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ORGANISERS 

   

 

Programme 
September 23–25, 2026 

 

Wednesday, 23 September, Kauno Dokas, Jonavos St. 7, Kaunas 

9.30–10.00 Registration 

10.00–10.10 Conference opening 

Keynote session 

Chair: Giedrė Samuolienė  

10.10–10.40 K1. Osmolytes to Control Nitrate Accumulation in Hydroponic Production of Leafy Vegetables. 

Mäkelä Pirjo. University of Helsinki, Finland  

10.40–11.10 K2. From Climate Control to Crop Control: The Science of Next Generation Farming 

Systems. Bhim Bahadur Ghaley. University of Copenhagen, Denmark 

11.10–11.30 Coffee, conference photo 

Young Mind Keynote speaker  

Chairs: Anta Sparinska, Birutė Frercks 

11.30–12.00 YK1. Genome Duplication and Drought Resilience in Daylily (Hemerocallis L.): Linking 

Polyploidy, Distribution, and Adaptation.  

Edvinas Misiukevičius. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  
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S1. Plant Breeding, Genetics, and Physiology for Horticultural Strategies 

Oral presentations 

12.00–12.15 S1.O1. Integration of CRISPR Editing to Balance Apple Allergenicity and Immunity. Birutė 

Frercks. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

12.15–12.30 S1.O2. Dehydrins and Cold Acclimation in Horticultural Fruit Crops: Comparative in Silico 

Identification, Phylogeny and Motif Structure. Olha Posunko. Lithuanian Research Centre for 

Agriculture and Forestry, Lithuania  

12.30–12.45 S1.O3. Molecular Regulation and Biotechnological Strategies for Developing Stress-Resilient 

Roses. Hammad Hussain. Yangzhou University, China 

12.45 – 13.00 S1.O4. Enhancing Plant Stress Tolerance and Cultivation Efficiency in the Face of Climate 

Change. Ming-Tsair Chan. Agricultural Biotechnology Research Center, Academia Sinica, 

Republic of China (Taiwan) 

Fast-talks 

13.00–13.05 S1.F1. Identification of the Methionine Sulfoxide Reductase (MSR) System in Ribes nigrum 

for Enhanced Resistance to Environmental Stress Factors. Ana Dovilė Zubauskienė. 

Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

13.05–14.30 Lunch  
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S2. Plant Response-Based Cultivation Technologies 

Chairs: Bhim Bahadur Ghaley, Akvilė Viršilė 

Oral presentations 

14.30–14.45 S2.O1. From Cultivation to Calibration: Quantitative Standardisation of Bioactive Phytochemicals 

in Medicinal Plants. Akvilė Viršilė. Lithuanian Research Centre for Agriculture and Forestry, 

Lithuania  

14.45–15.00 S2.O2. Influence of Orchard Systems on the Performance of Some Apple Cultivar Candidates in 

Latvia. Edgars Rubauskis. Institute of Horticulture, Latvia  

15.00–15.15 S2.O3. Cranberry (Vaccinium macrocarpon) Production in the Northern Climate Utilising High 

Tunnel Soilless Table-Top Cultivation Technology. Pauliina Palonen. University of Helsinki, 

Finland 

15.15–15.30 S2.O4. Small Changes, Distinct Response: Towards Plant Response-Based Productivity. 

Gediminas Kudirka. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

15.30–15.45 S2.O5. DigiGarden: Automated Fertigation in Vegetable Polyculture Systems. Daiga Birzleja, 

Bulduri Biotechnology Center, Latvia  

15.45–16.00 S2.O6. Challenges and Opportunities of Legume Cultivation in Hydroponics. Rūta Sutulienė. 

Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

16.00–16.15 S2.O7. Root-Zone Temperature Regulates Morphophysiological Traits, Phenolic Metabolism, and 

Antioxidant Activity of Hydroponic Thymus Species Grown in a Controlled Environment. Nasim 

Safari. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  



 

7 
 

 

 

 

 

 

 

16.15–16.30 S2.O8. From Salt Stress to Superfood: Mapping Tolerance Traits and Ionome of Facultative 

Amaranthaceae Halophytes in Hydroponics. Ayesha Khan. Lithuanian Research Centre for 

Agriculture and Forestry, Lithuania  

Fast-talks 

16.30–16.35 S2.F1. Effect of Biofortification Fe, Zn and Se on Leafy Vegetables under Different White 

LED Lighting. Aušra Brazaitytė. Lithuanian Research Centre for Agriculture and Forestry, 

Lithuania  

16.35–16.40 S2.F2. The Effect of Slow-Release Fertilisers on Strawberries Grown in a Greenhouse. Juozas 

Lanauskas. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

16.40–17.00 Coffee 

17.00–19.00 City tour  
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Thursday, 24 September, Kauno Dokas, Jonavos St. 7, Kaunas 

Chair Alma Valiuškaitė 

Keynote session 

9.30–10.00 K3. Total Controlled Environment Agriculture: Opportunities and Challenges. Anta Sparinska. 

Bulduri Biotechnology Center, Latvia  

10.00–10.30 K4. Designing the Super Vegetable: Agronomic Approaches for Nutritional Quality. 

Cherubino Leonardi. University of Catania, Italy  

S3. Plant Protection and Product Quality 

Oral presentations 

10.30–10.45 S3.O1. Alternative Strawberry Plant Protection for Yield and Quality Increase.  

 Neringa Rasiukevičiūtė. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

10.45–11.00 S3.O2. Propolis Extracts as Alternative Against Apple Rot Pathogens. Armina Morkeliūnė. 

Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

11.00–11.30 Coffee 

Chairs: Cherubino Leonardi, Neringa Rasiukevičiūtė 

11.30–11.45 S3.O3. The Impact of Botrytis and Alternaria Spread and Phytochemical Content in Leafy 

Greens During Short-Term Storage. Darius Jermala. Lithuanian Research Centre for 

Agriculture and Forestry, Lithuania  
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11.45– 2.00 S3.O4. Application of Co-Extractants to Improve the Extraction of Antioxidant Compounds 

and Flavonoids from Salvia officinalis L. Marija Gutauskaitė. Lithuanian University of Health 

Sciences, Kaunas, Lithuania  

12.00– 2.15 S3.O5. Comparative Analysis of Beetroot and Raspberry By-Products: Influence of 

Ultrasound-Assisted Extraction on Bioactive Recovery and Functional Quality. Khadija 

Ramzan. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

Fast-talks  

12.15–12.20 S3.F1. Integrated Control of Powdery Mildew on Apple Trees. Alma Valiuškaitė. Lithuanian 

Research Centre for Agriculture and Forestry, Lithuania  

12.20–12.25 S3.F2. Antioxidant Potential and Phenolic Content of Viburnum opulus By-Product Extract. 

Siddiqua Ilyas. Lithuanian Research Centre for Agriculture and Forestry 

12.25–12.30 S3.F3. Impact of Dill Essential Oil on the Germination of Naturally Contaminated Strawberry 

Seeds. Daiga Birzleja. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

12.30–12.35 S3.F4. In vitro Efficacy of Some Plant Extracts on the Inhibition of Pectobacterium carotovorum, 

the Causative Agent of Bacterial Soft Rot. Mahdi Mirzaei. University of Tehran, Iran  

12.35–12.40 S3.F5. Inhibitory Effects of Antagonistic Soil Bacterial Strain 12-45 on Fusarium spp. Growth 

and Development. Evelina Zavtrikovienė. Lithuanian Research centre for Agriculture and 

Forestry, Lithuania  

12.40–12.45 S3.F6. Sustainable Synthesis of Silver Nanoparticles (AgNPs) from Cucurbita maxima Peels 

for the Development of 3D Hybrid Structures: Evaluation of Antimicrobial and 

Physicochemical Properties. Zarqa Hassan. LAMMC, Lithuania  
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12.45–14.00 Lunch 

Chairs: Mäkelä Pirjo, Rūta Sutulienė 

Oral presentations 

14.00–14.15 S4.O1. Optimising Pre-Grafting Light Intensity and Post-Grafting Healing Relative Humidity in 

Tomato Grafting. Tanzila Rafique. Lithuanian Research Centre for Agricultural and Forestry, 

Lithuania  

14.15–14.30 S4.O2. Influence of Recurrent Freezing-Thawing Processes on Water-Stable Aggregates and Plant 

Available Water as a Function of Soil Chemical Quality. Mykola Kochiieru.  

 Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

14.30–14.45 S4.O3. Enhancing the Potential of Tilia cordata via Silver Nanoparticle Modification: 

Antimicrobial and Antioxidant Evaluation. Syeda Hijab Zehra. Lithuanian Research Centre for 

Agriculture and Forestry, Lithuania  

14.45–15.00 S4.O4. Fungal Biomass Fermentation, Side-Stream Valorisation, Cultivation and Quality. 

Simas Borkertas. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  

Fast-talks 

15.00–15.05 S4.F1. Floristic Inventory of Experimental and Collection Orchards of Fruit and Berry Crops: 

A Baseline for sustainable Agroecosystem Management. Uladzimir Bury. Latvian Institute of 

Horticulture, Latvia  

15.05–15.10 S4.F2. Fruit Quality Parameters of Tomato Varieties Developed in Lithuania. Audrius 

Radzevičius. Lithuanian Research Centre for Agriculture and Forestry, Lithuania  
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15.10–15.15 S4.F3. Studies on the Regulation of the Microbiota in Fermented Oat Drinks. Guoda Mingailė. 

Kaunas University of Technology, Lithuania  

15.15–15.20 S4.F4. Biological Retting of Hemp Fibre: Influence of Bacterial Cultures on Enzymatic 

Activity and Mechanical Properties. Dovilė Vasiliauskienė. VILNIUS TECH (Vilnius 

Gediminas Technical University), Lithuania 

15.20–15.25 S4.F5. Green-Synthesised Silver Nanoparticles from Viburnum opulus By-Products for the 

Development of Biopolymer-Based Materials: Physicochemical Characterisation and 

Antimicrobial Activity. Vaidė Sakalauskienė. Lithuanian Research Centre for Agriculture and 

Forestry, Lithuania  

15.25–15.30 S4.F6. A Gower-Metric Multidimensional Scaling (MDS) of Irish Ruderal Flora: Functional 

Profiling for Peat-Alternative Growing Media. John Vincent Nate. Teagasc Ashtown Food 

Research Centre, Ireland  

15.30–15.35 S4.F7. Diversity, Dominance and Allergenic Risk in Urban Green Spaces: An Assessment of 

Historic Parks in Vilnius, Lithuania. Rasa Laurinavičienė. Life Sciences Center, Vilnius 

University, Lithuania 

15.35–15.40 S4.F8. Promoting Sustainable and Efficient Horticultural Practices in Uganda. Zainabuh 

Nansubuga. Front Aid Foundation, Kampala Uganda  

16.00–18.00 Technical tour to LAMMC  

Friday, 25 September, Kaunas–Vilnius–Kaunas 

9.00–16.00 Conference tour to vertical farm “Leafood”, Vilnius 
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ABSTRACTS 
 

 

K1. Osmolytes to Control Nitrate Accumulation in Hydroponic Production of Leafy Vegetables  

 

Jenni Uusitupa1, Hirofumi Ishihara1, Minnamari Edelmann1, Kari Jokinen1, Fanny Widjaja1, Leevi Annala1, 

Johanna Rytkönen1, Anuruddi Halvitigala1, Kirsi S Mikkonen1, Ilkka Simpura1, Alexey Shapiguzov1,2, Pirjo 

Mäkelä1 

 
1University of Helsinki, Finland  
2Natural Resources Institute, Finland  

pirjo.makela@helsinki.fi  

 

One challenge in hydroponic greenhouse production of leafy vegetables using the Nutrient Film Technique (NFT) is 

excessive nitrate accumulation in edible tissues. High nitrate intake may pose potential health risks. Osmolytes, 

particularly glycinebetaine (GB), have attracted interest as crop management tools because they enhance stress 

tolerance and support metabolic regulation. Osmolyte levels correlate with leaf nitrate content indicating a functional 

link between osmotic adjustment and nitrogen accumulation. 

