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Abstract

Quantitative morpho-anatomical features of leaves of nine Clematis taxa (C. alpina ‘Pamela Jackman’,
C. macropetala ‘Maidwell Hall', C integrifolia ‘Aljonushka’, C. ispahanica ‘Zvezdograd’, C. fargesii ‘Paul Farges’,
C. texensis'Princess Diana’, C. tibetana, C. viticella, and C. heracleifolia) were determined with the aim to analyze
their adaptation to the environmental conditions.

Among investigated clematises, there were plants with hypostomatic (C. viticella, C. fargesii 'Paul Farges,
C. heracleifolia, C. texensis ‘Princess Diana’, C. macropetala 'Maidwell Hall', and C. alpina ‘Pamela Jackman’),
and amphistomatic leaves (C. ispahanica "Zvezdograd' and C. tibetana). In C. integrifolia ‘Aljonushka’ leaves
were hypostomatic, but few solitary stomata were also present on the adaxial surface. In the leaves
of investigated taxa, the palisade coefficient ranged from 27.3% (C. alpina ‘Pamela Jackman’) to 49.9%
(C. tibetana). The leaves also differed significantly in size. In particular, leaves of C. integrifolia ‘Aljonushka’
were almost ten times smaller than such of C. heracleifolia.

As a result of UPGMA clustering, the plants that can survive in severe windy weather in open rocky areas,
Clematis tibetana and C. ispahanica ‘Zvezdograd’, were joined in a separate cluster. The second cluster
combined C. alpina ‘Pamela Jackman’ and C. macropetala ‘Maidwell Hall' - cultivars blooming in the spring,
during a period of significant difference in daily temperatures. A relatively small leaf area in plants from
these two clusters may indicate an adaptation by reducing the transpiration area and general windage.
The third cluster united the rest of investigated taxa, mostly - the mesophytic plants with a relatively
large leaf area. However, due to similar morpho-anatomical structure of the leaf, the third cluster also
comprised C. integrifolia ‘Aljonushka’ with the smallest leaves.
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Introduction plants of various life forms, which grow on

all continents except Antarctica (Sneddon,
The genus Clematis L. (Ranunculaceae Juss.) 1975; Takhtajan, 1978; Tamura, 1993; Moon
unites valuable ornamental and medicinal et al., 2013; Zhang et al., 2013). Due to the
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Table 1. Investigated Clematis taxa and their natural ranges following Beskaravaynaya (1998) and Clematis

on the Web (2021).

Taxon Breeding technology

Natural range

C. alpina (L.) Mill.
‘Pamela Jackman’

Selection from C. alpina seed
offsprings

C. macropetala Ladeb.

‘Maidwell Hall offsprings

C. integrifolia L.
‘Aljonushka’

Hybridization C. jackmanii
‘Nezhdannyi’ x C. integrifolia

C. ispahanica Boiss.
‘Zvezdograd’

Mutagenesis of C. ispahanica

C. fargesii Franch.
‘Paul Farges’

Hybridization C. fargesii x
C. vitalba L.

C. texensis Buckl.

‘Princess Diana’ x C. texensis

C. tibetana Kuntze
C. viticella L.

C. heracleifolia DC.

Selection from C. macropetala seed

Hybridization Clematis ‘Bees’ Jubilee’

Forests in the mountains of Central and Eastern
Europe (rocky slopes, river banks and bushes)

Open shaded slopes, edges, coniferous and
deciduous forests of Eastern Siberia, the Far East,
China, North Korea, and Eastern Mongolia

Clematis integrifolia is common among shrubs,
on the edges and banks of rivers of Crimea,
Prykarpattia, Western Europe, the Caucasus,
Northern Kazakhstan, Turkey, Western China.
Clematis jackmanii ‘Nezhdannyi was obtained by
free pollination of C. jackmanii

Clematis ispahanica grows on steppe slopes in
Central Asia and Iran

Clematis fargesii grows in West China. Clematis
vitalba occurs in Crimea, Caucasus, Central and
Southern Europe, Asia Minor, and North Africa

Clematis texensis grows in USA (Texas). Origin of
Clematis ‘Bees’ Jubilee’ is unknown

Southeast Asia (Indian Himalayas, Nepal, China, and
Tibet)

Rocky slopes and edges in Southern Europe,
Western Caucasus, Iran, Asia Minor

East China and Korea

long history of introduction and selection,
many clematises are available for planting
in a moderate climatic zone and are
successfully cultivated in Ukrainian botanical
gardens (Rijekstynja & Rijekstynysh, 1990;
Tamura, 1993; Vachnovskaya, 2007). Taking
into account the wide range of decorative
application, clematises are good plants for
urban gardening.

