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Abstract
In the present study main parameters of reproductive biology as features of
embryological structures and processes as well as the pollen and seed viability of
Alkanna tinctoria, an endangered useful species of Bulgarian flora were established. In its studied Bulgarian populations pollen viability above 90% and seed
viability – between 32% and 64% were determined. The anthers are tetrasporangiate and their wall develops according to Dicotyledonous-type, consisting
of an epidermis, fibrous endothecium, an ephemeral middle layer and secretory
tapetum. The microsporogenesis is simultaneous and in the anthers tetrahedral
and isobilateral microspore tetrads are formed. The mature pollen is threecelled at shedding stage. The ovule is anatropous, teniunucellate, unitegmic.
Embryo sac (ES) develops according to the Polygonum (monosporic)-type. The
embryo development follows the Asterad-type. The endosperm in the mature
seeds has been completely consumed. As a result of the present study A. tinctoria is characterized as a sexually reproducing species.
Key words: Alkanna tinctoria, Boraginaceae, embryology, pollen and
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Introduction. Alkanna tinctoria Tausch from the family Boraginaceae Juss.
is a perennial herbaceous plant widespread across Southern Europe, Northern
The authors are grateful to the National Science Fund (Grant KP-06-H26/6/13.12.2018) for
the financial support provided.
DOI:10.7546/CRABS.2022.07.08

1000

Africa and Southwestern Asia, with central distribution in the Mediterranean region [1 ]. In Bulgaria, this species is represented by fragmented populations in
the Danubian Plain, Struma River Valley, Pirin Mts, Rhodope Mts, Thracian
Lowland, Tundzha Hilly Country, Strandzha Mts, up to 600 m altitude. Alkanna
tinctoria is included in the Red Data Book of Republic of Bulgaria in the category
“endangered species” (Evstatieva [2 ]) and is “legally protected” in the Biological
Diversity Act (Petrova and Vladimirov [3 ]). It is a medicinal plant, rich in
important secondary metabolites, the most useful part of which is its root used
as a dye since antiquity. So far, the composition, pharmacological activity and
use of useful active substances, such as alkannin and shikonin, have been extensively studied in A. tinctoria, including for Bulgarian populations of the species
(Genova et al. [4 ]). Some important indicators of the reproductive potential of
species belonging to different genera of the Boraginaceae family have been studied, such as: Echium L. (Melser et al. [5 ]); Borago L. (Montaner et al. [6 ]);
Alkanna Tausch (Moustafa [7 ]); Anchusa L. (Cogoni et al. [8 ]). Embryological
studies (though not so many) have been held for various representatives of Boraginaceae (Khaleel [9, 10 ]; Rao and Rao [11 ]; Azizi and Rad [12 ]; Vardar and
Yavuz [13 ] and others) but those for A. tinctoria have not been undertaken yet.
It is clear from the available literature that so far there are only fragmentary or
missing data on the peculiarities of reproductive biology of this species, including
embryological ones. The present work aims to reveal main parameters of reproductive biology, namely pollen and seed viability, features of the structures and
running of the processes in the male and female generative spheres in Bulgarian
populations of A. tinctoria that in this regard are being studied for the first time.
New valuable information will be obtained as a result of the study undertaken
on the mode of reproduction and reproductive capacity of the protected useful
species A. tinctoria.
Маterial and methods. To estimate the reproductive capacity of A. tinctoria, pollen and seed viability, the features of male and female gametophytes and
the processes running in the reproductive structures of this species were examined.
As initial material, flower buds, flowers and seeds originated from four natural Bulgarian populations of this species were used: three populations from the Struma
valley near the villages Ilindentsi, Levunovo and Spatovo and one population from
Eastern Rhodope Mts near the village Odrintsi. In fact, it is important to mention
here that for two populations from the Struma valley diploid chromosome number
2n = 2x = 30 has been established (Markova and Goranova [14 ]). Because
of the fact that A. tinctoria is an endangered and protected species in Bulgarian
flora, the initial plant materials for this study were collected in a limited amount
according to Permit No 790/19.04.2019 issued by the Ministry of Environment
and Water of the Republic of Bulgaria.
Vouchers from the studied populations were deposited in the herbarium of
Institute of Biodiversity and Ecosystem Research (SOM).
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Embryological study. The material for this study represented by about 50
flower buds and flowers (at different stages of development) from each population
was fixed in the FAA mixture (formalin: glacial acetic acid: 70% ethanol in a
ratio of 5:5:90 parts). After, it was treated according to the classical paraffin
methods (Romeis [15 ]), cut using a rotary microtome with 8 to 12 µm thickness
(depending on the developmental stage of the fixed material). The samples were
stained using Heidenhain’s iron haematoxylin and afterwards embedded in Entellan mounting medium to prepare permanent slides. The slides were examined
with light microscope “Olympus” CX21. The photos were taken with “Infinity
lite” Digital camera, 1.4 Mpx.
Pollen viability. The quality of pollen (adequate to pollen viability, that
is pollen fertility), produced in each plant species, is an important component for
successful pollination and fertilization, which in turn lead to production of effective
seeds. The pollen viability was evaluated after acetocarmine testing (Stanley
and Linskens [16 ]) (Fig. 1A, B) as for that 30 mature anthers of fully open flowers
of each studied population were placed on slide in 1% acetocarmine solution and
dispersed. Using a light microscope, assessment of pollen grains viability was
performed by direct counting on the visible field at magnification 100× or 400×
(depending on their size). The pollen viability was estimated according to the
level of staining (pollen grains with bold red colour were determined as viable and
colourless ones – as nonviable) (Fig. 1B).
Seed viability. Tetrazolium test was applied to assess the seed (embryo)
viability (Peters [17 ]) at which the seed enzymes react with 2, 3, 5-triphenyltetrazolium chloride (TTC) resulting in change of the embryo colour. For the purposes
of this testing from each of the four studied populations, 50 ripe seeds were airdried at room temperature and kept in dark until the beginning of experiment.
The seeds were pricked, placed in 1% TTC solution at 35 ◦ C for 24 h and then cut
longitudinally. Based on the level of staining, the embryos were evaluated as viable
(embryos with red or dark pink colour) and nonviable (unstained, colourless, white
embryos).
Results and discussion. Embryological study. Anther and development
of the male gametophyte. In the studied populations of A. tinctoria tetrasporangiate anthers were observed (Fig. 1C). The anther wall develops according to
“Dicotyledonous-type” – typical for Boraginaceae family (Davis [18 ]; PoddubnayaArnoldi [19 ]) and consists of an epidermis, an endothecium, single middle layer
and a secretory (glandular) tapetum. During the anther ontogenesis the anther
wall layers underwent visible changes. Initially rectangular epidermal cells later
extend tangentially. The consisting cells of endothecium enlarge both tangentially
and radially developing fibrous thickenings – typical for the Boraginaceae family
(Poddubnaya-Arnoldi [19 ]). During the anther development the cells of single middle layer become flattened, pressed from the growing cells of the endothecium and
tapetum. The middle layer is ephemeral and it is completely degenerated to the
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Fig. 1. Fig. 1. Anther and development of the male gametophyte: A–B: Acetocarmine
testing; C – tetrasporangiate anther; D – anther locules with placentoids; E – mature pollen
grains and anther wall with epidermis and fibrous endothecium; F – microspore tetrads;
vpg – viable pollen grain, nvpg– nonviable pollen grain, al – anther locule, pl – placentoids,
ep – epidermis, en – endothecium, pg – pollen grain, imit – isobilateral microspore tetrad,
tmit – tetrahedral microspore tetrad, tap – tapetum. Magnification: A(×40); from B to E
(×100); F (×400)

