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The most usual fruit type in the family Campanulaceae is an inferior multi-seeded capsule. In Campanula and related genera,

A. Kolakovsky determined a new type of capsule, characterized by a specialized organ, axicom. Some types of axicom capsules were
determined depending on the way of dehiscence. In Campanula, capsule dehiscence is called axicom-fissuricidal mode, while in Asy-
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Ivan Franko National neuma — axicom-valvate mode with scaliformis valves. The precise differences between slit and valve so far have not been identified.
University of Lviv, In this connection, we performed the study of the inner fruit structure and dehiscence in Asyneuma canescens intending to compare the
Hrushevskyi st., 4,

results with those for Campanula species. Anatomical fruit structure was studied under a light microscope on temporary preparations of
transversal and longitudinal sections. For the first time, the obtained data provide precise characteristics of the inner fruit morphology,
the anatomy of the fiuit wall, and dehiscence mode in A. canescens. The survey revealed predominance in the ovary of a synascidiate
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chuk01@gmail. com zone with axile placentation. In the anatomical structure of the fruit wall, there we found a parenchymatous mesocarpium, non-lignified
exo- and endocarpium, and lignified elements of fiuit — axicoms, located in the small upper part of the septa. Fruit dehiscence in
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National University A. canescens occurs in two steps. First, during early flower development, narrow-oval dips are formed on the septum radii; during the

fruiting period, a hippocrepiform slit at the lower margin of each dip develops. At this time axicorns detach from the central column of
the ovary following a curved direction, meaning the formation of the septifragal slit. During the second stage, the longitudinal slits are
formed from the lowest point of the hippocrepiform slit to the fruit base. These slits facilitate seed release from the capsule. Fruit in A.
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fkon}zlriwhm Qe CAnESCENS We define as an inferior trilocular syncarpous capsule with two-stage, hippocrepiform and laminar dehiscence. Our study
’ confirms resemblance of anatomical structure and dehiscence mode of fruit in 4. canescens and species of the section Rapunculus of the
genus Campanula with erect capsules. We consider it inexpedient to accept the new fruit type for 4. canescens, because differences
compared with species of Campanula are derivative and concern the small size of the axicorn slit and the appearance of additional slits only.
Keywords: bellflower family; inferior ovary; capsular fruit; axicorn; fruit dehiscence; seed; fruit wall.
Introduction schematic drawings of longitudinal and transversal sections of the fiuit in

Since the beginning of study of the family Campanulaceae Juss., the
great morphological diversity of capsular fruits was revealed in it (Kola-
kovsky 1995; Lammers, 2007). As our previous review of the question
showed (Andreychuk & Odintsova, 2020), this diversity has still not been
appropriately evaluated from anatomical and evolutionary-morphological
perspectives. Consequently, it cannot be used to the full extent in the fami-
ly systematics. The study of fiuit morphogenesis and histogenesis of the
fruit wall is a valuable method of evolutionary-carpological researches
(Bobrov & Romanov, 2019). Detailed morphological analysis of the fruits
and the types of fiuit dehiscence in Campanulaceae was performed by
Kolakovsky (1995), who established a new fiuit type for many genera of
the bellflower family — axicom capsule, characterized by presence of
specialized organ — axicom. According to Kolakovsky (1995), genera
Asyneuma Griseb. & Schenk., Neocodon Kolak. et Serd. and Favratia
Feer are characterized by axicom-valvate fruit type with scaliform valves
(porus membranaceus scaliformis). It operates in the following procedure:
in the upper part of the capsule, depressions of thin tissue of the fiuit wall
occur in the form of semi-spherical “sacks”. To their bases, the beaks of
tiny axicorns are connected. They open small pieces of the fiuit wall in the
previously outlined positions, usually, near the sepal bases. Kolakovsky
(1995) named such a type of opening a valve or a valvate pore (porus
membranaceus). In the monograph of Kolakovsky (1995), there are

Asyneuma canescens (Waldst. & Kit.) Griseb. & Schenk, a species with
axicorn-valvate fruit type, depicting the position of axicomns and placentas
in the upper part of the fiuit, with axicorns as parts of fruit septa. It is noted
that the capsule of 4. canescens is notably narrowed near its top, opens
through tongue-shaped axicom attached to the very top of the central
column. Capsule walls are thin, transparent. Skeletal veins of the fruit are
narrow, with well-developed anastomoses. The central column is promi-
nent, placentas are small, tongue-shaped (Kolakovsky, 1995). This short
description of the fiuit in A. canescens partly correspond to the description
of the fiuit in Campanula latifolia L., studied by us (Andreychuk &
Odintsova, 2019).

