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Introduction
Pollen morphology has developed throughout long-term 
evolution and shows species-specific characteristics 
(Erdtman, 1969; Blackmore et al., 2007; Katifori et al. 

2010. The complex morphological characteristics and 
ultrastructure of pollen grains allow determining the 
differences or similarities between the species of fruit 
trees. 
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The studying of Malus domestica Borkh. pollen allows us to determine the details of morphological characteristics 
and describe the most important parameters and pollen sculpture that can be used to identify representatives of 
species. We analysed pollen morphology of seven Malus domestica genotypes from old and local varieties from the 
territory of Slovakia via a scanning electron microscope. We used principal components analysis to explore variability 
in pollen grain size (polar and equatorial diameter), shape, aperture type, and exine ornamentation. The complexity of 
these morphological characteristics and ultrastructure allows determining the differences or similarities between the 
same and various species and genotypes, which may be a useful tool for systematics with significant diagnostic value. 
Findings confirmed small differences among the genotypes in measured traits with polar and equatorial diameters 
in the range from 31.85 to 42.85 μm and from 21.23 to 23.93 μm, respectively. Shape index (P/E ratio) depending 
on elongation or roundness of pollen grains varied from 1.44 to 1.87. Hierarchical cluster analysis and principal 
component analysis of morphological data helped to compare evaluated morphometric parameters and identified 
five closely related groups. It was noted that diversity of surface sculpturing of pollen grains in combination with 
shape and size enables to use of a complex of thin morphologic signs for M. domestica pollen identifications. Pollen 
data combined with other morphological evidence (e.g., floral characters) have more recently become an important 
indicator of which genotypes may be the best representatives of species.
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Quantitative (dimensions) and qualitative 
(ornamentation, colour) data of pollen have significant 
value in botanical (Smitha et al., 2018) and taxonomic 
classification, due to preserved palynological features 
in many plants (Dogan and Baysal, 2019). 

The exine sculpturing, aperture and aperture zone 
structure, grain shape, and grain size are all useful 
characters to distinguish genera and even species of 
Rosaceous pollen (Hebda et al., 1988; Motyleva et al., 
2017).

External variables such as extreme climatic changes, 
but also mineral nutrition and many internal factors 
(e. i. number of chromosomes) may contribute to the 
variability of pollen morphological features, especially 
pollen grain size (Benčať et al., 1988; Ostrolucká and 
Križo, 1989). Fogle (1977a, b) used the length and 
width of the pollen grain, depth of exine ridges and 
prominence of pits in the exine to distinguish peach, 
nectarine, plum, cherry, apricot, apple and pear. Pollen 
ornamentation arrangement patterns are important 
to the exploration of plant genetic evolution and 
systematic taxonomy (Zhang et al. 2017; Elysiane et al. 
2018). However, arrangement patterns are normally 
difficult to quantify (Zhang et al., 2017). Walker 
investigated pollen ornamentation characteristics in 
1000 species from 35 families and found that pollen 
grain exine ornamentation evolution to exhibit an 
overall exhibit trend from regular to irregular and from 
simple to complicated (Walker, 1974). He and Hsu 
investigated the pollen morphology of 26 species and 
5 hybrids of the genus Malus (He and Hsu, 1991). They 
pointed out that the major evolutionary trend of striae 
arrangement was from regular and parallel to irregular, 
dense and interlocking. 

Previously, the pollen of some varieties of M. domestica 
Borkhausen was identified by some authors in America 
(Fogle, 1977a, b), New Zealand (Currie et al., 1997), 
Iran (Joneghani, 2008), Slovakia (Motyleva et al., 
2017), Russia (Motyleva et al., 2018), Czech Republic 
(Pospiech et al., 2019).

The aim of the study was general characteristics and 
significant morphological traits of pollen grains of 
the domesticated apple (Malus domestica Borkh.) 
genotypes cultivated in Slovakia. We assumed that in 
the gene pool it is possible to detect the variability of 
quantitative and qualitative traits on the pollen grains 
and certain specific differences between the genotypes 
as intraspecific variability.

