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1. Project team 
 

University of Veterinary Sciences Brno 

associate professor DVM. Matej Pospiech, Ph.D. 
Born on 31th January 1980 in Bratislava. He is specialised on microscopic techniques in the field of food 
analysis including Melissopalynology. During his career, he has worked on the development of new 
methods for detecting food adulteration and methods for food quality analysis. 

Mgr. Zdeňka Javůrková, Ph.D. 
Born on 2th February 1979 in Svitavy. She graduated from the University of Veterinary and 
Pharmaceutical Sciences in Brno. Since graduating until now, she has been working at the University 
of Veterinary Sciences in Brno. She is specialised on food microscopy and image analysis, food 
laboratory management and food quality and safety management. 

Mgr. Marie Bartlová, Ph.D. 
Born on 15th July 1991 in Třebíč. She has been working at Department of Plant Origin Food Sciences at 
the University of Veteriany Sciences Brno since 2017. She focuses on the use of microscopic methods 
in food analysis. 

Ing. Simona Ondruchová 
Born on 3th September 1990 in Valašské Meziříčí. She worked for several years as a food technologist 
and product development engineer in various food companies. Currently, she is an assistant at the 
Faculty of Veterinary Hygiene and Ecology and a Ph.D. student specializing in honey analysis. 

 

University of Chemistry and Technology, Prague 

associated professor Ing. Helena Čížková, Ph.D. 
Born on 14th September 1973 in Prague. She specializes in identifying causes of sensory defects in food 
products, predicting shelf life, and developing methods for evaluating food authenticity. She is actively 
involved in teaching courses Principles of Food Preservation and Food Authenticity and Fraud 
Detection. 

Ing Vojtěch Kružík, Ph.D. 
Born on 3th December 1988 in Jihlava. He specializes in food analysis, optimization and development 
of methods for evaluating food authenticity. Main fields of interest: quality of honey and other bee 
products, gas chromatography, food chemistry. 

 

Bee Research Institute 

Ing. Dalibor Titěra. CSc 
Born in Prague on 4th December 1955. Researcher, head of accredited testing laboratory. Reearch 
interest: Honeybee biology, beekeeping, honeybee genetics, artificial insemination of queenbees; 
honeybee pathology, control of Paenibacillus larvae and Varroa destructor. 
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University of Agriculture in Krakow 

professor Ing. Józef Hernik, Ph.D. 
He is researcher in the Department of Land Management and Landscape Architecture, Faculty of 
Environmental Engineering and Land Surveying, at the University of Agriculture in Kraków. His main 
fields of interests and studies are cultural landscapes, land use and environmental development. He 
specialises in the role of environmental policy, including risk reduction and the role of climate change. 

associate professor Ing. Barbara Prus, Ph.D. 
Graduated the Faculty of Environmental Engineering and Land Surveying of the Academy of Agriculture 
in Kraków. She was awarded a PhD in land surveying and cartography, speciality real estate 
management. Her engineering and technical postdoctoral qualifications in civil engineering and 
transport, speciality geoinformation systems, land surveying, and spatial engineering. 

 

The University of Veterinary Medicine and Pharmacy in Košice 

professor DVM. Slavomír Marcinčák, Ph.D. 
Born on 28th March 1975 in Humenné. He is specialised on improving quality of produced foods of 
animal origin using natural feed additives. During his career, he has worked on the development of 
new fermented feeds for chickens prepared from cereals by-products by solid state fermentation and 
filamentous fungi. 

associate professor DVM. Dana Marcinčáková, Ph.D. 
Born in Košice 27th May 1978. Graduated in field of Food Hygiene in 2002. She is specialised on 
chemical and biological properties of natural substances, evaluates antioxidant and biological activity 
of honey, honey bee products and plant extracts.  

 

Semmelweis University, Faculty of Health Sciences 

associate professor Csilla Benedek, Ph.D. 
Born in Timisoara on 3th March 1971. She obtained an MSc in chemical engineering in 1994 and 
obtained a PhD. degree in Chemistry in 2001. Main skills and fields of professional interest: analytical 
chemistry (especially gas chromatography, spectrophotometry), general food chemistry, food 
adulteration with honey as the main target, quality management. 

Dr. Zsanett Bodor, Ph.D. 
Dr. Zsanett Bodor was born 15th August 1993 in Hungary and graduated as dietitian, and nutritionist 
then obtained a PhD degree in Food Science. Dr. Zsanett Bodor is specialised in honey analysis, 
especially quality parameters, NIRS and electronic tongue. During her career she was working with the 
aforementioned methods to check their performance in adulteration detection, origin identification, 
and revealing overheating.  
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2. Introduction 
 

Beekeeping is an important kind of agricultural production with significant social and environmental 
impact. Currently, bees face many problems, for example Colony Collapse Disorder (CCD) with 
unknown etiopathology. The impact of nutrition sources will be monitored by geographic information 
systems and honey quality evaluation. The knowledge will be shared with national authorities with 
possibility to set measures to predict optimal hive position to reach sustainable beekeeping in Visegrad 
Countries (V4G). 

One of the hypotheses is nutrition misbalances of bee colony in current ecosystem. For bees feeding 
not only wild plants are an important source of nutrients, but to much larger extent also plants from 
intensive agriculture. In all V4G countries the agricultural area is higher than wild country area, which 
can cause misbalanced bees nutrition and CCD. The impact is given also by anthropogenic land using 
where some of the localities suffer environmental pollution (mining, extraction), some are highly 
industrialised, producing pollution sources with different toxicity grades. 

Honey quality may be one of indicators to monitor nutrition of bees in V4G countries. Honey is an 
important source of carbohydrates and source of antioxidants, proteins, and minerals used in bees’ 
nutrition. Modern geographic information systems, able to collect agricultural information from map 
sources and compare them with honey parameters, can be used for the evaluation of the impact of 
the current ecosystem to honey quality. 

In recent years, geographic information systems have also been used for communication between 
national authorities and the public. The combination of GIS with analytical information from honey 
and bee products is a way can help to increase productivity and efficiency of beekeeping practice and 
ultimately sustainable beekeeping. This project demonstrates the potential of GIS in beekeeping and 
shows that the combination of GIS and analytical parameters of bee products can predict the potential 
of hive locations. 
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3. Aims 
The project combined analytical honey investigation methods with geographical information systems. 
This unique evaluation shows very precisely the impact of agricultural production on bee nutrition as 
one of possible factor acting CCD and also shows the effect of soil type on the mineral profile of the 
honey.  

The project compared data sets from semiautomated melissopalynology analysis, spectral analysis, 
mineral profile analysis and physico-chemical analysis with geographical information systems. The 
melissopalynology is an important part because pollens are the main sources of proteins which have 
an important role in honeybee’s larvae feeding. In total, 80 honey samples from all over the Visegrad 
region were used, for some of the scientific interpretation also independently obtained laboratory 
results were used. More than 720 unique analytical results were obtained in the project. For GIS it was 
used map sources from:  

(1) Vector land cover models from the Copernicus Land Monitoring Service database for the V4 
countries were used for the analysis (in shp format) (ISO 19144-2:2012. CORINE Land Cover). 

(2) To analyse the quality and agricultural suitability of soils in Poland, vector data obtained from the 
Provincial Centre for Geodetic and Cartographic Documentation in the form of a soil and agricultural 
map (shp) was used, presenting the complexes of agricultural suitability of soils, types and subtypes of 
soils, and the mechanical composition of soils. 

(3) To analyse the quality of soil in the Czech Republic, Slovakia and Hungary, data provided by the 
European Soil Data Centre (ESDAC), esdac.jrc.ec.europa.eu, European Commission, Joint Research 
Centre in the form of European Soil Database v2.0 (vector and attribute data) using ESDAC Dataset 
Access (ID: 80476, Figure 1), (Panagos et al. 2012, 2022). 

 

(4) Vector layers with the spatial locations of apiaries and generated buffers with a radius of 3 km from 
the location of the apiary were used for the analyses.  

 

 

Figure 1: Access to ESDAC Dataset 
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(5) Country borders were obtained from the layer CNTR_RG_01M_2020_3035 from https://gisco-
services.ec.europa.eu/distribution/v2/countries/countries-2020-files.html . 

These systems can be supplemented by automatic systems showing places that are the most suitable 
for bee feeding. Our project is not aimed to incorporate this system to the national system but to draw 
attention and show benefit from this implementation and start discussion with national authorities to 
the innovation and update of current map agricultural systems. 

