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VASCULAR ANATOMY OF THE FLOWER OF
HYACINTHOIDES NON-SCRIPTA (L.) CHOUARD EX ROTHM. A NEW INSIGHT
ABOUT A COMPLEX PLACENTATION PATTERN IN ASPARAGACEAE

THIERRY DEROIN

Abstract. Floral vasculature and gynoecium architecture were revised in Hyacinthoides non-scripta (L.) Chouard ex Rothm.

Receptacle exhibits the usual regular vascular groundplan for monocots, while carpels are united at the ovary bases and

by their styles, but very loosely in their middle region, so that a basket-like capsule is ripened. The septal nectary is well

developed with two apertures at the ovary base and below the style insertion. Vasculature demonstrated basal ovules pairs

sheltered by each carpel are in fact cauline. Thus floral axis appears to be involved in the congenital intercarpellary fusion,

an unrecognized feature until now in the core-Asparagales.

Key words: Hyacinthoides non-scripta, Hyacinthaceae, anatomy, cauline placentation, floral vasculature, gynoecium,

stachyospory

Muséum national d’Histoire naturelle, Département Systématique et Evolution, UMR 7205, ISYEB, CNRS MNHN UPMC
EPHE, CP 39, 57 rue Cuvier, F-75231 Paris cedex 0S, France; deroin@mnhn.fr

Introduction

The genus Hyacinthoides Heist. ex Fabr.
was recently thoroughly revised with a firmly
established phylogeny (GRUNDMANN et al.
2010). It now comprises 11 species, living in
the western Mediterranean-Atlantic region and
the northern African mountains. Among them,
H. non-scripta (L.) Chouard ex Rothm. — the
British bluebell — covers the widest area along
the Atlantic coast, spreading from the British
Isles to the western Netherlands and Belgium,
North and West France, with a southern separate
territory at the NW Spain. This species is
frequent in the forests of the Paris surroundings,
growing in neutral or acid soils at shady places
(JauzeiN & Nawror 2011: 838), especially
under Quercus sp. and Carpinus betulus, with
Anemone nemorosa.

Surprisingly, few studies were previously
undertaken on the floral anatomy of this
widespread  species. Notably CHOUARD
(1931) focused on the vegetative features
when he distinguished the new genus
Hyacinthoides. Vasculature was briefly described

© The Author(s), 2014

by VAN TieGuem (1875: 102) under the
illegitimate name Agraphis nutans Link, while
fused tepal and filament only were drawn
(VAN TiEGHEM 1875: P1.2,65). Amore detailed
study was provided by GATIN (1920), especially
about the pedicel histology and receptacle
vasculature. Teratological flowers, with stamens
partially or wholly altered in carpels, were
pointed out by WiLson (1959) under the
illegitimate name Endymion nutans Dumort.,
but unfortunately not accurately analysed.

Thus it seemed worthwhile to investigate
further the floral anatomy of H. non-scripta, at least
as a check of previous results, if not in order to
throw new light on some yet overlooked features.

Material and methods

Flowers and fruits of H. non-scripta were
collected at different stages during April 2012
and May 2013 in the undergrowth of the Sénart
forest (“Forét domaniale de Sénart”, parcel
111), at Draveil (France, Ile-de-France region,
Essonne, ca. 20 km SSE of Paris). All samples
were fixed on the field by FAA (90% ethanol
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70%; 5% formalin; 5% acetic acid) for at least
48 h, and stored in a mixture of water, ethanol
and glycerol (equal volumes). Two flowers
were dehydrated through a t-butyl series
and embedded in paraffin (melting point:
58-60°C). Serial transverse and longitudinal
sections were cut at a thickness of 15pm by
rotary microtome Leitz 1512 (Germany),
then stained with Toluidine blue after Sakai
(GerLACH 1984) and mounted in Eukitt. Floral
vasculature was reconstructed by drawing the
serial sections using a camera lucida. Several
flowers and fruits were cut lengthwise by hand
to check the organs arrangement and the ovule
development.

Results

Anthetical flower morphology

H. non-scripta has 2-bracteate hypogynous
actinomorphic flowers with a campanulate
perigonium consisting of 3 outer and 3 inner
tepals, equal in size with reflexed tips (Figs. 1 A,
and 5 A, B). Flowers are first erect, as in numerous
other species of the Scilleae tribe, but are hanging
during the anthesis (Fig. 1 A, B), and at last are
straightened up again during the fruit set. The
perigonium is usually blue-violet and forms at the
base a very short hypanthium, no more than 600
pm thick. Androecium shows 6 stamens in two
whorls, the 3 outer ones slightly shorter than the
inner (c. 10 vs 12 mm in length), with filaments
600-700 pm wide, almost wholly adnate to the
tepals, anthers basifixed 4-5S mm long.

Gynoecium trimerous, ovoid, with 3
fused carpels on the radii of the outer tepals
(and inner long stamens). Ovary is c. 43% of
the carpel length, the loculi showing three
regions: a basal pedestal-like sterile region, a
placentary column with 25-30 ovules arranged
in an axile placentation, a short sterile region at
the top (Fig. 6 B), i.e. c. 23, 60 and 17% of the
total locule height respectively. Stigma level is
intermediary between the top levels of short and
long stamens.

Flower anatomy
Just above the insertion of bract p
(Fig. 2 A-C), the stele is loosely ordered in a

circle of 8-12 collateral bundles. It condenses
below the receptacle (Fig. 2 D-H) in two
concentric rings: 1) an outer one of 3 narrow
bundles yielding lateral branches to the inner
ring (compare Fig. 2 H, 1, J; magnified details
in Fig. 3), and which supplies inner tepals and
short stamens; 2) an inner ring of 3 alternating
large bundles, supplying the outer tepals and
long stamens. All the six strands to the perianth-
androecium complex appear to be attached
more or less at the same level (Fig. 2 K). They
form in fact downward loops at the hypanthium
base (compare with Fig. 6 B). Stamen bundles
are first collateral inverted (exarch xylem), then
normal (endarch xylem) and at last ampbhicribral
withasomewhat scalloped phloem in transversal
section (Fig. 2 J, L-M, N, resp.). These vascular
changes are common in stamens, and related to
the diplophyllous nature of these organs. At the
same level a short gynophore becomes wholly
free from the hypanthium, with ca. 12 unequal
bundles (Fig. 2 N).

As the hypanthium breaks down in six tepal-
stamen units (Fig. 4 A, F), the gynophore stele
provides the three carpel median bundles and
their mediolateral pairs basally fused to them
(Fig. 4 A-C), and branching in the outer ovary
wall, asloculiappear (Fig. 4 D). Ovary epidermis
is papillose and covers the more or less deep
clefts between the carpels (Fig. 4 G-J, especially
at the top of I), while ovary wall gets thinner
at the level of median bundles. Central stele is
rearranged in three wide collateral bundles in
front of the septa, alternating with three tiny ones
in front of loculi. These wholly supply the first
ovule pair of each carpel (Figs. 1 C; 4K, L), and
so disappear. Above each wide bundle — which is
obviously a synlateral carpel bundle — feeds two
ovules belonging to two neighbouring carpels
(Figs. 1 D; 4 M, N). At the same level, epidermis
is well-differentiated, thus underlining the
chamfered fused margins of the carpels. At last
all the upper ovules are supplied by separated
lateral carpel bundles (Figs. 1 E; 4 O and
S A-]), a septal nectary occurring between them
(Fig. S F, n). In all, there are 8, 9 or 10 ovules
in each carpel (Fig. S F, clockwise from the
lower carpel), ordered in an axile placentation.
At the ovary summit level, filaments of the short
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Fig. 1. Hyacinthoides non-scripta: A— top of a blossoming inflorescence in side view, quote the erect young flowers; B — the
same in front view, note the 3 inner stamens only visible in each flower; C-E - axile placenta at three levels (basal ovules
pair, ovules 3-4, ovules 5, corresponding to Figs. 4 K, M and S B, resp.).
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Fig. 2. Transverse sections of the flower of Hyacinthoides non-scripta, from bracts to the gynophore level: n — “septal”

nectary.

stamens separate from tepals (Fig. S G). Along the
stylar region (Fig. S K-T), vascular pattern does
not alter, as usual lateral bundles fade (Fig. S P)
then disappear. A tri-ray common loculus is

formed while septal nectary opens outside and
fades (Fig. S M-T). Median bundles fade in the
stigmatic region, locules open above their tip, the
three stigmas being so commissural (Fig. S U, V).
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N e 4 m e -

Fig. 3. Transverse sections of the receptacle of Hyacinthoides non-scripta, rearrangements in the central vascular ring from
sections H to I in Fig. 2, showing the anastomoses (arrows). Phloem stippled, xylem in black.

Notes on the fruit structure

During the fruit set (Fig. 6 F, G) — which
spends about 60 days from the fertilization, after
measuring on 10 flowers of 3 cut inflorescences
kept in water — the gynoecium size is doubled
(approx. from 10 to 20 mm), the ovary
occupying at last 65-70%.

In the loculi, the distribution of the three
regions is hardly modified (pedestal: slightly
shortened to 18%, placentary column:
54%, sterile top: slightly increased to 28%).
Examination of 10 fruits, almost mature but not
dehiscing, demonstrated that the maturation of
the ovules is in no way affected by their location,
especially basal ovules, with an axial supply, may
develop or not (Fig. 6 F, G, dbo, abo), and top
ovules may become normal seeds or not as well.

The mature fruit is a dry papery capsule,
basally closed (Fig. 6 C, D, E, intercarpellary
fused walls underlined in black), loculicidal
above then with the three separated styles
however remaining fused below the stigma,
appearing thus as “basket handles” In brief,
the fruit structure is reminding the incomplete
syncarpy already drawn in the anthetical
gynoecium.

Discussion

The main results of this study were
represented in Fig. 7.

The pattern of receptacle vasculature
(Fig. 7 A), already described by VAN TIEGHEM
(1875) and Garin (1920: 41), is wholly
confirmed with its 1-trace floral parts outside the

carpels, tepal and stamen bundles being basally
fused in common strands. These are attached
to the 6 pedicel bundles where the inner (wide
bundles in Fig. 2 D-H) are additionally supplied
by anastomoses of outer ones (Fig. 3), and are
connected above to the median and mediolateral
carpel bundles. A until yet overlooked feature is
that outer tepals (and inner stamens) are fed by
these 3 inner large pedicel bundles, while it is the
reverse for inner tepals. So this seemingly simple
stele pattern appears as the result of a rather
complex evolutive process. This pedicel bundle
asymmetry is moreover a common feature not
only in Scilleae tribe but also in Liliales s.1. (e.g.
Asphodelus albus Mill., in GATIN 1920: 93, with
a striking 1:4 ratio in size).

Between perianth and androecium parts
fusions are weak (almost only by parenchymas)
and of limited extent.

That is found in the gynoecium too, where
the carpel bases only are vascularly fused, as
demonstrated by the melting of the lateral
carpel bundles in synlateral ones (Fig. 4 K-M,
Fig. 7 B), which supply the second ovules pair
only. Once above, carpel laterals separate in
order to feed each a row of 3-4 ovules on the
external side, as well as a septal nectary on the
inner side. As VAN TIEGHEM quoted a long time
ago (1875: 106) the septal nectary is nothing
else than a modified secretory epidermis
and reveals the lack of fusion between the
carpels. However it appears symmetrical (with
3-slits) at the ovary base only (Fig. S A-F),
more irregular in outline above (Fig. S G-O),
building thus a “system of exogenous cavities”
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Fig. 4. Transverse sections of the flower of Hyacinthoides non-scripta, from the base of gynoecium to the insertion of ovules
(synascidiate part of the ovary): n — septal nectary.
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Fig. §. Transverse sections of the flower of Hyacinthoides non-scripta, from the insertion of ovules to the stigma level:
n - septal nectary.
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Fig. 6. Hyacinthoides non-scripta: A — side view of the anatomized flower; B — longitudinal section of an anthetical flower;
C-D - mature fruit, in side and top views; E — detail of the fruiting axile placenta, with basal congenitally fused fruit walls
in black; F-G - longitudinally cut two young fruits, showing basal ovule developing (dbo) or aborted (abo).

as described by OpinTsova (2013: 318), who
interestingly proposed to analyse the septal
nectary in the frame of the gynoecial vertical
zonality. Here, the nectary appears to be open
both at the ovary base (Fig. 4 I, above) and at
the top (Fig. S G, I) just below the style, as in
Scilla bifolia L. (Dyxa 2013: 320). It should be

emphasized that the two apertures are located
between the carpels 1-3 (Fig. 7 B), in front of
the bract a on the floral diagram (Fig. 7 A). Thus
some zygomorphy occurs in the architecture
of septal nectary and thus in the expression of
syncarpy. It is interesting to quote that a kind of
“septal’ nectary occurs on the same radius too,
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Fig. 7. Vascular diagram of Hyacinthoides non-scripta: A — at the perianth and androecium levels; B — at gynoecium level.

Floral parts: a, B — bracts; C — carpel; E — stamen; n — septal nectary; T — tepal. Carpel bundles: mc — median bundle;

mlc - mediolateral; slc - synlateral. Tepal bundles stippled, stamen bundles hatched, united bundles crossed, anastomoses

in broken lines. Basal ovules vasculature in black.

below the vascular insertion of the inner tepal
(Fig. 2 1 and J), at the boundary of the outer
tepals (T and T, in the Fig. 7 A).

The most puzzling feature is the vascular
supply of the 3 basal ovules pairs (Fig. 7 B, black
bundles), which is obviously axial, without any
connection to synlateral carpel bundles or even
the carpel vasculature. Lateral bundles of a same
carpel are never fused together, and so there
is no basal peltation. Thus the placentation in
H. non-scripta appears as involving unexpected
basal axial ovules and usual ovules attached to
the carpel margins.

Occurrence  of  extracarpellary  true
axial ovules (stachyospory or cauline
placentation) was previously reported in some
rare instances for dicots, e.g. in Hypericum
(Dupuy & GuEpis 1975). Here in the
studied Hyacinthoides species, they show an
arrangement hardly distinguishable from a
classical U-placenta (LEINFELLNER 1951, see
also Fig. 7 B). In fact, we can wonder if the axis
top, with its 3 ovules pairs, does not intervene
as a morphogenetic support for the basal
syncarpic region of the gynoecium (well-seen
yet in the mature fruit, Fig. 6 E). Of course it

is not possible to decide if these axial ovules
are relicts of a primitive condition (primary
stachyospory), or if they reappeared lately as a
result of a morphogenetic induction from the
placentary margins (secondary stachyospory).
Their vascular supply is anyway not carpellary,
and we can predict that in the teratological
flowers pinpointed by WiLson (1959) each
supernumerary carpel of staminal origin has its
ovules in lower number than in the normal ones,
and wholly supplied by lateral carpel bundles.

It is noticeable no case of axial ovules was
previously observed in lilioid flowers. Most
extensive studies were undertaken indeed one
century or more ago by using hand sections —
often non-permanently mounted, — which did
not allow so detailed observations as the seriate
paraffin sections, especially for the thinnest
vascular bundles. Moreover, the mountings
were interpreted in the theoretical frame of
a strict phyllospory in Angiosperms (e.g. in
VAN TieGHEM 1875), so overlooking any
conflicting observation. Stachyospory was much
more supported by morphogeneticists, such as
PAYER (1857), who disregarded at first vascular
architecture. However cauline placentation
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might be brought to the fore by it, as suggested
in some cases of central placentas — especially in
Caryophyllales — by MoeLIoNO (1970).

Thus in the case of H. non-scripta, the carpels
are congenitally united at the base via the floral
centre, even bearing some ovules, a pathway
until now unrecognized for a member of the
core-Asparagales (REMIZOWA et al. 2010: 638).
A comparable situation was met by NOVIKOFF
& Kazemirska (2012) who demonstrated
in Fritillaria montana Hoppe (Liliaceae) that
recurrent bundles, in parallel with the synlateral
carpel bundles occur in the centre of the ovary
column, a striking — and likely functionally
significant — but isolated feature yet.

Conclusions

As exemplified by H. non-scripta, apocarpy
and syncarpy may coexist in a same gynoecium,
while stachyospory and phyllospory are no
more exclusive and should be further studied
in a broader scope, following a method taking
in account the vertical zonality - at first
described by LeINFELLNER (1950), — and
combining different approaches such as vascular
architecture, histology and development from
the floral meristem to the mature fruit.

Thisbriefstudyisinlinewithrecentproposals
(NovIKOFF & KazEMIRSKA 2012; Dyka 2013;
OpINTsOva 2013), that a careful revision of
floral anatomy of monocots is imperative, not
only for a better knowledge of character states
(and thus their phylogenetical relevance),
but even for an accurate understanding of the
angiospermous flower. Especially carpels appear
to shelter ovules but not always to bear them
compulsorily. This result strengthen the previous
hypotheses of MoEgLiono (1970), mainly
based on a reappraisal of the central placenta in
Caryophyllales. Any struggle about the classical
opposition stachyospory vs phyllospory is to be
abandoned in Angiosperms.
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EMBRYOLOGICAL PROCESSES IN OVULES OF
RUDBECKIA LACINIATA L. (ASTERACEAE) FROM POLAND

MaARriA Ko$CINSKA-PAJAK ¥, KRYSTYNA MUSIAE **, KATARZYNA JANISZEWSKA

Abstract. Embryological researches of an invasive plant Rudbeckia laciniata focused on the process of megasporogenesis,

female gametophyte formation, and fertilization. A disturbed first meiotic division results in the formation of restitution

nucleus. In some megaspore mother cells micronuclei or vacuoles were observed near the restitution nucleus. Different

course of megasporogenesis led to the development of unreduced embryo sacs with various organization which is reflected

in the embryo formation and capacity of seed germination. Our research confirmed the occurrence of hemigamy in the

Polish representatives of R. laciniata. In spite of a reduced germination capacity of R. laciniata seeds, their production

allows a long-distance dispersal and expansion of the species.

Key words: Rudbeckia laciniata, Asteraceae, megasporogenesis, female gametophyte, hemigamy

Department of Plant Cytology and Embryology, Institute of Botany, Jagiellonian University in Krakow, Gronostajowa 9, 30-387
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Introduction

In the Polish flora, the Rudbeckia genus
is represented by two species: R. hirta L. and
R. laciniata L. Both species are kenophytes
which arrived from North America and they are
agriophytes permanently established in natural
or seminatural communities (ZAJAC et al.
1998). R. laciniata is a very common species
in Poland, occurring especially in the southern
part of the country (ZAjac & Zajac 2001).
At present, it is considered an invasive species,
competing with native species and displacing
them, which is a potential threat to biodiversity
(Tokarska-Guzik ~ 2005). Therefore a
detailed knowledge of reproductive biology
is essential for an effective protection of the
native ecosystem. The roles that reproductive
mode plays in the invasion of alien species are
largely unknown despite being essential to the
understanding of the invasion mechanisms
(DoNG et al. 2006). Invasive plants often have
the capacity of rapid vegetative propagation.
However, it is also significant to determine
the importance of sexual and/or apomictic
reproduction in the successful invasion.

Although R. laciniata is an invasive plant
rapidly spreading in Europe, the mode of

© The Author(s), 2014

reproduction of the Polish representatives
of this species was not analyzed. Previous
embryological investigations within Rudbeckia
genus showed differentiation of developmental
pathways of female gametophyte (BATraGria
1945, 1955, 1981; KosciNska 1980;
Ko$cINsKA-PAJAK 1985; MUSIAL et al. 2012).
Moreover, studies of fertilization in Rudbeckia
species revealed a relatively common occurrence
of hemigamy (BATrAGLIA 1945; SOLNTZEVA
1968, 1974; Ko$ciNska 1980).

The aim of the present studies was to
examine the course of megasporogenesis, female
gamethophyte formation as well as analysis
of fertilization in the Polish representatives of
R. laciniata.

Material and methods

Inflorescences of R. lacinia were sampled
from randomly selected plants within natural
population in Balice near Cracow (50°4'40"N,
19°47'S"E). Whole capitula at various
developmental stages were fixed in FAA for at
least 24 h and stored in 70% ethanol. Individual
flowers, ovaries or ovules were then isolated
and dehydrated in ethanol series. A part of
the samples was embedded in paraffin, cut
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Fig. 1. Longitudinal section of young
Rudbeckia laciniata ovules: a — ovule
with

A primordium
4 cell (arrow); b — early prophase in

archesporial

megaspore mother cell. Abbreviations:

B R
‘ ? : :— ch - chalazal pole; m — micropylar pole.
\ v Scale bars: 10 pm.

to 8-10 pm thick sections, and stained with
Heidenhain’s hematoxylin with alcian blue.
Sections were examined using a Nikon 400
Eclipse microscope.

Results and discussion

The ovule of R. laciniata is anatropous,
tenuinucellate and unitegmic as in other
members of Asteraceae. In young ovules of
R. lanciniata, a single hypodermal archesporial
cell differentiates (Fig. 1 a) and functions
directly as a megaspore mother cell (MMC)
which becomes distinctly elongated in the
micropylar-chalazal — axis before meiosis
(Fig. 1b). In the analysed material, three types of
megasporogenesis were found, which led to the
formation of unreduced female gametophytes
with different structure. In all of the analysed
ovules the first meiotic division was strongly
disturbed, chromosomes were scattered along
the spindle during the metaphase (Fig.2a). Most
frequently, one centrally situated restitution
nucleus was formed after the irregular first
meiotic division (Fig. 2 b). The second meiotic
division was not follow by cytokinesis and gave
rise to a binucleate coenomegaspore. Then,
two successive mitosis lead to an unreduced
eight-nucleate embryo sac (Fig. 3 a). This
developmental pathway follows the diplospory
of Ixeris type which was also described in the
representatives of R. laciniata investigated by

BatracLia (1945). This mode of female meiosis
also occurs in R. speciosa Schrad., R. triloba L. as
well as in Erigeron annuus (L.) Pers. (for review
see JOHRI et al. 1992).

In some ovules, after irregular first meiotic
division, a large vacuole arises in the micropylar
region of MMC thus moving the restitution
nucleusto the chalazal pole of the megasporocyte
(Fig. 2 c) where the second meiotic division
(Fig. 2 d) takes place, giving rise to a binucleate
unreduced megaspore. In the course of further
development, only one mitosis occurs leading
to the formation of a four-nucleate embryo
sac. In these cases, there is no egg apparatus at
the micropylar pole of the embryo sac and the
female gametophyte consists of three antipodal
cells and a central cell containing only one
nucleus (Fig. 3 b). Such organization of the
female gametophyte, which is devoid of the egg
apparatus, was described in other species within
Rudbeckia genus (BATTAGLIA 1946).

Quite often, two nuclei unequal in size were
formed as a result of the first disturbed meiotic
division (Fig. 2 e). Both nuclei undergo second
meiotic division (Fig. 2 f) resulting in four
nucleate coenomegaspore. Mitotic division of
this coenomegaspore leads to the formation
of an eight-nucleate embryo sac in which four
micronuclei at the micropylar pole and four
significantly larger nuclei at the chalazal pole
were visible. After the formation of the cells
in the embryo sac, a miniature egg apparatus,
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Fig. 2. Megasporogenesis in Rudbeckia laciniata: a — disturbed metaphase I in megaspore mother cell; b - centrally

situated restitution nucleus formed after irregular first meiotic division; ¢ — megaspore mother cell with vacuolated

micropylar pole and restitution nucleus visible in the chalazal part; d - telophase II at chalazal pole of megaspore

mother cell; e — two nuclei unequal in size formed as a result of the first disturbed meiotic division, arrowhead points to

micronucleus; f — metaphase II in megaspore mother cell, arrowhead shows dividing micronucleus; g, h — two successive

sections of megaspore mother cell with micronuclei (arrows) visible above and below restitution nucleus. Abbreviations:

ch - chalazal pole; m — micropylar pole; v — vacuole. Scale bars: 10 pym.

three antipodal cells, and central cell containing
two polar nuclei different in size were observed
(Fig. 3 c). Sporadically, micronuclei were
visible below and above the restitution nucleus
(Fig. 2 g, h). Abnormalities observed in the
female gametophyte development and structure
affected the viability of seeds. In the studied
material, only 36% of mature seeds was capable
of germination.

In some embryo sacs, just after fertilization,
we observed an independent division of the egg
cell and sperm cell nuclei (Fig. 3 d-f). These
observations confirmed the occurrence of
hemigamy in R. laciniata. During this process,
also called semigamy, a male nucleus enters
the egg cell but does not fuse with the female

one and then both nuclei divide independently
giving rise to a mosaic embryo which contains
tissue sectors of maternal or paternal origin
(BATrAGLIA 1981; JoHRI 1984). Hemigamy
was previously recorded in unreduced
embryo sacs of other species of Rudbeckia
(SOLNTZEVA 1974, and references therein) as
well as in the meiotic embryo sacs of R. bicolor
(KosciNska 1980; Ko$ciNska-Pajak 1985).
However, the recent analysis revealed that in
R. bicolor hemigamy is not obligatory and most
likely depends on the genotype (MUSIAE et al.
2012). It should be emphasized that sexual
reproduction contributes to genotypic diversity,
facilitating the adaptation of species to adventive
environments (TIEBRE ef al. 2007). Likewise in
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the case of R. laciniata, seeds can contribute to
the invasiveness of this species, despite of their
reduced germination capacity.

Conclusions

1. The first meiotic division is disturbed
in all analysed young ovules of R. laciniata.

2. In the studied material, three types of
megasporogenesis were found, which led to the
formation of unreduced female gametophytes
which differ in structure.

3. Our embryological observations
confirmed the occurrence of hemigamy in
Polish representatives of R. laciniata.

4. Disturbances of megasporogenesis
and observed abnormalities in the embryo sacs
organization affect the viability of seeds.
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«Fig. 3. Longitudinal section of organized female gametophytes in Rudbeckia laciniata: a — embryo sac containing typical
egg apparatus, central cell with polar nuclei of equal size at the time of fusion (arrowhead), and three antipodal cells;
b — embryo sac without egg apparatus, in central cell one polar nucleus, three antipodal cells at chalazal pole; ¢ — mature
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tapetum; m — micropylar pole, s — synergid cell. Scale bars: 25 ym.
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EFFECT OF ESTRONE ON SOMATIC AND FEMALE
GAMETOPHYTE CELL DIVISION AND DIFFERENTIATION
IN ARABIDOSPIS THALIANA CULTURED IN VITRO
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Abstract. The aim of the study was to determine the effect of the mammalian female sexhormone estrone on differentiation
of somatic tissues and on induction of autonomous endosperm in culture of female gametophyte cells of Arabidopsis
thaliana ecotype Columbia (Col-0).

In culture, estrone-stimulated development of autonomous endosperm (AE) occurred in 14.7% of unpollinated
pistils. The AE represented development stages similar to those of young endosperm after fertilization and AE of fis mutants
in vivo. In the majority of ovules the AE was in a few-nucleate young stage. Some ovules showed more advanced stages of
AE development, with nuclei and cytoplasm forming characteristic nuclear cytoplasmic domains (NCDs). Sporadically,
AE was divided into regions characteristic for Arabidopsis endosperm formed after fertilization.

Direct organogenesis (caulogenesis, rhizogenesis), callus proliferation and formation of trichome-like
structures were observed during in vitro culture of hypocotyls and cotyledons of 3-day-old seedlings cultured on medium
supplemented with estrone for 28 days. Histological analysis showed adventitious root formation and changes in explant
anatomy caused by estrone.

Key words: Arabidopsis, ovules, autonomous endosperm, hypocotyl, cotyledon, female mammalian hormone, in vitro
culture
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Introduction

Mammalian sex hormones (androgens,
estrogens, progesterone) play a key role
in mammalian reproduction. They also
are synthesized by plants, in 128 species
representing more than 50 families (JANECZKO
& SkoczowskI 2005, and references therein).
Selected steroids applied exogenously to plants
stimulate cell division, pollen maturation,
growth and flowering (JaANECZKO et al
2003, 2013). In Arabidopsis thaliana, estrone
stimulated induction of flowering in vitro
(JanECZKO & FILEK 2002).

The aim of this study was to examine
the effect of estrone on somatic and female
gametophyte cell division and differentiation
in culture of Arabidopsis thaliana (Columbia-0
ecotype, Col-0) hypocotyls, cotyledons and
unfertilized ovules.
© The Author(s), 2014

Material and methods

In vitro culture of female gametophyte cells

Unpollinated pistils (~1.2 mm long) of
Col-0 were removed from flower buds and
sterilized in a solution of 3% hydrogen peroxide
and 95% ethanol (1:1, v/v) for 5 min, then
rinsed in sterile distilled water 3 times for
S min each. Pistils were placed on MS medium
solidified with Difco Bacto agar (8 gl?)
supplemented with myoinositol (0.01 g1"), 6%
sucrose and 1 puM estrone. The steroid hormone
was dissolved in 50% ethanol and stored in stock
(2 mg/1 ml) at —20°C. The concentration of
pure (99.8%) ethanol added to the medium was
6 pl1" and this concentration did not influence
the experiment. The hormone was sterilized
through a 0.22 pm syringe filter (Millipore) and
added to the medium after autoclaving.



26 MODERN PHYTOMORPHOLOGY 5 (2014)




ZaBICKI P, ROJEK J., KapusTa M., KuTa E., BoHDANOWICZ ]. 27

All cultures were maintained under a 16 h
photoperiod at 21+£3°C. Light was supplied by
cool white fluorescent tubes (avg. 70-100 M
photons m™.s?). Pistils were cultured 7 days.

Embryological study

Unpollinated pistils cultured in vitro were
fixed on 39, 5%, and 7™ days of culture in acetic
alcohol (1:3 glacial acetic acid : 96% ethanol)
or FAA (40% formalin: glacial acetic acid :
70% ethanol, 5:5:90, v/v/v). Fixed material
was prepared by the paraffin method and
sectioned 5 pm thick. Sections were stained
with Heidenhain’s or Ehrlich’s hematoxylin
combined with alcian blue. Micrographs of
the embryological slides were taken with a
Nikon Eclipse E800 microscope fitted with a
DS.-SMc camera. The images were cropped and
reprocessed in Adobe Photoshop CS4.

In vitro culture of somatic tissues

Seeds of the Arabidopsis Columbia-0
ecotype (CS60000, Col-0) were obtained from
the Nottingham Arabidopsis Stock Centre
(NASC, UK). To obtain material for in vitro
culture (hypocotyls, cotyledons) the seeds
were sterilized by vortexing in 70% ethanol
for 3-S5 min and then in a 50% solution of
commercial bleach (Ace) with a few drops of
Triton X-100 detergent for 3-5 min, followed
by 3 rinses in sterile distilled water. Seeds
were refrigerated at 4°C for 3 days on 0.15%
agar solution and germinated on MS medium
(MURASHIGE & Sk00G 1962). To prepare
medium supplemented with 3.7 yM estrone,
the steroid hormone was dissolved in absolute
alcohol, sterilized using a 0.22 pm syringe filter
(Millipore) and added to MS basic medium
after autoclaving. Control medium with ethanol
was also prepared.

Hypocotyls and cotyledons of 3-day-old
seedlings grown on MS medium were excised
under a laminar flow hood and placed in
medium-filled Petri dishes (10 explants per

dish); SO hypocotyls and SO cotyledons were
cultured in vitro. Cultures were maintained
in a growth chamber at 25+3°C under a 16 h
photoperiod (cool-white fluorescent lamps, 60-
90 pmol-m2s?). Hypocotyls and cotyledons
were cultured 28 days.

For histological analysis the material cultured
in vitro was fixed and prepared according to the
procedure described by ZaBick1 et al. (2013).
Hypocotyl and cotyledon sections were
photographed with a Zeiss Axio Cam MRc
digital camera using Zeiss Axio Vision 3.1. Gimp
2.6.11 and Open Office Draw 3.1 were used for
image reprocessing.

Results

Induction and development of autonomous
endosperm in vitro

Unpollinated pistils cultured on medium
with estrone added were conspicuously enlarged
at day 7 of culture (Fig. 1 a-d). Explant viability
was 86%; ovule viability was markedly lower at
70%.

On the third day of culturing the female
gametophytes (FGs) were enlarged and
contained an egg apparatus and secondary
nucleus or autonomous endosperm nuclei. The
AE were few-nucleate; the nuclei were of similar
size, small and clustered together in dense
cytoplasm. Atday 7 of unpollinated pistil culture,
secondary nuclei and intact egg apparatuses
were still observed in FGs, and also few- to
multinucleate AE. The first AE nuclei moved
into two opposite poles (one nucleus close to
the egg cell, the other at the chalazal pole) (Fig.
1 e). The nuclei of few- to multinucleate AE
were of different size, parietally arranged close
to egg apparatus (Fig. 1 f-g). Rarely the AE
nuclei were organized in nuclear cytoplasmic
domains (NCDs) and formed regions typical
for Arabidopsis endosperm developed in vivo
after fertilization.

< Fig. 1. Unpollinated Arabidopsis Col-0 pistils at inoculation and cultured on MS 6% + estrone 1 pM for 7 days (a-d),
and longitudinal paraffin sections of ovules inside unpollinated ovaries (e-g): a, b — pistils at inoculation; enlarged pistils

(c) and ovules inside ovaries (d) after 7 days of culture; e — AE with two distant nuclei (arrows); f, g — few nucleate AE
(arrows) accompanied by egg apparatus, visible synergids (sc). Bar — 1 mm (a-d) and 10 pm (e-g).
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Somatic cell division, differentiation and
organ formation

Trichome-like structures were formed on
4% of the hypocotyl explants on the third day
of culture (Fig. 2 a). On the 9" day of culture,
adventitious shoots developed on 10% of the
hypocotyl explants, and roots with root hairs
developed on 5% of them. Callus proliferation
started on the 14™ day on 3% of the explants.
Histological analysis of plant material cultured
in vitro showed division and differentiation
of epidermis (cells differed in size and shape,
and underwent periclinal divisions) (Fig. 2 d),
disintegration of the parenchyma cortex due to
proliferation of other tissues, stele enlargement
through parenchyma cell division, and the
formation of meristematic centers (Fig. 2 d-i).
Adventitious roots with root hairs were formed
near the stele as additional structures inside the
explants (Fig. 2 e-g, i).

Cotyledons cultured in wvitro produced
callus on the cut end (12%) and trichome-
like structures (4%) on the 14% day of culture.
Adventitious roots with root hairs (Fig. 2 b) and
nodular structures (Fig. 2 c) were formed on 28"
day of culture. There was revealed no significant
effect of estrone on cotyledon explants. The
anatomy of cultured cotyledons was similar to
their normal anatomy.

Discussion

Based on molecular data on the
signaling pathway of steroid plant hormones
(JaNeECczkO 2012) and their role in auxin
redistribution, vernalization, flowering,
and regulatory mechanisms in response to
environmental stress (JANECZKO et al. 2013),
we expected estrone to stimulate somatic and
female gametophyte cell division, proliferation
and differentiation. In fact, we observed direct

organogenesis induced by this mammalian
hormone in both hypocotyl and cotyledon
explants. Organogenesis differed between the
two types of explant: callus proliferated and
adventitious roots formed on hypocotyls and
cotyledons, but adventitious shoots formed
only on hypocotyls.

Estrone induced division of the female
gametophyte secondary nucleus without
fertilization. It is well known that in sexual
angiosperms the endosperm is formed after
fertilization as a nutrient source for the
developing embryo. Fertilization-independent
seed (fis) mutants of sexual Arabidopsis develop
endosperm without fertilization. ROJEK et al.
(2013) obtained AE induction in Arabidopsis
Col-0 in culture of unpollinated pistils (ovules)
regardless of the media used, suggesting that
the Arabidopsis Col-0 genotype has the ability
to develop endosperm independently as
autonomous apomictic plants do.
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USEFULNESS AND LIMITATIONS OF POLLEN
CHARACTERS IN ENVIRONMENTAL STUDIES BASED ON
VIOLA L. SPECIES (SECT. MELANIUM GING.)
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Abstract. The aim of these studies was to determine the effect of environmental pollution on pollen development. Pollen
heteromorphism (the presence of pollen morphs differing in aperture number in one flower of a plant), pollen viability
(stainability) and pollen grain size in European metallophytes from sect. Melanium Ging. (Viola L., Violaceae) were
analyzed by SEM and histochemical staining.

Plants’ tolerance to heavy metals is positively correlated with their pollen viability, which should be termed stainability
as it depends on the staining method applied and is not correlated with pollen germination. Abortive pollen can be
produced as an effect of heavy metals but also may result from hybridization, a very common phenomenon in pansies.
Pollen stainability in hybrids can be high (even exceeding 70%) or low (barely above 20%), and stainable pollen grains can
differ greatly in size (from very small to giant), indicating a cytological imbalance resulting from disturbed meiosis. The
number of pollen apertures is an adaptive character in facultative metallophytes. Plants from a metallicolous population
produced a wider range of aperture number (3, 4, S) than plants from a non-metallicolous population, which developed
only 4- and S-aperturate pollen. Three-aperturate longer-lived pollen are favored in the harsh conditions of a metal-
polluted environment.

Keywords: Viola, Melanium, pollen heteromorphism, pollen viability, pollen stainability, metallophytes, pansies, abortive
pollen, pollen size, hybridization
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zinc has been found to be accumulated in roots
and shoots of Viola tricolor L. plants from some
Polish populations (StoMKA et al. 2011; BOTHE
et al. 2013). Aerial and soil pollutants may affect
sexual plant reproduction, leading to reduced
pollen viability and seed set (e.g., SLOMKA et al.
2012 and references therein).

Introduction

Many species of sect. Melanium Ging.
(Viola L. Violaceae) are well adapted
to an environment rich in heavy metals.
They include facultative metallophytes
(pseudometallophytes), occurring at heavy
metal-contaminated and non-contaminated
sites, and obligatory metallophytes, occurring
only at metalliferous sites; both occur on

Material and methods

different soil types, including calamine (Zn/
Pb), serpentine (Ni/Cr) and cupriferous
(Cu) soils (SLoMKA et al. 2011). All known
metallophytes in sect. Melanium are heavy
metal excluders, but the comparable amount of

© The Author(s), 2014

The viability (stainability) and number of
apertures of pollen grains of 13 species and
3 interspecific hybrids from Poland, Albania
and Germany were analyzed by acetocarmine,
Alexander and FDA (Fluorescein diacetate)
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tests. The studied material was fresh or was fixed
in FAA (S ml 40% formaldehyde, S ml glacial
acetic acid, 90 ml 70% ethanol). For SEM, dried
pollen grains were dusted onto stubs with SPI
carbon-conductive double-sided adhesive discs,
gold-coated (SPI-MODULE™ Sputter Coater,
Structure Probe Inc., Chester, PA USA), and
examined in a Philips XL 30 SEM scanning
electron microscope.

Results and discussion

In sect. Melanium approx. 74% of the
species produce pollen morphs differing in
aperture number in one flower of a plant, called
heteromorphic pollen (NADOT et al. 2000). The
number of apertures is determined by the mode
of meiosis (cytokinesis type, callose deposition,
orientation of meiotic axes, etc.) (RESSAYRE
et al. 2003), and in pansies ranges from 3 to 6
(Fig. 1 A-F). Environmental conditions such
as altitude or frequency of pollinators can alter
aperture number (TILL-BOTTRAUD et al. 1999)
but there are no data on the effect of heavy metals
on pollen heteromorphism in pansies. Our
study suggests that pollen heteromorphism is an
adaptive character for survival at metal-polluted
sites. V. tricolor at localities polluted with
heavy metals produced 3-, 4- and S-aperturate
(-colpate) pollen grains (Fig. 1 B-E), while at
non-polluted sites only 4- and S-aperturate
(Fig. 1 A). The 3-aperturate pollen morph is
longer-lived than 4- or S-aperturate morphs and
thus is favored under harsh conditions (SeomMka
et al. 2008).

Plants growing at metalliferous sites exhibit
impaired sexual reproduction in both male
and female organs, although pollen seems to
be more sensitive than female gametophytes
(Sain1 1997). The frequency of degenerated
pollen grains may even exceed 70% (MICIETA
& MURIN 1996) in species poorly adapted for
growth at sites bearing heavy metals. Pollen
viability tests are simple and quick but their
use is sometimes questioned, as their results
depend on the pollen developmental stage,
type of reagent used, staining conditions and
other factors. In V. tricolor from a metallicolous
population it ranged from 72% to 98%

depending on the test applied, and was highest
in the acetocarmine test (SLOMKaA et al. 2010).
Stainability is not equivalent to pollen viability
and pollen germination (Fig. 1 G). Stainable
pollen can differ in size from very small to
giant (Fig. 1 H); the extremes represent
cytologically unbalanced pollen grains, an
effect of disturbed male meiosis. Combining
pollen size (diameter) analyses with
histochemical tests increases their informative
value. Reduced pollen stainability very often
is correlated with a plant’s tolerance and is
considered a cost of tolerance. The higher
the frequency of non-staining pollen, the less
tolerant the plant. Our long-term studies on
metallophyte violets indicate that obligatory
metallophytes from calamine soils in Germany
(e.g, V. calaminaria (Ging.) Lej.) (PILARSKA
& Kuta 2005) and from serpentine soils
in Albania (e.g, V. dukadjinica W. Becker et
Kosanin, V. raunsiensis W. Becker et Kosanin,
V. albanica Hal4csy) (SLoMKa ef al., unpubl.
results) produced highly stainable pollen,
uniform in size; the frequency of such
pollen ranges from 82% to 95%, although
shrunken, empty and cytoplasm-filled but
nonstaining pollen were also observed
(Fig. 1 1). They are well adapted for growth
in a metalliferous environment and their
tolerance costs are negligible. An exception
is V. westfalica Ernst (J. Heimans), a species
endemic to Blankenrode (Westphalia,
Germany), which produces a relatively low
frequency of abortive pollen (20%) but also
shows severe disturbances and degeneration
in ovules and seeds. Its anomalies of sexual
reproduction, including huge differences in
pollen size, were not the effect of the polluted
environment but rather of genetic instability,
probably the result of the hybrid origin of
this species; V. westfalica plants transplanted
from a calamine heap to a control site showed
similar disturbances of sexual processes
(Stuta et al. 200S). Our work also showed
that the facultative metallophyte V. tricolor,
having undergone long-term adaptation to
heavy metal-polluted soils during more than
100 years, developed normal pollen grains
with 90% mean frequency of stainable pollen
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Fig. 1. Pollen heteromorphism, stainability and germination in metallophytes of sect. Melanium. SEM (A-E, G) and

LM (F, H, I) micrographs. Pollen morphs isolated from one flower of Viola tricolor from non-metalliferous (A) and

metalliferous (B) sites; 3-aperturate (C), 4-aperturate (D) and S-aperturate (E) pollen of V. tricolor from metallicolous

population; 6-aperturate pollen of V. albanica (F); pollen germination (arrow and magnification) at stigma of V. raunsiensis

(G); different sizes of stainable pollen (Alexander test) in V. albanica x V. dukadjinica (H); non-stainable normal-size
(arrow) and dwarf empty (arrowhead) pollen of V. dukadjinica (I). Bars in A = 200 pm, in B, F, I = 50 ym, in C-E, H =

20 pm, in G = 500 pm.

(SroMKA et al. 2010). This stands in contrast
to findings from research on ‘newcomer’ plants
of other species accidentally introduced to
polluted sites (e.g, Vicia cracca L.), which
had reduced pollen stainability and a high
frequency of aborted and dwarf pollen grains,
indicating disturbed microsporogenesis and
low adaptation (Izmarzow 2000; BoGacz &
KuTa 2002).

Reduced pollen stainability can also result
from hybridization. Interspecific hybrids
are extremely common among pansies
because the genetic barriers between them
are low (ERBEN 1996). Pollen stainability
was dramatically reduced to 25% in the F,
hybrid V. westfalica x V. arvensis Murray from
Germany (HILDEBRANDT et al. 2006) but was

relatively high (74%) in hybrids of V. albanica
x V. dukadjinica from Albanian mountains
(SeoMKA et al., unpubl. results). In the latter,
high stainability was accompanied by variability
of pollen grain size from very small to very large
and even giant.

Conclusions

1) Pollen heteromorphism in pansies is
an important character. The number of pollen
apertures can be considered adaptive: the lower
the number of apertures, the longer-lived the
pollen.

2) Pollen stainability as estimated by
histochemical tests is not an unequivocal
measure of pollen viability and should
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be combined with pollen size and pollen
germination tests.

3) Reduced pollen viability (stainability)
is not exclusively an effect of environmental
pollution but can also result from hybridization.

4) Obligatory metallophytes (if not of
hybrid origin) are well adapted for growth in
soils polluted with heavy metals. Their sexual
reproduction, including pollen production, is
only slightly disturbed or not affected at all.

S) In terms of their sexual reproduction,
facultative metallophytes long adapted for
growth at polluted sites bear low costs of
tolerance, unlike ‘newcomers’ having short
adaptation periods, which show reduced pollen
stainability and seed set.
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FLORAL ANATOMY OF DELPHINIEAE (RANUNCULACEAE):
COMPARING FLOWER ORGANIZATION AND VASCULAR PATTERNS

ANDREW V. NOVIKOFF ' & FLORIAN JABBOUR *

Abstract. Species of the tribe Delphinieae have dorsoventralized flowers; their pentamerous calyx and reduced corolla
are dorsally spurred and inner spurs are nectariferous. Based on this common floral scheme, Delphinieae species exhibit
a wide diversity of floral structures and morphologies. We present here the first investigation of the floral anatomy in
Delphinieae. The organization of the floral vascular system has been studied in species representative of the floral
morphological diversity of Delphinieae: Aconitum lasiocarpum, Delphinium elatum, and Consolida regalis. The three species
show a similar vascularization of the calyx and of the reproductive organs, but exhibit distinct anatomical features in the
corolla where the nectaries are borne. The sepals and the stamens have a trilacunar three-traced and a unilacunar one-
traced vascularization, respectively. Three free carpels in D. elatum and A. lasiocarpum are basically supplied by six vascular
bundles - three independent dorsal bundles and three fused lateral bundles. In C. regalis the single carpel is supplied
by three independent vascular bundles (one dorsal and two ventral). Staminodes are not vascularized. The basic type
of petal vascularization is unilacunar one-traced, but in the case of C. regalis the derived bilacunar two-traced type has
been observed. This latter state arose as a result of the fusion of the two dorsal petal primordia. The results of this first
comparative study of the floral anatomy of Delphinieae are discussed with the recent phylogenetic, morphological, and
evo-devo findings concerning the tribe.

Key words: Aconitum, Delphinium, Consolida, flower, vascular anatomy, nectary
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Introduction RENNER 2012b) nested in the hooded sepal,
six staminodial W2 organs, 25-50 stamens,
The tribe Delphinieae Schrédinger and (2)3-5 carpels. Flowers of Delphinium and

(Ranunculaceae) includes ca. 750 species Staphisagria have a spurred dorsal sepal, four

of herbaceous plants divided into four
genera: Aconitum L., Delphinium L.,
Gymnaconitum (Stapf.) Wei Wang & Z.D.
Chen, and Staphisagria J. Hill (JABBOUR &
RENNER 2011a, 2012a, WANG et al. 2013).
Consolida (DC.) S.F. Gray and Aconitella
Spachare nested within Delphinium (JABBOUR
& RENNER 2011b). All Delphinieae species
have zygomorphic flowers with five sepals
(W1 organs, for outer perianth whorl organs,
according to JABBOUR & RENNER 2012b),
the dorsal one being differentiated into a
spur or a hood. Flowers of Aconitum and
Gymnaconitum are characterized by a hooded
dorsal spur, a pair of nectariferous and
spurred petals (W2 organs, for inner perianth
whorl organs, according to JABBOUR &

© The Author(s), 2014

petals among which the two dorsal ones are
nectariferous and nested in the spurred sepal,
four staminodial W2 organs, 15-40 stamens,
and 3-S carpels. Consolida and Aconitella have
reduced flowers with five sepals, but only a
single spurred nectariferous petal nested in
the spur of the dorsal sepal, six staminodial
W2 organs, 15-25 stamens, and a single carpel
(see Tab. 4 in JABBOUR & RENNER 2012b).
The morphological evolution of the
Delphinieae has mostly been investigated
in the broader context of studies about
Ranunculaceae and Ranunculales (for
floral morphology and morphogenesis:
WORSDELL 1903, 1908; SALISBURY 1973;
ErRBAR et al. 1998; ENDRESS &
IGERSHEIM 1999; JABBOUR et al. 2009,
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for evo-devo: KramMerR & IRrisH 2000;
RASMUSSEN et al. 2009, JABBOUR et al. in
revision, and references therein). In contrast,
few studies have been conducted on the floral
vascular organization of Ranunculaceae and
of Delphinieae in particular (SmiTH 1926;
NOVIKOFF 2009a, 2009b, 2013, 2014). We
report here the study of the vascular system
of flowers of Aconitum lasiocarpum (Rchb.)
Gayer, Consolida regalis Gray (= Delphinium
consolida L.), and Delphinium elatum L. These
species are representative of the three main
types of perianth organization in Delphinieae.
The results of this first comparative study of
thefloralanatomyofDelphinieae are discussed
with the recent phylogenetic, morphological,
and evo-devo findings concerning the tribe.

Material and methods

Flower buds of A. lasiocarpum were
collected during a field trip near Skole (Lviv
region, Ukraine) in August 2011. Flower buds
of C. regalis were collected in Zalishchyky
(Ternopil region, Ukraine) in July 2012.
Flower buds of D. elatum were collected in the
Botanical Garden of Jagiellonian University
(Cracow, Poland) in June 2013. The material
was fixed and stored in 60% alcohol. For
each species, three to five flower buds were
dehydrated in an alcohol-chloroform series,
embedded in Paraplast Plus, and cut with a
rotary microtome (MPS-2) at 15 pm. The
cross-sections were stained with Safranin
and AstraBlau combination, and mounted
in Histokitt II media following a standard
methodology (GERLACH 1984; BARYKINA
et al. 2004). Slides were observed using Carl
Zeiss Q1 and Nikon Eclipse 300 microscopes,
and samples were drawn using the camera
lucida Lomo RA-4.

Results

The floral
lasiocarpum

The pedicel has a ring of 6-8 large and 7-8
small collateral vascular bundles (Fig. 1 A).
Large bundles have pronounced xylem and

anatomy of Aconitum

phloem elements while the small ones often
consist of phloem elements only. Each of the
bracteoles is supplied by a single large vascular
bundle (Fig. 1 B). After the detachment of
the bracteolar traces from the set of vascular
bundles of the pedicel, the latter divide, and
their number increases up to 25 down the
receptacle (Fig. 1 C). In the receptacle, these
bundlesformamore orlesssolid stele arranged
around the spongy core parenchyma or the
weak central cavity, depending on the bud
observed (Fig. 1 D). Five triplets of vascular
bundles get formed on the radiuses of the five
sepals and each bundle gets further divided
during floral development (sepalar traces
Se,,-Se,, (Fig. 1 E). Later, two independent
vascular bundles get detached from the stele
on the radius of the hood (petalar traces Pe,
and Peso) and the numerous staminal traces
(St) get formed (Fig. 1 F).

Atthebaseofeachpetal,thetracegetsdivided
into three bundles (Pe, > Pe, + Pe  + Pe, ;
Pe > Pe  + Pe  + Pesz). As a result, each
spurred petal is supplied by three vascular
bundles, which go independently through
the stalk into the limb (consisting of a
nectar-concealing spur and a labium). In the
limb the three vascular bundles split in two
directions: two bundles go into the labium,
and the third one gets divided into a highly
branched net of small vascular bundles in
the spur (not illustrated here, for details
see NOVIKOFF 2010). Staminodal organs
are small; they have no vascularization
at all (not illustrated here, for details see
Novikorr 2010).

Staminal traces do not divide, and each of
them goes as a single collateral bundle into
each filament. In the filaments these bundle
gradually become amphivasal (Fig. 1 F-H).

At the base of the pistil, the stele gets
reduced into six carpelar vascular bundles:
three dorsal traces corresponding to the three
carpels, and three bundles located between
these dorsal traces. The last three bundles
represent joined ventral traces of adjacent
carpels; each of them quickly divides in two
bundles. Therefore each carpel is supplied
by three traces — one dorsal and two ventral
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Fig. 1. Ascending series of cross-sections through the flower bud of Aconitum lasiocarpum. A-B — pedicel; C — receptacle;
D - receptacle and first sepal in the initiation sequence; E-F - calyx and basal part of androecium; G - calyx, basal part of
corolla, androecium, and basal part of gynoecium; H — upper part of the free floral elements; I - style. Vascular traces of: B_
— bracteole; Br — bract; ny — carpel; Pe - petal; SeXy — sepal; St — stamen. Floral elements: br — bract; cv — central cavity;
cX - carpel; peX — petal; st — stamen; seX — sepal. Vascular bundles: white — phloem; black — xylem. Numbers: x — the
number refers to the order of organ initiation, for each organ category (see Fig. 6 in JABBOUR et al. 2009); y — number of
the vascular bundle (0 — medial or dorsal bundle; 1, 2 - lateral or ventral bundles).
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Fig. 1. Continued.
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(Clo-Csz) (Fig. 1 G). These traces divide
several times and form many anastomoses in
carpels (Fig. 1 H, I).

The floral anatomy of Delphinium elatum
and Consolida regalis

Delphinium elatum exhibits the characteristic
corolla found in flowers of Delphinium and
Staphisagria. It has four petals (two spurred
dorsal and two flat lateral), each of which is
supplied by one vascular trace (Pe,, Pe_, Pe_
and Pe ). Vascular traces of the lateral petals
are produced a little higher than the traces of
the dorsal ones (Fig. 2 G, H). These bundles
divide into three at the base of the stalks. Hence,
the stalk of each petal of D. elatum has three
independent vascular bundles reaching the limb
(Fig. 2 I-]). The remaining floral vascularization
of D. elatum is similar to that of A. lasiocarpum
(Fig. 2).

The floral vascularization of C. regalis
corresponds to a reduced flower of Delphinium;
the reduction affects all floral organs except
sepals. Consolidaregalishas a single nectariferous
petal that is supplied by two vascular bundles
(Pe,, and Pe 50) , each of them is further divided
into three. As a result, the stalk of the petal
in C. regalis is supplied by six independent
vascular bundles (PeZO-PeSZ) reaching the
limb (Fig. 3 D-G). The stele produces fewer
staminal traces (Fig. 3 H-I) than in D. elatum or
A.lasiocarpum (only 15), and only three carpelar
bundles enter to a single carpel (Fig. 3 D).

Ovules vascularization is shown in Fig. 4.

Discussion

Theprincipalschemesoffloralvascularization
in the species studied are represented in
Fig. 5. While the calyx, androecium, and
gynoecium seem to be vascularized the same
way in Delphinieae, anatomical differences
were spotted in the corolla of the three species
investigated. According to our results, each
petal in the Aconitum-like (Aconitum and
Gymnaconitum) and the Delphinium-like
(Delphinium and Staphisagria) flowers would
have a unilacunar one-traced vascularization,
while the single nectariferous petal in the

Consolida-like  (Consolida and  Aconitella)
reduced flowers would be characterized by
a bilacunar two-traced vascularization. This
latter feature is another evidence of the fusion
of the two dorsal petal primordia, suggested by
Paver (1857) and Trironova (1990), and
confirmed by an ontogenetical study (JABBOUR
& RENNER 2012b). According to the most
recent phylogenetic hypotheses (JABBOUR
et al. 2012a; WANG et al. 2013), the genus
Staphisagria is the earliest diverging clade within
the tribe and the sister group to all the other
Delphinieae (JABBOUR et al. 2011a). Then, the
lineage leading to Aconitum diverges, followed
by the lineage leading to Gymnaconitum. The
latter genus is sister of Delphinium s.1., in which
Consolida and Aconitella form a clade. The
basic (and likely ancestral) type of spurred and
nectariferous petal of Delphinieae would then be
unilacunar one-traced. The bilacunar two-traced
state would have evolved once in the lineage
leading to the Consolida+Aconitella clade nested
in the genus Delphinium. In Staphisagria and
Delphinium s.str., two dorsolateral W2 primordia
develop into flat petals with a unilacunar
one-traced vascularization, with assumed
specialized functions in attracting pollinators
and protecting the reproductive organs (see
JABBOUR et al. in revision). Even though the
ancestral perianth type in Delphinieae could
not be inferred (JABBOUR & RENNER 2012b),
we could show with the present study that the
ancestral vascularization type for the perianth
of Delphinieae is trilacunar three-traced (for
each sepal) and unilacunar one-traced (for each
petal).

Unilacunar ~ one-traced  vascularization
of petals and stamens could be regarded as
a confirmation of their common origin as
suggested by many authors (SmiTH 1926;
Hierko 1965; Kosuge & Tamura 1988,
1989; ENDRESS 1995; RoONSE DE CRAENE
& SMETS 1995; ERBAR et al. 1998). Our
investigations did not reveal any confirmation
of true peltate nature of the petals as suggested
by LEINFELLNER (1959) and disproved by
ENDRESS (1995) and ERBAR et al. (1998, and
see ERBAR 2010). Moreover, ENDRESS (1995)
considered that petals have evolved from outer
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Fig. 2. Ascending series of cross-sections through the flower bud of Delphinium elatum. A — pedicel; B, C - pedicel with
a bent fragment of dorsal sepal and two nested nectaries; D — receptacle with a bent fragment of dorsal sepal and two
nested nectaries; E-F — receptacle with sepals and dorsal petals; G — calyx, dorsal petals, and basal part of lateral petals

and stamens; H — perianth, androecium and basal part of carpels; I — perianth, androecium and upper part of carpels.
Abbreviations: see the legend of Fig.1.
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Fig. 2. Continued.
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Fig. 3. Ascending series of cross-sections through the flower bud of Consolida regalis. A — pedicel; B - receptacle; C — basal
part of calyx. Note the dorsal spurred sepal; D — perianth and basal parts of stamens. Note the dorsal spurred petal nested
within the dorsal sepal; E-G - ascending cross sections through the free floral elements; H-I - isolated stamens and
carpel. Abbreviations: see the legend of Fig. 1.
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Style

Fig. 4. Scheme of gynoecium vascularization in Aconitum
lasiocarpum and Delphinium elatum: D — dorsal bundles;
V - ventral bundles.

nectariferous staminodes, which could become
secondarily peltate-like during differential
growth. However, RASMUSSEN et al. (2009)
suggested that the presence of petaloid organs
could be an ancestral feature of Ranunculales
that might have been lost several times during
evolution.

Conclusions

1. The homologous floral organs of the
three species studied have a similar vascularization,
with the exception of the petals. The sepals and
stamens have a trilacunar three-traced, and a
unilacunar one-traced vascularization, respectively.
Staminodes are not vascularized.

2. Based on our observations, we infer
that a) the basic vascularization type of petals
of Delphinieae is unilacunar one-traced, and
b) this character evolved towards the bilacunar
two-traced state in the Consolida+Aconitella
clade as a result of the fusion of the two dorsal
nectariferous W2 organ primordia.
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FRUIT WALL ANATOMICAL STRUCTURE OF THE GENUS
BETULA SECTION LENTA (BETULACEAE)

OLGA V. YATSENKO * & IGOR O. YATSENKO **

Abstract. The fruits of the Lentae are referred to lower syncarpous nuts. Unlike most birches, the three-lobed scales in

section Lentae stay attached to the axis for a long time. The fruit wall is differentiated into epicarp (derivative of outer

tissues of inferior ovary, the tissues of receptacular origin) and the pericarp itself (mesocarp and the endocarp derivating

from the ovary wall). The epicarp consists of two zones: epidermis and subepidermal zone. Two-four layers of larger

sclerenchymatous cells represent the mesocarp. Several layers of parenchymatous cells, which are squeezed and partly

obliterated by fruit maturity, compose endocarp. The morphogenetic type of fruit of the genus Betula section Lentae is the

pyrenarium of the Olea-type.

Key words: Betula, Lentae, birch, fruit, pericarp, anatomy
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Introduction

The family Betulaceae sl consists of
6 genera and about 130 species (CHEN
et al. 1999). They are typical boreal plants
(excepting Alnus acuminata Kunth). Generally
the birch family has been studied in details, but
the anatomical structure of the pericarp still
remains underinvestigated. The genus Betula
includes about 60 species (the number varies
from 35 to 150 according to the source); they
are common in the boreal, temperate and to a
less extend in subtropical regions of Eurasia
and North America. According to the latest
revision of the genus Betula (ASHBURNER &
MCALLISTER 2013), the genus is divided into
four subgenera: Nipponobetula A.K. Skvortsov
(monotypic), Aspera Nakai (sections Asperae
(Nakai) Kuzen and Lentae Regel), Acuminata
Regel (monotypic) and Betula (4 sections). It
was shown as the result of a combined analysis
of morphological and paleobotanical data
that recent representatives of the genus Betula
section Lentae are closer to the ancestors of the
genus described from the early Tertiary period
(ASHBURNER & MCALLISTER 2013). Based
on AFLP markers SCHENK et al. (2008) have
revealed that only Betula section Lentae forms a

© The Author(s), 2014

well-supported group.

Representatives of the section Lentae are
trees or large shrubs with dioecious flowers,
clustered in catkins, like all other birches. Male
catkins are terminal and pendulous female
catkins are erect (Fig. 1). Inferior ovary is
dimerous, with two threadlike stigmas divided
at the base. Anemochorous winged and
“nutlike” fruits, subtended by three-lobed scales
comprising the catkins (KORCHAGINA 1991).
The fruits are referred to lower syncarpous nuts
(BoBrOV et al. 2009). Unlike most birches,
the three-lobed scales in representatives of the
section Lentae, don’t fall down together with
fruits but stay attached to the axis for a long
time, sometimes during the winter period.

Material and methods

The anatomical structure of the fruit of four
species of birches from section Lentae — Betula
alleghaniensis Britton, B. grossa Siebold et Zucc.,
B.lenta L. and B. medwediewii Regel were studied
using standard methods (BARYKINA et al. 2000)
to reveal the zones of lignification in fruit wall by
the reaction of phloroglucinol and hydrochloric
acid. Material for research was received from
Komarov Botanical Institute (LE).
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Fig. 1. Common view of fruit catkins of Betula grossa.

Results and discussion

The fruits of the section Lentae species
have two narrow lateral wings adhering to
the styles. Their width varies from 0.5 mm
(B. medwediewii; Fig. 2) to 0.8 mm (B. lenta).
While the fruits’ size ranges from 2.2x3.5 mm
in B. alleghaensis (Fig. 3) to 3.5x4 mm in B.
grossa.

In the representatives of the genus Betula,
like other members of the birch family, the fruit
wall is differentiated into epicarp (derivative
of outer tissues of inferior ovary, the tissues
of receptacular origin) and the pericarp itself
(mesocarp and the endocarp derivating

Fig. 2. The scale of Betula medwediewii.

from the ovary wall) (YATSENKO et al. 2009;
YarseNko 2011). The epicarp consists of two
zones. The outer zone is epidermis composed
by one layer of small cells with transparent
walls and dark content inside, and the next
zone is subepidermal zone consisting of
cells with transparent thickened walls. Two-
four layers of larger sclerenchymatous cells
represent the mesocarp. Several layers of
parenchymatous cells, which are squeezed and
partly obliterated by fruit maturity, compose
endocarp (Fig. 4 A). At early development
stages the endocarp fills in almost the entire
cavity and remains not squeezed until maturity
in sterile fruits. Maturing embryo grows and
compressing the endocarp. Anatomically, the
studied species of Betula section Lentae differ
by the thickness of the mesocarp. It is thinnest
in B. medwediewii (two layers; Fig. 4 C) and
thickest in B. alleghaensis (four layers; Fig. 4 B).
The external surface of the epicarp cells in
B. grossa (Fig. 4 D) has notable wrinkled
structure.

Conclusions

According to our results, the morphogenetic
type of fruit type of the genus Betula section
Lentae is the pyrenarium of the Olea-type
(BoBroV et al. 2009). This is an indehiscent

Fig. 3. The fruit of Betula alleghaniensis.
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0,03 mm

Fig. 4. Pericarp anatomy of the birch fruits: A — Betula lenta; B — B. alleghaniensis; C — B. medwediewii; D — B. grossa.

ep — epicarp; m — mesocarp; en — endocarp.

fruit consisting of parenchymatous cells,
excepting the stony mesocarp. We also find the
pyrenarium of the Olea-type in the other genera
in Betulaceae: Alnus, Carpinus, Ostrya, Ostryopis
(YATSENKO et al. 2009; YATSENkO 2011;
YaTsENKO & BoBrOV 2011). Generally the
pericarp in the members of the genus Betula is
reduced. We suppose, that it could be explained
by their adaptation for anemochory. Further
fruit wall anatomical studies (particularly
the developmental researches) of other
representatives of the family Betulaceae
will provide us additional data for better
understanding the origin of their fruit wall zones
structure and the revealing principal modes of
their evolution.

References

AsHBURNER K., MCALLISTER H.A. 2013. The genus
Betula: A Taxonomic revision of birches.
Publishing, Kew, Royal Bot. Gard.

BArYKINA R.P.,, VEserLova T.D., DevvaTrov A.G,,
DzHALILOVA Ku.KH., ILiNa G.M.,,
CHUBATOVA N.V. 2000. Basics of mikrotechnic
studies in botany. Moscow. (in Russian)

BoBRrROV A.V,, MELIKYAN A.P., RoMmaNov M.S. 2009.
Morphogenesis of Magnoliophyta fruits. Moscow. (in

Kew

Russian)

CHEN Z.D., MANCHESTER S.R., Sun H.Y. 1999.
Phylogeny and evolution of the Betulaceae as inferred
from DNA sequences, morphology, and paleobotany.
Am. ]. Bot. 86 (8): 1168-1181.

KorcHAGINA LA. 1991. Family Betulaceae. In:
TakHTADZHYAN A.L. (ed.), Comparative anatomy of
seeds. Vol. 3: 134-140. Leningrad. (in Russian)



48

MODERN PHYTOMORPHOLOGY 5 (2014)

ScHENK MLE, THiENPONT C.-N., KoormaNn W.J.M,,
GILISSEN L.JW.J., SMuLDERs M.J.M. 2008.
Phylogenetic relationships in Betula (Betulaceae) based
on AFLP markers. Tree Genet. Genomes 4: 911-924.

YarseNnko O.V,, Romanov M.S., BoBrov A.V.
2009. On the question of the structure of the fruit
Ostrya virginica Willd. (Betulaceae s..). Problems
of Modern Dendrology (Proceedings of International
conference devoted to the 100" anniversary of the birth
of Corresponding Member of the USSR Academy of P.I
Lapin): 674-677. KMK, Moscow. (in Russian)

YaTsENKO OV. 2011. On the fruit structure of the
representatives of the Corylus L. subsect. Corylus
(Betulaceae). Vestnik IrGSKhA 44 (5): 155-162.
(in Russian)

Yarsenko O.V,, BoBrov A.V. 2011. The structure of the
fruit and its morphogenetic type of the genus Carpinus
(Coryloideae). Botanical gardens in the modern world:
theoretical and applied research: 758-761. KMK,
Moscow. (in Russian)



Modern Phytomorphology §: 49-52,2014

IDIOBLASTIC MUCILAGE CELLS IN TEUCRIUM POLIUM LEAF.
ANATOMY AND HISTOCHEMISTRY
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Abstract. In the mesophyll of Teucrium polium L. leaves, isolated or grouped idioblastic secretory cells occur in contact

with the distal (adaxial) vessel elements of the vascular bundles. They appear to originate from one or more bundle

sheath cells and their intracellular space is entirely occupied by the secretory material. The latter has a glycoproteinaceous

constitution (mucilage), as histochemical tests showed. Idioblastic cells, therefore, correspond to typical mucilage cells.

Mucilage seems to play a crucial role in the adaptation of the plant to unfavourable environmental conditions.

Key words: Teucrium polium, mucilage cells, anatomy, histochemisty
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Introduction

Idioblastic cells are individual cells which
prominently differ from their neighbouring cells
in size, content, ontogeny and metabolism. They
are considered as secretory structures composed
of one cell only. This fact stresses their functional
complexity compared to the multicellular
glands. Idioblastic cells secrete and deposit
various substances, like mucilage (PAKRAVAN
et al. 2007), proteins (UEDA et al. 2006), tannins
(ZoBEL 1985), oils, etc. In certain idioblasts,
oils are triglycerides (PLATT-ALOIA et al
1983), while in others — essential oils (POSTER
& Tucker 1983). Idioblastic mucilage cells
produce a slime composed either of a mixture
of polysaccharides and protein (glycoprotein)
(KrisTEN & LOCKHAUSEN 1985) or exclusively
of polysaccharides (Sawipis 1998). Mucilage
idioblasts typically occur within members of
Cactaceae, Malvaceae, Orchidaceae, Liliaceae
(Hickey & KING 1988).

In the present work, the idioblastic secretory
cells in the mesophyll of Teucrium polium L.
(Lamiaceae) were studied in an attempt to
elucidate their anatomical location, shape, and
origin. Furthermore, histochemical tests were
conducted to identify the chemical constitution
of the secreted material.

© The Author(s), 2014

Material and methods

Plant material and sampling

T. polium was studied at the region of
Ormylia Chalkidiki, N. Greece (N 40°16°53”,
E 23°31'44”, altitude 48 m a.s.l.). Sampling was
performed in early July. Fully-developed leaves
from the 3" node (from the basis) of annual
shoots were used.

Microscopy

A sample of 10 leaves, randomly selected
from S plants, was used for light microscopy
(anatomy and histochemistry). Small pieces
of leaves were prefixed for 3 h with 5%
glutaraldehyde in 0.05 M phosphate buffer
(pH 7.2) and postfixed for 4 h with 2% osmium
tetroxide, similarly buffered. Fixed samples
were dehydrated in ethanol series (50-100%)
and finally embedded in Spurr’s resin. Semithin
sections (1 pm thick) were obtained with a
Reichert Om U, microtome (Reichert Optische
Werke AG, Vienna, Austria) and examined on
a Nikon Eclipse t 80 light microscope (Nikon
Instruments, Amstelvee, The Netherlands).

Histochemistry
For anatomical and  histochemical
observations, semithin sections of resin

embedded tissue were wused. Anatomical
staining was performed with 1% Toluidine Blue
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Fig. 1. A - surface view of Teucrium polium plant in the field in early July, coin 1 Euro = 2.4 cm diam. B - cross-section
of the leaf illustrating the presence of idioblastic mucilage cells (asterisks) in contact with vessel elements of the vascular
bundles, scale bar in ym.

O in 1% aqueous borax solution (70°C, 1 min)
(PickeTr-HEAPS 1969). Histochemical staining
comprised staining of lipids, polysaccharides,
and proteins. Lipids were stained with 1% Sudan
Black B in 70% ethanol (BRONNER 1975),
polysaccharides with Periodic Acid-Schift
(PAS) (NEVALAINEN ef al. 1972), and proteins
with 1% Coomassie Brilliant Blue in 7% acetic
acid (FISHER 1968).

Results and discussion

T. polium plants in early July form at the
apices of their annual shoots inflorescences
which are dichasia with terminal racemes
(Fig. 1 A). Leaves are arranged in decussate
phyllotaxy and have an average surface area per
leaf side of 89.8 mm?. In leaf cross-section, the
palisade tissue appears composed of 1-2 cell
layers, and the vascular bundles are surrounded
by a bundle sheath (Fig. 1 B). At the adaxial pole
of each vascular bundle and in contact with the

vessel elements (Figs. 1 B; 2 A-C), one or more
sheath cells differentiate into secretoryidioblasts
by largely increasing their size and by modifying
the structure and function of their protoplasts.
Secretory idioblasts have a globular/ovoid
shape as deduced from the combination of leaf
paradermal and cross-sections (Figs. 1 B; 2 A).

The mechanism of secretion in idioblastic
cells has been ultrastructurally studied
(BoucHET & DEYsoN 1976; FINERAN &
Lee 1980) and comprises exocytosis of the
secreted material into the extraplasmic space
between the plasmalemma and the cell wall.
With the progress of secretion, this space
gradually increases in volume (at the expense
of the protoplasm) until finally the whole
intracellular space inside the cell wall becomes
occupied by the secretory material. Due to this
process, a parietal cytoplasmic layer internally
lining the cell wall is missing.

In an attempt to identify the chemical
constitution of the secreted material within the
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Fig. 2. A - Paradermal section of the leaf at the level of location of the mucilage idioblasts (asterisks). Note the association
of the idioblasts with the vascular bundles (longitudinally cut). Isolated (B) and grouped (C) idioblastic mucilage cells in
touch with vascular bundles. D-F - Idioblastic cells treated with Sudan Black B for lipids (D), with PAS for polysaccharides
(E), and with Coomassie Brilliant Blue for proteins (F). With Sudan Black B, the content of the idioblasts remained
unstained (no presence of lipids), with PAS it stained pink (presence of polysaccharides), and with Coomassie Brilliant
Blue it stained light blue (presence of proteins). The content, therefore, corresponds to glycoprotein (mucilage). Scale
bars in pm.

idioblastic cells of T. polium, three histochemical
tests were conducted. The first comprised
treatment of semithin sections (1 pm thick)
with Sudan Black B for lipids, the second with
PAS for polysaccharides, and the third with

Coomassie Brilliant Blue for proteins. The tests
showed that Sudan Black B does not stain the
idioblastic cell content (Fig. 2 D), whereas
PAS stains it pink (Fig. 2 E) and Coomassie
Brilliant Blue, light blue (Fig. 2 F). The results
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reveal that the secreted material is not a lipidic
substance (essential oil), but a mucilaginous
one composed of a mixture of polysaccharides
and protein. Idioblastic cells, therefore, do not
correspond to oil cells, but to mucilage cells
secreting a glycoproteinaceous slime (not a pure
polysaccharidic slime).

The mucilaginous content of the idioblastic
cells and their location in contact with vessels of
the conductive tissue are presumably associated
with uptake from the vessels of amounts of
water which are used for the impregnation and
dilation of the mucilage mass. An analogous view
that mucilage cells serve as deposits of water has
been early expressed by CHRISTODOULAKIS
et al. (2010). The water trapped in the leaf
mucilage is difficult to transpire, and thus under
heat/drought stress, the water relations are not
remarkably disturbed allowing the plant to
survive. Under cold stress, the water in the form
of swollen mucilage undergoes reduction of its
freezing point and so leaves become resistant to
low temperatures. The accumulation, therefore,
of mucilage in the leaves constitutes an excellent
strategy of the plants to adapt to unfavourable
environmental conditions.
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MORPHOLOGICAL DIFFERENTIATION OF ROSA AGRESTIS SAVIIN THE
BUFFER ZONE OF THE LOW TATRAS NATIONAL PARK (SLOVAKIA)
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Abstract. The paper presents morphological diversity within Rosa agrestis Savi, speciesidentified among others in the buffer
zone and the area of the Low Tatras National Park (Slovakia). This taxon belongs to the polymorphic section Caninae DC.
em. Christ, and its morphological differentiation particularly relates to the degree of hairiness and glandularity of leaves
and the presence or absence of glandules on pedicels. Based on these features four varieties of this species (R. agrestis var.
agrestis, R. agrestis var. albiflora (Opiz.) Degen, R. agrestis var. gizellae (Borbs) R. Keller, and R. agrestis var. schulzei) were

distinguished in Europe (PorEK 1996). The occurrences of all these varieties were found in the analyzed area.
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Introduction

Rosa agrestis Savi, a very morphologically
differentiated shrub, belongs to section
Caninae DC. em. Christ. Just as in other species
of this section its diversity mainly concerns the
intensity of hairiness and the glandularity of
leaves, the presence or absence of glands on
pedicels, etc. On the basis of these variables,
the taxon was divided among such distinct
species as: R. gizellae Borbas, R. albiflora Opiz.,
R. denudata (R. Keller) Klast. However, as
the further comprehensive study of roses
Caninae section showed, the morphological
differences among the species mentioned
above concern only the features in question
and their variability is of clearly continuous
nature (POPEK 1996; ZIELINSKI 1985, 1987).
Therefore, it is more reasonable to consider
them as varieties of Rosa agrestis than separate
individual species (POPEK 1996).

The big variability of morphological
features of R. agrestis, starting from specimen
with completely glabrous leaves till intensively
haired ones, has been observed in the territory

© The Author(s), 2014

of Slovakia for a long time. The morphological
variability has caused lots of ambiguities in
botanical literature, due to the fact that several
specimens have been considered sometimes
as separate species, while in other time as
R. agrestis varieties. For example, in the
paper of PROCHAZKA & KrRAHULEC (1982)
R. schulzei (R. Keller) Klast., was treated as
an individual species, while according to the
new systematic qualification it is classified
separately as R. agrestis variety (VETVICKA
1992; PoPEx 1996, 2007).

Therefore, the goal of this paper is to show
the full spectrum of morphological diversity
appearing within the species R. agrestis and to
present its variations on the basis of samples
collected in the buffer zone of the Low Tatras
National Park.

Material and methods

R. agrestis (syn. R. albiflora Opiz,
R. denudata (R. Keller) Klast, R. gizellae
Borbés, R. sepium Thuill., R. schulzei (R. Keller)
Kl4st.) is a shrub growing up to 2(-3) m in high.
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Fig. 1. Localization of the study area.

Prickles homogeneous, extremely hooked. The
leaves are complex, with 5-7 leaflets. Leaflets
elliptic, elongate-elliptic or obviate with acute
base. Margin of leaf complex-glandular serrate.
Leaves glabrous or bilaterally haired, usually
profusely glandular on the underside. Bracts
narrow, usually glandular on the underside (all
or some of ). Fruits ovoid or roundish, glabrous
or sometimes with a single glands at the base.
Sepals pinnate with broad patches, glabrous or
glandular on the upper side, usually reflexed
falling before fruit reddens. Flowers separated
or in multiflorous inflorescences, usually white.
Petals, sometimes only in buds, pinkish. Disc
conical, narrow orificium and styles of a spray
type, glabrous or + hairy.

Field investigations were carried out in the
buffer zone of the Low Tatras National Park
in the vegetation seasons 2011-2013. Fruiting
short shoots of roses were collected during
investigations. The following characteristics
were reported: the shape of the prickles, the
shape of a disc, hypanthium opening, position
of sepals and their durability and also intensity
of hairiness and glandularity of leaves and
others. In case of the leaves, middle and top

UKRAINE

|:| Low Tatras National park
[:] buffer zone of Low Tatras National park

parts were taken into consideration, while
in case of the prickles the top parts of one-
year or two-year-old long shoots, which had
already completed the process of growth and
their prickles were not changing, were studied.
Localities, wherein specimens were collected,
were marked on the map (Fig. 1). Geographical
coordinates were determined for each record
of distinguished varieties. Collected herbarium
material was deposited in the herbarium of the
Ojcéw National Park (OPN).

Systematic approach and the nomenclature
basing on the work of PoPEK (1996).

Results

During the course of studies was stated that
R. agrestis is a rare species in the area of the
buffer zone of the Low Tatras National Park. Its
occurrence was recorded in four localities, so far.
Considering the morphological characteristics
of the collected specimens, four varieties of this
species were distinguished in the study area.
The key to determining these varieties is given
below.
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Key to the varieties of R. agrestis
la. Leaflets glabrous or only loosely hairy
on the underside on the midrib and lateral veins
(sometimes the entire surface of the underside
+ hairy), besides, usually densely glandular .... 2
2a. All pedicels without glands ................
..................................................... var. agrestis
2b. All pedicels or only some glandular ...
................................... var. schulzei R. Keller
1b. Leaflets distinctly hairy on both sides,
often tomentosely haired beneath, besides,
usually densely glandular .........cccvvveincrinn. 3
3a. All pedicels without glands
........................ var. albiflora (Opiz.) Degen
3b. All pedicels or only some glandular
................... var. gizellae (Borbas) R. Keller

The occurrence of varieties of R. agrestis in
the study area

R. agrestis Savi var. agrestis (Fig. 2)

10 records on 3 localities: CHA Jakub,
2011: (N=4845'59"", E=19°08"46 "), CHA
Kopec, 2011: (N=48°47'00"", E=19°13"35"";
N=48°47"00"",E=19°13"35""; N=48°47"03"",
E=19°13'33""; N=48°46"59" ", E=19°13"31"’;
N=48°46"'59"",E=19°13"30""; N=48°46"57"",
E=19°13"27""), Jasenie, 2013: (N=48°49'56"",
E=19°28'31""; N=48°49'55"", E=19°28"30"’;
N=48°49'51"", E=19°28"27"").

R. agrestis Savi var. albiflora (Opiz.) Degen
(Fig. 3) [syn.: R. albiflora Opiz]

3 records on 2 localities: CHA Kopec,
2011: (N=48°47"01"", E=19°13"3§"";
N=48°46'58"", E=19°13'29""),  Jasenie
(N=48°49"22"", E=19°28"46"").

R. agrestis Savi var. gizellae (Borbas) R. Keller
(Fig. 4) [syn.: R. gizellae Borbds]

6 records on 2 localities: CHA Jakub,
2011: (N=48°45"59"",  E=19°08"32"";
N=48°45'59"", E=19°08"36" "), CHA Kopec,
2011:  (N=4847°02"", E=19°13'35"";
N=48°47"02"", E=19°13"32""; N=48°46"58 ",
E=19°13"23"";N=48°46"56"",E=19°13"24"").

R. agrestis Savi var. schulzei R. Keller (Fig. S)
[syn.: R. schulzei (R. Keller) Kl4st.]

11 records on 4 localities: CHA Kopec,
2011:  (N=4846'59"",  E=19°13"41"";
N=48°46"59"", E=19°13"31""; N=48°47 01",
E=19°13'23"";N=48°46"56"",E=19°13'25""),

Liptovskd Luzna, 2012: (N=48°56'34"",
E=19°18"28""; N=48°56'31"", E=19°18"17";
N=48°56"30"", E=19°18"13""),  Jasenie,
2013:  (N=48°49'59"",  E=19°28"27"";
N=48°49"51"",E=19°28"27""; N=48°49"47 ",
E=19°28"34""), Mostenickd Kysla (Prochazka
& Krahulec 1982), 1982: (N=48°51'3"",
E=19°16"23"").

Discussion

Geographically R. agestis belongs to the
Middle European-Mediterranean element, with
an extension towards the Atlantic part of Europe
(Zajac & Zajac 2009). The shrub grows in the
area of Central and Southern Europe, the Balkans,
Asia Minor and the Caucasus (Z1ELINSKI 1987).
The highest localities of R. agrestis were found
in the Alps — up to 2000 m a.s.l. (Popex 2007).
R. agrestis is not a legally protected plant in the
territory of Europe, except the Great Britain,
where it has status of a lower-risk species — rare in
the country (ONLINE ATLAS OF BRITISH & [RISH
FLoRrA 2013). In Slovakia it occurs incidentally in
the territory of the whole country, but never in big
quantities; the highest places of occurrence have
been found on 1000 m a.s.l. (VETVICKA 1992).

As it has already been mentioned, the
high wvariability of morphological forms is
characteristic for R. agrestis. The intensity of
leaves hairiness is one of the main characteristic
features important in distinguishing varieties of
the rose. As far as typical R. agrestis var. agrestis
and R. agrestis var. schulzei, are concerned, the
leaves are both sides glabrous, some scattered hair
may occur only on the midrib and lateral veins.
However it is possible, that some specimen of
these two variations of roses can have single hair
on their upper leaves surface, usually close to the
margin or top of the leaf, or the underside of the
leaves is * hairy (Fig. 6). However, the hairiness
never covers the whole leaf blade with the same
intensity as it is observed in R. agrestis var. albiflora
and R. agrestis var. gizellae. Two last-mentioned
varieties have the hairiness either on both sides
or only on the underside of the leaves, sometimes
the underside may even be tomentous. The
crucial point in differentiating the varieties is the
comparison of the leaves hairiness characteristics
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Fig. 2. Rosa agrestis Savi var. agrestis: A — part of fruiting short shoot; B — part of axis of leaf; C - sepal; D - stipule; E — part
of leaf (underside); F — fruit; G — part of long shoot. Scales: 1 - C, D, E;2-B; 3-F; 4 - A, G.

and the glandularity of flower pedicels (Fig. 7).
However, sometimes it might be quite difficult
to distinguish the variety, as the variability of
discussed characteristic features within the same
species is fully continuous and the transitions
between the distinguished varieties are smooth.
Moreover inflorescences with glandular pedicels
and the glabrous ones might grow on the same

bush. Therefore, samples collected for the
examination from a single bush, should involve
several shoots.

The samples of R. agrestis collected during
the field studies are not only varied because of
the hairiness density, but also because of diverse
degree of the glandular intensity on the leaves
underside. The glandularity differs from very
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Fig. 3. Rosa agrestis Savi var. albiflora (Opiz.) Degen: A - part of fruiting short shoot; B — part of long shoot; C - part of
axis of leaf; D — sepal; E1, E2 - fruits; F - leaf margin; G1 - leaf (underside); G2 - part of leaf (underside); G3 - part of

leaf (upper side). Scale: 1 cm.

intensive in some specimens to hardly little
in others; sometimes the leaves underside are
nearly glabrous. The variability of these attributes
has already been reported by ZiELiNsKkI (1985).
The researcher noticed that while not in blossom,
the specimen with glabrous, not glandular leaves
were hardly to distinguish from the very common
R. canina. There are: white color of flowers,
glabrous or * glabrous, sparse pistils, and heavily
feathered glandular sepals calyx which differ R.
agrestis from R. canina (Z1BLINSKI 1987).

The morphological variability of R. agrestis
is estimated as significantly well recognized in

Europe. In contrast, distribution of species and
varieties distinguished in the territory of Slovakia
requires further examinations. Therefore the
above considerations constitute contribution to
the continuation of rodological research in that
region.
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1—0,5cm
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Fig. 4. Rosa agrestis Savi var. gizellae (Borbés) R. Keller: A — part of fruiting short shoot; B - part of long shoot; C — stipule;
D - part of axis of leaf; E1, E2 — fruit; F1 — part of leaf (underside); F2 — part of leaf (upper side). Scales: 1 - F1,F2;2 - C,

D;3-E1,E2;4-A,B.

References

ONLINE ATLAS OF BrRITISH & IRISH FLORA 2013.
Rosa agrestis (Small-leaved Sweet-briar). BRC,
Wallingford. http://www.brc.ac.uk/plantatlas/index.
php2q=node/159

PorEek R. 1996. Biosystematyczne studia nad rodzajem
Rosa L. w Polsce i krajach o$ciennych. Prace
Monograficzne 218. Wyd. Nauk. WSP, Krakéw. (in
Polish)

Porek R. 2007. Dziko rosnace réze Europy. Officina
Botanica, Krakéw. (in Polish).

ProcHAZKAF., KRAHULECF. 1982. Kvétena okoli Mostenice
v Nizkych Tatrach. Preslia 54: 167-184. (in Czech)

VETVICKA V. 1992. Rosa L. In: BErTOVA L. (ed.), Fléra
Slovenska IV/3: 42-89. Veda, Bratislava. (in Slovak)

Zayac M., Zajac A. 2009. The geographical elements of
native flora of Poland. Laboratory of Computer Chorology,
Institute of Botany, Jagiellonian University, Krakéw.

ZieLiNsKk1 J. 198S. Studia nad rodzajem Rosa L. -
systematyka sekcji Caninae DC. em Christ. Arboretum
Kérnickie 30: 3-109. (in Polish)

Z1ELINSKI J. 1987. Rodzaj Rosa L. In: Flora Polski. T. §.
PWN, Warszawa. (in Polish)



SorTYs-LELEK A., BARABASZ-KRASNY B., TURIS P.,, TURISOVA L. 59

Fig. 5. Rosa agrestis Savi var. schulzei R. Keller: A — part of fruiting short shoot; B — part of long shoot; C — part of axis of
leaf; D — stipule; E — fruit; F — part of leaf (underside). Scales: 1 -F; 2 -D; 3 -E; 4 - A, B, C.
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Fig. 6. Leaves and pedicel of Rosa agrestis Savi var. agrestis and R. agrestis Savi var. schulzei R. Keller: A — part of leaf (upper
side); B-D - part of leaves (underside); E-F — pedicels of R. agrestis var. agrestis; G-H — pedicels of R. agrestis var. schulzei.
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H

Fig. 7. Leaves and pedicel of Rosa agrestis Savi var. albiflora (Opiz.) Degen and R. agrestis Savi var. gizellae (Borbas)
R. Keller: A - part of leaf (upper side); B-D — part of leaves (underside); E-F — pedicels of R. agrestis var. albiflora,;
G-H - pedicels of R. agrestis var. gizellae.
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Introduction

The first molecular data of the genus
Protoparmeliopsis M. Choisy were provided by
AruP & GRUBE (2000). Four species (P. muralis
(Schreb.) M. Choisy, P. acharianum (A.L. Sm.)
Moberg & R. Sant., P. laatokkaensis (Risinen)
Moberg & R. Sant, and P. macrocyclos
(H. Magn.) Moberg & R. Sant.) have been
included in the genus since then (SANTESSON
2004). Further members of this genus were
recently proposed (KONDRATYUK 2010;
KONDRATYUK et al. 2012). Five species, i.e.
P. esfahanensis SY. Kondr. & B. Zarei-Darki
and P zareii SY. Kondr. (both from Iran),
P. chejuensis S.Y. Kondr. et J.-S. Hur (from South
Korea); P. pseudogyrophoricum S.Y. Kondr,, S.-O.
Oh et J.-S. Hur (from China); and P. taranii S.Y.
Kondr. et Tchaban. (from Russia) were recently
described too (KONDRATYUK et al. 2012,
2013¢).

The genus Protoparmeliopsis is not accepted
in current taxonomy of the family Lecanoraceae
(LumBscH & HUHNDORE 2007, 2010) due to
lack of molecular data. Sequences from only
three species P acharianum, P. macrocyclos
and P. muralis, were hitherto available in the

© The Author(s), 2014

GenBank. Several species recently described
in Protoparmeliopsis, or combined in the
genus, based on results from morphology
(KONDRATYUK 2010, KONDRATYUK et al. 2012,
2013 c), were here included in a molecular
analysis.

Material and methods

Specimens (Tab. 1) were examined using
standard microscopic techniques, ie. hand-
sectioned under Nikon SMZ645 dissecting
microscope, sections were observed under
Nikon E200 and Olympus BXS1 microscope.
Photos were done with Olympus DP-Soft photo
program.

The methods wused for extraction,
amplification and phylogenetic analyses are
described in previous papers (KONDRATYUK
etal. 2013 a,b,d, 2014 a,b).

Results

Within this study the position of P. muralis
and the new Asian species P. zarei, data on
which were for the first time submitted into
GenBank, as well as two species P. acharianum
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Table 1. Specimens included into phylogenetic analysis with GenBank numbers.

Taxon name ITS1/1TS2 ntDNA 28S LSU nrDNA 12S SSU mt DNA
1. Lecanora allophana AF070031 AY853376 AY567710
2. Lecanora allophana AF159939
3. Lecanora allophana AF070014
4. Lecanora achroa JN943714 JN939502 JQ782663
S. Lecanora achroa JN943715S JN939504
6. Lecanora achroa JN943719 JN939527
7. Lecanora caesiorubella JN943722 JN939506 JQ782667
8. Lecanora caesiorubella JN943727 JN939508 JQ782666
9. Lecanora caesiorubella JN943728 JN939509
10.  Lecanora campestris AF159930 DQ787361 DQ787362
11. Lecanora carpinea AYS541249 DQ787363 DQ787364
12. Lecanora carpinea AYS541247
13.  Lecanora carpinea AYS541248
14.  Lecanora contractula AF070032
15.  Lecanora contractula HQ650604 DQY86746 DQY86898
16.  Lecanora farinacea AYS541261
17.  Lecanora farinacea AYS541262
18.  Lecanora farinacea JN943726 JN939511 JQ782672
19.  Lecanora farinacea JN943725 JN939513 JQ782671
20.  Lecanora farinacea JQ782710 JQ782670
21.  Lecanora flavopallida JN943723 JN939514 JQ782674
22.  Lecanora flavopallida JN943724 JN939516
23. Lecanora intricata AY398703 DQ787345 DQ787346
24. Lecanora intricata AF070022
2S. Lecanora perpruinosa AF070025 DQ787343 DQ787344
26.  Lecanora aff. perpruinosa SK777 SK777 SK777
27. Lecanora polytropa DQS534470 DQ787347 DQ787348
28.  Lecanora polytropa HQ650643 DQY86792 DQY86807
29.  Lecanora polytropa JN873881
30.  Lecanora polytropa AF070017
31.  Lecanora sulphurea AF070030 DQ787355 DQ787356
32.  Lecanora sulphurea EF105419
33.  Lecanora tropica JN943718 JN939518 JQ782699
34.  Lecanora tropica JN943720 JN939533
3S.  Lecanora tropica JN943721 JN939537
36.  Oxneria alfredii EU681345 EU680933
37.  Oxneria huculica EU681346 KC179279 EU680931
38.  Ouneria ulophyllodes EU681341 KC179284 EU680929
39.  Protoparmelia badia JN009728 DQ431917 AF351179
40.  Protoparmelia badia EU075540 DQ431916 EF105420
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Table 1. Continued.

Taxon name ITS1/1TS2 ntDNA 28S LSU nrDNA 12S SSU mt DNA
41.  Protoparmelia badia EU075539 EF105425 EU075526
42.  Protoparmelia badia KF562191 KF562183 DQ899311
43.  Protoparmelia badia AF070023 DQ787365
44.  Protoparmelia montagnei SKA7 SKA7 SKA7
4S.  Protoparmelia montagnei AF101277 AF101276
46.  Protoparmelia montagnei AF101275
47.  Protoparmelia picea KF562194 KF562186 DQ899312
48.  Protoparmeliopsis acharianum AF070019 DQ973027 DQ977926
49.  Protoparmeliopsis acharianum SK A4 SK A4 SK A4
50.  Protoparmeliopsis acharianum SKA8 SKA8 SKA8
S1.  Protoparmeliopsis acharianum DQ787341 DG787342
52.  Protoparmeliopsis chejuensis SK A6 SK A6 SK A6
S3. Protoparmeliopsis aff. chejuensis SK A24 SK A24 SK A24
S4.  Protoparmeliopsis garovaglii SK A3 SK A3 SK A3
SS. Protoparmeliopsis garovaglii AF189718 AF189718
56.  Protoparmeliopsis muralis AF070015 AHO013686
57.  Protoparmeliopsis muralis AF159922 DQ787339 DQ787340
58.  Protoparmeliopsis muralis EU266090 AY464085
59.  Protoparmeliopsis muralis FJ372568
60.  Protoparmeliopsis muralis FJ497040
61.  Protoparmeliopsis muralis HM209239 AY464076
62.  Protoparmeliopsis muralis HQ650653 HQ660533 HQ660556
63.  Protoparmeliopsis muralis JN943617
64.  Protoparmeliopsis pseudogyrophoricum SK AL SK AL SK AL
6S.  Protoparmeliopsis pseudogyrophoricum SKAIL SK ALl SK ALl
66.  Protoparmeliopsis zarei SKA2 SKA2 SKA2
67.  Protoparmeliopsis zarei SK 480 SK 480 SK 480
68.  Protoparmeliopsis zarei SK 481 SK 481 SK 481
69.  Protoparmeliopsis zarei SK 765 SK765 SK 765
70.  Rhizoplaca chrysoleuca HMS77253 HMS577031 DQ787354
71.  Rhizoplaca chrysoleuca HMS77252 HMS77030
72.  Rhizoplaca chrysoleuca HMS77251 HMS577029
73.  Rhizoplaca chrysoleuca AYS509799 DQ787353
74.  Rhizoplaca melanophthalma JX948289 JX948188 DQ787352
75.  Rhizoplaca melanophthalma JX948294 JX948187
76.  Rhizoplaca melanophthalma JX948293 JX948185
77.  Rhizoplaca melanophthalma JN873909 DQ787351
78.  Rhizoplaca melanophthalma HMS577381
79.  Rhizoplaca peltata AF159925
80.  Rhizoplaca peltata AYS530887
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Table 1. Continued.

Taxon name ITS1/1TS2 ntDNA 28S LSU nrDNA 12S SSU mt DNA
81.  Rhizoplaca peltata AY509803
82.  Rhizoplaca peltata AYS509802
83.  Rhizoplaca peltata DQ321749
84.  Rhizoplaca subdiscrepans AYS509789
and P. garovaglii were confirmed belonging to
the genus Protoparmeliopsis by results from the References

phylogenetic analysis based on nr DNA ITS1/
ITS2 and LSU, mtDNA 12§ SSU sequences as
well as combined data set (Fig. 1). At the same
time another Asian species, i.e. P. chejuensis and
P. pseudogyrophoricum were found to be separate
and distant from the genus Protoparmeliopsis
based on results from a phylogenetic analysis.
Thus, according to our opinion, the genus
Protoparmeliopsis is confirmed as a separate
genus within the Lecanoraceae. At the same
time it is for the first time shown that the genus
Protoparmeliopsis is the same polyphyletic as the
genera Rhizoplaca, Lecanora and Protoparmelia.

Conclusion

The further molecular data on various
Protoparmeliopsis species groups will reveal their
status within the Lecanoraceae.
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CHLOROTIC MOTTLE OF SCOTCH PINE NEEDLES (PINUS SYLVESTRIS L.)
AS EXPRESS ASSESSMENT PARAMETER OF ATMOSPHERIC AIR STATE

EXATERINA STOMAKHINA

Abstract. The capability of using percentage of needles with chlorotic mottle was assessed. Limitations of the method

were noted.

Key words: Pinus sylvestris, scotch pine, chlorotic mottle, needles, bioindication, air pollution

Peoples’ Friendship University of Russia, Podolskoe Shosse 8, build. S, 115093 Moscow, Russia; katerinal 92@gmail.com

Introduction

Atmosphericairis one of the most dynamic
habitats (ROMERALO et al. 2012). To assess
its pollution rate analytical and biological
methods of monitoring are used which have
its own advantages and disadvantages. At
present phytoindication is one of the most
popular methods (MELECE 2011).

Under the influence of pollutants gradual
changes in a plant body occur which decrease
its adaptation to the environmental factors
(SToLTE 1996) and eventually lead to its
death.

As far as conifers allow for year-round
surveillance, have high gas-sensitivity and are
widespread on the territory of Russia they are
often used in bioindication (MELECE 2011).

It is essential for every analysis to
detect increased anthropogenic load on
a particular ecosystem at the initial stage,
when the changes are still reversible. In case
of atmospheric air pollution photosynthetic
apparatus in plants is most exposed (SMITH
et al. 2008). Therefore morphological and
anatomical changes in leaves are actively used
as indicators of the level of atmospheric air
pollution (NiLssoN et al. 2012). The aim
of this work is estimation of capability of
using of needles with chlorotic mottle for an
analysis of atmospheric air pollution.

© The Author(s), 2014

Material and methods

The research objects were needles of Scotch
pine (Pinus sylvestris L). The data were collected
in 2010-2013 in March, May, August and
November on different annual whorls (2008,
2009, 2010, 2011 and 2012).

For gathering experimental data on the
territory of Moscow and Moscow area four
spots located in districts with different levels of
atmospheric pollution were chosen. Selecting
habitats the similarity of all major ecological
factors were taken into account (except for the
anthropogenic load, on which the comparison
was based).

The first spot located in Serebryanoborskoe
Lesnichestvo (SL) in the most environmentally
clean district of the city (Northwestern
Administrative Area). Exposure level from
heat stations is minimal (0.8-1.0 MPC)
(MabuHA 2000). Air pollution potential (APP)
is 2 (KaPTA ... 2005).

The second spot was in Filevsky Lesopark
(FL) located in a relatively safe district of the
city (Western Administrative Area). Exposure
level from heat stations is higher than in SL:
1-1.5 MPC (Mapuna 2000). APP=2.4-2.6
(KaPTA ... 2005).

The third spot was in Kuzminky Lesopark
(KL) located in one of the most polluted
districts of the megalopolis (Southeastern
Administrative Area). The main contributors
to the total emissions to the atmosphere
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Table 1. Percentage of needles with chlorotic mottle in different habitats on all annual whorls.

g Annual whorls
23
58 2009 2010 2011 2012
2 3
£% s FL KL IL SL FL KL IL SL FL KL IL SL FL KL IL
= Nov 100 100 100 89 98 84 97 22 14 3 33 3
N
Mar 100 100 100 83 95 96 88 SI 12 23 11
o May 88 100 100 100 97 99 30 29 29 S5 4
& Aug 100 100 100 100 100 100 100 77 93 96 13
Nov 100 100 98 100 100 100 15 44 39 57 1
2 Mar 100 100 100 100 100 100 61 41 26 53 S
[\l

in the district are plants from fuel-energy
complex (in addition to road transport).
Exposure level from heat stations here is one
of the highest on the territory of Moscow
(2.0-2.5 MPC) (MabunA 2000). APP=2.8-3.0
(KapTA ... 2005).

The fourth spot was the reference one. It
is located in Istrinskoe Lesnoe Hosiastvo (IL)
in 38 km from Moscow.

For every habitat five 10-15-year-old
young pines were selected at random. For
every tree we chose three branches (from the
southern side at a height of 1.5 m (PFANZL et
al. 1994)), on which the state of 20 needles
from every annual whorl was evaluated,
with the total amount of 300 needles from
each annual whorl in each habitat. Chlorotic
mottle was taken into account when there was
only one spot more than 1mm in diameter or
several spots.

For data analysis the Microsoft Office
Excel “Packet Analys” was applied. We
conducted analysis of variance based on
Fisher’s test (the final conclusion was made
by t-test), single- and two-factor analyses as
well as a regression analyses. The significance
level was 95%.

Results and discussion
General observation shows that the

percentage of needles with chlorotic mottle
gradually increased since its inception, and by

the end of the second life year almost all needles
are damaged (Tab. 1). Statistical manipulation
of the data showed that there is a a significant
difference between the reference spot and the
spots in the city (if the last year, the year before
last and sometimes current year needles are
observed).

If we compare all the habitats using data from
regression analysis we can see that the damage
speed is higher in habitats where anthropogenic
load is significant (Fig. 1).

Meanwhile according to this parameter
the reference spot is significantly different
from the habitats in the city. It should be
noted that the higher the damage speed is at
the beginning of the year and the lower at the
year-end, the greater the anthropogenic load
on the habitat is.

According to single-factor analysis significant
differences were found for last year whorls,
measured in May, August and November. The
factor influence force was 45%, 41% and 60%
respectively.

Two-factor analysis showed the reliable
relationship between percentage of damaged
needles and the year of investigations (and also
location). Moreover, significant interaction effect
between “location” and “investigation year” was
discovered when analyzing last year whorls in
November and March. However in this case the
factor influence force is lower than in analyses
of relationship between percentage of damaged
needles and the year of investigations or location.
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Fig. 1. Percentage of needles with chlorotic mottle in different habitats.

Conclusions

1. A reliable relationship between the air
pollution rate and percentage of needles with
chlorotic mottle was established.

2. DPercentage of needles with chlorotic
mottle is suitable for ranging habitats in May,
August and November on the last year whorls.
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IMPACT OF LIGHT SPECTRAL COMPOSITION ON THE
LENGTH AND WEIGHT OF THE GAMETOPHYTE OF
POLYTRICHASTRUM FORMOSUM (HEDW.) G.L. SMITH,
PLAGIOMNIUM CUSPIDATUM (HEDW.) T.J. KOP. AND
PLEUROZIUM SCHREBERI (BRID.) MITT.
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Abstract. The aim of the present study was to examine the influence of light spectral composition on the length and weight
of mosses gametophytes: Polytrichastrum formosum (Hedw.) G.L. Smith, Plagiomnium cuspidatum (Hedw.) T.J. Kop. and
Pleurozium schreberi (Brid.) Mitt. Plants were grown 31 days in the chambers equipped with LEDs matrices of the same
intensity of light (200 umol m? - s!), but different spectral composition: white (WL), white-blue (WBL) and red-green-
blue (RGBL). It was found that the WBL as compared to RGBL inhibited the growth of the whole gametophytes of
P. cuspidatum and P. formosum. WBL inhibited also rhizoids length of P. cupsidatum, in comparison to plants growing on
WL and RGBL as well as growth of leaves stalks P. schreberi and P. cuspidatum as compared to WL. For RGBL fresh weight
of plants P. cuspidatum was significantly higher than the WBL, while in P. schreberi higher than that for WBL and WL.
Impact of light quality on the dry matter production was observed only in P. schreberi. Effect of spectral composition of
light on the length and weight of the gametophyte depends on the species of moss.

Key words: Polytrichastrum formosum, Plagiomnium cuspidatum, Pleurozium schreberi, spectral composition of light,
mosses, gametophytes, growth
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Introduction

Plants constantly have to adaptable to
changing conditions of the environment,
including to conditions of the lighting
(GumINskI 1990; LAMPARTER et al. 1998;
KerN & Sack 1999; Suersucu & WaDA
2003; HutruNeN et al. 200S; CERrF &
PosTEN 2012). These organisms receive the
light signals through specialized photoreceptors
(Brigss & CHRISTIE 2002; HETMANN &
Kowavrczyk 2011; L1 et al. 2012; MATIOC-
Precur & CacHITA-Cosma 2012), such
as  phytochromes, cryptochromes and
fototropines. With their help, the plants have
got the informations about the quantitative and
qualitative changes in the composition of the
spectral lights and about the time of the light
exposure.

© The Author(s), 2014

Among cryptogamous plants like as mosses,
the signals of light are perceived by specialized
receptors similar to the signals known in plants
vascular. On the molecular level in the genomes
of Funaria Hedw. and Physcomitrella Bruch &
Schimp. were detected CRY genes, alike under
construction to the genes described in Adiantum
cappillus-veneris L. and Arabidopsis thaliana
(L.) Heynh., which regulate the operation of
cryptochrome (SUETSUGU & Wapa 2003).
Besides, the construction of structure and
expression of genes encoding phytochrome
are better known in the mosses (PASENTSIS
et al. 1998; ZEIDLER et al. 1998).

For many species of mosses living in the
lowest layers of the forest, the direct sun rays
get to them in a small degree. And some moss
species have thin lipid layer that protects them
from the damaging effects of light. Others
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mosses in response to light stress produce
secondary metabolites in the form of flavonoids,
with a composition similar to the compounds

collected in plants vascular (HUTTUNEN
et al. 2005).

The aim of the present study was to examine
the influence of light spectral composition on
the length and weight of gametophytes of such
mosses as: Plagiomnium cuspidatum (Hedw.)
TJ. Kop.(Fig.1 A) , Pleurozium schreberi (Brid.)
Mitt. (Fig.1 C) and Polytrichastrum formosum

(Hedw.) G. L. Sm.(Fig. 1 B).
Material and methods

In the experiment, three species of moss
were selected from the forest near Cracow
(Southern Poland). The moss P. cuspidatum
occurs naturally in shady habitats, in forests,
on rocks and dead wood, P. schreberi and
P. formosum live in coniferous and mixed forests.
These species are capable of conducting the
process of photosynthesis only in above-ground,

Fig. 1. Gametophytes of the mosses: A — Plagiomnium

cuspidatum; B — Polytrichastrum formosum; C — Pleurozium
schreberi.

haploid gametophyte, built with the stalk with
leaves (SzAFRAN 1963; SZWEYKOWSKA &
SZWEYKOWSKI 2002).

The species of mosses were placed in
plastic containers and then transferred to the
chambers, with the different colors of light.
LED matrices were the source of lights: white
(WL-White Light), blue (WBL-White Blue
Light), red (RGBL-Red Green Blue Light) with
high-intensity red light. The light intensity in
chambers was 200 micromol - m? - s (Fig. 2).

Mosses were grown in chambers by 31
days in temperature 18 / 14°C (day / night)
at a photoperiod of 12 / 12 h (light / dark),
and 80-90 % relative humidity (day / night).
The biometric analyses were performed for
each species on the 30 repetitions, between
individuals the similar most to each other in
terms of morphology.

The results represent the average of 30
replicates, with a standard deviation (+ SD).
The significance of differences between means
were tested by — ANOVA (univariate analysis,
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Fig. 2. The spectral composition of light colors of LED matrices.

simple). Comparisons of the significance of
differencesin mean values between objects made
using Tukey’s test for homogeneous groups, the
confidence level of p < 0.0S. Statistical analysis
was performed using Statistica 9.0 for Windows.

Results and discussion

The processes of metabolic in plants depend
largely on the type and intensity of light. In
darkness and in low intensity of light plants
grow vigorously, but in the full light their growth
is inhibited (PiLarskr 2005). The spectral
composition of light reaching the Earth’s
surface varies depending on time of day, year,
geographical location, altitude and the exposure
position (WANG et al. 2009; SKOCZOWSKI
etal. 2010).

