenseFly eBee
+ UAV equipped with an S.0.D.A photogrammetry ca-
mera, a Sequoia multi-spectral camera and available
software. The possibility of UAVs, which can fly and/
or hover over a certain area and take high-resolution
digital photos, is particularly significant for real time
data colecting. There can be used a very large number
of digital photos of a narrow area at a negligible cost
compared to satellite images. Of course, the photos
are geo-positioned with GPS, which enables their di-
rect processing and analysis with GIS tools. For the
accurate analysis of aerial photographs of crops or/
and plantations, NDVI (normalized vegetation index)
is usually applied, which requires photographs of the
same areain the visible red (R) and near-infrared (NIR)
ranges. The ratio (NIR-R)/(NIR+R) is in the range from
0 to 1 and therefore very suitable for analyzing the
crops condition. NDVI is based on the combination of
absorption in the red spectrum range and reflection
near-infrared spectrum range (part not absorbed by
plant photosynthetic pigments). The results of the re-
search and analysis of the collected data proved great
potential in the analysis of the effectiveness of the
implemented manage-ment practices (sowing, nitro-
gen fertilization and crop protection), but also in ma-
king decisions about the current need to implement
the other crop management practice (top dressing,
pesticide application). Significant differences in NDVI
on the same field were found, which enable the opti-
mization of top dressing based on the actual status of
crops. The resolution of the collected data is suitable

for the application of variable doses in top dressing.
However, it is necessary to calibrate the data for indi-
vidual crops so that the range of variable fertilization
is harmonized with the decision-making model (DSS)
in the optimization of fertilization. Therefore, it is ne-
cessary to validate the range of variable Fertilization,
which is not good enough if it was made only on the
basis of data collected by UAVs. It would be useful
to include data of appropriate resolution on relevant
soil properties (soil pH, SOM, nutrient content, textu-
re data) for the DSS and in the validation procedure.

Keywords: unmanned aerial vehicle, multispectral ca-
mera, NDVI, decision-making model, validation
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Abstract

Weeds are unwanted plants that compete with crops
for space, water, light and nutrients and may cause
reductions of yield and increase the cost of crop pro-
duction. Modern agriculture relies on synthetic herbi-
cides as a fast, simple and effective weed control me-
asure. However, their excessive and improper use can
cause a series of negative consequences, such as the
occurrence of resistant weed populations, herbicide
residues in the food chain, and environmental polluti-
on with adverse effects on human and animal health.
In order to minimize negative impact of herbicides
and fit in strategies of reducing their use, adoption
of precision agriculture (e.g., UAVs, remote sensing,
robots, machine learning, deep learning, Al, compu-
ter vision etc.) in weed control are essential. Precisi-
on agriculture aims to establish systems that optimize
resource input while maintaining high yields. Curren-
tly, uniform application of herbicides across the who-
le field, regardless of weed density and distribution, is
typically conducted, although weeds are rarely evenly
distributed and often grow in patches. The site-spe-
cific weed management (SSWM) implies application
of herbicides or other direct weed control methods
only to areas where weed density is above the econo-
mic weed threshold. The crucial step in SSWM is the
collection of information on weed species compositi-
on, density and distribution in the field which enables
application of weed control treatments at the right
time, intensity and locations. UAVs equipped with
different types of sensors (RGB, multispectral and
hyperspectral cameras) are used for fast and accura-
te image acquisition which are afterwards analyzed to
generate weed distribution maps. Mapping weeds at
early growth stages enables for appropriate herbicide
and rates selection, while pre-harvest weed mapping
allows control of perennial weeds in following years
or detection of herbicide resistant weeds. Weed maps
are subsequently used for precise herbicide applicati-
on to areas with high weed density (patch spraying)
or individual plants (spot spraying). Ground sensing
on the other hand enables real-time weed detection,
recognition and precise spot spraying. Prototypes of

weeding robots that automatically detect and iden-
tify weeds and apply small or micro-doses of herbici-
des are being developed. Beside selective herbicide
application, robotic weed control systems that use
mechanical weed removal (camera-guided inter- and
intra-row weeding), flaming, laser and hot water are
utilized. Their application is of great value in case
of limited use of herbicides (e.g., organic agricultu-
re), ban on active ingredients and lack of registered
and effective plant protection products for special-
ty crops. Successful SSWM was reported for various
crops, from cereals, row crops, vegetables, to perma-
nent stands, with herbicide savings up to 90% without
yield reductions compared to conventional applicati-
on. Integrated Weed Management (IWM) with new
tools provides environmental and economic benefits,
biodiversity preservation and sustainable agriculture,
although precise tools integration and implementati-
on still poses a great challenge in commercial farming
systems.

Keywords: UAV, Al, robots, sustainability, site-specific
weed management.
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DATASET OF AN APPLE ORCHARD FOR OBJECT
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Abstract

Computer vision has enabled the optimization of fruit
production by providing an early alert to the farmer.
Several automated crop monitoring systems have
been proposed in the field of crop phenotyping, yield
monitoring, and crop protection at various growth sta-
ges. Automated computer vision systems rely on large
data sets to train, test, and compare diverse appro-
aches. Classification of different parts of apple tree
fruit presents significant challenges due to interclass
similarities because of the resemblance of some parts
in the growth stages of apples. The objective of this
research was to explore the possibility of detection
of different apple tree parts during phenophases in
an apple orchard using image analysis. The research
was conducted in 2021 and 2022 in five commercial
apple orchards around Zagreb in Croatia. About 5 000
images were taken with an RGB camera at different
growth stages of the apple orchard. Images in the da-
taset were manually annotated in Labellmg software
using bounding boxes and presented in PascalvVOC
format. Appels were annotated in different phenop-
hases like a generative spur, flower cluster, healthy
juvenile leaf, and various stages of the development
of fruit. The EfficientDet architecture has been used
as an object detection algorithm. Experimental re-
sults on a challenging dataset demonstrate that the
average precision percentage of the generative spur,
flower cluster, fruit frost, and deformed fruit was
51%, 63%, 38%, and 53%. Apple fruits were also cla-
ssified by color, so we had classes for red and green
apples whose average precision percentages for de-
tection were 63% and 71%, respectively. The results
indicate that various apple classes can be developed
more effectively for detection, which can help the ro-
bot to decide the alert strategy (e.g., flower or fruit
damage and yield planning) as well as to avoid poten-
tial damage by the branches and trellis wires.

