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An embryological study of the Bulgarian native populations of Atropa belladonna has been carried out. Some
embryological features typical for the genus Atropa and the family Solanaceae were observed. A new feature,
namely endosperm embryo, was also established. The recognised high plasticity of the female gametophyte,
as well as the high pollen and embryo viability play an essential role for maintaining the size of populations
of the studied species. The specific reproductive features observed are important for the use of A. belladonna
as a source of raw material for the pharmaceutical industry and for its status as an endangered species in the

Bulgarian flora.
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Introduction

Atropa belladonna L. is a perennial herbaceous plant of
the family Solanaceae Juss., included under the threat
category Rare in the Red Data Book of the People’s Re-
public of Bulgaria (Genova 1984) and as Vulnerable
in the Red List of Bulgarian vascular plants (Geno-
va 2009). Since ancient times, it has been known as
a medicinal plant with spasmolytic and mydriatic ef-
fect (Petkov 1982). The leaves and berries of A. bella-
donna are toxic and contain tropane alkaloids, includ-
ing atropine, scopolamine and hyoscyamine. Even to
this day, atropine is used by eye doctors to dilate the
pupils during examination of patients’ retina. Scopo-
lamine and hyoscyamine, similarly to the compound
atropine, have a sedative effect and bring about relax-
ation in the smooth muscles of the body. The curative
effect of the drugs from roots and leaves of A. bella-

donna is due to the high alkaloid content that makes
them a valuable material mainly for the production of
spasmolytic medicines (Ganchev 1995).

Hitherto, the studies of this species have been
mainly focused on overcoming the problems of poor
seed germination in relation to its cultivation as a
raw material for the pharmaceutical industry (Janku-
lov 1961; Genova & al. 1997). In this connection, the
chemical composition and pharmacological effect of
the active substance in A. belladonna drug have been
already established (Petkov 1982). Data on embryolo-
gy of this species are scanty and fragmentary (Togni-
ni 1900; Zhukova & Poddubnaya-Arnoldi 1987). The
Bulgarian populations of this very useful medicinal
plant have not been studied so far.

The increased wide application of this valuable
plant in pharmaceutical industry has significantly re-
duced in size and numbers its wild populations in Bul-
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garia. Elucidation of the reproductive pathways of At-
ropa belladonna will provide important information
for estimation of the reproductive success of the studi-
ed populations in connection with the potential possi-
bilities for its in vitro cultivation and preservation.
The aims of the present study were: (1) To reveal
the mode of reproduction of the native Bulgarian
populations of A. belladonna; (2) To characterize the
peculiarities of the reproductive structures and proc-
esses; (3) To analyze the pollen and embryo viability.

Material and methods

Two Bulgarian native populations of A. belladonna
were studied:

1. Sofia Region, Mt Lyulin (in the vicinity of the
city of Sofia), near St. Spas Monastery in a wood of Fa-
gus sylvatica, at an altitude of about 1200 m (Fig. 1).
The population was with low density, consisting of a
comparatively small number of sparsely growing indi-
viduals, usually with low fertility.

2. Balkan Range (Western), Vrachanski Divide
(near Parshevitsa chalet), in a wood of Fagus sylvatica,
at an altitude of about 1280 m (Fig. 2). The population
was dense, consisting of many individuals, with high
viability and fruitfulness.

For the embryological study and pollen viability
assessment, flower buds and flowers (at different stag-
es of development) were collected and fixed in a mix-
ture of FAA (formalin: glacial acetic acid: 70 % etha-
nol in correlation 5:5:90 parts), embedded in paraffin,
cut up into 8-15 pm sections with a rotary microtome

Fig.1. Atropa belladonna in a wood of Fagus sylvatica, Sofia
region (Mt Lyulin, near St. Spas Monastery).

and treated according to the classical paraffin meth-
ods (Sundara 2000). The sections were stained with
Heidenhain’s and Delafield’s haematoxylin and finally
included in Enthelan.

For proving the content of starch in the pollen
grains, anthers were detached from flowers, washed
with water and then cut open to separate their con-
tent on a slide. A drop of iodine-potassium-iodine
(IKI, known as Lugol's iodine solution) was added to
the pollen, in order to reveal the presence of starch.
Stainability of pollen grains was estimated immediate-
ly by light microscope. The relative amount of starch
accumulation within the pollen grains was established
according to the coloration intensity (the greater the
starch accumulation, the deeper the bluish-brown
staining of pollen).

