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Abstract
The article provides an anatomical review of 32 species of the genus Dianthus L.
representatives шт Caucasus, i.e. information about the anatomy of their stem. Most
of the studied species have a narrow ecology and are confined to different altitudinal
zones. The experience of the introduction of these species in the botanical garden of
the Chechen State Pedagogical University of Grozny in the conditions of the steppe
climate indicates wide ecological amplitude and potential adaptive capabilities of
the species. The main limiting factor in the distribution of these species in natural
conditions is probably their low competitiveness. Anatomical signs, apparently, do
not have any taxonomic significance. The similarity of the anatomical structure of the
stems of the Caucasus carnations is evident even in species that are well differentiated
morphologically. Anatomical differences between them are mainly quantitative. The
smallest taxonomic values for the anatomical features of carnations are the radial
dimensions of the epidermal cells, the mechanical (sclerenchymal) ring, conducting
system. The most significant for these purposes are the morphological features: the
size of the calyx and capsule, the shape and degree of dissection of the lobule plate,
the shape and size of the chaffs.
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1. Introduction

Preserving the biodiversity of the planet is one of the main problems of modern
ecology (Global Strategy of Environment Protection, 2003). This problem includes a
comprehensive study of genera, which species are important components of flora,
even regional. Unfavorable habitat conditions are significant for the large area of the
globe, which causes a variety of plant organisms' adaptations. The adaptation of plant
ontogenesis to environmental conditions is the result of their evolutionary development
(variability, heredity, selection).
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The identification of adaptation strategies and mechanisms that ensure the preser-
vation and development of plant organisms and communities under the influence of
adverse environmental factors is a pressing scientific problem.

Of particular interest in connection with the problem of comprehensive research
and the preservation of regional flora is the study of species of the genus Dianthus
L. in the flora of Central Ciscaucasia. Species of this genus have an economic, even
decorative meaning; they are rather well studied in systematic and other aspects [1--
15]. At the same time, the issues of anatomy of this genus are insufficiently studied,
there are no links between anatomical and systematic, ecological features of adaptive
mechanisms in species of this genus. The problem of establishing the connection
between different types of adaptations to the effects of adverse environmental factors
in order to determine the adaptive capabilities of species of the genus Dianthus L. of
the Caucasus flora is relevant.

2. Methods and Materials

The work was carried out in 2009--2018 at the Department of Biology and Teaching
Methods of Chechen State Pedagogical University (CSPU). For floristic and anatomical
studies, a herbaric and fixed in a solution alcohol-glycerin-water (1: 1: 1) material was
used. The material was taken from the representatives of the genus Dianthus L. from
various territories and altitude levels of the placeCaucasus. In total, the study covered
32 types of carnations. Their taxonomic identity was refined according to the ``Flora of
the Caucasus'' by A.A. Grossheim [1] and "Flora of the North Caucasus" by A.I. Galushko
[5].

The anatomical structure of the stem was studied on cross sections made with a
manual razor in the middle part, a middle internode. A comparative analysis focused on
the presence, topography, thickness and ratio of various tissues, the number, size and
location of the conducting beams.

An evolutionary-morphological study of individual taxa is an important direction in the
study of biological diversity. The family Caryophyllaceae is one of the largest families, it
includes about 80 genera and 2.000 species distributed in Eurasia, Africa and America
[16--19]. The wide range and diversity of habitat conditions contributed to the formation
of peculiar vegetative and reproductive structures in many species. However, there is
still no idea about the anatomical evolution of the axial organs of the clove in general,
and special studies on the anatomy of most members of the family have not been
conducted.
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3. Results

1. D. cretaceus Adams. In the stem cross section, the epidermal cells are elongated in
the tangential direction, the outer walls of the epidermis are covered with a cuticle.

The radial dimensions of epidermal cells vary within 1.26--1.68 microns, Tangent
dimensions vary within 2.1--2.54 microns

The chlorophyll-bearing parenchyma is represented by cells that are somewhat
elongated in the radial direction, tightly pressed to each other. The thickness of the
chlorophyll-bearing parenchyma varies within 1.26--1.68 microns. The mechanical ring
is represented by 3--4 rows of cells of sclerenchymal type with lignified shells. The
thickness of the mechanical ring varies in the range of 3.36--2.94 microns. 3--4 rows
of thin-walled parenchymal cells adjoin the mechanical ring. The thickness of the
parenchymal ring is on average equal to 2.1 microns. Conductive system is of solid
type. The phloem ring thickness varies within 2.1--1.26 microns. The wood angios are
evenly distributed throughout the ring. The average thickness of the wood ring is 2.1
microns.

The core cells are thin, their cross-sectional shape is hexagonal, ovate-rounded. The
core is not fully preserved, a huge intercellular space is formed.

