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PREFACE

Dear colleagues, participants in the IV Balkan Botanical Congress!

What is this volume in front of You? This is the result of the efforts of more than 300 scientists from 29 countries!

It is a mosaic of scientific studies of different level of complexity — from profound scientific investigation to
research of more popular character. The great efforts of the editors have not been in vain! Now we have a volume
that is more or less unified in facts and graphic design. But still, for some facts the authors carry the complete
responsibility.

The creative and friendly atmosphere and the constructive discussions in Sofia make me feel optimistic about
the future of the Balkan botany!

Prof. D.Sc. Dimitar Peev T
/President of IV Balkan Botanical Congress/

EDITORIAL FOREWORD

The Fourth Balkan Botanical Congress entitled "Plant, fungal and habitat diversity investigation and conser-
vation" was held in Sofia, Bulgaria, on 20-26 June 2006. It was organised by the Institute of Botany of the Bul-
garian Academy of Sciences (BAS) under the auspices of the President of BAS. The Congress reflected the broad
interests in botany and succeeded in attracting a broad spectrum of specialists. Over 370 delegates from 29 coun-
tries took part in the event.

The present Proceedings contain a considerable part of the papers (oral and posters) of the Congress. They
comprise 130 original articles and represent the range of botanical research topics presented during the meeting.
Many of these contributions contain new scientific information and/or extend and improve the previous state of
knowledge. The articles are grouped according to the 7 original sessions as follows:

e Scientific Area A — Plant structure, function and development;

e Scientific Area B — Plant diversity - past and present;

o Scientific Area C — Plant ecology. Vegetation and habitat diversity;
e Scientific Area D — Fungal diversity;

o Scientific Area E — Plant and habitat conservation;

e Scientific Area F — Ethnobotany and phytochemistry;

o Scientific Area G — Botanical collections and education in botany.

The editor made the necessary efforts to reach uniformity in the papers' style; however, the sole responsibili-
ty for the whole contents of the paper (views and statements) remains only to the author(s). Readers seeking fur-
ther information are encouraged to contact the relevant author(s) directly.

According to the standards of our edition, citations of plant name authors follow Brummitt, R.K. & Powell,
C.E. (eds). 1992. Authors of Plant Names. Royal Botanic Gardens, Kew. Titles of periodicals are abbreviated
in conformity with the updated version of Botanico-Periodicum-Huntianum [Bridson, G.D.R. (compiler),
Townsend, S.T. (editor), Polen, E.A. (editor) & Smith, E.R. (editorial assistant). 2004. BPH-2. Periodicals with
botanical content. Constituting a second edition of Botanico-Periodicum-Huntianum. Vols 1 & 2. Hunt Institute
for Botanical Documentation, Carnegie Mellon University, Pittsburgh]. Titles of periodicals not listed in BPH-2
are abbreviated according to the abbreviation standards there defined.

The editor would like to thank all the authors for their contributions to the Proceedings and for their colla-
boration for the improvement of paper quality. Also, financial support of numerous sponsors (shown on the out-
side back cover) is gratefully acknowledged.

Daniella Ivanova
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Root development of Picea abies

seedlings in different substrata

Milorad Veselinovi¢, Vesna Golubovié-Curguz® & Dragica Vilotic?

! Institute of Forestry, Kneza Viseslava 3, 11030 Belgrade, Serbia, e-mail: mvcetiri@ikomline.net;

? Faculty of Forestry, Kneza Viseslava 1, 11030 Belgrade, Serbia, e-mail: anatomija@beotel.net

Abstract.

The study shows the influence of used substratum types on root development of one-year-old seedlings in

nursery plantation. The carried out sowing of the Picea abies seeds occurred in substratum of peat, Goc and
humus taken from natural sources, which differed in texture and chemical composition. The experiment
was applied in eight variations of pure or mixed combinations of substrata. During fertilization, the regular
steps of nursering were applied and the development of seedlings in all variations followed. A morphometric
root analysis was done at the end of vegetation. The results of this study confirmed that the used type of
substratum has a significant influence to seedling root development.

Key words:  specific containers, spruce, substratum

Introduction

For a successful forestation it is necessary to use the
nursery plants which have well developed overground
parts, but also must have a well developed root system.
Well branched roots need veins of first, second and
third orders, significant for operating the entire root
system and will not eventually become stiff roots (2
mm) as they are responsible for water absorption and
mineral supply from the soil. The substratum which is
used in the production of plants plays one of the most
important roles in the development of the roots.

This study shows how the used substrata and their
mixtures affect the development of roots in one-year-
old spruce seedlings which are produced in specific
containers.

Material and methods

The study of the influence of different substrata to
root development was done in the nursery of the In-
stitute of Forestry, Belgrade.

The Picea abies (L.) H. Karst. seeds from the Kru-
sevac region were sowed. Seed health condition before
sowing was analysed, and a seed prevention treatment
was completed (sterilization for 20 min with 30% of
H,0, and rinse 3 times in sterile water). Substratum

preventive treatment was also done with an organic -
venturin and inorganic - cupersulfide medium.

Used substrata:

Peat - product from Ukraina;

Substratum Goc - product of Faculty of Forestry,
Belgrade;

Substratum from two P. abies plantations (A & B)
in Jastrebac Mt, Serbia region.

Substrata were used in different volumetric quan-
tity (Table1).

Table 1. Volumetric quantity of used substrata in %.

Peat | Substratum Goc Jastrebac A Jastrebac B
I 100
II 50 50
I 50 50
v 100
A% 50 50
VI 50 50
VII 100
VIII 100

The supplementary feeding and water sprinkling
were done at the same time for the entire experi-
ment.

In the pedological Laboratories of the Institu-
te of Forestry and the Faculty of Forestry in Belgra-
de, physical and chemical properties of the soil were
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analysed by standard pedological analyses (Tables 2, 3)
(Veselinovi¢ & al. 2003; Sijagi¢-Nikoli¢ & al. 2006).

Results have been processed by standard statisti-
cal methods.

Table 2. Physical properties of the substrata.

Substratum Particle size of substratum
Coarse | Fine Silt Clay | Total | Total
sand | sand sand clay
%
Jastrebac A | 35.60 | 31.70 | 15.10 17.60 | 67.30 | 32.70
Jastrebac B | 42.40 | 27.20 | 13.60 16.80 | 69.60 | 30.40
Goc 3.83 | 3297 | 1920 | 18.80 | 56.00 | 44.00

Table 3. Chemical properties of the substrata.

P,0s K,O C-N
(mg/100) | (mg/100)

Humus N
(%) | (%)

Substratum | pH

Peat 510 | - 3.80 <20 <20 12.20
Jastrebac A 4.80 | 8.27 0.39 46.95 0.00 -
Jastrebac B 4.00 | 8.60 0.42 46.95 0.00 -
Goc 6.89 | 8.21 0.40 8.00 14.50 11.90

Results and discussion

Analysis of the effect of different substrata
on the number of surviving and bent plants

The first control of the plants was done 4 weeks af-
ter seed sowing while the second was done at the end
of the vegetative season. Phytopathological analysis of
the bending plants was done during the first control
of germination. The Fusarium oxisporum Seh. caused
the bending of the seedlings (Lazarev 2005).

Data of the seedlings counted during the first con-
trol showed a higher percent of germinated plants in
100 % of Goc, 100 % of Jastrebac B, and mixture of 50 %
of Goc and 50 % of Jastrebac B substrata. At the end
of the vegetative season, a higher percentage of plants
was found in 100 % of Jastrebac B, 100 % of Goc, and
mixture of 50% of Goc and 50 % of Jastrebac A sub-
strata. The best results for germination and the great-
est survival of plants was found in substrata contain-
ing 100 % of Goc or 100 % of Jastrebac B (Table 4).

Analysis of the influence of different substrata
on the quality of the developed roots

In the study of the influence of different substrata on
root development the following parameters were ta-
ken into consideration: length of the root; diameter of
the root collar; the weight of the root biomass (fresh
and air dried) (Veselinovi¢ & al. 2001).

Table 4. Percentage of germinated plants.

Substratum | After 4 weeks At the end Bent plants
of vegetative
season
I 34.8 58.0 1.2
1I 23.2 53.6 1.08
1 23.2 42.02 0.04
v 40.6 65.2 0.02
\% 36.2 62.3 1.05
VI 40.6 435 1.7
VII 26.1 36.2 0.6
VIII 42.0 60.9 0.7

Substratum influence on root weight. Seedlings
cultivated in mixture of 50 % of Peat and 50 % of Jastre-
bac A substratum or 50 % of Peat and 50 % of Jastrebac
B attained the greatest weights with an average weight
of 1.146-1.474 g (Table5). The smallest weights were
found in seedlings cultivated in 100 % of Jastrebac A
and 100 % of Peat substratum. There is no influence of
the other substrata on root weight.

Table 5. Root weight (fresh and air dry).

Substratum Root biomass weight (g)
fresh air dry
I 0.298 0.146
1I 1.474 0.505
111 1.146 0.460
v 1.041 0.381
\4 0.467 0.239
VI 0.592 0.298
VII 0.297 0.171
VIII 0.547 0.324

Substratum influence on root length and diame-
ter of root collar. The growth of the roots was worst
in the pure Peat substratum (6.28 cm).

There were statistically significant improvements
in the root's lengths in the 100 % Goc, and mixture of
50 % of Goc and 50 % of Jastrebac B substrata, and the
greatest root length was found in the mixture of 50 %
of Goc and 50 % of Jastrebac A (10.63 cm) (Table6).

The worst results of the diameter of the root's col-
lar occured in plants cultivated in pure Peat, Jastrebac
A and Jastrebac B substrata. Statistically significant
improvements of the root's collar occured in the Goc
substratum and its mixtures. The best results were re-
ceived in the mixture of 50 % of Goc and 50 % of Jast-
rebac B substratum.

Substratum has an influence on the shape of the
root. Plants grown in the mixture of substrata contain-
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ing Jastrebac A and Jastrebac B have quite well devel-

oped root system with well branched roots.

Table 6. Root collar and length in different substrata.

Substratum Root collar Root length
I 0.27 +0.04° 6.28 + 0.85°
11 0.32 +0.02% 8.36 +0.51
111 0.37 £ 0.03"¢ 7.93 +0.62°
I\ 0.38 +0.02« 10.33 + 0.489¢
\ 0.32 £ 0.03* 10.63 +0.74¢
VI 0.43 +0.03¢ 10.24 + 0.66¢
VII 0.24 £ 0.04* 10.29 + 0.89%
VIII 0.27 +0.03* 10.09 +0.79%

Multifactorial test in ranges — amounts recorded with the same letters in
columns do not show a difference on a significance level of p < 0.05.

Conclusions

The results of the present study show that various or-
ganic substrata in the production of P. abies by con-
tainers were very influential on the formation of its
roots.

The greatest numbers of surviving plants at the end
of vegetation were those planted in 100 % of the Goc
substratum.

The number of the bent plants in the studied sub-
strata is significantly less than those in which acid
content increased.

The achieved weight of the roots is best if the sub-

stratum in which they are cultivated is a combination
of Peat with substratum Jastrebac A or Jastrebac B.

The most excellent length of the roots of P. abies is
achieved with the use of 50 % of the Goc and 50 % of
the Jastrebac A substratum.

Plants cultivated in 50 % of the Goc and 50 % of the
Jastrebac B substratum achieved the greatest diameter
of the root collar.

From the analysis it is evident that plants cultivated in
different combinations of substrata from cultures of the P
abies on Jastrebac Mt (A & B) achieved the best results.
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Morphogenesis of some Siberian species of the
genus Dracocephalum (Lamiaceae)

Gulnora Denisova & Vera Cheryomushkina

Central Siberian Botanical Garden of the Siberian Branch of the Russian Academy of
Sciences, 101 Zolotodolinskaya St., 630090 Novosibirsk, Russia,
e-mails: gulnoria@mail.ru; cher@csbg.nsc.ru

Abstract.  Morphogenesis of 5 species of Dracocephalum, growing in Siberia, has been studied. Eight phases of
morphogenesis have been determined in accordance with those, characterized by Russian scientists.

Key words:  Dracocephalum, life forms, morphogenesis, ontogenetic state, ontogeny

Introduction plant with rosellate shoots D. imberbe Bunge; and D.

Formation of life forms of an adult individual takes
place in ontogeny. Morphological structure of the in-
dividual, which researchers regard as alteration of
morphological phases, changes in ontogeny. Study of
ontogeny of plants and determination of changes of
morphological structures under definite ecological
conditions allow understanding the ways of adapta-
tion of individuals to growth conditions. To date, as
a result of research of ontomorphogenesis of a great
number of species, 16 phases of morphogenesis have
been described. It has been established that for plants
of one or some biomorphs a definite sequence of
changing morphogenesis variants in ontogeny exists
(Serebryakov & Chernysheva 1955; Ryberg 1959; Ser-
ebryakova 1971; Smirnova & Uranov 1976).

The genus Dracocephalum L. is the most abun-
dant in montane areas of Siberia, Kazakhstan, Mid-
dle Asia and Mediterranean Sea where the species are
found mainly in the middle and upper belts (Budant-
sev 1987). In Siberia there are 24 species of this genus
(Malyshev 1992), belonging to 7 life forms (Noziro-
va 2004).

Ontomorphogenesis of taprooted plants such as:
non-particulated semirosular annual D. foetidum
Bunge and particulated herbaceous oligocarpic with
semirosular shoots D. nutans L.; multicapitate tap-
rooted particulated dwarf semishrub D. fruticulosum
Steph., multicapitate taprooted particulated perennial

grandiflorum L. has been studied.

Most of Dracocephalum species are xeric plants.
D. foetidum, D. imberbe and D. fruticulosom are wide-
spread in mountain desert-steppes and in various
petrophytic sites: on dry rocky and talus slopes, sandy
deposits of arid intermountain basins. They are also
characterized by different altitudinal positions. D. foe-
tidum is found in the middle and lower parts of moun-
tain ridges. D. imberbe occurs in the middle mountain
belt. D. fruticulosum is typical of the middle and up-
per mountain belts.

Some Dracocephalum species are spread in mesic
and moderately xeric sites. D. nutans occurs in mead-
ows, meadow-steppes, light-coniferous and birch
forests and in various stony habitats on mountain
slopes. D. grandiflorum is typical of higher altitudes.
It occurs in alpine, subalpine meadows and in the
tundra communities with lichens and Betula rotun-
difolia as well. Sometimes D. grandiflorum is found
at timberline.

Material and methods

When studying ontomorphogenesis, methods devel-
oped by Serebryakova (1971) and Smirnova & Uranov
(1976) were used.

Peculiarities of ontomorphogenesis of D. foetidum
were studied in individuals growing near Naryn vil-
lage in the Tuva Republic, in sandy steppe with a pre-
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dominance of Artemisia arenaria, Cleistogenes squar-
rosa, Potentilla acaulis, Panzerina lanata.

Ontomorphogenesis of D. fruticulosum was stud-
ied in petrophytic mountain steppe with Selaginel-
la sanguinolenta (S. sanguinolenta, Carex rupestris,
Caragana bungei, Artemisia frigida, Potentilla acau-
lus) on the steep slope near Khairakan village (Tu-
va Republic).

The materials for the study of ontomorphogene-
sis of D. nutans and D. imberbe were collected in the
South-Eastern Altai. Ontomorphogenesis of D. nutans
was studied in the Dzhazator River basin in stonecrop
meadow-steppe petrophyte community (Sedum hybri-
dum, Festuca valesiaca, Phleum phleoides, Dracocepha-
lum nutans, Stipa capillata, Carex pediformis).

Ontomorphogenesis of D. imberbe was described
on pebbles near Dzhazator village.

The course of ontomorphogenesis of D. grandiflo-
rum individual was studied by us in Ust-Kansk area
of the Altai Mts near Kaisyn village in alpine fescue-
low-herbaceous meadow (Carex ledebouriana, Festuca
ovina, D. grandiflorum, Oxytropis strobilacea, Dasys-
tephana algida, Helictotrichon hookeri).

Results and discussion

In ontogeny of the species studied 8 phases of mor-
phogenesis were determined:

Primary shoot - aleading shoot, developing from a
seed and having seed and secondary roots.

Primary bush - a bush as a result of branching of a
leading shoot in its basal part.

A loose bush — a bush as a result of manifold
branching of a leading shoot in its basal part; the root-
system is mixed.

Tillering particle (a secondary bush) - a bush, as
a result of division of caudex, which keeps branching.
Tillering particles are spatially separated.

Not-tillering particle — a shoot that lost ability to
branch.

A system of partial bushes and shoots — a morpho-
logical formation as a result of vegetative reproduc-
tion of an ovule parent; it is represented by only par-
tial shoots and bushes, connected with each other by
long communication rhizomes; the root-system is ad-
ventitious.

Partial bush - a bush emerged after destruction of
communication rhizomes in a system of partial bush-
es and shoots; the root-system is adventitious.

Partial shoot — a shoot emerged after destruction of
communication rhizomes in a system of partial bush-
es and shoots; the root-system is adventitious.

A comparison of the morphogenesis of the indi-
viduals on model dragonheads, forming different life
forms, allowed determining 4 variants of the morpho-
genesis.

The 1* variant was described in ontogeny of tap-
rooted semirosular annual D. foetidum. The sequence
of morphogenesis phases is the following: primary
shoot-primary bush (Fig. 1).

primary shoot —=  primary bush

Fig. 1. Morphogenesis of taprooted annual plant D. foetidum:
p - sprout; j — juvenile state; im — immature state; v — Virginal state;
g' - young generative state; g> — adult generative state; g* - old
generative state.

From the moment of germination up to virgin-
al state, D. foetidum exists in the phase of a primary
shoot. Formation of an upper rosellate shoot (Nukhi-
movskiy's term 1997) is typical for immature plants.
In virginal ontogenetic state the shoot branches out. A
primary bush consisting of 3-4 upper rosellate shoots
is formed.

Young generative plants mainly represent one gen-
erative shoot and 1-4 upper rosellate vegetative shoots.
Generative shoots are orthotropous, elongated. When
practically all vegetative shoots become generative,
the plants pass to middle-aged generative state. After
fruiting the plant dies off.

The 2™ variant of morphogenesis was studied in
ontogeny of taprooted herbaceous oligocarpic with
semirosular shoots D. nutans. The individuals pass
through the following stages: primary shoot-primary
bush-loose bush-not-tillering particle (Fig. 2).

A stage of primary shoot is characteristic of the ju-
venile individuals and sprouts. Juvenile individuals
are represented by a rosellate shoot. A primary bush
is formed in immature ontogenetic state. Main and
side shoots are formed monopodially. Due to length-
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/ |
—a  loose bush —

not-tillering particle

Fig. 2. Morphogenesis of taprooted herbaceous oligocarpic plant
D. nutans: p - sprout; j — juvenile state; im — immature state; v — vir-
ginal state; g* — young generative state; g* - adult generative state;
g’ -old generative state; ss — subsenile state.

ening of epicotyl the main shoot becomes upper rosel-
late and side shoots become rosellate. The root-sys-
tem is mixed.

In the third year plants pass to virginal state. The
primary bush consists of 3-5 upper rosellate shoots.
Main and side shoots may fall, but do not root. The
leading shoot comes into flower in the 37-4" year. Af-
ter die-off of a peduncle monopodial growth changes
to sympodial one. Young generative plants are repre-
sented by a loose bush which consists of 1-2 oblong
dicyclic generative shoots and 1-8 upper rosellate veg-
etative shoots. In old generative state particulation of
the bush takes place, as a result of which the most part
of the bush dies off. Only particle which has a main
root keeps safe. Particles have a small number of gen-
erative and vegetative shoots. The subsenile individ-
ual is characterized by unfolding from cauline buds
1-3 upper rosellate shoots. Senile individuals were not
found in the coenopopulations studied.

The 3™ variant of morphogenesis: primary shoot-
primary bush-loose bush-tillering particle-not-till-
ering particle was determined in ontogeny of some life
forms of multicapitate taprooted dwarf semishrub D.
fruticulosum (Fig. 3) and perennial plant with rosel-
late shoots D. imberbe (Fig. 4). The stage of a primary
shoot in ontomorphogenesis of D. fruticulosum is not
long and is characteristic of sprouts (Fig. 3).

The plants pass to juvenile state this or next year.
In the next year change of growth of plants from mo-

L]

rifiary

not-tillering

tillering
particle

— lo0se hush particle

Fig. 3. Morphogenesis of multicapitate taprooted dwarf semishrub
D. fruticulosum: p — sprout; j — juvenile state; im — immature state;
v - virginal state; g' - young generative state; g* - adult generative
state; g* — old generative state; ss — subsenile state; s - senile state.

primary shoot —=

— tillering particle —=  tillering particle and

nol-tillering particle

Fig.4. Morphogenesis of multicapitate taprooted dwarf perennial
plant D. imberbe: p - sprout; j — juvenile state; im - immature
state; v - virginal state; g* — young generative state; g* - adult
generative state; g* - old generative state; ss — subsenile state;
s — senile state.
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nopodial to sympodial one takes place. The individu-
als of juvenile state form a primary bush which con-
sists of 2-3 elongated shoots. By the fourth or fifth year
plants of immature state have two or three elongated
shoots of innovation. Caudex begins to form owing to
thickening of the basal parts of innovation shoots (one
node) of the previous years.

From the beginning of virginal state up to mature
generative state the plants are represented by a loose
bush. In virginal state the bush consists of 2 or 3 ax-
es of innovation (systems of shoots of formation). Each
of axes consists of 2-3 elongated shoots of innovation.
Basal parts of shoots of the 2*-4 orders lignify up to
2-4 nodes. Caudex becomes bicipitate. In middle-aged
generative state the bush spreads out, the number of ax-
es of innovation increases (up to 23), which is connect-
ed with unfolding of dormant buds on the basal part of
caudex. All shoots of axes of innovation are in flowers.

A clone consisting of 3-5 viable tillering particles
is formed in old generative state. Subsenile plants are
represented by solitary not-tillering particles.

Though the given variant of morphogenesis is de-
scribed for the species of different life forms, the time of

Subsenile plants are represented by separate not-
flowering tillering and not-tillering particles. In senile
state the individuals do not branch out.

Thus, the course of morphogenesis of the individ-
uals of semishrub D. fruticulosum and perennial D.
imberbe is analogous.

The 4™ variant of morphogenesis: primary shoot-
primary bush-system of partial bushes and shoots—par-
tial bush—partial shoot was described in short-rooted—
loose bushed perennial plant D. grandiflorum (Fig. 5).

Initial stages of ontomorphogenesis of D. grandi-
florum individual run in phase of a primary rosellate
shoot. Basal part of the shoot of the juvenile plants is re-
tracted to the ground owing to contractile activity of the
main root. A short epigeogenous rhizome is formed.

The primary bush is formed in plants of seed origin
in virginal ontogenetic state; it consists of simple and
branched rosellate shoots connected by epigeogenous
horizontal rhizomes with a system of adventitious
roots. The main root dies off. Virginal individuals of
vegetative origin are formed during particulation in
young and middle-aged generative states and are rep-
resented by partial bushes and shoots. Partial bushes

passing through morphogenesis phases
is different in all species studied.

Phase of a primary shoot of the in-
dividuals of D. imberbe is longer. Af-
ter overground germination of a seed

of D. imberbe, the phase of the prima-
ry shoot comes, it is over in the virgin-
al state (Fig. 4).

The primary shoot is rosellate. Vir-
ginal plants are represented by a pri-
mary bush, consisting of 3-4 rosellate
shoots. Growth is monopodial. In vir-
ginal state a multicapitate caudex con-
sisting of 2-3 capitates is formed.

The loose bush of young genera-
tive plants consists of 2-3 polycarpic
(Mikhailova's term 1971) and 2-3 veg-
etative rosellate shoots. The number of
heads of the caudex increases up to 5.
As a result of senile particulation of the
caudex of D. imberbe and D. fruticulo-
sum, old generative individuals of both
are represented by 5-8 tillering par-

y J im

primary shoot

system of partial
bushes and shoots

seed plant
primary bush i

plant of vegetative origin
partial bushes and shoots

L F
SN
M

partial shoot

partial bush E—

ticles forming a compact clone. Each
particle is represented by 1-3 vegetative
and 1-2 polycarpic shoots.

Fig.5. Morphogenesis of short-rooted perennial plant D. grandiflorum: p - sprout; j — juve-
nile state; im - immature state; v - virginal state; g' — young generative state; g* — adult
generative state; g* — old generative state; ss — subsenile state; s — senile state.
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consist of 2-3 rosellate shoots and 1-2 branches of
epigeogenous rhizome.

The individuals, which have seed and vegeta-
tive origins, in young generative state branch out
and particulate, forming a system of partial bushes
and shoots. This system consists of 1-2 polycarpic
and 2-4 vegetative rosellate shoots. Only side shoots
of a polycarpic shoot become monocarpic shoots.
Particulation is possible, which leads to destruction
of the system of partial bushes and shoots and to for-
mation of rejuvenated up to the virginal state filial
individuals. The system of partial bushes and shoots
is destroyed in old generative state. The individu-
als of this ontogenetic state are represented by par-
tial bushes which consist of 1-2 polycarpic and 1-3
vegetative shoots. One or two rosellate shoots un-
fold from dormant buds on the rhizome of subsenile
individuals. Senile plants are represented by partial
shoots.

Comparison of the course of ontogeny of the Dra-
cocephalum species with different life forms has shown
that individuals of the semishrub D. fruticulosum and
perennial D. imberbe pass through the same phas-
es of morphogenesis. The life form of a semishrub is
formed early in the ontomorphogenesis. The over-
ground sphere of perennials dies off completely every
year. Shoots of innovation of D. imberbe develop from
buds located on the caudex, shoots of innovation of
D. nutans - on the shoots located under ground or on

the rhizome, like in D. grandiflorum individuals. The
individuals with one life form pass through the same
phases of morphogenesis.

Phases of morphogenesis do not always coincide
with the course of ontogeny.
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Abstract.

Our research work, of a CNCSIS Romanian Research Grant, started in 2003 and had in view to establish the

content of heavy metals for three red, three brown and four green macrophyte sea algae species, collected
from nine stations placed on the Romanian Black Sea coast. This work extended on the cytological and
physiological alterations suffered by the green sea algae exposed to high concentrations of heavy metals.
In this paper we report the results for the species Enteromorpha intestinalis (Ulvaceae) and Cladophora
vagabunda (Cladophoraceae). Morphological and cytological alterations observed in the algal thalli showed
that long accumulations of heavy metals at cellular level have degenerative effect in time, accelerate cell
ageing and change their morphology, being easy to notice the noxious effect of great concentrations of heavy
metals, which exceed the possibilities of metabolism of algal cells.

Key words:

alterations, Cladophora vagabunda, degenerative effect, Enteromorpha intestinalis, heavy metals, thallus

Introduction

Pollution is a man-made phenomenon, arising ei-
ther when the concentrations of naturally occurring
substances are increased, or when unnatural synthet-
ic compounds (xenobiotics) are released into the en-
vironment. Its effects on algae may either inhibit or
stimulate growth, so that the algae themselves become
the cause for concern.

Some reviews of the effects of heavy metals on al-
gae include those of Rai & al. (1981), Stokes (1981)
and Davies (1983). Heavy metals may be used as al-
gaecides, for example copper solutions may be add-
ed to reservoirs, although some algae are remarkably
tolerant of heavy metal pollution. Many studies are
contradictory, and it is still not possible to generalize
about the influence of metals on individual species or
communities.

From the anthropic factors which had act in the
last decades, the increase of heavy metals' amount in
the marine environment represents one of the most

critical kind of pollution which had made deep alter-
ations in the structure of community of organisms
from north-west of Black Sea and Romanian Black
Sea coast.

It is known that metallic ions" accumulation in the
body of benthic organisms is influenced by a series of
factors: variation of sea water physics—chemical pa-
rameters, ecophysiological abilities of marine organ-
isms. Our research had in view to establish the content
of heavy metals for three red, three brown and four
green macrophyte sea algae species and also for some
marine invertebrate and vertebrate, in order to accom-
plish the purpose of a CNCSIS Romanian Research
Grant started in 2003. We had measured: Cd, Fe, Mn,
Zn and Cr from the macrophytic sea algae and Cd, Fe
and Cr from marine invertebrate and vertebrate. For
the accumulation degree of heavy metals in macro-
phytic sea algae we could establish a great fluctuation,
illustrated by yearly, seasonal and zone variations and
by systematic affiliation of species, the greater values
being found for Cladophora and Enteromorpha.



12 Plant, fungal and habitat diversity investigation and conservation « Proceedings of IV BBC — Sofia'2006

So, in this paper we report the results of our stud-
ies for two species of Chlorophyta: Enteromorpha in-
testinalis (L.) Link and Cladophora vagabunda (L.) C.
Hoek exposed in vitro to high concentrations of heavy
metals.

Material and methods

Measuring of heavy metals was made by atomic ab-
sorption spectrophotometry and identifications of cy-
tological and physiological alterations of algal thallus
were made by electronomicroscopy after in vitro cul-
tivation of green algae exposed to higher concentra-
tions of heavy metals than in force rates.

Enteromorpha and Cladophora samples were col-
lected from different tidal zones at nine locations at
Constanta beach. They were placed in different bags
and frozen until use. The algal thalli were gathered
from a rocky substratum, in an optimal physiologi-
cal state, from the Romanian coast area of the Black
Sea. They were transported in plastic bags, in refrig-
erating boxes and after the taxonomic identification
they were in vitro cultivated with addition of different
heavy metals in a higher concentration and processed
by the electronomicroscopic technique.

In order to increase the efficiency of our micro-
scopic observations we selected the most efficient
nutritive medium for in vitro cultivation, namely a
medium consisting of enriched Provasoli sea wa-
ter (PES) with addition of phytohormones, 0.2 mg/1
indolilacetic acid and 0.1 mg/I kinetin, for the con-
trol sample. We used also in four experimental vari-
ants heavy metals, Cu: 0.3 mg/l and 0.4 mg/l and Cd:
0.03 mg/l and 0.04 mg/1, for the other sample. The in-
oculation was made after a sterilization of samples in
5% lactic acid solution for 20 minutes, in Erlenmey-
er glasses with 50 ml PES medium. We used algal ex-
plants drawn from the basal region of young thalli
and in every glass we put 7-8 explants. The nutritive
medium was refreshed every week in the same con-
ditions.

For the electronomicroscopic technique through
transmission, the samples were cut in the shape of
thallus fragments of 1 mm/1 mm and were prefixed in
0.1 N sodium cacodylate tampons with 2.5 % glutaral-
dehyde. After prefixation, the samples were washed in
0.1 N cacodylate tampon and fixed in solution of 2%
osmium tetraoxide. The specimens were washed again
in 0.1 N cacodylate tampon to remove the osmium ex-

cess and dehydrated in serial baths of alcohol: 30°, 50°,
70°,90°, 95°, 100°, 15-30 minutes each. The first three
baths were executed at 4°C and the rest were carried
out at room temperature. In order not to affect the cell
osmolarity all the solutions were prepared with fil-
tered and sterilized sea water.

After the dehydration the samples were kept over-
night in a mixture of propylene oxide with epoxidic
resins of the type Epon 812 and DMP-30 as a hard-
ening agent in order to introduce the warm resin po-
lymerization. Subsequently the samples were placed
in plastic capsules, covered with Epon 812 and then
placed for polymerization in sterilizers at 67°C for
46-60 hours.

The ultrafine sections of 400-600 A were obtained
with the aid of a Leica Ultracut-R ultramicrotome.
They were placed on metallic grills and double con-
trasted with uranil acetate and lead citrate and then
were observed under the performing electronic micro-
scope Philips CM120.

Results

The alterations, made by pluricellular algae studied,
were noticed analysing the growth of algal explants
in optimum nutritive medium established by our
previous studies (Doroftei & al. 2000, 2001, 2002; Sa-
va & al. 2001, 2002) and for each of species studied
we noticed alterations after only 7-10 days from in
vitro cultivation, independently of the kind of heavy
metal added.

The analysis of micrographs after 10-14 days
from the in vitro cultivation revealed for both stud-
ied species important alterations, particularly at
chloroplast level. So, at the algal thallus level, we
could notice frequently algal cells with chloroplast
disorganizations and reduced size (Plate II, Fig. 3).
Inside the chloroplasts we could remark an almost
complete thylakoids' disorganization. The thyla-
koids are hypertrophied, unequally spaced, with very
large spaces between them, without plastidial enve-
lope parallelism (Plate I, Figs 2-4; Plate II, Figs 1,3,4;
Plate III, Figs 1-3). Frequently we noticed sinuous,
spaced thylakoids and between the thylakoids there
were very numerous heavy metal sediments under
the form of spherical particles with electron dense
corpuscle appearance (Plate I, Figs 2—4; Plate II, Figs
1,4; Plate III, Figs 1,2). In some chloroplasts the thy-
lakoids are winding in a network with irregular, de-
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generative appearance, being noticed the thylakoids'
thickening which did not appear in pairs (Plate I,
Figs 2-4; Plate II, Fig. 1).

Through algal thallus length we noticed also a re-
duced number of cells where the pyrenoids were not
present. Generally, in both species, the pyrenoids
are small, with unclear outline with hardly visible
pyrenosomes and massive, voluminous starch sheath
(Plate II, Fig. 3; Plate III, Fig. 3). The synthesis of car-
bohydrates characterizes a reduced protein biosyn-
thesis as a result of particular conditions of in vit-
ro cultivation. On the other hand, starch depositing
made difficult the cells' growth, being the signal of a
reduced photosynthetic activity, with prevalent syn-
thesis of carbohydrates. The most characteristic as-
pect remains the presence of the metallic particles
inside the chloroplasts (Plate I, Figs 2-4; Plate II,

Plate I

Figs 1,4; Plate III, Figs 1,2). There were also obvious,
for both algal species, the nuclear envelope altera-
tions, the presence of diffuse heterochromatin dis-
tributed in the karyoplasm and the shape alteration
of the nucleus with peripherical site and nuclear out-
line (Plate II, Fig. 2; Plate III, Fig. 4).

The cell wall was noticed to increase its thick-
ness for the algal cells in vitro cultivated. After 30
days from the in vitro cultivation the heavy met-
als' presence in large concentrations determined
the senescence and cellular degeneration, noticed
distinctly in both species, in any region of their
thalli, the lyses of their cellular content, the com-
plete chloroplasts' alteration, as well as the starch
reserves exhaustion, remaining visible sometimes
the metallic particles, less numerous (Plate I, Fig.
1; Plate III, Fig. 3).

Figs 1-4. TEM micrographs showing sections through C. vagabunda's thallus:

1, cellular lyses with reduced chloroplast (Cd 0.03 mg/1 added, 30 days' culture); 2-4, disorganized chloroplasts with numerous heavy
metal bodies (2, 3, Cu 0.4 mg/1 added, 30 days' culture; 4, Cu 0.3 mg/l added, 30 days' culture): CHL - chloroplast; thy - thylakoids;
m - mitochondria; CW - cell wall.

4« Proceedings of IV BBC - Sofia'2006
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Discussion

The results from the atomic absorption spectropho-
tometry obtained in our previous studies showed that
the value of the heavy metals' in vivo concentration de-
termined for the animal or vegetal organisms studied
is higher than in the sea water, which justified the use
of the hydrobyonts at the contamination identification
(Sava & al. 2003).

Depending on their sensibility and heavy metal ac-
cumulation capacity, in the last decades these marine
organisms were frequently used as indicators of this
kind of pollution. In order to use a marine organism
like bioaccumulator in monitoring programme, some
conditions are necessary to be accomplished:

Plate IT

- to accumulate the pollutant without being killed
by it;

- to be sedentary organism, for being representa-
tive for that marine area;

— to have a long period of life time;

- to have large size and to be present in enough
quantity in order to assure the biological material for
testing and analysing.

The macrophyte sea algae accomplish these condi-
tions so that the variations of heavy metals’ concentra-
tions in their organisms can be used like indicators for
reflecting in their turn the heavy metals' concentra-
tions in the sea water.

The other studies of algal floras in mine drainage ar-
eas showed that metals decrease both diversity and pro-

Figs 1-2. TEM micrographs showing sections through C. vagabunda's thallus:

1, disorganized chloroplast with numerous heavy metals bodies (Cu 0.3 mg/l added, 30 days' culture); 2, nucleus with diffuse hetero-
chromatin and visible nucleolus (Cd 0.04 mg/l added, 21 days' culture);

Figs 3-4. TEM micrographs showing sections through E. intestinalis' thallus:

3, reduced chloroplast with small pyrenoid and intraplastidial starch storage (Cd 0.04 mg/1 added, 14 days' culture); 4, disorganized
chloroplast with numerous heavy metal bodies (Cu 0.3 mg/l added, 21 days' culture): CHL - chloroplast; thy - thylakoids; N - nucleus;

n - nucleolus; SG - starch grain; PY - pyrenoid.
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ductivity, and the cyanophytes and diatoms are gener-
ally less tolerant than the members of Chlorophyceae.
Information on the mechanisms of tolerance, which in-
cludes membrane impermeability, extracellular chela-
tion, or internal detoxification, is sparse and frequently
contradictory. At similar external levels of copper, toler-
ant cells of Chlorella ssp. contained the same concentra-
tions of copper as cells of non-tolerant strain, suggesting
the lack of an exclusion mechanism (Butler & al. 1980).
The authors suggested that exclusion was in part due to
the association of heavy metals with algal extracellular

Plate I1I

#,

products, with the resulting metal complex being more
stable in tolerant strains. In Scenedesmus (Chlorophyc-
eae), however, tolerance to copper did not apparently
involve the production of extracellular chelators (Mi-
erle & Stokes 1976); exclusion was apparently by a re-
duction in membrane permeability. Longer term exper-
iments showed uptake was not the prime mechanism of
tolerance (Stokes 1981). EM studies have located cop-
per complexes in the nuclei of tolerant algae (Silverberg
& al. 1976). Non-tolerant algae also accumulate copper
in a similar manner, but it is accompanied by extensive

Figs 1-4. TEM micrographs showing sections through E. intestinalis' thallus:

1-2, disorganized chloroplasts with numerous heavy metal bodies (1, Cu 0.3 mg/l added, 21 days' culture; 2, Cu 0.4 mg/1 added, 21 days'
culture); 3, cellular lyses with reduced chloroplast and small pyrenoid (Cd 0.03 mg/1 added, 30 days' culture); 4, nucleus with disorga-
nized nuclear envelope and small nucleolus (Cd 0.03 mg/1 added, 21 days' culture): CHL - chloroplast; N - nucleus; PY - pyrenoid;

SG - starch grain.
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membrane damage. In metal-sensitive strains of Diato-
ma tenue (Bacillariophyceae) lead and copper were in-
corporated into polyphosphate bodies, but damage to
mitochondrial and vacuolar membrane also occurred
(Sicko-Goad 1982).

In our present studies, all the cellular alterations,
which appeared after 10-14 days from in vitro cultiva-
tion, became even more visible after 21-30 days, show-
ing the fact that there is no regenerating potential for
new algal thalli in the presence of high heavy metal
concentrations. The heavy metals' presence at the cellu-
lar level is thus proved to be noxious, with certain nega-
tive critical consequences on the new algal thalli growth
and development, such as on the algal fertility.

After 21-30 days the micrographs showed the pro-
toplasm distortion accompanied by visible plasmolysis,
the reducing of chloroplasts by only a few hypertrophied
thylakoids, strongly thickened and unequally spaced out.
It was also observed the presence of intraplastidial starch
grains and smaller very numerous heavy metal bodies.
It was not observed the presence of the pyrenoids at the
chloroplast level. The number of the cellular organelles is
reduced and the central vacuole is voluminous.

In conclusion, the morphological and cytologi-
cal alterations observed in the algal thalli used in our
heavy metal experiments showed that long accumu-
lations at the cellular level had degenerative effect in
time, accelerated the cellular senescence and altered
the morphology of algal thalli, being easy to notice the
noxious effect of great concentrations of heavy metals,
which exceed the possibilities of metabolism of algal
cells. No tolerance mechanisms occurred on studied
species exposed to high heavy metals' concentra-
tions. The in vitro cultivation is an experimental mod-
el which, at the cellular level, can get useful data about
the marine medium's quality and the possibilities of
its natural purifying and also about the bioindicator
quality of some marine algal species, qualitatively and
quantitatively prevalent for the Black Sea Coast.
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Abstract.

The present paper reports the results of our research of the ultrastructure of Porphyra leucosticta (Bangiaceae,

Bangiales) and completes a series of papers on the comparative ultrastructure of some Chlorophyta and
Rhodophyta from the Romanian Black Sea Coast. Among the red algae, members of genus Porphyra have a life
cycle that alternates between two morphologically dissimilar phases, a foliose gametophyte and a filamentous
sporophyte. The lower cells are producing rhizoids to form a simple holdfast. At the ultrastructural level
the specialized feature are: chloroplast envelope 2-layered, chloroplast ER absent, thylakoids unstacked, pit-
connection, and storage product like floridean starch which lies freely in the cytoplasm.

Key words:

chloroplast, chromatophore, parenchymatous, Porphyra leucosticta, thallus, thylakoid, ultrastructure

Introduction

An important component of the oceanic and marine
vegetation is represented by the algae, among which
the macrophyte ones are an important link in the
trophic net and an important biologic resource. The
algae research in all aspects is included in the objec-
tives of international study programs, on multiple lev-
els, of the biological productivity. All possibilities of
amelioration or even diminishing of their multiplica-
tion in cases of "water blooming" are considered. It is
opportune to study the ultrastructure of the marine al-
gae cells under the present conditions when the quan-
tity and quality of the algal representatives is dimin-
ishing on the Black Sea Coast.

Our researches stipulated the analysis of the algal
cell ultrastructure in Porphyra leucosticta Thur., in or-
der to complete the already existing data regarding the
ultrastructure of the algal cell, as a result of the inter-
est granted to this field by the teaching staff and the
students of the Faculty of Natural Science - "Ovidius"
University during the past years. Porphyra leucostic-
ta is a blade-forming, none motile red alga that grows
primarily on rocky, temperate shores around the

world, so we found it on the Romanian shore of Black
Sea. These algae play an important commercial role
because they are a major source of food for humans
throughout the world, but not in our country because
of their small amounts.

Material and methods

The experimental part of researches was accomplished
during the period July 2003 - April 2005 at the labo-
ratory of electronic microscopy of "Ovidius" Univer-
sity of Constanta, founded in 1997. Porphyra samples
were collected from different tidal zones at one loca-
tion at Constanta beach. They were placed in different
bags and frozen until use. The algal thalli were gath-
ered from a rocky substratum, in an optimal physi-
ological state, from the Romanian coast area of the
Black Sea. They were transported in plastic bags, in
refrigerating boxes and after the taxonomic identifica-
tion they were processed by the electronomicroscop-
ic technique through transmission. The samples were
cut in the shape of thallus fragments of 1 mm/1 mm
and were prefixed in 0.1N sodium cacodylate tam-
pons with 2.5 % glutaraldehyde. After the prefixation,
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the samples were washed in 0.1N cacodylate tam-
pon and fixed in solution of 2% osmium tetraoxide.
The specimens were washed again in 0.1 N cacodylate
tampon to remove the osmium excess and dehydrated
in serial baths of alcohol: 30°, 50°, 70°, 90°, 95°, 100°,
15-30 minutes each. The first three baths were execut-
ed at 4°C and the rest were carried out at room tem-
perature. In order not to affect the cell osmolarity all
the solutions were prepared with filtered and steri-
lized sea water.

After the dehydration the samples were kept over-
night in a mixture of propylene oxide with epoxidic
resins of the type Epon 812 and DMP-30 as a hard-
ening agent in order to introduce the warm resin po-
lymerization. Subsequently the samples were placed
in plastic capsules, covered with Epon 812 and then
placed for polymerization in sterilizers at 67°C for
46-60 hours.

The semifine and ultrafine sections were obtained
with the aid of a Leica Ultracut-R ultramicrotome.
The semifine sections were plucked out of the bath
with a thin wire loop and put on a degreased port-
object blade. The colouration was made applying on
the blade 2-3 drops of toluidine blue solution, then
the blades were set back in the thermostat at 60 °C for
10-30 min, washed in tap water, then in 100 % ace-
tone, rapidly passed through xylol, blotted, assembled
and examined under the photonic microscope. The
ultrafine sections of 400-600A were placed on me-
tallic grills and double contrasted with uranil acetate
and lead citrate. The grills were observed under the
performing electronic microscope Philips CM120 and
the images obtained were processed by a video cam-
era, producing photographs on a Sony photo printer.

Results and discussion

Porphyra is a genus of red algae that grows primarily
in an estuarine environment with a salinity of approx-
imately 17 ppt and a temperature of less than 24°C.
The species of the Porphyra genus always show a very
soft and thin thallus, more or less transparent, com-
posed by a single layer of cells; the macroscopic thal-
li we find in nature are the gametophytes (Polne-Full-
er & Gibor 1984). The sporophytes (“Conchocelis”) live
perforating a variety of calcareous substrates, ranging
from the shells of dead Molluscs to Barnacles to Anne-
lids tubes (Cole & Sheath 1990). Porphyra leucosticta
has leaf-like, rounded, soft and fragile thallus; diame-

ter up to 20 cm; violet pink. It is an ephemeral species,
found during spring in sheltered infralittoral environ-
ments, epiphyte, mostly on other red algae. It exists
in two different forms; the easily visible thin blades,
called the gametophyte stage, and a microscopic fila-
mentous stage, called the Conchocelis phase.

The Conchocelis phase is present from April
through the end of summer. This may be the evo-
lutionary result of herbivores eating the blades dur-
ing the summer, or temperature intolerance. Porphy-
ra blades may be circular or linear in outline, and
range in length from several to over 30 centimetres.
The colours range from rose-pink to red or violet.
A single thallus can show decolourated or whitish
parts, together with deep red or violet patches: the
latter represent both the female fertile parts (Plate I,
Figs 2-4) and zones of direct reproduction (mono-
spores), while the decolourated patches are the male
parts (Plate I, Fig. 1).

On the thallose phase we can observe the sperma-
tia producing in uncoloured cells on the median sur-
face of the thallus (Plate I, Fig. 1). Porphyra leucostic-
ta have red leafy parenchymatous thalli, with a little
cell differentiation, uninucleate and presenting a star-
shaped chromatophore (Plate I, Figs 2-4). The lower
cells are producing rhizoids to form a simple holdfast.
Growth is diffuse and may result in a leafy thallus of
one cell layer (monostromatic).

Cell ultrastructure of the holdfast and vegetative
and reproductive areas of the sexually mature blade
was also in our aims. So, cell wall thickness decreased
from very thick in holdfast (Plate III, Fig. 3) and non-
dividing vegetative cells to thin in dividing vegetative
cells. A two-layered wall surrounds the cells of P. leu-
costicta. The innermost of these two layers is com-
prised of electron-dense reticulated microfibrils em-
bedded in an amorphous matrix, while the outermost
layer represents mucilaginous, electron-transparent
material (Brawley & Wetherbee 1981; Craigie 1990).
Golgi-derived vesicles contribute to the formation of
the electron-dense cell-wall layers, while mucilage
sacs are responsible for the deposition of the electron-
transparent ones. A thin cuticle invests the thallus
(Tsekos 1981). In the Bangiophycidae the wall of the
macroscopic phase is composed of a microfibrillar
framework of B-1,3 linked xylan and recent reports
have shown that the Conchocelis phase of these algae
possesses cellulose as a wall component (Delivopoulos
&al. 1999). An outer cuticle of $-1,4 linked mannan or
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Fig. 1. Decolourated patches of the P. leucosticta blade represented the male fertile parts showing the spermatia producing. Scale bar = 100 um.
Figs 2-4. Surface view of the mature blade showing star-shaped chloroplasts. Scale bars = 100 um.
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protein has also been reported in some bangiophytes
(Pueschel 1979). The pit-plug or pit-connection is a
wall feature of the Conchocelis phase and is formed be-
tween two cells during division. The plugs are usual-
ly biconcave, with a central constriction (Brawley &
Wetherbee 1981).

The plasmalemma appears highly irregular due to
the intense exocytosis of Golgi vesicle and electron-
dense masses are seen beneath the cuticle (Gantt &
Conti 1965; Gantt & al. 1968).

The structure and the organization of the rhodo-
phyte thylakoids show a primitive homology with
those of blue-green algae, although there are sub-
stantial differences in function resulting from the
former's compartmentalization within bounding
membrane (Staehelin & al. 1978). Phycobilisomes are
present on the stromal surface of the lamellae (Talar-
ico 1996). In the Bangiophycidae a pyrenoid is often
present and the lamellae form a re-

formed from unraveling coiled lamellar bodies (Li-
chtlé & Thomas 1976; Staechelin 1986). The starch
stored is held in the cytoplasm, outside the chloro-
plast (Plate II, Figs 1-4; Plate III, Figs 1,2).

Dictyosomes exhibit intensive activity in the mid-
dle and mostly in the apical region of the thalli. The
presence of mucilage sacs is characteristic, but mu-
cilage sacs originate either from the endoplasmic re-
ticulum or from concentric membrane bodies and
ultimately discharge their content into the cell wall
(Tsekos 1981).

There are numerous mitochondria in apical region
and a small number in the basal region of the thal-
lus (Plate II1, Fig. 3), while the endoplasmic reticulum
seems to be well developed in the middle and espe-
cially in the apical region of the thalli. There are also
microbodies (2 pm in diameter).

Plate 11

ticulum within the pyrenoid (Gibbs

1962; Tsekos & Reiss 1990).

The vegetative gametophytic
cells of P. leucosticta possess lobed
chloroplasts (Plate II, Figs 1-4)
with parallel, within the lobes, thy-
lakoids whose margins abut against
the inner membrane of the enve-
lope. Some thylakoids are crossing
the pyrenoid (Plate II, Fig. 1) and
the chloroplasts are encircled by a
peripheral thylakoid. The intrapy-
renoidal thylakoids appear to be
lacking phycobilisomes. The pres-

ence of phycobilisomes in the thy-

lakoids is more conspicuous par-
ticularly in the middle region of
the algal thallus (Gantt 1986; Al-
garra & al. 1990). Lipid droplets
(plastoglobuli) are presented in the
stroma, often occurring as clusters
between the thylakoids and within
the pyrenoid (Waaland & al. 1974).
It was evident that thylakoids are

Figs 1-4. TEM micrographs showing sec-
tions through the median region of the thallus:

CHL - chloroplast; PY - pyrenoid; SG - starch

grain; CY - cytosol. Scale bars = 1 um.
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The cells of Porphyra thallus are uninucleate,
the nucleus has medium size, with a double nu-
clear envelope, a ground substance or nucleo-
plasm, chromosomes and one or two nucleoli,
which are densely staining concentrations of ba-
sophilic material rich of ribonucleoprotein (Plate
III, Figs 1-4). The nuclear envelope is perforated
by numerous pores which may or may not be ar-
ranged in a specific pattern. The membranes of the
nuclear envelope are 7-8 nm thick, separated by a
perinuclear cavity.

In conclusion, at the ultrastructural level the spe-
cialized features are: chloroplast envelope 2-layered;
chloroplast ER absent; thylakoids unstacked; pit-
connection or pit-plug in Conchocelis phase; storage
product like floridean starch which lies freely in the
cytoplasm.

Plate I11
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Abstract.

A series of quantitative features (max. length of pollen, max. length and height of corpus, max. height and

width of saccus, distance of sacci and width of corpus-saccus intersection) were measured on bulk samples
of Pinus nigra and P. sylvestris pollen collected from three localities in the western side of Mts Pieria (N
Greece). Pollen grains were acetolysed and treated with 10 % KOH. Measurements were performed on intact
pollen grains, positioned in equatorial view. Discriminant analysis was applied to all the pollen features and
relatively low percentages of pollen grains were incorrectly classified. The results are promising regarding the
identification of the pollen of the two species, collected from pollen traps placed in W Pieria Mountains.
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Introduction

Pinus nigra Arnold and P. sylvestris L. (Pinaceae) be-
long to the subgenus Pinus (Vidakovi¢ 1991) and both
have bisaccate pollen grains, i.e. with two sacci (blad-
ders), which are assigned to diploxylon-type (Punt &
al. 1994). The forest vegetation on the western side of
Pieria Mts is formed by the two pine species whereas
P, sylvestris also forms the tree-limits.

Modern pollen deposition in the upper part of the
western side of Pieria has been monitored since 1996,
when transect of six pollen traps (P1-P6) was set up
for the first time in Greece. The two species were in-
cluded in a common pollen sum in all diagrams pre-
sented until now (Athanasiadis & al. 2002; Gerasimid-
is & al. 2006) due to the fact that they share a common
pollen type (Pinus sylvestis-type).

Discriminant analysis has been used in order to dis-
tinguish closely related pollen taxa (Robbins & al. 1979;
Kim & al. 1990; Panajiotidis & al. 2000). It has also been
used to determine the pollen load of certain Picea species
in Holocene pollen assemblages (Birks & Peglar 1980).

In this study a number of quantitative pollen pa-
rameters of P. sylvestris and P. nigra are subjected to
discriminant analysis in an attempt to distinguish the
two species. The study, which concerns the popula-

tions of both species found in western Mts Pieria, is
the first step in the process of determining each spe-
cies' pollen load to the content of the six pollen traps
placed in Mts Pieria. For this reason, the chemical
preparation of the pure pollen samples follows the
one applied to the pollen content of the traps (Hicks
& al. 1996) ensuring that in all cases the size of the
quantitative pollen parameters measured is equally
affected.

Material and methods

Fresh pollen material of P. nigra and P. sylvestris was
collected from three localities, near pollen traps P2,
P5 and P6, in western Mts Pieria, during the period
of anthesis (June 2005). Bulk samples were chemi-
cally treated in the laboratory via acetolysis and hot
10% KOH (Hicks & al. 1996). Fifty (50) intact pol-
len grains (PG) of each species were measured in
equatorial view, under light and in some cases phase
contrast microscopy, for the following parameters:
maximum length of pollen grain (mLEN), maxi-
mum length and height of corpus (corLEN, corHEI),
maximum height and width of saccus (sacWDTH,
sacHEI), distance of sacci (sacDIST) and width of
corpus-saccus intersection (csiWwDTH). The pa-
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rameters sacWDTH and sacHEI were measured on
the left saccus of the pollen grain, while the sacDIST
measured the length of the straight-line that con-
nects the midpoints of the sacci. The data were sub-
jected to discriminant analysis using the XLStat 7.5
package (Addinsoft, Brooklyn, NY).

Results and discussion

Pinus nigra shows relatively higher mean values than
P. sylvestris concerning the total of pollen parameters

The currently presented values of maximum length
and corpus length of both species are considerably
higher than those reported by Beug (2004). For ex-
ample Beug reports mean maximum length values of
73.5um (62.2-83.7) and 68.7 um (59.5-80.0) for two
populations of P. sylvestris and 73.3 um (62.5-83.3) for
one of P. nigra. The considerable difference of these
values from the ones presented in Table 1 could be at-
tributed to the additional treatment of our samples
with KOH which expands pollen grains as Hanks &
Fairbrothers (1970) have shown.

measured (Table 1).

Table 1. Means, standard deviations and range of values of the
quantitative pollen parameters measured. Structure coefficients
estimate the correlation of the pollen parameters with DF1.

Pollen parameters Structure | Pinus nigra |Pinus sylvestris
coefficients
mLEN (max. length of pollen|  0.63* 94.06 +5.15 | 88.83+6.15
grain) (84.38-106.25) | (75.00-101.56)
corLEN 0.66 | 62.76+4.40 | 58.56+4.22
(corpus length) (53.13-72.66) | (46.88-67.19)
corHEI 036 | 44.58+333 | 42.95+3.17
(corpus height) (37.50-53.13) | (35.94-53.13)
sacWDTH 0.16 34.89 £ 3.01 33.98 £3.31
(saccus width) (35.94-50.00) | (32.81-50.00)
sacHEI 0.40 41.63 + 3.17 40.84 + 4.11
(saccus height) (26.56-42.19) | (25.00-45.31)
sacDIST 0.66 35.01+3.35 | 32.41+5.86
(distance of sacci) (18.75-34.38) | (14.06-32.81)
csiWDTH (width of corpus- 0.21 28.92+3.80 | 24.81+4.58
saccus intersection) (28.13-40.63) | (27.34-40.63)

*Correlations in bold are significant at p < 0.05.

One discriminant function (DF1), which ex-
plains the total of the observed variance, derived
from the analysis since only two groups partici-
pate in the analysis. Three of the pollen parameters
measured, namely maximum length of pollen grain,
length of corpus and distance of sacci, have large
structure coefficients, which means that they are
strongly correlated to DF1 (Table 1). This allows the
interpretation of the observed differences between
the two species, regarding the discriminant scores
of their pollen grains, in terms of size differences of
those pollen parameters. The positive correlation
of the three parameters with the DF1 indicates that
cases (pollen grains) with high discriminant scores
on DF1 have also high values for the three parame-
ters. In Fig. 1 it can be seen that the vast majority of
P, nigra pollen grains have higher (positive) discri-
minant scores on DF1 in contrast to P, sylvestris pol-
len grains which mostly have negative ones.
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Fig. 1. Discriminant scores of the pollen grains of P. nigra and P. sylvestris on the single DF1 function. Columns marked with an aster-
isk represent pollen grains incorrectly classified.
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Discriminant analysis acts as a dynamic classifica-
tion technique which assigns each case (here the pol-
len grain) to one of the investigated species. The rate
of misclassification (assignment of a pollen grain to a
species other than the one it actually belongs to) is a
measure of the taxonomic value of the pollen param-
eters used. The validity of the classification results of
discriminant analysis is stronger when the assump-
tion of equal within-groups covariance matrices is
met (for a thorough explanation of this concept see
Klecka 1980). The related Box's M test scored a val-
ue of 41.337 which is not significant at the p-level of
0.05 meaning that the null hypothesis of equality of
the within-groups covariance matrices cannot be re-
jected.

The rate of misclassification of P. nigra and P. sylves-
tris pollen is identical (18 % or 9/50 pollen grains, Table 2).
The results of this classification are promising as regards
the identification of the investigated species using quanti-
tative pollen parameters. It can be seen that although the
independent pollen parameters measured are considerably
overlapping (Table 1), their combined use offers an ability
to discriminate pollen of the investigated species with a >
80% probability (Table 2). The improvement is large con-
sidering that the by chance correct assignment of a pollen
grain to the species it actually belongs is only 50 %.

Table 2. Classification of the pollen grains of the investigated pine
species. The number and percentage of the correctly classified
pollen grains is given on the main diagonal.

to Pinus nigra to Pinus sylvestris

from Pinus nigra 41 ?
8 82.00% 18.00%

. . 9 41
from Pinus sylvestris 18.00% 82.00%

The inclusion of additional variables, like cappa
(cap) thickness for example, may improve the classifi-
cation results achieved already helping thus to identi-
ty with lower error probability both species. The com-
bined study with other features could also be helpful in
improving classification results. Currently, the size and
number of nodules (button-like or rod-like small bo-

dies) found in the nexine of the central part of the sac-
cus are being investigated (Klaus 1972). Klaus (1972)
reported significant variation in size and number of
nodules between P. nigra and P. sylvestris pollen.
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Abstract.

An anatomical study on stem-roots of Angelica sylvestris and A. pancicii from Bulgaria and A. archangelica

with foreign origin as medicinal and essential oil plants was carried out. In the studied sections of the
stem-root a typical secondary structure of root in A. archangelica and A. pancicii was observed, while in
A. sylvestris — a stem one. Many ruptures of parenchyma in the cortex, because of a contractive activity of
the stem-root, were established. In the anatomy of stem-root of the studied species considerable differences
were not found. The results of the discriminant analysis carried out allowed separation of the three species
Angelica in two groups with regard to the size and number of the secretory canals.

Key words:
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Introduction

Genus Angelica L. includes a number of valuable es-
sential oil and medicinal species which are studied
mainly in this respect (Chen & al. 1995; Bernard &
Clair 1997; Wolski & al. 2001a, b). According to Den-
isova (1968) the stem-root in the species Angelica is an
organ where essential oils accumulate.

In the last two decades besides Angelica arch-
angelica L. and A. sinensis (Oliv.) Diels, other An-
gelica species were studied too as a source of com-
ponents with medicinal importance (Mizuno & al.
1994; Liu & al. 1995). Up to now, the stem-root's
anatomy was studied only in Archangelica decurrens
Ledeb. (Denisova 1968), while fruit's anatomy was
well-researched in many species of the genus Angel-
ica (Hsu 1970 [cit. after Heywood 1971]; Pimenov
& Kljuykov 2002).

In the Bulgarian flora this genus is presented with
three species: A. sylvestris L., A. pancicii Vandas and
A. archangelica (Peev 1982). According to Andreev
(1984), A. pancicii is a rare species and Balkan en-
demic and A. archangelica is shown as an extinct
species. Up to now, phytochemical, embryological
and anatomical investigations on Bulgarian popula-

tions of A. sylvestris and A. pancicii were carried out
(Paskov & al. 1954; Petkov 1982; Jankova-Tsvetko-
va 2004).

In the present work, the results of the first anatom-
ical study of the stem-root of the three species Angel-
ica are shown. The aim of the study was to reveal the
anatomical peculiarities of this structure as a major
source of valuable essential oils.

Material and methods

The anatomy of the stem-root in A. sylvestris and
A. pancicii from Bulgaria (Vitosha Mt) and A. arch-
angelica with foreign origin (Germany) was stud-
ied in microtome sections in an equal distance away
from the leaf rosette. The sections were treated ac-
cording to the generally accepted cytological tech-
niques for glycerine-gelatinous and permanent
microscope slides and stained with Heidenhain's
haematoxylin. The size and number of the essential
oil secretory canals of the three studied species were
established. Discriminant analysis (Wilks' Lamb-
da) of the obtained data was made using the WIN-
DOWS STATISTICA.
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Results and discussion

In the studied sections of stem-root of A. archangel-
ica and A. pancicii, a typical secondary structure of
root was observed (Plate I, Figs 1-2; Plate II, Fig. 1),
while in A. sylvestris — a stem one (Plate II, Fig. 2).
A well-developed secondary cortex and central cyl-
inder with poorly developed mechanical tissue were
found - typical for the Apiaceae family (Denisova
1968). In the parenchyma of the stem-root's cortex
many rexigenous ruptures were observed (Plate I,
Fig. 1). Such ruptures were also found by Denisova
(1968) in other species of the family Apiaceae, as:
Archangelica decurrens, Cicuta virosa L., Sium lati-
folium L., Anthriscus sylvestris (L.) Hoffm. She an-
nounced that these ruptures are formed as a result
of the shortening activity of the stem-root, due to
which it gets out to soil.

In well-developed parenchyma of the cortex in
the studied species many essential oil and schizo-
genetic secretory canals were observed. Denisova

Plate I
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Fig. 1. Secondary cortex of stem-root in A. archangelica (x32).
Fig. 2. Secondary structure of stem-root in A. pancicii (essential
oil canals and xylem with tracheal elements) (x160).

(1968) showed the same case in A. decurrens. These
canals are arranged in the right circles in other spe-
cies of the family Apiaceae (Daucus carota L., Hip-
pomarathrum microcarpum (M. Bieb.) B. Fedtsch.,
Apium graveolens L.), and the number of circles
corresponds with the age of the plants (Denisova
1968).

According to Metcalfe & Chalk (1957), in the most
members of Apiaceae family secretory canals are pre-
sented in secondary phloem of older roots. They also
occur in the xylem of some species of the genera Myr-
rhis Mill. and Opopanax Koch, in the pericycle imme-
diately within the cork of Ferula communis L. and in
the secondary phloem.

We observed that the secretory canals in the three
studied species of Angelica are solitary in the cortex
of the stem-root, while Metcalfe & Chalk (1957) an-
nounced for anastomosing ones in the upper part of
root in the family Apiaceae. In the stem-root's xylem,

Plate 1T

Fig. 1. Secondary structure of stem-root in A. pancicii (ray-
ligneous parenchyma in the pith) (x160).

Fig. 2. Secondary xylem with tracheid elements and pith's cavity
of stem in A. sylvestris (x160).



28 Plant, fungal and habitat diversity investigation and conservation « Proceedings of IV BBC - Sofia'2006

the tracheal elements were arranged in radial rows
(Plate I, Fig. 2). A well-developed ray-ligneous pa-
renchyma with traces of xylem of the primary radial
vascular bundle was observed in the pith.

Our observations on the studied material showed that
the essential oil secretory canals were similar in respect to
their size and number (Plate III, Figs 1-3; Table 1). The
difference in these two peculiarities measured between

Plate 111

the Bulgarian species and A. archangelica is more evident
than between A. sylvestris and A. pancicii.

The results of the discriminant analysis carried out
allowed separation of the three species in two groups:
the first with A. sylvestris and A. pancicii, and the sec-
ond with A. archangelica (Table 2).

Table 1. Number and size of the essential oil canals of the stem-
root in the three studied species of Angelica.

X Essential oil canals
Species - .
number X+S |size 1 X+S (cm) | size 2 X£S(cm)
A. sylvestris 2.823+1.891 | 0.072+£0.024 | 0.098 +0.038
A. pancicii 3.410+£2.337 | 0.077 £0.082 0.093 +£0.023
A. archangelica| 2.177 £3.086 | 0.060 +0.067 | 0.106 +0.115

Figs 1-3. Secretory essential oil canals in the parenchyma of the
secondary cortex in:

1, A. archangelica (x160); 2, A. pancicii (x160);

3, A. sylvestris (x160).

Legend: X - average value; S - standard error; Size 1 - width of
the essential oil secretory canals; Size 2 - height of the essential oil
secretory canals.

Table 2. Results of the discriminant analysis at three studied
Angelica species.

Group Percent (A. archangelica| A. pancicii| A. sylvestris
correct | p=33333 | p=.33333 | p=.33333

A. archangelica| 80 24 3 3

A. pancicii 63.33333 5 19 6

A. sylvestris | 60 9 3 18

Total 67.77778 38 25 27

Conclusion

The present anatomical study on the stem-root shows
that there were not considerable differences between
the three Angelica species. In relation to the size and
number of the essential oil canals in the stem-root
clearly expressed differences were not established ei-
ther. The discriminant analysis on these features de-
termines two groups of species: 1. A. sylvestris and A.
pancicii; 2. A. archangelica.

On the basis of the results of the study we may con-
clude that besides A. archangelica, A. sylvestris and A.
pancicii can also be used as a source of components
with medicinal importance. New data were received,
that clarify the relationships of the three species with-
in the limits of the genus Angelica.
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Abstract.

The structure of vegetative organs (stem and leaf) from Nepeta pannonica was investigated. It was established

that in the top of the stem the collenchyma strands are of a tangential type, becoming angular at the base.
The foliar lamina is of hypostomatic type. The secretory hairs have glands consisting of a variable number
of cells: hairs with unicellular gland are presented on the young leaf; hairs with a bicellular gland are the
most frequent and these with octocellular gland are very rare. The general structure plan is in accordance
with Metcalfe & Chalk's description for the Lamiaceae family. Some particular features, important for plant
identification in pharmaceutics have been underlined.

Key words:

leaf, medicinal plant, Nepeta pannonica, stem, structure

Introduction

Nepeta pannonica L. (syn.: Nepeta nuda L. ssp. nuda)
is a common and cosmopolitan species growing in hay
fields, glades and meadows. In spite of this some bot-
anists have made confusion between it and N. cataria
L. (catmint, catnip). Nepeta cataria is a common weed
considered as antropophyllous and nitrophyllous spe-
cies (Ciocarlan 2000).

Nepeta pannonica is a perennial plant, whose
stem is 50-120 cm tall and which flourishes fre-
quently in the months of June and July. Regarding
the ecological growing conditions, N. pannonica is
typically a plant of full sun to light shady places in-
cluding woodlands, meadows and fencerows. It is
frequent on full sunlight roadsides, in clear-felled
and coppiced woodlands, scrubs and sometimes
in derelict woodland, and in orchards (Padure
2004). The corolla is longer than the calyx and vis-
ibly comes out from among the teeth of the latter.
All the flowers of the inflorescence are usually her-
maphrodite (Toma & Rugind 1998).

Biotherapy. The aerial parts of the plant, with
flowers, are important in traditional medicine. They
have a strong, penetrating smell. They are used in the

treatment of the cough, tuberculosis and to treat oth-
er lung diseases, nervous disorders and for the stimu-
lation of gastro-intestinal secretions.

Apiculture. Melliferous species. Quantity of nec-
tar — 0.15-0.34 mg/inflorescence. Production of hon-
ey — 100-140 kg/ha. Medium economical-apicultural
importance (Parvu 1997).

In this paper, we wish to present a complete de-
scription of the structure of the stem and leaf of N.
pannonica.

Material and methods

The vegetal material came from the Natural Reserve
"Valea lui David" (county of Iasi), one of the few steppe
reserves in Romania, located near the city of Iasi. This
material was represented by the stem and leaves of N.
pannonica.

The fixing and processing of the material were
done according to the usual protocol of the Vegetal
Morphology and Anatomy laboratory belonging to
the Biology Department of the University "Al I. Cu-
za" of Tasi.

The sections were made transversal at the basis,
middle and top levels of the stem. The obtained per-
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manent preparations were analysed and photographed
at the Novex optical microscope.

For the phytochemical studies the samples have
been submitted to qualitative analysis by thin layer
chromatography (TLC) in order to reveal the spec-
trum of flavonoid and polyphenolcarboxilic com-
pounds using the following conditions:

- support: Kieselgel 60 F254 Fertigplatten Merck;

- mobile phase: ethyl acetate—formic acid-acetic

acid-water (100:11:11:27);

- detection: spraying with NEU / examination in

UV light;
- references: apigenin-7-glucoside, chlorogenic
acid, caffeic acid, ferrulic acid.
The essential oil obtained from the flowering aerial
parts was analysed by spectrometry (GC/MS).

Results and discussion

Stem. The epidermis is made up of slightly tangen-
tially elongated cells whose inner and especially out-
er walls are thicker than the others; the outer wall is
covered by a relatively thick cuticle. Here and there
we find stomata which are visibly prominent over the
epidermis, uniseriate tectorial hairs with a verrucose
surface (Fig. 1) and secreting hairs with a unicellular
(spherical) or bicellular gland (Fig. 2).

The cortex is differentiated in belts of angular col-
lenchyma at the base (Fig. 3), becoming tangential type
at the top at the level of the ribs and chlorenchyma are-
as in the rest of the cortex. In the latter areas, large hy-
podermic aeriferous cavities are visible. The innermost
layer of the cortex is a primary endodermis (Fig. 4).

Fig. 1. Cross-section through the stem: epidermis cells and uniseri-
ate tectorial hair could be observed.

R i S ® Ny

Fig. 2. Cross-section through the stem: secreting hair could be
observed.

Fig. 3. Cross-section through the stem: angular collenchyma could
be observed.

be observed.
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The central cylinder comprises 8 to 12 vascular
bundles of the open collateral type, those which are
at the level of the ribs being much larger and present-
ing - in a periphloemic position - few sclerenchymat-
ic fibres (Fig. 5). The phloem presents sieve tubes, an-
nex cells and parenchymal cells and the wood is made
of radial lines of vessels, separated by libriform ele-
ments and by parenchymatous cells; the parenchyma
is cellulosed in the primary structure and lignified in
the secondary one.

Fig. 5. Cross-section through the stem: central cylinder and
periphloemic sclerenchyma could be observed.

The vascular bundles are separated by very large
medullary rays made of cells whose walls are thick-
ened and lignified between the wood sectors (Fig. 6).

The pith is thick, parenchymatous-cellulosic, of
the spongy type; in the central part of the stem, the
pith is resorbed, thus creating a relatively large aerifer-
ous cavity (Fig. 7). On the three levels under analysis,
the structure of the stem is secondary, being only the
result of an activity of the cambium.

Leaf. The mesophyll of the lamina is differentiat-
ed in palisade tissue (with one layer on the upper face)
and spongy tissue on the lower face, so the lamina has
a dorsoventral bifacial structure. The foliar peculiarity
important for plant identification in pharmaceutics is
the structure of the secretory hairs: hairs with unicel-
lular gland are presented on the young leaf; hairs with
a bicellular gland are the most frequent and these with
octocellular gland are very rare.

Fig. 6. Cross-section through the stem: vascular bundle could be
observed.

cavity could be observed.

Also, we report the results of phytochemical stud-
ies on aerial parts of N. pannonica.

The chemical composition was qualitatively and
quantitatively investigated. The TLC has shown that fla-
vonoids and polyphenols of caffeic acid type were present.
The essential oil obtained from the flowering aerial parts
was analysed by means of GC/MS. The major constitu-
ents were found to be sesquiterpenes (B-caryophyllene,
caryophyllene oxide, B-bourbonene, germacrene G).
The sesquiterpenes were accounted for 37.06 % and the
monoterpenes — for 20.31 % of the sample.

Conclusions

The general structure plan corresponds to the one de-
scribed by Metcalfe & Chalk (1950, 1988) for the La-
miaceae family. For the stem, on the three investigat-
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ed levels, the variations are especially of a quantitative
nature (the number of tectorial and secreting hairs in-
creases from the base towards the top). The secreting
hairs with octocellular glands are very rare.

Nepeta pannonica is typically a plant of full sun to
light shady places including woodlands, meadows and
fencerows. It is also found in grass habitats growing in
sunlight, beside wastelands, waysides, and at the edge of
pastures, encroaching small areas at the margins of ara-
ble fields or in vicinity of households (Padure 2004).

The TLC has shown that flavonoids and polyphe-
nols of caffeic acid type were present.

Acknowledgements. The authors would like to thank doctor-
al candidate Ms. Ramona Rotari for the help she has provided in
creating the iconography.

References

Ciocarlan, V. 2000. Illustrated Flora of Romania - Pterydophyta and
Spermatophyta. 2™ ed. Ed. Ceres, Bucuresti (in Romanian).

Metcalfe, C.R. & Chalk, L. 1950. Anatomy of the Dicotyledons.
Vols 1-2. Clarendon Press, Oxford.

Metcalfe, C.R. & Chalk, L. 1988. Anatomy of the Dicotyledons. ond
ed. Vol. 1. Systematic Anatomy of the Leaf and Stem, with a Brief
History of the Subject. Clarendon Press, Oxford.

Padure, I.M. 2004. Chorological and ecological aspects of Nepeta
nuda L. ssp. nuda (syn. N. pannonica L.) from Lamiaceae -
Nepetoideae in Romania. — Analele $ti. Univ. "Al. I. Cuza" Iasi,
Ser. Noua, 2.a, Biol. Veget., 50: 65-70.

Parvu, C. 1997. The Univers of Plants. Small Encyclopedia. 2*¢ ed.
Ed. Enciclopedicd, Bucuresti (in Romanian).

Toma, C. & Rugin, R. 1998. Anatomy of medicinal plants. Atlas.
Romanian Acad. Press, Bucuresti (in Romanian).




34 Plant, fungal and habitat diversity investigation and conservation « Proceedings of IV BBC — Sofia'2006

Nepeta (Lamiaceae) morphology and anatomy in
Romania and their taxonomic significance

Ioana Marcela Padure

University of Agronomic Sciences and Veterinary Medicine, Department of Botany
and Plant Physiology, Blvd. Marasti 59, 011464, Bucharest, Romania,
e-mail: ioanapadure@yahoo.com

Abstract.

Morpho-anatomical studies of four Nepeta species from Romania are reported in this study. The investigated

taxa featured useful taxonomic characters that can be used to establish interspecific relationships among
Nepeta species. The morpho-anatomical characters of stem and leaves are proposed for taxonomical purposes.
To assess more accurately the above relationships fruits and pollen were further investigated using morpho-
anatomical techniques. The characters referred to are discussed in relation with their taxonomic significance

between species.
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Introduction

Morpho-anatomical studies of four Nepeta species
named N. cataria L. (Sect. Nepeta), N. nuda L. ssp.
nuda (Sect. Orthonepeta), N. parviflora M. Bieb. and
N. ucranica L. ssp. ucranica (Sect. Oxynepeta) are re-
ported in this study. Nepeta cataria and N. nuda are
common and widespread plants; the other two species
represented by N. parviflora (distribution area only in
Dobrudja region) and N. ucranica (only in Transylva-
nia Plain, in the centre of Romania) have a rare status
within The Vascular Plant Red List for Romania (Di-
horu & Dihoru 1994; Padure & Bidarau 2001; Padure
2002; Oprea 2005).

The flowers are hermaphrodite or unisexual; ver-
ticillasters in spike-like or in lax or dense, sometimes
pedunculate cymes. Calyx cylindrical to ovoid, 15-
veined, accrescent; teeth 5, subequal, the upper some-
times exceeding the lower ones. Corolla cylindrical,
2-lipped; tube slender, long, glabrous inside; upper
lip patent, flat, 2-fid; lower lip 3-lobed. Stamens didy-
namous, parallel; anther-cells divergent, opening by a
common slit. Nutlets dark brown to blackish, elliptic
or ovate, trigonous or rounded trigonous in transverse
section, and apical rounded, with a whitish or whit-
ish-grey lateral straight or bilobed areole. The nut-
lets have a prominent or a slightly hidden areole, ex-

tending 1:10-2:10 of nutlet length; pericarp smooth or
sculptured (Padure 2005; Pddure & al. 2005).

Morphology, shape, colour and size of the vegeta-
tive organs may be used as a diagnostic character in
species differentiation. Some common, usual features
characterize the leaf and stem anatomy in Lamiaceae.
Among these are stem indumentum (with glandular
and non-glandular trichomes), lamina type, petiole
structure, or complex organization of vascular bun-
dles, stomata and collenchyma types, size and number
of the vascular bundles, etc.

The morphology of nutlets or pollen (Tarnavschi &al.
1981) was used as a diagnostic character in classification
(Wojciechowska 1966). Nutlet morphology in Lamiace-
ae has proved useful to varying degrees at different levels
of the taxonomic hierarchy (Cantino & Sanders 1986).
The importance of the morphology of nutlet surface has
already been demonstrated for Nepeta. In recent times
the importance of SEM in pericarp study and pollen sur-
faces has been demonstrated (Ryding 1992; Budantsev
1993a, b; Budantsev & Lobova 1997; Duletize-Laudevie
& Marin 1999; Padure 2005; Padure & al. 2005).

The objective of this paper is to provide a detailed
description of the stem, leaves (incl. petiole), nutlet
morpho-anatomy and pollen morphology in four spe-
cies of Nepeta in Romania. The original drawings and
images of investigated species are presented for com-
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parison. The mentioned features are useful as taxonom-
ic characters that can be used to establish interspecific
relationships among Nepeta species from Romania.

Material and methods

The species of Nepeta were collected from different
populations within Romania: Cernavoda and Basarabi
(Constanta County, 2002-2004) and Cluj on Dealul Sf.
Gheorghe (Cluj County, 2000) for N. cataria; Béile Her-
culane (Caras Severin, 2003) and Frasinet (Valcea Coun-
ty, 2003) for N. nuda; Basarabi and Cotu Vaii (Constanta
County, 2001-2005) for N. parviflora; Frata—Visinelu and
Ploscos—Valea Florilor (Cluj County, 2000) for N. ucrani-
ca. The material was fixed in a 50 % or 70 % ethanol mix-
ture with 2 % formalin, and 5% acetic acid (FAA). Vouch-
er specimens of all species are kept at BUAG, BUC and
BUCA Herbaria, Bucharest. Typically, plant leaves and
stems of all ages for different populations were serially
free-hand sectioned, stained in carmin-alaunat [carmin
"Nacarat”, 0.1% in 0.7% AIK(SO4),] and green iodine,
mounted in gelatinized glycerin. Stem and leaves epider-
mal peels were obtained from the middle region of leaf
and stems in mature plants. The fragments were cleared
with chloral hydrate. Afterwards, the sections were ex-
amined and photographed from permanent slides by
MC-7 microscope at different magnifications. Gross
morphology was studied using a binocular stereoscop-
ic microscope. The anatomical studies of nutlets regard-
ing the pericarp structures were represented by cross-
sections in median zone and tangential one for exocarp
aspect. The dried and mature nutlets were preserved in
glycerol: 90° ethylic alcohol (1:1). For the morphological
study of crystals from sclerenchyma layer in pericarp, the

nutlets were smashed and inserted in hypochlorite for 24
hours. Original photos and drawings were made.

Results

We analysed general leaf and stem morphology, indu-
mentum characteristics and all tissues in cross-section.
Qualitative and quantitative data were obtained for a
critical differentiation between species. Different types
of indumentum could be recognized based on its mor-
phology: pubescent in N. cataria, glabrescent in N. nu-
da, lanate-villose in N. parviflora and puberulent in N.
ucranica (Fig. 1, left). We found on the same epidermic
peels anizo-, actino- and diacytic stomata types grouped
in stomatiferous zones (Fig. 1, right). The indumentum
consisted of uniseriate and multicellular non-glandu-
lar and glandular trichomes (capitate and peltate type).
The peltate trichomes lacked in stem epidermis of N.
parviflora. Stem shape was rectangular in cross-section
and 4-cornered with or without lacuna pith. The stem
size ranged from 2170 um in N. nuda to 4760 pm in
N. cataria. The endodermis had primary structure with
Casparian stripes on anticlinal walls of cells. Vascular
bundle in Nepeta was open. The number of the vascu-
lar bundles varied from 4-(8)-16 mixed fascicles in N.
ucranica to 4-8 in N. cataria, N. nuda and N. parviflora.
The collenchyma was angular in all species to tangen-
tial type in N. parviflora (Padure 2005).

Nepeta species have leaves with bifacial lamina, with
dorsiventral structure, differentiated into palisade and
spongy chlorenchyma. Lamina thickness, measured half-
way between both cuticles ranged in cross-section from
106 pum in N. cataria to 233 um in N. ucranica. The spe-
cies presented 2-3 palisade layers (excepting N. cataria,
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Fig. 1. The stem in cross-section and indumentum types (left); stomatiferous zones of stem epidermis (right): A - N. cataria; B — N.
nuda; C — N. parviflora; D - N. ucranica; ¢ - collenchyma; le - xylem; i - phloem.
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one layer), to 2—-4 spongy ones. The thickness of palisade
tissue was 52 um in N. cataria and 132 pum in N. ucrani-
ca. The adaxial and abaxial cuticles ranged from 2.4 um
in N. cataria to 7 um in N. parviflora (Padure 2004).

Stomata occurred on both surfaces in all species —
amphistomatic lamina (excepting N. cataria, hyposto-
matic lamina). Stomata position (generally): cells adja-
cent to the guards cells and guard cells were the same
level with unspecialized epidermal cells, or cells adjacent
to the guards cells and guard cells raised in N. parviflo-
ra, due to increased hairiness. Frequently stomatal types
were anomocytic or diacytic; atypical patterns with twin-
stomata or actinocytic ones were present in all investigat-
ed species. The midrib of leaf did protrude in all species,
more evident in N. nuda. Angular collenchyma (adaxial-
ly / adaxially) was 3-layered and its thickness was thick-
er adaxial in all species. The petiole was different-shaped:
strongly flatted and lenticular in N. nuda or semicircu-
lar in N. cataria, N. parviflora and N. ucranica. The pet-
iole presented a prominent adaxial ditch in all species or
it lacked in N. nuda. Adaxial crests at the petiole level:
strongly prominent in N. parviflora or absent in N. nuda.
Angular collenchyma: discontinuous at the level of pet-
iole in N. parviflora and continuous at the level of peti-
ole - "hypodermal muft" - in N. nuda (Fig. 2). The tri-
chomes: protective hairs (non-glandular trichomes) were
present on both epidermises, unicellular type in N. nu-
da or multicellular (2-16-celled) in N. parviflora. They
were shorter, very rare, usually absent (glabrous type) in
N. nuda and long, dense (lanate-villose type) in N. parvi-
flora. Secretory peltate glands present; capitate trichomes
present, abaxially and adaxially in all species.

The original drawings and photos of nutlets are
presented in Figs 3-4. In Nepeta species from Roma-
nia, two main types could be recognized based on
surface ornamentation: smooth and sculptured. The
exocarp ornamentation in tangential section was
represented by polygonal cells with different shapes
and thickening. The walls of the exocarp cells were
rounded in N. nuda or straight in the others Nepeta
species (Fig. 3).

The nutlet pericarp consisted of exocarp (with tu-
bercles in N. nuda) and mesocarp (2-3-layered) and
elongated bone cells (sclerenchyma region) enlarged
in the innermost parts, occupying most of the peri-
carp. Numerous calcium oxalate crystals were ob-
served in this region. The endocarp was a thin layer of
small parenchymatous cells (Fig. 4A-E).

Nutlets are good characters for species recognition
but the pollen tectum ornamentation appears to have
potential value for classification at infrageneric lev-
els (Jamzad 2001). Nepeta presents a bi-reticulate, rare
perforate-reticulate (Oxynepeta) pollen tectum, perfo-
rated, with elliptical polar outline of the grains. Pol-
len grains of N. cataria were hexacolpate, subprolate
to prolate spheroidal, with polar axis (P) 31-37 um,
equatorial axis (E) 24-27 um; the pollen grains in N.
nuda were prolate to subprolate, with P = 24-30 pm,
E = 13-24 pm. In Sect. Oxynepeta the pollen grains
of N. parviflora were prolate spheroidal to spheroidal
or subprolate, with P = 27-28 pum, E = 21-24 pm; in
N. ucranica the pollen grains were isopolar, ellipitical,
with truncate poles, with P = 34-36 um, E = 22-24 ym
(Padure 2005).

xylem

adaxial
crests

phloem

collenchyma

Fig. 2. The petiole shape: A — N. cataria; B — N. nuda; C - N. parviflora; D - N. ucranica.
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Fig. 3. The exocarp of

nutlets in tangential sec-
- 4 tion: A — N. cataria; B —
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flora; D - N. ucranica
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Fig. 4. The pericarp nutlets in cross-section: A — N. cataria; B — N. nuda; C - N. parviflora; D — N. ucranica; ex - exocarp; m — mesocarp;

bc - layer of bone cells; en — endocarp; E - crystals.

Discussion

From the original results obtained in this study it can
be concluded that morphological and anatomical
characteristics of the leaves (incl. petiole), stem, nut-
lets and pollen are useful as taxonomic characters at
the species level in Nepeta genus.

Depending on environmental conditions, the stem
of Nepeta is remarkably variable in terms of length, di-
ameter, branching pattern, indumentum type and col-
our (green to blue-violet). The stem epidermis in these
species does not have uniform arrangement of cells.
It presents narrow longitudinal zones with stomata,
which we called stomatiferous zones; the epidermal
cells are longitudinally elongated and have thin, prima-
ry cell walls. There are distinct subsidiary cells present
around some guard cells and the arrangement is dia-
cytic, anomocytic, anizocytic or actinocytic type. Un-
typical stomata named "heterodiacytic type" (Padure in
press) are noticed on stem epidermis (Fig. 1D, right).
In this stomata type guard cells are surrounded by two

7.« Proceedings of IV BBC - Sofia' 2006

unequal subsidiary cells distinct by epidermis cells.
They are numerous mostly in N. ucranica stem epider-
mis. Subsidiary cells to the guard cells and guard cells
more often rise. The stomatiferous zones contain typ-
ically 3-4 distinctive cells around the stoma complex.
The trichomes are represented by non-glandular, mul-
ticelled and uniseriated hairs in all species. The glandu-
lar trichomes (secretory hairs) are represented by cap-
itate and peltate in N. ucranica, and only by capitate
hairs in N. parviflora epidermis.

The leaves are hypostomatic in N. cataria and am-
phistomatic in the others Nepeta species. Palisadic tis-
sue is 2(3)-layered, except N. cataria, with one layer;
tangential sections at the adaxial surface of leaf show
rounded palisadic cells in all Nepeta species, except N.
cataria with hexagonal cells. The stomata were anomo-
cytic or diacytic; atypical patterns with twin-stomata or
actinocytic ones are present in all investigated species.

The morphology of nutlets was investigated in four
taxa of the genus Nepeta from Romania for the first time.
Their size is 0.9-1.8 x 0.8-1.2 mm; they are elliptic or
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ovate, trigonous or rounded trigonous in transverse sec-
tion, and apically rounded, with a whitish or whitish-
grey lateral straight or bilobed areole. The nutlets have
a prominent or a slightly hidden areole, extending 1:10-
2:10 of nutlet length. Nepeta nuda has an apical tuft of
multicellular simple hairs. Similar thin hairs occur in N.
cataria in very young nutlets, but later they are absent.
The pericarp characteristics studied (shape and position
of areoles, surface and colour of nutlets) are very useful
in classification at taxonomic level in Nepeta.

Pollen grains of Nepeta are different-shaped: hexa-
colpate, subprolate to prolate spheroidal in N. cataria,
prolate to subprolate in N. nuda, prolate spheroidal to
spheroidal or subprolate in N. parviflora, and isopolar,
ellipitical, with truncate poles in N. ucranica.

Based on morphological characters an original dicho-
tomic key of Nepeta species is presented (Padure 2005).

la Hermaphrodite flowers arranged in dense glo-
merular cymes, + sessile, corolla white; leaves tri-
angular-ovate, base cordate, strongly crenate; nut-
letssmooth. . .. ............ N. cataria

1b Flowers in dichazial pedunculate cymes, corolla
violet; leaves ovate-oblong, base cordate or trun-
cate, margin crenate-serrate; nutlets sculptured 2

2a Gynomonoecious plants; stem canaliculate, gla-
brescent; corolla pale-violet; calyx tooth short;
bracteoles half as long as calyx; pericarp nutlets
with obvious tubercules and non-glandular tri-
chomes at apicalside . . ... ...... N. nuda

2b Gynodioecious plants; tetrangular stems with
plane sides, stem puberulent to lanate-villose; co-
rolla blue-violet; calyx tooth longer, + aristate;
bracteoles much longer as % calyx lenght; pericarp
slightly tuberculated. . . . ... ......... 3
3a Abaxial leaves surfaces (and stem) lanate; corol-
la shorter than calyx; blue-azure flowers in dic-
hazial dense cymes; dark brown to blackish nut-
lets. . . ... ... L. N. parviflora
3b Stem puberulent; leaves (abaxial) glabrous; corolla
longer than calyx; blue-violet flowers arranged in
lax dichazial cymes, sometimes with monochazi-
um; brownish nutlets with glandular trichomes at
the apicalpart . . . . ... ... ... N. ucranica
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Abstract.

Three species of genus Pelargonium (P. zonale, P. radens and P. fragans) and one of genus Rosa (R. rubiginosa)

have been studied, investigating the morpho-anatomical characteristics of the leaf, the assimilating pigments'
amount and the production of volatile oils. The biological parameters have shown evident variations. In
P. zonale the quantitative differences expressed by the number of components of the oil are obvious: 49 in
the vegetative stage and 161 in the flowering stage. In R. rubiginosa before flowering, 56 components have
been found, among which predominant are eucalyptol and borneol. These compounds give a persistent and

pleasant odour.

Key words: leaf morpho-anatomy, pigments, volatile oil

Introduction

Our research took into study two decorative plant gen-
era widely cultivated in Romania for their decorative
(by flowers and general aspect of the plants) and aro-
matic qualities (the plants produce volatile oils at foli-
ar level). This last property is well known for the rep-
resentatives of the Pelargonium genus and less for the
ones of the Rosa genus. In these circumstances we have
been interested in their aromatic properties, directed by
the quantity and composition of the volatile oils secret-
ed by special structures in the foliar apparatus so we can
bring into discussion their uses in aromatherapy.

Material and methods

The biological material used for the present study
consists of three species of Pelargonium: P. zonale (L.)
L'Hér., P. radens H.E. Moore and P. fragans Willd., cul-
tivated in the greenhouse of "Anastasie Fatu" Botanical

Garden of Iasi and, respectively, one species of genus
Rosa: R. rubiginosa L., cultivated in the same location,
in unprotected (free) areas. All species were cultivated
in summer of 2004.

For Pelargonium species the experimental lot con-
sisted in 15 individuals for each investigated species. Up
to date, there have been taken two series of samples, be-
fore and during flowering period, respectively. Before
taking the samples for the extraction of the essential
oils, plants' heights have been measured and leaves have
been counted, for a further contingent correlation with
other biochemical and physiological parameters.

For the species of Rosa genus the analysed material
was collected in specific phenophases during the sum-
mer of the year 2004 (from June to September): for the
morphological and anatomical analyses, the materi-
al was collected when the first flower opened, and for
the biochemical and physiological studies, in the pe-
riod starting with the flowering until the formation of
fruits and until senescence. The leaves analysed were
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collected from the middle region of the yearly twig and
from mature plants of more than 25 years old, which
excludes the behavioural variations caused by their ad-
aptation to the environment conditions.

