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Abstract: Allergenic pollens are found in gardens, fields and green spaces around cities. In Kermanshah, located in the west of Iran, seven allergen pollen 
samples were collected directly from nature and studied according to the Erdtman acetolysis method by using Light Microscope (LM) and Scanning Electron 
Microscope (SEM). In this study, atmospheric pollens were also examined by the Durham method. The results showed that the pollen grains were small, medium, 
and large in terms of size, and Triporate, Pantoporate, Colpate and Tricolporate in terms of aperture. In addition, they were Striate, Perforate, Macroechinate, 
Microechinate, and Psilate with regard to exine ornamentation; however, the echinate type was more common. In general, Prolate to a spherical shape, medium-
sized, perforate, and echinate pollen characteristics are popular in the important allergenic plants. Therefore, due to the human’s manipulations in nature and also 
the extensive size of gardens and fields, there are many types of weeds in Kermanshah Province which are significant in terms of being allergenic.
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Introduction

Kermanshah province is located between 36″ and 33′ 
to 15″ and 35′ northern latitude and 24″ and 45′ to 3″ and 
48′ eastern longitude of the prime meridian. Aerobiolo-
gical studies examine organisms in the air that include 
the sources, dispersion and effects of these aspects on 
other organisms (1). Pollen analysis generally began in 
the early 19th century. Information obtained from Euro-
pean palynology banks includes data from pollen sta-
tions in different countries (2, 3). There are palynology 
stations in Asian countries, including India and Russia. 
This issue has become increasingly important in many 
developed countries. Nowadays, there are many sites 
for allergies and allergenic pollens. In Moscow, pollen 
calendars have been prepared for atmospheric pollens 
for many years (4, 5, 6, 7, 8). Aerial pollen research has 
also been widely carried out in Turkey (9, 10, 11). Aerial 
pollen studies in Turkey and Pakistan showed that the 
most allergenic pollens belonged to the species Cupres-
saceae, Pinaceae, Poaceae, Plantaginaceae, Moraceae, 
Amaranthaceae, Aceraceae, Juglandaceae, Betulaceae, 
Salicaceae and Polygonaceae (9, 10, 11). Studies in 
Turkey have shown that the exine ornamentation of pol-
len grains in the studied species is the genus Cartha-
mus from the Echinate family Asteraceae (12). It has 
also been reported that pollen grains in Asteraceae are 
usually spheroidal or slightly prolate and tricolporate in 
terms of aperture status and are often echinate regarding 
their exine ornamentation (13, 5, 14). In addition, it has 

been suggested that pollen exine ornamentation in many 
species of the Asteraceae family is Echinate (15). Ranj-
bar et al. reported that pollen grains in the genus Cus-
cuta are Echinate, Microreticulate, and Macroreticulate, 
and the species of this genus are often Colpate (16). The 
morphological characteristics of pollen grains of many 
studied species have been investigated by Medicago 
and Onobrychis and it has been shown that pollen grains 
in the studied species are prolate with reticulated orna-
mentation (4, 17). In another study, the pollen morpho-
logy of 40 species from 13 genera of the Chenopodia-
ceae family from Pakistan was examined by light and 
electron microscopy and it was indicated that the pollen 
grains of all the studied species were spherical, poly-
porate and had echinate ornamentation (18). Pollen re-
search in Nigeria also provided a list of plants that emit 
spores and pollens in different months (19). In addition, 
in North America, a number of allergenic pollen grains 
have been studied morphologically based on the plant’s 
status in terms of tree, shrub, and weeds. The worst type 
of allergenic pollen for humans has also been mentioned 
in this study (20). In a study conducted in the Medi-
terranean area for 8 years, the most frequent allergenic 
pollen belonged to Poaceae, Oleaceae and Asteraceae, 
respectively (21). In Iran, Shafiee studied 18 atmosphe-
ric pollen in Tehran using the Durham method (22). In 
his book, Ghanati also studied the morphology of pol-
lens and noted the effects of pollutants on atmospheric 
pollens (23). Also in Khuzestan province of Iran, certain 
allergenic weeds have been studied and it was shown 
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that the pollen of Salsola kali L. was 80% allergenic 
compared to other allergens and Prosopis sp., among 
the trees, was 60% allergenic among the study popula-
tion (24). In other regions of Iran, investigations of al-
lergenic pollen include: In Islamabad Gharb County, 54 
allergenic species belonging to 43 plant families were 
studied using the Erdtman method with the light micros-
cope, the pollens and spores present in the atmosphere 
were also investigated by the Durham method (25). 