Clematises differ in the rhythms of their
development and can be deciduous or
evergreen. They are mainly entomophilous,
monoecious or dioecious plants with
opposite pinnate leaves. Morpho-anatomical
diversity of their leaves is often determined
by the ecological conditions of their habitats
(they often occupy forest edges, rocky
slopes, rocky river banks, and also steppes
and desert landscapes) in different climatic
zones (Rijekstynja & Rijekstynysh, 1990;
Tamura, 1993; Buisson & Lee, 1993; Baath &
Anderson, 2003; Ahmad et al., 2016; Arimy
et al., 2017).

Adaptation to environmental conditions is
reflected in the size, orientation, and density
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of structural elements of the leaf (Pashkevych,
2014; Arimy et al., 2017; Zanao Janior et al.,
2017; Araujo et al., 2019; Ornellas et al., 2019).
The mechanisms of such adaptation may differ
(e.g., by changing the area and thickness of
the leaf blade, mesophyll or epidermal cell
sizes, number of stomata, or developing the
pubescence), but some genetically determined
traits remain intact (e.g., the type of leaf
blade, vascularization, stomatal apparatus,
and trichomes). Therefore, the anatomical
structure of the leaves often serves as a
valuable source of taxonomic features (Isnard
et al.,, 2003; Jinghua & Liangqian, 2003; Javed
et al., 2012). Taking into account these two
aspects, we analyzed morpho-anatomical
features of the leaves of nine Clematis taxa
to evaluate their adaptive potential to urban
conditions.

Material and methods

Morphological peculiarities were analyzed
for nine Clematis taxa (Table 1), which were
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chosen due to their high ornamental features
combined with the possibility of growing
in public urban plantations. Selected plants
vary phenologically and morphologically,
so they can be applied for the creation of
specific landscape compositions. They also
differ by origin, which causes some ecological
preferences and peculiarities.

For the morphological analysis, for each
taxon five mature leaves of the brunch
middle part were selected from the western
side of plant habitus. Middle parts of leaflets
from selected leaves were used for cuts and
preparation of the permanent slides. Imprints
of abaxial and adaxial sides of mature leaves
were applied to determine the structure of
the epidermis (Evert, 2005). The anatomical
structure of the leaves was studied using
permanent (10 pm thick) and native slides.
Differentiated staining of the leaf tissues was
performed using safranin (stains lignified
elements) and water blue (stains unlignified
elements) dyes (Furst, 1979).

The palisade coefficient indicates the
percentage of palisade mesophyll layer from
total mesophyll layer in the leaf blade and was
calculated by the formula:

K=100*M, /M, , where

P+S?

K - the palisade coefficient, in %,

M, - the height of the palisade mesophyll
cells layer on the cross-section of the leaf, in
um

M, — the total height of the mesophyll, in
um.

