31 May - 5 June 2026

Bol, Brac 1Island, Croatia

Smart an

agric
Safety for fut

¢1

21



¢1

iy

61°t CROATIAN AND
21" INTERNATIONAL
SYMPOSIUM ON
AGRICULTURE

31 May - 5 June 2026 | Bol | Croatia

Proceedings

Bol, Croatia, 2026



Published by

Publisher

Editors in Chief

Technical editors

Design by

ISSN

Web page

Faculty of Agrobiotechnical Sciences Osijek
University Josip Juraj Strossmayer in Osijek

Tomislav Vinkovic

Zeljka Klir Salavardi¢

Marin Kovacic

Josipa Puskari¢
Jurica Jovié

Ras Luzaic
2459-5543

sa.fazos.hr



Faculty of Agrobiotechnical Sciences Osijek, Josip Juraj Strossmayer University of Osijek
and

Faculty of Agriculture University of Zagreb

Academy of Agricultural Sciences, Croatia

Agricultural Institute Osijek, Croatia

Balkan Environmental Association (B.EN.A)

Bc Institute for breeding and seed production of field crops, Zagreb, Croatia

Biotechnical Faculty, University of Ljubljana, Slovenia

Biotechnical Faculty, University of Montenegro, Montenegro

Croatian Agency for Agriculture and Food

Croatian Chamber of Agronomists

Croatian Chamber of Economy

Croatian Meteorological and Hydrological Service

Croatian Society of Agronomy

Croatian Society of Soil Science

Croatian Soil Tillage Research Organization (CROSTRO)

Faculty of Agricultural Sciences and Food, Ss. Cyril and Methodius University in Skopje, North Macedonia
Faculty of Agricultural and Food Sciences and Environmental Management, Hungary
Faculty of Agriculture and Food Sciences, University of Sarajevo, Bosnia and Herzegovina
Faculty of Agriculture and Food Technology, University of Mostar, Bosnia and Herzegovina
Faculty of Electrical Engineering, Computer Science and Information Technology Osijek, Croatia
Faculty of Food Technology and Biotechnology University of Zagreb, Croatia

Faculty of Food Technology Osijek, Croatia

Faculty of Technology, University of Tuzla, Bosnia and Herzegowina

Faculty of Tourism and Rural Development in PoZega, Croatia

Facutly of Veterinary Medicine University of Zagreb, Croatia

Institute for Adriatic Crops and Karst Reclamation, Split, Croatia

Institute of Agriculture and Tourism, Pore¢, Croatia

Josip Juraj Strossmayer University of Osijek, Croatia

KriZzevci University of Applied Sciences, Croatia

Research and Development Institute Tamis, Pancevo, Serbia

Ruder Boskovi¢ Institute, Croatia

Teaching Institute of Public Health “Dr. Andrija Stampar”

The International Soil Tillage Research Organization (ISTRO)

University of Belgrade Faculty of Agriculture, Serbia

University of Dubrovnik, Croatia

University of Kragujevac Faculty of Agronomy in Cacak, Serbia

University of Novi Sad Faculty of Agriculture, Serbia

University of Slavonski Brod, Croatia

University of Zadar, Croatia

University of Zagreb, Croatia

under the auspices of the

Croatian Parliament of the Republic of Croatia

Ministry of Science, Education and Youth of the Republic of Croatia

Ministry of Agriculture, Forestry and Fisheries of the Republic of Croatia

Ministry of Environmental Protection and Green Transition of the Republic of Croatia

Ministry of Regional Development and Funds of the European Union of the Republic of Croatia

in collaboration with
Osijek-Baranja county
Split-Dalmatia county
Vukovar-Srijem county
City of Osijek

Tourist Board of Bol

Organize

61t Croatian & 21%! International Symposium on Agriculture
31 May 2026 to 5 June 2026 | Bol — Brac Island, Croatia



Organizing Committee

Chairman:
Tomislav Vinkovi¢ (Croatia)

Members:

Aleksandar Mesi¢ (Croatia))
Gordan Jandrokovi¢ (Croatia)
Radovan Fuchs (Croatia)

