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Abstract

In this study, morphology of 30 pollen grains, attractive for honeybees, from different regions of Kermanshah province were
studied by Light Microscopy (LM) and some pollen grains were observed by Scanning Electron Microscopy (SEM). The pollen
grains collected from flowers, using pollen traps in front of hives and also inside the hives. Pollen flora books from different
countries and related websites were used to identify the obtained pollens. The results showed that the flowers with abundant
pollens, oblate- Spherical shape and medium pollen sized were attractive for bees. Also, the more attractive families were
Asteraceae, Euphorbiaceae and Hyacinthaceae for honeybees. In addition, autumn season and cold region were deduced for
pollination and activity of the target honeybees. Therefore, pollen analysis is useful for identifying favorite honeybees’ plants

and can increase honey production and high quality.

Keywords: Honey Bee; Light Microscopy; Pollen Grain; Scanning Electron Microscopy

Abbreviations: SEM: Scanning Electron Microscopy; LM:
Light Microscopy.

Introduction

The western honeybee or European honey bee (Apis
mellifera L.) is the most common of 7- 12 species of honeybees
worldwide. Apis mellifera naturally occurs in Europe, the
Middle East and Africa. This species has been subdivided into
at least 20 recognized subspecies (or races) [1]. Honeybees,
like the other insects, require large amounts of nutrients
such as sugars, proteins, Lipids, minerals, vitamins and water
for growth and reproduction. Pollen grain is a unit of male
cells in flowers that is an important source of mentioned
nutrients for bees and is transmitted by various factors such
as water, wind, animals and insects in particular, and enables
pollination in various plants [2,3]. The diversity of pollen
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grains in the honeybee hives are considered as great sources
of botanical and geological information. Studying and
determining of pollens in honey species (Melissopalynology)
plays an important role in identifying geographical origin,
plants and type and also quality of honey and feeding on bees
[4]. Insects and especially honeybees play an important role
in indirect pollination in plants. There are different theories
about collection of pollens by honeybees. The honeybees go
to the flowers to collect nectar and therefore the attached
pollens to their bodies also transfer to the hive [5]. Plants
attract honeybees by the color variation of flowers or by the
production of volatile compounds. Attractiveness of plants
to honeybees depends on plant species, open blossoms
and their durability, pollen quality, color and size of pollen
and sugar content of nectar [6-8]. In the flowers that are
pollinated by the honeybees, the nectar is concentrated at
the base of flower tube. It will therefore be easily accessible
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to species of honeybees. In this case, the pollen is attached to
the small honeybee’s cracks, or the bees wrap the pollens in
special baskets on their feet. These pollens are transported
to the hive and consumed by different colonies [9]. Today,
pollen identification helps a lot in research on bees,
identifying honey and plants used by honeybees, preparing
pollen calendars and also allergens. In addition, pollens can
be used as a reliable measure of honey quality and has been
studied in Iran and some regions over the world [4,5,10-
16]. Since the type of flowers is effective on the taste, color
and thus the price of honey, beekeepers are keen to identify
the flowers used by the honeybees. With this knowledge,
beekeepers will be able to move their hives to the desired
flower gathering areas in order to produce more and better
honey. Therefore, the purpose of this study was to identify
important plant species used by honeybees in Kermanshah
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province (west of Iran) by using palynology according to
pollen characteristics.

Materials and Methods

Material Examined

Pollen collection methods included as; 1. Pollens taken
from the honeybee hives directly, 2. Pollens taken by using
pollen traps, 3. Field visited during pollination peak and
detection of attractive species for honeybees. The locations
of the hives studied in this research are shown in (Figure 1)
and also in (Table 1). Pollen boxes inside the hive and pollen
traps in front of the hives were evaluated weekly. In the field
visit, pollinated plants by honeybees were selected.

