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The main anatomical features of the leaf lamina and leaf petiole the Croatian endemic species
Centaurea ragusina subsp. ragusina from the region of Split have been examined by light and scanning
electron microscopes. Besides the many xeromorphic properties which have arisen as a result of the
species’ life in conditions of aridity and high light intensity, those which might characterize the spe-
cies and therefore could have taxonomic significance hve to be identified. The last include: the mi-
croornamented cuticle of ordinary hairs, stomata with a stomatal and peristomatal rim and a long
and narrow aperture, parenchymatous bundle sheaths in the leaf lamina, sclerenchymatous caps ad-
jacent to the xylem and phloem in the petiole bundles, and the arrangement of bundles in the petiole.
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Bati¢, T, Vladovié, D. & Popovié, Z.: Prilog poznavanju anatomije lista hrvatske endemicne
viste Centaurea ragusina L. subsp. ragusina, Nat. Croat.,, Vol. 6, No 4., 367-380, 1997, Zagreb

IstraZene su glavne osobine anatomije plojke i peteljke lista hrvatske endemicne vrste Centaurea
ragusing subsp. ragusina s podrudja Splita svjetlosnim i rasterskim elektronskim mikroskopom. Osim
kseromorfnih osobina, nastalih kao posljedica Zivota u uvjetima vodnog deficita i jakog intenziteta
svjetlosti, identificirane su i osobine koje bi mogle biti svojstvene vrsti te stoga imati taksonomsku
vaznost, Posljednje su: mikroornamentirana kutikula obiénih dlaka u obliku brazda i ureza, puéi sa
stomatalnim i peristomatalnim obrubom te uskim i dugim stomatalnim otvorom, parenhimski Zilni
ovoji u plojci, sklerenhim u obliku kapa na ksilemu i floemu Zila u peteljci te luéni raspored Zila u
peteljci.

Kljuéne rijedi: Asteraceae, Centaurea ragusina L., anatomija lista.
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INTRODUCTION

Centaurea ragusina L. (Asteraceae) is a Croatian endemic species, growing in the
gapes of the perpendicular limestone clifts above the Adriatic Sea. Its locus classicus
is the environs of Dubrovnik (in latin Ragusa) where it is a characteristic species
of the Phagnalo-Centaureetum ragusinge (H-at) H-i¢ association (HORVATIC 1963). As
well as in Dubrovnik, it can also be found in a few other localities (Split, the islands
of Bigevo, Solta, Hvar and Vis).

Taxonomically based on it’s morphological properties, it has been treated differ-
ently during time; firstly as two species (GINZBERGER 1912, 1920) and then as one
(HAYEK 1927-33) comprising several subspecies or varieties. According to newer
data (PEVALEK 1930, DOMAC 1956), supported by PAVLETIC (1965), Centaurea ragusina
L. is one species consisting of three subspecies; ragusina, padelini and baumgartneri.
C. ragusina subsp. ragusina has divided exclusively leaves, subs. baumgartnery has
only entire leaves, whereas subsp. padelini has both (Fig. 1).

Contrary to the relatively numerous morphological data, there are no studies
concerning the anatomy of the species that would contribute to a wider knowledge
of it. The lack of such data was the primary point of the investigations, presented
here.

MATERIAL AND METHODS

Fully developed leaves were gathered from examples growing on the Saint Jere
clifts of the Marjan hill in Split (Dalmatia).

Herbarium materials were used for the investigations. The leaves were examined
with light and scanning electron microscopes.

For light microscopy, leaf laminae and petioles were boiled in water, then trans-
versally sectioned (TS) on a Reichert OME sliding microtome, cleared in bleach,
stained with safranin, sudan III and alcien blue, dehydrated through an alcohol
series and finally mounted in euparal.

For scanning electron microscopic (SEM) examinations small pieces of lamina
were fixed to stubs with double-sided adhesive tape, coated with gold in a Sputter
Biorad system coater and photographed in a Philips 515 SEM at x 71,5 x 341 x 1559

and x 6500 magnifications. The examinations were done in the SEM Laboratory of
the INA-Naftaplin Company in Zagreb.

RESULTS

The results obtained have revealed the following:
Leaf lamina structure (in TS): isobilateral (isolateral) (Fig. 2).
Lamina thickness (in TS): 418 to 513 m.
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Cuticle and cutinized layers of outer epidermal cell wall (in TS and SEM): the
surface is smooth; nearly equally thick on both adaxial and abaxial sides (about
13.3 pm); in some places even thicker than the lumen of epidermal cell (Figs 9, 10);
microornamented only on the ordinary trichomes (Fig. 5).

Wax (in SEM): amorphous (Fig. 6).

Epidermis (in TS and SEM): both are single layered with straight anticlinal and
convex, smooth periclinal walls (Fig. 6); the size of cells is nearly the same on
adaxial and abaxial surfaces (Fig. 2).