The analyses have shown that the spectral
composition of light affects the total length
gametophyte in some the species of mosses.
In the case of mosses P. cuspidatum the longest
gametophyte had plants growing under RGBL,
and the shortest in light WBL (Fig. 3 A).
In P formosum was observed statistically
significant differences in the average length

of the gametophyte only between the plants
growing in the light RGBL and WBL. As in the
case of P. cuspidatum, the light WBL inhibited
the growth of the aerial parts gametophytes
P. formosum (Fig. 3 B). In P. schreberi wasn’t
observed the effect of spectral composition
of light on average length of gametophytes
(Fig. 3 C). Inlight WBL the inhibition of growth
rhizoids and stalks with leaves in P. cuspidatum
was observed. In this case, the length of the
gametophytes was significantly lower than in
mosses growing in other light conditions.
The spectral composition of light also caused
significant differences in the average length of
stalks with leaves in P. schreberi, whose growth
was strongly inhibited by light RGBL (Tab. 1.).
The spectral composition of light also had
an impact on the mean values of fresh and dry
weight of gametophytes some species of moss.
Significantly higher values fresh weight was
observed for the gametophyte P. cuspidatum in
light RGBL, in comparison to the plants growing
in light WBL (Fig. 4 A). Similar differences
were observed between plants P. schreberi in
the light WL, compared to plants in WBL
conditions (Fig. 4 C). Significant difference in
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Fig. 3. Impact of spectral composition of light on the
gametophyte (cm) in Plagiomnium cuspidatum (A),
Polytrichastrum formosum (B) and Pleurozium schreberi (C).
The mean values of 30 replicates + SD. Values with different
letters are substantially different at p < 0.05 by Tukey’s
procedure for homogeneous groups - Tukey test (HSD).

dry weight content was observed only between
gametophytes P. schreberi, had grown in the light
of WL and WBL (Fig. 5C).

Conclusions

The unfavorable environmental factors
which disrupt the course of metabolic and
physiological processes of plants cause the
reversible and irreversible changes in bodily

light

Fig. 4. Impact of spectral composition of light on the fresh
weight (g) in Plagiomnium cuspidatum (A), Polytrichastrum
formosum (B) and Pleurozium schreberi (C). The mean
values of 30 replicates + SD. Values with different letters
are substantially different at p < 0.05 by Tukey’s procedure
for homogeneous groups — Tukey test (HSD).

functions (RzEPKA 2008). In forest the light is
the most variable physical factor, because the
sun’s rays are reaching the forest not only with
altered intensity but also about the different
spectral composition of light. The light signals
are one of the most important environmental
stimuli regulating plant growth. In addition
to the amount of light the plants measure the
quality, direction and frequency of the incident
light rays, and uses this information to optimize

Table 1. Impact of spectral composition of light on the length of rhizoids and stalks with leaves in Plagiomnium cuspidatum
(Pc), Polytrichastrum formosum (Pf) and Pleurozium schreberi (Ps). The mean values of 30 replicates + SD. Values with
different letters are substantially different at p < 0.05 by Tukey’s procedure for homogeneous groups - Tukey test (HSD).

Color of light WL RGBL WBL

Species of mosses Pf Pc Ps Pf Pc Ps Pf Pc Ps
Length of rhizoids (cm) 4.0° 1.1 4.0° S.1t 1.2 4.3 3.9 0.7° 3.9
Length stalks with leaves (cm) 6.6 340 5.6 5.6° 3.6° 3.4° 5.8 2.0 4.2¢
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Fig. . Impact of spectral composition of light on the dry
weight (g) in Plagiomnium cuspidatum (A), Polytrichastrum
formosum (B) and Pleurozium schreberi (C). The mean
values of 30 replicates + SD. Values with different letters
are substantially different at p < 0.05 by Tukey’s procedure
for homogeneous groups — Tukey test (HSD).

growth and development to the prevailing

environmental conditions (FRANKLIN
et al. 2005).
Studies conducted have confirmed a

significant impact the spectral composition
of light on the length and weight of the
gametophytes choosen species of moss. It
has been shown that the light can controlled
the growth of the aerial parts gametophytes,
while no effect on the growth of rizhoids. The
exception is moss P. cuspidatum, in which the
growth of these anatomical parts was inhibited
under conditions of light WBL.
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MORPHOLOGICAL, CYTOLOGICAL AND PALYNOLOGICAL FEATURES OF
THREE CLOSELY RELATED CENTAUREA SPECIES (ASTERACEAE) FROM TURKEY

SVETLANA BANCHEVA !, ZAFER KAYA 2, R1zA BINZET *

Abstract. This study was carried out to determine the main distinctive morphological, cytological and palynological
features of three closely related Centaurea L. taxa (Asteraceae) growing in Turkey: C. aytugiana Bancheva, Kaya et Binzet,
C. stenolepis Kerner and C. salicifolia M. Bieb. ex Willd. The first species, recently described from Karabiik province, Turkey
(BANCHEVA ef al. 2014), is an endemic of Karabiik province, whereas the remaining taxa have larger distribution ranges.
The results show that the morphological (including pollen-morphological) traits and chromosome numbers proved to be
of high diagnostic value and are very useful for determination.

Key words: Asteraceae, Centaurea, endemic species, chromosome number, pollen morphology, SEM

! Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences, Department of Plant and Fungal Diversity and

Recourses, Acad. G. Bonchev str. 23, 1113 Sofia, Bulgaria

2 University of Bartin, Faculty of Forestry, 74100 Bartin, Turkey; zkaya23@hotmail.com
3 Mersin University, Science and Art Faculty, Department of Biology, 33343, Mersin/ Turkey

Introduction

Centaurea L. sl. is the fourth largest genus
of the family Asteraceae comprising between
400 and 700 species with predominantly Old
World distribution ranges (DItrricH 1977;
BREMER 1994; WAGENITZ & HELLWIG 1996).
Taxonomic complexity arises from the extensive
variation in morphology, karyology and pollen
diversity dueto therather comlexevolution ofthe
group including polyploidization, hybridization
and introgression (BREMER 1994; GABRIELYAN
1995; SUSANNA et al. 1995; WAGENITZ &
HELLWIG 1996). In the Turkish flora the genus
Centaurea s.str. consists of 156 species of which
103 (or 66%) are endemics (WAGENITZ 1975;
Davis et al. 1988; GUNER 2000; DURAN
& DumaN 2002; UZzUNHISARCIKLI ef al.
2005, 2007; VURAL et al. 2006; WAGENITZ
et al. 2006; Kava & VuraL 2007; UysAL
et al. 2007, 2008, 2009; AKSOY et al. 2008;
UvsaL 2008; ARMAGAN & UNaL 2009;
HamzaoGLu & Bupak 2009; UysaL & KOsk
2009; DoGaN & Duran 2009; DaskIN &
YiLmaz 2009; KULTUR 2010; ASLAN et al.
2011; Ding & DoGu 2012; YiLDIRIMLI 2012;
KOSE & ALAN 2013; BANCHEVA et al. 2014).

© The Author(s), 2014

The study deals with the investigation of the
morphological, pollen morphological and
karyological features of the recently described
species C. aytugiana Bancheva, Kaya et Binzet
from Karabiik Province, Turkey (BANCHEVA
et al. 2014) and its morphological relatives from
sect. Lepteranthus (DC.) Dumort., C. stenolepis
Kerner and C. salicifolia M. Bieb. ex Willd,
inorder to releves the taxonomic position of
C. aytugiana (Fig. 1).

Material and methods

C. aytugiana was collected in 2007 and 2008
in the Karabiik province, West Black Sea Region,
Turkey. Morphological characters of this species
were studied from the type collection and the
personal collections of the authors, whereas
morphological characters of the related species,
C. stenolepis and C. salicifolia were observed in
the following Herbaria: ISTE, MA, P, SOM,
W and WU. The karyotype of C. aytugiana was
studied from mitotic metaphase plates obtained
from root tips of three plants collected at the
type locality. Root tips were pretreated with
8-hydroxychinoline for 30 min, then fixed in
acetic alcohol (1:3) for 24 h at 4°C, hydrolysed
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Fig. 1. Distribution map of Centaurea aytugiana (triangles), C. stenolepis (squares) and C. salicifolia (dots) in Turkey.

in 1 M HCI for 15 min at 60°C, stained with
haematoxylin after Gomori (MELANDER
& WINGSTRAND 1953) for 30 min at 60°C
and then squashed in 45% acetic acid. The
karyotype was determined according to LEVAN
et al. (1964) on the basis of eight metaphase
plates. The pollen morphology was studied by
light microscope (LM) and scanning electronic
microscope (SEM) according to ERDTMAN’s
(1960) and HUTruNenN & LAINE's (1983)
protocols, respectively. The pollen terminology
follows PuNT el al. (2007).

Results and discussion

Centaurea aytugiana Bancheva, Kaya et
Binzet.

Morphology.Perennialwithwoodyrootstock.
Stems 22-70 cm, erect, single to numerous,
much-branched, puberulent to arachnoid-
tomentose. Leaves pinnatisect, puberulent on
both surfaces, with (3)4-7 pairs of lanceolate
segments, acute on the top; upper leaves entire.
Capitula numerous, 10-20 mm. Involucre
narrowly ovoid-cylindric, 13-14(-16)x5-6 mm.
appendages partly covering the basal part of
the phyllaries, 1 mm broad at base, gradually
narrowed into threadlike recurved tip, whole
appendage 6-7 mm, straw-yellowish to pale
brown, with (7)8-11 pairs, 2-3 mm long cilia

of the both sides. Florets white or very rare
pale pink. Achenes 3x1.3-1.5 mm, brown and
smooth. Pappus absent. Fl. VIII.

Distribution and ecology. Turkey, Karabiik
province, on 641 m a.sl, at the edge of shady
meadows in xerophilous forests dominated
mainly by Carpinus betulus L. C. orientalis Miller,
Pinus nigra J.E. Arnold and P. sylvestris L.

Karyology. Chromosome number:
2n=30+1B. The karyotype consists of small
chromosomes, about 1.5 my in size. The
submetacentric type prevails. Two pairs of
chromosomes with satellites were also evident
(Fig.3A).

Pollen. The pollen grains are of WAGENITZ’s
Jacea-type (1955), subprolate, with correlation
polar axis/equatorial diameter 1.18. The exine
sculpture is microechinatae, with density of the
sculpture elements 3-4 to 25 pym* and high of
the microspines c. 1.5 ym. Equatorial diameter
22.5+1.5 pm; polar axis 26.3%3 pm; length of
the colpus 20.1£1.4 ym; breadth of the colpus
3.3+0.6 ym (Fig. 3 B-D).

Centaurea stenolepis Kerner.

Morphology. Perennial, 25-70(-100) cm,
stem erect, branched in upper part. Leaves
scabrous above, slightly arachnoid-tomentose
below, entire (minutely denticulate), lower
broadly lanceolate (2-6 cm broad) and petiolate,
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median and upper lanceolate to oblong,
sessile. Involucre 16-20x10-15 mm, oblong.
Appendages small, only partly covering basal
part of phyllaries, only 0.5-0.8(1) mm broad
at base, gradually narrowed into threadlike
recurved tip, whole appendage 6-12 mm,
blackish-brown in lower part, tip light brown,
with numerous distant 2.5-4 mm cilia on both
sides. Flowers rose-purple, marginal radiant.
Achenes 3.2-3.8 mm; pappus 0.5-1.5 mm.
FI. VII-VIIL

Distribution and ecology. Central Europe
(S.E. part), Balkans, S. Russia, on 900-1350
m. a.s.l, on meadows and scrubs.

Karyology. 2n=2x=2m+20sm=22. A pair of
chromosomes with satellites was also evident
(BANCHEVA 1998).

Pollen. The pollen grains are of WAGENITZ's
Jacea-type (1955), subprolate, with correlation
polar axis/equatorial diameter 1.1. The exine
sculpture is microechinatae, with density of
the sculpture elements 4-6 to 25 pym? and high
of the microspines c. 2 ym. Equatorial diameter
25.5+1.2 pm; polar axis 28.3+3 pm; length of
the colpus 22.1+1 pm; breadth of the colpus
3.940.5 pm (Fig. 4).

C. salicifolia M. Bieb. ex Willd.

Morphology.  Perennial. ~ Stems erect,
25-75 cm, * corymbosely branched in upper
part. Leaves scabrous, sometimes slightly

Fig. 2. Outer, middle, and inner
appendages (from left to right) in
Centaurea aytugiana (A), C. stenolepis
(B) and C. salicifolia (C), and
capitulum of C. aytugiana (D).

arachnoid especially below, entire or denticulate,
rarely dentate, lanceolate; basal and lower
petiolate, median and upper sessile, sometimes
slightly auriculate and half-clasping. Involucre
14-17x8-15 mm, nearly cylindrical to cup-
shaped. Appendages brown or blackish brown,
3-5 mm, lanceolate to narrowly triangular,
gradually tapering into an erect or slightly
curved tip, cilia 10-15 on each side, + crowded
towards base, 1-3 mm. Flowers rose-purple,
marginal distinctly radiant. Achenes 3-4 mm;
pappus 0.3-1 mm. Fl. VII-VIII.

Distribution and ecology. Caucasia and
Turkey, on meadows.

Karyology. Only one chromosome number,
2n=22, is reported (TONIAN 1980).

Morphologically C. aytugiana resembles
C. stenolepis and C. salicifolia by the similar
shape of the appendage, which is gradually
narrowed into a threadlike recurved tip
andusually provided with more or less cilia on
both sides (Fig. 2). Cilia are more numerous in
C. stenolepis, with 12 to 18 sparse pairs, and in
C. salicifolia, with 10 to 15 pairs crowded toward
the base, but fewer in C. aytugiana, with eight
to 11 sparse pairs. Appendages are darker in
similar species: brown to light brown apically
in C. stenolepis and brown to blackish brown in
C. salicifolia versus a lighter stramineous color
in the new species. Appendages are the longest
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Fig. 3. Mitotic metaphase root tip cell and pollen grains of Centaurea aytugiana: A — mitotic metaphase root tip cell showing
2n=30+1B; B - LM photo, equatorial view of pollen grain; C — SEM photo of pollen grain shape and ornamentation;
D - LM photo, polar view of pollen grain.

Table 1. Diagnostic characters of Centaurea aytugiana and its morphologicaly closest relatives C. stenolepis and C. salicifolia.

Character C. aytugiana C. stenolepis C. salicifolia

Stem height (cm) 22-70 (5)25-70(-100) 25-75

Leaves lyrate to pinnatisect entire (minutely entire or denticulate, rarely
denticulate), broadly dentate, lanceolate
lanceolate to lanceolate

Involucrum size (mm)  13-14(16)x5-6 16-20x10-15 14-17x8-10(15)

Appendage length (mm)  6-7 6-12 3-S

Apendage colour Straw-yellowish to pale brown Brown to light brown at the Brown to blackish brown

at the base tip

Number of cilia (7)8-11 12-18 10-15

Achene size (mm) 3x1.3-1.5 3.2-3.8x3 3-4x3

Pappus length (mm) Absent 0.5-1.5 0.3-1

Colour of the florets White (rare pale pink) Rose-purple Rose-purple

Chromosome number 2n=30+1B 2n=22,44 2n=22

Habitat at the edge of shady meadows meadows meadows

in xerophilous forests
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in C. stenolepis, 6-12 mm; of medium length,
6-7 mm, in the new species; and the shortest in
C. salicifolia, 3-S mm. The involucre is narrower
in C. aytugiana, 5-6 mm, versus 10-15 mm in
C. stenolepis and 8-10(12) mm in C. salicifolia.
Leaves are lyrate to pinnatisect in the new
species, butare entire (minutely denticulate) and
broadly lanceolate to lanceolate in C. stenolepis
and entire or denticulate (rarely dentate) and
lanceolate in C. salicifolia. Florets are usually
white in C. aytugiana, but a darker rose-purple
in both C. stenolepis and C. salicifolia (Tab. 1).

The chromosome number of 2n=30+1B
of C. aytugiana does not coincide with the
chromosome numbers of Centaurea sect.
Lepteranthus and Centaurea sect. Jacea (L.) DC
(x=11), where C. stenolepis and C. salicifolia are
assigned to (WAGENITZ 1975; DOSTAL 1976).
Two chromosome reports (2n=22 and 2n=44)
are known for C. stenolepis (Kuzmanov &
GEORGIEVA 1977; LovRiCc 1982; SHARKOVA
1996; BANCHEVA 1998), and only one report
for C. salicifolia (2n = 22) (ToNIAN 1980). The
base chromosome number of all representatives
of sect. Lepteranthus is x=11, whereas in
C. aytugiana it is x=18.

Pollen morphology together with base
chromosome number and DNA sequences are
the most important data used in a taxonomy
of Centaurea s.l. and the subtribe Centaureinae
Dumort. (WaGENITZ & HELLWIG 1996;
HELLWIG 2004). WAGENITZ (1955) delimited
eight Centaurea pollen types corresponding
very well to the main taxonomic clusters of the
group. The pollen grains of C. aytugiana belong
to Wagenitz’s Jacea-type, typical for sections
Jacea, Lepteranthus, and Acrolophus (Cass.) DC.,
and characterized by a reduction of the spines
and inner layer of columellae, thus apparently
standing at the end of an evolutionary line
(WaGEeNITZ 1955). C. stenolepis has the same
pollen type (BANCHEvVA 1999), whereas
C. salicifolia has not been investigated so far.

Conclusions
The results show that the morphological

(including  pollen-morphological) traits
and chromosome numbers proved to be of

1akuy

Fig. 4. Pollen grain of Centaurea aytugiana.

high diagnostic value and are very useful in
determination of the target Centaurea species.
In the same time the results do not confirm our
first hypothesis, based only on morphological
similarity of the studied taxa, for the position
of C. aytugiana into sect. Lepteranthus. Further
molecular investigations for detection the
section affiliation of the taxon are necessary.
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PUTATIVE FOREST GLACIAL REFUGIA IN THE
WESTERN AND EASTERN CARPATHIANS

J6zEF MITKRA ¥, WOJCIECH BABA, KAZIMIERZ SZCZEPANEK

Abstract. An examination of thermophilous species pollen deposits found in the Plenivistulian river alluvial terraces in
the Polish Western Carpathians was conducted. Of the 16 palaeobotanical sites evaluated, most often noted were Alnus
and Betula t. alba; Abies, Carpinus and Corylus occurred less frequently, and Quercus, Tilia and Ulmus were rare. Fagus and
Fraxinus pollen were absent. Abies and Carpinus were relatively overrepresented, because their frequency of occurrence
was similar to Corylus avellana, i.e. one of the most cold-resistant species. Based on a literature survey of phylogeographic
studies and data regarding the forest species Aconitum moldavicum, A. variegatum, Bromus benekenii, Carpinus betulus,
Lathyrus vernus, Lonicera nigra, and the moderately thermophilous Rosa pendulina, 47 cryptic refugial areas of temperate
plant species are postulated. The combined analysis indicates that they could have survived the last glaciation in the
W & E Carpathian microrefugia close to 650 m a.s.l, and in Podolia (north of the Eastern Carpathians) along a contour

of 300 m a.s.l.

Key words: Carpathian Mountains, forest cryptic refugia, LGM, phylogeography, Plenivistulian, pollen analysis

Jagiellonian University, Institute of Botany, Kopernika 27, 31-501 Krakéw, Poland; * j.mitka@uj.edu.pl

Introduction

The Plenivistulian in West Europe was
characterized by the development of treeless
landscape and prevalence of the tundra type
plant vegetation. In Central and East Europe,
climate had becoming more continental and
in consequence tundra gradually turned
into forest-tundra with patches of the boreal
trees as Larix, Betula nana, Picea abies, Pinus
cembra (MaMakowa 2003). Their existence
in the Plenivistulian, including full-glacial, is
evidenced not only by pollen records, but also
by macrofossil wood charcoal assemblages
indicative at least 17 different taxa (WILLIS &
VAN ANDEL 2004). Most of them belong to the
boreal group represented by e.g. Pinus, Picea
and Larix, however thermophilous species, for
example Alnus, Betula, Salix, and even Carpinus,
were also found. The Lower Plenivistulian
(75-58 ky BP) was cold and the Carpathian
forelands were devoid of a continuous plant
cover and covered by the periglacial tundra.
The Middle Plenivistulian (Interpleniglacial
58-28/25 ky BP) was characterized by several
cold and warm climate oscillations, with the

© The Author(s), 2014

most pronounced the Denekamp interstadial.
The most severe climatic conditions were
during the Upper Plenivistulian (full glacial,
LGM), dated to 23-17 ky BP (GgBIcA 2004).

The occurrence of diversified flora and
vegetation in the Polish Western Carpathians
and their forelands in the Late Glacial and
Early Holocene were related to the areal
variety of geomorphological processes and
sediments (STARKEL 1988). In the periglacial
zone an open tundra, forest tundra and
steppe-tundra developed. The crucial for the
thriving of the thermophilous elements was
Younger Dryas (10.7-10.0 ky BP). At that
time dense Pine-Betula forest developed in the
Bolling phase (13.7-13.5 ky BP) turned into
an opened-forested vegetation. Probably, at
that time the thermophilous elements found
shelter sites in the intermountain valleys and
southern-facing slopes in the lower Carpathian
zone. Accordingly, a mosaic of vegetation,
similar to that observed up to the present-
day in the central-Mongolian mountains at
southern limits of the forest and permafrost
(KOWALKOWSKI & STARKEL 1984), as well
on the hills in Scania during the late Vistulian
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(BERGLUND & Rapp 1988), could have
existed in the lower situations of the Polish W
Carpathians and foreland.

The aim of the present paper is to characterize
the Plenivistulian localities in the Western
Carpathians based on the palinological records.
At that time in the river alluvial deposits pollen
grains of thermophilous tress: Abies, Alnus,
Betula, Carpinus, Fagus, Quercus and Ulmus,
were noted. As a rule, their appearance was
interpreted as a result of the long-distance pollen
transport. However, nobody knows where those
localities were, but surely they existed in further
or nearer distances from the palaeobotanical
locations. On the other hand, charcoals, as direct
evidences,and phylogeographicalinvestigations,
indirectly, could point to their geographic
distribution in the area under interest. Recently,
the phylogeographical studies, based mostly
on DNA fingerprinting, deliver growing body
of information that enabled some synthetic
conclusions to be drawn (RONIKIER 2011).
Thus, the second aim of the paper was to find
localities that fulfill the criteria of northerly
(BuAGwWAT & WiLLis 2008) or cryptic
(STEwarRT & LIsTER 2001) forest refugia.
We concentrated on the Western Carpathians
and adjoining areas and on records referred to
thermophilous forest taxa. We do not attempt
to make some conclusive statements on the full-
glacial forest refugia in the West Carpathians;
instead we expect that in the effect some areas
with high concentration of the putative cryptic
forest refugia will be uncover. It could give
an additional clue to the solving this exciting
problem of modern phytogeography.
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Material and methods

A list of the palaeobotanical Plenivistulian
localities in the Polish Western Carpathians
(Mamakowa 2003) was examined. A checklist
comprised putative forest cryptic refugia in the
northern Carpathians (W and E Carpathians,
including Transcarpathia) and Podolia (north
of the Ukrainian E Carpathians) was compiled
based on the published and unpublished
(MITKA et al. in revision) data. The maps were
prepared with the use of the GRASS GIS and

33-28 ka BP

D
35-21kaBP

D-uP
48-36 ka BP

30 ka BP
ImP

Brzesko Nowe
Wola Zyrakowska
Brzeznica B

Sowliny

14
15
16

*D - Denekamp; ImP — Lower-Middle Plenivistulian; uP — Upper Plenivistulian; ka — calendar dates in millennia based on calibrated *C data; f - macrofossil; n.d. - not determined;

? — probably rebedded.
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QGIS software based on the srtm 90 m digital
elevation data (www.srtm.csi.cgiar.org).

Results and discussion

The list of localities with thermophilous,
broadleafed trees and one hardwood Abies
alba, including some mesophilous herbaceous
species found in the Plenivistulian in the
Polish Western Carpathians are presented
in Tab. 1. They are located mostly in valley-
bottom terraces of the rivers flowing from
the Carpathian’s northern slopes to the
Sandomierz Basin. Generally, they are built
of deposits with a gradual transition from
gravels through Dryas silts dated back to the
Lower and Middle Plenivistulian. Most of the
pollen deposits come from the Denekamp
interstadial (c. 32-28 ka BP) and continue to
the Upper Plenivistulian (28-14 ka BP). Only
a few profiles were dated to the Lower-Middle
Plenivistulian (< 36 ka BP). The most common
were Alnus (15 occurrences) and Betula t. alba
(13), otherwise the most abundant in pollen
profiles. Corylus (7), Carpinus (6) and Abies (5)
belonged to a moderately occurring species,
and Quercus (4), Tilia (2) and Ulmus (2) to the
rarest noted. Among the herbaceous species
the most common were Armeria (8) and
Filipendula (6). The pollen-based model of the
vegetation includes treeless plant communities
of the open sites, forest-tundra and sometimes
forest-steppe with a mosaic of the moss-
sedge-grass swamps and wet meadows.
Thermophilous species could have thrived the
cold periods in small microenvironmentally
favourable locations (microrefugia). They
encompass both presumably the long-term and
“secondary” refugia (BREWER et al. 2002).

Fagus and Fraxinus in the Plenivistulian
deposits were absent (in Orawka — locality
no. 6 in Tab. 1, pollen grains were probably
rebedded).

The presented data show that in the whole
Plenivistulian patches of termophilous trees
in the vicinity of the palaeobotanical sites
existed. What interesting, their frequency
of occurrence is only partially related to the
present day tolerances of minimum growing

temperatures (WILLIS & VAN ANDEL 2004).
The most resistant are Betula pendula and B.
pubescens (-40°C), Tilia cordata (-18°C),
Quercus robur and Fraxinus excelsior (-16°C),
Alnus glutinosa, Corylus avellana and Ulmus
glabra (-15°C). The moderately resisistant is
Carpinus betulus (-8°C), and weakly resistant
are Fagus sylvatica (-5°C) and Abies alba
(-3°C). The frequent occurrence of Betula
and Alnus agrees with the thermal resistance
of the species. It seems that Abies and Carpinus
are relatively overrepresented, because their
frequency is similar to cold resistant species,
i.e. Corylus avellana. On the other hand, the
absence of Fagus could be explained by its
cold sensitivity, but not in a case of Fraxinus,
also absent, however being resistant to low
temperatures. Also, the frequency of Quercus,
Tilia and Ulmus should be higher, taking into
consideration their cold resistance.

The distribution of putative full-glacial
refugia of thermophilous forest species and
Rosa pendulina is displayed on Fig. 1. It is seen
that they could have existed on the western
and eastern edges of the Western Carpathians
and on the western wing of the Eastern
Carpathians. Most of them were placed in close
proximity to a contour of 650 m. An isolated
forest island could have also thrived in Podolia,
north of the Eastern Carpathians. The putative
Podolian refugium was probably restricted to
close proximity of a 300 m a.s.l. contour.

Conclusions

Concluding, the Plenivistulian refugia
of some thermophilous species could
have existed in the in the Western and
Eastern Carpathians, including Podolia.
Their distribution was inferred from the
phylogeographical studies with the use of
various genetic (cpDNA, AFLP, ISSR) and
cytogenetic (chromosome Giemsa C-band
staining) markers, and also pollen and
macrofossil charcoal records. This hypothesis
is partially validated by the Plenivistulian
pollen records. Phylogeographic studies also
support an European full-glacial refugial
model in the northern-Carpathian context;



Mitka J,, BABA W, SzczEPANEK K. Putative forest glacial refugia in the W and E Carpathians 89

Table 2. Putative glacial refugia of thermophilous vegetation in the Northern Carpathians and adjoining areas based on
various sources. Sources of information: 1 — SUTKOWSKA et al. (2014); 2 — M1TKa et al. (in revision); 3 — HAJNALOVA
& HajNaLOVA (2005); 4 — SCHIEMANN ef al. (2000); 5§ — JastEwiczowa (1980); 6 — DANECK et al. (2011); 7 — FErR
etal. (2007); 8 - WiLLIs & VAN ANDEL (2004); 9 — ILNICKI et al. (2011); 10 — MITKA ef al. (2013). MAU — Malopolska
Upland; PB - Pannonian Basin; PEC - Polish E Carpathians; PO - Podolia; PWC - Polish W Carpathians; SEC - Slovak
E Carpathians; SWC - Slovak W Carpathians; TP — Transcarpathia; UEC — Ukrainian E Carpathian.

no. Locality Region ﬁ:l:tdl‘]% N E Species® Marker Source
1 Ojcow MAU 430 S000  19.00  A.variegatum C-bands 9
2 Barc PB 120 4557 1731 B. benekenii ISSR 1
3 Hidas PB 200 46 14 1818 B. benekenii ISSR 1
4 Santovka PB 210 4809 1845 C. betulus AFLP 2
S Kestolc PB 350 4734 1848  B.benckenii ISSR 1
6 Hajnacka PB 375 4812 1955  C. betulus AFLP 2
7 Gortva PB 270 4815 1957 C. betulus AFLP 2
8 Teply Vrch SwC 210 4828 2005  C.betulus AFLP 2
9 Szabolcs PB 100 4810 2130  C. betulus charcoals 8
10 Roézanka PEC 325 4955 2140  C. betulus AFLP 2
11 Strachocina PEC 365 4937 2204  C. betulus AFLP 2
12 Sine Wiry PEC 710 4915 2225  C.betulus AFLP 2
13 Wolosate PEC 705 4904 2240  B.benckenii ISSR 1
14 Tarnawa Wyzna PEC 670 4906 2250  L.nigra pollen S
1S Monasterzyska PO 230 4856 2501  C.betulus AFLP 2
16  Zarwanica PO 31S 4914 2521 C. betulus AFLP 2
17 Jazlowiec PO 250 4857 2526  C.betulus AFLP 2
18  Yabluniv PO 33§ 4907 2552 C.betulus AFLP 2
19  Tresna PWC 430 4943 1912 C. betulus AFLP 2
20  Sobotnia PWC 870 4932 1915  B. benekenii ISSR 1
21 Obrozyska PWC 570 4921 2052 C.betulus AFLP 2
22 MtWysoka PWC 1050 49.00  20.00  A.variegatum C-bands 9
22a Mt Wysoka PWC 1050 49.00  20.00  A.moldavicum ISSR 10
23 Siedliska PWC 335 4943 2100  C. betulus AFLP 2
24 Gilowa Goéra PWC 450 4950 2107  C.betulus AFLP 2
25 Vihorlat Mts SEC 770 4853 2206  L.nigra AFLP 6
26  Zboj SEC 425 49 00 2206 C. betulus AFLP 2
27 Jalove SEC 340 4902 22 14 C. betulus AFLP 2
28  Ruske SEC 400 4900 2224  C.betulus AFLP 2
29 Mokra valley SWC 450 4830 1719 gf;i;”{;’l‘; i P84S charcoals 3
30 Radosina SWC 325 4833 1755 Igii?ufr“Xi”“S’ charcoals 3
31 Bojnice SWC 380 4847 1834  COrpinus Fagus charcoals 3

Fraxinus, Quercus

32 Klak SWC 900 48 59 18 36 B. benekenii ISSR 1
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Table 2. Continued.

no. Locality Region I[itl:ti? E Species® Marker Source
33  Skalka SwC 1118 4844 1859  L.vernus allozymes 4
34 Horne diery SWC 1060 4924 1909  R.pendulina cpDNA 7
35 Kralovany SwcC 450 4911 1911 C. betulus AFLP 2
36  Luborec SwC 350 4819 1911 C. betulus AFLP 2
37  Horka-Ondrej SwC 670 4901 2023  Carpinus charcoals 3
38  Monkova dolina SwcC 800 4926 2023  R.pendulina cpDNA 7
39  SuchaBela SWC 850 4894 2039  R.pendulina cpDNA 3
40  Horbok TP 120 4818 22853 C. betulus AFLP 2
41  Mala Uholka TP 500 4815 2337  C.betulus AFLP 2
42 Kuzij TP 690 47 56 2407 C. betulus AFLP 2
43 Uzhok Pass UEC 435 4857 2236  C.betulus AFLP 2
44  Kasova Hora UEC 250 4913 2441 C. betulus AFLP 2
4S5 Mt Petrosul UEC 1850 4817 2447  R.pendulina cpDNA 7
46  Podhorce UEC 39§ 4956 2459  C.betulus AFLP 2
47  Yaremcha UEC 644 4841 2460  R.pendulina cpDNA 7
however a conclusive statement in this GEBica P. 2004. Przebieg akumulacji rzecznej w

exciting matter has not to be posed yet.
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ALLELOPATHIC INFLUENCE OF AQUEOUS EXTRACTS FROM THE
LEAVES OF MORUS ALBA L. ON SEED GERMINATION AND SEEDLING
GROWTH OF CUCUMIS SATIVUS L. AND SINAPSIS ALBA L.

KATARZYNA M0OZDZEN ! & PETER REPKA 2

Abstract. The aim of the present study was to elucidate impact of the aqueous extracts from leaves of Morus alba L.
on germination, growth and photosynthetic activity of Cucumis sativus L. and Sinapis alba L. Plants were grown for 21
days at the temperature 25°C (day) and 18°C (night), within 12/12 hours photoperiod, light intensity 150 ymol-m2.s
and relative humidity 60-70% (day/night). Our experiments proved that allelopathic compounds in aqueous extracts of
the leaves M. alba at high concentrations, reduce power and energy of germination. Biometric analysis of seedlings and
adult plants grown showed that allelopathic substances have stimulating or inhibiting function depending on the stage of

treatment. Moreover, they cause changes in chlorophyll contents and activity of photosystem II (PS II).

Key words: Morus alba, Cucumis sativus, Sinapis alba, allelopathy, morphology, leaves and seed germination
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Introduction

The term of allelopathy (from gr. allelon
= mutually and pathos = suffering, feeling,
sensitivity) was introduced by Molish in 1937.
It means the biochemical interactions which
occur between all types of plants, including
microorganisms.  These interactions are
mediated by allelopathic substances which are
secreted from the some organisms (donors) have
effect on the others (acceptors) (Rice 1984;
OLESZEK 2001; GNIAZDOWSKA et al. 2004).
Allelopathic compounds produced by higher
plants are mostly secondary metabolites,
which are synthesized by the acetic acid and
shikimic acid pathways. Phenolics, cyanogenic
glycosides, quinones, lactones, organic acids
and volatile terpenes belong to the most active
compounds (Korcewicz & LEwAK 2002).

Allelopathic substances are present in all
organs of the vegetative and generative organs
of plants (Rice 1984). The main source of
allelopathic compounds are leaves. Quantity of
allelopathic compounds in plant depends on its
age. It was found that they are released in much

© The Author(s), 2014

larger quantities from young plants than from
ripening or aging plants (AHMED & WARDLE
1994; W6jC1k-WOJTKOWIAK 1998).
Allelopathic compounds are the most active
early in spring, in soils with weak oxygenation.
They are released into the environment by
processes of evaporation, leaching from the
aerial parts, by sweating of the root system
or the decomposition of dead plant tissues
(WOjCIK-WOJTKOWIAK 1998; GNIAZDOWSKA
etal.2004). Currently, research is focused on use
of the allelopathy phenomenon in protecting
plants against insects, pests, nematodes
and increasing their resistance to weeds
(WIDERA 1994; GNIAZDOWSKA et al. 2004).
Specifically, investigators are looking for the
products, containing allelopathic compounds,
on the basis of which it would be possible to
synthesise natural biodegradable herbicides.
The aim of the study was to investigate the
effect of aqueous extracts from the leaves of
Morus alba L. on the germination, growth and
photosynthetic activity of seedlings and adult
plants of Cucumis sativus L. and Sinapis alba L.
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Sirtapis alba L.

Fig. 1. The germination of seeds of Cucumis sativus and Sinapis alba treated with aqueous extracts (1, 3, 5, 10%) from the leaves of Morus alba.
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Material and methods

The main object of the experiment was
to determine the influence of allelopathic
substances contained in the aqueous extracts
from the leaves of Morus alba, on the seeds of
Cucumis sativus cv. ‘Andrus F1’ and Sinapis alba
cv. ‘Barge’.

In the first stage of the experiment, we
determined the effect of extracts from the
leaves of M. alba on the strength and energy
of germination and growth of seedlings
of C. sativus and S. alba. Before tretment,
aqueous extracts from leaves were prepared,
concentrations 1, 3, 5 and 10%. Specifically,
finely grounded leaves were put into distilled
water and incubated for 24h at 25°C. After that
the solutions were filtered and stored in the
fridge.

On the second stage of the experiment,
S randomly selected germinated seeds of
C. sativus and S. alba both from control and
treated by extracts groups were planted into
the soil.

On the third stage of the experiment, the
influence of aqueous extracts of the leaves on
the growth of plants from seeds germinated on
distilled water was checked. For this purpose,
the plants were watered by aqueous extracts of
M. alba leaves. All seedlings were also watered
with distilled water and a standard nutrient
mixture ‘Steiner. Plants were grown at 25°C
(day) and 18°C (night), within 12/12 h
photoperiod, at light intensity 150 pmol-m?.s
and 60-70% relative humidity (day/night).

After 21 days of cultivation, the imaging
of chlorophyll fluorescence was performed,
biometric analyses were conducted, content
of chlorophyll a and b, biometric analysis were
conducted, fresh and dry weight and water
content in plants C. sativus and S. alba were
determined. Chlorophyll fluorescence imaging
was performed using a FluorCam - Photon
Systems Instruments Company by analyzing
parameters F /F , F, F . The contents
of chlorophyll a and b in the leaves were
determined using the method described in
BARNES et al. (1992). Biometric measurments
for C. sativus and S. alba included: roots length,

hypocotyles, petioles with cotyledons, distance
from the cotyledons to the first leaves with
petioles, petioles of the first row, remaining
part of the stalks, the rest of momentums the
plant and the numbers of leaves.

Statistical analysis was performed using
STATISTICA 10.0 for Windows. Results
presented in this paper are average of 8-10 of
the biological or technical replicates + SD. The
significance of differences between means was
tested with parametric ANOVA. Comparisons
of the significance of differences in average
values between objects were made using
Tukey’s test (HSD) for heterogeneous groups
— at confidence level of p < 0.0S.

Results

The present study showed that extracts
from leaves of M. alba significantly influence
on the length of seedlings and selected organs
of plants. The aqueous extracts of M. alba leaves
inhibited the process of germination of seeds
(Fig. 1). Seeds germinated slow and less seeds
were germinated. Reduction of germination
energy was more profound with the increased
concentrations of allelopathic substances
These observations were further confirmed by
biometric analysis of seedlings C. sativus and
S. alba (Tab. 1).

Growth disturbance during the embryonic
stage has influence on the growth of seedlings.
In the case of S. alba the extracts of M. alba
slowed growth of the roots in every stage of the
experiment but they stimulated their growth
in the case of C. sativus. Significant differences
were observed in the length of hypocotyl
of C. sativus treated with extracts in phase
of germination. In the phase of growth, 5%
extract of M. alba demonstrated the inhibitory
effect on the length of hypocotyl, the first
leaves petioles, and petioles of the first row
of S. alba. In addition, the extracts used in the
phase of germination of S. alba increased the
length of petioles cotyledons, and petioles of
the first row. Generally, aqueous extracts of the
leaves of M. alba showed an inhibitory effect
especially on plants treated by extracts in the
phase of growth (Fig. 2).
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Fig. 2. The length of roots and hypocotyles in Cucumis sativus and Sinapis alba treated by (%) aqueous extracts from the

leaves of Morus alba in the phase of germination or growth. The mean values of 8-10 replicates + SD are shown. Values

with different letters are significantly different at p < 0.05 by Tukey’s test for inhomogeneous groups (HSD).

Moreover, the presence of allelopathic
substances contributed to changes in the water
content in the different organs of plants. The
higher concentrated extracts of M. alba by which
plants were watered caused a decrease in fresh
and dry weight compairing to control plants.

The aqueous extracts from the leaves of
M. alba had impacted also on the chlorophyll
fluorescence. The differences in the maximal
fluorescence (F_), on the edge and in the upper
part of leaf blade were observed in the case of
S. alba leaves. The value F| was decreased in
leaves treated with the aqueous extracts during
the germination, but was increased in the plants
watered by allelopathic extracts in the phase of
growth. Differences in values of FV/Fm were
observed in leaves treated with extracts in the
highest concentrations. For C. sativus the higest
differences between the studied parameters
were observed in control and plants treated by

10% extracts during germination (Fig. 3 A, B).

Generally, allelopathic compounds led to
an increase in the concentration of chlorophyll
inleaves of S. alba and C. sativus whatever stage
of treatment was (Fig. 4).

Discussion

The differences both in time and dynamics
of germination of seeds were observed in the
experiment (Fig. 1). Seeds of S. alba started
germination after 24 h and C. sativus — after
48 h, which may be associated with their
structure, genetics or age. With increasing
concentration of the allelopathic substances
in the aqueous extracts from leaves of M. alba
the reduction of energy of germination and the
length of seedlings were observed. This effect
was most evident when we applied an extract
of 10% concentration, when the germination
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Fig. 3. Imaging of chlorophyll a fluorescence in leaves of studied plants based on the parameters F, F , F /F _treated by
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aqueous extracts from the leaves of Morus alba in the phase of germination: A —Cucumis sativus; B —Sinapis alba.
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was completely inhibited (Tab. 1).

The growth is a process extremely sensitive
to the presence of allelopathic substances.
Aqueous extracts from the leaves of M. alba
in these experiments showed allelopathic
influence on the growth of seedlings of
C. sativus and S. alba. It was better seen on the
plants watered by extracts, there allelopathic
compounds inhibited the development of
seedlingsin comparison to the plantsin control.
Growth inhibition both of roots and the aerial
parts of the plants (Fig.2), decrease of freshand
dry weight, changes in fluorescence parameters
and chlorophyll content, are indicators of the
presence of allelopathic substances (Figs. 3, 4).
Influence of allelopathic compounds on cell
membranes was considered as the initial action,
because their damage affects all metabolic and
physiological processes. These compounds
modify the operation and the permeability of

membranes, impair the metabolism of proteins
and lipids, leading to disturbances in the
structure of cell membranes ( JANICKA-RUSSAK
et al. 2004).

Accordingly to Rice (1984), allelopathic
substances have inhibitory eefect on division
and elongation of cells through their
distortion, deformation of the nucleus and a
strong vacuolization. They reduce the water
potential in the cells of the leaves, affect the
degree of stomatal opening, consequently the
intensity of transpiration and reduce the size
of active part on the root surface, changing
the appearance of root hairs. Furthermore,
allelopathic compounds regulate functioning
of plants, using IAA oxidase. They block the
process of oxidation in PSII, causing a shortage
of energy resulting from the photosynthesis.
They cause interference in the active transport
of molecules, synthesis of pigments and other,
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Table 1. The length of seedling of Cucumis sativus and Sinapis alba treated with aqueous extracts (1,3, S, 10%) of Morus alba

leaves. The mean values of 8-10 replicates = SD are shown. Values with different letters are significantly different at p < 0.05

by Tukey’s test for inhomogeneous groups (HSD).

Species of plovers

Aqueous extracts from the leaves Morus alba (%)

0 1 3 S 10
Cucumis sativus 4,0° 4,20 4,1° 3,040 0°
Sinapis alba 3,9° 141 0,68° 0,18% 0°

metabolites within the plant. Short-term
effects of allelopathic substances can slow
uptake of phosphates, nitrates and sulphates.
Uptake speed of ions and their concentration
in the tissues has a significant impact on the
supply of minerals in the plants. Theirs optimal
level is necessary for the proper growth and
development (WOjcIk-WojTKOWIAK 1998).
Reduction in the synthesis of nutrients, intake
of water and the production of energy required
to maintain active transport, are manifested in
the reduction of fresh and dry weight.

Conclusions

The obtained results allow concluding
stimulatory and inhibitory effects of allelopathic
substances of M. alba on the germination,
growth and photosynthetic activity of C. sativus
and S. alba plants, depending on concentration
and stage of development on which the aqueous
extracts were applied.
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AE3UHTETPAITUS KAK MOAYC MOP®OAOTHUYECKOM
3BOAIOIIUU PACTEHUM

Hataaps IT. CABUHBIX

Annoranus. Mopdoaornieckas Ae3UHTEr palus olleHeHa Kak MOAYC MOP$OAOTHYECKOH 9BOAIOLIMH, YCAOBUE H AAAIITALIUS

PaCTeHHI:[ K YCAOBHSM 6HOTOIOB C MOBHIIIEHHON BAAKHOCTBIO. I [0Ka3aHO 3HaueHMe MOP(I)OAOFH‘{ECKOfl AE3HHTErpariun

1 AaBTOHOMHU3AIIUN Jacren OpraHH3Ma B O3THX YCAOBHAX. YrouHeHbI YXHU3HEHHbIE (POPMI‘)I MaAOACTHHUX U OAHOACTHHUX

BOAHBIX U I'IPI/I6PE)KHO-BOAHI‘)IX paCTeHI/II;I. HPI/IBBAEH CIIEKTP 6PIOMOP(I) MAAOACTHHUKOB U OAHOACTHUKOB BEr€TaTHUBHOTO

TIPOUCXOXKAECHHA.

KaroueBbie caoBa:

MoOpdoAOTHYecKas ~Ae3HHTerparnus,

aAallTalnuu paCTeHHﬁ, OAHOACTHHUKU BETE€TAaTHUBHOIO

TIPOUCXOXACHH, MAAOACTHUKH BEreTaTHBHOIO IIPOMCXOXKACHHA, HPI/IGPQ)KHO-BOAH}JIE pacrenus, BOAHBIE PacCTEHHA,

MOAYCBI MOP(OAOTUYECKOI SBOAIOLIHH

Bamckuii 20cydapcmeennuiii eymanumapnuiii ynusepcumem, kagedpa buorozuu, ya. Aenuna 198, 2. Kupos, 610007, Poccus;

botany@vshu.kirov.ru

Pacrennst, 0cOOeHHO CeMeHHBbIe, SIBASIIOTCSI
MOAYABHBIMKM ~ OpraHH3MaMH — OOpa3OBaHBI
CTPYKTypaMH, HOBTOPSIOIIMMUCS B
npocrpancTse nBoBpemeny (BUroHudp. 1989).
I'xaBHOe MOCAEACTBHE MOAYABHOJ OpTraHHU3ALUK
(MaPoEHUH 1999) — aBTOHOMM3AIHA YacTeit
—  He3aBUCHMOCTb  OOpasyIOIUXCsS BHOBb
9AEMEHTOB OT y>Ke CYILIeCTBYIOIUX. Y pacTeHUH
3TO IPOSIBASETCS B paHHEM (QOPMHPOBAHUH
COOCTBEHHBIX ~ ACCHMHUAHPYIOLIUX  OPIAHOB,
KOpHEH M AOCTaTOYHO PaHHEH PemnpOAYKLHH.
B pesyabrare cdopmmpoBaHHBIE B TedeHUE
OrpaHHYeHHOI'O IPOMEXXyTKA BpeMeHH
9AEMEHTbI CTAHOBSITCSI CIIOCOOHBIMHE BBIIIOAHSTH
BCe (YHKIUHU IJ@AOCTHOM >KMBOHN CHCTEMBL Y
PasHBIX 6HOMOP( ITH AaBTOHOMHbIE CTPYKTYPbI
00pa3OBaHbl PA3AMYHBIME CHCTEMaMHU. TaxuMu
CTPYKTypaMH y MHOTOAETHHX TpaB SIBASIOTCS
moHokapnuyeckue noberu (CEPEBPAKOB 1952;
TroOLL 1964) - aAuddepenimposanHbie
Ha  CTPYKTypHO-QYHKIIMOHAAbHbIE  30HBL
Onu dopmupyloTcs B TeUeHHe Pa3HOTO
BpeMeHU: MOTYT OBITH O3MMBIMH, MOHO-, A¥-,
OAWTOITMKAMYECKIMI; U M3 PA3HBIX CTPYKTYP.
Oro MOryr OBITh IOYKH  PEryASPHOTO
BO30OHOBAGHHSI HA KOPHEBHUINAX, TYPUOHBI
PasHOro THIIA: HeOOABILINE YYACTKH [MOOEros
IPOMIABIX A€T, OCOOEHHO Y CTEAIOIUXCS U

© The Author(s), 2014

[IOA3YYHX TPaB, CTOAOHHO-BEPXHEPO3ETOYHBIE
no6eru, KAyOHU, AyKOBULBL. AeTaAbHO OIHCAHbI
atu crpykrypst T.B. Barbirunoit (BATHIrMHA
1 BACHABEBA 2002) mpH XapaKTepHCTHKe
CIIOCOOOB  BEreTATHBHOIO PA3MHOXEHHS —
CApMEHTALMU — <«...00pa3oBaHHUM OTIIPHICKOB
U3 BEpXyLIEYHON, OGOKOBBIX U IPUAATOYHBIX
[I0OYeK HA CTOAOHAX, KOPHEBHIIAX, KOPHIIX,
KOTOpble IIOCAE YKOPEHEHUSI OTAEASIIOTCS
OT MaTepuHcKO#t o0cobu>» (BATHITMHA W
BacuapeBA 2002: 110) u mapTuxyAdnuu
~  «..IPOAOABHOM pPACYACHEHHUM pacTeHHs,
HpeHMyH.[eCTBeHHO €ro IIOA3E€MHBIX OpraHOB)
Ha OTAGAbHble J>XHMBble 4HacTH (TAPTHKYADL),
CIIOCOGHBIE IPU OTAEACHUH K CAMOCTOSITEABHOMY
CYIeCTBOBAHMIO U PpasBUTHIO» (BATHITMHA
u BACHABEBA 2002: 113). OTH aBTOHOMHbIE
CTPYKTYpbl y PpACTeHHI PpasHBIX 6uOMOp$
B 3aBHCUMOCTH  OT  MOP(OAOIUYECKOil
LIEAOCTHOCTU IOCAAHUX B TEYeHHE PasHOIo
BpeMEHHM HAaXOASTCS B COCTaBE HCXOAHOIO
uHAMBUAA. B pesyaprare  popmupyrorcs
PasAMYHBIE [0 CTENEHU BOBAEHCTBHS Ha CPeAy
6uomopdsr: HesIBHOIIOAMIIEHTPUYECKHe,
MOHOLIEHTPUYECKHE, SBHOIIOAUIIEHTPUYECKHE 1
anentpudeckue (BoroH1]0BA 1 CEPEBPSIKOBA
1976; llloPuHA 1994). y CT0A0H006pa3onme
pacrenuii, xak y Fragaria vesca L., B xope
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OHTOMOpdOTeHe3a 3aKOHOMEPHO UePeAyIOTCsI
ABe $eHOOHOMODP(bI: SIBHOMOAULIEHTPHIECKASI
(HeAOAI'O JKUBYIIMM ~ CAOXKHBIA  HMHAMBHA
CO  CTOAOHHO-PO3ETOYHBIMH TIOGeramm) u
MOHOILIEHTPUYEeCKasl — AOYepHHEe paCTeHIs
(CaBunbIX 1 BoBPOB 2008).

Mecto um  poap  MOpdoAOTHUECKOH
A€3HHTerPaLNU — [I0TEPUICXOAHBIMOPIaHU3MOM
$usnosormeckon U MOPJPOAOTHYECKOM
[JEAOCTHOCTH OKa3bIBAaeT OOABIIOE BAMSHHE HA
raburyc pacrenuit. [Ipu 9TOM MBI IOAAEPIKUBAEM
npeacrasaenme E.A. Hyxumosckoro (1997)
0 TOM, YTO MAPTHUKYASIVSL, KaK U CApMEHTAI[HsI
— cpeacTBo (TouHee — crocob6bI), co3ptOIIHe
BO3MOXXHOCTb BEreTATHBHOTO Pa3MHOXKEHIsI
HAM  HEIIOCPEACTBEHHO  ObeCIeqrBaioIie
ero; mporiecc. BererarnBHOe pasMHOXeHHe —
Pe3yAbTaT 9TOTO IPOLjecca: yBeAUYeHHe YHCAA
0c06e€l1 B I|eHOMOIIYASILHH.

ABTOHOMHBIE CTPYKTYpPbl QOPMUPYIOTCS B
pe3yAbTaTe Pa3HBIX MOAYCOB MOP(OAOTHIECKOH
3BOAIOIIHH (CEPEBPAKOBA 1983):
nposonranuu  (yaAuHeHHs), ab66peBHALHE
(obpniBa), peBuanuy (M3MEHEHHS) OTAEABHBIX
CTaAM KaK PasBUTHSA T06era, Tak 1 OHTOTeHe3a
pacrenus B eaom. IToreps mopdorormueckoit
[IEAOCTHOCTH  MCXOAHOM  0COOBIO  Ipu
6ecrioAOM 00pa3oBaHMU I[TOTOMKOB O3HA4aeT
OKOHYaHHe ee (HCXOAHOM 0CcO6H) OHTOTeHesa,
HO  TIPOAOAXKAIONIErOCs — HMHAMBHAYaABHOTO
pasBUTUSL B BHAE OHTOI€HE30B BereTaTUBHO
BOBHHUKIIMX 0cobeil (pamMeT) MHOTOYHCAEHHBIX
nocAepyomux —nokoseHuil. Ilpm  panmuen
MOP}OAOTHIECKOH A€3HHTerpanuu
COKpAIIlaeTCs1 He TOAbKO OHTOreHe3 KOHKPeTHOM
HCXOAHOM 0COOU CeMEHHOTO IPOUCXOXKAEHHUS,
HO ¥ BpeMs (OPMHPOBAHUS aABTOHOMHBIX
CTPYKTYp, 00€CIeYNBAOIMUX THI 6HOMOPHI
— ocHoBHbIX MoayAeit (CABUHBIX 2013a). Y
BEreTaTUBHO-IIOABIDKHBIX PACTEHNUIT, 0COOEHHO
B YCAOBHAX C II€PEMEHHBIMH YCAOBHSIMH
YBAQKHEHHs,  aBTOHOMHBIM  CTaHOBHTCS
OTAEABHBIM MOHOKapIU4eCKUU mober, Kak y
BUAOB poaa Rorippa (ILlaBAAKMHA 2013)
u MHorux Apyrux (CABMHBIX u dp. 2012).
BoapmuncTBy OHOMOp¢ 9THX OGHOTOIOB
CBOMCTBEHHA TEHACHIIMSI K MOHOKAPIIHYHOCTH
HCXOAHBIX ocobeit u moromxoB (CABHHBIX
20136). PeaansyeTcs oHa o-pasHoMy.

1. Bes 06pasoBaHus
CIeIMAAU3UPOBAHHBIX OPraHOB M HUX YacTei
Iy TeM a) paHHe#l  MOpP{OAOTHUYECKO

AE3VHTETpaLiMil y aleHTPUYeCKUX OroMopd
(Lysimachia ~ nummularia L.,  Veronica
beccabunga L.); 6) «BIuCcbIBaHUS» B CpeAy Ha
OCHOBE KMEIOIUXCSI OAHOATHHX CTPYKTYp
(couBeTHA-CTPEAKH IPU HAAMMUM MHOTOAETHEN
BereraruBHOM ocu y Butomus umbellatus L.).

2.  Hsmenenue B OHTOTeHe3e
nobera: a) TMpOAOHTanus — CBoeobpasHoe
UTepaTHBHOE BEeTBACHHUE pU
$opmMupoBaHNH cuHdAOpecIieHIIUU u3
HECKOABKUX CHAAETITHYEeCKHIX oberos
IIOCAGAOBATEABHBIX  IIOPSIAKOB  BETBACHHS,
3HAYMTEABHO HOBbIIIAIOee CeMEeHHYIO
HPOAYKTHBHOCTb y HESIBHOIIOAMIIEHTPHUIECKUX
u SIBHOIIOAHLIEHTPUYECKHX 6roMop¢
3aMeIaoIuX MAAOAETHHKOB Alisma

plantago-aquatica L., Sagittaria sagittifolia L.
(AEAEKOBA2006);6) IPOAOHTAIIHS — IOACTAHHE
No0eroB IOCAe LBeTeHWs U obpasoBaHue
U3 IIOYeK CpPeAHell 30HBI  TOPMOXKEHHUSI
MOHOKAPIINYIECKUX MOOErOB CHAAENITHYECKHX
OOKOBBIX PO3ETOYHBIX BEreTaTHBHBIX MT0OErOB,
B OyAylleM - BEIeTaTUBHBIX AMACIOp Y
SIBHOIIOAUIIEHTPIIECKUX 6HOMOPd — 00AUTaTHO
y Rorippa amphibia (L.) Bess. u mepexopHbix
K HUM TabUTyCOB — SIBHOIIOAHMIIEHTPHYECKHUE
$eHoOHOMOP(BI IPH IIOACTAHHH IOGEroB y
Caltha palustris L., Oenanthe aquatica (L.) Poir.
(MAABIIEBA 2009); B) 6a3aAbHas AeBUAIHA KaK
00pa3oBaHue CIIELMAAM3HPOBAHHBIX CTPYKTYP
AASL BETETATHBHOTO PACCEACHUS] F PA3MHOMKEHHSI
y SIBHOIIOAULIEHTPUYIECKUX GHOMOPP — CTOAOHBI
u xaybHu y Sagittaria sagittifolia; croAoHsr y
Oenanthe javanica (Blume) DC. (ITeTroBA 1
BapbikuHA 2010); T) 6a3aAbHas AeBHAIHA B
pasBuTHY IIO6€ra — 3aI1aC IMTATEAbHBIX BEIECTB
B pO3eTO4HOI yacTu mobera y Rorippa amphibia
(IlIasAAKMHA 1 CABUHBIX 2012a).

3. Vsmenenus kopHeil: a) o6pasoBaHue
KOPHEBBIX OTIIPBICKOB M Ppa3BUTHE U3 OTHX
AMACIIOP PaMeT y BeIeTATUBHBIX MAAOAETHUKOB
M oAHOAeTHHKOB Rorippa  palustris  (L.)
Bess, R. xanceps (Wahlenb.) Reichenb.
(IIaBAAKMHA 2013); 6) TepMuUHAAbHAS
IIPOAOHTALIM - $opmupoBanue
BTOPHYHOCTEP)KHEBBIX ~ KOPHEBBIX  CHCTEM
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B BHA€ 3HAUMTEABHOTO  YTOAIIEHHS U
YAAHUHEHIS OTAEABHBIX [IPHAATOYHBIX
KOPHEHl C 3aKpeIlAeHHeM OcCOOM Ha 3aHATON
TEPPUTOPHU Yy MAAOAETHHKOB R. palustris,
R. xanceps (ITapAAKMHA 1 CABUHBIX 20126,
2013); obpasoBaHMe KOpHeBbIX WHMIIEK Sium
latifolium L. (TTeTPOBA 2012).

4.  TepmunapHas
OHTOTreHe3a TeHeThl U
MOPOAOTHIeCKas AE€3HUHTETPaLis c
obpasoBaHueM KOMIIAKTHOTO (Alisma
plantago-aquatica, Oenanthe aquatica, Cicuta
virosa L., Sium latifolium) wuau auddysuoro
(Sagittaria sagittifolia, Buabt popa Rorippa)
KAOHOB.

OTH HU3MEHEHUS OIPEAECASIOTCS, IPeXAe
BCero, [IAQCTUYHOCTBIO 9AEMEHTAPHOTO
MOAYAS: pa3BepThIBaHHE [I0OEroB U3 IMOYeK Oe3
[epruoAa IOKOsl, OOpasoBaHUe M H3MEHEHHe
IPHAATOYHBIX KOPHEHl C  IOCAEAYIOIIIMU
U3MEHEHISIMM ~ YHHBEPCAABHOIO  MOAYAS
(CaBunbix 2013a). Kpome Toro — panmeit
MOpPQOAOTHYECKON  Ae3UMHTerpanuer,  4To
IPUBOAUT K GOPMUPOBAHHIO B TeUeHHeE XKU3HU
paMeTsl  €AMHCTBEHHOIO  YHHBEPCAABHOIO
MOAYASL Xl COBIIAAEHHIO €TI0 C OCHOBHBIM.

MoHOKapIHYHOCTD pamer
obecreunBaer MOHOLIEHTPUIECKUM u
HesIBHOIIOAUI|EHTPUYeCKUM 0co0sM
AAWTEABHOE  CYIeCTBOBAaHHME HAa  3aHSTOM
y4acTKe IIPH BBICOKON OHEPIUH CEMEHHOTO
BOCITPOU3BEACHHUSL. y pacreHuit c
CHUMIIOAVIAABHBIMH AAUHHOIIO0eroBoit u
MIOAYPO3€TOYHOM MOAEASIMH, EAMHBIA IIeHTP
COXpaHSeTCsS. B BHA€ KOMIIAKTHOIO KAOHA;
AOYEpHHE 0COOM  COXPAHSIOT — KaXyleecs
€AHHCTBO M3-32 GOABIIOTO YHCAQ IPUAATOTHBIX
KOpHeil. JTO obecIednBaeT CylleCTBOBAHIE
pacTeHmil B  YCAOBMSX IpHOpexumil. Y
pacTeHUil SIBHOIOAULIEHTPHYECKUX OHOMOpP$
mpeobAapaeT  BereTaTHBHOE  OOpasoBaHIe
HOTOMKOB. TeHAEHIMS K MOHOKAPIMYHOCTU
paMer y HHMX peaAu3yerTcsi B IIOAHOH Mepe.

ab6pesuariys
paMeT:  paHHSI

O6pasyromuecs AHACIIOPBI ABTOHOMHBI
HACTOABKO, UYTO COBCeM HEe 3aBUCAT OT
MaTepHHCKOIO  OpPraHM3Ma, CIOCOOHBI U

UBecTH, ¥ (OPMHUpPOBATH HOBBIE 3aYaTKHM Ha
cAepyromuit rop. Ilpu o6pasoBaHuu 60OABIIOrO
YHCAA CEMSIH CEMEHHOE BO30OHOBAEHHE Y 9THX
BHAOB IIOAABAEHO, NMPe0OAAAAET BereTarrMBHOE
BOCIIpou3BeseHHe. MOHOKApIMYHOCTh paMeT
obecreurBaeT MMOAMKAPIMYHOCTD PACTEHUs B
[JeAOM, 3HAYUTEAbHYIO HE3aBHCHMOCTh 0COOei
OT MEHSIIOIUXCSI YCAOBHUIT CPEADL

Coopmuposasurascs B YCAOBHISIX
IPHOPEXHI TEHACHINS K MOHOKAPIMYHOCTU
pamer eme B GOABIIEN CTEIIEHH IIPOSIBASETCS Y
ruppoduron. MccaepoBanus 6I/IOMOP(1)0AOI'I/II/I
IPHOPEKHO-BOAHBIX ¥ BOAHBIX pACTEHHI B
TeYeHHEe IIOCAEAHETO AECATHUAETHUS II0KA3aA0,
9TO MHOTHE IIPHOPEXHO-BOAHBIE U BOAHBIE
TpaBbl BOBCE He SIBASIIOTCS MHOTOATHHMH.
BoabIas 4acTh UX — MAAOAETHHKHY, 3HAYUTEAbHA
rpymma OAHOAETHHKOB BEreTaTUBHOTO
HPOUCXOXAEHHS. OTO — IOAMKApIHYecKue
pacTeHHsI C MOHOKApPIIMYECKHMH paMeTaMH,
$OPMUPYIOLIUMICS U3 BEreTaTUBHBIX AHACIIOP
B pe3yAbTaTe CAPMEHTALUH HAH IIAPTHKYASILIUH
UCXOAHBIX 0cobert. IToatomy B otaeae “Bopnsie
U IPUOPEXHO-BOAHBIE PACTEHMS B CHCTEME
xusHeHHpx  ¢popm  M.I.  CEPEBPAKOBA
(1962) wmbr (CaBuHBIX 2009) BBIAGAHAH
tin  “TloAMKapmuku ¢ TpeMs ITOATHIIAMHU .
B Tom umcae — Iloarum 2 — MaAOAeTHHKH U
IToprun 3 — OAHOAETHHMKM BEreTaTUBHOTO
npoucxoxaeHust. Ilpu cocraBAeHMH CHCTeMBbI
0HOMOP$ HCIIOAB30BAHBI CACAYIONINE IIPH3HAKH
AASL BBIAGAGHHSI TAaKCOHOMUYECKHUX KaTeropHil.
ITo 4MCAy IAOAOHOLIEHHII B XOA€ OOABIIOTO
JKU3HEHHOTO IIMKAA ompepeasian Ttum. Ilo
AAWTEABHOCTH JKU3HH 0COOell — ITOATHIL
ITo cTemeHM BEreTaTUBHOM ITOABMDKHOCTH —
kAacc. Ilo AAMTEABPHOCTH >KM3HU HaA3E€MHBIX
oceit — mopkaacc. ITo xapakrepy Bo3aeHCTBHS
0CO0H Ha CpeAy — TPYIILY, IO THITY IOA3€MHBIX
OPraHOB — IOATPYIIy, @ IO THIy Iobera,
OIIPEAEASIEMOMY  AAMHOM  MEXAOY3AMH U
noaoxxeHneM B mpocTpaHctBe — Cexipuro.
OcHoBHble 61OMOPdBI ' IPHOPEKHO-BOAHBIX U
BOAHBIX PACTEHHUI [IPEACTABAEHBI B CAEAYIOLINX
ABYX IIOATHIIAX.

'B CKOGK&X ‘YKa3aHbl MOACADHBIE BUADL. HPI/I COCTAaBACHHH CUCTEMbI 6I/IOM0pq) HCITIOAB30BaHbI, KPOME Y>KE YKa3aHHbIX, pa60TbI

E.B. AEAEKOBOI1 (2006).
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ITodmun 2. Maroremuuxu

Kaacc 1. BereraTHBHO-HENIOABIDKHbIE
Iodkaacc 1. Tpaso:

I'pynna A. HespHOmoAMIIeHTpHYecKue

Iodepynna a. KucrexopHeBble 3aMeliaoniue
asysetnuku (Caltha palustris ¢ HeckoAbkuMM
OPTOTPOIHBIMHU MOHOKAapIIHIeCKUMU
moberamu)

I'pynmna B. fIBHONOAUIIEHTpUYECKHE

ITodepynna a. KucrexopHeBble 3aMeliaomniue
asyaetnuku ( Caltha palustris c aHU3OTpOIHBIMU
MOHOKApIIAIeCKHMHU TI06eram)

I'pynna B. MononenTpuyeckue

Iodepynna a. KucrexopHeBble 3aMeliaoniue
asysetnuku  (Caltha  palustris ¢ oaHEM
OPTOTPOIMHBIM MOHOKAPIIHYECKHM 06erom).

Kaacc 2. BereTaTHBHO-II0ABIDKHbIE
Iodkaacc 1. Tpaso
I'pynna A. fIBHOmOAMIIEHT pHUYeCKHe
ITodepynna  a.  I10BepXHOCTHOIIOA3y4KE
sepxueposerounste (Calla palustris L.)
Iodepynna 6.  A\AMHHOKOpHEBHILHBIE
(Sparganium angustifolium Michx.)
ITodepynna 8. CTOAOHHO-PO3€TOYHbBIE

(Stratiotes aloides L.)
I'pynna b. Auenrpuyeckue
IToarpymnma a. Hazemnonoasyuue

(Lysimachia nummularia L.)

Iodmun 3. Odnoremnuxu 6ezemamuenozo
npoucxosxodenus

Kaacc 1. BeretaTHBHO-IIOABH>KHbBIE
Iodkaacc 1. Tpaswt nobezosvle
I'pynma A. fIBHOnOAMIIEHTpUYECKHE
Iodepynna a. ITopseMHO-CTOAOHHO-
xaybuesbie (Potamogeton pectinatus L.)
ITodepynna 6.  CTOAOHHO-pO3ETOUHBIE
(Hydrocharis morsus-ranae L.)
I'pynna b. MoHoneHTpHYecKue

IModepynna  a. C  BCIABIBAIOIIUMHU
yassuHeHHbIME  Tioberamu  (Myriophyllum
verticillatum L.)

I'pynmna B. Auenrpuyeckue

Iodepynna a. BcmasiBaromie
YKOPeHSIIoIHeCs]

Cexuust a. IToayposerounsie (Batrachium

trichophyllum (Chaix) Bosch)

Cexupust 0. Bepxueposeroumbre
(Callitriche palustris L.)
Cexnusa B. AaunHOMOGErOBBIE

(Potamogeton compressus L.)
Iodepynna 6.  CBobopaHOIAABAIOLI¥IE
(Urticularia vulgaris L.)

Iodkaacc 2. Aucmeyosuie mpasu.

I'pynma A. AnienTpudeckue

Iodzpynna a. Ceo6opnomaasatomue (Lemna
minor L.)

ITodepynna
trisulca L.)

6. Ilorpyxennsie (Lemna

TakuM 06pa3oM, Ae3UHTETPALIHIS, KaK IOTePsI
HHAUBUAOM MOP(POAOTHYECKON L|EAOCTHOCTH
HPI/I HAAMIHH Y HEI'O AOCTATOYHO aBTOHOMHBIX
3a4aTKOB, SABASICTCA BaXKHENIIUM YCAOBHEM,
00ecrevnBalOMUM  AAANTALME  PacTeHHil K
GI/IOTOHaM C TIOBBIIIEHHOM BAAXXHOCTHIO. B
paMKax abbpeBHALNN OHTOTeHe3a KOHKPETHOM
0COOM C OAHON CTOPOHBI, M IPOAOHTAIHU
60ABIIOrO )KU3HEHHOTO LIMKAQ KaK
COBOKYITHOCTH OHTOT€HEe30B BCEX BeTreTaTHBHbIX
IIOTOMKOB, C ADYTOM, Ae3UHTErpainus BHe
COMHEHHS SBASIETCS Ba’KHEHIITUM MOAYCOM
MOP(OAOTHYECKON  9BOAIOLIMHE  pacTeHH,
O6eCHe‘IHBH.[I/IM IIBETKOBBIM PaCTeHI/IHM
yCIIEIIHOe BTOPUYHOE OCBOEHHE BOAOEMOB.
ApeHoit (OpMHUPOBAHMSA MHOTHX aAAMTAIHI
AASL 9TOTO OBIAU TEPPUTOPHU C [ePeMEHHBIMU
YCAOBHSIME YBAQKHEHHSL.

Heccaedosanue noddeprcano I'panmom POOHU
Ne 13-04-010S7.
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MORPHOLOGICAL DISINTEGRATION AS AMODE OF MORPHOLOGICAL EVOLUTION OF PLANTS
NATALYA P. SAVINYKH

Abstract. Morphological disintegration evaluated as a mode of morphological evolution, condition and adaptation of
plants to biotopes the conditions of with high humidity. The value of morphological disintegration and autonomization
of the parts of organism in these conditions was shown. The life forms of oligoennial plants, as well as of annual aquatic
and coastal-aquatic plants were clarified. The spectrum of biomorphes of oligoennial and annual plants of vegetative origin
was represented.

Key words: morphological disintegration, adaptation of plants, annual plants of vegetative origin, oligoennial plants,
coastal-aquatic plants, aquatic plants, mode of morphological evolution
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AHTIKOAOTHYECKUE ACITEKTHI PETPOAYKTUBHOW
BUOAOTHUU HEKOTOPHIX IIBETKOBBIX PACTEHUI KPBIMA

CBETAAHA B. IIIEBYEHKO

AHHOTQI[PUI. B pa60Te IIPEACTABACHDI PE3YAbTATbhl H3YYEHHS IPOLECCOB ILBETEHUS M OIIBIACHHUS HEKOTOPBIX

suToModuabhbix (Arbutus andrachne L., Campanula sibirica L., C. taurica Juz., Passiflora cearulea L. u P. incarnata L.,

Glaucium flavum Crantz), anemoduabnbrx (Davidia involucrata Baill., Pistacia mutica Fisch. et Mey.) pacTenuil u pacrenuit

co cMmemanHbBIM criocobom nepenoca mbiabipt (Olea europaea L. u Camptotheca acuminata Decne). Onmcan MexaHU3M

W3BACYECHHS IIBIAPLIBI M3 IIBIABHMKOB U IIOIIAAQHKS €€ Ha PBIAbIIA IMECTHUKOB, IIOKa3aHa COrAACOBAaHHOCTb CTPOECHHS

9AC€MEHTOB LIBETKa U crocoba TIOTIaAQHMSL IIBIABIIBI Ha PBIABIIE II€CTHKA, a TAKXKeE AeﬁCTBHﬁ HACEKOMBIX-OIIBIAUTEAEH

1 IIpOoLeccoB (IJOPMI/IPOBB.HI/ISI CTPYKTYPHBIX 3A€MEHTOB IIBETKa. CAeAaHO 3aKAKOYEHHE O COHPﬂ)KeHHOﬁ 3BOAIOLINA B

apanTausaX MEXAY OBETKaMHU U HACEKOMbBIMH Y SHTOM()@I/IAI)HI)IX paCTeHI/Iﬁ H, B ICAOM, 06 aAaHTHBHOﬁ HaITPpaBACHHOCTH

9BOAIOIIUH CITCITHAABHBIX HpHCHOCO6AeHHI:[ AN Sq)(l)eKTPIBHOI'O OITBIA€HU .

KaroueBbie caoBa: LBET€HHE, OIbIACHHE, IIBETKOBbIE PACTEHUS

Huxumckuii 6omanuueckuii cad — Hayuonarvnouii nayunvii yenmp, nem Huxuma, Sama, AP Kpowm, 98648, Ykpauna;

Shevchenko_nbs@ukr.net

BBeaenne

OAHI/IM n3 HanboAee BAXKHBIX OITAIlOB
PEIPOAYKTUBHOTO IJMKAQ IIBETKOBbBIX paCTeHI/IfI
SIBASETCS IIEPHUOA IIBETEHMS, KOTAQ IIPOHUCXOAAT
IIPpOLECChl  OIIPIACHHA M OIIAOAOTBOPEHHS,
3¢ pexTUBHBIN pesyAbTar KOTOPBIX
obecrieqnBaeT B MOCAeAyIOLIeM pOPMUPOBAHUE
IIAOAOB U CEMSH U, B KOHEYHOM UTOI'€, CCMCHHO€
PasMHOKEHHE BHAQ. Buoaorus Pa3BUTHA
IBETKAa M €ro CTPYKTYPHbIX OISAEMEHTOB B
COYETAaHUM C 9KOAOTHEN OIIBIA€HM S, KOTOpAasI, IO
onpepesernio K. QErpu 1 A. BAH AEP [TEHAA
(1982), o6cyxAaeT B3aMMOAGHCTBHE PacTeHH it
C BEKTOpaMH OITbIACHMA, TIIPEACTaBASIET
C060171 NpEAMET HMCCACAOBAHHSA AHTIKOAOTHH
(TTonomaPEB  1960; [IOHOMAPEB W
AEMBSHOBA 2000; TEPEXUH 2000;
IIeB4EHKO 2009; IIIEBYEHKO u dp. 2010).
3HaHMA AHTIKOAOTUYECKMX 0COOEHHOCTEN TOrO
VAW UHOTO BUAQ paCTeHI/Iﬁ, Pa3BUTHA SAEMEHTOB
€ro IBETKa, IIPOILECCOB IIBETEHUA N Croco6os
OITIBIACHUA AOITOAHAKOT 06IIII/IB CBEACHUA O €ro
6I/IOAOI‘I/II/I, a TaKKe HeO6XOAI/IMI)I IIpu peneHnu
TEOPETHYECKHX BOIPOCOB CHCTEMAaTUKH U
¢uAOreHHH ¥ pa3pabOTKe  IIPaKTHIECKUX

© The Author(s), 2014

IIpUEMOB  COXPAaHEHHUS PEAKHMX BHAOB HAU
CO3AaHHA HOBBIX (l)OpM IJ€HHbIX A€KaPCTBEHHDIX,
TEXHUIECKUX U ACKOPATHUBHbIX paCTeHI/Iﬁ.

MaTtepnaAbl H METOABI HCCACAOBAHHH

B HCCAEAOBAHUS 6b1AU BKAIOYEHBI
IIPEACTABUTEAU $aoper Kpoima:
3EMASTHUYHUK MEAKOTIAOAHBIH Arbutus

andrachne L. (cem. Ericaceae), KOAOKOABYHK
cubupckuit  Campanula  sibirica L. wm
KOAOKOABYMK TaBpuueckuit C. taurica Juz.
(cem. Campanulaceae), maaok sxearsrit Glaucium
flavum Crantz (cem. Papaveraceae) u $pucramka
tynoauctHast Pistacia mutica Fisch. et Mey.
(cem. Anacardiaceae) u MHTpPOAyLMpOBaHHbIE
Ha 0T YKpauHBl BHABL: Iaccudpaopa roaybas
Passiflora cearulea L., 1. meAXoBHIjeAMCTHAs
P. morifolia Mast., . cvepo6nas P. edulis Sims
M II. TeAaecHouBerkoBas P incarnata L.
(cem.  Passifloraceae), paBupausa  Davidia
involucrata Baill. (cem. Davidiaceae), Macamma
esporneiickas Olea europaea L. (cem. Oleaceae)
U KaMmIToTeka ocTpokoHeunas Camptotheca
acuminata Decne (cem. Nyssaceae).
HabaropeHnst 3a ImpoljeccaMd IIBETEHHS
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U OIbBIAGHUS HHTPOAYLUPOBAHHBIX BHAOB
IIPOBOAMAM B YCAOBMSIX KX BBIPAIMBAHIS
B Huxurckom OoraHMYeckoM capy, a v
[IPEACTABHUTEAET ¢aopsr  — B
IIpeAeAaX TIPUPOAHOTO apeara B TOPHOM
Kpeivy. Ilpu o1OoM OBIAM  HCIOAB30OBAHbI
meropuku  A.H. TTonomareBa  (1960),
AH. ITonomaPEBA U E.JM. AEMBSAHOBOU
(2000), a Tawke B.H. TOAVBEBA w
I0.C. BoaokuTuHA (1986 a, 6). PoTocHUMKH
BBIITOAHEHBI C TIOMOIIbIO IMPPOBHIX POTOKAMEP

Canon A 550 u Canon A 3100 IS.

MECTHOM

PesyabTarsl 1 uX 06CysKAeHHE
ITOCKOABKY ~ OCOOEHHOCTH  AQHTIKOAOTHH
LIBETKOBBIX PACTEHHIl UIPAIOT OIPEAECASIOLIYIO
POAB B 06€CIIeYeHHUH [IOCACAYIOIMX BAXKHENIINX
9TANOB PENPOAYKLMH — OINAOAOTBOPEHHS
U QOPMHPOBaHHS CeMsH, AAS BBLIBACHHS
3aKOHOMEPHOCTEN PEIPOAYKTHBHOTO IIPOLiecca
LBETKOBBIX PACTEHHIl BCECTOPOHHEE U3yYeHHe
UBETEHMs ¥  ONBIACHUS  IPEACTABASETCS
4pe3BBIYAMHO  BaKHBIM.  [I3BecTHO,  4TO
OCHOBHBIM  THIIOM  OIIBIACHHUS  SIBASIETCS
mepeKpecTHoe  ombiAeHHe  (AAAOTeHms),
KOTOpOoe  OOyCAOBAMBaeT U  CTUMYAUPYET
TpaHCPOPMALUMIO OOOUX KOMIIOHEHTOB: B
mpolecce  9BOAIOLMHM  COBEPLIEHCTBYETCS
CTPOEHHE 3AEMEHTOB LBETKA B 3aBHCUMOCTU
OT areHTa, IPOM3BOASIIEIO OIbIACHHE, C OAHOM
CTOPOHBI, ¥ U3MEHSIETCS CTPOEHHUE U IIOBEACHHE
OIBIAMTEAsl, C APYTOW. ATr€HTbl OIBIACHUS
MOI'yT OBITh OHOTHYECKHe U AOHOTHYECKUE,
a  [PUCHOCOOAEHMS  AASL  OCYLIECTBAEHUSI
[epeHOCa TBIABLBL C IIBETKA HA LIBETOK BeCbMa
Pa3HOO6pa3Hbl U CrieliIHBL.

Tax, y Arbutus andrachne
[IPUCIIOCOOAEHNEM AASL PACCEUBAHUS IIBIABLIbI
SIBASIIOTCSL BBIPOCTBL C BHEIIHEl CTOPOHBI
IIBIABHHKA, KOTOpre, HPI/I IIOCCII€HUH IIBETKa
HAaCE€KOMBIMH, CAY)KaT IIACYHNKaMH PbI‘-IaI'a,
Coco6CTByIOmIEro TaK Ha3bIBAEMOMY
BbICTpeAI/IBaHI/IIO IIBIABITBI qepe3 AlITUKAaAbHBIC
nopst (puc. 1 A-B). Y A. andrachne xpynnas
TeTpaMAHAsl IIBIABLIA, KOTOpas obOpasyeTcs
B pesyAbTaTe TOIO, YTO MHKPOCIOPBI
[OCA€ Mel03a He PACIApAIOTCs, B KaXKAOM
U3 HHUX TPOXOAUT AHPPepeHIUpPYIomui

MHTO3, IOTOM CHEPMHOT€HHOE AEACHHE H
$opMUPYIOTCA TpPEeXKACTOUHBbIE IIbIAbIIEBbIe
3epHa, CKPeIAEHHbIE C IOMOIIbIO BUCIIMHOBBIX
HuTell. BcaeacTBue paccenBaHus C IOMOIIBIO
BBIPOCTOB HA IIBIABHUKE IIBIABIIA IIOTIAAAET
Ha TeAO HAaCeKOMOTO, IPHUKpENASeTca K
HEMy M IEPEHOCHTCS C ILBeTKa Ha IIBETOK.
Auxorammusi, CBONMCTBEHHas AAHHOMY BHAY,

TaKXKe croco6cTByer nepeKkpecTHOMY
ombiaenuio (Puc. 1).
Spxum IIPUMEPOM OPHUIMHAABHOTO

MeXaHUu3Ma paCKprBaHHﬂ IIBE€TKa M OIIBIACHHS
C IIOMOIBIO HACEKOMDBIX SIBASAIOTCSA BUADBI pOAa
Passiflora L., ob6aaparomye  CIOCOGHOCTBIO
TBIYUHOK U II€CTHUKOB K aKTI/IBHOMy ABIDKEHUIO
B mepuop usereHus. Llserox  Passiflora
S-4AeHHDIN, BHYTPU HETO BbIAGASETCA sSpKas
KOPOHa N3 AAUHHBIX OKPaH.IeHHbIX HPHMI)IX
MAM BOAHHMCTHIX HuTedl. Kopoma BMecre
c ampporuHodopoM obpasyer (coraacHo
omucaTeAbHOH Mopdosorun A.A. PEAOPOBA
u 3T. APTIOIEHKO 1975) X0pomo passuThIit
top (Puc. 2).

B ycaoBumsax roxuoro Gepera Kprima
usydaemble BuAbl Passiflora nBeryr o6uabHO
M AOATO — C Masi AO CEeHTSIOpsl, C MAKCHMYMOM
B mioAe. LIBeTKM pacKpbIBalOTCS, B OCHOBHOM,
B CepepMHe AHf, IIpHYeM OAMH I[BETOK
packpbiBaeTca B TedeHHe 2-5 MMHYT: CHadaAa
OTI'I/I63,IOTCH oT ueHTpa HPHHBQTHI/IKI/I, Cpa3y
3a HUMU YalleAUCTHKU U 3aTeM A€eCTKU.
ITocaepyromye YeTKO BBIPRKEHHbIE ABMDKEHIS
TBIYUHOK U IIEeCTHUKOB HPHBOAHT K U3MEHEHUI0
[IOAOXKEHHs IIbIABHHKOB, KOTOpble B OyTOHe
PACIIOAAralOTCs. BEPTHKAABHO, PACKPBIBAIOTCS
HHTPOP3HO, 3aTeM OTIUOAITCS U IPUHIMAIOT

MOAOXKEHHe,  MAPAAAEABHOE  MOBEPXHOCTH
3eMAM, HO cHayaAa meabto Beepx (Puc. 2 B),
sarem — BHm3 (Puc. 3 A). B pesyabrare

CO3AQIOTCS YCAOBHS AASI TTIOTIAAQHHUS IIBIABIIBI U3
PACKPBITHIX ITBIABHUKOB Ha TEAO HACEKOMBIX U
MIOCACAYIOIIETO ITepeHOCa ee Ha APYTHe IIBETKH,
TO eCTh OCYLIeCTBACHMIO aAAOTeHHUH. B KoHIle
LIBETEHUS 1jBeTKA CTOAOMKHU Pa3BOPAYUBAIOTCS,
OIYCKAIOTCSI ¥ PBIABIIA CTOAOMKOB MOI'YT
KacaTbCs IBIABHUKOB U IPUBECTH K aBTOTEHUH
(PHC. 3 B). CaepayeT OTMETHTB, UTO AAS
usydaeMbIx BUAOB Passiflora cBoiicTBeHHBI Kak
HepBUYHbIE ATTPAKTaHTHI (mBIABIIa, HeKTap) i
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Puc. 1. OrpeabHble $parMeHTsI M d9AeMeHThI 1iBeTKa Arbutus andrachne: A — $parMeHT IBETKA C YACTHYHO YAAACHHBIM
OKOAOIBETHHKOM; B — Thrumaka; B — nbiapHuKku ¢ packpbirbiMu nopamu. BT — BeipocTs! Thraunok; IT - mopsy; Ilc — mecTuk;
T — THIYUHKH.

Fig. 1. Separated fragments and elements of Arbutus andrachne flower: A - fragment of the flower with partly remote
perianth; b — stamen; B — anthers with patent pores. BT — excrescences of the stamens; II - pores; Ilc - pistil; T — stamens.

—

Puc. 2. Byron Passiflora caerulea (A) ¢ 4acTH4HO yAaAeHHBIM OKOAOLIBETHHKOM H IOAYPacKpbIBIIHiics ieTok P, incarnata (B).

Fig. 2. The flower bud of Passiflora caerulea (A) with partly remote perianth and the half-open flower of P. incarnata (B).

Tak 1 BropuuHbii (3amax). O6pamaer Ha ce6s AMCK KpPYIHBI, IPHKpENAEHHBle K HeMy

BHHMaHUe BeCbMa CBOe0OPa3HOe, KPeCTOBUAHOE
COYACHEHHE TBIYMHOYHOH HUTH M IIBIABHHKA,
KOTOpOe ¥ IIO3BOASET B IIpOIlecce IIBeTeHH
COBepIIaTh  IIeACHANPABACHHBIE  ABIDKEHHT
mbIABHEKOB (cM. Prc. 2 A).

ITbabiia y wusydaemsix BUAOB Passiflora
00UADBHASI, SIPKOTO JKEATOTO IjBeTd, HEKTAPHBI

BOAOCKH SIPKO OKpAIlleHBl, HEKTap C TOHKUM
apomaroM. Bce aTm KayecTBa COBMECTHO C
OKPACKOI AEIeCTKOB M KOPOHBI IPHUBAEKAIOT
MHOXeCTBO HacekoMmbix (Puc. 3). Eaunmmeit
OIIBIAEHUS SIBASIETCSI OTAEABHBIHN I[BETOK, XOTS
MAaccoBOe IiBeTeHUe YBEeAUIUBAET BO3SMOXXHOCTH
IPOAYKTUBHOTO OIbIA€HUSI.
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Puc. 3. Packpsirsie yserku Passiflora caerulea Ha pasHpIx oTamax yBeTeHus: A — PaCKPBITBII I{BETOK C IaeAoi; B — eTok
B KOHIIE I[BeTEeHHS.

Fig. 3. Open flowers of Passiflora caerulea at the different stages of flowering: A — open flower with a bee; B — flower in the
end of the flowering.

Puc. 4. Myxckue 1 KeHCKHe reHeparuBHble crpykrypsl Campanula sibirica Ha pasHBIX CTAAHSIX IjBETEHHS: A — aHAPOLIEH B
6yTome; B — aHAPOI[efl C YACTHYHO YAAACHHBIMH THIMHHKAMH H IIeCTHK B Oy TOHe; B — THIMMHKY M [IECTUK B KOHI|E I[BEeTEHHUST;
I — packpbIThIe IIBETKH.

Fig. 4. Male and female generative structures of Campanula sibirica at different stages of the flowering: A — androecium at
the flower bud; B - androecium with partly remote stamens and pistil at the flower bud; B - stamens and pistil at the end
flowering; I' — open flowers.

K KOHIly AHS 2AeMEHTHI OKOAOLBETHHKA
CMBIKAIOTCS, ~CTOAOMKM  NOAHMMAIOTCS, U
PBIABIIA HECKOABKO BBICTYTIAIOT HAPYXKY, YTO He
HCKAIOYAeT BO3MOXXHOCTb ITONAAAHMS HA HHX
TIBIABIIBL, €CAM ellje He IPOM30IAO ombiaeHUe. K
YTPY CACAYIOIIETO AHSI PACKPBIBIIMECS HAKAHyHe

LBETKH 3aKpBIBAIOTCA U HpuU 3PPeKTHBHOM
OIIBIACHHMH B HUX HAYMHAIOT Pa3BUBATHCS TIAOADI
U ceMeHa. AHAAOIUYHBIA MEXAaHU3M PaCKpI)ITI/ISI
UBeTKOB Habaropaercs u y Passiflora edulis n
P. morifolia.
YHUKAABHBI ~ CIIOCO6

IIOAQYM  IIBIABIIBI
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HaOAlopaeTcst y BHAOB poaa Campanula L.
IIBeryT Koaokoapumku B KpeiMy ¢ Mas mo
aBryCT, BKAIOUMTeABHO. llBeTeHme opHOTO
I[BETKA AOBOABHO IPOAOAKUTEABHOE U AAHMTCS
7-10 cyTok. AHApONell IpPEACTAaBAEH IIATHIO
THIYMHKaMH. THIMMHKM TIpsMBle U pPaBHbIE,
IIPUKPENACHbI K OCHOBAHHIO HEKTAPHOTO AMCKA,
PacKpBIBAIOTCA ~ MHTPOpP3HO.  PackphIBaroTcs
HHTPOP3HO.  THIYMHOYHBIE HUTH  HMEIOT
pacumpeHHbIe OCHOBAHHS, KOTOPbIe, CMBIKASICh,
00pasyIoT KyIIOA C OTBEPCTHEM BBEPXY.
I'uHerell CHHKApIIHBIN, C HIDKHEH 3aBS3BIO.
HexTapHUK BHYTPHIIBETKOBBIH, B BHUAE AMCKA
Hap 3aBs3bI0, €ro OKpacka BapbUpPyeT OT
MOAOYHO-0€AOM AO SIPKO-AMMOHHOM. CToAGHK

LIEHTPAABHBIM, MPAMOCTOSYUH, YBSIAAIOIIUM,
HEOIIAAQIOIIIHH, TTOKPBIT MHOX>ECTBOM
OAHOKACTOYHBIX BOAOCKOB 3IHAEPMAABHOTO
npoucxoxpenus (Puc. 4, S), xak u vy

HEKOTOPBIX APYTHX BHAOB poaa Campanula,
Hanpumep, C. subcapitata M., C. maleevii Fed.,
C. rapunculus L., C. patula L., C. uniflora L
(DeAOPOB 1957, 1978).

B 6yrone Campanula TPIMUHKH IIOAHOCTHIO
3AKPBIBAIOT CTOAOMK — DIBIABHHKH IIAOTHO
OXBATBIBAIOT CTOAOUK IIECTHKA, & PACIIUpPEeHHbIE
B HIDKHEN CBOeM 4YacTHU THIYMHOYHbIE HUTH,
CMBIKAsICh, OOPasyloT CBOEOOPA3HBIA KYIIOA C
OTBepcTUEM BBEpPXy. PacKpbIBAIOTCS IIBIABHUKI
B 3aKPBITOM OyTOHE MHTPOP3HO, IIECTHK B 3TO
BpeMsi ellle HEAOPA3BUT, TO eCTb HAOAI0AAETCS
ABAEHHeE IPOTepaHApPUH (CO3peBaHUe aHAPOLIes
HACTyMaeT paHblle CO3peBaHHs THHeres). 1o
Mepe pOCTa IIeCTUKA BOAOCKH, ITOKPBIBAKOLIUE
CTOAOMK, IIOAACBAIOT IIBIABLIEBBIE 3€pHA U
U3BAEKAIOT UX U3 IIBIABHUKOB, B pe3yAbTare
4ero BeCb CTOAGHMK IIOKPBIBAETCS IIBIABLIOML.
Hacexomoe, mpuBAekaeMoOe SpPKOH OKPaCKOH
LBETKA M apOMATOM, IIOAAETAET K LIBETKY U B
[OMCKAaX HEKTapa 4epe3 OTBEPCTHE B KyIIOAe
XO0OTKOM AOCTHMIAaeT HEKTapHOIO AMCKa. Ilpu
9TOM HACEKOMOE AAIKaMH, OPIOLIKOM, a HHOTAQ
H KPbIAbAMHM, CHHMAET IIbIABITY, HaXOASIIYIOCSI
Ha croAbuke. BosBpamasce Haszap, OIBIAMTEAD
HOBTOPHO KAaCAeTCs! CTOAOHKA, AOIIOAHHTEABHO
cobupasi IBIABLYy, 4TO CIOCOOCTBYeT elie
60ABLIEMY €€ 3aKPEIIACHUIO Ha TEAE HaCEKOMOTO.

ITocae IIOAAMHAITMKM  ThIYMHKH  YBSAQIOT,
CKPYYMBAIOTCSL elje A0 PACKPBITHS AOIACTei

PBIABLA [IECTHKA, TaK YTO B PACKPHITOM L[BETKE
HabAIOAQIOTCS. TOABKO OCTaTKU IIBIABHUKOB. B
[IOAHOCTBIO PACKPBITOM LIBETKE AOIIACTH PHIABLIA
PasBepTHIBAIOTCS. B KOHIje nBeTeHUs LBeTKa,
KOIAQ AOIIACTH PBIABLIA 3aKPYYEHBI M OITyL|eHbI
BHU3, OHH MOT'YT KacaTbCsl CTOAGHIKA, ¥ IIbIABLI,
KOTOPasi OCTAAACh HA HEM, MOXET OKA3aThCsI Ha
AOTIACTSIX PHIABLIA M IIPOU3BECTU CAMOOIIBIACHHE.

Aast usygaemsix BupoB popa Campanula

XapaKTepHBl KaK IEePBUYHbIE ATTPAKTAHTHI
(mpAbma  m HeKTap), TaK M BTOPHYHBIE
(anyaAbenZ aTTPaKTaHT — OKpAalIeHHbIe
IIBETKH, ap0MaT). EavHMnmein  ombiaeHus
SIBASIFOTCSL  L[BeTKH, COOpaHHbIE B pPBIXABIE
CoIBeTus.

Caepyer 06paTI/ITb BHHMaHUE Ha TOT axT,
9TO IOCAE 3aBeplUeHHs (QYHKIUM U3BACYEHIS
TIBIABIIBI M3 IIBIAHUKOB U CHATHS €€ HAaCEKOMbIMHU
CO CTOAGMKA, BOAOCKH, IIOKPBIBAIOIINE CTOAOUK,
nocreneHHo ucye3aloT. OHM BIATMBAIOTCS B
[IOBEPXHOCTHYI0 TKaHb CTOAOUKA, paciupsis
OCHOBAHME BOAOCKQ, M OT HHUX OCTAIOTCSI TOABKO
KOHYHKH, KOTOpre HE3HAYUTEADPHO BO3BBIIIAKOTCS
Hap ommAepMol croabuka, (cM. Puc. S), To
€CTb Yy AAQHHBIX BHAOB Ha6AIOAaeTCH SIBACHHE
HWHBAarvHalluu, UAX peTpaKHPII/I BOAOCKOB.

QOuensp I/IHTepeCHbIM SABASACTCA CHOC06
ombiaennst vy Glaucium flavum. B Kpsmmy
G. flavum mpoumspacraer Ha IOKHOM Oepery
II0 KaMEHHUCTBIM CKAOHaM, IBETET B Mae-
HIOAE, IIAOAOHOCHUT B HiOHe-ceHTsiOpe. LIBeTox
G. flavum sipko >keATOro uBeTa, C ABYMs
CKPY‘ICHHI)IMI/I YaIIEeAUCTHUKAMMU, KOTOPbIe
OAAAIOT B HAYaAe LBETEHUs LBETKa, U
9eTHIPHMSI ACTIECTKAMH, PACIIOAOSKEHHBIMU B ABA
Kpyra, 6e3 Hekrapuuka (Puc. 6 A-T'). Auppoueit
IPEACTaBAEH MHOXECTBOM CBOOOAHBIX THIYUHOK
C AAMHHBIMHU ThIYMHOYHBIMHU HUTSIMH. IIpiApHUKH
PacKpbIBAIOTCS. 9KCTPOP3HO B TOABKO 4TO
PacKpBITOM ILIBETKe, OTTMGAIOTCS OT IeCTHKA
B pasHble CTOPOHBL, OCOOEHHO IPU ABIDKEHUU
Bospyxa (Puc. 6 B).

ITbiABIIa  SKHPOCOAEpIKAIIAs, BBICHIIAETCS
Ha AEIIECTKHU, TAe GOADBLIYIO €e YacTb CHEAAOT
HaceKoMble, KOTOPbIX IIPHBAEKAET SPKHI LjBET
AEIIECTKOB U ABIDKEHMS THIYMHOK. IIbIAbIja
M3 IBIABHHMKOB TAKKe OCBIIAETCS HA TEAO
HACEKOMbIX M HMH IIEPEHOCHTCS HAa Apyrue
userku (Puc. 6 B, T).
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Puc. 5. Dparment crosbuxa Campanulasibirica: B - Bosocku
(mernnkn); KB — KOHYMKH BOAOCKOB, obpasyomuecs B
Ppe3yAbTaTe MHBArMHALIMH.

Fig. S5. Fragment of the style of Campanula sibirica:
B - hairs (bristles); KB - tips of the hairs formed in result
of invagination.

K xoHny nBereHus mnbiAbHUKE G. ﬂavum
OCTAIOTCSI IPAKTUIECKH 0e3 IIBIABLIBI, OBICTPO

BBICBIXAIOT, a IIbIABLIEBBIE 3€pHa  MOTYT
MpopacTaTh eme B IbIAbHHKE (Puc. 7 A).
1IBeTOK, pacKpBIBIIMCH PAaHO YTPOM, K Bedepy
OTILIBETAET, ACIIECTKH TEPSIOT TYprop, OeAeroT
U yBsAamoT. IlecTuk B 9TO BpeMsi marubaercs,
MOJXKET KAacaThCsl ellle He OIABIINX AEIEeCTKOB
U PBIABIIEM CHATD C HUX OCTABIIYIOCS IBIABILY,
OCYIIIeCTBHUB TaKHM ITyTeM aBTOTE€HHIO, €CAH He
npousomaa aarorenus (Puc. 7 B).

Caepyer  3aMeTHTb, YTO B  KavyecTBe
OOMaHHOrO aTTPaKTaHTA MOXET CAYKUTb
pactymuit dacro psaom ¢ G flavum

Melilotus tauricus L. (cem. Fabaceae), xotopbiit
IIPUBAEKAET HACEKOMBIX AOBOABHO CHABHBIM,
TIPHSTHBIM 3aTIAXOM.

Y aHeMOQUABHBIX
Davidia  involucrata
yCIemnoro

Pistacia mutica wu
[PHCIIOCOOACHUST  AASL
ONBIAGHMS  3aKAIOYAIOTCA  He
TOABKO B OCOOEHHOCTSIX  Mopdoaoruu
u AUHAMHKHU JAEMEHTOB OBETKa, HO u,
0CO6EHHO, B TMOTEHIMAABHBIX BO3MOXXHOCTSX
I'eHepaTI/IBHbIX CTPYKTYP U, B YaCTHOCTH, B
06pa3oBaHUK OIPOMHOIO KOAMYECTBA IIbIABLIBI,
IPU TOM, YTO B JKEHCKOM LiBeTKe P mutica u3
TpeX IAOAOAUCTUKOB ABa AETEHEPHUPYIOT, a
PasBUBAeTCSI TOABKO OAMH, a y D. involucrata
COLIBETHE COCTOMT M3 MHOXECTBA MYXKCKHX
I[BETKOB U TOABKO OAHOTO 060EMOAOTO IIBeTKa
(Puc. 8 A, B).

CBoeobpasHbIMu

OCOOEHHOCTSIMH  AAS

obecreyeHns 3¢ PexTuBHOrO OTIBIACHHS
o6aapator taxke Olea europaea u Camptotheca
acuminata, = AAL  KOTODBIX  XapaKTepeH

CMeIIaHHBIH CIIOCO6 OMbIAEHHSL.

Oxosousernuk O. europaea TpeACTaBACH
TOABKO qametn(oﬁ, BEHYUK OTCYTCTBYeT, HeKTap
obpasyercss B ocHoBaHuu 3aBssu (Puc. 9 A).
ToroBuarsie couserusa C. acuminata cOCTOAT
U3 MY>XCKUX M OOOEIMOABIX IIBETKOB C MEAKUMH
YelIyHYaTBIMU  OKOAOLIBETHHKAMH, KOTOpBIE
HMEIOT IOAYIIKOBHAHBIM HEKTapHBIA  AMCK
(Puc. 9 B).

3peAas mpiAbLIA Y OOOUMX BHAOB MEAKAs
(25-30 MKM), 9K3MHa TOHKas, C HPOCTHIM
peabepoM,  IOKpHITA  IOAAEHKHTOM,  C
[OMOIIIbI0 KOTOPOTO OHA IPUKPEIASeTCS K
HacekoMbIM. OAHAKO y AQHHBIX BHAOB, KaK
nu Y MHOTI'UX APYI'I/IX IIBETKOBBIX paCTeHHﬁ,
ObIABLIA KOTOPBIX MOXKET IEepPeHOCHTbCS H
BeTpoM u HacekombiMu (PE3HHKOBA 1982,
1984; Hesse 1978, 1979), moaseHKHMT Ha
[OBEPXHOCTH IIbIABLIEBBIX 3€PeH OTAAraercs
TOHKMM CAOEM M Ha BO3AyXe IIOABEpraercs
$epMeHTATUBHOMY pacijenieHuIo. B
Ppe3yAbTaTe 3TOrO Ha 9K3UHE eI OCTAETCS CTOAD
HE3HAYUTEABHOE KOAMYECTBO, YTO IIbIABIIA
HOACBIXAaeT, CTAHOBUTCSI CBIIy4eH H MOXKET
A€TKO TIEPEHOCHTBCS BETPOM. A IOCKOABKY
nserenne O. europaea L. m C. acuminata
IPOHMCXOAHT B Te4eHHE AOBOABHO AAUTEABHOTO
BpeMeHH, YKa3aHHbIe IPHCIIOCOOAEHNUS BIIOAHE
06eCreynBaroT IPOLECC OIBIACHHU.



IMeEBYEHKO C.B. AHTSKOAOTHSI HEKOTOPBIX IIBETKOBBIX pacTeHui Kpriva

Puc. 6. Lserku Glaucium flavum Ha pasHbix pas3ax jBeTeHHUSL

Fig. 6. Flowers of Glaucium flavum at different stages of flowering.

Puc. 7. 3peaas npiAbIa (A) u uBerox B xonre nserenus (B) Glaucium favum.

Fig. 7. Mature pollen (A) and flower in the end flowering (B) of Glaucium flavum.
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Puc. 8. [Ilaposupnoe couserue Davidia involucrata ¢ MHOXXeCTBOM F'OABIX MY>KCKHX LIBETKOB U €AMHCTBEHHBIM 060€II0ABIM
nseTkoM (A), a Taxoke xenckoe (1) u MYKCKOe (2) couperus (B) Pistacia mutica.

Fig. 8. Globular inflorescence of Davidia involucrata with numerous glabrous male flowers and single bisexual flower (A),
as well as female (1) and male (2) inflorescences of Pistacia mutica (B).

Puc. 9. 1]serok Olea europaea (A) u couperus Camptotheca acuminata (B).

Fig. 9. Flower of Olea europaca (A) and inflorescences of Camptotheca acuminata (B).



HTEBYEHKO C.B. AHT9KOAOTHS HEKOTOPHIX IIBETKOBBIX pacTeHuH Kppima 115
3aKAroueHHe ITonomareB A.H.,, AembanoBa E.NM. 2000.
Anroxosorus. B xm.: Bareirmaa T.B. (pea.),
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OHTOMO(HABHBIX BHUAOB 0OABLIOE 3HaYeHHE
Pe3HnKOBA C.A. 1982. Mopdorenernyeckre GyHKIUH

Arsl 9QQPeKTHBHOIO  OIBIAGHHSI  HMeeT

MOPPOAOTHUECKOE ¥ AHATOMUYECKOE CTPOEHHUE
uBeTka (9AEMEHTBHI THIMMHOK, HEKTAPHHKH,
BOAOCKH Ha CTOAGHIKe), a TakKe AHHAMIYECKHe
ocobeHHOCTH TIpOIlecca IBeTeHus (M3MeHeHHe
dopmsr, pasmepa, B3aNMOIIOAOKEHS
TeHepaTUBHBIX CTPYKTYp, AMXoramusi). Aas
9HTOMO(HABHBIX BHAOB IIOKAa3aHO HAaAWYHe
[PUCIOCOOACHUIT K aBTOTAMHUM B KOHIJE
[JBETEHMUS, KaK 3a[[ACHOIO BapPUAHTA OIIbIACHUSL
Y aHeMOHABHDBIX BHAOB H BUAOB CO CMEIIIAaHHbBIM
THIIOM OIIBIACHUSI BbISIBACHBI IPHCIIOCOOACHIS K
YBEAMYEHHIO COOTHOIIEHMUS IIBIABLIEBBIX 3€PeH
M CeMS3a9aTKOB, a TAKKe COOTBETCTBYIOIHE
XapaKTEPHUCTHKH [{BETKA, COL{BETIS U IIBIABIIBL

TakuM 06pa3oM, BbIIBACHHBIE OCOOEHHOCTH
ONBIACHMSI Y AQHHBIX BHAOB  PACTEHHIT,
INPHHAAACKAIIUX K PasHbIM CeMeHCTBaM U
06AaAQIOLIUX PA3BANYHBIMH CIIOCOOAMU ITEPEHOCA
IIBIABIIB C IIBETKA HA [[BETOK, CBUAETEAbCTBYIOT
0: 1) MHOroo6pasuum NpPHUCIIOCOOACHUIT AAS
obecreueHns apdexTuBHOCTU AAQHHOTO
nponecca; 2) CONPSKEHHOCTH B PasBUTHH
My>XCKHX M DJKEHCKHX OAE€MEHTOB IIBETKa;
3) COrAACOBAHHOCTH TMpOLECCA  LBEeTEeHHS
u AEVCTBUI HACEKOMBIX-OIIBIAUTEAEH;
4) 60AbIIOM 3amace MPOYHOCTH TeHEPATUBHOM
cdepsl 1IBETKOBBIX PACTeHHil; S) aAANTHBHOM
HAIIPAaBAEHHOCTU 3BOAIOLIUK IIPHCIOCOOACHHI
AASL OCYII[eCTBACHUSI OIIBIACHIS.
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ANTECOLOGICAL ASPECTS OF THE REPRODUCTIVE BIOLOGY OF SOME FLOWERING PLANTS
OF CRIMEA

SVETLANA V. SHEVCHENKO

Abstract. The results of the investigations on processes of blossoming and pollination of some entomophilous (Arbutus
andrachne L., Campanula sibirica L., C. taurica Juz., Passiflora cearulea L. and P. incarnata L., Glaucium flavum Crantz)
and anemopbhilous (Davidia involucrata Baill., Pistacia mutica Fisch. et Mey.) plants, as well as the plants with mixed way
of pollen transferring (Olea europaea L. and Camptotheca acuminata Decne) have been presented. The mechanisms of
pollen extraction and reaching the stigma has been described, the correlation of floral elements structure with the ways of
reaching the stigma by pollen, as well as the correlation between actions of pollinators and processes of formation of floral
elements has been shown. The conclusion about the coordinated evolution in adaptations of flowers to insects-pollinators
for the entomophilous plants, and about the adaptive evolution of special particularized features for effective pollination

at all has been done.
Key words: blossoming, pollination, flowering plants

Nikita Botanical Gardens — National Scientific Centre NAAS of Ukraine, 98648 Nikita, Yalta, Crimea, Ukraine;
Shevchenko _nbs@ukr.net
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OCOBEHHOCTU MOP®OTEHE3A COIIBETUI MOAEABHBIX
ITPEACTABUTEAEN CEMEHCTBA CELASTRACEAE R.BR.B
KOHTEKCTE AAHHBIX MOAEKYASIPHON ®UAOTEHETUKU

ViBaH A. CABUHOB ' 1 AHAPEI C. PABYEHKO 2

AHHOTaI[PUI. I/Isyqum 0C06eHHOCTI/I 3AA0KEHUS U (bOPMI/[POBaHI/Ie COLIBeTI/II;I MOAEABHBIX HPeACTaBP[TeAefI ceMencTBa

Celastraceae. BrrsiBaeHbt cneunqmqecxne YEPThl B PUTMHKE PA3BUTHUS I'€HEPATHUBHBIX SAEMEHTOB y Pa3HBIX TAaKCOHOB.

