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Pollen

Pollen morphology of four taxa of the genus Carpinus growing in Iran was examined, using light (LM) and
scanning electron microscopy (SEM). The main aim of this study is to determine the pollen morphology of this
genus in Iran and finding the pollen characteristics. The pollen grains are triporate, tetraporate and pentaporate and
more or less subprolate. The shape of pores are more or less circular, the surface sculpture of exine is irregularly
cone-shaped and the apex is pointed. C. orientalis Miller subsp. macrocarpa (Willk.) Browicz and C. betulus var.
parva have the largest and smallest pollen size (mean = 35.18 + 3.96 um) and (mean = 24.95 + 0.18 pm),
respectively.
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Introduction Asia. Coryloideae have been supported as a
Betulaceae is divided into two subfamilies monophyletic group (Bousquet et al., 1992; Chen &

(Coryloideae and Betuloideae). Coryloideae comprises
ca. 45 species classified in 4 genera: Carpinus L.,
Corylus L., Ostrya Scopoli and Ostryopsis Decne.
Carpinus is the largest genus of Coryloideae with about
35 species. The genus has an intercontinental disjunct
distribution in Europe, North America and Eastern

Zhang, 1991; Yoo & Wen, 2007). The subfamily is
defined based on several characteristics including
nutlets without lateral wings, vessels without spiral
thickenings, absence of tracheids and pollen without
arci (Thorne, 1992; Mabberley, 1997; Chen, et al.,
1999). Chen (1991) studied pollen of 6 genera of
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Table 1. Material used for pollen morphology of taxa of the genus Carpinus in Iran.

Taxon Locality

C. betulus L. var. betulus m, 10.2.2009

Eastern = Azerbaijan:

C. betulus L. var. parva O. Biosphere Reserve,

Radde

Golestan: Aliabad, Zaringol, 1180 Akhondnejad

village Tolikan, 1150 m, 7.3.2009

C. orientalis Mill. subsp.
macrocarpa (Willk.) Browicz m, 10.3.2009
Mazandaran: Amol,

C. orientalis subsp. orientalis 1720 m, 12.3.2009

Gilan: Hashtpar, Karganrood, 333 Akhondnejad

Collector Herbarium and Voucher no.
HNBG, 10677
Arasbaran Akhondnejad
intersection HNBG, 10678
HNBG, 10682
Chamestan, Akhondnejad HNBG, 10681

Betulaceae in China and resulted in favour of the Abbe
(1974), which divided Betulaceae in 3 tribes: tribe
Betuleae (Alnus and Betula), tribe Coryleae (Corylus)
and tribe Carpineae (Ostryopsis, Carpinus and Ostrya).
Betulaceae and Corylaceae pollen grains have been
widely investigated in palynological investigations
concerned with such topics as allergy (El-Ghazaly et
al., 1995; Henricsson et al., 1996), pollen exine
substructure (Claugher & Rowley, 1987), pollen wall
ontogeny (Dunbar & Rowley, 1984) as well as pollen
production and aerobiology (Spieksma et al., 1995).
The terminology follows those recommended by Punt
et al. (2007) at level of light microscope, it is not
always possible to identify individual dispersed pollen
further than the generic level although subgroup can be
recognized within some types. There aren’t adequate
evidences that scanning electron microscopy can show
fine details of ornamentation in all species. The studies
using transmission electron microscopy have provided
a finer level of detail concerning aperture (Kedves &
Pardutz, 1983), although it does not provide a practical
method to identification of dispersed pollen grains.

The family Betulaceae and Corylaceae will be
considered together due to the similarities between
their pollen grains and their close systematic affinities.
This account is also cross referenced to that of
Myricaceae (Punt et al, 2007) because of the strong
palynological similarities (Edward,1981) and they
usually appears close together in general pollen
identification keys (Moor et al.,1991). However, pollen
grains of Carpinus are more rounded and the exine is
thinner. Carpinus can readily be distinguished from the
other pollen types of Betulaceae and Corylaceae by its
larger size (but there are problems with the size of
pollen because size of pollen grains varies within a
sample derived from a single catkin (Blackmore et
al.,2003).

Data on pollen morphology of Carpinus are lacking
for the Iranian species. The aim of the present research
was to study the diversity and range of variation of the
pollen morphological characteristics of the genus

Carpinus in Iran and to check if these data improves
the taxonomy of the genus. According to Browicz in
Flora Iranica (1972), two species of Carpinus exist in
Iran: C. betulus L. with two varieties: C. betulus var.
betulus and C. betulus var. parva O. Radde and C.
orientalis Miller with two subspecies: C. orientalis
subsp. macrocarpa (Willk.) Browicz and C. orientalis
subsp. orientalis. According to Sabeti (1972), four
species of Carpinus exist in Iran: C. betulus, C.
macrocarpa Willk., C. orientalis and C. schuschaensis
H. Winkl.. Ghahraman (2004) presented two species
Carpinus orientalis and Carpinus betulus in Iran.

