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 Summary
A large number of grapevine cultivars have func-

tionally female flowers. The causes of male sterility 
in these cultivars in the spheres of microsporogene-
sis and pollen morphology are only partially tackled. 
This study examines microsporogenesis and pollen 
functional ability in two most economically import-
ant indigenous grapevine cultivars in Bosnia and Her-
zegovina by the evaluation of permanent histological 
sections and the use of a scanning electron micro-
scope. When observed at the cytogenetic and embry-
ological level, microsporogenesis in cvs. Blatina with 
sterile pollen and Žilavka with fertile pollen shows 
regularity, they coincide and there are no differenc-
es in the sequence of differentiation events, except in 
their timing and duration. In ‘Žilavka’, the develop-
ment of pollen in the anther locule at all sequential 
events, including pollen release from the tetrad, for-
mation of the structural elements of the exine, phys-
iological and morphological preparations for pollen 
to be dispersed and its release from the anthers, 
progresses normally with typical – vital cytogenetic 
characteristics maintained. In ‘Blatina’, during pollen 
development in the anther locule upon release from 
the tetrads and during the formation of the structural 
elements of the exine, uncontrolled coverage of pol-
len by the exine occurs, ultimately resulting in the 
formation of inaperturate pollen – morphologically 
sterile pollen grains.
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Significance of this study
What is already known on this subject?
•	 The grapevine cultivar Blatina with functionally female 

flowers have disfunctional pollen grains without pores.

What are the new findings? 
•	 Cv. Blatina has inaperturate pollen regardless of 

normal microsporogenesis and normal cytogenetic 
characteristics of pollen grains.

What is the expected impact on horticulture? 
•	 The fact that pollen of ‘Blatina’ has a normal 

cytogenetic constitution and does not germinate 
due to a complete coverage of germination pores 
with sporopollenin (exine) indicates the possibility 
of detecting markers for this phenomenon, which is 
important for the selection of grape wines.

of meiotic division (Büyükkartal et al., 2005). Male sterility 
in grapevine genotypes with functionally female flowers has 
been described in the literature and identified as morpho-
logical sterility, with statements made about pollen grains 
being spherical in shape and having no apertures (Lombardo 
et al., 1976, 1978; Kevan et al., 1985, 1988; Silva et al., 2001; 
Caporali et al., 2003; Slimane-Harbi et al., 2004; Büyük-
kartal et al., 2005; Abreu et al., 2006; Gallardo et al., 2009; 
Najmaddin et al., 2011). In some grapevine cultivars with 
functionally female flowers, irregularities have been detect-
ed in microsporogenesis, which are associated with tapetum 
degradation. Namely, Slimane-Harbi et al. (2004) observed 
that not until the stage of tetrad membrane dehiscence does 
tapetum degradation in cv. Rezzegui start. Büyükkartal et al. 
(2005) reported that tapetum degradation in cv. Cavuᶊ does 
not occur until pollen is released from the anther locule, this 
being identified as the cause of pollen sterility. However, all 
these studies do not analyse the cytogenetic characteristics 
of these pollen grains.

This study involved a detailed cytohistological examina-
tion of the process of meiosis in microsporogenesis and en-
domitosis during tapetum formation and resorption in culti-
var Blatina with sterile pollen and inaperturate pollen grains 
and cultivar Žilavka with functional pollen. At the same time, 
these two cultivars are the two most important grapevine 
cultivars in Bosnia and Herzegovina. Both cultivars are old 
autochthonous cultivars grown in the south-eastern part 
of Bosnia and Herzegovina (Herzegovina region) for cen-
turies, primarily because they are used for the production 
of high-quality wines with geographical origin (Beljo et al., 
2014). The aim of comparison of these processes with Blati-
na and Žilavka cultivars is to show in which sequence of the 

Introduction
The grapevine flowers have a specific anatomy and they 

have a genetically and morphologically functional predispo-
sition to self-pollination and self-fertilization. At  the same 
time the large number of grapevine cultivars have functional 
female flowers, among which are many indigenous cultivars 
(Kevan et al., 1985; Caporali et al., 2003). These indigenous 
cultivars are mainly maintained in production together as 
locally grown genetic material because they are adapted to 
the conditions in which they are grown locally and can be 
pollinated and fertilized among themselves (Lombardo et al., 
1976; Silva et al., 2001; Slimane-Harbi et al., 2004; Büyükkar-
tal et al., 2005; Abreu et al., 2006). Most of the literature only 
partially tackled the causes of male sterility in these cultivars 
in the spheres of microsporogenesis and pollen morphology 
and no definitive explanation has been found in the sphere 
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pollen grain formation comes the disorder which ultimately 
results in the formation of inaperturate pollen grains of Bla-
tina cultivar.

