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WATER MANAGEMENT CHALLENGES AND ADAPTATION
STRATEGIES TO CLIMATE CHANGE IN ALANYA, TURKIYE

Firat Arslan, Sinan Kartal

Alanya Alaadin Keykubat University, Faculty of Rafet
Kayis Engineering Faculty, Biosystem Engineering
Department, Alanya 07400 Antalya, Tirkiye

(firat.arslan@alanya.edu.tr)

Abstract

Global warming and climate change are cur-
rently perceived as one of the most signifi-
cant threats to agricultural production and
food security in the 21st century. Agricul-
ture, especially in terms of water resources,
is a climate-sensitive sector, with changing
climatic conditions—particularly droughts
and extreme rainfall events—imposing sig-
nificant pressure on agricultural systems
worldwide. In regions with a Mediterranean
climate, such as Tlrkiye, water scarcity is an
urgent problem, and the balance between
water supply and demand is becoming
increasingly challenging.

In Trkiye, the rapid expansion of cultivation
areas for water-intensive tropical fruits like
bananas and avocados in subtropical climate
regions such as Alanya is significantly
increasing the demand on water resources.
Information about a 30% increase in agricul-
tural water consumption due to tropical fruit
cultivation in the Alanya Water Users Asso-
ciation (WUA) area, without a proportional
rise in crop production, and a 100% surge
in overall water demand due to rising pop-
ulation and tourist influx, is not directly sup-
ported by the currently provided sources.
Producers’ lack of sufficient technical knowl-
edge regarding irrigation timing and quan-
tity, neglect of plant water consumption,
and improper irrigation methods negatively
impact production efficiency and quality.
Although modern drip irrigation systems are
widespread, the lack of volumetric water
measurement and parcel-based real-time
plant water needs can lead to excessive con-
sumption. Furthermore, water pricing mech-
anisms based on area rather than volume do
not encourage efficient use.

To combat these negative impacts of
climate change and enhance the resilience
of agricultural systems, various adaptation
strategies are crucial:

Improving water use efficiency is essential
for efficient water resource management
and irrigation. Modern, precise irriga-
tion techniques such as drip and sprinkler
systems significantly increase water use
efficiency and improve vyields. Increasing
farmer training and agricultural advisory
services are essential. Modernizing irri-
gation infrastructure through increased
public support and encouraging the adop-
tion of pressure irrigation systems is criti-
cal. The reuse of treated used water in agri-
culture also offers significant potential for
water resource conservation.

In conclusion, the increasing pressure of
climate change on water resources and
agriculture necessitates the adoption of
integrated and multifaceted strategies.
These strategies will contribute to estab-
lishing sustainable and resilient agricultural
systems through effective water manage-
ment, the development of climate-resilient
crop varieties, improved soil health, and the
use of innovative agricultural technologies.

Key words: Climate Change, Water Manage-
ment, Agricultural Adaptation, Tropical Fruits
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CROP PRODUCTIVITY AND SUSTAINABILITY IN RAINFED
LOESS PLATEAU OF CHINA

Lingling Li"?*, Zhuzhu Luo3, Junhong Xie'?,

Renzhi Zhang'?, Liqun Cai'?, Qiang Chai'?,

Fu Chen*

" College of Agronomy, Gansu Agricultural University,
Lanzhou, 730070, China;

2 State Key Laboratory of Aridland Crop Science, Gansu
Agricultural University, Lanzhou, 730070, China;

3 College of Resource and Environment, Gansu
Agricultural University, Lanzhou, 730070, China;
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4 College of Agronomy, China Agricultural University,

Beijing, 100193, China;
* Corresponding author: lill@gsau.edu.cn

Abstract

Agricultural practices in semiarid regions,
especially the rainfed Loess Plateau, con-
front water scarcity, erosion, low productiv-
ity, and the urgent need to mitigate green-
house gas (GHG) emissions. With crucial
climate parameters like low rainfall (390
mm) and cool temperatures (6.7 0), agri-
cultural output is constrained to one crop
per year. This study evaluates the efficacy
of plastic mulch versus stubble mulch in
enhancing crop productivity and sustainabil-
ity in the rainfed Loess Plateau conditions.
Multiple experiments were performed
to explore various agricultural practices,
including conservation tillage with stubble
management, tillage methods, nitrogen
rates, organic amendments, organic fer-
tilizer substitution rates, planting density
variations, and the application of weath-
er-resistant plastics. Findings from conser-
vation tillage research since 2001 indicate
improved yield sustainability, increased soil
organic content, reduced carbon footprint,
and maintained nitrogen footprint through
no-till with stubble retention in wheat-pea
crop rotation. Plastic mulching in dryland
agroecosystems increased soil organic
carbon (SOC) sequestration and crop
carbon fixation. However, plastic mulching
increased GHG emissions by 108% com-

Agricultural Challenges to Climate Change | Osijek

pared to non-mulching, with plastic film
applications contributing 52% of GHG emis-
sions and fertilizers contributing 34%. Sub-
soiling before mulching, an optimal nitro-
gen rate of 200 kg ha-1, and 37.5% organic
substitution emerged as effective practices
for enhancing yield, water use efficiency,
and mitigating environmental impacts.
Stubble mulching demonstrates the poten-
tial to improve yield WUE and reduce the
carbon footprint of wheat and peas. Plastic
mulching proves advantageous for crops
requiring higher temperature accumula-
tion. Implementing subsoiling, optimal
nitrogen rates, and organic substitutions
are crucial to achieving high vyields, water
use efficiency, and minimizing the envi-
ronmental impacts of rainfed maize pro-
duction on the Loess Plateau. Additionally,
reclamation and reuse of plastic film offer
solutions to plastic pollution and help miti-
gate the increase in carbon footprint.

Key words: Conservation agriculture,
Greenhouse gas emissions, Plastic mulch,
Rainfed agriculture, Stubble mulch, Crop
Sustainability.
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CARBON FOOTPRINT OF FOOD PRODUCTS - LIFE CYCLE

APPROACH
Ilija Djekic

Faculty of Agriculture, University of Belgrade,

Nemanjina 6, 11080 Beograd — Zemun, Serbia

(idjekic@agrif.bg.ac.rs)

Abstract

Carbon footprint is the total amount of
greenhouse gas emissions and is used to
quantify the impact of food industry and/
or its products on climate change. Life
cycle assessment is a standardized method
with the potential to analyze the impact of
climate change “from the farm to the fork
and beyond” covering all parts of the food
chain continuum, from primary production
to households.

In general, according to ISO 14040:2006
and I1SO 14067:2019 it's important to: (i)
define life-cycle boundaries and functional
units, (i) based on inventory, collect the
main data and evaluate quality of data; (iii)
calculate the carbon footprint, considering
allocationif needed (iv) interpret the results
joint with sensitivity analysis. Although the
entire life-cycle approach is “standardized”,
many challenges when calculating carbon
footprint of food products occur.

One of the main challenges is the potential
of comparing the results within the same
agronomy / food sector where choice of
system boundaries and functional units
results in (un)comparable results. This is
even pronounced when new / modified
agricultural practices or food technolo-
gies are applied such as the “Zero residue”
concept or application of nonthermal food
processing technologies.

Based on the results and interpretation,
the next step is to introduce decarboniza-
tion initiatives and mitigation strategies in
combating climate change.

Finally, it is important to address another
challenge related to climate change in the
agronomy / food sector - the need to raise
the competences among both students
and teachers. Recent studies analyzing how
climate change education is handled at
universities show several obstacles such as
lack of funding for climate related research,
lack of staff expertise, and inflexible curric-
ulum. This question is of great importance
knowing that today's students will pave the
road for decreasing carbon footprint of
food products in the near future.

Key words: climate change, food chain,
inventory, carbon footprint competence
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ADOPTION OF THE SITE-SPECIFIC CROP MANAGEMENT
PRACTICES IN THE CZECH REPUBLIC

Vojtech Lukas, Jakub Elbl, Petr Sirucek,
Lubomir Neudert, Vladimir Smutny, Jan Kren

Department of Agrosystems and Bioclimatology, Mendel
University in Brno, Zemedelska 1, 613 00 Brno, Czech Republic

(vojtech.lukas@mendelu.cz)

Abstract

Site-specific crop management uses preci-
sion farming technologies to differentiate
agronomic practices within the fields based
on the assessments of soil properties and
plant status. Numerous studies suggest that
this approach meets goals of sustainable
agriculture by optimizing crop inputs (fer-
tilizers, pesticides, fuel, etc.) while address-
ing the local variability of soil, crop canopy
and environmental limits. Also, evaluations
of precision agriculture adoption across
selected EU countries have shown that these
technologies are actively promoted by policy
and advisory institutions as a direction to
enhance land productivity while preserving
natural resources. The implementation of
precision agriculture technologies in Czech
Republic has been facilitated by the rela-
tively large average size of farms and field
blocks area compared to the EU average.
The initial phase focused on GNSS guidance
technologies, later followed by variable-rate
fertilizer applications based on the soil
and crop mapping. More recently, systems
such as controlled traffic farming (CTF) and
contour farming have been adopted. A sig-
nificant shift in site-specific application of
nitrogen fertilizers has occurred in recent
years. Besides crop sensing by on-the-go
sensors or satellites, current practice
increasingly involves the delineation of field
management zones from time series of sat-
ellite multispectral imagery and subsequent
variable-rate nitrogen application based on
nutrient balance principles. Field-scale trials
conducted by Mendel University in Brno
have demonstrated that variable-rate nitro-
gen application results in more balanced

nitrogen budgets, particularly by reducing
fertilizer inputs in low-yielding areas com-
pared to uniform application. This reduces
nitrogen losses and mitigates environmen-
tal risks, especially near water resources.
High-resolution drone mapping, combined
with advanced deep learning methods,
enables detection of weed infestations for
site-specific herbicide application. Studies
indicate that patch/spot spraying can reduce
herbicide use by several tens of percent.
The efficiency of site-specific spraying may
be increased by new generation of sprayers
with nozzle-level control. The integration of
these technologies into farming practices
requires validation of their economic and
environmental benefits, as well as sufficient
user education. Experience from the Czech
Republic shows that farmers are willing to
adopt new technologies even without sub-
stantial subsidies provided by government.
An increase of regulations on the use of
chemical substances by farmers and the
growing impact of climate change on agri-
cultural land also can accelerate site-specific
crop management practices as a core com-
ponent of climate-smart farming.

Key words: precision agriculture, variable
rate application, crop sensing, soil mapping
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REIMAGINING SEASONS: TOWARDS A DATA-DRIVEN
FRAMEWORK FOR SEASONAL CLASSIFICATION

Branislava Lali¢, Ana Firanj Sremac

Group for Meteorology and Biophysics, Faculty of
Agriculture, University of Novi Sad, Novi Sad, Serbia

(branislava.lalic@polj.edu.rs)

Abstract

Seasonal dynamics profoundly influence
ecosystems and human systems, yet con-
ventional seasonal classifications— meteo-
rological and astronomical —fail to reflect
the complexity of biosphere-atmosphere
interactions in the era of climate change.
These traditional frameworks inadequately
represent the evolving seasonal cycles and
the way living systems, including human
activities, anticipate and respond to them.
This research proposes a paradigm shift in
how we define and detect seasonal tran-
sitions, using biosphere-sensitive metrics
derived from satellite-based and field data.
Central to our approach is the use of veg-
etation indicators such as NDVI, EVI, LAl
fPAR, and the Bowen ratio, which together
reflect the biological responses to changing
environmental conditions. We introduce the
seasonality index (DTRT - Daily Temperature
Range normalized by average temperature)
as a reliable, biologically grounded metric
for quantifying seasonal dynamics. Our
results show that seasonality index trends
mirror phenological indicators and observed
seasonal changes across various ecosys-
tems—from boreal to Mediterranean zones.
By analyzing key features of the DTRT time
series—such as trend shifts, extremes, and
inflection points—we identify the onset and
duration of seasons with greater precision
than traditional classifications allow. The
findings reveal notable seasonal shifts in the
Euro-Mediterranean region: shorter winters,
longer summers, and sharper seasonal tran-
sitions. Geographic factors such as proximity
to large water bodies, urban heat effects,
and atmospheric circulation patterns (e.g.,
the Gulf Stream) further modulate local sea-
sonality. This framework offers a scalable,

Agricultural Challenges to Climate Change | Osijek

ecosystem-sensitive alternative to existing
seasonal definitions, with direct implications
for climate adaptation in sectors including
agriculture, urban development, healthcare,
tourism, and financial planning. By redefin-
ing how we perceive and quantify seasonal
changes, we lay the groundwork for more
resilient and informed responses to a chang-
ing climate.
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Abstract

The greatest influence on the level of
agricultural plant production is the tem-
perature distribution and the amount of
available water. Measuring air and soil tem-
perature is simple and precise, but measur-
ing soil moisture is characterized by high
uncertainty. So far, scientific research has
practically ignored a very important issue —
biologicalwaterretentioninsoil. Allmeasur-
ing probes measuring the volume of water
in soil (FDR, TDR, TDT, HPP, DHPP, GPR-B
and others) are not selective towards the
water contained in living organisms. Con-
sequently, the measured soil water content
should be reduced by the water content in
plant roots and other organisms. World lit-
erature does not address this topic.

The second source of uncertainty is the
relationship between the probe sensitivity
zone and soil variability. Measurement prac-
tice shows that humidity measurements at
points even a few centimeters apart may
differ significantly, but there are no scien-
tific reports on this topic. Given the large
spatial variability of soil moisture distribu-
tion, random selection of a measurement
site as a reference point for estimating soil
moisture for a larger area may therefore
have serious consequences.

The aim of the research undertaken was to
determine the influence of biological water
retention on measurement error and to
determine the spatial variability of soil mois-
ture in selected locations on a scale of 1 m2.

The problem of the influence of biological
retention on the measurement error using
the TDR and gravimetric methods was

Agricultural Challenges to Climate Change | Osijek

assessed in a series of experiments compar-
ing the moisture content of soil with plant
roots and the moisture content of the same
soil after isolating the plant roots, while
maintaining the same volume of tested
samples.

Soil moisture variability was determined
at 1m2 sites by establishing a measure-
ment grid with a 20cm pitch resolution of
36 measurement points. Each of the 36
measurement points was a 12cm diame-
ter circle, at which 5 measurements were
taken using a TDR probe.

The correct measurement of soil moisture
should be that which determines the water
content in the soil itself — the soil without
roots. In this approach, the measurement
uncertainty, depending on the experience,
ranged from 13.9 to 346.7%. This means
that in extreme cases the measurement
error reached 3.5 times the total water con-
tained in the soil. The results indicate that
the lower the total water content in the
soil, the greater the measurement error
resulting from biological retention.