Gathered information and new knowledge was shared with students, national authorities, beekeepers 
from each country and researchers from around the world.  

https://gisco-services.ec.europa.eu/distribution/v2/countries/countries-2020-files.html
https://gisco-services.ec.europa.eu/distribution/v2/countries/countries-2020-files.html
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4. Project output 
Beekeepers locality prediction 
One of the ways how to predict beehive locality is deep knowledge about nearby vegetation and land 
usage. In the case that bees are able to fly long distance, around 3-10km, the evaluation of the area is 
time consuming. During time beekeepers who keep beekeeping practices in the same region, gain good 
knowledge about richness and usability of the region. For young beekeepers and also in case of the 
countryside changes the usability of the country can be different. Not only country usability is 
important for sustainable beekeeping. The other important point is also to produced enough bees 
products, mainly honey. The quantity as well as quality is important for rentable beekeeping. It is 
mainly the quality that impacts the financial returns. Considering the climatic and botanical conditions 
in the Czech Republic, it is not easy to produce monofloral honey with specific quality. There is no 
honey in the Czech Republic that is protected by any of the international quality marks, nor by a 
national mark that protect the region of origin of the honey. At the national level, regional delimitation 
is provided by the national standard “Český med” (the Czech Honey, in Czech), that defines stricter 
physical and chemical conditions for traditional Czech honey and mainly narrows the origin of honey 
down to the territory of the Czech Republic. Currently, the consumer can choose of a whole range of 
kinds and types of honey, which are defined in the Czech Republic in Decree No. 76/2003 Coll. (Czech 
2003) which incorporates European Directive No. 110/2001 (Union 2002). In Poland and Slovakia 
honey are protected also by European quality label (Protected Geographical Indication and Protected 
Designation of Origin). Hungary and Poland have also national protection where some honey types are 
included in the list of the Ministry of Agriculture and Rural Development (Organic honey and Honey 
with Polish agricultural quality mark). Meanwhile, in the European Union (EU) there are 8 honeys with 
the quality mark of Protected Geographical Indication and 30 with the mark of Protected Designation 
of Origin.  

For identification of the beekeepers predictive ability 336 honeys were evaluated from hobby 
beekeepers. Data on the botanical origin of honey came from a questionnaire survey and they were 
compared with melissopalynology and physico-chemical parameters. 

The results were described in the study: Pospiech, M., Javůrková, Z., Ljasovská, S., Titěra, D., Čížková, 
H., Kružík, V., Bartlová, M., Tremlová, B. and Marcinčák, S. BKB23 COMPARISON OF BEEKEEPERS’ AND 
ANALYTICAL DETERMINATIONS OF HONEY ORIGIN. Journal of microbiology, biotechnology and food 
sciences. 13, 6 (2024), e9887. DOI:https://doi.org/10.55251/jmbfs.9887. (Annex 1.) 

The statistically significant differences were confirmed between beekeepers’ and analytical 
identification of the honeys. There were differences according to the origin of the honey (blossom, 
honeydew as well as blended honeys). Overall, results are described in the Figure 2. The results show 
that combined analytical methods should be used for correct determination of honey origin. The 
correct determination of honey origin is also important for honey quality protection and is commonly 
controlled by national authorities. Non-compliance with legislation is also reason for financial penalty 
from national authorities. On the other hands the results show that there are 23 % more monofloral 
honey than were declared by the beekeepers. The disagreement in the declaration of monofloral 
honeys shows that the classification of the origin of honeys is still problematic. Therefore, new 
methods or a better characterised distinction for monofloral honeys are needed, in conformity with 
European Committee and the amendment to the Directive 2001/110/ES (Union 2002), respectively 
directive EU 2024/1438 (Union 2024). On the other hand, further research is needed to identify the 
environmental, agricultural and behavioural conditions that can lead to the production of monofloral 
honeys. 

https://doi.org/10.55251/jmbfs.9887
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Figure 2: Agreement of beekeepers’ declaration on honey origin verified with analytical parameters 
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Relationship of landscape cover and bee hive population 
Remote sensing as part of GIS allows the collection of large amounts of data that can be interpreted in 
different ways, depending on which satellites and which detectors have been used. European space 
research provides access to different data. The data are collected as image data, binary data and also 
in the processed information form. The bee hive locations seem to be connected mainly with land 
cover. Land cover including information about country side using at in different levels is presented in 
Table 1. For land cover monitoring, Sentinel-2 satellites are used to image land cover in the visible RGB 
spectrum (red, green, blue), NIR, near-NIR spectra (Phiri et al. 2020), SWIR and Landsat-8 using VNIR 
and SWIR (with wavelengths of 443, 865 and 2201 nm) are used (Gorroño et al. 2017). Images satellite 
data are processed by mathematical models to generate land cover characteristics(Dušek and 
Popelková 2017), which are freely available as CORINE land cover (CLC). 

Honey bee colonies are part of the landscape and their health status, as well as honey production 
depends on nectar and pollen sources around the habitat of a given colony. Nectar is a source of 
carbohydrates for the colony, while pollen is a source of protein(Bryś, Skowronek, and Strachecka 
2021). Both sources are used in the form of bee products, namely honey and dried pollen. On the other 
hand, proximity to areas of intensive agricultural activity can be a source of pollution in the form of 
pesticides, which is one of the causes of CCD (Colony Collapse Disorder) (VanEngelsdorp et al. 2009). 

For relationship discovering, 33 hive location and 28,3 km2 habitat around each bee 
colonies were evaluated. There were also made comparisons on the level of land 

cover, which should be used for further studies. Statistically significant 
correlation between CLC dates and pollen profile determined by 
melissopalynology analysis was also checked.  

The results were described in Czech in the study: Pospiech, M., Bartlová, 
M., Javůrková, Z., Tremlová, B., Čížková, H., Prus, B., Marcinčák, S., Bodor, 
Z. 2023. Vztah pokryvu krajiny k pylovému profilu medu. In: Hygiena a 
technologie potravin LII. Lenfeldovy a Höklovy dny: sborník přednášek a 
posterů, Brno: Veterinární univerzita Brno, pp. 59 - 66. (Annex 2.) 

In summary the relationship between the occurrence of pollen taxa in 
honey and some types of land cover (Table 1), the European CORINE 
land cover system, was confirmed. The correlation of pollen taxa of land 
cover with the proportion of native landscape features and urban green 
areas was most frequently confirmed. The highest degree of 
correlation was found for the taxa Aruncus sp., Hipericum sp., 
Trifolium sp. (R=0.99, R=0.99, R=0.95), for the type 3 classification and 
for the taxa Brassica sp., Echium sp., Rubus sp. (R=0.99, R=0.96, 
R=0.96) for the type 2 classification. Type 1 classification confirmed 
only a weak correlation and is not a suitable classification for this 

comparison. For this reason we work in further study with more 
precise classifications as is Type 1. The type 3 classification 
were commonly used in further study. The correlation 

patterns are shown in Figure 3 to Figure 14 for specific land 
cover and all identified pollen taxa.  
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Table 1: Land cover unit in CORINE land cover system 

Code 18 Type 1 Type 2 Type 3 
111 

Artificial 
surfaces 

Urban fabric 
Continuous urban fabric 

112 Discontinuous urban fabric 
121 

Industrial, commercial and 
transport units 

Industrial or commercial units 
122 Road and rail networks and associated land 
123 Port areas 
124 Airports 
131 

Mine, dump and construction sites 
Mineral extraction sites 

132 Dump sites 
133 Construction sites 
141 Artificial, non-agricultural vegetated 

areas 
Green urban areas 

142 Sport and leisure facilities 
211 

Agricultural 
areas 

Arable land 
Non-irrigated arable land 

212 Permanently irrigated land 
213 Rice fields 
221 

Permanent crops 
Vineyards 

222 Fruit trees and berry plantations 
223 Olive groves 
231 Pastures Pastures 
241 

Heterogeneous agricultural areas 

Annual crops associated with permanent crops 
242 Complex cultivation patterns 

243 Land principally occupied by agriculture, with 
significant areas of natural vegetation 

244 Agro-forestry areas 
311 

Forest and 
seminatural 
areas 

Forests 
Broad-leaved forest 

312 Coniferous forest 
313 Mixed forest 
321 

Scrub and/or herbaceous vegetation 
associations 

Natural grasslands 
322 Moors and heath land 
323 Sclerophyllous vegetation 
324 Transitional wood land-shrub 
331 

Open spaces with little or no 
vegetation 

Beaches, dunes, sands 
332 Bare rocks 
333 Sparsely vegetated areas 
334 Burnt areas 
335 Glaciers and perpetual snow 
411 

Wetlands 

In land wet lands 
Inland marshes 

412 Peat bogs 
421 

Maritime wet lands 
Salt marshes 

422 Salines 
423 Intertidal flats 
511 

Waterbodies 

Inland waters 
Water courses 

512 Water bodies 
521 

Marine waters 
Coastal lagoons 

522 Estuaries 
523 Sea and ocean 
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Figure 3: Correlation matrix of botanical taxa for broad-leaved forest. 