YcraHoBAeHBI MOPq)OAOI‘I/I‘{eCKI/Ie MapKepbI, IOAHOCTBIO COBITAAAIOIINE C MOAEKYASIDHBIMH ITPHM3HAKaAMH U IOBOPSIIHE 06

ux 6auskoMm poacrse: Celastrus u Tripterygium, Salacia u Sarawakodendron, Salacia n Brexia.

Karouesnie caosa: : Celastraceae, Euonymus, Celastrus, Tripterygium, Salacia, Sarawakodendron, mopgoreHnes, mouky,

coupeTHe

! @QI'BOY BITIO «Mockosckuii 20cy0apcmeeHtblil yHusepcumem nuujesbix npoussodcmes, ya. Tararuxuna, 33, Mockea,

109316, Poccus; savinovia@mail.ru

2 OI'BYH «Irasnuiil 6omanuyeckuil cad um. H.B. Luyuna PAH>, y1. Bomanuueckas, 4. Mockea, 127276, Poccus; marchellos@

yandex.ru
BBeaenne

B cBSM3M C yCHemHbIM HCIIOAB30BaHHEM
AQHHBIX MOAEKYASIDHOH (HAOTEHETHKH AAS
pelIeHNs] BOIPOCOB CHUCTEMATHKH PACTeHHI
[OMCK HOBBIX MOP(OAOTHYECKHX MApKepOB
MPEACTABASIETCS  Ha  CETOAHANIHMI  AEHb
aKTyaAbHOR 3apadert. OCOOEHHOCTH Pas3BUTH
couBerHil U LBeTKOB (MOpdoreHes) — BOT Ta
00AaCTh  COBpEMEHHBIX FHCCACAOBAHHI, TAe
HAIIAM TOYKY COINPUKOCHOBEHHS KAACCHIECKAS
6oraHuka B Aune Mopoaorun u Omosorwms/
FeHeTHKA pasBUTUSL. ECTb  BO3MOXKHOCTB
HHTePIPETHPOBaTh HMEIOMUICS MaTepuaA B
KOHTEKCTE CO3AAHHBIX TeHeTHYeCKUX MOAEeAel
pasBUTHSI cOLBeTHH U 1LBeTKOB. IIpu oToM

0co00e BHHMaHHE YAEASeTCS —IIPH3HAKaM,
YCHEeNHO  MOoAAAIomuMca  GOpPMAAM3AIMU:
1)  HaaWuMe/OTCYTCTBHE  TEPMUHAABHOTO

IBeTKa, 2) MOPSAOK PACIyCKaHHS LBETKOB
(axporeraabHbIil/6asuneTasbHbrit), 3) ¢opma
OpaxTeil/6paKkTeoaeil, 4) CTeneHb BETBACHHS
Ocefl COIBeTHs, S) IIOAOMKEHHe IBEeTOHOCHBIX
oceifHanobere rexkymeroroaa (uHTepkasspHoe/
TepPMHHAABHOE). CymecTsyromue
reHeTHYecKHe MOAEAU IPEATIOAArA0T
TOMOAOTHIO MEXAY AByMs THUIIAMU ITPOPHUAAOB

© The Author(s), 2014

- 6paKTe51MH (HPI/ILIBQTHI/IKaMI/I) A OOBIMHBIMHU

3€ACHBIMH AMCTbSIMH — C OAHOfI CTOPOHDBI,
M MexAy Opakreoasmu (IpHIBeTHHYKaMM)
M TIPUAUCTHHKAMH — C Apyroi. Takke

[OCTYAUPYeTCsl IIepexop OT  OpaKkTeO3HBIX
COLIBETHM K 36paKTe03HbIM (PRUSINKIEWICZ
et al. 2007). B o6aacTH M3yYeHHS LBETKOB

yCIemnoi dopMaAMsaMK  HOAARIOTCS
IPU3HAKM MePHOCTH (B KPYrax) M IMOAHOTbI
BETKA, a TaKKe HANPaBACHHE 3aKAAAKH

OTACABHBIX 9A€MEHTOB — 0Oa3HIleTaAbHOEe AMOO
akporeraaptoe (COEN & MEYEROWITZ 1991;
AAEKCEEB u dp. 2005).

Caeayer  3aMeTHTB,  4UTO
HCCAeAOBaHUH  MopdoreHesa
$opmupoBaHMA ~ COLBeTHH U
npeacraBuTeseii  cemeiictBa  Celastraceae
R.Br. ®Be mpoBopuaoce. EpuHCTBeHHOE
M3BECTHOE aBTOPaM HCKAIOUEHHE — AOBOABHO
kparkas crarbss B.M. Kysuenosoit (198S),
IOCBSIMIeHHAasl OPraHOTeHe3y  BereTaTHUBHBIX
U TeHepaTHBHBIX Iodek B popae Euonymus L.
HepaBHO 6BIAQ OIyOAMKOBaHA OOCTOSITEABHAS
CTaTbsl TIPO CPaBHHUTEABHYIO OPTaHHU3AI[UIO
userka B mopsiake Celastrales (MATTHEWS &
ENDRESs 2005). Takxe HeKOTOpble AAHHbIE
O TMO3AHUX CTAAMSIX PasBUTHA IfBETKA Y PsIAd

AETAAbHBIX
IIOYeK H
I[BETKOB Y
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Date 11 Dec 201

@A Mag= 63X Signal A= SE1
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Puc. 1. Hawaao 3aroxenme userkoB y Euonymus
atropurpureus (19.07.2013): cTpeAKaMH IIOKa3aHbI AMEKCbI
OTAEABHBIX IIBETKOB.
Fig. 1. Beginning of flowers laying of Euonymus
atropurpureus (19.07.2013): apexes of separated flowers
are shown by arrows.

npeacraBuTesein cemeiictBa Celastraceae B
cBsi3u ¢ QOPMHUPOBAHHEM apHAAYCAa y CeMsH
TIPeACTaBAeHbI B CTaTbe ZHANG et al. (2011).

Marepunasbl 1 METOABI HCCACAOBAHHH

MccaepoBaHME OCHOBAHO HA HM3y4eHHH
JKMBOIO U (QUKCHPOBAaHHOIO  MaTepuaAa
(06pasioB MOYeK, COLBETHH U IBETKOB)
Y MOAGABHBIX IPEACTaBHTeAeH ceMericTBa
Celastraceae ¢  IOMOIBIO  ONTUYECKOTO
crepeomukpockoma Carl Zeiss Stemi 2000C
U CKaHHPYIOIEro 9AeKTPOHHOIO MHKPOCKOIIA
LEO 1430 VP (Carl Zeiss, Tepmanus).
HccaepoBarnsanpunomormu COMpoBosuAKCh
B peXHMe  BBICOKOTO  BaKyyMa  AByMsd
MeTOpaMH. B IepBOM cAyyae pacTHUTEAbHBIH
MarepuaA (QUKCHPOBAAM U OOE3BOXHBAAM B
CepUH ITHAOBBIX CIIMPTOB C BO3pACTaIOIIeH
KOHIIEHTpALlHell 1 aIleTOHe, 3aTeM IPOBOAHMAH
CYLIKy IPU KPUTHYECKOH TOYKe, HAKACHBAAH
FOTOBbI€ IIPElapaTbl HA MEAHBIE IAACTHHbI
U TIOKPBIBAAH 30A0TOM METOAOM KATOAHOTO
HambIAGHUS B Cpepe aproHa (IIpHBeAeHHbIe
3Aechb MUKPOQOTOrpaduu IOAYYEHbl AAHHBIM
MeToAOM). IIpu  HCIOAB3OBAaHMM — BTOPOTO
MeToAa $UKCALHS [TPeIIapaToB He IPOBOAHAACH,
BMECTO  3TOTO  PACTHTEABHBIH  MaTepHaA
[OMeNIaAM Ha CTOAMK 3aMOpPa’KHBAIOIIeH
npucraskn  Deben CoolStage, 3axperasian
ero Tepmomacroii (marent PO N 2445660) u

Puc. 2. QopmupoBaHue COLBETHUS — MHOTOYAGHHOTO
auxasua y Euonymus maximowiczianus (19.07.2013).

Fig. 2. Forming of inflorescence — multi-cyrcled dichasium
of Euonymus maximowiczianus (19.07.2013).

IPOCMAaTPUBAAU OXAXKAeHHBIM A0 —30°C. B
pa60Te HCITOAB30BAANCH ABa aAeTekTopa — SE1
(aeTexTop BrOpHUHBIX 3AeKTpOHOB) 1 4QBSD
(aAeTexTop O6paTHOpacCESHHBIX 3AEKTPOHOB),
AASL  O0OHX HCIIOAB30BAAOCH  YCKOPsIIOIIee
HanpspkeHue B 20 kV u pabouee paccrosHue
12-20 MM. BpI6Op MOAEABHBIX TaKCOHOB ObIA
00YCAOBAGH HX NIPUHAAAEKHOCTBIO K PasHBIM

JKH3HEHHBIM dopmanw, pasHoo6Opasuem
CTPYKTYypHOH  OpraHM3alM{i HMX  LIBETKOB
M COLBETHil, pA3HBIM  CHCTEMATHYECKHM

IIOAOKEHHEM. Bcero 6I)IAI/I I/I3y"-IeHbI IIOYKH
14 BupoB Euonymus, Celastrus u Tripterygium
u3 koareknum Aenppapus I'bBC PAH (Bce
o6pasusl cobpanst B 2013 roAy), 4 Bupa Salacia
U3 KOAAeKIHiT Boropckoro 6oraHnueckoro casa
B MupoHE3NMN (C06paHbI B KOHIle aBrycra 2013
roaa). Couserus Sarawakodendron filamentosum
OBIAM M3y4YeHBI IO TrepbapHOMy o0Opasuy B
Kpto (K). IlpeaBaputesbHble —pe3yAbTaTbI
HCCAGAOBAHHS,  IPOBEACHHOTO  aBTOPaMH,
OIyOANIKOBAHEL B MATepHAAaX KOHepeHIHH
(CaBuHOB 20136).

CrrcoK H3y4eHHbIX BUAOB IIPUBEAEH HIDKe:

1. Euonymus macropterus Rupr. 28.06, 19.07
2. E. hamiltonianus Wall. 28.06, 19.07

3. E. sacrosanctus Koidz. 28.06, 19.07

4. E. europaeus L. 28.06, 19.07

S. E. verrucosus Scop. 21.04, 28.06, 19.07

6. E. sachalinensis (Schmidt) Maxim.
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Puc. 3. Coopmuposannoe conperue y Euonymus macropterus (19.07.2013) (A) u E. verrucosus (21.04.2013) (B);
dopmupyromeecst couserne E. maximowiczianus (28.06.2013) (B).

Fig. 3. Formed inflorescence of Euonymus macropterus (19.07.2013) (A) and E. verrucosus (21.04.2013) (B); forming
inflorescence of E. maximowiczianus (28.06.2013) (B).

28.06, 19.07 14. Tripterygium regelii Sprague et Takeda
7. E. maximowiczianus Prokh. 28.06, 19.07 26.09, 10.10
8. E. pauciflorus Maxim. 28.06, 19.07 1S. Salacia macrophylla Blume
9. E. latifolius (L.) Mill. 19.07 16. S. oblonga Wall.
10. E. atropurpureus Roxb. 19.07 17. S. roxburghii Wall.
11. E. phellomanus Loes. 28.06 18. 8. sp.
12. Celastrus orbiculatus Thunb.10.10 19. Sarawakodendron filamentosum Ding Hou

13. C. scandens L. 26.09
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Puc. 4. O6umuit Bup amexca suMmytomeit mouku: A — Tripterygium regelii (10.10.2013); B, B — Celastrus scandens

(26.09.2013); T - C. orbiculatus (10.10.2013).

Fig. 4. General view of apex of winter bud: A — Tripterygium regelii (10.10.2013); B, B — Celastrus scandens (26.09.2013);

T - C. orbiculatus (10.10.2013).

PeSyAbTaTbI H X OGCY)KACHHE

Conserus y BHUAOB Euonymus,
Celastrus, Tripterygium 3aKAQABIBAIOTCS B
TEPMUHAABHBIX U/MAM BEpPXHMX Ia3yIIHBIX
noukax. IToukm 3akpeitoro Tuma. IToueunsie
Yeuryd  MHOTOYMCACHHBIE,  YepermuTdaTo
PACIIOAOXKEHHbIE,  TPEYTOAbHO-3a0CTpPEHHbIE
mo ¢opMe, YaCTO C PECHUTYATHIM KpaeM,
BepXHHUe YeIIyH B ITOYKe HHOTAA IIMIIOBHAHBIE
(Celastrus, Tripterygium). 3umMyromue TOYKH y
BupoB Euonymus (Puc. 1-3) HecyT 3a4aTo4HbIe
I'eHepaTI/IBHbIe HO6eI'I/I C ITa3ynrHbIMH,
yxke CcOOPMUPOBAHHBIMU AHXA3USAMH, H C
3aAOXKUBIIUMUCS YACTSIMH OTACABHBIX IIBETKOB
(uBeTKM oOceil MepBOro MOpPSAAKA COLBETHUS
$opmupyroTcs B KoHIIe HioHs). DopMuposanue
aAeMeHTOB cousermit B moukax Celastrus,
Tripterygium MpOUCXOANT CYIIeCTBEHHO ITO3Ke,
ueM y BUAOB Euonymus. Jto cazano c 6osee
[O3AHUM IIEPHOAOM LBETEHUS Ha OYAyIHit

rop (xoHer; nroHS-ui0Ab AAst BUAOB Celastrus u
HI0Ab-aBrycT — Aas Tripterygium). Co6cTBerHO
rOBOps, 3HMMYIOI[He IIOYKH y BHAOB OTHX
poAOB  0e3 Au(PepeHLUPOBAHHBIX dacTei
COLIBETHI M OTAEAbHBIX [[BETKOB; alleKChI HECYT
TOABKO 33AOXKHBIINECS AMCTOBbIE IPHMOPAUU
(Puc. 4). Ilepuoa pocta u AudpdepeHyuanuu
COILIBETHH 3aBEPLIAETCS AASL H3yYEeHHBIX BHAOB
OepeckaeTa B KOHI[e aBIyCTa — OKTIOpe (camoe
Mo3AHee — H0516pe), a Aast BupoB Celastrus u
Tripterygium — TOAPKO BECHOH CAEAYIOIIETO road
XOTsl MHOTOYHCAEHHBIE MepHCTeMaTHYeCKHe
30HBI HAa ameKce TIOYKH HAOAIOAAIOTCS
OCEHBIO ITPEABIAYIETO ropa). ITepuop Mexay
PacKpbIBAHIEM IIOYeK U IOSIBACHHEM OyTOHOB
cocraBasgeT 0KoAO 1 mecsma past BupA0B Celastrus
M OKOAO 2 MecCSIIeB — AASI BUAOB Tripterygium.
3a 9TOT CpaBHUTEABHO HEOOABIION CPOK
AAS  AAHHBIX  BHMAOB-AMAQH  IIPOHCXOAUT
AuddepeHIuaLua IeHePATUBHbIX JAEMEHTOB,
4TO elfe pa3 IMOAYEPKHUBAET HHTEHCHUBHOCTb
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Puc. 5. O6muit Bup cousernst (A) M ocHOBaHHMe colBeTHs (BUAHBI MHOTOYHMCACHHble GpakTen Ha GpaxubaacTax u
MHOTOUHCAeHHbIe KoaraTepaabusle ioukn) (B) Salacia macrophylla.

Fig. 5. General view of inflorescence (A), and inflorescence basis (you can see numerous bracts on the brachyblasts, and

numerous collateral buds) (B) of Salacia macrophylla.

IPOIIECCOB POCTA U Pa3sBUTHA PACTeHHUH
aTON >XM3HeHHON Qopmbl. AuddepeHnuanus
COIBeTHs HAYMHAETCS C BBIIAYMBAHHA IO
0oxaM reHepaTHBHON  MepPHCTeMBI  ABYX
NpHULBETHUKOB (MPOPUAAOB) M BBIYACHEHHS
LIEHTPAABHON OCH C TePMHUHAABHBIM IIBETKOM.
3areM B ITa3yxax 9THX OpaKTei 3aKAAABIBAIOTCSI
Oyropku Oceil BTOPOTO IOPSIAKA, KAaK OBIAO
nokaszano B.M.Ky3HE1j0Bo (1985). Crenens
AuddepeHIMaLNg COLBETHI U 1iBETKOB (4MCAO
oceil M caMHUX OYTOHOB, HAaAWYHe YAEHOB
IBeTKa) B 3MMYIOMHX [OYKAX CYIIECTBEHHO
OTAMYAeTCs y Pa3HBIX BUAOB. PaHblle aTOT oTalm
Hactynaet y Euonymus macroptera, E. europaeus
(rAaBHas OCh C TEPMHMHAABHBIM IJBETKOM H 2
6pakresmu — B mouke 28.06), E. hamiltonianus,
E. sacrosanctus, mosxxe — y E. atropurpureus,
E. latifolius, E. maximowiczianus, E. verrucosus.
Ocu couseruit AUPPEPEHIUPYIOTCS II03XKe
OTAEABHBIX 9AeMeHTOB 11BeTKOB. ¥ Tripterygium
COIBETHA-TUPCH POPMHUPYIOTCS Ha KOHIJAX
00eroB U3 5-7 MEXAOY3AMI U 3aKAHIHBAIOTCS
TepMHUHAABHBIM  IBeTKOM. Ilpu  arom
OTAEAbHBIE COILIBETHS-AUXA3UH  O0OpasyroTcs
M B IIa3yXaX BepXHMX AMCTbeB. XapakTep
PACIyCKaHUs [BETKOB Y BCeX U3yYeHHBIX BUAOB
— OasuIeTaAbHBIM.

BaxxHOe OTAMYME reHepaTHUBHBIX IIOYEK y
Euonymus ot Celastrus n Tripterygium — nx
¢opmMupoBaHUe Ha KOHIIAX MOOEroB TEKYIIero
ropa. Hamboaee xpymHble TepMUHAAbHDBIE
IOYKH COAEPXAT Aydlle CPOPMHpPOBAHHBIE

COLIBETHs, YeM PACIIOAOXKEHHbIE I10A HUMH.
Iouku Celastrus wu Tripterygium Bceraa
[A3yLIHble, OAHAKO I0A 0OoAee KPYIHOM
LIEHTPAAbHON IIOYKOH Bceraa (pOpMHPYIOTCS
ABe 60Aee MOAOABIE IIOUKH, YTO HAOAIOAQETCS U
y BUAOB bepeckaera.

vy BHAOB Salacia HabAIOpQeTCS
PopMHpOBaHUEe KOMIAKTHBIX 30HTHKOBHAHBIX
uan  (YacTo)  OAHOLIBETKOBBIX — COLIBETHI
(Puc. S), pa3sBuBarOMKUXCS M3 KOAAATEPAABHBIX
[OYeK B [Ia3yXaX OOBIYHBIX 3€ACHBIX AUCTHEB Ha
CHABHO YKOPOYEHHBIX Moberax-Opaxubaacrax,
HeCyIuX MHOTOYHCACHHbIE Opaxren.
BusyaAbHO Bcsl Takas CTPYKTypa HAaIlOMUHAET
«myuku>». Ha xaxpom 6paxubaacre B
TeKyIUA  MOMEHT  pa3BHMBAETCS  TOABKO
OAUH LIBETOK, pexxe ABa mau Tpu. OpHako B
KaKAOM KOAAQTEPAAPHOH TIIOYKE 3aAO0XKEHBI
IleAble TPYIIIBI I[BETKOB, IIBeT€HHe KOTOPBIX
IIPOMCXOAMT MOCAEAOBATEABHO (TOPIMOHHO).
Cyas 1o puTMUKe UX pasBuTUs (MOPLHOHHOE
CHHXPOHHOE ITOSIBACHHE H IIBeTeHHE [10 OAHOMY
L{BETKY, AUOO IPYTIIIAMH 110 TPH), 3A6Ch CACAYET
FOBOPUTb O KpaiHe CIelUAAU3HPOBAHHBIX
OAHO- HAM  MAAOIIBETKOBBIX  COL|BETHSX,
06pasyromuxcs BCAGACTBHE PeAYKIIMU
MHOTOYAEHHbIX AUXa3HeB (CHCTeMBI AMXa3HUeB).
Kaxaoe Takoe colBeTHe pa3sBHUBAeTCS U3
IOYKH, PACIOAOKEHHON B KOAAATepPaAbHOM
psiay B masyxe oOsraHOro Amcra. Caepyer
CKa3aTh, YTO CAyYaH PEAYKIMH THUIIMYHBIX
cousermit  Celastraceae usBecTHBI u B
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Puc. 6. O6muit Bup couserus Sarawakodendron filamentosum (BHAHBI MHOTOUMCAeHHbIe GpakTenm Ha Gpaxmbaacte u

TOABKO 2 1BeTKa) (A) M CXeMa, HAAIOCTPHPYIOIast 06pa3oBaHie TAKOTO CIIeHAAN3HPOBAHHOTO THMA conernit (B).

Fig. 6. General view of inflorescence of Sarawakodendron filamentosum (you can see numerous bracts on brachyblast and
only 2 flowers) (A), and scheme illustrated the formation of such specialized inflorescence type (B).

Apyrux popax (Sarawakodendron, Puc. 6),
IpH 9TOM HAOAIOAAeTCS H3MEeHeHHe PHUTMA
$OpMUPOBAHUS TAKMX BAPUAHTOB.

Caepyer 06paTI/ITb BHHMMaHHE Ha HEKOTOpPbIE
0COOEHHOCTH PSIAQ TAKCOHOB, POACTBO KOTOPBIX
HOCTYAHPYeTCS B CBeTe IIOCACAHHX AQHHBIX
MOAEKYASIPHOH QpUAOT€HETHKH.

1) Poacrso poaos Celastrus u Tripterygium
(Mu et al. 2012; SiMMONs et al. 2012).
IIpuBeaeHHBIA 3AeCh MaTepHAA IIO 3aKAAAKE
U PHUTMY pasBUTHA TUPCOUAHBIX COLBETHUM
otux popos (y Tripterygium — Bceraa c
TepMUHAABHBIM — 1BeTKOM, y  Celastrus —
OTKpBIThIE AMGO 3aKpPbIThIE BAPHAHTHI) MOXKHO
paccMaTpuBaTh B KayecTBe MOPPOAOrHYECKHUX
MapKepoB,  IIOAHOCTBIO  COBMAAAIOMMX  C
MOAeKYAﬂprIMI/I HPI/I3HaKaMI/I u I'OBOPS[IJ.II/IX
06 ux 6AM3KOM poacTBe. Takoil BHIBOA MOXKET
MOKA3aThCsl CTPAHHBIM B CBETe CPABHUTEABHO-
KapHOAOI'I/I‘IeCKI/IX AQHHBIX, paHee HOAY‘IeHHI)IX
mamu (CaBUHOB 2012). Ilaop Celastrus —
TPEXTHe3AHAs. AOKYAMIIMAHAS MHOTOCEMEeHHAs
KOpob6ouKa ¢ xapakTepHoil aAudpdepeHImarmeit
HEPUKAPINSI U CIIEPMOAEPMBI, TOTAA KaK IIAOA
Tripterygium — OAHOCEMEHHON OpPeXOBHAHBIN
3-KPBIAATBIA C CHABHO CIEIMAAM3HPOBAHHOM
CHCTEMOM «IIepHKAPIIHI-CIIEPMOAEPMA .

2) PaccMoTpeHHBIN  BbIIIE  POA Salacia
BMeCTe C PSIAOM OAMBKHX TaKCOHOB obpasyer

moacemeiictBo  Salacioideae,  aBasromeecs
CeCTPHHCKOM  TIPYIIOM K  IIOACEMENCTBY
Sarawakodendroideae I. Savinov et Melikian
(COUGHENOUR et al. 2011). BoisiBaeHHAS HaMu
AMHAMUKA (OPMUPOBAHMS MAAOLIBETKOBBIX
cousetusi  Salacia wm  Sarawakodendron
AEMOHCTPHUPYET UX POACTBO.

3) Purmuxa pasBUTHSA CHABHO
CIIEIIMAAMBUPOBAHHbIX couseruit Salacia, ux
dopMHEpOBaHHE U3 KOAAATEPAABHBIX IIOYEK
¥ nopuuonHoe (NOKAAcTepHOe) —LBeTeHUe
HAIIOMUHAeT II0AOOHYI0 pUTMUKY B poae Brexia
(CaBuHOB 2013a).

3akaroueHnue

TakuM 06pasoM, CpaBHUTEABHOE H3ydeHUe
3aKAAAKM M QOPMHPOBAHUS  IAEMEHTOB
COLIBETHS MOAEABHBIX TAaKCOHOB ceMelcTBa
Celastraceae O3BOAMAO BBLIBUTbH IIPH3HAKH,
KOTOpBle MOXKHO HHTEpIPeTHPOBATh B PaMKax
CYIIeCTBYIONEN «MOAEKYASIPHOM>» T'HMIIOTE3bI
poAcTBa OTAeABHBIX poaOB. Cpepn Hamboaee
BOKHBIX IPUBHAKOB  HY)XXHO  YIOMSHYTb:
CPOKM 3aAOXKEHHMS M PUTMHKA GOPMUPOBAHHA
reHepaTHBHBIX 9AeMEHTOB, XapaKTep U AUHAMHUKA
PACIyCKaHUS [JBeTKOB, PACIIOAOXKeHHe OpaKTeil
u 6pakreoAeil, MepHOCTh LBeTKOB (3-, AM60
4-S-qpeHHbBIe).
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PECULIARITIES OF INFLORESCENCES MORPHOGENESIS IN MODEL REPRESENTATIVES OF THE
CELASTRACEAE R.BR.IN CONTEXT OF MOLECULAR PHYLOGENETIC DATA
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Abstract. Peculiarities of laying and forming of inflorescences for model representatives of the Celastraceae are studied.
Specific characters in rhythm development of generative elements for different taxa are determined. Morphological
markers, which are coincided completely with molecular characters, are determined. They are evidenced on closely

relation between next taxa: Celastrus and Tripterygium, Salacia and Sarawakodendron, Salacia and Brexia.

Key words: Celastraceae, Euonymus, Celastrus, Tripterygium, Salacia, Sarawakodendron, morphogenesis, buds,

inflorescence
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OCOBEHHOCTH ITPOPACTAHUS
CEMSH U PA3BUTHE TIPOPOCTKA
STERCULIA COCCINEA ROXB. EX G. DON (MALVACEARE)

BAaH A. CABUHOB

Annoranums. VzyueHo npopacTaHye ceMeHH U pasBuTHe mpopoctka y Sterculia coccinea Roxb. ex G. Don. B KOMHaTHBIX

YCAOBMSIX. CemeHa IPpOPaACTAIOT €I1€ B IIAOAE, HO YK€ ITIOCAE €I'0 OTACACHHS OT MATEPHUHCKOI'O paCcTE€HHA. Tun TIpopacCTaHMs —

3nureaAben?1, KPHHTOKOTHAHPHbIﬁ, Blumeodendron-THn, TIOCKOABKY IIPOPOCTOK HE CTAHOBHUTCS CB06OAHbIM OT CEMEHHBIX

TIOKPOBOB U T€CTA COXPAHAETCS BOKPYT ITAOCKHUX CYIIPOTUBHbBIX CeMS{AOAeI;I Ha BEPXYIIKE I'MIIOKOTHAS, K OITAAA€T BMECTE C

CEMAAOAAMU. OTmeueHO Pa3HOBPEMEHHOE OITAAEHHE CEMEHHDIX IIOKPOBOB 1 CeMﬂAOAeI;I Y IpOpoOCTKa.

Karouesnre caoBa: Sterculia coccinea, Malvaceae, mpopacraHue ceMsiH, HPOPOCTOK, PasBUTHE, KPHIITOKOTHAMS,

Blumeodendron-tun

Mockosckuii 20cydapcmeennuiii yHusepcumem nuujesvix npoussodcms, yr. Tararuxuma, 33, Mockea, 109316, Poccus;

savinovia@mail.ru
BBeapenne

CemeiictBo ~ Sterculiaceae  (60-70 poaos
u oxoao 1000 BI/IAOB) elje COBCEM HEAABHO
PaccMaTpHUBaAOCh B KaYeCTBE CAMOCTOSITEABHOTO,
a HplHE OTHOCHTCSI K IIMPOKO IIOHMMAeMOMY
cemericty  Malvaceae. TpyaHoctn B
pasrpaHM¥eHNH O9TUX CEMENCTB YK€ AABHO
OTMEYAANCh MOPPOAOTaM¥, U COBpPEMEHHBIE
AQHHBIE MOAEKYASIPHO PUAOTEeHETHKU
VCIIEIIHO TIOATBEPAMAHM  HEOOXOAUMOCTh  HIX
OKOHYAaTEABHOTO 00beArHEHMSL. B cBsi3u ¢ arum
HHTEPeC IPEACTAaBASET HAKONAGHHE HOBBIX
MOP(POAOTHIECKHX AQHHBIX U UX HHTEPIPETALSI
yepe3 INPU3MY  MOAEKYASIPHBIX  ITOAXOAOB.
CrpykrypHOe pasHOOOpasue IAOAOB U CeMSH
CTEPKYAHEBBIX BIIOAHE KOPPEAUPYET C TAKOBBIM Y
60M6aKCOBBIX, HO MAABBOBbIE B 9TOM OTHOLIEHUH
6oree  opmoobpasupr  (Ilamcko 1992
BBIEHCKAS 1992). AaHHbIe O IPOPACTAHHIO
CeMsH MHOTMX BUAOB PACTEHMI KpalHe CKYAHBI
B AMTEPATYPE; AASL CTEPKYAHMEBBIX CYLIECTBYIOT
[OAPOOHbIE OIMCAHMS HEKOTOPHIX BHAOB B
panHuX cBopkax J. LUBBOCK (1892) u J.A. DUKE
(1969), a Takxe B 60aee coBpemeHHOM 0630pe
E.F.DEVOGEL (1980). Tur mpopacTaHus y BUAOB
CTEPKYAUM — SIIUT€AABHBIN AHOO THITOreaAbHBbIH,
($aHEpPOKOTHASIPHBIN; OTMEYEHO pa3HOOOpasue

© The Author(s), 2014

CTPYKTYPbI IPOPOCTKOB.

Marepuasbl H METOABI HCCACAOBAHHM

CBexxue 1AOA H  CeMeHa  CTePKyAMH
ObAM coOpaupr 4 cenrsiopst 2013 ropa Bo
BpeMsi OOTAHMYECKOH OKCKYPCHH B TOPHOM
TPOIIMYECKOM AeCy  HAI[FIOHAABHOTO  IIapKa
«Mount Halimun Salak>» na 3amapnoit SIse
(VHAOHE3MS), OCYIeCTBAGHHOH B  paMKax
paborst 9" International Flora Malesiana
Symposium. Ot 06pasupl ObIAH COXpAHEHbI
B JKUBOM BUAE U IIOMeILjeHBl BO BAQKHBII 3HII-
makeruk. IIpopacraHme ceMSH U pasBHTHE
IPOPOCTKA HAOAIOAQAM B KOMHATHBIX YCAOBIIIX I.
MockBs! B TeueHue ceHTAOPsI-AeKkabpst 2013 roaa.
IIpeacraBaeHHBIE 3peCh (POTOTrpadUU  CTAAUI
IPOPACTAHHST CACAAHDBI C IIOMOINBIO LIPPOBOI
¢poroxamepsr Sony Cyber Shot DSC-H7, a
Cpe3 CeMeHH H3y4eH C MOMOIIBI0 ONTHIECKOTO
crepeomukpockona Carl Zeiss Stemi 2000C ¢
Digital Microscopy Camera AxioCam ERc Ss
C NIPOrPaMMHBIM ObecIiedyeHneM AAsL paboThl B
peXuMe <«XKHMBOTO OKHa». Moaopoe pacrenue
CTEePKYAUH IAAHUPYeTCs IepeAars B DOHAOBYIO
opamxepeto I'BC PAH (r. Mocksa).

Hcroap3zoBana TEePMHHOAOTHIS,
npeacTaBaennas B ceopke E.F. DE VOGEL (1980).
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Puc . 1. O6muit Bup crBopku maopa Sterculia coccinea
c cemeHamu. [opHbii Tpommdeckuit Aec, 3amapHas SIBa,
HWnpouesus (04.09.2013, opur.).

Fig. 1. Common view of wall fruit with seeds of Sterculia
coccinea. Mountain tropical forest, Western Java, Indonesia
(04.09.2013, original).

Puc. 2.TTonepeunsiit cpes cemenn Sterculia coccinea (opwr. ):
CA — CEMSIAOAH; CII — CIIEPMOAEPMA; IHA, — 9HAOCIIEPM.

Fig. 2. Cross-section of Sterculia coccinea seed (original):
ca — cotyledons; et — spermoderm; anp — endosperm.

coccinea

cems  Sterculia

Puc. 3. [TIlpopacraromee
(11.10.2013, opwr.).

Fig. 3. Germinating seed of Sterculia coccinea (11.10.2013,
original).

PCSYAI)TaT])I H X OGCY)KACHI/IC

Sterculia coccinea Roxb. ex G. Don -
LIMPOKO PACIpPOCTPAHEHHBII BHA B Aecax
IOro-Bocrounoit Asum. ITaop crepxyamnm —
[ATHPA3AEAbHAS KOXHCTass MHOTOCEMEHHAs!
ApobHast  kopobOouka. Iumemenn HCXOAHO
IIeHOKAPIHbIM, HO 3aBs3U S IAOAOAMCTHKOB
BTOPHYHO CBOOOAHbIE, & CTHAOAMU CPOCIINECS
(Bropumunas amoxapmms). Ilaop  KpacHOro
nBeTa, U3 S CTBOPOK, PACHAAAMOIMICS IO
YHCAY IIAOAOAMCTHKOB HA YacTH, YacTo
Ha3bIBaeMbIX AUCTOBKaMHM. CeMeHa MaTOBbIE,
YepHble, OAAMIICOUAAABHBIE, CHAST B  ABa
PSAQ U IPHKPENACHBl OCHOBAHMSMHU K KPAlo
crBopok maoaa (Puc. 1). Py6unk cemenu nouru

SAAMNTHUYECKHHA. ODHAOCIEPM MSCHCTBIA H
o6uabHprit (Puc. 2).
Yepes 1 wMecsay 6pia0  OOHApYXKEHO

IIpopacTarolee ceMs, COeAMHEeHHOE CO CTBOPKOM
KOpobouxu (e yTpaTHBIIee CBA3U CO CTBOPKO
Kopobouxy, Puc. 3). Aauma 3aPOABIIIEBOTO
kopemka Aoctrurasa 10 M. Tunnpopacranms —
SIUT€AAbHBIN, KPUIITOKOTUASPHBIH, ITOCKOABKY
CeMSIAOAUM TIPOPOCTKA  AAMTEAbHOE  BpeMms
3aKAIOYEHBl B 000A0uKy cemeHH. CeMsa0AH
IIAOCKHE, C GOKOBBIME CKAQAKAMI, PACIIOAOXKEHBI
cynpoTuBHO. Bmecre ¢ mokxpoBamu cemeHM
CeMSIAOAU AAUTEABHOE BpeMs HaXOAATCS Ha
Bepxymke runokoTuasd. IIpopacraiomee cems
OBIAO IIepeHeCeHO B MOYBY B KPHCTAAAM3ATOP
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Puc. 4. Craguu passutus mpopocTka Sterculia coccinea (opur.): a — 17.10.2013; 6 — 22.10.2013; B — 31.10.2013;
r-06.11.2013; o - 14.11.2013; e - 29.12.2013.

Fig. 4. Stages of seedling development in Sterculia coccinea (original): a — 17.10.2013; 6 — 22.10.2013; B — 31.10.2013;

r-06.11.2013; o - 14.11.2013; e — 29.12.2013.

c xpomkoit (Puc. 4). B xonue oxta6ps
CeMSAOAH  IIOAHOCTBIO ~ OCBOOOAHAWCH — OT
CeMEeHHbIX IIOKPOBOB H CITyCTsl HECKOABKO AHEH
HOSIBUAMCDH TIepBble IieAbHBIE 3eACHBIe AHCTbS,
PACIIOAOXKEHHBIE CYIIPOTUBHO APYT APYTY, OAMH
U3 KOTOPBIX CYL]eCTBEHHO KpYIIHee BTOPOTO.
Yepemok xopomio BepaxkeH. PasBuTHe AUCTbEB
IPOAOAKAAOCH B IIEPBOM IIOAOBHMHE HOSOpS,
KOTAQ Y IPOPOCTKA IIOCACAOBATEABHO OIAAH
cemspoau (6 1 12 HOSA6PS COOTBETCTBEHHO) H OH
IIOAHOCTBIO IIepellleA Ha aBTOTPOPHOE IUTAHME,
a TalKe IUTAaHHE C IIOMOINBIO KOPHEBOMH
cucreMbl. Pa3BuAach cucreMa rAaBHOTO KOPHSL.
dakT mpopacTaHMS CeMSH ele B TIAOAE

FOBOPUT O SIBACHNH, OAM3KOM K BUBHUIIAPUH.
Vcrunnas usumapus (TIpOpacTaHue CeMsH B
TIAOAE ellle Ha MATePUHCKOM PACTEHHH) XOPOIIO
H3BeCTHA Ha IpuMepe BHUAOB Rhizophora
u Avicennia. KpUITOKOTHAHA, OIMCAHHAS
3Aechb y S. coccined, M3BeCTHA AASL HEKOTOPBIX
6ombakcosbrx (BBIIEHCKAS 1992), a Tawxke,
BO3MOXXHO, AASL PSIAA APYIUX CTEpPKYAHEBDIX
(DE VOGEL 1980). CaeayeT A06aBHTb, 4TO
[pPOpacTaHhe CeMsH B 3aA€XKAABIX IAOAAX
U3BECTHO U AAS  ADPYIOIO IIPEACTABUTEAS
crepkyaueBsix —  Theobroma  cacao L.
(Caakos 1983).
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IPOpACTaHMs CeMAH CTepkyAuH (pOpOCTOK
He OCBOOOXKAQeTCS OT IIOKPOBOB CeMeHH,
KOTOpble OCTAIOTCS Ha BepIIMHe TUIOKOTHUASL)
MO3BOASIIOT OTHecTH ux K Blumeodendron-turmy
coraacHo kaaccupukanuu DE VOGEL (1980),
6amsxomy x Coscinium-turty u  Rhizophora-
TUIIy, OAHAKO 0e3 SBACHHMsS BHBUIIAPUM.
Caepayer  cxasats, Blumeodendron-
TUII [POPACTAHUS CeMSH OTMEYeH U AAS
APYIHX IIpEACTaBUTEAEH OOMOAKCOBBIX U
crepkyauesbix (DE VOGEL 1980). Cemena
S. coccinea MOryT IpopacTaTb elle B IAOAE.
OrMeueHO  pasHOBpeMEHHOe omapeHue
IOKPOBOB CeMSIH U CEMSAOAEN C IIPOPOCTKA.
H3BectHOe pasHOOOpasue THUIOB M CIOCOOOB
HPOPACTAHUSI CEMSIH Y PA3HBIX BUAOB CTEPKYAUH
(cM. DE VOGEL 1980) cBuAeTeAbCTBYeT o
GOABIIOM MOAUMOpPU3ME M IeTEPOreHHOCTH
poaa (oxoao 200 BHAOB), O 4eM ye TOBOPUAH
MHOIHME aBTOpbL. OJTO CTAaBAT HA IOBECTKY
AHSL BOIIPOC O COBPEMEHHON PEBHU3HH POAQ, C
HCIIOAB30BaHHEM MOPPOAOTHIECKUX IIPUSHAKOB
Y MOAEKYASIPHBIX MApKEpOB.

qTo

Flora Malesiana Symposium u 6oTaHudeckoi
9KCKypPCHH Ha SIBe CTaA0 BO3MOXHDIM OAAropapst
¢unanCcoBoM moaaepxke POOH o mpoexry No
12-04-31407-mo04A_a.
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PECULIARITIES OF SEEDS GERMINATION AND SEEDLING DEVELOPMENT IN
STERCULIA COCCINEA ROXB. EX G.DON (MALVACEAE)

Ivan A. SaviNoV
Abstract. Seed germination for Sterculia coccinea in room conditions was studied. Seed is germinating in the fruit (it is
connected with capsule wall), but only after separating from maternal plant. Type of germination — epigeal, cryptocotylar,
of Blumeodendron-type (because the seedling does not become free from seed envelops and testa remains persistent
around the flat opposite cotyledons on the top of hypocotyl, and they shed together with these organs). Different time for
seed envelops and cotyledons shed from the seedling was determined.

Key words: Sterculia coccinea, Malvaceae, seed germination, seedling, development, cryptocotylar, Blumeodendron-type

Moscow State University of Food Productuion, Talalichina str. 33, 109316 Moscow, Russia; savinovia@mail.ru
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AHATOMWYECKOE CTPOEHUE ITEPUKAPIINA U
CEMEHHO KO>XYPBI BUAOB POAA QUERCUS (FAGACEAE),
VUHTPOAYIIUPOBAHHBIX B CAHKT-TIETEPBYPTE

Huxoaati B. AABPEHTBHEB, OAbIA B. SIKOBAEBA, [EHHAAUT A. PUPCOB

AHHOTaI[PUI. HPI/IBeAeHbI PE3YAbTATBl HM3YUE€HHS IEPpUKAPIHSA U CeMeHHOM KOXYpPbI BHAOB PpOAa QMEVCMS,

unTpoayrmposanssix B Cankr-TTerep6ypre. Briao nccaepoBano 8 BupoB poaa Quercus, OTHOCSIIUXCS K 3 CeKIUSIM U 7

TIOACEKIIHAM ITOAPOAQ Euquercus. I/ICCACAOBaHI/Lﬁ TIOKa3aAH, YTO CTPOECHHUE IEPUKAPIINS PASAUIAETCS HE TOABKO Yy BUAOB,

OTHOCSAIUXCS K Pa3HbIM CEKIUAM, HO U OTHOCAIHMXCS K Pa3sHbIM ITOACEKIHSIM. PeSyAbTaTbI I/ICCAeAOBaHI/Iﬁ IIOKa3aAH,

YTO B IIEPCIIEKTHBE IMOAYYEHHDBIE AQHHBIE MOT'YT MMETD MPAKTHIECKOE 3HAYCHHE AAS I/IAeHTI/I(l)I/[KaI_II/II/I BHAOB B YCAOBHAX

HUHTPOAYKIIMH B ACHAPOAOTMIE€CKHUX KOAAEKIIHAX.

KaroueBrie caoBa: Quercus, TepUKapIIHil, CeMeHHAs KOXYPa, aHATOMUS], THTPOAYKIIUS

Bomanuueckuii uncmumym um. B.A. Komaposa, ya. Ilpogeccopa Ilonosa, 2, Cankm-Ilemepbype, 197376, Poccus;

forestiercorps@gmail.com
BBeapenne

Pop Quercus L. xpymHeAmuit B ceMeicTBe
Fagaceae u BkatodaeT okoao 450 Bupos (CAMUS
1936-1938,1938-1939,1952-1954; GRIMSHAW
& BayTON 2009). Taxoxe 9TO POA OAMH U3 CAMBIX
IepCIeKTUBHBIX AAS UHTpoayKiuu Ha Cesepo-
3amaae Poccun (AABPEHTHEB U ®upPcoB2013).
B ABYX KPYIIHBIX A€HAP OAOTHYECKUX KOAACKITHSX
Canxr-Ilerep6ypra: Boranuueckom capy ITerpa
Beauxoro bBoranumyeckoro uHCTHUTYTa
B.A. Komaposa (BWMH) u Boranmyeckom caay
Canxr-Ilerepbyprcxoro rOCYAQPCTBEHHOTO
A€COTEXHUYECKOTO YHHBepCHUTETa HM.
C.M. Kuposa (CII6TATY), npouspacraer
16 BuaoB u popm u3 poaa Quercus. B pabore
ILU. TxkaueHKO (1970a) yTBepxaaercs, uTo
MepUKAPIINI HCCAEAOBAHHBIX MM BHAOB HMeeT
OAMHAKOBYIO CTpyKTypy. OAHaKo, usyueHHe
AuTepaTypHbIX ucTouHHKoB (KORSTIAN 1927;
MOGENSEN 1966; BORGARDT & NI1xoN 2003)
U IIPeABAPUTEAbHBIE COOCTBEHHbBIE AQHHbIE
ITOKA3aAH, YTO 3TO He coBceM Tak. Kpome Toro,
B YCAOBHSAX HHTPOAYKIMH HEKOTOPbIE BHADIL
nHanpumep, Q. rubra L. u Q. coccinea Miinchh.
nopceknuu  Coccineae  Trel.  craHoBsiTCA
IIAOXO PA3AMYMMBIMH II0 MOP(OAOTHIECKUM
IpU3HAKaM AWCTbeB U TA0A0B. C  1eanio

M.

© The Author(s), 2014

BBISABACHUS BO3MOYKHBIX OTAMYUI B
AHATOMUYECKOM CTPOEHUM [EPUKAPIUS |
CeMEeHHOM KOy Pbl HHTPOAYLIUPOBAHHbIX BUAOB
U3 Pa3HBIX BHYTPUPOAOBBIX CHCTEMATHIECKHX
IPYII GBIAO IPOBEACHO MCCACAOBAHHE IIAOAOB
HECKOADKHX IIPeACTaBHUTeAeH poaa Quercus.

AAS HUCCAGAOBAaHUI OBIAML B3STHI MAOABI 8
BUAOB poaa Quercus, KOTOpPble AOCTATOYHO
AABHO IIPOM3PACTAIOT B HHTPOAYKLIMOHHBIX
peHTpax ropopa. CucreMarnuecKoe MOAOXKEHHE
M3y4YEeHHBIX BUAOB, OTHOCSIIUXCS K 3 CeKI[USAM U
7 mopcexumam, aano o A. Camus (1936-1938,
1938-1939, 1952-1954). Cexuus Lepidobalanus
Endl: moacexmms  Diversipilosa  Schneid.
(Q. mongolica Fisch.); moacexuus Albae Trel.
(Q. alba L.); mopcexuus Pedunculata A. Camus
(Q. robur L.). Cexuus Cerris Spach: moacexmust
Macranthera A. Camus (Q. macranthera
Fisch. et Meyer); mopcexmus Macrolepides A.
Camus (Q. castaneifolia C. A. Meyer). Cekuus
Erythrobalanus Spach: moacexuus Coccineae
(Q. coccinea, Q. rubra); mopcexuus Phellos Loud.
(Q. imbricaria Mich.).

Marepuasbl 1 METOABI HCCACAOBAHHI

JKéayau Q. robur u Q. alba 6p1au B3sTHI U3
BUH, Q. rubra u Q. coccinea — nz CII6LATY.
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Puc. 1. Cxemst monepeunoro (A) u mpopoasroro (B) cpesos mepukapmus Quercus coccinea: B — Boaocku; K — kyTuxyaa;

Kp - xpucrasas;; M3 — mesoxaprmir; ITII — npopopsmuit myuox; CKp — ckaepeHxiMa (CKAGpeHXHMHbIE TSDKH);

9 - anmaepMa; K — IK30KAPIIHI; IH — IHAOKAPITHIL.

Fig. 1. Scheme of transversal (A) and longitudinal (B) microscopic section of pericarp of Quercus coccinea: B — hairs;
K - cuticle; Kp - crystals; Ma — mesocarp; ITII - conducting bunch; Ckp — sclerenchyma (sclerenchymal group of cells);

9 - epidermis; x — exocarp; Iu — endocarp.

ITAOABI APYTHX BHAOB, KOTOpBIE IPEACTABAEHDI
B kxoamsekmmax BHMH wu  CII6LATY, =Ho
He TIIAOAOHOCST, OBIAM B3STHI H3 APYIHX
6oranuyeckux capoB: Q. castaneifolia, Q.
macranthera u Q. mongolica — us Boranudyeckoro
capa Opecckoro HaIfOHAABHOTO YHUBEPCHUTETA
um. Y. Y. Meunuxosa (Ykpauna), Q. imbricaria
— u3 Aeco-bBorannueckoro capa ApespeHckoro
TeXHUYECKOTO YHHBEpCHUTETa (Tapanar,
Tepmanmus).

Ilepukapruit U ceMeHHas KOXypa ObIAM
3apUKCHPOBAHbI IO CTAaHAAPTHOH MeTOAUKe
AASL HCCAEAOBAHHSA C IIOMOINBIO CBETOBOIO
u IPOCBEYHBAIOIIETO 9AEKTPOHHOTO
MUKpPOCKOIIOB. B mporecce pabotsr 0510
YCTaHOBAEHO, YTO ¢ 3apHKCUPOBAHHBIX 00pa3IjoB
MepUKApNUsl,  MOPAaKTUYeCKd  HEBO3MOXHO
OBIAO IOAYYMTH cpe3bl. [lo aTON IpudMHe
ObIA paspaboTaH HOBBINA (GUKCATOP, KOTOPHIH
BKAIOUAeT  AEASHYIO  YKCYCHYIO  KHCAOTY,

Pa3MATYAONIYIO TBEPAbIE AUTHHQHUIIUPOBAaHHbIE
¥ KyTuHU3UpoBanuble TKanu (I1PO3UHA 1960).
Cocras ¢ucaropa: SO-TH IPOLEHTHBIH CIHPT
U KOHIIEHTPUPOBAaHHAasl AeAsiHas YKCycCHas
xucaora (3 pacuéra Ha SO MA: 45 Ma S0% crimpra
1 S5 MA KOHI]EHTPHUPOBAHHOM AGASHON YKCYCHOM
KHCAOTBL). AAS HCCAEAOBAHMI1 GbIA HCTIOAB30BAH
TPAAULIMOHHBIN CPaBHUTEABHO-AaHATOMUYECKHUH
MeTop ¢ mpuMeHeHHeM mukpockoma Carl Zeiss
AxioScop Al.

Pe3yabraTsi 1 HX 06Cy>KA€HHE

OK30Kapmui  COCTOMT U3  3IHAEPMBI,
npusMatuyeckux  ckaepers  (1-3 psaa
KAETOK) U  HeCKOAbKHX  psipoB  (4-10)

ckaepudunuposannbx kaetok (Puc. 1 A, B).
OnupepMa M3 OAHOTO PSAA KAETOK IIOKPBITA
TOACTBIM CAOEM KYTHKYABl Y OOABIIHHCTBA
U3yYEHHBIX  BHAOB, 332  HCKAIOUYEHHEM
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Puc. 2. Oparmentsi nonepeunsix (A, B, I-E) unpoaoastoro (B) cpesos nepuxapmus (A-A) 1 cementoit kosxypst (E) Quercus
coccinea (A, T, A), Q. alba (B, B) u Q. mongolica (E). O603Hauenus e xe, uro 1 Ha Puc. 1. MacirrabHas Ausefixa SO MKM.

Fig. 2. Fragments of transversal (A, B, I-E) and longitudinal (B) sections of pericarp (A-A) and seed skin (E) of Quercus
coccinea (A, T, A), Q. alba (B, B) and Q. mongolica (E). Explanations see Fig. 1. The scale is SO pm.

Q. imbricaria u Q. alba (Puc. 2 A, B).
W.IL TkadeHKO (19706) ommcaa KyTHKyAy
y usydenssix uM BupoB (Q. robur u ap.) Kax
HApY)XHYI0 KACTOYHYK) CTEHKY OIHACPMBL
TpusmMaTHIeCKUe  CKAEPeHAbl  HeGOABIIOro
pasMepa M COAEPKAT KPHCTAAABL, OYEBHAHO,
OKCaAaTa KaAblus. [IpakTHIECKH y BCeX BHAOB

TOABKO OTAEABHBIE KACTKH COAEPIKAT KPHCTAAABL,
B TO BpeMmst Kak y Q. alba 60ABIIMHCTBO KAETOK
atoro psaa ¢ kpucraasamu (Puc. 2 B). ITop
[PUSMATHYECKUMH  CKAEPEHAAME  HAXOAUTCS
HECKOABKO DSIAOB  CKACPEHXUMHBIX KAETOK.
Kak moKasaAM HCCAAOBAHUS IIOIEPEYHBIX
U IPOAOABHBIX Cpe30B IePUKApIMs, OTH
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SIBASIIOTCS Omnu
KpYIIHbIe, HEIPAaBUABHON (OPMBI, BBITSIHYTHIE
U OPUEHTHPOBAHBI BAOAb AAMHHOM OCH ITAOAQ
(Puc. 1 B). TIoAOCTH CKAEpEHXMMHBIX KAETOK
y3KI€ 1 Ha [TOIIePeYHBIX CPe3aX OPHEeHTHPOBAHBI
[ePIIEHAUKYASIPHO K HAPYXXHON IIOBEPXHOCTH

KACTKH HE BOAOKHaMH.

wéayas  (Puc. 1 A). B Aureparypmbix
ucrounukax (Harz 1885; APTIOIIEHKO
u KonHoBaroB 1951; PackatoB 1951;

BoaxkoB u VBaHUIIKAG 1954; MENEP 1958;
KuCEAEBCHKUIT-BABUHTIH 1960;
BEAOCTOKOB 1965; Txka4EHKO 19706, 1971)
9TH KAETKH OIMCAHbI KAK BOAOKHA HA OCHOBAHUH
TOABKO IIOIIEPEYHbIX CPe30B. I1oa caroeM KaeTOK
HENPAaBUABHON  (OPMBI  PACIOAOXKEH  PSA
CKAepUQUIIMPOBAHHBIX KAETOK IIPABUABHOM
dopwmst (3a uckarouenuewm Q. castaneifolia).

Mesokapnuil ~ COCTOMT M3  MHOTHX
pHAOB HaPeHXI/IMHbIX TOHKOCTEHHbIX
KAETOK  pasHOro  pasmepa ©u  GOpMBI
OOABIIENl YACTBIO OOAWTEPHPOBAHHBIX. B
ME30KApIUK  PACIIOAOXKEHBI  IIPOBOASIIHE
myuku (Puc. 1 A, B). Y 6oApmuHCTBa BHAOB
Quercus B TapeHXUMe BCTPEYAIOTCS TSDKU
ckaeperxumubix kaetok (Puc. 2 B, T'). Toasko
y Q. macranthera B mapeHXHUMe HAXOASTCS
OAMHOYHBIE CKAEpEeHXMMHbIE KAETKH.
[pymmsr (TSKM) CKAEPEHXUMHBIX KAGTOK Ha
[IOIIEPEYHBIX CPE3aX PACIIOAATAIOTCS B Pa3HBIX
YacTSX Me30KapIus: OAMKE K 9K30KApIIMIO
OHHM C OTHOCHUTEABPHO TOHKHMMH BTOPUYHBIMH
060AOYKAMH, a HHXXE — C TOACTHIMH. B
mesokapmuu Q. coccinea (Puc. 1 A, B) arm
TSDKU CKAGPEHXHMMHDBIX KATOK IIPEACTABACHBI
B OOABLIOM KOAUYECTBE U HAXOASTCS CPasy B
TPEX 9acTAX (BePXHeﬁ, CpeAHeN u HH)KHeﬁ) ,4TO
OTAMYAET €r0 OT MOPPOAOTHUECKH OAMBKOIO K
HeMy Q. rubra, y KOTOpOro UX MeHbIIle, U TSDKU
pacrnoaararTcs B AByx 9acTsx. VL.IT. TKAYEHKO
(19706) cuurtaa, 4TO 3TH TAKU ¥ 6OABIIMHCTBA
BHAOB 00pa3yioT ceTKy B Me3okapnuu. OpHaKo,
KaK ITOKa3aAM HAIIM HCCAEAOBAHUS, TSDKU Y
OOABIIMHCTBA BUAOB DAaCIIOAOXKEHBI PEAKO U
CeTKy O0OpasyloT AWIIb Y HEKOTOPHIX BHAOB
(Q. coccinea u Q. castaneifolia).

OHAOKAapmuil He CIIELHAAUSHPOBAaH U
NpeACTaBAeH  HecKoAbkuMu  pspamu  (1-5)
KACTOK. OIHAePMAa OHAOKAPIIHS TOABKO Y
IpeACTaBUTeAEl CeKIINHU Erythrobalanus

nokpsrta Boaockamu (Puc. 2 A).

CeMeHHasi KOXypa y GOABLIMHCTBA BUAOB
[IAOTHO IIPUAEraeT K CEMSAOASIM, CBETAO-
KOPHMYHEBAs HMAM JKEATOBATas, M COCTOUT M3
HECKOABKUX psAAOB (0T 4 Ao 15) TOHKOCTEHHBIX
HapeHXHMHbIX KAETOK. B CEMEeHHOM KO)Kype
y 6oapmmHcTBa HM3yueHHbIX BupoB (Q. alba,
Q. macranthera, Q. mongolica, Q. rubra,

Q. castaneifolia) UMeIOTCA MPOBOASAIIME MyYKH
(Puc. 2 E).

3akAroueHmne
TakuM 006pa3soM, HaIlM HCCAEAOBAHIS
IIOKA3aAM, 4TO  CTpPOeHHMe  IepHKapIIH

Pa3AH‘IaeTC5[ He TOABKO y BHAOB, OTHOCAIIUXCA
K pa3HbIM CEeKIMsIM, HO H OTHOCANIUXCA K
PasHbIM IOACEKIMAM. B pesyaprare usyuenus
AHATOMHMYECKOTO CTPOEHHS OGOAOUKH JKEAYASL
OBIAO YTOUHEHO Obljee CTPOEHHE MePHKAPIIHS
U CEeMEHHOH KOXYPbl AAS OAHOTO MECTHOIO
(Q. robur) u cemu MHTPOAYLMPOBAHHDIX BUAOB
(Q. alba, Q. macranthera, Q. mongolica, Q. rubra,
Q. castaneifolia, Q. coccinea, Q. imbricaria).

bBriao  ycraHoBA€HO, UTO  BHABL, TPYAHO
pacmosHaBaeMble o MOP$OAOTHYIECKUM
IpU3HAKAM B YCAOBUSAX  HHTPOAYKIUH,

Pa3AMYHMBI IO AHATOMUYECKOMY CTPOEHHIO
nepukapnus. BplmoAHeHHOe — HccAepOBaHUe
IIOKa3aA0, 4TO B IEPCHEKTHBE ITOAyIeHHbIE
AQHHDBIE MOT'YT MMETb MPAKTHIEeCKOe 3HadeHHe
AASL  HMAGHTUQUKAIIMM BHAOB B YCAOBHUSAX
HMHTPOAYKIIUHU B ACHAP OAOTHY€ CKUX KOAACKIIHSAX.

Paboma svinosnena npu noddepxke 2panma
Poccutickozo $onda PyHoamenmarvHolx
uccaedosanuti Ne 13-04-00852-a.
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ANATOMICAL STRUCTURE OF PERICARP AND SEED SKIN OF QUERCUS SPECIES INTRODUCED IN
ST. PETERSBURG

NikoLAY V. LAVRENTYEV, OLGA V. YAKOVLEVA, GENNADY A. FIRsOV
Abstract. The results of anatomical study of pericarp and seed skin of 8 species from 3 sections and 7 subsections of
subgenus Euquercus of genus Quercus introduced in Saint-Petersburg are given. The structure of pericarp is peculiar not
only in limits of sections but inside of subsections as well. The results of research may be of practical importance for
species identification in arboreal collections. The study was supported by REBR, grant 13-04-00852.

Key words: Quercus, pericarp, seed skin, anatomy of plants, arboriculture
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OCOBEHHOCTH BUOMOP®OAOTUU CIIOPODPUTA
MATTEUCCIA STRUTHIOPTERIS (L.) TOD.

HprunA U. [YPEEBA

Annoranust. ITpuBeaeHbI AAHHbIE [0 GHOMOPPOAOTHH M AHATOMUH CIIOPO(HTA PABHOCIIOPOBOrO IaroporHuka Matteuccia
struthiopteris (L.) Tod. Cnopo¢ur M. struthiopteris mpeaCTaBAsSeT cO60il AeTHe3eACHOE MOAMIIMKAMYECKOe PacTeHHe
C MOHOIIOAMAABHO HAPACTAOIIMMU OPTOTPOIHBIMK ITOA3EMHO-HAA3EMHBIMH PO3ETOYHBIMH PH3OMAMH, HeCYIUMH

BaﬁH, PaCIOAOKEHHbIE POBeTKOfI, U MOHOIIOAMAABHO HAapaCTAOIIUMH AAMHHBIMH IIAQrHOTPOIIHBIMHU ITOA3E€MHBIMH

6e3poseTounpiME oTOeramu, Hecymumy Karadguasbl. OXapaKTepH30BaHA IPOBOASIINAS CHCTEMA PO3ETOUHBIX PU3OMOB H

0T0€eroB, MPUBEACHBI PUCYHKH AeTAAeH AHATOMUIECKOTO i MOPPOAOTHIECKOTO CTPOEHHs CTIOPOdHTA.

Karouesbie caoBa: Matteuccia struthiopteris, copodut, 6romoporors

Tomckuil 20cydapcmeentviii yuusepcumem, Iepbapuii um. ILH. Kpvirosa; np-m Aenwuna, 36, Tomck, 634062, Poccus;

gureyeva@yandex.ru
BBeapenne
Matteuccia  struthiopteris ~ (L.)  Tod.
(Onocleaceae) - LUPKyMOOpeaAbHBIH
[AIIOPOTHHUK, IIHPOKO  PACIPOCTPAHEHHbIN

B CeBepHOM TIIOAYIIapMH B AECHOH 30HE H
AeCHOM Tmosce Top. Bua pacmpocrpanen B
IyMUAHBIX pafioHax rop IOsxwmoit Cubupn
(Aatae-CasHckas ropHas 06AacTb), HEPeAKO

BPICTYyIIa€T AOMHMHAHTOM H KOAOMHHAaHTOM
TPpaBsHOI'O IIOKpOBa KEAPOBBIX, IITHXTOBO-
KEAPOBBIX, IINXTOBBIX, COCHOBO-IIUXTOBBIX,
COCHOBDIX, OCHHOBO-IIUXTOBBIX, 6epe30130—
OCHHOBBIX, OCHHOBBIX H 6epe30Bb1x A€COB;

AEAUT TOCIIOACTBO B TPaBSIHOM IIOKPOBE A€COB
C KPYNHBIMH AECHBIMHM  IIAIIOPOTHHKAMH,
ocobenno ¢ Athyrium filix-femina (L.) Roth,
KaK AOMUHAHT TPaBSHOIO IIOKPOBA BBICTYIIAET
TaKKe B IPUPEYHBIX UBHAKAX, PSOUHOBO-

yepemyxoBbix 3apocasx (['VPEEBA 2001),
SBASIETCS HHAMKaTOpOM MOBBINIEHHOTO
IIPOTOYHOTO  TOCTOSIHHOTO  YBAQKHEHHS,

CBsI3aHHOI'O C IIOYBEHHO-TPYHTOBBIMH BOAAMHU
(TlorourbEB 1975).

MaTepHaAbI H METOABI HCCACAOBAHHUMI

OcHoOBHbIe HAOAIOAEHNS K COOp MATEPHUAAOB

AAST U3YYEeHHUS 6rnOMOP$OAOTHIEeCKIX

© The Author(s), 2014

OCOOEHHOCTell ~ NPOBOAMAMCH B IIEPHOA
1995-2000 rr. B CeBepHBIX HHU3KOTOPBIX
Kysuenkoro Anaaray (3amapuas Cubups,

Kemeposckast 06a., okp. m. Hosbrit Bepuxyan)
B OCHHOBO-IIMXTOBBIX KPYITHONIAIIOPOTHHUKOBBIX
Aecax. MOIOAHHMTEABHO HAOAIOAAAU pa3BUTHE
CIIOPOQUTOB BUAA B IApKe <« YHHBEPCHTETCKAS
poma» (r. Tomck) B 2009-2013 . Aas
U3y4YeHUS CTPOEHHMs pPU3OMBI CIIOPOPHUTOB
BBIKAIIBIBAAM, YacTH pPU3OMA PacCMATPUBAAH
nop 6uxoxyaspoM MBC-10 1 3apuCOBBIBAAML
AAd  H3ydeHMS ~ CTpOeHMs  IIPOBOASIIEH
CHUCTEMbl PH30OMBI OYHMIAAM OT IIOYBBI H
«MyQThI> H3 KOpHeH, COYHble TKAHU CAerka
Pa3AABAMBAAH, 3aTeM OCTOPOXKHO CHUMAAU
pasAaBACHHBIE TKAHU (HAAOIIOAUEB M KOpPHeM
AO TIpOBOAsIIEro ILUAMHApA. IIpoBoasimas
CHCTeMa IIPOYHas, II09TOMY IIPH Pa3AABAUBAHUH
OHAa He MOBPEXAAETCS, YTO ACAAET BO3MOXKHBIM
ee obbeMHOe paccMoTpeHue. Bce pHCYHKH
BBIIIOAHEHBI aBTOPOM CTATbH.

Pe3yabTaThl H HX 06Cy>KA€HHE

Crnopo¢ur M. struthiopteris mpepcTaBasieT

coboi ACTHE3CACHOC IIOAUITUKANYECCKOE
pacrenue C OPTOTPOITHBIMU IIOA3€MHO-
HaA3€MHbIMHA PO3ETOIHBIMHU PpHU3oMaMH,

HECYIIMMM BalH, PaCIIOAOXKEHHBIE PO3ETKOH,
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U AAVHHBIMU IIAQTHOTPOIHBIMH ITOA3EMHBIMU
0e3pO3eTOYHBIME  OTOeramMy,  HECYIUMHU
KaTaQUAABL

Poserounble  PU3OMBI  MOHOIIOAHMAABHO
HAPACTAIOIIHe, PAAMAABHO  CHMMETpPHYHBIE,
B OCHOBHOM 9aCcTH OPTOTPOIIHBIE,
HAIIOMUHAIOIIHe KOPOTKHI CTBOAVIK,

YBEHYAaHHBII BOPOHKOBHUAHOM PO3ETKOM W3
kpymbix (100-125 cm AA.) Bait. Baitn okpysxator
KPYIHYI0, IAOTHYIO, BBepX HAIPaBACHHYIO
Bepxymreunyio nouky (Puc. 1 a). Bepxymeusnas
TOYKa COCTOMT M3 3a4aTKOB Bail («yAMTOK> )
PpasHOM CTeNeHU 3PEeAOCTH, B LieHTpe II0YKU
HAaXOAMTCS alleKC C eAMHCTBEHHOM allMKaAbHOM
KAETKOM. 30HAABHOCTD alIMKAABHOH MepPHCTEMBI
U 3aAokeHHe Bail onmcansl M.A. POMAHOBOM
u BIO. Illaaucko (2004): wuHHNHarms
Balll IPOMCXOAUT B Pe3yAbTaTe yBEAMYEHHS
OAHOM M3 KAETOK HAa Hapy>XHOM TIpaHHUIe
30HbI IOBEPXHOCTHBIX HHMIIMAAEH; BHAYaAe
dopmMupyercs ocHOBaHHE Balll — QUAAOTIOAUH,
3aTeM 3aYaTOK BalM pacTeT anMKAABHO M
YAUTKOOOpa3HO 3aKpyduuBaercsi. 10 ecTb B
OHTOTEHe3e Ballu IepBbIM  POpPMUPYeTCs
ee OCHOBaHME — (MAAOMOAMI, KOTOPbIH
OCTaeTcsl JXMBBIM elle AOATOe BpeMs IIOCAe
OTMHUpaHMA IIAQCTUHKM Balli M dYepelmka MU
SABASETCSI HEOTHEeMAEMOM YacTbl0 PH3OMa,
BO MHOIOM OIIpepeAsis ero raburyc. Taxkum
06pazoM, GpUAAOIIOAMIT «CTaplie» X HaMHOIO
AOATOBeYHee BCEH OCTAaAbHOM BaKH.

3auaTku Ball B  BepXYNIEYHOH ITOYKe
(Puc. 1 a), Baitu B poserke (Puc. 1 b) m
¢uarOomOAMM  Ha  pHU3OME  PACHOAAraloTCs
OYEeHb IAOTHO, IO CIMPAAM, HPHUKPENAAACh
K OCH IIOA OAMHAKOBBIM yraoM. Qumasomopun
VIAOIIEHBl B TPAHCBEP3AABHOM IAOCKOCTH,
mo 0OokaM ¢ 0eAOBAaTBIMH ITHeBMaTopopamu
(Puc. 1 f), ayroBuano usornyTthie (0cobeHHO
y CHOpPOQHAAOB), Y MecTa NPUKpPENAeHUsS K
pHU30MY OYEHb TOHKHE, B IIOIIEPEYHOM CeYeHUH
poMOmdecKre, KBepXy paCLIUpSIONINECs, B
CeYeHUH TPEYTOAbHBIE, B CAMON IMUPOKOM YaCTH
ITAOCKO-TPEYTOAbHbIE, Y NEepexoAa B Uepermox
BHOBD cyxaromuecs (Puc. 1 g; Puc.2a,b). Takoe
CTpoeHHe (QHAAOIIOAMEB AQeT BO3MOXHOCTD
UM TIOAHOCTBIO OXBaThIBaTh BEPXyLICUHYIO
MOYKY, TaK YTO ee MOYTU He BUAHO, U CO3AABATh
BAQXKHYIO «KaMepy>, 3alIUINAIONYI0 3aYaTKH

Ball OT KOAeOaHWIl BHEIIHWX YCAOBHIL
BAaXHOCTD B «KaMmepe>» IIOAACPXKHBACTCH,
KpOMe TOro, 0AQropapsi HAAMYMIO HA 3a4aTKax
Bail, 0COOEHHO Ha CaMbIX MOAOABIX, TPUXOM,
BBIPA0ATBIBAIOMINX  CAU3b. /\OIIOAHHTEABHAS
3aIUTa MOYKU OOecIedrnBaeTcs: CBOe0OPasHBIM
pasBuTHeM 3adaTKoB Baifl. Ha mepBrix sTamax
3a4aTKM  Ball  Pa3BUBAIOTCS ~ OAMHAKOBO:
CHayaAd  3aKAAABIBATCA U Pa3BHBAETCA
QHAAOIIOAMI, 3aTeM — 3a4aTOK IIAACTHUHKH. Y
3aYaTKOB, OKA3aBIIMXCS B HAPYXXHOM KpyTe
IIOCA€ Ppa3BOPAYMBAHMA Ball TEKYIIero TOAd
pasBUTHE 3aYaTKa ITAACTHHKH IIPeKpallaeTcs
(abopTupoBaHHbIle 3aYaTKM — KaradHAAbI), a
OOKOBbIE CTOPOHBI BepXHeT YaCTH PUAAOIOAHS
paspacratorcs (Puc. 1 h). [Ipu aTom y 3aqaTkoB
BHYTPEHHEro II0 OTHONIEHHWIO K HHM KpyTa
3a9aTOK IAACTUHKH Pa3BHUBAETCS B OOGBIIHOM
nopsiake.  TakuM  06pasoM,  CMBIKAIOIMeECs
CBOUMH pacuypeHHbIMH JaCTSIMU
a6OpTUPOBAHHBIE 3AYATKU SIBASIOTCS KaK Obl
[OYEYHbIMU  YellysIMH, O0eCIeYrBaIoLUMH
AOTIOAHHUTEABHYIO 3aIMUTY BHYTPEeHHHIX
3a4aTKOB. BecHO#l y HAapyXHBIX 3aYaTKOB
OTCBIXaeT M OTBAAMBAETCS HEAOPA3BUTHIH
3aYaTOKITAACTHHKH, a U3 BHY TPEHHUXHOPMAABHO
Pa3BUTBIX 3aYaTKOB Pa3BUBAIOTCSA TPOPOPHUAABI
U,y B3POCABIX CIOPOPUTOB, — €€ M CHOPOPUAADI
(TyPEEBA 2001 ). PasBuTHe HApY>KHBIX 334aTKOB
C HeAOPa3BHTOM IAACTHHKOM (KaTaQHAAOB)
IPOHMCXOAUT  PeryAspHO, TaK 4YTO BaiH
M. struthiopteris TpumopdHbIle — TPOPODHAALL,
copo¢uasbl U Karapuaspl. B poserxe Ha
nepudepUr PacIOAAraloTCs KaTaQHAABIL, AdAee,
[0 HANPABACHUIO K LIEHTPY — TPOPOPUAABI U
cniopoduaast (Puc. 1 c). Emxocrn Bepxymeunoit
MMOYKH BechbMa 3HauMTeAbHA — 30-57 3auaTkoB,
Bain 06Pa3yIOTCS B AOBOABHO OOABIIOM YHCAE
~ 7-13 (a0 18), cnopoduAABI pasBUBAOTCSA
He exxeropHo. CropoQHAABI pacIOAATaOTCs B
IIeHTPe pPO3eTKH BEePTHKAABHO, Pa3BHBAIOTCS
3HAYUTEABHO IO3Xe TPOPOPUAAOB — B CEpPeAUHE
AeTa, K OCeHH OYperoT, OCTAIOTCS Ha 3HMY.
PaccemBaHme CIOp TPOMCXOAHUT OCEHBIO H
3UMOH, €CAU CIIOPOQUAABI BBICTYIIAIOT H3-TIOA
CHera, OCTaTKU CIIOp PacCeMBAIOTCS BECHOM
CACAYIOLIETO TOAA. Y HEKOTOPHIX CIIOPOPHUTOB
MBI HAOAIOAAAM  Bailkd, MMeEBIIMe HIDKHHE
CTepUAbHbIE U BepPXHHE CIIOPOHOCHBIE IIepbs,
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Puc. 1. Aerasu CTpOeHMs pO3eTOYHOro pusoma crmopodura Matteuccia struthiopteris: a — BepXylleyHas IOYKa;
b — BepxymeuHas mouka B OKPY>KeHHH JXUBBIX Bail; C — BepXyIIeuHas IIOYKA B OKPY>KEHUH JKUBBIX Bail M KaTaQHAAOB;
d - pparMeHT AUKTHOCTEABI PO3€TOYHOTO PU3OMA; € — PO3ETOYHbII PU3OM B IIOIIEPEYHOM cedeHuH; f — Kpait pUAAOTIOAUST
C THeBMaTopOpOM U UeNIysMH; § — U3OTHYTHIN (QHAAOTIOAMI CIIOPOPUAAA, Tlepexoasmuil B yepemrok; h — 3auaTox
HAPY>KHOTO KPyTa BepXyLIeYHOH IIOYKH C 3aCOXIINM 3a4aTKOM ITAACTHHKY; i — KaTaQHUAA PO3ETOYHOTO PH30MA C OTMEPIINM
3aYaTKOM [AACTHHKH; j — KaTAQUAA B IEPEXOAHOI 30HE OT 0T6era K po3eTOYHOMY PU3OMY.

Fig. 1. Structural details of the rosette rhizome of Matteuccia struthiopteris sporophyte: a — terminal bud; b - terminal
bud surrounded by the living fronds; ¢ — terminal bud surrounded by the living fronds and cataphylls; d — fragment
of the dictyostele of the rosette rhizome; e — rosette rhizome in cross section; f — margin of the phyllopodium with
pneumatophore and scales; g — curved phyllopodium of sporophyll; h — crozier with withered germ of the frond lamina;
i — cataphyll of the rosette rhizome; j — cataphyll in the transition zone from the stolon to the rosette rhizome.
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Puc. 2. Ouanornopnit u yepewmox Baitn Matteuccia struthiopteris B IONepeYHOM CeYEHUHU: A — B Y3KOH YACTH GHAAOTIOAMS

Ha HEKOTOPOM YAAA€HHUH OT MECTA IIPUKPENACHHUS K PU3OMY; b - B camont U.[I/IPOKOI;I JacTu CI)I/LAAOHOAM; € — Cpe3 yepenika

CHOPOCI)I/I.AAB.. Kcraema B TIIPOBOASIMX ITyIKaX (noxasaHa YEPHBIM LIBeTOM) 3-06P33H0171 Cl)OPMbI.

Fig. 2. Phyllopodium and stipe of the frond of Matteuccia struthiopteris in cross section: a — in the narrow part of the

phyllopodium in some distance from the attachment; b — in the widest part phyllopodium; ¢ — the sporophyll stipe in

cross section. Xylem in the conducting bundles (shown in black) is 3-shaped.

HAW )K€ CTE€PHAbHbIE M CIOPOHOCHBIE IIepbs
PasBMBAAKCH C Pa3HBIX CTOPOH Paxuca.
IIpoBopAmas  cucreMa  OPTOTPOIHOTO
pu3OMa — AMKTHOCTeAd. AMCTOBBIE AAKYHBI U
STeNKHU AUKTHOCTEABIpOMOUYecKue, HeOOABIIIHE,
COOTBETCTBYIOT pasMepam OCHOBaHHM
dunronopues (Puc. 1 d). B cepanesune puzoma
uMeroTcs cxusorennsle moaoctu (Puc. 1 e).
A¥CTOBOM CACA OAHOAAKYHHBIH, OAHOITYYKOBBI;
MPOBOAAIIMM ITyYOK BalM KOHTaKTHUPYeT C
HIDKHeil YacTbio AakyHsl (Puc. 1 d). Bckope on
Pa3AeAseTCs Ha 2 IAOCKMX aMPUKPUOPAABHBIX
IIPOBOASIIMX ITy4Ka, KOTOPBIE IPOAOAKAIOTCS
B YepemoK M paxuc Baiu. B HanpasaeHum
OT OCHOBaHHUSI (QHAAONOAMA K OCHOBAHUIO
MAACTUHKHM TPOBOASMIUMIA ITy4OK CTAaHOBHMTCS
6oAee KPYIIHBIM U IIAOCKHM, KCHAEMA B ITyYKAX
Ha IIONIEpeYHOM Cpe3e HMeeT 3-00pasHyIo
(npsimyto u sepraabnyio) popmy (Puc. 2).
KopHn OTXOAST OT CaMOro OCHOBAaHHS
¢uanromopreB mo 1-2; OHH IIHYpPOBHAHbIE,
BeTBAIMECS;  KOPHeBOit  caep  (caeapl)

KOHTaKTHUPYeT C HIDKHEH 4YacTbIO AHMCTOBOM
AakyHbI Tepep AMCTOBbIM caeaom (Puc. 1 d).
B Bepxmelt wacTM PO3eTOYHOrO PpHU3OMA
00pasyloTCsl CHABHO pa3BEeTBACHHbIE, IYCTO
IOKPBITBIE PDKEBATHIMK BOAOCKAMH BO3AYIITHBIE
KOpHH, (OpPMHUpYIOIIHE BOKPYT CTBOAHKA
IAOTHYIO <MyQTy>» TOAIHHOH A0 2 cM. OHa
CAY>KUT AOTIOAHHTEABHOH ONIOPOH «CTBOAHKY >,
KOTOPBIl y OCHOBAHMS, KaK IIPaBHAO, 0Ooaee
TOHKHI, a BO3AYIIHBIE KOPHH O0eCIeYMBaioT
ormeueHHYI0 B.M. ABPAXKKO 1 M.A. ABPAXKKO
(1992) ycroitamBocTs 0CObeit K AAUTEABHOMY
3aTOTIAEHHIO U YXYAIIEHHUIO adPaIjH ITOYBHL.
BerBaeHne  QuasOTEHHOE, IPOUCXOAUT
[OCPEACTBOM obpaszoBaHusL 0T0eros,
Ha3bIBaeMbIX Takke cToAoHamMH (HEXAIOAOBA
u OuamH 1993; PomaHOBA u IITAAWCKO
2004) (Puc. 3). Y M. struthiopteris or6eru
aamaEbie (A0 1,5-3 M), TAArHOTpOMHBbIe,
00pasyloTCsi B MEXAOY3AMSIX PO3ETOYHOTO
pH30Ma y CaMOTO OCHOBAaHHUS (UAAOTIOAMEB
(Puc. 3 a, c). Orbern MoryT $popMHpOBaTHCS
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B Pa3HBIX YACTSAX OPTOTPOIHOIO PO3E€TOYHOIO
pr3oMa, HO OOBIMHO Pa3BUBAIOTCS Te U3 HUX,
KOTOpble OOpPa3OBaAMCh B 0a3aAbHON YaCTHL.
910 pano  ocHoBaume H.M. IllopuHOM
(1994) nassarb BeTBAEGHHE COPOPHTOB ITOTO
BuAa OasupusomHbIM. [I3peaxa B mpmpoae
YAQBaAOCH HabAIOAATH OTOErH, 0OpasoBaBIInECs
Ha <«CTBOAMKE» HAp IIOBEPXHOCTBIO IIOYBBI;
Takue OTOerH pacTyT TeOTPOIHO BHYTPHU
«My$TBI» M3 KOPHEH, YIAYOASIOTCS B IIOYBY
M AaAee PaACTyT YXe IIAATMOTPONHO. B
HayaAe pasBUTHsS OTOer AHWINEH Bail, 3aTeM
ero ameKkC HAYMHAET OTYACHSTb IPHMOPAHUH,
M3 KOTOPBIX pAa3BHBAIOTCS He HACTOsIUe
Bait, a Karapuaabl. Karaduaasl orbera
COCTOSIT TOABKO U3 (PHUAAOIOAMS, HMEIOIIero
paspocieecss OCHOBaHHME M 3a0CTPEHHYIO
Bepxymky (Puc. 3 a, c). Pannue aTans passuTus
Karapuara orbera U Bafid PO3ETOYHOIO
pH30Ma COBIIAAAIOT, HO aIlMKAAbHAs KAETKa
KaradpHAAd CTOAOHOB IIpeKpaljaeT AeAeHHe, B
pe3yAbraTe 4ero KarapuAaA HMeeT 3a0CTPEHHYIO
dopmy (PomanHOBA u Illaamcko 2004).
To ectp maacTHHKA Ha KaraQuAaAax OTHeros
He 3aKAAABIBAETCS H3HAYAABHO, YeM OHH
OTAMYAIOTCA OT KAaTaQHAAOB  PO3ETOYHBIX
PH30MOB, y KOTOPBIX OHA 3aKAAABIBAETCS, HO
noToM oTMEpaeT u 3achixaet (cm. Puc. 1 h, i).
Creaa orberoB mpoxopuT 3  9rama
dopMupoBaHUSL: 0e3AUCTHOMY aTamy
coorBercTByfor ~ C-0OpasHast — ramaocreaa,
saTeM — coaeHOCTeAa (CHPOHOCTeAR), HAYAAO
dopMupoBaHMS ~ KATAaQHAAOB IPUBOAUT K
obpasosanmio amktHocTeabt (Puc. 3 f-h).
AUKTHOCTeAR ~ IAArMOTPOIHOrO  oTOera,
B OTAMYME OT AHMKTHOCTEABl PO3e€TOYHOIO
pu3oMa, XapaKTepU3yeTcs AAMHHBIMU
AUCTOBBIMU  AAKyHAMH, COOTBETCTBYIOLIUMU
PaspocUMCa OCHOBaHMAM (QHUAAOIIOAUEB, U
caabo Pa3BUTOM CepALIeBUHOM. AMCTOBOM CAeA
KaTapuAAQd  OAHOAAKYHHbIM, ABYXITy4KOBbIH,
KOKABI H3 ABYX IIyYKOB KOHTAKTHUPYeT C
ABYMSI MepHCTEAAMH B CpeAHell HamOoAee
mupokoit yactu Aakysst (Puc. 3 b, d). B nauase
pasBUTHsI KaTadHAABI 3eACHOBATbIE, COYHBIE,
3aTeM CTAHOBSITCSI TBEPABIMH, C OKpAlIeHHBIMH
B YepHBIA I[BeT IIOKPOBHBIMU  TKAHSIMH.
Kara¢uaapl  pacrmoaaraioTcsi — CIIHPAABHO
no ¢opmyae 1/3, KaxABII KaTapuAA HeceT

Yy oOcHOBaHMA 1-2 pa3sBeTBAGHHBIX KOpPHSL.
Karaduaasr 06pasyroTcst Ha oTbere A0 Tex mop,
[I0KA ero BepXyIIKAa He U3MEHHUT HAIPaBACHHUE
pOCTa C IAAQTHOTPOIIHOTO HA OPTOTPOIIHOE,
IIOCA€ Yer0 HAYMHAET Pa3BUBATHCS PO3ETOUHBII
PpH30M, HECYIIMi HOPMAaAbHBIE 3€ACHbIE BalH
(T'ypEEBA 2001).

B mepexopHoi#i 30He B  OCHOBaHMHU
$OpMHPYIOLIErOCs PO3€TOYHOTO PU3OMA BCETAA
HaXOASTCS KaTaUAABI, IIOAOOHBIE KaTadpuaraM
0T6era, HO C yMeHbHIeHHbIMI/I OCHOBaHMWAIMU
duaronopues (cm. Puc. 1 j). Ilpn usmenennn
HApaCTaHMs Ha OPTOTPOIHOE MEHSeTCs MU
¢uaroTakcuc or 1/3 x 2/5 man, y KpymHBIX
ocobeit — 3/8 (HExAI0AOBA 1 OuanH 1993).
Baaroaapsi MOCTeEHHOMY MOHOIIOAUAQABHOMY
OPTOTPONIHOMY HAPACTAHUIO, (POPMHUPYIOTCS
pO3eTOYHBIE DH30OMBI, B 0a3aAbHON YacTH
KOTOPBIX ~ BHOBb  Obpasyrorcssi  orbery,
KOTOpble, B CBOI0 O4YepeAb, BHOBb OOpasyroT
poserounslie pu3oMsL TakuM 00pasoM, 60KOBbIe
pI/I3OMbI HUMEIT AAI/IHHyIO HAaI'PIOTpOHHyIO
9acTh — OTOeI, M KOPOTKYI0 OpPTOTPOIHYIO
— poserounsit pusoM. OOBMHO y OAHOTO
copopura obpasyercs 1-4 IAQrHOTPOIHBIX
orbera, CIOCOOHBIX IEPeHTH K PO3ETOYHOMN
¢$opme pocra.

YBEAUUEHHIO 9UCAQ CTOAOHOB Y PO3€TOYHBIX
PH30MOB CIIOCOOCTBYIOT IIOBpPEXAEHIE aIleKca,
yAQA€HHE MAU OTMUPAHUE BCEHl BepPXyLIEYHOI
HOYKY; Y  CIHOPOJUTOB,  BepXyLIEUHAs
[I0YKa KOTOPBIX IOBPEXKAEHA BPEAUTEASIMU
HAOAIOAQ€TCSI  YBeAWUEHHe 9UHCAA OTOeros.
M.B. Hexaop0BA u B.P. ®duaun (1993)
IPUBOAAT IIPUMeP AKTHBU3ALUU pOPMUPOBAHYIS
CTOAOHOB Y PO3€TOYHBIX PU3OMOB C OTMepIIelt
BEPXYLIEYHOM ITOYKOM, OHU K& COOOIJAIT O
BETBACHHMH CTOAOHA IIPU IIOBPEXAEHHU €ro
BEPXYIIKH, Yer0 HaM B IIPHPOAE HAOAIOAATb He
YAQAOCH.

Otbern M. struthiopteris MHOroAeTHue,
KaTaQuMAABl M KOPHH Ha HHX AOATOE BpeMs
OCTAlOTCSL JKUBBIMH, TaK YTO OTAEAbHBIE
OpTOTPOIHbIE po3eTouHbIe PH30MBI
OKA3BIBAIOTCSI  CBSI3AaHHBIMH ~ MeXAy — CO60M
naaruoTponHsiMu  orberamu.  OpHako  co
BpeMeHeM IIPOMCXOAUT paspylieHHe OT6era,
OTAeAeHME €r0 OT MATepPUHCKOIO PO3ETOYHOIO
pU30OMa, U AOYEPHUIl PO3ETOYHBIA PUOM
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Puc. 3. Aeraau crpoenust orbera criopodura Matteuccia struthiopteris: a — orber ¢ $OPMUPYIOIMMCSI PO3ETOYHBIM
PH30OMOM M ABYMsI HOBBIMH OTOeraMu B €ro OCHOBaHHMH; b — AMKTHOCTeAa OTGera ¢ AAMHHBIMU ABYXITYYKOBBIMH
AVICTOBBIMU AQKyHaMH; € — KaTaQUAA y OCHOBAHHS PO3ETOYHOIO PU3OMA C HAYABIIUM POPMUPOBATHCS HOBBIM OTOEroM;
d - pukTHOCTEAa HOBOTO OTGera; e — yyacTok oTbera ¢ KaTapuaramu u KopHsimu; f-h — mornepeunsie cpessr B pasHbIX
JacTax MoaoAoro or6era (f - ramaocreaa; g — coaenocreaa; h — AukTHOCTEAR).

Fig. 3. Structural details of the rosette rhizome of Matteuccia struthiopteris sporophyte: a — stolon with emerging rosette
rhizome and two new stolons at its base; b — dictyostele of the stolon with long leaf gaps with two conducting bundles;
¢ — cataphyll at the base of the rosette rhizome with new emerging stolon; d - dictyostele of the new stolon; e — part of the
stolon with cataphylls and roots; f-h — cross sections in different parts of the young stolon (f — gaplostele; g — solenostele;
h - dictyostele).



I'vPEEBA ML.H. Ocobennoctu 6nomopororuu ciopodura Matteuccia struthiopteris

141

Vy r

Puc. 4. Cxema BererarnBHOIO pasMHOXeHws ciopodura Matteuccia struthiopteris.

Fig. 4. Scheme of vegetative reproduction of the Matteuccia struthiopteris sporophyte.

(cnopo$uT) OKa3bIBAETCA CAMOCTOSTEABHBIM.
TakuM CIOCOGOM IPOMCXOAMT BEreTaTUBHOE
pasMHOXXeHHe.  BereraTuBHoe  moToMmcTBO
OMOAOXXEHO, II0 CPAaBHEHMIO C MATePUHCKHM
CIOpOQUTOM, AOYEpHHE CIOPOPUTHL  IIO
YPOBHIO Pa3BUTHS COOTBETCTBYIOT HIMMATYPHOM
MAY BUPTUHHABHOM, OYeHb PEAKO — IOBEHHABHOM
crapusaM oHToreHeda. OHU pacTyT B TedyeHHe
PSIAQ AET, TOKA CaMH He HAYMHAIOT pOPMHUPOBATh
ot6eru (Puc. 4).

Daaropapst TakuM  O6HOMOPOAOTHYECKUM
OCOOEHHOCTSAM CIPOQHUTOB, I|EHOIOMYASIHH
M. struthiopteris COCTOAT B OCHOBHOM U3
CIIOPOQUTOB BEreTaTHBHOIO IIPOMCXOMKACHHS.
QopmupoBaHue TIaMeTOQUTOB B  IIPHPOAE
— 0oABIIASL PEAKOCTb. ITO OOBSICHIETCS
TeM, YTO COAEpPKAIHe XAOPOIIAACTHI CIIOPHI
9TOro BHAA (H3MOAOTHMYECKM AKTHUBHBI Cpasy
IIOCA€  CO3peBaHMdA, HE HMEIOT IepPHOAA
IOKOSI U OBICTPO TEpSIOT >KM3HECIIOCOOHOCTD
(Creuenko u [IIEBYEHKO 1988; PENCE 2000).
Kpome TOro, orcyrcrsume  cropo¢uToB
CIIOPOBOro IPOUCXOXKACHHU CYMTAETCA
CAGACTBHEM BBICOKOT'O reHeTHYeCKOTo
rpysa (KLEKOWSKY 1988). Tem He MeHee,
CyIm]eCTBOBaHMe  IIONYASIIMA  9TOr0  BHAQ
B 3HAYUTEABHO OTCTOSIIMX APYI OT ApyTa
MEeCTOOOHUTAHHSAX He MOXeT ObITh OOBSICHEHO
MHave, KaK TOABKO CIIOPOBBIM Pa3MHOXEHHEM.
OueBupHO, BpeMsa OT  BpeMeHH, IIpH
CKAAQABIBAIOIIUXCS  OAArONMPHUSTHBIX YCAOBHSIX
CIIOpPOQUTHI BCe K& OOpPa3yloTCs CIOPOBBIM
myTeM. B aTOM HaM yAaAOCh YOEAUTBCS, KOTAQ B
2009 r. 6p1aa OOHApPY>KEHA BO3HHKIIAS U3 CIIOP

nomyasuus M. struthiopteris Ha BHOBb Pa3ouTOM
rasoHe mapka ToOMCKOro rocypapcTBEHHOTO
YHUBEPCHUTETA « YHHBEPCUTETCKas pOIa> yepes
2 ropa mocae 3aBO3a TyAA IOYBBI, OCTaBIIEHCS
HesacesHHOH.  Bpiao  ycTaHOBAeHO,  4TO
popMHpOBaHHe IIepBBIX OTOEroB HAYMHAETCS
y CHOpOoQUTOB CIOPOBOrO IPOMCXOXKAEHHUS
[0 AOCTIDKEHUH HMH BUPTMHHMABHOWM CTaAUU
oHToreHesa. IlepBrle oTOern caabble, TOHKUE,
KOPOTKHE.

B meaom xe, B mpupope B OTCYTCTBHE
rameTopuUTOB LjeHomomyAsiu M. struthiopteris
IIPEACTABACHHBI TOADBKO cropoduTaMu.
DBaaropapst OIMCaHHBIM OHOMOPOAOIUIECKUM
0COOEHHOCTSIM BCe CIIOpOQUTHI B
MIOTYASLIUN  SBASIIOTCS ITOTOMKaMM HEMHOTHX
CIIOPOPUTOB  CIIOPOBOTO  IPOHCXOXKAEHHS,
ITIOCACAOBATEAbHbIE BereTaTHBHbIE ITOKOACHUS
KOTOPBIX MOIYT CyIeCTBOBaTh HA 3aHATON
TeppPUTOPUHU HEOTIPeAeACHHO AOATO. OTAeAbHBIE
«CTBOAMKHM>»  PACIIOAATaloTCsl  Oosee  MAM
MeHee PABHOMEPHO TII0 IIAOLIAAM II€HO3a.
B 1jeAOM TIOMyASIIIMSI IIPEACTaBASIET COOOM
CeTb M3 IIEePEeNACTAIONUXCS MEXAY Coboi
IAArHOTPOIHBIX OTOETOB, B «y3AaX>» KOTOPOM
HaXOAATCS OPTOTPOIIHbIE « CTBOAUKH >,

PaBHOMeEpHOE pacrmpeaeseHHe IO IAOIIAAU
I1€HO30B 00y CAOBAEHO, [I0-BUAMMOMY, SIBACHUEM,
Ha3blBa€MbIM  3KOAOTMYECKMM  TPOIIM3MOM
OpraHoB BEreTaTUuBHOTO PasMHOXEHUs
(AroBapckuit  u  IToavsaHOBA  1984),
ITO3BOASIIOLIIM BEreTaTUBHO-TIOABIDKHOMY
pacTeHUI0  «OPHEHTHPOBAaTbCSA» B Cpeae
[0 TPAAMEHTY HAIPSHKEeHHOCTH —(aKTOPOB
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U <«HUCKaTb» AydIUMe HAIPABAGHHS  AAS
AOKAAMBAUM AOYEpPHUX oOpraHusmoB. Korpa
BCe CBOOOAHBIE HHIIM 3aHSATHL, PaCTEHHE ITO
«9yBCTBYeT>»; B KYABType IIPU E€XKErOAHOM
YAAACHUM MOAOABIX DACTEHHH, HAXOASLIUXCS
PSAOM C MATePHHCKOM OCOODBIO, MOCAEAHSS
eXKEropAHO  ofpasyer  HOBble  CTOAOHBI
(Hexar0A0BA 1 OuauH 1993).

B npupoAHDIX IOMYASIMAX IAATUOTPOIIHbIE
orern ImepexopsST K OPTOTPOIHOMY pPOCTY
B MeCTax C MeHbIIeH HAIpPsDKEHHOCTHIO
¢urorenHoro APYTHX  PO3€TOYHbIX
pPHU30MOB, HECYIGMX BailM, B PE3yAbTaTe Yero
OHM pACIIOAAraloTCs Ha 6OAee HAU MeHee
PaBHOM PacCTOSIHUHU APYT OT Apyra. B mporecce
«IIOHCKOB>» CBOOOAHOTO MeCTa OTOeru MOryT
AOCTHTaTh 3HAYUTEABHOM AAMHBL B 1eaowm,
TaKOM THUI OPraHM3ALMH  LIEHOMOIYASITUHI
ManopoTHUKOB 6bia omucaH Hamu (['VPEEBA
2001; GUREYEVA 2003) u Hassau Matteuccia-
tuniom (FyPEEBA 2007).

II0AA

Hccaedosanus nposedenvt 6 pamkax epanmos
POOU (Ne 13-04-01715) u epanma Ipesudenma
PO 0as noddepicu sedyuux HAyuHbIX UIKOA
(HIII-324.2014.4).
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PECULIARITIES OF BIOMORPHOLOGY OF THE MATTEUCCIA STRUTHIOPTERIS (L.) TOD.
SPOROPHYTE

IRINA I. GUREYEVA

Abstract. Both data on biomorphology and anatomy of the sporophyte of homosporous fern Matteuccia struthiopteris

(L.) Tod. are discussed. Sporophyte of M. struthiopteris is polycyclic perennial plant with monopodially rising orthotropic

rosette rhizome bearing large fronds and lateral plagiotropic rhizomes (stolons) bearing cataphylls. Fronds are arranged

as rosette, cataphylls are arranged spirally. Vascular system of both orthotropic and plagiotropic rhizomes is characterized.

The drawings of the anatomical and morphological details of the sporophyte structure are given.

Key words: Matteuccia struthiopteris, sporophyte, biomorphology
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3KOAOTUYECKAS AHATOMMUS BAUM ITIAITIOPOTHUKOB

HunaA M. AEPXXABUHA

Annporamua. Ha ocHoBe uccaepoBanms 30 BUAOB PaBHOCIOPOBBIX ITAMOPOTHUKOB U C Y9€TOM AHUTEPATYPHBIX AAHHBIX

BbIACAEHDI CTPYKTYpPHbIE THIIBI QHATOMUHU Bauil: THAPOMOPQHBII, TUIPOMOPPHDII, Me3OMOPHBLi1, CyOKCepOMOpPHBI K

Cy6CYKKyACHTHBII (CKPBITO CYyKKyAeHTHbII). Han6oAbIIyo apanTHBHYIO LEHHOCTh HMEAH CACAYIOIIIE XapaKTePUCTUKU

BaMii: UX TAOIIAAD M TOAIMHA, THUIT Me30QHAAQ, CYXOH BeC eAMHHIIBI MAOIIAAU — YAEAbHAS TIOBEPXHOCTHAS IAOTHOCTD,

06beM OAHOM KAETKH, YMCAO KAETOK B €AUHUITE MTAOIAAM Bailu.

KAroueBbie CAOBa: CTPYKTyPHBIE THIIBI BAH, MUKHOPHTEI, CyOKCEPOPUTBI, CKPHIThIE CYKKYACHTHI, TOAKMAOTHAPHUIHOCTD

Kagedpa 6omanuxu, $usuorozuu u 6uoxumuu pacmenut, Oprosckuil 2ocydapcmeenHolil yHusepcumem, yA. Komcomorvckas,

95, Opea, 302018, Poccus;: d-nm@mail.ru
BBeaenne

Ecan CYAUTD IIO AMTEPATYPHBIM AAHHBIM,
Baili IAIIOPOTHHMKOB, IO CPaBHEHMIO C
AVCTBSMHU LIBETKOBBIX paCTeHHﬁ, HE OTAUYAIOTCs
MHOroobpaspeM THIOB Me30opuara. Y HHUX
OOHAPYXeH Me30QUAA TOABKO PABHOMEPHO-

ry64aroro (romorenHbiit) (mmpoxo
NPEACTaBACH) M  AOPCHBEHTPAABHOIO  HAM
6upanmasporo  (peske  BCTpedarOmuiics)

TuroB. [1epBbIil THI, KaK H3BECTHO, XapaKTepeH
AASL  PACTeHHE, OOMTAIOIMX B  YCAOBHSX
AOCTaTOYHOTO  YBAKHeHHMS U  cAaboro
ocBemeHus. Bropoii BcTpedaercs y pacTeHuH
YMepeHHO! 30Hbl, CyOTPOIIUKOB U TPOIIMKOB,
a TaKke OOECIeYeHHBIX BAArOM PpacTEHHIT
ApPMAHOM 30HBL

B oroil CBS3M IjeAbI0 pPabOTHI SIBHAOCH
BbISIBA€HHE  Pa3sHOOOpasMs  CTPYKTYPHBIX
THUIIOB BaUH y PaBHOCIIOPOBBIX MAITOPOTHHKOB,
SKMBYIMX B Pa3HBIX 9KOAOTHYECKUX YCAOBHSX
(3111/1(])1/11"013, 3MHUAUTOB, reAOQUTOB u
THAPOQUTOB).

MarepuraAbl 1 METOABI HCCACAOBAHHI

MccaepoBannr 30 BHAOB  IAIIOPOTHHUKOB
us 9 cemeficTB. BrIOOp 00BEKTOB CBs3aH
[peNMYIIeCTBEHHO c BHUAAMH ceM.
Polypodiaceae.  IlpepcTaBuTeam  ApyIux
CeMeNCTB OAOOPAHBI C TAKMM PAacIeTOM, YTOOBI

© The Author(s), 2014

OTpasuTh  MHOroobpasme  IAIOPOTHHKOB,
JKUBYIUX B Pa3HBIX 9KOAOTHYECKUX YCAOBHUSIX.
Cpessl Bamil CA€AQHBI IO  OOIIEIIPUHSTOM

meropuke  (BAPBIKMHA u  dp.  2004).
Awnaromuueckue PHCYHKI/I BBIIIOAHCHBI
C IIOMOIIBIO PHUCOBAABHOTO amnrnapara.

IToBepxHOCTD Bamil H3y4eHa Ha CKaHUPYIOLIEM
mukpockone JEOL JSM  3SC. Ilpumenen
Aa60PaTOPHBII KOMIIAEKC AHAAN3a MOPPOAOTUH
u CTPYKTYPBI $OTOCHHTETHYIECKOTO
anmapara pacTeHmit — Siams Mesoplant
(r. Exatepun6ypr, YpaAbcKuil TOCyHHBEpPCHTET,
Kapeapa PH3HMOAOTHU paCTeHI/H?I). Bripeaenune
CTPYKTYPHBIX THIIOB IIPOBEAGHO HAa OCHOBe
THCTOAOTHYECKOTO 0630pa Bayil, BKAIOYAOLIErO
CAeAyIOIIYe ITApaMeTPhl: TUI Me30(HAAQ, YHCAO
€ro CAOEB; THII Balli B CBA3U C paclpeAeAeHreM
YCTBUI]; THII YCTBHMYHOTO amIapara M YHCAO
ycTpuIl Ha 1 MM” IAOIIAAM Baliy; BCTPEYaeMOCTb
BOAOKOH CKAepPEeHXUMBI; 0cobeHHOCTH
JKMAKOBAHHS; TUI Yepemmka 1 Ap. Kpome aToro
yYTEeHBl OCOOEHHOCTH (OTOCHHTETHIECKOTO
ammapara ¥ IpUBAeYeH aHAAN3 HanboAee SIPKUX
$YHKITHOHAABHBIX 0cOOeHHOCTeN Bauil ITUX
MAIIOPOTHUKOB.

Pe3yabTaThl HCCACAOBAHMI

B wurore wmccaepoBaHMA MW C  y4eTOM
AMTEpaTyPHBIX AQHHBIX BBIAEAEHBI:
THAPOMOP QHBbII, TUrpOMOPHbIH,



MODERN PHYTOMORPHOLOGY 5 (2014)

144

Me30MOp QHBbIH, cybKrcepoMOp GHBII u
CyOCYKKYACHTHBIH CTPYKTYpHbIe THIIBI
amaromuu  Bamit  (DERZHAVINA  2008).

Han6oApImy0 apanTUBHYIO LEHHOCTD HMEIOT
CAEAYIOL¥E XaPAKTEPUCTUKY BaWil: UX [IAOIIAAD
Y TOAIMHA, TUII Me30QHAAQ, CYXOM BEC EAMHHULIBL
[AOIIAAML  HAH  YAEABHAsl  IOBEPXHOCTHAS
maotaocts (YIITIB), o6beM OAHOM KAETKH,
YHUCAO KAETOK B EAWHHIE IAOMAAM — OTO
ocuosusble mpusnaku (Taba. 1).

OcHOBHbIE CTPYKTYPHbIE THIIBI BaHi

L. Tuapomop duprit (Puc. 1, Il_z). Peaxwit Trm.

I.. ITpeacraBasitoT ero TeHeBble
THAPOQHUTH, OTAMYAIOLIHECS: TOHKUMU
naacTuHKaMu Bauil — oT 107 pao 170 mxwm,
MIAOIIIAABIO B cpepHeM 122,7 cM?%; TOMOTEHHBIM
Me30QUAAOM M3 2-4 CAOEB KAETOK C KPYITHbIMU
MEXKACTHUKAMH ¥ BO3AYIIHBIMH KaHAAAMH
B YepemKax; aMU- H ISIHCTOMATHYHOCTDIO;
OAHOPSIAHBIMH ABYKACTOYHBIMU HAU
MHOTOKAETOYHBIMH TPHXOMaMH B HIDKHEH U
BepXHEH amMA€pMe. YCTbMYHBIM amnmapar -
noaonutasiit. Y Ceratopteris thalictroides (L.)
Brongniart uncao ycrbun nHa 1 MM? TIAOIIAAH
Baitt oT 52 A0 64 (PAL & PAL 1962). Ycrpuma
CPaBHHUTEABHO KPYIHble M  BO3BBIIIAIOTCA
Hap IOKpoBHbIMH KaeTkamu. YIIIIB wmmeer
Huskue 3Havenus — 100,6 mr/am? (Taba. 2).
JKuAKoBaHHE CTEPUABHBIX BauWil OAHM3KO K
CeTYATOMY, BKAIOYEHHBIE JKHUAKH OTCYTCTBYIOT.
DepTrabHBIE Balyu HMMEIOT 3-7 MapasAeAbHBIX
JKHAOK C PEAKHMH apeoAaMH. OIHAEpPMa C
xaoporaacTaMu. VIX cpepHee 4HMCAO B OAHOM
xaetke Ceratopteris cornuta (P. Beauv.) Lepr.
- §7,5. Yepemox MHOromyukoBbii. Baitu
TrOMOHOTHAPUYHbIe. MeXaHHYecKHe TKaHH He
Pa3BHTEL

IL. Turpomop st Tan (Puc. 1, IL, II 4).
HIupoxo pacnpocTpaHeH.

B ero paMkax OTAGABHO  BBIAGASIO
IL. Hymenophyllaceae-tun. Ilo crpoenmuto
Balli THUMEHOQHAAOBBIX YHUKAABHbBI, TaKOM
THUII He BCTPEYACTCSA Y APYTHX IIAIIOPOTHHKOB
M He CBOMCTBEHEH I[BETKOBBIM PaCTEHHMSM.
Mx maacTHHKM 6e3 YCTBHI] B MeXKATHHKOB
COCTOST M3 OAHOTO CAOsl ITAPEHXHMHBIX,

MAOTHO PACTIOAOKEHHBIX KATOK (B BHAe
HCKAIOUEeHIsI, U3 ABYX cAoeB — Hymenophyllum
australe Willd.; tpex — H. dilatatum Sw,,
H. scabrum A.Rich., Trichomanes elegans Rich.;
yerpipex — Cardiomanes reniforme (G. Forst.)
C. Presl) (CypoBa 1978). OJror THI
[POAHAAMBUPOBAH HA [PUMEPE TEHEBOIO
rurpopura Crepidomanes latealatum (Bosch)
Copel. (Taba. 2), y KOTOPOro CpaBHHTEABHO
He6OoAbLINE  TPIDKABL-TIEPHCTO-PACCEYEHHbIE
Baly, TOHKUE, ITOMKUAOTHAPHYHbIE, C
OTKPBITHIM ~AUXOTOMUYECKHM O KHAKOBAHHEM.
B mpoMexyTKax MeKAY JKHAKAMHU — OAMH CAON
KkAeTOoK. Toamuua Bauii 1 YIIIIB MunuMaAbHbI
[0 CPaBHEHHIO CO BCEMH APYIMMU THUIIAMH
crpoenus. Bce KAeTKM C  XAOpOIAAcTaMu
(cpe,A,Hee UX 4HCAO B OAHOI KaeTke — 49,7),
3aHMMAIOIUMU AOCTPOPHOE U IMUCTPOPHOE
noAoxeHne. XAOPOIAACTHI IIPH 06e3BOXKUBAHNH
COXPAHSIIOTCSL M He WM3MEHSIOT IIBET, T.e. ITH
[AIIOPOTHHKH SIBASIFOTCSI TOMOMOXAOPOPUTAMHL.
Yepemok opHOmy4KoBbii. JKuAKH cocrosT u3
TPaxeua IPOTO- M METAKCHAEMbI, CHTOBUAHBIX
KAETOK M KAETOK MapeHXWMbl. MexaHndyeckue
TKAaHHU UMEIOTCSI TOABKO B PH30MaX U YepelIKax
(DERZHAVIN et al. 2004).

