
In vitro pollen germination and pollen tube growth investigations are valuable tools used in identifica-
tion of the effects of environmental factors and genotypic differences on pollen viability, pollen germi-
nation and tube elongation. In this study pollen viability, in vitro pollen germination capacity, abnormal-
ity ratios and tube length in germinated pollens of Hypericum perforatum L. and H. rumeliacum Boiss.
were investigated. Both of these species has spheroid-shaped and tricolporate pollen grains. The diame-
ters of Hypericum perforatum and H. rumeliacum pollens were found as 24 ± 3 μm and 19 ± 2 μm,
respectively. Pollen viability of H. perforatum and H. rumeliacum was found as 83% and 72%, respec-
tively. The germination percentages were found as 12.85% for H. perforatum and 64.42% for H. rumeli-
acum. Tube lengths in germinated pollens of both taxa were measured approximately as 95.25 ± 38 μm
in H. perforatum and 165.92 ± 53 μm in H. rumeliacum 4 h after inoculation. In germinated pollen grains
of H. perforatum and H. rumeliacum abnormality percentages were determined as 13.23% and 43.97%,
respectively. In germinated pollens of these two species, highly significant (P < 0.00001) differences in
in vitro germination percents and abnormality percents were observed. Abnormalities such as swollen
tube tip, branched tube, spiralled tube and excessive tube formation were observed in pollen tubes. The
results of this study showed that there were obvious differences in pollen germinability between these
two species growing under the same environmental conditions.
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INTRODUCTION

The genus Hypericum L. (Hypericaceae) comprises about 400 species widespread in
Europe, West Asia, North Africa and North America [5]. The genus contains about
80 species that are mainly present in Turkey [9, 19, 20]. Both Hypericum perforatum
L. (St. John’s wort) and Hypericum rumeliacum Boiss. possess characteristics of
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medicinal plants, such as antidepressant, antiviral, antimicrobial, anti-inflammatory
and anti-tumour effects [13].

In vitro pollen germination and pollen tube growth investigations can be readily
used in identification of the effects of environmental factors and genotypic differ-
ences on pollen viability, pollen germination and tube elongation. Pollen grains can
be considered as a simple model of plant cells. Therefore, pollen germination and
tube elongation are good models of growth and development and pollen grains are
important research materials for morphological, physiological, biotechnological,
ecological, evolutional, biochemical and molecular biological studies [25]. The
results of previous studies have shown that the pollen grains from the genotypes or
different species of the same genus differed greatly in their germination and tube
length characteristics [12, 16].

Although several studies were conducted on pollen viabilities and palynological
properties of Hypericum taxa [14, 17, 24], there is a gap in the literature about stud-
ies on pollen germination in Hypericum perforatum and H. rumeliacum. In the pre-
sent study, in vitro pollen germination capacity of Hypericum perforatum and
Hypericum rumeliacum was studied. The species were compared with respect to their
pollen viability, pollen germination ratios and abnormality percentages in their ger-
minated pollens.

MATERIALS AND METHODS

Plants were grown in the Botanical Garden of Trakya University (Turkey). To study
in vitro pollen germination, anthers were collected from Hypericum perforatum and
Hypericum rumeliacum. For pollen size measurements and pollen viability, pollen
grains from dehisced anthers were stained with lacto phenol-aniline blue. Pollen
grains were placed on a slide with a drop of lacto phenol-aniline blue, incubated for
10 min at room temperature and then investigated under a photomicroscope
(Olympus). Pollen sizes were measured with a micrometric ocular from 100-pollen
grains. For pollen viability, a total of 1000 pollens were counted from randomly cho-
sen 10 zones and the viability was estimated using the proportion of the stained
pollen grains to the total number examined.

For pollen germination, the pollen grains from dehisced anthers were incubated in
liquid germination medium [10% sucrose (C12H22O11), 0.01% boric acid (H3BO3),
0.03% calcium nitrate (Ca(NO3)2 · 4H2O)] in test tubes containing 2 ml of medium
for 4 h at room temperature. Samples were fixed with acid-alcohol mixture (1 glacial
acetic acid: 3 ethyl alcohol) following inoculation. Measuring 30 randomly selected
zones on slides for 3000 pollen grains determined the in vitro germination percent-
ages. Pollen was considered as germinated when the pollen tube was equal to or
longer than the diameter of the pollen grains. For tube length measurements, normal
pollen tubes on randomly selected 30 fields from 10 slides were considered. Pollen
tube lengths were measured with micrometric ocular. Data were statistically analysed
using a χ2 test.



RESULTS

The pollen grains of Hypericum perforatum and H. rumeliacum were compared with
respect to their morphological properties, viabilities, in vitro germination abilities,
tube lengths and abnormality ratios in germinated pollen grains. Results are summa-
rized in Table 1.

Both species examined had spheroid-shaped and tricolporate pollen grains (Figs 1,
2). While the diameter of Hypericum perforatum pollens was 24 ± 3 μm that of H.
rumeliacum was 19 ± 2 μm. Pollen viability of H. perforatum and H. rumeliacum
were found as 83% and 72%, respectively. The differences in pollen viability
between the two species were not significant (P = 0.09). Pollen germination started
immediately after inoculation in in vitro germination medium (Figs 3, 4). Germi-
nation percentage of H. perforatum was found as 12.85% and tube length in germi-
nated pollens were measured as 95.25 ± 38 μm, after 4 hours of inoculation. Pollen
germinability of H. rumeliacum was highly variable. Germination percentage of
H. rumeliacum was found as 64.42% and tube length as approximately 165.92 ± 53
μm after the same time. In germinated pollen grains of H. perforatum and H. rumeli-
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Fig. 1. Tricolporate pollen grain of Hypericum perforatum. Fig. 2. Tricolporate pollen grain of
Hypericum rumeliacum. Fig. 3. Germinated pollen grain of Hypericum perforatum. Fig. 4. Germinated

pollen grain of Hypericum rumeliacum (Bar = 20 μm)
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acum abnormality percentages were determined as 13.23% and 43.97%, respective-
ly. Germination and abnormality percentages of germinated pollens of the two
species were found to be significantly different (P < 0.00001). The following abnor-
malities were observed in pollen tubes of H. perforatum; swollen tube tip (Fig. 5),
branched tube (Fig. 6), spiralled tube (Fig. 7) and excessive tube formation (Fig. 8).
Pollen tubes of H. rumeliacum were also observed to have similar abnormalities, i.e.