The anatomical analyses (made in the Laboratory of
Vegetal Morphology and Anatomy of the Faculty of Biol-
ogy within the "Al. I. Cuza" University of Iasi) aimed at:

a) Investigating the anatomy of the leaf lamina,
near the middle vein, by the technique of hand sec-
tioning and of double staining;

b) Investigating the morphology of the structures
that secrete volatile oils on the fresh leaf surface, us-
ing the NOVEX microscope with a magnifying power
of 200x; the photographic images were obtained and
processed with a MINOLTA digital photocamera.

The biochemical and physiological analyses con-
sisted in:

a) Determinations of foliar assimilator pig-
ments - through spectrophotometric method (Bold-
or & al. 1983).

b) The extraction of volatile oils from fresh leaves
using hydro-distillation method and a Clevenger device.
The analysis of the quality was carried out using a gas
chromatograph with a spectrometric mass detector Agi-
lant 5973 and an auto sampler; the DB5 chromatograph-
ic column has a length of 25 m and an interior diameter
of 0.25 mm. The separated compounds were identified
by means of the Nist spectra database, and the peaks' po-
sition was confirmed by the Kovats indices.

Results and discussion

Anatomical characteristics of the leaf limb:

e In P. zonale the analysis of the foliar surface points
out the existence of multicellular secretive hairs on the
two sides of the limb; these formations have big dimen-

sions compared to the component cells of the multicel-
lular leg. The basis of the hair is situated between the
epidermic cells, unicellular and polygonal (Fig. 1 - im-
age a). The aspect that was not pointed out during the
ontogeny of the analysed species was the morphologi-
cal differences of the secretive hairs inducted by the age
of the leaves.

The secretive structures of the P. radens' essential
oil were found to be multiple-celled hairs located both
in upper and in lower epidermis. The length of the
hairs is variable, in accordance with the hair foot com-
ponent cells (Fig. 1 - images b and c).

e In R. rubiginosa (Fig. 2) the anatomical analyses
of the leaf limb aimed at identifying and describing the
structures that secrete volatile oils; evidenced the pres-
ence of such structures on different segments of the leaf.

The rachis presents long tactile hairs and papillae-
like structures in patches, with a headed ending, with
a multicellular leg, with cells lined up in two parallel
rows and with thin and cellulosic walls that remind
the multicellular secretive hairs.

The limb of the leaflet: from a frontal perspective, the
epidermis is made up of polygonal cells with straight lat-
eral walls in the upper epidermis as well as in the lower
epidermis. The anomocytic stomata are present only in
the lower epidermis, so the limb is hypostomatic. In both
epidermises, there are long, unicellular tactile hairs, with
very thick walls and with an obtuse point. At the ends
of the lamina, one can see multicellular secretive head-
ed structures, made up of cells with very thin, cellulos-
ic walls. All these secretive structures from the petiole,
rachis and leaflets are multicellular secretive hairs. They
are in much greater number on the inferior part of the
limb. In the transversal section of median vein, one can
see that it is obviously prominent on the inferior part of
the limb, and that the epidermis presents tactile and se-
cretive hairs (Gostin & al. 2000).

Fig. 1. Secretive hairs (multicellular hairs) in P. zonale (image a) and P. radens
in the vegetative stage: longer hair foot (image b); shorter hair foot (image c)

(x200).

Fig. 2. R. rubiginosa: multicellular
secretive hairs from the rachis of the leaf
(x50).
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The biochemical and physiological parameters:

» The leaf assimilating pigments' content:

e In Pelargonium species (Diagram 1)

The leaf assimilating pigments' content varies in
correlation with the analysed taxon and the moment
of analysis (phenophase).

Pelargonium radens and P. zonale have in both mo-
ments of analysis (before blooming and during bloom-
ing) a total leaf assimilating pigments' content higher then
P, fragans. Pelargonium zonale has the highest content of
a chlorophyll during the young period of the flowers (be-
fore flowering — 2.177 mg) and during flowering this con-
tent is not higher than the maximum value of P. zonale.

The b chlorophyll is more reduced then the a chlo-
rophyll in all the cases of taxa that we have investigat-
ed, throughout all effected determinations. In P. zon-
ale the b chlorophyll level drops at the second moment
of analyses, reaching practically half (0.4756 mg) of

its initial value (0.7577 mg). In the other two species
there is a slight increase of this pigment in the flower-
ing moment compared to the anterior one. The assim-
ilating pigments' content reaches small values in all
taxa in both phenophases. The ratio a chlorophyll / b
chlorophyll is 3:1 in favour to a chlorophyll for P. zon-
ale in both moments of analyses and slightly smaller
in the other two species. The high content of a chloro-
phyll shows that these plants need light. Also we con-
sider that the variation of assimilating pigments' con-
tent in the Pelargonium species indicates physiological
efforts in the test plants to sustain a photosynthetic
process (Burzo & al. 2004) adapted to their needs in
both analyses moments (the increase of foliar surface
by new organic substance synthesis in the vegetative
stage and the growth of the reproducing apparatus in
the flowering phenophase).
¢ In Rosa rubiginosa (Diagram 2)
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The quantity of a chlorophyll, the main photo-as-
similating pigment within the photosynthesis proc-
ess, varies according to the ontogenetic moment. The
quantitative evolution of the a chlorophyll respects
the progression of the phenophases in the ontogenet-
ic cycle, with maximum biosynthesis, accumulation
and usage points in the flowering phenophase (2.31
mg and 1.73 mg, respectively), when the biosynthe-
sis needs of the test plants become maximum (it is the
moment of formation of the reproductive system).
Along the entire measurement period, the b chloro-
phyll has subunitary values; the biosynthesis curve has
maximum points of biosynthesis in the vegetative phe-
nophase (0.58 mg). The ratio between a chlorophyll
and b chlorophyll remains constant during the entire
time interval, close to the value 3:1 for the a chloro-
phyll. According to these values, we can characterize
the taxon studied as being amenable to light. Carote-
noidic pigments present subunitary values along the
entire period analysed. In the vegetative phenophase,
the investigated taxon present a content of carotenoid-
ic pigments 10 times lower as compared to the rest of
the period taken into account, and a maximum con-
tent in the flowering period.

We consider that the values registered are in accord-
ance with the environment conditions in which the test
plants lived, with a dimmer light in the first analysis in-
terval (in spring) and with a stronger light, but also with
an increase in the negative effects of solar radiations on
plants in the summer stage (the flowering phenophase),
when the light period and intensity increased (Burzo &
al. 2004). At a later stage, in the fruit phenophase (cor-

responding to the beginning of the autumn), the caro-
tenoidic pigments content decreases again, approach-
ing the value registered in the spring stage (0.30 mg in
the fruit phenophase, 0.32 mg in the vegetative phen-
ophase, respectively). In the specialized literature, spe-
cialists state that there is a constant relation between the
intensity of the photosynthetic process and the content
of assimilating pigments. Thus, we can consider that
the investigated taxon with European origin makes an
increased metabolic effort in order to insure an intense
photosynthesis process. This process can thus produce
the organic substances needed in every stage of the on-
togenetic cycle of the taxon under investigation.

» The dynamic of volatile oils:

e In Pelargonium species

The quantity dynamics of volatile oils in the Pelargo-
nium leaves (Diagram 3), which is expressed in extrac-
tion percentage, shows a superior rhythm for all three
species in the second analysed phenophase (flowering
phenophase), respecting the specialized literature, ac-
cording to which in the flowering period the plants pro-
duce a higher quantity of volatile oils (Burzo & al. 2005).

The quantitative dynamics of volatile oils in the leaves
of investigated Pelargonium taxa (Diagram 4), expressed
by the number of components detected for the P. zonale,
shows a quantity three times higher in the flowering peri-
od compared to the phenophase anterior to the flowering
moment (the vegetative phenophase). This situation can
be found also in the P, fragans species, where in the flow-
ering phenophase we found six times more compounds
compared to the vegetative phenophase. In P. radens the
situation is reversed, the number of compounds in the
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vegetative phenophase (64 compounds) is higher than the
one in the flowering period (44 compounds).

In P, zonale species there has been performed a com-
parison between the quality of the volatile oils in the two
phenophases (Diagram 5) expressed in % between the
compounds identified in the two moments of analyses.
From the graphic representation we consider that the
oil produced in the flowering phenophase is of a higher
quality, having greater quantities of common identified
components (myrcene, menthone, B-carotene, cedrol).

In P. radens the efficiency of the oil extraction
was calculated at 0.33 % in the vegetative period and
its quantity composition showed a higher number of
compounds (64) (Diagram 6). In this species the most
common ones are the citronellol (28.69 % of all identi-
fied compounds) and the menthone (27.30 %).

e In Rosa rubiginosa

The composition of the volatile oil in R. rubigino-
sa is presented in Diagram 7. Rosa rubiginosa presents
on the leaf (on the inferior epidermis of the leaf limb,
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on the rachis and stipels) glandular hairs that pro-
duce a volatile oil with a scent of green apples (Gos-
tin & al. 2000). About 56 compounds make up this oil,
among which the most important are the eucalyptol
(26.88 % of all the identified compounds) and borneol
(15.29 %), compounds that confer to the oil a pleasant,
persistent smell. We also mention the presence of some

compounds that represent more than 1% of all the
isolated compounds: p-cymene (12.03 %), y-terpinene
(8.26 %), bornyl acetate (5.60%), a-pinene (4.66 %),
camphene (3.73%), B-pinene (3.69%), a-humulene
(3.42 %) and p-caryophillene (3.40 %). The other com-
pounds have values close to 1% of all the identified
and isolated compounds, or even smaller values.
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Conclusions

e The secretive structures for volatile oils in P,
radens are multiple-celled glandular hairs, located
both in the upper and in the lower epidermis. In both
analysed genera there are multicellular secretive hairs
on the two sides of the limb; the aspect that was not
pointed out during the ontogeny of the analysed spe-
cies were the morphological differences of the secre-
tive hairs inducted by the age of the leaves.

e The practical data that have been obtained con-
cerning the anatomy of the leaf for all studied species
are in accordance with the data presented in the spe-
cialized literature.

e The variation of the biochemical and physiolog-
ical indices analysed within the ontogenetic dynam-
ics for the taxa under study present their adaptation
to the vegetation conditions offered by the Botanical
Garden in Iasi. The interpretation of the data is strict-
ly related to the climatic conditions in the summer
of 2004, marked in free area of the garden by an in-
creased drought, high temperatures, which meant that
the test plants had to make great metabolic efforts for
survival.

e For all three species of Pelargonium as well as for
Rosa rubiginosa, the amount of pigments was found
larger especially during the flowering period.

e The extraction efficiency of volatile oils from
leaves of analysed plants has different values, accord-
ing to the species and to the ontogenetic period; for
all analysed species, the extraction efficiency is higher
during the flowering period.

e The number of components of the volatile oils
extracted is larger during the flowering period for the

oils extracted from P. zonale and P. fragans, and low-
er for P. radens.

o The chemical composition of P. zonale essential
oils extracted in the two different ontogenetic periods
differs qualitatively, as well as quantitatively. There
are different components in the oils extracted in the
two ontogenetic periods, whereas the common com-
ponents for the two oils have been found in different
percentages.

e The volatile oils produced within the leaves by
the species R. rubiginosa, with a specific qualitative
and quantitative composition, give the taxon a special
aromatic character that increases its ornamental, aro-
matic and, implicitly, commercial qualities.
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Abstract.

In this study, morphological and anatomical changes of Glycine max (soy bean plant), which appeared

during the senescence, were investigated. For this study the plant specimens produced at Biological
Department of Faculty of the Art and Sciences of Trakya University were used. The plants were divided
into main and control experimental groups. Anatomical changes in these two groups of the plants
were investigated. The data obtained from the experiments were evaluated and compared to previous

studies.

Key words:

anatomical changes, Glycine max, senescence

Introduction

Senescence is death of some plant cells, tissues or
organs according to the developmental processes of
the plant. It is a programmed result of development
and also a critical activity in a plant's life. The se-
nescence may be benefited by being used agricul-
turally.

In the organs where senescence takes place bio-
chemical changes occur and catabolic reactions fas-
ten. With these biochemical changes the chlorophyll
molecules are broken down to form xanthophylls
and carotenoids. As a result, the protein amount in
the leaves gradually decreases. DNA and RNA are
suspended and these molecules move to other parts
of the plant with growth activity to be used for next
season or next generations (Molish 1938).

Soybean seeds are of a paramount importance
since they are used to obtain 250 different types
of industrial products such as soybean milk, milk-
powder, yoghurt, ice-cream, cheese, margarine,
gasoline, ink, antibiotics, drugs, soap, insecticides,
baby food and soybean oil. About 10 % of all car oils
consumed in Belgium annually are obtained from
soybean. In addition, soybean is the only food be-
sides animal originated one, possessing the 8 ami-
no acids humans can't synthesize and have to intake
from outside.

In this study, we aimed to determine the anatomi-
cal changes that occur during senescence in the stem
and leaves of Glycine max (L.) Merr.

Material and methods

The studied material was obtained in Trakya Agricul-
tural Research Institute. The plants were grown in Bo-
tanical garden of the Biology Department. The seeds
were planted along lines 40 cm apart leaving a distance
of 20 cm between each seed. A total of 500 plantations
were done inside experimental and control group par-
cels. The seed development was monitored daily. After
10 days of the seed plantation almost all seeds germi-
nated. Following this period the plants were regular-
ly given water and the wild grasses were picked to pro-
vide the plant healthy growth.

The growing plants were observed to flower to-
wards 11 May 2003. Following the first flowering, the
buds and flowers of plants of the experimental group
were picked up every day in contrast to the plants of
the control group. The changes occurring in the plants
were observed and photographed. Stem and leaf sam-
ples were taken at regular intervals from both exper-
imental and control plants for anatomical investiga-
tions. Some of these samples were used for laboratory
studies, while others were kept in 70 % ethanol for fur-
ther analysis.
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The preparations for anatomical investigations were
made from samples taken when the flowering start-
ed, during maturation and at the end of experiment.
Cross sections taken using a razor blade for stem anat-
omy were stained with safranin and embedded in glyc-
erin-jelly (50 % glycerin: 50 % gelatin). The permanent
slides were investigated with light microscope and pho-
tographed using an Olympus CH 2 photomicroscope.

Results and discussion

Morphological comparisons were made between the
plants of control group which underwent senescence

sclerenchyma

during experiment and experimental plants whose
senescence was prevented. It was observed that con-
trol group plants' growth reduced the seed formation
and they became pale. These plants died to the end of
5" month. However, the stems of the plants of exper-
imental group, whose senescence was prevented by
picking their flowers everyday, got thicker compared
to the control group. Also, their leaves were thicker
and dark green and they gave more buds. We observed
that the experimental group plants still continued to
grow, when the control plants died. No anatomical
differences were observed in cross sections of sam-
ples of both groups taken when flowering started
until the time when control
group plants developed seed.
However, differences were es-
tablished between the groups
by August. The sections ob-
served showed us that the
stems of the experimental
group plants had a more jag-
ged structure than the control
ones. The increase in num-
bers of the inner cell layers
was determined to cause this
difference. The plants of con-
trol group did not show such
an increase (Figs 1, 2). In ad-
dition, the cells below epi-
dermal tissues of the exper-
imental plants increased in
their sizes and they involved
chloroplasts even when con-
trol group plants went yellow.
Chloroplasts of the control
group plants were observed
to be damaged and some of
the cells beneath epidermis
turned into lamellar collen-
chymas (Figs 3, 4).

Our anatomical and mor-
phological findings were
compared to those an-
nounced by other authors
given below.

According to Molish (1938),
2 the catabolic reactions fasten in
organs where senescence takes

epidermis

Fig. 2. Tranverse section of experimental group plants in August (x40).

place. As a result, the broken
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down materials are moved to the stored organs or to oth-
er plant parts to be used in either next season or next
generations. It has been observed that material accumu-
lation was much more in experimental group stem cells
of plants than control group.

Butler (1967) reported that chloroplasts were bro-
ken down, free ribosomes increased in number and
membrane system of the cell aborted at the senes-
cence. The turns to yellow in our control group are
thought to be due to the break down of chloroplasts.

Onder and Yentiir (1999) investigated the chang-
es occurring during senescence with electron micro-
scopy. They reported that structural deformations
took place in organelles of cells during the senes-

Fig. 3. Transverse section of mature plants of control group (x40).

Fig. 4. Transverse section of mature plants of experimental group (x100).

cence. Our light microscope observations confirm
this finding.

Matile (1975) reported that various enzymes lo-
cated in the vacuolar system broke macromolecules
down. According to this idea these macromolecules
could easily move to other parts of the plants.

Woolhouse (1967) stated that damages in the
cell structures and organelles influenced the pho-
tosynthesis and respiration in a bad manner. Such
an influence is seen as a decrease in photosynthe-
sis. The respiration continues to be stable for some
time but starts to decrease at the end of senescence
following a rapid increase substance content of
plant organs. Our morphological observations also
confirm these statements.

Murneek (1926) reported
that growth rate of the plants
went slow with the start of se-
nescence. He also reported
that growth rate of the toma-
to plants, whose flowers were
picked up, increased due to a
delayed senescence. We ob-
served in our study that the
growth continued in our ex-
perimental plants, while it
stopped in control group due
to flowering and fruiting.

Leopold & al. (1959) retard-
ed the death of soybean plants
for one year delaying the senes-
cence. Our experimental plants
were still in growing process
even when the control ones
were about to mature. But they
died when the temperature de-
creased during the cold season.
We think that if suitable cli-
matic conditions are provided
it is likely for the plants to con-
tinue their growth.

This accumulation was ob-
served in the parenchyma tis-
sues in the plants of our exper-
imental group. However, the
accumulation was very little
in control plants, probably be-
cause of transportation of syn-
thesized materials to the fruits
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and seeds. As such transportation is not seen in the
experimental plants, these materials accumulate in
stems. Our findings on this property are in accordance
with the previous ones. We believe that our present
findings will contribute to the further studies. We also
think that new studies carried out on the senescence
in different plant species will be useful to reveal in de-
tail the peculiarities of the morphological and ana-
tomical changes during this important process.
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Abstract.

Achene morphology in taxa from Potentilla argentea group, i.e. P. argentea and P. neglecta, was examined

with stereoscope and scanning electron microscope. Achenes of these taxa varied slightly in shape and
colour, while marked differences among them appeared in the surface sculpture and in size, dimensions of
aril, dorsal ridge and ribs. SEM analyses allowed determining two distinct morphological types of achenes:
ruminate-reticulate and ruminate sculpture. The dimensions of achenes and the surface sculpture are very
good features to separate P. argentea and P. neglecta as different species; however, these features may be a
valuable taxonomical criterion only in combination with other ones.
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Introduction

Potentilla argentea group (Rosaceae) is a polyploid
complex, the members of which may be either am-
phi- or apomictic; some diploids and most poly-
ploids are obligate apomicts (Ball & al. 1968). How-
ever, according to Holm & Ghatnekar (1996) the
diploid P. argentea L. is a sexual species and facul-
tative apomict. Marklund (1933) recognized three
species from P. argentea group, i.e. P. argentea, P. ne-
glecta Baumg., and P. calabra Ten. Miintzing (1928,
1931, 1958) has shown that one of Marklund's spe-
cies is usually diploid and another usually hexa-
ploid, though the correlation is not perfect. They
were classified as microspecies, subspecies or rarely
varieties (Ascherson & Graebner 1904-1905; Wolf
1908; Szafer & Pawlowski 1955; Gerstberger 2002;
Kurtto & al. 2004).

Potentilla argentea and P. neglecta have been de-
scribed as independent species mostly on the ba-
sis of the number of leaflets on basal leaves, the pat-
tern of pubescence of upper and lower surfaces of leaf
blades (Wolf 1901, 1903, 1908; Juzepczuk 1941; Ball &
al. 1968; Borhidi & Isépy 1965; Sojak 1995). Whereas
their trichomes are of the same type, the density being
a very variable character, there is no ground for sepa-
rating them as different species (Leht 1989).

It is known that fruits and seeds are very useful in
identification and classification of plant taxa (Karcz
1996; Liu & Lin 1999; Fagundez & Izco 2004; Macie-
jewska-Rutkowska & Bednarz 2004; Ozcan 2004). De-
scription of achenes from taxa of P. argentea group is
limited to their length, shape and colour (Wolf 1908;
Juzepczuk 1941; Kelley 1953; Szafer & Pawlowski
1955; Sojak 1995). These features, however, are not
sufficient to identify particular taxa.

Fruit in Potentilla named also achene is dry, not de-
hiscent and monospermous, small in size and brown
in colour (Wolf 1908; Hegi 1922; Juzepczuk 1941; Kel-
ley 1953; Szafer & Pawlowski 1955; Ball & al. 1968;
Anderberg 1994; Sojak 1995; Gerstberger 2002). This
latter feature is a good criterion of its maturity, since
an unripe fruit is more light brown than a mature one.
Therefore, the purpose of the present paper was the
complex morphometric analysis of the achenes from
two taxa of P. argentea group together with their shape,
colour and surface sculpture.

Material and methods

The following taxa from P. argentea group, i.e. P. ar-
gentea and P. neglecta, were analysed. Nomenclature of
taxa was used according to Kurtto & al. (2004). Plant
material originated from natural habitats in Poland.
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Only mature, fully developed achenes, intensively
brown in colour, were used in the investigations while
distinctly smaller and deformed ones were discarded.

Colour of the achenes was determined in the day
light on the basis of colour scale recommended by
Berggren (1969). Dimensions - length, width
and thickness of the achenes, width of the ar-

Table 2. Characteristics of achenes in taxons of P. argentea group (SEM).

Table 1. Colour and dimension of achenes (in mm) in taxons of
P. argentea group.

Colour

Taxa Length Width | Thickness

Ribs
brown

Achenes

1.10 £ 0.01
0.76 +0.02

0.84 +0.01
0.64 +0.01

0.57 £0.01
0.42 +0.01

P argentea brown

P neglecta nut-brown | brown

il, width and thickness of the ribs and width

. . Aril Dorsal ridge Ribs
and }‘1e1ght of dorsal. r1c.1ge were meas.urec.l ac- Taxa width Width Thickness Sulrf:lce (um)
cording to the description presented in Fig. 1. (um) (um) P Width | Height
Morphometric analysis of the achenes except [pargentea| clear | 50 | clear | 40 | 20-40 | reticulate] 60 40
aril and rib d'1men31ons Was made usnlg a P neglecta |unclear| 10 [unclear| 20 20 rumlnlzi ) 20
stereoscope microscope Nikon SMZ 800 with reticulate

millimetre scale (exact to 0.05 mm). At least
60 individual achenes for each taxon were analysed.
For scanning electron microscopy (SEM) samples
were mounted on metal stubs, coated with techni-
cal gold (Pelco S.C 6
coating system), ex-
amined and photo-
graphed using a Tes-
la BS 340 scanning
electron microscope.
Shape of achenes, di-
mensions of aril and
ribs as well as the
pattern of surface
sculpture of the fruit
wall were analysed
on 5 photographs for
each taxon.
Obtained data were statistically analysed by the
Student's test. A difference was considered statistically
significant when p< 0.01.

A
.
A

I
1
1
|
|

Fig. 1. Achene of Potentilla sp.: A -
ventral and B - lateral view; 1 - style
scare; 2 — aril around scare attach-
ment; 3 - dorsal ridge; 4 - length; 5 -
width; 6 - thickness [after Anderberg
(1994), modified].

Results

Achenes in P. argentea group are bilateral, shape ovate,
laterally flattened, apex obtuse, curved, base obtuse
(Plate I, Figs 1, 2).

Two types of achenes are distinguished: large,
present in P. argentea and small, present in P. neglecta
(Table 1). Achene colour varies slightly from brown in
P, argentea to nut-brown in P. neglecta (Table 1).

Scare attachment, i.e. the point of achene attach-
ment to the receptacle is surrounded by an aril slight-
ly visible in P. neglecta or clearly — in P. argentea,
with their respective widths being 10 pm and 50 um
(Table 2).

A clear dorsal ridge about 40 um wide and 20-40
pm thick was present in achenes of P. argentea, while
unclear one, about 20 um wide and 20 um thick was
observed in P. neglecta (Table 2).

Ribs seen at achene surfaces are brown in colour
(Table 1). Distinct ribs, very sharp in shape were seen
in achenes of P. argentea (Plate I, Figs 1A, B), or oval
in shape - in P. neglecta (Plate I, Figs 2A, B). Width of
ribs varied from 20 pm in P. neglecta up to 60 pm in P
argentea (Table 2). Similarly rib height was the lowest
(20 pm) in P. neglecta, while the largest (40 um) was in
P. argentea (Table 2).

SEM analyses of the surface sculpture revealed two
types of achenes:

- with ruminate sculpture, characterized by oval ribs
and epidermal cells partly destroyed and covered with
numerous aggregates of some material (probably wax-
es, etc.), various in shape and size. This type of achenes
was typical for P. argentea (Plate I, Figs 1B, C);

- with ruminate-reticulate sculpture; among dis-
tinct and sharp ribs well preserved epidermal cells,
hexagonal in shape were visible. Achenes of this
type were characteristic of P. neglecta (Plate I, Figs
2B, C).

Discussion

Potentilla argentea group has been treated in widely
divergent ways by different authors, ranging from the
mere recognition of P. argentea to the acceptance and
description of a large number of distinct species (Kurt-
to & al. 2004). For example, Wolf (1908) divided the ag-
gregate of P. argentea into P. argentea with twelve vari-
eties. Later Juzepczuk (1941) distinguished P. argentea
and P. impolita (sensu auct.; = P. negecta) and Gerst-
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Plate I

Figs 1-2. Surface sculpture of the achenes of P. argentea group, at different magnifications - (A) x500; (B) x1000; (C) x3000:
1, P argentea (on the left); 2, P neglecta (on the right). Arrows indicate dorsal ridge.
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berger (2002) distinguished P. argentea with four va-
rieties, but P. negecta was not recognized. Pedersen &
Schou (1997) have shown that type material of P. impol-
ita Wahlenb. is belonging to P. inclinata Vill.

A similarly narrow concept of species was present-
ed by Marklund (1933) and Ball & al. (1968) accord-
ing to whom P. argentea group consists of three sep-
arate species in the area of Europe, i.e. P. argentea, P.
calabra and P. neglecta. The classification into three
species proposed after Marklund (1933) and Ball & al.
(1968) seems to be more satisfactory on a European
scale, though some may be such on more local scales
(Kurtto & al. 2004).

Our investigations of taxa from P. argentea group
revealed differences in colour and shape of achenes as
well as in their sizes. According to our measurements
the lengths of achenes of P. argentea (1.1 mm) were
similar to those described by Anderberg (1994) and
Sojak (1995) - 0.7-1.9 mm.

Scanning electron microscopic analysis of achenes
from P. argentea group allowed distinguishing new
additional features such as aril, dorsal ridge and rib
dimensions, useful in taxonomy of this difficult col-
lective species. These features of achenes in addition
to the morphology of leaves (Wolf 1901, 1903, 1908;
Juzepczuk 1941; Ball & al. 1968; Sojak 1995) proved to
be of high systematic importance in taxonomy of Po-
tentilla species. The surface sculpture and the dimen-
sions can be a good criterion in classification of taxa
from P. argentea group.

The results of the present paper indicate signifi-
cant differences between P. argentea and P. neglecta.
Differences in the dimensions, the colour, the surface
sculpture of achenes and in dorsal ridge dimensions
are ground for separating P. argentea and P. neglecta
as different species similarly to Marklund's (1933) and
Ball's & al. (1968) idea.
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Abstract.

Eriolobus trilobatus is one of the rarest tree species of the European flora and it has been included in the Red

lists of the countries in which it can be met. It is a valuable fruit and honey-bearing plant with high ornamental
qualities and drought resistance. In the present study a description of fruits and seeds of E. trilobatus from
two successive crops (2002, 2003) was made. The studied materials came from two localities — one of them
in the Eastern Rhodopes (Bulgaria) in the region of Ivaylovgrad town and the other one in Northern Greece
in the region of Dadia village. The size and the mass of fruits and seeds from both localities and crops have
been compared. The basic indices of the quality of the seed materials — mass of 1000 seeds, seed yield,
number of seeds in a single fruit, have been determined. A study is recommended on the possibilities for seed
propagation of the species and its cultivation in the most southern and arid regions of Bulgaria.
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Bulgaria, Eriolobus trilobatus, fruits, Greece, seeds

Introduction

Eriolobus trilobatus M. Roem. (= Malus trilobata (La-
bill.) C.K. Schneid., Sorbus trilobata (Labill.) Boiss.,
Crataegus trilobata Labill.) is a small tree of family Ro-
saceae, subfamily Pomoideae. It was described from
the German botanist Roemer, who put it in a separate
genus. It used to be referred to genus Crataegus and
genus Sorbus. It is a thermophylous Mediterranean el-
ement of the Bulgarian flora (Assyov & al. 2002).

The tree is 6-10 m high, branches are spinous-
less, and the crown is usually stretched. Young twigs
are purple and leaves are bare and glossy above, bright
light-green below, thin and stiff, 5-8 cm long and up
to 9-10 cm wide, with heart-like base, deep palmate-
ly 3-lobed with wide 2-lobed lateral lobes and simple
or 3-lobed middle lobes. Flowers are about 3.5 cm in
diameter, arranged in 6-8 umbel-like to raceme-like
clusters. Petals are white, blunt serrated at the top.
Fruit is oblong egg-like to globular, similar to wild ap-
ple fruit, light-yellow to dark-brown in colour, with
stony cells around the core. The tree species propa-
gates by seeds. The flowering begins in May and ends
in June. The fruits ripen in October-November. They
have good taste quality. The local human population

uses the fruits for food in raw and canned form (Ta-
shev 2001).

This species grows on dry and poor soils in xe-
rothermic oak zone (up to 260 m alt.) under transi-
tional Mediteranean climate. It stands very good the
dry conditions - in the very dry 2000 year trees had
full flowering and abundant fructification (Tashev
2001).

Geographic distribution of the species covers East-
ern Mediterranean - Northeastern Greece, Syria, Leb-
anon, Israel and Southeastern Bulgaria (Valev 1973;
Browicz 1982). The E. trilobatus' locality in Bulgaria is
in the far north part of the species area of distribution
and far out of its ecological optimum and consequent-
ly, its reproductive functions are embarrassed.

Eriolobus trilobatus is a plant with high conserva-
tion status in Bulgaria and abroad. It was included in
the Red Book of Bulgaria under category "threatened
to extinction" (Marinov 1984). It is protected by the
Law on Biological Diversity of Bulgaria (2002). The
index of species threatening (Itr) is 122 which refers
to the critically threatened species of the Bulgarian
flora (Peev 1981). The species has been included in
the Greek Plant Red Data Book in category "vulnera-
ble" (Christensen 1995). Its distribution in Greece was
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studied by Browicz (1982), who determined 2 basic
localities: 13-18 km along the Loutros-Pesani road,
and 4 km SE of Mesti site. Eriolobus trilobatus is one of
the rarest tree species of the European flora.

The first individual of E. trilobatus in Bulgaria was
found in the area of Likana in May 25, 1955 (Stojanov
& al. 1955). The authors mentioned that the locality
found is about 70 km apart the localities of this spe-
cies in West Thrace found by Dingler (the same au-
thor classified it as M. trilobata var. rumelica (Dingler)
Schneid.).

Eriolobus trilobatus is exceptional drought-re-
sistant tree species with abundant annual fructifica-
tion. The discovery of this species in Bulgaria recom-
mends its propagation for using as ornamental and
fruit species in the most southern and arid regions
of Bulgaria.

The aim of this study was to describe morpho-
logical peculiarities of fruits and seeds of E. triloba-
tus from two localities in Rhodopes Mts (Eastern) — in
Bulgaria and Northern Greece.

Material and methods

The studied material was collected from two crops -
2002 and 2003, in localities in Bulgaria and Greece.

The locality in Bulgaria is in the area of Likana be-
tween the villages Svirachi and Belopolyane 6-7 km
from the town Ivaylovgrad. It consists of 2 trees grow-
ing 1000 m between each other. There used to be a third
tree which was destroyed during the road's construc-
tion. The trees are found in open places next to agri-
cultural land. Other woody species growing in the lo-
cality are: Quercus pubescens Willd., Phillyrea latifolia
L., Carpinus orientalis Mill., Juniperus oxycedrus L.,
Coronilla emerus L., Cornus mas L.

The locality in Greece is in the region of Dadia vil-
lage (Northern Greece). It consists of about 15 individ-
uals situated singly and rarely in small
groups of 2-3 or more trees. The dis-

The following parameters have been studied: fruit
length and diameter; fruit stalk length; number of
seeds in a single fruit; mass of a single fruit; seed length,
width and thickness; mass of 1000 seeds; number of
seeds in 1 kg; seed yield. Minimum 25 fruits and seeds
of every locality and crop have been measured. The
data were processed statistically. The relationships be-
tween fruit size and seed number in a single fruit were
tested by mean of correlation and simple regression
analysis.

Results and discussion

The results of the fruit length and diameter of fruits
(Table 1) determine that the largest fruits originated
from locality in Bulgaria crop 2003 - a mean length
22.6 mm and a mean diameter 23.9 mm. They were
also the heaviest — the mean mass of a single fruit was
9.66 g. Similar values were obtained for the fruits from
the locality in Greece crop 2002 - mean length 21.2
mm and mean diameter 24.7 mm. The data of the fruit
diameter approximately concord to the values report-
ed by other authors (Huxley 1992), where the lowest
values were about 20 mm. The smallest fruits were
measured in the locality in Greece crop 2003 - mean
length 17.1 mm and mean diameter 17.6 mm.

Each fruit had a fruit stalk with the length from
25.6 to 33.5 mm (Table 1). No relationship was found
between the length of fruit stalk and fruit length. For
example, the small fruits of the Bulgarian locality crop
2002 had the longest fruit stalk — 33.5 mm, while the
fruits of the same locality crop 2003 were the longest —
22.6 mm, but with the shortest fruit stalks - 25.6 mm.

In Table 2 the number of seeds in a single fruit is
presented. A high percentage of seedless fruits and
fruits with one seed were observed in the Bulgarian
locality. The average number of seeds in a single fruit
was more than 1 only in crop 2003. In the Greek local-

Table 1. Fruit characteristics of E. trilobatus.

tances between the trees and groups are . Length (mm) | Diameter (mm) | Fruitstalk (mm) |  Average
Locality/ i i i mass of 1 fruit

from 50 to 200 m. The individuals were  |Crop Mean |Min Max| Mean |MinMax| Mean |Min|Max

. . +s.e. +s.e. +s.e. ts.e (g)
found near the road Loitsos—Pesani in Bulgaria
open coppice forests md}ldmg mostly o2 [18:620.15] 13 | 25 [21.420.23] 14 | 30 [33.520.50] 14 | 50 | 6372016
Quercus pubescens, Q. frainetto Ten., Q. [2003  [22.6x039] 17 | 28 |23.920.54] 19 [38.525.6£0.89] 14 | 42 | 9.66:+0.16
coccifera L., Fraxinus ornus L., Arbutus  |Greece
unedo L., A. andrachne L., Phillyrea 2002 |21.2+0.14 16 | 29 [24.7+0.16| 17 | 32 [33.1£0.60| 15 | 60 | 8.14+0.16
latifolia L., Paliurus spina-christi Mill. ~ [2003  [17.1+0.20] 14 | 21 |17.6+0.21| 13 | 21 [29.5+0.66| 15 | 46 | 4.38+0.57

and other species.

Legend: s.e.- standard error.
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Table 2. Number of seeds in a single fruit.

pointed of both ends. One side of seed

Bulgaria Greece Iv straight and the oth

Locality/ Crop 2002 2003 2002 2003 was nearly straight and the other was

Number| % |Number| % |Number| % |Number| % round, slightly domed. Some seeds were

3-sided. The seeds were red-brown to

Fruitless 208 71.6 122 27.6 140 12.7 10 3.6 dark red_brown in Colour' Some Seeds

Fru%t w%th abortive seeds 25 5.6 21 1.9 0.0 were lighter red-brown with light or-

Fruit with 1 seed 73 | 25.1 235 53.1 443 | 40.2 74 27.0 ange hues, llghtly glOSSY. The data pre-
Fruit with 2 seeds 8 2.7 47 10.6 254 | 23.0 92 33.6 el e .

— sented similarity in size of seeds from
Fruit with 3 seeds 0.3 12 270 133 | 12.0 40 14.6 he both 1 liti d Table 3
Fruit with 4 seeds T [ 02 & | 61] 27 | 99| theboth localities and crops (Table 3).
Fruit with 5 seeds 1] 03 1 | 02| 26| 24] 19 | 69| The seedsfrom the Bulgarian locality
Fruit with 6 seeds 31 12 7 | 26| crop 2003 were a bit larger than those
Fruit with 7 seeds 4| 04 15| from the Greek locality crop 2002.
Fruit with 9 seeds 1] 01 04| The mass of 1000 seeds corresponded
Total fruits 291 (1000 | 443 [1000] 1102 [1000] 274 1000| to the size of the seeds. It was the big-
Total seeds 97 698 1863 660 gest — 47.07 g in the case of the biggest
Average number of 0.33 L5 1.69 24 seeds, and the smallest - 28.53 g in the
seeds in a single fruit

ity the seedless fruits were considerably fewer (from
3.6 % to 12.7 %); there have been fruits with different
number of seeds reaching 9. The average number of
seeds in a single fruit in both crops increased and even
exceeded 2. These results showed that in the Bulgar-
ian locality there are serious problems with pollina-
tion and development of seeds, because of the trees
remoteness. The nearer distance between the individ-
uals in the Greek locality is a prerequisite for success-
ful fructification. The parthenocarpy is slightly pre-
sented.

No statistically significant relationship between
the length of fruit and the number of seeds in a single
fruit was found. Consequently the number of seeds in
a single fruit did not depend on the size of fruit, but on
the fructification and especially on the pollination.

The seeds of E. trilobatus are similar in shape and
size to the seeds of Malus sylvestris L. No considerable
differences in shape and colour of seeds in both locali-
ties and crops were found. They were prolonged ovate,

Table 3. Seed characteristics of E. trilobatus.

case of the smallest seeds. The number
of seeds in 1 kg did not depend on their mass, because
the highest number of seeds in 1 kg had been estab-
lished in the case of the smallest and lightest seeds.
Seed yield was too small especially in Bulgarian local-
ity - only 0.26 %-0.38 %. The values of this parameter
in the Greek locality were a bit higher and got near or
exceeded 1 %-0.86 % for crop 2002 and 1.25 % for crop
2003. The low values of the seed yield in E. trilobatus
can be explained by the small number of seeds hav-
ing small size and mass and situated in comparatively
fleshy and heavy fruit. Seed yield in other species from
genus Malus is low too, for example in M. sylvestris —
from 0.8% to 1.5% and in M. pumila Mill. - 0.75 %
(Milev & al. 2004).

Conclusions

The fruits from the Bulgarian locality crop 2003 had
the largest sizes.

No relationship between the length of fruit stalk
and fruit length was found.
The highest percentage of

' Seeds Olf"lﬁ)sgo 1:;‘;‘;’5; 3:’:& seedless fruits was established
]éocahty/ Length (mm) Width (mm) Thickness (mm) seeds |inlkg|(%)| in the Bulgarian locality. This
rop Mean |Min|Max| Mean+ |[Min| Max| Mean |Min|Max ) .
+s.e se. e shows that E. trilobatus has se-
Bulgaria rious problems with pollination
2002 [6.440.06 454006 4 | 5 [23+002] 2 | 28| 3542 | 28232 [026| and development of seeds, be-
2003 7.2+0.09 5.0+0.12| 4 | 9 [2.5+0.05|2.1| 4.8 | 47.07 | 21245 |0.38 cause of the tree remoteness.
Greece Statistically significant rela-
2002 6.7+£0.07| 5.5 | 7.5 [4.6£0.05| 3 5 [2.5£0.03|1.7 | 2.8 37.11 26947 | 0.86 tionship between the length of
2003 6.2+0.07( 5 7 13.9+£0.05| 3 5 12.1£0.03{ 1.6 | 2.8 28.53 35050 | 1.25 fruit and number of seeds in a

Legend: s.e. - standard error.

single fruit was not found.
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There was a similarity in size of seeds from both lo-
calities and crops.

The seed yield was a bit higher in the Greek lo-
cality.

Further studies of seed propagation and cultiva-
tion in the southern and arid regions of Bulgaria have
to be carried out.
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Abstract.

Variations in quantitative vessel element characters of the wood of Cerasus avium were investigated in

relation to altitude and tree-ring width. According to multiple regression analysis using altitude and tree-ring
width as independent variables, significant correlations were obtained at the 0.001 level for vessel density and
vulnerability ratio, at the 0.01 level for mesomorphy ratio, and at the 0.05 level for vessel tangential diameter
and element length. The number of vessels per group does not show any correlation with independent
variables. Non-anatomical factors (altitude and tree-ring width) explain 25.4-50.1% of variation for

dependent variables.
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Introduction

Cerasus avium (L.) Moench is one of the native taxa
in Turkey; it is distributed from sea level up to 1600 m
alt. in deciduous forests of Euxine province (Browicz
1972). Euxine province, one of the two sub-provinc-
es of Euro-Siberian Region, lies between Melet Riv-
er in Ordu and Istranca Mt in Kirklareli along Black
Sea Region of Turkey (Yaltirik & Efe 1989) (Fig. 1).
In general, there is a humid climate type in this sub-
province (Ering 1996).

The basic and detailed studies in relation to ec-
ological wood anatomy were carried out by differ-
ent researchers (Carlquist 1966, 1975, 1977a, b, 1980;
Baas 1973, 1976; Van der Graaff & Baas 1974; Baas
& al. 1983; Carlquist & Hoekman 1985; Fahn & al.

Fig. 1. Euxine province between arrows, and localities of wild
cherry trees sampled in this province of Turkey (e).

1986). In recent years, many studies have been real-
ized on this subject in different regions of the world
(Zhang & al. 1992; Lindorf 1994, 1997; Noshiro & al.
1994, 1995; Noshiro & Suzuki 1995; Villar-Salvador
& al. 1997; Mauseth 1999; Alves & Angyalossy-Al-
fonso 2000, 2002; Cooper & Cass 2001). Most of the
studies mentioned above indicated some ecological
trends in vessel element characters. It has been ex-
plained by Carlquist (1975) and examined by Baas
(1976) in detail that anatomical diversity in wood is a
function of selective pressures of environmental con-
ditions such as water availability, temperature, etc.
Two ratios based on vessel diameter, vessel density
and vessel element length were formulated by Car-
lquist (1977b) and Carlquist & DeBuhr (1977) for
ecological interpretation in wood anatomy: vulner-
ability (mean vessel diameter divided by mean ves-
sel density) and mesomorphy (vulnerability multi-
plied by vessel element length). In his book, entitled
"Comparative Wood Anatomy", Carlquist (1988)
evaluated the significance of vulnerability and meso-
morphy equations as compared to Hagen-Poiseuille
equation in detail.

As for Turkey, there are a small number of studies
related to ecological wood anatomy. At first, Yaltirik
(1968) studied anatomical characteristics of Turk-
ish maples wood with relation to the humidity of
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the sites. Sanl1 (1977) examined anatomical features
of beech woods related to altitude in the different
regions of Turkey. After then, some studies men-
tioning the relationships between wood anatomi-
cal characters and ecology have been carried out in
Turkey (Gergek & al. 1998; Merev & Yavuz 2000;
Yaman 2002; Serdar 2003). Because there have been
a great variety of woody taxa and their habitats in
Turkey, and a small number of these taxa have been
studied so far in relation to ecological wood anato-
my, Turkey has an important potential for this re-
search area.

In the present study, the wood of C. avium was se-
lected as research material because its altitudinal range
in Euxine province is enough to investigate altitudinal
trends. The variations in quantitative vessel element
characters, vulnerability and mesomorphy ratios of
the wood of this species were examined in relation to
altitude and tree-ring width.

Material and methods

mined from macerated materials and measured from
tip to tip (including the element tails). For quantifi-
cation of vessel grouping, the method proposed by
Carlquist (1988) was used. Twenty-five measure-
ments were performed for the mean of each quanti-
tative anatomical character.

In addition, increment core was extracted by us-
ing increment borer from breast height of trunk for
each sample tree. Tree-ring widths belonging to last
ten years were measured on the increment cores, and
later their mean was calculated for each tree. Data
gathered on altitude, tree-ring width, selected ana-
tomical characters, vulnerability and mesomorphy
ratios were analysed by correlation and multiple re-
gression methods in the SPSS 9.0 program. In the
multiple regression analysis, altitude and tree-ring
width were considered as independent variables, and
the selected wood anatomical characters, vulnerabil-
ity and mesomorphy ratios were used as dependent
variables.

Table 1. Some information for the localities of the selected sample trees of C.

The mature wood specimens were ex-

avium in Euxine province of Turkey.

tracted from 24 wild cherry trees locat-  RFD FE FID CST LFCN ALT  EXP DT
ed at different altitudes of Euxine sub-  Giresun Ordu  Merkez GOM Kursuncali 980  North  19.06.2001
province (Table 1) During sampling’ the Giresun Unye Merkez GUM Cataltepe 180 North  20.06.2001
trees with even-aged (about 50 years old) Amasya Samsun  Ayvacik ASA  Senpinar 210 Northwest 20.06.2001
were preferre d for minimizing the effect Sinop Ayar%c1k Goldag.1 SAG Cinarduzu 580 Northwest 21.06.2001

. Zonguldak  Yenice  Kavakli ZYKI1A 4 410  North  10.08.2000
of tree stem diameter and age on quan- ] ]

L. i Zonguldak  Yenice  Kavakli ZYKIB 4 410  North  10.08.2000
titative anaton?lcal characters of wood. Zonguldak  Yenice  Kavakli ZYK2 21 790  North  10.08.2000
The wood specimens were extracted from Zonguldak  Yenice  Kavakli ZYK3A 28 1350 Northeast 10.08.2000
the same side (north) at breast height of  zonguldak  Yenice  Kavakli ZYK3B 28 1350 Northeast 10.08.2000
trunks and later they were given shape  Zonguldak  Ulus ~ Drahna ZUD1 Nunderesi 890 Northeast 18.09.2000
to cubic. Prior to sectioning, the cubic-  Zonguldak ~ Ulus ~ Drahna ZUD2 Nunderesi 1070 Northeast 18.09.2000
shaped woods were boiled, and later they Zonguldak  Bartin  Yenihan ZBY1 Kirazlik 480 Northeast 04.10.2000
were put in the solution of "glycerine— Zonguldak  Bartin  Yenihan ZBY2 Kirazlik 480 Northeast 04.10.2000
water—ethyl alcohol” during several days Zonguldak Dirgine Kozdere ZDK  Elemen 1150 North  01.09.2001
for softening. After these procedures, the Bolu Akcakoca Altincay BAAl1 Altincay 280  North  06.10.2000
transverse, tangential and radial sections Bolu Akcakoca Altincay BAA2  Altincay 320 Northeast 06.10.2000

’ . Bolu Akcakoca Altincay BAA3  Altincay 340 Northeast 06.10.2000
were taken from cubic-shaped woods by ), Duzce  Cicekli BDCI  Yanik 940 Northwest 04.10.2001
using a Euromex sliding microtome. For ), Duzce  Cicekli BDC2  Yanik 940 Northwest 04.10.2001
preparation of wood sections and macer-  Bolu Duzce  Merkez BDM  Merkez 220  North  04.10.2001
ations, standard procedures were applied = Adapazari  Izmit  Dilovasi AID  Radar 480  North  03.10.2001
(Yaltirtk 1971). Vessel diameter, vessel  Istanbul  Demirkoy Macara IDM  Pirgoplu 180 Northeast 28.06.2001
density (the number of vessels per mmz) Istanbul ~ Demirkoy Kadinkule IDKI1 Kadinkule 650  North  29.06.2001
and the number of vessels per group were Istanbul ~ Demirkoy Kadinkule IDK2  Velika 470  North  29.06.2001

determined in transverse sections. Ves-
sel diameter was measured based on lu-
men. Vessel element length was deter-

Abbreviations: RFD - Regional forest directorate; FE — Forest enterprise; FTD -
Forest territorial division; CST - Code of sample tree; LFCN - Locality or forest
compartment number; ALT - Altitude; EXP - Exposure; DT - Date of obtaining of
wood specimen.
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Results

Cerasus avium has a wood with semi-ring porous;
however, it tends to diffuse porous in narrower
rings. Tree-rings are distinct because of size differ-
ences in vessel diameter between latewood and ear-
lywood in successive tree-rings, and flattened fibres
at the end of latewood. Mean vessel tangential di-
ameter is 53.61 pm (range 47.19-63.15 um). Ves-
sel density shows a range from 80.70 to 159.65; and
its mean is 125.01. Mean vessel element length is
399.65 pum (range 346-448.40 um). The number of
vessels per group ranges from 1.34 to 2.01 on aver-
age, and its mean is 1.67. Vessels are solitary, or in
radial multiples or clusters. Solitary vessels are oval
to round, and grouped ones are almost angular in
outline. There are well-developed helical thicken-
ings on vessel wall, and vessel elements have simple
perforation plates.

The means of vulnerability and mesomorphy ra-
tios for C. avium are respectively 0.4458 and 178.08
in Euxine province. Vulnerability and mesomor-
phy ratios, and the quantitative data belonging to
selected anatomical characters are given separately
for each sample tree in Table 2. According to Pear-
son correlation analysis (Table 3), the correlation
between two non-anatomical features (altitude and
tree-ring width) is not statistically significant. How-
ever, vessel tangential diameter and vessel density
show a significant correlation with altitude (corre-
lation coefficients —-0.514 and 0.463, respectively).
There is no significant correlation between altitude
and other two selected anatomical characters. In
other words, while decreasing vessel diameter of C.
avium wood from low to high altitudes in Euxine
province, vessel density increases; however, there is
not any significant relationship between vessel ele-
ment length, the number of vessels per group and
altitude. While only vessel density has a significant
correlation with tree-ring width, other three ana-
tomical characters do not show a relationship with
this non-anatomical feature. The ratios of vulner-
ability and mesomorphy based on vessel diameter,
vessel density and element length have significant
correlations with both altitude and tree-ring width.
In other words, vulnerability and mesomorphy ra-
tios estimated for C. avium decrease from low to
high altitude, and increase from narrow tree-rings
to wider ones.
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Table 2. Non-anatomical and selected anatomical characters of
C. avium wood.

CST  ALT TRW VID VMM’ VEL VGR VUL MESO
(m) (mm) (um) (um)
GUM 180 524 59.69 80.70 39520 134 0.7396 292.29
IDM 180 1.95 5437 151.70 41640 1.67 03584 149.23
ASA 210 447 53.59 10640 408.40 1.63 0.5036 205.68
BDM 220 6.1 5149 83.15 346.00 1.62 0.6192 214.24
BAAL 280 5.47 5232 12670 44640 1.75 04129 18434
BAA2 320 878 63.15 97.20 42440 1.70 0.6497 275.73
BAA3 340 3.0l 55.66 128.75 40520 1.87 04323 175.17
ZYKIA 410 275 5543 129.30 43120 1.85 0.4287 184.85
ZYKIB 410 249 5450 134.20 44520 1.63 0.4061 180.78
IDK2 470 428 54.93 134.80 394.00 1.70 0.4075 160.54
ZBYl 480 2.89 53.99 112.40 374.40 1.58 0.4803 179.84
ZBY2 480 3.01 53.76 119.20 448.40 158 0.4510 202.23
AID 480 130 51.92 14235 403.60 1.64 0.3647 147.19
SAG 580 7.41 48.38 101.00 346.80 1.41 04790 166.10
IDKI 650 059 54.11 154.60 403.20 1.73 0.3500 141.12
ZYK2 790 336 55.86 148.20 407.20 196 0.3769 153.48
ZUD1 890 120 54.70 109.25 430.80 1.70 0.5007 215.70
BDCI 940 7.50 54.27 107.60 363.60 1.72 0.5044 183.39
BDC2 940 195 52.04 118.20 420.80 1.52 0.4403 18527
GOM 980 1.59 54.63 120.80 394.40 1.70 0.4522 17835
ZUD2 1070 2.08 48.00 145.60 361.60 1.63 0.3296 119.20
ZDK 1150 3.64 52.10 134.00 364.00 1.56 0.3888 141.51
ZYK3B 1350 3.54 50.60 154.60 404.80 1.70 0.3273 132.49
ZYK3A 1350 2.88 47.19 159.65 355.60 2.01 0.2956 105.10
MEAN 3.64 53.61 12501 399.65 1.67 0.4458 178.08
S.D. 214 342 2230 3128 0.15 0.1055 43.36

Abbreviations: CST - Code of sample tree; ALT - Altitude;
TRW - Tree-ring width; VTD - Vessel tangential diameter;
VMM’ - Vessel density (the number of vessels per mm’); VEL -
Vessel element length; VGR - The number of vessels per group;
VUL - Vulnerability ratio; MESO - Mesomorphy ratio; S.D. -
Standard deviation.

Table 3. Correlations of non-anatomical and selected wood
anatomical characters, vulnerability and mesomorphy ratios of
C. avium.

ALT TRW VID VMM’ VEL VGR VUL MESO

ALT  1.000

TRW -0.260 1.000

VID -0514 0.254 1.000

VMM’ 0.463° -0.609" -0.396 1.000

VEL -0341 -0270 0.475 0.114 1.000

VGR 0253 -0.207 -0.040 0.575 0.124 1.000

VUL -0.5207 0.599" 0.619” -0.939" -0.025 -0.501" 1.000
MESO -0.584" 0.484° 0.754" -0.851"" 0.302 -0.427" 0.943"1.000

** = significant at the 0.001 level; ** = significant at the 0.01 level;
* = significant at the 0.05 level.
Abbreviations: as in Table 2.
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In addition, the selected quantitative anatomi-
cal features, vulnerability and mesomorphy ratios
have also correlations with one another. Vessel tan-
gential diameter is positively correlated with vessel
element length, vulnerability and mesomorphy ra-
tios. Vessel density is positively correlated with the
number of vessels per group, and negatively cor-
related with vulnerability and mesomorphy ratios.
Besides, the number of vessels per group shows a
negative correlation with vulnerability and meso-
morphy ratios.

According to the multiple regression analysis
using altitude and tree-ring width as independent
variables, significant correlations were obtained
at the 0.001 level for vessel density and vulnera-
bility ratio, at the 0.01 level for mesomorphy ratio,
and at the 0.05 level for vessel tangential diameter
and element length (Table 4). The number of ves-
sels per group does not show any correlation with
independent variables. Determination coefficients
(R?) are 0.254-0.501 for significant dependent vari-

Table 4. Multiple regression analysis of selected anatomical
characters, vulnerability, and mesomorphy ratios.

DV R R’ F-ratio Partial Regression Standardized
Coefficient Regression

Coefficient

Constant ALT TRW ALT TRW

VID 0.529 0.280 4.077  55.667 -0.0044" 0.2060 -0.481 0.129
VMM’ 0.686 0.470 9309 132452 0.0196 -5.4460 0.327 -0.524
VEL  0.504 0.254 3.570° 443.567 -0.0372" -5.6030 -0.440 -0.384
VGR  0.293 0.086 0983  1.659  0.0000 -0.0107 0.214 -0.152
VUL 0.708 0.501 10536 0.427 -0.0001" 0.0244" -0.390 0.498
MESO 0.678 0.460 8930 188.077 -0.0575 7.2140° -0.491 0.357

0 = significant at the 0.001 level; ** = significant at the 0.01 level;

* = significant at the 0.05 level.

Abbreviations: DV - Dependent variables; R - Multiple correlation
coefficient; R” - Coefficient of determination; other abbreviations as in
Table 2.

ables. In other words, non-anatomical factors (ALT
and TRW) explain 25.4-50.1 % of total variation for
significant dependent variables. For altitude, stand-
ardized regression coefficients are significant at the

180 0.01 level for mesomorphy ratio, and at the 0.05
160 1—% * S level for vessel tangential diameter, vessel element
> 140 A.‘\Q.QO\’ . length and vulnerability ratio. For tree-ring width,
g zg PRAEE 4 .\%’_ they are significant at the 0.01 level for vessel den-
a 80 -~ e sity and vulnerability ratio, and at the 0.05 level for
@ 60 i mesomorphy ratio. The greatest standardized re-
S 40 gression coefficients between dependent variables
20 and non-anatomical factors are -0.524 for vessel
0 density, 0.498 for vulnerability and -0.491 for me-
0 2 4 6 8 10| somorphy. Change in the values of these depend-
Tree-Ring Width ent variables in respect to independent variables is
plotted in Figs 2-4.
Fig. 2. Trend between vessel density and tree-ring width.
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Fig. 3. Trend between vulnerability ratio and tree-ring width.

Fig. 4. Trend between mesomorphy ratio and altitude.
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Discussion

Wood anatomy of Rosaceae family in China was stud-
ied by Zhang and Baas (1992), and wood structure of
this family in relation to ecology, habit and phenolo-
gy was evaluated in details by Zhang & al. (1992). In
these articles, there were also one variety and four dif-
ferent samples of C. avium among the Rosaceae spe-
cies studied. The mean values of some quantitative ves-
sel characters in the woods of four different specimens
of C. avium in China are 48-55 um for vessel tangen-
tial diameter, 90-176 vessels per mm” for vessel den-
sity and 300-390 um for vessel element length. The
mean values in wood of C. avium var. decumana for the
aforementioned vessel characters were 50 pum, 220 ves-
sels per mm?, and 390 um, respectively (Zhang & Baas
1992). As for Turkish C. avium examined in the present
study, the mean values are 53.61 pum for vessel tangen-
tial diameter, 125.01 for vessel density and 399.65 um
for vessel element length. According to JAWA Commit-
tee (1989), it may be classified as number 41 for vessel
tangential diameter, number 50 for vessel density and
number 53 for vessel element length.

Altitude has a significant effect on vessel tangential
diameter, vessel element length, mesomorphy and vul-
nerability ratios of C. avium wood. While vessel tan-
gential diameter and vessel element length tend to de-
crease with increasing of altitude in Euxine province,
vulnerability and mesomorphy ratios tend to be low-
er values. Carlquist (1977b) introduced the concept of
vulnerability to wood anatomists with regard to embo-
lism of secondary xylem. Very narrow vessel diameter
corresponds with low vulnerability values (<1), which
reflect high conductive safety, while high vulnerability
values (>3) are indicative of taxa having high conduc-
tive efficiency. The mean vulnerability value of C. avi-
um in Euxine province is 0.4458. According to this vul-
nerability value, it can be explained that the wood of
C. avium in this province shows high conductive safe-
ty. Furthermore, helical thickenings on vessel wall of C.
avium may be considered as a feature raising conduc-
tive safety. Carlquist (1988) pointed out that the cor-
relation between some quantitative vessel element fea-
tures and altitude should be connected with factors of
water availability and temperature, since altitude is not
an ecological factor in itself. In Euxine province, while
annual precipitation increases from sea level up to high
altitude, mean annual temperature decreases. Among
localities of sample trees, the amount of annual precip-

itation ranges from 764.30 mm up to 1583 mm, and
mean annual temperature has a range between 7.15°C
and 13.48°C (Yaman 2002). In spite of enough precipi-
tation in Euxine province (humid climate), low temper-
atures may limit growth of trees at high elevation. Low
temperatures at high elevations affect the viscosity of
water both in soil and in stem (Cepel 1993), thus taking
water up from soil and transport of water in secondary
xylem may be negatively affected. The change in quan-
titative characters of vessel elements in C. avium asso-
ciated with changing temperature along altitudinal gra-
dients was consistent with the hypothesis of Roderick
& Berry (2001). These authors pointed out that the ef-
fect of temperature on the viscosity of water will affect
vessel size and / or number and therefore wood density.
Recently, the physiological link between water viscosi-
ty and wood anatomy was examined in Eucalyptus ca-
maldulensis by Thomas & al. (2004). Carlquist (1988)
indicated that narrower vessel diameter and short-
er vessel element length are related to conductive safe-
ty. Becoming narrower of vessel diameter and shorter
of vessel element length of C. avium wood growing in
high altitudes can be explained as an indication of con-
ductive safety. Decreasing of mesomorphy value from
low up to high altitudes shows that high elevations in
Euxine province (despite not xeric sites) cause a xero-
morphic effect on the wood of C. avium because of the
low temperature. Mean mesomorphy value of C. avi-
um in this province is 178.08. In general, this species
in Euxine province is mesomorphic with respect to its
wood anatomy; however, it tends to have xeromorphic
wood features (narrower vessel diameter and shorter
vessel element length) at high altitudes of this province
as if it is in xeric site. As known, it was indicated that
low values of mesomorphy ratio (<100) show xeromor-
phy, and its high values show mesomorphy with respect
to wood anatomy (Carlquist 1977b).

There is not a significant correlation between al-
titude and tree-ring width in this research; however,
tree-rings width significantly affects vessel density,
vulnerability and mesomorphy ratios. Vessel density
increases with narrowing of tree-rings in the wood of
C. avium in Euxine province. This may be explained
as the high altitudinal conditions that cause the nar-
rowing of tree-rings also cause increase in vessel den-
sity. Positive correlations between vulnerability, mes-
omorphy and tree-ring width seem to be quite logical
results when environmental conditions causing the
narrowing of tree-ring are considered.
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The comparative floral structure of Brexia,
Parnassia and some Celastraceae
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Abstract.

The last molecular data have shown the existence of close relationship between Brexia, Parnassia and

Celastraceae family, so the floral structure of these taxa, demonstrating the definite characters of likeness,
is necessary to be examined. In spite of essential differentiating features of the habit of these plants, their
flowers contain similar structures — nectaries-staminodes in Brexia and Parnassia, and nectarous disk in
Celastraceae. Nectarous glandules in Parnassia flower are arranged on ends of the stem-like structures
nested on petal-like platforms between stamens; secretory tissue in Brexia flower — on thread-like structures
between stamens. Nectarous disk in Celastraceae flowers is a formation of complex morphological nature. It
is formed in result of a blending of stamen bases, sepals and petals. This peculiarity places the Celastraceae
family rather isolated. A building of detailed studies in floral development of these taxa is necessary.

Key words:

Brexia, Celastraceae, floral structure, nectarous disk, Parnassia, relationship, staminodes

Introduction

Many years ago the botanists began to study the flo-
ral structure in many taxa of flowering plants. The
floral structure characters are basic in current sys-
tems, although similar investigations for many taxa
of Rosidae are not conducted yet (Matthews & En-
dress 2005a). To such non-investigated groups be-
long Brexiaceae, Celastraceae and Parnassiaceae
families.

One of the first descriptions and illustrations of
Brexia and Parnassia genera in comparison aspect
belongs to Engler (1891). He included these taxa
in Saxifragaceae family. The interest to these gen-
era was stimulated by works of Arber (1913), Perri-
er de la Bathie (1942), Croizat (1947), and especial-
ly Bensel & Palser (1975a, b). Since many authors
have begun to consider Brexia and Parnassia genera
relating to Celastraceae family (Simmons 2004a, b),
although final solution of the question is not adopt-
ed yet. In recent time, the system of Magnoliophyta
has undergone a radical revision due to new molec-
ular data (APG 2003). In particular, taxonomic rela-
tionships of the Brexia and Parnassia genera among
Saxifragales or Celastrales orders are revised (Mor-

gan & Soltis 1993), and now they are included in
the Celastraceae family (Zhang & Simmons 2006).
So, a necessity for further investigation of the floral
structure and development in many taxa of Saxifra-
gales and Celastrales orders exists, because greatest
successes are achieved in molecular-genetic mech-
anisms of structural diversity of flowers (Tikhode-
yev 2001), and floral morphogenesis is a convenient
model for genes' expression studies. It is hoped that
we will be able to throw over the necessary bridge
between molecular and traditional systematic data.

Material and methods

Floral buds and flowers of Brexia were collected
from living plant in the greenhouse of the Komar-
ov's Botanical Institute (St.-Petersburg). Flowers of
different species of Parnassia were received from
the Herbaria of Main Botanical Garden (MHA),
Moscow State University (MW) and Komarov's Bo-
tanical Institute (LE). The inflorescences and flo-
ral structure of some Celastraceae were examined
on the basis of the living plant collection in Arbo-
retum of MBG in Moscow and Arboretum of KBI
in St.-Petersburg (Table 1). Plant material was fixed
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and stored in 70 % ethanol. In the present work,
were used the traditional methods of the morpho-
logical and anatomical studies, namely the binoc-
ular and light microscope MBB-1. Photographs
were made using a digital camera "Sony Cyber-Shot

DSC W-1".
Table 1. Taxa used in this investigation.
EE 5
Taxa names ; % §
I
=]
Brexia madagascariensis Thouars ex Ker Gawl. + + Greenhouse of KBI
Parnassia bifolia Nekr. + LE
P, cabulica Planch. ex C.B. Clarke + MW
P, californica (A. Gray) Greene + MHA
P chinensis Franch. + LE
P, crassifolia Franch. + LE
P, davidi Franch. + LE
P delavayi Franch. + LE
P. dilatata Hand.-Mazz. + MHA, LE
P, faberi Oliv. + LE
P, filchneri Ulbr. + LE
P fimbriata Banks + MHA
P, foliosa Hook. f. & Thoms +  MHA, MW, LE
P, gansuensis T.C. Ku + MHA
P glauca Raf. + MHA
P kotzebuei Cham. ex Spreng. + MHA
P laxmanni Pall. + LE
P lutea Batal. + LE
P mucronata Siebold & Zucc. + LE
P. monochorifolia Franch. + LE
P. montanensis Fernald & Rydb. + MHA
P, mysorensis Heyne ex Wall. + LE
P, nubicula Wall. + MHA
P, nummularia Maxim. + LE
P, oreophila Hance + MHA, LE
P palustris L.s.1. + + MHA MW,LE,
in nature
P, parviflora DC. + MHA
P scaposa Mattf. + LE
P setchuensis Franch. + LE
P, wightiana Will. + LE
Celastrus orbiculata Thunb. + + Arboretum of MBG
Euonymus europaea L. + + Arboretum of MBG
E. miniata Tolm. + + Arboretum of KBI
E. verrucosa Scop. + + Arboretum of BIN
Tripterygium regelii Sprague & Takeda + + Arboretum of MBG

Abbreviations: KBI - Komarov Botanical Institute, St.-Petersburg;
MBG - Main Botanical Garden, Moscow; BIN - Botanical

Garden of Komarov Botanical Institute, St.-Petersburg (KBI); LE -
herbarium in Komarov Botanical Institute; MW - herbarium of
Moscow State University; MHA - herbarium of Main Botanical

Garden, Moscow.

Results

Floral morphology of Brexia madagascariensis
(Figs 1,2)

The flowers of Brexia are disposed in axial dichasial in-
florescences (simple, many-membered and umbellate),
rather large (diameter 25-30 mm), actinomorphic and
bisexual, 5-merous, widely-glassed in shape, on rela-
tively long pedicels (about 7 mm). The torus of flower
is short and planed. Calyx is with five fused sepals; each
sepal is truncate-oviform. Corolla consists of five free,
widely-oval petals. The flower consists of five free sta-
mens, at one cycle with five thread-like (filamentous)
staminodes. Between the bases of two neighbouring
stamens the nectaries form specific thread-like struc-

Fig. 2. Flower of B. madagascariensis (Foto G.D. Carr from:
http://www. botany/hawaii/edu/faculty/carr/images/bre_mad.jpg).
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ture, and the number of its appendages is six. Nectar-
ies are each supplied by central vascular traces, as the
stamens and consist of epidermis (almost deprived of
stomas) and many-layered glandular tissue. Secretion
of nectar is realized on the whole surface of the nectary
across the cuticle of epidermal cells as well as the sto-
mata. The gynoecium is syncarpous, formed by fusion
of 5 carpels. The ovary is upper, 5-border and 5-locular.
The wall of ovary is differentiated on two zones: out-
side phlobafen-content and inner with light parenchy-
mal cells. Each loculus of the ovary comprises 3 anatro-
pous ovules. Style is only one. Stigma is 5-lobed.

Nectaries of Brexia begin to be formed during the
early stages of floral development because in non-ma-
ture dense flower buds such structures are fully formed
(Fig. 3). Nectaries are retained after fertilization in de-
veloping fruit (Fig. 4).

Floral morphology of Parnassia (Fig. 5)

The flowers in Parnassia are rather large, solitary on
scapes (leafless shoots) or on leafy shoots, forming

Fig. 3. Staminodes
in floral bud of
B. madagascariensis (orig.).

Fig. 4. Blooming flower of
B. madagascariensis (orig.).

from the rosette of bottom leaves. The flowers are bi-
sexual, usually actinomorphic or weakly zygomorphic,
5-merous. The perianth is double, calyx is formed by
five free sepals, corolla is represented by five free pet-
als, smooth (P. glauca, P. palustris) or eyelash (P. folio-
sa) at the border. Following range is formed by the five
nectaries-staminodes, alternated with five stamens, dis-
posed in an inner whorl. The gynoecium is syncarpous
at the base, but paracarpous and unilocular above. It is
formed by the fusion of 3-4(5) carpels. The ovary is up-
per or half-inferior.

The staminodes consist of petaloid appendage,
carrying tree or more stem-like structures, and fin-
ishing on their ends by sphere-like formations — nec-
tarous glandules. The foot of the glandule is formed
by strongly stretching cells, and its head - by stretch-
ing cells at the border and by small secretory cells in
the centre. Such structure is retained after fertilization
in order to be fulfilled the important metabolic func-
tions in developing fruit.

Thus, morphological diversity of the flowers in Par-
nassia genus is defined by form and structure of petals
and staminodes. Zygomorphy in the floral structure of
different species is arisen in consequence of the asymme-
try of perianth (especially petals) and gynoecium parts.

Floral morphology of some Celastraceae (Figs 6, 7)

Flowers are actinomorphic, bisexual or (rarely) unisexu-
al, 3-5-merous, generally completed in cymose or (rare-
ly) racemose inflorescences, terminals or axiles (Savinov
2004). Reduction in inflorescences to single flowers is
known in some genera (e.g., Psammomoya). The general
character of flowers in Celastraceae is the nectarous disk
which usually fuses with sepals, petals and ovary base. Its
structure is formed during the fusion of appendicular or-
gans of flower: sepals, petals and stamens.

Fig. 5. Flower
of Parnassia palustris
(Foto A.S. Beer).
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Fig. 6. Flowers of Euonymus europaea (orig.).

Discussion

Floral architecture

Flowers of all studied taxa are actinomorphic, and
they have a radial symmetry. The flowers of Parnassia
are weakly zygomorphic (Martens 1936). It has been
shown that the Parnassia flowers are laying as zygo-
morphic in floral morphogenesis (Pervuchina 1979).
This is unusual character for Brexia and Celastra-
ceae. Flowers of Brexia and Parnassia have some fea-
tures in common with Celastraceae ones, including
general architecture (Fig. 8), forming the staminodial
protuberances between stamens. Brexia typically has
the floral formula *K(5)Cs5A5+5G(5); Parnassia palus-
tris — *KsCsAs5+5G(4); very interesting species from
SE Asia and Australia Corynocarpus laevigata J.R. &
G. Forst. - *K5Cs5A5+5G(1); "typical” Celastraceae -
*K4-5C4-5A3-5G(2-5). So, these taxa are isolated among
others Celastraceae.

The nature of the nectariferous formations

Nectariferous disk of the representatives of Celas-
traceae in structural-functional relation differs very
strongly from nectaries in Brexia and Parnassia. Its
structure is of complex morphological nature, and it
has very diverse forms (whole, lobed, explosive). At
the same time, reduction of the stamens in this case
is not excluded. This has been shown in early litera-
ture (Loesener 1942a, b; Berkeley 1953; Douglas 1957;
Kartashova 1965; Robson 1965).

Fig. 7. Flowers of E. miniata (orig.).

Reduction of androecium and nectaries-staminodes
forming an inner androecial whorl in Parnassia flowers
has been reported in some articles (Arber 1913; Eames
1961; Sharma 1968; Ku 1987). The globiferous fila-
ments of the staminodes are each supplied by separate
vascular traces that have been interpreted as derived
from connected stamen-fascicles (Drude 1875; Arber
1913; Eames 1961; Bensel & Palser 1975a). On the basis
of floral anatomy, Eames (1961) came to the conclusion
that Parnassia does not belong to Saxifragaceae family.
So, such way of reduction took place in Brexia (Fig. 9),
and the structure is very different in other species of
the genus (Schatz & Lowry 2004). Similar unusual for-
mations have been reported in flowers of Corynocar-
pus laevigata (Kartashova 1965; Philipson 1987). Here
we can see specific tongue-like nectaries with petaloid
scales, alternating with stamens. According to Philip-
son (1987), such petaloid scales are equivalent to petals
rather than to staminodes.

So, a petaloid transformation of the stamens is very
usual in flowers of flowering plants. The conclusion
now has confirmed on the basis of investigation of the
teratic flowers and ABC genetic model of floral de-
velopment. Nectaries of Brexia and Parnassia are very
multifunctional organs and well retained in fruits.

Other features

These genera are united by their capsular fruits. Fruit
in Brexia is upper syncarpous many-seeded loculi-
cidal capsule, with 4-5 locules. Unusual characters of
Brexia capsule are the alternated sclerenchymal and
non-sclerenchymal zones in the pericarp (Yembat-
urova & Savinov 2006). Such structure may be dis-
covered in some Celastraceae, for example in Kokoo-
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Fig. 8. Floral diagrams of

B. madagascariensis (a), Parnas-
sia palustris (b), Corynocarpus
laevigata (c) and "typical" Celas-
traceae (d) (orig.).

na, Lophopetalum and Microtropis genera (original
materials). Fruit in Parnassia is many-seeded loc-
ulicidal capsule dehiscent at apex. The fruit type is
common in Celastraceae too. Other features include:
early floral studies (Klopfer 1973); ecology of polli-
nation (Martens 1936; Kozo-Poljanski 1947); embry-
ological characters (Kamelina 1988; Tobe & Raven
1993). Finally, the genus Brexia and many represent-
atives of Celastraceae are trees and shrubs, while dif-
ferent species of Parnassia genus have an herbaceous
habit. However, among the near relatives of Celas-
traceae is fam. Stackhousiaceae with herbaceous hab-
it of its representatives.

Relationships of these taxa

Among close relatives of Celastraceae is Stackhou-
siaceae almost completely including herbal plants.
What may be said now about affinities of Brexia, Par-
nassia and Celastraceae? For example, Croizat (1947)
described the possible evolutionary transition from
flower of the Brexia-type to flower of the Celastraceae-
type. For that he necessarily admits only insignificant
changes in ovary and disk position.

So, in many current systems of the flowering
plants the genera Brexia and Parnassia are considered
as closely related to Celastrales order and Celastrace-
ae family (Takhtajan 1997; Thorne 2000; Shipunov
2005), although this is very unusual in early systems
(e.g., Cronquist 1988). This conclusion now is con-
tirmed by the comparative morphology of the flowers
(Matthews & Endress 2005b).

Conclusions

As a result of the study, the following common features
of Brexia, Parnassia and Celastraceae can be summa-
rized:

1. Syncarpous 4-5-carpellate gynoecium and 5-mer-
ous flower.
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Fig. 9. The structure of androecium in Parnassia (a), Brexia (b)
and some Celastraceae (c) (orig.).

2. Formation of nectariferous structure in the flower
with irregular appendages (unusual only in Celastraceae)
as outer circle of androecium.

3. Nectaries-staminodes and nectarous disk well re-
tained in fruits.

4. Differentiation of androecium in Parnassia and
Brexia flowers is similar. But this character is unusual in
Celastraceae flowers.

Brexia and Parnassia differ from Celastraceae family
by simple, staminodial nature of their nectaries. Nectar-
ous disk in flowers of Celastraceae is formed by the base
of stamens, petals and sepals and it has complex nature.
This conclusion say to us that these taxa are concerned as
isolated among other representatives of the Celastrales.
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Abstract.

The species from the genus Thinopyrum are a rich source of genetic diversity which may be introgressed

into cereals through different techniques. In order to develop intergeneric genetic material as a source for
resistance to biotic and abiotic stress in wheat breeding, intergeneric hybrids of wheat with three species of
Thinopyrum were obtained. The crossability and viability of hybrid seeds, the percentage of hybrid plants
obtained and their fertility were established. The cytological analysis of F1 hybrids was carried out and it
revealed some homoeologic pairing at diakinesis. This shows the possibility for recombinogenesis and alien

introgression into wheat.
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Introduction

The wild relatives of Triticum are important sources
of valuable biological properties for wheat breeding.
Thinopyrum intermedium, Th. junceum and Th. elon-
gatum were most widely used in hybridization with
wheat. Their most important signs are the desease re-
sistance, drought and salt resistance and the high pro-
tein content in the grain. Besides their use for wheat
breeding, the hybrids with these species give impor-
tant cytogenic information regarding the interactions
between the various genomes of Thinopyrum and
those of wheat. The purpose of this paper was to re-
port the production and cytogenetic characteristics of
different hybrids of wheat with Th. intermedium, Th.
junceum and Th. elongatum and of some backcross de-
rivatives.

Material and methods

The Bulgarian cultivars Sredets, Lozen 76, Tseverya-
na and 788 of Triticum durum (2n = 28, AABB) and
Sadovo, Rusalka, Charodeyka of T. aestivum (2n = 42,
AABBDD) were included in the hybridization. The
cultivars Bezostaya, Chinese Spring and Mara were al-
so included in the hybridization, because in these cul-
tivars monosomic lines were created and besides the
cv. Bezostaya is of great economic importance in Bul-
garia. Thinopyrum elongatum, Th. junceum and three

biotypes of Th. intermedium were used as father par-
ents. The problems of the intergeneric hybridization of
wheat with Th. elongatum related to a very low cross-
ability and viability of hybrid seeds and hybrid steril-
ity were overcome by including of already obtained
amphidiploid of wheat with Th. elongatum which was
used as a bridge in the hybridization.

Hybridization was performed by pollination of
previously emasculated and isolated ears under green-
house conditions, while backcross was carried out un-
der field conditions. The cytological analysis was per-
formed on temporary squash preparations stained
with aceto-carmine according to the routine tech-
nique used for the purpose in the laboratory (Belche-
va & Michailova 1991). A variation analysis (Lidanski
1988) and Student's t-test were used for the statistical
data processing.

Results and discussion

Hybrids with Thinopyrum intermedium

A comparatively high degree of crossability of differ-
ent cultivars of T. aestivum with Th. intermedium was
observed (Table 1). The percentage of the obtained
seed-setting varied in different cultivars and depend-
ed on their genotype. The cultivars Rusalka and Be-
zostaya produced the highest percentage of hybrid
seeds, while the cv. Mara produced the lowest one.
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Table 1. Produced and viable hybrid seeds from crosses of
T. aestivum cvs. with Th. intermedium biotypes.

Pollinated florets| Hybrid seeds | Germinated plants

Crosses

No. No. % No. %
CSxTh.int(1) 132 28 |21.21 24 86.67
MxTh.int(1) 218 71380 4| 5714
BxTh.int(1) 492 150 {30.49™ [123 82.00
SxTh.int(1) 562 104 [18.51 96 92.31
RxTh.int(1) 380 151 39.747" 129 85.43
SxTh.int(1) 562 104 {18.51 96 92.31
SxTh.int(2) 384 142 |36.98" 136 95.71
RxTh.int(1) 380 151 |39.74 129 85.43
RxTh.int(2) 378 220 [58.20"" | 201 91.36
BxTh.int(1) 492 150 {30.49 |201 123
BxTh.int(2) 314 117 |37.26" |103 88.03
BxTh.int(3) 146 41 (2808 | 26| 6341

(+++), (++) and (+) - Significant at: p=0.001, p=0.01 and p=0.05,
respectively.

Abbreviations: CS - Chinese Spring; M - Mara; S - Sadovo;

R - Rusalka; B - Bezostaya.

A marked influence on the percentage

istence of genes of crossability in Thinopyrum was as-
sumed also by Sharma & Ohm (1990). Additional and
special investigations will be required to clarify those
questions.

The cytological investigation of the meiotic chromo-
some pairing in wheat-wheatgrass F1 hybrids showed
considerable differences in the number and charac-
ter of the chromosome associations in the various hy-
brid combinations (Table 2). The highest percentage of
paired chromosomes and an average number of biva-
lents per cell were observed in the hybrid of the culti-
vars Chinese Spring and Rusalka and the lowest one —
in the hybrid of cv. Sadovo. Rod bivalents are typical
for all hybrid combinations and part of the ring ones
was rather small, but the individual crosses differed al-
so in this respect. The average number of ring bivalents
was the highest for the hybrid of Chinese Spring (1.88)
and the lowest - for that of Bezostaya (0.15).

Table 2. Type of chromosome pairing in F; T. aestivum x Th. intermedium hybrids.

of produced hybrid seeds exerted the fa-  |Varieties Bivalents Polyvalents Univalents Paired
ther form as well. The crosses with biotype Limes|Mav|+m |Ring| Tri |Quadri|Limes | Mav [ +m ChrOI?;;OIneS
No. 2 of Th. intermedium were character- Mav |valents|valents i
. . . CS 6-13 (9.45/0.30|1.88 | 0.91 0.03 | 13-3220.85|0.69 51.36
ized b}’ the hlghest seed-setting. T}_le & R 5-13 [8.37(0.32[ 1.70| 073 | 0.10 | 16-30 |22.67]0.65|  46.02
planation of this fact can be found in the |M 4-13 7.45(0.21{0.78| 0.51 | 0.02 |20-3225.71[0.40| 3936
polymorphism of Th. intermedium (Shar-  |B 3-11 [7.00/0.38[0.15| 0.28 | 0.05 |16-36 [26.78]0.48| 35381

S 2-9 |5.70(0.29]10.83 | 0.47 0.03 | 24-38(29.07(0.57 30.79

ma & Ohm 1990). According to some au-
thors (Shulindin & Naumova 1962; Panay-
otov 1974) the cultivars with a short vegetative period
were characterized by better crossability. Our results
were not in conformity with this suggestion. Par-
ticularly demonstrative in this regard were our data
about the crosses of the cv. Mara. It is characterized
by a short vegetative period but unlike the other early
cultivars, such as Chinese Spring and Rusalka, it pos-
sessed lower crossability. A conclusion can be drown
that the genes of crossability of the "Kr" series in the
cv. Mara are in a homozygous dominant state (Krl
Kr1 Kr2 Kr2) according to Krolow (1970) and Zeven
(1987). Similar results were obtained also in the hy-
bridization of this cv. with Secale cereale (Tyankova
2000, 2003). Still obscure is the question whether the
genes of crossability of T. aestivum with the differ-
ent species of Triticinae are the same. It is not clear
also whether similar genetic factors exist in the oth-
er species of Triticinae as well. It is quite possible that
genes of the same or opposite action on crossability
with those of T. aestivum exist in the homeoallels of
the father form — Th. intermedium. The possible ex-

Abbreviations: CS - Chinese Spring; R — Rusalka; M — Mara; B — Bezostaya; S — Sadovo.

The sterility of the hybrids in the varieties Bezo-
staya, Sadovo and Rusalka was surmounted by back-
crossing. The results from backcrossing of the F1
hybrids showed that in different combinations the
number of the produced viable seeds varied and de-
pended on the genetic basis of the cultivars used
and on the character of the backcross combination
(Table 3). When the same wheat cultivar as that par-

Table 3. Production, viability and fertility of BC; generation.

Backcross Pollinated| BC;- |Germinated Fertility
combinations florets | seeds plants of BC;
No. |No.[ % | No.| % No.
BxThint)xB| 586 | 2034] oo |-
(Sx Th.int) x S 882 6 10.68 1 {16.67 |0 seeds
(Rx Th.int) xR 920 7 10.76] 3 [42.86 |2 plants 0 seeds
1 plant 7 seeds
(SxTh.int)xB| 968 | 7072 ofo |-
(Rx Th.int) x B 620 510.81 2 140.0 [0 seeds
(Rx Th.int) x S 861 16 |1.86] 13 [81.25 |3 plants 0 seeds
5 plants 1-2 seeds
5 plants 16-38 seeds

Abbreviations: B - Bezostaya; S — Sadovo; R - Rusalka.
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ticipating in the F1 hybrid was used in backcrossing,
the percentage of the produced backcross seeds was
low (0.34-0.76) and their viability expressed by the
number of germinated seeds was very weak. When
in backcrossing a cultivar different from that partic-
ipating in the hybrid was used, the effect was up to a
certain extent better. Similar conclusions were made
by Laptchenko (1953) and Rusmini (1958). Howev-
er, it is not valid for all variants. Very important was
to combine suitable cultivars in one combination. In
our case most suitable proved to be the combination
(cv. Rusalka x Th. intermedium) x cv. Sadovo. In all
variants in which the cv. Bezostaya participated, the
seed-setting of backcross seeds was very low and in
most cases the seeds were not viable. Obviously, this
parameter — the increased quantity of seed-setting
after pollination with another cultivar (Laptchenko
1953; Rusmini 1958) can be specified for the individ-
ual combination in confirmation of the results ob-
tained by Panayotov (1973).

Hybrids with Thinopyrum junceum

The cultivar Bezostaya was included in hybridization
with Th. junceum. The results from the hybridization
showed considerably lower percent of hybrid seeds
in comparing to those with Th. intermedium. How-
ever, the percentage of hybrid seeds obtained was rel-
atively high compared to the evolutional distance be-
tween Triticum and Thinopyrum (Table 4). The lower
percentage of seed-setting could up to a certain ex-
tent be due to the fact that selected biotypes of Th. in-
termedium characterized by better biological proper-
ties were used in the hybridization.

Table 4. Produced and viable hybrid seeds from crosses of
T. aestivum, cv. Bezostaya, with Th. junceum.

Number of pollinated florets - 376
Number of hybrid seeds obtained - 18
Percent of hybrid seeds — 4.79
Germinated plants, number - 11
Germinated plants, percent - 61.11

The results from the meiotic analysis of the hy-
brid Bezostaya x Th. junceum were rather similar
to those of the hybrid Bezostaya x Th. intermedium
(Table 5). The bivalents could be the result from the
allosyndesis between chromosomes of one or more
genomes of Th. intermedium or of Th. junceum, re-
spectively, with those of T. aestivum or could be due
mainly to the autosyndesis of the chromosomes of

Thinopyrum. The different opinions of various au-
thors represent the difference in the evaluation of the
genome interactions between wheat and the indicat-
ed species of Thinopyrum. A number of investiga-
tions have shown that both Th. intermedium and Th.
junceum represent a segmental autoallohexaploid
with established high ability of autosyndesis of their
chromosomes (Pienaar 1990). However, taking into
account the obtained results of chromosome pairing
in one haploid of Th. intermedium (Dewey 1962) in
which the maximum number of bivalents was 7 and
the data about the meiotic pairing in the euhaploid of
Chinese Spring (Kimber & Riley 1963), a conclusion
may be drawn that under definite conditions in the
hybrids of T. aestivum with Th. intermedium and Th.
junceum certain allosyndetic pairing runs also be-
tween some of the wheat chromosomes and those of
Thinopyrum. Therefore, introgression of genes from
the genome of Th. junceum or Th. intermedium into
the genome of wheat is possible.

Table 5. Number and character of bivalent and polyvalent
associations in MI of PMC in F; Bezostaya x Th. junceum
hybrid.

Number of studied cells - 30
Bivalents:

Limes - 5"-12"

Av. number, M - 24.07 £ m - 0.59
Ring bivalents — 1.88

Polyvalents:
Trivalents — 0.81

Univalents:
Limes — 13'-30'
Av.number, M - 7.67 + m - 0.30

Paired chromosomes per cell (%) — 42.31%

Hybrids of T. durum and T. aestivum with T.
durum/Th. elongatum AD (2n = 42, AABBEE)

As it was already mentioned the hybrids with Th.
elongatum were produced using an amphidiploid T.
durum, cv. Steward/Th. elongatum, which was kind-
ly provided to us by Prof. A. Mochizuki, Hyogo Agri-
cultural College, Sasayama, Hyogo-ken, Japan. As it
is evident from the Table 6, the wheat-Th. elongatum
amphidiploid crossed comparatively well with differ-
ent cultivars both of T. durum and T. aestivum with
considerable variation of the genotypes. The highest
percentage of seed-setting, the best viability of seeds
and the highest percentage and number of F1 headed
plants were characteristic of the cvs. Bezostaya 1 (T.
aestivum) and Tseveryana (T. durum).
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The hybrid plants of all the cultivars of T. durum
and T. aestivum varied largely in fertility. The lowest
was the number of grains from the hybrid plants of
Bezostaya 1. Considerably higher was the number of
grains from the hybrid plants of the different cultivars
of T. durum. The hybrids of the variety Sredets and the
variety 788 had the highest fertility and those of the
variety Tseveryana had the lowest one.

Table 6. Viable seeds obtained from crosses of T. durum and
T. aestivum cultivars with the amphidiploid T. durum/Th. elon-
gatum (AABBEE) and the fertility of F; hybrid plants.

Crosses Hybrid | Maturity | Number of seeds in F1
seeds | reached hybrid plants
(%) byF1 | Inmain | Perplant
plants spike | Mav+m
(%) | Mav+m
T. durum x AABBEE
Sredets 1036 | 16.70 (28.3+7.2 |301.2+4.6
Lozen 76 15.60 | 36.40 [22.4+35 [120.5+523
Tseveryana 6.90 | 1820 (17.3+4.2 | 945+3.8
788 11.70 | 71.40 (264 +2.9 (3344+4.2
T aestivum x AABBEE
Rusalka 7.50 0 - -
Charodeyka 12.50 0 - -
Bezostaya 1 26.70 | 92.31 21.4+58 | 214+5.76

Cytological analysis revealed that the hybrids had
the expected chromosome number 2n = 35 and the
genome constitution AABBE for the hybrids of T. du-
rum, and 2n = 42, AABBDE for the T. aestivum hy-
brids. Meiotic analysis in MI of the hybrids of T. du-
rum, cv. Lozen 76, showed that the chromosome
associations of PMC were mainly bivalents (Table 7).
Their maximal number in a large part of PMC was 14.
The number of univalents varied from 5 to 15, and in
15 of all the 78 cells analysed (19.23 %) the number of
univalents was lower than 7. On the other hand, mul-
tivalent associations were observed in the PMC. It was

obvious that single chromosomes from the E genome
of Th. elongatum were also involved in pairing in these
cells. Meiosis in two cells was analysed in the diakine-
sis stage. One of the cells was with 7 univalents and 14
ring bivalents. The other cell, however, had only one
univalent. All the other chromosomes were involved
in pairing represented by two trivalents, five ring biva-
lents and nine rod bivalents. The high degree of pair-
ing observed showed that, in fact, a large number of
chromosomes of the E genome had taken part in pair-
ing and probably allosyndesis had run between them
and the individual chromosomes of the A or B genome
of wheat despite the presence of Ph genes in the wheat
medium. The low degree of chromosome pairing ob-
served in MI could be due to the premature separa-
tion of bivalents and not to no-homology. It comes to
support Mochizuki's opinion (1962) of the existence
of homologous pairing between the chromosomes of
Th. elongatum and wheat chromosomes. Therefore,
the introduction of genetic material from Th. elonga-
tum into wheat is possible.

In conclusion, the obtained results show that the
amphidiploid T. durum/Th. elongatum can successful-
ly be used in hybridization with different varieties of
T. durum and T. aestivum with considerable genotype
influence on the hybridization and fertility of hybrid
plants. Chromosome pairing running in diakinesis is
higher compared to the relatively lower degree of pair-
ing in MI which creates the conditions for recombino-
genesis and the possibility for alien introgression in-
to wheat. Hybrids produced by us can be used as the
starting material for the needs of wheat breeding.

Acknowlegments. The Bulgarian National Science Fund under

contract B-1202/02 supported this research.

Table 7. Number and type of bivalent and polyvalent associations in MI of PMC in F1 hybrid of cv. Lozen 76 (AABBE).

Bivalents Univalents Polyvalents Paired chromosomes per cell
(%)
Limes: 6" - 14" Limes: 5' - 15' Trivalents 75.63
Mav-11.07 + m-0.49 Mav-7.23 £ m-0.27 Mav-0.75 + m-0.28
Ring - 9.39 Quadrivalents
Rod - 1.68 Mav-0.16 £ m-0.09
Sixvalents
Mav-0.24 + m-0.08

Number of cells with 7' 24 = 30.77%

Number of cells with more than 7" 39 = 50%
Number of cells with less than 7 15 = 19.23%
Number of cells analysed: 78
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Abstract.