 

Figure 4: Correlation matrix of botanical taxa for complex cultivation patterns. 
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Figure 5: Correlation matrix of botanical taxa for coniferous forest. 

 

Figure 6: Correlation matrix of botanical taxa for discontinuous urban fabric. 
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Figure 7: Correlation matrix of botanical taxa for fruit trees and berry plantations. 

 

Figure 8: Correlation matrix of botanical taxa for industrial or commercial units. 
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Figure 9: Correlation matrix of botanical taxa for land mainly occupied by agriculture, with significant 
areas of natural vegetation. 

 

Figure 10: Correlation matrix of botanical taxa for mixed forest. 
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Figure 11: Correlation matrix of botanical taxa for non-irrigated arable land. 

 

Figure 12: Correlation matrix of botanical taxa for pastures. 
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Figure 13: Correlation matrix of botanical taxa for sport and leisure facilities. 

 

Figure 14: Correlation matrix of botanical taxa for transitional wood land – shrub. 
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Relationship of landscape cover to the honey parameters 
The previous results confirm the impact of the habitat surrounding to bee hive position. The 
parameters of honey influenced by land cover were evaluated in this project. The impact of bee habitat 
is known and also used for determination of geographical origin of the honey. The parameters which 
change the habitat or geographical location are isotope profile of the honey(Kawashima, Suto, and 
Suto 2018), 1H NMR spectrum (Zheng et al. 2016), or the content of honey components such as 
minerals, polyphenols or pollen (Karabagias et al. 2014; Ohmenhaeuser et al. 2013; Pasquini et al. 
2014). The reason for the numerous methods applied for the geographical identification is the 
complexity of this identification. Many habitat and environmental factors influenced to the honey 
characteristic. However, not only the natural country has impact on the bee colony. The anthropogenic 
factors also have a strong impact. These include, for example, land irrigation, selection of particular 
botanical species, construction. The human-managed landscape therefore provides a specific source 
of grazing, but the grazing itself is also influenced by anthropogenic activity. The main aim of this work 
is to determine the effect of land cover (land use) on the basic composition of honey. 

For relationship discovering, 14 different types of land cover were evaluated (Table 2) representing 
28,3 km2 habitat around each bee colony. This data was collected from CLC. The physico-chemical 
analysis and melissopalynological analysis were performed according to International Honey 
Committee (IHC) (Bogdanov 2009).  

The results were described in Czech in the study: Pospiech, M., Ljasovská, S., Bartlová, M., Čížková, H., 
Kružík, V., Titěra, D., Prus, B., Tremlová, B. In: Bezpečnosť a kvalita potravín, Nitra 2024: Garmond Nitra. 
Vliv půdního pokryvu na základní parametry medů. 2024, p. 147-151. 
https://doi.org/10.15414/2024.sqf24-psp (Annex 3.) 

In summary, water content, acidity, HMF, diastase activity were not related to land cover. This result 
is not surprising, as these are parameters that are mainly related to honey processing. Also, diastase 
activity can be low in some monofloral honeys, on the contrary, HMF content can be high, especially 
in honeys from tropical areas. Carbohydrates, sucrose, fructose, turanose, maltose, melecitose 
quantity were without a clear relationship to the land cover. In the case of sucrose, turanose, maltose, 
and melezitose, this was expected, mainly because the content of these carbohydrates is low and does 
not vary over the years. On the other hand, differences between land cover for glucose and trehalose 
are an interesting finding. The highest value of glucose was recorded for sites with coniferous forest 
(36.01%). For trehalose, the value was statistically highest in the mineral extraction sites (1.11%) and 
lowest in coniferous forest (0.18%). Melissopalynological analysis determinated high incidence of rape 
pollen (56%) in areas with coniferous forests. On the other hand, the presence of flowers and dry-
loving plants (genera: Helianthus, Echium, Thymus) and willow pollen willow (3.12%) in areas with vine 
yards is expected. The occurrence of acacia (11.36 %) in areas with fruit trees and berry plantations 
was also determinated. Willow pollen is typical of spring honeys and more typical of south-eastern 
regions of Europe, i.e. areas with a warm climate. The prediction of the land cover is show in Figure 
15. The linear discrimination analysis was used. The correction coefficient rate (CCR) (Table 3) was only 
45%. Further research is needed to confirm or reject the land cover relationship between. 

 

 

 

https://doi.org/10.15414/2024.sqf24-psp


 
 
University of Veterinary Sciences Brno  

 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 

  
 

21 

Table 2: Representative land cover for the bee colonies 

Categories Abbreviation Frequencies Area (km2) Area 
(%) 

Coniferous forest Coni 6 73.58 5.45 
Complex cultivation patterns Comp 7 56.76 6.36 
Broad-leaved forest Broa 10 88.45 9.09 
Continuous urban fabric Cont 15 0.89 13.64 
Non-irrigated arable land Non- 17 508.34 15.45 
Fruit trees and berry plantations Frui 3 14.57 2.73 
Pastures Past 6 136.14 5.45 
Industrial or commercial units Indu 7 74.19 6.36 
Land principally occupied by agriculture, with 
significant areas of natural vegetation Land 19 239.3 17.27 
Road and rail networks and associated land Road 2 15.76 1.82 
Mixed forest Mixe 10 178.41 9.09 
Mineral extraction sites Mine 2 7 1.82 
Vine yards Vine 2 14.63 1.82 
Sport and leisure facilities Spor 4 14.1 3.64 

 

 

Figure 15: Plot of linear discrimination analysis for land cover. 

 

 

-4

-3

-2

-1

0

1

2

-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

F2
 (2

1,
06

 %
)

F1 (42,32 %)

OBSERVATIONS (AXES F1 AND F2: 63.38 %)

Broa (obs) Comp (obs) Coni (obs) Disc (obs) Frui (obs)

Indu (obs) Land (obs) Mine (obs) Mixe (obs) Non- (obs)

Past (obs) Road (obs) Spor (obs) Tran (obs) Vine (obs)



 
 
University of Veterinary Sciences Brno  

 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 

  
 

22 

Table 3: Confusion matrix of the training samples for land cover 

from \ 
to* Broa Comp Coni Disc Frui Indu Land Mine Mixe Non- Past Road Spor Tran Vine Total CCR % 

Broa 53 0 0 0 1 0 14 8 0 0 0 0 0 0 0 76 69.74% 
Comp 0 33 0 0 0 0 4 4 0 10 0 0 0 0 0 51 64.71% 
Coni 0 0 48 0 0 0 12 0 0 13 0 0 0 0 0 73 65.75% 
Disc 15 19 0 53 0 42 24 4 0 56 0 0 0 0 0 213 24.88% 
Frui 0 0 0 0 10 0 0 0 0 1 3 0 0 0 0 14 71.43% 
Indu 0 0 0 20 0 38 2 2 0 12 0 0 0 0 0 74 51.35% 
Land 0 0 0 13 21 5 78 28 0 30 25 0 0 0 0 200 39.00% 
Mine 0 0 0 0 0 0 4 4 0 0 0 0 0 0 0 8 50.00% 
Mixe 41 0 0 0 21 0 39 0 0 13 0 0 0 0 0 114 0.00% 
Non- 45 38 0 7 46 0 30 3 0 313 26 0 0 0 0 508 61.61% 
Past 9 0 0 0 0 0 17 17 0 0 25 0 0 0 0 68 36.76% 
Road 0 0 0 5 0 10 0 0 0 0 0 0 0 0 0 15 0.00% 
Spor 0 0 0 0 0 0 5 5 0 4 0 0 0 0 0 14 0.00% 
Tran 0 0 0 0 0 5 0 0 0 5 4 0 0 0 0 14 0.00% 
Vine 0 11 0 0 0 0 0 0 0 4 0 0 0 0 0 15 0.00% 
Total 163 101 48 98 99 100 229 75 0 461 83 0 0 0 0 1457 44.96% 

*abbreviations are explained in Table 2 
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Relationship between soil type and honey parameters 
The geographical origin of honey is related not only to the botanical taxa characteristic of the area, but 
also by the type of soil where are plans grooving. In the case that honey should be produced without 
direct human influence on its composition the mineral content of honey reflected the soil and plants 
in the habitat of bee colony. For this reason, the mineral profile of honeys is used to demonstrate the 
geographical origin of the honey (Chudzinska a Baralkiewicz 2010). 

