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ABSTRACT

This study presents the results of pollen analysis on honey samples collected from 85 different
locations across all districts of Trabzon, Tiirkiye, during the months of June to October between 2009
and 2012. A total of 50 pollen taxa were identified, including 23 families, 25 genera, and 2 species. The
most dominant pollen type was Castanea sativa, found in 65 samples, reflecting the regional floral
characteristics. Lamiaceae was dominant in only one sample. Secondary pollen types commonly
observed included Apiaceae, Asteraceae, Brassicaceae, Carduus, Cistus, Cynoglossum, Fabaceae,
Hedysarum, Laurus nobilis, Rhododendron, and Rosaceae. Four samples were classified as
monofloral honeys, all identified as Castanea sativa honey. Rhododendron, known for its toxic effects
when present above a certain threshold in honey, was detected in 48 samples, indicating the necessity
of evaluating these honeys in terms of consumer health. TPN-10 ranged from 2,845 to 1,525,683 per 10
g of honey. Correlation analysis showed that floral diversity increased with altitude, while cluster
analysis indicated that total pollen count was the most influential factor in sample classification. These
findings underline both the rich botanical diversity of Trabzon honeys and the impact of ecological
variables on honey composition.

Keywords: Botanical origin, Castanea sativa, Melissopalynology, Rhododendron, Total pollen number

oz

Bu calismada, 2009-2012 yillan arasinda Trabzon ilinin tiim ilgelerinde, Haziran-Ekim aylarinda 85 farkl
bolgeden toplanan bal o6rnekleri Uzerinde polen analizi gerceklestirilmistir. Yapilan analizler
sonucunda, 23 familya, 25 cins ve 2 tiir diizeyinde olmak lizere toplam 50 taksona ait polen varligi
tespit edilmistir. Bolgenin karakteristik tiirlerinden Castanea sativa, 65 ornekte dominant polen olarak
en yuksek orana ulagmistir. Lamiaceae familyasi ise yalnizca bir 6rnekte dominant olarak saptanmistir.
Sekonder polen grubunda ise Apiaceae, Asteraceae, Brassicaceae, Carduus, Castanea sativa, Cistus,
Cynoglossum, Fabaceae, Hedysarum, Lamiaceae, Laurus nobilis, Rhododendron ve Rosaceae
taksonlari 6ne gikmistir. incelenen 6rneklerin 4’ii monofloral bal olarak siniflandiriimis ve tamami
Castanea sativa bali olarak tanimlanmigtir. Balda belli bir miktarin Gizerinde bulundugunda zehirleme
etkileriyle bilinen Rhododendron cinsine ait polenler 48 6rnekte belirlenmis, bu durum balin tiiketici
saghg acisindan degerlendirilmesi gerektigini gostermistir. TPS-10 g degerine gore polen sayilari
2.845 ile 1.525.683 arasinda degismistir. Korelasyon analizleri, rakim yiikseldikge balin floristik
cesitliliginin arttigini ortaya koyarken; kiimeleme analizinde orneklerin siniflandiriimasinda en
belirleyici unsur toplam polen sayisi olmustur. Bu bulgular, Trabzon balinin floristik zenginligini ortaya
koyarken, ayni zamanda ekolojik degiskenlerin bal kompozisyonu iizerindeki etkilerini de net bir
sekilde gozler oniine sermektedir.

Anahtar kelimeler: Botanik kdken, Castanea sativa, Melissopalinoloji, Rhododendron, Toplam polen
sayisi
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GENISLETILMiS OZET

Giris: Balin polen icerigi, Uretim alaninin floristik
kompozisyonuyla dogrudan iliskilidir.  Turkiye,
iklimsel c¢esitliligi ve 12.000’i askin bitki tirtyle
aricilik agisindan son derece yuksek bir potansiyele
sahip bir Ulkedir. Ancak, bitki ¢esitliliginin bilinmesine
ragmen, bu bitkilerden hangilerinin bal Gretimine ne
Olclide katki sagladigi konusunda yeterli dizeyde
detayli ve bolgesel temelli bilimsel calismalara
intiyag  duyulmaktadir.  Bitki  ¢esitliliginin  bal
Uretimindeki rolind degerlendirmede en eftkili
yontemlerden biri melissopalinolojik analizlerdir. Son
yillarda Turkiye'de uretilen ballar Gzerine yapilan
palinolojik arastirmalarin sayisinda artis
gbzlemlenmekte; bu calismalar sayesinde, nektar
kaynag! bitki tdrlerinin belilenmesi ve Uretilen
ballarin kalite standartlarinin yukseltilmesi
amaclanmaktadir. Bu c¢alismanin temel amaci,
Trabzon il merkezi ve bagh ilgelerden toplanan 85
adet bal 6rneginin polen igeriklerini analiz ederek,
bélge ballarinin botanik kdkenini ve kalite duzeyini
ortaya koymaktir.

Gere¢ ve Yontem: Bal d&rnekleri, Trabzon il
merkezinden ve tum ilgelerinden 2009-2012 yillar
arasinda Haziran-Ekim aylari arasinda Ureticilerden
temin edilmistir. Toplanan bal érneklerinden kalitatif
ve kantitatif melissopalinolojik analizler igin
preparatlar hazirlanmistir (Louveaux et al. 1978).
Homojenize edilmis stok baldan alinan 10 gram
alinarak steril tliplere konulup tzerine 20 mL distile
su eklenmis ve balin suda ¢6ziinmesi icin 45°C'de
su banyosunda bekletilmistir. Numuneler 3500
rom’de 45 dakika santrif(ij edilerek tuplerin dibinde
olusan polen tortusu, kalici bir preparat hazirlamak
amaciyla bazik fuksinli gliserin jelatin kullanilarak
hazirlanmistir. Hazirlanan preparatlarda polenlerin
ait oldugu bitki taksonlari belirlenmis ve ylzde
oranlari hesaplanmistir. incelenen bal &rnekleri,
eser (3%'ten az), mindr (3-15%), sekonder (16-44%)
ve dominant (>45%) olmak Uzere 4 grupta
incelenmistir. Bal drneklerindeki toplam polen sayisi
(TPS-10 g), Lycopodium spor tabletleri kullanilarak
hesaplanmistir (Moar 1985). Polenler, TPS'ye gore
kategori | (< 20 000), kategori 1l (20 000-100 000),
kategori Il (100 000-500 000), kategori IV (500 000-
1 000 000), kategori V (>1 000 000) olmak Uzere 5
kategoriye siniflandiriimistir (Jose et al. 1989). Elde
edilen parametreler arasindaki iligskiyi belirlemek
amaciyla bulgulara korelasyon analizi, polen
spektrumu analizi ve hiyerarsik kimeleme analizi
uygulanmistir.
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Bulgular: Yapilan analizler sonucunda, 36
familyaya ait 50 takson tespit edilmistir. 65 drnekte
Castanea sativa’ya, 1 o&rnekte ise Lamiaceae
familyasina ait polenlerin dominant miktarda
bulundugu belirlenmistir. Sekonder miktarda polen
bulunan taksonlar ise 10 6rnekte Castanea sativa, 9
ornekte Fabaceae, 8 oOrnekte Cistus, 7 Ornekte
Rhododendron, 5 érnekte Lamiaceae ve Hedysarum
L., 3 6érnekte Apiaceae ve Brassicaceae, 2 6rnekte
Rosaceae ve 1 oOrnekte ise Asteraceae,
Cynoglossum L., Carduus L. ve Laurus nobilis L.
olmustur. incelenen bal érneklerinde belirlenen bitki
taksonlarinin sayisinin 2 ile 24 arasinda degistigi
g6zlemlenmistir. Ayrica yapilan analizler sonucunda
belli ~ bir miktarin  Uzerinde  tuketildiginde
zehirlenmeye neden oldugu bilinen Rhododendron
(Ericaceae) polenlerine de 48 adet bal 6rneginde
cesitli miktarlarda rastlanmigtir. Bal o&rnekleri,
toplam polen sayisi (TPS-10 g) miktarina gore
siniflandinidiginda; 19 tanesi kategori | (% 22.3), 39
tanesi kategori Il (% 45.9), 23 tanesi kategori Il (%
27), 2’ser tanesi ise kategori IV (% 2.4) ve kategori
V (% 2.4) olarak belirlenmistir. 10 gram baldaki TPS-
10 degerleri 2845 ile 1 525 683 arasinda
hesaplanmistir.

