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Molecular and elemental composition of humic acids
isolated from selected soils of the Russian Arctic

Humic substances, isolated from selected soils of the Russian Arctic, were
investigated in terms of molecular composition and stabilization rate. The degree
of polar soil organic matter stabilization was assessed with the use of modern
instrumental spectroscopy methods. The analysis of humic acid (HAs) preparations
showed that aliphatic fragments prevail in the organic matter isolated in polar soils.
The predominance of aliphatic fragments was revealed in HAs from soils located in
the coastal zone, which could be caused by regular refreshment of organic matter
during sin-lithogenic process and processes of hydrogenation in HAs. Breaking of the
C-C bonds and formation of chains with a high hydrogen content, which leads to the
formation of aliphatic fragments in HAs, were noted. Data on the calculated atomic
ratios of the elements in HAs are given and graphs show the main regularities in the
formation of HAs and their properties. The integrated indicators of the molecular
composition of humic acids of soils of the Russian Arctic are presented.

The paper contains 4 Tables, 4 Figures and 44 References.

Key words: CP/MAS "*C-NMR; humic acids; organic matter; permafrost-affected
soils; Cryosol.
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Introduction

In the territories located at high latitudes of northern Europe, Greenland,
Canada, Alaska and Russia, soils were formed during the Quaternary period, the
diversity of which is mainly associated with the cryogenic processes within the
pedosphere [1-2]. The area occupied by permafrost-affected soils is more than
8.6 million km? which represents about 27% of the entire territory of the north
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[3]. According to the latest data, organic matter accumulated in the soil of the
Arctic up to 1024 Pg (1 Pg = 10'"g) stored in the upper 3 m of soil [1, 2, 4-8].

In the Arctic, the formation of soil and organic matter is influenced by cryo-
genic processes such as cryogenic mass exchange cracking, frost formation, soil
swelling, cryogenic solifluction, thermokarst, etc. In permafrost-affected soils
occupying about 65% of the territory of Russia, biogeochemical processes take
place within the active layer of soil, the depth of the active layer depends on land-
scape position, the type of vegetation, and organogenic horizons [1, 6, 9]. More-
over, essential amounts of organic matter are stabilized within the frozen ground
below the permafrost table. A common feature of the soil cover of the Arctic is its
complexity associated with the permafrost processes in various bioclimatic and
geological and geomorphological conditions. For arctic soils, as a rule, a high
water content is typical, especially near the permafrost table, which appears to
be a water barrier. As a result, gray color and redoxymorphic conditions appear
associated with the gleying process, which is most pronounced on loamy and
well-structured soils [10].

The soils in the cryolithozone are considered as carbon storages. The accumu-
lation of organic carbon in the profile of arctic soils is associated with processes
of permafrost retinization, processes of cryogenic mass exchange, with the for-
mation of organic matter in situ from plant residues, as well as inheritance from
a soil-forming rock [11-13]. For the soils of watershed positions of the Arctic
and Subarctic regions, the formation of superficial humus enriched layer is typi-
cal with a weak intensity of decomposition of organic residues and humification
processes.

Low average temperatures and a short vegetation season in permafrost areas
cause organic matter to accumulate throughout the Quaternary period [2]. Bio-
mass forms during a short growing season and initially accumulates in the up-
per layer of soil, thus creating an annual accumulation of organic matter, during
which alluvial sedimentation of organic residues is also involved [2, 14-15].

Cryoturbation also leads to redistribution of organic matter into deeper soil
horizons. Another process is the movement of organic matter in a dissolved state
and its accumulation at the boundary with permafrost [2, 16-18]. During cryotur-
bation, fine fragments of organic material, separated from the lower parts of the
surface horizons under the influence of ice, move inside the profile, mixing with
the mineral matter of the underlying horizons; the result of this movement of or-
ganic masses along the profile is its compaction, homogenization and decomposi-
tion of plant residues [19]. As a result of slope processes, organogenic horizons
are often buried under material that has fallen here as a result of solifluction. In
contrast to cryoturbated material, buried organogenic horizons are characterized
by high porosity, absence of excessive overcompaction, and plant residues are
destroyed much less [19].

Nowadays, the use of modern physicochemical research methods has made it
possible to study the structure of HAs molecules in more detail without resorting
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to their destruction. The methods of infrared (IR), nuclear magnetic resonance
(NMR) and electron paramagnetic resonance (ERS) spectroscopy can provide in-
formation not only about the qualitative set of the most important atomic groups
and types of bonds, but also about the specific location of individual functional
groups and molecular fragments. Among organic substances, humic acids are dis-
tinguished by the greatest biochemical resistance [20]. However, their composi-
tion and structure are variable and reflect the conditions of humus formation. The
use of BC-NMR spectroscopy allows the quantitative determination of structural
and functional parameters of HAs, and, therefore, this method is used to evaluate
their transformation under the influence of various factors, including man-made
[19, 21-22].

BC-NMR spectroscopy also allows to obtain detailed and reliable information
about the number of structural fragments and functional groups of HAs, which
appear in the corresponding spectral ranges in the form of resonant signals of
carbon atoms characterizing typical structural features: the presence of aliphatic,
aromatic fragments and functional groups: -C=0) - aldehydes, ketones and quin-
oid structures; (-COOH), (-NH,), (-OCH,), (-OH) - alcohols, carbohydrates and
phenols [9, 17, 19, 23-24]. Studies of the principles of HAs structure, deciphering
the intramolecular “state” allow going to the quantitative level of the description
of the bound “structure - molecular weight”.

Thus, the main aim of this study was to determine the molecular composition
of organic matter in selected soils of the Russian Arctic using CP/MAS (Cross-
Polarization/Magic Angle Spinning) *C-NMR spectroscopy.

Materials and methods

The study area is located around the islands of the Russian Arctic, and include
Vaigach and Kolguev islands in the Kara sea (70°00'04.3"N 59°40'22.4"E and
69°07'36.8"N 49°30'53.7"E), Andrey island in the Laptev sea and Kurungnakh
island in the Lena River Delta (76°46'46.0"N 110°47'11.6"E and 72°21'46.7"N
126°08223.3"E) and Sosnowiec island in the White sea (66°29'21.9"N
40°40'57.8"E) (Fig. 1).

The article presents single plot areas, confirming the statement about the di-
versity of soils in the Arctic, which is associated with the differentiation of cli-
matic conditions in the latitudinal and meridional direction, and with a large va-
riety of soil-forming rocks and topographic situations. Vaigach Island, which is
located in the Western part of the Russian Arctic between the Barents and Kara
Seas, has more humid climatic conditions than Kolguev Island, located in the
Barents Sea. The annual precipitations of these islands are 250-350 mm and 210-
250 mm, respectively [25]. The thermal conditions are also different, for Vaigach
Island (one latitude with the island of Sosnowiec), the average temperature of the
warmest month is 5.8 °C, while for Andrey Island it is 2°C. Soil-forming rocks are
represented either by sea loams of ancient sea terraces, or by skeletal deluvium of
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sandy and loamy composition. In the landscape, there is a pronounced microrelief
associated with heaving mounds, the presence of structured soils, and also places
of solifluction deformations.

"4’ ‘3." Arctic ocean ’

“

4 Laptev

Barents
sea

1 .
White
sea

Fig. 1. Location of the study area and the studied soils. 1 - Sosnowiec island;
2 - Kolgueyv island; 3 - Vaigach island; 4 - Andrey island; 5 - Kurungnakh island.
Source: ESRI

The vegetation of the islands is represented mainly by arctic tundra communi-
ties with fragmented grass and shrub cover with the predominance of moss and
lichen. Soils of the Lena River Delta form in strong Arctic weather conditions,
mean annual air temperature is — (-13°C), mean air temperature of the warmest
month (July) is — 6.5°C, and of the coldest month (January) is — (-32°C). The
thickness of snow is 23 c¢m, the annual amount of precipitations is 323 mm (in
summer it is 125 mm). Parent materials of the Lena Delta are presented by fresh
alluvial material and loamy and sandy loamy sediments.

Soil samples are represented by upper horizons of Cryosol, mainly humus
weak developed horizons (W) or gray humus horizons — AY (Umbric horizons).
In most cases, these horizons are replaced by the horizon of CR, a horizon with
pronounced signs of cryogenic mass exchange.

Samples of soil were selected mostly in a polygonal tundra. Soil samples from
surface horizons were collected during the summer of 2014-2015 during the Sea
Expedition organized by the Arctic and Antarctic Research Institute. The soil de-
scription is presented in Table 1. The soils were identified according to WRB [26].
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Table 1
Description of the studied surface soil samples
Sample Description of the studied surface Color
Island Nop Soil soil horizons pH index
- Soil description of the upper horizon
Histic Moss-!icl}en tundra, near residen- 10 YR
1 Cryosol tial buildings, peat horizon up to 4.47 43
Sosnowiec — 30 cm, including sawdust. Veg-
Histic  |etation: moss with lichens cover. 10 YR
2 ¢ L 4.84
Cryosol |Sample 2 is repetition of Sample 1 4/3
3 Folic |The profile is located on a hill 631 10 YR
Cryosol |composed of eluvial-deluvial deposits| 6/3
5 Folic  |of Silurian limestone, moss cover. 711 10 YR
Vaizach Cryosol |Carbonates are found in the soil, the 6/3
& highest content of carbonates is noted
6 Histoso] |1 the upper horizons. Vegetation: 753 10 YR
Stereocaulon sp. Hoffm. and Silene 4/3
acaulis (L.) Jacq. Clay loam class
7 Histic 455 10 YR
Cryosol |Soils are formed on loose Quaternary : 4/2
Reduc- |sediments, sedge-cereal associations
Kolguev 8 taquic |dominate with a significant 6.03 75 YR
Cryosol |proportion of green moss in the soil 74
9 Histic |cover. Polygonal tundra. Loam class 461 10 YR
Cryosol ) 4/4
Permafrost table up to 40 cm, thix-
Reduct- otropy, in the upper part pronounced
. processes of gleying, cryoturbation 7,5YR
11 aquic . 4.82
Cryoso] |Processes are less intense. Polygo- 7/4
y nal tundra. Vegetation: moss with
Andre lichens cover. Silt loam class
y Permafrost table up to 38 cm, thix-
Reduct- otropy, in the upper part pronounced
. processes of gleying, cryoturbation 7,5YR
12 aquic . 5.58
Cryosol |Processes are less intense. Polygo- 7/4
Yy nal tundra. Vegetation: moss with
lichens cover. Silt loam class
Soil is associated with the accumula-
tion of iron and aluminum at the con-
Reduc- tact border with permafrost, this type
. |is characterized by a reddish color 7,5YR
13 taquic . T .. 7.08
Cryosol forming under oxidative conditions. 6/3

Polygonal tundra. Vegetation: Salix
glauca L., S. reptans Rupr., S. lanata
L., Equisetum sp. L. Loam class
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Table 1 (end)

Description of the studied surface
Soil soil horizons pH

Soil description of the upper horizon
Soil develops under conditions of

over humidification, occupying local
meso- and micro-depressions. Char-
acterized by the presence of a Folic
horizon underlain by the Cryic hori-
zon. Polygonal tundra. Vegetation:
S. glauca, S. reptans, Alopecurus

alpinus L. Sandy loam class
Soil develops under the influence

of several processes: the alluvial
Umbric |and zonal processes of soil forma-
Reduc- [tion (peat formation, gleying and 765 7,5YR
taquic |cryogenesis). Polygonal tundra. ' 7/3
Cryosol |Vegetation: Hylocomium splendens
(Hedw.) Schimp., Timmia aus-
Kurungnakh triaca Hedwig. Sandy loam class
Soil develops on well-drained terri-
tories, but there are also signs of gley

Color
index

Island Sample

Folic Re-
14 ductaquic
Cryosol

6.95 |10YR 3/2

15

16 Emz;c Rii- in contact with permafrost. Polygonal 6.61 10 YR
uctaqu tundra. Vegetation: H. splendens, ’ 4/3
Cryosol

T. austriaca, Dryas punctate Juz.,

Polygonum viviparum L. Loam class
Soil develops on the drained

positions, characterized by the
presence of a surface Folic horizon
Reduc- |of different composition, which is
17 taquic |underlain by permafrost-affected 6.14
Cryosol [soils. Polygonal tundra. Veg-
etation: H. splendens, T. austriaca,
Climacium dendroides (Hedw.)
Web. et Mohr. Sandy loam class

7,5YR
7/3

Soil samples were air-dried (24 hours, 20°C), grounded, and passed through
a 2 mm sieve. Soil chemical routine analyses were performed using classical
methods: C, H and N content was determined using an element analyzer (Euro
EA3028-HT Analyser). Data were corrected for water and ash content. Oxygen
content was calculated by difference of whole samples of mass and gravimetric
concentration of C, N, H and ash. pH in water and in salt (soil-dissolvent ratios
1:2.5 in case of mineral horizons and 1:25 in case of organo-mineral horizons)
suspensions was detected using a pH meter (pH-150 M).

Humic acids (HAs) were extracted from each sample according to a published
IHSS protocol [27]. The soil or cryoconite samples were treated with 0.1 M NaOH
(soil/solution mass ratio of 1:10) under nitrogen gas. After 24 hours of shaking,
the alkaline supernatant was separated from the soil residue by centrifugation at
1.516 x g for 20 minutes and then acidified to pH 1 with 6 M HCI to precipitate
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the HAs. The supernatant, which contained fulvic acids, was separated from the
precipitate by centrifugation at 1.516 x g for 15 minutes. The HAs were then
dissolved in 0.1 M NaOH and shaken for four hours under nitrogen gas before
the suspended solids were removed by centrifugation. The resulting supernatant
was acidified again with 6 M HCl to pH 1 and the HAs were again isolated by
centrifugation and demineralized by shaking overnight in 0.1 M HC1/0.3 M HF
(soil/solution ratio of 1:1). Next, the samples were repeatedly washed with deion-
ized water until pH 3 was reached and then finally freeze-dried. HAs extraction
yields were calculated as the percentage of carbon recovered from the original
soil sample [28]. Solid-state CP/MAS BC-NMR spectra of HAs were measured
with a Bruker Avance 500 NMR spectrometer in a 3.2-mm ZrO, rotor. The magic
angle spinning speed was 20 kHz in all cases and the nutation frequency for cross
polarization was ul/2p 1/4 62.5 kHz. Repetition delay and the number of scans
were 3 seconds. HAs extraction yields were calculated as the percentage of car-
bon recovered from the original soil sample.

Results and Discussion

Elemental composition of HAs

In general, the elemental composition of HAs is comparable with the previous
data for soils of the polar zone [6, 18, 23, 29-31]. The elemental composition of
HAs is the most important indicator determining the progress of humification,
oxidation and degree of condensation of HAs [30-31].

The obtained data on HAs elemental composition, atomic ratios and degree of
oxidation (W) are presented in Table 2.

Table 2
Elemental composition of the studied humic acids from surface soil horizons.
Gravimetric concentrations are given for C, H, O and N content. C/N, H/C, O/C,
H/Cmod and W were calculated from mole fraction of C,H,O and N content.
H/C mod is the number of substituted hydrogen atoms in the humic acids; (H/C)
mod = (H/C) + 2 (O/C) x 0.67; H/C and W indexes were calculated according
to Orlov [43]. Sample numbers correspond to Table 1. SD+0.05 for N, H and C content

SATPIC | fsland | N,% [C, % H.%[0.%| ON | HIC | O/C |H/Cmod| W
L | oosmomieel 120 52,17/ 5,05 [36.08/ 357 | 115 | 052 | 18 | 01
2 174 [51.77] 491 [36.58[34.67| 113 | 0.53 | 1.8 | -0.1
3 5.01 [48.47] 578 [35.75[11.29] 142 | 055 | 22 | 03
5| Vaigach [3.14 4952 5 (3734|184 | 12 [ 057 | 1.9 | 0.1
6 3.36 [46.05] 4.96 [40.63[15.98] 128 | 0.66 | 2.2 0.1
7 3.74 [48.43] 578 [37.05[15.01 | 142 [ 057 | 22 | -03
8 | Kolguev [ 1.42 [26.49] 2.86 [64.23[21.7 | 1.28 | 1.8 | 3.7 23
9 2.83 [38.11] 4.53 [49.53[15.68] 1.41 | 0.98 | 2.7 0.5
T | oqow [4.26]47.54]5.64 [37.55[13.01] 141 [ 059 | 22 | -02
12 Y [3.053423] 477 [52.95[ 13.1 | 1.66 | 1.16 | 3.2 0.7
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Table 2 (end)

Sarﬁfle’ Island [N, % |C,%|H,%|0,%| C/N | H/C | O/C |H/Cmod| W
13 3.43 [50.13] 4.85 [ 36.6 [17.07] 1.15 | 0.55 1.9 0.1
14 Ku. | 3.52 [42.83[4.55 [44.11[14.19] 126 | 0.77 23 0.3
15 3.13 |42.94] 4.88 [44.06[16.00] 1.35 | 0.77 2.4 0.2
16| rungnakh 759571537391 6.14 [32.53]21.15] 1.37 | 0.46 1.9 0.4
17 3.44 [44.59] 4.84 [42.15[15.14] 1.29 | 0.71 2.2 0.1

The carbon content in the studied samples varies over a wide range from 26
to 52%. The studied HAs can be divided into two groups by carbon content, less
than 37% and more than 37%. The first group includes samples from Kolguyev
and Andrey islands, they are less charred, which is due to leaching of low carbon
molecules from the organogeneous horizon. Samples from other islands have a
higher carbon content and have a high degree of carbonization associated with
humification processes.

The nitrogen content in all studied HAs is 4% lower. This is due to the low
accumulation of nitrogen-containing compounds in plant residues and in prepara-
tions of humic substances.

The oxygen content in the studied soils also varied in a wide range from 33 to
64%. The highest oxygen values correspond to the preparations from Kolguev and
Andrey islands in those samples where a low carbon content is observed. The high
oxygen content is due to the better solubility of oxygen-enriched hydrophilic hu-
mic acid molecules and their migration to the underlying mineral horizons [32-36].

The calculation of the degree of oxidation showed that most of the studied
samples were in reduction conditions (from -0.1 to -0.4). The exceptions were the
samples from Kolguev and Andrey islands, where the degree of oxidation reaches
+2.3 and 0.7, respectively. This causes the migration of oxidized HAs down the
profile. The weak reductions of preparations of HAs of organogenius horizons is
determined by the produce of fresh organic residues and their weak humification
in the specific bioclimatic conditions of the North.

One of the most widely used methods is a numerical description of the struc-
ture of humic acids in order to identify the patterns of their formation and trans-
formation in the construction of Kleinhempel diagrams [37]. The method is based
on a graphical representation of the data in the coordinates H/Cmod - O/C and
serves a convenient technique for demonstrating the contribution of oxidation and
condensation processes to changes in the elemental composition of HAs.

Based on Kleinhempel diagram (Fig. 2), it was found that in most of the studied
soils the value of H/Cmod and O/C is relatively low, which indicates a low content
of oxygen-containing groups in humic acids and their low migration ability. Sam-
ples from Kolguev and Andrey islands have relatively high values of H/C mod and
O/C, which indicates that they have a high degree of hydromorphism due to low
microbiological activity, which promotes a better preservation of carbohydrate and
amino acid fragments in the structure of HAs. Relatively low values of H/Cmod
indicate accumulation of aromatic fragments in the composition of humic acids.
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Fig. 2. Elemental composition of the studied humic acids isolated from surface soil
horizons. Gravimetric concentrations are given for carbon, hydrogen, oxygen and ni-
trogen content. sH/C mod - The number of substituted hydrogen atoms in the humic
acids; (H/C) mod = (H/C) + 2 (O/C) x 0.67; Sample numbers correspond to Table 1.

The values of the H/Cmod and O/C ratios decrease, i.e. accompanied by an in-
crease in the proportion of aromatic structures in humic acid molecules [33, 36, 38].

Characterisation of HAs by *C-NMR spectroscopy

Spectra of the CP/MAS *C-NMR are given in Fig 3. Various molecular frag-
ments were identified by CP/MAS *C-NMR spectroscopy (Table 3): carboxyl
(-SOOR); carbonyl (-C = O); CH,-, CH,-, CH-aliphatic; -C-OR alcohols, esters
and carbohydrates; phenolic (Ar-OH); quinone (Ar=0); aromatic (Ar-), which
indicates a great complexity of the structure of HAs and the polyfunctional prop-
erties that cause their active participation in soil processes [23].

The chemical shifts are shown in Table 4. The aromatic group is calculated
from the sum of the shifts of 110-185 ppm. Aliphatic fragments are calculated
from the sum of the shifts of 0-110 ppm, 180-200 ppm, Al h, r + Ar h, r (total
number of unoxidized carbon atoms) — The signals were summed over the re-
gions 0-46 and 110-160 ppm, C, H-Al / O, N-Al. Signals from C, H-alkyls were
summed in the range of 0-47 ppm. O, N-alkyl at regions 46-60 and 60-110 ppm
[23]. The presence of all peaks of the carbon species which are required for iden-
tification of the studied substances as humic acids was revealed.

Aliphatic fragments of HAs were predominant up to 74% in the studied sam-
ples. In the studied soils, mineralization processes predominate. The low content
of aromatic fragments due to low microbiological activity leads to accumulation
of organic matter in the soil [18-19, 39]. The low content of carboxyl fragments
(160-185 ppm) indicates that humic substances have low migration activity and
are less enriched in oxygen-containing compounds, which is confirmed by el-
emental analysis data of HAs. To standardize the quantitative characteristics of
HAs macromolecules, the following parameters were used: the ratio of carbon of



Molecular and elemental composition of humic acids isolated

15

aromatic structures to carbon of aliphatic chains — Ar/Al, the degree of decom-
position of organic matter (C, H-alkyl/O, N-alkyl) and the integral indicator of

hydrophobicity of HAs (Al h, r + Ar h, r). The integral indicator of hydrophobicity
is shown in Figure 4.

1 s

200 150 100 50 i ' 200

A W v
— . \w WWWJ w \‘w

250 200 150 100 50 0

250 200 150 100 50 0

Fig. 3. CP/MAS BC-NMR spectra of HAs from soils of the Russian Arctic.
Number corresponds to Table 1; on the X-axis - Chemical shift, ppm;
on the Y-axis Vaxis - Relative intensity, dimensionless
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Table 3
Chemical shifts of atoms of the *C molecular fragments of humic acids
Schlll;mpl;?lll The type of molecular fragments
0-46 C, H-substituted aliphatic fragments
46-60 Methoxy and O, N-substituted aliphatic fragments
60-110 Aliphatic fragments doubly substituted by heteroatoms (including
carbohydrate) and methine carbon of ethers and esters
110-160 C, H-substituted aromatic fragments; O, N-substituted aromatic fragments
160-185 Carboxyl groups, esters, amides and their derivatives
185-200 Quinone groups; Groups of aldehydes and ketones

Percentage of carbon in the main structural fragments of humic acids

Table 4

from the studied surface soil horizons (according to CP/MAS BC-NMR data).

Sample numbers correspond to Table 1; Ar - aromatic fraction;

Al-aliphatic fraction; Al,  +Ar, % - hydrophobicity degree; C, H-Al/ O,

N-Al - the degree of decomposition of organic matter. SD=0.05

Chemical shifts. ppm Al hr CH-Al
Ne Island 0- 46- 60- 110- [ 144-] 160- [ 185- Ar | Al |Ar/Al + Ar !
o, | ON-Al

46 | 60 | 110 | 144 | 160 | 185 | 210 h1, %
| 1| Sos- 33| 6 33 1316 7 2 126]741035] 51.80 0.85
2 | nowiec | 27 | 7 30 13 [13] 6 4 133]167[0.49]| 53.89 0.73
13| 23 8 37 12 | 7 | 11 | 2 129]71(0.42] 42.05 0.52
| 5| Vaigach [ 24 | 6 34 11 1141 9 2 134166052 48.77 0.60
6 24 | 8 31 12 [ 13| 8 4 1331671048 47.81 0.60
| 7 | 23 110 39 9 [ 11| 7 1 127731036 42.28 0.47
| 8 | Kolguev | 21 9 19 23 20| 7 1 15050 1 64.23 0.75
9 36 | 7 27 9 [ 10| 7 4 12717310.36| 55.61 1.08
|11 Andre 28 | 7 34 10 | 7 1 10 | 4 |27 ]73]10.38] 46.09 0.70
12 Y271 2 40 15| 5 7 4 1271731037 46.47 0.64
113 ] 21 8 20 23 |11 | 12 | 5 |46 |54 10.85] 55.00 0.75
141 - 24 | 7 17 23 [ 13| 15 | 1 |51[49]1.04] 60.00 1.00
115 Kh 23| 9 21 24 | 9 | 13 | 1 |46 ] 54]10.85] 56.00 0.77
[16|Tungnakh 451 7 12 20 71 9 101([36]64]0.56] 72.00 | 237
17 231 9 18 24 | 11| 14 | 1 |49 ]51]10.96| 58.00 0.85

_ 250 16
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Fig. 4. The diagram of integrated indicators of the molecular composition
of humic acids. Sample numbers correspond to Table 1; Al h,r + Ar h,r
indicates the total number of unoxidized carbon atoms
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In the studied soils, a significant amount of aliphatic fragments in the ranges
of 0-46 and 110-144 ppm is accumulated, which is due to the increased humidity
in the Arctic sector. A comparative analysis of humic substances from different
sectors of the Russian Arctic shows that, depending on the region, soils can accu-
mulate different amounts of aliphatic and aromatic fragments of humic substanc-
es [18]. The Ar/Al ratio ranges from 0.35 to 1.04, which is caused by different
climatic parameters, as well as soil-forming processes and activity of cryogenic
processes. Soils, forming on sandy loam and silt loam classes of parent materi-
als, have a relatively high degree of humification due to natural drainage and low
degree of cryogenic processes. In soils from the islands of Sosnowiec, Vaigach,
Kolguev and Andrey, the molecular and elemental composition is similar and is
confirmed by data from other researchers working in the Arctic [11, 17-18, 39-
41]. Such soils develop according to the cryogenic type of soil formation. Soils
from Kurungnakh island, located in the Lena River Delta, accumulate a relatively
high content of aromatic fragments up to 51%, which is typical of the podzolic
type of soil formation. Accumulation of aromatic fragments of HAs is associated
with high microbiological activity, on the island of Kurunnakh, on sandy and
loamy sandy soils and leads to favorable conditions for the microbiota [31].

A number of factors affect the qualitative composition of humic substances in
soil, the leading features are hydromorphism and the quality of plant residues. The
soils of the Arctic are mainly represented by moss-lichen communities, which are
enriched with aliphatic compounds [42-44]. Under cryogenic processes, anaero-
bic conditions are formed in the soil, due to the nearness of permafrost table and
excessive humidity. Such conditions decrease the microbiological activity, which
decreases the rate of transformation of soil organic matter and promotes accumu-
lation of paraffin fragments in the structure of humic substances. The processes
of humification of plant residues in the soils of Kurungnakh Island, developing in
the podzolic type of soil formation, proceed more intensively, contributing to the
formation of aggressive humic substances enriched with oxygen-containing func-
tional groups up to 15% and with a high content of aromatic fragments. Humic
substances from the islands of Sosnowiec, Kolguev, Vaigach and Andrey have a
lower degree of aromaticity and contain mainly non-oxidized aliphatic fragments
up to 74% in their structure, which together with anaerobic conditions leads to the
gleying process.

Conclusions

Structural characteristics and elemental composition of humic acids in soils
formed in different sectors of the Russian Arctic have been studied. The analysis
of the elemental composition showed an increase in the degree of hydromorphism
in the soils of the islands of Sosnowiec, Vaigach, Kolguev and Andrey and is ac-
companied by an increase in values (H/Cmod), which is determined by the lower
microbiological activity of Cryosol, which leads to a conservation of carbohy-
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drate and amino acid fragments in the structure of HAs. Soils from the island of
Kurungnakh, the Lena River Delta, revealed relatively low ratios of the values
(H/Cmod) in the soils, which indicates an increase in the proportion of aromatic
fragments in the structure of HAs.

Analysis of the molecular composition of HAs showed that humic acid mole-
cules from the island of Kurungnakh are enriched with aromatic fragments relative
to the humidification of soils from the islands of Sosnowiec, Vaigach, Kolguev
and Andrey where aliphatic chains and structures like carbohydrates and amino
acids prevail in the carbon skeleton. The structurally functional composition of
humic acids in tundra soils is less enriched with aromatic structures. Excessive
humidity leads not only to accumulation of humic substances, but also affects
their molecular composition, namely, causes accumulation of humic substances
in the soils enriched with aliphatic structures.

Analysis of the integral indicator of the hydrophobicity of HAs (Al h, r + Ar h,
r) showed that HAs in the Arctic zone are resistant to oxidation (including mi-
crobial). Relatively high rates of C, H-Al/O, N-Al are observed in soils from the
island of Kurungnakh in the Lena River Delta, which indicates a more significant
degree of humification compared to other studied soils of the Russian Arctic.

References

1. Anisimov O, Arnalds O, Arnoldusen A, Bockheim J, Breuning-Madsen H, Broll G,
Brown J, Desyatkin R, Goryachkin S, Jakobsen BH, Jones A, Konyushkov D, Mazhitova G,
McCallum I, Montanarella L, Naumov E, Overduin PP, Nilsson S, Solbakken E, Ping CL,
Ritz K, Spaargaren O, Stolbovoy V, Tarnocai C. Soil Atlas of the Northern Circumpolar
Region: An initiative of the European Union to support the International Polar YearJRC
European Commission. Institute for Environment. Jones A, Principal editor. Luxembourg:
Publ. Office of the European Union, 144 p. doi: 10.2788/95795

2. Zubrzycki S, Kutzbach L, Pfeiffer E.-M. 2014. Permafrost-affected soils and their carbon
pools with a focus on the Russian Arctic. Solid Earth. 2014;5:595-609. doi: 10.5194/se-5-
595-2014

3. Schidel C, Schuur EAG, Bracho R, Elberling B, Knoblauch C, Lee H, Luo Y, Schimel DS.
Terrestrial ecosystems and the carbon cycle. Global Change Biology. 1995;1:77-91. doi:
10.1111/gcb.12417

4. Schimel DS. Terrestrial ecosystems and the carbon cycle. Global Change Biology.
1995;1:77-91. doi: 10.1111/j.1365-2486.1995.tb00008.x

5. Davis TN. Permafrost: A Guide to Frozen Ground in Transition. Fairbanks, AK, U.S.A.:
University of Alaska Press; 2001. 351 p.

6. Dutta K, Schuur AG, Neff JC, Zimov SA. Potential carbon release from permafrost soils
of Northeastern Siberia. Global Change Biology. 2006;12:2336-2351. doi: 10.1111/j.1365-
2486.2006.01259.x

7. Polyakov VI, Orlova KS, Abakumov EV. Evaluation of carbon stocks in the soils of Lena
River Delta on the basis of application of “dry combustion” and Tyurin’s methods of
carbon determination. Biological Communications. 2017;62:67-72. doi: 10.21638/11701/
spbu03.2017.202

8. Uchaev AP, Nekrasova OA. Mobile humic substances in the forest-tundra zone podzols.
BioClimLand. 2013;1:58-66.


https://epic.awi.de/id/eprint/22797/
https://www.solid-earth.net/5/595/2014/se-5-595-2014.html
https://www.solid-earth.net/5/595/2014/se-5-595-2014.html
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.12417
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.1995.tb00008.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2006.01259.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2006.01259.x
https://biocomm.spbu.ru/article/view/27
https://biocomm.spbu.ru/article/view/27

Molecular and elemental composition of humic acids isolated 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Okoneshnikova MV. Current state and prediction of changes in soils of the middle Lena
valley (Central Yakutia). Tomsk State University Journal of Biology. 2013;3(23):7-18. doi:
10.17223/19988591/23/1 In Russian

Bolter M, Blume H-P, Wetzel H. Properties, formation, classification and ecology of soils:
Results from the Tundra Northwest Expedition 1999 (Nunavut and Northwest Territories,
Canada). Polarforschung. 2006;73:89-101.

Dai XY, Ping CL, Michaelson GJ. Characterizing soil organic matter in Arctic tundra soils
by different analytical approaches. Organic Geochemistry. 2002;33:407-419. doi: 10.1111/
j.1365-2389.2007.00908.

Kutzbach L, Wagner D, Pfeiffer E-M. Effect of microrelief and vegetation on methane
emission from wet polygonal tundra. Lena Delta, Northern Siberia. Biogeochemistry.
2004;69:341-362. doi: 10.1023/B:BIOG.0000031053.81520.db

Boike J, Kattenstroth B, Abramova K, Bornemann N, Chetverova A, Fedorova I, Frob K,
Grigoriev M, Grube RM, Kutzbach L, Langer M, Minke M, Muster S, Piel K, Pfeiffer E-M,
Stoof G, Westermann S, Wischnewski K, Wille C, Hubberten H-W. Baseline characteristics of
climate, permafrost and land cover from new permafrost observatory in the Lena River Delta,
Siberia (1998-2011). Biogeosciences. 2013;10:2105-2128. doi: 10.5194/bg-10-2105-2013
Kirpotin SN. Western Siberia in a changing climate. International J Environmental Studies.
2014;71(5):591-594. doi: 10.1080/00207233.2014.945695

Cazzolla Gatti R, Callaghan TV, Rozhkova-Timina I, Dudko A, Lim A, Vorobyev SN,
Kirpotin SN, Pokrovsky OS. The role of Eurasian beaver (Castor fiber) in the storage,
emission and deposition of carbon in lakes and rivers of the River Ob flood plain,
western Siberia. Science of the Total Environment. 2018;644:1371-1379. doi: 10.1016/j.
scitotenv.2018.07.042

Lodygin ED, Beznosikov VA. The molecular structure and elemental composition of
humic substances from Albeluvisols. Chemistry and Ecology. 2010;26:87-95. doi:
10.1080/02757540.2010.497759

Ejarque E, Abakumov E. Stability and biodegradability of organic matter from Arctic soils
of Western Siberia: Insights from 13C-NMR spectroscopy and elemental analysis. Solid
Earth.2016;7:153-165. doi: 10.5194/se-7-153-2016

Lodygin E, Beznosikov V, Abakumov E. Humic substances elemental composition of
selected taiga and tundra soils from Russian European North-East. Polish Polar Research.
2017;38:125-147. doi: 10.1515/popore-2017-0007

Lupachev A, Abakumov E, Gubin S. The influence of cryogenic mass exchange on the
composition and stabilization rate of soil organic matter in cryosols of the Kolyma Lowland
(North Yakutia. Russia). Geosciences. 2017;7:24. doi: 10.3390/geosciences7020024
Zharinova NY, Yamskih AA. Humus characteristics of alluvial dark-humus soils of Krasnoyarsk
forest-steep. Tomsk State University Journal of Biology. 2011;1(13):5-10. In Russian

Chefetz B, Salloum MJ, Deshmukh AP, Hatcher PG. Structural components of humic
acids as determined by chemical modifi cations and carbon - 13 NMR, pyrolysis and
thermochemolysis-gas chromatography/mass spectrometry. Soil Science Society of America
Journal. 2002;66:1159-1171. doi: 10.1016/S1001-0742(08)62285-8

Szymanski W, Wojtun B, Stolarczyk M, Siwek J, Wascinska J. Organic carbon and nutrients
(N, P) in surface soil horizons in a non-glaciated catchment, SW Spitsbergen. Polish Polar
Research. 2016;37:49-66. doi: 10.1515/popore-2016-000

Lodygin ED, Beznosikov VA, Vasilevich RS. Molecular composition of humic substances
in tundra soils (13C-NMR spectroscopic study). Eurasian Soil Science. 2014;47:400-406.
doi: 10.1134/S1064229314010074

Chukov SN, Abakumov EV, Tomashunas VM. Characterization of humic acids isolated
from Antarctic soils by 13C NMR spectroscopy. Eurasian Soil Science. 2015;48:1207-
1211. doi: 10.1134/S1064229315110046


http://journals.tsu.ru/biology/en/&journal_page=archive&id=926&article_id=29916
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2389.2007.00908.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2389.2007.00908.x
https://link.springer.com/article/10.1023/B:BIOG.0000031053.81520.db
https://www.biogeosciences.net/10/2105/2013/bg-10-2105-2013-discussion.html
https://www.tandfonline.com/doi/abs/10.1080/00207233.2014.945695
https://www.ncbi.nlm.nih.gov/pubmed/30743849
https://www.ncbi.nlm.nih.gov/pubmed/30743849
https://www.tandfonline.com/doi/abs/10.1080/02757540.2010.497759
https://www.solid-earth.net/7/153/2016/
https://pureportal.spbu.ru/en/publications/humic-substances-elemental-composition-of-selected-taiga-and-tund
https://www.mdpi.com/2076-3263/7/2/24
https://www.sciencedirect.com/science/article/pii/S1001074208622858
https://www.researchgate.net/publication/298790820_Organic_carbon_and_nutrients_N_P_in_surface_soil_horizons_in_a_non-glaciated_catchment_SW_Spitsbergen
https://link.springer.com/article/10.1134/S1064229314010074
https://link.springer.com/article/10.1134/S1064229315110046

20

Vyacheslav 1. Polyakov, Nadezhda A. Chegodaeva, Evgeny V. Abakumov

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Glazov MV, Goryachkin SV. Changes in natural zones of the Russian Arctic. Priroda.
1997;5:32-47. In Russian

1USS Working Group WRB World Reference Base for Soil Resources 2014, update 2015.
International Soil Classification System for Naming Soils and Creating Legends for Soil
Maps. World Soil Resources Reports No. 106. Rome: FAO; 2015. 192 p.

Swift RS. Organic matter characterization. In: Soil Science Society of America Book Series.
No 5. Methods of soil analysis. Pt 3. Chemical methods. Bigham JM, editor-in-chief SSSA.
Madison, Wisconsin, USA: Soil Science Society of America Inc.; 1996. pp. 1011-1170.
Electronic resource. Available at: https://www.waterboards.ca.gov/waterrights/water issues/
programs/bay_delta/california_waterfix/exhibits/docs/Islands/II_41.pdf (access 12.07.2019)

Vasilevich RS, Lodygin ED, Beznosikov VA, Abakumov EV. Molecular composition of
raw peat and humic substances from permafrost peat soils of European Northeast Russia
as climate change markers. Science of ehe Total Environment. 2018;615:1229-1238. doi:
10.1016/j.scitotenv.2017.10.053

Celi L, Schnitzer M, Négre M. Analysis of carboxyl groups in soil humic acids by a
wet chemical method. Fourier-transform infrared spectrophotometry, and solution state
carbon-13 nuclear magnetic resonance. A comparative study. Soil Science. 1997;162:189-
197. doi: 10.1097/00010694-199703000-00004

Beznosikov VA, Lodygin ED. High-molecular organic substances in soils. Proceedings
of the Komi Science Centre of the Ural Division of the Russian Academy of Sciences.
2010;1:24-30. In Russian

Vasilevich RS, Lodygin ED, Beznosikov VA. Molecular-mass distribution of humus
substances tundrain soils of the European north-east Russia. Vestnik SPbSU. Biology.
2015;4:103-111. In Russian

Baldock JA, Preston CM. Chemistry of carbon decomposition processes in forests as
revealed by solid-state carbon-13 nuclear magnetic resonance. In: Carbon Forms and
Functions in Forest Soils. Kelly JM and McFee WW, editor. Madison, Wisconsin, USA:
Soil Science Society of America, Inc.; 1995. 89-117 p.