Material and methodology
Pollen samples and localization
Pollen samples of M. domestica (Md) were collected in 
the territory of Slovakia. As genetic resources were used 
old and local varieties from different areas of Slovakia 
which are kept ex situ in a clone repository in the village 
Bacúch (590−630 altitude, m. above s. l.). The whole 
territory of Slovakia belongs to the temperate climate 
zone. As the altitude rises, temperature decreases, 
precipitation increases, soil type changes, and the 
growing season is shorter. 

Fresh flowers (not opened) were collected randomly 
from the different genotypes at the balloon stage 
(May 2011). Pollen samples released from dry flowers 
were further dried under laboratory conditions. 
The dry pollen was used for a microscopic study of 
morphological characteristics. The samples of pollen 
grains were applied to double-tape, fastened to metal 
object tables with a 10 mm diameter. 

Analyses were studied at the All-Russian Horticultural 
Institute for Breeding, Agrotechnology and Nursery 
(Moscow, Russian Federation) using scanning and 
transmission electron microscopy. The morphometric 
parameters were carried out on 50 pollen grains from 
each genotype using the AxioVision Rel. 4.8.2.0. The 
length of the polar axis (P) and the equatorial diameter 
(E) of grains, P/E ratio were measured and compared 
among studied samples, the structure of pollen grain 
surface was described. 

Morphometric analysis
The measurement of morphometric parameters was 
carried out on 50 pollen grains from each genotype using 
the AxioVision Rel. 4.8.2.0 program. The measurements 
were made in micrometres (μm). The characterization 
of pollen grains was calculated by taking the following 
parameters: the polar axis (P – the line connecting the 
proximal and distal pole), the equatorial axis (E – the 
line perpendicular to the polar axis and located in the 
equatorial plane), proximal/equatorial ratio (P/E). 
The pollen grains were studied at the laboratory of the 
Institute of Biodiversity Conservation and Biosafety 
using an electron microscope Carl Zeiss LS 15. The 
description terminology has been established with 
regards to Fogle (1977a, b), Martens and Fretz (1980), 
Marcucci et al. (1984), He and Hsu (1991), Halbritter et 
al. (2018), Auer (2021). The comparative morphological 
study of the pollen grains was performed according to 
the working rules on the SEM JEOL JSM-6390 in the 
conditions of low vacuum (Р = 60 Pa) with the following 
zooming: 500 times – during the measurements; 
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2 500–10 000 times – while taking the pictures of 
the exine sculpture features. Using the regime of low 
vacuum allows the pollen to be studied without its 
preliminary chemical treatment and undistorted data 
to receive about the research object, which makes the 
process of the probe preparation easier. Typical exine 
patterns, shape, size, and dimensions of pollen grains 
for each M. domestica genotype were determined by 
using a scanning electron micrograph (SEM). 

Statistical analyses
Basic statistical analyses – the minimal and maximal 
values of the traits, arithmetic means, and coefficient 
of variation (CV, %) were performed using PAST 2.17. 
Results of the morphometric analysis were determined 
by mean ± standard deviation (SD) and statistical 
significance was estimated. The level of variability was 
determined by Stehlíková (1998). Pearson’s correlation 
coefficient was used to depict the relationship 
between the two traits. Hierarchical cluster analyses of 
similarity between phenotypes were computed by the 
Bray-Curtis similarity index and were performed using 
PAST 2.17. Principal component analysis (PCA) was 
performed to evaluate relationships among variables 
and some possible genotype groupings based on similar 
properties by using XLSTAT procedure (XLSTAT 7.5, 
Addinsoft, USA). All the observed traits were shown in 
graphic form.

Results and discussion
Research of morphological features of pollen grains 
from specific genotypes by scanning electron 
microscopy are important and useful for systematic 
botany and taxonomy, palaeobotany, phylogeny, and 
breeding programmes, e.g. Prunus spp. (Miaja et al., 
2000; Arzani et al., 2005), Cornus mas L. (Mert, 2009), 
Diospyros spp. (Grygorieva et al., 2010, 2017), Corylus 

avellana L. (Nikolaieva et al., 2014), Castanea sativa 
Mill. (Grygorieva et al., 2015; Horčinová et al., 2021), 
Cydonia oblonga Mill. (Radović et al., 2016), Pyrus 
spp. (Motyleva et al., 2017), Aronia mitschurinii A.K. 
Skvortsov & Maitul. (Grygorieva et al., 2018), Sambucus 
nigra L. (Horčinová et al., 2018, 2020). 