Location Date of Collection Site of Collection

1 30-Aug-17 Cheshmeh-Sefid Village, Kermanshah to Islam-Abad Gharb (taken from trapper)
2 03-Sep-17 Cheshmeh-Sefid Village, Kermanshabh to Islamabad (taken from frame)
3 16-Sep-17 Nova Mountain, Cheshme-Khers village (taken from nature)

4 17-Oct-17 Cheshmeh-Sefid Village, Kermanshah to Islamabad (taken from trapper)
5 18-0Oct-17 Cheshmeh-Sefid Village, Kermanshah to Islamabad (taken from trapper)
6 18-Oct-17 Sarpol-Zahab, Aiineh Village, (taken from hive)

7 18-Oct-17 Sarpol-Zahab, Aiineh Village (taken from frame)

8 03-May-18 15 km from Kermanshabh to Islam-Abad Gharb (taken from trapper)

9 05-May-18 15 km from Kermanshah to Islam-Abad Gharb (taken from trapper)
10 06-May-18 15 km from Kermanshabh to Islam-Abad Gharb (taken from trapper)

Table 1: List of locations and collection dates used in this studied.

Figure 1: The studied areas in this research (Kermanshah province, west of Iran). A: Sarpol- Zahab, B: Cheshmeh-Sefid and
| Cheshme-Khers village, C: Kermanshah to Islam-Abad Gharb. Cold regions: B and C. Warm region: A.
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Light Microscopy Preparation

The pollen grains were acetolysed according to Erdtmans’
technique [17]. Polar axis and equatorial axis were measured
for thirty pollen grains. The images were taken by Leitz Light
Microscope (HM-LUX3) and Dino camera (AM-423).

Scanning Electron Microscopy Preparation

For scanning electron microscopy (SEM) investigations,
non-acetolyzed pollen grains were put on aluminum stubs
and transferred to the EMITECH sputter coater for coating by
gold- paladium (K450X). By these micrographs, exine surface
ornamentations, size of lumina and muri were identified.
Also, the obtained micrographs were also taken by Philips
Scanning Electron Microscopy (XL30).

Pollen Terminology, Pollen Flora and Flora
Books

Plant specimens were transferred to Razi University
Herbarium (RUHK), Kermanshah, Iran, for identification
by botanical references [18-23]. Pollen flora books from
different countries were used to identify pollen grains
[13,24-30]. In addition, the following references were used
to find specialized words for pollen grains [31-39].

Results

Light Microscopy Observation

The morphological characteristics of the pollen grains of
the studied family in this research are as follows in the Latin
alphabet:

Apiaceae: Pollen of this family was observed in two genera,
including the following species and pollen characteristics are
given in the (Table 2) and (Figure 2). Artedia squamata L.,
Malabaila secacul Boiss

Asteraceae: Pollen of this family was observed in ten genera,
including the following species and pollen characteristics
are given in the Table 2 and Figure 2. Achillea sp., Carduus
arabicus Jacq. Ex Murray, Centaurea sp., Cirsium arvense (L.)
Scop, Echinops ritrodes Bunge., Erigeron acer L., Lactuca sp.,
Tragopogon sp., Onopordon sp., Xanthium sp. In addition to
the genera mentioned, two other pollen types were identified
in the family rank and shown in Table 2 and Figure 2.
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Brassicaceae: Pollen of this family was observed in one genus,
including the following species and pollen characteristics
are given in the Table 2 and Figures 2 & 3. Sinapis arvensis L.
In addition to the genus mentioned, one other pollen types
were identified in the family rank and shown in Table 2 and
(Figure 3).

Caryophyllaceae: Pollen of this family was observed in
one genus, including the following species and pollen
characteristics are given in the Table 2 and Figure 3. Silene
araratica Schischk.

Euphorbiaceae: Pollen of this family was observed in
three genera, including the following species and pollen
characteristics are given in the Table 2 and Figure 3.
Crozophora sp., Euphorbia sp., Euphorbia decipiens Boiss.

Fabaceae: Pollen of this family was observed in two genera,
including the following species and pollen characteristics are
given in the Table 2 and Figure 3. Alhagi camelorum Fisch.,
Astragalus sp.

Graniaceae: Pollen of this family was observed in one genus,
were identified in the family rank and shown in Table 2 and
Figure 3.

Hyacinthaceae: Pollen of this family was observed in
two genera, including the following species and pollen
characteristics are given in the Table 2 and Figure 3.
Ornithogalum sp., Prospero autumnale (L.) Speta. In addition
to the genera mentioned, one other pollen types were
identified in the family rank and shown in Table 2 and Figure
3.