Panettieri M, Knicker H, Murillo JM, Madejon E, Hatcher PG. Soil organic matter
degradation in an agricultural chronosequence under different tillage regimes evaluated
by organic matter pools, enzymatic activities and CPMAS *C NMR. Soil Biology and
Biochemistry. 2014;78:170-181. doi: 10.1016/j.s0ilbio.2014.07.021

Dergacheva M1, Bazhina NL, Ondar EE, Ochur KO, Ryabova NN. Environmentally induced
composition and properties of humic acids in soils of Western Tuva. Vestnik Orenburg State
University. 2015;10(185):166-169. In Russian

Tsybenov YB, Chimitdorzhieva GD, Egorova RA, Gongal’skii KB. The pool of organic
carbon and its isotopic composition in cryomorphic quasi-gley chernozems of the Trans-
Baikal region. Eurasian Soil Science. 2016;49(1):8-14. doi: 10.1134/S106422931507011X
Xu J, Zhao B, Chu W, Mao J, Zhang J. Chemical nature of humic substances in two typical
Chinese soils (upland vs paddy soil): A comparative advanced solid state NMR study.
Science of The Total Environment. 2017;576:444-452. doi: 10.1016/].scitotenv.2016.10.118
Kleinhempel D. Ein Beitrag zur Theorie des Huminstoffezustondes. Albrecht-Thaer-Archiv.
1970;14(1):3-14. In German

Abakumov EV, Trubetskoj O, Demin D, Celi L, Cerli C, Trubetskaya O. Humic
acid characteristics in podzol soil chronosequence. Chem. Ecol. 2010;26:59-66. doi:
10.1080/02757540.2010.497758

Abakumov E, Lodygin E, Tomashunas V. 13C NMR and ESR Characterization of humic
substances isolated from soils of two Siberian Arctic Islands. International J Ecology.
2015;¢390591. doi: 10.1155/2015/390591

Abakumov E. Characterisation of humic acids isolated from selected subantarctic soils by
13C-NMR spectroscopy. Czech Polar Reports. 2017;7:1-10. doi: 10.5817/CPR2017-1-1


https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/Islands/II_41.pdf
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/Islands/II_41.pdf
https://pureportal.spbu.ru/en/publications/molecular-composition-of-raw-peat-and-humic-substances-from-perma
https://www.semanticscholar.org/paper/Analysis-of-carboxyl-groups-in-soil-humic-acids-by-Celi-Schnitzer/0e120dee96369a96d8781f412be90f27a9facde9
https://www.sciencedirect.com/science/article/pii/S0038071714002612
https://link.springer.com/article/10.1134/S106422931507011X
https://www.sciencedirect.com/science/article/pii/S004896971632304X?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/02757540.2010.497758
https://www.hindawi.com/journals/ijecol/2015/390591/
https://www.sci.muni.cz/CPR/LP712017/LP-7_1-1.htm

Molecular and elemental composition of humic acids isolated 21

41. Mergelov N, Mueller CW, Prater I, Shorkunov I, Dolgikh A, Zazovskaya E, Shishkov V,
Krupskaya V, Abrosimov K, Cherkinsky A, Goryachkin S. Alteration of rocks by endolithic
organisms is one of the pathways for the beginning of soils on Earth. Scientific Reports.
2018;8:3367. doi: 10.1038/s41598-018-21682-6

42. Amelung W, Flach KW, Zech W. Climatic effects on soil organic matter composition in
the great plains. Soil Science Society of America Journal. 1997;61:115-123. doi: 10.2136/
$553j1997.03615995006100010018x

43. Orlov DS. Soil Chemistry: A Textbook. Moscow: Moscow State University Publ.; 1985.
376 p. In Russian

44. Polyakov V, Zazovskaya E, Abakumov V. Molecular composition of humic substances
isolated from selected soils and cryconite of the Grenfjorden area. Spitsbergen. Polish
Polar Research. 2019;40(2):105-120. doi: 10.24425/ppr.2019.128369

Received 9 July 2019; Revised 15 August 2019;
Accepted 11 September 2019, Published 27 September 2019

Author info:

Polyakov Vyacheslav I, Master of Sci. (Biol.), Engineer, Department of Applied Ecology, Faculty of
Biology, Saint Petersburg State University, 13B Universitetskaya Emb., St. Petersburg 199034, Russian
Federation; Postgraduate Student, Department of Soil Science and Agrochemistry, Faculty of Agriculture,
Saint-Petersburg State Agrarian University, 2 Petersburg Highway, Pushkin 196601, Russian Federation;
Engineer, Department of Geography of Polar Region, Arctic and Antarctic Research Institute, 38 Bering
Str., St. Petersburg 199397, Russian Federation.

ORCID iD: http://orcid.org/0000-0001-6171-3221

E-mail: slavon6985@gmail.com

Chegodaeva Nadezhda A, Master of Sci. (Biol.), Student, Department of Applied Ecology, Saint Peters-
burg State University, 13B Universitetskaya Emb., St. Petersburg 199034, Russian Federation.

ORCID iD: http://orcid.org/0000-0001-5547-7306

E-Mail: nadenka9517@mail.ru

Abakumov Evgeny V, Dr. Sci. (Biol.), Professor, Department of Applied Ecology, Saint Petersburg State
University, 13B Universitetskaya Emb., St. Petersburg 199034, Russian Federation.

ORCID iD: http://orcid.org/0000-0002-5248-9018

E-mail: e abakumov(@mail.ru

For citation: Polyakov VI, Chegodaecva NA, Abakumov EV. Molecular and elemental composition of humic
acids isolated from selected soils of the Russian Arctic. Vestnik Tomskogo gosudarstvennogo universiteta.
Biologiya = Tomsk State University Journal of Biology. 2019;47:6-21. doi: 10.17223/19988591/47/1


https://www.nature.com/articles/s41598-018-21682-6
https://dl.sciencesocieties.org/publications/sssaj/abstracts/61/1/SS0610010115
https://dl.sciencesocieties.org/publications/sssaj/abstracts/61/1/SS0610010115
http://journals.pan.pl/dlibra/publication/128369/edition/111976/content
http://orcid.org/0000-0001-6171-3221
mailto:slavon6985@gmail.com
http://orcid.org/0000-0001-5547-7306
mailto:nadenka9517@mail.ru
http://orcid.org/0000-0002-5248-9018
mailto:e_abakumov@mail.ru

Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2019. Ne 47. C. 22-39

BUOTEXHOJIOI'USA U MUKPOBHOJIOT' UA

VK 633.81:57.085.2
doi: 10.17223/19988591/47/2

H.A. EropoBa, O.B. fIkumoBa

Hayuno-uccnedosamenvckuil uncmumym cebcko2o xossicmea Kpvima,
2. Cumebepononwv, Pecnybnuxa Kpwim, Poccus

Biansinue 1JMTEJIBHOr0 CyOKY/JIbTHBHUPOBAHUS
HA KJIOHAJIbHOEe MUKPOPA3MHOKeHH e
Melissa officinalis L. u Origanum vulgare L.

H3yuena ounamuxa mopgomempuyeckux nokazamesnei pa3gumust 3KCHIAHMO8 Npu
onumenvHom cyoKyIbmueuposanuu mpex copmos Melissa officinalis L. (umponenna,
Cobopnas, Kpvimuanka) u cenekyuonnoeo obpasya Origanum vulgare L. na emopom
omane KIOHATLHO20 MUKPOPA3ZMHONCEHUs. B kauecmee sxcnnanmos na smom smane
UCNONBL308ANU Ce2MeHmbl Cmebnsi ¢ OOHUM V3I0M, KOMopvle KyIbmueuposdanu Ha
numamenvhou cpede Mypacuce u Ckyea, Oononnennou 0,5 me/n BAIl Anamuz
Mopocene3a IKCRAAHMO8 NOKA3AN AKMUEHOe MHOJcecmeenHoe nobe2oobpasosaniue,
npu Komopom y menuccel gopmuposanoce om 2,2 0o 5,7, a y oyuuysl — om 9,5 0o
54,8 nobeza na sxcnaanm. lpu mukpopazmuodicenuu Habr0daru obpazoeanue KopHeil
y MUKponobezo6 (v menuccwl ¢ yacmomotul 44,4—92,7%) u popmuposarue 0600HeHHbIX
MuKponobezos (y oywuyvl ¢ wacmomoui 16,7-44,5%). Yacmoma smux npoyeccos
3a8ucena om 6uda uau copma u Konuwecmea cyoxynemusuposanuil. Maxcumanvhule
K03 uyuenmol pazmuoocenus y menuccel copma Lumponenna (0o 12,0) ommeuenul
6 3-5, a y Kpvimuanku (17,6) u Cobopnoii (14,2) — 6 namom cyOKyIbmMusUposaHuu.
YV O. vulgare naubonvwee yseruuenue rkosgpgpuyuenma pazmuodicenus (0o 74,1)
8bISIGNEHO 8 NAMOM naccajce, a 6 6onee no3onux 12—13-m naccasicax noxazamno
CHUdICEHUe IMOo20 nokazamensa noumu 8 4 pasa. Ilonyuennvie Oannvie ceudemenbcmayiom
0 8O3MOACHOCTNU OUMETLHO20 MUKPOPAZMHONCEHUS OVIMUYbL U METUCCHL IN Vitro (Kak
MUHUMYM, 8 meyeHue 1—1,5 200a), npu mom MakcuManbHas 3QGekmusHOCmb 3Mo2o
npoyecca ommeyena 8 mevenue nAmo2o cyoKyIbmuGUPOBAHUS.

KaroueBble cJI0Ba: Meiucca; JyIIMNQ, OKCIUIAHT, pa3MHOXECHUE in Vitro,
MHOXKECTBEHHOE  I100erooOpa3oBaHHe;  CyOKyJIBTUBHpOBaHHE;  Kod(duIueHt
Pa3MHOKEHWUSL.

BBenenue

B nocrienHue TO/bI HAPSIAY C UCTIOIB30BAHMEM TPAIUIIHOHHBIX AJIst Fora Poc-
cuM 3(PUPOMACIIMYHBIX M JICKAPCTBEHHBIX pacTeHHUU (JaBaHbl, maydes, po3sl
s¢upoMacInIHON, KOPUAHAPA) MPOBOAUTCS aKTHBHOE HCCIECOBAHUE U BHE/IPE-
HHUE B MPOU3BOJCTBO HOBBIX BHJOB, B TOM YHCIIC MPEACTaBHUTENCH CeMeWcTBa
Lamiaceae Mart. — Melissa officinalis w Origanum vulgare [1]. Menucca nexap-
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ctBenHas (Melissa officinalis L.) — MHOTONIETHEE S(PHUPOMACITHIHOE, JIEKAPCTBEH-
HOE W MpPSHO-apOMAaTHYEeCKOE pacTeHHe, HMeIollee Pa3HOOOpa3Hble O0O0JIACTH
MIPUMEHEHHS: B Ka4eCTBE MEJOHOCA, MPSHOCTH, B MEAWIMHE KaK CEJaTUBHOE,
CMa3MOJIUTUYECKOE U IMMYHOMOIYIHPYIOIIEe CPEICTBO, aHTHICIpeCcCaHT [2, 3].
ChIpbe METHCCH BXOIUT B COCTAB apOMaTHYECKHX YaeB. [lymmiia OOBIKHOBEHHAS
(Origanum vulgare L.) — epcHeKTUBHOE JICKAPCTBEHHOE, 3()UPOMACIUUHOE U
MIPSHO-apOMaTHIECKOE PACTCHUE, KOTOPOE MIMPOKO HUCIONB3YeTCs B appiomep-
HO-KOCMETHUYECKON U MUIIECBOW MPOMBIIUICHHOCTH, MEIUIMHE, a TAKXKE B Kaue-
cTBe (PUTOOMOTHKA B MPOU3BOJICTBE KOMOMKOPMOB JIS )KUBOTHBIX [4]. B aukom
Buje O. vulgare npouspacraet B eBponeiickoit yactu Poccun, B FOxuo# Cubupw,
Ha KaBkaze, a Takke BO MHOTHX cTpaHax 3amagHoi EBponsr, B Typuun, Mannn
U Opyrux peruonHax [2, 4]. B Poccun, 0COOEHHO B I0XKHBIX 007ACTSIX, JOBOJIBHO
aKTHBHO MPOBOIUTCS 3aTOTOBKA CHIPBS TYIIHIIBI, YTO MOXET IIPHBECTH K HUCTO-
IICHUIO 3aIlaCcOB M COKPAIICHUIO YHCICHHOCTH pacTeHui. [ToaTomMy Tak xe, Kak
Uy paga OpyTHX JICKApCTBEHHBIX PAaCTEHHU, BOSHUKAET MpoliieMa COXpaHeHHS
O1opa3zHOOOpa3us U PACIIMPEHHS, a MOPOH U BOCCTAHOBJICHHS JUKOPACTYIIUX
MOITYIANUKA BUAa. BMecTe ¢ TeM Menmcca U IyIIuNa HCIOIB3YIOTCS HE TONBKO
KaK JICKApCTBEHHBIC PACTCHUS, HO M KaK apOMATUYECKUE IS MOTYUICHUs dPup-
HbIX Macel [1]. OcoOyro EeHHOCTh UMeeT APUPHOE MACIO TYIIHIBI, B COCTaB
KOTOPOTO BXOJSIT TUMOI U KapBakpoi. VIMEroTcst TaHHBIE O TOM, 4TO 3(UpHEIE
MacJia ¢ BBICOKAM COZIep>KaHHeM KapBaKpoJjia IPEBOCXOAAT MO CBOMCTBAM MHOTHE
CYIIECTBYIOIIUEC aHTHOMOTHKH M aHTHTHCTAMHUHHBIE Tpernaparsl [5, 6]. Iloato-
My B HacTosIee BpeMs Bce Ooipliiee BHIMAHHE YIENIIeTCS CO3JaHNI0 Ha OCHOBE
3¢pupHBIX Maces GUTOOMOTHKOB — AHAJIOTOB CHHTETHYECKIX aHTUOMOTUKOB, TIPH-
MEHEHHE KOTOPBIX HMEET sl HETaTUBHBIX MOCIEICTBUI.

B cBsi3u ¢ HU3KUM copepkaHueM 3(QUPHOTO Macia B PACTHTEILHOM CHIPhE
menuccol 1 aymmiel B PITBYH « HUMCX Kpeimay npoBoauTcs pabora 1o cosna-
HUIO BBICOKOMACIHYHBIX COPTOB C MOBBIIICHHBIM CONEPXKAHUEM [IEHHBIX KOMIIO-
HEHTOB B cocTase 3upHoro macia [1, 7]. MHTeHCHUKAIUsA TaKoTO pojia uccie-
JIOBaHHH CBs3aHA C HEOOXOJMMOCTBIO YCKOPEHHOTO PAa3MHOMKEHUS MOIYICHHBIX
CENEKITMOHEePaMH LIEHHBIX THOPUIOB, MyTaHTHEIX (POpM, OTOOpaHHBIX YHHKAJIb-
HBIX TEHOTHUIOB. J1J1s1 penieHns: pa3HOOOpa3HBIX 3a]1a4 SKOJIOTHH, CEJICKIINU U Ce-
MEHOBOJICTBA BO MHOTHX CTpaHaX Mupa 3(GEKTHBHO HCIIONB3YIOTCS OMOTEXHO-
noruyeckue npueMbl. OJHUM U3 Hanbojee MIMPOKO BOCTPEOOBAHHBIX SIBIISETCSI
METOJ KJIOHAJIBHOTO MUKPOPa3MHOKEHHMSI, TIO3BOJIIOIIUA OBICTPO pa3MHOKHUTD
MEPCICKTUBHBIC CENEKIIMOHHBIE 00pa3ibl U HOBBIC COPTA, MONYYUTh O370POB-
JICHHBIN TTOCAIOYHBIA MaTepHal, CO3IaBaTh KOJIUIEKIINH T€HETHIECKON TIIa3MEl in
vitro [8]. Takue TeXHOIOTHH pa3pabOTaHbI ISl MHOTUX CEIbCKOXO3IHCTBEHHBIX U
[IBETOYHO-/IeKOpaTUBHBIX pacTeruit [9, 10]. OqHako B JuTEepaType BCTpPEUAIOTCS
HEMHOTOYHCIICHHBIC JTAaHHbIC, KACAIONIHeCs pa3paOboTKH OTICIBHBIX JIEMEHTOB
METOJIMK KIIOHATHHOTO MHUKPOPA3MHOXKEHHUS y Pa3HBIX BHAOB Menucchl [11-13]
u gy [ 14-18]. Tak, mpoBeAeHbI UCCIEAOBAHMS 10 ONTUMU3ALMU TUTATEIb-
HBIX CpeJ JUIsl OCHOBHBIX 3TANoB pasMHOXeHwus in vitro [11, 13, 19], a Taxxe wc-
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CJIEZIOBAaHUS TI0 YKOPSHEHUIO W aJalTalliy pereHepanToB M. officinalis [13, 20].
B kauecTBe MCXOMHBIX IKCIUTAHTOB JJIsI MUKPOPA3MHOKEHUST MEIHCCHI WIN JTy-
IITUITBI MCITONIB30BaNI MeprucTeMsl [ 14, 17], mazyniapie wim BepXyIIeqHbIe TOYKA
[11, 19-21], Ho yamme — cerMeHThI cTeOmst ¢ y31noM [11, 18, 22-24]. B nurteparype
HUMEIOTCSI JAaHHBIE O TOM, YTO MAaKCHMAaJIbHOE KOIMIECTBO ITOOETOB HA IKCIUIAHT
(3,24,1 mt.) y MenIuCcChl pa3BUBAJIOCH NPH KyJIbTUBUPOBAHUU HA MUTATENbHON
cpeae ¢ 3,0 mr/n 6-6ensmwiamunonypuHa (BAIT) u 1,0 Mr/n o-HadTHIIYKCYCHOM
kucnotel (HYK) [20]. I'peueckue uccienoBarenn HauOOIBIIYIO YaCTOTY MHO-
YKECTBEHHOTO 1T00ETr000pa3oBaHys ¥ YHCIIO MOOeroB (10 4 MIT.) HAOIIOMAIN IPH
KyJIBTUBUPOBaHUU MUKPOINOOeroB M. officinalis Ha muTaTenbHON cpenie ¢ 100aB-
neaneM 1,0 mr/i kuaetrHa U 0,5 mr/n BAII [11]. Yuensie u3 Mpana y GonbImH-
CTBa U3 U3YYCHHBIX 17 TE€HOTUIIOB MEIHCCHl OTMETUIIN XOPOILIYI0 PETEHEPAIHIO
MHKPOITOOETOB TIPH HCIIOJIh30BAHUH B COCTaBE MUTATENbHOU cpenbl 2,0 mr/in BATT
wiu 1,0 mr/n BAIT ¢ 0,5 mr/n UMK [13]. merotcst paboThI 1O UCCIIEIOBAHUIO
BIUSTHUSI TIPOMCXOKICHUS JTOHOPHOTO pacteHus [14], tuma skcmmanTa [16, 18,
21] v nutatensHBIX cpex [15, 17, 21, 22] Ha pa3BUTHE IKCIUIAHTOB Ha OTACIBHBIX
JTarax MUKpOpa3sMHOKEHHUS TIpecTaBuTeneit pona Origanum. VI3ydeHo BIusHIE
pacroiIoKeHHs Ma3yIIHbIX TOYeK Ha nobere foHOpHOro pactenus O. vulgare Ha
WX aKTHBAIUIO in Vitro W 4ucio Mukporoberos [23]. KommuecTBo dopmupyro-
LIUXCSI IPH KJIIOHATBHOM Pa3MHOXXEHUH MHUKPONOOEroB BapbHpPOBAJO B 3aBHUCH-
MOCTH OT COCTaBa HHUTATEIBHOW CpeIbl, TEHOTHIIA M HCIIOIB3YEMBIX aBTOpaMH
METOJMUCCKUX MOAXOA0B. AHAIN3 Pa3BUTHI MUKPOKJIOHOB O. vulgare B TeueHHE
4, 8, 12 Hepenp KyNbTUBUPOBAHUS B IIMKJIC BBHIPAIIMBAHUS ITOKA3all, YTO TOCIIE
12 Henmenb Ha pa3HBIX MUTATEIBHBIX Cpelax pa3BuBaiock oT 2,1 no 3,9 mobera
Ha KCIUTAHT [ 15]. ApreHTHHCKHE HCCIIeI0BaTeN COOOMAIN O KYJIbTHBHPOBAHUH
MHUKPOYEPEHKOB JYIIHIIBI OOBIKHOBEHHON Ha MHUTATENbHBIX CPeAax, JOMOJHEH-
HbIX 0,28 MKkM BAII ¢ 0,53 MxM win 5,83 MmxM HYK, Ha KOoTOpBIX KO3 PHIIIEHT
pasmHoxenus coctasui 22,2 u 20,2 coorBerctBenHo [14]. C.T. Oana et al. npu
HCTIOJIb30BaHUU B cocTaBe murarenbHor cpensl 1,0 mr/m BAIT u 0,05 mr/n HYK
MOJTY4MIH BBICOKYIO YaCTOTy MHOXKECTBEHHOro mnoberoodpazosanus (85,0%),
MIPH 3TOM U3 OJJHOTO MHUKpodepeHka hopmupoBasiocsk 12,0 mobera 1o 5,0 cm aiu-
Hoit [21]. ITo gamueiM D. Ozkum, Ha BTOpoM 3Tamne KJIOHAILHOIO MHUKPOpPa3M-
HOXeHUsI O. minutiforum JTydmune pe3yabTaThl TAKKE JOCTUTHYTH IIPH UCIIONb-
30BaHMH B cocTaBe nutarenbHoi cpenbl BAIT (2,0 mr/m) u HYK (0,1 mr/n) [18].
B nmpyrux mccienoBanusx HamOoJbIee KOJMYSCTBO IMOOETOB Ha BTOPOM JTarle
MukpopasmMHoxkeHus y O. sipyleum (no 7,8 mrt. Ha s3xcant) [17] u O. majorana
(mo 18,7 mt. Ha 3kcrutaHT) [25] dopmupoBanock Ha cpene MC, HonOIHEHHON
1,0 mr/n BAIIL. Tem He MeHee MHOTHE BOMIPOCHI KJIIOHAJIHbHOTO MUKPOPa3MHOXKeE-
wus M. officinalis u O. vulgare, B 4aCTHOCTH, KacarolHecs Pa3BUTHUS SKCIIIIAHTOB
IpY [UTATETLHOM CyOKYTETHBUPOBAHUH, IOYTH HE M3ydeHbl. OJJHAKO 3TO TOBOJIb-
HO Ba)XKHBIH BOIPOC, TaK KaK OT CHOCOOHOCTH MHUKPOIIOOETOB MIPOIODKUTEIEHOE
BpEMsI COXPaHATh pEreHepallMOHHBIA TOTeHIIHaT 3aBUCUT 3()(HEKTUBHOCTD OHO-
TEXHOJIOTUI Pa3MHOXKEHHUS in Vitro.
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[enb AaHHOTO MCCIEAOBaHHS — U3y4eHHE MOP(HOMETPHIECKUX MMOKa3aTelnei
Pa3BUTHS IKCIUIAHTOB IMPH JJTUTEIBHOM CYOKYIETHBUPOBAHHUH COPTOB M CEIICK-
IUOHHBIX 00pas3oB M. officinalis n O. vulgare Ha BTOpOM 3Tare KIOHAIBHOTO
MHUKPOPA3MHOKCHUS.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

HcxomupiM MaTepraioM Al KCCIIEIOBAHUI CITYKIJIH SKCILIAHTBI TPEX COPTOB
Melissa officinalis L. (Llutponemra, CobopHas, KpbIM4aHka) v mepcrieKTHBHOTO
cenekuroHHoro oopasua Ne 10 Origanum vulgare L. JloHOpHBIE pacTeHHs BbIpa-
IIMBAJIA B YCIIOBHSX 3aKPBITOTO TpyHTA. /151 cOOMIONeHNs yCIOBHI aCENITHKH BCE
paboThI 10 BBEJICHHUIO B KYJIBTYPY U MUKPOUEPEHKOBAHUIO TIOOETOB i1 Vitro BBI-
MOJTHSUTH B ycloBuAx 6okca BABHN-01-«Jlamuaap-Cx»-1,2 (Poccus). s crepu-
JIU3AIUU PACTUTENBHBIN MaTepHa IPEIBAPUTEIBHO MPOMBIBAIIU B MBUIEHOM Pac-
tBOpe (1520 MUH) M OIMONACKWBAIN B MPOTOYHOW W JUCTHIIUPOBAHHOUW BOJE.
JanpHeNIy0 CTepIIN3aIMI0 OCYIECTBISUIN B YCIOBUSX JIAMUHAPHOTO OOKCa.
B kadecTBe CTEpMIN3YIONINX BEIMIECTB JJIsI OCBOOOKICHUSI OT HPK30TCHHOU WH-
¢exuuu npumensun 70%-Hbli aTanon — 1 MuH, 1 50%-HbIi pacTBOp mpenapara
«bpanoden» 10 H («®JIOPUH AO», Berrpus) — 4 MuH. IKCIIEPUMEHTHI IIPOBO-
JIAJTH COTIIACHO OOIICTIPUHSITHIM B OMOTEXHOJIOTUU PACTCHUI METOIaM KYJIBTHBH-
pOBaHUs TKaHEH u opraHoB in vitro [§, 9].

Juia BBenieHUs B KyJABTYPY in Vitro MCIIONB30BAU Ma3ylIHbIE MEPUCTEMBI C
JIByMSI JINCTOBBIMU TpuMopAusiMu (pazmepom 0,4—1,0 MM, B 3aBUCHMOCTH OT BH/Ia
pacteHus1). MepuCTeMbl BBIWICHSITH IO CTEPEOCKONMYSCKHUM MHUKPOCKOIIOM
MCII-1 (Poccust) B acenTHYECKUX YCIOBHAX JIaMHHApHOro Ookca. Ha BTOpOM
sTamne (cOOCTBEHHO MUKPOPAa3MHOXEHUS) B KaUeCTBE HKCIJIAHTOB UCIIOIb30BAIN
CETMEHTHI CTEOISI ¢ OMHUM Y3JI0M (5—8 MM), TOITydeHHbIe TPU MHUKPOYESPEHKOBA-
HUH TOOETOB, Pa3BUBIIUXCS U3 MOYEK TIPH BBeneHUU in vitro. I[lpu mmTensHOM
MTACCHPOBAHUH ITIOCIIE MHOKECTBEHHOTO 10o0erooOpa3oBaHus A AajibHeiIIe-
ro CyOKYJIbTHBHPOBAaHHUSI OTOMPAIM XOPOILO Pa3BUBIIMECS Ma3ylIHbIE U aJlBEH-
THUBHBIC MHKPOIIOOETH, W3 KOTOPHIX BEINEISUIM MHKPOYEPEHKH 3—4-TO SpYCOB.
OKCIUTaHTHI MOMEIANA Ha MOBEPXHOCTh arapu30BAHHOM MHUTATENILHOW CpEbl
Mypacure u Ckyra (MC) [26] ¢ no6asneHueM 6-6en3nnamunonypuna (BAIT) u
ru66epemnosoii kuciorel (I'K,) («Sigmay», CIIA). Jlns BefeHus B KYJIBTYPY in
Vitro MEPHUCTEM Y MEJIHCCHI HCIIOIB30BANH PaHee ONTHMHU3HPOBAHHYIO TUTATEIIh-
ny1o cpexy MC, nononnennyo 1,0 mr/n BAIT u 0,5 mr/n 'K, [27], a y gymmus: —
MC c 1,0 mr/n BAII [28]. [Ipu mocnenyromux cyOKyTETHBUPOBAHUSX MUKpOUE-
PEHKM IIOMeNIany Ha nuTarensHyto cpexy MC c 0,5 mr/n BAII [27].

KyneTrBHpOBaHWE MPOBOMMIMA B KOJIOAX (JIyIIUIA) WM CTEKISHHBIX OaHKax
(Menucca) oobemoMm 200 mit ¢ 35 M mMTaTenbHOU cpeabl. B KaxIblil KynbTy-
PANBHBIA cocyn moMeniany o 3—4 3kcranTa. AHaimM3 MoppoMeTpUIecKHuX T0-
kazaresiedl mpoBonwin Ha 30-35-e cyTku KynsruBUpoBaHus. [Ipu aTom ompene-
JISUTA 9aCTOTY MHOXKECTBEHHOTO moOeroodpazoBanust (%), KOIMIECTBO OOETroB
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(IOT./3KCTIanT), JUIHHY 1modera (MM), KOJMYECTBO y3IIOB (IIT./IOOET), 4acTOTy
pusorenesa (%) u oBogHeHHBIX T100eroB (%). YacTOTy MHOXXECTBEHHOTO 1Mobe-
rooOpa3oBaHMs, PU3OTEHE3a U OBOTHCHHBIX 100ET0B (%) paccunTHIBAIN KaK OT-
HOIICHUE YUCIIA IKCIUIAHTOB COOTBETCTBEHHO — C HECKOJIIBKUMHU MOOETraMu, KOp-
HSMHE WIH BUTPHUPUIIAPOBAHHBIMH ITOOETaMH K 00IIEeMy YHCITY aHAIN3UPYEMBIX
9KCIUIaHTOB, yMHOKeHHOEe Ha 100. KoaddurmenT pasMHOKEHHS pacCUUTHIBAIH
KaK YHCII0 MHKPOYEPEHKOB, KOTOPOE MOKHO IIONYYHTH IIOCIIE OTHOTO CYOKYJIb-
TUBHPOBaHMSA. J[JIs1 3TOT0 KOJIUYECTBO OOPA3yIONIUXCS M3 OJHOTO AKCIUIAHTA T10-
0eroB yMHOXKaJIM Ha YUCIIO y3JIOB Ha mobere. [Ipu Takom pacuere HE YIUTHIBAIN
OBOIHEHHBIE MUKponoberu. [lociie aHann3a MOPPOMETPUIESCKHUX ApaMETPOB B
ACENITHYECKUX YCIOBHAX IMOOETH pa3pe3aid Ha MUKPOUSPEHKH C OTHUM Y3JIOM U
MEPEHOCUITH B KYJIBTYPaIbHBIC COCY/IBI CO CBEXKEH MUTATEIBHOM Cpeoil.

NzonmpoBaHHble MEPUCTEMBI M MMOOETH KYJIBTUBHPOBAIH Tpu 26+2°C, oT-
HOCHUTEJIbHON BIaXHOCTH Bo3ayxa 70%, ocBemeHHoCcTH 2—3 KIK ¢ 16-4acoBbIM
(oromepromom. OTBITH TPOBEICHBI B 3-KpaTHOM ITOBTOPHOCTH (OTHOBPEMEHHO),
IpY TOM B KaXKJOM BapHaHTe aHanmu3upoBanu He MeHee 20 skcruantoB. Cra-
TUCTHYECKas 00paboTKa TaHHBIX MMPOBEACHA COITIACHO OOMETPHUHATHIM METOIaM
MaTEeMaTHYECKOW CTATUCTHKH TPH TOMOIIM CTAHAApPTHOTO IaKeTa JOKYMEHTOB
Microsoft Office Excel (2010). CTaTHCTHYECKYIO 3HAYUMOCTh Pa3THIHi OIICHH-
Banu no ¢-kputepuro Creioaenta npu p<0,05. B Tabmauiax u Ha rpadukax mnpes-
CTaBJICHBI CPEIHUE 3HAYCHUS U UX CTaHAAPTHHIC OITHOKH.

Pe3ysbTarsl HccieqoBaHus U 00Cy:KIeHNe

Ipu mccnenoBanny M3MEHEHHH MOP(HOMETPHUECKUX ITapaMeTpOB JKCIIIAaH-
TOB B Ipoliecce KIOHAIBHOTO MUKPOPa3MHOXKEHHUsI OCHOBHOE BHUMaHHE HaMH
YAENEHO BONPOCAaM JUIHTEIBHOTO CYOKYIBTHBHPOBAHUS AJISL TOTO, YTOOBI BBISC-
HUTB, KaK JOJITO ¥ 3P ()EKTHBHO MOXKHO IIPOBOANTH PA3MHOXKEHHUE in Vitro.

B pesynbrare mpoBeAEHHBIX YKCIIEPUMEHTOB Y MEIHCCHI YCTaHOBICHO, UTO
IpU KyIbTUBUPOBAHUU MepUCTeM Ha muTarensHoit cpene MC ¢ 1,0 mr/n BAII
u 0,5 mr/n 'K, pa3BuTHE OCHOBHOIO, @ MHOI/IA M a/IBEHTHBHBIX II0OETOB HA4YH-
Hasoch Ha 7—10-e cytku. Ha 30-35-¢ cyTkH KyabTHBHPOBaHHUS U3 OJHOTO JKC-
mianTa Gopmuposaiock ot 1,3 mT. (y copra Llurponenna) g0 4,2 wr. (y copTa
Co0OopHast) mo0eroB, a UxX JUIMHA BapbupoBaia ot 5,8 10 8,2 Mm.

B xozme manpHeWIIero MEKpOpa3MHOXKEHHS Ha BTOPOM 3Tale B TEUCHNUE CEMH
naccakeil Ipu KyJIbTHBHPOBAHUHM CEIMEHTOB CTEONs C Y3JI0M (IIOJIy4EeHHBIX MO-
cJIe MUKpOYepEeHKOBaHUs) Ha nutareiabHol cpene MC c 0,5 mr/i BAII y nsyudae-
MBIX COPTOB (POPMHPOBAJIMCH T1a3yIIHbIE U aBEHTUBHbIE oOeru. Kak npaswuio,
MasymHble T00erH uMenu oonbiyro JuHYy (40-80 MMm) U 4—6 y310B, a aJBeH-
TUBHBIE ObUTH Ooiiee kKopotkue (10-20 mm) ¢ 1-2 y3namu (puc. 1, A). YacTtoTa
MHOECTBEHHOTO IT00eT000pa30BaHus B 3aBHCHMOCTH OT COpPTa M Maccaxka Ba-
prupoBana ot 32,0 10 93,3% (tabin. 1). B HeckoIBKUX BapUaHTaX OIMBITA OTMETHU-
T OBOJHEHHBIE MUKPOTIOOETH, OZHAKO YacTOTa MX 00pa30BaHUA HE MIPEeBBIIIaa
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15,1-23,4%. YcraHoBieHO, 9T0 y MUKporoderos coproB Cobopuas 1 Kprimuan-
Ka OOJIBIIMHCTBO MOP(HOMETPHUUECKUX ITapaMeTpoB ObutH BeImIe B 1,3-2,5 pasa o
cpaBHEHHIO ¢ copToM LluTpoHemnna. B TeueHne nocnenoBaTeIbHBIX CyOKYIBTHBH-
POBaHMIA y M3y4aeMbIX COPTOB BEISBUIIN HE TOJIBKO IOBBIIIEHHUE YaCTOTHI MHOXe-
CTBEHHOTO 1100eroo0pa3oBaHms, HO M B HEKOTOPBIX BAPHAHTAX yBEINYEHNE JUTH-
HBI 100eroB. K msiToMy—ceapMOMy HaccakaM y COPTOB HAOMIOAIH YBEJINUEHHE
KOJIMYECTBA Y3JIOB Ha rmooere.

Tabnuna 1 [Table 1]
MopdomeTpuueckue nokazarejau pa3BUTHS IKCIUVIAHTOB NMPH AJTUTETbHOM
cyOKyJbTUBMpOBanuuU coptoB Melissa officinalis
HA BTOPOM 3Talne MHKPOPA3MHOKeHUs in vitro
[Morphometric parameters of explant development during long-term subcultivation
of Melissa officinalis cultivars at the second stage of micropropagation in vitro]

Uucno q Konunuectso
61( b~ acToTa MHOXE- 1'[06e1"()B Komm4ecTso
CYOKY, CTBEHHOTO 1ooe- / > A1, 11T/ Jvaa
Copr THBHPO- | 1 oobpasopanns | L OKCT | Y 6 > " |no6era, MM
[Cultivar] BaHH [Frequency of TUIaHT IE)O elg [Nélm' [Shoot
[N;Jmlt))er multiple shoot [Nlilmber of ero/ ILO e;s, length, mm]
ot sub- formation], % shoots, pes./ shoot]

cultures] pes./ explant]
Hurponenza 32,01,1d | 2,2402b | 2,2+02c |282+3,1d
[Tsitronella]
Cobopras 2 83392ab | 57:08a | 2,60,1c |403+2.7¢
[Sobornaya] -
Kppivyanka 50,0£4,3 ¢ 5,4+0,4 a 2,6+0,1 ¢ [45,842,9 be
[Krymchanka]
[arponesia 93,3+6,6a 55£0,6a | 2,8+0,3 bc |43,5+6,3 be
[Tsitronella]
CoGopnas 3 85,7+4,8ab | 3,6+0,4ab | 2,5£0,2 bc |29,0£2,5d
[Sobornaya]
Kpbimuanka
[Krymchanka] 85,749,7 ab 4,9+0,6 ab | 2,9+0,1 bc |29,2+1,7d
Hurponenia 76,9+52ab | 4,7+02a | 2,940,2bc | 39,9427 ¢
[Tsitronella]
Cobopras 5 928+7,1a | 52+05a | 3,740.2ab | 554+2,1b
[Sobornaya] T
Kpsimuanka
[Krymehankal 75,1£10,3 ab 4,3£0,6 ab | 4,1+0,2a | 73,8+2,6 a
Herrponera 68,4+103ab | 3,3£0,4b | 3,540,2 ab | 44,2428 ¢
[Tsitronella]
CobopHas 7 500£32¢ | 2,6:04b | 32+02b |44,8+6,1 be
[Sobornaya]
Kpbimuanka
[Krymchankal 68,8442 b 3,3+0,4b | 3,1+0,2 bc |34,6+2,4 cd

IIpumeuanue. B xaxxaoM crondie pa3HbIMH OykBaMy 0003HA4YEHBI CTATUCTUYSCKH 3HAUYMMBbIC
pazinuus (p<0,05) Mexay copraMy WM CyOKyJIbTHBHPOBAHUSMHU.