The obtained results show very high vari-
ability of soil moisture. On a surface of 1
m2 the range of marked humidity reached
18.7%V/V. On asurface of only 113 cm2 the
spread reached values of up to 15%V/V.
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The obtained results of biological retention
error and spatial variability of soil moisture
were not correlated with the variability of
granulometric composition and organic
carbon content.

When analyzing the results of soil volumet-
ric moisture measurements, one must be
aware that the result obtained is the sum of

water contained in the soil and living organ-
isms. The choice of a reference point to
reflect soil moisture for a larger area should
not be random, but should be the result of
prior measurement of the selected area
with high resolution.

Key words: measurement error, soil vari-
ability, biological water retention, TDR
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Abstract

Exploration of alternative sources of
biomass for food, materials and energy
is crucial for sustainable development.
Seaweed represents a renewable biomass
that has potential to facilitate a transition
to a sustainable blue-green bioeconomy.
Unlike terrestrial crops, seaweed can be
cultivated or harvested without competing
for arable land, freshwater resources or
relying on mineral fertilizer and pesticides.
To explore the climate and environmental
impact of seaweed, life cycle assessment
(LCA) can be used as a tool. Life cycle assess-
ment is an increasingly important tool that
is applied both in the production and con-
sumption of food to reduce the climate and
environmental impact.

The aim of the paper is to investigate the
climate and environmental performance
of seaweed-based products using life cycle
assessment as a tool — by reviewing the
existing literature and assessing a case
study.

The review of LCA studies (Waqgas et al.
2024) showed that most studies have been
conducted in Europe, despite Asia account-
ing for most of the seaweed production.
The majority of the LCA studies focused on
brown seaweed species. Different seaweed

References

products and applications in the differ-
ent studies resulted in varying functional
units and system boundaries, complicating
comparison across studies. Key hotspots
in seaweed production and processing
include energy consumption for drying
and processing in addition to fuel for trans-
portation and infrastructure production.
Developing consistent LCA methodologies
is vital to assessing the climate and envi-
ronmental potential for seaweed’s diverse
production systems and applications. The
case study showed low climate impact and
negative eutrophication potential Renew-
able energy adoption is key to reducing the
climate impacts.

Seaweed products show strong poten-
tial for supporting sustainable develop-
ment and reducing environmental impact.
However, realizing the potential requires
continued research and development in
the seaweed value chain.

Key words: life cycle assessment, seaweed,
LCA, environment, climate impact
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Abstract

Weather conditions and global tempera-
ture trends have changed considerably
over the years. A sharp rise in temperature
is predicted for the coming decades. Sea-
sonal fluctuations in temperature, humid-
ity, wind and precipitation are now consid-
ered a potential risk to equine welfare. They
increase the risk of diseases associated with
heat stress as well as infectious diseases
and have an impact on reproduction, ath-
letic performance and the management of
equestrian events. Previous studies confirm
the negative impact of weather extremes
on the training and transportation of sport
horses and the impairment of athletic per-
formance. As a result of climate change,
there are significant health risks for sport
horses, including heat stress, UV expo-
sure, exposure to allergens, air pollutants,
extreme weather events, etc. When a horse
is in the thermoneutral zone (5-25 °C), the
normal body temperature is between 37.5
and 38.5 °C. A change in body tempera-
ture outside the normal range is consid-
ered a stress factor. At competitions, there
is a possibility of heat stress if the horse
is unable to maintain body temperature
within a prescribed temperature range due
toincreased physical strain, stress reactions
and general discomfort in various, often
prefabricated, stalls that are unsuitable
for hot and humid conditions. Heat stress
can also occur during transportation and
with inadequate nutrition, including a lack
of water and electrolytes, as well as poor

cooling management. Due to heat waves
and high humidity, a horse’s body tem-
perature can quickly exceed a critical range
during intense exercise and cause Exer-
tional Heat Illness (EHI). Overexertion in
heat and humidity, inadequate ventilation
or a change of climate zone without accli-
matization can lead to extremely dangerous
heat stroke. The effects of climate change
can be reduced by accurate measurements
of climatic conditions and appropriate
management of the horse. The Wet Bulb
Globe Temperature (WBGT) is used at many
international equestrian events to measure
the heat index. However, in the Republic
of Croatia it is not used and there is insuf-
ficient information on whether competi-
tions should be postponed. The aim of this
article is to describe the impact of climate
change on the welfare of sport horses and
to highlight innovative techniques that
can be used to mitigate the risk. This area
has not yet been sufficiently researched,
and further research is urgently needed in
view of severe climate change and extreme
weather conditions.

Key words: climate change, sport horses,
equine welfare
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Abstract

The Baranja region, located in northeast-
ern Croatia and encompassing Kopacki
Rit Nature Park, is characterized by inten-
sive agricultural production. A developed
network of drainage canals lies at the inter-
face between cultivated farmland and the
protected wetland area, collecting surface
and groundwater and directing it toward
natural watercourses and floodplains.
These drainage systems fulfil a dual role:
while they regulate excess soil moisture
and mitigate waterlogging risks during the
growing season, they also serve as poten-
tial conduits for nutrients, pesticides, and
other agricultural pollutants entering sensi-
tive aquatic ecosystems. In recent decades,
climate change has intensified hydrological
challenges in the region. Altered precipita-
tion patterns—characterized by prolonged
droughts, extreme rainfall events, and sea-
sonal shifts in water distribution—have
significantly impacted canal hydrology,
affecting the retention and transport of
dissolved substances. Intense rainfall fol-
lowing drought periods accelerates soil
leaching, resulting in the rapid transfer of
nitrogen, phosphorus, and pesticides from
agricultural fields into drainage canals. This
increases the risk of eutrophication and
water quality degradation in downstream
floodplain ecosystems. This study investi-
gates spatiotemporal variations in water
quality within the drainage canals of the
KopackiRitarea, to assess their potential for
monitoring agricultural impacts on surface
waters. Three canal profiles—Grabovac,
Zlatna Greda, and Barbara—were analyzed

Agricultural Challenges to Climate Change | Osijek

using monitoring data from 2010, 2011,
2017, and 2025, supplemented by official
datasets from Croatian Waters. Key focus
was placed on nutrient-related parame-
ters, particularly total nitrogen. Elevated
concentrations of nitrogen, phosphorus, or
specific ions may lead to soil degradation
and reduced agricultural productivity (FAO,
1994). Long-term data analyses reveal pro-
nounced seasonal and inter annual fluctua-
tions in nutrient concentrations, driven by
precipitation variability, agricultural prac-
tices, and climatic shifts. Integrating sys-
tematic monitoring of drainage networks
with conservation planning is certainly the
best way that leads to sustainable land-use
management in transitional zones between
agriculture and protected areas.

Key words: drainage canals, nutrient trans-
port, water quality, agricultural impact,
climate change
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Abstract

This work deals with the long-term trends
in precipitation, air temperature, and
drought severity over Romania within the
framework of the research project CARVE
(Changes in climate suitability for Roma-
nian Vineyards), which focuses on the
impact of climate change on viticulture, an
important and evolving economic activity
in Romania, the 6th largest wine producer
in the EU and the 12th in the world. For
this purpose, we used the dataset RoCli-
Hom, a monthly homogenized dataset of
precipitation and air temperature (mean,
minimum and maximum) over the Roma-
nian territory, which includes 156 weather
stations for the period 1901-2023. The sta-
tistical significance of trends was analyzed
with the nonparametric Mann-Kendall test
(@ robust, rank-based method, especially
suitable for non-normally distributed data,
data containing outliers and non-linear
trends). Our results show that annual pre-
cipitation has slightly increased at some
stations in southwestern, northeastern and
southeastern Romania. However, most of
the stations present no significant trend.
Annual air temperature has an increasing
trend country-wide, while monthly tem-
perature is rising in winter (December
and January), spring (March and May) and
throughout the entire summer (June-Au-
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gust). Interestingly, the monthly tempera-
ture range, i.e., the difference between the
maximum and the minimum (monthly) tem-
peratures, is decreasing, suggesting that
the thermal variability has diminished since
1901. Drought intensity was assessed with
two indices: SPI (Standardized Precipitation
Index) and SPEI (Standardized Precipitation
Evaporation Index). Since SPEI also takes
intoaccountthe effect of airtemperature, it
managed to emphasize the drought evolu-
tion more accurately. SPEI showed aninten-
sification of drought, during the growing
season (April-September) for the last 70,
60 and 50 years, respectively. However, the
longer periods show no significant trend.
The main conclusions of the study are: (1)
Thereis a clear climate warming trend over
Romania since 1901; (2) There are no major
changes in annual precipitation amount; (3)
Long-term data series demonstrated that
the drought episodes that occurred in the
last decades were not unprecedented, as
they seemed to be from studies done over
shorter periods (e.g., since 1961).

Key words: historical weather station
data, meteorological drought, potential
evapotranspiration, Hargreaves, extreme
temperature.
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Abstract

Conservation tillage helps mitigate climate
change effects on crop productivity and
influences weed dynamics. Weeds are a
major biotic stressor, especially during
maize's critical growth stages. Fertilization
can improve maize competitiveness, reduc-
ing weed pressure. This study aimed to
evaluate the impact of conservation tillage
and fertilization on weed infestation and
maize yield. A field experiment was con-
ducted in 2021 at the experimental site in
Krizevci, Croatia). The study was designed
as a split-plot experiment with three repli-
cates. The primary experimental factor was
soil tillage, with fertilization as the second-
ary factor. Tillage treatments included: CT
(plowing to a depth of 30 cm), CTD (loos-
ening to 30 cm with = 30% crop residue),
and CTS (shallow tillage to a depth of 10
cm with = 50% crop residue on the soil
surface). Fertilization treatments were: FR
(recommended NPK 170:150:225 kg ha-1),
FH (50% NPK), GFR (NPK + GeQOz - a biophys-
iological soil activator at 300 kg ha-1), and
GFH (50% NPK + GeQ:). Weed sampling was
done at critical weed-free period for maize
(V10 growth stage) using four 0.25 m?2
quadrats per plot to assess weed density
(counting individual plants) and biomass
(cutting weeds at ground level). Chemical
weed control was applied uniformly across
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all tillage and fertilization treatments.
Maize was harvested manually, and grain
yield was adjusted to 14% moisture. Tillage
and fertilization had a significant effect (p
< 0.05) on all investigated parameters. The
highest weed biomass (7.09 g m-2), accom-
panied by the lowest weed density (15.75
m-2), was recorded in the CTS treatment in
average. The addition of GeO:z with optimal
fertilization resulted in the average highest
weed biomass (5.80 g m-2) and, despite
that, the highest average maize vyield
(13.94 t ha-1). Significant interactions (p <
0.05) among tillage and fertilization were
observed across all measured parameters.
The lowest weed infestation was recorded
in the CTS treatment with reduced fertil-
ization (FH). On average, the highest maize
yield was also achieved under the CTS
treatment (13.55 t ha-1). Shallow conserva-
tion tillage (CTS) with higher crop residue
retention effectively reduced weed density
and supported high maize yields. The com-
bination of optimal fertilization with GeO-
increased both weed biomass and maize
yield. Conservation tillage and fertilization
management proved crucial for sustainable
maize production.

Key words: weed infestation, soil conserva-
tion, fertilization, Zea mays yield

The results presented in the paper are an output from research projects (IP-2020-02-2647). “As-
sessment of conservation soil tillage as advanced methods for crop production and prevention

of soil degradation — ACTIVESsoil.
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Abstract

Agroecological plant production plays a
crucial role in sustainable agriculture, par-
ticularly in Hungary, where environmen-
tal preservation and crop productivity are
both high priorities. This study investigates
the long-term effects of combined prac-
tices, such as crop rotation, conservation
tillage and microbial inoculation on the
performance of ecological plant cultiva-
tion, aiming to identify optimal rotation
schemes that enhance soil health, support
sustainable yields, and contribute to the
resilience of agro-ecosystems. Through
a comprehensive, multi-year field experi-
ment, various crop rotation systems were
implemented and monitored to assess their
impact on soil fertility, disease incidence,
weed pressure, and overall plant vyield.
Statistical analysis using one-way ANOVA
revealed no significant differences across
most measured parameters and over years
(p > 0.05), which is consistent with expecta-
tions given the limited tillage prior to the
experiment. Despite the lack of statistical
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significance in most short-term parame-
ters, observable trends suggest that plots
treated with microbial inoculants exhibited
improvements in plant yield compared to
non-inoculated and control plots. These
results indicate that microbial inoculants
may exert cumulative benefits over time
by gradually enhancing soil health, sup-
porting beneficial microbial communities,
and improving nutrient cycling. The find-
ings underscore the potential of combining
conservation tillage with microbial inocu-
lation to foster resilient, productive, and
sustainable small-scale farming systems.
The novel experimental setting highlights
the necessity of long-term monitoring to
fully capture the benefits of agroecological
practices, reinforcing their importance in
advancing sustainable agriculture and sup-
porting the viability of small-scale farms.

Key words: biofertilizers; PGMP; conserva-
tion tillage; agroecology; no-till; soil fertil-
ity; plant nutrition
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Abstract

This paper proposes a systems approach
to decrease GHG emissions associated
with corn/soybean production through
increased cover crop production, decreased
fuel use for corn drying, manure digestion,
and digestate injection as crop fertilizer.
Cover crops grown between corn and
soybean crops have been shown to reduce
GHG emissions. However, cover crop estab-
lishment costs typically exceed the value of
the crop due to the limited growing window
between the traditional grain corn harvest
and soybean planting. The cost associated
with cover crop use has limited their adop-
tion. We propose the early harvest of grain
corn to provide a longer cover crop growing
period. By harvesting corn grain 30 days
earlier, the cover crop growing window is
extended, and the longer growing period
increases cover crop vyields enough to
recover the cover crop establishment cost.
System circularity is achieved by feeding
the early harvest corn grain to animals and
co-digesting the resulting animal manure
with the high moisture (24-33% moisture)
corn stalklage remaining after early grain
harvest. The harvesting and utilization of
high moisture corn can additionally reduce
carbon emissions through the elimination
of emissions associated with grain drying,
which are estimated to be as much as 22%
of the corn grain footprint. Calculations
indicate that the Cl score of corn grain
production would be decreased by approx-
imately 40% by adopting this system. In
order for the proposed approach to provide

Agricultural Challenges to Climate Change | Osijek

the desired GHG emission reductions,
changes at multiple points in the existing
production system would be required. Corn
producers would be required to move to
the earlier harvest of corn, and the earlier
planting of cover crops. Similarly, farmers
and granaries would be required to master
the storage and handling of high moisture
grain. While high moisture corn is currently
used as cattle feed, the feed production
industry would have to successfully process
high moisture corn into swine feed. Addi-
tionally, the pork industry would have to
embrace the use of high moisture corn, or
feeds that were produced from high mois-
ture grains. All members of this circular
system would be required to adopt some
changes in order to realize the reduction of
GHG emissions offered by this approach.