We have synthesised experimental evidence on root-applied osmolytes for regulating nitrate accumulation and 

improving the edible quality of NFT-grown leafy vegetables. In controlled experiments, GB was absorbed by lettuce 

roots and translocated to leaves. Application rates above 7.5 mM reduced leaf nitrate content by 40%, increased dry 

matter content, and altered mineral and amino acid profiles. In commercial greenhouse scale NFT production, GB  
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application during the final six days before harvest reduced lettuce nitrate content by more than 29%. Although a slight 

reduction in fresh weight was observed, overall edible quality was improved. Comparative studies with mannitol and 

glycerol further showed that different osmolytes can exert similar quality-enhancing effects by reducing nitrate 

accumulation while increasing dry matter and soluble sugar content.  

Recent postharvest studies indicate that GB-based preharvest treatments do not compromise lettuce storability. During 

15 days of storage at 5.5°C, GB remained detectable in lettuce leaves for more than 13 days after harvest. No visible 

browning or yellowing was observed, and GB-treated lettuce showed a higher chlorophyll index, indicating improved 

leaf greenness.  

Overall, osmolyte-based preharvest management represents a practical strategy for enhancing the quality of 

hydroponically grown leafy vegetables by reducing nitrate accumulation and preserving postharvest appearance from 

cultivation through storage.  

 

Keywords: amino acids, bitterness, fertigation, lettuce, minerals, sugars.  
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K2. From Climate Control to Crop Control: The Science of Next Generation Farming Systems  

 

Bhim Bahadur Ghaley  

University of Copenhagen, Denmark  

bbg@plen.ku.dk  

 

Light-emitting diode (LED) technology has become a key tool in controlled-environment agriculture because both 

light spectrum and light intensity strongly influence the growth, morphology, photosynthetic activity, and biomass 

production of microgreens. Different wavelengths regulate specific physiological processes affecting overall plant 

growth. Light intensity determines the amount of photosynthetically active radiation available to plants, directly 

affecting carbon assimilation, growth rate, and fresh and dry biomass production. Further, LED-biostimulant 

interactions are less well known and remain a key opportunity to improve controlled-environment production of 

spinach (Spinacia oleracea L.). Hence, 2 separate control environment agriculture (CEA) trials were carried out to 

investigate the effects of LED spectrum and intensity on biostimulant applications and their synergistic effects.  

The objective of 1st study was to investigate effects of LED spectrum and intensity on the biomass, growth, and 

resource use efficiencies in microgreen grown under two LED regimes with 209.5 (OSRAM LED) and 45 µmol 

m−2 s−1 (INSTAGREEN LED). The study results showed that different species of microgreens exhibited different 

responses to fresh biomass accumulation and SPAD contents in the leaves, demonstrating the diversity of their  
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growth responses. Optimising both LED spectral composition and intensity can therefore improve microgreen 

yield, resource-use efficiency, and product quality while reducing energy consumption in indoor farming systems.  

The objective of the 2nd study was to evaluate effects of OSRAM LED (251 μmol m⁻² s⁻¹) and INSTAGREEN (45 

μmol m⁻² s⁻¹) combined with biostimulant applications of fish hydrolysate. The OSRAM LED consistently 

increased net photosynthetic rate, stomatal conductance, and resource-use efficiency compared with 

INSTAGREEN. The application of fish hydrolysate under OSRAM LED maximised fresh yield (64.11 g plant⁻1), 

leaf area (1272 cm2 plant⁻1), light-use and water use efficiency. Fish hydrolysate application provided an effective 

and sustainable strategy for controlled-environment spinach production. Understanding the interactive effects of 

light spectrum, light intensity, and biostimulant application is therefore essential for developing sustainable 

cultivation strategies that maximise spinach growth, yield, and quality in controlled-environment production 

systems.  
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YMK1. Genome Duplication and Drought Resilience in Daylily (Hemerocallis L.): Linking Polyploidy, 

Distribution, and Adaptation  

 

Edvinas Misiukevičius, Ingrida Mažeikienė, Birutė Frercks, Vidmantas Stanys  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

edvinas.misiukevicius@lammc.lt 

 

Polyploidisation has played a central role in the evolution and improvement of ornamental crops, yet its 

contribution to environmental adaptation remains incompletely understood. Daylily (Hemerocallis L.), a widely 

cultivated ornamental genus with substantial variation in ploidy, provides a valuable model for exploring 

relationships among diversity, breeding history, and stress resilience. In this study, species distribution records, 

cultivar origin data, molecular markers, physiological traits, and transcriptomic responses were integrated to 

examine the role of polyploidy in drought adaptation. Analysis of global diversity patterns revealed distinct 

associations among ploidy level, geographic distribution, and breeding history, suggesting that polyploidisation 

has contributed to the expansion and environmental performance of cultivated germplasm. SSR-based genotyping 

further indicated reduced genetic variation among modern cultivars, consistent with intensive selection during 

domestication and breeding. Under controlled drought conditions, tetraploid genotypes maintained higher relative  
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water content, exhibited more effective stomatal regulation, and sustained photosynthetic activity compared with 

diploid counterparts. Transcriptomic profiling revealed extensive ploidy-dependent regulation of stress-response 

pathways. In particular, analyses of the cultivar ‘Trahlyta’ provided evidence that genome dosage influences the 

magnitude and breadth of transcriptional responses, including activation of stress-associated transcription factors, 

phytohormone signalling networks, and MAPK-mediated pathways. These findings suggest that polyploidisation 

contributes to drought adaptation through coordinated physiological and molecular mechanisms while also shaping 

patterns of diversity within cultivated daylily germplasm. The integration of biogeographic, genetic, physiological, 

and transcriptomic perspectives offers a framework for identifying adaptive traits and supporting climate-resilient 

ornamental breeding.  

 

Keywords: genetic diversity, genome dosage, transcriptomics, drought tolerance, ornamental breeding, climate 

resilience.  
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S1. Plant Breeding, Genetics, and Physiology for Horticultural Strategies  

 

S1.O1. Integration of CRISPR Editing to Balance Apple Allergenicity and Immunity  

 

Birutė Frercks1, Raminta Antanynienė1, Monika Kurgonaitė1, Giedrius Gasiūnas2  

 
1Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  
2Institute of Biotechnology, Life Sciences Center, Vilnius University  

Saulėtekio al. 7, LT-10257 Vilnius, Lithuania  

birute.frercks@lammc.lt 

 

Allergies to apples in humans are mostly caused by the major apple (Malus × domestica) allergen Mal d 1, which 

belongs to the pathogenesis-related (PR-10) protein family. This protein plays a role in both allergen recognition 

and the plant’s defence against various pathogens. Therefore, modification of Mal d 1 requires careful selection of 

editing sites that could reduce antigen recognition without disrupting protein structure and function. In this study, 

Mal d 1 DNA and protein sequences were obtained from databases. Multiple sequence alignments were performed 

to identify conserved regions, nucleotide polymorphisms and amino acid substitutions among Mal d 1 variants. 

Information on allergen-related regions and reported epitopes was obtained from AllergenOnline and IEDB.  
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Three-dimensional models of selected Mal d 1 variants were generated. During comparative DNA and protein 

sequence analyses, combined with epitope mapping and 3D structural modelling, six potential sites for precise 

CRISPR/Cas-mediated modification of the Mal d 1 protein were identified. These results provide a basis for the 

next stage of the study: designing genome-editing strategies to modify antigen-recognised regions while 

preserving the characteristic PR-10 fold and defence-related functions.  

 

Keywords: PR-10 proteins, Malus × domestica, Mal d 1, allergen recognition, plant defence.  
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S1.O2. Dehydrins and Cold Acclimation in Horticultural Fruit Crops: Comparative in Silico Identification, 

Phylogeny and Motif Structure  

 

Olha Posunko, Perttu-Juhani Haimi  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

olha.posunko@lammc.lt  

 

Cold acclimation is essential for winter survival and stable productivity of temperate horticultural fruit crops. 

Dehydrins (DHNs), members of the late embryogenesis abundant protein family, are known to accumulate under 

dehydration-related stresses, including low temperature, and may contribute to cellular protection during winter 

conditions. However, the comparative diversity and structural organisation of DHNs remain insufficiently 

characterised in several fruit crop species. This study aimed to perform a comparative in silico identification and 

characterisation of predicted DHN proteins in apple (Malus domestica), sweet cherry (Prunus avium), sour cherry 

(Prunus cerasus), strawberry (Fragaria vesca), and blackcurrant (Ribes nigrum). Published genome annotations 

were used for apple, strawberry and Prunus spp., while the predicted blackcurrant protein set was screened using 

InterProScan. Candidate DHN sequences were aligned using ClustalW in MEGA, phylogenetic relationships were 

reconstructed, and conserved motifs were analysed using MEME/MAST. Gene structure and motif organisation  
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were visualised using TBtools-II. The comparative analysis revealed a structurally diverse DHN family across the 

selected fruit crops. In the R. nigrum genome, 10 putative DHN candidates were detected. Motif analysis identified 

typical K-, S- and Y-segments, together with additional conserved motifs. The phylogenetic and motif-based 

comparison showed both conserved multi-species groups and species-specific structural variation. In several 

groups, motif architecture appeared more conserved than exon-intron organisation. These results provide a basis 

for selecting candidate DHN genes for future functional studies of cold acclimation and winter stress tolerance in 

horticultural crops. The findings may support further research aimed at improving crop resilience under fluctuating 

winter conditions.  

 

Keywords: dehydrins, cold acclimation, horticultural crops, motif analysis, winter stress.  
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S1.O3. Molecular Regulation and Biotechnological Strategies for Developing Stress-Resilient Roses  

 

Hammad Hussain1, Hamza Sohail1, Edvinas Misiukevičius2, Guo Wei1*, Liguo Feng1*  

 
1College of Horticulture and Landscape Architecture, Yangzhou University  

Yangzhou 225009, China  
2Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas district, Lithuania  

*Correspondence: lgfeng@yzu.edu.cn; gwei@yzu.edu.cn 

 

Rose (Rosa spp.) is one of the most economically important ornamental crops, valued globally for cut flowers, 

landscape use, fragrance, and industrial applications. However, sustainable rose production is increasingly 

constrained by environmental stresses and biological threats that reduce plant vigour, flower quality, productivity, 

and market value. Understanding of the molecular basis of stress adaptation in roses has expanded considerably, 

revealing interconnected regulatory networks that coordinate responses to drought, salinity, temperature extremes, 

fungal pathogens, and insect pests. Current evidence indicates that interconnected layers of transcriptional 

regulation, hormone signalling, post-translational modification, redox control, and epigenetic remodelling govern 

rose stress tolerance. Major transcription factor families, including WRKY, NAC, MYB, AP2/ERF, bHLH, and 

zinc-finger proteins, regulate stress-responsive genes involved in antioxidant defence, osmotic adjustment, ion  
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homeostasis, secondary metabolism, and cell-wall reinforcement. In biotic stress responses, roses activate complex 

defence pathways against black spot, gray mould, powdery mildew, and aphid infestations through salicylic acid, 

jasmonic acid, ethylene, abscisic acid, calcium signalling, MAPK cascades, and accumulation of defensive 

metabolites. Abiotic stress adaptation is similarly associated with hormonal cross-talk, reactive oxygen species 

scavenging, compatible solute biosynthesis, and stress-responsive gene expression. Emerging molecular tools, 

including marker-assisted selection, virus-induced gene silencing, omics-assisted breeding, and CRISPR/Cas-

mediated genome editing, offer promising opportunities to accelerate the development of rose cultivars with 

enhanced resilience. Integrating molecular insights with modern breeding approaches can support the development 

of roses that maintain ornamental quality and productivity under increasingly unfavourable environmental 

conditions.  

