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Abstract

The morphology and ultrastructure of the pollen exine were studied using
scanning electron microscopy (SEM) in 14 hazelnut genotypes (Corylus avellana
L.). Pollen measurements were performed in a dry stage at magnifications ranging
from 500 x to 15,000 %, during which the following parameters were analyzed:
pollen grain height and width (um), estimated pollen grain volume (um?), type and
ultrastructure of the exine, and the frequency of microexcrescences per 10 pm?.
Pollen samples were collected for analysis at two locations in the Banja Luka region
(Bosnia and Herzegovina), and the following cultivars were analyzed: Multiflorum,
Tankoljuskasti, Tonda Gentile Romana, Merveille de Bollwiller, Avellino, Ludolph
Zellernuss, Apolda, Hall's Giant, Romai I, Romai I, Istarski okrugli, Imperial de
Trebizonde, Gustav Zellernuss, Jean's. The research results have indicated that the
pollen grains were of the triporate type, subspheroidal in shape, with dimensions
ranging from 19.91 um in Imperial de Trebizonde to 32.29 um in Tonda Gentile
Romana. The lowest pollen volume was determined for the Tankoljuskasti cultivar
(5417.40 um3), and the highest for the Tonda Gentile Romana cultivar (12645.70
um3). Measurements of exine ultrastructure have indicated the presence of certain
differences among the observed cultivars. The available literature states that the
pollen exine in cultivated hazelnut cultivars is uniform and characterized by a
verrucate-type exine. In this study, differences were identified at the level of
microexcrescences in the Gustav Zellernuss and Tonda Gentile Romana cultivars, in
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which clustering of microexcrescences positioned on shallow reticula was observed.
The question of genotypic specificities of hazelnut exine ultrastructure remains open
in this study, and future research should focus on the characteristics of interspecies
hybrids resulting from the crossing of different species within the genus Corylus
(Corylus avellana L., Corylus pontica Koch., and Corylus maxima Mill.).

Key words: Palynology, Microexcrescences.
Introduction

Hazelnut (Corylus avellana L.) is a monoecious, anemophilous fruit
species with a dichogamous flowering type that occurs during the autumn-winter
period. The growth and development of male inflorescences and the process of
microsporogenesis occur from May to September (Tiyayon and Azarenko, 2005;
Mici¢ et al., 2022), and hazelnut is the only fruit species in the continental region
that enters dormancy with mature pollen ready for release from the anther and
fertilization (Mici¢ et al., 2022). Similar to other anemophilous fruit species,
hazelnuts have a high pollen production. In a study conducted in Poland,
Piotrowska (2008) reported that one catkin of a common hazel (Corylus avellana
L.) contains an average of 66 mg of pollen, with this parameter depending on
cultivar-specific characteristics and the influence of agro-ecological conditions.
Hazelnut pollen belongs to the triporate type of pollen grains with circular pores
(Mici¢ et al., 1988), while the shape of the pollen grain in the dry state, during
wind dispersal, is subsphaerocytic with characteristic depressions around the
germination apertures, which are situated in the equatorial plane and positioned
120° from one another (Mi¢i¢ et al., 1988). The same author states that with the
hydration of the pollen grain, it swells, taking the form of a polar-flattened
rotational ellipsoid with depressions around its aperture. The pollen dimensions
of Corylus avellana L. can range from 14 to 40 um, depending on the cultivar
(Mici¢ et al., 1988; Nikolaieva et al., 2014; Yuan et al., 2024). In other species
of the Corylus genus, the dimensions have different values, namely, in Corylus
colurna L. from 25 to 30 um (Halbritter et al., 2020), in Corylus Jacquemontii
Decne. from 31 to 32 um (Chandra et al., 2025), and in Corylus americana
Marsh. from 17 to 22 pm (Zhi-Duan, 1991).