2. D. caucaseus Smith. (D. discolor Smith.). In the stem cross section, the epidermal
cells are elongated in the tangential direction, their radial dimensions are on average
1.26 microns, and the tangential ones are 1.68 microns. On top of the outer walls of the
epidermis cells are covered with cuticle.

The thickness of the chlorophyll-carrying parenchyma is on average equal to 3.36
microns. The mechanical ring is represented by 4--5 layers of cells of the sclerenchymal
type with lignified shells; its thickness is on average equal to 5.46 microns. 1--2 layers
of parenchymal cells with a thin cellulose membrane adjoin the mechanical ring; its
thickness is 1.68 microns. Conductive system is of solid type. The thickness of the
homogeneous ring of phloem is 1.68 microns. The thickness of the uniform ring of
wood varies in the range of 2.1--2.2 microns. The cells of the core are hexagonal, oval.
The core is not preserved completely, a huge intercellular space is formed.

3. D. fragrans Adams. The epidermis cells in the stem cross section are elon-
gated in the tangential direction. Their radial dimensions are on average 1.68 microns,
the tangential dimensions are 2.94 microns. The thickness of the chlorophyll-carrying
parenchyma is on average equal to 2.52microns. Themechanical ring is represented by
6--7 layers of cells of the sclerenchymal type. The average thickness of the mechanical
ring is 9.56 microns. To the mechanical ring 1--2 layers of parenchymal cells adjoins.
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The thickness of the parenchymal ring is on average equal to 2.1 microns. Conductive
system is of solid type. The phloem ring thickness is 1.26 microns; the thickness of the
one-year wood ring is 3.36 microns. The core is represented by thin-walled cells, the
shape of which is quadrangular, rounded; they are closely spaced to each other. An
intercellular structure is formed in the core.

4. D. armeria L. The epidermal cells in the cross section are elongated in the tangent
direction, their radial dimensions are on average 1.26 microns, tangent dimensions vary
from 2.1 to 2.55 microns. The epidermis cells are covered with a cuticle on the outside.
The thickness of the chlorophyll-carrying parenchyma is 2.52 microns. The mechanical
ring consists of 4--5 layers of cells of the sclerenchymal type, the thickness of which
is on average equal to 8.4 microns. Conductive system is of solid type. Phloem ring
thickness is 1.26 microns. In the ring of wood there are two plots located against each
other, which consist of angios whose diameter varies in the range of 1.26--0.84 microns;
the tangent sizes of these sections are on average equal to 29.4 microns, their thickness
is equal to 2.94 microns. These areas are interconnected by wood angios, which are
evenly spaced, their diameter varies within 0.84--0.42microns. The core consists of thin-
walled cells, the shape of which is hexagonal, elongated and rounded to the center.
The core is not fully preserved; a huge intercellular zone is formed in the center.

5.D. imereticus (Rupr.) Schischk. In the transverse section of the stem, the epidermal
cells are elongated in the tangential direction, their radial dimensions vary slightly and
are 1.26 microns on average, the tangential dimensions vary within 2.52--2.94 microns.
The thickness of the chlorophyll-carrying parenchyma is on average equal to 2.52
microns.

The mechanical ring consists of 2--3 layers of cells of the sclerenchymal type, whose
thickness is equal to 2.94 microns. The parenchymal ring, consisting of 2--3 layers of
thin-walled cells, the thickness of which is equal to 1.68 microns, adjoins the mechanical
ring. The phloem ring thickness varies within 1.68--1.26 microns. In the wood there are
two areas where the angios are larger, the thickness of them is 4.2 microns on average,
the tangent dimensions are 44.1 microns, which are interconnected by wood angios
evenly spaced smaller. The core consists of thin-walled cells, the shape of which is closer
to the wood is hexagonal, rounded to the center. Cell size increases in a centripetal
direction. The core is preserved completely.

6. D. kubanensis Schischk. In the stem cross section, the epidermal cells are elon-
gated in the tangential direction, their radial dimensions are on average 1.68 microns,
tangential dimensions vary between 2.1 and 2.5 microns. The epidermis cells are cov-
ered with a cuticle on the outside. The thickness of the chlorophyll-carrying parenchyma
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is on average 4.2 microns. The mechanical ring consists of 5--6 layers of cells of the
sclerenchymal type, its thickness is 11.34 microns. Phloem is represented by a one-year
ring, the thickness of which is 1.26 microns. In the ring of wood there are two sections,
where the diameter of the angios varies within 1.26--2.52 microns. And arranged in
3--4 layers. These areas are interconnected by angios, the diameter of which varies in
the range of 1.26--0.84 microns, and they are evenly spaced. The cells of the pith are
thin-walled, their shape is hexagonal closer to the wood, and rounded near the center.
The core is not fully preserved. The intercellular structure is formed.