Key words: GHG emissions, cover crop,
corn, soybean, manure anaerobic digestion
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Abstract

This study examines the key determinants
shaping consumer preferences for selected
vegetable products in Kosovo, namely
tomatoes, peppers, potatoes, and onions.
The primary objective is to identify and
analyze socio-economic and socio-demo-
graphic factors, along with other elements
that influence consumer decision-making
processes, including purchase quantity and
frequency, preferences for domestic versus
imported products, price sensitivity, quality
assessment, food safety considerations,
product type, geographical origin, packag-
ing, and seasonality patterns. Understand-
ing these factors is crucial for improving
market strategies, supporting domestic
agricultural production, and enhancing the
efficiency of the vegetable supply chain.
The research was based on primary data col-
lected through a structured questionnaire
administered to 404 consumers residing in
urban areas across Kosovo. Respondents
were selected to ensure representation
across various age groups, income levels,
and educational backgrounds. Data anal-
ysis was conducted using SPSS software,
applying descriptive statistics and inferen-
tial statistical methods, including ANOVA,
correlation analysis, Chi-square tests, and
otherrelevant statistical tests to determine
the significance of relationships between
variables. The findings indicate a strong
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overall preference for domestic vegetable
products, with 82.7% of respondents rating
locally produced vegetables asimportant or
very important in their purchase decisions.
Consumption frequency varied among
respondents, with 47.1% consuming veg-
etables two to three times per week and
39.4% on a daily basis. In terms of specific
product preferences, peppers were the
most preferred (30.8%), followed closely
by tomatoes (29.8%), potatoes (26.0%),
and onions (13.5%). Statistical analyses
revealed significant differences between
consumer groups, particularly between
place of residence and vegetable prefer-
ences (p = 0.001). Moreover, higher-income
consumers demonstrated a tendency to
select vegetables based on quality, nutri-
tional attributes, and other health-related
characteristics, suggesting that income
level plays a pivotal role in shaping pur-
chasing behavior. The study offers insights
into consumer behavior in the vegetable
market, supporting policy, marketing, and
supply chain improvements, and providing
a basis for future research to promote sus-
tainability, boost domestic production, and
align supply with consumer needs.

Key words: Consumer preferences, veg-
etables, socio-economic and socio-demo-
graphic Kosovo

The findings presented in this paper originate from the master’s thesis research conducted by

MSc. Granit Zymeri.
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Abstract

Climate change is already having a signif-
icant impact on agricultural production.
Frequent droughts, heatwaves, unpredict-
able rainfall, and the spread of new pests
and diseases pose increasing challenges
to the sustainability and security of food
systems. In this context, the introduction
of new crop varieties that are more resis-
tant to climate-related stress is becoming
essential for adapting agriculture to chang-
ing conditions. The aim of this paper is to
highlight the importance of developing
and applying climate-resilient crop variet-
ies in arable farming, with a special focus
on eastern Croatia. Concrete examples of
wheat, maize, and soybean varieties that
have proven successful under conditions
of increased drought and temperature
extremes will be presented. Another goal
of this work is to explore and assess the
potential of crop species that have not tra-
ditionally been cultivated in Slavonia, but
which, due to their resistance to drought,
pests, and diseases, may offer a viable
alternative to currently dominant crops.
The paper emphasizes the importance of
plant breeding, from traditional methods
to more modern selection technologies,
which enables agricultural production to
keep pace with new climate challenges.
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Special emphasis is placed on the connec-
tion between scientific research, domestic
agricultural institutes, and the needs of
farmers in the field, considering the poten-
tial for increased agricultural resilience
through variety adaptation. Climate adap-
tation starts with seeds and new varieties
are key to ensuring a more resilient and
secure food production in the future.

Key words: Climate change, varieties, crop
production, plant breeding
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Abstract

Given the urgency of climate change, cities
and their residents must become more
innovative and progressive in transforming
everyday life. Climate shifts are increasingly
felt in urban areas, particularly due to the
phenomenon known as the Urban Heat
Islands (UHI) effect, which already pres-
ents a serious environmental and health
challenge and is expected to intensify with
growing urban populations and continued
mass construction. Excessive use of arti-
ficial materials such as asphalt, concrete,
and dark roofing. Osijek is one of the cities
exposed annually to rising temperatures
and heatwaves. However, due to its spatial
and geographic characteristics, Osijek
holds potential to become a green capital
of Europe and a forward-looking model for
future cities. Through a vision of sustainable
urban living and active community engage-
ment, the city can emerge as an example of
how local action combats climate change
and enhances urban quality of life. This
work presents ideas and methods of green
construction using biomaterials and living
organisms that contribute to lowering
urban heat. The use of plant-based mate-
rials and vegetated surfaces reduces per-
ceived heat stress, improving both comfort
and health outcomes. Green roofs, vertical
gardens, urban forests, and high-albedo
surfaces can be integrated into existing
urban structures with minimal infrastruc-
tural disruption.

The paper aims to showcase innovative,
site-specific solutions while raising citizen
awareness about ways to improve urban
life through collective action. Particular
emphasis will be placed on mechanisms
that foster synergy between local author-
ities, experts, and citizens through partici-
patory planning and pilot projects that may
serve as replicable models. Green inter-
ventions are no longer a decorative urban
element but a strategic response for ensur-
ing resilience and livability.

Key words: Urban heat islands, Green infra-
structure, Climate adaptation, Sustainable
urban design, Community engagement
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Abstract

With rising temperatures, shifting water
availability, and the spread of emerg-
ing diseases, climate change is putting
increasing pressure on livestock farming
and creating complex new challenges for
production systems. Heat stress reduces
animal productivity and welfare, water
scarcity limits feed and pasture resources,
and changing disease dynamics increase
the risk of outbreaks that threaten both
animal and human health. At the same
time, the livestock sector faces mount-
ing societal and policy demands to reduce
its greenhouse gas emissions and overall
environmental footprint. These pressures
must be addressed while continuing to
meet the nutritional needs of a growing
global population by providing safe, afford-
able, and high-quality protein. Balancing
productivity, sustainability, and resilience
under these conditions requires innova-
tive approaches that integrate genetics,
management, and technology. Phenom-
ics, an imerging new science which inte-
grates phenotype with genomics, offers a
way forward. Phenomics is the large-scale
study of the observable characteristics of
animals using advanced, high-throughput
instruments. This information provides the
link between genetics, physiology, envi-
ronment and management practises. By
collecting extensive phenotypic data using
precision livestock farming (PLF) tools-such
as imaging systems to assess body compo-
sition, wearable sensors to track activity
and physiology, automated feeding moni-
tors to measure intake and efficiency, and
climate monitoring devices to track envi-
ronmental conditions, phenomics enables
continuous, real-time monitoring of animal

performance. The obtainedintegrated data
sets provide a multi-dimensional overview
of traits such as feed efficiency, heat toler-
ance, growth patterns, welfare indicators
and meat quality, and provide insight into
how animals interact with their environ-
ment. These data sets support the pre-
diction of resilience to climate stressors,
inform breeding programmes targeting
low-emission and stress-tolerant animals,
and optimise management practises such
as precision feeding and welfare interven-
tions. When correlated with environmen-
tal conditions, phenomic data not only
deepens our understanding of animal-en-
vironment interactions, but also guides the
development of climate-smart production
systems. Taken together, these approaches
enable reduced emissions, more efficient
resource utilisation and consistent meat
quality, even under challenging environ-
mental conditions.

Key words: phenomics, precision live-
stock farming, genomics, climate-smart
agriculture
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Abstract

Agriculture is considered one of the most
vulnerable sectors to climate change. Also,
the intensification of agricultural produc-
tion increases pressures on soil, including
the reduction of organic matter content,
which is a key indicator of soil quality and
also affects atmospheric COz concentration
- one of the most significant greenhouse
gases. Achieving climate neutrality requires
the removal of CO: from the atmosphere
and its long-term storage in soil (carbon
sequestration). Therefore, the aim of this
study is to improve and accelerate the mea-
surement of soil respiration and carbon
concentration by developing an autono-
mous robotic platform capable of inde-
pendently collecting soil samples and con-
ducting mentioned measurements. Most
traditional methods rely on burning organic
matter (Loss-on-lgnition) or on wet com-
bustion of soil organic matter using strong
acids. To speed up the analysis process and
reduce the cost of often expensive labora-
tory procedures, soil carbon content was
measured using Laser-Induced Breakdown
Spectroscopy (LIBS), a system for analyz-
ing soil organic carbon that is integrated
into an autonomous robotic platform. LIBS
is recognized as a technology with strong
potential for rapid and precise soil carbon
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analysis. This technique is based on atomic
emission spectroscopy, where a high-en-
ergy laseris focusing a pulse onto a sample,
creating a plasma, and analyzing the light
emitted from it. In addition to measur-
ing soil carbon, the autonomous device
also measures in situ soil respiration, a
major source (pool) of atmospheric carbon
dioxide. A key challenge in accurately mea-
suring CO:2 flux is minimizing disturbances
that could influence increased CO: inflow
and transport within the soil (e.g., changes
in air pressure). A closed dynamic chamber
method was applied during measurement.
In this closed system, the “captured” air is
transported to an infrared gas analyzer,
which then measures CO2 concentration
over time. This approach can provide rel-
evant and useful information for farmers
who in the future decide to certify their
carbon removal activities. Moreover, the
rationale for using this approach lies in the
critical importance of obtaining accurate
measurements of soil carbon content to
reliably monitor carbon sequestration and
assess soil quality.

Key words: soil respiration, soil organic
carbon, autonomous robotic solution, LIBS,
climate change

The results presented in the paper are an output from the research project NPOO.
C3.2.R3-11.04.0077, ,Collaborative research on an innovative concept of in situ measurement of
soil organic carbon and soil respiration using autonomous robotic platforms”.
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Abstract

The relationship between tillage practices
and CO, emissions is an important part of
sustainable agriculture and climate change
mitigation strategies. Tillage practices that
minimize soil disturbance help to preserve
soil organic matter and reduce greenhouse
gas emissions. In 2023, a field trial was con-
ducted in northwestern Croatia (Krizevci)
to evaluate the effects of different tillage
systems on soil C-CO, emissions under
winter wheat (variety Indira) cultivation on
Gleysol, considering the effects of fertiliza-
tionand environmental factors. The trial was
set up as a completely randomized block
design with a base plot size of 160 m2. Three
tillage systems were compared: CT (con-
ventional tillage with ploughing to a depth
of 30 cm), CTD (deep conservation tillage
with soil loosening up to 30 cm and >30%
cover with crop residues), and CTS (shallow
conservation tillage with soil loosening up
to 10 cm and =50% cover with crop resi-
dues). Fertilization included standard NPK
fertilization based on recommendations
(FR), and NPK fertilization supplemented
with 300 kg ha' of Geo2, a biophysiolog-
ical soil activator (GFR). During the study
period, the highest average annual C-CO,
emissions were recorded in the CTS-FR
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treatment (19.36 kg ha' day’), while the
lowest values were observed in the ST-GFR
treatment (16.38 kg ha' day’). Although
the differences were not statistically sig-
nificant, these results indicate a tendency
towards lower emissions under reduced
tillage conditions. In addition, treatments
that included the application of the Geo?2
showed lower average annual emissions
across all three tillage systems compared to
standard NPK fertilization alone, suggest-
ing a potential mitigating effect of Geo2
on CO, emissions from the soil. Seasonal
variation in C-CO, emissions was evident,
with the highest C-CO, emissions observed
in May (38.92 kg ha' day") and the lowest
in November (0.76 kg ha' day"). A positive
correlation was found between average soil
C-CO, emissions and soil temperature/soil
moisture. Maintaining sustainable agricul-
ture lies in the implementation of adaptive,
ecologically mindful management strate-
gies that balance productivity with long-
term soil and climate health.

Key words: soil respiration, conventional
tillage, conservation tillage, fertilization,
agroecological factors

The study has been fully supported by Croatian Science Foundation under the project , Assess-
ment of conservation soil tillage as advanced methods for crop production and prevention of
soil degradation—ACTIVEsoil” (IP-2020-02-2647)".
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Abstract

In an era defined by the interconnected
global crises of climate change and mal-
nutrition, the development of resilient
food systems is a prerequisite for achiev-
ing Sustainable Development Goals (SDG
2 —Zero Hunger; SDG 13 - Climate Action).
This paper presents biofortification as a
“climate-smart” agricultural strategy that
simultaneously addresses hidden hunger
and enhances crop adaptation to climate
induced abiotic stresses. The primary aim
is to provide a detailed analysis of the syn-
ergistic relationship between elevated
microelement content in staple crops and
their inherent tolerance to environmental
stressors such as drought, heat stress, and
soil salinity, which are intensifying glob-
ally. This research is based on a compre-
hensive literature review that synthesizes
findings from plant physiology, genetics,
and climate science. The methodology was
structured to critically evaluate the specific
physiological and molecular mechanisms by
which key micronutrients, particularly zinc
(zn), selenium (Se) and iron (Fe), enhance
plant resilience by protecting against oxi-
dative damage. The effectiveness of inte-
grated breeding programs that utilize
modern tools like marker-assisted selection
(MAS) and genomic selection (GS) to simul-
taneously target nutritional enhancement
and climate-resilient traits. The literature
confirms that higher concentrations of zinc
improve the structural integrity of mem-
branes and the function of enzymes that
scavenge reactive oxygen species (ROS),
thereby mitigating cellular damage during
drought and heat.

Field trials consistently show that many
biofortified varieties outperform their con-
ventional counterparts in marginal envi-
ronments. For example, iron-biofortified
beans have demonstrated significantly
higher vyields under drought conditions,
while zinc-biofortified wheat lines show
increased tolerance to heat stress during
the critical grain-filling stage. Biofortifica-
tion must be recognized as more than a
simple nutritional intervention; it is a pow-
erful, integrated tool for climate change
adaptation. By developing crops that are
inherently more robust and nutritious, this
strategy builds resilience from the plant’s
cellular level up to the entire food system.
This approach moves beyond siloed think-
ing and offers a tangible pathway to
future proof agriculture. To fully unlock
its potential, stronger cross sectoral policy
integration between ministries of agricul-
ture, health, and environment is essential.
Investing in biofortification is a direct and
sustainable investment in building resilient
food systems and, ultimately, more resil-
ient societies capable of thriving in the face
of climate change.