World wilde scientist describe the possibility of classifying of the honeys according to their mineral 
content. For this different trace elements are used (Solayman et al. 2016). Cd, Pb, Fe, Mn, Cu, Ni, Cr, 
Zn, Al and Se were determined in a Turkish study (Tuzen et al. 2007), Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, 
Hg, K, Mg, Mn, Na, Ni, Pb, Sb, Se, Sr, Th, Tl, U and Zn were determined in an Italian study (Pisani, 
Protano, and Riccobono 2008), Co, Cu, F, Fe, I, Mn, Ni, Sr, Zn, Cl, Na, K, Mg, Cd and Pb were determined 
in Egypt (Rashed and Soltan 2004).  

For discovering relationship between honey and the analytical parameters of soil 31 samples of honey 
were evaluated. For soils the organic carbon content (%), humus (%), CaCO3, pH activity (H2O), pH 
exchange (KCl), titration activity (mval/100 g), H+1, contents of exchange bases (S, mval/100g), 
maximum sorption capacity (T, mval/100g), degree of sorption saturation (V %, P2O5 and K2O) were 
used for evaluation. Soil profile characteristics were taken from a systematic soil survey 
(Comprehensive Soil Survey) from Czech national database (Czech 2024). Data obtained from probes 
within the range of the sites (3 km) from which honey samples were obtained were used for the 
evaluation. 

The results were described in Czech in the study: Javůrková, Z., Štarha, P., Schmidlová, S., Tremlová, 
B., Pospiech, M., Bartlová, M. Vliv minerálního složení půdy na vlastnosti medu. In: Hygiena 
Alimentorum XLIV, Košice: Univerzita veterinárskeho lekárstva a farmácie v Košiciach, 2024, pp. 351-
354. ISBN 978 80 8077 822 4. (Annex 4.) 

In summary, a strong correlation was confirmed between the minerals Mg, Ni, Cu, Cd, As contained in 
honey and organic carbon, humus and titration acidity (Figure 16). The correlation was further 
confirmed between Mn, K in honey and organic carbon, soil humus and acidity. The correlation 
between Ca in honey and CaCO3 was not confirmed, nor was the correlation between K in honey and 
K2O in soil. This may be due to the input of these elements into the soil by human activity, which is 
dependent on the crops grown and their mineral requirements and is changed during the years. 
Therefore, minerals that are not classified as essential plant nutrients and therefore not used as 
fertilisers have a more significant influence on the determination of the geographical origin of honey 
than minerals commonly used as fertilisers. So for predictive mechanism correlation between organic 
carbon, humus and titration acidity the Ni, Cu, Cd, As is most relevant. The predictivity power is also 
documented in Figure 17 where 4 clusters in 95% probability was confirmed. The samples S20 and S24 
were different in comparison with other samples and rest of the samples form two clusters. The further 
research is possible, but it needs laboratory analysis of the soil, so it is not usable for GIS systems and 
automatic predictive mechanism. 
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Figure 16: Correlation matrix of soil analytical parameters. 

 

Figure 17: Agglomerative hierarchical clustering dendogram based on analytical parameters of soil. 
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Bee hive differences from one locality corresponding with one habitat 
Not only habitat has impact to the honey bee colony. It is also known, that bee colony have different 
preferences in collected nectar, pollen (Khan and Ghramh 2021), water source and flying distance. In 
general speaking the physico-chemical parameters of honey are influenced by several factors. In 
particular, water content is related to the degree of maturity of honey, honey processing and, in rare 
cases, climatic conditions (Manickavasagam, Saaid, and Osman 2022; Uran, Aksu, and Dülger Altiner 
2017). The acidity of honey is determined by the organic acid content. This parameter increases in 
time, but also with the fermentation of honey, where yeasts ferment sugars to organic acids. Among 
the chemical parameters, carbohydrates also characterise the site, since the nectar of the plants has 
different glucose and fructose contents. However, the content of other carbohydrates such as 
trehalose, maltose, raffinose, etc. can also be observed (Machado De-Melo et al. 2018). The colour is 
influenced by the content of phenolic substances dissolved in the honey. The colour is also influenced 
by the amount of pollen and last but not least by the mineral content, the amount of carbohydrate 
crystals and the water content. 

For discovering differences in bee colonies in one the localities were used 60 honey samples. Physico-
chemical parameters (water content, conductivity, and fructose, glucose, sucrose, turanose, maltose, 
trehalose, melibiose, and melezitose content) and colour parameters (CIE Lab) were analysed. 

The results were partially published in Czech in the study: Bartlová, M., Marcinčáková, D., Kružík, V., 
Čížková, H., Bodor, Z., Benedek, C., Tremlová, B., Pospiech, M., Javůrková, Z. Rozdíly fyzikálně 
chemických parametrů medů z více úlů jedné lokality. KONFERENCE HYGIENA ALIMENTORUM XLIV. 
Štrbské Pleso, Slovenská republika, 2024. (Annex 5.) 

In summary, in this work was confirmed that individual bee colonies produce honey with different 
physico-chemical composition and colour characteristics, which is in accordance with the beekeepers' 
claims. In Slovakia the highest results agreement was 43 % for light flower honey from the Stakčín. The 
lowest agreement was 25 % for dark flower honey from the Belá nad Cirochou. In Poland the highes 
agreement was 36 % for solidago honey (C1 and C2) from 
the Łazy, the lowest agreement was 7 % for corn 
flower honey from Kuśmierki. In Hungary the 
highest agreement was 36 % for bastard indigo 
and chestnut honeys (C1 and C4) from the 
Tiszaszentmárton and Velem, the lowest 
agreement was 29%, surprisingly across all 
regions and most honey types Table 4. 

The differences in the agreement of the results 
could be due not only to different preferences 
of the bee community, but also to different 
stages of colony development during honey-
laying, which is multifactorially influenced by a 
number of factors ranging from diseases to 
beekeeping practices.  
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Table 4: Percent agreement of physico-chemical parameters of honey from Poland and Hungary 

Poland  Hungary 

  Zawiercie 
 

  Bács Kerekegyháza 

Za
w

ie
rc

ie
  

C 1 C 2 C 3 C 4 
 

Bá
cs

 K
er

ek
eg

yh
áz

a 

 
C 1 C 2 C 3 C 4 

C 1   0.29 0.29 0.29  C 1   0.29 0.29 0.29 
C 2 0.29   0.29 0.29  C 2 0.29   0.29 0.29 
C 3 0.29 0.29   0.29  C 3 0.29 0.29   0.29 
C 4 0.29 0.29 0.29    C 4 0.29 0.29 0.29   

 Podlesice 
  

Szolnok 

Po
dl

es
ic

e  
C 1 C 2 C 3 C 4 

 

Sz
ol

no
k  

C 1 C 2 C 3 C 4 

C 1  0.29 0.29 0.29  C 1  0.36 0.29 0.29 
C 2 0.29  0.29 0.29  C 2 0.36  0.29 0.29 
C 3 0.29 0.29  0.29  C 3 0.29 0.29  0.29 
C 4 0.29 0.29 0.29    C 4 0.29 0.29 0.29  

 Łazy   Tiszaszentmárton 

Ła
zy

 

 C 1 C 2 C 3 C 4  

Ti
sz

as
ze

nt
m

ár
to

 

 C 1 C 2 C 3 C 4 
C 1  0.36 0.21 0.21  C 1  0.36 0.29 0.29 
C 2 0.36  0.21 0.21  C 2 0.36  0.29 0.29 
C 3 0.21 0.21  0.36  C 3 0.29 0.29  0.29 
C 4 0.21 0.21 0.36    C 4 0.29 0.29 0.29  

 Kuśmierki   Velem 

Ku
śm

ie
rk

i  C 1 C 2 C 3 C 4  

Ve
le

m
 

 C 1 C 2 C 3 C 4 
C 1  0.07 0.07 0.07  C 1  0.29 0.29 0.29 
C 2 0.07  0.07 0.07  C 2 0.29  0.29 0.29 
C 3 0.07 0.07  0.07  C 3 0.29 0.29  0.36 
C 4 0.07 0.07 0.07    C 4 0.29 0.29 0.36  

 Rogaczew   Kaposvár 

Ro
ga

cz
ew

  C 1 C 2 C 3 C 4  

Ka
po

sv
ár

  C 1 C 2 C 3 C 4 
C 1  0.14 0.14 0.14  C 1  0.29 0.29 0.29 
C 2 0.14  0.14 0.21  C 2 0.29  0.29 0.29 
C 3 0.14 0.14  0.14  C 3 0.29 0.29  0.29 
C 4 0.14 0.21 0.14    C 4 0.29 0.29 0.29   

* green: more agreement, yellow: less agreement 
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Impact of the region on the honey parameters 
The region has a strong influence on the bee colony and the bee products. It is also known that the 
regional label or quality standard is one of the important points for sustainable beekeeping. The main 
reason for this is that beekeepers can sell regional honey with higher added value. Higher profits allow 
beekeepers to invest more in veterinary care, breeding practices and generally better care for their 
colonies. In our research, we confirmed the worldwide knowledge about regional determination of 
honey by multivariate statistical methods for different parameters and show that these models work 
also for honey in the Visegrad Four countries. The advantage is also that the designation of a honey 
region also prevents the adulteration of honey and the import of honey from abroad. All these issues 
are important for sustainable beekeeping in the Visegrad region. 