Peculiarities of the fiuit in the species of the genus Campanula are the
varying positions of axicorns: in the upper or the lower part of the capsule
(Kolakovsky, 1995). However, fiuit in Campanula species, according to
Kolakovsky, belongs to axicom-fissuricidal carpological type. This type is
characterized by axicorn, making a hipocrepiform slit with its beak on the
fruit wall, between skeletal veins, by the way of spreading the tissues.
Axicom splits in the fruits (fissura axicornuta) were also reported for
genera Phyteuna L. and Adenophora Fisch. (Kolakovsky, 1995). In
genera Legousia Durande and Cylindrocarpa Rgl., Kolakovsky (1995)
described the axicorn opening, named as flat valve (porus membranaceus
platyphyllus) — an elongated, usually wedge-like opening in the upper part
of the capsule, often with tor margins; it is formed by the whole surface
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of flat axicomn bending outward, fusing with the fruit wall. The genera
Asyneuma, Phyteuma, Legousia, Adenophora, and Campanula have
representatives in the flora of Ukraine (Mosyakin & Fedoronchuk, 1999)
and are considered to be closely related. Molecular phylogenetical data
confirm that representatives of Asyneuma belong to Rapunculus-clade of
Campanula genus (Eddie et al., 2003; Roquet et al., 2008, 2009; Haberle
et al., 2009; Zhuo et al., 2011), together with morphologically diverse
genera Adenophora, Heterocodon Nutt., Homocodon D. Y. Hong, Gi-
thopsis Nutt., Legousia, Phyteuma, Petromarula Vent. ex R. Hedw.,
Physoplexis (Endl.) Schur, Trachelium L., Triodanis Raf. and Campanula
p- p., for example, C. persicifolia L. According to the other data (Borsch et
al., 2009), representatives of the genus Asyneuma (A. canescens, A. cam-
panuloides) belong to the Phyteuma-clade together with genera Phyteu-
ma, Physoplexis, Petromarula, Legousia, and some Campanula species.
Chemotaxonomical investigation of 25 Korean species of Campanulaceae
from 8 genera showed that Asyneuma and Peracarpa Hook. f. et Thoms.
are the most similar according to the composition of the marker molecules
used in pharmacopeia (Kim et al., 2017). Genus Asyneuma is considered
to be a polyphyletic group of species (Stefanovich & Lakusi¢, 2009; Man-
sion et al., 2012; Yoo etal., 2018).

In contrast to Campanula and Adenophora with bell-formed corolla,
Asyneuma, Phyteuma, and Physoplexis have a deeply dissected corolla
with a short tubular part (Zhuo et al., 2011). In Asyneuma japonicum
(Migq.) Briq., a white-flower form was found (Fedina et al., 2016).

Therefore, despite the availability of the data on external fiuit struc-
ture, presence of axicomns in the species of Campanulaceae and phyloge-
netical relations of the genus Campanula with the other close related gene-
ra, the precise differences between modes of fiuit dehiscence through
scaliform valve, flat valve, and axicorn slit still remain unclear. There is no
data on the anatomical structure of the fruit wall and micromorphology of
the gynoecium. Therefore, we decided to conduct a study on the fiuit
structure and fruit dehiscence in one representative of the genus Asyneuma
for the comparison with the data, obtained for the genus Campanula.