I1,. Tunuuubii npeacTaButeab — Adiantum
capillus-veneris L. IlsacTuHKm Baumil TOHKHe
(Burrows 2001): Toammmoit 135,5 MxM,
maomapbio — Ao S1,1 cm? (Ta6A. 1). Mesoduaa
FOMOT€HHBIN, 2-3-CAOMHBIN, C KPYIHBIMH
MeXKAeTHUKaMHU. Bailm THIOCTOMaTHYecKue,
YCTHULIA HECKOABKO YTAYOA€HBL YCTBUYHBIIA
AIIapar — aHOMO- U IIOAOLUTHbIA. YHCAO yCThHLL
Ha 1 mM? maomapu Baiiu — A0 80. JKuakoBanue
OTKPBITOE, BEEPHO-AUXOTOMUIECKOE.
3uauenus YIIIIB HeBeauxu 106,6 mr/am?
(Taba. 1). BepxHsis M HWXKHAS OSTHAEPMBI
OTAMYAIOTCS CPaBHHUTEABHO KPYIHbIMA
KACTKAMH C XAOPOIIAACTAMH, CPEAHEe YHCAO
KoTOpBIX — 78,7, B rybuaroit Tkanu - 61,6.
Baiin romoitoruppmansie. Xors G. WALTER
(1968) maspBaer A. capillus-veneris B uncae
MOMKMAOTMAPHUYHBIX TIAOPOTHUKOB, HO Y MEHS
HeT OCHOBAHMI AASl TaKUX CYXAeHHil. B Toxxe
Bpemsi, KESSLER & SIORAK (2007) moaarator,
YTO OH 32HMMAET [POMEKYTOYHOE ITOAOXKEHHE
MEKAY IOMKUAOTUAPHIHBIMH K ME3OMODP PHBIMU
Bupamu.  IHTepecHo, uro 'y  Asplenium
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TaGA. 1. CpeAHI/[e aPI/I(l)MeTI/I‘IeCKHe 3HAYeHUs] OCHOBHBIX ITOKa3aTeAel CTPYKTYPbI q)OTOCI/IHTeTI/I'{eCKOI‘O alrapara
TIAIIOPOTHUKOB — SIIMAHUTOB, I‘eAOCPI/ITOB u I'I/IAPO¢I/ITOB C pa3HbIMU CTPYKTYPHBIMH THIIAMU Bauil.

Table 1. Arithmetic mean values of main indices of structure of photosynthetic apparatus of ferns — epilithophytes,
helophytes, and hydrophytes with different structural types of fronds.

TTokazaTean
YaeabHas
3KOAOFI/["I€C— T HOBerHOCT— 06 1 LIPICAO KAETOK
Ne Buabt Kue rpyrmbx*, TTaomapp OAH:IHHa Hast DM / B eAHULle
CTPYKTYPHbBIE Baitu, cM? BaKH, IMAOTHOCTb KAGTICH, THIC. TIAOIIAAY,
PYKTYp y 3 )
e MKM . 5 MKM 5
THIIA Baril Baitu, MIr/AM THIC./CM
(VIIIIB)

1 o 9** r 59,6
Phyllitis M, I1I tun 83,7 357,1 346,6 ’
scolopendrium 491 785

i KM, III-T

o Gyrtomium Y 199,4 455,0 714,2 - -
falcatum THII

3 Ceterach ni r n r

. CK o, IV tun 16,6 445,4 1040,0
officinarum ’ ’ 393 57,9 1158 1702
4 Aleuritopteris CKm, IV o 38 243,8 787,4 - -
argentea
I'M, II-III
S Woodsia glabella TI/Il‘I’bI 3.8 147,8 150,7 - -
6 Adiantum 3 r 3 r
LI 1,1 1 106,6
capillus-veneris o S1 1355 52,1 158 284 152
Aspleni

7 Se;l‘; ;”t’::;’:mle CK, IV i 07 268,4 $33,0 17,8 186,3

8 f;f;i’::;:’es M, III tun 10,2 206,8 320,0 31,6 544
A .

9 a;f’ ;;’t';’;:" igrum M, III o 338 288,0 437,5 22,7 112,9
Aspleni MK, III-IV

1o epremum ' 5,1 190,0 314,9 - -
ruta-muraria THUIIbL

11 i i ) r
Microsorium [T, -1 Tomex 89,0 1512 2266 97,7
pteropus 262 237

I'M, II-1I1
12 Bolbitis subcordata i 2158 375,5 400,0 - -
THUIIBI
Ceratopteris

13- cornuta,

14 Coratopteris TA, I tun 122,7 1516 100,6 - -
thalictroides

TIpumeuaHue: - — OTCYTCTBHE AOCTOBEPHBIX AaHHBIX. *: M — Mmesodur; KM — xcepomesodpur; CK — cybrcepodur

(m) noftknaoruapuunsi; CC - cy6eykkyaent; TM — rurpomesodur; I'T — rurporeaopur; I' — rurpodur (m)
noikuaorupApuassit; TA — ruapodur. **: I, II, III, IV, V — crpykrypHsle Tumbl Bamil. *** — TKaHu: I — ry6uaras;
Il - TaAMCapHas; 3 — arupepma. C 11 1o 14 myHKTHI - IO OTHUKHU TeAO UTHI M TUAPOPUTEL [ToAYe pKHY THI MAKCHMaAbHbIE
U MUHMMAAbHbIE 3HAYEHHUS IOKA3aTeACH Y NCCAEAOBAHHbIX BHAOB.

Note: - — absence of reliable data. *: M — mesophyte; KM — xeromesophyte; CK — subxerophyte (m) poikilohydric;
CC - subsucculent; T'M - hygromesophyte; I'T — hygrohelophyte; I' — hygrophyte (m) poikilohydric; TA - hydrophyte.
**: 1, II, III, IV, V — frond structural types. *** — tissues: r — spongy; m — palisade; » — epidermis. Points from 11 to
14 - helophyte and hygrophyte ferns. Maximum and minimum values of indices in studied species are underlined.
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trichomanes L., uMeromero Me3oMopHbIe
Bail, B CAydae oObWTaHMA B [elyepax
peayuupyercst  Me30QHAA,  IpyLIEBHAHBIE
KAETKH SIIHAEPMBI, COAEPIKALUE XAOPOIIAACTBI,
IpHOOpeTaloT  CIOCOOHOCTh  POKYCHPOBATH
ceer (SINGH 1963), T. e. TO CTpoeHumIO
Me30pUAAd OH MAKCHMAABHO TPHUOAMKAETCS K

TUIPOMOP(PHOMY THUITY.

III. Mesomopdusbrit Tun (Puc. 1, III_ ).
Hanboree IHPOKO  IPEACTaBAEH  CpeAd
MarnopoTHUKOB. meer OOABIION AMATIa30H
(PeHOTI/IHH‘IeCKOﬁ U3MEHYHUBOCTH.

Toamuza maacTuHOK 60Ace 200 MxM (A0
400 y Asplenium nidus L.). YIIIIB u uucao
KACTOK B EAMHHIlE IAOLAAM Baill HMMEIOT
cpeanne snavenus (Taba. 2) mo cpaBHeHuio
CO BTOPBIM U 4eTBepThIM TUIaMu. Mesoduaa
— ot romorensoro (Microgramma vacciniifolia
(Langsd. et Fisch.) Copel.) xpynHoxaeTounoro
(A. nidus) Ao AopcusenTpasbHOro c 6oaee
meakumu Kaetkamu (Polypodium australe Fée,
Asplenium adiantum-nigrum L.). Yucao caoes
CAa60 BBIPOKEHHON IIAAMCAAHOM TKAHM —
or 2 po 3 (P australe, A. adiantum-nigrum),
ry6uaroit mapenxumst — 3-7 (10-12 y Phyllitis
scolopendrium (L.) Newman). Y Platycerium
grande J. Sm., P. coronarium (Mull.) Desv,
P andinum Baker (STRASZEWsKI 1915)
AOPCUBEHTPAABHOCTb OOECIIEYUBAIOT ABA PSAd
THIIOA€PMBI U ry6ana;1 MapeHxXuMa. JNHAepMa
o6braHO  KpymHOKAerounast  (Polypodium
vulgare L., P. fauriei (Copel.) Makino et
Nemoto, P. australe). Y Asplenium trichomanes
prHHbIe KACTKH BerHeI;I 3HI/IAGPMI}I
CBOeOOpa3Hbl, IOXOXH HA AAAHEBUAHblE. Y
cunoduros (Phyllitis scolopendrium) smmaepma
C XAOPOHAaCTaMI/I, YEeTKO BBIAABASIEMbBIMHU
I0A CBETOBBIM MHKpOCKomoMm. Y Asplenium
nidus BepxXHsSL SMHAEPMA MEAKOKAETOYHAS C
kpucrassamu okcarara Ca (OGURa 1972).
CLV’ KPHCTaAAbI €CThb u Ha 3HI/IAepMe
Polypodium vulgare u, mo-BHAMMOMY, CyAs
0 MHUKPOMOP(OAOTMU IIOBEPXHOCTH Bawuii,
XapaKTePHBI AASL MHOTHX BHAOB IIAIIOPOTHHUKOB.
OK¥AKM 3aKaHYMBAIOTCS B BEpXHEN SIUAepMe
y BCeX BUAOB, KpOoMe BHAOB popa Asplenium,
IHAATOAAMHE. B HIDKHE anraepMe BCTPeYaroTcs
ABykaeTousste Tpuxomsl (Polypodium vulgare,

Phyllitis  scolopendrium) wnam Bcs HWwKHAS
IIOBEPXHOCTb BauM OAETa I'yCTHIMHU 3alUTHBIMHI
Tpuxomamu (Buabl popa Platycerium). Baitn
CHIIOCTOMAaTHYeCKUe. YCTBHUI[A PaCIIOAOXKEHDI
BPOBeHb C HOKPOBHI)IMI/I KAETKaMH HAHN YTyTb
BBIIIE HHUX. YCTbUYHEIE aHHapaTbI CTaBpO-,
TIOAO-, KOTIOAO-, anoMonuTHbIe (Polypodium sp.,
Phyllitis ~ scolopendrium) wam aHomMO- |
auanutasie (Asplenium nidus). Cpeanee uncao
YCTBHI] Ha lMM2 — 60. ITpoAOAbHbIE OCH YCTBHI}
MOT'YT OBITb B Pa3HOI CTEIIEHH OPUEHTHPOBAHbI
OTHOCUTEABHO MPOAOABHON OCH IephIIIKA U
maacTuky Baiu. Y Asplenium nidus u Phyllitis
scolopendrium ycTpuma 6Go0Aee KpyIHBIE IO
CPaBHEHHIO C APYTMMH BHAaMH. JKmakoBaHume
OT OTKPBITOTO AMXOTOMHYECKOTO (BHABI Popd
Polypodium, Phyllitis scolopendrium, Asplenium
trichomanes, A. adiantum-nigrum) A0 6AM3KOTO
x ceruaromy (Platycerium sp., cMm panee). ¥
Asplenium  nidus ANXOTOMHUpYIOIIHE >KHUAKH
BTOPOTO MOPSIAKA COEAMHEHDBI II0 Kpaio Bailu
o61mett BoAHHCTOM XUAKOM. Cy6ommpepMasbHO
HaA JKHMAKAMH CBEPXYy U CHHU3Y PaCIIOAOXKEHDI
TSOKA CKAepeHXHMbI C OApeBeCHeBH.[I/IMI/I
o6oaouxamu kaerox (y Asplenium trichomanes
-~ ¢ HeoppesecHeBmuMH). Oco6eHHOCTD
Asplenium nidus — apMHPOBaHHOCTD JKHAOK.
Y Bcex BUAOB >KHMAKM THUIIMYHOTO AAS POAOB
CTpoeHI/Iﬂ. MexxaeTHuku y TEHEBBIHO CAUBBIX
BHAOB M IOAYCTBPHYHBIE ITOAOCTHU He6OAbH.H/Ie,
kpome cuuopura Phyllitis  scolopendrium.
CpeaHee YHCAO XAOPOIAACTOB B KAGTKAX OT 35
A0 60 u 6oaee.

IV. Cy6kcepomopdupiit tam (Puc. 1,
IV, ). AOBOABHO PeAKHi1 THIL.

ITAaCTUHKM Bauil TOACTBIE IO CPaBHEHMIO
C Bblme HasBaHHbIMH Tumamu: ot 350-370
mkm  (Pyrrosia  mannii  (Giesenh.) Ching
no NAvarR 1961), ao 400 mxm (Ceterach
officinarum DC.) u 6oaee SO0 mxm (Lepisorus
thunbergianus (Kaulf.) Ching, Pyrrosia petiolosa
(H. Christ) Ching). YIIIIB (Ta6a. 1-2) u uncao
KAETOK [TAAUCAAHON TKAHH MAKCHMAABHO CPEAU
Bcex Boigeaennbix tunos (Ceferach officinarum,
Lepisorus ussuriensis (Regel & Maack) Ching,
L. thunbergianus, Pyrrrosia petiolosa) u
IPUOAMDKAIOTCS K TAKUM JKe IIOKa3aTeAsM y
IIBETKOBbIX KCEPOPUTOB.
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Taba. 2. Cpepnne apudmernyecKkre 3HAYEHHs OCHOBHBIX MOKA3aTeAeHl CTPYKTYPBI GOTOCHHTETHYECKOTO ammapara
IIAIIOPOTHHUKOB — SMUPHUTOB C PA3HBIMU CTPYKTYPHBIMH THIIAMH BaHi.

Table 2. Arithmetic mean values of main indices of structure of photosynthetic apparatus of ferns — epiphytes with

different structural types of fronds.

IToxazarean
YaeapHast
Oxoaormec- [IOBEPXHOCT- YHCAO KACTOK
o Toamuna O6mpem 1
Ne  Bupst Kasi IpyIa, TTaomaab B Hast Ha eAVHULTY
. B ) Baiiy, KAETKH, ThIC./
CTPYKTYpHBIIL  Baild, CM MAOTHOCTb N MAOIIAAH,
MKM MKM
THII Bailu Baitu, Mr/Am* ThIC./ CM?
(YIIIIB)
Crepidomanes
1 T 11 Tun 11,5 69,3 74,1 24,2 16,9
latealatum
Polypodium
2 M, III T 64,4 261,0 412,8 34,8 65,8
vulgare
P, australe M, Il tun 145,6 300,1 480,0 44,7 82,2
4 P, sibiricum M, III tun 52,3 210,7 416,6 - -
P. fauriei M, III tun 45,2 243,6 453,0 - -
Mi
6 ierogramima M, III o 2.6 193,5 300,0 - -
vacciniifolia
g Microgramma M, III tun 3,7 301,0 430,0 - -
piloselloides
Asplenium nidus M, III tun 248,0 391,1 654,8 - -
9 i bu r n r
Lepisorus CK, IV 1um 49 5202 773,3
thunbergianus 450 993 44,1 614
10 i bl r bt T
Lepisorus CK, IV 1un 11,1 317,9 1093,3
ussuriensis 11,1 23,6 87,3 221,22
11 it r n r
Pyrrosia petiolosa  CK, IV Tun 8,25 556,6 1200,0
40,6 39,0 74,5 1184
12 Pyrrosia longifolia ~ CC,V tun 19,7 1650,0 1200,0 - -
13 Lemmaphyllam 00 11 587,9 426,6 386,4 474
microphyllum
14 Microsorium CC, V ot 81,0 795,9 613,3 266,0 41,7
punctatum
Platycerium
15 e CC, V tun 584,0 1062,0 886,8 . -
willinckii
IMpumeyanne: O6o3Hauerns kak B Taba. 1.
Note: Explanations see in Table 1.
Me30uAA AOPCUBEHTPAABHBIN, CTOAGUATAS OmmaepMa  KPYNHOKAETOYHAS,  HIDKHSSA

napeHxuma ABypsiaHas, 2-3-psianas (y Pyrrosia
manniino NAYAR 1961 ); ry6uaras —4-S-psiaHas,
U3 OKPYTABIX UAH OBAABHBIX KAETOK C GOABIIUM
YHCAOM OTPOCTKOB. MiMeeTca runopepma u3 1-2
CAOEB XUBbIX BOAOKOH (BUABI poaa Pyrrosia).

06bIMHO ¢ 00Aee KPYNMHBIMU KAeTKaMd. B Heit
BCTPEYAIOTCS PEAKHE ABYKAETOYHbIE TPUXOMbI
(Lepisorus ussuriensis), BEPXHsAA CTOPOHA
Bamil BHAOB popa Pyrrosia u  Platycerium
OAETA PEAKMMHM, a HIKHSAS — TyCThIMH
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(CAoﬁ TOAIMHON A0 1 MM) 3BE3AYATHIMU
tpuxomamy; y Aleuritopteris argentea (S.G.
Gmel.) Fée — ceKkpeTOpHBIMU TpUXOMaMH, Y
Ceterach officinarum — KAQTPaTHBIMH eLIYSIMU.
Bafiu TOABKO THIIOCTOMATHYECKHe. YCTbHIA
PACIIOAOKEHbI BpOBEHD C IOKPOBHBIMH KACTKAMHU
uan  morpysxenst (Pyrrosia  petiolosa), wnam
PACIIOAAralOTCS B YTAYOACHISIX MEXKAY KUAKAMIU
(Asplenium septentrionale). Ycrbuanbiit armapar
MePULIATHBIN (P petiolosa) ,AHOMOITUTHBII (BHABI
poaos Asplenium u Ceterach), ot moaorurHOro
a0 anomorurHoro (Aleuritopteris argentea).
Ycrbuija OpueHTHPOBaHHbIE, HX CpeAHee YHCAO
— oxoao 100 Ha 1 mm’. ¥V BuAOB popa Lepisorus
u Asplenium o xpaio Bafll Cy03IIMAEPMAABHO
PACIIOAOXKEHBI ~ HEOAPEBECHEBIIMEe  BOAOKHA
CKAepPEeHXHMBI, OpPUEHTUPOBAHHbIE IIAPAAACABHO
JKHAKAM U, BepOSTHO, O0eCIeYnBaloIIue
CKpPY4YMBaHHE BaHIL.

B nmpeaeaax 3TOro THIIA BCTPEYAIOTCS
MOMKHAOTHAPHYHBIE TIAIIOPOTHUKH, CIIOCOOHbIE
IIEPEeHOCUTb He MEHDbIIMI BOAHBIN AeQHIIUT,
1eM arMocdepusie Bromeliaceae. Oto Pleopeltis
angusta Humb. et Bonpl. ex Willd., Polypodium
hirsutissimum Raddi, P. squalidum Vell. (MULLER
et al. 1981), Polypodium polypodioides (L.) Watt
(STUART 1968). OHK MOTYT 6ICTPO IIOTAOLIATH
BOAy BO BpeMsi KODOTKHMX AHBHeH 3a CYeT
abcopbupyromux 4emryid, ¢yHKIMOHAABHBIX
aHaaoros vemyi Bromeliaceae. JKuaxosanue
Kak oTkpbiToe (BuAbL popoB Asplenium u
Aleuritopteris), TiepeXopHOE K  3aKpBITOMY
(Ceterachofficinarum), Taku3akpbITO€, CIyCTHIMH
apeoAaMH; BKAIOYEHHbIE peKyppPeHTHbIe SKHAKH
3-4-ro mopsiAKa 3aKAaHUYMBAIOTCS THAATOAAMH
(Buabt  popoB  Pyrrosia, Lepisorus). Iloa
LIEeHTPAAbHOM JXHAKOH ¥ BUAOB popa Pyrrosia u
HaA 1 II0A Hefl y BUAOB poAa Lepisorus HaXoAsTCs

TSDKM ~ CKAGPEHXHMBI C  OAPEBECHEBIINMH
obosoukamu. KaeTku 9HAOAEPMBI y MHOTIHX
BUAOB ¢  ¢aobapeHamu.  MexXKACTHHKU
MaAeHbKUe, BBIPOXKEHBI B OCHOBHOM B I'y04aToM
Me3o¢uaae. IToAycThIIHbIE TOAOCTH HMEIOTCSL.

V. Cy6cykkyaenrnpiit Tun (Puc. 1, A\ 6).
AOBOABHO peAKMIT THII, BCTPEYAIOIUIICS B
OCHOBHOM B poaax Antrophyum (Vittariaceae)
(TaapAkOBA  1978), Pyrrosia, Platycerium,
Lemmaphyllum, Microsorium (Polypodiaceae).

TTAacTUHKY Bauil IAOCKHE 1 CaMble TOACTBIE
CpeAu BBIAGACHHBIX THIOB: oOT 587 MKM
(Lemmaphyllum microphyllum C. Presl) po 1500
(Pyrrosia nummulariifolia (Sw.) Ching — mo
NAYAR & CHANDRA 1965) u 1650 (2000) mMxm
(Pyrrosia longifolia (Burm. f.) CV. Morton).
VIITIB Bbiute, ueM y Me30QHUTOB, HO HIDKE,
4eM y CyOKcepoQuUTOB M KoaeOAeTcst oT 426
(L. microphyllum) ao 886 mr/am?* (Platycerium
willinckii 'T. Moore) (DERzHAVINA 2012).
VckAroueHHe COCTaBASIET, IIOXKAAY, TOABKO
P longifolia (1200 mr/am?) (Ta6a. 2). Yucao
KAETOK B €AMHHIIE [IAOLIAAU BAHH B HECKOABKO
pa3 MeHbIIEe, 4Y€M Yy CpaBHHBA€MbIX TI'PYIIII
(Taba. 2). MeKKAGTHHKM U TOAYCTHIYHbIE
noaocTy He6oabmre. OTHOLIEHYE TOBEPXHOCTH
kaetok k obbvemy (F/V) muHEMarbHO 1
KOPPEANpYeT C pasMepaMé KAETOK — CaMbIX
KpYITHBIX Hus3 BCeX BBIACACHHBIX THUIIOB
(Lemmaphyllum  microphyllum, —Microsorium
punctatum  (L.) Copel.). Mesopuaa or
romorennoro (M. punctatum; Pyrrosia — rpyma
Pyrrosia piloselloides (L.) M.G. Price - mo
HOVENCAMP 1986) A0 AOPCHBEHTPaABHOTO
(Lemmaphyllum  microphyllum,  Platycerium
willinckii, Pyrrosia longifolia) us 6-13 caoes
KAETOK.

< Puc. 1. Crpyxrypuble Tunbl aHatomuu Bawit: I — ruppomopusiis; II — rurpomop¢nsiit; III — MesoMopHbIii;
IV - cybkecepomopdubiit; V — cybcykkyaentHsiit. 1 — Ceratopteris cornuta; 2 — Ceratopteris thalictroides; 3 — Crepidomanes
latealatum; 4 — Adiantum capillus-veneris; S — Polypodium vulgare; 6 — Polypodium australe; 7 — Phyllitis scolopendrium;
8 — Microgramma piloselloides; 9 - Ceterach officinarum; 10 — Pyrrosia petiolosa; 11 — Lepisorus thunbergianus;
12 - Aleuritopteris argentea; 13 — Microsorium punctatum; 14 — Lemmaphyllum microphyllum; 18 — Platycerium willinckii;

16 — Pyrrosia longifolia. Macmuta6: 0,01 Mm.

<Fig. 1. Structural types of frond anatomy: I- hydromorphic; II-hygromorphic; III-mesomorphic; IV —subxeromorphic;
V - subsucculent. 1 — Ceratopteris cornuta; 2 — Ceratopteris thalictroides; 3 — Crepidomanes latealatum; 4 — Adiantum
capillus-veneris; S — Polypodium vulgare; 6 — Polypodium australe; 7 — Phyllitis scolopendrium; 8 — Microgramma piloselloides;
9 — Ceterach officinarum; 10 — Pyrrosia petiolosa; 11 — Lepisorus thunbergianus; 12 — Aleuritopteris argentea; 13 — Microsorium
punctatum; 14 — Lemmaphyllum microphyllum; 18 — Platycerium willinckii; 16 — Pyrrosia longifolia. Scale: 0.01 mm.
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3akAroueHue

Ecau mnonsrtatbcss 0606murs Hamboaee
3HAYUMbIE AAS OKOAOTMYECKON AMArHOCTHKH
CTPYKTYPHBIX THIIOB BaWil aHATOMHYECKHE
IPHU3HAKY, TO 04 CyOKcepoPumos sto OYAyT,
IpexAe BCEro, SIBHAS AOPCHBEHTPAABHOCTD
Me3opuara — ero AupdepeHIUpOBKA Ha
MAAMCAAHYIO (quKo I/I,A,eHTI/I(l)I/ILII/IpyeMYIO) Hu
rybyaTyio TKaHH, MHOIAQ, elle U THIIOAEPMY,
a 3areM — BBICOKHME B3HAUeHUS CYXOrO Beca
E€AVHHIIBI ITAOIIAAM Balu (YHHB) — THKHO3;
0As1 CcyOCYKKYAeHMO6 — KPYIHOKAETOYHOCTb
AOPCHBEHTPAABHOTO HAM  TOMOIEHHOIO
Me30pUAAd TP  OTHOCHUTEABHO GOABILION
TOAIMHE MAACTHHOK (OTAMYME NANOPOTHUKOB
OT CYKKYA€HTHbBIX LBETKOBBIX, Yy KOTOPI)IX Ha
HePBbIﬁ IIAQH BBIXOAST BBICOKAas ITAOTHOCTDb
CAOXKeHHs Me30QHAAA U eT0 AudPepeHIInPOBKa
HAa HECKOABKO CIIELIHAAM3HPOBAHHbIX TKaHel);
oas zuzpodumos — Huskue sHavenus YIIIIB
HPI/I MUHHUMaABHOM TOAITMHE TIAQCTHHOK C
FOMOTeHHBIM Me30QHAAOM; 045 2udpodumos
- KpOMe Hepe‘IHCAeHHbIX AA I'I/IFPOq)I/ITOB
[PH3HAKOB — PasBUTas CHUCTeMAa KPYIIHbIX
MEXXKACTHHUKOB 1 BO3AYIITHBIX KaHAAOB.
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ECOLOGICAL ANATOMY OF FERNS FRONDS

NiINA M. DERZHAVINA

Abstract. Structural types of frond anatomy are distinguished on the basis of investigation of 30 species of homosporous

ferns and with regard for literature: hydromorphic, hygromorphic, mesomorphic, subxeromorphic, and subsucculent

(cryptic succulent). Following frond traits are of highest adaptive value: their area and thickness, type of mesophyll, dry

weight of an area unit — specific superficial density, cellular volume, and number of cells per unit of frond area.

Key words: frond structural types, pycnophytes, subxerophytes, cryptic succulents, poikilohydricity
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CPABHUTEABHBIN AHAAU3 OHTOMOP®OTEHE3A
TAMETO®UTOB ABYX CKAABHBIX ITAIIOPOTHHUKOB
ASPLENIUM ADIANTUM-NIGRUML. 1
ADIANTUM CAPILLUS-VENERIS L.

30 M. UBAIIIEHKO

AnHoTanmsi. Y ABYX CKAaAbHBIX ManoporHukoB Asplenium adiantum-nigrum wn Adiantum capillus-veneris mpoBeaeHO
CPAaBHHTEABHOE M3yYeHHe OHTOMOPOreHesa raMeTopHUTOB U €T0 MOAUBAPUAHTHOCTH. CIIOPBI ABX BUAOB CYLIECTBEHHO
Pa3AMYAIOTCS CBOMM CTpoeHueM. IIpopacTanye crop y o6OMX BHAOB NPOXOAMAO IO Tuiry Vittaria. PasuTme sxe
IPOTAAAMSI IPOXOAMAO IO ABYM PasHbIM THIAM. KccaepyeMble IAOPOTHUKY AEMOHCTPUPOBAAM TAKKe 3HAYMTEABHOE
MOpdoAOTHYecKOe PasHOO6pasye GOPMBI raMeTOPUTOB. PasAKU¥Ls BHIIBACHDI 1 B PACIIOAOXKEHHMH FAMETAHIHIEB HA TAAAOME,
¥ B TEMITAX CEKCYAAM3ALHH. Y MCCAEAOBAHHBIX BUAOB OTMEUEHO BEreTaTHBHOE PAa3MHOXEHHe TaMeTOHUTOB [OCPEACTBOM
npoaudeparuy. IIpocaeskeHbI CAEAYIONI¥E THIIbI OHTOreHe3a: OAHBI ¥ COKPAILIEHHBI (YHKIOHAABHO 3aBepIIeHHbII
OHTOTeHe3 C BOCIPOU3BEACHHEM AHMMAO(asbl (CHOPOQUTOB), a TakKe MOAHBI H COKpAIjeHHbl (yHKIMOHAABHO
He3aBeplIeHHBbI OHTOreHe3. Y ABYX BHAOB IIAIOPOTHUKOB OGHAPYKeHa CTPYKTYPHAS M AMHAMIYECKAsl IOAMBAPMAHTHOCTD

OHTOTI€HEe3a I‘aMeTOCI)I/lTOB.

KaroueBbie caoBa: Asplenium  adiantum-nigrum,

Adiantum

cupillus-veneris, OHTOT'€HETHYECKOE€ COCTOsHUE,

TIOAMBAPMAHTHOCTD OHTOT€HE3a, CEKCYaAr3allys, HPOAI/ICI)CPaIII/UI I‘aMeTOCl)I/[TOB

Opaosckuii 2ocydapcmeennuiii ynusepcumem, yr. Komcomorvckas, 95, 2. Opéa, 302018, Poccus; poyasokkaspari@mail.ru

BBeaenne

B nuxae BocmpouspepeHHs IaOpPOTHUKOB
gepeayloTca ABe daspl  — cnopoduT u
raMeToQuT, Pa3AHYAIONINECS] KAK TA0UTYaABHO,
TaKk M QYHKIMOHAABHO M 9Kkosormiecku. K
HACTOAIeMy BpeMeHH! HAKOTIAGHO 3HAYUTEAbHOE

KOAMYECTBO ~ MaTepuasd II0  OHTOTeHesy
CIIOPOQUTOB  MANIOPOTHHMKOB B IIPEAEAAX
PasHOOOPA3HBIX ~ TAKCOHOMUYECKHMX  IPYIII

(Havaancu ®uaun 1983 a, 6; [lloruHA 1994;
OuauH 1995; Xpariko 1996; I'vPEEBA 2001;
AEPXABHHA 2006 u Ap.). B To xe Bpems mo
OHTOTeHe3y raMeTOQHUTOB IIPOBEACHO rOPa3A0
Menbie uccaepoBanuit (Hayvaauc u duanvH
1983 a, 6; Havaauc 1989; IllorunA 2001;
I'vPEEBA 2001; bAPABAHIIIMKOBA 2002, 2007;
AEPXABUHA u dp. 2009; IToxroBcKas 2010,
2011; AepxaBuHA U IlokrpoBckas 2011,
2012; UBAImEHKO 2013 ),araMeTOQHUTH MHOTHX
TAKCOHOB He U3y4eHbl BoBce. B aTo11 cBsI3U 11eabto
HAIIIeTO UCCAGAOBAHUS SIBHAOCH CPAaBHUTEABHOE
u3yyeHue OHTOMOporeHesa ramMeToPuTOB H

© The Author(s), 2014

€ro OAMBAPUAHTHOCTH Y ABYX BHAOB CKAABHBIX
manopoTHUKoB Asplenium adiantum-nigrum L. u
Adiantum capillus-veneris L.

MaTepraAbl H METOABI HCCACAOBAaHHH

Cropsl,  eMKOCTH M TPYHT  AAS
BBIPAIMBAHUS TaMeTOPHUTOB CTEPHAM30BAAM.
AAsi ¢uKcanuM HepBBIX ITAIIOB OHTOreHe3a
CIIOpBl MPOpAIfUBAAM B damkax Ilerpu Ha
puabTpoBasbHOIl bymare B cMecu Kuoma. Aas
AQABHEHIINX UCCACAOBAHUI IIOCEB IPOBOAMAH
Ha IIUTaTeABHBIH 1|BeTOYHBI TIpyHT. Crops
XapaKTepPU30BAAU COTAACHO AUTEPATYPHBIM
panmbiM  (BoBPOB u dp. 1983). Tum wux
npopactanus ompepeasian o B.K. NAvArR &
S. Kaur (1969), Tun pasBuTUS NAACTHHKU
ramerodura — o B.K. Navar & S. Kaur (1971).
Hcrmoab30BaAM — IPHHIMIBL  [HEPUOAU3ALIUH
OHTOreHe3a pacreHuii, yTOYHEHHBbIe
[PHUMEHHUTEABHO K FTaMeTOPUTAM ITAIIOPOTHUKOB
H.U. Ilopunont (1994, 2001), WM.
I'ypegBO¥ (2001) u H.C. BAPABAHIITUKOBO
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(2002, 2007). Tlpu oLjeHKe TOAMBAPHAHTHOCTH
OHTOTeHe3a OIMPAAMCh Ha IIPEACTABACHUS
A.A. XXykosoit u A.C. Komarosa (1990).
BbIA€AEHBI  CAGAYIOIVE IIEPHOABL  [IOAHOTO
OHTOreHe3a raMeToOQUTOB: 1. IepBUYHBIN ITOKOH
(sp) ; 1. supruauabubit (mpeseUHUTUBHDII)
(v); UL pedunurusmbiit (d); IV. cenuabHbit
(crapueckumit) (s) um 6 OHTOTeHETUYECKHX
cocrosinuit. Iloa rameropura 0603HAYAAM:
m (masculum) - wmyxckoit, f (femininum)
- oxenckmit um h (hermafroditum) -
repMadpOAUTHBIH, 000EMOABIIL.

Pe3yAbTaThI H HX 06CY)KACHHE

Iokosumuecs criops (sp) A. adiantum-nigrum
u A. capillus-veneris CyILleCTBEHHO
PABAMYAIOTCS [0 THUIY TETPAAHOrO pybdua:
criopst A. adiantum-nigrum OAHOAy4eBbIe, a
A. capillus-veneris — Tpexaydessie. CymecTByOT
pasAudKs M B pasMepax IOASPHOH OCH H
9KBATOPUAABHOTO AMAMETPA CIIOP, B YACTHOCTH,
criopsl A. adiantum-nigrum uMe0T OOABIIMIT
pasmep noastpHoit ocu (36,0-39,6 MkM), a criopbt
A. capillus-veneris — GOABIINIT 9KBATOPHUAABHBI
AuaMeTp (39,6-64,6 MKM). Criopst
OTAMYAIOTCS. U CKYABITYPOH CIIOPOAEPMBI:
y A. adiantum-nigrum oHa cKAapdaTas, a
y A. capillus-veneris - MeAaxobyropuaras
uan  3eprucras. Oxpacka crmop — TOXe
pasamuna: y A. adiantum-nigrum — Gypas, a 'y
A. capillus-veneris — 6AeAHO-KeATasL.

Ilepsble mpusHaku npopactanus crop (p)
Ob1au ObHapyxeHsl y A. capillus-veneris depes
18 amett, a y A. adiantum-nigrum — crycrst 60
ameit (Puc. 1; Puc. 2). Ipopacranue y o6oux
BUAOB IPOXOAMAO, COTAQCHO KAACCHQHKALIUM
B.K. NAYAR & S. KaUR (1969), o Tumy Vittaria
(AEPXABUHA u dp. 2009; AEPKABUHA U
IMoxpoBCKAs 2011, 2012). IOBeHHABHDIE
crepuabHble 0cobu (j) TpeacTaBAsAM OGO
OAHOPSIAHYIO HUTb — XAOPOHEMY, COCTOSIIIYIO U3
8 6OYOHKOBHAHBIX KAETOK Y A. adiantum-nigrum
uus S —yA. capillus-veneris.

PasBurue ramerodura y A. adiantum-nigrum
mao mo Aspidium-tumy, a 'y A. capillus-veneris
no Adiantum -tumy (NAvaR & Kaur 1971).
VccaepyeMble IAIIOPOTHUKY ACMOHCTPUPOBAAU
3HAYUTEABHO® Mop¢$oAoTHUYecKoe

pasHoo6pasue GpopMbI raMeTOPUTOB, 0COOEHHO
B uMMarypHoM (im) OHTOreHeTHYecKOM
cocTosiHum: ramerodurst A. adiantum-nigrum
HUMEAN AEHTOBHAHYIO u AOIIATYIATYIO
dopmy Tansoma (Puc. 1), a ramerodurst
A. capillus-veneris — SI3BIKOBUAHYIO U IOYTH
cepauesupnyto (Puc. 2). Y ummarypubix (im)
rameroduroB A. adiantum-nigrum 1o Kpasim
TaAAOMA HAYaAU (POPMHPOBATHCS KEAESHCTBIE
BoAOCKH, a y rameroduros A. capillus-veneris
OHM OTCYTCTBOBAAM Ha BCEX  CTAAWSX
pasBurus. Pasamuus B ¢$opme, XapaKTepHble
AASL  MMMATypHOTO OHTOT'€HETHYECKOTO
COCTOSIHUS], COXPAHUAMCD U y BUPTUHHUABHBIX (V)
rametodutos (Puc. 2).

Myxckas cekcyaausanus y raMeTopuToB
o6ouX  BHAOB  OKa3aAach  paHHeil: vy
A. adiantum-nigrum — HadUHASI C IOBEHUABHOTO
(j), a y A. capillus-veneris — ¢ BUPrUHHABHOTO
(v) omroremermueckoro cocrosuus (Puc. 1;
Puc.2).

y BI/IPI'I/IHI/IALHI)IX My)KCKI/IX I'aMeTO(bI/ITOB
v(m) A capillus-veneris  amTepupuM
PaCHOAaraAHCb HEMHOIO HMXXE€ BBIEMKH B
CpeAHEH W HIDKHEH YacTH TaAAOMa CpeAr
pusonpoB, a y A. adiantum-nigrum - 1o
BCell IIOBEPXHOCTH TAAAOMAa M IIO €ro KpasiM.
Aedururusnbie o6oenoavie ramerodurst d (h)
A. adiantum-nigrum u A. capillus-veneris nmean
CEpALIEBHAHYIO HAM IIOYTH CEPALIEBHAHYIO
dopmy. Apxerommu y A. adiantum-nigrum
HAXOAHAHCH HUAN Ha apXeroHMaAbHOM
IOAyILIKe OAMKe K BBIEMKE, HAM IO BCEHl AAMHE
ApXerOHMAAbHOM IIOAYNIKM, AHTEPUAUH >Ke —
MAM B 623aABHOM YaCTH MOAYUIKH, UAU B CAaMOI1
HIDKHE YacTH TaAAOMa CpPeAM PH30MAOB
(Puc. 1). Y A. capillus-veneris apxeronun
OOHapy>keHBl Ha aPXETOHHAABHOI IOAYIIKE
OAYDKe K BbIEMKe, a AHTEPUAUM — B 6a3aAbHOM
YaCTH IOAYWIKA CPeAd PH3OHMAOB M Ha
«Kpbuabsix> (Puc. 2) (AEPXKABHHA u dp. 2009;
AEPKABUHA U [TokPOBCKAs 2011,2012).

Y uccaepyeMbIX — pacTeHMiHt — OTMeYeHO
BereTaTHBHOE  Pa3MHOXEHHe TIaMeTOPUTOB
IOCPEACTBOM IpOoAUQepartyu. y

A. adiantum-nigrum — yxe y 10BeHUABHBIX (j),
a y A. capillus-veneris — y Bupruauabupx (v)
3apoctkoB. Ha mpoaunepupyromux ydacTkax
pasBuBaAuch  aHTepupauu.  IIpoaudepanus
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Puc. 1. BospacTHO-IIOAOBbIE COCTOSIHMSL OHTOreHesa ramerodura Asplenium adiantum-nigrum: p — IPOPOCTOK;
j — toBemuAbHbIN; j (m) — IOBEHHABHBIN MYKCKOH HpoAmdepHpylOmuis; im (m) — HMMATYpHBIH My>KCKOI
npoandepupyromuit; v (m) — BUPTUHHABHBIA MY)XCKOM TIpoAudepupytomuit; d — AeQUHHTHBHBIA TPOANEPUPYIOIIHt;
s (f) — cenmabHBII sKeHCKHT TpoAndepupytomuit; s (h) — ceHMABHBI 060emoAbIi TpoAndepupyromuit. MacmTab: 0,1 M.
Fig. 1. The age-sexual states of the ontogeny of gametophyte Asplenium adiantum-nigrum: p — plantlet; j — juvenile;
j (m) — juvenile male proliferous; im (m) — immature male proliferous; v (m) — virginal male proliferous; d — definitive
proliferous; s (f) — senile female proliferous; s (h) — senile hermaphrodite proliferous. Scale: 0.1 mm.
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Puc. 2. Bo3pacTHO-1I0AOBbIE COCTOSIHUS OHTOreHesa ramerodura Adiantum capillus-veneris: sp — IOKOSILHECS CIIOPDI;
P — IPOPOCTOK; j — IOBEHUABHDII; ittt — IMMATYPHDII; ¥ — BAPTHMHUABHbIN; d — A6QUHUTHBHBII; § — CeHHAbHBIL. MacmTa6:
0,1 mm.

Fig. 2. The age-sexual states of the ontogeny of gametophyte Adiantum capillus-veneris: sp — latent spores; p — plantlet;
j — juvenile; im — immature; v — virginal; d —definitive; s —senile. Scale: 0.1 mm.
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ocymecTBasirace  y A, adiantum-nigrum
IpPeUMyIeCTBEHHO II0 KpasM TaAAOMa, a
y A. capillus-veneris — B obAsacTH BbleMKH
(AEPXABUHA u dp. 2009; AEPKABUHA U
[ToxpoBCKAs 2011,2012).

ITo Mepe crapeHuss ramMeroQursl 06OHX
BHAOB IIOCTENIEHHO YTPAaTHAH CePALIEBUAHYIO
HAU IIOYTH CEPALIEBUAHYIO GpOPMY. Y CEHUABHBIX
(s) raMeToQUTOB «KPBIAbS»> DPa3POCAUCH U
craau roppuposannbivu (Puc. 1; Puc. 2).

3akAroueHue

Y raMeTOQHUTOB ABYX BHAOB IAIlOPOTHUKOB
ObIAM  IPOCAEXKEHBI  CACAYIOIGHE  THUIIbI
OHTOTreHesa:

A.TToAHbBI M COKpaIeHHBIH G YHKIIHOHAABHO
3aBepILICHHBII OHTOreHe3 0O0EMOABIX, SKEHCKHX
U My>KCKHX FaMeTOQUTOB C BOCIIPOU3BEACHUEM
Aurnaodassl (ciopoduTos):

A. adiantum-nigrum

sp—p—j(m)—im(m)-v(m)-d(h) - cnopodur

j(m) — im(m) — v(m) - d (h) — cnopodur

sp—p—j—im—v—-d(f) - cnopodur

j-im —v —d (f) - cnopodur

sp—p—j(m)—im(m)-v(m)

7 () — im (m) v (m)

A. capillus-veneris
sp—p—j—im—v(m)-d(h) - cnopopur
j (m) —im (m) —v (m) — d (h) - cnopodur
sp-p~j~im-v(m)

3 ) o ) )

B. IToAnbI# U cOKpaIeHHbIN GYHKIIMOHAABHO
He3aBEpPUICHHBII OHTOIeHe3 O0OEMOABIX U
SKeHCKHX FaMeTO(HUTOB:

A. adiantum-nigrum

sp—p—j(m)—im(m)—v(m)—d (h) —s— ormuparme

j(m)—im (m)—v(m)—d(h)-s—ormupanue

sp—p—j—im—v—d(f) -s— ormupanue

j—im—v—d(f) - s - ormupanue

A. capillus-veneris

sp—p—j—im—-v(m)—d(h)-s—ormupanue

j(m)—im (m)—v(m)—d(h)-s— ormupanue

B x0A€ MCCAGAOBAHUS BBIIBACHBI HECKOABKO
THUIIOB HOAI/IBapI/IaHTHOCTI/I OHTOTI€He3a
ramMeToQuTOB.

Mopdorornueckass MTOAHBAPHAHTHOCTD
BBIPA3HAACh B Pa3HOOOPasui GpOPMbI 3aPOCTKOB
U 4HCAe KAETOK, HX ¢opMmupyomux. Y
A. adiantum-nigrum TPHOAMBUTEABHO depes3
TPH MecAIla IIOCAe II0OCeBa OAHOBPEMEHHO
IPUCYTCTBOBaAM TameTodurel us 14, 21
KAETOK, HeAABHO IepelIeAlllre K TAOCKOCTHOMY
POCTY; AGHTOBUAHBIE HAM AOIIATYaThle, a
TalkKe KpyIHble TaMeTOQUTH, 10 ¢dopme
OAuskye K cepaLeBHAHBIM. Y A. capillus-veneris
depe3 MecCsl] IIOCA€ II0CeBa OOABLIMHCTBO
raMeToQUTOB HMEAU S3BIKOBUAHYIO (opMy
TaAAOMa U COCTOSIAM U3 12-30 KAETOK, TakKe
BCTPEYaAMCh Kak MeAkue — 13 9-10 kaeTok, Tak
u KpymHble ramerodurst (AEPKABHUHA u Op.
2009; ArpxaBUHA u IlokroBckas 2011,
2012).

Ansamugeckas IOAUBAPHAHTHOCTH
y OOOMX BHAOB IpOSIBUAACH B OBICTPOM
IPOXOXAEHHH  OOABIIHCTBOM  3apOCTKOB
j W im COCTOSHMI H B AAUTEABHOM HX
npebbiBaHuu B 1, d, U s cocrosHusix. Hapsiay co

CTEpPUABHBIMH TIaMeTOQUTaMH, OOGHApYKEHO
HECKOABKO BapHAHTOB 32A0KEHUS u
(YHKIIMOHMPOBaHMSA  raMeTaHTHeB U HX

COOTHECEHHUSI C OHTOIE€HETUYECKIM COCTOSIHIEM
ocobu: 1) ramerodurer A. adiantum-nigrum
MOpPOAOTHIECKH u $yHKIIMOHAABHO
OAHOIIOABIE  IIPOTEPAHAPUYECKHE  MYXKCKHeE
(j, im, v) nau xencxue d (f) (cmoposoro u
BEreTaTuBHOTIO HPOHCXO)KAGHI/UI), aI'aMeTOq)I/ITbI
A.  capillus-veneris — mpoTepaHApHYecKHe
myxckue (v) u oboemoavie d(h), B oboux
CAyYasX BO3MOXXHO TOABKO MeX3apOCTKOBOE
ONAOAOTBOpEHHE; 2) raMeTOPHUTHI ABYX BHAOB
MOP{OAOTHIEeCKH M PYHKIIMOHAABHO 0O 0IIOAbIE
d (h),  BOBMOXHO  CaMOOTIAOAOTBOpEHHE
(AEPKABUHA u dp. 2009; AEP)KABUHA U
IMokrPoOBCKAs 2011,2012).

Ha6AropaAn  Takoke IOAMBapHAHTHOCTD
B HAAHMYHH H COYeTaHHH CHOCo0oB
PasMHOKeHHsI H 06pa3OBaHUs raMETAHIHEB.
W3BecTHO,  4YTO  3apPOCTKH  CIIOCOGHBI
00pa3oBbIBaTh  IaMeTbl,  BOCIIPOU3BOAUTD
CHOPOUTHI M BEreTaTHBHO PasMHOXATbCS,
a TaKKe BO3MOXHO COYETaHHME BCEX 9THX
mponieccoB. Ha j, im m v ramerodurax
A. adiantum-nigrum 00pPa30BBIBAAKCH
TOABKO aHTepI/IAHH, HPI/I 3TOM I'aMeTO(bI/ITI)I
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elje M BEreTaTHMBHO PAa3MHOMKAAMCH IIyTeM
mpoaudepanmu.  Ha  ramerodurax  xe
A. capillus-veneris anTepuauz GOPMHUPOBAAUCH
TOABKO B BUPTMHMABHOM (V) COCTOSHMM
U 3AeChb TOXe HAOAIOAAAM BereTaTHBHOE
pasMHOXEHHe 3apOCTKOB. Y OOOHX BHAOB
Aepunurusnbie (d) rameTodurs popmMupoBasn
APXErOHHH, M B CAy4ae OIAOAOTBOPEHHI
HOSIBASIACSL €AMHCTBeHHbIN criopodur. Taioxe
aepunurusnbie (d) u cennabnbre (s) 3apocTKM
060X BUAOB OBIAU CIIOCOOHBI K BET€TATHUBHOMY
Pa3MHOXKEHHIO.
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A COMPARATIVE ANALYSIS OF ONTOMORPHOGENESIS OF THE GAMETOPHYTES OF TWO
EPILITHIC FERNS ASPLENIUM ADIANTUM-NIGRUM AND ADIANTUM CAPILLUS-VENERIS L.

Z0YA M. IVASCHENKO

Abstract. A comparative study of ontomorphogenesis and polyvariance of two epilithic ferns gametophytes Asplenium
adiantum-nigrum and Adiantum capillus-veneris is carried out. The spores of two species significantly differ in their
structure. The germination of spores of two species goes on Vittaria-type. The development of prothallium goes on
two different types. The investigated ferns also showed significant morphological diversity of gametophytes forms. The
differences are found also and in the location of gametangiums on prothallus, and in the rates of sexualization. At the
studied species vegetative reproduction by means of proliferation is noted. The following types of ontogenesis are tracked:
full and reduced functionally finished ontogenesis with reproduction of diplophase (sporophytes), and also full and
reduced functionally not finished ontogenesis. The structural and dynamic polyvariance of gametophytes ontogenesis of
two species of ferns is found out.

Key words: Asplenium adiantum-nigrum, Adiantum capillus-veneris, state of ontogenesis, variability of ontogenesis,
sexualization, proliferation of gametophytes

Oryol State University, 95 Komsomolskaya str,, Oryol 3020185, Russia; poyasokkaspari@mail.ru
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OIDEHKA TAKCOHOMHYECKOTI'O CTATYCA
SCROPHULARIA EXILIS POPL. (SCROPHULARIACEAE)
HA OCHOBE BUOMOP®OAOTHUYECKHUX IIPU3HAKOB

A10B0BB O. Ppio@

Annoranms. Ha ocHoBe cpaBHeHHMs AeBSITH IeTPOQUTHBIX BUAOB poaa Scrophularia mo 27 6uomoporornyeckum

AMArHOCTHYECKUM IIPU3HAKAM IIOATBEPXKACH BUAOBOI CTATyC KPBIMCKOTO 9HAeMHKa S. exilis.

Karouessie caoBa: Scrophularia exilis, G(uoMopdorormyeckue NpusHaKy, 9HAeMHK, paropa Kppivma

Huxumckuii 6omanuueckuii cad — Hayuonarvnoiii nayunuii yenmp HAAH Yipaunvy, nem. Huxuma, 2. Axma, AP Kpoim,

98648, Ycpauna; ryffliub@ukr.net
BBeaenue

Scrophularia exilis Popl. — opuH U3 cambIx
PeAKHX OSHAEMHKOB KpBIMCKOH ¢aopsl. OH
651a obHapyxen [.U. ITomaasckoit B 1926 .
Ha KAMEHHCTBIX OCBILIX II0A OOpBIBaMHU
I'ypsydckont siiabl. Tam >xe B uioHe 1929
r. OblAM CcOOpaHBl THIOBble OOpa3Lbl, Ha
OCHOBAHHM KOTOPBIX OBIA OIIMCAH HOBBIM
aast Hayku Bup (ITomaaBckas 1931). Oru
cbopsl xpaHsTCs B repbapusx Boranmyeckoro
nHcrturyta uMm. B.A. Komaposa PAH B
Canxr-Ilerep6ypre (LE) u Huxurckoro
boranmyeckoro capa - HanuonaspHOTO
HayyHoro uentpa HAAHY B Sare (YALT).
[To mekoropsiM AaumbiM (KOTOBA 1969)
pacTeHHs AQHHOIO BHAA  BIIOCAGACTBHHU
cobupaaucs H.M. Ueprosoii Ha . YaTsip-Aar,
OAHAKO COXPAaHMAMCh AH COOpPBI M3 3TOrO
AOKAAMTETa M TA€ OHH HaXOASTCS, HEU3BECTHO.
Taxum 06pazoM, Ha IPOTSDKEHUH HeCKOABKUX
AECSATKOB AeT B PACHOPSDKEHUH YYEHBIX
OBIAU TOABKO THIIOBbIE 9K3eMIASPhL S. exilis.
C MOMeHTa ONHMCAaHHS BHA PacCMaTPUBAACA

B Ka4YeCTB€ Y3KOAOKAAbPHOI'O KPBIMCKOTIO
9HACEMHKa. Ho 3sarem SaHaAHOQBPOHeﬁCKHe
CUCTEMATHUKHU, IIPpUAEP>KHUBaOIMNECs

LIMPOKO IIOAUTUIINYECKOM KOHI[ENIIUH BHAQ,
BKAIOUHAHY S. exilis B cocTaB MOp$OoAOrHIeCcKH
U OKOAOTMYECKH BapuabeAbHOro OaAKaHO-
arefickoro TakcoHa S. heterophylla subsp.
laciniata (Waldst. et Kit.) Maire et
© The Author(s), 2014

Petitm., AMIIKB ee Kakoro 6l TO HU OBIAO
CaMOCTOSATEAbHOTO TaKCOHOMUYECKOTO
craryca (RICHARDSON 1972). Orta Touxa
3peHMs IlepeKoYeBaAa B  COBPEeMeHHbIe
esporneiickue 6a3pt poannbx (MARHOLD 2011)
U AXKe B IIOCAGAHHI YeKAUCT ¢paopbl Kppima
(EnaA 2012).

Burone 2012r. S. exilis BHOBD 6bIAa HalipeHA
6oranukom-atobuteaeM C.A.  CBupuHbBIM
Ha OCBIIM I0A BepmuHON AsxynbiH-Kom B
BEepXHeH YacCTH I0XHOIO CKAOHA SIATHMHCKOM
SIMABL, a dYepe3 HECKOABKO AHell — B locus
classicus, mop Bepmmnuon Ilaran-Kas nap
I'ypsypom. Ilposepennoe A.B. ®darepriroi,
AD. Prdd uw AP Huxudoposbm
06CAeAOBaHME OTHX MONYAALMI u 6oaee
NoApOGHOe n3ydeHre GHOMOPPOAOTHIECKUX
0COOEHHOCTEN KPHIMCKHUX PACTEHUI IIOKA3aA0
UX CYLIeCTBEHHOE OTAMYHE OT IPOTOAOTA
U COBPEMEHHbIX OIIMCAaHMH eBPONEeMCKHX
obpasuos S. heterophylla subsp. laciniata
(WaLpsTEIN &  KitaiBer  1803-1805;
RICHARDSON 1972; Raus 1991), uro
OBIAO OTpPa)XEHO B HAIIeH IIPeABIAyLIel
ny6auxanun  (FATERYGA et al. 2013).
BmecTe ¢ TeM, oCTaAMCh He COBCEM SCHBIMH
B3aMMOOTHOIIEHHUST KpbIMCKo#t S. exilis ¢
APYTHMH OAM3KMMH II€TPOPUTHBIMU BUAAMH,
0COOEHHO C BBIXOALIAMHU M3 COCEAHUX TOPHBIX
peruoHoB — Maaoit Asum u Kaskasa, rae
HaXOAUTCSI OAMH M3 TAABHBIX IIGHTPOB
BHAOOOpa3soOBaHUS 3TOHM rpymmbl. B AaHHOM
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pabore CTaBUTCA LjeAb HA OCHOBE CPaBHEHHS
OCHOBHBIX 6HOMOP(OAOTHIECKUX [IAPAMETPOB
OL|eHUTD CTeneHp TaKCOHOMUYECKON
camocrositeAbHOCTH S. exilis.

MarepHaAbI H METOABI HCCACAOBAHHIT

O6bexraMu HCCAEAOBAHUM 6b1AU
KPBIMCKUI 9HAeMUK S. exilis 1 BoceMb GAM3KHX
takcoHOB u3 I0xHO0I EBponss, Masoit Asun u
¢ Kaskasa: Scrophularia heterophylla Willd.
subsp. heterophylla, S. heterophylla subsp.
laciniata (Waldst. et Kit.) Maire et Petitm.,
S. lucida L., S. myriophylla Boiss. et Heldr,,
S.olympicaBoiss., S. olgae Grossh., S. ruprechtii
Boiss., S. rutifolia Boiss. Jra rpymma 6biaa
BBIAGACHA HAMM IIyTeM IIPEABAPUTEABHOIO
AHAAM3a OCHOBHBIX OMOMOP(OAOTHYECKUX U
9KOAOTHYECKHX ITOKA3aTeAEH.

S. exilis — y3KOAOKAAbHBIN JHAEMHUK
Topuoro KpsiMa, B Hacrosimee BpeMs
AOCTOBEpPHO U3BECTHBIN 13 AByX AOKAAUTETOB,
PACIIOAOKEHHBIX HAa IMPUSHANHCKUX YIaCTKAX
I0XKHBIX CKAOHOB farmuckont u I'ypsydckoit
afA. B 9KoAOrMUecKOM OTHOIIEHHM 9TO
CTEHOTOIIHOE  pacTeHHe, IPHYpPOUEHHOE
HCKAIOUMTEABHO K IIOABIDKHBIM YYaCTKAMU
U3BECTHSKOBBIX OCHIIENl BEPXHEr0 FOPHOIO
nosica (1250-1350 M Hy.M.), AASL KOTOPOTO
XapaKkTepHA CPeAHErOAOBasi TeMIeparypa
oxoao 3,5°C u cpepHee rop0BOe KOAHYECTBO
0CaAKOB OKOAO 960 MM.

S.  heterophylla  subsp.  heterophylla
BCTpedaeTcsl B KOHTHHEHTaAbHON Ipernum,
Ha OrefiCKUX OCTpOBax M Ha ocTpose Kpur,
[I0 HEKOTOPHIM AQHHBIM AOCTHUTAeT CaMBIX
I0)KHBIX PailOHOB IOrocAaBckoil MaxepaoHuuy,
[IpOH3pacTaeT [P eNMYIIeCTBEHHO Ha
U3BECTHSIKOBBIX cKaAax. S. heterophylla subsp.
laciniata pacmpocrpaHena Ha bBaakarckom
[OAyOCTPOBE K OCTPOBaX  JTeHCKOro
Mopss or Kpura Ha rore a0 PymbiHmm Ha
ceBepe, MPOU3PACTAET HA CKAAAX, OCBHILIX U
AABIIUMCKUX AyTaX.

S. lucida npouspacraer B Maaoit Asuu u
Ha bamwxuem Boctoke, Ha Kunpe, B I'perun
M Ha OTeHCKHX OCTpPOBaX, a TaKXe B IOTO-
BocroyHor MTaamm m B IOTO-BOCTOYHOM
Opannuy, BcTpedaeTcsi Ha U3BECTHIKOBBIX U

CEpIEHTHHOBBIX 3aTEHEHHDBIX CKaAaX, OCHIIAX,
KAaMEHHUCTBIX CKAOHaX, B CyXHux pycaax
BOAOTOKOB, IIPeHMYIeCTBEHHO Ha BBICOTaX
Hmwke 1000 M HYyM., HO HHOTAA MOXeT
aocrurarh 2300 M H.y.M.

S. myriophylla mpusopurcs aast I'penun
u Maao#t A3um, pacTeT Ha U3BECTHSIKOBBIX U
MarMaTH4ecKuX KAMEHHCTHIX CKAOHAX, CKAAAX,
CTa6I/IAH3I/Ip0BaHHbIX OCBIIIAAX B BbBICOTHOM
amamasone 1800-2300 M H.y.M.

S. olympica Bcrpewaercs B Manon
Asum n Ha KaBkase Ha OCHIISX, MOpeHax,
KAaMEHHUCTBIX CKAOHAX, AABITUHACKUX AyTax, IIO
6eperaM I'OprIX py‘-[beB u osep AO BBICOTBI
3685mu.y.m. ITpuBoputcaaasTopaoro Kpeima
Ha OCHOBAaHHHU C€AHMHCTBEHHOTO rep6apHor0
obpasma @.J1. Pympexra, cobpaHHOro B
1861 r. OpHAKO CBeaeHMI O IpeOBIBaHHU
Pynpexra B aroT mepmop B Kprimy Her, Ha
repbapHOil  3THKETKe  BBINIEYKA3aHHOIO
ak3eMIAsipa S. olympica ynomunanus o Kpsive
OTCyTCTByIOT, HHKOTAQ BIIOCACACTBHH ITOT
BHA HAa TEPPUTOPHU PErHOHA He COOHpaAcs,
CIIeqUaAbHBIE IIOMCKH B HpeAHOAaFaeMOM
paiioHe cbopa repOapHOro MaTepuara He
AaAu pesyapraToB. IloaTomy, ckopee Bcero,
yKa3aHUS Ha IPOU3PACTAHUE ITOTO TAKCOHA B
KprMy SABAAKOTCA OIJ.II/I60‘IH}>IMI/I.

S. olgae (Bxarowas S. armeniaca Bordz.
(CHEREPANOV 1995)) mnpuBOAMTCS AAS
Apmenmn u  IOxHoro 3akaBkasps, IO
HeKOTOprM AQHHBIM BCTpe‘{aeTCH U Ha
CeBeproM KaBkase Ha KaMeHHCTBIX MeCTax,
CKaAaX, TaAbKe IO Oeperam o3ep B CpepHEM
M BepxXHeM TIOpHBIX mosicax. S. ruprechtii
npouspactaer Ha Cesepom KaBkase u B
BocrounoM 3akaBkasdbe Ha OCBIISX, MOPEHAX
u CY6aAbHHfICKHX Ayrax B AABITUMICKOM 30HE.
S. rutifolia BcTpedaercst B pasHBIX pailoHax
Kapxasa Ha CKaAax CpeAHEro ropHOro Iosca.

Buomopdororudeckue [IpU3HAKH
S. exilis ©3y9IaANCh KAaK HA XXMBBIX PACTEHUSIX
(12 ox3eMmASpOB W3 MONYASIIIMH  IIOA
I. A)KyHbIH-Kom), TaK M 10 repbapHbIM
obpasmam, cobpanneiv  C.A. CBupuHBIM
u A.D. Poipd B 2012 1. (3 sxsemmaspa),
u TunoseiM obpaspam ILM. ITomaasckoii,
xpausimumcs B repbapun YALT (S pacrenntt).
BBIAM y4YTeHBI TakoKe AHUTEPaTypHBIE AAHHBIE



Ppioo A.J. Ouenka Takconomudeckoro craryca Scrophularia exilis

161

(ITormaaBckas 1931; TopmkoBA 195S;
FATERYGA ef al. 2013). Buomopdoaroruyeckas
XapaKTePHCTHKA  OCTAABHBIX  TaKCOHOB
MPUBOAUTCS TIO AHTEPATYPHBIM CBEACHHSM
(TopmkoBa 1955; Tpoccreim 1967;
RicHARDSON 1972; LaiLL & MiLL 1978;
RAUS 1991; BOJNANSKY & FARGASOVA 2007).

Pe3yAbTaThI M HX 06CYKACHHE

AocrymHoe B AHTepaType OIHCaHHUe
S. exilis, BBIIOAHEHHOe €ro aBTOPOM
I[U. Tonaasckoit (1931: 85), Becbma
KpPaTKO, He H300UAyeT KOAHYECTBEHHBIMU
AAQHHBIMH U TI03BOASIET AOCTOBEPHO OTAHYHTb
pacTeHUs] 3TOrO TAKCOHA TOABKO OT APYIHX
KPBIMCKHUX BHAOB poaa Scrophularia L.
IToppobHOe MOpdoOAOrHUECKOe OIHCaHUE
65170 caeraHo modxe Aast «Daopsr CCCP»
C.I. ToruikoBoit (1955: 289-290). K
COXXAAEHHUIO, BUAMMO, U3-32 MAAOYUCACHHOCTH
M HEAOCTATOYHO XOpoIIefl COXPAaHHOCTH
repbapHbIX CcOOpPOB, a TaKXKe B CBSI3H C
TeM, 4TO aBTOpP He KMeAd BO3MOXKHOCTH
BHAETDb JKHMBblEe PACTE€HHs B IIPHPOAE, B 3Ty
BIIOAHE  KAa4eCTBEHHYIO  XapaKTePHCTHKY
BKPAAUCh HEKOTOpble HETOYHOCTH, KOTOpbIE
BIIOCAGACTBHH, BO3MOXHO, H IIOCAYXXUAH
HPI/I‘II/IHOI;I CHHOHHMU3AIINH TaKCOHa C
6aaxanckuM S. heterophylla subsp. laciniata.

Tak, IO HamIUM AJHHBIM, pacTeHus S.
exilis HeAB3SI CYMTATH TOABIMH, IOTOMY 9UTO
He TOABKO LBETOHOCHI U IJBETOHOXXKH, HO H
BCSI BEPXHSIS 4ACTh, 0COOEHHO 30HA COLIBETHS,
UMeeT AOCTaTOYHO TyCTO€ JKEAe3UCTOe
omymenre. OHO HMeeTCs M Ha 4alleuke,
OTAeAbHBIE TOYEYHble YepHBIE JKEAe3KH
IIPOCMATPUBAIOTCS Ha Kopoboukax. ITo popme
KOpobOYKa He OKPYIAasl, a KOCOSMI[eBUAHAS,
B 3DEAOM COCTOSHHUH IIOBEPXHOCTb ee
CAerKa ceTdyaTas, a He TAaAKas. J3peAble
ceMeHa HECKOABKO 0oAee KpYIHBIE, UeM
ykasaHo Bo «®aope CCCP>», mo popme He
IAAMIITHIECKHE, a AYTOBHUAHO H3O0THYTBIE, B
[IAQHE IIPOAOATOBaTHIe. AaHHBIE 0COOEHHOCTH
Mopdosoruu  S. exilis IPOCMATPUBAIOTCS
Ha ¢oTorpadusax, INPHUBEACHHBIX B Halei
MpeAbIAy e ny6AHKauHI/I o 3TOMY
sonpocy (FATERYGA et al. 2013) u Ha caiite

«ITaanrapuym» (2013). Kpome Toro,
ob6caepoBaHMe IIPUP OAHBIX ITOTIYASIIUH S. exilis
IIOKa3aA0, YTO OKOAO OAHOM TPETH PAaCTEHUH
HaXOAATCA B HpereHepaTI/IBHOﬁ CTapAuH
pa3BI/ITI/I5I, 1o Bceﬁ BUAHUMOCTH, SABASSACDH
IPOPOCTKaMH TeKymero roaa. Ha usydenHsix
reHepaTUBHBIX 0COOSX He OBIAM OOHAPYIKEHBI
OCTaTKu FeHepaTHBHbIX HO6€I'OB HPO].HAI)IX
AeT. To ecTh, BepOsTHO, DOABIIMHCTBO 0CObelt
pa3BHBaIOTC5[ Imo TI/IHy AUIHKANYECKHUX HAU
MAEHOLMKANYECKAX MOHOKApPIIUKOB, a He
TUIINYHDBIX MHOFOAeTHHKOB-HOAI/IKaPHI/IKOB.

CpaBHuTeAbHass  6UOMOpPPOAOTHIECKas
XapaKTepHCTI/IKa HeKOTOprX HeTpO@HTHbIX
BHAOB popa  Scrophularia mo HanbGoaee
IIOKa3aT€AbHBIM AASL nux AUArHOCTHKHU
npusHakaM npusepeHa B Taba. 1.

3akAroueHne

Takum o6pa30M, oueBHAHO, 4TO S. exilis
obaapaer HEKOTOPhIMU  CIleupuieCKUMU
HpH3HaKaMI/I, BBIACASIIOIIMIMH €€ U3 FPYHHI)I
POACTBEHHBIX  BHAOB. JTO  JKEAE3HCTOe
ONylleHHe 4Yalleykd, ¢opMa CTAMUHOAMS,
B CpepHeM 0oAee KpymHas Kopobouka u
AHOMaABHO KpymHble ceMeHa. Kax BupHO
u3 Taba. 1, 9TOT TAKCOH XapaKTepU3YeTCs
TaKKe YHHUKaABHOM KoMOUHaIMen
OHOMOP(OAOTHYIECKUX IIPHU3HAKOB, 4YTO, Ha
HAIIl B3TASIA, HE II03BOASIET CHHOHIMHU3HPOBATh
HAM BKAIOYAaTh €ro B COCTaB KaKMX-AMOO
Apyrux 6amskux BuaoB. K Tomy xe S. exilis
- €AMHCTBEHHBIHN B paccMOTpeHHOMH
rpymnme OOGAMIaTHBIA TASIpeoUT. Y4nuTHIBas

buomMopdosorugeckre ocobeHHOCTH,
CTEHOTOIIHOCTb, A TAaKXKe CYIIeCTBEHHYIO
reorpapuIecKyto  H3OASLUI0  KPBIMCKUX

HOMyASILIME, MbI cuyuTaeM S. exilis xopomo
060cobaenHsM 9HAeMUKOM TopHOTO KpbiMa,
B CBOeM IIPOUCXOXAEHUM, CKOpee BCero,
CBA3AHHBIM C KABKA3CKMM BBICOKOTOPHBIM
LIEHTPOM BHAOOOPA30BaHUS METPOPUTHBIX
TaKCOHOB poaa Scrophularia.
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EVALUATION OF TAXONOMIC STATUS OF SCROPHULARIA EXILIS POPL. (SCROPHULARIACEAE)
BASED ON BIOMORPHOLOGICAL CHARACTERISTICS

Lusov E. RYFF

Abstract. On the base of comparison of nine petrophyte species of Scrophularia by 27 diagnostic biomorphological
characteristics the specific status of the Crimean endemic S. exilis is confirmed.

Key words: Scrophularia exilis, biomorphological characteristics, endemic, the Crimean flora
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YAK 581.4

CTPYKTYPA U XUMHUYECKUM COCTAB TPUXOM
Y ABYX BUAOB DORONICUM (ASTERACEAE)

Oabra KoctuHA * 1 AFoAMUAA MYPABHUK

AHHOTaIlH}I. B HacTosIen pa60Te MeTOAAMU CBETOBOM U SAeKTpOHHOﬁ MHMKPOCKOIIHNH, a TAK)KE THCTOXHUMHH HCCAEAOBAHDI

HEeXKEAE3HCTbIE U 3 THIIA KEASUCTHIX TPHXOM, AOKAAM30BAHHBIX Ha IIBETOHOCE H AMCTOYKAX 00EPTKH Y ABYX BHAOB PACTEHHI
(Doronicum orientale u D. macrophyllum) us Tpu6si Senecioneae cem. Asteraceae. XapakTep pacroAoKeHHsl, MOP$OAOTHS
M QHATOMHMS TPHXOM ABYX BHAOB PasAH4HbBL BbusiBaeno, uro y D. orientale popmupyercsi 3 THIIA KEAESHCTBIX TPUXOM,

Toraa kak y D. macrophyllum toapko 1 Tur. C moMompio GAyOpecIeHTHOM MUKPOCKOIMI U THCTOXMMHUYECKHX TECTOB

6b1A0 TIOKAa3aHO, 9YTO B JKEAE3HUCTHIX BOAOCKAX IPHUCYTCTBYIOT q)eHOAbHI)Ie COCAMHEHNS, TEPIIEHOHADI 1 CECKBUTEPIIEHOBbIE

AaKTOHBL ITOAyUeHHbIE Pe3yABTATHI IIO3BOASIIOT HPEATTOAONKHUTD, YTO CEeKPET TPHXOM UIPAeT POAb XHMHUECKOro bapbepa

AASI HACEKOMBIX U IPHGOB.

Karouessre caoBa: Doronicum orientale, Doronicum macrophyllum, Tpuxomsl, MOPOAOTHS, aHATOMSI, THCTOXHMILS

Bomanuueckuti uncmumym um. B.A. Komaposa PAH, ya. Ilpod. ITonosa, 2, Canxm-Ilemepbype, 197376, Poccus;

*olga.kostina@list.ru

BBeaenne

OaHMM U3 BHAOCIIEIUPUIECKUX TIPU3HAKOB
IIpeACTaBUTeAell ceM. Asteraceae sBAseTcs
MIPUCYTCTBUE HAa PA3AMYHBIX YACTSIX PACTeHHUH
JKEAe3HCTBIX M MPOCTBIX BOAOCKOB (METCALFE

& CHALK 1950), xoropsie CIOCOGHBI
CI/IHTe3I/IpOBaTI> pa3AI/I‘IHbIe XUMHNYCCKHE
coepunenus. Hamboaee xkpynHas Tpuba,

BXOASIASE B COCTaB ceMeiicTBa Asteraceae
— Senecioneae. HexoToprle KpecTOBHHKH
SABAAKOTCA Ba’XKHBIMH AeKapCTBeHHbIMH
pacrenusamu. V3ydeHne ceKpeTOPHDIX CTPYKTYP
Yy TpeACTaBUTEAEH 3TOH TpI/I6bI MIPaKTUYECKU
He IIPOBOAUAOCH. VICKAIOUEHHE COCTaBASIOT
toabko Bupbl Cineraria L. (CRON et al. 2006),
Emilia Cass. (ADEDEJ12008) u Abrotanella Cass.
(SwENsON 1995). B nHameit pa6oTe usydasuch
JKEAE3KH BEreTaTUuBHBIX U perOAyKTHBHbIX
opraHoB y AByx BHAOB Doronicum L. -
D. orientale Hoftm. u D. macrophyllum Fisch.
PacTeHHMsT 9TOTO POAAQ  HCIIOAB3YIOTCS  AO
[IOCACAHETO BpeMEHH KaK AEKOpPAaTUBHBIE.
AaHHbIe 06 UX XMMIYECKOM COCTaBe KaCAIoTCs
TOABKO —TOA3eMHBIX opraHos  (BYAAHIIEB
u Odp. 2012). 3apava paboThl cocTosIAZ B
yCTaHOBAeHHI/I CTPYKTYPHI)IX OCO6eHHOCTeﬁ

© The Author(s), 2014

xeae3ok D. orientale u D. macrophyllum u
OIIPeAEACHHH COCTABA BHIACASEMBIX BEIIECTB.

MarepuaAbl 1 METOABI HCCACAOBAHHI

Pacmumenvnoii  mamepuan. Pacrenusa
D. orientale u D. macrophyllum 6s1am cobpasst
Ha TeppHTOpI/IH Borannueckoro I/IHCTI/ITyTa
mm. B.A. Komaposa PAH, Cauxr-Ilerep6ypr.
C6op Marepraaa ocymecTBAsiAu B uioHe 2013 T,
AASL MCCAGAOBAHUI KCIOAB30BAAU JKEAE3UCThIE
TPUXOMBI, PAaCIIOAOKEHHbIe HA IIBETOHOCE, Ha
AVMICTOYKAX O0epTKM M B OCHOBAHHH AEIIECTKOB
SI3BIYKOBBIX IIBETKOB.

Crxanupyrowas ~ mukpockonus.  JKeaesku
¢uxcupoBasu 3% PacTBOPOM TAyTapOBOIO
aappermpa Ha pocdarHom 6ypepe pH 7.2 m
4% pacTtBOpOM mMapadopMasbAEIMAA Ha BOAE
(1:1) B Tewenme 6 u mpu 0°C, mpoMbIBaAH
TeM ke OydepoM, mnocrouxcuposasn 2%
PacTBOPOM YeTHIPEXOKUCH OCMISA B TedeHue 16y,
00€3BOXXHBAAK B CEPUH CITMPTOB BO3PACTAIOIIEl
KOHIJeHTPAIIH U B aI]eTOHE, 2 3aTeM BbICYIIHBAAH
HPH KPUTHIECKOM TOUKe C HOMOIIBIO YCTPOHCTBA
HCP-2 (Hitachi, ‘Inomus), aHaAmsuposasm
u  ¢ororpapupoBaAM B CKAaHUPYIOUIeM
anekTpoHHOM MuKpockore Jeol JSM 35C (Jeol,
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Snonmus) ¢ yckopsiromum Harpsokernem 14 kV.

Csemosas mukpockonus. Iucroxummdgeckue
TeCThl ~ IPOBOAMAM  HAa  CBEXECPEe3aHHBIX
JKeAe3KAX, HAXOASUIMXCS HA CTAAMU aKTHBHOM
cexpenun. HaOAtopeHHS —OCyIIecTBASAM Ha
¢ayopecrienTHOM MuKpockome Axio Scope.
Al (Carl Zeiss), ocuamenHoM Habopom
dayopecuentrbix  GUABTPOB  (BO36YKACHUE
(BP) 450-490 uM, auxpowusbiit puabtp S10
HM, mEpokonoaocHas amuccus (LP) 515 um)
u Bupeokamepoit AxioCam RMcS (Zeisse,
Germany).

Tucmoxumumeckue  mecmot.  IToardeHOADI
ob6Hapyxusaau B peakuuu ¢ Toluidine Blue 0 mo
3eaeHoMy okpamuBanmio (GUTMANN 1995).

Tepmens! moa, BosaericTBueM peakiu NADI
IprOOpeTaAn $HOAETOBO-CHPEHEBYIO OKPACKY
(Davip & CARDE 1964). CeckpureprieHOBbIe
AAKTOHBI OTNPEAGASAW TIPH  B3aHMOAEHCTBHHU
¢ xonnentpuposantoit HCl mo oparmxeBomy
oxpammBanuio (GEISSMANN & GRIFFIN 1971).

Quryopecyenmnas MUKPOCKONUS.
ABTOdAyopeciieHIIUsT (PEHOABHBIX COEAMHEHHUH
OOHApPYXXMBAAACh HA  CBEXEM  MaTepHaAe
6e3 AOIIOAHUTEABHOTO OKpAIIMBaHUS
$AyopecleHTHRIMU MapKepaMH.

Pe3yAI)TaT])I H X OGCY)KACHI/IC

Mopdgporozusa

Y D. orientale upucyrctsyer 3 Tuma
JKEAE3UCTBIX TPHXOM, KOTOpblE DPa3AUYAOTCS
MeXAYy COOOH IO  YHCAY ¥ XapakTepy

PACIIOAOXKEHHSI KACTOK TOAOBKH. B >Keaeskax
1-ro THma TOAOBKa COAEPXKHT OT 3 A0 S KAETOK
(Puc. 1 A), COCTaBASIIOIITUX OAMH CAO¥T; 2-TO THITA
—2-3xaetku (Puc. 1 B); 3-ro Trma Toxe 2 KAeTKH
(Puc. 1 B). TOAOBKHM BCeX THIIOB OIHPAIOTCS HA
AAVHHBIE ABYPSIAHBIE HOXKHU. TPI/IXOMI)I 1-ro
THNa — Hanboaee KpymHbie (AHAMETp UX FOAOBKH
65 MKM, BHICOTa HOXKH 127 MKM), TPHXOMbI 2-TO
U — MeHbmero pasmepa (d=54 mxm, h=110
MKM), 3-T0 THITa — Meakue (d=25 mxm, h=80 mxm).
Y D. macrophyllum ¢$opMUPYIOTCS TPHXOMBI
HpeI/IMYIJ.IeCTBeHHO OAHOTO THIIQ, HWMECIOINHUE
2 KAETKM TOAOBKM Ha 6OAee AAMHHBIX HOXKKAX
(d=4S5 mxm, h=300 mxm) (Puc. 1 T, A). Ouens
PEAKO BCTPeYAIOTCS 3-X KACTOYHbIE TPUXOMBL

Anamomus

Y D. orientale >xeae3ucTsie TPHUXOMBI 1-ro
T (POPMUPYIOTCSI B pe3yAbTaTe OAHOTO
AHTUKAMHAABHOTO  AGACHHS  HHHIJHAABHOM
KAGTKH, CEepUH IEePUKAMHAABHBIX ACACHUI
AOYEpHHX KAeTOK U 1-3 aHTHUKAMHAABHBIX
AGAGHHI TEPMHHAABHBIX KAETOK, KOTOpBIE
BIIOCACACTBHH AuppepeHIupyIoTCs KakK
CeKpeTOpHble. 3peAble CEKpPeTOPHbIE KAETKH
MOTYT HMETb KOHYCOBHAHYIO HAH OprI'AyIO
dopmy. B meHTpe TOAOBKH ObOpasyercs
YalmeBUAHOE yI‘Ay6AeHHe, B KOTOPOM MOXeT
CKAIAMBaTbCsA ceKkpeT. B Tpuxomax 2-ro Tuma
CeKpeTOpHbIe KAeTKH OKpyraoit popmsr. Kaerku
FOAOBKH JKEA€30K 3-TO TUIIa UMEIOT OKPYTAYIO
dopmy. Y D. macrophyllum xaeTku roAOBKH
uMeloT 6060BUAHYI0O GOPMY C yraybaeHHeM B
LieHTpe.

Y BCeX THIIOB >KeAe30K CeKpeTOPHBIE KACTKU
U HECKOABKO BEPXHHX KAETOK HOXKU HMEIOT
IIAOTHYIO IHTOIIAA3MY, XOPOH.IO Bpra)KeHHbIe
siapa 1 BakyoAun. Ha HOBEpXHOCTH TIOAOBKU
popMupyeTCst CyOKYTUKYASIPHASI TOAOCTD. B Helt
HAKAIIAUBAETCS CEKPeT, KOTOPHIN BBIBOAUTCS Ha
HOBEPXHOCTh IIyTeM MEXaHHUYEeCKOTO pa3pbiBa
KYTHKYABL ITOAOOHBIN CIIOCOO HAKOIAEHHS
U BBIBEACHHS CEeKpeTa SBASETCA o6mmMM
IPH3HAKOM AASL XKEA30K MHOTHX CEeMEFICTB, B
TOMYHCA€ U AASLTIPEACTABHTEACH CeM. Asteraceae
(ASCENSAO & Pais 1982; PAGNT 1995; PAGNI
et al. 2003; CICCARELLI et al. 2007).

VY u3ydeHHBIX HamMu BUAOB Doronicum Bce

JKEAE3KHM MHOTOKAGTOUHbIE M  ABYPSAHbIE,
4To XapaKTepHO AASL CEeKpeTOPHBIX
CTPYKTYp TIpeacTaBuTeseil ceM. Asteraceae

(nanpumep, y Bupo Chrysolaena H.Rob. -
APPEZZATO-DA-GLORIA et al. 2012, Artemisia
annua L. — Duke & Paur 1993, Matricaria
chamomilla L. - ANDREUCCI et al. 2008).

Xapaxmep pacnoroxcenus mpuxom

YV D. orientale xxeAe3UCTbIe 1 HeXXeAE3HCThIE
TPUXOMBI ~ PACIIOAATalOTCSl HAa  IIBETOHOCE,
AUCTOYKAX OOEPTKH M B OCHOBAaHHU AEIIECTKOB
SA3BIMKOBBIX IIBeTKOB. Ha 11BeToHOCe M AMCTOUKAX
00epTKU IPUCYTCTBYIOT BCe TPH THIIA TPHXOM,
IPH 9TOM II0 YUCAY IIpeobAapaeT 1-biit Tur, 2-0i
THII BCTPEYAETCS pexke M He PEryAIpHO, 3-Hii TUII
SIBASIETCSI HANOOACE PEAKHM; KPOMe TOTO, 4aCTO
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Puc. 1. MopdoAaorudeckyie TUITB KEAE3UCTBIX H HeXeAe3HCThIX TpuxoM y Doronicum orientale (A-B, E) u D. macrophyllum
(LA):A- TpuxoMa 1-ro tuma; b — Tpuxoma 2-ro ruma; B — Tpuxoma 3-ro tuma; I' — 2-kaeTouHas TprxoMa; A — o6t
BHA Kpast AucTouka obepriu; E — mpocroit Bosocok. Macmrabusie annesiki: A-T, E — 50 mxm; A — 200 MM,

Fig. 1. Morphological types of the glandular and non-glandular trichomes in Doronicum orientale (A-B, E) and
D. macrophyllum (I, A): A — 1*-type trichome; B — 2™-type trichome; B — 3"-type trichome; T' - 2-celled trichome;
A - common view of the phyllary edge; E - a simple non-glandular trichome. Scale bars: A-T, E — 50 ym; A — 200 pm.
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BCTPEYAIOTCSI  ABYPSAHBIE, MHOTOKAETOYHbBIE
Hexeaesucrbie Tpuxomsl (puc. E). B ocnosanun
ACTIECTKOB  (OPMHPYETCSI TOABKO OAHH THII

tpuxoM (Puc. 1 B). Y D. macrophyllum tpuxomsr

00pas3yroTcsi Ha IJBETOHOCE U AMCTOYKAX
obepTKH.
T'ucmoxumusa

Ha >xuBoM Marepmase »xeAae3ku 1-ro Turma
HMEIOT SIPKO-XXEATYIO OKPACKY, eAe3KH 2-TO H
3-TO THIIOB OKpAIIeHBl B CBETAO-3EACHBIH IIBET.
MOXHO IIPEAIIOAOKHTB, YUTO eCTeCTBeHHas
OKpacKa >KeAe30K 1-ro THIIA MOXeT ObITh
00yCAOBAGHA CHHTE30M KAKHX-TO AHITHAHBIX
coepnHeHuit. AasBcex TunoB Tpuxom D. orientale
OBIA IIPOBEAEH PSIA TUCTOXHMMUYECKUX TECTOB 110
BBISIBAGHHUIO PA3AMYHBIX BemecTs. B pesyabrare
YCTaHOBAEHO, YTO B CEKPETOPHBIX CTPYKTYpax
PasHBIX THIOB NPHUCYTCTBYIOT OAMHAKOBBIE
COGAMHEHHS], OAHAKO MEXAY THUIIAMU HUMEIOTCS
HEKOTOpBle Pa3AMYHs, KOTOpPbIe BBIPAXKAIOTCS B
CTeIIleHH aBTOQAYOPECIeHIUH, B AOKAAM3AIIUH
KpacHTeAell M MHTEHCHBHOCTH OKpAIIMBAHILI
HMHU.

ITocae mpuMeHeHNS TOAYMAUHOBOTO CHHETO
MOAM(EHOABl  IJUTONAA3MBI  OKPAITHBAIOTCS
B MAaAAXHTOBBIM IIBET, a CEKpPeT TPHXOM — B
TeMHO-cuHUI. Hamboabliass KOHIEHTparusa
NOAU(EHOAOB M TAHWHOB HAOAIOAQETCS B
CEKPETOPHBIX KAETKAX TOAOBOK H B BEPXHHX
KAeTKaX HOXKH. VIHTeHCHMBHas  3eAeHas
aBTOdAyOpecIeHIHs, XapaKTepHas AAST
($EHOABHBIX COEAMHEHHI, OOHApPYKUBAeTCS B
CeKPEeTOPHBIX KACTKAX M B BEPXHHX KAETKAax
HOXKH. K3BecTHO, uTO LBeT (AyopecleHIUN
3aBUCHT OT THUIIA (EHOABHBIX COCAMHEHHH, OH
MOXET OBITb TEMHO-KEATHIM, 3€A€HBIM HAU
FOAyOBIM IIPM OCBEIeHHH YABTPAPHOACTOM
¢ aamHONl BOAHB 365 HM (COMBRINCK
et al. 2007). TeprieHOMABI AAIOT PHOAECTOBYIO
OKpacKy B OOOAOYKAX U CYOKYTHUKYASPHOI
IIOAOCTH, CECKBUTEPIIEHBI BBIIBASIIOTCSA IIO
OpaH)XeBOMY I[BETY IIUTOIAA3MBI CEKPETOPHBIX
KAETOK TOAOBKM M BEPXHHUX KACTOK HOXKH.
B cexper D. orientale BXOAST pasAMYHBIE
$eHOAbHbIE  COEAMHEHHS, TepHeHOHAbl MU
CeCKBUTEpIIEHOBble  AAKTOHBL  I10AOOHBI
XUMHUYECKHI COCTaB XapaKTepeH AAS MHOTHX
IIpeACTaBUTeAeH ceMelicTBa: Artemisia

umbelliformis Lam. (CAPPELLETTI et al. 1986),
Salvia officinalis L. (COrs1 & BOTrEGA 1999),
Inula viscosa (L.) Aiton (NIKOLAKAKI &
CHRISTODOULAKIS 2004), Chrysolaena obovata
(Less.) M. Dematteis (APPEZZATO-DA-GLORIA
etal. 2012).

3akArouenmne

Takum  06pasoM, Ha  IIOBEpPXHOCTH
BE€reTaTUBHbIX H perOAyKTI/IBHbIX OpI‘aHOB
pacrenuii Doronicum BcTpedaeTcsi HECKOABKO
THUIIOB >KEA€3HCTBIX CprKTyp, KaK U y ApyI‘I/IX
IIPEACTAaBHTEAEM 9TOrO CeMeMCTBa (HEINRICH
et al. 2002; APPEZZATO-DA-GLORIA 2012).
BbIAeAﬂeMbIe JKEAE3KaMHt TepHeHOI/IA,bI u
q)eHOAbeIe COCAUHECHU MOI‘YT BBIIIOAHATDH
paSAI/I‘IHbIe (l)yHKLIHH OHHN MOI'yT 3allHIIaTh
BE€reTaTuBHbIC U perOAYKTI/IBHbIe CTpYKTYPbI
OT TIOeAAHMS HACeKOMBIMHU-BPEAUTEASIMH, a
TAlOKe HIPAIOT POAb AHTHOAKTEPUAABHOIO U
yHrunuaHOro 6apsepa.
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STRUCTURE AND CHEMICAL CONTENT OF THE TRICHOMES IN TWO DORONICUM SPECIES
(ASTERACEAE)

OLGA V. KosTINA * & LyupMiLA E. MURAVNIK

Abstract. Non-glandular and three types of glandular trichomes localized on a peduncle and the phyllaries of two species
(Doronicum orientale and D. macrophyllum) belonging to Senecioneae tribe of Asteraceae were studied by light and
electron microscopy, as well as on histochemistry. The plant species differ on the trichome morphology, anatomy and
arrangement. Three types of the glandular trichomes are formed on the vegetative and reproductive organs in D. orientale,
whereas only one type exists in D. macrophyllum. It was shown by fluorescent microscopy and histochemistry that the
phenolic substances, terpenoids and sesquiterpene lactones present in the glandular trichomes. The received results allow
assuming that secretion of the trichomes is a chemical barrier to insects and fungi.

Key words: Doronicum orientale, Doronicum macrophyllum, trichomes, morphology, anatomy, histochemistry

Laboratory of Plant Anatomy and Morphology, Komarov Botanical Institute of Russian Academy of Sciences, Prof. Popov str. 2,
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YAK 581.4

CTPYKTYPADSAEMEHTAPHOT O MOAYAA
SOLANUM DULCAMARAL.

Mruna A. J)KyPABAEBA 1 HATAABS I1T. CABUHBIX

Annotanus. Paccmorpenst crpykrypst (Meramepst) Solanum dulcamara Ha ypoBHe 9AeMeHTapHOTO MOAYASL. BriaeaeHst

NPU3HAKK AAS BHIIBAGHHS HX BapHabeAbHOCTH. Bripeaeno 44 BapumaHTa MeTaMepoB. AaHa XapaKTEPHCTHKA OTACABHbBIX

TIPUBHAKOB: THII 6OKOBOTO OpraHa (AMCTa CPEAMHHO# GOPMAIIHK) U TIA3YIIHOH CTPYKTYpb! (IOYKa, MO6eT, CepHaAbHbI

KOMIIAGKC), CTETIeHb Pa3BUTHS TeHePATHUBHBIX OPTAaHOB, HAAMYIE ¥ TUIl KOPHEH.

Karouessre caoBa: Solanum dulcamara, MOAyAbHasi OpraHHM3ALMsl, SAEMEHTAPHDIA MOAYAb, METaMep, AUCT, [a3ylIHAs

CTPYKTYPa, CEpUAABHBIH KOMIIAEKC, COI[BeTHE, KOPEHb

Bamckuil zocydapcmesennuiil eymanumapruiii ynusepcumen, kagedpa 6uorozuu, yr. Aenuna, 198, Kupos, 610007, Poccus;

S-dulcamara@yandex.ru
BBeaenne

TeodpacT B cBOe BpeMs OIMCHIBAA pacTeHUE
KaK <«... HEUYTO MHOroOOpasHOe, CAOKHOE U
TPYAHO TOAAAIOIEeCs] OOIMM OIpeAeACHHUSIM:
AOKAa3aTeAbCTBOM 3TOTO SBASIETCA TO, YTO
Yy PpacTeHHs HeT HH OAHOH YacCTH, KOTOPYIO
MOXXHO CYMTAaThb OOIIef AASl BCEX PACTEHHII...
HU KOpeHb, HU CTe0eAb, HU Pa3BeTBACHIUE, HU
He SABASIOTCS

pacTeHmii»>

BETKH, HU AWCTbsA, HU IBETHI...
HpHHaAAe)KHOCTbIO BCexX
(Teo®PACT 1951: 14).

Hp06AeMa MBICA€HHOTO pvaAEHeHI/Iﬂ TE€Aa
pacTeHHsI Ha CTPYKTypHble OAOKH OCTaeTcs
aKTYaAbHOfI U CETrOoAH:A. BaxapiM sTamom k
PELIeHHUIO 9TOM IIPOOAEMbI CTAAU IIPEACTABACHIS
o Pa3AeAeHHI/I BCexX OpraHI/IBMOB Ha2 I'PYHHI)I Ha
OCHOBE HX CTPYKTYPBL: MOAYABHBIE U YHUTAPHBIE
(HALLE & OLDEMAN 1970; HALLE et al. 1978;
HARPER & BELL 1979).

C orofl TOYKM 3peHUS] pacTeHHe —
HPOCTPaHCTBeHHO‘BPeMeHHaﬂ MOAYAbHaH
CHUCTEMaQ, COCTOAIIasz nus3 HOBTOPﬂIOH.H/IXCﬂ
JAEMEHTOB — MOAYAefI Pa3H0rO paHra nu
pa3H017I CTEIIeHN HHAHBHAY&AHE}OB&HHOCTH
(IllagpaHOBA m TaTIVK  1994). Ora
CucremMa OTANYAETCA OTKprTbIM pOCTOM,
HUMEET TEAO, COCTOAIIECE U3 Ha60pa OCHOBHBIX
KOHCTPYKI_II/IOHH]JIX IAEMEHTOB, YHCAO KOTOP])IX
‘IpeSBbI‘lafIHo U3MEHYMUBO, a HX pa3BHTHe

© The Author(s), 2014

3aBHCHT OT B3aMMOAEHCTBHSA CO CPEAOIL.
CoBpemenHsIe 6roMopdoaoruueckue
HCCAGAOBAHHS IIOKA3BIBAIOT, YTO HamboAee
3HAYUMBIMU AASl XapaKTePUCTHKH, CpPaBHEHMA
U OIIeHKH 3BOAIOIIMOHHBIX B3aMMOOTHOIIEHUH

6roMop¢, a TaKXkKe AEMOHCTpaLUK
MOpP$OAOTHIECKOH HOAMBAPHAHTHOCTH
SABASIIOTCS Tpu KaTeropuu MOAYA€H:

OA€MEHTAPHBIN, YHMBEPCAAbBHBII M OCHOBHOM
(CaBunbIx 2002, 2006).

Haumenpiein HepeAMMON 4YacThIO TeAa
pacTeHusl SBASIETCS SA€MEHTApHBI MOAYAb —
aaeMeHTapHblit MeTamep (Tepm.: BAPBIKMHA U
T'YAEHKOBA 1983) — wacTb mobera, cocrosimas
M3 AMICTA C TIa3yLITHOM MOYKOM M MEeXKAOY3AHSL.

Hacrosimee coobieHre MOCBSIIEHO
M3Y4YEHUIO CTPYKTYPBl A€MEHTApPHOIO MOAYAS
(meTamepa) Solanum dulcamara L.

MaTtepnaAbl H METOABI HCCACAOBAHHH

O6mbexT wuccaepoBanus - S. dulcamara
(macaén CAaAKo—ropbKHﬁ) — AeTHE3eAE€HBbIN

BEreTaTUBHO-IIOABMDKHBIA  IIOAMKAPIIMYIECKUM
AAVMHHOKOPHEBHIIHbIN AVAaHOBHUAHBIN
ITOAYKYCTapHUK C CUMIIOAVAABHO

HapacTalollMMH B TEYEHHE BETETAIMOHHOIO

CE€30Ha U B Pa3H0171 CTEIIEHN OAPE€BECHEBAIOIINMHU

OCSMHU U3 CEPUU MOHOKAPIIMIECKUX mo6eros.
I/ICCAeAOBa.HI/Ie OCHOBAaHO Ha H3Yy4YE€HHUHU
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Ta6a. 1. TTpusHaku AAs BBISIBAEHUSI BAPHAOEABHOCTH 9AEMEHTAPHOTO MOAYASL.

Table 1. The signs to identify the variability of elementary

module.

ITpusnak

XapaKTepI/ICTI/IKa MeTaMmepa

Tum aucra Karapuaa |

ITapaxarapuan AucT cpepAMHHO# QpopMaIu

Tun masyuxoi

CTPYKTyPBI

CepuabHbIi .
CepuaabHbIT
KOMITAEKC M3 rmobera

Tlouka TToGer oboraenwst KOMIIAEKC U3 ABYX

oboramenus u
noberos oboramenus

IIOYKH

Crenenb pa3BUTHSL

Couserue B pase 6yToHU3aUM Cousere B (ase [iBeTeHUS
reHepaTUBHBIX OPraHOB
Haauune xopneit Ectp Her
Pacrioaoxxenue xopHueit Y3aoBbIe | Bueysaosrie | Y3A0BbI€ U BHEY3AOBbIE
Tun xopHreit Byprie neperpamuecs | 3eAéHble BeTBAMIECS

MaTepHaAOB cOOCTBeHHBIX cO0poB B Kuposckoit
(2009-2012 r.r.), SIpocaasckoii (2010-2013 r.r.)
u Hmwxeropopckoit (2010-2011 rr.) obaactsx,
aHaamnse Gpoup0B repbapues LE, MHA, SYKO,
IBIW, TK, NS, NSK, MWV, MOSP, SYKT u
repbapnoit koasekuuu BarI'TY.

B nccaepOBaHMH IPUMEHSAAM CPaBHUTEABHO-
mopdoaoruueckuit metop, (CEPEBPSIKOB 1952,
1954), TeOpHMIO MOAYABHOM OpTaHHM3ALIUM
H.IL. CaBusbix (2002, 2006). Ilpu anasuse
AUCTa CPEAMHHOH (OpMaIlMM HCIOAb30BAAU
moaxoast  HUIL.  Kpeuke — (1933-1935),
C.B. MeiteHA (Meyen 1973), B.B. KoroHbI 1
A.T. BAcuabEBA (2007).

Pe3yAbraTsI 1 HX 00CYy>KAEHHE

B pesyapraTe HCCAGAOBAHHA MOAYABHOM
OpraHM3aLMM  IIaCA€HA  BBIABAGHO,  4UTO
HAHOOABIIMM  Pa3HOOOpasueM OTAMYAIOTCS
CTPYKTYPbI HA yPOBHE 9ACMEHTaPHOT'O MOAYASL.
Bcero nacunrpiBaercs 44 BapuaHTa METaMepOB,
KOTOpBIe BBIAGAGHBI II0 PSAY IIPH3HAKOB
(Taba. 1).

Bcé ux pasHooOpasve OCHOBAaHO Ha 3-X
MeTaMepax C AAMHHBIM MEXAOY3AMEM, Y3AOM,
[a3yIIHON IIOYKOH, BBIAGACHHBIX IIO THITY
6oxoBoro oprana (AncTa): HU30BOM pOpPMALHK
— xarapuara (Puc. 1 a), mepexopHoro Tuma
— mapakaradpussa (Puc. 1 6) u cpeaunHOI
dopmanmu (Puc. 1 B). Ilepsbie 2 BapmaHTa
9AEMEHTApPHBIX MOAYAEH BKAIOYAIOT A0 7
Pa3AMYHBIX METaMepOB, BBIAGACHHBIX IIO
HAAMYHIO  CTEOACPOAHBIX  IIPHAATOYHBIX

KOPHell 1 X TUITy. B oTAnume oT HUX, MeTaMep
3-ro tuma (Puc. 1 B) oTamvaercs 6oabureit
H3MEHYMBOCTBIO M HAacuuThiBaeT A0 30
BapHaHTOB. IIpH3HAKAMH AASL MX BbIAACHHS
CAY>KMAM: THII IIa3yIIHOM CTPYKTYPHI, CTEIICHD
eé pasBUTHS, HAAMYME M THI CTeOACPOAHBIX
IPHAATOYHBIX KOPHeH.

Oco0blit MHTepec IpeACTaBAseT OOKOBOM

OpraH 9AEMEHTAPHOLO MOAYAS —  AHCT
cpeaunnont  ¢popmanun. Aast S. dulcamara
CBOJCTBEHHO sIBA€HUE rerepo$UAANH

(KoroHA u BacuAbEB 2007), Tak Kak B
IPeAeAaX OAHOTO MOHOKApIH4YeCKOro mobera
MOXKHO IIPOCAEAHTH OOINYI0 TEHAEHIHIO K
YCAOXKHEHHIO ACTOBOH MAACTHHKH OT IIeABHO
AO PACUAeHEHHOM Ha AOIIACTH, AOAH, CETMEHTEHI
(Puc. 2). C.B. Meiten (MEYEN 1973) aromy
IPOIecCy MPUCBOUA Ha3BaHHe «ITHMHHAIUS».
Hauboapimnil HHTEpeCc HMpPUBAEKAET CXeMa
C.B. Meitena (MEYEN 1973), xoTopas
[TOKa3bIBaeT BapUAHTHI pacyAeHeHHs
AUCTbEB U APYTHX YIAOLIEHHBIX YacTell TeAa
pacrenus (Puc. 3). B Heit Mbl HAIAM AMHHIO
peo6pa3oBaHMUS AUCTbEB [TACAEHA OT IIPOCTOTO
(Puc. 3 1) k mepucTO-pacce4éHHOMY C IATBIO
cermenramu (Puc. 3 S). D10 panemumdeckuit
P$1A, TAK KaK AUCTBSI PaCYA€HEHBI CHMMETPHYHO.
IToMuMO Hero cymecTBYIOT Ae€BOCTOpPOHHee
U IIPAaBOCTOPOHHEE PACIIOAOXKEHMEe HAAPe3OB,
KOTOpble B IIPUPOAE BCTPEYAIOTCS TOPA3AO
vame (KPEHKE 1933-1935). Y mnacaéna
U3 IIePUCTO-AOIIACTHBIX MBI OOHAPYXKUAH
BApHAHTBl AMICTHEB C AOIIACTBIO AHOO CIIPaBa,
AU0OO CAeBAa OT LIEHTPAABHON JXHUAKH, AHOO C
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Puc. 1. BapuaHTbl 9AeMEHTAapHBIX MOAYAEH: a — MeTaMep C AAMHHBIM MEXAOY3AHMEM, Y3AOM C IIa3yIIHOH IOYKOM H
KaTraQuAAOM; 6 — MeTaMep C AAMHHDBIM MEXAOY3AHMEM, Y3AOM C IIa3yIIHOM IOYKOM U IapakaTaduAAOM; B — MeTamep
C AAMHHBIM MEXKAOY3AMEM, Y3AOM C IA3yUIHOM ITOYKOH M AUCTOM CPEAMHHON ¢popManuu. 1 — y9acTOK IPOIIAOTOAHETO
nobera; 2 — mofer TeKyljero ropd; 3 — IICEBAOAATEPAABHOE COLBeTHe; 4 — PeAyLMPOBAHHOE IICEBAOAATEPAABHOE
couBeTue; S — OTMePIIMI AUCT CPEAMHHOM popManum; 6 — KaTaQUAA C MA3YIIHOM IIOYKOM; 7 — MapakaTadUAA C Ma3yIIHOM
MOYKOH; 8 — AMCT CPEAMHHOH $pOPMalUK C NA3yNIHON MMOYKOH; 9 —IPHAATOYHBINA KOPHHU, CGOPMHUPOBABIIHECS Ha CyIIe;
10 — mpUAATOYHDIN KOPHH, COOPMUPOBABIIHECS B BOAL.

Fig. 1. The variants of elementary modules: a — metamere with internodium elongatum, a node with axillary bud and
cataphylls; 6 — metamere with internodium elongatum, a node with axillary bud and paracataphylls; B — metamere
with internodium elongatum, a node with axillary bud and middle leaf formation. 1 — part of the shoot of the last year;
2 - shoot of the current year; 3 — pseudolateral inflorescence; 4 — reduced pseudolateral inflorescence; 5 — dead middle
leaf formation; 6 — cataphyll with axillary bud; 7 — paracataphyll with axillary bud; 8 — middle leaf formation with axillary
bud; 9 - adventitious roots formed on the land; 10 — adventitious roots formed in the water.

06enx cTropoH ot Hee. M3 epHCTO-pasAeABHBIX
MBI BCTPETHAM Te 5>KE& CaMmble BapHAHTHI
PACIIOAOXKEHHUSI AOAH, 4TO M y IepHCTO-
AOIIACTHBIX. Y IIEPHUCTO-PACCEYEHHDBIX AUCTbEB
MOXXHO OTMETUTb HauGoAblllee pasHOObpasue
pacmoaoxeHust cermeHToB. Kpome BapuanTos,
[IepEeYHCACHHBIX BbIlle, OOHAPYKEHBI AUCTBSI
C ABYMsI CErMEHTAaMH CIIPaBa OT L}eHTPAAbHOI
JKUAKH, ABYMSI CETMEHTAaMH CIIPaBa U OAHHM
CAeBa, AByMsI CIIpaBa M ABYMsI CA€Ba OT Heé.
Takum obpasom, v S. dulcamara moxuo
HabAIOAQTb BCe IIEPEXOABL B CTPYKTYpe AUCTA
OT 1]€ABHBIX IIPOCTBIX AO IIEPUCTO-PACCEYEHHBIX
C ABYMs, TpeMs U IIITBIO CerMeHTaMH.
BO3MOXHOCTb HAGAIOACHUSI BCEX BapHAHTOB

CTPYKTYpPbl Y OAHOTO IIOAYAPEBECHOTO BHAQ
IIO3BOASIET TIPEATIOAOXKUTh BO3HMKHOBEHHE UX
KaK IIpeapanTanuil y ApeBecHbIX Gopm.

Eme opuH mpu3HaK, o KOTOPOMY BRIAEAEHO
4 Tuma MeTaMepoOB C AMCTOM CPeAMHHOMH

dopManMu -~ THI MA3yNHOH CTPYKTYpHL
IToMumo masymHoM MMOYKM, Y TIacA€Ha
BO3MOXXHO  (OpMUPOBaHME  CEPHAABHOTIO

KOMIIAeKCAa u3 mobera oborameHuss
cepuaspnoit mouku (Puc. 4) ambo us AByX
HOo0eroB OOOTalleHUs] B CAyYae peaAUsaluu
cepuaabHON mmouyku B mober. CepuaabHas
nouka (Puc. 4 3) HaumHaeT CBOE pasBuTHe
nocae Toro, kak mober o6oramenus (Puc. 4
2) mepeiaér k uBereHuto. JacTo OCeHbIO OHA
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Puc. 2. BapuaHTb! AUCTbeB cpeAnHHOM $popManuu Solanum dulcamara: a — [jeAbHBII AUCT; 6 — PA3ACABHBIN ACT C TPEMsi
AOASIMH; B — PACCEUEHHBIN AUCT C TPEMSI CETMEHTaMU; I' — PACCEYEHHBIN AUCT C IATHIO CErMEHTaMH.