To evaluate the regional impact of different Visegrad countries on honey parameters, 80 honeys were 
evaluated, 20 from each participating country. Physico-chemical parameters (water content, 
conductivity and fructose, glucose, sucrose, turanose, maltose, trehalose, melibiose and melezitose 
content), colour analysis (CIE Lab), trace element analysis (B, Na, Mg, Al, Ca, K, Cr, Mn, Fe, Ni, Cu, Zn, 
Pb, Cd, As) and melissopalynological analysis were carried out. 

The results were partially published in the studies: Benedek. C., Marcinčáková, D., Marcinčák S., 
Pospiech, M., Prus, B., Hemik, J., Bodor, Z. Application colour measurements in honey authentication 
- a case study. In: Apidologická konferencia BeeConnected 2024, Košice: Univerzita veterinárskeho 
lekárstva a farmácie v Košiciach, 2024, pp 3. ISBN 978-80-8077-819-4. (Annex 6.) 

Marcinčáková, D., Marcinčák S., Pospiech, M., Prus, B., Bodor, Z. Určenie krajiny pôvodu na základe 
minerálneho profilu medu. In: Apidologická konferencia BeeConnected 2024, Košice: Univerzita 
veterinárskeho lekárstva a farmácie v Košiciach, 2024, pp 18. ISBN 978-80-8077-819-4. (Annex 7.) 

Kružík, V., Čížková, H., Pospiech, M., Titěra, D., Hernik, J., Benedek, C. Kvalita a autenticita medu v 
zemích visegrádské čtyřky. In: Apidologická konferencia BeeConnected 2024, Košice: Univerzita 
veterinárskeho lekárstva a farmácie v Košiciach, 2024, pp 18. ISBN 978-80-8077-819-4. (Annex 8.) 

 

In summary, this work confirmed differences between honey parameters in the four Visegrad 
countries. Also, in our research we first characterised honey differences in term of physico-chemical 
and melissopalynological parameters. The characterisation of Visegrad honey is important for the 
protection of the designation of origin and for sustainable apiculture. The multivariate analysis for 
physico-chemical parameters (Figure 18), mineral profile (Figure 19), colour (Figure 20) and 
melissopalynology (Figure 21) demonstrate the potential of these methods in regional differentiation. 
The agreement rate was 89% for physico-chemical, 86.5% for mineral profile, 66.2% for colour and 
100% melissopalynology. The results show the differences between analytical parameters and 
agreement. The highest agreement with melissopalynology analysis is not surprising because in each 
country there are different sources of nectar and pollen. The highest similarity is found in Slovakia and 
Poland (Figure 21), where the climate of the sampling habitat is most similar. 
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Figure 18: Plot of linear discrimination analysis for physico-chemical parameters. 

 

Figure 19: Plot of linear discrimination analysis for mineral profile. 
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Figure 20: Plot of linear discrimination analysis for color analysis. 

 

Figure 21: Plot of linear discrimination analysis for melissopalynology. 
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Quality location prediction through GIS 
The influence of the location is reflected in the bee product, especially honey. The area from 7 to 28 
km2 is representative for the bee colony and is given by the average flight distance. Previous studies 
have confirmed that bee colonies accumulate different matrices in the product depending on the 
habitat. In the past it has been used to predict environmental pollution from anthropogenic or natural 
sources (Crane 1984; Svoboda 1961). It has also been confirmed that there is a relationship between 
the mineral composition of the soil and plants (Joy et al. 2015; Kaiser et al. 2012; Pongrac et al. 2019). 
For sustainable beekeeping it is also important that soil type has an effect on nectar production, which 
is an important source of carbohydrates (source of energy) for the bee. The positive effect on nectar 
production has been confirmed for Ca, Mn and Fe (Cardoso et al. 2012; Wielgolaski 2001). The 
important effect of soil is also on pollen production, where calcium, phosphorus, humus, K, Fe and Mn 
increase the number of flowers on the plants. The higher number of flowers is a prerequisite for a 
higher amount of pollen collected by the bee, which is an important source of protein for the bee 
colony. The great advantage of using GIS is also the possibility to predict the botanical sources in the 
bee habitat. For this, it is possible to use land cover information freely available in national or 
international databases such as Corine Land Cover (EEA 2018). The predictable botanical taxa are 
Helianthus sp., Robinia sp., Campanula sp., Brasica sp., Aesculus sp., Rhamnus sp., Lotus sp., Thymus 
sp., Lythrum sp., Phacelia sp., Phagopyrum sp., Aruncus. These botanical taxa are sources of both 
nectar and pollen. Some flower in spring, others in autumn. The longer period of nectar and pollen 
sources during the year is also important for sustainable beekeeping. Minimal periods without food 
sources also have an impact on the health status of the bee colony. 
 
For the determination of the predictive parameters, 32 honey samples were used. 
Melissopalynological analysis and mineral profile were measured. The area of land use and soil type 
was analysed in 28 km2 around each colony. 

The results were partially published in the studies: Schmidlová, S.; Javůrková, Z.; Tremlová, B.; Hernik, 
J.; Prus, B.; Marcinčák, S.; Marcinčáková, D.; Štarha, P.; Čížková, H.; Kružík, V.; et al. Exploring the 
Influence of Soil Types on the Mineral Profile of Honey: Implications for Geographical Origin Prediction. 
Foods 2024, 13, 2006. https://doi.org/10.3390/foods13132006. (Annex 9.) 

Pospiech, M., Bartlová, M., Prus, B., Titěra, D., Kružík, V., Čížková, H. Predikce zdrojů snůšky včel pomocí 
geografických informačních systémů. In: Apidologická konferencia BeeConnected 2024, Košice: 
Univerzita veterinárskeho lekárstva a farmácie v Košiciach, 2024, pp 18. ISBN 978-80-8077-819-4. 
(Annex 10.) 

 

In summary, this work has confirmed the ability of the GIS system to predict the location of bee hives. 
In our research we confirmed the importance of pasture and non-irrigated arable land as a source of 
botanical taxon able to ensure the amount of nutrition for bee colony during the year. However, the 
spring source of nectar and pollen is based on sowing procedure and it can change annually and also 
depends on agricultural policy in each Visegrad country. The detailed correlation between land cover 
and botanical taxa is shown in Figure 26 and Figure 27. Soil type had influence on B, Ca, Mg, Ni, Mg 
and Mn in honey. From the mentioned mineral compounds the Ca, Mn and Fe is predictable also for 
nectar and pollen production in bee habitat. Our results show that high amounts of these minerals 
corresponded with anthrosol, kastanozem soil type. In this reason they challenge in bee habitat is 
prerequisite for good nectar and pollen production.  

 

 

https://doi.org/10.3390/foods13132006


 
 
University of Veterinary Sciences Brno  

 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 

  
 

31 

The predictive model was calculated using the following algorithm (calculations and analyzes were 
performed in QGIS): 

(1) Loading input layers and pre-processing data. 

a. loading country borders CNTR_RG_01M_2020_3035  

b. designation of the countries participating in the project (CZ; HU; PL; SK)  

c. loading Corine Land Cover layers in shp format: U2018_CLC2018_V2020_20u1_PL; 
U2018_CLC2018_V2020_20u1_HU; U2018_CLC2018_V2020_20u1_SK; 
U2018_CLC2018_V2020_20u1_CZ 

d. loading vector layers European Soil Database v2.0 (vector and attribute) 

(2) Loading the coordinates of the apiary locations, coordinates in the WGS84 system. 

(3) Generating buffers at a distance of 3 km from the apiary locations using geoprocessing tools, buffer 
command (Figure 23). 

 

Figure 22: Buffers generating. 

(4) Preparation of the spatial product between buffers designated at a distance of 3 km from the 
locations of apiaries and the land cover layer for Corine Land Cover data, for each of the countries 
participating in the project. 