In Kermanshah, 56 allergenic pollens were directly 
collected from nature and examined by a light micros-
cope using the Erdtman method. The morphological 
characteristics of 6 pollen grains were also examined 
by scanning electron microscope (SEM). In this study, 
pollen grains were classified as macroreticulate, micro-
reticulate, granulate, psilate, echinate (macroechinate-
microechinate) and striate in terms of ornamentation. 
Masoumi et al. investigated the morphological charac-
teristics of different allergenic pollens and atmospheric 
pollens collected by the Durham method in two stations 
of Kerend and Kermanshah in the final report of investi-
gation project of aerial palynology of Kermanshah Pro-
vince (26, 27, 28). 

Rashidi examined 50 allergenic pollen samples 
under the light microscope and 6 samples by scanning 
electron microscopy (SEM), 10 of which belonged to 
Kermanshah (29). Badri (2017) found more than 20 at-
mospheric pollen by Durham method and examined 28 
allergenic pollens using Erdtman Method and 6 samples 
using scanning electron microscopy (SEM). These stu-
dies were carried out mostly in the Hasan Abad area 
of Islamabad Gharb County in Kermanshah province. 
Furthermore, some pollens from Kermanshah County 
have also been taken into account (30). The purpose of 
this study was to investigate the morphology of some 
important allergenic pollen grains in Kermanshah and 
to compare the results with previous investigations and 
to complete the information concerning the pollen aller-
gens of Kermanshah province.

Materials and Methods

In this study, Kermanshah County, especially the 
College of Agriculture and Natural Resources of Razi 
University Campus was selected to study pollens in the 
air, and the pollens were directly collected nature and 
herbarium of Kermanshah Razi University (RUHK) 
(Table 1). Durham method (1946) was used for aerial 
pollen studies (31) and the samples were stained with 
Safranine (Figure 4). Samples were also taken direct-
ly from nature by the acetolysis method (according to 
Erdtman, 1945) (32). 

In this study, the dimensions of 7 pollen grains (ta-
ken from nature or herbarium) were examined using a 
scaled eyepiece with a magnification of 400 times of the 
HM-LUX3 light microscope (Table 2). Using a Dino 
Capture mounted on a light microscope, the aperture 
feature (hole or groove) and exine ornamentations of 
pollen grains were photographed (Fig. 4). The neces-
sary measurements were also taken from both the polar 
view and the equatorial view. The pollen grains were 
first inserted into the sputter coater. The SEM (VEGA-
TESCAN model from the Czech Republic) was used 
to prepare electron images with a magnitude of 1000-
10000. These images can reveal details on the walls, 
such as the type of exine ornamentation, the structure of 
apertures (Fig. 1,2,3) (Table 3-7).

Results

Morphological characteristics of important pollen 
grains

Carthamus oxycantha M.B.
Pollen grain was single, medium (26.84±1.59 µm), 

tricolporate, of orate type, spherical or spherical prolate, 
circular outline from polar view, polar axis dimensions 
(23.59, 25.58, 29.70 µm), prolate or spheroidal outline 
from equatorial view, equatorial axis dimensions (14.19, 
26.84, 30.40 µm), polar to equatorial ratio P/E = 1.04, 

No Family Name Herbarium code  Date
1 Asteraceae Carthamus oxycantha M.B 89 21 Aug 2017
2 Asteraceae Xanthum strumarium L. 2645 21 Aug 2017
3 Caesalpiniaceae Caesalpinia gilliesii (Hook.) Dietr 111 24 Oct 2017
4 Amaranthaceae Chenopodium vulvaria L. 2888 14 Oct 2017
5 Convolvulaceae Convolvulus arvensis L. 2768 13 May 2017
6 Cuscutaceae Cuscuta campestris Yunck. 432 23 April 2018
7 Fabaceae Arachis hypogaea L. 2889 13 May 2017

Table 1. List of plant species and their characteristics.