Keywords: annotation, average precision, classes,
computer vision, fruit

Acknowledgment

The results presented in the paper are output from
research project KK.01.2.1.02.0290 , AgriArt com-
prehensive control system in the field of precision
agriculture”.

The ISDTA and DIGITAGRA 2022 | Decisionsupport systems an
models in digital agric




THE USE OF ARTIFICIAL NEURAL NETWORKS AS A
TOOL FOR DETECTION OF LEPIDOPTERAN APPLE

PESTS

Dana Cirjak’, Ivan Aleksi?, Ivana Mikle¢i¢!, Darija Lemi¢', Tomislav Kos?,

Ivana Paja¢ Zivkovi¢'

" University of Zagreb Faculty of Agriculture, Department of Agricultural Zoology, Svetosimunska cesta 25, 10 000 Zagreb,

Croatia (dcirjak@agr.hr)

2 Josip Juraj Strossmayer University of Osijek, Faculty of Electrical Engineering, Computer Science and Information

Technology, Kneza Trpimira 2B, 31 000 Osijek, Croatia

3 University of Zadar, Department of Ecology, Agriculture and Aquaculture, Trg kneza Viseslava 9, 23 000 Zadar, Croatia

Abstract

One of the most important apple pests are insects
from the order of butterflies (Lepidoptera) - the cod-
ling moth (Cydia pomonella (Linnaeus, 1758), whose
larvae feed on apple fruit, making it unusable for the
market, and the pear leaf blister moth (Leucoptera
maifoliella (O. Costa, 1836), whose larvae develop in
apple leaves. Classical pest monitoring methods are
unreliable and time-consuming, resulting in greater
damage to apple production. The use of artificial
neural networks (ANN) has recently shown great po-
tential for pest monitoring. Therefore, the aim of this
paper is to present ANNSs as a pest detection tool that
can be used for automatic monitoring of Lepidoptera
apple pests (Figure 1).

Looking at the examples from the literature where
ANNSs are used for apple pest monitoring and com-
paring their accuracy, it can be seen that all effective
models for codling moth detection have an accuracy
of over 90% in most cases compared to manual counts
by human experts. The model for pear leaf blister
moth is still pending, but since it belongs to the same
order as codling moth (Lepidoptera), the model accu-
racy should also be high. In addition, ANNs have been
used to detect damage to leaves caused by the pear
leaf blister moth and also achieved high accuracy.

Further development of ANNSs for detection and mo-
nitoring of important apple pests is certain. Thus, this
study reveals an unexplored potential for the use of
ANNs in monitoring apple pests from the order Le-
pidoptera. Therefore, this work advocates more effi-
cient and rapid monitoring that allows for targeted
and effective pest control without unnecessary inse-
cticide treatments and thus without negative agricul-
tural impacts on the environment and human health.

Figure 1. Results of pest detetction using ANN

Keywords: ANNs, Cydia pomonella (Linnaeus, 1758),
Leucoptera maifoliella (O. Costa, 1836), pest monito-
ring, smart agriculture
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Abstract

Climate change has significant impacts on winter whe-
at (Triticum aestivum L.) production through the occu-
rrence of various environmental stress parameters. In
this sense, drought stress and pest infestation, espe-
cially in sensitive phenophases, are the main threats to
wheat production stability and final yield loss. These
stress factors lead to changes in the physiological res-
ponse of winter wheat plants and can be monitored
by various multi- and hyperspectral remote sensing
systems (satellite, airborne, and proximal). One of the
best known and most accurate methods for monito-
ring plant stress is proximal remote sensing. As plant
responses to environmental stress are numerous and
complex, their physiological effects affect the signal
in different regions of the electromagnetic spectrum,
such as visible (VIS), near infrared (NIR), and shortwa-
ve infrared (SWIR). Through their feeding, pests cause
changes in plant pigments and cell structure, resulting
in variations in VIS and NIR reflectance, while plant wa-
ter content has been associated with variations in cer-
tain bands in the SWIR region of the spectrum.

Picture 1. Workflow For detection and evaluation of
environmental stress in crops using proximal sen-
sing methods for precise agricultural management
decisions

The availability of hyperspectral data has led to the de-
finition of vegetation indices (VI), which, by combining
the values of different regions of spectrum with plant
(or soil) characteristics, can quantify many agronomic
variables and estimate the severity of plant stress. In
addition to VI, the total spectral signature (reflectan-
ce) or its derivatives and principal components (PC)
are often used to assess plant condition. Chemometric
(multivariate) and machine learning models are com-
monly used to determine the relationship between
groundthruth parameters (water content in plants/
soil, level of pest infestation, etc.) and leaf/canopy
spectral characteristics. These include principal com-
ponent analysis (PCA), partial least squares regression
(PLSR) and principal component regression (PCR), arti-
ficial neural networks (ANN) and support vector mac-
hines (SVM).

Keywords: climate change, winter wheat, reflectance,
remote sensing, environmental stress
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Abstract

The production of soybean (Glycine max L. Merr.) has
increased significantly in recent years and represents
one of the most important highly profitable legumes.
It is cultivated throughout the world, due to its high
content of protein, oil and useful phytochemicals.
With the use of soybean in the livestock feeding, the
processing industry and human nutrition, the need to
increase the quality of soybean yield emerged. The
sustainability of soybean production is seriously thre-
atened by poor fertilization management and drou-
ght in critical stages of development, which can si-
gnificantly reduce its yield. Agricultural water deficit
occurs in case of insufficient amount of precipitation
and water content in the soil caused by climate chan-
ge. Therefore, in conditions of water supply exclusi-
vely through precipitation, the lack of water is one of
the most widespread factors limiting crop production.

The field research was conducted at the Agricultural
Institute Osijek during 2015. The effect of irrigation
and nitrogen fertilization on the yield and quality of
four soybean varieties was investigated. The included
varieties were Lucija (00), Vita (0), Ika (0-1) and Tena (0-
). Irrigation was carried out in three treatments: con-
trol treatment (natural conditions, only water from
precipitation); rational irrigation (water content in
the soil was maintained from 60% to 100% soil water
retention capacity); and abundant irrigation (water
content in the soil was maintained from 80% to 100%
soil water retention capacity). The fertilization with
mineral nitrogen was performed in three variants as
well, including control variant without nitrogen ferti-
lization, Fertilization with 100 kg N ha-1 and fertiliza-
tion with 200 kg N ha-1.