The genus Asyneuma belongs to the subfamily Campanuloideae of
family Campanulaceae. The genus comprises annual, biennial, perennial
herbs, with thin rhizome or spindle-like root. Leaves are short-petiolate,
stem-bom, or rosulate. Flowers are small, or average-sized, sessile, grou-
ped in simple or branched spikes or dense cylindric heads. Corolla is
purple, blue, or white, divided almost to the base. Filaments are broadened
in the base. The ovary is (2-)3(—4)-locular, stigma lobes are linear. Fruit is
capsular, dehiscent laterally through 2-3 medial or subapical pores.
The genus comprises 33 species inhabiting Asia, Eastern Europe, Nor-
thern Africa (Lammers, 2007).

Species of Asyneuma were recently studied mostly in palynomorpho-
logical aspect. Algitepe (2008) provided detailed information on morpho-
logical, anatomical, and palynological characteristics of Asyneuma mi-
chawxioides (Boiss.) Damboldt, endemic to Turkey. It was noted that
pollen grains are triporate, sometimes tetraporate, with equatorially located
pores. In Asyneuma limonifolium (L.) Janchen, the pollen grains are isopo-
lar, radially-symmetric, with 4 or 5 pores (Kallajxhiu et al., 2014). Based
on the palynological data, genera Asyneuma, Legousia, Michauxia 1'Hér,
Symphyandra A. DC., Theodorovia Kolak. and Zeugandra P. H. Davis
are not differentiated from the Campanula (Khansari et al., 2012). Pollen
grains in 4. canescens have average size, spherical, tetraporate, with echi-
nate and striate-microreticulate surface. In other Asyneuma species, pollen
grains are usually 4-5-porate (Halbritter, 2016. In: PalDat — A palynologi-
cal database. An online publication on recent pollen. Available at:
www.paldat.org/pub/Asyneuma_canescens/300857).

Asyneuma canescens (Graue Traubenrapunzel, in German) is the on-
ly species of the genus in the flora of Ukraine (Mosyakin & Fedoronchuk,
1999), grows in the southern regions of forest-steppe, in the steppe, in the
Crimea forest-steppe, and on rocky places in the northem part of the
Southern Crimea (Visyulina, 1961). The total range of 4. canescens co-
vers Southem-East Europe — Albania, Bulgaria, the Czech Republic,
Slovakia, Greece, Hungary, Romania, Ukraine, Moldova, Russia, Croatia,
Bosnia and Herzegovina, Montenegro, Serbia (including the Republic of
Kosovo and Vojvodina) (POWO, 2019. Plants of the World Online.
Facilitated by the Royal Botanic Gardens, Kew, www.plantsoftheworld-
online.org).
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The plant is densely covered with leaves, short-pubescent or rarely
almost glabrous stem, 30—126 cm heigh. Rosulate and lower stem leaves
are petiolate, middle and upper leaves are sessile; rosulate leaves are ovo-
id, up to 15 cm long, lower stem leaves — elongated, serrate at margins,
upper leaves are narrow-lanceolate, with almost entire margins. Flowers
are about 1 cm long, on short peduncles, form a long, spike-like inflores-
cence in axils of green upper leaves; rarely inflorescence is branched, with
spike-like branches. The calyx is penta-lobed, with glabrous linear-lanceo-
late lobes. The corolla is deeply divided into 5 segments, 8-10 mm long,
with linear segments, light purple, externally pubescent. The capsule is
trilocular, elongated, openings are lateral (Visyulina, 1961). A special
study on fruit anatomy of this species has not been carried out previously.

Materials and methods

Collection of material. For the search of the material of A. canescens
in the territory of Ukraine, there were organized two expedition trips to the
Savur Mohyla tract (June 10 and July 7, 2019), located on the eastern
outskirts of Hryhorivka village in the Zaporizhia district of Zaporizhia
oblast (site coordinates: 47°70°60” N, 35°38°60” E).