David Vlajci¢ (Croatia)

Natasa Mikug Zigman (Croatia)
Marija Vuckovi¢ (Croatia)

Drago Subari¢ (Croatia)

Mariana Golumbeanu (Romania
Natasa Tramisak (Croatia)

Ivan Bosanci¢ (Croatia)

Stela Joki¢ (Croatia)

Joshua O. Olaoye (Nigeria)

Hrvoje Hefer (Croatia)

Sime Marceli¢ (Croatia)

Ivica Kisi¢ (Croatia)

Muhamed Brka (Bosnia and Herzegowina)
Dean Ban (Croatia)

Tomislav Mati¢ (Croatia)

Svetlana Roljevi¢ Nikoli¢ (Serbia)
Stjepan Lakusi¢ (Croatia)

David Matthew Smith (Croatia)
Vladimir Kuréubié (Serbia)

Verica Dragovi¢-Uzelac (Croatia)
Marcela Andreata-Koren (Croatia)
Ivan Gittler (Croatia)

Vladan Bogdanovic (Serbia)

LaszI6 Stindl (Hungary)

Dragan Kovacevi¢ (Croatia)
Marko SamardZija (Croatia)

Mile Markoski (North Macedonia)
Sead Cati¢ (Bosnia and Herzegowina)
Ivica Iki¢ (Croatia)

Igor Pajovi¢ (Montenegro)

Irena Jug (Croatia)

Katja Zani¢ (Croatia)

Nenad Magazin (Serbia)

Ivan Samardzi¢ (Croatia)

Nebojsa Stojci¢ (Croatia)
Zvonimir Zduni¢ (Croatia)

Marina Pintar (Slovenia)

Jurica Primorac (Bosnia and Herzegowina)

Scientific Committee

Chair persons:
Zeljka Klir Salavardi¢ (Croatia)
Marin Kovaci¢ (Croatia)

Members:

Krunoslav Zmai¢ (Croatia)
Toni Kujundzi¢ (Croatia)
Danijel Jug (Croatia)

Vlado Guberac (Croatia)
Carolina Constantin (Romania)
Mara Mari¢ (Croatia)

Ines Svilici¢ Petri¢ (Croatia)
Zeljko Bara¢ (Croatia)

Zaccharoula S. Andreopoulou (Greece)

Vladimir Zebec (Croatia)
Marko FlajSman (Slovenia)
Suncica Kujundzi¢ (Croatia)
Branka Salopek Sondi (Croatia)
Jelena Kristi¢ (Croatia)

Dinko Jelki¢ (Croatia)

Dejan Bosnjak (Croatia)
Tihomir Zivi¢ (Croatia)

Josip Novoselec (Croatia)
Ivona Djurkin Kusec (Croatia)
Lars Juhl Munkholm (Denmark)
Mirjana Brmez (Croatia)
Monika Tkalec Koji¢ (Croatia)
Ivana Varga (Croatia)

Marija Cerjak (Croatia)
Vladimir Ivezi¢ (Croatia)

Josip Leto (Croatia)

Miljenko Konjaci¢ (Croatia)
Branka Saki¢ Bobi¢ (Croatia)
Darko Preiner (Croatia)

Josip Juracak (Croatia)

Sanja Radman (Croatia)

Jana Sic Zlabur (Croatia)
Nikolina Kelava Ugarkovié (Croatia)
Anamarija Banaj (Croatia)
Tomislav Kos (Croatia)

Secretary:
Jurica Jovi¢ (Croatia)



Table of content

Plenary session

Global Status and Future Outlook of Table Grapes

Arif Atak

1 | Plant and Food Production

The effect of apical defoliation after veraison of Svrdlovina ( Vitis viniferaL)

grapevines on yield components and grape phenolic composition
Marina Ani¢, Mirela Osrecak, Matea Mami¢, Marko Karoglan

Enhancing early vegetative performance of white clover (7rifolium repensL.)
through magnetic seed priming

Gordana Bukvi¢, Goran Herman, Vlado Guberac, Krunoslav Karali¢,
Antonija Strili¢, Meri Engler

Responses of sunflower to herbicide stress and post-treatment biostimulant application....