Following leaf characters were analysed:
1 - leaf blade thickness, um; 2 - height of
the upper epidermis cells, ym; 3 - width
of upper epidermis cell, pm; 4 - height
of lower epidermis cells, uym; 5 - width of
lower epidermis cells, ym; 6 - thickness of
palisade mesophyll layer, um; 7 - height of
palisade mesophyll cell, pm; 8 - width of
palisade mesophyll cell, um; 9 - thickness of
spongy mesophyll, um; 10 - height of spongy
mesophyll cells, pm; 11 - width of spongy
mesophyll cells, um; 12 - diameter of vascular
bundle with sheath cells, um; 13 - diameter of
vascular bundle (transverse), um; 14 - diameter
of wvascular bundle (longitudinal), pm;
15 - diameter of xylem vessels (transverse), um;
16 - diameter of xylem vessels (longitudinal),
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um; 17 - height of phloem, um; 18 - diameter
of bundle sheath cells, pm; 19 - thickness
of xylem vessels walls, um; 20 - thickness
of upper epidermis cells outer walls, pm;
21 - thickness of lower epidermis cells outer
walls, um; 22 - thickness of upper epidermis
cuticle, um; 23 - thickness of lower epidermis
cuticle, um; 24 - width of stomata on the
abaxial surface, um; 25 - width of stomata on
the adaxial surface, um; 26 - length of stomata
on the abaxial surface, um; 27 - length of
stomata on the adaxial surface, um; 28 - leaf
area, dm? 29 - leaf perimeter, dm; 30 - leaf
mass of defined area, g /dm? 31 - leaf mass
of a defined volume, g /cm? 32 - number of
stomata on the abaxial leaf surface, pcs. / mm?
33 - number of stomata on the adaxial leaf
surface, pcs. /mm? 34 - number of ordinary
epidermal cells on the abaxial leaf surface,
pcs. / mm?; 35 - number of ordinary epidermal
cells on the adaxial leaf surface, pcs./mm?
36 - stomatal index of leaf abaxial surface %;
37 - stomatal index of leaf adaxial surface, %.
Vascular bundles have elliptical form, and
therefore their size and form description
suspect  definition of two  mutually
perpendicular diameters: longitudinal (the
longest one) and transverse (the shortest one),
which we used for our analysis.

Cluster analysis was performed using
UPGMA method. UPGMA is effective when
objects actually form different “groves”;
however, it works equally well in cases of
extended (chain type) clusters (Systat Software,
2010;  Addinsoft, 2017).  Simultaneously,
Principle Component Analysis (PCA) was
applied as one of the most frequently used
multivariate data analysis methods suitable for
our purposes (Addinsoft, 2017).

The anatomical structure of the leaves
was investigated using a microscope Nikon
Eclipse E-200 (Japan). Measurements of linear
dimensions and areas were performed using
Image-Pro Premier 9.1 software. Statistica 6.0
and SigmaPlot softwares were used for the
statistical processing of obtained data (Box
et al., 2005; Systat Software, 2010; Everitt et
al., 2011).

Results and discussion

Ecological conditions of the habitat influence
affect morphology and anatomy of plants in
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different ways. In case of studied clematises,
altitude and insolation play principal role. The
common feature of high-altitudinal plants
is relatively thick leaf blades (Kogami et al.,
2001; Zarinkamar et al., 2011; Ahmad et al.,
2016; Arimy et al., 2017). It was also found that
such plants, if compare with the plants from
lower altitudes, have lower stomata density
(Zarinkamar et al., 2011; Arimy et al., 2017),
intensive sclerification around the vascular
bundles (Ahmad et al., 2016), thick walls of
epidermal cells, and, usually, amphistomatic
leaves (Ornellas et al., 2019). From the other
hand, in case of sufficient insolation, neutral
and filtered shades cause the decrease of
leaf thickness and area, leaf weight, stomatal
density, palisade cell length, mesophyll
thickness, and increase in chlorophyll content,
degree of air spaces, adaxial width of palisade
cell, and perimeter to area ratio (Buisson &
Lee, 1993; Hanba et al., 2002).

Leaves of studied clematises were
imparipinnate  petiolate, with leaflets
having tripartite (except C. heracleifolia,

which preserves the triple structure
of leaves), toothed (C. alpina ‘Pamela
Jackman, C. macropetala ‘Maidwell Hall,

C. ispahanica ‘Zvezdograd, C fargesii ‘Paul
Farges, C. tibetana, and C. heracleifolia) or
entire (C. integrifolia ‘Aljonushka’, C. taxensis
‘Princess Diana), and C. viticella) outlines of
their margins. The leaf tip was always pointed.
The leaf bases varied from wedge-shaped
to notched (Fig. 1). Additionally, climbing
clematises had modified petioles-tendrils for
attachment to the vertical surfaces.

In general, the leaves of the studied plants
differed significantly in shape and area
(Fig. 2). The leaf surface area of the studied
plants ranged from 1838 mm?in C. integrifolia
‘Aljonushka’ to 18095 mm? in C. heracleifolia.