In this paper, some cytogenetic effects induced by caffeine in meristematic cells of Cannabis sativa (hemp)

root apexes are analysed. Mitotic index, percentual distribution of cell division phases, frequency and type
of chromosome aberrations in hemp root meristems were quantified. At 0.01 % and 0.05 % caffeine, the cell
division was stimulated, but starting with 0.1 % caffeine a depression of mitotic index appears, which directly
increased with concentration. Prophases are numerically predominant. Between the concentration increase
and incidence of chromosome aberrations a linear, direct relationship exists.

Key words: caffeine, chromosome aberrations, hemp

Introduction

The hemp (Cannabis sativa L.) is a dioecious, annu-
al plant, but several monoecious varieties also exist.
The leaves of female plants are covered with glandu-
lar hairs. At this level, in resin glands, the cannabi-
noids are synthesized. In many countries, the hemp
cultivation is unlawful, especially regarding those
varieties containing greater quantities of THC (tet-
rahydrocannabinol), the most important psycho-
active component in marijuana (the mixture of fe-
male flowers, buds, and leaves). There are technical
varieties with THC smaller than 0.3-0.5 %, furnish-
ing fibres or seeds, with multiple uses. Although in
Europe, for much time, only the Indian hemp was
considered to synthesize hallucinatory substanc-
es, during last years these active principles were evi-
denced too in European hemp, especially under high
temperature and prolonged drought.

The mutagenic studies in hemp are few. One of
the directions of chemical mutagenesis could be, for
example, the decrease of THC level, by the inactiva-
tion or blocking of THCA-synthetase. This fact is
possible by induction of a mutation in the gene re-
sponsible for the synthesis of respective enzyme. TH-
CA-synthetase, a monomere enzyme with 545 amino

12« Proceedings of IV BBC - Sofia'2006

acids, catalyses the transformation reaction of can-
nabigerolic acid in tetrahydrocannabinolic acid. Due
to the great importance of hemp, it is necessary to
amplify the genotype and phenotype diversity, to op-
timize some desired traits. To this objective belongs
the present study that analyses the effects induced by
a chemical stressor - caffeine. The studies on chemi-
cal mutagenesis in hemp are few and relatively diffi-
cult, because of the processing particularities of bio-
logical material.

The approach of the study of cytogenetic effects
induced by caffeine is justified also by the presence
of this compound in tea and in coffee, the most
widely consumed beverages, caffeine being sus-
pected as having a potential genetic risk (Sax & Sax
1966).

Material and methods

As biological material, seeds of monoecious hemp
(C. sativa) were used. Seven concentrations of caf-
feine were tested (0.01%, 0.05%, 0.1%, 0.125 %,
0.25%, 0.3 %, and 0.5%). The duration of treatment
was 12 hours. The results were compared with a con-
trol, maintained in the same conditions, but treated
with distilled water. The germination was realized
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in Petri dishes, on filter paper moistened with dis-
tilled water. The small roots, 10-12 mm in length,
were fixed for 24 hours in absolute ethyl alcohol: gla-
cial acetic acid mixture (3:1). After fixation, the roots
may be kept in 70 % alcohol, at +4°C. The staining
was performed with Carr solution (modified carbol-
fuchsine, sorbitol containing), after a hydrolysis in
50 % HCI, for 8 minutes. To obtain the preparations,
the small roots were placed on a glass slide in 45 %
acetic acid. The meristematic apexes were detached
then the squash method was used to obtain a good
cell spreading. For each variant, five root prepara-
tions were analysed. The chromosome aberrations
were scored in ana-telophases. For the calculation
of the mitotic index (MI), the following formula was
used: MI = (number of dividing cells/number of ana-
lysed cells) x 100. Microscope examination was made
at MC-3 microscope, in strong light and by using a
green filter, to amplify the contrast between chromo-
somes and cytoplasm.

Caffeine (CgH;oN4O,; 1,3,7-trimethylxanthine;
1,3,7-trimethyl-2,6-dioxopurine;  7-methyltheophy-
lline; 1-methyltheobromine) (Fig. 1) is a white pow-
der, density=1.23, molecular

Results

Regarding mitotic index behaviour (Table 1, Fig. 2),
at 0.01 % and 0.02 % caffeine a stimulation of cell di-
vision appeared, with 11 %, respectively 14 %, com-
paratively with control. A decrease of mitotic index
is visible after 0.1 % caffeine treatment, continuous
until maximum tested concentration, where this pa-
rameter has the minimum level. The cell division
inhibition at variants treated with maximum test-
ed concentrations (0.3 % caffeine and 0.5 % caffeine)
is obvious, mitotic index being 8.20 %, respectively
7.05%, values representing diminutions with 55%
for the first case, 72 % for the second, comparatively
with control (18.23 %).

Out of the total dividing cells, the prophases are
numerically prevalent (Table 1, Fig. 3), without being
a division blocking in prophase, followed at relatively
great distance by ana-telophases and metaphases. At
0.25%, 0.3 %, and 0.5 % caffeine, the incidence of mi-
totic phases significantly and progressively diminish-
es, following the descendant line registered by mitot-
ic index.

Table 1. Mitotic index and frequency of mitosis phases, after caffeine treatment of hemp seeds.

we1ght=194.19, mOderately sol- Variant Total (Interphases|Mitotic index| Prophases |Metaphases|Ana-telophases
uble in organic solvents, melt- cells (1ol % | mo. 1 % lno.l % |lno | % | no %
ing point=234-239°C. From |[Control 8790 |7188]81.77| 1602 | 1823 | 878 | 9.99| 373 [ 424 | 351 | 4.00
chemical point of view, caffeine [0.01% caffeine | 8020 |6404]79.85| 1616 | 20.15 | 988 [12.32] 233 | 290 | 395 | 4.93
is a purine alkaloid, from me- [0.05% caffeine | 7907 |5998|75.86| 1909 |24.14 [1170 [14.80| 251 | 3.17 | 488 | 6.17
thy]-xanthine chemicals' group, 0.1 % caffeine 6835 |5793(84.75| 1042 [ 15.25 | 803 [11.75| 74| 1.09| 165 | 2.41
together with theophylline and [0.125%caffeine | 7407 |6358(85.84 1049 | 14.16 | 807 [10.89| 90 | 121] 152 | 2.6
theobromine. These compounds  |0:23% caffeine | 8135 [7311]89.87| 8241013 | 598 7.35| 681084 | 158 | 194
have different biochemical ef. 0-3% caffeine 7324 |6723(91.80| 601 | 820 453 | 6.18| 51|070| 97 | 1.32
0.5 % caffeine 8011 |7446(92.95| 565 | 7.05| 421 | 5.25| 52{065| 92 | 115

fects and are found in plants in
various proportions. They are different by the position
of methyl groups in their structure and are easily oxi-
dized to uric acid and other methyl-uric acids.
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Fig. 1. Chemical structure of caffeine (from: www.coffee-tea.co.uk).

Fig. 2. Influence of caffeine treatment on mitotic index in hemp.



Scientific Area A « Plant structure, function and development

79

. Prophase
D Metaphase
- Anaphase

E Telophase

% mitotic phases
n
3

0.50%

0.30%

0.10% 0.13% 0.25%

caffeine concentration

Control 0.01% 0.05%

Fig. 3. Incidence of mitotic phases, after caffeine treatment.

As shown in Fig. 4 and Table 2, which compar-
atively present the incidence of aberrant ana-telo-
phases in the total of examined ones, after caffeine
treatment, a linear relationship between the concen-
tration increase and the number of aberrant ana-te-
lophases is visible. The frequency of spontaneous
aberrations, expressed by the value of distilled wa-
ter treated control, was 4.27/100 ana-telophases. In
caffeine treated variants, the percentual value of ab-
errant ana-telophases is markedly increased starting
from 0.1 % caffeine and 0.125% caffeine, where the
increase was approximately 3 times greater than con-
trol, while at 0.3 % and 0.5 % caffeine, the aberration
frequency is 6.5, respectively 6.7 times greater than
the control value.

From the point of view of the frequency and types of
chromosome aberrations (Fig. 5, Table 2), we can note
the great percentage of fragments (12.37% of the to-
tal of aberrant ana-telophases), at 0.3% caffeine. This
concentration has the stronger mutagen effect, induc-
ing chromosome breakages and fragments, as well as an

Table 2. Frequency of chromosome aberrations in mitotic ana-telophases from hemp root

meristems, after caffeine treatment.
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Fig. 4. Incidence of aberrant and normal ana-telophases in hemp
root meristems, after caffeine treatment.
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Fig. 5. Incidence of aberrations in total analysed ana-telophases,
after caffeine treatment.

enough great number of lagging chromosomes (6.52 %
in 0.5 % variant), and multiple bridges (11.96 % in 0.5 %
caffeine variant, respectively 13.40% in 0.3% caffeine
variant), fact that reveals
a possible alteration at the

Variant Analysed | Normal | Aberrant Aberration type level of chromosomal at-
tel:nl?- ana- ana- - - . tachment and slidding on
phases| telophases | telophases | Bridges |Fragments|Multipolar| Lagging .
ana- | chromosomes| spindle fibres.

telophases Table 2 includes the
no. | % |no.| % [no.] % [no.| % [no.| % |no. % data on aberrant ana-te-
Control 351 336 |95.73| 15 | 427 5| 1.42| 3 | 085 4 [1.14 | 3 0.85 lophases incidence, in the
0.01 % caffeine 395 373 |94.43| 22 | 557 8| 203 4 | 1.01| 6 | 152 | 4 1.01 whole of examined ana-
0.05 % caffeine 488 457 193.65( 31 | 635 9| 1.84| 6 | 1.23| 8 [ 164 | 8 1.64 telophases, as well as the
0.1 % caffeine 165 145 |87.88| 20 |12.12| 5| 3.03| 6 | 3.64| 4 (242 | 5 3.03 numerical and percentu-
0.125% caffeine 152 128 |84.21| 24 |15.79| 6| 3.95| 6 | 3.95| 6 [395 | 6 3.95 al situation of aberrations'
0.25 % caffeine 158 131 (82.91| 27 |17.09|12 | 7.59| 8 | 510 3 |1.90 | 4 2.50 types found in caffeine
0.3 % caffeine 97 70 |72.16( 27 |27.84 (13 {13.40| 12 |12.37| 0 [0.00 | 2 2.06 treated variants, compara-

0.5 % caffeine 92 66 |71.74| 26 |28.26(11 [11.96| 4 | 435| 5 | 543 | 6 6.52 tively with control.
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Discussion

Mutagenic effects of caffeine were studied in prokary-
otic as well as eukaryotic organisms, with variable re-
sults. In several cases it was considered as a DNA re-
pair inhibitor (Sasaki & al. 1988, cited by Itoyama &
Bicudo 2000). The researchers tested the mutagenic
activity of caffeine and other purine analogues, in var-
ious biological systems, but the conclusions were not
identical. For hemp, there are not experimental data
regarding the mutagenic effects of caffeine on cell di-
vision and genetic material.

The caffeine, as well as other purine derivatives,
can be incorporated in DNA macromolecule. In
the next DNA replication, the initial nitrogenous
base will be changed by a base analogue, because
of some incorporation errors. To be mutagens and,
therefore, incorporated in DNA macromolecule,
it is required to action during DNA active synthe-
sis. Caffeine is a "base analogue" of adenine, and in
fact can sometimes be incorporated into a growing
DNA chain, instead of adenine. Caffeine is consid-
ered by some authors as a weak mutagen, for this
reason.

Because of lack of some identical or similar re-
sults on the mutagenic effect of caffeine in different
biological systems, the mutagenic potential of caf-
feine and certain phenoxy-methyl-xanthine com-
pounds is controversial and discussible. Kaul &
Zutshi (1973) and Herndndez & al. (1986) sustained
the idea that these compounds induce chromo-
some aberrations, centric breakages, or sub-chro-
matid exchanges, and Sax & Sax (1966) highlighted
the radiomimetic effect of caffeine from tea, cof-
fee and Coca Cola on plant chromosomes. Caffeine
produces mutations in bacteria, fungi, and insects,
and induces chromosome aberrations in both onion
root tips and human tissue culture cells (Sax & Sax
1966). Itoyama & Bicudo (2000) sustained that this
compound has an inhibitive effect on DNA repair,
stopping the repair of cytogenetic lesions, but does
not determine an increase of micronuclei number,
in the first ascendant phase of caffeine concentra-
tion curve.

Raicu & Stoian (1967) evidenced a great number
of chromosome aberrations (bridges, lagging chro-
mosomes, tetraploid cells) and a modified dynam-
ics of cell cycle (prolongation) in Vicia faba L., un-
der the impact of treatments with purine derivatives

(adenine, adenosine, 3'-adenylic acid, xanthine, hy-
poxanthine), at 0.1-0.3 % concentrations. Tudose &
Filimon (1972-1973) established the mutagenic ef-
fect of caffeine in wheat, where this purine derivative
determined the increase of dividing cells and chro-
mosome aberration frequency in mitotic ana-telo-
phases. In relation to mutagenicity, even the results
for the same organism in literature are occasionally
antagonistic (Laranja & al. 2003).

The mechanism of caffeine action is not com-
pletely deciphered. It is possible that the methylat-
ed oxypurines (including caffeine) act as solubilizing
agents and form molecular complexes, because of the
existence of a close relationship between the solubi-
lizing power of a chemical and its ability to produce
chromosome aberrations. It seems, also, that these
substances interact with DNA and alter its physical
properties, in particular the denaturation tempera-
ture, fact that determines the increase of spontane-
ous rate of mutations.

Our results on effects induced by caffeine on nu-
clear material from hemp root meristems are, gen-
erally, in accordance with previous researches (Kihl-
man & al. 1971; Hernandez & al. 1986; Maniu &
al. 1998), in the sense of the confirmation of muta-
genic effect of caffeine, by altering the chromosome
structure. Thus, Hernandez & al. (1986) confirmed
the ability of caffeine to induce chromosomal ab-
errations in proliferating cells when they are in-
cubated during G2 and mitotic prophase. In their
experiments, caffeine (1-10 mM) induced chro-
mosomal aberrations in a dose-dependent man-
ner, and the treatment efficiency correlated linearly
with the square of caffeine concentration. Maniu &
al. (1998) evidenced aberrant ana-telophases and a
relatively high frequency of micronuclei in the pres-
ence of caffeine. In our experiments, the micronu-
clei were not observed.

The chromosome deletions which take place in
the presence of chemical tested compound lead to
the chromosome fragments, single or multiple bridg-
es (these are, generally, the result of the fusion of two
chromosomes which suffered terminal deletions),
visible between the two chromatid groups separat-
ed at the cell poles. Regarding the lagging chromo-
somes, these have lost the ability to attach to spindle
fibres and can not participate at a normal division,
determining disequilibrium between the daughter
cells. The tri-, tetra-, or multipolar ana-telophases
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are the consequence of defective formation of divi-
sion spindle.

In interphases, especially in variants treated
with the highest caffeine concentrations, binucleate
cells were present, but their number was insignifi-
cant. Their presence is due to cytokinesis inhibition
by caffeine, without affecting the chromosomes and
nuclei division. This possible cytokinesis inhibition
by caffeine in plants is recorded in literature (de la
Pefia & al. 1981; Hepler & Bonsignore 1990).

To complete the image of caffeine induced mod-
ifications in plant cell, we add other literature data.
For example, Rybaczek & al. (2002) demonstrated
that 1,3,7-trimethylxanthine can induce premature
condensation of incompletely replicated chromo-
somes in root meristem cells, fact that is correlat-
ed with an increased level of protein phosphoryla-
tion, while Del Campo & al. (1997) confirmed that
the treatment of the Allium cepa L. root meristems
by two short caffeine exposures, spaced by 15 hours,
leads to the appearance of acentric chromosomal seg-
ments which, after reconstitution, give rise to aneu-
ploid nuclei containing unstable and broken DNA.
Our previous studies (Truta & al. 2000) evidenced a
moderate effect of caffeine and of a group of 8-(4R)-
phenoxy-methyl-xanthine compounds on cytogene-
tical parameters in A. cepa for respective tested con-
centrations.

As conclusions, we can sustain that caffeine, in
increasing concentrations and at the tested expo-
sure time, induced, in C. sativa root meristems, a
stimulation of mitotic index at smaller tested con-
centrations. The highest concentrations were inhib-
itive on mitotic index, in direct relation with the
caffeine concentration increase. Also, the incidence
of chromosome aberrations induced by caffeine was
important, comparatively with control, especially at
the greatest tested concentrations.
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Abstract.

Presently, the plum-pox virus is one of the most grave diseases of the apricot's cultivars. That is why, to obtain

apricot cultivars with tolerance and genetic resistance to this virus as well as to introduce them in cultivation,
have represented one of the important objectives of the research programme at the Fruit Research Station
in Constanta. This paper presents the data regarding the susceptibility of some apricot cultivars and hybrids
confronted by the natural infections with local plum-pox virus strains. The observations pursued to detect
typical symptoms of the plum-pox virus attack, both on leaves (May-June) and also on fruits and stones during
their maturity (July-September). There was a large difference of manifestation of the virus symptoms among
the cultivars and hybrids and a high variability regarding the intensity of the attack on the vegetative organs.
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Introduction

Nowadays, in Europe, plum-pox potyvirus (PPV) became
one of the most severe diseases for all countries growing
stone fruit species, because the diseased trees get lower
productions, the fruits are qualitatively depreciated and
they fall down 2-3 weeks before the ripening time.

Romania along with Hungary, Bulgaria, Croatia,
Poland, Slovakia and Portugal are the countries where
this virus is present from many years and where the
level of the contamination is very high (Smith & al.
1994; Balan & Stoian 1995).

The researches concerning the epidemiology and
spreading ways of this virus started after 1960 (Minoiu
& Beligan 1990) and revealed that plum-pox disease is
wide spread on plum and the strain isolated from this
fruit species is classified as "chlorotic type".

On the apricot the disease is not so spread in com-
mercial orchards and its local importance is depend-
ing on grown cultivars and rootstocks, climatic condi-
tions and its specific epidemiology.

For these reasons the breeding and promotion in cul-
ture of new apricot cultivars genetically resistant or tolerant
to this virus represent one of the most important objectives
of the research programmes developed by Fruit Growing
Research and Development Station in Constanta.

The current bibliography reveals many apricot cul-
tivars resistant to plum-pox potyvirus (PPV) such as:
Stella (Németh 1986), Harlayne (Dosba & al. 1988),
Sunglo (Karayiannis 1995), etc.

This work goal is to present many data regarding
some apricot cultivars and hybrids' sensibility to in-
fection with local strains of PPV.

Material and methods

The biological material was represented by 535 apricot
cultivars and hybrids, having different eco-geographic
origins and preserved in the national apricot genotype
collection at Fruit Growing Research and Develop-
ment Station, Constanta. According their origins, the
genotypes' distribution is as follows: 4% from Asia;
26 % from Europe (among these 38 % are from Roma-
nia) and 32 % from America.

The national apricot genotype collection was estab-
lished between 1986 and 1988 as follows: 465 genotypes
in 1982; 49 cultivars in 1986 and 29 cultivars in 1988.

As regards the planting design, for each geno-
type 5 trees were planted, the trees being spaced at
4.5x4.5m.

In the experimental orchard the appropriated tech-
nology required by apricot was applied.
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Observation and evaluations were carried out for 3
years, during 2003-2006.

Under natural given condition, the inoculum's vec-
tors were the aphids and the inoculum's sources were
2 apricot genotypes, Marculesti 42/25 and Mandula
caiszi, infected by grafting.

The observation goal was to put in evidence the
typical symptoms of plum-pox potyvirus, both on
leaves (in May and June), also on fruit and stones at
their maturity (from July to September).

The sensible genotypes were tested by grafting on bio-
logic indicator "G.F. 305". The annual spread of the virus
in the experimental orchard was recorded in all 3 years of
the study, starting with the first year of fruit bearing.

Table 1. Severity of some apricot cultivars and hybrids on
plum-pox potyvirus infection, FGRDS Constanta, 2003-2006.

In the same time, in order to determine the sever-
ity of infection with plum-pox on vegetative organs,
for each genotype 3 repetitions of 100 organs were as-
sessed using the scale used in Table 1.

Results

Among all 535 apricot's genotypes (cultivars and hy-
brids), after 11 and respectively 14 years since the apri-
cot collection was established, 104 genotypes (19.4 %)
presented plum-pox symptoms on leaves, fruits and
stones.

In the first year of observations 25 genotypes (24.1 %),
in the second year 34 genotypes (32.6 %) and in the third
year 45 genotypes (43.1 %) were infected (Table 1).

. . Sensibility on Infected after 1 2 3 4 5 6

No. | Tested cultivar/hybrid Leaves Fruittsy Stoncs 1 year 34 | Umberto +) N 1
1 2 3 4 5 6 35 | Canada 51144 0 + ++ 9

1 | Marculesti 16/7 A +++ | A+ | 9 36 | Vivagold 0 0 0 -
2 | Marculesti 91 + ++ ++ 10 37 | Traian 0 0 0 _
3 | Marculesti 66/16A (+) + + 11 38 | Mari de Cenad (+) (+) (+) 11
4 | Saturn 0 + ++ 9 39 | Excelsior +++ | +++ ++ 9
5 | Sirena ++ ++ ++ 11 40 | Best of Hungari ++ +++ | +++ 11
6 | Baneasa 26/16 ++ +++ | +++ 10 41 | Canette +++ | 4+ |+ 9
7 | Baneasa 28/10 +++ | A+ | 11 42 | Don Gaetano ++ +++ | +++ 11
8 | Baneasa 28/17 0 ++ ++ 10 43 | Royal (+) | +++ | +++ 10
9 | RR20-54 + ++ ++ 11 44 | Rosii timpurii 0 0 0 -
10 | NJ 535 GO CI R INCY! 11 45 | NJA 11 ) | ++ | 9
11 | Early Golden 4+ | A+ | 10 46 | Wenacthee ++ | A+ | 10
12 [ NJA6 0 ++ ++ 11 47 | Eten Bey (+) + + 10
13 | Reale d'Imola +++ | 4+ ++ 11 48 | Neptun ++ ++ ++ 10
14 | Baneasa 1/21 0 0 (+) 10 49 | Precoce de Colomer (+) (+) 0 11
15 | Screara +++ | | 10 50 | Venus (+) ++ ++ 9
16 | Harcot + 0 0 - 51 | Blenril (+) ++ ++ 9
17 | Mamaia +++ | A+ | 9 52 | Alberge de Montgamet + ++ | 4+ 9
18 | Mandula cayszi +++ | A+ | 11 53 | Slava Diurgna +++ | A+ | 10
19 | Marculesti 42/27 +++ | A+ | 10 54 | Litoral (+) ++ ++ 10
20 | Mari de Tarnave 0 0 0 - 55 | Selena (+) ++ ++ 10
21 | Joubert Foulon (+) + + 11 56 | NJA 19 + ++ ++ 10
22 | Moniqui (+) (+) (+) 10 57 | Tonda di Tossiguano + ++ ++ 11
23 | Reliable 0 (+) + 11 58 | Villand 0 (+) 0 10
24 | Callatis (+) + (+) 11 59 | Farmigdale 0 + + 11
25 | Marculesti 42/25 +++ | A+ | 9 60 | Early Bee + +++ | +++ 9
26 | Cais de Olanda 0 ++ ++ 10 61 | Tabriz Nakjavan 0 0 0 -
27 | DIR76T28 H |1 B | 9 62 | Baneasa 3 + + + 10
28 | Stark Early Orange 0 (+) 0 10 63 | Piestany 8/35 ++ ++ | +++ 9
29 | Ananas 0 ++ ++ 64 | Marculesti 17/1 0 (+) (+) 11
30 | Sulmona +++ | 4+ | 9 65 | NJA 17 (+) (+) +) 11
31 | Stella 0 0 0 - 66 | Marculesti 7/28 0 + + 11
32 | NJA 48 0 0 0 - 67 | Racoszi Magyar caiszi +++ | A+ | 9
33 | Amal 0 (+) (+) 11 68 | Angounois ++ | | 11
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Table 1. Continuation.

1 2 3 4 5

69 | Saianet 2-25-4 0 ++ ++ 11
70 | NJA 42 0 0 0 -
71 | Busiereska +++ |+ | 10
72 | Balmont 0 0 (+) 11
73 | Piestany 8/42 ++ ++ ++ 9
74 | Balsoi Pozdnii ++ ++ ++ 9
75 | Sephid + 0 0 -
76 | Marculesti 98 (+) ++ ++ 11
77 | V 600-2030 0 (+) 9
78 | RR.20-54 0 (+) 0 11
79 | LR.Viceroy 603-2 0 (+) (+) 11
80 | Montedoro 0 (+) (+) 9
81 | Kets pshor 0 0 0 -
82 | Rakche karpo 0 (+) (+) 9
83 | B8R29AT109 0 0 0 -
84 | Worley' peach ++ | | 10
85 | DIR75T28 | B | @

86 | De Costanjeni 0 + +

87 | Piestany 0/25 0 0 (+) 10
88 | Baneasa 33/16 0 (+) (+) 11
89 | Favorit (+) (+) (+) 11
90 | De Silistra ++ | A+ | 9
91 | Canino 0 (+) (+) 11
92 | ABC 0 +) | ) 9
93 | Goldrich 0 0 0 -
94 | Riland 0 0 0 -
95 | Marculesti 19 (+) (+) ++ 11
96 | V6312019 +++ | +++ | 9
97 | Marculesti 9/5 0 0 0 -
98 | Soiul 132 0 0 0 -
99 | Marculesti 24/1 0 0 0 -
100| V 60102 (+) + + 10
101| NY 493 0 ++ ++ 11
102 | Baneasa 40/40 0 0 0 -
103 | Mari de Marculesti 0 0 0 -

Legend: 0, without any symptoms; (+), very few symptoms;
+, moderate symptoms; ++, heavy symptoms; +++, very heavy
symptoms.

On the one hand, large differences in PPV symp-
toms' manifestation were noticed among the collected
apricot cultivars and hybrids, and on the other hand,
we observed an even higher variability of symptoms'
manifestation on apricot vegetative organs.

The most severe symptoms were visible on fruits
and stones and this fact reveals that observations car-
ried out on leaves are not sufficient in order to identi-
ty the PPV potyvirus presence.

Otherwise all the cultivars evidenced as infected
were the subject of the biological test by grafting on

"G.F 305" indicator. On the occasion of the biological
test, the field results were confirmed and all infected
cultivars and hybrids without visible symptoms were
identified.

Discussion

The majority of apricot's genotypes (cultivars and hy-
brids) collected and preserved at Fruit Growing Re-
search and Development Station, Constanta are resist-
ant or tolerant to PPV strains.

The genotypes Baneasa 1/21, Harcot, Vivagold,
Traian, Rosii timpurii, Sephid, Kets pshor and Viland
were evidenced as highly resistant to PPV potyvirus
and were already used as genitors in the apricot breed-
ing program.

Otherwise in order to restrain this dangerous vi-
rus spread, the chosen genitors were not introduced
in the breeding programs without the certification of
their "virus-free" status by indexation on biological in-
dicators (i.e. G.E 305).

The intensity of PPV symptoms on apricot vegeta-
tive organs reveals that local strains of PPV are less vir-
ulent than the strain isolated in South-east of France
(PPV - Dideron strain) and than the one isolated in
the North of Greece (PPV - Marcus strain).

The results of our work confirm some other re-
ports in the literature, regarding some cultivar and
their sensibility to this virus: Stella, Stark Early Or-
ange, Sunglo and NJA 42 (e.g., Karayannis 1995).
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Abstract.

The peculiarities of the anthers, microsporogenesis and development of male gametophyte of Leucanthemum

praecox and L. vulgare in Bulgaria have been studied. The anthers were tetrasporangiate with 4-layered
anther wall. In L. vulgare some deviations during the meiosis in the microspore mother cells (MMCs) were
observed. As aresult of simultaneous microsporogenesis predominantly tetrahedral tetrads were formed. The
mature pollen was 3-celled. This study revealed that the two Leucanthemum species differ in: morphology
and behaviour of the anther's tapetum in the meiosis; characteristics and degree of deviations during the
microsporogenesis; type of microspore tetrads and amount of sterile pollen in the anthers.
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Introduction

The genus Leucanthemum Mill. belongs to the fam-
ily Asteraceae (tribe Anthemideae Cass.). It consists
of 33 species with distribution mainly in Central and
Southern Europe (Bremer & Humphries 1993). Some
species in L. vulgare s.]. are widespread as weeds. Leu-
canthemum vulgare s.1. has been a subject of intensive
studies carried out in various parts of its area of dis-
tribution. They reveal that this taxon is a polyploid
complex, represented by numerous cytotypes ranging
from 2x to 12x (x = 9), but the most frequent of them
are diploid (2n = 2x = 18), tetraploid (2n = 4x = 36)
and hexaploid (2n = 6x = 54). The morphological, an-
atomical and karyological studies carried out till now
show that the complex L. vulgare is taxonomically in-
tricate (Villard 1971; Bremer & Humphries 1993). Da-
ta on the mode of reproduction of the genus Leucan-
themum are very scarce and refer only to the L. vulgare
s.l. (Villard 1971; Przywara 1974; Solntseva 1987). The
embryological data concern mostly the meiosis and
microsporogenesis.

In the Bulgarian wild flora the genus Leucanthe-
mum is presented with 3 species included in L. vulgare
complex. As a result of karyological investigation on
Bulgarian populations of L. vulgare s.1. three well-de-
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tined species were established in Bulgaria (Kuzmanov
&al. 1988). The diploid L. praecox (Horvati¢) Horvati¢
with 2n = 18 is widespread, followed by tetraploid L.
vulgare Lam. (2n = 36), whereas hexaploid L. pallens
(J. Gay) DC. (2n = 54) has a restricted distribution.

In the present work the results of the investigation
on the male generative organs of L. praecox and L. vul-
gare s.str. as a major part of their reproductive system
are shown. This work as a part of a PhD Thesis is an
introduction to the first embryological study on the
Bulgarian taxa of the complex L. vulgare. Further em-
bryological investigations on new populations and on
the hexaploid species L. pallens are in progress. Be-
ing relatively stable and more reliable than the mor-
phological ones, the embryological characters may
turn out useful in differentiation of the taxa within the
complex L. vulgare and in the evaluation of relation-
ships between them.

Material and methods

Comparative-embryological study on native Bulgari-
an populations was made: L. praecox — 2 populations
with 2n = 18 (No. 041007 - Western Rhodopes, near
Batak dam; No. 041208 — Western Stara planina Mts,
Petrohan) and L. vulgare - 1 population with 2n = 36
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(No. 041507, Central Stara planina Mts, Beklemeto).
The material (flower buds and capitula) was collected
periodically during July-August 2004-2005 and fixed
in FAA mixture (formalin: glacial acetic acid: ethanol
in a correlation 5:5:90 parts with 70 % ethanol). The
material was treated according to the classical paraf-
fin methods (Romeis 1948). Serial sections were made
10-18 pm thick and stained with Heidenhain's hae-
matoxylin. The observations on the permanent slides
were made with light microscope "Amplival".

Results and discussion

All features of the male generative organs shown in
the following discussion are common to the genus
Leucanthemum, unless the main differences between
the species studied are mentioned specifically.

The anthers were tetrasporangiate and the 4-lay-
ered anther's wall developed centrifugally following
the Dicotyledonous-type (Davis 1966). The anther's
wall consisted of epidermis, endothecium, one mid-
dle layer and tapetum (Plate I, Figs 1, 2). Poddubna-
ya-Arnoldi (1982) and Solntseva (1987) showed that
the middle layer in the family Asteraceae is ephemeral.
We consider that this layer was not strongly ephemer-
al in the two studied species of Leucanthemum. In L.
praecox its remnants might be observed at the stage
of microspore tetrads while in L. vulgare they persist-
ed in the anther's wall even after one-celled pollen
stage. The endothecium developed fibrous thicken-
ings that are typical for Asteraceae family (Poddub-
naya-Arnoldi 1982; Solntseva 1987). However, they
were not so clearly expressed like in other Bulgarian
representatives of the tribe Anthemideae, i. e. the gen-
era Achillea L., Artemisia L. and Tanacetum L. (Yuru-
kova-Grancharova & al. 2002). Initially, the tapetum
was of the secretory type and passed a long parietal
phase. The tapetal cells contained a dense cytoplasm
and a deeply staining nucleus. During the heterotyp-
ic division of the meiosis in microspore mother cells
(MMCs) a multiplication of the nuclei began in the
tapetal cells and after subsequent mitosis before the
end of the heterotypic division in L. praecox they be-
came 8-16 nucleate (Plate I, Fig. 3). In the two species
studied a polyploidization in the nuclei of the tapet-
al cells run too. The multinucleate or polyploid tapet-
al cells were with different shape and size (usually po-
lygonal) and in L. praecox they penetrated deeply into
the anther's locule. In this species, the tapetum passed

a long parietal phase and after one-celled pollen stage
a transformation of the secretory tapetum into real
periplasmodium proceeded. In L. vulgare, such trans-
formation was not observed and the tapetum degener-
ated soon after the formation of 2-celled pollen grains
in the anther. Przywara (1974) established an early de-
generation of the tapetum and observed that the ta-
petal cells of tetraploid L. vulgare "are viable until the
stage of primary pollen grain and afterwards they un-
dergo the process of degeneration”.

The sporogenous tissue was one- (Plate I, Fig. 1) or
two-layered (Plate I, Fig. 4). The meiosis in L. praecox
run normally and in the MMCs at metaphase I always
9 bivalents were counted (Plate I, Fig. 5). The same
number of bivalents during the diakinesis was estab-
lished by Favarger & Villard (1965) and Villard (1971)
in the diploid L. praecox. Meiosis in the anthers of dip-
loid taxa of the genus Leucanthemum was observed to
be regular (Favarger & Villard 1965; Villard 1971).

In L. vulgare we observed that the chromosome as-
sociations in the MMCs were predominantly bivalents
and single quadrivalents. Single quadrivalents during
the first division of the meiosis in MMC:s of this tetra-
ploid species were noticed by Przywara (1974) in Po-
land and Villard (1971) in Switzerland.

During the meiosis in MMCs of L. vulgare some
other deviations were observed: i. e. chromosomes
out of the spindle; lagging chromosomes; bivalents
and single quadrivalents at the diakinesis and meta-
phase I; anaphase bridges; abnormal disposition of
the spindles during the homeotypic division (Plate I,
Fig. 6). Almost the same deviations during the meiosis
in MMCs showed Przywara (1974) in the tetraploid
L. vulgare s.str. and hexaploid L. montanum DC. from
Poland. In both studied species of Leucanthemum the
meiosis in the MMCs proceeded asynchronously even
in an anther locule (Plate I, Fig. 5; Plate II, Fig. 1). The
comparative analysis showed that the asynchrony of
the processes registered during the microsporogene-
sis in an anther and between neighbouring anther loc-
ules was more strongly expressed in the tetraploid L.
vulgare.

The microsporogenesis in both species studied run
simultaneously. In the anthers of L. praecox predomi-
nantly tetrahedral tetrads and isobilateral ones were
formed (Plate II, Fig. 2). Within the tetrads the four mi-
crospores were morphologically uniform and micronu-
clei were not found. A few abnormalities were observed
during the various developmental stages in L. vulgare.
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Plate I

Figs 1-6. Anther, microsporogenesis and male gametophyte in L. praecox and L. vulgare:

1, Four-layered anther wall and one-layered sporogenous tissue in L. vulgare (x400); 2, Four-layered anther wall and prophase I in
MMCs in L. praecox (x400); 3, Multinucleate tapetal cells at anaphase I of the meiosis in L. praecox (x400); 4, Two-layered sporogenous
tissue in L. praecox (x400); 5, Metaphase I in MMCs with 9 bivalents in L. praecox (x400); 6, Deviations in the homeotypic division in
MMCs in L. vulgare (x400).
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Plate IT

Figs 1-6. Anther, microsporogenesis and male gametophyte in L. praecox and L. vulgare:

1, An asynchrony during the meiosis in an anther locule and in two neighbouring locules in L. vulgare (x160); 2, Tetrahedral micro-
spore tetrads in L. praecox (x400); 3, Degenerating MMCs during the meiosis in the anthers of L. vulgare (x160); 4, Different types of
microspore tetrads in L. vulgare (x400); 5, Mature pollen in L. praecox (x400); 6, Fertile and sterile pollen in L. vulgare (x400).
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For example, the nuclear material in the sporogenous
tissue accidentally degenerated and some MMCs dis-
integrated during meiosis accompanied by the break-
down of tapetal cells (Plate II, Fig. 3). Because of some
disturbances during the microsporogenesis in L. vul-
gare different types of tetrads (Plate I1, Fig. 4), unequiv-
alent microspores and micronuclei within a tetrad as
well as pentads were observed in the anthers.

The young microspores were released from the tet-
rads and very quickly became round within the an-
thers. After, they differentiated into one-nucleate pol-
len grains with dense cytoplasm and a conspicuous,
centrally located nucleus. At this time, the pollen cy-
toplasm became vacuolated and the nucleus migrated
from the centre toward the cell periphery. Afterwards,
the pollen nucleus divided to form a larger vegeta-
tive cell and a smaller generative one that were dark-
ly stained. The generative cell underwent a division
to form two sperms with a crescent shape. Ultimately,
the mature pollen was 3-celled, 3-colporate with echi-
nate exine (Plate II, Fig. 5).

In L. praecox the pollen was viable and fertile. In
some anthers of L. vulgare a degeneration of MMCs
during the meiosis, as well as microspore tetrads and
mature pollen grains were established. Besides, single
microspores (1-2) within the tetrad were sterile, al-
most transparent without nucleus and cytoplasm or
were dark stained and degenerating. By this reason,
in some anthers of L. vulgare a little amount of viable
and fertile pollen grains was formed. A pycnosis and
subsequent degeneration of the whole anther content
was observed in some florets of individual capitula of
L. vulgare. As a result, such anthers became complete-
ly sterile. Because of all mentioned disturbances of the
microsporogenesis and development of male gameto-
phyte a large quantity of sterile pollen was formed in
some anthers of L. vulgare (Plate 11, Fig. 6).

Conclusion

The study on the male generative organs in native Bul-
garian populations of the diploid L. praecox and tet-
raploid L. vulgare was carried out. The analysis of the
microsporogenesis showed insignificant differenc-
es between both studied populations of L. praecox. In
this respect some abnormalities were established in
the population of L. vulgare. During this study some

clearly expressed differences between the two species
of Leucanthemum were found as regards the morphol-
ogy and behaviour of the anther's tapetum during the
meiosis in MMCs; the features and degree of devia-
tions during the microsporogenesis; the types of mi-
crospore tetrads; the amount of sterile pollen grains in
the anthers. The deviations of the normal meiosis es-
tablished in L. vulgare leaded to sterile and degenerat-
ed pollen grains in some anthers with reduced vitali-
ty and fertility. Generally, in relation to the character
and the level of the differences during the microspor-
genesis and the peculiarities of the anther tapetum,
the tetraploid L. vulgare differs clearly from the dip-
loid L. praecox. The results of the present work enrich
the embryological characteristics of the studied spe-
cies, as well as the genus Leucanthemum, which are
poorly studied embryologically.
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Abstract.

Embryological study on a hexaploid accession of Hieracium bauhinii with 2n = 6x = 54 from Bulgaria was carried

out. Various deviations during the meiosis in the microspore mother cells resulting in the formation of monads,
dyads, polyads and sterile pollen were observed. The abnormal anthers and large quantity of sterile pollen lead to
mostly unsuccessful pollination and fertilization. The embryo sac (ES) develops after Polygonum (monosporic)
or Allium (bisporic) types. Usually the development of legitimate ES is suppressed by the rapid development of
aposporous one or both types of ESs can co-exist in a single ovule. It was established that H. bauhinii is a facultative
apomict, combining sexual mode of reproduction with strongly expressed somatic apospory and polyembryony.

Key words:

apomixis, chromosome number, embryo sac, Hieracium bauhinii, male and female gametophyte

Introduction

Hieracium bauhinii Schult. (H. subg. Pilosella) has
a wide distribution area ranging from Central and
South Europe to South-West Siberia and Central Asia
(Zahn 1923). It is among the most common represent-
atives of the genus in Bulgaria, distributed in all floris-
tic regions between 0-1500 m alt. The species occurs
in a wide range of habitats: meadows, forest margins
and openings, disturbed ground, urban areas. The
taxonomy of the species has not been satisfactorily re-
solved yet. Taxonomic difficulties are caused by the
occurrence of several ploidy levels (e.g. see Rotreklova
2004), apomixis and hybridization. However, very lit-
tle is known about the microevolutionary processes
and biology of the species. Especially valuable is the
knowledge on the mode of reproduction which en-
couraged us to undertake this study.

The aims of the study were: 1. To reveal the mode
of reproduction of the hexaploid H. bauhinii; 2. To es-
tablish the peculiarities of the embryological process-
es and structures.

Material and methods

A natural accession of H. bauhinii from Sofia district,
Bulgaria was studied karyologically and embryolog-

ically. Living plants were collected and grown under
glass for obtaining the chromosome number. Root-
tips were cut, pretreated with 0.01 % colchicine for 90
min and fixed in ethanol: glacial acetic acid (3:1) for at
least 2 h at room temperature. Hydrolyzation was con-
ducted in 1N HCI at 60 °C for 20 min. Then root-tips
were treated with HCI: ethyl ether (1:1) for 10 min at
60°C, rinsed in distilled water and stained with haema-
toxylin after Gomori (Melander & Wingstrand 1953)
for 30 min at 60°C. Finally, root-tips were squashed
in a drop of 45 % acetic acid and mounted in Euparal.
Plant material for embryological studies (flower buds,
capitula and achenes) was collected and fixed in for-
malin: glacial acetic acid: 70% ethanol (5:5:90), em-
bedded in paraffin and cut into 6-18 um thick sec-
tions using conventional methods (Romeis 1948). The
sections were stained with Heidenhain's haematoxylin
and mounted in Canada balsam. Observations were
made with light microscope "Amplival".

Results and discussion

Chromosome counting was done in 5 plants. They all
proved to be hexaploid, with 2n = 6x = 54.

The anthers are tetrasporangiate. The 4-layered
anther wall develops according to the Dicotyledo-
nous-type and consists of epidermis, endothecium,
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a middle layer and tapetum (Plate I, Figs 1, 2). The
endothecium does not develop the typical for Aster-
aceae fibrous thickenings. The middle layer is strong-
ly ephemeral and degenerates early during the home-
otypic division of meiosis in the microspore mother
cells (MMCs). The anther tapetum is secretory, with
a long parietal phase during which a multiplication
of nuclei up to 4 (rarely 8) in its cells occurs (Plate I,
Figs 1, 2). The secretory tapetum degenerates early
and does not transform into amoeboid one which was
established by Gentscheff (1937) in other polyploid
species of H. subg. Pilosella.

The one-layered sporogenous tissue is poor, com-
prising a small number of cells which function di-
rectly as MMCs (Plate I, Figs 1, 2). Microsporogen-
esis in H. bauhinii as in the other apomictic species
of H. subg. Pilosella, is characterized by numerous ab-
normalities. The first and foremost peculiarity is the
lack of synchronization in MMCs development with-
inan anther. In sexual Hieracium spp. MMCs are usu-
ally well synchronized within the same anther. How-
ever, this is not the case in apomictic taxa of the genus
where MMC:s in different phases — from leptotene to
pachytene — can be found in a single anther during the
heterotypic division of meiosis. In some anthers an
early inhibition of the meiosis in MMCs (during het-
erotypic division) was observed.

Most frequently the following disturbances during
the meiosis were found: different number of speed-
ing or lagging chromosomes; chromosomes out of the
spindle; chromosome bridges and asymmetrical dis-
positions of the spindles during the homeotypic divi-
sion. As a result, the simultaneous microsporogenesis
leads to different types of tetrads (Plate I, Fig. 3), mon-
ads, polyads, morphologically different microspores
in the tetrads and micronuclei.

Degeneration processes, e.g. degeneration of
MMCs, individual microspore in the tetrads or whole
tetrads in some anther locules (Plate I, Figs 4, 5) be-
gin early in the anther ontogenesis. It should be no-
ticed that in the florets of many capitula abnormal an-
thers are formed initially (Plate I, Fig. 6). Due to early
inhibition of the meiosis in MMCs and degeneration
processes, the development of the male gametophyte
is disturbed. Consequently, many anthers become
completely sterile and the florets in capitula - func-
tionally female. Lack or a low number of mature pol-
len grains was registered in the anthers. Most of the
mature pollen grains are sterile, degenerated and

defective. Only a small amount of the normal 3-celled
pollen grains are fertile. The undevelopment and de-
generation of anthers and high degree of sterile pollen
grains, observed in the hexaploid H. bauhinii, were re-
ported by Czapik (1994) in other taxa with gameto-
phytic apomixis.

The ovule is anatropous, tenuinucellate and
unitegmic. The archesporium is formed hypodermally
and consists of a single cell which directly functions as
a megaspore mother cell (Plate II, Fig. 1). The meiosis
in megaspore mother cells results in a tetrad or dyad.
Afterwards, the female gametophyte develops accord-
ing to respectively the Polygonum (monosporic) or
Allium (bisporic) type (Plate II, Figs 2, 3). The chala-
zal megaspore enlarges and becomes vacuolate, giving
rise to one-nucleate ES whereas the sister megaspores
degenerate. After 3 mitotic divisions, subsequent-
ly 2-, 4- and 8-nucleate ES is formed. The mature
ES is typically differentiated and consists of 3-celled
egg apparatus (egg cell and two synergids), two po-
lar nuclei (after their fusion a central cell is formed)
and 3-celled antipodal complex deeply disposed in the
chalaze (Plate II, Fig. 4). The three antipodals in the
ES are one-nucleate with linear or T-shaped arrange-
ment. They often remain as 3 free nuclei and usually
degenerate before fertilization and even before the po-
lar nuclei fusion.

At the stage of 2-nucleate ES the one-layered nu-
cellar epidermis is almost completely degenerated and
the endothelium begins to differentiate from the in-
nermost layer of the single integument. The endothe-
lium consists of not typical radially lengthened cells
and usually can not be clearly distinguished from the
neighbouring somatic cells of the ovule.

Some deviations in the legitimate (meiotic) ESs
were registered, such as atypical polarization of the
nuclei in 4- and 8-nucleate ESs, lack of differentia-
tion of the ES elements, two egg cells instead of one
(Plate II, Fig. 5), elements of two ESs arranged in a
row in the ovule (Plate II, Fig. 6), extrusion of the de-
veloping ES through the micropyle like a haustorium
(Plate III, Fig. 1).

The above-mentioned features of the female game-
tophyte development are a precondition for its con-
sequent degeneration. This was often observed in the
ovules of individual florets. Most of these irregulari-
ties are not observed in amphimictic species but are
characteristic for the apomictic taxa and seem to be
more numerous in aposporous plants (Czapik 1994).
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Plate I

Figs 1-6. Anther and development of male gametophyte in H. bauhinii:
1, Four-layered anther wall with secretory tapetum and MMCs in prophase I (x400); 2, Four-layered anther wall with secretory tapetum
and MMC:s in telophase I (x400); 3, Different type of microspore tetrads (x400); 4, Degenerating microspore tetrads (x160); 5, Degen-

erating microspore tetrads (x400); 6, An abnormal anther (x100).
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Plate IT

Figs 1-6. Ovule and development of female gametophyte in H. bauhinii:
1, Megaspore mother cell in prophase I (x400); 2, One-nucleate ES after Polygonum type (x400); 3, One-nucleate ES after Allium type

(x400); 4, Mature ES (x160); 5, Two egg cells in an egg apparatus and two polar nuclei in ES (x400); 6, Elements of two ESs in a row in
the ovule (x100).

14 « Pro ings of IV BBC — Sofia' 2
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Plate I1I
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Figs 1-6. Development of female gametophyte in H. bauhinii:
1, Extrusion of a legitimate ES through the micropyle (x160); 2, Double fertilization in a legitimate ES (x160); 3, Two-celled embryo

(Asterad-type) and nuclear endosperm (x160); 4, Co-existence of legitimate and aposporous ESs in an ovule (x400); 5, Legitimate and
aposporous embryos in neighbouring florets (x100); 6. Legitimate and aposporous embryos in an ovule (x160).
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The legitimate embryo and endosperm are formed
after double fertilization (Plate III, Fig. 2). It was ob-
served that the embryogenesis preceded endospermo-
genesis and the embryo developed after Asterad-type
(Plate III, Fig. 3). Initially the endosperm was nucle-
ar (Plate III, Fig. 3) and differentiated into cellular one
after the globular stage of the embryo.

In fact, in the studied accession most ESs and
seeds develop by apospory, a form of gametophytic
apomixis. It is important to notice that this type of
apomixis does not exclude sexual reproduction. Ap-
ospory in H. bauhinii begins after the initiation of
the sexual reproduction. A somatic cell, termed apo-
sporous initial cell, appears after the formation of the
megaspore tetrad in the ovule. Positional differen-
tiation of the aposporous initial (usually giving rise
to an adventitious embryo) occurs more often adja-
cent to the cell undergoing sexual reproduction. The
aposporous ES begins to develop from a somatic cell
deeply disposed into the chalaze. It is not obligatory
that the aposporous initials arise from the nucellus
as in this species, since epidermal and integumenta-
ry origins of the initial cells have been also described
(Koltunow & Grossniklaus 2003). The initial cell en-
larges and undergoes mitosis resulting in the for-
mation of an aposporous ES which was observed in
different developmental stages. In H. bauhinii apo-
sporous ESs can be formed independently in ovules
where legitimate ESs do not develop. Also, sexual
and apomictic ESs can co-exist in a single ovule, side
by side in a competitive manner (Plate III, Fig. 4).
Koltunow & al. (1998) showed that the structures
formed during the apomixis were similar or varied
significantly in form and position relative to the sex-
ual counterparts in the ovule.

The structures formed during the sexual and apos-
porous ES development in H. bauhinii share com-
mon elements but numerous deviations also exist.
The aposporous ES can be easily distingushed from
the legitimate one by some specific features, such as:
unusual number of nuclei; nuclei of various sizes with
more than one nucleolus; lack of polarization of the
nuclei in the young ES; increased number of polar nu-
clei (more than two). Usually, only one ES predomi-
nates in its development, leading often to early degen-
eration of the other. Turesson (1972) and Koltunow &
al. (1998, 2000) described in aposporous species of Hi-
eracium the degeneration of majority of sexual ESs be-
fore the stage of florets opening and anthesis.

In some ovules of H. bauhinii the unreduced ap-
osporous ES typically develops faster than the sexual
one and physically displaces it. An extrusion of the le-
gitimate ES through the micropyle was observed and
consequently, because of its degeneration, sexual re-
production ceased.

Apomixis frequently is associated with the expres-
sion of some mechanisms which limit self-fertiliza-
tion (autogamy): self-incompatibility, dioecy, heter-
ostyly. The autogamy was demonstrated in apomicts
from H. subg. Pilosella - H. aurantiacum and H. pi-
loselloides (Bicknell & al. 2003). Czapik (1996) report-
ed the autonomous apomixis occurred in Compositae
in dioecious Antennaria species as well as in pollen
sterile Hieracium taxa and apomictic species of ge-
nus Chondrilla. Bicknell & Koltunow (2004) showed
that H. subg. Pilosella was "a model system for ap-
osporous plus autonomous gametophytic apomixis”
which was proved in this study too.

The high amount of sterile pollen and the ear-
ly presence of mature aposporous ESs in unopened
capitula of H. bauhinii suggest autogamy is unlikely.
Thus, the embryo and endosperm form without fer-
tilization and the embryo develops by unreduced par-
thenogenesis.

Sometimes, both zygotic and parthenogenetic
seeds can be formed not only in different capitula of
an individual but also in neighbouring florets of the
same capitulum (Plate III, Fig. 5). Moreover, co-exist-
ence of sexual and aposporic embryos (polyembry-
ony) was found in a single ovule in the same or differ-
ent developmental stages (Plate III, Fig. 6). Therefore,
apomixis in the studied accession is facultative and
agrees with the statement of Koltunow & al. (2000)
that facultative apomicts "can produce seeds derived
from both sexual and apomictic processes”. The fac-
ultative apomixis is a mechanism in apomictic plants
allowing them to also retain the capacity to reproduce
sexually to a varying degree (residual sexuality). In ad-
dition, the studied species has a well developed means
of vegetative reproduction by stolons which is very ef-
fective on a local scale.

Conclusions

The study showed that the hexaploid accession of H.
bauchinii is amphi-apomictic, i.e. its reproductive sys-
tem combines both strongly prevailing somatic apos-
pory with sexual reproduction (residual sexuality).
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Additionally, very effective vegetative reproduction by
stolons is present. In most cases many florets or even
whole capitula are functionally female. The apomic-
tic embryo is a result of unreduced parthenogenesis
and the endosperm develops autonomously. Despite
the little quantity of fertile pollen double fertilization
sometimes occurs and leads to formation of legitimate
embryo and endosperm.
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Abstract.

The variability of taxonomical features such as length and number of spines and shape of the coenobium

of Tetrastrum heteracanthum was studied. Clonal cultures, with species specific initial coenobium, were
used. The variability in clonal cultures was traced at three different temperatures. The influence of nutritive
solutions with different concentrations was investigated by intensive cultivating.
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Introduction

Tetrastrum heteracanthum (Nordst.) Chodat was de-
scribed by Nordstedt as Staurogenia heteracantha and
later was attached by Chodat to the genus Tetrastrum.
Migula (1907) referred it to the genus Crucigenia as C.
heteracantha (Nordst.) Kuntze, which was not adopted
from the later authors. Major characteristic of this spe-
cies is the presence on each cell of two asymmetrical, dif-
ferently long spines. Many authors later described based
on the special features such as length and thickness of the
spines many infraspecific taxa: var. dentatum Playfair; f.
rectispina R. Fisch.; var. minor Y.V. Roll; var. homoiacan-
thum Hub.-Pest.; var. longispinum Ahlstrom & Tiffany; f.
crassispinum Hortob.; var. crassispinum Hortob.

Ahlstrom & Tiffany (1934) described on text and
drawing given by Schiller (1924) the variety longispi-
num. Although they gave it such category and ex-
pressed an opinion that it may be only an ecological
variety, regarding this variety the opinion of the later
authors is different. Korshikov (1953) acknowledged
its independence, while Komarek & Fott (1983) in-
cluded it in the variability of the species.

Even more different are the opinions of the authors
about the described from Huber-Pestalozzi (1929) var.
homoiacanthum. While Komarek & Fott (1983) included
it in the variability of the species, Hindak (1984) and Co-
mas Gonzales (1984), independently of each other, con-
sidered that the feature "two spines with the same length"

is with sufficient authority and they gave it a species rang —
T. homoiacanthum (Hub.-Pest.) Hindak comb. nova and
T. homoiacanthum (Hub.-Pest.) Comas comb. nova.

Both taxa f. crassispinum and var. crassispinum de-
scribed by Hortobagyi (1968, 1979) on the basis of the
spine thickness are related to the synonymy of the spe-
cies by Komarek & Fott (1983). Tetrastrum asymmet-
ricum, which was reported by Hortobagyi (1967) and
for which the presence of one asymmetrical spine on
the cells is typical, also is enlisted by Komarek & Fott
(1983) in the bounds of T. heteracanthum.

Having in mind the infraspecific taxa in T. hetera-
canthum proposed by different authors, as well as the
different points of view about the taxonomical value
of the special features of the spines (number, length
and thickness), we set the task to trace their variabili-
ty in laboratory cultures and in nature.

The purpose of the present study was to trace out
the variability of the taxonomical features — length of
the spines and their number on the cells. The exper-
iments were conducted on clonal cultures under in-
tensive cultivation in different nutritious media with
concentration gradient. The influence of different
temperatures was also evaluated.

Additionally to the special features of the species,
the shape (the type) of the coenobium and its overlap-
ping percentage in the clonal cultures, which gave ad-
ditional information for the characteristics of the spe-
cies, were studied.
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Material and methods

The material for the study was received from the al-
gal collection of the University Coimbra, Portugal.
It was a strain of T. heteracanthum No. 1223 coming
from Lagoa das Bracas. From it we isolated two clones
with an initial coenobium corresponding to the both
described types of coenobia, typical for the species.
Clone No. 5083/6 was with initial coenobium type B -
square coenobium, with four crosswise laying cells,
with square open space in the centre of the coenobi-
um and with two asymmetrical differently long spines
on the cells. Clone No. 5083/8 was with initial coeno-
bium type E - rhomboid coenobium, with four cross-
wise laying cells, with rhomboid open space in the
centre of the coenobium and with two asymmetrical
differently long spines on the cells (Fig. 1).

The clonal cultures were accomplished by using the
method of the capillary pipette (Stein 1973) modified
by Mladenov & Furnadzieva (1995). The initial clone
was cultivated prelimi-
narily in luministat with
continuous light condi-
tions of 7 klux, 24+1°C
temperature and con-
tinuous aeration. These
clonal cultures (algae sus-
pensions) were the initial
material for intensive cul-
tivation in nutritious so-
lutions with different gra-
dient of concentration.

Fig. 1. Initial coenobium:
1, for clone No. 5083/6;

2, for clone No. 5083/8.
Scale bars = 10 um.

The intensive cultivation was conducted in a culti-
vatinginstallation accordingto Dilov &al. (1972).It was
completed in Ackerman test-glass in light conditions
15/9 light/dark and 12 klux. During this light period,
the suspensions were blown with 100 1 air/h/100 ml
mixture enriched with 1% CO,. Three nutritious me-
dia were used: BBM (Archibald & Bold 1970), Gy -
Gottingen Basal Medium 1 (Schlosser 1982) and Z -
Zehnder Medium (Staub 1961) — dissolved, natural
and concentrated. We made the increase in concen-
tration by adding 3 g.17' NaCl to the nutritious medi-
um whereas the decrease in concentration was done

by 10x dissolving (without changing the concentra-
tion of the microelements).

The variability of the clonal cultures was studied in
intensive cultivations under three different tempera-
tures — minimum (16 °C), optimum (24 °C) and max-
imum (36 °C).

The microscopic investigation was accomplished
by studying 500 coenobia for every variant of the ex-
periment for reading of coenobium type; 50 coenobia
were microscopically analysed for number and length
of the spines.

Results

Length and number of spines on the cells

The length and the number of spines are used as tax-
onomical features to demarcate between the species
and the infraspecific taxa in the genus. Therefore we
were interested in knowing their variability not only
in the nature, but also in the clonal cultures.

In our study of clonal cultures was established that
in most cases the spines are unequal. The long spine
is with size from 4 um to 20 um, the lowest value be-
ing found in G; and Z concentrated nutritious media
and the highest in BBM normal (Table 1). The size of
the short spine varied from 2 pm to 10 pm, the low-
est value being found in G; and Z concentrated nutri-
tious media, and the highest in the normal nutritious
(Table 1). In G, dissolved nutritious we observed spec-
imens with curved spines (Fig. 2). The sizes of the long
and the short spines are bigger in clone No. 5083/8
(type E) compared to clone No. 5083/6 (type B).

Ahlstrom & Tiffany (1934) in their first mono-
graph of genus Tetrastrum, based on data from dif-
ferent authors, noticed as characteristic features of
T. heteracanthum the presence of (1)-2 spines on the
cell, the length of the long spines being 8-24 pm, and
that of the short spines 1-9 pm. Brunnthaler (1915)
reported size of the short spine 8 um, and for the long
one — 14 um.

Hortobagyi (1968), studying species from nat-
ural samples, established that the length of the long
spine is 10.4-11.6 um, and the short one is 4.5-5 um.
In natural samples from Asia, Ergashev (1979) report-
ed for the long spines 8-24 pm, and for the short ones
1-9 pm.

Hindék (1988) in his investigations on T. heteracan-
thum noticed that the spines are two, but sometimes a
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third, shorter spine is formed. The length of the long
spine is (5)-15-25 pm, and for the short it is (2)-5-
15 pm. For the natural samples from Ribeirao Preto
(Brazil), Silva (1999) established that the length of the
long spine is 6-7.5 pm, and the short is 1-2.5 pm.
The authors Komarek & Fott (1983) and John & al.
(2002) rejected the taxonomical value of the length of

Table 1. Length of the spines on the cells of the coenobium in
clones 5083/6 and 5083/8.

Length (um)
Medium Short spine Long spine
min—max| by |CV (%) min—max| xto |CV (%)

Clone No. 5083/6

1/10BBM 3.0-40 3.2+04 125 6.0-120 7.0+0.9 1238
BBM 3.0-4.0 3.7+0.5 13.5 9.0-12.0 10.3+1.4 13.5
BBM+3 g.l'l 3.0-4.0 35+04 114 6.0-12.0 7.0£09 128
1/10G; 2.0-5.0 3.4+04 11.7 7.0-14.0 11.5%x1.6 13.9
Gy 3.0-4.0 3.2+04 125 9.0-12.0 10.6x1.4 13.2
G;+3 g.l'l 2.0-5.0 3.2+04 125 4.0-6.0 6.2+£08 129
1/10Z 4.0-10.0 54+0.7 129 6.0-18.0 10.0£1.4 14.0
Z 2.0-8.0 4.6+0.6 13.0 5.0-12.0 84+1.1 13.0
Z+3gl”! 3.0-40 3504 114 4.0-6.0 54+0.7 129
Clone No. 5083/8

1/10BBM 2.0-7.0 4.840.6 12.5 10.0-20.0 16.8+2.3 13.6
BBM 2.0-9.0 4.5+0.6 133 10.0-20.0 15.4+2.1 13.6
BBM+3 g.l‘l 3.0-6.0 4.0+0.5 125 6.0-9.0 7.8+1.1 14.1
1/10Gy 2.0-4.0 3.0+04 133 6.0-10.0 8.3%1.1 132
G, 3.0-6.0 49+0.6 122 6.0-12.0 9.4+13 138
Gi+3 g.l'l 3.0-40 3.0£04 133 4.0-6.0 5.6+0.7 125
1/10Z 3.0-6.0 3.6+0.5 138 6.0-10.0 6.2+0.8 12.9
Z 3.0-6.0 3.3+04 121 6.0-11.0 6.7£0.9 134
7+3 g.l'1 2.0-40 3.2+04 125 4.0-6.0 4.8+0.6 125

Legend: min - minimum; max - maximum; X — average; ¢ —
standard deviation; CV - coefficient of variation; BBM - Bold's
Basal Medium; G - Géttingen Basal Medium 1; Z - Zehnder
Medium.

Fig. 2. Coenobium with curved spine under condition of G dis-
solved nutritious medium. Scale bar = 10 pm.

the spines, included this feature in the variability of the
typical variety and gave for the short spine 1-24 um,
and for the long spine 8-46 um (Table 2).

In our study in intensive cultivation the length of
the short spine varied from 2 to 10 pm, and of the long
from 4 to 20 pm, which sizes are similar to those given
by the other authors who investigated this species. An
interesting fact is that in minimum and optimum tem-
perature longer spines are developed, while in maxi-
mum temperature their length decreased (Table 3).

Table 2. Size of the cell, short and long spine of T. heteracanthum
according to different authors.

Size on Short Long

Authors the cell spine spine
(um) (um) (um)

Ahlstrom & Tiffany (1934) 2.0-11.5 1.0-9.0 8.0-24.0
Brunnthaler (1915) 4.0-8.0 8.0 14.0
Hortobagyi (1968) 3.7-5.6 4.5-5.0 10.4-11.6
Hindak (1988) 50-7.0 (2.0)-5.0-15.0 (5.0)-15.0-25.0
John & al. (2002) 20-115  1.0-24.0 8.0-46.0
Ergashev (1979) 3.5-12.0 1.0-9.0 8.0-24.0
Komarek & Fott (1983) 2.0-11.5 1.0-24.0 8.0-46.0
Silva (1999) 3.5-6.5 1.0-2.5 6.0-7.5

Table 3. Length of the short and long spines on the cells of
the coenobium in clones 5083/6 and 5083/8 under different
temperatures.

) Length (pm)
Clone :f Short spine Long spine
growth| min-max| x+¢ | CV |min-max| xto |CV
(%) (%)

No.5083/6 Tmin 3.0-9.0 5.6+0.7 12.5
Topt 3.0-9.0 3.7+0.5 13.5
Tmax 2.0-6.0 3.4+0.4 11.7 6.0-15.0 10.0+1.4 14.0
No.5083/8 Tmin 3.0-6.0 5.4+0.7 129 6.0-12.0 9.3%x1.3 13.9
Topt 2.0-9.0 4.5+0.6 13.3 10.0-20.0 15.4+2.1 13.6
Tmax 2.0-6.0 3.3x0.4 12.1 5.0-12.0 7.71.0 12.9

8.0-12.0 9.2+1.3 14.1
4.0-20.0 10.3+1.4 13.5

Legend: T° - temperature; min - minimum; max — maximum;
opt - optimum; x - average; o - standard deviation; CV - coeffi-
cient of variation.

Coenobium types in the clone cultures

The types of coenobium, which the authors gave for
this species, are two: square coenobium with square
open space in the centre of the coenobium, and rhom-
boid coenobium with rhomboid open space in the
centre of the coenobium.

In our study, even though in small percentage, we
observed also the other types of genus Tetrastrum coe-
nobia which are given in our earlier article (Velichko-
va & Kiryakov 2005). In our study of intensive cultiva-
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tion process, which was applied to the three nutritious
media with their variants for clone No. 5083/8, we ob-
served that in the highest percentage was found the
initial (rhomboid) type E, followed by the square coe-
nobium type B (Fig. 3).

During the intensive cultivation process for the nu-
tritious media with concentration gradient the results
for clone No. 5083/6 showed that the initial (square)
coenobium type B dominated, followed by the rhom-
boid coenobium type E (Fig. 4).

mnrenl et ming
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Fig. 3. Prevailing types of coenobia (in %) in intensive cultivation
in nutritive medium BBM with different concentrations - clone
5083/8.
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Fig. 4. Prevailing types of coenobia (in %) in intensive cultivation
in nutritive medium BBM with different concentrations - clone
5083/6.

Discussion

On the natural samples from marsh Halleger, Hindak
(1988) presented illustrations of T. heteracanthum
(Abb. 15) in which the difference of the length of the
long and the short spine was very obvious and led to

correlation of 5:1, whereas in others it was only 5:4.
This variability was also seen in our cultures.

Our results for the variability of the length of the
spines in clonal cultures of T. heteracanthum during
cultivation in different nutritious media and different
temperatures showed about the length of the spines
(short and long) no diversion to this established in the
natural samples of the typical species. In both clon-
al cultures the maximum size for the long spine did
not exceed 20 um, and for the short - 10 pm. Ahl-
strom & Tiffany (1934) and Korshikov (1953) recog-
nized var. longispinum like various category of the spe-
cies, in which the length of the long spine was over
46 pm, and of the short one over 22 um. Expecting this
we considered that var. longispinum must be indepen-
dently saved.

About f. crassispinum and var. crassispinum de-
scribed from Hortobagyi (1968, 1979), we will sub-
scribe to Komarek & Fott's opinion (1983), who re-
lated to the variability of the species. In reference to
var. homoiacanthum, which is characterized with two
equal considerably longer than the coenobium spines,
as we already noted, the opinions of the authors are
rather different. From complete disregard of his tax-
onomical value Komdérek & Fott (1983) raised it to a
species rank.

In our cultures we also observed specimens with
two considerably long, but unequal spines which did
not exceed 10 um and thus they are included in the
limits of the typical species. Hindak (1984) raised the
mentioned variety to the species rank and in the il-
lustrations of his own material presented a specimen
with two unequal in length spines, which may be due
to different angle at which they are located, for that
reason he gave a size over to 18 pum. In all our inves-
tigated cultures under different conditions no speci-
men was established with spines having this length.
That is why we think that for this type of coenobium a
taxonomical independence must be reserved, but with
rank of variety given as described by the authors - T.
heteracanthum (Nordst.) Chodat var. homoiacanthum
Hub.-Pest.
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Abstract.

The purpose of this study was to investigate the response of intergeneric wheat-Thinopyrum intermedium

hybrid lines to in vitro cultivation in control and drought stress conditions. Explants from immature embryos of
different wheat cultivars and intergeneric hybrids were used in the experiment. In vitro selection at the level of
calli from 4 genotypes using different PEG concentrations was performed. The most suitable genotypes and PEG
concentrations specific for each of the examined genotypes were established. The in vitro technological approach
presented allows selecting valuable wheat forms that may be efficiently used in various breeding programs.
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Introduction

Over the last years particular attention has been paid to
wheat genetic improvement in order to increase grain
yield and to breed new wheat forms resistant to biotic and
abiotic stress. Wild plant species are a rich source of genet-
ic material of valuable traits including resistance to abiotic
stress which may be introduced into crop plants (McGuire
& Dvorak 1981; Shannon & Noble 1990). The methods of
plant tissue cultures allow both to examine directly the in
vitro response of the plants and to identify the most toler-
ant genotypes. Besides, these methods make possible the
performance of the selection at cell level, when the chang-
es of the traits studied are more efficiently expressed at that
level than at the level of regenerated plants. In cereals, wild
species from genus Thinopyrum are a rich source of genes
for resistance to abiotic stress. Therefore, the purpose of
our study was to investigate the response of intergeneric
wheat-Thinopyrum intermedium hybrid lines to in vitro
cultivation in control and drought stress conditions. Thus,
the selection of lines responsive to in vitro cultivation in
stress simulating conditions would allow revealing geno-
types tolerant to drought stress.

Material and methods

Explants from immature embryos of different wheat
cultivars and intergeneric hybrids were used in the

experiment. The hybrids were stabilized wheat lines
obtained through intergeneric hybridization of three
Triticum aestivum cultivars (Bezostaya, Sadovo and
Rusalka) with the wild species Thinopyrum intermedi-
um (2n = 42) (Tyankova 2000). The genome of Th. in-
termedium, as it is known, possesses genes for resist-
ance to abiotic stress (McGuire & Dvorak 1981). Three
of these lines and their parental cultivars were exam-
ined for their response to in vitro cultivation in control
and in drought simulated conditions. For this purpose
the immature embryos were cultivated on MS medi-
um to which 0.5 mg/l kinetin, 3.5 mg/l 2,4-Dichlo-
rophenoxyacetic acid (2,4-D), 150 mg/] glutamine and
1000 mg/1 casein hydrolizate were added.

The isolated, 12-15 days old, semi-transparent im-
mature embryos, 1.0-1.5 mm long were sterilized and
planted on solid nutrient medium with the scutellum up-
ward. The callus cultures were induced and maintained
in the dark in thermostat TB-150. For regeneration the
calli were illuminated with 2500 Ix for 16 h per day. All
stages of the in vitro cultivation proceeded at 25°C. Each
embryo was grown on a tube containing 10 ml nutrient
medium. For regeneration 4-5 calli were grown in Er-
lenmeyer flask containing modified nutrient media on
Murashige & Skoog (1962). To simulate water deficiency
Polyethylene glycol (PEG) 6000 (Sigma) was added (5%
or 10%). After 20-30 days cultivation the regenerants
were transplanted in pots containing soil and perlite.
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Variation analysis and Student's t-test were used
for statistic processing of the data to prove the differ-
ence in the mean values of the parameters examined.

Results and discussion

As seen from Table 1, the callus induction observed in
the wheat cultivars and lines varied between 81.90 % and
97.40%. There was no significant variation among the
genotypes tested. This indicated lack of genotype differ-
ences at that stage of embryo development and is in agree-
ment with Stolarz & Lorz (1986) and Immonen (1992).
The immature embryos cultivated on nutrient medium
for callus initiation proliferated intensively and within a
week accumulated non-organized homogenic cell mass.
Some of the calli were white, of high water content and
smooth surface. They had no morphogenic potential and
were defined as calli of non-regenerative type.

The calli of the embryogenic type were of granular
structure and yellowish in colour. Such calli normally
express high regeneration ability. The data presented in
Table 1 indicate that the genotypes studied differ in their
morphogenic potential. Statistically proved higher fre-
quency of the morphogenic calli compared to the con-
trol (cv. Sadovo) was observed in the three hybrid lines.

The yellowish calli of granular structure were planted
to regenerate on a nutrient medium of properly balanced
plant growth regulators (BAP, IAA and kinetin) (Zagors-
ka & al. 1991). In our study the regenerant development
proceeded along two parallel pathways: somatic embryo-
genesis and organogenesis. On regeneration medium the
calli gave rise to numerous shoots and thin roots. Forma-
tion of leaves, leaf buds and shoots was also observed. The
data in Table 1 suggest that the genotypes tested difter sig-
nificantly in regeneration frequency and in propagation
coefficients (number of regenerants that have emerged

Table 1. Callus induction and regeneration of immature embryos
of wheat (T. aestivum, cvs. Bezostaya, Sadovo and Rusalka) and
its intergeneric hybrids.

Embryos| Induced [Morphogenic|Regeneration(Propagation|

Genotype | tested calli calli frequency | coefficient
No) [No)[(%)] (%) (%)

Sadovo 500 455 91.0 53.61+29 51.1£3.8 1.97+0.93
Bezostaya 500 440 88.8 56.38+3.8  47.3x1.7 1.63+0.60
Rusalka 500 470 94.0 48.12+3.1 59.3+1.3" 1.45+0.28
WWGH31 244 175 819 70.50+32° 68.6+5.2" 2.68+0.38"
WWGH36 500 487 97.4 69.81+1.4° 59.4+2.4° 1.62+0.79
WWGH68 300 275 91.7 72.80+3.1" 64.7+1.6° 1.36+0.64

a, b - Significant at P=0.05, P=0.01, respectively.
Abbreviations: WWGH - wheat-wheatgrass hybrid line.

from one callus). Regeneration frequency, i.e. the per-
centage of embryogenic calli producing regenerants var-
ied for the different genotypes. The wheat cultivar Rusal-
ka and the three hybrid lines were of higher regeneration
frequency compared to that of the standard for Bulgaria
wheat cultivar Sadovo. The propagation coefficient of hy-
brid line 31 was higher than that of cv. Sadovo, while the
propagation coefficients of cultivars Bezostaya and Rusal-
ka were similar to that of cv. Sadovo. No correlation was
observed between the degree of callus induction and the
regeneration potential among the genotypes suggesting
that both phases of the in vitro response are under inde-
pendent genetic control, which is in agreement with oth-
er investigators (Henry & al. 1994a, b).

The standard wheat cultivar Sadovo and the three
hybrid lines were tested for their response to simulat-
ed drought. At rooting, the regenerants were grown for
tree weeks on the following nutrient media: VK1 - con-
trol, VK1 + 5% PEG, VK1 + 10% PEG. The frequency
of well rooted, poorly rooted and dead plants was scored
for each nutrient medium and genotype. Biometric da-
ta for regenerants' stem height and root length were al-
so collected. The data presented show that the highest
percentage of well rooted regenerants of all genotypes
results from the control nutrient media (Table 2). Best
rooting was observed in the wheat-wheatgrass hybrid
line 31 followed by hybrid line 36. As it is also seen from
Table 2, PEG in the nutrient medium suppressed root-
ing. In some cases the inhibitory effect of 5% PEG was
stronger than that of 10 % PEG. It may be due to the fact
that 10% PEG induces liquefaction of the nutrient me-

Table 2. Rooting frequency and certain biometric parameters
in regenerants grown on control and selective media containing
5% or 10% PEG.

Genotype [Medium [Regene-| Well | Poor |[Mean| Mean | Mean
rants | rooted |rooted| No. | root stem
tested [ (%) (%) | of | length | length
(No.) roots| (cm) (cm)

Control 29 144429 765 60 16408 164+46
Sadovo  5%PEG 25 32+11° 80.1 104 0.8+03" 14.6x17
10%PEG 19  62+1.8" 712 144" 1.0+0.6" 12.5+16°
Control 47 64578 217 39 32408 17.1+3.1

236+42° 447 21.8" 2.0+0.8 13.4+3.0°
439+39° 289 193° 45426 14.1248
268124 546 114 22424 154448
168+1.6° 582 14.1 11+1.7° 144+39
187432 515 98 1.5+3.2° 15.0+4.5
167436 673 72 17407 198427
WWGH68 5%PEG 31  82+28° 714 61 10+09" 143+3.7°

10%PEG 22 112417 636 113 18+13 166426

a,b, ¢ - Significant at P= 0.05, P= 0.01, P= 0.01, respectively.
Abbreviations: WWGH - wheat-wheatgrass hybrid line.

WWGH31 5%PEG 37
10%PEG 31
Control 48
WWGH36 5%PEG 44
10%PEG 54

Control 26
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dium leading to reduced resistance against root growth
and enhancing the access to available nutrients.

Almost all differences in root length among indi-
vidual genotypes and variants are statistically signifi-
cant, in contrast to the stem height. It may be due to
the fact that at the time of rooting the stems of the re-
generants are almost fully developed while root growth
is still at an early stage of development. Besides, the de-
gree of root development is strongly dependent on nu-
trient medium composition.

The fully developed regenerants were transferred
from the tubes into pots containing soil and perlite (1:1)
and kept further in a phytostatic chamber with contin-
uous illumination and constant temperature (~25°C) to
spend the winter and to adapt to non-sterile greenhouse
regimen. The latter is important because the regenerants'
adaptability potential had been suppressed under con-
ditions of simulated drought and a considerable part of
them failed to adapt to the altered conditions. The hybrid
lines 31 proved to be of highest adaptability.

The data obtained show that the genotypes stud-
ied are comparatively tolerant to drought and may be
used in different breeding programmes to increase
wheat drought tolerance.
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Abstract.

Growth, viability, izoenzyme intensity and proline content of unadapted and adapted (0.5 %, 1.0 %, 1.5 %, 2.0 %

and 2.5 % NaCl) callus of Nicotiana tabacum cv. Krumovgrad 90 were examined in this study. Growth reduction
of callus in higher NaCl concentrations (1.5 %) correlated with a decreased relative staining intensity of MDH
isoenzymes. Increasing amounts of NaCl up to 1.5% provoked progressive proline accumulation, while higher
NaCl content (2.0 %) decreased it and callus growth was relatively low. The present results confirm the important
role of MDH and proline in stress adaptive response as protective factors of the enzyme systems.
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Introduction

Morphological and biochemical study of stress an-
swer is a base for development of plants resistant
to abiotic stress factors and an alternative approach
for overcoming the damaging effects of environ-
ment pollution. Another important practical result
is the possibility to obtain new biological indica-
tors for the pollution and bioremediation of soils,
plant biomass, etc. Application of in vitro model
system for abiotic stress study considerably reduc-
es the time for obtaining resistant forms. It is al-
ready established that positive correlation exists be-
tween the resistance of cell and callus culture, and
the whole plants respectively (Yang & al. 1990; Kirti
& al. 1991; Ochatt & al. 1998; Lombardi & al. 2004;
Parida & Das 2005).

The present paper reports our study of the salinity
influence on the biomass accumulation and biochem-
ical parameters of Nicotiana tabacum calli.

Material and methods

Nicotiana tabacum (cv. Krumovgrad 90) was used as in-
itial material. Stem segments 1-1.5 cm high were culti-
vated on Murashige & Skoog (1962) agar medium sup-
plemented with 2 mg/l c-naphthalene acetic acid and

0.5 mg/l kinetin for callus induction. After 20 days a
part of the well developed calli were removed to fresh
medium used as control and the rest part of them were
placed on medium with 0.5%, 1.0%, 1.5%, 2.0% and
2.5% NaCl. Callus weight was measured before and af-
ter 20 days treatment.

The relative callus growth rate was calculated by
the following formula:

o = A2-A1/A1, where Al is the initial weight of the
callus and A2 - callus weight after 20 days treatment.

The protein extract for isoenzyme analysis was
prepared in the following way: callus, previously
frozen at —-40°C, was grown in a glass mortar with
0.05 M Tris-HCI buffer, pH 7.2, containing protec-
tive supplements (Ryechter & Levak 1969). The ratio
callus weight (g): volume buffer (ml) was 1/3. Ver-
tical block polyacrylamide gel electrophoresis with
gel size 1/90/7 mm was applied (Davis 1964). MDH
isoenzymes were visualized following the recipe of
Shaw & Prasad (1970). The enzyme activity was de-
tined in Units/mg protein (U/mg protein) respective-
ly (1 Unit = 1 mol.min™). The enzyme investigations
were carried out with the use of UV-visible spectro-
photometer SHIMADZU. The proline concentration
was determined after the method of Bate (1973) de-
scribed by Pahlich & al. (1983) on the ninhydrin re-
action base.
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Results and discussion

The relative growth rate of N. tabacum (cv. Krumovgrad
90) callus treated with increased NaCl concentrations
and the control are presented in Figs 1 and 2. Structural
differences were established according to NaCl concen-
trations: white, small-grained, compact callus at 0.5%
and 1.0 %; white, coarse-grained, soft, friable one at 1.5 %
and brown, coarse-grained, soft callus at 2.0 % NaCl.

In spite of the variation of this index values for the
separate repetition of callus growth some tendencies
were pointed out:

- Intense callus growth exceeding the control was
observed at 0.5% NaCl treatment. This phenom-
enon could be explained with the positive effect of

Fig. 1. Calli treated with NaCl: 1, Control 0.0 %; 2, 0.5 %; 3, 1.0 %; 4, 1.5 %; 5, 2.0 %.

low NaCl concentrations, also determined in other
plant species by Sabbah & Tal (1990);

- Callus increase was delayed at higher (1.0 %, 1.5 %,
2.0%) NaCl quantities;

- Any growth was put on end at 2.5% NaClL

Malatedehydrogenase isozyme (MDH) spectra both
in the control and in treated with NaCl (0.5-2.0%) cal-
li are given in Fig. 3. High staining intensity of MDH
spectra in the control and in calli at 0.5-1.0% NaCl was
in positive correlation with the relative higher values of
callus growth. The reduction in development of adapted
with 1.5% NaCl callus corresponded to decreased relative
staining intensity of MDH isoenzymes. The results ob-
tained for medium containing 2.0 % NaCl were of consid-
erable interest. In three repetitions in-
creased intensity of MDH izoenzyme
staining compared with the control was
observed. It can be connected with the
dependence established by Weimberg
(1967) of the activity of pea superna-
tant MDH in higher NaCl concentra-
tions. Data obtained showed that MDH
is an important indicator for energetic
metabolism.

The comparative assessment of

mg Relative callus growth

2
1.8 1

—_ a
NP,

0.8
0.6 4
0.4 4
0.2 4

O T T T T

O callus growth

the above-mentioned callus behav-
iour with the quantitative changes in
proline, another biochemical indica-
tor studied, showed increased activity
of this enzyme in the material in vitro
adapted to salinity. Proline concentra-
tion in cv. Krumovgrad 90 callus, treat-
ed with NaCl, is presented in Fig. 4.
Progressive proline accumula-
tion with the increase of NaCl (0.5 %,

NaCl 0% 0.50% 1.00% 1.50%

2.00%

1.5%) in the nutrient medium was

2.50%

Fig. 2. Salinity effect of relative callus growth.

observed. In 1.5% NaCl this amino

1 | 1
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2 3
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1 5 5 5

3 4

Fig. 3. Electrophoretic spectra of the MDH isozymes: 1, Control; 2-5, Calli treated with NaCl - 0.5% (2); 1.0% (3); 1.5% (4); 2.0% (5).
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selection at the somatic embryo level. - Theor. Appl.
Genet., 83(2): 233-237.
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R. 2004. Study of effects of salinity in genotypes of
Nicotiana tabacum. - In: SIFV-SIGA Joint Congress,
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Murashige, T. & Skoog, F. 1962. A revised medium for
rapid growth and bioassays with tobacco tissue cul-
ture. — Physiol. Pl. (Copenhagen), 15(3): 473-497.

Noaman, M.M. & Ahmad, E. 2004. Development of
alfalfa tolerant to salinity stress using organogenesis
technique. - Biotechnology, 3(2): 136-139.

Ochatt, S.J., Marconi, P.L., Radice, S., Arnozis, P.A.
& Caso, O.H. 1998. In vitro recurrent selection of
potato: production and characterization of salt tol-

1,5 2,0 2,5 NaCl% erant cell lines and plants. — Pl. Cell Tissue Organ

Fig. 4. Prolin accumulation in NaCl treated callus.

acid reached its peak and decreased content was es-
tablished in higher (2.0%) NaCl concentrations, ac-
companied by retardant callus growth. The results ob-
tained indicated biochemical parameter of tobacco
stress answer and confirmed the role of proline as a
hopeful indicator for the possibility of plants to adapt
to anthropogenic pollutans and stress factors, also
established by other authors (Potluri & Devi Prasad
1994; Gangopadhyay & al. 1997; Roosens & al. 1999;
Noaman & Ahmad 2004; Rai & al. 2006).

Our preliminary study is a part of in vitro screen-
ing of Bulgarian tobacco cultivar adaptation to salinity
in order to create forms resistant to this factor. Our re-
sults confirm the importance of cell and tissue culture
methods as quick and effective means for investigation
of the adaptive stress response and resistance of tobac-
co towards anthropogenic influences. The biochemical
parameters of the callus can be applied as indicators for
pollution and stress influence of the medium.
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Somaclonal variation in Rubus caesius callus cultures
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Abstract.

One of the advantages of callus cultures is the occurrence of genetic variations, the main source for new

genotypes selection. The apical buds of Rubus caesius have shown an intensive dedifferentiation reaction and
rapid callus development. A type of genetic changes has been detected in callus cultures, namely aneuploidy.
There were selected not only somaclones with normal chromosome numbers, but also ones with different

chromosome numbers.
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Introduction

The indirect micropropagation with callus forma-
tion represents an alternative to select and per-
petuate new cell lines, with different ploidy lev-
els (Busby & Himelrick 1999). The purpose of the
investigation was to initiate callus cultures at Ru-
bus caesius L. and to study the relationship be-
tween totipotency expression of cultured cells and
the changes in the level of ploidy. The modern ap-
proaches of plant propagation based on cell and
tissue culture techniques are able to increase the
efficiency of breeding processes. They offer op-
portunities for rapid clonal propagation of some
unique genotypes. The unconventional techniques
permit the multiplication and maintenance of
these genotypes.

Material and methods

The axillary buds were sterilized with 70 % ethanol,
after that with 0.5% sodium hypochlorite for 10-15
minutes. After rinsing with sterile distilled water, the
explants were transferred to MS medium contain-
ing 2 mg/l BAP and 0.2 mg/l IAA and maintained at
23°C under 16 hours light cycle (Fiola & Schwartz
1986; Fiola & al. 1990).

The MS medium supplemented with 2 mg/l
BAP and 0.2 mg/l IAA stimulated callus induction

on young explants. The primary callus cultures
of R. caesius were subcultured at an interval of 4
weeks and maintained several months in dediffer-
entiation state. The regenerative capacity of callus
cultures was also tested (Table 1).

The heterogeneous proliferous structures were
cytogenetically studied. For cytogenetical analy-
ses, the callus was subjected to the following treat-
ments: 2 hours in 0.2 % colchicine solution, then 2
hours in distilled water; fixed for 24 hours in Car-
noy's solution; hydrolysed for 8 min in 50 % HCl
at room temperature; stained in Carr solution.
The slides were analysed at Nikon E600 Eclipse
microscope, being photographied with Nikon
CoolPix900.

Table 1. In vitro reactions of R. caesius cultivated on different
variants of MS medium.

Variants of MS Growth regulators Reactions
medium
BAP 1AA
I 0.2 mg/l 0.2 mg/1 -
II 2 mg/l 0.2 mg/l Caulogenesis
Callus
111 0.2 mg/l 2 mg/l -
v 2 mg/l 2mg/l Caulogenesis
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Results Plate I

The induction of cell division in differentiated tissues
resulting in callus cultures increases the chance of mu-
tations (D'Amato 1978).

The inductive variants of basal medium MS have
determined an intensive reaction of dedifferentia-
tion in primary explants of R. caesius, finalized with
the development of some heterogeneous proliferous
structures (Plate I, Figs 1, 2).

The apical buds of R. caesius have shown an inten-
sive reaction of dedifferentiation and rapid callus de-
velopment. The primary callus cultures were white to
pale yellow or green in colour, often with a nodular
surface (Plate I, Fig. 3).

Callus formation may be accompanied by cell var-
iation. Serial subcultures of callus pieces could show
cytological differences, which lead to the establish-
ment of different cell lines (Bayliss 1980).

In the case of R. caesius, the cell variability has been
detected not only in primary callus cultures, but also
during successive subcultures.

Fig. 1. Apical bud of R. caesius.

Discussion

In the primary callus cultures of R. caesius it was ob-
served a variability in the chromosome number, in
comparison with normal one in vivo, and 2n = 20, 24
and 27 were established, instead of 2n = 28 (Thomp-
son 1997). Thus, the most frequent type of genetic
changes detected in callus cultures was aneuploidy. ke

The decreases of chromosome number in some
cells appear to be a consequence of imperfections of
chromosomal replication during division of cells. Af-
ter the second and third subculture a diminution of
the chromosome number per cell was also observed
(Plate II, Fig. 3).

The chance of mutations arising depends not only on
number of subcultures, but also on type of tissues used
for callus initiation and the kind of using regulators, such
as synthetic cytokinins (variant I of MS medium).

In R. caesius there is a marked correlation between
the production of mutations and the regenerative poten-
tial of callus cultures. Differences in the reaction of cal-
lus cultured on the same type of medium (MS, variant IT)
have been noticed, depending on the type of cell lines.
The normal cell lines (21 = 28) retain a high regenerative
potential (Plate II, Fig. 2), while the aneuploid cell lines
are not regenerative (Plate I, Fig. 3; Plate II, Fig. 1).

Fig. 3. Primary callus cultures.
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Plate IT

Fig. 1. Secondary callus cultures.

Fig. 2. Heterogeneous proliferous structures.

Fig. 3. Metaphase plate with
2n =20 in R. caesius callus.
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Abstract.

The pollen and diatom record from Late Holocene sediments of fen in the Mt Central Sredna Gora (Bulgaria) was

studied. It consists of 74 pollen taxa and 165 diatom species, varieties and forms; represents three biostratigraphic
zones. The fen emerged during the Subatlantic period, which coincided with the Iron Age in Roman times, has
been related ever since to an increased anthropogenic impact on vegetation. After 830+120 BP both vegetation
and diatom succession showed last cooling phase in fen development. The vegetation succession and fluctuating
development of autochthonous diatom communities were controlled by the local environmental conditions,
other climatic changes and also strongly affected by the active anthropogenic activity.
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Introduction

The Holocene history of mountain ecosystems in Mt
Sredna Gora has been recorded in the sediments of
different type of wetlands. The intermediate position
of Mt Sredna Gora as a geographical and floristic link
between the Rilo-Rhodopean mountain massif and
the Balkan Range makes it an important place in the
Holocene history of vegetation studies. The region is
strongly affected by the economic activity of man and
is still poorly studied paleoecologically.

For Mt Central Sredna Gora, four forest succession
phases have been established in the 10 025+225 BP pe-
riod, and light has been thrown on the development of
vegetation and main climatic changes until the formation
of contemporary beech forests (Filipovitch 1992; Filipo-
vitch &al. 1998). Based on diatom fossil record from sed-
iments of the various wetlands in the area reconstruction
of the paleoecological conditions during the last 10000
years was made (Stancheva & Temniskova 2004).

The presented here study is focused on the Late
Holocene paleocological changes in Mt Central Sred-
na Gora based on pollen and diatom record from the

Barierata stratigraphic profile. The taxonomical com-
position of the diatom flora from the sediments of
Barierata core already has been published (Stanche-
va 2001a, b). The rare diatom species, Decussata hex-
agona (Torka) Lange-Bert., known from a few locali-
ties in Europe, was reported from studied sediments
(Stancheva & Temniskova 2006).

The goals of this paper are the following: first, to
provide detailed biostratigraphical data on the Late
Holocene pollen and diatom record from the sediments
of Barierata core; second, to describe the local paleoeco-
logical situation in the forestless areas of Mt Sredna Go-
ra based on the vegetation changes and succession of
diatom communities, as well as to offer in retrospect a
realistic evaluation of the anthropogenic changes.

Material and methods

Mt Sredna Gora lies to the south of the Balkan Range
and Rearbalkan valleys, with a predominantly West-
East orientation. The vegetation of the area falls in-
to the European Deciduous Forests Zone, the Balkan
(Illyrian) Province, Sredna Gora region. Beech and
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oak forests dominate the contemporary vegetation
(Bondev 2002).