Material and methods
Grapevine inflorescence samples for laboratory analyses 

were collected from Ortiješ Vineyard in the south-eastern 
part of Bosnia and Herzegovina, Mostar region. Inflorescenc-
es of grapevines for histological slides were collected from 
April to middle of June in 2009 and 2010. Sampling was car-
ried out at five-day intervals in April and at two-day intervals 
in May and June, between 9:00 and 10:30 am, from the shoot 
and inflorescence growth, flowering and pollination stages 
to the berry setting. 10 inflorescences of each cultivar were 
taken in each term.

A histological analysis of male gametophyte of grapevine 
cultivars was performed by a modified paraffin technique 
(Mićić, 1993), with fixing of inflorescences in fixative accord-
ing to Navašin (1936) (1% chromic acid  : formaldehyde  : 
glacial acetic acid; in a ratio of 6 : 3 : 1) and preparing of per-
manent histological slides. The inclusion in paraffin (Merck, 
Germany, melting point 56°C) was done through a series of 
ethylalcohol and xylol solutions (Merck, Germany). Cutting 
of paraffin blocks to sections of 8–10 μm thickness was done 
on Leica RM 2245 Microtome (Leica Biosystems, Germany). 
The preparations were glued to the subject glasses by lab-
oratory-prepared Majer Glue (Mićić, 1993). The prepara-
tions were subsequently dried at 32°C in a drier (Sutjeska, 
Serbia). The colouring of the preparations was preceded by 

deparaffining with purification in ammonia solution of 60% 
ethyl alcohol and in saturated aqueous solution of picric acid 
(Merck, Germany). The colouring was performed with the 
laboratory-prepared Delafild’s hematoxylin (Mićić, 1993). 
Colour differentiation was performed under a light micro-
scope (Olympus SZH, Olympus, Japan) in acid solution of 
70% ethyl alcohol (Merck, Germany). The preparations were 
incorporated into the Canadian Balm (Merck, Germany). The 
observation of histological sections and photodocumenta-
tion of the process were done using light microscope Leica 
DM 6000 B (Leica Biosystems, Germany) with magnification 
1000–1.500×. A total of 1,850 permanent histological prepa-
rations were made and a total of 1,656 microphotographs of 
histological sections were recorded.

Anatomical and morphological pollen characteristics 
were analysed by a scanning electron microscope (SEM) 
JSM-6390 LV (Jeol, USA) at 500–5.000× magnification. Sam-
ples of pollen for analysis on SEM were taken during anther 
pollination (full blossoming) in both years and preserved in 
petri vessels prior to analysis. The preparations were read-
ied for observation by placing a two-layer tape on the sample 
carrier, onto which pollen was applied with a brush. After 
that, vapour deposition of pollen with a layer of 20 nm thick 
gold was applied to the BAL-TEC SCD 005 (Bal-tec™, USA). 
Pollen of both cultivars was tested in dry and hydrated con-
dition. Pollen hydration was carried out with 96% ethyl alco-
hol solution. 30 pollen grains were analysed for each cultivar. 
A total of 280 microphotographs of pollen were recorded.
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FIGURE 1.  Algorithm of dynamics and flow of the process of microsporogenesis in grapevine cultivars Z� ilavka and 
Blatina in 2009 and 2010. 
 

Figure 1.  Algorithm of dynamics and flow of the process of microsporogenesis in grapevine cultivars Žilavka and Blatina in 
2009 and 2010.
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Results and discussion
The analyses of the microsporogenesis processes in cvs. 

