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The inner fruit structure in Campanula latifolia L. was studied using light micro-
scopic technique. Our aim was to revise the dehiscence mode in the fruit and find out
from which part of ovary the axicorn — peculiar organ inside ovary, is formed and which
tissues it contains. The fruit of C. /latifolia has a persistent central column with three
septa attached. We showd that during fruit ripening, three dips appear in the lower fruit
part, followed by formation of a hippocrepiform slit at the lower margin of each dip, pro-
viding an opening. The valves that cover each opening bend outwards. Exocarpium is
composed of one-cell layer with non-lignified walls. Mesocarpium is multilayered, most-
ly parenchymatous, with numerous vascular bundles. Endocarpium is uniseriate, non-
lignified, composed of small flattened cells. Vascular system of the fruit wall is com-
posed of 10-12 large concentric vascular bundles with annular xylem organized in
a single ring. In the lower part of the ovary, the inner cell layers of the mesocarpium as
well as parenchyma of septas become lignified. This lignified tissue contains isodiamet-
ric and polygonal cells with thick walls. Before the fruit wall opens, it is visible that septa
detach from a central column just on the boundary between lignified and non-lignified
parenchyma. On the longitudinal sections, lignified parenchyma has a form of vertical
band extending from the base to the top of the ovary. This vertical band of tissue dif-
ferentiating early during the fruit development and being well-distinguished from the
adjacent parenchyma is the axicorn. In C. /atifolia, it has a complex, mattock-like shape.
The lower margin of axicorn causes formation of the hippocrepiform opening in the
ovary wall. Our investigation provides an evidence that the axicorn is not an organ sui
generis inside the ovary of Campanula, but it is merely a band of lignified parenchyma
of the mesocarpium and especially of septa which is commonly found also in other
members of Campanulaceae. The fruit of C. latifolia is considered to be an inferior tri-
locular capsule with septifragal-hippocrepiform dehiscence.
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INTRODUCTION

Morphological structure, types and dehiscense mode of fruits provide an important
information for the taxonomy and phylogeny of different taxa. Therefore, the study of
fruit morphogenesis and dehiscense are topical problems in many modern studies [3, 7,
10, 15]. The Campanulaceae Juss. family is large (almost 2400 species and 84 genera)
and morphologically variable [13]. The basic morphological types of the campanula-
ceous fruit have been established [11], and the system of the family has been devel-
oped [6, 13, 21]. The main fruit type in Campanulaceae is an inferior axicorn capsule
found in Campanula and many other genera: Adenophora Fisch., Asyneuma Griseb. et
Schenk, Campanula L., Legousia Durande, Phyteuma L. Baccate fruits, poricidal, fora-
minicidal, fissuricidal and valvate capsules of diverse structure have also been found in
other representatives of the family [11].

In the flora of Ukraine 42 species from 6 genera of the Campanulaceae are re-
ferred [17]. The greatest genus in the family is Campanula L. Species of the genus
Campanula are annual, biennial or perennial herbs with flowers being solitary or com-
posed in different types of inflorescences. Flowers are pentamerous, the calyx persis-
tent in the fruit, the corolla is bell-shaped. The ovary is inferior, 2-, 3- or 5-locular. There
is a nectar disc on the roof of the ovary. Fruit is a multiseeded capsule, erect or pendant.
The capsule opens with basal, medial or apical pores also called valves [13].
A.A. Kolakovsky [11] established for the genus Campanula a new type of fruit — an
axicorn capsule, which opens by means of axicorn, defined as ,a specialized organ,
usually attached to a central column, or not often shifted to the outer wall of the capsule,
which actively bends like a horn during the fruit drying and provides dissemination of
seeds through the formation of openings on the surface of the capsule or sometimes
also on the disk” [11]. The presence of axicorns was confirmed and its shape was de-
scribed in various species of Campanula [5, 11, 16]. However, there is still no sugges-
tion about the morphological identity of axicorns and the way of their functioning. Our
aim was to revise the dehiscense mode in the fruit of Campanula latifolia L. — the type
species of the genus, and find out from which part of ovary the axicorn is formed and
which kind of tissues it contains.