The investigated fen Barierata islocated at an altitude
of 1000 m in the Mt Central Sredna Gora (Fig. 1). The
Barierata fen has approximately 30 000 m” area without
open water surface. It is crossed by stream surrounded
by a few individuals of Alnus glutinosa (L.) Gaertn. The
following species prevail in the vegetation cover of the
Barierata wetland: Plantago lanceolata L., Rumex ace-
tosa L., Ranunculus acer L., Juncus compressus Jacq., J.
effusus L., Holcus lanatus L., Myosotis sparsiflora ].G.
Mikan ex Pohl, Poa bulbosa L. var. vivipara Koch, P.
palustris L., as well as the mosses Calliergonella cuspi-
data (Hedw.) Loeske, Brachythecium rivulare Bruch &
Schimp. and Ceratodon purpureus (Hedw.) Brid.

The material studied was obtained from a sedi-
ment core taken with a Dachnowsky-type corer, with
camera length 20 cm and diameter of 2 cm. The core
length from fen Barierata was 70 cm with lithological
composition as follows: 0-20 cm - peat with phytore-
mains; 20-50 cm - brown peat with sand; 50-70 cm -
clay with a lot of sand and gravels. Layer with wood
charcoal particles was found at 52 cm. The small size
of charcoal particles (2 mm) did not allow the identi-
fication of the wood.

Radiocarbon dating of one sediment sample was
carried out at the Leibniz Institute for Applied Geo-
sciences GGA, Hannover, Germany.

The sediment samples for pollen analysis were tak-
en at 5-10 cm intervals and were treated by standard
methods including hydrochloric and hydrofluoric acids
and acetolysis (Faegri & Iversen 1989). Identification of
pollen and spores was performed using the reference
collection of the Laboratory of Palynology, Institute of
Botany, BAS, Sofia, the keys in Faegri & Iversen (1989),
Moore & al. (1991), Chester & Raine (2001) and Beug
(2004). The pollen percentage of arboreal (AP) and
non-arboreal (NAP) pollen types is presented as a part
of the total pollen sum (ZP), including XP=AP+NAP-
L=100%. Spores of Pteridophyta and pollen grains of
Cyperaceae and aquatic plants are excluded from the to-
tal pollen sum. The results of the palynological studies
are presented in percentage pollen diagram (Fig. 2), on
which the reconstruction of vegetation was based. Sta-
tistical processing of the data and plotting of the pol-
len diagram were made with the help of TILIA and
TILIA-GRAPH software (Grimm 1991).

Samples for diatom analysis were taken at 1-3 cm in-
tervals. Laboratory processing followed the technique
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Fig. 1. Location map of the studied fen Barierata in Mt Central
Sredna Gora, Bulgaria.

of Hasle & Fryxell (1970). 500 valves were counted per
slide. The data for all diatoms that appear over 2% are
displayed in diagram. For the diatom taxa with known
autecology, ecological spectra were determined based on
literary sources with comparable data by the various au-
thors. The percentage ratio of Diatom frustules/Chryso-
phycean stomatocysts was determined after Smol (1985).
pH reconstruction is based on Index B (Renberg & Hell-
berg 1982). Ecological analysis and pH reconstruction
were applied to samples with 500 counted diatom valves
and were described in detail by Stancheva & Temnisk-
ova (2004). Diatoms were identified using Krammer &
Lange-Bertalot (1986, 1988, 1991a, b), Krammer (2000),
and Lange-Bertalot (2001).

Results

Pollen analysis

The pollen analysis has shown 74 pollen taxa altogether:
24 from AP (trees and shrubs) group, 42 from the her-
baceous group (NAP) and 8 local pollen taxa (L) com-
prising aquatic, marsh and spore plants. All identified
taxa were elements of the contemporary vegetation.
Apparently, the floristic composition has not changed
since the Early Holocene. Quantitative correlation be-
tween the different taxa however had changed and this
led to changes in the dominants of the plant commu-
nities (Filipovitch 1992; Filipovitch & al. 1998).
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Fig. 2. Percentage pollen diagram of Barierata core.
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Detached local pollen zones (LPZ) reflect the gen-
eral stages in alteration of the vegetation in the stud-
ied region.

LPZ Br-1 (70-50 cm)

The arboreal taxa are dominant (AP) with maximum
values for the entire profile ranging from 81.4 % to 44 %.
Pollen from Alnus is registered with the highest partici-
pation and maximum values between 74.6 % and 34.3 %
and it actually predetermines the trend of AP curve in
the pollen diagram. Pollen from coniferous trees is not
registered in this zone, except for Pinus diploxylon-type
in insignificant amount and Juniperus with a maximal
value 1.6 % at the end of the zone.

Fagus up to 2% and Quercus up to 1.3 % participate
significantly among the deciduous taxa. Corylus shows
maximum values for the profile between 4% and
7.5%. The rest representatives of the deciduous are in
insignificant amount less than 1 %.

The participation of non-arboreal taxa (NAP) is be-
tween 18.7% and 56 %. Poaceae is dominant among
them with up to 12% in the lower two levels and a
maximum value of 33.5 % at the end of the zone. Rumex
up to 2.4%, Asteraceae/Tubuliflorae, Galium-type up
to 2.2%, Plantago lanceolata up to 2%, Mentha/Sal-
via-type up to 1.6 %, Caryophyllaceae up to 1.5% show
more considerable presence while Apiaceae, Ranuncu-
laceae, Chenopodiaceae, Artemisia are under 1 %.

Cyperaceae up to 3.4 % and Polypodiaceae up to 2%
are registered from the local hydrophytes vegetation.

LPZ Br-2 (50-20 cm)

Sharp change in the ratio AP/NAP was registered.
Non-arboreal (NAP) pollen dominates with values from
81.6% to 86.7 %. Total participation of arboreal (AP) pol-
len reaches up to 18.4%. An increase of Pinus diploxylon
between 2.4% and 3.3% and a decrease of Juniperus to
0.8 % are registered compared to the previous zone. The
amounts of Picea and Abies are insignificant. Represent-
atives of deciduous Alnus decrease considerably from
4.7% to 1% and Corylus to 1.7 %. Increase of Fagus up to
4.8% and Quercus up to 2.1% is registered. Juglans and
Humulus/ Cannabis are with minimal values.

Poaceae is dominant from the NAP in this zone with
values up to 45 % and local maximum of 28 % (at 40 cm).
Rumex (3-7 %) and with local maximum of 10.4% (at
25 c¢m), Secale up to 4.7 %, Triticum/Avena up to 3%,
Asteraceae/ Tubuliflorae up to 4%, Caryophyllaceae
from 1.3 % up to 6.8 %, Galium-type up to 2.7 %, Plan-

tago lanceolata, Ranunculaceae up to 2 %, Centaurea cy-
anus L. with local maximum up to 2.1%, Polygonum
aviculare L. up to 1.8 %, Apiaceae up to 1.3 %, Chenopo-
diaceae, Artemisia up to 1%, etc. are well represented.
From the locals — Cyperaceae with 3-7 % and with
local maximum of 37.5% (40 cm) is registered. The
presence of Carex, Typha latifolia L., Pinguicula, Alis-
ma, Butomus is sporadic and with minimal values.

LPZ Br-3 (20-0 cm)

Non-arboreal taxa (NAP) are dominant between
80.6 % and 88.5 %. Arboreal taxa participate with 11.5%
to 19.4%. After decrease in the beginning of the zone,
Pinus reaches 4.6 % at the end of the zone, which is max-
imal for the profile. The lower boundary of the profile
is characteristic by a drop of share of Pinus and growth
of Fagus which reaches maximum values for the pro-
file up to 6.2 %, whereupon it restores values from the
previous zone. After minimal participation of Quercus
and Alnus in the beginning of the zone, they reach up
to 2.1% and 4 %, respectively. Corylus participate with
1-2%. The share of Carpinus orientalis/Ostrya increas-
es up to 1.2%, and share of Viburnum/Euonymus — up
to 1%. The rest of thermophilous deciduous taxa stay
almost unaltered compared to Br-2.

Among the non-arboreal (NAP) pollen in this
zone, Poaceae has its highest values between 32 % and
45%. In the beginning of the zone Asteraceae/Ligu-
liflorae (18.6%) and Caryophyllaceae (9 %) show lo-
cal maximums, and at the end of the zone Filipen-
dula (6%) and Ranunculus serbicus Vis. (3%) show
local maximums. Plantago lanceolata up to 2.5% and
Chenopodiaceae up to 1.7 % increase their share (max-
imums for the profile). Compared to zone Br-2, a
slight decrease in participation of Rumex to 6%, Se-
cale to 2.5 %, Asteraceae/ Tubuliflorae to 2.7 %, Galium-
type to 1.8 %, Ranunculaceae to 1.3 %, Centaurea cy-
anus and Polygonum aviculare under 1% is observed.
Triticum/Avena up to 3 %, Apiaceae up to 1.3 %, Ar-
temisia, etc., are with unaltered share.

The locals are represented by Cyperaceae up to
8.5 % with maximum of 28 % (10 cm), including Car-
ex up to 1%, Pinguicula and Alisma episodically.

Diatom analysis

A total of 165 diatom species, varieties and forms
belonging to 41 genera were identified in the stud-
ied sediments. The stratigraphic distribution pattern
and relative abundance of the most frequently occur-
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ring diatoms in the sediments of Barier-
ata core are presented in Fig. 3. Changes
in the diatom species composition ena-
bled us to distinguish three diatom as-
semblage zones (DAZ) representing dif-
ferent ecological conditions:

DAZ SGD1 (70-50 c¢m, corresponding to
the LPZ Br-1)

The lowermost part of the zone was
characterized by a poor diatom flora with
high species diversity of aerophilous genus
Luticola D.G. Mann. First planktonic spe-
cies Aulacoseira granulata (Ehrenb.) Si-
monsen and A. islandica (O. Miill.) Simon-
sen appeared at 60 cm with single valves.
Towards the end of the zone a species-rich
diatom community has been dominated
by benthic and epiphytic diatoms Eunotia
glacialis F. Meister, E. implicata Norpel-
Schempp, Alles & Lange-Bert., E. minor
(Kitz.) Grunow, Encyonema gracile Ra-
benh., E. silesiacum (Bleisch) D.G. Mann,
Gomphonema micropus Kiitz., G. clava-
tum Ehrenb., G. parvulum (Kiitz.) Kiitz.,
Nitzschia hantzschiana Rabenh., Navicula
elginensis (W. Greg.) Ralfs, Pinnularia bo-
realis Ehrenb., P. subcapitata W. Greg., P
viridis (Nitzsch) Ehrenb.
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DAZ SGD2 (50-20 cm, corresponding to
the LPZ Br-2)

In the interval 50-40 cm the tycho-
planktonic diatoms Aulacoseira alpigena
(Grunow) Krammer, A. tenuior Kram-
mer, Fragilariaforma virescens (Ralfs)
Williams & Round, Staurosira construens
var. subsalina (Hust.) Andresen, Stoer-
mer & Kreis and var. venter (Ehrenb.)
Hamilton, Tabellaria flocculosa (Roth)
Kiitz., as well as Aulacoseira sp. 1, Aul-
acoseira sp. 2 dominated. Eunotia incisa
W. Greg., Encyonema minutum (Hilse) — ‘u"——
D.G. Mann, E. gracile, Surirella tenera

W. Greg. reached their first maximum in . Ma.ae+i.'¢mTw\h*mﬂwwgw

Clay with graws
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Fig. 3. Diatom percentage diagram of the most com- s
mon diatoms in the sediments of Barierata core.
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In the interval 40-30 cm the composition and struc-
ture of the diatom community abruptly changed. The
species richness decreased and the most of the diatoms
recorded in the preceding stage discontinued develop-
ment. Hantzschia amphioxys (Ehrenb.) Grunow, Navic-
ula elginensis and Sellaphora laevissima (Kiitz.) D.G.
Mann reached their highest relative abundance.

The interval 30-20 cm was characterized by a di-
verse diatom community dominated by benthic and
epiphytic species: Caloneis bacillum (Grunow) Cleve,
Diploneis oblongella (Nageli) A. Cleve, Encyonema sile-
siacum, Eunotia implicata, E. minor, Gomphonema mi-
cropus, G. clavatum, Hantzschia amphioxys, Navicula
elginensis, Meridion circulare var. constrictum (Ralfs)
VanHeurk, Nitzschia perminuta (Grunow) Perag., Pin-
nularia viridis, P. stomatophora (Grunow) Cleve, P. mi-
crostauron (Ehrenb.) Cleve, Sellaphora laevissima.

DAZ SGD3 (20-0 cm, corresponding to the LPZ Br-3)

This zone was characterized by a rich and diverse
diatom flora. In the peaty sediments Eunotia inci-
sa, E. implicata, E. glacialis, E. minor, E. monodon Eh-
renb., Aulacoseira alpigena, A. tenuior, Aulacoseira sp.
1, Achnanthidium minutissimum (Kitz.) Czar., Tabel-
laria flocculosa, Gomphonema clavatum, G. gracile Eh-
renb., Pinnularia stomatophora, P. subcapitata domina-
ted. The planktonic diatoms Aulacoseira subarctica (O.
Miill.) E.Y. Haw. and f. recta (O. Miill.) Krammer, Cyclo-

tella meneghiniana Kitz., C. stelligera Cleve & Grunow,
Stephanodiscus medius Hak., and tychoplanktonic Dia-
toma anceps (Ehrenb.) Kirchn., D. mesodon (Ehrenb.)
Kiitz., were characteristic for the zone.

The aerophilic and closely specialized species, suited
to inhabit acidic mountain wetlands as Caloneis molar-
is (Grunow) Krammer, C. leptosoma (Grunow) Kram-
mer, Platessa rupestris (Krasske) Lange-Bert., Sellapho-
ra seminulum (Grunow) D.G. Mann, Chamaepinnularia
soehrensis var. hassiaca (Krasske) Lange-Bert., Decussata
hexagona (Torka) Lange-Bert., Stenopterobia curvula
(W. Smith) Krammer attained higher frequencies in this
zone. The number and relative abundance of the north-
alpine diatoms Caloneis lauta ].R. Carter & Bailey-Watts,
Frustulia crassinervia (Bréb.) Lange-Bert. & Krammer,
Neidium bisulcatum (Lagerst.) Cleve, Rossithidium pe-
tersennii (Hust.) Round & Bukhtiyarova, Diatoma an-
ceps and D. mesodon increased towards the surface.

Diatom ecology

Only 6% of the identified diatom taxa have unknown
ecology. Fig. 4 shows the proportion between differ-
ent ecological groups, Diatom frustules/Chrysophycean
stomatocysts ratio and pH values obtained by applica-
tion of Index B. The ecological composition of the dia-
tom flora was generally characteristic with dominance of
oligohalobous-indifferent (57.8%), acidophilous-indif-
ferent (44 %), oligotrophic (25.9 %), benthic (34.3 %), and
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Fig. 4. Relative abundance of the diatom ecological groups, diatom-inferred pH values and ratio of Diatom frustules/Chrysophycean

stomatocysts in the sediments of Barierata core.

Legend: A.Halobion diatom groups (hl - oligohalobous-halophilous; ind - oligohalobous-indifferent; hb - oligohalobous-halophobous);
B. pH diatom groups (ab - acidobiontic; acp - acidophilous; ind - indifferent; alk - alkaliphilous); C. Trophic diatom groups (o - oligo-
trophic; om - oligo-mesotrophic; m — mesotrophic; me — meso-eutrophic; e - eutrophic; oe — oligo- to eutrophic); D. "Habitat" diatom groups
(epl - euplanktonic; tpl - tychoplanktonic; ep - epiphytic; b — benthic; a — aerophilous); E. Geographic distribution (bor - boreal; n-a — north-
alpine; cos — cosmopolitan); F. Diatom-inferred pH values; G. Percentage ratio of Diatom frustules/Crysophycean stomatocysts.
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cosmopolite (66.4 %) diatoms. Based on Diatom frustules/
Chrysophycean stomatocysts ratio several changes of en-
vironmental condition were distinguished (Fig. 4G). Di-
atoms gradually increased dominating over Chrysophyc-
ean stomatocysts in the intervals 53-42 cm (DAZ SGD1)
and 30-20 cm (DAZ SGD2), because of the improvement
of the hydrology of the habitat. Diatoms constantly dom-
inated over Chrysophycean stomatocysts (80-97%) in
uppermost 20 cm of the sediments indicating last peri-
od with high water level. The active water reaction values
for the sediments from Barierata core ranged from 5.84 to
6.28 (Fig. 4F). In the uppermost 30 cm of the sediments
the pH is almost constant with values about 6.

Discussion

The obtained palynological results along with the
analysis of autochthonous siliceous microfossils and
radiocarbon give evidence for the assumption that
sedimentation in the investigated region had started
rather late (in the Subatlantic). The Subatlantic peri-
od, which commenced after 3000 BP and coincided
with the Iron Age and Roman times, has been related
to an increased anthropogenic impact on vegetation.

The earliest deposits from zone Br-1 show vegetation
dominated by tree taxa, with prevalence of Alnus, which
is characteristic of humid habitats. Pollen grains of Fa-
gus are also registered in the zone, apparently owing to a
transfer from the higher-altitude mountain regions, con-
sidering the fact that it coincides in time with the peri-
od of the latest change in forest vegetation of Mt Sredna
Gora. According to Filipovitch (1992) later than 1785 BP
the high slopes of Mt Central Sredna Gora were covered
by beech forest, while in the damp ravines and along the
rivers communities of alder and willows had large distri-
bution. The expansion of Fagus was accompanied with
the formation of new peat bogs along the high moun-
tain slopes, and of marshes along the medium-high and
the low slopes (Filipovitch & al. 1998). This is an excel-
lent adjustment with the presumed lowering of temper-
ature and increase of humidity at the end of the Subbo-
real and during the Subatlantic (Bortenschlager 1982).
Representatives of Poaceae dominated the herbage, with
more significant participation of Rumex, Asteraceae/ Tu-
buliflorae, Galium, Plantago lanceolata, Mentha/Salvia,
Caryophyllaceae, Apiaceae, etc. Hydrophilous vegeta-
tion was generally poorly represented. Towards the end
of the zone, the participation of Alnus dropped sharply
from its maximum value of 74.6 % to 5%.

The pioneer diatom flora that had developed during
the period of Alnus dominance (DAZ SGD1) was poor
in species composition with benthic character, which
confirmed initially unfavourable hydrological condi-
tions for the development of diatoms. A high presence
of oligohalobous-halophilous, eutrophic, epithytic and
aerophilous diatoms indicates low water level, strong
connection with nutrient reach ground water and ap-
pearance of places with inundated surface at initial
stage of fen developing. The emergence of planktonic
species Aulacoseira granulata and A. islandica (60 cm)
evidences a river impact on the fen. The sediments with
reduced presence of Alnus showed a rich diatom flora,
probably resulting from higher water levels. The rapid
change in Diatom frustules/Chrysophycean stomato-
cysts ratio supported the changes in the important en-
vironmental gradients as pH, nutrients and water level
due to formation of the wetland close to the stream.

In the next zone (Br-2), a sharp decrease of arbo-
real species reflects the reduced participation of Al-
nus. The latter could be explained by forest fires, as ev-
idenced by charcoal particles at a depth of 52 cm. The
change in Alnus participation could have been also re-
lated to anthropogenic activity. Such an assumption
is supported by the reduction of the forest in the Mt
Sredna Gora region in the beginning of A.D. Accord-
ing to Filipovitch (1992) at that period the inhabitants
at the foot of Mt Sredna Gora started to use intensive-
ly the mountain slopes as pastures. The anthropogen-
ic impact took expression in the destruction of Alnus
communities, in order to extend the pastures and ar-
able land, or to use the trees for timber in construc-
tion and ore-mining. The assumption that such chang-
es were anthropogenically conditioned is supported by
the parallel increase and maximum distribution of all
indicating human influence anthropophytic elements
(pasture, ruderal) (Behre 1981), such as: Rumex, Poly-
gonum aviculare, Centaurea cyanus, Asteraceae/ Tubuli-
florae, Poaceae, Caryophyllaceae, as well as Juglans and
Humulus/Cannabis. The cultivated gramineous spe-
cies Secale, Triticum, Avena had marked an increase in
that period, reaching their maximum values, which was
certainly due to a more intensive agriculture and exten-
sion of arable lands in the region. In local vegetation,
the representatives of Cyperaceae increased their partic-
ipation to the maximum, probably under optimum wa-
ter levels for their development. Carex and Typha lati-
folia also took part in these communities. Participation
of Butomus (40 cm) and Alisma (25 cm) gives grounds
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to the assumption that there were higher water levels.
Single specimens of Pinguicula (40 cm) occurred in the
marshy areas.

The idea of an improved hydrological regime in the
fen after local deforestation is corroborated by the devel-
opment of the tychoplanktonic diatom flora, character-
istic for habitats with stagnant water. The diatom com-
munitiy from DAZ SGD?2 is dominated by Aulacoseira
alpigena, an acidophilous species developing in mass
numbers both in the shallow basins filled with Juncus
spp. and in the deep oligotrophic lakes (Haworth 1988),
as well as by tychoplanktonic species Tabellaria floccu-
losa, Staurosira construens var. venter and var. subsalina.
Presumably, that was the highest water level through-
out the entire history of the fen, evidenced by the fact
that euplanktonic species Asterionella formosa, Fragi-
laria crotonensis, Tabellaria fenestrata were identified
only there. The three latter species have fragile valves
and their preservation is problematic, which comes to
explain their low abundance in the sediments.

A sharp environmental change, probably related
to general decreased humidity, put an end to the de-
velopment of the tychoplanktonic diatom communi-
ty that was replaced by a poor diatom flora, dominated
by Hantzschia amphioxys, an euribiontic species, able
to develop aerophytically even in the moist soil (Kram-
mer & Lange-Bertalot 1988). The low content of diatom
remnants in the sediments of that period (42-30 cm)
can be explained by particular drying out of the fen sur-
face. According to Velez & al. (2005) in peaty condi-
tions, when peat might have dried, diatoms were not
preserved, while pollen grains were. Changes in diatom
community were followed by the strongly diminishing
of the hydrophilous vegetation (after 30 cm), probably
due to changes in the hydrological regime.

At the end of the zone (DAZ SGD2) water ex-
change in the fen once more improved and the fen
was partially isolated from the ground waters by the
peat accumulation. The new hydrological and trophic
conditions brought about a change in the diatom flo-
ra, dominated by some acidophilous benthic species
of the genera Eunotia Ehrenb. and Pinularia Ehrenb.
Apparently, the river was another source of biogen-
ic elements, which is corroborated by the presence of
rheophilous species, such as Meridion circulare var.
constrictum and Amphora copulata (Kitz.) Schoe-
man & R.E.M. Archibald. There were limited patches
of open water, where Tabellaria flocculosa, Staurosira
construens var. venter and var. subsalina throve.

After 830+120 BP (Br-3), vegetation characteris-
tically showed a greater species diversity of the grassy
taxa explained by an increase of herbage in general. The
gramineous species retained their dominant position.
In the beginning of the period, representatives of Aster-
aceae/Liguliflorae and Caryophyllaceae have their maxi-
mum participation, while at the end of the same period
representatives of wet meadows increased in numbers:
Filipendula, Ranunculus serbicus, Plantago lanceola-
ta and Chenopodiaceae. Anthropophytes were present
throughout, although in slightly lower numbers than
in the preceding zone: Rumex, Secale, Triticum/Ave-
na, Centaurea cyanus, Polygonum aviculare, Plantago
lanceolata, Asteraceae/ Tubuliflorae, etc. Generally, the
composition of herbaceous communities remained un-
changed, though with a greater taxa abundance. That
was a period of formation of the contemporary plant
communities in the region. The increase of Pinus in
the latest pollen spectra apparently resulted from man-
made plantations, dated to the beginning of the last
century. In the vicinity of the investigated site commu-
nities of Alnus and Salix registered limited presence in
the more humid habitats. Representatives of Cyperace-
ae, including Carex, extended again their distribution,
reaching a second maximum of 28 % (at 10 cm), subse-
quently followed by a sharp drop in participation.

The peat sediments deposited about 830+120 BP
(DAZ SGD3) had preserved a diatom community typi-
cal for mountain wetlands with high water level, acid wa-
ter reaction and modest nutrient content. It was domi-
nated by the tychoplanktonic Aulacoseira-flora as well as
Eunotia incisa, a north-alpine species tolerating a low ac-
tive water reaction (Krammer & Lange-Bertalot 1991a).
The high percentage of north-alpine diatoms showed a
lower water temperature during the latest stage of the fen
development. The low temperatures had a favourable ef-
fect on a cold-stenothermal diatom flora in the studied
mountain fen that reached its maximum species diversi-
ty. Diatom community was dominated by different rep-
resentatives of the genera Eunotia, Pinnularia, Frustulia
Rabenh., and Stenopterobia Bréb., known as closely spe-
cialized taxa, suited to live in progressively developed
bogs. Changes in ecological composition of diatom com-
munities from the sediments of studied fen showed that
during its development the water level remained incon-
stant and sensitive to climatic changes. Water salinity in
the fen varied from 0.01 to 0.3 g/l and the active water re-
action ranged from 5.84 to 6.28. The water was poor in
biogenic substances and with mild to low temperature.



Scientific Area B « Plant diversity — past and present

121

The plant succession reflected in the pollen diagram,
the succession of the diatom community and the emer-
gence and development of the fen, all resulted from the
environmental and climatic changes in the Holocene, but
were also strongly affected by the anthropogenic activity,
whether direct or not. Presented here data showed that
after 2000 yr. BP, the steadily mounting anthropogenic
impact brought about strong deforestation of vast are-
as, distribution of anthropophytic elements in the moun-
tain flora and changes in the floristic composition of all
plant communities. Provided integrated diatom-pollen
based Late Holocene environmental reconstruction con-
tributes to our understanding of the complicated natural
and anthropogenic factors influenced Late Holocene his-
tory of the Central Sredna Gora Mountain.
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cyanoprokaryotes and algae in Bulgaria
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Abstract. Studies on aerophytic and terrestric algae and Cyanoprokaryota from nature and after application of
cultivation techniques are presented; 9 of the recorded taxa are firstly reported or firstly proved by cultures
for the Bulgarian flora.
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Introduction of soil material on agar-solidified media followed the

The diversity and taxonomy of soil- and aerophytic al-
gae and Cyanoprokaryota is still poorly known world-
wide. In Southeast European countries including Bul-
garia studies of edaphophytes and aerophytes are also
scarce with some exceptions like investigations of cave
algae (e.g., Petkoff 1939; Draganov & Dimitrova 1968;
Draganov & Dimitrova-Burin 1980; Stoyneva & al.
2002) or the studies of soil algae and Cyanoprokaryota
(e.g., Draganov 1964, 1968; Stoyneva 1991; Draganov &
al. 1992). As taxonomic studies of aeroterrestric algae
in most cases need special cultivation techniques under
standard laboratory conditions, research in this field of
algology is underrepresented if compared with aquatic
research (Dindal 1990; Johansen & Shubert 2001).

During scientific cooperation projects between the
algological working groups at the Botanical Institutes
of Sofia and Innsbruck aerophytic algal material from
different localities in Western Bulgaria was collect-
ed and together with soil samples taken in cultures.
Among the algae investigated 9 were firstly recorded
in cultures or new for the Bulgarian flora.

Material and methods

Soil samples were taken from the soil surface and 2 cm
beneath it from the Boris Garden in Sofia (B). Incubation

method described in Ettl & Gértner (1995). Water dilut-
ed soil material was sprayed over the surface of agar Petri
dishes. After 6 to 8 weeks of cultivation at room temper-
ature, on a north-faced window, purification treatments
on agar plates were made according to Ettl & Gartner
(1995) and Andersen & Kawachi (2005). Clonal cultures
were used for taxonomic investigation. Some of the iso-
lated strains are kept in agar tubes for a long-time collec-
tion at the Botanical Institutes in Sofia and Innsbruck.
Aerophytic material was collected by scraping from
rock surfaces of Erma Gorge in the vicinity of the town
Trun (T) and from different sites in the cave Prohod-
na nearby Karloukovo village (K). Enrichment cultures
were again made on agar plates, pure cultures were es-
tablished by the same procedures as for soil algae.
Light microscopy was done with a Reichert Diapan
and an Olympus SH2 microscope, photos taken with a
ProGres C 10 digital camera system. Determinations
follow the adequate references, as Geitler (1932), Ettl
& Gartner (1995), John & al. (2002), Wehr & Sheath
(2003) and Komarek & Anagnostidis (1999, 2005).

Results and discussion

Below a commented list of isolated algae in alphabet-
ical order is provided, where taxa newly recorded and
proved in cultures for Bulgaria are marked with aster-
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isks (*). Abbreviations of the localities follow the de-
scriptions in Material and methods.

Cyanoprokaryota

Chroococcus tenax (Kirchn.) Hieron.

K, common in "Tintenstrichen" on walls of Pro-
hodna cave, ca. 5 metres inside of entrance. Cells
13-17 um in diameter.

*Chroococcus westii ].B. Petersen

K, nearby the entrance of Prohodna cave, between
juvenile stages of lichens (e.g., Dermatocarpon mini-
atum (L.) Mann). Colonies usually of 2-4 cells, 14—
15 pum, with granular content and conspicuous pink to
violet colour. Envelopes distinctly striated.

Gloeocapsa aeruginosa Kiitz.

K, between mosses and young thalli of Dermato-
carpon miniatum in the entrance of Prohodna cave. A
widespread aerophytic species on wet calcareous rocks
and a main part of the "Tintenstrich" flora (Geitler
1932). It differs from G. sanguinea (C. Agardh) Kiitz.
by colourless envelopes and smaller cells (Jaag 1945;
Komarek & Anagnostidis 1999). Colonies in our ma-
terial were 12-15 um in diameter.

Gloeocapsa cf. aeruginosa Kiitz.

K, on moist walls near the entrance of Prohodna
cave. Colonies 12-15 um, differs from the type species
by its granular envelopes.

Nostoc commune (Vaucher) Bornet et Flahault

T, tiny but macroscopically visible colonies in the
surrounding of the jelly lichen Collema cristatum (L.)
E Weber ex FH. Wigg. Cells short, barrel-shaped,
4.5-6.5 um wide, heterocytes spherical.

Phormidium kuetzingianum (Kirchn.) Anagnostidis
et Komarek

K, forming thin greyish layers on moist rocks to-
gether with Gloeocapsa spp. along a "Tintenstrich"
nearby the entrance area of the cave Prohodna. Tri-
chomes 3.5-4 um wide, in thin sheaths.

Phormidium sp.

K, forms greyish-violet bundles of filaments, in cul-
ture without sheaths, resembles P. violaceum (Wallr. ex
Gomont) Anagnostidis but differs in morphology of
apical cell, without calyptra. Trichomes 5-7 pm wide,
almost isodiametric.

*Tolypothrix tenuis var. calcarata (Schmidle)
B.A. Whitton
K, in Prohodna cave together with crustaceous li-

chens (e.g., Caloplaca xantholyta (Nyl.) Jatta). The alga
formed a greyish-blue to greenish-grey felt when moist.
Cells 7-8 pm wide and 8-10 pum long, not constricted at
cross walls, false branches single, subtended by 1-pored
heterocytes. Sheath thin, close to the trichome and par-
tially strongly calcified (Plate I, Figs 1, 2).

Tolypothrix sp.

K, forming dark greyish crusts between moss pr-
otonemata near the entrance of Prohodna cave. Tri-
chomes 9-11 pym wide and 4-6 um long, with firm
sheath. Resembles a form of T. byssoidea (Hassall)
Kirchn.

Xanthophyceae

*Chloridella sp.

B, cells in culture 7-9 um wide, spherical, with thin
and smooth cell wall; chloroplasts 1 to 2, cup-shaped,
without pyrenoid; a characteristic oil droplet be-
tween the chloroplasts. Reproduction by 4 autospores.
The isolated strain resembles C. neglecta (Pascher et
Geitler) Pascher but differs in the number of chloro-
plasts. The similar species, C. cystiformis Pascher has a
thickened, brownish cell wall (Pascher 1939).

*Heterococcus sp.

B, Heterococcus species are characteristic mem-
bers of the soil algal flora; their determination is pos-
sible on culture studies which contain juvenile, adult
and reproductive stages. The isolated material shows
branched filaments, cells 5-6 um wide and up to 18 pm
long. Reproduction with zoospores and aplanospores,
but still not properly documented due to need of long-
time cultivation (Plate I, Figs 3-5).

Ulvophyceae

Trentepohlia aurea (L.) Mart.

T, on moist calcareous rocks between small thalli
of Nostoc commune (Vaucher) Bornet et Flahault and
the lichen Gyalecta jenensis (Batsch) Zahlbr. Cells 10—
25 pm wide, 20-35 um long, apical cells with distinct
pectose caps. Zoosporangia seldom observed in fresh
material.

Chlorophyceae

*Chlorococcum ellipsoideum Deason et Bold

B, cells ellipsoidic or irregular, 7-8 um wide and
11 pm long, chloroplast parietal with some incisions,
one pyrenoid with smooth continuous starch sheath.
Resembles the type (refer to descriptions by Ettl &
Gértner 1988) - Plate II, Figs 7, 8.
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Plate I
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Figs 1, 2. Tolypothrix tenuis var. calcarata from field material;
Figs 3-5. Heterococcus sp. from culture;
Fig. 6. Desmococcus olivaceus from culture. Scale bars = 10 um (Figs 1, 3-6) and 50 um (Fig. 2).
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Figs 7, 8. Chlorococcum ellipsoideum from culture;

Figs 9, 10. Trebouxia arboricola from culture. Scale bars = 10 um (Figs 9-10) and 15 um (Figs 7, 8).
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Trebouxiophyceae

Apatococcus lobatus (Chodat) ].B. Petersen

T, on calcareous rock (wall of a tunnel), forming
greenish layer. In agar culture this isolate forms short
filaments of 3-4 cells, but no zoospores have been ob-
served. Cells 6-14 um in diameter.

*Chlorella minutissima Fott et Novakova

K, between mats of Tolypothrix spp. and moss pro-
tonemata on moist walls of the Prohodna cave nearby
the entrance. Cells 2.5-4 um in diameter.

*Chlorella trebouxioides Puncoch.

K, together with Cyanoprokaryota and layers of
Apatococcus lobatus on moist rocks nearby the en-
trance to Prohodna cave. Resembles the original de-
scription of Puncochéarova (1994), known from soil
and bark (Hanagata & al. 1997). Cells 5-15 um long
and 3-12 pm wide.

*Desmococcus olivaceus (Persoon ex Acharius)
J.R. Laundon

K, common on moist walls of Prohodna cave, be-
tween soredia of lichens and moss protonemata. Al-
so found on a fragment of glass (!) on the ground at
the same locality. This cosmopolitan aerophytic al-
ga forms cuboidal cell packets, chloroplast parietal
with lobed margin and a small sometimes badly vis-
ible pyrenoid. Cells 6-10 um in diameter. The repro-
duction stages (aplanosporangia) with characteristic
warty cell walls were observed (Plate I, Fig. 6).

Trebouxia arboricola Puym.

T, found in free living but also lichenized stage on
moist rocks. Single cells without lichenization were
also found in K on rocks of Prohodna cave among
Desmococcus olivaceus layers. Seemingly widely dis-
tributed in Bulgaria, earlier recorded from bark
(Vodenicharov & al. 1971) and on monuments (Gart-
ner & Stoyneva 2003). Cells 10-15 pm in diameter
(Plate II, Figs 9, 10).

*Trebouxia cf. excentrica P.A. Archibald

K, only found in lichenized stage, perhaps from
lichen soredia, together with Chroococcus westii,
Desmococcus olivaceus and juvenile Dermatocarpon
miniatum, at the entrance of Prohodna cave. The very
distinct deeply incised chloroplast fills not more than
2/3 of the cell lumen. Cells 10-14 pm in diameter.

For future research, nature conservation and edu-
cation it would be of great interest to conserve all the
newly isolated algal strains for long-term maintenance

in a culture collection under controlled environmen-
tal conditions.
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Abstract.

The freshwater red alga, Batrachospermum arcuatum, is recorded for the first time in the freshwater algal flora

of Bulgaria. It was collected in nine localities (streams, karst spring and stone trough of fountains). A new
locality of B. gelatinosum was also reported. The morphological characters of B. arcuatum and B. gelatinosum
specimens were described. In addition, the morphological variation among B. arcuatum specimens from nine
stream segments was examined and showed a west-east trend in both whorl and carposporophyte diameter.
A proposal for protection of B. arcuatum and B. gelatinosum is presented.
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Introduction

More than 200 taxa of Rhodophyceae are known from
freshwater habitats (Kumano 2002). Many of them,
especially members of Batrachospermales, inhabit-
ed aquatic environments with good water quality, i.e.
low nutrient and high oxygen concentration (Sheath
& Hambrook 1990) and have been considered for pro-
tection in Europe and elsewhere (Knappe & al. 1996;
Edlund & al. 1999). Batrachospermum section Batra-
chospermum is generally characterized by the follow-
ing features: well-developed whorls, undifferentiated
and straight carpogonial branches, non-pedicellate
carpogonia with club- to urn-shaped trichogynes at
various distances from the whorl axis (Starmach 1977;
Kumano 1993; Vis & al. 1996a). Members of this sec-
tion are widespread in arctic, boreal and temperate
regions (Vis & al. 1996a). The distribution of macro-
scopic freshwater red algae in Bulgaria has been doc-
umented in a few publications from the beginning of
20™ century and summarized by Vodenicarov & al.
(1991). The most recent data refer to the distribu-
tion of Hildenbrandia rivularis (Liebm.) J. Agardh in
Bulgaria (Stoyneva & al. 2002, 2003). Nine species,
varieties and forms of Batrachospermum have been
reported in Bulgaria but each only from a single lo-

cation. Only B. gelatinosum (L.) DC. was repeatedly
collected from streams and karst springs in different
parts of the country (for references see Vodenicarov
& al. 1991). In Bulgaria, four species and one variety
attributable to Batrachospermum section Batrachos-
permum have been previously reported, including B.
gelatinosum (as B. moniliforme Roth, B. moniliforme
f. densum (Sirodot) Israelson), B. anatinum Sirodot
(as B. ectocarpum Sirodot), B. boryanum Sirodot, B.
boryanum var. distensum (Kylin) Israelson, B. con-
fusum (Bory) Hassall (as B. crouanianum Sirodot)
(Vodenicarov & al. 1991).

In this study we present data on the first record of
Batrachospermum arcuatum Kylin in Bulgaria and in-
formation on a new locality for B. gelatinosum. We de-
scribe morphological characters of B. arcuatum and B.
gelatinosum and also provide data on morphological
variability and ecological preferences of B. arcuatum.

Material and methods

Nine locations with B. arcuatum and one with B. gelat-
inosum were sampled in Bulgaria (Fig. 1).

Site 1. Stone trough of fountain in the village of
Ovcharovo (43°11'N, 27°01'E; elevation 112 m), es-
tate of the town of Shumen.
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Fig. 1. UTM-grid map of Bul-
garia with localities of B. arcua-
tum and B. gelatinosum.

O Batrachospermum gelatinosum

Site 2. Stone trough of fountain west of the town
of Shumen at the boundary of Shumensko plato Na-
ture Park (43°21'N, 26°55'E; elevation 320 m).

Site 3. Stone trough of fountain near the village of
Lozevo at the boundary of Shumensko plato Nature
Park (43°20'N, 26°35'E; elevation 324 m).

Site 4. Byalata stena karst spring in Beli Lom Riv-
er Gorge, Roussenski Lom Nature Park (43°39'N,
26°04'E; elevation 70 m).

Site 5. Stone trough of fountain near the village of
Kostena reka (43°11'N, 27°09'E; elevation 259 m), es-
tate of the town of Shumen.

Site 6. Matitsa Stream north of the village of
Eleshnitsa below outlet of Toplika spring, Stara Plani-
na Mts (42°45'N, 23°40'E; elevation 724 m), estate of
the town of Sofia.

Site7. Zheleznishka Stream west of the Zheleznitsa
village in Vitosha National Park, Mt Vitosha (42°32'N,
23°22'E; elevation 960 m).

Site 8. Dragalevska Stream south of the village
of Dragalevtsi in Vitosha National Park, Mt Vitosha
(42°38'N, 23°19'E; elevation 920 m).

Site 9. Stream crossing Ofeliite locality before the

run into Vladayska River, Vitosha National Park, Mt
Vitosha (42°30'N, 23°15'E; elevation 1600 m).

Site10. Malyovitsa stream above the village of
Govedartsi at the boundary of National Park Rila, Rila
Mts (42°15'N, 23°29'E; elevation 1268 m).

Samples were immediately fixed with 2-4 % formal-
dehyde. Maximum depth and width, temperature, pH,
specific conductance, calcium hardness, nitrate and
phosphorus concentration were measured at sites 1, 2
and 3 on 03.04.2006 and at site 9 on 07.07.2006 using C
200 Series Multiparameter Bench Photometers, Hanna
Instruments Inc., USA (Table 1). Batrachospermum ar-
cuatum female thalli from each location were measured
for morphological characteristics in replicates of 30
(15 for carpogonia) using Amplival photomicroscope
(Table 2). Characteristics of both B. arcuatum and B.
gelatinosum were photographed with an Olympus PM-
10 AK camera system. The specimens collected in this
study were deposited in the algal collection of the De-
partment of Botany of Sofia University "St. Kliment
Ohridski", Bulgaria. The map (Fig. 1) was prepared by
Bulgarian UTM Directory programme (Michev 1999).
Nomenclature is given in Kumano (2002).

Table 1. Physical and chemical parameters measured at some study sites containing B. arcuatum in Bulgaria.

Site designations as given in Material and methods.

B. arcuatum | Maximum Maximum | Temperature pH Specific Nitrate Phosphorus Calcium
width depth conductance hardness

site No. (m) (cm) (°C) Sem™) | (NO3;)mgL' [ (P)mgL' | (CaCO;) mgL™

Site 1 1.20 38 10.3 6.8 981 17.72 0.094 690

Site 2 1.10 26 10.8 7.6 285 17.72 0.896 170

Site 3 1.30 44 9.4 6.9 216 12.80 0.091 120

Site 9 3.40 60 7.4 7.2 46 0.62 0.420 10
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Table 2. Median morphometric characteristics with range in parentheses of B. arcuatum from stream sites in Bulgaria.

Site designations as given in Material and methods.

B. arcuatum
morphometric Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9
characteristics
Whorl diameter 780 780 533 748 715 442 482 390 476
(um) (390-1040) | (340-910) | (351-845) | (455-1170) | (325-1040) | (182-780) | (286-780) | (260-1040) | (156-780)
Main axis central 442 342 463 343 280 182 417 180 130
cell length (um) | (195-650) | (152-550) | (325-715) | (143-728) | (78-520) (52-390) | (130-572) | (50-425) (52-234)
Fascicle cell length 17 16 17 15 11 11 11 15 15
(um) (10-25) (10-25) (10-25) (10-25) (10-25) (10-24) (10-25) (10-25) (10-25)
Carposporophyte — 1.2 1.2 2 4 2 2 1 1.1 1.8
no. per whorl (1-2) (1-2) (1-5) (2-7) (1-4) (1-3) (1-2) (1-3) (1-2)
Carposporophyte — 130 116 104 79 104 91 85 75 116
diameter (um) (80-143) (91-143) (91-130) (60-91) (91-143) (75-104) (78-104) (65-91) (91-130)
Carpogonium — 5.5 5.5 5.5 5.5 5.5 5.8 5.5 5.2 5.5
diameter (um) (5-7) (5-6) (5-7) (5-6) (5-6) (5-9) (5-6) (5-8) (5-6)
Carpogonium - 27 25 24 24 29 26 21 22 25
length (um) (25-36) (20-34) (22-35) (20-25) (25-35) (24-31) (20-25) (20-25) (20-35)
Carpogonium - 10 8 10 9 6.5 6.5 5.5 7 7
branch cell no. (8-17) (7-12) (6-13) (8-10) (3-12) (3-11) (3-8) (4-11) (3-10)

Results

Batrachospermum arcuatum Kylin 1912
(Plate |, Figs 1-11)

Basionym: Batrachospermum arcuatum Kylin
1912: 22, fig. 7 a-e.

Description: Thalli are dioecious, consisting of bar-
rel-shaped to globose whorls (Plate I, Figs 2, 3). Whorls
are 182-1170 pm in diameter up to 2080 pm in some
male thalli. The central cells of main axis are 52-728 pm
in length with cortication consisting of cylindrical cells
only. Spermatangia are terminal on fascicle (Plate I,
Fig. 1). Mature female whorls contain 1-7 peripheral or
rarely exserted carposporophytes. Carposporophytes are
spherical, pedicellate, 60-143 um in diameter. Gonimob-
last filaments consist of 2—4 cylindrical cells. Carpogonia
are 20-36 pum in length with clavate trichogyne 5-9 pm
in diameter (Plate I, Figs 4-7). Carpogonium-bearing
branches are undifferentiated, 3-17 cells in length. Carp-
osporangia are obovoidal, 11-15 pum in length, 8-12 ym
in diameter (Plate I, Figs 9, 10).

Bulgarian distribution: In this study B. arcua-
tum was collected from nine sites. Site 1: 03.06.2001,
05.06.2002, 10.06.2003, 06.06.2004, 20.06.2005,
03.04.2006; Site 2: 21.06.2005, 03.04.2006; Site 3:
21.06.2005, 03.04.2006; Site 4: 31.05.2001; Site 5:
28.07.2001; Site 6: 06.10.2001; Site 7: 20.10.2001;
Site 8: 14.09.2002; Site 9: 15.06.1999, 10.06.2001,
15.06.2002, 20.07.2003, 10.08.2004, 12.06.2005.

Habitat: Thalli are epilithic on submerged stones in
small mountain streams of Mt Vitosha, in spring-fed
streams of the Stara Planina Mts and in a karst spring and
stone trough of fountains in Northeastern Bulgaria. The

water was well-aerated, clear and current velocity was
moderate to high. Streams tended to vary in maximum
width (3.8-6.2 m), maximum depth (60-87 cm) while
the springs and stone trough of fountains were shallow-
er (26-44 cm). The temperature was low (7.2-12.5°C),
pH was slightly acidic to slightly alkaline (6.8-7.6). The
specific conductance (46 pScm™) and calcium hardness
(10 mgL'") were low for streams whereas they were high-
er for springs (380-981 uScm™; 120-690 mgL ™, respec-
tively). The nitrate concentration ranged from 0.622 to
17.72 mgL', and phosphorous concentration ranged
from 0.09 to 0.89 mgL™" (Table 1).

World distribution: Portugal, Sweden, Belgium, Cri-
mea, Poland and Germany in Europe; Japan and Taiwan
in Asia; Australia; USA and Mexico in North America.

Remarks: Both B. arcuatum and B. anatinun Sirodot
are included in B. arcuatum group by Entwisle & Foard
(1997) having carpogonia subtended by a relatively short
filaments of unmodified cells. The morphometric study
of B. arcuatum specimens, presented here, confirm the
distinguishing qualitative features of this taxon, i.e. dio-
ecious thalli and having regular cortication consisting of
cylindrical cells. Batrachospermum arcuatum thalli have
a wide range of variation within and among Bulgarian
localities, and the ranges of morphometric characteris-
tics overlap. The eastern localities tended to have indi-
viduals with larger mean plant size (whorl diameter and
main axis central cell length) and larger carposporophyte
diameter than those from more western locations. Ex-
serted carposporophytes were found only in individuals
from the three eastern locations (sites 1, 3, 5). The most
conservative are the features of carpogonia, i.e. shape,
length and diameter (Table 2).
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Plate I

Figs 1-11. Morphological char-
acteristics of B. arcuatum from
locations in Bulgaria:

1, Fascicle tip with apical sper-
matangia (arrowheads) (Site 3);
2, Male plant main axis with
globose whorls (Site 3); 3, Fe-
male plant main axis with con-
fluent, barrel-shaped whorls
containing numerous spherical
carposporophytes (arrowheads)
(Site 4); 4, Carpogonia with
clavate trichogyne (arrowheads)
(Site 6); 5-7, Fertilized carpo-
gonium with clavate tricho-
gyne (arrowheads) (Site 4);
9, 10, Carposporophyte with
short 2- to 3-celled gonimoblast
filaments having apical carpo-
sporangia (Site 4); 8, 11, Germi-

Batrachospermum gelatinosum (L.) DC. 1801
(Plate Il, Figs 1-8)

Basionym: Conferva gelatinosa L. 1753: 1166.

Synonyms: Batrachospermum moniliforme typi-
cum Sirodot: 1884: 211, pl. 111, fig. 1; B. densum Siro-
dot 1884: 228, pl. XII, figs 1-2, pl. XIII, figs 1-11, pl.
XIV, figs 1-8.

Description: Thalli are monoecious, consisting of
confluent barrel-shaped whorls, 455-720 pm in diam-
eter with 1-5 peripheral carposporophytes (Plate II,
Fig. 2). The central cells of main axis are 130-325 um
in length with cortication consisting of cylindrical cells.
Carposporophytes are spherical, pedicellate, 52-85 pm
in diameter. Spermatangia are terminal on fascicle
(Plate II, Fig. 3). Gonimoblast filaments consist of 24
cylindrical cells. Carpogonia are 48-68 pm in length

nating carpospores (Site 4).

with lanceolate to elongate-lanceolate trichogyne 12-
15 um in diameter (Plate II, Figs 1, 4-6). Carpogo-
nium-bearing branch is composed of 3-6, undifferen-
tiated cells. Carposporangia are obovoidal, 8-15 pm in
length, 6-12 pm in diameter (Plate II, Figs 7-8).

Bulgarian distribution: In this study, B. gelatino-
sum was collected from Site 10: 06.11.2004.

Habitat: Thalli are epilithic on submerged stones
in small mountain streams, Rila Mts, with width 3 m,
maximum depth 45 cm and temperature 9°C. The
water was well-aerated, clear and current velocity was
high.

World distribution: Known from temperate re-
gions such as France, Sweden, Belgium, Poland, Ger-
many, Bulgaria in Europe; India, Irag, Korea, China,
Japan in Asia; USA and Canada in North America.
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Plate IT

Figs 1-8. Morphological char-
acteristics of B. gelatinosum
from locations in Bulgaria:

1, Carpogonium with elon-
gate, lanceolate trichogyne
(arrowhead); 2, Main axis
with barrel-shaped whorls
containing numerous spheri-
cal carposporophytes (arrow-
heads); 3, Fascicle with apical
spermatangia (arrowheads);
4, 5, Carpogonium with lanceo-
late trichogyne (arrowheads);
6, Fertilized carpogonium with
lanceolate trichogyne (arrow-
head); 7, 8, Carposporophyte
with 2- to 3-celled gonimoblast
filaments having apical obovoi-
dal carposporangia.

Discussion

Detailed morphological description of newly recorded
for Bulgaria species B. arcuatum showed similarities to
the specimens from North American populations (Vis
& al. 1996b). The morphometric study of B. arcuatum
populations revealed a wide range of variation along the
stream locations in Bulgaria and a west-east trend in the
means of some morphological characteristics was ob-
served. The lower altitude and longer growing season
in eastern geographical locations may partially explain
the larger plant size. In addition, the eastern B. arcua-
tum spring habitats were characterized by lower current
velocity and higher concentration of nitrates and car-
bonates compared to western mountain stream habi-
tats. It is known physical habitat conditions and nutri-
ent content could affect gross morphology of some red
freshwater algae (Sheath & Hambrook 1990).

The morphometric analysis presented here is based

on one time sampling, therefore seasonal studies of B.
arcuatum accompanied by environmental data collec-
tion are needed to correlate morphological variation to
changes in habitat characteristics.

In Europe and North America, B. arcuatum inhabits
waters with similar quality as in Bulgaria. For example, in
Portugal this species was collected from waters with pH 7.2
and temperatures 12-15°C, in North America — pH 7.4-
7.9 and temperatures 3-16°C (Reis 1974; Vis & al. 1996b).
However, in Poland Starmach (1989) collected B. arcua-
tum from streams with lower pH (5.5-6.5) and somewhat
lower temperatures (7-8 °C). Although this alga appears to
have a restricted distribution in western North America, it
is widespread in Europe (Vis & al. 1996b; Kumano 2002).

Unlike B. arcuatum, B. gelatinosum is wide spread in
many countries and is the most common species of fresh-
water red algae in North America (Vis & al. 1996a, b; Ku-
mano 2002). Both temperature and pH varied greatly for
B. gelatinosum locations in Europe (1.5-20°C, pH 6.5-8.5)
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and North America (1-27°C, pH 4.8-8.4) (Reis 1974; Star-
mach 1984, 1989; Sheath & al. 1986). The global distribu-
tion of this alga may be due to its ability to tolerate a wide
range of stream chemical and physical characteristics (Vis
& al. 1996b). This finding is in agreement with numerous
records of B. gelatinosum from different floristic regions in
Bulgaria (Vodenicarov & al. 1991).

In terms to assess B. arcuatum tolerance to human
disturbance, the density of B. arcuatum populations
from two stream segments under various human in-
fluences was monitored yearly from 2001 to present.
Batrachospermum arcuatum from stone trough of foun-
tain in Ovcharovo village (site 1) was threatened with
damage by livestock during 2001-2002. Since the isola-
tion of fountain by fence in 2003, the density of B. arcu-
atum population has increased from 2 to 18 individu-
als per m” and has remained stable to date. The second
monitored B. arcuatum stream reach is located near
the rest area at Ofeliite place in Vitosha National Park
(site 9). The active human use, including horse bread-
ing damaged B. arcuatum habitat. As a result, from 2004
the density of B. arcuatum population in this stream has
decreased from 25 to 4 individuals per m”. The present-
ed data showed high sensitivity of B. arcuatum to the
human impact which endanger its population stability.

Despite the broad area surveyed in this study, most
of the B. arcuatum and B. gelatinosum populations were
found at the boundaries or within the National parks of
Vitosha and Rila, as well as Nature Parks of Roussenski
Lom and Shumensko plato. The established distribution
pattern of both red algae is most likely due to the rela-
tively low human impact and good water quality of those
localities near protected natural areas. To date little is
known about algal biodiversity of protected areas in Bul-
garia (Temniskova & al. 2005), therefore investigations
of algal flora in these areas should be a priority. Batra-
chospermum arcuatum and B. gelatinosum have been in-
cluded in the red list of rare and threatened algae in other
European countries and elsewhere (Knappe & al. 1996;
Edlund & al. 1999). Because of the restricted distribution
of B. arcuatum and B. gelatinosum to more pristine areas
and the potential threat of their habitats in Bulgaria, we
propose protection status for both red freshwater algae.
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Abstract.

This research was carried out in order to make a contribution to Rize bryoflora. The site under investigation

is in the Colchic province of the Euro-Siberian floristic region in the Holarctic kingdom and is found in
the A4 square according to grid system of Henderson for Turkey. In the study area, 38 taxa belonging to 32
genera and 18 families were determined as new bryofloristic records for this grid. Moreover, Nardia scalaris,
Pedinophyllum interruptum, Bucklandiella macounii subsp. alpinum, Pseudoleskea radicosa var. radicosa,
Isothecium myosuroides var. brachythecioides are recorded for second time only on mainland Turkey.

Key words:

A4 square, bryophyte flora, new records, Rize, Turkey

Introduction

The bryophyte flora of Turkey has been studied by for-
eign botanists since 1860 and last 3 decades Turkish bot-
anists are also studying this subject. But these research-
es were localized in small areas, for this reason the large
part of Turkey has still not been studied in detail. Re-
cent additions to the Turkish bryophyte flora such as:
Ctenidium molluscum (Hedw.) Mitt. var. condensatum
(Schimp.) E. Britton, C. molluscum var. robustum Boul-
ay (Uyar 2003), Didymodon sicculus Cano & al., Fissidens
polyphyllus Wilson ex Bruch, Schimp. & W. Gilimbel,
Orthotrichum microcarpum De Not., Seligeria paucifo-
lia (Dicks.) Carruth. (Papp & Sabovljevi¢ 2003), Hed-
wigia ciliata (Hedw.) Ehrh. ex P. Beauv. var. leucophaea
Bruch & Schimp. (Erdag & al. 2003), Syntrichia papil-
losa (Wilson) Jur. (Erdag 2003), Pedinophyllum inter-
ruptum (Nees) Kaal. (Kegeli 2004), Riccardia latifrons
(Lindb.) Lindb. (Kegeli & al. 2004), Pseudoleskeella rup-
estris (Berggr.) Hedends & L. Soderstr., Isothecium my-
osuroides Brid. var. brachythecioides (Dixon) C.E.O.
Jensen, Eurhynchium hians (Hedw.) Sande Lac. var. rigi-
dum (Boulay) J.-P. Frahm (Uyar & Cetin 2004), Harpan-
thus scutatus (Web. & Mohr) Spruce, Nardia scalaris S.F.
Gray, Scapania subalpina (Nees ex Lindenb.) Dumort,

Blindia caespiticia (Web. & Mohr) C. Muell., Taxiphyl-
lum densifolium (Lindb. ex Broth.) Reim. (Papp 2004),
Ptilidium pulcherrimum (Weber) Hampe (Kegeli & Ce-
tin 2005), Isothecium holtii Kindb. (Uyar & Oren 2005),
Didymodon bistratosus Hébrard & Pierrot (Erdag & Kiir-
schner 2005), Eremonotus myriocarpus (Carrington)
Pearson (Kiirschner & Parolly 2006), Telaranea europaea
Engel & Merr. (Kegeli & Abay 2007a), Pallavicinia lyell-
ii (Hook.) Carruth. (Kegeli & Abay 2007b), Bucklandiella
microcarpa (Hedw.) Bednarek-Ochyra & Ochyra (Abay
& al. 2007), Dicranum flexicaule Brid. (Uyar & al. 2008)
and three new species from west and south-west of Tur-
key, Cinclidotus nyholmiae Cetin (Cetin 1988), Cinclido-
tus bistratosus Kirschner & Liibenau-Nestle (Kiirschner
& Liibenau-Nestle 2000), Orthotrichum leblebicii Erdag,
Kiirschner & Parolly (Erdag & al. 2004) reflect that our
knowledge about the bryophyte flora of Turkey is still in-
complete. It was reported by Uyar & Cetin (2004) and
Kiirschner & Erdag (2005) that there are approximately
3 species belonging to the class Anthoceropsida, 163 spe-
cies and intraspecific taxa belonging to the class Hepat-
icopsida and 726 species and intraspecific taxa belong-
ing to the class Bryopsida. In addition, recent studies on
Turkish bryoflora showed that there are approximately
172 taxa of Hepaticopsida and 733 taxa of Bryopsida. In



Scientific Area B « Plant diversity — past and present

135

other words, the number of bryophyte taxa in Turkey in-
creases significantly by further investigations.

Up to now, several bryofloristic studies were car-
ried out in localities close to the research area by Han-
del-Mazzetti (1909), Gokler & Oztiirk (1989, 1992a,b),
Ozdemir (1994, 1999), Baydar & Ozdemir (1996), Oz-
demir & Baydar (1997), Gékler (1998), Ozdemir & Cetin
(1999), Abay (2006), but no detailed study has yet been
made on the Bryophyte flora of Rize province of Turkey.
Our main aim was to determine the bryophyte flora of
the Rize province. That is why we have been studying on
bryophyte flora in this region since 2004. It is hoped that
this study will contribute to the bryophyte flora of Turkey
and will be useful as a guide for future studies.

Site Description

The study area is located between 40°46'N — 41°02'N
and 40°53'E - 41°12'E and within the A4 grid square
according to the system adopted by Henderson (1961)
for Turkey (Fig. 1). The research area under review is
located in the Colchic section of the Euro-Siberian flo-
ristic region in the Holarctic kingdom (Zohary 1973).
The Kagkars are important mountain chains in the ar-
ea and part of the Pontic Alps. The Kagkar Mts can be di-

vided into three sections: Vergenik (3710 m) in the west,
Kavron (3932 m) in the centre, and Altiparmak (3492 m)
in the east. The area collected from bryophyte samples is
covered with deciduous trees like: alder, sweet chestnut,
hornbeam, beech, lime, box, etc., and also coniferous
trees like Picea orientalis (L.) Link, up to 1800-2000 m
alt. Above this altitude there is alpine-subalpine vege-
tation in between 2000-2300 meters, and finally above
2300 m rocky areas, composed of granite, cyanite, andes-
ite, and diorite rocks are present (Findik 2001). The study
area is under the influence of oceanic climate with mean
annual temperature of 14°C and mean annual precipita-
tion of 2313 mm. The seasonal precipitation regime for
a year is as follows: autumn (A), winter (W), summer (S)
and spring (S) - (AWSS) (Akman 1999).

Material and methods

Material for this paper was gathered from the forests
of Rize province in August and September of 2004 and
in June, August and September of 2005. For each of
the species necessary notes on vegetation, habitat, and
GPS coordinates were taken. Materials were deposited
in herbarium of G. Abay (Cankir1) and herbarium of
G. Uyar (Zonguldak).
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The plant list was prepared ac-
cording to Corley & al. (1981),
Corley & Crundwell (1991), Kop-
erski & al. (2000) for mosses and
to Grolle (1983), Casas (1998) and
Grolle & Long (2000) for liver-
worts.

The ecological characteris-
tics (water requirements and sub-
strates) and life forms of the bry-
ophytes in this study have been
assessed by using Dierflen (2001)
and Magdefrau (1982).

The taxa which were record-
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Fig. 1. Geographic location of the study area.
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Results

A total of 551 bryophyte taxa (148 liverworts and
403 mosses) were collected during the study. After
checking the relevant literature on the bryophyte
flora of Turkey we concluded that 38 taxa belong-
ing to 32 genera and 18 families are new bryofloris-
tic records for A4 grid (Ozdemir 2000). Moreover,
Pedinophyllum interruptum, Bucklandiella macou-
nii subsp. alpinum, Pseudoleskea radicosa var. radico-
sa, Isothecium myosuroides var. brachythecioides and
Nardia scalaris are recorded for second time from
Turkey (Frisvoll 1988; Kegeli 2004; Papp 2004; Uyar
& Cetin 2004).

In the floristic list for each taxon, the numbers of
the sites where they have been found are given, fol-
lowed by the description of the habitat occupied in the
study area. Table 1 lists the sites sampled, all of which
belong to the study region.

Table 1. Details of the study sites.

Site Geographic coordinates | Altitude in Forest
number and provinces meters above| formation
sea level (m) and
common
shrubs and
herbs
1 2 3 4
1 40°57'18.0"N - 41°05'56.0"E 1245 PO, AG, FO,
Ayder high plateau, near Ayder RP
stream
2 40°57'20.4"N - 41°05'57.4"E 1231 AG,PO,RP,
Ayder high plateau, near Ayder Rsp, PA
stream
3 40°5623.8"N - 40°58'57.3"E 813 AG, BS, BS,
Palovit district, near stream PO, CS, TB,
Tsp
4 40°5629.7"N - 40°59'05.3"E 835 AG, CB, BS,
Palovit district, near stream BS, PO, CS,
TB
5 40°51'14.7"N - 41°00'51.4"E 1886 Rsp, RP, Asp
Elevit high plateau
6 40°51'43.4"N - 40°56'40.1"E 1310 AG, PO
On the way of coming out from
Cat, Kale-Hemysin direction,
50 m after passing the bridge,
steep rocky slopes on the right
7 40°53'00.1"N - 41°07'52.6"E 2265 Meadows,
Yukar: Kavrun plateau peat places,
uncovered
area, near
stream
8 40°51.089"N - 41°08.677"E 2830 RC, Asp
Mezovit Pond province
9 40°57.255" N - 41°06.109"E 1350  |PO,PA
Ayder high plateau

1 2 3 4

10 40°57.382"N - 41°06.233"E 1450 PO, AG, CS,
Ayder plateau RPIC

11 40°57.163"N - 41°05.839"E 1180 AG, RP, Rsp,
Ayder high plateau, Firtina PA
stream

12 40°57.114"N - 41°05.884"E 1190 AG,PORP,
Ayder high plateau, Firtina SN, Rsp, PA
stream

13 41°02'55.67"N - 41°00'18.06"E 309 CS, PO, AG,
Between Camlithemsin and CB, FO, BS,
Topluca village QH,RP

14 41°02'58.68"N - 41°0020.12"E 318 AG, BS,RP,
Between Camlihemsin and CS,AC, PO
Topluca village

15 40°57'35.17"N - 41°05'10.29"E 1100 PO, FO, AG,

Between Ayder high plateau RP
and Camlithemsin, Kalerindiizii

16 40°57'53.70"N - 41°04'26.38"E 1034 AG, FO,PO
Between Ayder high plateau
and Camlthemsin

17 40°57'36.99"N - 40°56'46.14"E 1260 BS, AG, SN
Between Camlithemsin and
Cat, Meydan village

18 40°48'41.63"N - 40°56'14.91"E 1815 PO, CA,RL,
Between Cicekli and Kale high PT,AC
plateaus

19 40°47'56.87"N - 40°54'24.55"E 2016 RL, meadows
Vergenik high plateau

20 40°46'53.65"N - 40°53'38.93"E 2540 Vsp, Asp
Vergenik Mountain

21 40°58'08.76"N - 41°11'34.73"E 2360 Rocky and
Avusor high plateau meadows

field

22 40°56'17.20"N - 41°12'01.10"E 2680 Rocky field
Kemerli Kackar Mountain,
glacial lake

23 40°54'21.87"N - 40°56'52.41"E 990 AG, BS, PO,
Meydan village, CS,RP,FO
Kolona provinces

24 40°51'37.29"N - 41°0401.77'E| 2451  |Meadows,
Tirovit high plateau uncovered

area

25 40°55'34.53"N - 41°10'37.43"E 2231 RC, VAL,VA

Palokgur high plateau meadows

Abbreviations: AC - Acer cappadocicum; AG - Alnus glutino-
sa; Asp — Alchemilla sp.; BS - Buxus sempervirens; CA - Corylus
avellana; CB - Carpinus betulus; CS - Castanea sativa; FO - Fa-
gus orientalis; IC - Ilex colchica; LO - Laurocerasus officinalis;
PA - Pteridium aquilinum; PO - Picea orientalis; PT - Populus
tremula; QH - Quercus hartwissiana; RC - Rhododendron cauca-
sicum; RL - Rhododendron luteum; RP - Rhododendron ponticums;
Rsp - Rubus sp.; SN - Sambucus nigra; Tsp - Tilia sp.; VA - Vacc-
inium arctostaphylos; VAL - Veratrum album; Vsp - Vaccinium
sp.
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The Floristic List
Marchantiopsida Stotler & Stotl.-Crand.

Aneuraceae H. Klinggr.

1. Aneura pinguis (L.) Dumort. — 7: on wet rock near
stream bank, 02.09.2004, TK 2950.

2. Riccardia chamaedryfolia (With.) Grolle - 8: on
rock crevices near water leakage, 02.09.2004, TK
2963.

Lophoziaceae Cavers

3. Barbilophozia hatcheri (A. Evans) Loeske - 1: on
dead Picea orientalis trunk, 31.08.2004, TK 2811;
7: on rock, 02.09.2004, TK 2945 and on rock in
stream bed, TK 2964.

Plagiochilaceae (Jorg.) Miill. Frib.

4. *Pedinophyllum interruptum (Nees) Kaal. - 2: on
wet rock in stream bed, 31.08.2004, TK 2822; 6: on
rocks in shaded habitat, 01.09.2004, TK 2926.

Cephaloziellaceae Douin
5. Cephaloziella hampeana (Nees) Schiffn. - 2: on
fallen and decaying logs, 31.08.2004, TK 2823.

Bryopsida (Limpr.) Rothm.

Archidiaceae Schimp.
6. Archidium alternifolium (Hedw.) Schimp. - 13: on
rocks in shaded habitats, 11.06.2005, Abay 858.

Fissidentaceae Schimp.

7. Fissidens dubius P. Beauv. — 10: on soil near stream
bed, 03.09.2004, Uyar 780.

8. F exilis Hedw. — 14: on wet soil near stream bank,
11.06.2005, Abay 779.

Dicranaceae Schimp.

9. Dicranodontium denudatum (Brid.) E. Britton — 8:
on wet soil in woodland, 02.09.2004, Abay 621; 9:
on bark of trees, 03.09.2004, Uyar 764.

10. Dicranoweisia crispula (Hedw.) Milde - 20, 21,
23, 25: on rock near roadside, 14-15.06.2005,
30.08.2005, 01.09.2005, Abay 800, Abay 799, Abay
758, Uyar 831.

11. Campylopus subulatus Schimp. — 9: on soil in open
or shaded habitats, 03.09.2004, Uyar 829.

12. Oncophorus virens (Hedw.) Brid. - 23: on wet soil
in woodland, 30.08.2005, Abay 755.

Ditrichaceae Limpr.

13. Ditrichum pallidum (Hedw.) Hampe - 2: on bark
of tree, 31.08.2005, Abay 650.

14. D. pusillum (Hedw.) Hampe. — 22: on rocks in
woodland, 15.06.2005, Abay 797.

Encalyptaceae Schimp.
15. Encalypta streptocarpa Hedw. — 13: attached to
rocks in water, 11.06.2005, Abay 833.

Pottiaceae Schimp.

16. Tortula subulata Hedw. var. angustata (Schimp.)
Limpr. - 9: on humus soil in woodland, 03.09.2004,
Uyar 812.

17. Didymodon fallax (Hedw.) R.H. Zander - 11: on
rocks near stream bed, 03.09.2004, Uyar 823.

18. Tortella densa (Lorentz & Molendo) Crundwell
& Nyholm - 8: on soil in open areas, 02.09.2004,
Abay 628.

19. T. nitida (Lindb.) Broth. - 4: on bare rocks,
01.09.2004, Abay 590.

Grimmiaceae Arnott.

20. Grimmia montana Bruch & Schimp. - 18, 19: on
bare rocks, 13-14.06.2005, Uyar 814, Uyar 814A.

21. Bucklandiella macounii (Kindb.) Bednarek-Ochy-
ra & Ochyra subsp. macounii — 22: on bare rocks,
15.06.2005, Uyar 808.

22. *B. macounii (Kindb.) Bednarek-Ochyra & Ochy-
ra subsp. alpinum (E. Lawton) Bednarek-Ochyra
& Ochyra - 21, 22, 24: on rocks near glacial lake,
15.06.2005, 30.08.2005, Abay 727, Abay 767, Abay
810.

Orthotrichaceae Arnott.

23. Orthotrichum speciosum Nees ex Sturm. — 3: on
rocks in shaded habitat, 01.09.2004, Abay 607.

24. O.urnigerum Myrin - 18: onbarerocks, 13.06.2005,
Uyar 822.

Leskeaceae Schimp.

25. *Pseudoleskea radicosa (Mitt.) Kindb. & Macoun
var. radicosa — 8: on rocks near pond, 02.09.2004,
Uyar 796.

26. Pseudoleskeella catenulata (Schrad.) Kindb. - 5: on
rocks in shaded habitat, 01.09.2004, Abay 582.

27. P.nervosa (Brid.) Nyholm. - 25: on rocks in shaded
habitat, 01.09.2005, Abay 857; 23: on tree trunks,
30.08.2005, Abay 762.

28. Leskea polycarpa Hedw. — 7: on rocks in damp
habitats, 02.09.2004, Abay 692.

29. Pterigynandrum filiforme Hedw. - 11: on tree
barks, 03.09.2004, Abay 638.

Helodiaceae (M. Fleisch.) Ochyra

30. Helodium blandowii (F. Weber & D. Mohr.)
Warnst. - 7: on rocks near stream bank, 02.09.2005,
Abay 630.
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Amblystegiaceae (Broth.) M. Fleisch.

31. Campylium protensum (Brid.) Kindb. - 9: on rocks
nearby stream bed, 03.09.2004, Uyar 803.

32. Calliergon stramineum (Brid.) Kindb. - 8: on hu-
mus soil in woodland, 02.09.2004, Uyar 783.

Brachytheciaceae Schimp.

33. *Isothecium myosuroides Brid. var. brachythecioides
(Dixon) Braithw. — 9: on tree trunks, 03.09.2004,
Uyar 800.

34. Brachythecium erythrorrhizon Bruch, Schimp.
& W. Gumbel - 6: on rocks near stream bed,
01.09.2004, Abay 658.

35. Eurhynchium schleicheri (R. Hedw.) Jur. - 17: on
fallen and decaying logs, 13.06.2005, Abay 722.

Plagiotheciaceae (Broth.) M. Fleisch.
36. Isopterygiopsis pulchella (Hedw.) Z. Iwats. - 9: on
soil in woodland, 03.09.2004, Uyar 789.

Hypnaceae Schimp.

37. Hypnum imponens Hedw. — 12: on tree trunks,
03.09.2004, Abay 644; 11: on rocks in shaded hab-
itats, 03.09.2004, Uyar 766.

38. Ctenidium molluscum (Hedw.) Mitt. var. conden-
satum (Schimp.) E. Britton - 15: on soil in woods,
12.06.2005, Uyar 819; 16: on rocks in woodland,
12.06.2005, Uyar 819A.

Discussion

We are to indicate that Nardia scalaris has been newly
reported by Papp (2004) from Rize province, Ardesen
town, from Ayder to Kavron village, 6 km from Kav-
ron, alpine-subalpine vegetation, 1740 m, on soil. Nev-
ertheless, we collected it from Ayder plateau, 1350 m,
under the Picea orientalis forest formation on sandy
gravely soil. Although these two collecting localities
for this species are not far-away, the difference of el-
evations between the first and the second recorded
points is conspicuous.

As might be expected from climate, mesophytic
bryophytes (41.0%) are dominant in these new records
for A4 square. These are followed by hygrophytes
(38.4%), xerophytes (17.9%) and then amphiphytes
(2.5%) occurring in the region.

The predominant life form in these plants is weft
(33.3%), and the other life forms observed in these
plants are as follows: short turf (20.5%), mat (15.3%),
tall turf (12.8%), cushion (10.2%), fan (5.1%), and
tail (2.1%). In addition, according to substrates of the

plants, major groups are epilithic (35.8%), helophytic
(20.5%) and humicolous taxa (20.5%). The rest of taxa
are epiphytic (12.8%) and epixylic (10.2%).
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Abstract.

The present study is based on the five volumes of the edition Flora Europaea. It contains integrated species

concept, critical opinion on the interpretation of variability in the local floras, standardization in presentation
of information and at last, but not least — possibility for comparison of the materials from different parts of
the areas, as well as serious references. According to the total number of species the Balkan countries are
arranged in the following way: Yugoslavia (sensu Flora Europaea) — 4234; Greece — 3728; Bulgaria - 3189;
Romania - 3023; Albania - 2681; Turkey (European part) - 1787. In the same way the number of Families,
Genera and Subspecies has been calculated. The Balkan and the local endemic diversity are established too.
The comparative analysis of these figures shows that the Balkan Peninsula can be considered as an effective

speciation centre.

Key words: Balkan Peninsula, endemics, vascular flora

Introduction

Necessity of this investigation

The vascular flora of the Balkan Peninsula presents
an exceptional interest, defined from its geographi-
cal position of a migration bridge between the East
and the West, the varied relief with more than 300
habitat units (CORINE Biotopes Project 1991) and
its geological history, at which the oldest fossil flo-
ras in Bulgaria are from Neogene, while the young-
est floras are from Late Quaternary (Palamarev
2003).

The species diversity can be traced in some old pub-
lications (Panci¢ 1874; Halacsy 1901-1904; Stojanov
& Stefanov 1924-1925); it is summarized (to some de-
gree) by Turrill (1929) and Hayek (1927-1933).

In their works on the national floras Tan & Mullaj
(2001), Tan & Strid (2001), Ozhatay (2001), and Petro-
va (2001) report the taxonomic richness of their coun-
tries. Despite the similar titles and problems treated,
these studies do not give a possibility for comparison
because of different authors' emphases and interpre-
tations.

So, at this moment we do not have information
which in comparative plan can show what the rela-
tionships in the higher flora are in the different parts

of the Balkan Peninsula, its speciation capacity, the
trends in consolidation for the different taxonomic
groups and the flora of the Peninsula as a whole. We
will make an attempt to fill that gap.

General approach

The biosystematic works in the current Floras of
Albania, Greece, Serbia, Turkey, Romania (partial-
ly), Bulgaria to some degree reflect the subjective
characteristics of the national schools. That is why
our study has chosen as a reliable source Flora Euro-
paea (Tutin & al. 1964, 1968-1980). On this base we
have a source, where common taxonomical scheme,
equal interpretation of the variability in the range
of the species, and a common graphical design are
used.

Material and methods

The order, family, genus, species and subspecies
have been recorded in special columns. If the tax-
on is pointed out for the whole Europe, all coun-
tries are pointed out. The typical subspecies is
not pointed out; the non-typical subspecies are
marked. The endemics at genus, species and sub-
species levels are pointed out for the respective
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country and are included in a special list. Their
distribution with the accepted abbreviations is
shown. If there are taxa with other signs, e.g., "ex-
tinct", "probable to occur”, they are numbered in
the described way. After the preparation of the in-
itial tables with data in figures for the number of
taxa from different categories, a logical review is
made. The results from the comparative analy-
sis are pointed out. They are relevant. Two coeffi-
cients are formed: 1. Coefficient of relevant taxo-
nomic diversity (RTD fl.) and 2. Coefficient of the
endemic relevant diversity (RTD end.).

The values of coefficients are formed as a sum of
the number of families, number of genera, number of
species and number of subspecies, divided on the area
of the country, where:

Y taxa

RTD = territory ~

As higher its value is, as bigger is the diversity of
taxa of the above pointed out levels, or occurrence of
the different taxa is higher.

As lower its value is, as less is the taxonomic diver-
sity — the flora is formed by a low number of families,
genera, species and subspecies. In this respect the tax-
onomic diversity can be accepted as a visually more
undiversified because of the low "occurrence” of dif-
ferent taxa.

Results and discussion

Taxonomical diversity

The number of taxa for the dif-
ferent countries is pointed out
in increasing order of the sum of
taxa, defined in Flora Europaea
(Table 1).

As far as the different values of
RTD fl. are concerned, the picture
is the following:

e The territory between 40"
and 44" parallel and 20" and
24™ meridian has been char-
acterized by highest values -
i.e. the essential central part of
the Balkan Peninsula.

e The territory between 44"

20™ meridian or the north-west part of the pe-
ninsula is with lowest value.

e In direction North - North-East (for compari-
son) the value of RTD fl. goes to 0.018 between
44™ and 48" parallel and 24™ and 28" meridian.

Having in mind these proportions between the RTD fl.

values, if we assume that all other conditions and events

that define the taxonomic richness of the Balkan Penin-

sula are similar, then the conclusions are:

> Evolutionary "productivity" of the central zone of
the Balkan Peninsula is the highest (Fig. 1).

> In the territories neighbouring that zone the pro-
ductivity remains still essential. These territories
reach the Dinaric Mts to the West; the north-west-
ern parts of Stara Planina Mts - to the North-East;
the Central Rhodope Mts - to the East ; and Pind
Mts - to the South.

Table 1. Taxonomic richness in the countries of Balkan Peninsula.

Countries 8(:;; RgD Families| Genera|Species[Subspecies

Turkey 23700 |0.116| 119 609 1787 234
(European part)

Albania 28750 0.136| 135 743 2685 344

Romania 237500{0.018| 132 736 | 3023 346

Bulgaria 110990|0.041| 144 782 3189 422

Greece 131960(0.039| 142 826 | 3728 525

(continental part)

FR Yugoslavia [213800(0.027| 145 869 4234 504

Abbreviation: RTD fl. - Coefficient of relevant taxonomic diversity.

and 46" parallel and 16" and
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Fig. 1. The area of the maximal evolutionary "productivity" of Balkan Peninsula.
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Endemic element

Analysis of RTD end. (Table 2)

The analysis of the RTD end. values shows the fol-

lowing tendencies:

e Relevant taxonomic diversity of endemic ele-
ments is highest in south-west and south-east
parts of the central zone of the Balkan Penin-
sula.

e Lower (in different degrees) are the values de-
fined in north-west and north-east parts of the
Balkan Peninsula.

e The floristic richness does not coincide with
the endemic richness. A notion can be made
that in the south and south-west parts the spe-
ciation power on a species level is bigger and
is related mainly to the mountain complexes
of Olymp, Pind, Epir and their adjacent terri-
tories.

Table 2. Quantitative representation of endemic elements in
the countries of Balkan Peninsula.

Countries 1::;) Species | Subspecies Fami li(e):lgl(lilenera

Turkey 0.010 98 30 35 78
(European part)

Albania 0.030 621 67 60 226

Romania 0.004 574 70 91 207

Bulgaria 0.009 614 98 56 219

Greece 0.010 949 110 59 254
(continental part)

FR Yugoslavia 0.007 | 1178 118 61 289

Abbreviation: RTD end. - Coefficient of endemic relevant diversity.

Spatial qualitative representation (Table 3)

Tan & Strid (2001) have proposed an interesting
scheme for assessment of the spatial representation of
the endemics. Due to non synchronization of the in-
formation which we have, we are using only two cat-
egories — local and Balkan endemics, as it is in Flora
Europaea.

For coincidence of the distribution in different Bal-
kan countries of certain percentage of Balkan endem-

ics at species level we cannot point out their number.
The local endemics are limited in terms of space and
the number given here corresponds to their real dis-
tribution. Still, the notion for bigger richness of the
Balkan endemics is confirmed. The numbers point-
ed out by Tan & Mullaj (2001), Tan & Strid (2001) and
Petrova (2001) are very similar to those which are giv-
en in our calculation: e.g., 400 Balkan endemics for
Albania, while in Flora Europaea they are 338; as well
as 281 species for Bulgaria, respectively in Flora Euro-
paea — 287; for Greece totally 740 endemic taxa, while
in Flora Europaea — 811. The explanation for these dif-
ferences can be found namely in the different inter-
pretation of the variability. This fact forced us to work
with Flora Europaea, and not with local floras, even if
they are newer.

The total number of local endemics is impressive -
about 750 species have quite limited distribution, good
taxonomic status and present real adaptive lines in
the conditions of mainly mountain extreme ecologi-
cal niches. The sum of local and Balkan endemic spe-
cies and subspecies can reach about 10 % from the to-
tal European vascular flora. This is serious evidence
for the speciation capacity of the region.

Taxonomic representation

Although we are able to confirm the thesis for the
existence of speciation centre on the Balkan Peninsu-
la, it is determined that there is no an endemic family.
That fact is supporting the circumstance that the Bal-
kan flora is still a European flora.

With certainty it can be said that 28 genera from
the vascular flora are endemic for the Balkan Peninsu-
la. By increasing of the biosystematic knowledge, we
are convinced that their number will increase, because
there are still genus complexes which have artificial
nature. Examples in that respect can be seen in fami-
ly Poaceae and genus Centaurea. Apiaceae and Brassi-
caceae families comprise 4 endemic genera each, Bor-
aginaceae and Poaceae — 3 genera each, Fabaceae and
Gesneriaceae — 2 genera.

Table 3. Local and Balkan endemics in the countries of Balkan Peninsula.

Taxon Albania Bulgaria (con ti?l?:;:; part) FR Yugoslavia Romania (EuroT;grelypar "
Balk. Loc. Balk. Loc. Balk. Loc. Balk. Loc. Balk. Loc. Balk. Loc.
Species 338 22 287 66 329 401 399 160 101 82 48 6
Subspecies 44 2 46 20 39 47 56 22 30 9 16 1
Total 382 24 332 86 367 444 354 182 131 91 64 7

Abbreviations: Balk. - Balkan endemics; Loc. - local endemics.
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List of the genera

Apiaceae Dipsaceae
Sclerochorton Boiss. Morina L.

Hladnikia Rchb. Ericaceae

Stefanoffia H. Wolff Bruckenthalia Rchb.
Johrenia DC. Fabaceae
Apocynaceae Petteria C. Presl
Rhazya Decne. Hammatolobium Fenzl
Asterace_ae . Geraniaceae
Amphoricarpos Vis. Biebersteinia Stephan
Boraginaceae Gesneriaceae
Macrotomia DC. Haberlea Friv.
Halacsya Dorfl. Jankaea Boiss.
Trachystemon D. Don Liliaceae
Brassicaceae Strangweia Bertol.
Degenia Hayek Malvaceae
Lepidotrichum Velen. & Bornm. | gisaibela Willd.
Bornmuellera Hausskn. Oleaceae
Andrzeiowskia Rchb. Forsythia Vahl
Caryophyllaceae Poaceae

Bolanthus (Ser.) Rchb. Festucopsis (C.E. Hubb.) Melderis
Dioscoreaceae Danthoniastrum (Holub) Holub
Dioscorea L. Phacelurus Griseb.

The presence of genera from families that differ in
terms of evolutionary status and have different ori-
gin once again shows the "provoking" role of geologi-
cal and historical reasons or factors which have led to
that floristic complex — some of the genera are main-
ly related to recent floras (Poaceae, Apiaceae), but the
representatives of Gesneriaceae show a little permis-
sible, but real relation to relic floras of South-eastern
China - Yunan. So, the possibility for interpretation of
the origin of the Balkan endemic flora gains one di-
mension more. The following questions can be asked:

e Which family has the highest number of en-

demic species?

e Which genus has the highest number of en-

demic species?

The answer is the following:

Families are: Asteraceae ~ 497 endemic species;
Caryophyllaceae — 185 endemic species and Poaceae —
147 endemic species.

Genera are: Hieracium (Asteraceae) — 191 endemic
species; Centaurea (Asteraceae) — 106 endemic species
and Campanula (Campanulaceae) — 77 endemic species.

For all the rest of the families and genera there is
also an essential endemic element, for example in Bo-
raginaceae — 121 endemic species, while genus Festu-
ca (Poaceae) has 56 endemic species. The analysis of
these species can throw additional light on the genesis
and consolidation of the Balkan vascular flora.

Conclusions

1. Interms of richness of endemic elements at genus,
species and subspecies level the Balkan Peninsula
is a main speciation zone in South-east Europe.

2. The "core" of the speciation is in the mountains of
the central parts of the Balkan Peninsula.

3. To the North-West and partially to the South the
evolutionary capacity goes down. The flora is with
a less number of endemic species and is more "mo-
notonous".

4. The existing infraspecific variability gives a reason
to predict the speciation of a high number of new
taxa at a species rank. The processes of speciation
are not slowed down.
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Flora of Akcakoca district (Diizce-Turkey)
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Abstract.

The district of Ak¢akoca (Diizce) which covers mixed deciduous forests is situated in West Karadeniz (Black

Sea) region in Turkey. 1510 plant specimens were collected during 20 field trips between the years 2001 and
2003. 103 families, 384 genera, 636 species, 13 subspecies, 8 varieties and 73 cultivated species (totally 657
taxa) were determined. The largest families are Asteraceae (66 species), Fabaceae (55 species) and Poaceae
(39 species); the largest genera are Trifolium (15 species), Euphorbia (11 species) and Veronica (9 species).
Phytogeographically, Euro-Siberian elements are the first with 163 species (28.95 %), Mediterranean elements
are the second with 64 species (11.36 %) and Irano-Turanian elements are the third with 4 species (0.71 %).
Endemism ratio is 1.24 % (7 species). Threat categories of species in the area are given.

Key words:

Akgakoca, Diizce, Euro-Siberian, flora, Turkey

Introduction

The flora of Turkey which has 163 families, 1168 gen-
era, 8988 species and 10 754 taxa (Davis 1965-1985;
Davis & al. 1988; Giiner & al. 2000) is too rich because
of its various climate, topographical structure, geo-
graphical and phytogeographical regions.

The flora of Akcakoca district (Diizce) which cov-
ers mixed deciduous forests is not as rich as expected
owing to the location in Euro-Siberian region com-
pared with both Mediterranean and Irano-Turanian
phytogeographical regions.

The area is in the A3 according to Davis' grid-
square system adopted for the Flora of Turkey and the
East Aegean Islands (Davis 1965-1985).

Akgakoca (Diizce) is situated in the West Karaden-
iz (Black Sea) region. The research area is surround-
ed with natural borders which are Karadeniz on the
north, Kocaman river on the east, Kaplandede mount
on the south and Melen river on the west (Fig. 1). It
has a surface of ca. 250 km”.

The altitude of area is between 0 m and 1168 m
where the top of the Kaplandede mount is.

The area was not studied in detail but some col-
lections were recorded in Flora of Turkey and the East
Aegean Islands (Davis 1965-1985; Davis & al. 1988).

However, the flora of area between Eregli-
Akgakoca-Yigilca which is near the Akgakoca dis-

trict was studied by Cobek in 1989 (MSc Thesis, un-
publ.). The flora of Kaplandede mount which is the
south border of Akgakoca was studied by Sazak in
1997 (MSc Thesis, unpubl.).

Climate. The ombro-thermic diagrams according
to Gaussen are provided for Akgakoca, Alapli, Eregli
districts and Diizce province (Cireli & al. 1973) (Fig 2).
There is not dry or frosty time in Akgakoca (Fig. 2a).
The total annual precipitation is 1089 mm and the aver-
age annual temperature is 14.2°C in the area. The pre-
cipitation regime is Autumn-Winter-Summer-Spring.
Akgakoca has oceanic climate (Akman 1990).

Akgakoca is consisting of Paleozoic massif which
has sandstone and schist (Emiroglu 1970), brown for-
est and alluvial soils, briefly (Dénmez 2000).

There are many streams and 42 villages in the area
(Fig. 1). People's incoming is mainly cultivation of ha-
zelnut. The forest areas are replaced by hazelnut gar-
dens rapidly. This indicates disturbance in Euro-Sibe-
rian floristic composition in the research area.

Material and methods

The material given below is based on collections
made by the authors between the years 2001 and 2003.
Vouchers are deposited in HUB and Hb. Yildirimli.
1510 vascular plant specimens have been collected as
a result of 20 field works.



Scientific Area B « Plant diversity — past and present

145

‘TROVING } ZONGULDAK
PROVINCE U ZA () {PROVINCE
AlInullu e e
Uﬁﬂ'“ (75 m}) bR
Melen mver Renice et
2
Vi oy, o
A " (350 m) gt VIGILCA
- 1200 m)" Kaplansarki Mour: o £ i
. (206 m) Tf‘ mo e g i_'.#___m sl H
[havudiags Kumkavak _.-" “-'-.' f; T T - T T
El.l] i E?}ﬁm* Kiipler T 1550 m) ; w4 }—&Fﬂn o I~
: 2400 m)  Kaplandede Mount_ . & Bishor ok
" Kaplan Mount Rﬁs e . Vilage & or
PR " DOZCEPROVINGE . Gity border v s
......... 2 o
it “.H.'. f'.". (Cmm! ﬂml} e Dkigl border h.ﬂm—
s A M

T 3 4 5 8 T B

8 10"

12

Alaple 300m; 13°C: 1112 mm; 8 years

P23 4567880117

123 45678 83 0MHR

o

Fig.2. Ombro-thermic
diagrams of: a — Akea-
koca district; b - Diizce
province; ¢ — Alapli dis-

trict; d - Eregli district.



146 Plant, fungal and habitat diversity investigation and conservation « Proceedings of IV BBC — Sofia'2006

The identifications and the nomenclature were
based mainly on Flora of Turkey and the East Aegean
Islands (Davis 1965-1985; Davis & al. 1988) and Flora
Europaea (Tutin & al. 1964, 1968-1980). A complete
list of the vascular plant taxa found in Ak¢akoca dis-
trict is given according to Davis' Flora. Author abbre-
viations follow Brummitt & Powell (1992). The culti-
vated taxa are noted in the list by asterix; their Turkish
names are given at the end of the citation. However,
the cultivated taxa have not been considered in the
floristic analysis.

Results

The Location Key

After the first locality "A3 Diizce: Akgakoca" terms are
not repeated in the subsequent localities.