Flowers and fiuits of 4. canescens at different stages of the develop-
ment were photographed and collected by V. P. Kolomiychuk on the
steep steppe slopes of the western exposition of the Savur Mohyla where
the studied species grows singly on gravelly soils. Populations of this
species were observed within the association of Festucetum valesiaceae
varioherbosum characterized by low projective cover (40-50%) and rela-
tively low species richness (15-20 species of vascular plants per 100 m?).
In the association, the species of Eurasian-steppe type of the range domi-
nates (42.6%) — there were species of Pontic, Eurasian steppe, Black Sea
ranges. Also, there were collected three herbarium specimens of 4. canes-
cens, two of which were transferred to the National Herbarium of Ukraine
(KW) and one was stored in the O. V. Fomin Botanical Garden herbarium
(KWHU).

Morphological and microscopic methods. The material was fixed in
70% ethanol. To process the material in the laboratory, we analyzed 5—
10 flowers and fruits at different stages of development from the floral bud
stage to the stage of the complete destruction of the fruit wall. The mor-
phological structure of the flower and the fruit was studied on total prepa-
rations of transverse and longitudinal sections of the fiuit made with a
blade. We used stereo- microscope MBS-10, measurements were made
using a measuring ocular. The anatomical structure of the fruit was studied
using transverse and longitudinal sections on temporary preparations pre-
pared in the water on a glass slide. On the temporary preparations, we
made a reaction to tissue lignifying with an alcoholic solution of phlorog-
lucinol and 10% hydrochloric acid (Barykina et al., 2004). Anatomical
sections were examined at x4 and x10 magnifications of the ocular of XS-
2610 light microscope. The AmScope MD digital ocular and AmScope
3.7 software were used to take images of the sections.

Morphological descriptions of the fiuits were carried out according to
the method of composing carpological descriptions according to Kaden &
Smirnova (1974) using generally adopted terminology (Artjuschenko &
Theodorov, 1986). The structure of the fruit wall was studied according to
Roth (1977) who designated histological zones of exo-, meso- and endo-
carpium in the pericarp, which corresponded to the outer epidermis, me-
sophyll, and inner epidermis of the fruit wall, regardless of the origin of the
tissues from the carpels or extracarpellary structures.

Results

Morphological structure of flower and fiuit. Flowers of A. canescens
are 10-12 mm in length and 1.5-2.0 mm in diameter (Fig. 1, 2). Sepals
are 3 mm in length, inferior ovary also 3 mm in length. The sepals are di-
rected upwards. The number of sepals varied from 5 to 7 and they were
densely pressed to the corolla, lanceolate. The plant has five petals fused
only at the base, linear, 7 mm in length; and five stamens with long an-
thers. The style is long, slightly exserted from the corolla, the stigma is
three-lobed. The fruit of A. canescens is an inferior dry capsule. The cap-
sule is 57 mm in length and 3.0-3.5 mm in diameter, elongated-
cylindrical in shape, ribbed, erect.
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Fig. 1. General view of the inflorescence of 4. canescens at different stages of the development: a — flowering, b — fruiting, ¢ — after dissemination

1000 pm b . 1000 pm

C

Fig. 2. Fixed flowers of A. canescens at different stages of the development:
a—floral bud, b —anthesis, ¢ — post-anthetic phase; the arrow shows a dip in the ovary wall at the place of the future opening

Regul. Mech. Biosyst., 2020, 11(4)




The surface of the fruit and sepals is covered with hairs (Fig. 2, 3b, 6).
The peduncle is very short, about 1-2 mm in length and 1-2 mm in di-
ameter. The corolla, stamens, and the style remain for some time in the
fruit (Fig. 1b). Later, when the fruit is drying, these floral parts curl and fall
off. Ripe dried fiuit has no sepals (Fig. 3a). During the drying of the fruit
after dissemination, the parenchyma of the fiuit wall decays, and only
vascular bundles and lignified elements remain visible (Fig. 1c).

In the upper part of the fiuit, in the interfascicular areas, at the places
where the slit of the fruit will be formed, there are three (sometimes two)
dips with elongated shape (Fig. 2). These dips are evident at the floral bud
stage (Fig. 2a). After some time, the dips become deeper and more notice-
able at the upper part (Fig. 3a). We studied the internal structure of the
mature capsule of 4. canescens (at the stage of opening formation) on
temporary preparations (Fig. 3, 4). On the longitudinal section, we noticed
placentas above the middle of the ovary height. The lobes of the placentas
bend upward and downward, and the seeds are attached to them (Fig. 3b).

