DIGITAL
TECHNOLOGIES
IN AGRICULTURE




The ISDTA 2024

(2nd International Symposium on
Digital Technologies in Agriculture)

Organizer
Faculty of Agrobiotechnical Sciences

Publisher
Faculty of Agrobiotechnical Sciences

Editors
Zdenko Loncari¢
Jurica Jovi¢

Design
Ras Luzai¢

ISBN: 978-953-8421-14-3

Osijek, 1 -4 October 2024



Symposium Objectives

The 2nd ISDTA will enhance exchange and dissemination
of knowledge and experience, ideas and results and
promote internationalization and friendships among
researchers and professionals in all research fi elds
associated 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 major theme of the 2nd ISDTA will be interdisciplinary
application of technologies towards sustainable digital
agriculture.
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Abstract

In a response to the recent adverse impacts of cli-
mate change on agricultural production, various
management practices have been implemented
to mitigate these effects, aiming to ensure a long-
term sustainability and resilience in food systems.
Among these practices, agroforestry systems have
emerged as a key strategy, recognized for their
ability to enhance biodiversity, improve soil health,
and sequester carbon, thereby contributing to the
climate change mitigation. These systems, which
integrate the trees and shrubs into the agricultu-
ral landscapes, are now acknowledged within the
eco-schemes and supported by the policy initiatives
to promote sustainable farming practices.

In Croatia, agroforestry systems have long been an
integral part of traditional agricultural practices,
particularly in the regions in which the mixed far-
ming has been a way of life for generations. Despite
their prevalence, these systems have not been for-
mally classified as agroforestry, and there has been
a lack of structured data or official recognition of
their existence and value. This gap in recognition
has limited the ability to promote and expand agro-
forestry as a viable practice in the face of climate
change challenges.

The AGFORWEB project was initiated to address
this gap by establishing a comprehensive database
of agroforestry systems in Croatia. One of the pri-
mary goals of the projectis to catalog and map the
existent agroforestry practices, providing a founda-
tion for further research, policy development, and
the promotion of these systems across the country.
The creation of this database has begun in the regi-
ons of Istria and Slavonia, the areas known for their
diverse agricultural landscapes and rich traditions in
mixed farming. By documenting and analyzing the

agroforestry systems in these regions, the project
aimed to showcase their benefits, encourage a wi-
der adoption, and integrate them into the national
and regional agricultural strategies, ultimately con-
tributing to the resilience of Croatian agriculture in
the face of climate change.

The initial study revealed that most agroforestry
systems in the examined regions are silvopastoral,
whereby the animal husbandry is integrated with
forestry, indicating that the animals are raised be-
neath a tree canopy. The next most common type
of agroforestry system is forest farming, including
truffle plantations and forest areas used for beekee-
ping. The silvoarable systems, in which the trees are
incorporated into arable land for field protection,
are the least common. These include the windbreak
systems in Istria and Dalmatia and the experimental
alley-cropping sites in Slavonia. The database was
digitized and is in its early stages, requiring further
updates to encompass all of Croatia.

Keywords: agroforestry, database, Croatia
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Abstract

This paperis a result of many years of field and labo-
ratory research of the soils at the Mavrovo National
Park. The Mavrovo National Park occupies an area
of 73,088 hectares and is the largest among the
three national parks in Macedonia. It was declared
a national park in 1949, and its geographical positi-
on is 41°40'N and 20°46'E. The following mounta-
ins are situated within the boundaries of the Park:
Korab, Deshat, the southwestern branches of Shar
Mountain, most of Bistra, and the northern parts of
Krcin. The central part of the National Park occupies
the valley and basin of the Radika River. The Mavro-
vo artificial lake is a part of the National Park.

Figure 1. The location of the Mavrovo National Park.

From a geological point of view, a parent substrate
of the Mavrovo National Park territory belongs to
the West Macedonian geotectonic unit. The rock
masses, which are of different age and mineralo-
gical composition, can be grouped into three geo-

logical formations: the Paleozoic metamorphic and
igneous rocks, the Mesozoic sedimentary rocks, and
the Quaternary deposits. The entire territory of the
Mavrovo National Park’s Protected Area is basically
included in the catchment area of the Radika River,
whose average annual water flow for a period of 50
years (1961-2010) was 19.63 m3/s at the measuring
station Boshkov Most. Concerning the Park’s vege-
tation, a community of mountain beech forest has
the largest representation. In the Mavrovo National
Park, there are over 52 mountain peaks with an al-
titude of over 2,000 m, the most famous of which
are the Medenica peak on the Bistra mountain, Veli-
var, Sandaktash, and the like. The Golem Korab peak
(2,764 ma.s. ), which is also the highest one in the
province, has a special significance for the Mavrovo
National Park in south Macedonia and is thus the
highest point of the Park too. The lowest point of
the Mavrovo National Park is situated at an altitu-
de of 600 meters above the sea level and is located
at the very confluence of the Mala Reka into the
Radika River. Soil erosion is identified as the most
significant, dangerous, and widespread type of soil
degradation and is a limiting Factor for a sustainable
land use. Taking into account a great heterogeneity
of natural conditions of the Bistra mountain massif,
a large number of soil types and subtypes has been
formed. The mapping was performed using the ava-
ilable CORINE land cover data, as well as the 1:50.
000 soil map (MASIS) and the reservoirs of the sam
published and unpublished scientific data. The n
onal and project databases, as well as the GIS to
were the main sources of parameter data.

Keywords: soil types, third, National Park,
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Abstract

The goal of increasing information density in the
plant-science experiments is shared by the scien-
tists across various fields, especially given the rising
importance of plant production.

With the technological advancements achieving
the unprecedented levels in both temporal (a
high-frequency signal acquisition) and spatial (sub-
molecular resolutions) domains, one might expect
a corresponding boost in crop yields. However, this
has not been the case. While energy limitations are
a factor, it may be more effective to focus on the
optimization of secondary traits, rather than con-
tinuously developing the novel sensing solutions.
These solutions are often expensive, slow to incre-
ase information entropy, and may thus represent a
liability in terms of cost-effectiveness. In contrast,
a computer-vision sensing stands out for its high
information density, substantial data output, and
relatively low cost, especially with the Si02 CMOS
sensors covering the electromagnetic radiation
from 400 nm to 1 micron.

In our maize hybrid selection trial for the inspecti-
on of nitrogen-use efficiency, we utilized the three
data sources: the handheld hyperspectral leaf spe-
ctroradiometers, a DJI Mavic M3M UAYV, and the
Sentinel 2A satellite imagery. The satellite imagery,
with its low granularity (10-60m), was inadequate
for making inferences about the densely planted
experimental plots.

In spite of producing a high data output, the han-
dheld spectroradiometers identified only a limited
number of discriminant features, highlighting the
potential liabilities of such technologies in plant
production and breeding programs. Conversely,

the UAV, equipped with a 20M RGB camera and four
monochrome 5M cameras with the optical bandpa-
ss filters (central wavelengths measuring 560, 650,
730, and 860 nm), demonstrated the effectivene-
ss of RGB cameras in capturing a high number of
discriminant features between the hybrids and tre-
atments. This capability, combined with the photo-
grammetry tools like a point-cloud reconstruction,
allowed for an efficient field-variability analysis. The
multispectral imaging device further extended this
capability into the infrared spectrum, enabling the
calculation of numerous plant production-relevant
indices.

These findings underscore the growing relevance
of vision-based sensing in plant sciences, positio-
ning the cameras of various types as the leading
assets in this domain.

Keywords: computer vision, vegetation indices,
NUE, maize



A SPATIAL DISTRIBUTION OF COPPER (Cu), LEAD
(Pb), CADMIUM (Cd), AND ZINC (Zn) IN THE GAZI
BABA FOREST PARK REGION

Mile Markoski', Tatjana Mitkova', Ivan Minchev?, Vjekoslav Tanaskovik’,

Marija Todorovska'

" Ss. Cyril and Methodius University, Skopje, Faculty of Agricultural Sciences and Food, 16th Macedonian Brigade No. 3, 1000 Skopje,

Republic of North Macedonia (mmarkoski@fznh.ukim.edu.mk)

2 Ss. Cyril and Methodius University, Hans Em Faculty of Forest Sciences, Landscape Architecture and Environmental Engineering,
16th Macedonian Brigade No. 1, 1000 Skopje, Republic of North Macedonia

Abstract

The soils in the Gazi Baba Forest Park were exami-
ned. The field research was conducted in 2022, du-
ring which 22 surface soil samples were taken. In
the framework thereof, an examination of some
physical and chemical properties of the soil, as well
as of the content of the total forms of heavy metals
(Cu, Pb, Cd and Zn), was carried out too.

Figure 1. The location of the investigated area in the
Republic of North Macedonia.

Several soil types were formed in the area covered
by the Gazi Baba Forest Fark: the regosols, cinna-
mon forest soils, colluvial soils, and the complexes
thereof. Based on the obtained values for a mecha-
nical composition, the soils in the surface part were
mostly a sandy clay loam (SCL) up to 41%, sandy
loam (SL) up to 36%, and loamy (L) soils up to 23%.
The content of the total forms of heavy metals in
all samples was analyzed using the atomic emissi-
on spectrometry with the inductively coupled pla-
sma (AEICP). The obtained results were processed
statistically, and the maps were made for a spatial
distribution of all analyzed elements and parame-
ters. The obtained results allow us to distinguish
between the possible anthropogenic influences on
the presence of heavy metals in the soils of the Gazi
Baba Forest Park and their lithological origin. The
mapping was performed using the available CORI-
NE land cover data, as well as a 1:50,000 soil map
(MASIS) and its reservoirs that is, the published and
unpublished scientific data. The national and proje-
ct databases, as well as the GIS tools, were the main
sources of parameter data.

Keywords: physicomechanical properties, charac-
teristics, heavy metals
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Abstract

This paper’s objective was to investigate and pre-
sent to the general public the new ways of moni-
toring the use of agricultural land with the help
of digital technologies that ensure monitoring of
agricultural activities during the growing season in
order to fairly allocate the incentives to the agricul-
tural producers.

With the adoption of digital technologies in precisi-
on agriculture, the concept of agriculture has chan-
ged, making it simpler, more profitable, and safer.
The most popular digital technologies applied in
agriculture are the GIS software and GPS, satellite
images, drones and other aerial images, agricultu-
ral software and network data. With the help of sa-
tellite images and the obtained satellite data, it is
possible to predict the yield, but also to carry out
inspections in the field with the aim of detecting
various threats in the system of agricultural subsi-
dies. The new recording technologies, such as the
Copernicus Sentinel 1 and 2 satellites owned by
the EU, have brought the radical changes in the im-
plementation of common agricultural policy with
simultaneous benefits for the farmers and the envi-
ronment (apprrr.hr).

Prior to the use of Sentinel, the CAP reform of 2003
introduced an obligation for all EU Member States
to establish a computerized geographic informati-
onsystem of all agricultural land. Based on the 2013
CAP, an obligation was introduced that the Land
Parcel Identification System (LPIS) must be used to-
gether with a request for geospatial support. The
said system has been gradually introduced since
2015, in order to improve the checks of support
requests. The LPIS is based on aerial imagery and

satellite images that are corrected in terms of ge-
ometric distortions. The orthophoto from the air in
the LPIS program is visible on the following image.

The European Commission encourages agricultu-
ral payment agencies in the EU Member States to
apply the new technologies, especially for monito-
ring the support allocations per area in the form of
direct payments.