MATERIAL AND METHODS

Campanula latifolia, the giant bellflower, is a perennial herb 50-125 cm in height,
with large, toothed leaves [21]. Flowers are located on short peduncles in the axils of the
leaves, directed upwards, in the paniculate inflorescence (Fig. 1, A). Calyx is glabrous
with lanceolate lobes directed upwards. Corolla is wide bell-shaped, 40-60 mm in length,
light purple or white [21]. The species is widespread almost all over Europe, in the
Caucasus, Western Siberia, and Western Asia to the Himalayas [6]. C. /atifolia belongs
to the subsectio Eucodon (DC.) Fed. sectio Medium DC. of the genus Campanula [5].
According to the molecular data [18], C. latifolia belongs to the Campanula s. str. clade
of the genus Campanula.

Fruits were collected at different stages of development in the northern outskirts of
the city of Lviv, in Palanka village (Yavorivskyi district) in the cultivated conditions and
fixed in 70% ethanol. The studied plants fully correspond to the species diagnosis. For
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the morphological study of the fruit, a binocular microscope MBS-10 (LZOS, Russia)
was applied, and measurements were done using a measuring ocular. Anatomical
structure of the fruit was studied on transverse and longitudinal sections on the temporary
preparations. We performed the Meule reaction on lignified tissues with 1% solution
of potassium permanganate, 10% hydrochloric acid and concentrated ammonia solu-
tion [2]. For anatomical studies, a light microscope XS-2610 (NINGBO, China) was ap-
plied. The AmScope MD (USA) digital ocular and the AmScope 3.7 software were used
to take photographs. Morphological descriptions were done using a common termino-
logy [1], and the structure of the pericarpium was studied according to |. Roth [19].

RESULTS AND DISCUSSION

Morphological structure and development of the fruit. Mature fruit of C. /atifolia —
is an inferior pendulous trilocular dry capsule (Fig. 1 A, B). In the center of the ovary,
a central column is located with three septa attached to it (Fig. 1 C, 4 A-C). The capsule
contains a lot of seeds located in each locule on the convex placentas (Fig. 3 A). Pla-
centas have ascendant and descendent globose lobes and are joined with carpel blade
in its middle height with narrow band (Fig. 4, D). Seeds are 1.5-1.7 mm in length and
0.7-1.0 mm in width, oval, shiny, light brown. Above the placentas, the ventral sutures
of carpels become visible dividing a central column into three portions (Fig. 4, F).

During fruit ripening the capsule changes the color from green to light brown and
bends down. The mature fruit is 12—16 mm in length and 8-10 mm in diameter. The
corolla dries gradually after anthesis, twists and persists for some time (Fig. 1, B). The
stamens and style also fall out later.

At the initial stage of fruit opening, three dips of 4-5x4-6 mm are formed in the
lower part of the fruit. They are diamond-shaped (Fig. 1, D, E). A hippocrepiform slit
appears on the lower edge of each dip. Subsequently, the dips become more pressed
and their lower edge declines outward, providing a horse-shoe-like opening (Fig. 1, D).
The dips are formed on the septa radii (Fig. 1, C) allowing seeds from each locule to
disperse through two openings.

When the fruit dries, the parenchyma of the fruit wall between vascular bundles
decays (Fig. 1, F). Valves that cover the openings bend outwards. On the inner side of
the valves, wide edges are visible (Fig. 1, C).