 

Keywords: Rosa spp.; stress resilience; abiotic stress; biotic stress; transcription factors; hormone signalling; 

CRISPR/Cas9; molecular breeding.  
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S1.O4. Enhancing Plant Stress Tolerance and Cultivation Efficiency in the Face of Climate Change 

 

Ming-Tsair Chan 

Biotechnology Center in Southern Taiwan, Academia Sinica 

Agricultural Biotechnology Research Center, Academia Sinica 

 

Global agriculture and horticulture face unprecedented challenges from climate change and energy-intensive 

cultivation. This research presents dual-pronged biotechnological strategies to enhance plant resilience, optimize 

development, and improve crop yields. First, to address the high energy demands of Phalaenopsis orchid 

cultivation, we targeted temperature-dependent flowering. We identified PaFTL as a floral repressor that interacts 

with 14-3-3 proteins. Using CRISPR-Cas9, we knocked out this gene, successfully inducing early flowering and 

providing a sustainable alternative to conventional temperature controls. Second, we combated drought and 

salinity by overexpressing methionine sulfoxide reductase (MSRB5). MSRB5 mitigates oxidative damage and 

stabilizes the AHA2 plasma membrane proton pump via the regulatory protein 14-3-3ω. This pathway preserves 

ion homeostasis under severe salt stress, significantly improving agronomic traits across species—yielding larger 

Arabidopsis seeds, bigger tomatoes, and enhanced photosynthetic efficiency in rice. By deciphering these shared 

regulatory networks centred on 14-3-3 proteins, and integrating a safe, non-antibiotic selection system, this study 

provides actionable genetic frameworks to secure global food production and maximize cultivation efficiency 

against environmental extremes. 
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S1.F1. Identification of the Methionine Sulfoxide Reductase (MSR) System in Ribes nigrum for Enhanced 

Resistance to Environmental Stress Factors  

 

Ana Dovilė Zubauskienė, Ingrida Mažeikienė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

ana.dovile.zubauskiene@lammc.lt 

 

The methionine sulfoxide reductase (MSR) system is a conserved protein repair mechanism across all kingdoms of 

life and plays a key role in maintaining cellular redox homeostasis under oxidative stress. While the MSR gene 

family has been extensively characterised in model plants, its regulatory network and functional dynamics in Ribes 

spp. remain insufficiently understood. Recent studies suggest that elucidating MSR regulation under stress 

conditions represents a promising yet underexplored avenue for breeding climate-resilient cultivars. This study 

highlights conserved MSRs genes in Ribes spp. germplasm. Using a gene expression approach, MSR induction 

patterns were characterised under cold stress and viral infection. A notable aspect of this study is the analysis of a 

R. nigrum cv. Aldoniai transcriptome, enabling the identification of MSR mechanism and activity in Ribes genus, 

which is phylogenetically distant from model plants. A total of five MSR-encoding transcripts were identified in 

the transcriptome of blackcurrant. Phylogenetic analysis classified the MSRs into two MSRA and three MSRB  
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subgroups. MSRA and MSRB isoforms differed in their conserved domain architecture, being annotated with 

PRK13014 and SelR domains, respectively, reflecting their distinct stereospecific activities in methionine 

sulfoxide reduction (Met-S-SO vs. Met-R-SO). The expression of MSRs in R. nigrum was constitutive under both 

viral infection and cold stress. MSRs maintained a basal level of protein protection against oxidative damage.  

Considering the high content of antioxidant compounds in blackcurrants, the MSR system likely functions as an 

additional stabilising component. Investigating the MSR system in Ribes spp. may advance our understanding of 

the mechanisms underlying stress resilience and reveal that its activity is regulated not only at the transcriptional 

level, but also through post-translational mechanisms and redox state.  

 

Keywords: methionine sulfoxide reductase, MSR system, blackcurrant, resistance.  
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S2. Plant Response-Based Cultivation Technologies  

 

S2.O1. From Cultivation to Calibration: Quantitative Standardisation of Bioactive Phytochemicals in Medicinal 

Plants  

 

Akvilė Viršilė, Audrius Pukalskas, Nasim Safari, Justinas Raginskis, Ieva Karpavičienė, Giedrė Samuolienė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

akvile.virsile@lammc.lt  

 

Medicinal plants are increasingly used as sources of bioactive ingredients for nutraceutical, pharmaceutical, and 

health-oriented applications, yet their phytochemical quality remains highly variable. This variability is not only a 

matter of raw material quality; it may also affect the reproducibility of biological activity and the expected 

performance of medicinal plant preparations. Concentrations of target compounds are shaped by genotype, 

developmental stage, cultivation environment, and post-harvest handling, making quantitative standardisation a 

persistent challenge. This presentation develops the concept of ‘cultivation-to-calibration’ as a plant-physiology-

based approach for quantitative standardisation of medicinal plant raw materials. The central question is whether 

controlled-environment agriculture (CEA) can reduce phytochemical variability and reproducibly steer valuable  
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metabolites toward predefined compositional ranges. Using selected experimental examples, the presentation will 

discuss how light spectrum, temperature, and other environmental factors influence biomass formation, stress 

physiology, and secondary metabolite accumulation. Particular attention will be given to the level of precision 

realistically achievable in plant-based systems, the maximisation of individual compounds, and the reproducibility 

of compositional profiles. Targeted phytochemical analyses, together with plant physiological measurements, 

provide the basis for linking cultivation parameters with quantitative metabolite outcomes. While biological 

variability cannot be eliminated, CEA may enable narrower phytochemical ranges, improved traceability, and 

more reliable production of bioactive ingredients. This supports future standardisation strategies in which 

medicinal plant quality is defined not only by biomass yield, but also by reproducible bioactive composition and 

predictable functional potential.  

 

Keywords: controlled environment agriculture, secondary metabolites, precision, reproducibility, bioactive 

compounds.  
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S2.O2. Influence of Orchard Systems on the Performance of Some Apple Cultivar Candidates in Latvia  

 

Edgars Rubauskis, Laila Ikase, Indra Borisova  

 

Institute of Horticulture (LatHort)  

Graudu iela 1, Ceriņi, Krimūnu pagasts, Dobeles novads, LV-3701 Dobele, Latvia  

edgars.rubauskis@lathort.lv 

 

Lower tree density in the orchard could be more efficient with a proper canopy system and well-suited rootstocks. 

Performance of cultivars ‘Alesya’, ‘Felicita’, ‘Lora’, cultivar candidates DI-3-90-45, DI-93-4-22, and No. 28-97-4 

was tested in four orchard systems. The canopies were trained as adapted slender spindle and two-axis trees on 

rootstock B.396, and UFO and flat pyramidal canopy with at least one pair of scaffolds on rootstock MM 106. The 

study was conducted at the LatHort experimental orchard site in 2017 to 2025 within the framework of the project 

“Horticultural crop breeding program for the development of breeding material to support the conventional, 

integrated and organic agricultural crop production technologies”. The effect on the start of fruit-bearing was 

observed for each type of canopy in the sixth year. The data from training systems: slender spindle, two-axis, and 

UFO allowed to obtain a comparable cumulative yield. The highest average yield per area was obtained for slender 

spindle (18.1 t ha−1), while within UFO and two-axes it was lower (12.7 and 13.6 t ha−1). The orchard systems had 

different rates of filling the assigned area. Significantly lower yields were observed for trees with a flat-pyramidal  
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canopy, even if compared with the UFO system on the same used semi-dwarf rootstock. In orchard systems with 

2-axis and slender spindle canopy on rootstock B.396, the highest yields had ‘Lora’ (average 16.8 and 31.3 t ha−1). 

In the system with UFO, the highest yields were observed for the hybrids DI-93-4-22 and No. 28-97-4 (16.4 and 

16.7 t ha−1). The efficiency of summary production was high and comparable across the orchard systems with the 

rootstocks B.396 and also UFO on MM 106 (2.30–2.56 Ʃ kg cm−2). Less biennial yielding in both systems had DI 

3-90-45 on rootstock B.396. The largest fruits had hybrid DI-93-4-22 (165–252 g), the smallest ‘Felicita’ (111–170 

g).  

 

Keywords: Malus domestica, scab resistant, productivity, orchard models, canopy, rootstock.  
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S2.O3. Cranberry (Vaccinium macrocarpon) Production in the Northern Climate Utilising High Tunnel Soilless 

Table-Top Cultivation Technology  

 

Pauliina Palonen*, Satu Hult, Leila Karami, Jonna Pärssinen, Susanna Simovaara  

 

Department of Agricultural Sciences, University of Helsinki  

PO Box 27, FI-00014 University of Helsinki, Finland  

pauliina.palonen@helsinki.fi 

 

While the supply of wild harvested cranberry (Vaccinium oxycoccos) is insufficient, field-cultivated cranberries (V. 

macrocarpon) are imported to Finland from North America. Due to the short growing season, open field 

production of V. macrocarpon is not feasible in Finland. To address this limitation, we have developed a high-

tunnel soilless table-top cultivation technique for cranberries. Our goal is to establish sustainable and economically 

iable cranberry production in northern latitudes. Several North American cranberry cultivars were tested in a high 

polytunnel at the Viikki campus of the University of Helsinki. The cultivar ‘Pilgrim’ proved to be the most 

productive and precocious under northern conditions, yielding up to 2 kg per plant four years after propagation. 

The shelf life of tunnel-grown cranberry fruit was found to be superior to that grown in the open field; the fruit can 

be stored for over six months in cold storage. We have investigated various growing media, nutrient requirement, 

pruning practices, and winter hardiness of cranberry plants in soilless culture. Both forest nursery peat and  
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Sphagnum moss were identified as suitable growing media for cranberries, with winter survival of cranberry roots 

in Sphagnum moss surpassing that in peat. Annual pruning of plants is necessary, by heading back the runners. A 

few berry farms in Finland have now initiated cranberry production in high tunnels. Further research is needed to 

assess the economic sustainability of this production method.  

 

Keywords: cranberry, growing media, high tunnel, Sphagnum moss, winter hardiness.  
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S2.O4. Small Changes, Distinct Response: Towards Plant Response-Based Productivity  

 

Gediminas Kudirka, Akvilė Viršilė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas district, Lithuania  

gediminas.kudirka@lammc.lt 

 

Controlled environment agriculture (CEA) enables precise regulation of environmental parameters, including light 

intensity, nutrient composition, pH. Despite this high level of environmental control, optimisation strategies 

remain predominantly input-driven and do not fully account for plant physiological behaviour, limiting further 

improvements in productivity and resource use efficiency. 

This study investigates plant response to variations in photosynthetic photon flux density (PPFD) and nutrient 

solution pH using hydroponically cultivated leafy vegetables. Although biomass accumulation generally increased 

with increasing PPFD, this apparent response did not necessarily reflect cultivation efficiency. A derivative 

parameter (ΔFW/ΔDLI) relating relative biomass gain to incremental light input revealed a non-linear response, 

identifying species-specific ranges of maximal relative photon-use efficiency. Beyond these ranges, additional 

light resulted in reduced efficiency, indicating photosynthetic saturation and suboptimal photon utilisation. 