Materials and Methods
Pollen materials were obtained from their natural
habitats and herbarium specimens of Nowshahr
Botanical Garden (HNBG). The localities and numbers
of voucher specimens are presented in Table 1. Fertile
Anthers were processed according to the standard
acetolysis method (Erdtman, 1943). For SEM
observations, the pollen grains from mature anthers
were mounted using a fine needle on aluminum stubs
with double sticky tape. Prepared stubs were sputter
coated with gold in 2-6 minutes (LEO 440i, England).
After coating, the specimens were observed with a
scanning electron microscope at 15-25 KV voltages.
Measurements of pollen grains were taken from the
SEM micrographs. The average of polar and equatorial
axes was based on the measurements of 10-15 pollen
grains. The pollen morphological terminology follows
that by Punt et al. (2007).

All SEM photomicrographs were taken at the
laboratory of Plant Cell Biology, Science and Research
Branch, Islamic Azad University, Tehran.

Results

The size of pollen grains is shown in table 2. The
smallest pollen is found in C. betulus var. parva, the
length of polar axis 24.95 £+ 0.18 um and equatorial
diameter 23.15 + 0.13 um. The largest pollen belongs
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Table 2. Summary of pollen morphological data of different taxa of Carpinus species; polar length (P), equatorial
width (E), thickness of exine (L), aperture dimensions (A), density of sculptural elements (S). Measurements in pm,;

density of sculptural elements in number per 100 pm.

Characteristics P E
T Mean + SD Mean + SD F/E L A S
axa Min - Max Min - Max
32.63 £ 2.59 27.81 + 0.72
C. betulus var. betulus 30.12-35.6 26.34-30.02 1.2 1.53 3.32x1.86 450
2495 + 0.18 23.15 £+ 0.13
C. betulus var. parva 23072 23233 1.02 1.17 1.42 x 1.2 200
. . 3353 £ 1.28 28.12 £ 2.26
C. orientalis subsp. macrocarpa 34348 25 06-30 1.24 1.19 3.23 x1.29 450
. . . . 35.18 £ 396 28.16 = 1.01
C. orientalis subsp. orientalis 293-37.22 26.79-78.84 1.19 1.75 4.23 x2.93 500

to C. orientalis subsp. macrocarpa, the length of polar
axis 33.53 £ 1.28 pum and equatorial diameter 28.12 +
2.26 um. The smallest thickness of exine is found in C.
betulus var. parva (1.02 um) and the largest thickness
of exine pollen belongs to C. orientalis subsp.
orientalis (1.75 um). The smallest aperture dimension
is found in C. betulus var. parva (1.42 x 1.2 um) and
the largest aperture dimension pollen belongs to C.
orientalis subsp. orientalis (423 x 293 pnum).
According to the classification of shape and ratio of
P/E by Erdtman (1943), the shape of the most of the
taxa examined is subprolate, except C. betulus var.
parva which is prolate sphaeroideus (table 2). The
shape of the pores is more or less circular, margins are
distinctly smooth, with a very slight aspis formed by
the thickening of the tectum. This aspis area was
observed in all of the taxa examined in this research by
SEM, not in LM and this could be due to desiccation.
Surface sculpture of exine is irregularly cone-shaped
and the apex is pointed (Fig. 2). Sculptural density
varies between 200-500 elements per 100 pm®

Discussion

This study shows some differences in pollen grains of
Iranian Carpinus species based on number of the pores.
Triporate and tetraporate types were seen in C. betulus
var. parva. Tetraporate type was seen in C. orientalis
subsp. macrocarpa, and pentaporate type in C. betulus
var. betulus and C. orientalis subsp. orientalis. It also
confirms the results from the previous research that
Carpinus 1is generally triporate or tetraporate and
pentaporate  (Wodehouse, 1935; Punt et al,
2007,Takhtajan,1980) and shows some new objectives
for researchers.

Moreover, Chen studied pollen of six genera of
Betulaceae that includes Carpinus pubescens Burkill,
C. tschonoskii Maxim, C. laxiflora (Siebold & Zucc.)
Blume and C. japonica Blume and verified that

Carpinus species has 3 pores. The current results were
not in favour of Iranian Carpinus species, in the order
of different size of studied Carpinus species. The
pollen of the Iranian Carpinus species is a little bigger
than Chinense Carpinus speies (Chen 1991).