We evaluated the variability of morphological 
characters of pollen grains (sporoform) and assessed 
their specific differences between selected genotypes 
of the species Malus domestica Borkh. Evaluation of 
the morphological features of pollen grains in seven 
randomly selected Slovakian genotypes is recorded in 
Table 1.

The pollen grains are medium-sized, as we can classify 
them in the 25–50 μm category. The mean size of the 
pollen grains ranges from 31.85 µm to 42.85 µm in 
length and from 21.23 µm to 23.93 µm in width. The 
smallest pollen grains from the tested genotypes were 
recorded at the Md-1/4 genotype (31.85 μm) and 
the largest at the Md-11/2 genotype (42.85 μm). The 
coefficient of variation indicates a certain degree of 
variability of the mentioned traits – the average length 
of the polar axis (6.05–10.68 %) and the equatorial axis 
(4.05–10.18 %). The genotype with the smallest pollen 
grains was characterized by the greatest variability 
in the mentioned traits. The shape index varied from 
1.44 to 1.87. The dimensions of the pollen grains of the 
species examined are presented in Table 1.

The outline of dried apple pollen grains is elliptical, 
and the polar view is circular. Based on the type and 
number of apertures pollen grains of Malus domestica 
are tricolpate (tricolporate – fresh pollen) with three 
germinal furrows without visible pores, each furrow 
extending almost the full length of the pollen grain. 
According to the location of apertures, pollens are 
zonocolpate. This means that the elongated apertures – 

Table 1 Variability of the average length of the polar and equatorial axis of pollen grains of selected genotypes of the 
species Malus domestica Borkh.

Genotypes
P – polar axis (µm) E – equatorial axis (µm) SI (P/E)

min max x V% min max x V%

Md-1/4 26.57 37.96 31.85 10.68 16.89 23.82 21.23 10.18 1.51

Md-1/8 29.69 42.82 33.64 8.30 19.35 27.91 23.54 9.65 1.44

Md-2/10 34.47 43.75 38.54 7.07 17.94 26.69 22.96 9.17 1.69

Md-5/12 32.78 40.01 36.14 6.05 22.90 26.02 23.87 4.05 1.52

Md-9/5 34.21 52.11 40.99 12.12 20.45 27.09 23.93 8.10 1.72

Md-11/2 36.13 46.86 42.85 6.30 19.69 29.93 23.09 9.08 1.87

Md-33/9 31.03 42.12 36.07 8.59 20.19 25.75 23.37 6.23 1.55
Notes: min – minimal values; max - maximal values; x – arithmetic value; V% - coefficient of variation; SI – shape index (P/E)
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colps are distributed equidistantly – at the same 
distance on the surface of pollen grains with the centre 
in the equatorial plane. They are traditionally tapered 
towards poles. The place of narrowing of the ridges at 
the pole (apocolpium) has an average of 7.2–8.0 μm. The 
mesocolpium or intercolpium is widest at the equator, 
i. e. at the same distance from both poles. The average 
width of the mesocolpium at the equator ranged from 
15.0 to 25.2 μm. In the middle of the mesocolpium, we 
can observe the ridge of exina above the surface of the 
pollen grain.

The colour of pollen grains is also a taxonomic feature 
and tends to be different, mostly yellow in different 
shades. The colour of the pollen depends on the 
content of the type of plant dyes. The selected pollen 
grains were yellow with a shade of brown.