Similarly, even minor pH differences (0.5 units) within the optimal range of pH 5.5–6.5 resulted in clear treatment  
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differentiation in multivariate analysis despite limited effects on biomass accumulation. Plant physiological 

responses were largely driven by changes in mineral uptake and redistribution, particularly of manganese and iron, 

highlighting the sensitivity of plant physiology to subtle environmental variation.  

Overall, the results demonstrate that plant productivity in CEA is governed by integrated, non-linear physiological 

responses rather than environmental inputs alone. Evaluating these responses enables the identification of resource 

efficient operating ranges and physiologically distinct productivity outcomes. Therefore, achieving maximum 

productivity requires a plant-centric approach in which cultivation decisions are guided by plant physiological 

response rather than environmental inputs alone.  

 

Keywords: CEA, hydroponics, PPFD, nutrient solution, pH.  
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S2.O5. DigiGarden: Automated Fertigation in Vegetable Polyculture Systems  

 

Daiga Birzleja, Kārlis Švirksts, Marija Gailīte, Elīza Ilze Malceniece, Anna Korica,  

Toms Trasūns, Anta Sparinska  

 

Bulduri Biotechnology Center,  

Viestura St. 6, Jurmala, LV-2010 Latvia  

daiga.birzleja@lammc.lt  

 

The DigiDārzs project focuses on the development of fertilisation and crop management strategies for vegetable 

polycultures using automated cultivation technologies in open-field conditions. Within the project, cabbage 

(Brassica oleracea var. capitata cv. ‘Kilastor’ F1), carrot (Daucus carota L. cv. ‘Allyance’ F1), and leek (Allium 

porrum L. cv. ‘Pluston’ F1) were grown under different irrigation systems, including a non-irrigated control, 

surface capillary irrigation, and subsurface capillary irrigation at different depths.  The study focused on the 

interaction between irrigation method, soil nutrient dynamics, and fertilisation adjusted according to regular soil 

analyses. Weekly analyses were used to assess nutrient availability and mobility in the root zone, with particular 

attention to nitrate, phosphate, and sulphate dynamics under different moisture conditions. The results showed that 

irrigation strategy influenced nutrient distribution and uptake more strongly than total yield. Subsurface irrigation 

improved nutrient balance in the active root zone and supported more targeted fertiliser application. The findings  
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demonstrate the value of combining automated irrigation systems with soil-analysis-based fertilisation in order to 

improve nutrient use efficiency, reduce losses, and develop more sustainable vegetable growing technologies for 

practical field application. 
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S2.O6. Challenges and Opportunities of Legume Cultivation in Hydroponics  

 

Rūta Sutulienė1*, Giedrė Samuolienė1, Akvilė Viršilė1, Audrius Pukalskas1,  

Pirjo Mäkelä2, Hirofumi Ishihara2, Michael Martin3, Aušra Brazaitytė1  

 
1Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry, Lithuania  
2Department of Agricultural Sciences, University of Helsinki, Finland  
3IVL Swedish Environmental Research Institute, Sweden  

*Correspondence: ruta.sutuliene@lammc.lt 

 

Legumes are distinguished by their ability to biologically fix atmospheric nitrogen (BFN) in their roots, through 

symbiosis with Rhizobium bacteria, thus making it available to other plants in the soil. However, there is no 

knowledge of how Rhizobium symbiosis in roots affects nodule formation and BFN accumulation in the 

hydroponic solution. This is particularly important in reducing our dependence on fossil fuels. Imagine the 

possibility of saturating a hydroponic solution with BFN resulting from the symbiosis of Rhizobium with pea 

roots, which could then be reused to fertilise other plants. First, to determine how much nitrogen (N) is optimal to 

optimise BFN formation, second, to evaluate the effect of different hydroponic systems EBB, NFT, and DWC on 

BFN formation, and third, to evaluate the effect of different Rhizobium strains on BFN formation. Pea plants 

(Pisum sativum, ‘Norli’) were grown hydroponically in controlled environment growth chambers using PPFD ‒  
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220 µmol m−2 s−1 18 h photoperiod, 23/19 ± 2°C temperature, 60% ± 5% relative humidity) and exposed to 25, 30, 

50, and 100 % N. After determining that the most effective was a 30% N rate, plants were grown under the same 

conditions but in different hydroponic systems. We found that the highest number in total nodule was 153 per plant 

when Rhizobium pisi bacteria were applied in the Ebb type hydroponic systems. In summary, there are numerous 

factors involved in modelling BFN formation, and significant research remains to be conducted. 

Acknowledgements. This work was supported by NordForsk, Nordic Energy Research, the Research Council of 

Lithuania, Formas, the Swedish Energy Agency, and the Research Council of Finland through the funding to 

“Green nitrogen transition: The potential of legumes in control environment agriculture” (project No. 181319).  

 

Keywords: legumes, biologically fixed nitrogen, pea, nodule, Rhizobium, hydroponics.  
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S2.O7. Root-Zone Temperature Regulates Morphophysiological Traits, Phenolic Metabolism, and Antioxidant 

Activity of Hydroponic Thymus Species Grown in a Controlled Environment  

 

Nasim Safari, Akvilė Viršilė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

nasim.safari@lammc.lt 

 

Understanding the plant metabolic changes and acclimation mechanisms of plants underlying thermal fluctuations 

is increasingly important for controlled-environment agriculture. This study contributes to a better understanding 

of species-specific tolerance to root-zone thermal fluctuations in hydroponic cultivation systems. To this end, the 

impact of root-zone temperature on plant growth, antioxidant activities and phenolic contents of two thymus 

species, Thymus serpyllum L. and Thymus daenensis Celak., were evaluated. Plants were hydroponically grown in 

controlled growth conditions at three root-zone temperature: control (21±1°C), constant elevated temperature 

(25±1°C), and short period high temperature (29±1°C, 7 days). Thyme seedlings were transplanted into deep water 

culture at 16 h photoperiod. A light-emitting diode setup consisting of 24%blue:6r-red:70%red light, providing 250 

µmol m−2 s−1 was used as the light source. The results revealed that growing traits remained relatively stable across 

root-zone temperature treatments in T. serpyllum; however, short-term high temperature decreased growth features  
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in T. daenensis. Antioxidant activity in leaves was reduced by short-term high temperature in T. serpyllum, while 

no significant changes were observed in T. daenensis. In both species, the antioxidant level in the roots showed no 

noticeable variation in treatments. The distribution of antioxidant activity between the root and the shoot varied 

depending on the plant species. Phenolic compounds content showed the same pattern in plants. The findings 

suggest that short-term root-zone thermal fluctuations primarily influenced aboveground metabolic responses, 

whereas root antioxidant activity remained comparatively stable across treatments.  

 

Keywords: controlled-environment agriculture, environmental factors, medicinal and aromatic plants, secondary 

metabolites.  
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S2.O8. From Salt Stress to Superfood: Mapping Tolerance Traits and Ionome of Facultative Amaranthaceae 

Halophytes in Hydroponics  
 

Ayesha Khan, Giedrė Samuolienė  
 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

ayesha.khan@lammc.lt 
 

Salinity severely limits conventional agriculture, necessitates the exploration of alternative stress-resilient crops. 

Facultative Amaranthaceae halophytes are promising candidates, uniquely positioned as highly nutritious 

‘superfoods’ that thrive in both freshwater and saline environments. In the current study, two Amaranthaceae 

halophytes, A. tricolor cv. Red Aztec and Chenopodium giganteum D. Don were grown under various hydroponic 

salinity levels (0, 150, and 300 mM NaCl) to assess their tolerance and nutritional profile. Environmental 

conditions, including a Blue: Red: Far-Red LED spectrum at 22:65:13 with 250 µmol m−² s−¹ PPFD, and 18/22 ± 

2°C temperature were maintained in a walk-in growth chamber throughout the experiment. A. tricolor showed a 

strong negative correlation between salinity and survival rate, plant height, leaf area, root length, shoot dry weight, 

DPPH, Na, P, Ca, Mg, maltose, oxalacetic acid, and succinic acid, while a positive correlation between salinity and 

Cl, fructose, glucose, malic acid, fumaric acid, and tartaric acid. C. giganteum showed a negative correlation  
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between salinity and plant height, leaf area, root length, shoot dry and fresh weight, Ca, Mg, B, oxalacetic, malic, 

fumaric, succinic, and tartaric acid while positive between salinity and DPPH, Zn, fructose, glucose, and maltose. 

Stable growth with simultaneous enhancement of antioxidants, essential minerals, organic acids, and sugars at 150 

mM salinity directly elevates the nutritional profile of these species, validating them as premium, functional foods. 

Ultimately, this study provides a strong agronomic framework for utilising hydroponics and saline water to 

produce high-value superfoods, offering a sustainable solution for global food security in marginal environments.  

 

Keywords: hydroponics, salinity levels, antioxidants, growth, osmolytes.  
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S2.F1. Effect of Biofortification Fe, Zn and Se on Leafy Vegetables under Different White LED Lighting  

 

Aušra Brazaitytė, Rūta Sutulienė, Kristina Laužikė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

ausra.brazaityte@lammc.lt 

 

Biofortification enhances the nutritional value of plants by increasing the concentration of essential micronutrients 

in their edible parts without reducing yield. That can be achieved using various methods, and light can serve as a 

potential agronomic strategy. Our study aimed to determine the effect of Fe, Zn and Se biofortification on mustard 

(Brassica juncea, ‘Red Lace’) microgreens and lettuce (Lactuca sativa L. ‘Little Gem’) growth and Fe, Zn and Se 

content under different correlated colour temperature (CCT) white (3000K, 3500K, and 4000K) light-emitting 

diodes (LED) lighting. Mustard microgreens and lettuce were cultivated hydroponically. For both plants, Fe was 

added to the nutrient solution at concentrations of 2 ppm and 5 ppm. Lettuce received Zn at 1 ppm and 5 ppm, 

along with Se at 1 ppm. Mustard microgreens were provided with Zn at 1 ppm and 10 ppm, and S at 2 ppm. 

Results showed that Fe supplementation did not significantly affect the growth of both plants under any white 

LED lighting conditions. The highest Fe content in the leaves was observed under white LED lighting at 3000 K. 

The increased Zn content in the solution did not impact the growth of mustard microgreens. However, higher Zn  
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levels were observed in microgreens grown under 3000 K lighting. In contrast, a higher Zn concentration under 

3500 K white LED lighting negatively affected lettuce weight, although it led to the greatest increase in lettuce 

leaf Zn content. Se in the solution reduced the fresh weight of mustard microgreens when grown under 4000 K 

white LED lighting. Se did not affect lettuce weight, which showed the greatest growth under 3000 K white LED 

lighting. The highest selenium content in these plants was found under 3500 K white LED lighting. Overall, the 

findings indicate that different leafy vegetables require tailored strategies for selecting light spectra to maximise 

micronutrient enrichment without adverse effect on plant growth.  