Key words: Biofortification, climate
change, climate resilience, food security,
micronutrients
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Abstract

This study investigates the potential of
sheep wool waste, a byproduct of the meat
industry, as a sustainable alternative to syn-
thetic fertilizers in Mediterranean agricul-
ture. In Croatia, large volumes of low-grade
wool, particularly from the Licka Pramenka
breed, are discarded due to the absence of
processing infrastructure. Through novel
methods, this waste can be transformed
into pelletized organic fertilizer, offering a
circular solution to waste management and
soil degradation. Focusing on preliminary
findings, the study evaluates the effect
of wool pellet fertilizer on the growth
and productivity of two tomato varieties
(Cherry and Marmande), compared with
conventional chemical fertilizer of the same
NPK mineral composition and unfertilized
controls. The experiment was conducted
under controlled conditions using standard-
ized soil volumes, a digital loT monitoring
system for temperature and humidity, and
digital image analysis for biometric mea-
surements. Initial results indicate that wool
pellets support healthy tomato develop-
ment, acting as a slow-release fertilizer,
showing promising outcomes in plant
height, leaf growth, and early fruit set. Due
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to its slow nutrient release properties, it
outperformed chemical fertilizers, enabling
high dose administration while also improv-
ing soil texture and moisture retention.
Comparative experiments with high dose
generic chemical fertilizer proved fatal to
the plants and did not contribute to mois-
ture and texture soil enhancement. These
findings suggest that wool-based fertilizers
can play a role in replacing or supplement-
ing synthetic fertilizers in Mediterranean
agriculture systems, while contributing to
mitigation of climate change effect on soil
through its moisture retention and thermal
insulation properties. By aligning agricul-
tural productivity with circular economy
principles, this research highlights the
potential of locally sourced waste-based
fertilizers in  enhancing sustainability.
While results are preliminary and focused
on tomatoes, they lay the groundwork for
broader multi-crop evaluations and regional
implementation strategies.

Key words: circular economy, climate
change, resilience, green technology, sus-
tainable development

The results of this study are an output from research project conducted at UR Institute facility
Dubrovnik, and part of master’s thesis of Paula Garbin under mentorship of prof. A. Bonoli of
the Bologna University and G. Suti¢ of UR Institute.
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Abstract

Sufficient amounts of stored grains are
considered a backbone of food security.
However, global warming impacts post-har-
vest aspect of grain production as it i) aids
distribution of stored product insect pests
(SPPs), ii) increases pressure of SPPs and iii)
increases losses of grains caused by SPPs.
Due to occurrence of SPP tolerance to
cretin insecticides and fumigants in some
regions, the exploitation of inherently
resistant/tolerant varieties is one of the
most promising IPM approaches. However,
it hasn't been exploited so far for seed
protection from SPPs. To develop tolerant
genotypes, it is necessary first to identify
plant defensive traits and define underly-
ing genetic bases that provide tolerance to
certain pests. In this work aimed to tested
suitability of over 30 wheat genotypes for
the development of the rice weevil (Sitoph-
ilus oryzae L.) in “no choice” tests. The
results from biotests were correlated with
the results from extensive common and —
omics phenotyping studies, as well as physi-
cal (grain hardness and color) and biochem-
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ical analysis (NIR and spectrometry). Wheat
susceptibility to the rice weevil was deter-
mined based on the Susceptibility Index
(SI), progeny production after one, two and
three months and % of consumed grains
after three months. Results indicate signif-
icant differences in susceptibility of wheat
varieties to the rice weevil attack and suit-
ability for weevil development. Based on
the progeny production, significantly the
lowest number of emerged adults was on
Severina, Schwabenkorn, 24-C, NSD16/100,
Roquin and Boulander and Vitagold, indi-
cating the lowest suitability (i.e. certain
tolerance level). The lowest % of consumed
food was registered on the same varieties
(1.87-4.80%), while on susceptible varieties
it reached 61%. Progeny production and
the % of consumed food were strongly
negatively correlated with seed hardness
and % of dry gluten, while positively with
seed moisture and starch content.

Key words: Sitophilus oryzae, wheat, nutri-
tive traits, tolerance
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Abstract

Maize is a predominant grain crop worldwide,
essential for food security and industrial uses,
andtheyieldsare threatened byweed compe-
tition, especially from Ambrosia artemisiifolia
(common ragweed). Around 80% of Hungar-
ian arable land, including urban and agricul-
tural areas, is infested by common ragweed,
which competes aggressively with maize for
water, nutrients, and sunlight, significantly
affecting maize growth and production and
producing allergenic pollen that poses public
health risks. Weed management has become
increasingly important, especially with preci-
sion agriculture tools, such as drones, which
are equipped with multispectral cameras.
This study focuses on the development and
application of a multispectral camera-based
unmanned aerial vehicle (UAV) system for
early weed detection specific emphasis on
Ambrosia artemisiifolia in maize fields for
weed mapping for site-specific weed man-
agement at the Agronomy Institute field,
Piter Karoly Ut 1, Godolls, Hungary. The
methodology employs UAV-based multispec-
tral imaging to capture high-resolution spec-
tral data, processed using QGIS to calculate
the Normalized Difference Vegetation Index
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(NDVI) and Normalized Difference Red Edge
Index (NDRE). These indices differentiate A.
artemisiifolia from maize based on their spec-
tral signatures. Machine learning algorithms,
such as supervised classification, are utilized
to map weed infestations. Expected results
include high-precision detection of A. artemi-
siifolia with precise mapping of weed patches
across maize fields using NDVI and NDRE.
The approach is anticipated to enable effec-
tive site-specific weed management, reduce
herbicide use compared to conventional
methods, and increase crop yields, thereby
enhancing weed management efficiency and
minimizing environmental impact. In con-
clusion, UAV-based multispectral imaging
with NDVI and NDRE analysis offers a robust
solution for early weed detection, promot-
ing sustainable maize production through
precise, site-specific weed management. This
technology enhances agricultural efficiency,
reduces chemical inputs, and supports envi-
ronmental and public health.

Key words: maize, weed detection, mul-
tispectral image, Ambrosia artemisiifolia,
NDVI, and UAVs.
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Abstract

In the context of increasingly pronounced
climate change and soil degradation, white
clover (Trifolium repens L.) is increasingly
used as a cover crop due toits agrotechnical
and ecological characteristics. As a peren-
nial legume, white clover has the ability
to fix atmospheric nitrogen in symbiosis
with Rhizobium bacteria, thereby enriching
the soil with available nitrogen and reduc-
ing the need for mineral fertilizers. White
clover can fix an average of 50 to 200 kg/
ha of atmospheric nitrogen annually,
depending on soil and climate conditions
and the presence of Rhizobium strains.
In addition, white clover forms a dense
ground cover and has a well-branched root
system, which contributes to soil mois-
ture retention, reduces evaporation, and
prevents erosion and soil degradation.
White clover is divided into three main
groups: small-leaved, medium-leaved, and
large-leaved types, with small-leaved eco-
types most commonly used as cover crops.
Small-leaved varieties are characterized by
low growth, good ground cover ability, and
tolerance to trampling. Thanks to its dense
green cover, white clover helps retain soil
moisture, prevents drying, reduces high
surface temperatures, and improves rain-
fall infiltration. Small-leaved white clover
varieties are particularly suitable for long-
term cover in perennial plantations such as
orchards, vineyards, and olive groves, where
they are usually maintained by natural
low growth or occasional mulching, while
mowing is carried out only when necessary.
Given that white clover has a lifespan of 3
to 5 years, overseeding is recommended
in perennial plantations to maintain the

density and functionality of the cover.
White clover is well adapted to various con-
ditions and can tolerate moderate drought,
which is important considering the increas-
ingly frequent and prolonged droughts,
especially during the summer months.
Additionally, it contributes to maintaining a
stable soil microclimate. The use of white
clover as a cover crop represents a sus-
tainable approach in agroecosystems, as it
simultaneously increases soil fertility, con-
tributes to moisture retention, and reduces
the need for mineral nitrogen input. Given
the climate change, the integration of such
plant systems into agricultural practices is
of key importance for building more resil-
ient and regenerative food production
systems.

Key words: Trifolium repens L, cover crop,
nitrogen fixation, soil moisture conserva-
tion, climate change adaptation
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Abstract

The aim of this review is to evaluate and
highlight the effectiveness of precision
agriculture technologies in carrot farming,
focusing on improvements in water use
efficiency, optimized input application, and
enhanced vyield quality. Carrot crops are
particularly sensitive to soil moisture fluctu-
ations, which can cause physiological prob-
lems such as cracking, reduced root unifor-
mity, and lower market value, necessitating
more precise management approaches.
Recent advancements in precision agri-
culture provide solutions through a com-
bination of remote sensing (using drones
and satellites), Al-driven irrigation man-
agement, Variable Rate Application (VRA),
and GPS-guided sowing and field mapping.
Remote sensing techniques, especially
multispectral imaging and NDVI (Normal-
ized Difference Vegetation Index) analysis,
enable early detection of plant stress and
variability in canopy vigor, allowing for tar-
geted nutrient and pesticide management.
Al-enhanced irrigation systems integrate
real-time soil moisture data with weather
forecasts and evapotranspiration models
to dynamically optimize irrigation sched-
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ules. This data-driven approach has demon-
strated water savings of up to 35% while
increasing marketable yield by 15-20%,
primarily by maintaining more stable soil
moisture and minimizing crop stress. Vari-
able Rate Application (VRA), combined with
GPS-guided machinery, enables precise
fertilizer and pesticide application as well
as uniform sowing patterns. Moreover,
machine learning algorithms facilitate yield
mapping, further supporting informed,
data-driven decision-making throughout
the carrot production cycle. Overall, the
integration of these precision agriculture
tools empowers farmers to achieve higher
yields with reduced resource use, thus min-
imizing environmental impact and enhanc-
ing economic returns. This data-driven
management framework establishes a
foundation for the sustainable intensifica-
tion of carrot farming, promoting both pro-
ductivity and environmental stewardship.

Key words: Precision Agriculture, Al-Based
Irrigation, Remote Sensing, Variable Rate
Application (VRA), Carrot Crop Management
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Abstract

This paper focuses on presentation of
results and lessons learned from the
Advancing Agroecology in Higher Educa-
tion project in the CASEE (ICA Regional
Network for Central and South Eastern
Europe) countries. The project’'s aim was
to strengthen the agroecology position
within the partner universities by identi-
fying how the agroecology paradigm can
improve higher education programs, pro-
posing a common curriculum for higher
education that reflects the current context
of agroecology and also by connecting
scholars/professors that teach agroecol-
ogy. A comprehensive situation analysis
of higher education programs related to
agroecology was conducted in the form of
a written material, which included a com-
parative review of existing curricula, with a
particular focus on the participating CASEE
countries. This analysis, together with the
key topics identified during a participatory
workshop involving project partners, forms
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the foundation for the development of a
one-year MSc curriculum in Agroecology,
to be elaborated in detail at a later stage.
In addition, the project team compiled a
bank of research topics suitable for MSc
and PhD theses, emphasizing opportunities
for co-tutorship and fostering cross-insti-
tutional collaboration. The CASEE project
contributes to the enhancement of agro-
ecology education academic collaboration
and institutional visibility It enables the
creation and improvement of agroecol-
ogy programs across CASEE countries by
embedding agroecological principles into
curricula, thereby equipping students with
essential skills for sustainable agriculture.
Integrating agroecology into higher edu-
cation is a vital strategy for addressing the
challenges of climate change within food
and farming systems.

Key words: agroecology, higher education,
curriculum, CASEE countries

The results presented in the paper are an output from the project financed by CASEE - the ICA
Regional Network for Central and South Eastern Europe, ivzw - International Non-Profit Organi-

zation, Gent (Reg. n. 0546.953.997).
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Abstract

Conservation Soil Tillage (CST) is most com-
monly defined as a tillage system in which,
after all tillage operations and the sowing
of the next crop, at least 30% of the soil
surface remains covered with crop residues.
Although CST is one of the most prominent
agrotechnical measures in the fight against
climate change (in terms of adaptation and
mitigation), many farmers express mixed
views on its efficiency. While experienced
practitioners recognize the long-term ben-
efits of CST, its adoption is often hindered
by challenges such as inadequate machin-
ery, crop residue management issues,
limited knowledge, and economic consid-
erations, as farmers in all countries weigh
the potential for reduced input costs and
improved profitability. Farmers can gener-
ally be divided into two distinct and oppos-
ing groups. Both groups have arguments
for their own opinion and stances, which
can be paraphrased as follows: “Some per-
ceive Conservation Soil Tillage as a new and
unnecessary innovation, introduced by scien-
tists and promoted by government policies,
that complicates crop production rather than
supports it.”, or the opposite; “Others rec-
ognize that Conservation Soil Tillage is not
a new concept, and that its proper applica-
tion can bring tangible benefits to their farm
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operations, including improved financial out-
comes and positive environmental impacts.”
However, thereis also a difference between
farmers who apply CST, which is based
on their experience. One of them can be
qualified as “farmers beginners” without
previous experience in applications of CST
(irrespective of the size of the estate).
This group of farmers usually has a larger
number of questions and doubts about
almost every aspect of CST. Some potential
challenges between “farmers beginners”
primarily may arise from their subjective
reasons, usually based on an insufficient
understanding of the cropping system,
which differs from the tillage system with
plowing. Farmers qualified as “experi-
enced” have a completely different opinion
on almost every aspect of CST. Their expe-
rience is at a higher level, and they usually
seek answers based on questions about
improving and upgrading the implemented
CST system. Despite recent progress in CST
adoption, farmers still show varying levels
of experience and face many unanswered
questions about its implementation.