Jozsef Csajbok, Istvan Csaba Virdg, Daniel Gaganetz, Erika Tlnde Kutasy

Preliminary evaluation of amino acid composition in selected soybean genotypes ..............

Nina Cveni¢, Aleksandra Sudari¢, Tomislav Duvnjak, Ivica Liovi¢, Daniela Horvat,
Marija Babi¢ Kovacevi¢, Gordana Simi¢, Ines Banjari, Maja MatoSa Kocar

Biocontrol potential of essential oils against Collefotrichum acutatum.
Jelena E¢imovi¢, Slavica Vukovi¢, Sanja Lazi¢, Dragana Sunjka, Aleksandra Susnjar

Effects of mowing date and cutting height on biomass production
and grain yield of dual-purpose winter oat

Fanni Zsuzsa Forgécs, Istvan Csaba Virag, Jozsef Csajbok, Erika Tiinde Kutasy

Mitigating clover sickness: Spent mushroom substrate and symbiotic recovery .................

Emmely Fritsch, Anika Zacher, Christel Baum

Requirements of CPVO technical protocol for DUS testing in maize (Zea maysL.)..........

Filip Horvat, Ivan Varnica, Luka Drenjancevi¢, Marina Zori¢, Zvonimir Lali¢,
Antonia Petri¢

Spent mushroom substrate: nutrient source or limitation in oilseed rape?

Nico Kruger, Anika Zacher, Christel Baum

Ecotype x foliar nutrition interactions in oats: implications for climate resilience .............

Erika Tilnde Kutasy, Jozsef Csajbok, Istvan Csaba Virdg, Bekir Bytyqi,
Fanni Zsuzsa Forgacs

61°* Croatian and 21** International Symposium on Agriculture

11

22

27

37

.50



Preliminary investigation on the cultivation of Physalis peruviana
in decoupled aquaponics

63

Judit Eva Lelesz, Gerda Di6si, Szintia Jevcsak, Erika Kutasy, Istvan Csaba Virag

Sensory analysis and young consumer perceptions of PIWI wines

69

Josip Mesi¢, Anita Pichler, Ivana Ivi¢, Tomislav Raguz, Brankica Svitlica

Pomological performance of the European plum cultivar ‘Nada’

74

Nebojsa Milosevi¢, Ivana Glisi¢, Milena Pordevi¢, Sladana Mari¢,
Sanja Radicevi¢, Jelena Tomi¢, Jovana Todorovi¢

The influence of different temperature on oat seed germination

79

Leon Nad, Sunc¢ica Kujundzi¢, Marjan Tomi¢, Jurica Jovi¢, Boris Ravnjak,
Antun Jozinovi¢, Vlado Guberac, Darko Kis, Vedran Orki¢

Phenolic content and antioxidant activity (DPPH) of winter wheat under
different fertilization treatments

84

Stanka Pesi¢, Svetlana Roljevi¢ Nikoli¢, Igor Vukeli¢,
Mirela Matkovi¢ StojSin, Gordana Raci¢

Air-Soil Temperature Decoupling and Early Spring Risk in Estonia

90

Triin Saue, Merko Kérp, Kalvi Tamm

Mineral content of microgreens grown in climate chamber

94

Emina Sijahovi¢, Cerima Zahirovi¢ Sinanovi¢, Irzada Talji¢, Zoran Pulji¢

Cadmium in Potato Crops: Differences Among Varieties

99

Eva Smolnikar, Peter Dolnicar, Kristina Ugrinovi¢

The influence of protective treatments on the intensity of black spot
(Phomoapsis viticola Sacc.) infection in the Kutjevo vineyard

Brankica Svitlica, Josip Mesi¢, Dunja Cosi¢, Karlo Miki¢, Marija Ravli¢,
Tomislav Raguz

Influence of selenite and selenate seed priming duration on the mitigation
of drought stress in industrial hemp