 

Keywords: iron, zinc, selenium, biofortification, white LEDs, leafy vegetables.  
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S2.F2. The Effect of Slow-Release Fertilisers on Strawberries Grown in a Greenhouse  

 

Juozas Lanauskas, Neringa Rasiukevičiūtė, Alma Valiuškaitė 

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  
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juozas.lanauskas@lammc.lt 

 

At the Lithuanian Research Centre for Agriculture and Forestry, a greenhouse experiment was conducted in 2023–

2024 to compare the effects of conventional fertigation and slow-release fertilisers on ‘Elsanta’ strawberries. Frigo 

plants were cultivated in pots with 2.5 l of peat substrate. In the first year, control plants received only water; in the 

second year, part of these plants were additionally fertigated with Nutricomplex NPK 14-11-25 with 

micronutrients. A second control consisted of plants fertigated with Nutricomplex (3 g L−1 of substrate per season) 

in both years. Slow-release fertiliser Multicote (6) 15-7-15 with micronutrients was used annually at 2, 3 and 4 g 

L−1 of substrate. Potassium sulphate supplementation ensured nitrogen to potassium ratio of 1:1.5 recommended 

for strawberries. In the first year, fertilised treatments exhibited similar growth, with plant dry weight of 55–64 g, 

whereas unfertilised plants reached 35 g. Despite the lowest leaf concentrations of nitrogen, phosphorus, and 

potassium, unfertilised plants produced the highest yield and mean berry weight. In the second year, unfertilised 

strawberry plants weighed even less than in the previous year – 23 g, while the weight of plants fertilised only in  
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the second season was twice as high. The highest Multicote rate resulted in the greatest plant weight (103 g), 

whereas lower rates and Nutricomplex treatments produced comparable weights (81–85 g). Unfertilised plants 

showed the lowest yield and berry weight. Additional fertigation in the second year significantly increased 

productivity and berry weight; yields were surpassed only by plants treated annually with 2 g L−1 Multicote. The 

largest berries (16.7 g) were obtained with 3 g L−1 Multicote. Reduced leaf nutrient content and yield confirm 

mineral nutrient deficiency in unfertilised plants.  

 

Keywords: peat substrate, fertigation, yield, berry weight, nutrient content.  
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K3. Total Controlled Environment Agriculture: Opportunities and Challenges  

 

Anta Sparinska  

Bulduri Biotechnology Center  

Viestura St. 6, Jurmala, LV-2010 Latvia  

anta.sparinska@bulduri.lv  

 

Total Controlled Environment Agriculture (CEA) is based on the precise control of light, temperature, humidity, 

CO₂, irrigation, and nutrient supply to ensure stable, high-quality crop production throughout the year. It offers 

important opportunities for more efficient use of land and water, reduced pesticide dependence, and the production 

of healthy planting material and high-value crops under standardised conditions. This presentation addresses the 

main opportunities and challenges of total CEA based on practical research with soilless and multilayer cultivation 

systems. Particular attention is given to environmental control, lighting, nutrient management, automation, and 

crop-specific responses. Results indicate that plant performance strongly depends on the interaction between 

genotype, light spectrum, irrigation regime, and root-zone conditions, requiring crop-specific optimisation. 

Examples include strawberry, potato, soybean, and other crops tested in controlled systems. Overall, total CEA is a 

promising but knowledge-intensive production model whose wider adoption depends on improved energy 

efficiency, precise nutrient balancing, and integrated technological solutions.  
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K4. Designing the Super Vegetable: Agronomic Approaches for Nutritional Quality  

 

Cherubino Leonardi, Claudio Cannata  

 

Department of Agriculture, Food and Environment (Di3A), University of Catania  

Italy  

cherubino.leonardi@unict.it  

 

Growing awareness of the link between diet and health has shifted attention beyond the traditional productive 

traits of vegetables, toward their nutritional quality. This has led to the concept of the ‘super vegetable’: a produce 

whose nutritional and nutraceutical value is enhanced through targeted agronomic strategies. The nutritional 

quality of vegetables depends on the interaction of genetic, environmental, and management factors. This 

presentation explores how specific agronomic strategies can boost the accumulation of health-promoting 

compounds such as vitamins, minerals, polyphenols, carotenoids, and glucosinolates. Among the most effective 

agronomic levers are cultivar selection, mineral nutrition, water management, light exposure, and harvest timing. 

Agronomic biofortification with micronutrients, in particular, has shown real potential in addressing global dietary 

deficiencies. Mild abiotic stresses can also trigger the plant’s production of secondary metabolites, increasing the 

phytochemical content of edible tissues. Case studies on different vegetables show how integrated management 

approaches can improve nutritional profiles without reducing marketable yield. These examples make clear that no  
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single agronomic factor works on its own: a multi-factorial strategy, tailored to the crop and to the target 

compounds, is needed. In conclusion, agronomy offers an effective and sustainable way to improve the nutritional 

quality of vegetables, from field to fork, linking agricultural production with public health. However, the 

development of super vegetables should follow rational design principles, aiming for foods that are not only 

nutrient-dense, but also sustainable, consumer-friendly, and beneficial for both human and environmental health.  

 

Keywords: super vegetable; nutritional quality; multi-factorial strategy.  
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S3. Plant Protection and Product Quality  

 

S3.O1. Alternative Strawberry Plant Protection for Yield and Quality Increase  

 

Neringa Rasiukevičiūtė, Alma Valiuškaitė, Juozas Lanauskas, Ingrida Mažeikienė,  

Armina Morkeliūnė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333, Kaunas dist., Lithuania  

neringa.rasiukeviciute@lammc.lt 

 

Alternative plant protection strategies are encouraged to control plant diseases and reduce the intensive use of 

chemical pesticides. The development of an alternative disease management system is essential for maintaining 

strawberry productivity while preserving biodiversity and minimising ecological impacts. The aim was to evaluate 

the effects of alternative plant protection measures on strawberry growth, yield, fruit quality, and biochemical 

characteristics. A two-year experiment was conducted under tunnel greenhouse conditions using a randomised 

block design with four replications. Alternative measures were applied four times at the 10% flowering stage 

(BBCH 61–65) at 7–10-day intervals. Measurements: yield, fruit weight and size, the number of leaves, crowns, 

flowers and inflorescences, fruit firmness, soluble solids content, vitamin C and antioxidants. The results revealed 

that in cv. Elsanta Bacteria-MIX treatments increased marketable yield compared with the untreated control in 

both years. In cv. Sonsation Thyme-EO yield was highest. Alternative treatments reduced the severity of Botrytis  
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cinerea, although their effectiveness varied between years, cultivars and environmental conditions. The average cv. 

Sonsation fruit diameter increased from 28 mm up to 31 mm in 2023 and from 35 mm to 39 mm in 2024. The 

variability of the used measures aligns with previous findings, indicating that environmental conditions, crop 

phenology, and seasonal factors strongly modulate the performance of alternative plant protection products. The 

response to alternative plant protection treatments may vary among strawberry cultivars due to genetic differences 

influencing plant physiology, metabolism, and stress tolerance. Our research revealed that effectively 

incorporating alternative plant protection treatments helps achieve higher-quality strawberries and may reduce 

chemical fungicide use. 

Acknowledgements. This research has received funding from the Research Council of Lithuania (LMTLT), 

agreement No. [S-NORDFORSK-23-6]. 
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S3.O2. Propolis Extracts as Alternative Against Apple Rot Pathogens  

 

Armina Morkeliūnė, Justina Griauzdaitė, Neringa Rasiukevičiūtė, Vytautas Bunevičius,  

Alma Valiuškaitė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

armina.morkeliune@lammc.lt 

 

Due to EU regulations requiring a reduction in chemical pesticide use by up to 50%, researchers are seeking new 

biocontrol measures against plant pathogens. Propolis extracts have the potential for sustainable, environmentally 

friendly plant protection. This evaluated the efficacy of propolis extracts at different concentrations as a bio-

fungicide against fruit pathogens. The study was conducted at the Institute of Horticulture, LAMMC in Lithuania. 

Propolis extracts used: Water-based propolis extract (WP) and ethanol-based propolis extract (EP), at 

concentrations from 200 to 2000 µL L−1. The antifungal activity of propolis extracts was assessed based on 

Botrytis spp., Fusarium spp., Alternaria spp., Penicillium spp., Colletotrichum spp., radial growth inhibition. 

Disease incidence was evaluated at 2, 4, and 7 days after inoculation (DAI). The results revealed that EP were 

more efficient at concentrations of 1400–1800 µL L−1 at 2 and 4 DAI against Botrytis spp., Colletotrichum spp., 

Alternaria spp. Additionally, at 4 DAI, the EP (1200–1600 µL L−1) and WP (1400–1800 µL L−1) effectively  

mailto:armina.morkeliune@lammc.lt


 

53 
 

 

 

 

 

inhibited Penicillium spp. The further research on fruit pathogens inhibition is needed; however, propolis extracts 

are promising as biofungicide.  

 

Keywords: biofungicide, Botrytis spp., Colletotrichum spp., Alternaria spp., plant diseases.  
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S3.O3. The Impact of Botrytis and Alternaria Spread and Phytochemical Content in Leafy Greens During Short-

Term Storage  

 

Darius Jermala, Neringa Rasiukevičiūtė, Alma Valiuškaitė, Kristina Bunevičienė,  

Viktorija Vaštakaitė-Kairienė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  

Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

darius.jermala@lammc.lt 

 

Leafy vegetables are short-lived and highly perishable produce, and their postharvest quality and safety depend on 

both storage conditions but also pre-harvest nutritional status. This study evaluated the effects of calcium 

concentration in the nutrient solution on the spread of Botrytis cinerea and Alternaria alternata and selected 

phytochemical traits, in hydroponically grown lettuce (Lactuca sativa L.) and pak choi (Brassica rapa L.) during 

short-term storage. Lettuce and pak choi were grown hydroponically with 40, 80, or 120 mg L⁻¹ calcium in the 

nutrient solution (Ca40, Ca80, and Ca120). Lesion severity caused by B. cinerea and A. alternata was assessed on 

inoculated leaves stored at 22°C at 2, 4, and 7 DPI, while total phenolic content, ascorbic acid, FRAP, and ABTS 

were determined on the harvest day and during storage. In pak choi, A. alternata severity was lower at Ca80 

(16.13%) and Ca120 (15.45%) than at Ca40 (28.53%), whereas B. cinerea severity was higher at Ca120 (22.83%)  
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than at Ca40 (11.81%) and Ca80 (11.47%). In lettuce, A. alternata severity was highest at Ca40 (17.42%) and 

lower at Ca80 (8.70%) and Ca120 (11.32%), while no significant calcium effect on B. cinerea was observed. In 

pak choi, the highest calcium treatment was associated with higher total phenolic content (16.21 vs. 13.95 mg g⁻¹ 

SM) and ABTS (24.86 vs. 20.42 µmol TE SM) than Ca40, while FRAP was higher at both Ca80 (9.62) and Ca120 

(10.11 µmol TE SM) than at Ca40 (8.33). In lettuce, calcium had no significant effect on total phenolic content, 

FRAP, or ABTS, whereas ascorbic acid was highest at Ca120 (45.83 mg 100 g⁻¹ SM). Calcium effects were crop-, 

pathogen-, and trait-dependent: higher calcium reduced A. alternata severity in both crops, but increased B. 

cinerea severity in pak choi. Phytochemical responses were more pronounced in pak choi, whereas in lettuce, only 

ascorbic acid increased at Ca120.  

 

Keywords: hydroponics, lesion severity, total phenolic content, FRAP, ABTS, ascorbic acid.  
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S3.O4. Application of Co-Extractants to Improve the Extraction of Antioxidant Compounds and Flavonoids from 

Salvia officinalis L.  

 

Marija Gutauskaitė, Inga Matulytė  

 

Lithuanian University of Health Sciences  

A. Mickeviciaus g. 9, LT-44307 Kaunas, Lithuania  

marija.gutauskaite@stud.lsmu.lt 

 

Introduction. The increasing focus on sustainable production has led to a greater demand for extraction methods 

that minimise the use of raw materials and solvents while maintaining high extraction efficiency. Optimisation of 

extraction processes is essential not only for economic benefits but also for reducing environmental impact. One 

strategy to improve extraction efficiency involves the use of co-extractants that can enhance the recovery of 

biologically active compounds. 

Materials and methods. Ultrasonic extraction was used to isolate bioactive compounds from sage leaves under the 

following conditions: frequency 35 kHz, temperature 40°C, and extraction time 30 min. Ethanol solutions at two 

concentrations (70% and 96%) were used as extraction solvents. To evaluate their effect on extraction efficiency, 

sodium chloride, magnesium alumino-metasilicate and sucrose were individually added as co-extractants at a 

concentration of 1% (w/v) of the extraction solvent. Extractions were carried out using raw material-to-solvent  
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ratios of 1:10 and 1:20 (w/v). Antioxidant activity and total flavonoid content were assessed using 

spectrophotometric methods.  