No Name Equatorial axis (E) Polar axis (P) P/E Pollen shape Pollen size (µm) Exine 
ornamentation

1 C. oxycantha 47.43±6.46 35.05±3.56 1.34 prolate medium Microechinate
2 X. strumarium 26.84±1.59 25.58±2.47 1.04 spheroidal medium Microechinate
3 C. gilliesii 40.51±4.89 37.60±10.91 1.07 spheroidal medium Striate
4 C. vulvaria 19.17±2.52 18.23±2.48 1.05 spheroidal small Microechinate

5 C. arvensis 54.50±4.80 49.50±3.85 1.10 spheroidal large Macroechinate-
perforate

6 C. campestris 25.98±6.75 24.10±2.78 1.07 spheroidal medium Psilate
7 A. hypogaea 30.89±4.87 28.40±3098 1.08 spheroidal medium Psilate

Table 2. Pollen characteristics of the species studied by light microscope.
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namentations, wall thickness, width of muri: (0.0-10.30 
µm) and diameter of pores (Lumina size) (0.05-1.50 
µm) (Fig. 2 I, J, K, L).

Caesalpinia gilliesii (Hook.) D. Dietr.
Pollen grain was single, spheroidal, medium 

(40.51±4.89 µm), tricolporate, lobed circular outline 
from polar view, spheroidal outline from equatorial 
view, polar axis dimensions (30.38-37.60-4328 µm), 
equatorial axis dimensions (36-.41-40.51, 44.97 µm), 
polar to equatorial ratio P/E = 1.07, striate, perforate, 
and tricolporate exine ornamentations, width of muri: 
(0.50-2.50 µm) and diameter of pores (Lumina size) 

echinate-perforate pollen grain exine ornamentations, 
wall thickness, width of muri = (0.1-0.4) µm (0.0-10.40 
µm) and Lumina size = (0.05-0.2) µm (0.0-05.20 µm) 
(Fig. 1 A, B, C, D).

Xanthium stromarium L
Pollen grain was single, medium (26.84±1.59 µm), 

tricolporate of orate type, spherical or spherical prolate, 
circular outline from polar view, polar axis dimensions 
(23.59, 25.58, 29.70 µm), prolate or spheroidal outline 
from equatorial view, equatorial axis dimensions (24.19, 
26.84, 30.40 µm), polar to equatorial ratio P/E = 1.04, 
echinate- microclimate pollen, short echinate exine or-

№ Name Aperture Exine ornamentation Aperture 
ornamentation Mode of Muri Width of 

muri (μm)
Lumina 
size (μm)

1 C. gillisii Tricolporate Perforate –microstriate Tuberculate Continuous 0.5-2.5 0.1-0.6

2 A. hypogaea Triporolate echinate- 
microechinate Tuberculate Discontinuous 0.5-1.0 0.05-0.3

3 C. oxycantha Tricolporate macroechinate- 
perforate multituberculate Continuous 0.1-0.4 0.05-0.2

4 C. vulvaria Polyporate Micro echinate-
perforate Echinate Continuous 0.10.3 0.05 -0.1

5 C. arvensis Tricolpate Macroechinate- 
tuberculate Tuberculate Discontinuous 0.4-4.0 0.6-1.4

6 C. campestris Tricolpate Perforate – scabrate multituberculate Continuous 0.3-1.4 0.1-0.7

7 X. strumarium L. Tricolporate Microechinate- 
perforate Perforate Continuous 0.1-0.3 0.05 -1.50

Table 3. Specifications of some pollen grains examined by scanning electron microscopy (SEM).

Small Medium Large
Chenopodium vulvaria L. Arachis hypogaea L. Convolvulus arvensis L.

Caesalpinia gilliesii (Hook.) Dietr.
Carthamus oxycantha M.B.
Cuscuta campestris Yunck.

Xanthum strumarium L.

Table 4. Classification of pollen grains according to their size.

Spheroidal Prolate
Arachis hypogaea L. Carthamus oxycantha M.B.

Caesalpinia gilliesii (Hook.) Dietr.
Chenopodium vulvaria L.
Convolvulus arvensis L.

Cuscuta campestris Yunck.
Xanthum strumarium L.

Table 5. Classification of pollen grains according to their shape.

Striate Microechinate Macroechinate - Perforate Psilate
Caesalpinia gilliesii (Hook.) Dietr. Carthamus oxycantha M.B. Convolvulus arvensis L. Arachis hypogaea L.