The leaf blades of the studied clematises
demonstrated dorsoventral structure. There
were plants with hypostomatic (C. viticella,
C. fargesii ‘Paul Farges, C. heracleifolia,
C. texensis ‘Princess Diana, C. macropetala
‘Maidwell Hall’, and C. alpina ‘Pamela Jackman’)
and amphistomatic leaves (C. ispahanica
‘Zvezdograd’ and C. tibetana). In C. integrifolia
‘Aljonushka), beside the numerous stomata on
the abaxial surface of the leaves, there were
also observed solitary stomata on their adaxial
side. In all studied plants, the stomata of the
anomocytic type were found. The maximal
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stomatal area (C. macropetala ‘Maidwell Hall’)
almost twice exceeded the minimal discovered
one (C. texensis ‘Princess Diana). Ordinary
epidermal cells varied in shape and size and
differed between the experimental plants
and even within the leaf surfaces of the same
taxon. The height of mesophyll and the ratio
of palisade and spongy layers differed among
studied plants too (Fig. 3).

The minimal value of the palisade coefficient
was found in the leaves of C. alpina ‘Pamela
Jackman’ (27.3%). For the rest plants, it was
within the range of 30-40% (C. macropetala
‘Maidwell Hall, C. integrifolia ‘Aljonushka
C. fargesii ‘Paul Farges, C. texensis ‘Princess
Diana, and C. heracleifolia) or 40-50%
(C. wviticella, C. ispahanica ‘Zvezdograd, and
C. tibetana).

Palisade mesophyll was represented by two
layers of cells in C. ispahanica ‘Zvezdograd)
C. integrifolia ‘Aljonushka) and C. tibetana, and
by a single layer in other studied taxa. Loose
spongy mesophyll with large intercellular
spaces was found in C. texensis ‘Princess
Diana) C. heracleifolia, C. fargesii ‘Paul Farges)
and C. tibetana. In other studied plants, spongy
mesophyll was denser with clear boundaries
between the layers. In C. integrifolia
‘Aljonushka’ it consisted of three or four
cell layers, while in C. viticella and C. alpina
‘Pamela Jackman’ - of three layers (Fig. 4).

Leaf morphological and anatomical features
were analysed by PCA. We used nine clematis
taxa as observations and 37 characters and
indexes of the leaf blade as variables (Fig. 5).
From the list of investigated characters, we
selected 22 variables, which made the most
substantial contribution to PCA dispersion.
Selected features in complex allowed
comparing light intensity preferences and
drought-resistance of plants and their ability
to accumulate and retain water (Table 2).

The PCA showed that C. texensis ‘Princess
Diana’ differs from other studied plants by
the thickness of outer cell walls of upper
epidermis, while C. macropetala ‘Maidwell Hall
differs by the size of cells of spongy mesophyll
and lower epidermis. Clematises with
largest (C. heracleifolia and C. fargesii ‘Paul
Farges’) and smallest leaves (C. integrifolia
‘Aljonushka’), sure thing, strongly differed
from other studied plants by the leaf area.
Besides this, C. integrifolia ‘Aljonushka’ and
C. fargesii ‘Paul Farges’ differed by a high
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Figure 1. Outlines of Clematis leaves: A - C. texensis ‘Princess Diana’; B - C. heracleifolia; C - C. integrifolia
‘Aljonushka’; D - C. fargesii ‘Paul Farges’; E - C. viticella; F - C. alpina 'Pamela Jackman’; G - C. ispahanica
‘Zvezdograd’; H - C. tibetana; | - C. macropetala ‘Maidwell Hall'.
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C.tibetana

C. alpina 'Pamela Jackman'
C. fargesii 'Paul Farges'

C. viticella

C. integrifolia 'Aljonushka’
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C. macropetala 'Maidwell Hall
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Figure 2. The leaf area of studied clematises.