Multiple linear regression (MLR) represented a con-
ventional prediction approach and served as the ba-
seline for evaluating the efficiency of machine lear-
ning algorithms for the prediction of soybean yield
according toirrigation and nitrogen fertilization. Ran-

dom forest (RF), support vector machine (SVM) and
Extreme gradient boost (XGB) were selected as the
representative machine learning algorithms from the
ensemble decision trees and support vector machine
supervised regression groups. Their performance was
evaluated using the coefficient of determination (R2),
root mean square error (RMSE) and mean absolute
error (MAE), as presented in Table 1.

Table 1. The accuracy assessment of soybean yield
prediction.

Algorithm R2 RMSE (kg) | MAE (kg)
MLR 0.589 398.2 330.2
RF 0.646 369.8 316.0
SVM 0.575 404.7 336.3
XGB 0.645 370.5 316.4

RF and XGB outperformed the conventional MLR ac-
cording to all three metrics, producing 9.7% and 9.5%
higher R2 than baseline. Their potential could be furt-
her exploited for more efficient soybean manage-
ment by including additional independent variables
without impairing computational efficiency of evalu-
ated algorithms.

Keywords: crop management, regression algorithms,
random forest, extreme gradient boost, decision
trees
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Abstract

Biomass from agriculture represents a significant re-
source for the production of compost, substrate and
animal feed, as well as other products with higher
added value in the food and pharmaceutical industry.
The paper presents a model for calculating biomass
from agriculture for certain agricultural crops. The
term technical potential is used to calculate the amo-
unt of biomass. The sources of data on areas (ha), pro-
duction (t) and yields (t ha-1) of the most important
field crops are data from the Agency for Payments
in Agriculture, Fisheries and Rural Development and
data from the National Bureau of Statistics. To calcu-
late the technical potential of crop residues, the Re-
newlslands ADEG methodology was used according
to previously published results. The starting point for
calculating the technical potential is the production
of agricultural crops in a certain area (area and yield).
The amount of production is multiplied by the har-
vest index, which is a coefficient ranging from 0.13
(sugar beet) to 3 (sunflower) to obtain the amount
of agricultural biomass that remains after harvesting
the crop, called total biomass potential. However,
the whole amounts of agricultural residues cannot
be used, because a part must be left on the field for
incorporation in soil due to increasing humus content
(all cereals and industrial crops), a part would be used
for animal husbandry (wheat and barley), and a part
is simple harvest losses. The technical potential of
biomass is calculated by deducting from the total po-
tential the amounts required for incorporation in soil,
animal husbandry and harvest losses. The model pre-
sents a model for calculating the technical potential
of biomass for cereals and industrial crops. The model
represents a contribution to the calculation of agri-
cultural residues in some agricultural area in order to
understand the potential for further use of these raw
materials for the production of value-added products
(compost, substrates, animal feed, pharmaceutical
and food industry products).

Keywords: cereals, field crops, harvest index, indu-
strial crops, residues
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Abstract

The development of new pesticides, from the design
and synthesis of active compounds to their commer-
cialization, is an expensive and time-consuming proce-
ss, requiring research on multiple biological and envi-
ronmental effects. Computer-aided molecular design
techniques are nowadays broadly applied in this area,
saving both research time and economic costs of bio-
logical tests.

The aim of this study was to perform a computational
screening of novel coumarinyl 1,2,4-triazole compo-
unds (Fig. 1) in order to investigate their viability as
new active compounds for pesticides. Their pestici-
de-likeness was estimated according to the rules de-
fined by Hao et al., wherein six molecular descriptors
were calculated for each compound and compared to
the threshold values. Furthermore, as both, couma-
rins and 1,2,4-triazole derivatives are proven to exhi-
bit antifungal activity, their hybrid compounds could
show similar activity. Some azole fungicides act as
inhibitors of the growth of fungi in already invaded
plants. Possible targets for research on the mechani-
sm of action of such antifungal agents are enzymes
responsible for fungal growth. Therefore, a molecu-
lar docking analysis was performed to evaluate the
type of binding between the ligand and the enzyme
sterol 14 a-demethylase. Inhibition potentials of the
screened compounds were ranked by combining
the pharmacological interactions and energy-based
scoring function: Total Energy (kcal mol-1) = vdW +
Hbond + Elec.

HS

Figure 1. General structure of coumarinyl 1,2,4-tria-
zoles

Calculated values of the molecular descriptors
showed that all of the screened compounds satisfied
pesticide-likeness criteria. Molecular docking analysis
revealed the possibility of tested compounds to form
complexes with catalytic domain of demethylase.
These results are in accordance with the hypothesis
about coumarinyl 1,2,4-triazoles as viable antifungal
agents, and should be further confirmed by in vitro
analysis.

Keywords: coumarinyl 1,2,4-triazole, pesticide-likene-
ss, molecular docking, antifungal activity
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Abstract

Intensive agricultural production, without proper
management, will probably cause soil degradation.
Therefore, monitoring soil quality in agricultural regi-
ons is essential for soil protection. Analytical results
of soil properties can be successfully combined with
mathematical and/or computer models to predict
values of soil indicators that have not been analyti-
cally determined. In doing so, it is very important to
determine as accurately as possible which properties
determine the intensity of a certain soil indicator to
the greatest extent. Iron is an essential element who-
se availability in the soil depends significantly on the
total concentration of Fe in the soil, soil pH value and
SOM content, and the lack of plant available Fe can
limit production on poor, especially carbonate soils.
The aim of this research was to determine the possi-
bility of using available data to predict Fe availability
with regression models. The regression model was
created using a data set with the results of analysis of
Fe concentration in more than two hundred soil sam-
ples (total Fe extracted with aqua regia in the range
2-3.9% and plant available Fe in the range 10-45 mg
kg-1). The model was used to predict the available Fe
based on the analysed soil properties (pHH20, pHKCI
and SOM content) of 1,000 soil samples with the total
analysed production area 5,194 ha.