Chenopodium vulvaria L. Cuscuta campestris Yunck.
Xanthum strumarium L.

Table 6. Classification of pollen grains according to their exine ornamentation of the wall pollen grain.

 Triporate  (Pantoporate)  (Colpate)  Zonocolpate  (Colporate) 
Cuscuta campestris 

Yunck.
Chenopodium 

vulvaria L
Convvulvulus 
arvensis L. Arachis hypogaea L. Caesalpinia gilliesii (Hook.)  

Dietr.
. Carthamus oxycantha M.B.

. Xanthum strumarium L

Table 7. Classification of pollen grains according to kinds of aperture (porate and colpate).
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(0.10-1.60 µm) (Fig. 1 E, F, G, H).

Chenopodium vulvaria L.
Pollen grain was single, spheroidal, small (19.17±2.52 

µm), perforate the number of which reaches 80, the dia-
meter of pores about 1 , colporate, circular outline from 
polar view and equatorial view, polar axis dimensions 
(14.00-18.23, 20.62 µm), equatorial axis dimensions 
(15.56- 19.17- 22.5 µm), polar to equatorial ratio P/E = 
1.05, microclimate and perforate exine ornamentations, 
width of muri: (0.10-0.30 µm) and diameter of holes 
(Lumina size) (0.05-0.10 µm) (Fig. 3 Q, R).

Convolvulus arvensis L. 
Pollen grain was single, spheroidal, almost balloon-

shaped, large (54.5±4.8 µm), Colpate, three lobes out-
line from polar view and spheroidal from equatorial 
view, polar axis dimensions (41-49.5-57.8 µm), equato-
rial axis dimensions (47-54.5-63.6 µm), polar to equato-
rial ratio P/E = 1.10, Macroechinate and echinate exine 
ornamentations which can be seen at the surface of pol-
len grain and at the edges of circular surface, width of 
muri: (0.4 -40.00 µm) and diameter of pores (Lumina 
size) (0.60-1.40 µm) (Fig. 2 M, N, O, P).

Cuscuta campestris Yunck
Pollen grain was single, spheroidal, medium 

(25.98±6.75 µm), Colpate, three lobes outline from 
polar view and spheroidal from equatorial view, polar 
axis dimensions (20.43-24.10-26.67 µm), equatorial 
axis dimensions (22.38-25.98-34.49 µm), polar to equa-
torial ratio P/E = 1.07, microclimate- perforate exine 
ornamentations, width of muri: (0.30 -1.40 µm) and 
diameter of pores (Lumina size) (0.10-0.70 µm) (Fig. 
3 S, T, U).  

Arachis hypogaea L.
Pollen grain was single, spheroidal, medium 

(25.40±1.5 µm), 3-zonocolpate, spheroidal outline from 
polar view and equatorial view, polar axis dimensions 

(20.24-46.24-10.67 µm), equatorial axis dimensions 
(34.49-22.38-25.98 µm), polar to equatorial ratio P/E = 
1.08, Striate, tilted and perforate exine ornamentations, 
width of muri: (0.50 -1.00 µm) and diameter of pores 
(Lumina size) (0.30-0.05 µm) (Fig. 3 V, W, X).

Discussion

The Asteraceae is one of the largest families in Iran 
and includes many weeds. In terms of pollen grain cha-
racteristics, echinate exine ornamentation is common 
in many of their pollen grains. From this family, two 

 

Figure 1. Micrograph of pollen grains examined by Scanning Elec-
tron Microscope (SEM): A,B,C,D: C. oxycantha; A- The outline of 
pollen grains from a equatorial view that is seen lacuna (2000x); 
B- Another common form of pollen grains (2000x); C- lacuna with 
large magnification (2000x);  D- Exine ornamentation of pollen 
with high magnification, which is characterized by echinate and 
perforate (10000x). E,F,G,H: C. gilliesii; E- The outline of several 
pollen grains with low magnification (6000x); F- The outline of 
pollen grains with greater magnification (2000x); G- The enlarged 
figure is a part of the pollen grains where the colpus is well seen 
(10000x); H- the exine ornamentation within colpus (3000x).