Based on the modern scanning electron microscope, 
we can compare Malus domestica pollen collected from 
various countries with our data (Table 2). Joneghami 
(2008) evaluated nineteen Malus species from 
botanical gardens and determined the mean size of 
the pollen grains ranges from 38.75 μm (M. prattii) to 
57.69 μm (M. glaucescens) in length and from 19.15 μm 
(M. kansuenses) to 28.74 (M. platycarpa) in width. The 
author described the surface of M. domestica pollen 
as rough, striate exine sculpture, long ridges, straight 
and parallel to the furrows, slightly curved at the ends; 
exine surface perforated and pits sparsely distributed. 
The spaces between the longitudinal ridges are wide 
for M. domestica (Joneghami, 2008). 

Motyleva et al. (2017) studied pollen grains Malus 
domestica and Pyrus communis of Slovakia genotypes. 
Pollen of Malus domestica rocks is more elongated 
compared with the pollen of Pyrus communis (Р/Е is 
14 % more). The shape of the pollen grains is oblong-

ellipsoidal. In terms of poles, the grain is round, the 
holes are long. A complex type of exine is characteristic 
of the studied species of Rosaceae.

Differentiation based on morphology has become 
difficult because of the increasing number of cultivars 
that have similar phenotypes (Whitmore, 1992). 
Methods of identification need to address also between 
sports arising from identical ancestors, because 
biochemical identification methods (DAN or isozyme 
“fingerprinting“) have not differentiated sport derived 
from the same cultivar (Nybom, 1990; Marquard and 
Chan, 1995; Matsumoto et al., 1995; Sharon et al., 1995). 
Currie et al. (1997) characterized the apple sports 
of Red Delicious (Aversang and Ultrared), and Gala 
(Galalea and Splenola) genotypes from New Zealand 
according to quantitative data on pollen dimensions, 
ridge patterns and pore dimension with multivariate 
analyses (univariate analysis, multiple analysis of 
variance, canonical variate analysis, and discriminant 
analysis). Authors by these methods demonstrated 
differentiation between genetically and phenotypically 
similar apple genotypes and sports derived from the 
same cultivars.

Because pollen grain exine ornamentation is highly 
conserved and genetically stable (Sarwar and Takhashi, 
2012), it has been often used to investigate plant 
origin, genetic evolution and systematic taxonomy 
(Sarwar et al., 2010; Sarwar and Takhashi, 2012; 
Qaiser et al., 2015). Zhang et al. (2017) evaluated exine 
ornamentation of 131 flowering crabapples – a group of 
small landscape trees or shrubs with reach germplasm 
of charming flowers, colourful fruits and many tree 
shapes. Authors examined parental and progeny 
population and described five types of flowering 
crabapple pollen exine ornamentation (a) Wholly 

Table 2 Literature data on pollen morphometric parameters in the Malus domestica Borkh.
Characteristic Value Authors Country

Polar axis (μm)

32.17 Pospiech et al., 2019 Czech Republic

27.91–36.62 Motyleva et al., 2017 Slovakia

46.0–48.3 Joneghani, 2008 Iran

40.1–43.8 Currie et al., 1997 New Zealand

Equatorial axis (μm)

22.78 Pospiech et al., 2019 Czech Republic

13.28–17.17 Motyleva et al., 2017 Slovakia

18.8–21.2 Joneghani, 2008 Iran

20.9–23.2 Currie et al., 1997 New Zealand

SI – shape index

0.97 Pospiech et al., 2019 Czech Republic

2.23–2.45 Joneghani, 2008 Iran

1.89–1.98 Currie et al., 1997 New Zealand
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Regular Single-pattern Type (e.g. M. robusta), (b) 
Wholly Regular Multi-pattern Type (e.g. M. halliana 
cultivar Pink Double), (c) Partially Regular Single-
pattern Type (e.g. M. cultivar Red Baron), (d) Partially 
Regular Multi-pattern Type (e.g. M. cultivar Everest), 
(e) Irregular Type (e.g. M. cultivar Velvet Pillar). 