Key words: sustainable agriculture, conser-
vation agriculture, soil tillage, crop produc-
tion, farmers’ experience

This work has been fully supported by Croatian Science Foundation under the project “Assess-
ment of conservation soil tillage as advanced methods for crop production and prevention of

soil degradation — ACTIVEsoil (IP-2020-02-2647).
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Abstract

Regenerative agriculture represents an inno-
vative approach aimed at building more resil-
ient climate strategies through the improve-
ment of soil health, carbon sequestration,
and the promotion of biodiversity. This prac-
tice includes methods such as conservation
tillage, cover cropping, and crop rotation,
which simultaneously mitigate the effects
of climate change, ensure food security, and
increase the resilience of agroecosystems.
One of the key contributions of regenerative
agriculture is carbon sequestration. Prac-
tices such as conservation tillage and cover
cropping increase the amount of organic
matter in the soil, turning it into an effective
carbon sink, which helps reduce atmospheric
CO, levels. At the same time, soil health and
its water retention capacity are improved
through better structure, infiltration, and
moisture-holding capacity, thereby reduc-
ing vulnerability to droughts and Ffloods.
Regenerative agriculture also fosters biodi-
versity, through diverse crops, cover crops,
and agroforestry systems, creating more
resilient agroecosystems capable of adapt-
ing to climate stresses. In terms of climate
change mitigation, reducing greenhouse gas
emissions and increasing carbon sequestra-
tion make a tangible contribution to global
climate goals. Additionally, food security
is enhanced due to more stable yields and
healthier soils, while resilience to climate
shocks increases. Economic benefits include
reduced input costs due to decreased reli-
ance on synthetic fertilizers and pesticides.
Furthermore, regenerative agriculture can
have positive social effects by strengthen-
ing local communities, empowering farmers,
and contributing to rural development.

Examples of Regenerative Practices

B i

Conservation Tillage Cover Cropping Crop Rotation

reduces soil disturbance, protects and enriches enhances soil fertility
increases carbon sequestation,  the soil betwen main crops and reduces the risk of

and improves soil structure diseases and pests

. @ 30

Agroforestry Composting Integrating Livestock
integrates woody plants improves nutrient content supports nutrient cycling
into preduction systems and microbial activity through managed grazing
to enhance biodiversity in the soil

By adopting regenerative practices,
farmers create more sustainable and resil-
ient food production systems that are
better equipped to respond to the chal-
lenges posed by the climate crisis. This
approach provides a foundation for a
healthier planet and a more secure future
for food production.

Key words: climate resilience, regenerative
practices, carbon sequestration, biodiver-
sity, soil health
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Abstract

This study examines the student volunteer
program at the Szent Istvan Agroecological
Garden (SZIA Garden) at MATE University in
Godolls, Hungary, with a focus on under-
standing student motivation, participant
qualities, and the relationship between
these factors and the outcomes of the
10-week volunteering experience. Through
a structured case study approach, qualita-
tive and quantitative data were collected
from volunteers engaged in hands-on agro-
ecological practices, including organic cul-
tivation, composting, crop diversification,
and sustainable resource management.
The research specifically investigated what
motivates students to join the volunteer
program, the personal and academic qual-
ities of those attracted to community gar-
dening, and how these qualities relate to
the effectiveness and impact of their par-
ticipation. The experiment took place at
the SZIA Garden, which was established as
a student-led initiative during the COVID-19
pandemic lockdowns and has since evolved
into a hub for practical agroecological train-
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ing, intercultural exchange, and community
building. From 2020 to the present, the
garden has cultivated over 40 plant species
and 68 varieties, with 21 species and 25 vari-
eties recordedin 2025 alone, demonstrating
the feasibility and benefits of biodiversity in
small-scale urban agriculture. Key impacts
include strengthened community ties,
increased environmental and food aware-
ness, and practical skill development. SZIA
Garden exemplifies the potential of volun-
teer-driven agroecology to promote climate
adaptation, soil health, and food sover-
eignty. Its success highlights the importance
of integrating community engagement and
agroecological principles into strategies for
climate-resilient agriculture, offering valu-
able lessons for similar initiatives in higher
education and urban environments.

Key words: agroecology; student engage-
ment; community engagement; climate
resilience; urban agriculture; experiential
learning
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Abstract

Conservation tillage management on
rainfed croplands aimed to improve the
soil's physical environment, reduce soil
erodibility, and enhance conservation.
During 2024, plowing, chisel, and subsoiling
were monitored on soil erosion, sediment
concentration, soil physical properties, and
element losses in sloped Stagnosols under
maize cultivation in Croatia, Bjelovarsko-bi-
logorska County. Nine experimental plots
(100 m x 8 m) were established, three per
tillage treatment, each equipped with a
runoff and sediment collection system. Soil
erosion and sediment transport were mon-
itored throughout the growing season fol-
lowing major rainfall events. Results reveal
reduced sediment concentrations by 49.1%
at chisel plots compared to plowing plots,
while subsoiling achieved a 77.7% reduc-
tion. The highest averaged sediment loss
occurred under plowing (15.4 t ha), while
chisel decreased soil loss by 73.4% (4.1 t
ha') and subsoiling by 95.9% (0.6 t ha™).
Nutrient losses followed a similar pattern,
with the highest depletion observed under
plowing (C: 3384 kg ha, N: 278.3 kg ha™,
P: 174.6 kg ha™, K: 4587.8 kg ha"), while
subsoiling retained the most nutrients,
limiting total losses to C: 88.6 kg ha’, N:
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9.2 kg ha?, P: 6.0 kg ha', and K: 173.6 kg
ha'. The sediment collected from plowing
plots was significantly enriched with nutri-
ents and heavy metals compared to bulk
soil, highlighting the role of soil erosion
ratesin nutrient depletion. In contrast, sub-
soiling showed no significant differences
between sediment and bulk soil concentra-
tions, reinforcing its role in reducing fine
particle detachment and nutrient loss. Soil
physical properties also improved under
conservation tillage. Subsoiling signifi-
cantly reduced bulk density (1.40 g cm?
vs. 1.55 g cm? in plowing) and penetration
resistance by 67.5% at 10-30 cm depth.
Water holding capacity was highest under
subsoiling (45.3%), 7.6% greater than
plowing, contributing to better soil mois-
ture retention. Biomass yields were highest
(p > 0.05) under subsoiling (25.06 t ha"),
12.4% greater than a chisel. These find-
ings confirm that subsoiling significantly
improves soil structure, minimizes erosion,
and reduces nutrient losses, making them
viable conservation strategies for sloped
agricultural landscapes.

Key words: Conventional, conservation
tillage, soil health, environmental impact
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Abstract

Ongoing climate change is altering the
seasonal dynamics of honey bee colonies,
particularly by shortening or eliminating
natural brood breaks that usually occur in
continental parts of Croatia during winter.
This enables the continuous reproduction
of Varroa destructor, which increases the
parasite pressure and reduces the effect
of traditional control strategies. In this
context, adaptive beekeeping techniques
that restore brood breaks are increas-
ingly important. Queen ringing is a novel
method designed to prevent ovipositioning
without fully confining the queen. Unlike
traditional method of queen caging, this
technique allows the queen to move freely
with the winter cluster of bees throughout
the winter. To evaluate the applicability
of queen ringing under field conditions a
study was conducted in continental Croatia
from autumn 2023 to spring 2024. The
study focused on honey bee colony devel-
opment, Varroa mite infestation levels,
honey consumption during winter, and
overall queen and colony performance.
Preliminary findings suggest that queen
ringing could be a valuable climate-adap-
tive practice, supporting sustainable Varroa
management and efficient overwintering.

As climate changes continues to challenge
conventional beekeeping practices, inte-
grating innovative techniques like this may
help maintain colony health and productiv-
ity in a changing world.

Key words: Apis mellifera, Varroa destruc-
tor, brood break, queen bee, ringing
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Abstract

The Azorean agricultural monitoring and
warning network (RMAAA) is an indispens-
able tool for guaranteeing the production
of quality food, food safety and environ-
mental protection on our islands, that
focuses on phytosanitary problems affect-
ing the region’s main crops and extends
to the Azorean nine islands. The following
pests are being monitored: spotted wing
drosophila (Drosophila suzukii), honeydew
moth (Cryptobaldes gnidiella), codling
moth (Cydia pomonella), chestnut tortrix
moth (Cydia splendana), Mediterranean
fruit fly (Ceratitis capitata), pasture army
worm (Pseudaletia unipuncta and Spodop-
tera littoralis), banana weevil (Cosmopol-
itus sordidus), olive fruit fly (Bactrocera
oleae) and banana thrips (Heliothrips sp.;
Anisopilothrips sp. and Haplothrips sp.).
Also, the incidence of three vine diseases:
mildew (P. viticola), botrytis (B. cinerea) and
oidium (U. necator)) is monitored, as well
as three wood diseases, three species of
citrus mealybug, olive cotton worm, white-
flies and citrus leaf miner. The field data
collected are introduced on a cell phone
application and automatically transferred
to a computer platform, where data from
the weather stations placed at the various
biological observation areas (BOAs) are
also recorded.

Thresholds have been established for the
presence and abundance of populations
(pests) and incidence (diseases) which allow
for the automatic emission of warnings sent
by mobile phone and email to the techni-
cians and farmers. The aim of this work is to
learn about the temporal evolution of the
pests but also to identify their population
peaks, and together with the meteorolog-
ical data collected, to validate models for
predicting their field appearance. This will
serve as a unique tool essential for tech-
nicians and farmers to support their deci-
sion-making regarding crops phytosanitary
problems in the Azores archipelago.

Key words: warnings, agriculture, pests,
diseases, platform
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Abstract

Tillage practices have a profound impact on
soil water dynamics (SWD), with no-till and
reduced tillage systems generally offering
advantages in terms of water conserva-
tion, infiltration, and potentially improved
soil health. However, the specific effects
can vary depending on various factors, and
a holistic approach considering soil type,
climate, and residue management is essen-
tial for optimizing water use and agricul-
tural productivity. This study investigated
the SWR under various tillage systems
(conventional, conservation deep tillage,
and conservation shallow) monitored with
PR2 soil moisture probe (SMP). SMPs were
installed on all soil tillage treatments in
three replicates. The measurements were
conducted 2-3 times per week, with fre-
quency adjusted based on rainfall events.
The goal was to study the dynamics of
SWCin different tillage systems and, based
on the results obtained, to propose the
optimal tillage system in terms of soil water
management, and thus mitigating the neg-
ative consequences of climate change, i.e.,
drought. Access tubes for the PR2 SMP
were installed in all tillage treatments, with
three replications per treatment. Within
each access tube, the PR2 measured SWC
(vol.%) every 10 cm, providing data at
depths from 10 to 40 cm. Measurements
were taken using a handheld HH2 meter.
In average, the SWC ranged from 4.8 to
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33.6 vol.% with the lowest values observed
under conventional tillage and the highest
under conservation shallow tillage. At a con-
ventional tillage system, the SWC ranged
from 4.8 to 26.5vol.% (4.8<13.7<17.7<26.5
vol.%, corresponding to 10, 20, 30 and 40
cm of soil depth). A similar pattern was
observed at all other measured depths,
i.e., tillage systems where conventional
tillage consistently exhibited the lowest
SWC, and conservation shallow tillage
recorded the highest. At a conservation
deep tillage system, the SWC ranged from
12t029.9vol.% (12<23.8<26.3<29.9 vol.%,
corresponding to 10, 20, 30 and 40 cm
of soil depth). At a conservation shallow
tillage system, the SWC ranged from 17.8
to 33.7 vol.% (17.8<27.3<,30.9<33.7 vol.%,
corresponding to 10, 20, 30 and 40 cm of
soil depth). Overall, the PR2 sensors con-
sistently demonstrated that conservation
shallow tillage significantly improved SWR
compared to conventional and conser-
vation deep tillage, at all soil depths. This
research highlights the critical role of tillage
practices in managing soil water resources
and underscores the importance of choos-
ing appropriate sensing technologies for
accurate and efficient SWC monitoring.

Key words: tillage systems, soil water reten-
tion, soil moisture probe
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Abstract

To minimize the negative impact of climate
change, seaweed is increasingly being
presented as a promising strategy due
to its great ability to store CO2 from the
atmosphere. It's a relatively undemand-
ing, widespread and economical resource
with a wide range of application possibil-
ities. Since it's more efficient at biologi-
cal fixation of CO2 than plants on land, in
light of current trends of the increasing
emphasis on the sustainability of produc-
tion systems, this research aims to deter-
mine the potential forits use in agriculture,
which will improve soil properties and store
Cin the SOM. SOM is an important sink for
C sequestration, because levels of organic
C are 4.5 times larger than the C pool in
terrestrial plants and twice as large as CO2
pool in the atmosphere. Among many pos-
sibilities, the idea of converting seaweed
into biochar through pyrolysis stands out,
as it can sequester C for long-term storage.
The downsides are the issue of energy
consumption for drying and pyrolysis, as
well as CO2 emissions, though these may
be lower compared to some other tech-
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niques. Additionally, higher Na content in
seaweed material, due to its marine origin,
and the PTE content (e.g. As and Cd) can
harm soil and plants. Previous research
has shown that applying seaweed organic
material increases soil respiration, i.e. bio-
logical activity, which releases CO2 into the
atmosphere. Significantly higher respira-
tion was found with higher concentrations
of seaweed added to the soil. In terms of C
sequestration, the goal is to bind C in the
soil for a longer period of time, i.e. to store
soil organic Cin slow or passive SOM pools,
in which case biochar could contribute more
than seaweed applied in other forms. The
findings so far have shown that seaweed
has an excellent capacity for extracting
CO2 from the environment and a good
potential for transferring and storing C in
SOM, but more research is needed to opti-
mize the technology and determine how to
avoid a negative impact on the soil.

Key words: Seaweed, C sequestration, Agri-
culture, Biochar, SOM
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Abstract

In Europe, governments are increasingly
focusing on reducing greenhouse gas emis-
sions. Carbon dioxide is one of the most
abundant greenhouse gases, and farmers
are encouraged to implement various agro-
technical measures to reduce it, including
measures that affect carbon sequestration,
which significantly contribute to mitigating
climate impacts, especially when applied
in the long term. The aim of this study was
to determine the impact of green alfalfa
biomass applied as mulch in a maize crop on
soil organic matter levels. The biomass was
collected and chopped in the Ffirst cut of an
established alfalfa field of the Osjecka 99
variety in mid-May 2024, and then distrib-
uted as mulch in a maize crop in two treat-
ments; the third treatment was a control
where alfalfa was not applied (treatment
A1 contained 70 m-3 alfalfa, treatment
A2 contained 140 m-3 alfalfa, and treat-
ment AK was the control treatment). Each
treatment had three repetitions. The corn
height was approximately 15 cm at the time
of trial establishment. In the final soil state,
where the mean humus value in treatments
A1 and A2 was 2.15% and 2.31%, a statis-
tically significantly higher humus content
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was determined compared to the initial
soil state, where the mean humus value
in treatments A1 and A2 was 1.55% and
1.68% (LSD=0.29, p<0.01). A statistically
significantly higher total organic carbon
(TOCQ) value was determined in the final soil
state, where the mean TOC value in treat-
ment A1 was 1.15%, compared to the initial
soil state, where the mean TOC value in A1
was 0.83% (LSD=0.29, p<0.05). Freshly cut
and chopped alfalfa biomass is rich in water
and nutrients; therefore, it can protect the
soil from evaporation, erosion, and weed
outbreaks, regulate soil temperature,
improve soil structure, and enrich the soil
with carbon and nutrients. Since the results
were collected on a one-year basis, which is
not a sufficient indicator of carbon seques-
tration, itis necessary to conduct long-term
experiments to determine carbon seques-
tration. The presented results can serve as
an indicator of the potential of this agro-
technical measure in carbon sequestration
and climate change mitigation.