As a part of the CAP, satellite or aerial images have
been used for many years in the territory of the
EU, including Croatia, within the framework of the
AGRONET system. From 2023, the images obtai-
ned by the Sentinel satellite within the Copernicus
program have very high spatial resolution, which
ensures a high quality system for the surveillance
and monitoring of agricultural activities such as
tillage, mowing, harvesting, surface maintenance
and more. The monitoring results obtained are also
used to check the results of individual measures

The ISDTA and DIGITAGRA 2024



and are the indicators of the achieved objectives
of the CAP. Monitoring at the level of agricultural
areas also determines the presence of unaccepta-
ble areas and unacceptable land use. It also detects
a change in the type of use of agricultural land that
is listed as arable land or as a permanent grassland.

The primary purpose of a monitoring system is to
send the early warnings to the farmers regarding
the fulfillment of eligibility requirements with re-
gard to the support requests for the aforemen-
tioned agricultural activities. A communication
between the APPRRR and grant beneficiaries is
carried out through the AGRONET, a protected on-
line application that serves a payment agency for
sending e-mails or text messages that is, the SMSs
to the grant beneficiaries via cellphones. The advan-
tages of this application are the timely warnings
that encourage compliance with the conditions for
action, enabling the application to be waived if it is
impossible to carry out an agricultural activity. Su-
pport users can see the monitoring results for the
current production yearin the form of a traffic light
in the AGRONET system. Traffic light indications are
red, yellow, and green. Each of the aforementioned
colors has a certain meaning: red is unacceptable,
yellow means that the data are insufficient, while
green means that the reported agricultural activity
on that areais acceptable for a support approval.

Conclusively, itis clear even from this brief overview
that digital technologies have a significantimpact on
the development of modern agriculture. On the one
hand, the application of digital technologies impro-
ves the system of agrotechnicsin agriculture, and on
the other hand, the monitoring of agricultural areas
is improved. With the help of the Copernicus Senti-
nelsatellite, which includes a regular and systematic
observation and digital platforms and applications
used by the agricultural payment agencies, it is po-
ssible to closely monitor agricultural activities and
practices on agricultural areas which agricultural
producers have registered for the realization of the
right to agricultural subsidies under the EU’s 2023-
27 Common Agricultural Policy.

Keywords: digital technologies, recording of agricul-
tural areas, monitoring of agricultural activities, CAP
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Abstract

Magnesium (Mg) is considered an essential nutrient
for humans, and an adequate intake is important
to maintain health. Following this assumption and
taking into consideration that tomato is globally
one of the most consumed horticultural crops, an
agronomic enrichment workflow of a tomato va-
riety for industrial processing (H1534) was perfor-
med in Beja (Portugal). The fruits were sprayed six
times during the productive cycle with different
concentrations of MgSO, (c.a. 0, 44,176, and 702
g ha') while using the PREV-MAG fertilizer - that is,
an equivalent to 5.25% of MgO soluble in water.
Applying smart farming, a field characterization
was performed by virtue of soil sampling and the
UAVs, enabling the classification of drainage capa-
city and the detection of slopes in the field. Thus, it
was detected that the field had a moderate slope,
with a potential for surface water drainage and/or
accumulation of surface water of around 1/3 (392
m?) of the total field area (with the slopes inferior
to 5%). Also, humidity, organic matter, pH, and con-
ductivity oscillated between 9.96 and 19.8%, 2.20
t0 3.03%, 6.89 to 7.28%, and between 139 to 243 us
cm™. Complementarily, the water quality was asse-
ssed by a potentiometer, high-performance liquid
chromatography, titration, and photometer, being
categorized as C351 (when considering the agricul-
tural use) and as magnesium calcium bicarbonate
(with regard to the hydrochemical facies). During

the harvest, the levels of Mg (atomic absorption
spectrometry) in the H1534 variety demonstrated
a tendency to increase with the increasing concen-
trations applied, although only the highest concen-
tration was significatively higher (MgSO, - 702 g
ha"), reaching a 1.17 - fold increase. In conclusion,
no major conditioning with regard to the mineral
enrichment was identified in this tomato variety.

Keywords: mineral analysis, soil characterization,
UAVs, water analysis, industrial tomato
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Abstract

The technology of unmanned aerial vehicles (UAVs)
can detect the objects with a very high spatial reso-
lution measured in centimeters. This can be applied
in crop management for an improved mapping of
crop damages caused by the weather events, di-
seases, or pests, such as the field mice. This study
aimed to propose and validate the methods for a
comprehensive mapping of the crop damage cau-
sed by the common vole (Microtus arvalis) on the
select agricultural fields using the satellite and UAV
imagery. The collected data were used to assess
the crop damage and subsequently propose po-
tential applications of the data for an agronomic
decision-making. Another aim was to verify the fea-
sibility of using the acquired data for a subsequent
site-specific application of pesticides and liquid
fertilizers by sprayers, with the expected economic
and environmental benefits.

The research was conducted in the crops of oilseed
rape, winter wheat, and alfalfain the spring of 2024.
A DJI Mavic 3 Multispectral drone, equipped with a
multispectral sensor and an RGB camera, was used
to collect the UAV image data at an altitude of 120
m. The satellite data were obtained using the the
PlanetScope system with a spatial resolution of 3.7
m per pixel. The ground surveys were conducted
using the RTK-GNSS to record the precise positions
for the sake of a comparison with the remote-sen-
sing data. The drone images were processed by the
Pix4Dfields software and the GIS tools to analyze
the resulting raster data. A damage was detected
using the Normalized Difference Vegetation Index
(NDVI) from the multispectral data and an RGB cla-
ssification, with the supervised classification met-
hods employed to evaluate the damaged areas.
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The analyses of remote-sensing imagery demon-
strated the feasibility of crop-damage assessment
in the field crops. The satellite images could effecti-
vely identify the damaged areas provided that the
contiguous damage exceeded 100 square meters;
however, classification accuracy was diminished in
smaller areas. The UAV image analyses achieved a
high accuracy, having detected the damaged are-
as as small as several square meters. The damaged
areas ranged from 5 to 50% per field.

Currently, the monitoring of the common vole is
conducted via field surveys, which are labor-inten-
sive, invasive, and relatively inaccurate. Thus, a re-
mote-sensing data analyses represents an effective
complement to the vole damage monitoring. The
satellite data allow for a damage estimation and are
advantageous for monitoring the damage progres-
sion over time. The UAV imagery can be used for a
precise identification of the damaged areas, facili-
tating subsequent targeted applications of sprayed
substances. This approach reduces the economic
costs and provides the associated environmental
benefits.

Keywords: crop damage, rodents, remote sensing,
drone, GIS
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Abstract

This research focuses on the application of the un-
manned aerial vehicle (UAV) data collection and
multispectral data analysis for a more efficient re-
source management, valuable in grape production
for a large-scale wine production company. The vi-
neyards, being the subject of the research, are loca-
ted in Istria, Croatia, and are owned by the Agrola-
guna company.

The four mostimportant objectives were as follows:

» to develop and implement a workflow suitable
for the processing and analysis of more than 500
ha of vineyards in an acceptable timeframe wit-
hin a growing season

+ toisolate a non-uniform canopy growth and vi-
neyard areas in need of replanting or other agro-
technical measures for a precise execution

+ to set up a baseline dataset for future monito-
ring and work planning, such as a multiannual
biomass comparison, irrigation system planning,
yield monitoring, and the like

+ to categorize the biomass for selected vineyard
plots using the vegetation indices as maturity
indicators to selectively harvest and separately
process the grapes by category

The study sites were named in conformity with the
corresponding nearby neighborhoods: Vizinada,
Starici, Devidi, Funtana, and Vrsar. The flight mis-
sions were planned using the vineyard-plot data
provided by the Agrolaguna, QGIS, and DJI Pilot 2.
For the sake of data collection, the DJI Mavic 3 Mul-
tispectral UAV was deployed. The raw images were
processed in the Pix4Dfields, a precision agricultu-
re software with the necessary tools for a vegetati-
on-data analysis, the use of Normalized Difference
Vegetation Index (NDVI), Normalized Difference

Red Edge (NDRE), or the Digital Surface Models
(DSM). The first flights, processing, and analysis be-
gan in May 2024 and ended in September 2024.

The areas with biomass variability were identified,
measured, geotagged, and paired with the on-site
observations to determine the cause of variability.
The following figures are the selected examples
from the Stari¢i and Vrsar plots, where the UAV data
were used to gain useful information.

Figure 1. Orthomosaic, Starici

Figure 2. NDVI, Starici
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Figure 3. Biomass classification: green - high, yellow -
medium, orange - low, Starici

On Figures 1-3, a detail is shown by which it was
determined that the cause of a low biomass was a
shallow rooting zone caused by a rocky substrate,
which was producing more water and a temperatu-
re stress to the vines.

Figure 4. Orthomosaic, Vrsar
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Figure 5. DSM, Vrsar

On Figures 4 and 5, the details are shown to illus-
trate a segment of a vineyard that was clear-cut to
prevent the spread of Flavescence dorée.

Picture 6. Left - Orthomosaic, center - NDVI, right - har-
vest planning areas, Starici

Figure 6 depicts a harvest-planning map for the en-
tire vineyard plot that was determined using the
NDVI or the NDRE index as an input dataset. The
vegetation was classified and colored by the avera-
ge NDVI or NDRE values. The differences suggest
different dynamics of grape maturation and grapes’
chemical composition, and the grapes will be harve-
sted and processed in three stages, what provides
more control in the vinification process, as well as a
higher quality assurance.

In conclusion, the UAV technology and multispectral
data analysis can be a useful tool in work planning,
especially during the harvest season and during the
monitoring of vine growth throughout the growing
season. A suitable workflow was developed to pro-
cess the large amounts of raw images and extract
valuable information for viticulture and wine tech-
nologists to use in a more informed, justified, and
timely manner. A data archive was established,
containing the classification, index, DSM, and ort-
homosaic data that can be accessed in a short time
to be included in the new comparisons and analyses
in the coming growing seasons.

Keywords: vineyard, UAV, multispectral data, classi-
fication, vegetation index
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Abstract

The assessment of spatial variability of soil proper-
ties is a very important component of modeling in
agroecosystems and therefore for the performan-
ce of optimal fertilization. The site-specific fertilizer
applications strongly depend on the accuracy of a
soil-property map from which the fertilizer needs
are recommended. The main objective of the pre-
sent study is to measure the effect of sampling a
different number of soil samples from the same
production area on the interpretation of spatial
variability of soil properties and the consequent
needs in a site-specific fertilization and liming. With
that aim, a total of 164 composite soil samples
(topsoil 0-30 cm) were collected in the field in Tr-
nava in Osijek-Baranja County (Croatia) in October
2021 applying a 25 x 16.8 m rectangular sampling
grid (total area 5.38 ha). Therefore, it is possible to
compare spatial variability and fertilization recom-
mendations based on a grid sampling of 25x16.2 m,
25x32.4 m, 50x32.4 m, and up to 200x320 m (i.e.,
for the area range of 420 m? up to 5.38 ha per one
sample, or 0.2 to 24 samples per ha). The basic soil
properties of pH, soil organic matter (SOM), plant
available phosphorus (P) and potassium (K), and
additional soil property’s cation exchange capacity
(CEC), soil texture, and total content of elements
were estimated while applying the standard analyti-
cal methods. A correlation, multiple regression, and
descriptive statistics were calculated to evaluate
these properties. The analyzed soil was very acidic
to weakly acidic (PHy,o in the range 4.49-6.33; pHyc

3.48-5.45), with a low SOM content (1.03-2.00%),
with a low to very significant hydrolytic acidity
(2.05-6.91 cmol kg™), poor to very rich in P (60.6-
409.4 mg kg'), and poor to well-supplied with K
(101.9-283.2 mg kg™.). The coefficient of variation
for plant available phosphorus was the highest at
44.61%, indicating a significant spatial variability,
while a fine silt content demonstrated the lowest
variation at 3.71%.