Modeling available Fe on a new set with 1,000 soil
samples predicted that the low concentration of avai-
lable Fe will be only on 1.83 % of analysed areas, whi-
chisjust 95 ha. The moderate range of plant available
Fe was predicted at 245 ha (4,72 % area). High level of
Fe availability was predicted at 93,45 % area, i.e. on
4.854 ha. The model predicts a very small proportion
of samples with a low Fe available to the plant, which
leads to the assumption of low accuracy of the mo-
del, even though SOM and two pH values were used.

If that’s the case, a data set with basic soil indicators
is not sufficient to predict Fe availability.

The demonstrated use of the modelindicates that mo-
deling can be effectively used to predict certain soil
indicators without actual laboratory analysis, saving
time and resources. This can be especially significant
in cases of a large number of soil samples from diffe-
rent and heterogeneous production areas. However,
the accuracy of the model must be validated, which is
possible only by validation with a reasonably selected
new set of samples and analytical results. Thereby, it
is more likely that analyzes of additional soil proper-
ties (like percentage of clay particles, total amount
and different fractions of Fe) will be required in ad-
dition to the basic soil analyses (pHH20O, pHKCI and
SOM content).

Keywords: availability modeling, regression model,
EDTA, Fe
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Abstract

The role of microelements and their availability in
soils is often overlooked in agricultural practice. The
reasons lie in two facts that are closely related to soil
properties and crop needs. First, the total content of
microelements in soils is significantly higher than the
small amount that plants need. Second, the insuffi-
cient availability of microelements is much less often
a limiting Factorin crop cultivation than the lack of wa-
ter, nitrogen and other macro nutrients. However, the
fact that it is not the total amount that is important,
but the fraction of microelements available to plants
has been neglected. At the same time, the available
fraction of microelements is closely related to the
basic soil properties (soil pH, organic matter content,
soil texture) and it is expected that this dependence
can be described mathematically. The only question
is, which property of the soil should be used sufficien-
tly to accurately predict the availability of individual
microelements. Zinc (Zn) is one of the microelements
whose availability in soil is closely related to pH value,
SOM content and soil texture. The average total con-
tent of zinc in the soil is in the range of 5-20 mg/kg,
but can be significantly higher. The availability of zinc
is higher in acidic soils, but there is also a greater risk
of leaching, and Zn deficiency most often occurs on
heavy, clayey soils. Based on the above assumptions,
the aim of this paper was to determine the accuracy
of regression models for predicting plant available
fractions of Zn in the soil. The regression model was
created based on the results of the basic soil analysis
(pH and SOM) and total Zn content and available Zn
fractions in more than two hundred soil samples (to-
tal Zn extracted with aqua regia was in the range 40-
115 mg kg™; available Zn extracted with EDTA solu-
tion was in the range 0.4-8 mg kg™). The new set of
1,000 soil samples with results of basic soil properties
(pHH20, pHKCl and SOM) was used to predict plant
available Zn fraction in soil. The average 1.59 mg kg™
of Zn available fraction was predicted, what is in the

range of medium soil supply with available Zn. Insuffi-
cient Zn availability (<1.50 mg kg™') was in 463 samples
(representing 2,455 ha or 47.26% of analyzed areas),
medium availability in 526 samples (for 2,666 ha or
51.33% area) and high Zn availability (>3 mg kg™) in
only 11 samples (72 ha, 1.41 % area). Taking into acco-
unt that the insufficient availability of Zn is predicted
on slightly more than 47% of production areas, which
can significantly limit agricultural production, it is ne-
cessary to validate the model, i.e. determine the ac-
curacy of the predicted Zn availability by lab analysis.

Keywords: regression models, total Zn, validation,
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Abstract

Agricultural reality is often underrepresented in sta-
tistical and mathematical models. Shifting the agricul-
tural paradigm towards data-driven approaches en-
courages the data collection, however with unknown
data structure and information density. Recently,
machine learning methods are emerging as state-of-
the art tools for integration of various data into the
models, increasing the model predictive abilities, with
tradeoff of reducing the model interpretability. Ker-
nel methods, mapping the datainto a different kernel
space, thus come in handy for reducing redundancy,
while maintaining predictive power. Also, integrating
data from various sources enables kernel-based incre-
ase in interpretability, facilitating the interpretation
of models, as well as model troubleshooting. We de-
signed a prototype of a proximal, field-based multis-
pectral sensor with integrated weather station. The
prototype was proven successfulin sensing of various
important traits. However, the integration of the rele-
vant data to the state of the art plant growth models
might be challenging. The possibility of use of the
kernel methods and increasing the model informati-
on density and interpretability in agricultural systems
will be discussed.

Keywords: proximal sensing, remote sensing, multis-
pectral, kernel methods
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Abstract

The time in which we produce is characterized by an
increasing need for food of animal origin, implying a
necessary increase in the number of animals on farms
and an increase in productivity per individual animal,
and on the other hand, a decreasing availability of the
necessary workforce. In these conditions, the met-
hods of precision animal production are imposed as
an optimalsolution. Dairy cattle breeding is one of the
most complex animal productions, where for optimal
management it is necessary to ensure the farmer’s ti-
mely reaction. Furthermore, the cow’s body condition
as an indicator of body reserves provides information
regarding the health and readiness for the production
of an individual cow and the entire herd, as well as the
method and strategy of feeding. Standard methods
for body condition scoring (BCS) require high experti-
se of the evaluator and are time-consuming. The use
of an automatic BCS system would enable daily evalu-
ation and significantly increase objectivity. Therefore,
the goal of this research was the development of an
automatic BCS system.

During the field part of the research, a depth camera
was used to take photos (colour and depth) of dairy
cows from above. Furthermore, during the analytical
part of the research, the collected colour photos were
processed through an Al module that uses CNN Neu-
ral Networks to generate the BCS score of an indivi-
dual cow. Based on the above, a model was refined for
evaluating the BCS condition of cows based on colour
photos. The result of the initial test showed an accu-
racy of a maximum of 55% for a set of 89 photos of
cows. Considering the above, it is necessary to carry
out further field evaluation in order to collect at least
600 photos of cows in order to achieve a more reliable
result, i.e. higher accuracy of the evaluation.