[Note. Statistically significant differences (p<0.05) between cultivars or subcultures are indicated by dif-
ferent letters in each column].
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Cremyer OTMETHTB, YTO yXKE€ Ha BTOPOM dTare MHUKPOPa3MHOXEHHUS Ha IH-
TaTeNbHOW Cpelie C IMTOKMHMHOM Y MHOTHX MOOEroB pa3BUBAIMCh KOPHH (CM.
puc. 1, A). UactoTa pru3orenesa, B 3aBUCHMOCTH OT COPTa M MMacCaXka, JOCTUTaIa
44,4-92.7%. J11s1 yKOpeHEHUsI MUKPOII00ETOB MEJIMCCHl MHOTHE aBTOPHI HCIIOJb-
30BaJIi MUTATEIBHBIC CPENIBI C PETYIITOPaMH POCTa AyKCHHOBOTO THMA JCHCTBHS
(MYK, HYK, UMK) [3, 13, 20]. G.I. Ghiorghita et al. cooOmanu 00 HHAYKIMH
pusoreHesa y noberoB M. officinalis Ha TMTaTeNbHOW cpene ¢ JT0OaBICHUEM
1,0 mr/n xunetuna u 0,5 mr/n HYK [11]. IIpu KynbTUBHPOBAHUU MOIYYEHHBIX
M3 TIOYEK MOOETOB Ha MUTATENBbHOM cpejie 0e3 perynsaropos pocra S.M. Shakeri
et al. ormeTrnu nosiBienue 10 6—12 xopueit [19]. BesiBnenHoe B HameM uccie-
JOBaHWH CIIOHTaHHOE 00pa30BaHME KOPHEH Y IT0OETOB COPTOB MEJHMCCHI Ha ITHTAa-
TENBHOU cpefie sl MUKpopasMHoxkeHUsl ¢ BAII mo3BossieT mpu BbICOKOM yacToTe
pHU30TeHe3a HCKIIIOYUTE TPETHH ATal pa3MHOKCHHUS U Cpasy MEePEeHOCUTh MUKPO-
pacTeHus C KOPHSAMH Ha aJanTalulo ex vitro. 9T0 MOXKET YCKOPUTH U YIEIIEBUTh
TEXHOJOTUIO0 MUKPOPa3MHOKEHHS JAHHOTO BHA.

Puc. 1. Mukponobery Ha BTOpOM 3Tarne MUKpopasMHOxeHust Melissa officinalis
(A) u Origanum vulgare (B). Ctpenkamu 0003HaueHbI Ma3yIIHbIe (ax.)
u aaBeHTUBHBIC moberu (ad.). ABrop ¢otorpaduii — O.B. SAxumosa
[Fig. 1. Microshoots of Melissa officinalis (A) and Origanum vulgare (B) at the second stage
of micropropagation. Arrows mark axillary (ax.) and adventitious shoots (ad.).
Photo by Olga V Yakimova]

Ipu cpaBHEeHHH MOPPOMETPUYESCKHX MOKa3aTejeld pa3BUTHUS DKCIUTAHTOB
(cerMeHTOB CTEOIS C Y37I0M) B Pa3HBIX IacCakaX YCTAHOBJICHO, YTO y H3YIEHHBIX
COPTOB KOJIMYECTBO MOOETOB Ha SKCIUIAHT BapbUpOBalo OT 2,2 10 5,7 WIT., a Ko-
JIUYECTBO Y3710B — OoT 2,2 10 4,1 mit. Ha mober. [1pu 3TOM JuTMHA TOOETOB AOCTHUT-
na 55,4-73,8 mm. Y copra LluTpoHemna MakcuMajibHOE 3HAYCHHE H3YYECHHBIX
napaMeTpoB (cM. Tabi. 1) u koaddunueHT pasmaokeHus (o 12,0) oTMETHIIN B
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TPEThEM-TISITOM CyOKyIbTUBHUPOBaHHSX (pHC. 2). A y coproB CobopHast u KpeiM-
YaHKa — B IIATOM Haccaxke, B KOTOPOM Kod(p(UIMEHTHI pa3MHOKEHHUS COCTABIIIH
14,2 u 17,6 cooTBeTCTBEHHO. B celbMOM CYOKYJIETHBHPOBAHUHU Y BCEX M3yUCH-
HBIX COPTOB KO3 (PHUIUCHTHI pa3MHOXEHUS] CHU3UINCH A0 6,3—8,9 B 3aBUCUMOCTH
OT copTa.

20
18 -~
16 —

Kosdpurmenr pasMHouceHHs
[Multiplication index]
=

KommaecTso cyOKyIbTHBHPOBAHHIT [Number of subcultures]

TTutporenna [Tsitronella] CobopHras [Sobornaya) B Kpemuanka [Krymchanka)

Puc. 2. 3nadenne kodpduimenta pa3sMHOKESHHS IPH JITUTEIBHOM CYOKYIBTHBUPOBAaHHU
coproB Melissa officinalis in vitro. Ctatuctudecku 3Haunmble pasnuyus (p<0,05)
MEX/ly COPTaMH WK CYOKYJIBTHBUPOBAaHUIMK 0003HAYCHBI pa3HbIMH OyKBaMu
[Fig. 2. The value of the multiplication index during long-term subcultivation
of Melissa officinalis cultivars in vitro. Statistically significant differences (p<0.05)
between cultivars or subcultures are indicated by different letters]

Y O. vulgare pn OMeIIeHNH MEPUCTEM Ha MHTaTeNlbHYyI0 cpexy MC, co-
nepxamryro 1,0 mr/a BAIL, pazButue moberoB HaOMona M depe3 HENeNt0 Kylb-
THUBHPOBaHMSA. V3 MepucTeM yke Ha 3Tarie BBEACHHS Pa3BUBAIOCH 10 4,5 modera
HAa AKCIUTAHT AMUHOH 17,0 MM, a 4acTOTa MHOXECTBEHHOTO 0OEroo0pa3oBaHus
cocraBmia 66,6%.

Ha BTOpOM 3Tame cOOCTBEHHO MHKPOPAa3MHOMKEHHS IKCIUIAHTHI (CErMEHTEHI
CTeOJIS C OTHUM Y3JI0M), BBIJICIICHHBIC H3 MUKPOIIOOETOB, Pa3BUBIIHXCS U3 MEPH-
CTeM, KyJIbTHBHPOBAIM Ha nuraresibHoi cpene MC ¢ Gonee HU3KOI KOHIIEHTpa-
nueit BAIT [28]. PocT ma3ynrHpIx HoOEroB HAYMHAJICS Ha 5—7-¢ CYTKH, & pa3BUTHE
aJIBEHTHUBHBIX — Yepe3 2—3 Heaenu KynsTuBupoBanus. [la3yrHeie MUKpoIoOeru
nocturany 50-85 MM u umenu 5-9 y31oB, a agBeHTHBHBIE — 7—15 MM (¢ 1-2 y3-
namu) (puc. 1, B). Ha 35-e cyTku KyJabTHBHPOBAHHMS 3KCIUIAHTOB YaCTOTa MHO-
JKECTBEHHOTO 1obOerooOpazoBanus BapeupoBaia oT 75,0 mo 95,2%, a cpemHee
KOJIMYECTBO MOOETOB Ha 3KCIUIAHT COCTaBWIIO OT 9,5 1o 54,8 mT. B 3aBUCUMOCTH
OT YKclia CyOKyJIbTHBHpPOBaHUi (Tabiu. 2). [Ipu MUKpPOPa3MHOXKEHUH Y OTACIb-
HBIX 1100eroB (0T 5,2 1o 28,5%, B pa3HbIX maccaxkax) ¢opMupoBanoch 2—-3 He-
OOJNBINX KOPHS JIHHOM 10 2—3 cM (cMm. puc. 1, B). CiieayeT OTMETUTh, YTO MIPH
KyJIBTHBUPOBAHUY i1 Vitro y AyIIUIBI HHOTJA OTMEYAIIH MOSBICHHE OBOJHEHHBIX
MHUKPOIIOOETOB C YTONIIEHHBIMH CTEKIOBHUIHBIMI AaHOMATEHBIMU CTEOJISIMHI H JTH-
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CTBSIMH, KOTOPbIE HEBO3MO)KHO HCITONB30BATh IS JaTbHEHIIEr0 pa3MHOKEHHS.
YacTtoTa BUTpU(DUIMPOBAHHBIX MHUKpOIOOEroB cocraBmia 16,7-25,8%, oxHaxo
B 1sATOM Taccaxke gocturia 44,5%. M3-3a OTHOCHTENBHO BEICOKON YaCTOTHI BHU-
Tpudukauuu moderoB (0COOEHHO B HEKOTOPBIX Macca)kax) MpU pacueTe Kodd-
(uIMeHTa pa3MHOXKCHHUS UCKITIOYAId OBOJHEHHBIC TT0OerH. O0pa3oBaHue BUTPH-
(UIMPOBAHHBIX MOOETOB BCTPEYAETCS MPH MUKPOPA3MHOKCHUH MHOTHX BHJIOB
pacTeHuid. DTO SBJICHHUE CBS3BIBAIOT ¢ KOMIUIEKCOM (DaKTOPOB — TOBBIMIEHHON
BJI@)KHOCTBIO U HEONIArompUsATHBIM Ta30BbIM COCTABOM B KYJIBTYPalbHOM COCY-
Iie, COCTaBOM ITUTATENBHOM Cpenbl (BEICOKHM COIEPIKaHHEM PETYISITOPOB POCTa
Y MUHEPAIIbHBIX COJICH WIIM HU3KOW KOHIICHTpALUeH arapa), (PU3HOIOrHISCKIM
BO3PACTOM JKCIUIAHTA, HHTEHCUBHOCTBIO OCBEIICHUS, TCHOTUIIOM PACTCHUS U He-
KOTOpbIMHU ApyrumMu. Ha 3T (akTopbl, B 4aCTHOCTH, YKa3bIBaJIOCh B paboTax mo
MHUKpOpasMHOXKEHUIO Allium sativum n Agastache foeniculum [29, 30]. Cyns mo
MOJY4EHHBIM JTaHHBIM, y O. vulgare yactoTa BUTpUGUKAIINU 3aBUCENA OT JJTU-
TENFHOCTH KYJIBTUBHPOBAaHMA. IIpH 3TOM MaKCHMaJIbHOE KOJIMYECTBO OBOIHEH-
HBIX TI00ETOB (pOPMHUPOBAIOCH B 5-M CYOKYJIBTHBHPOBAHUH, KOT/Ia Pa3BUBAIIOCH
MaKCHMaJIFHOE YUCIIO TIOOETOB.

Ta6nuua 2 [Table 2]
Mopdomerpryeckne nokasarejii pa3sBUTUS IKCIIAHTOB IIPH AIHTEIbHOM
cyOKkyabTUBUpOBanuN Origanum vulgare Ha BTOPOM 3Tanle MUKPOPA3MHOKeHUS in vitro
[Morphometric parameters of explant development during long-term subcultivation
of Origanum vulgare at the second stage of micropropagation in vitro|

Yucmo
YacTora MHOXKE- KommuectBo | KommaecTBo
CYOKYyIb- Hacrora oBoz-
CTBEHHOTO T10- moOeroB, mrt./ | y3/I0B, IUT./ Jnna
TUBHUPO- HEHHBIX ITI00ETOB
. | 6eroobpa3oBanust JKCILIAHT mooer mobera, MM
BaHUI [Frequency of
[Frequency of [Number of [Number of [Shoot hyperhydric
[Number multiple shoot shoots, pcs./ nodes, pcs./ | length, mm] hoot ;l %
of sub- formation], % explant] shoot] shoots}, 7o
cultures]
3 90,9+6,2 a 32,3£5,6 b 1,8£0,1 b |20,8£1,6 b 16,7£1,5 ¢
5 83,3+10,1 a 54,8+5,1a 2,4+0,3 ab [32,7+3,7 ab 44,551 a
6 94,4+56 a 27,912 b 2,1£0,2a | 29,242,7b 20,0+1,8 be
7 952+4,7 a 33,1+£2,7b 2,4+0,2a |28,7x1,8b 18,5+1,2 ¢
10 90,5+4,0 a 22,9+3,6 be 2,5+0,2a |42,9£2,6 a 25,8424 b
12 84,8+6,3 a 14,4423 ¢ 1,720,1 b | 24,523 b 244+19b
13 75,0£10,1 a 9,5+0,8 ¢ 2,1+0,1a |23,3£2,3b 16,8+1,8 ¢

ITpumeuanue. B xaxmoM ctoibIe pa3HBIMU OyKBaMH 0003HAYEHBI CTATUCTUYCCKH 3HAYNMBIC

pazmuns (p<0,05) Mexay cyOKyTETUBHPOBAHUSIMIL.
[Note. Statistically significant differences (p<0.05) between subcultures are indicated by different letters
in each column].

Cremyer OTMETHUTHh IOBOJBHO BBICOKOE YHCIO (OPMHUPYIOMIMXCS IOOEroB
(9,5-54,8 mrT. Ha 3KCIJIAHT, B 3aBUCUMOCTH OT Taccaxa), BeIsiBIeHHOe Y O. vul-
gare B HAIIUX DKCIIEPUMEHTaX. Y pasHbIX BHAOB AYINUIBI HA ONTHMAIbHBIX
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MUTATEIBHBIX CPENax, CyAs IO JUTEPATYpPHBIM NAHHBIM, U3 ONHOTO AKCIUIAHTA
pasBuBaiochk He Oojee 4,0 [22], 4,2 [24], 12,0 [21], 22,2 nobera [14]. Eruner-
CKHE YUCHBIC TIPH BBEICHUH B KYJIBTYPY if Vitro CETMEHTOB CTEOIS ¢ TOYKaMH Y
O. majorana nonyunnu a0 18,7 nmobera Ha skcruanT [25]. HTEpecHbIE JaHHBIC
nponeMoHcTpupoBanbl s O. sipyleum, y KOTOPOI Ha MUTATENBHOM cpese Ui
mukpopazmaoxenus (MC c 1,0 mr/n BAIT) dopmuposaiocs 7,8 mobera Ha dKc-
IJIaHT, a Ha cpenae A ykopeHenus (MC ¢ 0,5 mr/it UMK) — 23,7 moGera [17].

[pu u3yyeHNU BIUSHUS JUTUTEIBHOCTH KyJIBTHBUPOBAHUS HA MUKPOPa3MHO-
JKEHHUE JYIIHUNEI in vitro ipoBeny 13 maccaxeid. MakcuManbHOE YUCIIO TOOETOB
(54,8 wr./sxcnnanT) U KO3QPUIUEHT pasMHOKeHHs (74,1) MoydeHbl B MATOM
cyOKyIbTHBHpOBaHUH (puc. 3). B cenbMoM maccake ko3 pHUIIMEHT pa3MHOKCHHUS
MOHU3UIICS J10 63,6, HO CTAaTUCTUYECKU HE 3HAYUMO OTIHYAIICS OT JIAHHOTO ITOKa-
3arelis B MATOM Taccaxe. [Ipu nanpHeHHUX CyOKyIBTHBHPOBAHUAX K03(DdHUIH-
€HT Pa3MHOXEHUS CHU3MIICSA B IECSTOM maccaxe 110 43,0. HauMenbive 3HaueHus
atoro mokaszarens (16,9—18,8) ormeuensl B mo3naux 12—13-M maccaxax (4depes
MOJITOpa roja KylbTHBUpoBaHus). [Ipu 3ToM rHOTIA HOPMHUPOBATUCH OOJIee TOH-
KM€ ¥ CJ1abble MHKPOIIOOETH 10 CpaBHEHHIO ¢ OoJiee paHHUMH TPETHHUM—IISITHIM
naccaxamu. [lonydeHHbIe pe3ynbTaThl CBHICTEIECTBYET O BOZMOXKHOCTH P (ek-
THUBHOTO CyOKYJIBTUBHUPOBAHS ITYIIHIIEI {7 Vitro B TEIEHUE CEMU—IECATH T1acca-
xerl. OHAKO, IPU HEOOXOAUMOCTH, MOXKHO MPOBOJAMUTH PasMHOKEHHE U Oolee
JUTUTEIBHBIA TIEPHOJ, YIUTHIBAas OTHOCHTENHHO BBICOKHE KOI(D(HUIMEHTHI pas-
MHOXKEHHS JTaXKe B MO3JHHUX MAcCaXax U OTCYTCTBHE 3HAYUTEIBHBIX MPH3HAKOB
(PU3UOIOTHYECKOTO CTAPCHUS MEPHUKIIOHOB.
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KoadpuipieHT pasMHOKEHHS
[Multiplication index]

KommuecTBo cyOKyNbTHBHpOBaHHI [Number of subcultures]

Puc. 3. 3nauenue ko duimenTa pa3MHOKEHHS IIPH JUTUTEITBHOM
cyOkynsTuBHpOoBaHuu Origanum vulgare in vitro. CTaTHCTUYCCKU 3HAYUMBbIC PA3IUUUS
(p<0,05) Mmexxay CyOKYNETHBUPOBAHUSAME 0003HAYCHBI PA3HBIMU OYKBaMH
[Fig. 3. The value of the multiplication index during long-term subcultivation
of Origanum vulgare in vitro. Statistically significant differences (p<0.05)
between subcultures are indicated by different letters]

[ToBwimieHne ko3 (UIMEHTa Pa3MHOXKEHUS K TPEThEMy—4eTBEPTOMY CyO-
KyJBTHBHPOBAHUIO paHee TIOKa3aHo Ui COPTOB JaBaH bl [31] u po3sl adupomac-
nmuaHOoM [32]. TIpy MEKpOpa3MHOXKEHHUH IISITH COPTOB U CEJIEKIIMOHHBIX 00pa3iioB
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MSATHI B TCUCHHUE IMIECTH CYOKYJIBTHBHPOBAHHUN YCTaHOBJIEHO, YTO KO(PHUIHEHT
pPa3MHOXKEHHUs yBeJIn4YMBaJcs B 3—5-M maccaxax, gqocruras 12,1-48,7 B 3aBucu-
MOCTH OT T€HOTHITA ¥ JIUTENBHOCTH KyinbTuBHpoBaHus [33]. OmHako y Ipyrux
adupomacianyHbIX pacteHuil (dhenxens u mandes), HAOOOPOT, OTMEUEHO CHHU-
KeHHe Kod(pQUIIHeHTa Pa3sMHOXKEHHS MOCIe TPEThEro maccaxa. A y COpTOB Te-
paHu 3(UpOMACIHYHOI ATOT MOKA3aTENh OCTABAJICS JOCTAaTOYHO CTAOUIBHBIM B
TEUCHHE JIByX JIET KIOHAIBHOTO MUKpopasMHOkeHus [34]. CremyeTr OTMETHTb,
4TO CBeJCHUN 00 3((EKTUBHOCTH Pa3MHOXKEHHUS in Vitro BUJIOB MEIHCCH U 1y-
NI TIPH TUTEIFHOM KyTETHBUPOBAHUH OY€HB Mano. Tak, y IByX BHIOB JIy-
mubl O. syriacum u O. ehrenbergii Ipy pa3MHOXKEHUH Ha MUTATENBbHON cpefe
¢ 1,0-2,0 mr/n BAII BeIsIBIIEHO yBeNMYeHHE KomdecTBa moderos (ot 1,5-2,0 mo
3,7-4,0 mWT. Ha HKCIUIAHT) B YETBEPTOM CYOKYIHTHBUPOBAHMUU IO CPABHEHHIO C
niepBbIM [22]. Ins O. sipyleum ycTaHOBIICHO, YTO MIPH BBEJICHUH B KYJIBTYPY alld-
KaJbHBIX BepXyllek Ha murarensHoi cpene MC c 1,0 mr/n BAII pa3BuBanoch
3,7 mobera Ha DKCIUIAHT, a MPH CJICAYIONIEM CYOKYJIETHBHPOBaHUU (POpMHUPOBa-
nock 7,8 mobera Ha sKkciIaHT. OfHAKO MPH 3TOM CHMXAJach UX AiIMHA — ¢ 1,8
1o 1,2 cm. [Ipu nanpHEHmNX CyOKYITBTHUBHPOBAHILIX Yepe3 KaKAbIe TPH HEHeIH
pasBuBaiochk 1o 8,0 mobera Ha sxcriaHT [17]. OgHAKO TaKOTO ATUTENBFHOTO, KaK
B HameM uccienoBanun y M. officinalis n O. vulgare, anamuza Mmophomerpuue-
CKUX IapaMeTpoB B TeueHue 7—13 maccaxei (T.e. IpU KyJbTUBUPOBAHUHM OKOJIO
MOJTyTOpa JIET) paHee, CyAs IO MMEIOIIUMCS JUTEPaTypHBIM JaHHBIM, y BHIOB
MEJIHMCCHI ¥ TYUIHIIBI He TPOBOIMIOCK. [omyyeHHbIe pe3ynbTaThl CBHIETENBCTBY-
IOT O BO3MOJKHOCTH TIPOAOIDKATEIIFHOTO MUKPOPA3MHOKEHHUST U3YICHHBIX BHOB
MIPU COXPaHEHUHU JOCTATOYHO BBICOKUX (0COOEHHO y MyHIHUIIBI) KOG (UIIMEHTOB
Pa3MHOXEHHUS. DTO MOXKET OBITh TOJNE3HBIM HE TOJBKO U MOTYIEHHSI OONBIITHX
00bEMOB TIOCAJJOYHOTO MaTepHalia IpY MUHUMAaJIbLHOM YHCIIEe MCXOAHBIX pacTe-
HUH (2 MOXET, ¥ IIPH HAUYUH €IUHUIHOTO SK3EMITLIpa), HO U IIPH pa3padoTKe
METO/MK CO3/IaHUS IENOHUPOBAHHBIX KOJUIEKLUH [IEHHBIX TEHOTHIIOB i1 Vifro.

BriBoaBI

BrisiBiieHbl 0cOOEHHOCTH pa3BUTHS AKCIUIAHTOB M. officinalis n O. vulgare
MIpY JUTUTETFHOM KIIOHATFHOM MHKpPOpa3MHOXEHHH. Ha BTopom asTare pa3zmHO-
XKEHUS in vitro HaOMIONAIN MHOXXECTBEHHOE 1100erooOpa3oBaHUE, PU30TeHes, a
WHOT/Ia pa3BUTHE OBOJHEHHBIX T00eroB. YacToTa N3yUeHHBIX MTOKa3aTeIel Baph-
MpOoBaJia B 3aBUCHMOCTH OT BUJIa HJIU COPTA PACTECHUS U KOIUYSCTBA TACCAKEH.

[Ipu cpaBHEHNN NBYX BHIOB PACTEHUH B TEUCHHE BCETO MEPHOIA KyIBETUBHPO-
BaHMA y AyIIUIBI OTMEUEHBI OOJIbIIee YHCIIO TOOETOB Ha AKCIIAHT (10 54,8 1mT.)
1 gactoTta BuTpudukanuu (o 44,5%), Torma Kax sl COPTOB MEIHCCHI XapaKTep-
HBI O0JIee BHICOKHE 3HAYCHUS JUTMHBI T00eroB (10 73,8 MM) U yKclia y3JI0B Ha HUX
(mo 4,1 mt.).

AHanmu3 pa3BUTHsI SKCIUIAHTOB MEJIKCCHI B TEYCHUE CEMHU MacCaxell mokasal,
9YTO MaKCHMaJbHBIC 3HAYCHUS Kod(pQHIMeHTa pasMHOXEHHs y copTta LluTpo-
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Hema (o 12,0) BeisiBIeHBI B 3—5-M, a 'y coproB CobopHast (14,2) u KpeiMuanka
(17,6) — B 5-M cyOKynbTUBUPOBAHUM.

[Tpu MHEKpOpa3MHOKEHUH JYIIUIBI B TedeHue 13 maccakeld 0OOHapy»KEHO yBeITH-
yeHue ko3(puipeHTa pasMHOXKeHHs K S-My naccaxy 10 74,1. Ipu nanbHeiinmx cyo-
KYJIIETUBHPOBAHUSIX, B 12—13-M maccaskax, JaHHBIA TapaMeTp CHIBHIICS TIOYTH B 4 paza.

[IpoBeneHHbIe UCCIEAOBaHMS MOKA3aJId BO3MOXKHOCTh JUIUTENBHOTO, Oolee
rozia, KIOHAIBLHOTO pasMHOXeHus M. officinalis u O. vulgare B KynwsType in vi-
tro. Ilpu 3TOM BBIBIIEHHAs y MOOETOB MEIHMCCHI CIOCOOHOCTh K PU3OIeHE3y Ha
MUTATEIBHOM cpefie sl pasMHOKeHns (¢ gactoroit 44,4-92,7%) mo3BoIsieT nuc-
KJIFOYUTH CIELMAIIBHBIN 3Tall YKOPEHEHHUS in Vitro.
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The effect of long-term subcultivation on clonal micropropagation
of Melissa officinalis L. and Origanum vulgare L.

In recent years, along with the use of essential oil and medicinal plants traditional
for the south of Russia, there have been an active introduction of new species, including
representatives of Lamiaceae family such as Melissa officinalis and Origanum vulgare,
into production. These plant species are widely used in perfumery, cosmetics and
food industries, as well as in medicine, because of the number of biologically active
compounds. Therefore breeding work is being carried out to create cultivars with a
high content of essential oil and valuable components in its composition. Currently,
biotechnological techniques are used to address a wide range of challenges of ecology,
plant breeding and seed production. One of the most popular methods is clonal
micropropagation. Biotechnologies of micropropagation in vitro have been developed
for many agricultural and flowering ornamental plants. However, for lemon balm and
oregano, many issues relating to propagation in tissue and organ culture have not been
studied enough. In particular, this applies to the study of long-term propagation in vitro.
The aim of our investigation was to study the morphometric parameters of explant
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development during long-term subcultivation of cultivars and breeding samples of
M. officinalis and O. vulgare at the second stage of clonal micropropagation.

For studies, we used three cultivars of Melissa officinalis L. (Tsitronella, Sobornaya,
Krymchanka) and breeding sample Ne 10 of Origanum vulgare L. When introduced in
vitro, axillary meristems with 2 leaf primordia were isolated from plants. At the second
stage (micropropagation itself), stem segments (5-8 mm) with one node, obtained by
microcutting of shoots developed from meristems, were used as explants. Explants
were cultivated on Murashige and Skoog (MS) culture medium (which we modified
earlier for oregano and lemon balm) supplemented with BAP and GA,. The meristems
and shoots were cultivated at 26+2°C, 70% air humidity, 2-3 kix light intensity and 16-h
photoperiod. After 30-35 days of cultivation, we determined the frequency of multiple
shoot formation, the number and length of shoots, the number of nodes on the shoot,
the frequency of rhizogenesis and hyperhydric shoots. The multiplication index was
calculated as the number of microcuttings that were obtained after one subculture. To
do this, the number of shoots formed on explants was multiplied by the number of nodes
on a shoot. Hyperhydric microshoots were not taken into account. Then, we divided the
shoots into microcuttings and transferred to a fresh culture medium. Experiments were
repeated three times, and at least 20 explants were analyzed in each variation. The
confidence of differences was assessed using Student’s t-test, p<0.05. Mean values and
standard errors are shown in tables and graphs.

As a result of the research, we showed that with the introduction of M. officinalis
meristems to the MS culture medium with 1.0 mg/l BAP and 0.5 mg/l GA,, the
development of the main and sometimes adventitious shoots occurred on the 7%-10" day
of cultivation. After 35 days of cultivation, 1.3 (Tsitronella cultivar) to 4.2 (Sobornaya
cultivar) shoots were formed from one explant, and their length varied from 5.8 to
8.2 mm. For further micropropagation of lemon balm, microshoots obtained at the first
stage were divided into one node segments and transferred to the MS medium with
0.5 mg/l BAP. Cultivation of microcuttings during seven passages led to the formation of
axillary and adventitious shoots in the studied cultivars (See Fig. I, A). The frequency of
multiple shoot formation, depending on the cultivar and passage, varied from 32.0% to
93.3% (See Table I). In some variants of the experiment, hyperhydric microshoots were
formed with a frequency of 15.1-23.4%. The morphometric parameters of Sobornaya
and Krymchanka cultivars were 1.3-2.5 times higher than those of Tsitronella. During
successive subcultivations in all cultivars, we revealed an increase not only in multiple shoot
formation frequency but also in the length of shoots in some variants. It should be noted
that at the second stage of micropropagation on a culture medium with BAP, many shoots
developed roots (See Fig. 1, A). The rhizogenesis frequency, depending on the cultivar and
passage, reached 44.4-92.7%. The revealed spontancous rooting of M. officinalis cultivars
on a nutrient medium for micropropagation allows, at a high rhizogenesis frequency,
excluding the third stage of propagation and immediately transferring microplants with
roots for adaptation ex vitro. When comparing the morphometric parameters of the
microcuttings development at different passages, we found that in the studied cultivars the
number of shoots varied from 2.2 to 5.7 pcs./explants, and the number of nodes varied
from 2.2 to 4.1 pcs./shoot. The length of the shoots reached 55.4-73.8 mm. In Tsitronella
cultivar, the maximum value of the studied parameters (See Table 1) and the multiplication
index (up to 12.0) (See Fig. 2) were noted in the 37-5" subcultivations. For Sobornaya and
Krymchanka cultivars — in the fifth passage, in which the multiplication index was 14.2 and
17.6, respectively. In the seventh subcultivation, the multiplication indexes of all studied
cultivars decreased to 6.3-8.9, depending on the genotype.

When meristems of O. vulgare were placed on MS culture medium, containing
1.0 mg/1 BAP, after a month of cultivation, they developed up to 4.5 shoots per explant
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of 17.0 mm long. The frequency of multiple shoot formation was 66.6%. At the second
stage of micropropagation, explants (stem segments with one node) isolated from
microshoots, developed from meristem, were cultured on MS medium with 0.5 mg/l
BAP. The growth of the main shoot started on the 5%-7" day, and the development of
adventitious shoots — in 2-3 weeks (See Fig. I B). On the 35" day of cultivation, the
frequency of multiple shoot formation varied from 75.0 to 95.2%, and the number of
shoots ranged from 9.5 to 54.8 per explant depending on the number of subcultures
(See Table 2). During micropropagation, individual shoots (from 5.2 to 28.5%, in
different passages) formed 2-3 roots up to 2-3 cm in length. Sometimes, when oregano
was cultivated, the hyperhydric microshoots with thickened vitreous anomalous stems
and leaves were noted; they cannot be used for further propagation. The frequency of
vitrified microshoots was 16.7-25.8%. However, it reached 44.5% in the fifth passage.
When studying the effect of cultivation duration on micropropagation of O. vulgare
in vitro, 13 passages were conducted. The maximum number of shoots (54.8 pcs /
explants) and the multiplication index (74.1) were obtained in the fifth subcultivation
(See Fig. 3). With further subcultivations, the multiplication index decreased in the
10" passage up to 43.0. The lowest values of this parameter (16.9-18.8) were noted
in the late 12" and 13" passages. Thus, the conducted studies indicate the possibility
of long-term micropropagation of O. vulgare and M. officinalis in vitro (at least for
1-1.5 years), while the maximum efficiency of this process was observed during the
fifth subcultivation.

The paper contains 3 Figures, 2 Tables and 34 References.

Key words: lemon balm; oregano; explants; propagation in vitro; multiple shoot
formation; subculture; multiplication index.
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! Becepoccutickuti HayyHO-UCCIe008ameNbCKUtl UHCIUMYm OXOMHUYbE20 X035UCmed
u 36epogoocmea umeru npogheccopa b.M. Kumxosa, 2. Kupos, Poccus
2 Bamckas 20cydapcmeennas cenbekoxossicmeennas akademus, 2. Kupos, Poccus

Ouenka cocrosinust nenononyasiunid Cypripedium calceolus L.
HA BBIX0[1aX U3BECTHAKOBBIX MOPO/
10 CKJIOHAM /I0JIMHBbI peku BsiTka

Ilpusedena oyenxa cocmosnua yenononyaayuti Cypripedium calceolus L.
(cem. Orchidaceae Juss.) na 6vb1X00ax U3BECMHAKOBLIX NOPOO NO CKIOHAM OONUHBL
p. Bamka no Oemocpaguueckum u  MOPGOROSUYECKUM  XAPAKMEPUCHIUKAM.
Yemanosneno, umo onmocenemuueckas cmpykmypa yenononyasyuii C. calceolus
HOPMANbHAA,  HENOIHOUIEHHAs, NPABOCMOPOHHE20 UAU  OUMOOUAILHOZO — MUNOS.
Ommeyenvl HesHauUmMenbHble KONEOAHUS KOMUUECHBEHHO20 COOMHOUEHUS PASHBIX
onmozenemuyeckux cocmoanuil. Ilpeocmasnen amanuz CMpyKmypol uUMeHUU80CmuU
Mopghonocuneckux npusHaxos. Onucanbl OHmMo2eHemu1eckue Makmuk u cmpamezuu
BbINHCUBAHUA BUOA 8 YCILOBUAX paccmampusaemozo gpaemenma apeana. Ilo xapaxmepy
NPOsAGNEHUA  CO2NACOBAHHOCU 8  Op2aHU3AYUU  MOPPONOSUUECKOT  CIMPYKMYpbl
pacmenuti 015 U0 BbIABIEHA CIMPECCOBO-3AUSUMMHASL OHIMO2EHEMUYECKAS CIMPAMEeSUs.
Tokasanvl  pesyrbmamvl  KOMIIEKCHOU OYEHKU COCMOAHUA OP2AHUSMEHHbIX U
nonynayuonnvix xapakmepucmux C. calceolus; ycmanoeneno, umo 601bWUHCMEO
uccredyemvix YeHOnOnYIAYUll HaAX00Umcs 8 COCMOAHUU, «OTUSKOM K YePOHCAEMOMY»,
U HYHCOAIOMCSL 8 COXPAHEHUU MeCOOOUMaHUl.

KuroueBsie cioBa: Cypripedium calceolus L.; Orchidaceae; nenomomymanus;
BUTAJIUTET; U3MEHYUBOCTh MOP(OIOTHYECKHUX TPU3HAKOB.

BBenenune

OJ1HO¥ 3 OCHOBHBIX 33134 COXPaHEHUS OMOPa3HOOOpa3HUs SBIACTCSI HHBEHTA-
pu3aus ¥ MOHUTOPHUHT COCTOSIHUA MOMYJISIIMNA PEAKUX M HYKAAIOIIUXCS B 0Xpa-
HE BHJIOB pacTeHuid. Ha ceronHsmHnil 1eHb MHOTHE MPEACTABUTENIN CEMENCTBA
Orchidaceae HaxonATCs OX YyTPO30H MCUE3HOBEHUS, UTO 00YCIIOBIMBAET HEOO-
XOIIMMOCTBD BBISIBIICHUS Ha HAITMOHAJIHPHOM U MEKTyHAPOJIHOM YPOBHSX Hanbomee
3HAYUMBIX YIpO3 UX MPHUPOAHBIM momynsiiusm [1, 2]. B cBoro ouepens ompene-
JIEHWE TIPUYMH YSI3BUMOCTH BHJIOB 3TOTO CEMEHCTBA HEBO3MOXKHO 0€3 HCCIIeo-
BaHUH neMorpaduyecKkux napaMeTpoB MOMYJSIHHA, pePOAYKTUBHONW OHONIOTHH,
OHTOTCHE3a, UACHTU(HUKAIMH SAUHUI] COXPAHECHUS B JPYTUX acleKToB [3].
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Cypripedium calceolus L. (cemerictBo Orchidaceae) — eBpazuarckuii 6ope-
aneHbIN Bua. B Kuposckoit obnactu u3BecTHsI 6osee 50 MmecroobuTaHuil Buaa;
OXpaHsETCsI Ha TEPPUTOPHUN 3anoBenHIKa « Hyprym», a Takxe B psiae MaMsITHH-
KOB TIPHPOJBI B FOXKHBIX PErHOHax obnactu, 3aHeceH B Kpacuyto kaury Kupos-
ckoit oonactu (11 kareropus) [4]. C. calceolus Taxxe BitoueH B KpacHble KHU-
ru 59 pernonos Poccuiickort denepanuu [S] 1 UMEET MEXKIyHAPOAHBIN CTaTyC
oxpansr: [II (VU); B IUCN Red List Category (Europe): NT; EU Wildlife Trade
Regulation: A. Bun sxuttouen B [Ipunoxenue 11 x Kousennun CUTEC, ITpuno-
xkenue | k beprckoit konsenmun u B [Ipunoxenns 1 u IV x Jupextuse EBpomeii-
CKOTO COI03a 0 MeCcTooOUuTaHusX [6].

UccnenoBanus nomynsuuonHo# 6uonoruu C. calceolus pa3nudHo# crere-
HU NOAPOOHOCTH MPUBEJEHBI I HEKOTOPHIX (hparMeHToB apeana Bunaa: FOx-
veIi Ypan [7], Henarpansuas Poccus [8—10], CeBepo-3amaansiii peruoH [11],
Bocrounas u 3anagnas Espomna [12—-17]. B Kuposckoii 001acTi KOMIUIEKCHOE
H3yYCHUE COCTOSHUS MOIYIIAINI STOTO BU/Ia paHee He BHITOTHIOCH. MiMeromu-
ecst cBefieHus o pacnpoctpanenuu C. calceolus He TOCTATOUHBI 1711 OPraHU3AIUU
MTOCTOSTHHOTO MOHUTOPHHTA, W IPHHATHA (P (QEKTHBHEIX Mep 10 €ro COXpaHSHHIO
U OXpaHe Ha TePPUTOPHUU OOIACTH.

Lens maHHOTO MCCIENOBAHHS — U3YUHTH AeMOTrpadrdecKie 1 Mophoaorude-
CKHe€ IT0Ka3aTeu ¥ IPOBECTH OLIEHKY COCTOsiHUS IieHononysiuuiil C. calceolus Ha
BBIXOJIaX M3BECTHIKOBBIX MTOPOJ TI0 CKJIOHAM JOJUHEI p. BaTka.

MaTepnaJn,l U METOAHUKH HCCJTCT0BAHUSA

Uccnenosanus nposenensl B 2014 r. B 5 nenononymsiuusax (LUI) C. calceolus
(Tabi. 1), pacrooXKeHHBIX B IMOJI30HE I0XKHOM Tairu Kuposckoit obmactu (Cro-
00/ICKOI paiioH).