1. A3 Diizce: Akgakoca, Melenagzi village, Melen
stream banks, marshy area, 0-10 m, 07.04.2001. 2. Be-
tween Melenagzi and Nazimbey villages, under culti-
vated Corylus, edge of hedges, 1-50 m, 07.04.2001.
3. Melenagzi village, southern slopes, under Fagus ori-
entalis forest, 20 m, 07.04.2001. 4. Armutlu village,
under cultivated Corylus and Fagus orientalis forest,
75 m, 18.05.2001. 5. Between Esmahanim and Ugurlu
villages, under cultivated Corylus and Fagus orientalis
forest, 100-200 m, 18.05.2001. 6. Between Dilaver and
Kiipler villages, under cultivated Corylus and Fagus
orientalis forest, 200-300 m, 18.05.2001. 7. Armutlu
village, south slopes, under Fagus orientalis forest,
75 m, 18.05.2001. 8. Edilli village, under cultivated
Corylus near the sea, stream banks, coasts, 1-5 m,
19.04.2001. 9. Tahirli village, mouth of stream, along
the streams, under Fagus orientalis,1-25m, 19.05.2001.
10. Pasalar village, slopes, under cultivated Corylus
and Fagus orientalis forest, 1-10 m, 19.05.2001. 11. Kii-
pler village, along the stream, under cultivated Cory-
lus, 350-400 m, 07.06.2001. 12. Around Kurukavak
village, under cultivated Corylus, 500-550 m,
07.06.2001. 13. Yenice village, along the road, under
cultivated Corylus, 200-300 m, 07.06.2001. 14. Karat-
avuk village, under cultivated Corylus, 300-350 m,
07.06.2001. 15. Hemsin village, under cultivated Cory-
lus, along road, 75-100 m, 07.06.2001. 16. Kogullu vil-
lage, under cultivated Corylus, 100-125 m, 09.06.2001.
17. Sariyayla village, under cultivated Corylus, along
the road, 400 m, 09.06.2001. 18. Gebekese village, un-
der cultivated Corylus, 75-90 m, 09.06.2001. 19. Be-

tween Kogullu and Sariyayla villages, under cultivated
Corylus, along the road, 100-350 m, 09.06.2001.
20. Kurugol village, roadsides, slopes, 450-550 m,
09.06.2001. 21. Yesilkoy village, stream banks, 250-
350 m, 09.06.2001. 22. Around Dogancilar, pasture
slopes, 1-50 m, 09.06.2001. 23. Alapli's border, around
Kocaman, roadsides, meadow, 1-40 m, 10.06.2001.
24. Around Dogancilar, scrub, pasture slopes,
10.06.2001. 25. Between Cigekpinar and Dogancilar
villages, along the streams, soil mass, 5-20 m,
10.06.2001. 26. Tepe village, under mixed deciduous
forest (Fagus orientalis, Carpinus betulus, Quercus
petraea), 45-75 m, 10.06.2001. 27. Cayagz1 stream
banks, marshy area, red soils, 2-25 m, 10.06.2001.
28. Around Sifalisu, forest pathsides,200m, 10.06.2001.
29. Cicekpinar village, water depot pathsides, hedges
and pathsides, under cultivated Corylus, 150-200 m,
29.09.2001.30. Edillivillage, forest, 5-50 m, 29.09.2001.
31. Melenagz1 village, along Melen stream, 1-50 m,
29.09.2001. 32. Alapli's border, along Kocaman stream,
under mixed deciduous forest (Fagus orientalis, Carpi-
nus betulus, Quercus petraea), 5-50 m, 29.09.2001.
33. Around Dogancilar, opposed the hazelnut factory,
scrub and groves, 1-50 m, 30.09.2001. 34. Centrum,
Yeni district, 1-5 m, 08.10.2001. 35. Between
Dogancilar and Cigekpinar villages, roadsides, stream
banks, under cultivated Corylus, 1-50 m, 24.02.2002.
36. Diizce road, around Cigekpinar, roadsides, 100
150 m, 24.02.2002. 37. Kurukavak village, under culti-
vated Corylus, 550-600 m, 15.03.2002. 38. Around
Dogancilar, pasture, scrub, 1-50 m, 29.06.2002.
39. Cigekpinar village, along the streams, 20-30 m,
29.06.2002. 40. Cigekpinar village, around sand kiln,
pasture, roadsides, 30 m, 29.06.2002. 41. Alapli's bor-
der, around Kocaman, towards Akcakoca, pasture
slopes, 1-40 m, 30.06.2002. 42. Melenagz1 village,
along Melen stream, marshy area, grassland, 1-40 m,
30.06.2002. 43. Between Hasangavus and Melenagzi
villages, under cultivated Corylus and Fagus orientalis
forest, 10-20 m, 30.06.2002. 44. Nazimbey village, un-
der cultivated Corylus, edge of hedges, 40 m,
30.06.2002. 45. Cigekpinar village, around sand kiln,
Corylus fields, roadsides, 30 m, 30.06.2002. 46. Around
Dogancilar, pasture slopes, 1-50 m, 29.06.2002.
47. Mouth of the Edilli stream, stream banks, coastal
sands, 0 m, 30.06.2002. 48. Ugurlu village, around
Sifalisu, Ugurlu stream banks, under Fagus orientalis
forest, 50-75 m, 22.07.2002. 49. Esmahanim village,
along the road, 100-125 m, 22.07.2002. 50. Dilaver
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village, Dere district, roadsides, stony area, 100-150 m,
22.07.2002. 51. Ugurlu village, roadsides, under Fagus
orientalis forest, 200-225 m, 22.07.2002. 52. Kiipler
village, near Dere district, 260-300 m, 22.07.2002.
53. Kiipler village, along the stream, 350-370 m,
22.07.2002. 54. Kurukavak village, along the road,
370-450 m, 22.07.2002. 55. Kurukavak village, along
the road, 500-575 m, 22.07.2002. 56. Karatavuk vil-
lage, along the road, slopes, hedge of cultivated Cory-
lus, 400-450 m, 22.07.2002. 57. Bazaar, roadsides, cul-
tivated area, 1-10 m, 23.07.2002. 58. Around Kale,
slopes, scrub, pasture, 15-20m, 23.07.2002. 59. Alapli's
border, around Kocaman, coastal sands, 0 m,
23.07.2002. 60. Cayagz: stream, hedge of cultivated
Corylus, 0-25 m, 23.07.2002. 61. Around Yalilar,
coastal sands, 0 m, 23.07.2002. 62. Around Yalilar,
near the water depot, 2-5 m, 23.07.2002. 63. Kuruka-
vak village, under cultivated Corylus, 550-590 m,
23.07.2002. 64. Kurugol village, towards Sariyayla vil-
lage, under cultivated Corylus, hedges, 450-550 m,
26.10.2002. 65. Towards Sariyayla village, under Fa-
gus forest, 350-450 m, 26.10.2002. 66. Sar1yayla vil-
lage, along road, 150-200 m, 500-550 m, 26.10.2002.
67. Around Fakilli cavern, groves, scrub, 50 m,
27.10.2002. 68. Kaplandede mount, Kestanebayir1
forest, along the road, 150 m, 27.10.2002. 69. Summit
of Kaplandede mount, under the mixed deciduous
forest (Fagus orientalis, Carpinus betulus, Quercus
petraea), 1000 m, 27.10.2002. 70. Kaplandede mount,
clearings in forest, 730 m, 28.10.2002. 71. Under
Cumayani forest, 5 m, 28.10.2002. 72. Kurukavak vil-
lage, under cultivated Corylus, roadsides, 550 m,
07.10.2002. 73. Centrum, 5 m, 11.10.2002. 74. Around
Dogancilar, pasture slopes, 5-10 m, 15.03.2003.
75. Kurugol village, under cultivated Corylus, 450 m,
15.03.2003, 76. Along Melen stream, water area and
grassland, under cultivated Corylus, 15-20 m,
15.03.2003. 77. Melenagzi village, along the road, un-
der cultivated Corylus, 10-15 m, 15.03.2003.
78. Pasalar village, along the road, under cultivated
Corylus, graveyard, 45-75 m, 16.03.2003. 79. Yukar1
district, around graveyard, 45 m, 06.04.2003.
80. Around Cayagz1 village, Cayagzi stream banks,
near the coast, 0-40 m, 22.04.2003. 81. Akkaya
stream, picnic area, under cultivated Corylus, 5 m,
22.04.2003. 82. Around Kocaman, pasture, 15 m,
22.04.2003. 83. Centrum, bazaar, 5 m, 28.07.2003.
84. Around Dogancilar, pasture slopes, 20-30 m,
10.05.2003. 85. Between Dogancilar and Cigekpinar

villages, south slopes, scrub, 20 m, 10.05.2003. 86. En-
trance of Deredibi village, roadsides, 40-75 m,
10.05.2003. 87. The new Diizce road, roadsides, 100-
200 m, 10.05.2003. 88. The old Diizce road, road-
sides, 75-200 m, 10.05.2003. 89. Subas: village, under
cultivated Corylus, roadsides, 40-50 m, 10.05.2003.
90. Sortie of Subasi village, around Dere village, 50—
55m, 10.05.2003. 91. Subas1 village road, scrub, 50 m,
10.05.2003. 92. Around Sifalisu, near forest, 200-
250 m, 10.05.2003. 93. Around Dere village, under
cultivated Corylus, 50-75 m, 10.05.2003. 94. Diizce
road, Cicekpimnar village, roadsides, 40-75 m,
10.05.2003. 95. Karaburun village, scrub, under for-
est, 50-60 m, 11.05.2003. 96. Melenagzi village, along
Melen stream, towards Nazimbey village, marshy ar-
ea, cultivated Corylus, 1-50 m, 11.05.2003. 97. Near
Pasalar village, roadsides, under cultivated Corylus,
40-75 m, 11.05.2003. 98. Centrum, cultivated Cory-
lus, 15 m, 24.05.2003. 99. Centrum, 5 m, 05.07.2003.
100. Subas1 village, edge of cultivated Zea mays, 50 m,
26.07.2003. 101. Around Akkaya stream, coastal
sands, 0 m, 15.08.2002. 102. Kaplandede mountain,
slopes of Forest Ministry Local Organization's depot,
forest, 200-700 m, 15.08.2002. 103. Around Sifalisu,
to Kaplandede mount, mixed forest (Fagus orientalis,
Carpinus betulus, Quercus petraea), 250-500 m,
06.06.2003. 104. Sifalisu area, towards Kaplandede
mount, mixed forest (Fagus orientalis, Carpinus betu-
lus, Quercus petraea),250-500m, 06.06.2003. 105. Ko-
caman forest, picnicarea, 30 m, 08.06.2003. 106. Sum-
mit of Kaplandede mount and around tomb, mixed
and deciduous forest, 110-1150 m, 07.06.2003.
107. Edilli village, sandy, 1-50 m, 29.09.2001.
108. Alapli, around Shell, bank of road, 20 m,
08.06.2003. 109. Around Orman isletmesi, coastal
sandy, banks of stream, 1-5 m, 08.06.2003. 110. Edil-
livillage, coastal sandy, 1-50m, 29.09.2001.111. Along
Melen stream, meadow, Corylus fields, 15-20 m,
15.03.2003. 112. Around Yalilar, 0-2 m, 23.07.2002.
113. Edilli village, pasture slopes, 1-50 m, 29.09.2001.
114. To Alapli, pass Cayagzi village, limestone slope,
1-50 m, 08.06.2003. 115. Edilli village, Corylus tields,
1-50 m, 29.09.2001. 116. Edilli village, Mehmet
Emin's garden, 20-30 m, 07.06.2003. 117. Dadali vil-
lage, around harvest, 100-120 m, 12.08.2003.
118. Altingay village, Corylus fields, 15 m, 24.05.2003.
119. To Alapli, banks of road, around Karayollari,
10 m, 08.06.2003. 120. Slopes of Kale, shrubs, 40-
50m, 08.05.2006.
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The Floristic List

Abbreviations: ADK - Asli Dogru Koca, ISTO - the
Herbarium of Istanbul University, Forest Faculty, D. -
P.H. Davis, SY - Sinasi Yildiriml.

PTERIDOPHYTA

EQUISETACEAE Equisetum ramosissimum Desf. 62, ADK 1977;
E. palustre L. 42, ADK 1739; 96, ADK 2307; E. arvense L. 48, ADK
1769; 31, ADK 1534, §Y; E. telimateia Ehrh. 65, Y 28198, ADK; 95,
ADK 2301; 2, ADK 1045.

ADIANTACEAE Adiantum capillus-veneris L. 65, ADK 2026, SY;
30, ADK 1489, SY.

HYPOLEPIDACEAE Pteridium aquilinum (L.) Kuhn 51, ADK
1824; 29, ADK 1461, SY; 2, ADK 1043; 88, ADK 2257.

ASPLENIACEAE Asplenium trichomanes L., Kaplandede mount,
east side, near the water, rocky and moist area, 400-800 m, S. Sazak,
ISTO 27530; A. adiantum-nigrum L. 68, SY 28231, ADK; 67, ADK
2062, ADK; Phyllitis scolopendrium (L.) Newman 48, ADK 1770;
67, ADK 2061, §Y; 65, ADK 2028, SY.

ATHYRIACEAE Athyrium filix-femina (L.) Roth 60, ADK 1948;
88, ADK 2259.

ASPIDIACEAE Polystichum setiferum (Forssk.) Woyn. 51,
ADK 1822; Dryopteris borreri Newman 64, SY 28156, ADK.
Euro-Siberian element.

BLECHNACEAE Blechnum spicant (L.) Roth 30, ADK 1490, §Y;
64, ADK 2003, SY.

SPERMATOPHYTA

GYMNOSPERMAE

PINACEAE *Abies bornmuelleriana Mattf. 78, ADK 2158, koknar;
*Picea orientalis (L.) Link 79, ADK 2164, ladin; *Cedrus deodora
(Roxb.) G.Don 78, ADK 2157, sedir; *Pinus pinea L. 104, SY 28588,
fistik camy; *P. sylvestris L. 56, ADK 1879, sarigam.

TAXACEAE *Taxus baccata L. 105, §Y 28841, porsuk agacl.

CUPRESSACEAE *Cupressus sempervirens L. 78, ADK 2154, selvi;
Juniperus sabina L. 60, ADK 1947; J. oxycedrus L. var. oxycedrus
58, ADK 1923.

ANGIOSPERMAE

DICOTYLEDONEAE

RANUNCULACEAE Helleborus orientalis Lam. 13, ADK 1280.
Euxine element; Nigella damascena L. 58, ADK 1918; Actaea spi-
cata L. 8, ADK 1269; Caltha polypetala Hochst. ex Lorent 1, ADK
1003; 2, ADK 1045; 35, ADK 1608; 5, ADK 1145; Clematis vitalba
L.20,ADK 1351; 17, ADK 1304; 32, ADK 1570, §Y; 46, ADK 1680;
Ranunculus constantinopolitanus (DC.) d'Urv. 8, ADK 1173; 2,
ADK 1056; 15, ADK 1286; R. marginatus d'Urv. var. trachycarpus
(Fisch. & C.A. Mey.) Azn. 84, ADK 2203; 85, ADK 2241; 97, ADK
2311; R. muricatus L. 4, ADK 1112; R. ophioglossifolius Vill. 96,
ADK 2308; R. paludosus Poir. 8, ADK 1188.; R. polyanthemos L.
28, ADK 1460; R. repens L. 5, ADK 1125.

BERBERIDACEAE Epimedium pubigerum (DC.) G. Moreno &
Decne. 10, ADK 1234; 83, ADK 1299A; 8, ADK 1200.

PAPAVERACEAE Chelidonium majus L. 53, ADK 1864; 84, ADK
2194. Euro-Siberian element; Glaucium leiocarpum Boiss. 59, ADK
1928; Papaver lacerum Popov 42, ADK 1736; 15, ADK 1292; P.
rhoeas L. 15, ADK 1292A; P. dubium L. 85, ADK 2225; Corydalis
caucasica DC., Kaplandede mount, west side, bank of road, under
Castanea, 800-900 m, S. Sazak. Euxine element.

BRASSICACEAE *Brassica oleracea L. 64, ADK 2016, kara lahana;
*B. rapa L. var. rapa 57, ADK 2386, salgam; Raphanus raphanis-
trum L. 23, ADK 1395; 30, ADK 1503; Calepina irregularis (Asso)
Thell. 80, ADK 2175; Rapistrum rugosum (L.) All. 41, ADK 1694;
Cakile maritima Scop. 107, ADK 1505; Lepidium sativum L. subsp.
sativum 92, ADK 2276, tere otu; L. virginicum L. 28, ADK 1453;
Cardaria draba (L.) Desv. subsp. draba 98, ADK 2340; Thlaspi
perfoliatum L. 80, ADK 2168; T. alliaceum L. 93, ADK 2281; 85,
ADK 2247; Capsella bursa-pastoris (L.) Medik. 92, ADK 2275; 91,
ADK 2261; Andrzeiowskia cardaminifolia (DC.) Prantl 8, ADK
1178; Erophila verna (L.) Chevall. subsp. verna 76, ADK 2142; E.
verna (L.) Chevall. subsp. praecox (Stev.) Walters 74, ADK 2114;
Nasturtium officinale R. Br. 16, ADK 1297; 12, ADK 1271; 1, ADK
1001; 5, ADK 1143; Rorippa sylvestre (L.) Bessey 17, ADK 1309; 23,
ADK 1391; 39, ADK 1640; Barbarea vulgaris R. Br. 93, ADK 2280;
97, ADK 2321; 85, ADK 2243; Cardamine bulbifera (L.) Crantz 5,
ADK 1142; C. quinquefolia (M. Bieb.) Schmalh. 2, ADK 1053; 37,
ADK 1615. Euro-Siberian element; C. lazica Boiss. & Balansa, SY
28636, ADK; 103, SY 28595, ADK. Euxine element; C. impatiens L.
var. impatiens 4, ADK 1115. Euro-Siberian element; C. impatiens
L. var. pectinata (Pall.) Trautv. 5, ADK 1119; C. hirsuta L. 1, ADK
1032; 3, ADK 1075; Maresia nana (DC.) Batt. 9, ADK 1203; Alliaria
petiolata (M. Bieb.) Cavara & Grande 8, ADK 1180; 5, ADK 1141;
Sisymbrium altissimum L. 5, ADK 1320; 2, ADK 1059; S. irio L.
92, ADK 2274; S. officinale (L.) Scop. 41, ADK 1699.

CISTACEAE Cistus creticus L. 23, ADK 1393; 19, ADK 1336; 25,
ADK 1432; 29, ADK 1487; 44, ADK 1725. Omni-Mediterranean
element; C. salviifolius L. 8, ADK 1194; 9, ADK 1212; 5, ADK 1121;
Helianthemum nummularium (L.) Mill. subsp. nummularium 85,
ADK 2223.

VIOLACEAE Viola odorata L. 75, ADK 2126; 76, ADK 2138; 37,
ADK 1621; 2, ADK 1065; V. sieheana W. Becker 37, ADK 1622; V.
caninalL.2, ADK 1063;35, ADK 1600; 8, ADK 1177; V. kitaibeliana
Roem. & Schult. 84, ADK 2192.

POLYGALACEAE Polygala supina Schreb. 39, ADK 1634; 85,
ADK 2237; 94, ADK 2293.

PORTULACACEAE Portulaca oleracea L. 57, ADK 1886.

CARYOPHYLLACEAE Arenaria serpyllifolia L. 86, ADK 2251;
Minuartia imbricata (M. Bieb.) Woronow 106, SY 28661, ADK.
Euxine element; Moehringia trinervia (L.) Clairv. 103, §Y 28596,
ADK; 106, SY 28663 A, ADK; Stellaria media (L.) Vill. subsp. media
9, ADK 1202; 1, ADK 1039; 8, ADK 1185; S. holostea L. 2, ADK
1049. Euro-Siberian element; Myosoton aquaticum (L.) Moench 12,
ADK 1272. Euro-Siberian element; Cerastium anomalum Waldst.
& Kit. 80, ADK 2172; C. fontanum Baumg. subsp. triviale (Link)
Jalas 1, ADK 1020; 1, ADK 1029; 111, ADK 2136; C. pumilum Curtis
8, ADK 1171; 81, ADK 2182; 4, ADK 1113; Spergularia bocconii
(E. Scheele) Asch. & Graebn. 84, ADK 2189; Dianthus armeria L.
subsp. armeria 23, ADK 1403. Euro-Siberian element; Saponaria
officinalis L. 52, ADK 1842; Silene italica (L.) Pers. 60, ADK 1961;
S. vulgaris (Moench) Garcke, Kaplandede mount, surrounding of
fountain, bank of road, 970 m, S. Sazak, ISTO 27583; S. gallica L.
108, SY 28728.

ILLECEBRACEAE Herniaria hirsuta L. 109, SY 28780, ADK.
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POLYGONACEAE Polygonum salicifolium Brouss. ex Willd. 31,
ADK 1544; 171, ADK 1302. Mediterranean element; P. lapatifolium
L. 42, ADK 1738; P. persicaria L. 73, ADK 2101, §Y; 34, ADK 1592;
69, ADK 2075; P. hydropiper L. 64, ADK 2016, SY; P. maritimum L.
61, ADK 1982; 61, ADK 1983; P. mesembricum Chrtek 110, ADK
1522, SY; 67, ADK 2040, SY; P. aviculare L. 32, ADK 1573, SY;
Rumex acetosella L. 106, SY 28677, ADK; R. crispus L. 25, ADK
1433; 12, ADK 1278; 44, ADK 1724; 65, ADK 2032, §Y; R. conglom-
eratus Murray 51, ADK 1803; R. pulcher L. 119, §Y 28759.

CHENOPODIACEAE *Beta vulgaris L. var. cicia (L.) Mogq. 57,
ADK 2387, pazi; Chenopodium album L. subsp. album var. album
67, ADK 2041; 71, ADK 2086, SY; 32, ADK 1563, §Y; C. album L.
subsp. album var. microphyllum (Boenn.) Aellen 71, ADK 2085,
SY; Atriplex tatarica L. var. tatarica 30, ADK 1412; A. hastata L.
30, ADK 1511; Salsola tragus L. 30, ADK 1510; 58, ADK 1921; 59,
ADK 1940; 61, ADK 1984.

AMARANTHACEAE Amaranthus chlorostachys Willd. 25, ADK
1436; A. patulus Bertol. 67, ADK 2047, SY; A. lividus L. 99, ADK
2377; A. spinosus L. 31, SY 27226, ADK.

PHYTOLACCACEAE Phytolacca americana L. 23, ADK 1408;
64, ADK 2009, §Y; 51, ADK 1821.

HYPERICACEAE Hypericum calycinum L. 18, ADK 1323; 12,
ADK 1266. Euxine element; H. bithynicum Boiss. 11, ADK 1262;
18, ADK 1320; 15, ADK 1289; H. perforatum L. 46, ADK 1670; 44,
ADK 1727; 50, ADK 1797; 22, ADK 1363.

MALVACEAE Malva sylvestris L. 23, ADK 1384; M. neglecta
Wallr. 11, ADK 1263; Lavatera punctata All. 40, ADK 1641; Alcea
setosa (Boiss.) Alef. 41, ADK 1704. Mediterranean element; Althea
hirsuta L. 18, ADK 1328.

TILIACEAE Tilia argentea Desf. ex DC. 106, SY 28691; 39, ADK
1632.

LINACEAE Linum trigynum L. 4, ADK 1103; 10, ADK 1227; 42,
ADK 1742. Mediterranean element; L. bienne Mill. 84, ADK 2217.
Mediterranean element.

GERANIACEAE Geranium purpureum Vill. 8, ADK 1179; 5,
ADK 1133; 13, ADK 1284; 53, ADK 1854; 48, ADK 1759; 60, ADK
1964; G. robertianum L. 4, ADK 1103; G. rotundifolium L. 11,
ADK 1261; G. pyrenaicum Burm. f. 84, ADK 2197; G. pusillum
Burm. 55, ADK 1872; G. dissectum L. 6, ADK 1153; G. asphode-
loides Burm. subsp. asphodeloides 10, ADK 1236; 37, ADK 1614;
2, ADK 1055. Euro-Siberian element; G. cinereum Cav. subsp.
subcaulescens (L'Hér. ex DC.) Hayek var. subcaulescens 4, ADK
1103A; Erodium cicutarium (L.) L'Hér. subsp. cicutarium 84, ADK
2196; E. acaule (L.) Bech. & Thell. 35, ADK 1598; 74, ADK 2117.
Mediterranean element.

OXALIDACEAE *Oxalis articulata Savign. 108, §Y 28734, ADK;
O. corniculata L. 32, ADK 1574, §Y; 84, ADK 2217; 67, ADK
2039, SY.

BALSAMINACEAE Impatiens noli-tangere L. 31, ADK 1540, SY.
Euro-Siberian element.

ACERACEAE Acer trautvetteri Medw. 106, SY 28645, ADK. Euxine
element; A. campestre L. subsp. campestre 39, ADK 1638.

STAPHYLEACEAE Staphylea pinnata L. 12, ADK 1276; 5, ADK
1117; 21, ADK 1360; 85, ADK 2239.

VITACEAE *Vitis vinifera L. 29, ADK 1479, §Y, tzim;
*Parthenocissus vitacea (Knerr) Hitchc. 73, ADK 2108.

RHAMNACEAE Paliurus spina-christi Mill. 22, ADK 1377;
Frangula alnus Mill. subsp. alnus, Ak¢akoca, Kithne 150. Euro—
Siberian element.
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AQUIFOLIACEAE Ilex colchica Pojark. 5, ADK 1147; 68, ADK
2056, SY. Euxine element.

FABACEAE *Albizzia julibrissin Durazz. 49, ADK 1779.
Hyrcano-Euxine element; Sophora jaubertii Spach 20, ADK 1341;
46, ADK 1672; 52, ADK 1835; 11, ADK 1248; 65, ADK 2024, §Y.
Euxine element; Chamaecytisus hirsutus (L.) Link 88, ADK 2256;
91, ADK 2270; Genista tinctoria L. 23, ADK 1386; 12, ADK 1267;
16, ADK 1300; 60, ADK 1959. Euro-Siberian element; Spartium
junceumL. 23, ADK 1385; Argyrolobium biebersteinii P.W. Ball 46,
ADK 1625;23, ADK 1388A;171, ADK 1313;32, ADK 1577, 5Y; 72,
ADK 2098, SY; Lupinus albus L. subsp. graecus (Boiss. & Spruner)
Franco & QJ.P. Silva, Ak¢akoca, Kiinhe 110. Mediterranean element;
*Robinia pseudoacacia L. 15, ADK 1279; 16, ADK 1294; 49, ADK
1791, akasya; Galega officinalis L. 52, ADK 1841; 59, ADK 1943; 51,
ADK 1813; 48, ADK 1757; 46, ADK 1656. Euro-Siberian element;
Astragalus glycyphyllos L. subsp. glycyphylloides (DC.) Matthews
46, ADK 1672A. Euro-Siberian element; Psoralea bituminosa
L. 41, ADK 1695; 23, ADK 1416; 18, ADK 1322; 20, ADK 1347.
Mediterranean element; *Phaseolus vulgaris L. 57, ADK 1968, fasu-
lye; *Vigna unguiculata (L.) Walp. 57, ADK 1885, bortilce; *Cicer
arietinum L. 46, ADK 1656, nohut; Vicia crocea (Desf.) B. Fedtsch.
106, SY 28669, ADK. Hyrcano-Euxine element; V. cassubica
L., Kaplandede mount, west side, bank of road, under Castanea,
800-900 m, S. Sazak, ISTO 27519. Euro-Siberian element; V. cracca
L. subsp. gerardii Gaudin 10, ADK 1240; V. villosa 1.L. Roth subsp.
eriocarpa (Hausskn.) PW. Ball, from Diizce to Ak¢akoca, 250 m, D.
37476; V. laxiflora Brot. 94, ADK 2292. Mediterranean element; V.
cuspidata Boiss. 84, ADK 2198. Mediterranean element; V. sativa
L. subsp. nigra (L.) Ehrh. var. nigra 6, ADK 1156; Lathyrus aureus
(Steven) D. Brandza 108, SY 28730. Euxine element; L. venetus
(Mill.) Wohlf. 6, ADK 1151; 91, ADK 2271. Euro-Siberian element;
L. laxiflorus (Desf.) Kuntze subsp. laxiflorus 5, ADK 1127; 18,
ADK 1333;11, ADK 1253;6, ADK 1154; 10, ADK 1221; L. saxatilis
(Vent.) Vis. 84, ADK 2219. Mediterranean element; L. nissolia L. 11,
ADK 1249; *Pisum sativum L. subsp. sativum var. sativum 84, ADK
2200, bezelye; Ononis spinosa L. subsp. leiosperma (Boiss.) Sirj. 58,
ADK 1913; Trifolium uniflorum L. 84, ADK 2194A. Mediterranean
element; T. repens L. var. repens 9, ADK 1201; 11, ADK 1245; 84,
ADK 2188; T. repens L. var. giganteum Lagr.-Foss. 20, ADK 1339A;
97, ADK 2317; 93, ADK 2283; T. nigrescens Viv. subsp. nigrescens
46, ADK 1653; T. nigrescens Viv. subsp. petrisavii (Clem.) Holmboe
25, ADK 1437; T. mesogitanum Boiss. 44, ADK 1728; 22, ADK
1368; 44, ADK 1729. Mediterranean element; T. campestre Schreb.
18, ADK 1329; 40, ADK 1644; T. patens Schreb. 97, ADK 2319; T.
resupinatum L. var. resupinatum 97, ADK 2320; T. resupinatum L.
var. microcephalum D. Zohary 25, ADK 1437; 18, ADK 1332; 22,
ADK 1369; T. clusii Godr. & Gren. 9, ADK 1210; 11, ADK 1255;
46, ADK 1666; T. pratense L. var. pratense 53, ADK 1863; 5, ADK
1140; 69, ADK 2069, SY; T. caudatum Boiss., Kaplandede mount,
summit, clearing of forest, 1168 m, S. Sazak. Endemic (LC); T.
lucanicum Gasp. 85, ADK 2234; T. lappaceum L. 24, ADK 1421.
Mediterranean element; T. arvense L. var. arvense 23, ADK 1388;
41, ADK 1708; T. angustifolium L. var. angustifolium 22, ADK
1361; T. alexandrium L. 84, ADK 2193; Melilotus officinalis (L.)
Desr. 108, SY 28732, ADK; Medicago orbicularis (L.) Bartal. 84,
ADK 2197; M. lupulina L. 55, ADK 1878, SY; 48, ADK 1754, SY;
84, ADK 2195; M. minima (L.) Bartal. var. minima 84, ADK 2192;
M. polymorpha L. var. polymorpha 85, ADK 2231; M. polymorpha
L. var. vulgaris (Benth.) Shinners 26, ADK 1445; 11, ADK 1251; 97,
ADK 2322; 84, ADK 2196; M. arabica (L.) Huds. 1, ADK 1015; 84,
ADK 2218; M. marina L. 61, ADK 1974, SY; M. littoralis Rohde
ex Loisel. 9, ADK 1205; M. rigidula (L.) All. var. rigidula 84, ADK
2191; Dorycnium hirsutum (L.) Ser. 8, ADK 1183. Mediterranean
element; D. pentaphyllum Scop. subsp. herbaceum (Vill.) Rouy 46,
ADK 1671A; D. pentaphyllum Scop. subsp. anatolicum (Boiss.)
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Gams 46, ADK 1671; D. graecum (L.) Ser. 18, ADK 1326; 10, ADK
1222; 20, ADK 1339; 12, ADK 1270; 51, ADK 1829. Euxine ele-
ment; Lotus angustissimus L. 23, ADK 1392; L. corniculatus L. var.
corniculatus 171, ADK 1313A; L. corniculatus L. var. tenuifolius
L. 20, ADK 1348; 46, ADK 1651; 42, ADK 1717; Coronilla varia
L. subsp. varia 20, ADK 1346; Hippocrepis unisiliquosa L. subsp.
unisiliquosa 84, ADK 2189; 85, ADK 2236; Scorpiurus muricatus
L. var. subvillosus (L.) Fiori 40, ADK 1642; 84, ADK 2190; 85, ADK
2228. Mediterranean element.

ROSACEAE Laurocerasus officinalis M. Roem. 2, ADK 1159; 52,
ADK 1833; 78, ADK 2161; 98, ADK 2333; Prunus spinosa L. subsp.
dasyphylla (Schur) Domin 58, ADK 1917; *P. x domestica L. 49,
ADK 1778, erik; P. divaricata Ledeb. subsp. divaricata 41, ADK
1705; 36, ADK 1612; 84, ADK 2191; 80, ADK 2177; *Cerasus avium
(L.) Moench 49, ADK 1772, kiraz; *C. vulgaris Mill. 57, ADK 1885,
visne; *Persica vulgaris Mill. 73, ADK 2105; 80, ADK 2178, seftali;
Rubus sanctus Schreb. 29, ADK 1472, SY; 30, ADK 1514, SY; R.
discolor Weihe & Nees 18, ADK 1325; 12, ADK 1275; R. tereticaulis
PJ. Mill. 1, ADK 1009; R. hirtus Waldst. & Kit. 68, ADK 2060, SY;
171, ADK 1303. Euro-Siberian element; Potentilla detommasii Ten.
22, ADK 1362; P. reptans L. 21, ADK 1357; 11, ADK 1265; 40, ADK
1646; 53, ADK 1853; 171, ADK 1310; Fragaria vesca L. 15, ADK
1187; 2, ADK 1042; 4, ADK 1092; 39, ADK 1747; *F. X ananassa
Duchesne 92, ADK 2277, ¢ilek; Geum urbanum L. 60, ADK 1950;
48, ADK 1766. Euro-Siberian element; Agrimonia eupatoria L.
30, ADK 1513, §Y; 42, ADK 1737; 52, ADK 1846; 58, ADK 1915;
Sanguisorba minor Scop. subsp. muricata (Spach) Briq. 23, ADK
1419; Rosa canina L. 10, ADK 1225; 3, ADK 1078; 11, ADK 1259;
*R. damascena Mill. 23, ADK 1414A; 49, ADK 1783, giil; Mespilus
germanicaL. 58, ADK 1907; 7, ADK 1765. Hyrcano-Euxine element;
Pyracantha coccinea M. Roem. 24, ADK 1429; 30, ADK 1515, SY; 66,
ADK 2034, SY; 58, ADK 1922; Crataegus pentagyna Waldst. & Kit. ex
Willd. 41, ADK 1685; 32, ADK 1564, SY. Euro-Siberian element; C.
rhipidophylla Gand. 8, ADK 1175; C. microphylla C. Koch 10, ADK
1220. Hyrcano-Euxine element; Sorbus domestica L. 99, ADK 2373;
*Eriobotrya japonica (Thunb.) Lindl. 73, ADK 2104, yeni dinya;
*Cydonia oblonga Mill. 89, ADK 2263, ayva; Malus sylvestris Mill.
subsp. orientalis (Uglitzk.) Browicz var. orientalis 10, ADK 1233;
29, ADK 1471, SY; *M. sylvestris Mill. subsp. mitis (Wallr.) Mansf.
41, ADK 1702, elma; Pyrus communis L. subsp. communis 29, ADK
1471, SY; 10, ADK 1233; *Chaenomeles speciosa (Sweet) Nakai 37,
ADK 1617; *Kerria japonica (L.) DC. 49, ADK 1773.

MYRTACEAE Myrtus communis L. subsp. communis 58, ADK
1919.

PUNICACEAE *Punica granatum L. 67, ADK 2049, §Y, nar.

LYTHRACEAE Lythrum hyssopifoliaL. 42, ADK 1718; L. salicaria
L. 61, ADK 1978; 46, ADK 1626, §Y. Euro-Siberian element.

ONAGRACEAE Circaea lutetiana L. 50, ADK 1801; 51, ADK
1809; Epilobium hirsutum L. 54, ADK 1866; E. parviflorum
Schreb. 65, ADK 2030, SY; 56, ADK 1881; E. montanum L. 10,
ADK 1299; E. minutiflorum Hausskn. 54, ADK 1865; 44, ADK
1730. Euro-Siberian element.

CALLITRICHACEAE Callitriche stagnalis Scop. 108, §Y 28720,
ADK.

CUCURBITACEAE *Cucurbita pepo L. 99, observation, bal kabagy;
*C. moschata Duchesne 60, ADK 1967; 49, ADK 1777, sakiz kabag;
*Cucumis sativus L. 99, observation, salatalik.

DATISCACEAE Datisca cannabina L. 65, ADK 2027, SY; 55,
ADK 1870.

CRASSULACEAE Sedum pallidum M. Bieb. var. bithynicum
(Boiss.) Chamb. 22, ADK 1375.

SAXIFRAGACEAE Saxifraga rotundifolia L. Around Kocaman
and Corakici mevkii, 210 m, 25.06.1987, Cobek 1102. Euro-Siberian
element; S. cymbalaria L. var. cymbalaria 84, ADK 2204; 86, ADK
2244.

GROSSULARIACEAE Ribes alpinum L. 103, SY 28607, ADK; 18,
ADK 1325; R. aff. biebersteinii Berland. ex DC. 103, SY 28605,
ADK. Euxine element.

APIACEAE Sanicula europaea L. 4, ADK 1101; 5, ADK 1132; 48,
ADK 1756, ADK; Eryngium maritimum L. 110, ADK 1491, §Y;
59, ADK 1938; E. creticum Lam. 58, ADK 1902; 46, ADK 1681.
Mediterranean element; Chaerophyllum aromaticum L. 49, ADK
1760, SY; 52, ADK 1840, SY. Euro-Siberian element (Yildirimh &
Koca 2003); Scandix pecten-veneris L. 85, ADK 2227; Smyrnium
perfoliatum L. 89, ADK 2260; Crithmum maritimum L. 110, ADK
1492, SY; Oenanthe fistulosa L. 93, ADK 2282; 20, ADK 1350; 58,
ADK 1899; 4, ADK 1093; O. pimpinelloides L. 18, ADK 1314; 39,
ADK 1630; Aethusa cynapium L. 64, ADK 2013, SY; 65, ADK 2033,
SY. Euro-Siberian element; *Anethum graveolens L. 98, ADK 2330,
dere otu; Conium maculatum L. 98, ADK 2368; *Petroselinum
crispum (Mill.) AW. Hill 42, ADK 1719, maydanoz; Angelica syl-
vestris L. var. sylvestris, Kaplandede mount, west side, bank of road,
under Castanea, 800-900 m, S. Sazak, ISTO 27557. Euro-Siberian
element; Peucedanum aegopodioides (Boiss.) Vandas 117, ADK 2388.
Euro-Siberian element; Heracleum platytaenium Boiss. 120, ADK
2391. Endemic (LC); Torilis arvensis (Huds.) Link subsp. arvensis
62, ADK 1972; 52, ADK 1837; *Daucus carota L. 59, ADK 1911; D.
guttatus Sm. 29, ADK 1462, §Y; 30, ADK 1493; 10, ADK 1235.

ARALIACEAE Hedera helix L. 33, ADK 1579, SY; 2, ADK 1062;
67, ADK 2046, SY.

CORNACEAE Cornus sanguinea L. subsp. sanguinea 33, ADK
1584; C. sanguinea L. subsp. australis (C.A. Mey.) Jav. 10, ADK
1223; 11, ADK 1260; C. mas L. 74, ADK 2121; 35, ADK 1605.
Euro-Siberian element.

CAPRIFOLIACEAE Sambucus ebulus L. 18, ADK 1321; 30, ADK
1507, SY; 41, ADK 1696; 53, ADK 1859. Euro-Siberian element; S.
nigraL.23, ADK 1407; 38, ADK 1624; 53, ADK 1855. Euro-Siberian
element; *Lonicera xylosteum L. 98, ADK 2340; *Symphoricarpos
albus L. 49, ADK 1782.

RUBIACEAE Asperula involucrata Wahlenb. 23, ADK 1390.
Euxine element; A. taurina L. subsp. taurina 5, ADK 1139A;
Galium rotundifolium L. 15, ADK 1288. Euro-Siberian element; G.
verum L. subsp. verum 58, ADK 1908. Euro-Siberian element; G.
album Mill. subsp. pycnotrichum (Heinr. Braun) Krendl 68, ADK
2054, §Y; 20, ADK 1340. Euro-Siberian element; G. odoratum (L.)
Scop. 5, ADK 1139. Euro-Siberian element; Rubia peregrina L. 26,
ADK 1439; 30, ADK 1516, SY; 29, ADK 1474, §Y; 23, ADK 1394; 8,
ADK 11705 58, ADK 1920; 59, ADK 1935. Mediterranean element;
Cruciata laevipes Opiz 84, ADK 2214. Euro-Siberian element;
Sherardia arvensis L. 84, ADK 2211;8, ADK 1172; 4, ADK 1115A.
Mediterranean element.

VALERIANACEAE Valerianella costata (Steven) Betcke 5, ADK
1134; 84, ADK 2210. Mediterranean element; V. turgida (Steven)
Betcke 84, ADK 2210A.

DIPSACACEAE Dipsacus laciniatus L. 48, ADK 1761; 49, ADK
1784; Knautia degenii Borbas ex Formanek 109, §Y 28781, ADK.
Endemic (LC). Mediterranean element; Scabiosa atropurpurea
L. subsp. maritima (L.) Archer 46, ADK 1663; 58, ADK 1904; 59,
ADK 1927; 29, ADK 1485, $Y.

ASTERACEAE Sigesbeckia orientalis L. 64, ADK 2001, SY; Bidens
tripartita L. Kaplandede mount, bank of road, 900 m, S. Sazak;
Xanthium strumarium L. subsp. cavanillesii (Schouw) D. Love &
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Dans. 31, ADK 1539, §Y, Telekia speciosa (Schreb.) Baumg. 48, ADK
1768; 50, ADK 1794. Euro-Siberian element; Asteriscus aquaticus
(L.) Less. 46, ADK 1654. Mediterranean element; Pallens spinosa
(L.) Cass. 22, ADK 1371; Inula graveolens (L.) Desf. 32, ADK 1552,
SY. Mediterranean element; Pulicaria dysenterica (L.) Bernh. 51,
ADK 1830; 30, ADK 1498; 57, ADK 1892; Carpesium abrotanoides
L. 64, ADK 2020, SY; Gnaphalium luteo-album L. 23, ADK 1409;
G. sylvaticum L. Kaplandede mount, clearings of forest, 970 m, S.
Sazak; Solidago virgaurea L. subsp. virgaurea 72, ADK 2096, $Y; 115,
ADK 1499, SY; Aster subulatus Michx. 29, ADK 1464, §Y; Conyza
canadensis (L.) Cronquist 9, ADK 1211; 10, ADK 1237; 8, ADK 1192;
29, ADK 1468, SY; *Dicrocephala integrifolia (L. f.) Kuntze 67, ADK
2043, SY; Bellis perennis L. 1, ADK 1114; 2, ADK 1054; 8, ADK 1169;
9, ADK 1213; 35, ADK 1610. Euro-Siberian element; Senecio vulgaris
L. 34, ADK 1593, §Y; 1, ADK 1027; 77, ADK 2151; 83, ADK 2213; S.
vernalis Waldst. & Kit. 31, ADK 1538, §Y; Tussilago farfara L. 74,
ADK 2119. Euro-Siberian element; Petasites hybridus (L.) Gaertn.
86, ADK 2252. Euro-Siberian element; *Calendula officinalis L.
35, ADK 1607; Eupatorium cannabium L. 29, ADK 1467, SY; 32,
ADK 1554, §Y; 51, ADK 1857; 55, ADK 1868; 68, ADK 2057, SY.
Euro-Siberian element; Anthemis cretica L. subsp. umbilicata (Boiss.
& Huet) Grierson 51, ADK 1815; 48, ADK 1763; A. cotula L. 46, ADK
1667; A. tinctoria L. var. discoidea (All.) DC. 64, ADK 2012, S§Y; 49,
ADK 1788; 94, ADK 2288; Otanthus maritimus (L.) Hoffmanns.
& Link 59, ADK 1932; 61, ADK 1969. Mediterranean element;
Chrysanthemum segetum L. 43, ADK 1723. Mediterranean element;
Leucanthemum vulgare Lam. 56, ADK 1880. Euro-Siberian element;
Tanacetum parthenium (L.) Sch. Bip. 53, ADK 1858; 64, ADK 2014,
SY; T. corymbosum (L.) Sch. Bip. subsp. cinereum (Griseb.) Hayek 41,
ADK 1713. Euro-Siberian element; Matricaria chamomilla L. var.
recutita (L.) Grierson 171, ADK 1311; Tripleurospermumn sevanense
(Manden.) Pobed. 70, ADK 2077, §Y; Artemisia vulgaris L. 71, ADK
2089, SY; Arctium minus (Hill) Bernh. subsp. minus 51, ADK 1825;
A. minus (Hill) Bernh. subsp. pubens (Bab.) Arénes 67, ADK 2042,
SY. Euro-Siberian element; Silybum marianum (L.) Gaertn. 22, ADK
1376. Mediterranean element; Cirsium vulgare (Savi) Ten. 51, ADK
1808; C. hypoleucumDC. 11, ADK 1257; 8, ADK 1174; 5, ADK 1129;
20, ADK 1353; 51, ADK 1831. Euxine element; C. arvense (L.) Scop.
subsp. vestitum (Wimm. & Grab.) Petr. 40, ADK 1642; 69, ADK 2072,
SY; Centaurea iberica Trevir. ex Spreng. 46, ADK 1650; 23, ADK
1383; Carthamus lanatus L. 46, ADK 1648; 50, ADK 1796; Scolymus
hispanicus L. 46, ADK 1679. Mediterranean element; Cichorium
intybus L. 49, ADK 1787; 39, ADK 1746; Tragopogon longirostris
Bisch. ex Sch. Bip. var. longirostris 24, ADK 1430; T. dubius Scop.
119, SY 28744, ADK; 23, ADK 1379; Leontodon tuberosus L. 84,
ADK 2216A. Mediterranean element; L. hispidus L. var. hispidus
114, SY 28803, ADK; 43, ADK 1722; Helminthotheca echioides (L.)
Holub, near Akgakoca, Beug & Wagenitz, 203; Rhagadiolus stellatus
(L.) Gaertn. var. edulis (Gaertn.) DC. 85, ADK 2224; Sonchus asper
(L.) Hill subsp. glaucescens (Jord.) Ball 26, ADK 1440; 16, ADK
1295; 21, ADK 1356; 96, ADK 2304; S. oleraceus L. 32, ADK 1553,
SY; Hieracium vagum Jord. 67, ADK 2048, SY; 29, ADK 1466, SY.
Euro-Siberian element; Pilosella piloselloides (Vill.) Sojak subsp.
megalomastix (Nageli & Peter) PD. Sell & C. West 114, SY 28804A,
ADK; 103, SY 28589, ADK; P. x auriculoides (Lang) PD. Sell & C.
West 114, §Y 28804, ADK; 106, SY28648, ADK; Lactuca saligna 1.8,
ADK 1888; L. serriola L. 32, ADK 1558, SY. Euro-Siberian element;
*L. sativa L. 45, ADK 1743, marul; Mycelis muralis (L.) Dumoulin
51, ADK 1806; 64, ADK 2007, §Y. Euro-Siberian element; Lapsana
communis L. subsp. intermedia (M. Bieb.) Hayek 64, ADK 2008, SY;
50, ADK 1800, ADK; 16, ADK 1298; 15, ADK 1287; 10, ADK 1226;
4, ADK 1110; Taraxacum microcephaloides Soest 4, ADK 1107A;
9, ADK 1208A; T. scaturiginosum G.E. Haglund 32, ADK 1555,
SY; 9, ADK 1208; 8, ADK 1176; 76, ADK 2137; 77, ADK 2149; T.
macrolepium Schischk. 2, ADK 1052; 41, ADK 1690; 1, ADK 1014;

T. buttleri Soest 35, ADK 1608A; Chondrilla juncea L. var. juncea
29, ADK 1465, SY; Crepis paludosa (L.) Moench 64, ADK 2021, SY;
30, ADK 1497, SY; 72, ADK 2097, SY. Euro-Siberian element; C.
bithynica Boiss. 84, ADK 2216. Euro-Siberian element; C. reuterana
Boiss. subsp. reuterana 97, ADK 2318. Mediterranean element; C.
foetida L. subsp. rhoeadifolia (M. Bieb.) Celak. 32, ADK 1557, SY;
C. sancta (L.) Babc. 76, ADK 2135; 74, ADK 2111; 77, ADK 2152;
C. vesicaria L. 96, ADK 2305; 84, ADK 2215.

CAMPANULACEAE Campanula lyrata Lam. subsp. lyrata 23,
ADK 1389; 22, ADK 1560; 41, ADK 1709. Endemic (LC); C. latifo-
lia L., Kaplandede mount, east side, bank of road, 900 m, S. Sazak,
ISTO 27573. Euro-Siberian element; C. rapunculoides L. subsp.
rapunculoides 55, ADK 1876; 4, ADK 1828; 69, ADK 2073, S§Y; C.
rapunculoides L. subsp. cordifolia (C. Koch) Damboldt 52, ADK
1844; C. persicifolia L. 19, ADK 1334; 171, ADK 1307; 72, ADK
2102, SY. Euro-Siberian element; C. olympica Boiss. 60, ADK 1962.
Euxine element; Legousia falcata (Ten.) Fritsch 26, ADK 1445.
Mediterranean element; L. speculum-veneris (L.) Chaix 23, ADK
1382. Mediterranean element.

ERICACEAE Rhododendron ponticum L. subsp ponticum 7, ADK
1162; 5, ADK 1124; Erica arborea L. 7, ADK 1163; 29, ADK 1484,
SY; 8, ADK 1186. Mediterranean element; Calluna vulgaris (L.) Hull,
Kaplandede mount, west side, bank of road, 300-400 m, S. Sazak,
ISTO 27538. Euro-Siberian element; Arbutus unedo L. 29, ADK
1585,SY; A. andrachne L. 4, ADK 1096; 10, ADK 1239; 3, ADK 1080;
Vaccinium arctostaphylos L. 19, ADK 1337. Euxine element.

PRIMULACEAE Primula vulgaris Huds. subsp. sibthorpii (H.
Hoffm.) W.W. Sm. & Forrest 37, ADK 1620. Euxine element;
Lysimachia verticillaris Spreng. 2, ADK 1358; 46, ADK 1629.
Hyrcano-Euxine element; Anagallis arvensis L. var. arvensis 10,
ADK 1231; 9, ADK 1212; 11, ADK 1244; 18, ADK 1315; A. ar-
vensis L. var. parviflora (H. Hoffm. & Link) Ces. 95, ADK 2299.
Mediterranean element.

EBENACEAE Diospyros lotus L. 66, ADK 2037, SY; 49, ADK 1774;
67, ADK 2050; *D. kaki L. 66, ADK 2036, SY, Trabzon hurmasi.

STYRACACEAE Styrax officinalis L. 7, ADK 1164.

OLEACEAE Fraxinus angustifolia Vahl. subsp. oxycarpa (M. Bieb.
ex Willd.) Franco & Rocha Afonso 117, ADK 2385. Euro-Siberian
element; Ligustrum vulgare L. 21, ADK 1359; 24, ADK 1427; 33,
ADK 1582, SY. Euro-Siberian element; *Olea europaea L. var.
europaea 98, ADK 2345, zeytin.

APOCYNACEAE *Nerium oleander L. 57 ADK 1898; Vinca major
L. subsp. major 83, ADK 2128; V. major L. subsp. hirsuta (Boiss.)
Stearn 6, ADK 1152.

ASCLEPIADACEAE Periploca graeca L. var. graeca, west of
Akgakoca, Wagenitz, 225. Mediterranean element.

GENTIANACEAE Blackstonia perfoliata (L.) Huds. subsp.
perfoliata 20, ADK 1349; 44, ADK 1733; 39, ADK 1639; 46, ADK
1660; Centaurium erythraea Rafn subsp. erythraea 26, ADK
1446; 44, ADK 1732. Euro-Siberian element; C. erythraea Rafn
subsp. turcicum (Velen.) Melderis 52, ADK 1847; 46, ADK 1675;
C. pulchellum (Sw.) Druce 58, ADK 1896; 23, ADK 1418; 39, ADK
1636; Gentiana asclepiadea L. 72, ADK 2103, SY; 65, ADK 2025,
SY. Euro-Siberian element.

CONVOLVULACEAE Convolvulus cantabrica L. 23, ADK 1398;
24, ADK 1426; 46, ADK 1661. Mediterranean element; C. arvensis
L.23, ADK 1380; 11, ADK 1264; 46, ADK 1659; Calystegia sepium
(L.)R.Br. 11, ADK 1241; C. silvatica (Kit.) Griseb. 171, ADK 1302A;
15, ADK 1291; 60, ADK 1954; *Ipomoea purpurea (L.) Roth 72,
ADK 2095, SY.

CUSCUTACEAE Cuscuta campestris Yunck. 61, ADK 1973.
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BORAGINACEAE Heliotropium dolosum De Not., 10 km east
of Akgakoca, D. 3746; Myosotis ramosissima Rochel ex H. Schult.
subsp. ramosissima 88, ADK 2254; M. arvensis (L.) Hill subsp. ar-
vensis 18, ADK 1327; 26, ADK 1443; 171, ADK 1305; 11, ADK 1247.
Euro-Siberian element; M. lazica Popov 64, ADK 2010, SY. Euxine
element; M. sylvatica Ehrh. ex Hoffm. subsp. cyanea Vestergr. 4,
ADK 1116; M. laxa Lehm. subsp. caespitosa (Schultz) Hyl. ex Nordh.
23, ADK 1378; Cynoglossum creticum Mill. 11, ADK 1252; 96, ADK
2309; C. montanum L. 11, ADK 1258; 20, ADK 1343; 46, ADK 1668.
Euro-Siberian element; Lithospermum officinale L. 98, ADK 2329;
53, ADK 1856. Euro-Siberian element; L. purpurocaeruleum L. 85,
ADK 2230. Euro-Siberian element; Echium italicum L. 41, ADK
1688. Mediterranean element; E. vulgare L. 20, ADK 1345; 55, ADK
1877; 41, ADK 1687; 69, ADK 2070, SY. Euro-Siberian element;
Cerinthe minor L. subsp. auriculata (Ten.) Domac 68, ADK 2044,
SY; Symphytum officinale L. 98, ADK 2327. Euro-Siberian element;
S. tuberosum L. subsp. nodosum (Schur) So6 10, ADK 1224;2, ADK
1040; 95, ADK 2300. Euro-Siberian element; Trachystemon orientalis
(L.) G. Don 4, ADK 1105. Euxine element; Anchusa undulata L. 9,
ADK 1206. Mediterranean element.

SOLANACEAE Solanum nigrum L. subsp. schultesii (Opiz)
Wessely 23, ADK 1405; 24, ADK 1431; 52, ADK 1845; 58, ADK
1999; 8. alatum Moench 34, ADK 15894, SY; S. dulcamara L. 50,
ADK 1799; 52, ADK 1843. Euro-Siberian element; *S. tuberosum L.
99, observation, patates; *S. melongena L. 99, observation, patlican;
*Capsicum annuum L. 99, observation, biber; *Lycopersicon escu-
lentum Mill. 99, observation, domates; Physalis alkekengi L. 20,
ADK 1354; 73, ADK 2107; Atropa belladona L., Kaplandede mount,
summit, 1168 m, S. Sazak; Kaplandede mount, bank of road, 900 m,
S. Sazak. Euro-Siberian element; Datura stramonium L. 25, ADK
1438; 31, ADK 1542, §Y; *Cestrum nocturnum L. 91, ADK 2268.

SCROPHULARIACEAE Verbascum blattaria L. 27, ADK 1451;
41, ADK 1692; V. xanthophoeniceum Griseb. 2, ADK 1048; V.
pyramidatum M. Bieb. 23, ADK 1396; 41, ADK 1685. Euxine ele-
ment; V. densiflorum Bertol. 42, ADK 1740. Euro-Siberian element;
Scrophularia scopolii Hoppe ex Pers. var. scopolii 97, ADK 2313; 26,
ADK 1444; 42, ADK 1735; Misopates orontium (L.) Raf. 23, ADK
1402;42, ADK 1710; Linaria genistifolia (L.) Mill. subsp. genistifolia,
Kaplandede mount, surrounding of fountain, bank of road, 970 m, S.
Sazak, ISTO 27567. Euro-Siberian element; L. iconica Boiss. & Heldr.
94, ADK 2294. Endemic (LC). Irano-Turanian element; Cymbalaria
longipes (Boiss. & Heldr.) A. Chev. 34, ADK 1596, §Y. Mediterranean
element; Digitalis ferruginea L. subsp. ferruginea 48, ADK 1765; 46,
ADK 1673. Euro-Siberian element; Veronica serpyllifoliaL.9, ADK
1214; 8, ADK 1182; V. arvensis L. 84, ADK 2207. Euro-Siberian ele-
ment; V. persica Poir. 4, ADK 1111; 11, ADK 1256; 94, ADK 2113;
35, ADK 1604; V. filiformis Sm. 85, ADK 2173; 84, ADK 2208; 37,
ADK 1613. Euxine element; V. hederifolia L. 80, ADK 2170; V.
anagallis-aquatica L. subsp. anagallis-aquatica 18, ADK 1317; 42,
ADK 1716; 14, ADK 1282. Irano-Turanian element; V. chamaedrys L.
84, ADK 2209. Euro-Siberian element; V. pectinata L. var. pectinata
4, ADK 1099; 9, ADK 1213A; V. officinalis L. 103, SY 28614, ADK.
Euro-Siberian element; Parentucellia latifolia (L.) Caruel subsp.
latifolia 9, ADK 1204; 86, ADK 2250; 85, ADK 2225. Mediterranean
element; Bellardia trixago (L.) All. 22, ADK 1366.

OROBANCHACEAE Orobanche nana Noé ex Beck 51, ADK
1819; 84, ADK 2186.

VERBENACEAE Verbena officinalis L. 23, ADK 1413; Vitex ag-
nus-castus L., ca. 10 km east of Ak¢akoca, D. 37457. Mediterranean
element.

LAMIACEAE Ajuga reptans L. 5, ADK 1138; 9, ADK 1217; 4, ADK
1494; 8, ADK 1196. Euro-Siberian element; A. chamaepitys (L.)
Schreb. subsp. chia (Schreb.) Arcang. var. chia 46, ADK 1664; A.

chamaepitys (L.) Schreb. subsp. palaestina (Boiss.) Bornm. 39, ADK
1639; Teucrium chamaedrys L. subsp. chamaedrys 114, SY 28816;
99, ADK 2372. Euro-Siberian element; Scutellaria galericulata L.
31, ADK 1545; S. albida L. subsp. albida 23, ADK 1401; 51, ADK
1802. Mediterranean element; Lamium garganicum L. subsp. laevi-
gatum Arcang. 4, ADK 1104. Euxine element; L. amplexicaule L. 85,
ADK 2223. Euro-Siberian element; L. ponticum Boiss. & Balansa ex
Boiss. 34, ADK 1591, SY. Endemic (LC). Irano-Turanian element; L.
purpureum L. var. purpureum 8, ADK 1189; 1, ADK 1028; 35, ADK
1599. Euro-Siberian element; L. purpureum L. var. aznavourii Gand.
ex Azn. 106, SY 28673, ADK; 79, ADK 2166; 94, ADK 2118. Endemic
(CR). Euxine element; Galeobdolon luteum Huds. subsp. montanum
(Pers.) R.R. Mill 5, ADK 1146. Euro-Siberian element; G. luteum
Huds. subsp. luteum 93, ADK 2284. Euro-Siberian element; Sideritis
montana L. subsp. montana 39, ADK 1748. Mediterranean element;
Stachys thirkei C. Koch 22, ADK 1367; 18, ADK 1319; S. sylvatica
L.171, ADK 1306; 23, ADK 1399. Euro-Siberian element; S. annua
(L.) L. subsp. annua var. lycaonica R. Bhattacharjee 61, ADK 1970.
Irano-Turanian element; Melissa officinalis L. subsp. altissima (Sm.)
Arcang. 51, ADK 1807. Mediterranean element; Glechoma hederacea
L.9,ADK 1213A;5, ADK 1144; 8, ADK 1190. Euro-Siberian element;
Prunella vulgaris L. 60, ADK 1952; 48, ADK 1758; 23, ADK 1410; 69,
ADK 2076, §Y; 51, ADK 1812. Euro-Siberian element; P. laciniata
(L.) L. 22, ADK 1364; 24, ADK 1422, S§Y; 39, ADK 1631; 46, ADK
1647. Euro-Siberian element; Origanum vulgare L. subsp. viride
(Boiss.) Hayek 41, ADK 1691; 46, ADK 1669; Satureja hortensis L.
66, ADK 2035, SY; Calamintha grandiflora (L.) Moench 69, ADK
2071, SY. Euro-Siberian element; C. sylvatica Bromf. subsp. sylvatica
72, ADK 2094, SY. Euro-Siberian element; C. nepeta (L.) Savi subsp.
glandulosa (Req.) PW. Ball 41, ADK 1707; 46, ADK 1665; 32, ADK
1551, §Y; 58, ADK 1916; 48, ADK 1753; Clinopodium vulgare L.
subsp. vulgare 48, ADK 1762; 29, ADK 1488, SY; 64, ADK 1996, SY;
69, ADK 2068, SY; Thymus longicaulis C. Presl subsp. longicaulis
var. longicaulis 85, ADK 2222; 94, ADK 2291; Mentha pulegium
L. 50, ADK 1793; 42, ADK 1741; 60, ADK 1949; 30, ADK 1527; M.
aquaticaL.31, ADK 1547, SY; M. longifolia (L.) Huds. subsp. longi-
folia 55, ADK 1871. Euxine element; M. longifolia (L.) Huds. subsp.
typhoides (Briq.) Harley var. typhoides 41, ADK 1686; M. spicata L.
subsp. spicata 51, ADK 1818; M. spicata L. subsp. tomentosa (Briq.)
Harley 31, ADK 1548, SY; Lycopus europaeus L. 31, ADK 1546, $Y.
Euro-Siberian element; Salvia forskahlei L. 29, ADK 1481, SY; 60,
ADK 1960; 41, ADK 1689; 65, ADK 2022, SY; S. glutinosa L. 65,
ADK 2023, SY. Euxine element; S. amplexicaulis Lam. 84, ADK 2200.
Euro-Siberian element; S. verbenaca L. 30, ADK 1524, §Y; 58, ADK
1926;22, ADK 1370. Mediterranean element; S. verticillata L. subsp.
verticillata, between Akgakoca and Alapli, 10 m, 16.06.1987, Cobek
1190. Euro-Siberian element.

PLANTAGINACEAE Plantago major L. subsp. major 27, ADK
1450; P. coronopus L. subsp. coronopus 71, ADK 2083, §Y; 61, ADK
1980. Euro-Siberian element; P. lanceolata L. 25, ADK 1436; 3,
ADK 1079; 85, ADK 2240.

THYMELAEACEAE Daphne pontica L., between Ak¢akoca and
Alaply, 10 m, 16.06.1987, Cébek 1193. Euxine element.

ELAEAGNACEAE *Elaeagnus angustifolia L. 119, SY 28750, ADK;
99, ADK 2346, igde.

LAURACEAE Laurus nobilis L. 2, ADK 1072; 10, ADK 1232; 32,
ADK 1575, SY. Mediterranean element.

SANTALACEAE Osyris alba L. 58, ADK 1897. Mediterranean
element.

LORANTHACEAE Viscum album L. 3, ADK 1087.

ARISTOLOCHIACEAE Asarum europaeum L., Kaplandede
mount, under Fagus orientalis, bank of road, shadow, 900-1000 m,
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S. Sazak. Euro-Siberian element; Aristolochia pontica Lam. 6, ADK
1148. Euxine element.

EUPHORBIACEAE Mercurialis annua L. 84, ADK 2213; 25, ADK
1435; M. perennis L. 5, ADK 1136. Euro-Siberian element; Euphorbia
peplisL.110, ADK 1528, §Y; 59, ADK 1945. Mediterranean element;
E. supina Raf. 32, ADK 1578, SY; E. villosa Waldst. & Kit. ex Willd.
113, ADK 1529, SY; 40, ADK 1645. Euro-Siberian element; E. pu-
bescens Vahl, 10-15 km east of Ak¢akoca, D. 37494; E. stricta L. 4,
ADK 1108; 8, ADK 1181; 5, ADK 1131; 1, ADK 1008; 2, ADK 1061;
93, ADK 2286; 97, ADK 2323. Euro-Siberian element; E. helioscopia
L. 1, ADK 1031; 76, ADK 2140; E. exigua L. var. retusa L. 25, ADK
1434; E. peplus L. var. peplus 74, ADK 2115; E. paralias L. 71, ADK
2080, SY; 59, ADK 1941. Mediterranean element; E. seguieriana
Neck. subsp. niciciana (Borbas ex Novék) Rech. f. 22, ADK 1374; 6,
ADK 1150; 39, ADK 1745; E. amygdaloides L. var. amygdaloides 5,
ADK 1123A;14, ADK 1283; 95, ADK 2302; 94, ADK 2290; 81, ADK
2183. Euro-Siberian element.

URTICACEAE Urtica dioica L. 18, ADK 1324; 1, ADK 1037.
Euro-Siberian element; Parieteria judaica L. 113, ADK 1518, Y.

CANNABACEAE Humulus lupulus L. 32, ADK 1561, S§Y. Euro—
Siberian element.

MORACEAE *Morus alba L. 99, ADK 2383, akdut; *M. nigra L.
99, ADK 2384, karadut; *Ficus carica L. subsp. carica 49, ADK
1776, incir.

ULMACEAE Ulus minor Mill. subsp. minor 10, ADK 1228; 85,
ADK 2235.

JUGLANDACEAE *Juglans regia L. 49, ADK 1775, ceviz;
Pterocarya fraxinifolia (Poir.) Spach, east of Ak¢akoca, ISTO 4286.
Hyrcano-Euxine element.

PLATANACEAE Platanus orientalis L. 47, ADK 1750.

FAGACEAE Castanea sativa Mill. 26, ADK 1442; 29, ADK 1470,
SY. Euro-Siberian element; Fagus orientalis Lipsky 26, ADK 1441;
29, ADK 1482, §Y; 58, ADK 1910; 64, ADK 2002, SY. Euro-Siberian
element; Quercus petraea (Matt.) Liebl. subsp. petraea 90, ADK
2267; Q. petraea (Matt.) Liebl. subsp. iberica (Steven ex M. Bieb.)
Krassiln. 29, ADK 1483, SY; Q. cerris L. var. cerris 85, ADK 2238.
Mediterranean element; Q. pubescens Willd. 60, ADK 1946A; 58,
ADK 1909; Q. virgiliana Ten. 60, ADK 1946A; Q. ilex L. 32, ADK
1549. Mediterranean element.

CORYLACEAE Carpinus betulus L. 32, ADK 1559, SY. Euro-
Siberian element; Corylus avellana L. subsp. avellana 48, ADK
1755. Euro-Siberian element; *C. avellana L. subsp. pontica (G.C.T.
Koch) W. Winkl. 63, ADK 1989; 43, ADK 1721; 35, ADK 1602; 10,
ADK 1229, findik; *C. maxima Mill. 63, ADK 1988. Euro-Siberian
element, findik.

BETULACEAE Alnus glutinosa (L.) Gaertn. subsp. glutinosa 32,
ADK 1550, SY; 30, ADK 1531, Y. Euro-Siberian element.

SALICACEAE *Populus alba L. 29, ADK 1476, SY. Euro-Siberian ele-
ment, akkavak; *P. tremula 1. 29, ADK 1475, SY. Euro-Siberian element,
titrek kavak; *P. nigra L. subsp. nigra 114, SY 28829, ADK, karakavak;
Salix alba L. 47, ADK 1751; 29, ADK 1477, SY; 96, ADK 2303. Euro—-
Siberian element; *S. babylonica L. 47, ADK 1752, salkim sogiit.

MONOCOTYLEDONEAE

ALISMATACEAE Alisma plantago-aquatica L 112, ADK 1979.
Euro-Siberian element.

MUSACEAE *Musa acuminata Colla 116, observation, muz.

ARACEAE Arum orientale M. Bieb. subsp. orientale 18, ADK
1316; 27, ADK 1449.

DIOSCOREACEAE Tamus communis L. subsp. communis 59,
ADK 1931.

LILTACEAE Smilax excelsa L. 29, ADK 1463, SY; 28, ADK 1454;
58, ADK 1906; 2, ADK 1070; Ruscus aculeatus L. var. aculeatus 2,
ADK 1066; R. aculeatus L. var. angustifolia Boiss. 5, ADK 1120;
R. hypoglossum L. 7, ADK 1166; 5, ADK 1118. Euro-Siberian ele-
ment; Asparagus aphyllus L. subsp. orientalis (Baker) PH. Davis
58, ADK 1914. Mediterranean element; Polygonatum multiflorum
(L.) All. 5, ADK 1137; *Allium cepa L. 99, ADK 2389; *A. sativum
L. 24, ADK 1425; 46, ADK 1626; 42, ADK 1714; *A. porrum L. 98,
ADK 2338, pirasa; Scilla bifolia L. 37, ADK 1616. Mediterranean
element; S. bithynica Boiss. 1, ADK 1038; 10, ADK 1238; 5, ADK
1130; 84, ADK 2187A; 81, ADK 2181; 8, ADK 1197. Euxine element;
S. autumnalis L. 33, ADK 2390; Ornithogalum sphaerocarpum A.
Kern. 20, ADK 1344; O. sigmoideum Freyn & Sint. 1, ADK 1023;
76, ADK 2131; Muscari armeniacum Leichtlin ex Baker 80, ADK
2169; 1, ADK 1005; 9, ADK 1207; 81, ADK 2180; M. comosum (L.)
Mill. 84, ADK 2211. Mediterranean element; Lilium martagon
L., Kaplandede mount, summit, 1168 m, S. Sazak, ISTO 27529;
Kaplandede mount, under Tilia sp., bank of road, 800-900 m,
02.06.96,20.07.96, 30.08.96, S. Sazak. Euro-Siberian element; Paris
incompleta M. Bieb., 13, ADK 1281. Euxine element.

AMARYLLIDACEAE Galanthus elwesii Hook. f. 37, ADK 1619;
75, ADK 2127. Mediterranean element; G. nivalis L. subsp. nivalis
8, ADK 1167. Euro-Siberian element; Pancratium maritimum L.
59, ADK 1936. Mediterranean element.

IRIDACEAE Iris pseudacorus L. 109, SY 28795, ADK.

ORCHIDACEAE Cephalanthera rubra (L.) Rich. 20, ADK 1342. C.
longifolia (L.) Fritsch 106, SY 28698, ADK. Euro-Siberian element;
C. damasonium (Mill.) Druce 12, ADK 1268. Euro-Siberian ele-
ment; Platanthera bifolia (L.) Rich. 24, ADK 1424. Euro-Siberian
element; Ophrys oestrifera M. Bieb. subsp. oestrifera 11, ADK 1242;
84, ADK 2187; Serapias vomeracea (Burm. f.) Briq. subsp. orien-
talis Greuter 95, ADK 2295. Mediterranean element; Anacamptis
pyramidalis (L.) Rich. 22, ADK 1372; 24, ADK 1423; 23, ADK 1427;
46, ADK 1676; Orchis coriophora L. subsp. coriophora 24, ADK
1423A; 22, ADK 1365; O. laxiflora Lam. 97, ADK 2312.

TYPHACEAE Typha domingensis Pers. 61, ADK 1985.

JUNCACEAE Juncus inflexus L. 61, ADK 1971; 52, ADK 1834;
J. effusus L. 23, ADK 1412; J. bufonius L. 108, §Y 28737, ADK;
J. articulatus L. 108, SY 28738, ADK. Euro-Siberian element;
Luzula forsteri (Sm.) DC. 106, SY 28695, ADK; 80, ADK 2174.
Euro-Siberian element; L. sudetica (Willd.) DC. 3, ADK 1085; 84,
ADK 2193. Euro-Siberian element; L. pallescens (Wahlenb.) Besser
103, §Y 28619, ADK; 84, ADK 2210. Euro-Siberian element.

CYPERACEAE Cyperus esculentus L. 32, ADK 1569, SY; Carex
otrubae Podp. 109, SY 28793, ADK. Euro-Siberian element; C.
divulsa Stokes subsp. divulsa 103, SY 28621, ADK. Euro-Siberian
element; C. pseudocyperus L., Kaplandede mount, east side, mois-
ture area, 840 m, S. Sazak, ISTO 275221. Euro-Siberian element;
C. pendula Huds. 109, SY 28792, ADK; 103, SY 28615, ADK; 23,
ADK 1411. Euro-Siberian element; C. sylvatica Huds. subsp.
sylvatica, east of Ak¢akoca, Kithne 118. Euro-Siberian element;
C. flacca Schreb. subsp. serrulata (Biv.) Greuter 114, §Y 28837,
ADK. Mediterranean element; C. pallescens L. var. pallescens 103,
SY 28616, ADK.

POACEAE Brachypodium sylvaticum (Huds.) P. Beauv. 51, ADK
1823; 54, ADK 1867; 49, ADK 1786. Euro-Siberian element; Elymus
elongatus (Host) Runemark subsp. elongatus 59, ADK 1939; E. pyc-
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nanthus (Godr.) Melderis 61, ADK 1981. Mediterranean element;
*Triticum aestivum L. 41, ADK 1693, bugday; *Secale cereale L.
var. cereale 85, ADK 2242, ¢avdar; Hordeum murinum L. subsp.
glaucum (Steud.) Tzvelev 119, §Y 28764, ADK; Bromus hordeaceus
L. subsp. thominii (Hardouin) Maire & A. Weiller 103, SY 28624;
119, SY 28769, ADK. Mediterranean element; B. madritensis L.
108, §Y 28739, ADK; 119, §Y 28768, ADK; Avena barbata Pott ex
Link subsp. barbata 119, SY 28762, ADK. Mediterranean element;
*A. sativa L. 41, ADK 1698, yulaf; Aira elegantissima Schur subsp.
elegantissima 15, ADK 1290. Mediterranean element; Holcus
lanatus L. 18, ADK 1331; 46, ADK 1628; 51, ADK 1810; 23, ADK
1412. Euro-Siberian element; Agrostis stolonifera L. 108, SY 28742,
ADK. Euro-Siberian element; Phalaris paradoxa L. 108, SY 28741,
ADK. Mediterranean element; Anthoxanthum odoratum L. subsp.
odoratum 9, ADK 1239. Euro-Siberian element; Phleum bertoloni
DC. 47, ADK 1749; P. subulatum (Savi) Asch. & Graebn. subsp.
subulatum 49, ADK 1785; P. exaratum Hochst. ex Griseb. subsp.
exaratum 46, ADK 1670; Festuca drymeja Mert. & Koch 103,
SY 28626, ADK. Euro-Siberian element; Lolium perenne L. 103,
SY 28631, ADK; 109, SY 28797, ADK. Euro-Siberian element; L.
rigidum Gaudin var. rigidum 119, §Y 28766, ADK; 103, SY 28628,
ADK; Vulpia fasciculata (Forssk.) C. Fritsch 119, SY 28767, ADK;
103, SY 28629, ADK. Mediterranean element; Poa annua L. 8,
ADK 1191; P. supina Schrad. 106, SY 28700, ADK; P. trivialis L.
103, SY 28625, ADK; P. pratensis L. 106, SY 28702, ADK; 103, SY
28627, ADK; P. angustifolia L. 114, SY 28835, ADK; P. bulbosa
L. 106, SY 28703, ADK; Dactylis glomerata L. subsp. hispanica
(Roth) Nyman 68, ADK 2052, §Y; Cynosurus cristatus L. 103, SY
28630, ADK. Euro-Siberian element; C. echinatus L. 20, ADK 1338.
Mediterranean element; Briza media L. 58, ADK 1901; B. maxima
L. 15, ADK 1285; Phragmites australis (Cav.) Trin. ex Steud. 119,
SY 28765, ADK; Cynodon dactylon (L.) Pers. var. villosus Regel,
Alapli sinir1, 59, ADK 1937; Echinochloa crus-galli (L.) P. Beauv.
70, ADK 2078, SY; 71, ADK 2091, SY; Digitaria sanguinalis (L.)
Scop. 32, ADK 1567, §Y; 31, ADK 1543, §Y; D. ischaemum (Schreb.
ex Schweigg.) Muhl. var. asiatica (Tzvelev) Tzvelev 30, §Y 27215,
ADK; *Paspalum paspalodes (Michx.) Scribn., west of Ak¢akoca,
Wagenitz & Beug, 209; Setaria viridis (L.) P. Beauv. 55, ADK 1875;
53, ADK 1862; S. glauca (L.) P. Beauv. 30, ADK 1520, SY; 70, ADK
2079, §Y; *Saccharum officinarum L. 100, ADK 2382, sekerkamisi;
Sorghum halepense (L.) Pers. var. halepense 59, ADK 1934; 58,
ADK 1912; 41, ADK 1703; *S. bicolor (L.) Moench 118, ADK 2355,
stiptirgelik; Bothriochloa ischaemum (L.) Keng 58, ADK 1900; *Zea
mays L. subsp. mays 42, ADK 1715, musir.

Discussion

The statistical results are given in Table 1.
The largest families are given in Table 2.
The largest genera are given in Table 3.

There are three phytogeographical regions in Tur-
key such as Euro-Siberian, Mediterranean and Irano-
Turanian (Davis 1971). The research area is situated
entirely in the Euro-Siberian region. The chorologi-
cal aspect is concordant by high percentages of Euro-
Siberian elements (28.95 %) (Table 4). The elements of
the phytogeographical regions are given in Table 4.

There are 7 endemic species in the area. Compared
to the rate of Turkish endemism (30-33 %), the ende-
mism rate of Ak¢akoca district is low, because the cli-

matic and topographical properties are uniform and
similar to Euro-Siberian region of Europe. According
to the Turkish Red Data Book, the ITUCN threat cate-
gories of the endemic and vulnerable species are given
in the Table 5 (Ekim & al. 2000; IUCN 2001). Lamium
purpureum var. aznavourii occurs in the Fagus orien-
talis forest near the sea shore. Campanula lyrata and
Knautia degenii species are widespread. Linaria iconia
and Lamium ponticum species are found near the city
because of anthropogenic factors. Trifolium cauda-
tum is recorded from only one locality. The vulnera-
ble Symphytum tuberosum is abundant between Ak¢a-
koca and Melenagzi. Chaerophyllum aromaticum is a
new record for the flora of Turkey (Yildirimli & Ko-
ca 2003). This species is mainly distributed in Cen-
tral and Eastern Europe, Balkan Peninsula and now
collected in Akgakoca-Diizce-Turkey from two lo-
calities. Heracleum platytaenium is a rare and mono-
carpic species in the research area.

Table 1. Number of families, genera, species, infrageneric and
cultivated taxa in the research area.

Family| Genus [Species| Sub- |Variety| Taxon
species
N[C|N[C|N]|C N|C
Pteridophyta 7 - 9-13 - - - 13 -
Spermatophyta 87 9 3235255073 13 8§ 57173
Gymnospermae 12 16 27 - 27
Angiospermae 86 7 32246 548 66 13 8 569 66
Monocotyledoneae 11 1 59 7 8511 1 86 11
Dicotyledoneae 75 6 270 39 463 55 13 7 483 55
Total 94 9 3325256373 13 8§ 584 73
103 384 636 13 8 657
Abbreviations: N - Native; C — Cultivated.
Table 2. The largest 10 families in the research area.
Family Number of | Number of [Percentage for
species taxa species (%)
1 Asteraceae 66 67 11.72
2 Fabaceae 55 61 9.76
3 Poaceae 39 39 6.92
4 Lamiaceae 35 40 6.21
5  Brassicaceae 25 27 4.44
6  Rosaceae 22 22 3.90
7 Scrophulariaceae 21 21 3.73
8  Boraginaceae 17 17 3.01
9  Apiaceae 16 16 2.84
10 Liliaceae 14 15 248
Others 254 260 45.11
Total 563 584 100
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Table 3. The largest 10 genera in the research area.

Genus Number of Number of |Percentage for
species taxa species (%)

1 Trifolium 15 18 2.66

2 Euphorbia 11 11 1.95

3 Veronica 9 9 1.59

4 Medicago 8 9 1.42

5 Geranium 8 8 1.42

6  Polygonum 7 7 1.24

7 Ranunculus 7 7 1.24

8 Vicia 7 7 1.24

9 Carex 7 7 1.24

10 Crepis 6 6 1.06
Others 477 494 84.72
Total 563 584 100

Table 4. Distribution of the phytogeographical elements in the
research area.

Phytogeographical regions lel;gc)ie;Of Percéﬁ/zl)tage
Euro-Siberian 163 28.95
Mediterranean 64 11.36
Irano-Turanian 4 0.71
Multiregional or unknown 332 58.96
Total 563 100

Table 5. The endemics and vulnerable (non endemic) species
and their threat categories in the research area (the rank is
according to threat category).

Endemic or vulnerable

(non endemic) species Threat Category

Lamium purpureum var. aznavourii Critically Endangered (CR)

Chaerophyllum aromaticum Vulnerable (VU)
(non endemic)

Symphytum tuberosum subsp. nodum  Vulnerable (VU)
(non endemic)

Trifolium caudatum Least Concern (LC)

Heracleum platytaenium Least Concern (LC)

Knautia degenii Least Concern (LC)

Least Concern (LC)
Least Concern (LC)
Least Concern (LC)

Campanula lyrata subsp. lyrata

Linaria iconia

Lamium ponticum
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Abstract.

Kosovo is considered between the Balkan and European endemic floristic centres according to IUCN criteria,

with two existing endemic floristic centres on its territory: Sharri National Park and Bjeshket e Nemuna Mts,
and also two potential endemic floristic centres: Pashtriku and Koritniku. In this paper are presented 74
species of international significance until now known in Kosovo, out of an overall number of 1800 species
already identified, and of 2500 expected species. About 200 endemic species are recorded in Kosovo and
74 of them are of international significance; in more than 90 % of cases they vegetate in at least one of the

mentioned floristic centres.

Key words:

endemics, floristic centres, red list, relicts, significance

Introduction

Kosovo, located in the Central Balkans, covers an
area of 10877km’, bounded by Serbia to the north
and east, Macedonia to the southeast, Albania to the
southwest, and Montenegro to the west. Topograph-
ically, it is an elevated basin enclosed by mountain
ranges and hills. Most of the area of Kosovo consists
of two plains: Kosovo and Dukagjini divided by a
hilly ridge running north to south. The Shar Mts are
a major range that form the southern border and are
shared with Macedonia and Albania. The Albanian
Alps form the western border and are shared with
Montenegro and Albania.

Kosovo varies in elevation from 265m to 2656 m
a.s.l. with approximately 77 % of its area lying be-
tween 500m and 1500m. Higher altitude areas,
above 1500 m, cover approximately 6 % of the area
and are significant from a biodiversity standpoint
(Schweithelm 2003). The soils are generally nutrient
rich, providing a good growth medium for natural
plants and agricultural crops.

The climate is influenced by its proximity to the
Adriatic and Aegean Seas as well as the continental
European landmass to the north. The overall climate

is a modified continental type, with some elements
of a sub-Mediterranean climate in the extreme south
and an alpine regime in the higher mountains. Win-
ters are cold with an average temperature in January
and February of 0°C and with significant accumu-
lation of snow, especially in the mountains. Sum-
mers are hot, with extremes of up to 40°C. The av-
erage annual rainfall in Kosovo is 720 mm but can
reach more than 1000mm in the mountains. The
varied elevations, climatic influences, and soils with-
in Kosovo provide a wide diversity of microhabitats
to which plant and animal species are adapted (Mus-
tafa & Hoxha 2004).

Material and methods

The results of this paper are the result of an inves-
tigation of the most important endemic and relict
species living in Kosovo. The herbarium of exist-
ing determined flora, broad literature, a number of
studies made in Kosovo during recent years, and
the main international documents and programs
such as CORINE have been consulted in order to
prepare the List of species of international signifi-
cance for Kosovo.
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Results and discussion

The number of identified species in Kosovo is 1800,
while the number of expected species is about 2500
(Krasniqi 1998). This figure shows that Kosovo with
approximately 2% of the Balkan territory contains
about 30% of its flora, and about 16% of the whole
European flora consisting of 12500 species (Table 1).

Table 1. Flora of Kosovo in the Balkan Peninsula.

Country Territory No. of No. of
(km?) species endemics
Albania 28748 3250 230
Bosnia and Hercegovina 51 129 3572 500
Bulgaria 110912 3900 186
Greece 132562 4992 850
Macedonia 25713 3700 117
Serbia 88 361 3562 287
Montenegro 13 812 3136 223
Kosovo 10 887 1800 (2500) 200

The existence of two endemic floristic centres on its
territory: Sharri National Park and Bjeshket e Nemuna
categorises Kosovo as one of the 16 main floristic en-
demic centres of Europe (Stevanovi¢ & Vasi¢ 1995).

From an overall number of 2500 expected species, the
number of endemic species in Kosovo is about 200 (Kras-
niqi 1998), which includes endemic, endemic-relict and
sub-endemic species. This shows that within 2% of the
Balkan territory, in Kosovo about 10 % of the endemics of
the Balkans live (2059 species). From this number, those
living only in Kosovo (Kosovo endemics) include 13 spe-
cies. Below is the list with steno-endemic species of Ko-
sovo: Aconitum pentheri Hayek, Achillea alexandri-regis
Bornm. & Rudsky, Diathus scardicus Wettst., Bornmu-
ellera dieckii Degen, Sempervivum kosaninii Praeger, Se-
dum flexosum Wettst., Saxifraga scardica Griseb., Po-
tentilla doerfleri Wettst., Verbascum scardicola Bornm.,
Thymus doerfleri Ronniger, Thymus rohlenae Velen. ex
Rohlena, Centaurea albertii Rexhepi and Cynoglossum
krasniqii Wraber (Rexhepi 2000).

Regarding the diversity of plant associations, in
Kosovo 139 plant associations are recorded, classi-
fied in 20 classes, 35 orders and 63 families (Mustafa
2004). This number is considered to vary, depending
on the criteria used for determination of plant associ-
ations (Schweithelm 2003).

Of particular interest are endemic and endemic-rel-
ict plant associations (Mustafa 2004) such as: Potentil-
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lo doerfleri—Juncetum trifidi, Ptilotricho-Bruckenthal-
io—Pinetum mughi, Polygalo-Genistetum hassertianae,
Polygalo-Forsythietum europaeae, Potentillo-Fuma-
netum bonapartei, Pinetum heildreichii—Bruckenthal-
io—Ptilotrichum dieckii, Pinetum heildreichii-peucis
scardicum, Pinetum heildreichii, Astero—Juniperetum eu-
ropeae, Wulfenio—Pinetum peucis, Sedo—Bornmuellerie-
tum dieckii and Onosmo-Scabietosum fumaroides (Rex-
hepi 1986).

The first efforts to put under a legal and institutional
protection some of the most important and threatened
species in Kosovo were made in 1986, by the Institute
for Nature Protection of Kosovo, with the Decision No.
239/86 that proposed a list of 27 species (Table 2) "to be
considered as protected" (Hoxha & al. 2004).

Table 2. List of proposed "protected plant species".

1. Taxus baccata L. 15. Daphne blagayana Freyer

16. Ramonda serbica Panci¢ f.
longipetiolata Gaji¢

2. Quercus trojana Webb
3. Ulmus campestris L.

4. Acer heildreichii Boiss. & Heldr. | 17- Paconia decora G. Anderson
18. Paeonia corallina Retz.

19. Waldsteinia geoides Willd.

20. Polygala doerfleri Hayek

21. Dioscorea balcanica Korpanin
22. Moltkea doerfleri Wettst.

23. Rhododendron ferrugineum L.
24. Gentiana lutea L.

25. Draba korabensis Kiimmerle
& Degen

5. Forsythia europaea Degen &
Bald.

6. Wulfenia carinthiaca Jacq.
7. Tulipa scardica Bornm.

8. Trollius europaeus L.

9. Lilium albanicum Griseb.
10. Dianthus scardicus Wettst.

11. Fritillaria graeca Boiss. &
Spruner

12. Narcissus poeticus L. 26. Leontopodium alpinum Cass.

13. Rumex balcanicus Rech. f. subsp. nivale (Ten.) Tutin

14. Ilex aquifolium L. 27. Aster albanicus Degen

Even if the proposed list of species seems appropri-
ate, the criteria and scientific arguments used for com-
piling it are not clear, although a number of the spe-
cies are endemics, relicts and some species are used
for economic purposes (medicinal plants such yellow
gentian). Furthermore a real practical implementation
of this list and its effects was never done.

A list of 74 species of international significance in
Kosovo has been prepared by us (Table 3). According
to the floristic spectrum of these species, the dominant
families are: Asteraceae with 30 species, Caryophyllace-
ae and Rosaceae with 5 species each, Fabaceae and Vio-
laceae with 3 species each, while the other families are
represented mostly with 2 and 1 species. The most rep-
resented genera are: Hieracium with 19 species, Poten-
tilla, Viola and Crepis with 3 species each, etc.
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Table 3. List of the species of international significance in Kosovo.

No. Species No. Species

1. Pancicia serbica 38. Cerastium neoscardicum
2. Aristolochia merxmuelleri 39. Dianthus behriorum

3. Achillea alexandri-regis 40. Dianthus scardicus

4. Achillea corabiensis 41. Silene retzdorffiana

5. Amphoricarpus antarcticus 42. Silene schmuckeri

6. Aster albanicus 43. Fumana bonapartei

7. Centaurea kosaninii 44. Sempervivum kosaninii
8. Centaurea alba 45. Dioscorea balcanica

9. Crepis macedonica 46. Cephalaria pastricensis

10. Crepis bertiscae
11. Crepis albanica
12. Hieracium cinerascens

47. Euphorbia montenegrina

48. Astragalus fiale

49. Genista hassertiana

50. Trifolium wettsteinii

51. Ramonda serbica {. longipetulata
52. Crocus kosaninii

53. Crocus scardicus

54. Stachys serbica

13. Hieracium doerfleri

14. Hieracium eremnophilum

15. Hieracium erythrocarpum
16. Hieracium gentile

17. Hieracium gigantophyllum
18. Hieracium grossianum 55. Narthecium scardicum
56. Tulipa scardica

57. Forsythia europaea

19. Hieracium guentheri-beckii
20. Hieracium hayekii

21. Hieracium ipekanum 58. Plantago reniformis
59. Polygala doerfleri

60. Rumex balcanicus

22. Hieracium kobilicanum
23. Hieracium naegelianum
24. Hieracium panaeolum 61. Aquilegia blecici
62. Malus florentina
63. Geum bulgaricum

64. Potentilla visianii

25. Hieracium pseudocalycinum
26. Hieracium schefferi

27. Hieracium semisylvaticum
28. Hieracium thapsiformioides | 65. Potentilla montenegrina
66. Potentilla doerfleri

67. Melampyrum doerfleri
68. Verbascum scardicola
69. Wulfenia blecicii

70. Valeriana bertiscae

29. Hieracium tomassiniforme
30. Hieracium trebevicianum
31. Halascya sendtneri

32. Moltkia doerfleri

33. Solenanthus krasniqii

34. Bormuellera dieckii 71. Valeriana pancicii
72. Viola elegantula

73. Viola grisebachiana

35. Draba korabensis
36. Thlaspi bellidifolium

37. Phyteuma pseudorbiculare 74. Viola speciosa

According to the IUCN (1994) categories of threat,
the majority of the species belong to category R (Rare),
while 4 species belong to category V (Vulnerable): Achil-
lea alexandri-regis, Aster albanicus Degen, Halascya send-
tneri Boiss. and Silene retzdorffiana Hayek (Fig. 1).

From the species of Kosovo, Forsythia europaea
Degen & Bald., endemic and relict species growing
only in Kosovo and some parts of northern Albania, is
listed in the World Red List. In the European Red List
(ERL) are listed 24 species or 31 % of total species of
international significance of Kosovo.

In Annex IV (Animal and plant species of commu-
nity interest whose conservation requires designation

of special areas of conservation) of the HABITAT Di-
rective 92/43/EEC (1992) from the species of flora of
Kosovo only ramonda (Ramonda serbica Panci¢ £. lon-
gipetulata Gaji¢) is listed (Hoxha & al. 2004).

In Annex V of HABITAT Directive (Animal and
plant species of community interest whose taking in the
wild and exploitation may be subject to management
measures) from the species of Kosovo only yellow gen-
tian (Gentiana lutea L.) is listed (Hoxha & al. 2004).

According to CORINE (1990) the majority of spe-
cies belong to Code 62, followed by Code 61, 36, etc.
(Fig. 2). This confirms that about 46 % of species of
international significance grow in zones in or above
the upper timberline, as well as in zones of mountain
limestone.

Fig. 3 shows the distribution of species of interna-
tional significance in each of the 4 centres from which
it can be concluded that more than 90 % of these spe-
cies grow in one or more of these four centres and on-
ly 6 of them - in other parts of Kosovo such as Miru-
sha, Germia, etc. (Mustafa & Hoxha 2001).