Anatomical structure of the fruit. Histological zonal structure of the fruit wall was
studied on the transversal sections of the fruit. The exocarpium is composed of one cell
layer with non-lignified walls. Mesocarpium is multilayered (with 25-30 cell layers),
mostly parenchymatous, with numerous vascular bundles. The endocarpium is unice-
riate, non-lignified, composed of small flattened cells. The vascular system of the fruit is
composed of one ring of amphicrybral vascular bundles (Fig. 2, D) arising from the
vascular cylinder that enters the central column. In the lower part of the ovary, there are
five vascuar bundles, while above the middle height of the ovary, there are 10-11 vas-
cular bundles among which five large antesepalous bundles are located. In the large
vascular bundles, xylem has a form of the ring surrounded by phloem (Fig. 2, A), that is
peculiar and resembles the bundle structure in Psidium cuneifolium Ten. (Myrtaceae)
[22]. In the ovary roof, a lot of vascular bundles supply nectary parenchyma (Fig. 2, F).
The central vascular a cylinder above placentas is divided on three amphicrybral vascu-
lar bundles entering septa and supplying ovules.
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Fig. 1. Morphological structure of the fruit of C. latifolia: A — fruiting inflorescence; B — young fruit; C — internal
structure of the fruit, central column with attached septa are visible; D — opened fruit from below, three
horseschoe-shaped slits are visible; E — beginning of fruit opening; F — dried fruit with bent valves,
central column is visible, septa is separated from a central column

Puc. 1. MopdonoriyHa 6ynosa nnogy C. latifolia: A — cyuBiTTS Ha cTagii NNOAOHOLEHHS; B — monoaui nnia,
C — BHyTpiLWHA ByaoBa nnoay, LeHTpanbHa KOMOHKa, 3'eAHaHa 3 neperopogkamu; D — BigkpuTuid nnig,
i3 nigkoBonodibHMMK WinnHamu; E — noyaTok po3KpuMBaHHSA nnogy; F — cyxuii nnig i3 3aropHyTUMm
KnanaHamu Ta BiZOKPEMIIEHO0 Bif LleHTparibHOI KONOHKN Neperopoakoto
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Fig. 2. Anatomical structure of the fruit of C. /atifolia: A — central column with attached septas at lower part of
the fruit; B — a short septa composed of lignified parenchyma; C — central column with attached septa
at the middle height of the fruit; D — large vascular bundle with concentric structure; E — inner surface
of fruit wall near septa (fragment of the section on Fig. 4, C); F — the ovary roof and a style base, rich
innervation of a nectary disc is visible

Puc. 2. AHaTomiyHa Bygosa nnogy C. latifolia: A — LeHTpanbHa KOMOHKa 3 MPUEAHAHNMU neperopogkamm
B HWXXHIW YacTuHi nnogy; B — kopoTka neperopogka, copmoBaHa 3i 34epeB’siHinoi napeHximu; C —
LieHTparnbHa KOMoHKa 3 NpUeAHaHNMU Neperopoakamv Ha cepeiHiin BUCOoTi nnoay; D — Benukuii npo-
BiHUIA NMYYOK KOHLEHTPUYHOT ByoBK; E — BHYTPILLHSA NOBEPXHS CTiHKM MroAy nobnvay neperopofok
(4acTtuHa 3pisy, npegcrasneHoro Ha puc. 4, C); F — gax 3aB’s13i 1 OCHOBa CTOBMYMKA, NMOMITHi YUCTEH-
Hi NPOBIAHI NYYKN HEKTApPHOro AUCKY
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Fig. 3. Scheme of the longitudinal sections of the fruit of C. /atifolia (ac — axicorn, se — septa, ss — septifragal
slit): A — tangential section; B — radial section

Puc. 3. Cxema no3noBxHboro 3pidy nnogy C. /atifolia (ac — akCMKOpH, se — neperopoaka, ss — centudparans-
Ha WinuHa): A — TaHreHuianbHUI 3pi3; B — pagianbHui 3pi3

On the transversal sections of the upper part of the ovary, no lignified tissues except
vascular tissue are visible. In the lower part of the ovary during fruit ripening, the inner
cell layers of the mesocarpium and parenchyma of septa become lignified (Fig. 4, A-C).
This lignified tissue contains isodiametric and polygonal cells with thick walls. At the
ovary base the lignified mesocarp layer is thin and spread widely around each locule
(Fig. 2, E). Above, the lignified parenchyma is located only in septa and neighboring
parts of the fruit wall (Fig. 2, C). Near the middle height of the ovary, septa becomes
radially elongated, while the lignified parenchyma is retained only on their proximal por-
tion (Fig. 2, B). This lignified parenchyma is visible on the transversal sections at the
level where placentas reach carpel blade, progressively decreasing above the placen-
tas (Fig. 4, E). The rest tissues of the fruit wall except xylem and lignified parenchyma
of the mesocarpium inner layer and septa are not lignified. The boundary between the
lignified parenchyma of septa and parenchymatous central column is sharp, as boun-
dary between lignified and non-lignified parenchyma are located distally (Fig. 4, B).