Figure 2. Micrograph of pollen grains examined by Scanning 
Electron Microscope (SEM): I,J,K,L: X. strumarium; I- The out-
line of pollen grains from a equatorial view  with low magnifica-
tion (2000x); J- The outline of pollen grains from a polare view 
(2000x); K- Pollen surface pore (2000x); L- Exine ornamentation 
microechinate (10000x); M,N,O,P: C. arvensis; M- The outline of 
pollen grains from a polare view that is spheroidal (2000x); N- 
Exine ornamentation macroechinate and perforate that is seen at 
pollen level at the edges of circular surfaces (2000x); O- Exine 
ornamentation pollen with a larger magnification seen on the edge 
of the circular area corresponding to the pollen surface (10000x); 
P- Exine ornamentation pollen with larger magnification, which 
can be seen echinate (10000x);

Figure 3. Micrograph of pollen grains examined by Scanning 
Electron Microscope (SEM): Q,R: C. Vulvaria; Q- Exine ornamen-
tation of pollen microechinat and perforate with 400x (10000x); 
R- The outline of pollen grains that is spheroidal (2000x); S,T,U: 
C. campestris; S- The outline of pollen grains from a polar view 
which has 3-colpate (2000x); T- The outline of pollen grains from 
a polar view (2000x); U- Exine ornamentation of pollen that is 
microechinat-perforate (10000x); V,W,X: A. hypogea; V- The 
outline of pollen grains from a equatorial view which has 2-col-
pate (2000x); W- The outline of pollen grains from a polar view 
(2000x); X- Exine ornamentation of pollen that is striate -perforate 
(10000x).
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species of important weeds from this area were studied. 
Carthamus oxycantha is one of the important weeds of 
Kermanshah farms and grows wildly in many farms and 
rangelands of Kermanshah province. This plant is of 
great interest to honeybees because of its nectar and pol-
len. In terms of pollen characteristics, the size of their 
pollens was slightly different from that of Turkey (12) 
and Iran (Noor Abad, Lorestan) (29, 33), which is due 
to the different climatic conditions. Comparison of the 
morphological characteristics of pollen grain of plants 
of the Asteraceae family in the Kermanshah region with 
other researches in this field including Asteraceae pol-
len atlas (34) showed that these pollens are prolate, me-
dium-sized, tricolporate with echinate ornamentation. 
Another weed species of the Asteraceae family in the 
study was Xanthum strumarium, which produces many 
pollens in late fall. The pollen of this plant is spheri-
cal and triangular from polar view, Prolate, and circular 
from equatorial view with echinate exine ornamenta-
tions. 

Also, the pollen characteristics such as pollen grain 
size of this species were almost similar in the author's 
research and other studies. It should be noted that 

using the Durham method, atmospheric pollens in Ker-
manshah area include pollen of Tragopogon graminifo-
lius DC., Taraxacum officinale (L.) Weber ex F.H. Wigg 
and ornamental species such as Calendula officinalis 
L., Gazania rigens (L.) Gaertn., Tagetes erecta L. and 
agricultural species Helianthus annuus from Astera-
ceae family; in terms of morphological characteristics, 
these pollens were highly similar to studied species of 
this family which were directly harvested from nature. 
Caesalpinia Gilliesii, from the Caesalpinaceae family, 
was studied. The shape of the pollen grain in this genus 
is spheroidal, tricolporate with striate ornamentations. 
Studies in Kermanshah on Gleditsia capsica and Cer-
cis siliquastrum have shown that the different genera 
of this family have many similarities in shape, aperture 
and ornamentation (33). Also, pollen samples of Cae-
salpina gilliesii were observed on the surface of slides 
in the Durham method. From the Chenopodiaceae fa-
mily, Chenopodium vulvaria L. was investigated. The 
pollen grains were pantoporate and spheroidal. In this 
species, the number of pores is about 30 to 40, and these 
pollen characteristics are in line with research in Pakis-
tan on Chenopodiaceae, which is now integrated with 
Amaranthaceae (10). In addition, research in the Ural 
region of Russia on the pollen of Chenopodium sp., the 
number of pollen pores has been reported to be 30-40 
(26). In Chenopodium sp. from Kermanshah, the pollen 
was spheroidal, small, multi-porous and having similar 
characteristics to the genus Chenopodium sp. studied in 
Kermanshah province and exine ornamentation of pol-
len grain was microechinate microclimate and polypo-
rate in both genera. However, other studies conducted 
in Mexico on Atripelix species shown that the ornamen-
tation is monotuberculate (23). Research in Pakistan on 
40 species of this plant family provided similar pollen 
characteristics (10). In the species obtained from aerial 
pollens by the Durham method, many pollens from 
the Amaranthaceae family were observed. From the 
Convolvulaceae family, the Convolvulus arvensis spe-
cies was studied; the pollen was classified as spheroidal 
in shape and large in size. Also, exine ornamentations 
of pollen grains are perforated and macroechinate. Stu-
dies in South America indicated that the shape of pol-
len is spheroidal, tricolporate and the ornamentation are 
echinate (35). In a study of 9 species of genus Convol-
vulus, it was indicated that pollen grains are tricolpo-
rate with echinate ornamentation (14). In the studied 
samples, the pollen grains had many similarities with 
the above researches. In the species obtained from aerial 
pollens by Durham method, some pollen of Convolvu-
lus arvensis L. were found on the slides. The species of 
Cuscuta campestris Yunck from the Cuscutsceae family 
were studied. Its pollen was spheroidal in shape, and 
medium in size (26.97 µm) and polar to equatorial axis 
ratio was 1.07, the exine ornamentation of pollen grain 
was microechinate which is similar to the research done 
by Ranjbar et al. (16). From the Fabaceae family, Ara-
chis hypogaea L. species was investigated where the 
pollen grains were spheroidal, and 3-zonocolpate and 
the exine ornamentation was perforated and Striate. 
Whereas, investigations by Chaturvedi on such species 
were reported to have perforated with stretched-edge 
exine ornamentations (36). Some researchers (37-40) 
suggested the microspores in mid-uninucleic stage for 