end of the heterotypic division of meiosis in the microspore mother cells (MMCs).
Initially one-nucleate tapetum cells become two-nucleate as a result of a mitotic
division. At the stage of microspore tetrads, the tapetum cells on the junction side
of the anther wall expand inward into it, forming the so-called “placentoids” (Fig.
1D). To the end of anther ontogenesis its wall contains only epidermis and fibrous
endothecium (Fig. 1E), as in the anthers of other Boraginaceae representatives, in
particular Symphytum orientale L. (Vardar and Yavuz [13 ]). As a result of simultaneous microsporogenesis, tetrahedral and isobilateral microspore tetrads form
in the anther locules (Fig. 1F). Soon, the microspores of each tetrad are released
from its common callose cover. Then they grow rapidly and, without division,
begin to function directly as microspore mother cells (MMCs) that give rise to
pollen formation. The mature pollen grains are uniform in size and tricolporate.
They are three-celled at the dispersal stage.
Ovule and development of the female gametophyte. Initially, the superior
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ovary of A. tinctoria is two-locular but later becomes four-locular by the growth
of a false septum with one ovule in each locule. The same features of the ovary
are reported in Symphytum orientale L. (Vardar and Yavuz [13 ]), belonging to
the family Boraginaceae too. The mature ovule is anatropous, tenuinucellate,
unitegmic (Fig. 2A). Within the nucellus of young ovule one-cellular archesporium forms that directly functions as a megaspore mother cell (MMC). After
meiosis in it, a linear megaspore tetrad forms (Fig. 2B) whose chalazal megaspore
becomes functional leading up to the embryo sac (ES) development after Polygonum (monosporic)-type (Fig. 2C). Allong with it, Allium (bisporic)-type ES
development is also shown for the family Boraginaceae (Davis [18 ]; PoddubnayaArnoldi [19 ]) and it is even dominant over the Polygonum-type ES in some species
of the genera Anchusa and Lycopus (Rao and Rao [11 ]). During the ovule development, specialized structures like endothelium (integumentary tapetum) and
hypostase form in it (Fig. 2D). At the beginning of differentiation of the elements