Blatina and Žilavka on the cytogenetic and embryonic level 
in 2009 and 2010 show there is no difference between these 
two cultivars in the sequence of differentiation phases, ex-
cept in their timing and duration, which suggests regularity 
and coinciding of the processes in both cultivars (Figure 1).

Endomitotic cycles in tapetal cells in both cultivars are 
coincide and have no abnormalities detected, i.e., endomi-
totic cycles in tapetal cells are synchronous with the process 
of karyokinesis in pollen mother cells. The final microsporo-
genesis phase includes dehiscence of the tapetal cell walls, 
release of their vacuole contents into the anther locule and 
subsequent release of young microspores from the tetrads 
(Figures 2 and 3).

Dehiscence of the callose membranes of tapetal cells 
takes place almost simultaneously with dehiscence of the 
callose membranes of the tetrads. This indicates that these 
events are synchronised to allow the development of micro-
spores – young pollen grains in the anther locule after their 
release from the tetrads. Such events in microspore develop-
ment have also been identified in other grapevine cultivars 
(Cardoso et al., 2010), as well as in representatives of wild 
grapevine populations (Caporali et al., 2003). As determined 
in V.  vinifera ssp. silvestris, at the stage of microspores, the 
tapetal wall is completely resorbed, regardless of pollen fer-
tility, i.e., fertile pollen (the pollen of male wild vine plants) 
or sterile pollen (the pollen of female wild vine plants).

The observations suggest that the microspores – young 
pollen grains, during their release from the tetrads, are of 
normal structure and constitution in both cultivars, i.e., in 
the course of microsporogenesis, the causes of pollen ste-
rility in cv. Blatina cannot be detected and confirmed at this 
stage of observation.

After tapetal cell resorption, the pollen grains in ‘Žilavka’ 
undergo physiological and morphological preparations to be 
released from the anthers, basically involving the withdrawal 
of the exine from the colpus area into the pollen grain, i.e., 
colpus closure and, hence, aperture closure, with only the ex-
ine on the pollen grains protruding and upon dehiscence of 
the anther exothecia, closed pollen grains are released and 
pollen is at the dispersal stage (Figures 4 and 5).

The final stages of the physiological behaviour of pollen 
to be dispersed in ‘Žilavka’ observed in this study are normal 
and result in the formation of fertile pollen grains with closed 
colpi (Figure 6), as in many other fertile cultivars (Lombardo 
et al., 1976, 1978; Caporali et al., 2003; Abreu et al., 2006).

In ‘Blatina’, pollen grains undergo physiological and mor-
phological behaviour to be released from the anthers, be-
come completely covered by the structural elements of the 
exine, thus remaining without colpi and apertures and after 
tapetal cell resorption, when the pollen grains physiological-
ly prepare themselves to be released from anthers, specifi-
cally, this process in ‘Blatina’ ends with the collapse of pollen 
grains (Figure 7).

The results on process of microsporogenesis in ‘Blatina’ 
in this research, i.e., the process of pollen grain development 
in the anther locules, pollen grain morphology and cytogenet-
ic characteristics at the dispersal stage show that the pollen 
grains completely covered by the structural elements of the 
exine, which causes morphologically sterile pollen grains. 
These sterile pollen grains maintain normal cytogenetic char-
acteristics until they are released from the anthers and the 
stigma becomes receptive. This research shows that the pro-
cesses of microsporogenesis in Žilavka and Blatina cultivars, 
on a cytogenetic and embryologic level, are regular and mu-
tually consistent. The difference in the processes of pollen for-
mation in Žilavka and Blatina cultivars occurs at the moment 
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FIGURE 2.  Basic stages of microsporogenesis in grapevine cultivar Blatina. A) prophase I – diakinesis; B) telophase I, with 4–8 nuclei in tapetal cells; C) interphase II – 
simultaneous-type meiotic division; D) tetrads; E) microspores immediately after release from the tetrads. 
 