Lamiaceae: Pollen of this family was observed in two genera,
including the following species and pollen characteristics are
given in the Table 2 and Figure 3. Phlomis sp., Stachys inflata
Benth.

Onagraceae: Pollen of this family was observed in one genus,
including the following species and pollen characteristics are
given in the Table 2 and Figure 3. Epilobium palustre L.

Poaceae: Pollen of this family was observed in one genus,
including the following species and pollen characteristics are
given in the Table 2 and Figure 3. Sorghum halepense (L.)
Pers.
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Polar Axis (um) | Equatorial Axis (um) Type of
Taxon Mean+SD Mean+SD P.E Shape of Pollen Pollen
Apiaceae (Artedia squamata) 28.66+3.50 32.16+3.00 0.9 Spheroidal Medium
Apiaceae (Malabaila secacul) 20.33+2.00 63.16£6.50 0.3 Peroblate Large
The species ofASIs)t;'raceae (Achilla 18.00£2.00 21.33+2.50 0.8 Oblate - spheroidal Medium
The species of Asteraceae 50.66+5.50 55.83+57.50 0.9 Spheroidal Large 9
(Carduus arabicus)
The species of Asteraceae 26.33£2.50 31.83+3.00 0.7 | Oblate - spheroidal | Medium 3
(Centaurea sp.)
The species of Asteraceae (Cirsium | 50 o4 44.33+4.50 0.8 | Oblate - spheroidal | Medium
arvense)
The species of Asteraceae 52.00£5.00 60.16£6.50 0.9 | Oblate - spheroidal | Large
(Echinops ritrodes)
The species of Asteraceae 25.83+2.50 25.5042.50 1 Spheroidal Medium
(Erigeron acer)
The species Of‘L\SS;‘;raceae (Lactuca| 4 54250 27.5042.50 0.9 Spheroidal Medium 6
The species of Asteraceae 38.83+4.50 49.00+5.00 0.8 | Oblate - spheroidal | Medium
(Tragopogon sp.)
The species of Asteraceae 32.91+3.75 38.00+4.50 0.9 | Oblate - spheroidal | Medium 8
(Onopordon sp.)
The species of Asteraceae . .
. 21.83+2.50 27.16+3.00 0.8 Oblate - spheroidal Medium
(Xanthium sp.)
The species of Asteraceae 56.50£7.00 125.50+13.00 0.7 Oblate Large
The species of Asteraceae 79.83+£8.50 93.33+9.50 0.9 Oblate - spheroidal Large 10
Brassicaceae (Sinapis arvensis) 27.00%3.00 30.83+3.00 0.9 Oblate - spheroidal Medium
Brassicaceae 20.33%£2.50 23.66%2.00 0.9 Oblate - spheroidal Medium
Caryophyllaceae (Silene araratica) 49.50+5.50 58.66+6.50 0.8 Oblate - spheroidal Large
Euphorbiaceae (Crozophora) 44.83+4.50 57.00+6.00 0.8 Oblate - spheroidal Large
Euphorbiaceae (Euphorbia sp.) 38.33+4.00 46.33+5.00 0.8 Oblate - spheroidal Medium
Euphorbiaceae (Euphorbia 53.1845.50 62.08+6.50 0.9 | Oblate - spheroidal | Large
decipiens)
Fabaceae (Alhagi camelorum) 34.33+3.50 45.17+5.00 0.8 Oblate - spheroidal Medium
Fabaceae (Astragalus sp.) 49.33+5.50 56.66%6.00 0.9 Oblate - spheroidal Large
Graniaceae 28.50+3.50 37.00+4.00 0.8 Oblate - spheroidal Medium
The species of Hyacinthaceae 27.50-2.50 40.00£4.50 0.7 Oblate Medium
(Ornithogalum)
The species of Hyacinthaceae 35.00+3.50 45.16+5.00 0.8 | Oblate - spheroidal | Medium
(Prospero autumnale)
The species of Hyacinthaceae 33.16+3.50 45.16+4.50 0.7 Oblate Medium
Lamiaceae (Phlomis sp.) 61.66+7.50 98.50+10.50 0.6 Oblate Large
Lamiaceae (Stachys inflata) 37.00+4.50 52.00+5.50 0.7 Oblate Large
Onagraceae (Epilobium palustre) 26.00+2.50 28.50+3.00 0.9 Spheroidal Medium
Poaceae (Sorghum halepense) 69.83£7.50 97.33£10.50 0.7 Oblate Large