Before fruit wall opens, the septa detach from the central column just on the
boundary between lignified and non-lignified parenchyma (Fig. 4, E). On the longitudi-
nal sections, it is visible that lignified parenchyma has a form of a vertical band extend-
ing from a base of the ovary to placentas (Fig. 3, B). During fruit opening, this band of
lignified parenchyma is fully detached from the central column, but fused in the column’s
upper part.

Morphological identity of axicorns and fruit dehiscence. A. Kolakovsky [11]
considered that axicorns are important characteristics of the fruit in the Campanulaceae.
He divided 42 recognized carpological fruit types of Campanulaceae on axicorn- and
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Fig. 4. An ascending series of transversal sections of the fruit of C. /atifolia (ac — axicorn, cc — central column,
pl — placenta, vb — vascular bundle, vs — ventral suture)

Puc. 4. BucxigHa cepia nonepeyHux 3pisis nnogy C. /atifolia (ac — akCMKOPH, CC — LieHTpanbHa KonoHka, pl —
nnaueHTa, vd — NPOBIAHWIA NMYYOK, VS — BEHTPanbHWUIA LLIOB)
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non-axicorn-types. According to A. Kolakovsky [11], an occurence of the axicorn in
a process of fruit evolution in Campanulaceae has allowed more effective dissemina-
tion. A. Kolakovsky [11] classified a capsule of Campanula as of axicorn-type, axicorn-
fissuricidal group with almost apical axicorns. On the schematic drawings of fruits of
Campanula species (C. excisa Schleich. ex Murith, C. odontosepala Boiss., C. paradoxa
Kolak., C. pyramidalis L.) provided by A. Kolakovsky (Table Ill, Fig. 3—6 in [11]) axicorns
are located on a septa and touch a central column along the ovary or only in its part. Axi-
corn has a beak that makes a slit in the ovary wall. It was revealed that the tissue of
axicorns is composed of transversely and longitudinally polygonal isodiametric cells
with thick lignified walls containing numerous pit canals [11, 12].

I. Roth [19] based on citations of previous authors, wrote that a capsule of Cam-
panula has wedge-shaped valves consisting of differently oriented fibers which shrink in
different directions forming the pores in the interfasciculate sectors of capsule due to
hygroscopic movements of the lignified portions of septa.

Other authors refer that axicorn of Campanula species bends as a horn and makes
openings in the capsule wall [23]. In C. sibirica L., C. taurica Juz., C. talievii Juz. it re-
sembles the half-moon producing an opening with one of its ends as it dries [16]. Axi-
corn is also defined as a tissue inside the fruit of some Campanulaceae which moves
as it dries and perforates the fruit wall allowing a dispersal of seeds [20].

Our investigation provides an evidence that axicorn is not an organ sui generis in-
side the ovary of Campanula, but it is just a band of the lignified parenchyma of the
mesocarpium and especially of septa which is differentiated early in fruit development
(in the anthetic ovary). In C. latifolia, the axicorns are spread from the ovary base to
ovary top as a narrow vertical band of tissue, well distinguished from the parenchyma-
tous tissues on the transversal and longitudinal sections. As fruit dries, septa detach
from the central column from base to top, while the lower margin of axicorns produces
the hippocrepiform (horseshoe-shaped) opening in the ovary wall. The shape of axi-
corns in C. latifolia is complicated and mattock-like.

In previous works, a fruit of Campanula was defined as an inferior syncarpous cap-
sule [9], containing axile placentation and laminal crescent slit of dehiscence [14].