Tartisma-Sonug: Yapilan palinolojik analizler,
Trabzon ydresine ait bal &rneklerinin botanik
kokenine 1sik tutarak bdlgenin aricilik potansiyelini
ortaya koymustur. Calisma sonucunda, Fagaceae
familyasina ait Castanea sativa yoOre ballari igin
baslica nektar ve polen kaynagi olarak belirlenmistir.
Bal drneklerinde en fazla tespit edilen ikinci polen
taksonu Lamiaceae, iglincl ise Rosaceae familyasi
olmustur. Toplamda analiz edilen 85 bal 6rnedinin
4’0, unifloral (tek cgicek tirine dayali) bal olarak
siniflandirimistir.  Bu unifloral ballarin  tamami
kestane balidir. Geriye kalan 81 6rnek ise ¢ok sayida
bitki tiriinden polen icermesi nedeniyle multifloral
(cok cicekli) bal olarak tanimlanmistir. Analizler
sonucunda, Trabzon ballarinda 23'G familya, 25’
cins ve 2’si tlr dizeyinde olmak Uzere toplam 50
farkl taksonun polenine rastlanmistir. Bu polenlerin
bayuk cogunlugu Apiaceae, Asteraceae,
Brassicaceae, Cistaceae (Cistus), Ericaceae
(Rhododendron), Fabaceae, Fagaceae, Lamiaceae,
Poaceae ve Rosaceae familyalarina aittir.
istatistiksel ~ degerlendirmeler, bal kalitesinin
belilenmesinde en 6nemli faktorin toplam polen
sayisl oldugunu ortaya koymustur. Bu arastirma,
yalnizca Trabzon bdlgesinin nektar bitkileri
potansiyelini belirlemekle kalmayip, ayni zamanda
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Tuarkiye nektarh bitkileri listesine de katki sunmayi
hedeflemektedir. Bolgesel bitki gesitliligini yansitan
bu veriler, aricilik faaliyetlerinin yonlendiriimesinde,
cografi isaretleme c¢alismalarinda ve bal Kkalite
kontrol sureclerinde o6nemli bir referans niteligi
tasimaktadir.

INTRODUCTION

The floristic composition of the production area
determines the pollen content of honey. With its
climatic features and 11 707 plant species (Glner et
al. 2012), Turkiye has a very high potential in
beekeeping. However, Tlrkiye's rich plant diversity
is known, so detailed studies on which plant
contributes to honey production are needed. For this
reason, the most important method to help
determine the contribution of plant diversity to honey
production is pollen analysis in honey. Therefore,
with the increasing number of studies on the
palynological examination of honey produced in
Tarkiye in recent years, the aim is to determine the
nectar-producing plant species and to increase
product quality.

Honey has been a valuable nutrient for humans
since ancient times. However, the quality of honey
varies depending on the geographical structure and
herbal characteristics of the place where it is
produced. Honey is a natural product that can be
produced anywhere in the world without any
preparation and can be used in human nutrition. The
increasing understanding of honey's composition
has made it a more preferred food product among
consumers. The market value of honey varies
depending on its floral source; in some Northern
European countries, honeydew honey is preferred
and valued more highly than blossom honey, while
in other countries, monofloral blossom honeys may
be preferred (Bogdanov et al. 2004, Kenijeric et al.
2008, Prodolliet and Hischenhuber 1998).
Monofloral honeys are considered more valuable
because they are easier to market and consumers
can more easily find the type of honey they want;
therefore, they are commercially important and are
generally sold at higher prices than polyfloral honeys
(Atanassova et al. 2012, Deodikar 1965, Oddo et al.
1988, Oddo and Bogdanov 2004,). This price
variability based on consumer preference is likely
one of the main reasons honey is a frequent target
for food fraud, particularly concerning its botanical
origin. Melissopalynological analyses are conducted
to determine the botanical origin of honey. Thus, it is
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accepted that honey is sourced from pollen-
producing plants in proportion to the pollen ratio
(Sorkun 1985). To identify the plant source and
geographical indication of honey, pollen analysis
must be conducted on honey from that region (Gizel
2014). No honey produced is the same as the other
since the herbal resources used by the bees are very
diverse and obtained in different climatic conditions.
Therefore, honeys show significant differences,
especially in taste and aroma (Crane 1990).

Pollen analysis in honey was first performed by
Pfister in 1845. Pollen analysis in Turkish honey was
first studied by Quistani in 1976 (Sorkun et al. 1989).
Sorkun and inceoglu (1984), one of the Turkish
researchers, conducted pollen analysis in honey for
the first time between 1979-1981. In recent years,
melissopalynological studies have gained
importance worldwide (Barth and Luz 2022, Giorgi et
al. 2011, Makhloufi et al. 2010, Matthew et al. 2018,
Samrat et al. 2023, Sanz et al. 2005) and in Turkiye
(Bagci and Tung 2006, Bayram 2019, Ozler 2015,
Silici and Gokceoglu 2007). In the Eastern Black Sea
Region, where our study area is located, pollen
analysis studies on honey are carried out, albeit in
small numbers (Bayram et al. 2019, Sorkun et al.
1989, Sorkun and Yulug 1985, Tosunoglu et al.
2023, Uzunca et al. 2023). These studies positively
affect honey's quality and increase honey's value in
marketing.

Beekeeping has been done in Trabzon province for
many years. In order to clarify the current state of
beekeeping in Trabzon province, official data
regarding the number of enterprises and colonies, as
well as production figures, were taken into
consideration. According to the most recent
statistics, there are 2,629 registered beekeeping
enterprises in the province, with a total of 155,829
colonies. Annual honey production is recorded at
781 tons, corresponding to an average yield of 5.01
kg per colony (Tarim ve Orman Bakanhgi 2025). In
line with the "Development of Modern Beekeeping"
project studies by the Provincial Directorate of Food,
Agriculture and Livestock, many beekeeping
courses, technical meetings and symposiums were
organized and technical information about modern
beekeeping was given to people engaged in
beekeeping. Trabzon region has important
beekeeping potential, unique climate and
vegetation, and different nectar plants. Botanical
origin analyzes have been carried out on the honeys
of the neighboring provinces (Gimushane, Rize,
Bayburt) of the region and this research conducted
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in the Trabzon region is complementary (Bayram et
al. 2019, Sorkun et al. 1989, Sorkun and Yulug 1985,
Tosunoglu et al. 2023). For this reason, Trabzon was
chosen as the study area.

The aims of the research are to identify the botanical
origins of honeys and to explore the diversity of
pollen types present, to provide information on the
relationship between the flora of the region and the
characteristics of local honeys, and to understand
the relationships between the number of plant taxa
in honey, altitude, pollen spectrum, and total pollen
count through correlation analysis, pollen spectrum
analysis, and hierarchical clustering analysis.
Additionally, this study contributes to the authenticity
and quality of honey, which are of critical importance
for consumers and producers in the honey industry.

MATERIALS AND METHODS
Study area

Trabzon province; in the Eastern Black Sea Region,
it covers 0.6% of the country's territory with a surface
area of 4685 km?, between 40° 30' and 41° 07' north
latitudes and 39" 07' and 40" 30' east longitudes.
Starting from the sea level and increasing towards
the south, the altitude reaches 3000 meters in the
region (Haldizen Mountain 3325 m).

In the province of Trabzon, the annual precipitation
amount is 820.60 mm, the maximum temperature
average of the hottest month is 26.80 °C, the
minimum temperature of the coldest month is 4.30
‘C, the summer precipitation is 133.50 mm, the
precipitation-temperature equivalent (Q) is 126.39,
and the Emberger drought index is 4.98, and there
is a Transitional climate, which is considered as the
Submediterranean bioclimate type, between the
Ocean-Mediterranean climates (Kurt 2014).