The coefficients of variability of the most important
soil properties for fertilization needs ranged from
8.1% for pH and 10.74% for clay content, 15.67%
for SOM, 19.13% for CEC, 20.63% for available K,
24.25% for hydrolytic acidity, and to 44.61% for ava-
ilable P. The coefficient of variability of total con-
centrations of macronutrients ranged from 12.27%
for Mg to 31.53% for K, microelements from 8.74%
for Fe to 19.7% for Mn, and harmful elements from
7.36% for Pb to 32.58 % for Cr.

Itis clear that the greatest variability of soil proper-
ties was determined for the properties that are
most significantly affected by Ffertilization and soil
degradation (e.g., available P, hydrolytic acidity, ava-
ilable K, and SOM content), and, to a lesser extent
for the properties with a smaller impact of agricu
tural activities (e.g., total macronutrients, trace e
ments, and harmful element content).

A reduction of the number of samples did
gnificantly affect the average value of
properties (variability coefficients a
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2.91-6.93%, but they were 11.74% for hydrolytic aci-
dity), macronutrient content (CV 1.61-4.81%), and
micronutrients (CV 1.52-4.20%) with the highest
variability of average Cr content (8.02%). However,
there were significant changes in the maximum
and minimum values of certain soil properties due
to the reduction in the number of samples. Thus,
for example, the coefficient of variability of the
maximum values of the available P depending on
the number of samples was 33.49%, K 26.85%, CEC
35.53%, and the variability of the minimum values
was similar.

In this research, the most significant interpretation
is the influence of the number of samples on re-
commendations in fertilization. There was almost
no variability in the nitrogen fertilization plan, as it
amounted to 155-165 kg ha”' N for wheat and 185-
200 kg ha™ N for corn, regardless of the number of
samples. The reason is the very low level of SOM,
the very low mineralization potential, and the fact
that the variable N fertilization on poor soils affect
the topdressing in a greater extent , based on the
status of the soil and the crops during the growing
season, and to a lesser extent the N fertilization
based on the properties of the soil prior to the
growing season.

A certain variability of the required potassium fer-
tilization was determined because, for instance,
wheat fertilization amounted to 25-155 kg ha' K,O
(average 131) and that of corn to 30-210 kg ha™
(average 178) for 64 samples . However, using the
results of only 4 samples (i.e., a soil sample every
1.3 ha), the fertilization rates were 95-150 kg for
wheat and 130-205 kg ha™ for corn, respectively,
and using 2 samples (i.e., a soil sample every 2.7 ha)
they amounted to 130-150 and 175-200 kg ha™" for
wheat and corn. Considering the analyzed availabili-
ty of K, there would be no zones without potassium
fertilization regardless of the number of samples.

On the other hand, the zones without phosphorus
fertilization were determined, depending on a
number of samples, on 6.25 to 15.6% of the areg,
and with the need <30 kg ha on an additional 15.62-
25% of the area (in total low fertilization on 25-39%
of the area). With the use of 1-8 samples (a sample
every 0.67-5.4 ha), there would be no zones wit-
hout phosphorus fertilization, and already with 16
samples (a sample every 0.34 ha) there would be
12.5% of the area without fertilization and 25% of
the area with low fertilization.
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Significant differences were detected in the need
for liming, because, with the use of 16 (samples
every 0.34 ha) up to 128 samples, the need of 0-13 t
ha' of limestone (average 7.2-8.0) was determined,
with 6.2 to 12.5% of the area where liming is not
required. Using only 8 soil samples or less, 7-8 t ha™
limestone would be required, and there would be
no zones with no liming recommended.

The presented results show that only one composi-
te sample per 3 or 5 ha is insufficient for a site-spe-
cific fertilization and liming on such a heterogeneo-
us soil, because fertilization would be significantly
more precise with the results of analyzes every
0.34-0.67 ha. Considering that the feasibility and
profitability of such a large number of samples is
questionable according to the current sampling
and analysis technologies, it is necessary to create a
more precise model of the prediction variable ava-
ilability of nutrients (especially of P, K, and pH) in
the soil. The best scenario for such a model would
most likely be a combination of laboratory-based
and non-contact soil analysis, vegetation indices,
and yield mapping.

Keywords: soil properties, sample number, spatial
variability, site-specific fertilization
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Abstract

One of the key objectives is to minimize the amo-
unt of agrochemicals used in crop management
through the optimization of herbicide application.
Understanding the spatial diversity of the weed
plants in the field is necessary for an effective si-
te-specific weed management. For this use, the
unmanned aerial vehicles (UAVs) with a high spe-
ctral and spatial resolution have proven to be su-
ccessful. Modern sprayer application technology
enables a section-oriented or individual nozzle
control based on the prescription map, what adds
confidence to the efficacy of weed management.
Usually, this map is made up of polygons that show
the application area.

In this paper, a field infested with field thistle (Cirsi-
um arvense) was scanned by a UAV. This study eva-
luates four possible detection techniques related
to the agricultural practices. The two algorithms,
Supported Vector Machine (SVM) and Maximum
Likelihood (ML), respectively, are the supervised
classification techniques. The ML and SVM classi-
fication algorithms have been utilized in the ESRI
ArcGIS Pro. Other techniques include the thres-
holding approach and the Pix4Dfields (Magic Tool)
classification algorithm. The Kappa coefficient and
the total accuracy determined the accuracy of each
method. An RGB orthomosaic was employed for
the other three technigues, while a NDVI obtained
by a multispectral sensor was utilized for the thres-
holding method.

Based on the Kappa coefficient and Overall accura-
¢y, the results demonstrate that the thresholding
approach obtained the best accuracy, whereas the
Pix4Dfields had the lowest one. The SVM did better
than ML when it came to supervised approaches.
According to the UAV imagery used to identify the

weed infestation, only up to 5.56% of the field area
was covered by weeds. Thus, a herbicide use can be
greatly decreased by a site-specific spraying. With
anaccuracy of 98.6%, the thresholding method out-
performed the other four confirmed weed-detecti-
on algorithms (Kappa index: 0.836).

Table 1: The values of overall accuracy, Kappa coeffi-
cient, and weed coverage in the investigated methods

Method a?erraa(l:ly coE?gg:nt cov\\/,ee;ci]e
ML 97.8% 0.633 2.29 %
SVM 98.2 % 0.792 3.30%
Pix4Dfields 96.2 % 0.599 5.01 %
Thresholding | 98.6 % 0.836 5.56 %

Keywords: precision agriculture, SSWM, Pix4D,
thresholding, remote sensing
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Abstract

The optimalization of herbicide use is a key topicin
weed management to minimize the environmental
risks while achieving a sufficient crop-yield produ-
ctivity. Nowadays, the farmers can use the most
precise technique for the application of herbicides,
such as the individual sprayer-nozzle control, whi-
ch allows a patch or spot spraying, based on the
identification of weed infestation. Although there
are the prototypes of the on-the-go sensors for a
real-time detection of weeds, currently the most
widely used mapping method is remote sensing by
the unmanned aerial vehicles (UAVs). Orthomosaic
with a high spatial resolution provides an ability to
design the maps for the application of selective or
non-selective herbicides. Based on the UAV data,
this varies according to a herbicide treatment appli-
cation - that is, with regard to the non-selective
(green on brown) and selective applications (green
on green), respectively. The “green on brown” met-
hod is used to determine the location of weed in-
festation without the presence of crop vegetation.
In that case, it signifies that all vegetation is being
considered as weed-infested. The “green on green”
method is a differentiation of weed and crop spe-
cies for the sake of a spot application of selecti-
ve herbicides. A detection of weed plants in the
crops is more demanding, being performed while
applying various trained machine-learning models
and mostly resulting in the bounding boxes of obje-
cts (plants) to be sprayed.

A field experiment was performed in the period
between 2001 and 2023 for the validation of a
“green on brown” mapping of perennial weeds (ma-
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inly Cirsium arvensis) on 22 field plots of arable land
in the Czech Republic, Slovakia, and Romania, with
a total area of 1095 ha. The fields were mapped by
the low-cost UAVs, such as the DJI Phantom 4 Mul-
tispectral and the DJI Mavic 3 Multispectral but also
with the professional drone DJI Matrice M300, equ-
ipped with multispectral camera. The image data
processing was carried out in the Skymaps software
platform Cultiwise.

The evaluation of economic benefits of the proven
technology is based on the size of the field plots
and on the design of an application map for that
area. The results confirmed the need to spray 17—
100% of the experimental area, depending on the
intensity of weed infestation. More than 40% of the
area (i.e., 442 ha) indicated possible savings of 25%
of herbicides by spot spraying (see Table 1).

Intensity of weed .
: . Cumulative area
infestation
50% 135 ha
75% 442 ha
90% 699 ha
100% 1095 ha

Table 1: Asum of the area with weed coverage (in hecta-
res) within the weed infestation intensity classes (%)

The performed patch spraying on three parcels
with an area of 78.4 ha featured a spray applicati-
on on 29.9 ha - that is, an area saving of 62%. This
already represents a significant saving of spraying
substances compared to the uniform application,



not only from a perspective of herbicide-cost sa-
ving but also in relation to the minimalization of
phytotoxicity, environmental and health hazards. It
must also be considered that a spot spraying is not
appropriate (and economically viable) for all chemi-
cal weed-control treatment,. Thus, the application
can be expected to be particular adequate for a
repeated spraying targeting the perennial weeds,
such as the species of Cirsium. The unmanned ae-
rial vehicles fulfill an indispensable role in the iden-
tification of weed infestation or in the detection of
vegetation damage, featuring the RGB or multis-
pectral data with a very high spatial resolution of
few millimeters to a centimeter. A technique pre-
sented in the study demonstrates a possibility to
apply these technologies for a site-specific weed
management. In combination with an advanced
nozzle-control spraying technology, there are the
new possibilities to open up a targeted application
of the plant-protection products, with significant
savings in the applied substances amounting up to
the tens of percent.

Keywords: side specific weed management, UAV,
weed mapping, herbicides application
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Abstract

The project was conducted in 2022 and 2023 as a
part of the study of resilience of the Montado terri-
tories faced with a risk of desertification, through
the actions aimed to increase the carbon and nu-
trient fixation in the soil and reforestation. Monta-
dois a Portuguese term that refers to a traditional
agroforestry system commonly found in the Iberian
Peninsula's Mediterranean ecosystems. It involves
the cultivation of cork-oak and holm-oak trees
alongside grazing livestock, primarily pigs, cows,
and sheep. In Portugal, the analyses on four sca-
les (i.e., on a macro-, meso-, micro-, and nanoscale)
were performed with regard to the three selected
properties named "Herdade do Azinhal,” “Herdade
Casal das Balsas,” and “Herdade das Cabanas.”

