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Abstract. The pollen morphology of eight species from three subgenera and five sections
of the genus Allium L. was studied by LM and SEM (i.e.: A. angulosum, A. carinatum,
A. senescens subsp. montanum, A. oleraceum, A. scorodoprasum, A. ursinum, A. victorialis
and A. vineale). The material came from natural sites of these species located in Poland,
Czech Republic, Austria and Italy. For measurements a sample consisted of 30 pollen
grains. In total, 240 pollen grains were analysed. They were analysed in respect to six
quantitative features (i.e.: length of long axis — LA, length of short axis — SA, thickness of
exine along long axis — Ex, SA/LA and Ex/LA ratios and length of sulcus) and the follow-
ing qualitative ones: pollen outline and shape, exine ornamentation. Taxonomic value of
these pollen features is considerable, especially on the sections level. On the basis of these
features, it is impossible to distinguish individual Allium species but only their groups.
The examined features were characterized by moderate (LA, SA and SA/LA) or high var-
iability (Ex, Ex/LA). Among studied species the lowest variability was found in A. victo-
rialis and the highest in A. vineale and A. oleraceum.
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INTRODUCTION

Allium L. is a very diverse and species-rich (about 700-800 species) genus distribut-
ed all over the whole northern hemisphere, with the main centre of diversity in the
mountains of Southwest and Central Asia [Fritsch and Friesen 2002, Erhardt et al. 2008,
Friesen 2008, Block 2010].
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The species from genus Allium are morphologically very diversified, therefore,
many taxonomical problems remain unsolved [Gurushidze et al. 2007]. In the 19" cen-
tury, the Allium genus was divided into 6 groups. In the second half of the 20" century,
first 3 subgenera and 12 sections were separated, next — 5 subgenera and 16 sections
and, later on — 6 subgenera and 54 sections and subsections [Kamenetsky and Rabinow-
itch 2004]. Systematics was based on the origin of plants as well as morphological,
anatomical, cytological and serological traits. Among others, numerical taxonomy was
applied [El-Gadi and Elkington 1977, Fritsch 1996]. With the course of time, thanks to
the performed genetical analyses, verification of systematic affiliation became easier.
Fritsch and Friesen [2002] divided genus Allium into 14 subgenera. In the most recent
publications of Friesen et al. [2006] and Neshati et al. [2009], the genus is divided into
15 subgenera and 72 sections.

Our knowledge concerning pollen morphology of species from the Allium genus is
far from being complete. Although, in recent years, numerous researchers have investi-
gated this area, their studies have focused on some selected, frequently very rare species
representing the flora of a given country or even region [Namin et al. 2009, Neshati et
al. 2009, Ozhatay and Kogyigit 2009, Ozler and Pehlivan 2010].

For our studies, species of extensive distribution, common all over Europe and some
also in Asia representing three different subgenera and five sections were selected
[Davies 1992, Rabinowitch and Currah 2002].

Majority of palynologists consider the sulcus (ectoaperture) features as diagnostic
characters of pollen grains of the Allium genus. Other important features include: exine
ornamentation, length of pollen grains, pollen shape, number and diameter of perfora-
tions, operculum presence or absence and operculum type [Nair and Sharma 1965, Rad-
ulescu 1973, Kupriyanova and Aliev 1979, Pastor 1981, Diez 1987, El-Sadek et al.
1994, Kosenko and Kudryashova 1995, Tolgor 1995, Ko¢ 2001, Bogdanovi¢ et al.
2008, Namin et al. 2009, Neshati et al. 2009, Ozhatay and Kogyigit 2009, Ozler and
Pehlivan 2010, Maassoumi et al. 2014].

The aim of the present study was to describe the morphology of pollen grains of
eight selected European Allium species and to define the rank of the diagnostic features
of grains of the species under study. In addition, attempts were also made to establish to
what extent pollen morphology of the examined species corroborates the division of the
Allium genus into subgenera and sections adopted in classical taxonomy [Friesen et al.
2006]. Another goal was to analyse the variability of pollen grains of the selected
Allium species because, so far, it has not been the object of separate palynological studies.

MATERIAL AND METHODS

Research material. The study was conducted on eight Allium species which repre-
sent three subgenera and five sections of the genus Allium. A list of the analysed spe-
cies, with their affiliation to particular subgenera and sections, is shown in table 1. Due
to the lack of a consistent taxonomic system of the Allium genus, in this paper, the taxo-
nomic classification of the studied species was adopted from Obhri et al. [1998] and
Friesen et al. [2006].

Acta Sci. Pol.


http://ovidsp.tx.ovid.com/sp-3.4.1a/ovidweb.cgi?&S=PHODFPEFFHDDEDILNCCLLBJCADBHAA00&Search+Link=%22Kupriyanova%2c+L+A+%28Kuprianova%2c+L+A%29%22.au.
http://ovidsp.tx.ovid.com/sp-3.4.1a/ovidweb.cgi?&S=PHODFPEFFHDDEDILNCCLLBJCADBHAA00&Search+Link=%22Aliev%2c+T+A%22.au.

Pollen morphology of selected European species of the genus Allium L. (Alliaceae) 67

The palynological terminology used in the study follows Punt et al. [2007] and Hes-
se et al. [2009].

Pollen samples of eight species of Allium came from natural sites located in Poland,
the Czech Republic, Austria and Italy. Plant material was collected in the herbariums of
the W. Szafer Institute of Botany in Krakow (KRAM), Institute of Botany of Jagielloni-
an University in Krakow (KRA), Adam Mickiewicz University in Poznan (POZ) (tab.
1).