Keywords: body condition score, dairy cattle, automa-
tic system, neural networks
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Abstract

Honey bee (Apis mellifera) through the pollination
have a major impact on the production in agriculture.
The use of digital systems in beekeeping can improve
the monitoring of individual honey bee colonies and
improve the efficiency of beekeeping by bringing it to
a higher technological level. By using different digital
systems, data could be collected on the apiary level
(meteorological data), on a colony level (temperature
in the hive, sounds and vibrations, weight of colony
ect.) and on the individual level (monitoring of bees
on the hive entrance).

The loT technology has slowly found its way into
the beekeeping sector. One of such technological
systems helps to reveal the swarming state of a honey
bee colony. The swarming is an event during which
the queen leaves the hive with a certain number of
worker bees and drones. Swarming is a natural way of
honey bee reproduction, which the beekeeper tries
to reduce to the smallest possible extent because the
colony which swarms out will produce small amounts
of honey in the forthcoming season. Parameters such
as temperature, humidity and weight change during
the swarming can be monitored using sensors in-
stalled in the hive. The occurrence of swarming may
also be determined by the frequency of sounds inside
the hive, which is around 400-500 Hz lasting at least
35 minutes.

The example of one of the systems used in Europe is
called BeeQ, an automated monitoring system that is
installed on hives. The advantage of this system is low
energy consumption and low general costs compared
to other systems. The sensors collect data which are
stored in the “cloud”, where data are analyzed and
sent to a smart device or laptop owned by the bee-
keeper. Magnetic sensor on the lid of the automated
hive that transmits data to the cloud every time the
lid of the hive is opened. A gyroscopic sensor measu-
res the temperature and humidity inside the hive. A

sound sensor records in detail the sound frequency
inside the beehive in the ranges from 20 Hz to 2 KHz.
Based on the frequencies recorded inside the hive, it
is possible to predict the swarming, the attack on the
hive by hornets, wasps and other undesirable animals.
A weight sensor is placed under the hive. Internal and
external temperature and humidity sensors monitor
the microclimate of the apiary and hive. Thermal pad
placed on the side of the brood regulates the tempe-
rature of the hive and reduces the number of Varroa
mites. An infrared camera attached to the inside of
the beehive is used to monitor the intake of nectar,
pollen, the process of brood feeding and even of
early detection of diseases. In addition to the listed
sensors, the necessary equipment also includes a
transponder and a battery. This system works on the
principle of collecting data and processing it with the
help of algorithms and beekeeper receives a result on
his smartphone. The advantage of this kind of system
is that the beekeeper receives a notification about
the necessary interventions in the apiary at the exact
time to prevent swarming.
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Abstract

According to EUR-Lex in European Union countries ha-
ving higher than 600,000 sheep and goats it is obliga-
tory to apply their electronic identification. All sheep
and goats need to be identified with two identifiers
containing the same unique individual identification
number (ID), among which one must be an electronic
identifier (EID). Thus, this study aimed to explain an
application of electronic identification in small rumi-
nants. Animals need to have EID in order to: 1) prote-
ct the health of animals and people from infectious
and invasive diseases; 2) monitor the control of do-
mestic animals traffic; 3) monitor the traceability of
products of animal origin; 4) enable proper breeding
and selection work in sheep and goat farming and 5)
accomplish the right to financial support. Individual
animal identification provides and maintains animal’s
individual data, such as ID, parentage, birth date, per-
formance data, history of health and vaccination, and
disease control enabling the improvement of farm
management. Since 2010 in the Republic of Croatia
(606,172 sheep and 71,872 goats registered) sheep
and goats need to be identified with ear tag and rumi-
nal bolus, containing microchip, which implies animal
radio frequency identification (RFID).
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Figure 1. How application of electronic identificati-
on (EID) works in small ruminants

)

The RFID uses low frequency band (low read range,
around 20 cm) which is very safe for animal, and requ-
ires low frequency because it can pass through water
and animal tissue. The stick reader and handheld with
operating system, or panel/static reader are designed
for electronic reading, and collecting the individual ID
number stored on the EID tag or ruminal bolus. Bo-
luses contain tamper proof features and have high
retention. The boluses for small ruminants should
be less than 70 g, while specific gravity needs to be
higher than 2.5 to provide retention in the rumen.
Retention of boluses is higher then retention of ear
tag. Electronic devices are highly efficient and could
be recommended for sheep and goats. As observed
in the available literature, boluses application do not
produce any important effect on the body growth
parameters and the stomach development, thus it
can be considered as a valid method for tracing small
ruminants.

Keywords: electronic identification, small ruminants,
ear tag, ruminal bolus
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Abstract

Precision livestock farming (PLF) tools are essential
for efficiency of modern livestock production. On-si-
te, non-invasive prediction of animal health is not only
necessary for optimization of milk production but
also for achieving optimal animal welfare. Mastitis,
as an inflammation of milk gland, is one of the major
health issues in milk production, and can have dear
consequences for animal health, production, longevi-
ty and wellbeing. Therefore, development of PLF to-
ols are extensive in this area. The experiment aimed
to evaluate a method of automatic on-site determi-
nation of milk conductivity (as a predictor of mastitis
risk) by correlating its values with somatic cell count
from a referent laboratory. Milk from 66 dairy cows
was used in the experiment, of which there were 32
cows in the first lactation, 14 in the second, 11 in the
third and 9 in the fourth and higher lactations. At the
beginning of the experiment, the cows were in lacta-
tion for an average of 160 days. Milk samples were
taken in three consecutive points with 21 days apart.
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Graph 1. Spearman correlation between SCC and
MDI in milk of cows.

Milk samples, since the milking is robotic, were ta-
ken out with a special device, which is connected to
the milking robot. With this method, risk for sample
contamination is reduced to minimum. The samples
were sent for milk somatic cell counting (SCC) to the
Reference laboratory for milk and dairy products in
KriZzevci, and the analyzes were carried out on Fosso-
matic 7 (Foss, Denmark). Milk conductivity index (MDI)
was determined using a DeLaval VMS™ V300 (Dela-
val, Sweden). Descriptive statistics for determined
parameters were performed using STATISTICA (TIBCO
Software Inc. 2018). The assumption of normality was
checked using the Shapiro-Wilk test. Variables were
not normally distributed so correlation between SCC
and MDI was performed using Spearman nonparame-
tric test. Correlation between SCC and MDI in milk of
all samples (199) was significant (P<0.05) moderate
and positive (0.424). Correlation between SCC and
MDI in milk of cows in Ffirst lactation was weak and
not significant (P>0.05; 0.165). Correlation for se-
cond, third, fourth and higher lactation cows was si-
gnificant (P<0.05) moderate and positive: 0.562; 0.529
and 0.628 respectively. This proves applicable value
of on-site automated determination of milk changes
through MDI and its use in mitigation of mastitis. It
encourages farmers to stay vigilant in monitoring ud-
der’s health and to react quickly to prevent seriou
consequences for cow’s health.