Ivana Varga, Mirta Rastija, Miro Sto$i¢, Marina Marici¢, Lara Jovicic,
Zeljka Greger, Manda Antunovi¢

Mitigation of abiotic stress effects on maize using different nutrient
management strategies

Istvan Csaba Virag, Fanni Zsuzsa Forgacs, Daniel Zsolt Gaganetz,
Jozsef Csajbok, Erika Tlinde Kutasy

Maceration length and fermentation protocol as modulators

of cv. Trnjak red wine chemical composition
Marina Vranje$, Tihomir Prusina, Ana Jeromel, lvana Tomaz, Iva Sikuten,
Visnja Vasilj, Ana-Marija Jagati¢ Korenika

From waste to yield: Can sewage sludge biochar enhance crop production
and carbon storage?

Anika Zacher, Steffen Heinrich, Peter K. Leinweber

104

109

114

119

124

61°* Croatian and 21*" International Symposium on Agriculture



1| Plantand Food Production

ORIGINALSCIENTIFIC PAPER

Cadmium in Potato Crops: Differences Among Varieties

Eva Smolnikar, Peter Dolnicar, Kristina Ugrinovié¢

Agricultural Institute of Slovenia, Hacquetova ulica 17, Ljubljana, Slovenia (eva.smolnikar@kis.si)

Summary

Cadmium (Cd) is considered as one of the most ecotoxic metals, posing risks to humans, animals,
and plants. Vegetables such as turnips, carrots, and potatoes represent major dietary sources of
Cd. Cd accumulation varies among different vegetable species and varieties. This study aimed to
evaluate Cd concentration in 19 potato varieties grown under identical field conditions in 2024
and 2025. Results showed varietal differences; KIS Kokra had the highest Cd levels (mean of
both years: 0.1307 mg/kg FM, exceeding the EU maximum level of 0.1 mg/kg FM), while Messi,
Peter Pan, Elland, Jelly had the lowest (mean of both years: 0.0567-0.0670 mg/kg FM). Cd
concentrations were consistently higher in 2024, indicating environmental influence. These
results highlight the importance of variety selection to reduce Cd intake.

Keywords: Solanum tuberosum, concentration, environmental conditions, Cd intake

Introduction

Cadmium (Cd) is one of the most ecotoxic metals, with harmful effects on humans, animals
and plants. The International Agency for Research on Cancer (IARC) classifies Cd as a
carcinogen (IARC, 2025). The presence of Cd in food is due to soil and water contamination.
Cd is transferred from soil and water to plants and aquatic organisms and accumulates in the
food chain (N1JZ, 2023). European Commission Regulation 2023/915 (OJ EU L 119/103, 2023)
sets maximum levels for certain contaminants in food, including Cd, with the maximum level
for Cd in fresh and peeled potatoes set at 0.1 mg/kg FM. Cd is not an essential element for
plants, but it could be highly available in soils, and some plant species have a greater affinity
to adsorb Cd (Kabata-Pendias and Pendias, 2001; Kabata-Pendias and Mukherjee, 2007).
Globally, the average Cd content in soils ranges between 0.06 and 1.1 mg/kg, and it is a
relatively mobile and bioavailable element (Kabata-Pendias and Mukherjee, 2007).

Plant species differ in their affinity for Cd uptake (Kabata-Pendias and Pendias, 2001;
Alexander et al., 2006; Fang et al., 2019). Vegetables belonging to the Brassicaceae,
Asteraceae, Apiaceae, and Convolvulaceae families generally exhibit higher Cd uptake,
whereas those from the Liliaceae and Amaranthaceae families tend to accumulate lower
amounts of Cd (Fang et al., 2019). Leafy vegetables, as well as root and tuber vegetables such
as turnips, carrots, and potatoes, represent major dietary sources of Cd (Kabata-Pendias and
Pendias, 2001). Cd accumulation varies significantly not only among different vegetable
species but also among varieties within, particularly in leafy vegetables such as spinach (Kong
et al., 2024). Differences in Cd uptake among plant varieties have been widely reported. For
example, Alexander et al. (2006) observed variability among carrot and pea varieties, Zhu et al.
(2007) reported differences among asparagus bean varieties, and Chen et al. (2012) and Wang
et al. (2014) identified significant variation among pakchoi cultivars. Similarly, Brengi et al.
(2021) found considerable differences in Cd concentrations in tubers among potato cultivars,
Smolnikar et al. (2024) reported differences in Cd accumulation among garlic varieties, while
Sana et al. (2024) reported variable responses of chili varieties grown under Cd stress.

