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ABSTRACT 
Honey is one of the important natural products used for apitherapeutic purposes as well as food 
consumption. The authenticity of the products to be used for apitherapy is very important. Botanical origin 
is one of the most critical factors affecting the characterization of bee products, especially honey. Therefore, 
melissopalynological analysis is essential in honey samples. In this study, the pollen morphologies of four 
different Rhododendron taxa, the origin of the monofloral "Mad honey" used for apitherapeutic purposes in 
Turkey, were examined. Five different measurement parameters have been used to investigate the pollen 
morphology of the plants. As a result, it can be said that pollen morphology has an important place in 
confirming the botanical origin of “Mad honey”. 
Keywords: Palynology, pollen morphology, Rhododendron spp., mad honey. 
 

DELI BAL’IN KAYNAĞI OLAN Rhododendron TÜRLERİNİN POLEN 
MORFOLOJİLERİNİN KARŞILAŞTIRILMASI 

 

ÖZ 

Bal, gıda olarak tüketiminin yanı sıra apiterapik amaçlarla da kullanılan önemli doğal ürünlerden 
birisidir. Apiterapide kullanılacak ürünlerin orijinalliği çok önemlidir. Botanik köken, başta bal olmak 
üzere arı ürünlerinin karakterizasyonunu etkileyen en önemli faktörlerden biridir. Bu noktada 
melissopalinolojik analizlerin önemi ortaya çıkmaktadır. Bu çalışmada, Türkiye'de apiterapik amaçlı 
kullanılan monofloral "Deli bal"a kaynaklık eden dört farklı Rhododendron taksonunun polen 
morfolojisi incelenmiştir. Bitkilerin polen morfolojisinin araştırılmasında beş farklı ölçüm parametresi 
kullanılmıştır. Sonuç olarak, “Deli bal”ın botanik kökeninin doğrulanmasında polen morfolojisinin 
önemli bir yeri olduğu söylenebilir. 
Anahtar kelimeler: Palinoloji, polen morfolojisi, Rhododendron spp., deli bal.  
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INTRODUCTION 
Ericaceae is the 8 th largest family of 
Angiosperms. It is represented by about eight 
subfamilies, 125 genera and 4100 species in the 
world. Rhododendron L., one of the largest genus of 
this family, contains more than 1000 taxa in the 
world. More than 850 species are distributed in 
the Northern Hemisphere and can be found from 
sea level to 5000 m altitude (Chamberlain et al., 
1996; Fang et al., 2005). Rhododendron taxa are 
mostly evergreen, rarely deciduous shrubs, semi-
shrubs, trees, or sometimes climbing plants. The 
leaves are alternate, rarely opposite or circular, 
simple and without stipules. The leaves of plants 
that adapt to arid environments are reduced 
(Terzioğlu et al., 2001; Yıldız and Aktoklu, 2010). 
The inflorescence is usually terminal. The flowers 
are zygomorphic. Sepals free or united. The 
corolla is funnel-shaped. Anthers are connected 
externally and open by cleavage. The ovary has 
five loci, nectar is prominent. Stigma capitate. 
Fruit septicide capsule. Seeds are winged, testa 
cells are thin-walled (Stevens, 1978). Rhododendron 
genus is divided into 8 subgenus according to 
their morphological features; Rhododendron L., 
subgenus Hymenanthes (Blume) K.Koch, subgenus 
Pentanthera (G.Don), subgenus Tsutsusi (Sweet) 
Pojarkova, subgenus Azaleastrum (Planch), 
subgenus Candidastrum (Franch), subgenus 
Mumeazalea (Sleumer) Philipson & Philipson, 
subgenus Therorhodion (Maxim.) A. Gray (Cox and 
Cox, 1997). However, in the latest studies, all 
Turkish Rhododendron plants consist of 5 species 
and 12 taxa, four of which are hybrids (Anşin and 

Terzioğlu, 1994; Milne et al., 1999; Terzioğlu et 
al., 2001). These are R. luteum Sweet, R. ungernii 
Trautv., R. smirnovii Trautv., R. caucasicum Pallas, R. 
ponticum L. subsp. ponticum var. ponticum, R. ponticum 
L. subsp. ponticum var. heterophyllum Anşin, R. 
ponticum L. subsp. ponticum forma album (Sweet) 
Zab., Rhododendron ponticum L. subsp. baeticum 
(Boiss. & Reut.) Hand.-Mazz. (suspicious record 
(Davis, 1978)), Rhododendron x sochadzeae Charadze 
& Davlianidze, Rhododendron x rosifaciens R. Milne, 
Rhododendron x davisianum R. Milne, Rhododendron x 
filidactylis R. Milne. All Turkish taxa except for R. 
luteum are evergreen shrubs and generally 
distributed in the North, especially in the Eastern 
Black Sea from low montane forests to alpine 

regions more than 3000 m high (Davis, 1978; 

Terzioğlu et al., 2001; Avcı, 2004). Rhododendron 
species have an important place in honey 
production because they have a long flowering 
period, carry abundant flowers and have nectar 
(Çeter and Güney, 2011). Two members of this 
genus, contain R. ponticum and R. luteum are well 
known for being poisonous due to 
andromedotoxin component of the flower 
(Taşdemir et al., 2003). These species, particularly 
R. ponticum, are common folk medicines and are 
widely used as an analgesic to treat rheumatic or 
dental pain, common colds and edema in the 
eastern Black Sea Region of Turkey (Baytop, 
1999). Also, the honey made up from these nectar 
plants, locally known as “mad honey” (deli bal in 
Turkish), has hypotensive properties and causes 
intoxications in humans (Onat et al., 1991; 

Sütlüpınar et al., 1993; Baytop, 1999). Because of 
this characteristic of mad honey, the 
determination of the origin of toxic and non-toxic 
species in honey can provide an important tool in 
separating and packaging honey and preventing 
unwanted threats to human health. The pollen 
morphology of Rhododendron species is generally 
well studied (Yang et al., 2003; Wang et al., 2006; 
Zhang et al., 2009); however, there is limited 
information regarding the species from North-
East Turkey. Milne et al. (1999) investigated the 
hybridization between sympatric Rhododendron 
species distributed in Turkey at both the 
morphological and molecular levels. These 
researchers reported that it is not a coincidence 
that Rhododendron species are concentrated in the 
Eastern Black Sea region, where precipitation and 
temperature values differ in terms of climatic 
conditions. Morphological and molecular studies 
have revealed that ecological characteristics are 
essential in natural hybridization among 
Rhododendron species. Yan et al. (2014) conducted 
studies on biodiversity and endemism with a 
DNA barcoding system in the Himalaya-
Hengduan mountains, which is the richest region 
in terms of plant diversity in China. It has been 
reported that there are difficulties in classifying 
the Rhododendron genus in this area because of its 
great diversity. For this reason, as predicted in this 
study, it is thought that the data presented for the 
classification of these plants that contribute to 
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honey are important. Therefore, in this study, we 
examined the interspecific variation of the pollen 
type of four Turkish species, which are flowering 
at the same time in the Ayder Plateau as one of 
the important beekeeping centers in North East 
Turkey. 
 
MATERIAL AND METHODS 
Plant samples (R. luteum (zifin in Turkish), R. 
ponticum (kumar in Turkish), R. ungernii (beyaz 
kumar in Turkish), R. caucasicum (dağ kumara in 
Turkish) were collected from the high plateaus 
(1800-3000 m) of Rize, Turkey on May 2017. 
Voucher specimens were deposited at the 
Herbarium of the Faculty of Science, Hacettepe 
University in Ankara.  
 
Measurements of the pollen grains were taken on 
50 pollen grains per species by a lens (X40) 
(Generally, pollen measurement is made by X100 
object-lens. But in this study, we made it X40 
because Rhododendron pollens are bigger).  After 

that, pollen slides were prepared by Wodehose 
(1965) method from the plant anther. The plant 
anthers were crushed with a dissection needle on 
a slide and wet with ethanol (70%). After the 
ethanol evaporated, about 1 mm3 basic fuchsin 
glycerin-gelatine matrix was added to it. That slide 
was put on a hot plate when gelatin melted and 
coverslip closed. Pollen slides were left to dry 
upside down for one night.  Pollen tetrads were 
examined, and measurements were made under 
the light microscope Nikon Eclipse E400 and 
photographed with an XCAM Family 1080P 
HDMI camera. Minimum 30 pollen grains were 
examined (three times) for morphological 
investigation.   Five parameters were investigated 
under LM. Those parameters; total length of 
pollen tetrads (Ml), width of a pollen in tetrad (lt), 
height of a pollen in tetrad (lg), semi- length of 
colpus on a pollen tetrad (f), one side of triangle 
polar on a pollen in tetrad (pt). That parameters 
are shown in Figure 1. 
 

  

 
Figure 1. Pollen chart showing measurement values (modified from Sawara 2007) 

 
RESULT AND DISCUSSION 
Some members of the Rhododendron genus are a 
high source of nectar and pollen, so some species 
are visited by insects, especially honey bees 
(Sorkun, 2008; Kurtoğlu et al., 2014). However, 
the toxic compounds contained in the plant can 
mix with bee products. It is known that some side 
effects (poisoning, vomiting, dizziness, 
hallucinations and even death) occur in the living 

body due to consuming honey that contains these 
toxic compounds and is called mad honey (Koca 
and Koca, 2007). At this point, although the 
determination of the presence of these 
compounds in plant nectar by performing 
chemical analysis in honey seems to be an option, 
it is not a common and useful method. 
Unfortunately, research on this is scarce, and 
detecting these toxic compounds in honey is 
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difficult. However, melissopalynological studies 
are a faster and more common method used to 
diagnose pollen species belonging to this genus 
and determine their density in honey.  In order to 
understand whether a honey type is monofloral 
Rhododendron honey, the presence of Rhododendron 
spp. in honey should be determined by pollen 
analysis (Mayda et al., 2018; Özkök et al., 2018; 
Ecem Bayram et al., 2020). Therefore, 
morphological examination of Rhododendron spp. 
pollen is important in terms of contributing to 
systematic studies as well as determining the 

species containing toxic compounds and the 
presence of these species in honey. In some parts 
of eastern Black Sea particularly forest and alpine 
transition zone (such as Ayder plateau) toxic and 
nontoxic species of the genus are found together 
in mixed communities (Figure 2, A ve B).  In this 
study, we investigated 4 different species 
containing R. luteum, R. ponticum, R. ungernii, R. 
caucasicum (Figure 2, C-F).  Pollen photographs 
and the results of measurements are shown 
detailed in Table 1. 
 

  

 
Figure 2. A-B: mixed Rhododendron population in Ayder plateau; C: R. caucasicum; D: R. luteum; E: R. 

ponticum; F: R. ungernii. 
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Table 1. Pollen photographs and results of measurements 

Botanical 
origin of 
pollen 
grains 

Microscopic photographs of Rhodendron spp. pollen 
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morphological features 
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Pollens belonging to the family can be easily 
separated from other monad pollens by their 
tetrahedral tetrad structures. The pollen 
morphology of Rhododendron has been described in 
many reports (Terzioğlu et al., 2001, Silici et al., 
2010; Sarwar and Takahashi, 2013; Ecem Bayram, 
2021). Terzioğlu et al., (2001) stated that to make 

the definitive diagnosis of rhododendrons, wood 
anatomy and palynological features should be 
determined as well as their morphological 
features. Similar to our study, morphological 
measurement of purple-pink flower R. ponticum 
pollens was also made in their study. The same 
researchers showed that specimens of R. ponticum 
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with different colors have significant differences 
in terms of some morphological features (M+, lt, 
lg, clt and plg).  As opposed to the findings of our 
study, Terzioğlu et al. (2001) found the values of 
M+, Lg, Lt, Pt, and F to be 56.02, 30.24, 30.24, 
28.85, 10.27, respectively, higher than our results. 
 
It was observed that different researchers used 
different measurement parameters in the 
measurements of Rhododendron pollen. Sarwar and 
Takahashi (2013) have been reported that 9 
measurement parameters are important in the 
pollen morphology of the Rhododendron genus. 
Those; tetrad diameter (D), polar length (P) and 
equatorial diameter (d in tetrad or E in monad) of 
pollen, length (2f in tetrad or L in monad) and 
width (W) of ectoaperture, length and width of 
endoaperture, apocolpial and septal exine 
thickness. Another study that parameters 
indicated as total length of pollen tetrads (M), 
width of a pollen in tetrad (lt), height of a pollen 
in tetrat (lg), semi-length of colpus on a pollen 
tetrat (f), colpus width (clg), porus length (plg), 
porus width (plt), one side of triangle polar on a 
pollen in tetrad (pt), exine thickness (Ex). Sarwar 
and Sarwar and Takahashi (2013) examined the 
pollen morphology of 34 Rhododendron taxa using 
a light microscope and scanning electron 
microscope. Pollen grains are 3-colporate, oblate 
to suboblate and pollen grains are arranged in 
tetrahedral tetrads. The apocolpial pollen wall is 
composed of the exine - well developed tectum, 
columellae, foot layer and endexine, and the 
intine. The size of Rhododendron pollen tetrads 
varies widely between 30.9 µm and 67.1 µm 
(Sarwar and Takahashi 2013). Although the study 
does not cover the species examined in this study, 
it is suitable in terms of these features. 
 
As a result, in this study, the pollen morphologies 
of Rhododendron species, a potential source of 
honey obtained in the Eastern Black Sea Region 
of Turkey, have been examined and the 
differences have been revealed. Studies 
conducted in this way are of particular importance 
in identifying Rhododendron spp. pollen found in 
different honey types and accurately labelling 
different honey types. For example, pollen and 
nectar flow periods of chestnut and 

rhododendron plants may coincide, and it is seen 
that the pollen of Rhododendron spp. plant gets 
mixed in the chestnut honey especially in the 
Black Sea region. In many studies in the literature, 
it has been reported that honey samples sold as 
chestnut honey also contain pollens of 
Rhododendron spp. For this reason, honey types 
that are suspected to contain Rhododendron spp. 
pollen should be put on the market after the 
necessary palynological analyses are carried out 
and their concentrations in honey are identified. 
In addition, this study is an important research 
that can be a source for the determination of 
Ericaceae taxa containing grayanatoxin. At this 
point, the morphological examination of 
Rhododendron pollens carried out in this study will 
contribute to future research. 
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