Fig. 2. Variants of the leaves from middle formation in Solanum dulcamara: a — entire leaf; 6 — divided leaf with three
shares; B — dissected leaf with three segments; r — dissected leaf with five segments.
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TOXKE Pa3BUBAETCS B IIODeET.

IToMnMO paccMOTpeHHBIX BbIIIe IPU3HAKOB,
10 KOTOPBbIM BbIAEASIEM BapUAHTHI METaMepOB
y macA€Ha, CYLIeCTBYIOT U APYTHe, TaKHe Kak
CTelleHb pa3BUTHs TeHEepPATUBHBIX OPraHOB,
HAAMYHE M THUI CTeOAEPOAHBIX IPHAATOYHBIX
KOpHeH. At IpHU3HAKH SBASIIOTCS
AAANTHBHBIMM M IO3BOASIIOT ~ IIPOBECTH
TPaHUIly MeXAYy Ha3eMHON M IPHOPeXHO-
BOAHOU (BoAHoﬁ) akobuomopdoit Bupa. Tak
B OOABIIMHCTBE CAy4aeB II00eru macAéHa
I[BETYT U IIAOAOHOCST, OAHAKO, Pa3BHBAsCh
IIOAHOCTBIO B BOAHOH CpeAe, COILBETHe
Pa3BHUBAETCS AMIND AO CTAAHM OyTOHU3ALIUML.

B Toxe Bpemst B Boae popMHUpYeTCs 0COObIi
THII IIPUAATOYHBIX CTEOAEPOAHBIX KOpHETt, I1o-

Puc. 3. Opurunasssas cxema C.B.
Meitena (MEYEN 1973): annus 1-2-3 -
IIEPEXOA OT MPOCTOIO AUCTA K BHABYATOMY
(dypxrauus); Amnms 1-4-5-6 u AmHHs
1-4-5-9 - mepexop OT IIPOCTOTO AMCTA
Kk mepucTomy (MMHHALWA); AMHES 1-4-
7-8 — mepexop OT HPOCTOTO AMCTa K
naabdaroMy (IaAbMarms).

Fig. 3. The original scheme of SV. MEYEN
(1973): line 1-2-3 - transition from
simple leaf to bifurcated leaf (furcations);
line 1-4-5-6 and line 1-4-5-9 -
transition from simple leaf to pinnate
leaf (pinnations); line 1-4-7-8 -
transition from simple leaf to palmate leaf
(palmations).

BHAMMOMY, BBIIIOAHSIOIUX He TOABKO (yHKIIHIO
3aKpeIACHUS U MHHEpPaAbHOTO IHTAHMS, HO H
poToCHHTe3a U ABIXaHUS 0AAroAapsl HAAMYUIO
XAOPOPHAAQL.

3akAroueHHE
Takum  obpasom, y S.  dulcamara
Ha  ypOBHE  OAEMEHTAPHOLO  MOAYAS
HACcUUTHIBAeTCS 44  BapuaHTa  CTPYKTYp

(MeTamepos). IToAMBapHAHTHOCTD MeTaMepoB
obecrednBaeTCAPSIAOMIIPUZHAKOB, OCHOBHBIMH
U3 KOTOPBIX SIBASIIOTCSL — THI OOKOBOH U
a3yLIHOM CTPYKTYpbL Beicokoe pasHoobpasue
OTIPeACASIIOT M APyTHe IPH3HAKH, HapuMep
CTeIleHb Pa3BUTHs I'€HEPaTHBHBIX OPTAHOB U
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Puc. 4. Yactb cummopnasbHoit ocu (a, @), yBeAUYeHHbIH y4acTOK C CepHAAbHBIM KOMIIAGKCOM B masyxe aucta (6), u
TIOTIepeYHbIil Cpe3 Uepes KPOIONIHEt AUCT, CEPHAABHYIO MOUKY U mober oboramenus Solanum dulcamara (8): 1 — mo6er
BO300HOBAEHHS; 2 — mober oboramenus; 3 — CepHaAbHAs II0YKA; 4 — KPOIONINI BEPXHUIT ANCT IT06era BO30OHOBACHHS;

S — conBerne.

Fig. 4. The part of sympodial axis of (a, a’); the enlarged fragment with serials complex in leaf axil (6); and the cross-
section through the coating leaf; serial bud and enrichment shoot of Solanum dulcamara (8): 1 — shoot of resumption;
2 - shoot of enrichment; 3 — serial bud; 4 — coating topleaf of the shoot of resumption; § — inflorescence.

HaAHM4IME, PACIIOAOXXEHHE M THIL CTe6Aep0AHbIX

HPI/IAaTO‘IHI)IX KOPHeﬁ, SABASOIINECA
apanTUBHBIMA. B meaoM  BapuabeAbHOCTH
MeTaMepoB  obecreunBaeT  pasHOOOpasue

CTPYKTYp Ha YpOBHe YHHBEPCAABHOIO H
OCHOBHOTI'O MOAYAEH, YTO ITO3BOASIET PACTEHHUIO
CYyIIeCTBOBATh B H3MEHSIOUIUXCS YCAOBHSIX
CpeABL
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STRUCTURE OF ELEMENTARY MODULE OF SOLANUM DULCAMARAL.
IRINA A. ZHURAVLYEVA & NATALYA P. SAVINYKH

Abstract. The structures (metamers) of Solanum dulcamara at the level of elementary module have been studied.
The features for identification of their variability have been ascertained. 44 variants of metamers are described. The
characteristic is represented for such individual features as: the type of lateral organ (leaf of a middle formation) and
axillary structure (bud, shoot, serial complex); the degree of development of the generative organs; and the presence and

type of roots.
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OCOBEHHOCTHU OHTOTEHE3A HEKOTOPBIX
BHAOB POAA RORIPPA SCOPOLI (CRUCIFERAE)
B YCAOBUX IIOA3O0HBI FOOKHOM TAUTHU

CBETAAHA IITABAAKUHA

Annoranus. B onrorenese Rorippa amphibia (L.) Bess., R. palustris (L.) Bess. u R. xanceps (Wahlenb.) Reichenb.
OIMCAHBl AATEHTHBIM, MpEreHepPaTHBHBIM M TIeHepPATUBHBIA MepHOABL IIpOIycK pacTeHHSMH MOCTereHepaTHBHOIO
MePUOAQ, PAAA OHTOTEHETHYECKUX COCTOSHUE AGMOHCTPHPYET AMHAMHIYECKYIO MOAMBAPMAHTHOCTD MHAMBUAYAABHOTO
Pa3BHUTHUSI, COYETAHHME CEMEHHOrO ¥ BEreTATUBHOIO PAa3MHOXKEHHs] — MOAMBAPMAHTHOCTb CIIOCOOOB Pa3MHOMKEHHS K
BocnpousBepennst. Ourorenes ocobeit R. palustris coorsercrsyer A-rury, R. amphibia u R. Xanceps — T-ruy, a R. xanceps
— A-tuy.

KaroueBpie caoBa: Rorippa, JKU3HEHHasA <1>opMa, OHTOI'€HE3, OHTOI€HETUYECKOE€ COCTOsSHHE, paMeTa, I€HETa,
TIOAMBAPHUAHTHOCTD PA3ZBUTHA

Bamcicuil 2ocydapcmeennvlil 2ymanumaprbiii yHusepcumen, ecmecmeenHo-zeozpaduueckutl axysvmem, xadedpa buorozu,

ya. Aenuna 198, 2. Kupos, 610007, Poccus; botany@vshu.kirov.ru

BBeaenne

C MoMmeHTa cTaHOBAeHMA B cepeamHe XX
BeKa U AAAbHEHIIero pasBUTHUSA IOMYASIIMOHHO-

OHTOT€HETHUYECCKOTO HaHpaBAeHH}I B
OoraHuke, CPOPMHPOBAHHOTO  Oaaropaps
00bEAMHEHHIO MOPPOAOTUIECKOTO u

MIOIYASLJHOHHOTO ITOAXOAOB (PaBOTHOB 1950;
CEPEBPIKOB 1962; YPAHOB 1975), ¢ pasHoii
CTENEHBI0 ACTAABHOCTH M3y4eH OHTOIeHe3 Y
1000 BupoB cocyaucTbix pactenmii (JKYKOBA
U BEAEPHUKOBA 2007). HekoTopsie AaHHbIe
06 I/IHAHBHAyaAbHOM Pa3BI/ITI/II/I MOAECABHBIX
BUAOB popa Rorippa  Scopoli  ommcanst
mamu  panee (IlaBaakmHA 2010, 2012;
IapaskuHA 1 CaBuHBIX 2013). B srom
COOOLEHNY B CPAaBHUTEABHOM IIAQHE IO
61OMOPPOAOTHMYIECKUM MPUSHAKAM U C YYETOM
OMOMETPUYIECKUX AQHHBIX, B COOTBETCTBHH
C TIpUHIUIIAMH KOHIIENIIMHA  AMCKPETHOTO
OIUCAHNUSI, OXaPAKTEPU30BaH OHTOIEHe3 [eHeT U
pamer Rorippa amphibia (L.) Bess. — xepymHuka
seMHOBOAHOTO, R. palustris (L.) Bess. -
sxepymHuka 60aoTHOrO U R. Xanceps (Wahlenb. )
Reichenb. - sxepymmHmka 06010A00CTpOro
pasHsIx 6uomMopd.

© The Author(s), 2014

MarepuaAbl 1 METOABI HCCACAOBAHHIH

Ownrorenes y MOAEAPHBIX BHUAOB H3Y4YaAH
B 2006-2012 rr. B  IICHOIOMYASIIHSAX,
paCHOAO)KeHHbIX B CTapI/I‘IHbIX 03éan,
Ha TII€CYAHbIX TIIASDKAX M 3aAUBHBIX Ayrax
HpaBobepexXHOi MOUMBI p. BATKM B moa30He
IOKHOM Taiirn Ha Teppuropuu Kuposckoin
obAacTH.  AONOAHHTEAbHBIE  AAQHHBIE  IIO
R. amphibia moAy4eHbl B pe3yAbTaTe IIOAEBBIX
BBIE3AOB B OKpecTHOCTH II. Bopok SIpocaasckoit
obAacTH, BO BpeMsl KOTOPBIX HCCAAOBAHBI
IIeHOMOMYASIINY, ~HAXOASIIMECS Ha  AeBOM
u npaBoM Oeperax p. Mabp, aeBoM Gepery
p. Koposxeuna. Yacty ocobeit R. palustris aas
H3ydYeHHs: OTOOpaHa B arpoIjeHO3ax.

AAﬂ BBIACACHU u OITMCaHHA
MapKE€pHBIX  IIPU3HAKOB OHTOT€HETHYECCKHUX
COCTOSIHUM pacTenusa HCCACAOBAAHA C

ampeAs 1o OKTﬂ6pb Kaxable 10-15 aAmeln ¢
HCITOAB30BAHHEM KAACCHYECKHX CPaBHUTEABHO-
MOP(POAOTHIECKHX K OHTOMOPOTeHeTHIECKUX
MeToAOB. YacTp 0co0eil MAM ITApIIMAABHBIX
obpasoBaHuit (me wmemee 10) OpU  KOKAOM
MOCeI[eHUH U3bIMAAU AASI aHAAM3A U QUKCAITHH.
Psia mapaMeTpoB: CTeleHb BO3AEHCTBUS OCOOH
Ha CpeAy OOHTaHMS, THI MOPPOAOTMIECKON
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AE3HMHTErPALiiY, TUII II00era 1 ero MOAOXKeHHe
B IIPOCTPAHCTBE, AAUTEABHOCTD JKU3HU AHCTbEB
— OLIeHHMBAAU B IIOAEBBIX YCAOBHSIX HA MecCTe
HUCCAEAOBAHUSL.

KamepaasHast obpaborka BKAIOYaAQ
OICaHWe II0OErOBBIX M KOPHEBBIX CHCTEM
ocobeil. B  Hap3eMHOI H/HAM  BOAHO-
BO3AYIIHOM YaCTSIX YYHTBIBAAU UHCAO, AAUHY
U AMaMeTp II00EroB; YHCAO CAQralouiux
UX MeTaMepOB; AAWHY MEXAOY3AUM; THUII
AWICTBEB BAOAb IIO0O€ra: AMHEHHble pa3Mepsl U
CTeIleHb pACYACHEHUS; CTEleHb BETBAEHUS;
CTPOEHHE Ma3yILIHbIX CTPYKTYP; OCOGEHHOCTH
cundaopecriennuu.  Ilpu  xapakTepucruke
[IOA3€MHbIX YaCTell OLJeHHUBAAYM THI U Pa3Mepbl
KOPHEBOI HAU 0GErOBOM CHCTEM; YHCAO, LIBET
[IPUAATOYHBIX KOPHEH, BpeMs NX 06pa3oBaHusy;
HaAMYME W YHUCAO TIOYeK BO30OHOBAeHWS 1/
MAW TIPUAATOYHBIX Ha KOpHAX y R. Xanceps.
C y4éroM BbILIEYKA3aHHDBIX MPU3HAKOB 0COOU
pacIpeaeAsiAU IO BO3pAcTHBIM rpymmam. 3-3a
BBICOKOM  BereTaTUBHON IIOABIDKHOCTH, A
TaKKe MOPPOAOTHYECKOH AesuHTerpamuu (3a
HCKAIOUEHHEM OAHOACTHHKOB) ab6COAIOTHBI
BO3PACT YAABAAOCh OIPEACAUTb He Yy BCeX.
AeTaAu CTPYKTYpHOM OPraHH3AILMU YTOYHEHbI
U AOTIOAHEeHbI TI0 obpasiam (ue menee 1000) B
rep6apusix SYKO, LE, MOSP, IBIW, YOLA.

Ilpn ommcaHMM OHTOreHe3a MCIOAb30BAAU
meropuku T.A. PABOTHOBA (1950) c yuérom
ITOCACAYIOIIUX AOTIOAHEHWI (YpaHOB
1975; BorouH1ioBA u CEPEBPSIKOBA 1976;
JKykoBa 1995). IToayuennsie  paHHBIE
COOTHECEHBI C YYeHHEM O MOAMBAPHUAHTHOCTH
passuTus pacrenuit (BOCKPECEHCKASL 2006;
CaBuHBIX 1 BOBPOB 2008).

Pe3yAbTaThl H HX 00CyKACHHE

ITpopoaxuTEABHOCTD SKU3HHU ocober,
BOCIIPOU3BEACHHE u Pa3MHOXeHHe,
craHOBAeHMe  6uomopdsr  R.  amphibia

OMIPEAEASIOTCSI  YPOBHEM BOAbBI B TE€YEHHE

BETeTAIIHOHHOIO  Ce30Ha. B godoémax ¢
usmensowumcs yposHem 600vt R. amphibia
cymecTByer Kak: 1)  MOAMKapIHYecKHit

BereTaTUBHO-TTOABIDKHBIN MaAOAETHHUK
BEreTaTHBHOTO IT00ErOBOr0 IIPOHMCXOXKAECHUS
C PpaHHEHM TIOAHOM  CIEIMAAM3HPOBAHHOMN

MOpPOoAOTHYECKOM Ae3UHTerpanuen;
TeMUKPUNITOPUT HAM TeAOPHUT — THUIIUYEH;
Aaree — moberoserii MaroserHuk (Puc. 1 B
2 gl); 2) MOAMKAPIMYECKHil BETeTaTHBHO

caabo TIOABYDKHBIN MOHOLIEHTPUYECKUI
3aMeNTAoMUNA  MAAOAETHHK; TIeMHKPUITOQUT
HAM  TeAOQHUT;  AaAee —  3aMellalomui

maronetruk (Puc. 1B g ). B obracmu ypesa s00v:
— TIOAMKApIMYECKUH BereTaTHBHO-TIOABIKHBIH
KOPHEOTIPHICKOBBIM MAAOACTHHK C paHHeH
IIOAHOM MOPQOAOTHYECKOHN Ae3HUHTerpanuer,
reMUKPUITOPUT (BcTpeuaercs peAko);
Aaree — KOPHEOTIPBICKOBBIH MaAOAETHHK.
Ilpu neusmenrom yposHe 600bi Ha 2AybuHe TIO
HabaropermamM B. I TTamuenkosa (2001)
0COOH CYIeCTBYIOT B BUAE MOHOLIEHTPUIECKOTO
AByAeTHEKa-MoHOKaprmka (Puc. 1B 1 gl).

Hecmorps Ha TO, uT0 R. Xanceps u R. palustris
3aHIMAIOT CPeAHHe YPOBHH 0eperoBoil 30HBI
satomaenus ([lamyenkos 2001, 2003), y
KaXKAOTO BHAQ IMEIOTCSI CBOX OCOOEHHOCTH.

R. palustris na necuanvix nasokax 60osb

pex  pacmpoCTpaHEH KAaK  sApOBOM  HAHM
O3UMBIN BEreTaTUBHO-HEIIOABHKHBIN
MOHOIIEHTPHUYECKUI CTep>KHEKOPHEBOMU

monokapnuk (Puc. 1 A). B azpoyenosax u na
bozamuix cybcmpamax ecTeCTBEHHBIX1]EHO30B OH
— KOPHEOTNPhICKOBBIN ABHOIIOAUIIEHTPUYECKUN
reoQur.

Y ocobeit R. xanceps 6 mecmax ¢ Aézkum u
1008UNCHbIM TIEPUOANIECKH PE3KO 3aTOIASIEMbIM
1 651cTPO 06 chrxaromuM cy6crparom (mecyansie
NASDKH) M 6 d2poyeno3ax O6pasyeTcs MHOTO
KOPHEBbIX OTHPBICKOB B COCTaBe CAOXKHBIX
MHAMBUAOB — IOAUKAPIMYECKUX BereTaTUBHO-
MIOABMOKHBIX SBHOITOAUIIEHTPHYECKUX PACTEHU.
B pesyAbTaTe MapTHKYASILIMU HCXOAHOM 0coOU
o6pasyercst AuPpPY3HBLI KAOH M3 MATEPUHCKOTO
pacTeHus ¥ KOPHEOTIIPHICKOBBIX MAAOACTHHUKOB.
Ha eaamcuvix ayzax, no obouuxam dopoz ¢
OoAee MmAOTHBIM CybcTpaToM 6e3 peskux
IepenapoB BAAXHOCTH R. Xanceps cymecTsyeT
Kak: 1) TOAMKApUHYecKHil BereTaTuBHO-
TIOABYDKHBIN SBHOIIOAMLIEHTPHAYIECKHHI
nepBUYHO (MAM BTOPHYHO) CTEPKHEKOPHEBOI
HAH KayAeKCOBBIM KOPHEOTIPhICKOBBIM
MHOTOA€THHK  C  HOPMAAbHOM  IIOAHOM
CIelMaAM3UPOBAHHOM MOpdOoAOTHYECKOM
Ae3uHTerpalueit; FeMHUKPUIITOUT;
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2) MOAUKAPIIMIeCKUH BereTaTUBHO-
HEITOABVDKHBI MOHOLEHTPUYECKUN IIePBHYHO
(MAM  BTODHMYHO)  CTepXHEKODHEBOH  HAH

KayAGKCOBbII MHOTOAETHHK; TI'eMUKPUITOGUT
(Puc. 1 B). IlocaeaHioro 6uoMopdy MOKHO
paccmarpuBarh  Kak  denobmomopdy:  or
KayAHKYA Pa3pacTalOTCS IPHUAATOYHBIE KOPHH
C KOPHEBBIMHU OTIPBICKAMH, M PACTeHHe CHOBA
CTAaHOBUTCS SBHOIIOAMIIEHTPUIECKUM.

B ourorenese 0co6ell MOAEABHBIX BHUAOB
BBIAGAEGHO 3 IIepHoAld (PI/IC. 1). Bcem Bmpam
CBOVICTBEHHA BBICOKASI CEMEHHASI PEIPOAYKIIHS,
HO ceMeHHOe Bo3obHOBAeHme y R. amphibia
u R. xanceps mopaBaeno. CeMeHa OBaAbHO-
CAABAEHHBIE, C HebGOABIIMM HOCHUKOM, 6e3
aHAOCIIEpMa. AO IIOAOBHHBI AAMHBI CEMEHH
IPOXOAUT INHPOKAas M TIAybokas 6OpO3AKa,
PasAeAsIoImast ceMsi Ha ABe IIOAOBHHBI, 06pasyst
y ocHoBaHmS ABa 3yOumka. Y R. palustris oHu
KpyIiHee (0,5-0,75%0,4-0,5 MM), B oOTAMuMe
OT APYIMX — C MEAKO TOYeYHO Oyropdyaroit
[IOBEPXHOCTBIO ~ CEMEHHOM KOXYpB, a ¥y
R. xanceps menpme (0,4-0,7x0,4 Mm), MOryT
OTCYTCTBOBATD 3YOLIBI IIPU ACACHUH HOPO3AKOIL.
3apOoABIII MMeeT COTHYTYI0 GOpMYy, CEMSIAOAH
CAOXEHBI BMeCTe BAOAb IpopoAbHOM ocu. [Tokon
CeMsIH 9HAOTE€HHBIH, o6yCAOBAeH CBOMCTBaMH
3apOABIIA U PU3UOAOTHIECKUM COCTOSIHUEM
(HukoAAEBA u dp. 1985).

IIpereHepaTuBHbIE ocobu HUMEIOT
poserounbiit BererarupHbiit mober (Puc. 1).
Y R. palustris MOHOKApIHKa OH BCeTAd
[EPBHYHBIN; y ABYX APYTHX BHAOB — IIpU
CeMeHHOM BOCIIPOHU3BEASHHH — [IePBUYHBIM, [IPH
BEIeTATUBHOM — BTOPHYHBIA. /AAMTEABHOCTb
aToi $aspl pazandHa: or 25-40 AHell y sspoBoro
monokapruka (R. palustris) a0 10 mecsies
y osumoro monokapmuka (R. palustris) u a0
10-24 mecs1ieB y MAAOAETHHKOB BETreTaTHBHOIO
npoucxoxpaenust (R. amphibia n R. Xanceps).
B ABYX IOCAEAHHX CAydYasix BCEIAQ ecTb ¢asa
orHocHuTeAbHOro mokost. Ocobu R. xanceps x
KOHIJY [IpereHepaTUBHOTO IIEPHOAA CTAHOBSITCS
SIBHOIIOAULIEHTPHYECKUMH B BHA€ KyPTHHBI
(Puc. 1 B).

Bo BpeMs [jBeTeHIIs 1 IIAOAOHOIIEHUS 0cO0n
MOAEABHBIX BHAOB Pa3AUYHBL /BYAeTHHKU-
MoHoKapnuku R. amphibia npu HensaMeHHOM

ypoBHe Boabl U R. palustris Ha nasxax umerot
BUA IO0era ¢ PasAMYHON CTEIIEHBIO BeTBACHIUS
nau cuadaopecuenuun (R. palustris).

B BopoEMax ¢ usmenswowumca yposHem
800vt y R. amphibia Ha OCHOBe moOAeraromero
HOAYPO3€TOYHOIO MOHOKAPIIHYECKOIO IHobera
$opmupyercs SIBHOTIOAMI}EHT pHIECKOe
pacTeHue C YKOPEHSIOIUMUCS OOKOBBIMU
BEreTaTUBHbIMHU PO3€TOYHbPIMH HO6eI‘aMI/I.
ITocae  Mopdoasormyeckoit  Ae3UHTErpaLUU
o6pasyeTcst AUGPY3HBI KAOH U3 MATEPUHCKOTO
H AOYEPHUX BTOPHUYHBIX MOHOLEHTPHUYIECKUX
pacrenuii. IlocaepHre NPOXOAST >KM3HEHHBIN
IUKA IIOAOOHO MAaTepPUHCKOMY pAaCTEeHHIO
(Puc. 1 B 1, 2). OnTorenes ceMeHHO# 0ocobu
HETIOAHBIY, 3aKaHYMBAETCS MOP(POAOrHYeCcKOM
Ae3MHTeTpaljiell II0CAe TIepBOTO IIBETEHMS,
TIPOAOAKAETCA B PSIAY BEr€TaTMBHO BO3SHUKIINX
Takke  MOHOKAPIMYECKUX  PACTEHHH M|
OTIpeAeAsIeT IIOAMKAPIIMIYHOCTD BUAA B IIEAOM.

y HEKOTOPBIX HCXOAHBIX TI€HEPATHBHbIX
ocobeit R. amphibia 6a3aAbHBII yIacTOK Iobera
COXpAHSeTCS; M3 €ro I0YeK BO30OHOBACHUS
ob6pasyrorcs noberu 3aMelleHusI c
q)OPMI/IpOBaHI/IeM CHUMITOAHSI-MOHOXa3HA
(Puc. 1652 gz). IToaTomy ocobu pasBHBAIOTCS C
ITMKANYHBIM YepeAOBaHHeM MOHOII@HTPHIeCKOH
U SIBHOIIOAULIEHTPHIECKO 6uoMOpd.

B remepatuBHOM mnepuoae ¢asza KypTHHBI
y R. xanceps cmenserca andpPysHbIM KAOHOM
U3 MEepBHYHOIO IIeHTpa B BHAE BereTaTHBHO-
FeHEePAaTUBHOIO IIOAYPO3ETOYHOrO Io0era B
HAA3EMHOM 4YacTH M AOYEPHHX OOpasoBaHMil

- KOPHEOTIIPBICKOBBIX pacreHuit c
BEreTATUBHBIMUA  PO3ETOYHBIMU  [TOOeraMi.
Kaonucrsr  Beayr cebss mo-pasHomy. 3

[0YeK BO30OHOBAEHHS B PO3ETOYHON YacTH
[IepBUYHOTO  MOHOKApIMYeCKOro  mobera
06pasyercst OAMH, pexe HECKOABKO IM0beros
3aMeIleHus], a TaloKe HOBble IIPUAATOYHbIE
KOPHH C AABEHTUBHBIMU IIOYKAMU U AOYEPHIMU
ocobsMu 13 HUX. B pesyabrare pacreHue cHOBa
CTAHOBUTCS SIBHOIIOAWLIEHTPUYECKHM, HO C
APYTHM CTPOEHHEM HCXOAHOTO IjeHTpa: IIpU
OAHOKPATHOM IIepeBepIINHUBAHAN — B BHAE
«TAQBHOM OCH>>, IIPU MHOTOKPATHOM — KayA€Kca.

Y opHMX AouepHHX Ocobeil (BTOpuuHOE
MOHOLIEHTPHYECKOe ~ pacTeHne) o6pasyercs
BTOPUYHASL CTepXKHeBas KOPHeBas CHCTEMa,
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Puc. 1. OHTOreHes MOAEABHDBIX BUAOB: y MOHOKaprika R. palustris (A), renerst y R. amphibia (B, 1) u R. xanceps (B, 1);
pamets1 y R. amphibia (B,2)uR. Xanceps (B, 2, 3); se — ceMsl; OHTOTEHETHYECKIE COCTOSHIS 0cobeit IIpereHepaTUBHOrO
nepuoaa (p, j, im, v), reneparusHOro mepuopa (gl, g, gs); AUCTDS: 4 — OBAaABHBIH, S — AUDOBHAHBIA, 6 — IepuCTO-
pacceyéHHbIi B 6a3aAbHOM yacTu obera, 7 — AAHIETHBIN; 8 — OKPYTABIY; 9 — IPHAATOYHAS TTOYKA.

se j im v
Rorippa palustris
A
Rorippa amphibia
| t

Rorippa xanceps
B

2
<
O -s

3 | g2 Sy
¥
e




IapaAKMHA C. OcobeHHOCTH OHTOreHe3a HEKOTOPBIX BHAOB poAa Rorippa 183

Fig. 1. Ontogeny of model species: in monocarpic R. palustris (A), genet in R. amphibia (B, 1) and R. xanceps (B, 1);
ramet in R. amphibia (B, 2) and R. xanceps (B, 2, 3); se — seed; ontogenetic states of individuals of pregenerative period
(p, j, im, v), as well as of generative period (gl, g, g3) ; leaves: 4 — oval, § - lyrate, 6 — pinnatisect in the basal part of the
shoot, 7 — lanceolate, 8 — roundish; 9 — adventitious buds.

gl gz g3
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OHTOTeHe3 IIOAOOEH  BbINle  OIMCAHHOMY
(Puc. 1 B 2). V apyrux — 6e3 BTOpHYHOI
CTEp>KHEBON KOPHEBOM CHUCTEMbl — OHTOTEHe3
KOpOYe, 3aKaHYMBAETCSI B PAaHHEM HMAM 3PEAOM
renepatusHoM cocrosmusix (Puc. 1 B 3).
BropuyHblii 1eHTp 9THX o0cobell B BHAE
HIOAYPO3ETOYHOI'O BereTaTHBHO-TeHEPATUBHOIO
mo6era CMEHSIETCSI HHOTAQ TOABKO CHMITOAVEM-
monoxasuem (Puc. 1 B 3 g). B pesyasrare
y R. Xxanceps tarxe, xak y R. amphibia,
peaAusyeTcs TeHASHIMS K MOHOKAPIIMYHOCTH.
Baaropaps 6oaee AAUTEABHOMY
CyIECTBOBAHUIO IIEPBUYHOIO IIEHTPA OCOOH
HAAOATO 3aKpeIAseTCs H3HAYAABHO 3aHATOE
IPOCTPAHCTBO, a H3-32 HEOAHOKPATHOIO
00pa3oBaHMS ~ IPHAATOYHBIX  KOPHEH ¢
AABEHTHBHBIMU IIOYKAMH H MOP(OAOTHYECKOH
Ae3HMHTerpaljid — BTOPUYHOE OCBOEHHE ITOMH
TEPPUTOPHU U IPOAOHTAIUS B OHTOreHe3e
ocobu, HO mo-ppyromy, dem y R. amphibia.
Y ocobeit R. Xanceps Ha TeCYaHBIX MASDKAX
OHTOTeHe3 OCYILIeCTBASIETCS B PSIAY IIOKOAEHUI
KOPHEOTIIPbICKOBBIX MAAOAETHUKOB.

3akAroueHHe
Takum 006pasoM, OHTOreHe3bl OcCObelt
MOAEABHBIX ~ BHAOB IO  KAAQCCHQUKALNU

A.A. KykoBoii (1995) otHOCSTCA K 3 THITAM:

— A-Tun - Bcs IporpaMma 3aBepllaercs
B OKM3HH OAHOM 0CO6M IpH OTCYTCTBUU
BEreTaTUBHOTO Pa3MHOKEHHs u
[OCTIeHEPaTUBHOIO mepuoaa y R. palustris —
MOHOKAPIINKA;

— I'-tun y HOAI/IKapHI/I‘IeCKI/IX HO6eI'OBbIX nu
KOPHEOTIPHICKOBBIX MAAOAETHUKOB C ITo6eramu
samemenust (R. amphibia n R. Xanceps), T.
€. OHTOT€HEe3 CEMEHHOM OCOOM HENOAHBbI,
MPOAOAYXKAETCS. B PSIAY BET€TATHBHO BOSHUKILKX
ocobelf, OMOAOKEHHBIX AO IOBEHHABHOIO
OHTOTEHETUIECKOTO COCTOSIHUSL;

— A-THIy KOPHEOTIIPHICKOBOTO MAAOAETHHKA
6e3 moberos 3amemeHus R. Xanceps Ha ImeCIaHbIX
[ASDKAX, OCYIIECTBASIETCS B DSAY MOKOACHUI
0cobeft BEereTaTHBHOTO IPOMCXOXKACHHS.

B HHAUBUAYAABHOM PasBUTHH
NPOCAEKUBAIOTCS  CACAYIOIIME  TEHAEHLIUH:
COKpaleHue [pereHepaTuBHOTO
[IEPHOAQ; IIEPEXOA OT IIOAMKAPIUYHOCTH K

MOHOKapIIMYHOCTH oco6e171, OT MHOT'OACTHHKOB

K OAHOACTHHKaM-MOHOKapITMKaM
u MOHOKapIIMKaM BEreTaTuBHOI'O
IIPOUCXOXKACHHI; IIOAMBApPHAHTHOCTDb

CIIOCOOOB Pa3MHOXEHUST B BHAE COYETAHMS
cemenHoro u BeretatusHoro (y R. amphibia
u R. Xanceps) cnoco6oB MOAAEPIKAHHS
LeNOMYASIIMY; ~ IIPOAOHTALMSL  OHTOreHesa
myTeM  MOP(OAOTMYECKON  AE3UHTErpaluu
- CHEeNMAAM3MPOBAHHAS  PaHHSSL  HAU
nopmaabHast (R. amphibia u R. xanceps) u
HeCTenMaAusupoBanHas nosaussa (R. xanceps);
aKceAepanusi B OHTOIeHe3e  [EPBHYHBIX
(R. palustris) nBropuansix (R. Xanceps) ocobet;
AMHAMUYeCKasl IOAUBAPUAHTHOCTb PasBUTUS B
BUAE IIPOITYCKA OTAEABHBIX OHTOI€HETHYECKHX
COCTOSIHHI.

Poccuiickum
uccaedosanuil

Heccaedosanue  noddepxcaro
pondom  PyHdamenmarvHoix
(npoexm Ne 13-04-01057).
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ONTOGENESIS PECULIARITIES SPECIES OF GENUS RORIPPA SCOPOLI (CRUCIFERAE) IN THE
SUBZONE OF THE SOUTHERN TAIGA

SVETLANA SHABALKINA

Abstract. Latent, pregenerative and generative periods in the ontogeny of Rorippa amphibia (L.) Bess., R. palustris (L.)

Bess. and R. xanceps (Wahlenb.) Reichenb. were described. Skipping of a postgenerative stage, and some of ontogenetic

states demonstrates the dynamic multiplicity of individual development; while the combination of seed and vegetative

reproductions — multiplicity of the ways of reproduction and generation. The ontogeny of R. palustris individuals
corresponds to A-type, R. amphibia and R. xanceps — to G-type, and R. xanceps — to D-type.

Key words: Rorippa, life form, ontogeny, ontogenetic states, ramet, genet; multiplicity of development

Vyatka State University of Humanities, Natural Geography Faculty, Department of Biology, Lenin str. 198, 610007 Kirov,
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YAK 581.4

HNCIHOAB3OBAHUE IIPU3HAKOB )KXU3HEHHOM
®OPMbBI B CUCTEMATUKE PABHUHHbBIX
BUAOB AGGR. POA PRATENSIS L.

M.B. OAOHOBA

Annoranms. B mpepeaax aggr. Poa pratensis L., Ha Teppuropur CHOMpPH IIOMHMO THIIOBOTO PAa3AMYAIOTCS emje 4

BHAQ. HPI/I HX pasrpaHUY€HHH YaCTO HMCIIOAb3YETCS AMIID IIHPHHA AUCTOBOM TMAACTHHKH. ODTHU BHADBI 60Aee HAHU MCHEEe

YAOBAETBOPHUTEABHO PA3AWYAIOT IO SKU3HEHHOM Cl)OPMe, HO A€TaAbHbBIE MCCACAOBAHHUA IIOKA3aAH, YTO M 3TOT NIPHU3HAK HE

SIBASIETCSL HAACXKHDIM U OTPA’KA€T, CKOpeEe, 061].11/16 TEHACHIIUU. Hu IIMpHHA AUCTHEB BEr€TATUBHbBIX HOGeI‘OB, HHU AdXKe

[IPU3HAKY JKU3HEHHOH PpopMbI He AatoT 100% ycIiexa, MOaTOMy IIPH ONPEACACHHH MATePHaAd, BO M30eXaHHe OIMHOOK,

CAEAYET PYKOBOACTBOBATHCS HE TOABKO IJ_II/IPI/IHOﬂ AXCTA, HO IIPUHUMATbh BO BHUMaHHE BECh KOMIIAEKC MOp@OAOI‘I/I‘IeCKHX

TIPU3HAKOB U JKU3HEHHOU CPOPMI)I.

Karouesble caoBa: Poa pratensis, ’kusHeHHas $OpMa, CHCTEMaTHKA

Tomckuii 2ocydapcmeennuii ynusepcumem, np. Aenuna, 36, Tomck, 634050, Poccus; olonova@list.ru

BBeapenne

Poa  pratensis L. s.str. —  MATAMK
OOBIKHOBEHHBIN — SIBASIETCSI OAHHM U3 Hanboaee
OOBMHBIX M IIMPOKO  PAaCIPOCTPAHEHHbIX
BHUAOB POAQ. DTOT BHA, KaK U OAMBKHMIT K HeMy
P. angustifolia L., urpaer 3ameTHy: pOAb B

$OpMUpPOBaHMU  PAaCTUTEABHOrO  IOKpOBa
BHeTpomuyeckoit  Eppasum.  O6a  Bupa
SBASIOTCS.  AOMHHAHTaMM, COOTBETCTBEHHO,

AYTOBBIX M CTeNHBIX coobmecTs. Ilpu aTom
[OYTH BCE ABTOPHI EAHHOAYIIHO IPH3HAIOT
OTCYTCTBHE YeTKHX  MOPPOAOTHIECKUX
TPaHHI] MEXAy HHMMH, OTMeYas B KauyecTBe
OCHOBHOTO AMCKPUMHHATOPA IIHPUHY AMCTbEB:
y P. angustifolia, xak y 6oaee KcepoMopdHOro,
AVICTbSI y3KHe, HEPEAKO CBEPHYTBIE HAH AXKe
meTuHOBUAHBIe. B Cubupu oburaer eme ABa
BUAQ C y3KuMH (1 MM) AMCTBSMU BereTaTHBHBIX
noberos — AecHoit P. sergievskajae Probat. u
6oaoTHs P, turfosa Litv.

IMTockoabky P. pratensis, P. angustifolia,
P.sergievskajaen P. turfosa IBASIIOTCS pa3AMHBIMH
9KOAOTMYECKUMH ~ PacaMH, COOTBETCTBEHHO,
AYTOBOI1, CTEIIHOM, A€CHON U OOAOTHOM, Y HHX
AOAXKHO OBITH CYIIeCTBEHHOE PACXOXKAEHUE IO
GaKTOpy yBAQKHEHUS], KOTOPBIN OIPEACASETCS
[0 METOAY CTAHAAPTHBIX 9KOAOTMYECKHX IIKAA

© The Author(s), 2014

Pamenckoro (PAMEHCKmIT u dp. 1956). Kak
M3BECTHO, IIKAAA YBALKHEHMS 10 PameHckomy
copepxur 120 6aaros (cTymeHeit), oxBaTbiBas
BECb BO3MOXHBIH AMAIla30H, TA€ KaXKABIA BHA
UMeeT CBOM IIapaMeTpbl — MMHHMMAaAbHOE,
OINTHMAaAbHOE M MAKCHMAABHO IepeHOCHMOe
yBaaxHeHune. Ilo aammbiM ALl Pamenckoro,
HOAYYEHHBIM AASl CpeAHedl IIoAochl Poccum,
P. pratensis obuTaer B anamasore oT 50 po 96
6aaA0B, B TO Bpemsi Kak P. angustifolia — ot 29
Ao 87. Buauo, uro aAmamason P angustifolia
mupe, ueM P. pratensis. I1o 3acyxoycrorauBocTH
OH 3HAYUTEABHO, C pasHuuedr B 21 6aaa,
npeBocxopuT P pratensis, B TO Bpems Kak
IPEASABHO  AOIYCTHMOE  YBARKHEHHE AAS
P. pratensis Bcero Ha 9 6aAAOB BbINIe, 4eM y
P angustifolia. Bmecre ¢ TeM, omnTHMasbHOe
3HaueHHe yBAAKHeHUs P. pratensis mpesbpimaer
P. angustifolia Bcero Ha 4 6aaaa.

E.IL ITrokomnbes (1990), uccaeposapmmit
P pratensis sl. B moitme Wprpuma, Ttaxke
OTMeYaeT CABUI omnTumyMma P. pratensis s.str. B
CTOPOHY GOABIIIET0 YBAQXKHEHMUS, HO TOABKO Ha
6 6aar0B. BmecTe ¢ TeM, AMATIA30H YBAQKHEHUS
P. pratensis s.str. mHOTO yxe, ueM P. angustifolia,
U IOAHOCTBIO  YKAAABIBAETCS B PaMKH
nocaeprero (coorsercTBeHHO, 57-85 1 42-90).
IToAydaeTcs, 4TO MaKCHMaAbHOE YBALKHEHHe
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Aast P angustifolia Ha 5 6aAr0B Bblle, 4eM AAS
P. pratensis. Eme 6oAee HEO>KMAAHHbBIE AQHHBIE
moayunan LA, ApiMuHA u O.A. EpPmosa
(2001). CoraacHo uX AQHHBIM, IPU BHICOKOM
obuany onrrumyM P, angustifolia o yBaaxxHeHMIO
IIpeBblIIaeT TAaKOBOM AAsl P. pratensis ma 7
6asroB. E.IT. TIpokomnbeB MOSICHHA, YTO Takoe
OKa3aA0Ch BO3MOXHBIM 0Aaropaps TOMY, 4TO
nop P. angustifolia um moppasymeBaAuch Bce
y3koaucrasie Gopmsl P, pratensis s.l. OueBupo,
OCTAABHBIE MCCAEAOBATEAM IPU OIPEACACHUH
MaTepHaAa TAKXKe PYKOBOACTBOBAAUCH TOABKO
9TUM  IPHU3HAKOM. OTO  OOCTOSTEABCTBO
[IOCAY’)KMAO ~IIPUYMHOM (GOAee  AETAABHOIO
MOP(OAOTHIECKOTO HCCAEAOBAHHS KOMIIAEKCA
AASI BBISIBACHUS IIPU3HAKOB-AUCKPUMUHATOPOB,
IIOCKOABKY HCIIOAB30BAHHE TOABKO IIHMPUHBI
AUCTbEB IIPU OIPEACACHUU MOXKET IIPHBECTU
K 3HAQUYUTCABHBIM HETOYHOCTSIM B OIIMCAaHHUU
PaCTUTEAPHOCTH.

Qopma pocra Bce uUame MCIOAB3YETCS
B CHCTEMaTHKe 3AaKOB KauyecTBe BaXKHOTO
AMCKPHMHHATOpA. T.H. CEPEBPAKOBA
(1969) ormeuaer, uto y P. pratensis psunHbIE
KOpHEBHINIA O0pa3yloTCsl 9KCTPABATHMHAABHO,
a  KOMIAKTHble KyCTUKM  (TapuuaAbHble
KyCTbl) HAa KOHIJAX KODHEBHI] COCTOST M3
HHTPaBaruHaAbHBIX HO6eI‘OB, BO3HHUKIIHUX B
Ia3yXax 3eAeHbIX AUCTbeB. KasKAbI HOBBIN KyCT
o6pasyeTcst B 30He KyIIEHUS [AATHOTPOIHOTO
mobera IpH BBIXOAE €r0 Ha IOBEPXHOCTb.
ITaarnoTponHbli 1mober B CBOIO  OYEPEADb
obpasyercst ©3 II04eK BO3OOHOBAEHMS B
0a3aABPHOM YacTH OPTOTPOIHOrO mobera B
KyCTe NpeAbIAymero mnopsiska (3AYTOABHOBA
U  MwuxariaoBa 1986). B.H. Erorosa
(1996), uccaepoBaBImas >XU3HEHHYIO QGopMy
P. pratensis s.str,, oTMe4aeT, 4TO y 3TOTO BHAA
Ha OAMH IAPLMAABHBIA KYCT, B 3aBHCUMOCTH
OT YpOBHS JKHU3HEHHOCTH OCOOHM, MOXeT
[IPUXOAUTHCS OT 3-4 A0 1 mobera, a Ku3HeHHAsI
$opMa H3MEHATBCSA OT IIAOTHOACPHOBHHHO-
KOPHEBMIJHON AO AAMHHOKOpHeBHIHOM. IIpn
aTOM, B IapumaAbHOM Kycre P. angustifolia
A.B. 3avroapHOoBA U H.O. Muxamaosa
(1986) ormewator or 3 A0 S moberos. B
30He KYUIEHHS OAHOACTHErO OpPTOTPOIHOTO
BereTaTHBHOro mobera ¢opmupyercs a0 5-6
[A3yIIHBIX 1TOoYeK. VI3 BepxHux obOpasyercs 2-4

OPTOTPOHHI)IX I/IHTpaBaI'I/IHaAbeIX H06el"a, a
U3 HIDKHUX — 1-3 IIAQrHOTPOIHBIX MOOEros.
H.H. Liseaes aast P. pratensis u P. sergievskajae
YKa3bIBaeT l'[p €HMMYIIECTBEHHO OAHNHOYHbBIC
nobery, pexxe — 60Aee HAM MeHee COAVDKEHHBIE,
HO HE O6pa3y}01.l.u/le T'yCTBIX ITy4YKOB, B TO BpeMS[
kaKk y P. angustifolia onr cobpaHsI 10 HECKOABKO
B I'yCTBI€ ITy9KH, OACTHIC YE€XAAMH M3 BAATAAHII
ormepiux Auctbes (LIBEAEB 1976). Y Pturfosa
Pa3BHBAIOTCSI TOABKO BHEBAATaAMILIHbIE TIO6ETH,
U KOHEYHas] TOYKA [IOA3ydIero mobera obpasyer
Ha IIOBEPXHOCTH CyOCTpaTa eAMHCTBEHHBII
YKOPOYEHHbI BereTaTHBHBIN mober, a He
HecKoAbKo, kKak P. angustifolia (CMuPHOB 1958).

Taxum o6pasonm, 1o XapakTepy
BO30OHOBAEHMS PAa3AMYIS MESKAY OTHMU BUAAMHU
CBOASATCS K YHCAY I/IHTpaBaFHHaAbeIX H06erOB B
KyCTe, KOTOPO€, K TOMY K€, CHABHO 3aBUCHT OT
JKU3HEHHOCTH OCOOH.

MarepuaAbl 1 METOABI HCCACAOBAHHI

AAs TOro, uyTO6BI BBIACHUTH, HACKOABKO
B3aMMOCBS3aHbI TaKHe IPH3HAKHY, KaK IIHPHHA
AMCTOBBIX MAACTUHOK IO6EroB BO30OHOBAEHHS
U KOAMYECTBO II00€roB B  IIAPLIHAABHOM
KycTe, OBIAM IIPEANPHHSTHl IOIYASLIUOHHbIE
uccaepoBanus P pratensis sl. VccaepoBarms
npoBopuAuch Ha Teppuropun O6p-ToMckoro

300AOTMYECKOTO 3aKa3HMKa, I. ToMcka
ToMcko#t  00AaCTH, AeBOOepeXHON YacTH
HazapoBcko-MuHycHMHCKOM ~ BIAAMHBIL, B

Pecrry6anke Anatait (Bcero 6bia0 msydeHo 19
NOMyASLHiL, B KAXKAON — oT 10 A0 25 ocobeit).
Taxoke AAS CpaBHEHHSI HCIIOAB30BAAHCh 25
ocobeit P. pratensis u locus classicus oast HeoTHIa
u 175 aucros P. pratensis s.l., cobpanHsIx Ha
teppuropuu LlenTpasbHoit EBporns 1 AMepuxy,
Aro6esHo npucaansbix Dr. J. Danihelka (Bpro).

Pe3yabTarsI M HX 006CyKACHHE

B AecHOI1 30HE IPOBEAEHHOE MCCAEAOBAHHE
P pratensis sl. He BBIABMAO CyIjeCTBEHHbIX
Pa3AMYMIL IO CIOCO6Y BO3OOHOBACHHS MEKAY
0co6aMH U3 6epe3oBOro Aeca, CyXOAOABHOTO
AyTa M CPaBHUTEABHO XOPOUIO YBAAKHEHHbIX
mecroobutanuit (Puc. 1; Puc. 2). Bo Bcex
TIOTYASIIUAX HAPSIAY C FeHEePATHBHBIMY TO6eramMu
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Puc. 2. Kymenue Poa pratensis s.l. B pasamansix coobmecrsax. ToMmckoit 06aacTn, AecHOI1 30HbI: 1 — AysKailka Ha OIyIIKe Aeca; 2-S — 6epe3oBblil Aec; 6-9 — rHIHOBOE 60AOTO B
noitme O6m; 10-11 — nemnmowOm 60a0TO. Ewwmwownxo.?_:mv\nsmnxom_ BITAAUHBI, OCTPOBHBIX cTemneit: 12-13 — 3AakoBas cTemnb.

Fig. 2. Tillering of Poa pratensis s.1. in different communities. In Tomsk region, forest zone: 1 —lawn on the forest edge; 2-§ — birch forest; 6-9 — hypnum bog on floodplains of Ob
river; 10-11 — sphagnum bog. In Nazarovsk-Minusinsk depresion, island steppe: 12-13 — grain steppe.
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OTMEYAAUCh OPTOTPOIHbIE HHTPABATMHAABHBIE
BereTaTHBHbIE TOOErH, A B IAPIIMAABHBIX KyCTaX,
c$OpPMHUPOBAHHBIX Ha KOHIIAX IIAArHOTPOIHbIX
o6eros, B CpepHEM IO 2-3 BereTaTMBHBIX
nobera. Ha cdarHoBbix 60A0Tax BereTaTvBHbIE
noberst ObIAML OAMHOYHBIMH. AASL CpPaBHEHUSI
ObIAO  HCCACAOBAHO HECKOABKO  ITOITYASILIHIT
P. pratensis s.l. ua crennoit vactu Hazaposcko-
MUHYCUHCKOR ~ BIIAAMHBL, KOTOpbIE MOIYT
OAHO3HAYHO TPAaKTOBAaTbCst Kak P angustifolia.
Bce  oTM  HONYASIMM  [IPHHIJUIIHAABHO
OTAMYAAUCH OT TOMCKHX TOABKO KOAMYECTBOM
106eroB BO306HOBAEHHMS (HHTPaBATMHAABHBIX
M OpTOTPOIHBIX) KaK MpH TeHepPaTHUBHBIX
nmoberax, Tak M Ha KOHIAX IAArHOTPOIHBIX
noberos. CpeAr HUX TaKkoKe BCTPEYAAHCDH
0cobu ¢ 3-4 BereTaTHBHBIMU ITOOETaMU B ITydKe
Ha KOHIle IAArHOTPOIHOrO mobera MAM IpH
reHepaTUBHOM II00ere, HO IPH 9TOM HEPEAKH
OBIAM CAyYaH, KOTAQ TaKHMX 106EroB ObIA0 U 6, 1
7, 1 paxe 9. V1 camu mo6eru BO306HOBAEHMS], 1
UX AUCTBSI [IPU 9TOM OBIAU 3HAYUTEABHO KOPOYe:
BO BCEX HMCCAEAOBAHHBIX IONYASILMSIX OHU He
npesbimasu 9 cm (TOABKO y OAHOM 0co6u 6biAK
OoTMeyeHbI Hoberu AAMHOM 18 CM) , B CpeAHeM Xe
UX AAMHA KoAe6aAach oT 5 a0 7 cm. (Puc. 2).

B aecHoIT 30He, rae pacmoaoxeHa ToMckas
obaacts, HaxoxxAeHue P angustifolia poaxHO
OBITD CKOpee MCKAIOUEHHEM, YeM IIPAaBUAOM,
TeM He MeHee, B OOABIIMHCTBE CAYYaeB AMCTbS
m00eroB BO30OHOBAEHHSI Y HCCAEAOBAHHBIX
P pratensis sl. ObIAM AOBOABHO Y3KHMH.
Yacts orHx 00pasuoB Oblaa  OmpepeAeHa
Kak P sergievskajae, qacts — xak P. turfosa,
HO MHOTHe 00pasibl MOTAU OBITH OTHECEHbI
TOABKO K P. pratensis s.str. IIpocmoTp 60see uem
200 repbapusix 06pasios P. pratensis ¢ Aarasi,
u3 EBpomnbl u AMepuku He BBIABHUA CTPOroi
3aBUCHMOCTH  MEXAY IIMPUHON  AHCTbEB
BEreTATUBHBIX II00ErOB M YHCAOM II06EroB B
Iy4KaX, a TAKKe HAAMYHEM HAU OTCYTCTBHEM
OPTOTPOIHBIX HHTPABATMHAABHBIX I100EroB.
YakoAucTHass $opMa OTMeUaAach M y ocobeit
C OAMHOYHBIME BereTaTHBHBIMH IO0eramu,
U ¢ cobpaHusiME B mydukd. OTMedaAnch
CAy4aH, KOTAA B OAHOI IIOIYASIIUM MOTAH
HAOAIOAATBCS IIEPEXOABL OT BIIOAHE THIIHIHOMN
P. pratensis s.str. c paspesxeHHON AepHOBUHKOM
U OTHOCHTEABHO  IIMPOKHMH  AUCTBSIMU

noberoB Bo30OHOBAeHUsT A0 P angustifolia ¢
ITAOTHOM A€PHOBUHKOH U Y3KMMH CBEPHYTBIMU
auctpsivu. TeM He MeHee, 00OIjast TEHAEHIIMS
NPOSIBASIAACH  HA  BCEM  HCCAEAOBAHHOM
MaTepHaAe — B [IeAOM Y Y3KOAMCTHBIX 0CObeil
OTKPBITBIX CyXUX MECTOOOUTAHNI ACPHOBUHKH
OBIAM I'yIIe, @ YUCAO IOOETOB B ITyYKaX — BBILIE.
OTO CBUAETEABCTBYET KAaK O IIPAaBOMEPHOCTH
BuAOBOro craryca P angustifolia, Tax
u o bamsocTu sTOro BHAA U P pratensis
s.str.  MccAepOBaHHSL TakoKe IOATBEPAHAU
akoaorudeckue rpa¢uxu E.II. TTPOKOIIBEBA
(1990), u3 KOTOPBIX CAEAOBAAO, 9TO
yskoauctHass  ¢opma P pratensis sl
mpouspacraeT B 0oAee IIMPOKOM AHAIIA30HE
yBAa)KHeHI/UI, yeM H.H/IPOKOAI/ICTHaH.

3akAroueHHne

WccaepoBanus  aggr. P.  pratensis Ha
Teppuropuu CHOMPH B IIEAOM IIOATBEPAHAO
muenne H.H. LIBEAEBA (1976) o TomM, uTO
Mexpy P. pratensis, P. angustifolia u P. turfosa
AeﬁCTBHTeABHO HMEIOTCA HEKOTOPbDIE PA3ZAMINS
B popme pocra, nmpuiem P. sergievskajae mo
dopme pocrta ouenp Oaumska Kk P. pratensis
s.str. OAHAKO TIPH AETAABHOM HCCACAOBAHHH
MaccOBOTO MaTepuasa 06HAPYXHAOCD,
49To OTACADBHBIC TIOIIYASITU N coyeTaAn
TIIPpHU3HAKH BBIII€HA3BAHHDBIX BHAOB, 49To
MOXeT CBUAECTEAbBCTBOBATH o TOM, 49To
CBA3M MEXAY HHMH, IIOXOXe€, Ha CaMOM
AeAe TecHee, uYeM MpPHUHATO cyuTarh. Hu
IMUPpHUHA AHNCTBPEB BETr€TAaTHBHBIX n06er013,
HHU AQK€ IPUBHAKU >KM3HEHHOM (1>0pr1 He
aaroT 100% ycmexa B MX pasrpaHMYeHMH,
OTpaxkasi, CKOpee, 9BOAKOI[MOHHBIE TEHACHI[UH,
IIO3TOMY CACAYyET TIPUCOEANMHUTDCA K
MHEHHMIO aBTOPOB, PacCCMATPHBAIOUUX ITH
BHABI B IIPpEAEAAX OAHOIO KOMIIAEKCA HMAH
arperara. Ilpm ompepeseHmu Marepuaaa,
BO wu3bexaHme OMmMHOOK, KOTOpble MOTYT
IOPUBECTH K AAAEKO HMAYIIUM HEXXEAATeAbHBIM
IIOCAGACTBHSAM, CAEAYeT PYKOBOACTBOBATbCA
HE TOABKO IJ.II/IPI/IHOI;I AHCTA, HO IPUHUMATD BO
BHMMaHHE BeChb KOMIIAEKC MOPPOAOTHIECKUX
IIPHU3HAKOB 1 >KU3HEHHON (l)OprI U YyIHUTBIBATb
9KOAOTHYECKYIO IPHYPOYEHHOCTb.
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Asmop svipascaem eay60kyo 6Aa200apHocmbp
Dr. J. Danihelka (Bpno), 3a npedocmasaentvie
esponeiickue u amepukanckue o6pasyb.

Heccaedosanus noddepucanvt epanmom POOH
Ne 13-04-0171S A.
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APPLICATION OF GROWTH HABIT FEATURES IN THE TAXONOMY OF PLAIN SPECIES FROM
AGGR. POA PRATENSIS L.

MV. OLoNnova

Abstract. In addition to typical meadow species, Poa pratensis, 4 other species are recognized within this aggregate. Only

the leaf width is used often for their identification. These species are known to be satisfactorily distinguished in their growth

habits, but detailed studies showed that growth habit is not a reliable discriminator and it seems to be only a reflection of

general trends. Neither width of leaves, nor characters of growth habit are successful features in their identification. To

avoid wrong identifications, which could lead undesirable consequences, all morphological characters and growth habit

should be simultaneously taken into consideration.

Key words: Poa pratensis, growth habit, systematics

Tomsk State University, Lenin Avenue 36, 634050 Tomsk, Russia; olonova@list.ru
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YAK 581.4

K XAPAKTEPUCTUKE PA3BUTHUA
IIPOPOCTKOB U UMATYPHBIX PACTEHUI
ARAUCARIA ARAUCANA (MOLINA) K. KOCH

(ARAUCARIACEAE) B ECTECTBEHHBIX
MECTOOBUTAHUAX (APTEHTHUHA, IITAT HEYKHH)

H.A. Ka3akoBa *u 1.C. AHTOHOBA

Annoramus. [TpoBeaeHO HCCcAeAOBaHHE apayKapHEBBIX A€COB, BHIAEACHDI U OIIFICAHbI COOTBETCTBYIONIUE MX TUITHI B PalioHe

nccaepoBanust. CaeAaHa OIleHKA BOCCTAHOBAGHHS IIOAPOCTA, U BBDKHMBAEMOCTDb ceMsH Araucaria araucana. ITposeaeno

CpaBHEHHE aHATOMHYECKOTO CTPOEHMS XBOM MMATYPHBIX M TeHePaTHBHBIX pacTeHmi. OIMCaHO CymIecTBOBaHMe

A. araucana oT mpOPOCTKA AO UMATYPHOTO COCTOSIHHS. BBIAACHBI IPYIIIIBI XKH3HECIIOCOOHOCTH HMATYPHBIX PACTEHHIT B

3aBHUCUMOCTH OT O3KOAOTHYECKUX yCAOBI/Iﬁ pocra A. araucana.

KaroueBbre caoBa: Araucaria araucand, BO3pAaCTHBIE COCTOSIHHS, CeMs, IIPOPOCTOK, IOOEI, XBOWHBIE PaCTEHH,

SKA3HECITOCOOHOCTD

Canxm-Tlemepbypackuii Tocydapcmeennviii Yuusepcumem, Ynusepcumemckas wa6.,, 7/9, Cankm-Ilemepbype, 199034,

Poccus; * nakazyalka@gmail.com, ulmaceae@mail.ru
BBeaenne

B AnTeparype nmeeTcst O6IIMPHBIIA MaTEPHUAA
[0 ONHMCAHUIO AECHBIX HACAXKAEHHI apayKapuu
apaykanbt (ScHMIDT 1977; Donoso 2006;
DonNoso et al. 2008; DRAKE et al. 2012; HADAD
et al. 2012). B mocAepHHE TOABI OGHABHBI
paboTHl MO IOMYASIHHOHHON H3MEHYUBOCTH
BuAa BHYTpH apeara (CARDEMIL et al. 1984;
Rarr1 & Dopp 1998; BEKESSY et al. 2002;
Ruiz et al. 2007). Ho B mpeAcTaBAGHHBIX
paborax O0OBIMHO paccMaTpuBaeTcs OOuMi
BO3pACT pacTeHHil, B TO BpeMs Kak pabor
[0 [EPUOAM3ALMH  POCTOBBIX IIPOLIECCOB
Araucaria araucana (Molina) K. Koch po cux
nop He cymecrByer. OnucebiBasi pasHooGpasue
BHEIIHETO BHAA Oco6eil pPasHOro Bo3pacTa
B yrHeTeHHbIX Hu 6AaI‘OHPHﬂTHbIX yCAOBI/ISIX,
aBTOPBI  CTAAKHBAIOTCSL C  (EHOTHIINIECKON
H3MEHYHMBOCTBIO, KOTOPAsi 3aTPYAHSIET ONUCAHUE
COCTOSIHHMSL ~PacTUTEABHOrO coofuiecTBa U
BO3MOXKHOCTH 0COO€ll IIepefTH Ha CACAYIOLIYIO
CTAAMIO Pa3BUTHUSL

B pycckoil mkoae MOPPOOHOAOrUIECKUX
HCCACAOBAHUIl CYILIECTBYeT IPEACTABACHHE O
[ePHOAM3ALMH GOABLIOTO SKU3HEHHOTO LUKAQ
© The Author(s), 2014

ApeBeCHbIX paCTeHI/Iﬁ U BBIACACHUHN BOBPaCTHbIX
cocrosHuMit OHTOTeHe3a pacTenuit (PABOTHOB
1950; CMuprHOBA u dp. 1976; YHUCTAKOBA
1994; CaBUHBIX u dp. 2008; JKykoBa 2012).
OTa MeTopMKAa OCHOBAHA Ha IIOAPOOHOM
OITHCAHUU MOP(OAOTUYECKUX, IKOAOTHUECKHX H
LEHOTUYECKUX CBOMCTB PACTEHHUH M IIO3BOASIET
IPEACKA3BIBATh YCIIEIMIHOCTb Pa3BUTUS 0cOOU
U coobmecTBa B PasHBIX LI€HOTHYECKHX
COCTOSTHUSIX.

Apaykapus ~ apaykaHa ~ OTHOCUTBCS K
BeCbMa ApDEBHEMY CeMelCTBy Araucariaceae.
MeracTpo6OHABLA. araucanaBbI3peBalOT B TEYeHUH
AByx AeT. Ha 3peaoM AepeBe KOANYECTBO IIMIIEK
pocruraer 20-30 mt. (SANGUINETTI 2004),
coaepxamux 100-200 cemstn kaxaas (DoNOSO
& CABELLO 1978; BENITEZ 2005). ITo ocenu
CeMeHa OIIAAAIOT, PAAUYC HX pasbpachIBAH
cocraBasger a0 11-15 M (Munos 1984; Caro
1995). dopma ceMeHM KOHHMYeCKas, AO 4 CM B
asuHy 1 1-1,5 cM B IIMpHHY, C TpPeyroAbHbIM
BoIcTynoM Ha Bepmmme 1-1,5 oM. Oxpacka
IIOKPOBOB CeMeHH KopudHeBast, baecTsimast. Bec
OAHOTO ceMeHH OT 3,5 A0 ST (MYPABbEBA u dp.
1974; RODRIGUES et al. 1983; MARTICORENA &
RODRIGUEZ 1995).
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A. araucana — d9HAeMUYHBIN BUA AAsE FOHO
AMepuKH, OHa 3aHHUMAeT CKAOHBI AHA, €O
cropoust Aprerrtunbt (mrar Heykun) u Ynau
Ha mupoTte oT 37,4° po 40,2° ¢ BhIpaXKeHHBIM
3UMHUM IIepHOAOM. Bua pacnpocTpaHeH Ha
BoicoTe 0T 800 A0 2000 M ry.M. (DONOSO 2006).

PacmpocTpaHeHne BHAQ ~ CBSI3BIBAIOT  C
pacceaenuem naemen Apaykanos (MARINO DE
Lovera 1865; PASTORE 1939; MyPABBEBA
u dp. 1974; GUNCKEL 1968; AAGESEN 1993).
AAS  MeCTHOro HaceAeHHs, IIAOABI AepeBa
C AABHHUX BpeMeH, SBASIOTCS  Ba)KHbIM
npoaykrom muraHus. K HacrosieMy BpeMeHH
eCTeCTBeHHbIe TEPPUTOPHU ACCOB COKPATHAKCH
OoAee ueM B ABa pasa 1 K 1999 roay cocraBasiau
254 000 ra. (LARA et al. 1999; DoNoso 2006).
CaepoBaTeAbHO, npobaema COXpaHeHHUs
M BOCCTAaHOBAGHHS AecOB A. araucana -
aKTyaAbHas 3apada COBPEMEHHOCTH.

B cBasm ¢ aTHM, mpeacTaBAsieT HHTepec

MOAPOOHO  OXapaKTepU3OBaTb  BO3PACTHBIE
ocobeHHOCTH A. draucana ¥ TOAOUTH K
BBIACACHHUIO BO3PACTHBIX COCTOSHHI.  AAS

3TOTO MBI PACCMOTPEAM CTapAMH OHTOTEeHe3a
OT TIPOPOCTKA AO HMATYPHBIX PpAacTeHHH B
PasAMYHBIX THIAX Aeca. ITocKOABKY M3BecTHO,
9ro A. araucana XapaKTepU3yeTcs pPas3HOMN
CTeIIeHbIO TEeHeBBIHOCAMBOCTH B MOAOAOM H
3peAOM BO3pacTe, IIPOBEAEHO COIIOCTaBACHHE
CTpO€HHI XBOM Ha CTAaAUAX IOBEHHADHBIX U
B3POCABIX BO3PACTHBIX COCTOSHHI.

Marepunasbl 1 METOABI HCCACAOBAHMI

Hccaep0BaHMSA P OBOAMAKCD Ha TEPPUTOPHUHU
Aprenrunsl, mrar HeykuH, ceBepHsIl Geper
o3epa Moxkaya, rpaHulla MeXAy APreHTHHON
u Yuan. B paiione uccaepoBanus A. araucana
BCTpEYaeTCsl Ha CPEAHHX M BEPXHHX yJacTKaxX
rOp, U OTAGAbHBIE OK3EMIIASIPBI AOCTHIAIOT
BpIcOThI 40 M. BepxHue yyacTku rop mOKpBITHI
IMPAaKTUYECKHd YHCTHIMU apayKapHUKaMH, C
yMeHbIIEHNEeM BBICOTBI Hap YPOBHEM MOp,
K HeH IPUMEIIMBAIOTCS pasHble BHABI POAA
Nothofagus Blume.

PaifioH OTHOCHTBCS K 30HE YMEpeHHOTO
kamMara. CpeaHeropoBble Temmeparypsl +8°C
- +10°C, MakcHMaAbHbBIE TeMIIEpaTyphl ACTOM
+20°C TpaaycoB, MHHHMMAaAbHBIE 3HMOH AO

-15°C - —20°C (GIGANTI & DaroTO 1990).
CpeaHneropoBoe KOAMYECTBO OCaAKOB
1000-2000 MM (GIGANTI & DaroTo 1990;
DoNOsO 2006), 6oAbIlass YacTh U3 HHX
BBIIAAAET B BHAE CHEra B CEPEAHHE OCEeHH
AM60 HavaAe 3UMbl M AEXKHT AO CEPEAUHbI
BeCHbL. /AeTOM BO3MOXEH IIepuop 3acyXu
IPOAOAXKHTEABHOCTBIO AO ABYX MECSILIEB.

Omnucansr TPI/I rpyr[r[bl A€COB, Ha pa3HbIX
BBICOTAX. Y TOAHOXHUS rop Ha BbicoTe 1200-
1340 M mym. A. araucana BCTpedaercs
comectHO ¢ Nothofagus antarctica (G. Forster)
Oerst, mOAAECOK B 9THX coobuiecTBax
o6pasosar Chusquea culeou E. Desv. Ha ckaoHax
Ha BpIcOTe 1350-1450 MH.y.M. Aeca 06pa30BaHHBI
A. araucana + Nothofagus dombey (Mirb.)
Oerst, uan A. araucana + Nothofagus pumilio
(Poep. et Endl) Krasser., nuspeako Bcrpedaercs
A. araucana ¢ 060MMI BUAAMU U TIOAAECKOM U3
Chusquea culeou, Pernettya mucronata (L.F.)
Hook et Arn, Escallonia myrtilloides L.f. Bepxuue
y4JacTku rop Ha BbicoTe 1450-1600 M Hy.M.
3aHUMAIOT AeCa U3 YHCTON A. araucand, VAU 5xe
3pech mpeacraBaeHHsl Nothofagus dombey +
A. araucana c nopaeckom C. culeou, P. mucronata,
E.myrtilloides, Maytenus disticha (Hook. f.) J.B.
Urban. IIpoexTuBHOE MOKpPBHITHE MOAAECKA
BapbUpyeT CHABHO OT Y4acTKa K YYacTKy, OT
5% a0 90%. C BbICOTOH Hap YpOBHEM MOPS
ymenbuaercs yuactue C. culeou B mopsecke,
Bospacraer ydactue P. mucronata, E. myrtilloides,
M. disticha, epuruano BcTpedaercs Berberis
montana Gay.

beiam  3aaoxenpr 9  aKcrepEMeHTaAbHBIX
reo6OTAHNYECKUX  IAOIIAAOK,  PasMepoM
20x20 M, cpeAaHbl OOIUEe OIMCAHMA Aeca
(popmyaa ApeBOCTOS, SPYCHOCTb, CpeAHHe
U MaKCHMaAbHbI€ BBICOTHI AepeBbeB Pa3HBIX
BUAOB M SPYCOB, CPEAHMM U MaKCHMAaAbHBIN
AMAMETP AEPeBbeB DA3HBIX BUAOB U SIPYCOB,
dopMa U BBICOTA MOAHSTHS KPOHbI, BUAOBOW
COCTaB MOAAECKQ, €TO IPOEKTUBHOE MOKPBITHE
M BBICOTA, YKAOH, OKCIIO3HIIUS, BBICOTBHI Hap
ypoBHeMMOpst). Co6paHbI M IIPOAHAAM3UP OBAHBI
mouyseHHsle OOpasusl Ha mpubope Leco
CHNG628 (ars ompepesenns C, H, N u S).
OmucaHo  BOCCTAaHOBAEHHMs — IIOAPOCTa, B
IpeAeAax KaXKAOU reo6OTaHMYECKOI IMAOIAAKH,
B3ATBl TO 3 yJacTKa 3X3 M, TIPOHM3BEAEH
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IIOACYET OAPOCTA Pa3HBIX TPy (FOBEHUAbHbIE
pacrenus Ao 0,15 M; paHHHe MMaTypHbBIE — AO
0,5 ™, ot 0,5 o0 1,5 M, oT 1,5 A0 3 M, u 6oaee
3 m). Caeran mepecuer ceMsH Ha parmMeHTax
1X1 M B mpepeAax KaKAOM re0OOTaHHIECKOMN
[AOIIAAKM, OTMeYeHO ofljee KOAUYECTBO
OTIABIIHMX CEeMSH U KOAMYECTBO IIPOPACTAFOIINX
cemsiH. Bcero mpoanHaamsupoBano 4940
cemsiH, u3 Hux 760 mpopocmux. Koanmuecrso
IIPOAHAAUBUPOBAHHBIX PACTEHMH MOAPOCTA Ha
Pa3AMYHBIX CTAAMSX cocTaBaseT 307 eAuHHIL.

B coorBeTcTBMM C aHAAM30M IIOAYYEHHBIX
AQHHBIX BBIAGAUAHM THIIBI A€CA:

- ApayKapHHK KyCTapHHKOBBI, 2 TIAOIAAKH.

- ApaykapueBo-HOTOQarycoBelii ~ AeC  C
npeobaapsanneM 6ambyKa, S MAOLIAAOK.

- Hotodarycoso-apaykapHH#
MEepTBOIIOKPOBHHUK, 2 TIAOIAAKHL.

Cobpannbl  mpopocTku  (1oBeHHAbHAS
CTapus) AAS TIOAPOGHOTO ommcaus, (BBICOTa,
AMAMeTp, AAMHA KOpPHS, AAMHHBI €XErOAHBIX
IIPUPOCTOB, YUCAO XBOU B IIPEAEAAX OAHOT'O TOAQ,
dopMa xBom). BaATbl M MPOAHAAMZHPOBAHBI
06pasupl xBou ¢ AepebeB G2 (reHepaTHBHbIE
paCTeHHs, aKTMBHO TAOAOHOCSIIHE)  AAS
CpaBHEHMs C 06pasIiaMi IOBEHHABHBIX 0COOEIL.

PeSyAI;TaTI)I l/ICCAeAOBaHl/Iﬁ

Apaykapuux xkycmapuuxosvtii: (mepsas
maomaaka — 9A.A.+1IN.D.+N.P. (1560 m my.m.);
BTOpas MAOIaAKA - 10A.A.+N.D.
(1600 M mym.); Taba. 1). Oun 3aHUMAIOT
camble BBICOKHE, IIOAOTHE y4acTKu rop 12° u
5° COOTBETCTBEHHO, 9TH YYACTKU SIBASIOTCS
KOHEYHBIMM BBICOTHBIMU TOYKamu. CHer 3A€Ch
ACKHUT AOATO, U TeMIepaTypa AOCTATOYHO
Huskas — 0°C B HauaAe AeTa B AHEBHOE BpeMs
u po -5°C B HOuHOe BpeMs. JTH YJYaCTKHU C
OAHOIt CTOPOHBI (3aMaAHO¥ 1 CeBEpHOI) UMEIOT
OYeHb KPyThle CKAOHBI C YKAOHOM A0 70-80°% c
PYYBSAMH Y TIOAHOXHS. XOPOILIO IIPOAYBaeMBbL
3AeCh PpACIIOAATAIOTCS TIPAKTHYECKHEe YHCTHIe
ApayKapHUKY, C  HeOOABIIUM  ydacCTHEM
N. dombeyuN. pumilio. ComxryTOCTS KpOoH—0,7.
Apaykapuu B BepxXHeM fApyce A0 25 M, CpeAHUH
AMaMeTP CTBOAOB 94 CM, C BbICOKO IOAHSATBIMH,
30HTUKOBUAHBIMHA KpOHaMI/I, AKTHUBHO
mAoAoHOCsImue. Bropoit sipyc o6pasoBaH Taioke

A. araucana, 14 M, aepeBbs yrHeTeHHbIe, He
IMAOAOHOCAINE, C 30HTUKOBUAHBIMU KpOHaMI/I.
Bricora KpoH apaykapuil B BepXHeM spyce —
B CpepAHeM S M, BBICOTa KPOH apayKapHil BO
BTOpoM sipyce — B cpeaeM 3 M. N. dombey
u N. pumilio mpescTaBAeHBI BO BTOPOM
spyce, KPOHBI HEMpPaBUABHOH (OPMBI, C
paCCOCpeAOTO‘IeHHbIMI/I II0 CTBOAY BETBSMH.
Tperuit spyc mpeacTaBAeH PpaBHOMEPHBIM
IIOAOTOM BEYHO3CACHDBIX KYCTapHI/IKOB
P. mucronata, E. myrtilloides, M. disticha B
cpeaeM a0 0,6 M, eAMHHYHO BCTpeyaeTcs
C. culeou (a0 1,5 m) u B. montana (a0 1 m). Ux
npoekTuBHOe mokpbitue S0-70%.

Ormaa coOCTOUT U3 XBOH M BeTBEH apayKapHUHL.
Ha sTHX yyacTKax KOAMYIECTBO CeMsTH, AKAIUX
Ha 3eMAe, B CPeAHeM cocTaBasieT 975 THIC.INT/
ra. Ilpu arom mpopacraior, B cpeanem, 12,3%
ceMsH. Maaoe KOAMYECTBO IMPOPOCIINX CeMSH
MOXeT 6bITI) CBsI3aHO C HU3KUMHU TeMHepaTYpaMI/I
9THX Y4YaCTKOB U CYIIE€CTBEHHbBIM KOAeGaHI/IeM
TeMnepaTyp BBI3BAHHBIX HpOAyBaeMOCTbIO
yJacTka. BAaXHOCTD BO3AyXa B TAaKHMX Aecax
OOABILIAS, U eXKEAHEBHBII [yCTOM TYMAH B HAYaAe
AETHETO TI€PUOAA paccenBaeTcss mocae 10
gacoB yTpa. CAeAOBaTeAbHO, MTOYBBI BAQXKHBIE.
Aas A, araucana XapakTepHO IIOA3e€MHOE
IpOpacTaHMe, IOCKOABKY Ha OSTHX IIOAOTHX
YJaCTKax, B OTCYTCTBHH IIOBEPXHOCTHOTO CHOCA,
BCe CeMeHa IOMAAAIOT Ha MOIJHYIO IOACTHAKY
(2,5-3 cM) u3 omapa XBOM, TaM M OCTAIOTCH.
IIporeHT BBDKMBAEMOCTH CeMSH Ha II€PBOH
naomapke — 6,02%, a Ha BTOPOH IAOIIAAKE
- 2,5% (paccumran m3 ceMSH C XOpOIIO
BBIPa’KeHHBIM ITPOKAIOHYBIIUMCSI KOPHEM, CPOK
OACYeTa — Ha4aA0 AeTa). Boabmee koandecTso
IMPOPOCIINX CeMSH Ha CTaAMH YKOpPeHeHHS
CTAaAKMBAIOTCS C YCAOBHSIMH He HMOAXOASIIMMH
AAS BBDKHBAHUS M OTMHPAIOT. iAo paccunrano
KOANYECTBO YKOPEHEHHBIX 0CO0el, 60AbIIas HX
9aCThb HPI/IXOAI/ITCSI Ha IOBCHHUADHBIC U PaHHI/Ie
uMaTypHble 0cobu (Puc. 1, BepxHue MAOIIAAKH).

B aaabHelllleM pa3BUTHE MOAOABIX 0CObelt
CTAAKMBAETCsI C IPOOAEMOI HeXBATKU CBeTa M
IIHTAaTeAbHBIX BellleCTB. boAbIIas 9acTh AepeBbeB
OTMHpPAeT HAa IOBEHHABHON CTaAUH M CTaAUH
panHe#t mMmarypHoil. Toapko 22% pacTeHmit
IMPOAOAXKAIOT ~ CYIeCTBOBATh B  HMMATYPHOH
CTaAMM B Ppa3sHOH CTeNleHH BBIPAKEHHOCTH
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Ta6a. 1. HexoTopble XapaKTepHCTHKU IOAAECKA U IIOAPOCTA Ha HCCAEAOBaHHBIX MapipyTax. AH — ApaykapueBo-HOTO(arycoBblil Aec ¢ mpeobaapanneM 6ambyka; HA — Horodarycoso-
apayKapHBbIit MepTBOIOKpoBHUK; AK — ApayKapHuK KycTapHIIKoBbIi; A.A. — Araucaria araucana; N.D. — Nothofagus dombey; N.P. — Nothofagus pumilio; N.A. — Nothofagus antarctica.

Table 1. Some characteristics of undergrowth and regrowth found along itineraries. AH — Araucaria and Nothofagus forests rich in bamboo; HA - Nothofagus and Araucaria
litterfall forest; AK - suffruticose Araucaria forest; A.A. — Araucaria araucana; N.D. — Nothofagus dombey; N.P. — Nothofagus pumilio; N.A. — Nothofagus antarctica.
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1 AH 1200 3A.A.+7N.A. 0,5 90%  Chusquea culeou 11,1 8,1 1,9 1,1 0 0 150 30
W 2 AH 1350 7N.P.+3A.A.+N.D. 0,6  90% Chusquea culeou 41,75 13,3 12,2 5,55 7,4 3,3 170 40
T~
— h 1
3 AH 1460 4ND.+4AA+2ND. 07  §0% Crusueaculeou, 36,64 266 6,7 2,6 0 074 260 40
HumﬂSNRU\S mucronata
1 AH 1340 SAA +2NP+ND. 06 gogp Chusqueaculeow, 37,77 252 6,7 3,7 1,8 037 780 130
Pernettya mucronata
g 2 HA 1440 SAA+2ND+NP. 07 5% Chusquea culeou 2672 1741 52 3 074 037 420 60
.m Chusquea culeou,
P
3 AK 1580 9AA.+IND+NP. 07 S0% Lemetyamucronatd, oo a44 o4 126 0 037 960 130
Escallonia myrtilloides,
Maytenus disticha
1 AH 1230 8A.A.+2N.P. 0,8 35%  Chusquea culeou 1,6 1,6 0 0 0 0 810 140
2 HA 1370 SAA+INP+IND. 06 s Crusqueaculeow, 1634 11,5 41 0,74 0 0 400 80
3 Pernettya mucronata
m Chusquea culeou,
P
3 AK 1600 10A.A.+N.D 07 709 Lermeftyamucronatd, 4o g 6,7 407 074 037 990 110

Escallonia myrtilloides,
Maytenus disticha
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Puc.1 HPOHGHT IIpOpacTaHusd OT O6ILI€I'0 KOAMYEeCTBA ceMsiH Araucaria araucana Ha HCCACAYEMBIX IIAOIJAAKAX, B

3aBUCHUMOCTH OT BBICOTBI HaA YPOBHEM MOPAL.

Fig. 1. Percent of seed germination from total seeds count of Araucaria araucana in study parcels depending on their

altitude above sea level.

(Taba. 1; Puc. 2; Puc. 3).

EcAu He CAOXKATCs GAArONPHSATHBIE YCAOBUS,
TaKHe KaK BbIBaA BerHeI'O AepeBa, 9TH paCTeHI/ISI
ymupaioT. CyljecTBoBaHHE B 9TUX YCAOBHSX
YHUCTDBIX apayKapHI/IKOB He BCTPe'—IaeT HP06AeM,
HOSIBACHHE APYTHX IIOPOA 3A€Ch AUMHTUPYETCS]
BBICOTOM M HU3KUMU TeMIIepaTypaMu.

Apayxapueso-nomogazycosvtii mun seca c
ydacTueM 6aMOyKa B HAIIOYBEHHOM ITOKPOBe OBIA
OTMeyeH Ha 5 TAOIIAAKAX, 3AHIMAIOIIHIX Pa3Hble
BbicoTbl OT 1200 A0 1460 M myM. (mepBas —
3A.A+7N.A,; Bropas — 7N.P+3A.A.+N.D,;
TpeTbs — 4N.D.+4A.A+2N.P.; uerBepTas -
8A.A+2N.P+N.D;; maras - 8A.A+2 N.P;
Taba. 1).

3aech OTMedYeHO pasHoe yuacTue A. araucana
B COCTaBe ApPEBOCTOS OT 3 A0 8 eAMHHIL
COHYTCTBYIOH.II/IMI/I HOPOAaMI/I ABAAKOTCA
N. antarctica, N. pumilio, N. dombey, a y4acrue
3THUX TIOPOA B COCTaBe APEBOCTOS BapbHpPYeT B
3aBUCHMOCTH OT BBICOTBI HaA YPOBHeM MOPH
(Taba. 1). YKAOH MeCTHOCTH AASL 3TOTO THIIA
Aeca BappupyeT oT 6° a0 37° Tum peabeda
OTHOCHTEABHO pPaBHOMEpPHBIH, 6e3 3aMeTHbIX
TMIOHIDKEHU VAW BO3BBIIIEHUIA. AQHBIN THII
Aeca BCTPeYaeTCsi B MPEATOPbsIX. 3AeCh 4acTo
BCTPEYAIOTCSI KOPOBBH TPOIIBL, A BCe [IOAOTHE H
COAHEYHbBIC y‘laCTKI/I BBITOIITAHBI. COMKHYTOCT};

kpon Bapeupyer or 0,5 po 0,8. Apepocroit
A. araucana BepXHero spyca — B CpeAHeM 22 M.
BrIcoTa MOAHATHS MX KPOH cocTaBasieT 16,4 M,
CPeAHMIT AMaMeTpP UX CTBOAOB — 87,3 cM; KpOHBI
IIAPOBUAHBIE HAU 30HTHKOBHAHBIE, aKTHBHO
maopoHocsmue.  Bropoit  spyc  obpasoBaH
N. pumilio, N. dombey u A. araucana. Cpearsis
BbIcOTa A. araucana BTOporo spyca — 13,7 M,
BBICOTA MOAHATHS KPOHBI — 7,8 M, KpOHa
30HTHUKOBHAHASBCTaAMU G 1 MAM BUPTHHHABHOM.
Kpousr Nothofagus ssp. HenpaBuabHON GOPMBI,
C PpaccCpepOTOYEHHBIMH IIO CTBOAY BETBSIMH.
Tpetuit spyc mpeacraBaer C. culeou, cpesHue
ero BbICOTHI — A0 1,5 M. OTmeueHo Takxke
HEe3HAYUTEABHOE  yYacTHe  BEYHO3EAECHBIX
KyCTapHUYKOB Ha cpepHux Bbicorax (Taba. 1).
IIpoexTuBHOE mOKpBITHE OT 35% A0 90%.
ITopcTuaka 0,5-2 cM, 06pa3oBaHa OITAAOM XBOU
apayKapHuH, AUCTbSIMU U BETOYKaMU HOTOdaryca
u 6ambyka. Muoro Baaexxa Nothofagus ssp.
Koaunuecrso ceMsiH BapbHpYeT, B
3aBUCHMOCTH OT ydacTus A. daraucana B
coctaBe ApeBoctosi, oT 150 po 810 Thic. mT./
ra. AAsI 9TOTO THIIA A€Ca OTMeYeH AOCTATOYHO
CXOXWI TIPOLEHT IIPOPACTaHHMSA CeMsH, B
cpeaeM — 18,48%. KoanmvecTBeHHas oIjeHKa
BBDKHBAEeMOCTHU CeMSIH CHABHO Pa3AMYAeTCs], OT
0,2% A0 13%, X0Ts1 60ABIIASE YACTh IPHUXOAUTCS
Takke Ha IOBEHHABHBIE U paHHHE MMAaTypHBIe
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Puc. 2. Bookupaemocts cemsH B apaykapuuke Pumc. 3. BobkuBaeMmocTh moppocTa B HOTOQArycoso-
KyCTapHUKOBOM: 1 — KOAMYeCTBO YHABIIMX CeMSH; apayKapHeBOM-KyCTapHHKOBOM Aecy: 1 — KOAMYeCTBO

2 — KOAMYECTBO IIPOPACTAIOIIUX CEeMSH; 3 — KOAUYECTBO
IOBEHHMABHBIX pacTeHMH; 4 — KOAMYECTBO PACTeHHH AO
0,5 M B BBICOTY; § — KOoAmdecTBO pactenuit ot 0,5 A0 1,5 M B
BBICOTY; 6 — KOAUIECTBO pacTeHuil oT 1,5 A0 3 M B BHICOTY;
77 — KOAUYECTBO pacTeHuil 6oaee 3 M B BBICOTY.

Fig. 2. Seed survival in the suffruticose araucaria forest
(thousands of counts per hectare): 1 — dropped seeds;
2 - germinating seeds; 3 —juvenile plants; 4 - plants having
heights below 0.5 m; § — plants having heights from 0.5 to
1.5 m; 6 — plants having heights from 1.5 to 3 m; 7 - plants
having heights equal to or above 3 m.

IOBEHHADBHBIX PACT@HMH; 2 — KOAUIECTBO PACTEHUH AO
0,5 M B BBICOTY; 3 — KOAMYecTBO pacTeHui or 0,5 Ao
1,5 M B BBICOTY; 4 — KOAMYECTBO pacTeHH# oT 1,5 a0
3 M B BBICOTY; § — KOAMYECTBO pacTeHuU 6oree 3 M B
BBICOTY.

Fig. 3. Regrowth survival in the suffruticose araucaria
and nothofagus forest (thousands of counts per hectare):
1 — juvenile plants; 2 — plants having heights below 0.5 m;
3 - plants having heights from 0.5 to 1.5 m; 4 — plants
having heights from 1.5 to 3 m; § — plants having heights
equal to or above 3 m.
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Puc. 4. BrpkuBaemocts cemaH B HoTodarycoso-  Pmc. S. BpokuBaemocTh moapocta B HOTOdArycoso-

apaykapHo-6ambykoBoM Aecy. O6osnavenus — cm. Puc. 2.

Fig. 4. Seed survival in the araucaria, nothofagus and
bamboo forest (thousands of counts per hectare):
Explanations - see Fig. 2.

pactennsa. OneHKa AAAbHEHIIETO pasBHTHA
pacTeHHil CHABHO OTAMYAETCS OT YYacTKa K
YYACTKy, Ha OAHOH W3 TAOIIAAOK TMPOLEHT
Mepexopa Ha CAGAYIOIYIO CTAAMI0 OHTOTeHe3a
paBen 0, a Ha APYTOt [IAOIAAKE OH COCTABASIET
38,9%. (Taba. 1, Puc. 4; Puc.S).

B aTOM THIE Aeca MPOPOCTKH M MOAPOCT
HCIBITBIBAKOT CI/IAI)HYIO KOHKypeHuI/IIO 3a MECTO,

apaykapHo-6ambykoBoM aecy. O6osnavenus — cm. Puc. 3.

Fig. 5. Regrowth survival in the araucaria, nothofagus
and bamboo forest (thousands of counts per hectare):
Explanations - see Fig. 3.

BOAY, U IIUTAaTeAbHBIE BeljeCTBa ¢ 6aMOyKoM, HO
3A€CB, 3Ke POPMHUPYIOTCS YCAOBHS AOCTATOYHOTO
IPOrpeBa, 4TO U CIIOCOOCTBYeT GOAbIIeMy, IO
CPaBHEHHMIO C KYCTapHMYKOBBIM THIIOM A€Ca,
BBDKMBAHHIO M IIPOPACTAHMIO  apayKapHIL.
Bce omymeunble y4acTKH IOAOTHE ¥ XOPOLIO
OCBeljeHHble BBITOITAHBI CKOTOM, IIO3TOMY
BO306GHOBAEHHE 3AeCh HEBO3MOXKHO.
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Puc. 6. BbpxuBaeMOCTb CeMSTH B HOTO$arycoBO-apayKapHOM
MeprBorokpoBHuKe. Obo3HaueHws — cM. Puc. 2.

Fig. 6. Seed survival in the araucaria and nothofagus
litterdrop forest (thousands of counts per hectare):
Explanations - see Fig. 2.

Homodgazycoso-apaykapuesutii
MepmMeEonoKposHuKx  ObIA OTMeYeH Ha ABYX
MAOIIAAKAX (nepBaH maomaaka — S8A.A.+2N.
D+N.P; Bropas momapka - 8A.A.+1IN.
P+IN.D.) Ha cpeanmux Bbicotax (Taba. 1;
Puc. 8). 3aHUMAET y4aCTKU CKAOHOB C YKAOHOM
40° 1 20° cOOTBETCTBEHHO.

B apeBocroe mpeobaapaeT  apayKapus
¢ 8 epmnmnamu yvactus. Bepxmuit spyc Ha
IepBOM TIAOIIAAKe TIPEACTaBAeH A. araucana,
CPEAHSIST BBICOTa KOTOPBIX COCTaBASET 25 M,
CPEAHSS BBICOTA IIOAHSATHS KpOoHBL — 19,5 M, a
cpeaHUit AmameTp cTBoAOB — 95,8 cm. Pacrenm
HUMEIOT 30HTHUKOBHAHBIE WAH IIApPOBHAHbBIE
KPOHBI, aKTHBHO  IIAOAOHOCAT.  BTopon
sapyc Ha oToM ydactke caaraeT N. pumilio u
N. dombey, ux cpeaHue BBICOTBI — 23 M, KPOHBI
PaccocpeaoTOUYeHBI IO CTBOAAM. TpeTuit sipyc
obpasosau A. araucana, N. pumilio u N. dombey
CPeAHss BBICOTA — 15 M, BbICOTa IIOAHATHSA KPOHbI
apaykapuu — A0 11 M; KpOHBI 30HTHUKOBHAHDIE,
He 1AoA0HOCAT. CoMKHYTOCTD KpoH — 0,6-0,7.

IIpoextuBHOe mOKpHITHE MeHbIe 5%,
IIPEACTABACHO EAMHUYHBIMH  SK3eMIIASIPaMH
C. culeou, P. mucronata Beicoroir a0 0,5 m.
OTMeuyeHBI KOPOBBU TPOIBI, IOAOTHE YYACTKU
CHABHO BBITONITAaHbI, HPUCYTCTBYyeT B Macce
momeT. Ilopctmaka 1-1,5 oM, mpeacTaBAeHa
OIIAAOM XBOHM apayKapHH, a TaKXe BeTOYeK M
AWCTBEB HOTOdAryca, MHOTO €ro >Ke BaAeXa.
KoandecTBo cemsH — B cpeareM 410 Thic. mr./
ra, u3 HuX mnpopacraomux -— 17,15%.

Puc. 7. BopkusaeMocTh IOApOCTa B HOTOArycoBo-

apaykapHOM MepTBoIoKpoBHuke. O6o3Hadenns — cm. Puc. 3.

Fig. 7. Regrowth survival in the araucaria and nothofagus
litterdrop forest (thousands of counts per hectare):
Explanations - see Fig. 3.

KoandecTBeHHasI OIJeHKA BBDKUBAEMOCTH CEMSTH
Ha mepBoit maomaake —6,3% (1440 m myMm.),
a Ha BTOpO# maomaake — 4% (1370 m myM.);
0O0ABIIAsT YaCTh IPUXOAUTCS HAa IOBEHHABHBIE
U paHHHE MMATypHble pacTeHHs. AaAbHelilee
pasBHTHe pacTeHUH IokasbBaeT 18,1% u 4,7%
coorsercrenHo (Taba. 1; Puc. 6; Puc. 7).

B oroM THIe Aeca AOCTaTOYHO AKTHUBHO
BBIPAKEH  CHETOBOM  CTOK,  IIOACTHAKA
MeCTaMU OTCYTCTBYET, IIOAPOCT HAXOAUTCS B
KOHKYPEHTHBIX OTHOIIEHUSIX C POAUTEAbCKIMIU
0co6sIMHU 32 IUTATEAbHbIE PECYPCHl. AKTHBHBIM
CTOK, BEPOSITHO, OOEAHSET IIOYBbL, U MEHSET
HanpaBAGHHS BeTBAeHUs (BeTBH MOAPOCTA
HAaMpaBAGHBI BHU3 1O CKAOHY). Yacrbrit
BETKOIIAA, BBIBAA M CHOC A€PEBbEB, IIOBPEKAAIOT
IIOAPOCT, B YaCTHOCTH €r0 KOPHEBbIE CHCTEMBL.

Martepuaa AASL  TOAPOOHOrO  aHaAM3a
HMATypHBIX PacTeHHl coOpaH Ha ckaoHe 20°
YKAOHA BOCTOYHO 9KCIIO3HIIMH, B CPEAMHHOM
nosice Ha BpicoTe 1340 M H.y.M., B HOTOdarycoso-
apayKapHeBOM A€Cy C IPe0OAAAAHIEM B HIDKHEM
sapyce 6ambyka (A0 2,5M B BBICOTY) U OTAGABHO
BCTPEeYAOIUMUCS 9K3eMmAasipamu P. mucronata
(a0 0,6 M B BICOTY). POpMYyAa — 8 A. araucana
+ 2 N. pumilio + N. dombey. IlpoexrusHoe
nokpeitue 80%. CpeaHsisi BBICOTAa APEBOCTOS
20 M, OKpy>XHOCTb cTBoAa — 185 cm. Cpepnee
paccTosHMe MeXAY AepeBbaMu — 8,58 M, cpeaHumit
AMAMeTp KPOH BepxHero sipyca — 5,5-6 M (aas
A€peBbeB BTOPOTO SIPyca), a AAS apayKapHH U



200

MODERN PHYTOMORPHOLOGY S (2014)

Puc. 8. BoccranoBAeHHE B HOTOdArycoBO-apayKapHeBOM MepPTBOINOKPOBHHKE, Ha yJacTKe C Pa3peXXKeHHBIM BEPXHHM

APEBEeCHBIM SPYCOM.

Fig. 8. Regrowth in the araucaria and nothofagus litterdrop forest with a sparse upper arboreal layer.

Hortodaryca — 3,2-3,5 m. MHoro cyxocros u
Baaexxa HoTogaryca. ITousa Baaxmas, pH $,8,
BepXHUeE TOPU30HTHI HACBIIIEHBI OPraHIIeCKUM
BemecTBoM. C ray6unst ot 0,5 Ao 1,2 M 3aaeraer
TyQomopOOHasE ~ MOpoaa  BYAKAQHHYECKOTO
npoucxoxaeHus. [Topcruaka 1,5-2 cM, cocrout
U3 Omapa XBoM A. draucand, a TaKXXe BETOK U
ACTBeB HOTOarycoB u Oambyxka. Koanuecrso
ceMsH - okoao 780 Thic. IT./Ta, M3 HUX
npopocumux — 16,7%, Booxkusiunx — 4,8%. Obuee
KOAMYECTBO BO30OHOBAEHHS (OT FOBEHHABHBIX
AO MMarypHbIX ocobeit) — 37,77 ThIC. mT./Ta.
KoamdecTBO I0BEHHMABHBIX ocobeil a0 15 cMm
6e3 BerBaeHMs — 25,2 ThIC. mIT./Ta, AO 0,5 M —
6,7 Thic. iT./Ta, ot 0,5 A0 1,5 M — 3,7 ThIC. mIT./
ra, or 1,5 a0 3 M — 1,8 Thic. mT./Ta, 6oree 3 M
- 0,37 ThIc. mrt./Ta. O6pasmpr G2, 6bIAM B3SITHI C
YIABILIIX A€PEBbEB B BEPXHEN YaCTU KPOHBDL

ITo dopme M pasMmepy XBOH HMATypHBIE

pacTeHMs ~ 3HAYMTEABHO  OTAMYAIOTCS  OT
3peAbIX AepeBbeB, 4YTO OTPaXKaeT YCAOBMA
CYIIeCTBOBAHMSL. VImaTypHBle ~ pacTeHHS

XapaKTEPUIYIOTCSA TEHEBOM XBOEH C TOHKUMH
AWICTOBBIMU IIAQCTMHKAMHM K MEAKHMH, IO
CPaBHEHMIO C  B3POCABIMH  PaCTeHHUSIMH,
KAeTKaMH. TOrAa Kak XBOS 3PEAOTO AepeBa,

OTAMYAeTCS  3HAUYUTEABHBIM  KOAHYECTBOM
MeXaHHUYEeCKUX TSDKeH, TIOACTHAQIOIIUX
ammAepMy U 0GoOAee MOIIHBIM  Pa3BUTHEM
KPYTIHOKAETOYHBIX CAOE€B ITAPAaHXMMATHJIeCKOH
TKaHH B IleHTpe XBOMHKH. IIpoBopsmme myuxn
O4eHb MEAKOKAETOYHbIE. YCTBHIIA PACIIOAOXKEHDI
B ONIUAepMe TIyCTBIMH pspaMu. [IaoTHOCTD
PACIIOAOKEHHSI YCTBUI] 3aBUCHT OT YJacTKa
Ha XBOWMHKE, B CPEAMHHOM YacTH AHMCTOBOM
IAQCTUHKH  PSIABI  YCTBHI] OTCTOST AAAbIIe
APYT OT ApyTa, 4eM y ee OokoHJaHMs. Kpowme
TOTO, Y MMATYPHBIX pAacCTeHHH IAOTHOCTb
PacCIOAOKEHHMST  yCTbHML] MEHbIIE. OTAnuriem
XBOH B3POCABIX PACTEHHH OT XBOHM HMATypHbIX
pacTeHuil, SIBASETCS HPHCYTCTBHE OOABIIOTO
KOAMYECTBAa acTepocKAeperp. JacTb CMOASHBIX
XOAOB YEPEAyeTCs C IPOBOASIIMMH ITyYKaMH,
a vacTp pacrmosoxeHa Hipke. CymrecTBeHHOe
pasAMdYEe OTMEUEeHO B TOAIIMHE BepXHeH
SIIHAEPMBI, ¥ B3POCABIX 0COO€ll OHA MOIIHEe.
WsBecTHo, uTo A. araucana XapakTepH3yeTcs
nopseMHbM  npopactanueM  (MYPABBEBA
u dp. 1974; UrRruTIA 1986; DoNoso 2006).
BecHoit npyu yBeANYeHNN AHEBHBIX TeMIIEpPaTyp,
U3 TIOYBBI IIOSIBASIETCS] POCTOK, TIPEACTABASIONIUIH
CO0OIl pasBHTHE 3AAOXKEHHOIO B CEMEHH
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Puc. 9. Buemnuit Bup 10- 1 12-AHeBHBIX IpopocTkoB (A), a TakxKe 4-AeTHEH 0COGH BO BPeMs TIepeX0Aa K HMATypHOI
crapuu (B) Araucaria araucana.

Fig. 9. Common view of 10- and 12-days seedlings (A), as well as four-year plant passing to the immature stage (B) in

Araucaria araucana.

POCTOBOrO Iobera, 1 UMEIOIIUIT HA IIEPBOM JTAIle
9, a3aTeM — 12 AncroukoB. CHaYaAa BCe AUCTOYKHU
IIPFDKATHI K OCH, HO IO Mepe POCTa PacITyCKAIOTCS
u ipopocTok sbrrsrusaercs (Puc. 9).
KoamdectBo  XBOMHOK y  IIPOpOCTKA
MEePBOrO AHS JXKHU3HU 7/ INT., y IATHAHEBHOIO
- 9 mr, y AecaTupHeBHOro — 15 mr., y
ABEHaALIATUAHEBHOTO — 21 mT. 3aKOHYMBIINI
pa3BepTHIBaHME 3aA0KEHHBIX B MOYKEe XBOMHOK
IPOPOCTOK HMeeT, IO HAIIMM HAOAIOACHUSIM,
21 XBOMHKY, U, TIO BUAUMOMY, CTOABKO >Ke HX
sanoxeno B cemenu (Puc. 9). B paabHeitmem
y TPOpPOCTKa IIPOUCXOAUT  PACTSATHUBAHUE
MEXXAOY3AHIL, K ITOOEr AOCTUTAeT OKOHYATEABHOM
BE€AMYUHDI. FI/IHOKOTI/IAb, 48 I10 HallIuM
Ha6AIOAeHHﬂM, Hu II0 AI/ITePaTyprIM AaHHBIM
YTOAIIleH (MyPABbEBA u dp. 1974; URRUTIA
1986), ero aamma cocTaBaseT 41+4 MM, a
anameTp — 8+1 mm. BricoTa pacTenus B Bo3pacre
Tpex AeT cocTtaBaseT 58+22 mm. B ocHoBanumn
CTeOASL XOpPOIIO BHAHBI OCTaTKM YepPeLIKOB
CeMAAOABHBIX AMCTbeB. AamHa kopHa 230130
MM, Ha HeM pa3BHUTHI KOpPHeBble KAyOeHbKH, a
Ha TAQBHOM KOpPHE MHOTO OOKOBBIX KOPEIIKOB.
AanHa mobera mepsoro ropa — 13+1,5 mm.
Pasmep aucrbes mepsororopa — 10£1 MM B pAAUHY
u 2,02+0,25 MM B nmmmpuHy. PaccTosiHne MexAy
AVCTOBBIMHU TAacTuHKaMu 1-1,5 mMM. B mepsbrit
roA M3 ceMeHH pasBuBaeTcs 2113 aucr. IIpupocr
BTOpOro ropa cocrtasaster 10+2 mm. Menbmue
pasMepbl IPUPOCTa BTOPOTO TOAQ CBSI3AHBI C

HEOOXOAUMOCTBIO  IIOAYYEHHsS —IIMTATEABHBIX
BEIIeCTB 3a CYeT pabOTH KOPHEBON CHCTEMBI, a
He 3aI1aCOB CEMeHH, U3 KOTOPBIX CTPOHUTCS mober
mepBoro ropa. KoamdecrBo o6pasyromuxcs
Ha BTOPOH Top AMCTbeB 1512 mT. AAuHa Aucra
BTOpOTO ropa 111 MM, mmpuna — 3+0,3 Mm.
PaccTosiHie MeXAy AMCTOBBIMH ITAACTHHKAMH
Maao BapmabeabHo. IIpupocT Tperbero ropa
OOBIYHO XapaKTEPU3YeTCsl HOABIINM pa3MepoOM,
T.K. KOPHEBasl CHCTeMa K 9TOMy MOMEHTY 6oAee
PasBHUTa, U COCTaBAseT B cpepHeM 35S M,
XOTS B OAArONPHATHBIX YCAOBHMSX MOXET
OBITD CyIIeCTBEHHO GOAbIIe. AAMHA AMCTOBOM
IIAACTHHKH TPETEro FOAA BAPbUPYET I10 IIobery
or 18 po 24+4 mm, mupuna — 3,5+0,5mm. ¥V
AUCTbEB TPETbEro TOAQ, XOPOIIO BBIPAXKEHA
KHAEBATOCTD, OTYETAUBO CPOPMHUPOBAH MIHIIHUK
Ha KOHIJe AMCTAa. AMCTOBas IAACTHHKA HMMeeT
KOPOTKYI0 HH30eramomyio dYactb. B BepxHeit
4aCTH Iobera TPETbero ropd MAACTHHKA HMeeT
6oree BHITAHYTYI0 ¢opmy. IlepBble AHCTbS
nobera KOPOTKME H MMEIOT CEPIOBUAHO
3aMKHYTBle AMCTOBble mAacTHHKH. Hanboaee
KPYIIHbIe AMCTbSI XapaKTePHBI AAS HIDKHEH
4acTH BepxHeil TpeTu mobera. Ha sepmmue
nobera TPeThEro ropd 3aKAAABIBAIOTCS 3 MOYKU
— OAHA BepXyIIeYHast, i ABe OOKOBbIX, pa3BUTHE
KOTOPBIX O3HAYAeT HAYAAO BETBACHMS 1 IIEPEXOA
B IMAaTyPHOE COCTOSIHHUE.

B MMaTypHOM COCTOSHUM PACTEHHS CHABHO
OTAMYAIOTCS TTO BBICOTE M CTENEHU BETBACHHSL.



202

MODERN PHYTOMORPHOLOGY S (2014)

Puc. 10. Pazsurne npopocrka Araucaria araucana 1-4 ropoB: A — IIpOPOCTOK B IEPBbIit TOA Xu3Hu; B — mpopocToxk Bo

BTOPOI I'OA XKU3HH; B — mpopocTok B TpeTuit rop xusHy; I' — mpopocTok B HavaAe 4 ropd XKU3HU.

Fig. 10. Araucaria araucana seedling development in 1-4 years of life: A — the first year; B — the second year; B — the third

year; I — the beginning of the fourth year.

OTO HANpSAMYIO CBA3AHO C OKOAOTHYECKHMH
YCAOBUAMM, B KOTOpbIe IIOIIAAAeT pacTeHHe.
C camoro MOMEHTa IIPOPACTaHMSA, MOAOAOE
pacteHne  OypHO  pasBUBaeT  KOPHEBYIO
CHCTEeMY, COCTOSNIYIO M3 MOIJHOIO TAaBHOTO
KOPHSI, U 3HAYUTEABHOIO KOAMYECTBAa OOKOBBIX
KOPEIIKOB, U 9HEPrHYHO IIPOHHKAET BIAYOb
mouBbl. Pa3sBuTHe KOpHEBOH CHCTeMBI B
HECKOABKO Pa3 IIpeBbIIIaeT Pa3BUTee HaA3eMHOM
vactu pacrenuit (Puc. 10). Ha xopHsax pasubix
HOPSAKOB Y€ Y TPEXACTHEIO IIPOPOCTKA
OTMeUeHO MHOXKECTBO KAYOEHbBKOB.

Ha ocnoBanuu aHaAmM3a IPOBEAEHHOTO IIO
BCeM ITAOIJAAKAM, OBIAU BBIAGACHBI TPH IPYIIIBI
JKU3HECIIOCOOHOCTH UMATyPHBIX PACTEHHI:

I zpynna. Ilpu HexBaTKe OCBeleHNUS, BOABI,
MeCTa MAM IHTATEAbHBIX BeIjecTB, IPOPOCTOK

OTMHpaeT, He IIepexXoAs B  HMaTypHOe
cocTosiHKe. EcAn ycAOBHUS IO3BOASIIOT IepeiTH
B HMMATypHOe COCTOSIHHE, TO IIPOHCXOAUT
obpa3oBaHHe OAHOTO-ABYX OOKOBBIX ITOOEroB.
ITepexoa K HUMaTypHOMY COCTOSTHUIO
npoucxoAuT Ha 4-8(10) rosy *UsHHM pacTeHHL.
IIpu sToM XBOS IIEPBOTO IOAQ JKU3HH YChIXaeT
M YaCTUYHO OIAAAET. YCIENMIHOCTb Pa3BUTH
HMMATYPHOTO PACTeHUS IIEAMKOM 3aBHCHUT OT
OKPY>KeHHS IIPOPOCTKA U IOCTYIACHUSA K HEMY
cBeTa. B ycAOBHAX 3aTeHeHHS pOCT B BBICOTY
[TIOAABASIETCS, TOTAA KakK, OOKOBble BETBU
BBITATHBAIOTCS, IPHPACTAsi TOA OT Toad. B TakoMm
COCTOSHHM pPacTeHHe MOXeT CyIeCTBOBATh
A0 100 aet, poocTHrast mpu 3TOoM BBICOTHI 1,5 M.
OHO HMMeeT MCKPHBAEHHBIH CTBOAUK M KPOHY
Ha CaMOH BepIIHHE, COCTOSIIYI0 U3 Tpex-
JeThIpeX «MyTOBOK> IO ABe-TPH BETBH KXKAASL
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IIpupocTsl 60KOBBIX BEeTBE COCTABASIET OT 1 A0
3 cm. Ipu aToM pacTeHre nMeer He 6oAee ABYX
nopsiakos Betsaenus (Puc. 11 A).