Key words: greenhouse gas, humus, TOC,
soil, agrotechnical measure
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Abstract

Climate change and its consequences,
such as droughts, extreme temperatures,
floods, etc., along with the growing human
population and food demand, present
one of the greatest challenges for agricul-
tural producers today. At the same time,
genetic erosion, in addition to all of the
above, presents an additional challenge to
plant breeders. The aim of this paper is to
provide insight into available plant genetic
resources of alfalfa and the possibility of
their application in breeding processes
for the purpose of developing new, more
resistant or tolerant varieties with a broad
genetic basis for facing frequent climatic
challenges. Pre-breeding is a process for
creating germplasm that can be included in
breeding programs and creating new geno-
types. It includes all activities of identifying
desirable traits and genes from materials
that cannot be directly used in breeding
populations and transferring these traits to
an intermediate set of materials that breed-
ers can further use in the production of new
varieties. Landraces, crop wild relatives,
elite breeding materials, and modern vari-
eties are important plant genetic resources
that can be used to develop new, more
tolerant, and adapted varieties that will
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give better yields in increasingly frequent
extreme and unpredictable climate events.
For most plant seed material, only basic
passportand characterization data are avail-
able, while data on unique agronomic and
economic traits are generally lacking, lim-
iting their use in crop improvement. Given
the lack of necessary data on the material,
additional characterization and evaluation
of the collected material are needed to
avoid the transfer of undesirable alleles
into the elite breeding collection. Molecular
markers are increasingly used to accelerate
the selection process and identify quanti-
tative trait loci (QTL) and new genes. Their
application in alfalfa breeding still lags due
to the recent development of cost-effective
whole-genome genotyping methods and
the complexity of the genome of this auto-
tetraploid species. To develop new, resil-
ient alfalfa varieties amid climate change,
plant breeders must collect new genetic
resources and continue to utilize methods
like pre-breeding and molecular markers for
more effective results.

Key words: landraces, CWR, traits, genotypes,
pre-breeding, varieties, molecular markers
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Abstract

Soil type and land use have significant
effects on microbial activity and plant
physiological responses. This study aimed
to investigate the effects of five different
soils (L1-L5) with varying land use patterns
(Field, forest, and grassland) on barley
seedlings grown in pots under controlled
environmental conditions in a growth
chamber for 14 days. The soil’s physical and
chemical properties, as well as microbial
activities, were measured and correlated
with the chlorophyll fluorescence of the
barley seedlings to determine the effect
of soil types and land use on the seedlings’
photosynthetic performance. Results indi-
cated variations in soil biological activity
and barley photosynthetic efficiency with
respect to land use. Forest and grassland
soil had higher organic matter content
(34-46% more total carbon, 26-58% more
total nitrogen, and 22-38% more organic
matter than the arable field soils), as well
as a better microbial activity than the field
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soils with dehydrogenase activity being
27% higher and hydrolytic activity 24-45%
higher than that of the field soils. The barley
performance index (PITOT) was positively
correlated with soil dehydrogenase activ-
ity and organic matter content, indicating
that improved nutrient availability and soil
structure enhance microbial activity and
plant performance. On the other hand, high
sodium and lower organic matter content
negatively influenced microbial activity and
plant performance indices of barley seed-
lings. It can be concluded that soil organic
matter and high microbial activity were
the most beneficial to plant performance
indices, while low organic content and
microbial activity can reduce plant growth
and yield.

Key words: chlorophyll a fluorescence, soil
dehydrogenase activity, fluorescein diace-
tate hydrolytic activity, soil structure

The results presented in the paper are an output from the research project IP-2022-10-3233
~Functional-ecological characterization of soils - foundation for ecotoxicological classification”.
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Abstract

Due to its high yield potential and equally
high technological value, winter wheat is
considered the most valuable cereal crop.
The technological value of wheat varieties
depends primarily on the intended use of the
grain. The aim of this study was to analyze
and compare the impact of selected agro-
technical factors on certain quality parame-
ters of winter wheat grain. The response of
two winter wheat varieties, sown in pure and
mixed sowing after different preceding crops
(Faba bean and winter wheat), was moni-
tored against the background of traditional
and reduced-plough tillage. The cultivation
technology used and its impact on the baking
quality parameters of the studied varieties
were assessed against the background of
weather conditions prevailing in selected
study years. The study was conducted as a

strict crop rotation experiment at the Exper-
imental Station in Mydlniki near Krakow,
belonging to the Department of Agroecology
and Plant Cultivation, Faculty of Agriculture
and Economics, University of Agriculture in
Krakow. Poland (50°04' N, 19°51' E, 280 m
a.s.l.) on standing lessive soil (SL). The Ffield
experiment was conducted between 2002
and 2017 on brown soil of the good wheat
complex. The results of a three-factor ran-
domized block experiment with a dependent
design (split-split-plot) are presented, with
four replications. Crop rotation experiment:
a four-field cereal crop rotation using the
following crops: 1) broad beans, 2) winter
wheat, 3) winter wheat, and 4) spring barley.
All crops were grown in each year. Protein
yield showed a moderate positive correlation
and was statistically significant (p < 0.01).



Gluten content showed a moderate positive
correlation (r = 0.37) and was also statistically
significant. Starch showed a very weak neg-
ative correlation (r = -0.07) and was not sta-
tistically significant (p = 0.48). Sedimentation
index showed a moderate positive correlation
(r=0.36) and was significant. Hagberg falling
number showed a weak positive correlation
(r=0.12) and was not significant (p = 0.18).

Wheat unit number showed a moderate neg-
ative correlation (r = -0.35) and was signifi-
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cant (<0.01). A statistically significant inter-
action was observed: Forecrop x Cultivation
Method. The difference between the number
of wheat units for wheat cultivated with a
plough after faba beans was greater by 2.06
jp. than for wheat cultivated after faba beans
with ears, while with the simplified cultivation
method this difference in favour of wheat cul-
tivated after faba beans was 3.16 jp.

Key words: winter wheat, quality grain, tillage

The results partially presented in this article are the result of the research project of Ministry
of Science and Higher Education (Poland) no. KBN 2 PO6R 088 29 carried out in 2005-2006,
“Selected agrotechnical factors and the quantity and quality of winter wheat yields and some

physical and chemical properties of soil.”
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Abstract

Site-specific weed management (SSWM) rep-
resents an effective tool in precision agricul-
ture, enabling substantial economic and envi-
ronmental benefits through the reduction
of herbicide use. However, the adoption of
SSWM is associated with various expenses,
including investments in advanced spray-
ing technology, detection systems for weed
infestation, and data processing software.
There are multiple approaches to imple-
menting SSWM, ranging from complete out-
sourcing of technology and analysis services
to entirely in-house management, where
farms independently handle UAV imagery
acquisition, processing, and weed detection.
Additional costs, therefore, arise from UAV
acquisition, specialized software, computing
equipment, and the agronomist’s time ded-
icated to data processing and analysis. This
study presents a practical case focused on
site-specific herbicide application targeting
creeping thistle (Cirsium arvense) infestation
in winter wheat (Triticum aestivum) at the
BBCH growth stage 33-35. The study was
carried out on a medium-sized agricultural
farmwith a total cultivated area of 997 ha. The
total monitored area of winter wheat fields
infested with weeds was 252.52 ha. Weed
patches were detected using a DJI Mavic 3
Multispectral UAV with an RGB camera with
a ground sampling distance (GSD) of 7 mm.
Imagery data were processed into ortho-
mosaics using the open-source software
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OpenDroneMap. Weed infestation was then
detected and mapped using Pix4Dfields soft-
ware with the Magic Tool classification algo-
rithm. Subsequently, herbicides containing
the active ingredient clopyralid were applied
at a rate of 0.3 | ha™ with a spray volume of
270 | ha”, using a trailed sprayer Amazone
UX 4201 Super with a working width of 24
meters featuring individual nozzle control
with section management per nozzle every
50 cm. As a result of the targeted herbi-
cide application approach, treatment was
necessary only on 55.49 ha out of the total
monitored area of 252.52 ha, achieving an
average herbicide saving of 78.02% com-
pared to broadcast application. The average
herbicide consumption was thus significantly
reduced. With herbicide costs at 43.7 € ha"
and UAV-based detection technology costs
at 10 € ha”, total net savings amounted to
approximately 6,116 €. These calculated
savings highlight only the reduced chemical
use. Beyond economic benefits, targeted
herbicide application significantly reduces
environmental impact by lowering chemical
inputs and potentially enhances crop yields
by reducing stress on untreated areas. This
study underscores targeted herbicide appli-
cation as economically and environmentally
advantageous for modern agriculture.

Key words: precision agriculture, SSWM,
Pix4D, spot-spray, UAV
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Abstract

The Green Deal of the European Union aims
to reform the entire food system, where
microplants can represent an emerging
component. The agricultural policy target
six main objective and four could be linked
to the production, trading and consump-
tion of microplants. Edible microplants
promote a better diet, sustainable produc-
tion and meet the SGDs. A case study was
performed to assess the performance of
an aeroponic automatic system for produc-
ing microplants of garden cress, mustard,
alfalfa, red clover, broccoli, radish, red lentil
and green peas. A number of 400 seeds in
three replicates were placed on a geotex-
tile mesh stretched out for a stainless steel
grill. The seeds germination take place at
high humidity and full spectrum warm led
light 12 H photoperiod. The microplants
length, shoot-root ratio, relative chloro-
phyll content, stomata number, stomatal
conductance, intracellular CO, mole frac-
tion and photosynthetic yield (PSIl) were
assessed to highlight physiological per-
formance between different species. Red
clover had the highest relative chlorophyll
content up to 130 SPAD and stomatal con-
ductance around 1200 mmol m=s~'. The
highest values of shoot length around 8 cm
and shoot:root ratio were observed at red
lentil 0.7. Photosynthetic yield (PS Il) was
increased to garden cress and the highest
intracellular CO, was registered to green
peas higher than 400 ppm.

Agricultural Challenges to Climate Change | Osijek

In the aeroponic system, a uniform germi-
nation prevails between different micro-
plants species and the microplants are pro-
duced in one week except green peas and
red lentil, which needed three extra days.
The microplants physiological assessment
argues them as useful for urban and verti-
cal novel farming systems. Clearly, micro-
plants production represent a viable chain
within the Farm to Fork framework and
Green Deal strategies.

Key words: aeroponic system, physiological
parameters, Green Deal, sustainable food
production.
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Abstract

The current agronomic context requires the
maintenance of high crop vyields to ensure
the food necessity for a continuous growing
population. This context is under constant
pressure due to climate. One mitigation
technique is the use of agro-climatic scenar-
jos to understand the future suitability of
an area for a set of crops. The aim of this
paper is to analyze, with VoSviewer, the lit-
erature in Web of Science Core Collection
on eco-pedological requirements for three
species — sweet potatoes, cowpea and
groundnut - that can be rescaled due to
the climate changes. Sweet potatoes crop
requirements (Figure 1) for temperature
and precipitations show a large variability of
results. Preferred soil conditions are deep
to moderately fertile, with a high impor-
tance of texture. Cowpea is considered one
of the most resistant crops in areas where
precipitations are deficient. Soil drainage
and texture are the most important eco-pe-
dological conditions that ensure success for
this crop (Figure 2). Groundnut is a niche
crop (Figure 3.), that can provide both eco-
nomic and ecological benefits. This species
is sensitive to both temperature and
precipitation, along with soil conditions.
Numerous studies have shown the high
temperature requirements for the success
of cropping, based on water assurance and
proper cultivation of soil (Figure 3).

Figure 1. Bibliographic network of “Sweet
potato” studies refined by climate change” x
“soil”

Figure 2. Bibliographic network of “Cowpea”
studies refined by climate change” x “soil”
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- Based on literature review there are two
types of scenarios for the three crops
selected. The first one is the field validation
of current knowledge and the identification
of restrictive soil and climate traits. The
second scenariois related to the integration
of filed results in new forecasts to update
e = the information and development of more
site-specific technologies of cropping.

4N Key words: climatic scenarios, crop eco-pe-
dological requirements, research database,
crop suitability.

Figure 3. Bibliographic network of “Ground-
nut” studies refined by climate change” x “soil”
Acknowledgement
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SEMEN QUALITY AND MORPHOLOGICAL
CHARACTERISTICS OF HONEY BEE (APIS MELLIFERA)
QUEENS MAINTAINED IN QUEEN BANK

Josipa Stavalj’, Aleksandar Martinovi¢?, Karolina Tucak?,

Zlatko Puskadija®, Marin Kovacic'

1 Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek,
Vladimira Preloga 1, 31000 Osijek, Croatia (jstavalj@fazos.hr)

2 University of Montenegro, Biotechnical faculty, Podgorica, Montenegro

Abstract

Honey bee (Apis mellifera) queens mate
once in their lifetime during nuptial flights,
engaging in mating with several drones in
mid-air. These matings typically occur at
so-called drone congregation areas, where
drones from multiple surrounding colonies
gather. However, environmental stressors
such as prolonged drought or excessive
rainfall can reduce floral resource availabil-
ity (nectar and pollen), which in turn sup-
presses drone production in colonies. As a
result, young virgin queens may struggle to
find sufficient mating partners, particularly
toward the end of the summer. To over-
come this problem queen breeders often
maintain surplus mated queens in “queen
bank” colonies, ensuring queen availability
during periods of limited mating oppor-
tunities. To evaluate how queen banking
affects queen quality, we conducted an
experiment with 128 mated Carniolan
honey bee queens (Apis mellifera carnica).
At the start of the experiment (Day 0), 20
queens were sampled and analyzed. After
30 days in the queen bank, an additional 29
queens were analyzed (Day 30). The follow-
ing morphological and physiological param-
eters were measured: queen body weight,
ovary weight, head and thorax width,
abdominal length, sperm concentration,
and sperm viability. Queens on the day 0
(0,20940,014 g mean + standard deviation)
were significantly heavier comparing to
queens that spent 30 days in bank (0,197
0,009 g), [t(49)=-3,571, p<0,001]. The same
was for ovary weight, where queen at day

0 had significantly heavier ovaries [t(49)=-
4,821, p<0,001]. There was no difference
in head width (3,772+0,061 mm), thorax
width (4,693+0,071 mm). and abdomen
width (6,632+0,076 mm). When it comes
to abdomen length, queens measured
at day 30 (11,326+0,364 mm) had signifi-
cantly longer abdomen comparing to day 0
(10,836+0,520 mm) [£(49)=3,154, p=0,002].
There were no significant differences when
it comes to number of spermatozoa in sper-
matheca (4.306.122+1.146.423) and semen
vitality (79,388+21,114 %). Storing mated
queens in a queen bank for up to one
month appears to be a viable and safe prac-
tice under conditions where natural mating
may be impaired due to environmental
constraints. Despite slight reductions in
body and ovary weight, key reproductive
parameters such as sperm count and via-
bility remained unaffected, supporting the
utility of queen banking as a management
strategy during adverse mating seasons.