Table 1. List of localities of Allium species studied

Subgenus Section Species Localities and position Collector, herbarium

Poland, Karpaty Mts,
A. scorodoprasum

Allium [Ohri et al. 1998] Pawlikowice Bartoszek W., KRA
49°55’0”N, 20°5°0”E
A. vineale Poland, Lesno
Alli . i Borek R., KRA
Allium um [Ohri et al. 1998] 53°56°58”N, 17°42°0”E
A. oleraceum Poland, Roczyny .
Codonoprasum [Friesen 2008] 49°51°0°N, 19°19°0°E Zajac A.M., KRA
A. carinatum Italy, Dolomites Mts .
Codonoprasum [Ohri et al. 1998] 46°26°0°N, 11°51°0°E Zajac A.M., KRA
. A. ursinum Poland, Klaczowa
Amerallium  Arctoprasum [Pich et al. 1998] 49°52°9°N, 21°48°6"E Towparz K., KRA
. A. angulosum Czech Republic, Kojetice .
Rhizirideum [Ricroch etal. 2005]  49°8°57°N, 15°49°32°E Reitmayer J.L., KRAM
. A. victorialis Poland, Glinianka Michalewska A.,
Anguinum

Rhizirideum [Ohri et al. 1998] 50°28°28”N, 22°18’25”E Nobis M., KRA

A. senescens subsp.
Rhizirideum montanum
[Ricroch et al. 2005]

Czech Republic, Stramberk

49°35°30"N, 18°7°2"E Otruba J., POZ

KRA — Institute of Botany of Jagiellonian University in Krakow, KRAM — W. Szafer Institute of Botany in
Krakow, POZ — Adam Mickiewicz University in Poznan

For the measurements samples were acetolysed according to Erdtman’s method
[1960]. The acetolysing mixture was made up of 9 parts of acetic acid anhydride and
one part of concentrated sulphuric acid and the process of acetolysis lasted 2.5 minutes.

A sample consisted of 30 mature, correctly formed pollen grains. For each species
after 30 grains was measured. In total, 240 pollen grains were analysed.

Pollen grains were analysed for six quantitative features, i.e. length of long axis
(LA), length of short axis (SA), thickness of exine along long axis (Ex), and SA/LA and
Ex/LA ratios and length of sulcus, as well as the following qualitative traits: pollen
outline and shape, exine ornamentation.

Light and scanning electron microscopy. The observations were carried out with
light microscope (LM) (Biolar 2308, Nikon HFX-DX). Pollen grains were prepared in
glycerine gelly and measured using the eyepiece (ocular) with scale. Then the direct
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results of measurements were recalculated into micrometers by multiplying them by 2.
The used eyepiece and lens scales require a conversion of the measurement results to
micrometers (um).

For SEM (scanning electron microscope) investigations pollen samples from flowers
at the beginning of anthesis were taken from field collections or from herbarium speci-
mens. Pollen was put in small paper pouches and rehydrated for a few seconds to obtain
the turgescent pollen state. The material was dehydrated in 2,2-dimethoxypropane and
critical-point dried according to Halbritter [1998]. Air-dried pollen was used without
any special preparation. All samples were mounted on stubs with double-faced adhesive
tape, sputter coated with gold, and examined using a JEOL JSM-6390 scanning micro-
scope. The SEM photos of studied Allium species were taken by Heidemarie Halbritter
and are collected in the basis PalDat — a palynological database (http://www.paldat.org).

Statistical analysis. The normality of LA, SA, SA/LA, Ex, EX/LA data distributions
were tested using Shapiro-Wilk’s normality test [Shapiro and Wilk 1965]. A one-way
analysis of variance (ANOVA) was carried out to reveal significant differences in LA,
SA, SA/LA, EXx, EX/LA across species. The minimal and maximal values of characteris-
tics as well as arithmetical means were calculated. When critical differences were noted,
multiple comparisons were carried out using Tukey’s honestly significant difference
(HSD) test for each trait; based on this, homogeneous groups (not significantly different
from each other) were determined for the analyzed features. The relationships between
LA, SA, SA/LA, Ex, EX/LA were estimated using Pearson correlation coefficients
[Sokal and Rohlf 1995]. The Mahalanobis distance [Mahalanobis 1936] between the
species, determined using LA, SA, SA/LA, Ex, EX/LA, can be treated as the phenotypic
distance between species. The differences among analysed individuals were verified by
the cluster analysis using the nearest neighbour method and Euclidean distances
[Camussi et al. 1985]. All data analyses were performed using the statistical package
GenStat v. 10.1 [GenStat 2007].

RESULTS

General pollen morphological description. A description of the pollen grain mor-
phology of the Allium species studied here is given below and illustrated with scanning
electron micrographs (figs 1-4). Pollen of Allium is dispersed as monads. The pollen
grains are sulcate, heteropolar and oblate (figs 1-4 a, b, e, f). All studied pollen grains
are medium-sized (25-50 um) with more or less bilateral symmetry. The sulcus is either
as long as the half of the circumference of the pollen grain (longest axis), or much long-
er and extends to the proximal face. The sulcus has parallel borders and the narrow ends
of it are often characteristically rounded (figs 1, 3 a-c, ¢, f, 2 ac, e, f, g, 4 a, b,
e—g). Exine ornamentation can be described best as rugulate or finely striate and perfo-
rate or even microreticulate (figs 1, 3d, g, 2 d, h, 4 ¢, h). In some species ornamentation
differs between proximal face and distal pollen regions. In dry pollen and also after
acetolysis the sulcus is infolded due to the relatively thin pollen wall and the pollen is
boat-shaped.
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Fig. 1 a-h. A. scorodoprasum (a—d) — a — polar distal view, b — polar proximal view with extended
sulcus, ¢ — sulcus detail with smooth sulcus membrane, d — proximal polar area with
microreticulate exine ornamentation. A. vineale (e-h) — e — polar distal view, f — polar
proximal view with extended sulcus, g — rugulate perforate exine ornamentation in po-
lar proximal area, h — dry, boat-shaped pollen grains; Bar = 10 um in a, b, e, f, h,
Bar=1uminc,d, g
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Fig. 2 a-h. A. oleraceum (a—d) — a — polar distal view, b — oblique polar proximal view, ¢ — sulcus
detail with characteristically rounded narrow end, d — rugulate perforate exine orna-
mentation in polar proximal area. A. carinatum (e—h) — e — polar distal view, f — equa-
torial view, g — sulcus detail, expanded intine with tubular intine channels, h — exine in
equatorial region with microreticulate ornamentation; Bar = 10 pym in a, b, e, f,
Bar=1uminc,d, g, h

Acta Sci. Pol.