Stomata (in TS and SEM): present on both surfaces (Figs 7, 8); guard cells are
remarkedly raised in relation to other epidermal cells; substomatal chamber is usu-
ally very large; stomatal rim is broadly oval (Fig. 6); aperture is long and narrow;
the stomatal rim surrounds a single circular peristomatal rim formed like a ridge;
this is wider than the stomatal rim.

Nonglandular trichomes (in light microscope and SEM): very long and very
numerous, simple, filiform, unbranched, dead, (Fig. 3); they densely cover both sur-
faces; the trichome cuticle (in SEM, magnification 6500) is microornamented by
folds and furrow-like sculpturing streching longitudinally (Fig. 5).

Glandular trichomes (in TS): short stalked with a head consisting of several lay-
ers of yellow spherical cells (Fig. 9); present in both epidermises; these trichomes
were used by PAVLETIC (1965) for the distinction of subspecies.

Mesophyll (in TS): palisade parenchyma consists of typicaly long cells forming
three or four adaxial and two or three abaxial layers; spongy parenchyma is in the
central portion, and made of irregularly shaped but somewhat longer cells with
vacuoles for water storage; spongy parenchyma forms up to 1/3 or less of leaf
thickness (Fig. 2); the distinction between palisade and spongy parenchyma is not
always easy; on leaf margins palisade parenchyma prevails (Fig. 12)

Midrib (in TS): broadly ovate and extended dorsiventrally; both ridges are rounded;
epidermal cells on the ridges are nearly twice as high as wide; bundle sheat is pa-
renchymatous; adjacent to the xylem and phloem pole it is developed as multilay-
ered caps; laterally it is usually one-layered; the sheat is strongly developed aba-
xially (Fig. 11).

Lateral veins (in TS): collateral, surrounded by one continuous or discontinuous
parenchimatous sheat (Fig. 2) which is sometimes lacking.

Petiole (in TS): bifacial, basal part is horizontally extended and without »wings«
(Fig. 15); middle part is dorsiventrally extended and has two »wings« (Fig. 13), one
on each side between abaxial and adaxial ridge; in both basal and middle part bun-
dles are free and arranged in an arc; on the xylem and phloem pole of three central
vascular bundles, sclerenchymatous caps are present (Fig. 14); under the epidermis
there is a continuous collenchyma tissue developed as one layer; this becomes mul-
tilayered in the »wings« and often in the ridge regions; the parenchyma is placed
in the central part and among the bundles (Figs. 13, 14, 15)
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DISCUSSION

The research presented here suggests that the leaves of C. ragusina subsp. ragus-
ina have some features that could be attributed to those properties which have ob-
viously arisen as the consequence of the species’ life in conditions of aridity. They
are known as xeromorphic properties and serve to protect the plant to an important
extent from further water loss (CUTTER, 1978).

In comparison with the list of typical xeromorphic properties given by MAXIMOV
(1929, 1930) and BARANOV (1925) the xeromorphic features observed in the C. ra-
gusing subsp. ragusina leaves can be listed as follows: very dense hair cover, mark-
edly thick cuticle including cuticularized layers and cutinized outer epidermal cell
wall and entire leaf, palisade parenchyma more developed than spongy parenchy-
ma, which has developed as water storing tissue. Among this group of features an
additional one should be mentioned: the stomata on both adaxial and abaxial sur-
faces. It is believed that this position of the stomata may be the result of the species’
life in conditions of high light intensity. Some experiments, e. g. those done on to-
mato plants, support this view. Plants grown in conditions of high light intensity
have amphistomatous leaves with a slighter stomata density on the abaxial epider-
mis than plants grown in low light intensity (CUTTER 1978, GaYy and HURD 1975).
The position of stomata in regard to the level of the epidermis in the leaves of the
taxon investigated is also in accordance with that which can be find in some xero-
phytes. Although the stomata are not sunken or in grooves, as in most xero-
phytes, but strongly raised above the leaf surface, as in some mesophytes or
even in hygrophytes, this feature nevertheless characterizes xerophytes, especially
those growing in habitats exposed to strong winds. At first this feature seems to be
a counter-productive one. However, when the stomatal aperture is open in such
raised stomata, the chimney-like structure below is subjected to reduced air pres-
sure, when the wind blows over the leaf surface, as in the Venturi effect. It enhances
the removal of water vapour and hence increases the transpiration stream (personal
explanation of Dr. Cutler, the head of the Anatomy Section of Jodrell Laboratory at
the Royal Botanic Gardens, Kew).