Results. The highest antioxidant activity was obtained using 96% ethanol solution at a 1:10 ratio in combination 

with sodium chloride (12.105 TE µg mg−1). Whereas after one month of storage the greatest value was observed in 

extracts containing sucrose extracted with 96% ethanol solution at a 1:20 ratio (12.551 TE µg mg−1). For flavonoid 

extraction, sodium chloride showed the strongest enhancing effect, yielding the highest flavonoid concentration 

both before (0.0282 mg RE g−1) and after one month of storage (0.0229 mg RE g−1) at a 1:10 ratio with 70% 

ethanol solution (p < 0.05). 

Conclusion. These findings suggest that the effect of excipients on extraction efficiency depends on both solvent 

concentration and extraction conditions, with sodium chloride demonstrating the most consistent positive impact 

on flavonoid recovery. 
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S3.O5. Comparative Analysis of Beetroot and Raspberry By-Products: Influence of Ultrasound-Assisted 

Extraction on Bioactive Recovery and Functional Quality  

 

Khadija Ramzan, Aistė Balčūnaitienė, Pranas Viškelis, Jonas Viškelis  
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khadija.ramzan@lammc.lt 

 

Valorisation of fruit and vegetable by-products offer a sustainable approach to recover high-value bioactive 

compounds and reduce agro-industrial waste. This study aims to compare beetroot and raspberry by-product 

powders as sources of natural antioxidants and pigments using ultrasound-assisted extraction (UAE). Three 

extraction treatments, varying in temperature, extraction time, and ultrasound power, were applied under identical 

conditions to both matrices for direct performance comparison. Extracts were analysed for antioxidant activity 

(DPPH and ABTS assays), total phenolic content (TPC), total flavonoid content (TFC), pigment yield, colour 

parameters (CIELAB), and UV-Vis spectra. Molecular weight distribution was determined by HPLC–SEC. The 

physicochemical and structural properties of the raw powders were assessed using FTIR, SEM, and ICP-OES to 

evaluate their impact on extraction behaviour. The results showed that UAE parameters were non significantly on 

the recovery of bioactive compounds [JA1.1], with outcomes strongly dependent on the plant matrix, whereas total  
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phenolic content showed relatively limited variation under the tested conditions. Raspberry extracts had higher 

flavonoid content (390–530 mg CE 100 g−1) and greater antioxidant activity, while beetroot samples yielded more 

pigments, especially with longer extraction times.  

Overall, the findings indicate that while extraction conditions affect process efficiency, the intrinsic composition 

and structure of the raw material are the main factors determining extract quality. This study offers new insights 

into the sustainable use of horticultural by-products as natural sources of antioxidants and colorants for value-

added products.  

 

Keywords: ultrasound-assisted extraction, beetroot and raspberry by-products; agro-industrial waste valorisation; 

bioactive compounds, and antioxidant activity.  
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S3.F1. Integrated Control of Powdery Mildew on Apple Trees  

 

Alma Valiuškaitė, Juozas Lanauskas, Armina Morkeliūnė, Justina Griauzdaitė,  

Vytautas Bunevičius, Neringa Rasiukevičiūtė  

 

Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry  
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alma.valiuskaite@lammc.lt 

 

Apple powdery mildew, caused by Podosphaera leucotricha, is one of the most economically significant fungal 

diseases affecting apple production worldwide. In recent years, an increase in the prevalence and severity of the 

disease has been observed, which is largely associated with changing climatic conditions. Prolonged autumn 

periods and milder winters create favourable conditions for the survival of the pathogen, allowing its mycelium to 

overwinter within vegetative and floral buds. These infected buds serve as primary inoculum sources of the disease 

to developing shoots, leaves, blossoms, and fruits. During the vegetation period, the development of powdery 

mildew is promoted by warm temperatures and relatively dry weather conditions. The cultivation of resistant or 

moderately resistant apple cultivars represents one of the most effective and environmentally sustainable 

approaches to powdery mildew management. Apple cultivars such as ‘Delicious’, ‘Empire’, ‘Enterprise’, ‘Fuji’, 

and ‘Gala’ exhibit moderate resistance or resistance to the disease reducing the risk of severe disease outbreaks  
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Integrated management of apple powdery mildew involves the combined use of resistant cultivars, appropriate 

horticultural practices, regular monitoring, and targeted fungicide applications. Routine pruning contributes to 

orchard sanitation by removing dead, weakened, and visibly infected shoots. The chemical control remains an 

essential component of integrated disease management. Fungicides should be applied during periods of active 

shoot growth and under environmental conditions favourable for disease development. The use of fungicides 

effective against both apple powdery mildew and apple scab is particularly advantageous, as it provides broad-

spectrum disease control and contributes to the development of sustainable orchard protection strategies.  

 

Keywords: Podosphaera leucotricha, resistant apple cultivars, chemical control.  
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S3.F2. Antioxidant Potential and Phenolic Content of Viburnum opulus By-Product Extract  

 

Siddiqua Ilyas, Lina Dėnė  
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Guelder rose (Viburnum opulus L.) is a deciduous shrub belonging to the Caprifoliaceae family and is one of the 

most widespread shrub species across Europe. Its fruits are small red berries, and the by-products (pomace, seeds, 

and leaves) contain abundant flavonoids and phenolic acids, including chlorogenic, caffeic, p-coumaric, gallic, 

protocatechuic, syringic, and ellagic acids, which confer high antioxidant capacity. The aim of the study was to 

optimise the extraction method and evaluate the total phenolic content and antioxidant activity of V. opulus 

pomace extracts. The berries were collected from the botanical garden of Vytautas Magnus University in 

Lithuania. The experimental analysis was carried out at the Institute of Horticulture, LAMMC. The berries were 

crushed, and extraction was performed using ultrasonication (UP 400St sonotrode) with water and water-ethanol 

solvents at 1:10 material-to-solvent ratio for 5 and 20 min. Total phenolic content was determined by the Folin-

Ciocalteu assay, and antioxidant activity was assessed using DPPH and ABTS spectrophotometric methods. The 

results demonstrated that the highest total phenolic content (112.48 ± 2.79 mg GAE ml−1) was obtained from the  
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water extract at 20 min. The highest ABTS radical scavenging activity (16.20 ± 1.29 µmol TE ml−1) was observed 

in the water-ethanol extract at 5 min, while the highest DPPH radical scavenging activity (14.78 ± 2.57 µmol TE 

ml−1) was recorded in the water extract at 5 min. The study revealed a clear dependence of total phenolic content 

and antioxidant activity on extraction time and solvent type. In conclusion, V. opulus pomace extracts are a 

valuable source of total phenolic compounds and natural antioxidants. The results indicate that different time 

intervals in ultrasound-assisted extraction significantly influence the total phenolic content and antioxidant activity 

of the by-product extracts, supporting their potential application in functional foods and nutraceuticals.  

 

Keywords: Viburnum opulus; phenolic compounds; ultrasound extraction; antioxidant capacity.  
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S3.F3. Impact of Dill Essential Oil on the Germination of Naturally Contaminated Strawberry Seeds  

 

Daiga Birzleja, Neringa Rasiukevičiūtė  
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Natural seed contamination can adversely affect seed quality, germination and vigour. However, excessive seed 

treatments may cause phytotoxic effects, resulting in reduced germination and seedling development. Plant quality 

primarily depends on seed quality, germination and contamination. The aim of the research was to evaluate natural 

strawberry seed contamination and the effect of dill essential oil on strawberry seed germination, shoot, and root 

length. The essential oil (EO) was extracted from dried dill seeds. The evaluated effect of dill EO on seed 

germination, seed shoot and root lengths, and natural seed fungal contamination (NSFC). NSFC seeds incubated at 

22°C and evaluated after 2, 4, 6, and 8 days. Treatments: 1) control – untreated, 2) chemical – fungicide Signum, 

3) EO1 – dill EO 1500 µL, 4) EO2 – dill EO 2000 µL, 5) EO3 – dill EO 2500 µL. Seed germination, shoot and 

root length monitored after 2, 4, 7, and 10 days. Results revealed a significant increase in natural seed 

contamination by day 4, with the mean number of infected seeds rising to 6.9. The majority of the seeds were 

contaminated by Penicillium spp. Results revealed that chemical treatment significantly increased germination  
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(43.3%) compared to all other treatments. In contrast, no statistically significant differences were observed 

between the control and any of the essential oil treatments, regardless of concentration, with germination rates 

ranging from 16.7% to 20.0%. The fungal and bacterial pathogens were completely inhibited by EO1 and EO2 

treatments. The shoot and root length varied between treatments, the longest roots were in EO1, but the longest 

shoots were in the control. Overall, these findings indicate that dill essential oil did not inhibit strawberry seed 

germination, but further research is needed.  

 

Keywords: germination, essential oil, Penicillium spp., strawberry seeds.  
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S3.F4. In vitro Efficacy of Some Plant Extracts on the Inhibition of Pectobacterium carotovorum, the Causative 

Agent of Bacterial Soft Rot  
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Pectobacterium carotovorum is one of the most important and widespread bacterial pathogens of a variety of plant 

products in storage. The aim of the present study was to evaluate the efficacy of some plant extracts on P. 

carotovorum in the laboratory conditions. For this purpose, flower, leaf and seed hydroethanolic extracts of cloves 

(Syzygium aromaticum), savory (Satureja hortensis) and fennel (Foeniculum vulgare), respectively, were prepared. 

Overnight culture of Pectobacterium carotovorum (PTCC 1675) in nutrient agar was cultured into nutrient broth 

and standardised with 0.5 McFarlands. The minimum inhibitory concentrations of the plant extracts were 

determined by a serial two-fold dilution method in 96- well plates. The plates were incubated at 25°C for 48 h with 

the lid on. The wells were then examined for evidence of growth and MIC values were determined as the lowest 

antimicrobial concentration that inhibited visible growth of the test microorganism. Experiment was repeated two 

times. MIC value for the fennel and savory extracts was 1/32 while the value for clove extract was 1/16; hence,  
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according to our results, fennel and savory showed stronger antimicrobial activity against P. carotovorum as 

comparison with clove. These results in overall are promising to use some plant extracts as potential botanical 

tools to control microorganisms in plant and their products.  

 

Keywords: Pectobacterium carotovorum, minimum inhibitory concentration, hydroethanolic extract.  
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S3.F5. Inhibitory Effects of Antagonistic Soil Bacterial Strain 12-45 on Fusarium spp. Growth and Development  
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Fusarium head blight is one of the most destructive cereal diseases in the world, caused by Fusarium graminearum 

(F.gram) and Fusarium culmorum (F.culm). It has been reported that non-gramineous plants and weeds act as 

asymptomatic reservoirs of Fusarium spp. in agroecosystems, whereas antagonistic bacteria are able to inhibit the 

growth and pathogenicity of these pathogens. The aim of this study was to evaluate the antagonistic activity of a 

soil bacterium strain (12-45) against F.gram and F.culm, by determining its effect on the mycelium growth, spore 

germination (SG) and hyphal structure using scanning electron microscopy (SEM). The tested 12-45 bacteria – 

Bacillus amyloliquefaciens Hy7 strain (99%, according to 16S). F.culm and F.gram were isolated from non-

gramineous plants (N) and weeds (P). The antagonistic effect was assessed by the dual culture method; SG was 

tested by incubating suspensions in liquid medium. After the dual culture test, morphological changes in hyphae in 

the zone of bacterial-fungal interaction were analysed by SEM using high vacuum. It was found that strain 12-45 

was able to inhibit F.culm growth by 62 – 65%, F.gram – 65–67% (from N and P plants, respectively). SG test  
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showed that in the negative control after 8 and 24 h 98–100% of spores germinated. In the fungicide variant after 8 

h SG reached 35% (19P) and 40% (30P). In bacteria variant after 8 h SG reached 67% (19P) and 64% (30P). After 

24 h SG increased in all groups (72–93%). SEM analysis showed that the effect of bacteria caused hyphal surface 

deformations, including wrinkling and structural flattening., while in the negative control, the hyphae remained 

morphologically unchanged. In conclusion, strain 12-45 inhibited F. graminearum more strongly than F. 

culmorum, moderately reduced spore germination at early stages, and induced structural changes in hyphae 

confirmed by SEM analysis, indicating its potential as a biological control agent against Fusarium spp.  