Pollen morphology of selected European species of the genus Allium L. (Alliaceae) 71

Fig. 3 a-h. A. ursinum (a—d) — a — polar distal view, b — oblique polar proximal view, ¢ — sulcus
detail, d — polar proximal area with rugulate perforate exine ornamentation. A. angu-
losum (e-h) — e — polar distal view, f — equatorial view, g — polar proximal area with
striate perforate exine ornamentation, h — dry, boat-shaped pollen grains; Bar = 10 pm
ina,b,e, f,h,Bar=1pminc,d, g

Hortorum Cultus 15(4) 2016



72 D. Wronska-Pilarek, H. Halbritter, A. Krzymifiska, L. Bednorz, J. Bocianowski

Fig. 4 a-h. A. victorialis (a—d) — a — polar distal view, b — polar proximal view, c — exine orna-
mentation, transition zone between polar proximal area (microreticulate) and equato-
rial area (striate perforate), d — dry, boat-shaped pollen grains. A. senescens subsp.
montanum (e—f) — e — polar distal view, f — oblique polar proximal view, g — detail of
sulcus, narrow end, h — polar proximal region with rugulate perforate exine ornamen-
tation; Bar = 10 pmin a, b,d, e, f, Bar=1 uminc, g h
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Table 2. Range (min-max), mean values and coefficient of variation (cv) of studied traits

LA (um) SA (um) SA/LA Ex (pm) Ex/LA
Species
min-max  mean CV  min-max mean cv min-max mean cv.  min-max mean cv min—-max mean cv
A. angulosum 26-34 29.40e 695 16-24 19.53¢ 837 0529-0.786 0.667a 943 0.6-1.6 1.00ab 3523 0.018-0.062 0.034a 37.30
A. carinatum 34-44 39.40a 5.68 20-28 23.13a 899 0.500-0.706 0.588cd 9.01 04-1.6 0.80bc 49.56 0.009-0.047 0.020b  51.03

A. senescens

32-38  3447cd 422 1824 20.80bc 6.96 0.500-0.706 0.605bcd 8.36 04-1.6 0.7lbc 5448 0.011-0.050 0.021b  56.46
subsp. montanum

A. oleraceum 3242 3827ab 625 2028 22.33ab 10.27 0.476-0.824 0.587cd 1346 04-1.6 0.80bc 4956 0.010-0.044 0.021b  50.36

A. scorodoprasum 26-34 30.87e 581 16-24 20.87bc 9.65 0.533-0.769 0.677a 860 0.4-1.0 0.57c 4452 0.012-0.038 0.019b  48.47

A. ursinum 34-38 3553c 410 2024 22.33ab 7.09 0.526-0.706 0.629abc 7.90 0.6-2.0 1.15a 39.65 0.016-0.056 0.032a  38.65
A. victorialis 34-40 37.27Th 498 18-24 21.47b 8.09 0.450-0.667 0.577d 818 04-10 0.78bc 29.62 0.010-0.029 0.021b 2951
A. vineale 28-38 33.07d 6.69 1826 21.13bc 9.20 0.500-0.800 0.642ab 11.24 0.2-1.6 0.63c 56.29 0.006-0.057 0.020b  62.40
HSD 0,001 - 1.69 - - 1.60 - - 0.05 - - 0.31 - - 0.009 -
ANOVAP>F - <0.001 - - <0.001 - - <0.001 - - <0.001 - - <0.001 -

One-way ANOVA’s were performed separately for each of traits. Same letters indicate a lack of statistically significant differences between analyzed species according to
Tukey’s post hoc test (p < 0.001)
Nomenclature: LA — length of long axis; SA — length of short axis; Ex — exine thickness
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Fig. 5 A-E. Scatterplots of the relationship between observed traits for studied species
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All studied pollen grains, according to Erdtman’s [1952] pollen size classification,
are medium-sized (25.1-50 pm). The average length of the long axis (LA) was
34.78 um (range: 26—44 pm). The smallest mean length of the long axis was found for
the pollen of A. angulosum (29.40 pm) and A. scorodoprasum (30.87 pum), and the larg-
est — for A. carinatum (39.40 pm) and A. oleraceum (38.27 pum) (tab. 2).

Majority of the smallest pollen grains occurred in the A. angulosum sample
(all measured pollen grains were relatively small, at a narrow range of the long axis;
26-34 pm; tab. 2). The longest pollen grains were found in A. carinatum (77% pollen
grains have LA >40 pum). Such large pollen grains were also found in A. oleraceum and
A. victorialis. The smallest range of the described feature was determined in A. ursinum
(34-38 um) and A. victorialis (34—40 um), while the greatest was recorded in A. scoro-
doprasum (26—34 um) (tab. 2, fig. 5 C).

The mean length of the short axis (SA) was 21.45 pm (range: 16-28 um). The short-
est mean short axis (SA) occurred in the pollen of A. angulosum (19.53 pm), while the
longest — in A. carinatum (23.13 pm) (tab. 2). As in the case of the LA feature, a dis-
tinctly smallest range of the SA feature was found in A. ursinum (20-24 um), while the
greatest range of 8 um was determined in several of the examined species (tab. 2, fig. 5 E).

The outline in polar proximal and distal views was mostly elliptic, and in equatorial
view, it was elliptic or circular (figs 1-4 a, b, e, f).