To evaluate Cd concentration in potato tubers of different varieties grown under identical field
conditions, we analysed 19 varieties and present the results in this paper.
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Material and Methods

In 2024 and 2025, within the framework of potato variety trials conducted at the experimental
fields of the Agricultural Institute of Slovenia (IC Komenda), samples were collected to
determine Cd content and assess differences among varieties. The soil characteristics of the
experimental field before the setup of the trials in 2024 (sampled in March 2024) were: pH 5.8
in KCl, 3.7% organic matter, 13 mg P-Os 100/g of available phosphorus, and 21 mg K-O 100/g
of available potassium. In both years, the same 19 varieties were analysed. All varieties were
grown in the same field under identical agronomic conditions. Planting was carried out at the
end of April and harvesting at the end of October in both years. Potatoes from year 2024 were
sampled in mid-March 2025, whereas from 2025 they were sampled in mid-February 2026,
after the storage. A representative sample of tubers (1 kg) was collected for analysis, and the
potatoes were peeled before further processing. For the determination of Cd, homogenised
potato tubers (weight 0.250 g) were digested using a high-pressure microwave oven (Milestone
ETHOS 1600) with 5 ml 65 % nitric acid (HNO3z, SUPRAPUR, Merck) and 1 ml 30 % hydrogen
peroxide (H202, SUPRAPUR, Merck). Cd in digested samples was analyzed with ICP-MS
(Agilent 7900) in helium (He) collision mode to eliminate potential interferences. Results are
presented as two-year mean Cd concentrations (2024—2025) calculated for each variety.

Results and Discussion

Cd concentrations varied among potato varieties and between the environments (fields-soils +
year). KIS Kokra showed the highest Cd concentrations in both years, varieties such as Messi
and Peter Pan showed lower values. These observations suggest potential varietal differences
in Cd accumulation. In 2024, 9 varieties exceeded the European Commission Regulation
2023/915 limit set for Cd at 0.1 mg/kg FM, while in 2025 no varieties exceeded the limit. KIS
Kokra had the highest Cd concentration in tubers 0.1775 mg/kg FM in 2024 (Table 1). In 2024
Cd concentrations in tubers ranged from 0.255 to 0.789 mg/kg DW, with KIS Kokra showing
the highest value, followed by Twister, KIS Sora, and Marabel. In 2025 Cd concentrations were
generally lower, ranging from 0.173 to 0.435 mg/kg DW, with the highest values observed in
Labella, KIS Mangart, and KIS Slavnik, while Messi and Desiree showed the lowest
concentrations. Our results align with findings from Brengi et al. (2021), who reported
significant differences in Cd accumulation among peeled tubers of three potato cultivars, with
Cd contents ranging from 0.08 to 0.21 mg/kg DW across field sites and seasons, and a mean
value of 0.145 mg/kg DW. Oztiirk et al. (2011) reported that 16 potato cultivars showed
considerable variation in heavy metal concentrations, including Cd (0.08-0.32 mg/kg). Analysis
of tubers from 10 potato cultivars grown in the same field revealed a significant difference in
mean Cd concentrations among the cultivars, concentrations varied from 0.05 to 0.21 mg/kg
DW (Ashrafzadeh et al., 2017).