Trabzon province, is in the Europe-Siberian
phytogeographic region (Davis 1965-2000). A few
flora studies of vascular plants were carried out in
Trabzon (Palabas-Uzun and Ansin 2006, Palabas-
Uzun and Terzioglu 2019, Uzun and Terzioglu
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2008). Uzun and Terzioglu (2008) investigated the
vascular flora of forest vegetation in Altindere Valley
(Macka-Trabzon) in 2001-2002. 383 vascular taxa
belonging to 246 genera and 84 families were
identified. The richest family was Asteraceae 35 taxa
(9.1%), followed by Lamiaceae 27 taxa (7.0%) and
Fabaceae 23 taxa (6.0%). Additionally, the richest
genus was Campanula L. 7 taxa (1.82%), followed
by Trifolium L. 6 taxa (1.56%) and Acer L. 6 taxa
(1.56%). Palabas-Uzun and Terzioglu (2019)
studied Flora of Sisdagi (Salpazari/Trabzon) and
Environs, and 472 vascular plant taxa belonging to
84 families and 254 genera were determined.
Depending on determined vascular taxa, the richest
plant families are as follows; Asteraceae 52 taxa
(11.02%), Rosaceae 38 taxa (8.05%), Poaceae 29
taxa (6.14%), Fabaceae 27 taxa (5.72%),
Lamiaceae 26 taxa (5.51%), Apiaceae 18 taxa
(3.81%), Ranunculaceae 14 taxa (2.97%),
Plantaginaceae 13 taxa (2.75%), Brassicaceae 12
taxa (2.54%), Orchidaceae 10 taxa (2.12%),
Polygonaceae 10 taxa (2.12%).

Honey sampling

85 honey samples, for which pollen analyses were
made, were collected from Trabzon city center and
all its districts in June-October between 2009 and
2012 with the help of the Trabzon Beekeepers
Association (Figure 1). While collecting honey
samples, the distance between the villages and their
altitudes was considered, and special attention was
paid to the fact that the hives were settled (fixed) in
the province of Trabzon, where migratory
beekeeping is quite common. Honey samples taken
by opening the hive with bee producers were placed
in transparent and sterile jars and labeled. Different
honey samples taken from the same village or
neighborhood of the district are numbered 1, 2, 3 etc.
to avoid confusion. In the region where the hives are
located, the plants that the bees can go to were
collected and identified, and reference pollen
preparations were prepared from these plants
according to the Wodehouse method (Wodehouse
1935).
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Glmishane

Black Sea

Figure 1. Locations of the collected honey samples

Melissopalynological analyses

Qualitative analysis: The method Louveaux et al.
(1978) suggested for the qualitative analysis was
followed. To prepare pollen slides, 10 grams of
honey taken from the homogenized stock honey into
sterile tubes was added to 20 mL of distilled water
and kept in a water bath at 45 °C to dissolve the
honey in water. After the samples were centrifuged
at 3500 rpm for 45 minutes, the pollen precipitate
formed at the bottom of the tubes was smeared with
some basic fuchsin glycerin gelatin to prepare a
permanent slide. In the prepared slides, the plant
taxa to which the pollen belonged and the number of
pollen were calculated. The investigated honey
samples were examined in 4 groups as trace (<3%),
minor (3-15%), secondary (16-44%), and dominant
(>45%) (Louveaux et al. 1978).

Quantitative analysis: The total pollen number
(TPN in 10 g honey) in honey samples was
calculated according to Moar (1985) by using tablets
of Lycopodium spores (Stockmarr 1971). Based on
the TPN-10 g value, the pollen grains were classified
into 5 categories; Category | (<20 000 pollen grains
per 10 g honey), Category Il (20 000-100 000 pollen
grains), Category Il (100 000-500 000 pollen
grains), Category IV (500 000-1 000 000 pollen
grains), and Category V (>1 000 000 pollen grains)
(Maurizio 1979).

Pollen slides were examined with a Leica ICC50 HD
imaging system connected to a Leica DM 750
microscope, and pollen counts and identifications
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were made. An immersion lens (x100) was used to
identify pollen and take microphotographs. The
entire lamella area of 22x22 mm was scanned in the
examinations, and the pollen in this area was
identified. Two slides were prepared from each
sample for microscopic analysis of pollen taxa of
honey samples. Pollen averages and pollen % of
taxa were determined. While identifying the pollens,
those that could be identified at the species and
genus levels were diagnosed accordingly, while
those that could not be classified at these levels
were identified at the family level. The occurrence
rates and percentages of pollens identified at the
genus level within the same family were calculated
separately from those at the family level. The
contribution of pollen belonging to these taxa in the
honey studied was determined. When describing
pollen types, palynological literature (Aytug 1971,
Blackmore and Ferguson 1986, Erdtman 1969,
Faegriand lversen 1989, Kapp 1971, Pehlivan 1995,
Punt 1976, Punt and Clarke 1980, Sawyer 1988,
Sorkun 2008) and reference pollen slides prepared
from plants collected from the research area, and the
collection of pollen preparations in the Palynology
Laboratories of Gazi and Hacettepe University
Biology Department were used.

Statistical analyses

For statistical data analysis, Python's Pandas and
NumPy libraries were used, while Matplotlib &
Seaborn and Scikit-learn libraries were used for
visualization (Harris et al. 2020, Hunter 2007,
McKinney 2010, Pedregosa et al. 2011, Wascom
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2021). The analysis process consists of four main
parts: data preparation, correlation, pollen spectrum,
and hierarchical clustering analysis. The correlation
matrix is a fundamental statistical tool used to
examine linear relationships between variables.
Correlation coefficients (ranging from -1 to +1)
indicate the direction and strength of the relationship
between variables (Pearson 1896). Based on the
data distribution, a linear relationship was found
between the variables, so Pearson Correlation was
calculated and Vvisualized in the heatmap.
Hierarchical Clustering analysis is a clustering
method that groups data based on their similarities
or differences. Each data point initially belongs to its
own cluster, and then clusters are merged based on
the distance between similar data (Everitt 2011).

RESULTS

As a result of pollen analysis of Trabzon honey, a
total of 50 taxa were identified, 23 at the family, 25
at the genus, and 2 at the species level (Figure2-4,
Table 1,). Percentage rates of the most abundant
taxa in the samples; Castanea sativa (95.2%),
Lamiaceae (87%), Rosaceae (83.5%), Apiaceae
(74.1%), Fabaceae (74.1%), Cistus L. (70.5%),
Rhododendron L. (56%), Poaceae (54.1%),
Brassicaceae (40%) and Asteraceae (36.4%). The
taxon whose pollen is most frequently found in honey
samples is Castanea sativa, one of the region's
natural plants. As a result of the pollen analysis, it
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was observed that the highest number of taxa was
found in the trace group, followed by the minor,
secondary, and dominant groups (Table 1). 4 of the
honey samples (40, 59, 78, 81) were defined as
unifloral and Castanea sativa pollen was determined
to be dominant in these honeys, and they were
named as chestnut honey. The remaining 81 honey
samples were named multifloral honey. Although the
honey collected from the Trabzon region is generally
seen to be of multi-plant origin, the maijority of
honeys called multifloral contain not only dominant
and trace amounts of pollen, but also low amounts
of minor pollen. For example, the presence of
Castanea sativa pollen in 24 honey samples is over
80%. However, low amounts of minor pollen from
other taxa were detected in these honey samples,
these honeys were named multifloral honey.

As a result of melissopalynological analysis, it was
determined that Castanea sativa pollen was
dominant in 65 samples, and Lamiaceae pollen was
found in dominant amounts in one sample. Taxa with
secondary quantities of pollen were Castanea sativa
in 10, Fabaceae in 9, Cistus in 8, Rhododendron in
7, Lamiaceae and Hedysarum L. in 5, Apiaceae and
Brassicaceae in 3, Rosaceae in 2 samples, and
Asteraceae, Cynoglossum L., Carduus L., and
Laurus nobilis L. in 1 sample. It was observed that
the total number of plant taxa whose pollen was
encountered in the honey samples examined varied
between 2 and 24 (Table 1).
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Figure 2. A- Adoxaceae-Sambucus sp. B- Apiaceae C- Aquifoliaceae-llex sp. D- Asteraceae E- Asteraceae-Anthemis sp.
F- Asteraceae-Bellis sp. G- Asteraceae-Carduus sp. H- Asteraceae-Centaurea sp. |- Asteraceae-Helianthus sp. J-
Asteraceae-Taraxacum sp. K- Betulaceae L- Boraginaceae M- Boraginaceae-Cynoglossum sp. N- Boraginaceae-Echium

sp. O- Brassicaceae P- Campanulaceae Scale bars-10 um.
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Figure 3. A- Caryophyllaceae B- Amaranthaceae (=Chenopodiaceae) C- Cistaceae-Cistus sp. D- Convolvulaceae E-
Cyperaceae-Carex sp. F- Dipsacaceae G- Ericaceae-Rhododendron sp. H- Fabaceae |- Fabaceae-Hedysarum sp. J-
Fabaceae-Vicia sp. K- Fagaceae-Castanea sativa L- Fagaceae-Quercus sp. M- Geraniaceae N- Juglandaceae O-
Lamiaceae P- Lauraceae- Laurus nobilis Scale bars-10 um
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Figure 4. A- Liliaceae B- Malvaceae C- Oleaceae D- Onagraceae-Epilobium sp. E- Pinaceae F- Plantaginaceae-Plantago
sp. G- Poaceae H- Polygonaceae-Rumex sp. |- Ranunculaceae J- Rhamnaceae K- Rosaceae L-Rosaceae-Rubus sp. M-
Rosaceae-Sanguisorba sp. N- Salicaceae—Populus sp. O- Salicaceae-Salix sp. P- Tiliaceae-Tilia sp. Scale bars-10 ym
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Table 1. Number of samples, location and altitudes, TPN-10 g values, number of taxa in each sample, pollen spectrum,

and percentages for the Trabzon honey samples (* Dominant pollen, ** secondary pollen,