Keywords: precision livestock farming (PLF), dai
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Abstract

Information and communications technologies (ICTs)
are a system of tools and sources that serve to colle-
ct, process, and disseminate information. In agricul-
ture and equine breeding, the ICTs are used to match
the modern advances in research technology to the
application of technologies that agriculture and equ-
ine breeding have to offer. Some of the advantages
of using the ICTs in agriculture and horse breeding
are a detailed and continuous monitoring of animals,
monitoring of diseases and treatment, and the access
to valuable information that can help the breeders
make the best decisions. Various technologies are
used in horse breeding, some of which are as follows:
3D horseshoe printing, deployment of robots, and
the application of artificial intelligence (Al). The 3D
horseshoe printing makes it possible to obtain the
custom-made horseshoes individually. Robots, on
the other hand, are the automated machines that
perform the tasks usually performed by humans. In
horse breeding, robots are applied for horse eleva-
tors and scanning devices. The purpose of a horse
elevator is to carefully elevate the horse while the
animal is positioned in a sling by controlling its we-
ight distribution. The elevators thus assist the reha-
bilitation of equines suffering from the acute injuries
and other musculoskeletal system pathologies, faci-
litating the horse to move while its weight is being
partially or fully supported by the elevator. Scanning
devices include radiography, ultrasound, computed
tomography, magnetic resonance imaging, nuclear
scintigraphy, thermography, positron emission tomo-
graphy, endoscopy, and venogram. The aforementio-
ned devices are applied as the diagnostic modalities
in numerous pathologies, as well as in cases of a poor
equine performance. The Al is the ability of a robot
or of a computer to perform the tasks associated
with the intelligent beings. In horse breeding, it per-

tains to the devices applied to measure the equine
physical activity, heart rate, speed, and movements.
The purpose of this technology is to improve the hor-
se's welfare and performance during training. Con-
sequently, the aim of this article is to explain and
present the select information and communications
technologies deployed in horse breeding.
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Abstract

The aim of this paper is to demonstrate how informa-
tional technology can be used to improve operational
efficiency and information flows in the short food su-
pply chain (SFSC) product delivery process which inc-
ludes a large number of small food producers.

SFSCs are complex systems due to numerous ope-
rations and processes that occur simultaneously. In-
formation technology can track and document activi-
ties, then process and communicate data to relevant
subjects in the chain. Push-notification system com-
municates important events to users in real-time. A
transport routing engine is needed, as it optimizes
deliverer routes for pickups and deliveries, resulting
in minimal queue times and fast delivery with mini-
mal product time in transport. Also, it enables route
visualization in customer and producer apps. If the
initial route is changed, it re-calculates and provides
a new optimal route. Results are promptly updated
to user and producer apps. This way producers can
track deliverers on the way to pick up their products,
and customers can track their orders (Figure 1 - cu-
stomer mobile app). Alerts can be triggered and sent
by automation as the deliverer completes previous
tasks and moves towards a specific user on the de-
livery path.

Using modern technologies, it is possible to optimize
SFSC business operations to the point where consu-
mers barely feel the difference between SFSC and
long chains.

Digital platforms enable short chains’ competitivene-
ss in the market by making them more efficient and
transparent, thus allowing a sustainable way to su-
pply local communities with fresh, healthy, and often
short-life products of small local producers.
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Abstract

Consumer habits have changed recently, mainly due
to the pandemics COVID -19. People are increasingly
shopping online and paying more attention to heal-
th and nutrition. They want local, fresh, healthy and
tested food with a known origin delivered directly to
their homes. They also value traceability systems as
an important criterion for food quality and safety.

Since Croatia’s accession to the EU, there have been
frequent reports of lower quality of agricultural pro-
ducts imported at low prices. In fact, food that has
been technologically processed for a longer distributi-
on route from production facilities to consumers loses
its nutritional value and other quality characteristics.
Short supply chains, on the other hand, ensure higher
quality food and form the basis for healthier diets.
Furthermore, the reduction of gas emissions and ener-
gy consumption resulting from the distribution of pro-
ducts is an additional benefit for the community.

Short supply chains mean fewer intermediaries in
delivering the product to the consumer. Ideally, the
producer should sell directly to the consumer without
intermediaries. This is the basic idea behind the Plan-
tOn platform. PlantOn works with small family farms
that produce seasonal and mostly organic food. In
addition, connecting farmers and consumers in a di-
rect relationship without the intermediation of third
parties directly impacts processing, transport, retail
and packaging, keeping the supply chain as short as
possible.

The PlantOn platform minimizes risk for farmers by
allowing them to plan their production thanks to
pre-arranged placement, while consumers receive
fresh, healthy and verified harvest in recyclable and
reusable packaging right at their doorstep.

The problem of traceability is solved by photos and
live stream in the application, which discloses produ-
ction methods and growth to the customer. The plat-
form also provides information on CO2 emissions du-
ring delivery. The development of MeatOn platform
is pending.

Keywords: short supply chains, food quality, food
safety, traceability systems
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Abstract

Food producers and companies were compelled to
adapt and innovate in order to survive the difficult
conditions of economic collapse. Food producers’
marketing techniques shifted to more online-based
social media services as a result of social distancing.
In recent years, social media has emerged as a new
commercial communication tool. For the time being,
employing social media as an effective and efficient
advertising tool may quicken the growth of the food
industry. There are various advantages to using social
media to promote food products. Social media provi-
de opportunities for food companies and producers
for Finding diverse sales channels and also can recei-
ve direct feedback from customers by using an online
feedback system. The first objective of this study is
to review the academic literature pertaining to social
media adoption. The qualitative research approach
is utilized in this study to examine how food compa-
nies and producers interact with their customers on-
line and use social media as a strategic tool of social
network marketing. Previous research indicates that
more than 60% of food companies and producers in
the EU believe that one of the most important bene-
fits of social media adoption and usage is brand buil-
ding, with the ability to inform customers about new
products, contests, customized offers, and awards.
Serbian food companies are increasingly establishing
the importance of creating profiles and using social
media’s benefits. In support of this, 47.4% of compa-
nies have been using social networks for the needs of
the company’s business. Food producers should em-
brace technologicalinnovations and use new media to
engage audiences and consumers more closely than
ever before. Finally, implications for policy and practi-
ce are suggested and knowledge gaps and opportuni-
ties for future research are identified.