A significant element of the fruit of C. /atifolia is a central column. The mode of the
dehiscence when septa detach from a central column is defined as septifragal, and
fruit with such slits is to be classified as septifragal capsule. A crescent slit in the fruit
wall is a criterion for hippocrepiformous dehiscence [8]. Consequently, the capsule in
C. latifolia must be defined as inferior trilocular capsule with septifragal-hippocrepiform
dehiscence.

I. Roth [19] supposed that the poricidal capsule of Campanula has derived from the
loculicidal capsule. Later [3], fruits of Prismatocarpus L'Herit. and Wahlenbergia Shrad.
ex Roth, primitive members of the Campanulaceae [13, 18], were classified as paracar-
pous and phragmocarpous (secondary syncarpous) capsule opened with a loculicidal
apical valvae. More recent studies on fruit structure in the wahlenbergioid Campanula-
ceae — Prismatocarpus crispus L'Her. (Kericodon crispus (L’'Her.) Cupido comb. nov.)
and P. nitidus L'Her. [4] showed a presence of the lignified inner layer of mesocarpium
and septa in both species. In these species, the fruits open longitudinally on 4—10 valves
along the parenchymatous strands between the lignified bands in mesocarpium, accom-
panied by a separation of septa from a central column (Fig. 3 in [4]).
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The presence of the lignified parenchyma in septa and in the inner mesocarp zone
was found also in C. /atifolia fruit, but with two differences: lignification of septa is local-
ized in their lower and proximal portions, and openings in the fruit wall develop as hip-
pocrepiform slits at the fruit base, not longitudinally.

A peculiar structure and dehiscence of axicorn capsule was found in all species of
Campanula [11] — the genus which is defined to be paraphyletic according the molecular
data and comprises some other related genera [18]. As a lignified parenchyma of me-
socarpium and septas was found in other clades of Campanulaceae, it may be the
plesiomorphic condition for Campanula. The question stays, whether fruit dehiscence
by means of axicorns is also plesiomorphic condition for Campanula, or it has arisen
some times, in Campanula s. str. clade and in Rapunculus clade convergently.

Our hypothesis on morphogenesis of axicorn capsule is that early lignification (at
anthesis) of septal and mesocarpic parenchyma prevents further growth processes in
these parts of fruits. As a result, at time of fruit ripening, the boundary between paren-
chymatous and lignified fruit parts becomes a site of slit formation.

CONCLUSIONS

In C. latifolia, the lignified parenchyma in septa and in the inner mesocarp zone was
found, and named an axicorn. The axicorns extend from the ovary base to ovary top as
narrow vertical bands of the lignified tissue. As fruit dries, septa detach from a central
column from base to top, while the lower margin of axicorns produces a hippocrepiform
(horseshoe-like) opening in the ovary wall. The capsule of C. /atifolia is defined as infe-
rior trilocular capsule with a septifragal-hippocrepiform dehiscence at the fruit base.
Most tissues of the fruit wall, except xylem and lignified parenchyma of the mesocarpi-
um inner layer and septa are not lignified. Our assumption is that a unique fruit structure
in Campanula species is developed on a basis of common histological differentiation of
the fruit wall in Campanulaceae.
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MOP®OJON4YHA U AHATOMIYHA BYOOBA nnoay
CAMPANULA LATIFOLIA L.
P. AHOpeliuyk, A. OdiHyoea
JIbsiecbKull HayjoHanbHUU yHisepcumem iMmeHi leaHa ®paHka
syn. lpywescbkozo, 4, Jibeie 79005, YkpaiHa
e-mail: roksolana_roksa@i.ua