II zpynna. B ycaoBHsIX CpepHEro CHabKeHHs
BOAOJ, IIMTATEAbHBIMU BeIjeCTBAMH M CBETOM,
pacTeHHe HEPEeXOAMT B MMAaTypHOE COCTOSHHE
Ha 3-4 rop sKu3HH, 06pasysi B IepBOM BETBACHHU
ABe 60KOBBIe IIOUKHU. B mocaeayiommeM pasBUTHI
pacTeHre BBITSATHBAETCS BBEPX, a 0OpasoBaHHUe
«MYTOBOK» IIPOUCXOAUT 0oAee HAM MeHee
peryaspHo. HmxHue BeTBH  IOCTeIleHHO
YaCTMYHO  HMAM  IIOAHOCTBIO  OTMHPpAIOT,
cbpacpIBast XBOIO, HO Ha YPOBHE 3-4 «MyTOBOK>
BETBU COXPAHSIOT JKH3HECIIOCOOHOCTD U
xsoro. Ha yposHe 4 u S «MyTOBOK» MOIyT
00pa3OBBIBATHCSI OAHA HAHM ABE CHMMETPHYHbIE
BETBH TPEThEro MOPsAKA; CAEAOBATEABHO, KPOHA
CTAHOBUTCs OoAee HamOAHeHHOM moberamu. B
Bospacte 10-15 AeT AepeBO MMeeT BBICOTY OT
0,7-0,8 M a0 1,5 M. B aTHX ycAOBHSIX AOCTaTOYHO
CHABHO BBIpAXKEHA peHOTUIIMYECKAS

Puc. 11. I'pymnms! >KU3HECIOCOOHOCTH HOAPOCTa Araucaria
araucana (Bospact pactenuii 6oaee 10 aet): A — I rpynma
xusHecriocobHocry; B — II rpynma sxusHecmocob6HOCTH
(ycpeAHeHHDBI BapHaHT, Tpylme CBOJCTBEHHA OYeHb
6oabIas heHOTUNHYECKAS H3MeHIHBOCTD ); B — Il rpymima
JKH3HECIIOCOOHOCTH; X — OTMHPAIOLIHE BETBU.

Fig. 11. Growth power groups of Araucaria araucana
regrowth: A — group I; B - group II (an average variety of
a highly variable phenotype); B - group III; x — dying-off

branches.
M3MEHYMBOCTD, 3aBHCANIAS OT KOHKPETHBIX
ycaosuii cpeast (Puc. 11 B).

III 2pynna. B ycaoBuAx xopomero

OCBeIeHHsT, I AOCTAaTKA IIHTATEABHBIX BEIECTB,
a TaK)Xe BOABI, Ha 3-4 TOABI 3aKAAABIBAIOTCS ABE
OOKOBbIE IIOYKH, 2 PACTEHHE HMeeT XOPOIIMI
npupoct. Ha Bropoit «MyToBKe» 06pasyercst
TPeTHIl IOPSAOK BETBACHMS 3a CYeT IOYTH
CHUMMETPHYHOrO OOpa3sOBaHMS ABYX OGOKOBBIX
mo0eroB Ha OCSX BTOPOTO IOpPSIAKA. TpeTnst
«MYTOBKa>» MOXET HMeTb YXKe YeTbIpe BEeTBH
Broporo mopsiaka. Takue ocobu Hamboaee
JKU3HECIIOCOOHBI U OOpPasylOT — eXerOAHbIN
npupoct B 20-45 cm. K 1S ropam pacrenus
MOTYT AOCTHTaTh BbICOTH B 3-3,8 M. Hivxuue
3-4 «MyTOBKH>» BTOPOrO IIOPSIAKA B 3TOM
BO3pACTe 9acTO OTMHUPAIOT. IlocaepoBaTeAbHO
Pa3BUBAIOIINECS «MyTOBKI>» BTOPOTO IOPSIAKA
00OramaloTCss  HOBBIMU  HAIIPABACHHSIMHE
POCTa, U KOANYECTBO BETOK B HHX AOCTUIAET
(4)5-6(7). TIpeo6AapIOMUMHU CPEAU YCTIENTHO
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Puc. 12. BsokuBaeMoCTh CeMSIH B PA3AHUYHBIX TUITAX A€CA: 1 — KOAUYECTBO YIaBIIMX CEMSH; 2 — KOAUYECTBO TIpOpacCTaroInX

CeMsiH; 3 — KOAUYeCTBO IOBEHHABHBIX PAaCTeHUH; 4 — KOAMIeCTBO pacTeHuit A0 0,5 M B BHICOTY; S — KOAUYECTBO PacTeHUI OT

0,5 A0 1,5 M B BBICOTY; 6 — KOANYECTBO pacTeHHit oT 1,5 A0 3 M B BBICOTY; 7 — KOAMYECTBO PACTeHHUIT GOAee 3 M B BBICOTY.

Fig. 12. Seed survival in different forest types (thousands of counts per hectare): 1 — dropped seeds; 2 — germinating
seeds; 3 — juvenile plants; 4 — plants having heights below 0.5 m; § — plants having heights from 0.5 to 1.5 m; 6 — plants
having heights from 1.5 to 3 m; 7 — plants having heights equal to or above 3 m.

Pa3BHBAIOMIMXCSA PACTEHMH SBASIOTCS IIECTH-
BETOYHbIe «MYTOBKW>». Iloberm Tperbero
HOPSAKA XOPOIIO IPEACTABAGHBI B KpOHE U
IO3BOASIIOT YCIEIIHO 3acCeAdTb 3aXBauyeHHOe
npocrpancto (Puc. 11 B). Xapakrepoit
OCOOEHHOCTBIO KPOHBI B 3TOM COCTOSHHH
SIBASIETCS e CHMMETPUYHOCTb.

O6cyskaeHHE U 3aKAIOUEHHE

Brrasaena OTYeTAUBAS 3aBHCHMOCTD
MeXAy POPMYAOH APEBOCTOS M KOAMYECTBOM
CeMSIH Ha MeTpoBOM maomaake. Yem Goabmie
apaykapHil B COCTaBe APeBOCTOS, TeM OoAbIle
KOAMYeCTBO ceMsiH. YTo roBopur o 6oaee
UAM MeHee YCIIeNIHOM IAOAOHOIIEHHM Ha
BCeX MCCAGAOBAHHBIX BBICOTHBIX IIAOIJAAKAX.
HauboAablree KOAMIECTBO CeMSIH Ha IIAOIAAKY
BbISIBASETCS B IOpPaKTUYeCKH  YHCThIX
KyCTapHHUKOBBIX apaykapHukax (Ta6a. 1).

IIpu opMHAKOBOM KOAMYECTBe apayKapuil B
coo011ecTBax ¢ HOTOdarycaMu pasHbIX BHAOB B

MepTBOIIOKPOBHBIX ApayKapHUKaX HAOAIOAQETCS
MeHblllee KOAUYECTBO CeMsH, Ha TAOINIAAKY, IIO
CPaBHEHMIO C COOOIeCTBaMH, A€ B HIDKHEM
sIpyce MPHCYTCTBYeT 6aMOyK M BeYHO3eAeHbIe
KyCTapHUKHA. BO3MOXHO, 9TO CBsI3aHO C
peabepOM YYaCTKOB KM  OOABIIMM CHOCOM
(CHEroBBIM M AOKAEBbIM) YIABIIMX CeMSH.
Apyroit TpUYMHON OTOrO SIBAGHMS, MOXET
OBITh MeHbIllee IIAOAOHOIIEHHe apayKapHuil
B 9THX YCAOBMSIX, YTO TpebyeT AAABHEHIIHX
HCCAEAOBAHUM.

CooTHomeHIe  KOAMYECTBA  IPOPOCIINX
CeMsH, C OOIUM YHCAOM CeMSH Ha IIAOIIAAKE B
3aBHCHMOCTHU OT BBICOTHI HaA YPOBHEM MOPSI U
HMeeT TeHAEHIIUIO K YBEAHYEHHIO Ha MEHBIIHX
BBICOTAX; YeM HIDKE pACIOAOKEHO AecCHOe
€o0011eCTBO, TeM 0OABIIE MPOPOCHUINX CEMSH
(Taba. 1; Puc. 12).

Hecmorpss Ha TO, 4TO BapbUpOBaHMe
KOAMYECTBA MPOPOCHINX CeMSH B IpeAeAax
AecHBIX  coobmecTB ¢ bGamOykom B
IIOAAECKE AOBOABHO BEAMKO, HMEHHO TaKue
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Puc. 13. BookuBaemoctp TIOAPOCTA B PAa3AWYHBIX THIIAX A€Ca: 1 — KOAMYECTBO FOBEHHABHBIX paCTeHI/ll:[; 2 — KOAUYECTBO

pacrenmuit Ao 0,5 M B BbIcOTY; 3 — KoanuecTBo pacrenuit ot 0,5 Ao 1,5 M B BbICOTY; 4 — KOAMYeCTBO pacTeHuit oT 1,5 A0 3 M

B BBICOTY; § — KOAMYECTBO PACTEHMI1 GOAee 3 M B BBICOTY.

Fig. 13. Regrowth survival in different forest types (thousands of counts per hectare): 1 — juvenile plants; 2 — plants
having heights below 0.5 m; 3 - plants having heights from 0.5 to 1.5 m; 4 — plants having heights from 1.5 to 3 m;

S - plants having heights equal to or above 3 m.

coo0bIecTBa UMEIOT HAMOOAbBIIEe KOAMYECTBO
YKOPEHHMBIIUXCS M PAa3BUBAIONIUXCS PACTEHHI
(Taba. 1; Puc. 13). A HauMeHbIIee YHCAO
YKOPEHHBIIUXCS U PasBUBAIOIIMXCS 0CObei
HAOAIOAQeTCSI B apayKapHUKE KYCTapHUKOBOM.
Bo3MoxkHO, 3TO cBsi3aHO C 6oAee HUBKHMHU
TeMIIepaTypaMH Ha 3THUX YYaCTKaX.

Pe3yAbTaTbl HICCAEAOBAHMS TIO MPOPACTAHHIO
cemsH A. araucana B 0OCAEAOBAHHBIX HaMH
THIIAX ApAyKapHUEBOIO Aeca IIOKA3aAM OOABIIMIT
IPOLIeHT IIPOPACTAaHUSI B AeCaX apayKapueBo-
HOTODAryCOBBIX C y4acTreM 6aMOyKa B IIOAAECKE.
BepositTHO, 3TO CBS3aHO C IIpeoOAaAAHHEM
AQHHOIO THIIA Aeca Ha GoAee HHBKUX BbICOTAX
Hap ypoBHeM Mops. Takue coobujecTBa
pacroAararoTcsi B 60Aee TEIABIX, IIPOrpeBaeMbIX
Mecrooburanusx. IlokazareAr BbDKUBAEMOCTH
MOAPOCTA, U HX IIepeXop B  CAeAyioliee
BO3PACTHOE COCTOSIHUE B O9THUX >Ke YCAOBMSIX
OKa3bIBaeTcsi OoAee yCIENHBIM. BOABIIMHCTBO
pacreHul, OOHApYXKEHHBIX Ha IIAOLIAAKAX B
TaKMX AeCaX, MOT'YT OBITh OTHECEHbI KO BTOPOI

TpyIIIe XXU3HECTIOCOOHOCTU TTOAPOCTA, U3PEAK
BCTPEYAIOTCS ~ pAacTeHUs] TpeTbedl  IPYIIIbI
(Puc. 12; Puc. 13). MOXHO MpeATIOAarars, 4To
Ha IePBBIX FOAAX )KU3HU IOBEHHABHBIE U PaHHUe
HUMaTypHble OCOOM He WCIIbITHIBAIOT CHABHOTO
HOAABASTIOIIEro BAUSIHUS co cTopomst C. culeuo. B
[IOCAEACTBHE, 9TU OTHOIIEHWS CTAHOBSTCS H0Aee
KOHKYPEeHTHBIMH.

B apaykapHuKe MepPTBOIIOKPOBHOM ITOAPOCT
OTHOCHUTBCS B 6oabieit yacTu o 11, u B Menpuieit
4acTH — K I rpy1ime sKu3HeCriocoOOHOCTH ITOAPOCTA,
U UMeeT CPEeAHMI II0Ka3aTeAb IPIKUBAEMOCTH
CpeAM H3YYeHHBIX THIOB Aeca. Hecmorps
Ha TO, YTO apayKapus HMeeT IIPO3PavyHyI0 Ha
HePBBII B3TASIA KPOHY, TeM He MeHee, I10 HAIlUM
HAOAIOAEHHSIM, 9TOT THUII A€CA CO3AAeT OOAblIee
3aTeHeHHe B HIDKHUX sIPYCaX, TA€ Pas3BUBAETCS
noppocT. Omap IpeaCTaBA€H XBOeH B3POCABIX
AepeBbeB aApayKapuH, M T.K. AAHHBIE YYACTKH
PACIIOAOXKEHDBI Ha CKAOHAX, 3AeCh IIPUCYTCTBYeT
CHOC OIIaAQ M CEMSIH,  TAKOKE YACTHYHO IIOACTHAKA
HapyIIaeTCsl BAASKOM AepPeBbeB.
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B apaykapHuKe KYCTapHHKOBOM OTMEYEHO
HAaHMeHbIee KOAUYECTBO IIOAPOCTA PasHBIX
BO3pAaCcTHBIX ~ IPYII,  IIPaKTUYECKH  BCe
[IPUCYTCTBYIOIIHE 3A€Ch OCOOM OTHOCATCS K
nepBoii rpymie xxusHecrnoco6HocTu. [TopcTraka
Ha AQHHOM Y4YaCTKe IIPEACTABAECHA ONIAAOM XBOH
B3POCABIX 0cobelt A. araucanda U IpersITCTByeT
YKOpEHEHHIO CEMSH B [IOYBE.

Taxkum obpazom, HaMAyYIIas]
JKM3HECIIOCOOHOCTD  IOAPOCTa  apayKapuu
HAOAIOAQETCSI B HOTO(ArycoBO-apayKapHOM
THIIE Aeca C IpeobaapaHueM OGamOyka B
[IOAAECKE, A HAWMEHbLIAsl — B apayKapHHKe
KyCTapHHUYKOBOM.

AAst pacTeHUiT B IOBEHHMABHOM M IMaTypPHOM
BO3PACTHBIX COCTOSHUSIX XapaKTEPHO MOIHOE
pa3BHTHE KOPHEBOM CHCTEMBI, C BBIPASKEHHBIM
IAQBHBIM KOpPHEM M aKTHUBHBIM OOKOBBIM
BerTBAeHHEM. KpoMe TOro Ha KOPHSX OTMEYeHO
[IPUCYTCTBUE GOABIIOTO KOAMIECTBA KAY OEHPKOB
(Puc. 9 B). MomHoe passuTHE KOPHEBOW
CHCTEMbBI MOAOABIX PACTEHHI XapPaKTEPHO AASL
BCEX THIIOB MCCAEAOBAHHBIX AECOB.

XBOSI MOAOABIX PACTEHHMI HMeET YepThl

AaHATOMHUYECKOTO CTpO€HH, OTpa’karourue
HpI/ICHOCO6AeHHO CTb K CyIIECTBOBAaHHIO B
3aTE€HEHHBbIX YCAOBMAX, YTO CYIECTBEHHO

OTAHMYAET €€ OT XBOU B3POCADBIX paCTeHI/Iﬁ.
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forestales nativas.

TOWARD THE CHARACTERISTICS OF THE DEVELOPMENT OF THE SEEDLINGS AND IMMATURE
PLANTS OF ARAUCARIA ARAUCANA (MOLINA) K. KOCH (ARAUCARIACEAE) IN ITS NATURAL
HABITATS (NEUQUEN PROVINCE, ARGENTINA)

N.L. Kazakova * & 1.S. ANTONOVA

Abstract. Araucaria forests were studied and their types were distinguished. Descriptive characteristics of defined forest
types were established. Araucaria araucana regrowth rate and seed survival expressed as thousands per hectare were
estimated in the natural habitats of araucaria. The anatomical features of needles of immature and generative plants were
compared. A. araucana life cycle from the seedling to the immature developmental stage was described. Growth power
classes of immature plants were defined according to the environmental conditions of A. araucana growth.

Key words: Araucaria araucana, developmental stages, seed, seedling, conifer plant, growth rate

St. Petersburg State University, Universitetskaya nab. 7-9, 199034 St. Petersburg, Russia; * nakazyalka@gmail.com,
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CE30HHBII IOAUMOP®U3M YEPHOMOPCKHX
AUHO®UTOBBIX BOAOPOCAEN POAA CERATIUM:
C. FURCA, C. FUSUS, C. TRIPOS (DINOPHYCEAE)
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AnHoTanus. B paboTe ommcaH ce30HHbBI HOAMMOPU3M TPeX BHAOB YePHOMOPCKHMX AMHOGHTOBBIX poaa Ceratium.

Ce3zonnble CIJOPM]:I BBIACACHDI IO 3HAaY€HUSIM PasMEpOB, 06’beMOB, HAOIJ.[aAeI:[ HOBePXHOCTeI;I u MOP(bOMeTpI/[‘IeCKI/IX

HHACKCOB. VY Bcex BHUAOB IIMPHHA, 06beMbl U TIAOIIAAM IMTOBEPXHOCTH TEKH 6bIAM BbIIIE B XOAOAHO€ BpeMs Iroaa. AAI/[HI)I

poros 3asucean ot cesona: y C. fusus u C. tripos AAMHa pOroB yBeAnmduBaAuch B 1,3-1,5 pasa x 3uMe, B TO BpeMsi KaK y

C. furcu — B 1,5 pasa K A€eTYy. K I‘I/IAPOAOI‘I/[‘ICCKOf/i 3MM€ OTHECEH IIEPHOA C TeMnepaTypoﬂ TIOBEPXHOCTHOT'O CAOSI MOPsI

MeHee 12° x aery — 6oaee 20°. TTOATBEPKACHO CYIECTBOBAHHE «AETHHX>» M «3MMHHX>» (OPM BHAOB POAQ, KOTOPbIE

SABAAKOTCA aAanTauMeﬁ OPraHU3MOB K CE30HHBIM U3MEHEHHSIM I'HAPOAOTHIECKHX yCAOBPII:[.

Karouesrie caoBa: Ceratium, ce30HHbIe MOPOTHITbI, OAHOKAETOYHbIE BOAOPOCAH, $UTOMAAHKTOH, YepHOe Mope

Hucmumym  6uoroeuu oo mopeii HAH  Yipaunol,

* antonlyakh@yahoo.com, ** brekallS @gmail.com

BBeaenne
AunoduroBsie BOAOPOCAH poaa
Ceratium  Shrank orHOCsTCSI K  Trpymme
IIOAUMOPQHBIX OpPraHH3MOB — H3MEHEHHs

pasMepoB U GopM 060AOUYEK IIPEACTABUTEAEN
poAa CBs3aHBI C BapHAIMSAMU TeMIIePaTyphl
M COoAeHOCTH Bopbl. B paborax (KoFoIDp
1909; HasLeE & NoRDLI 1951; LOPES 1955,
1966; NieLSEN 1956; Kuceaes 1969;
Dowipar 1972; DOTrNE-LINDGREN &
ExBoum 1975; Hesaun 1981; KiMMEL
& Horr 1988; HANSEN & LARSEN 1992;
LINDSTROM 1992; DEL CASTILLO et al
2003; GLIGORA 2003) IIPUBOASTCS AaHHbIE
O Ce30HHOHW M3MEHYMBOCTH  HEKOTOPBIX
pasmepoB (LIMPUHBI, BHICOTBI, AAUH POTOB) H
00beMOB AMHOQHTOBBIX, TOTAA KaK AAHHBIE

O ApYrMX pasMepaXx, HX COOTHOLICHHSX,
MAOM]AASX ~ IOBEPXHOCTEM M CBSA3aHHBIX
C HUMH  MOPPOMETPHYECKHMX  MHAEKCaX
OTCyTCTBYIOT. Hepocraomas uHPOpMarms

BXXHA AASl TIOHMMAHUS CTPATETHil aAaNTALUH
AMHOQHUTOBBIX BOAOPOCACH K T€PMOTAAHHHbIM
U3MEHEHHSIM M AAS IIPOBEPKM THIIOTE3BI O
CYLU]eCTBOBAaHMH ~ «ACTHHX>» M  <«3HMHHX>
mopdotunos auxodurosbix (HE3AnH 1981),
0 KOTOPBIX ~ MHOTHe OTedeCTBEeHHbIE

© The Author(s), 2014

np. Haxumosa 2, 99011, Cesacmonoiv, Yxpauua;

rccAepOBaTeAr 3a6bian (yCTHbIE cOOOmeHNs).

Lleab paboTel — Ha OCHOBE HOBBIX
MOpP$OMeTpPHIECKUX AAHHbIX BBIIBUTD CE30HHBIE
3aKOHOMEPHOCTU H3MeHeHHsI GOpM MaHIUpei
Tpex BUAOB AUHOGUTOBBIX popa Ceratium.

MarepuaAsbl 1 METOABI HCCACAOBAHHI

AaHHbIE O AMHOQUTOBBIX BOAOPOCASIX
COOpaHbI B XOA€ 9KOAOTHYECKOTO MOHHTOPUHTA
npubpexnss Cepacromoas (Yeproe mope).
ITpo6b! PUTOMAAHKTOHA OTOMPAAH €XKEMECTIHO
B Iepuop ¢ HosiOps 2008 r. mo HOsOps
2011 r. B OTKPBITBIX BOAAX B ABYX MHASIX
or 6epera. ITpoOsl 0TOGpaHBl S AMTPOBBIM
0aTOMETPOM C IIPUINOBEPXHOCTHOTO TOPU3OHTA
M CAOS  MaKCHMAaAbHOH  HHTEHCHBHOCTH
6uoatomunectennuu (MIUB). TToAoxeHns cAos
MUEG u npoduab TeMIlepaTyphl OIPeACASAU
BEPTHUKAABHBIM 30HAMPOBAHHEM TOAIIH
Bopbt mpubopom «Salpa M» (TOKAPEB
u dp. 2013). O6paboTKa Npo6 BHITOAHEHA IO
MOAUQUITUPOBAHHON METOAUKE (BP}IHHEBA
u ap. 2009). UccaepoBano Tpu  BuaAa
AMHOQUTOBBIX, BCTpedaromuxcs y CeBacTOImoAs
Ha nporskenun ropa: Ceratium furca (Ehr.)
Clap. & Lachm., C. fusus (Ehr.) Dujard. u
C. tripos (O.F. Miill.) Nitzsch.
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Aast U3MepeHNs MHKPOBOAOPOCAEH
HCIIOAB30BaHbI GOTOrpaduyl, IOAyIEeHHbIE IPH
nomomu  ¢oroarmapara Canon PowerShot
A630 coeAMHEHHOTO C TyOyCOM MUKPOCKOIIA.
Kaxablit opranusm 6pia mpomepern B 10
(C. fusus, C. tripos) uan 12 mecrax (C. furca)
B mporpamme Image] (CuHEOKOB 2014).
Ilpy momomM reoMeTpUYECKHX MOAeAeH
B ImporpamMme «3A-Aunodaarearsita>
(3d-microalgae.org) 6biAM BhYUCACHDI O6BEMbI
(V, Mxm?) 1 maomaam mosepxrocreit (A, Mkm?)
MaHIuped AMHOQUTOBBIX. CXeMbl M3MepeHHUH
U TeOMeTpHYeCKHe  MOAGAM  IIPHBEACHDI
B pabore (Asx u Beauuesa 2011). Ilo
3HAYeHHSM OOBEeMOB H IIOBEPXHOCTell OBIAH
PacCUMTaHbl MHAEKCHI YAGABHOH MOBEpPXHOCTHU
A/V (MxM?) u chepudHOCTH GOPMBI KAETOK:
w=n"?(6V)??/ A (Brau1EBA 2005).

Cesonnbie GOpPMBI AMHOPHUTOBBIX BHIACACHBI
Ha OCHOBe 3HAYeHHH MOPPOMeTPHUECKUX
IIPU3HAKOB, CTPYIIIHMPOBAHHBIX o
THAPOAOTHYECKHM Ce30HaM. Imaporormueckue
CE30HBI Pa3ACAECHBI TI0 BEAMYHHE TeMIIepaTyphl
B IIPUIIOBEPXHOCTHOM TOPH30HTE MOpPS. AAs
IPYIIIMPOBKH AAHHBIX HCIIOAb30BAHBI IIEPUOADI,
KOTAQ B BOAHOI TOAIle TEPMOKAMH CTaOHAEH
(«aeto») wmam  orcyrcrByer  («3uma» ).
AAS  TpOBepKM THIIOTE3bI O  Pa3AHYMH
MOpPOXapaKTePUCTUK B 3UMHHH U AeTHUH
Ce30HbI HCIIOAB30BaH KpUTepuit MaHHa-YUTHH C
ypoBHeM 3Hauumoctu p < 0,01. Pactipepesenus
3HAYEHUH MOp{OXapaKTepUCTHK B
oba Ce30Ha IIPOUAAIOCTPUPOBAHBI
PpacIjerAeHHBIMH CKPUIIMYHBIME AMArpaMMaMU
(MaxweLL 2013). Ilposepka rumores u
BH3yaAM3al¥s AAQHHbIX BHIIIOAHEHBI Ha s13bIke R.

Pe3yabTaTnI HCcA€AOBaHMH

Hsmenenue TeMIIEPATyPhI
IIPUIIOBEPXHOCTHOTO FOPHM30HTa MOps  3a
HCCAEAOBAHHbBIN IIEpHOA MpeACTaBAeHo Ha Puc.
1T K ruppoaorudeckoit 3Me OTHECEH IEPUOA C
IIPUIIOBEPXHOCTHOM TeMnepaTypoii meHee 12°C,
K aety — Bbume 20°C. Ilpu Takux TemnepaTypax
IIPOMCXOAUT  IIEPeCTpOiKa TepMOTAaAMHHOM
CTPYKTYpbI Bop HepHOro Mops: IpH Iporpese
BOABI (OPMHPYETCSl Ce30HHBI TEPMOKAUH,
KOTOPBIi TIPH BBIXOAQKUBAHUK PA3PYIIAETCS U
HacTymaeT summsia romorepmust (CEPHKOBA
u dp. 2013). ITokasaHo, 9TO B 3UMHMI1 U AETHHUIT

THAPOAOTHYECKHE Ce30HbI H3MEeHSeTCsl opMa U
3HAYEHMSI MOPPOMETPHUIECKUX XapaKTepPHUCTHK
paccmarpusaembrx BupoB (Puc. 1 u 2).

IIpuBeaeHHBIE HIDKE PE3YABTATHI IPOBEPEHBI
CTaTUCTUYECKHU C ypOBHeM 3HauumocTu p < 0,01,
IO9TOMYy AaAee IIO TeKCTy IIpU CpPaBHEHUH
MOpP)OXapaKTepHCTUK B  pasHble  Ce30HbI
BHIP@XEHNE <«AOCTOBEPHO (He) pasAM¥aroOTCS»
OITyCKaeTCs, HO IIOApa3yMeBaeTcs. Bripaxenue
«He MEHSIOTCS» O3HAYaeT «He MEHSIOTCS B
CpeAHEM>, T.e. PasAMUUS MEXAY CPEeAHHMH
BEAUYMHAMHU B TEIABIA M XOAOAHBINM II€PHOABI
AOCTOBEPHO APYT OT APYTa He OTAMYAANCH.

Ceratium tripos (O.F. Miill.) Nitzsch.
(Puc. 1 B). Boicoma u wiupuna mea cTabuAbHBL,
IO Ce30HAM He H3MEHSIOTCS, Nponopyuu mead
ToXxe. Bce mpu poza 3UMOIi AAMHHee, 4eM AeTOM,
[I09TOMY, CYMMAPHAS OAUHA HUNCHUX PO208
U ebicoma merd 6oabme 3umoit. Ocnosanus
poz06 3uMO¥ mupe. B TedeHHe OAHOTO ce30Ha
pasMepbl 6OKOBBIX pOroB BapsupyoT. Obzemot u
108epXHOCMU U3-33 PA3AMYHS B pa3Mepax poros
00ABIIE B XOAOAHBII IEPHOA TOAA. YoeAvHole
n0B8epXHOCMY  AOCTOBEPHO HE OTAMYAIOTCH.
Hndexc cpepuunocmu ¢opmpt OTpaxkaeT peakiiHio
MUKPOBOAOPOCACH Ha CEe30HHbIE H3MEHEeHH
YCAOBHI M B XOAOAHBIH IIEPHUOA HIDKE, YeM B
TEIIABIM.

Adanmayus K USMEHEHUI0 Mmemnepamypol:
HAOAIOAQeTCSI  Ce30HHAs  BApUAOeABHOCTb
dopmbI 060A0UEK MUKPOBOAOPOCAEH, KOTOpast
BBIPa’KaeTCs B M3MEHEHHH pa3MepoB POToOB —
3UMOY pOTa CTAHOBATCSI AAMHHEE H IIHPe, ACTOM
Kopoue U yxe. PasMepsl u mpomoprius Teaa B
TETIABIEL U XOAOAHBIN CE30HBI He Pa3AMYAIOTCA.
VlsmeHeHHe AAMHBI  pOrOB  IIPUBOAUT K
AHAAOTMYHBIM ~ H3MEHEHMWSIM  00BeMOB |
ITOBEPXHOCTEN MMaHIUPEN KACTOK.

Hnouxamopol ce30HHbIX UIMEHEHUl: AAMHA
poros.

Ceratium fusus (Ehr.) Dujard. (Puc. 1 B).
Buicoma u wupuna mera B XOAOAHBIA IEPHOA
OoAbllle, UYeM B TEIIABIN; NpPonopyuu meia
nocrosinabie. O6a poza 3UMOI AAMHHEE; BO
BCe Ce30HBI HIDKHMI POT NPEeHMYIeCTBEHHO
AAuHHee BepxHero. O6vemvl u nogepxHocmu
0OABIIE B XOAOAHBIN IIEPHOA Topd. YdesvHbie
n0BepXHOCMU PA3AUYAIOTCS, BbIIE B TEIIABIH
nepuoa. Hudexcol cpepuunocmu $opmor He
OTAHYAIOTCA.

Adanmayus K usmeHeHur memnepamypui:
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Puc. 1. Ce3onHbIe $OPMBI AUHOPUTOBBIX BOAOPOCALH B 3UMHHIL (TemmbIit) u AeTHMIT (CBETABIIH ) nepuopbt: A — Ceratium
furca; B — C. tripos; B — C. fusus. T — u3MeHeHHe TeMIIepaTypbl B IOBEPXHOCTHOM TOPU3OHTE MOPSi; LIBETOM BbIACACHBI

THAPOAOTMIECKHNE CE30HDI.

Fig. 1. Seasonal forms of dinoflagellata in winter (dark) and summer (white): A — Ceratium furca; B — C. tripos;
B - C. fusus. T — Temperature in sea surface layer; color indicates winter and summer hydrological seasons.

SPKO BBIPOKEHA CEe30HHAs BapPHAOEABHOCTD
$opMBI MaHIUpeR — B XOAOAHOE BpeMs Toad
KAGTKH AAWMHHEe U IIMpe, 4eM B TeIAOe,
[O3TOMY 3UMOH O00OBeMBI H IOBEPXHOCTH
KAeTOK 0oAbine, weM AeToM. II3MeHeHue
ob1refi AAMHBI BBI3BAHO H3MEHEHHEM AAMHbI
poros u Teaa.

Hnoduxamoput ce3ommvix usmenenuii: AAUHA
U MIHAPHHA KACTKH.

Ceratium furca (Ehr.) Clap. & Lachm.
(Puc. 1 A). AAuna snumexu B XOAOAHDII TIEPHOA
MeHbIE, a WUpUHA meAd OOAbIIE, MOITOMY
nponopyuu mead IO CE30HAM PaASAMYAOTCL
Huoxnue poza B XOAOAHBIN IIEPHOA KOpOUe U
mupe. MakcumarbHas OAUHA KAemKy 1 yOeAvHole
nosepxHocmu GOAbLIE B TEIABIA [EPHOA TOAR,
TOIAQ KaK 00vembl, nAowjadu nosepxrocmeil u
undexcol cepunHocmu Gopmui GOABIIE 3UMOTL.
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Fig. 2. Morphometric values of three Ceratium species in winter (dark) and summer (white). Violin plots are used to display data distribution; horizontal line indicates median;
dark vertical strip indicates interquartile range.
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Adanmayuu Kk U3MeHEHUI0 MeMnePamypo:
BBIPKEHHAs Ce30HHASI BAPHAOEABHOCTb $OPMBI
060A04eK MHKPOBOAOPOCAET — O0IIas AAMHA
IIHIPUHA KACTKH MEHSIOTCS IPOTHBOIIOAOXKHBIM
00pa3oM, M3-3a 4ero B XOAOAHBII IIEPHOA TOAQ
MHKPOBOAOPOCAM CTAaHOBSTCS IIKMpPe U KOPOUe, B
TEIIABIN — y>Ke U AAMHHee. AANHA HIDKHUX POTOB
MEHSeTCS OAHOTHITHO C 001Ieil AAMHOM KAeTKU.
O6beMbl U MOBEPXHOCTH B OOABIIEH CTelleHH
3aBUCAT OT IIMPHHBI, M3-3a YErO B XOAOAHOE
BpeMsI TOAQ OHH BBIIIIE, YeM B TETIAOE.

Hnoduxamopor cesonnvix usmenenusi: AAMHA
U IIMPHHA KAETKH, AAMHA HIDKHHUX POTOB U
BepXHeH YacTH TeAd. JTH U3MEHEHHUS MOXKHO
BBIPA3UTh 3HAYEHHEM MHAEKCA CPepPUYHOCTH.

Obwue  3axonomepnocmu. Y  Bcex
YKa3aHHBIX BHAOB IIMPHUHA KAETOK, OOBEMBI U
IAOIAAY [TOBEPXHOCTEN KACTOYHBIX 0OOAOUEK
OBIAH BBIIIE B XOAOAHOE BPEMSI FOAQ.

Mescsudosvie passuuus. IlpepcTaBureAn
C. fususu C. tripos IMEAU CXOXKHE AAQNITALIMOHHbIE
CTpaTeruu — y HHMX B 3UMHHUH IepHOA AAMHA
poros yBeanunBaaach B 1,3-1,5 pasa. ¥ C. fusus,
HAa000pOT, AAMHA POTOB K 3MMe YMEHBIIAAACD, A
K A€Ty BO3pacTaaa B 1,5 pasa.

O6cysxaenne

AHaAM3 MTOKA3aA, YTO CTPATErHU aAANITALIUM
AMHOQUTOBBIX ~ BOAOPOCAEH K  CE30HHBIM
H3MEHEHHSAM TeMIIepaTypbl BUAOCIICIUPUIHDL.
BoiAeA€HBI  YYACTKH KAETOYHBIX 000AOUEK,
pearupyiomuye Ha IIOAOOHDIE U3MEHEHMSI -—
UX pasMep CAYKHT XOPOIIMM HHAHUKATOPOM

peaKiu  MHUKPOBOAOPOCA€H HAa  BHeNIHHUE
TeMIlepaTypHble BO3ACHCTBUSL.

I'AaBHBIME  QaKTOPaMHM, OIPEACASIONIIMHU
CE30HHBIM  MOAUMOP(U3M  AMHOPUTOBBIX,

SIBASIIOTCSL TEMIIEPAaTypa M CBA3aHHAs C Hel U
COACHOCTBIO IIAOTHOCTb BOABL Temieparypa
BAMSIET Ha HHTEHCHBHOCTh o6Mena (GILLOOLY
etal.2001) ¥ cKOPOCTb POCTa MUKPOBOAOPOCAE
(GrLoovy et al. 2002; HumMpPHRIES 2013), npu
HHU3KOM TeMIlepaType AUHOQUTOBbIE IIEPECTAIOT
aeautbest (BAEK et al. 2008). Koppeasus
pasMepoB 1 06BEMOB PACCMATPUBAEMBIX BHAOB
C TIPUIIOBEPXHOCTHOM TeMIepaTypod Mops
6b1aa BBICOKOIT U AocToBepHOI (HE3AMH 1981;
Aax u Bp. 2011). ITaoTHOCTD BOADI OIIpeaeAseT
YCAOBHUS AASI TIAQBYYECTH MUKPOBOAOPOCAEH —
KAETKA MAPUT B CAOE BOABI AO TeX IIOp, IIOKa ee

popMa crrocobHa IPOTHBOCTOSITD IIOIPYIKEHHIO.
C pocToM KAGTKM U yBeAMYeHHEM ee Beca
(mpu CTapeHMH M WM3MEHEHMM XMMHYECKOTO
COCTaBa LIUTOIAA3MbI) CONPOTHBACHHE POPMBI
IOTPY’KEHUIO OKA3bIBACTCS HEAOCTAaTOYHBIM,
0aAsaHC HApyIIAeTCs, KAeTKA OIyCKAeTCsl B
XOAOAHDBIE TAYOMIHbBI, TA€ IIEPECTaeT ACAUTHCS
u norubaer. 3uMoi, IIPU BBICOKOM IMAOTHOCTHU
BOABL IIPE06AAAAIOT CTapeIOliie OTHOCHTEABHO
KpynHble (QOpPMBI  AMHOQUTOBBIX, KOTOpbIE
pacmpeaeAeHbl B BepXHeM IepeMemlaHHOM
croe Ooaee MeHee paBHOMepHO. AeToM
HMHTeHCHPHKAIIUA IPOL[ECCOB ACACHUS IPUBOAUT
K YMEHbBIIEHHUIO Pa3MepOB MHKPOBOAOPOCAEHL.

Hanboaee sIpKko Ce30HHBIA ITOAMMOPQHU3IM
BbIpaKeH y Temaoarobusoro supa C. furca,
KOTOPBINl MMeeT caMble KOPOTKHE pora Cpear
PAacCMOTPEHHBIX BHAOB M B GOABILIEN CTeleHH
3aBHCUT OT YCAOBUI AAA TAaBydecTH. AeToMm
B BepxHeM (OTHYECKOM CAO€ KOAUYECTBEHHO
IpeobAAAAIOT Te IPEACTABUTEAH BHA, Y
KOTOpBIX  ¢opMa  maHIMpss  3PPeKTHBHO
IPOTHBOCTOMT IIOTPY>KEHHIO — OHa Ooaee
BBITSHYTas, COOTBETCTBEHHO, C MeEHBIIUM
3HAUYeHHEeM HHAEKCa CPepHIHOCTH.

Ha wusmenenue ¢opmpl MaHIUpeR Takke
BAWSIIOT ApyrHe (aKTOpPBI: HAAMYHe OHOTEHOB,
BePTUKAAbHbIE MUTPAIIMM, CTEleHb BbIEAAHHS
300IIAQHKTOHOM U T.A. Bce oHU caabo 3ameTHBI
Ha QOHe Ce30HHON M3MEHYHBOCTH U TPeOyIoT
AOTIOAHHTEABHBIX HCCACAOBAHHIL.
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SEASONAL POLYMORPHISM OF THE BLACK SEA DINOFLAGELLATES FROM GENUS CERATIUM:
C.FURCA, C. FUSUS, C. TRIPOS (DINOPHYCEAE)

ANTON M. Lyaks * & YULIA V. BRYANTSEVA **

Abstract. The seasonal polymorphism of the three species from genus Ceratium were described in the paper. The seasonal
forms were distinguished by the sizes, biovolumes and surface areas of cells theca, and values of morphometric indexes.
The breadth, biovolumes and surface areas of all species were higher in cold period. The length of the horns of C. fusus and
C. tripos was 1.3-1.5 times higher in winter while the length of the horns of C. furca was 1.5 times higher in summer. The
winter and summer periods were distinguished by the sea surface temperature: in winter the temperate was lower 12°, and
in summer it was higher 20°. It is confirmed that species of the genus Ceratiumi has “summer” and “winter” forms which
are the adaptations to seasonal changes of hydrological conditions.

Key words: Ceratium, seasonal forms, unicellular algae, phytoplankton, Black Sea

Institute of Biology of the Southern Seas, Nakhimov av. 2, 99011 Sevastopol, Ukraine; * antonlyakh@yahoo.com,
** brekallS @gmail.com
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CTPYKTYPA U ®PU3NOAOTHIECKOE
COCTOJHHUE @OTOCUHTETHUYECKOTO
AIIITAPATA EQUISETUM ARVENSE L.

ABHHC M. CHITHUKOB "%, Auaust M. BABEHKO !, HukoaAtt H. IIIEPBATIOK !

AHHOTaI[PUI. I/ISy"IeHbI YABTPACTPYKTYpPHbBIE 0C06eHHOCTI/I CPOTOCI/IHTCSI/IPYIOIJ_IH_X TKaHe!l U AWHaMHKa COAEPIKaHUsI

XAOPOIIAACTHBIX IMMI'MEHTOB B Pa3AMYHBIX OpraHax XBOIlla ITOA€BOIrO (Equisetum arvense L) B kaerkax XAOPEHXHUMBI

HIDKHUX BeTBEeM BereTaTUBHBIX 1'[066[‘013 I/[AeHTI/[q)I/IL[I/IPOBaHO CKOITACHHEC AI/I(I)(I)epeHL[I/IPOBaHHbIX XAOPOTIIAACTOB.

YcranoBaeHa BEAyIIasi POAb XAOPEHXMMbI HIDKHHUX BeTBel B HAKOTIAEHUM MAaKCUMAAbHOT'O KOAUYECTBA XAOpO(l)I/IAAa aub

B OHTOTECHE3e.

Karouesble caoBa: Equisetum arvense, yAbTpacTpyKTypa TKaHei, XAOPOHAA

! Unemumym 6omanuxu umenu H.I' Xoaodnozo HAH Ykpaunw, ya. Tepewjenkosckas, 2, Kues, 01601, Ycpauna
> Odecckuit Hayuonasvnoiti yuusepcumem umenu H.H. Meunukosa, Buomexrorozuueckuii HayuHo-yueOHviti yeHmp,

ya. Asopsuckas, 2, Odecca, 65082, Ykpauna; * sytnikov@list.ru

BBeaenne

Xso noaesoit (Equisetum arvense L.), kax
AMIKMIT BHA, 06AQAQ€T BBICOKOM OHMOAOTUYECKOM
3¢ PeKTUBHOCTDIO B PACIPEACACHHU IIPOAYKTOB
poTocHHTe3a, XapPaKTEPHU3YeTCsl CIOCOGHOCTHIO
HAKAIIAMBATD 3aIIACHBIE BEIeCTBA B HA3€MHOMN
YaCTH pACTeHMs, KOpHeBUIle M KAYOHSX
32 KODOTKMIl IIepHOA AKTHUBHOIO  pOCTa
no6eros (MARSHALL 1986). Xaopo¢uaa
nu ero HHTepMeAI/IaTBI Hrpa}OT Ba)KHYIO
POAI) B q)YHK]_H/IOHHPOBaHI/II/I paCTHTeAbeIX
OpraHus3MoB, ofecreyuBasl IpOTeKaHHE B
KAETKAX CBETOBBIX peaKkuuil (OTOCHUHTE3A.
Coaepxanne $OTOCHHTETHYECKHX
IINMTMEHTOB MW AHMHaMHKa HX H3MEHEeHHIl B
XOA€ Berertaiguu 3aBHCAT OT COOTHOIICHHA
MHOTHX  (aKTOpOB. OTu  IOKa3aTeAM
XapaKTePHU3YIOT (PU3HOAOTHYECKOE COCTOSIHUE
U AAANTALMOHHbIE BO3MOXXHOCTU PACTEHHI,
CBsI3aHbI KaK C UX HPOAYK]_H/IOHHI)IM HpOHeCCOM,
TaK 1 C HAKOIIACHHEM Pa3AI/I‘IHbIX 6I/IOAOI'I/I‘IGCKH
aktuBubix  Bemects  (Kupmsuit  2004;
Koaomuer u Kaanukusa 2010). Hecmotps
Ha OOyl OHOAOTMYECKYI0 H3yYeHHOCTH
U aKTYaABHOCTb HEKOTOPbBIX IPAKTHYECKUX
aCIIeKTOB IIPUMEHEHHs XBOIIA IOAEBOIO, He
AO KOHIIQa BBIICHEHHBIMH OCTAKTCsI BOHPOCbI

© The Author(s), 2014

$U3NOAOTHH, OTHOCSIGUECS, B YaCTHOCTH, K
ocobennoctsam ero ourorenesa (PEMBH u dp.
1990; MARSHALL 1986; STERN et al. 2003).
IleAbto  HacTOsimel  pabOTBI  SIBUAOCH
H3y4eHUe OCOGEHHOCTe!l YABTPACTPYKTYPbI
doTocuHTesMpyIOIMX  TKaHeH, a  TaKKe
COACPXAHHSl XAOPOQUAAOB B  Pa3AMYHBIX
OpTaHax XBOIIA TOAEBOTO B OHTOTEHE3e.

MarepuaAbl 1 METOABI HCCACAOBAHHI

B pabore HCIOAB30BAAM TIeHepATUBHbIE
(cnoponocHsre) u BereTaTuBHbIE
(accummanpyrompe) mobern XBoma IOAEBOTO
(E. arvense), mpoM3pacTaromero Ha HAY4HO-
IIPOU3BOACTBEHHOI 6ase MHcTHTyTa 6OTAaHUKH
umenn H.I. Xoaopnoro HAH VYkpaunst
“Oeoanns” (r. Kues) B ycaosusax CesepHoit
Aecocrenu YKpauHbL.

AAst  uccaedosanus  yAbmMpacmpyKmypol
KAETOK I06eroB XBOINa OTOMPaAM $pparMeHTHI
TKaHell ~ pasMepoM 1xX2 MM, KOTOpbIe
¢uxcupoBasu 3%-HbIM paCTBOPOM FAIOTAPOBOTO
anppernpa (“Serva’, CIIIA) Ha ¢ocdarHoMm
6ydepe (pH 7,2) B Tevennme 2 4. [Toctdukcanmio
ocymecTBASIAU 1%-HbIM PaCTBOPOM TETPOKCUAA
OCMHA HpI/I KOMHATHOM TeMHepaType B T€YCHHE
3 4. Matepuaa 006e3BOXXHUBAAM BOCXOASILIUMH
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KOHIIEHTPALMSIMA ~ 9THAOBOLO  CIHPTa  IIO
obmenpunsroit Meroauke (OypcT 1979) u
3aAMBaAM CMeChIo (3TI0H M apaAAUT ) STIOKCHAHBIX
cmoa (“Serva’, CIIIA). VAbTpaToHKHe Cpe3bl
noay4asu Ha yabrpamukporome LKB-3 (LKB,
IllBeyus)) ¥ KOHTPACTHPOBAAM LMTPATOM
cpuHita o Peitnoapacy (TAEP 1974) B Teuenue
7 wmunyr. Cpessl TKaHeHl HCCAGAOBAAM Ha
TPAHCMUCCHOHHOM 3AEKTPOHHOM MHKPOCKOIIE
JEM-1230 (JEOL, SInonus). Pasmeps1 opraneaa
M KAETOK pAaCCUNTHIBAAM HA 9AEKTPOHHBIX
MHUKpOQOTOrpadusx Ipu IIOMOIIH IPOrPaMMbI
UTHSCSA Image Tool 3.0.

Hsyuenue  cmpykmyproix  ocobenrocmet
NOBEPXHOCHDIX — MKAHell ~ TIPOBOAMAM  Ha
CKaHHUpyIomeM MuKpockorne JSM-6060 LA
(JEOL, Slnomms). 3aMOpOkeHHble — IpH
TeMIlepaType  JKHAKOrO  a30Ta  OOpasiisl
BRICymIMBaAM mpu Temneparype -40°C, B
BAKyyMe, 3aTeM IIOKPBIBAAM CAO€M 30AOTA B
nonHoM Hambauteae ION Sputer JFC-1100
(JEOL, dnonus).

Onpedesenue codeprranus
PomocunmemuHeckux nUzMeHmMos POUBOAUAK
IyTeM IPEABAPUTEABHOTO 9KCTPArMpOBAHIUS
xaopoduasa  96%  STHAOBBIM CIIMPTOM B
TedeHre CYTOK C IIOCACAYIOIINM OIpeAeAeHIIeM
OIITHYEeCKOM IIAOTHOCTH IIOAYI€HHBIX
9KCTPAKTOB Ha criekTpoporomerpe 13 S400YD
(Poccust) mpu 665 u 649 um (MYCIEHKO
ma in. 2001). Aas usMepenmit oT6Hpasu
CpeAHHe IPOOBI U3MEABIEHHOTO PACTUTEABHOTO
Mareprasa COOTBETCTBYIOIIETO oprana
HECKOABKHMX PEHAOMH3HPOBAHHBIX PACTEHMUIL.
V3MepeHnss IPOBOAMAM B  TPEeXKPAaTHOM
HoBTOpHOCTH.  IlOAydeHHBIe  pe3yABTATHI
00pabaTpiBaAM  CTATHCTHYECKH, B TabAmIle
(Taba. 1) M TeKcTe TNpeACTABAGHBI CpeAHHe
apudMeTHIeCKIe I UX CTAHAAPTHBIE OIIHOKIL

Pe3yAbTaThI 1 HX 00Cy>KAEHHE
B xope 1uTOAOrHMYECKMX HCCAEAOBAHUM

ACCUMUAMPYIOIIUX I0OEroB XBOIIA IOAEBOIO
(40 cM), B KATKAX XAOPEHXHMMBI HIDKHHX

BeTBeit  mepBoro  mopsiaka  (mAomaab
KAETKH 401,87+17,45 MKM?), HaM#
ObIAK MAEHTHULHPOBAHDI CKOTIACHHMS

BBICOKOAHPepeHITPOBAaHHbIX XAOPOIIAACTOB,
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B KOTOPBIX OTYETAMBO  ITPOCAEXKHBAETCS
XOpOmIO pa3BUTasl CHCTeMa THAAKOHMAHBIX
MeMOpaH,  MeAKO3epHHCTas  CTpOMa U
4YETKO  OYEepYEHHbIM  OACKTPOHHOIAOTHBIN
marpukc (Puc. 1). Ha mnpeacraaennoit
MUKpOOTOrpaduu  XAOPOIAACTBI  HMEIOT
OKPYIAYIO, CAEIKa CAABAEHHYIO IO OOKOBBIM
cropoHaM $OpMy, BHYTPEHHSI MeMOpaHHas
CHCTEMAa  XAOPOIAACTOB  PAacIIOAOXKeHa B
nepupeprUIecKiX CAOSIX CTPOMBL THAAKOHADI
IPaH 3AeCh UMEIOT CIeluPUIECKYI0 CTPYKTYPY,
OTAMYAIOIYIOCS OT IPAaHAABHBIX CHCTEM BBICIIUX
pacrenmit (AoToBa 2001; Evert 2007). Ha
OpOoQUAb M3YYEHHBIX KAETOK XAOPEHXMMbI
mpuxopurcst 6,31+0,87 xaoporaacra, mAOmAAb
OAHOTO XAOPOIIAACTa TIPU ITOM COCTaBASIET
13,50+1,08 mxm™.

HccaepoBanne $OTOCHHTeTHYIECKHX
IIUTMEHTOB  ITOKA3aA0, 4YTO MAaKCHMAAbHOE
KOAMYeCTBO xAopodrara a u b copepxurcs
B BETBSIX M MEXKAOY3AUSX HIDKHEH YacTH
accumuampyromux noberos (1-6 Mexpoysaue)

xpoma moaesoro (Taba. 1). Ilpu oarom
IMPOCAEXKHBACTCS ~ TEHACHLUS  yBEAMYEHUS
COACP’)KAaHHMS IIUIMEHTOB B  BETBSAX IpH

[IOCAEAOBATEABHOM PasBUTUH OT II06eros 15 cm
Ao moberos 40 cm. CopepixaHIe IIHUTMEHTOB B
MEXAOY3AUSX M3MEHSAOCh MEHee BBIPAKEHO,
AOCTHTIasI CBOEro MakcuMyMa y moberos 30 cM.

V3BecTHO, YTO OCHOBHASI QYHKI[IOHAABHASI
poab B (OTOCHCTEMAX  IIPHUHAAAEKUT
XAOPOQHAAY g, B TO BpeMsI Kak XAOpPOodHAA b u
KAPOTHHOMADI BBIIOAHSIOT BCIIOMOTIATEABHYIO
(pacumpsior  MOTAOmEHME) M 3AIUTHYIO
¢yukiun.  MakcumasbHast 9 $eKTUBHOCTD
QOTOCHHTETHYECKOTO ~ aMIlapaTa HOPMAABHO
PasBUTBIX ~ PACTEHMIl  AOCTHIAeTCS  IpH
cootHomenuu xaopoduarros (a/b) Ha yposHe
2,5-3,0 (LIabik 1971). B mHamem caydae
cooTHOmeHHe d/b MeXAOY3AMII U BeTBel
accuMuaupyromero mobera  xBoma  6bIAO
CTaOHMABHBIM B Pa3AUYHBIX $pa3ax ero pasBUTHS U
HAXOAMAOCH B mpeaenax 2,53-3,17 (em. Taba. 1),
YTO CBHAETEABCTBYeT 00 OTCYTCTBUM BAMSHUS
Ha pacTeHHs HeOAArONpUSTHBIX (AKTOPOB.
YBeAndeHue cOOTHOWEHUS d/b B MEXAOY3AMAIX
U B BeTBSX YKAa3hIBAET HA CHIDKEHHE pPOAM
xAopoduasa b ¢ HACTyIAeHHEM 6OAee TO3AHUX
9TAIIOB Pa3BUTHSI XBOLIA IOAEBOTO.

Puc. 1. Ipynma XAOpOIAACTOB B KAETKE XAOPEHXHMBI
HIKHeil BeTBM XBoma moaesoro (Equisetum arvense):
BM - BHemmnsisi Membpana xaopomaacta; I' — rpaHa;
C - crpoma; T - tuasaxoups (yBeanuenue — x8000).

Fig. 1. Group of chloroplasts in chlorenchima cell of the
lower branch of horsetail (Equisetum arvense): T— grana;
BM - outer membrane of the chloroplast; C — stroma;
T - thylakoids (magnification — x8000).

[TpHHATO CYUTATH, 9TO CIIOPOHOCHBLI ITO6eT,
KaK IIPaBHAO, HE COAEPKHT XAOpodHAra H
[I09TOMY He Y4acTByeT B Iporecce OTOCHHTE3A
(TAXTAAXSIH u dp. 1978). Tak, B cTpobuae,
MEeXAOY3AMSIX M AMCThAX (Ha Bcex ¢asax
Pa3BUTHS CIOPOHOCHOTO Mo6era) Hamu GbIAM
O6Hapy>KeHbl ~ HE3HAYUTEAbBHbIE KOAMYECTBA
xaopoduara. OUYEBUAHO, YTO AASL AKTUBHOIO
npoTekaHust (POTOCHHTETHYECKHX peakUuil B
Pa3AMMHBIX OpraHax CIOPOHOCHOrO Tmobera
3TOrO GBIAO HE AOCTATOYHO.

UsBectHO, 4T0  $OTOCHHTE3UPYHOIIASL
TKaHb, MAM XAODEHXUMA CTe0As, MOACTHAAET
B [IEPBYI0 OYEPEAb Te YYAaCTKU SIUAEPMbL, B
KOTOPBIX HAXOASATCS YCTBHIA, HO XAOPEHXHUMA
MOXeT TakKe HAXOAUTHCS MOA TpeOHAMH
MAM  PacllOAAraThCsl  CIAOIIHBIM  KOABLIOM
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Puc. 2. OparMeHTHl MOBEPXHOCTH CMOPOHOCHOTO mobera xsoma noaesoro (Equisetum arvense): A — MOBEpPXHOCTb
Meskaoy3ans (yseandenue — X230); B — nosepxnocts crpobuaa (yseanuenue — x150). YC - yerbune; C — criopa.

Fig. 2. Fragments of the surface of spore-bearing shoot of horsetail (Equisetum arvense): A — surface of interstice
(magnification — x230); B - surface of strobile (magnification — x150). VC - stoma; C — spore.

(TaxtapxssH  u dp. 1978). Ilokasano,
YTO  BHEIHSS  MOBEPXHOCTb  SMHAEPMBI
ACCHMHAMPYIOIIUX TO0EroB XBOWA IAOTHO
ycesiHa yCTbULJAMH, KOTOpPbIE aHATOMUYECKH
HaxopsTcst  Hap  xaopenxumoit  (CTAXIB
ma in. 2013). Obpamaer Ha cebs BHUMaHHE
TOT $aKT, 4TO y CIHOPOHOCHBIX MOGEroB, He
COAEP)KAIUX ~ HEOOXOAMMOTO  KOAMYECTBa
(POTOCHHTCTI/I'{QCKI/IX IINTMEHTOB, OpI'aHI/I3aI.II/I5I
YCTBMYHOTO aNIapaTa 3HAIUTEABHO OTAUYAETCS
(Puc. 2). Tlpu HCCACAOBAHMH MEXKAOY3AHI
U CTpoOHAQ CIIOPOHOCHOTO MoOfera Ha WHX

IIOBEPXHOCTU  HMASHTUQUIIMPOBAAUCD  AMIIb
eAMHUYHbIE YCTBHIJA, YTO YKas3biBaeT Ha
OTCYTCTBUE  AKTHUBHO  (yHKIMOHHUPYIOIeH

$orocunTe3UpYIOmEH TKAHU.
3akAroueHue

Taxum 06pa30M, OTHOCHUTEABHO BBICOKOE
COAEpPKaHHE (l)OTOCI/IHTeTI/I‘{eCKI/IX IIMT'MEHTOB

B HMJKHHX BETBAX ACCUMHUAMPYIOIHX
noberos XBomia IIOAE€BOTO 06YCAOBA€HO
HaAWM4YHMEM IIOAHOCTBIO C(l)OpMI/IPOBaHHOI'O
(l)OTOCI/IHTeTI/I‘{QCKOI‘O amnmnapara u
CBHAETCADBCTBYET 06 nux MaKCHUMaAbHOM
ACCUMUASIIMOHHOMN CIIOCOOHOCTH B
OHTOTE€HE3E.
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STRUCTURE AND PHYSIOLOGICAL STATE OF PHOTOSYNTHETIC APPARATUS OF
EQUISETUM ARVENSE L.

DEeN1s M. SYTNIKOV “**, LiD1IA M. BABENKO !, MYKOLA M. SHCHERBATYUK !

Abstract. The ultrastructure characteristics of photosynthetic tissues and dynamic of content of chloroplast pigments
from different organs of horsetail (Equisetum arvense L.) were studied. In chlorenchyma cells of lower branches from
vegetative shoots the clusters of chloroplasts with differentiated structure have been identified. The key role of lower

branches chlorenchyma in chlorophyll accumulation during ontogenesis was ascertained.
Key words: Equisetum arvense, tissue ultrastructure, chlorophyll
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BEPTUKAADBHA 30HAABHICTDH I'THEITEIO ¥
INIPEACTABHUKIB POAIB SANSEVIERIA THUNB.
TA DRACAENA VAND. EX L. (ASPARAGACEAE)

OxcaHA C. ¢rnyk ' TA AHACTACIS B. OATHITOBA 2

Anoranis. Y 10 BuaiB poay Sansevieria Ta ABOX BUAIB poay Dracaena BUBYEHO BepPTHUKAABHY 30HAABHICTb TiHelles
3a B. AsfinpesbHEpPOM, a TaKOX CTPYKTYpPy CENTAABHOTO HEKTAPHUKA BiAITOBIAHO AO KOHIIEMINi MOTO BepTHUKAABHOI
30HaAbHOCTI. BeraHoBAeHO, o'y S. hyacinthoides, S. spicata, S. aetheopica, S. grandis, S. suffruticosa, D. fragrans ta D. surculosa
HasIBHI YOTHPHU BePTUKAAbHI 30HU riHenes (CHHacunAiaTHa, reMiCHHACITUAIaTHA, TeMiCUMITIAIKATHA Ta aCI/IMHAiKaTHa), ay
S. grandicuspis, S. fernwood, S. parva, S.trifasciata, S. doonery remicummnaikaTHa 30Ha BiACyTHs. CeNTaAbHUI HEKTAPHUK Y
BHAIB poay Sansevieria (xpim S. suffruticosa) ta y D. fragrans MicTHTD 30HY PO3AIABHOIO HEKTapHHKA, 30Hy 06’ €AHAHOTO
HEKTapHUKA Ta 30HY 30BHIIIHbOrO HeKTapHUKa (HekrapHy wiauny), y D. surculosa ta S. suffruticosa 30Ha pospiapHOrO
HEKTAPHUKA BIACYTHS. Y BCIiX AOCAIAXKEHHX BHMAIB BHMCOTA CENTAABHOTO HEKTAPHMKA IIePEBUIyE BHCOTY THi3A 3aB’s3i,
IPHYOMy, HafiGiAbIIA BOHA y BHAIB 3 Hailbiabmmmu posmipamu 3as’ssi (S. hyacinthoides, S. grandis). Y aocaipskeHUX BUAIB
BHAIAGHO IT'SITh THITiB BePTHKAABHOTO 30HYBAHHS 3aB’si3i i CENTAABHOIO HeKTapHHKA. Y BHAIB poay Dracaena BusiBaeHO
HaMMeHIIi BIAHOCHI PO3MIPH CENTaAbHOTO HeKTapHHMKA.

Karouosi caoBa: Sansevieria, Dracaena, rine1efl, CenTaAbHUI HeKTAPHUK, BEPTUKAAbHA 30HAABHICTb

! Cxidnoesponesicokuii Hayionasvruil yrisepcumem imeni Aeci Yipainku, np. Boai, 13, Ayyvi, 43025, Yipaina; dracaenaok@ukrnet
? Aveiscokuii HayionarvHuil yrisepcumem imeni Isana Opanka, eys. Ipywescvkozo 4, Avsis, 79005, Yipaina; amorpha@ukr.net

Bcryn

IpeacraBuuku poais Sansevieria Thunb i
Dracaena Vand. ex L. mommupeni y KyAbrypi sk
AeKopaTuBHI pocauHH. Bupm poay Sansevieria
— 1Ile KOpPEHEeBHUIHi TpaBH 3i WKipACTUMH
ab0 CyKyAeHTHUMH AMCTKAaMH | IOMIMpPeH]
nepesaxno B Adpuni (Boss 1998), a
IPEACTABHUKE OAusbKoro poay Dracaena -
Ile AepeBHi PO3ETKOBI POCAMHHU 3 aTHUIIOBUM
BTOPHMHHHM IIOTOBIIEHHSIM CTe0Ad, IOMMpeHi
y TpomiyHiii Ta cyOrpomiuHit Adpwuui,
Azii, Ha ocrpoBax Tuxoro Ta IHalficbKOTO
OKeaHiB, a TakoX y lLleHTpaapHil Amepuri
(UBAHUHA 1982; Boss 1998). Mopédoaoris
KBITKM AOCAIA’KYBaHMX BHUAIB € THIIOBOIO AAS
OAHOAOABPHUX POCAHWH; OLBITHHA i aHApOLeH B
OCHOBI 00’eAHaHI 1 pOPMYIOTH KBITKOBY TPYOKY,
riHeriefl TPUYACHHUI, y KOXKHOMY THi3AI 3aB’si3i
€ TI0 OAHOMY MEAIaHHOMY HaCiHHOMY 3a4aTKy

© The Author(s), 2014

(Boss 1998; TAKHTAJAN 2009). ITomepeami
AOCAIAXKEHHS 3araAbHOI CTPYKTYPH Ta pO3BUTKY
riHellel0  OKpeMHUX  IIPEACTAaBHUKIB  POAIB
Sansevieria i Dracaena (WUNDERLICH 1950;
VAN HEeer 1988; RupaLL et al. 2000)
MIATBEPAUAN BEAUKY CXOXICTh ABOX POAIB i
He BHSIBUAM AAS HUX AIaTHOCTMYHMX O3HAK Y
CTPYKTypi riHerero. AOCAIAXXEHHS IIOBHHX
Cepill OMepeYHHUX 3Pi3iB KBITKH AASL IUX POAIB
He TNPOBOAMAKCH, NPOTE CaMe BOHH MOXYTb
AOTIOMOT'TU BUSIBUTU OCOOAUBOCTI BHYTPIiIIHHOI
CTPYKTYpH TiHeles i CeNTaAbHOTO HEKTapHHUKa
30KpeMa.

Marepiaan i MeToAM AOCAIAKEHD

MeTta Hamoro AocAipXeHHsS moAfrasa B
AHAAI3l BHYTPINIHBOI CTPYKTYpPH TiHeles Ta
BUSBACHHI HOTO BEPTHKAABHOI 30HAABHOCTI
y BHAIB, IO HAAEXATb AO POAIB Sansevieria
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ta Dracaena. O6’ekT AOCAIAKEHHS — KBIiTKHM
S. grandicuspis Haw.,, S. grandis N.E. Br,
S. fernwood Gr., S. hyacinthoides (L.) Druce,
S. aetheopica Thunb., S. spicata (Cav.) How,,
S. parva NE. Br, S. suffruticosa N.E. Br.,
S. trifasciata Prain, S. doonery N.E. Br,
D. fragrans (L.) Ker Gawl, D. surculosa LindL
Ha CTaail 6yToHY i poskpuToi KBiTKH. Marepiaa
36upaAn y 60TaHIYHOMY capy iMeHi akapeMika
O.B. ®omina KuiBchbkoro HarjioOHaABHOIO
yuiBepcutery imeni Tapaca Ilesuenka, HBC
iMm. M.M.I'pumka, xapeapi 6oramiku CHY
imeni Aeci Ykpainku i ¢ikcyBaan y 70%
eTaHOAi. 3 GpiKCOBAaHOTO MaTepiaAy BUTOTOBASIAK
MpernapaTu Cepid IONEPeYHMX 3Pi3iB KBITKH
3aBTOBIIKM 20 MKM 3riAHO CTaHAAPTHOI
meroauku (BAPBIKMHA u dp. 2004), 3pisu
3apapOoByBaAM pO3UMHAMH acTpa-baay Ta
cadpaniny. BuB4aAu I SITh KBITOK KOXXHOTO BUAY.
AASL BHBYEHHS IIperapariB BUKOPHCTOBYBAAH
omrruyHuil Mikpockon Mapku Laboval 4 ¢ipmu
Carl Zeiss (Jena) ra 6inokyasp mapxu MBC-10.
Bucory 30H rinenest 06paxoByBaAH 3a KiAbKICTIO
MIOIIepeYHUX 3Pi3iB.

Pe3yAbTaTH Ta iX 06rOBOpeHHs

Bepmuxasvna 3onasenicms 3a643i

MaTtouka y AOCAIAKEHHX BHAIB A€o
suromopdHa. 3aB’si3b 06epHEHOSIIIENOAIOH], Y
AESKHX BUAIB 3MOpIIKyBaTa. Bip ocHOBH 3aB 5131
Ha paaiycaxii meperopoAOK IOMITHI HE3aAO3UCTI
60poO3eHKH, MO SIKUX cTikae Hekrap. CTOBIYMK
poaMileHuit mocepeauni abo Aemo 360Ky
BiA BepxiBKM 3aB’si3i, IpsiMuil a60 KOAIHYACTO
3irHyTUH y BepXHill yacTuHi. Aomari IpuAMOYKH
MiBOKPYTAIL

Y  BCIX  AOCAIAXXKEHHX — IIP@ACTaBHUKIB
poaiB Sanmsevieria Ta Dracaena MU BUSIBHAU
Tpu CTPYKTYPHO-QYHKIIiOHAABHI 30HHU
3aB’a3i: OCHOBY, TrHisAa Ta Aax (QIUIVK TA
OarH1IoBA 20132, 20136; ODINTSOVA et al.
2013). OcHoBa 3aB’si3i — MapeHXiMHA YaCTHHA
3ap’sa3i Hmwxkue rHizpa. CenrasbHi HEKTapHUKU
HasBHI y BepxHil il wactmmi y S. parva,
S. trifasciata, S. grandicuspis, S. fernwood,
S. hyacinthoides, S. aetheopica, S. spicata,
S. doonery, S. grandis. Haiixoporma ocHoBa
3aB’a3i (180-200 mkm) BusBAeHa y S. spicata Ta

S. aetheopica, a naitpoma (540-680 mxm) — y
S. grandis ta S. hyacinthoides (Taba. 1).

30Ha rHi3A 3aB’s13i — e OCHOBHA YaCTHHA
3aB’a3i, B AKik posMilleHi TPH OAHOHACIHHI
THi3AQ; Y IE€Peropopkax MK  THi3paMHu
IPOAOBXYIOTBCSL  CENTAABHI  HEKTApHHKIL
Hacinnu#t 3a4aTOK IpUKPINAIOETHCS B CEPEAHIl
YACTHHI THI3AQ, 3 BUCXIAHIM (YHIKYAIOCOM Ta
MiKpoITiAe, 06epHyTHM AoHH3Y. BucoTa rHizp
3aB’s13i KoAuBaerbes Bia 600 mMxm y S. dooneri
1a S. fernwood (Taba. 1) ao 1000-1460 mxm
y S. hyacinthoides ta D. fragrans (Taba. 1).
Y miaoMy, BHCOTa THi3A 3aB’sA31 CTAaHOBUTD
6Au3bKO ToAOBUHH (41-62 %) 3araAbHOI BUCOTU
3aB’s13i.

Aax 3ap’sa3i — 1e BEpPXHsI YaCTUHA 3aB’s13i
BiA BepXHbOI IIOBEPXHi THi3A AO 3HHMKHEHHS
CeNTAAPHUX HEKTapHHUKiB. B aaxy 3apssi
po3mimeni IIOPOXXKHUHU CenTaAbHUX
HEKTAPHUKIB Ta BUBIAHI OTBOPH HEKTapy —
HeKTapHi M[iAMHH, a TaKOX TYT (OPMYIOTHCS
KaHAAM CTOBIMYMKA. Bonu Qopmyrorbca 3
THI3A 3aB’si3i IIEPEeBAXHO AIKAABHO, KpiM
S. grandicuspis, S. fernwood, S. parva, D. surculosa,
B SKMX BOHH AEIIO 3CYHYTi Ha MPOKCHMAABHUMI
6iK rHi3A,.

HaitkopoTmmuit pax 3a8’s13i (180-280 Mxm) €y
S. parva, S. fernwood, S. grandicuspis (Taba. 1), a
naiaosmmii (700-760 mxm) — y S. hyacinthoides,
S. grandis, S. trifasciata (Ta6a. 1). Y pocaipkennx
BUAIB MAaKCMMaAbHA BUCOTA OCHOBH i AAXy 3aB’s13i
ey S. trifasciata (500 Mxm i 700 MKM BiATIOBiAHO)
ta y S. hyacinthoides (680 mxm Ta 760 MKM
BiAHOBiAHO). BiaHOCHa BHCOTa OCHOBU 3aB s3i
KOAUBA€ETHCS B Mexkax 12-33 %, a paxy 3aB’si3i — y
Mexax 12-37 % Bip 3aTaAbHOI BUCOTH 3aB A31.

Y rimenei D. fragrans, D. surculosa,
S. hyacinthoides, S. spicata, S. aetheopica, S. grandis
ta S. suffruticosa (Taba. 1) Mu BcTaHOBUAM
HasBHICTH ‘IOTI/IpbOX BepTI/IKaAbHHX 30H 3a
LEINFELLNER (1950): KOpOTKOi CTephABHOL
cuHactuaiatioi  (60-180 MKM), ¢epTHABHOI
reMiCHHACLIUAIaTHOT (cepeans YacTHHA
3aB’s3i BucoToro 400-900 MKM), CTepHABHOI
reMiCUMIIAIKATHOL (Bepxusi YBEpTH THIi3A Ta AAX
3aB’s3i — 260-680 MKM) Ta acHMIIAIKaTHOI, sSKa
y 3aB’s13i 3aitMae 100-760 Mk, a Takox popMmye
CTOBIMMK Ta mHpuiMouky. Y S. grandicuspis,
S. fernwood, S. parva, S.trifasciata, S. doonery
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remicumIaikarHa 30Ha BiacyTHs (TabA. 1).

AcuMIIAIKaTHa 30Ha Y AOCAIAXKEHUX BHAIB
IOYMHAETHCSI BiA MiCIld BHBEAECHHS HA30BHI
CenTaAbHMX HeKTapHUKiB. SIk mpaBuao, 115 30Ha
IIOYMHAETHCS Ha PiBHI POpMyBaHHS KaHAAIB
CTOBIYMKA 1 3afiMae Becb Aax 3aB’sisi, aae y
S. grandicuspis Ta S. parva BOHa IIPOCTATAETHCS
M HIDKYe, Y BEPXHIiN 4acTHHI IrHi3A 3aB’s3i, a y
D. fragrans BoHa NMOYMHAETHCS AUIIE Y BEPXHIi
YaCTHHI  AAXy 3aB’sa3i. Bume 3HUKHeHHA
HEeKTapHUX  IHAMH  30BHIIIHI  MOBepxHi
TAOAOAWICTKIB IMOCTTEHITAaABHO 3AUTI, TaKHUM
YMHOM CTOBIYUK Ta MPHIMOYKA GOPMYIOThCS
y pesyAbraTi ¢yHKI[IOHAABHOTO O0'€AHAHHS
TIIAOAOAMCTKIB.

Mu Bu3HavYaEMO TiHEIler AOCAIAKEHUX BUAIB
SAK TeMICMHKAapIIHMI, OCKIABKM BiH MiCTHUTb
reMiCHMHACIIMAIATHY Ta I€MiCHMIIAIKaTHY 30HH,
aAe TAKOX BiH MICTUTb i CMHACIIMAIATHY 30HY,
SKa XapaKTepPHA AASl €BCHHKApPIIHOTO THITY
rinertess (LEINFELLNER 1950). ITocTreniTaapme
3PDOCTaHHS MDK IIAOAOAMCTKAMH 3YMOBAIOE
$opMyBaHHS ~ ILiAICHOTO ~ CTOBNYMKA  Ta
NPUMMOYKHA  Ha  OCHOBI  ACHMIIAIKAaTHOI
(amokapmHoi) 30HU rineres.

Bepmuxarvna 30nasvHicme cenmaivbHozo
HeKMAapHuKa

CenraAbHHMI HEKTapHHK Y AOCAipAKeHHX
BHAIB PO3MILIeHHM B3AOBX IIAOI 3aB’a3i: Bia
I OCHOBM, HIDKYE THI3A (y 6iAbIIOCTi BHAIB)
abo sume ruisp (D. fragrans, D. surculosa,
S. suﬁ‘ruticosa) A0 1 paxy ((DILuyK TA
OatHIOBA 2013a, 20136, 2014; ODINTSOVA
et al. 2013). Haiibiabma BHCOTA CENTaABHOTO
HeKTapHUKA BusBAeHa B S. hyacinthoides
(2700 mxm), a Haiivenma — y S. fernwood
(980 mxwm), S. parva (1100 mxm), D. surculosa
(1140 mxm) (Taba. 1). CrocrepiraeTbes npsva
3aAEXHICTD MDK BHCOTOIO 3aB'5i3i i BHCOTOIO
CEeNTaAbHOIO HEKTApHHMKA. J3araAbHa BHCOTA
CeNTAABHOTO HEKTAPHHKA IIEPEBHUIIYE CEPEAHIO
BHCOTY THi3A 3aB’si3i i OOAHYye: BHCOTY TiAa
HeKTapHMKa  (BHYTpIlIHBOrO  CENTaAbHOTO
HeKTapHMKa B ceHci DAUMANN 1970), a
TaKOXX BHCOTY HEKTAapHOI HIIAMHH, fKa He Ma€
30BHIIIHDOI CTiHKH i BIAKDUBAETHCS Y 30BHIIIHE
cepeAoBHIIe (BOBHiIJ.IHbOI'O HEKTAapHUKA B CEHCI
DAUMANN 1970). CriHKu HeKTapHOI IiAMHY Ha

BCiMl AOBXXHUHI MalOTh CEKPETOPHi BAACTHBOCTI,
AK 1 criEkM TiAa HeKkTapHuKAa. AOBXUHA
HEKTApHOI LIIAMHH Y PaAiaAbHOMY HANpSAMKY
AocArae GiAbllle TTOAOBHHH AOBXHHH paaiyca
3aB’s131 y Sansevieria, i avmre 6Au3pKo 1/3 papiyca
-y Dracaena. Y mpepcTaBHUKIB poay Sansevieria
HEKTApHI I[IAUHM B I€pepi3i € 3BUBUCTHMH,
cAabko AabipunTHEMH, a y Dracaena BoHU €
IPSIMUMU.

CiBBiAHOIIEHHS 3araAbHOL BHUCOTHU
CeIITAABHOIO HEKTAPHHKA AO BHCOTH 3aB’s3i
€ biabme 70% y BuAIB poay Sansevieria, i
menme 70% y BupiB poay Dracaena (Taba. 1).
Hait6iabmmm Boso € y S. hyacinthoides (98%).
CriBBiAHOIIEHHS BUCOTH CEITTaAbHOI'O
HEKTAapHUKA AO BHCOTH THi3A HaiibiabIe y
S. hyacinthoides, S. grandis, S. trifasciata —
1,8-2,3S, a Hatimenme y BUAIB poAy Dracaena ta
S. parva — 1,0-1,4. CiiBBiAHOIIIEHHS BICOTH TiAa
CENTaAbHOTO HEKTAPHUKA A0 HEKTAaPHOI I[IAUHHA
KoAamBaeTbcss Bia 8-16% vy S. hyacinthoides,
S. spicata i D. fragrans po 41-46% y S. trifasciata

i8S. doonery.
ITopiBusaabHUI aHaAI3 CTPYKTYpHU
CEeNTAAPHOTO HEKTApHHUKA MH IIPOBOAUAM

BIATTOBIAHO AO KOHIIEMIIl HOro BepTUKAABHOI
somaabHocti  (OAIHIIOBA 20132, 20136).
Y HeKTapHUKY AOCAIAXXEHHX BHUAIB MOXHA
BUAIAUTH TaKi 30HM, SKi BIATIOBIAQIOTD Pi3HMM
OIINCOBUM THUIIAM HeKTaPHI/IKiB 3a DAUMANN
(1970) i ScumID (198S): 30Ha pospiabHOTO
HeKTapHHKa 3 KOHI'eHiTaAbHO BaMKHYTI/IMI/I
MOPOXHMHAMU HEKTApHHKA Ha piBHI OCHOBHU
3aB’a3i Ta cuHacnuaiarHOL 30HM (60-560 MKM);
30HA «AIAiOIAHOTO>» 00’€AHAHOrO HEKTapHUKA
3 IIOCITeHITAABHO 3aMKHYTOIO LI€HTPAABHOIO
vacruaOm0 (860-1100 MKM) Ta 30HA 30BHIITHHOTO
HeKTapHHKa (HekTapHa mianHa — 100-700 MKMm).

Y S. grandicuspis HasBHI KBiTKH, y SKHX
B OCHOBi 30HH <«AiAiOIAHOTO>» 06'€AHAHOTO

HeKTapHMKa (HWKdYe THi3p 3aB's3i) foro
emaepMiCH B IIEHTpi KBITKHM DPO3€AHYIOTHCS,
$opmyroun LIEHTPAABHY CEKpeTOpHY
HNOPOXHUHY, 3€AHAHYy 3 IOPOXHHHAMH B

HIEPETOPOAKAX 3aB’si3i, KA BHUIje 3aMHKAETbHCS
[OCTIeHITaABHO. Y HeKTapHUKY S. suffruticosa
ta D. surculosa 3aMicTb 30HH pPO3AIABHOTO
HeKTapHMKA HasiBHA KOPOTKA, HeQyHKITiOHaAbHA
30HA TPUIIPOMEHEBOI0 00 €AHAHOTO HEKTAPHHKA
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Taba. 1. Bucora 30H rigernes Ta cenTaAbHOTO HEKTapHHKA y BUAIB poaAiB Sansevieria Ta Dracaena.

Tabl. 1. Height of the gynoecium and septal nectary zones in Sansevieria and Dracaena species.

N W.. = ..m 3 m @ 3
3 3 B S = 2 S < g g g
3oHa, MKM 3 s S, g g g hS 2 3 s N 3
£ § g 2 = g s 3 £ S g 5
& & 5% <= 8, £ S 3 = 3 = %
“ o % w o o o % v o a a
Thisa 328’13 720-800 800 840-940 620-820 600-820 | 1180-1460 800-960 820 740-800 840-940  1000-1250 800-860
OcuoBa 3as’si3i 500 480 280 420 420 680 540 200 180 320 340 260
Aax 3aB’s3i 700 180 280 500 280 760 740 360 560 620 420 580
CuHaciupiaTHa 30Ha 60 100 140 160 120 160 180 140 160 60 180 100
Temicumacumpiatsa soma 660 480 660 440 400 900 660 540 560 740 520-880 680
TeMicuMImaikaTHa 30Ha - - - - - 680 420 260 440 360 360 360
AcumraikaTHa 30Ha B3aB'a3i 700 400 400 500 280 760 740 360 560 620 100 580
CenraabHuit HexTapHix 1530 1100 1320 1220 980 2700 1880 1300 1340 1440 1250 1140
3araAomM
HexrapHa mjismsa 700 385 280 500 280 400 440 240 200 400 100 280
HexkrapHa miauua /
CeNTaAbHHI HEKTAPHUK 46 35 21 41 29 15 23 18 15 28 8 25
3arasom ¥, %
wnmowmé_ﬁw.gx SBML 064232 33-55-12 19-62-19  26-44-30  30-50-20 | 25-48-27  25-41-34 15-59-26 12-51-37 17-49-34 19-57-24  16-50-34
0
CenTaAsuitii HEKTapHIK g 75 91 74 70 98 87 94 89 77 6271 68
3araaoM * / 3aB’s13b, %
CenTaAbiiii HekTapHIK 1,921 14 1,6 1,52 12-1,6 | 1,823 2235 17 1,7-1,8 1,517 1,012 1,3-14

3araaoM ¥ / rHi3Aa 3aB’s3i

* CenTaAbHHI1 HeKTAPHHUK 3araAOM — Lie CyMapHa BUCOTA HeKTapHOI HOPOXHUHH (BHYTpIllIHbOTO HEKTAPHHKA) Ta HEKTAPHOI IiAMHK (30BHIIIHBOIO HEKTAPHUKA).

* Septal nectary in total comprises both the height of the nectary cavity and the nectary split.
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6Au3bK0 60 MKM BHCOTOIO. Y BUAIB poay Dracaena
Ta S. suffruticosa cenTaAbHHII HEKTapPHUK
po3MimleHMii Ha PiBHI TreMiCHMHaCIMAIATHOIL,
reMiCUMIIAKATHOI Ta aCHMIIAIKaTHOI 30H riHeres,
a B yCiX iHITNX BUAIB popy Sansevieria — e Takox
Ha piBHI CHHACIIMAIaTHOI 30HU.

Y miaoMy, y AOCAIAKEHHX BHAIB MOXHA
BHAIAWTH IT 1T THITiB BEPTUKAABHOI 30HAABHOCT]
3aB’sI31 Ta CEITAABHOTO HEKTApHUKA:

1 Tun — yoTHpHU CTPYKTYpHI 30HU riHenes
i TpH 30HM cenmTaAbHOTO HeKTapHUKA (30HM
PO3AIABHOTO, <«AiAIOIAHOTO>» 06’€AHAHOrO Ta
30BHINIHBOTO HEKTAPHMKA), SIKHil 3 ABASETHCS
HIWKIe AHA THi3A 3aBssi (S. hyacinthoides,
S. spicata, S. aetheopica, S. grandis);

2 TUN — TpU CTPYKTYpHi 30HU riHenes i
TPU 30HM CeNTAABHOTO HEKTapHUKA (30HM
PO3AIABHOTO, <«AiAIOIAHOTO>» 06’€AHAHOIO Ta
30BHINIHPOTO HEKTAPHMKA), SIKHil 3 SBASETHCS
HIDKYe AHA rTHi3A saBssi (S, grandicuspis,
S. fernwood, S. parva, S.trifasciata, S. doonery);

3 TUIl — TpU CTPYKTYpHi 30HM riHenes i
YOTHMpU 30HH CENTAABHOTO HeKTapHHKa (30HM
PO3AIABHOTO, TPUIIPOMEHEBOTO 00 €AHAHOIO,
«AIAIOIAHOTO>» OO’€AHAHOTO Ta 30BHIIIHBOTO
HEKTApHUKA), SKUH 3'ABASETbCS HIDKIE AHA
rHi3p 3aB’s3i (S. grandicuspis);

4 TUIl — YOTHPH CTPYKTYPHi 30HU TriHeles
i TpH 30HH cenTaAbHOTO HeKTapHUKA (30HM
TPHUIIPOMEHEBOTO 00 €AHAHOIO, «AiAiOIAHOTO>
06’€AHAHOTO Ta 3OBHIIIHBOTO HEKTAPHHKA),
SKUN 3 SBASETbCA BHINE AHA THIi3pA 3aB s3i
(S. suffruticosa, D. surculosa);

S TMI — YOTUPH CTPYKTYPHIi 30HH TiHeles
i TpH 30HH cenTaAbHOTO HeKTapHUKA (30HM
POBAIABHOTO, «AlAIOIAHOTO» O06'€AHAHOTO Ta
30BHIIIHbOTO HeKTapHHKa), SAKUN 3’ SIBASIETHCSL
BUIIle AHA THi3A 3a8's3i (D. fragrans).

3araaoM, AAs  BHAIB  poay  Dracaena
XapaKTepHi MeHIIi abCOAIOTHI M BiAHOCHI
PO3MipH CENTAABHOTO HEKTAPHHUKA i HEKTapHOI
LOIIAMHHA 30KpeMa, NOPIBHAHO 3 BHAAMHU POAY
Sansevieria, WO MOXe CBIAYMTH IPO MEHIIy
MPOAYKIIIIO HEKTapy B AOCAIAKEHHX ApalieH.
D. surculosa i D. fragrans BUSBASIOTH Ppi3Hy
BEPTUKAAbHY 30HIABHICTD riHeIies i CENTaAbHOTO
HeKTapHHKa, BIAMIiHHY Bip BUAIB poay Sansevieria,
kpim S. suffruticosa.

BucHoBKH

Taxum 4YMHOM, Y BCiX AOCAIAXKEHHX
IPEeACTaBHMKIB poaiB Sansevieria ta Dracaena
MU  BHSBHAU  HASIBHICTD  CHHACIIHMAIATHOI,
reMiCHHACITUAIATHOI Ta AaCUMIIAIKATHOI 30HH,
a B YaCTHHH BHAIB — IIMe i IeMiCHMIIAIKaTHOL
sonu. Hassrictp 7y 3aB’I31  AOCAIAXKEHHX
BUAIB TOTOBIIEHHMX OCHOBHM 1 AaxXy 3aB 5131
€ IIepeAyMOBOIO AAsl  30IABIIEHHS BHCOTH
CENTAaABHOTO  HEKTApHHKA, IOPIBHAHO 3
BHUCOTOIO I'Hi3A 3aB s131. BCTaHOBAGHO IT'SITh TUIIIB
riHeries 3a 30HAABHICTIO 3aB'S3i i CeTaAbHOTO
HEeKTapHHUKA.
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VERTICAL ZONALITY OF THE GYNOECIUM IN SANSEVIERIA THUNB. AND DRACAENA VAND. EX L.
SPECIES (ASPARAGACEAE)

OxsANA FISHCHUK ! & ANASTASIYA ODINTSOVA 2

Abstract. In ten Sansevieria and two Dracaena species the vertical zonality of the gynoecium after W. LEINFELLNER
(1950), as well as the structure of the septal nectary after the concept of its vertical zonality were studied. It was revealed
four vertical zones in the gynoecium of S. hyacinthoides, S. spicata, S. aetheopica, S. grandis, S. suffruticosa, D. fragrans and
D. surculosa (synascidiate, hemisynascidiate, hemisymplicate and asymplicate) while in the gynoecium of S. grandicuspis,
S. fernwood, S. parva, S.trifasciata and S. doonery hemisymplicate zone is absent. Septal nectary in the studied Sansevieria
species (except S. suffruticosa) and in D. fragrans is devided into the zones of distinct, common and external nectary
(nectary split), while in D. surculosa and S. suffruticosa the zone of distinct nectary is absent. In all studied species septal
nectary height is more than the locules height, moreower the most height of the septal nectary is in the species with the
greatest height of the ovary (8. hyacinthoides and S. grandis). In the studied species five types of the vertical zonality of the
ovary and septal nectary were detected. In Dracaena species septal nectary has relatively smallest height.

Key words: Sansevieria, Dracaena, gynoecium, septal nectary, vertical zonality

! Lesya Ukrainka Eastern European National University, Pr. Voli 13, 43025 Lutsk, Ukraine; dracaenaok@ukr.net
2 Ivan Franko National University of Lviv, Grushevskogo str. 4, 79005 Lviv, Ukraine; amorpha@ukr.net
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MOP®OAOTTYHI OCOBAUBOCTI IIOBEPXHI HACIHUH
BUAIB CEKIIIi ANODONTAE (BUNGE) MAXIM.
POAY PEDICULARIS L. ®AOPY €BPOITU

OAEHA ITEPETPUM

Anoranis. ITpoanasisosani MikpoMopdoaoriuni oco6anBocTi mosepxHi Hacinun 14 BupiB cekuii Anodontae (Bunge)
Maxim. poay Pedicularis gaopu €spomnn. Byao BHABA€HO, IO HACIHMHH LjMX BUAIB Ay>ke PI3HOMAHITHI 32 pO3MipoM,
0COOAMBOCTSMHU aHTHKAIHAABHUX Ta NIepUKAIHAABPHUX CTiHOK KAITHH. BcTaHOBAGHO, IO AASL HACIHMH AOCAiIAKEHHUX BHAIB
cekujii Anodontae XapakTepHi HACTYIHI THIIE YABTPACTPYKTYPHU IOBEPXHi: PEIyASPHO CiT4acTa, CiT4acTo-MeMOpaHHa,

CIT4aCTO-KOMIPYACTa, CiTdacTo-rpebiHdacTa, CXiA4acTa Ta 3SMOPIIKyBara.

Karouosi caoBa: Pedicularis, Anodontae, mosepxsst Hacinus, ¢paropa €sporu

Incmumym 6omanixu im. M.IT Xorodnozo HAH Yipainu, eya. Tepewjenxiscoka, 2, m. Kuig, 01601, Yipaina; operegrym@gmail.com

Bcryn

Pedicularis L. — opAMH 3 HalYMCEABHIIIMX
POAIB HamiBIApa3UTHUX POCAMH, IO BXOAWUTD
A0 ckaapy popunu Orobanchaceae Vent. Y
cBiToBill $aopi pip HapaxoBye 600-800 BuAiB,
y ¢aopi €pponu — 54 BupAu. A0 CbOropHi HeMae
€AVMHOTO IIOTASIAy HA CHUCTEMY POAY, @ IHMTAHHS
MOOYAOBH CHCTEMH 3aAMINAETHCS AKTYaABHHUM
Ta auckycittaum (L1 1948, 1949; BBEAEHCKUY
1955; MAYER 1978; IBAHUHA 1981; BEASEBA
1986; WANG et al. 2003).

Cexkuist Anodontae (Bunge) Maxim. y ¢paopi
€sporn BrAtouae 17 supis (MAYER 1978).
Bupu o6'epHaHI y BHINE3rapaHy CeKLilo 3a
O3HAKAMH KBITKH, a caMe: BepXHs I'yba BiHOUKa
mapomnoAibHa, Ha BepxiBui 6e3 A3b00y Ta
3y6unxis (MAYER 1978).

O3sHaku HaCiHUH BCe yacrime
BUKOPHCTOBYIOTBCSA Yy CYYaCHIM CHCTE€MATHIL,
TaK SIK BOHU € CTabIABHIMM, KOHCEPBATHBHUMH
Ta Maibke He IAAAIOTBCS BIAMBY (aKTOpPiB
HAaBKOAHIIHBOTO  CEPEAOBHINA, IO  HAAAE
iM  0COOAMBOTO TAaKCOHOMIYHOTO —3HAYEHHS
(BArRTHLOTT 1981, 1984; YiLpiz & CIRPICI
1998; YiLpiz 2002; l'oHyAPOBA 2006; CHEN
et al. 2007; L1u et al. 2013).

© The Author(s), 2014

IIss crarts € NPOAOBXKEHHSM — HALINX
AOcCAipKeHD  MOPQOAOTIYHHX ocobAauBoCTEN
NOBepxHi HaciHWH BHAIB popy Pedicularis
(TTePErPUM I OYyTOPHA 2013;
PEREGRYM 2013).

MeTo10 AQHOTO AOCAIAKEHHST GYAO BHSIBUTH
MOP{OAOTiYHI 0COBAMBOCTI MOBEpPXHi HACIHHH
BUAIB poay Pedicularis cexuii Anodontae paopu
Ta MOAAABIIOMY BUKOPUCTAHHI IX y CHCTEMaTHILi
poay Pedicularis.

Marepiaan i MeTOAM AOCAIAKEHD

Marepiaa aasg pocaipxeHHA BiAi6paH0 3
repbapHIX 3pa3KiB, mo 30epirarorscs B Tepbapii
IncruryTy 60Taniku im. M.I. Xoaopmoro HAH
Yxpainu (KW), Borauiunoro Imcruryry im.
B.A. Komaposa PAH (LW), Field Museum
of Natural History (F) Ta Missouri Botanical
Garden (MO). Mikpomopgoaoriuni 0sHaku
AOCAIAXKYBaAM BUKOPHCTOBYIOUH €ACKTPOHHHI
CKaHYIOYMH  MIiKpPOCKOII (JSM-6060LA).
Marepiaa nonepepHbo PpikcyBaAu Ha AATYHHUX
CTOAMKAX 1 HaIMAIOBAaAM TOHKHMM IDApOM
30A0Ta Y BaKyyMHill Kamepi. AocaipxeHo
Hacinunam 14 Buais (20 3paskis), mo Haaexarb
Ao cexuii Anodontae popy Pedicularis ¢paopu
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€ppor. QakTHYHMIT MaTepiaA BHKAAAAETHCS
3a cucremoro, npuiiasaroo E. Mayer y Flora
Europea (MAYER 1978).

Hacinuau omnmcyBaAu, BUKOPHCTOBYIOUH
3araAbHONIPUMHATY TePMIHOAOTIIO
(ApTromEeHKO 1990; STERN 1992). Is

30BHIIIHIX O3HAK HACIHUH MU 3B€PTAAU yBary Ha
$opmy, posmip, xapakTep MOBEPXHi HaCIHHEBOI
WKIPKH, po3MileHHS py0YNKa, HAsSBHICTD
cenuiuHUX ~ CTPYKTYp, 1IN0  CHpPHUAIOTH
nomwupenHio (Ray2007).3aBarrHLOTr (1981,
1984) Mu pO3pi3HSIEMO MEPBUHHY i BTOPHHHY
CKYABNITYpU HaciHHeBol mkipku. Ilepsunna
CTPYKTypa BH3HAYa€TbCA: 1)  3araAbHEMHU
o6pHcaMn KAITUH B MAPaA€PMAAbHIM IAOIIMHI
(isoplamerpuuni) a6o Butarayti; 2) $popmoro
30BHIIIHDOI IMEPUKAIHAAPHOI CTiHKHM (Bumyxaa,
YBIrHyTa, 1AacKa); 3) $OPMOKO AHTHKAIHAADHUX

CTiHOK psimi, 3BUBHUCTI, IIOTOBIIEHi,
He IIOTOBHeHi); 4) obpucH BHAUMHX Ha
MOBepXHi KAITHHHUX MeX. Bropunna

CTPYKTypa BHU3HAYAETHCs, TOAOBHUM YHHOM,
MOPQOAOTIYHIMU  OCOOAUBOCTSMU KYTUKYAU
(BARTHLOTT 1981; ToH9APOBA 2006).3riaH03
3araAbHOIIPUIHATOIO Y 6oTanini TePMIiHOAOTI€I0
(ApTromEeHKO 1990; STERN 1992), y kaitun
BUAOBXEHOI (QOPMH aHTHUKAIHAABHI ~CTiHKH,
MaKCHMAABHO BiAAAA€HI Bip LIEHTPA KAITHHH, MU
HA3UBAEMO AMICTAABHI, a HpI/I6AI/I>KeHi AO LIEHTPY
KAITUHH 1 IEPIEeHAMKYASPHI AUCTAaABHMM —
IIPOKCHUMAABHI.

Pe3yabTaTH Ta iX 06roBOpeHHs

Y pesyabTaTi AOCAIAKEHHS IPeACTaBHUKIB
cexuil Anodontae poay Pedicularis aopu €sponu
Hamu Oyaa ommcaHa Mopdoaoriuna 6ypaoBa
nosepxHi HacinuH yux Buais (Taba. 1; Puc. 1).
BcranoBAaeHo, 1m0 HACIHUHH  AOCAIAYKEHHUX
BUAIB pisHOManiTHI. Hamm 6yA0 BiAMiUeHO,
IO AAS  AOCAIAXKEHMX BHAIB  XapaKTepHa
sitneniopi6ua (P. acaulis Scop., P. arguteserrata
Vved.,, P. exaltata Besser, P. hacquetii Graf,
P. hirsuta L., P. oederi Vahl, P. recutita L.),
aannerna (P, hirsuta, P, foliosa L., P. oederi Vahl.),
AQHI[ETHOSIIIEIOAIOHA (P foliosa),
Beperenonopibua (P acauliss, P exaltata,
P hacquetii, P. foliosa, P. recutita), eaincoipna
(P amoena Adam ex Stev, P. arguteserrata,

P. flammea L., P. foliosa, P. limnogena A. Kern.,
P verticillata L.) Ta HenpaBuabHa ¢popma, iHKOAK
maacka abo cdepuana (P dasyantha Hada,
P sceptrum-carolinum L.).

Posmip HaciHMH BMAIB Ii€l cekmii Bapiioe
Bip 1,25 ao 3,4 MM, HalimeHmni 3a po3mipom
Hacinunu y P. hirsuta, Haitbiabwmi — y P. sceptrum-
carolinum. Y Bcix AOCAiA>KeHHMX BUAIB HACIHMHHU
MAIOTh AiHiMHUEA py6umk. Pade HaciHuH Mae
BUTASIA TpebHs y P. amoena, P. arguteserrata,
P. exaltata, P. hacquetii, P. hirsuta. P. flammea,
P recutita, P. verticillata. VYsiruyte pade -
y P. foliosa, P. limnogena. Y HaciHuH BHAIB
P. acaulis Ta P. oederi pade IHKOAM Ma€e BHIASIA
rpebHs, iHKOAM yBirHyTe. Y HAaCiHHH BHAIB
P dasyantha T1a P. sceptrum-carolinum pade
HeBHUpa3He. Y BCIX AOCAIAKEHHMX BHAIB, KpiMm
P. limnogena ta P. oederi, KAITHHE CIIepMOAepMHU
HACiHMH TOAiroHaAbHi (4-6-KyTHi) 3 mpsAMUME
IIOTOBIIEHNMH AHTHKAIHAABHUMHU  CTiHKaMH
KaiTiH. Y HaciHuH BUAIB P. oederi Ta P. limnogena
KAITHHU cliepMoAepMH HeBupaxeHi. Y P. oederi
AHTHMKAIHAADBHI CTIHKM MaIOTh Pi3HE IOTOBIEHH,
TaK, NPOKCHMAaAbHI ITOTOBINEHI, a AMCTAaAbHI
IHKOAM He TIPOTASIAQIOTHCSA ab0 30BCiM TOHKI.
IlepuxaiHaAbHI CTiHKM KAITHH CIlepMOAEPMH
yeirayti (P dasyantha, P. exaltata, P. foliosa,
P recutita, P. sceptrum-carolinum) a6o maacki
(P acaulis, P. amoena, P. arguteserrata, P. flammea,
P hacquetii, P. hirsuta, P. oederi). YapTpacTpykrypa
IePUKAIHAAPHHUX KAITUH pisHOMaHITHa,
HalixapakTepHimoro € rpanyaspna (P amoena,
P. acaulis, P. arguteserrata, P. exaltata, P. foliosa,
P. flammea, P. hacquetii, P. hirsuta, P. oederi,
P.recutita, P. Verticillata) , TAKOXK AAST AOCAIAYKEHUX
BUAIB xapakrepHa crpymensicta (P dasyantha,
P sceptrum-carolinum), 3MOPpIIKYBaTa
(P limnogena) Ta Api6ro-cituacra (P, verticillata)
YABTPacKYAbNTypa II€PUKAIHAABHUX  CTiHOK
KAITHH.

Ha ocHOBi BHABAeHHX MOPPOAOTIUYHMX
0COOAMBOCTEl ~ HACIHMH Ta  IIONEpeAHixX
AOCAiAKEHD (LIU etal.201 3) ,HaMU OyAU BUAiAeHI
HACTYIHI THUIM YABTPACTPYKTYpU IOBepXHi
HaCiHMH, INO XapaKTepHi AAS AOCAIAXKEHHX
BUAiB:  peryaspHo-citdactuit (P acaulis,
P hacquetii, P. hirsuta, P. flammea, P. verticillata),
ciraacro-mem6bpannuit (P dasyantha Hada,
P sceptrum-carolinum), ciryacro-komipyactuit
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Signal A= SE1

Puc. 1. Tumu yAbTpacTpyKTypH MOBepxHi HaciHHH (3araAbHUil BUrAsA Hacinm): A — cxipgactuit (Pedicularis oederi);
B - smopmxkysaruit (P, limnogena); C — cityacro-mem6pannuit (P. dasyantha); D — cirvacro-rpebindactuit (P. amoena);
E - peryaspuo-ciruactuit (P._flammea); F — ciruacro-xomipuacruit (P, foliosa).

Fig. 1. Types of seed surface (overview of seeds): A — ladder-like (Pedicularis oederi); B — rugose (P. limnogena);
C - reticulate-membranous (P. dasyantha); D - reticular-cristate (P. amoena); E - regular reticular (P. flammea);

F — reticular-foveate (P foliosa).

(P exaltata, P. foliosa, P. recutita), cirsacro-
rpebinvacruit (P amoena, P. arguteserrata),
cxipgactuit (P oederi),  3MopumikyBaTuit
(P limnogena). Aae y AeSKMX HACIHMH BHAY

P. limnogena Ha xaAa3aAbHIii Ta MIKpOIASIpHIit
YaCcTHMHAX HACiHMH IHKOAM CIIepMOAEpPMa Mae
CITYACTy YABTPACKYABIITYPY 3 Ay’Ke TOHKHUMH
AHTUKAIHAABHUMH CTiHKAMH KAITHH.
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Ta6a. 1. Mopdoaoriuni o3Haky HaciHuH BUAIB cexiiii Anodontae popy Pedicularis gaopu €sporu.

Table 1. Morphological features of seeds of Pedicularis species from the section Anodontae in European flora.

Bua AoBXuHa X Dopma sacinms Dopma Page Kaituan
mupuHa (Mm) py6unKa cIiepMoAepMU
. . HeBUpaXXeHe
. 1,791-2,295 x  siienopi6bna . .
P ) ) ) ) 6 e
acaulis Scop 0.995-1295 peperenonoi6Ha slmifma  ao 3-4-S-xyTHi
rpebingacre
P amoena Adam ex Stev. 2/40-2,500 % eaincoipHa Alniitna  rpe6imgacre  4-xyTHi
1,30-1,80
P. arguteserrata Vved. égg;ﬁ:iiz X eAircoipHa AiHiiiHa ~ rpebinvyacre  4-KyTHi
10-3,1 i
P dasyantha Hada 310-3,17x HEMpABMABHOT QOPMIH, oy HeBupaxeHe  4-5-KyTHi
2,25-2,31 chepuuHa, maacka
2,25-2,8 i1 i
P exaltata Besser. 11 1(5)_ 1: Sg x gjssfgsi};z; 6ra AlHiliHa ~ rpe6imgacre  5-6-KyTHI
1,612-1,677 x
P. flammea L. Oi 549. 0: 52; eaincoipHa AlniiiHa  rpe6imdacre  4-S-xyrHi
€AINCOoiAHa,
2 -2,8
P foliosa L. 1'(361 2' 584 ¥ AammerHosiimeroai6na,  Aimifira yBirHyTe 3-4-S-xyTHi
Y BepeTeHonopibHa
2,25-2 i i
P hacquetii Graf. lj 1(5)_ 1:28 x ‘::S::x;izz’i 6ra AlHiliHa  rpe6imdacre  4-5-6-kyTHi
1,25-1
P hirsuta L. Oj 6;— Oi;;‘. x AaHIjeT0i6Ha AlHiitHa  rpe6imgacre  4-S-kyTHi
P limnogena A. Kern 1,858-2,172 . \incoiana AlniitHa BirHyTe e
’ 8 ’ ’ 0,822-0,967 A YBIFRY HPOTASIAQIOTHCS
YBirHyTE
2,77-2
P, oederi Vahl. 772,78 % AQHIIETIOAI6HA AlHiftHA (imxoAn He
0,762-1,076 . IPOTASIAQIOTBCSI
rpebirvacre)
P recutita L. ;’8576 617’39 x ;:;::x;iﬁ:’i 6ria AlniliHa  rpe6imgacre  3-4-S-xyTHi
P sceptrum-carolinum L. 330-3,40x HEMpABMABHOL QOPMH, sy HeBUpaKeHe  4-5-6-KyTHi
2,10-2,80 cdepuuHa, maacka
1,73-2,70 x
P verticillata L. 7327 eAiricoipHa AiHiiiHa  rpebinvacre  3-4-KyTHi

0,85-1,12
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YABTPacKyABIITYpa
. XapakTepucTHKa TosmmHa XapakTepHCcTHKA P ,y P
YAbTpacTpyKTypa nosepxsi . . . HOBEpXHi
. AHTHKAIHAABHHX AHTHMKAIHAABHHX HePUKAIHAABHUX .
HACiHMH . . . . . HEePUKAITAABHUX
CTiHOK KAITHH CTiHOK CTiHOK KAITUH .
KAITHH
PperyaspHo-cirdacTa npsmi TOHKL mAacki rpaHyAspHa
ciTgacro-rpebinyacra npsami TOTOBIIEHi TAACKi rpaHyAsipHa
ciTgacro-rpebinyacra psmi MOTOBIIEHi TAACKi rpaHyAsipHa
ciT9acTo-MeMOpaHHA npsmi TOHKI YBIirHyTi CTpyMeHsCTa
ciTyacTo-koMipyacTa npami TIOTOBIIeHi YBIrHYTi rpaHyAspHa
PperyAspHo- ciTyacTa npsaMi TIOTOBIIeHi TAACKi rpaHyAspHa
ciTyacTo-koMipyacTa npami TTOTOBINeHi YBIrHYTi rpaHyAspHA
PperyaspHo-cir4acra npsmi MOTOBIeHi MAAcKi rpaHyAspHa
TOTOBIIEHI
. . MIPOKCUMAABHI, .
eryAspHO-CiT4acTa npsmi . . TAACKi rpaHyAsipHa
peryasip P AMCTAaAbHi — TOHKi 260 pasyAip
THOTOBIIEH
smopuikyBara (iHopl
HEYIiTKO MPOTASIAAEThCS HA ~ He MPOTASIAAIOTBCS  He MPOTASIAAIOTHCS TIAQCKi,
. . . . . . . 3MOpIIKyBara
KiHYMKaX HACIHHMH ciTyacTa 260 mpsimi a60 ToHKi BHITYKAUH,YBirHY Ti
YABTPACTPYKTYpa)
pisHuMI CTyTIeHDb
MOTOBL]EHHS
(mpoxcumanpHi
cxipgacTa npsmi KAIT. CTIHKY TOBII IAACKi IpaHyAspHA
(uepisrOMipHO) 32
AHMCTAABHI, SIKi 9aCTO
He MTPOTASIAAIOTHCS
CiT9acTo-KOMipyacTa npsmi MOTOBIeHi YBIirHyTi rpaHyAspHa
ciTyacTo-MeMbpaHHa npsmi TOHKI YBIrHyTi CTPYMEeHSCTHI
PperyAspHo-ciT9acTa npsami MOTOBIIeHi mAAcKi Api6HO-ciTHacTHIt
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Aas pezyaapHo-cimuacmoi
YABTPACTPYKTYPH  XapaKTePHi IIOAIrOHaAbHI
KAITHHH, 3 TPSIMIMU TOHKMME 260 IIOTOBIeHIMU
AHTUKAIHAAPHUMM KAITHHHHMMHU CTiHKaMH Ta
MAACKMMHU TNEPUKAIHAADHMMH CTiHKAaMH KAITHH
CIIEpPMOAEPMHU.