1000 pm

Fig. 3. Morphological structure of the fruit of 4. canescens:
a— general view of the fiuit, dip at the place of the opening
is shown with the arrow, b — internal structure of the fruit:
pl—placenta, cc — central column, ov —ovule

In the central part of the fiuit, there is a central column which has a
triangular shape at the base of the fruit on the cross-sections. The central
column integrally extends from the base to the top of the fruit (Fig. 3b).
The roof of the ovary is flat, not thickened (Fig. 3b). On the cross-sections,
we noticed that the capsule is round and thin-walled. It has three locules
that are separated by thin septa. In the upper part of the fruit, the septa of
the ovary are short and the capsule has deep grooves at the lines of carpels’
fusion (Fig. 4, 5).

The capsule contains 5-10 seeds. The seeds are 1.0-1.5 mm in length
and 1.0 mm in width, oval, slightly elongated, light brown, slightly flat-
tened, compressed on one side, forming a narrow wing (Fig. 4).

Anatomical structure of the fruit. The exocarpium is unlignified and
consists of one layer of cells. The cross-sections show that the exocarpium
is densely covered with small spiny hairs with unlignified walls (Fig. 6).
The hairs are unicellular. The mesocarpium consists of 7—15 layers of
cells, thickened in the ribs, unlignified. At the early stages of the fruit deve-
lopment, the mesocarpium is differentiated into external photosynthetic
parenchyma and internal ground parenchyma (Fig. 6). The endocarpium
has one layer of cells, unlignified (Fig. 6).

The vascular system of A. canescens fiuit is represented by 9-12 as-
cending vascular bundles in the ovary wall, which pass along the ribs, and
a ring of vascular tissues in the central column (Fig. 4, 5a), which further
higher splits into three or more vascular bundles opposite the septa. Some-
times there are three larger and several smaller bundles (Fig. 5b). Usually,
in the middle of the ovary height, in the fruit wall there are 10 vascular
bundles in the ribs (Fig. 4a, 4¢, 6) and a few small branches. On the sep-
tum radii, no vascular bundles pass, so three or four bundles go through
the portion of each of the three carpels (Fig. 4). At the level of the ovary
roof, the ascending bundles form horizontal branches — the girdling vascu-
lar bundle (Fig. 4f). The traces of sepals, petals, and stamens are formed
from it. Six vascular bundles enter the style — three dorsal bundles of car-

pels and three vascular bundles from the central column of the ovary
(Fig. 4e, 41).

Fig. 4. An ascending series of transversal sections of the fruit
of A. canescens (fixed material, reaction with phloroglucinol):
ax — axicom, cc — central column, gb — girdling vascular bundle,
ov—ovule, p/ —placenta, se —septa, st— style, vb — vascular bundle

In the upper part of the fiuit above the placenta in the proximal parts
of the septa, there are three visible weakly developed axicorns which are
attached to the central column (Fig. 4d). In the cross-sections, the axicoms
have a rounded shape, and their beaks orient the axicoms downward
toward the fiuit wall under an angle. In the longitudinal section, the axi-
com has a tonguelike curved shape (Fig. 7, 8b). The reaction for the ligni-
fied tissues showed that the axicomns are an area with lignified parenchy-
ma in the septa of the fruit (Fig. 5). The cells of the epidermis, which cover
the axicorns, are small, unlignified.

a 100 pm

Fig. 5. Central column with septa of the fruit of A. canescens
(fixed material, reaction with phloroglucinol): a — section at the lower part
of the fuit, b — section at the upper part of the fruit at the level of axicoms;

ax —axicom, se — septum of the fruit (septum is significantly longer
at the first section in comparison with the second), vb — vascular bundle
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Fig. 6. The parts of the fruit wall of A. canescens (fixed material,
reaction with phloroglucinol): vascular bundles (vb) in the ribs of the fruit,
unlignified endocarpium (ue) and unicellular hairs (u/4)