Tabauma 1 [Table 1]

MecToHaxo:KIeHUS U3YyYEeHHBIX HeHononyassuuii Cypripedium calceolus
[Locations of the studied Cypripedium calceolus coenopopulations]

No 10T l'eorpaduueckue
E le) MecToHaxoXKIeHuE KOOPJIMHATBI MecTtooOuranue
No] [Location] [Geographic [Habitat]

coordinates]

Okp. 1. IlepBomaiickuil, BepxHsis
4acTh KPYTOTO CKJIOHA KXKHOM JKC-
MO3HIIUK KOPEHHOTOo Oepera p. BsaTka 58°41'267 N
CP 1 |[Vicinity of Pervomaisky village, o1y
050°10'110 E
the upper part of the steep slope
of the southern exposure on the
Vyatka river bedrock valley]
Okp. A. YcrieHCKOe, BEpXHSS YacTh
KpYTOTO CKJIOHA I0Tr0-3araaHoi 3Kc-
TMMO3UIIMH KOPEHHOTO 6epera p- Bsitka 58°40'808 N
CP2 [Vicinity of Uspenskoye village, e
050°09'884 E
the upper part of the steep slope of
the southwestern exposure on the
Vyatka river bedrock valley]

EnbHUK pa3sHOTpaBHBIHA
[Spruce herb forest]

EnbHuk TpaBsiHbII
[Spruce herb forest]
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OxoHuaHue Tabx. 1 [Table 1 (end)]

Teorpaduueckue
Ne IIIT M M 6
[CP CCTOHAXOX/ICHUEC KOOpJIMHATHI €CTOOOUTAHUC
No] [Location] [Geographic [Habitat]

coordinates]

Okp. A. YcneHcKoe, CpeHsis 4acTh
THOJIOTOTO X0JIMa BOCTOYHOM 3KCHO-

3ULIMH KOpEeHHoro Oepera p. BsaTka 58°41'128 N CocHsK TpaBsHBIi

CP 3 |[Vicinity of Uspenskoye vil- 050°11'094 E [Pine herb forest]
lage, the middle part of a gentle

hill of the eastern exposure on the
Vyatka river bedrock valley]

Okp. a. bakynu, kpyToii CKIOH
IOT0-BOCTOYHOM IKCIIO3HIHH (OKOJIO
Cp 4 |30%) xopentoro Gepera p. Bsrka
[Vicinity of Bakuli village, a steep slope 050°11'425 E
of the southeast exposure (about 30%)
on the Vyatka river bedrock valley]

EnpHuk ¢ npume-

58°41201 N CBIO ITUXTHI U CO-
CHBI TPaBSIHBIN

[Spruce herb forest mixed
with fir and pine]

3apacraromue co-

CHOM, €JIbI0, OCHHOU 1
Okxp. a. bakynu, KpyTble CKIOHBI,

(1-7 M) TEXHOTE€HHOTO XapaKTe- PasHOTPaBLEM OTBAIILI

CP 5 |Pa KoperHoro Gepera p. Bstka 58°41269 N CTaporo 0TpaboTaHHOro
[Vicinity of Bakuli village, steep slopes 050°11'183 E M3BECTKOBOTO Kapbepa

(1-7 m) of technogenic character on [Dumps of an old de-

the Vyatka river bedrock valley] pleted limestope quarry
overgrown with pine,

spruce, aspen and herbs]

Ipu nzydyenun LI ncnons3oBanu oOmenpuHsaThie MeToquky [18-21]. s
aHanM3a OHTOT€HETHYECKONH CTPYKTYpHI NPHMEHSUTH CIEOyIONINe XapaKTepH-
CTHUKHU: UHJIEKC BO3PACTHOCTH (A), HHJEKC 3((HEKTUBHOCTH (), Knaccudukaus
«naenpra-omeray [22-24].

Ha xax10if y4eTHOH MI0Iaau ONpEeAesI CIeAyoNHe MoppoMeTpuieckre
MapaMeTpsl TeHePaTHBHBIX 0COOEH: BBICOTY MOOEra, YHCIIO IIBETKOB, YHCIIO JIH-
CTbEB, JUIMHY, IIUPUHY U YUCIIO KUIOK 1-ro JucTa (B OCHOBaHUM IMoOera) cpe-
IUHHOHM (hopManmu. B mBeTke m3Mepsun JUIMHY W MIMpHHY (10 Hambolee IIv-
POKOIt 4acTH) ryObl U AJHHY JIONACTH I'yObl. AHANINU3 CTPYKTYpPhl H3MEHUUBOCTH
TIPU3HAKOB BBITIONHEH B co0TBeTcTBUU ¢ pexkomeHmanusmu H.C. Pocrosoit [25].
ITo 0cOGEHHOCTSIM COOTHOLICHUS! OOILIEH U COMMACOBaHHOM M3MEHUMBOCTH BbI-
JETAI0T 4 TPYHITEl IPH3HAKOB. DKOJIOT0-ONONIOTHYECKHe HHINKATOPHI aJalTHB-
HOM H3MEHYMBOCTU OPraHM3MOB — IPHU3HAKU, OTPAKAIOIIUE CONIACOBAHHYIO
HM3MEHYHBOCTH 0CO0EH B HEOMHOPOJTHOM cpesie. ITO CHIIBHO BaphbUPYIOIIUE TIPH-
3HAKU C BBICOKHM YPOBHEM JI€TEpPMHHUPOBAHHOCTH. bHonoruueckue nHAUKATO-
PBI — (KITFOYEBBIEY TPU3HAKY MIIH TOKa3aTeIN, N3MEHEHHUS KOTOPBIX ONPENEISIIOT
o0lI1ee COCTOSTHUE CUCTEMBL. DTH NPU3HAKU XapaKTepHU3yIOTCs BBICOKOM cOIIaco-
BaHHOH M3MEHYMBOCTBIO IIPU HHU3KOH 0OIIeil N3MEeHYNBOCTH HpH3HAKOB. [ eHo-
TUIWYECKHE UM TAKCOHOMUYECKUE WHAUKATOPbI, IPU3HAKYU C HU3KOH o0mei u
COINIaCOBaHHOW M3MEHUYMBOCTHIO. DKOJIOTHUECKHE HHANKATOPBI — 3TO IPH3HAKH,
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HU3MEHYHBOCTH KOTOPBIX OTIPEHEISEeTCS MPSUMYIIECTBEHHO BIMSIHIEM BHEITHUX
(hakTOpOB M U3MEHEHMs KOTOPBIX cIab0 comllacoBaHbI ¢ oOIeil cucremoil op-
raHu3Ma. DTH MPU3HAKH XapaKTEePU3YIOTCS BBHICOKOH 00IIel M3MEHUYNBOCTBIO H
HU3KOH COTIACOBAHHON M3MEHYUBOCTHIO MPU3HAKOB.

Onenka ButanmureTHoro tumna L{I1 mpoBeneHa ¢ MCIOIB30BaHUEM KPHUTEPHS
Q [26] myTeM ycpenHEHHS HOPMHMPOBAaHHBIX 3HAUCHHMN BCEX OLCHMBACMBbIX
MPU3HAKOB PACTEHUH 1O CPEeIHUM I Bceld BBIOOpKHM ocoOeil. Pesymbrarhl
PaHXUPOBAIKCH MO TpPeM KiaccaM: (a) — BBICOKMI BuTanuteT, (b) — cpeaHui,
(¢) — mm3kmit. Jlanee HO.A. 3mobOuH mpemiaraer BoIAeHATh Tpu Tuma LI,
COOTBETCTBYIOIINX ClenyromuM ycioBusam: Q=1/2 (a+b) > ¢ — npouseratouiue;
Q=1/2 (at+b) = c — paBHOBecHbIE; Q=1/2 (a+b) < ¢ — nenpeccuBHEIC [26].

[Ipu olleHKE THIIOB OHTOTCHETUYECKHX TAKTUK M CTPATETHI HCIIOIh30BAIIN
Metoandeckue paszpaborku F0.A. 3mobuna [26-27] ¢ nononHenusmu A.P. Wm-
6upauHa ¢ coasT. [28-30]. Jlns KoOpAUHALMK IIEHOMOMY/SIIUI [0 TPagUCHTY
KOMILICKCHOTO (haKTopa OIarompHsTHOCTH YCIOBHU WCIIONB30BaIH WHACKC BU-
tajurera neHonomyssimuid (IVC), T.e. K03 PHUIUEHT )KU3HEHHOCTH, C UCTIONIB30-
BaHWEM BBIPABHUBAHUS CPEAHUX 3HAYCHUH MapaMeTpoB IO ICHOIONYJIIIUIM,
MeTonoM B3pemnBanusa [28—30]. Haubonbee 3HaueHne kod¢puIeHTa cooT-
BETCTBYET HAIUIYUIINM yCIOBHUSIM IPOHU3PACTAHHS, HANMEHBIIIEE — HAMXYIIINM.

Craructudeckas 00pabOTKa TaHHBIX BHITOJHEHA B COOTBETCTBHU C OOIICIPHU-
HSATBIMH METOIaMH M ToaxonaMu. J{Jis orpeneneHns CTaTUCTUIECKOH 3HAYIMO-
CTHU pa3Iu4uii Hcnoiab3oBany t-kpurepuil Creronenra (p<0,05).

OmneHKy COCTOSHHS U TIPUPOIOOXPAaHHON 3HAUMMOCTH I[CHOIIOMY/ILIIAN pel-
KHX BHUJIOB OIPEesUIN [0 UHTErprupoBaHHOMY moka3zarento (SC) opraHu3MeH-
HBIX ¥ TOMYJIAIMOHHBIX XapakTepucTuk BuAa [31]. MHTErppoBaHHBIA MMOKa3a-
TeJb OMPEEIISIIN IO CPeIHEMY TIOKa3aTellto A7l BCeX OLIEHUBAeMbIX ITapaMeTpPOB
¥ OLIEHUBAJIH 10 TpexOaTbHOU crcTeMe i BuaoB Hu3koro prcka (I u 111 kare-
ropun penxoct 1o MCOII): 1,00-1,67 — «BbI3bIBaIOIIAs MEHBIIIE BCETO OecIo-
KoiicTBay; 1,68-2,34 — «HaxomsAmascs B COCTOSHUAH, OJM3KOM K YIPOKacMOMY»;
2,35-3,00 — «3aBHcsIIas OT COXpaHSHU.

[Ipu orieHKe YpOBHS aHTPOTIOTCHHOW HATPY3KH (CIIA0BIN, CPETHUM, CUITHHBIN)
OTIEPUPOBATI OTHOCUTEIBHBIMU (COMOCTABUTENEHBIMHU) 3KCICPTHBIMHU OIICHKA-
MH, TTO3BOJITIOIINMHE PAHKAPOBATH 110 STHM IT0Ka3aressiM n3ydeHnsie L1 Buna.

Pe3ysbTarsl HcciieqoBaHus U 00Cy:KIeHNe

CKJIOHOBBIE yYacTKH KOPEHHOro Gepera p. BsiTka xapakTepu3ylOTCS MPOMU3-
pacTtaHueM Ha JEPHOBO-KapOOHATHBIX TOYBAX Pa3HOOOPA3HBIX PACTUTEIBHBIX
coobmectB. MccnenoBannsie LIT C. calceolus BXOOAT B COCTaB JIECHBIX (UTO-
LIEHO30B (EJIOBBIX C MPHUMECHIO MUXTH U COCHOBBIX TPABSHOI'O THIIA) BEPXHEH U
CpelHel YacTH KOPEHHBIX CKJIOHOB IMPEUMYIIIECTBEHHO FOYKHOM KCIIO3HIUH, a
TaKXKe BUJI OTMEUCH B YCIIOBHSAX TEXHOTCHHOHN CpE/Ibl 10 3apacTaroliuM OTBaIaM
0TpabOTaHHOTO U3BECTKOBOTO Kapbepa [32]. Jlokanmu3amus 1 KpaTkas XapakTepH-
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ctuka u3ydeHHbix II1 C. calceolus npencrasnena B Tabn. 1. Huke npuBoastes
PE3YIBTAThl OMPEICeNICHHsT MOMYIIIMOHHO-OHTOTCHETUIECKUX OCOOCHHOCTEH U
QIANITUBHBIX BO3MOXKHOCTEH ATOTO BHJA B PA3JIUYHBIX 3KOJIOTO-IICHOTUYECCKUX
YCIOBUSIX.

Bceencreue ocobeHHocTel cBoei xu3HeHHOM Gopmbl C. calceolus dopmupyer
L1, mpencraBneHHbIe HEOOMBIIIMMU PACCESIHHBIME KOMITAKTHBIME KypTUHAMH. Mc-
cnenoBannble L{IT HacumreiBatoT ot 100 (LT 3) 1 moutr 1o 300 ocobett (LI 4). Ywc-
nerHocTb ocobeid B LIIT 1 paBra 130 ocobsm, LITT2 — 112 oc., LIIT 5 — 154 ocobsm.
CpenHsis IIIOTHOCTh Ha €IWHUILY TUIOIAAH Bapbupyet ot 5,3 10 27,8 oc./kB. M
(tabin. 2). OHTOreHeTHYeCKHE CIIEKTPHI n3yueHHBIX L[] — HemoaHowIeHHbIE, OTHO-
BEPIIMHHBIC C MAKCHMYMOM Ha TeHEPATHBHBIX PACTEHUX (pHC. 1), 4TO XapaKTEpHO
JUTS] KOPHEBUIITHBIX BUIIOB CO CIIOKHBIM OHTOTEHE30M M HETTTYOOKAM OMOJIOKEHUEM
[33]. Homst reHepaTHBHEBIX ocobeit BappupyeT oT 47 mo 72%.

/CPs
/P4
e
/ CP3
CP2
int TTT— Pl
55

Puc. 1. OHTOreHeTHYECKHE CIICKTPBI NIeHonomy situil Cypripedium calceolus L.
ITo ocu X — OHTOr€HETUYECKOE COCTOSIHUE: im — UMMAaTYPHOE; V — BUPTHHUIILHOE;
g — FeHepaTuBHOE, S5 — CYOCCHMIBHOE; 110 OCH Y — 0I5 0CO0ei JaHHOTO
OHTOTEHETUYECKOTO COCTOSTHUSL, %0, IO OCH Z — HOMepa HeHonomysiuii (1-5)
[Fig. 1. Ontogenetic spectra of Cypripedium calceolus L. coenopopulations. On the X axis -
Ontogenetic state: im - immature, v - virgin, g - generative, ss - subsenile; on the Y axis - Part
of individuals of this ontogenetic state, %; on the Z axis - Number of coenopopulations (1-5)]

B nperenepatuBHO¥ rpyIe JOMUHHPYIOT BUPTHHUIIBHBIE 0COOU: OIS MX y4a-
CTHsI cocTaBisieT oT 26 10 46%. Ha pacTeHust HIMMaTypHOTo OHTOT€HETHYECKOTO
cocrostHus npuxoautcs ot 0,34 1o 8,44%. [IpopocTkU U IOBEHUWIBHBIC PACTECHUS
CEMEHHOTO MPOUCXOXKICHUS He OBLIH 3a(pMKCHPOBAHBL. DTO CBUIETEIHCTBYET O
TOM, 4TO HMOAJEPKaHIE YUCIEHHOCTH B uccienyeMsix LI1 ocymecTsasercs npe-
HMMYIIECTBEHHO BET€TATUBHBIM CIIOCO00M. OTCYTCTBHE CEMEHHOTO BO30OHOBIIE-
HUSI CBSI3aHO, BEPOSITHEE BCETO, € 3KOJI0I0-(hUTOLIEHOTHYECKIUMHU 0COOCHHOCTSIMU
Mect npouspacranus C. calceolus. Tak, Bce H3y4eHHbIE MECTOOOUTAHUS XapaK-
TEPU3YIOTCSI CPETHECOMKHYTHIM peBocToeM (0,5), BecbMa I'yCTHIM TPaBsIHO-KY-
CTapHUYIKOBBIM ITOKPOBOM (0Koio 60%), a Takke HEBBIPaKCHHBIM HIIH (parMeH-
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TapHBIM MOXOBO-JINIIAIHUKOBBIM SIPyCOM, TOT/Ia KaK JJIs YCIIEITHOTO CEMEHHOTO
B0o300HOBNEHHS, 10 MHeHuto T. Kull [34], HanOosee BayKHBI X0OpoILas OCBEIEH-
HOCTbh W YBIQXKHEHHOCTh MECTOOOUTAHUS (32 CYET MOXOBOTO ITOKPOBA).

Pacnipenenenue LI1 ucciexyemoro Buaa coracHO KiacCu(UKAUK «IeTbTa-
oMeray TpeICTaBIeHo Ha puc. 2. Ha 0CHOBE COOTHOIICHHS 3HAUCHUN HHAECKCOB
Bo3pacTHOCTH (A) 1 3¢ppexTuBHOCTH () Bee uccnenyemsie LI C. calceolus, 3a
nckimogerrem L{I1 4, otHocsTes k 3petomum. L{I1 4 xapakTepu3syercs kak 3pemnas.
OmuuTenbHON 0co0eHHOCTRIO anHoi LI1 siBisieTcst BeICOKast 10Jis ocoOel re-
HepatuBHOHM rpynnsl (72%). Cienyer Takxke oTMeTHTb, uTo LI 5 HaxonuTcs B
MIOTPAaHUYHOMN 30HE MEXKAY 3PEIOLIUM U NIEPEXOTHBIM TUITOM.
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Puc. 2. Pactipenenenue uenononynsuuit Cypripedium calceolus
o knaccuduxarnun JI.A. XXusorosckoro (2001): mo ocu X — HHAEKC
3¢ deKTHBHOCTH (®), IO OCH Y — HHAEKC BO3PACTHOCTH (A)
[Fig. 2. The distribution of Cypripedium calceolus coenopopulations according to

LA Zhivotovsky’s classifcation (2001): on the X axis - Efficiency index (@), on the Y axis - Age index (A)]

Benmuunna wamekca BospactHoctH (A) Bapeupyer oT 0,31 mo 0,40. Mumexc
3¢ deKTUBHOCTH () UMEET A0CTAaTOYHO Bhicokue 3HayeHus (0,61-0,74), uro cBu-
JIETEIBCTBYET 00 YCTOWYHBOM COCTOSTHHH PACCMATPUBACMBIX IICHOIOIYJISIIHA.

OCo0eHHOCTH U3MEHUYMBOCTH MOPQOIOTHYECKUX MPU3HAKOB UCCIEAYEMOTO
BHJIa TIPEICTABICHB B HEMHOTOUMCIICHHBIX HccienoBanmsx [7, 35]. B ycioBmsix
paccmarpuBaeMoro (parmeHTa apeana BbICOTa TeHepaTUBHBIX moderoB C. cal-
ceolus mocTaro4Ho cHIbHO Konebierces ot 12,40 mo 52,90 cM (B cpeHeM cocTaB-
nset 32,55+0,83 cm). Uncno NMCTheB — OTHOCUTEIBHO CTAOMIIbHAS BEIMYMHA U
n3MensieTcs B mpezenax ot 4 1o 6, 3a uckmouennem 4 111, rne qanasiii mpu3Hak
MOXET JJOCTUTaTh 7. J[nuHa ¥ mupuHa JUCTa 3HAYUTENHFHO BapbUPYIOT OT 5,50
1o 19,80 cm (B cpemnem — 12,52+0,23 cm) u ot 2,90 no 10,50 cm (B cpemHeM
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6,41+0,14 cM) coorBeTcTBeHHO. [IpH yBETMYEHUH JATUHBI JIUCTa HAOIIONACTCS U
yBeIHUYEeHHUE ero mmpuHsl (r = 0,76).

Hauboiee gacto B uccnemyembix 111 BcTpedaroTcs OHO- U IBYXIIBETKOBBIE
reHeparuBHble noberu. Mckirouennem crana 4 LI, B xotopoit 3aduxcuposa-
HBI I0OeTH ¢ 3 1BeTKamu. JnmuHa 1 muprHa ryobl n3MeHstoTes ot 17,5 1o 43,0
u ot 11,10 mo 30,40 MM cooTBeTCTBeHHO. B cpeaneM amuHa ry0bl cOCTaBIsSET
31,53+0,32 MM, mupuna — 20,69+0,27 mm. JlnuHa nonactu TyObl SBISIETCS JI0-
CTAaTOYHO CTaOUIIBHBIM IMpU3HAKOM (cpeaHee 3HaueHue — 16,12+0,20 Mm).

Ha puc. 3 npencrasiena cTpykTypa H3MEHYNBOCTH MOP(OIOTHUECKUX TIPH-
3HakoB C. calceolus. KoagduureHT Bapuanun uccuenyembix npusHaxkos C. cal-
ceolus wamensercs ot 11,69 o 36,07%, kKo3hPUIMEHT JeTepMUHAIIIHN KoJieOieT-
csg ot 0,08 mo 0,31.
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Puc. 3. CTpykTypa U3MEHYHBOCTH MOP(HOJIOTUICCKHUX MPU3HAKOB
Cypripedium calceolus B ricclieIOBaHHBIX IICHOMOMYISANHUAX: TI0 OCH OpANHAT —
ko3 durment papuanmu npusnaka (CV), no ocu abenuce — koddduiment gerepMunanuu (1°,):
1 — BbICOTA MO0era, ¢M; 2 — YKCIIO [BETKOB, IIIT.; 3 — YKCIIO JUCTHEB, IIT.; 4 — JIHHA
JINCTA, CM; 5 — MIMPUHA JTUCTA, CM; 6 — YHCIIO KHIJIOK JIUCTA, IIT.; 7 — JJIMHA
ryObl, MM; 8 — IIUpHHA T'YOBI, MM; 9 — IUTMHA JIOTACTH T'yOBI, MM
[Fig. 3. The structure of variability of Cypripedium calceolus morphological signs
in the investigated coenopopulations: on the Y axis - Coefficient of variation (CV),
on the X axis - Coefficient of determination (rzch): 1 - Plant height, cm; 2 - Number of flowers, pcs.;
3 - Number of leaves, pcs.; 4 - Length of the leaf, cm; 5 - Width of the leaf, cm; 6 - Number of leaf
veins, pes.; 7 - Length of the lip, mm; § - Width of the lip , mm; 9 - Length of the blade lip, mm]

Cpenu Mopdonornueckux npusHakoB C. calceolus 3K0IOTO-OHOIIOTHIESCKUM
WH/IMKAaTOPOM aJIalITUBHON M3MEHYMBOCTH OPTaHU3Ma SIBIISICTCS TAKOH MpPU3HAK,
KaK BBICOTA 1obera. DTOT MPU3HAK OTIIMYACTCS BHICOKMM TOKasaTeneM Kodhhu-
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uenTa Bapuaun (24,08%) u kospdunuenra nerepmuHanuu (0,31). O Hanbo-
Jiee U3MECHYMB U 3aBHCUT OT BHEUIHUX (HaKTOPOB.

BronornyecknMu MHAMKATOpAaMH BEICTYIIAIOT MPU3HAKH JIFICTA: JUIMHA, [TH-
PHHA 1 YUCITO0 )KWIOK. OHH XapaKTepPH3YIOTCS CAMBIMHU BEICOKUMU CPEIH U3YICH-
HBIX TIPU3HAKOB MMOKa3aTensiMu kodpdunuenTa nerepmunanuu (0,23-0,26) u ot-
HOCHTENIFHO HU3KUMU 3HaUeHUAMH ko3¢ dunrenta Bapuanuu (16,16-23,65%).

K renernaeckuM MHAWKATOpaM OTHECCHBI TAKUE IPH3HAKH, KaK YHCIIO JIHCTHEB
Y TIapaMeTphl IBETKA (JUTHHA, MUPHUHA TyOBI U JJIMHA JIONAcTy Tyosl). B kadecTBe
9KOJIOTUIECKOTO HHIUKATOpa An(PepeHIINPOBaH TaKOW IIPU3HAK, KaK YHCIIO IIBET-
koB. OH HanOoIee M3MEHYHUB U XapaKTepU3yeTcs BBICOKUM KO (HUIIMEeHTOM BapH-
armu (36,07%) npu HU3KOM 3HadeHHH Kod¢pduitenTa nerepmunanun (0,08).

XapakTeprcTHKH xu3HeHHocTH 1 BuTanureTHoro Tina LI C. calceolus npu-
BeZicHBI B TaOn. 2. Ha rpaguenTte yXyamieHHus yCIOBUH OOMTaHUs, KOTOPHIH BbI-
cTpauBanu 1o ymenelnenuto [VC, monyuen cnemyroumii psn LIT: 4 (1,14) —
3(1,02) > 2 (1,01) — 1 (1,0) — 5 (0,33).

Tabnuna 2 [Table 2]
XapaKTepuCTHKA BUTAJUTETHOH CTPYKTYypbI HeHononyasiuun Cypripedium calceolus L.
[Characteristics of the vitality structure of Cypripedium calceolus L. coenopopulations]

Jonst ocobeit 1Mo KitaccaM BUTAJIUTETa Nnnexc Buramirer-
[The proportion of individuals WHupnexc kade- | BuramurTeTa M
Ne IIT|  according to the class of vitality], % crea LT Q I rve HbIH THIL He=
[CP [The index of | [The index of H‘?;?lfy ”’:HH“
No] | KpymHste, a | Cpennue, b| Menkue, ¢ | coenopopula- | coenopopula- [vi fa 1ty type
[Large, a] |[Average, b] | [Small, c] | tion quality Q] tion vital- ot coeno-
ity IVC] population]
IIpouse-
CP1 20,59 67,65 11,76 18,5 1,00 Taomas
[Prospering]
CP2 30,95 47,62 21,43 23,0 1,01 «
CP3 28,57 57,14 14,29 20,0 1,02 «
CP4 60,98 14,63 24,39 28,0 1,14 «
CP5 0,0 75,61 24,39 15,5 0,83 Aenpeccupras
[Depressive]

Onenxka xm3aeHHocTH LTI C. calceolus o nWHIEKCY BUTAIUTETA HEHOIOIY-
JISAUUH 1oKa3ana, 4To B HaubOosiee O1aronpuaTHBIX ycnoBusax Haxomutcs LIT 4.
Host manwow LTI ycTaHOBIEHB MakCHManbHBIE 3HAYCHUS MOKa3aTeeil BUTAIH-
teta (IVC = 1,14) u kauectBa (Q = 28,0), a Taxxe HauboblIee yucio ocodeil ¢
BBICOKMM BuTanmureroM — 60,98%. HanMeHnee OaronpusTHEIE YCIIOBHS XapaKTe-
pusytor L1 5, nokaszarenu Butanurera (IVC = 0,83) u kauectsa (Q = 15,5) 3necs,
HaIpOTHB, MUHUMAJIbHEIE.

[Ipu ouenke BuranutetHoro tuna L1 ¢ ucnons3oBaHueM Kputepus Q BbI-
sIBIICHO, 4TO 1ouTH Bee m3ydeHHble LT C. calceolus XxapakTepu3yroTcs Kak mpo-
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nsetaromue. Mckimouennem crana LI 5, kotopas 0THOCUTCS K AETPECCUBHOMY
tuny. OTnuautensHoit ocobeHHOCThIO 3Tol IIIT siBisieTcst oTcyTcTBHE OCOOei
BBICOKOTO BHTANUTETA (IO a) MPH BBICOKOH JONE ydacThsi 0CoOei cpemHero
(monst b — no 75,61%) u Huskoro (mons ¢ — 24,39%) ypoBHel BUTAIUTETA.

Cpemn Bcex mponseratomnx L1 C. calceolus B HamTydIIIeM mOJIOKEHUH Ha-
xomutes L{IT 4, ¢ cambiMu BeICOKUMU TIOKa3arensiMu Butaiautera (1,14) u Q (28);
Hauxyamwe ycinoBus cknaasiBatores B L{IT 1, roe mokazarenu sutanurera (1,0) n
Q (18,5) 6onee HusKme.

Hauboiee nipencrasiensl B paccMatpuBaeMbix 1I1 ocobu co cpemneit xu3-
HEHHOCTBIO — oT 47,62 no 75,61% (B cpennem — 52,53%). Wcknrouenuem sBisi-
etcs 4 1I1, B koTopoit 3t ocodu cocraisiot 14,63% oT obmiero yrcia ocobeid.
Ha ocob6u ¢ BbIcOKO#1 sxu3HEeHHOCTBIO puxoautcs ot 20,59 1o 60,98%. B 5 LI
OHHU OTCYTCTBYIOT. Jl0J1s1 yuacTust 0co0eli ¢ HU3KOM )KHU3HEHHOCTBIO BAPBHPYET OT
11,76 mo 24,39%.

Uccnenyemsrii Bux obnamaeT y3kuM HaOOpOM OHTOT€HETHUYECKHX TAaKTHK.
CBOWCTBEHHBIMHU THIIAMH OHTOTCHETHUCCKUX TAKTHK SIBISIOTCS KOHBEPIeHTHAS,
IMBEPTeHTHAS U TUBEPTEHTHO-KOHBEPTCHTHASL.

Amnanmu3 BapuabenbHocTH Mopdonoruueckux npusHakos C. calceolus mo-
KazaJ, 9TO B OCHOBHOM IPU3HAKH MPOSBISIIOT KOHBEPICHTHYIO HJIHM JAWBEPTEHT-
HYIO TAKTHKY, T.€. B HEOIArOMpUATHBIX YCIOBHUAX POCTA MPU3HAKH BCETA HMEIOT
OTHOCHTEIHHO BBICOKYIO WJIM HU3KYIO M3MEHUMBOCTh. KOHBEpreHTHAs TaKTHKa
MPOSIBISIETCS. B YMEHBIICHUH U3MEHYMBOCTU MpPU3HAKA MPH YCHICHUU CTpecca
U BBISBIICHA ISl TIAPaMETPOB I[BETKA, TAKUX KaK YHCIIO IBETKOB (pHcC. 4), IIH-
Ha, IMUPUHA TYOBI, JJIHMHA JOMAcTH IyObl. MakcuMalbHast CTEIICHb U3MCHYHBOCTH
grcina uBeTkoB (CV = 40,89%) mocturaercs B HAWIYUIIAX YCIOBHSX OOMTAHUSA
(IVC = 1,14), npu yxyamenuu yciaosuii cpeasl (IVC = 0,83) u3sMeHUMBOCTH NpH-
3naka magaet (CV = 35,59%).

JluBepreHTHass OHTOICHETHYECKAas TAKTHKA XapaKTepH3yeT H3MEHYHUBOCTH
CIJICTYTOIIIX TPU3HAKOB: YUCIIO JINCTHEB, JUIMHA ¥ MIMPHUHA JHCTA, JAJIHHA 1mo0e-
ra (puc. 5). [Ipu yxXyauieHun YCIOBHI POCTa U3MEHUYMBOCTH MPU3HAKA BO3pAC-
taeT. Haubonpmas BapuabensHOCTs AmuHE odera (CV = 32,09%) oTmedeHa
npu Hapactanuu crpecca (IVC = 0,83), npu OnaronpuaTHBIX yCIOBHUSIX CpPEJIb
(IVC = 1,14) BapuabenpHoCTh nIpr3Haka yMeHbImaetcs (CV = 14,09%).

JlMBepreHTHO-KOHBEPIeHTHASI TAKTHKA YCTAHOBIICHA JJISI H3MEHUYUBOCTH YHC-
na XwuIok jucta (puc. 6). [Ipu 5ToM H3MEHYNBOCTH MPHU3HAKA NP YXYAIICHUN
yCIOBUIT OOUTaHUS CHAYasa MOBBINIACTCS, & 3aTEM ITOHMKACTCS.

Onrorenetnyeckass crparerusi C. calceolus COOTBETCTBYyeT CMEIIAHHOMY
THUILY C YepeJOBaHUEM CTPECCOBOM M 3aIIUTHON cocTaBistonux. [leppoHayaibHO
IIpY YXYALIICHUN YCIOBHH POCTA IO YMEPEHHOTO YPOBHS MPOUCXOANUT CHIUYKECHIE
MOP(OIOTUYECKOM [ENOCTHOCTH, YTO OTPAKACTCS B MOHMKCHUM 3HAYCHUN KO-
sapdunmenra nerepmuHanuu 10 0,13% (puc. 7). JanpHeiimee ycuneHune crpecca
BKITIOYAET 3aIIUTHBIC MEXaHU3MbI PETYIISAIIH B3aUMOOOYCIIOBICHHOCTH Pa3BUTHS
MOP(OIOTHIECKUX CTPYKTYpP, KOMIICHCHPYIOIINE HEOIATOIPHUITHBIE YKOIOTHYE-
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CKHE Y IIEHOTUYEeCKHE BO3ACHCTBYS [36], UTO HAXOANUT OTPAKECHHE B MTOBBIIIICHUN
uHpekca Mopponorudeckoit naTerpanuu 10 0,21. CxomHbl THI OHTOTCHETHYE-
ckoii crparerun otMedarot y C. calceolus M.M. Nmmyparosa u A.P. UiGupaux
[7] B ycnoBusix FOxxHoro Ypana.
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Puc. 4. 3smenunBocTh uncna uBetkoB Cypripedium calceolus Ha rpaaueHre
YXYALICHHs YCIOBHUI 0OUTAaHUS: TI0 OCH OpANHAT — Ko uiment Bapuarmu (CV, %),
10 ocH abCIHMCC — MHAEKC BUTAINUTETA 0 pazMepHoMy criektpy (IVC)

[Fig. 4. The variability of the number of Cypripedium calceolus flowers on the gradient
of deterioration of habitat conditions: on the Y axis - Coefficient of variation (CV),
on the X axis - Index of coenopopulation vitality (IVC)]
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Puc. 5. 1I3mMeH4nBOCTh IHHBI TeHEpaTHBHOTO TIobera Cypripedium calceolus
HA rpaZiieHTe YXyALUICHUS YCIOBUI 0OUTAHUS: IO OCH OpAUHAT — KO3()(DUIIMEHT BapUauu
(CV, %), mo ocu abcrmce — MHAEKC BUTATNUTETA MO pasMepHoMy criekTpy (IVC)
[Fig. 5. The variability of the plant height of Cypripedium calceolus on the gradient
of deterioration of habitat conditions: on the Y axis - Coefficient of variation (CV),
on the X axis - Index of coenopopulation vitality (IVC)]
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Puc. 6. amenunBocTh uncna xuiok jucta Cypripedium calceolus Ha TpamueHTe
YXYALIEHHUS YCIOBUH OOUTAaHUS: TI0 OCH OpAMHAT — KO3 (HUIMEHT BapHarun
(CV, %), mo ocu abcrmce — MHAEKC BUTATIHTETA IO pa3MepHoMy criekTpy (IVC)
[Fig. 6. The variability of the number of leaf veins of Cypripedium calceolus
on the gradient of deterioration of habitat conditions: on the Y axis - Coefficient
of variation (CV), on the X axis - Index of coenopopulation vitality (IVC)]
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Puc. 7. Tpenn oHTOreHETHYCCKOI cTpareruu ueHononysuuit Cypripedium calceolus:
10 OCH OpPJHMHAT — MOP(OIOrHYecKas eIOCTHOCTh (KO QHITEHT JeTepMHUHALNH
npu3HaKoB, R? ), mo ocu abermce — unzexc Butanurera nenononysiuu (IVC)
[Fig. 7. Trend of ontogenetic strategy of coenopopulations of Cypripedium calceolus:
on the X axis - Index of coenopopulation vitality (IVC),
on the Y axis - Coefficient of determination signs (1° )]

Hwuana3on cpemnero 3HadeHUs] HHTETprpoBaHHOTO Mokazarens (SC) cocros-
Hus paccmarpuBaembix LI C. calceolus naxomutcs B mpenenax ot 1,6 no 2,4
(tabm. 3).

Haumenee GnaronpusTHeIM cocTossHUEM Xapaktepusyetcs LT 1 (cpeanuii 6amn
SC =2,4), 1 KOTOpOoH XapaKTepHa caMasi HU3Kasl JI0JIs TeHEPaTHBHBIX 0COOCH.
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Tabauma 3 [Table 3]
IMoxka3aTenu MpupoAO00XPAHHOI 3HAYMMOCTH U COCTOSIHME U3YYEeHHBIX HEeHONOMmyJIsinuii
Cypripedium calceolus
[Indicators of environmental significance and status of the studied populations
of Cypripedium calceolus)]

IInot- Vposets ITapamerpsl
Homs rere- | wocts N
antporore- | CUCHKH COCTOTHUS | o sryriz
Ne PaTUBHBIX (D) oo [Parameters 6 SC
LI IvC chh ocobeii (C) [The HOM Ha of status assessment) ant
[CP | (A) | (B) |[Proportionof| coeno- | TPY3KH () [The
No] generative in- | population [Level of average
dividuals], % | density, anthrop 0 score SC]
> ind./m’] genicload] |A|B|C|D|E
CP1[1,00| 0,14 47,69 163 | Cpemmit |53 l3 o] 24
[Average]
CP2|1,01 | 0,13 54,46 5,3 « 21313112 2,2
CP3|1,02| 0,25 52,00 25,0 « 211(3]1]2 1,8
CP4|1,14] 0,21 72,70 18,3 « 1(2]1(2]2 1,6
CP5]10,83 ] 0,20 61,69 27,8 « 31212112 2

Ipumeuanue. A — naaexc Butanurera neHonomymanui (IVC), B — BepakeHHOCTD 3alIUTHOH
crparerun, C — Z071s1 TeHepaTHBHBIX 0c00el, %, D — mnoTHOCTB, 0c./M?, E — ypoBeHBs aHTpOIIO-
reHHol Harpy3ku, SC — HHTETpUPOBaHHBII MMOKa3aTedb COCTOSHUS LICHOTOMYISLUH.

[Note. A - Index of coenopopulation vitality (IVC), B - Severity of the protective strategy (R?,), C - Propor-
tion of generative individuals, %, D - Coenopopulation density, ind./m2, E - Level of anthropogenic load,
SC - Integrated indicator of the state of coenopopulations]

Hannas L1 oTHOCUTCA K KaTETOPUU «3aBUCSIIUX OT COXPAHEHUS» U B OONb-
niell CTENEHH HyXKJAeTCsl B BEJCHHUU ONPENENICHHBIX MEp Ul €€ COXpaHEHHUs.
Ocranbuble LI (2—5) HaxomsaTcst B COCTOSIHUH, «OMM3KOM K YIPOXKaCMOMY».
Hauboiee kputrueckum cocrossareM cpeau LI aToii rpynimmbl XapakTepu3yeTcst
III 2, yrpo3y KOTOpOil HECeT ee MaJlOYUCIEHHOCTh. HanmeHsbIee OecrokoicTBO
Be3biBatoT LI1 3 u 4 (cpemumit 6amm SC cocrasisier 1,8 u 1,6 cOOTBeTCTBEH-
HO). YIOBIETBOpUTENBHOE coCTosHUE 3TUX L1 00yClI0BIEHO BEICOKMM YPOBHEM
KM3HEHHOCTH, INIOTHOCTH U FE€HEPATUBHOCTH.

BoiBOABI

1. OHTOreHEeTHYeCKas CTpyKTypa teHonomyswi C. calceolus HopMaibHas,
HETONHOWICHHAsI, ¢ mpeobiafanreM ocobell reHeparuBHo#l rpymmel. [lo kiac-
cuuKauK «Iensra-omera» uccieayemsie LI1 ommuaroTcss HEOOIBIIUM pas-
HOOOpa3ueM: OONBIIMHCTBO XapaKTEePU3yIOTCs Kak 3peromiue, a L1 4 sBisercs
3pETION.

2. ns uenedl YCKOPEHHOM SKCIPECC-OLCHKH COCTOSHHS ICHOMOMYIISIIHI
C. calceolus MoryT OBITH HCIIONB30BAHBI BBIJCIICHHBIC OHOJIOTUYCCKUE HHIH-
KaToOpbI — MPHU3HAKYU JIKCTa (JJIMHA, MIMPUHA, YUCIO KWIOK). [Ipy BBIIBICHUU U
OLIEHKE BO3IEHCTBHS CPEAOBBIX (haKTOPOB (IKOJIOTO-IIECHOTUIECKHE YCAOBHS) Ha
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COCTOSIHAE OCOOCH M ISHOTOIMY/SAIMA B OONBIICH CTEIIEHN 3HAYUMBI 3KOJIOTH-
YyecKue (YUCIIO IIBETKOB) U HKOJIOT0-OMOIOTHYeCKUe PU3HAKU (BbICOTA 1obera).
Hanbonee monHas OmeHKAa COCTOSHUS IIEHOIOMYISAUA MPH OpTaHU3aIud IJTH-
TEIBHOTO MOHUTOPHHTA MOXKET OBITh MOJIYy4YEHa MPU MCIOJIB30BAaHUU BCEX TPEX
rpyMIl HHAWKATOPOB.