*kk

minor pollen, ****trace pollen)

Sample Locations/ T;,N]ro 9 | Number Poll t d t o
number | Altitude (m) stca’t:: of taxa ollen spectrum and percentage (%)
Ortahisar - 16.853 * Castanea sativa (81.5)
1 Akkaya Catégory | 8 *** Fabaceae (6), Rosaceae (5)
550 ****Apiaceae (2.5), Lamiaceae (1), Poaceae (1.5), Rumex (1), Ranunculaceae(1.5)
. * Castanea sativa (63)
2 Oét:;![sar)- CZStéLSOGry 13 ** Apiaceae (19) *** Fabaceae (8.5)
500 i **** Brassicaceae (1), Lamiaceae (2.5), Rhamnaceae (0.5), Rosaceae (1.5), Rubus
(0.5), Rumex (0.5), Sambucus (1.5), Taraxacum (0.5), Tilia (0.5), Vicia (0.5)
* Castanea sativa (44)
** Brassicaceae (26.5)
Ortahisar - 112.316 *** Cistus (4), Juglandaceae (4), Rhododendron (5), Rosaceae (3.5)
3 Baskurt Category 23 **** Apiaceae (1), Carduus (0.5), Carex (0.5), Caryophyllaceae (0.5), Echium (0.5),
600 1 Fabaceae (2.5), Hedysarum (1.5), Lamiaceae (1.5), Laurus nobilis (0.5), Malvaceae
(0.5), Oleaceae (0.5), Pinaceae (0.5), Plantago (0.5), Poaceae (0.5), Rubus (0.5),
Rumex (0.5), Sanguisorba (0.5)
. * Castanea sativa (65)
. Og:(;f(azr)' égze's;?y 15 | ™Cistus (8), Fabaceae (10.5), Rosaceae (9)
600 i ****Apiaceae (0.5), Taraxacum (0.5), Rhododendron (1.5), Hedysarum (1), Poaceae
(1), Rubus (0.5), Rumex (2), Vicia (0.5)
Ortahisar - 102.164 * Castanea sativa (65.5)
5 Bengisu Category 9 *** Apiaceae (7.5), Fabaceae (11.5), Rosaceae (3), Tilia (8)
50 1l **** Campanulaceae (0.5), Cistus (0.5), Lamiaceae (2), Rhamnaceae (1.5)
Ortahisar - 42.112 * Castanea sativa (84.5)
6 Yesilyurt Category 7 ***Apiaceae (6.5), Lamiaceae (4)
250 Il ****Cistus (2), Fabaceae (2), Oleaceae (0.5), Rosaceae (0.5)
. * Castanea sativa (73.5)
7 3816;2;:;; Cilé?(ﬁy 12 *** Cistus (5.5), Fabaceae (5), Rhododendron (3), Rosaceae (5)
500 I **** Apiaceae (2.5), Geraniaceae (0.5), Juglandaceae (0.5), Lamiaceae (1),
Oleaceae (2), Poaceae (0.5), Tilia (1)
Ortahisar- * Cast_anea sativa (88_)
8 Karakaya 7.506 8 *** Apiaceae (5), Lamiaceae (3)
150 Category | **** Pinaceae (0.5), Poaceae (0.5), Ranunculaceae (0.5), Rhamnaceae (1),
Rosaceae (1.5)
Ortahisar- 200.257 * Castanea sativa (83)
9 Agill (2) Category 7 *** Apiaceae (7.5), Lamiaceae (4.5)
400 1l **** Asteraceae (0.5), Cistus (0.5), Fabaceae (2), Rosaceae (2)
Ortahisar- 24129 ;Cqstanea sativa (63.5)
10 Kendirl Category 8 Cistus (24)
450 h *** Fabaceae (3), Rosaceae (5)
****Amaranthaceae (1), Hedysarum (1), Plantago (2), Scrophulariaceae (0.5)
* Castanea sativa (69.5)
Ortahisar- 109.757 *** Apiaceae (3), Cistus (6), Fabaceae (5.5), Rhododendron (3.5), Rosaceae (3)
1 Agilli (2) Category 17 ****Ajlanthus (0.5), Brassicaceae (2), Campanulaceae (0.5), Centaurea (0.5),
500 1 Hedysarum (0.5), Lamiaceae (2), Laurus nobilis (1), Malvaceae (0.5), Oleaceae
(0.5), Poaceae (0.5), Rumex (1)
Siirmene- 48.407 :*Castgnea sativa (65)
12 Yesilkdy Category 6 Lamiaceae (22)
930 h *** Apiaceae (5), Rhododendron (6)
**** Cistus (0.5), Poaceae (1.5)
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* Castanea sativa (58.5)
Slrmene- 301.616 *** Apiaceae (10.5), Asteraceae (3.5), Oleaceae (5.5), Poaceae (3), Rosaceae (4),
13 Gliltepe Category 14 Taraxacum (3), Vicia (3.5)
350 1 **** Bellis (1.5), Brassicaceae (2.5), Centaurea (2), Fabaceae (1), Lamiaceae (1),
Rhododendron (0.5)
Sirmene- 25.732 * Castanea sativa (63)
14 Yeniay Category 7 ** Rhododendron (17), Rosaceae (16)
500 Il ***** Brassicaceae (0.5), llex (0.5), Laurus nobilis (2.5), Rhamnaceae (0.5)
Sirmene- 118.522 * Castanea sativa (84)
15 Ormanseven | Category 7 *** Fabaceae (5), Rhododendron (7.5)
410 1l **** Boraginaceae (1), Helianthus (0.5), Lamiaceae (1), Salix (1)
Sirmene- 33.298 * Castanea sativa (93)
16 Asagiovali Category 4 *** Apiaceae (4)
430 Il **** Fabaceae (1), Rosaceae (2)
* Castanea sativa (70.5)
17 Kal-:—r?ggr?l- ) ggt% ;;?y 13 *** Cistus (4), Fabaceae (4), Hedysarum (7), Poaceae (4), Rosaceae (3)
1.100 m **** Apiaceae (0.5), Boraginaceae (1.5), Amaranthaceae (0.5), Geraniaceae (0.5),
) Lamiaceae (2), Rhododendron (2), Sanguisorba (0.5)
Tonya- 26.459 :*S,‘astanea sativa (84.5)
18 Kalingam (2) | Category 10 Rhododendron (8) . . -
1.100 h **** Asteraceae (1), Boraginaceae (1), Cistus (2), Caprifoliaceae (1), Fabaceae
) (1), Pinaceae (0.5), Poaceae (0.5), Rosaceae (0.5)
Tonya- 72 164 * Castanea sativa (67) ** Hedysarum (16)
19 Iskenderli Category 12 *** Apiaceae (3), Fabaceae (5.5), Poaceae (3)
(1) i **** Boraginaceae (0.5), Centaurea (0.5), Amaranthaceae (0.5), Lamiaceae (1.5),
750 Populus (1), Rosaceae (1), Rumex (0.5)
* Castanea sativa (79.5)
20 Kal-:—r?:gri- 3) Ci?;;zosry 11 *** Apiaceae (3), Rhododendron (5), Rosaceae (5)
1.100 h **** Betulaceae (0.5), Brasicaceae (0.5), Cistus (0.5), Fabaceae (2), Hedysarum
) (0.5), Plantago (1.5), Poaceae (2)
Tonya- 65.210 ** Castanea sativa (25), Hedysarum (30)
21 Hosarl c t. 1 *** Apiaceae (7.5), Centaurea (4), Cistus (5), Fabaceae (13.5), Lamiaceae (9),
saril ategory Rosaceae (3)
755 Il . -
****Amaranthaceae (0.5), Geraniaceae (1), Vicia (1.5)
Tonya- 10.855 ** Carduus (19.5), Cistus (22.5), Fabaceae (18)
22 Erikbeli Category | 11 *** Apiaceae (3), Castanea sativa (14.5), Hedysarum (4.5), Lamiaceae (6),
1.500 Plantago (3), Rosaceae (6) ****Poaceae (1.5), Salix (1.5)
* Castanea sativa (68.5)
Tonya- 52.489 *** Fabaceae (5), Poaceae (3.5), Rhododendron (12.5)
23 Zevon Category 15 **** Asteraceae (1), Centaurea (0.5), Cistus (1), Cynoglossum (0.5),
1.200 1 Caprifoliaceae (2), llex (0.5), Lamiaceae (2.5), Pinaceae (0.5), Plantago (0.5),
Populus (0.5), Rosaceae (1)
Tonya- 2845 :*Castanea sativa (16.5)_, Fabaceae (30), Lamiaceae (32.5)
2 iskenderli Category | 12 Asteraceae (6), Brassicaceae (4)
**** Anthemis (1), Apiaceae (2), Boraginaceae (2), Centaurea (1), Poaceae (2),
(2) 750 R
osaceae (2), Taraxacum (1)
Tonya- 6.408 ** Castanea sativa (16), Fabaceae (31), Hedysarum (20), Lamiaceae (18)
25 Biginlik Catégory | 9 *** Rosaceae (6.5) **** Brassicaceae (2.5), Campanulaceae (2,5), Rhododendron
1.100 (2.5), Scrophulariaceae (1)
*** Cistus (25), Lamiaceae (26)
Tonya- 21.926 *** Asteraceae (3.5), Castanea sativa (7.5), Fabaceae (10.5), Hedysarum (10),
26 Kadiralak Category 14 Rosaceae (5), Scrophulariaceae (3.5)
1.800 1 **** Apiaceae (2.5), Campanulaceae (0.5), Convolvulaceae (0.5), Cynoglossum
(0.5), Geraniaceae (2.5), Poaceae (2.5)
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** Cistus (20), Hedysarum (22.5)
Tonya-Zere 26.494 *** Asteraceae (12), Fabaceae (8.5), Geraniaceae (5), Lamiaceae (6), Rosaceae
27 1.850 Category 16 (12.5), Sanguisorba (4)