Keywords: food, social media, companies, producers
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Abstract

In a general aspect of teaching English as a foreign
language (TEFL), English as a foreign language (EFL)
may be considered as stimulating to the English lan-
guage learners (ELLs) - that is, to the speakers of
Croatian as their native language - because the TEFL
practice in that particular case refers to English langu-
age teaching in a European Union (EU) country whose
official language is other than English. Additionally, to
contribute to a desirable students’ English proficien-
cy level in the scope of a comprehensive agronomist
education - that is, the one that progressively relies
on the digitalization process and technological advan-
cements in the agricultural sector - various learning
methods are being applied, frequently favoring the
so-called blended learning as a technology-mediated,
or a web-enhanced, personalized learning policy. Con-
sequently, a partially self-directed study at home via
e-learning platforms (e.g., the Moodle-based course
management systems such as Merlin) was especially
promoted at the time of the COVID-19 pandemic, ha-
ving remained fully operational in case of the English
in Digital Agriculture course too.

As the course lectures of the Graduate Study Program
in Digital Agriculture are delivered exclusively in En-
glish, thus empowering the students to experience a
complete Anglo-American cultural immersion, native
speaker interaction, and peer tutoring as well, this
paper’s objective is to examine the avenues in which
the Future English in Digital Agriculture e-textbook
might successfully reference the necessary linguistic
habits and internal mechanisms to assist the stu-
dents’ acquisition of a proper pronunciation, syntax,
and vocabulary, predominantly engined by the for-
mal and vernacular English language of the United
States of America.

To alleviate the difficulties and surmount the stu-
dents’ obstacles while being involved in an English for
specific purposes (ESP) course, the aforementioned

e-textbook applied a contrastive analysis approach to
this type of the English for academic purposes (EAP)
scheme. In-text bolding and bookmarking were utili-
zed in the English typoscript to demarcate and define
a new terminology of Digital Agriculture in a follow-
up glossary, and the smartphone-scannable QR codes
of the hyperlinked, thematically correspondent You-
Tube video clips were introduced to potentially elimi-
nate the hypothetically problematic Croatian transfer
effects, especially the students’ false part-of-speech
identification; an occasionally objectionable mispro-
nunciation of English diphthongs, interdentals such as
/8/ and /d/, and silent letters; or the vocabulary-rela-
ted false friends.

In terms of the English grammar, the e-textbook exer-
cises provide for an adequate practicum material con-
cerning the verbal aspects, moods, and tenses, with
a special emphasis put on the auxiliaries and modals.
Equal attention is meticulously devoted to the issues
of English definite, indefinite, and zero articles, as
well as to the topic of select agricultural and general
idiomaticity. When it comes to the preselected Engli-
sh lexicon, however, the e-textbook incorporates the
authentic articles styled in Standard American English
(StAmE) to illustrate the collocations, most frequent
phrasal verbs and prepositions, and word Formation
patterns. Eventually, to enhance the students’ se-
cond-language literacy, to correctly contextualize the
English vocabulary in the domain of Digital Agricul-
ture, and to sociolinguistically rectify the students’
recurrent register errors, a clear distinction is purpo-
sely made between the English colloquialisms, formal
language, and slanguage as well.

English in Digital Agriculture e-textbook thus repre-
sents a formal-content learning material, with an
emphasis placed on the students’ basic interpersonal
communication skills (BICS) in the English language
and their cognitive academic language proficiency
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(CALP). Thanks to the benefits of the advanced edu-
cational technologies, or edutechs, deployed, the
e-textbook aspires to create the foundation for a
confidence-building, responsible, and stress-free cla-
ss environment, completely equipped and suitable for
a modern, slightly gamified computer-assisted langu-
age learning (CALL). While fully embracing the princi-
ple of a multicultural, inquiry-oriented lesson format,
or WebQuest, the e-textbook actually provokes the
students to initiate a topical, Web-based information
search of their own - occasionally in the form of an
extracurricular activity - to finally overcome the lan-
guage barriers, voice their opinions, and perfect their
writing skills with respect to various issues in contem-
porary Digital Agriculture.

The e-textbook’s multimedia contents semantically
and syntactically comply with the C1 and C2 levels
of the Common European Framework of Reference
for Languages (CEF), but the exposure to the native
speakers’ oral and textual styles and a peer tutoring
advocacy and tolerance might effectively and ethica-
lly assist in the neutralization of educational inequ-
ality, or students’ achievement gaps, facilitating the
students’ English-based professional and technical
communication in the sphere of Digital Agriculture.

Qualifying the students for an ultimately elevated
academic performance when it comes to their ESP
expression, the e-textbook might consequently and
conclusively be observed as a form an interactive,
self-paced, and student-centered ecosystem that in-
volves the students in an almost coauctorial, feed-
back-providing role in the field of the so-called citizen
science, in this case ranging from the classical agrono-
mic topics such as the viticultural terroirs all up to ru-
rism - that is, a rural landscape beautification, increa-
singly performed by virtue of a digital transformation.