To estimate embryo viability, a quick viability test
completed within 24 h was applied (known as tetra-
zolium test). For this purpose, mature seeds of two
studied populations were preliminarly imbibed on fil-
ter paper overnight at 20-25°C. Then the seeds were
cut deeply on the leaving part of the seed coat and in-
cubated in a diluted (1 %) solution of 2, 3, 5-triphe-
nyltetrazolium chloride (TTC), according to Peters
(2000). Initially, the tetrazolium solution is colourless,
but changes to red, when it is in contact with the hy-
drogen (a reduction) derived from the enzymes in the
respiration process of the embryos and endosperm.
Embryos showing active respiration turn red and are
considered viable (the darker the colour, the higher is
the respiratory activity in the seed). The embryo via-
bility is estimated depending on the intensity of stain-
ing: (1) Viable embryos display entire embryo and en-

Fig. 2. Atropa belladonna in a wood of Fagus sylvatica, Balkan
Range (Western), Vrachanski Divide.
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dosperm staining (normal staining); (2) Nonviable
embryos display abnormal or no staining of any part
of the embryo or endosperm.

Observations were carried out on permanent
slides, using an Olympus CX21 light microscope. Mi-
crophotographs were made with Digital Infinity Lite
Camera 1.4 Mpx.

Results

The features revealed during the present embryologi-
cal study are generally the same for the two native Bul-
garian populations of Atropa belladonna. Therefore,
only special comments are given below.

Anther and development of the male
gametophyte

The anthers are tetrasporangiate (Fig. 3). Placento-
ids (parenchymatous longitudinal bulges of the septa
intruding into each pollen sac) are always present
(Fig. 4).

The anther wall consists of an epidermis, en-
dothecium, one-two middle layers and tapetum
(Fig. 4). The epidermis comprises one row of almost
rectangular one-nucleated cells. During theanthers on-
togenesis, these cells enlarged tangentially and round-
ed up. The cells of initially one-rowed endothecium
are one-nucleated and rectangular. Subsequently, they
divide in a radial direction and the endothecium be-
comes 2-3-rowed outside, up to multi-rowed towards
the connective tissue (Fig. 6). The endothecium cells
develop fibrous thickenings after the formation of
one-nucleated pollen (Fig. 6). The middle layers are
ephemeral and degenerate to the end of meiosis in
the microspore mother cells - MMCs (Fig. 7). Initial-
ly, the tapetum is glandular with one-nucleated cells.
As a result of mitotic divisions, a multiplication of the
nuclei occurs. The tapetum cells become 4-nucleat-
ed on the outer side of the anther wall, up to 8-nu-
cleated towards the connective tissue. They also differ
in their morphological characteristics: the former are
rectangular and relatively uniform, while the latter are
lengthened in a radial direction (Fig. 8). At the stage
of mature pollen grains, only the epidermis and en-
dothecium persist in the anther wall, although occa-
sionally with destroyed continuity (Fig. 9).

The sporogenous tissue is multilayered and con-
sists of small polygonal cells with dense cytoplasm that

initially fit in closely side by side. During the anther
development, these cells round up, separate from each
other and differentiate into MMCs (Fig. 5). Meiosis
runs almost normally, although some deviations have
been established, such as: individual lagging chromo-
somes behind the division spindle; chromosomes out
of the spindle; asymmetrical disposition of the spin-
dles especially during the homeotypic division of the
meiosis (Fig. 7). After simultaneous microsporogene-
sis, tetrahedral, isobilateral and decussate microspore
tetrads form, often connected with cytoplasmic liga-
ments up to their disintegration (Fig. 10). The mature
pollen grains at the time of shedding are predomi-
nantly 2-celled, sporadically 3-celled, three-colporate
(rarely 4-colporate), prolate-spheroidal, exine-stri-
ate, starch-contained (Figs. 11, 27). Some of the pol-
len grains begin to germinate through the pores inside
the anthers (Fig. 12).