C. tibetana

C. alpina 'Pamela Jackman'
C. fargesii 'Paul Farges'

C. viticella

C. integrifolia 'Aljonushka’

C. ispahanica 'Zvezdograd'

C. heracleifolia

C. macropetala 'Maidwell Hall'

C. texensis 'Princess Diana'
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Figure 3. The height of palisade and spongy mesophyll in Clematis leaves.

stomata index of the abaxial leaf surface,
and C. heracleifolia - by the low value of this
indicator. Close to C. ispahanica ‘Zvezdograd,
we traced the accumulation of the features
associated with the stomata apparatus of the
adaxial leaf surface, and thickness of cuticle,
palisade mesophyll, and xylem walls. From
other studied plants, C. tibetana differed in
the thickness of a leaf blade and the height
of lower epidermis cells. PCA projections of
C. viticella and C. alpina ‘Pamela Jackman’
appeared distant from other studied taxa on
the biplot. Following features were found
inherent for C. viticella: the lowest values
of thickness of the leaf blade, diameter of
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vascular bundle, diameter of xylem vessels,
and average leaf area. The thinnest palisade
mesophyll and cuticle were found in C. alpina
‘Pamela Jackman'

The anatomical features of studied
clematises were quite heterogeneous, which
probably, reflects their ecological variability.
In the dendrogram, clematises were
grouped into three main clusters. The first
one included C. tibetana and C. ispahanica
‘Zvezdograd’ with the thickest amphistomatic
leaves. Cultivars C. alpina ‘Pamela Jackman’
and C. macropetala ‘Maidwell Hall' with
hypostomatic leaves and moderate thickness
of the leaf blade formed the second cluster.
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Figure 5. PCA biplot of the studied Clematis taxa and their leaf characters. See Table 2 for the character
codes. A - C. texensis 'Princess Diana’; B - C. macropetala ‘Maidwell Hall'; C - C. heracleifolia; D - C. ispahanica
‘Zvezdograd’; E - C integrifolia ‘Aljonushka’; F - C. viticello; G - C. fargesii ‘Paul Farges’; H - C. alpina ‘Pamela

Jackman’; | - C. tibetana.

The third and the largest cluster included
C. viticella, C. fargesii ‘Paul Farges, C.
integrifolia ‘Aljonushka C. heracleifolia, and
C. texensis ‘Princess Diana’ with hypostomatic
leaves thickness of which varied from 109.91
to 184.90 um (Fig. 6).

Despite the difference in origin and
habitus, among studied plants, C. heracleifolia
and C. texensis ‘Princess Diana’ were found
to be the most similar. The leaves of these
plants have the largest area and comparatively
thin epidermis, which indicates their
mesophytic origin. Another subcluster was
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formed by the cultivars C. fargesii ‘Paul
Farges’ and C. integrifolia ‘Aljonushka’ Such
species common for Ukraine as C. vitalba
and C. integrifolia were used to create these
cultivars. Hence, these cultivars can occupy
the niche of parental species in the plantations
of deciduous woody plants with low canopy
density. In urban landscapes, they can be used
for growing in containers, to decorate walls
and fences.

The natural range of distribution of
C. viticella is located in southern Europe,
where it grows in the forest ecotons.
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Table 2. Contribution of selected characters to PCA dispersion. The characters making a significant
contribution are indicated in bold.