The mean SA/LA ratio was 0.62, and ranged from 0.45 in A. victorialis to 0.82 in
A. oleraceum (tab. 2, fig. 5 D). All studied pollen grains were elongated; pollen shapes
(based on mean SA/LA ratio) were most frequently oblate (93.3-100%), rarely subob-
late (3.3-6.7%) or peroblate (3.3-10%) (tab. 3, fig. 5 D). In A. carinatum, A. senescens
subsp. montanum and A. ursinum, all pollen grains were oblate. A single pollen grain
from suboblate class occurred in A. angulosum, A. oleraceum, A. scorodoprasum, and
A. vineale, and peroblate pollen grains were found to occur in A. oleraceum and A. vic-
torialis.

Mean exine thickness was 0.8 (0.2-2.0) um. Exine was the thinnest in A. vineale
(0.2 um) and the thickest in A. ursinum (2.0 um) (tab. 2, fig. 5 A). In the case of these
two species, the authors also found the greatest value range of this feature, respectively:
0.2-1.6 um and 0.6-2.0 um. The smallest range of the described feature (0.4-1.0 pum)
was determined in A. scorodoprasum and A. victorialis (fig. 5 A). The relative thickness
of the exine (Ex/LA ratio) averaged 0.02 (0.01-0.06) (tab. 2, fig. 5 B).

Exine ornamentation is variable and there are smooth transitions between all possi-
ble ornamentation features. Proximal and equatorial pollen regions are often significant-
ly different. Microreticulate ornamentation is present in A. scorodoprasum and
A. vineale (section Allium) as well as in A. carinatum (section Codonoprasum) (figs 1 d,
g, 2 h). The lumina width is decreasing slightly from proximal to distal face and towards
the sulcus borders. In A. victorialis the proximal polar area is rather microreticulate
whereas the equatorial and distal areas are finely striate and perforate (fig. 4 a—). In
A. oleraceum, A. ursinum and A. senescens ssp. montanum the proximal area is rugulate
changing to striate and perforate more distally (figs 2 b, d, 4 f, h). The ornamentation of
A. angulosum is striate and perforate throughout (fig. 3 ).

All studied pollen grains are sulcate. The sulcus is about as long as the half of the
circumference of the pollen grains long axis in A. oleraceum, A. carinatum, A. ursinum,
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A. angulosum, A. victorialis and A. senescens ssp. montanum (figs 2 a, e, f; 3 a, b, e, f;
4 3, ). Only in A. scorodoprasum and A. vineale (section Allium) pollen has an extend-
ed sulcus reaching to the proximal face (fig. 1 a—c, e, f). The sulcus membranes are
psilate without any ornamentation. In expanded pollen grains a kind of perforations can
be detected sometimes, but these are the ends of radial channels of the intine, which is
thickened beneath the aperture.

Interspecific variability of pollen grains. Statistically significant differences were
determined among the species with regard to all the analysed features (p < 0.001)
(tab. 2).

The examined features were characterized by moderate or high variability (tab. 2).
Three features: LA, SA and SA/LA exhibited significantly lower values of the coeffi-
cient of variability (from 4.1 to 12.35%) than exine thickness features (Ex, Ex/LA; from
29.51 to 56.46%). On the other hand, analyses of coefficients of variation of pollen
features for individual Allium species showed that pollen grains of A. victorialis were
characterised by the lowest variability, whereas the highest variability was found in
A. vineale and A. oleraceum.

Table 3. Percentage participation of pollen grains in shape classes distinguished for the Allium
species analysed in the study

Pollen shape classes (%)

Species
peroblate oblate suboblate
A. angulosum - 96.7 33
A. carinatum - 100.0 -
A. senescens subsp. montanum - 100.0 -
A. oleraceum 10.0 86.7 33
A. scorodoprasum - 96.7 33
A. ursinum - 100.0 -
A. victorialis 3.3 96.7 -
A. vineale — 93.3 6.7

Table 4. The correlation matrix for the observed features

Feature LA SA SA/LA Ex Ex/LA
LA 1
SA 0.441%** 1
SA/LA 0.616***  -0.428*** 1
Ex -0.015 0.019 0.040 1
Ex/LA -0.251***  -0.090 0.187** 0.964*** 1

** *** _sjignificant at 0.01, 0.001. Nomenclature as in the Table 2
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Positive statistically significant correlations between LA and SA (r = 0.441), LA and
SA/LA (r = 0.616), SA/LA and Ex/LA (r = 0.187), Ex and Ex/LA (r = 0.964), as well as
negative correlations between LA and Ex/La (r = -0.251), SA and SA/LA (r = -0.428),
were observed (tab. 4).

Table 5. Phenotypic distance between the species calculated on the basis LA, SA, SA/LA, EX,
Ex/LA by Mahalanobis distance

o3 £
g 2
£ o s 0
Species z % % = % g E :,—é @
5 £ 85 § § § § ¢
s 8 85 = & 5 = %
< < <& < < < < <
A. angulosum 0
A. carinatum 5.28 0
A. senescens subsp. montanum 283 281 0
A. oleraceum 470 104 215 0
A. scordoprasum 2.08 467 202 4.06 0
A. ursinum 364 234 163 185 3.07 0
A. victorialis 412 142 15 081 348 152 0
A. vineale 237 347 082 281 129 210 225 0

Nomenclature as in the Table 2

A. carinatum -

A. oleraceum-

— |

A. victorialis

A. scorodoprasum-

A. senescens SlIbS[L montanum -
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Fig. 6. Dendrogram of cluster grouping of eight species on the basis of five traits (LA, SA,
SAJLA, Ex, Ex/L)
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The highest phenotypic similarity (Mahalanobis distance equal 0.81) was revealed
between A. oleraceum (section Codonoprasum) and A. victorialis (section Anguinum)
and the lowest (Mahalanobis distance equal 5,28) was found for A. angulosum (section
Rhizirideum) and A. carinatum (section Codonoprasum) (tab. 5).