(5) Calculation of reclassified areas using the area calculator (Figure 23) for land cover data in zones 
related to the location of apiaries (3 km). 
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Figure 23: Area calculation for bee hive location. 

(6) Calculation of the land cover area based by classified land cover types in Corine Land Cover using 
the GroupStats plug-in, for each of the analyzed countries (Figure 24). 

 

Figure 24: Land cover area calculation. 

(7) Calculation of land cover statistics in the countries participating in the project in Microsoft Excel 
and classification of land cover forms into: built-up areas, forests, green areas, arable lands, waters, 
roads, waste lands. 



 
 
University of Veterinary Sciences Brno  

 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 

  
 

33 

 

(8) Preparation of the spatial product between buffers designated at a distance of 3 km from the 
locations of apiaries and the European Soil Database v.20 layer, for each of the countries participating 
in the project (Figure 25). 

 

Figure 25: Example of image data preparation with selected buffer. 

(9) Calculation of reclassified areas using the field calculator for soil bonity data in zones related to the 
location of apiaries (3 km) 

(10) Calculation of the soil bonity area using the GroupStats plugin, for each of the analyzed countries 

(11) Calculation of soil bonity statistics in the countries participating in the project in Microsoft Excel  
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Figure 26: Dendograph of land cover and botanical taxa. 

 

 

Figure 27: Cluster plot of botanical taxa. 
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5. Conclusion 

• Differences between declared and analytically confirmed honey origin : Significant differences 
were observed between beekeepers’ declarations and analytical identification of honey origins, 
highlighting the necessity of analytical methods for accurate determination. This discrepancy 
affects honey quality protection and compliance with legislation. Notably, there is a 23% higher 
identification of monofloral honey analytically than by beekeepers, indicating the need for better 
methods to classify monofloral honeys in line with the European Directive 2024/1438. Further 
research should explore the environmental and agricultural factors influencing monofloral honey 
production. 

• Relationship between pollen taxa and land cover: A correlation between the occurrence of 
pollen taxa in honey and specific types of land cover, as per the European CORINE system, was 
confirmed. Strong correlations were found for certain pollen taxa with native landscapes and 
urban green areas. Type 3 classification (according to CLC classes) showed the highest correlation, 
making it suitable for further studies, unlike Type 1 (according to CLC classes). 

• Impact of land cover on honey components: Water content, acidity, HMF, and diastase activity 
in honey showed no relation with land cover, as these are processing-related parameters. 
Carbohydrates, like sucrose, fructose, turanose, maltose, and melezitose also lacked clear land 
cover relationships. However, glucose and trehalose showed interesting variations with land 
cover. Melissopalynological analysis indicated specific pollen types' presence in different land 
covers. The prediction of land cover from honey components showed a low correlation coefficient 
rate (CCR) of 45%, this aspect necessitating further research. 

• Mineral correlations in honey and soil: Strong correlations were found between minerals in 
honey (Mg, Ni, Cu, Cd, As) and soil properties (organic carbon, humus, acidity). This correlation 
was not revealed for essential plant nutrients such as Ca and K, due to human agricultural 
activities where these minerals are used as fortifiers. 

• Variability in honey composition: Individual bee colonies produce honey with varying physico-
chemical compositions and colour characteristics, aligning with beekeepers' observations. In 
Slovakia, the highest agreement in results was 43% for light flower honey from Stakčín, while 
Poland and Hungary showed similar variability in maximum 36%. Differences could be attributed 
to bee community preferences and colony development stages influenced by multiple factors. 

• Characterization of Visegrad honeys: Differences in honey parameters among Visegrad countries 
were confirmed, with a detailed characterization of physico-chemical and melissopalynological 
parameters. This characterization aids in protecting the designation of origin and supporting 
sustainable beekeeping. Multivariate analyses demonstrated high regional differentiation ability 
for physico-chemical parameters (89%), mineral profile (86.5%), and colour (66.2%). 

• GIS System for beehive location prediction: The GIS system effectively predicted beehive 
locations, emphasizing the importance of pasture and non-irrigated arable land for year-round 
bee nutrition. Nectar and pollen sources vary annually due to agricultural policies. It was also 
confirmed that soil type influences the mineral content of honey. Higher levels of Ca, Mn and Fe 
with specific soil types such as anthrosol and kastanozem being crucial for good nectar and pollen 
production. 

These conclusions highlight the importance of accurate honey classification, the significant impact 
of land cover and soil on honey composition, and the potential of advanced analytical and GIS 
methods in apiculture research and practice. 

 



University of Veterinary Sciences Brno  

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 36 

6. References 
 

Bogdanov, Stefan. 2009. Harmonised Methods of the International Honey Commission. Liebefeld. 

 

Bryś, Maciej Sylwester, Patrycja Skowronek, and Aneta Strachecka. 2021. “Pollen Diet—Properties 
and Impact on a Bee Colony.” Insects 2021, Vol. 12, Page 798 12(9):798. doi: 
10.3390/INSECTS12090798. 

 

Cardoso, F. C. G., R. Marques, P. C. Botosso, and M. C. M. Marques. 2012. “Stem Growth and 
Phenology of Two Tropical Trees in Contrasting Soil Conditions.” Plant and Soil 354(1–2):269–81. doi: 
10.1007/S11104-011-1063-9/FIGURES/4. 

 

Chudzinska, M., and D. Baralkiewicz. 2010. “Estimation of Honey Authenticity by Multielements 
Characteristics Using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) Combined with 
Chemometrics.” Food and Chemical Toxicology 48(1):284–90. doi: 10.1016/J.FCT.2009.10.011. 

 

Crane, E. 1984. “Bees, Honey and Pollen as Indicators of Metals in the Environment.” Bee World 
61(1):47–49. 

 

Czech, Ministery of agriculture. 2003. “76/2003 Coll. Decree Laying down Requirements for Natural 
Sweeteners, Honey, Confectionery, Cocoa Powder and Cocoa-Sugar Mixtures, Chocolate and 
Chocolate Candies.” Vyhláška. Retrieved May 30, 2021 (https://www.zakonyprolidi.cz/cs/2003-76). 

 

Czech, Ministry of Agriculture. 2024. “Komplexní Průzkum Půd (Comprehensive Soil Survey).” 
Https://Kpp.Vumop.Cz/. Retrieved July 11, 2024 (https://kpp.vumop.cz/). 

 

Dušek, Radek, and Renata Popelková. 2017. “Landscape Diversity of the Czech Republic.” Journal of 
Maps 13(2):486–90. doi: 10.1080/17445647.2017.1329672. 

 

EEA, European Environment Agency. 2018. “CORINE Land Cover (CLC) 2018, Version 20.” CORINE 
Land Cover (CLC) 2018, Version 20. Retrieved February 2, 2024 (https://land.copernicus.eu/pan-
european/corine-land-cover). 

 

Gorroño, Javier, Andrew C. Banks, Nigel P. Fox, and Craig Underwood. 2017. “Radiometric Inter-
Sensor Cross-Calibration Uncertainty Using a Traceable High Accuracy Reference Hyperspectral 
Imager.” ISPRS Journal of Photogrammetry and Remote Sensing 130:393–417. doi: 
10.1016/J.ISPRSJPRS.2017.07.002. 



University of Veterinary Sciences Brno  

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 37 

 

Joy, Edward J. M., Martin R. Broadley, Scott D. Young, Colin R. Black, Allan D. C. Chilimba, E. Louise 
Ander, Thomas S. Barlow, and Michael J. Watts. 2015. “Soil Type Influences Crop Mineral 
Composition in Malawi.” Science of The Total Environment 505:587–95. doi: 
10.1016/J.SCITOTENV.2014.10.038. 

 

Kaiser, M., R. H. Ellerbrock, M. Wulf, S. Dultz, C. Hierath, and M. Sommer. 2012. “The Influence of 
Mineral Characteristics on Organic Matter Content, Composition, and Stability of Topsoils under 
Long-Term Arable and Forest Land Use.” Journal of Geophysical Research: Biogeosciences 
117(G2):2018. doi: 10.1029/2011JG001712. 

 

Karabagias, Ioannis K., Anastasia Badeka, Stavros Kontakos, Sofia Karabournioti, and Michael G. 
Kontominas. 2014. “Characterization and Classification of Thymus Capitatus (L.) Honey According to 
Geographical Origin Based on Volatile Compounds, Physicochemical Parameters and Chemometrics.” 
Food Research International 55:363–72. doi: 10.1016/j.foodres.2013.11.032. 