Fig. 2. Ovule and development of the female gametophyte. A – Anatropous unitegmic ovule;
B – Linear megaspore tetrad in the ovule; C – One-nucleate Polygonum-type embryo sac
(ES); D – Endothelium and hypostase in the ovule; E – ES with egg cell before fertilization;
F – Globular embryo, ov – ovule, mgt – macrospore tetrad, 1nes – one-nucleate ES, it –
integumentary tapetum (endothelium), hyp – hypostase, egap – egg apparatus, em – embryo.
Magnification: A (×100); from B to F (×400)
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in mature ES, the three consisting cells of egg apparatus, namely an egg cell
and two synergids, look morphologically similar. Subsequently, they enlarge, become pear-shape with typical vacuolization and location of the nucleus in them
(Fig. 2E). The three antipodals in the chalazal part of the ES of A. tinctoria
are ephemeral which is also found by Rao and Rao [11 ] in other 9 species from
7 different genera of Boraginaceae family (Rao and Rao [11 ]). The embryo in A.
tinctoria develops according to Onagrad-type (Fig. 2F) which is shown in the general embryological characteristics of the family Boraginaceae within which they
are also indicated Chenopodiad-, Asterad- and Solanad types of the embryogenesis
(Poddubnaya-Arnoldi [19 ]). The endosperm passes a free nuclear stage before it
becomes cellular. During the development of the embryo finally the endosperm is
completely consumed and so every ripe seed contains only embryo and seed coat.
Pollen viability assessment. Counting of the mature pollen grains, after treatment with acetocarmine solution, show that the majority of them in
A. tinctoria are viable (Fig. 1A, B). The estimated viability of the pollen in
thirty anthers observed in all the studied populations was above 90%, namely: 1.
Ilindentsi – 95.27±5.60 fertile pollen from 7240 pollen grains analyzed; 2. Levunovo – 98.67±1.45 fertile pollen from 6055 pollen grains analyzed; 3. Spatovo –
97.72±4.13 fertile pollen from 4910 pollen grains analyzed; 4. Odrintsi – 98.5±2.38
fertile pollen from 6210 pollen grains analyzed. The percentage of viable pollen is
defined as the ratio of the number of viable grains to their total number of grains.
The high pollen viability is a prerequisite for the implementation of successful pol-

Fig. 3. Evaluation of seed viability in Classes after TZ testing on the
studied populations of A. tinctoria: 1 – Ilindentsi; 2 – Levunovo; 3 –
Spatovo; 4 – Odrintsi
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lination and fertilization, and consecutively for the formation of effective (fertile)
seeds.
Seed viability assessment. On the base of results of tetrazolium testing,
the embryos from the studied populations of A. tinctoria according to the level
of staining are divided into four classes (Fig. 3) as follows: Class I –seeds with
embryos stained in dark red (Fig. 3A); Class II – seeds with dark pink to red
coloured embryos (Fig. 3B); Class III – seeds with colourless embryos (Fig. 3C);
Class IV – colourless (empty) seeds (Fig. 3D). According to Moore’s classification
(Moore [20 ]), the seeds in Classes I and II are viable and those in Classes I and IV
are nonviable (Fig. 4). The amount of viable seeds (embryos) in the four studied
populations of A. tinctoria varies in percentage over a relatively wide range and
specifically as follows: Levunovo – 32%; Ilindentsi – 48%; Spatovo – 62%; Odrintsi
– 64%.

Fig. 4. Estimation of seed viability according to Tetrazolium test: A – Ripe seed
with the cover, including embryo; B, C – Viable embryos (stained in dark red); D
– Viable embryo (dark pink to red stained); E – Unstained nonviable embryo; F –
Unstained (almost white) nonviable embryo

The low seed viability can be explained by “strong dormancy” indicated for
the seeds of A. tinctoria (Moustafa [7 ]). The established comparatively low seed
viability (especially in the populations from the villages Levunovo and Ilindentsi)
presuppose difficulties or impossibility for future successful realization of their
reproductive capacity.
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Conclusion. Studies on the reproductive biology of endangered useful medicinal plants are crucial for predicting their survival capacity. In the present study
we established the main features of reproductive structures and processes as well
as pollen and seed viability on Bulgarian populations of endangered useful plant
species A. tinctoria, and as a result, important information was obtained about
its reproductive potential. No evidence of apomictic reproduction in this species
was found. The established stable embryological structures, the normal running
of the processes in the male and female generative spheres as well as high pollen
viability correlate with diploid status of the studied populations of A. tinctoria
and characterize it as a strictly sexually reproducing species. Finally, it can be
concluded that revealing the characteristics of the main reproductive biology indicators undertaken in this study is crucial for maintaining the population size,
especially of endangered and protected species, such as A. tinctoria.
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