' 1 **** Apiaceae (0.5), Brassicaceae (2), Castanea sativa (2.5), Caryophyllaceae
(0.5), Poaceae (0.5), Rhamnaceae (2.5), Taraxacum (0.5), Vicia (0.5)
28 Of- Sulakli CZé%L”;y o * Castanea sativa (73) *** Boraginaceae (6), Lamiaceae (12), Tilia (3)
500 h **** Apiaceae (1), Cistus (2), Pinaceae (1), Poaceae (1), Rhamnaceae (1)
46.576 ** Apiaceae (26.5), Castanea sativa (21.5), Rhododendron (26.5)
29 Of-Yazlik Catégory 12 *** Cistus (7.5), Fabaceae (4.5), Hedysarum (5)
350 h **** Campanulaceae (2.5), Caprifoliaceae (0.5), llex (0.5), Lamiaceae (2), Laurus
nobilis (0.5), Rosaceae (2.5)
Of-Ballica 38.032 * Castanea sativa (79) *** Cistus (3), Lamiaceae (3.5), Rhododendron (10)
30 400 Category 10 **** Campanulaceae (0.5), Fabaceae (0.5), Poaceae (1), Rosaceae (1.5), Rumex
Il (0.5), Vicia (0.5)
Of- 159.218 * Castanea sativa (92.5)
31 Agagseven Category 6 *** Rhododendron (3)
500 1l **** Boraginaceae (0.5), Fabaceae (1), Lamiaceae (1), Rosaceae (2)
94 179
32 Of-Ugurlu Category 2 * Castanea sativa (93) *** Lamiaceae (7)
Il
I * Castanea sativa (72.5)
33 ngﬁglgl)"' éz:ttggr:; 12 *** Apiaceae (7.5), Lamiaceae (4.5), Poaceae (4)
302 M ****Amaranthaceae (0.5), Cistus (1), Fabaceae (2), Rhododendron (2.5),
Rosaceae (2), Rumex (2), Scrophulariaceae (0.5), Vicia (1)
e * Castanea sativa (81)
34 Bg%'ﬁglgl; éstge' gg% 9 *** Apiaceae (3), Cistus (9)
470 m **** Brassicaceae (0.5), Fabaceae (1), Lamiaceae (0.5), Poaceae (1),
Rhododendron (2), Rosaceae (2)
Besikdizi- | 96.960 . Castanea sativa (68) . .
35 Adacl c t. 1 *** Boraginaceae (3.5), Amaranthaceae (8), Cistus (4.5), Lamiaceae (6.5),
gadii ategory Poaceae (4)
300 Il ) I
**** Apiaceae (0.5), Epilobium (1.5), Hedysarum (1), Plantago (1), Rosaceae (1.5)
Macgka- 7.956 * Castanea sativa (55)
36 Ormanustl Category | 5 *** Campanulaceae (7.5), Cistus (15), Echium (7.5), Rhododendron (15)
1.000
Macgka- 15.985 * Castanea sativa (62.5)
37 Temelli Category | 6 ** Rhododendron (32.5)
650 **** Apiaceae (1), Boraginaceae (1), Malvaceae (2), Poaceae (1)
Magka- 16.217 ** Laurus nobilis (16), Rhododendron (43)
38 Yazlik Caté | 1 *** Brassicaceae (6), Cistus (13), Geraniaceae (5), Lamiaceae (5), Pinaceae (3),
gory Poaceae (3), Rosaceae (4)
800 gy
**** Jlex (1), Liliaceae (1)
Salpazari- 75.873 * Castanea sativa (82.5)
39 Kasimagzi Category 7 *** Apiaceae (6), Boraginaceae (4.5)
800 Il **** Cistus (1.5), Lamiaceae (2.5), Rhododendron (2.5), Tilia (0.5)
Salpazari- 38.611 * Castanea sativa (92.5)
40 Gokgekody 1 Category 9 **** Apiaceae (1), Boraginaceae (2.5), Cistus (0.5), Lamiaceae (0.5), Oleaceae
900 Il (0.5), Pinaceae (1), Rhododendron (1), Rosaceae (0.5)
Salpazari- 345.648 * Castanea sativa (56) ** Rhododendron (29.5) *** Rosaceae (7)
41 Gokegekdy 2 Category 11 **** Apiaceae (1), Brassicaceae (0.5), Cistus (1), Lamiaceae (0.5), Oleaceae (1),
900 1l Pinaceae (1), Plantago (2), Poaceae (0.5)
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* Castanea sativa (56) ** Rhododendron (27.5) *** Rosaceae (4)
Salpazari- 10.147 % Api 2.5), Asteraceae (0.5), Boraginaceae (0.5), Brassicaceae (1)
42 Yesilyurt Category | 15 piaceae (2.5), ) NI 9 - y
900 Fabaceae (2), Lamiaceae (0.5), Malvaceae (0.5), Oleaceae (0.5), Plantago
(2.5), Poaceae (0.5), Rumex (1), Salix (0.5)
Salpazari- 10.092 *** Castanea sativa (21.5), Fabaceae (37.5)
43 Akkiris Category | 9 *** Ailanthus (4), Asteraceae (5), Lamiaceae (11.5), Pinaceae (7.5), Plantago (4),
700 Rosaceae (5), Scrophulariaceae (4)
** Brassicaceae (33)
*** Apiaceae (3), Asteraceae (6), Cistus (15), Fabaceae (6.5), Hedysarum (6),
44 c?;;g:ig;'_s CZ?:QZSW 21 . Lamiaceae (8:5), Quercus (3), Rosaceae (5) )
900 h Castanea s_a_t/va (1.5), Centaurea (0.5), Amaranthaceae (0.5), Echium (1.5),
Laurus nobilis (1.5), Malvaceae (0.5), Oleaceae (1.5), Poaceae (0.5),
Rhamnaceae (1.5), Rumex (0.5), Salix (2.5), Vicia (1.5)
* Castanea sativa (69.5)
Yomra- 214.760 *** Apiaceae (6), Cistus (5), Rhododendron (10.5)
45 Cinarli Category 14 **** Asteraceae (1.5), Brassicaceae (0.5), Fabaceae (2.5), Lamiaceae (0.5),
20 1 Laurus nobilis (0.5), Oleaceae (0.5), Plantago (0.5), Poaceae (1), Rhamnaceae
(0.5), Rosaceae (1)
Yomra-ikisu 114.159 * Castanea sativa (88)
46 (1) Category 5 *** Apiaceae (4), Cistus (3), Rhododendron (4)
350 1l **** | amiaceae (1)
* Castanea sativa (52)
Yomra- 194.937 *** Apiaceae (6), Brassicaceae (3.5), Fabaceae (7), Lamiaceae (5.5), Poaceae
47 ikisu(2) | Category 21 (3:5), Rosaceae (7.5)
350 m **** Asteraceae (1.5), Cistus (2.5), Caprifoliaceae (0.5), Echium (1), Geraniaceae
(0.5), Hedysarum (0.5), Malvaceae (1.5), Oleaceae (1.5), Rhamnaceae (1), Salix
(0.5), Sanguisorba (0.5), Scrophulariaceae (2), Taraxacum (0.5), Vicia (1)
Yomra- 10.398 * Castanea sativa (70)
48 Camliyurt Category | 9 *** Asteraceae (4), Campanulaceae (5), Lamiaceae (6), Rhododendron (10)
1.200 **** Brassicaceae (2), Cistus (1), Fabaceae (1), Malvaceae (1)
Yomra- 27.512 * Castanea sativa (66)
49 Camliyurt -2 Category 8 *** Apiaceae (7.5), Fabaceae (7.5), Rhododendron (12.5), Rosaceae (3.5)
750 Il **** | amiaceae (1.5), Plantago (0.5), Rhamnaceae (1)
Diizkdy- ** Castanea sativa (41), Rhododendron (16.5)
Cayirbag 20.932 *** Campanulaceae (3), Caryophyllaceae (10), Lamiaceae (4.5), Malvaceae (3),
50 1) Category 18 Rhamnaceae (3.5), Rosaceae (11) **** Apiaceae (0.5), Asteraceae (0.5),
1(1 50 1l Cistus (0.5), Epilobium (1.5), Fabaceae (0.5), Geraniaceae (1.5), llex (0.5),
) Pinaceae (0.5), Scrophulariaceae (1), Taraxacum (0.5)
Duzkoy- 64.416 * Castanea sativa (65)
51 Cayirbagi Catégory 1 *** Apiaceae (7), Cistus (3), Lamiaceae (5), Rhododendron (13.5)
(2) h **** Asteraceae (1.5), Fabaceae (1), Liliaceae (0.5), Malvaceae (1), Rhamnaceae
1.100 (0.5), Rosaceae (2)
. * Castanea sativa (70.5) *** Lamiaceae (15)
52 gDal;/ZIIr(Sgél é’gtseggri/ 13 **** Apiaceae (1), Asteraceae (2), Brassicaceae (0.5), Cistus (2), Fabaceae (0.5),
(3)1.100 Vi Geraniaceae (0.5), Malvaceae (2.5), Rhamnaceae (1.5), Rhododendron (2),
) Rosaceae (1.5), Tilia (0.5)
* Castanea sativa (49.5)
Duzkoy- 94.848 *** Apiaceae (13), Brassicaceae (3.5), Fabaceae (7), Lamiaceae (12.5), Rosaceae
53 Mezere Category 15 (4.5) **** Asteraceae (1), Boraginaceae (1.5), Cistus (1.5), Convolvulaceae (0.5),
2.000 1 Geraniaceae (2.5), Oleaceae (0.5), Plantago (0.5), Poaceae (1.5), Ranunculaceae
(0.5)
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Duzkoy- 75.371 * Castanea sativa (78)
54 Cayirbagi Category 7 *** Apiaceae (12), Rhamnaceae (4)
(4)1.100 Il **** Asteraceae (1), Fabaceae (1), Malvaceae (2), Rhododendron (2)