3. Haubonee OnaromnpusitHble ycnoBust 1is C. calceolus cknaasiBaroTcs B yc-
JIOBHSIX €ITbHUKA C TIPUMECHIO MUXTHI B cocHBI TpaesHoro (LII1 4). B Hanmenee
ONarompusITHBIX YCIOBHUSX MPOM3PACTAIOT PACTEHHS HAa TEXHOTEHHO HapyILIEH-
HOM CyOCTpare cTaporo oTpabOTaHHOTO M3BECTKOBOTO Kaphepa, 3apacTaroIlero
COCHOI1, enbto, 0cHOH 1 pa3sHoTpaBbeM (LIIT 5).

4. UccnexyeMslii BuI o0nagaeT y3KUM HAOOPOM OHTOT€HETHIECKUX TAKTHK:
KOHBEPTEHTHAs, IUBEPIeHTHASI U TUBEPreHTHO-KOHBEPTEHTHASL.

5. Ilo xapakrepy NIpOSBICHHS COTIACOBAHHOCTH B OpraHu3aliy Mop¢oio-
TUYECKON CTPYKTYphl PACTEHHH JJIs BUAA YCTAaHOBJIEHA CTPECCOBO-3aIlUTHAs
OHTOTCHEeTHYeCKast cTparerus. [10M0OHbIH THIT OHTOTEHETHIECKOM CTPAaTeTHH CO-
oTBeTCTBYET SR THIy pyaepabHO-CTpeCC-TOICPAaHTHON HKOIOTO-LIEHOTHYECKOH
CTpaTeruu.

6. BonpmmHaCcTBO HccnenyeMbix LIIT HaxomuTcss B COCTOSIHUH, «OJM3KOM K
yrpoxkaemomy», LII1 1 3aBucur ot coxpanenws.
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Estimation of Cypripedium calceolus L. coenopopulations on limestone
deposits along the valley slopes of the Vyatka River

A comprehensive research of rare and endangered species plays an important
role in the conservation of biological diversity. Cypripedium calceolus L. (fam.
Orchidaceae Juss.) is a rare species included in the Red Data Book of Kirov region.
It needs biological control in its territory. The aim of this study was to investigate the
ontogenetic structure and morphometric parameters, and to identify the vital structure
of C. calceolus cenopopulations in Kirov region.

In 2014, we examined the state of five C. calceolus cenopopulations (CP) on
limestone deposits along the Vyatka river valley slopes (southern taiga subzone, Kirov
region, Russia) (See Table I). To study the conditions of coenopopulations, we used
approaches and methods of plant population biology (Uranov, 1975; Coenopopulations
..., 1976, 1977, 1988; Zaugol’nova et al. 1993; Zhukova, 1995). Ontogenetic spectra
were typifed according to the “delta-omega” classification (Zhivotovsky, 2001),
determining age (A) and efficiency (®) indices. In each habitat, we laid transects which
were then divided into plots where individuals at different onthogenetic state were
registered. The coenopopulation vitality structure was investigated using the method
of calculating the IVC index (Ishbirdin and Ishmuratova, 2004) and the method of
calculating the Q index (Zlobin, 1989, 2009). The variability and correlation structure
of C. calceolus populations was studied according to classification of NS Rostova
(2001). To study morphometric characteristics of plants we considered their height, the
number of leaves and flowers, the size of the leaf (length and width), the number of leaf
veins, the size of the lip (length and width), the length of the blade lip. We analyzed up
to 30 generative individuals in each CP.

It was defined that ontogenetic structure of all 5 coenopopulations was normal,
incomplete, right-side type with maximum on generative plants. The proportion of
generative plants varies from 47 to 72%. Virginile individuals dominate in pregenerative
group, 26 to 46%. Immature plants take 0.34 to 8.44% (See Fig. I). Seedlings and
juvenile plants of seed origin were not marked, which proves that population quantity
of the studied CPs is promoted vegetatively. We marked insignificant fluctuations of
quantitative proportions of different ontogenetic states. Based on the ratio of age index
(A) and efficiency (o), all studied C. calceolus coenopopulations, excluding CP4, are
defined as ripening. CP4 is characterized as mature (See Fig. 2). Based on the analyses
of morphological parameters of variability structure it was determined that the least
variable parameters of C. calceolus are the number of leaves, the size of the lip (length
and width), and the length of the blade lip; generative sprout height varies the most.
The number of flowers can serve as an ecological indicator (See Fig. 3). Analyses of
vitality structure allowed revealing that the most favorable conditions for C. calceolus
form in spruce herbaceous forests with fir and pine (CP 4), where maximum vitality
index (IVC=1.14) and quality parameter (Q=28.0) were marked, as well as the largest
number of individuals with high vitality, up to 60.98% (See Table 2). The least favorable
conditions form on an anthropogenically transformed substrate of an old limestone
open-cut overgrowing with pine, spruce, aspen and mixed herbs (CP5), where IVC and
Q reach minimum values of 0.83 and 15.5, correspondingly. CP vitality type estimated
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by Q-criteria showed that almost all CPs are prosperous (excluding CP5, which is
defined as depressed). The studied species has a narrow set of ontogenetic tactics:
convergent, divergent, and divergent-convergent (See Fig. 4-6). The type of coherence
in morphological structure of the plant revealed a stress-protective ontogenetic strategy
(See Fig. 7). Complex estimation of organismic and populational characteristics of
C. calceolus showed that most of the studied CPs are “Near Threatened” and need
habitat protection measures (See Table 3). CP 1 depends on conservation.

The paper contains 7 Figures, 3 Tables and 36 References.

Key words: Cypripedium calceolus L.; Orchidaceae; coenopopulation; vitality;
variability of morphological parameters.
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IIporuo3noe MmojeIMpoBaHUE PACIPOCTPAHEHUSI PACTHTEIbHBIX
cooOmecTB nopsinka Quercetalia pubescenti-petraeae Klika 1933

Ilokasana  B03MONCHOCHIb — UCNONL306AHUA — NPOSHO3HO20 — MOOENUPOSAHUSA
pacnpocmpanenus pacmumenbHuix coobwecms npu UCC1e008aHuUsAxX
dumoyeHomuyecko20  pasHoOOPA3UA  MANLOUZYUEHHBIX 6  CUHIMAKCOHOMUYECKOM
omHowenuy — meppumoputi.  IIpogedeno  mooenuposanue  NOMEHYUATLHOZO
pacnpocmpanenus — Kcepomeso@umuuix  0y008vix necoé nopsaoka  Quercetalia
pubescenti-petraeae Klika 1933, ommnocawuxca k knaccy Quercetea pubescentis
Doing-Kraft ex Scamoni et Passarge 1959 6 npedenax necocmennoii 30nvt Bocmounoii
Esponvi. Bonee demanvno uccieoosana meppumopus Pecnybauxu Tamapcman, 20e
HA OCHOBAHUU NPOCHO3HLIX OAHHBIX BLIABNIEHO 85 HOBLIX MOYEK PACHPOCMPAHEHUS
coobwecms corw3sa Lathyro pisiformis-Quercion roboris Solomeshch et Grigoriev in
Willner et al. 2016. B xayecmse abuomuueckux npeouxmopos uchoib306anvl OaHHbLE
xnumamuyeckou (WorldClim) u nousennotii (SoilGrids) mooeneil, 6 kauecmee ucxooHvLx
Oannvix 227 eeobomanuyeckux onucanuil. Ilomyuennsie mooenu noxazauu blCOKVIO
moynocms (AUC=0,817-0,861).

KuroueBbie ciaoBa: Quercetea pubescentis; kcepome3ouTHbIE ayOOBEIE Jieca;
WorldClim; SoilGrids; Maxent; Pecniybnuka TarapcraH.

BBenenue

JlyOoBEIe 1 cMemaHHbIe KcepoMe30(huTHBIE (TepMODHITBHEIE, OCTCITHEHHBIC)
ny6oBble (Quercus robur) IUPOKONKUCTBEHHBIE Jieca 3aHUMAIOT 3HAUYUTENBHYIO
mnomaas B LlearpansHoit EBponie. OHM pacipocTpaHeHBI HA BOCTOK B BUE TI0-
CTEMICHHO CYXAIOIIEeTOCs SI3bIKA, WAYILIETro MO TEPPUTOPUU YKPAHWHBI, CEBEPHOM
Mongossl, FOxnoit u Llentpansroit Poccun, I[ToBomksst u FOxHOTO Ypana [1].

B nepsom npoapomyce pactutensHoctd CCCP [2] nopsinok kcepome3o(ut-
HBIX nyOpaB Quercetalia pubescentis Br.-Bl. 1931 Bkiodascst B coctaB Kiiacca
Querco-Fagetea Br.-Bl. et Vlieger in Vlieger 1937 u 3a uckitoueHreM KPBIMCKUX
CHUHTAKCOHOB COJIEPIKa BCETO OAMH cO¥03 Pruno-Quercion roboris Schubert et al.
1979 (=Lathyro pisiformis-Quercion roboris Solomeshch et Grigoriev in Willner
et al. 2016), kyaa BoluH TepMO(HILHBIE COCHOBBIE Jieca FOxHoro Ypaia.

B cocrasnennom H.b. EpmMakoBbIM IpoJpOMyce BBICIINX SIMHUI] PACTUTENb-
HocTH Poccuu [3] kcepomesodutHble ayOpaBel EBpomelickoii Poccun otHece-
HBI K OTHeNnbHOMY Kiaccy Quercetea pubescentis Doing-Kraft ex Scamoni et
Passarge 1959, B cocraBe KOTOPOTO YKa3aH €AMHCTBEHHBIN MOpsok Quercetalia
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pubescenti-petraeae Klika 1933 ¢ nBymst corozamu. B cOOTBETCTBHM ¢ MOCIEeTHEH
CBOJKOH 10 pacTuTenbHoCTH EBponsl [4] Ha TeppuTopun eBponeiickoi uactu Poccuu
co00IIIeCTBa KCepoMe30(UTHBIX TyOpaB OTHOCST K cOoro3aM Aceri tatarici-Quercion
Z6lyomi 1957 u Lathyro pisiformis-Quercion roboris Solomeshch et Grigoriev in
Willner et al. 2016. ITo maenuro FO.A. CeMeHuIeHKoBa [5], MpeoKeHHas aBTO-
pamu [4] cMHTaKCOHOMHYECKasl KOHLEMIUs OTHOCUTENbHO mopsinka Quercetalia
pubescenti-petraeae TUCKYCCHOHHA, M B Oy/IyIlIeM HEOOXOIMUM €€ IMepecMOTp ¢ yué-
TOM Te000TaHMYECKUX MaTepHuanos ¢ Tepputopun Esponetickoit Poccu.
Octenaénnble nyOpaBbl PecryOnuku TarapcraH, B OTJIMYHE OT TEPMOQHIIh-
HBIX EBPOIEICKHUX JIeCOB, NMPHUMEUATENbHBl OTCYTCTBHEM CyOCpEIH3EMHOMOP-
CKHX BUJIOB, HU3KOH J0J1el Me30(DUTHBIX HEMOPATBHBIX («(areTaabHbIX») BHIOB
1 OOJTBIIUM KOJTHMYECTBOM BHJIOB CBETOIFOOMBEIX («OETYIETANBHBIXY, OMYIICUHBIX
1 JIyTOBO-CTEeNHEIX). [TogoOHBIe coobmiecTBa B pa3zpes3e N3ydeHHs BOIPOCOB B3a-
uMojeiicTBus jeca u crenu oocnenoanuchk C.M. Kopxunckum [6], FO.J1. Kieo-
moBbIM [7], M.B. MapkoBsiM [8], a ¢ TOUKH 3peHUST JIE€COPACTUTENHHBIX YCIOBUN
ny6a — H.B. HanankosbiM [9]. OTnenbHBIC yIIOMUHAHUS MOXHO HAWTH B paboTax
C.A. I'pu6osoii [10] u I1.JI. [opuakoBckoro [1]. OgHAaKO 10 HACTOAIIETO BpEMEHH
HET YeTKUX YKa3aHUH Ha CAHTaKCOHOMHYECKYIO IPUHAIIC)KHOCTD TAaHHBIX TUIIOB
coobmiecTB. HemocTatouHbIi re000TaHUIeCKH MaTeprat He TIO3BOJISIIT OTBETHTh
Ha 3TOT BOIIPOC, TO3TOMY HEOOXOAMMa ONTHUMHU3AIMs cOopa JaHHBIX. [y 3TOrO0
HCTIONIF30BAIH METOIBI MOJACITHUPOBAHIS IIOTEHIIMAIEHOTO PACIPOCTPAHEHHS CO-
obmects [11, 12], otHOCUMBIX K TIopsiaky Quercetalia pubescenti-petraeae.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

B xadecTBe MCXOIHBIX JaHHBIX JUIS MOCTPOCHUSI MOJIENICH HAMHU HCIIOIB30-
BaHBI TOYKH JIOKAIWH TeO0OOTaHMYSCKUX OMHCAHHA COOOIIECTB, OTHECEHHBIX
K coto3aM Aceri tatarici-Quercion u Lathyro pisiformis-Quercion roboris. 910
OITyOJIMKOBaHHBIC TaHHBIE U3 78 JIOKaIMii Ha Tepputopuu bpsiackoii, benropon-
ckolt, Kypckoit obnacreii [13, 14], a Taxke Pecniy6nuku bamkoprocran u Open-
Oyprckoit oonactu [15—17]. YacTh JaHHBIX COCTABHIIN CBEICHHS, XpaHSIIHECs B
0azax maHHbIX npoekta European Vegetation Archive (EVA) [18] ¢ Tepputopun
CnoBakuu, PymbiHAN ¥ YKpauHbl (84 re000TaHMYSCKAX ONMUCAHUS, OTHECECHHBIX
aBTOpaMU K Coro3y Aceri tatarici-Quercion). Taxsxe HaMU 3KCIIEPTHO OTOOPAHBI
reo0OTaHWYECKUE ONUCcaHUs U3 0a3bl NaHHBIX Vegetation Database of Tatarstan
[19], koTOpbIe XapaKTepU30BaIU COOOIECTBA, C BEICOKOM 10JIeH BEPOSITHOCTH OT-
HOCHMBIE K Iopsiiky Quercetalia pubescenti-petraeae (6e3 OTHECEHHSI UX K KaKoO-
My-1u60 coro3y), — 65 onucaHuil.

B o0miei ci10XKHOCTH JUI IOCTPOSHUST MOJICIH HUCIOIh30BaHO 227 JOKaui
co0011eCTB KcepoMe30pUTHBIX AyOpas (puc. 1).

B xagectBe aOMOTHYECKUX IPEITUKTOPOB HCIIONH30BAHBI JaHHBIC KIMMAaTH-
yeckoit mogenu WorldClim 2.0 (http://www.worldclim.org; [20]) u mouBeHHOM
mozenn SoilGrids (https:/www.soilgrids.org; [21]).
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Puc. 1. PacnionoxkeHre reo00TaHHYECKUX OMMCAHUI
[Fig. 1. Location of the relevés]

Hannbie WorldClim copep:kaT cBEeACHHS O €KEMECIYHBIX OCalKax, MaKCH-
MaJIbHBIX, MUHAMAJIEHBIX ¥ CPETHIX TeMIIepaTypax, OMOKINMaTHICCKUE TI0Ka3a-
TENTU ¥ BBICOTHI HaJl YPOBHEM MOps. JTa nH(GOPMAIHS MMOIyYIeHa B BHJIE CETOK C
paspemenueM B 30"x30" (~1X1 KM), 4TO COOTBETCTBYET HAUOOIBIIEMY JOCTYII-
HOMY pa3peuieHUIo.

Ceenenns SoilGrids BKIIFOYAIOT KIIACCHI TOYB, (DU3WYECKHE U XHUMHUYCCKHUE
CBOMCTBA MOYB C IPOCTPAHCTBEHHBIM paspereHueM 250%250 m.

1 mocTpoeHust Mozien caMOi BOCTOUHOM 9aCTH UCCIIEYEMOM TEPPUTOPHUH
(Tarapcran 1 bamkoprocTaH) UCIONB30BATKCH JIaHHEBIC O JIECHOM ITOKPOBE MPO-
exta Global Forest Change ¢ npocTpancTBeHHBIM pa3zperienneM 1"x1" (https://
earthenginepartners.appspot.com/science-2013-global-forest; [22]). Ilpoctpan-
CTBEHHBIC JaHHBIC ITOATOTOBJICHBI ¢ oMoITsio maketa QGIS 2.14 [23]. s 1mo-
CTPOCHUSI MOJICIIY UCIIOJIb30BAJICS METO/I MAKCHMATBHOW SHTPOIIUH, PEaTU30BaH-
HBI B iporpamme Maxent (http://biodiversityinformatics.amnh.org/open_source/
maxent/; [24]), monpoOHOE pyKOBOACTBO K KOTOPOU JJOCTYIHO Ha PyCCKOM SI3bIKE
o ajpecy: http://gis-lab.info/qa/maxent.html.

[epBOHAYaILHO TOCTPOCHBI JBE OCHOBHBIC BEPOSTHOCTHBIC MOJICIH: IS
KIIMMaTHYeCKUX AaHHBIX (modl) M IuIsi MOYBEeHHBIX NaHHBIX (mod2). 3HaueHue
P, oq BPIPAKAET CTEMEHL MPUTOJHOCTH KIMMATUYECKHX YCJIOBMH Ul JaHHOTO
THIIA COOOINECTB, 3HAYE€HUE P, — CTENEHb IIPUTOJHOCTH MOYBEHHBIX YCJIOBH.
OTH epeMeHHbIC MOTYT OBITh TAKXKE HHTSPIIPETUPOBAHBI KAK BEPOSITHOCTH OOHA-
Py KEHHS TaHHOTO THIIa COOOIIECTB B KOHKPETHOIH reorpapmuecKkoil Touke. 3aremMm
OCHOBHBIC MOJICTT KOMOMHUPOBAIKCH YETHIPEMS CIOC00aMu. [l «ONTUMUCTH-
yeckoi» Monenu (mod3) KoMOWHAIHS BEPOSITHOCTEH JUIS KIIMMATHISCKUX H T10-
YBEHHBIX (DAaKTOPOB PacCUUTaHA KaK

pmod3:(pmod1+pmod2)_(pm0dl ><pmodZ)' (1)
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BepositHOCTE [UIsT «mieccUMECTHUECKOI» Monenn (mod4) paccuuTHIBaIach
KaK IIPOU3BEAECHIE OCHOBHBIX BEPOSITHOCTEI:
Prsods Pt ™ P )
Hna nByx moneneir (modS m mod6) BeposSTHOCTH, PAaCCUUTAHHBIE C YUIETOM
KJIUMara H TI0YBbI, 00beMHEHBI C KO((HUITUSHTOM PUCYTCTBHSI JIECOB (JIECHOTO
MIOKPOBA — tcc), KOTOphIi Bapsupyet oT 0 1o 1:

pmod5:pm0dlxpmod2xtcc' (3)
pmod():((pmodl+pm0d2)_(pm0d1 ><pmcrdZ))xtcc' (4)

Kaxxnas momens xanuOpoBanack ¢ UCIONB30BaHUEM 75% MAHHBIX W OIICHH-
Bajach 1o rmiomaau nox ROC-kpuBoit (AUC) ¢ UCIONb30BaHUEM OCTaBIIMXCS
25%.

CpaBHeHUe Moielel MPOBOIUIIOCH MOTIAPHO M0 KPpUTEpHIo Tecta JlenoHra
[25], cratucTHYecKr 3HAYMMBIMH pae3yiibTaTaMl MPUHUMAINCh 3HAYCHUS C
p-value < 0,05 .

PesysabTarsl Hccaeq0BaHus U 00CYKICHTE

ITo muenuto Ferrier & Guisan [26], HeCMOTpsl Ha HBIHELIHIOKO MOMYISIPHOCTh
MOJICITPOBAHIS HA YPOBHE BHJIOB, TIPH PEIIICHUN CHHTAKCOHOMHYIECKHX 3a/1a9 TIPO-
CTPaHCTBEHHOE MOJIETIMPOBAHUE HA YPOBHE COOOIIECTBA MOXKET OBITh 3HAYUTEIHHO
sddexruBree. [y mocTpoeHNsT MOAEHN MMOTEHIMAIHLHOTO PACTIPOCTPAHEHHS KCe-
poMe30(hUTHBIX TyOpaB Mbl IPUHSIM CTPATETHIO «COOpaTh CHadana, MpeacKa3arh
mo3xe» [26], B KOTOPO# ToJIeBbIe TaHHbIC CHavaIa IMoyIeyKar Kiacchu(puKaiyu, ymo-
PAIOYMBAHUIO WJIM arperalyu JUis co3laHus 0ObEeKTOB WM aTpuOyTOB HA YPOBHE
coo0mIeCTB. DTa CTpATErysi IMEET Kak CBOM IIPEUMYIIIECTBA, TaK U HETOCTATKH, IO/~
pobHo paccMoTrpeHHble B padote S. Ferrier u A. Guisan [26]. JloBosibHO Gobiioe
KOJIMYECTBO MOJIOKUTEIBHBIX PE3yIBTaTOB MOEINPOBAHKS TI0 CIIEHAPHIO «COOPaTh
CHauaJia, Mpe7IcKa3arh Mo3XKe» MOKa3aHo B psijie uccienoBanuii [27-32]. Mbl MoxkeM
MIPUBECTH TOJNBKO OJHY ITyOJIMKAINIO, TIe PEe3yNBTaThl MOJEIUPOBAHMUS O CIICHA-
pHIO «coOpaTh CHayana, MpeacKa3arh MOIKe» OKA3aIUCh XY)Ke pPe3yJIbTaToOB MOJIEIIH-
pOBaHUsI IO CIIEHAPHIO IIPEICKa3aTh CHadana, coopars modxe» [33].

Lenbto MomenupoBaHus SIBISUIOCH BBISBJICHUE JIOKAIUTETOB ¢ HAUOOIBIIIEH Be-
POSATHOCTBIO OOHAPYKEHHUST COOOIIECTB OCTEITHEHHBIX qyOpaB. /i1 Bepupukanmu
MOJTY4YEeHHBIX MOJIETIEN C MUCIIONIH30BAaHUEM 3aBEPOUHBIX MOJIEBBIX TAHHBIX HEO0XO-
MO OBDTO BEIOpATh MOJIENH C HAMIYYIINMH CTaTUCTHYECKUMH TIOKa3aTeIISAMH.

Bce moznenu, B kauecTBe IPEAUKTOPOB I KOTOPBIX UCTIOJIb30BAIUCH TAHHBIE
KIIMMaTH4IeCcKoi M moyBeHHOH Mojenu (modl, mod2, mod3, mod4), mokazanu
BbICOKY10 TouHOCTh — AUC=0,861-0,817. Mcnionp3oBaHue B KAYECTBE MPETUKTO-
pa uHOpMAaIK O HAJMYWH Jieca OYeHb CHIYKAJIa TOYHOCTh Mofelel — o 0,582.
[Ipu HEKOTOPBIX MOPOTrax MOJEINH, UCHOIB3YIOLINEe HHPOPMALIUIO O JIECHOM II0-
KpOBe, BEAYT ceOs Xyxe, 4eM CIy4YalHbIH BBIOOP OTBETa, TIOATOMY B JaJIbHEH-
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IIeM OTKa3aJiCh OT WX HCHONB30BaHuUs. [Ipn BH3yanm3anuy Bce YeThIpe MOIe-
JIU TIOKA3alld, YTO KPOME TeX CYOBEKTOB, C TEPPUTOPUN KOTOPHIX HCIIOIh30BAHBI
JaHHBIE U MOJENUPOBAaHUS, COOOIMIECTBA, OTHOCUMEBIE K MOpsAAKy Quercetalia
pubescenti-petraeae, Hanbonee BepoaTHO 0O0HapyxkuTh B UyBammu, Camapckoit
1 YIbsHOBCKOW oOmacTsax, CTaBpONOIBCKOM Kpae, Ha YKpanHe u B MoJoBe B
npejenax jJecocrenHoi 30ub1 Boctounoit Espors [34] (puc. 2).
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Puc. 2. Busyanusanus morydeHHbIX Mojienei: a — modl (KInMaTHYecKue JaHHbIC);
b — mod2 (nouBeHHbIe AaHHBIE); ¢ — M0d3 (KOMOMHHPOBAaHHAS ONITUMHUCTHYECKAsI);
d — mod4 (koMOMHHPOBaHHAS TIECCUMUCTHYICCKAS)

[Fig. 2. Visualization of the models: a - mod1 (climatic data); b - mod2 (soil data);
¢ - mod3 (combined optimistic); d - mod4 (combined pessimistic)]

Mopnenu ¢ HaunyummMu nokasareniMu AUC (mod3 u mod4) ucnons3osa-
HBI JUIS OIICHKH Hanboliee BEpOSATHBIX MECT OOHAPYKEHHUSI COOOIIECTB MOPsIKa
Quercetalia pubescenti-petraecae B Tarapctane (puc. 3). B cooTBeTcTBYIOIIUX
JIOKaJINTETaX BBHIIOJTHEHO 85 reo0OTaHWYecKHX omucaHmil. Hammame mporaos-
HBIX CBEJICHUI 0 MECTOOOMTaHMAX C BHICOKOH BEPOSTHOCTHIO OOHApYKEHHUS CO-
OOIIIECTB ATOTO THIIA TIO3BOJIJIO ONTHMU3HUPOBATH MPOIEAYPY BBISIBICHUS IaH-
HBIX (DUTOLIEHO30B M B TEYEHHE OJTHOTO IOJIEBOTO Ce30Ha 00Cie[oBaTh IIIONIa b
mopsimka 30 000 xkm?. IlpexBaputenbHas (GUTOICHOTHYECKas 0OpaboTKa MOIy-
YEHHBIX JIAaHHBIX yKa3blBaeT Ha IPHHAUIC)KHOCTh COOOIECTB K coro3y Lathyro
pisiformis-Quercion roboris nopsnka Quercetalia pubescenti-petraeae v He BbI-
SIBISIET COOOILECTB, KOTOPBIE MOXKHO OTHECTH K COI03y Aceri tatarici-Quercion.

s nccnenoBaHus MOMYYEHHBIX MOJENCH B Ka4eCTBE «TOYEK IPHCYTCTBISDY
WCIIOIb30BaHbl BHOBD BBIIIOJTHEHHbBIE T'€000TaHWYECKUe omucaHus (cM. puc. 3).
i «Todek oTCyTCTBH» BBIOpaHO 4 135 reo0OTaHMYECKUX ONMUCAHUKA U3 0a3bl
naHHbIX Vegetation Database of Tatarstan [19], He oTHOcAIMXCS K TyOpaBam.
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Puc. 3. PacnionoxxeHne 3aBepOuHBIX T€000TAaHNIECKUX OMMCAHUN
[Fig. 3. Location of the verification relevés]

CpaBHeHHe MOJieNIel TTPOBEICHO MONAapHO MO KpUTepHio TecTa Jenonra [25]
JUTS IBYX KoppeiaupoBaHHbIX ROC-kpuBbIX (TabI. 1).

Tabnuna 1 [Table 1]
CpaBHenue moaeseil (mod1-mod6) no kpurepuio tecra [lenonra (p-value)
[Comparing of models (mod1-modé6) by the DeLong test (p-value)]

modl mod?2 mod3 mod4 mod5 mod6
modl — 0,510 0,122 0,232 0,000 0,000
mod2 0,510 — 0,019 0,008 0,000 0,000
mod3 0,122 0,019 — 0,917 0,000 0,000
mod4 0,232 0,008 0,917 — 0,000 0,000
mod5 0,000 0,000 0,000 0,000 — 0,059
mod6 0,000 0,000 0,000 0,000 0,059 -

Tpumeuanue. mod1 — kmuMaruyeckue fanHble, mod2 — MoYBEHHBIE JaHHBIE, Mod3 — KOMOUHU-
pOBaHHasl ONTUMHCTHYECKAst, mod4 — KOMOMHUPOBAaHHAsI MECCUMUCTHYECKAsl, modS — KOMOH-
HUPOBAHHAsI ONTUMHUCTHYECKAsI C YIETOM JIECHOTO ITOKPOBa, mod4 — KOMOMHHUPOBaHHAsI TIECCH-
MUCTHUECKas C yUYETOM JIECHOTO IOKPOBA. [10/1y’>KHPHBIM BbIIE€TIEHBI CTATUCTUUECKH 3HAUUMbIE
ommmyuus (p < 0,05).

[Note. mod1 - Climatic data, mod2 - Soil data, mod3 - Combined optimistic, mod4 - Combined pessimistic,
mod5 - Combined optimistic with tree cover, mod6 - Combined pessimistic with tree cover. Statistically
significant differences are in bold (p <0.05)].

Mogenn modl, mod2, mod3 u mod4 cTaTUCTHYECKH 3HAYMMO OTJIWYHBI OT
Mozeeit modS u mod6. Beuuciienue cTaTucTHYeCcKOr BeTUIMHBI Z (Tadi. 2) mo-
3BOJISICT BHISIBUTH HAaHOOJIEE aIEeKBAaTHYIO MOJICIb.

AHamM3 CTaTHCTHYECKUX XapaKTEPHUCTHK ITOKa3bIBAET, YTO Monesb modl, mc-
MOJIB3YIOIIAs B KAYECTBE MPESTUKTOPOB JTAHHBIC KIIMMATHUCCKUX XapaKTEPUCTUK
(WorldClim), oOHapyXuBaeT JIydIiue pe3yJabTarhl, ueM Monuenb mod2 (Z mosno-
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JKUTEbHAsI) UCIIOJIB3YIOIIAs B KAUECTBE NMPEITUKTOPOB JaHHbIC TOYBCHHOH MoJie-
mu (SoilGrids).
Tabnuna 2 [Table 2]
CpasHenue mopeieii (mod1-mod6) no kpurepuio tecra Jlesionra (3Hauenue 7).
3HAaK CTATUCTUK Z NOKA3bIBaeT aJeKBATHOCTh MO/ieJIei

[Comparing of models (mod1-mod6) by the DeLong test (Z value).
The Z sign shows which of the models is more adequate]

modl mod?2 mod3 mod4 mod5 mod6
modl - 0,659 —1,547 —-1,195 5,402 5,881
mod2 - 2,344 -2,669 4,614 4,975
mod3 — 0,104 6,406 6,966
mod4 - 6,406 6,494
mod5 — 1,887

Ipumeuanue. modl — kIuMaTHyecKue MaHHbIe, Mod2 — MOYBEHHbIC AaHHBIC, Mod3 — KOM-
OMHHpOBaHHAsT ONTHUMHUCTHYECKas, mod4 — KOMOMHHPOBAaHHAsI MECCUMHUCTHYECKAs, mod5 —
KOMOMHHPOBAaHHAsI ONTUMUCTUYECKAsS C y4ETOM JIECHOTO MOKpOBa, mod4 — KOMOMHHPOBaHHAs
MECCUMHUCTHUYECKAs ¢ yUETOM JIECHOTO ITOKPOBA.

[Note. mod1 - Climatic data, mod2 - Soil data, mod3 - Combined optimistic, mod4 - Combined pessimistic,
mod5 - Combined optimistic with tree cover, mod6 - Combined pessimistic with tree cover].

Bwmecre ¢ Tem, ecam MBI HCTIONB3yeM B KadeCTBE NMPEANKTOPOB KOMOWHAIIHIO
atux aByx Mozeneit (WorldClim u SoilGrids) — mod3 1 mod4, To pe3ynbsrar BbINIs-
T Jydiie, yem B mod]1 (Z oTpuniarenbHas), ucnoib3yromeit Toasko WorldClim.
Cama ¢opma KOMOMHHUPOBAHUSI, paccunTanHast o gopmyne (1) unu Gopmyne (2),
HE Ba)KHA, ITOCKOJIBKY CTAaTHCTHYECKH 3HAYMMBIX DPa3IMdii MEXIy MOICIAMH
mod3 u mod4 He oOHapyxeHO (3HaueHue p-value=0,917, uyto Gomnee 0,05).

3akirouenne

Hcnonp3oBane MeXaHU3Ma MOZICIHPOBAHUS COOOIIECTB ONPEIEICHHOM CHH-
TaKCOHOMHYECKOW IIPUHANJIEKHOCTH TIO3BOJIACT BBISBIISITH WM C BHICOKOU JI0NIEH
BEPOSITHOCTH TIPEIIONIAaraTh OTCYTCTBHE JAHHOTO THIIA COOOIIECTB HA OIpese-
JIEHHON TeppPUTOPUH. DTy METOJUKY BO3MOXHO MCIOJIB30BaTh MPH pabdoTax Ha
OOIIMPHBIX W MAJOM3YYEHHBIX B CHHTAaKCOHOMIYECKOM OTHOIICHUH TEPPUTOPH-
SIX JJIS1 OITUMU3AIINH TIOJIEBBIX HCCIeJoBaHUi. B ciyuae kcepoMe30(UTHBIX Jy-
OOBBIX JIECOB HAWITyUYIINMH OKa3aJIFICh MOJIENH, HCIONB3YIONIIE B KAYeCTBE TIpe-
JUKTOPOB KOMOWHAIINH JAHHBIX KJIMMaTHYECKUX U TIOYBEHHBIX XapaKTEPUCTHK.
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Predictive modeling for the distribution of plant communities
of the order Quercetalia pubescenti-petraeae Klika 1933

The Braun-Blanquet method has been widely used by Russian researchers during
recent years for the purposes of vegetation classification. In this context, some regions,
such as the Republic of Bashkortostan, have been investigated in detail and their
complete prodromes are available. However, for plant communities of other territories,
including the Republic of Tatarstan, this work has just begun. The following two
major questions are commonly faced by researchers when studying the syntaxonomic
diversity of the territory: “Which of the already identified syntaxa are present in the
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study area?” and “Where can they be found?”. In this paper, we showed and discussed
one of the possible ways to answer the above questions.

Our research focused on xeromesophytic oak forests of the order Quercetalia
pubescenti-petracae Klika 1933 that belong to the class Quercetea pubescentis Doing-
Kraft ex Scamoni et Passarge 1959 and occupy an area within the forest-steppe zone of
Eastern Europe (40-60°N; 15-60°E). The obtained results add considerably to what is
already known about the plant communities in the territory of the Republic of Tatarstan
(54-57°N; 47-55°E). We based our model for potential distribution of xeromesophytic
oak forests on the following strategy: “first collect, then predict”. According to this
strategy, field data are first classified, arranged, or aggregated to further create objects
or attributes at the community level. The initial data for model construction were the
locations provided in the relevés for plant communities assigned to the alliances of Aceri
tatarici-Quercion Zolyomi 1957 and Lathyro pisiformis-Quercion roboris Solomeshch
et Grigoriev in Willner et al. 2016 within the territories of Slovakia, Romania, Ukraine,
and Russia (Kursk region, Bryansk region, Belgorod region, Republic of Tatarstan,
Republic of Bashkortostan, and Orenburg region). A total of 227 relevés were analyzed
(Fig. I). The data of the WorldClim 2.0 and SoilGrids models were used as the abiotic
predictors. To build a model of the easternmost part of the study area (Tatarstan and
Bashkortostan), we employed the data on the forest cover from the Global Forest
Change project. The spatial data were compiled with the help of the QGIS 2.14 package.
The Maxent method was applied as a modeling algorithm. The main probability models
using the climate and soil data as the predictors were combined in different ways,
calibrated using 75% of the data, and assessed by area under the ROC curve (AUC)
using the remaining 25%.

All models using the climate and soil model data as the predictors yielded highly
accurate results - AUC=0.861-0.817. On the contrary, when the data on forest presence
were used as the predictor, the accuracy of the models turned out to be significantly
lower, up to 0.582. Furthermore, at some threshold values the models based on the forest
cover data behaved worse than a random choice. At the stage of visualization, all models
demonstrated that oak communities belonging to the order Quercetalia pubescenti-
petraeae are most likely to be found in such areas of Russia as Bashkiria, Tatarstan,
Chuvashia, Samara region, Ulyanovsk region, Belgorod region, Bryansk region, Kursk
region, Belgorod region, Stavropol region (in the foothills of the Caucasus), as well as
in Ukraine, Romania, and Moldova, which is in good agreement with the published
data (Fig. 2). The models with the best AUC values were used to assess the suitable
habitats of Quercetalia pubescenti-petraeae communities in Tatarstan (Fig. 3). We
carried out 85 relevés at the localities where the probability of presence of the modeled
communities in the territory of Tatarstan was the highest. The preliminary presence of
the localities with the high probability of finding communities of a certain type allowed
to optimize the procedure for detection of these phytocenoses and to investigate an area
about 30 000 km? during a single field season. Further phytocoenotic processing of the
obtained data confirmed that these plant communities belong to the order Quercetalia
pubescenti-petraeae, the alliance Lathyro pisiformis-Quercion roboris. The analysis of
the statistical characteristics of the obtained results revealed that the model using the data
on climatic characteristics (WorldClim) as the predictors shows better results than the one
using the soil data (SoilGrids) as the predictors (See Table 1). At the same time, combining
these two models (WorldClim and SoilGrids) as the predictors showed better results than
the model using only WorldClim. The very form of combination is unimportant, because
no statistically significant differences were observed between the models (See Table 2).
Therefore, it was concluded that using the mechanism for modeling communities of a
certain syntaxonomic rank enables us to either register this type of communities within
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the borders of a particular area or to suggest with high probability that they do not occur
here. A similar approach can be helpful when studying vast and poorly known, in terms
of syntaxonomic composition, territories for optimization of field research. In the case of
xeromesophytic oak forests, the models based on the combination of climate and soil data
as the predictors proved to be the most appropriate ones.

The paper contains 3 Figures, 2 Tables and 34 References.

Key words: Quercetea pubescentis; xeromesophytic oak forests; WorldClim;
SoilGrids; Maxent; Republic of Tatarstan.
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CunanTponnas ¢guiopa 3anaJHbIX HU3KOropuii AJrasi

Pa6ota BemonHena npu noguaepxkke PODU, rpant Ne 16-04-01246.