Ovule and development of the female
gametophyte

In a flower, the pistil characterizes by a solid style
and bilobed stigma with a papillate surface (Fig. 13).
The gynoecium is bicarpellar, syncarpous, ovary su-
perior, tetralocular due to false septa, with 5-8 up
to 15-20 ovules within each of the locules (Fig. 14).
The well-developed ovule is anatropous, tenuinu-
cellate and unitegmic. Within the still young ovule
of unicellular archesporium forms hypodermally
(Fig. 15). It differentiates directly into a megaspore
mother cell (megasporocyte) without the formation
of any parietal cells (Fig. 16). As result of the mei-
osis in the megasporocyte, a linear megaspore tet-
rad or dyad formed. The embryo sac (ES) develop-
ment initiated from the chalazal megaspore of the
tetrad or the dyad runs according to Polygonum
(monosporic)-type (Fig. 17) or Allium (bisporic)-
type (Fig. 18) respectively. The sister megaspores,
however, gradually degenerated. After three mitot-
ic divisions of the functional megaspore (usually
the chalazal one), consecutively two- (Fig. 19), four-
(Fig. 20) and eight-nucleate ES formed. The mature
Polygonum- or Allium-type ES consists of: a 3-celled
egg apparatus with a pyriform egg cell and two syn-
ergids (Fig. 21), a central cell and three antipodals.
The central cell formed before the fertilization, after
the fusion of the two polar nuclei. The three antipo-
dals, located deeply into the chalaze, are more often
in linear arrangement, especially in the population
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of the Balkan Range. In the studied populations of
A. belladonna long-lived antipodal cells in the ES (up
to the early stages of endospermogenesis) were ob-
served. The integumentary tapetum (endothelium)
differentiates from the innermost layer of the integu-
ment to the stage of two-nucleate ES. The cells of the

endothelium were bigger than the other integument
cells. Up to the mature ES, these cells lengthened ra-
dially and became vacuolated (Fig. 21).

The legitimate embryo and endosperm formed af-
ter a porogamous double fertlization. The first trans-
versal division of the zygote and direction of the cell

@

Figs 3-8. Anther and development of the male gametophyte:

3, Tetrasporangiate anther. Scale bar, 100 pum; 4, Anther sacs with placentoids (pd). Scale bar, 100 pum; 5, Microspore mother cells
(mmc) and five-cell-layered wall structure: epidermis (epi), endothelium (end), two middle layers (ml), and tapetum (tap). Scale bar,
10 pm; 6, Four-cell-layered wall structure: epidermis (epi), and three endothecial layers (end) and mature pollen grains. Scale bar,

50 um; 7, Homeotypic division of the meiosis in MMC (mmc) and anther wall (AW). Scale bar, 10 um; 8, Secretory tapetum (tap) with
different morphological characteristics and MMCs (mmc). Scale bar, 10 pm.
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wall setting after the mitotic divisions in the young
embryo indicate that the embryogenesis follows the
Solanad-type. The young globular embryo character-
izes with short and massive suspensor, consisting of
three, four one-nucleated cells in a row (Figs. 22, 23).
The mature embryo is small, curved (Fig. 24), non-
chlorophyllous, located within abundant endosperm
not exceeding % part of the seed length.

The first division of the fertilized central cell (pri-
mary endosperm cell) precedes the division of the
zygote. The endosperm formation passes a free nu-
clear stage. Its transformation from nuclear into cel-
lular one begins from the micropylar end of the ES
(Fig. 25). This process runs rapidly and initially nu-
clear endosperm becomes cellular usually during the
first division of the zygote. As result of a degenera-
tion of the endosperm cells, around and ahead of the
young embryo, a large lysis area forms.

In some ovules of the population from Balkan

Range, we observed the development of an embryo
without suspensor and situated deeply in the en-
dosperm. The topography and morphology of such
embryo give us the reason to suppose that its initia-
tion begins from the endosperm cells (Fig. 26).

Pollen and embryo viability

The estimated pollen viability of the specimens
from the two studied sites was approximately 100 %
(Fig. 27). The embryos viability was evaluated by the
intensity of their staining after tetrazolium treatment
(Figs 28-30). As a result, the embryos were divided in
two classes: Class I, representing completely unstained
and light pink-stained embryos, considered as nonvi-
able (Fig. 29), and Class II with red-stained viable em-
bryos (Figs 28, 30). In the two studied populations, the
frequency of viable embryos formation was evaluat-
ed almost as similar but yet higher in the population
from the Balkan Range (Table 1).