No  Variables Contributions

PC1 PC2 PC3
1 Leaf blade thickness 7.846 0.386 0.759
2 Height of the upper epidermis cells 3.891 0.111 0.026
3 Width of upper epidermis cell 5.616 1.906 1.610
4 Height of lower epidermis cells 7.035 0.037 0.336
5 Width of lower epidermis cells 4.025 5.150 0.027
6 Thickness of palisade mesophyll layer 5.519 2.735 0.379
7 Height of palisade mesophyll cell 4.661 0.139 0.976
8 Width of palisade mesophyll cell 2.848 1.029 2.787
9 Thickness of spongy mesophyll 3.213 0.743 4.589
10 Height of spongy mesophyll cells 1.389 4.546 0.041
1 Width of spongy mesophyll cells 0.149 5.354 0.471
12 Diameter of vascular bundle with sheath cells 0.315 7.050 0.190
13 Diameter of vascular bundle (transverse) 0.358 8.044 1714
14 Diameter of vascular bundle (longitudinal) 0.940 1.378 6.781
15 Diameter of xylem vessels (transverse) 0.470 2.537 0.407
16 Diameter of xylem vessels (longitudinal) 0.004 2.639 1.643
17 Height of phloem 1.294 1104 2.538
18 Diameter of bundle sheath cells 1.755 1.007 0.836
19 Thickness of xylem vessel walls 4.170 3.261 1.150
20 Thickness of upper epidermis cells outer walls 4415 4.416 0.805
21 Thickness of lower epidermis cells outer walls 2.658 5.377 1125
22 Thickness of upper cuticle 3.008 1.120 2.076
23 Thickness of lower cuticle 2.154 2.663 2.635
24 Width of stomata on the abaxial surface 0.292 1.672 11.160
25 Width of stomata on the adaxial surface 5.508 2.884 0.822
26 Length of stomata on the abaxial surface 5.452 3.678 0.429
27 Length of stomata on the adaxial surface 5.700 2.686 0421
28 Leaf area 1.016 0.100 10.198
29 Leaf perimeter 0.565 0.265 5.784
30 Leaf mass of defined area 4.116 3.395 0.660
31 Leaf mass of a defined volume 0.418 3.114 4.277
32 Number of stomata on the abaxial leaf surface 0.571 3.079 5.127
33 Number of stomata on the adaxial leaf surface 2.707 3.126 5.809
34 Number of ordinary epidermal cells on the abaxial leaf surface 0.935 3.531 10.122
35 Number of ordinary epidermal cells on the adaxial leaf surface 0.052 5.142 8.596
36 Stomatal index of leaf abaxial surface 0.129 1.398 0.543
37 Stomatal index of leaf adaxial surface 4.806 3.198 2.153
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C. texensis Princess Diana’

C. heracleifolia

C. integrifolia "Aljonushka’

C. fargesii ‘Paul Farges®

C. viticella

C. macropetala "Maidwell Hall"

C. alpina "Pamela Jackman’

C. ispahanica Zvezdograd®

C. tibetana

5 6
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Figure 6. UPGMA clustering of studied clematises basing on morpho-anatomical parameters.

This explains the shade tolerance peculiarities
in the structure of its leaves. Therefore, this
species, as a bright summer accent, fits the
woody plantations with low canopy density.

Cultivars C. alpina ‘Pamela Jackman’
and C. macropetala ‘Maidwell Hall' are
traditionally attributed to the Atragene
group, which combines clematises from
the Northern Hemisphere forests. These
plants grow in partial shade, and bloom
in spring during rapid fluctuations of the
daily temperature under a sparse canopy of
the trees in windy forest biocenoses. Small
leaves and their dissection can be a result
of adaptation of these plants to mentioned
growing conditions. Hence, the best places
for their growth in the city are on the edges
and along the paths in the parks and squares
composed by deciduous trees. In such
conditions they will get enough light during
the flowering period and enough shade
during the hot summer time.

Stony steppe slopes with high insolation
are the natural habitats of C. tibetana
and C. ispahanica. Clematis tibetana and

C. ispahanica Boiss. ‘Zvezdograd’ have
the following leaf structure features:
amphistomatic  leaves, high  palisade

coefficient, and relatively significant total
leaf blade thickness. Such features are crucial
for the plants growing on mountain slopes
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with high insolation and fluctuations in
daily temperatures. The small area of leaves
allows these plants to avoid damage by
ground particles during the winds. While the
relatively thick cuticle reduces transpiration
and refracts sunlight. These traits are
genetically determined and persist even in
plants growing in urban areas. Therefore,
C. tibetana and C. ispahanica ‘Zvezdograd’
are appropriate for growing on windy, rocky
mounds.