The above data were confirmed by the dendrogram obtained as a result of agglomer-
ation grouping using Ward method (fig. 6). All examined Allium species were divided
into two groups. The first group comprised A. angulosum and A. ursinum, while the
second one included six Allium species and was divided into two subgroups: A. carina-
tum, A. oleraceum, A. victorialis and A. scorodoprasum, A. senescens subsp. montanum
and A. vineale.

DISSCUSION

In literature on the Allium genus, the following pollen grain features are considered
as having the highest diagnostic value: sulcus structure, exine ornamentation, presence
or absence of perforations and operculum, pollen size and shape [Kupriyanova and
Aliev 1979, Pastor 1981, Diez 1987, Cabezudo et al. 1992, El-Sadek et al. 1994, Kog¢
2001, Giiler and Pehlivan 2006, Ozler and Pehlivan 2007, Namin et al. 2009, Neshati et
al. 2009, Ozhatay and Kogyigit 2009, Ozler and Pehlivan 2010, Maassoumi et al. 2014].
Our results corroborated the diagnostic value of the majority of these features.

The diagnostic value of the analysed quantitative and qualitative features of pollen
grains was considerably higher on the section level than on the species level. The same
opinion was expressed by other palynologists investigating the Allium genus [Kog 2001,
Ozler 2001, Giiler and Pehlivan 2006, Bogdanovi¢ et al. 2008, Neshati et al. 2009].

All researchers agree that sulcus features are the most important characters in the di-
agnosis of Allium genus pollen grains. From our findings the sulcus in Allium is a sim-
ple one. According to Halbritter and Hesse [1993] classification, simple sulcus occurs in
all Allium species studied in this investigation. Two sulcus types were identified in
them. The first one — when the sulcus is about as long as the half of the circumference
of the pollen grains long axis and the second type — when the sulcus is longer as the half
of the circumference and extends to the proximal face ending near the proximal pole.
The first sulcus type occurred in six of eight of the studied Allium species from four
sections (Anguinum, Arctoprasum, Codonoprasum and Rhizirideum). Other researchers
found it in species from the same Allium sections but also in representatives of other
sections. Giiler and Pehlivan [2006] reported it in species from Codonoprasum and
Allium sections, Namin et al. [2009] — in Allium species belonging to 12 different sec-
tions, Ozhatay and Kogyigit [2009] — in Codonoprasum, Molium, Brevispatha, Scoro-
don and Melanocrommyum sections and Ozler and Pehlivan [2010] — in selected species
from Rhizirideum, Codonoprasum and Allium sections. The second extended sulcus
type was recorded only in two species from the Allium section. Also other papers con-
firmed the occurrence of this sulcus type only in species from the Allium section
[Kupriyanova and Aliev 1979, Giiler and Pehlivan 2006, Ozhatay and Kogyigit 2009,
Namin et al. 2009, Neshati et al. 2009].
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The sulcus ends in the Allium species studied by us which derive from five sections
were not strongly varied. They exhibited rounded sulcus ends, usually equal to the
width of the sulcus (sections Allium, Anguinum, Arctoprasum and Rhizirideum); they
were narrowing slightly only in two species from the Codonoprasum section. According
to the other authors, the sulcus ends can be broad and rounded or acute [Giiler and Peh-
livan 2006, Namin et al. 2009], mostly rounded, rarely sharp or very rarely truncate
[Ozler and Pehlivan 2010]. On the other hand, Ozhatay and Kogyigit [2009] maintain
that the sulcus ends are narrowed and rounded only in section Molium, broad and
rounded in section Brevispatha and Scorodon and rounded in section Melanocrom-
myum.

Giiler and Pehlivan [2006] and Ozler and Pehlivan [2010] reported that in Allium
species, the sulcus membranes ornamentation could be psilate, psilate-perforate, striate-
reticulate, granulate, rugulate or rugulate-perforate. Similarly to Namin et al. [2009],
sulcus membranes were not observed in Allium pollen grains. According to Maassoumi
et al. [2014] sulcus membrane ornamentation were regulate-perforate or perforate-
regulate.

The sulcus membrane is not ornamented and more or less psilate. This can be ob-
served in well preserved and well prepared material after critical — point drying with
SEM only. Due to the relatively thin pollen wall the sulcus is infolded in dry pollen
condition (herbarium material) and in acetolysed pollen. Acetolysis causes additional
sulcus membrane damage. Sulcus ornamentations as described by some authors must be
seen under this aspect. Perforations seen on the sulcus are not to compare with usual
exine perforations. In the sulcus region the intine is thickened and tubular channels
pretend exine perforations especially when the sulcus is well expanded. All other re-
ported onamentations of the sulcus are at best shrinking artefacts.

Ozler and Pehlivan [2010] reported an operculum in three species from sections Al-
lium, Codonoprasum and Rhizirideum. Giiler and Pehlivan [2006] as well as Ozhatay
and Kogyigit [2009] described a fragmented operculum only in the Codonoprasum
section. As already indicated by Namin et al. [2009], no operculum could be seen in any
species from the Allium genus. The presence of an operculum or even of different oper-
culum types is very questionable. Authors describe these features in acetolysed pollen
grains taken from herbarium specimens. The figures in this papers are not convincing.

In our opinion, exine ornamentation in Allium species is variable and diversified and
can be determined because of its diminutiveness in well prepared material in SEM only.
Ornamentation is not uniform all over the pollen grain but differs slightly between prox-
imal face and distal pollen regions. The majority of researchers call exine ornamentation
rugulate [Cabezudo et al. 1992, Giiler and Pehlivan 2006, Namin et al. 2009, Neshati et
al. 2009, Ozhatay and Kogyigit 2009, Ozler and Pehlivan 2010], rarely rugulate-striate
[Giiler and Pehlivan 2006, Namin et al. 2009, Ozler and Pehlivan 2010], striate [Giiler
and Pehlivan 2006, Neshati et al. 2009, Ozler and Pehlivan 2010] or psilate [Ozhatay
and Kogyigit 2009]; with or without perforations. Also other types of ornamentation can
be found in the PalDat data base [Buchner and Weber 2000] such as: microreticulate,
verrucate or striate-reticulate. The description of exine ornamentation as verrucate de-
rives from the often bumpy impression of the proximal polar region. According to our
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experiments, exine ornamentation in Allium is more varied than majority of researchers
claim and microreticulate or reticulate exine ornamentations occur here more often.