A digital tool was developed to manage the
ecosystem services based on the new methodolo-
gies and analyses in the field: on a macroscale, the
satellite images of the study areas were analyzed;
on a mesoscale, a more detailed analysis of the pre-
vious scale was carried out using the drones; on a
microscale, the ecophysiological performance of
plants was monitored using the equipment and sen-
sors at a plant and soil level; and on a nanoscale, an
analysis of the micro- and macronutrients in the soil
and in the leaves were carried out, besides water
characterization through the sensors and laborato-
rial analysis. The remote sensors (i.e., the European

Space Agency’s satellites) for the segmentation of
ecosystems and ecosystem services and the nearby
loT sensors for local surveillance of climate parame-
ters (fire risk), biodiversity, soil, and water monito-
ring were used (Fig. 1).
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Figure 1. A data-capture principle scheme of
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On a macroscale, based on the Sentinel data, a land
surface temperature (LST) and vegetation informa-
tion (i.e., plant structure and water) were used to
identify the crop anomalies related to the soil-wa-
ter-plant complex, the management of zones that
allow the definition of different land uses, a sele-
ction of sampling locations, and the installation of
sensors. On a mesoscale, a GIS tool based on the
revised universal soil-loss equation (RUSLE) was de-
veloped to map a potential water erosion and mo-
nitor soil conservation (Fig. 2).

Legend
[ Cabanas Cork Oak
No erosion
0.0- 1.4 (Very low)
1.4 - 10.0 (Low)

10.0 - 25.0 (Moderate)
> 25.0 (High

Figure 2. An example of soil-water erosion map from
the GIS RUSLE tool.

On a microscale, a monitoring system based on the
loT technologies consisted of the following:

« asystemofsensorsinthe ground equipped with
the autonomous electrical supply systems thro-
ugh photovoltaic panels and batteries and with
continuous readings over time (soil oxygen, soil
temperature, soil conductivity, soil water con-
tent, and soil voltage)

« asystem of water-quality sensors installed on a
floating infrastructure, developed and equipped
with an autonomous electrical power system
with photovoltaic panels and batteries for a re-
al-time monitoring of the in situ water-quality
parameters (pH, electrical conductivity, salinity,
turbidity, dissolved oxygen, and temperature)

Both systems can be used to visualize their evo-
lution using the graphs with the data from sele-
cted time intervals and a possibility to use an alert
system for the defined maximum and minimum
values—for instance, as an image capture system
using a wildlife surveillance camera with night visi-
on and automatic detection of animal passages, or
as a storage system developed for georeferenced
photographs taken, for example, by a cellphone.

Furthermore, both image systems have a classifica-
tion system according to a defined nomenclature,
and they are georeferenced on a property map,
allowing a graph analysis of animal visualizations in
time intervals - for instance, the evaluation of ecop-
hysiological performance at a plant/leaf level ba-
sed on the thermal imaging, stomatal conductance,
C-assimilation, and water use, as well as on a pho-
tochemical and non-photochemical (dissipative) use
of energy.

On a nanoscale, chemical elemental analysis of soil
samples and cork-oak leaves was carried out using
an X-ray fluorescence analyzer.

The ESA-EcosystemAdaptis a dynamic platform that
aggregates all information from the different data
of heterogeneous sources and supports its users
in the management of forestry exploitation and in
reporting to all managing and certifying entities to
which they are obliged (cf. http://34.249.113.172)).

The development of this platform allows monito-
ring the evolution and exploration of agroforestry
systems over time, providing various alert systems.
The automation and digitalization of processes and
analyses facilitate decision-making at the interven-
tion level in large geographical areas far from each
other.

Keywords: agroforestry system, ecosystem services,
GIS, 10T, monitoring, EcoSystemAdapt platform.
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Abstract

Halyomorpha halys (Hemiptera: Pentatomidae),
commonly known as the brown marmorated stink
bug (Stal, 1855), is a highly polyphagous insect na-
tive to eastern Asia. It has established itself as an
invasive species with a global distribution, causing
significant damage to the agricultural crops worl-
dwide. In Italy, it reached its peak in 2019, resulting
in the estimated damage costs in orchards amoun-
ting to 600 million euros. To control this pest, both
chemical and biological approaches have been
applied, targeting the specific stages of the brown
marmorated stink bug’s short lifecycle on the loca-
tions where its presence had been confirmed.

In this study, we have developed a spatiotemporal
model using the geostatistical direct sequential
simulation method during the three consecutive
years (2020-22) in the Emilia Romagna region in
northern Italy. The conditioning information was
derived from the weekly counts of this pest in the
traps installed throughout the region, focusing
on the second and on the third instar of this inse-
ct (young nymphs). A direct sequential simulation
proved to be a suitable methodology, effectively
incorporating the densely sampled temporal data
and scattered spatial data without generating the
artifacts. Furthermore, the simulation model effi-
ciently managed the abrupt transitions between
the zero and non-zero counts and allowed for the
conditioning of results to a model of accumulated
temperatures throughout the year, being an essen-
tial indicator for the appearance and development
of this stink bug.

The proposed spatiotemporal model is valuable
for the temporal and spatial management of the
application of chemical and biological pest-control
approaches. Additionally, it provides insights into
locations with a higher likelihood of infestation in
subsequent years.

Keywords: Halyomorpha halys, invasive species,
space-time modeling, agricultural impact, pest con-
trol, direct sequential simulation.
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Abstract

The digital transformation in agriculture (DTA) is
one of the turning points in each of its aspects,
domains, and components—from the production
planning, analysis, development, research, and in-
novation to the most recent and innovative techno-
logy implementation (smart agriculture, precision
agriculture, and the related areas). Following the
recent trends in the new technology implemen-
tation, agriculture opens various opportunities of
information and communications technology (ICT)
implementation in various areas (livestock, plant
production and protection, propagation material,
and literally every agricultural activity). The recent
papers on the DTA are progressively present due
to its growing importance and complexity, as well
as due to its social impact, globally and locally.
Achieving a digital transformation in agriculture
depends on various components and influences,
leading to an agricultural digital-transformation
maturity in various aspects and levels. Measuring
digital transformation maturity in any of the indu-
stries (eitherin agriculture orin other sectors) may
provide the picture of a general transformation
and a potential guideline for further activities. This
paper aims to provide an overview of the digital
transformation in the agricultural achievements,
implementation, and measures. The recent pra-
ctices, trends, and technologies, from the GNSS,
unmanned aerial vehicles (UAVs), the Internet of
things (IoT), artificial intelligence (Al) to the inno-
vative production lines, are leading us to the set of
benefits and challenges.

The relevant technologies and terms were con-
sidered and presented upon the citation topic’s
microcriteria in the WoSCC. The most represented
citation topics’ micros based on a digital transfor-
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nou

mation in agriculture were “Engineering,” "Compu-
ter Science,” "Agriculture,” “Business Economics,”
“Environmental Sciences Ecology,” “Science Tech-
nology—Other Topics,” “Mathematics,” “Physics,”
“Plant Sciences,” “Food Science Technology,” and
“Instruments Instrumentation.” “Engineering,”,
“Computer Science,” and "Agriculture” were the
key areas and topics related to the digital transfor-
mation in more than 67% of the studies indexed in
the WoSCC.

Through a comprehensive literature review, a total
of 36 relevant studies were identified, encompa-
ssing 12 different models with a particular focus on
the diverse characteristics of digital maturity mo-
dels. A special emphasis was placed on the dimensi-
ons employed to assess the digital maturity within
various models applied to agriculture. The findings
highlight significant variations in the dimensions
used to measure digital maturity, both generally
and specifically, within the agricultural enterprises.
Notably, only a few models incorporate not only
the digital capabilities but also the transformative
aspects. This review ultimately reveals that most of
the existing models offer an incomplete perspecti-
ve of digital maturity particularly in the context of
agriculture and that the models tailored to the ser-
vice sector are noticeably underrepresented. Furt-
hermore, it clearly demonstrates that the research
examining the digital transformation maturity as a
holistic concept is scarce, signaling the need for a
greater attention to this area in future studies.

Keywords: Digital transformation in agriculture
(DTA), digital transformation maturity, measuring
digital transformation maturity, information and
communication technologies (ICT)
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Abstract

Decision Support System (DSS) is a computer-su-
pported interactive system-that is, a software pro-
duct to assist decision-making at any level of ma-
nagement, with an emphasis on making a directly
applicable decision.

The purpose of this paper is to describe the con-
ceptual framework of the environmentally driven
DSS for various types of grasslands, which include:
1) permanent grasslands (meadows and pastures);
2) short- and medium-term grasslands on arable
land (intended either for hay and silage production
and/or grazing); and 3) lawns.

The environmentally driven DSS integrates data
collection, knowledge incorporation into the mo-
del, environmentally driven simulation modeling of
herbage growth, simulation of economic efficiency,
and decision-making on agrotechnical interventi-
ons into a complete grassland management (GM)
system. The conceptual framework consists of five
major subdivisions: 1) data collection; 2) modeling
of herbage growth; 3) simulation; 4) economic effi-
ciency forecasting; and 5) conjoint DSS.

The collection of data includes the collection of
previous data (from previous years and decades) on
the agroclimatic characteristics of certain producti-
on areas, on the physical and chemical properties of
the soil, and of the empirical data on agrotechnical
measures in certain cultivation systems.

Modeling of the effects of various grassland mana-
gement interventions includes the incorporation of
theoretical and experiential knowledge about cer-
tain types of grasses, legumes, and their mixtures
in the processes of grassland establishment and
subsequent exploitation. The grassland manage-
ment model should include the predicted mutual
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influence of all factors (temperature, soil humidity,
available nutrients, other soil properties, plant spe-
cies, stand density, and defoliation regime) on the
dynamics of herbage growth.

Environmentally driven simulation modeling of
herbage growth represents running the model in
certain time iterations (for a day or longer), whe-
reby the new input values of the model will be set
in each new iteration, either as current (final) values
simulated in the previous iteration or as the new
(corrected) values due to decisions made, that is,
due to the agrotechnical measures implemented.
The term “environmentally driven” refers primarily
to the temperature, but it also includes a very signi-
ficant influence of soil moisture and nutrient avai-
lability. The simulation model will serve to forecast
the different herbage growth scenarios, with a ba-
sic goal of providing information necessary for de-
cision-making. Simulated values can be calibrated at
any time, that s, they can be compared or adjusted
to the actual condition of the grassland, for which
periodic or continuous data collection would be ne-
cessary (e.g., agrometeorological stations, remote
or proximal sensing, in situ sensors, or in general
loT-based dynamic data collection system).

The forecast of economic efficiency (or profitability)
is actually a model for simulating the economic ef-
ficiency of grassland management based on a rela-
tionship between the costs (consumable materials,
mechanization and human labor, and other costs)
and the simulated value of the product at a certain
production moment while applying different sce-
narios, either in terms of the type of grassland and
different methods of production or in terms of di-
fferent final products (fresh forage, hay, silage, or
final animal product like milk and milk products).



Conjoint DSS is a system that will serve to make
decisions based on the information obtained from
simulation models. A user will have a possibility to
simultaneously compare several simulated output
values (variables) of the simulation models (e.g., a
simulated amount and quality of herbage mass, of
hay, simulated product value, etc.) but also an in-
stant, almost unlimited, comparison of the same
variables in the different scenarios with certain mo-
dified values (e.g., the amount of fertilizer, fertili-
zation time, amount of precipitation, temperature,
prices of consumables, etc.).

A GM system could be used to analyze the previous
real production systems and seasons, but its most
useful purpose would be to make timely decisions
in grassland management using the information ba-
sed on real data, knowledge embedded in models,
and simulated system (grassland) states. Real data
during the use of GM system can be continuously
used for validating and improving the GM system
(more precisely, for the improvement of the mo-
del), for which it is necessary to incorporate the
elements of an expert system which will enable se-
[F-learning from the new datasets.