Keywords: agronomist education, Digital Agriculture,
English language acquisition, innovation, technologi-
cal advances
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Abstract

Intensive agricultural production, without proper
management, will probably cause soil degradation.
Therefore, monitoring soil quality in agricultural regi-
ons is essential for soil protection. Analytical results
of soil properties can be successfully combined with
mathematical and/or computer models to predict
values of soil indicators that have not been analyti-
cally determined. In doing so, it is very important to
determine as accurately as possible which properties
determine the intensity of a certain soil indicator to
the greatest extent. Iron is an essential element who-
se availability in the soil depends significantly on the
total concentration of Fe in the soil, soil pH value and
SOM content, and the lack of plant available Fe can
limit production on poor, especially carbonate soils.
The aim of this research was to determine the possi-
bility of using available data to predict Fe availability
with regression models. The regression model was
created using a data set with the results of analysis of
Fe concentration in more than two hundred soil sam-
ples (total Fe extracted with aqua regia in the range
2-3.9% and plant available Fe in the range 10-45 mg
kg-1). The model was used to predict the available Fe
based on the analysed soil properties (pHH20, pHKCI
and SOM content) of 1,000 soil samples with the total
analysed production area 5,194 ha.

Modeling available Fe on a new set with 1,000 soil
samples predicted that the low concentration of avai-
lable Fe will be only on 1.83 % of analysed areas, whi-
chisjust 95 ha. The moderate range of plant available
Fe was predicted at 245 ha (4,72 % area). High level of
Fe availability was predicted at 93,45 % area, i.e. on
4.854 ha. The model predicts a very small proportion
of samples with a low Fe available to the plant, which
leads to the assumption of low accuracy of the mo-
del, even though SOM and two pH values were used.
If that's the case, a data set with basic soil indicators
is not sufficient to predict Fe availability.

The demonstrated use of the modelindicates that mo-
deling can be effectively used to predict certain soil
indicators without actual laboratory analysis, saving
time and resources. This can be especially significant
in cases of a large number of soil samples from diffe-
rent and heterogeneous production areas. However,
the accuracy of the model must be validated, which is
possible only by validation with a reasonably selected
new set of samples and analytical results. Thereby, it
is more likely that analyzes of additional soil proper-
ties (like percentage of clay particles, total amount
and different fractions of Fe) will be required in ad-
dition to the basic soil analyses (pHH20, pHKCI and
SOM content).

Keywords: availability modeling, regression model,
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Abstract

The main aim of the proposed research will be to
determine the level of current knowledge and awa-
reness about recent trends and applications in digi-
tal agriculture among the owners of family farms in
Osijek-Baranja County. Through this study, it will be
determined how much knowledge farmers curren-
tly have in the field of digital agriculture and more
importantly how willing are they to implement new
technologies in their daily agricultural activities. The
online and face to face survey was conducted among
43 family farmers in Osijek-Baranja County during
summer 2022. One part of the study will determi-
ne which aspects of digital agriculture are already
in use among the owners of family farms and which
are the most common obstacles and problems they
are facing in relation to the broad implementation of
digital agriculture. In survey participated mostly man
(76,7%), 42 years old in average, most of their inco-
me comes from agricultural activities (56%), 58% has
some kind of college of faculty education, they have
been engaged in agriculture for less than 10 years
(44%) and have only 1 employee (69%). In survey par-
ticipated farmers from almost all fields of agriculture
from tourism, beekeeping, farming, eco-agriculture,
cattle production, winemaking, and others. 56% of
respondents were acquainted with the terms Precisi-
on agriculture, 67% with Digital agriculture, and 72%
with Artificial intelligence. Applications already imple-
mented in agricultural activities mostly are internet
and communications (88%) and e-government (62%),
applications for weather applications (46%) and mar-
ket access applications (25%) but in the future they
plan to adopt other applications (for fertilization,
soil protection, e-accounting, precision agriculture,
drones and other). Using Likert scale from 1 to 5, the
main obstacles and limitations in digital agriculture
for respondents are large investments for machinery
and equipment (4,0), lack of advisory service (3,9) and

lack of qualified and trained workforce (3,9). The most
important subjects for implementing digital techno-
logies in agriculture are agronomists and extension
services (average score on Likert scale 4,2 for both) as
well as educational and scientific institutions (4,16).
63% of surveyed subjects advertise their business on
social media, mostly on Facebook. Less favorable an-
swers in survey are that 65% of producers don't have
a web page for their manufacturers and 77% didn't
use EU funds for digitalization. The conclusion from
this survey is that Croatia has only started its introdu-
ction to digitalization, and there is a lot of space for
progress and the introduction of new technologies. A
positive push would be the creation of a countrywide
strategy on which technologies should be implemen-
ted. Also, the involving agronomists would improve
education, data collection, extension activities and su-
pervising the implementation of digital technologies.

Keywords: family Ffarms, digital technologies,
knowledge, education
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Abstract

The integration of elements and principles of a smart
village into traditional and new economic structures,
networks and services such as digital and telecommu-
nication technologies and better use of knowledge
increase the attractiveness of rural settlements for
local residents and entrepreneurs. Application of the
concept smart villages are important for the further
development of rural areas - for the development
of agriculture, tourism, public services, mobility and
more. Materials for this research are collected by
analyzing the existing development documents of
the village of Banova Jaruga, analysis of development
documents of LAG Moslavina and survey research to
determine development potentials and constraints to
define the needs and opportunities of this area and
develop new ideas with emphasis on the digitization
and application of the concept of smart villages in the
function of stronger development. Among the scien-
tific methods, the methods of analysis, comparison,
SWOT analysis and survey are used. Banova Jaruga,
with its favorable traffic location and favorable traf-
fic connections, is potentially a very attractive village,
but like most villages in Croatia, poorly developed.
From the results obtained in the survey, the majori-
ty of the population up to the age of forty does not
know what digitization of the village is. Education for
the purpose of raising awareness about digitization
in rural areas is almost non-existent. There is no deve-
lopment strategy for the city of Kutina, there is only
a development strategy for the expansion of broad-
band internet. As a startin digitalization, thisis a good
first step. LAG Moslavina has a development strategy
in general for all villages that fall under their influen-
ce.Some of the strategies that can be implemented in
the near future are reducing the digital gap, reducing

the costs of health services using e-health, increasing
the education of the population through e-education
including distance learning, increasing the competi-
tiveness of the economy by introducing digital com-
ponents in agricultural farms. Also, according to the
results obtained in the survey, the majority of the
population would use some of the examples offered.
Finances for investment in the creation of smart vi-
llages are limited and low, and thus we come to the
problem of slow development. Modernization of vi-
llages is necessary, as well as permanent education
of farmers and highly educated staff of young people
who can handle changes. It is very important to find
the right model of village renewal in Croatia.

Keywords: development, digitalization, education,
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