Dehiscence of the fruit. Dehiscence of the fiuit of 4. canescens is car-
ried out in two stages. First, when the fiuit is maturing, in the upper part of
the fruit, the bundles become more distant from each other, thus forming
an oval-shaped dip (Fig. 3a). An axicom participates in fruit dehiscence
with its beak, which is attached to the fruit wall, breaks the area of the fruit
wall in the lower edge of the dip. In this way, the axicom forms a hippo-
crepiform (horse-shoe-shaped) slit covered with a valve (Fig. 7a). When
the valve bends outwards, the axicorn’s beak is becomes visible in the
lower part, making the lower edge of the valve look spiky (Fig. 7c, 8a).
Because the dip in the fruit wall is narrow it seems that the opening is a
crack or pore, or a wedge-shaped slit but the shape of the opening is nar-
row-oval and the slit is hippocrepiform, not triangular (Fig. 7a, 7c).
The valve (slit) in the ripe dried fruit is 1.5-1.7 mm in length and 1.0—
1.5 mm in width. Gradually, the dip becomes pressed more and the lower
edge bends outward, creating an opening for the release of seeds during
shaking. The valve is very narrow, does not exceed the size of the seed,
making it difficult to disseminate. When the opening is developing, the
fruit septum detaches from the central column and breaks along the lower
edge of the axicoms in a curving direction (Fig. 8b).

1000 pm d

1000_um

Fig. 7. Dehiscence stages of the fruit 4. canescens: a— fruit dehiscence through hippocrepiform slit (stage 1), »—longitudinal section of the opened
fiuit, axicom’s beak and placentas are noticeable (p/), ¢ — fruit dehiscence through the longitudinal slit (stage 2), d— destruction of the pericarp
after dissemination, only vascular bundles and axicorns retained; the axicom’s beak is marked with an arrow

Stage 2 of the fruit dehiscence continues with the formation of a lon-
gitudinal slit from the lower point of the hippocrepiform slit almost to the
base of the fruit (Fig. 7c, 8a). This slit facilitates the seeds’ release. At the
later stages of fiuit morphogenesis, the fiuit septa are destroyed and the
parenchyma of the fiuit wall gradually decays to complete destruction
(Fig. 7d). In the completely dried fruit, after dissemination, there remain
the central column, ascendant bundles, and axicomns holding the valves
remain.

Discussion

The obtained data for the first time allow us to analyze precisely the
inner structure of the fiuit, anatomy of the fruit wall, and dehiscence in
A. canescens. We revealed completely closed locules of the ovary up to
the placental level and above. Septa of the ovary are completely fused
with central column, which is characteristics of synascydiate zone of the
gynoecium. Placenta, located in this zone, is axile. According to the data

Bojniansky & Fargasova (2007), which correlate with our data, 4. canes-
cens has elliptic seeds with truncate top and narrowed base, 1.5-1.7 x 0.7—
0.9 mm. The seed surface is glabrous, glossy, brown, with black basis.
For A. canescens, Kolakovsky (1995) reported elongated flattened seeds,
up to 2.0 mm in length, narrow-winged from one side. Another studied
species, A. michauxioides, has elliptic, brown, compressed from one side,
glabrous and glossy seeds, 0.8-1.0 mm in length, 0.4-0.5 mm in width
(Algitepe, 2008). A. comosiforme Hayek & Janch. has reddish to dark
brown seeds, 0.8-0.9 mm in length, 0.5-0.6 mm in width, flattened, or
ellipsoidal (Lakusi¢ etal., 2019).