Keywords: data collection, simulation modelling,
environmentally driven model, pasture manage-
ment, grass-legumes mixtures
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Abstract

The iIMAP project (Integrated Modelling Platform
for Agroeconomic and Resource Policy Analysis)
seeks to deliver reliable scientific evidence to su-
pport the implementation, monitoring, and eva-
luation of the CAP, with a focus on environmental
and climate change objectives. The platform was
initiated in 2005, with an aim of creating a hub for
hosting agroeconomic modeling tools, funded by
the European Commission, particularly through
the European Union’s (EU’s) Research Framework
Programs. Primarily financed by the Joint Resear-
ch Center (JRC) and the Directorate General for
Agriculture and Rural Development (DG-AGRI),
it has since evolved into a policy support-focused
platform that incorporates several partial equilibri-
um (PE) and computable general equilibrium (CGE)
models (M’barek and Delincé, 2015.). The models
are utilized either independently or in combinati-
on to address a wide array of topics related to the
economic evaluation of agricultural and rural deve-
lopment policies, as well as the issues concerning
trade, energy, environment, and climate change.

As a part of the iIMAP platform, the following PE mo-
dels are currently present: CAPRI (including CAPRI-
FARM), AGLINK-COSIMO, ESIM, and AGMEMOD, the
CGE models GLOBE/STAGE and MAGNET, and the
farm-level model IFM-CAP (Individual Farm-Based
Model for CAP Analysis), in order to conduct a com-
prehensive ex ante evaluation of the CAP.

Partial equilibrium (PE) models represent the be-
havioral interactions within one or more economic
sectors while treating the outcomes in other se-
ctors as external and unaffected by the changes in
the depicted sector(s). These models are used to
analyze the direct effects of changes on the most
relevant sectors, without accounting for feedback
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from other sectors. In the iIMAP, the PE models
primarily focus on the agricultural sector, but they
increasingly incorporate additional sectors, such
as vegetable oil processing, dairying, biofuel pro-
duction, and the feed concentrate industry, which
have strong links to primary agriculture or to the
broader economy. The core PE models of iMAP are
AGLINK-COSIMO and CAPRI, though other models,
such as AGMEMOD and ESIM, are also included.

The AGLINK-COSIMO is a recursive dynamic partial
equilibrium (PE) model of global agriculture, deve-
loped by the Organisation for Economic Co-opera-
tion and Development (OECD) Secretariat in colla-
boration with the member countries and select
non-member economies. The model tracks annual
supply, demand, and prices for key agricultural com-
modities produced, consumed, and traded across
the regions it covers. The AGLINK is built upon the
existing country models, and its structure reflects
the perspectives of the participating nations (Burell
and Nii-Naate, 2013.).

The CAPRI modeling system is a global agroecono-
mic model that iteratively connects a supply mo-
dule, focused on the EU, Norway, Turkey, and the
Western Balkans, with a global multi-commodity
market module. It comprises specialized databases,
a defined methodology, software implementation,
and the researchers responsible for its develop-
ment, maintenance, and application. Specific mo-
dules ensure that CAPRI data are consistent and
complete across time and space. The system covers
around 50 primary and processed agricultural pro-
ducts for the EU, ranging from the regional to glo-
bal level, including input and output coefficients.
The CAPRI enables both economic and environmen-
tal analyses of various policy scenarios related to



the reform of the CAP and its subsequent reforms
(Witzke et al., 2014.).

The AGMEMOD is an econometric, partial equilibri-
um (PE), recursive dynamic modeling system that
operates across multiple countries and markets at
both national and various aggregation levels. The
model offers comprehensive insights into agricul-
tural markets and agricultural policies (Salputra et
al., 2013.).

The ESIM is a recursive dynamic partial equilibrium
(PE) model that focuses on the agricultural producti-
on, consumption of agricultural products, and some
initial processing activities. It represents the agri-
cultural sectors of EU Member States, Turkey, the
USA, other global regions, and the world market as a
whole. The model encompasses 41 products and 29
regions, with the world market prices being endoge-
nous and trade modeled as the net trade.

The MAGNET model is a global general equilibrium
model characterized by its modular design, which
allows the model structure to be customized to
address specific research questions. Built upon the
extensively used LEITAP model, the MAGNET provi-
des greater flexibility in model aggregation, such as
defining regions and sectors, and offers more opti-
ons for modifying the model structure (Boulanger
& Philippidis, 2014.).

In conclusion, the iIMAP must deliver results and
recommendations promptly while adhering to the
high standards of scientific quality and transparen-
cy. Itis essential to maintain strong connections with
the current policy agenda. Additionally, the harmo-
nized and publicly accessible databases should be
utilized whenever feasible. For the ex-ante analyses,
a baseline that is harmonized across the models and
accepted by the stakeholders should serve as a ben-
chmark for counterfactual evaluations.

Keywords: iMAP platform, agroeconomic model-
ling, CAP, analyses

The ISDTA and DIGITAGRA 2024




Section 4

Digital
technologies
in agriculture



INNOVATING POTATO CULTIVATION:
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Abstract

The digital technologies-namely, the remote sensi-
ng-have been applied to monitor the potato crops.
This technology leads to the collection of valuable
data for decision-making to optimize the crop ma-
nagement, improve agricultural practices, and to
estimate crops productivity. This study aimed to
analyze a relationship between the NDVI (Norma-
lized Difference Vegetation Index) and yield produ-
ctivity in Solanum tuberosum L. cv. Picasso, subjected
to a Ca biofortification process with calcium chlori-
de and calcium chelated with the EDTA (12 and 24
kg ha™"), cultivated in the western region of Portugal
(Lourinha). The soil and irrigation water were chara-
cterized, being a soil suitable for potato cultivation,
and the irrigation water was classified as calcium bi-
carbonate. The NDVI was assessed during the bio-
fortification process and varied according to the Ca
biofortification treatments, indicating a lower NDVI
for calcium chelated with the EDTA treatment with
12 kg ha-1. In fact, this treatment also presented
the highest Ca content in the tubers after harvest,
as well as a lower yield when compared to a control
and the remaining biofortification treatments. Mo-
reover, there were significant differences between
the treatments regarding the Ca content in tubers.
Additionally, the NDVI index can be used in decisi-

on-making to enhance crop productivity as it serves
as an indicator of plant growth and vigor, and it can
also be employed for a preliminary yield prediction,
as verified in our data. However, it is necessary to
combine other field-monitoring technigues to ac-
hieve a more accurate yield prediction.

Keywords: calcium biofortification, NDVI, remote
sensing, Solanum tuberosum L.
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Abstract

Micronutrient deficiency, namely that of Zn and
Fe, is considered a public health problem affecting
more than two billion individuals worldwide. To
minimize this problem, an enrichment itinerary
with four foliar sprays during the productive cycle
of two tomato varieties (Coracdo de Boi and Chuc-
ha) was performed in Ourém (Portugal). The fru-
its were sprayed with a mixture of two products:
0.4-1.2 kg ha™ of Zitrilon (15%) and 1-4 kg ha™ of
Maxiblend. An unmanned aerial vehicle (UAV) was
used to acquire the images that were later proces-
sed to obtain a field morphology and drainage ca-
pacity, as well as to detect the plant vigor in the
experimental field. Furthermore, a quality-asse-
ssment analysis was performed to classify the wa-
ter used inirrigation in terms of the dominantions
(i.e., potentiometric, titration, chromatography
[HPLC], and photometric analyses). Considering the
drainage capacity and slopes, it was observed that
the plot used for the production of the Coracdo
de Boi variety indicates a tendency toward greater
surface drainage, although both plots generally
demonstrated a predominance of moderate water
infiltration. Water analyses proved the hydroche-
mical facies of calcium bicarbonate and a classifica-
tion for the agricultural use of C3S1. Additionally,
the similar NDVI values pointed to both varieties
having the same physiological status. During the
harvest period, mineral enrichment was assessed
by an atomic absorption spectrometry, manifesting
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significant increases only in Zn for the Coracdo de
Boi variety with both products applied (reaching a
2.6fold increase in case of the mixture with the in-
ferior amount of Zitrilon). Yet, the mixture with a
higher amount of Maxiblend manifested a tenden-
cy to increase (although not significatively) the Fe
amountin both varieties. In conclusion, the Coracdo
de Boivariety manifested a better response to the
Zn and Fe enrichment, but more studies are nece-
ssary to optimize the itinerary.

Keywords: irrigation water analysis, Lycopersicum
esculentum L., mineral enrichment, organic produc-
tion, UAVs
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Abstract

Remote sensing data are a powerful tool that signi-
ficantly improves the efficiency and sustainability
of rice production (Oryza sativa L.). There is an in-
creasing necessity of strategic actions that ensure
efficient water use, sustainable agricultural produ-
ction, and food security. Agricultural productivity
can be substantially improved by adopting the pre-
cision agriculture practices, including an advanced
water-quality management and the integration of
cutting-edge remote sensing technologies. These
practices enable a more precise monitoring and
management of crops, leading to an optimized re-
source use and improved yields.

The aim of this work was to use a synchronized
unmanned aerial vehicle (UAV) to evaluate the
growing conditions of rice (Ariete variety) subjected
to a biofortification flow with the two forms of sele-
nium (sodium selenate and sodium selenite). In this
context, a digital elevation model, water lines, and
slope classes/infiltration suitability were obtained,
and the crop status was assessed using the Norma-
lized Difference Vegetation Index (NDVI). This study
also aimed to monitor the crop water (supply, irriga-
tion, and flooding) and evaluate the effectiveness

of enriching the whole and refined flour with Se.
In this sense, the parameters of pH, pHs, electrical
conductivity, temperature, Na*, K*, Ca%, Mg?, Cl,
HCO,, PO,*, SO, were analyzed. It was observed
that the water runoff pattern followed the artificial
pattern created by the grooves between the plots.

Based on the Piper diagram, the samples were cate-
gorized as sodium chloride bicarbonate for the su-
pply water and sodium bicarbonate chloride for the
irrigation and flooding water. According to the Wi-
lcox classification for agricultural use, the samples
were classified as C251 for the supply and irrigation
water and as C351 for the flooding water. The NDVI
index ranged from 0.76-0.79, without significant di-
fferences regarding control. In addition, significant
differencesin Se were observed in the flours, with a
maximum content of 10.3 mg kg™ in the whole flour
(selenite treatment).

In conclusion, using the precision agriculture te-
chniques it was possible to efficiently monitor th
growing conditions of rice biofortified with Se.

Keywords: NDVI, Oryza sativa L., precision ag
ture, water management and quality
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Abstract

In this study, we propose a simple and cost-effective
methodology to identify the areas with varying pro-
ductivity levels within a 22,000 m? hedge olive grove
plot located at Herdade das Romeiras in Santa Vitéria
do Ameixial, Estremoz, Southern Portugal. A primary
goal was to adopt a differentiated management
strategy for the optimization of the use of resources
such as the soil, water, and nutrients. Eighty-one Ar-
bequina olive trees, planted in 2018, were studied.
The NDVI (Normalized Difference Vegetation Index)
images were produced using the ArcGIS Pro? softwa-
re by the Sentinel-2 images, acquired by the Coper-
nicus Open Access Hub and utilizing the bands four
and eight that correspond to the red and near-infra-
red bands. Nine sampling points, each consisting of
nine olive trees, were selected, and biometric cha-
racteristics (height, width, and canopy length) were
measured to estimate the volume. The weight of the
produced olives was also recorded. Additionally, the
Pearson correlation was calculated, resulting a coe-
fficient of 0.67. An analytical tool was developed to
identify the areas with different productivity levels
while associating the NDVI with the canopy volumes
using a polynomial equation that relates a canopy
volume to an olive weight produced.