@)

@

Figs 9-12. Microsporogenesis and development of the male gametophyte:
9, Anther wall with epidermis (epi) and endothecium (end) and mature pollen grains (pg). Scale bar, 10 um; 10, Anther wall (AW) and
microspore tetrads (mtd). Scale bar, 10 pm; 11, Mature pollen grains (pg). Scale bar, 10 pm; 12, Pollen grains germinating inside the

anther sac. Scale bar, 10 um.
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Figs 13-18. Ovule and development of the female gametophyte:

13, Pistil with style (st) and papillate stygma (sg). Scale bar, 100 um; 14, Tetralocular ovary with false septa (fs) and ovules. Scale bar,
100 um; 15, One-celled archesporium in the ovule. Scale bar, 10 pm; 16, Megasporocyte. Scale bar, 10 um; 17, Initiation of the Polygon-
um (monosporic)-type ES from the chalazal megaspore of the tetrad. Scale bar, 10 pum; 18, One-nuclear Allium (bisporic)-type ES from
a chalazal megaspore of a dyad. Scale bar, 10 um.
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Figs 19-24. Development of the female gametophyte, embryo- and endospermogenesis:
19, Two-nuclear ES. Scale bar, 10 pm; 20, Four-nucleate ES. Scale bar, 10 um; 21, Egg cell apparatus and two polar nuclei (pn) in the
mature ES with endothelium. Scale bar, 10 um; 22, Young legitimate globular embryo (em) and nuclear endosperm (ends). Scale bar,

10 pm; 23, Legitimate globular embryo (em) with suspensor (sp). Scale bar, 10 um; 24, Mature embryo with cotyledons. Scale bar,
100 pm.
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Figs 25-26. Embryo- and endospermogenesis:
25, Differentiation of the nuclear endosperm (endn) into cellular one (endc) from the micropyle (my) to the chalaze (ch) of ES. Scale

bar, 10 um; 26, Endospermal embryo (em) within the endosperm (ends) and in the small photo - the topography of this embryo. Scale
bar, 10 pm.

D) )

Figs 27-30. Pollen and seed viability tests:
27, Mature starch-containing pollen grains after treatment with Lugol's iodine sollution. Scale bar, 10 um; 28, Viable mature embryo
after tetrazolium testing. Scale bar, 1 mm; 29, Nonviable seed after tetrazolium testing. Scale bar, 1 mm; 30, Viable seed after tetrazolium

testing. Scale bar, 1 mm.
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Table 1. Estimation of embryo viability (according to AOSA rules for tetrazolium testing).

Population (locality) Total number of ~ Viable seeds  Nonviable seeds  Viability (%) Notes
examined seeds (number) (number)
Sofia Region, Mt Lyulin 236 168 68 71.19 Population with low density and
20.09.2008 fertility
Balkan Range (Western), 240 184 56 76.67 Dense population with high viability

Vrachanski Divide 20.09.2008

and fruit abundance

Discussion

In general, the present study of A. belladonna has re-
vealed not only the typical embryological features of
the family Solanaceae and the genus Atropa, but also
some new specific ones.

Anther and development of the male
gametophyte

In the studied populations of Atropa belladonna, tet-
rasporangiate anthers were present, being a typical
teature for Solanaceae. Furthermore, formation of pla-
centoids was observed that have also been reported
for the anther characterization in different represent-
atives of this family (Rodriguez 2000; Lyscovsky & al.
2009). The available information about the presence of
placentoids in Solanaceae is still scarce, the systemat-
ic value of this feature being uncertain at present (We-
berling 1992; D’Arcy & al. 1996). The development of
the observed four-layered anther wall is in consist-
ence with the Dicotyledonous type described by Dav-
is (1966). Sharma & al. (1987) have also shown this
developmental type for anthers of the genus Atropa
L. In a study of the family Solanaceae, Carrizo Gar-
cia (2002a) describes two principal types of the anther
wall development of this family, namely “Basic” and
“Dicotyledonous”. Depending on the presence of sub-
sequent divisions of the initial layers in each of these
types, this author additionally makes the following
subdivisions: “stricto sensu” and “with subsequent di-
visions”. The above-mentioned pattern of the anther
wall development observed by us in A. belladonna,
gives us the reason to refer to it as the “Dicotyledonous
type with subsequent divisions”, after the classification
of Carrizo Garcia (2002a). In a further detailed study
on Solanaceae, Carrizo Garcia (2003) gives four types
of the anther wall development (named sequences 1,
2, 3, 4), according to the features of the cell divisions
of the two secondary parietal layers, the outer and the
inner, respectively. Our observations showed that the

anther wall development of Atropa belladonna might
be referred to Carrizo Garcia’s “Sequence 4” of the Di-
cotyledonous type.