Caykara- 12.341 :*Bra_ssicaceae (24.5), Cistus (22) _
55 Demirkapi Category | 1 A(p1|205e)ae (5), Cynoglossum (14.5), Fabaceae (5.5), Lamiaceae (12), Poaceae
(1)1.150 **** Asteraceae (0.5), Hedysarum (0.5), Pinaceae (0.5), Rosaceae (2.5)
Caykara- 26.583 * Castanea sativa (93)
56 Taskiran Category 5 *** Rhododendron (3)
1.000 Il **** Apiaceae (2), Asteraceae (1), Cistus (1)
* Castanea sativa (62.5)
Caykara- 4.629 *** Campanulaceae (3), Cistus (7.5), Fabaceae (6), Lamiaceae (7.5), Rosaceae
57 Cayiroba (1) | Category | 11 (6)
2.200 **** Apiaceae (1.5), Caryophyllaceae (1.5), Geraniaceae (1.5), Oleaceae (1.5),
Rhododendron (1.5)
Caykara- 10.504 * Castanea sativa (72) *** Brassicaceae (7), Cistus (5), Hedysarum (3),
58 Cayiroba (2) | Category | 12 Lamiaceae (3), Rhododendron (3) **** Cynoglossum (1), Campanulaceae (2),
2.000 Fabaceae (1), Liliaceae (1), Rosaceae (1), Taraxacum (1)
Caykara- 6.083 * Castanea sativa (91.5)
59 Merkez Category 11 **** Apiaceae (2), Brassicaceae (0.5), Fabaceae (1), Lamiaceae (1), Malvaceae
300 I (0.5), Pinaceae (0.5), Poaceae (0.5), Rhododendron (1), Rosaceae (1), Tilia (0.5)
Caykara- 20.708 ** Asteraceae (16), Fabaceae (39.5)
60 Demirkapi Catégory 12 *** Apiaceae (12.5), Brassicaceae (3.5), Cistus (3), Oleaceae (8), Rhamnaceae
(2) h (6.5), Rosaceae (5)
1.150 **** Echium (1.5), Geraniaceae (1.5), Plantago (1.5), Vicia (1.5)
Caykara- 3.485 - Fab_aceae (27) . .
61 Demirkapi Catégory | 14 bl Aplageae (4), Boraginaceae (4), Cqstanea sativa (8.5), Centaurea (6.5),
(3) 1.150 Echium (8), Hedysarum (12), Lamiaceae (9), Plantago (4), Rosaceae (9)
’ **** Brassicaceae (2), Malvaceae (2), Oleaceae (2), Poaceae (2)
* Castanea sativa (45) ** Cynoglossum (23.5)
62 Abﬁ%ﬁgﬁ - Cz?é‘;%‘ty 13 *** Apiaceae (14), Lamiaceae (3), Rosaceae (4)
50 h **** Boraginaceae (1), Cistus (1.5), Fabaceae (1), Hedysarum (2), Poaceae (1.5),
Rhamnaceae (1), Rumex (2), Scrophulariaceae (0.5)
Akgaabat- 45.110 * Castanea sativa (60.5)
63 Ugarsu Category 8 *** Apiaceae (7.5), Cistus (6.5), Lamiaceae (7.5), Poaceae (4.5), Rhamnaceae (3),
250 I Rhododendron (6), Rosaceae (4.5)
Akgaabat- 1.525.683 * Castanea sativa (67) ** Lamiaceae (18)
64 Akcakoy (1) Category 9 *** Cistus (5), Rosaceae (4.5) **** Apiaceae (1), Betulaceae (0.5), Fabaceae (2),
200 V Geraniaceae (0.5), Poaceae (1.5)
** Fabaceae (30), Hedysarum (17.5)
65 A/?(kgaqbat- 5.564 *** Brassicaceae (9), Castanea sativa (7.5), Echium (11), Lamiaceae (9),
cakdy (2) | Category | 12 R
200 osaceae (8.5) ' '
**** Asteraceae (1.5), Centaurea (1.5), Cistus (1.5), Cynoglossum (1.5), Salix (1.5)
D.pazari- 120.583 * Castanea sativa (94)
66 Kondu (1) Category 6 *** | amiaceae (3.5)
650 1l **** Plantago (0.5), Poaceae (0.5), Rhododendron (1), Scrophulariaceae (0.5)
* Castanea sativa (81)
67 Eoﬁzia&') C1;t8é ;c(j?y 9 *** | amiaceae (4.5), Rhododendron (5)
550 m **** Apiaceae (1), Carduus (0.5), Cistus (2.5), Plantago (1), Poaceae (2.5),
Rosaceae (2)
D.pazari- 107.508 * Castanea sativa (78)
68 Kondu (3) Category 5 ** Cistus (18)
600 1l **** Fabaceae (0.5), Lamiaceae (1), Rhododendron (2.5)
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D.pazari- 50.190 * Lamiaceae (82)
69 Yenice (1) Category 5 *** Asteraceae (6), Brassicaceae (5), Cistus (6)
2.000 Il ****Rosaceae (1)
** Castanea sativa (28.5), Rosaceae (36)
D.pazari- 38.571 *** Apiaceae (4.5), Fabaceae (7.5), Lamiaceae (8), Rhododendron (3.5)
70 Yenice (2) Category 18 **** Asteraceae (1), Brassicaceae (0.5), Campanulaceae (1), Caryophyllaceae
2.000 1 (0.5), Cistus (2), Cynoglossum (0.5), Hedysarum (0.5), llex (1.5), Pinaceae
(0.5), Poaceae (2), Scrophulariaceae (1.5), Vicia (0.5)
* Castanea sativa (64.5)
7 \?ézﬁge Ciléagi)?'y 11 *** Apiaceae (5), Fabaceag (8.5), Lamiaceae (12.5), Poaceae (3.5)
220 h **** Asteraceae (2), Brassicaceae (0.5), Rhamnaceae (0.5), Rhododendron (0.5),
Rosaceae (2), Salix (0.5)
Arakli- 136.103 * Castanea sativa (89.5) *** Cistus (3.5)
72 Degirmencik Category 9 **** Apiaceae (1.5), Asteraceae (0.5), Lamiaceae (1.5), Poaceae (1),
1.200 1l Rhododendron (1.5), Rosaceae (0.5), Vicia (0.5)
Arakli- 1.096.031 * Castanea sativa (50) ** Apiaceae (30) *** Lamiaceae (3), Rosaceae (4.5),
73 Yoncall Category 12 Rhododendron (6.5) **** Asteraceae (1), Brassicaceae (1), Centaurea (0.5),
350 V Cistus (2), Fabaceae (0.5), Geraniaceae (0.5), Rhamnaceae (0.5)
Arakli- 85.392 * Castanea sativa (58)
74 Merkez Category 7 ** Fabaceae (18) *** Cistus (10), Rosaceae (9)
100 I **** Apiaceae (2), Lamiaceae (2), Scrophulariaceae (1)
Arakli- > Cgstanea sativa (27.5), Cistus (37) *** Fabaceae (10), Hedysarum (4.5),
75 Bahcecik 6.266 1 Lamlac_eae (9), Rosaceae_(4) _
1550 Category | **** Apiaceae (2.5), Brassicaceae (1.5), Geraniaceae (1.5), Oleaceae (2),
) Scrophulariaceae (0.5)
Carsibasi- 27.342 * Castanea sativa (80)
76 Kavakli Category 8 *** Lamiaceae (6), Rosaceae (4)
211 Il **** Asteraceae (2), Brassicaceae (2), Cistus (2), Fabaceae (2), Poaceae (2)
Kopribasi- 102.708 * Castanea sativa (93.5)
77 Ciftekopru Category 4 *** Rhododendron (5)
530 1l **** | amiaceae (0.5), Plantago (1)
| e RS T oo sao ) |
350 m **** Apiaceae (2), Fabaceae (1), Lamiaceae (1), Poaceae (1), Rosaceae (2)
Hayrat- 6.057 ** Castanea sativa (30), Cistus (20)
79 Sarmasik Catégory | 9 *** Asteraceae (5), Brassicaceae (4), Cynoglossum (3), Fabaceae (10),
2.500 Lamiaceae (12), Rosaceae (7), Scrophulariaceae (9)
Arsin- 49.039 * Castanea sativa (80)
80 Harmanli -1 Category 8 *** Apiaceae (4), Tilia (6)
150 Il **** Cistus (2), Lamiaceae (2), Oleaceae (2), Poaceae (2), Rosaceae (2)
Arsin- 245.498 * Castanea sativa (90.5) **** Apiaceae (1), Brassicaceae (0.5), Cistus (0.5),
81 Yolustl Category 11 Convolvulaceae (0.5), Fabaceae (1.5), Lamiaceae (1), Poaceae (0.5),
200 1l Rhododendron (2.5), Rosaceae (1), Taraxacum (0.5)
Arsin- 278.474 * Castanea sativa (78)
82 Harmanli (2) Category 8 *** Apiaceae (4), Fabaceae (9), Rosaceae (5)
150 1l **** Asteraceae (0.5), Cistus (2), Quercus (0.5), Lamiaceae (1)
Vakfikebir- 832.896 * Castanea sativa (68)
83 Dereg6zu Category 7 *** Apiaceae (12.5), Fabaceae (5.5), Rhododendron (9.5)
(1) 600 W **** Asteraceae (1.5), Lamiaceae (1.5), Rosaceae (1.5)
Vakfikebir- 43.099 * Castanea sativa (92)
84 Deregdzu Category 4 *** Rosaceae (5)
(2) 700 Il **** Apiaceae (1), Lamiaceae (2)
Glmishane 11.175 ** Castanea sativa (20), Fabaceae (24), Lamiaceae (32)
85 Yagdmurdere | Category | 11 *** Brassicaceae (4), Cistus (8), Hedysarum (6), Rosaceae (4)
2.000 **** Geraniaceae (0.5), Oleaceae (0.5), Poaceae (0.5), Scrophulariaceae (0.5)