The different zones were delimited with a producti-
vity ranging from 7,000 to 22,000 kg per 10,000 m?,
and a minimum production of 9 kg per tree was defi-
ned. The maps obtained by a graphical representati-

on analysis of a function that fits the collected data
at its best showed that a defined minimum produ-
ction corresponded to a minimum canopy volume of
3.56 m3, and the maximum production (11.20 kg per
tree) corresponded to a canopy volume of 5.60 m3.
Moreover, the trees with the larger canopy volumes,
consuming more resources and having a lower cul-
tural operation efficiency, did not achieve the maxi-
mum average production values per tree due to an
excessive volume. There were also the zones where
the trees with the smaller canopies did not reach the
average production per tree despite a similar agrono-
mic treatment and production costs. In this context,
the knowledge of areas with different productivity
is essential to implement the treatments adapted
to the variability of conditions and the adoption of
differentiated site-specific management strategies,
which are also important for sustainability.

Keywords: hedge olive grove, NDVI, precision agri-
culture, site-specific management, sustainability
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Abstract

This study aims to characterize and compare the
particle sizes of four different types of flour. An ac-
curate particle size is essential for the comprehensi-
on of functional properties of flour in various appli-
cations. A particle-size distribution of four different
types of flour was studied using a laser-diffraction
analyzer. In addition to a laser diffraction, surface
morphology and particle characteristics were furt-
her examined while applying the Hitachi (SU3800)
Scanning Electron Microscopy (SEM).

In this research, integral wheat flour, refined whe-
at flour, maize flour, and arrowroot flour were
used. Approximately 1 g of each flour sample was
dispersed in the distilled water and mixed to en-
sure homogeneity prior to the measurement. The
laser-diffraction technique provided detailed par-
ticle-size distributions, revealing significant diffe-
rences between the flour types. The results demon-
strated significant variations in particle size and
shape across the flour types, with the arrowroot
flour having the smallest particle-size distribution,
with 100% of the particles reaching a cumulative
undersize at the smallest diameter. This indicates
that this sample type consisted of finer particles
when compared to the other flour types, what
may have influenced its texture and processing
behavior. In contrast, the maize-flour sample had
the largest particle size distribution, with 100% of
the particles reaching a cumulative undersize at a
conspicuously larger diameter, suggesting a much
coarser particle structure. The SEM provided the
high-resolution images that complemented the qu-

antitative size data, revealing the detailed particle
structures (Fig. 1).

Figure 1. Flour particles scanned by the SEM, as follows:
a) integral wheat-flour particles, b) refined wheat-flour
particles, c) maize-flour particles, and d) arrowroot-flo-
ur particles.

These analyses have important implications con-
cerning the functionalities of flour in food proce-
ssing, particularly in terms of texture and dough
formation. The application of advanced digital
technologies, such as that of the Analysette 22 la-
ser-diffraction analyzer, has facilitated the precise
and reliable measurements, having enhanced our
understanding of flour characteristics.

Keywords: flour, food technology, laser diffraction
analysis, particle size, Scanning Electron Microscopy
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Abstract

Soilis a basicand irreplaceable resource in the culti-
vation of plants for food production. In such an en-
vironment, any information about the influence of
the soil and of the entire ecosystem on the success
of farming and the quality of the food produced is
very valuable.

A usual field- and laboratory-based approach to
the determination of soil suitability is focused on
the basic soil properties (i.e., on the pH value and
the SOM content) and the basic nutrients (i.e., N, P,
and K), while the micronutrients are usually analyti-
cally neglected. However, there have always been
the areas and soils with a lack of available trace
elements. The information about their availability
in the soil is usually obtained from the results of a
laboratory-based analysis, what requires an additio-
nal field and laboratory work and cost. The develop-
ment of digital technologies allows us to use vario-
us new tools and create the more accurate models
for the prediction of micronutrients’ availability in
the soil, including the mapping tools, without an
additional laboratory-based soil analysis.

With an aim of creating and comparing the diffe-
rent models for the prediction of availability of the
Fe, Mn, Zn, and Cu trace elements in soils, 221 com-
posite arable-soil samples (with a layer measuring
0-30 c¢cm) of the Croatian Pannonian region were
collected and analyzed. The soils were selected ba-
sed on the pH value and the SOM content, so that
the soils of all combinations of soil reaction (i.e.,
from a very acidic to an alkaline soil) and the SOM
content (i.e., from a very poor to a humus-rich soil)
were evenly represented in the initial set of sam-
ples. The total contents of trace elements and their

available fraction in the soil were not a factor in the
initial soil-sample selection. The soil pH value (i.e.,
the soil suspension in the water and in 1 M KCl); or-
ganic matter content; the total concentrations of
Fe, Mn, Zn, and Cu extracted with the aqua regia;
and the concentrations of the plant-available Fe,
Mn, Zn, and Cu extracted with the EDTA solution
were analyzed in the soils.

Based on the laboratory results, two regression
models were created for the prediction of availabi-
lity of each microelement in the soil: (1) one model
based on the soil reaction (pH), SOM content, and
the total concentration of micronutrients in the soil
(extracted with the aqua regia), and (2) the other
model based on the soil reaction (pH) and the SOM
content only. The laboratory results of the available
fraction of each micronutrient (extracted with the
EDTA) were also used to create the model. The basis
for an evaluation of accuracy and convenience of
the model is a comparison of the available labora-
tory-determined and model-predicted concentrati-
ons of microelements.

The models were created based on the correlations
of soil-solution acidity in the range of 4.60-8.81,
substitution acidity of 3.51-8.29, SOM of 0.21-
3.50%, total Fe content of 9.63-51.23 g kg!, Mn of
194.6-1,170 mg kg, Zn of 19.79-164.50 mg kg,
and Cu of 3.48-54.11 mg kg, respectively.

The regression model predicted the average avai
bility of Fe with the value of 109.96, and the ana
cally determined average was 115.58 mg kg™
the predicted range was 0-214.59 and the
red range was 5.33-791.80 mg kg™'. Ther.
correlation between the total and avai
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the soil, and the availability of Fe was most signi-
ficantly affected by a substitute acidity and by the
acidity of the soil solution (r=-0.866 and-0.777). Al-
though there was a significant correlation between
a predicted and a determined value of the available
Fe (r=0.37), the model was not sufficiently accura-
te, because the average model error was 70.36 mg
kg (i.e., 63.99% of the measured value). Almost the
same values of the available Fe were predicted with
regard to the another model with no use of the to-
tal amounts of Fe in the soil, which means that the
available amounts practically did not depend on the
total amounts of Fe, or that the developed models
were not sufficiently good. The model error correla-
ted very significantly (r = 0.882) with the measured
concentration of the available Fe.

Also, the regression model predicted the average
availability of Zn to have the value of 5.25, and the
analytically determined average was 5.29 mg kg™,
but the predicted range was 2.19-11.68 and the
measured range was 1.14-23.23 mg kg™'. The predi-
cted available Zn correlated with the total amount
of Zn in the soil (r = 0.858) and the SOM content (r
= 0.800) mostly, without the influence of the soil
pH value. The average error of the model, amoun-
ting to 2.16 mg kg and 40.81% (from 5.29), was
lesser than that of the model for Fe, but that mo-
del was not sufficiently accurate either, which was
confirmed by a low correlation coefficient of the
predicted and measured available Zn of only 0.294
(although the r was significant at p < 0.01). The se-
cond model, without the use of total Zn concentra-
tions in the soil, was even more imprecise (r=0.225,
significant at the p < 0.01 level), and the predicted
Zn availability was highly correlated with the SOM
content (r=0.975) only.

The Mn availability prediction model had a good ac-
curacy, as the model’s average error was 19.05 mg
kg (28.4% of 67.09 mg kg™). A correlation between
the predicted and the measured available Mn was
very high (r=0.724, significant at the p < 0.01 level).
The predicted available Mn correlated very signifi-
cantly with total Mn in the soil (r = 0.96), exchange-
able acidity (r = -0.637), and with the soil-solution
acidity (r = -0.619). The model's accuracy without
the available data on the total Mn in the soil was
significantly lower (r = 0.395), with an average error
of 26.52 mg kg™ (39.5% of 67.09 mg kg™).
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The most accurate model was the prediction of Cu
availability (r = 0.829), with an average model error
of 1.50 mg kg (24.2% of 6.20 mg kg™). The model
predicted the availability of Cu in the range of 0.33
to 22.46 mg kg, and the measured values were
1.19-37.91 mg kg'. The highest correlation was the
one between the predicted availability of Cu and
the total Cu in the soil (0.971) and a significantly
lower correlation with the SOM content (0.422).

The model without the total Cu content in the soil
was less accurate, with the average error of 2.18 mg
kg (35.17%) and a correlation between the predi-
cted and the determined available Cu being signifi-
cantly lower (r = 0.444).

In conclusion, we may say that the linear regression
models for the prediction of availability of microe-
lements in the soil are the least accurate for Fe and
Zn, sufficiently accurate for Mn, and very accurate
for Cu. Analyzing the regression models and their
accuracy, we have obtained a new information from
the soil-property data: for the prediction of availa-
bility of Fe, the most important soil data are the
exchangeable ones and the soil-solution acidity; for
Mn, the content of total Mn in the soil and slightly
less the exchangeable data and the soil-solution aci-
dity; for Zn, the content of total Zn in the soil and
the content of the SOM; and for Cu the content of
total Cu and, slightly less significantly, the content
of SOM in the soil.

Keywords: soil acidity, SOM content, total soil micro-
nutrient content, plant available soil micronutrient
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Abstract

Regardless of their size, agricultural production par-
ticles can be very heterogeneous either as a result
of geographical and orographic characteristics or as
a result of an anthropogenic influence. The soil of
the same production plot can have many heteroge-
neous properties that significantly limit the cultiva-
tion success, as well as the maintenance of soil ferti-
lity. With the digitalization of agriculture, the tools,
equipment, and procedures have been developed
that enable the adaptation of agrotechnical opera-
tions to any significant variation in soil properties.

A possibility to apply precision agriculture is par-
ticularly important in the management of perma-
nent plantations, in particular during a multiyear
exploitation.

The aim of this paper is to investigate soil hetero-
geneity and a connection between the vineyard-so-
il properties and vine's nutritional status and must
quality. During the multiyear cultivation of grapevi-
nes, variety Zlahtina, a large difference in the yield
was determined despite the same cultivation tech-
nology on an area amounting to 3.58 ha. According
to the regulations on soil-fertility control in Croatia,
one composite soil sample is sufficient for a plot
amounting to 3.58 ha. Concerning the determined
differenceinyield, however, the two composite soil
samples were initially sampled from the plot, each
as a sample for a plot area amounting to 1.79 ha, at
two depths (0-30 cm and 30-60 cm, respectively).

The analysis of the two aforementioned soil sam-
ples indicated the mostly uniform soil properties
(For a layer with the depths of 0-30 cm): pH, (7.21
and 7.17), SOM (2.89 and 2.92%), total N (0.28 and

0.23%), sand contents (4.89 and 3.66%), silk (54.44
and 58.21%), and clay (40.67 and 38.13%), available
Fe (25.67 and 28.37 mg kg), Mn (24.13 and 26.21
mg kg"), Zn (2.30 and 2.15 mg kg"), and Cu (13.58
and 12 .07 mgkg™"), but with a slightly different CEC
(39.31 and 33.59 cmol kg') and available K content
(321.4and 391.8 mg K,O kg”) and the high differen-
cesin the available P (109.9 and 442.0 mg P,O, kg").