The cells of the initially one-rowed endothecium
are one-nucleate, with rectangular shape, and typical
for the Solanaceae family (Zhukova & Poddubnaya-
Arnoldi 1987). In the Dicotyledonous representatives,
the endothecium is commonly one-layered (Poddub-
naya-Arnoldi 1976). In the populations of A. belladon-
na, studied by us, the cells of the initially one-rowed
endothecium divided in a radial direction and this lay-
er became 2-3-rowed on the outside, and multi-rowed
towards the side of the connective tissue. As reported
by Jain (1956), in Lycium europaeum L., a multilayered
endothecium was observed in the area of the connec-
tive tissue of the anthers, while Zhukova & Poddub-
naya-Arnoldi (1987) showed the formation of a two-
layered endothecium in Lycopersicon esculentum Mill.
There is scarce information about the endothecium
thickenings in Solanaceae. As regards this feature in
Solanaceae, Carrizo Garcia (2002b) studied 59 species
of 44 genera, using a differential interference contrast
microscope and observed the presence of four types
of the endothecial thickenings, namely: annular, hel-
ical; reticulate-ribs type and palmatae baseplatae. For
Atropa belladonna this author has reported the retic-
ulate-ribs type of endothecial thickenings and, more
precisely, Subtype 4 of that type.

During our study of Atropa belladonna we have ob-
served that the tapetum cells towards the outer side of
the anther wall and towards the connective tissue dif-
fer not only in the number of their nuclei but also in
their morphological characteristics. Such difference
between the cells of the inner and outer tapetum was
also established at ultrastructural level in Lycopersicon
esculentum (Polowick & Sawhney 1993).

The microsporogenesis and development of the
male gametophyte ran normally. Only insignificant de-
viations were registered during the meiosis in MMC:s.
These observations corroborate the reports for other
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representatives of the Solanaceae family, namely the
genus Lycopersicon (Tourn.) Mill. and Solanum tu-
berosum L. (Chelak 1987).

At the time of shedding, the mature pollen grains of
the representatives of Solanaceae are usually 2-celled
(Davis 1966; Poddubnaya-Arnoldi 1982). In the an-
thers of the studied species, besides the three-colpo-
rate (often oblate-spheroidal), scabrate 2-celled pollen
grains, 3-celled ones were also sporadically registered.
The presence of three-celled mature pollen was al-
so reported in Solanum phureja Juz. & Bukasov (Dn-
yansagar & Cooper 1960) and Capsicum frutescens L.
(Davis 1966). According to the aperture number, ex-
ine pattern and pollen shape, Perveen & Qaiser (2007)
recognized in the Solanaceae family six distinct pollen
types and gave a key for their identification. Following
this key, the pollen of Atropa belladonna might be re-
ferred to the Datura fastuosa-type.

The pollen grains of Atropa belladonna are starch-
containing, which is a typical feature for Solanaceae
(Poddubnaya-Arnoldi 1982) and in particular for the
genera Duboisia R. Br. (Davis 1966) and Lycopersicon
(Chelak 1987).

Ovule and development of the female
gametophyte

The ovary of Atropa belladonna is tetralocular but
plurilocular locular ovary was also described in the ge-
nus Solanum (Symon 1987), as well as in Exodeconus
maritimus (Benth.) D’Arcy and Nicandra physalodes
(L.) Gaertn. (Rodriguez 2000). Hunziker (1979) as-
sumed that the plurilocular ovary in Nicandra physal-
odes arises from an increment of the carpel number.
The observation gave us grounds to maintain that the
tetralocular ovary in Atropa belladonna is formed very
likely by false ovarian septa, which confirms the con-
clusion of Rodrigues (2000) for the two above men-
tioned species of Solanaceae.

For this family, anatropous, hemianatropous, am-
phitropous and campilotropous ovules were estab-
lished (Davis 1966; Poddubnaya-Arnoldi 1982; Zhu-
kova & Poddubnaya-Arnoldi 1987). Our observations
show that the ovule in A. belladonna is anatropous
and, according to a more detailed classification of the
ovule types given by Shamrov (1999), it might be re-
ferred to the tenuinucellate type of “standard” (synp-
etal) variation. This type, characterized by a poor nu-
cellus, is presented only by nucellar epidermis that
decays before fertilization.