BryTpiwHs 6ygosa nnogy y Campanula latifolia L. 6yna BuBYeHa nig CBITNOBUM
Mikpockonom. MeTor HaLloro AoChimXeHHs 6yno yTOYHUTM CNOCiO po3KpUBaHHSA Nnoay
i 3'scyBaTH, 3 AKOI YaCTUHM 3aB’s3i POPMYETLCA aKCUKOPH, — CBOEPIOHUI OpraH ycepe-
OWHI 3aB’A3i, | 3 AKMX TKaHWH BiH cknagaeTtbes. Y nnogi C. latifolia HasiBHa ueHTpanbHa
KOMOHKa, [0 KO MPUKPINITTLECA TPU Neperopoakun. Hale gocnigkeHHs BCTaHOBUIO,
LLIO B HWXKHIW YacTuHi nnogy hopmytoTecs Tpy 3armubunHn. 3rogom no HMKHBOMY Kpato
3arnMbuHM yTBOPIOETBCS NigKoBOMNOAiIOHa LWinuHa, sika 3abesnevye popmyBaHHS OTBO-
piB. KnanaHu, AKi BKpMBalOTb OTBOPW, 3arMHaTbLCA Ha30BHI. Ek3okapnin npeacraene-
HUW OOHUM LLApOM He3aepeB’siHiNux knitnH. Mesokapnin 6aratolwapoBuii, NepPEBaAXKHO
napeHxiMHUI, 3 YUCTIEHHNUMU NPOBIAHNUMU NyYkamn. EHOoKapnin ogHOpSAHWN, He3fepe-
B’AHINUIA, 3 gpiOHMMK cnnoLleHMKn KniTnHamu. [NpoBigHa cuctema CTiHKM Nnoay npea-
cTaBneHa ogHMM Korom 3 10—12 KpynHMX KOHLEHTPUYHMX MPOBIOHMX MYYKiB i3 KinbLe-
BOK KCMMEMOI0. Y HWXKHIM YacCTUHI 3aB’A3i BHYTPILLHSA 30Ha Me30Kapmito Ta napeHxima
neperopook Aepes’sHitoTb. Lis 3aepeB’sHina TkaHMHa MiCTUTb isogiameTpuyHi 6arato-
rPaHHi KIiTMHW 3 NOTOBLUEHMMMX oBonoHkamu. Nepen po3kpMBaHHAM Nogy MOMITHO,
LLIO MEePEeropoaKkn BiAOKPEMITOTLCA Bi LEHTPanbHOI KOMOHKM 3aB’s3i Ha MexXi Mix
30€epeB’SHINOI0 | He34epeB'sHINOK napeHxiMo. Ha no3poBxHix 3pisax 3gepes’sHina
napeHxiMa Mae BUMsA4 BEPTUKANbHOI CMYrH, LLIO NPOCTAraeTbCs Bif OCHOBY MAOAY A0
BepxiBkM. LA cMmyXKa TKaHuHM, sKka AndbepeHuioBanacs Ha paHHiX eTtanax po3BUTKY
nnoAay, 4o6pe BiApi3HAETECS Big MApPEHXIMHUX MPUNErnMX TKaHWH, i € akcnkopH. Popma
akcukopHa B C. latifolia € cknagHO, MOTMKOMOAIOHO. HKHIN Kpal akcMkopHa cnpu-
YnHsEe HOPMyBaHHS NigKOBOMOAIOHOMO OTBOPY Y CTiHUI 3aB’A3i. Halue JocnigxeHHst no-
Kasarno, L0 aKCMKOPH He € OpraHoMm Sui generis ycepeauvHi 3aB’sa3i Campanula, a ue
nviwe TSK 30epeB’sHInoil napeHxiMm B Me3okapnii i ocobrnmBo B neperopogkax 3as’s3i,
XapaKTepHWI TakoxX Ans iHWnx npeactaBHukiB pognHyn Campanulaceae. MNnig C. latifo-
lia M1 BU3HAYaEMO AK HWXKHIO TPUTHI3AHY KOPOBOUKy 3 cenTudparanbHO-NigKoBOMNoAi6-
HMM PO3KPUBAHHSIM.

Knroyoei cnnoea: [3BOHMKM LUMPOKOIUCTI, HUXKHA KOpobouka, CTiHKa nnogy, cen-
TudparanbHe po3KpMBaHHS, MiAKOBOMOAiOHA LWiNnHa, akCUKOPH

OpeprxaHo: 09.04.2019

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e Bionoriyni Ctygii / Studia Biologica ¢ 2019 e Tom 13/Ne1 e C. 95-105