Also, 51 geopositioned soil samples were sampled
on the same plot according to a 30 x 30 m grid, the
vine leaves were sampled during the growing sea-
son, and the grapes were sampled at 10 geopositio-
ned locations during the harvest in order to compa-
re the soil, leaf, and must properties (Fig. 1).

Figure 1. Sample grid and SOM content.

A very small variability of some properties
example, soil reaction (pH, 7.26-7.43; coef
of variation (cv) = 0.86%), CN ratio (9.7
4.45%), silt (29.16-49.20; 7.27%), and ¢
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(31.93-41.82; 6.19%), was determined. Simultaneo-
usly, a higher variability was detected in the content
of SOM (2.69-4.64%; 9.93%), total N (0.17-0.31;
10.27%), CEC (24.64-46.01 mg kg™ 13.40%), avai-
lable Cu (10.79-17.49 mg kg'; 12.42%), Fe (20.7-
41.79 mg kg™; 14.30%), and K (321.7-603.8 mg kg™;
15.10%), as was even a higher variability of available
Mn (16.12-47.41 mg kg'; 20.41%), Zn (1.42-6.20
mg kg™: 28.75%), and P (CV 61.23%).

Figure 2. Total N (left) and total C contents (right) at
the depths of 0-30 cm

Total soil N, total C (Fig. 2), and SOM content (Fig.
1) form one group of soil properties, with the highly
significant correlations. On the other hand, the
correlation between the CEC and exchangeable Ca
is statistically even more significant (Fig. 3).

Figure 3. Exchangeable Cain the soil and CEC

Regarding the nutrient content in the leaf, the hig-
hest variability was detected in the content of Mn
(38.5-92.8 mg kg'; CV 29.4%) and K (0.65-1.27%;
CV 23.64%) and the lowest in the P content (0.11-
0.14%; CV 7.38%), although a large variability of
available P in the soil was determined. A high posi-

tive correlation of the content of Mn and Fe and a
negative correlation of the content of P and Zn in
the leaf were established. A very significant positive
correlation was determined between the soil N and
leaf Zn, and a negative correlation between the soil
P or K and leaf Fe. By comparing the properties of
the must and leaves, a positive correlation was esta-
blished between a total soluble DM in the must and
the leaf Mg, volatile acid in the must and the leaf P,
and a negative correlation between the ammoniain
the must and the leaf Zn.

At the same time, a positive correlation was dete-
cted between the SOM content and a total soluble
DM in the must, soil pH and ammonia content in
the must, soil CN and the content of alpha-amino
N, or of the tartaric acid in the must, whereas a ne-
gative correlation was detected between the clay
content in the soil and the ammonium content in
the must (Fig. 4).

Figure 4. Soil’s clay content and the leaf ammonia.

The conclusion of this research was that only two
average soil samples on 3.58 ha of vineyard lead to
a misconception about a necessary fertilization. On
the other hand, more soil samples, along with a leaf
and must analysis, enable a determination of the in-
fluence of properties of such soil on the nutrientsin
the leaves and the properties of the must. Regressi-
on models and the GIS tools are particularly useful
for this purpose.

Keywords: soil-nutrient availability, leaf-nutrient
content, must properties

38

The ISDTA and DIGITAGRA 2024



Section 5

Agroeconomic
insights into
digital agriculture



DIGITAL NOMAD - A BUSINESS MODEL OR A

GLOBAL PHENOMENON?

ve s

Tihana Sudari¢’, Sladana Katusi¢?, Krunoslav Zmai¢', David Kranjac', Lucija Pecurli¢’

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

(tihana.sudaric@fazos.hr)

2 Student of Master tudy Program in Agroeconomics at the Faculty of Agrobiotechnical Sciences Osijek, Vladimira Preloga 1, 31000

Osijek, Croatia

Abstract

Digital nomads are the people who use digital te-
chnologies to perform the tasks at remotely while
changing their places of residence. This term was
first mentioned in the book Digital Nomad in 1997,
written by Tsugio Makimoto and David Manners.
The book explores a remote work combined with a
nomadic lifestyle, all through portable technology
and travel. The history of digital nomads actually
follows the development of technology, and tech-
nology plays a key role in the development of this
phenomenon. The rise of digital nomadism is not
just a passing trend but a profound change in our
understanding of work, freedom, and a balance
between them. This movement introduces a new
way of thinking about career and lifestyle.

Technology is advancing faster than ever, and digital
nomadism is a direct result of digitalization, which is
changing traditional work patterns. The aim of this
paper is to determine social, organizational, and ad-
ministrative frameworks in the digital nomads’ bu-
sinesses in the Republic of Croatia. For the sake of
the paper, a survey was conducted (N=128), having
examined the respondents’ opinions and attitudes
about familiarity with the concept of digital no-
mads, as well as the advantages and disadvantages
of this type of business model.

The results in the paper indicate that some of the
advantages of this business model are as follows:
flexible working hours; a possibility of to travel;
the exploration of new destinations, cultures, tra-
ditions, and customs; and new acquaintances. Ne-
vertheless, one of the basic motives of digital no-
mads is lower living costs (in an environment that
suits them). The disadvantages can be as follows:
inadequate Internet connection, isolation, and a
lack of social contacts; individual difficulties in wor-
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king hours’ organization, and the like. The results
also demonstrate that the public opinion in the Re-
public of Croatia is not sufficiently familiar with the
concept of digital nomads. In the paper, this is indi-
cated by the results of an empirical survey, which
proves that 30.5% of respondents do not know the
term, and the other 10.5% are not sure what the
term implies. The most significant survey responses
(multiply answers) related to the benefits of the in-
volvement of digital nomads in local environment
are the promotion of the Republic of Croatia as a
destination (82,8%), a positive effect on the deve-
lopment of local economy, and small businesses
(49.2%) - that is, consumption (43%).

Attracting digital nomads can be a part of the stra-
tegy of territories that wish to position themselves
as technology and innovation hubs, as well as lei-
sure destinations. It can be assumed that the most
common digital nomads’ occupations are the jobs
of programmers, data analysts, creative writers, or
even journalists; however, there is a wide spectrum
of occupations that exist and are emerging daily.
The jobs related to consulting, content creations,
virtual assistance, and all the forms of marketing
expertise are becoming increasingly attractive. Di-
gital nomads can also be involved in local events
and foster connection with local residents, redu-
cing isolation and improving the locals’ quality of
life, especially the one of elderly people.

The Adriatic part of the Republic of Croatia is very
attractive for living, but rural areas have their be-
nefits too. On the one hand, digital nomads can
strengthen rural population’s environment, and, on
the other hand, they can work in a healthy environ-
ment, landscape, and stress-free life.



Local authorities need to develop strategies that
entice people to stay, o—for those who left to
the more urbanized centers—to go back while
structuring the programs to attract new labor and
new entrepreneurship. This can be done by highli-
ghting rural regions as destinations that provide a
cheaper cost of living and a calmer and safer place,
with closer connections to the local community.
These factors could entice remote workers, such
as digital nomads, the individuals who can travel
and work remotely, relying on technology to su-
stain mobility.

In order to increase attractiveness for this business
model, itis necessary to adapt the infrastructure, to
expand the number of coworking spaces/communi-
ties, and to provide administrative support.

This global phenomenon represents a challenge for
many countries, including the Republic of Croatia,
which has made significant progress in attracting
digital nomads in the last few years. Some of the
most important measures are the introduction of a
special visa for digital nomads, as well as numerous
tax benefits. Organizational and administrative fra-
meworks in the digital nomads’ businesses are be-
coming increasingly adapted, and, with its compa-
rative natural beauty of life, the Republic of Croatia
is becoming a suitable country for digital nomads.

Keywords: digital nomad, business model, global
phenomenon, Republic of Croatia
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Abstract

The term disruption is recognized in all areas of
activity, because its meaning is the interruption of
a standard or usual process. A Harvard professor
Clay Christensen was the first to describe the term
“disruptive technology” in 1995, and he renamed it
later as "disruptive innovation.” He claims that it was
not technology that was disruptive but changes in
business models that arose on the basis of these in-
novations. The same author states that there are two
types of technologies: a sustainable and a disruptive
one. Sustainable technologies encourage product
improvement, and they have in common that they
improve the performance of existing products that
are accepted by the customers on the market. Such
technologies can be discontinuous, radical, or incre-
mental in nature. A discontinuous innovation can be
considered a radical, or a truly new, innovation de-
pending on (macro/micro) level and the discontinu-
ities it causes, being market-related, technological,
or both, when the innovation is introduced on the
market. Most examples of discontinuous innovations
are categorized as the really new innovations. An
example of what can be considered as sustainable
technology is the improvement of a tractor by ad-
ding a GPS system to enable a more precise tractor
guidance during plowing or sowing of crops. This im-
proves the efficiency and productivity but does not
change the fundamental way farming is performed.

Christensen (2017) states that incremental techno-
logy most often provides new opportunities to the
existing technology namely, to a product or service
but with a low level of development. On the other
hand, radical technology denotes a major advance
in a particular technology. In contrast, disruptive
technologies bring a significantly different value
the market than the one previously available. They
usually have weaker initial results than the existing
and already recognized products on the market,
but they have other features that are appreciated
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by the customers in the neglected markets, as well
as by the new customers. An increasing number of
business models includes disruptive innovation as a
strategy to achieve competitiveness.

7

SUSTAINING
INNOVATION:

It does not create new markets
and new values

DISRUPTIVE
INNOVATION:

It creates new markets
and new values

The goal is disruption
existing markets

AN

Figure 1. Disruptive vs. sustaining innovation

The goal is improvement
existing markets

A key difference between the disruptive and sustai-
ning innovations is that disruptive innovations often
change market relations, creating the entirely new
ways of production or the new products that can
displace the existing business models (Fig. 1). On the
other hand, sustaining innovations are aimed at impro-
ving the existing practices and products in order to ac-
hieve a greater efficiency or competitive advantage,
but they do not change the existing business models.

Disruptive innovations in agriculture change traditi-
onal production technologies, enabling a more ef-
ficient and profitable cultivation of plants and ani-
mals. The most significant disruptive innovations in
agriculture are:

- vertical farming: growing plants in layers indoors
using hydroponic or aeroponic systems instead
of growing them in the fields; the need for land
is reduced, what enables food to be grown closer
to consumers, reducing carbon dioxide emissions
and water, and transport costs



- precision agriculture: the use of sensors, drones,
satellite imagery, and data analytics to precisely
monitor the fields and optimize resource use; the
way the resources are managed is transformed,
and a negative impact on the environment is re-
duced by optimizing the use of water, pesticides,
and fertilizers

+ blockchain technology in food tracking: a tran-
sparent tracking of every step in the food supply
chain, from the field to the fork; disrupts the
food supply chain by creating a transparent, safe,
and efficient system that solves the long-stan-
ding problems such as fraud, irregularities, and
non-transparency

« laboratory-grown meat: meat products grown
from animal cells in laboratory conditions inste-
ad of conventional animal breeding enable meat
production without the need for breeding, slau-
ghtering, and large resources; livestock breeding
is reduced, which reduces the emission of green-
house gases and excessive water consumption
while also affecting the ethical aspects associa-
ted with conventional animal husbandry

« CRISPRCas9 in the genetic modification of crops:
a technology that enables precise editing of ge-
nes in plants to make them more resistant to
diseases, drought, or other challenges without
introducing foreign genes, as in the traditional
GMO techniques; it enables faster and more pre-
cise adaptation of crops to the changesin the en-
vironment, as the genetically engineered crops
can provide higher yields with a lesser use of pe-
sticides or fertilizers

« hydroponics and aquaponics: hydroponics is the
cultivation of plants without soil using a nutrient
solution in water, while aquaponics combines
hydroponics with fish farming; both techniques
enable agriculture in the areas with poor soil or
limited resources such as water and integrate a
food-growing system that is ecologically sustai-
nable

 biotechnology for biodegradable packaging: the
use of agricultural residues and biological mate-
rials for the production of biodegradable packa-
ging reduces the need for plastic packaging; this
innovation helps reduce the ecological footprint
of food production and enables a better utilizati-
on of agricultural residues.