Figure 4. Images obtained from Light Microscope (LM) for pollen 
grains of studied species prepared by Erdtman acetolysis method: 
A- Pollen grain image C. oxycantha; B,C: Pollen grain image X. 
strumarium: B- The outline of pollen grains from a equatorial view 
with echinate ornaments; C: The outline of pollen grains from the 
polar view with Orate is clear; D,E: - Pollen grain image C. gillie-
sii; D- The outline of pollen grains from the polar view with colpi 
are clear; E- The outline of pollen grains from an equatorial view 
with striate ornaments; F- Pollen grains C. vulvaria from an equa-
torial view microechinate ornament is clear; G- The outline of the 
pollen C. arvensis the porates are clearly; H- The outline of pollen 
grains from a equatorial view C. campestris; I- The pollen colpus 
that is seen on the flank C. campestris; J- Pollen grain image A. 
hypogea from a equatorial view and polar view that is spheroidal; 
scale = 20 µm.

Figure 5. The image of pollen grains collected from the Ker-
manshah region. Images obtained from Light Microscope (LM) 
images for pollen grains of species examined by Durham's method: 
A- C. gilliesii (400x), Kermanshah, 25 April 2018; B, C- Cheno-
podium sp. (400x), Kermanshah, 28 Aug 2017; D- Convolvulaceae 
(400x), Kermanshah,26 June 2018.
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androgenesis.
Fabaceae family vary widely in the morphology of 

pollen grains and have different types of orate Tricolpo-
rate pollen grains or perforated Tricolporate (2, 3 or 4 
colpi) perforated. 

The pollen grain of 7 plant species belonging to 
6 families was studied which were very different in 
terms of morphology. The shape of pollen grain in the 
studied species varied from prolate to spheroidal. The 
pollen grain size in the study area was small, medium 
and large; the medium size was more common in most 
species. In terms of pollen grains’ aperture status, Pan-
toporate, Colpate, and Tricolporate statuses were obser-
ved. The exine ornamentations were Striate, Echinate, 
Macroechinate, Microechinate, and Psilate. The exact 
details of exine ornamentations of pollen grains were 
observed by using SEM and the results were: Striate, 
perforated, Striate and tilted, Microechinate, perforated, 
Macroechinate, macrotuberculate, and sandpaper-per-
forated. In the Durham atmospheric pollen method, the 
allergenic pollen grains of different plant families in the 
study area were observed. 

Acknowledgments
The authors would like to thank Razi University Herba-
rium in Kermanshah (RUHK) for providing and iden-
tifying the species under study. Thanks to Zagros Bioi-
dea Co., Razi University Incubator for all supports.