 
 

Figure 2.  Basic stages of microsporogenesis in grapevine cultivar Blatina. A) prophase I – diakinesis; B) telophase I, with 
4–8 nuclei in tapetal cells; C) interphase II – simultaneous-type meiotic division; D) tetrads; E) microspores immediately 
after release from the tetrads.
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FIGURE 3.  Basic stages of microsporogenesis in grapevine cultivar Z� ilavka. F) prophase I – diakinesis; G) telophase 
I, with 4–8 nuclei in tapetal cells; H) interphase II – simultaneous-type meiotic division; I) tetrads; J) microspores 
immediately after release from the tetrads. 
 
  

Figure 3.  Basic stages of microsporogenesis in grapevine cultivar Žilavka. F) prophase I – diakinesis; G) telophase I, with 
4–8 nuclei in tapetal cells; H) interphase II – simultaneous-type meiotic division; I) tetrads; J) microspores immediately after 
release from the tetrads.
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FIGURE 4.  Final stages of microsporogenesis and physiological and morphological behaviour of ‘Z� ilavka’ pollen for 
dispersal. K) pollen grain in the process of covering with the exine; L) pollen grain with the intine withdrawing in 
the colpus area – closure of the pollen grain; M) detail of a closed pollen grain – closed colpi and apertures, with 
only the exine protruding; N) pollen grain with closed colpi taking the form of a narrow rotational ellipsoid. 
 
  

Figure 4.  Final stages of microsporogenesis and physiological and morpholog-
ical behaviour of ‘Žilavka’ pollen for dispersal. K) pollen grain in the process of 
covering with the exine; L) pollen grain with the intine withdrawing in the col-
pus area – closure of the pollen grain; M) detail of a closed pollen grain – closed 
colpi and apertures, with only the exine protruding; N) pollen grain with closed 
colpi taking the form of a narrow rotational ellipsoid.
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of physiological preparation of pollen for dispersal (Figure 8).
Pollen grain sterility in cv. Blatina can be identified as 

morphological sterility, since pollen grains confirm normal 
and maintainable cytogenetic characteristics in the follow-
ing sequence of developmental events: 1)  immediately af-
ter release from the tetrads; 2) undergoing coverage by the 
structural elements of the exine; 3) physiological behaviour 
for pollen to be released from the anthers – collapsed pol-
len grains; and 4) upon hydration of collapsed pollen grains. 
Thus, in our research, pollen grain sterility of cv. Blatina can 
be identified as morphological sterility, since the complete 
coverage of the grain by the structural elements of the exine 
acts as a mechanical obstacle to germination, while pollen 
grains in all developmental events have typical cytogenetic 
characteristics.

Conclusion
The study of the process of microsporogenesis, tapetum 

resorption, the development of pollen grains in the anther 
after release from the tetrads, the physiological and morpho-
logical preparation of anther release and spreading, the mor-
phology of pollen to be dispersed and hydration on the stem 
beam, as well as cytogenetic constitution in all sequences of 
development, in Blatina cultivar with sterile pollen and Žilav-
ka cultivar with fertile pollen shows as follows:
-	 Processes of microsporogenesis observed at the cytoge-

netic and embryologic level do not differ in the sequences 
of differentiation, except in the time of their occurrence 
and duration, therefore it can be concluded that the pro-
cess of microsporogenesis in both cultivars is regular and 

mutually consistent.
-	 Endomytotic cycles in the tapetum cells in both cultivars 

are consistent and without the observed anomalies, i.e., 
endomytotic cycles of the tapetum cells follow the process 
of karyokinesis in pollen mother cells.

-	 In Žilavka cultivar, the development of pollen in the anther 
locule from the release from the tetrade, the formation of 
structural elements of exine, physiological and morpho-
logical preparation for dispersal (closure of colpi and ger-
mination aperture), until release from the anther, flows 
normally with a typical – vital cytogenetic constitution.

-	 In Blatina cultivar in the process of pollen development in 
the anther locule upon release from the tetrads and during 
the process of formation of structural elements of the ex-
ine, uncontrolled coverage of pollen by the exine occurs, 
ultimately resulting in the formation of pollen without col-
pi and germination apertures – pollen grains are morpho-
logically sterile.