Cimuacmo-memOpanna  yABTPaCTPyKIypa
HACiHMH XapaKTepHU3YETHCS IOAIrOHAAPHUMH
KAITMHAMU CIIEPMOAEPMH, 3 IPAMUMU TOHKUMU
AHTUKAIHAAPHUMM CTiHKaMHM Ta YBirHYTHMMH
MEePUKAIHAABPHUMU CTiHKaMH. Ex3orecra
HaciHWMH OiAblIa 32 po3MipoM BiA iHIIMX wrapis,
TOHKa, Ma€ BUTASIA TAIBKU (MeMOpaHH).

Cimuacmo-xomipuacma yAbTPacTpyKTypa
XapaKTePHU3YEThCS MOAITOHAADHUMH KAITMHAMU
CIIEPMOAEPMH, 3 HPSAMUMHM  IIOTOBIICHHMH
AHTUKAIHAAPHUMM KAITHHHMMH CTiHKaMH Ta
YBIrHYTUMH IIEPUKAIHAAPHUMH CTiHKaAMH.

Cimuamo-zpebinuacma yABTPaCTpyKIypa
XapPaKTEPUIYETHCS MOAITOHAABHMMHU KAITHHAMH
CIIEpMOAEPMH, 3 IHPSAMUMHM IIOTOBIICHHMH
AHTUKAIHAABHUMHU KAITUHHUMH CTiHKaMH, IO
BHCOKO IIAHATI Hap piBHEM HACIHHMHH, YacTO
AVIIEe TPOKCHMAAbHI aHTHMKAIHAAbHI CTiHKH
KAITHH, YTBODIOIOTh <«TIPeOHi» Ta [AACKHMU
MEePUKAIHAAPHMMH CTiHKAMHU.

Cxiduacma yaompacmpykmypa
XapaKTePUIYETbCA 3a3BHYAll YOTHPHUKYTHUMH
KAITMHAMH, A€ TPOKCHMAAbHI Ta AMCTaAbHI
CTiHKM MAIOTb Pi3HE MOTOBIE€HHS, TPOKCUMAABHI
CTIHKM KAITMH TIOTOBIIEHi, AHCTaAbHI He
IIPOTASIAQIOTBCSI 400 Ay>Ke TOHKI.

3mopuxysama YABTPAcTpPyKTypa
XapaKTEPUIYETbCA HEBUPAXKEHHUMU KAITMHAMHM
CIIEPMOAEPMH, AHTHUKAIHAABHI CTiHKM KAITHH
HE MNPUIAHATI, MEePUKAIHAABHI CTIHKHM KAITHH
CIIepMOAEPMH YBIrHYTi, BUITYKAi 460 MAACK], 1O
$opMye 3MOpIIKYBaTy CTPYKTYPY.

BucHoBxn

Y pesyabrari AOCAiAXKeHHS Hamu OyAO
BCTAaHOBAEHO, IO HACIHMHHU BHAIB CeKIil
Anodontae popy Pedicularis ¢aopu E€spomm €
Ayxe pisHOMaHiTHUMH. BcranosaeHo cmiabHi
Ta BiAMiHI O3HAaKM HaCiHMH ITUX BHAIB. Ao
CITIABHMX O3HAK BIAHOCHTBCS $popMa pybuumKa,
$opma KAITMH Ta XapakTep AaHTHUKAIHAABHUX
CTiHOK KAITHH. BUKAIOYEHHSM € HacCiHUHHU

BupiB P limnogena ta P. oederi, y sxux
AHTHKAIHAABHI CTIHKM HE IIPOTASIAAIOTBCS
ab0 HeYiTKO MPOTASIAQIOTHCS.  BiAMiHHHME
O3HAKAMHM  HACiHMH €  XapaKTepHCTHKA
pade, yABTpacTpyKTypa TIIOBEpXHi HaCiHUH,
XapakTep IOTOBIIEHHS aHTHKAIHAABHMX Ta
XApPaKTePUCTHKA MEPHKAIHAAPHMX KAITHHHHMX
CTIHOK Ta YABTPACKYABINTYpa IEepPUKAIHAABHUX
crinok. Ha mamry AymKy, Taki O3HaKu, fK
XapaKTepuCTHKa pade Ta YABTPACKYABITYpa
IePUKAIHAABHUX CTIHOK € BapiabeAbHHMH,
ase me morpebye yrouHeHHs. Immi o3Hakw, a
caMe, YABTPACTPYKTypa IIOBEpXHi HACiHMH,
XapakTep IOTOBIJEHHS AHTHKAIHAABHMX Ta
MEPUKAIHAAPHMX KAITMHHHUX CTiHOK MOXYTb
6yTH BHUKOPHMCTAHI SIK AOAATKOBI AlarHOCTHYHI.
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MORPHOLOGIACAL FEATURES OF SEED SURFACE OF THE SECTION
ANODONTAE (BUNGE) MAXIM OF PEDICULARIS L. IN EUROPEAN FLORA

OLENA PEREGRYM
Abstract. Morphological features of seed surface of 14 Pedicularis species from the section Anodontae (Bunge) Maxim of
European flora were studied. Seeds of studied species diverse by size, and character of anticlinal and periclinal cell walls.
It was ascertained that the investigated species are characterized by several types of ultrastructure of seed surface: regular
reticulate, reticular-membranous, reticular-foveate, reticular-cristate, ladder-like and rugose.

Key words: Pedicularis, Anodontae, seed surface, flora of Europe
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YAK 581.8

MOP®OAOTTYHI OCOBANBOCTI
ASPLENIUM SEPTENTRIONALE (L.) HOFFM.,
A. TRICHOMANES L. TA iXHIX TIBPUAIB
IMIPUPOAHOI ®AOPH YKPATHU

Oakecs O. BE3BCMEPTHA ', OAEHA B. BAmEKA %, FOa1s P. Karmg *

Amnoranis. Posrasayro moponroriuni ocobamsocti Buais Asplenium septentrionale (L.) Hoffm., A. trichomanes L.,

A. xalternifolium Wulfen ex Jacq., a Takox A. xheufleri Reichardt. ITpoBeaeHO IOPIBHSABHUIT aHAAI3 0COGAMBOCTEl GYAOBH

OKpPeMHUX MOPPOAOTIYHHX CTPYKTYP LIMX BUAIB Y 3B'SI3KY 3 IXHBOIO CHCTEMATHKOIO.

Karouosi caoBa: Asplenium, manoporemnoai6Hi, ribpuaorensi supn, npuposHa gaopa Yipainu, CEM aocaiaxeHHs,

Mopdoaoris

! Hayxo080-0ocAidna aabopamopis «Bomaniunuii cad> HHIL «Incmumym 6iorozii> Kuiscvkozo HayionasvHozo yrisepcumemy

imeni Tapaca Illesuenxa, 8ys. Cumona ITemaropu, 1, m. Kuis, 01032, Yipaina; olesya.bezsmertna@gmail.com

? Kagedpa 6omanixu, HHL] «Incmumym Giorozii> Kuiscviozo Hayionasvnozo ynisepcumemy imeni Tapaca Illesuenxa

Bceryn

Aas dropu YkpaiHM HaBoAMAAcA pi3Ha
KiabkicTb BUAIB (Bip 10 o0 13) poay Asplenium L.
(Knapp 1872; ®Ep4EHKO U DAEPOB 1910;
Komaros 1934; ®omiH 1938; DEAOPOB 1974;
dopor 1974; Dbapsaruyd u dp.  1986;
AOBPOYAEBA u dp. 1987; IIIMAABIAY3EH 1987;
ToayseB 1996; Ca30HOB 1997; MOSYAKIN
& FEDORONCHUK 1999; Aipvx ma in. 2000;
Mocskid 1 Tumenko 2010). Bipnosiao A0
ocrauuboi pesisii (BE3CMEPTHA ma in. 2012)
BCTAaHOBAEHO, IIO AAS BKa3aHOI TepHUTOpil
XapakTepHa HasBHICTb 14 BuAIB, 30KpeMa,
vorupbox Tribpuporennux supis (Asplenium
xalternifolium Wulfen ex Jacq., A. Xheufleri
Reichardt, A. xprotoadulterinum Lovis et
Reichstein Ta A. xsouchei Litardt.). Hait6iapme
CHIpHMX ITUTaHb BUHUKAAO ITiA 9aC AOCAIAXKEHD
A. xalternifolium ta A. xheufleri, mo nos’s3axo
3 3HAYHUMH TPYAHOIIAMH IIPH  IXHbOMY
susHaveHHi (BE3CMEPTHA ma in. 2012).

Meroto Hamol poboTu 6Oyaa aeTaaisariis
MOPOAOTIYHIX 0COOAMBOCTEN LMX FiOPHAIB Ta
ixuix 6aTpkiBchkux dopm (acame A. septentrionale

© The Author(s), 2014

(L.) Hoffm.Ta A. trichomanesL.,) AASTIOAQABIIIIX
AOCAIAXKEHD i IToAeTIIeHHs iAeHTUPIKAIiI.

Marepiaan i MeToAM AOCAIAKEHD

AASL AOCSTHEHHSI IOCTABAGHOI MeTH 6yAO
IIPOBEAEHO MopdoAorivHi AOCAIA>KEHHS
6YAOBI/I emiAepMH, iHAY3iIB, CLIOpaHTiiB, CIop Ta
MOPIiBHAABPHMM aHAAI3 IUX CTPYKTYP YOTHPHOX
BHIIle 3a3HAYEHUX BUAIB poay Asplenium.

ByaoBy  emipepMu  pocaipxyBasum  3a
AOIIOMOTOI0  peIiK, BUIOTOBAEHUX 3
BukopucranHaMm MeToay I'X. MoaoTkoBchkoro
3 moaudixanismu (MOAOTKOBCKMit 1935;
Bexipuuk 1984). Orpumani npenaparu
AOCAIAXKYBaAM 32 AOIIOMOTOX0 MiKpOCKOIIA Carl
Zeiss Primo Star Ha 36iapmenni x40, x100 Ta
%400, BUMipIOBaHHS IPOBOAUAH 332 AOTIOMOTOI0
nporpamu ScopePhoto. Mikpodororpadii 6yau
3pobaeni xameporo Scope Tek E DCM 510
3a pomomoron  mporpamu  ScopePhoto.
ITupposa 06pobka pororpadiil IMpoBOAHAACST
3a pomomororo mporpam Axiovision Rel. 4.8 Ta
Autopano Giga v2.02. Crarucruyna o6pobka
PEe3yAbTaTiB BUMIPIOBaHHS IIPOBOAHMAACSA Y
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A B

B

Puc. 1. Cxema mpupoaHoi ri6puausanii Aesikux BUAIB poay Asplenium: A — A. septentrionale; B — A. trichomanes;

C - A. xalternifolium; D — A. xheufleri. L]ina mopiaxu — 1 cm.

Fig. 1. Scheme of natural hybridization of some Asplenium species: A — A. septentrionale; B — A. trichomanes; C —

A. Xalternifolium; D — A. xheufleri. Bar — 1 cm.

nporpami Microsoft Excel 3a pexomenaanismu
[d. Aakina (AakuH 1990). Onuc emigepmu
IIPOBOAMAH BIATIOBIAHO AO 3araAbHOIIPUIHSTOL

mertopuku  (3AXAPEBUY  1954; DEAOPOB
u dp. 1956).
Mixpomopdoaoriuni O3HAKHU crop

AOCAIAXKYBaAM 3 BUKOPHCTAHHSAM €AeKTPOHHOTO
CKaHyro4oro Mikpockoma JSM-6060LA. Aas
IIbOTO MaTepiaA IONepeAHbO QIiKCyBaAM Ha
AATYHHHX CTOAMKAX 1 HAIMAIOBAAM TOHKHM
IIapOM 30A0Ta y BaKyyMHill KaMepi.

Bopopox  2003-2013  pokiB  6yao
ONpalbOBAaHO 3pasKM 3a3HAYeHHX BUAIB 3
repbapHux (OHAIB pPSAy HAyKOBHX YCTaHOB
Yxpainn, Pocii i Pymynii (saraaom 33):
BUC, CHER, CWU, DNZ, DSU, I, IAGB,
IASL, KW, KWHA, KWU, KWHU, LE, LW,
LWKS, LWS, MELIT, MSUD, PWU, SOF,
YALT, UU, BoAMHCBKOTO  KpPa€3HABYOIrO
My3ero, Boauncrkoro HaI[iOHAABHOTO
yHiBepcurery iM. Aeci Ykpainku, Kam'sHern-
IToaiabcpkoro yHiBepcurety im. IBaHa Orienka,
ITpukapnarcpkoro yHiBepcurery iM. Bacuas

Credanuxa, PiBHeHpKOTO  HaIliOHAABHOTO
YHIBEpCUTETYy BOAHOIO TOCIIOAAPCTBA  Ta
IPUPOAOKOPHUCTYBAHHS, PiBrencpkoro
IPUPOAO3HABYOrO  My3er, Kpusopispkoro

0oTaHiYHOrO caay, TepHomiAbchKOTO
IIeAATOTiYHOro yHiBepcuTeTy iM. Boaoaummpa
I'marioka, Yepniriscpkoro AEPXKaBHOTO
neparoriugoro yHiBepcutery im. T.I. Illepuenxa,
Mysero icTopii mpupoan y M. fccu. Taxox
OIpallbOBaHO  AiTepaTypHi  AXXepeaa  Ta
BHKOPHUCTAaHi Pe3YAbTaTH BAACHHUX IIOAbOBHX
AocAipxeHb 3 TepuTopil Yipainu. Oxpim Toro,
AOCAIAXYBAAUCh OPHUTiHAABHI 300pH, 30KpeMa
3pasKu BUAIB i3 ABTOHOMHOI pecrrybaiku Kpum.

Pe3yAbTaTH Ta iX 06rOBOpEHHS
Y npupoanift  $aopi  YkpaiHu  BuUAU

A. septentrionale Ta A. trichomanes aocurb
HOLIMpPEeHi, a ABa IXHi FiOPUAM TPAINASIOTHCS

CIIOPaAMYHO Ta, iHKOAY, HEBipHO
iAeHTHQIKYIOTbCS  AOCAIAHMKAMM (FPI/IHI)
TA Ky3HEnoBa 1954; Octanko 2001;

Aipavx  2009; DBE3CMEPTHA ma iH. 2012
Ta 1H) Heo6xipHO BiA3HAUMTH 0OCOOAUBICTD
[OXOAKEHHSI LUX TiOpMAOTEHHHX BHAIB -
BIALIOBIAHO A0 IpoToAoriB A. Xalternifolium — ne
ribpua Mk A. septentrionale Ta A. trichomanes,
a A. xheufleri - wmix A. xalternifolium
ta A. trichomanes (REICHARDT 1859;
Jacquin 1762). Sk BupHO Ha Puc. 1, mi Bupau
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Puc. 2. Byposa iHaysiiB BuaiB popy Asplenium: A — A. septentrionale; B — A. trichomanes; C — A. Xalternifolium;
D - A. xheufleri. I]ina mopiaxu — 1 mm.

Fig. 2. Indusim of some Asplenium species: A — A. septentrionale; B — A. trichomanes; C — A. Xalternifolium; D — A. xheufleri.
Bar - 1 mm.
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AOCHUTDb YiTKO PO3PI3HAIOTHCS 32 MOPPOAOTi€I0
Bail: popma 0a3aAbHMX CErMEHTIB IEpIIOro
nopsiaky 'y A. xalternifolium 3 xauzOmOAI6HOI
OCHOBU  BY3bKOOOEpHEHOSMIENOAIOHA,  Ha
BepxiBLi HappizaHO3y6uacTa, B TOM dac SIK
y A. Xheufleri BoHa o6epHeHOTpUKyTHA 3
HepIBHO3apyO4acTOI0 aIliKaABHOK YaCTHHOO
(BamEeka 1 BE3CMEPTHA 2012).

Opniero i3 03HAaK, IO BHKOPHCTOBYIOTH
AASL PO3pi3HEHHs BHAIB L€l rpymu € OyaoBa
inaysiiB. Sk Bkasano y mpotoaosi, A. xheufleri
BHPI3HAETHCA BiA HIIMX BUAIB POAY HasBHICTIO
sapy6uacroro imaysito (REICHARDT 1859).
3riAHO HaIIMX AOCAIAYXKEHD (PI/IC. 2), inpysii
B YCiX BUAIB MAaIOTh sK CIIiABbHI, Tak i BiAMiHHI
pucu 6yaoBu. IHAy3ii IpUKpinAeHi AaTepaAbHOIO
YaCTHHOIO, IO € XapPAKTEPHOIO O3HAKOIO0 AAS
POAY 3araaoM, y BCiX AOCAIA’KEHHX BUAIB BOHHU
TOAl, HE3aAO3MCTi Ta 3 HEBIMYaCTHUM KpaeEM.
Y A. septentrionale iHAy3il CTPIIKOIOAIGHI,
PpO3MillleHi ITO KPalo CErMEHTY, IO Hece COPYCH
Ta MOXYTb CSATaTU AO 1 CM 3aBAOBXKKH, 3aBXKAU
misokpai. IToaibHa 6ys0Ba XapakTepHa AAS
A. xalternifolium, opHax TyT iHAY3il MeHm 3a
AOBXHHOIO Ta PO3MINIYIOTbCS B3AOBXK KHMAOK
cermentiB. Y A. trichomanes i A. Xheufleri copycn
MeHIi 32 posmipamu (A0 3 MM), HariBOBaAbHI 32
$opmoro, a ixHi Kpal € BUIMYACTUMHU Y IEPLIOTro
BHAYy Ta Maibke piBHUMH a00 3apy0dacTHMU
(amB. cTpiaku Puc. 2) Bocrarmboro. OpHAK, HaMu
He OYyAO BIAMIYEHO BHPaXXEHO 3apy0OdYacToro
Kpalo y BCiX 3pa3KaX COPYCiB POCAUH LIbOTO BHAY.

MoskHa Bip3Ha4MTH 6iABIIy HOAIGHICTD
B OyAOBi copyciB Mix A. septentrionale Ta
A. Xalternifolium, a taxoxa A. trichomanes i
A. xheufleri.

CrocoBHo 6yaoBH emipepMu, 7y  Bcix
AOCAIAXKYBAaHMX BHUAIB IAACTUHKU Bau 6yAH
riMOCTOMATUYHMMH, IO € THUIIOBUM  AAS
marnopoTteil. IlepeBakaB IOAOLUTHHI  THII
IIPOAUXOBOTO aIapaTy, X04a TPAMASAUCH TAKOXK
anomonuTHi npoauxu (Puc. 3).

AbakciaAbHa Ta aAaKciaAbHA
pisHMAMCD 32  dopMmOIO  Ta

MOBEPXHi
XapaKTepoOM

poamimenns xaitun (Puc. 3; Taba. 1). Cepep
AOCAIA’KEHHX  BUAIB  OCOOAMBO  BHAIASIBCS
A. septentrionale, mo MaB Haibiabmi 3a
posmipamu  kaiturm  (288,74%26,36 MKm),
SIKUM OyAM IpHUTaMaHHI HafpiBHImi o6prcH
KAITMHHUX cTiHOK. HaliMeHmiMu 3a posmipamu
BISIBUAUCH KAITHHY emipepmu y A. trichomanes 3
KPYIIHO- Ta 3BUBUCTOXBUASICTUMH CTiHKaMH.

3araaoM, MOxHa  BiamiruTH  6iABmIy
moaiOHicTs 6ypoBu emisepmu A. xheufleri po
A. trichomanes, a Takoxx A. xalternifolium a0
A. septentrionale.

Takoxk Hamu OyA0 AOCAIAKEHO 6YAOBY
CIIOpaHTiiB ABOX I‘iGpHAOI‘eHHI/IX BHAIB
A. xheufleri Ta A. xalternifolium. SIx BuAHO Ha
Puc. 4 C, cropaurii A. xalternifolium wiakom
cpopMoBaHi, MaOTh AOOpe BHpaKeHe KiAblle.
Bcepeauni Takox momitHi cdopmoBani Beauki
CIIOpH, IO MOXKEe CBIAYHMTH ITPO PEIPOAYKTUBHY
3AATHICTD  ITHOTO ri6pqureHHoro BHAY.
Crnopanriix A. xheufleri e maau copmoBaroro
KIiABILSL, OYAM CIIAOIIEH] 3 AQTepaABHUX OOKIB, a ¥
CepeArHi HHMX MOMITHI AMIIE IOOAUHOKI CITOpH,
PO IO CBiAYaTh PE3YABTATH SK CBIiTAOBOI
(Puc. 4 A), Tak i eAeKTPOHHOI CKaHYH0YOi
mikpockomii (Puc. 4 B). Otxe, 6ypoBa criopariis
XO4Ya M MAa€ CHCTeMaTHUYHe 3HAUYEHHS AUIIE AAS
iaeHTHQIKAI] TAKCOHIB BUIle BUAOBOTO PaHTYy,
OAHAK MOXe CBiAYHTH TIPO peIpOAYKTUBHY
3AATHICTD BHAY.

ByaoBa cmop Hamu 6Oyaa AocAipKeHa
32 AOINOMOTOKO CBiTAOBOI Ta €AEKTPOHHOI
Mikpockomil. Y  6iapmocrti  AireparypHux
AXKepea, 1m0 CTOCYIOTbCSA TTAAIHOAOTII

nanoporenopi6unx (I'PUYYK TA MOHOC30H
1971 Ta iH.) HaBOASTBCA AAHI, OTPUMaHi came 3
BUKOPHCTAHHAM CBIiTAOBOI Mikpockomil. OpHak,
AASIPO3B SI3aHHS CHCTeMATHYHUX CYIIepeqHOCTe
M0AO BHAIB  poay Asplenium Mopgoaoris
CIIOp Ha PiBHI CBITAOBOI MiKPOCKOIIl ChOTOAHI
BISIBASIETBCS. MAaAOIHPOPMATHBHOIO. 3a TUIIOM
MEPHUCIOPII0 CIIOPH AOCAIAYKYBAaHUX BUAIB YiTKO
BIAPI3HAIOTBCS Bip iHIIMX nan0p0TenoA16an,
I[O AO3BOASIE BIAOKDEMHTH iX Ha POAOBOMY

< Puc. 3. Byposa apaxciaapHOI (A, C, E, G) Ta abaxciaasuoi (B, D, F, H) emipepmu BHAIB poay Asplenium:
A, B - A. septentrionale; C, D — A. trichomanes; E, F — A. xalternifolium; G, H — A. xheufleri. I]ina nopiaxu — 100 Mxm.

< Fig. 3. Structure of adaxial (A, C, E, G) end abaxial (B, D, F, H) epiderma of some Asplenium species:
A, B - A. septentrionale; C, D — A. trichomanes; E, F — A. xalternifolium; G, H — A. xheufleri. Bar — 100 pm.
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Taba. 1. XapakTepucTUKa GYAOBI/I eTliAePMH AOCAIAXKEHUX BUAIB POAY Asplenium.

Table 1. The characteristic of epidermal structure of studied species from genus Asplenium.

T -
Bupa, H_H IIpoexuis kaiTun (DépMa KALTHHTIX AOBXHHA, MKM Iupuna, Mxm
eHlAePMI/I CTIHOK
p -
A. Xalternifolium Ad TpsimokyTHa At HOXBWCT%’ 97,44£3,68 32,08+1,49
KPYIHOXBHAACTI
Ab [pamoxyrsa, Kpynmoxsmascri  90,44+3,95 31,11%1,37
KBaApaTHa
Hpamowyrsa, ApibHOXBHASICTI
A. xheufleri Ad KBaApATHa, P i 86,96+4,32 40,02+1,75
KPYIHOXBHAACTI
posmaacTaHa
17
Ab PAMOKYTH3, Kpymuoxsmasicri  97,01£3,85 36,24+1,52
KBaApaTHA
A. septentrionale Ad IIpsimoxyTHa IpsiMoAiHifHi 288,74+13,86 26,36x1,17
Ipsamoainifini,
Ab Tpamoxyria, KpYMHOXBUAACTL, 1,0 761 ¢ 99 30,73%1,36
BI/ITHI‘HyTa 3BUBHUCTI,
3BUBUCTOXBHUASCTL
Hpamoiyrsa, KpymHroxsuasicri,
A. trichomanes Ad KBAaApATHa, Py " 74,84+337 38,86+1,49
3BUBHCTOXBHUASICT1
posmaacTaHa
Posnacrana, Kpynaoxsuascri
Ab BUTSITHYTA, Py . 89,06£3,89 45,56+1,96
3BHUBHUCTOXBHASICT1
HpSIMOKYTHA
PiBHi y BUIIAAKY 3MIIIAHOIO MaT€piaAy, OAHAK €  CKAAAJACTO-KOMIPYacTa,  CKAAAKM  IIHPOKI,

AOCHUTD MoAi6HMMHU Mk coboio (VIANE 1992).
Mikpomopoaorist criop A. Xalternifolium Ta
A. Xheufleri 6yaa Ao0CAiAXKeHA HaMU BIIepIIIe.
Cnopu A. septentrionale opHOIpOMeHeB,
606010i6Hi; B 06prcax 3 MOAIOCA eAINTHYHI,

3  eKBaTOpa  IAOCKO-BHITyKAi; = BEAMKHM
€KBaTOPiaAbHHIA Alamerp CTaHOBHTD
55,47+2,94 MkM, MaAMH ~ eKBaTOpiaAbHUI

plamerp — 40,42+2,19 mxm (Puc. § C).
Ilepucropiit B OCHOBi 3 KOAyMeAaMH, iHOAI
cro3atounii; 5,9610,36 mxm. Ckyabnrypa
MEPUCTIOPII0 CKAAAYACTA, CKAAAKHM IIHPOKi i
CIIAOIIEHi, YTBOPIOIOTh HE3aMKHEHi KOMipKH, 3
,A,piGHI/IMI/I IIUIUKAMU, MK CKAAAKaMU HAasIBHI
ApiOHI muHKY.

Conopu A. trichomanes OpHOIIpOMeHEBI,
MHUPOKOOOOOMOAIOHI; B 0OpHCax 3 IIOAIOCA

IMHUPOKO  EAINTHYHI, 3 eKBaTopa IIAOCKO-
BHITyKAi; BEAMKHMM eKBaTOpiaABHMHM AlaMeTp
cranoButp  45,45%+2,13 MkM, Maaunm -

33,59£1,88 mxm (Puc. S D). Ilepucnopiit
6,1£0,48 wMxm. CkyAbITypa IIepHCIOpiio

YTBOPIOIOTH BEAMKI 3aMKHEHI KOMIpKH, CKAAAKHU
3 PO3CTAaBACHUMH 3arOCTPEHHMMH IIHITMKAMH,
Y KOMipKax MK CKAAAKAMH HasBHI YHMCEAbHi
ApiOHi CKAQAKE Ta IOOAMHOKI ITUITHKHL.

Heuncaenni crmopu A. Xalternifolium, mo
HaM BAAAOCH AOCAIAMTH METOAOM €AeKTPOHHOI
ckamyrouoi ~ mikpockomii  (Puc. S A),
OAHOIIpOMeHeBi, 0000moAibHI; B obpucax 3
ITOAKOCA €AINTUYHI, 3 eKBaTOPa IMAOCKO-BHITYKAi;
BEAUMKUH €KBAaTOPIaABHHMH AlaMeTp CTaHOBUB
56,71+2,94 mxm, Maamit — 38,55+2,19 MxMm.
CKyABITypa IepUCIIOPII0 CKAAAJACTA, CKAAAKH
CIIAOLeH], HA pebpax 3arocTpeHi, YTBOPIOIOTH
HE3aMKHEHI HEYHCACHHI KOMIPKH, IPAaKTHYHO
0e3 MINIKKIB BCcepeArHi KOMIpOK.

Cepep Beanmkol KIiABKOCTI a0OpPTHBHHX
CIIOPAHIIiB, IO OYAH IIPUCYTHI Y AOCAIAKEHOMY
Mmarepiaai Bupy A. xheufleri, Ham Bpaaoch
BUSBUTH HEBEAMKY KiABKICTh OAHOIIPOMEHEBHUX
0060IOAIGHIX CIIOP, 110 MAAM HEBEAUK] pO3MipH
(Puc. S B). Ixmiit Beamkmit exBaropiaAbHHit
AlameTp craHOBUB 43,68+2,94 MxM, a MaAwmit
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A

Puc. 4. Byaosa criopanriis BuaAis poay Asplenium: A, B — A. xheufleri; C — A. Xalternifolium; crpiakamu nosHavesi copu
BcepeanHi copadriis. Llina mopiaku — 20 MxM.

Fig. 4. Sporangium structure of some Asplenium species: A, B — A. xheufleri; C - A. xalternifolium; arrows indicate spores.
Bar — 20 ym.

18 rm

Puc. S. Mikpopororpadii ciop BuAiB poay Asplenium: A — A. Xalternifolium; B — A. Xheufleri; C — A. septentrionale;
D — A. trichomanes. 1lina moaiaku — 10 Mxm.

Fig. 5. Scanningelectron microphotographs of Aspleniumspores: A—A. xalternifolium; B — A. xheufleri; C - A. septentrionale;
D - A. trichomanes. Bar — 10 pm.
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- 30,96£2,19 mxm. CkyAbITypa IlepHCIOpiio
CKAAQAYACTA, CKAAAKH CIIAONIEHi, Ha pebpax
3arOCTpeHi  Ta  BHIMYACTi,  YTBOpPIOIOTb
He3aMKHEHI KOMIpKH, 3 APIOHUMH MIMITHKaMH
MDK CKAQAKaAMH.

Sx  miacymoK, BiaMivaeMo, 1m0 IpHu
MOPiBHAHHI MOPOAOTIYHUX O3HaK
A. septentrionale, A. trichomanes Ta ixHix

ribpuAiB mpuUpoAHOL Gpaopu YipaiHu HafbiAbIIi
BiAMIHHOCTI ~ momiveHO y  Mop¢oaorii
Bal, IIPOTe€ TaKOX CIOCTEPiraAuch AesKi
BiaMiHHOCTI y OyAOBi emigepmu ta criop. Takox
[OMIYeHO IOAIOGHICTD OYAOBH AOCAIAMKEHHX
moponroriunux crpykryp A. Xheufleri a0
A. trichomanes, a Takox A. xalternifolium a0
A. septentrionale, o MATBEPAXKYE IIPUITYIIEHHS
MOAO  TIOXOAKEHHS I'i6PI/IAOI‘eHHI/IX BHAIB
A. xheufleri ta A. xalternifolium sriaao
nporoaoriB. BusBaeni ocobauBocti 6yAOBH
criopauriis  A. Xalternifolium cBiggaTs 1O
BAQTHICTD IBOrO BHAY AO PO3MHOMKEHHS
criopamu oAl siK v A. Xheufleri s 3aarHicTs,
HIBHMAILE 32 BCE, BIACYTHSL

BucHoBxu

BBaxaeMO CBOIM IPHEMHHM OOOBSI3KOM
BHCAOBUTH IIOASIKYy IIPAIiiBHUKAM  LEHTPY
KOAGKTHBHOIO KOPUCTYBAHHS €AeKTPOHHUMH
mikpockonamu (LIKKEM) IncturyTy 60Taniku
im. MLI. Xoaopnoro HAH Vkpainm, a came
HaykoBoMy cmiBpoOitHuky B.I Camcaro, a
Takoxx ¢aopucrosi-aobureato C.O. Csipiny
(m. CeBacTomoAD).
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HOFFM., A. TRICHOMANES L. AND THEIR HYBRIDS IN THE NATURAL FLORA OF UKRAINE
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Abstract. The morphologic peculiarities of Asplenium septentrionale (L.) Hoffm., A. trichomanes L., A. xalternifolium
Wulfen ex Jacq., and A. xheufleri Reichardt species were observed. The comparative analyze of studied morphologic
peculiarities of these species in the link with their systematics was conducted.
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AHATOMIYHI OCOBAMBOCTI ®OPMYBAHH 3AYATKIB
BIYHUX KOPEHIB Y BUTOMUS UMBELLATUS L.

IBAH B. J)KymmaHOB

ABoTanist. AoCAipAXeHHS MOKa3aH, mo 3adatky 6iunux xopewnis (3BK) Butomus umbellatus dopmyroTbest 3 KaiTnu

nepurmkay. Ilponec ininianii 35K BiAGyBaETbCﬂ B amikaAbHiM Mepucremi. [lepmoro momirHow moaicio € 30iAbIIEHHS

po3mipiB rpymu iHinjaabHEX KAiTHH nmepurmkay. Picr 3BK mae aBodasumit xapakrep. Ha mepuiit ¢asi BiaGyBaroTbcst

aKTUBHI KAITUHHI AlAeHHs | dopmyBanHs MaitbyTHix Tkanns BK. Ha apyriit ¢asi picr 3BK 3Haun0 crioBiabHIOETBCSL. Brixia,

3BK Ha oBepxHIo criocTepiraBcst Ha BiACTaHi 6-8 cM Bip BepXiBKH KOpeHs.

Karouosi caoBa: Butomus umbellatus, aABenTHBHI KOpeHi, 3a1atku 6iunnx xopenis (3BK), mepurinxa

Incmumym 6omanixu im. M.I. Xoroonozo HAH Yipainu, sya. Tepewjenxiscoka, 2, Kuis, 01601, Yipaina; izhupanov@yandex.ua

Beryn

SIk BIAOMO, B IIepeBasKHOI OiABLIOCTI pOCAMH
savarky 6ivnux xopenis (3BK) yTBOproroTbcs
y 30HI AudepeHIioBaHHS, a00 3piAiil YacTHHI
0aTbKIBCHKOTO KOPEHS, LIASXOM IIOAIAY KAITHH
nepunukay. OAHAK BIAOMO, IO Y A€SKUX BHAIB
POCAHH, HAITPUKAAA Y BHAIB poauH Cucurbitaceae
1a Polygonaceae (I'vASIEB 1964; AVEPOBCKUIT
1986; DEMCHENKO & DEMCHENKO 2001),
¢opmysanms 3BK BiaOyBaeTbcst B amiKaAbHil
MepHCTeMi 3apOAKOBOTO KOpeHs, abo B
amiKaAbHIM MepHCTeMi aABEHTHMBHMX KOPEHiB
Y AesKux mosirpsHo-BopHHX pocanr (O’DELL
& FoArRD 1969; MALLORY et al. 1970;
SEAGO 1973; CLOWES 1985).

Imiranito 3a4arkiB GIYHUX KOpeEHIB y 30HI
AMepeHIliIOBaHHS TOAOBHOTO KOpeHs Ta ix
MOAAABIIUH PiCT A€TAAPHO BUBYEHO Ha TPUKAAAL
Arabidopsis  thaliana (L.) Heynh,, Allium
cepa L., Raphanus sativus L., SIKi € MOAeABHUME
o6’ekTaMU IMip 9ac AOCAIAKEHHsI pOPMyBaHHS
kopeHesoi cucremu (LASKOWSKI et al. 1995;
LLORET & CASERO 2002; DE SMET 2012).
OAHaK HOCAIAOBHICTD NE€pPBUHHHX IOAIH IIpH
¢opmyBanni 35K y mepucremi apBeHTHBHUX
KOpPEeHiB MOBITPSAHO-BOAHMX pocauH
3aAMIIAETbCSL HeBipoMolo. ToMy Meroro Hamoil

© The Author(s), 2014

poboTu 6yA0 AOCAIAMTH 0COOAMBOCTI iHinjarii
ta pocty 35K y Butomus umbellatus L.

Marepiaan i MeToAM AOCAIAKEHD

O6’ekTtoM  pOcAipxeHp  6yao  06paHO
AABEHTHBHI KOP€Hi IOBITPAHO-BOAHOI POCAUHH
B. umbellatus, mo pocaa y IpUPOAHHX yMOBAxX
Ha p. Ilcean y paiioni cmr Beamka Barauka
IToaraBcpkoi 06A. Marepiaa 36upaAu mpoTsirom
BereraniiiHoro  mepioay  2011-2013  pp.
Bippisku aABeHTHMBHHMX KOpeHiB ¢ikcyBaAn
y posumHi 2,5% TIAIOTAapOBOrO aAbAETiAy Ha
0,1 M xokopuaatomy 6ydepi (pH 7,2) mpu
temreparypi +4°C. IloTiM 3pasku mpoMuBaAH
Aexiabka pasiB 0,1 M posuuHOM TOrOo X
6ydepy (pH 7,2) AASL BHAAQAGHHS HAAAMIIKY
¢ixcaropa. ITocrdikcaniro 3paskis 3pificHIOBaAK
1% poszumnom OsO, mporsarom 4 rop. mpu
temrieparypi  +4°C.  3pasku  IpoOMHBaAM
AMICTHABOBAHOIO BOAOIO, 3HEBOAHIOBAAM y cepil
CIUPTIB 3pOCTAI0Y0l KOHILIEHTpPAIlLil, Ta aIjeToHi,
ITiCASL YOTO 3aAMBAAM CYMIIIIIIO €IIOH-aPAAAHUT.

AASL  AOCAIA’KEHHST aHATOMIYHOIL 6yAOBI/I
BUTOTOBASIAM TIOB3AOBXKHI 3pi3H  3aBTOBIIKH
1,0 mxm Ha yabrpamikporomi MT-XL (RMC
Instrument, CIIIA). 3pisu ¢apbysarn 1%

PO3YMHOM TOAYIAMHOBOTO CHHbBOTO y CyMilli 3
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Puc. 1. Ininjanis 3BK B apBenTHBHIX KOpersix Butomus umbellatus: a — 36iapineHi KAITHHI 30BHIIIHBOTO LIAPY AEPOMUY;
b- nepexainaAbHmMIT TOAIA KAITHH maepoMu. Macurra6 — S0 Mxm.

Fig. 1. Initiation of lateral root primordial (LRP) in Butomus umbellatus adventitious roots: a — increased cells in the
pleroma outermost layer; b — periclinal division of pleroma cells. Bar — 50 ym.

Puc. 2. Ilosspomxuuit 3piz moaopsoro 3BK  Butormus
umbellatus na Biactami 1,5 MM Bip BepxiBKM KOpeHs.
Macmra6 — 25 Mxm.

Fig. 2. Longitudinal section through the young LRP of
Butomus umbellatus at the distance of 1,5 mm from root
apex. Bar — 25 uym.

1% posumnom 6ypu (Na,B 407) ,Ta AOCAIAXKYBaAH
y cBiTAOONTHYHOMY MiKpockomi Axioscope
(Carl Zeiss, Himewuanna). AAst BEMiproBaHHS
po3MipiB KAITMH BHMKOPHCTOBYBAaAM OKYASIP-
mikpomerp MOB-1-15. Cratuctuany o6po6ky
AQHUX 3plficHioBaAM Statistica 7.0. Llu¢pposi
300pakeHHs 3pa3KiB OTPUMYBAAU 32 AOTIOMOTOIO
nudposoi poroxamepu Nikon D3100.

Pe3yAbTaTH Ta iX 06rOBOpEHHS

AnaTomiuHa 6yAOBa AABEHTHBHHX KOpeHIB
B. umbellatus € THUIIOBOIO AASL OAHOAOABHUX
pocann. Kairunu emipepMmicy He yTBOPIOIOTH
KopeHeBHX BoAOcKiB. Kopa ckaapaerbcsa 3
12-14 mapis xaitus. ITip koporo posramopaHuit
LIEHTPAaAPHUHN IMAIHAP, 3OBHIIIHINM LIap SKOTO
IIPEACTaBAEHUH OAHOMIAPOBUM MEPUITMKAOM.

Ininianis  yrBopenns 3BK B mepucremi
B.  umbellatus  BipOyBaeTbcsi y  KAiTHHax
30BHIHBOTO mapy maepomu (MaitbyTHHOTO
nepHuHKAy). Ha Bipctani 0,35-0,40 MM Bip
BEepXiBKM KOpEHs, A€ Ha 3pi3ax IoMiTHO 6-7
KAITHH, sKi 30iABIIYIOTHCS Y pO3Mipax i cTaroTh
y 1,5-2 pasu mmpmi 3a OTOYyIOUi KAiTHHM



JKyrianos LB. OcobauBocti popmyBaHHs 3a49aTKiB Oi4HUX KOpeHiB y Butomus umbellatus

247

LA
NaYola? ¥y

[
i

Puc. 3. TTonepeunuii Ta moB3aoBxHii 3pisu 3pisux 3BK Butomus umbellatus Ha BiacTani 4-8 MM Bip BepXiBKU KOpPEHSI.

Macmra6 — 50 MxM.

Fig. 3. Transversal and longitudinal sections of mature LRP of Butomus umbellatus at the distance of 4-8 mm from root

apex. Bar — 50 ym.

(Puc. 1). IepmuMu MepuUKAIHAABHO AiASITBCS
iHiITlaAbHI KAITHHH, Ki pO3TalllOBaHi B CepeAMHi
rpymny, Ha BiacTani 0,4 MM Bip BepXiBKM KOpeHs.
IIa moais BKasye Ha IOYaTOK YTBOPEHH
3BK y mepucremi. Hesabapom, Bci xaitunu
iHIITlaAPHOL TPYIH AIAATBCS IePUKAIHAABHO,
[0 IPU3BOAUTD AO YTBOPEHHS ABOMIAPOBOI
crpykrypu 3BK. Kairunu 35K mpoaosxyoTs
IHTEHCUBHO AIAMTHCS y TOM 4Yac, K KAITHHU
MepHCTeMU 3aKiHYYIOTb IIOAIA Ta IOYHHAIOTH
POCTH pO3TATOM.

3BK 3aKkAapQlOTBCS CTPOrO aKpPOIETAABHO.
B xiHni MepucTeMu Ta y AMCTaABHIM YacTHHI
30HM pO3TAry BOHHM HAOYBAIOTb OKPYTAOI
ab6o saerxa BursarayToi ¢opmu. Ha BipcTami
1-2 MM Bip BepxiBku kopens posmip 3BK
pisko 36iabmryeTbest y 2,5-3 pasu, 3a paxyHOK
inTencusHoOrO MoOAiAy KAiTHH (PHC. 2).

Ha Bipcrani 4 MM Bip BepXiBKu KOpeHs, B
IIeHTPaAbHil 30Hi posrary, 3bK ckaaparorbes 3
8 mapis kaiTuH. Ha monepeunux 3pisax 3agaTku
MaloTh UiTKy, AudepeHIifloBaHYy CTPYKTYpY,
IO CBiAYMTD NPO 3aKiHYEHHS 3aKAAAAHHSA
ricroreHiB. 3oBHimHiNi map kaitTuH 3BK -
IIPOTOAEPMA ITPEACTABAEHA HEBEAUKHMH, IITIABHO
PpO3TallOBaHUMU i30A1aMETPUIHUMY KAITHHAMHU.
ITip mpoToAepMOI0 pPO3TalIOBaHA IeprOAeMa
(MaitbyTHA KOpa), 3-4 IMapH AKOI CKAAAAIOTCS
3 BIAHOCHO KPYIIHUX, OKPYTAHX a00 OBAABHHX
kaiTuH. Hafiraubma ricroaoriuna sona 3BK -
naepoma (MaitbyTHilt LleHTPaAbHHIE LMAIHAD),
yTBOpeHa 3-4 mapaMu HIiAbHO PO3TallOBaHUX
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Puc. 4. Poamip 35K Butomus umbellatus ua pisHii1 Biacrani
BiA alleKCy KOPeHsl.

Fig. 4. Butomus umbellatus LRP size at the different
distance from a root apex.

KAITHH OBaAbHOI QOpMH. Y KAITHHAX Pi3HHX
IIapiB CIIOCTepiraloTbCs MITO3U. 30iAbIIEHHS
ob’emy Baxyoaeft KaiTuH ocHoBu 3BK
CBIAYMTD IIPO IOYATOK iX AUQepeHIiIoBaHHA y
crierjiaAi3oBaHi TKAHMHM MaiOyTHBOTO KOPEHSI.
Ipoxopsxentst 3BK uepes xopy 6arbKiBCbKOro
kopensi B. umbellatus Bukaukae Aedpopmariro
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KAITMHHHX PSIAIB Ta YaCTKOBHMH Ai3MIC OTOYYIOIHMX
KAITMH KOpH, IpPU IbOMY CIIOCTEPira€TbCs
$opMyBaHHS HEBEAMKHMX IOPOXXHUH HABKOAO
3BK (Puc. 3).

Aastanaaizy auHamikupocTy SbKmuBumipsian
PpO3Mip OKpeMuX 3aYaTKiB Ha Pi3HiM BiaCTaHi Bip
BepxiBku. IIpoaHaaisyBaBmm posmoaia 3ayaTkiB
3a PO3MipaMu B3AOBXK KOP€Hsl, MU BCTAHOBHAH, IO
ix pict Mae ABoQasHuit xapaxrep. Ha Biacrani oo
4 mm (mepimmit etar) BiAGyBa€eTbCs MIBUAKHIL picT
3BK 3a paXxyHOK aKTHBHHX KAITHMHHHEX IIOAIAIB, a
TaKOX (QOPMYEThCS CTPYKTypa (3aKAaAQIOTHCS
ricrorenu) Mait6ytaboro BK. Ha iacTani 6iabme
4 mM Bip BepxiBKkH KopeHs (Apyrwil eram) pict
3BK 3nauno criosiabHIOEThCs (PHc. 4). Buxia BK
Ha IIOBEPXHIO CIIOCTepiraeThcs Ha BiaCTaHi 6-8 cM
BiA BepXiBKH 6aTbKiBCbKOTO KOPEHSI.

BucuoBxn

IIpumnyckaerpcs, mo yreopenHs 3BK B
amiKAAbHIA MEPHCTeMi aABEHTHBHUX KOPEHIB
HOBITPSIHO-BOAHHX ~ POCAMH ~ MOXe  OyTn
HOB’s13aHe 3 OCOOAMBOCTSIMM ICHYBaHHS Iii€l
rpynu pocauH. besymMoBHO, o picT kopeHiB y
BOAHOMY CEPeAOBHILI OTpebye PsIAy CYTTEBHX
AAANITUBHUX CTPYKTYPHO-QYHKIIiOHAAPHUX
[IepPeTBOPEHb, 0 06YMOBAEHI HaCAMITIEPEA AI€I0
¢axropa rimokcii/anoxcil. TakuM 4uHOM, picT
3BK y miei exoAoriyHoi rpymm poCAMH MOXe
0OMEXyBaTHCSI MPSAMO YU  OIIOCEPEAKOBAHO
Yepes eHAOTeHHI curHaaum (TOPMOHAAbHI
un Tpodiumi) rimokciero i KopearoBaTH 3
YTBOPEHHSAM IOBITPSIHUX MOPOXKHUH Y KOPEHi,
TOOTO aepeHxXiMIL
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ANATOMICAL FEATURES OF LATERAL ROOT FORMATION IN BUTOMUS UMBELLATUS L.

LV. ZHurANOV

Abstract. The study of lateral root formation in adventitious roots in Butomus umbellatus showed that lateral root

primordia (LRP) form from pericycle cells. The LRP initiation took place in the apical meristem. The first morphological

event related to the LRP initiation is the enlargement of initial pericycle cells. The LRP growth has a biphasic pattern. At

the first phase an active cell divisions and formation of future tissues of LR are observed. At the second phase the LRP

growth considerably slows. Mature LRPs reach the parental root surface at the distance of 6-8 cm from its apex.

Key words: Butomus umbellatus, adventitious roots, lateral root primordia (LRP), pericycle
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OCOBAUBOCTI BITAAITETHOI CTPYKTYPU
ITOITYASIII FRITILLARIA MONTANA HOPPE
(LILIACEAE) HA NIBHIYHO-CXIAHIN MEJKI APEAAY

Marig A. KABEMIPChKA

Anoranis. Ha ocHOBI IpOBeAEHHX AOCAIAYKEHD BCTAHOBAEHI 0COGAMBOCTI BiTaAiTeTHOI cTpyKTypu nomyasuiit Fritillaria

montana B YKpaiHi, BU3HAYeHa CTPYKTypa BapiabeAbHOCTi MOPQOAOTIYHMX O3HAK BHMAY Ta iX MAACTHYHICTB, a TAKOXK

BHSIBAGHI OCHOBHI PUCH OHTOT€HETHYHOI TAKTUKHU BHAY B yMOBAX MiHIYHO-CXiAHOI MeXi IOTO apeaay.

Karouosi caosa: Fritillaria montana, XUTTEBICTb, BITAAITET, OHTOT€HETHYIHA TAKTHKA BUAY

Yepriseyvkuii Hayionasvnuii yuisepcumem imeni FOpis Qedvkosuna, Incmumym Giorozii, ximii ma 6iopecypcis, kagedpa
6omanixu ma oxoporu npupodu, eyr. Qedvkosuua, 11, m. Yeprisyi, 58022, Ykpaina; mariya-arabella@mail.ru

Bcryn

IIpucrocyBaHHS TOro UM iHIIOTO BHAY AO
MeBHUX YMOB CEPeAOBHINA B MEXKaX CBOTO apeaAy
HOB’s3aHe 3 MOro uTTeBicTIo. JKuTTeBNmit cTan
OCOOMH, SIKMI OLJHIOETHCSI HA OCHOBI aHAAI3y
ocobanBocTeil MOPQOAOTii YU POCTy pPOCAUH,
HA3MBAIOTh BiTaAiTeTOM. Y 1bOMy KOHTEKCTi
BiTaAiTeT € MOPQOCTPYKTYPHHM BHPOKEHHIM
XKUTTEBOTO cTaHy pocaunu (3A0BMH 2009).
Inmumy caoBaMH, MOPQOAOTiIYHY PO3MipHICTH
0COOMH, IO IOBA3aHA 3 KOMIIAEKCOM IXHIX
0iOAOTIYHMX BAAQCTHBOCTEN, POSIASIAQIOTD SIK IX
JKUTTEBHI CTaH a60 BiTaAiTeT.

Y  NOmyAsIiMHUX — AOCAIAMKEHHSX
BITAAITETHOTO CKAAAY HOIYASILI MaE OCOOAMBE
3HAUEeHHs, OCKIABKM CIMpAETbCA Ha 3MiHH
BiTaAiTeTy OCOOMH, SIKi € IIEPBUHHUMH IIO
BIAHOIIIEHHIO AO 3MiH iX Biky a60 reroruiry. Oxpim
TOTO, BiH MPUAATHUMN AASL OLIIHKH POAi €KOAOrO-
LIEeHOTUYHUX (aKTOpiB y OKUTTi IIOMyASILiH,
OCKIABKI BiTaAiTeT OCOOHH y pasi 3MiH eKOAOTO-
LIEHOTHYHOTO PEXHUMY 3MIHIOETbCS B IEPITy
wepry (LJapuk 2009).

3HaHHs 6i0AOTil, €KOAOTil i, MO0 0CO6AMBO
Ba)XAUBO, CTpaTerii BHAY, A€XHTb B OCHOBI
AKTYaABHOTO B HAIIl 9aC 3aBAAHHS 30epe)XeHHs
MIOMYAALIM PiAKICHUX BHAIB pocauH. B ocranni
© The Author(s), 2014

aHaAi3

AECSATUPIYUs, ¥ 3B5I3Ky 3 BTPATOI0 OiOTHYHOTO
PI3HOMaHITTS M 3aTaAbHOIO  AETPAAALIEIO
AOBKIAASI, AOCAIAYKEHHS 1 36epe>KeHH51 TTOTTYASILIIA
TaKKX BUAIB HaOYBAtOTh 0COOAMBOI aKTYaABHOCTI.
IIpukaapoM  MOXe — CAyTyBaTH  pipKicHHMH
uubyansuwi Bup — Fritillaria montana Hoppe. Y
crucky IUCN 1jeid BHA 3HAXOAUTBCS B KaTeropil
DD (BiLz 2011), a TakoX BKAIOYEHHH AO
Aopatky I BepHcbkol KoHBeHIIT (‘-IOHI/IK 1999;
IMoroBuy 2002; BrHr4EHKO 2006). B Ykpaini
E montana BxAI0O4eHO AO APYToro i TpeTboro
BupaHb YepBonoi kuuru Yipainu (COBKO 1996;
YoPHEM ma in. 2009) y cTaTyci BHAY, IO 3HHEKAE.
E montana — 1ne mniBAeHHO-EBPOIEHCHKO-
OAAKAHCHKHI BHA 3 AU3IOHKTHBHUM apeaAOM.
3araapHuil apeaa BuAy oxomaloe llentpasbHy
ta IliBpAerHy €Bpomy. Ha rtepuropii Ykpainu
F.montana 3HaxOAUTHCS Ha IIBHIYHO-CXIAHIA MeXi
apeaAy 1 BiaoMa 3 XMeAbHHUITbKOI, TepHiBerbKkol i
Opecokoi obaacreit (COBKO 1996; AIOBIHCHKA
2000, 2006; AIAEHKO 2006; YOPHEUN ma iH.
2009; Ka3emipcbka 1 YoPHEN 2010).
Ilonepepnbo, Ha MACTaBi OIpaIfOBaHHS
AiTeparypHuX MaTepiaai, ¢oHaiB IepOapito
Incruryry 6oraniku im. M.I. Xoaopnoro HAH
Yipainn (KW), AbBiBCbKOrO HalioHaABHOTO
yHiBepcutery imeni Isama ®pamka (LW),
ApBiBCBKOTO MpHpOAO3HaBYoro Mmysero HAH
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Yipainu (LWS), Incruryry ekosorii Kapmar
HAH Vkpaium (LWKS), UYepniserpkoro
HaITioOHaABHOTO  yHiBepcuTeTy imeni IOpis
®epprosuaa (CHER) Ta pesyabraTis BAacHMX
IIOABOBHX AOCAIAXKEHB OYAO BCTAaHOBAEHO, IO
Ha TepuTopii Ykpainu F. montana mpeacTaBaeHa
y 12 aokaairerax, GiAbLIICTD SIKHX 30CEpeAKeHa
Ha IIpyT-AHicTpOBCBKOMY MeXXHpivyi
(Kasemipchka 2013).

Marepiasn i MeTOAM AOCAIAIKEHD

Po3paxyHKH  IPOBEAEHO  AAS  A€BSITH
nomyasnii F. montana BIpopAOBX YOTUPhOX POKIiB
(mepiop 2008-2012 pp.), mpoTsirom sxux 6yA0
OTPHMAHO HaibiAbII IOBHI 6GioMopdoAorivuHi
XapaKTepUCTHKN OcOOMH. Martepiaa 36upaau y
MOIYASIIIIAAX, SKi AOKAAI30BaHi y PiSHMX parOHAX
IIpyT-AHICTPOBCHKOTO MEXHpivyds Ha TepUTOPii
YepHiBerpkoi 00AacTi:

IMomyasist Ne 1 (I11) — XoruHchkuit p-H,
oxoA. c. KamaiBka, ypoumme Tperiit aic, xs.
39 Xoruncpkoro AITK, Bucora 248 M H.p.M,,
N 48°27°28.8” E 026°30'43.1".

Iomyasmis Ne 2 (I12) - XoTHHCbKHit P-H,
oxoA. ¢. Kpyrenbkn, xB. 2 HoBoceammpkoro
A-Ba, AIT «XoTuncpkuit Aicrocm», 188 M H.p.M,,
N 48°23'25.3” E 026°33’38.5".

IMomyasmiiss Ne 3 (H3) — Keabmenenpkuit
p-H, okxoA. c. MuxaiisiBka, Keabmenernpke
A-Bo, Keavmenenmpkmit AITK, 239 M HpM,
N 48°22’11.3” E 026°36’10.3”.

Tonyasmist N¢ 4 (T14) — KeabMeHenpkuit p-H,
okoA. ¢. IToaBip'iBKa, ypounme Boproc, ayuno-
crenosi cxmam, 213 M mpm, N 48°20734.5”
E 026°48°46.0”.

TMomyasmis Ne 5 (T1S) — KeapmeHnenpkuii p-H,
OKOA. C. 3eAaeHa, kB. 48, B. 16 Keabmenerpkoro
a-Ba, Keabmenenpxuit AITK, 268 M Hp.M,
N 48°20’53.5” E 026°45’35.8”.

TTomyasiist Ne 6 (H6) — Keabmenenpkuit
p-H, oxoA. c. Aenkipni, k8. 1 KeabMeHerpkoro
A-Ba, AIT «CoKupsSHCBKUI Aicrocr», Ha CXHAi
MiBHIYHO-CXiAHOI excro3umii 3 yxmaom 20-25°,
172 mu.pm., N 48°31°39.6” E 026°43°1.81"

Tonyasmist Ne 7 (I17) — CoxupsHChKuil p-H,
OKkoA. c. IIeOyrTuHiy, AaHAIAQTHHI 3aKa3HHK
MicieBoro 3HaweHHST «IIleOyTUHCBKHIT SIp>,
PomankiBcoke  A-Bo, AIl  «CoxmpsHChKHH

AiCTOCII>», HAa CXHMAI 3aXiAHOI eKCIIO3HUIli 3
yxuaom 15-20° 234 M Hpm, N 48°32728.5”
E027°11°'12.0”.

Iomyasist N2 8 (T18) — CoxupsHcpkuit p-H,
OKOA. C. MwuxaakoBo, KB. 26 AOMaYMHCHKOIO
A-Ba, AIl «CoKMpSHCBKUE AiCTOCIT», Ha CXHAi
IiBHIYHO-3aXiAHOI eKcrio3urii 3 yxuaom 15-20°% Ha
cxuAax Ao p. Aricrep, 182 mu.p.m., N 48°34°34.4”
E027°16°05.7".

IMomyasist N 9 (I19) - CoxupsHchKuit
p-H, oxoa. c. Posxormmmi, (a0 M. Coxupsu),

Coxupsiacpke  A-Bo, AIl  «CoxupsHChKui
Aicrocm», 216 M HpM, N 4829'14.8”
E027°25°53.8"

AAs OIIHKM  JKMTTEBOCTI  IOITYASIIIH
BUKOPUCTOBYBAaAM IONYASLIMHMA iHAGKC —
inpekc  Bitasitery nenomomyasuint  (IVC),

SKMI PO3PaXOBYBAaAM 33 PO3MIPHUM CIIEKTPOM
0cobuH IOMYASIil TeHEePaTUBHOIO BiKOBOTO
crany (MmBurAuH 1 UIMyPATOBA 2004 2, 6;
WusuravH u dp. 2005). InAeKC pospaxoByBasn
3 BI/IKOPI/ICTaHHHM BI/IPiBHIOBaHHS{ METOAOM
3B)KEHHX CEPEAHIX:

ZN:xi/f(i

IVC= ——
N

Ae X — cepeaHE 3HAYEHHS i-TO IIOKA3HUKA B
nomyasiyil, X, — cepeAHE 3HaYeHHs] i-TO IOKA3HHKA
AAS BCix Tomyasiniff, N — 9HCAO ITOKA3HHKIB.

AAs OIIHKM CTymeHs IpPONBITAHHSI YU
AenpecuBHOCTi  nenomomyasinil AP, Imb6ipain
(MsupAUH udp. 2005 ) 3aCTOCOBY€E BIAHOIIEHHS
IQz(a+b) /2c. Y 1UbpOMy BUIIAAKY ITO3HTUBHI
3HAYEHHS BIAITOBIAQIOTH IIPOLIBITAI0OYOMY
CTaHy, HEraTUBHI — ACIPECHBHOMY, a CTYIIHb
BIAXHAEHHS BiA 1, [0 AOpIBHIOE PiBHOBa>KHOMY
craHy, 6yae BIAOOpaXKaTHl CTYIIHD IPOLBITAHHSI
49K Aerpecii.

CriBBiAHOIIEHHS IvC_ /IVC
BiAOOpaKa€e PO3MIPHY IIAACTHYHICT BUAY (ISP>
(MmsurpuHE u WmmypraTOoBA 2004 a, 6;
NmsurAUH u dp. 2005).

Inpexc IVC pospaxoBaHmil ycepepHEHHSIM
HOPMOBAHMX 3HaYeHb YCiX OLIHIOBAHMX O3HAK
POCAMIHH 3a CepeAHIMU AASI BCiel BUOIPKU 0COOMH
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Ta6a. 1. XapakrepucTuka >KUTTEBOCTI #1 BitaaiterHoro rtuiry nomyasiuinn Fritillaria montana 3a 2008-2009 poxu

CIIOCTEPEXXEHHS.

Table 1. The characteristics of vitality and vitality type of Fritillaria montana populations in 2008-2009 years of

observation.
3araapna perepminaris (R’m) Cryninp
IIpoOLB.
Homynsuis 3ar. Ber. reH. e (Aelfp-l)-I (Bia Q ey
0 A0 100)
3eaena-2009 (T15) 0,099 0,112 0,081 1,084 100 TIPOIB. TIPOIB.
3eaena-2010 (I15) 0,132 0,137 0,124 1,030 5,634 TIPOIB. MPOLB.
3eaena-2011 (TI5) 0,136 0,126 0,150 1,003 6,512 HpOLB. piBH.
KamaiBka-2009 (IT1) 0,169 0,199 0,127 0,962 2,427 HpOLB. Aerip.
KamaiBka-2010 (IT1) 0,169 0,199 0,127 1,074 100 HpOLB. HpOLB.
Kamaiska-2011 (I11) 0,112 0,133 0,082 1,036 100 TIPOIIB. IIPOLIB.
Kamaiskal-2011 (T11) 0,151 0,155 0,145 1,021 4,286 poIB. poIB.
Kpyrenbsku-2009 (I12) 0,095 0,104 0,082 1,052 12,609 npous. npous.
Kpyrenpku-2010 (T12) 0,106 0,127 0,076 1,118 100 npous. npous.
Kpyrenpku-2011 (T12) 0,103 0,125 0,071 1,057 100 IpOLB. IIpOLB.
Aenxipni-2011 (I16) 0,147 0,177 0,104 0,952 1,350 IIPOIIB. Aerip.
Muxaitaiska-2009 (T13) 0,143 0,157 0,123 0,991 1,608 IpoLB. pism.
MuxaiiaiBka-2010 (I13) 0,099 0,114 0,078 1,094 100 TpOIIB. IpOIIB.
Muxaitaipka-2011 (I13) 0,101 0,126 0,065 1,052 12,609 IIPOLB. IIPOLB.
Muxaakoso-2010 (T18) 0,122 0,145 0,087 0,918 0,741 Aerp. Aerip.
Miuxaakoso-2011 (TI8) 0,080 0,098 0,053 0,980 10,667 HpOLB. Aerip.
Toagip'iBka-2009 (I14) 0,129 0,147 0,102 0,879 0,495 Aerip. Aerip.
IToaBip'iBKa-2010 (T14) 0,111 0,129 0,085 0,883 0,331 AeTIp. AeTp.
IToasip'iBka-2011 (I14) 0,242 0,257 0,219 0,824 0,099 AeTIp. Aerip.
Posxomurni-2009 (T19) 0,139 0,158 0,112 1,015 12,987 poLB. piBH.
Poskormunri-2010 (T19) 0,094 0,114 0,065 1,055 12,609 npous. npous.
Posxormnni-2011 (T19) 0,164 0,201 0,110 0,996 4,286 HpOIIB. piBH.
le6yTurni-2010 (T17) 0,157 0,193 0,105 0,968 0,741 Aerip. Aerp.
Ile6yTunni-2011 (I17) 0,116 0,128 0,099 0,921 1,148 IpowB. Aerip.

momyasnii. PamkoBaHmi 3a  iHAGKCOM  psip
0CO6UH po36UTHIl Ha TPH KAacH — a (BuCOKuit), b
(cepeaniit) Ta c (ausbkuitsirasirer) (MIIBUPAUH
u dp. 2005). Otpumani paui 3Bepei B Taba. 1.

A omiHKM  CTymeHA  iHTerpoOBaHOCTI
(B32€MOBaAEXKHOCTI)  POSBUTKY  CTPYKTYp
opraHizmy BUKOPUCTOBYBAAU iHAEKC

Mopdonoriunoi inTerpanii (3A0BUH 1989).
Apxe, TIOOYAOBA KOPEASIMHHX MATpPHIIb AQ€
MOXXAUBICTb IIPOBECTH IHTEIPAABHY  OLHHKY
CTYIIEeHSI <IHAICHOCTI POCAMHHMX OPraHi3MiB>»

(iHmMME cAOBaMM, B32EMOBYMOBAEHOCTi IXHiX
MOP(OAOTIYHUX XapaKTePUCTUK), TIPU LbOMY
CTINKICTb KOPEeASILIIFHYX 3B SI3KiB € MIpOI0 peaxuyii
OCOOHH Ha CTpecOBi BIAUBH. AASI IHTErpaAbHOI
OLIHKM  KOpeAsilili MOPQOAOTidHHX  O3HAK
CTPYKTYpH OCOOMH BHKOPHCTOBYBAaAU iHAEKC
Mopdonaoriunoi inTerpanii ocobun (I) y Burasai
BIAHOIIEHHSA YMCAA CTaTUCTUYHO AOCTOBIpHHX
3B’a3kiB (B) y MaTpumi A0 ix 3araAbHOT KiABKOCTI.

Ilpore, AAS OLHKHM CepeAHBOTO piBHA
3B SI3KiB Y KOPeAsIiMHIA MaTpulii AOLiAbHiIIE
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Taba. 2. IToxasuuku IVC Ta AaHi moropHux ymMos mpotsirom 2009-2011 pp. AOCAIAKeHHSI.

Table 2. IVC indicators and the weather conditions for 2009-2011 years of investigations.

Pik pocaipxenns 2009 2010 2011

TTomyasmis IvC t°C Omapu IvC t°C Omapu IvC t°C Omapu
3eaeHa 1.13 9.1 5359 1.01 8.7 716.3 1.01 9.1 285.4
Kamaiska (T11) 0.93 10.2 5359 1.08 9.9 161.1 1.0 10.3 509.94
Kamaiskal (T11) - - - - - - 1.02 10.3 509.94
Kpyrenpku (I12) 108 10.2 535.9 1.02 9.9 161.1 1.08 10.3 509.94
Aerxisni (I16) - - - - - - 0.97 9.1 285.4
Muxaakoso (I18) - - - 0.97 10.6 716.3 1.01 13.1 285.4
Muxariaiska (I13)  1.01 9.1 5359 108 8.7 161.1  1.10 9.1 509.9
IMopsipiska (IT4)  0.81 9.1 535.9 1.10 8.7 716.3 0.76 9.1 285.4
Poskormmmi(I19)  1.03 9.8 458.8 1.01 9.1 786.5 1.00 9.4 343.8
Ule6yrummi (I17) - - - 0.76 9.1 786.5 0.94 9.4 343.8

BHUKOPUCTOBYBaTH  KoedillieHT —aeTepmiHanii, a 2011 — 3 IPOXOAOAHOIO BECHOIO 11 BEAHMKOIO

SKMIL pO3PaxXOBYIOTb SIK YCEpeAHEHHUM IO BCiH
MarpuLi KBappar koedinieHTy xopeasuil — R?
(MmupavH u HmmypaTOBA 2004 a, 6;
PocToBa 1999, 2000). 3MiHy piBHs BapiloBaHHS
O3HAKM OILIHIOBAAM HA TpaAi€HTi (exoxamHi),
susHadenomy mo IVC (MmsupAuH u dp.
2005). KoopauHariito iHAEKCY 3AINCHIOBaAH 32
TIOIYASILISIMH BIIPOAOBX POKY AOCAIAYKEHD, AAAi
MOPiBHIOBAAY MK POKaM.

Pe3yabTarH T2 iX 06rOBOpeHHs

Indexc simarimemy yenononyaayiii (IVC)

3a pesyAbTaTaMM AOCAIAXKEHHS BCTAaHOBAEHO,
MO AAS ITSTH  AOCAIAXKEHMX TIOITYASLIA
XapaKTePHUM AENPECUBHUN BITAAITETHMH THII
i, BIATIOBIAHO, HM3bKMH piBeHb >KUTTEBOCTI.
VIMOBipHO, IO TAKH i BiTAAITe THHE THIT TOTTYASITiH
F montana noscHO€TbCS €KOAOTO-IIEHOTHIHUMU
YMOBaMH iCHYBaHHSI BHAY, apXKe AOCAIAXKEHHS
IPOBEAEHI Y IIOMyAAIliAIX Ha MeXi CBOTO
IIPUPOAHOTO apeaay, Ae yMoBu pocty F. montana
AMIIe HAOAYDKeH]i A0 ONTHUMAABHUX. BapitoBanHs
IOKa3HUKa IHAGKCY MDK IONyAAUisMH B pisHi
POKM  TIOSICHIOETHCS ~ Pi3SHUMU — IOTOAHUMHU
yMoBamu (30KkpeMa, pi3HHIIEI0 y KIAbKOCTi OTiapiB
i TemneparypHOMYy pexumi).

Tak, HallOIABII CIIPUSTAMBHM AASL peaaisaril
pocroBux mporecis BusiBuscs 2008 pik 3 6iabin
TEIAOIO BECHOIO 1 IIOMIPHOIO KiABKICTIO OITaAIB,

KIAPKICTIO OIIaAiB — HAMMEHII CIPUATAMBUM
(Taba.2).

3aaexnicTd 3Havenns IVC Bip Temneparypu
BpopoBk  2009-2011 pp. BipobOpakeHa Ha
Puc. 2-3. fx 6aunmo, MakCHMaAbHE 3HAYeHHS
inaexcy cranosuts 1,13 (2008 p.), MiniMasbHe
- 0,76 (2011 p.). A po3moais ycepeAHEHOTO AAS
Bcix momyasnift F montana iHAGKCY 3a poKaMu
Mae nosuTHBHY acumerpito (Puc. 4).

Cmpyxmypa sapiabesvrocmi
MOPPOLOZiHUX 03HAK Ma ix naacmuuHicmb

OueBHAHO, IO 3 MOTIPUIEHHAM YMOB POCTY
AO TIeBHOI Mipu BiA6YBa€TbC}I AesiHTerparis
MOpOAOTiUHOi CcTpyKTYypH pocaunn (iHpeKc
MopdoaoriyHoi iHTerpanii ocobun I1=18,6%,
19,0%). To6To 3MeHIIEHHS B3aEMO3yMOBAEHOCTI
IXHIX MOPQOAOTIYHIX XapaKTEPUCTHK,
IO [OB'S3aHO, BIPOTiAHO, 3i 30iABLIEHHAM
MOPQOAOTiYHOI ~reTepOreHHOCTI 0COOUH Y
nomyasnii.  IIpore, mnopasbme moripmeHHS
YMOB TPHBOAUTb AO 3BOPOTHOIO IPOIECY —
36iAbIIeHHsT MOPYOAOTIYHOI LiAICHOCTI POCAUH,
TOOTO CIPHYHHSIE MOP(OAOTIIHY FOMOTeHI3aIif0
TTOITYASILIL. ITe  3symoBaeHo, OYEBHUAHO,
BUYACHOBYBAHHSM I[I€BHOTO eKOTHITy, Oiabiire
IIPHUCTOCOBAHOTO AO 3MiHEHHX YMOB Y KOXKHOMY
KOHKPETHOMY BHIIAAKY. Y MeXKaX eKOAOTi4HOro
ONTHMYMY TIOIYASIi MalOThb BHCOKHMM piBeHb
mopdonoriunoi inrerpauii (I apocsrae S1,5%
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Puc. 1. 3asexuicts IVC momyasiiit Bip TemrepaTypu sipoposxk 2009 poky.
Fig. 1. The interdependence of IVC parameters of population and temperature during 2009.
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Puc. 2. 3aaexnicTs IVC nomyasniii Bip TeMneparypu Brpoposxk 2010 poxy.
Fig. 2. The interdependence of IVC parameters of population and temperature during 2010.
i 69,7%) , IO IOBA3aHO 3 AOMIHYBaHHSAM  AOCTOBIPHHX koedirtieHTIB KOpeAsIii

ONTHMAABHO IIPHCTOCOBAHOIO €KOTHITY, SKHHI
BIAIIOBIAQ€ YMOBaM iCHYBaHHSL.

IopiBHAAbHMI aHaAi3 PE3yAbTaTiB,
OTPMMAHHMX 3 BHUKOPUCTAHHAM sK KoedillieHTa
Bapiarlil, Tak i koeQillieHTa AeTepMiHallii, Tokasas
IX IO3UTHBHE CIIiBBIAHOIIEHHS (PHC. 5). Apxe,
IpOIleAypa MIAHECEHHS AO KBAApPaTy IIOCHAIOE
BiAOOpaxeHHS y KoeirieHTi AeTepMiHarii

(MmpurpArH 1 MMyPATOBA 2004 a, 6).

VY crpyxrypiBapiabeapHOCTI MOP$OAOTTIHIX
o3Hak F. montana Mo>xHa yMOBHO BUAIAUTH TPH
IPyIH O3HAK:

— renetnuHi (TakCOHOMiuHi) IHAMKATOpH,
SKAUM BAACTUBI BIAHOCHO HU3bKi ITOKA3HUKU
3araAbHOI  Ta  y3rOAXKEHOI Bapia6eAbHOCTi
(03HaKw, SIKi CTOCYIOTBCS FeHepaTHBHOI chepH);
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Puc. 3. 3asexuicts IVC nmomyasiit Bip TemmepaTypu Bipoposxk 2011 poxy.

Fig. 3. The interdependence of IVC parameters of population and temperature during 2011.
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Puc. 4. Posnioaia 3Hauens IVC iHAEKCY IOITyASIIIi Fritillaria montana 3a poxamu.
Fig. 4. The distribution of IVC index values of Fritillaria montana populations by years.
— 6ioaoriuni IHAMKATOPH, SKUM BAACTHBA HU3bKA Tenernunnm IHAMIKaTOpaM BAACTHBI

3araAbHa M BHCOKA Y3TOAXKEHA BapiabeAbHiCTh
(03HAKH, SIKi CTOCYIOTBCSL 3araAOM BereTaTUBHOI
cdepu i1 3aAeKaTh Bip 30BHIMIHIX YMOB);

— eKOAOTO-6i0AOTTYHI CHCTeMHI IHAMKATOPH,
SIKUM BAAQCTHBI BHMCOKi 3araAbHa M Y3TOAXKEHA
Bapia6eAbHiCTb (HpI/IAaTHi AASL OIIIHKU CHCTEMU
3araAoMm).

BIAHOCHAa QaBTOHOMHICTh 1 MaAa 3aAeXKHICTb
Bip 30BHImHIX yMOB. bioaoriuni imaukaropu
BU3HAYAIOTh MOPPOAOTIUHY CTPYKTYPY POCAMHHL
Exoaoro-6ioaoriuni CHUCTEMHI IHAMKaTOpH
3aA€XaThb BiA 3OBHINIHIX yMOB, i, TIPH I[bOMY,
BU3HAYAIOTh KOPEASIIMHY CTPYKTYPY OpraHismy,
IPU3BOASYM  AO  Y3TOAKEHMX 3MiH  BCi€l
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Fig. 5. The ratio of determination coefficient (R2) and variation coefficient (CV) of studied parameters.

Mopdoaoriunoi cucremu pocaunu (VIIBUPAUH
u My PATOBA 2004 2, 6).

TaxuM 9HHOM, TaKi O3HAKM SIK AlaMeTp cTebAa,
BHCOTa POCAMHH, KIABKICTb KBITOK I AOBXHHA
OLIBITMHHU BHYTPIIITHPOT'O KOAQ MOYKHA PO3TASIAATH
SIK KAIOYOBI B olliHIli cTaHy pocauH F montana.

XapakTep 3MiHH MOP(OAOTIIHIX ITapaMeTpiB
OLIHIOIOTh 3a 3MiHOI PiBHA iX BapilOBaHHA
(B OHTOTeHe3si UM Ha eKOKAMHi) Ha ILACTaBi
ouiHku Koedirienta Bapianii. I0.A. 3a06in
(3A0BUH 2009) BHAIASIE HOTHPU MOXAMBHX
BapiaHTH OHTOTEHETUYHMX TAKTHK: TaKTHKa
crabiaizarii (Bapi}OBaHHH 03HaKH cTabiaizoBaHo),
TaKTUKA KoHBepreHuii (piBeHb BapiloBaHH:
OBHAKM 3MEHIIYETbCS), TAKTUKA AMBEpTeHLl
(piBeHp BapiroBaHHS 36iAbIIYETbCS) i TaKTHKA
HeBH3HAYeHOI MiHAMBOCTi (HeBU3HaueHi 3MiHM
piBHSL BapiroBaHHA mapamerpa). Ao TpoOsBY
OHTOT€HEeTHYHHUX TAKTHK CAiA 3apaXyBaTH TaKOX
CITIIBBIAHOIIIEHHS BapiaOeABHOCTI I IIAACTHYHOCT]
O3HAKH.

BucaoBxu
Aaroun OLIHKY CTaHy TTOKA3HUKIB
BapiabeAbHOCTI O3Hak ocobur F  montana,

BapTO BIABHAYMTH, IO Y IIpOLeci peaaisamil
KOHBEPIeHTHOI OHTOT€HETHYHOI TaKTHKU PiBEHb
BapilOBaHHS IApaMeTPiB 3MEHIIYETbCs, a 3a
TaKTUKU AMBEPTeHIlii piBeHb BapifOBaHHSA O3HAKHM
30IABLIYETHCS.

Taxym YMHOM, 33 aHAAI30M HPOSIBY OIMCAHUX
OHTOr€HETHYHUX TAKTUK, MOXKHA IPHITYCTHTH,
IO AAS BHAY B AOCAIAKEHI YacTHMHI apeasy
XapaKTePHHI IIePePO3IOAIA €HEPTeTUIHHX 3YCHAb
Ha CTabIAI3aL}i0 CTPYKTYpPH reHepaTuBHOI cdep 3a
PaXyHOK YacTKOBOI Aecrabiaizanil MOpoAOridHOl
CTPYKTYPH BereTaTHBHOI cdepH, IO MA€E MpOsiB Y
OiABIIOMY BapirOBaHHi Ii TOKa3HHKIB Y AOCAIAYKEHHX
HOMyAsIlisIX. 3a TIOTipIIeHHs YMOB iCHyBaHHA
PeaAi3yeThCsl TaKTHKA POCAWHM, CIIPSMOBaHA Ha
BIDKHBAHHS, 4 B YMOBAX OAMBBKHX AO OIITHMAABHIX
— TaKTHKA, CIIPSMOBAHA HA PO3MHOMKEHHSL.
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THE PECULIARITIES OF VITALITY STRUCTURE OF FRITILLARIA MONTANA HOPPE (LILIACEAE)
POPULATIONS AT THE NORTH-EASTERN LIMIT OF ITS NATURE AREA

MARIA A. KAZEMIRSKA

Abstract. The peculiarities of vitality structure of Fritillaria montana populations in Ukraine have been investigated.

The structure of variability of morphological characteristics and its ductility for F. montana populations and ontogenetic

tactics of this species in the northeastern limit of its nature area have been determined.

Key words: Fritillaria montana, viability, vitality of populations, ontogenetic tactics of species
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YAK 582.929.4(292.451/454)

TMO3AOB>KHSI CHMETPISI IIATOHA TA it
OCOBAHBOCTIY POCAUH POAMHU I'YBOILIBITI
(LAMIACEAE) ®AOPH YKPATHH

Mocur BEPKO

AsnoTanis. BusueHo 0c06ANBOCTI IO3AO0BKHBOI CHMETPii MOHOKAPIIIYHOTO [TATOHA Ha IPHKAAA] 3MiHH AOBKIHU MDKBY3AIB

HOT0 eAeMEeHTapHUX MeTaMepiB y moHap 60 BUAIB POCAMH HaIiBYarapHUYKOBHX i TPaB'SIHHX )XUTTEBUX (pOPM POAUHH

rybousiti. [ToOyAOBaHi CTATHCTHYHO pelpe3eHTATHBHI MOAEABHI KPHBI 3MiHH IIbOTO IIApaMeTPy MeTaMepiB IIarOHIiB AAS

IIepeBasKHOI GIABIIOCTI BUAIB BISIBUAKCS OAHOBEPIIMHHIME, OAHAK HAA3BUYAMHO PI3HOMAHITHIMU 32 CBOEI0 $OPMOIO i A0

TOTO X BUAOCIIeL[piYHIMHU. ABO- i 6araToBepIINHHI KPUBi 3MiHI AOBKXHUHU MDKBY3AIB BAACTUBI 0OMEXXEHOMY YHCAY BUAIB

POCAHH i 3yMOBA€HI «KBaHTOBAaHICTIO>» POCTY IXHIX MaroHis.

Karouosi caoBa: Lamiaceae, )uTTeBi pOopMU pOCAMH, MOHOKAPIIIYHUH MATiH, IIO3AOBXKHS CHMETpis, MeTaMep, AOBKHHA

MDKBY3AIB MeTaMepa

Avsiscokutl HayioHaAbHull yHiBepcumem emepuHapHoi meduyunu ma Giomexroaoziti imeni C.3. Diuyprozo; eya. Ilexapcoka,

50, m. Avsis, 79010, Yxpaina; tarasberko@gmail.com

IMuranss MopdoaoriuHoi 6ys0BH IaroHa
3allMalOTh 4iABHe Miclje y 6ararorpaHHiin

npobaemi  3'SICYBaHHS — CYTHOCTI  IPHPOAU
KUTTEBUX $OPM POCAUH, OCOOAMBOCTeH IxX
CTPYKTYpPHOI OpraHisaiii, 3aKOHOMIpHOCTeH

MOp¢oreHesy Ta BHABACHHS MOXXAMBUX IIASIXiB
comaruyHol eBoamolil. IloscHioeTbcsa 16 He
TiABKHU THM, LIO MaTiH € OCHOBHOIO CTPYKTYPHOIO
i QyHKI[IOHAABPHOIO OAMHHIIEI0 IIarOHOBOI
chepu pocauH, ase ¥ THM, IO XapakTep HOTO
MOPOAOTIYHOI i, 30KpeMa MeTaMepHOI, OYAOBH,
OYAY4H Pe3yABTATOM 3AIFICHIOBAHHS BIIPOAOBXK
OHTOTeHe3y CKOOPDAMHOBAaHMX, KBaHTOBaHUX
1 AOKaAi30BaHHX Yy IIPOCTOPi POCTOBHX Ta
dopmorsopunx npoecis ([IIadrAHOBA 1980),
faraTro B 4OMy BHM3HAYa€E THIl | AHHAMIKY IX
SKUTTEBOI POPMHU.

HafinpukmeTHimoo pHCOI0 MeTaMepHOI
OYAOBHU ITaroHa, SIK BIAOMO, € FOTO IO3AOBXKHS
CHMeTpis, CyTb SKOi IIOAfITa€ y TOMY, IO

YTBODIOBaHI 1Or0 amekcoM MeTaMepu sK
eAeMeHTapHi CTPYKTypH (BAPBHIKMHA
u  TyaEHkOBA  1983), a6o  ocHoBHi

KoHCTpyKTUBHI Moayai (Buron u dp. 1989)

© The Author(s), 2014

un enemenTaphi moayai (CaBuHBIX 2013) 32
KOMIIAEKCOM 3OBHIIHIX i BHYTpPIlIHIX O3HAK
3aAMIIAIOTBCS HETOTOXKHUMH MDK — CO0O0I0
3aBASKHM TeTepPOXPOHHOCTI OpraHOTeHe3y, a
IXHi O3HAKM 3aKOHOMIPHO 3MiHIOIOTHCS B3AOBXK
OCi MaroHa B aKPOINETaAbHOMY HAIPAMKY — Bip
fioro ocHosu Ao Bepxisku (GOEBEL 1928 Ta
TroLL 1959, nut. 3a CEPEBPSAKOBOIO 1971;
KpeHKE 1940; CEPEBPAKOB 1952; CABUHUH
1963; CEPEBPAKOBA 1971).

3a yMoBH rpadidHOro 3006paxkeHHs 3MiHH
KiAPKICHUX 3HaYeHb IIapaMeTpPiB eAeMeHTapHHX

MeTaMepiB, HAIPHUKAQA, AOBXUHH
MDKBY3AIB, AIHIMHHUX PO3MIpiB AUCTKIB TOIIO,
OTPUMYIOTbCS ~ IEPeBAXXHO  OAHOBEPUIMHHI

KpPHUBi 3 CHMETPUYHUMU a00 HEeCHUMETPUIHIMU
IXHIMH BUCXIAHUMHM 1 HU3XIAHUMH YaCTHHAMH.
Pipme Taxi xpusi OyBaroTh ABO-  abo
bararosepmuunnmMu. Ha AyMKy mponuroBaHux
Bume Ta iHmmx asropiB (KOHAPATBEBA-
MEeAbBUAD 1980), mi KpHBi MO3AOBKHBOT
cuMeTpii maroua, a6o ioro rpaaanii (PrRAT 1935,
mur. 3a CEPEBPAKOBOIO 1971) € BusBoM
BHYTPIIIHIX 3aKOHOMIpHOCTEN HOTO PO3BUTKY
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B OHTOreHe3i, SKi BiA6YBa}0TbCﬂ MiA BIIAUBOM
Pi3HOMaHITHUX YMOB 30BHIIIIHbOIO CEPEAOBUINA
1 He 3a3HAIOTb CYTTEBUX BIAXMAEHD, OCKIADKHU €
TeHEeTUYHO ACTePMIHOBAHUMM i crenupiyHIMU
A kOkHOTO BHAY pocauH (CEPEBPSIKOBA
1971; MATOMEAMUP3AEB U 'PUITEHKO 1986;
HIyabruH u dp. 1986; barAHOBA 1989; BEPKO
1 Kos1it 1991; CaBuHbIX 2013).

IIpoBepeHi Hamu Bhepiie 6ioMeTpHyHi
AOCAIAKEHHS HHU3KU Ba)KAMBUX IIapaMeTpiB
eAeMEeHTApPHHX ~ MeTaMepisB  (eAeMeHTapHHX
MOAYAIB) MOHOKApT{YHMX MaroHis monap 60
BHAIB HaMiBYarapHUYKOBUX Ta IOAIKapIiYHMX
i MOHOKApIIYHUX TPAaBSIHUX POCAHH POAMHU
rybousiri (Lamiaceae) ¢aopu Vkpainm i
moOyaoBaHi Ha iX OCHOBI 3a pPO3pOOAEHUMHU
Hamu crmiabHO 3 MaremarukoM b Kosiem
OpHUTiHAABHMMH METOAMKAMH (Berko
nu Kosum 1987; bepko 1 Kozm 1991;
Kosnt 1 Bepko 1989, 1991) craructuuno
pelpe3eHTaTUBHI MOAEAL IMX IapaMeTpiB
MeTaMepiBy3araAbHOMY, K 1€ BAACTUBO IIarOHaM
6iabmocti pocaun (CEPEBPSIKOBA 1971),
MATBEPAXKYIOTh iX IIOCAIAOBHY 3MiHY B3AOBXK
oci maroHa y BHUIASIAL, SIK IIPABHAO, GiAbLI-MeHII
IAABHOI OAHOBepIIMHHOI KpmBoi. Ilpore ix
OAHOBEPUIMHHICTD € AMIIE HaN3araAbHIIIOK
3aKOHOMIPHICTIO ITO3AOBXHbOI CUMETPpil aroHa,
3a SIKOI0 MACKYIOTBCSI 6araTo XapaKTepHHX PHC
3MiHM OKpeMUX IIapaMeTpiB eAeMeHTapHHUX
MeTaMepiB SIK y MeXaX IIarOHa OAHOTO BHAY
POCAHMH, TaK i y MeKaX IaroHiB iHIIUX BUAIB, [0
HAAEXATh AO BIATTOBIAHUX )KUTTEBUX GpOPM.

Is HM3KM O3HAK eAeMEeHTapHUX MeTaMepiB
MaroHa 3yIMUHUMOCS AMIIe Ha OAHIM 3 HHX,
30KpeMa, Ha AOBXHMHI MDKBY3AIB Ta Ha
0COOAMBOCTAX IX 3MIHHM B3AOBX MHMOro OCi.
3ayBa)XXHMO, IO 3 6AraTbOX O3HAK MeTaMepHOI
6yAOBI/I IaroHa O3HALlL AOBXHHHU MIXKBY3AIB
y Mop¢oAorii POCAMH HaAABaAOCA 4YHM He
Haibiabmoi ysary. ITosICHIOETCS Lie SIK 3HAYHOO
AOCTYIIHICTIO BUBYEHHS IIi€] O3HAKH, TaK i THM,
IO BOHA SIBASIETBCSI, 3 OAHOTO OOKY, HACAIAKOM
HU3KM BaXAUBUX  ¢isiororiyHux  QyHKIii
OHTOTeHe3y IIaroHa, 30KpeMa, pPOCTOBUX
(CABUHUH 1963), a 3 Apyroro — BUSBOM HOTO
MOpPOCTPYKTYpPHOI OpraHisaiii, sika icToTHUM
YUHOM BIAOOPaXA€ETbCS Ha MOPPOAOIiIHOMY
PO3MAITTi TUIIB LIbOrO OpraHy i, y KiHI[€BOMY

pe3yAbTaTi, Ha KUTTEBIN $popMi Bciel pocanHU
(CePEBPSKOB 1952; CEPEBPAKOBA 1971;
[aoraHOBA 1980; HyxuMoBCKuit 1988).

Sk ToKasaAM HaIlli AOCAIAKEHHs, MTaroHU
BUAIB ry60uBiTnx BIAPI3HAIOTBCA  3HAYHUM
PI3HOMAHITTAM BAAaCTHUBOI IM  IIO3AOBXXHBOI
cumeTpil abo TPAAALIiEl0  AOBXMHHM  IX
MDKBY3AiB, $Ki He 3aBXAU Y3TOAXYIOTbCS
3  IIOCTYAbOBAaHOIO  3aKOHOMIpHICTIO, IO
BUPQXKAETHCS TIpadiyHO y BHUTASIAL ITAABHOI
OAHOBEPIIMHHOI KpUBOi. Y II€BHOI YacCTUHM
BUAIB ry60uBiTnx 3MiHa AOBXXHHHU MDKBY3AIB IX
MaroHiB BiA6yBa€TbC$I 3 IIEBHUMHU BiAXWASHHSIMU
BiA I1i€1 3aKOHOMIPHOCTI, IO CBIAYHTD IPO ACIIO
IHIIMK BHYTPILIHIM PUTM POCTY i PO3BUTKY
pocAMHH. Y IIaroHiB TaKHUX BHAIB AOBXHHA
MDKBY3AIB 3MiHIOETHCS HE 32 OAHOBEPUIMHHOIO,
a'y BUIASIAL ABO- 2060 GararoBepLUIMHHOI KPHUBOI.
OcCKiABKE OAHOBepIIMHHI 1 6GaraToBepuIMHHI
KPHBi 3MiHI AOBXHUHU MDKBY3AIB BiAOOPaXKAIOTH
MIPUHITUIIOBO pisHi 3aKOHOMIPHOCTI
BHYTPIIIHbOI PUTMIKH JKUTTEAIIABHOCTI
MOHOKAPIIYHOTO MaroHa, AOIIIABHO PO3rASIAATH
Taki KpHUBi SK OKpeMi THIIY, 10 00 €AHYIOTb yci
BapiaHTH Ili€l 03HAKM, BAACTUBi TarOHaM POCAMH
pisHMX OKUTTEBUX (OPM i TAKCOHOMIYHUX
KaTeropii. BiAlloBiAHO A0 ITbOTO i1 BUAIASIIOTBCS
ABa THITU KPUBHUX: THUII OAHOBEPIINHHHMX KPHUBUX
i THII ABO-, 6araTOBEpPIIMHHIX KPHUBUX, KOXEH 3
SIKAX PO3TASIHEMO IIOOKPEMO.

Tun 00noBepwUHHUX KPUBUX

3MiHa AOBXXHHU MDKBY3AIB MOHOKApILYHUX
MaroHiB ry6ouBiTHx 32 TUIIOM OAHOBEpPUIMHHOL
KpUBOI € HafOIABII PO3IIOBCIOAMKEHOI Cepea
pocAMH 1€l poAMHH, OyAydM BiAMiueHOIO
npubansHo B 80% 1i BupiB. OpAHAK, He AUBASIIUCH
Ha CBOIO OAHOTHIIHICTb, y IIaroHiB pi3HHX
BUAIB IIi KPHBi BiADISHAIOTBCS CBOEPIAHICTIO
i 3HAYHUM  BIAXHMAEHHSM  Bip  THIIOBOI
OAHOBEpIIMHHOI KpuBOi. BupaxaioTbcs BOHH,
SK TPaBHAO, B Pi3HOMY pPO3TAIlyBaHHI TOYKH
MAaKCUMyMy KpHBOI B MeXax IpedAOpaAbHOI
i AOpaAbHOI 30H IaroHa, a TakoX y rpadini i
BUCXIAHOI i HU3XiAHOI yacTuH. I3 BpaxyBaHHAM
LUX o0cobAUBOCTel KPUBI AQHOrO THITy 3a
PpO3TaIlyBaHHAM TOYKH MAaKCUMYMY B 30HAAbHIN
MeTaMePHIN CTPYKTYPi MaroHa pO3MOAIASIOThCS
HaMM Ha ABa IATHMOH, a came: nidmun A 3
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MaKCHUMYMOM KpuBOoi y npedAOpasbHiil Ta
nidmun b 3 MakCUMyMOM KpUBOI y GpAOpaAbHIlt
30HAaX [aroHa.

KpuBi 3MiHI AOBXUHU MDKBY3AIB nidmuny A
Y KiABKICHOMY CTOCYHKY 3alIMalOTh AOMiHyIOYe
CTaHOBUIlE y THUII OAHOBEPUIMHHMX KPHBUX.
Bonu xapakrepHi AAS MOHOKApIIIYHUX IAarOHIB
3 0e3pO3eTKOBOI0 Ta  HAIMIBPO3eTKOBOIO
MOpPPOCTPYKTYpPOIO, SIKi BAACTHBi PpPOCAMHAM
HAIiBYATAPHUYKOBUX 1 TPAB'SIHUX JKUTTEBHX
¢opm.  IlpuxmeTHOIO  0COOAMBICTIO  IjHMX
KpUBUX € ixHA rpadidyHa HEOAHOPIAHICTD 3a
O3HAKOI0 PO3TAllyBaHHA TOYKH MAKCHMYMY
Yy YHCAOBOMY 3pPOCTalOuOMYy PsAL MIKBY3AIB
B3AOBX NpepAOpasbHOI 30HM IaroHa. B
OAHHUX BUAIB BOHA MOXKE 3HAXOAUTHCS y MeXKaxX
BepxHbOi YacTHHHU i€l 30HH (Ha GyAb-sKOMY
i3 MOPAAKOBUX HOMepiB MiXKBY3AiB), TOAL 5K B
IHIIKX — Y 1I HYDKHIN YaCTHHI.

Tak, HAITPHUKAQA, y YaCTHHHU
HariBYarapHIIKOBHX BUAIB poay Thymus L., sixi
nomupeHi B Bucoxoripi Ykpaincokux Kapmar
(Th. pulcherrimus Schur, Th. alpestris (Celak.)
Tausch ex A. Kern.), y cremosiit uacTuni
Yipainu (Th. moldavicus Klokov et Des.-Shost. )
ta Tipcokomy Kpumy (Th. tauricus Klokov et
Des.-Shost.), a TakoX y CTOAOHOYTBOPIOIOYOTO

TpaB’ssHoro  Gararopiunuka  Galeobdolon
luteum Huds. Makcumym KpuBOi IpHITapae
Ha  BepxHe  (cy6paopasbHe) — MDKBY3AS
npedaopasbroi 3ouu maroma (Puc. 1 A, B).
Ha apyre, paxyiouum 3Bepxy, MDKBY3AS
i€l 30HH MPHUIMAAAIOTH MaKCUMyMH

KPUBHX Yy IIArOHiB KOPOTKOKOPEHEeBHIJHUX
cummopiaavaux  (Melittis  sarmatica  Klokov,
Prunella grandiflora (L.) Scholler), Bxopoueno
KOpeHeBUINHUX MoHomoAiaabHux  (Betonica
officinalis L.), xopenenapoctkosux (Ajuga
genevensis L.) Tpap'sHux 6araropiuHukis, a
TAKOXX Yy FeHepPATUBHOIO OAHOpIuHHKa Stachys
annua (L.) L. i namisyarapuwuka Thymus
callieriBorb. ex Velen. (Puc. 1 B,T'). Hatpetsomy
1 YeTBEPTOMY MIKBY3AAX BEPXHbBOI YaCTHHHU
npepAOpPaAbHOI 30HM BipMiueHI MaKCHMyMHU
KPMBHX Y TarOHiB BEreTaTUBHOIO MAAOPIYHMKA
Prunella  vulgaris L. 1 reHepaTHBHOTO
oaHopiunuka Elsholtzia ciliata (Thunb.) Hyl.
Ta  CTPWOKHEKOPEHEBUX  HaIliBYarapHHUYKiB
Teucrium  pannonicum A. Kern, Thymus

pallasianus Heinr. Braun i Th. serpyllum L.
(Puc. 1 A, E). Ha wMixBysasx HmKHbOT
YAaCTUHU IIi€l 30HH, TOAOBHHUM YHHOM, Ha
IIepPeAOCTaHHbOMY 1 OCTaHHbOMY, 3HAXOAATHCS
MaKCUMyMH  KPHUBHUX  AOBXHH  MDKBY3AIB
naroniB  HamiBposerkosux (Salvia pratensis
L., S. austriaca Jacq., Phlomis tuberosa L.)
(Puc. 1 €, K) i 6esposerxosux (Ballota
ruderalis Sw., Leonurus quinquelobatus Gilib. Ta
Salvia verticillata L.) 6araropianuxis.

3araApHHI «TpadiyHHUI MOPTPeT> KPUBHX
AOBXHWH MDKBY3AIB TIarOHIiB aHAAi30BaHOIO
miATHITY 3araAom XapaKTepU3yeTbCs
ACMMETPUYHICTIO IX BHCXIAHMX 1 HM3XIAHHMX
JacTHH. JyMOBAGHA I pHCa KpPUBHX SK
pO3TalIyBaHHSAM IX TOYOK MAKCHUMyMy Y
MeXXax IpepAOpaAbHOI 30HM, TaK i KiAbKiCTIO
MeTaMepiB, moO II yTBOPIOIOTb. Y IIaroHiB 3
MaAOMeTaMePHUMU NpePAOPAAPHMMH 30HAMU
(3-4 Meramepy) BHCXIAHMM YacTHHAM KpUBUX
BAAQCTMBUU PI3KMH ILANOM, SKHI IIEPEXOAUTH
IIICAS TOYKHM MaKCHMMyMy B TaKUH >Xe pPisKui
ixuiit crmap. TakuMu KpUBHME 3MiHH AOBXHHU
MDKBY3AIB  BiA3HAUalOTbhCs, $K 3a3HAYaAOCS
Bumle, maroHu BUAIB Thymus pulcherrimus i
Melittis sarmatica (Puc. 1 A, B).

IHmuit Xapakrep KpUBUX CIIOCTEPIracThCcs y
IaroHiB, IpepAOPaAbHi 30HH SIKUX YTBOPEHI 3
BeAmKoi KiabkocTi (8-14) meramepis. Taxi 3onu
XapakTepHi, 30KpeMa, IaroHaMm BHAIB Thymus
alternans Klokov, Th. pallasianus, Th. serpyllum,
Teucrium pannonicum, Ballota ruderalis. Kpusi
3MIHH AOBXHHH MDKBY3AIB y MeXaX Ili€l 30HH
BiA3HAYAIOTHCs IAABHICTIO MIAMOMY AO TOYKH
MaKCHMyMYy, fKa B OCHOBHOMY IIPHMIIAAA€
Ha IX BepxXHi MOPSAKOBI HOMEpPH, i TAKOI X
IAABHICTIO CITaAy, 36epira10qn II}0 TEHAEHIIiI0
i B mopasbmoMy B MeXaX (pAOpaAbHOI 30HH
(Puc. 1 A, E). 3aBasxu Takiit rpadiumiit
«IOBEAIHITI» BHUCXIAHOI 1 HH3XIAHOI YacTUH
OAHOBEPINMHHOI KPHBOI, OCTaHHA 3a CBOEKO
POpMOI0  HAOAWKAETHCS A0 1i  THIOBOIO
rpadivHOro 300paskeHHsI, TO6TO CUMETPUIHOCTI
060X I YaCTHH.

CrocoBHO  KpUBHMX  3MiHM  AOBXKHHH
MIDKBY3AIB MOHOKAPIIYHOTO IMaroHa niomuny b,
TO HArapa€Mo, IO IX TOYKM MaKCHMYMiB
3HAXOAATBHCS B MeXaX PAOPAABHOI 30HU IIbOTO
nmaroHa. Ha BiamiHy Bip kpuBux mipaTumy A,
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Puc. 1. OpHOBepIIMHHI MOAGABHI KPHBi 3MiHH AOBXHHHU MDKBY3AIB B3AOBXK OCi MOHOKApIIIYHOTO ITarOHA BUAIB POCAMH
poaunu ry6ousiti (Lamiaceae) 3 ixmiM MakcuMyMmoMm y mpedaopaabhiit soui (miatum A). Buan pocaun: A — Thymus
pulcherrimus; B — Th. alpestris; B — Melittis sarmatica; T — Prunella grandiflora; A — Thymus pallasianus; E — Th. serpyllum;
€ — Salvia pratensis; XK — Phlomis tuberosa. 3ouu marosa: a — 6asaAbHa; 6 — npedaopasbHa; B — pAopaAbHa; Ha OCi aberuc
— MOPSAKOBi HOMEPH MiKBY3AIB 30H TArOHa; Ha OCi OPAHMHAT — AOBXMHA MiXKBY3AiB (B % BiA MAKCHMAABHOTO 3HAYEHHS;
npuitaToro 3a 100 %).

Fig. 1. One-vertex model plots of the change of length of internodes along the axis of monocarpic shoot with maximum
in prefloral zone for Lamiaceae species (subtype A). Plant species: A — Thymus pulcherrimus; B — Th. alpestris; B — Melittis
sarmatica; T — Prunella grandiflora; A — Thymus pallasianus; E — Th. serpyllum; € — Salvia pratensis; K — Phlomis tuberosa.
Shoot zones: a — basal; 6 — prefloral; B — floral; X-axis — numbers of internodes in shoot zones; Y-axis — length of the
internodes (in % from its maximal value).
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Puc. 2. OpHOBepIIMHHI MOAGABHI KPHBi 3MiHH AOBXXHHHU MDKBY3AIB B3AOBXK OCi MOHOKApIIIYHOTO ITarOHA BUAIB POCAMH
poaunu ry6ousiri (Lamiaceae) 3 ixuimM MakcuMyMoM y daopanbHift soui (miarun B). Buau pocann: A — Thymus calcareus;

B — Lamium album. Inumi nosicaenns Ti , mo Ha Puc. 1.

Fig. 2. One-vertex model plots of the change of length of internodes along the axis of monocarpic shoot with maximum in

floral zone for Lamiaceae species (subtype B). Plant species: A ~ Thymus calcareus; B — Lamium album. Other explanations

- see Fig. 1.

yciM KpHMBHM, fAKi HaAeXaTb AO IbOTO
MIATHITY, BAACTMBA IIOBHA OAHOMAHITHICTH 3a
O3HAKOI0 PO3TAIIYBAHHSA TOYKM MaKCUMyMy Yy
MO3AOBXHIM cuMeTpil maroxa. HesaaexxHo Bip
SKUTTEBOI POPMU POCAMHH, Ii CHCTEMaTUYHOIO
IIOAOXKEHHS, MAKCHUMYMU KPHMBUX AOBXHUH
MDKBY3AIB IXHIX IIarOHIB 3aBXXAM IPUIIAAAIOTH
Ha Iepile MDKBY3AS CyLBITTS, TOOTO mepiie
MiXBY3As PAOPAAbHOI 30HM. AO YMCAA TAaKUX
POCAVH HaAeXaTb, 30KpeMa, BUAU poay Thymus
(Th. dzevanovskyi Klokov et Des.-Shost.,
Th. calcareus Klokov et Des.-Shost.), a Takox
TpaB'siHi OAraTOpiYHHUKN i OAHOPIYHUKU pOAY
Lamium L., nanpuxaap, L. maculatum (L.) L.,
L.album L., L. purpureum L. (Puc. 2 A, B).
Bapro szayBaxxuTu, 1mo 3a BUHATKOM
CXOXOCTi 3a O3HAKOIO PO3TANIYBAHHSA TOYKH
MaKCUMyMy Y IpedAOpaAbHiM uu PAOPAAbHIN
30HaX IIaroHa, 3a HH3KOI IHIIUX O3HAK
KpHBI IIbOTO INATHMIIy BHABASIOTh 3HAYHY
rpadivHy pi3HOMAHITHICTS, sIKa 6araTo y YoMy
BU3HAYAETHCSA KiAPKiCHUMM XapaKTepUCTHKAMU
OyAOBH 0asaApHHX 1 IHpedAOpAABHHX 30H
nmaroHiB. Tak, y HamiBpO3eTKOBHMX IIaroHiB
BHUAIB Thymus 3 IXHIMU 6aFaTOMeTaMepHI/IMH
npepAOPAAbHUMU 30HaAMU BUCXIiAHI
YaCTUHM KPHMBUX BiA3HAUAIOTbCA IAABHUM
MiAMOMOM AO CBO€l BEPIIMHH, TOAL K Y
6e3p03eTKOBUX IAroHIiB BUAIB poay Lamium,
y AKuX TpepAOpPaAbHI 30HU CKAAAAIOTHCS
aumie 3 1-3 MeTamepiB, Ti X YaCTUHM KPHUBUX
MalOTh CIIOYATKy KOPOTKUN IIAABHUM, SKHHA

IIePEeXOAUTD Ha IepIIOMY MiXKBY3Ai pAOPAAbHOT
30HM Y pi3KHUH, IMAMOM i TaKMi K€ CIIap IicAs
TOYKH MAKCHMYyMy, BHACAIAOK 4OTO 3arasbHa
popMa KpUBOI cTae By3bKOKOHYCOIOAIOHOIO.
VYsaraabHIOI09H HaBeAeHi BHUIIe
BiaoMocTi mpo rpadiuni 0cobAMBOCTI THITY
OAHOBEPUIMHHUX KPHUBUX 3MiHM AOBXHHU
MDKBY3AiB MOHOKApIIYHMX IIarOHiB pPi3HHX
BUAIB POCAMH i XHUTTEBUX $OpM, 6AINMO, IO
iM BAACTHBA 3HaYHA Pi3HOMAHITHICTD ¥ paMKax
3araAbHOI 3aKOHOMIPHOCTI, IIO BHPa’KA€THCS
rpagiuyHO y BUTASIAL TIAABHOI OAHOBEPUIMHHOI
6ioaoriunoi kpuBoi. IlpuymHu 1pOro sBUINA
CTOCOBHO BHAIB POAMHHM I'yOOLBITI BHCBiTACHI
y AiTeparypi Ayxke ckymo. biabm aokaapHO
BOHM QaHAAI3yBaAMCA Ha IPUKAAAL BHAIB
OAHOAOABHHX, 30KpEMa POAMHH TOHKOHOTOBI,
a60 3naxosi (KymEPMAH U P>KAHOBA 1963;
CEPEBPIKOBA 1971). Byao 3’sicoBaHO, 1O
OAHI€I0 3 OCHOBHHUX IIPUYHH, SIKi 3yMOBAIOIOTD
IIOSIBY Pi3HUX BapiaHTiB BiAXMAEHD BiA ITAABHOI
OAHOBEPIIMHHOI ~KPHBOI, € KOpPEASTHBHI
BIAHOIIEHHS, IO BCTAaHOBAIOIOTHCS Y IpoLeci
PO3BUTKY MOHOKAapIiYHOrO IaroHa Mix
€TallaMd OPraHOTEHe3y CYILBITTA i POCTOM
OKpeMHX MKBY3AiB. CyTTeBe 3HaUEHHS Ma€ yac
3aKAAAQHHS HA alleKCi TaroHa 3a4aTKiB KBITOK i,
3BUYANiHO, PUTMiKa PO3BUTKY BCbOIO IaroHa,
KOHTDOAbOBaHa TE€HETHYHOK IPOTPaMOIo,
BAAQCTMBOIO POCAMHI TOTO YW iHIIOTO BHAY.
YuMm paninle 3aKAAAAETBCA CYLBITTS, THM
iHTeHCHBHIIlle FA€ PiCT MOYATKOBUX MIKBY3AIB.
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Puc. 3. ABOBepIIMHHI MOACABHI KPHBi 3MiHH AOBXXHHHI MDKBY3AIB B3AOBK OCi MOHOKAPIIIYHOTO ITarOHa BUAIB POCAMIH POAUHHI

ry6ousiri (Lamiaceae). Buau pocaun: A — Teucrium pannonicum; B — Salvia glutinosa. Inmi noscenns i x, mo Ha Puc. 1.