The other group of leaf properties of C. ragusina .. subsp. ragusina includes some
which could be of taxonomic significance. These certainly comprise microornamen-
tation of the ordinary hair cuticle surface, the shape and structure of stomata, as
well as characteristics of the bundle sheaths and of the vein arrangement. As has
previously been pointed out (BACIC 1996) cuticular sculpturing is little affected by
environmental conditions; according to CUTLER and BRANDHAM (1977), CUTLER (1979)
and BEHNKE and BARTHLOTT (1983), it is under strong genetic control and constant
at the species level and as such may serve as an excellent diagnostic character
(STACE 1965, PAGANELLI CAPELLETI 1975, BARTHLOTT 1981, 1990 etc), like the form
of the stomatal and peristomatal rims (BARANOVA 1972, WILKINSON 1979) as well as
the form and arrangement of veins and bundle sheats (SOLEREDER 1908).
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SAZETAK

Prilog poznavanju anatomije lista hrvatskog endema dubrovadke
zefine (Centaurea ragusina subsp. ragusina)

T. Baéi¢, D. Vladovi¢ i Z. Popovi¢

Medu endemima Hrvatske vaZno mjesto pripada dubrovackoj zedini (Centaurea
ragusina subsp. ragusing). Taksonomsko tretiranje te svojte bilo je tijekom vremena
razli¢ito. Svojta se prvo smatrala dvijema vrstama s vise podvrsta i varijeteta, a
potom, sve do danas, jednom vrstom s tri podvrste: baumgartneri, padelini i ragusina.
Nasuprot vazmjerno brojnim podacima o njezinoj morfologiji, podataka o njezinoj
anatomskoj gradi nema mnogo.

[straZivanje anatomije listova spomenute vrste obavljeno je svjetlosnim i raster-
skim elektronskim mikroskopom. Rezultati istraZivanja pokazuju da su njezini lis-
tovi odlikuju, prije svega, kseromorfnim svojstvima: njihova povrsina prekrivena je
debelim slojem obi¢nih dlaka, na obje su epiderme brojne Zljezdane dlake, kutikula
zajedno s kutikularnim slojevima i kutiniziranom vanjskom stijenkom epidermalnih
stanica izrazito je debela, kao i list u cjelini, vise je palisadnog nego spuZvastog
parenhima, spuzvasti je parenhim razvijen kao tkivo za pohranjivanje pricuvne
vode. Medutim, osim kseromorfnih svojstava, listovi imaju 1 osobine koje bi mogle
biti svojstvene toj svojti i stoga imati taksonomsku vaZnost. Tim osobinama pri-
padaju, primjerice: mikroornamentirana kutikula obi¢nih dlaka u obliku uzduznih
brazda i ureza, puci sa stomatalnim i peristomatalnim obrubom te uskim i dugim
stomatalnim otvorom, parenhimski ovoji oko Zila u plojci, sklerenhim u obliku kapa
na ksilemu i floemu Zila u peteljci te luéni raspored Zila u peteljci.
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Plate 1

Fig. 1. Pavleti¢’s original photo-
graph of Centaurea ragusina L.
From left to right are: subsp.
baumgartneri, subsp. padelini and
subsp. ragusing.

Fig. 2. Transverse section (TS) of
Centaurea vagusina subsp. ragusina
lamina showing palisade paren-
chyma on both sides, spongy pa-
renchyma in central portion and
a collateral vein surrounded by a
parenchymatous sheath. Scale bar
=10 pm.
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Plate 2

Fig. 3. Scanning electron microscopy (SEM) of ordinary tubular trichomes on the adaxial
epidermis of Centaureq ragusina subsp. ragusina covering the whole leaf surface.

Fig. 4. Scanning electron microscopy (SEM) of several ordinary trichomes of Centaurea
ragusing subsp. ragusinga. Trichomes seem to be flattened as a result of pressure during
the preparation of dry material.
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Plate 3

Fig. 5. Scanning electron microscopy (SEM) of an ordinary trichome segment of Centaurea ragu-
sina subsp. ragusina with longitudinally oriented folds and furrow-like cutficular sculpturing.

Fig. 6. Scanning electron microscope (SEM) image of a stoma and of outline of epidermal
cells of Centaurea ragusina subsp. ragusina. A broadly oval stomatal rim with a long and
relatively narrow aperture and a broadly circular peristomatal rim are visible. From sto-
matal to peristomatal rim there are two extensions. Epidermal cells have straight and
channel-like anticlinal walls and smooth periclinal ones. No crystaline wax. On the right
is part of a sectioned tubular hair.
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Plate 4

Fig. 7. Transverse section (TS) of a stoma of Centaurea ragusina subsp. ragusina above the
level of the epidermis on the adaxial side. Under the guard cells there is a large substo-
matal chamber. Scale bar = 10 um.

Fig. 8. Transverse section (TS) of stomata of Centaurea ragusina subsp. ragusina above the
level of the epidermis on the abaxial side. Under the guard cells (g) there is also a large
substomatal chamber. Scale bar = 10 um.