 

Kawashima, Hiroto, Momoka Suto, and Nana Suto. 2018. “Determination of Carbon Isotope Ratios 
for Honey Samples by Means of a Liquid Chromatography/Isotope Ratio Mass Spectrometry System 
Coupled with a Post-Column Pump.” Rapid Communications in Mass Spectrometry 32(15):1271–79. 
doi: 10.1002/RCM.8170. 

 

Khan, Khalid Ali, and Hamed A. Ghramh. 2021. “Pollen Source Preferences and Pollination Efficacy of 
Honey Bee, Apis Mellifera (Apidae: Hymenoptera) on Brassica Napus Crop.” Journal of King Saud 
University - Science 33(6):101487. doi: 10.1016/J.JKSUS.2021.101487. 

 

Machado De-Melo, Adriane Alexandre, Ligia Bicudo de Almeida-Muradian, María Teresa Sancho, and 
Ana Pascual-Maté. 2018. “Composition and Properties of Apis Mellifera Honey: A Review.” Journal of 
Apicultural Research 57(1):5–37. doi: 10.1080/00218839.2017.1338444. 

 

Manickavasagam, Ganapaty, Mardiana Saaid, and Rozita Osman. 2022. “The Trend in Established 
Analytical Techniques in the Investigation of Physicochemical Properties and Various Constituents of 
Honey: A Review.” Food Analytical Methods 2022 15:11 15(11):3116–52. doi: 10.1007/S12161-022-
02356-6. 

 

Ohmenhaeuser, Marc, Yulia B. Monakhova, Thomas Kuballa, and Dirk W. Lachenmeier. 2013. 
“Qualitative and Quantitative Control of Honeys Using NMR Spectroscopy and Chemometrics.” ISRN 
Analytical Chemistry 2013:1–9. doi: 10.1155/2013/825318. 

 



University of Veterinary Sciences Brno  

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 38 

Panagos, Panos, Marc Van Liedekerke, Pasquale Borrelli, Julia Köninger, Cristiano Ballabio, Alberto 
Orgiazzi, Emanuele Lugato, Leonidas Liakos, Javier Hervas, Arwyn Jones, and Luca Montanarella. 
2022. “European Soil Data Centre 2.0: Soil Data and Knowledge in Support of the <scp>EU</Scp> 
Policies.” European Journal of Soil Science 73(6). doi: 10.1111/ejss.13315. 

 

Panagos, Panos, Marc Van Liedekerke, Arwyn Jones, and Luca Montanarella. 2012. “European Soil 
Data Centre: Response to European Policy Support and Public Data Requirements.” Land Use Policy 
29(2):329–38. doi: 10.1016/j.landusepol.2011.07.003. 

 

Pasquini, Benedetta, Mohammad Goodarzi, Serena Orlandini, Giangiacomo Beretta, Sandra 
Furlanetto, and Bieke Dejaegher. 2014. “Geographical Characterisation of Honeys According to Their 
Mineral Content and Antioxidant Activity Using a Chemometric Approach.” International Journal of 
Food Science & Technology 49(5):1351–59. doi: 10.1111/IJFS.12436. 

 

Phiri, Darius, Matamyo Simwanda, Serajis Salekin, Vincent Nyirenda, Yuji Murayama, and Manjula 
Ranagalage. 2020. “Sentinel-2 Data for Land Cover/Use Mapping: A Review.” Remote Sensing 
12(14):2291. doi: 10.3390/rs12142291. 

 

Pisani, Anastasia, Giuseppe Protano, and Francesco Riccobono. 2008. “Minor and Trace Elements in 
Different Honey Types Produced in Siena County (Italy).” Food Chemistry 107(4):1553–60. doi: 
10.1016/J.FOODCHEM.2007.09.029. 

 

Pongrac, Paula, James W. McNicol, Allan Lilly, Jacqueline A. Thompson, Gladys Wright, Stephen 
Hillier, and Philip J. White. 2019. “Mineral Element Composition of Cabbage as Affected by Soil Type 
and Phosphorus and Zinc Fertilisation.” Plant and Soil 434(1–2):151–65. doi: 10.1007/S11104-018-
3628-3/FIGURES/5. 

 

Rashed, M. N., and M. E. Soltan. 2004. “Major and Trace Elements in Different Types of Egyptian 
Mono-Floral and Non-Floral Bee Honeys.” Journal of Food Composition and Analysis 17(6):725–35. 
doi: 10.1016/J.JFCA.2003.10.004. 

 

Solayman, Md, Md Asiful Islam, Sudip Paul, Yousuf Ali, Md Ibrahim Khalil, Nadia Alam, and Siew Hua 
Gan. 2016. “Physicochemical Properties, Minerals, Trace Elements, and Heavy Metals in Honey of 
Different Origins: A Comprehensive Review.” Comprehensive Reviews in Food Science and Food 
Safety 15(1):219–33. doi: 10.1111/1541-4337.12182. 

 

Svoboda, Jiří. 1961. “Poisoning of Bees by Industrial Arsenic Emissions.” Pp. 1499–1506 in. Ceská 
Akademie Zemědelskych Věd. 

 



University of Veterinary Sciences Brno  

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 39 

Tuzen, M., S. Silici, D. Mendil, and M. Soylak. 2007. “Trace Element Levels in Honeys from Different 
Regions of Turkey.” Food Chemistry 103(2):325–30. doi: 10.1016/J.FOODCHEM.2006.07.053. 

 

Union, European. 2002. “Council Directive 2001/110/EC of 20 December 2001 Relating to Honey.” 
10:47–52. 

 

Union, European. 2024. “Directive (EU) 2024/1438 of the European Parliament and of the Council  of 
14 May 2024  Amending Council Directives 2001/110/EC Relating to Honey, 2001/112/EC Relating to 
Fruit Juices and Certain Similar Products Intended for Human Consumption, 2001/113/EC Relating to 
Fruit Jams, Jellies and Marmalades and Sweetened Chestnut Purée Intended for Human 
Consumption, and 2001/114/EC Relating to Certain Partly or Wholly Dehydrated Preserved Milk for 
Human Consumption.” (OJ L, 24.5.2024):1–19. 

 

Uran, Harun, Filiz Aksu, and Dilek Dülger Altiner. 2017. “A Research on the Chemical and 
Microbiological Qualities of Honeys Sold in Istanbul.” Food Science and Technology 37:30–33. doi: 
10.1590/1678-457X.32016. 

 

VanEngelsdorp, Dennis, Jay D. Evans, Claude Saegerman, Chris Mullin, Eric Haubruge, Bach Kim 
Nguyen, Maryann Frazier, Jim Frazier, Diana Cox-Foster, Yanping Chen, Robyn Underwood, David R. 
Tarpy, and Jeffery S. Pettis. 2009. “Colony Collapse Disorder: A Descriptive Study” edited by J. Brown. 
PLoS ONE 4(8):e6481. doi: 10.1371/journal.pone.0006481. 

 

Wielgolaski, Frans Emil. 2001. “Phenological Modifications in Plants by Various Edaphic Factors.” 
International Journal of Biometeorology 45(4):196–202. doi: 10.1007/S004840100100/METRICS. 

 

Zheng, Xin, Yanrong Zhao, Huifeng Wu, Jiyang Dong, and Jianghua Feng. 2016. “Origin Identification 
and Quantitative Analysis of Honeys by Nuclear Magnetic Resonance and Chemometric Techniques.” 
Food Analytical Methods 9(6):1470–79. doi: 10.1007/S12161-015-0325-1/TABLES/2. 