Table 1
Pollen sizes, pollen viabilities, in vitro germination and abnormality percentages

of pollens and pollen tube length

Species
Pollen Pollen Germination Abnormalities Tube length,

diameter, μm viability, % ratios, % ratios, % μm

Hypericum
perforatum 24 ± 3 83 12.85 13.23 95.25 ± 38

Hypericum
rumeliacum 19 ± 2 72 64.42 43.97 165.92±53

Figs 5–8. Abnormal germinated pollen tubes of Hypericum perforatum. Fig. 5. Germinated pollen grain
with tube tip swollen. Fig. 6. Germinated pollen grain with branched tube. Fig. 7. Germinated pollen

grain spiralling tube. Fig. 8. Germinated pollen grain with many tubes (Bar = 20 μm)



swollen tube tip (Fig. 9) and branched tube (Fig. 10). In this species, spiralled tubes
and excessive tube formation were no determined.

DISCUSSION

The fertilization ability of pollen grains is a function of pollen germination and
pollen tube growth. It is suggested that genetic or environmental causes may effect
pollen germinability [12, 26]. The results of this study showed that there were sig-
nificant differences (P<0.00001) in pollen germinabilities of two species growing
under the same environmental conditions. The results suggested that genotypes of
species might effect pollen germination and tube length. The genotype of the pollen
grain affects many physiological and biochemical processes that may influence in
vitro germination.

When pollen grains are released from the anther, they may be of two different
types; bicellular (vegetative and generative cells) and tricellular (vegetative cell and
two sperms). Brewbaker [3] suggested that bicellular pollen grains germinated more
easily than tricellular pollen grains. Hypericum pollens are binucleate but germina-
tion rates of species are different. In earlier studies, germination percentages in some
taxa were reported as 80% in Anthirrinum majus, 70% in Linaria vulgaris, 30% in
Cyclamen hederifolium, 15% in Lonicera fragrantissima, 5% in Ecballium elaterum
[8], 37% in Sesamum indicum [16], 76.3 to 64.1% in Glycine max (related to geno-
type) [12], 38% in Annona cherimola [21], 65 to 88% in Taxus brevifolia (depending
on donor) [1], 35% in Butomus umbellatus [10].

In angiosperms, the rate of pollen tube growth varies from 60 to 20,000 μmh–1

[23]. We found the pollen tube lengths as 95.25 ± 38 μm in Hypericum perforatum
and 165.92 ± 53 μm in Hypericum rumeliacum after 4 hours of inoculation.
According to our results, the pollen tube elongation rates of Hypericum species are
24–41 μmh–1 and these rates are fairly slow. Cultured pollen tubes of Nicotiana
tobacum can grow at a rate of approximately 200 μmh–1. The tubes continue to grow
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Figs 9–10. Abnormal germinated pollen tubes of Hypericum rumeliacum. Fig. 9. Germinated pollen
grain with tube tip swollen. Fig. 10. Germinated pollen grain with branched tube (Bar = 20 μm)
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for over 48 hours and until they are clearly over 1 cm in length [18]. In Sesamum
indicum L., the tube length reaches to 1000 μm after 5 hours of inoculation [16].

Boron and calcium ions have been recognized to be essential in pollen germina-
tion and tube growth [4). Our germination medium included both of them. Boron sta-
bilizes the newly synthesized cell wall at pollen tube tip and activates the membrane
H+-ATPase that is essential for initiation of pollen germination and enhancement of
tube growth. Calcium ions are involved in pollen tube elongation and orientation of
pollen tube growth [11]. Pollen grains of some plants need more complicated germi-
nation medium with NH4Cl, CuSO4, polyethylene glycol, polyamines, 2N-morpholi-
noethane sulphonic acid (MES) [6, 7, 11, 22, 26]. Pfahler [15] suggested that differ-
ences in in vitro pollen germination could be a result of complex interactions
between the physiology of the pollen grain and medium components. The structure
and physiology of the pollen grain is under genetic control and germination medium
component is important for both germination and tube growth [12].

Pollen germination and pollen tube growths are important for successful fertiliza-
tion in flowering plants. This phenomenon might affect the dispersion of plants in
same habitat. Hypericum perforatum has a widespread distribution in Trakya
(European Turkey) region. In contrast, H. rumeliacum occurs in a limited region in
Trakya [2]. The existence of a successful fertilization in H. perforatum showing
widespread distribution is possible due to low abnormality percentages (13.23%).
These results might support the idea that the widespread dispersion of H. perforatum
can lead to a successful pollination and fertilization.

In addition to the high pollen germination ratio of H. rumeliacum (64.42%),
exhibiting a limited dispersion compared to H. perforatum, the abnormality ratio is
also high (43.97%). This high abnormality percentage decreases the probability of
successful fertilization. The limited dispersion of H. rumeliacum was suggested to be
related with its abnormal pollen germination.
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