H3znoocenvr  mamepuanvl  uccie008anuil  CUHAHMPONHOU — PIOpbl  3aNAOHBIX
HU3KO20pull Anmasi — meppumopuu, UCHONb3YeMOU 6 CelbCKOM Xo3sucmee U
2opHoOoObIsatowell npomviuienHocmu  6onee 300 nem. Cunaumponnas ¢uopa
exarouaem 272 euoa uz 173 pooos u 41 cemeticmsa. OcobenHoCmb0 MaKCOHOMUYECKOU
CMpYKmMypbl  CUHAHMPONHOU  (PAOpLl  AGNACMCA  Manoe HuUcio npedcmasumenel
cemeticme Cyperaceae u Poaceae. B 2eocpaguueckoii cmpykmype 6bulsigieHO
11 apeanocuyeckux epynn, npeobnaoarom zorapkmuyeckue, naleapKmuyecKue,
3anadHonaneapkmuyeckue, KOCMONOAUMHbIE GUObL, A3UAMCKUE HEMHO2OYUCTIEHHDL.
Dkonocuueckutl aHanu3 BbIAUL, 4MO OOILUUHCIBO 6UO008 CUHAHMPONHOU Gropbl
cocmassiom Kcepomesopumol u me30¢humaol; 08e mpemu om oduje2o Yucaa AGIAOmMcs
Henempogumamu. Ipynna aoeemmueHvix pacmenuii Hacyumwvieaem 105 6udos,
u3 Hux uHeasuouHvim Ha meppumopuu Cubupu sensemcs 31. Awanuz no wxane
2emMepobomonepanmHOCmu  BbIABUL HEGbICOKYIO CMeneHb MpaHcQopMuposaHHOCmu

¢nopeo.
KaroueBble ¢JI0Ba: BBICIIHE COCYIHCTBIE pPACTEHHsS; aJBCHTHBHBIC BHJIbI,

WHBAa3UOHHBIC PACTECHHUSA; aHTPOIIOTCHHOC BO3Z[efICTBHC.
BBenenue

Macmtad BIHSHHS YeloBeKa Ha (OPMHUPOBAHHE PACTHTENBHOTO ITOKPOBa
3emsn iproOpen rI00aNBHBIA XapakTep U ¢ cepearHbl XX B. cTajl BeXyIIUM
(hakTOpOM, OIPENEISAIONINM COCTOsSTHUE Onocdephl. M3MeHeHHe pacTHTEIBHOTO
MOKPOBA O] BIMSHHEM aHTPOIIOTEHHOTo (haKTopa MOJMYYHIO Ha3BaHHE CHHAaH-
tpornu3anuu [1]. Hanbomee BaXHBIMU MPOSBICHUSAMH CHHAHTPOIHM3AIMH SIBIIS-
I0TCSI CHIDKEHHUE BHJIOBOI HACHIIIEHHOCTH U BUIOBOTO Pa3HOOOPasys OTAEIbHBIX
PaCTHTENBHBIX COOOIECTB, peTHOHATIBHOE 00eTHEHUE (IIOP, YTO B CBOIO OYEPE/Ih
BJeUeT robanapHOe o0eqHeHue (uopsl 3eMHoro mapa [2—4]. Ilox naBneHuem aH-
TPOTIOTEHHOTO (haKTOpa MOIyJaroT MPEUMYIIECTBEHHOE PACIIPOCTPAHCHHE BUIBI
C OOIIMPHBIMY apeaslaMi, UMEIOIIIe IUPOKUi SKoNorndeckuii auamnason. Takue
BUBI TIOBCIOY CIEAYIOT 32 UEIOBEKOM, IIPOU3PACTast B HAPYIICHHBIX MECTOOOH-
TaHUAX [5—7], HO3TOMY MX Ha3bIBAIOT CHHAHTPOITHBIMH, WJIK COIYTCTBYIOLIHMMH
yenmoBeKky. Ha ceromus paspaboTraHo OOJNBIIOE KOJMYECTBO KITACCU(BUKAIMHA CH-
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HAaHTPONHEIX (aHTPOIO(PUILHBIX) PACTEHUH, KOTOPBIE OTPA’KAIOT MX MCTOPHKO-
reorpauueckoe MPOUCXOXKACHUE, OTHOIIEHHE K KyIbType, 3KOJIOTHYECKYI0 U
OHMOJIOTHYECKYIO TIPHPOAY U MHOTHE ApyrHe ocobeHHOCTH [6, 8]. OmHako mpo-
necc (opMUPOBAHUS NOHATUIHOTO anmapara U TEPMUHOJIOTHU NPOJOIKACT aK-
THBHO pa3padaTeiBaThCsl M B HacTosmiee Bpems [9, 10]. [pynma cuHaHTPOITHBIX
pacTeHuif HEOJHOPOIHA — 3TO BHUJbI A0OPUTEHHON (IOPHI — amO(UTHL, MOCENs-
IOLMECs] Ha HapyLIEHHbIX JKOTONAX, a TaKXKe PAacTeHUs, IPEJHAMEPEHHO WIIU
CIIly4aifHO 3aHECEHHBIC YEJIOBEKOM, — a/JIBEHTUBHBIC (3aHOCHBIE, UyXEPOIHBIE).
An0(UTH IpealalTHPOBAHEI K CYIIIECTBOBAHHIO B aHTPOIIOTEHHOH cpeze, 10 T10-
SIBTICHUS] YEJIOBEKAa MHOTHE BHUJBI CYLIECTBYIOT B €CTCCTBEHHBIX YCIIOBUSX Kak
3pO3uO0PITEI, HUTPOGHIIEI, Tanoduisl, mcammoduist [11, 12]. Tlox anBeHTHBHBI-
MU ITOHUMAIOTCSI PAaCTCHHUS, NTOABIECHUE KOTOPBIX B U3ydaeMoil 001acTu He CBs-
3aHO C MPOILECCOM ECTECTBEHHOTO (PIOPOTeHE3a M MPENCTABIICTCS CIEACTBUEM
aHTPOIOT€HHOI0 BIUsHUS Ha (nopy [6, 13, 14].

CHHaHTPOIIHBIE pAaCTEHUS BO (DIIOpe 3ama HBIX HU3KOTOPUH AJTasi peicTaB-
JISIIOT HECOMHEHHBIN HHTEpeC AJIS U3YUYEHUsI B CBETE IMPOOIEMbI IIOCTOSIHHO BO3-
pacTarolero aHTPOIIOTEHHOTO JIaBJIEHUS Ha MPUPOIHBIE DIKOCUCTEMBI. 3araHble
HU3KOTOPBsI AJTasi SIBISIOTCSI TEPPUTOPHUEH], 3HAYMMOMN I COXpaHEHHUsI OHOIIO-
rHYecKoro pasHoobpaszust Antae-CassHCKOro pervoHa [15], 0coOeHHO CTeHOTOo
6uoma [16]. Mccaenyemas Tepputopus ogHOH U3 nepBbix B Cubupu (¢ 20-x IT.
XVIII B.) ocBoeHa pycckuMH TiepeceneHaMu. OTKpBITHE 371eCh 00raTbIX MECTO-
POXICHUI METHOI U cepeOpsIHOM Pyl MOJIOXKUIIO HAYAI0 CTPOUTEIILCTRY 3aBOJIOB
u pynaukoB [17, 18]. Opuentupamu Uit pyJOUCKaTENeH CITy>KUIN TaK Ha3bIBae-
MBI€ «IyACKHE KOMM», KOTOPBIE OTHOCAT K a(haHACEEBCKOM KyNbType U AaTUPYIOT
SHEONIUTOM (MEIHO-KAMEHHBIM BEKOM). [ OpHO-pyAHOE MTPOM3BOACTBO TPeOOBAIO
OTPOMHOTO KOJIMUYECTBA APEBECHUHBI U JPEBECHOro ymnis. PocT 3aBOACKHX U pa-
00UYNX TIOCENKOB yBEIHYHBAJI CIPOC HA IPOAOBOIBCTBHE, H B IIEPBYIO OUEpEab
Ha x71e6. COOTBETCTBEHHO IIJIOMIAM MAIIHU HEYKIOHHO pocnu. B konne XIX B.
OCTIe 3aKPHITHS CepeOpOILIaBIIIBHBIX 3aBOJOB TaHHAS TEPPUTOPHS pa3BUBAIACh
MPEUMYILIECTBEHHO KaK arpapHblil peruoH [19]. K HacTosmeMy BpeMeHH MaxoT-
HBI€ Yro[bsi, 3aHUMAIOIME NOBEPXHOCTH LIMPOKUX BOAOPA3JEIBHBIX YBAJIOB U
ME)KCOMOYHBIX TOHMXEHUM B CTEMHOM 4YacTU MPEeNropuid, UCHOIB3YIOTCS JUIs
MIPOM3BOJICTBA 3€PHOBBIX U MACIMYHBIX KYJIBTYp. JIeCHbIE HU3KOTOpbs ABISIOTCS
MOCTABIIUKOM TOIUIMBHOHN IPEBECHHBI, OPEBEH XBOMHBIX MOPOJ, MHIOMATEpH-
anoB. Ha teppuropun BemeTcst moOBIYa 30110TO- U cepedpoconepskamieii pympl,
MIPOU3BOASATCS] HEPYIHBIC CTPOUTEIbHBIE MaTepHalbl, ac(halbTOOCTOHHBIE CMe-
CH, U3/IENNs XyIOKECTBCHHBIX MPOMEICTIOB. BrirogHoe reorpagudeckoe pacto-
JIO)KEHHE, ONaronpuaTHBIN KINMaT, Halu4nue NpUpoAHBIX [20] U HCTOPUYIECKUX
JOCTONPUMEYaTeIbHOCTENW ONpenessieT NePCIeKTUBBl Pa3BUTHUS TYPUCTUUECKOM
orpacnu [21-23]. PernoH Boren B TypUCTCKO-pEKpEallnOHHBIHN KacTep «l opHas
KonrsiBams» [24, 25].

Ienb paboThl — BEIABUTH OCOOEHHOCTH CHHAHTPOIHOMN (ppakiuu (aopsl 3a-
MaJHbIX HU3KOTOpUH AJTas.
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Marepuajbl 1 METOAUKH HCCJIET0BAHUS

Tepputopusi UccieoBaHUs pacCIONOXKEHa Ha ceBepo-3amnane AnTaickoi
ropHoi crpansl (puc. 1). Bkimtowaer KosbiBanckuit XpebeT ¢ ero oTporamu u
yacTh npuieraromeit Ilpeganraiickoif paBHUHBI C MEJIKOCOIIOYHBIMU MacCHBa-
MH TI0 pekam Aneil, JlokTeBka, benas, Yapeim (B npenenax reorpaguaeckux
koopauHat 50°45'-51°45'N, 81°35'-82°46'E). KonsiBaHCKU XpebeT B reoMop-
(OIOTHIECKOM OTHOIICHWH MPUHAMICKAT K HU3KOTOPHSIM 3armagHoro AJras.
Nnmeet npotsixkeHHOCTH 0Kono 100 kM. Penbed xpebTa ocTaHIIOBO-rpeOHEBU-
HbIH ¢ a0comroTHeIMHA BeicoTaMu 500—1 200 M ¢ MHOTOYMCIIEHHBIMU BBIXOIA-
MU Ha IOBEPXHOCTh KOPEHHBIX MOpoJ. MakcuMalbHas BelcoTa — ropa CHHIOXA
(1 206 M Han yp. M.). [Ipmreratomue gactu [Ipemanraiickoit paBHUHBI HMEIOT
abcoumotHble BeICOTHI 200—400 M u niryOuny pacunerenus 10 100 m. B reomno-
TUYECKOM CTPOEHUHU 3TUX PAaBHUH IIPUHUMAET ydacTHE TOJIIAa NEII0BUAIBHO-
MPOJIOBUAIBHBIX, B OCHOBHOM CYIJIMHUCTBIX OTJIOKEHUH YETBEPTUYHOTO BO3-
pacra. [l HUX XapaKTepHO HAJIMYUE WU30JIMPOBAHHBIX CONOK U IPUPEUYHOIO
MEJIKOCOTIOYHHKA, CJIOKEHHBIX KOPEHHBIMH CKaJbHBIMH Mopomamu [26-28].
A uccieqoBaHHOW TEPPUTOPHH XapaKTEPHO OOMIINE TeIia, CBeTa M BIIATH.
Knumar ymMepeHHO KOHTHHEHTAJbHBIN. [l cTaHIMM 3MEHMHOTOPCK OTMEda-
IOTCSL CIIEAYIOMNE TTOKA3aTEeNH: TOJOBOE KOIMIECTBO aTMOC(EPHBIX OCaIKOB
516 mM; cpenHss TeMmeparypa siHaps —15,1°C; cpeaHss Temneparypa HIois
+19,1°C [29]. Peku npunamnexar k 6acceiinam Anes u Yapeira. C ceBepHO
ctopoHsl KonbiBaHckoro xpe6Ta jnexar o3epa KonbiBanckoe (CaBBYIIKHHO) U
benoe.

CeBepo-3anagHble HU3KOTOPbsl ANTasi MPEACTaBISIOT COOONH HEOOJBIIYIO
YyacTh 3amajHo-AJTalickod OoTaHWKo-Teorpaduueckodt mpoBuHIMH [28]. st
MPOBUHIUY XapaKTEPeH TaeKHO-KYCTapHUKOBO-TYTOBOCTEIHON THUI BBICOTHO-
To psga pacTHTENbHBIX moscoB. Yacts KompiBaHCcKOro XpeOTa, MPHMBIKAIOMIAs
k Turupenkomy xpeOTy, OTHOCUTCS K Turupenkomy pailoHy depHeBON Tairu
Turupenko-baiierakckoro taexxHo-JecocTenHoro okpyra. OcHoBHOU (HoH pac-
TUTEIBHOTO MOKPOBA COCTABJISIOT Jieca MOAIOsICa YEPHEBON Talru. 3HAYUTENb-
Hbl€ IUIOIIAAM JIECHBIX HACaKIEHMH NpPEeACTaBIEHbl INPOU3BOIHBIMU IHXTO-
BO-OCHHOBBIMU M OCHHOBO-0€PE30BBIMH C yYaCTHUEM IHXTHI BBICOKOTPaBHBIMU
Jecamy, MPOW3BONHBIME KyCTApPHHUKOBBIMH COOOIIECTBAMH, BBICOKOTPAaBHBIMHU
JecHbIMU JTyramu. Ha BbIXO1aX I'paHUTOB BCTPEUAIOTCSI COCHOBBIE OCTEITHEHHBIE
neca. CrermHas nepudepus KonpiBaHCKOTO XpeOTa M MEIKOCOIOYHbIE MACCHBBI
OTHOCATCS K 3MEUHOTOPCKOMY KYCTapHHUKOBO-CTENHOMY U CpeHeUaphIIICKOMY
TaeXHO-KyCTapHUKOBO-JlecocTennHOMY paiioHam KosbiBancko-Hapbliickoro Ta-
€KHO-KYCTapHUKOBO-CTETHOTO OKpyra. OTINYUTEeNbHOI 0COOEHHOCTBIO TEPPH-
TOPHU SIBIIAETCS IMUPOKOE PACTIPOCTPAHCHNE KYCTApHUKOBEIX COOOIIECTB, KOTO-
pBI€ CILIONIb MOKPBIBAIOT CEBEPHBIE CKIIOHBI METIKOCOMOYHUKOB, BCTPEUAIOTCS 110
JIoTaM ¥ MOJOI'MM CKJIOHaM YBaJIMCTBHIX Ipearopuil. B pacturensHoM mokpose
peo0IalatoT JIyTOBbIE PA3HOTPABHO-31AKOBBIE U KyCTAPHUKOBBIE CTEIH, a TAKXKE
moATae)kKHEIe OEpe30BHIE U COCHOBBIE Jieca.
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Puc. 1. Kapra-cxema paiioHa mcciaeqoBaHUH
[Fig. 1. Map diagram of the research area (50°45'-51°45'N, 81°35'-82°46'E)]

[To rpaHUTHBIM BBIXOJAM — COCHOBBIE OCTEIHEHHBIC. 3HAYUTENIbHBIE IJIO-
[aay 3aHIThl MU B Tipeaenax CaBBYNIKUHCKOTO TPAaHHTHOTO MaccuBa. OOmuit
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XapakTep PaCTUTEIHFHOTO ITOKPOBa CTEITHOHN. [IJIs IPHUpPEYHBIX MEIIKOCOIIOYHUKOB
(ocobeHHO B OacceilHe BepxHETo Ajes) XapaKTEpHBI METPO(PUTHBIC BapUAHTHI
THITYAKOBBIX CTETEH IO I0’KHBIM CHIIFHO MICOHUCTHIM CKIIOHAM U KYCTapHHUKOBEIE
co00I1IeCTBA 110 JIOr'aM U CEBEPHBIM CKIIOHaM. B moiimMax pek pa3BUTHI TOMONEBLIE
neca v UBHIKHU. Teppackl pek 3aHSATHl pa3HOTPABHO-37IaKOBBIMHA JTyramu [28, 30].
Bonbias 4acTh MaxOTHBIX YTOAUI PACIONOXKEHA HAa MECTE CTEHEH MO MUPOKUM
BOJOPA3JCIBHEIM yBajJaM M MEIKOCOCIIOUYHBIM ITOHM)KEHSM, TI0 JIOJIMHAM PEK H
Oankam.

[epBrie HayuyHBIe cBemeHUS O (riope ANTast MOSBUINCH BO BTOPO TIOJOBHHE
XVIII B., HauanoM nociyxuia skcneaunus WU.I. I'Menuna, I Mwunnepa, uc-
cnenoBarenu nocetmn KombiBano-Bockpecenckuit 3aBog B 1734 1. [27, 31-33].
C Tex mop MHorue O0TaHUKU paboTaau Ha 3Toi Tepputopuu [34, 35]. UsyueHue
(hITOpEI 3amaHBIX HU3KOTOpUH AnTas aBTOpamu cTathu BeneTcs ¢ 1996 r. Kon-
CIIEKT (MIOpHI UCCIIeyeMoi TeppuTopun BKIodaeT 1 105 BUIOB BBICHINX COCYIU-
CTBIX PACTEHHMIA, OTHOCATIHXCS K 455 pomam u 109 cemeiicTBaM. YdTeHBI OImyOITH-
KOBaHHbIE paHee [36] u Oonee Mo31HUE MONEBBIE AaHHBIE aBTOPOB (TepOapHBIii
Marepuan xpanutcs B ALTB u KUZ), a taxke KpUTHUECKH TepepaOdOTaHHBII
MaTepHual Ipyrux uccieposareieii [34, 35, 37-39]. U3 Bcero cocraBa (iopsl k
pacTeHHsIM, CIIOCOOHBIM PACTH Ha HAPYMICHHBIX MECTOOOWTAHUSIX, MOXHO OT-
HecTH 399 BunoB [40—43]. OnHako 3TOT OTPOMHBIM CIMCOK, IPUBEJCHHBIN JUIs
tepputopun ObiBiiero CCCP, oxBaThIBaromiell paifoHbsl ¢ caMbIMU pa3zHOOOpas-
HBIMU TPUPOIHBIMH YCIOBUSIMH, CYIIECTBEHHO COKpAIIaeTCs ISl HEeOONBINOH
IO TUTOIIATN TEPPUTOPUN HU3KOTOpH 3amagHoro Anras. MHOTHE BUIBI, SBIIS-
IOIIMECs 3aCOPUTENSIMHU TIoceBOB puca Ha Jansnem Bocroke (Typha latifolia L.,
Bolboschoenus maritimus (L.) Palla, Alisma plantago-aquatica L. u np.), Ha Ha-
el TepPUTOPHH HE SIBISIOTCS CHHAHTpOmaMu. M HampoTHB, 4acTh CUOMPCKUX
Bun0B B EBpone (Atriplex laevis C.A. Mey., Gypsophila altissima L., Saussurea
amara (L.) DC.) no mkane remepoOuanbHOCTH [44] IMeeT caMblii BRICOKUI Oasut
3a CYET CITIOCOOHOCTH ATHX PACTCHUH 3aCEIATh YKOTOIIBI C CHIIBHBIM aHTPOTIOTEH-
HBIM BO3JIeICTBHEM U JJaXKe C OTPABIECHHBIM CYOCTPaTOM — 000YHHBI IIOCCE, K.,
HACHIITH.

Pactenusi, sBnsronecs aJBCHTUBHBIMA HA WCCICOBAHHOW TEPPUTOPHH, U
armo(uTHL, OTMEYCHHBIC Ha HAPYIICHHBIX MECTOOOUTAHUSIX, MBI OTHECIIH K CHHAH-
TpornHOU (pakiuu Gruopsl. CuHaHTponHas (opa 3anagHbIX HU3KOTOPHA AJTast
BEIJICJICHA TI0 JAaHHBIM ITOJICBBIX HCCIICIOBAHUM C YYETOM CBEICHHUN 110 COPHBIM
[41, 42] u agBenTuBHbIM [34, 35, 45] pacTenusaM. B aHanu3 cuHaHTpOMHOM (pak-
IIUH HE BKJIIOYEHBI SIUHUYHBIC HAXONKU pacTeHui, ykasanusix [1.H. KpbumoBemm
B0 «®nope 3anagnoit Cubupu» mns 1-2 Todek (dalne BCETo Il OKPeCTHOCTEH
3MmenHOTOpCKa WM KONBIBAHCKOTO 3aBOja), Ui KOTOPBIX OoJiee Mmo3nHue cOo-
PBI, IOATBEP>KAAOIINE NIPUCYTCTBHE HAa UCCIETYyeMOH TepPUTOPHH, OTCYTCTBY-
ot (13 BunoB) — Amethystea caerulea L., Atriplex hortensis L., Buglossoides
arvensis (L.) LM. Johnst., Chaiturus marrubiastrum (L.) Rchb., Chenopodium
foliosum Asch., Cuscuta monogyna Vahl, Fagopyrum tataricum (L.) Gaertn.,
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Lamium purpureum L., Melilotus suaveolens Ledeb., Mulgedium sibiricum (L.)
Cass. ex Less., Nepeta sibirica L., Nicandra physalodes (L.) Gaertn., Poterium
sanguisorba L. MBI He paccMaTpUBaJIA PacIpOCTPaHEHHBIC CEIbCKOXO3SHCTBEH-
HbIE KynbTyphl (Secale cereale L., Triticum aestivum L., Avena sativa L.), ca-
JIOBBIE M oroponHbie pactenust (Melissa officinalis L., Anethum graveolens L.,
Lactuca sativa L.) u noneBoit copHsIK Avena fatua L., 3aHOC KOTOPBIX MOCTOSHHO
MIPOMCXOANT HA MPHIIETAIOIINE TEPPUTOPHH — OOOUHHBI IOPOT U MYCTHIPH, HO UX
HaTypaau3anus noka He 3aukcupoBaHa. He BKIIIOUCHBI B aHAIN3 TaKXKe JPeBeC-
HO-KyCTapHHKOBEIC BU/IBI, HE OTMEUCHHEIE HAMH 32 IpeellaMy UX MOCaoK B Ha-
CEJICHHBIX NMyHKTaxX: Acer ginnala Maxim., A. tataricum L., Amelanchier spicata
(Lam.) K. Koch, Cerasus fruticosa Pall., Lonicera caerulea ssp. altaica (Pall.)
Gladkova, Malus domestica Borkh.

[Ipoananm3npoBana cucreMaTudeckasl M THUIIOJIIOTHYECKAst CTPYKTypa CHHAH-
TpomnHOH ¢uopsl. OObEeJUHEHNE BUIOB B YCIOBHO OJHOPOJHBIE HKOJIOTHMUYECKHE
TPYIIBI CO CXOAHBIM OTHOIICHHEM K KOHKPETHOMY (haKTopy cpembl (yBIIaKHE-
HUIO, KAMEHUCTOCTU cyOcTpara) MPOBOJAMIOCH C yYETOM NPHUYPOUEHHOCTH K
OTpENeICHHBIM THIIAM MECTOOOUTAaHUU [46]. DKOIOro-TICHOTHYECKUE TPYITIBI
BBIJICJICHBI HA OCHOBE MOJIEBBIX HAOMI0AeHUH. Dropa 3amaaHbeIX HU3KOTOPHUIt Ipo-
TECTHUPOBAHA I10 IIKaJlaM TeMepoOuanbHOCTH [47—50] 1 remMepoOoTOIEpaHTHO-
ctu [51] ¢ ucnone3oBaHNEM UHTETPUPOBAHHON HH(OPMAIIMOHHOM cucTeMsl IBIS
(Bepcus 7.2) [44, 52]. HazBanus BUIOB B TeKcTe NpuBeaeHk! 1o cpojake C.K. Ye-
penanosa [53].

PesyabTarsl Hccaeq0BaHuS U 00CY:KIeHIE

CunHaHTpomHas Gyopa UCCIeTyeMON TePPUTOPUH 110 HAIIIUM JaHHBIM COIEp-
*uT 272 Buga u3 173 ponos u 41 cemeiictBa. OHa BKitodaeT 167 abOpUTEHHBIX
BUOB ano(uToB, a Takxke 105 4ykepoaHbIX (aJBEHTHBHBIX) BHIOB. B umcie
a/IBEHTUBHBIX — 19 BHIOB-MHPOMYIIEHTOB, KOTOPHIE CIIOCOOHEI BO30OHOBIATHCS
Ha JaHHOW TeppuTopuu 6e3 yuyactus denoBeka (Alcea rosea L., Helianthus an-
uus L., Phalaris canariensis L. n p.) Win IMTENBFHO CYIIECTBOBATh HA MECTE
3a0pOIIeHHBIX ycaned 1 HaceNeHHbIX MyHKTOB (Stachys byzantina K. Koch, Sy-
ringa vulgaris L., Tilia cordata Mill.). [louTn Bce 3TH BUIBI paclipOCTpaHEHBI B
Ipefieax HACEICeHHBIX MyHKTOB (B OCHOBHOM B OKPECTHOCTSX I. 3MEHHOTropcKa
u 1. KonpiBaHb).

AHanmu3 TaKCOHOMHYECKOW CTPYKTYPbl CHHAHTPOITHON (PpaKivu MpoBEIcH B
CpaBHEHUH ¢ 00IIHM criuckoM (itopsl (Tabu. 1). B curaTponHoi hpakiuu Gpiopsl
noMuMo Asteraceae 1 Poaceae nmunupytot Brassicaceae, Chenopodiaceae, Lamia-
ceae, TOra Kak B CEMEHCTBEHHOM CIIEKTpE (DIOPHI B 1IEIOM OoJiee BEICOKHN paHT
y Fabaceae, Rosaceae, Cyperaceae.

OCOOEHHOCTBIO CHHAHTPOIHOM (IIOPHI ABJISIETCS HU3KAsl OIS yUacTus ce-
MeiictBa Cyperaceae; BRIXOJ Ha TUAUpYolHe mo3uinu Brassicaceae, Lamiaceae
u Chenopodiaceae 3a cuer ogHoneTHHX BUI0B. CemelicTBa Aceraceae u Cucur-
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bitaceae Bo ¢uope 3amaIHBIX HU3KOTOPUI AlTasi, TaKKe Kak U Bo (uiope Airaii-
CKOTO Kpasi [35], mpencTaBieHbl TOIBKO aJJBEHTHBHBIMU pacTeHUIMU. B pomoBoM
CIIEKTpe TpeodiialaHne KaKoro-indo TaKCOHA HE BBISBICHO, PABHOMEPHO Mpe/-
ctaBnieHbl ponbl Chenopodium (8 BunoB); Potentilla (7); Centaurea, Artemisia,
Cirsium, Rumex (o 6); Cuscuta, Plantago, Trifolium (Bxirouast Amoria) (1o 5).

Tabmuna 1 [Table 1]
Benymue cemeiicTBa ¢iopsl 3anaHbIX HU3KOrOpHii Astast
[The leading families of the flora of the western lowlands of the Altai mountains]

CuHaHTpOMHAs Qpakius GIopsl ®ropa B mesIoM
[The synanthropic fraction of the flora] [Flora in general]
Konu- | Konu- Hlons Komu- | Konu-
N Homns Bo BO
CewmeiictBo | Panr ce- yecTBO | yecTBo |Panr ce- YECTBO | YECTBO
. N tutope o tuope
[Family] MelcTBa [Propor- | POZIOB | BHIIOB MelcTBa [Propor- | POIOB | BUIOB
[Family | .05 he | [Num= | [Num- | [Family | ' PO | Num- | [Num-
0on
rank] o ber of | ber of rank] . ber of ber of
flora], % enera] | species] in the enera] | species]
8 P flora], % 8 P
Asteraceae 1 19,5 32 53 1 13,1 58 144
Brassicaceae 2 11,0 23 31 6 4,6 31 51
Poaceae 3 8,1 16 22 2 9,0 40 100
Chenopodiaceae 4-5 6,6 7 18 — — — -
Lamiaceae 4-5 6,6 12 18 7 4.0 19 44
Fabaceae 6 5,5 6 15 3 5,8 14 64
Polygonaceae 7 4,8 5 13 — — — -
Caryophyllaceae 8-9 4,0 10 11 8 4,0 21 44
Rosaceae 8-9 4,0 4 11 4 5.4 19 60
Boraginaceae 10 3,7 9 10 - — - -
Cyperaceae — — — — 5 5,1 6 56
Ranunculaceae - — — — 9 3,9 18 43
Apiaceae — — — — 10 3,7 27 41
Wroro [Total] 1-10 73,9 124 202 1-10 58,6 253 647

Ipumeuanue. I1pormyck B sUeiike 03HAYALT, UYTO CEMEHCTBO HE BXOIUT B 10 BemyIIHX.
[Note. Blank cells mean that the family is not included in the top 10].

BbisiBIIeHBI apeanornieckiue 0COOEHHOCTH CHHAHTPOMHOMN (MIOPBI 3alaIHbIX
HU3KOTOpHiA Antasi. AHaJIN3 IPOBEIEH Ha OCHOBE COBPEMEHHOTO PAacCeIeHHs BU-
JIOB, B CHHAHTPOITHON (ppakimy BeijeseHo 11 tunos apeanos (Tadm. 2).

B cunanTpomnHOil hiope 3anaaHbBIX HU3KOTOpUil AnTast 3aKOHOMEpHO Ipeodia-
JAI0T BUJIBI C OOIIMpHBIME apeanamu. Hanbonee MHOTOYHCIICHHBI TOAPKTHYECKUE
Y IaJIeapKTHYCCKUE BU/IBI, 3HAYUTEIIHHAS TOJIS IPUXOIUTCS Ha 3aI1aIHONACapKTH-
4yeckue U KocMononuthl. [Ipeobnaganue BUIOB C MIMPOKUMHU apeajaMu 00yCIoB-
JIEHO UX DKOJIOTUYECKOH ITaCTHYHOCTBIO, TI03BOJISAIOIIEH a/lalITHPOBAThCS B HOBBIX
YCIIOBHSX W CITOCOOHOCTBIO OBICTPO PACCENATHCS Ha CBOOOMHBIX TEPPUTOPHSIX.

Bupl ¢ ronapkTH4eCKUM THUIIOM apealia pacipOCTPAHEHBI B OONBIINHCTBE
obiacTeid (B TOM 4YHCIie TYMUJHBIX W apuaHbIX) [omapktuku (Arabis glabra
(L.) Bernh., Artemisia vulgaris L., Atriplex patula L., Chenopodium pratericola
Rydb., Cuscuta epithymum Murr., Draba nemorosa L., Erigeron acris L., Fago-
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pyrum esculentum Moench, Medicago lupulina L., Neslia paniculata (L.) Desv.,
Oenothera biennis L., Rhinanthus aestivalis (N.W. Zinger) Schischk. et Serg.,
Stellaria media (L.) Vill., Solanum nigrum L., Trifolium arvense L., Viola arven-
sis Murray u ap.).

Ta6numa 2 [Table 2]
Pacnpenesenue BUAOB CHHAHTPONHOI (J10pPBI 3aNIaHBIX HU3KOTOPHIi AjTast

10 THUIIAM apeaJioB
[Distribution of the synanthropic flora species of the western lowlands
of the Altai mountains according to the habitat types |

CuHaHTpoONHAs
dpakuus Gropsr | UykeponHble BUABI Ano¢urst
[The synanthropic [Alien species] [Apophytes]
fraction of the flora]
[TTH;1 oﬁi?;;t] Komn- Koz o
P YeCTBO JHost YeCTBO Hons HecTBo Hons
BUJIOB [Propor- BUJIOB [Propor- BUJIOB [Propor-
[Number | tion], % | [Number | tion], % [;j;rn:f- tion], %
of species] of species] species]

Kocemonommrreit 35 12,9 17 16,3 18 10,8
[Cosmopolite]
Tonapxrucckuit 66 244 28 269 | 38 | 228
[Holarctic]
A3gaTCKo-amepHKaHCKHH | 03 0 0 1 0.6
[Asian-American]
Haneapkriccinit 56 20,7 14 13,5 42 25,1
[Palaearctic]
CeBeponaneapKTHYE CKHIA
[North Palaearctic] 4 15 1 0,9 3 1.8
IO>xxHOnaneapkTHyecKUi
[South Palaearctic] 15 3.5 7 6,7 8 4.8
Bocrounonaneapkriyeckuit
[East Palaearctic] 15 3, 3 2.9 12 7.2
3anaagHonaneapKTHYeCKUH
[West Palacarctic] 50 18,1 20 18,3 30 17,9
LenTtpansHonaneapkTUdecKuii
[Central Palaearctic] ? 3.3 3 4.8 4 24
EBpocubupckuit
[Euro-Siberian] 1 4.1 4 3.8 7 4.2
Asuarckuii [Asiatic] 10 3,7 6 5,9 4 2,4
Hroro [Total] 272 105 167

[Maneapkruueckre BUIBI — IIHPOKO PACIpOCTPaHEHHbIE B T'YMHUAHBIX 0OOna-
ctsx [laneapkTHUKH U B 0COOBIX YCIOBHSIX CyOApUIHBIX U APUIHBIX PETHOHOB — B
crensix EBpomer n Kazaxcrana, B ropax Cpenneit Asuu, B CpennzeMHOMOpEE, B
Mamnoit Asuu (Agrostis gigantea Roth, Asperugo procumbens L., Brassica jun-
cea (L.) Czern., Cannabis sativa L., Hyoscyamus niger L., Malva pusilla Sm.,
Melilotus albus Medikus, Poa angustifolia L., Sinapis arvensis L., Spergularia
rubra (L.) J. Presl et C. Presl, Stachys annua (L.) L., Urtica urens L. u np.). Koc-
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MOTIOJIUTHI — PACTEHHS, BCTPEUAIOMINECS BO MHOTUX TYMUAHBIX U apUIHBIX OOTa-
HuKo-reorpagudeckux obdnactsax CesepHoro u FHOxuoro nonymapus (Cardaria
draba (L.) Desv., Datura stramonium L., Echinochloa crusgalli (L.) P. Beauv.,
Equisetum arvense L., Lepidium ruderale L., Matricaria recutita L., Poa an-
nua L., Rorippa amphibia (L.) Besser, Sonchus asper (L.) Hill, S. oleraceus L.,
Taraxacum officinale F.H. Wigg. u ap.). 3anmagHomnaneapKTHueCKUe BUIbI ITUPOKO
pacmpoctpanensl B EBpore, Cpeanzemuomopse, Mamoit u Cpenneit Azun, 3a-
nagnoit Cubupu (Atriplex tatarica L., Berteroa incana (L.) DC., Bryonia alba L.,
Carduus nutans L., Chenopodium polyspermum L., Cirsium vulgare (Savi) Ten.,
Euphorbia virgata Waldst. et Kit., Filago arvensis L., Geum urbanum L., Lap-
pula squarrosa (Retz.) Dumort., Lapsana communis L., Lepidium latifolium L.,
Lithospermum officinale L., Melampyrum arvense L., Myosotis arvensis (L.) Hill,
Salvia verticillata L., Verbascum phoeniceum L. u ap.).

Hesenuka nons BOCTOYHOMANCAPKTUYCCKUX, PACTIPOCTPAHCHHBIX MO BCEM
TYMUAHBIM H apuaHbiM TepputopusiMm CeBepHoii, Bocrounoit n llentpans-
HOll A3uu (Achillea asiatica Serg., Axyris amaranthoides L., Dracocephalum
nutans L., Elsholtzia ciliata (Thunb.) Hylander, Galeopsis bifida Boenn., G.
ladanum L., Salsola australis R. Br., S. collina Pall., Urtica cannabina L. n
Ip.); IOKHOTIATEAPKTHUECKHUX, PACIIPOCTPAHCHHBIX B CYOapUIHBIX W apHUIHBIX
obnactax [laneapktuku (Anthemis subtinctoria Dobrocz., Caucalis platycar-
pos L., Centaurea diffusa Lam., Chenopodium botrys L., Fumaria schleicheri
Soy.-Will., Lappula consanguinea (Fisch. et C.A. Mey.) Guerke, Lycopsis
orientalis L., Ceratocephala testiculata (Crantz) Besser, Cirsium esculentum
(Siev.) C.A. Mey., C. incanum (S.G. Gmel.) Fisch., Orobanche coerulescens
Stephan, O. cumana Wallr., Plantago urvillei Opiz, Tragopogon dubius Scop.);
€BpPOCHOUPCKUX, paclpOCTpaHEHHBIX B OopeanbHbIX 0bmacTsx EBpomnbl, Cubu-
pu, Topax CeBepHoit MOHTOMMH W 3aXOASIINX B CEBEPHBIE PAWOHBI CTEMHOU
obnactu (Alchemilla subcrenata Buser, Campanula sibirica L., Centaurea
pseudophrygia C.A. Mey., Cirsium serrulatum (M. Bieb.) Fisch., Corispermum
hyssopifolium L., Fumaria officinalis L., Linaria vulgaris Mill., Mentha suave-
olens Ehrh., Nonea rossica Steven, Potentilla argentea L., Rhinanthus vernalis
(N.W. Zinger) Schischk. et Serg.) Bunos.

Cample MaJIOYHCIEHHBIE TPYIIBI — IIEHTpaJbHONMANCapKTHIECKas, BKIIOYA-
IOIasi BUJBI IIMPOKO paclpocTpaHeHHbIe B EBpa3umarckoil cTemHON obnactw,
Kazaxcrane n Cpenneit Azun (Centaurea ruthenica Lam., Draba huetii Boiss.);
asuarckas (Anagallidium dichotomum (L.) Griseb., Artemisia sieversiana Willd.,
Axyris hybrida L., Chorispora sibirica (L.) DC., Eragrostis amurensis Prob.,
Euphorbia falcata L.) u ceBeponaneapkTuieckasi, B KOTOPYIO BKJIIOYEHbI BUIBI,
pacrpocTpaHeHHBIE IPEUMYIIIECTBEHHO B OopeaibHBIX obmacTsx EBpasun. OHm,
Kak IMPaBWIo, OTCYTCTBYIOT B CpeauseMHOMOpbe, B Manoii Asum, ropax Cpenueit
Aswun, B llentpansHoii Azun (Camelina microcarpa Andrz., Crepis tectorum L.,
Galium uliginosum L., Potentilla norvegica L.). A3narcko-aMepuKaHCKUI BUJ
TONBKO OuH (Artemisia glauca Pall. ex Willd.).
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BonmpmmHCTBO BUIOB-HHTPOAYIIEHTOB K HACTOSIIIEMY BPEMEHH UMEIOT IITHPO-
kue (KocMOTONUTHBIN — Helianthus anuus, Mentha spicata L., Panicum miliace-
um L.; ronmapkraueckuit — Acer negundo L., Armoracia rusticana P.G. Gaertn.,
Centaurea cyanus L., Helianthus tuberosus L., Solidago canadensis L.; naneap-
KTHYeCKuil — Malva mauritiana L.) apeansl. HeGonbyto rpymmy cCOCTaBISIOT
BBIXOIBI M3 a3MATCKOM YacTH KOHTUHEHTA — Salix ledebouriana Trautv., Malus
baccata (L.) Borkh., Ulmus laevis Pall., U. pumila L. YacTh BUIOB SBISIOTCS
BBIXOII[AMHU M3 Pa3NU4HBIX obnactell Cpenu3eMHOMOPBS M EBPOMEHCKON YacTH
KOHTHHEHTA — Alcea rosea, Phalaris canariensis, Stachys byzantina, Syringa vul-
garis, Tilia cordata. KOxxHoNaneapkTHUECKUd TUN apeana umeet Fraxinus lan-
ceolata Borkh.