Honey samples according to total pollen count (TPN-
10 g) amounts are grouped; 22.3% Category | (19
samples), 45.9% Category Il (39 samples), 27%
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Category lll (23 samples), 2.4% Category IV (2
samples) and 2.4% Category V (2 samples) (Figure
5, Table 1). The total number of pollen in 10 grams
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of honey (TPN-10 g) has been determined to be at
least 2845 (sample 24) and at most 1 525 683
(sample 64) (Table 1). The graph showing the
grouping of honey samples according to the amount
of TPN-10 g is given below (Figure 5).

' = Category |
= Category Il
= Category Il
Category IV
= Category V

Figure 5. Percentage distribution of honey samples
according to total pollen number (TPN-10 g)

Correlation analysis was performed to examine
linear relationships between variables. This analysis
used altitude, TPN-10 g, number of taxa, and pollen
status variables. The correlation matrix was
calculated, and the heat map was visualized. The
map expresses correlation coefficients with color
tones; dark colors indicate high correlation, and light
colors indicate low correlation.

When the correlation between altitude and both
TPN-10 g and pollen status was calculated, it was
determined that there was a negative relationship
between them. As the altitude increases, there is a
decrease in TPN-10 g value and pollen status.
However, there is a positive relationship between
altitude and the number of taxa. In other words, as
the altitude increased, the number of taxa contained
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in honey also increased. Similarly, it was determined
that there was a positive relationship between the
total pollen count and the pollen status. On the other

hand, when the relationship between the number of
taxa and both the total pollen number and the pollen
status was examined, almost no connection was
found between these characters. It was determined
that the results of the correlation analysis were
compatible with the results of the research. Pearson
correlation coefficients of the analyses are given in

Figure 6.

-06
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- 0.4
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Figure 6. Correlation matrix heat map made with altitude,
TPN-10 g, number of taxa, and pollen status characters

Pollen spectrum analysis examined the percentage
distribution of plant taxa found in honey. By defining
the relevant columns, the percentages of occurrence
in honey samples were calculated for each plant
taxon, and these data were visualized using a polar
plot. Color intensity indicates the abundance of
taxon types in honey (Figure 7).
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Figure 7. Polar graph resulting from pollen spectrum analysis

A cluster analysis was performed on all the data
(altitude, TPN-10 g, pollen spectrum, and pollen
status) characteristics of the 85 honey samples
produced in Trabzon (Turkiye). When the
hierarchical clustering method was applied, the
samples were grouped in a tree structure, and a
dendrogram was drawn. While each node
represents an example, the distances between
nodes show the similarity or distance between these
examples. There are 2 main groups, each with 2
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0.4

02

0.0

subgroups of honey samples according to the
hierarchical clustering dendrogram. Samples in the
green and orange subsets have similar
characteristics and converge at small distances. The
same situation is observed in the red and purple
clusters. When the subclusters are examined, the
closest similarity is the red subcluster, while the
examples in the green subcluster converge at larger
distances, and these clusters show more significant
differences (Figure 8).
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Figure 8. Cluster dendrogram of the honey samples investigated using all data (altitude, TPN-10 g, pollen spectrum, and

pollen status)

DISCUSSION

To develop beekeeping in a region and obtain high
efficiency from beekeeping, along with the colony
strength, nectar and pollen must be diverse and
abundant (Bijev 1958). Therefore, knowing what
honey plants are necessary to make beekeeping
activities more efficient.