The pollen grain wall consists of two membranes, the inner intine and the
outer exine, which is composed of nexine and sexine. Microexcrescences,
sculptural elements with various characteristics are located on the surface of
pollen and play a role in the reception of pollen on the stigma (Mi¢i¢ et al., 2022;
Micéi¢ et al., 2024). The exine microexcrescences in the hazelnut belong to the
verrucate type. In addition to the standard morphological parameters used for
identifying plant species, such as the stem, leaf, flower, and fruit, the
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morphological characteristics of pollen are also used in the fields of palynology
and paleobotany. This primarily refers to the dimensions and ultrastructural
characteristics of the exine, which represent an element of plant species
taxonomy. Previous research using the SEM confirmed that it is possible to
identify the genus and even species based on the surface of the exine, the type
and shape of the aperture, and the dimensions of the pollen (Hebda et al., 1988).
Mici¢ et al. (1988) studied the morphological characteristics of the pollen grain
and the ornamentation of the hazelnut exine, and concluded that there is a
significant difference between the studied assortment, but this difference could
not be used for determining the genotype. The possibility of identifying certain
pollen based on morphological characteristics, such as dimensions, size, and
microexcrescences, has been reported in fruit trees such as walnut (Milatovi¢ et
al., 2020), almond (Vafadar et al., 2010), pistachio (Afshari et al., 2008), and
other fruit species.

This study aimed to examine the morphological characteristics of pollen
and the cultivar specificities of exine ornamentation in hazelnut cultivars present
in the territory of B&H, which have not been previously researched under these
agro-ecological conditions.

Material and Methods

The study of the morphology and ultrastructure of pollen exine was
conducted by collecting pollen from 14 hazel cultivars from two locations in the
Banja Luka region, northwestern Bosnia and Herzegovina (B&H). At the first
location (Economy of the Agricultural Institute of the Republic of Srpska,
municipality of Banja Luka, 44°48'25N 17°12'95”E, 160 m u.s.1.), the following
cultivars were collected: Multiflorum, Tankoljuskasti, Tonda Gentile Romana
(TGR), and Merveille de Bollwiller. At the second location (Jaruzani,
municipality of Laktasi, 44°4820" N 17°20'40"E, 265 m u.s.l.), the following
cultivars were collected: Avellino, Apolda, Ludolph Zellernuss, Istarski okrugli,
Halls Giant, Imperial de Trebizonde, Jean's, Gustav Zellernuss, Romai I, and
Romai Il (the cultivar could not be determined, but was designated as such by
the collector). Pollen samples for measurements were collected in 2012 with
successive collections from January to March during the flowering phenophase.
After collecting the pollen, it was dehydrated in laboratory conditions and stored
in hermetically sealed containers at room temperature until the time of analysis.
Scanning of pollen in a dry state was performed using an SEM (JEOL-6390LV,
Tokyo, Japan), and sample preparation and gold layer application on a BAL-TEC
(SCD 005, Pfaffikon, Switzerland) in the Laboratory for Microscopy of the
Faculty of Agriculture, University of Belgrade. Measurements were made on
three samples with recording of 10 positions (individual pollen grains).
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Photographs of pollen were made at different magnifications: 500x (pollen grains
in groups near anthers), 2000x (shape of pollen grain), 3000% (pores on pollen
grains), and 10,000 and 15,000% (exine ultrastructure and microprojections). The
recorded material was processed, and a morphological characterization of the
pollen grains was performed, which included measuring the following
morphological characteristics: pollen height and width (um), volume (um3),
microexcrescences representation per 10 um2, and their form. Measurements of
height and width were performed in Corel Draw X5, while the formula for the
volume of an ellipsoid was used to calculate the volume of the pollen grain
(Figure 1):

Fig. 1 - The flattened ellipsoid shape and formula were used for calculating pollen
dimensions

Results and Discussion

Table 1 shows the average values for pollen grain dimensions in the dry
state recorded by the SEM. The smallest pollen grain height was observed in
Romai II (24.84 pm), and the largest was observed in TGR (32.29 um). The
smallest width of pollen grains was recorded in the Imperial de Trebizonde
cultivar (19.26 um), and the largest in the TGR cultivar (27.37 pm). The pollen
volume ranged from 5417.40 um3 in the Tankoljuskasti cultivar to 12645.70
um3 in the TGR cultivar.
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Tab. 1 - Morphological characteristics of the pollen grain in the observed cultivars