 

Keywords: Bacillus amyloliquefaciens, Fusarium spp., mycelium growth, spore germination, SEM.  
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S3.F6. Sustainable Synthesis of Silver Nanoparticles (AgNPs) from Cucurbita maxima Peels for the Development 

of 3D Hybrid Structures: Evaluation of Antimicrobial and Physicochemical Properties  
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Kauno g. 30, Babtai, LT-54333 Kaunas dist., Lithuania  

zarqa.hassan@lammc.lt 

 

The increasing generation of agricultural by-products and the limitations of conventional chemical synthesis 

methods emphasise the need for sustainable strategies for nanoparticle development. Pumpkin (Cucurbita maxima) 

peel, an agro-industrial by-product abundant in bioactive compounds, is a potential source for green 

nanotechnology. This study aimed to develop AgNP-based 3D hybrid structures from pumpkin peels and assess 

their antimicrobial and physicochemical properties. Pumpkin peel extract was used as a natural reducing and 

stabilising agent for green synthesis of AgNPs using 1 mM silver nitrate (AgNO₃), followed by integration into a 

Gum Arabic polymer matrix to develop hybrid nanostructures. Nanoparticles were characterised using UV-vis 

spectroscopy, FTIR, SEM, TEM, DLS, zeta potential and EDX. Structural evaluation was complemented by pore 

size distribution analysis using ImageJ software and surface colour analysis based on CIELAB colour parameters 

(L*, a*, b*). Antioxidant potential was quantified through total phenolic content (TPC), total flavonoid content  
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(TFC), DPPH, and ferric reducing antioxidant power assays, while antimicrobial activity was evaluated against 

bacterial and fungal pathogens. UV-vis spectroscopy confirmed AgNPs synthesis with an absorption peak at 435 

nm. Pore size distribution ranged between 50–200 µm, whereas TEM and SEM revealed particle sizes of 20 to 40 

nm and 50 to 70 nm, respectively. Colour analysis showed changes in parameters (L*: 70–90, a*: −2 to +3, b*: 8–

20). Zeta potential values of −11.5 mV and −24.96 mV indicated stability. Pumpkin extract showed TPC values of 

9.72 ± 0.37 to 106.92 ± 0.47 mg GAE g−1, TFC values of 0.42 ± 0.03 to 3.15 ± 0.08 mg CE g−1 and DPPH values 

of 1.20 to 3.85 mg mL−1. Overall, pumpkin by-products demonstrate strong potential for sustainable synthesis of 

AgNP-based 3D hybrid nanostructures for agricultural and biomedical applications.  

 

Keywords: green synthesis, pumpkin peel, silver nanoparticles, hybrid nanostructures, antimicrobial activity.  
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S4.O1. Optimising Pre-Grafting Light Intensity and Post-Grafting Healing Relative Humidity in Tomato Grafting  
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tanzilarafique@gmail.com 

 

Optimising pre-grafting light intensity and post-grafting relative humidity are key factors determining successful 

graft union formation in tomato plants and their physiological status. These environmental factors directly 

influence plant water balance and tissue hydration during the critical stage of graft union formation. This study 

evaluated the effect of pre-grafting light intensity and post-grafting healing humidity on graft success, growth, and 

photosynthetic performance of grafted tomato seedlings. Tomato scion ‘Jalila F1’ was grafted onto four rootstocks 

‘Auroch’, ‘Ficus’, ‘Goldrake’, and ‘TOR23901’. Rootstock seedlings were grown under three pre-grafting light 

intensities: 150, 250, and 350 ±10 µmol m⁻² s⁻¹. After grafting, seedlings were healed under three relative humidity 

levels: 60, 75, and 90% ±5 RH. The results showed that pre-grafting light intensity influenced rootstocks growth 

and photosynthetic performance before grafting. Light intensity 250–350 µmol m⁻² s⁻¹ improved rootstocks 

growth, biomass accumulation, gas exchange, and electron transport responses compared with 150 µmol m⁻² s⁻¹, 

while 350 µmol m⁻² s⁻¹ did not consistently provide additional growth benefits. During post-grafting recovery,  
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healing humidity strongly affected graft success and physiological performance. Seedlings grown under 250 µmol 

m⁻² s⁻¹ and healed at 75% RH showed the best overall performance, with high graft success, improved growth, and 

enhanced photosynthetic activity. Seedlings grown under 350 µmol m⁻² s⁻¹ also showed high graft success under 

60–75% RH, whereas 90% RH produced more variable responses among rootstocks, particularly in ‘Ficus’. 

Overall, the results indicate that 250 µmol m⁻² s⁻¹ pre-grafting light intensity combined with 75% post-grafting 

healing humidity can improve grafting success and seedling physiological quality. These findings provide practical 

guidance for optimising environmental conditions during grafted tomato seedling production.  

 

Keywords: tomato grafting; pre-grafting light intensity; healing relative humidity; rootstock genotype; graft 

success; photosynthesis.  
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S4.O2. Influence of Recurrent Freezing-Thawing Processes on Water-Stable Aggregates  

and Plant Available Water as a Function of Soil Chemical Quality  

 

Mykola Kochiieru, Simona Pranaitienė  

 

Institute of Agriculture, Lithuanian Research Centre for Agriculture and Forestry  

Instituto al. 1, Akademija, LT-58344 Kėdainiai dist., Lithuania  

mykola.kochiieru@lammc.lt 

 

The stability of soil aggregates is an important physical property and significantly affects soil aeration, 

temperature, mechanical resistance, and the retention of water and nutrients. The aim of this study was to 

determine the effect of soil freeze-thaw processes on plant available water (PAW) and water-stable aggregates 

(WSA) in Cambisol in relation to soil chemical properties and soil tillage intensity. Three successive freeze-thaw 

cycles were implemented in a laboratory at three soil water levels (air-dry soil, soil at field capacity and soil near 

full saturation) on soil samples taken from 0–10 and 10–20 cm layers of conventional tillage (CT), reduced tillage 

(RT) and no-tillage (NT). Value of WSA and PAW mean in loam was lower than in sandy loam. The mean of WSA 

value was lower in the 10–20 cm than in the 0–10 cm soil layer, but mean PAW was the same in the 0–10 cm and 

in the 10–20 cm soil layer. Average content of WSA and PAW, tended to decrease in the following order: air-dry 

soil > soil with water content at field capacity > soil near full saturation. These results indicate that soil aggregates  
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that are close to full saturation upon freeze will be less stable after thaw and will decrease PAW. Content of WSA, 

in the NT was 9.4% higher than in the RT and 14% higher than in the CT. Content of PAW, in the NT was 5.6% 

higher than in the CT and 13.6% higher than in the RT. Soil organic carbon (SOC) content and total nitrogen (N) 

content in sandy loam was lower than in loam. The content of SOC and total N were as positive factors for WSA at 

all water levels of the soil. The effects of various physical and chemical properties on PAW as a function of water 

level during the freeze-thaw process indicate that WSA contents directly influence PAW.  

 

Keywords: air-dry soil; soil at field capacity; soil near full saturation; sandy loam; loam; sustainable management.  
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S4.O3. Enhancing the Potential of Tilia cordata via Silver Nanoparticle Modification: Antimicrobial and 

Antioxidant Evaluation  
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This study reports the green synthesis of silver nanoparticles (AgNPs) employing crude, fermented, and 

enzymatically modified extracts of Tilia cordata flowers and leaves, followed by a comprehensive evaluation of 

their functional attributes. Nanoparticle formation was confirmed by UV-Vis spectroscopy and colorimetric 

analysis, while morphological and structural characterisation was performed using SEM, TEM, XRD, and FTIR 

techniques. Total phenolic content was also quantified to assess phytochemical contributions to nanoparticle 

stabilisation and activity. The antimicrobial efficacy of the synthesised AgNPs was evaluated against a panel of 

Gram-positive and Gram-negative bacteria, as well as selected fungal strains, using the agar diffusion assay. All 

AgNP formulations exhibited markedly enhanced antimicrobial activity compared with the corresponding  
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unmodified extracts. Antioxidant potential was determined using CUPRAC, ABTS, and DPPH assays, revealing 

matrix-dependent variations associated with extract processing and nanoparticle formation.  

 

Keywords: Tilia cordata, silver nanoparticles, antimicrobial activity, Medusomyces gisevii fungus, antioxidant 

activity.  
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Agricultural and food industry side streams represent abundant, low-cost substrates that can be valorised through 

fungal solid-state fermentation into biomass enriched with bioactive compounds and proteins. This study presents 

research on the cultivation of food-related fungal species, including the koji mould Aspergillus oryzae and 

Fusarium venenatum, on selected plant-based side streams with the aim of evaluating their potential for further 

food and bioproduct applications. Solid substrates such as brewer’s spent grain, hemp seed, flaxseed and rapeseed 

residues were inoculated with fungal cultures and monitored during fermentation to assess mycelial growth and 

biomass development. The fermented materials were further evaluated using selected quality and bioactivity 

indicators. Total phenolic content was determined using the Folin-Ciocalteu method in ethanol/water extracts, 

while antioxidant capacity was assessed using DPPH and ABTS radical scavenging assays. Water-soluble proteins 

were also measured spectrophotometrically as an indicator of nutritional improvement during fungal growth.  

 

Keywords: side-stream, fungal biomass fermentation, phenols, antioxidant capacity.  
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Experimental and collection orchards of fruit and berry crops combine cultivated fields, grassed alleys, margins, 

lawns, ditches, ruderal sites, woody vegetation, and semi-natural patches. Such habitat mosaics may support 

diverse spontaneously occurring and cultivated-associated vascular plants and inform biodiversity-oriented 

management. The aim was to assess vascular plant diversity at the Institute of Horticulture, LatHort (Dobele, 

Latvia) during the 2023–2025 field seasons and establish a baseline for future monitoring. Surveys were conducted 

repeatedly from spring to autumn across different habitats and management zones. Plant records were 

photographed and uploaded to a dedicated iNaturalist project. Additional observations from the LatHort territory 

were incorporated into the final checklist. The checklist comprised 288 vascular plant taxa: 277 species-level taxa 

and 11 taxa identified only to genus level, representing 190 genera and 53 families. The leading families were 

Asteraceae (45 taxa), Rosaceae (24), Poaceae (21), Fabaceae (19), and Brassicaceae (15). Compared with the  

mailto:uladzimir.bury@lathort.lv


 

80 
 

 

 

 

 

flora of the Zemgale geobotanical region, the study area contained 28.2% of the regional species-level flora, 

42.6% of genera, and 50.0% of families. Ecological grouping showed that meadow and grassland species formed 

the largest component (72 taxa; 25.0%), followed by segetal and wetland/ditch/aquatic species (41 taxa each; 

14.2%), ruderal species (39; 13.5%), forest-edge/nitrophilous and woody/shrub taxa (35 each; 12.2%), and 

cultivated, escaped and garden-related plants (25; 8.7%). The checklist demonstrates the contribution of orchard 

habitat mosaics to regional plant diversity and provides a reference point for future comparisons between years, 

habitat zones, and management practices. It may support decisions on mowing, conservation of species-rich 

patches, monitoring of alien or invasive species, and integration of spontaneous vegetation into sustainable 

agroecosystem management.  