MOKHO OTMETHTB, YTO CPEIH TyKESPOAHBIX BUIOB OOIBINAS IOJIS PUXOUTCS
Ha TOJIAPKTUYECKUE BUIBI, TOTAA KaK CPEeIH alo(pHUTOB MPpeodaaloT MareapKTH-
YeCKHe.

[eorpaduaeckoe monoxeHe N3y4aeMOil TEPPUTOPHUHN OTIPENIEIIIET COUCTaHNE
CTEIHBIX, JICCOCTECIHBIX U TACXKHBIX JAHIIAPTOB, U KaK Pe3yJbTarT — HEPaBHO-
MEpHOE pacIipene’eHHe OCAIKOB U YBIKHEHHUS B IIEIOM. DKOJOTHICCKHUN aHa-
JIU3 TPOBEJCH Ul CHHAHTPOITHOW (PpPaKIMU B IIEJIOM M €€ OTICIbHBIX 4YacTeil
(BKJTFOUAIOIIHX allO(UTHI M Ty>KEPOIHBIC BHJIBI) TI0 IBYM (PaKTOpaM — OTHOIIICHHUE
PacTeHUH K YCIOBUAM yBJIaKHEHH (Tal. 3) 1 KaAMEHUCTOCTH CyOcTpara.

Tabauma 3 [Table 3]
Pacnpenenenue BUI0B CHHAHTPONHOI (JIOPBI 3alIaIHBIX HU3KOrOpHUii AsTast
M0 OTHOIIECHUIO K YCJIOBUAM YBJIAXKHCHUS

[Distribution of the synanthropic flora species of the western lowlands of
the Altai mountains according to the conditions of moistening]

CunaHTponHas
¢pakus Qropsr Uy>xeponqHble BUABL Ano¢putsl
[The synanthropic [Alien species] [Apophytes]
DKosoruye- fraction of the flora]
cKas rpymnmna Koniaectso Komnn- Komnu-
[Ecological group] . Tos YECTBO Hons yecto | Joms
[Nuf[nber [Proportion], % BHJ0B [Propor- suzios | [Propor-
of species] ’ [Number | tion], % | [Number | tion], %
of species] of species]
Kcepodurst
[Xerophytes] 16 5,9 8 7,7 8 4,8
Keepomesodurr 123 454 44 423 79 474
[Xeromesophytes]
Mesodutst
[Mesophytes] 119 43,5 51 48,1 68 40,8
Me3sorurpodutst
[Mesohyerophytes] 13 4,8 2 1,9 11 6,6
I'urpo¢utsr
[Hygrophytes] ! 0.4 0 0 1 0.4

[To orHOMIEHUIO K (haKTOpPy YBIa)KHEHUS BBIIENEHBI 5 SKOJIOTHYECKUX TPYIIIL
['pynma xcepoduTOB BKITIOUAECT PACTCHUSI CYXHX MECTOOOWUTAHMHA — KAMEHHCTBIX
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CTETIeH, CyXHX CKTBHBIX 0OHAKEHHI, 000UMH JJOPOT B CTEITHON YaCTH TEPPUTOPHH.
Cpenu uyx)eponHbIX BUIOB 3T0 Bromus squarrosus L., Centaurea diffusa, Cheno-
podium pratericola, Fumaria schleicheri, Lepidium densiflorum Schrad., Poly-
cnemum arvense L., Polygonum rurivagum Jordan, William Paul ex Boreau, Sa/ix
ledebouriana; anouUTHI, IEPEXOASIIHE C CyXHUX KAMEHUCTBIX CKJIOHOB Ha 000YHHBI
nopor: Agropyron pectinatum (M. Bieb.) Beauv., A. cristatum (L.) Beauv., Acinos
arvensis (Lam.) Dandy, Artemisia frigida Willd., Nepeta ucranica L.

Kcepome3oduTsl — 3TO BUABI MECTOOOUTAHHUI C MEPUOJUUCCKIM HIIH ITOCTO-
SIHHBIM (HO HEOOJIBIINM) HEOCTATKOM BJIarW, B TOM YHCIE JYTOBBIX CTEIeH U
OCTEIHEHHBIX JIYTOB, COCHOBBIX JIECOB, BCTPEUAIOIIUECS 10 000YHHAM JIOPOT, B
HAaCeJICHHBIX ITyHKTaX. B cuHaHTpOonHOH (hiiope 3arma HpIX HU3KOTOPUi AJtas 3Ta
rpymmna npeoonaaaet. M3 uncna qyKepoHbIX BUIOB K HEl OTHECEHBI Amaranthus
blitoides S. Watson, Anchusa officinalis L., Atriplex sagittata Borkh., A. patula,
Brassica campestris L., Bromus mollis L., Centaurea jacea L., Cichorium inty-
bus L., Cirsium serrulatum, Conyza canadensis (L.) Cronqist, Corispermum hys-
sopifolium, Cyclachaena xanthiifolia (Nutt.) Fresen., Datura stramonium, Draba
huetii, Erucastrum armoracioides (Czern. ex Turcz.) Cruchet, Hyoscyamus ni-
ger, Isatis costata C.A. Mey., Lepidium latifolium, L. ruderale L., Medicago sa-
tiva L., Neslia paniculata, Onopordum acanthium L., Pastinaca sylvestris Mill.,
Potentilla recta L., Raphanus raphanistrum L., Silene dichotoma Ehrh., Sinapis
arvensis, Stachys annua, S. byzantina, Tragopogon dubius, Trifolium arvense, Ul-
mus pumila, Verbascum lychnitis L., Viola arvensis, Xanthium strumarium L. Bce
9TH BHIBI PacTIPOCTPAHCHBI IIPEUMYIIIECTBEHHO B CTEIHEIX cOoOoOmecTBax. Arte-
misia absinthium L., Bunias orientalis L., Capsella bursa-pastoris (L.) Medikus,
Thlaspi arvense L. BCTpeuaroTcs 1O BCE TEPPUTOPHH, BKITFOUASI TOPHO-TACKHYIO.
K rpymmne oTHeceHbI Takxke 00UTaTEeNH JIYTOB U 3apocieil KycTtapHukoB — Carum
carvi L., Centaurea scabiosa L., Echinops sphaerocephalus L., Elytrigia repens
(L.) Nevski, Galium vaillantii DC. et DC., Knautia arvensis (L.) .M. Coult.,
Melilotus officinalis (L.) Pall., Pimpinella saxifraga L., Verbascum thapsus L.,
Vicia cracca L., V. tenuifolia Roth; Bunb1, XapakTepHble I CTETeH, B TOM YHCIe
neTpoUTHEIX — Anagallidium dichotomum, Androsace maxima L., Arabidopsis
thaliana (L.) Heynh., Camelina microcarpa, Cardaria draba, Chorispora sibiri-
ca, Dracocephalum nutans, Elytrigia lolioides (Kar. et Kir.) Nevski, Erodium ci-
cutarium (L.) L’Her., Linaria vulgaris, Potentilla bifurca L., P. canescens Besser,
Teloxys aristata (L.) Moq., Verbascum phoeniceum. BONTbIIMHCTBO 3THX BUIOB
TaKXKe PaCIpPOCTPAHCHBI B CTEITHBIX U JIECOCTENHBIX JTaHAmadTax.

Me30¢uTH — pacTeHus, OOUTAIOMINE B YCIOBHAX JOCTAaTOYHOTO YBIAKHCHHS,
3TO BHIBI JIYTOBBIX COOOIIECTB, TPABSIHOTO MOKPOBA JIECOB M HEKOTOPHIE JIPEBEC-
HBIE W KyCTapHHUKOBBIE MOPOABL. M3 gucia anmouToB K 3TOH TPyIIe OTHECEHBI
nyroBo-necHole — Chamaenerion angustifolium (L.) Scop., Cirsium serratuloi-
des (L.) Hill, Dactylis glomerata L., Equisetum pratense Ehrh., Festuca praten-
sis Huds., Leucanthemum vulgare Lam., Plantago major L., Prunella vulgaris
L., Rumex acetosa L.; necuvie — Artemisia vulgaris; nyrovie — Alchemilla sub-
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crenata, Chenopodium rubrum L., Equisetum arvense, Geranium sibiricum L.,
Humulus lupulus L., Lamium album L., Rumex crispus L., R. confertus Willd.,
Urtica dioica L. Cpeau 9yKepoTHbIX BHIOB JOJIT ME30(HUTOB OOJIBIIE, YeM Cpe-
1u anoUToB. DTO BUJIBL, MPOU3PACTAIOIINE B JOJWHHBIX KOMILIEKCaX — Amoria
fragifera (L.) Roskov, Echinocystis lobata (Michx.) Torr. et A. Gray, Tripleuro-
spermum inodorum (L.) Sch. Bip.; BUbI, pacnpocTpaHeHHbIE IPEUMYIIECTBEHHO
BO3JIC XHIbsl — Acer negundo, Alcea rosea, Chenopodium botrys, Ch. suecicum
J. Murr., Conium maculatum L., Fraxinus lanceolata, Helianthus anuus, H. tu-
berosus, Malus baccata, Malva mauritiana, Mentha spicata, M. suaveolens, Sap-
onaria officinalis L., Solidago canadensis, Syringa vulgaris, Tilia cordata, Ulmus
laevis, Urtica cannabina, U. urens; Bunsl 000uuH nopor Echium vulgare L., Po-
tentilla norvegica, Lepidotheca suaveolens (Pursh) Nutt., Solanum nigrum, Son-
chus asper.

Me3orurpouThl — MPEACTaBUTEIN MECTOOOUTAHHI C 60oJee BBICOKHM yPOB-
HEM YBIIa)XHEHHS, YeM Y THIIMIHBIX Me30(HUTOB (CHIpPHIE JIeca, IyTa, IPHOPEKHEIe
yuacTku). B cuHaHTpomHo# (rope Takux BumoB HeMHOro. OHU TMPENCTABICHBI
B OCHOBHOM amoQuTaMH, pa3pacTalolIMICI Ha HapyIICHHBIX MECTOOOMTaHU-
X B JIOJIMHAX PEeK U 1Mo Oeperam 03ep B Pe3yabTare CTPABIMBAHHS CKOTOM MUIH
M3-32 BBICOKOW PEKpeanMioHHON Harpysku — Agrostis stolonifera L., Bidens tri-
partita L., Calystegia sepium (L.) R. Br., Carex leporina L., Galium uliginosum,
Lycopus europaeus L., Persicaria lapathifolia (L.) Gray, Potentilla anserina L.,
Pulicaria vulgaris Gaertn., Rorippa palustris (L.) Besser, Stachys palustris L. N3
quclia aIBEHTHBHEIX — 3T0 Armoracia rusticana P.G. Gaertn., B. Mey. et Scherb.,
Rorippa amphibia.

B rpymimy rurpo¢uToB Bomien ToIbKo OAMH BUI — Phragmites australis (Cav.)
Trin. ex Steud., oburaromuii mo 6eperam BOIOEMOB 1 MOCEISIOUIHIACS B CXOTHBIX
YCIIOBHSAX HA aHTPOIIOTEHHO NPeoOpa30BaHHBIX TEPPUTOPHUSAX — B KaHaBaX, IO
000YHHAM JIOPOT, UCKYCCTBEHHBIX BOOEMAX.

AHamM3 MpUypOYEHHOCTH BHIOB K MECTOOOHTAHHSM C Pa3IMIHBIMU YCIIO-
BUSMH YBJIQXXHEHUS BBISBWI, YTO OOJIBIIMHCTBO BUJIOB CHHAHTPOITHON (HIOPHI
MIPOM3PACTaeT B YCIOBUAX C HEOONBIIMM HEJOCTATKOM BIIard FUIH TOCTATOYHOTO
YBIKHEHUS.

[lo oTHOMIEHNIO K KAMEHHCTOCTH CYOCTpaTa BEIIEIICHBI 1BE DKOJIOTHIECKUE
rpymnnbl: GaKylnbTaTHBHBIC MTETPOPUTHI — BUIBI, CIIOCOOHBIEC IIPOU3PACTATh KaK Ha
KaMEHUCTHIX, TaK ¥ Ha JPyTUX cyOcTpaTax; HeneTpo(uThl — BUIBI, H30eTaronue
KaMEHHUCTHIX MecTooOuTanuil. Henerpoduramu sieistores 70,6% BUAOB, OHAKO
3HAYUTENIBHAS JIONS CPEIY CHHAHTPOITHBIX PACTEHUH (haKyIbTaTHBHBIX IETPODH-
TOB (29,4%) yka3pIBaeT Ha MpeajlaiTHPOBAHHOCTb ATHX BHUIOB K YCJIOBHUSIM aH-
TPOIOTEHHBIX SKOTOIOB, MPOSBIISIONIYIOCS B CHOCOOHOCTH 3aHIMATh CBOOOTHEIE
HUIIY Ha KAMCHUCTBIX U MECYaHBIX cyOcTparax. DakyabTaTUBHBIC METPOPUTHI
U3 YHCIa ano(pHUTOB — 3TO B OCHOBHOM CTEIHBIC BHIBI, PACTIPOCTPAHSIONIIECS
o 00OYMHAM JIOPOT, YaCTO UMEIOIINX IEeOHUCTHINA cyOcTpaTt, — Acinos arvensis,
Agropyron cristatum, Androsace maxima, Arabidopsis thaliana, Artemisia frigi-
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da, A. scoparia Waldst. et Kit., Camelina microcarpa, Dracocephalum ruyschi-
ana L., Erodium cicutarium, Erysimum marschallianum Andrz., Euphrasia pec-
tinata Ten., Filago arvensis, Herniaria glabra L., Lappula consanguinea, Nepeta
ucranica, Verbascum thapsus. VI3 4y>KepOIHBIX BUJIOB, UMCIOIIUX CKIOHHOCTb
pacTy Ha IMEeOHUCTHIX CyOCTpaTax M pacIpoCTPaHIIOIINXCS Ha HCCIIETyeMOH Tep-
PHUTOPHHU TaK>Ke [0 0004YMHAM AOPOT, MOXKHO OTMETUTh Arenaria viscida Haller f.
ex Loisel, Caucalis platycarpos, Cichorium intybus, Corispermum hyssopifolium,
Echium vulgare, Eragrostis amurensis, Fumaria schleicheri, Isatis costata, Lyco-
psis orientalis, Polycnemum arvense, Potentilla recta.

BrInonHeH aHATU3 3KOJIOrO-IIEHOTHIECKON CTPYKTYPBl CHHAHTPOITHOHN (1o-
pBL. Bermenensl cnenyronme GpropucTHdeckne KOMIUICKCH: pylIepaIbHBIN, CTell-
HO, JIyTrOBOH, TOJUHHBIH, KyCTapHUKOBBIM, JIECHOM.

K pynepansnoMy xomriekcy otHeceHbl 105 aIBEeHTHBHBIX BHIOB, TaK KaK OHU
BCTPEYAIOTCSI IPEUMYIIIECTBEHHO HA aHTPOIIONCHHO HAPYIICHHBIX MECTOOOUTAHH-
SIX, a Takke 44 Buja armodura. DTH pacTeHUS HE SBIISIOTCS JUIS PETUOHA B 1IEJIOM
9y>KEPOIHBIMHU, HO B HU3KOTOPhSIX 3amaHoro Asiras 0OUTaroT OOJIbIIeH 4acThIO Ha
AHTPOIIOTEHHBIX MECTOOOMTAHMAX. JTO IMIMPOKO PACIIpOCTpaHEeHHEBIE Amaranthus
retroflexus L., Arctium lappa L., A. tomentosum Mill., Arenaria viscida, Artemisia
sieversiana, Atriplex tatarica, Carduus crispus L., C. nutans L., Ceratocephala tes-
ticulata, Chelidonium majus L., Chenopodium album L., Ch. polyspermum, Ch.
urbicum L., Cirsium incanum, C. vulgare (Savi) Ten., Convolvulus arvensis L.,
Cynoglossum officinale L., Descurainia sophia (L.) Webb ex Prantl, Dracoceph-
alum thymiflorum L., Galeopsis bifida, Geum urbanum, Lactuca serriola L., Lap-
pula squarrosa, Leonurus quinquelobatus Gilib., Malva pusilla, Melilotus albus,
Myosotis arvensis, Nonea rossica, Persicaria scabra (Moench) Moldenke, Poa an-
nua, Polygonum aviculare L., P. rurivagum, Potentilla supina ssp. paradoxa (Nutt.
ex Torr. et Gray) Sojak, Psammophiliella muralis (L.) Ikonn., Pulicaria vulgaris,
Rhinanthus vernalis (N.W. Zinger) Schischk. et Serg., Salsola australis, S. collina,
Setaria pumila (Poir.) Roem. et Schult., S. viridis (L.) P. Beauv., Sisymbrium lo-
eselii L., Spergularia rubra (L.) J. Presl et C. Presl, Urtica cannabina, U. urens L.

Bonpmas gacTs anmouToB BCTpEYaeTCss M B COCTaBE €CTECTBEHHBIX (MK Ma-
JIOHAPYIIEHHBIX) co00IecTB. Takux BUmoB 123. MBI IpoaHATU3UPOBATIH HX TIPU-
YPOYEHHOCTH K Pa3TUIHBIM (PIIOPUCTHIECKUM KOMIUIEKCaM.

CrenHoW KOMIUTEKC BKJIFOYAeT 34 BU/a, B TOM YUCIIC BUIbI HACTOSIIMX CTETei
Agropyron pectinatum, Campanula sibirica, Elytrigia lolioides, Lappula consan-
guinea (Fisch. et C.A. Mey.) Guerke, Orobanche cumana Wallr., Plantago urvil-
lei, Salvia verticillata, Sisymbrium polymorphum (Murray) Roth; nmeTpoduTHBIX
ctenen — Acinos arvensis, Agropyron cristatum, Androsace maxima, Arabidopsis
thaliana, Artemisia frigida, A. scoparia, Axyris hybrida, Evysimum cheiranthoi-
des L., E. marschallianum, Nepeta ucranica, Orobanche coerulescens, Potentilla
bifurca, P. canescens, Teloxys aristata, Verbascum phoeniceum; BUIbl KAMEHH-
CTBIX OCBITICH U MEITKO3EMHUCTBIX TUIONIAIOK B TPAHUTHBIX CKanax — Arabis pendu-
la L., Chenopodium hybridum L., Herniaria glabra, Plantago depressa Schitdl.
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JlyroBoii KOMIIIEKC TIPEICTABICH 22 BHIAMH, BKIIIOYAET PACTEHHUS CyXOI0b-
HBIX JYToB — Achillea millefolium L., Amoria repens (L.) C. Presl, Bromopsis
inermis (Leyss.) Holub, Calamagrostis epigeios (L.) Roth, Carum carvi, Crepis
tectorum, Cuscuta europaea L., Dracocephalum ruyschiana, Elytrigia repens,
Knautia arvensis, Medicago falcata L., Melilotus officinalis, Plantago media L.,
Rumex thyrsiflorus Fingerh., Taraxacum officinale, Trifolium pratense L., Vicia
tenuifolia; cononneBatbixX Jiyros — Cirsium esculentum (Siev.) C.A. Mey., Melilo-
tus dentatus (Waldst. et Kit.) Pers., Polygonum patulum M. Bieb., Rumex pseudo-
natronatus (Borbrs) Borbrs ex Murb.

JonuHHBI KOMIUIEKC BKJIIOYaeT 23 BHIA, OOHTalOUMX MO OeperaMm pek u
o3ep, — Agrostis stolonifera, Bidens tripartita, Carex leporina, Persicaria lapathi-
folia, Phragmites australis, Rorippa palustris; BUIBI TONMEHHBIX KOMILJIEKCOB (J1e-
COB, 3apociielt KycTapHUKOB) — Calystegia sepium, Galium uliginosum, Geranium
sibiricum, Humulus lupulus, Lamium album, Lycopus europaeus, Stachys palus-
tris, Urtica dioica; BUipl CBIPBIX JIyTOB IO MOWMaM peK U Oeperam o3ep (4acto
WCTIONB3YyeMbIX 10J] BhInac) — Alchemilla subcrenata, Cirsium setosum (Willd.)
Besser, Potentilla anserina, Rumex confertus, R. crispus, Plantago major; Bun,
MIPEIOYNTAIOIINI ChIpBbIE TEHUCTBIE OBparu, oOpbIBbL, — Tussilago farfara L.

KycrapHukoBbIil komIuteke (34 BuIa) KpallHe HEOJHOPOJIEH, B HETO BKITIOYE-
HBI BUJIBI KYCTApHUKOBBIX 3apocneit — Cuscuta lupuliformis Krock., Echinops
sphaerocephalus, Fallopia convolvulus (L.) A. Love, Galium vaillantii DC.
et DC., G. mollugo L., Geum aleppicum Jacq., a Takxe HEKOTOpBIC JIyTOBbIE —
Arabis glabra, Centaurea scabiosa, Cerastium holosteoides Fr., Euphorbia vir-
gata, Hieracium umbellatum L., Medicago lupulina, Melandrium album (Mill.)
Garcke, Oberna behen (L.) Ikonn., Odontites vulgaris Moench, Pimpinella sax-
ifraga, Sonchus arvensis L., Verbascum thapsus, Vicia cracca, V. sepium L. u
JyTOBO-CTeNHbIe BUMBI — Achillea asiatica, Anagallidium dichotomum, Anthemis
subtinctoria, Artemisia glauca Pall. ex Willd., Cerastium arvense L., Euphrasia
pectinata, Linaria vulgaris, Lithospermum officinale, Poa angustifolia, Potentilla
argentea, Onobrychis arenaria (Kit.) DC., yaie BcTpedaromuecs Ha Uccieaye-
MO TEPPUTOPHH B 3aPOCIISIX KyCTapHUKOB.

JlecHo#t komruiekc coctapnstoT 10 BumoB. COOCTBEHHO JIECHBIX BHUIOB HE
BBISIBJICHO, KOMIDIEKC IIPEICTaBICH PACTCHHSMH JICCHBIX JYTOB U OMYIIEK —
Chamaenerion angustifolium, Cirsium serratuloides, Dactylis glomerata, Equi-
setum pratense, Festuca pratensis, Jacobaea vulgaris Gaertn., Leucanthemum
vulgare, Prunella vulgaris, Rumex acetosa, R. acetosella L.

B cocrase amoguroB npeobnamarotr BUAB cTenHOro (27,6%) U KyCTapHHKO-
BOTO (27,6%) KOMILJIEKCOB. 3aTeM CIIeAYIOT BUAbI AoiuHHOTO (18,7%) u myro-
Boro (17,9%) komriexcoB, necHo# (8,2%) cambrit ManouncieHHbd. [npokoe
pacrpoCcTpaHeHUE CTEIHBIX U JIYyTOBBIX BUIOB HA PYACPaTbHBIX MECTOOOUTAHHUSIX
CBSI3aHO U C TEM, YTO CTEIHAS YacTh TEPPUTOPUH 3alaJHBIX HU3KOTOPHHA AJTast
Hanbosee aHTPOIOTeHHO TPaHC(HOPMUPOBAHA — CTEIHBIC MPOCTPAHCTBA pacia-
XaHBI, JIyTOBBIC M IOVMEHHEIE, a TaKXKe HEYA00bs (COIIOUHBIE MACCHBEI) UCIIONb-
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3yIOTCS TIOX BHITIAC. JIeCHBIE KOMIUTIEKCHI TAKKE TTOIBEPTaloOTCs aHTPOIIOTCHHOMY
BO3JCHCTBUIO. B TOpHO-JIECHOW YacTH TEPPUTOPHH aHTPOIIOT€HHbIE MEeCTOOOH-
TaHWS — 3TO BBIPYOKH U JICCHBIE JOPOTH, TEPPUTOPHH HEOONBIINX HACEICHHBIX
MYHKTOB (MHOTZIA YK€ HEXHJIBIX), @ TAKKE TYPUCTHICCKHE CTOSHKH M TPOIIBI (B
paiione 1. Cunroxa u 03. benoe). JIoObIua MOJIE3HBIX UCKOMIAEMBIX HOCHT 3/1€Ch
JIOKaJBHBIN Xapakrep. HapyiieHHbIe B pe3ysbpTare ee 3eMJIM — 9TO OTBAJIbI TOPHO-
PYZHOTO IIPOU3BOACTBA M KAPBEPHI OT JOOBIYHN MOAETOYHBIX KAMHEH U CTPOUTEIh-
HBIX MaTEPUAJIOB.

B cunaHTpOIHOW (riope 3amajHbIX HH3KOTOpWi Antas 31 BHJI BKIIOYCH B
Uepnyto kaury ¢ropsl Cubupu [45]. B ux uucne:

— Buasl-«tpanchopmepbi» (craryc 1), KOTOpble aKTHBHO BHEJPSIOTCS B €CTe-
CTBEHHBIE U IIOJTyeCTECTBEHHBIE COOOIECTBA, U3MEHSIOT OOJIMK SKOCUCTEM, Hapy-
IIAIOT CYKIIECCHOHHBIC CBS3H, BBICTYIAIOT B KAY€CTBE AN(UKATOPOB U JOMHHAH-
TOB, 00Pa3ylOT 3HAYNUTEJIbHBIE 110 IUIOMIAAN OAHOBHUJIOBEIE 3aPOCIH, BEITECHSIOT
WJIM TPETSITCTBYIOT BO30OHOBIICHHIO BHIOB MPUPOIHOH (Gopsl, — Echinocystis
lobata, pa3pacTaromuiicsi B moiMax peK, y *Kuiibsi, Ha MyCThIPsX; Acer negundo,
MIPOM3PACTAIOIINI B HACEIEHHBIX ITyHKTaX, JIECOIIOJIOCAX, Y TOPOT, B IOHMEHHBIX
necax; Solidago canadensis Ha uccnenyeMoil TEPpUTOPUH MOKA HE BBIXOIMT 3a
TIpEAENBbI TOCEIICHUMN.

— UyxepoaHble BUBI (cTaTyc 2), aKTHBHO PACCENSIONINECS U HaTypaIn3ylo-
Imyecs B HAPYIICHHBIX TT0JyeCTECTBEHHBIX M €CTECTBEHHBIX MECTOOOUTAHUSAK, —
Centaurea diffusa n C. jacea. 70BOIBFHO HIMPOKO PacpOCTPAHEHbI HA UCCIIEye-
MO TEPPUTOPHH Ha 3aJieKaX, TIe MOTYT 00pa30BBIBATH IIOYTH MOHOIOMHHATHEIE
3apociiy, 10 000YNHAM JIOPOT, Ha JIyrax ¥ jJecHbIX nonsHax; Conyza canadensis,
Cyclachaena xanthiifolia pactipoCTpaHSIOTCS BIOJIb JOPOT U B HACEICHHBIX ITyH-
ktax; Medicago sativa, Pastinaca sylvestris, Tripleurospermum inodorum, pacty-
mye 1o 000YMHAM JIOPOT, B HACEJIICHHBIX IMYHKTaX, BCTPEYAIOTCS YacTO B 3apOC-
JISIX KYCTapHHUKOB U T10 JIyram; Armoracia rusticana KylbTUBHPYETCS, TUYaET I10
MYCOPHBIM MecTaM, Y xwuibst; Ulmus laevis, U. pumila eme He CTONh aKTHBHO
PaCCeNSAIOTCS IO TEPPUTOPUH, UX MONKHO OOHAPYKUTH ONIM3 HACEICHHBIX MYH-
KTOB ¥l MECT ITOCAJIOK.

— UyxeponHsle BHIBI (CTaTyC 3), paccesIoIuecs: U HaTypalu3youyecs B
HACTOSIIee BpeMsl B HAPYIICHHBIX MECTOOOWTaHUsX, — Echinochloa crusgalli,
BCTPEYAIOIIUIACS B OCHOBHOM IO OKpauHam noseit; Amoria hybrida (L.) C. Presl,
Conium maculatum, Echium vulgare, Hordeum jubatum L., Plantago lanceola-
ta L., Sisymbrium officinale (L.) Scop., mpouspacTraroniye Ha 3ajexax, y >Kuibs,
nopor; Helianthus tuberosus KyasTHBHpYETCs, TMYacT 10 MyCOPHBIM MECTaM B
mpeeax HaCeJICHHBIX MTyHKTOB.

— IorennuansHO MHBAa3HOHHBIE BUJIHI (cTaTyC 4), CIOCOOHBIC K BO30OHOBIIC-
HUIO B MECTaX 3aHOCa M ITPOsIBUBIIKE ce0s B Ipyrux pernonax Cubupckoro dexe-
PaNBHOTO OKpyTa B Ka4eCTBE MHBA3UOHHEIX, — Atriplex sagittata, Axyris amaran-
thoides, Lactuca serriola, Lepidium densiflorum, BcTpedaromuecs y >KWibs U M0
000YMHAM IOPOT; B OCHOBHOM B IPEAEIax HACEICHHBIX ITyHKTOB IIPOU3PACTAET
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Lepidotheca suaveolens; KynbTUBHPYIOTCS, AXIAIOT IO MyCOPHBIM MECTaM, Y KH-
J1Ibsl, B JIECOTIONOCAX, Y AOpor Saponaria officinalis, Malus baccata; no 6eperam
PEK, B 3apOCiiX KyCTapHUKOB npouspactarot Cuscuta europaea, C. lupuliformis;
Haxofku Ha tepputopuu Cuscuta approximata Bab., C. campestris Yuncker. noxa
CIMHUYHEI.

K moreHIMaapHO MHBa3MOHHBIM MOXHO OTHECTH 1Ba BHAa — Cirsium serru-
latum, C. vulgare, KOTOpBIE PacHPOCTPAHSIIOTCS BIOIH JOPOT C COMpENENbHON
teppuropun Kazaxcrana. Taroke MBI OTMEYaeM B ITOCIIEJHUE TO/IBI aKTHBHOE pac-
ceJieHue 1Mo 00ournHaM Jopor arodura Echinops sphaerocephalus.

B nenom anBeHTHBHBIC BHABI BO (UIOpE 3amajJHBIX HU3KOTOpUi AJTas co-
craBistioT 11,6% (c ygeTom 26 BHIOB, HE BKIIOYCHHBIX B aHAJIM3, CM. BBIIIE).
Bo ¢nope Anraiickoro kpas qykepoAHbIe BUIBI cocTaBusaoT 13,7% [54]; Pe-
cnyommku Anraii — 10,6% [55, 56]; Kemeposckoii oonactu — 11% [57]; Baii-
kanbckoit Cubupu — 13% [58]. B pernonansbIx ¢utopax Bocrounoit EBporns
JIOJIST aJBEHTUBHBIX BUIOB aA0xoaut a0 20-25% [59], nanpumep, afBeHTHBHAS
(hmopa MockoBckoit 0051aCTH HACUUTHIBAET 0KOJIO 25% OT 00IIero Yrciia BUI0B
cocyaucTHX pacternit [60]. B MupoBoM MacmTabe st 56% MaTepUKOBBIX pe-
THOHOB JIOJIS HATYypPaTM30BaHHBIX MPUIIEIbICB He mpeBbimaet 10%, u TOIbKo
2% TteppuTopuii (yMepeHHBIE U cyOTponudeckue obmactu CeBepHOH AMEpHUKH
U ABCTpajnu) XapaKTepH3yIOTCsl BBICOKUMH YPOBHSIMHE HATYypaTU3al[iy aIBCH-
TuBHBIX pactenuil — 40% wu Beime [61]. Unciao 3aHOCHBIX BHUAOB 3aBHUCHT OT
IUTONaId TEPPUTOPHH, IIHUPOTHOTO TPaJUeHTa, JJIUTEIBHOCTH NepHuoja, B Te-
YeHHEe KOTOPOTO NMPOUCXOANT 3aHOC HOBBIX BHIIOB, CTETICHN ypOaHu3amun. Taxk,
B JIECHBIX 9KOcHcTeMax EBpomnbl BhLBICHO B 0011el cioxkHOCTH 386 uyxepo-
HBIX BHJOB (YTO COCTaBIsIeT 7% BCEX 3apETHCTPUPOBAHHBIX COCYIOHMCTHIX pac-
TeHuit) [62], Torna xak agBeHTHBHas (pakuus B ropoackux ¢uaopax CpenHeit
EBpomsr coctaBnsier 40,3% [59].

®ropa 3amasHBIX HU3KOTOPHH AJTas NMPOTECTHPOBAaHA IO LIKAJaM TeMe-
pobuansHOCTH [44, 52] 1 TeMepoboTtosiepanTHOCTH [51]. TTo mkane H.I. Wib-
MUHCKHX olpeneneHsl 656 BugoB (58,5% oT ¢uopsl uccienyemMoi TeppuTo-
pun); mkane M.M. Uepocora, b.H. [lectpsikoBa, pazpabotanHoi ans SKyTuu
[50], — 515 (46,6%); mkaie Hemenkux uccienopareineii C. Kinorna, B. Kronuka,
A. ®panxa [47-49] — 521 (47,2%). B ux umncne abopurennsie Bumsl — 50,6;
43,1; 39,7% coOTBETCTBEHHO. JTH HIKaJIbl pa3paboTaHbl I TEPPUTOPUH, OT-
JUYHBIX 110 KIMMaTHIeCKUM (Kak oTMedanock panee [50], B ycmoBmsax SkyTun
CTEMeHb TeMEPOOUH MHOTHX BHJIOB H3MCHSETCS) M SKOHOMUYECKIM yCIOBHSIM,
U HE MOTYT HCIIONB30BATHCS ISl XapaKTEPUCTHKH (DIOPHI 3aMa HBIX HU3KOTO-
puii Antas. Beicokoe coOOTBETCTBHE TEMOHCTPUPYET aMIUTUTYAHO-ONITHMYMHAs
nIKajga reMepoOOTOJIepaHTHOCTH, pa3paboTanHas s rora Cubupu [51], tae
npenctasiaeHs! AaHHble At 1 015 Bugos (91,9%) uccnenyemoit ¢iopsl; B ux
grcie abopurenHsle pacteHUs — 92,8%. TecTOBBIN BapHaHT IIKAJBI MIPEICTAB-
neH B nporpamme IBIS (Bepcus 7.2), HemonHble (MIpelBapUTENIbHbBIE) CTATyChI
uMeror 100 BumoB uccneayeMoit giaopsl. HTETpanbHbIN WHICKC HAPYIICHHO-
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cTH A5 PIIOPHI 3amagHbIX HU3Koropuit Antast — 3,5% (9 rpamanuii B mkane), ee
anodurHo#t ¢ppaxuuu — 3,3. B cocraBe cuHaHTponHOHN (pakiuu GIOpsI 3amnaj-
HBIX HU3KOTOpWI AJTas CyIIECTBEHHO BO3PACTAeT MO BBICOKOTOJNEPAaHTHBIX
BHJIOB, YTO MTOKA3bIBaeT paclpe/iesieHne ONTUMYMOB HHINKATOPOB MO I'pagalu-
SIM IIKaJBI (Ta0. 4).

Ta6numa 4 [Table 4]
Pacnipenesnienue onTMMYMOB HHAUKATOPOB 110 rPaJalusiM
LIKAJIbI TeMepPO00TOJIEPAHTHOCTH
[Distribution of indicator optimums on the hemeroby scale], %

I'paganun mixanst ®ropa rora ®dropa 3anagHbIX HU3KO- CHuanTpOTHAs
remepoboToIe- Crbupu ropuil Astas B LIEJIOM dpakuus ropsr
PaHTHOCTH [Flora of the south [Flora of the western [The synanthropic
[Grades of the hem- of Siberia]* lowlan.ds O.f the Altai fraction of the flora]
eroby scale (1-9)] mountains, in general]
1 3,262 5,520 0,368
2 24,185 31,855 6,985
3 16,474 22,443 9,191
4 10,346 8,959 6,985
5 7,084 5,973 9,191
6 9,621 5,430 13,603
7 9,720 5,158 17,279
8 7,545 6,063 22,794
9 2,273 0,453 0,735
Craryc He
oTIpesieNieH 0 8,145 12,868
[Undefined status]

* Tanuble ams rora Cubupu [51] paccunranst s 2 747 TAKCOHOB-UHUKATOPOB.
[* Data for the south of Siberia [51] were calculated for 2 747 indicator taxons].

Hauboitee BoICOKHE MOKa3aTey reMepoOOTOIepaHTHOCTH (Tpaganuu 8 u 9)
y 65 BUJIOB CHHAHTPOMHOH (PJIOpBI, B UX uncie anopuTsl (Artemisia sieversiana,
A. vulgaris, Bromopsis inermis, Carduus crispus, Chelidonium majus, Chenopo-
dium album, Cirsium setosum, Convolvulus arvensis, Crepis tectorum, Galeopsis
bifida, Geranium sibiricum, Lappula squarrosa, Persicaria scabra, Polygonum
aviculare, Taraxacum officinale n ap.) u 28 anBeHTHBHBIX pacTeHuit (Conium
maculatum, Conyza canadensis, Echinochloa crusgalli, Echinocystis lobata,
Echium vulgare, Lepidium ruderale, Medicago sativa, Panicum miliaceum, Pas-
tinaca sylvestris, Tragopogon dubius, Tripleurospermum inodorum). B To xe
BpeMst 11 32 aBEHTHBHBIX BHIOB CTaTyC TeMepoO0ToNepanTHOCTH Ha fore Cu-
OWpH MOKa He OIpeelieH; B UX YUCIe KaK H3peIKa CAMHUIHO WA HeOOIbIINMU
3apocisiMu BeTpeuaromuecs (Anchusa officinalis, Asperugo procumbens, Bro-
mus squarrosus, Cuscuta campestris, C. epithymum, Datura stramonium, Draba
huetii, Lapsana communis, Lycopsis orientalis, Silene dichotoma), Tak u o0pazy-
rorue obmmpHbie 3apociu Bunsl (Cyclachaena xanthiifolia, Euphorbia falcata,
Galium vaillantii, Solidago canadensis).

Joins amBeHTUBHBIX BHIOB BO (IIope, a TakkKe aHAIN3 10 IIKaJle reMepoOoTo-
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JIEPAaHTHOCTH CBUIETEIBCTBYIOT O HEBBICOKOH CTENEeHH TpaHC(hOopMaIiu (GIopbl
3anaJHbIX HU3KOTOpUi ANTasi, HECMOTPA Ha TO, YTO NaHHAasi TEPPUTOPHS UCIIOIb-
3yeTCsl B CEINBCKOM XO3SICTBE M TOPHOAOOBIBAIONICH NMPOMBIIUICHHOCTH Oojiee
300 net. [lpuunHamMu, clep>KUBAIOIIUMHU PACIIPOCTPAHEHUE CHHAHTPOITHBIX pac-
TEHHM, ABISIIOTCA OTCYTCTBHE KPYIHBIX aBTO- U X.-J. MarucTpaied U HU3KUI
ypoBeHb ypOaHu3auu. THTEHCUBHOE pa3BUTHE TyPUCTHUECKONH UHPPACTPYKTY-
PBI MOJKET IPUBECTHU K YBEIMICHHUIO aHTPOIIOTEHHOH TpaHChopMaIn GpIopsl.