Table 2: Morphological characteristics of pollen grains by Light Microscope (LM).
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Figure 2: The light microscopy observation of pollen grains; A. Artedia squamata (Apiaceae), Malabaila secacul; (Asteraceae):
C. Achillea sp., D. Carduus arabicus, E. Centaurea sp., E. Cirsium arvense, G. Echinops ritrodes, H. Erigeron acer, 1. Lactuca sp.,
J. Tragopogon sp., K. Onopordon sp., L. Xanthium sp., M and N. Species from Brassicaceae family, from Asteraceae family;
(Brassicaceae): O. Sinapis arvensis. (scale bar: 10 um).

J
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Figure 3: The light microscopy observation of pollen grain; Brassicaceae: A. Species from this family. Caryophyllaceae: B.
Silene araratica; Euphorbiaceae: C. Crozophora sp., D. Euphorbia sp., E. Euphorbia decipiens; Fabaceae: E Alhagi camelorum,
G. Astragalus sp. Graniaceae: H. Species from this family; Hyacinthaceae: 1. Species from this family, J. Ornithogalum sp., K.
Prospero autumnale; Lamiaceae: L. Phlomis sp., M. Stachys inflate. Onagraceae: N. Epilobium palustre. Poaceae: O. Sorghum
halepense. (Scale bar: 10 um).
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Pollen Size

The pollen grains were classified into medium and large
groups. Among the pollen grains of the studied family, most
have a medium pollen size. Therefore, abundant pollen
flowers and medium-sized pollen grains are important in
harvesting by bees.

Pollen Shape

Another important feature of the pollen grain is its
shape, which is very diverse. Knowing the dimensions of the

Cytology & Histology International Journal

equatorial axis (E) and polar axis (P) and finding the ratio of
the two to each other (P / E) can be commented on its shape.
Thus, the studied samples are presented in the following
general shape by most frequencies: 1. Oblate-spheroidal 2.
Oblate and spheroidal 3. Peroblate

Scanning Electron Microscopy Observation

In SEM micrographs observations, different exine
ornamentation was observed in the selected taxa and is
shown in (Table 3) and (Figure 4).

Ornithogalum sp. Lamiaceae: M, N. Phlomis sp.

Figure 4: The scanning electron microscopy micrographs of pollen grains; Apiaceae: A, B. Artedia squamata, C, D. Malabaila
secacul; Asteraceae: E, F. Achillea sp. Brassicaceae:, G, H: Sinapis arvensis, |, ]. Species from this family; Hyacinthaceae: K, L.
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Taxon Size of lumina | Size of muri Exine ornamentation
(rm) (um)
Apiaceae (Artedia squamata) 0.1-03 0.3-0.7 Microreticulate - Tuberculate
Apiaceae (Malabaila secacul) - - Microreticulate - fossulate
Asteraceae (Achillea sp.) - - Psilate - echinate
Brassicaceae (Sinapis arvensis) 04-3 0.1-0.2 Microreticulate - reticulate - echinate
Brassicaceae (Species from this family) 0.0-6.7 0.3-0.5 Macroreticulate
Lamiaceae (Phlomis sp.) 03-1 0.5-2 Microreticulate
Hyacinthaceae (Ornithogalum sp.) 0.1-0.8 0.2-0.8 Microreticulate

Table 3: Morphological characteristics of pollen grains by Scanning Electron Microscopy (SEM).

Favorite Bees’ Family

In this study, Asteraceae, Euphorbiaceae and
Hyacinthaceae were the most preferred bees and most of the
pollen grains belonged to these families and the rest were
closely distributed.

Distribution of Favorite Bees in the Tropical
and Cold Regions

In this study, most of the families collected by the bees
were from the cold region.