The integumentary tapetum and hypostase were
shown as typical structures for the ovule of the repre-
sentatives of Solanaceae (Poddubnaya-Arnoldi 1982),
but during our study we found only an endothelium
in A. belladonna.

According to our observations, the development of
the female gametophyte in the ovules of A. belladonna
followed the Polygonum- or Allium-type, both shown
for representatives of the Solanaceae family (Davis
1966; Poddubnaya-Arnoldi 1982; Zhukova & Poddub-
naya-Arnoldi 1987; Watson & Dallwitz 1992 onwards).

Our study confirms a longer preservation of the
antipodal cells in the ES’s of A. belladonna than it was
reported by Poddubnaya-Arnoldi (1982), Zhukova &
Poddubnaya-Arnoldi (1987) and Watson & Dallwitz
(1992 onwards) for the Solanaceae family.

The literature data on endosperm development in
Solanaceae (Dnyansagar & Cooper 1960; Ribchenko
1965), and in the genus Atropa in particular (Davis
1966), show that it is ab initio cellular. On the con-
trary, we found that the endosperm in A. belladonna
initially passes a free nuclear stage, before its trans-
formation into a cellular one. In this study, we have
observed the formation of a lysis zone, as result of de-
generation of the endosperm cells around and ahead
of the young embryo, which has been also reported
for different species of the genus Solanum (Tourn.) L.
(Beamish 1955; Lee & Cooper 1958; Dnyansagar &
Cooper 1960; Briggs 1993) and in Nicotiana tabacum
L. (Erdelska 1985).

In Solanaceae, a reduced parthenogenesis, integ-
umental and nuclear polyembryony (adventive em-
bryony) were reported (Schnarf 1931; Johansen
1950; Gluschenko 1973). In Solanum muricatum Ait.,
Kopcinska & al. (2004) have also mentioned the pres-
ence of an additional embryo that is usually smaller
than the legitimate globular embryo, without howev-
er showing its origin. We have observed the formation
of illegitimate embryos in some ovules of the stud-
ied population from the Balkan Range. On the ba-
sis of its location (deeply within the endosperm) and
some morphological characteristics (the absence of a
suspensor), we consider these embryos to be of en-
dosperm origin (endosperm embryos), which is a new
feature not only for A. belladonna but also for the ge-
nus Atropa and the Solanaceae family.

As result of this study on Atropa belladonna, some
embryological features, typical for the genus Atropa
and the family Solanaceae were observed. These are:
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tetrasporangiate anthers; Dicotyledonous type of an-
ther wall formation; simultaneous microsporogenesis;
two-celled starch-containing mature pollen grains;
anatropous, tenuinucellate unitegmic ovule; unicellu-
lar female archesporium; Polygonum- and Allium-type
ES development; Solanad-type embryogenesis and
cellular endosperm. In addition, a new feature, name-
ly endosperm embryo on top of the legitimate one
has been also established. Some of the relatively ple-
siomorphic features, which were observed in the male
generative sphere, such as a multiplied number of the
anther wall layers (especially of the endothecium); fi-
brous endothecium; multilayered sporogenous tissue;
two-celled pollen grains are not in correlation with
the relatively apomorphic ones of the female gener-
ative sphere.

The greater plasticity established for the female
gametophyte is expressed in the different type of em-
bryo sac development (like basal Polygonum- and ad-
ditional Allium-type); formation of an additional en-
dosperm embryo, besides the legitimate one; and high
viability and long preservation of the antipodals (even
after the beginning of the embryogenesis and en-
dospermogenesis). All these features, connected with
some apomorphic peculiarities, provide a more suc-
cessful realization of the reproductive potential of At-
ropa belladonna and increase its adaptivity.

In spite of the similar character of habitats and the
degree of estimated pollen and embryo viability, the
two studied populations differ in their size and densi-
ty. Very likely that is due to the stronger anthropogen-
ic influence on the population in Mt Lyulin, in an ar-
ea which is part of an active tourist area near the city
of Sofia.

The high pollen and embryo viability play an im-
portant role for maintaining the size and state of the
populations of Atropa belladonna as a source of raw
material for the pharmaceutical industry, as well as its
status of endangered species in biodiversity preserva-
tion of the Bulgarian flora.
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