Conclusions

Adaptive features of the studied clematises
are different. Complex analysis of their
leaf morpho-anatomical structure allowed
assessing the ecological preferences of
these plants. In particular, among the main
characters of heliophilous clematises were
determined amphistomatic leaves, a high
palisade coefficient, and a considerably
thick cuticle. The small diameter of vascular
bundles and the thin cuticle layer are signs
of shade-tolerant clematises. While the
mesophytic clematises combine a thin cuticle
layer and large size of stomata, mesophilic
and epidermal cells. Small-celled leaf tissues,
in general, indicate drought-resistant
clematises.
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IpnHa KosanuwnH " *, AHgpin MiHuyk 2, ApTyp JlixaHOB 2

' IHCTUTYT disionorii pocnH i reHeTUKM HalioHanbHOI akagemii Hayk YkpaiHu, Byn. Bacunbkiscbka, 31/17,
Kwig, 03022, YkpaiHa; * Iryna_B_Kovalyshyn@ukr.net

2 HauioHanbHWI yHiBepcUTeT biopecypciB i NprpooKOPUCTYBaHHSA YKpaiHu, By, FepoiB O6opoHu, 15,
Kuis, 03041, YkpaiHa

BM3HaUeHHs KinbKiCHUX MOKAa3HMKIB MOP@OAOriYHUX i aHAaTOMIYHUX O3HAK AMCTKOBUX MAACTUHOK
34iNCHIOBaNU Anda AeB'STU BUAIB i copTiB noMuHociB (Clematis alpina ‘Pamela Jackman', C. macropetala
‘Maidwell Hall', C. integrifolia ‘Aljonushka’, C. ispahanica 'Zvezdograd', C. fargesii Paul Farges', C. texensis
‘Princess Diana’, C. tibetana, C. viticella Ta C. heracleifolia).

Cepegs AOCNIAKEHNX NOMUHOCIB BynX NPUCYTHI POCAMHM 3 rinoctoMatudHumm (C viticella, C. fargesii ‘Paul
Farges', C. heracleifolia, C. texensis'Princess Diana’, C. macropetala ‘Maidwell Hall', C. alpina ‘Pamela)ackman’) Ta
amopictomaTnuHmMm anctkamm (C ispahanica ‘Zvezdograd'i C. tibetana). A TaKoX pOCANHN 3 FINOCTOMATUYHI
JINCTKaMK, ki Manm NooANHOKI MPOANXM Ha afakcianbHii nosepxHi nuctkis (C. integrifolia ‘Aljonushka’).
KoediuieHT nanicagHocTi nncTkiB konmeasca Big 27,3 % (C. alpina ‘Pamela Jackman') go 49,9 % (C. tibetana).
NIncTkm gocnigkeHnx poCIvH TakoX CyTTEBO BiAPI3SHANNCS 3a naoLLeto, 3okpemay C. integrifolia ‘Aljonushka’
MaoLL,A NMNCTKOBOI MOBEPXHi Maixe y AecAaTb pasiB nepesuwlyBana Taky y C. heracleifolia.

Y pesynbTaTi KnacTepHoOro aHanily, nepwwuin knactep 6y chdopmosaHuin C. tibetana Ta C. ispahanica
‘Zvezdograd'. Lli pocnuHu, 34aTHi BUXMBATN B YMOBAaxX Pi3koro nepenajgy Temnepatyp i BiTpsaHOI noroam
Ha BIAKPUTUX KaM'sHUCTUX ginaHkax. [o gpyroro knactepy ysiiwnu C alpina ‘Pamela Jackman' Ta
C. macropetala‘Maidwell Hall' - pocanHu, aKi LBIiTYTb HaBeCHI, B Nepio 3HauHoi 3MiHM 4060BUX TeMMepaTyp.
MopiBHAHO HeBesMKa MoLLA JNCTKIB LX POCIMH MOXe BKa3yBaTW Ha afanTauito LWASXOM 3MeHLLEeHHS
TpaHcnipaLiiHol NaoLi Ta napycHocTi. TpeTili knactep 06'egHaB Me30QiTHI POCINHW, SKi BiAPI3HATHCA
BiZ pewTy 6iNbLIOI0 3arasbHOK nowe AnUCTKiB. OfHaK, A0 TPeTbOoro KaacTepy TakoX YBIMLLOB
kynetuBap C. integrifolia ‘Aljonushka’, aKuin BigpPi3HAETHLCA HAVIMEHLLIOK MOLLE NUCTKOBOT NAACTUHKN,
ane mMae nogibHy mopdo-aHaToMiUHY 6ya0BY.

Kntouosi cnosa: Clematis, knactepHWIA aHanis, NNCTOK, enigepma, Me3odin
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