The main shape is subprolate as can be seen in all of
the Iranian Carpinus species except C. betulus var.
parva. The size of pollen and thickness of exine are
nearly confirmed with Blackmore et al.,(2003) and
Punt et al., (2007), but the P/E ratio in their research
and Chen's (1991) research were suboblate less often
oblate, in this research pollen shape were subprolate or
prolate-sphoroidal.

All species show a sunken area around the pore in
SEM (not in LM) and apertures are simple and
prominent. The ornamentation is variable and
irregularly arranged. The density of sculptural elements
is variable (200-500 per100 um?). These results are a
kind of pollen description in Iranian Carpinus species
and they also indicated that main characteristics of
pollen are pores, density of sculptural elements and
thickness of exine.
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Carpinus orientalis subsp. orientalis
Fig. 1. Pollen grains of the taxa examined (left: light microscopy, center and right: electron microscopy).



237 Pollen morphology of Carpinus

Bousquet, J., Strauss, S. H. & P. Li, P. 1992: Complete
congruence between morphological and rbcL-based
molecular phylogenies in birches and related
species (Betulaceae). -Molecular Biology Evolution
9:1076-1088.

Browicz, K. 1972: Corylaceae in Rechinger, K. H (ed.),
Flora Iranica, no. 97. -Akademische Druck-u.
Verlagsanstalt, Graz.

Chen, Z. D. & Zhang, Z. Y. 1991: A study on foliar
epidermis in the Betulaceae. -Acta Phytotax. Sin. 29
(2): 156-163.

Chen, Z. D. 1991: Pollen morphology of the
Betulaceae. -Acta phytotaxonomica Sinica 29 (6):
494-50.

Chen, Z. D., Manchester, S. R. & Sun, H. Y. 1999:
Phylogeny and evolution of the Betulaceae as
inferred from DNA sequences, morphologeny and
paleobotany. -American Journal of Botany 86:
1168-1181.

Claugher, D. & Rowley, J. R. 1987: Betula pollen grain
substructure revealed by fast atom etching. -Pollen
et Spores 29 (1): 5-20.

Dunbar, A. & Rowley, J. R. 1984: Betula pollen
development before and after dormancy: Exine and
intine. -Pollen et Spores 26: 299-338.

Edward, K. J. 1981: The separation of Corylus and
Myrica pollen in modern and fossil samples. -Pollen
spores 23: 205-218.

El-Ghazaly, G., Takahashi, Y., Nilsson, S., Grafstroem,
E. & Berggren, B. 1995: Orbicules in Betula
pendula and their possible role in allergy. -Grana
34: 300-304.

Erdtman, G. 1943: An Introduction to Pollen Analysis.
-Waltham Mass., 239 pp.

Ghahreman, A. 1990: Plant Systemstics, Cormophytes
of Iran. -Tehran University Publication, 736 pp.

IRAN. J. BOT. 17 (2), 2011

Henricsson, S., Westerholm, R., Nilsson, S. &
Berggren, B. 1996: Chemical characterization of
extractable compounds found in the coating of birch
(Betula) pollen. -Grana 35: 179-184.

Kedves, M. & A. Pardutz. 1983: Studies on the pollen
grains of recent Castaneoideae: 2. -Acta
Universitatis Szegediensis Acta Biologica 29 (1-4):
77-88.

Mabberley, D. J. 1997. The Plant Book. 2nd ed. -
Cambridge University Press, Cambridge.

Moore, P. D., Webb, J. A., Collinson, M. E. 1991:
Pollen Analysis.(second edition). -Blackwell
Scientific Publication, Oxford, 216pp.

Punt, W., Hoen, P. P., Blackmore, S., Nilsson, S. and
Le Thomas, A., 2007: Glossary of pollen and spore
terminology. -Review of Palacobotany and
Palynology: 143 (1-2): 1-81.

Sabeti, H. 1976: Forests, Trees and Shrubs of Iran. -
Yazd University Publication, 431 pp.

Spieksma, F. T. M., Emberlin, J., Hjelmroos, M., Jager,
S. & Leuschner, R. M. 1995: Atmospheric birch
(Betula) pollen in Europe: trends and fluctuations in
annual quantities and the starting dates of the
seasons. -Grana 34: 51-57.

Takhtajan, A. 1980: Outline of the classification of
flowering plants (Mognoliphyta). -Bot. Rev. 46 (3):
225-359.

Thorne, T. F. 1992: Classification and geography of the
flowering plants. -Botanical Review 58: 225-348.
Wodehouse, R. P. 1935: Pollen Grains, their Structure,
Identification and Significance in Science and
Medicine. -McGraw-Hill, New York, New York,

USA.

Yoo, K. O. & Wen, J. 2007: Phylogeny of Carpinus
and Coryloideae (Betulaceae) based on chloroplast
and nuclear ribosomal sequence data. -Plant
Systematics and Evolution 267: 25-35.