Key words: Queen bank, Apis mellifera,
semen quality, morphological characteristics
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Abstract

In the context of sustainable agriculture,
optimizing soil physical properties is crucial
for enhancing water retention, supporting
root development, and improving long-
term productivity. This study, conducted in
Hungary, evaluates the effects of different
tillage regimes combined with microbial
inoculant applications under ecological
crop production systems. Specifically, we
assessed soil penetration resistance, cumu-
lative infiltration, and moisture dynamics.
A field experiment was established with
twelve plots cultivated with green beans
(Phaseolus vulgaris), subjected to two
tillage treatments: no-tillage and soil loos-
ening, each with and without the applica-
tion of a plant-specific microbial inoculant.
Soil penetration resistance was measured
at four depths (0-10, 10-20, 20-30, and
30-40 cm) across three time points: before,
during, and after harvest. Infiltration and
soil moisture content were also evalu-
ated. Results showed that the no-tillage
treatment combined with microbial inocu-
lants significantly reduced soil penetration
resistance in the subsoil layers (20-40 cm),
indicating improved structural conditions.
However, at 0-10 cm depth, the no-till
+ microbes treatment exhibited 17.36%
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lower moisture compared to loosened soil
without inoculants (p = 0.044). Similarly, at
20-30 c¢cm, moisture content under no-till
without microbial inoculants was 22.25%
lower than in the loosened soil with inoc-
ulants (p = 0.004). These findings suggest
that microbial treatments, while beneficial
for soil structure, may increase biological
activity that potentially raises water con-
sumption or alters water distribution within
the soil profile. Overall, the results high-
light depth-specific and context-depen-
dent effects, with several treatment con-
trasts showing no statistically significant
differences. This study supports the poten-
tial of integrating no-tillage with microbial
inoculants to enhance soil physical quality
and infiltration, while also emphasizing
the need to consider water-use trade-offs.
Future research should focus on the long-
term implications of these practices under
varying climatic and edaphic conditions to
better inform agroecological water man-
agement strategies.

Key words: No-till, microbial inoculants, soil
structure, water retention, agroecology,
soil compaction, infiltration
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Abstract

The research explores how both organic
and conventional farmers in Hungary
are experiencing and responding to the
growing pressures of climate change, and
how they assess the role of organic con-
version as a long-term strategy for sustain-
ability. The study investigates how farmers
perceive organic farming as a potential
pathway to secure their livelihoods, ensure
stable yields and high-quality produce,
access reliable and value-based markets,
and promote soil health and the protection
of ecosystem functions. The findings are
based on in-depth, semi-structured inter-
views conducted with 10 organic and 10
conventional farmers, covering a range of
arable and mixed farming systems includ-
ing arable land, grassland with livestock,
and vegetable production. The qualitative
data were systematically coded and anal-
ysed using NVivo software, allowing for an
understanding of farmers’ experiences and
perspectives. Across both groups, farmers
report increasing financial strain, height-
ened exposure to force majeure events,
and significant physical and mental burdens
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stemming from climate-related uncertain-
ties. While a range of adaptation strategies
is being implemented - including changes
in crop selection, water management, and
technological innovations - these often
come with additional costs, labour require-
ments, and knowledge demands, which can
further increase vulnerability of farmers.
The research offers a comparative lens on
how different farming systems - conven-
tional versus organic - cope with climate
risks, and underlines the need for more tai-
lored policy support, knowledge exchange
platforms, and capacity-building efforts. In
particular, the findings point to the poten-
tial of organic farming methods that favour
minimal or no-tillage practices as promising
avenues for building resilience, improving
soil structure, and supporting long-term
agroecosystem sustainability in the face of
climate change.

Key words: organic farming, farmers’ vul-
nerability, climate adaptive solutions,
climate risk, holistic approach

The results presented in the paper are an output from the project ETICOF, Erasmus+ KA220 Co-
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Abstract

Globally, a third of all food produced - more
than one billion tonnes a year - is lost or
wasted along the supply chain, a figure that
is expected to double by 2050. In the EU
alone, over 58 million tonnes of food waste
are generated every year. Uneaten food
generates significant environmental, social
and economic costs, including the loss of
embedded resources and greenhouse gas
emissions throughout the food system.
The FAO defines food losses as those that
occur before food reaches the market,
while food waste refers to food discarded
at any stage of the supply chain, from pro-
duction to household consumption. Major
drivers of food loss and waste include
inefficiencies in production, processing,
storage, transport, retail and consumer
practices. The earlier food is lost or wasted
in the supply chain, the greater its envi-
ronmental impact. Food waste is a double
burden on the climate - the waste of emis-
sions from production and the creation of
new emissions from disposal. Prevention of
food waste is therefore the most effective
strategy, followed by redistribution, upcy-
cling and use as animal feed. Composting
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and anaerobic digestion are preferable to
landfill or incineration. Both the upcycling
of food by-products into value-added prod-
ucts and biological recovery (e.g., compost-
ing) are examples of the principles of the
circular bioeconomy by expanding resource
use, creating new value chains and closing
nutrient loops within agricultural and food
systems. An effective approach to reduc-
ing food losses and waste requires coor-
dinated action across the supply chain,
technological innovation, supportive poli-
cies, and informed consumer participation.
This approach offers multiple benefits for
climate change mitigation, as it reduces
greenhouse gas emissions, conserves
natural resources, and strengthens food
security. Prevention of food loss and waste
is one of the key elements of the EU “Farm
to Fork” strategy, which lies at the heart of
the European Green Deal (EGD) and aims
to create fair, healthy, and environmentally
friendly food systems.

Key words: food loss, food waste, climate
change, mitigation

The content presented in the paperis an output from ERASMUS K+ project 2022-1-RS01-KA220-
VET-000088446 ,Reducing Food Waste and Rescue Surplus Food Supplies” (Res-Food).
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Abstract

This paper provides an overview of bio-
char’s role in climate change mitigation,
focusing on its carbon sequestration
potential and energy-related applications.
Biochar, a stable, carbon-rich product of
biomass pyrolysis, offers dual environ-
mental benefits: long-term atmospheric
carbon removal and support for low-car-
bon energy systems. The production
process yields a porous, recalcitrant mate-
rial whose physicochemical properties
can be tailored by selecting appropriate
feedstock and pyrolysis conditions. The
IPCC estimates that about 80% of biochar
carbon applied to agricultural soils remains
unmineralized after 100 years. Globally,
this translates to about 1.1 Gt CO2-eq yr-1
considered economically viable at a carbon
price of up to USD 100 per ton. Beyond soil
amendment, biochar has multiple energy
applications. Its high energy density and
combustion properties make it suitable as
a solid fuel or co-firing agent with coal. Its
surface chemistry enables use as a hetero-
geneous catalyst in biodiesel production,
bio-oil upgrading, and syngas tar reform-
ing. In anaerobic digestion, biochar boosts
methane and hydrogen yields, while its
porosity and conductivity enhance perfor-
mance in microbial fuel cells and advanced
batteries. However, broader deployment
faces challenges: variable quality due to
inconsistent feedstocks and pyrolysis con-
ditions, lower catalytic efficiency than
commercial alternatives, and high process-
ing costs. Combustion use raises concerns
about air pollutant emissions, soil nutrient
loss, and reliance on coal.

Agricultural Challenges to Climate Change | Osijek

In conclusion, biochar offers a scalable
strategy for climate change mitigation
by combining carbon sequestration with
sustainable energy integration. Its ability
to sequester carbon, enhance soil health,
and reduce fossil energy use highlights
its potential as an effective climate tech-
nology. Realizing this potential requires
overcoming performance and cost barri-
ers through research, standardization, and
integrated policy support.

Key words: biochar, climate change miti-
gation, carbon sequestration, renewable
energy
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Abstract

Climate change has increasingly become
a critical factor affecting soil health and
agricultural productivity. In Eastern Croatia
climate variability is exerting significant
pressure on soil properties and function.
One of the major concerns is the impact of
climate change on soil compaction, which
directly influences soil structure, pore
spacing, crop growth, water retention,
and overall soil fertility. Soil compaction
refers to the process in which soil parti-
cles are pressed together, reducing pore
space and hindering root penetration, air
exchange, and water infiltration. In Eastern
Croatia, prolonged periods of drought, fol-
lowed by heavy rainfall events contribute
to this problem. Dry periods often lead to
the hardening of the soil surface, making
it more vulnerable to compaction during
subsequent rainfall or field operations
with heavy machinery. On the other hand,
intense precipitation can cause surface
crusting and subsurface compaction, par-
ticularly in soils with poor drainage. Eastern
Croatia is predominantly characterized by
hydromorphic and pseudogley soils, many
of which exhibit profiles with high clay
content. These soils are inherently prone to
compaction, especially when subjected to
mechanical stress under suboptimal mois-
ture regimes. Climate change has been
associated with more frequent and intense
extreme weather events in the region,
including prolonged droughts and sudden
heavy precipitation, which modify the soil
water regime and exacerbate structural
degradation. Soils in Eastern Croatia, par-
ticularly those rich in clay, are especially vul-
nerable because they retain water, become
sticky when wet, and are prone to compac-

tion. The compaction of agricultural soils
has numerous negative effects. It reduces
root development, limits access to nutri-
ents and water, and can cause a decline in
crop yields. Additionally, compacted soils
are more prone to erosion and nutrient
leaching, which further threatens the sus-
tainability of agriculture in the region. To
mitigate the impact of climate-induced soil
compaction, several strategies must be
adopted. These include the use of reduced
tillage or no-till systems, the application
of organic amendments to improve soil
structure, controlled traffic farming to
limit machinery movement, and planting
cover crops to enhance soil porosity and
resilience. Monitoring soil moisture and
optimizing field timing are also crucial in
minimizing compaction risks. In summary,
the interaction between climate change
and soil compaction dynamics in Eastern
Croatia presents a serious agronomic and
environmental challenge. Addressing this
issue will require integrative approaches
that combine climate-resilient agronomic
practices with soil conservation tech-
niques, supported by ongoing research and
region-specific modeling of climate-soil-
crop interactions.

Key words: soil degradation, soil properties,
sustainable agriculture, agronomic practices
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GENETIC VARIATION OF GROWTH AND HYPERSPECTRAL
PROFILE IN SUGAR KELP FROM TWO NORWEGIAN REGIONS
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Abstract

Sugar Kelp (Saccharina latissima) domi-
nates as a commercially produced seaweed
species in Norway and is based on con-
trolled reproduction of wild harvested
parents. Genetic variation in growth and
other traits between and within geograph-
ical locations are unknown and may repre-
sent potential for genetic improvement.
The aim of this study was to compare two
geographically distant Sugar kelp popu-
lations in Bergen (west in Norway) and
Tromsg (north in Norway) when grown in
a standardized environment and search
for heritable variation within populations.
1056 sporophytes were produced and
divided into 5 tanks with 8-hour light per
day and 5 tanks with 12-hour light per day.
After 7 weeks each individual sporophyte
was imaged on a hyperspectral imaging
platform from which total area and average
spectral absorbance was calculated. Each
individual was genotyped to produce a rela-
tionship matrix.
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Figure 1. Box plot of surface area
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Effects of population and photoperiod
on growth (Figure 1) and hyperspectral
absorption (Figure 2) were significantly
affected by population as well as light
regime. The population differences in
absorption remained when correcting for
individual plant size. Principal component
analysis detected 3 principal components,
explaining 67% (PC1), 23% (PC2) and 9%
(PC3) of the spectral profile. Estimation
of genetic parameters was done in asreml,
with a genomic best linear unbiased pre-
diction model. Heritable variation within
populations was not significant for growth
but significant for PC2 (h?=0.15+0.06).
The results indicate that genetic improve-
ment may not be the most effective tool to
increase growth. The heritable component
of the spectra profile indicates that chemical
content may be partly heritable.
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Figure 2 —Spectral absorption of the two pop-
ulations under each light regime

Key words: sugar kelp, genetics, growth,
hyperspectral imaging

The results presented in the paper are an output from the BlueBio cofund project ,SeaSoil”,

Grant no. 817992.
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Abstract

Seaweeds have beneficialeffectsonsoilhealth
and crop nutrition but are not a well-balanced
fertiliser when applied alone. Seaweeds are
richin K, Mg, S, and micronutrients, but low in
N and P. Hence, mixing seaweed with NP-rich
materials, e.g. derived from fish is feasible.
Residues from lean fish species such as cod
(Gadus morhua) are available in Norway, and
brown seaweed is easily accessible along the
long coastline. At NORS@K, we have worked
for many years to study how marine-derived
materials may be utilized for crop nutrition,
possibly after composting. High salt content
may pose a significant challenge especially
with dry conditions, and the content of toxic
elements (arsenic and cadmium) also calls for
further studies. Here, we present some major
results of research done to develop commer-
cial fertiliser products from marine-derived
residues which are currently wasted. When
mixed with bone-rich fish residues, seaweed
residues gave significantly higher yields of
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grass-clover ley for several years (1). This
fertiliser mix also supported the growth and
quality of strawberries (2). High salt content
did not hamper thermophilic decomposition
of seaweed materials, and composting was
performed with 100% marine-derived materi-
als (fish bone, seaweed, and blue mussel meal
(3). When diluted, tea from such compost tea
supported seedling growth with acceptable
germination rate (4). High rates of seaweed
application may increase the uptake of As in
aboveground plant material and lead to risk
of tetany in ruminants if the crop is applied
as feed (5). In humid regions, marine-derived
fertilisers may be applicable, and may be of
special interest in organic agriculture where
fertilisers derived from conventional agricul-
ture should be phased out. Application rates
should be adapted to crop needs.