Statistical analyses indicate that, in the case of the examined Allium species, the fea-
ture exhibiting the highest diagnostic value was the length of pollen grains (LA), where-
as the width of pollen grains (SA) as well as SA/LA ratio had a lower diagnostic rank.
Even though these features fail to distinguish single species, nevertheless they divide
them into groups, e.g. those with the largest pollen grains are A. carinatum and A.
oleraceum, whereas those with the smallest — A. angulosum and A. scorodoprasum. The
results of mean values of the pollen size, i.e. of LA and SA features, obtained in our
investigation are similar to those reported by Zuraw [2007] for A. victorialis and
A. ursinum and slightly higher in comparison with Ozhatay and Kogyigit [2009] who
measured the mean pollen size of A. scorodoprasum and A. vineale. These features have
also the smallest and similar variability and there are positive, statistically significant,
correlations between them. Such result appears to be justified also methodologically
because the length (LA) and width (SA) of pollen grains are easy to measure (under
light microscope) and, therefore, measurement errors are rare here in contrast to exine
thickness which precise measurement is more difficult and that is why it can be bur-
dened with a higher error. Perhaps this explains why coefficient of variability for Ex
and Ex/LA features is usually considerably higher. Similar variability results of pollen
grains for individual features were obtained in studies on other taxa, e.g. Rosa, Carex,
Rubus or Crataegus [Wronska-Pilarek et al. 2010, 2012, 2013, Wronska-Pilarek and
Jagodzinski 2011].

The results obtained on the dendrogram are not unequivocal because clusters were
formed from both species derived from the same as well as from different sections.
A separate position was occupied by those derived from different sections, A. angu-
losum from section Rhizirideum and A. ursinum, the only representative of the Arcto-
prasum section. The remaining species formed the second group with two subgroups.
The first one was made up from A. carinatum, A. oleraceum from section Codono-
prasum and A. victorialis from subgenus Rhizirideum, section Anguinum closely related
with one another. The second subgroup was formed by A. scorodoprasum, A. vineale
from the same section Allium and A. senescens subsp. montanum from section Rhiziri-
deum.

CONCLUSIONS

1. The most important pollen grain features of the studied Allium species comprise
pollen size (long pollen axis, LA), sulcus length and exine ornamentation.

2. The diagnostic value of the above-mentioned quantitative and qualitative pollen
grain features is considerably higher on the sections level, than on the species level.
This hypothesis was corroborated by the fact, that species from the Allium and Codono-
prasum sections were isolated fairly clearly. Nevertheless, on the basis of these features,
it was impossible to isolate individual Allium species but only their groups. In addition,
species belonging to these groups did not always derive from the same sections. There-
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fore, pollen grain morphology can only be used as an auxiliary feature for the diagnosis
of these species.

3. The performed statistical analyses corroborated high phenotypic similarity be-
tween closely related A. carinatum and A. oleraceum from section Codonoprasum as
well as A. scorodoprasum and A. vineale from section Allium.

4. The obtained results of statistical analyses fail to confirm fully the taxonomic di-
vision of the Allium genus adopted in this study and are not unequivocal. For example,
the high phenotypic similarity can occur both between closely related A. carinatum and
A. oleraceum from section Codonoprasum as well as between A. oleraceum (section
Codonoprasum) and A. victorialis (section Anguinum) derived from other sections. Two
groups of species can be distinguished on the dendrogram to which both related species
from the same sections (e.g. A. carinatum and A. oleraceum from section Codono-
prasum) as well as those taxonomically distant (e.g. A. angulosum from section section
Rhizirideum and A. ursinum from section Arctoprasum) belong.

ACKNOWLEDGEMENTS

We kindly thank dr Aneta Czarna (Poznan University of Life Sciences) for her assis-
tance in collecting plant material, Sylwia Szczepaniak for pollen grains measurements
of the A. senescens subsp. montanum and Andrea Frosch-Radivo (University of Vienna)
for assistance in technical matters.

REFERENCES

Block, E. (2010). Garlic and Other Alliums: The Lore and the Science. RSC Publishing, Cam-
bridge.

Bogdanovi¢, S., Brullo, S., Miti¢, B., Salmeri, C. (2008). A new species of Allium (Alliaceae)
from Dalmatia, Croatia. Bot. J. Linn. Soc., 158, 106-114.

Buchner, R., Weber, M., eds. (2000 onwards). Alllium L. PalDat — a palynological database
(http://www.paldat.org).

Cabezudo, B., Pastor, J., Trigo M.M., Nieto Caldera, J.M. (1992). Observaciones sobre Allium
rouyi Gautier. Acta Bot. Malac., 17, 123-126.

Camussi, A., Ottaviano, E., Califiski T., Kaczmarek, Z. (1985). Genetic distances based on quan-
titative traits. Genetics, 111, 945-962.

Davies, D. (1992). Alliums, the ornamental onions. BT Batsford Ltd., London.

Diez, M.J. (1987). Liliaceae. In: Atlas polinico de Andalucia, Valdes, B., Diez, M.J., Fernandez, I.
(eds). Occidental Instituto de Desarrollo Regional Universidad de Sevilla y Excma Diputacion
de Cadiz Sevilla, 379-395.

El-Gadi, A., Elkington, T.T. (1977). Numerical taxonomic studies on species in Allium subgenus
Rhizirideum. New Phytol., 79, 183-201.