Taking into consideration the number of endem-
ic species, in Kosovo in the 4 identified floristic cen-
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66

Fig. 1. Threat categories of species of international significance
in Kosovo.
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Fig. 2. Distribution of species according to CORINE (1990).
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tres: Bjeshket e Nemuna, Sharri National Park, Pa-
shtriku and Koritniku, the number of registered
endemic species per 10 x 10 km varies from 40 up to
60, whilst in Bjeshket e Nemuna this number is more
than 90 species (Hoxha & al. 2004) (Fig. 4).

We have to mention that two other mountains:
Pashtriku and Koritniku are still not well studied,
while Bjeshket e Nemuna and Sharri National Park
need to finalise the complete inventory of their flora.
This number of endemic species places Sharri Na-
tional Park and Bjeshket e Nemuna among the main
local endemic centres of the Western and Central
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Bjeshkete | Sharri NP Pashtriku Koritniku
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Fig. 3. Distribution of species of international significance in
floristic centres of Kosovo.

Fig. 4. Number of endemics in Kosovo shown on
map of 10 x 10km (prepared by Tomor Celaj, GIS,
Ministry of Environment and Spatial Planning,
from Stevanovi¢ & Vasi¢ 1995).

Balkan Peninsula (Stevanovi¢ & Vasi¢ 1995), and
have all the attributes of diversity centres of global
importance.

Conclusions and recommendations

In this paper a list of 74 species of international
significance in flora of Kosovo has been elaborat-
ed. Based on the number of endemic and relict spe-
cies, and the level of damage to biodiversity, this list
looks to contain a very limited number of species.
The complete inventory of flora of Kosovo will give
a clear picture of the species of international im-
portance, with emphasis on threatened species and
those threatened by extinction. This list of 74 spe-
cies can be considered as the "nucleus" of a future
complete Red List of Kosovo.
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Abstract:

Taraxacum sect. Erythrocarpa is reported for the first time for Calabria (S Italy). After field, herbarium

and laboratory studies, five new species belonging to that section are described as new to science:
T. calabricum Aquaro, Caparelli & Peruzzi; T. cescae Aquaro, Caparelli & Peruzzi (2n = 32) - occurring also
in C Italy; T. kirschneri Aquaro, Caparelli & Peruzzi (2n = 24); T. optimae Aquaro, Caparelli & Peruzzi and
T. pollinense Aquaro, Caparelli & Peruzzi (2n = 32). Morphological, cytotaxonomical and distributional

data are illustrated and discussed.

Key words:
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Introduction

According to Kirschner & Stépanek (1985), Taraxa-
cum FH. Wigg. sect. Erythrocarpa Hand.-Mazz. (Aster-
aceae) is known to comprise 50-80 species, occurring
mainly on the territories extending from the East-
ern Mediterranean to Central Asia. The representa-
tives of this section share usually the following features:
plants often robust; outer involucral bracts lanceolate to
broadly ovate with pale, often broad, scarious margin;
achenes densely spinulose, usually red to dark brown,
large (often larger than 4.5-5 mm, including long cy-
lindrical cone), with a long rostrum. In Europe, only 24
species are known (Kirschner & Stépanek 1985; Rich-
ards 1991; Sonck 1993; Kirschner & al. 2006-2007): T.
duriense Soest and T. malato-belizii Soest (from Iberian
peninsula); T. pseudohoppeanum Kirschner & Stépanek
(from Maritime Alps); T. albomarginatum A.]. Rich-
ards, T. amborum G.E. Haglund, T. dialeptum Sonck,
T. olympophilum Sonck and T. panhellenicum Sonck
(from Greece); T. capricum Soest (from France, Ita-
ly); T. apulicum Soest (from S Italy); T. dorchocarpum
Soest, T. janchenii Kirschner & Stépanek (= T. hoppea-
num Griseb. & Schenk, nom. illeg.), T. pindicola (Bald.)
Hand.-Mazz. and T. poliochloroides R. Doll (from Bal-
kans); T. calocephalum Hand.-Mazz. and T. poliochlo-

rum Dahlst. (from E Mediterranean); T. erythrocarpum
Kirschner & Stépanek (from W Carpathians); T. pien-
inicum Pawl. (from Pieniny Mts); T. tauricum Kotov
(from Ukraine); T. breve R. Doll, T. conicum R. Doll,
T. desertorum Schischk., T. divulsiforme R. Doll and T.
pseudophaleratum R. Doll (from European Russia).

Until recently, only three species of T. sect. Eryth-
rocarpa were quoted for Italy (Kirschner & Stépanek
1985; Kirschner & al. 2006-2007): T. apulicum, T. ca-
pricum and T. pseudohoppeanum. Any of these species
is quoted in Conti & al. (2005).

During a general field and herbarium revision of
the genus Taraxacum in Calabria (S Italy) we identi-
tied several plants clearly referable to sect. Erythrocar-
pa. This contribution, dealing with the taxonomy of
these plants, is part of a planned series of papers de-
voted to Taraxacum diversity and distribution in Italy
(Aquaro & Peruzzi 2007; Aquaro & al. 2008).

Material and methods

The study was based on exsiccata from CLU and FI and
on live plants collected during the years 2004-2006.
Karyological studies were carried out, after culti-
vation in the Botanic Garden of Calabria University.
Root tips were pretreated with a 0.3 % colchicine solu-
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tion and fixed in Carnoy; afterwards they were hydro-
lysed in 1N HCl solution and coloured with fuchsine; at
the end, they were squashed in a 45 % solution of ace-
tic acid for counting and observation of chromosomes.
Karyotype formula according to Levan & al. (1964) was
drawn out from measurements made on five somatic
metaphase plates. A} (Intrachromosomal asymmetry
index) and A, (Interchromosomal asymmetry index)
were calculated according to Romero Zarco (1986).

Results and discussion

According to our morphological study, five apomict
systematic units belonging to Taraxacum sect. Erythro-
carpa are identified in the studied area of S Italy. None
of them is identifiable with previously described taxa.
Two groups of robust plants from Mount Cocuzzo
and Sila Massif seem related to T. olympophilum (here
described as T. cescae and T. optimae, respectively), but
they clearly differ from it in having ovate and uncor-
niculate outer bracts. Two other groups of robust plants
from N Calabria and Sila Massif appear instead related
to T. calocephalum (here described as T. calabricum and
T. kirschneri, respectively), but they are easily distin-

guishable from it in having sparsely spinulose achene
bodies. The latter group - characterized by small-sized
plants coming from Pollino Massif (here described as
T. pollinense) is instead similar to T. amborum from
Greece and to T. janchenii from N Balkans, from which
it differs however in several morphological features,
notably in leaves, outer bracts, rostrum and achenes di-
mensions. All the five new systematic units are follow-
ing, arranged in alphabetical order.

T. calabricum Aquaro, Caparelli & Peruzzi sp. nov.
(Figs 1A-Q)

Diagnosis: Planta 12-14 cm alta. Folia suberecta,
luteo viridia, dense araneosa, plerumque 6.2-9.5 cm
longa et 1.8-3.5 cm lata, profunde divisa; lobus ter-
minalis obtuse triangularis (0.7 x 1 cm) vel lingulatus
(0.7-1.3 x 0.1-0.2 cm); lobi laterales 4-7, anguste tri-
angulari vel subdeltoidei, interdum positi asimmetrici,
marginibus distalibus denticulatibus convexis vel con-
cavis; interlobi dentati crispo-plicatuli; petiolus subala-
tus, purpureo-coloratus, 1.5-2.5 cm longus. Scapi foli-
is subaequilongi, purpurei, dense araneosi, 7.5-10 cm
longi. Involucrum basi 1.3-2.5 cm diametro, squamis
interioribus ad 11-18 mm longis et 1.5-2.5 mm latis;

squamae exteriores 12-14, laxe
\ B patentes, interdum apice ricurva-
\ to, lanceolatae vel ovato-lanceo-
latae, acuminatae, ciliolatae, pro
parte interiorae violaceae, mem-
branaceo-marginatae (margines
ad 0.2 mm lati), 5-6 mm longae,
2-3 mm latae; squamae interi-
ores exterioresque saepe cornu-
tae. Stigmata obscura, antherae
polliniferae, grana pollinis di-
ametro valde variantia. Ache-
nium rubrum, superne breviter
subdense spinulosum, 3.4 mm
longum (pyramide exclusa) et
1 mm latum, in pyramiden cy-
lindricam 0.8 mm longam suba-
brupte abiens. Rostrum 8 mm,
pappus albus ca. 6 mm longus.

Fig. 1. T calabricum sp. nov.:

A - general view; B - particular of
achene; C - particular of flowering
capitulum. All plants scanned are
parts of type collections.
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Holotypus: Italy, Calabria - Parco dei Cappucci-
ni, Carolei (Prov. Cosenza, Calabria), UTM 33S XD
05.45, 611 m alt., esp. E, subst. calcareo, 17.03.2002, A.
Romeo (CLU, n. 4621, sub T. officinale Weber).

Paratypi: Italy, Basilicata - Massiccio del Pollino:
il Visitone (Pz), versante Nord del Pollino, nei pres-
si di una depressione umida a margine della strada,
26.04.2006, G. Aquaro, L. Peruzzi & D. Gargano (CLU,
n. 20914; FI, PI); Italy, Calabria — Massiccio del Pol-
lino: tra la Madonnina e Colle del Dragone, Apr 2006,
G. Aquaro, L. Peruzzi & D. Gargano (PI); Dirupata di
Morano Calabro (Cs), 722 m alt., 15.04.1994, P. Calvo-
sa & L. Bernardo (CLU, n. 4611, sub T. laevigatum).

Other specimens seen: Italy, Calabria - La Sila:
verso Serra della Guardia; pascolo sul crinale, 1350 m,
07.05.1950, Sarfatti & Corradi (FI, sub T. laevigatum);
La Sila: Lago Arvo, sponda settentrionale a E di Lori-
ca, 1300 m, 09.05.1950, Sarfatti & Corradi (FI, sub T.
laevigatum).

Description: Perennial medium-sized herb, 12-
14 cm tall, densely hairy, with scapes more or less
equalling the leaves. Leaves sub-erect, green-yellow-
ish, 6.2-9.5 cm long and 1.8-3.5 cm wide, deeply lobed;
terminal lobe obtuse-triangular (0.7 x 1 cm) to lingu-
late (0.7-1.3 x 0.1-0.2 cm); lateral lobes 4-7, narrow-
ly triangular to sub-deltoid, sometimes asymmetrical;
distal margin denticulate, either concave or convex; in-
terlobes dentate and plicate; petiole purplish, narrow-
ly winged, 1.5-2.5 cm long. Scape purplish, dense-
ly hairy, 7.5-10 cm long. Involucre 1.3-2.5 cm wide at
the base, inner bracts 14-19, 11-18 mm long and 1.5-
2.5 mm wide, with a dark and corniculate apex; outer
bracts green (violet on the inner surface), 12-14, pat-
ent, sometimes with curved apex, lanceolate to ovate-
lanceolate, ciliate at the margins, acuminate at the apex,
5-6 mm long and 2-3 mm wide, with membranous
margin ca. 0.2 mm wide. Stigma dark green; anthers
with pollen grains of variable size. Achenes deep red,
with 6 ridges and 24 narrow spines in the upper por-
tion; body 3.4 mm long and 1 mm wide; cone 0.8 mmy;
rostrum 8 mm; pappus white, ca. 6 mm long.

Ecology: mountain arid grasslands on both calcar-
eous and siliceous substrates (600-1350 m).

Chromosome number: unknown.

Distribution: widespread in N Calabria (Fig. 2, stars).

Taraxacum calabricum is a species whose leaves
remind also sect. Erythrosperma, but according to
the features of achenes and outer bracts it falls in our
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Fig. 2. Geographical distribution of T. calabricum sp. nov. (star),
T. cescae sp. nov. (+) and T. kirschneri sp. nov. (circle).

opinion clearly within sect. Erythrocarpa. According
to studies on Calabrian Taraxacum (Aquaro 2006),
the two sections can be easily distinguished as fol-
lowing:

- achene body 2.5-3(3.5) mm long and always less

than 1 mm wide; involucre (6)10-14(20) mm wide;
external bracts 1-2 mm wide. . . .sect. Erythrosperma

- achene body 3-3.6 mm long and generally 21 mm
wide; involucre (11)14-24(30) mm wide; external
bracts (1)2-3 mm wide. ......... sect. Erythrocarpa

T. cescae Aquaro, Caparelli & Peruzzi sp. nov.
(Figs 3A-Q)

Diagnosis: Planta 25 cm alta. Folia suberecta, sub-
olivaceo-viridia, sparse araneosa, plerumque 9.5-
13 cm longa et 4-5 cm lata, profunde divisa; lobus
terminalis acute triangularis vel hastatus, 1.7-3 cm
longus, 1.2-3.2 cm latus; lobi laterales 7-8, anguste
triangulares vel subdeltoidei, patentes vel subsagit-
tati, positi saepe asimmetrici; marginibus distalibus
denticulatibus convexis vel concavis; interlobi denta-
ti crispo-plicatuli; petiolus subalatus, obscuro-viridis,
1-1.5 cm longus. Scapus purpureus, superne sparse
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Fig. 3. T cescae sp. nov.: A — general view;
B - particular of achene; C - particular of
fruiting capitulum. All plants scanned are
parts of type collections.

Paratypi: Italy, Marche — Gola del
Furlo (provincia di Pesaro-Urbino),
a margine strada su substrato calcar-
eo, ca. 300 m, UTM 33T UJ 16.35,
14.04.2007, L. Peruzzi & K.E Ca-
parelli (FI, PI).

Description: Perennial medium-
sized herb, 25 cm tall, scarcely hairy,
with scapes longer than leaves. Leaves
sub-erect, olive green, 9.5-13 cm long
and 4-5 cm wide, deeply lobed; ter-
minal lobe triangular, 1.7-3 cm long
and 1.2-3.2 cm wide; lateral lobes
7-8, triangular to sub-deltoid, often
asymmetrical; distal margin denticu-
late, either concave or convex; inter-
lobes dentate and plicate; petiole dark
green, narrowly winged, 1-1.5 cm
long. Scape purplish, scarcely hairy,
24 cm long. Involucre 1-1.5 cm wide
at the base, inner bracts 11-14, 14—
16 mm long and 2 mm wide, with a
dark and rarely corniculate apex; out-
er bracts green, 9-12, adpressed, with
purplish apex, ovate, ciliate at the mar-
gins, acuminate at the apex, 5-6 mm

araneosus, 24 cm longus. Involucrum basi 1-1.5 cm
diametro, squamis interioribus ad 14-16 mm longis
et 2 mm latis, apice oscuro raro calloso; squamae ex-
teriores 9-12, subadpressae, ovatae, acuminatae, apice
purpureo, ciliolatae, membranaceo-marginatae (mar-
gines ad 0.3 mm latae), 5-6 mm longae, 2-3 mm latae.
Stigmata lutea, antherae polliniferae, grana pollinis di-
ametro valde variantia. Achenium subpallide rufum,
superne subdense spinulosum, 3-3.6 mm longum
(pyramide exclusa) et 1 mm latum, in pyramiden cy-
lindricam 0.8-1 mm longam subabrupte abiens. Ros-
trum 6-7 mm, pappus albus ca. 5-6 mm longi.

Holotypus: Italy, Calabria — Catena Costiera: Mon-
te Cocuzzo, lungo la strada che dal Casello forestale
sale in Cima, 1450 m, 16.06.2004, G. Aquaro & E. Ven-
neri (CLU, n. 18132).

long and 2-3 mm wide, with membra-
nous margin ca. 0.3 mm wide. Stigma yellow; anthers
with pollen grains of variable size. Achenes light red,
with 10 ridges and short spines in the upper portion;
body 3-3.6 mm long and 1 mm wide; cone 0.8-1 mm;
rostrum 6-7 mm; pappus white, ca. 5-6 mm long.

Etymology: this species is dedicated to Prof.
Giuliano Cesca (University of Calabria), specialist in
the genus Euphorbia L. and devoted to the study of
Calabrian flora, in occasion of his retirement.

Ecology: arid rocky places on limestones (300-
1500 m).

Chromosome number: 2n = 32 (Fig. 4A). Karyo-
type formula: 2n = 4x = 16m + 4m™ + 4m (Fig. 4B);
A =025, A, = 0.20.

Distribution: seemingly endemic to Central and
Southern Italy. Calabrian distribution is shown in
Fig. 2 ("+").
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Fig. 4. T cescae sp. nov.:
A - root tips metaphase plate,

T. kirschneri Aquaro, Caparelli & Peruzzi sp.
nov. (Figs 5A-B)

Diagnosis: Planta 13-15 cm alta. Folia suberec-
ta, graminio-viridia, dense araneosa, plerumque 5.2-
10.3 cm longa et 0.8-1.7 cm lata, lobata; lobus termi-
nalis obtuse triangularis vel triangularis, 0.7-1.2 cm
longus, 0.7-1.4 cm latus; lobi laterales 5-7, sagitta-
ti, patentes vel subsagittati, interdum positi saepe
asimmetrici; marginibus distalibus saepe denticulat-
ibus convexis; interlobi dentati crispo-plicatuli; Peti-
olus subalatus purpureo-colorato, 1.4-3.5 cm longus.
Scapus viridis, dense araneosus, 7-15 cm longus. In-
volucrum basi 0.9-1.4 cm diametro, squamae inte-
riores ad 10-14 mm longae et 1-2 mm latae, apice
viridis, partim callosae vel corniculatae; squamae ex-

2n = 32; B - haploid idiogram.

teriores 13-16, laxe patentes interdum apice ricurva-
to lanceolatae, acuminatae apice fusco, ad 9-10 mm
longae et 2-3 mm latae, saepe callosae. Stigmata lutea,
antherae polliniferae, grana pollinis diametro valde
variantia. Achenium stramineum (superne roseo-col-
orato), superne parce spinulis acutis, 2.8 mm longum
(pyramide exclusa) et 0.6 mm latum, in pyramiden
conicam 0.9 mm longam subabrupte abiens. Rostrum
9 mm, pappus albus ca. 5.5 mm longi.

Holotypus: Italy, Calabria - Sila, sulla strada che da
Lorica va verso Camigliatello, 18.06.2004, G. Aquaro
& N.G. Passalacqua (CLU, n. 18135).

Description: Perennial medium-sized herb, 13-
15 cm tall, densely hairy, with scapes longer than
leaves. Leaves sub-erect, light green, 5.2-10.3 cm long

A

Fig. 5. T. kirschneri sp.
nov.: A - general view;
B - particular of achene.
All plants scanned are
parts of type collections.
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and 0.8-1.7 cm wide, lobed; terminal lobe obtuse-tri-
angular to triangular, 0.7-1.2 cm long and 0.7-1.2 cm
wide; lateral lobes 5-7, sagittate, often asymmetri-
cal; distal margin often denticulate, convex; interlobes
short, dentate and often plicate; petiole purplish, nar-
rowly winged, 1.4-3.5 cm long. Scape green, densely
hairy, 7-15 cm long. Involucre 0.9-1.4 cm wide at the
base, inner bracts 12-13, 10-14 mm long and 1-2 mm

nervo mediano viridis raro purpureo-colorato. Scapus
inferne viridis superne paulo brunnescens, glabrus,
27-28 cm longus. Involucrum basi 1.3-1.8 cm di-
ametro, squamae interiores ad 14-16 mm longae et
1.5-1.8 mm latae; squamae exteriores 14-15, sub-
adpressae, ovatae, acuminatae, apice obscuro, mem-
branaceo-marginatae (margines ad 0.5 mm latae), ad
6-7 mm longae et 2.5-3 mm latae. Stigmata obscu-

wide, with a corniculate apex; outer bracts green,
13-16, patent, often curved at the apex, with dark
apex, lanceolate, acuminate and often corniculate
at the apex, 9-10 mm long and 2-3 mm wide. Stig-
ma yellow; anthers with pollen grains of variable
size. Achenes dark yellow with rose apex, with 10
ridges and ca. 30 spines in the upper portion; body
2.8 mm long and 0.6 mm wide; cone 0.9 mm; ros-
trum 9 mm; pappus white, ca. 5.5 mm long.

Etymology: this species is dedicated to Prof. J.
Kirschner (Academy of Science, Prithonice — Czech
Republic), specialist in the genus Taraxacum.

Ecology: mountain grasslands on siliceous sub-
strate.

Chromosome number: 21 = 24 (Fig. 6A). Kary-
otype formula: 2n = 3x = 3smg, + 21m (Fig. 6B);
A; =025 A,=0.17.

Distribution: known only for Sila Massif
(Fig. 2, circle).

T. optimae Aquaro, Caparelli & Peruzzi sp.
nov. (Figs 7A-B)

Diagnosis: Planta 27-29 cm alta. Folia erec-
ta, laete viridia vel gramineo-viridia, subglabra,
plerumque 9.5-26 cm longa et 1.8-3.7 cm lata, lo-
bata; lobus terminalis acute triangularis vel hasta-
tus, 3.5-5 cm longus, 2.5-3 cm latus; lobi laterales

6, deltoidei, marginibus distalibus convexis; petio-
lus subalatus, 2.5-6 cm longus, purpureo-colorato,
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Fig. 7. T. optimae sp. nov.: A — general view; B — particular of capitu-
lum. All plants scanned are parts of type collections.
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ra, antherae polliniferae, grana pollinis diametro val-
de variantia. Achenium ignotum.

Holotypus: Italy, Calabria - Prov. di Cosenza, Si-
la Grande ca. 13.5 km E-NE of Camigliatello Silano
Macchialonga. Latitudine 39°21'59" N, Longitudine
16°36'11" E, 1510-1560 m, 11.06.1997, Partecipanti
VIII Iter Mediterraneum 0991/04 (CLU, n. 4619, sub
T. ctr. officinale).

Description: Perennial medium/big-sized herb,
27-29 cm tall, glabrous, with scapes equalling or long-
er than the leaves. Leaves erect, light green, 9.5-26 cm
long and 1.8-3.7 cm wide, lobed; terminal lobe trian-
gular or hastate, 3.5-5 cm long and 2.5-3 cm wide; lat-
eral lobes 6, deltoid; distal margin convex; petiole pur-
plish, narrowly winged, 2.5-6 cm long, with central
nerve green or rarely purplish. Scape green, purplish
in the distal portion, glabrous, 27-28 cm long. Involu-
cre 1.3-1.8 cm wide at the base, inner bracts 13, 14—
16 mm long and 1.5-1.8 mm wide; outer bracts 14-15,
sub-adpressed, ovate, acuminate and dark at the apex,
6-7 mm long and 2.5-3 mm wide, with membranous
margin ca. 0.5 mm wide. Stigma dark green; anthers
with pollen grains of variable size. Achenes unknown.
Known only as herbarium material.

Etymology: the name of this species comes from
OPTIMA (Organization for the PhytoTaxonomic In-
vestigation of the Mediterranean Area), whose mem-
bers first collected this species during the "VIII Iter
Mediterraneum" in Calabria.

Ecology: mountain grasslands on siliceous sub-
strate.

Chromosome number: unknown.

Distribution: known only for Sila Massif (Fig. 8, "+").

T. pollinense Aquaro, Caparelli & Peruzzi sp.
nov. (Figs 9A-C)

Diagnosis: Planta 8.5-18 cm alta. Folia subpros-
trata, laete viridia vel gramineo-viridia, sparse ara-
neosa, plerumque (1.7)3-7.5 cm longa et 0.5-1.9 cm
lata, sublobata; lobus terminalis obtuse triangularis,
0.3-1 cm longus, 0.5-1.2 cm latus; lobi laterales 2-5,
triangulares-deltoidei, marginibus distalibus convex-
is raro denticulatibus; interlobii sublati brevi, crispo-
plicatuli; petiolus alatus, subnullus vel 1.2 cm longus,
nervo mediano viridis vel purpureo-colorato. Scapus
paulo brunnescens, sparse araneosus, 6-17 cm longus.
Involucrum basi 1-3 cm diametro, squamae interiores
ad 12-16 mm longae et 1.5-2 mm latae, apice pur-

purascentes; squamae exteriores 13-16, subadpressae,
ovatae, acuminatae, apice purpureo, membranaceo-
marginatae (margines ad 0.3 mm latae), ad 4-6 mm
longae et 1.5-3 mm latae. Stigmata obscure lutea, an-
therae polliniferae, grana pollinis diametro valde var-
iantia. Achenium rubrum, superne breviter subdense
spinulosum, 3-3.4 mm longum (pyramide exclusa)
et 1 mm latum, in pyramiden cylindricam 0.7-1 mm
longam subabrupte abiens. Rostrum 8-9 mm, pappus
albus ca. 5-6 mm longi.

Holotypus: Italy, Calabria - Sommita del M. Pol-
lino, 2229 m, valletta nivale, 29.06.2005, G. Aquaro, L.
Peruzzi & D. Gargano (CLU, n. 18133; isotypes: FI, PI).

Paratypus: Italy, Calabria - M. Manfriana, Mas-
sicio del Pollino (Cs), ca. 1900 m, valletta nivale,
31.05.2005, G. Aquaro, L. Peruzzi & D. Gargano (CLU,
n. 18134).

Other specimens seen: Italy, Calabria — Sommita
del M. Pollino reg. alp., 22.06.1899, Fiori (FI, sub T.
apenninum).

Description: Perennial medium/small-sized herb,
8.5-18 cm tall, pubescent on the adaxial surface of the
leaves and densely hairy on the rachis; scapes much
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Fig. 8. Geographical distribution of T. optimae sp. nov. (+),
T. pollinense sp. nov. (circle).
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longer than the leaves. Leaves adpressed to soil, light
green, (1.7)3-7.5 cm long and 0.5-1.9 cm wide, lobed
(no more than 2/3 of the lamina); terminal lobe ob-
tuse-triangular, 0.3-1 cm long and 0.5-1.2 cm wide;
lateral lobes 2-5, triangular to deltoid; distal margin
convex, rarely denticulate; interlobes short and some-
times plicate; petiole green to purplish along the ra-
chis, winged, up to 1.2 cm long. Scape brown-red-
dish, sparsely hairy, 6-17 cm long. Involucre 1-3 cm
wide at the base, inner bracts

Etymology: the name of this species comes from
Mount Pollino (Pollino Massif), where the species was
collected for the first time.

Ecology: snowbeds on limestones (1900-2200 m).

Chromosome number: 2n = 32 (Fig. 10A). Kary-
otype formula: 21 = 4x = 4smgy; + 20m + 4m™ + 4m
(Fig. 10B); A; = 0.25, A, = 0.16.

Distribution: known only for Pollino Massif
(Fig. 8, circles).

—

13-16, 12-16 mm long and |[A
1.5-2 mm wide, with a rose-
reddish membranous apex; out-
er bracts 13-16, sub-adpressed,
ovate, acuminate at the apex,
4-6 mm long and 1.5-3 mm
wide, with membranous mar-
gin ca. 0.3 mm wide. Stigma
dark green; anthers with pollen
grains of variable size. Achenes
light to dark red, with 11 ridges
and few spines in the upper por-
tion; body 3-3.4 mm long and
1 mm wide; cone 0.7-1 mm;
rostrum 8-9 mm; pappus white,
ca. 5-6 mm long.
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Fig. 9. T. pollinense sp. nov.: A — gene-
ral view; B — particular of achene;

C - particular of fruiting capitulum.
All plants scanned are parts of type
collections.

A

Fig. 10. T. pollinense sp. nov.:
A - root tips metaphase plate,
2n = 32; B - haploid idiogram.
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Conclusions

Taraxacum sect. Erythrocarpa was here recorded
for the first time in Calabria. In particular, it was
possible to identify five distinct agamospecies in
the studied area of S Italy (one of them, T. cescae,
has been found also in Marche, C Italy). Four of
them are big-sized plants, related to the E Mediter-
ranean T. calocephalum (T. calabricum and T. kir-
schneri, both triploid with 2n = 24 chromosomes)
and to the Greek endemic T. olympophilum (T. ces-
cae, 2n = 32 and T. optimae). Taraxacum pollinense,
with 2n = 32 chromosomes, appear instead related
to the Greek endemic T. amborum and to the N Bal-
kan T. janchenii.

Acknowledgements. Many thanks are due to Prof. J. Kirschner
and Dr. J. Stépének (Academy of Science, Prithonice ~ Czech Re-
public) for hosting two of the authors (GA & KFC) in Prithonice in
September 2005, for providing precious bibliography and for help-

ing on Taraxacum taxonomy.
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Abstract. A new record, Ornithogalum boucheanum (Hyancinthaceae) was added to the flora of Turkey with a
specimen collected from European Turkey, A1(E): Edirne. Its morphological, karyological and palynological
characteristics are given and its relationship with O. nutans is discussed. Chromosome number was found to
be 2n = 56. The pollen grains observed were oblate in shape, monocolpate and with reticulate exine.

Key words:  flora of Turkey, new, Ornithogalum boucheanum

Introduction from Edirne. Description of the species and its descrip-

The genus Ornithogalum L. has over 140 species through-
out the world. It is a large genus centred in South Africa
and the Mediterranean, with numerous species of hor-
ticultural note (Zahariadi 1980; Cullen 1984; Heywood
1993). According to Flowers of Greece and the Balkans
(Polunin 1987) there are about 26 often similar-looking
species in Balkan's area, 6 of which are endemic.

Ornithogalum is a taxonomically difficult genus,
while its morphology is poorly correlated with vari-
ation in chromosome number and karyotype (Dalgig
& Ozhatay 1997).

Accordingto the Flora of Turkey and the East Aegean
Islands (Cullen 1984; Davis & al. 1988; Ozhatay 2000),
the genus is represented in Turkey by 42 species; 15
of them are endemic to Turkey (Ozhatay 2000). Orni-
thogalum is currently represented in European Turkey
by 13 species. Dalgic & Ozhatay (1997) counted the
choromosome number of O. boucheanum, but they
did not determine it as a new record. After examina-
tion of the known bibliographical references (Webb
1966; Cullen & Ratter 1967; Lungeanu 1972; Cullen
1984; Dahlgren & al. 1985; Davis & al. 1988; Dalgi¢ &
Ozhatay 1997), it became clear that this taxon is a new
record for the flora of European Turkey.

This study was conducted especially for determina-
tion of O. boucheanum specimens which were collected

tive illustrations are given. Besides, O. boucheanum was
investigated karyologically and palynologically.

Material and methods

The studied material of O. boucheanum was collected
in 1989 and 2004, during floristic excursions in Euro-
pean Turkey. Voucher specimens were deposited in the
Herbarium of Trakya University (EDTU). These speci-
mens were determined according to the Flora Europaea
(Zahariadi 1980) and the web pages of Ornithogalum
species (www.hot.ee/sibullilled/ 2006; www.botanik.
uni-karlsruhe.de/ 2006). The distribution of the deter-
mined taxon in European Turkey is presented in Fig. 1.
The description of the species is given.

BLACK SEA

£ JiE L

Fig. 1. The map of European Turkey showing the locations of
O. boucheanum (M),
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The chromosome preparations were made using a
standard root-tip squash technique. Root tips for kary-
ological analyses were pretreated with ABN for 24 hours
at +4°C, then fixed in Carnoy, i.e. 96 % ethyl alcohol:
glacial acetic acid (3:1) for 24 hours. The root tips were
hydrolysed with 1N HCI for 15min at 60 °C. They were
stained with Feulgen reagent for 2 hours in darkness at
25°C. Dissected meristems were squashed and coun-
terstained with aceto-orcein (Dalgi¢ & Ozhatay 1997).

Pollen grains were examined by staining with lac-
tophenol-anilin blue, they were swollen by 45 % acetic
acid and stained with 2% aceto-orcein for examina-
tion of the exine ornamentation. Besides, pollen slides
were prepared according the methods described by
Erdtman (1964). An Olympus photomicroscope with
an apochromatic oil immersion objective (x100) and
periplan eye piece (x10) were used in palynologic ob-
servations. The photographs were taken by the same
Photomicroscope.

Results and discussion

Ornithogalum boucheanum (Kunth) Asch.
[syn.: O. undulatum Bouché, O. nutans subsp.
boucheanum] (Figs 2-12)

(Subgen. Myogalum (Link) Baker)

Description

Scape is 35-50 cm long (Fig. 2). Bulbs are 30 x35mm,
ovoid (Fig. 6), tunica is light brown, scapus is erect, cylin-
drical, light green. Leaves (Fig. 2) are 4-6, bright green,
38-50cm x 10-20mm, linear, canaliculated, the same
length as scapus. The outer face of the leaves has white
lines, edges are parallel and naked. Raceme is cylindri-
cal with 20-30 flowers (Fig. 3). Bractae are 22-25mm,
lanceolate-acuminate, light brown and membrane-like
structured. Pedicel is 5-10mm, 10-13mm in fruit. Out-
er tepal is 25-30x 10 mm, inner tepal 20-25x 8 mm, lan-
ceolate, inner side is white toothed, outer side has a wide
green band and acute apex. Filaments are 6-10mm,
membrane-like structured, wide, with wings. Anthers
are 2, 4-5mm, white or light yellow (Fig. 5). Ovarium is
5-9mm, light green, conical-spherical, stilus is 4-7mm
(Fig. 4). Fruit is 18 x 10mm, ovoid (Fig. 7). Seeds are 3-5,
ovoid-orbicular, black and wrinkled (Fig. 8).

Other characteristics
Flowering time: April-May.
Growing habitat: near fields, bushy slopes.

Fig. 2. The general view of O. boucheanum.

Fig. 3. The flower of O. boucheanum.
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Fig. 4. The pistil of O. boucheanum (x10).

Fig. 7. The fruit of O. boucheanum (x7.5).

General distribution: Europe, South-East Bal-
kans, Turkey.

Distribution in Turkey: European Turkey.

Distribution in European Turkey: A1(E) Edirne:
Hacidanisment-Saridanisment village, 41°54'N,
26°49'E, 405 m alt., 30.04.1989, G. Dalgi¢c (EDTU
3150!); Karakasim: Tayakadin, 41°31'N, 26°37'E,
29m alt., at the village entrance, 29.04.2004, G.
Dalgi¢ & F. Dane (EDTU 9499!).

Fig. 8. The seeds of O. boucheanum (x20).

Suggested conservation status

The species seems to be very rare, local and near
residential area; it should be classified as Vulnera-
ble (Vu) (IUCN 2001).

Morphology

Ornithogalum boucheanum is morphologically
closely related to O. nutans, but it differs from O. nu-
tans with its diagnostic characters given in Table 1.
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Table 1. Comparison between the diagnostic characters of O.
boucheanum and O. nutans.

Diagnostic 0. boucheanum O. nutans
characters
Bulb 30-35 mm, ovoid 20-28 x 13-23 mm,
ovoid
Scape 35-50 cm 20-60 cm
Leaves Linear, canaliculated, |Linear parallel,
the same length as almost as long as to
scape or shorter longer than scape
Raceme 15-20 flowers 9-17 flowers
Pedicels 5-10 mm 20-40 mm
Flowers All fertile All fertile
Perianth segments|10-16 mm 20-31 mm
Ovary Narrowly ovoid, longer |Ovoid to subglobose,
than slender style shorter than slender style
Karyology

As a result of our investigations, the chromosome
number of O. boucheanum is found to be 2n = 56. The
karyotype is defined as comprising 8 groups of chromo-
somes. These groups contain: 1 big centromere median
(1" chromosome group); 2 big centromere submedian
(2"-3" chromosome group), in 3" group there are satel-
lites at the end of the shorter arm of the 1% and 2™ chro-
mosome; 3medium centromere submedian (4"-5"-6™"
chromosome group); 2 small centromere median (78"
chromosome group) chromosomes (Figs 9, 10). Orni-
thogalum boucheanum is closely related to O. nutans,
but differs from it with its basic chromosome number
(O. nutans - x =7; O. boucheanum — x = 8) and morphol-
ogy (Dalgic & al. 2004). While
chromosome numbers of O. nu-
tans are determined as 2n = 14
and 2n = 35, the chromosome

Fig. 9. The chromosome micro-
(] photograph of O. boucheanum,
2n =56 (x1000).
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number of O. boucheanum is determined as 2n = 56
(Dalgig & Ozhatay 1997).

Pollen grain characteristics

The investigations on pollen grain character-
istics showed that the pollen grains were oblate in
shape, monocolpate (Fig. 11) and with reticulate
exine (Fig. 12). Pollens were measured as P (po-
lar axis): 70.84 + 0.35 um and E (equatorial axis):
50.27 + 1.22 pm. It was observed that all the pol-
len grains were fertile after treatment with lactophe-
nol-anilin blue as O. nutans, but they were big-
ger than O. nutans pollens. In O. nutans pollens,
P =64.02 + 0.15 um and E = 42.01 £ 0.20 pm. The
exine ornamentation was reticulate in both species.

Acknowledgements. We would like to thank Prof. Dr. Neriman
Ozhatay who conducted the PhD thesis of G. Dalgi for her help.

Fig. 11. Pollen grains of O. boucheanum (x400): equatorial view
and aperture.

Fig. 10. The karyotype of O. boucheanum.

Fig. 12. Pollen grain of O. boucheanum (x1000): exine pattern.
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Abstract.

Hesperis turkmendaghensis is described as a new species in 2005 from Turkey. This species grows naturally

in Eskisehir province (Turkmen Dag1) in Central Anatolia in Turkey. In this study, the chromosome
number of endemic H. turkmendaghensis belonging to Sect. Hesperis was determined. Its karyotype was
studied by image analysis system. The chromosome number of the species was counted as 2n = 14. Also, the
chromosome morphology of H. turkmendaghensis was identified by calculating arm and centromeric index,
the ratio length of its chromosome arms; its idiogram and karyogram were also made.

Key words:  Cruciferae, Hesperis, karyotype, Turkey

Introduction

The genus Hesperis L. (Cruciferae) is distributed in
the warm climate belt of Eurasia in South and Cen-
tral Europe, Southwest Asia, the Caucasus, Russia and
mountainous regions of Western China and Mongo-
lia. This genus comprises almost 56 species through-
out the world (Tzvelev 1959; Dvorak 1982; Duran &
al. unpubl.) and 27 species in Turkey (Duran & Ocak
2005; Duran & al. unpubl.). Most species in Anatolia
are confined to rather restricted areas of distribution.
On the other hand, those occurring in moist areas
are more widespread, especially in the Euro-Siberian
phytogeographic region.

Hesperis turkmendaghensis was described by A.
Duran and A. Ocak from Central Anatolia in 2005.
The species grows under mixed forest, open forest
and shady slopes in Turkmen Dag: in Eskisehir prov-
ince (Duran & Ocak 2005). It belongs to Irano-Tura-
nian phytogeographic region element. The population
is not in good condition and approximately 300 spec-
imens grow in a small area. Therefore, it should be
graded as Critically Endangered (CR) (IUCN 2001).

The karyological researches on Hesperis taxa
showed rather different chromosome numbers - 2n =
12, 14, 24, 26 and 28. There are 2n = 24 chromosomes
in H. alba Mill. and H. tristis L., 2n = 14 and 2n = 28

chromosomes in H. bicuspidata Poir., 2n = 14, 24, 28
chromosomes in H. matronalis L., 2n = 14 chromo-
somes in H. sylvestris Crantz, H. velenovskyi (Fritsch)
Fritsch, H. sibirica L., H. steveniana DC. and H. pyc-
notricha Borbas & Degen, 2n = 12 chromosomes in
H. laciniata All., H. persica Boiss. and H. pendula DC.
(Love & Love 1961; Dvorak 1964, 1966a, b, ¢, 1973;
Dvorak & Dadakova 1974, 1975, 1976; Tan & Iatrou
2001; Duran & Ocak 2005; Duran & al. unpubl.).

In this study, the chromosome number and kary-
otype of H. turkmendaghensis were identified for the
first time.

Material and methods

The seeds of H. turkmendaghensis were obtained from
Turkmen Dag1 (Eskisehir) in Turkey. Seeds were ger-
minated at room temperature on moist filter paper in
Petri dishes. Root tips for karyotypic studies were pre-
treated with a-mono-bromonaphthalene at 4 °C for 16
hours, and were fixed in a mixture of ethanol: glacial
acetic acid (3:1) for 24 hours in refrigerator. The root
tips were hydrolysed with IN HCI for 13 minutes at
room temperature. They were stained with 2% ace-
tic orcein for 2 hours in squashed root meristems then
were counterstained with 45 % acetic acid. We made
permanent slides using the standard liquid nitrogen
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method. We examined slides under Olympus BX-50
Photomicroscope using an oil immersion objective
(100x). Photographs were taken with the same micro-
scope. The idiogram was prepared with measurements
taken on enlarged micrographs of five well spread
metaphase plates. The length of long and short arm,
arm ratio, centromeric index and relative chromo-
some length were measured by software image ana-
lysis (Bs200Pro Image Analysis Software) loaded on a
personal computer. Chromosomes were classified us-
ing the nomenclature of Levan & al. (1964). Karyo-
gram of the best metaphases and idiogram of this spe-
cies were arranged in decreasing length.

Results and discussion

The cytological researches on the genus Hesperis show
that chromosome numbers are 2n = 12, 14, 24, 26 and
28 (Manton 1932; Love & Love 1956, 1961; Dvordk
1964, 19664, b, ¢, 1973, 1982; Dvorak & Dadakova
1974, 1975, 1976; Tan & latrou 2001).

The chromosome number and karyology of H. turk-
mendaghensis are being reported here for the first time.
The chromosome number was determined to be
2n = 14 (Fig. 1). Total chromosome length is between
5.21-2.50 um. Total lengths of chromosomes, arm ra-
tio, centromeric index and relative chromosome length
(according to Levan & al. 1964) are given in Table 1.

The total length of the haploid set was 22.49 pm and the
total measured length of the diploid chromosomes was
21.99 pum. The average chromosome length was calcu-
lated as 3.14 pm.

The karyotype analysis of H. turkmendaghensis de-
termined the diploid chromosome number 2n = 14.
According to this result, basic chromosome number
is n = 7. The karyotype of the species consists of four
median, two submedian and one subterminal chro-
mosomes. The idiogram and karyogram designat-
ed the karyotype formula K (217 = 14) = 4m+2sm+1st
(Figs 2, 3).

We hope that this study will contribute to the fu-
ture karyological studies on genus Hesperis.

Table 1. Measurements of somatic chromosomes in H. turkmen-
daghensis.

Chromosome
Chromosome| arms (um) | Total | Arm |Relative
. Chromosome
Long | Short length| ratio | length e
arm | arm | (um) | (L/S) | (%) P
Pair No. (L) (S)
1 3.00 | 2.21 | 5.21 | 1.36 10.04 m
2 1.91 1.34 | 3.25 | 143 6.09 m
3 242 | 0.77 | 3.19 | 3.14 3.50 st
4 191 | 0.74 | 2.65 | 2.59 3.36 sm
5 146 | 1.17 | 2.63 | 1.26 5.29 m
6 1.74 | 0.82 | 2.56 | 2.11 3.75 sm
7 1.41 | 1.09 | 2.50 | 1.28 4.98 m

Total length of haploid complement: 22.49 um

& ﬂg-jr 3

L3 ¢ i
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Fig. 1. Mitotic metaphase chromosomes in H. turkmendaghensis,
2n = 14. Scale bar = 5pum.
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Fig. 2. Idiogram of H. turkmendaghensis.

i

Fig. 3. Karyogram of
H. turkmendaghensis.
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Notes on some critical Bupleurum species

from sect. Aristata in Bulgaria
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Abstract. This paper deals with comparative morphological and karyological investigations on 10 annual species of
sect. Aristata of the genus Bupleurum in Bulgaria. The aim of the study is to illustrate the differences between
closely related taxa, which often are determined incorrectly.

Key words:  Bupleurum section Aristata, karyology, morphology

Introduction Material and methods

The Eastern Mediterranean has high species diversity
in annuals of Bupleurum (Snogerup 1972). The pen-
etration of species from Asia Minor, as well as spe-
ciation in the Western Balkans is the reason on the
Balkan Peninsula (including the Aegean islands) to
occur about 80 % (26 species) of the European annu-
als of Bupleurum (Snogerup & Snogerup 2001). In the
Iberian Peninsula there are only 7 annual Bupleurum
species (Neves 2003). In the Western Mediterranean,
where is the ancient origin centre of the genus, pre-
dominate the perennials of Bupleurum.

Thirteen annual Bupleurum species are presented in
Bulgaria (1 of sect. Bupleurum and 12 of sect. Aristata),
most of them have Balkan, Balkan-Pannonian or Bal-
kan-Anatolian distribution areas. In the present work
the Snogerup & Snogerup (2001) taxonomic scheme
for the annual Bupleurum species is adopted. The sec-
tion Aristata Godr. divides to: subsect. Aristata — the
bracteoles more or less scarious, before and after flow-
ering envelop the flowers, and subsect. Juncea Briq. -
the bracteoles are herbaceous, erecto-patent to patent
all through the flowering stage. For the differentiation
of the species in the subsections high taxonomic val-
ue have the form and nervation of the bracteoles and
the bracts, the length and the correlation between the
umbel rays, and in some cases the characteristics of
the mericarps and the styles.

The morphological investigation was done on per-
sonal gatherings during the period 2004-2005 and on
specimens from Bulgarian herbaria SOM and SO. For
showing in details the differences between close and
often incorrectly determined taxa macrophotographs
of bracts, umbel rays, mericarps, etc. were made.

The karyotypes were studied on mitotic metaphase
plates obtained from root tips taken from seeds, fixed
in ethanol: acetic acid (3:1), hydrolyzed in 1N HCI at
60°C for 12 min, and stained with haematoxylin after
Gomory (Melander & Wingstrand 1953).

Results and discussion

Morphological investigation

All taxa of subsect. Aristata — B. odontites L., B. api-
culatum Friv., and B. flavum Forssk. were examined.
In the subsect. Juncea comparatively are discussed
pairs of species: B. euboeum Beauverd & Topali - B.
tenuissimum L.; B. aequiradiatum (H. Wolff) Snogerup
& B. Snogerup - B. praealtum L.; B. pachnospermum
Panci¢ - B. affine Sadler.

® Subsect. Aristata
Subsect. Aristata is presented in Bulgaria with the
species B. odontites (= B. fontanesii Guss.), B. apicula-
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tum, and B. flavum. Bupleurum baldense Turra sub-
sp. gussonei (Arcang.) Tutin was specified wrongly for
Bulgaria from Assenov (1982). The Bulgarian speci-
mens of this taxon belong to B. apiculatum.

Bupleurum odontites is easily distinguished by its
lanceolate bracteoles and bracts of which the three
main veins have many secondary veins in between,
forming a unique reticulate nervation. The flower
stalks are rather unequal (Plate I, Fig. 1).

Some problems raise the differentiation of B. api-
culatum and B. flavum, which are sympatric species in
the south-eastern parts of the Balkan Peninsula. Both
species have elliptic bracteoles and lanceolate bracts,
but the characteristics of the nervation differentiate
them clearly.

Plate I

2b 3b |}/

Figs 1-3. Macromorphological characters of the species of Bup-
leurum subsect. Aristata:

1, B. odontites, flowers and bracteoles; 2, B. apiculatum: umbel
rays (a); bracteole and bract (b); 3, B. flavum: umbel rays (a);
bracteole and bract (b).

The bracteoles of B. apiculatum have on top a dis-
tinct, 2-3mm long awn; the middle of three main
veins has very few inconspicuous short secondary
veins or such are missing. The bracts are herbaceous,
narrow lanceolate, with three inconspicuous parallel
veins, without secondary veins and with narrow scari-
ous strips on the periphery (Plate I, Figs 2a, b).

The bracteoles of B. flavum are mucronate on top
or have an awn up to 1 mm long; the main veins are
pronounced, forming elevated ridges; secondary veins
are missing. The bracts are scarious, wide lanceolate,
with three visible main veins, the middle one with in-
distinct secondary veins, on the periphery with wide
scarious strip (Plate I, Figs 3a, b).

® Subsect. Juncea

According to Assenov (1982) B. tenuissimum is
represented in Bulgaria with 2 subspecies — subsp.
tenuissimum and subsp. gracile (M. Bieb.) H. Wolff.
The combination B. tenuissimum subsp. gracile, how-
ever, is illegitimate, because was founded on the name
B. gracile (M. Bieb.) DC. (1830), non d'Urv. (1822),
which is a subsequent homonym, so it was rejected
and replaced with nomen novum B. marschallianum
C.A. Mey. (1831). The taxon B. marschallianum, in
fact, does not occur in Bulgaria.

Bupleurum euboeum (B. marschallianum auct.,
non C.A. Mey.) was reported for Bulgaria first by Sno-
gerup & Snogerup (2001) on some materials from
Philippopel (Plovdiv), 08.1889, Velenovsky, deposit-
ed in PR and PRC collections. This new for Bulgar-
ia taxon called for a critical review of the specimens in
Bulgarian herbarium collections deposited under the
names B. tenuissimum, B. tenuissimum subsp. gracile,
and B. marschallianum. As a result of the revision B.
euboeum was confirmed for the country. Herbari-
um specimens from two locations were found - Plov-
div town, 03.08.1893, S. Gheorghieff, SO 54376 (sub
B. marschallianum) and the valley of Strouma Riv-
er (Southern), nearby mineral bath of Marikostinovo
village, Petrich district, 25.07.1977, B. Kouzmanov,
SOM 135455 (sub B. marschallianum), rev. 1. Asse-
nov, 12.07.1978 (sub B. tenuissimum subsp. gracile).
The second locality habitat was visited in 2004 and B.
euboeum was rediscovered.

Because of the warty formations on the surface of
the fruits B. tenuissimum and B. euboeum were related
to a separate subsect. Trachycarpa (Lange) Brig. Despite
the relation, the two species differ from one another in
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their habit and characteristics of the fruits. The second-
ary sprays of B. euboeum (Plate II, Fig. 1a) are more or
less equal along the whole length of the stem, while at B.
tenuissimum (Plate II, Fig. 2a) the secondary sprays in
the low third of the stem are much longer than those in
the middle and the upper part of the stem.

Bupleurum euboeum - the fruit surface uniformly
papilla-like rugulate, the ridges of the mericarps incon-
spicuous. The styles are 0.4-0.5mm, surpass the radi-
us of the stylopodium. At the fruit ripening the stylo-
podium is visible and stays over the
mericarps (Plate II, Fig. 1b).

The region's live materials observations determined
morphological similarity between B. aequiradiatum and
B. praealtum - the stem leaves with thick (keel-like) mid-
dle vein, bracteoles do not surpass the flowers and fruits,
the umbel rays are equal (Plate II, Figs 4, 5).

Morphological similarity show also the pair of spe-
cies B. pachnospermum and B. affine — habit charac-
teristics, straight and powerful stem with monotype
branching, secondary stems also straight and appear-
ing in the axils of the middle stem leaves, sometimes

Plate I1

Bupleurum tenuissimum - the

fruit surface partly rugulate, the -5 :"
mericarps ridges pronounced, al- \ e
most aliform, verrucose. The styles M 4

are up to 0.2mm, shorter than the b

radius of the stylopodium. At the L po

fruit ripening the mericarps in-
crease in their upper part and cover
the stylopodium (Plate II, Fig. 2b).
Recent taxonomic works on B.
commutatum Boiss. & Balansa in
Bulgaria accept its subdivision into
3 subspecies - subsp. commutatum,
subsp. aequiradiatum (H. Wolff)
Hayek (= B. aequiradiatum), and
subsp.  glaucocarpum  (Borbas)
Hayek (= B. pachnospermum).
Bupleurum commutatum s. str.
is well distinguished from B. aequi-
radiatum and B. pachnospermum
(considered until recently as its
subspecies) by its comparative-
ly unequal and tender umbel rays
(Plate II, Fig. 3). The rays lengthen
at the fruit ripening and because
they are thin they bend more or less
arch-like. Bupleurum commutatum,
B. aequiradiatum, and B. pachno-
spermum show essential differences
in the karyotypes morphology too.

-
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Figs 1-7. Macromorphological characters of
the species of Bupleurum subsect. Juncea:

1, B. euboeum: habit (a) and fruits (b);

2, B. tenuissimum: habit (a) and fruits (b);
3-7, umbel rays - 3, B. commutatum;

4, B. aequiradiatum; 5, B. praealtum;

6, B. pachnospermums; 7, B. affine.
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even lower. The bracteoles form and length, number
of umbel rays, as well as the fruit characteristics also
show close relation (Plate II, Figs 6, 7).

Karyological investigation

Seven species of sect. Aristata were karyologically in-
vestigated. For six of them - B. apiculatum, B. flavum,
B. euboeum, B. commutatum, B. aequiradiatum, and
B. pachnospermum the chromosome numbers are re-
ported here for the first time. For B. affine the investi-
gation is the first one from Bulgarian population.

Plate III

® Subsect. Aristata
Bupleurum apiculatum. 2n = 16 (Plate III, Fig. 1).
Two populations were karyologically investigated: from
Mt Golo Bardo, Radomir district, FN-60 and from
Ploski village, Sandanski district, FM-81. The karyotype
consisted of small, gradually differentiating in length
short chromosomes without visible centromeres.
Bupleurum flavum. 2n = 14 (Plate III, Fig. 2). Two
populations were karyologically investigated: from
Dobrich village, Elhovo district, MG-66 and from Me-
dovo village, Kableshkovo district, NH-42. The kary-
otype consisted of medium-sized and
short chromosomes, most of them of

2 )

submetacentric type.

Bupleurum odontites was not kary-
ologically investigated from Bulgarian
population. In the literature the diploid
chromosome number 2n = 2x = 16 has
been reported (Snogerup 1994).

Subsect. Juncea

Bupleurum  euboeum. 2n=16
(Plate III, Fig. 3). One population
was karyologically investigated:
from Marikostinovo village, Petrich
district, FL-98. The karyotype con-
sisted of nearly identical in length
chromosomes of metacentric and
submetacentric type. A pair of SAT-
chromosomes was observed in some
of the chromosome sets.

Bupleurum commutatum. 2n = 16
(Plate III, Fig. 4). Two populations
were karyologically investigated: from
Mt Chepun, Dragoman district, FN-

l 65 and from the Bakadzhitsite hills,
[ ]

Yambol district, MG-79. The karyo-
type consisted of small chromosomes
5 without distinct centromeres.
Bupleurum aequiradiatum. 2n =
16 (Plate III, Fig. 5). Two populations
were karyologically investigated: from
Smirnentsi village, Harmanli district,

Figs 1-7. Metaphase plates of:

1, B. apiculatum, 2n = 16; 2, B. flavum,

2n = 14; 3, B. euboeum, 2n = 16; 4, B. commu-
tatum, 2n = 16; 5, B. aequimdiatum, 2n = 16;
6, B. pachnospermum, 2n = 16; 7, B. affine,

2n = 16. Scale bars = 10 um.
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MG-02 and from Medovo village, Kableshkovo dis-
trict, NH-42. A pair of chromosomes of submetacen-
tric type comparatively longest, and a pair of short-
er chromosomes of metacentric type were observed
in the karyotype. The other six pairs of chromosomes
were short, without visible centromeres.

Bupleurum pachnospermum. 2n = 16 (Plate III,
Fig. 6). One population was karyologically investigat-
ed: from Mt Chepun, Dragoman district, FN-65. The
karyotype was heterogeneous; it consisted of one pair
of long acrocentric chromosomes with satellites, one
pair of long chromosomes of metacentric type, five
pairs of medium-sized submetacentric chromosomes
and one pair of very short chromosomes, probably of
metacentric type.

Bupleurum affine. 2n = 16 (Plate III, Fig. 7). Two
populations were karyologically investigated: from Mt
Chepun, Dragoman district, FN-55 and from Ushi vil-
lage, Treklyano district, FN-21. The karyotype was het-
erogeneous; it consisted of one pair of long chromo-
somes of submetacentric type, one pair of acrocentric
chromosomes with satellites, four pairs were medium-
sized, gradually differentiating in length submetacentric
chromosomes, and two pairs of short chromosomes,
without distinct centromeres. Our result agrees with
earlier report for this species (Cauwet-Marc 1976).

Bupleurum tenuissimum and B. praealtum were not
karyologically studied from Bulgarian populations. In the
literature the diploid chromosome number 2n = 2x = 16
has been reported for both species (Cauwet-Marc 1976).

Conclusion

As a result of the comparative morphological and
karyological investigations it was established that

the species B. apiculatum and B. flavum are well dif-
ferentiated. Bupleurum euboeum was confirmed for
the Bulgarian flora. Bupleurum aequiradiatum and
B. pachnospermum are well differentiated species
and even distinct from B. commutatum. Bupleurum
aequiradiatum shows similarity to B. praealtum, and
B. pachnospermum is closely related to B. affine.
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Abstract.

The present work includes some preliminary data from a comparative biosystematic investigation on genus

Centaurea s.1. in the Bulgarian and Turkish floras. The pollen morphology and exine srtucture of eight taxa —
Centaurea derderiifolia, C. drabifolia subsp. detonsa, C. kernerana, C. moesiaca, C. parilica, C. polyclada, Cyanus
pseudaxillaris and C. thirkei were studied in order to specify their type and taxonomic importance. All taxa
except the last one are endemics. The results show that the pollen shape, size, aperture and exine structure
proved to be of high diagnostic value and could be used as additional characters to determine the species.

Key words:

Centaurea, endemic taxa, pollen morphology, SEM, TEM

Introduction

Pollen morphology, base chromosome number and
DNA sequences are the most important characteristics
used tomakeamodern phylogenetictaxonomicscheme
of subtribe Centaureinae, Compositae (Wagenitz &
Hellwig 1996; Garcia-Jacas & al. 2001; Hellwig 2004).
Wagenitz (1955) delimited eight Centaurea pollen
types corresponding very well to the main taxonomic
groups into this subrtibe. In the Turkish and Bulgarian
floras grow about 250 species, more than 50 % of which
are weakly investigated endemics.

The aims of this work were to examine the
morphology of the pollen grains of eihgt taxa of
subtribe Centaureinae (seven of them are endemics)
and to determine their pollen type following Wagenitz
(1955) as a step of their biosystematic study.

Material and methods

The research was based on material collected from dif-
ferent floristic regions of Bulgaria and Turkey, where
the studied taxa are naturally distributed.

The vouchers are kept in the Herbarium of the
Institute of Botany, Bulgarian Academy of Sciences
(SOM) and in the Bartin Faculty of Forestry, Zongul-
dak University, Turkey.

The pollen morphology was studied in light mi-
croscope (LM) and scanning and transmission elec-
tronic microscopes (SEM and TEM). The material for
the light microscopy was prepared after Wodehouse
(1935) (W) and Erdtman (1943) (E). The preparation
of the pollen grains for observation in SEM was ac-
complished according to Huttunen & Laine (1983).
Observations were carried out with a SEM Leica 5420
at 15 kV. For the TEM microscopy Glauert (1975) was
followed. The morphological terminology of Erdtman
(1943, 1952), Skvarla & Turner (1966), Skvarla & al.
(1977) and Faegri & Iversen (1989) has been used.

The abbreviations in Turkish localities are in accord-
ance with the Turkish map grid system (Davis 1975).

The abbreviations of the authors follow Brummitt
& Powell (1992).

Results

Centaurea derderiifolia Wagenitz

Locality: Turkey-B7, Elazig: Ensedere locality,
above Boliikcal: village, Keban district, rocky slopes,
1200 m alt., 26.08.2003, leg. & det. Z. Kaya.

Distribution: Turkish endemic.

Pollen type: Trizonocolporate (Fig. 1).

Wagenitz's pollen type: Jacea.
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Pollen shape: Spheroidal, P/E = 1.00 (W); subob-
late, P/E = 0.79 (E).

Exine thickness: 1.69 pm (W); 4.68 um (E).

Apertures: Colpi narrow and long, with definite
boundaries. Colpus ends - acute. Colpus length 22—
25 pm, width 1-2 um. Pores definite. Porus length
(Py)/Porus width (Py,) = 1.37. The polar triangle is not
definite.

Sculpture: Microechinate. Spinules short, ca. 0.5 pm.
Density of the sculpture elements: 5-7 in 9 um”.

Centaurea drabifolia Sm. subsp. detonsa
(Bornm.) Wagenitz

Locality: Turkey-C3, Isparta: Dedegol Mt, cliffs and
rocky slopes, 1600 m, 28.08.1999, leg. & det. Z. Kaya.

Distribution: Turkish endemic.

Pollen type: Trizonocolporate (Fig. 2).

Wagenitz's pollen type: Jacea.

Pollen shape: Spheroidal, P/E = 1.01 (W); subpro-
late, P/E = 1.21 (E).

Exine thickness: 2.34 pm (W).

Apertures: Colpi long and wide, with definite bound-
aries. Colpus ends - acute. Colpus length 30-31 um,
width 8-9 um. Pores with definite boundaries. Py/P,, =
0.8 (W); 0.88 (E). The polar triangle is large and regular.

Sculpture: Microechinate. Spinules short, ca. 0.4-
0.85 um. Density of the sculpture elements: 2-5 in 9 pm’.

Centaurea polyclada DC.

Locality: Turkey-B1, Izmir: Caparli village, above
Yamanlar district, Yamanlar Mt, rocky places, 700 m,
07.07.2000, leg. & det. Z. Kaya.

Distribution: Turkish endemic.

Pollen type: Trizonocolporate (Fig. 3).

Wagenitz's pollen type: Jacea.

Pollen shape: Sphaeroidal, P/E = 0.99 um (W);
sphaeroidal, P/E = 1.13 um (E).

Exine thickness: 1.06 um (W).

Apertures: Colpi long and wide, with definite bound-
aries. Colpus ends - acute. Colpus length 25-27 pm,
width 9-10 pum. Pores with definite boundaries. P)/Py, =
0.90 um. The polar triangle is large and regular.

Sculpture: Microechinate. Spinules short, ca. 0.6-
1.06 um. Density of the sculpture elements: 6-9 in 9 pm’.

Cyanus thirkei Sch. Bip.

Locality: Turkey-A3, Bolu: Arak village in forest
of Pinus nigra, Mengen district, 900 m, 22.06.2004,
leg. & det. Z. Kaya.

Distribution: Bulgaria, Moldavia, European Tur-
key, Asia Minor.

Pollen type: Trizonocolporate (Fig. 4).

Wagenitz's pollen type: Montana.

Pollen shape: Subprolate, P/E = 1.18 (W); sphaer-
oidal, P/E = 1.04 (E).

Exine thickness: 2.70 um (W).

Apertures: Colpilong and wide, with definite bound-
aries. Colpus ends - acute. Colpus length 33-34 um,
width 9-10 pum. Pores with definite boundaries. P)/P,, =
0.92 pm. The polar triangle is large and regular.

Sculpture: Scabrate. Density of the sculpture ele-
ments: 2-3 in 9 pm’.

Centaurea moesiaca Urum. & Wagner

Locality: Bulgaria, Beklemeto, Stara planina Mts,
10.08.1995, leg. & det. S. Bancheva (Sh9535).

Distribution: Bulgarian endemic.

Pollen type: Trizonocolporate (Fig. 6).

Wagenitz's pollen type: Jacea.

Pollen shape: Spheroidal, P/E = 1.01 (W); subpro-
late, P/E = 1.2 (E).

Exine thickness: 2.8-4.3 um (E).

Apertures: Colpi narrow and long, with definite
boundaries. Colpus ends - acute. Colpus length 20.1 pm
+ 1.2, colpus width 2.1 um + 0.3. Pores definite; pore
length 3.3 um + 0.9. Coste colpi thickness 1.4 um + 0.5.

Structure: Tectate and cavate.

Sculpture: Echinate. Spinules ca. 2 pm. Density of
the sculpture elements: 1-3 in 9 um’.

Intine: Thin, homogenous; Exine/Intine ~ 3/1.

Centaurea kernerana Janka

Locality: Bulgaria, Ray chalet, Stara planina Mts,
08.08.1995, leg. & det. S. Bancheva (Sh9537).

Distribution: Bulgarian endemic.

Pollen type: Trizonocolporate (Fig. 7).

Wagenitz's pollen type: Jacea.

Pollen shape: Subprolate, P/E = 1.1 (W).

Exine thickness: 2.5-3.6 um (E).

Apertures: Colpi narrow and long, with defi-
nite boundaries. Colpus ends - acute. Colpus length
24.6 um = 2.6, colpus width 2.1 um + 0.8. Pores def-
inite; pore length 5.1 pum * 1.5. Coste colpi thickness
24 um *0.4.

Structure: Tectate and cavate (Fig. 8).

Sculpture: Microechinate. Spinules ca. 0.3-1 um.
Density of the sculpture elements: 1-3 in 9 pm”.

Intine: Thin and homogenous; Exine/Intine = 3/1.
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Centaurea parilica Stoj. & Stef.

Locality: Bulgaria, Koynarite, Slavyanka Mt,
25.08.1995, leg. & det. S. Bancheva (Sh9532).

Distribution: Balkan endemic - Bulgaria and
Greece.

Pollen type: Trizonocolporate (Fig. 5).

Wagenitz's pollen type: Jacea.

Pollen shape: Subprolate, P/E = 1.2 (E); prolate,
P/E =1.8 (W).

Exine thickness: 3.2-5 pm (E).

Apertures: Colpi narrow and long, with definite
boundaries. Colpus ends - acute. Colpus length 27 ym +
2.8, colpus width 3.1 um + 0.5. Pores definite; pore length
4.7 pm * 0.9. Coste colpi thickness 2.9 pm + 0.5.

Structure: Tectate and cavate.

Sculpture: Microechinate. Spinules ca. 0.2-0.4 um.
Density of the sculpture elements: 1-2 in 9 um”.

Intine: Thin; Exine/Intine = 3/1.

Figs 1-9. Pollen grain of:

1, Centaurea derderiifolia (SEM); 2, C. drabifolia subsp. detonsa (SEM); 3, C. polyclada (SEM); 4, Cyanus thirkei (LM); 5, Centaurea
parilica (SEM); 6, C. moesiaca (LM); 7, 8, C. kernerana (SEM and TEM); 9, Cyanus pseudaxillaris (SEM).
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Cyanus pseudaxillaris Stef. & Georgiev

Locality: Bulgaria, Thracian plain, Ovchi halmove,
25.05.1984, leg. & det. S. Bancheva (Sh9801).

Distribution: Bulgarian endemic.

Pollen type: Trizonocolporate (Fig. 9).

Wagenitz's pollen type: Montana.

Pollen shape: Prolate, P/E = 1.9 (E).

Exine thickness: In the equatorial area 3.3 um +
0.7; in the polar area 2.1 pm * 1.2.

Apertures: Colpi narrow and long, with definite
boundaries. Colpus ends - acute. Colpus length 43.1 pm
+ 3.4, colpus width 2.3 um + 0.6. Pores definite; pore
length 5.9 um + 1.2. Coste colpi thickness 2.4 pm + 1.5.

Structure: Tectate. Ect/End = 2/1.

Sculpture: Scabrate. Density of the sculpture ele-
ments: 3-4 in 9 um”.

Intine: Thin; Exine/Intine = 3/1.

Discussion

Two of the investigated species belong to Wagenitz's
Montana pollen type: Cyanus pseudaxillaris and C.
thirkei (Figs 9, 4). Despite their affiliation to the same
section Napuliferi of genus Cyanus, the mentioned taxa
could be easily distinguished by some parametres of the
pollen grains. The pollen shape of C. thirkei is subprolate
(P/E = 1.18), whereas the pollen shape of C. pseudoaxil-
laris is prolate (P/E = 1.9). The exine thickness is respec-
tively 2.70 pm in the first species and 3.3 pm in the sec-
ond one. The aperture length and width, as well as the
density of the sculpture elements are different too.

The remaining 6 taxa, Centaurea derderiifolia, C.
drabifolia subsp. detonsa, C. kernerana, C. moesiaca, C.
parilica and C. polyclada have Jacea pollen type (Wage-
nitz 1955). The exine sculpture of C. moesiaca is of echi-
nate type (Fig. 6), with spinules ca. 2 um, whereas the
rest belong to the microechinate type. The density of the
sculpture elements is highest in C. polyclada (Fig. 3). The
pollen grains of C. parilica have subprolate to prolate
shape and the thickest exine, 3.2-5 pm. The spinules of
C. kernerana reach 1 pm, but the density of the sculpture
elements is 1-3 in 9 um”. The pollen grains of C. derderii-
foliaand C. drabifolia subsp. detonsa have a similar densi-
ty of the sculpture elements, but they differ by their shape
and colpi length and width (Figs 1, 2).

The obtained results show that the pollen shape,
size, aperture and exine structure possess high taxo-

nomic value and could be used in determination of
the Centaurea s.l. taxa.
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Abstract. The detailed morphological features of achenes of twelve Turkish endemic Centaurea taxa were studied
using scanning electron microscope. These taxa belong to the sections Acrolophus (C. polyclada and C.
consanguinea), Cynaroides (C. screlolepis, C. kurdica, C. fenzlii, C. aladagensis, C. spicata, C. tomentella, C.
haussknechtii, C. amonicola) and Ptosimopappus (C. ptosimopappa and C. ptosimopappoides).

Key words: achenes, Centaurea, morphology, scanning electron microscope

Introduction Material and methods

Genus Centaurea L. is represented by about 500 spe-
cies in the world (Rendele 1976), but some authors
state that there are 600 species distributed in Asia,
North Africa and America (Heywood 1979; Hickey
& King 1981). According to the species number Cen-
taurea is the third genus in Turkey following the gen-
era Astragalus L. and Verbascum L. Out of 190 species
117 are endemics. The ratio of endemism is 61.6%
(Wagenitz 1975; Davis & al. 1988; Giiner & al. 2000;
Duran & Duman 2002; Tiirkoglu & al. 2003; Aytag
& Duman 2005; Uzunhisarcikli & al. 2005), stress-
ing the fact that the genetic centre of this genus lies
in Turkey. The achene morphology is very important
and is used to determine the systematic categories of
this genus. In this study general structure of achenes
and seed surface structure of 12 species of Centau-
rea were investigated. In particular the species of sec-
tions Cyanaroides, namely C. tomentella Hand.-Mazz.
and C. haussknechtii Boiss., C. screlolepis Boiss. and C.
kurdica Reich., resembling each other, show different
achene morphology. At the same time section Ptosi-
mopappus is an endemic one and is represented by 2
species in the Turkish flora. The detailed achene mor-
phology of these species is presented here.

The achene specimens were collected during 2002-
2005. The localities of the species are as follows:

® C. polyclada, Canakkale, Guzelyali, roadside and
forest, 10 m alt., 01.07.2003;

® C. consanguinea, 40 km from Elazig to Karakocan,
roadside, 08.07.2003;

® (. screlolepis, 60 km from Mus to Elazig, roadside and
steppe, 13.07.2002;

® (. kurdica, 40 km from Bingol to Elazig, roadside and
steppe, 13.07.2002;

® (. fenzlii, Mus-Solhan, in front of Alparslan Govern-
ment Farm, steppe, 12.07.2002;

C. aladagensis, Nigde, Camardi-Aladaglar, 08.07.2003;
C. spicata, Hatay, Dortyol, 180 m, 10.07.2003;

C. tomentella, Malatya—-Darende, in front of Highway
Construction Station, 02.08.2002;

® C. haussknechtii, Adiyaman, 10 km from Kahta to
Nemrut Dagi, roadside, 12.07.2003;

® C. amonicola, Osmaniye, Yarpuz, Yaglipinar Mt, for-
est, 1250 m, 10.07.2003;

® (. ptosimopappa, Hatay, Amanos Mts, Dortyol, 850
900 m, 10.07.2003;

® C. ptosimopappoides, Adana, Aladag, Karsanti - Pos
Forest, 1100 m, 08.07.2003.
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The length and the breadth were measured using
digital compass; 20 achenes and means were taken. The
surface structure was also recorded. The achenes from
the herbarium samples were left in Polaron SC 502 gold
dust and pictures were taken with the help of Jeol JSM-
840 electron microscope (Vujici¢ & al. 1993; Juan & al.
1997, 1999, 2000). The plant samples were deposited in
the Canakkale Onsekiz Mart University, Biology De-
partment, Botany Laboratory (Celik: 2100-2350).

Results and discussion

Description of achenes

Centaurea polyclada DC. (Sect. Acrolophus) (Fig. 1)

Achene light, obovate-rectangular, adpressed on both
sides, apex semicircular and generally small, 1.6-5.0 +
2.7 mm long, 1.2-1.5 £+ 0.2 mm broad, without pappus
or with small pappus; pappus 0.2-0.5 + 0.2 mm long.
Achene cells wavy, surface has simple sparse hairs,

part attached to the capitulum slightly sunken (Uysal
& al. 2005b).

Centaurea consanguinea DC. (Sect. Acrolophus)
(Fig. 2)

Achene changes between rotundate to obovate, upper
part swollen, lower side adpressed, 3.0-3.5 + 0.8 mm
long, 1.9-2.2 + 0.7 mm broad, with pappus; pappus
(0.5-) 1.0-2.0 (-2.5) £ 0.9 mm long. Achene cells in
straight lines, wall of middle and side cells not much
thick, surface hairy and sides slightly wavy (serrate),
part attached to the capitulum slightly narrows down
with sunken shape (Celik & al. 2005).

Centaurea screlolepis Boiss. (Sect. Cynaroides)
(Fig. 3)

Achene oblong, slightly obovate to rectangular, swol-
len above, adpressed below, 6.8-7.5 = 0.7 mm long,
2.2-2.5 = 0.9 mm broad, with pappus; pappus 7.8—
11.2 + 2.2 mm long. Cells of achene in straight lines,

Fig. 1. C. polyclada: a - general outlook of
achene; b, ¢ - surface of achene.

Fig. 2. C. consanguinea: a — general outlook
of achene; b, ¢ - surface of achene.

Fig. 3. C. screlolepis: a — general outlook
of achene; b, ¢ - surface of achene.
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wall of middle and side cells not much thick, surface
hairy, part attached to the capitulum slightly narrows
down with sunken shape (Uysal & al. 2005a).

Centaurea kurdica Reichardt (Sect. Cynaroides)
(Fig. 4)

Achene orbicular to widely ovate, upper side smooth,
lower side slightly swollen, 6.0-7.3 + 0.5 mm long,
1.8-2.1 = 0.7 mm broad, with pappus; pappus 7.8-
11.2 £ 1.8 mm long. Cells of achene in straight lines,
wall of middle and side cells not much thick, surface
not hairy, part attached to the capitulum slightly sunk-
en (Uysal & al. 2005a).

Centaurea fenzlii Reichardt (Sect. Cynaroides)
(Fig. 5)

Achene oblong, swollen above, apex wide and circular,
base blunt (obtuse), 5.8 + 0.6 mm long, 3.8 + 0.4 mm
broad, with pappus; pappus 5.8-10.4 + 1.2 mm long.
Achene cells in oblique lines, wall of middle and side

Fig. 4. C. kurdica: a - general outlook of
achene; b, ¢ - surface of achene.

Fig. 5. C. fenzlii: a — general outlook of
achene; b, ¢ — surface of achene.

cells not much thick, surface not hairy, part attached
to the capitulum semicircular.

Centaurea aladagensis Wagenitz (Sect.
Cynaroides) (Fig. 6)

Achene obovate, upper part adpressed, lower side
swollen, apex circular, not wide, base blunt (obtuse),
slightly twisted, 4.8 + 1.2 mm long, 3.2 + 0.7 mm
broad, with pappus; pappus 5.8-10.4 + 1.2 mm long.
Cells of achene in straight lines, wall of middle and
side cells not much thick, surface not hairy, part at-
tached to the capitulum slightly sunken.

Centaurea spicata Boiss. (Sect. Cynaroides)
(Fig. 7)

Achene semiobovate, adpressed above, lower side swol-
len, apex circular, slightly narrowed, base asymmetrical
and slightly twisted, 4.6 £ 1.1 mm long, 2.4 + 0.4 mm
broad, with pappus; pappus 6.8-9.7 £ 0.8 mm long.
Cells of achene in straight lines, wall of middle and side

-3

Fig. 6. C. aladagensis: a — general outlook
of achene; b, ¢ — surface of achene.
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cells not much thick, surface not hairy, part attached to
the capitulum slightly sunken (emarginate).

Centaurea tomentella Hand.-Mazz. (Sect.
Cynaroides) (Fig. 8)

Achene wide rectangular, straight above, narrow-
ing down below towards the apex, apex blunt, 5.8 +
0.6 mm long, 3.8 £ 0.4 mm broad, with pappus; pap-
pus 7.7-8.3 £ 0.3 mm long. Cells of achene in straight
lines, wall of middle and side cells not much thick, sur-
face not hairy, part attached to the capitulum slight-
ly straight.

Centaurea haussknechtii Boiss. (Sect.
Cynaroides) (Fig. 9)

Achene semiobovate, straight above, swollen but nar-
rowing down below towards the apex, apex blunt,
5.7 + 0.8 mm long, 3.9 + 0.6 mm broad, with pap-
pus; pappus 7.6-8.7 £ 0.5 mm long. Cells of achene in
straight lines, wall of middle and side cells not much

thick, surface not hairy, part attached to the capitulum
slightly sunken.

Centaurea amonicola Hub.-Mor. (Sect.
Cynaroides) (Fig. 10)

Achene obovate, swollen above, straight below, nar-
rows towards the apex, apex blunt, 5.8 + 0.6 mm long,
3.7 + 0.4 mm broad, with pappus; pappus 7.7-9.3 +
0.4 mm long. Cells of achene in straight lines, wall of
middle and side cells thick, surface not hairy, part at-
tached to the capitulum slightly sunken.

Centaurea ptosimopappa Hayek (Sect.
Ptosimopappus) (Fig. 11)

Achene obovate, adpressed above, swollen below, nar-
rows towards the apex, apex blunt, 4.6 + 0.9 mm long,
3.7 £ 0.6 mm broad, with pappus; pappus 3.8 + 0.8 mm
long. Cells of achene in unarranged lines, wall of mid-
dle and side cells not much thick, surface not hairy,
part attached to the capitulum exactly semicircular.

Fig. 7. C. spicata: a - general outlook of
achene; b, ¢ - surface of achene.
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Fig. 8. C. tomentella: a — general outlook
of achene; b, ¢ - surface of achene.

Fig. 9. C. haussknechtii: a — general out-
look of achene; b, ¢ - surface of achene.
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Centaurea ptosimopappoides Wagenitz (Sect.
Ptosimopappus) (Fig. 12)

Achene rectangular, swollen above, sunken below and
slightly narrows towards the apex, apex circular (ro-
tundate), 5.6 £ 1.9 mm long, 3.4 + 0.6 mm broad, with
pappus; pappus deciduous, 3.8 + 0.8 mm long. Cells of
achene in unarranged lines, wall of middle and side cells
not much thick, surface with simple sparse hairs, part at-
tached to the capitulum exactly semicircular.

In this paper morphology of achenes of the sections
Cynaroides, Ptosimopappus and Acrolophus has been
presented. These findings will be used in the prepara-
tion of an identification key for these sections.
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Abstract.

Metal hyperaccumulators are plants capable of extracting certain metals and non-metals from the soil and

accumulating them in above-ground tissues to relatively high concentrations. Alyssum is the represent of
Ni-hyperaccumulator genus with many of its taxa. Alyssum floribundum, A. peltarioides subsp. peltarioides,
A. peltarioides subsp. virgatiforme, A. virgatum, A. caricum are some of the serpentine endemics of Turkish
Alyssum. Sodium Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis (SDS-PAGE) method is most widely
used due to its validity and simplicity for describing genetic structure of plant collections. RAPD-PCR is also
used in molecular systematics and constitution of plant genome maps successfully. In this study some of the
Alyssum taxa and the relations among them were identified by RAPD-PCR and SDS-PAGE methods.

Key words:  Alyssum, RAPD-PCR, SDS-PAGE

Introduction

Serpentine soils derived from a wide range of ultrama-
fic rock types are widely distributed around the world.
Serpentines in Turkey are abundant and their floras
are rich in species; many of them are endemic to these
soils. They are characterized by high levels of nick-
el (Ni), cobalt (Co) and chromium (Cr), low levels of
nitrogen (N), phosporus (P), potassium (K), calcium
(Ca), and a high magnesium/calcium (Mg/Ca) quo-
tient. These extreme chemical properties render ser-
pentine soils uninhabitable for most plant species but
also comprise a major selective force in the evolution
of endemic serpentine taxa. The Ni-hyperaccumula-
tion trait is mainly found in members of the family
Brassicaceae, especially in the genera Alyssum L. and
Thlaspi L. (Mengoni & al. 2003). So the data obtained
from molecular studies revealing the genetic interrela-
tions in these genera would be helpful to evaluate the
genetic basis of Ni-hyperaccumulation.

Because of environmental influence, phenotyp-
ic traits in many cases fail to serve as unambiguous
markers for systematics and diversity analysis. Mo-
lecular markers successfully developed during the last
two decades have largely overcome the problems that
are associated with phenotype-based classification. In-

itially, isozymes and Restriction Fragment Length Pol-
ymorphisms (RFLPs) served as reliable markers for
genetic analyses in plants. But PCR based techniques
developed in recent years such as Random Amplified
Polymorphic DNAs (RAPDs), Inter Simple Sequence
Repeats (ISSRs), Amplified Fragment Length Polymor-
phisms (AFLPs), and Simple Sequence Repeats (SSRs),
also called microsatellites, provide DNA markers that
are dispersed throughout plant genomes and are easier
to reproduce and analyse (Awasthi & al. 2004).
Different methodologies using molecular mark-
ers are widely used to analyse the pattern of variation
within and among natural populations of tree species.
Among the various maker systems, RAPDs are one of
the most popular DNA-based approaches. They are
the least technically demanding and offer a fast meth-
od for providing information from a large number of
loci, particularly in species where no study has pre-
viously been undertaken. Moreover, the diversity as-
sessed with RAPDs is comparable with that obtained
with allozymes or RFLP (Fontaine & al. 2004).
Among biochemical techniques, Sodium Dodecyl
Sulphate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE) is most widely used due to its validity and sim-
plicity for describing genetic structure of crop germ-
plasm. Seed storage proteins have been used as genetic
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markers in four major areas: 1) analyses of genetic di-
versity within and between species, 2) plant domes-
tication in relation to genetic resources conservation
and breeding, 3) genome relationship and 4) as a tool
in crop improvement. Seed protein patterns obtained
by electrophoresis have been successfully used to re-
solve the taxonomic and evolutionary problems of
several crop plants. This method can also be used as a
promising tool for distinguishing cultivars of particu-
lar crop species (Ghafoor & al. 2000).

Material and methods

Plant material

Plant materials used in this study are: A. floribundum
Boiss. & Balansa, A. peltarioides Boiss. subsp. peltar-
ioides, A. peltarioides subsp. virgatiforme (Nyar.) T.R.
Dudley, A. virgatum Nyar., and A. caricum T.R. Dud-
ley & Hub.-Mor. (from collections of N. Adigiizel)
(Table 1). These taxa are some of the serpentine en-
demics of Turkish Alyssum (Dudley 1965).

Table 1. Plant material used in the study.

stained with Comassie Brilliant Blue G-250 as de-
scribed by Demiralp & al. (2000).

Data analysis

In the study of overall genetic variation, fragments
that were readable and reproducable were used. Bands
were scored as either present (1) or absent (0) for all
species studied. Common band analysis was conduct-
ed using the computer programme UPGMA based on
the Nei's genetic distance to determine the genetic dis-
tance values between species (Nei 1972).

Results and discussion

Five Alyssum taxa used in this study were examined
for their relationships. The morphological differenc-
es of four species are indicated in Table 2. RAPD-PCR
and SDS-PAGE analyses were used in order to differ-
entiate the taxa. For RAPD analysis, 14 primers were
used for the amplification of the DNA. RAPD bands
were ranging from 200 bp to 1500 bp in size. Some of
the bands were monomorphic, while others showed at
least one polymorphism (Fig. 1). Dendrograms were

*Species [Localities [ No. constructed using UPGMA computer program.
A. caricum Mugla: Fethiye 4655 Table 2. Morphological characters of the four Alyssum species
A. peltarioides ssp. peltarioides ~ Konya: Camlik 6337 used in the study.
A. peltarioides ssp. virgatiforme  Erzincan: Refahiye 4178 A A A. A
A. floribundum Icel: Findikpinar 3975 oribundum| peltarioides | virgatum caricum
A. virgatum Kiitahya: Gediz 3540 Stem up to 100 cm [upto75cm |upto75cm |up to 40 cm
*Seeds and other plant parts are from N. Adigiizel's collection. Leaves of  [strongly concoloured |concoloured |bicoloured
steril shoots |bicoloured
. . . . Fruits obovate, obovate or  |obovate or |broadly
DNA isolation and RAPD ampllﬁcatlon subundulate, |rotundate, |rotundate, |obcordate
. : . glabrous strongly strongly or orbicular,
Total DNAs of the species were isolated according to undulate,  |undulate, |subundulate,
CTAB method (Clark 1997). The PCR amplifications glabrous  |glabrous  |glabrous
were performed as described by Williams & al. (1990).  |Seeds narrowly  |wingless  |wingless  |winged
. for th lificati winged or very or very
Fourteen primers were used for the amplifications car- narrowly  [narrowly
ried out in Techne (UK) Progene Thermocycler. 15 ul winged winged

of reaction products were separated alongside molec-
ular weight markers (100 bp DNA ladder) by electro-
phoresis, on 1.5% agarose gels containing ethidium
bromide. The gels were photographed under UV light
and the amplification patterns were examined.

Protein extraction and gel electrophoresis

Protein extraction was performed according to Saras-
wati & al. (1993). Electrophoresis was carried out fol-
lowing the Laemmli method (Laemmli 1970). Each
run included known molecular weight marker pro-
teins (Fermentas). Proteins on the gel were fixed and

M
-—
—
—
—
fre—y
—
—_—
-
—

-—

Fig. 1. RAPD fragment patterns of Alyssum species generated by
the primers LA12, A7, OPB5, respectively:

1, A. floribundum; 2, A. peltarioides subsp. peltarioides; 3, A. peltari-
oides subsp. virgatiforme; 4, A. virgatum; 5, A. caricum; M - DNA
size marker.
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Topology obtained from RAPD electrophoretic
analysis of five taxa of Alyssum is presented in Fig. 2. Ac-
cording to the dendrogram A. caricum had the genet-
ic distance 76 %, 80 %, 75 %, 52 % with A. floribundum,
A. peltarioides subsp. peltarioides, A. peltarioides subsp.
virgatiforme and A. virgatum, respectively (Table 3).

A. caricum

A. floribundum

A. peltarioides ssp. peltarioides

A. peltarioides subsp. virgatiforme
Fig. 2. Dendrogram

) generated by UPGMA
A virgatum clustering of RAPD data.
Table 3. Distance data between Alyssum taxa (result of PCR).
WV
g w8 .,
' BEEIE
S| 85| 88| 3 g
Pop ID S | 55|88 & 8
E |28l & N
S S x| T = B S
S| el Sgl 3| S
< < 3| << 3| < <
A. floribundum o
A. peltarioides ssp. peltarioides  0.56 ~ **
A. peltarioides ssp. virgatiforme 0.63 046  **
A. virgatum 0.60 054 043 **
A. caricum 076 0.80 075 052 **

Alyssum caricum differs from the other Alyssum
species with its shorter stem, broadly obcordate or or-
bicular fruit and broader winged seed.

Alyssum peltarioides has two subspecies. Morpho-
logical differences of the two subspecies are as follows:

® A peltarioides subsp. peltarioides

Inflorescences condensed, sparingly branched, not
more than 5 cm long and few-fruited; fruiting stems
low or decumbent, 5-10 cm.

® A peltarioides subsp. virgatiforme

Inflorescences widely spreading, strongly branched,
10-20 cm long and many-fruited; fruiting stems arcu-
ate-ascending or erect, 25-75 cm.

The analysis of seed proteins showed that both subspe-
cies had similar protein pattern. Seed protein composition
determined by SDS-PAGE is shown in Fig. 3. The den-
drogram constructed using genetic distances is shown in
Fig. 4 and distance data of these taxa are given in Table 4.

These four Alyssum species are very close to each oth-
er. It is very difficult to separate them morphologically
without leaves of sterile shoots and mature fruits. Alyssum
virgatum is the most similar species to A. peltarioides. It
differs from A. peltarioides in having the leaves usually
conduplicate, the petals with dense indumentum.

2 3 4

Fig. 3. SDS-PAGE profile of
Alyssum species: 1, A. cari-
cum; 2, A. floribundum;

3, A. peltarioides subsp.
peltarioides; 4, A. peltarioides
subsp. virgatiforme; M - pro-
tein size marker.

A. floribundum

A. caricum

— A. peltarioides ssp. peltarioides Fig. 4. Dendrogram
generated by UPGMA
clustering of SDS-PAGE

—A. peltarioides subsp. virgatiforme | q.1a

Table 4. Distance data between Alyssum taxa (result of SDS-PAGE).

V
«
S | eS| g5
s | § | 38| 3%
Pop ID 3 2 TS| §&%
& § | s8] %%
S S| g Sa
< < < 3 < 3
A. caricum b
A. floribundum 0.90 *
A. peltarioides ssp. peltarioides ~ 0.35 0.90 o
A. peltarioides ssp. virgatiforme  0.40 0.81 0.12 x

The results obtained from RAPD-PCR and SDS-
PAGE support the discrimination by morphological
data. It is obvious that these species are very close to
each other but the differences at DNA profiles (Fig. 2)
support their being separate taxa.
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Abstract.

The genetic diversity of four Mediterranean Centaurea species (C. sphaerocephala, C. napifolia, C. solstitialis

subsp. schowii and C. nicaeensis) belonging to Jacea group (sensu Garcia-Jacas & al. 2000) was investigated
using isozymes. Seven loci from four enzyme systems (IDH, MDH, PGM and PGI) were analysed. Allele
frequencies and genetic variability for each locus in each population were calculated. A total of seventeen alleles
was identified, two of them exclusive to C. sphaerocephala and C. solstitialis subsp. schowii at Mdh-1 and Pgm-1
loci, respectively. The highest intrapopulation variability was found in C. sphaerocephala and C. nicaeensis. The
genetic distances among all taxa examined are clearly expressed. The obtained dendrogram shows two groups -
the first one includes the yellow flowering species, while the second group - the purple flowering taxa.

Key words:

Centaurea, genetic diversity, isozyme analysis, weeds

Introduction

The isozyme analysis is one of the most important
methods in the evaluation of the variability and ge-
netic similarity among populations and taxa (Soltis
& Soltis 1990). In this work four steno-Mediterrane-
an Centaurea taxa are investigated: C. sphaerocepha-
la L., C. napifolia L., C. solstitialis subsp. schowii (DC.)
Dostél and C. nicaeensis All. The first two species be-
long to subgen. Seridia (Juss.) Czerep., the others -
to subgen. Solstitiaria (Hill) Dobrocz. (Dostal 1976).
The pollen grains of all investigated taxa are Jacea type
(sensu Wagenitz 1955) and consequently Garcia-Jacas
& al. (2000) include them to Jacea group. Centaurea
sphaerocephala inhabits sandy grounds near the sea
in the W Mediterranean region, while the other three
taxa are weeds with high invasive capacities.

The main goals of the present study are to describe al-
lelic variation at isozyme loci of selected enzyme systems
and to study the genetic relationships among the taxa.

Material and methods

Centaurea napifolia, C. sphaerocephala, C. nicaeensis
and C. solstitialis subsp. schowii were collected from

their natural localities in Sicily (Table 1). Vouch-
er specimens were deposited in the Herbarium Med-
iterraneum of Palermo (PAL). For each population, a
sample of 20 individuals was tested.

The following enzyme systems were exam-
ined: IDH - isocitrate dehydrogenase (E.C.1.1.1.42),
MDH - malate dehydrogenase (E.C.1.1.1.37), PGI -
phosphoglucoisomerase (E.C.5.3.1.9), PGM - phos-
phoglucomutase (E.C.2.7.5.1).

Fresh young leaves were crushed in 200 pl buffer
containing TrisHCI, pH 7.5, and 1 % reduced glutath-

Table 1. Origin of the studied material.

Taxon | Locality | Date | Collector
C. napifolia Sicily, town of 02.03.2006  S.Bancheva,
Mazara E.Schimmenti,
G.Scafidi
C. nicaeensis Sicily, Ficuzza 03.03.2006  S.Bancheva,
Natural Reserve, E.Schimmenti,
Gorghi Tondi G.Scafidi
Locality
C. solstitialis Sicily, Ficuzza 03.03.2006  S.Bancheva,
subsp. schowii ~ Natural Reserve, E.Schimmenti,
Gorghi Tondi G.Scafidi
Locality
C. sphaerocephala Sicily, town of 02.03.2006  S.Bancheva,
Alcamo E.Schimmenti,
G.Scafidi
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ione. Crude extracts were absorbed on paper wicks
and stored at -80 °C until use. For the complete meth-
odology see Bancheva & al. (2006).