 

Keywords: vascular plants; floristic inventory; fruit orchards; berry crops; biodiversity monitoring.  
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S4.F2. Fruit Quality Parameters of Tomato Varieties Developed in Lithuania  
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Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops worldwide, and fruit quality is a 

major breeding objective due to its influence on consumer acceptance, nutritional value, and processing suitability. 

This study summarises the fruit quality characteristics and yield performance of tomato cultivars and hybrids 

developed in Lithuania and adapted to Northern European growing conditions. Considerable variation was 

observed among genotypes for fruit morphology, dry matter content, soluble solids, firmness, lycopene 

concentration, ascorbic acid content, and yield. Fruit weight ranged from 35 to 161 g, reflecting diverse breeding 

targets from small-fruited hybrids to large-fruited cultivars. Dry matter content varied from 4.6% to 8.1%, while 

soluble solids ranged from 4.3 to 6.5 °Brix. Cultivars such as ‘Slapukai’, ‘Svara’, and ‘Balčiai’ exhibited high dry 

matter and soluble solids, indicating favourable sensory and processing properties. Fruit firmness ranged from 12.5 

to 22.9 N cm⁻², with ‘Balčiai’ and hybrids ‘Adas H’ and ‘Auksiai H’ demonstrating excellent postharvest potential. 

Substantial variation was also observed in nutritional quality parameters. Lycopene concentration ranged from  
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38.4 to 95 mg kg⁻¹ fresh weight, with the highest values recorded in traditional cultivars such as ‘Svara’, 

‘Milžinai’, ‘Laukiai’, and ‘Viltis’. Ascorbic acid content varied from 7.8 to 19.3 mg 100 g⁻¹ fresh weight, with 

‘Balčiai’ and ‘Slapukai’ showing the highest vitamin C concentrations. Yield performance ranged from 9.8 to 18.8 

kg m⁻². The highest yields were achieved by ‘Skariai’ (18.8 kg m⁻²), ‘Milžinai’ (17.4 kg m⁻²), and hybrid ‘Auksiai 

H’ (17.3 kg m⁻²), whereas several traditional cultivars demonstrated a balanced combination of productivity and 

fruit quality traits. The results indicate that Lithuanian tomato germplasm possesses valuable fruit quality 

characteristics and stable productivity under temperate greenhouse conditions.  

 

Keywords: tomato; fruit quality; dry matter; soluble solids; lycopene; ascorbic acid.  
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S4.F3. Studies on the Regulation of the Microbiota in Fermented Oat Drinks  
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Fermentation not only improves the sensory characteristics of oat beverages but also enhances their nutritional and 

functional properties through the action of lactic acid bacteria. Oat beverages, which are plant-based products, 

have proven to be excellent substitutes for traditional dairy products, helping to avoid problems related to lactose 

intolerance and allergies. The microbiological, chemical, and sensory characteristics of fermented oat beverages 

are interrelated; their integrated monitoring can form the basis for legal regulation of the safety and quality of 

these products. By investigating changes in the properties of eight variants of these beverages over a two-month 

period, the aim is to propose evidence-based limit values that could serve as the basis for national legal standards. 

The microflora of fermented beverages consists of various probiotic species of bifidobacteria and lactic acid 

bacteria. The study also monitors indicator microorganisms that may cause spoilage, foodborne infections, or 

poisoning, as well as pH, ethyl alcohol concentration, and butyric acid content. Analysis of the number of probiotic  
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bacteria in the product matrices shows that they remain viable throughout the entire study period of up to 64 days. 

Safety indicators in oat beverages are ensured; Listeria monocytogenes, Salmonella and Staphylococcus aureus are 

not detected, while the detection of Bacillus cereus may indicate a risk of food poisoning. The sensory properties 

of fermented products may deteriorate, primarily due to changes in odour. Microorganisms that can affect the 

sensory properties of fermented oat products include coliform bacteria, mesophilic anaerobic microorganisms, 

moulds, and yeasts. Shotgun metagenomic analysis allowed for the assessment of microbiological processes based 

on the abundance of identified genes in fermented oat beverage concentrates. Metagenome sizes ranged from 6.4 

to 17.9 Gb, and fruit and berry additives further enriched the genetic datasets.  

 

Key words: microbiota, oat drinks, shotgun, metagenomics.  
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The growing demand for sustainable and environmentally friendly fibre-processing technologies has increased 

interest in biological retting as an alternative to conventional chemical treatments. In this study, the feasibility of 

utilising isolated and identified environmental microorganisms for controlled hemp fibre retting was investigated. 

A retting process was developed to promote the growth and activity of selected pectinolytic microbial communities 

under controlled conditions at 30°C with continuous shaking at 100 rpm. The influence of bacterial cultures on 

cellulase activity and the resulting fibre quality was evaluated using hemp fibres originating from different 

cultivation fields. Among the tested strains, Pantoea agglomerans and Exiguobacterium artemiae exhibited the  
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highest cellulase activities. Compared with measurements obtained after 3 days of incubation, all fibre sources 

demonstrated a significant increase in enzymatic activity after 5 days, indicating enhanced microbial degradation 

of non-cellulosic components. Fibre testing showed that bacterial retting significantly influenced fibre 

performance, with extended incubation generally improving the properties of biologically retted fibres. The most 

favourable results were obtained for the S11 fibre group, indicating that microbial composition and retting duration 

play important roles in determining fibre characteristics. Although chemical retting with NaOH produced fibres 

with higher tensile strength, biological retting yielded more uniform properties while reducing the use of harsh 

chemicals. These findings demonstrate the potential of selected bacterial consortia as a sustainable alternative for 

hemp retting and highlight the importance of optimising microbial communities and processing conditions to 

obtain high-quality fibres.  

 

Keywords: biological retting; pectinolytic bacteria; sustainable fibre processing.  
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My research is focused on the development of bioactive biopolymeric systems using aqueous extract of guelder 

rose (Viburnum opulus) pomace as a functional medium. The main goal of my work is to develop stable 

biopolymeric matrices that can act as carriers for bioactive compounds and as a platform for green synthesis of 

metal nanoparticles and their incorporation into functional biomaterials. The developed biopolymeric systems 

exhibited promising functional properties. The materials demonstrated antimicrobial activity against Gram-

positive and Gram-negative bacterial strains, where inhibition zones were from 4 up to 6 mm, indicating the 

antibacterial effect of green-synthesised silver nanoparticles. Surface analysis revealed hydrophilic properties, with 

a water contact angle below 35–55°, suggesting good wettability. The developed biopolymeric films are expected 

to exhibit tensile strength in the range of 18–40 MPa, while the elongation at break may reach approximately 25–

40%, depending on the composition of the polymer matrix and the incorporation of silver nanoparticles. Guelder  
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rose pomace contains significant amounts of phenolic compounds (30–45 mg GAE g−1 dry weight) and shows 

strong antioxidant activity, with DPPH radical scavenging exceeding 75–90%. These phytochemicals provide free 

radical scavenging, metal chelation, and reducing activity, contributing to nanoparticle stability and antioxidant 

potential. These results highlight the potential of the developed systems for applications in sustainable bioactive 

materials, including active food packaging, biodegradable coatings, and functional biomaterials.  

 

Keywords: biopolymeric matrices, aqueous extract, green synthesis, functional biomaterials, metal nanoparticles.  
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Commercial horticulture faces an unprecedented sustainability crisis due to the urgent need to transition away 

from peat-based growing media. In response to strict European environmental targets, Ireland has introduced 

rigorous policy measures to phase out commercial peat harvesting, leaving the horticultural sector in urgent need 

of localised, sustainable alternatives. To secure the industry's future, research must shift toward underutilised 

regional biomass. Spontaneous flora (specifically ruderal bioresources that naturally colonise disturbed, marginal, 

or agricultural landscapes across Ireland) represent a massive, unexploited source of raw material. Species like  
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nettle (Urtica dioica) and bracken (Pteridium aquilinum) thrive without human intervention, require zero intensive 

inputs, and naturally accumulate dense profiles of essential plant nutrients. Despite their abundance, these wild 

plants are traditionally discarded or managed as invasive weeds rather than valued as functional components of a 

circular bioeconomy. Evaluating a highly diverse collection of wild plant species requires a departure from 

traditional taxonomic analysis. Because evolutionary lineage dictates genetic classification rather than substrate 

performance, unrelated plants frequently exhibit nearly identical structural and chemical behaviours. Therefore, 

this study aims to resolve these complex, qualitative data limitations by applying an advanced multivariate 

modelling technique. By utilising a Gower-Metric Multidimensional Scaling (MDS) approach, we mathematically 

analyse a wide matrix of ordered categorical traits such as nutrient levels, physical textures, and decomposition 

rate. Through this distance-based ordination, we seek to quantify functional convergence among geographically 

abundant wild plants. Ultimately, this research provides a predictive, statistically rigorous framework to identify 

and validate local bioresources as peat-free alternatives for sustainable horticulture.  
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Urban green spaces (UGS) provide vital ecosystem services but can also contribute to ecosystem disservices 

through pollen exposure. This study assesses tree species diversity, composition and allergenic potential in three 

historic parks in Vilnius, Lithuania – Bernardinų (7.8 ha), Liuteronų (3 ha), and Reformatų (2.6 ha) – to inform 

sustainable urban planning and biodiversity management. Using municipal inventory data (1,109 trees, 35 genera), 

the allergenic risk was quantified using the Index of Urban Green Zones Allergenicity (IUGZA). Our analysis 

revealed significant taxonomic imbalances: Acer platanoides (22%) and Tilia cordata (16%) both exceeded the 

recommended 10% threshold per species. At the genus level, Acer (25%) and Tilia (22%) surpassed the 20% 

guideline, indicating low functional diversity. While family-level concentrations (Sapindaceae 28%, Malvaceae 

22%) remained within sustainable limits (<30%), the overrepresentation of a few taxa influenced overall risk  
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profiles. IUGZA values remained below the critical threshold of 0.5 across all sites, with Liuteronų park recording 

the highest risk (0.403), followed by Reformatų (0.237) and Bernardinų (0.185).  

The results demonstrate two critical trends: 1) higher taxonomic diversity correlates with lower allergenic 

potential, and 2) dominance of moderately allergenic species impacts IUGZA values more significantly than the 

presence of a few highly allergenic taxa. These findings suggest that achieving urban sustainability requires 

moving beyond simple greening. To mitigate public health risks while preserving and increasing biodiversity, 

urban forestry management must integrate strict diversity thresholds and allergenicity criteria into planting 

protocols. Strategic diversification of species is essential to ensure that the ecological benefits of historic parks do 

not come at the cost of respiratory health.  

 

Keywords: urban biodiversity, ecosystem disservices, urban forestry management, IUGZA index.  
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This presentation explores sustainable horticultural practices and their role in strengthening value networks for 

small-scale farmers in Uganda. It highlights the challenges faced by farmers, including limited access to resources, 

market linkages, and knowledge of modern techniques. The session emphasises practical solutions such as 

community-based training, collaborative networks, and the adoption of innovative and eco-friendly farming 

practices. By showcasing successful case studies and strategies, this talk aims to inspire knowledge sharing, 

improve productivity, and promote sustainable horticulture that benefits both farmers and local communities.  

 

Keywords: horticulture, networks, sustainability, and community impact.  
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