Table 3 illustrates the results of the significance of 
the differences observed in the tested morphological 
traits of pollen grains between specific genotypes. 
Statistical analysis (ANOVA) confirmed the significance 
of the difference (at a significance level p <0.05) 
in the average length of the polar axis (x = 38.54) of 
the Md-2/10 genotype from the other genotypes 
tested. We noted that a close relationship (alpha 0.05) 
between Md-1/4 and Md-1/8 genotype pairs and 
between Md-11/2, Md-33/9 and Md-5/12. In the case 
of the equatorial axis, the genotype Md-1/4 (x = 21.23) 
differed significantly from other genotypes, which did 
not differ significantly. 

Data could be considered that hierarchical cluster 
analysis separates pollen selections into three closely 
related groups – main clusters. Other authors have also 
used cluster analyses to evaluate the morphological 
data of pollen, including pollen characteristics enabling 
a better understanding of taxonomic classification, 
the genus or subgenus relationships or phylogenetic 
lineages (Grygorieva et al., 2015, 2016, 2018; Horčinová 
et al., 2018, 2020, 2021; Baldemir et al., 2018; Soares et 
al., 2018).

The results of the cluster analysis simply illustrate 
groupings of genotypes with similar morphological 
characters. 

Based on cluster analysis, the relationships of the 
tested genotypes according to morphological features 
are graphically displayed on a dendrogram (Figure 1).

The dendrogram demonstrates that genotypes 
represent a more heterogeneous group. Based on the 
evaluated morphological features, two genotypes 
Md-1/4 and Md-11/2 are the most separated from the 
set of genotypes (Figure 2), different from the other 
five, which form the second group of mutually closer 
genotypes.

Sculpture (structure) of exina, e.i. the outer 
sporopollenin layer of sporoderma (pollen grain 
membranes) is an important morphological feature 
that is used to identify species in recent and fossil 
pollen, as it is specific to the species (Benčať et al., 1988; 
Ostrolucká, and Križo, 1989; Bolvanský and Ostrolucká, 
1998). Exine sculpturing is not homogenous. Specific 
for the sculpture of the surface of the exine pollen 
of genotypes of the species Malus domestica Borkh. 
there are different thicknesses, densities, different 
arrangements, even plastically elevated structural 
elements in different directions looking like free-
standing elements (baculum), which would correspond 
to the type of baculate sculpture. Between the scattered 
baculum elements, perforations are visible in places, 
mostly in the shape of round holes or even directly on 
their surface (Figure 3b/6B). According to literary data 

Table 3 Evidence of differences in the average length of the polar and equatorial axis of pollen grains between selected 
genotypes of the species Malus domestica Borkh.

Genotypes Md-1/4 Md-1/8 Md-2/10 Md-5/12 Md-9/5 Md-11/2 Md-33/9

Md-1/4 P
E

0.0818 0.0000** 0.0013** 0.0000** 0.0000** 0.0004**

0.0005** 0.0083** 0.0017** 0.0003** 0.0045** 0.0039**

Md-1/8
0.0818 P

E
0.0000** 0.0326* 0.0000** 0.0000** 0.0146*

0.0004** 0.2579 0.6584 0.5314 0.3825 0.7698

Md-2/10
0.0000** 0.0000** P

E
0.0381* 0.0114* 0.0000** 0.0121*

0.0082** 0.2579 0.2116 0.1106 0.7936 0.5099

Md-5/12
0.0013** 0.0326* 0.0381* P

E
0.0002** 0.0000** 0.9572

0.0017** 0.6584 0.2116 0.9417 0.2866 0.5300

Md-9/5
0.0000** 0.0000** 0.0114* 0.0002** P

E
0.0532 0.0001**

0.0003** 0.5314 0.1106 0.9418 0.1690 0.4180

Md-11/2
0.0000** 0.0000** 0.0000** 0.0000** 0.0532 P

E
0.0000**

0.1690** 0.4180 0.1690 0.4180 0.1690 0.6592

Md-33/9
0.0004** 0.0146* 0.0121* 0.9572 0.0002* 0.0000* P

E0.0039** 0.7698 0.5099 0.5300 0.4180 0.6592
Notes: * – p <0.05; ** – p <0.01; P – polar axis; E – equatorial axis
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Figure 1 Cluster dendrogram of the relationship of evaluated genotypes of Malus domestica Borkh. according to 
morphometric features of pollen grains
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Figure 2 Biplot based on principal components analysis (PCA) for pollen quantitative and qualitative characteristics 
parameters of Malus domestica Borkh. 7 genotypes
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Figure 3a Pollen grain of the species Malus domestica Borkh.