Fig. 3. Two-vertex model plots of the change of length of internodes along the axis of monocarpic shoot for Lamiaceae

species. Plant species: A — Teucrium pannonicum; B — Salvia glutinosa. Other explanations — see Fig. 1.

YcTaHOBAGHI  3aKOHOMIPHOCTI  BAACTHBI,
SK MOXXHA AyMaTH, He TiAbKM MOHOKAapPIiYHHM
marodaM 3AakiB. BoHM IJIAKOM AOTHYHI AO
[ArOHIB BHAIB TIy0OLBIiTI, IO CIpobyeMo
IIPOIAIOCTPYBAaTH Ha OKpEMUX IIPUKAAAAX. Tak, y
HU3KHU BHAIB, AKi HAAEKATbh AO HAIIiBPO3€TKOBUX
16e3p03eTKOBUX TPaB STHUX ITOAIKAPIIIKiB, cepea
sxux Salvia pratensis, Phlomis tuberosa, Melittis
sarmatica, Lamium maculatum, L. album, Ajuga
reptans L., 3aKkAapaHHS CYLBITTA BiAGYBaeTbCﬂ
e y 3a4aTKOBOMY IIarOHi B OCIHHIM IEpioA.
Came yB 1uX BHAIB, IO 3aIIBiTAlOTh PaHHDBOIO
BECHOI0 HACTYIHOIO POKY, KPHBa AOBXUH
MIXBY3AiB MOBHICTIO PO3BHHEHOTO MarOHa Ma€
Pi3KMI KPyTHUH IIAMOM BHCXIAHOI YacCTHHH,
3YMOBAEHHM 6iABIIMMU AiHIMHUMU po3Mipamu
MepIIUX ABOX MDKBY3AiB, i3 AKHX ApyTe €
HaitposuuM (Puc. 1 €, K).

Y BHAIB, y SIKMX 3aKAAAQHHS FeHePATUBHHUX
oprasiB Ha amekci MOHOKapIiYHOTO
maroHa  BipAOyBaeTbcs Y pisHI  cTpokm
[OCTEMOPIOHAABHOTO IIEPiOAY HOTO PO3BUTKY,
BHUAOBXXEHHA HaCTyHHI/IX, AeTepMiHOBaHI/IX
MIDKBY3AIB IpepAOPaAbHOI 30HU BiA6YBa€TbC5I
nocTynoBo. O4eBHAHO, CaMe 3 UM i [TOB sI3aHUM

GiAPII-MEHII TIAQBHMII IIAMOM  BHCXipAHOI
YaCTUHU KPHUBOI 3MiHM AOBXHHM MiXKBY3AiB
B3AOBX OCI IIaroHa. J3BUYAMHO, HaBeAeHi
IIPUKAAAM € AMIIE eKCTPAIOASINEI0 BUABACHOI
y TaroHiB 3AaKOBHUX POCAMH 3aKOHOMIPHOCTI
KOpeAsIil MiXK AOBXHHOIO MDKBY3AIB ITaroHa
i eTamamMu opraHoreHesy HOTroO CYIBITTS, OAHAK
3aCTOCYBAHHSI IX CTOCOBHO POCAUH I'y0OLIBITHX,
SK HaM 3AA€THCS, He BUKAMKAE CYMHiBY.

Tun d6o- i 6azamosepuuHHUX KPUBUX

3MiHa AOBXHH MDKBY3AIB 32  THIIOM
ABO- b0 0araToBepIIMHHHX KpPHBHX Cepep
POCAMH pPOAMHH Ty6ouBiTHx $aopu YkpaiHu
Mae OOMexeHe ITIOIIMPEHHS i BAACTHBA AMIIE
MOHOKApIIYHMM IIarOHaM i3  CBOEPIAHOIO
IJUKAIYHICTIO i BHYTPIIHbOXO PiYHO0 PUTMIKOIO
pocTy. AO TaKuX MaroHis, K IPaBUAO, HAAEKATD
AM-,  TIOAIMKAIYHI ~ TreHepaTHBHiI  IIarOHHU
HaIiBYarapHUIKiB i3 poais Thymus, Teucrium L.,
Sideritis L., a TakoX AesSKMX TpaBsHUX
0araTOpiYHUKIB, SIKi MAIOTb y CTPYKTYpi CBOTO
TiAa KOpeHeBHINHI ab0 CTOAOHHI AIASHKH,
HATIPHKAQA, SK y BUAiB Mentha longifolia (L.) L.,
M. arvensis L., Stachys sylvatica L., Origanum
vulgare L. Ta inmmmx. SBume ABo- abo
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Puc. 4. bararoBepmuHHi MOAGABHI KPUBi 3MiHU AOBXHHH MDKBY3AIB B3AOBXK OCi MOHOKAPIIIYHOTI'O ITaroHa BUAIB POCAUH
poaunu ry6ousiti (Lamiaceae). Buan pocans: A — Stachys sylvatica; B — Origanum vulgare; B — Mentha longifolia;

T’ — Mentha arvensis. Inimi mosicuenss Ti %, mo Ha Puc. 1.

Fig. 4. Multi-vertex model plots of the change of length of internodes along the axis of monocarpic shoot for Lamiaceae
species. Plant species: A — Stachys sylvatica; B — Origanum vulgare; B — Mentha longifolia; T — Mentha arvensis. Other

explanations — see Fig. 1.

6araT0BepH1HHHOCTi KpUBHX 3MiHH AOBXHH
MDKBY3AiB IIarOHaA HEOAHOpPipAHE 3a CBOEIO
IIPUPOAOIO i 3yMOBAeHE PISHUMU NPUIMHAMHI
6iOAOTIYHOrO 1  CTPYKTYPHOIO XapakTepy.

Tax, nHampukaap, y Teucrium pannonicum i
Salvia glutinosa L. 3MiHa AOBXHH MDKBY3AIB
BiAOYBAETHCSI 32 ABOBEPIIMHHOIO KPUBOIO, OAHAK
daxTopH, SAKi 3yMOBAIOIOTH IOAIGHY Ipapalito
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AOBXXUH MDKBY3AIB Y ITarOHIB LIUX BUAIB CyTTEBO
pisui (Puc. 3 A, B). SIxmo y nepmoro Buay, y
SIKOTO MOHOKAPIIiYHi ITarOHU AMLMKAIYHI, TO6TO
YTBOpeHi 3 ABOX IIOCAIAOBHO 3YA€HOBaHHUX
PpiYHMX IIaroHiB, 3MiHa AOBXHH MIDKBY3AiB
KOXXHOTO 3 SKHX MAa€ BUTASA OAHOBEPUIMHHOI
KpUBOi, y B3BSI8Ky 3 UMM KpHUBa BCHOTO
MOHOKAPIIYHOTO IIarOHa CTa€ ABOBEPIIMHHOIO,
TO y APYTOTO BHAY 3 HOTO MOHOIIMKAIYHUM
THIIOM IIarOHAa ABOBEPUIMHHICTh KPHMBOI Ma€
30BCIM IHIINI Kay3aAbHUI MATEKCT i moTpebye
30BCIM IHIIOTO IOSCHEHHS.

HanesHo, ABOBEPUIMHHICTh KPHBOI
OCTaHHBOTO  BHAY  MOXe  POSTASAATHCA
K BIAXMAEHHS BiA OAHOBEPIIMHHOL

KPHBOI, OCKIABKM HAsBHICTb ApPYyrol, Xo4 i
MEHIIOI BEpIIMHH, CIOCTepiraerbcs Ha i
HUBXIAHIN wacTuHi, MOOGAU3Y BisA (PAOPAABHOL
30HU. Amnaaoriune SIBUIIE BipMiueHe
T.I. CepEBPSIKOBOIO (1971) y reHeparuBHUX
MaroHiB AEKIABKOX BHAIB 3AaKiB, 30Kpema B
Roegneria canina (L.) Nevski. Ha ii Aymxy, Bono
Moxke OyTH IIOSICHEHE MOXAWBHM BIIAUBOM
AOBOAI ITI3HO 3aKAAAYBaHOTO B OHTOTeHe3i
MaroHa CYUBITTS, KOAX 6iAbmIicTh MDKBY3AIB Y
F10T0 BepXiBKOBI OPYHbIIi y>Ke AeTePMIHOBAAUCS
CTOCOBHO IX AOBXHHH. 3ayBakxuMmo, o Salvia
glutinosa HaAeXXUTb TaKOX AO Ii3HOKBITYIHX
pocaun. Ilepexip amekca ii MOHOKApIiYHOTO
IaroHa Bip BEreTaTUBHOTO AO TIe€HEepaTUBHOTIO
opraHoreHesy BIAOYBa€eTbCsl B OCTaHHIN MiCsIib
BecHH. [opMoHaAbHHI BIAUB (POPMOBAHOIO
B IeM 4Yac CyUBITTS Ha BepPXHi MDKBY3AS
mpePAOPAAbHOI 30HM CTHMYAIOE IX YaCTKOBE
BUAOBXEHHS, sKe TpadiyHO BHMpPAXKAETHCA Y
BUTASIAL APYTOI BEPIIMHU Ha HU3XIAHIN 9aCTHHI
KPHBOI AOBXXHH MDXKXBY3AIB yChOI'O ITarOHa.
Biabm  ckaapHME  XapakTep — KpPHBUX
rpapamil AOBXHH MDKBY3AIB CIIOCTEpIira€Tbcs
y aosrokopenesumunx (Mentha longifolia,
Stachys sylvatica) i mipsemuocTosonnux (Mentha
arvensis, Lycopus europaeus L.) TpeaCTaBHUKiB
poauHH. IxHi maromm yTBOpeHi 3 BeAHKOI
KIAPKOCTI MeETaMepiB, 3araAbHE WYHMCAO SKHX
B OKPEMHMX BHUAIB CTaHOBHMTb, HANPUKAAA, Y
Mentha arvensis — 30, y Stachys sylvatica — 39,
B Origanum vulgare — 46, y Lycopus europaeus
- 50, a y Mentha longifolia — 56. 3mina AOBXHH
MDKBY3AiB IIarOHIB IMX BHAIB BHPAXKAE€TbCA

0araToBepIIMHHUMK KPHUBHMH, SIKHUMH BOHH
CYTTEBO BiAPI3HAIOTHCS BiA OAHOBEPIIMHHMX Ta
ABOBEPIIMHHUX KPUBHX. SKIII0 B OCTaHHIX 3MiHa
AOBXXHH MDKBY3AIB y MEXaX KOXHOTO Pi4HOIO
maroHa BiA6YBa€TbC5[ 32 THIIOM OAHOBEPUIMHHOI
kpuBoi (AAS YCHOTO MOHOKApIIYHOTO MaroHa
BOHA ABOBepH.II/IHHa), TO y BHAIB Mentha
arvensis, M. longifolia, Stachys sylvatica, Lycopus
europaeus, Origanum vulgare y Mexax IXHIX
PIMHUX IAroHiB BHAIASETBCSA PsA MOCAIAOBHMX
OAHOBEPIIMHHUX KPHUBHX, SKi HAAAIOTh YCik
KpHUBiM IarosHa 6araTOBepmnHHm71 BUTASIA.
AmHaai3 TakuX KpHUBHUX, SK Ile BUAHO 3 Puc. 4,
CBIAYMTD, IO YEepryBaHHS OAHOBEPIIMHHHUX
KPHUBUX B3AOBXK OCi IIarOHa € He BHUIIAAKOBHUM,
a MATIOPSAKOBYETBCS AOBOAL WiTKO BHPa’KeHIiN
3aKOHOMIPHOCTI, CyTb KOl IIOAATA€ y TOMY, IO
KOXXHAa OKPeMO B3fTa OAHOBEPIIMHHA KpUBA,
Ha3BeMO il eAeMEeHTApHOI0 KPHBOIO, rpadiuHo
BiAOOpakae 3MIHY AOBKHMH He OYAb-SIKOTO,
a TMOpPIiBHAHO OAHAKOBOTO YHCAQ MIXBY3AIB,
TOOTO IX MOPLINHICTD y 3araABHIN MeTaMepHii
CTPYKTYpi IIaroHa.

Tax, HAIPHUKAAA, KpHUBa AOBXXHH
MDKBY3AiB maroHa Stachys sylvatica B Mexxax
6asaAbHOi (KOpeHeBMINHOI), NpepAOPaABHOL
i 4acTkoBO (AOPaAbHOI 30H CKAAAAETHCA i3
TPbOX OAHOBEpPIIMHHUX KpPUBMX, KOXKHa 3
SIKUX BipoOpaxkae 3MiHy BipmoBiaHO 9, 9 1 11
mixBysaiB (Puc. 4 A). Taka X KpuBa IarosHa
Origanum vulgare y THX >Xe 30HAX MA€ TaKOX
TPU OAHOBEPIIMHHUX KPUBi, IIO OXOIAIOIOTH
KOXHa BipmoBipHO 12,12 i 14 MixBy3AiB
(Puc. 4 B). Bipmiuena Aas maromis Stachys
sylvatica i Origanum vulgare 3axoHOMIpHiCTb y
[ArOHiB IHIMX BHAIB, HIOUTO, HOPYLIYETHCSL.
Hanpuxaap, y Mentha longifolia eaemenrapsi
KpHBi BiA06pa>KaIOTb 3MiHY AOBXXHMH BiATIOBIAHO
10, 6,10, 7i 16 (Puc. 4 B), a y Mentha arvensis —
9,9, 16 mixksy3ais marona (Puc. 4 T'). OpnHak, 1je
MOpYIIeHHA € TaKUM AMIIe Ha MepUIMH MOTASIA.
PurmMiuHe, GiAbII-MEHIN IIOCTiMHE, ITO3AOBXKHE
YepryBaHHS €AeMEHTAPHUX KPHMBUX AOBXMH
IPyIl MDKBY3AIB a60 <«IOpLiii» MDKBY3AIB,
sIKe BAACTHBE LMM IIATOHAM TIyOOLBITHX, €
BiAOOpaKeHHIM 3araAbHOI 3aKOHOMIPHOCTI, 110
CIIOCTepiraeThcst y 6ararbox KBITKOBHX POCAHH
pi3HHX XMTTEBUX (GOPM Ta CHCTEMATHYHMX
rpym. CyTb 1ji€i 3aKOHOMIpHOCTi 3yMOBAIOETHCA
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SBUIEM <«KBAaHTOBAHOCTi» POCTY, B IpoILeci
SKOTO BiA6yBa€TbC5I TEHACHIJIIHE BapiloBaHHSA
YMCAOBHX i PO3MIpHHX O3HaK MeTaMepiB MaroxHa
(IIMuAT 1968). OaMHHIIEI0 TAKOTO PUTMY
pocry, sk Bkasye T.. CEPEBPAKOBA (1969,
1971), € «KBaHT», MO CKAAQAAETBCA 3 TPYTH
MeTaMepiB, KiAbKICTh SKHMX HEpIiAKO CIiBIAAAE
3 eMHicTIO 3aKpuTOI ab60 BIAKpHTOI GPYHBKH
BIAHOBAEHHS.

Ananiz OpyHPOK y  [aroHis
ry6oLBITHX 3araA0OM 36iraeTbCsl i3 TBEPAKEHHSIM
T.I. CepebpsikoBOi, AO SIKOTO BOHA AIfiIIAQ Ha
OCHOBi BHBYCHHS SIBUINA <«KBAaHTOBAHOCTi» Yy
CTPYKTYpi TaroHiB 3AakiB. 3TiAHO 3 HAIIMMH
AOCAIAKEHHSIMH, €MHICTh 3piAOl BepXiBKOBOI
OpyHbku KOopeHeBuma Stachys sylvatica ocituio
CTaHOBHUTb 8-9 3a4aTKOBUX MeTaMepiB, IO
BIAIIOBiAQ€ IPUOAUBHO OAHOMY «KBAHTY > POCTY
maroHa. SIk BUAHO 3 Puc. 4 A, Takux «KBaHTiB»
y CTpyKTypi 6a3aAbHOL (KopeHeBano'i),
npedAOpaAbHOI i 4YacTKOBO (AOpAAbHOI 30H
MIaroHaI[bOr0 BUAY HapaXoOBYeThcATpuU. I padiuno
300paKAIOYH 3MiHY AOBXXHH MDKBY3AIB KOXKHOTO
3 «KBAaHTiB» OTPHMYEMO OAHOBEpPIIMHHI
KPHBI, SIKi Pa30M HAAAIOTb YCill KPUBiM IaroHa
BUTASIAy 0araToBepIIMHHOCTI. AHAAOTIYHI Y
L[IAOMY XapaKTep <«KBaHTOBAHOCTi» POCTy i
3MiHY AOBXXHH MDKBY3AIB CITIOCTEPIraEMo TaKOX
y maroHiB Mentha longifolia, emuictp 3pisoi
OpYHDKH BIAHOBAEHHSI SIKOI TaKOXX HapaxoOBYe
8-9 3auaTkoBHX MeTaMepiB (PHC. 4 B). OpHak,
SIK BUSIBUAOCS], HE 3aBXXAM €AeMEeHTapHa KpHBa €
BiAOGpEDKeHHSIM 3MiHH AOBXXMHH MDKBY3AIB, 1[0
CKAQAQIOTb OAMH «KBaHT>. Hampukaaa, KosxHa 3
TPbOX EAEMEHTAPHUX KPUBUX AOBXXHH MIXKBY3AIB
maroHa Origanum vulgare Binobpaxkae rpaaarito
i€l O3HaKU AAsl 12 MeTamepiB, XO04a €MHICTb
3piaol OpPYHBKH BIAHOBAEHHS y LbOTO BHAY,
sIKa BIATIOBIAQE OAHOMY <«KBAHTY>, AOPIBHIOE
6 wmeramepam (Puc. 4 B). Takum uunOM,
eseMeHTapHa KpuBa marona Origanum vulgare €
BiA06pa)KeHH5IM 3MIHU AOBXXHH MDKBY3AIB ABOX
«KBaHTiB>»> MeTaMepiB.

MoxanBi  Takox BapiaHTH IIbOTO
spuma. Tak, KpuBa AOBXXMH MDKBY3AiB IaroHa
Mentha arvensis TpbOXBepIIMHHA, A EMHICTb
3pirol OpYHBKH BIAHOBAEHHS CTaHOBHUTH 8-9
MeramepiB. Ilepmi ABi eaemeHTapHi KpuBi i€l
O3HAKM BiAOOPaKAIOTS 1i 3MiHY AASL 9 MeTaMepiB

TAaKHX

iHII

KO)XKHA, IO BIAIIOBIAAE OAHOMY <«KBaHTY>,
TpeTs eaeMeHTapHa KpHBa OXOIIAIO€ BiATHHOK
narosa (Bcio #toro mpedaopasbHy i 6iabury
9acTHHy PAOPAABHOI 30H), KMl CKAQARETHCS 3
16 MeTaMmepiB, TOOTO MaibKe 3 ABOX «KBaHTIB>,
IO AOPIBHIOIOTb ABOM EMHOCTSIM 3PiA01 6pyHbKn
(Puc.4T).

Is  HaBepeHHMX  AAHHMX — HANpPOIIYEThCA
BHUCHOBOK, IO 0araTOBepIIMHHICTD KPHUBHX
3MIHM AOBXHUH MDKBY3AIB  MOHOKAPIIYHMX
[IATOHIB POCAMH TIyOOLBITUX € pe3yABTaTOM
0COOAMBOTO THIy IX POCTOBOI EHAOTEHHOI
PHUTMIKH, OAMHMIIEIO SKO1 BUCTYIIA€ HE OKPEMMI
MeTaMep, a IeBHA TIpyma MeTaMepiB a6o
«KBaHT>». Y IarOHiB OAHUX BUAIB a60 y Mexax
IIarOHa OAHOTO i TOrO X BHAY €A€MeHTapHa
OAHOBEpIIMHHA KPHBA MOXe OyTH rpadidHuM
BUPAXEHHSAM 3MiH AOBXHHM MDKBY3AIB OAHOTO
«KBAHTY> 200 ABOX IX, IIJO B3AEMHO YePIYIOTHCS
Y CTPYKTYpPi MOHOKaPIIiYHOTO IIarOHa.

BucHoBku

1. MoHOKapIiYHIM IIarOHaM BUAIB POCAMH
Pi3HUX >KUTTEBUX (OPM POAUHU ry60uBiTi
BAACTMBE  SBMINE IIO3AOBXHDBOI  CHUMETPpil,
IO BHPAXAETbCA Y 3aKOHOMIpHIM  3MiHi
AOBXXHMHHU MDKBY3AiB €A€MEHTAapHHX MeTaMepiB
(eAeMeHTapHHX MOAYAIB) B  aKpOIETaAbHil
MOCAIAOBHOCTI — Bip HaWHI)KYE AO HaMBHIIE
PO3TAIIOBaHMX y 3aTaAbHIN CTPYKTYPi IaroHa.

2. ITo6yaoBaHi CTAaTUCTUYIHO
penpe3eHTaTHBHI MOAEAL 3MiHM  AOBXHHH
MDKBY3AIB B3AOBX OCi IaroHiB MAaroOTb AAS
[ePeBaKHOI OIABIIOCTI BHAIB POCAMH BHIASIA
pisHOMaHITHUX 32 POpPMOIO BHAOCHENUPIIHUX
OAHOBEPIIMHHUX KPUBHX 3 TOYKOIO MAKCUMYMY
y ixmix mnpedaopaaphiit (miaTam A) a6o
daopansHiit (miarun B) sonax.

3. ABo- i OararoBepmMHHI  KpHBI
3MIHM  AOBXHHHM  MDKBY3AIB  MeTaMepiB
MOHOKAPIIIYHUX TaroHiB BAACTHBI AAS

OOMEXEHOr0 4YHCAA BHAIB 3 IIarOHAMH SK
MOHOITUKAIYHOTO, TaK i AHMIJUKAIYHOTO THIIB.
Taxwuit XapakTep MO3A0BXKHbBOI CUMeTPii AOBXHUH
MDKBY3AiB IIarOHIB POCAMH 3YMOBAIOETBHCS
«KBAaHTOBAHICTIO» POCTy, INO € IPOABOM
€HAOTEHHOl PUTMIKH ALSABHOCTI IX amiKaAbHUX
MEpHUCTEM.
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LENGTHWISE SHOOT SYMMETRY AND ITS FEATURES IN PLANTS OF LAMIACEAE FAMILY OF
UKRAINIAN FLORA

Yosypr BERKO

Abstract. The features of lengthwise symmetry of monocarpic shoots (on example of changing of the length of internodes
in its elementar metamers) in more than 60 species of half-shrub and grass plants from the family Lamiaceae were studied.
The statistically representative plots of changes of this parameter for the most species appeared to be one-vertex, but very
different by shape and specific. Two- and multi-vertex plots characterize limited number of species and appear as a result

of quantized growth of shoots.
Key words: Lamiaceae, life forms, monocarpic shoot, lengthwise symmetry, length of metamer internodes
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MIKPOCKOIIIYHI TPUBU-AECTPYKTOPH B
YMOBAX AIMITYBAHHA AJKEPEAA BYT'AEITIO:
OCOBAUBOCTIMOP®OAOTIi TA HAKOIIUYEHHSA
HEOPTAHIYHUX ITOAI® OCPATIB

TeTssHA KOHAPATIOK

Amnoranis. OxapakTepu3oBaHO 3MiHHM y MOPQOAOTii, papiaAbHifl IIBHMAKOCTI POCTY, HAKONMYEHHi HeOpraHivHMX

noaipocdariB y KAiTMHaX MiKpockomiuHuX rpubiB poais Alternaria, Aspergillus, Cladosporium ta Penicillum, sxi

BiAOYBAIOTHCS B yMOBAX AIMITYBaHH 32 AXKepeAoM Byraeio. OTprMaHi pe3yAbTATH ITi ATBEPAXKYIOTD Pi3Hi IMASIXM peaAisarti

AAANITUBHUX PeaKIIifl MiKpOCKOIIYHUX IPUOIB AO AGHOTO CTPECOBOTO GaKTOPY.

Karouosi caosa: Alternaria, Aspergillus, Cladosporium, Penicillum, MikpoCKOIIMHI IrpH6H-A€CTPYKTODPH, AKEPEAO BYTAELIO,

AimMiTyBaHHS, MOp$OAOTisL, HeopraHiuHi moaipocpary, apanrarnis

HHIJ «Incmumym Giorozii, Kuiscokuil nayionasvruil ynisepcumem imeni Tapaca Illesuenxa, 8ys. Borodumupcoka, 64/13,

Kuis-601, 01601, Ycpaina; takbiofak@ukr.net
Bceryn

Inpoxi aMIAITYAM aAANTHBHHUX peakIiiil
MIKPOCKOIIYHHX IPHUOIB Ha Alf0 PI3HOMAHITHHX

dakTOpiB  CHpMAOTh IX IOMKPEHHI0 Y
Halpi3HOMAHITHIIINX yMOBax AOBKIAAS,
Ha PpIBHMX CyOCTparax IIPUPOAHOIO Ta

AQHTPOIIOTEHHOTO MOXOAXKEHHS, AO3BOASIOTDH IM
3aliMaTH AOMiHyIOYe IIOAOXKEHHS AeCTPYKTOPiB
pisHHX BHpOGIB Ta MarTepiaAaiB B Ha3eMHOMY
cepepoBHINi. IHTeHcHBHICTD pyHHIBHOI il
rpubiB, y IepIIy 4Yepry, 3aAeKHTb Bip CKAAAY
Marepiany (30Kpema, HAsSBHOCTI B HbOMY
OpraHiuHHMX CKAQAOBHX), 2 TAKOX BiA IOKA3HUKIB
BoAorocri (K y MaTepiaai, Taki308Hi). Y Hamm yac
CTPIMKO 3pOCTa€ Pi3HOMAHITTSA CHHTETHIHMX
MOAIMEpHUX BHpPOOIB Ta MaTepiaAiB.
BBaxaerpca, mo  pict  MikpockomiyHUX
rpubiB Ha TaK 3BAHMX BAXXKOAOCTYIHUX 260
AHTPOIIOTEHHO TPaHCPOPMOBAHHUX CYyOCTparax
(Texmiynmx BUpo6ax Ta MaTepiaaax, y TOMy
YMCAl CHHTETMMHHX TOAIMEPHHMX) MOXHa
IIPUPIBHATHU AO POCTY B €KCTPEMaAbHUX YMOBaX.
Mop¢oaoriuni Ta Piziororiuni ocobauBocri,
SAKMMH ~ XapaKTePHU3YIOTbCS  MiKpOMilleTH-

© The Author(s), 2014

AECTPYKTOPH Y TAKHX YMOBAX, € BIAOOPKEHHIM
IMIMPOKOl AAANTHUBHOI XKUTTEBOI CTparerili mux
mikpoopranismis (EpmuaoBA u dp. 200S;
KyPAKOB u dp. 2008).

BipoMo, mo mposiBoM aKTHBHOI crTparerii,
AKa Crpusie $opMyBaHHIO aAanTaLin
MiKpoMiIleTiB Ta, BIiATIOBIAHO, e(eKTUBHOMY
OCBOIOBAaHHIO HECHPHATAMBOTO AASl PO3BHUTKY
CepeAOBHIIA (Aeq)iuHT TAIOKO3H, AiSl CBiTAQ,
paaianii, eKCTpeMaAbHUX TEMIIEPATYpP, BasKKMX
MeTaAiB) € BAOCKOHAAE€HHS  MilleAlaAbHOIL
oprasisaniiil TAAAOMY, MeAaHi3allis KAITHH, 3MiHa
IIBUAKOCTI POCTY, peayKuis, abo, HaBIaKH,
iHTeHCUPiKallis CIIOPOHOIIeHb, 3MiHHU Y TOBIIMHI
ripis, CenToBaHOCTI MilleAilo, yTBOpeHH:
AePOpPMOBAHUX KAITHH, BEAMKOI KIiABKOCTI
XAAMIAOCIIOP, IIOCHA€HA BaKyOAi3allidl TOIJO
(OKAAHOBA 1 BACHMAEBCKAS 1988; IBAHOBA
1 MapPoEHUHA 2008; [ToTATIOBA 2008).

YBaru AOCAIAHMKIB 3aCAYTOBYIOTH IHTaHHS
BIIAUBY PIi3HHUX eKCTpeMaAbHUX ¢aKTOpiB Ha
BMicT Heopramiunmx moaipocdaris (HIID)
y KaiTmHax Mikpockomiynux rpu6is. HII®
€ HeBIAEMHMMHM KOMIIOHEHTAMHU  KAITHH
BCIX IJApCTB >KMBUX OpPraHi3MiB. Y APDKAXIB
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CaxapOMIlIeTiB, HaIpHKAap, SKi 3Ae6iAbIIOrO
€ 3aAeXHMMH BiA YMOB HAaBKOAMIIHbOIO
cepeposuma, noaipocarn (I1O) BuxoHyOTH
poab pesepBy ¢ochary Ta eHeprii, skui
A€  MOXAMBICTD IIBUAKO II€PEXOAUTH 3
iHepTHOI $asu PO3BUTKY AO AKTUBHOTO POCTY
Ta PO3MHOXEHHS HaBiTh B YMOBaxX CTpecy
pisaoi mpupoau. Ilpu  ¢apbysanni IIP
OCHOBHUMM  OapBHHKAMH  CIOCTEpIraeTbCst
SBUIE MeTaXpPOMasii, Ha MACTaBi 90ro IX 9acTo
Ha3WBalOTh METaXPOMATHHOBUMM TpaHyAaMHU
(KvaAEB u dp. 2005; KYAAKOBCKASL u 0p.
2011). Taxi cTpecoBi pakropu sK O6MeskeHHS
KiAbKOCTI ~ HeopraHiuHoro  ¢ocdopy B
CepeAOBHIILi, TENAOBUH 0K, 6ionuan,
CIpUYHHIOTS epepo3nopia [T 3a ppakrrismu
Ta 3MiHY AOBXKHUH IX AQHIJIOTIB Y MiKPOCKOIIIYHHMX
mineaiaapHux rpubis-pecrpykropis ([TEPIIEBA

u dp. 2005).

3 ypaxyBaHHIM 3AATHOCTI MiKPOCKOIIYHUX
MiIleAlaABHUX rpHGiB ITOIIKOAXKYBATH
HAFPI3HOMAHITHIII BHPOOM Ta Marepiaaw,

30KpeMa CHUHTETHYHi IIOAIMEPH, AOCAIAKEHHS
0COOAMBOCTET IX PO3BHUTKY HA MAAOIIOXKUBHOMY
CepeAOBHIINi € aKTyaAbHHM.

Meroto pobotu 6ya0 OXapaKTepH3yBaTH

ocobauBocTi  MOpOAOrii  MIKPOCKOIIYHHX
MiIjeAlaABHUX rpn6iB Ta HAKONUYEHHS HUMHU
Heopraniyaux  moaipocdaris  (HII®) B

YMOBax AiMITYBaHHS IOXXMBHHMX CEPEAOBHII 3a
AYKEPEAOM BYTACIIIO.

Marepiasn i MeTOAM AOCAIAIKEHD

Tecr-kyAbTypaMu y  pobOTi  CAyryBaAm
9UCTI  KYABTYpH  MIKPOCKOINYHHX  TpuOiB
i3 KOAEKIIii MIKPOMIIIEeTiB-AeCTPYKTOPIB
KuiBcpkoro  HallioOHAABHOTO  YHiBepcHUTeTy
imeni Tapaca Illeswenxa (FCKU): Alternaria
infectoria Simmons 307 FCKU, Alternariasp.716
FCKU, Aspergillus versicolor (Vuill.) Tiraboschi
446 FCKU, Penicillum funiculosum Thom.
258 FCKU, pisui iszoastu  Cladosporium
sphaerospermum Penz (312-314 ta 318 FCKU).
Bxasani TecT-KyAbTypu OyAM i30AbOBaHi i3

PI3HOMAHITHHX IIOMKOAXKEHHX ITOAIMEPHHX
Marepiaais (BvoeMyAbciﬁHoI AKPHAOBOIL
¢apOy, CHHTETHYHOTO KA€H0, aKPHAOBOTO
repMeTnKy). 3acToCOByBaAM  arapH3oBaHi

ITO>KHMBHI CEpEAOBHINA: KAPTONASHO-TAIOKO3HUM
arap (KTA), Yanexa-Aokca (YAA) 3 pisnoro
KOHIleHTpanjieo caxaposu 0,1%, 0,3% Ta
roropnumit  arap (FA). AAs  Bu3HauYeHHs
PaAiaAbHOI IIBHAKOCTI POCTY TeCT-KyABTYpPH
MiKPOMIIIEeTiB BUCIBAAM METOAOM YKOAY B YaIIKU
Ilerpi aiamerpom 90 Mm. 3a pesyabraTamu
moA060BUX BHMipIOBaHb 06paxoByBaAH
PaaiaAbHY IIBUAKICTD POCTY 32 pOPMYAOIO:

K=(R,R)/(t, t),

Ae R i R, - papiyc koaoHii y moyarkosui i
KiHIIeBUII MOMEHTH BHMIpIOBaHHS BiAIIOBIAHO
(mm), t, it, — wac (a06a) mowarky i Kimms
sumipiosanns (ITAHUKOB 1992).

At pocaipxennss Hakormmuenus HITO
Yy KAITMHaX IpHOIB BHKOPHUCTOBYBAaAU METOA
3abapBaents 0,02% poO3IMHOM HEHTPAABHOTO
yepsonoro (BAPbIKHHA 2004). Mopdoaoriuni
0COOAMBOCTI TECT-KYABTYp IPHOiB BU3HAYAAH 32
TaKUMU O3HAKAMU: HasIBHICTb 3MiH y MOp$OAOTii
BereTaTMBHUXTi() Ta PEITPOAYKTHBHHUX CTPYKTYP,
HasBHICTb, pO3TallyBaHH:, BIAHOCHAa KiABKiCTb
ta ¢dopma rpaHya IID. dororpapysanHs
IIPOBOAMAM 32 AOIIOMOTOI0 Mikpockorry Primo
Star xommanii Carl Zeiss mpu 36iabmrenHi
x400. BumiproBanHa TOBIMHU TidiB, BipcTaHi
MDK CeNTaMH, AlaMeTpy CIOp 3AIMCHIOBAAM 32
AOIIOMOTOK0 MOPPOMETPHIHOI KOMII FOTEPHOI
nporpamu Axio Vision. Orpumani pesyabraTu
06pobaeHI 3a  AOIOMOIOK  AilleH3IFHHUX
IIPOrPaMHHUX IIPOAYKTIB, Ki BXOAATD y IIAKET
Microsoft Office Professional 2000 (Excel).
AAsL 3AIFICHEHHS aHaAi3y MOpP(OMeTpPHUIHUX
MIOKA3HUKIB BUPaXOBYBaAU cepeaHe
apuMeTHIHe Ta Oro MoxuoKy. AocToBipHicTb
PEe3yABTaTiB  AOCAIAKE€HD ~ BH3HAYaAM 32
AOTIOMOT010 t-xpuTepiio CrpropeHTa
(AaxuH 1990), pisens sHaunmocri p<0,05.

Pe3yAbTaTH Ta iX 00rOBOpEHHS

Y pesyAbTaTi ITIPOBEACHUX AOCAIAXKEHD
BCTaHOBAEHO, IIJ0 Ha CEPEAOBHIIAX, AIMITOBAHUX
32 AXEPEAOM BYTAEII0, CTPYKTypa Ta KOAIp
KOAOHIHl TeCT-KyAbTYp TIpuOiB MaAu 3HAdYHI
BIAMIHHOCTI  BiA KOHTPOABHMX BapiaHTiB:
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Puc. 1.
Cladosporium sphaerospermum 312 FCKU Ha cepepoBHi
YAA 3 Bumictom caxaposu 0,1% (A) ta korTpoab (UAA)
(B). 3a6apBaenns HefiTpaAbHIM YepBoHUM, X400.

3BUBUCTI Ta TIOTOHIIEHI HHUTKA MilleAil0

Fig. 1. Contorted and widened hyphae of Cladosporium
sphaerospermum 312 FCKU mycelium in ChDA medium
with 0.1% of saccharose content (A), and control, ChDA
medium only (B). Stain by red neutral, x400.

CIIOCTEpIraAM CAAOKMI PO3BUTOK IOBITPSIHOTO
MilleAito, 3a0apBAEHHS KOAOHIH 3MiHIOBAaAOCH,
IPOTe 3AATHICTb AO POCTYy He BTpadarach
(MuromHuK 1 KOHAPATIOK 2012).

Miueaifl y BCiX TecT-KyAbTyp IpHbOiB Ha
CepeAOBMINAX, AIMITOBAaHHX 32 AXKEPEAOM
BYTAEIIIO, OyB  3HAYHO  IOTOHIICHHI:
CIIOCTEepiraAl yTBOPEHHSAM TOHKHUX, PapiaAbHO
CHpAMOBAHUX MilleAiAAbPHUX TSDKiB, TAK 3BAHOTO
“momrykoBoro Mineairo”. IToAi6HI yTBOpeHHS
BIIEpIe OXAPAKTEPH30BAHO AASl 0A3HAIAABHHX
rpubis  (KamM3oakuHA 200S), a Takox
BUSBACHO HM3KOIO aBTOPiB IPH AOCAIAXKEHHI
BAACTHBOCTEMN OAIrOKapOOTOAEPAHTHHX
MIiKpOMIIIETiB, i30AbOBaHMX i3 MpUMieHb 4-TO
6a0xy YAEC (ITABAMYEHKO 2009).

Ha T'A ta na YAA 3 BMicTOM caxaposu 0,1%

L..

ta 0,3% y C. sphaerospermum mu KOHCTaTyBaAK
YTBOPEHHsI HEXapaKTEPHUX AAS AQHOTO BHAY
3BUBHCTHX HUTOK Mirteairo (Puc. 1).

Is  3HWXeHHAM BMICTYy caxapos3u
CEepeAOBHIIL CIIOCTEpiraAl CKOPOYEHHs 4Yacy
CIIOPOYTBOPEHHs, 3MiHEHHA KOAbOPY CIIOp
y rpubiB poaiB Penicillium Ta Aspergillus.
36iAbmeHHS BiACTaHen MiX CerTaMy,
IIOTOHIIEHHs BereTaTMBHMX TigiB B yMoBax
AIMITYBaHHS ~ AXKepeAa  ByTAEIO Oyao
xapakrepHuUM Aasl A. versicolor, A. infectoria,
Alternaria sp. i Penicillum funiculosum. Ha TA
ciopu A. versicolor Takox 6yan 30iabmeHi
IOPIiBHAHO 3 KOHTpoAeM. B ycix aocaipxenux
isoasris C. sphaerospermum ToBmuHA Tidis
3MiHIOBAaAaCs MPSAMO NPOIOPIIMHO, a BIACTAaHDb
MDK cenTamMu — 06epHeHO IPOIOPLIHO BMICTY
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Puc. 2. Kpusi pocry Cladosporium sphaerospermum 312 FCKU Ha AOCAIAXXYBaHHX CepeAOBHIIAX.

Fig. 2. Growth curves of Cladosporium sphaerospermum 312 FCKU in investigated media.

AKEPEeAa BYTACIIIO Y CEPEAOBHIIIL.

Buspaeni mamu sminu y Mopdoaorii Tect-
KyABTYp TIpubiB, a caMe YTBOpPEHHS KAITHH
HexapakTepHoi (OpMH, 3MiHM Y TOBIIMHI
ripis Ta MDKCENITOBUX BIACTAHSX, pO3Mipax
CIOp MATBEPAXKYIOTH AAHI AiTepaTypHu IOAO
MOPQOAOTIYHUX 3MiH MIKPOCKOIIYHHX T'pUOIB
3a YMOB Ail excTpeMaAbHUX (aKTOPIB Pi3HOI
npupopu (VBAHOBA U MAPOEHUHA 2008;
IMotamosa 2008; ITABAMYEHKO 2009).

OpHpMM i3 iHTerpaAbHHX  ITOKA3HHKIiB
PO3BUTKY MIKPOMILIETIB B  €KCTPEMaAbHHX
YMOBax, IO BiAo6pa>Kye IX peakuilo Ha 3MiHH
YMOB CEPEAOBHMINA, BBAXKAETbCA MIBUAKICTD
ix ripasbHoro (papiaapHOro) pocry Ha
arapusoBaHux cepepoBumax (BAAXKEEBCKAS
u dp. 2002). OTpuMaHi HaMU KPHBi IBUAKOCTI
pocry TECT-KYABTYD MIKPOCKOIIYHHUX
MilleAiaAbPHUX rpH6iB B YMOBaX IIPOBEACHMX
eKCIIepUMEHTIB  pisHHAMCS MDK coboro. B
A. infectoria Ta P. funiculosum mBHAKiCTD pocTy
Ha CEPEeAOBHINAX, AIMITOBAHHX 32 AXKEPEAOM
ByIAelo, OyAa BHINOIO, HDK Yy KOHTPOAL

PapiaapHA MIBUAKICTD POCTY YCiX AOCAIAXKEHUX
isoastis  C. sphaerospermum Maaa IiKOBi
HAMBHUIIi 3HAYEHHA Ha 6-7 AO 6y KYAbTHBYBaHHs,
a XapakTep KPHBHX POCTY BIPOAOBXK 14 Ai6
HE MaB 3HAYHHUX BIAMIHHOCTEH Bip KOHTPOAIO
(Puc.2).

AASL KpUBUX IIBUAKOCTI POCTY T€CT-KyABTYP
MIKPOCKOIIIYHHUX rpn6iB Ha BCIX AOCAIAYKEHHUX
CepeAOBHIIAX XapaKTePHi KOAMBAHHS, SIKi MOXKHA
HOSICHUTH SIK OIOpUTMH, IO IIATBEPAXKYETHCS
panuMu aiteparypu (BAAKEEBCHKA 2002). 3a
YMOB OOMEXEHHSI AKEepeAa BYIACLI0 MOXYTb
CIIOCTEpIraTHCs BIAXUACHHS IIMX KOAMBAaHb Bip
KOHTPOABHHX [TOKAa3HUKIB.

Y pesyabTaTi IpOBEASHUX AOCAIAXKEHD IITOAO
amig Bmicry HIIQ y xaiTmHax TecT-KyAbTyp
MIKPOCKOIIIYHMX MiljeAiaAbHIX rpn6iB HaMH
OyAO BCTAaHOBA€HO, I[O B YMOBAX AIMITyBaHHI 3a
AXKEPEAOM BYTAEII0 IIePEBAXHO 301ABLIYIOTHCS
KIABKICTD Ta PpO3MIPH TPaHyA BOAIOTHHY
(HII®). Tak, y A. infectoria npu pOSBHTKY
Ha KIFA (KOHTPOAb) HeBeAMKa KiABKICTb
Api6HI/IX OKPYTAUX TPaHyA BOAIOTHHY 6yAa
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Puc. 3. BereraTuBHi Ta peNMpOAYKTUBHI CTPYKTypu
Cladosporium  sphaerospermum 312 FCKU sa ymos
KyAbTHBYBAaHHS Ha pisHux cepeposmmax: A - KIA
(KOHTPOAb); B -TA; B - YAA 3 BmicTrom caxaposu 0,1%.
3abapBaeHHs HeNTpaAbHUM YepBOHUM, X400.

Fig. 3. Vegetative and reproductive structures of
Cladosporium sphaerospermum 312 FCKU in conditions of
cultivation on various media: A - PDA (control); B — GA;
B - ChDA with 0.1% of saccharose content. Stained by red
neutral, x400.
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CKOHIIEHTPOBaHA TiABKH B OKpeMHX ridax, Ha
YAA i3 BmicTom caxaposu 0,1% KoHCTaTyBaAu
HasBHICTh B)X€ 3HAYHOI KIAPKOCTI KpYIHMX
OKPYTAUX i BUAOBKEHHX I'PaHyA, Ha ['A — rpanyAn
HIIQ wMmaibKke IOBHICTIO 3allOBHIOBAAHU BeCh
BiABHUMI pocTip KaiTuH. Y ridax A. versicolor Ha
YAA (KOHTPOAD) Takoxk 6YAO BUSBACHO OKpeMi
ApibHI okpyrai rpamyan HII®, ma YAA is
BMicToM caxaposu 0,1% — AOKaAbHI CKyIYeHHs
Api6Hux rparya HIT®, Ha T'A — BeAnKy KiABKiCTD
cepepHix 3a posMipom okpyraux rpanya HITO.
Aast i3oasttiB TecT-kyabryp C. sphaerospermum
KOHCTaTyBaAW 30IABIIEHHS KIiABKOCTI IpaHyA
HII® y xaiTuHax rpuba 3 9acoM, TAKOXK
BOKAMBOIO OCOOAMBICTIO €  HAKOIMYEeHHS
MOAiPOCPaTiB y penpoOAyKTUBHHUX CTPYKTYpax
(Puc. 3) (KoHAPATIOK 1 MuPOmHUK 2012).
Takoxx Bi3yaAbHO MOXKHA OYAO BiAMITHUTH 3MiHY
inTeHcuBHOCTI 3abapBaeHHs rpanya HIIO, mo
MOJXHA IOSCHUTHU 3MiHAMU B AKiCHOMY CKAaAl
BratoueHb. Sk Bipomo, HII® mMarory pisHi
Ppakuii  (KHCAOTODOSYHMHHY, COAEpPO3UMHHY,
AYTOPO3YMHHY), KOXKHA 3 IKUX XapaKTePH3yEThCS
PO3TAlllyBAaHHAM B Pi3HMX OpTaHeAaxX KAITHHH i
B Pi3HHMX YaCTHMHAX CaMOTO OPraHi3My, a TaKOX
IeBHUMM 3HAYEeHHIMU AOBXUHU AaHIora HITD
(KyAAEB u dp. 2005). Bignocua xiabkicts HI1®
pisHuX $pakiiil MoxXe 3MiHIOBaTHCh. Tak camMo
MO>Xe 3MIHIOBAaTHUCh AOBXMHa AaHiporis HITO B
MexXax QpaKIfii.

BucHoBxu

ExcnepumenTasbHO — MiATBEpAXKEHO, 11O
32 YMOB POCTy Ha CE€PEAOBHINAX, AIMITOBAaHHX
32 AJKEpPEAOM BYTIAELO, BiA6YBaIOTbCSI 3MiHH
Yy PpaaiaAbHill MIBHAKOCTI pocTy, Mop¢oaorii

TECT-KYABTYp  MIKPOCKOIIYHHX TIpubiB Ta
HAaKOIIMYEHHS IX KAITMHAaMH HEOPTaHIYHMX
noaipocdaris: 3MIHIOIOTbCS IiABHICTD
Ta IHTEHCHBHICTh 3a0apBAEHHS  KOAOHI,

TOBIIMHA ridiB, MIDKCENTOBUX BIACTaHEH Y
ripax, POPMYETbCS <«IOITYKOBHIT> MiIleAil,
3MiHIOETbCA  popMa TidiB  BereTaTUBHOIO
MiIleAif0, MEePeBAKHO 30IABLIYIOTHCS KIiABKICTB
Ta pO3Mipu METaXPOMAaTUHOBUX I'PAHYA.
Mop¢oaoriuni 3MiHM Ta 0cO6AMBOCTI
HAKONMYEHHs HeOpraHiyHux moaidpocdaris
B KAITMHAaX AOCAIAXKYBAaHHUX MIKPOCKOMIYHHMX

rpubiB 3a YMOB AIMITYBAaHHS AJKEpPeAa BYTAELO
y CepeAOBHINI MOXYTh OyTH BiAOOpaKeHHSIM
IIAPOKOI AAANTHBHOI XXKMTTEBOI CTpaTerii ux
MIKpOOPraHi3MiB, IO AO3BOASE IM BHUCTYIATH

AKTUBHMMH  AGCTPYKTOPAaMM  CHHTETHYHHX
ITOAIMEPHHUX MaTepiaAis.
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Abstract. Exchanges of morphology, speed of radial growth, and accommodation of inorganic polyphosphates in cells

of microscopic fungi of the genera Alternaria, Aspergillus, Cladosporium and Penicillum in condition of carbon limitation

are characterized. Results obtained confirm existence of various ways of realization of adoptive responses of microscopic

fungi to this stress factor.
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MIKPOMOP®OAOTISI ACKOM PYRENIDIUM ACTINELLUM S.L.
(DACAMPIACEAE, ASCOMYCOTA)

Muxkoaa ITiporos

Awnoranis. Y 2013 poui Ha Tepuropii YkaHcbkoro HarjioHaAbHOTO IIpUpPOAHOTO MapKy 6yB 3i6paHuil He BH3HAYEHMUIT

SIIAITHUI AYCKaTHH AMIIAMHUK YPAKEHHH AiXeHOQIiABHMMU I'pI/I6aMI/l. AOAATKOBI AOCAIAXEHHS AiXeHO(IAPHUX rpH6iB

nokasaau, wo te Pyrenidium actinellum s.1., Bup, sixuit panime past Ykpainu 6yB BiaoMuit Aure 3 TepHOmiAbChKOT 06AACTI.

AAS[ CXiAHI/lX KaprlaT 1151 3HaXiAKa BUSIBUAACH IepuIoo. y P060Ti IIOAQHO OITIHC aCKOM, ackiB Ta aCKocCnop AOCAIA>KEHOTO

3paska.

Karouosi caoBa: Pyrenidium actinellum, sixenodiabui rpu6u, Hosuit Bup, Cxigni Kapmaru, ncesporenii, acku, ackocopu

Avsiscokuti  HayionasvHuil ynisepcumem imeni lsana @panxa, eyA. Ipywescvkozo, 4, m. Awvsis, 79005, Yipaina;

nikola.pirogov@gmail.com

Bceryn
Pyrenidium  actinellum  sl.  Haaexurs
AO  Tpymu  AixeHOdiabHHX  Ipu6iB,  SIKi
MOXYTb PO3BMBaTHCh Ha CAQHi BEAMKOTIO

KOAQ HeCIOpiAHeHHX rocmoaapis: Aspicilia
calcarea (L.) Mudd, Baeomyces  rufus
(Huds.)  Rebent, Caloplaca  teicholyta
(Ach.) Steiner, Diploschistes caesioplumbeus
(Nyl.) Vainio, Fulgensia fulgida (Nyl.)
Szat., Lecanora jamesii Laundon, Leptogium
teretiusculum (Wallr.) Arnold, Massalongia
carnosa (Dickson) Korber, Peltigera spp.,
Phaeophyscia sp., Physcia cf. hispidula (Ach.)
Frey, Solorina crocea (L.) Ach., S. saccata (L.)
Ach., Teloschistes chrysophthalmus (L.) Norman
ex Tuck, Toninia squalida (Ach.) Massal,
Trapeliopsis granulosa (Hoffm.) Lumbsch Ta in.
(HawksworTH 1983; EOL 2013 ). ITJo njikaso,
Pyrenidium  actinellum  s.str, posBUBaeTbCS
BUKAIOYHO Ha BUAAX poay Leptogium (LAWREY
& DiepERrICH 2011; EOL 2013). Mosxauso,
mWo y MafbyTHPOMYy KOMIAeKC Pyrenidium
actinellum s.]. 6yae po3aireHO Ha IpyITy BHAIB.
Broepme P actinellum Nyl. aas mikobioTn
YxkpainmnaBepaenoy 1998 pomni C. Konpparioxom
31 300piB 3poOAEHNX HA TePHUTOPIi 3aIIOBiAHMKA

© The Author(s), 2014

Mepo6opu (Tepromiabchka 064.)
(KONDRATYUK et al. 1998). Bup BussaeHo
Ha caani Cladonia chlorophaea (Floerke ex
Sommerf.) Spreng. ¥ uurosaniit po6ori omuc
BHAY He [IOAQHO.

Y 2013 poui y 36opax emiAiTHHX
AMIITANHUKIB 3PO6A6HI/IX Ha TepUTOPil
VYxancpkoro  HamiomaabHOro  mpHpoAHOro

napky (3akapmarcbka o06A.) Ha caaHi He
iAeHTH(IKOBAHOTO AYCKaTOTO AMIIAMHUKA HAMHI
BusaBAeHO ackomu P. actinellum. 1la smaxipxa
BISIBUAACh Teprmoro AAst Cxipamx Kapmar. Y
il CTaTTi MM ITOAAEMO OIIMC CTPYKTYPH acKOM,
ACKiB Ta aCKOCIIOP AOCAIAXKEHOTO 3pasKa.

Marepiaan i MeTOAM AOCAIAKEHD

36ip Ta onparroBaHHsA repbapHOro MaTepiay
AMITAMHUKIB 3 AiXxeHOQiAbHMMHI I‘pI/I6aMI/I
IMPOBOAMAM 33 CTAaHAAPTHHMH METOAAMH, SKi
3aCTOCOBYIOTb IIPU POOOTI 3 AMIIAFHHKAMH
(OxcHEP 1974; SMITH et al. 2009). Marepiaaom
AASL  pOOOTH CAyryBaAM BAacHi repOapHi
3paskH, 3ibpani y cepnai 2013 p. Ha TepuTopil
Vxarcsxoro HIITI, sixi 36epiratorsest y repbapii
ADBBIBCBKOrO  HAI[IOHAABHOTO  YHIBepCHUTETY
imeni Isama ®panxa (LW). AocaipxeHHs
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Puc. 1. Ayckarnil emiAiTHAIT AUIIAAHUK ypaxkeHHi AixeHoiabHuM rpuboM Pyrenidium actinellum s.1. IlIkaaa — 400 mxm.

Fig. 1. Squamulose epilithic lichen infected by lichenicolous fungus Pyrenidium actinellum s.]. Bar — 400 pm.

Puc. 2. ITeputernienopibuuii ncesporeniit Pyrenidium actinellum s.1. Ilkaaa — 20 Mxm.

Fig. 2. Perithecial ascoma of Pyrenidium actinellum s.1. Bar — 20 pm.



ITiroros M. Mikpomopoaoris ackom Pyrenidium actinellum s.1.
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CTPYKTYPHU aCKOM IPOBOAUAHM 32 AOIIOMOIOIO
mikpockonis MBC-10 Ta bioaam Aomo P14 Ha
py4HuX 3pi3ax. Bumipu po3mipiB mpoBoAuAH Y
AUCTHABOBAHII BOAI.

Omnnc acKoM, aCKiB Ta aCKOCHIOP
Pyrenidium actinellum s.l.

Iepurenienoai6Hi ncesporenii 130-150 Mxm
mupuHo0 Ta 170-200 MKM BUCOTOIO, AINTHYHI
YU IPYIIOIOAIOHI, TEMHO-KOPUYHEBI AO YOPHUX,
Ha BepXiBI[i HECYTb OCTiOAY, 3aHYpPE€Hi y CAaHb
TOCIIOAAPSl AO HAIiB3aHYPEHHX, PO3CifHI 4
ckymueni o asa-tpu (Puc. 1). Crinka ackomu
IIAKOM KOpPHUYHEBA AO TEMHO-KOPHUYHEBOI,
napansekTeHxiMHa, 30-40 MKM TOBIIMHOIO,
CKAQAAETBCS 3 KIABKOX INApiB OiAbII-MeHII
isopiamerpuunux kaitua (Puc. 2). Tamareniit
ckaapaeTbess 3 mapadisoipiB.  Ilapadizoipm
1-2 MKM AlaMeTpOM, HUTKOIOAiIGHI, Ge36apBHi,
CeNTOBaHi, I'yCTO PO3raAyXKeHi Ta QpOpMyIOTh
YHCACHHI AHACTOMOB3H. Acxu Marbke
uAiHApuyHi, 60-65%16-17 MxM, 4-croposi.
Acxocriopr MOAOAi Oe3bapBHi, KOpHUHEBi uu
TEMHO-KOPHYHEBI KOAM 3piAi, 3 KiHI[€BUMHU
KAITUHAMHA ~ 4aCTO 6AiA0-KOpI/I‘IHeBI/IMI/I AO
MaibKe 6e306apBHUX, IIMPOKOBEPETEHOMOAIOH,
9aCTO 3A€rKa 3irHyTi, 3a0KPYTA€HI Ha KiHIIAX,
YOTHPUKAITUHHI, OiABIN-MEHII CTHUCHYTI Y
pattoni cenrty, 20,5-23,4x8,1-9,1 mxm (Puc. 3).

Micrie 36opy AOCAIAYKEHOTO
repbapHOro 3paska: 3aKapmaTcbka 00AACTb,
BeAnko6epe3HsHCKHI p-H, OKOAULI ¢. Ay6HS, I.
Yepemxa, 49°1°57,80” nx. m. 22°40°51,10” cx. A.
1109 m n.p.m., 20.08.13 M. ITiporos.

Bup HaBeaeno Brepe pas Cxipaux Kapmar.

AocaipxeHHIt  3pa3oK  3a  KOMIIAGKCOM
AlaTHOCTUYHMX O3HAK HAAEXHTb AO arperary
P. actinellum s.1., aae ne po Buay P. actinellum s.s.,
SAKUA KpIM TOrOo, IO Ypaka€ AHMIIE BHAH
poay Leptogium, xapakTepH3yeTbCs TaKOX
CUASIMMMH  aCKOMaMHU. AOCAIAKEHHH HaMH
3pa3oOK Ma€ 3aHYpeHi AO HamiB3aHYypEHHUX Yy
CAQHP FOCIOAAPS ACKOMH, KPIiM TOTO AMIIAHHUK-
TOCIIOAAP HAAEXKHTb AO I'PYNHU IeTepOMEepHUX,
a He roMeoMepHUX BHAIB. Ilicas Toro, Ak 6yAe
IPOBeAEHO peBisito arperary P. actinellum s.l.
BAACTbCS TOYHIIIE CKA3aTH AO SKOTO CaMe BUAY Y
BY3bKOMY PO3YMiHHI HAA€KUTD HAII 3Pa30K.

Puc. 3. 3piai ackocnopu Pyrenidium actinellum sl
IMxaaa — 20 MKM.

Fig. 3. Mature ascospores of Pyrenidium actinellum s.l.
Bar — 20 pym.
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ASCOMATA MICROMORPHOLOGY OF PYRENIDIUM ACTINELLUM S.L.
(DACAMPIACEAE, ASCOMYCOTA)

MyxkoLra PIROGOV
Abstract. Unidentified squamulose epilithic lichen infected by lichenicolous fungi was collected on the territory of
Uzhanski National Nature Park in 2013. Due to detailed studies of the lichenicolous fungus it appeared to be Pyrenidium
actinellum s.1. — species known for Ukraine only from Ternopil oblast. P. actinellum is new for the Eastern Carpathians. The
description of ascoma, asci, and ascospores of studied specimen are given.

Key words: Pyrenidium actinellum, lichenicolous fungi, new species, Eastern Carpathians, pseudothecia, asci, ascospores
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YABTPACTPYKTYPHI OCOBAHUBOCTI
OPTAHI3AIIT KAITUHU TA HIIPEHOIAIB Y
STICHOCOCCUS-TIOAIBHHUX BOAOPOCTE

Bixtoria M. KarsoBchKA ! TA Irop 0. KOCTIKOB ?

Amnoranis. [IpoBeaeHO eAeKTPOHHO-MIKPOCKOIIIYHE AOCAIAXKEHHS KAITHHHOI OpraHisarii AeSKHMX ayTeHTUYHHX IITaMiB
poay Stichococcus Nageli. B mepmry wepry, mipenoiay, sk crenuiqHoi CTPYKTypH, 0co6AMBOCTI MOPOAOTril sKOi
YacTO 3aCTOCOBYIOTBCS y CHCTEMATHINi B SKOCTi AIArHOCTHYHOI O3HAKM. Pe3yAbTaTu NpOBeAGHHX HaMH eAeKTPOHHO-
MIKPOCKOIIYHMX AOCAIAXKEHD AO3BOAMAHU OIMCATH Pi3HOMAHITHICTh OpTraHi3arii MipeHOIAIB Y AQHIN IPyIi i BAOKPEMUTH

ITSITh iX OCHOBHHMX THITIB.

Karouosi caoBa: Chlorophyta, Stichococcus, mipeHoia, 3eAeHi BOAOPOCTI, CHCTeMaTHKA
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Dwywicosa, 2, xopnyc 12, Kuis, 03022, Ykpaina
Bcryn

Pip  Stichococcus
TaKCOHIB

Nigeli - me

HEBHU3HAYECHOTO

rpyma
CTaTycCy,
MPEACTaBHMKHU $KOI MAIOThb HUTYACTUH THII
CTPYKTYpU  TiAa, LUAIHAPUYHI  KAITHHH,
[IApiEHTAABHUI XAOPOIAACT, APiOHI po3Mmipu
i pO3MHOXYIOTbCA BHKAIOYHO BereTaTUBHUM
MOAIAOM KAITHMHM HAABOE, IO IPU3BOAUTDH AO
YTBOpEHHS KOPOTKHMX HHTOK, $Ki 3a3BHYal
AETKO PO3IMAAAIOTHCA Ha IOOAMHOKI KAITHHHU
(NAGELI 1849). Biabmicts  Stichococcus-
nopi6uux Bopopocreit (6amspko SO BHAIB
Ta  BHYTPINIHbOBHMAOBMX  TAaKCOHiB)  3a
TPAaAULIIHOIO  MOP({OAOTIUHOIO
Oyaa ommcaHa y ckaaal popy Stichococcus
(Chlorophyta, Trebouxiophyceae).
MoarexyasspHO-PisaOTeHeTHUHI
AOCAIAXKEHHS], BUKOHaHI Ha MiACTaBI
AHAAI3Y SAEPHOTO TeHy, SKHUH KOAYE MaAy
cyboaunuio pubocomassroi AHK, mokasaau
HAA@XHICTh OIABIIOCTI AOCAIAXKEHHUX ILITaMiB
Stichococcus-moAIOGHIUX BOAOpPOCTENl AO KAacy
Trebouxiophyceae Ta ix 6An3bKy CIIOpiAHEHICTH

CHCTEMOIO

© The Author(s), 2014

3 KAapOI0 popmHH Prasiolaceae, a Takox
¢iroreHeTHYHY TIeTEpOreHHICTb KAACHYHOTO
poay Stichococcus (ELLIAS & NEUSTUPA 2009;
SLUIMAN et al. 2008). Ilpu npomy mramu
AHOTOBAHIy IPOBIAHUX KOAeKIIxsIK S. bacillaris
Nigeli moTpanuan A0 Pi3HHX MOAEKYASIPHHX
kaap (BLLias & NEUSTUPA 2009). Y pesyabrati
MOAEKYASPHO-(QIiAOTEHeTUYHUX  AOCAIpAXKEHD
3 Mex poay Stichococcus 6ya0 BHOKpeMAEHO
HoBuil pip Pseudomarvania Neustupa & Elias
(ELLias & NEusTuPA 2009), a Ha OCHOBI
mramis, paHime BusHaveHHxX sk S. bacillaris,
IO € HOMEHKAATYPHUM THUIIOM AQHOTO
poay, O6yam ommcami HOBI BuUAM S. jenerensis
Neustupa, Elia§ et Sejnohova Ta S. deasonii
Neustupa, Elid$ et Sejnohovd (Neustupa et
al. 2007). Y HpoOBiAHUX CBITOBHUX KOAEKIIisIX
Hapasi HeMae J>KOAHOrO IITaMmy, SIKHI Ou
ITOBHICTIO BiAITOBiAQB OPHUTiHAABHOMY AlarHO3y
S. bacillaris. Aesixki o3naxku popy Stichococcus
BBAKAIOTHCS AMCKYCIMHUMH, 30KpeMma,
CTOCOBHO POAOBOTO AiarHO3y AHCKYCIHHOIO
€ mHasHicTh mipenoiay. Cam K. Hereai
(NAGELI 1849) sayBaxkuB, mo TipeHOIAy BiH
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He nobauus: «Ein Chlorophyllblischen habe
ich noch nicht bemerkt; in gréfieren Zellen
fand ich zuweilen einen hohlen kugeligen
Raum in der Mitte». ¥ 1914 p. B. Tepinr
(HEERING 1914) moaas omuc popy y 3BepeHi
«Die Stisswasser-Flora> Ta Bu3Ha4uB poAOBOIO
03HAKOIO BipcyTHicTh mipeHoipy. Ilpore, mpu
€ACKTPOHHO-MIKPOCKOIIIYHHUX AOCAIAKEHHSX,
nounHaouu 3 1974p. nipeHoia 6yB AOCTOBIpHO
BUABAGHMI Y INTaMiB, iAGHTH(]IKOBAHUX SK
S. chloranthus Raths (PickeTr-HEAPs 1974),
S. bacillaris (SILVERBERG 1975), S. deasonii,
S. jenerensis (NEUSTUPA et al. 2007) Ta
S. ampuliformis Handa, Nakahara, Tsubota,
Deguchi et Nakano (HANDA et al. 2003).
Kpim Toro, 3 AHrapkTuxu OyAO OTPHUMAHO
Stichococcus cf. chloranthus, y xaopormaacri
SIKOTO MipeHOoIA BIACYTHIN (KOSTIKOV et al.
2003).

Marepiaan i MeTOAM AOCAiAKEHD

MarepiaaoM AOCAipXKeHHS 6yAH IITaMH
Stichococcus-mopi6HUX BOAOPOCTEN,
AenoHOBaHI y Kkoaekmii kyapryp Kwuicpkoro
HaIliOHAABHOT'O YHIBEpCHUTETY iMeHi
Tapaca Illesuenxa (axpomim ACKU) sk
HOMeHKAATypHuil Tun popy — S. bacillaris
(ACKU 487, 868) Ta Pseudostichococcus
monalanthoides (ACKU 644).

Aas TPaHCMIiCIMHOI €AEKTPOHHOI
Mikpockomii  BuUKOpucTOByBaAam 1,5  Ma
CycreHsifHOI KyAbTypH BopopocTeil. Kairnan
BOAOPOCTEH OCAAXKYBAAM LIEHTPUPYTYBAHHAM
mpu 5000 g mporsrom 10 xB. Ocap
¢ikcyBasu y 2,5 % posuuHi rArOTapaAbaeripy
Ha ¢ocpaTHOMy Oydpepi 3 HaCTymHOIO
aodikcaniero y 1% posuuHi YOTHPHOXOKHUCY
ocmio (0sO, B 1 M PBS), aeriaparysasu B
PpO34MHi €THAOBOTO CIUPTY IPH OCTYIOBOMY
36iabmenni #oro koumentpanii (30%, 50%,
70%, 90%, 100%) i ameToHi, KOHTpPacTyBaAU
ypaHiAalleTaTOM i 3aAMBAaAUM B EIOKCHUAHY
CMOAy. I3 3aANTHX B €MOKCHAHY CMOAY 3pa3KiB
BUTOTOBASIAM YABTPAaTOHKI 3pi3H, AAS SKHX
3aCTOCOBYBAaAM IIOABiiHE KOHTpPaCTyBaHH:
LUTPATOM CBMHI[IO Ta YpaHiAalleTaTOM 3a
Peitnoabacom (Yurau 1975). Ciocrepesxents
Ta MikpodororpadyBaHHS IPOBOAMAM Ha

eaexTporHOMY Mikpockomi JEM-1230 (JEOL,
Snownist) mpu po6ounx Hampyrax 80 kBr.

PesyabraTH Ta iX 06roBOpeHHs

Ha npuxaapi mramy ACKU 868
BCTAHOBAEHO, 10 KAitmHmM  Stichoccocus-
HOAIGHHX ~ BOAOPOCTEHl  BKPHTI  TOHKOIO
(95-105 HM) ABOXIIAPOBOI0  0OOAOHKOIO.
BuyTpimmit map  6iABII  eAeKTPOHHO-
IIIABHUH, 31 cAA00 HOMITHOI IIO3AOBXHBOIO
$ibpuaspuicTio, 56-60 HM  3aBTOBIIKH.

30BHIIIHIA map 6IABLI CBITAMI, TOMOIEHHHUIL,
45-50 um 3aprosmku (Puc. 1 a).

Xaopormaacr OAVH, Mapi€TaAbHMM,
pO3IIMpEeHMM Yy  I€HTPAaAbHIM  YacTHUHI
kaituan  (Puc. 1 k, 1). Bim wmictuts 8-14
napadpOHTAABPHO PO3TAIIOBAaHUX IIAPAACABHUX
AaMeA, SIKi CKAAQAQIOThCS 3 2-4 THAAKOIAIB
(Puc. 1 b) i AiH3OBUAHHIT BUAOBXKEHHET TOAHIT
mipenoip 1,5-2,5 mxm 3aBpoBxky, 0,6-1,2 MM
sapmupmku  (Puc. 1 ¢). Ha caritaapaux
3pisax mipeHOIA PO3AIASE XAOPONAACT Ha
abakciaApHy, IIPOMDKHY Ta  aAaKciaAbHY
obaacri. B abakciaapHilt 06AaCTi posTamoBaHo
4-6 AameA, B IPOMIXKHIM — 4-8 AaMea i mipeHOiA,
B apakciaApHi — 1-3 AameAn. Y AMCTaAbHIN
YacTHHI IPOMDKHOI 06AACTI SIK Ha IIO3AOBXKHIX,
TaK i Ha IIOTIePEYHHUX 3Pi3aX AAMEAU YTBOPIOIOTh
mapu. Y KOXHIHM Iapi OAHa AaMeAAd KOPOTKa, i
3aKiHuyeTbCs 6iast Kparo mipeHoipa. Y Toit dac
SK APyTa AAME€AA AOBIa, 3aXOAUTH Y IiPEHOIA,
IIpU IJbOMY OAHMH i3 1I THAAKOIAIB IPOHU3YE
nipeHoip mapagpoHTaAbHO. Y pesyabrari 2-4
THAAKOIAH (no OAHOMY i3 KOXHOI IMapH AaMeA
IIPOMIXKHOI 06AaCTi) PO3AIASIOTH mipeHOIA Ha
3-S5 mapaAeAbHi MapacariTaAbHUX CerMeHTH.
ToBmuHA  OAHOTO  CerMeHTa  CTaHOBUTb
6amsbko 200 um (Puc. 1 d). Y nepudepiitniit
30HI mipeHOIAy IHKOAM  CIOCTepiraerbcs
Aekiapka mipenoraobya (Puc. 1 e, j), a y
AMCTAaAPHHX 30HAX XAOPOIIAACTA — Bip OAHOIL AO
Aekiabkox maacroraobya (Puc. 1 f). Tpanyan
CTPOMaTHYHOTO KPOXMAAIO a60 110TO BiaKAaAU
HABKOAO IIiPEHOIAY He BUSBACHI.

Ha nomepeunux 3pi3ax A0 BHYTpIIIHbOI
CTOPOHH XAOPOIIAACTA AAT€PAABHO IIPHASITAIOTh
ABa IAACTHMHYACTi MITOXOHApiaAbHI Tpogiai
(Puc. 1 g). Ha mo3poBxHix 3pisax 6iast HOAOCIB
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Puc. 1. OcobanBocTi yAbTpacTpykTypHOi 6yaoBH Stichoccocus-moai6uux Bopopocreit (ma mpuxaaai ACKU 868

Stichoccocus bacillaris): a — ABoxmapoBa 060A0HKa; b — AaMeAH, IO CKAAAQIOTBCS 3 2-4 THAAKOIAIB; € — AIH30TIOAIGHMIT
BHAOBXKEHHI TOAMIT MipeHoip; d — mapu AaMea, 110 IIPOHUBYIOTH MIPEHOIA; €, j — mipeHorao6yau; f — maacrorao6yau;
g — MiToxoHApiaabHHMI npodiab; h, i — mAacTMHYACTHIT MITOXOHAPIAABHMIT TIPOGIAb, IPUTUCHYTUH AO XAODPOIIAACTY;
k, 1 - mapieTaAbHUIT XAOPOIIAACT.

Fig. 1. Ultrastructure features of cell of the Stichococcus-like algae (on example of ACKU 868 Stichoccocus bacillaris):
a — double-layer membrane; b — lamella consisting of 2-4 thylakoids; ¢ — lens-like elongated naked pyrenoid; d - pair of
lamellas that permeate the pirenoid; e, j — pyrenoglobule; f - plastoglobule; g — mitochondrial profile; h, i — mitochondrial
profile pressed to the chloroplast; k, 1 - parietal chloroplast.
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Puc. 2. PisHomaHiTHICTD HipeHOIAIB y Stichoccocus-moaibuux Bopopocreit: a, b — ACKU 871 Stichoccocus jenerensis
(3a NEUSTUPA et al. 2007); ¢ — ACKU 872 S. deasoni (sa NeusTUPA et al. 2007); d, e — ACKU 487 S. bacillaris;
f, g - ACKU 644 Pseudostichococcus monalanthoides; h, i — ACKU 868 S. bacillaris.

Fig. 2. Diversity of the pyrenoids in the Stichoccocus-like algae: a, b — ACKU 871 Stichoccocus jenerensis (accordingly to
NEUSTUPA et al. 2007); ¢ — ACKU 872 S. deasoni (accordingly to NEUSTUPA ef al. 2007); d, e = ACKU 487 S. bacillaris;
f, g - ACKU 644 Pseudostichococcus monalanthoides; h, i — ACKU 868 S. bacillaris.

KAITHHU BUSBAGHO 110 OAHOMY ITAACTUHYACTOMY
MITOXOHAPiaABHOMY IPOQiAIO, SKi IPUTHUCHYTI
Ao xaopomaacry (Puc. 1 h, i). Ha caritaapunx
3pi3ax iHKOAH Ha OAHOMY i3 ITOAIOCIB KAITUHH
MDX 00 0AOHKOIO | MITOXOHAPIaABHIM IIpOdiseM
CIOCTEpIraloThCsa  ABi  €AeKTPOHHO-IIPO30Ppi
CTPYKTYPH, $Ki, MOXXAUBO, IIPEACTaBASIOTH
BaKyOAI.

SApo pO3MIIIyeTbCS Y L@HTPi KAITHHH.
Y  {poHTaAbHI DNAOHMMHI BOHO OAHOIO
CTOPOHOI0 IPHASITA€ AO IipPEHOIA-BMiICHOTO
MOTOBUIEHHS  XAOPONAACTY,  IHIIOW  —

AO  BIAPHOI BipA XAOpOIAACTa KAITHHHOI
000AOHKH. Y cariTaAbHOMY pO3pisi SAPO 3
060X CTOpiH OOMeXeHe IAACTHHYACTUMHU
mitoxoHapiaabHuMu npoiaamu (Puc. 1 g).

Y pesyAbTaTi IPOBEAEHUX AOCAiAXKEHD
OyAM BusABA€HI HOBI THOH oOprasizanil
ImipeHOIAIB, YTOYHEHi AeTaAl oprasisarmii
KAITHHHOI 0060AOHKH Ta xaopomaacty. Hami
Pe3YAbTaTH Y3TOAXYIOTbCA 3 pPe3yAbTaTaMHU
€AeKTPOHHO-MIKPOCKOIIYHIX AOCAIAXKEHD
IHITUX  AOCAIAHHMIKIB, SIKi TeX BiAMiYaAu
HasBHICTD Y XAOPOIIAACTI TOAOTO IipeHOIAY
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(PickeTr-HEAPS 1974; SILVERBERG
1975), 1mO  CymepeduTh  MEPBHUHHOMY
aBTOpCbKOMY AlarHosy. O00AOHKa, ImipeHOi) i
MITOXOHAPiaAbHUI NPOQIiAb HA IOIEepPedHOMY
3pisi BIATIOBIAQIOTH €AEKTPOHOIPAaMaM BHAY
Stichococcus sp., TpoTe y HANIOrO IITaAMy
IPaHYAM KPOXMAAIO y CTPOMi XAOPOIAACTY He
BusBAeHi (SILVERBERG 1975).

IIpu aocAipXeHHI KaiTHHHOI oprasisanii
Stichococcus-OAIGHUX ~ BOAOpOCTel, MH Y
Iepury 4epry 3alikaBHAMCh IiPpEHOIAOM K
crienupivHO  CTPYKTYpOW,  OCOGAMBOCTI
Mopdoaorii SKOI YacTO 3aCTOCOBYIOTBCS Y
CHCTeMaTHIl y AKOCTi AlarHOCTUYHOI O3HAKH.
Pesyapraty HpOBeA€HMX HaMM €A€KTPOHHO-
MiIKPOCKOTIIYHUX AOCAiAKEHD TMOKa3aAUu
PI3HOMAHITHICTD OpraHizamii MMipeHOIAIB y
AQHIM TPYTIL.

Mu IpOIIOHYEMO BUAIAUTH IT'SITh OCHOBHHX
THIIiB, 32 HASABHICTIO Y1 BIACY THICTIO Y IIipEHOIAL
KPOXMAABHOI ~ OOropTkd, posMipamMu  Ta
PO3MilIeHHIM IIiPeHOTAO0OYA, HASIBHICTIO AAMeA.
Ao nepwozo muny mMu BiAHOCHMO mipeHOiA
3 KPOXMAABHOIO OOrOpPTKOI0, IPOHH3AHMUI
OAHOIO AAMeAOI0. AaHMIT TUIT XapaKTePHHUH AAS
mramy ACKU 871 S. jenerensis (Puc. 2 a, b).
Ao dpyz020 muny — nipeHoip 3 KPOXMAABHOIO
06rOpTKOIO, IPOHU3AHNI HaraTbMa AAMEAAMI.
Aanmit Tan xapakrepHui aas mramy ACKU
872 S. deasonii (Puc. 2 c). Ao mpemwvozo
muny — mipeHoip 6e3 KpOXMaAbHOI 06ropTKH,
[POHU3AHUI OaraTbMa AaMeAaMH, 3 BEAUKMMU
mipeHorao6yaamu, xapaxrepuuit mramy ACKU
868 S. bacillaris (Puc. 2. h, i). Ao uemsepmozo
muny — mipeHoip 6e3 KpOXMaAbHOI 06ropTKH,
IOpOHU3aHMI OaraTbMa AaMeAamu, ApibHI
CKyIT4eHHsI mipeHoraobya — y mramy ACKU
487 S. bacillaris (Puc. 2 d, e). Ao n’amozo muny
MU BiAHOCHMO nipeHOIA-noAi6He TiAO, siKe
MIPOHU3aHE THAAKOIAAMH, sKi He YTBOPIOIOTH
AaMeA, 1 MICTHTD IipeHOTAOOYAH, XapaKTepHe
ass mramy ACKU 644 Ps. monalanthoides
(Puc. 21, g).

BucaoBkn
Bussaenna mipenoipy y mTamiB poay

Stichococcus iAeHTHPIKOBAHNX Ta ACTIOHOBAHUX
Y BITYM3HSHUX Ta CBITOBHX KOAEKIIAX SK

HOMEHKAATYPHHUI TUII AAHOTO poay S. bacillaris,
HE Y3TOAXYETBCS 3 OPUTIHAABHHM AIaTHO30M
AQHOrO poay. biapme Toro, mposeaeHi Hamu
AOCAIAKEHHS AO3BOAVAM BHOKPEMHUTHU IT'ATb
OCHOBHHMX THIIB TiPEHOIAIB AAS  TpymnH
Stichococcus-moAiGHIX BOAOPOCTeIL.
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ULTRASTRUCTURAL FEATURES OF ORGANIZATION OF THE CELL AND PIRENOIDS IN
STICHOCOCCUS-LIKE ALGAE
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Abstract. The results of SEM study of cell organization and some feature of the structure of pyrenoids in several authentic
strains of the genus Stichococcus Nageli from ACKU collection are reported. Our results showed a variety of organizations
of the pyrenoid in this group of green microalgae and allowed to describe five main types of pyrenoids.
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TUIIUA KAITUH TA iX CTATYCH Y
CHLAMYDOMONAS-IOAIBHUX BOAOPOCTEM
(CHLOROPHYCEAE) B YMOBAX KYABTYPU
HA ATAPM30BAHUX CEPEAOBHIIIAX

M.M. ITaBAOBCBKA * TA LIO. KoCcTIKOB

Amnoranis. Po3po6aeHo kaacu}ikaliio THIIB KAITHH B YMOBAaX KyABTYPH Ha arapusMpoOBaHMX cepeoBUIax. BuaireHo

6 MopdoTuIiB KAITHH. B Meax KOXXHOroO 3 THIIB BU3HAYeHi CTATYCH y 3aA€XKHOCTI Bip CTyIeHs peayKuil arpulyTis

MOHaAHOI oprasisanii kaituH. IToxasaHo BapiaHTH IepexoAy KAITHH i3 OAHOTO MOPQOTHITY B iHIIMI IIPH PO3YMHEHH]

CAM3Yy. HaibiabIna KiAbKiCTD MOPQOTHITIB MPEACTABACHA Y KAAAL Reinhardtinia, a aume mo OAHOMY — y KAapaX Monadinia

ta Polytominia.

Karouosi caosa: Chlamydomonas, MOpOAOTiUHI O3HAKH, arapU3HpPOBaHe CEPEAOBHILIE, TAAbMEACBUAHMIT CTAH

Kuiscokuii nayionarvnuti yrisepcumem im. Tapaca Ileguenka HHL] “Tncmumym Giorozii”, np. Axad. Inywixosa, 2, m. Kuis,

03022, Yxpaina; * annopol@rambler.ru
Beryn

ITia momsarram  “Chlamydomonas-mopi6Hi
BOAOpOCTi” MH PO3yMIEMO BHAM  POAIB
Chlamydomonas Ehr., Chloromonas Gobi, a
TakoX poaiB  Oogamochlamys T. Proschold,
B. Marin, UW. Schlosser et M. Melkonian,
Lobochlamys ~ Proschold, Marin, Schlosser
et Melkonian Ta Microglena Demchenko,
Mikhailyuk et Proschold, sxi 6yso Bupiseno 3
poay Chlamydomonas, Ta iHIuX pOAIB 3eAeHHX
BOAOPOCTEN, SIKi 32 Pe3yAbTATAMH MOAEKYASIPHO-
¢iroreHeTMUHMX ~ peBi3iii = BipAHeceHO Yy
MOAEKYASIPHI KAAQAM DAa3oM i3 BUAAMH POAY
Chlamydomonas (E1rL 1983; PROSCHOLD
et al. 2001; DEMCHENKO et al. 2012). 3a
PE3yABTATAMU  MOAEKYASPHO-PIiAOTeHeTUYHHUX
PEKOHCTPYKIJii, BUKOHAHUX, B OCHOBHOMY, Ha
MiACTaBi aHAAI3y HYKA€OTHAHMX IIOCAIAOBHOCTEM
SIAGPHOTO I€Ha, IO KOAYE MaAy CyOOAUHHIIO
pubocomaasroi PHK (18S rDNA) noxkasano,
wo Chlamydomonas-iopi6Hi BOAOPOCTI BXOAALTH
AO CKAAAYy He MEHINe, HDK CeMH MOAEKYASPHHX
Kaap: Moewusinia, Monadinia, Chlorogonia,
Polytominia, Chloromonadinia, Reinhardtinia,

© The Author(s), 2014

Oogamochlamydinia (NAKADA et al. 2008).

AjarHO3MTaKAIOYiAAS BUBHAYEHHSA BUAIBPOAY
Chlamydomonas nobyaoBaHi y nepury depry, 3a
MOPQOAOTIIHIMH O3HAKAMHU MOHAAHUX KAIiTHH,
MEPEBAXHO — 33 PE3yAbTaTaMM CIIOCTEPEXXEHb
IIPUPOAHOTO, a He KyABTYPAABHOTO MaTepiaAy
(E’ITL 1983). OpHak BipOMO, IO B yMOBax
arapusoBaHOl KYABTYPU BHAHM AQHOTO POAY 3
MOHAAHOTO CTaHy IIEPEXOAATh y HepyXOMHUM,
IIPH L[bOMY, SIK IIPAaBHAO, BTPa4al0Th AXKIYTHKH,
CTUIMY, ITyAbCYIOYi BaKyOAi, 1 y TaKOMy CTaHi IX
Ay>K€ BOYKKO BUSHAYUTH.

Ilepuri  cucremarusoBaHi  AaHI  TIpo
HepyxoMi cranu y BUAIB popay Chlamydomonas
B IIPUPOAHOMY MaTepiaAi i HaKONUYIyBaAbHMX
KyabTypax npusoauts O.A. KOPIIMKOB
(1938). Bin posrasipae maAbMeAeBHAHMIT CTaH,
AK TporeCc GOPMyBAHHSI CAM30OBHX OOOAOHOK
y AaKTUBHO pyxauBux KairmH. Ileit cran
CIIOCTEpIraeThCsl NPU OCAM3HEHHI 0OOAOHOK
Mip Yac BEreTaTUBHOTO PO3MHOXKEHHs, IIPH
3MiHI KOHIIEHTpalil pPO3YMHEHUX Yy BOAL
MiHEPAABHHMX DEYOBHMH, a TaKOX SK CTaAis
PO3BUTKY Ha BOAOrOMy cyOcTpari abo
rpyuri. Ilpu npomy Kopmukos Buaiasie
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KiAbKa BapiaHTIB IIAABMEAEBUAHHMX CTaHIB:
a) “Gloeocystis” — 060AOHKa MaTepPHHCHKOL
KAITHHM ~ CHABHO po306yxae 1 BcepepuHi

3HAXOASTBCS AOUIpHi Kaitunu, 6) “Palmella” —
0OOAOHKA KAITHHHM IIOBHICTIO OCAH3HIOETHCS,
B pesyabrari QopMyeTbcsl 6e3CTPYKTypHHUI
cams; B) “Asterococcus” - 6araropasose
OCAM3HEHHS 1 BIACTaBaHHS OOOAOHKU KAITHHU
BiA IIpOTOIIAACTY, SIKUIT POPMYE HOBY OOOAOHKY;
r) BapianT 3i 36epexxeHHAM CTapoi He
OCAM3HEHOI MATE€PUHCHKOI OOOAOHKH HaBKOAO
AodipHix KaituH, Aas sikoro O.A. Kopmmkos
He AAB Ha3BU. TakoXX BiH 3a3Hayas, MO
KAITMHM B ITAABMEAEBUAHOMY CTaHI HIiYMM He
BIAPI3HAIOTBCA BiA MOHAAHHMX KAITHH, KpiMm
MOXAHUBOCTi aKTUBHO PYXaTHCA.

3apa3 BIAOMO, IIO OCHOBHOIO O3HAKOIO
MIAABPMEAAEBUAHOTO ~ CTaHy €  HasBHICTb
camsy. Caus siBasie co600 aMOPHY, AHUIIKY
CyMilll TAIKOIIPOTEIHiB, MYKOIIOAiCaXapHAiB
Ta iHmmx peyoBuH. QopMyBaHHA CAH3Y
MPOXOAMTD 32 YyYacTi KAITMHHOIL 000AOHKH.
Kapxac xaituHHOI 000AOHKU XAAMiAOMOHaA
YTBOpPEHHI TAiKOIpoTeiHaMU 0e3 KPHCTAAIIHO
BIIOPSIAKOBAHOI IIEAIOAO3H, KA XapaKTePHA AAS
060AOHKH GIABIIOCTI IHIIMX 3€ACHIX BOAOPOCTEN
Ta Beix Bummx pocamH (Catr et al. 1976;
WOESSNER & GOODENOUGH 1994). 3aaexuo
BiA  YABTPACTPYKTYpH  TAIKOIIPOT€IHOBOIO
mapy KaiTureOl o6oaomku K. Pobeprc
(ROBERTS 1974 ) BUAIAMB IT ITH THITIB KAITHHHOT
CTIHKM, $Ki BIADI3HAIOTBCA KIABKICTIO Ta
IHABHICTIO IIAPiB KAITHHHOI 06OAOHKH.

Mera paHol po6OTH — PO3POOUTH CUCTEMY
KAacHiKaIlil TUITiB KAITHH B yMOBaX KYABTYPH Ha
arapM3MpOBAHUX CEPEAOBHIIAX AAS IIOAAABIIOTO
BUKOPHUCTaHHS IIpu ipeHTH(IKail Ta onmci
BuaAiB Chlamydomonas-mopibHIX BopopoCTeit B
YMOBaX arapoOBUX KyABTYD.

Marepiaau i MeTOAM AOCAIAKEHD

Marepianom  cayrysaam 70  mramiB
Bopopocreit poay Chlamydomonas s 1. 13 koaexuii
kyapTyp ACKU KwuiBcbkoro HanioHaAbHOTO
yuiBepcuTeryimeni Tapacalllepuenxa. Llimramu
€ CyOKyABTYpaMU aBT€HTHYHHUX IITAMIB AQHHX
BUAIB 3 KOAeKIifi KyabTyp leTTuHreHcpkoro
yuisepcurery (SAG) Ta yHiBepcureTy mrary

Texac B Ocrini (UTEX). Bipomocri mpo
MTOXOAJKEHHS IITaMiB ITPEACTABAEHI B KaTaAOraxX
BipnoBigHuX KoAexniit (Koctuxos u ap. 2009).

Kyaprypu Bupourysasn Ha 1% arapusoBaHIX
cepepoBumax bBoapa 3 HOpmaapHOIO i
noTpoeHo KiabkicTio asory (IN BBM i 3N
BBM) ra cepeposumi K (LisT OF MEDIA AND
RECIPES 2013) Ha OCBITAIOBAaABHMX YCTaHOBKAX
npu iHTeHCHBHOCTI ocBiraenHs 2.100-3.000
AtoKC i Temmeparypi 18-23°C po 1-ro micsns i
Ha XOAOAMADBHIN YCTaHOBIi 3 AFOMiHECIJeHTHUMH
Aammamu Ab-40 mpum Temmepatypi 12-14°C
KyABTYpH Iicast 1-ro mican, 3 12-Tu ToAMHHUM
4epryBaHHAM CBiTAOBOI Ta TeMHOBOI ¢a3.
CrocTepesxeHHs IPOBOAMAM ITiCASI AOCSTHEHHS
KYABTYPaMH BiKy 2 TIDKHI, 2 i 6 MiCAIIiB, Ta OAUH
PiK.

MikpockomiuHi  AOCAIAKEHHSI BHKOHYBAaAM
Ha ONTHYHMX MiKpockomax cepifi BMXS

i Primo Star, ocHameHHNX IUGPOBUMH
poToKaMepamy, 3EAHAHNMHU 3 I1epCOHAABHUMI
KOMIT FOTepaMu npu 060B’513K0BOMY
BHKOPHCTaHHI imMepciitHux 06’eKTUBIB.

CAM30Bi CTPYKTYypH BHSBASAM 332 AOIOMOTOIO
gapOyBaHHs IpemapariB pPO3YMHOM TyuH Ta
0,05% po34uHOM METUAEHOBOTO CHHbOTO.

Pe3yabraTn pA0CAipKeHD

PesyabraT  AOCAiAXKEHD — IITaMiB  pOAY
Chlamydomonas sl. mokasaam, mo BHAM
PoAy B yMOBaxX KYAbTYPH Ha arapusoBaHOMY
CepeAOBHIII YTBOPIOIOTh Pi3Hi THIIU CAM30BUX
CTPYKTyp, a TaKOX, 3 BIKOM, KyAbTypH
[OCTYIIOBO BTPAYalOTh aTPUOYTH MOHAAHOCTI.
AoTpumylounch TepMiHOAOTII Ta IiAXOAY,
sanporonosaoro  O.A. KormukoBuMm
(1938), pospobaeno cucremy Kaacuixauii
THUIIIB HEPyXOMHUX KAiTHH. BoHa BKAIOYa€ 1IicTh
MOpQOTHUIIB, YOTUPH 3 SKHX IPEACTABAEHO
y pobori O.A. KopmmkoBa, a ABa BHAlAeHO
K HOBi. AAS KOXXHOrO MOPQOTHUITy HaBeACHO
CTaTyCH, 3aA€XKHO Bip CTYIEHS PEAyKINl
anH6yTiB MOHAAHOI OPTraHi3aril.

B pesyabrari peaykuii aTpuOyTiB MOHaAHOI
OpraHi3anii KAITHHU Ha6YBa}0Tb puc nopibHocTi
3 TUMM 4M iHIDMMH popaMu Bopopocreit. Ilpu
BUAIA€HHI CTaTYCiB IPUMHATO HA3BM IIMX POAIB
a60 nuQpOBi IHAEKCH, TAaKOX BPaxOBAHO BIiK
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kyApTypu. HamMu mpuiHATO HAacTyIHI iHAeKCH:
1 - KAiTMHEM MalOTb AXIYTHKH, CTUIMY I
MyAbCYIOdi BakyoAi (3aAeXHO Bip TIOAOKeHHs
AKT'YTHKIB BUAIAHI ABI Bapiarfii: 1a — AXXI'yTHKH
3HAXOASTHCSI BecepeanHi causy i 1b — pxryTuku
BUXOAATH 32 Mexi causy) (Bik — po 1 mic.); 2
— KAITMHE 30epiraroTb CTUIMy Ta IIyAbCYIOYi
BakyoAi (Bik — 1-6 mic.); 3 — kaiTHHH 36epiratoTh
myabcytoui Bakyoai (Bik — 6-12 wmic.); 4 -
KAITHHY BTPA4aioTh BCi arpuOyTH MOHAAHOCTI
(Bik — crapme 12 wic.). Bci Bapianru THmiB i
CTaTYCiB KAITHH Ha arapu30BaHOMY CePeAOBHII
npeacraBaeHi y Ta6a. 1.

IIpn mepeHoci KAiTMH 3 arapu3oBaHOro
CepeAOBMIIa Yy BOAHE IIpU IPUTOTYBaHHI
Iperapary, 3aA€XHO Bip 3AaTHOCTI aKTHBHO
PYXaTHCs, MOXXHA BUAIANTH ABiTPYTIM — MOHAAHI
(pyxamBi) i remiMonapni (Hepyxomi) KaiTUHH.
Y paMkax TeMiMOHAAHHMX KAITHH MOXHA
BHUAIAWTH IPYITY 3 KAITHHAMHU, Y SIKUX BIACYTHIN
caus (xoxoiam) i rpymm 3i camsom pisHOI
xoucucrentii (Bip piakoro 6escTpykTypHOTO
CAM3Y AO OCAU3HEHHS KAITHHHOT 060AOHKH).

Monadnuii mun (monada) — KAiTHHE Ha
arapu3oBaHOMY CepeAoBUINi 30epiraroTh BCi
arpubyTH MOHAAHOCTI i MOXYTh aKTHBHO
PpyXaTHCs IpU IPUTOTYBaHHI IIpenapary.

Temimonaduuii mun (naromeroid) — kaiTuam
HAa arapusoBaHOMY CepPeAOBHINI 30epirarorh
arpuOyTH MOHAAHOCTI, aA€ He MOXKYTb AKTHBHO
pyxaTucs. B Mesxax 1i€i rpynu MO>KHa BUAIAMTH
I'SITH THIIB.

Kokoidnuti  mun  (koxoid) -
o30aBAeHi CAU3Y i AXKIYTHKIB, aAe 30epiraroTs
inmi aTpubyTH MOHAAHOCTI. 3aAeXHO BiA
CTYIeHsI peAyKLil arpuOyTiB MOHAAHOCTI HaMK
BHaiseHO Tpu cTarycu. Craryc “Hypnomonas”
(kAiTMHM 36epiraloTh MOASIPHICTB, CTUTMY,
myabcytoui Bakyoai). Craryc “Cystomonas”

crurMa BiACYTHs, iHmI arpubytm - SIK

y  Bapianry  “Hypnomonas”).  Craryc
“Chlorococcum”  (HOASIpHICTD ~ KAITHMH — He
MPOCTEXYEThCSA, CTUIMA, a iHOAL I IyAbCYIOUi
BaKyoAi BiACyTHI).

Iarvmeroidnuii mun (nasemera) — KAiTHHE
HepeOyBalOTh B CIIABHOMY 0e3CTPYKTYPHOMY
CAM3Y i 30epiratoTh AKI'YTHUKHY Ta iHIIi aTpHOyTH
MOHAAHOCTi. 3aAeXHO Bip CTYIeHS peAyKil
anH6yTiB MOHAAHOCTI HAMU BHAIA€HO YOTHPH

KAITUHH

crarycu: “Palmellopsis — 1, 2, 3” ta craryc
“Palmella” (nosHicTio mo36aaenuii arpubyTis
MOHAAHOTO TUITy MOPOAOTIYHOI CTPYKTYpH).
Lieoyucmoionuii mun (zaeoyucma) — KaiTHHM
3HAXOAATBCS B OAHOIIAPOBUX CAM30BUX KAIICYAAX
i 30epiraloTp AXIYTHKM Ta iHm arpubyTn
MOHAAHOCTI. B Haitbiabmriit Mipi HarapyroTb
IIPeACTABHHKIB poay Sphaerellocystis.
3aA€XHO Bip 3AATHOCTI 36epiraTn Hepyxomi
AXKIYTHKY, CTUTMY, IIyAbCYIOYl Bakyoai a6o
MOBHICTIO iX BTPa4YaTH, HAMH BHAIA€HO CTaTyCu
“Sphaerellocystis — 1-4”.
Acmepoxokyc mun — KAITUHM 3HaXOAATBHCS
B MHOXXHHHUX CAM30BHX KAIICyAaX i 30epirators
anI/IGYTI/I MOHaAHOCTI. B 3aaexHoCTi Bip
peAyKuil ann6yTiB MOHAAHOCTI BHAiAeHO 4
crarycu “Asterococcus — 1-4”.
Myxkozreoyucmoionuii mun (mykozaeoyucma)
— KAITHHM MalOTh IHAUBIAYaAbHI CAU30Bi KaIICyAH,
IO 3HAXOASITBCS Y CIiABHOMY cAu3y. Kaitunu,
mo 30epirailoTb CTUrMy, a iHOAL i 3a4aTKOBi
AXT'YTHKH, 32 aHAAOTI€IO 3 BIATIOBIAHMM POAOM
TeTPacIIOPAAbHUX BOAOPOCTEH BHMAIAGHO SIK
crarycu “Chlamydocapsa - 1,2, 3", amo36aBaei
nux aTpulyTiB — sk cTaryc “Gloeocystis”.
KaiTvaM ycix BHIje IepepaxoBaHMX THUIIIB
MAIOThb KAITMHHY 060AOHKY. SIKINO KAiTHHHA
000AOHKA BIACYTHS, TO BHHHKAIOTb TOAI
IPOTONAACTH — KAITHHU BTPAvaloTh OOOAOHKY
i IpeACTaBA€HI TOAMMH IIPOTONAACTAMHM, SKi
MOXYTb IIepe0yBaTH B KOAOHIQaABHOMY CAH3Y,
IHAVIBIAyaABHUX CAM3OBHX KAIICYAax 460 061ABa
IIi BapiaHTH IOEAHYIOTHCAL.

O6rosopenHst

PospobaeHa Hamu Kaacudikamis THImiB
kaitTun  npu  BusdeHHi  Chlamydomonas-
IIOAIGHIX BOAOPOCTE! B yMOBaX arapu30BaHOrO
CepeAOBHIIIA AO3BOASIE OIABIII AETAABHO OITHCATH
6ioaoriro OKpPEeMHX BHAIB, 2 TAKOXX BU3HAYHUTH
IPUHAAEKHICTD A0 IIEBHOI MOAEKYASPHOI
kaapu. [IpepcraBaenicTs pisHux MOp$OTHUIIIB y
Pi3HMX KAAAAX TTOKa3aHO y Taba. 2.

MonapHMIT THII XapakTepHHUH AASL BHAIB
3 tprox kaap (Reinhardtinia, Moewusinia,
Oogamochlamydinia). BereraTusHi
KAITUHH BUAIB LIMX TPbOX KAaA 3AaTHI 3
Pi3HOIO IIBUAKICTIO NEPEXOAUTH B PyXOMHUH
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Ta6a. 1. Tunu HepyXOMHX KAITHH Ta IX CTaTyCH.

Table 1. The types of immotile cells and their statuses.

Tum / TemiMoHapHL
Momnapa
Craryc Koxkoip ITaabmera Ireonmcra AcTepoxoxyc Myxoraeonucra
o
la - iRt At
L ey
o)
. :Hum_am:.ow&m. 1a” :mmrmmmmmo‘,n%mﬁm. 1a” “Chlamydocapsa-1a”
[ !
“Chlamydomonas” WA : e
1b - _\ \VJ | m”f
_ & o
aHu&Bm_Hom&m. 1b” “Sphaerellocystis-1b” “Asterococcus-1b” “Chlamydocapsa-1b”
e
2 - o )
“Hypnomonas” amﬁwmmnm.z.mn%mam.wg
3 _
“Cystomonas”
. <y
=
“Chlorococcum” “Palmella” “Sphaerellocystis-4” “Asterococcus-4” “Gloeococcus”
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Ta6a. 2. Tunu vepyxomux kaitue y Chlamydomonas-nopi6HIX BOAOPOCTeT i3 Pi3HUX MOAEKYASIDHHX KAQA.

Table 2. The types of immotile cells of Chlamydomonas-like alga from difference molecular clades.

Tun/Kaasa Moewusinia Monadinia Polytominia Chloromonadinia Reinhardtinia ~Oogamochlamydinia
Monapa + - - - + +

Koxkoip + + - + _ _
TTaapmesa + - + - + _
Treormcra - - - + + +
AcTepoKoKyC - - - - +

Myxoraeormcra - - - - +

CTaH IpU IIEPEHOCi y BOAHE CcepeAOBHIe i
30epiraloTb AXIYTHKA Yy HEPYyXOMOMY CTaHi
a6o Bippomyiors de novo (ITABAOBCBKA I
KocTikos 2010). BereTarusHi KAiTHHU BUAIB
inmux Tprox kaap (Monadinia, Polytominia,
Chloromonadinia) ne 3pari BippomysaTu
AXTYTHKH IIPH [IEPEHOCI B piAKe cepepOBHILe.

KokoipgHMI  THI  IpeACTaBAGHHUH Y
BHAIB  KAaap Moewusinia, Monadinia Ta
Chloromonadinia. Y «kaiTue 1ux Kaap

CAa00pO3BUHEHUIT ab0 BIACYTHIM 30BHILIHIM
map KAITMHHOI OOOAOHKH I CAM3 BiACYTHIML
Ilpu 1poMy BereTaTHBHi KAITMHH BHAIB i3
Kaapaun Moewusinia 3AaTHI AOCHTH IIBHAKO
BIADOIYBaTH AXIYTUKH 1 IIEDEXOAMTH Y
MOHAAHOCTI CTaH, TOAI SIK BeTeTaTUBHI KAITUHHA
BuAiB kaap Chloromonadinia Ta Monadinia y
MOHAAHUM CTaH HE IIEPEXOAATb.

ITaapMeroipHUI THIL XapaKTepHUn
AAs BUAIB Kaap Moewusinia, Polytominia,
Reinhardtinia. HasBHicTb HecTpyKTypOBaHOTO
cAM3y OOyMOBAeHA KOAOHIAABHHM CAH3OM
IiCAS  3BIABPHEHHS KAITMH 31 CIIOpaHrio.
Ilpu posumHeHHI CAM3y KAITHHH BHAIB KAQA
Moewusinia Ta  Reinhardtinia  MoxyTs
MEPEXOAUTH Y MOHAAHUM CTaH.

I'AeonuCTOIAHMI THUI CHOCTepiraBca y
BuAiB kaap Chloromonadinia, Reinhardtinia,
Oogamochlamydinia. Ileft Tum xapaxrepHuit
BHAAM Y SAKUX MAaCMBHUM 30BHILIHINA CAM30BUH
map KaituaHOI 060AOHKH. Ilpu posunHeHH]
CAM3Y KAITMHH MOXYTb IIEPEXOAUTH Yy
MOHAAHMI 200 KOKOIAHUI CTaH.

ACTepOKOKYC Ta MYKOTAGOLMCTA THIIU
xapakTepHi AAs BHAIB kaap Reinhardtinia Ta
Oogamochlamydinia. KaituaHa 060A0HKA

BHAIB LIMX KAAA MA€ 3AATHICTb AO MYABTHUITAIKALIiT
i mpu oMy Popmye THII acTepokokyc. Ilpu
PO3pUBaHHI  30BHIIIHIX MYABTUIIAIKOBAHMX
IIapiB  BHUBIABHAETBCSA  MDK  TPUIACTHHMM
CAU3, IO OOYMOBAIOE THII MYKOTAEOILIHCTA.
Ilpu posumHeHHI CAU3Y KAITMHH MOXYTb
MEPEXOAUTH Y MOHAAHUH CTaH.

TakuM umHOM, Hama Kaacuikamia aae
MOXAHUBICTb OIABII AETAABHO OIMCYBATH BHAU
Chlamydomonas-niopibHuxX ~ BopopocTeil B
YMOBaX arapoBUX KyABTYP.

BucaoBxn

BipmoBiaHO A0 Kkaacuikamii  craHiB
HEPyXOMUX KAITUH B yMOBaX arapoBUX KYABTYD
BUAIA€HO HIicTh MOpPOTHUIIB KAiTHH. B Mexxax
KOXHOTO MOPQOTHITy BHAIA€HO CTaTycH B
3aA€KHOCTI BiA CTYIEHIO peAyKuil aTpubyTis
MOHaAHOI opramisamii kaiTuH. MopdoTunn
MOHAaAa, KOKOip, ITaAbMEAOIA Ta TA€OLMCTa
NpUOAM3HO B OAHAKOBIMl Mipi IpeaCTaBAeHi
B yCiX KAapax. A MOPQOTHIM acTEpOKOKYC i
MYKOTAEOLIICTa XapaKTePHi AWIIEe AAS BHUAIB
kaap Reinhardtinia ta Oogamochlamydinia.
KopeH 3 MOpOTHIIIB He IIPOCTEXYETHCS Y BCIX
kaapax Chlamydomonas-noaibuux Bopopocreit
0Apasy.

Hait6iabma kiabkicts Moporumis ('aTh i3
mecTH) TpeAcTaBAeHa y Kaapi Reinhardtinia,
IO MIATBEPAXKYE 3HAUYHY Pi3HOMAHITHICTD L€l
kaapu. Y kaapax Polytominia ta Monadinia
IPEACTAaBACHO AHIIE IO OAHOMY MOPQOTHITY.
Y xaaai Oogamochlamydinia mpeacraBaeno
gorupu Mopdorumu, Moewusinia - TpH,
Chloromonadinia — ABa Mop$oTunu.
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CELL TYPES AND THEIR STATUS IN CHLAMYDOMONAS-LIKE ALGAE (CHLOROPHYCEAE) ON
AGARMEDIUM CULTURE

M.M. PavLOVSKA * & LYu. KosTIKOV

Abstract. The classification of cell types under agar culture was proposed. Six cell morphotypes were allocated. The

statuses were identified depending on the reduction of monade attributes of cells. The variants of transition from one cell

morphotype to another under dissolving mucilage were shown.

The monade, cocciod, palmeloid and gloeocysta morphotypes approximately equally represented in all clades.

The asterococcus and mucogleocysta morphotypes presented only in Reinhardtinia and Oogamochlamydinia clades. Any

morphotype isn't typical for all clades of Chlamydomonas-like algae at once.

The most of morphotypes numbers (S from 6) are presented in Reinhardtinia clade. This demonstrates the

diversity of the Reinhardtinia clade species. There are only one morphotype presented in Polytominia and Monadinia

clades. There are four morphotypes presented in Oogamochlamydinia clade, three — in Moewusinia, two morphotypes —

in Chloromonadinia.

Key words: Chlamydomonas, morphology feature, agar medium, palmelloid stage

National Taras Schevchenko University of Kyiv ESC “Institute of Biology”, 2 Acad. Glushkov Avenue, Kyiv 03022;
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