Data analysis

For each locus the resulting zymograms were inter-
preted as allelic frequencies.

For all populations levels of allozyme diversity
were estimated: the mean number of alleles per locus
(A), the mean percentage of polymorphic loci (P), ob-
served (Ho) and expected heterozygosity (He) calcu-
lated from allelic frequencies according to the Hardy-
Weinberg law. Chi square test was used to evaluate the
signification of the deviation from the Hardy-Wein-
berg law.

Wright (1951) fixation (F) index was calculated as
F = 1-Ho/He.

For each population gene diversity H, as described
by Nei (1973), was calculated.

Genetic distances among populations were esti-
mated from allelic frequencies (Nei 1978) using BIO-
SYS-2 (Swofford & Selander 2000).

Dendrogram was computed from the identity ma-
trices using UPGMA method.

Results

Allele frequencies

Seven loci (Idh-1, Idh-2, Mdh-1, Pgm-1, Pgm-2, Pgi-1,
Pgi-2) were revealed from the four investigated en-
zymes. In total seventeen alleles in these loci were de-
tected in the enzyme systems. Pgi-1 locus was mon-
omorphic for all populations. The allelic frequencies
for each population are reported in Table 2.

The two loci belonging to PGM system together
with Mdh-1 and Pgi-2loci are very polymorphic. They
have three different alleles for each locus.

In C. sphaerocephala and C. solstitialis subsp. schow-
ii, two exclusive alleles at the loci Mdh-1 (allele ¢) and
Pgm-1 (allele c), respectively, were found.

Genetic variability

The mean proportion of polymorphism (P95 and
P99), the mean number of alleles per locus (A), the
observed (Ho) and expected (He) heterozygosity for
each population are shown in Table 3.

The mean number of alleles per locus ranges from
1.4 in C. napifolia to 1.9 in C. sphaerocephala.
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Centaurea sphaerocephala and C. nicaeensis have
the highest polymorphism (71.4%); the lowest value
was found in C. napifolia (28.6 %).

The mean heterozygosity index (He), which is a
measure of intra-population variability, showed high-
est values in the populations of C. sphaerocephala and
C. nicaeensis (0.359). The lowest values were observed
in C. napifolia (0.158).

In the examined populations, the observed hetero-
zygosity was higher than expected, as revealed by the
negative values of E.

For each locus and for each population the coefficient
of gene diversity (H) ranges from 0 at the monomorphic
loci to 0.685 at the Mdh-1 locus (Table 4). The last locus,
together with Pgm-2, shows the highest values in all exam-
ined species because of their high level of polymorphism.

Table 2. Frequencies of allozymes of 5 enzymatic systems
detected in 8 Centaurea populations.

S
=
= =
3 23 2 ]
S | £% 3 g
@» %) 5-4 2 g S .§
2 < S S & -2 s
g = = | 22| = 5
= = & S S &
Mdh-1 a 0.5 0.5 0.5 0.417
b 0.5 0.5 0.5 0.292
c 0 0 0 0.292
Idh-1 a 1 0 0.278 0.5
b 0 1 0.722 0.5
Idh-2 a 1 0 0 1
b 0 1 1 0
Pgm-1 a 1 0.389 0.611 0.727
b 0 0.056 0.389 0.273
c 0 0.556 0 0
Pgm-2 a 0.273 0.188 0.5 0
b 0.591 0.438 0.5 0.5
c 0.136 0.375 0 0.5
Pgi-1 a 1 1 1 1
Pgi-2 a 1 1 0 0
b 0 0 0.556 0.773
C 0 0 0.444 0.227

Table 3. Average number of alleles per locus (A), average
polymorphism P95 and P99, mean heterozygosity (Ho -
observed, He - expected) and fixation index (F) for each
population.

Population A [P95|P99 hetell'\(l)lz;gosity F
Ho | He

C. napifolia 1.4 28.6 28.6 0.247 0.158 -0.55

C. solstitialis subsp. schowii 1.7 42.9 429 0280  0.253 -0.10

C. nicaeensis 1.7 714 714 0.413 0.359 -0.15

C. sphaerocephala 1.9 714 714 0571 0359 -0.59




198 Plant, fungal and habitat diversity investigation and conservation « Proceedings of IV BBC — Sofia'2006

Table 4. Nei's (1973) gene diversity for each population at each
locus.

=
Taxon = %
2’ 2 2 Q
3 332 g g
S £3 3 3
X 2 g 3 S
S 22 b &
Locus : ] : R
& S 3 S &
Idh-1 0 0 0.425 0.524
Idh-2 0 0 0 0
Mdh-1 0.524 0.529 0.529 0.685
Pgm-1 0 0.569 0.503 0.416
Pgm-2 0.584 0.675 0.529 0.524
Pgi-1 0 0 0 0
Pgi-2 0 0 0.523 0.368

Genetic relationships

Table 5 shows the matrix of genetic distances and
genetic identities: the greatest values of distances
were found between C. napifolia and C. nicaeen-
sis and between C. solstitialis subsp. schowii and C.
sphaerocephala.

The obtained dendrogram (Fig. 1) shows two
groups — the first one includes the yellow flower-
ing species, while the second group - the purple
flowering taxa.

Table 5. Matrix of Nei's distance (above diagonal) and identity
(below diagonal).

Taxon | 1 | 2 | 3 | 4
1 |C. napifolia - 0.549 0.620  0.281
2 |C. solstitialis subsp. schowii  0.577 - 0.270  0.660
3 |C. nicaeensis 0.538 0.764 - 0.370
4 |C. sphaerocephala 0.755 0.517  0.690 -
0.40 0.50 0.60 0.70 080 090 1.00
D e T A e
C. napifolia
C. sphaerocephala
C. solstitialis subsp. schowii
C. nicaeensis
D e a4
0.40 0.50 0.60 0.70 080 090 1.00

Fig. 1. Dendrogram (UPGMA method) showing the relation-
ships among 8 populations of the Centaurea jacea group based on
Nei's genetic identities.

Discussion and conclusion

The highest polymorphism (71.4 %) was detected
in C. sphaerocephala and C. nicaeensis. The first
one occurs in extreme ecological conditions - on
the sands and sandy ground near sea. The second
species is a weed for agriculture. According to the
over-dominance hypothesis, the fitness of the po-
pulation and the ecological plasticity should gene-
rally increase with the increasing of the hetero-
zygous loci (Ginzburg 1979; Turelli & Ginzburg
1983; Mitton 1990). Heterozygous individuals of-
ten exhibit higher variability, greater developmen-
tal stability, and higher growth rates than the ho-
mozygous ones (Seager & Ayala 1982; Carson 1987;
Mitton 1990). Moreover, the high level of observed
heterozygosity indicates that there is an "excess"
of outcrossing compared to the expectation under
Hardy-Weinberg equilibrium, so we could con-
clude that in these populations there is a very ef-
fective self-incompatibility.

The genetic diversity found in C. solstitialis
subsp. schowii (A 1.7, P99 42.9, Ho 0.280) is sim-
ilar to the results by Sun (1997) about C. solsti-
tialis in USA, where the species is a very success-
ful colonizing weed (A 1.85, P99 40.0, Ho 0.169).
The most important contribution to the high lev-
el of genetic variation and to this pattern of genet-
ic structure appears to be its outbreeding system
and anthropogenic factors in seed dispersal (Sun
1997).

In the population of C. napifolia, the polymor-
phism is rather low (28.6 %). The species is an
annual weed and it is probably self-compatible.
According to Brown & Marschall (1981) some co-
lonizing species and weeds are often depauperate
in genetic variation within populations.

The presence of alleles fixed in different species
indicates lack of gene flow and a very good repro-
ductive isolation among all studied taxa.

The grouping in the dendrogram reflects the
Dostal's subdivision (1976) in two subgenera: sub-
gen. Solstitiaria which includes the yellow flow-
ering species and subgen. Seridia comprising the
purple flowering taxa.

The genetic distances among all examined taxa
are clearly expressed. So the plant speciation of
the studied groups could be occurring in remote
time.
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Limits and type of the variation in samples of
species from genera Crocus (Iridaceae) and
Colchicum (Liliaceae) from Bulgaria
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Abstract.

Five samples from Colchicum autumnale, 4 samples from Crocus flavus and 3 samples from Crocus veluchensis

have been subjected to variation and cluster analyses, Pearson's correlation and multiple regression. The
limits of the variation on species level are discrete. The variation coefficients are predominantly within a
moderate degree. The cluster analysis demonstrates the presence of a clone structure. The measured samples
are far from the line of the full similarity. The Pearson's corelation is low. The multiple determination is high.
The proportion between the levels of the binary correlation and the multiple determination confirms already
proven hypothesis about the compensative role of the multivariate correlation.

Key words:

cluster analysis, Colchicum, Crocus, multiple determination, Pearson's correlation, variation coefficient

Introduction

The present work is a continuation of the authors' in-
terest to apply statistical analysis for species with dif-
ferent genetic structures. The information about lim-
its and type of variation in panmict species is rich and
gives possibilities for comparison. However, the same
information about clonal structures is insufficient and
needs more investigation.

Material and methods

Twelve samples from Crocus veluchensis Herb., C. fla-
vus Weston and Colchicum autumnale L. have been
investigated. Each sample contained thirty individu-
als. The morphometric features were measured with
accuracy of up to 0.01 mm. The rate of dispersion
for the separate cases was measured by variation co-
efficient in percentage (CV %) following a five-de-
gree scale (Mamaev 1968): CV up to 7.0 % - very low;
7.1%>CV >12.0% —low; 12.1 % > CV >20.0 % — mod-
erate; 20.1 % >CV >40.0% - high; CV over 40.1% -
very high. In order to determine the rate of correlation
between two or more variables Pearson's correlation
analysis and Multiple regression were used. The rate

of Pearson's correlations (r) between the features
was measured following a five-degree scale (Gatev
1980): r up to 0.30 — weak; 0.31>r>0.50 - moder-
ate; 0.51>r>0.70 - significant; 0.71 >r>0.90 - high; r
over 0.91 - very high. The rate of multiple determina-
tion (R*) was measured according to the three-degree
scale: R* up to 0.50 - low; 0.51 >R*>0.75 - high; R?
over 0.76 - very high (Lidanski 1988) In order to deter-
mine the rate of similarity cluster analysis through cal-
culation of the Euclidean distance was used (StatSoft
1995).

Three samples of C. veluchensis were collected in
Western Rhodopes Mts as follows: "Karachoumak"
locality — 1687 m alt. (sample 1); "Kartela" locality -
1681 malt. (sample 2); around dam "Batak”, 1136 m alt.
(sample 3). Sixteen morphometric features were meas-
ured as follows: x;-stem length; x,-flower length; x3-
spate length; x4-spate width; xs-external perianth
length; xg—external perianth width; x;-internal peri-
anth length; xg-internal perianth width; x9—stamen
length; x;¢—anther length; x;;-corm height; x;,-corm
width; xj3-leaf length; x;4-leaf width; x;s5-leaves’
number; x;s-flowers' number.

The origin of the four samples of C. flavus was as
follows: Vitosha Mt, Bistritsa village, paragliding ar-
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ea - 953 malt. (sample 1); Vitosha Mt, Bistritsa village,
"Gergyov Dol" locality - 866 m alt. (sample 2); Vitosha
Mt, Bistritsa village — 899 m alt. (sample 3); Lozen Mt,
"Urvich" locality — 903 m alt. (sample 4).

Fourteen features were measured as follows: x;—
stem length; x;-flower length; x3—spate length; x4-
spate width; xs—external perianth length; xg—external
perianth width; x;-internal perianth length; xg-
internal perianth width; xg—stamen length; x;o—anther
length; xj;-leaf length; x;,-leaf width; x;3-leaves’
number; x;4~flowers' number.

The origin of the five samples of C. autumnale was
as follows: Pirin Mts, "Kroushe" locality - 1079 m alt.
(sample 1); Pirin Mts, Ribarnika — 888 malt. (sample 2);
Vitosha Mt, at the foots of Chiprovitsa peak — 780 m alt.
(sample 3); Vitosha Mt, at the foots of Bogdana peak -
874 m alt. (sample 4); Vitosha Mt, Bistritsa — 941 m alt.
(sample 5). Twelve features were measured as follows:
xj-flower length; x,-sheath length; x3-sheath width;
x4—external perianth length; xs-external perianth
width; xg-internal perianth length; x;-internal peri-
anth width; xg-stamen length; xg—anther length; x;o-
corm height; x11-corm width; x;,-flowers' number.

Results

Crocus veluchensis

Variation analysis

The values of the standard deviations formed a con-
tinuous row. A more substantial dispersal was found
within the features describing lengths. These were the
following: x;-stem length; x,-flower length; x3-spate
length; x;3-leaf length. The variability found relat-
ed to the moderate and high degree (Table 1). Out of
the total number of variation coefficients 50 % were

Table 1. Variation coefficients of C. veluchensis.

within the high degree, 46 % were within the moder-
ate degree and 4% - within the low degree. No co-
efficients were found within the very low or within
the very high variability degree. The lowest variabil-
ity was registered for x;—internal perianth length and
xjo—anther length. High variability was registered for
xj-stem length; x4—spate width; x;4-leaf width; x;5-
leaves' number.

Pearson's correlation coefficients (r)

The degree of binary correlation between the features
is low. The biggest percentage of the couples of fea-
tures fell within the weak (64 %) and the moderate
(20%) degree of binary correlation. The most signifi-
cant binary correlation was measured for the couples
of features: x,x3—flower length/spate length, x3x5—
spate length/external perianth length, xsxg-spate
length/external perianth width, x3x;-spate length/in-
ternal perianth length, xsx;-external perianth length/
internal perianth length, xgxj;-external perianth
width/corm width, x;xg—internal perianth length/in-
ternal perianth width, x;5x;¢-leaves' number/flowers'
number. It was established that a higher binary cor-
relation is registered for couples of features describ-
ing lengths.

Multiple determination (R?)

A high degree of the multiple determination between
the studied features was distinctly expressed (Table 2).
Out of the total number of multiple coefficients 50 %
were within the very high degree, 44% - within the
high degree and 6% - within the low degree. The fea-
tures x;-flower length and x3-spate length showed a
very high degree of multiple determination. The feature
x4-spate width had weak multiple determination.

eatures| X X2 X3 X4 X5 X6 X7 Xg X9 X10 2501 X12 X13 X14 X15 X16
Samples
1 32.85 1574 1524 3231 1392 1740 10.81 18.04 2441 1562 20.14 2499 2588 39.15 28.11 34.87
2 3141 1454 14.06 22.04 15.07 23,53 1333 17.69 23.57 1141 1620 1797 1501 2571 2594 17.66
3 38.71 16.23 15,55 29.33 1538 20.34 1821 2544 1951 1785 2235 2340 1546 20.89 2455 33.90
Table 2. Coefficients of a multiple determination (R of C. veluchensis.
eatures| X X3 X3 X4 X5 X6 X7 Xg X9 X10 X11 X12 X13 X14 X15 X16
Samples
1 076 075 080 048 071 0.61 070 063 068 078 075 076 060 067 0.70 0.74
2 070 086 0.81 049 070 0.81 08 081 077 067 076 080 086 0.64 0.74 0.58
3 0.81 087 092 077 090 081 089 083 056 088 075 0.65 09 072 075 0.35
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Cluster analysis

The obtained cluster similarity between the studied
samples is relatively low (Fig. 1). This fact may be ex-
plained by the clonal structure of the studied sam-
ples. The samples from the same altitude stood close-
ly within the cluster. These ones had similar metrical
characteristics.

Distance

Fig. 1. Distance among samples of C. veluchensis.

Sample 1 - Western Rhodopes Mts, "Karachoumak" locality;
sample 2 — Western Rhodopes Mts, "Kartela" locality;
sample 3 — Western Rhodopes Mts, around dam "Batak".

Crocus flavus

Variation analysis

With the smallest dimensions of more of the fea-
tures was characterized sample 1 (Vitosha Mt, pa-
ragliding area) and with the greatest — sample 4
("Urvuch" locality). The biggest dispersal of val-
ues from the standard deviation has been regis-
tered for the following features describing lengths:
x;-stem length; x,-flower length; x3-spate length;
x11-leaf length. The rest of the features showed sta-
bility. The established variability was related to the
moderate and low variation degree (Table 3). Out
of 56 variation coefficients, 25 % fell within the low
rate, 45 % - within the moderate one, 16 % - with-
in the high degree and 14 % - in the very high de-
gree. The feature xs—external perianth length was

Table 3. Variation coefficients of C. flavus.

characterized by low variability for all four samples.
By very high variability degree for all four sam-
ples were characterized features x;-stem length and
x14-flowers' number.

Pearson's correlation coefficients (r)

The biggest percentage of the couples of features
fell within the weak (70 %) and moderate (22 %) de-
gree of binary correlation. The most significant bi-
nary correlation was measured for the following
couples: x;x11-stem length/leaf length; x,x3-flower
length/spate length; x,x;;-flower length/leaf length;
x3X)1-spate length/leaf length; xsx;—external peri-
anth length/internal perianth length; x;3x;4-leaves'
number/flowers’ number. High binary correlation
was registered for couples of features describing
lengths.

Multiple determination (R?)

The multiple determination coefficients were with-
in the high (39%) and very high (32%) degrees
(Table 4). A bigger percentage of those coefficients
have been found within the low degree (16%) in
comparison to C. veluchensis. The biggest percentage
of multiple coefficients within the very high degree
was characteristic for sample 1 (Vitosha Mt, parag-
liding area). The features x;-internal perianth length
and x;;-leaf length had the highest multiple deter-
mination. The lowest multiple determination was
registered for feature x4—spate width.

Cluster analysis
The samples collected from the zone around the vil-
lage of Bistritsa showed compactness in the assessment

eatures| X X X3 Xy X5 Xg X7 Xg X9 X109 X11 X12 X13 X14
Samples
1 4037 1336 1115 1324 11.05 19.06 1261 2221 2405 1938 19.16 1950 3535 54.66
2 40.17 1010 11.63 1613 990 1228 1043 1420 1219 1098 20.63 19.05 24.27 47.05
3 57.85 1091 9.67 1854 10.81 17.62 10.27 1491 1733 1198 1450 19.07 19.81 41.20
4 50.87 1477 16.77  15.67 7.68 15.35 8.02 18.38 16.18 13.60 2258 39.80 2732  47.70
Table 4. Coefficients of a multiple determination (R”) of C. flavus.
eatures X1 Xp X3 X4 X5 X6 X7 Xg X9 X10 X11 X12 X13 X14
Samples
1 080 0.8 077 047 079 071 08 0.67 064 062 08 060 090 0.89
2 046 075 059 054 088 050 084 073 039 048 0.64 013 065 0.69
3 076 048 050 045 0.71 048 069 054 035 030 077 042 066 0.70
4 0.68  0.81 08 049 075 068 0.87 060 027 055 086 050 0.81 0.83
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of their morphometric similarity (Fig. 2). The sample
4 from the mountain of Lozen was distinguished at
an insignificant Euclidean distance. Samples 1 and 2
from Bistritsa collected at the same altitude showed
a significant similarity with respect to their morpho-
metric characteristics. A similarity was established for
the clusters of C. flavus and C. veluchensis.

Distance

Fig. 2. Distance among samples of C. flavus.

Sample 1 - Vitosha Mt, Bistritsa village, paragliding area; sample

2 - Vitosha M, Bistritsa village, "Gergyov Dol" locality; sample 3 -
Vitosha Mt, Bistritsa village; sample 4 — Lozen Mt, "Urvich" locality.

Colchicum autumnale

Variation analysis

The values of standard deviations formed a con-
tinuous row. The biggest dispersion was shown for
lengths of the measured features. These were: x;-
flower length; x,-sheath length; x4—external perianth
length; xg-internal perianth length; x;p—corm height.
The variability was within the moderate and high de-
gree — 53 % of the coefficients fell within the moderate
degree, 37 % — within the high, 7% - within the very
high and 3% - within the low degree (Table 5). The
features xs—external perianth width and x;,-flowers'
number had the highest values of variation coeffi-

Table 5. Variation coefficients of C. autumnale.

cients for all samples. The lowest values were regis-
tered for features x;-flower length and x4—external
perianth length. Relatively the most variable was sam-
ple 4 (Bogdana peak) — 58 % of the features were with-
in the high and very high degree. The less variable was
sample 3 (Chiprovitsa peak) for which 75 % of the fea-
tures fell within the low and moderate degree.

Pearson's correlation coefficients (r)

The biggest percentage was registered for the cou-
ples of features within the weak (47 %) and moderate
(30%) degree of binary correlation. The most signif-
icant binary correlation has been established for the
couples of the following features: x;x,-flower length/
sheath length; x4xg—external perianth length/internal
perianth length; xsx;-external perianth width/inter-
nal perianth width.

Multiple determination (R2)

The multiple determination between the features
studied was distinctly expressed (Table 6). Out of the
total number of multiple determination coefficients
11.7 % were within the low, 40 % - within the high and
48.3 % — within the very high degree. The biggest per-
centage of multiple coefficients within the very high
degree was registered for sample 4 (Bogdana peak).
With a very high multiple determination were features
x4—external perianth length and x¢-internal perianth
length for which from all the samples we obtained co-
efficients within the very high degree. Relatively the
lowest multiple determination was shown by feature
xg—anther length.

eatures| X; Xy X3 X4 X5 X6 X7 Xg Xg X10 X11 X12
Samples
1 16.57 13.63 21.60 16.00 2283 16.21 2398 1337 19.82 1696 19.49 46.22
2 11.64 20.53 18.27 14.23 2343 1552 25.67 21.11 1842 2445 1986 31.51
3 15.00 15.63 30.56 12.07 22.02 1456 1998 1576 1390 1694 1996 53.38
4 16.93 2242 2354 1345 20.12 1455 2439 2226 1566 1699 2278 59.97
5 1292 1728 30.62 1234 21.23 14.06 2227 18.88 1547 20.27 2848 51.74
Table 6. Coefficients of a multiple determination (R?) of C. autumnale.
eatures| x; X X3 X4 X5 Xg X7 Xg Xg X190 X11 X12
Samples
1 0.76 0.78 0.64 0.82 0.88 0.83 0.87 0.51 0.60 0.43 0.54 0.43
2 0.62 0.63 0.6 0.88 0.81 0.90 0.71 0.57 0.60 0.41 0.63 0.68
3 0.46 0.57 0.78 0.90 0.84 0.9 0.75 0.51 0.38 0.69 0.61 0.90
4 0.86 0.78 0.71 0.91 0.83 0.87 0.82 0.46 0.39 0.60 0.80 0.77
5 0.73 0.66 0.73 0.85 0.71 0.95 0.76 0.77 0.54 0.81 0.87 0.80
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Cluster analysis

The clustering of the samples coresponded to their
origin (Fig. 3). A significant morphometric similari-
ty was found between samples 3 and 5. Sample 4 was
within the same group. All of them were collected
from Vitosha Mt, while the samples from Pirin Mts
formed a separate cluster.

Distance

samples

Fig. 3. Distance among samples of C. autumnale.

Sample 1 - Pirin Mts, "Kroushe" locality; sample 2 — Pirin Mts,
Ribarnika; sample 3 - Vitosha Mt, at the foots of Chiprovitsa
peak; sample 4 — Vitosha Mt, at the foots of Bogdana peak; sam-
ple 5 - Vitosha Mt, Bistritsa.

Conclusions

1. For the three investigated species a predomina-
tion of the moderate variability was found, but with dif-
ferences in the ratios within the other degrees. For C.
veluchensis the ratio between the moderate and high
degrees was almost equal. About C. flavus the moderate
degree was predominant and the low degree was rep-
resented up to a considerable extent. For C. autumnale
the situation was similar to the one for C. veluchensis.
We consider that this type of relations may be explained
by study of a greater number of samples. The values of
the variation coefficients formed continuous rows for
all three species. The variability had not discrete degree
of the feature complex. A higher level of variability was
established for features describing lengths.

2. The Pearson's corelation was low. The stability of
the morphometric complex was lower and it may be
supposed that there is a greater plasticity of the mor-
phometric features and hence a greater relative adapt-
ability of the studied clones. A higher relative Pear-
son's correlation was found for couples of features
describing lengths. It is possible that this dependence
might be of functional nature.

3. The multiple determination (R*) was high for
all three species. We interpret this fact as evidence for
stability of the morphometric complex, a good level
of adaptability resulting from the selection pressure at
the ecological conditions. The low degree of Pearson's

correlation is compensated by the significantly high-
er multiple determination. That syndrom has been as-
certained by us for many other cases (Delcheva 2002;
Delcheva & Peev 2002).

4. The common cluster was formed by similar mor-
phometric features for the three species (Fig. 4).

Distance
oo
I
.

Fig. 4. Distance among all samples.
Samples 1, 2, 3 - Crocus veluchensis; samples 4, 5, 6, 7 — Crocus
flavus; samples 8, 9, 10, 11, 12 — Colchicum autumnale.

Definitely, clusters from the samples per genera
(Colchicum, Crocus) were formed. The genera clus-
ters were characterized by a lower degree of similari-
ty in contrast to the ones for the separate species. The
species clusters were characterized by a higher degree
of similarity within the generalized cluster in contrast
to the similarity degree found for the separate sam-
ples. Such fact might be explained by filling of the row
of values upon which the degree of interruption and
probable variability decreases. The two species of Cro-
cus have similar morphometric characteristics due to
clonal nature of the samples.

References

Delcheva, M. 2002. Results from cluster analysis of 4 species of
genus Saxifraga in Bulgaria. - In: Temniskova, D. (ed.), Proc.
6™ Natl. Conf. Bot., Sofia 2001. Pp. 225-232. Sofia Univ. "St. KL
Ohridski" Press, Sofia (in Bulgarian).

Delcheva, M. & Peev, D. 2002. Modified balance of species of genus
Saxifraga in Bulgaria - a new approach for the evaluation of the
modified variability. - In: Temniskova, D. (ed.), Proc. 6™ Natl.
Conf. Bot., Sofia 2001. Pp. 109-114. Sofia Univ. "St. Kl. Ohridski"
Press, Sofia (in Bulgarian).

Gateyv, K. 1980. Introduction to general theory of the statistic.
Naouka & Izkoustvo, Sofia (in Bulgarian).

Lidanski, T. 1988. Statistic methods in biology and agriculture.
Zemizdat, Sofia (in Bulgarian).

Mamaey, S. 1968. Regularities in the amplitude of the variation of
the features of populations of vascular plants. - Zhurn. Obshchei
Biol., 4(29): 413-427 (in Russian).

StatSoft, Inc. 1995. Statistica for Windows [Computer program
manual]. Tulsa.




Scientific Area B « Plant diversity — past and present

205

Morphometrical variability in Bulgarian
Galanthus elwesii (Amaryllidaceae)

Boriana Sidjimova

Institute of Botany, Bulgarian Academy of Sciences, Acad. G. Bonchev St., bl. 23,
1113 Sofia, Bulgaria, e-mail: bor-sidj@bio.bas.bg

Abstract.

Galanthus elwesii has a wide horizontal (in all floristic regions) and vertical (from 0 to 1500 m alt.) distribution

in Bulgaria. Plant material from 29 different localities has been collected according to the statistical
requirements. Eight characters have been measured and calculated using STATISTICA 6.0 software package.
The comparative analysis shows small degrees in the variability (CV from 6.1 % to 29.4 %) with prevalence
of the low and extremely low degrees (80 % of the coefficients of variation). According to the cluster analysis
samples are morphometrically homogeneous, with comparatively high similarity. Only one sample from

Rhodope Mts is discrete and different.

Key words:  Galanthus elwesii, morphometry, variation

Introduction

Galanthus elwesii Hook. f. (Amaryllidaceae) is dis-
tributed in the Balkan Peninsula, the Aegean Islands,
Ukraine and Turkey (Davis 1999). In Bulgaria it has
a wide horizontal (in all floristic regions) and verti-
cal (from 0 to 1500 m alt.) distribution (Kozhuharov
1992). Galanthus elwesii has been subject of numerous
taxonomic revisions, but still there is not considera-
tion between authors about the species concept. One
of the main reasons that lead to taxonomic confusion
is that some main characters are lost, when the plant
material is pressing and drying. This makes difficult
the taxonomic revisions and necessitates a study of liv-
ing plants. Delipavlov (1968, 1971) and Artjushenko
(1970) consider that G. elwesii and G. graecus Orph.
ex Boiss. are distributed in Bulgaria. In the following
works (Brickell 1984; Davis 1997, 1999) after taxo-
nomic investigations authors conclude that G. graecus
has to be in the synonymy of G. gracilis, first described
by Celakovsky (1891). This opinion has been adopted
lately by Delipavlov & Cheshmedzhiev (2003). At the
same time other authors (Webb 1978, 1980; Kamari
1982; Kozhuharov 1992) consider that all these taxa
belong to one species — G. elwesii, first described by
Hooker in 1875 (Webb 1978). Infraspecific varia-
bility of this species is performed with a number of
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subspecies. There are some papers that examine the
problem with variability of G. elwesii. Kamari (1982)
examines the variation of some morphological char-
acters among species of genus Galanthus growing in
Greece. About G. elwesii and G. graecus she concludes
that they belong to one species, highly variable in all
morphological characters. Korkut (1994) makes a re-
search on variability of some characters of G. elwesii
compared between different samples from one pop-
ulation. He concludes that there is great variability of
all measured characters, except length of inner peri-
anth segments.

The comparison of the morphological characters
from different origins of G. elwesii has to show the
character of morphometrical variability and whether
values of measured characters are discreet, or there is
continuous variability between samples from different
origins.

Material and methods

Plant material from 29 different localities in Bulgaria
has been collected according to the statistical require-
ments (Table 1). The study was carried out on live ma-
terial. All plants were in flowering period, with bulbs.
The species has been determined according Kozhuha-
rov (1992) and Webb (1980).
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Table 1. Studied samples from G. elwesii.

No.

Sample
code

Locality

1

028a

NE Bulgaria: Obrochiste village, by the road to Balchic
town, oak forest, 219 m; E exposition, 20.02.2002.

029a

NE Bulgaria: Tsarkva village near Dobrich town, oak
forest, 117 m; E exposition, 21.02.2002.

0210

NE Bulgaria: Shumensko plateau, Carpinus orientalis
forest near the monument, 454 m; W exposition,
21.02.2002; 28.02.2004.

0211

NE Bulgaria: west slopes right of the road Omurtag-
Turgovishte, deciduous forest, 301 m; W exposition,
21.02.2002; 26.02.2004.

0216

NE Bulgaria: Tervel town, locality under the wall; NE
exposition, 20.02.2002.

0218

NE Bulgaria: Tervel town, Dan Kula locality; NE
exposition, 20.02.2002.

046

NE Bulgaria: deciduous forest between Kalinata and
Vasilevo villages, Chernata Gora locality, 300 m; NE
exposition, 27.02.2004.

047

NE Bulgaria: oak forest between Sirakovo and Surnino
villages, right on the road to Surnino; NE exposition,
27.02.2004.

048

NE Bulgaria: Shumensko plateau, oak forest at the
beginning of Bunata Reserve, on the left of the road,
555 m; NE exposition, 28.02.2004.

10

049

NE Bulgaria: Penev Grob locality between Kyulevcha
and Markovo villages, Carpinus orientalis forest, 343 m;
NE exposition, 28.02.2004.

11

0410

NE Bulgaria: the plateau above Madarsky Konnik
locality, Carpinus orientalis forest, 50 m before the
stronghold, left of the road, 450 m; NW exposition,
29.02.2004.

12

0411

NE Bulgaria: before Koprivets village, right on the
road, Carpinus orientalis forest, 265 m; SW exposition,
29.02.2004.

13

0412

Danube Valley: the valley of Chernelka River between
Kurtozhabene and Gortalovo villages, near bushes,
175 m; SE exposition, 29.02.2004.

14

0213

Danube valley: Vladimirovo village, near the Monastery,
bushes, 350 m; NE exposition, 22.02.2002.

15

0212

E Forebalkan: Sevlievo town, Tilia forest near the road
to Momina Salza hut, 400 m; NE exposition, 22.02.2002.

16

044

E Forebalkan: Veliko Turnovo town, slopes near the
main road from Veliko Turnovo to Turgovishte, near
bushes, 295 m; NW exposition, 26.02.2003.

17

031

E Forebalkan: Yoglav village, Kamuka locality, near the
forest; N exposition, 26.02.2003.

18

024

E Stara planina Mts: Karnobat town, Markela locality,
before the town, 219 m; E exposition, 18.02.2002.

19

023

E Stara planina Mts: Sliven town, near the road to
Karandila, oak forest, 848 m; W exposition, 18.02.2002.

20

0418

W Stara planina Mts: Baba peak, in the forest, 1500 m;
NE exposition, 01.02.2003.

21

0419

Sofia region: Makotsevo village, Sinigerov Dol locality,
Carpinus orientalis forest, 650 m; NE exposition,
18.03.2004.

22

0221

Sofia region: Kokalyane village, near the Urvich
stronghold, 610 m; NW exposition, 05.03.2002.

23

032

Znepole region: Trun town, Mogilata locality, 550 m;
NW exposition, 25.03.2004.

.|Sample
code
24 042  Mesta Valley: Hadzhidimovo village, St. Dimitar chapel,
deciduous forest, 450 m; SW exposition, 19.02.2004.

Locality

25 041 Pirin Mts: Musomishte village, Karacheto locality,
550 m; E exposition, 19.02.2004.

26 0413 Sredna Gora Mts: Nivata locality near the river Mativir,
Thtiman town, 600 m; N exposition, 28.05.2004.

27 034 W Rhodopes: Belovo-Yundola road, over Yadenica
River, 776 m; NE exposition, 19.03.2003.

28 035 Central Rhodopes: Ruen village near Plovdiv city,
deciduous forest near St. Ilia chapel, 600 m; NE
exposition, 19.03.2002.

29 0222 Central Rhodopes: Bachkovo village, near the road from

Monastery to children's camp, 485 m; NE exposition,
09.03.2002.

The following morphometrical characters were in-
vestigated:

1. Stem - length (cm)

2. Leaf - length and width (cm)

3. Spatha - length (cm)

4. Perianth segments
4.1 Outer perianth segments - length and width (cm)
4.2 Inner perianth segments — length and width (cm).

Over 30-50 specimens from any sample were col-
lected by random sampling and mean values of all char-
acters were calculated. All values were statistically sig-
nificant (p-value < 0.05). The measurements were taken
with accuracy 0.1 cm. Observed morphological charac-
ters were compared by mean values of different samples.
Degrees of variability were defined according the scale
of Coefficient of variation in Peev (2001): 0%-10% -
extremely low; 10.1 %-20 % — low; 20.1 %-30 % — trans-
pose; 30.1%-40% - moderate; 40.1%-50% - rising;
50.1%-60% - high rising; 60.1%-70% - significant;
70.1%-80% - high; 80.1%-90% - very high; over
90 % — exceptional variability.

Cluster analyses, Scatterplots and Correlation anal-
yses were performed using the STATISTICA for Win-
dows 6.0 StatSoft (1996) software package.

Results and discussion

Variation in measured characters among samples

The comparative morphometrical analysis of measured
characters shows small degrees in the variability. Coeffi-
cients of variation are from 6.1 % to 29.4 %, with prevail
of the low degrees — 72.8 % of the samples. 7.8 % are with
extremely low and 19.4% with transitional variation.
From measured characters, with lowest values of varia-
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bility are the length and width of inner and outer peri-
anth segments (from 6.1 % to 24.5 %) and most variable
is width of leaf - from 15.3 % to 28.9 %. Among samples
with lowest degrees are these from Northwest Bulgaria —
samples 028a, 029a, 049 (Table 2).

Table 2. Mean (cm) /first line/ and Coefficient of variation
CV % /second line/ of measured characters from investigated
samples of G. elwesii.
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Samples code
Width of leaf
Length of leaf
Length of stem
Length of outer
perianths
Width of outer
perianths
Length of inner
perianths
Width of inner
perianths

0410 0.65 10.60 2.66 993 188 106 099 0.57
230 160 125 154 13.0 152 11.1 13.6
0411 095 15.696 3.478 13.696 227 135 1.13 0.734
27.7 127 152 164 112 163 102 13.1
0412 0.787 10.102 2917 9.623 2.051 1.232 1.053 0.670
294 198 165 186 138 189 11.7 189

023 0.596 10.416 2.63 10.493 1.651 0.773 0.95 0.504
21.6 241 132 217 168 208 134 185

024  0.623 10.008 2.844 9.463 1.879 0.847 0.973 0.532
270 243 17.7 221 102 189 11.1 17.7

028a 0.937 14.608 3.386 12.632 2.087 1323 1.106 0.702
252 130 13.0 177 7.8 245 64 124

0413 0.893 11.741 2.922 11.757 2.133 1.261 1.083 0.685
215 173 168 168 120 16.6 100 13.8

0418 1.091 10.959 3.302 11.625 2.107 1.393 1.175 0.784
249 188 139 206 113 161 102 155

0419 047 988 2275 992 1.885 0.875 1.005 0.57

029a 0.959 17.66 3.162 13.393 2.078 1.141 1.087 0.731
198 95 141 141 6.1 8.1 7.7 9.8

0210 0.635 12.592 2.816 11.64 1.572 0.922 0.923 0.485
153 178 136 182 140 139 104 16.6

0211 0.828 17.126 3.179 14.774 1.77 0944 0.933 0.528
216 146 158 147 160 119 140 192

0212 0.731 1647 3.256 13.128 1.613 0.796 0.836 0.466
212 194 158 199 115 123 133 163

0213 0.638 13.604 2.917 10.104 1.578 0.743 0915 0.422
195 163 149 206 148 139 182 155

0216 1.002 15.609 3.721 12.288 1.954 0.879 0.988 0.451
189 157 184 224 106 168 157 134

0218 1.053 17.041 3.629 13.363 2.086 0.832 1.115 0.511
289 146 141 188 183 185 122 217

0221 0.671 12.757 2.827 12.822 1.713 1.183 0.985 0.588
171 224 168 201 11.8 231 93 11.0

0222 0.687 13.433 2.987 13.474 1.699 0929 0972 0.579
180 222 126 217 122 232 79 174

031  0.714 13.368 2.542 12.564 1919 1.093 1.006 0.632
190 132 158 179 11.1 183 83 11.8

032 0.77 15526 2.684 12.77 1936 1.026 0.992 0.584
171 143 126 186 107 160 84 14.0
034 0967 20.641 3.5 15909 2.175 1.381 1.187 0.806
246 193 196 201 136 208 9.1 16.0

035 0.621 14.806 2.87 12.614 2.065 1.153 1.052 0.643
183 198 169 219 116 136 83 115

041  0.598 11.466 3.372 11.894 2.016 1.150 1.000 0.638
221 258 204 256 165 171 16.6 13.1

042 0471 74 2793 8.83 1907 1.059 1.02 0.589
253 185 145 180 127 208 140 143

044  0.738 13.735 2.965 12.626 1944 1.065 1.026 0.606
163 195 124 182 128 146 9.7 152

046  0.65 10.709 2.53 10976 1.804 1.107 097 0.6
215 139 160 146 147 21.8 11.5 183

047  0.853 11.77 3.067 11.22 2203 1.243 1.077 0.68
262 142 206 154 153 210 116 187

230 231 176 205 105 148 99 141

Table 3 performs variation in the average values of
measured characters and limit values where over 50 %
of the samples exist.

Limits of variation in measured characters are com-
pared with the limits published in previous works
(Artjuschenko 1970; Delipavlov 1971; Brickell 1984;
Zeybek & Sauer 1995; Davis 1999) (Table 4). Width of
leaf, inner, other perianth segments and length of inner
perianth segments show values, corresponding to both
species G. elwesii and G. gracilis (G. graecus) according to
these authors. According to Brickell (1984) our values for
length of outer perianth segments (1.6-2.3) refer to G.
gracilis, but according to others - they are for both spe-
cies. Our values of length of leaf (7.4-20.6) according to
Davis (1999), Brickell (1984) and Zeybek & Sauer (1995)
are limits for both species, but Artjuschenko (1970) and
Delipavlov (1971) do not report values like these about
length of leaf. Length of stem with limit values 8.8
14.7 Davis (1999) refers to both species, Artjuschenko
(1970) - to G. elwesii, Brickell (1984) - to G. gracilis.

Table 3. Limit values of measured characters and values where
over 50 % of the samples exist.
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Table 4. Limits of variation in some morphological characters according to five authors.

Author Species Width of leaf Length ofleaf | Length of Length Width Length Width
stem of outer of outer of inner of inner
perianths | perianths | perianths | perianths
Davis Gelwesii  (0.5-)0.6-3.1(35)  (4.8-)5.5-25(-28)  9.0-18  1.8-2.3(~2.6) 1-1.5(-1.7) 1-1.2 0.6-0.7
(1999) G.gracilis (0.25-)0.3-0.9(-1.2-2.2) (2.3-)5.5-16(-24) 6-10(-12) 1.8-2.3(-2.6)  0.8-14 1-1.2 0.6-0.7
Artjuschenko  G.elwesii 1.5-3 7.0-10 10.0-13 2 1.3 1.1 0.6
(1970) G.graecus 0.5-0.7 -7 7.0-9.0 2.5 0.7 1.1 0.5
Delipavlov G.elwesii 1.7-2.2 6.0-9.0 2.5-2 1.2-1.5
(1971) G.graecus 0.5-1 5.0-6.0 15-20 1.7-2.2 0.8-1 0.9-1.1 0.5-0.6
Zeybek & Sauer G.elwesii 0.7-1.8(-2.8) 15-18 2 0.7-0.9 0.7-0.9 0.3-0.5
(1995) G.gracilis (0.4-)0.5-0.6 (5.5)9-17 (12-)1.8-22  0.8-1.2 0.8-1.1 0.3-0.5
Brickell G.elwesii (0.6-)1.3-2.5(-3) (7.5-)12-20(-32)  12.0-28.0 2.0-2.7  (0.9-)1.2-1.9 1-1.5 0.5-0.8
(1984) G.gracilis 0.3-0.5(=0.7) (5-)8-11(-15)  8.0-14.0 1.5-2.6 0.7-1.0 0.7-1.1 0.3-0.5

Correlation analysis

Simple linear correlation (Pearson r) shows great corre-
lation (between 0.92 and 0.84) between width of outer
and width of inner perianth segments, length of leaf and
length of stem, length of outer and length of inner peri-
anths and width and length of inner perianth segments.
The lowest values of correlation are between length of leaf
and width of outer perianth segments — 0.08 (Table 5).

Scatterplots show that investigated samples are
from one species, rather homogeneous, according to
the investigated features (Fig. 1). Almost all points
form one shape, like "cloud”. Some seven samples are
separated - 0212, 0213, 0216, 0218, 042, 0418, 032.
The pictures of the normal distribution are indicator
for the clone-population structure of this species.

Cluster analysis

Cluster analysis from 29 different origins of G. elwesii
based on nine morphological characters is shown in
Fig. 2. Single linkage method and Euclidian distan-
ces are used when clustering. Five clusters are formed.
Cluster 1 included samples with the lowest values of
measured characters. Their variables are under mean
values for those characters. These samples occurred in
dry, open places or in light Carpinus orientalis forests

Table 5. Correlation coefficients between measured characters (*shows positive correlation).

and near bushes. Cluster 3 included samples that have
values above mean value for every character. Most of
them grow in oak forests with rich soils, or near riv-
ers on alluvial soils and enough moisture. Samples in
clusters 2 and 4 have changeable values of investigat-
ed characters and middle position between 1* and 3™
clusters. All these four clusters have a great similari-
ty and small linkage distance from the overall similar-
ity line. Only cluster 5 is different from the others. It
has a single sample — 034 from Western Rhodope Mts
near Yadenitsa River above Belovo town. All measured
characters of this sample are with high, above mean
values. Another special feature is that leaves are longer
than stem. In all other cases the stem is longer.

Conclusion

The study of variability of 29 samples of G. elwesii,
grown in Bulgaria, shows low and continuous variabil-
ity according measured characters. These undiscreet
values are typical for clone-population structure of one
species. Scatterplots show that population structure
prevails at this stage of development of G. elwesii clone-
populations. According to the cluster analysis samples
are morphometrically homogeneous, with compara-
tively high similarity. Only the
sample 034 from the Rhodopes

Width | Length | Width | Length |Length| Width |Length ig discrete and different. The re-
Variable of inner | of inner | of outer | of outer of |ofleaf| of . i
perianths|perianths|perianths|perianths| spatha leaf sults confirm that investigated
Length of stem 0.33 0.36 0.29 026  0.60* 061* 090* | clone-populations belong to one
Length of leaf 0.16 0.27 0.08 02 063 061 - species with no differentiation on
Width of leaf 047+  0.68*  046*  0.61* 078 subspecies. Only according to en-
Length of spatha 0.24 0.47 0.26 0.45 vironmental conditions (most-
Length of outer perianths 0.79%* 0.88% 0.76* IY the moisture) Clone_popula_
Width of outer perianths 0.92* 0.77* tions from different origins are
Length of inner perianths 0.84% arranged in two main groups.
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Fig. 1. Scatterplots of measured characters from investigated samples of G. elwesii.

Tree Diagram for 29 Cases
Single Linkage
Euclidean distances

\%

Fig. 2. Cluster analysis for 29 [ ! ! ! : : :
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Abstract.

Section Heleolinum is a new section of the genus Linum, described by Egorova in 1998. It includes one

species which has two subspecies: L. seljukorum subsp. seljukorum, Turkish endemic and L. seljukorum subp.
barsegianii, Armenian endemic. The dichotomic key of the sections, which are found in Turkey, is given.
Detailed morphological characteristics with line drawings and a distribution map of L. seljukorum subsp.

seljukorum are presented.

Key words:
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Introduction

So far the genus Linum was represented by 5 sec-
tions in the Flora of Turkey and the East Aegean Is-
lands (Davis 1967) — Sect. Cathartolinum Griseb.,
Sect. Linastrum (Planch.) Winkl., Sect. Syllinum
Griseb., Sect. Dasylinum (Planch.) Juz., and Sect.
Linum (= Sect. Eulinum Griseb.). The section Da-
sylinum is characterized by having hairy leaves, of-
ten large pink or white flowers, short pedicels, hairy
sepals, coherent petals, hairy or glabrous capsule.
It is represented by 8 species in the Flora of Tur-
key (Davis 1967): L. olympicum Boiss. (endemic), L.
hirsutum L., L. unguiculatum P.H. Davis (endemic),
L. densiflorum P.H. Davis, L. hypericifolium Salisb.,
L. pubescens Banks & Sol., L. anisocalyx P.H. Davis
(endemic), and L. seljukorum P.H. Davis.

Davis (1967) mentioned L. seljukorum in the Flo-
ra with the remark "A very distinctive species, perhaps
deserving a separate section; its small petals, homo-
styly, and sepals * equal to the capsule are not found
elsewhere in Sect. Dasylinum". According to Davis
Turkish specimens from Konya region and Armeni-
an specimens from regions around the mountain Ara-
rat are both L. seljukorum. New gatherings from Ar-
menia (Ararat region, near Ararat village) showed that
there are several different characteristics from L. selju-
korum, and Gabrielian & Dittrich (1992) described

Armenian specimens as a new species, L. barsegianii
Gabrieljan & Dittrich. They placed this new species
together with L. seljukorum in the Sect. Halolinum de-
scribed by Egorova (1973). Because the "halolinum"
epithet was previously used by Planchon (1847) and
does not match botanical nomenclatural rules, the
name of the section was changed as Heleolinum T.V.
Egorova (Egorova & Gabrielian 1998). Later, Egorova
changed the rank of L. barsegianii into a new combi-
nation of L. seljukorum subsp. barsegianii (Gabrieljan
& Dittrich) T.V. Egorova (Svetlova 2007).

With the addition of this new section to Turkish
Flora, the diagnostic key for the sections of genus Li-
num is proposed. The description and detailed hand
drawn morphological characteristics, as well as the
distribution area of L. seljukorum subsp. seljukorum
are given.

Material and methods

The specimens of L. seljukorum were collected from
different localities from Aksaray-Konya regions in
2005. They are kept in Marmara University, Faculty
of Arts and Sciences Herbarium (MUFE). Specimens
found in different herbaria in Turkey were also exam-
ined. Description of L. seljukorum is given according
to the Flora of Turkey and all these studied specimens.
Line drawings were hand drawn.



212 Plant, fungal and habitat diversity investigation and conservation « Proceedings of IV BBC — Sofia'2006

Results

A new identification key of the sections of the genus
Linum in Turkey was elaborated.

Identification key of genus Linum in Turkey

1. Usually annuals; leaves opposite; petals white, less than
5mm.......... L. cathartolinum (Sect. Cathartolinum)

1*. Rarely annuals; leaves alternate (or the lowest rarely op-
posite); petals usually coloured; if white, then more than
SIM oo 2

2. Annuals with small yellow flowers (petals 3-8 mm);
capsule2-3mm..........c.coooeiiin..n Sect. Linastrum

2*, Perennial, or if annual or biennial, then flowers and
capsuleslarger ...l 3

3. Petals yellow or white, coherent below; stem with ridges
decurrent from the leaf bases; stipular glands often present;
sepals usually keeled, at least in fruit ...... Sect. Syllinum

3*. Petals blue, lilac, pink or white, free or coherent; stem
terete; stipular glands absent; sepals not keeled........... 4

4. Pedicels short, hairy like the sepals; petals coherent or
free; capsule usually hairy......................L 5

5. Petals more than 10 mm, lilac, pink or white, coherent,
heterostylic ..................ooo Sect. Dasylinum

5*. Petals less than 10 mm, blue, free, homostylic. .. .......
...................... L. seljukorum (Sect. Heleolinum)

4*, Pedicels long, glabrous like the sepals; petals always
free, blue, lilac or white; capsule glabrous . . .. Sect. Linum

Sect. Heleolinum T.V. Egorova: Annual herbs. The
leaf margins glandular-ciliate. Flowers small and blue,
petals free, homostylic, fruiting pedicels short. The
margins of the sepals glandular-ciliate. Stigmas linear-
clavate. Sepals + equal to the capsules.

This section is represented by one species with two
subspecies and they are identified by the following
characters:

L. seljukorum subsp. seljukorum: Stem 6-20 cm,
straight, greyish with blue flowers, calyx shorter or
equal to capsule. Distributed around Tuz Lake in Kon-
ya. Turkish endemic.

L. seljukorum subsp. barsegianii: Stem 10-35 cm,
slightly curved, straw coloured with 5-14 pinkish
flowers, calyx longer than capsule. Distributed around
Ararat Mt. Armenian endemic.

Description of L. seljukorum subsp. seljukorum

L. seljukorum P.H. Davis in Notes R.B.G. Edinb. 22:
147, t. 7 (1957) (Fig. 1)

Annual herb, 3-25 cm. Stems ascending, usual-
ly branched and ending into unilateral cymes. The
upper half of stems softly hirsute, the lower half
sparsely hirsute or glabrous. Basal leaves obovate-
spathulate, fleshy, glabrous or sparsely hirsute, not
glandular margined. Median cauline leaves ovate-
oblong or lanceolate, 4.5-15 mm long, 1-4 mm
broad, 3-nerved, pilose-villous with glandular-cil-
iate margins. Flowers homostylic; sepals 4-5 mm,
obtuse, acute, densely villous with glandular-cil-
iate margins. Petals 7-8 mm, blue, free, nerves
bifurcated in the upper half. Stigmas linear-cla-
vate. Capsule 4 mm, beaked, ovate-globose, the
apex sparsely pilose. Carpels 5, ovary 10-locular.
Seeds elliptic, light brown-yellowish, 2.4-2.5 mm.
Fl. 6-9. Dry mud at edge of saline marshes, ca.
1000 m.

Distribution of L. seljukorum subsp. seljukorum
(Figs 2, 3)

Type: Turkey C4 Konya - Konya to Kasinhan,
1000 m, 07.09.1947, Davis 14777 (holo. E!, iso. K!).

B4 Konya: Aslim arid marshes, ca. 1010m,
09.08.1960, E. Yurdakulol, ANK 51!; B4 Konya: Ci-
hanbeyli, Bulok Lake, ca. 1010 m, 04.08.1960, Khan,
Prance, Ratchiffe, ANK 445!; B4 Konya: Cihanbeyli,
Tuz Lake near Cihanbeyli, 10.08.1971, E. Ozhatay &
C.M. Rogers, MUFE 4211!; B4 Aksaray: Sultanhani
salt marshes, (Nigde),910m, 02.08.1986, E. Leblebici
6817, 0. Segmen, ISTE 68100!; B4 Konya: Cihanbey-
li, Bulok Lake environs, 1000 m, 13.08.1993, M. Ko-
yuncu 10653, AEF 17944!; B4 Aksaray: Sultanhani,
940 m, 18.07.1996, M. Vural 7576, N. Adigiizel, M.
Oztekin, GAZI!; B4 Konya: Tuz Lake, Aksaray-Es-
kil (near Selam cemetery), 950 m, 14.07.1997, M.
Aydogdu, AEF 3844!; B4 Konya: Golyazi-Tersakan,
980 m, 22.07.1997, GAZI 7929!; B4 Aksaray: Ak-
saray-Konya road, 2 km to Sultanhani, 23.06.2005,
940 m, N. & E. Ozhatay 10320, N. Safak, MUFE!;
B4 Aksaray: East of Eskil, 24.06.2005, 950 m, N. &
E. Ozhatay 10345, N. Safak, MUFE!

Endemic; Ir.-Tur. element.
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Fig. 1. Linum seljukorum subsp. seljukorum: a — plant; b, ¢ — basal leaves; d - median cauline leaf; e — sepal; f — petal; g - capsule
[E.O. 10345 (MUFE)].
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Fig. 2. Distribution map of L. seljukorum in Turkey.
\ o References
jereflikochlsar Davis, PH. 1957. Materials for a Flora of Turkey. II.

Linum Linn. - Notes Roy. Bot. Gard. Edinburgh,

22(3): 135-161.

-3 Toz Gald Davis, P.H. 1967. Linum L. - In: Davis, P.H. (ed.),

l:‘ihu?ﬂhyli (Tuz Lake) Flora of Turkey and the East Aegean Islands.
F 9 Vol. 2, pp. 425-450. Edinburgh Univ. Press,

o Edinburgh.
m‘u : S '
ATTS el W Egorova, T.V. 1973. Flora Armenii. Vol. 6, p. 198.
i A Akad. Nauk Armjanskoj S.S.R., Jerevan (in
4 % Russian).

1

b Eskil Egorova, T.V. & Gabrielian, E. 1998. Notulae
Criticae de Generis Linum L. (Linaceae)
A Speciebus Nonnullis in Flora Armeniae. -

Sokkaai Novosti Sist. Vyssh. Rast., 31: 159-160.

Gabrielian, E. & Dittrich, M. 1992. Linum
barsegianii Gabr. & Dittr., a new species from
Armenia. — Candollea, 47(1): 71-76.

Planchon, J.E. 1847. Sur la famille des Linées. —
London J. Bot., 7: 588.

Kon
uya Svetlova, A.A. 2007. Genus Linum L. (Linaceae
g- DC. ex Perleb) in the flora of North Eurasia:
Kaginhani systematics, geography, evolution. PhD Thesis.

Bot. Inst. V.L. Komarova RAS, Saint Petersburg
Fig. 3. Distribution map of L. seljukorum (A) in Konya-Aksaray region. (in Russian, unpubl.).




Scientific Area B « Plant diversity — past and present

215

The rediscovery of Galium huber-morathii (Rubiaceae):
a local endemic species of Bozkir (Konya / Turkey)

Osman Tugay & Kuddisi Ertugrul

Selguk University, Faculty of Science and Literature, Department of Biology, Campus,
42075, Selguklu, Konya, Turkey, e-mail: otugay@gmail.com

Abstract.

This study is based on morphological investigation of Galium huber-morathii. The species is a narrow endemic

recorded from a very limited area of Bozkir (Konya / Turkey). Huber-Morath was the first botanist to collect
specimens of this species, from the Konya: Bozkir region in 1948. Until we collected it in 2003, no one seems
to have reported a second collection. Some deficiences dealing with G. huber-morathii were eliminated, and
the description was prepared again. Distribution, habitat and ecology, flowering time, altitude and threat

category of this plant were given.

Key words:
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Introduction

In terms of species numbers, Galium L. (Rubiaceae)
is represented by ca. 400 taxa. It is the richest genus
in Turkey. Galium is represented with 105 species; 51
of them are endemic. The rate of endemism is about
49 % (Davis & al. 1988; Giiner & al. 2000).

Material and methods

In the scope of the project called "The Flora of The
Region Among Bozkir-Cumra Apa Dam and Had-
im (C4 Konya)", and founded by Scientific Research
Projects Coordination Office (BAP-2002/120 and
BAP-2006/067010589), the local endemic taxon Ga-
lium huber-morathii Ehrend. & Schonb.-Tem. was col-
lected from Bozkir area. The first specimens of this
species were collected during an expedition by Huber-
Morath to the area around Bozkir, South Anatolia in
June 1948. These specimens were described as a new
species by E Ehrendorfer and E. Schonbeck-Temesy in
1979. In the 7" volume of Flora of Turkey and the East
Aegean Islands the authors indicated that, although al-
lied to them, G. huber-morathii is distinct from G. tmo-
leum Boiss. and G. mite Boiss. & Hohen. (Ehrendorfer
& Schonbeck-Temesy 1982). Some deficiences dealing
with G. huber-morathii were eliminated, and the de-
scription was prepared again in this research.

The specimens collected were identified with the help
of Flora of Turkey and the East Aegean Islands (Ehrendor-
fer & Schonbeck-Temesy 1982; Davis & al. 1988; Giiner
& al. 2000). The Herbarium of KNYA was used to check
some of the specimens. The authors of species names
are written according to Brummitt & Powell (1992). The
plant specimens prepared for herbarium collections have
been stored in the Herbarium of KNYA.

Results and discussion

Description

The following description is based on our own obser-
vations and that given in the Flora of Turkey (Ehren-
dorfer & Schonbeck-Temesy 1982).

Galium huber-morathii Ehrend. & Schonb.-Tem.
(Fig. 1)

Type: Turkey C4 Konya - Konya to Bozkir, gorge of
Carsamba River, 74 km from Konya, limestone rocks,
1060 m, 14.06.1948, Huber-Morath 9336 (holo. Hb.
Hub.-Mor.! Iso WU!)

Perennial with woody rhizome. Stems numerous,
(10-) 20-35 (-45) cm, lignescent at base, weak, frag-
ile, erect to ascending, glabrous, * shining; internodes
+ equal, (1.5-) 2-5 cm. Leaves in whorls of (4-) 6, sub-
petiolate, glabrous, + shining; lamina 10-25 x 1-2 mm,
narrowly elliptic, + linear, acuminate to mucronate,
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with hyaline apex, margins flat and smooth (Fig. 2). In-
florescence ovoid, with monochasial ultimate branch-
es, glabrous; peduncles (10-) 15-30 mm, pedicels fil-
iform, 1.5-4 mm; lowermost bract leaf-like, upper
reduced or absent. Corolla white, 2.5 (-3) mm in di-
ameter, nearly rotate, tube 0.2-0.4 mm, lobs ovate, api-
culate, 1-1.5 mm (Fig. 3). Anthers 0.3-0.5 mm, cylin-
drical, yellowish-green. Ovary adpressed-hairy at base.
Mericarp * single, broadly ellipsoid, 1-1.5 mm, rug-
ulose, glabrescent or minutely hairy. Flowering May-
June. Limestone rocks, ca. 1200 m.

Distribution

[Turkey] C4 Konya: Bozkir, Mavibogaz, gorge of river
Carsamba, limestone rocks, 37°16'N, 32°16'E, 1200
m, 09.07.2003, O. Tugay 3343.

As a result of our field studies, this species, which
was known only from its type locality, has been col-
lected from the locality of gorge of Carsamba River in
Bozkir as given in the Flora of Turkey. However, accord-
ing to our studies, we have observed the existence of the
species at 8" km of the Bozkir-Mavibogaz road on the
rocks. The populations were healthy in both localities.

| Fig. 1. Habitat of
| G. huber-morathii.

Fig. 2. Leaves of
G. huber-morathii.

Fig. 3. Flowers and fruits
of G. huber-morathii.

Habitat and ecology

Known locality is on limestone rocks in the gorge of
Carsamba River (Fig. 1). The vertical distribution is be-
tween 1000-1200 m. It shares its habitat with Equisetum
ramosissimum Desf., Cheilanthes marantae (L.) Domin,
Ceterach officinarum DC., Ephedra major Host, Fibigia
eriocarpa (DC.) Boiss., Clypeola ciliata Boiss., Alliaria
petiolata (M. Bieb.) Cavara & Grande, Viola odorata L.,
Viola heldreichiana Boiss., Smyrnium connatum Boiss.
& Kotschy, Campanula buseri Damboldt, Androsace
maxima L., Vinca herbacea Waldst. & Kit., Neatoste-
ma apulum (L.) Johnst., Andrachne telephioides L., Al-
lium lycaonicum Siehe ex Hayek, and Fritillaria crassifo-
lia Boiss. & A. Huet subsp. crassifolia.

Threat category

According to Ekim &al. (2000), this species is classified as
“endangered (EN)". In this article, we have reviewed this
assessment using the most recent version of the [UCN
Red List Categories (IUCN 2001). Galium huber-morathii
is an endemic species known only from the type gather-
ing. The range of this species is limited to a single location
and its area of occupancy is estimated to be less than 5 km
(criteron B2a), the mature individual plants number be-
ing less than 250 (criteron C). Therefore it can be includ-
ed in CR (Critically Endangered) category (IUCN 2001).

‘We thank to the Curators of KNYA, GAZI

and ANK, who allowed us to study their other Galium specimens.
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Abstract. In this study, Delphinium balcanicum (Ranunculaceae) was added to the flora of Turkey with a specimen
collected from European Turkey, A1(E): Tekirdag, Edirne, Canakkale. A short description of the species and
its distribution are given. Its relationships with D. venulosum and D. hellenicum are discussed.
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Introduction ra of European Turkey, we came across some interesting

Delphinium L. is a difficult genus, many of its taxa being
connected by intermediates, possibly of hybrid origin.
Several species centred in the Caucasus reach their lim-
it in NE Anatolia (Davis 1965). It is usually widespread in
Europe, Anatolia, the Balkans and Mediterranean region.
There are 25 species of this genus in Europe (Pawlowski
1993) and 6 species in the Balkans (Polunin 1987). 22 spe-
cies of Delphinium in Flora of Turkey and the East Aegean
Islands are recorded, 4 of which are endemic. Only 2 Del-
phinium species are present in European Turkey (Davis
1965). During our ongoing efforts to further study the flo-

Delphinium specimens that were collected in 1987-1988
from Edirne, Canakkale and Tekirdag by Dane. Following
Davis (1965), Polunin (1987) and Pawlowski (1993) this
specimen was determined as Delphinium balcanicum. Af-
ter examination of the known bibliographical references
(Davis 1965; Webb 1966; Davis & al. 1988; Alpinar 1993;
Ozhatay & al. 1994, 1997, 2000; Giiner & al. 2000; Dane
& Dalgi¢ 2001), it became clear that this taxon is a new
record for the flora of European Turkey. But in recent
years, although the presence of this species in Thrace had
been recorded by Pawtowski (1993), recorded specimens
are needed that belong to this species. For this reason in
this study the presence of D. balcanicum in

BULGARIA LRt w mnoa

European Turkey is exposed depending to
specimens.

1 Material and methods

; The studied D. balcanicum material was
=X N collected in 1987 and 1988, during floristic

excursions in European Turkey. Voucher

s specimens were deposited in the Herbar-

r

ium of Trakya University (EDTU). These
specimens were determined according
to the Flora Europaea (Pawlowski 1993),
Flowers of Greece and the Balkans (Polun-
in 1987) and Flora of Turkey (Davis 1965).
The distribution of the determined taxon

Fig. 1. The localities of D. balcanicum in European Turkey.

in European Turkey is presented in Fig. 1.
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Results

Delphinium L.

Perennial, biennial or annual herbs.
Flowers zygomorphic, borne in ra-
cemes. Leaves alternate, palmate-
ly divided. Perianth biseriate, sepals
and petals are petaloid. Sepals 5, the
posterior spurred. Petals 4, in 2 dis-
similar pairs, the upper pair with
nectariferous spurs inserted into
the sepal spur. Stamens in 8 spirally
arranged series. Follicles 3(-5).

This genus includes 3 sections:
1. Sect. Delphinastrum DC.; 2. Sect.
Delphinium  (Delphinellum DC.);
3. Sect. Staphisagria DC.

Delphinium balcanicum belongs
to Sect. Delphinium.

Delphinium balcanicum Pawt.
(Figs 1-3)

Annual. Stem 20-40 cm, slender,
sparsely branched, with blue-violet
flowers and usually upward-point-
ing spurs; with cylindrical spike.
Uppermost leaves linear entire, low-
er usually tripartite. Inflorescence
mostly very dense (rarely more or

Incl; Formas Land

Fig. 3. Herbarium material of D. balcanicum.

Fig. 2. D. balcanicum:
a — general view; b - flowers.
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less lax). Flowers with long spreading hairs. Blade of
inner lateral perianth segments like a ping-pong bat,
the outside of outer segments is hairy. Perianth seg-
ments 6-9 mm, patent-pilose. Spur up to twice as
long as perianth segments. Follicles 5-7 (-9) mm,
2-3 times as long as wide, densely covered with rather
long patent hairs. Open grund, cultivated places (Pol-
unin 1987; Pawlowski 1993).

General distribution: Balkan peninsula — Bu, Gr, Ju, Tu.
Distribution in Turkey: European Turkey.
Distribution in European Turkey: A1(E) Canakkale:
Eceabat, Seddulbahir, 40°11'02" N, 26°21'23"E, 0 m alt.,
07.07.1987, leg. & det. F. Dane (EDTU 1733); A1(E)
Edirne: Budak Doganca, 41°45'37"N, 26°20'33"E,
98 m alt., 08.07.1988, F. Dane (EDTU 2398); A1(E)
Edirne: Siileoglu, road side, 41°46'02" N, 26°54'43"E,
156 m alt., 14.07.1988, F. Dane (EDTU 2469); A1(E)
Tekirdag: Sarkdy, road side, 40°36'58"N, 27°06'03"E,
0 m alt., 15.07.1988, F. Dane (EDTU 2573).

Discussion

The morphology of the collected specimens of this
species is identical with that given by Pawlowski
(1964). Delphinium balcanicum is closely related to
D. venulosum Boiss. (which was recorded in Turkey
B5 Kayseri), but differs from it with its simple pilose
stems, very dense inflorescence and follicles that are
7-9 mm long while follicles are 5-6 mm in D. venu-
losum (Davis 1965). And also it is closely related to
D. hellenicum Pawl. that spreads in Greece, but dif-
fers from it in type of hairs and blade of inner lateral
perianth segments. Delphinium hellenicum is hairless
and the blade of its inner lateral perianth segments is
heart-shaped at base. Delphinium balcanicum has long

spreading hairs and the blade of the inner lateral peri-
anth segments is rounded.
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Abstract.

In this study, the descriptions of 6 endemic Jurinea species collected from different localities in Turkey

and studied morphologically were reviewed in the light of the literature data and our observations. The
distributions of the endemic taxa are as follows: J. brevicaulis and J. cadmea have local distribution; J. alpigena,
J. ancyrensis and J. cataonica have regional, and J. pontica has larger distribution. The photos of some taxa
were presented. [UCN red list categories of the taxa were evaluated based on literature data and our field
observations. Also their map of distribution was given.
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Introduction

Turkey has very rich flora with about 10 000 taxa
and 33 % of endemism. The genus Jurinea Cass. is
distributed in large areas of the world from West of
Europe to Central Asia. It especially spreads in the
Mediterranean and Irano-Turanian phytogeograph-
ic regions. The genus is represented by 200 species
in the world. Turkey is one of the main centres of di-
versity for Jurinea (Danin & Davis 1975). The genus
comprises 19 taxa occuring mainly in the Mediter-
ranean and Irano-Turanian regions (Danin & Davis
1975; Duman & Aytag 1999). Generally, Jurinea spe-
cies grow on stony calcareous cliffs, seashores, gyp-
sum fields, rocky mountain summits, open woods
and shrubs, steppes, fallow fields, sandy beaches, for-
ests, rocky slopes, and on maritime limestone cliffs
in Turkey. There are 6 endemic taxa of Jurinea, and
the endemism value is about 31.57 % in Turkey. The
endemic taxa of the genus are localized especially in
Bozdag, Akdag, Siinnice Mts, East and West Anato-
lia. In this study, some distributional and morpho-
logical data for all 6 endemic Jurinea species were
given. We also reviewed their IUCN red list catego-
ries previously evaluated by Ekim & al. (2000), using
the most recent version of the IUCN Red List Cate-
gories (IUCN 2001).

Material and methods

The plant samples were collected from different local-

ities in Turkey during field trips from 2004 to 2005.

The specimens were stored at different herbaria (KN-

YA, GAZI, HUB) in Turkey. The collecting localities

of the species are as follows:

® ] cadmea - B2 Izmir: Odemis, Bozdag, rocky moin-
tain summits, 1530 m, 05.07.2005, B. Dogan 1004;

® | alpigena — A4 Karabiik: Yenice, Keltepe, 1500 m,
10.07.2005, B. Dogan 1015;

® ] pontica — A3 Sakarya: Sapanca Lake, 40-50 m,
09.07.2005, B. Dogan 1011; A4 Cankirt: Cankiri-
Ilgaz road, 3 km, gypsum steppes, 1100 m,
10.07.2005, B. Dogan 1016;

® | brevicaulis - B7 Erzincan: Erzincan-Cayirli road,
Akdag, 1550 m, 07.08.2005, B. Dogan 1028;

® ] ancyrensis — B7 Elazig: Harput, 1450 m,
03.06.2005, B. Dogan 1021; B7 Elazig: Baskil, the
village of Hac1 Mustafa, 1850 m, 03.08.2005, B.
Dogan 1022;

® | cataonica - B7 Erzincan: Erzincan-Cayirh road,
Akdag, 1750 m, 07.08.2005, B. Dogan 1029.

The specimens were studied morphologically,
and the descriptions of the species were reviewed in
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the light of the literature data and our observations.
TUCN red list categories of the species were evaluated
through our field observations and the literature data
(Danin & Davis 1975; Ekim & al. 2000; IUCN 2001).

Results and discussion

Jurinea cadmea Boiss. (Figs 1, 2)

Dwarf acaulescent rosulate perennial. Leaves pinna-
tisect or rarely lyrate-pinnatisect, lateral segments
5-7 x 2-3 mm, oblong, obtuse, apiculate, with undu-
late margin, green to grey, pitted above, white-arach-
noid beneath. Capitula sessile or rarely on short scape
up to 8 cm. Involucre globose, 10-20 mm broad;
phyllaries 5-seriate, outer reflexed, arachnoid, 2-3 x
1-2 mm, inner erect, 13-14 x 2 mm, glabrous. Flow-
ers lilac-pink. Achenes 4-5 mm, longitudinally striate.
Pappus 2 times as long as achene, hairs scabrous. F1.
6-8. Rocky mountain summits. 1070-2100 m.

We determined this species from one location in
Bozdag (Izmir). Its area of occupancy was very small,
but the population had approximately 100 individu-
als. It is known also from Izmir (Danin & Davis 1975).
Taking these data into consideration, this species was
graded as "Vulnerable VU". Our evaluation agrees
with Ekim & al. (2000).

J. alpigena C. Koch (Fig. 1)

Rosulate perennial, with woody base. Stems/peduncles
simple, arachnoid-floccose, 15-40 cm x 1-4 mm, with
(0-)1-3 small leaves. Rosette leaves petioled, entire to
pinnatisect, 4-9 cm, green, sparsely arachnoid-pilose
and pitted-glandular above, white and densely arach-
noid beneath. Capitula solitary. Involucre hemispher-
ical, 15-30 mm broad; phyllaries 4-5-seriate, + ad-
pressed, outer 10-12 X 3 mm, inner 12-16 x 1-1.5 mm.
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Fig. 1. Distribution map of: Jurinea cadmea (@), J. alpigena (A ),
J. pontica (M), ]. brevicaulis ' IV ancyrensis (#%), J. cataonica (¥).
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Fig. 2. J. cadmea in the wild.

Flowers bright purple to pink. Achenes nearly smooth.
Pappus hairs barbellate. Fl. 5-7. Rocky and sandy beach-
es, rocky slopes, and fallow fields. Up to 2740 m alt.

We determined this species from Keltepe (Karabiik).
The population had approximately 200 individuals. Juri-
nea alpigena is known in Kirklareli, Bolu, and Sinop dis-
tricts from about 10 locations in an area covering 10 000
35 000 km> These data taken into consideration, this
species was graded as "Lower risk LR (Ic)" as in the Red
Data Book of Turkish Plants (Ekim & al. 2000).

J. pontica Hausskn. & Freyn ex Hausskn. (Fig. 1)

Perennial. Stems 20-70(-125) cm, usually branched
above, diameter ranging from 2-6 mm at base to 1-2 mm
above, leafy throughout. Radical leaves 3-12 cm, pinnati-
sect, lobes narrowly linear with revolute magrin; median
cauline leaves decurrent, pinnatisect, 1.5-7 cm; upper-
most leaves entire, linear (2-25 x 1-2 mm), longer ones
decurrent. Stem and leaf indumentum as in J. consan-
guinea. Capitula usually many (5-15), borne on (1-)5-
20 cm branchlets. Involucre subglobose, 15 x 10-20 mm;
phyllaries 6-7-seriate; outer 2—4 x 1 mm; median 4-7 X
1 mm, herbaceous, arachnoid, with glabrous, black, re-
flexed to erect tips; inner 10-12 x 1-2 mm, glabrous,
spinescent and erect. Flowers purple. Achenes smooth to
longitudinally striate, 3 mm. Pappus hairs barbellate. Fl.
6-8. Woods, steppes, fields and slopes. 50-1450 m.
Jurinea pontica is classified as "Lower risk LR
(Ic)" according to the recent Red Data Book of Turk-
ish Plants (Ekim & al. 2000). It is distributed in Sakar-
ya, Bilecik, Cankir1, Amasya, Samsun, Eskisehir, Kay-
seri, Sivas, Konya, and Sivas provinces (Danin & Davis
1975). Its observed population is very rich and its ex-
tent of occurrence is more than 20000 km’. Popula-
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tions are not distant from each other, and negative
extreme fluctuations in extent of occurence, area of
occupancy, and number of individuals are not expect-
ed. We agree with Ekim & al. (2000).

J. brevicaulis Boiss. (Figs 1, 3)

Perennial. Stems 15-25 cm, erect, adpressed-tomentose,
1-3 mm in diameter, emerging from a thickened base
built up of woolly leaf bases. Stems mostly corymbose-
ly branched above with 2-5 capitula solitary on simple
3-7 cm branches, leafy throughout; upper leaves involu-
crate. Cauline leaves oblong-lanceolate, attenuate at base,
25-90 x 3-10 mm, lower ones petiolate, glandular-pitted,
slightly papillose-arachnoid above, densely arachnoid be-
neath. Involucre obconical with tapering base, 25-35 x
20-25 mm; phyllaries 5-6-seriate, floccose, adpressed and
lanceolate, outer unarmed, inner tapering to a 3-9 mm
spine. Flowers purplish-pink. Achenes smooth. Pappus
hairs plumose, 2-3 times as long as achenes. Fl. 8. Stony
igneous hillsides, steppes, bare slopes. 1400-1900 m.
This species is known from more than 10 loca-
tions in Giimiishane and Erzincan provinces. In ad-
dition, its observed population is very rich. Therefore,
it should be classified as "Lower risk LR (Ic)" as in the
Red Data Book of Turkish Plants (Ekim & al. 2000).

J. ancyrensis Bornm. (Figs 1, 4)

Perennial. Stems 15-40 cm, procumbent, usually simple,
villous, woolly with + straight hairs at base, slender (2 mm

Fig. 3. J. brevicaulis in the wild.

diam.), densely leafy throughout. Leaves oblong-line-
ar, 2.5-6 mm broad, greyish lanate, sessile, shortly sub-
cordate and auriculate at base, not involucrate, 15-25 x
2.5-4 mm, patent to reflexed. Capitula solitary. Involucre
obconical with rounded base, 30-35 x 20-30 mm; phyl-
laries many, 7-8-seriate, lax, slender, 2-30 mm, lanceo-
late-acicular, tapering to a slender 5-10 mm spine with
adpressed crisp hairs, outermost short, patent. Flowers li-
lac. Achenes smooth, coronulate. Pappus hairs plumose.
Fl. 7. Igneous slopes, over-grazed steppes. 1100-1400 m.

We determined this species from Elazig. The popula-
tion has approximately 150 individuals. Jurinea ancyren-
sis is known in Malatya, Tunceli and Adryaman districts
from about 10 locations in the area covering 5000-
25 000 km?. Taking these data into consideration, this
species should be graded as "Lower risk LR (Ic)" as in the
Red Data Book of Turkish Plants (Ekim & al. 2000).

J. cataonica Boiss. & Hausskn. (Figs 1, 5)

Perennial. Stems 30-45 cm, erect, glabrescent or ca-
nescent, woody and woolly with crisped hairs at
base, 2-4 mm in diameter, densely leafy throughout.
Cauline leaves lanceolate, acute, (25-)50-75 x (3-)12—
20 mm, patent to deflexed with subcordate-auricu-
late base, green and glabrescent, sometimes tomen-
tellous beneath; uppermost leaves linear-lanceolate,
much shorter and narrower, not involucrate. Capitu-
la borne in corymbs, 2-7 together on 2-5 cm branch-
es. Involucre narrowly obconical with a rounded base,
20-25 x 10-15 mm; phyllaries 6-seriate, tightly ad-
pressed, lanate, ending in a 1 mm spine. Flowers pur-
ple. Achenes longitudinally striate. Pappus hairs plu-
mose. Fl. 7-9. Rocky limestone slopes. 900-1800 m.

Fig. 4. ] ancyrensis in the wild.
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Fig. 5. J. cataonica in the wild.

This species is known from more than 10 locations in Erzincan,
Tunceli, Sivas, and Bitlis provinces. In addition, its observed popula-
tion is very rich. Therefore, it should be classified as "Lower risk LR
(Ic)" as in the Red Data Book of Turkish Plants (Ekim & al. 2000).
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Abstract.

Amanos Mountain Range and Bolkar Mts, two branches of Anatolian Diagonal, are intersection of the

Mediterranean and Irano-Turanian phytogeographical region and differentiation regions of some genera.
These mountains have very rich flora and are important endemism centres of Turkey. In this study, 8 endemic
species were collected and studied morphologically, and their descriptions were reviewed in the light of the
literature data and our observations. These species are Linum empetriflorum, Prenanthes glareosa, Polygala
inexpectata, Draba haradjanii, D. acaulis, Achillea monocephala, Heracleum pastinaca and Silene haradjanii.
IUCN red list categories of these taxa were evaluated based on literature data and our field observations.
Also, their distribution map and some photos were presented.
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Introduction

The Amanos Mountain Range is an interesting area, oc-
cupying an intersection of the Mediterranean phytogeo-
graphical region and the Anatolian Diagonal, with many
Euro-Siberian phytogeographical region enclaves. The
area is very rich in endemic plants. The concept of the
Diagonal was first proposed by PH. Davis, who defined
it as an oblique belt running from the north-east to the
Anti-Taurus; it then divides into two, with one branch to
the Amanus (Amanos Daglar1), the other to the Cilician
Taurus (Davis 1971). 33 % of the total number of species
growing in Turkey are found along the Diagonal, while
5% are more or less restricted to it. One explanation for
the present richness of the species is neo-endemism and
distribution patterns of the plants related to the Diago-
nal (Ekim & Giiner 1986). In this study, the descriptions
and IUCN red list categories of 8 endemic species for
Amanos and Bolkar Mts are reviewed.

Materials and methods

The plant samples were collected from different lo-
calities of Bolkar and Amanos Mts during field trips
from 2000 to 2005. The specimens were stored at GA-
ZI and KNYA herbaria in Turkey. The collecting local-
ities of the species are as follows:

Achillea monocephala - C5 Mersin: Camliyayla,
Cocakdere-Cehennemdere border, Manastir ar-
ea, Cedrus libani-Pinus nigra—Juniperus excelsa
mixed forest, clearings, 1700-1800 m, 12.07.2004,
M. Din¢ 2204 (KNYA);

Draba acaulis - C5 Konya: Eregli, Aydos Mt,
Yazigol plateau, alpine steppe, 2600 m, 24.06.2000,
M. Ding 719 (KNYA);

Draba haradjianii - C6 Osmaniye: Zorkun plateau,
Kel Daz1 hill, rock crevices, 1850 m, 05.07.2003, A.
Duran 6290 & M. Sagiroglu (GAZI);

Heracleum pastinaca — C5 Nigde: Ulukisla, Bolkar
Mts, between Giimiis village and Karagol, steppe,
2600 m, 26.08.2004, A. Duran 6889 (GAZI);

Linum empetrifolium — C5 Mersin: Aslankdy, Cocak-
dere, Gokviraj, rocky areas, steppe, 1900-2100 m,
06.06.2003, M.Ding 1594 & H.H. Dogan (KNYA);

Polygala inexpectata — C5 Karaman: Ayranci, be-
tween Catkoy and Akpinar, steppe, 1550 m,
13.06.2005, M. Ding 2364 (KNYA);

Prenanthes glareosa — C5 Nigde: Ulukisla, Bolkar
Mts, between Glimiiskéy and Karagol, 2600 m,
16.08.2004, A. Duran 6880 (GAZI);
Silene haradjianii - C6 Hatay: Dortyol, Topaktas
plateau, Migri, clearings, 1800 m, 16.07.2004, Y.
Menemen 1268 & A. Duran (GAZI).
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The specimens were studied morphologically,
and the descriptions of the species were reviewed in
the light of the literature data and our observations.
TUCN red list categories of the species were evalu-
ated based on our field observations and the litera-
ture data (Coode & Cullen 1965, 1967; Davis 1967,
1972; Huber-Morath 1975; Jeffrey 1975; Erik 1981;
Davis & al. 1988; Gemici 1992; Ekim & al. 2000;
TUCN 2001)

Results and discussion

Draba acaulis Boiss. (Fig. 1)

Perennial herbs with long leafy columniform cau-
diculi, forming rounded tufts. Scapes very short, up
to 1.5 cm, pubescent. Leaves soft, overlapping, per-
sistent, papery when dried, pubescent with long soft
hairs at margins, oblong-linear, 3.5-5 x 0.8-1.2 mm.
Racemes terminal, 3-5 flowered, pubescent through-
out. Pedicels 2-5 mm in flowering, up to 12 mm in
fruiting. Sepals elliptic-lanceolate, rugose, 2-2.5 x
1-1.5 mm, usually glabrous, rarely sparsely hairy. Pet-
als yellow, 4-5.5 x 2-2.5 mm, clawed, with conspicu-
ous brownish veins. Ovary with 12-32 ovules. Silic-
ulae oblong-elliptic, inflated, 3.5-4.5 x 1.3-1.6 mm,
densely pubescent.
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Fig. 1. Distribution map of: Achillea monocephala (%),

Draba acaulis (A), Draba haradjianii (®), Heracleum pastinaca
(%), Linum empetrifolium (), Polygala inexpectata (§3),
Prenanthes glareosa (@), Silene haradjianii (@).

This species has been known from three locali-
ties in Bolkar Mts (Coode & Cullen 1965; Erik 1981;
Gemici 1992). We determined it from fourth locality
in the area. According to our observations, its popu-
lations are very rich and extent of occurrence is esti-
mated as 5000-20 000 km?. In the light of these data,
this species should be graded as "Vulnerable VU". Our
evaluation is the same as Ekim & al. (2000).

Draba haradjianii Rech. (Figs 1, 2)

Perennial herbs, forming rounded tufts. Caudiculi
leafy only at base, with withered leaves remaining
from previous year below. Leaves oblong-obovate to
oblanceolate, canescent, soft textured, overlapping,
persistent, 5-9 x 1-3 mm, with densely 3-5 branched
dendroid hairs. Scapes 2-20 cm, striate, with sparse-
ly dendroid hairs lower %, without hairs upper part.
Flowers yellow. Racemes loose, terminal, 4-20 flow-
ered. Pedicels 3-10 mm in flower, to 20 mm in fruit.
Petals yellow, ca. 4 mm. Ovary with 16-24 ovules.
Siliculae oblong-ellipsoid, 5-6 x 1.8-2.1 mm, gla-
brous.

Draba haradjianii has been known only from the
type collection until now (Coode & Cullen 1965). It
was classified as "data deficient DD" in the Red Da-
ta Book of Turkish Plants (Ekim & al. 2000). We deter-
mined it from a second location near the type locality
in Amanos Mts. This species naturally grows only in
rock crevices. Population is very poor (approximate-
ly 15-20 individuals) and the distribution area is very
small. We think that this species should be classified
as "critically endangered CR".

Fig. 2. D. haradjianii in the wild.

Polygala inexpectata Pesmen & Erik (Figs 1, 3)

Canescent, caespitose perennial herbs with strong-
ly branched woody rootstock. Stems ascending,
2.5-7 cm, densely crispate-pubescent. Leaves sessile,
ovate-lanceolate to elliptic, 2.5-13 x 1-5 mm, dense-
ly crispate-pubescent. Racemes mostly terminal, rare-
ly lateral, cylindrical, 2-4.5 cm, 6-20 flowered. Bracts
2 for each pedicel, 2.5-3 mm, 1-nerved, purplish, lan-
ceolate, pubescent, completely membranous, cadu-
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cous, lower shorter or equalling pedicels, upper over-
topping pedicels. Flowers pinkish-purple, nodding at
anthesis. Pedicels 1-3 mm, pubescent, purple. Sepals
overtopping corolla, pubescent outside, outer oblong-
lanceolate, green, 2—-4 x 1-2 mm, with membranous
margins, inner petaloid, obovate, 6-7 x 3-4 mm, with
purplish mucro up to 0.3 mm, pinkish in flower, pink-
ish-white or white-membranous with conspicuous
green nerves in fruit. Corolla 4-5 mm, tube incurved,
lateral lobes oblong, 2-3 mm, middle lobe dark pur-
ple and multifid. Anthers yellow. Capsule (immature)
obcordate, 4-4.5 x 3-3.5 mm, with wing 1 mm broad,
sparsely pilose. Style 1 mm.

This species has been known from three locations
in Eregli (Konya) district of Bolkar Mts until now
(Davis & al. 1988). We determined it from fourth lo-
cality near the others. The population, however, is
poor. Also, its extent of occurrence is 100-5000 km?.
In the light of these data, it should be classified as
"endangered EN" as in the Red Data Book of Turkish
Plants (Ekim & al. 2000).

Fig. 3. P, inexpectata in the wild.

Linum empetrifolium (Boiss.) Davis (Fig. 1)

Dwarf alpine caespitose plants. Suffrutescent cau-
dex branched. Stems numerous, 2-6 cm long, as-
cending or procumbent, 1-3 flowered. Leaves loose-
ly imbricate, minutely scabrid, ericoid, linear, thick,
increasing in size upwards 3-7 x 0.5-1.5 mm, rev-
olute, prominently 1-nerved, the upper often with
mucronulate tips. Pedicels 5-10 mm, apparently re-
curved in fruit. Sepals 4-4.5 x 2-4.5 mm, promi-
nently 3-5-nerved, outer oblong-elliptic, subacute,
sometimes acute and minutely mucronulate, inner
oblong-orbicular, obtuse with scarious margins. Pet-
als 9-12 mm. Capsule 6-7 mm.

Linum empetrifolium has been known from two lo-
calities near to each other in Bolkar Mts (Davis 1967).
As it has not been recorded since 1896, it was classi-
fied as "data deficient DD" according to the Red Da-
ta Book of Turkish Plants (Ekim & al. 2000). We deter-
mined it from a third location near the type locality in
Bolkar Mts. This species is restricted to rocky places.
Population is very poor (approximately 10-15 indi-
viduals) and the distribution area is very small. There-
fore, we think that this species should be classified as
“critically endangered CR".

Silene haradjianii Chowdhuri (Fig. 1)

Loosely tufted suffruticose perennial herbs. Flower-
ing stems erect, densely leafy at base, 20-80 cm long,
glaucous, swollen at nodes, sometimes purplish, gla-
brous below, viscid above. Basal leaves oblanceo-
late to spathulate, 12-20 x 2-9 mm, glabrous, glau-
cous, scabrit to minutely ciliate at margins, acuminate,
sometimes purplish. Cauline leaves gradually decrease
in size towards inflorescence, 7-15 x 1-5 mm, oblan-
ceolate to linear, glaucous, sometimes purplish. Inflo-
rescence 1-2 flowered, viscid. Bracts linear to subu-
late, 3-5 mm, with shortly ciliate scarious margins,
sometimes purplish. Pedicels 5-40 mm long, viscid,
glabrous, glaucous, sometimes purplish. Calyx 20-
30 mm long, 10-nerved, glabrous, purplish at anthe-
sis, constricted around anthophore and dirty-white or
straw coloured at fruiting time. Calyx teeth 2-3 mm
long, triangular, scarious and ciliolate at margins. Pet-
als 22-28 mm, exceeding calyx, purplish. Styles 3.
Capsule oblong, included in calyx, 14-16 mm long.
Anthophore glabrous, striate, 9-12 mm long.

Until now, this species has been known from two
localities near to each other in Amanos Mts (Coode &
Cullen 1967). As it has not been recorded since 1906,
it was classified as "data deficient DD" according to
the Red Data Book of Turkish Plants (Ekim & al. 2000).
We determined it from a third location near the type
locality in Amanos Mts. The population has approxi-
mately 100 individuals and its area of occupancy is es-
timated to be less than 10 km? However, there is not
enough data about other populations. We think that
this species should be classified as “critically endan-
gered CR".

Heracleum pastinaca Fenzl (Fig. 1)

Small, slender alpine perennial, procumbent or ascend-
ing, caudices clothed by papery petiole bases. Stems
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2-8 cm, less than 1 mm in diameter. Leaves mostly ba-
sal, ternate-pinnate, + puberulous, lamina narrowly tri-
angular-oblong, 2-3 cm, the lower pair of pinnae dis-
tant, petiolulate and trisect, the terminal pinna ternate
with a petiolate terminal segment; ultimate segments
obovate-orbicular, dentate to shortly incised. Rays 2-3,
unequal, 1-2.5 cm. Bracts and bracteoles absent. Flow-
ers white or pink, regular. Ovary subglabrous. Fruits
obovate, 5-7 x 4.5-6 mm, very narrowly winged, gla-
brous; dorsal vittae filiform, ca. 1/2 as long as mericarp;
commissural vittae 2(-4), short and divergent.
Heracleum pastinaca grows in Nigde and Adana dis-
trict of Bolkar Mts, and in Berit Mt (Kahramanmaras).
It was classified as "Lower risk LR (cd)" according to
the Red Data Book of Turkish Plants (Ekim & al. 2000).
Since its observed population is rich, extent of occur-
rence is more than 20 000 km” and populations are dis-
tant from each other, we agree with Ekim & al. (2000).

Achillea monocephala Boiss. & Balansa (Fig. 1)

Perennial herbs. Stems 20-45 cm high, cylindri-
cal, striate, densely tomentose when young, sparse-
ly hairy to glabrescent later. Leaves filiform, tomen-
tose to glabrescent, median cauline 6-22 x 0.6-1 mm,
bent downwards, linear, pinnatisect, segments loosely
to densely imbricate, indistinctly 3-lobed or undivid-
ed, lobes orbicular, spinulose-denticulate, 0.6-1 mm.
Capitula 1-8, peduncles 2.5-12 ¢cm long. Corymbs
2-5 cm wide. Involucre hemispherical to depressed,
4-6 x 4-7 mm, truncate, rarely rounded at base. Phyl-
laries ovate to lanceolate, subacute or acute, densely
tomentose, outer carinate and brown margined, inner
scarious margined. Ligules 8-14, shallowly 3-lobed at
apex, sulphur yellow, 1-2.5 mm. Disc flowers 50-100.

Until now, this species has been known only from
the type locality (Huber-Morath 1975). We deter-
mined it from a second locality on Bolkar Mts. The
population includes at least 500 individuals. There
are not estimated extreme negative fluctuations in
number of individuals and extent of occurence since
its distribution area is under protection. Therefore, we
think that A. monocephala should be classified as "en-
dangered (EN)". Our evaluation is the same as Ekim
& al. (2000).