Disruptive innovations in the agricultural sector do
not only represent technological changes, but they
represent fundamental transformations in the way

of production and resource management. Through
examples such as vertical farming, precision agricul-
ture, blockchain technology, and laboratory-grown
meat, it is clear that these innovations have a po-
tential to significantly improve efficiency, sustaina-
bility, and transparency throughout the food-pro-
duction chain. On the other hand, CRISPRCas9 and
hydroponics enable greater adaptability and resi-
lience of crops in conditions of climate change and
the lack of resources while biotechnology for bio-
degradable packaging contributes to the reduction
of waste and the ecological footprint of agriculture.

While they bring new opportunities, disruptive inno-
vations also impose challenges in terms of regulati-
on, consumer acceptance, and adaptation of existing
business models. However, their long-term impact
can enable a more globally sustainable food produ-
ction system that meets the needs of a growing po-
pulation while preserving the environment.

Keywords: disruptive innovations, market, biotech-
nology, agricultural sector
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Abstract

Data are the basis of any research. Data should pri-
marily be of a high quality, and then they should
be analyzed and interpreted in order to become
an information. Scientific research is largely based
on primary data. One of the most common ways of
collecting primary data in the field of social scien-
ces, marketing, and consumer behavior are surveys.

With the arrival of the Internet, traditional (paper)
and telephone surveys are gradually replaced by
the online ones.

Based on the Oxford Dictionary, a survey is a rese-
arch of opinions or experiences of a group of peo-
ple based on a series of questions. The questions in
the survey are mostly predetermined and are aimed
at extracting specific data from the responses of a
certain group of people regarding their preferen-
ces, attitudes, opinions, or behavior, depending on
the purpose of the survey. A single survey includes
at least a sample population and a data-collection
method—a survey tool of individual questions that
generate data that need to be statistically analyzed.
The data collection can be categorized into two gro-
ups: manual and electronic. The advantages of ele-
ctronic versions of records if compared to the pa-
per ones are an easier availability for analysis (data
mining). Primarily, the research depended on paper
surveys that used the techniques of home visits, fa-
ce-to-face conversations, interviews, distribution of
questionnaires, and the like. The challenge was to
convert these paper data into an electronic system
for data processing and analysis. Sometimes the
already available data in electronic form were redu-
ced to a papered form for a better data overview,
which is an inefficient and expensive method that
results in inadequate data.
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Today, online surveys are much easier and faster,
because software packages are created and used
to create surveys/questionnaires. This paper aims
to discuss the pros and cons of electronic data colle-
ction/online surveys. The methods used today for
electronic data collection are electronic mail sur-
veys and web surveys.

Electronic mail surveys: a questionnaire is sent to
a person’s e-mail address, and a respondent sends
back a filled-out form. It is a simple and cost-effe-
ctive method that enables a higher geographical
spread of respondents. The cons are a required ca-
pability for dealing with a software and certain level
of computer literacy. Web surveys: the surveys po-
sted on the web platforms that can be completed
by the web-platform users.

The software packages deployed today to create the
online survey questionnaires in the field of marke-
ting and consumer behavior (e.g., the Qualtrics) have
anumber of capabilities that are compatible with di-
fferent marketing tools for data analysis - for instan-
ce, with the design of a choice experiment, setup of
an auction, and the like. Their disadvantage is that
they are relatively expensive, and a license has to be
paid for a certain period of time. For simpler surveys,
the free tools (e.g., Google Forms) which have much
more modest capabilities are mostly used.

Many additional challenges of online surveys gene-
rally occur. The challenges relate to the sampling,
response rate, non-respondent characteristics, ma-
intenance of confidentiality, and ethical issues.

The principal goal of survey sampling is to make re-
liable and accurate inferences to a broader popula-
tion. For the purposes of scientific work in the field
of agromarketing, the representativeness of the
sample whose participants will reflect the opinions
and attitudes of the entire population must be met



in order to guarantee the credibility of the results.
For small countries like Croatia, it is necessary to en-
sure the representativeness of the sample from the
entire country. The size of the sample depends on
who is the subject of the research and on their total
number - thatis, the consumers, producers, traders,
public institutions, and the like. The sample should
represent the entire population in terms of all cha-
racteristics, and these characteristics in agricultural
marketing and consumer behavior are mainly soci-
odemographic, or they might be some other cha-
racteristics that describe the subject of survey. An
additional problem for conducting serious research
is the absence of a database (e.g., a customer data-
base), or these databases exist but must be obta-
ined on request from the competent institution
(e.g., in case of manufacturers or traders). Serious
researchers mostly rely on commercial service insti-
tutions that have their own paid respondents and
that ensure representativeness of research accor-
ding to the agreed criteria. Such research is quite
expensive, what represents a problem for junior
researchers without provided funds. The main pro-
blem with this type of examination is that the res-
pondents who are familiar with the subject are of-
ten missed out because of their lack of computing
and Internet skills.

A basic standard of ethical research is that pros-
pective participants can make an informed choice
whether to consent to it or participate in it. Privacy,
anonymity, and confidentiality are critical ethical
considerations in online survey research. The GDPR
(General Data Protection Regulation) represents an
additional obstacle for survey research.

The challenge to the interpretation of results (e.q.,
the attitudes and opinions of respondents on a cer-
tain topic) is that the surveys are mostly declarative
in nature, and actual consumer behavior may differ
from therefrom. Today, a methodology is imple-
mented that tries to overcome these problems and
present the results more realistically ( e.g., a choice
experiment and an auction experiment).

Asignificantissue of online surveys is the participati-
on rate. The response rate is significantly lower when
compared to offline research. A comparison of vario-
us survey methods showed an average response rate
for all methods to be around 33%. The reason for a
poor response is a faulty e-mail addresses when the
e-mails are the primary mode of recruitment, irregu-
lar or inaccessible e-mails by potential participants,
the e-mails being filtered to the spam folder, and
survey fatigue, a phenomenon common in all surveys
(Siva Durga Prasad Nayak and Narayad, 2019).

Online surveying is an online tool that has the
advantages and disadvantages in each phase of sur-
veying. The researcher must decide how to use the
Internet survey tool considering the settings and
objective of the research, the population he or she
is studying, and the methodology he or she plans

to apply.

Keywords: online survey, agromarketing, scientific
research, data, representativeness
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Abstract

The main challengesin agricultural productioninclu-
de climate change; soil degradation; water scarcity,
pests, and diseases; high input costs; and a limited
access to technology. Agricultural producers also
face unstable markets, labor shortages, strict envi-
ronmental regulations, and increasing pressure to
meet the food needs of a growing population. The-
se challenges require sustainable practices and te-
chnological innovation to improve productivity and
ensure food security. Satellite services in agricultu-
re use satellite technology to monitor and manage
crops, providing valuable data such as imagery, we-
ather conditions, and vegetation status. These ser-
vices are essential for precision agriculture, resour-
ce optimization, and early detection of problems,
helping producers to improve efficiency, reduce
input costs, and increase yields. They also help in
climate monitoring and sustainable practices. By
providing a real-time insight, satellite services ena-
ble agricultural producers to make better decisions,
leading to a higher productivity and profitability.
In Croatia, agricultural producers have access to a
range of satellite services and platforms that help
optimize agricultural production. Croatian farmers
can increase their productivity, reduce input costs,
and improve the sustainability of their farming pra-
ctices. Adopting these technologies can lead to the
more efficient and sustainable agricultural systems.
Therefore, a survey was conducted to determine
the extent of application of satellite technologies
in agricultural production and the current and po-
tential role of agronomists in the use of satellite
(and digital) technologies in the agricultural produ-
ctionin Croatia. The primary data were collected by
a survey applying an online questionnaire (n = 261)
as a research instrument. A target respondent gro-
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up were the stakeholders in agricultural production
(i.e., the owners or employees in agricultural enter-
prises, family farms, or cooperatives). The data were
collected via the Agroklub information system, an
agricultural portal for agricultural producers of an
informative and educational character. According to
the research results, 47.5% of respondents want to
apply the satellite technologies in agricultural pro-
duction if the price of the services is commensurate
with the benefit obtained, and 29.9% of them want
to apply these technologies, but they do not want
to pay for the services of satellite technology. Yet,
41.1% are willing to pay up to €10 per month, while
28.2% are willing to pay €20 per month for satelli-
te technologies in agriculture. What is more, 58.6%
of respondents believe that an organized advisory
role for agronomists in this area would significantly
increase the application of satellite technologies.
Thus, 42.1% of them are willing to hire an agrono-
mist for assistance in the application of satellite
technologies, 48.8% are willing to pay up to 50 €
per month, and 29.3% are willing to pay as much
as it takes if they will benefit from it. Still, 54.4% of
respondents are willing to be self-educated in the
use of satellite services through a course, an online
consulting service, engagement of an agronomist
as a consultant, lifelong learning, or attendance
of a degree program. The results of the chi-square
test to determine whether there was a difference
between the observed frequencies and the expe-
cted frequencies of respondents’ answers to the
question about training in the application of satelli-
te technologies - that is, of the satellite services - in
relation to the sociodemographic characteristics of
respondents showed that there was a statistically
significant difference in the characteristics of res-



pondents’ age (x2 = 35.184, p < 0.01), years of pro-
fessional experience in agriculture (x2 = 24.097, p <
0.05), and agricultural holding size (x2 = 57.681, p <
0.01).Younger respondents (up to 45 years of age)
and the respondents having 20 years of professio-
nal experience in agriculture, as well as the respon-
dents whose agricultural holdings are up to 50 hain
size, were more willing to participate in a personal
training on the application of satellite technologies
in agriculture than the more experienced and older
respondents with larger farms. On the Likert scale
(1to 5), the respondents rated the frequency of use
of individual satellite services and attitudes toward
the use of satellite technologies in agriculture. The
respondents indicated that they sometimes use sa-
tellite images of production areas and agrometeo-
rological data (temperature, precipitation, humidi-
ty, light intensity, etc.). They also believe that the
satellite technologies - that is, the applications of
satellite services in agriculture - provide timely in-
formation on the condition of crops and reduce
the risk of untimely and inappropriate agronomic
measures. Furthermore, they believe that the costs
of the services they use are commensurate with
the expected benefits - namely, with the producti-
on success. They also agree that their production
scale is too small to apply these technologies and
that the use of this data is too expensive, but they
are of an opinion that the use of these technologies
can significantly help them in their production. The
study circumstantiates that a multi-faceted appro-
ach is required for the integration and acceptance
of satellite technologies and digital agriculture.
This includes making the technology affordable,
user-friendly, and relevant, providing education and
training and ensuring close collaboration between
the producers, governments, and technology pro-
viders. Addressing issues of connectivity and sustai-
nability, as well as financial incentives, will encoura-
ge a wider adoption and make these technologies
an integral part of modern farming practices.
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