Height of pollen Width of pollen Vol £ ooll
Cultivar grain (um) grain (um) 0 urg:ﬁ? Elg) en
Mean + SE Mean + SE grain (w
Multiflorum 30.02+0.30 25.27 +£0.60 10029.40
Tankoljuskasti 26.15 £ 1.00 19.91 £ 0.68 5417.40
Tonda Gentile Romana 32.29 +£0.46 27.37+0.92 12645.70
Merveille de Bollwiller 30.10 £ 0.40 2425+ 1.03 9255.70
Avellino 29.61 +£0.81 25.71+£0.93 10231.40
Apolda 26.99 + 0.54 22.92 +0.81 7417.40
Ludolph Zellernuss 27.59+£0.61 22.45+1.28 7268.10
Istarski okrugli 28.51+0.74 24.02+1.21 8605.40
Halls Giant 30.06 + 0.98 26.74 £ 1.15 11248.30
Imperial de Trebizonde 28.04 £0.74 19.26 £ 1.11 5446.14
Jean's 30.21 £ 0.66 26.45+0.76 11048.60
Gustav Zellernuss 27.97 +£0.49 24.32 +0.81 8654.50
Romai | 25.77 + 0.66 23.48 +0.79 7432.25
Romai Il 24.84 +1.00 21.77 £ 1.20 6155.27
Tree Diagram for 14 Variables
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Fig. 2 - Cluster analysis of pollen grain size (volume) of the tested genotypes

Cluster analysis (Figure 2) showed the grouping of cultivars according to
the average dimensions and volume of the pollen grains. All cultivars were
grouped into five groups based on the genotypic specificities of pollen size:

- large pollen —» TGR,;
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- medium-large pollen—Halls Giant, Jean's, Avellino, Multiflorum,
Merveille de Bollwiller;

- medium-sized pollen — Gustav Zellernuss and Istarski okrugli;

- medium fine pollen —Apolda, Ludolph Zellernuss, Romai I;

- fine pollen — Tankoljuskasti, Imperial de Trebizonde, Romai Il;

Table 2 shows the values related to the type of ultrastructure of the exine
and the appearance of the average number of microexcrescences on the surface
of 10 um2 of the exine.

Tab. 2 - Type and ultrastructure of exine with the average number of microprojections in the
observed cultivars.

. - microexcrescences on 10 pm? of
Cultivar Type and ultrastructure of exine exine (M + SE)
Multiflorum mlcroe_xcrescences in the form of 152+ 0.79
slightly expressed folds
Tankoljuskasti unevenly short furrows with smaller 144+ 0.80
outgrowths
Tonda Gentile 3 — 7 micorexcrescences connected to 2491059
Romana shallow folds
Mervell_le de microexcrescences in the form of tiny 30.6 £ 0.20
Bollwiller warts
Avellino microexcrescences in the form of 31.0£2.19
pronounced warts
microexcr nces in the form of tin
Apolda croexcrescences in the form of tiny 2284 1.84
warts
Ludolph microexcrescences in the form of short 5.0 £3.39
Zellernuss folds with warts
Istarski okrugli microexcrescences in the form of 19.1 4420
pronounced short folds
Halls Giant microexcrescences in the form of tiny 20.1 +0.39
warts
Impe_rlal de microexcrescences in the form of short 204 4 1.99
Trebizonde folds with warts
Jean's short f_urrows with smaller 142+ 1.00
micoexcrescences
Gustav Zellernuss 2 — 3 microexcrescences connected to 2404 279
shallow folds
. microexcrescences in the form of short
Romai | . 16.2 £0.99
folds with warts
Romai Il short furrows with smaller 173+ 1.05
microexcrescences
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All cultivars were divided into three groups based on the form of
microprojections (Figures 3-16) :

- cultivars with microexcrescences in the form of small or pronounced
verrucate (Apolda, Avellino, Merveille de Bollwiller, Halls Giant);

- cultivars with more or less pronounced short wrinkles with
microexcrescences (Gustav Zellernuss, Istarski Okrugli, Ludolph Zellernuss,
Multiflorum, Romai I, TGR, Jean's);

- cultivars with short furrows and smaller microexcrescences (Romai
I1, Tankoljuskasti, Imperial de Trebizonde).