Prenanthes glareosa (Schott & Kotschy ex Boiss.)
C. Jeffrey (Figs 1, 4)

Creeping stoloniferous herbs 5-15 cm. Leaves most-
ly basal, lyrate-pinnatisect, glaucous, glabrous, often

o SR A
Fig. 4. P. glareosa in the wild.

pink-tinged, 1.5-7.5 x 1-3.5 cm, the lowest one dis-
tinctly petiolate, uppers with widely winged petioloid
base, a broadly elliptic, ovate, reniform or suborbic-
ular, cordate, sinuate-dentate, rounded sometimes
shortly acuminate terminal lobe 1-3.5 x 1-3.5 cm, and
usually a few much smaller lateral lobes; upper few,
reduced. Teeth gland-tipped. Inflorescence scapose
or not, usually branched, 1-5-capitulate, glabrous. In-
volucre 8-13 mm,; phyllaries 8-10, 3-seriate, glabrous,
outer 2-4 mm long, shorter than half length of the in-
ner ones. Flowers pale blue or lilac, 1.2-1.4 cm, hairy
about mouth. Achenes 6-7.2 mm, pale brown, colum-
nar, slightly compressed, smooth, ribs narrow, round-
ed. Pappus 5.5-7.5 mm, minutely scabrous, white.

Prenanthes glareosa grows in different localities in
Bolkar Mts (Jeffrey 1975). We determined it from an-
other locality in its extent of occurrence. The popu-
lation is rich according to our observation. It is now
known from more than five locations and its extent
of occurrence is estimated as 5000-20 000 km?. In the
light of these data, this species is graded as "Vulner-
able VU". Our evaluation is the same as Ekim & al.
(2000).
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Abstract. In this study, 151 endemic and rare taxa distributed in Van and Hakkari provinces in East Anatolia were
determined. Threat categories of some endemic species were discussed and changed according to Red Data
Book of Turkish Plants and to IUCN criteria.

Key words: endemic, threat categories, Turkey

Introduction Buzul and Ikiyaka are situated in southeast side of

Van and Hakkari provinces are situated in East
Anatolia. This area belonging to Irano-Turanian
phytogeographic region has a high topography at-
taining over 2000 m and much mountainous. Many
of the high mountains of East Anatolia are lime-
stone. Mt Cilo (4168 m) in Hakkari is largely dolo-
mitic, and on the north side of this mountain a
glacier still exists. The young volcanic mountains
especially erupted during Quaternary. Mt Siiphan
(4058 m) and Mt Nemrut (3050 m) near Van Lake
and Mt Tendiirek (3533 m) in north of Van Lake are
high mountains of Quaternary volcanic formation
(Davis 1965). In these mountains, above 3000 m,
snow lies throughout the summer. Winter temper-
atures are quite low in the highlands of East Anato-
lia (Davis 1965).

The mountains and valleys in Van and Hakkari
provinces are very rich in terms of endemics. There
are 12 "Important Plant Areas" in these provinc-
es. These are: Artos, Buzul and Ikiyaka, Erek, Ispir-
iz, Pirresit, Stiphan and Tendiirek mountains, Catak,
Mukus, Semdinli, Zapsuyu valleys and Yiiksekova
(Ozhatay & al. 2003).

Mt Artos is situated in south side of Gevas (Van),
3537 m altitude. 48 endemic and rare taxa are distrib-
uted in this area.
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Hakkari, 4168 m altitude. At least 50 endemic taxa are
distributed in this area.

Catak valley is situated in south of lake Van, be-
tween Giirpinar (Van) and Pervari (Siirt). 1195 taxa
were found in this area, 95 of them are endemic.

Mt Erek is situated in southeast of lake Van, 3250 m
altitude. 780 taxa were found in this area, 118 of them
are endemic.

Mt Ispiriz is situated in east of Van. 50 endemic
and rare taxa are distributed in this area. 9 of them are
restricted to this area. They are very narrow endemics
which are known only from few localities.

Mukus valley is situated in south of lake Van and
between Gevas (Van) and Pervari (Siirt). 30 endemic
taxa are distributed in this area.

Mt Pirresit is situated in northeast of lake Van,
3110 m altitude. 828 taxa were found in this area, 75
of them are endemic.

Mt Stiphan is situated in north of lake Van, 4058 m
altitude. 802 taxa were found in this area, 57 of them
are endemic.

Semdinli valley contains slopes of Semdinli and
Hacibey rivers (Hakkari). It is known that 23 endemic
taxa were found in this area.

Mt Tendiirek is situated in northeast of lake Van,
3533 m altitude. 17 endemic and rare taxa were found
in this area.
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Yiiksekova is situated in southeast of Turkey. It
contains marshy areas and pastures around of Yiikse-
kova (Hakkari). 44 rare and endemic taxa were found
in this area.

Zapsuyu valley (Hakkari) is situated in southeast
of Turkey. 40 endemic and rare taxa were found in this
area (Ozhatay & al. 2003).

Material and metods

During the period 2001-2004 the authors collect-
ed numerous plant specimens from Van and Hakka-
ri provinces, also some endemic and rare plants were
photographed. Collected plants were determined ac-
cording to Flora of Turkey and the East Aegean Islands
(Davis 1965-1985; Davis & al. 1988; Giiner & al. 2000).
Threat categories were defined according to Red Data
Book of Turkish Plants (Ekim & al. 2000) and to IUCN
(2001). All herbarium specimens collected from these
provinces were deposited at GAZI and VANE

Results and discussion

In this study, 151 endemic and rare taxa were deter-
mined (see Appendix 1). 101 of 151 are endemics and
the others are rare plants for these provinces.

According to our field observations, threat cate-
gories of some species are discussed. Cephalorrhyn-
chus rechingerianus Tuisl and Tanacetum argyrophyl-
lum (K. Koch) Tzvelev var. polycephalum (Sch. Bip.)
Grierson are considered as DD (Data Deficient) cate-
gories in Red Data Book of Turkish Plants (Ekim & al.
2000). These two taxa were collected by the authors
from Van and Hakkari provinces.

Cephalorrhynchus  rechingerianus was collect-
ed in nine localities (criterion B2a). It is common in
these provinces. It grows on rocky slopes, at 1800-
2600 m alt. Its threat category should be VU (Vulner-
able) (IUCN 2001).

Tanacetum argyrophyllum var. polycephalum grows
on stream sides, rocky slopes and screes. It is poor-
ly known from only one locality, Catak valley (Van)
(criterion B2a). Mature individuals within the popu-
lation were fewer than 50 (criterion D) (IUCN 2001).
Threat category of this taxon should be CR (Critical-
ly Endangered).

Astragalus chaldiranicus Kit Tan & Sorger is
known only from one locality in Van province and

is restricted to this area. It grows on wet meadows
and gypsaceous hills at 2200 m (Davis & al. 1988).
This species is locally abundant at Caldiran, but it
has been reaping on flowering time, thus it is under
threat. Its threat category is VU (Vulnerable) (Ekim
& al. 2000).

Astragalus davisii D.E. Chamb. & Matthews grows
in mountain pastures and scrubs at 1900-3200 m.
This species is very beautiful and distinct. Features
of fruits are unknown in Flora of Turkey. We collect-
ed the fruiting and flowering materials in Van prov-
ince and studied these materials. Legumes are oblong-
ovate, densely white tomentose. This endemic species
is quite common and abundant in Van province but
it is restricted to this area. Its threat category is NT
(Near Threatened) (Ekim & al. 2000).

Centaurea vanensis Wagenitz is known only from
Van in Turkey and also in Iran. It grows on stony
slopes and steppes, at 1750-2750 m. IUCN catego-
ry is not suggested to C. vanensis in Red Data Book
of Turkish Plants. According to our observations, this
species is found in few localities in this province. Its
threat category should be stated as VU (Vulnerable)
(IUCN 2001).

Rosa pisiformis (D.H. Christ) Sosn. is distribut-
ed in a few provinces in East and Northeast Anatolia.
This endemic species has been used as an ornamen-
tal plant in gardens in Hosap (Van province). Also its
fruits have been used for decoration by Hosap people.
It is quite threatened in the wild in this area.

Salvia kronenburgii Rech. f. is known only from
several gatherings. It is restricted to Van province.
It grows on shale hills, slopes at 1850-2500 m. In-
dividuals are healthy and abundant at their habitats.
This endemic species is quite attractive with its whit-
ish corollas and pale green broadly campanulate cal-
yces. Its threat category is VU (Vulnerable) (Ekim
& al. 2000). It generally grows at the main roadsides
therefore its habitat can be threatened by road resto-
rations.

Fritillaria minima Rix is restricted only to Van prov-
ince. It grows in snow patches on limestone. There is
no threat for this endemic species. It grows at high al-
titudes, 2650-3000 m; its threat category is VU (Vul-
nerable) (Ekim & al. 2000).

The list of threat categories of endemic and rare
species distributed in Van and Hakkari provinces is
given at the end of this paper (Appendix 1).
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Appendix 1.
Apiaceae (=Umbelliferae)
I1- Eryngium bornmuelleri Nébélek. . . . .. .. ... ... - "NT”
2-E . wanaturiWoron. . . . ... ............... - "vu”
3- Ferulago angulataBoiss. . . . .. ............. —- "vu”
4-Fbernardiil.. . ... ......... ... .. ... ... - "vu"
5-F platycarpa Boiss. & Balansa . . . ... ......... END. "LC"
6- Grammosciadium cornutum (Nabélek) Towns. . . . . . ----- "vu”
7- Heracleum crenatifolium Boiss. . . . . ... ... .... END. "NT”
8- Laserpitium carduchorum Hedge & Lamond . . . . . . END. "NT”
9- Malabaila lasiocarpaBoiss. . . . ... .......... END. "LC”
10- Pimpinella aromaticaM.Bieb. . . . . . ... ... ... - "vu"
11- Sium sisarum L. var. lancifolium (M. Bieb.) Thell. . . . ----- "vu"
12- Trigonosciadium viscidulum Boiss. & Hausskn. . . . . END. "VU"
Asteraceae (=Compositae)
13- Achillea cappadocica Hausskn. & Bornm... . . . . . .. END. "LC”
14- A. schischkiniiSosn. . . . . ... ... ... .. ..... END. "LC"
15- Centaurea gigantea Sch.Bip.ex Boiss. . . . . ... ... - "vu”
16- C. hakkariensis Wagenitz . . . .. ............ END. "VU”
17- C. handeliWagenitz. . . .. ................ - "vu"
18- C. karduchorum Boiss.. . . . .. ............. END. "NT”
19-C.nemeciiNabelek . . . .. ....... ... ... .. ... - "vu”
20-C. persicaBoiss.. . . . .. ... s "vu”
21- C. saligna (K. Koch) Wagenitz. . . ... ......... END. "LC”
22-C.vanensisWagenitz. . . .. ............... - "vu”
23- Cephalorrhynchus rechingeranus Tuisl . . . . . . ... ----- "vu”
24- Cousinia bicolor Freyn & Sint.. . . . ... ..... ... END. "LC”
25-C.boissieriBuhse . . . .. ...... ... ... .. ... - "vu”
26-C.grandisCA.Mey. .. .................. - "vu”
27-C.vanensisHub.-Mor. . . .. ............... END. "LC"
28- Crepis bupleurifolia (Boiss.) Freyn & Sint. . . . . . .. END. "LC"
29- C. hakkaricaLamond . . .. ............... END. "EN"
30- Echinops pungens Trautv. var. adenoclados Hedge . . . END. "NT"”
31- Inula helenium L. subsp. vanensis Grierson. . . . . . . END. "NT”
32- I inuloides (Fenzl) Grierson. . . . ... ......... - "vu"
33- Jurinea cataonica Boiss. & Hausskn. . . . . . ... ... END. "LC"
34- Leontodon oxylepis Boiss. & Heldr.

var. divaricatus (Boiss.) Kupicha. . . .. .. ... ... END. "LC"
35- Scorzonera davisii Lipsch.. . . . . ... ... ... ... END. "vU”
36-S.semicanaDC.. . . .. ... ... ... .. . ... END.2 "LC"
37- Senecio ciliciusBoiss.. . . .. ....... ... .. ... END. "LC"
38- 8. eriospermus DC. var. crambeifolius Boiss. . . . . . . END. "LC"
39-S. paucilobusDC.. . . .. ... .. .. ... ... - "vu”
40- Tanacetum argyrophyllum (K. Koch) Tzvelev

var. polycephalum (Sch. Bip.) Grierson . . . . . . ... ----- "CR"
41- T. cadmeum (Boiss.) Heywood

subsp. orientale Grierson . . . . ... .......... END. "LC”
42- T. nitens (Boiss. & Noé) Grierson . . . . ... ...... END. "LC"
43- T. zahlbruckneri (Nabélek) Grierson. . . . . ... ... END. "LC"
44- Taraxacum fedtschenkoi Hand.-Mazz.. . . . . ... .. ----- "vu”
45- Tragopogon aureusBoiss. . . . . .. ........... END. "LC”
46- Tripleurospermum callosum (Boiss. & Heldr.) E. Hossain . . END. "LC"
Boraginaceae
47- Alkanna froedinii Rech.f. . . .. .. ... .. ... ... END. "LC"
48- Onosma bracteosum Hausskn. & Bornm. . . . ... .. END. "LC"

49- Paracaryum cristatum (Schreb.) Boiss. subsp. cristatumEND."LC"

50- Rochelia disperma (L.£.) K. Koch

var. microcalycina (Bornm.) JR.Edm. . . . . ... .. END,
Brassicaceae (=Cruciferae)
51- Aethionema froediniiRech.f.. . . . .. ..... .. .. -
52- Alyssum filiformeNyar. . . . ... ......... ... END.
53- A. pateri Nyar.subsp.pateri . . . .. ........... END.

54- A. pateri Nyar. subsp. prostratum (Nyar.) TR. Dudley . . END.

55- Aubrieta parvifloraBoiss.. . . . ... ... .......

56- Draba rosularis Boiss. . . . . .. ............. END.
57- Erysimum sintenisianum Bornm. . . . . ... ... .. END
58- Isatis aucheri Boiss. END
59- I candolleana Boiss. . . . .. ............... END
60- I. cappadocica Desv. subsp. macrocarpa

(Jaub. & Spach) PH.Davis. . . . .. .. ......... -
Campanulaceae
61- Campanula coriaceaPH.Davis. . . . . ... ...... END.
Caryophyllaceae
62- Cerastium kotschyiBoiss. . . . .. ............ -
63- Dianthus lactiflorusFenzl. . . . .. ........... END
64- D. masmenaeus Boiss. var. glabrescens Boiss.. . . . . . END
65- D. recognitus Schischk.. . . .. ........ ... .. END
66- Gypsophila bitlisensis Barkoudah . . . . ... ... .. END
67- Silene capitellataBoiss. . . . ... ............ END
68- 8. sclerophylla Chowdhuri. . . .. ............ END.
Celastraceae
69- Euonymus latifolius (L.) Mill.

subsp. cauconis Coode & Cullen. . . . .. ... .. .. END
Dipsacaceae
70- Cephalaria speciosa Boiss. & Kotschy . . . . ... ... END
71- Pterocephalus kurdicus Vatke var. kurdicus. . . . . .. -----
72- P. kurdicus Vatke var. viscosissimus Bornm.. . . . ... -----
Euphorbiaceae
73- Euphorbia cardiophylla Boiss. & Heldr. . . . . . .. .. END
74- E. sanasunitensis Hand.-Mazz. . . . .. ... .. .. .. END
Fabaceae (=Leguminosae)
75- Astragalus achundovii Grossh. . . . . .. .. ... ... -
76- A. brachycarpus M. Bieb.. . . . .. .. ... ... ... -
77- A. campylosema Boiss. subsp. campylosema . . . . . . END
78- A. chaldiranicus Kit Tan & Sorger . . .. ... ..... END
79-A.compactusLam. . . . ... ... ... ... END.
80- A. davisii D.FE. Chamb. & Matthews . . . .. ... .. .. END
81- A. pinetorum Boiss.. . . . ... ... .. ... . ... -
82- A. pulchellusBoiss. . . . . ... ... ... ... .. .. -
83- A.rechingeriSirj. . . .. ... ... .. .. ...... END.
84- A. subsecundus Boiss. & Hohen.. . . . ... ....... -
85- Hedysarum vanense Hedge & Hub.-Mor. . . . . . . .. END.
86- Lathyrus brachypterus Celak.

var. haussknetchtii (Sirj.) PH.Davis. . . .. ... ... END.
87- Onobrychis cappadocicaBoiss.. . . . . ... ... ... END
89- 0. sulphurea Boiss. & Balansa

var. pallida (Boiss. & Kotschy) Hedge . . . . . ... .. END
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Appendix 1. Continuation.

88- 0. sulphurea Boiss. & Balansa var. sulphurea . . . . . . END.
90- O. sulphurea Boiss. & Balansa var. vanensis Hedge. . . END
91- Oxytropis kotschyana Boiss. & Hohen.. . . . ... ... ----
92- Trifolium longidentatum Nébélek . . . ... ... ... END
93- Trigonella plicata (Boiss. & Balansa) Boiss. . . . . . . . END
Fagaceae
94- Quercus petraea (Matt.) Liebl.

subsp. pinnatiloba (K. Koch) Menitsky . . . ... ... END
Hypericaceae (=Guttiferae)
95- Hypericum pseudolaeveRobson . . . . .. ... .... END
Gramineae (=Poaceae)
96- Stipa kurdistanicaBor. . . .. .. ... ... .. ... -
lllecebraceae
97- Paronychia kurdica Boiss.

subsp. haussknechtii Chaudhri . . ... .. ...... END
Iridaceae
98- Iris aucheri (Boiss.) Stapf . . . .. ... ... .. ... -
99- 1. iberica Hoffm. subsp. lycotis (Woronow) Takht. . . . -----
100- I sari SchottexBaker. . . . ............... END.
Lamiaceae (=Labiatae)
101- Cyclotrichium glabrescens

(Boiss. & Kotschy ex Rech. f.) Leblebici . . . . .. ... END.
102- C. stamineum (Boiss. & Hohen.) Manden. & Scheng,. . . . -----
103- Marrubium parviflorum Fisch. & C.A. Mey.

subsp. oligodon (Boiss.) Seybold. . . .. ... ... .. END
104- Micromeria cremnophila Boiss. & Heldr.

subsp. anatolicaPH.Davis. . . .. ........... END.
105- Phlomis armeniaca Willd. . . . . ... ..... .. .. END.
106- Salvia dichroantha Stapf. . . . . ... ......... END
107- S. kronenburgiiRech.f.. . .. ..... .. .. .. ... END.
108- Stachys iberica M. Bieb. subsp. iberica

var. densipilosa Bhattacharjee . . . . .. .. ... ... END
109- Thymus fedtschenkoi Ronniger

var. handelii (Ronniger) Jalas . . ... ......... END.
110- T. pubescens Boiss. & Kotschy ex Celak.

var.cratericolaJalas. . . . . ... ... ... ... ... END
Liliaceae
111- Allium pseudoampeloprasum Miscz. ex Grossh. . . . END.
112- A. shatakienseRech.f. . . .. ........... ... END.
113- A. stearnianum M. Koyuncu, Ozhatay & Kollmann

subsp. vanense Kollmann & M. Koyuncu. . . . . . .. END
114- A. tchihatschewiiBoiss.. . . ... ............ END,
115- Bellevalia fominii Woronow. . . . . ... ....... -
116- B. longistyla (Miscz.) Grossh. . . . ... ........ -
117-B.rixiiWendelbo . . . .. ........ ... .. ... END
118- Fritillaria imperialisL.. . . . . ... ... ....... -
119- F. michailovskyi Fomin. . . ... ............ END
120- E. minimaRix . . .. ................... END
121-FE zagricaStapf. . . . ... . ... ... .. .. ... -
122- Gagea teneraPascher. . . . ... ....... .. ... -
123- Ornithogalum alpigenum Stapf . . . . . ... ..... END.
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Linaceae

124- Linum mucrotanum Bertol.
subsp. orientale (Boiss.) PH. Davis

Lythraceae
125- Lythrum anatolicum Leblebici & Se¢men

Malvaceae
126- Alcea apterocarpa (Fenzl) Boiss. . . .. ... .....

Paeoniaceae
127- Paeonia kesrouanensis Thiébaut

Papaveraceae

128- Papaver clavatum Boiss. & Hausskn. ex Boiss.. . . . .
129- P. curviscapum Nabélek

Plumbaginaceae

130- Acantholimon bracteatum (Girard) Boiss.
var. capitatum (Sosn.) Bokhari. . . . .. .. ... ...

131- Limonium vanense Kit Tan & Sorger . . . . . ... ..

Polygonaceae

132- Polygonum rottboellioides Jaub. & Spach

Primulaceae

133- Dionysia bornmuelleri (Pax) Melch. . . . . ... ...

134- Primula davisiiWW.Sm. . .. ............. END.

Ranunculaceae

135- Delphinium carduchorum Chowdhuri & PH. Davis . .

136- D. cyphoplectrum Boiss.
var. vanense (Rech.f.)PH.Davis. . . ... .......

137- D. macrostachyum Boiss.exHuth. . . . .. ... ...
138- Ranunculus fenzlii Boiss.. . . .. .. ..........
139- Ranunculus munzurensis Erik &Yild. . . . ... ...

Rhamnaceae
141- Frangula alnus Mill.
subsp. pontica (Boiss.) Davis & Yalt.. . . ... ... ..
Rosaceae
142- Cerasus mahaleb (L.) Mill. var. alpina Browicz . . . .

143- Potentilla anatolica Pesmen. . . . . .. ... .. ...
144- Rosa pisiformis (D.H. Christ) Sosn. . . . ... ... ..

Rubiaceae
145- Galium uliginosum L.. . . . .. ... ... .......

Rutaceae

146- Haplophyllum buxbaumii (Poir.) G.Don
subsp. mesopotamicum (Boiss.) C.C. Towns

147- H. schelkovnikovii Grossh.. . . .. ... ........

Scrophulariaceae

148- Rhynchocorys kurdica Nabélek

149- Scrophularia libanotica Boiss.
var. urartuénsis RRMill. . ... ... .. ... ..

150- Verbascum kurdicum Hub.-Mor. . . . ... ...... END.

151- Veronica orientalis Mill.
subsp. carduchorum PH. Davis ex M.A. Fisch.. . . . .
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Abstract.

According to the plant diversity studies there are 406 halophytic taxa spreading in coastal and inland halophytic

areas of Turkey. 65 taxa are endemic to Turkey; 63 of them are inland, 1 is coastal and 1 occurs in both inland
and coastal saline environments. Phytogeographically, 54 are Irano-Turanian, 1 is Mediterranean, 1 is Euxine,
2 are East Mediterranean and 7 are imperfectly known. Asteraceae (with 17 endemics) and Chenopodiaceae
(with 10 endemics) have the highest number of halophytic endemic taxa. According to IUCN and Red Data
Book of Turkish Plants the status of halophytic endemics is as follows: EN 5, CR 8, LR (cd) 4, LR (Ic) 26, LR
(nt) 3, VU 17, and there is no any risk of threat for 2 of the taxa.

Key words: endemic, halophytic, Turkey

Introduction

There are a number of different halophyte definitions.
The most accepted one is the ecological definition fa-
voured by Flowers (1975), Flowers & al. (1986) and
Jennings (1968, 1976). In this definition halophytes are
explained as plants that complete their life cycle in sa-
line environments. There are generally accepted limita-
tions to regard a habitat as saline. Other definitions de-
pend on the amount of salt present in soil. For example
according to Chapman (1974) species capable of toler-
ating 0.5% or more NaCl are regarded as halophytes.
According to these definitions, the studies till today
had been investigated and the endemic plant taxa that
are accepted as halophytes are listed in Table 1.

There are many salt affected soils in Turkey, but the
major halophytic areas are as follows: Tuz Lake Basin,
Kizilirmak Delta, Cukurova (Seyhan, Ceyhan Del-
tas), Goksu Delta, Gediz Delta, Igdir Plain, Acigél and
many lagoons distributed in the Aegean and Mediter-
ranean coasts.

Being in the North Hemisphere Temperate Zone,
Turkey has an unusual biological structure, where we
can observe the situation simply by observing its eco-
logical diversity and high endemism ratio that forms
the biological diversity. First of all on the territory of
Turkey three main phytosociological regions meet:
Euro-Siberian (around Black Sea Coast and sur-
rounding mountains), Irano-Turanian (Central, East

and Southeast Anatolia) and Mediterranean (Mediter-
ranean coast and mountains) (Fig. 1).

In addition to this, topographic diversity of the
country (altitude varies from 0 m to 5137 m), geo-
logical and geomorphologic structure, climatic differ-
ences between the regions (continental, oceanic and
Mediterranean climates) (Akman & Ketenoglu 1986)
maintain further ecological diversity. As a result of all
these factors Turkey is one of the leading countries for
known plant endemism with about 33 %.

The richest family in endemism in Turkey is Aster-
aceae having a total of 430 species, 40 % of which are
endemic. Of the 400 species of Fabaceae, 41 % are en-
demic, and of the 306 Lamiaceae species 57 % are en-
demic.

Material and methods

Flora of Turkey and the East Aegean Islands (Davis
1965-1985; Davis & al. 1988; Giiner & al. 2000) has
some information about the ecological requirements
of nearly all the taxa distributed in Turkey. Also there
are some works especially on the halophytes in Turkey:
Wagenitz (1959), Beyce (1960), Birand (1961), Zeybek
(1969), Yurdakulol (1974), Zeybek & al. (1976), Tath &
[stanbulluoglu (1987), Gehu & Uslu (1989), Yurdaku-
lol & Ercoskun (1990), Oztiirk & al. (1995), Yurdaku-
lol & al. (1996), Giivensen & Oztiirk (2003), Aydogdu
& al. (2004), Colak & Sorger (2004), Hamzaoglu & al.
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Fig. 1. Map of phytogeographical regions in Turkey (Davis 1971).

(2005), Yaprak (2006). And there are some new halo-
phytic taxa that have been published recently by Frei-
tag & al. (1999), Freitag & Duman (2000), Dénmez &
Mutlu (2004), and Vural & al. (2006). Herewith we re-
viewed the known halophytic endemic plants in Tur-
key using the literature mentioned above. We also de-
termined their life form, chorotype, ecotype and IUCN
threat categories according to Ekim & al. (2000).

Results

As a result of this review, it was found that 406 halo-
phytic taxa are distributed in Turkey and 65 of them
are endemic. Endemic halophytic taxa that were de-
termined are listed in Table 1, with comments on their
life form, chorotype, ecotype and IUCN threat catego-
ries (Ekim & al. 2000). The threat categories of the en-
demic halophytes of Turkey are as follows: LR(cd) 4,
LR(Ic) 26, LR(nt) 3, VU 17, CR 8, and EN 5. There are
2 taxa which do not have any risk of threat. Almost all
of the endemic halophytes of Turkey belong to the in-
land saline areas. There is only 1 taxon from coastal
areas, and 1 taxon having both coastal and inland dis-
tribution. Phytogeographically most of the taxa belong
to Irano-Turanian phytogeographical region which
covers most of the central part of Turkey. The phy-
togeographical regions and the number of taxa they
have are as follows: Irano-Turanian 54, East Mediter-
ranean 2, Mediterranean 1, and Euxine 1. There are

also 7 taxa that do not belong to any of the phytoge-
ographical regions or their distribution is imperfect-
ly known. The families that are rich in endemic halo-
phytic taxa and the number of taxa belonging to these
families are as follows: Asteraceae 17, Chenopodiaceae
10, Plumbaginaceae 6, and Liliaceae 6 (Fig. 2).

Discussion

Most of the inland saline habitats in Turkey are dis-
tributed in Central Anatolia, which is a closed basin,
surrounded by mountains, especially Tuz Lake basin.
Being adapted microhabitats make dispersal difficult
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Fig. 2. The families rich in halophytes and halophytic endemics.
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for endemics and this makes the endemism ratio of
the inland halophytes higher.

Coastal saline habitats are not as diverse as in-
land saline habitats because the flora and vegetation

structure of coastal saline habitats are more homoge-  ments.

Table 1. List of the endemic halophytic plants in Turkey.

neous than their inland representatives. Floating ex-
periments show us that most of the coastal halophytes
can disperse by sea. Because of those properties, most
of the endemics belong to the inland saline environ-

v
Families Taxa E = g %
O = 3 15
2 = S 5
1 2 3 4 5 6
Apiaceae Bupleurum heldeichii Boiss. & Balansa LR(Ic) X Ir-Tur
B. sulphureum Boiss. & Balansa LR(Ic) X Ir-Tur
B. turcicum Snogerup LR(nt) X Ir-Tur
Asteraceae Achillea aleppica DC. subsp. zederbaueri (Hayek) Hub.-Mor. LR(lc) X Ir-Tur
A. goniocephala Boiss. & Balansa LR(lc) X Ir-Tur
A. sicheana Stapf VU X Ir-Tur
Centaurea halophila Hub.-Mor. EN X Ir-Tur
C. tuzgoluensis Aytag & H. Duman CR X Ir-Tur
Cousinia birandiana Hub.-Mor. LR(Ic) X Ir-Tur
C. caesarea Boiss. & Balansa X Ir-Tur
C. halysensis Hub.-Mor. X Ir-Tur
C. humilis Boiss. CR X Ir-Tur
C. iconica Hub.-Mor. LR(cd) X Ir-Tur
Onopordum anatolicum (Boiss.) Eig LR(lc) X Ir-Tur
0. davisii Rech. f. LR(nt) X Ir-Tur
0. polycephalum Boiss. LR(lc) X Ir-Tur
Scorzonera hieraciifolia Hayek LR(Ic) X Ir-Tur
Senecio salsuginea H. Duman & Vural CR X Ir-Tur
Taraxacum farinosum Hausskn. & Bornm. LR(Ic) X Ir-Tur
T. mirabile Wagenitz VU X -
Boraginaceae Anchusa leptophylla Roem. & Schult. subsp. tomentosa (Boiss.) Chamb. LR(lc) X Ir-Tur
Brassicaceae Alyssum macropodum Boiss. & Balansa var. macropodum LR(Ic) X Ir-Tur
A. pateri Nyar. subsp. pateri LR(Ic) X Ir-Tur
Lepidium caespitosum Desv. VU X Ir-Tur
Caryophyllaceae | Silene salsuginea Hub.-Mor. EN X Ir-Tur
Chenopodiaceae | Cyathobasis fruticulosa (Bunge) Aellen VU X -
Kalidium wagenitzii (Aellen) Freitag & G. Kadereit EN X -
Microcnemum coralloides (Loscos & Pardo) Font Quer subsp. anatolicum Wagenitz VU X Ir-Tur
Petrosimonia nigdeensis Aellen LR(cd) X -
Salsola anatolica Aellen LR(Ic) X Ir-Tur
S. cyrenaica (Maire & Weiller) Brullo subsp. antalyensis Freitag & Duman CR X Med
S. grandis Freitag, Vural & N. Adigiizel CR X Ir-Tur
S. stenoptera Wagenitz LR(Ic) X Ir-Tur
Suaeda cucullata Aellen VU X -
S. prostrata Pall. subsp. anatolica Aellen VU X -
Fabaceae Astragalus karamasicus Boiss. & Balansa LR(Ic) X Ir-Tur
A. micropterus Fisch. LR(Ic) X Ir-Tur
Sphaerophysa kotschyana Boiss. LR(cd) X Ir-Tur
Trigonella isthmocarpa Boiss. & Balansa VU X Ir-Tur
Guttiferae Hypericum salsugineum N. Robson & Hub.-Mor. VU X Ir-Tur
Iridaceae Gladiolus halophilus Boiss. & Heldr. VU X Ir-Tur
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Table 1. Continuation.
1 2 3 4 5 6

Lamiaceae Salvia halophila Hedge VU X Ir-Tur
Thymus leucostomus Hausskn. & Velen. var. leucostomus LR(nt) X Ir-Tur
Wiedemannia orientalis Fisch. & Mey. LR(lc) X Ir-Tur

Liliaceae Allium nevsehirense M. Koyuncu & Kollmann LR(Ic) X Ir-Tur
A. scabriflorum Boiss. LR(lc) X Ir-Tur
A. sieheanum Hausskn. ex Kollmann LR(lc) X Ir-Tur
A. stylosum O. Schwarz LR(I¢) X E.Med
A. vuralii Kit Tan \48) X Ir-Tur
Asparagus lycaonicus PH. Davis EN X Ir-Tur

Plumbaginaceae | Acantholimon halophilum Bokhari VU X Ir-Tur
Limonium anatolicum Hedge VU X Ir-Tur
L. effesum (Boiss.) Kuntze VU X X E.Med
L. iconicum (Boiss. & Heldr.) Kuntze LR(Ic) X Ir-Tur
L. lilacinum (Boiss. & Balansa) Wagenitz LR(I¢c) X Ir-Tur
L. tamaticoides Bokhari EN X Ir-Tur

Poaceae Festuca rubra L. subsp. pseudorivularis Markgr.-Dann. CR X Eux
Puccinellia bulbosa (Grossh.) Grossh. subsp. caesarea Kit Tan CR X -

Ranunculaceae Consolida glandulosa (Boiss. & A. Huet) Bornm. LR(I¢) X Ir-Tur
C. stenocarpa (PH. Davis & Hossain) PH. Davis LR(lc) X Ir-Tur
Delphinium venulosum Boiss. LR(lc) X Ir-Tur
Nigella turcica Donmez & Mutlu CR X Ir-Tur

Scrophulariaceae | Verbascum campestre Boiss. & Heldr. LR(cd) X Ir-Tur
Verbascum helianthemoides Hub.-Mor. VU X Ir-Tur
Verbascum pyroliforme (Boiss. & Heldr.) Kuntze VU X Ir-Tur

Abbreviations: IUCNTC - IUCN Threat Categories: LR(cd) - Lower risk (conservation dependent); LR(Ic) - Lower Risk (least concern);
LR(nt) - Lower Risk (near threatened); VU - Vulnerable; CR - Critically Endangared; EN - Endangered; Chorotypes: Ir-Tur - Irano-Turanian;

Med - Mediterranean; E.Med - East Mediterranean; Eux - Euxine.
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Abstract.

On the basis of the available literature, herbarium specimens and personal accessions, the information about the

distribution of the known natural hybrids of Rumex subg. Rumex in the country (R. obtusifolius x R. patientia, R.
palustris x R. stenophyllus, R. conglomeratus x R. sanguineus and R. crispus x R. patientia) was updated. The present
study confirmed the distribution of R. crispus x R. obtusifolius for the flora of Bulgaria. New natural hybrids R.
conglomeratus x R. crispus, R. confertus x R. obtusifolius, R. cristatus X R. obtusifolius, R. palustris x R. obtusifolius
and R. patientia X R. pulcher were established for the first time in Bulgaria and their localities were reported. The
aim of this study was to review the known chorological data about natural hybrids of R. subg. Rumex in Bulgaria.

Key words:

chorology, maps, natural hybrids, Rumex subgenus Rumex

Introduction

In the recent classification, the genus Rumex L., which
contains about 250 species, is subdivided into three
subgenera. The largest subgenus Rumex includes
about 150 species (Datta 1952), among which are
some of the most widely spread plants all around the
world (Rechinger 1949). The natural hybridization in
R. subg. Rumex is a process revealed in high frequen-
cy in this group of vascular plants. This is confirmed
by the fact that, in historical aspect, the description of
new hybrid combinations is a process, continuing till
now. Practically, all possible hybrid combinations of
the taxa in the subgenus have been described. A great
part of the hybrids are described using herbarium ma-
terials (very often single sheets). In theoretical aspect,
the recognition of hybrid forms has a significant im-
portance for the differentiation of the taxa, due to the
fact that Rumex hybrids are very often regarded as
species by some authors (Rechinger 1932).

The natural hybridization in R. subg. Rumex in the
Bulgarian flora has not been purposefully researched so
far. The data about the distribution of natural hybrids
on the territory of Bulgaria is outdated and incom-
plete. The first hybrids for the country were reported
by Urumov (1901), Sirjaev (1922), Stojanov & Stefanov
(1924), Stojanoff (1932), Rechinger (1933), and later on

by Anchev (1984). In most cases, the data about the in-
terspecific hybrids are rather generalized and incom-
plete — separated localities were reported more than
50 years ago, and never confirmed afterwards or there
were no herbarium materials of Bulgarian origin de-
posited. Some of the hybrids were discovered in the
last few decades (Panov 1987). The hybrids of R. subg.
Rumex, described and specified for the Bulgarian flo-
ra, have not provided a sufficiently complete idea about
the amount and spreading of the natural hybrids in the
country. The lack of systematic researches in the group
is slowing down the knowledge about R. subg. Rumex
and particularly about its hybrids in Bulgaria. Perhaps
due to this reason natural hybrids are often identified
and deposited as species in the Bulgarian herbaria.

The present study was based on literature data,
herbarium samples and field studies and its purpose
was to update and present the available information
regarding the spreading of some natural hybrids of R.
subg. Rumex in Bulgaria.

Material and methods

The new material used in this study was collected in
2003-2005 from natural habitats in the country. The
collections were based on the transect method. The
samples of the hybrid forms were deposited in herbari-



240 Plant, fungal and habitat diversity investigation and conservation « Proceedings of IV BBC — Sofia'2006

um SOA. The collections from SOM, SOA and SO were
revised. For some critical taxa with no existing herbar-
ium specimens in the national herbaria, voucher spec-
imens from the herbaria of Vienna University (WU)
and Vienna Natural History Museum (W) were used
for comparison. The chorological information has been
mapped in a relational data base by the software pro-
gram "dSOA" (Stoyanov 2003). The data were present-
ed according to Kozhuharov & al. (1983). The maps
were divided in the floristic regions and subregions as
accepted in the multivolume edition Flora Reipublicae
Popularis Bulgaricae.

Results and discussion

The hybrid samples deposited at the Bulgarian herbar-
ia are limited in number, in most cases individual sam-
ples. Too often the hybrid forms have been deposited as
species and their hybrid appurtenance was determined
as a result of revisions. Five of the known hybrid combi-
nations were not confirmed with herbarium materials.

Rumex obtusifolius L. x R. patientia L. (Fig. 1)

Panov (1987) provided data for this hybrid for the re-
gion of Sofia. The information is supported by a hybrid
sample: Sofia region - residential area Geo Milev, 550
m alt., 28.08.1986, FN-83 (coll. Panov), SOM 146058.

Comparative samples: SO 17602 (Austria inferi-
or, Rechinger, 1892); W 05670 (Chiswick, Middlesex,
J. Lousley, 1942); WU 853 (Bulgaria, Klisura, Velen-
ovsky, 1887).

New data: Northeast Bulgaria - in the village Mech-
ka, district of Rousse, 40 m alt., 16.08.2005, MJ-25 (TzR),
SOA 56953; Danubian plane — 5-6 km south of Pleven,

116 m alt.,, 25.06.2004, L]J-00 (TzR), SOA 56977; West
Frontier Mts - after the village Kamenichka Skakavitsa
along the road to Gueshevo, uncultivated land and pas-
tures, 1402 m alt., 19.06.2005, FM-27 (TzR), SOA 56945;
Belasitsa Mt — between the villages Klyuch and Scrut,
300 m alt.,, 19.06.2005, FL-68 (TzR), SOA 56951; Rila
Mts - after the village of Saparevo, along the road under
a pine forest, 760 m alt., 19.06.2005, FM-98 (TzR), SOA
56952; Sredna Gora Mts (West) — over the town of Klisu-
ra, along Stryama river in the Kosharite locality, 740 m
alt., 03.07.2005, KH-92 (TzR), SOA 56953; Rhodopes
Mts (Central) - along the road between Narechenski
Bani and Hvoyna village, 680 m alt., 12.06.2005, LG-03
(TzR), SOA 56961; after the village Chokmanovo to-
wards Arda river, 973 m alt., 22.07.2005, LG-10 (TzR),
SOA 56946; Rhodopes Mts (East) — ruderal places to
the village of Mandritsa, 100 m alt., 15.07.2005, MF-28
(TzR), SOA 56947; Thracian Lowland - along Klokotnit-
sa river in the village Klokotnitsa, 135 m alt., 04.07.2004,
LG-74 (TzR), SOA 56974.

This hybrid combination is widely spread in Mace-
donia, Bosna, Croatia (Rechinger 1943).

Rumex crispus L. X R. patientia L. (Fig. 2)

Stojanoft (1932) provided data about the spreading of
the hybrid in the country for the Thracian Lowland on
the basis of one herbarium sample, initially determined
by Sttibrny as R. obtusifolius and later revised by Re-
chinger, belonging to the hybrid combination — Thra-
cian Lowland: Ad Papazli, bei Philipopolis, 140 m alt.,
04.05.1915, LG-46 (Rechinger), SOM 17837.
Comparative samples: SO 17607 (Austria inferior,
Rechinger); SOA 5768 (Austriae inferior, Rechinger,
1930); WU 2636 (Austriae inferioris, Teyber, 1911);

Fig. 1. Distribution map of R. obtusifolius x R. patientia:
A - new data; B - herbarium specimens; C - literature data.

Fig. 2. Distribution map of R. crispus x R. patientia:
A - new data; B - herbarium specimens; C - literature data.
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WU 2438 (Austriae, Rechinger, 1890); W 1965-7592
(Banatus, 1914, Prodan).

New data: Stara planina Mts (Central) - ruderal
places around village Zlatitsa, 696 m alt., 03.07.2005,
KH-63 (TzR), SOA 56973; Valley of Mesta Riv-
er — the village Gospodintsi, ruderal places, 560 m alt.,
17.06.2005, GM-21 (TzR), SOA 56980.

Rumex palustris Sm. x R. stenophyllus Ledeb.
(Fig. 3)
Stojanoff (1932) provided the only literature record
about this hybrid in Bulgaria for the mouth of Kam-
chia river. The information has been confirmed by
a single herbarium sample, initially determined by
Davidov as R. pulcher, later revised by Rechinger as
R. palustris x R. stenophyllus, belonging to the hybrid
combination - Black Sea Coast (North): Kamchia, 0 m
alt., 02.08.1898, NH-76 (coll. Davidov), SOM 17849.

Comparative samples: W 01243 (Oesterreich Wien,
220-230 m, T. Barta, 2000); W 15360 (Hungaria ori-
entalis, Rechinger, 1894); W 1966-85 (Austria, Melz-
er, 1964); W 1973-28948 (Austria, Rechinger, 1923);
SOM 17796 (Hungaria: prope pag. Galos, Rechinger);
SO 17537 (Hungaria orientales, V. Borbas) sub R.
limosus x odontocarpus.

New data: Northeast Bulgaria — along Danube Riv-
er at Rousse town, together with the parent forms, 29
m alt., 16.08.2005, MJ-15 (TzR), SOA 56957; Danubi-
an plane - along the Danube coast at the village Ar-
char, 20 m alt., 06.09.2004, FP-75 (TzR), SOA 56972.

Rumex crispus L. x R. obtusifolius L. s.l. (Fig. 4)

This hybrid combination is regarded as one of the most
widely spread in Europe. The polymorphism established
in it has been marked by many authors (Rechinger 1932;
Klime$ 1993) and is due to the variability in the group of
R. obtusifolius, which, according to the authors, is organ-
ized in 4 subspecies or varieties, showing great diversity.
Literature data showed that the hybrid is distrib-
uted in the middle part of Stara Planina Mts over the

town Klisura (Velenovsky 1891; Stojanov & Stefanov
1924) and the village of Hainito (Urumov 1901) under
the name R. pratensis Mert. & W.D.J. Koch (= R. cris-
pus x R. obtusifolius), without specifying its hybrid ap-
purtenance. Later on, it was reported for the Rhodopes
Mts (without specifying a definite locality) by Stojanov
& Stefanov (1924), but there are no samples deposit-
ed in the Bulgarian herbaria under this name. As a re-
sult of revisions, four samples of Bulgarian origin, be-
longing to the hybrid combination, were determined:
Sofia region — grassy places in the green areas along
the "G. Traykov" blvd., close to Perlovska river, 550 m
alt., 29.09.1986, FN-83 (coll. Panov), SOM 146059, sub
R. crispus x stenophyllus; Vitosha Mt — over the vil-
lage Bosnyak, 1073 m alt., 26.06.2005, FN-70 (coll. D.
Dimitrov), SOM 161970, sub R. stenophyllus; Belasitsa
Mt - in meadow at the village Samuilovo, Petrich re-
gion, 300 m alt., 19.05.1951, FL-78 (coll. N. Stojanov,
B. Achtarov), SOM 92069, sub R. sanguineus; Pirin Mts
(South) - 1970 m alt., GL-29, 08.1989 (coll. D. Stoy-
anov), SO 149811, sub R. obtusifolius ssp. transiens.

Comparative samples: SOA 5682 (Suecica, Lager-
kranz, 1915); SOA 5762 R. crispus x silvestris (Austria
inferior, Rechinger, 1927); SOM 113050, 113052 (Thur-
ingia: Schlusingen, Haussknecht, 1883, 1889); SOM
109223 (Goeteborg, ad Gulbergsan, Ohlsen, 1928); SOM
109224 (Suecicae, Hasslow, 1934); SOM 141920 (Fin-
land, Er. Reinikka, 1976); WU 2636 (Austria, Rechinger,
1905); s.n. (Wien, Rechinger, 1891); W 1993-01251 sub
R. crispus (Caucasus, V. Vasak, 1975); W 2006-14353
sub R. crispus (Armenia, Oganesian, 2006).

New data: Danubian plane - Pleven, grassy places
to the North, outside the town, 100 m alt., 25.06.2003,
LJ-01 (TzR), SOA 56975; Stara planina Mts (Central) -
in the village Tsarkvishte, 780 m alt., 03.07.2005, KH-

Fig. 3. Distribution map of R. palustris x R. stenophyllus:
A - new data; B - herbarium specimens; C - literature data.

Fig. 4. Distribution map of R. crispus x R. obtusifolius:
A - new data; B - herbarium specimens; C - literature data.
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63 (TzR), SOA 56965; the Shipchenski pass, together
with the parent forms, 1185 m alt., 16.08.2005, LH-63
(TzR), SOA 56982; West Frontier Mts — along the road
at the village Vratsata, Kyustendil region, 799 m alt,,
19.06.2005, FM-38 (TzR), SOA 56966; Valley of Mes-
ta River — along the road from the village of Sadovo
to Ilinden, 793 m alt., 17.06.2005, GL-39 (TzR), SOA
56944; Rhodopes Mts (Central) - in the village Yugovo,
damp places, 680 m alt., 17.07.2004, LG-13 (TzR), SOA
56948; along the paths in the village Hvoyna, 680 m alt.,
22.07.2005, LG-03 (TzR), SOA 56949; Rhodopes Mts
(East) — uncultivated land in the village of Tihomir, 519
m alt., 14.07.2005, LF-77 (TzR), SOA 56960; Strandzha
Mt - along Churka river after the village Brashlyan, 348
m alt., 04.07.2004, NG-44 (TzR), SOA 56968.

Rumex conglomeratus Murray X R. crispus L. (Fig. 5)

This hybrid combination has not been reported in the
literature nor deposited as herbarium samples of Bul-
garian origin.

Comparative samples: SOA 5763 (Austria, Rechinger,
1927); WU 00430 (Iter Chilense, Rechinger, 1987); W
6326 (Iter Graecum: Epirus, 1200-1400 m, Rechinger,
1956); W 1949-10778 (Burgenland, Rechinger, 1924);
W 1979-13090 (Macedonia, Rechinger, 1972).

New data: Black Sea Coast (South) - along the
mouth of Veleka river, together with parent forms, 5 m
alt., 03.07.2004, NG-85 (TzR), SOA 56978; in the dense
forest of Arkutino locality, 10 m alt., 03.07.2004, NG-68
(TzR), SOA 56970; Znepole region — between the villag-
es Golyam Vurbovnik and Maluk Vurbovnik, 420 m alt.,
19.06.2005, FM-67 (TzR), SOA 56955; Sredna Gora Mts
(East) — along the road in the village Zelenikovo, 420 m
alt., 04.06.2005, LG-49 (TzR), SOA 56962; Rhodopes
Mts (East) — uncultivated land in the village Odrintsi, 90
m alt., 15.06.2005, MF-28 (TzR), SOA 56956; along the
river in the town Momchilgrad, 452 m alt., 14.06.2005,
LG-60 (TzR), SOA 56954; a swamp place under the Per-
perikon fortress, 480 m alt., 14.06.2005, LG-71 (TzR),
SOA 56950; at the road to the village Zhelezino, 396

Fig. 5. Distribution map of R. conglomeratus x R. crispus:
A - new data; B - herbarium specimens; C - literature data.

m alt., 14.06.2005, MF-19 (TzR), SOA 56963; Thracian
Lowland - after the village Rakovski around irrigation
canals, 160 m alt., 04.06.2005, LG-27 (TzR), SOA 56964;
ruderal places around the village Brezovo, 240 m alt,,
04.06.2005, LG-38 (TzR), SOA 56967.

A widely spread hybrid form famous for Romania
(Prodan 1952), Greece (Snogerup & Snogerup 1997),
Macedonia, Herzegovina (Rechinger 1943). The expand-
ed geographic area during the last decades is probably re-
lated to the cosmopolitan spreading of the parent forms.

Rumex patientia L. X R. pulcher L. (Fig. 6)

The hybrid is new for the country. There were neither
literature data nor deposited materials with Bulgari-
an origin.

New data: Valley of Mesta River - in the village of
Gospodintsi, along the river, together with the par-
ent forms, 560 m alt., 17.06.2005, GM-21 (TzR), SOA
57073; Sredna Gora Mts (East) — the village of Ze-
lenikovo, 420 m alt., 04.06.2005, LG-49 (TzR), SOA
57072; Rhodopes Mts (East) - Momchilgrad town,
along the river, together with the parent forms, 452 m
alt., 14.06.2005, LG-60 (TzR), SOA 57071.

Data about the broad spreading of the hybrid in
Greece were given by Snogerup & Snogerup (1997).

Fig. 6. Distribution map of R. patientia x R. pulcher:
A - new data; B - herbarium specimens; C - literature data.

Rumex conglomeratus Murray X R. sanguineus L.
(Fig. 7a)

This hybrid was reported by Sirjaev (1922) for the
Preobrazhenie Monastery (together with the parent
forms) and Stojanov & Stefanov (1924) with locality
near Turnovo. There were no materials deposited of
this hybrid form of Bulgarian origin.

Comparative samples: W 1996-05882 (England, Lou-
sley, 1942); W 1964-14471 (Austria, Rechinger, 1896).

New data: Black Sea Coast (South) - in the thick
forest at Ropotamo river, 1.5 m alt., 03.07.2004, NG-
68 (TzR), SOA 56969; Rhodopes Mts (East) — about 10
km west from Ivaylovgrad town, along oak forests, 170
m alt., 15.07.2005, MF-38 (TzR), SOA 56985.
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Rumex confertus Willd. x R. obtusifolius L. (Fig. 7b)

There were no literature data or materials deposited of
this hybrid from Bulgaria.

Comparative samples: WU 1894 (Galicae, rev. Re-
chinger, 1930); W 1935-1585 (Latvia, Rechinger, 1933).

New data: Northeast Bulgaria — Shoumen dis-
trict, along the road to village Struino, together with
the parent forms, 239 m alt., 16.08.2005, MJ-80 (TzR),
SOA 56958.

This highly sterile hybrid with abortive blossoms
and underdeveloped valves was identified according
to the description by Rechinger (1932).
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Fig. 7. Distribution map of: a) R. conglomeratus x R. sanguineus;
b) R. confertus x R. obtusifolius: A — new data; B — herbarium
specimens; C - literature data.

Rumex cristatus DC. x R. obtusifolius L. (Fig. 8a)

The hybrid is new for Bulgaria. There were no litera-
ture data or materials deposited.

New data: Rhodopes Mts (East) — at the village
Mandritsa, ruderal places and pastures, together with
the parent forms, 100 m alt., 15.06.2005, MF-28 (TzR),
SOA 56983.

Rumex palustris Sm. x R. obtusifolius L. (Fig. 8b)

This hybrid was established for first time for Bulgaria.

Comparative samples: WU 1565 (Austria, Figert,
1895); WU (Suecica, Murrbek, 1887).

New data: Sredna Gora Mts (West) — above Klisura,
along Stryama river, together with the parent forms, 740
m alt., 03.07.2005, KH-92 (TzR), SOA 56981; Thracian
Lowland - along Stryama river after the village of Kalek-
ovets, 160 m alt., 04.06.2005, LG-27 (TzR), SOA 56979.

A hybrid between the both taxa is known for
Greece (Snogerup & Snogerup 1997).

The surveys show dependence between the spread-
ing of the parent species and the hybrid derivatives - hy-
brids between ruderal and broadly flexible in ecolog-

ical aspect species are more widely spread, while the
hybrid combinations between species with more lim-
ited spreading are established only in places where the
spreading of the parent species is sympatric.
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Fig. 8. Distribution map of: a) R. cristatus x R. obtusifolius;
b) R. palustris x R. obtusifolius: A - new data; B — herbarium
specimens; C - literature data.

Conclusion

The present survey is a contribution to the problems
of natural hybridization between the taxa of R. subg.
Rumex in Bulgaria. On the basis of data in the coun-
try from the literature and herbarium sheets cho-
rological maps of the known hybrids from the sub-
genus were made for a first time. The information
accumulated and processed so far enriched the cho-
rological information for the natural hybrids of R.
subg. Rumex, object of the present survey. New hy-
brid combinations were established on the territo-
ry of the country: R. conglomeratus x R. crispus, R.
confertus x obtusifolius, R. cristatus x obtusifolius, R.
palustris x R. obtusifolius and R. patientia x R. pulch-
er. The presence of R. crispus x R. obtusifolius in the
Bulgarian flora was confirmed. The observations
showed that the diversity of natural hybrids is big-
ger than the known till now, so further researches on
the natural hybridization of R. subg. Rumex in Bul-
garia are necessary.
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Chorology and critical notes on genus
Orobanche (Orobanchaceae) in Bulgaria
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Abstract.

New collected material of genus Orobanche sect. Orobanche subsect. Glandulosae and both specimens

existing in Bulgarian herbaria and data published before are revised and used for creation of maps. One
new subspecies (O. alba subsp. xanthostigma) and two forms (O. alba f. lutescens and f. rubiginosa) are
reported as new taxa in the flora of Bulgaria. The chorological data about the species and intraspecific taxa
are reconsidered. The host plants are discussed comparing both herbarium data and literature reviewed.

Key words:
parasitic plants

chorology, determination key, distribution map, Glandulosae, host plants, intraspecific taxa, Orobanche,

Introduction

In the Bulgarian flora are known four species of genus
Orobanche L. sect. Orobanche subsect. Glandulosae
(Beck) Teryokhin - O. alba, O. reticulata, O. pancicii
and O. serbica. Orobanche alba is a polymorphic spe-
cies which is not fully examined in Bulgaria. The aim
of this study is to revise and represent the known cho-
rological data about the members of subsect. Glandu-
losae in Bulgaria as well as to analyze the information
about their host plants.

Material and methods

The new material used in this study was collected dur-
ing 2002-2005 in Bulgaria. An examination of speci-
mens maintained in the Bulgarian herbaria - SOM,
SOA, SO was carried out. The chorological data were
processed in UTM-grid, according to Kozhuharov &
al. (1983) and presented in abbreviated MGRS code.
Using these data further maps were created by dSOA
computer program (Stoyanov 2003). The collections
were cited and grouped as follow: floristic region (in
bold), MGRS coordinates, locality, altitude, host plant,
date, author, herbarium acronym and number. The
floristic regions as described and numbered by Flo-
ra Reipublicae Popularis Bulgaricae (vols 3-9) and Flo-
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ra Reipublicae Bulgaricae (vol. 10) were shown in the
maps (Figs 1-5). The Floras and determination books
were featured with abbreviations: CBVF (Dimitrov
2002); FB1, FB3 (Stojanov & Stefanov 1925, 1948), FB4
(Stojanov & al. 1967), FV (Kitanov 1963), FD (Kitanov
1980), FRB (Delipavlov 1995), KPB (Cheshmedzhiev
2003), KVPB (Kozhuharov 1992). The author's names
were featured with abbreviations as accepted in the In-
ternational Plant Names Index (2005), except: GS - G.
Stoychev, KS - K. Stoyanov, TzR - Tz. Raycheva.

Results and discussion

Orobanche alba Steph. (Figs 1, 2)

New and unpublished data: 1.1: (f. maxima, f. rubra); 11:
(f. capitata); 12: (£f. capitata); 13: GL-39. 3 km in North
from the frontier-post Ilinden, 550 m, 17.06.2005 (KS)
SOA 56985; 14.1: GM-10. Pirin village, 750 m, host Thy-
mus, 18.06.2005 (KS) SOA 57056; (see also f. commu-
nis, f. maxima, f. rubra); 17.3: MF-07. Above Choukou-
ra River, 1400 m, 09.07.1930 (T. Georgiev) SOA 10428;
MF-19. Crossway Kroumovgrad-Kobilino-Ivaylovgrad,
in oak forest, 460 m, 14.07.2005 (KS) SOA 56986; MG-
11. Rocky terrain in Kartal Konak locality, on the land of
Vulche Pole village, 299 m, 28.06.1940 (Kitan.) SO 68515;
(see also f. rubiginosa and subsp. xanthostigma).
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This species is reported for: 1.2 (T. Georgiev 1937;
Velen. 1891, 1898), 2 (Baev 1947; FD; Davidov 1905;
T. Georgiev 1937; Urum. 1904, 1905b, 1909), 4.1
(Urum. 1902, 1917, 1935a), 4.2 (T. Georgiev 1937;
Urum. 1897, 1912, 1913a, b, 1926, 1928; Velen. 1898),
5.1 (T. Georgiev 1937; Urum. 1901a, 1905a, b, 1906,
1909, 1913b, 1926, 1935a), 5.2 (Baev 1947; Neichev
1908; T. Georgiev 1937; Toshev 1903; Urum. 1901b,
1926, 1928), 6 (Urum. 1905b, 1909; Velen. 1891), 7
(Baev 1947; T. Georgiev 1937; Toshev 1903; Urum.
1905b, 1913a, 1935b), 8 (FV; T. Georgiev 1937; Urum.
1905b, 1929a, 1930, 1935b; Velen. 1891), 9 (Urum.
1904, 1935b), 10.2 (Urum. 1935b), 14.2 (T. Georgiev
1937), 15 (T. Georgiev. 1937; Urum. 1906, 1935b), 16
(T. Georgiev 1937), 16.1 (Urum. 1929a), 17.1 (Urum.
1906; T. Georgiev 1937), 17.2 (Stransky 1921; T. Geor-
giev 1937; Urum. 1912, 1913b; Velen. 1898), 18 (T.

Georgiev 1937; Urum. 1908, 1912, 1926; Velen. 1891,
1898). The literature data without herbarium sheets
are found for the regions: 3 (Urum. 1902, 1912, 1917,
1926, 1928, 1935a), 5.3 (Urum. 1905b, 1909; Velen.
1891) and 19 (Urum. 1912, 1926).

This species is indicated for the whole country in the
Floras and keys (FB1; FB4; KVPB; FRB; KPB; CVEB)
up to 2000 m alt. There are missing data for region 20.
The own collections and herbarium data confirm the
regions 1,2,4.2,5.1,5.2,6,7, 8,9, 10, 11, 13, 14, 15, 16,
17 and 18. This species is usual on grassy lands, shrubs
and meadows (FRB; KPB), alpine and subalpine pas-
tures (Velen. 1891), parasitizing on Lamiaceae (FBI;
PEB; T. Georgiev 1937; FB4; KVPB; FRB; KPB) - Thy-
mus (FRB). The herbarium sheets and own collections
confirm the host plants Thymus spp., Origanum vul-
gare, Acinos suaveolens and Satureja spp. (Fig. 1).

O. alba var. alba f. alba

Syn.: Orobanche alba L. var. substenophylla T.
Georgiev. Lectotypus: 14.2: FM-93. Razlozhki

by

mapped using d5 0 JTEY
i et aniea it b IR

Souhodol (Mehomiiski Souhodol), 2000 m (T.
Georgiev) SOA - missing!

The description of the lectotype above co-
incides to the description of f. alba which is
spread in the area of the species. The known
host plants are Thymus, Acinos and Satureja.

0. alba var. alba f. campanulata Beck

This form is not confirmed by herbarium
sheets and is indicated for the regions 6, 8, 16
(T. Georgiev 1937; FB4; FRB).

O. alba var. alba f. capitata Beck

New data: 1.2: NJ-90. Balchik, 199 m,
20.05.1901 (Davidov / T. Georgiev) SOM
69580; PJ-10. Kalekairyak, 40 m, host Thy-
mus, 18.06.2004 (KS) SOA 56987; 2: NH-29.
Nevsha, 100 m, 18.05.1902 (A. Yavashov / T.
Georgiev) SOM 69604; NJ-90. Povelianovo
(Imirler), Padina (Kopuschii), etc., 200 m,
06.1913 (Davidov / T. Georgiev) SOM 69603;
4.2: LH-46. Sevlievo, 230 m, 05.1910 (? / T.
Georgiev) SOM 69585; LH-87. Above Sam-
ovoden, 181 m, 1900 (Urum.) SOM 69574,
69619, 69620; (Urum.) SOM 69574; 5.1: FN-

Fig. 1. O. alba: Distribution data: A - new and unpublished data; B - con-
firmed data; C - data from literature; Host plants: a — Thymus; b — Acinos;

¢ - Origanum; d - Satureja.

78. Petrohan, 1444 m, 01.08.1903 (Dren.)
SOM 69605; GN-07. Refuge Purshevitsa,
1300 m, 05.09.2004 (KS) SOA 56988; GN-08.
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Fig. 2. Intraspecific taxa of O. alba:
Figs a-h — subsp. alba: a - £. capitata; b - f. communis; ¢ - . lactea; d - f. longibracteata; e - £. lutescens; f - f. maxima; g - f. rubiginosa;

h - f. rubra; i - var. bidentata; j — subsp. xanthostigma.
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Vilya Glava, 14.07.1930 (Stoj. / Acht.) SOM 69628;
5.2: LH-12. Pochivaloto, 1300 m, 14.06.2003 (KS)
SOA 56343; 1400 m, host Thymus, 28.07.2003 (KS)
SOA 56989; 07.07.2004 (KS) SOA 56990; LH-64.
Gabrovo, Sokolut, 329 m, 30.07.1930 (A. Yurkovskiy)
SOM 69589; Malousha peak, 329 m, 28.07.1928 (A.
Yurkovskiy) SOM 69590; 11: FL-78. Belasitsa, 500 m,
10.05.1980 (IB) SOM 139654 (sub Lathraea squamar-
ia); 12: GL-18 Mt Slavyanka (Alibotush) - summer
post, 1200 m, 07.1932 (Dren.) SOM 69570; 17.1: GM-
45. Park Kleptouza, 810 m, host Thymus, 05.07.2003
(KS) SOA 56991; 17.2: LF-18. Mochoure, 1200 m,
host Thymus, 03.09.2005 (KS) SOA 56992; LG-02.
Below Chepelare, 1100 m, 31.05.2003 (KS) SOA
56993; LG-23. Luki, 660 m, 16.06.1965 (M. Popova /
?) SOA 24493, 24494; LG-25. Asenovgrad (Stanima-
ka), 300 m, 27.04.1914 (I. Mrkvichka / T. Georgiev)
SOM 69618; 06.05.2004 (KS) SOA 56994; near Ase-
nova Krepost, 400 m, host Thymus, 09.05.2004 (KS)
SOA 56995; 08.05.2002 (KS) SOA 56997; 18: LG-06.
Purvenets, 250 m, host Thymus, 16.05.2004 (O. To-
dorov / KS) SOA 56998; LG-16. Plovdiv — Dzhen-
dema, 164 m, 06.1896 (Stfibrny) SOA s.n.; LH-80.
Above Ayazmoto, 250 m, 23.05.1943 (A. Yurkovskiy)
SOM 69589; 01.06.2004 (KS) SOA 56999.

This form is reported and confirmed by herbari-
um sheets for the regions 6 (FB4; FRB), 8 and 15 (T.
Georgiev 1937). The new data add the regions 1.2, 2,
4.2,5.1,52,11,12,17.1, 17.2 and 18. The herbarium
sheets and own collected materials confirm a vertical
distribution between 40 m and 2000 m alt. The con-
tirmed host plants are Thymus and Acinos.

0. alba var. alba f. communis Beck

New records: 10.2: FM-75. Blagoevgrad (Gorna
Dzhoumaya), 650 m, 01.05.1930 (Davidov / T. Geor-
giev) SOM 69598; 14.1: GM-20. Between Dobrotino
and Popovi Livadi, 1120 m, host Thymus, 17.06.2005
(KS) SOA 57000; 17.1: KG-63. Beglika, 1600 m,
07.1935 (N. Antonov / T. Georgiev) SOA 19071; KG-
85. South from Bratsigovo, 599 m, 05.08.1930 (I.
Mrkvichka / T. Georgiev) SOM 69584; 17.2: LG-
05. Zdravets hut, 1200 m, 17.06.1973 (St. Dimitrov)
SOA 33083 (sub O. rapum-genistae); Akademik hut,
393 m, 22.05.2004 (M. Lacheva / KS) SOA 57001; LG-
25. Above Asenovgrad, 300 m, 18.05.1983 (Delip.)
SOA 38274; host Acinos suaveolens, 11.05.2003 (KS)
SOA 56345; LG-14. Narechenski Bani, on rocky slope,
913 m, 02.07.2005 (KS) SOA 57002.

Indicated as widespread in the area of the species
(FB1; FB4; FRB). This form is reported for the region
5.1 and 18 (T. Georgiev 1937). Chorological records
without confirming herbarium sheets are found for the
regions 8, 14.2 and 15 (T. Georgiev 1937). This form is
vertically distributed between 260 m and 1600 m alt.
Confirmed host plants of this form are Thymus and
Acinos.

O. alba var. alba f. lactea Beck

This form is indicated for the regions 4.2 and 6 (T.
Georgiev 1937; FB4; FRB), and confirmed by one her-
barium sheet from region 6: FN-72. Lyulin - mead-
ows, host Thymus, 06.1924 (Stoj. & Stef.) SOA 10431.

0. alba var. alba f. longebracteata Beck

New and unpublished data: 2: NJ-10. Novi Pazar,
156 m, 16.05.1905 (Davidov / T. Georgiev) SOM
69577; 7: FN-55. The southern slope of Chepun,
above Dragoman, 710 m, host Thymus, 30.06.2004
(KS) SOA 58140. 14.2: GM-03. Dolen Yalovarnik,
1740 m, 23.07.1951 (Jordanov / Kitan.) SO 68524 (left
specimen - sub O. rapum-genistae rev. Delip. sub O.
gracilis); 17.1: KG-54. Below Kleptuza peak, 900 m,
02.07.2004 (KS) SOA 57003; 18: KG-86. Above Sin-
itovo, 400 m, host Thymus, 01.06.2005 (KS) SOA
57004, 57005, 57006.

Reported for 4.2 (Urum. 1912, 1913a, b, 1928) and
17.2 (FB1; FB4; FRB). Indicated for 5.1 (T. Georgiev
1937), 5.2 (FB1; FB4; FRB) and 6 (FB4; FRB). The
confirmed vertical distribution of this form is between
156 m and 1740 m alt. The only known host plant of
this form is Thymus.

O. alba var. alba f. lutescens (Boreau) Beck
(1890) Monogr. Orob. 212

New data: 8: FN-81. Hotel Moreni, 1800 m, host ?Thy-
mus, 25.07.2004 (KS) SOA 57007; 17.2: LF-38. Above
Zlatograd near Presoka, 941 m, host Satureja cinerea,
28.07.2005 (KS) SOA 57008. This form is new for the
flora of Bulgaria.

O. alba var. alba f. maxima Beck

New data: 1.1: NG-67. Cape Karaagach, 15 m, host Thy-
mus, 15.07.2003 (GS / KS) SOA 57010; 8: FN-81. Klad-
nitsa, 1154 m, 26.06.2004 (GS / KS) SOA 57011, 57012;
14.1: GM-20. Refuge Popovi Livadi, 1420 m, 18.05.2005
(TzR / KS) SOA 57013; 18: KG-86. Elenski peak, 400 m,
host Thymus, 01.06.2005 (KS) SOA 57014.
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This form is reported for: 4.2 (Urum. 1912, 1913a;
FB1), 17.1 (T. Georgiev 1937; FRB) and 17.2 (T. Geor-
giev 1937; FB4; FRB). Indicated for the regions: 3
(Urum. 1912; FB1; FRB), 5.1 (Urum. 1913b; FB1),
5.2 (FB4; FRB), 7 (Urum. 1935a; FRB), 10.2 (Urum.
1935a), 14.2 (H. Uhlich pers. comm.) and 15 (Urum.
1935a; FRB). The confirmed vertical distribution is
between 15 m and 1420 m alt. Established host plants
are Acinos suaveolens and Thymus.

O. alba var. alba f. rubiginosa (A. Dietr.) Beck
(1890) Monogr. Orob. 212

New data: 5.2: LH-12. Pochivaloto, 1300 m, 14.06.2003
(KS) SOA 56343; 07.07.2004 (KS) SOA 57015, SOA
57016; 17.2: LG-14. Narechenski Bani, 913 m, host
Thymus, 02.07.2005 (KS) SOA 57017; LG-02. Chou-
kata near Bogoutevo, 1100 m, host Acinos suaveolens,
31.05.2003 (KS) SOA 57018, 57019; LG-10. Chok-
manovo, 973 m, host Thymus, 15.06.2003 (Y. Guteva
/ KS) SOA 56359, 57021; 17.3: LF-47. between Gor-
ski Izvor, Koushla and Granchitsa, 440-560 m, host
Satureja pilosa, 29.07.2005 (KS) SOA 57022, 57023,
57024; LF-68. Gorsko Dyulevo - Chorbadzhiisko,
500 m, host Satureja cinerea, 14.07.2005 (KS) SOA
57025; LF-69. Gorsko Dyulevo, 400 m, host Sature-
ja cinerea, 14.07.2005 (KS) SOA 57026, 57027; host
Thymus, 14.07.2005 (KS) SOA 57028; 18: LH-80. Park
Ayazmoto, 250 m, host Thymus, 01.06.2004 (KS) SOA
57029; 420 m, 05.05.2005 (KS) SOA 57030.

This form is new for the Bulgarian flora. The Bul-
garian keys lead incorrectly to O. rapum-genistae (T.
Georgiev 1937; FB4) or O. pancicii (KVPB; FRB) in-
stead of this form.

O. alba var. alba f. rubra (Hook.) Beck

New and unpublished data: 1.1: NG-67. Kiten, 15 m,
23.05.1963 (Cheshm.) SOA 18591;27.05.1963 (Delip.)
SOA 18587, 18588, 18589, 18590; Chouka peak, 20 m,
27.05.1963 (D. Gramatikov) SOA 18586; Cape Karaa-
gach, 15 m, host Thymus, 15.07.2003 (GS / KS), SOA
57009; 1.2: NH-78. Mt Avrenska above Galata, 140 m,
07.05.1901 (Davidov / T. Georgiev) SOM 69627; 5.1:
GN-24. Mourgash peak, Stanchiv Preslap locality,
1101 m, 12.07.1952 (Acht. & Velchev) SOM 90538;
5.2: KH-63. Below Golyam Kordun peak, 1650 m,
16.07.1952 (Acht. & Velchev) SOM 91851; KH-83.
Maluk Vurtop, Kamenitsa near Klisoura, 740 m,
07.1920 (S. Baev / Acht.) SOM 69576; 14.1: GM-20.
Up from Dobro Pole above Pirin village, 1800 m,

25.07.1935 (Acht.) SOM 69677, 69680; 17.1: KG-84.
Ravnogor, 1300 m, 20.07.1949 (?) SOA 18612 (sub O.
rapum-genistae).

This form is reported for: 7 (FB1; T. Georgiev
1937; Urum. 1913a, 1935b), 8 (T. Georgiev 1937;
Urum. 1935b), 9 (Urum. 1935b), 14.2 (T. Georgiev
1937), 15 (Urum. 1935b), 17.2, 18 (FB1; T. Georgiev
1937; Urum. 1912). It is indicated for the regions: 10.2
(Urum. 1935b), 16 (T. Georgiev 1937) and 19 (FBI;
Urum. 1912).

The Floras indicate the taxon too generally as wide-
spread in the species area (FB4; FRB), but data lack for
14 subregions. This form is vertically distributed be-
tween 15 m and 1900 m alt. The taxon is very often
identified incorrectly as O. purpurea Jacq. (because of
confusion with O. purpurea Hook., nom. amb.) or as
O. gracilis Sm. (because of the corolla hue). The con-
tirmed host plant is Thymus.

0. alba var. bidentata Beck

New and unpublished data: 5.2: KH-75. Teteven,
498 m, 1910 (Urum. / Stoj.) SOM 104240; KH-83.
Maluk Vurtop, Kamenitsa, 740 m, 07.1920 (S. Baev /
Acht.) SOM 69576 (the 4™ sample left to right); 8: FN-
81. Bai Krustyu locality, 1300 m, 19.08.2003 (KS) SOA
57057; hotel Moreni, 1800 m, host Thymus, 25.07.2004
(KS) SOA 57031;9: FM-28. Gurlyano —Vrattsa, 1000 m,
19.06.2005 (KS) SOA 57032; 14.2: FM-93. Refuge P. Ya-
vorov, 1700 m, host ?Thymus, 14.07.2003 (TzR. / KS)
SOA 56418; 17.1: GM-36. Starina locality, near the
road, 1090 m, host Origanum vulgare, 27.07.2003 (KS)
SOA 57033; KG-54. Sivata voda locality, 900 m, host
Thymus, 900 m, 02.06.2004 (KS) SOA 57034; 17.2: KG-
92. Zaburdo, 1373 m, host Thymus, 28.08.2005 (TzR /
KS) SOA 57035; LF-18. Peak Lishava Chuka SW from
Chepintsi, 1134 m, 05.09.2005 (KS) SOA 57036; LG-02.
Chepelare, 1090 m, host Acinos suaveolens, 31.05.2003
(KS) SOA 57037; LG-15. Markovo, 400 m, host Thymus,
01.06.2003 (KS) SOA 57038; LG-24. Near Chervenata
Stena Reserve, 460 m, 26.06.2004 (KS) SOA 57039; 18:
LG-25. Asenovgrad, 300 m, 4.05.2003 (KS) SOA 57040;
300 m, host Thymus pulegioides, 06.05.2004 (KS) SOA
57041; LH-80. Park Ayazmoto, 250 m, host Thymus,
01.06.2004 (KS) SOA 58141.

This variety is indicated for 16 (T. Georgiev 1937;
FB4; FRB) without evidence of herbarium sheets. The
vertical distribution of this taxon is between 250 m
and 1800 m alt. The known host plants are Acinos,
Thymus and Origanum vulgare.
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0. alba subsp. xanthostigma Ratzel & Uhlich
(2004) Feddes Repert. 115 (1-2): 189-211
Newdata:17.1: GM-35. Between Yundolaand Avram-
ovo, 1300 m, host Origanum vulgare, 27.07.2003 (KS)
SOA 57042; GM-45. Sivata Voda locality, 1100 m,
host O. vulgare, 05.07.2003 (KS) SOA 57043; 900 m,
host O. vulgare, 02.06.2004 (KS) SOA 57044; 17.2:
LG-13. Forest near Yugovo, 680 m, host O. vulgare,
17.07.2004 (TzR / KS) SOA 57058; LG-14. Narechen-
ski Bani, 913 m, host O. vulgare, 02.07.2005 (KS)
SOA 57045.

This subspecies is new for the flora of Bulgaria. The
Bulgarian keys determine it incorrectly as O. rapum-
genistae (T. Georgiev 1937), O. pancicii (FB4; KVPB;
FRB) or O. amethystea (KPB).

Orobanche reticulata Wallr. (Fig. 3)

New and unpublished data: 1.1: NG-67. Kiten, 15 m,
27.05.1963 (Cheshm.) SOA 18606; 1.2: PJ-10. Kalekai-
ryak, 80 m, host Cirsium, 07.09.2003 (KS) SOA 57046;
12: GL-28. Mt Slavyanka (Alibotush), 1300-1400 m,
23.06.1929 (Dren. / ?) SOM 69785; 18: KG-86. Below

Elenski peak, 340-400 m, host ?Cirsium, 01.06.2005
(KS) SOA 57047; (see also subsp. pallidiflora); 20: NG-
36. Zvezdets (Gyok-Tepe), 320-330 m, 17.07.1934
(Jordanov sub O. cernua) SO 68498.

This species is reported for the regions: 3 (FRB; T.
Georgiev 1937), 5.1, 6 (CVEB; FB1; FB4; FRB; T. Geor-
giev 1937; Urum. 1909; Velen. 1891), 7 (FB4; T. Georgiev
1937), 14 (CVFB; FB4; FRB), 14.2 (T. Georgiev 1937), 15
(CVFB; FB1; FRB; Velen. 1891) and 17.2 (FB1). It is in-
dicated without confirming material for: 2 (CVFB; FD;
FRB; T. Georgiev 1937), 4 (CVEB; FB1; FB3; FB4; FRB;
T. Georgiev 1937; Velen. 1891), 4.2 (Urum. 1898) and 8
(CVEB; FB4; FRB; FV; T. Georgiev 1937; Urum. 1930).

The own collections and the herbarium data con-
tirm the regions 1,3,5.1,6,7,12, 14.2,15,17.2,18, and
an altitude between 15 m and 2000 m. This species
can be found on grassy and rocky slopes, in shrubs, up
to the subalpine area. The records in literature indi-
cate host plants of Asteraceae (KPB) - Cirsium, Card-
uus (FB1; FB4; PFB; T. Georgiev 1937) and Dipsacace-
ae (FB1; FB4; PFB; KPB; T. Georgiev 1937) - Knautia,
Scabiosa (FRB; PFB). The herbarium sheets and the

own collections confirm the hosts

::‘_hj- -

Achillea pectinata and Cirsium.

O. reticulata subsp. reticulata

This subspecies is confirmed for 1,
5.1, 6,7 8, 12, 14.2, 15, 17.1, 17.2,
18, 20. The literature data indicate it
for the regions 2, 3, 4, 6, 5.1, 8, 14, 15
(KPB) or as widespread (FRB).

O. reticulata subsp. pallidiflora
(Wimm. & Grab.) Beck

New data: 18: LG-25. Asenovgrad,
300 m, host Cirsium, 29.05.2003 (KS)
SOA 57048; host Achillea pectinata,
06.05.2004 (KS) SOA 57049; KG-96.
Novo Selo, 200 m, host Cirsium arven-
se, 11.05.2003 (K. Kishelov / KS) SOA
57050; 15.05.2003 (KS). SOA 56349.

This subspecies is reported for
the region 3 (FRB; KPB; T. Georgiev
1937). It is indicated for 2 (T. Geor-
giev 1937), 4 (FRB; KPB), 4.1 (Urum.
1898), 7 and 8 (T. Georgiev 1937)
without confirmation.

mappad using d 504 INTSE
ww'w.bmanic%.hit.bg 4S04

Fig. 3. O. reticulata: a - subsp. reticulata; b — subsp. pallidiflora.

A - new and unpublished data; B - confirmed data; C - data from literature.

The key in FRB leads incorrectly
to O. alba instead to this subspecies.
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Orobanche serbica Beck & Petrovic
(Fig. 4)

Syn.: O. serbica var. laxiflora T. Geor-
giev. Lectotypus: 7: FN-55. On the chalky
slopes of Mt Chepan, above Dragoman,
710 m, 20.06.1930 (Stoj. / T. Georgiev)
SOA 49665 - !.

This species is confirmed only from
two localities of Znepole region (7) - Mt
Chepan above Dragoman and Mt Zemen
(CVFB; FB1; FB4; FRB; T. Georgiev 1937;
KPB; KVPB; Urum. 1913a, 1935b; Ko-
vachev 1984) on altitudes between 600 m
and 1000 m. The unconfirmed data are

50
km
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from: 2 (Urum. 1912), 3 (FBI1; Urum.
1917, 1926, 1935a; Kovachev 1984), 4

Fig. 4. O. serbica: A - new and unpublished data; B - confirmed data; C - data
from literature.

(CVFB; FB1; FRB; KPB; KVPB; Kovachev
1984), 4.1 (Urum. 1917, 1926, 1935a), 4.2
(Urum. 1912, 1913a, 1928, 1935a), 5.1
(CVFB; FB1; FRB; KPB; KVPB; Urum.
1917, 1935a), 6 (Urum. 1913b, 1926;
FB1; Kovachev 1984), 8 (Urum. 1930), 9
(Urum. 1913b, 1935b), 15 (Urum. 1935b),
18 (CVFB; KPB; KVPB; FBI1; FRB; Urum.
1912, 1913b, 1929b; Kovachev 1984), 19
(CVFB; FB1; KPB; KVPB; Urum. 1912).
As mentioned by T. Georgiev (1937),
Urumov indicates the species for many
localities in Bulgaria but without confir-
mation of herbarium material. One her-
barium sheet (SOM 69740) is revised by

a0

i botanie3 hit.bg

T km
B g mapped using 4504 TSN

Delipavlov as O. serbica but it tallies with
the description of O. minor Sutt. Probably
the other indicated localities are based on incorrectly
identified O. alba or O. minor. This rare species is en-
demic for the Balkan Peninsula, with a few known lo-
calities. The only confirmed host plant for this spe-
cies is Artemisia (KVPB) - A. alba [= A. camphorata
(FB1; FB4; PFB; T. Georgiev 1937; Kovachev 1984); =
A. lobelii (FRB)] (KPB). The unproved hosts Genista,
Chamaecytisus, Alchemilla (Kovachev 1984) are indi-
cated, probably on the basis of incorrectly determined

O. minor and O. crenata, or by the plants in neigh-
bourhood.

Orobanche pancicii Beck (Fig. 5)

New and unpublished data: 17.1: KG-75. Peshtera,
750 m, 29.06.2005 (KS) SOA 57051; 18: KG-77. On
the hills above Pazardzhik (Tatar Pazardzhik), 215 m,

Fig. 5. O. pancicii: A - new and unpublished data; B - confirmed data; C - data
from literature.

19.04.1914 (I. Mrkvichka) SOA 48504; LG-25. Asen-
ovgrad, 300 m, host ? Pistacia terebinthus, 29.05.2003
(KS) SOA 57052; host Cephalaria flava, 29.05.2003
(KS) SOA 57053; 01.05.2003; LH-80. Park Ayazmoto,
250 m; 01.06.2004 (KS) SOA 57054, 57055.

This species is reported for the regions: 1.2 (CVFB;
FB3; FB4; FRB; KPB; KVPB; T. Georgiev 1937), 6
(CVFB; FRB; KPB; KVPB; Urum. 1912), 7 (CVFB;
FRB; KPB; KVPB; Urum. 1913a, b, 1935b), 8 (CVFB;
FB4; FRB; FV; KPB; KVPB; T. Georgiev 1937; Urum.
1930; Velen. 1891), 11 (CVFEB; KPB). It is indicated for:
9 (Urum. 1913b, 1935b); 10 (KVPB; KPB; CVFB), 10.2
(Urum. 1913a, 1935b), 15 (Urum. 1935b), 20 (FB3); in
altitude up to 1800 m. The herbarium sheets and the
own collections confirm the regions 1.2, 6, 7, 8, 11,
16.2, 17.1 and 18, between 190 m and 1800 m alt.
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The indicated host plants are Ligustrum vulgare
(FB1; FB4; FRB; PFB; T. Georgiev 1937), Euony-
mus latifolia (FB4; FRB; T. Georgiev 1937), Dip-
sacaceae (KVPB) - Scabiosa (FRB; KPB) - S. leu-
cophylla (FB1; FB4; PFB; T. Georgiev 1937). One
herbarium sheet (in SOA) has a twig of Euony-
mus. The other sheets have not data about the host

plant. The own collections confirm the host Ce-
phalaria. One plant was found near the roots of
Pistacia terebinthus.

A summary of the specified chorological data is
shown in Table 1. The known host plants are given in
Table 2. On the basis of the specified data an identifi-
cation key was compiled.

Table 1. Distribution of O. subsect. Glandulosae in Bulgaria - comparison by floristic regions (the new data are signed with *).

No. Taxon Floristic regions Floristic regions confirmed New data Altitude
indicated (m)
1. O.alba 3,4.1,5.3,19 4.2,5.1,5.2,6,7,8,9,10.2, 1.1,11,12,13,14.1,17.3 15-2000
14.2,15,16.1,17.2,17.2,18
f. campanulata 6,8,16 - - -
f. capitata - 6,8,15 1.2,2,4.2,5.1,5.2,11,12, 40-2000
17.1,17.2,18
f. communis 8,14.2,15 5.1,18 10.2,14.1,17.1,17.2 260-1600
f. lactea 42 6 - -
f. longebracteata 5.1,5.2,6 4.2,17.2 2,7,14.2,17.1,18 150-1740
f. lutescens* - 8,17.2 900-1800
f. maxima 3,7,5.1,5.2,10.2,14.2,15 4.2,7,17.1,17.2 1.1,8,14.1,18 15-1420
f. rubiginosa* - 52,17.%,17.3,18 400-1400
f. rubra 10.2,16,19 7,8,9,14.2,15,17.2,18 1,5.1,5.2,14.1,17.1 15-1900
var. bidentata 16 - 52,8,9,14.2,17.1,17.2,18 300-1800
subsp. xanthostigma* - 17.1,17.2 900-1300
2. O.reticulata 2,4.2,6,17.1,17.3 3,4.2,5.1,7,8,14.2,15,17.2 1,12,18,20 15-2000
subsp. reticulata 2,3,4.2,6,7 5.1,8,14.2,15,17.1,17.2 1,12,18,20 15-2000
subsp. pallidiflora 2,4.1,7,8 3 18 100-300
3. O.serbica 2,3,4,5.1,6,8,9,15,18,19 7 - 700-1000
4. O. pancicii 6,9,10.2,15,20 1.2,7,8,11 17.1,17.2,18 190-1800

Table 2. Host plants of O. subsect. Glandulosae in Bulgaria (new data are signed with *).

No. Taxon Indicated host plants Confirmed host plants
1. O.alba Lamiaceae: Thymus Lamiaceae: Thymus, Origanum vulgare*, Acinos
suaveolens*, Statureja cinerea*, S. pilosa*

f. campanulata -

f. capitata A. suaveolens, Thymus

f. communis A. suaveolens, Thymus

f. lactea Thymus

f. longibracteata Thymus

f. lutescens*

f. maxima

f. rubiginosa*

f.rubra

var. bidentata
subsp. xanthostigma*

2. O.reticulata Asteraceae: Cirsium, Carduus; Dipsacaceae:
Knautia, Scabiosa
subsp. reticulata
subsp. pallidiflora

3. 0. serbica Asteraceae: Artemisia — A. alba; Fabaceae:

Genista, Chamaecytisus; Rosaceae: Alchemilla

4. 0. pancicii Oleaceae: Ligustrum vulgare; Celastraceae:

Euonymus latifolia; Dipsacaceae: Scabiosa

Thymus, S. cinerea

A. suaveolens, Thymus

Thymus, A. suaveolens, S. pilosa
Thymus

A. suaveolens, O. vulgare, Thymus
O. vulgare

Asteraceae: Achillea pectinata*, Cirsium spp.

Cirsium
Achillea pectinata*, Cirsium arvense

Asteraceae: Artemisia alba

Celastraceae: Euonymus latifolia; Dipsacaceae:
Cephalaria; ?Anacardiaceae: ?Pistacia terebinthus*
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Identification key of genus Orobanche j. Corollawhite ................ooviiiin. f. lactea
subsect. Glandulosae in Bulgaria j*. Corollapaleyellow......................... f. alba

1. Stigma brightly yellow and remains yellow after the
bloom ... ... 2

1*. Stigma red, purple or whitish, sometimes yellow but in
this case it darkens after bloom and the host plant is from
Lamiaceae ............... ... ... o 3

2. Corolla 18-26 mm long, often with straight part of the dor-
sal line. Filaments inserted on 2-2.5 mm up of the corolla
base. Upper lip lobes bent outwards. Stigma often with red
aureole ... 0. pancicii

2*.Corolla 17-19 mm long, with uniformly curved dorsal
line. Filaments inserted on 3-5 mm up of the corolla base.
Upper lip lobes not bent outwards. Stigma without red au-
reole ... 0. serbica

3. Calyx parts with unclear nerves; become dark brown in
sicco. Corolla yellow with violet nerves and deeply incised
upper lip. Filaments inserted 2-4 mm up of the corolla
base; in the upper half with diluted glandular hairs. Host
plants from Asteraceae . ............ O. reticulata ...a

a. Upper lip intense violet or purple . .. subsp. reticulata
a*. Upper lip white or pale-yellowish . . .. subsp. pallidiflora

3*. Calyx parts with 1-3 nerves, in sicco light brown. Corol-
la rose-reddish or yellowish with slightly incised upper lip.
Filaments inserted less than 3 mm of the corolla base, with
dense glandular hairs on the top half. Host plants from
Lamiaceae. ............................ O.alba... b

b. Calyx parts long about 7 mm, entire, equal to the half of
the corolla tube. Corolla with uniformly curved dorsal
line. Stigma brightly yellow. ... .. subsp. xanthostigma

b*. Calyx parts 8-20 mm long, usually entire, sometimes bi-
dentate, usually equal with the corolla tube. Corolla with
straight part in the dorsal line. Stigma usually red or pur-

ple, rarely yellow or white ........... subsp.alba ... c
c. Calyx parts bidentate. Teeth often dissimilar. Bracts

equal to the corolla. ................. var. bidentata
c*. Calyx parts monodentate. ........... var.alba. .. d
d. Stigmavyelloworwhite .......................... e
d*. Stigma red, purpleorpink .................. oL f
e. Whole plant yellow as the stigma ........ f. lutescens

e*. Corolla reddish or red, coloured as the type..........
................................... f. rubiginosa

f. Bracts vastly longer than thecorolla................
................................ f. longibracteata

f*. Bracts not longer than the corolla ................. g
g. Corolla25-30 mmlong ................. f. maxima
g*. Corolla shorter than20mm ..................... h
h. Spike rotundate or ovate, compact, with no many flowers

........................................ f. capitata
h*. Spike elongated, cylindrical, usually with many flowers .. i
i. Corolla pale yellow or white...................... j
i*. Corolla pink or purpletored .................... k
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k. Spike dense, elongated ovate, short, with a little flowers.
Stemthin .................. ... ..... f. communis

k*. Spike + lax, cylindrical, elongated with many flowers.
Stemthick ........ .. ... i 1

1. Corolla short, long almost as wide ... f. campanulata

I*. Corolla 1.5-2 times longer than wide ... ... .. f.rubra

Conclusion

The big intraspecific diversity of O. alba and O. reticulata
shows that the hue of stigma is not a reliable criterion for
identification of the species in this section. Although O.
alba is found to be distributed in the whole country ac-
cording to Floras and keys, practically records or herbar-
ium sheets from some regions are missing. Orobanche
alba f. rubiginosa, O. alba f. lutescens and O. alba sub-
sp. xanthostigma are new taxa for the flora of Bulgaria.
The new data add 3 regions (5 subregions) to the distri-
bution area of O. alba. The taxa of O. alba subsp. alba are
revised. One of the known forms, O. alba f. campanu-
lata, is not confirmed by herbarium material. Three re-
gions (4 subregions) are added to the distribution area of
O. reticulata, and the data about O. reticulata subsp. pal-
lidiflora are specified to 2 regions. Orobanche serbica is
found only in two isolated localities of Znepole region.
Two regions are added to the distribution area of O. pan-
cicii. The review of existing herbarium data about host
plants of genus Orobanche subsect. Glandulosae in Bul-
garia presents that occasionally the information is not
sufficient. A large part of the specimens are not support-
ed by information concerning host plant. In other cas-
es the information on the specimen label is not proved
with enclosed host. Probably most of the data about host
plants are based on the plants found in neighbourhood
to the parasite. The information obtained in the study
shows a clear specificity according to the host plants.
Orobanche alba parasitizes only on Lamiaceae, O. reticu-
lata - only on Asteraceae. The highest specificity displays
the endemic O. serbica which parasitizes only on Artem-
isia alba. The information about the host of O. pancicii is
not clear and needs research in future.
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