Crops of 19 potato varieties accumulated Cd at different levels. For all varieties, Cd
concentrations were consistently higher in 2024 than in 2025 on a fresh weight (FW) basis. The
variety KIS Kokra had the highest Cd concentration in both years, particularly in 2024, while
varieties such as Messi, Peter Pan, and Elland showed relatively lower Cd concentrations. When
comparing Cd concentrations on a dry matter (DM) basis, the differences between years are
smaller but still noticeable for some varieties (Table 1). This suggests that part of the observed
decrease in Cd from 2024 to 2025 on a FW basis may be attributed to longer storage of the
2024 crop, which likely caused greater water loss and a concentration effect, rather than
reflecting just differences in uptake from the soil.
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Table 1. Cadmium concentrations (in mg/kg fresh matter and dry matter) in potato tubers of 19
varieties grown in 2024 and 2025.

VARIETY Cd 2024 Cd 2024 Cd 2025 Cd 2025 Cd mean of
(mg/kg FM) | (mg/kg DM) | (mg/kg FM) | (mg/kg DM) | 2024 and 2025
(mg/kg FM)
Messi 0.0719 0.341 0.0416 0.196 0.0567
Peter Pan 0.0599 0.255 0.0565 0.276 0.0582
Elland 0.0730 0.304 0.0567 0.291 0.0648
Jelly 0.0801 0.424 0.0538 0.268 0.0670
Desiree 0.0992 0.430 0.0355 0.173 0.0674
Alouette 0.0783 0.351 0.0578 0.301 0.0680
Maris Bard 0.0959 0.398 0.0482 0.211 0.0721
KIS Tamar 0.0875 0.431 0.0592 0.238 0.0733
Labella 0.0740 0.376 0.0761 0.435 0.0750
Soraya 0.1027 0.650 0.0556 0.304 0.0791
Levante 0.1039 0.550 0.0570 0.294 0.0805
KIS Blegos 0.0869 0.383 0.0827 0.369 0.0848
KIS Slavnik 0.1005 0.529 0.0744 0.404 0.0874
Agria 0.1238 0.604 0.0554 0.281 0.0896
KIS Mangart | 0.1112 0.601 0.0852 0.412 0.0982
Marabel 0.1215 0.710 0.0754 0.406 0.0984
Twister 0.1213 0.783 0.0802 0.399 0.1007
KIS Sora 0.1370 0.678 0.0765 0.361 0.1068
KIS Kokra 0.1775 0.789 0.0840 0.370 0.1307

Environmental conditions also likely contributed to the observed differences. The 2024 crop
was grown at Lahovce and the 2025 crop at Zgornji Brnik. Average temperature and
precipitation were higher in 2024, with mean temperatures 0.7 °C higher than in 2025, creating
warmer and wetter conditions that may have promoted higher Cd accumulation. Yi et al. (2020)
reported that temperature is a key climatic factor affecting crop Cd uptake, as elevated
temperatures accelerate chemical reactions and mineral weathering, increasing Cd availability,
while also enhancing plant transpiration. This effect is most pronounced in spring and summer,
when temperatures exceed 20 °C (Drabesch et al., 2024). In contrast, 2025 experienced more
heat waves and drought stress, which may have reduced Cd uptake, consistent with findings by
Xiao et al. (2023) showing that drought stress can limit Cd accumulation in wheat seedlings
through altered root morphology and decreased Cd in roots. The combination of storage
duration and environmental factors likely explains the observed year-to-year differences in Cd
concentrations in potato tubers.

Conclusion

The results of this study confirm that Cd concentration in potato tubers is strongly influenced
by varietal differences, even when grown under identical agronomic conditions. Among the 19
analyzed varieties, KIS Kokra consistently exhibited the highest Cd concentrations and can
therefore be considered a high-risk variety in terms of Cd accumulation. In contrast, varieties
such as Messi, Peter Pan, Elland and Jelly showed lower Cd levels and may represent more
suitable choices for minimizing Cd intake. In addition to genetic factors, environmental
conditions also played an important role, as evidenced by the consistently lower Cd
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concentrations observed in 2025 compared to 2024 across all varieties. This suggests that year-
to-year variability, likely related to soil and climatic conditions, can significantly influence Cd
uptake. Overall, the findings highlight the importance of selecting low-accumulating potato
varieties as a practical strategy to mitigate Cd entry into the food chain, particularly in regions
with elevated soil Cd levels.
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