References 

1. Edmonds RL. (ed). Aerobiology, the ecological systems ap-
proach. US/IBP synthesis series 10, Dowden pp. 24-41. Hutchinson 
& Ross, Inc. Strasburg. Pennsylvania. 1979; pp. 386.
2. Abreu I, Ribeiro H, Cunha M. An. Aerobiological study of the 
Porto region (Portugal). Aerobiologia. 2003; 19: 235-241.
3. D'Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano I, 
Behrendt H, Liccardi G, Popov T, Cauwenberge P. van. Allergenic 
pollen and pollen allergy in Europe; Allergy. 2007; 62:976-90. 
4. Kupriyanova LA, Aleshina LA. Pollen of dicotyledonous plants 
of the flora of the European part of the USSR, Leningrad: Nauka, 
1972; 438 p. (In Russian).
5. Melikyan. NR, Principle and Methodology of the airopalynolo-
gical research, KMK, Partnership of scientific publications KMK, 
Moscow, 1999; 148 p. (In Russian).
6. Severova E, Polevova S. Three years of pollen monitoring in 
Moscow: preliminary pollen calendar for 1993-1995 /Goodman 
D.K., Clarke R.T. (eds.) Proc. IX Intern. Palynol. Congr. Texas, 
USA: 1996. AASP Foundation 2001; P. 579-563.
7. Severova E, and Polevova S. Aeropalynological calendar for 
Moscow, Ann. Agric. Environ. 1994; Med. 3 -115-119.
8. Siljamo P, Sofiev M, Severova E, Ranta H, Kukkonen J, Pole-
vova S, Kubin E, Minin A. Sources impact and exchange of early-
spring birch pollen in the Moscow region and Finland. Aerobiologia. 
2008; 24: 211–230.
9. Ozturk M, Guvensen A, Gucel S, Alty V. An overview of the 
atmospheric pollen in Turkey and the Northern Cyprus 2013; Pak. 
J. Bot., 45: 191-195.
10. Pinar N.M, Sakiyan N, and Kaplan A. one-year aeropalynologi-
cal study at Ankara, Turkey. Aerobiologia. 1999; 15: 307-310.
11. Tosunoghlu, A, Bicakci Malyer H, and Sapan N. Airborne pollen 
fall in Koycegiz specially protected area (SW. Turkey), Fresenius 
Environ Bull. 2009; 1860-1865.
12. Bülbül AS, Tarıkahya Hacıoğlu B., Arslan Y,  Subaşı I. Pollen 