Discussion

In this study, the pollen characteristics of several favorite
bee plants are discussed. Asteraceae was identified as a key
family. This family is one of the largest families especially in
hot and dry areas such as Iran. There are many variations
in the size and type of pollen exine ornamentation, but
echinated exine ornamentation is common in many of their
pollen grains [29]. The genera of this family are found in
Kermanshah province with high dispersal and high density
[40]. Therefore, the warm to cold regions of the province
provide pollen and nectar for bees, and pollen data in this
study also confirm this.

Euphorbia pollens from the Euphorbiaceae were
harvested from nature, from pollen traps and from the honey
surface. The pollens were tricolpate with Oblate - spheroidal
pollen shape and medium to large pollen size. The features
mentioned in this study are consistent with aerial pollen
research on Euphorbia from this province [41]. Flowering
time of different species of Euphorbia in Kermanshah
province when many flowers are dried this plant produces
many pollen and nectar and is always a very useful plant for
bees.

The Hyacinthaceae family can have its share of pollination
by having nectar flowers, flowers of attractive colors and a
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wide distribution [42]. Our observations in this study also
confirm this and showed as the third most attractive species
for bees.

Other family in this study had a close affinity for bees.
The Fabaceae family was identified as another important
strain in this study. Fabaceae is one of the most important
genera for bees and this is due to the large distribution of
species of this family in Kermanshah province. Butterfly-
like flowers and relatively larger than any other flora in the
area make this family’s attraction to honeybees [39]. Most
members of the Lamiaceae are aromatic, and this feature
plays a major role in the pollination of insect members by
Lamiaceae [42]. Pollen grain in Apiaceae and Brassicaceae is
the nectar of interest to bees.

Today pollenidentification helpsalotinresearch onbees,
identifying honey, identifying plants used by bees, preparing
pollen calendars in space, allergenic pollens and more.
Extracting pollen grains from honey and identifying them
provides valuable and valuable information on the type of
plants used by bees. In addition to being aware of the biology
of honeybees, beekeepers need to identify plant species as
well as the type and amount of nectar and pollen and the
length of flowering period. Using this information and taking
into account the climatic conditions of different regions can
be used to optimize the use of different food sources in bee
nutrition and make this activity more economical. Presently,
European honey bees are naturalized on all continents except
Antarctica and are main component of agricultural systems.
In fact, pollination by honeybees contributes significantly
to global food production. Honeybees pollinate more that
30% of the food we eat. In addition, to providing pollination
services, honey bees also produce other products that people
use including honey, pollen, wax, royal jelly, and propolis
[43,44].

In the our study, valuable information was obtained

from pollen grains collected from bees, as follows, and these
findings are of interest to bees:
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e Flowers with abundant pollen and medium-sized pollen
grains harvested by bees.

e Oblate- Spherical shape is most abundant in the harvest
by bees. In this case the medium and oblate- spherical
pollens adheres to the bees’ tiny flakes or bees pack
these kinds of pollen in special baskets on their feet
better than other shapes and sizes. These pollens are
transferred to the hive and consumed.

e Themoreattractive species of Asteraceae, Euphorbiaceae
and Hyacinthaceae for bees is due to the high dispersal
of species of the above mentioned species. The most
common use of honeybees for the above-mentioned
members of family is due to the presence of attractive
and nutritious substances in their nectar and pollen of
flowers. Itis obvious that the use of these family members
in different agricultural, rangeland and forestry plans, in
addition to restoring vegetation, will be more effective in
bee- keeping, pollination and propagation.

e In addition to spring as the pollination season, autumn
season was classified as the second season for pollination
according to the findings. Today, pollen calendars can be
used as a reliable measure of honey quality.

e (Cold region were deduced from warm regions for
pollination and activity of the target bees.

Conclusion

Some bees prefer herbs because of their aromatic,
flavor and odor as well as other pollen characteristics.
Identifying pollens is important in the development of this
industry. Therefore, studies in this field can provide a broad
and scientific view of increasing production and enhancing
the quality of honey. Factors such as climate, the type of
vegetation of interest to bees could be the basis for further
research.
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