1 – MD-1/4; 2 – MD-1/8; 3 – MD-2/10; 4 – MD-5/12; 5 – MD-9/5; 6 – MD-11/2; 7 – MD-33/9; 1A, 4A, 5A, 6A, 7A – pollen 
grain in equatorial position with one aperture; 2A, 3A – pollen grain in equatorial position with two apertures; A figures 
(Scale bar = 1µm × 3 000), B figures – detail of the sculpture of the exina surface in the place of the mesocolpium (Scale 
bar = 1 µm × 10 000)
Photo by Svetlana Motyleva, 2011
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(Currie et al., 1997; Joneghani, 2008), exine sculpturing 
is variable but mostly striate, species may differ in the 
degree of density of ridges and their orientation. The 
ridges may be widely spaced resulting in reticuloid 
patterns, or they may be densely packed with obscured 
perforations. Ridges also vary from long and parallel 
to short and irregular in Malus L. species. The detail 
of the microstructure of exine pollen in individual 
genotypes, even with some differences, is documented 
in Figure 3a, b.

One criterion for identifying genotype differentiation 
was the perforation of the surface of the pollen 
grain exine, its presence (Figure 3a/2B, 5B, 6B) or 
absence (Figure 3a/1B, 3B, 4B, 7B) and the number 
of perforations per unit area (mm2): less than 
400 thousand/mm2 (Figure 3a/2B, 5B) and more than 
400 thousand/mm2 (Figure 3b/6B). Another criterion 
appears to be the character of the sculptural elements 
of the exina of pollen grains and especially the presence 
of bonding rod-shaped or striped elements (Figure 
3ab/3B, 5B, 7B) or their absence (Figure 3ab/1B, 

 
Figure 3b Pollen grain of the species Malus domestica Borkh.

1 – MD-1/4; 2 – MD-1/8; 3 – MD-2/10; 4 – MD-5/12; 5 – MD-9/5; 6 – MD-11/2; 7 – MD-33/9; 1A, 4A, 5A, 6A, 7A – pollen 
grain in equatorial position with one aperture; 2A, 3A – pollen grain in equatorial position with two apertures; A figures 
(Scale bar = 1µm × 3 000), B figures – detail of the sculpture of the exina surface in the place of the mesocolpium (Scale 
bar = 1 µm × 10 000)
Photo by Svetlana Motyleva, 2011
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2B, 4B, 5B), and their tortuousness (Figure 3ab/6B) 
or straightness (other figures). Based on the above 
mentioned, we classified the genotypes according to 
dendrogram (Figure 4):

 Type I (genotype Md-11/2) – the presence 
of irregular striped sculptural elements, 
unconnected and the presence of perforations.

 Type II (Md-9/5) – the presence of straight 
striped sculptural elements, connected and the 
presence of perforations.

 Type III (Md-2/10 and Md-33/9) – the presence 
of straight striped sculptural elements, connected 
and absence of perforations.

 Type IV (Md-1/8) – the presence of straight 
striped sculptural elements, unconnected and 
presence of perforations.

 Type V (Md-1/4 and Md-5/12) – the presence of 
straight striped sculptural elements, connected 
and the absence of perforations.

Conclusions 
The studying of the Malus domestica pollen via scanning 
electron microscope allowed us to determine the most 
important parameters which can be used to identify 
the representatives of species. The detailed pollen 

morphological and micro-sculptural characteristics 
were investigated, described and analysed by using 
hierarchical cluster analyses dendrograms and BiPlot 
(PC1 and PC2). The main parameters such as the form 
(the pollen grains elongation, P/E ratio) are specific 
for different Malus species. Results from our analyses 
showed differences among Malus domestica genotypes. 
Some of these pollen morphological parameters can 
be used for identification and comparison with the 
following analyses of Malus species.
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