morphology of Carthamus L. species in. Anatolian flora. Plant Syst. 
Evol. 2013; 299: 683-689.
13. Biyiklioglu O, Ceter T, Bani B. Pollen and Achene Morphology 
of Some Centaurea L. Taxa (Asteraceae), Turkey, Mellifera, 2018. 
18(2):26-36. 
14. Menemen, Y, & jury SL. Pollen studies on some species of the 
genus Convolvulus (Convolvulaceae) from morocco. Turk J Bot. 
2002; 26: 141-148.
15. Abdullahi-Alanamu A, Oritsetimeyin SA, Taofik G, Opeyemi 
SK, Ganiyu SO, Felix AO. Aeropalynological Investigation of the 
University of Ilorin, Ilorin, Nigeria. J of Appl Sci Environ Manage-
ment. 2015; Vol. 19 (1) 53 – 63.
16. Ranjbar Z, Ijtihadi H, Vaezi J, Memariani F. Pollination and Mi-
crostructure of Sesame Species (Cuscuta L.) in Khorasan Province. 
Journal of Vegetation Res (J of Biol Scie of Iran), 2014; 28 (4). (In 
Persian).
17. Ghanavati F, Mozaffari J, Masoumi AA, Kazempour S. Morpho-
logical studies of pollen grains of Medicago species in Iran. 2007; J 
Crop Sci. 9(2):184-199. 
18. Perveen A, Qaiser M. Pollen flora of Pakistan-Lxx Chenopodia-
ceae; Pak. J Bot., 2012; 44(4): 1325-1333.
19. Adekanmbi OH. Pollen Grains of Asteraceae and Analogous 
Echinate Grains, I J Bot. 2009; 5(4):295-300.
20. Blahd W. Best and Worst Flowers for People with Allergies, Web 
MD Medical 2017; Available at: https://www.webmd.com/allergies/
best-worst-plantson. 
21. D'Amato G1, Lobefalo G. Allergenic pollens in the southern 
Mediterranean area J Allergy Clin Immunol 1989; 83(1): 22-116.
22. Shafiee A. Studies of atmospheric pollen in Tehran, Iran, Ann 
Allergy 1976; 37:133. (In Persian).
23. Ghanati F. Pollen biology, Armos Publishing, Qum, Iran. 2005; 
144 p. (In Persian).
24. Zare Marzouni H, Akrami R, Shalilian M, Kalani N, Noori 
Ahmadabadi M, and Kooti W Investigating the Prevalence, Deter-
mining the Effects of Immunologic Sensitization and Clinical Symp-
toms Related to Allergens Existing in Khuzestan: J Fasa Univ Med 
Sci. 2016; 6: 96-105. (In Persian).
25. Hayati F. Aeropalynological in Islam Abad area, MSc Thesis, 
Payame Noor University of Tehran. Tehran, Iran. 2009; 105 p. (In 
Persian).
26. Masoumi, SM. Palynology. University Press, Razi University, 
Kermanshah, Iran. 2016; 64. (In Persian).
27. Masoumi, SM. Plan for equipping and completing of Herbarium 
at Razi University, Kermanshah, Iran. 2008; 65 p (In Persian).
28. Masoumi, SM. Survey Aeropalynology Kermanshah, Final Re-
port of Razi University Research Project 2009; 104 p. (In Persian). 
29. Rashidi S, A study of some allergenic pollen Lorestan and Ker-
manshah provinces, MSc Thesis, Razi University of Kermanshah, 
Kermanshah, Iran. 2016; 141 p. (In Persian).
30. Badri F, Investigation of aeropalynological and fungal spores in 
Hasan Abad area (Kermanshah province). MSc Thesis, Razi Univer-
sity of Kermanshah, Kermanshah, Iran. 2017; 103 p. (In Persian).
31. Durham OC. The volumetric incidence of atmospheric allergens. 
IV. A proposed standard method of gravity sampling and volumetric 
interpolation of results // J. Allergy– V 1946; 17: 79-86.
32. Erdtman G. The acetolysis method. Svensk Botanisk Tidskrift 
1960; 54: 561-564. 
33. Rostami A. Morphological Characteristics of Kermanshah Aller-
gic Pollen. MSc Thesis, Boroujerd Azad University, Boroujerd, Iran. 
2009; 117 p. (In Persian).
34. Melikyan, NR, Bovina IYu, Kosenko YaV, Polevova SV, Seve-
rova EE, & Tokleva, MV, Tokarev PI. Atlas pollen grains of Astera-
ceae. Moscova: Partnership of scientific publications KMK. 2004; 
236 p. (In Russian). 



38

The Micromorphology of allergenic pollen in Kermanshah.

Cell Mol Biol (Noisy le Grand) 2019 | Volume 65 | Issue 8

Seyed Mohammad Masoumi et al.

35. Telleria MC, and Daners G. Pollen types in Southern New World 
Convolvulaceae and their taxonomic significance. Plant Syst. Evol. 
2003; 243: 99-118.
36. Chaturvedi M, Yunus D, & Nair PKK. Cytopalynological stu-
dies of Arachis (Leguminosae). Grana, 1990; 29(2): 109-117.
37. Kahrizi D, Mohammadi R. Study of androgenesis and sponta-
neous chromosome doubling in barley (Hordeum vulgare L.) geno-
types using isolated microspore culture. Acta Agron Hungari 2009; 
57(2): 155–164.

38. Kahrizi D. Study of androgenesis and spontaneous chromosome 
doubling in barley (Hordeum vulgare L.) advanced line using isola-
ted microspore culture. Int J Plant Breed 2009; (3) 2: 111-114.
39. Kahrizi D. Mahmoodi S.  Bakhshi Khaniki GR, Mirzaei M.  Ef-
fect of genotype on androgenesis in barley (Hordeum vulgare L.). 
Biharean Biologist 2011; 5(2): 132-134.
40. Kahrizi D, Mirzaei, M. Induced Androgenic Embryogenesis in 
Cereals. 2012; InTech Publications.