Key words: Seaweed, Ascophyllum nodosum,
fish residues, salt, fertilisers, arsenic

The results were achieved in the projects “Sustainable utilization of MARIne resources to foster
GREEN plant production in Europe” (MARIGREEN, 2021-24) and “Value creation and ecosystem
services of European Seaweed industry by reducing and handling potentially toxic elements
from breeding to soil” (SeaSoil 2022-25), funded by the EU Horizon 2020 program (ERA-NET
BlueBio cofund, Grant No. 817992 and national funding bodies.
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Abstract

The objective of this presentationisto present
and discuss how systemic innovations can
deliver a step change in the way food is pro-
duced in Europe. The production of healthy,
safe and affordable food can contribute
towards a just transition to net zero carbon
(C) for Europe. A systemic and cross-sectorial
approach can contribute to climate mitigation
by transfer of atmospheric CO2 to the terres-
trial biosphere using low trophic species (LTS),
including plants, seaweed (SW) and mussels
(i.e. C sequestration) and increasing organic
C stocks in soils and vegetation biomass (i.e.
C storage). In line with the European Farm to
Fork strategy we propose the following: 1.
Linking marine and terrestrial systems by
closing the global C and N cycle using com-
posted and processed marine and terrestrial
waste and by-products in agricultural soils for
long-term C storage. Useful tools based on
digital technologies that can contribute to
this include: WebGIS tool on predicting soil
C storage and Al model systems to improve
decision support systems in management
of soil, vertical farming, and animal feeding.
2. Increase C sequestration by diversifying

crop agriculture and aquaculture, includ-
ing kickstarting a seaweed bioeconomy in
Europe. Examples of relevant innovations
here are: New machinery for low green-
house gas diversified orchard farming and
advanced breeding methods, including selec-
tion for new low trophic aquaculture species.
3. Reduce GHG emissions by developing cir-
cular feed systems for farm fish and cattle
using cultured SW, by-products from fishery,
aquaculture and processed terrestrial animal
by-products from poultry and livestock. Inno-
vative urban and vertical farming solutions
shorten the distance from food production
to urban consumers and to input resources,
reducing GHG emissions from transporta-
tion and land area required. We also propose
a custom configured and digital user-ori-
ented co-creation approach for Responsible
Research and Innovation (RRI). Altogether
this can pave the way for linking and scaling
up C-neutral marine and terrestrial food pro-
duction systems into a future sustainable and
circular bioeconomy.

Key words: low trophic organism, GHG



Acknowledgement
Results presented are output from “SeaSoil”, an ERA-NET BlueBio cofund project funded by

Horizon 2020: EU Program for Research and Innovation (GA# 817992) and The Research Council
of Norway (#339232).

66 Agricultural Challenges to Climate Change | Osijek | Croatia | 2025



IMPACT OF SEAWEED APPLICATION TO SOIL ON

ECOSYSTEM HEALTH

Ivezi¢ Vladimir?, Kauer Karin?, Pugliese Lorenzo?, Lamandé Mathieu3,

Lges Anne-Kristin4, Almas Asgeirs

1 Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek,
Vladimira Preloga 1, 31000 Osijek, Croatia (vladimir.ivezic@fazos.hr)

2 Estonian University of Life Sciences Institute of Agricultural and Environmental Sciences,
Chair of Soil Science, F. R. Kreutzwaldi 1, 51014 Tartu, Estonia

3 Aarhus University, Dept of Agroecology, Blichers Allée 20, 8830 Tjele, Denmark
4 Norwegian Centre for Organic Agriculture (NORS@K), Gunnars veg 6, N-6630 Tingvoll, Norway
5 Norwegian University of Life Sciences, Faculty of Env.Sci.Nat.Res.Man., P.O. Box 5003 NMBU

1432 As, Norway

Abstract

Seaweeds have been applied as soil amend-
ment for centuries. Biostimulants from
seaweed may protect crops towards harsh
climatic conditions such as drought spells.
Seaweed application may also contribute
to soil carbon (C) sequestration, aiding to
mitigate climate change mitigation effort.
However, brown seaweeds commonly
contain arsenic (As) and cadmium (Cd), and
hence their application in soil needs mon-
itoring and assessment. During 2022-25,
the “SeaSoil” project has investigated how
seaweed application rate and soil char-
acteristics influence As and Cd. The work
aimed to assess the chemical reactivity and
potential bioavailability of labile As and Cd
and to evaluate seaweed’s capacity for soil
C sequestration in agricultural soils. The
uptake of arsenicin plants, mimicked by dif-
fusive thin film gradient sensors, increased
with increasing application of seaweed
materials to oats (Avena sativa L.), the
uptake of cadmium was not affected. Pre-
liminary results from the leaching exper-
iments showed that soil newly amended
with seaweed materials presented a larger
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risk of As and Cd leaching during intense
rainfall events (10 mm/h). However, the
leaching risk diminished rapidly few days
or weeks after the seaweed application.
Soil respiration measurements showed
that adding 2% seaweed triggered a short
burst of activity within four days, while 4%
seaweed extended elevated respiration
to seven days. This is expected, as more
organic matter provides microbes with more
energy and takes longer to break down.
Once the seaweed is decomposed, respira-
tion levels return to baseline, showing no
significant difference from control soils. In
a 6-month carbon sequestration trial, soil
organic carbon (SOC) increased by 10.2%
to 68.1% after six months, depending on
the seaweed rate (2% or 4%). The small-
est gains occurred in soils with initially
high SOC. Sequestration efficiency ranged
from 33.6% to 62.7%, highest in clay-rich
soils. However, higher seaweed additions
reduced sequestration efficiency.

Key words: arsenic, Ascophyllum nodosum,
carbon sequestration, leaching, soil respiration

The results presented in the paper are an output from the project “Value creation and eco-
system services of European Seaweed industry by reducing and handling potentially toxic ele-
ments from breeding to soil” (SeaSoil), 2022-25, funded by the EU Horizon 2020 program (ERA-

NET BlueBio cofund, Grant No. 817992).
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Abstract

Seaweed has a long history of use in agricul-
ture, particularlyin coastalregions, due toits
high content of organic matter, macro- and
micronutrients, and bioactive compounds
such as plant hormones. When applied to
soil, seaweed can improve soil structure,
water retention, and nutrient availability.
It also stimulates microbial activity, which
is essential for nutrient cycling and overall
soil fertility. Commercial seaweed fertiliz-
ers—primarily based on brown seaweeds
like Ascophyllum nodosum—are valued for
their content of natural growth-promoting
hormones which enhance root develop-
ment, stress tolerance, and overall plant
vigor. Given the sustainability concerns sur-
rounding large-scale seaweed harvesting,
there is growing interest in utilizing waste
streams and byproducts from seaweed pro-
cessing. Repurposing materials like Fucus
or Ascophyllum byproducts that would
otherwise go unused could reduce waste,
increase resource efficiency, and offer new,
cost-effective solutions for improving soil
health and contributing to carbon seques-
tration. Soil respiration measurements
revealed that adding 2% seaweed caused a
sharp increase in respiration within the first
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four days. In contrast, with a 4% seaweed
addition, the elevated respiration lasted
up to seven days. This pattern aligns with
expectations—introducing more organic
matter extends the period of heightened
microbial activity, as microorganisms have
access to more energy and require more
time to decompose the material. Once the
seaweed is fully broken down, respiration
levels stabilize, and no significant differ-
ences are observed between the amended
and control soils. In a 6-month soil carbon
sequestration study, results after six months
of incubation indicated noticeable changes
in soil organic carbon (SOC). Depending on
whether 2% or 4% seaweed was applied,
SOC levels increased by 10.2% to 68.1%.
The smallest increase was noted in soils
that initially had the highest SOC content.
SOC sequestration efficiency ranged from
33.6% to 62.7%, with the greatest effi-
ciency found in soils with the highest clay
content. A higher application rate reduced
sequestration efficiency for one seaweed
type, while it increased it for the other.

Key words: Ascophyllum nodosum, carbon
sequestration, Fucus, soil respiration

The results presented in the paper are an output from the project “Value creation and eco-
system services of European Seaweed industry by reducing and handling potentially toxic ele-
ments from breeding to soil” (SeaSoil), 2022-25, funded by the EU Horizon 2020 program (ERA-

NET BlueBio cofund, Grant No. 817992).
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Abstract

Seaweed-based materials offer significant
potential for enhancing nutrient cycling in
coastal agronomy. Rich in organic matter
and essential minerals, seaweed can improve
soil fertility, stimulate microbial activity, and
enhance water retention, making it a sus-
tainable alternative to mineral fertilizers.
However, seaweed also tends to accumulate
trace elements from marine environments,
notably arsenic (As), cadmium (Cd), iodine (1),
and selenium (Se). In this study, we investi-
gated the biogeochemistry of As and Cd, given
their potential toxicity to crops, livestock, and
humans when present above safe thresholds.
A two-year randomized field experiment was
conducted at the NORS@K campus in North-
west Norway. The experimental soil, with a
controlled pH of approximately 5.5 and an
organic carbon content of around 5%, was
amended in 2023 with high and low doses
of two seaweed materials. These doses were
designed to match and exceed the national
permissible limits for Cd application to agri-
cultural soils. In 2024, the experiment was
repeated at new plots to ensure replication.
Oat was used as the test crop. Soil samples
were collected before sowing, and both soil
and plant materials were sampled at three key
growth stages: post-germination, maximum
elongation, and full maturity. A final soil
sampling was conducted approximately one
month after harvest. The experimental period
spanned from May to September each year.
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Diffusive Gradients in Thin Films (DGTs)
were deployed in-house under controlled
temperature and humidity conditions
immediately after sample collection. DGTs
were placed in water-saturated soils for
48 hours at each sampling interval. All soil,
plant, and DGT samples were analysed
for As and Cd concentrations. Preliminary
results indicate that DGT-labile As concen-
trations in soils, were highest at the begin-
ning of the growing season, followed by a
consistent decline through September, a
trend observed in both years. In contrast,
DGT-labile Cd levels remained relatively
stable throughout the season. Treatments
with the highest As and Cd inputs also
yielded the highest DGT-labile fractions of
these elements, which was reflected in the
concentrations found in plant straw. The
correlation was stronger for As than for
Cd. Notably, As and Cd concentrations in
oat grains were not significantly influenced
by the DGT-labile soil fractions. These find-
ings suggest that repeated application of
seaweed materials can increase the avail-
ability of labile As and Cd in soil, poten-
tially leading to plant uptake or leaching.
However, the extent of this risk is highly
dependent on the seaweed species used
and its pre-treatment.

Key words: Seaweed, DGT-lability, Arsenic,
Cadmium, Soil, Fiel trial

These results were generated as part of the project “Value Creation and Ecosystem Services of
the European Seaweed Industry by Reducing and Managing Potentially Toxic Elements from
Breeding to Soil” (SeaSoil 2022-2025), funded by the EU Horizon 2020 program through the

ERA-NET BlueBio Cofund (Grant No. 817992).
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Abstract

Strawberry (Fragaria x ananassa Duch.) is
one of the most widely cultivated horticul-
tural crops, grown across almost all conti-
nents. Due to its biochemical composition,
taste, and flavor, it remains among the most
popular summer fruits in European coun-
tries. To explore sustainable fertilization
strategies for strawberry production, we
designed a tabletop cultivation system in
which two bare-root plants of the cultivar
‘Albion’ were established in pots filled with
peat substrate [1]. Over two consecutive
years (2022-2023), outdoor experiments
were conducted to evaluate the effects of
organic fertilizers derived from underuti-
lized marine residual materials on straw-
berry growth, nutrient uptake, yield, and
fruit quality [2]. The marine-based fertilizers
were obtained from the fish and seaweed
industries [3]. In 2022, five treatments
were applied: cod bone powder, common
ling bone powder, small cod bone powder
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combined with rockweed residue pellets,
a chemical fertilizer, and a non-fertilized
control. In 2023, a complementary trial was
initiated to examine the combined effects
of different peat-to-compost ratios, biochar,
and an algae-based biostimulant. Compost
application strongly influenced nutrient
dynamics, leading to low nitrogen availabil-
ity but enhanced potassium and phospho-
rus uptake. Moreover, fertilizers based on
common ling bone powder and rockweed-
fish residue pellets increased the concentra-
tions of several macro- and micronutrients
in strawberry leaves. Overall, the findings
indicate that organic fertilizers derived from
fish and macroalgal residues can effectively
support strawberry growth and partially
replace chemical fertilizers, contributing to
more sustainable cultivation practices.

Key words: Seaweed, Residual raw materi-
als, Fish residue, Algae residue.

This work is part of project “Sustainable utilization of MARIne resources to foster GREEN plant
production in Europe” (MARIGREEN), funded by the EU Horizon 2020 program ERA-NET BlueBio
cofund, Grant No. 817992 and national funding bodies.
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Abstract

In Europe there is a long history of people
utilising macroalgae for both food, feed
stocks and fertilisers. With the manage-
ment of the resource of different wild har-
vested species such as Ascophyllum for util-
isation in both the alginates industry and
the creation of bio-stimulants the SeaSoil
project has looked at the cascading use
principal for the resources coming from
both aquaculture and the wild harvesting
macroalgae industry in the creation of a cir-
cular industry with the total amount of the
biomass utilised for food, feed, bio-stimu-
lants, soil enhancers and soil amendments.
Challenges around the potentially toxic
elements such as arsenic, cadmium and
iodine are key drivers in the process where
the processed macroalgae product market
and end user direction. Utilising industry
partners and stakeholders information and
surveys the SeaSoil project has investigated
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the opportunities that exist for macroalgae
producers, harvesters and processors for
the valuable blue bio resource along the
value chain including the side streams and
process residues that are available including
theirintegration into the agricultural sector.
With the increase of macroalgae been pro-
duced at sea and on land, there is now an
influx of both high value and high quality
macroalgae entering the market that some
of this product will enter the bio-stimulant
market directly due to the seasonality of
the production process and the process-
ing of the product. The SeaSoil project will
present the opportunities for this produc-
tion value chain from the hatchery to the
end users and their market opportunities.

Key words: Ascophyllum nodosum, high value,
high quality, aquaculture, wild harvesting

The results presented in the paper are an output from the project “Value creation and eco-
system services of European Seaweed industry by reducing and handling potentially toxic ele-
ments from breeding to soil” (SeaSoil), 2022-25, funded by the EU Horizon 2020 program (ERA-

NET BlueBio cofund, Grant No. 817992).
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