-	 Morphologically sterile pollen grains in Blatina cultivar, in 
all development sequences, from the physiological prepa-
ration for dispersal, the release from the anther and hydra-
tion on the gynoecium of the stigma, maintain a typical – 
vital cytogenetic constitution, but germination is prevent-
ed because they are completely covered with structural 
elements of exine.
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FIGURE 5.  Graphical presentation of the sequence of the pollen grain closure in the process of physiological and 
morphological behaviour for the release from anthera and dispersal in cultivar Z� ilavka. In the process of 
physiological behaviour for dispersal, pollen is released from excessive water (facilitated transport), whilst the 
closing of colpi and the openings for germination protects the interior of the pollen and puts structural elements 
of the exine in the first place as an element of susceptibility. 
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FIGURE 6.  Pollen grains of ‘Z� ilavka’ hydrating on the stigma: V) partially hydrated pollen grains at the event of colpus opening; W) hydrated pollen grains are spherical to slightly 
elliptic, and at this stage of development, functionally able pollen grains are binucleate (X). 
 
  

Figure 5.  Graphical presentation of the sequence of the pollen grain closure in the process of physiological and morphological 
behaviour for the release from anthera and dispersal in cultivar Žilavka. In the process of physiological behaviour for dispersal, 
pollen is released from excessive water (facilitated transport), whilst the closing of colpi and the openings for germination 
protects the interior of the pollen and puts structural elements of the exine in the first place as an element of susceptibility.

Figure 6.  Pollen grains of ‘Žilavka’ hydrating on the stigma: V) partially hydrated pollen grains at the event of colpus opening; 
W) hydrated pollen grains are spherical to slightly elliptic, and at this stage of development, functionally able pollen grains are 
binucleate (X).
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Figure 7. Final stages of microsporogenesis and physiological and morphological behaviour of ‘Blatina’ pollen for dispersal: 
O) pollen grain being covered by the external layer – the exine; P) pollen grains have normal cytogenetic characteristics prior 
to physiological and morphological behaviour for their dispersal; Q)  pollen grains completely covered by the exine – no 
differentiated colpi and apertures formed; R)  pollen grains have no colpi, i.e., during exine formation, the pollen grain is 
enclosed by the structural elements of the exine; S) pollen grains of ‘Blatina’ after physiological behaviour for dispersal take 
the form of collapsed pollen grains; T) however, histological sections of pollen grains in the collapsed state show that their 
cytogenetic characteristic is preserved; U) morphologically irregular forms of inaperturate pollen grains after physiological 
preparations for their release from the anthers, described as collapsed pollen grains, are the result of complete coverage of 
pollen grains by the structural elements of the exine.
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FIGURE 7. Final stages of microsporogenesis and physiological and morphological behaviour of ‘Blatina’ pollen for dispersal: O) pollen grain being covered by the external layer 
– the exine; P) pollen grains have normal cytogenetic characteristics prior to physiological and morphological behaviour for their dispersal; Q) pollen grains completely covered 
by the exine – no differentiated colpi and apertures formed; R) pollen grains has no colpi, i.e., during exine formation, the pollen grain is enclosed by the structural elements of 
the exine; S) pollen grains of ‘Blatina’ after physiological behaviour for dispersal take the form of collapsed pollen grains, T) however, histological sections of pollen grains in 
the collapsed state show that their cytogenetic characteristic is preserved; U) morphologically irregular forms of inaperturate pollen grains after physiological preparations for 
their release from the anthers, described as collapsed pollen grains, are the result of complete coverage of pollen grains by the structural elements of the exine. 
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FIGURE 8.  Graphic presentation of the establishment of a “collapsed” form of inaperturate pollen grains of ‘Blatina’ in the process of physiological preparation of pollen for 
release from anthera (Y). By hydration, inaperturate pollen grains have a normal physiological and cytogenetic characteristics, but germination is not possible because pollen 
is completely covered by structural elements of exine (Z). 
 

Figure 8.   Graphic presentation of the establishment of a “collapsed” form of inaperturate pollen grains of ‘Blatina’ in the 
process of physiological preparation of pollen for release from anthera (Y). By hydration, inaperturate pollen grains have  
normal physiological and cytogenetic characteristics, but germination is not possible because pollen is completely covered by 
structural elements of exine (Z).
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