The seeds in different species of Asyneuma are morphologically very
similar to seeds of genera Phyteuma and Jasione (Bojnansky & Farga-
Sova, 2007), and therefore cannot be used as a reliable source of the data
for diagnosing members of Campanulaceae of the flora of Ukraine.
The anatomical structure of the fruit wall of A. canescens reveals the same
traits as in C. latifolia examined by us earlier (Andreychuk & Odintsova,
2019). The exocarpium and endocarpium are non-lignified, mesocarpium
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is parenchymatous, with chlorenchyma. Lignified elements — axicorns lo-
cated only in the fiuit septa. Openings in 4. canescens are developed on
the septum radii, as in C. latifolia. The differences between the species
consist in the shape of axicom and its location. In particular, the axicoms
in A. canescens are round in the section, poorly developed, located in the
upper part of septa, while in C. latifolia the axicorns have varying shape,
wide and expanded to the fruit wall in the lower part and narrowed in the
upper part, spreading through all the fruit length, and are well developed
histologically (Andreychuk & Odintsova, 2019).
U

Fig. 8. Schematic image of the fiuit (@) and longitudinal section of the
fruit (b) of A. canescens: a— opening is shaded, b — axicoms are marked
in black, placentas are marked in grey; ov— ovules, ss — septifragal slit;
figure a presents the two stages of dehiscence of the fruit, indicated 1 and 2

Because of the absence of lignified elements in the fruit wall, the cap-
sule of A. canescens belongs to the histogenetic Galanthus-type (Bobrov
& Romanov, 2019), however it has to be noted that dehiscence of the fruit
is provided by the mechanical tissues distributed locally in fruit septa.

Comparison of the fiuits of A. canescens and the species of Campa-
nula revealed differences in fruit orientation during fruiting, on which the
localization of openings at different height depends. Particularly, in erect
fruits, the openings are located in the upper part of the capsule, while in
pendant fruits — in the lower part (Kaden, 1964).

Fruits in different species of Campanula differ by localization of the
openings: in members of the sectio Medium DC. the openings develop
basally (Dremliuga, 2013b), while in members of the sectio Rapunculus
(Fourr.) Boiss. — above the middle of the fiuit (Dremliuga, 2013a). Accor-
ding to the localization of the openings, 4. canescens is similar to section
Rapunculus of the genus Campanula. Genera Phyteuma and Legousia are
seen to be closely related to the representatives of this section (Roquet
etal., 2008; Stefanovich & Lakusic, 2009). However, in Asyneuma como-
siforme Hayek & Janch. and members of section Clinocarpium (Boiss.)
Rech. f. & Schiman-Czeika of the genus Asyneuma, the fiuits are pendant
and the openings are medial to basal (Lakusic et al., 2019), similarly to the
section Medium DC. of genus Campanula, for example, C. latifolia (An-
dreychuk & Odintsova, 2019). This is consistent with polyphyly of the
genus Asyneuma determined using molecular methods (Stefanovich &
Lakusi¢, 2009).

The capsule of Asyneuma baldshuanicum (O. Fedtsch.) Fed. opens
through pores on the middle height of the fiuit (Artjuschenko & Theodo-
rov, 1986), while on the capsule of A. michawxioides the pores are located
slightly above the middle of the fiuit (Algitepe, 2008).

In the other genera related to Campalula, the openings are also loca-
ted in the upper part of the capsule. For example, in Phyteuma spicatum L.
the capsule is trilocular, the pores are close to the top or at the middle of
the fruit (Kolakovsky, 1995; Lammers, 2007). In Physoplexis comosa (L.)
Schur the capsule is bilocular with pores at middle height (Lammers,
2007), the axicorns are poorly developed (Kolakovsky, 1995). In Legou-
sia the capsule is trilocular, rarely unilocular, with medial or subapical po-

res (Lammers, 2007), the axicoms are tongue-like, located at the upper
part, with their bases attached to the top of central column. In all the listed
genera the capsules are erect.

In A. comosiforme, V-shaped valves covering large openings in the
middle part of the fruit were found, with axicoms attached inside along the
whole valve length (Lakusic et al., 2019). Similarly, in fiuits of C. latifolia
with basal openings, the axicorns spread along the septa from base to top
of the fiuit (Andreychuk & Odintsova, 2019).