The average number of microexcrescences per 10 um? ranged from 14.2
for the Jean's cultivar to 31.0 for the Avellino cultivar. All cultivars were divided
into three groups according to the average number of microexcrescences:

- cultivars with a lower average number of microexcrescences from
14 to 20: Jean's, Tankoljuskasti, Multiflorum, Romai I, Romai I, Istarski
Okrugli;

- cultivars with an average number of microexcrescences from 20 to
25: Halls Giant, Imperial de Trebizonde, Apolda, TGR, Gustav Zellernuss,
Ludolph Zellernuss;

- cultivars with a high average number of microexcrescences over 30:
Merveille de Bollwiller, Avellino;
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Fig. 4 - The Tankoljuskasti cultivar
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Fig. 12 - Imperial de Trebizonde cultivar
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Fig. 16 - The Romai Il cultivar

The pollen grains in our study were triporate and subspherical in shape,
which is in accordance with previous measurements (Mi¢i¢ et al., 1988;
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Nikolaieva et al., 2014; Halbritter et al. 2025). The dimensions of the pollen
grains (height and width) in our study in most observed cultivars were larger than
those in the study by Mici¢ et al. (1988). Larger pollen dimensions were also
recorded in the cultivars observed in both studies: Imperial de Trebizonde, Hall's
Giant, and Apolda, while they were uniform for the Romai cultivar. Nikolaieva
et al. (2014) reported approximately uniform pollen dimensions with our
measurements, which ranged from 25 to 30 um, and in Halbritter et al. (2025)
average pollen dimension were larger. Different values were recorded for other
species of the genus Corylus. Higher values were recorded for Corylus
jacquemontii Decne. (Chandra et al., 2025) and Corylus colurna L. (Halbritter et
al., 2020) compared to our measurements, approximately equal to Corylus ferox
Mail. and higher values than Corylus americana Marsh. and Corylus
yunnanensis Franch. (Zhi-Duan, 1991). The pollen exine of the hazelnut cultivars
observed in our study was of the varucatoid type, which is in agreement with the
measurements of Mici¢ et al. (1988) and Halbritter et al. (2025). In our research,
the occurrence of microexcrescences that are positioned on shallow reticules in
the Gustav Zellernuss and TGR cultivars were registered, which is quite different
from other cultivars. Regarding the average number of microexcrescences per 10
um2, our measurements showed that the average number of microexcrescences
per 10 um2 was between 14 and 30, which is significantly lower than that
reported by Mici¢ et al. (1988), where all cultivars had an average of 25 to 41
microexcrescences per 10 um?2. The same author stated that the ornamentation
of the exine was not specific enough to serve for cultivar determination, which
is consistent with research on walnuts (Milatovi¢ et al., 2020).

Conclusion

The analysis of pollen morphology and exine ultrastructure in 14 hazelnut
genotypes has shown certain morphological differences in terms of dimensions
and density of microexcrescences on the exine surface. The TGR cultivar had the
largest pollen dimensions, whereas the Imperial de Trebizonde and Romai Il
cultivars had the smallest pollen dimensions. The highest number of
microexcrescences was recorded in the Avellino and Merveille de Bolwiller
cultivars, and the lowest in the Tankoljuskasti and Jean's cultivars. In terms of
the type and positioning of microexcrescences on the surface of the exine, the
Gustav Zellernuss and TGR cultivars stood out, indicating certain genotypic
differences that can be assumed to be related to the interspecies hybridization of
the observed cultivars. In this way, the question of the genotypic specificities of
the exine ultrastructure in the observed hazelnut cultivars remains open until their
genotypic characterization [the question of the selection of cultivars created by
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crossing species from the Corylus genus (Corylus avellana L., Corylus pontica
Koch., Corylus maxima Mill.).
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Mopdosoruja u yITpacTpyKTypa er3uHe mojeHa KO COPTH JIHjecKe
(Corylus avellana L.) rajennx Ha moapyujy bocue u XepueroBute

Ipenpar Wnuh?, Oparan Hukonuh?, Canga Ctanusykosuh®, Coma Ymuhesuh?, Huxona
Muhuh?