El-Sadek, L., EI-Gazaly, G., Ayvad M. (1994). Cytology and palynology of common monocots in
Mariut Egypt 1. Common species of the families Alliaceae and Liliaceae. Quatar Univ. Si. J.,
14(2), 270-280.

Hortorum Cultus 15(4) 2016


http://www.paldat.org/

82 D. Wronska-Pilarek, H. Halbritter, A. Krzymifiska, L. Bednorz, J. Bocianowski

Erdtman, G. (1952). Pollen morphology and plant taxonomy, Angiosperms. Almquist and Wik-
sell., Stockholm.

Erdtman, G. (1960). The acetolysis method. A revised description: Svensk. Bot. Tidskr., 54,
561-564.

Erhardt, W., Gétz, E., Bodeker, N., Seybold, S. (2008). Zander Handworterbuch der Pflanzenna-
men. Verlag Eugen Ulmer Stuttgart, Stuttgart.

Friesen, N. (2008). Die Gattung Allium — Taxonomisscher Uberblick und wissenschaftliche
Sammlung im Botanischen Garten der Universitdt Osnabriick. Osnabriicker Natruwiss. Mit-
teil., 33/34, 95-110.

Friesen, N., Fritsch, R.M., Blattner, F.R. (2006). Phylogeny and new infrageneric classification of
Allium (Alliaceae) based on nuclear ribosomal DNA ITS sequences. Aliso, 22, 372—-395.

Fritsch, R.M. (1996). Neue Ergebnisse zur Taxonomie und Evolution von Allium L. In: Evolution
und Taxonomie von pflanzengenetischen Ressourcen: Festschrift fiir Peter Hanelt. (Schriften
zu Genetischen Ressourcen 4), Fritsch, R., Hammer, K. (eds). IGR/ZADI, Bonn, 19-46.

Fritsch, R.M., Friesen, N. (2002). Evolution, domestication and taxonomy. In: Evolution und
Taxonomie von Pflanzengenetischen Ressourcen. Allium crop science — recent advances, Rab-
inowitch, H.D., Currah, L. (eds). CABI Publishing, Oxon, 5-30.

GenStat. (2007). GenStat Release 10. Reference Manual Lawes Agricultural Trust, Rothamsted, UK.

Giiler, U., Pehlivan, S. (2006). Pollen morphology of some species belonging to Codonoprasum
and Allium sections of Allium (Liliaceae-Alliaceae) genus. Biologia, 61(4), 449-455.

Gurushidze, M., Mashayekhi, S., Blattner, F.R., Friesen, N., Fritsch, R.M. (2007). Phylogenetic
relationships of wild and cultivated species of Allium section Cepa inferred by nuclear DNA
ITS sequence analysis. Plant Syst. Evol., 269, 259-269.

Halbritter, H. (1998). Preparing living pollen material for scanning electron microscopy using
2,2-dimethoxypropane (DMP) and critical-point drying. Biotech. Histochem., 73, 137-143.
Halbritter, H., Hesse, M. (1993). Sulcus morphology in some monocot families. Grana, 32,

87-99.

Hesse, M., Halbritter, H., Zetter, R., Weber, M., Buchner, R., Frosch-Radivo, A., Ulrich S.
(2009). Pollen terminology. An illustrated handbook. Springer, Vienna.

Kamenetsky, R., Rabinowitch, H.D. (2004). The genus Allium: A development and horticultural
analysis. Hortic. Rev., 32, 329-390.

Kog, F. (2001). Investigation of pollen morphology of some endemic Allium in Turkey. PhD
thesis. Institute of Science and Technology. Gazi University.

Kosenko, V.N., Kudryashova, G.L. (1995). Palynomorphology of the family Alliaceae. Bot.
Zhurnal (st. Petersburg)., 80(6), 5-17.

Kupriyanova, L.A., Aliev, T.A. (1979). Palynological data in the systematics of the genus Allium L.
(Alliaceae JG Agardh). Bot. Zh. (St. Petersburg), 64(9), 1273-1284.

Maassoumi, S.M., Kiani, S., Bareemizadeh, F., Ghasempour, H., Karimi, N., Shohani, F., Amiri, S.
(2014). Pollen morphology of the genus Allium in comparison with genus Calochortus of or-
der Liliales. Int. J. Biosci., 4(12), 237-243.

Mahalanobis, P.C. (1936). On the generalized distance in statistics. Proc. Natl. Inst. Sci. India, 12,
49-55.

Nair, P.K.K., Sharma, M. (1965). Pollen morphology of Liliaceae. J. Palynology, 1, 38-61.

Namin, H.H., Mehrvarz, S.S., Zarre, S., Fritsch, R.M. (2009). Pollen morphology of selected
species of Allium (Alliaceae) distributed in Iran. Nordic J. Bot., 27(1), 54-60.

Neshati, F., Fritsch, R.M., Zarre, S. (2009). Pollen morphology of some Allium L. species
(Alliaceae) from Iran. Bot. Jahrb. Systemat., 127(4), 433-451.

Acta Sci. Pol.


http://kbd.kew.org/kbd/detailedresult.do?id=92574
http://ovidsp.tx.ovid.com/sp-3.4.1a/ovidweb.cgi?&S=PHODFPEFFHDDEDILNCCLLBJCADBHAA00&Search+Link=%22Kupriyanova%2c+L+A+%28Kuprianova%2c+L+A%29%22.au.
http://ovidsp.tx.ovid.com/sp-3.4.1a/ovidweb.cgi?&S=PHODFPEFFHDDEDILNCCLLBJCADBHAA00&Search+Link=%22Aliev%2c+T+A%22.au.

Pollen morphology of selected European species of the genus Allium L. (Alliaceae) 83

Ohri, D., Fritsch, R.M., Hanelt, P. (1998). Evolution of genome size in Allium L. (Alliaceae).
Plant Syst. Evol., 210, 57-86.