In A. canescens the axicom is located only in a very small upper part
of the septum. Hence, length of axicoms depends on the position of the
opening in Campanula and Asyneuma species. In taxa with apical fruit
openings (4. canescens), the axicoms are short, located only near the fruit
roof, while in taxa with basal fruit openings (C. latifolia), the axicoms are
long, spread throughout the capsule (Andreychuk & Odintsova, 2019).

However, the openings in the fiuits of the studied species develop ac-
cording to the same principle: the axicorm makes a rupture in fruit wall on
the lower margin of the dip, forming a hippocrepiform slit. The lower
margin is oriented towards the peduncle, and with time the valve bends
outward and bends during drying of the tissue.

For the plants with capsular fruits, it is important to classify the mode
of dehiscence in a proper and detailed way, as Kolakovsky (1995) at-
tempted to do for the Campanulaceae family. He determined the valvate
(i.e. porate) and fissuricidal (with slits) axicom types of the capsule. For
genera Asyneuma, Phyteuma, Physoplexis, Trachelium, Campanula p. p.,
the other authors indicated the dehiscence through pores (podicidal dehis-
cence), while for Legousia and Campanula p. p. — dehiscence by the val-
ves (Lammers, 2007; Lakusic et al., 2019), which does not entirely cor-
respond to the Kolakovsky’s (1995) division of the genera. Both terms,
pore and valve, have discussable usage, since a pore is a small round
opening in the fiuit wall, while a valve is a fragment of the fruit wall,
which bends and thus making an opening, usually, of a round shape.

Comparing our data on fruit dehiscence in species of Campanula and
A. canescens, we came to the conclusion that there is a fundamental re-
semblance of development of the hippocrepiform slit and the opening
covered with valve (stage 1 in A. canescens) in these taxa. Differential fea-
tures of species are the location of the slit (basally or near the top), size of
the slit (wide or narrow, long or short), and therefore size of the opening
(small or large). The specific shape and morphogenesis of the opening and
presence of the axicoms indicate the common origin of such a type of the
opening inside a clade of closely related genera, including Campanula.

According to Kaden’s (1964) classification, we determine the me-
chanism of fruit dehiscence through the axicom slit or valve according to
Kolakovsky (1995) as hippocrepiform dehiscence (dekiscentia hippocre-
piformis) — the fruit opens with a non-closed slit in the form of horseshoe
with formation of the valve on the septum radii, which opens two neigh-
boring locules of the fiuit simultaneously when it bends from the fruit
wall. At the same time, the axicoms detach from the central column fol-
lowing a curved direction, which corresponds to septifragal dehiscence.
For this reason, previously we identified the fruit of C. latifolia as an infe-
rior capsule with septifragal-hippocrepiform dehiscence (Andreychuk &
QOdintsova, 2019). The peculiarity of fiuit dehiscence in 4. canescens is the
formation of additional slits on the septum radii after the hippocrepiform
slit forms (stage 2). For A. canescens we propose to determine the mode
of dehiscence as two-staged, septifragal-hippocrepiform and longitudinal-
ly-laminar dehiscence.

For the inferior fruits, we determined two types of dehiscence: forma-
tion of the openings in the lower part of the ovary (below the calyx) or in
the upper part of the ovary, above the calyx (Odintsova, 2016). In A. ca-
nescens, as in the species of Campanula, the openings are formed in the
tissues of the inferior part of the ovary.

Conclusions

As a result of the morpho-anatomical examination of the fiuit in
A. canescens, we revealed the type of placentation, anatomical structure of
the fruit wall, features of formation of the openings in this species. The
capsule of A. canescens does not contain lignified tissues in the fruit wall,
however, dehiscence is provided by lignified parenchyma located in the
fruit septa. Our study confirms the resemblance of dehiscence in 4. canes-
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cens and species of the section Rapunculus of the genus Campanula with
erect capsules. We consider it inexpedient to adopt a new fruit type for
A. canescens, because the differences with species of Campanula concern
only the small size of the axicom slit and the appearance of additional slits
for facilitating the seed release. We identify the fruit of A. canescens as an
inferior trilocular syncarpous capsule with two-stage, hippocrepiform and
laminar dehiscence.
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