7. D. pallens Sibth. & Sm. (D. lanceolatus Stev. Ex Reichb.). Epidermal cells in the
cross section are elongated in the tangential direction, their radial dimensions are 1.26
microns, tangential dimensions vary between 2.1 and 2.94 microns. The thickness of
the chlorophyll-carrying parenchyma is on average 2.1 microns. The mechanical ring
is represented by 4--5 layers of sclerenchymal cells, its thickness is 4.2 microns. 2--3
layers of parenchymal cells adjoin themechanical ring; the thickness of the parenchymal
ring is on average equal to 2.94 microns Phloem is represented by a homogeneous
ring, the thickness of which is on average equal to 0.84 microns. In the ring of wood
there are two plots consisting of 2--3 layers of angios, the sizes of which vary within
1.26--1.68 microns, The tangent sizes of these sections are on average equal to 71.4
microns These areas are interconnected evenly spaced angios, the diameter of which
is smaller and varies in the range of 0.84--0.42 microns. The angios are located in 1--2
layers. The core is represented by thin-walled cells, which are hexagonal closer to the
wood, round to the center. The core is preserved completely.

8.D. pseudarmeria Bieb. In the stem cross-section, the epidermal cells are elongated
in the tangential direction, their radial dimensions vary within 1.2--1.6 microns, and the
tangential dimensions -- 2.1--2.5 microns. The outer walls of the epidermis are covered
with a cuticle. The thickness of the chlorophyll-carrying parenchyma is 2.4 microns.

The mechanical ring is represented by 4--5 layers of cells of the sclerenchymal type;
its thickness is 2.1 microns.

3-4 layers of thin-walled parenchymal cells adhere to the mechanical ring. In cross
section, parenchymal cells have a hexagonal shape. The thickness of the parenchymal
ring is 4.8 microns Conductive system is of solid type. Phloem ring thickness varies
between 1.2--0.8 microns. In the ring of wood there are two sections that consist of large
angios and whose thickness varies within 3.2--2 microns. These areas are connected
by half rings of wood, which consist of angios of smaller sizes, their thickness is equal to
0.8 microns. The core cells are thin-walled, densely arranged, their shape is hexagonal
closer to the wood, in the center -- rounded, oblong. The core is preserved completely.
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9. D. daghestanicus Charadze. In the cross section of the epidermal cells are elon-
gated in the tangential direction, their sizes are on average equal: radial -- 1.26 microns,
Tangential -- 2.94 microns The outer walls of the epidermis are covered with a cuticle.
The thickness of the chlorophyll-carrying parenchyma is 2.52 microns. The ring of
mechanical tissue consists of 5--6 layers of sclerenchymal cells, the thickness of which
is on average equal to 7.56 microns. One layer of thin-walled parenchymal cells adjoins
the mechanical ring. The thickness of the ring of bast is on average 1.68 microns.

The ring of wood consists of 4 separate sections, the tangential dimensions vary
within 54.6--25.2 microns, their thickness varies within 2.94--2.1 microns The wood
cells in cross section are hexagonal and rounded in shape. A core cavity forms in the
core.

10.D. ruprechtii Schischk. In the stem cross section, the epidermal cells are elongated
in the tangential direction, their radial dimensions vary slightly and on average equal to
1.68 microns, the tangential dimensions vary from 2.1 to 2.5.5 microns. The thickness of
the chlorophyll-carrying parenchyma is 5.4 microns. Mechanical tissue consists of 4--5
layers of sclerenchyma cells, its thickness is 4.2 microns. The thickness of the ring of
bast is on average 1.26 microns. The ring of wood consists of 4 separate sections, the
sections having the same dimensions are located opposite about each other, two of
them have tangental dimensions equal to 50.4 microns, their thickness is equal to 3.36
microns, others -- tangential dimensions are 29.4 microns, their thickness is equal to
2.94 microns

The diameter of the angios varies in the range of 0.84--1.68 microns The core consists
of thin-walled densely located cells, the shape of which is hexagonal, rounded. In the
middle of a small intercellar space.

4. Conclusion

Thus, on the basis of comparatively anatomical studies of the stems of the carnation
genus (Dianthus L.) of the Caucasus from various habitats, the influence of environmental
factors on the anatomical structure and the systematic significance of the anatomical
features were revealed. It is established that the majority of the studied species differ
among themselves in quantitative and anatomic parameters. much less often with
qualitative signs, preserving the general plan of the anatomical structure of the stems.

The complex of meso- and xeromorphic anatomical features of the genus represen-
tatives was determined. The manifestation of the degree of xeromorphic structure of the
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stem depends on the ecological conditions of growth of the species: the xeromorphism
of the anatomical features of the stem increases as the conditions of habitat aridize.
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