Ozhatay, N., Kogyigit, M. (2009). Pollen morphology of Allium species (Lilliaceae) in European
Turkey and around Istanbul. Phytol. Balcan., 15(2), 199-208.

Ozler, H. (2001). Study of pollen morphology structures of some species that belong to Aspara-
gus L., Allium L., Muscari Miller and Fritillaria L. PhD thesis. Inst. Sci. & Technology, Gazi
Univ. (in Turkish).

Ozler, H., Pehlivan, S. (2007). Comparison of pollen morphological structuresof some taxa be-
longing to Asparagus L. and Fritillaria L. (Liliaceae) from Turkey. Bangladesh J. Bot., 36(2),
111-120.

Ozler, H., Pehlivan, S. (2010). Pollen morphology of Allium L. (Lilliaceae) taxa in Turkey. Bang-
ladesh J. Bot., 39(1), 37-46.

Pastor, J. (1981). Estudio palinologico del genero Allium en la Peninsula Iberica y Baleares. Bot.
Macaronés., 8-9, 189-214.

Pich, U., Fritsch, R., Schubert, I. (1996). Closely related Allium species (Alliaceae) share a very
similar satellite sequence. Plant Syst. Evol., 202, 255-264 Punt, W., Hoen, P.P., Blackmore,
S., Nilsson, S., Le Thomas, A. (2007). Glossary of pollen and spore terminology. Rev. Palae-
obot. Palynol., 1431(2), 1-81.

Rabinowitch, H.D., Currah, L. (2002). Allium crop science: recent advances CABI Publishing,
Oxon.

Radulescu, D. (1973). Recherches morpho-palynologiques sur la famille Liliaceae. Acta Bot.
Horti. Bucur., 1972-73, 133-248.

Ricroch, A., Yockteng, R., Brown, S.C., Nadot, S. (2005). Evolution of genome size across some
cultivated Allium species. Genome, 48, 511-520.

Shapiro, S.S., Wilk, M.B. (1965). An analysis of variance test for normality (complete samples).
Biometrika, 52, 591-611.

Sokal, R.R., Rohlf, F.J. (1995). Biometry: The Principles and practice of statistics in biological
research. W.H. Freeman, New York.

Tolgor, M. (1995). Pollen morphology of Allium and its taxonomic significance. J. Jilin Agricult.
Univ., 17(1), 36-40.

Wronska-Pilarek, D., Jagodzinski, A.M. (2011). Systematic importance of pollen morphological
features of selected species from the genus Rosa (Rosaceae). Plant Syst. Evol., 295(1-4),
55-72.

Wronska-Pilarek, D., Bocianowski, J., Jagodzinski, A.M. (2013). Comparison of pollen grain
morphological features of selected species of the genus Crataegus L. (Rosaceae) and their
spontaneous, interspecific hybrids. Bot. J. Linn. Soc., 172, 555-571.

Wronska-Pilarek, D., Jagodzifiski, A.M., Malinski, T. (2012). Morphological studies of pollen
grains of the Polish endemic species of the genus Rubus L. (Rosaceae). Biologia, 67(1),
87-96.

Wronska-Pilarek, D., Janyszek, M., Jagodzinski, A.M. (2010). Pollen morphology of selected
Central European species from Vignea and Carex subgenera (Carex L., Cyperaceae) and its
relation to taxonomy. Bot. J. Linn. Soc., 164, 422-439.

Zuraw, B. (2007). Biological value and morphological traits of pollen of selected garlic species
Allium L. Acta Agrobot., 60(1), 67—71.

Hortorum Cultus 15(4) 2016


http://link.springer.com/journal/606/295/1/page/1

84 D. Wronska-Pilarek, H. Halbritter, A. Krzymifiska, L. Bednorz, J. Bocianowski

MORFOLOGIA ZIARN PYLKU WYBRANYCH EUROPEJSKICH
GATUNKOW Z RODZAJU Allium L. (ALLIACEAE)

Streszczenie. W pracy przedstawiono wyniki badan nad morfologia ziarn pytku o$miu
gatunkéw z rodzaju Allium L. (A. angulosum, A. carinatum, A. senescens subsp. monta-
num, A. oleraceum, A. scorodoprasum, A. ursinum, A. victorialis i A. vineale) reprezentu-
jacych trzy podrodzaje i pi¢¢ sekcji, oparte na obserwacjach przy uzyciu mikroskopu
$wietlnego (LM) i skaningowego (SEM). Materiat badawczy pochodzit ze stanowisk na-
turalnych wymienionych gatunkéw zlokalizowanych w Polsce, Czechach, Austrii i we
Wioszech. Pojedyncza proba pomiarowa sktadata si¢ z 30 ziarn pytku, a ogétem poddano
analizie 240 ziarn. Ziarna pylku przebadano pod wzgledem szes$ciu cech ilosciowych
(dtugosé osi dhugiej — LA, dtugos¢ osi krotkiej — SA, grubos$c egzyny wzdtuz osi dlugiej —
EX, stosunek SA/LA i Ex/LA oraz dtugo$¢ ,sulcus” — wydtuzonego otworu utozonego
dystalnie) oraz cech jako$ciowych takich jak zarys i ksztalt ziarn pytku oraz urzezbienie
powierzchni egzyny. Wykazano, ze warto$¢ taksonomiczna tych cech jest znaczaca,
szczegoblnie na poziomie sekcji, oraz ze cechy te nie umozliwiaja rozréznienia pojedyn-
czych gatunkow Allium, a tylko ich grup. Analizowane cechy ziarn pytku charakteryzo-
watl $redni (LA, SA i SA/LA) lub wysoki (Ex, Ex/LA) poziom zmienno$ci. Wér6d bada-
nych gatunkow najnizszy poziom zmienno$ci reprezentowaty ziarna pyltku A. victorialis,
a najwyzszy — A. vineale i A. oleraceum.

Stowa kluczowe: zmienno$¢ ziarn pytku, palinologia, mikromorfologia, taksonomia,
SEM
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