  
  



University of Veterinary Sciences Brno  

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 40 

Table and figure list: 
Table 1: Land cover unit in CORINE land cover system ......................................................................... 13 
Table 2: Representative land cover for the bee colonies ...................................................................... 21 
Table 4: Confusion matrix of the training samples for land cover ........................................................ 22 
Table 5: Percent agreement of physico-chemical parameters of honey from Poland and Hungary .... 26 
 

Figure 1: Access to ESDAC Dataset .......................................................................................................... 8 
Figure 2: Agreement of beekeepers’ declaration on honey origin verified with analytical parameters 
(%) .......................................................................................................................................................... 11 
Figure 3: Correlation matrix of botanical taxa for broad-leaved forest. ............................................... 14 
Figure 4: Correlation matrix of botanical taxa for complex cultivation patterns. ................................. 14 
Figure 5: Correlation matrix of botanical taxa for coniferous forest. ................................................... 15 
Figure 6: Correlation matrix of botanical taxa for discontinuous urban fabric. .................................... 15 
Figure 7: Correlation matrix of botanical taxa for fruit trees and berry plantations. ........................... 16 
Figure 8: Correlation matrix of botanical taxa for industrial or commercial units................................ 16 
Figure 9: Correlation matrix of botanical taxa for land mainly occupied by agriculture, with significant 
areas of natural vegetation. .................................................................................................................. 17 
Figure 10: Correlation matrix of botanical taxa for mixed forest.......................................................... 17 
Figure 11: Correlation matrix of botanical taxa for non-irrigated arable land. ..................................... 18 
Figure 12: Correlation matrix of botanical taxa for pastures. ............................................................... 18 
Figure 13: Correlation matrix of botanical taxa for sport and leisure facilities. ................................... 19 
Figure 14: Correlation matrix of botanical taxa for transitional wood land – shrub. ........................... 19 
Figure 15: Plot of linear discrimination analysis for land cover. ........................................................... 21 
Figure 16: Correlation matrix of soil analytical parameters. ................................................................. 24 
Figure 17: Agglomerative hierarchical clustering dendogram based on analytical parameters of soil. 24 
Figure 18: Plot of linear discrimination analysis for physico-chemical parameters. ............................. 28 
Figure 19: Plot of linear discrimination analysis for mineral profile. .................................................... 28 
Figure 20: Plot of linear discrimination analysis for color analysis. ...................................................... 29 
Figure 21: Plot of linear discrimination analysis for melissopalynology. .............................................. 29 
Figure 22: Buffers generating. ............................................................................................................... 31 
Figure 23: Area calculation for bee hive location. ................................................................................. 32 
Figure 24: Land cover area calculation. ................................................................................................. 32 
Figure 25: Example of image data preparation with selected buffer. .................................................. 33 
Figure 26: Dendograph of land cover and botanical taxa. .................................................................... 34 
Figure 27: Cluster plot of botanical taxa. .............................................................................................. 34 
 

  



University of Veterinary Sciences Brno  

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 41 

Annex list: 
 

Annex 1: Comparison of beekeepers’ and analytical determinations of honey origin 

Annex 2: Vztah pokryvu krajiny k pylovému profilu medu (Pollen profile relation to country land cover) 

Annex 3: Vliv půdního pokryvu na základní parametry medů (Influence of land cover on the honey 
parameters) 

Annex 4: Vliv minerálního složení půdy na vlastnosti medu (The effect of soil mineral composition on 
honey properties) 

Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality (Differences in physico-
chemical parameters of honeys from several hives of one location) 

Annex 6: Application colour measurements in honey authentication – a case study  

Annex 7: Určenie krajiny pôvodu na základe minerálneho profilu medu (Determination of the 
landscape of the basin on the basis of the mineral profile of honey)  

Annex 8: Kvalita a autenticita medu v zemích Visegrádské čtyřky (Quality and authenticity of honey in 
the Visegrad Four countries) 

Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Annex 10: Predikce zdrojů snůšky včel pomocí geografických informačních systémů (Predicting bee 
collection resources using geographic information systems) 

 

 



Annex 1: Comparison of beekeepers’ and analytical determinations of honey origin 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 42 

 
 
 
 



Annex 1: Comparison of beekeepers’ and analytical determinations of honey origin 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 43 

 

 



Annex 1: Comparison of beekeepers’ and analytical determinations of honey origin 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 44 



Annex 1: Comparison of beekeepers’ and analytical determinations of honey origin 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 45 



Annex 1: Comparison of beekeepers’ and analytical determinations of honey origin 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 46 



Annex 2: Vztah pokryvu krajiny k pylovému profilu medu  
(Pollen profile relation to country land cover) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 47 



Annex 2: Vztah pokryvu krajiny k pylovému profilu medu  
(Pollen profile relation to country land cover) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 48 



Annex 2: Vztah pokryvu krajiny k pylovému profilu medu  
(Pollen profile relation to country land cover) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 49 



Annex 2: Vztah pokryvu krajiny k pylovému profilu medu  
(Pollen profile relation to country land cover) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 50 



Annex 2: Vztah pokryvu krajiny k pylovému profilu medu  
(Pollen profile relation to country land cover) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 51 



Annex 2: Vztah pokryvu krajiny k pylovému profilu medu  
(Pollen profile relation to country land cover) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 52 



Annex 2: Vztah pokryvu krajiny k pylovému profilu medu  
(Pollen profile relation to country land cover) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 53 



Annex 2: Vztah pokryvu krajiny k pylovému profilu medu  
(Pollen profile relation to country land cover) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 54 



Annex 3: Vliv půdního pokryvu na základní parametry medů  
(Influence of land cover on the honey parameters) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 55 



Annex 3: Vliv půdního pokryvu na základní parametry medů  
(Influence of land cover on the honey parameters) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 56 



Annex 3: Vliv půdního pokryvu na základní parametry medů  
(Influence of land cover on the honey parameters) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 57 



Annex 3: Vliv půdního pokryvu na základní parametry medů  
(Influence of land cover on the honey parameters) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 58 



Annex 3: Vliv půdního pokryvu na základní parametry medů  
(Influence of land cover on the honey parameters) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 59 



Annex 4: Vliv minerálního složení půdy na vlastnosti medu  
(The effect of soil mineral composition on honey properties) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 60 



Annex 4: Vliv minerálního složení půdy na vlastnosti medu  
(The effect of soil mineral composition on honey properties) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 61 



Annex 4: Vliv minerálního složení půdy na vlastnosti medu  
(The effect of soil mineral composition on honey properties) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 62 



Annex 4: Vliv minerálního složení půdy na vlastnosti medu  
(The effect of soil mineral composition on honey properties) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 63 



Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality  
(Differences in physico-chemical parameters of honeys from several hives of one location) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 64 



Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality  
(Differences in physico-chemical parameters of honeys from several hives of one location) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 65 



Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality  
(Differences in physico-chemical parameters of honeys from several hives of one location) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 66 



Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality  
(Differences in physico-chemical parameters of honeys from several hives of one location) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 67 



Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality  
(Differences in physico-chemical parameters of honeys from several hives of one location) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 68 



Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality  
(Differences in physico-chemical parameters of honeys from several hives of one location) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 69 



Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality  
(Differences in physico-chemical parameters of honeys from several hives of one location) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 70 



Annex 5: Rozdíly fyzikálně chemických parametrů medů z vice úlů jedné lokality  
(Differences in physico-chemical parameters of honeys from several hives of one location) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 71 



Annex 6: Application colour measurements in honey authentication – a case study  
 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 72 



Annex 7: Určenie krajiny pôvodu na základě minerálneho profile medu 
(Determination of the landscape of the basin on the basis of the mineral profile of honey)  
 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 73 



Annex 8: Kvalita a autenticita medu v zemích Visegrádské čtyřky 
(Quality and authenticity of honey in the Visegrad Four countries) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 74 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 75 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 76 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 77 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 78 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 79 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 80 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 81 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 82 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 83 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 84 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 85 



Annex 9: Exploring the Influence of Soil Types on the Mineral Profile of Honey: Implications for 
Geographical Origin Prediction 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 86 

  



Annex 10: Predikce zdrojů snůšky včel pomocí geografických informačních systémů 
(Predicting bee collection resources using geographic information systems) 

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 87 



 

 

 

 

 
 
 
 
 
Title: Sustainable beekeeping in Visegrad group - Final Report 
 
Editor: associate professor DVM. Matej Pospiech, Ph.D. 
 
Contributors: Matej Pospiech, Zdeňka Javůrková, Marie Bartlová, Simona 

Ondruchová, Helena Čížková, Vojtěch Kružík, Dalibor Titěra, 
Józef Hernik, Barbara Prus, Slavomír Marcinčák, Dana 
Marcinčáková, Csilla Benedek, Zsanett Bodor 

 
Published by: University of Veterinary Sciences Brno 
 
Supported by: International Visegrad Fund 
 
Number of pages: 88 
 
Issue: first  
 
Publication year: 2024 
 
Publication place: Brno 
 
Copyright © 2024 University of Veterinary Sciences Brno 
 

ISBN 978-80-7305-959-0 


	1. Project team
	University of Veterinary Sciences Brno
	University of Chemistry and Technology, Prague
	Bee Research Institute
	University of Agriculture in Krakow
	The University of Veterinary Medicine and Pharmacy in Košice
	Semmelweis University, Faculty of Health Sciences

	2. Introduction
	3. Aims
	4. Project output
	Beekeepers locality prediction
	Relationship of landscape cover and bee hive population
	Relationship of landscape cover to the honey parameters
	Relationship between soil type and honey parameters
	Bee hive differences from one locality corresponding with one habitat
	Impact of the region on the honey parameters
	Quality location prediction through GIS

	5. Conclusion
	6. References
	Table and figure list:
	Annex list:

