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ABSTRACT

For pollen analysis, 19 honey samples were collected from different localities in Eregli, Karapinar,
Ayranci and Ulukigla regions of Konya, Karaman and Ulukisla, respectively, in November 2015. All
investigated honey samples were multifloral because they contained secondary and minor pollen
groups. The dominant group of pollen grains were determined as the families of Fabaceae in 2
samples and Scrophulariaceae in 5 other samples, Helianthus annuus in 1 sample and Zea mays in 1
sample. Secondary pollen groups consisted of the families of Amaranthaceae, Brassicaceae,
Fabaceae, Poaceae, Rosaceae, Scrophulariaceae and genera of Centaurea, Cistus, Eucalyptus and
Linaria. Pollen of 55 plant taxa were identified in examined honey samples of which 21 were
classified on the family level, 30 were on the genera level, 1 was on the tribe level and 3 were on the
species level. The total number of pollen (TPN-10) in 10 grams of honey ranged from 332 to 42496.
According to the results of the TPN-10 analysis in honey samples, 3 samples were normal and others
were poor. The taxa of Zea mays, Cistus, Poaceae, Scrophulariaceae and Amaranthaceae were found
in pollen sources. Helianthus annuus and Brassicaceae were found in nectar sources. Fabaceae,
Rosaceae, Eucalyptus, Centaurea were found in nectar and pollen sources and were identified in the
honeys.
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oz

Eregli, Karapinar, Ayranci ve Ulukisla ilgelerinin farkh lokalitelerindeki 19 bal iireticisinden polen
analizi yapmak igin Kasim 2015’de bal érnekleri temin edilmistir. incelenen érneklerin tiimii sekonder
ve minor polen grubu igerdigi icin multifloral bal olarak tespit edilmistir. Fabaceae 2 ornekte,
Scrophulariaceae 5 6rnekte, Helianthus annuus 1 6rnekte, Zea mays 1 6rnekte dominant polen grubu
olarak belirlenmistir. Sekonder polen grubunda ise Amaranthaceae, Brassicaceae, Fabaceae,
Poaceae, Rosaceae, Scrophulariaceae, Centaurea, Cistus, Eucalyptus and Linaria taksonlari
olusturmustur. Arastirilan bal 6rneklerinde 55 bitki taksonuna ait polenlerden 21’i familya, 30’u cins,
1’i tribus, 3’ii ise tiir diizeyinde tespit edilmistir. Toplam polen sayisi 10 gram balda 332 ile 42496
arasinda degisiklik gostermistir. TPS-10 degerine goére, arastirilan bal orneklerinden 3’ii normal,
digerleri zayif bulunmustur. Arastirilan ballarda; Zea mays, Cistus, Poaceae, Scrophulariaceae ve
Amaranthaceae taksonlarinin polen kaynagi, Helianthus annuus and Brassicaceae taksonlarinin
nektar kaynagi, Fabaceae, Rosaceae, Eucalyptus ve Centaurea taksonlarinin nektar ve polen kaynagi
oldugu belirlenmisgtir.

Anahtar kelimeler: Melissopalinoloji, TPS-10, Polen Analiz, Giiney Anadolu Bdlgesi, Tirkiye
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GENISLETILMIS OZET

Amag: Balarilari, nektar ve polen toplamak amaciyla bulunduklari bélgedeki gigekleri ziyaret ederler. Arilarin
polen kaynagini ise dogal flora olusturmaktadir. Floradaki polen kaynagi olan bitki tirlerinin cesitliligi ve
giceklenme sezonlarinin uzunlugu degisiklik gostermektedir (Baydar ve Girel, 1998). Bala kalite veren
etkenlerden birisi de igerdigi polen olup, balin hangi yéreye ait oldugunun tespit edilmesinde fayda
saglamaktadir. Balda yapilan polen analizleri, ballarin isimlendiriimesi ve menseinin belirlenmesinde buna
bagh olarak da pazarlanmasinda oldukga dnem kazanmistir. Bu galisma ile i¢ Anadolu bdlgesinden Eregli,
Karapinar (Konya), Ayranci (Karaman) ve Ulukigla (Nigde) ilgelerinin farkli lokalitelerindeki 19 bal
Ureticisinden alinan érneklerin palinolojik yonden incelenerek, o yérelerde uretilen ballara ait nektar ve polen
kaynagdi olan bitkilerin tespiti amaglanmistir.

Gere¢ ve Yontem: Bal ornekleri 2015 yilinin Kasim ayinda Eregli, Karaman, Karapinar ve Ulukisla
bdlgelerindeki Ureticilerden temin edilmistir. Polen analizleri i¢in preparatlar, Uluslararasi Ari Arastirma
Birliginin tavsiye ettigi (Louveaux ve ark. 1970) ve Dogan ve Sorkun (2002)'un gelistirdigi yonteme gore
yapilmistir. Polen preparatlarinin hazirlanmasi amaciyla; homojen hale getirilmis stok baldan steril tiplere
alinan 10 gram bal, 20 mL distile su ilave edilerek su banyosunda 45C° de bekletilerek, balin su iginde
coziinmesi saglanmistir. Ornekler, 3500 devirde 45 dakika santrifiij edildikten sonra tiplerin dibinde olugan
polen c¢okeltisi, bir miktar bazik fuksinli gliserin jelatin ile bulastirilarak daimi preparat hazirlanmistir.
Hazirlanan preparatlarda polenlerin hangi bitki taksonlarina ait olduklari belirlenmis ve polenlerin sayimlari
yapilarak yizde oranlari hesaplanmistir. Arastirilan bal érnekleri buna gére; Eser (< %3), Mindr (%3-15),
Sekonder (%16-44) ve Dominant (>% 45) olmak (izere 4 grupta incelenmistir.10 gram balda Toplam Polen
Sayisinin belirlenmesi igin her bir bal drnedi bulunan tiiplere, sayisi bilinen Lycopodium spor tableti ilave
edilmistir. TPS’na goére polenler, I- (< 20 000), Il - (20 000-100 000), Ill- (100 000-500 000), V- (500 000-1
000 000), V-(>1 000 000) olmak tzere 5 kategoride siniflandiriimistir (Jose ve ark. 1989).

Bulgular: Analiz sonuglarina gére 12 ve 13 nolu 6rneklerde Fabaceae (Baklagiller), 7,9,17 ve 18 numarali
orneklerde Scrophulariaceae, 15 numarali ornekte Helianthus annuus ve 5 numarali 6rnekte Zea mays
polenleri dominant bulunmustur. Sekonder polen grubunda ise Amaranthaceae, Brassicaceae, Fabaceae,
Poaceae, Rosaceae, Scrophulariaceae, Centaurea, Cistus, Eucalyptus and Linaria taksonlari tespit
edilmigtir. Bitki takson ¢esidi mindr ve eser grupta oldukga fazla iken dominant ve sekonder gruba dogru
azalma gostermektedir. Toplam polen sayisi 17 numaral 6rnekte en fazla iken 10 numarah 6rnekte en az
tespit edilmistir. TPS-10'a gore 3,13 ve 17 numarali érnekler kategori 2'de (normal polenli ballar), diger
orneklerin tim kategori 1’de (zayif polenli ballar) siniflandiriimisgtir.

Sonug: Bala nektar kaynagi olusturan bitki taksonlari dominant ve sekonder gruptaki polenlerdir. Bu
calismadaki arastirma sonuglari 2015 yili i¢in Eregli, Karapinar (Konya), Ayranci (Karaman) ve Ulukisla
(Nigde) ilgelerinin farkli lokalitelerinden alinan bal o&rneklerinde Zea mays, Cistus, Poaceae,
Scrophulariaceae ve Amaranthaceae’nin polen kaynagi, Helianthus annuus ve Brassicaceae’nin nektar
kaynagi, Fabaceae, Rosaceae, Eucalyptus, Centaurea taksonlarinin ise hem polen hem de nektar kaynagi
olusturdugunu, ancak polen miktari agisindan zayif oldugunu ortaya koymustur. Arastirlan ballarda en
yaygin bitki polenleri Asteraceae, Brassicaceae, Centaurea, Cistus, Echium, Fabaceae, Lamiaceae,
Plantago, Poaceae, Rosaceae, Salix, Sarcopoterium ve Scrophulariaceae taksonlarina ait bulunmustur.
incelenen oérneklerin 19'u da, sekonder ve minér grupta bitki taksonlarina ait polenler icerdigi icin multifloral
Ozellikte bulunmustur.

INTRODUCTION is necessary to determine the diversity of flora that
is important for beekeeping. Melissopalynological
analysis is an effective method to identify the
floristic origin of honey. It plays a role in
determining the nectar plants visited by foraging
bees and also it helps to classify honey.
Additionally, pollen analysis of honey informs us

Honeybees visit various flowers for collecting nectar
and pollen. The pollen source of the bees varies
depending on plant species in the foraging areas.
Also the pollen source of the flora is based on the
lenght of flowering season and on the variety of
plant species (Baydar and Girel 1998). Therefore it
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about its labeling and provenance for honey
consumers; for example, when the source and
quality of honey is obvious, it can be marketed
more easily.

The first pollen analysis of honey was carried out by
Pfister in 1845 (Kaya et al.,, 2005). The earliest
melissopalynological study in Turkey, was
performed by Sorkun and inceoglu between 1976
and 1981 in the Central Anatolian region. In the
following years, many researchers worked on this
subject both in Turkey and in other countries (Lieux
1972; Moar 1985; Sorkun et al. 1989; Cakir 1990;
Gemici 1991; Andrada et al. 1998; Valencia et al.
2000; Silici 2004; Atanassova et al. 2004, 2012;
Yurtsever 2004; Kaya et al. 2005; Erdogan et al.
2006, 2009; Taskin and ince 2009; Sabo et al.
2011; Demir 2012; Song et al. 2012; Puusepp and
Koff 2014, Celemli et al. 2018).

The cities of Konya, Karaman and Nigde, where
honey specimens are collected, are located in the
southeastern region of the Central Anatolia. This
localitity is in the transition zone between Irano-
Turanian and the Mediterranean phytogeographical
regions. Unal and Saglam (2009) investigated flora
in the region between Ayranci Dam, Karakukurtlt
Mountain, Alahan, and Karaman regions. This area
has a lower semi-arid, very cold, Mediterranean
climate, according to Emberger (Akman, 1990).

The dominant plant taxa is forest vegetation
consisting of Amygdalus orientalis, Quercus
pubescens, Juniperus excelsa. The dominant
species of steppe vegetations, consists of Gundelia
tournefortii, Genista aucheri, Astragalus
microcephalus, Astragalus gummifer, Astragalus
angustifolius subsp. angustifolius var. angustifolius,
Acantholimon ulicinum subsp. ulicinum, Thymus
sipyleus subsp. sipyleus var. sipyleus, Genista
involucrata. The families of Asteraceae, Fabaceae,
Lamiaceae, Brassicacae and Caryophyllaceae
have the most species in this area, respectively.
Karaémerlioglu and Diizenli (2008) studied the flora
of Nigde, Konya and Karaman regions. Their
results showed that the families of Fabaceae,
Asteraceae, Lamiaceae and Poaceae had the
widespread plant taxa similar to findings of Unal
and Saglam (2009).

It is known that pollen analyses in honey produced
in the Central Anatolian region are limited (Sorkun
and inceoglu, 1984; Kaplan and inceoglu 2002;
Bagci and Tung, 2006). The purpose of this study is
to identify the plant species in the research areas

that honey bees prefer for nectar and pollen.
Furthermore, it is a contribution to another
melissopalynological survey of honey samples in
Central Anatolia region.

MATERIALS AND METHODS
Honey samples

Honey samples (500 g) to be investigated were
collected from honey producers with different
localities in Ayranci (Karaman), Eregli, Karapinar
(Konya) and Ulukigla (Nigde) in November 2015

(Fig. 1).

Preparation of pollen slides from honey
samples

For pollen analysis, the pollen preparations were
prepared as recommended by the International Bee
Research Assosiation (Louveaux et al.1970) and
modified by Sorkun and Dogan (2002). Accordingly,
ten grams of each honey was dissolved in 20 mL of
distilled water in the sterile test tube. The solution
was centrifuged for 45 min. at 3500-4000 rpm. The
supernatant solution was poured and small
quantities of each pellet at the bottom of the tubes
were mounted with basic fuchsin added glycerine
gelatin on permanent glass slides.

For microscopic analysis of the pollen taxa of honey
samples, two slides were prepared from each
sample. The counting and identification of pollen
grains in honey samples were carried out by a
Nikon Eclipse E 100 microscope and
microphotographs were taken wunder a Leica
DM750 in Department of Biology at Sinop
University.

Pollen microphotographs belonging to examined
honey samples are given in Fig. 2 and Fig. 3. For
identification of pollen types, pollen reference
collection, palynological literatures and atleses
were used (Erdtman 1954; Kapp et al. 2000; Aytug,
1971; Lewis et al. 1983; Faegri and Iversen 1989;
Moore et al. 1991; Gemici 1991; Pehlivan, 1995;
Sorkun, 2008; Song et al., 2012).

The types of pollen grains were classified into four
groups according to percentages: I- Rare group (<
3%), lI- Minor group (3%-15%), lll- Secondary
group (16% -44%), and IV- Dominant group (>
45%).

The total number of pollen (TNP in 10 g honey),
was used for distinguishing between artificial and
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natural honey. For the quantitative analysis of
honey samples, the preparation was the same as
the method described above. 20 mL of distilled
water and tablets containing a known number of
Lycopodium spores that were available from
Department of Geology, Lund University, Sweden
was added to ten grams of honey, which was
homogenized by mixing it thoroughly with a sterile
glass rod. After the tablet dissolved in the water, the
tube was centrifuged for 30 min. at 3500-4000 rpm,
then the supernatant was poured off. 0.1 mL 50%

of glycerine was added to the residue in the tube.
0.01 mL of this mixture was taken for preparations.
Based on the TPN-10 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 per 10 g honey), Category lli
(100,000 — 500,000 pollen grains per 10 g honey),
Category IV (500,000 — 1,000,000 pollen grains per
10 g honey), and Category V (>1 000 000 pollen
grains per 10 g honey) (Jose et al. 1989).

Eskisehir

BEY:

DEREBUC,

ISEHIR _
o R o

AKOR
OYALIHUYUK

1 sample

Karaman
7 samples

nNigde

o
EMIRGAZI

10 samples

*._ 1sample
N

Figure 1. The map is showing the collecting area in examined honey samples

RESULTS

In total, 55 plant taxa were identified from 19 honey
samples, including 48 melliferous (e.g. Apiaceae,
Brassicaceae, Centaurea, Linaria, Lamiaceae,
Rosaceae) and 7 non-melliferous (Amaranthaceae,
Betula, Fraxinus, Pinus, Plantago, Poaceae, Zea
mays) species. Of these taxa, 21 were classified as
a family, 1 was classified as a tribe, 30 were
classified as a genera and 3 were classified on the
species level.

In the Eregli district, the two most dominant pollen
groups consist of Zea mays in sample 5 and the
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family of Scrophulariacae in samples 7 and 9.
There were no dominant pollen groups in samples
1-4, 6,8 and 10. The taxa of Fabaceae (samples
1, 4, 8), Scrophulariaceae (samples 1, 4, 8, 10),
Linaria (samples 4, 7, 8, 10), Poaceae (samples 2
and 3), Amaranthaceae (sample 3) and
Brassicaceae (sample 6) were identified as
secondary pollen groups. A secondary pollen group
was not found in samples 5 and 9 (Table 1).

In sample 11, which was collected from Karapinar
(Konya) region, the family of Rosaceae was
determined as the secondary pollen group.
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Dominant pollen group was not observed in this
sample.

Seven samples were collected from the Karaman
region. The families of Fabaceae (samples 12 and
13), Scrophulariaceae (samples 17 and 18) and
Helianthus annuus (Sample 15) were the dominant
pollen groups. Eucalyptus (Sample 13), Fabaceae
(Sample 14, 16, 19), Centaurea (Sample 15) and
Scrophulariaceae (14, 16) were the secondary
pollen groups in this region. Dominant pollen group
was not seen in sample 14 and the secondary
pollen group was not in sample 18.

In the Ulukisla region, there was not any dominant
pollen group. The genus of Cistus and the family
Fabaceae were determined as the secondary
pollen groups.

Asteraceae, Brassicaceae, Centaurea, Cistus,
Echium, Fabaceae, Lamiaceae, Plantago,
Poaceae, Rosaceae, Salix, Sarcopoterium and
Scrophulariaceae were the most common pollens
belonging to plant taxa in honey samples (Table 1
and 2).

TNP-10 values range from 332 to 42496.
Investigated 19 honey samples were multifloral
honey. Multifloral honey is defined as containing
secondary and minor groups of pollen taxa while
unifloral honey is defined as not containing
secondary and minor pollen groups. While the
highest number of TPN-10 was in sample 17, the
lowest was in sample 10. (Table 1). While samples
3, 13 and 17 was classified in Category Il based on
TNP-10, other examined samples were in classified
in Category I.

Figure 2. A-Ailanthus (X1000) B-Amaranthaceae (X1000) C-Apiaceae (X1000) D-Asteraceae (X1000) E-Betula (X1000)
F-Brassicaceae (X1000) G-Caryophyllaceae (X1000) H-Centaurea (X1000) I-Cistus (X1000) J-Citrus (X1000) K-
Cyperaceae (X1000) L-Echium (X1000) M- Erica (X1000) N- Eucalyptus (X1000) O- Fabaceae (X1000) P-Fumana
(X1000) R-Geraniaceae (X1000) S-Hedera helix (X1000) T-Helianthus annuus (X1000) U-Lamiaceae (X1000) Scale bar:

20 pm.
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Figure 3. A- Liliaceae (X1000) B- Linum (X1000) C- Linaria (X1000) D- Papaver (X1000) E- Plantago
(X1000) F- Primula (X1000) G- Rosaceae (X1000) H- Rubiaceae (X1000) I- Rumex (X1000) J- Salix (X1000)
K- Sarcopoterium (X1000) L- Scrophulariaceae (X1000) M- Veronica (X1000) N- Zea mays (X1000) Scale
bar: 20 pym.
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Table 1. Pollen types identified, based on their spectra and TNP-10 values from the honey samples.

Samples

Locality

Pollen Spectra

TNP-10

1

Eregli- Aziziye

*

** Fabaceae, Scrophulariaceae
*** Asteraceae, Myrtaceae, Ranunculaceae, Rosaceae, Salix

EEEES

3234

Eregli-Bulgurluk
500m

*

** Poaceae
*** Amaranthaceae, Asteraceae, Brassicaceae, Cistus, Fabaceae,

Plantago, Rosaceae, Salix, Scrophulariaceae
EEE

5889

Eregli-Bulgurluk
1000m

*

** Amaranthaceae, Poaceae,

***plantago, Rosaceae, Salix, Scrophulariaceae, Zea mays
**** Apiaceae, Asteraceae, Brassicaceae, Cyperaceae, Echium,
Fabaceae, Lamiaceae , Unidentifiable

29882

Eregli-Dedekdy

*

** Fabaceae, Linaria, Scrophulariaceae

**% Echium, Pinus , Poaceae, Sarcopoterium
EE 223

1087

Eregli- Headquarters

*Zea mays
*%x

***Apiaceae, Centaurea, Cistus, Helianthus annuus, Plantago
**** Amaranthaceae, Malva, Sarcopoterium , Poaceae, Rosaceae

17878

Eregli- Namik Kemal
neighborhood

*

**Brassicaceae

*** Asteraceae, Betula ,Echium , Euphorbia, Rosaceae

**** Apiaceae, Centaurea, Erica, Hedera helix, Linaria , Malvaceae,
Mathiola, Poaceae, Salix, Scrophulariaceae, Zea mays

8585

Eregli-Tumlu

*Scrophulariaceae

** Linaria

*** Fabaceae, Rosaceae

**** Ailanthus , Asteraceae, Centaurea, Cistus, Echium, Lamiaceae,
Rubiaceae, Salix, Veronica, Unidentifiable

12932

Eregli-Ulumegse village

*

** Fabaceae, Linaria

*** Brassicaceae, Lamiaceae, Plantago, Rosaceae, Scrophulariaceae
**** Amaranthaceae, Cistus, Citrus, Caryophyllaceae, Cichorieae,
Dipsacaceae, Echium , Geraniaceae, Liliaceae, Papaver, Poaceae,
Salix, Sarcopoterium , Unidentifiable

16253

Eregli
Yellice village-1700m

*Scrophulariaceae
*%x

*** Cistus

**** Amaranthaceae, Asteraceae, Centaurea, Erica, Geraniaceae,
Hedera helix, Fabaceae, Lamiaceae, Liliaceae, Linum, Plantago,
Salix, Xanthium, Veronica

2618

10

(* Dominant pollen, ** secondary pollen,

honey)

Eregli
Yellice village-1100m

*

** Linaria , Scrophulariaceae

*** Cistus, Fabaceae, Rosaceae

*#*%* Echium , Lamiaceae, Plantago, Polygonaceae, Poaceae,
Sarcopoterium , Veronica

*kk *kkk

minor pollen,

332

rare pollen, TPN-total number of pollen in 10g of
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Table 1. Continued
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11 Konya-Karapinar * e
Beyodren ** Rosaceae 5978
*** Asteraceae, Centaurea, Cistus, Hedera helix, Fabaceae
Lamiaceae, Poaceae, Sarcopoterium, Scrophulariaceae,
*xExEx ____
12 Karaman-Ayranci 2800m  * Fabaceae
FE e 3177
*** Brassicaceae, Lamiaceae, Pelargonium, Scrophulariaceae,
Rosaceae
*xx%x ____
13 Karaman-Ayranci, * Fabaceae
Berendi, 700m ** Eucalyptus 25405
*** Scrophulariaceae
**** Amaranthaceae, Apiaceae, Asteraceae, Brassicaceae,
Boraginaceae, Caryophyllaceae, Centaurea, Cistus, Citrus,
Cyperaceae, Echium, Erica, Geraniaceae,Lamiaceae, Linaria, Morus,
Poaceae, Plantago, Polygonaceae, Primulaceae, Ranunculaceae,
Rosaceae, Salix, Smilax, Quercus, Zea mays
14 Karaman-Ayranci, * e
Berendi, 1000m ** Fabaceae, Scrophulariaceae 2805
*** Boraginaceae, Cistus, Echium , Geraniaceae, Plantago, Poaceae,
Rosaceae, Rubiaceae, Veronica
**** Asteraceae, Lamiaceae, Salix, Zea mays
15 Karaman-Ayranci Berendi * Helianthus annuus
1400m ** Centaurea 8682
*xx ____
**** Amaranthacea, Asteraceae, Apiaceae, Boraginacea, Brassicaceae,
Cichorieae, Cistus, Cyperaceae, Euphorbia, Fabaceae, Geranium,
Lamiaceae, Liliaceae, Linaria, Mathiola, Plantago, Poaceae, Primula,
Rubiaceae, Sarcopoterium , Solanum , Scrophulariaceae, Veronica
16 Karaman-Ayranci, * e
Kiraman village ** Fabaceae, Scrophulariaceae 3997
*** Lamiaceae, Rosaceae, Salix
**** Asteraceae, Brassicaceae, Caryophyllaceae, Centaurea, Cistus,
Fumana, Geraniaceae, Hedera helix, Poaceae, Primulaceae,
Ranunculaceae, Rubiaceae, Salix, Sarcopoterium , Unidentifiable
17 Karaman- Ayranci * Scrophulariaceae
Kozlu plateau FE e 42496
*** Cistus , Fabaceae, Rosaceae, Rubiaceae
**** Asteraceae, Apiaceae, Artemisia, Boraginaceae, Brassicaceae,
Caryophyllaceae,Dipsacaceae, Eucalyptus, Juglans, Lamiaceae,
Liliaceae, Linaria, Linum ,Poaceae, Salix, Sarcopoterium , Veronica
18 Karaman-Ayranci * Scrophulariaceae
Ugharman = 5462
*** Fabaceae
**** Asteraceae, Centaurea, Cistus, Convolvulus, Echium , Lamiaceae,
Primulaceae, Ranunculus, Rubiaceae, Solanum , Unidentifiable
19 Ulukisla-Kilan * e
** Cistus, Fabaceae 13814
*** Amaranthaceae, Echium, Eucalyptus, Linaria, Scrophulariacea
**** Apiaceae, Brassicaceae, Boraginaceae, Campanula, Cyperaceae,
Fraxinus, Linaria, Myrtaceae, Lamiaceae, Poaceae, Plantago,
Rosaceae, Quercus, Salix
B



Table 2. The percentage of pollen grains of plant taxa examined in 19 honey samples

Localities
Samples /Taxa
Ailanthus
Amaranthaceae
Artemisia
Apiaceae
Asteraceae
Betula
Brassicaceae
Boraginaceae
Campanula
Caryophyllaceae
Centaurea
Cichorieae
Cistus

Citrus
Convolvulus
Cyperaceae
Dipsacaceae
Echium

Erica
Eucalyptus
Euphorbia
Fabaceae
Fraxinus
Fumana
Geraniaceae
Hedera helix
Helianthus annuus
Juglans
Lamiaceae
Linaria

Linum
Liliaceae
Malvaceae
Mathiola
Morus
Myrtacaeae
Papaver
Pelargonium
Pinus
Plantago
Primulaceae
Poaceae
Polygonaceae
Quercus
Ranunculaceae
Rosaceae
Rubiaceae
Salix
Sarcopoterium
Scrophulariaceae
Smilax
Solanum
Veronica
Xanthium

Zea mays
Unidentifiable

Eregli

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

10,81

3,33 10,81

8,11

8,33

5,41

31,67 541

3,33

5,41

21,62

3,33

3,33 10,81

10 10,81

36,67 10,81

32,9

2,61
0,65

0,65

2,61

1,95

1,3

1,3

10,75

23,79

3,091

3,26

4,56

7,82
1,95

3,39

37,29

16,95

3,39

3,39

3,39
32,2

1,54
3,07 1,96
10,78

3,92
42,16

11,54 1,96

6,15

3,92
1,96

5,88

1,96

8,46

1,96

1,54 1,96
1,96

3,07 1,96

2,31 1,96

1,54 8,82
1,96

1,54
1,54 1,96

57,69 2,94

0,63

0,63

2,19

1,25

0,63

3,13

0,63
28,84

5,64
0,63
2,51

52,03

0,63

0,63

1,41

10,58

0,53
0,71

1,59
0,35

2,82
0,35

22,4

1,23
1,41

4,23
28,57

2,12

1,06

4,23

1,41

5,64
0,35

1,06
7,23

0,7

0,22

1,51

0,22

5,41

0,22

2,92

0,22

0,22

2,38

0,22
0,22

0,22

1,4

0,22
2,92
80,84

0,22
0,43

3,69

2,95

14,76

2,21
21,77

0,74
0,74
0,74
6,27
6,27

1,84
36,53

1,48

Total taxa
Pollen Sum

30 18,5

15
153,5

29,5

12 18
65 51

14
159,5

22
283,5

18
462

13
135,5
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Table 2. Continued

Localities Karapinar Karaman Ulukigla
Samples /Taxa Sample 11 [Sample 12 Sample 13 Sample 14 Sample 15 Sample 16 Sample 17 Sample 18 [Sample 19
Ailanthus

Amaranthaceae 0,88 0,42 3,9
Artemisia 0,79

Apiaceae 3,02 0,1 2,78 1,73
Asteraceae 4,44 0,39 1,64 0,55 0,73 0,6 0,58

Betula

Brassicaceae 3,27 1,17 2,22 0,21 0,4 2,6
Boraginaceae 0,29 3,28 0,16 0,4 0,87
Campanula 0,87
Caryophyllaceae 0,29 0,55 0,79

Centaurea 4,44 0,29 1,66 31,88 0,58

Cichorieae 0,21

Cistus 13,33 0,68 5,74 2,77 2,15 4,17 1,74 26,41
Citrus 0,88

Convolvulus 0,58

Cyperaceae 0,19 0,1 1,73
Dipsacaceae 1,19

Echium 1,27 5,74 0,58 3,46
Erica 0,68

Eucalyptus 17,92 0,4 11,26
Euphorbia 0,21

Fabaceae 6,66 73,8 55,11 36,07 44,32 1 3,97 8,72 27,71
Fraxinus 0,55 0,87
Fumana 0,83

Geraniaceae 0,19 3,28 1,11 0,21

Hedera helix 4,44 0,55

Helianthus annuus 53,75

Juglans 0,4

Lamiaceae 4,44 3,27 0,78 2,46 8,86 1 1,39 1,16 0,87
Linaria 2,53 0,52 2,38 4,33
Linum 0,4

Liliaceae 1,05 0,4

Malvaceae

Mathiola 0,1

Morus 0,19

Myrtacaeae 1,3
Papaver

Pelargonium 3,27

Pinus

Plantago 0,58 3,28 0,47 1,3
Primulaceae 0,19 1,66 1,26 1,16

Poaceae 4,44 0,19 3,28 0,55 1,68 0,79 2,6
Polygonaceae 0,58

Quercus 0,58 0,87
Ranunculaceae 0,19 1,66 0,58

Rosaceae 17,77 3,28 0,68 5,74 4,16 3,37 2,6
Rubiaceae 3,28 2,77 0,16 8,53 0,58

Salix 13,33 0,29 1,64 4,99 0,6 0,87
Sarcopoterium 8,88 0,55 0,21 1,59

Scrophulariaceae 13,33 13,11 9,44 19,67 19,11 1,89 64,29 81,98 3,9
Smilax 0,19

Solanum 0,1 0,58

Veronica 4,44 3,28 0,42 0,4

Xanthium

Zea mays 0,29 1,64

Unidentifiable 0,55 1,16

Total taxa 12 6 29 15 20 25 22 13 20
Pollen Sum 22,5 30,5 513,5 61 180,5 953,5 252 172 115,5
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DISCUSSION

Of the 19 honey samples investigated, pollen grains
of 55 plant taxa were identified. The number of
pollen grains were highest in samples 13 and 16
from Karaman regions, while the lowest was in
samples 1, 4 and 12 from the Eregli and Karaman
regions respectively (Table 1).

Among the samples studied the total amount of
pollen was the lowest in sample 2 while the total
amount of pollen was the highest in sample 16
(Table 2). The pollen variety of plant taxa declined
from the rare group to dominant group (Table 1).

Many researchers indicated that pollen grains in the
dominant and secondary groups contribute to the
formation of honey as they come from a nectar
source (Dogan and Sorkun 2001; Kaya et al. 2005).
The results of this study demonstrated that there
was not a dominant group in all 11 honey samples
(1-4,6,8,10, 11, 14, 16, 19). Pollen grains of Zea
mays (Poaceae) in sample 5 (Eregli), the family of
Scrophulariaceae in samples 7 and 9 (Eregli), 17,
18 (Karaman), Fabaceae in samples 12, 13
(Karaman) and Helianthus annuus in sample 15
(Karaman)  were the dominant groups. The
secondary group of pollen was not seen in samples
5, 9 (Eregli), 12, 17, and 18 (Karaman).

Pollen grains of secondary group consist of the
family of Scrophulariaceae in samples 1 and 10
(Eregli), 14 and 16 (Karaman); Poaceae in samples
2 and 3 (Eregli); Amaranthaceae in sample 3
(Eregli); Brassicaceae in sample 6 (Eregli); Linaria
in samples 7, 8 and 10 (Eregli); Rosaceae in
sample 11 (Konya); Eucalyptus in sample 13
(Karaman); Centaurea in sample 15 (Karaman) and
Cistus in sample 19 (Ulukisla).

Sorkun et al. (1999) explained that plant taxa
belonging to the families of Asteraceae, Fabaceae,
Fagaceae, Myrtaceae, Malvaceae, Brassicaceae,
Scrophulariaceae, Lamiaceae and Oleaceae are
the main source of Turkish flower honey. In earlier
studies, pollen analysis of 94 honey samples from
Central Anatolian regions were studied by Sorkun
and inceoglu (1984). They found that the pollen
taxa of Astragalus, Rubus, Lapsana communis,
Brassica oleracea, Teucrium orientale, Peganum
harmala, Consolida raveyi, Hedysarum, Centaurea
triumfettii, Heliotropium suaveolens were dominant.