YVuueepsumem y bawoj Jyyu, Uncmumym 3a zenemuuxe pecypce, Bawa Jlyka, Bocna u
Xepyezosuna
2Vuusepumem y Beozpaody, Iowonpuspeonu gpaxyrmem, Beozpad, Cpbuja
3Vuusepsumem y Baroj Jlyyu, Ilomonpuepeonu gaxynmem, Bawa Jlyka, Bocha u
Xepyezosuna
*Anuya onoayuja, Bawa Jlyka, Bocna u Xepyezosuna

Caxerak

HctpaxuBame Mop(oJoruje M yIATpacTpyKType ersuHe II0JIeHa H3BPIICHO je
nomohy enektpoHckor ckenupajyher mukpockomna (CEM) kox 14 reHoTumoBa mjecke
(Corylus avellana L.). Mjepeme ToficHa W3BPILICHO je Y CYBOM CTamy Mpu yBehambuma o
500 mo 15000 x mpu yemy cy aHanM3upaHu cieaehu MmapaMeTpd: BHCHHA M IIMpPUHA
TNOJIEHOBOT 3pHa (Um), TIPOLjemeHa 3alpeMuHa MoJeHoBOr 3pHa (umd), Tum u
YJITPAacTPYKTypa €r3UHE M 3aCTYIJLEHOCT MUKpou3pamTaja Ha 10 (um?). [Tonen 3a aHamu3y
je MPUKYIUbEH Ha JBE JIOKAIlMje Ha MoApydYjy Oamanmyuke peruje, bocHa m Xepreropuna
(buX), a ananmmsupane cy cienehe copre: Multiflorum, Taukossyckactu, Tonda Gentile
Romana, Merveille de Bollwiller, Avellino, Ludolph Zellernuss, Apolda, Halls Giant, Romai
I, Romai Il, Ucrapcku oxpyrim, Imperial de Trebizonde, Gustav Zellernuss u Jean's.
Pesgynaratu wucTpakuBamba TMOKaszyjy Ja Cy T[OJIEHOBAa 3pHA TPUIOPAaTHOr THIIA,
cyocheponaHor obimKa ca muMmensdjama o 19.91 pm kox copre Imperial de Trebisonde mo
32.29 um kox copre Tonda Gentile Romana. Hajmama 3anpemuna riona yTBpheHa je Koj
copre Tamxosmyckactu (5417.40 umS), a najseha xon copre Tonda Gentile Romana
(12645.70 pm®). Mjepema ynTpacTpyKType er3uMHE yKasyje Ha IOCTOjame ojpeheHux
pasirka Koje ce jaBibajy u3Mel)y mocMarpaHux COpTH. Y JOCTYIHOj JIUTEpaTypy HaBOIHM CE
Jla je ersuHa I0JIeHa KOJI rajeHuX COPTH JIMjecKe jelHooOpa3Ha M Ja ce OJUIMKYje er3HHOM
BapYKaTOMIHOT TUIA. Y OBOM HCTPa)XUBaly YTBPEHE Cy pasinKe Koje ce jaBibajy Ha HUBOY
MuKpou3paiurtaja kox copta Gustav Zellernuss u Tonda Gentile Romana kon kojux je
YOUCHO IPYIHUCABE MUKPOU3PALITAja IO3UIHOHUPAHUX HA IUTMTKUM PeTHKyIuMa. [luTame
TEHOTHUIICKUX CIELH(HUYHOCTH YATPACTPYKTYPE Er3UHE JIHjeCKe OBUM HCTPAKHBAEHEM OCTaje
OTBOPEHO 3a WCTpaKHMBama Koja Tpeba yCMjepuTH Ha THTAkEe KapaKTePHCTHKA
MHTEPCIENU]eC XUOPH/Ia HACTAINX YKPIITAEM pa3InauThX BpcTa u3 poaa Corylus (Corylus
avellana L., Corylus pontica Koch., Corylus maxima Mill.).

Kwyune pujeuy: mammHoNIOTHja, MEKPOM3PALITAjH
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