As a result of pollen analysis of Trabzon honey, 50
taxa belonging to 36 families were identified. Most of
these taxa belong to Apiaceae, Asteraceae,
Brassicaceae, Cistaceae, Ericaceae, Fabaceae,
Fagaceae, Lamiaceae, Poaceae and Rosaceae.
Similarly, it is known that the plant taxa that the
source of flower honey produced in Turkiye are
Asteraceae, Brassicaceae, Fabaceae, Fagaceae,
Lamiaceae, Malvaceae, Myrtaceae, Oleaceae, and
Scrophulariaceae families (Sorkun et al. 1999).
Sorkun and Dogan (1995), reported in their study
that the diversity of taxa in the dominant group is
always less, and the diversity of taxa in the trace
group is always greater. In this study, as a result of
pollen analysis, it was observed that the trace group
had the highest number of taxa, followed by the
minor, secondary, and dominant groups (Table 1).
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The dominance of Castanea sativa pollen in the
honey samples clearly indicates that this species is
one of the most important nectar and pollen sources
in the region. The presence of Castanea sativa
pollen in 81 out of 85 honey samples (Figure 9), and
its classification as dominant in 65 of them,
secondary in 10, minor in 4, and trace in 2 samples
(Table 1), underlines its pivotal role in local honey
production. This dominance is closely related to
Trabzon’s unique geography and vegetation.
Located along the Black Sea coast, the province has
a humid and mild climate that supports the growth of
broad leaved moist forests where Castanea sativa is
widespread. Naturally growing at elevations of 300-
1000 meters, chestnut trees bloom in June,
providing abundant nectar and pollen for honeybees
(Dalgi¢ 1994, Sorkun and Yulug 1985).

Accordingly, four honey samples were identified as
unifloral and labeled as chestnut honey. However, in
many multifloral honey samples, Castanea sativa
remained the dominant pollen source. In our
research, several samples with over 80% Castanea
sativa pollen were still classified as multifloral due to
the presence of minor amounts of other taxa. This
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reflects both the foraging behavior of bees and the
botanical richness of the region.

From both floristic and apicultural perspectives,
chestnut has a high value. In our study, 65 samples
with dominant Castanea sativa pollen also had high
total pollen counts (TPN-10 g), confirming that this
species is dominant not only floristically but also in
terms of pollen production. Particularly in the red
cluster subgroup, samples had notably high TPN
values, supporting their chestnut origin. The
widespread presence of chestnut pollen is attributed
not only to the tree’s abundance but also to its
preference by bees. Its small sized pollen grains are
easily collected, its flowering is intense, and its
fragrance is highly attractive to bees (Dalgi¢ 1994,
Sorkun and Dogan 1995).

Samples 64 and 73 had the highest total pollen
counts (1.525.683 and 1.096.031), placing them in
Category V, which is typically associated with
additive honey. In both samples, Castanea sativa
was the dominant taxon. According to the study by
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Figure 9. The most common taxa in honey samples

Lamiaceae and Rosaceae were identified as the
second and third most frequently encountered pollen
families in Trabzon honey, respectively. Lamiaceae
pollen was detected in 74 out of 85 samples, being
dominant in 1, secondary in 6, minor in 35, and
present in trace amounts in 33 samples. Due to their
long flowering periods, aromatic nature, and rich
nectar content, members of the Lamiaceae family
constitute an important source for beekeeping
(Sorkun 1986). Rosaceae pollen was identified in 71

U.Ari D. — U Bee J. 2025, 25 (1): 108-130

48 46
& i

&

Sorkun and Dogan (2002), total pollen count (TPN-
10 g) is an important parameter for distinguishing
natural from artificial honey. In line with their findings,
these two samples could be interpreted as not being
natural. However, considering the high prevalence of
Castanea sativa pollen in our samples and the fact
that the chestnut tree is a highly attractive, nectar
and pollen rich source for bees, these high pollen
count samples are likely to be natural as well. It is
also important to note that TPN-10 g alone is not
sufficient to determine the authenticity of honey;
chemical and physical analyses are also required.
Supporting findings from neighboring provinces with
similar ecological characteristics such as Rize,
Sinop, Adapazari and Kastamonu have also
reported dominant levels of Castanea sativa pollen
in honey samples (Erdogan et al. 2006; 2009, Ozler
2015, Sorkun et al. 1989, Sorkun and Yulug 1985,
Uzunca et al. 2023). These consistent results
reinforce the significant potential of the Black Sea
region in chestnut honey production.

,bQ-'

&

samples, mostly in minor (39 samples) and trace (30
samples) amounts. The prevalence of this family’s
pollen is likely due to its early spring blooming, high
pollen production, and the abundance of fruit
orchards in the region. The presence of pollen from
both families has been frequently reported in studies
conducted in various regions of Tirkiye (Dalgig
1994, Erdogan et al. 2006, 2009, Sabuncu et al.
2002, Sorkun et al. 1999, Sorkun ve inceoglu 1984).
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The detection of pollen from the Rhododendron
genus, belonging to the Ericaceae family, in honey
holds particular significance. It has been reported
that honey produced by bees collecting nectar from
R. ponticum L. and R. luteum Sweet, both species of
this taxon, may cause poisoning when consumed in
excess due to its high grayanotoxin content. These
types of honey have also been shown to affect the
cardiovascular system (Ergun et al. 2005).
Rhododendron pollen contains an alkaloid called
andromedotoxin (Grayanotoxin I), and excessive
exposure to such honey has been associated with
symptoms of hypotension, including vomiting,
dizziness, visual disturbances, and tinnitus (Tutkun
2000). Rhododendron pollen was detected in 48 out
of 85 honey samples. Among these, it was found as
a secondary pollen type in 7 samples, as a minor
pollen in 24 samples, and in trace amounts in 17
samples. Pollen of this taxon has also been identified
in studies conducted in provinces neighboring
Trabzon (Erdogan et al. 2006, 2009, Sorkun et al.
1989). In the present study, Rhododendron pollen
was detected in 16 of Trabzon’s 18 districts. Notably,
the amount of pollen increased in honey samples
collected from districts such as Duzkdy, Macka, Of,
Sirmene, and Salpazari, where this taxon is known
to be densely distributed.

In this study, statistical analyses conducted on 85
honey samples produced in Trabzon provide
significant insights into the relationship between the
pollen content of honey, its floristic diversity, and
environmental factors. The results of the Pearson
correlation analysis revealed meaningful
relationships between altitude and certain variables.
A positive correlation was found between altitude
and the number of taxa, indicating that a greater
diversity of plant taxa was observed at higher
elevations, and these taxa were reflected in the
honey samples. This suggests that certain plant
species may be more dominant at higher altitudes or
that bees in these regions may utilize a broader
range of floral sources. However, the lack of a
significant correlation between the number of taxa
and both the total pollen count and pollen status
indicates that diversity does not necessarily
correlate with abundance. In other words, a honey
sample may contain pollen from many different plant
taxa, but each taxon may be represented in small
quantities.

In the pollen spectrum analysis, the percentage
distributions of plant taxa present in the honey
samples were examined. This analysis enabled the
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identification of the botanical origins of the honey
and their relative abundances. The polar plot served
as an effective tool for understanding the floristic
composition, with taxa shown in more intense colors
representing dominant plant sources in the honey.

The hierarchical clustering analysis grouped the
honey samples based on their similarities and
identified two main clusters, each consisting of two
subgroups. These subgroups were differentiated
based on the floristic composition, total pollen count,
and environmental characteristics of the samples.
The red subgroup, which includes the most similar
samples, is noteworthy for containing honey
samples with the highest total pollen counts. This
finding highlights the total pollen count (TPN-10 g)
as the most influential variable in the clustering
process. In contrast, the green subgroup, which
showed greater distances between samples, reflects
higher variability among its samples, indicating a
more heterogeneous set of characteristics.

Conclusion: The findings of this study reveal the
significant potential of the Black Sea Region
particularly Trabzon province for the production of
high-quality chestnut honey. This highlights the
importance of regional branding, improvement of
quality control processes, and the development of
sustainable beekeeping practices. In this context,
expanding floristic mapping studies and supporting
them with chemical analyses will facilitate science-
based progress in the apiculture sector.
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