Another study related to Konya region was
conducted by Kaplan and inceoglu (2002). They
described 63 pollen types in 24 honey samples
from the Konya region. According to their results,
Trifolium,  Achillea, Euphorbia, Marrubium,
Helianthus annuus, Vicia, Lotus, Centaurea,
Medicago were the source of nectar, while
Papaver, Linum, Cistus, Quercus and Fraxinus
were the source of pollen in the investigated honey
samples. According to their results, Helianthus
annuus and plant taxa of Fabaceae e.g. Medicago,
Trifolium were dominant pollen groups and
Brassicaceae was a secondary pollen group. In the
pollen analysis performed in the Mediterranean
region of Turkey, pollen grains of plants belonging
to the families Apiaceae, Asteraceae, Fabaceae
and Rosaceae were found as widespread by Silici
and Gokgeoglu (2007).

Tagkin and ince (2009) analysed pollens in 20
honey samples from Burdur region. Their results
exhibited that the taxa of Apiaceae, Pimpinella
anisum, Anthriscus, Cardamine, Compositae,
Centaurea, Ericaceae and Dianthus were in
dominant groups while the taxa of Brassicaceae,
Fabaceae, Crepis, Xeranthemum and Trifolium
were in secondary groups. Pollen grains belonging
to the taxa of Fabaceae in honey samples were
identified most frequent in the different region from
Adapazari, Komati (Camlihemsin), Giresun and
Kars as it is in this study (Erdogan et al. 2006;
Demir 2012; Temizer et al. 2016; Celemli et al.
2018).

The families of Asteraceae, Rosaceae, Poaceae,
Brassicaceae, Lamiaceae and the genera of
Centaurea, Salix and Cistus were generally
common in minor and rare groups of pollen of plant
taxa in honey samples (Table 1 and 2). The results
of this study agree with their results. Bagci and
Tung (2006) presented pollen grains belonging to
65 plant taxa in 21 honey samples from the Konya
and Karaman provinces. Their results showed that
the pollen of Achillea, Astragalus, Onobrychis, and
Trifolium were dominant.

Pollen analysis of the honey samples revealed that
the pollen grains in minor and rare groups
contained various plant taxa. Lieux (1979)
demonstrated that most of the taxa in the minor and
trace groups were randomly mixed in the honey
samples. The rare groups of pollen was recorded in
samples 13 and 15 from the Karaman region. But
five samples (1, 2, 4 11, 12) had no pollen from the
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rare group. The minor group was not found only in
one sample from the Karaman (15) region (Table
2). These results from the pollen analysis in honey
samples are supported by the floristic composition
of Nigde, Konya and Karaman regions
(Karaémerlioglu and Diizenli 2008; Unal and
Saglam 2009).

TNP-10 values ranged from 332 to 42496. In
regards to TNP-10 values, pollen grains were
classified into Category | as 84,2% (332-17878),
and Category Il as 15,8% (25405-42496) (Table 1).
Whereas the TPN values that were calculated
between 400 and 12.400 in the 7 honey samples
that were thought to be artificial, the 16 honey
samples collected from different regions of Turkey
by Basoglu et al. (1996) was between 14.800 -
37.800. According to the study conducted by
Kaplan and inceoglu (2002), 15 honey samples
were considered to be poor, 7 samples were
cnosidered to be normal, and 2 samples were
considered to be very rich, in terms of pollen
amount.

Bagci and Tung¢ (2006) demonstrated that 11
samples were considered to be poor, 6 were
considered to be normal, 11 samples were
considered to be rich and 3 samples were
considered to be very rich in terms of pollen in
investigated honey samples. When compared to
our results, the quantities of pollen were considered
to be poor in 16 honey samples and this was similar
to previous findings and 3 samples were
considered to be normal. Similar to the results of
our study, Temizer et al. (2016) classified 4 honey
samples collected from the Giresun region and
based on TPN - 10 value, 2 samples were
classified in Group | (< 20000) while the other 2
samples were classified in Group 2 (20000-
100000).

The findings of this study exhibited that the taxa of
Zea mays, Cistus, Poaceae, Scrophulariaceae and
Amaranthaceae can be considered as pollen
sources, Helianthus annuus and Brassicaceae as
nectar sources, and Fabaceae, Rosaceae,
Eucalyptus, Centaurea as nectar and pollen
sources that were visited by honeybees in the
investigated area.
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CONCLUSION

The findings of this study demonstrated that pollen
grains of the family of Fabaceae, Rosaceae, the
genera of Eucalyptus and Centaurea were in nectar
and pollen sources for honey production, but 84.2%
of the surveyed honey samples had a poor amount
of pollen in 10 grams of honey that were sampled at
different locations in the year of 2015. In this case,
the following probabilities can be put forward:
honeybees may not have collected pollen from
certain plants due to unsuitable climatic conditions
such as drought and excessive rainfall. The pollen
content of honey may have been removed by
filtration or if bees were fed with sugar syrup then
this would dilute the amount of pollen in the
sampled honey.
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