3akir0uenne

Takum 00pa3oM, YCTaHOBJIEHO, YTO COBPEMEHHBIH COCTaB CHHAHTPOITHOMN
(ropsl 3amafHBIX HU3KOrOpui AnTas BKJIIOYaeT 272 BHUAA, U3 KOTOpHIX 105 sB-
JISFOTCS 9y KEePOAHBIMH, a 167 anoduramu. AHaIn3 TAKCOHOMUUYECKON CTPYKTY-
PBI IOKa3ajl, YTO CIEKTP BEAYILIUX CEMEMCTB CHHAHTPOMHON (hpakiuu OIU30K K
TaKOBOMY T€HEPaJIHHOM COBOKYITHOCTH (DJIOPEHI, HO €T0 CTPYKTypa U3MEHSICTCS —
noHmwkaercs paHr Poaceae, Fabaceae, Rosaceae, Cyperaceae; Ha Tuaupymouye
MO3UIMHK BHIXOAAT Brassicaceae, Lamiaceae, Chenopodiaceae. AHanu3 TUIOINO-
TUYECKUX 3JIEMEHTOB CHHAHTPOITHOW (DIOPHI BBISBUI, YTO 3TO IVIABHBIM 00pa3oM
IMpOKOapeabHbIe BUABI (TONIAPKTHUECKHUE, TTaleapKTHIeCKue, 3amaqHonaieap-
KTUYECKHE, KOCMOMOJIHUTHI ), IPEANOYUTAIOIINE MECTOOOUTAHUS C HEOOIBIINM Tie-
PHOIMIECKAM HEIOCTATKOM BIIATH WIIM C JOCTATOYHBIM yBIaKHEHHEM, — KCEPO-
Me30(UTHl U Me30(UTHL; IBE TPETH OT OOLIETO YnCIIa SBISIOTCS HeneTpouramu.
JlaHHBIE HKOJIOTO-IICHOTHYECKOTO aHAIHM3a TTOKA3bIBAIOT, YT 55% abopUTeHHBIX
BUJIOB anio(pUTOB, MEPEXOIAMIUX Ha aHTPOTIOT€HHBIE MECTOOOUTAHHUSI, OTHOCSTCS
K CTEITHOMY U KyCTapHUKOBOMY KoMIuTekcaMm. J{ois anBeHTHBHBIX BIIOB (11,6%)
Y JaHHBIE aHAJIM3a MO IIIKajie TeMEepOOOTONIEPAHTHOCTH CBUIIETENLCTBYIOT O He-
BBICOKOM CTENCHU aHTPOIIOTCHHOU TpaHC(hOpMaIiy (GIOphl 3alaJHBIX HU3KOTO-
puit Anrasi.
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Synanthropic flora of the western lowlands of the Altai mountains

The aim of the research was to study the composition and the characteristics of the
synanthropic flora of the western lowlands of the Altai mountains. The territory is located
in the north-west of the Altai mountains (See Fig. 1). It is represented by the Kolyvan
Ridge and a part of the adjacent Pre-Altai Plain with low stony arrays along the Alei
river, the Loktevka river, the Belaya river and the Charysh River (within geographical
coordinates 50°45'-51°45'N, 81°35'-82°46'E). About 300 years ago, on this territory
there were discovered deposits of non-ferrous metals and ornamental stones. The start of
mining originated from the beginning of deforestation and plowing of the adjacent steppe
territories. Besides agricultural use, touristic and recreational use of the territory is being
intensively developed nowadays. However, the western lowlands of the Altai mountains
are the main areas for keeping the biological diversity of the Altai-Sayan region, especially
the steppe biome. Therefore, synanthropic plants of this region need to be studied due to
the anthropogenic pressure on natural ecosystems that creates a problem today.

We have been studying the synanthropic flora of the western lowlands of the Altai
mountains since 1996. This research includes the results of our field studies published
earlier [Maslova OM, 2003] and recently (the herbarium is kept at ALTB and KUZ), as
well as data of other researchers [Ebel AL, 2012; Silant’eva MM, 2013; Kopitina TM,
Terehina TA and Nekrasova NV, 2003; Kleshcheva E, Korolyuk A and Lashchinsky N,
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2005; Usik NA, 2014]. In the synanthropic flora, we included species which are
adventive on the studied area and apophytes encountered in disturbed habitats. We
analyzed systematic and typological structure of the synanthropic flora to identify its
characteristics. The flora of the western lowlands was tested according to hemerobility
[Kunick W, 1974; Klotz S, 1984; Frank D and Klotz S, 1990; Pestryakov BN,
Cherosov MM and Ishbirdin AR, 2011] and hemeroby [Zverev AA, Sheremetova SA
and Sheremetov RT, 2018] scales in the app IBIS (version 7.2).

We established that the flora of the western lowlands of the Altai mountains is
represented by 1105 species, 455 genera and 109 families of vascular plants. The
synanthropic fraction of the flora embraces 272 species, 173 genera and 41 families.
Families Asteraceae, Brassicaceae, Poaceae, Chenopodiaceae, Lamiaceae are prevalent
while Fabaceae, Rosaceae, Cyperaceae are losing their leading positions, traditional
for the natural flora (See Table 1). Such genera as Chenopodium (8 species); Potentilla
(7); Centaurea, Artemisia, Cirsium, Rumex (6 species each); Cuscuta, Plantago
and Trifolium (including Amoria) (5 species each) are equally represented. The
arealological analysis was carried out on the basis of the modern settlement of species;
11 types of areas were identified in the synanthropic fraction (See Table 2). Among alien
species, Holarctic species hold the first place while Palearctic species prevail among
apophytes. Ecological analysis was executed for the synanthropic fraction as a whole
and its individual parts (apophytes and alien species) for two factors: the relation of
plants to the conditions of moistening (See Table 3) and the stony substrate. In the
synanthropic flora, xeromesophytes and mesophytes are prevalent. According to the
stony factor of the substrate, two ecological groups were revealed: optional petrophytes
(29.4%) and non-petrophytes (70.6%). There were 6 floristic complexes identified in
the eco-coenotic structure of the synanthropic flora: ruderal, steppe, meadow, valley,
shrub and forest. 105 adventive species and 44 apophytes are attributed to the ruderal
complex. These are plants that are widespread in the anthropogenic habitats. Among
them are apophytes, such as Amaranthus retroflexus L., Arctium lappa L., Carduus
crispus L., Chelidonium majus L., Chenopodium album L., Convolvulus arvensis L.,
Cynoglossum officinale L., Descurainia sophia (L.) Webb ex Prantl, Dracocephalum
thymiflorum L., Lactuca serriola L., Polygonum aviculare L., Psammophiliella muralis
(L.) Ikonn., Setaria pumila (Poir.) Roem. et Schult., Sisymbrium loeselii L., and
Spergularia rubra (L.) J. Presl et C. Presl. Some apophytes (123) are also found in
natural (or intact) communities. The steppe complex includes 34 species encountered
in common (Lappula consanguinea (Fisch. et C.A. Mey.) Guerke, Orobanche cumana
Wallr., Sisymbrium polymorphum (Murray) Roth) and stony steppes (Artemisia frigida
Willd., Erysimum cheiranthoides L., Potentilla bifurca L., Teloxys aristata (L.) Moq.).
The meadow complex comprises 22 species from dry (Achillea millefolium L., Amoria
repens (L.) C. Presl, Bromopsis inermis (Leyss.) Holub, Calamagrostis epigeios (L.)
Roth, Medicago falcata L., Trifolium pratense L.) and saline (Cirsium esculentum
(Siev.) C.A. Mey., Melilotus dentatus (Waldst. et Kit.) Pers., Polygonum patulum M.
Bieb.) meadows. The valley complex contains 23 species (Calystegia sepium (L.) R. Br.,
Cirsium setosum (Willd.) Besser, Lycopus europaeus L., Potentilla anserina L.). The
shrub complex (34 species) is extremely heterogeneous (Cuscuta lupuliformis Krock.,
Fallopia convolvulus (L.) A. Love, Galium vaillantii DC. et DC., Sonchus arvensis
L., Artemisia glauca Pall. ex Willd.). The forest complex (10 species) is represented
by the plants of forest meadows and forest edges (Chamaenerion angustifolium (L.)
Scop., Dactylis glomerata L., Leucanthemum vulgare Lam., Prunella vulgaris L.,
Rumex acetosella L.). From the synanthropic flora of the western lowlands of the Altai
mountains, 31 species are included in the Black Book of Siberian flora. On the whole,
the adventive species in the flora of the western lowlands of the Altai mountains rise
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up to 11.6%. To compare, the part of the alien species in the flora of Altai Region is
13.7%, in the Altai Republic - 10.6%, in Kemerovo Region - 11% and in the Baikal
Siberia - 13%. In regional floras of Eastern Europe the part of alien species reaches 20-
25%. The low level of urbanization and the absence of large transport routes restrains
the spread of synanthropic plants. On the contrary, the increasing use of the territory for
recreational and touristic purposes leads to the intensification of the anthropogenic flora
transformation. We found out that to analyze the flora of the western lowlands of the
Altai mountains, any scale of hemerobility and hemeroby is not suitable, specifically
the scales of hemerobility developed for East Germany (DHEM), the Northern Volga
region (IHEM) and the Yakutia (YA HEM). This fact arises from a low compliance of
these scales (IHEM - 58.5%; YA HEM - 46.6%; DHEM - 47.2%) to the floristic list of
the area being subject of studies. A high compliance was proved by using the hemeroby
scale developed for the south of Siberia whose data amount to 91.9% of the studied
flora. The integral disturbance index was calculated using the IBIS program. For the
flora of the western lowlands of the Altai mountains, it is equal to 3.5 (9 grades in the
scale); its apophytic fraction is 3.3. In the composition of the synanthropic fraction
of the flora of the western lowlands of the Altai mountains, the proportion of highly
tolerant species (gradations 8-9) significantly increases (See Table 4).

We can conclude that the modern composition of the synanthropic flora includes
105 alien species and 167 apophyte species. In the spectrum of the leading families
of the synanthropic flora, we revealed significant modifications as compared with the
data of the overall flora complex. The analysis of typological elements established that
synanthropic plants are mainly species widespread in large areas (Holarctic, Palearctic,
West Palaearctic, cosmopolites); most of them are xeromesophytes and mesophytes;
two thirds of them are non-petrophytes. Eco-cenotic analysis data show that 55%
of aboriginal apophytes that migrate to anthropogenic habitats belong to the steppe
and shrub complexes. The part of alien species (11.6%), as well as the results of the
analysis on the hemeroby scale, indicate a low degree of transformation of the flora of
the western lowlands of the Altai mountains.

The paper contains 1 Figure, 4 Tables and 62 References.

Key words: higher vascular plants; alien species; invasive plants; anthropogenic
influence.
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Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2019. Ne 47. C. 103—122
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B.A. Yepémymkuna!, E.b. TanoBckast!,
A.JO. Acramenkos!, A.A. I'yceBal, C. JIxxymanoB?

! [Jenmpanonwiii cubupcruii 6Gomanuueckuti cad CO PAH, 2. Hosocubupck, Poccust
2 Akcy-2Kabaznunckuil 2ocydapcmeennvlii 3anogednux, noc. XKabaznwl, Kazaxcman

buonorust Thymus dmitrievae Gamajun. (Lamiaceae)
Ha 3a10BeIHOM TePPUTOPHUHM (3an0oBeIHUK AKCYy-Kadaribl)

Pabota BrimonHeHa mpu nopaepskke rpanta PO®U B pamkax HaydHOTO MIPOEKTa
Ne 18-04-00621 u B pamkax rocygapcTBeHHOro 3a7aHus LleHTpansHOTO
cubupckoro 6orannueckoro caga CO PAH Ne AAAA-A17-117012610053-9.

Hsyuenwr apxumexkmypa u onmomoppoeenes Thymus dmitrievae 6 yciosusx
8vicoKko2opHbIX  cmeneti  Tanacckozo  Anamay  (3anosednux  Axcy-)Kabaenwi).
Yemanosneno, umo scusnennas gpopma suda — kycmapHuuex. Bnepsvie 6 cmpykmype
nobezoeoii cucmemuvt T. hymus dmitrievae evi0eneno mpu apxumexmypuvie eOuHUybl,
KOmopvle OMAUUAIOMCA NO NOLONCEHUIO COCMABHOU CKELEMHOU OCU: OPMOMPONHO-
nAG2UOMPOnHAa, niacuomponuas, opmomponuas. Ilokasano, ymo npu usmeHeHuu
VCA0BULL NPOUSPACMAHUA Y 0CO0ell 8UOA NPOABIAEMCI NOTUBAPUAHIHOCHIL DA3SUMUSL.
Ha yuacmkax cybcmpama, c60000HbIX OmM KAMEHUCMO-UWEOHUCTNBIX BbIX0008 6
cmenu, apxumexkmypa 1. dmitrievae ckradvieaemcs 3a cuem MHO2OKPAMHOZ0
NOBMOPEHUs. 8CeX apXumeKmypHuIX eounuy. Bspocnas ocobb npedcmasnsem co6oil
KYPMUHY, COCMOSUYYIO U3 NEPEUUHO20 U NAPYUATLHLIX KYCmos. B mopghozenese ocobu
npoxoosm Gazy nepeuuHozo nobeza, NepPEUYHOZO KYCma, KYpmuHbl, NAPYUATLHOZO
Kycma u cucmemvl hapyuanvhuix kycmos. Y T. dmitrievae na nousenno-weOHucmom
cybempame cmpykmypa CKaaobleaemcs 3a cuem MHO20KPAMHO20 NOSMOPeHUs 08yX
apXumeKmypHuix eOuHUuY: NIASUOMPONHO U opmomponHou. B moppoecenese ocobu
npoxooam @azvl nepauyHo2o nobeza u nepguyHozo kycma. Ocobennocmu pazeumus
T. dmitrievae as1s10mes MexaHusMamu aoanmayuu 6uodd K npouspacmanuio 8
BbICOKO2OPHBIX CIENSIX.

KoaroueBble cioBa: Thymus dmitrievae; apxuTeKTypHas equHHLA; MOpOreHes;
Mopdoornyeckas afanraius; KycrapHuiek; Tanacckuit Anaray.

BBenenune

Wzyuyenne Onornoruu mo0OTro BHIA PACTEHHH ITOApa3yMeBaeT TIIATEIBFHOE

H3y4YeHHUE CTPYKTYPBI 0cO0eH U UX pa3BUTHS. B CBA3M ¢ 5TUM B TIOCTIeTHEE BPEMsI
OTEYECTBEHHBIMHU U 3apyOS)KHBIMHU HCCIICIOBATEISIMU IIPIMEHSICTCST apXUTEKTYP-
HBIX aHAJIN3, TO3BOJISIFOIIUH I€TaIbHO U3YUUTh T0OETOBYIO CUCTEMY 1 HU3MEHEHHE
ApXHUTEKTYpHI 0co0eli B oHTOreHe3e. HakomieHHBIH (haKTHYeCKIii MaTepHai OT-
pakaeT 0COOEHHOCTH apXUTEKTYPhI Y JepeBbEB, KycTapHUKOB [1—8] u yacTnuHo
y TpaB [9—11]. KycTtapHHYKY B 3TOM IUIaHe H3y4eHbl ciaabdo [12, 13]. XKusneHnas
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(opMa KycTapHHUYKa xXapakTepHa jis BuaoB poxa Thymus L. E.E. [oruHoit Ha
IpUMepe B OCHOBHOM €BPOIIEHCKHUX BHIOB HOJIPOOHO OXapaKTepH30BaHbI HX IO~
OerooOpazoBaHue, pa3HOOOpa3He )KU3HEHHBIX (HOpM, 0COOCHHOCTH MOP(OTreHe3a
[14-16]. C mo3umnuu apXUTEKTypHOTO MOAX0/1a CTPYKTypa U Pa3BUTUE TUMbSIHOB
B TUTEpAType MpaKTHIECKH He onucansl [17, 18].

Thymus dmitrievae Gamajun. (Lamiaceae Lindl.) — Bua, pacnpocTpaHeHHbIH
B Cpenneii A3um B ropax Tsub-1llans [19]. Ero mMecTtooOuTaHusi puypOdYCHBI
K OTKPBITBIM KaMEHUCTHIM CKJIOHAM, CKaJbHBIM BBIXOJAM M OCBIISIM, TPEBHUM
MOpEHaM U JOJIUHaM peK. 1. dmitrievae Ipou3pacTaeT B CTEIHBIX COOOIIECTBAX
JIECHOTO, CyOaNbIUICKOr0 U aJdbIUIICKOTO MOSICOB TOP, I1ie 00pa3yeT JOoKaIbHbIE
mommymsAuy. EqnangHO 0co0u BHIa BCTpEYaroTesl B apueBOM mosice ¢ Juniperus
semiglobosa Regel, J. turkestanica Kom. u Picea schrenkiana Fisch. et Mey.
[20, 21]. UccnenoBanus [.A. AtaxkxaHOBOH ¢ coaBT. [22] moka3anu, 4To 3QUpHOE
Macio 1. dmitrievae o0nafaeT BHICOKOM LIUTOTOKCHYECKON aKTHBHOCTBIO U SIB-
JSIETCS] HICTOYHUKOM HOBBIX COSIMHEHHH C IPOTUBOOITYXOJIEBBIM JeiicTBreM. [1o
nanHeiM A IT. 'amaronoBoit u A.A. JImutpuesoii [19], T dmitrievae B pa3HbIX
MeCTax OOWTaHWS OTIMYACTCS ITIOTHOCTHIO TOJIOBYATOTO COIBETHS, PasMepaMu
JHCTBeB, (hOpMOH 3yOII0B yameuky 1 e€ omynienneM. JlaHHbIe 0 OMONIOrHy BUa
B JINTEpaType OTCYTCTBYIOT. Llenb paboThl — n3ydeHne apxXuTeKTypsl 1 Mopdore-
He3a 1. dmitrievae 11 BBISIBIEHUS MOP(OIOrHUECKIX MEXaHU3MOB aNTaLUH K
YCIIOBUSIM TIPOM3PACTAHMSL.

MarepuaJjbl 1 METOAUKH UCCJIET0BAHUS

HccrnenoBanme mpoBeIeHO HAa TEPPUTOPUHU 3amoBeqHHKa AKCy-’KaOarmisl.
3anoBeJHUK 3aHUMAET OOJIBIIYIO YaCTh CEBEPO-3aMaaHoll okoHeuHocTH Tamac-
ckoro Ajatay ¥ CMEXHBIH C HAM Y4acTOK Yramckoro xpebrta. MecrooOura-
HUS BUJIa IPUYPOUEHBI K CTEISIM, PACIIONOAKEHHBIM 10 KAMEHHUCTO-II€OHUCTHIM
CKIIOHaM TOp, MOpPEeHaM M ocChIisIM cpeaHeropuit (1 700-2 300 M Hag yp. M.) H
Boicokoropuii (2400-3300) [23]. T. dmitrievae HepeaKO JOMUHUPYET B COCTa-
BE TOMIJIISIPOB, BCTPEUAIOIINXCS JIOKATIBHO MO BCEH TEPPUTOPUHN 3aIIOBETHHUKA
[24]. ITouBeHHBIH NOKPOB B MECTaX MPOU3PACTAHUS BUIA MOKPHIT ICOHEM, He-
pEeIKo ¢ BEIXOJAMH KPYIHBIX KaMHEH 10 MeTpa B JHaMeTpe.

Marepuan cobpan B yumienbe p. Kmm-Kaunnel, ceBepHblii Makpockiion Ta-
nacckoro Auraray. JInst aHanmu3a apXUTeKTypbl ocobelt 7. dmitrievae BHIOpaHO Ba
y4dacTKa, OTIMYAIOUINXCS 110 XapakTepy cyocTpara.

1. BepxoBbe p. Kim-Kanusl, ckimon 3amanHoit sxcro3unuu, KpytnzHa 20°,
BbicoTa 2 206 M Hax yp. M. (42°22'3"N, 70°34'37"E). Bepxuas rpanuna apue-
BOTO IOsICa, Pa3HOTPABHO-THUITYAKOBAsI BRICOKOTOPHAs cTenb (Festuca kryloviana
Reverd., Poa bulbosa L., Helictotrichon pubescens (Huds.) Pilg., Carex dimor-
photheca Stschegl., Pedicularis dubia B. Fedtsch., Artemisia aschurbajewii
C. Winkl.). Ilo4uBbI TeMHO-KOpPUYHEBBIE C BBIXOAAMU KaMHelH. OO0Iee IpOeKTHB-
HOE TOKpEITHE TpaBocTost 30%, poekTuBHOE OKpEITHe 1. dmitrievae — 2%.



buonozua Thymus dmitrievae Gamajun. (Lamiaceae) 105

2. Cpennee teuenue p. Kmm-Kannbl, CKII0H BOCTOUHOM IKCIO3UITNH, KPYTH3-
Ha 15°, Beicota 1 808 M Hag yp. M. (42°24"25"N, 70°34'4"E). [losc apueBHHUKOB,
3aKyCTapeHHasl pa3HOTPaBHO-KOBBUIbHAS BhICOKOTOpHAs cTenb (Dasiphora phyl-
localyx Juz., Stipa capillata L., Helictotrichon pubescens (Huds.) Pilg., Carex
dimorphotheca Stschegl., Ziziphora clinopodioides Lam., T. dmitrievae). T1ouBbl
BBIILIEIIOUYEHHbBIE, TOKPHITHIE IeOHeM. O011ee MPOSKTUBHOE MOKPHITHE TPABOCTOS
30%, npoeKTUBHOE NMOKpbITHE Buaa — 3%.

B cootserctBui ¢ kinaccugpukanueit M.T. Masypenxko u A.I1. Xoxpsikosa [25]
B CTpYKType KycTay 7. dmitrievae BblienieHBI 3(peMepHbIe modery, mooery BETBIIe-
HUS U (pOpMHUPOBAHUS, COCTABHASI CKEJIETHAS OChb. D(eMepHBIi OOET — OTHONIET-
HUH, BHIITOTHSAET POJIHh 00OTAIECHNS KyCTa aCCUMIISITHOHHBIME U PETIPOIYKTHB-
HBIMU OpPraHaMH, HE y4acTBYeT B MOCTPOCHUU MHOTOJIETHEH CHCTEMBI MOOETOB.
PazBuBaercs cimmentrdaecku. [loOer BeTBICHUS — MHOTOJICTHUH, NTpeIHAa3HAYCH
JUIS YBEJIMYEHHUS BEreTaTUBHOW MHOTOJETHEH Macchl aCCHMUJISIIMOHHBIX Opra-
HOB U CEMEHHOM MPOAYKTUBHOCTH. B OCHOBHOM pa3BUBAETCS U3 3UMYIONIHX TI0-
yek. [ToOer ¢popMHupoOBaHUS — 3TO MHOTOJIETHUH 1OOET, BHITOTHAIOMUHN (DYHKIIHIO
OMOJIO’KEHHUSI TTOOCTOBON CHCTEMBI KyCcTa W 3aBOCBAaHHSI HOBOTO IPOCTPAHCTBA;
SIBIISIETCSI OCHOBOW [ TMOCTPOEHMsI COCTAaBHOW CKeJeTHOW ocu. PaszBuBaercs
n3 crseit ninu 3umyromen nouku. CocrtaBHas ckenetHas och (CCO) — ato co-
BOKYIHOCTbH MOCJE0BATEIbHO CMEHSIOIUX JIPYT Apyra MHOTOJIETHUX MOOEroB
¢dopmupoBannsa. OHa pa3BUBAETCS HA OCHOBE MOHOIOAMANBEHO HAPACTAIOIIETO
nobera ¢opmupoBanus. [locie oTMHupaHHs TEepMUHAIBHOW MOYKHM ToOera U3
CHsIIeH TOYKK, Hanbolree OJM3KOH K MECTY OTMUPAHUs, pa3BUBAETCs HOBBIH 3a-
Menrauil noder GpopMupoBaHus, MOBTOPSIOMUI TpeasAymid. Hapactanue
CCO T dmitrievae MoHOTIOTHATBHO-cHUMITONHANIbHOE. Kaxknplii mobder dopmu-
pPOBaHMA B CTPYKTYpE OCH IpPEACTaBIseT co0oii e€ mpupocT. B 3aBucUMOCTH OT
TIPOUCXOXKIeHUs BhIneneHb! TiaBHas u marepuHckas CCO. [masras CCO — sto
0Cb, KOTOpasi chopMHUpOBaAIACh HA OCHOBE NMEPBUYHOIO 1MOOETa U UMEET CBA3b C
IJIaBHBIM KopHeM, MaTepuHckast CCO — 310 mo6as ock n-ro nopsaka. Ha rraBHO#
u marepuHckoit CCO paszBuBatorcst CCO 1-ro (wu n+l), 2-ro (uau n+2) u T.1.
opsAKOB. B paboTe mprMeHeHbI TEPMHUHBL: PO3ETOYHBIH, O€3P0O3ETOUHBIH, TTOTY-
po3eTouHbli [26], BepXHEpO3eTOUHbIH [27] U cpeaneposeTouHbli moder [28].

[Ipu onricannn noGeroBoit cuctemsl 1. dmitrievae HCTIONB30BaH apXUTEKTYP-
HBII MOJXOM M BBIACICHA apXUTEKTypHas equHuna [1, 18, 29]. ApxutexrypHas
enuauna (AE) — 3To OCHOBHasl CTPYKTYPHO-(QYHKIIHOHATBHAS SIUHUIIA, COACP-
JKalas MoJTHBIA HAOOP BCeX MEePapXUUECKH COMOJUYMHEHHBIX CTPYKTyp. OHa Xa-
paKTepu3yeTcs OIpeneleHHBIM HaOOpOM TPH3HAKOB (HAIIpaBICHHE POCTa, pac-
MOJIOXKEHUE PENPOJYKTUBHBIX CTPYKTYpP, OCOOEHHOCTH HapacTaHUs, OJIOKEHHE
oYeK BO30OHOBIIEHHSI, YUCIIO SIUHUII O0Jiee HU3KOTO YPOBHS (MeTamep, dJIeMeH-
TapHbI 00T, MOAY/b), [UIMHA U T.J.) U SBISETCS CTAOWIBHOHN y KaXKJ0ro BUJA
pacteHust (MEHSETCS TONBKO KOJMMIECTBCHHO B 3aBHCHMOCTH OT YCJIOBHUI IIPOU3-
pactanus pacteHus) [1]. MHorokparHoe nosropenue AE npusonut k popmupo-
BaHUIO OOIIel apXUTEKTyphl pacTeHus [29]. ApxutekrypHas enuHuna 1. dmit-
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rievae COCTOWT U3 TIaBHOW (Mim MarepuHCKo# n-ro nopsaka) CCO, CCO 1-ro
(umu n+1) nopsaKa, OIMHOYHBIX TOOEroB (hopMUPOBaHHUS 1-r0 mopsiaka, moOeros
BETBJICHUSA U 3()eMEePHBIX TTOOETOB.

Onrorenes 7. dmitrievae u3y4eH COITIACHO KOHLEIIIUU JUCKPETHOTO OIMCA-
Hus, paspadboranHoii T.A. PabotHOBEIM U A.A. YpanoBeM [30]. YV T. dmitrie-
vae BBIJIEIICHO 7 OHTOT€HETUYECKUX COCTOSHUI: MPOPOCTOK (p), FOBEHUIIBHOE (f),
MMMaTypHoe (in), BAPTUHWIBHOE (V), MOJIONIOE TEHEPATHBHOE (g,), 3pENoe TeHe-
paruBHOE (g,) U cTapoe reneparuHoe (g,). ®asel Mmopdorenesa 7. karatavicus
BEIJICNICHBI COTVIACHO XapaKTepucTHKaM, mpuBeneHHbM O.B. CMupHOBOIM U 10-
nonHeHHbIM H.I1. CaBunbix, B.A. Uepémymkunoii [31].

YTouHeHue Xu3HeHHOW GopMbl 7. dmitrievae IPOBENIEHO C HCIIOIB30BAHUEM
9KoJI0ro-Moposoruueckoil Kiaccupukanuu xxu3HeHHbIx hopm WN.I. Cepebpsiko-
Ba [26]. Tun 6uoMopdBI YCTAHOBJICH B COOTBETCTBHUH C (PUTOIICHOTHYECKON KJTac-
cudpukanmerr O.V. Smirnova [30], mocTpoeHHOH Ha OCOOEHHOCTSIX MPOCTpaH-
CTBEHHOTO pacIpeieeHIsI T0OEToB, MOYeK BO30OHOBIICHNUS U KOPHEH pacTeHusl.

JJ1s cTaTUCTHYECKOTO aHAIK3a Ha TIEPBOM Y4acTKe (B Pa3HOTPABHO-THITIAKO-
BOH BBICOKOTOPHOH cTenu) u3 250 u3ydeHHBIX 0cobel oToOpaHo 1o 25 ocobeit
Ka)JI0OTO OHTOTCHETHUECKOTO COCTOSHHA. Y KaXA0H 0COOM MOACUUTAHO UYUCIIO
BETCTAaTUBHBIX U T€HEPATHBHEIX ITOOETOB B CTPYKType KyCTa, UX IJIMHA, YUCIO
COCTaBHBIX CKEJIETHBIX OCEH M MaplualbHBIX KYCTOB, Auamerp kycra. Craru-
cTHYecKast 00paboTKa IMOTyIEeHHBIX JaHHBIX IIPOBEICHA C IIOMOIIBIO TPOTPAMMBI
Microsoft Excel. J{ns kakmoro npu3Haka paccuuTaHa CpeiHss apupmMeTnieckas
CO CTaHJIAPTHOW ONIMOKON, CTATHCTUYECKAs 3HAUMMOCTh Pa3IMUMi pacCUUTaHa C
nomMolnpto -kpurepus CreionenTa (95%-Hblil ypoBeHb 3HAYUMOCTH).

Pe3yabTarsl Heccaeq0BaHuS U 00CYKIeHIE

B ycnoBusx BeICOKOTOpHBIX creneit Tamacckoro Anaray 7. dmitrievae pas-
BHBaeTCs M0-pa3HOMy. [Ipy M3MEHEHNH YCIOBUN NIPOU3pacTaHusl y 0coOel BHIa
MEHSIOTCS] apXUTEKTYpPa, X0 OHTOMOpQoreHesa u Tuil 6uoMopdsol.

Uzyuenwue T. dmitrievae, MpOU3pacTaroIlero Ha CBOOOIHBIX OT KAMEHHUCTO-1E0-
HHUCTBIX BBIXOIOB yUacTKax cyOcTpaTa B pa3HOTPaBHO-TUITYAKOBOI BEICOKOTOPHOM
CTEIH II0Ka3aJI0, YTO B €T0 MOIMYILIIIN BCTPEYAIOTCSI 0COOU KaK CEMEHHOTO, TaK U
BEreTaTUBHOTO MPOUCXMKIEHUA. B xome Mopdorenesa reHeTa mocieaoBaTelbHO
pOXoIuT (pasy MEepBUIHOTO 1MOOETa, MIEPBUIHOTO KycTa, KypTHHBL, paMeTa Ipo-
X0IuT (hazy mapUalIbHOTO KYCTa, CHCTEMBI MapIMaibHbBIX KYCTOB.

Ha naganpHBIX 3Tamax oHTOTeHE3a (IPOPOCTOK, IOBCHIIIEHOE COCTOSTHHE) 0CO-
OU mpescTaBIAIOT co00M OpTOTPONHbIH MepBudHbIA noder (puc. 1). IToGer mpo-
POCTKa UMEET JIBE CEMSIONH U OIHY-ABE Haphl CYIIPOTHBHO PACIIONOKEHHBIX Ha-
CTOSIIIUX TUCThEB. CeMSI0MIM MUPOKOSHIIEBUHBIE C CEPALIEBUIHBIM OCHOBaHHUEM
7 BBIEMYATOW BEpXymIKoi, menkue, 10 0,4 cM jumHBI, yepemkoBbie. JInCTOBbIC
IUIACTUHKH MPOPOCTKa Takxke 10 0,4 cM JTMHBL, SIIUNTHYECKON (POPMBI C KOPOT-
kuM geperrtkom 10 0,1 cm gmuabl. ['unokornis 0,9 oM, stukotwns 0,6 M JITHHEL.
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P 1 im v &1
Ll
TIepBHYHBIH TT00ET

[Primary shoot]

TIePBHYHEILA KycT [Primary bush]

KypTHHA [Clump]

a/I\,b(P,cF,dQ,e%i,fﬂ,g"‘,h*,i_

Puc. 1. Cxema mopdorenesa renetsl Thymus dmitrievae (I — 3peMepHBIN TeHEPATHB-
HBII 00er; 2 — IMIUKINYEeCKAI TeHePaTUBHBIN O0eT BEeTBICHUS; 3 — OPTOTPOITHBIH
BEreTaTUBHBIA o0er GOpMHUPOBaHHUS; 4 — IIIATHOTPOIIHBIN BETeTaTUBHBIN mo0er
(hopmupoBaHUS; 5 — IEPBUYHBIH KyCT; 6 — MapUUANBHBINA KYCT B COCTaBe KypTUHBI;

7 — ITIaBHBINA KOPEHb; 8 — BTOPUYHO CTEP>KHEBOH KOPEHb; @ — BET€TaTHBHBIN MOOET;

b — conBerne; ¢ — MPUAATOUHBII KOPEHb; d — ITOYKA; € — TOAUYHBIN IPUPOCT BEr€TaTHBHOTO
1 TEHEPaTHBHOTO I00eTa COOTBETCTBEHHO; f — YTONIIEHHBII MHOTOJICTHHH y9acTOK 1modera
WU OCH; g — y3€1I; h — CONMMKEHHBIE Y3/Ibl; | — yPOBEHB ITOYBBI; OHTOT€HETHIECKHE
COCTOSIHUSL: p — IPOPOCTOK, j — FOBEHWIBHOE, in — AIMMaTypHOE, V — BAPTHHUIBHOE,

g, — MOJIOJI0€ TEHEPATUBHOE, g, — 3PEJIOE TCHEPATUBHOE, g, — CTapOE TEHEPATHBHOE)
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[Fig. 1. A development scheme of Thymus dmitrievae genet (I - Ephemerous generative shoot; 2 -
Bicyclic generative branching shoot; 3 - Orthotropic vegetative shoot formation; 4 - Plagiotropic
vegetative shoot formation; 5 - Primary bush; 6 - Partial bush as part of the clump; 7 - Main root;
&8 - Secondary taproot; a - Vegetative shoot; b - Inflorescence; ¢ - Secondary root; d - Bud; e - Annual
growth of vegetative and generative shoots, respectively; f - Thickened perennial part of the shoot
or axis; g - Node; / - Close nodes; i - Level of the soil; ontogenetic states: p - Seedling, j - Juvenile,
im - Immature, v - Virginal, g, - Young generative, g, - Mature generative, g, - Old generative]

I'maBHBIN KOpeHb 4 cM amuHON. [IpOPOCTKY MOSIBIAIOTCS] BECHOM M B 3TOM K€
rofy MepexoisT B I0OBEHWIbHOE cocTossHue. Ha mobere 10BeHMIBHBIX 0cobeil co-
XPaHAIOTCS CyXUE CeMAJOJbHbBIE JIUCThI U pa3BepThIBalOTCA elle 2—3 mapsl Ha-
KpEeCT CyNPOTUBHBIX JIUCTHEB.

[To cTpykType MepBUYHBIA MOOET BEPXHEPO3ETOUHBIA JIMHOH 10 1,5 cM.
B ma3yxax Bcex JIUCThEB 3aKJIaIbIBAIOTCA MTOYKHU. [ TaBHBIN KOpEeHb BETBUTCS (110
III mopsinka), yummHsaeTcs U gocturaet 7 cM. CeMeHHOe Bo300OHOBIIeHUE 1. dmi-
trievae o4eHb crnadoe. IIpopocTku U 0cOOH IOBEHWIBHOTO COCTOSIHUS B IOITYJIS-
LUU €IUHUYHBL.

Ha Bropoii rog pa3BuTUs y IMMAaTypHBIX 0COO€i OPTOTPOIHBII NEPBUYHBII
MOOET COCTOMT U3 JBYX TOAMYHBIX MPUPOCTOB (IIEPBOTO — BEPXHEPO3ETOUHOTO H
BTOPOTO — PO3E€TOYHOI0) U TOCTUTAeT 2 cM. M3 modek B na3zyxax JIUCThEB IEPBOTO
TOOMYHOTO MOOera pa3BepTHIBAIOTCS OPTOTPOIHBIE BEPXHEPO3ETOUHBIC BEreTa-
TUBHbIE MoOeru. OOpasyeTcss MOHOLICHTpUYECKUi nepBUYHbIM KycT. daza mep-
BUYHOI'O KyCTa COXpaHseTcsd Ha NPOTKEHUHU cilenyonux 6 net. B ummarypaom
COCTOSTHMU 0COOM HaXOASTCS Ba TOAA. 3a 3TOT NEPHOJ IEPBUYHBIN OOET JOCTH-
raer JJIUHbBI 2,5 CM U COCTOUT U3 TpeX T'OJUYHBIX NMPUPOCTOB. Pa3BepThIBatoTCS
MOYKY B Ma3yXax JIMCTbEB BTOPOr0 TOAUYHOTO MPUPOCTA, 00IIIee YUCI0 OOKOBBIX
moberoB kosebneTcst ot 3 1o 5 mr. (Tabnuna). JJuamerp Kycra He TpeBBIIIACT
3 cm. JlaMHA IMaBHOTO KOPHS 110 8 ¢M, BeTBieHue J0 IV nopsaxa.

BuomMerpuyeckue noka3arejM OHTOreHeTHYECKUX COCTOSIHM I
ocobeii Thymus dmitrievae
[Biometric indices of ontogenetic states of Thymus dmitrievae individuals]

OHTOreHEeTUYECKIE COCTOSHUS
[Ontogenetic states]

im v 8, D 8s
4,0+£0,3 | 6,5+0,5 | 21,6+0,8 | 45,3+0,3 | 26,0+0,5

Bbuomerpuryeckue nokazarenu
[Biometric indices]

Yucno BereTaTMBHBIX OOETOB, IIT.
[Number of vegetative shoots, pcs.]
JlyinHa BereTaTHBHBIX MOOETOB, CM
[Length of vegetative shoots, cm]
Juametp ocobu, cMm

[Individual diameter, cm]

Yucno reHepaTuBHBIX TOOETOB, IIIT.
[Number of generative shoots, pcs.]
JlinHa reHepaTUBHBIX TOOETOB, CM
[Length of generative shoots, cm]
Yucno opToTpOnHO-IIJIar-
orponssix CCO, . 53+12 1,5£03
[Number of orthotropic-
plagiotropic CSA, pcs.]

1,8+0,4 | 1,6+0,3 1,9+0,2 2,2+0,4 1,2+0,3

1,5+0,2 | 4,4+0,6 | 15,4+0,3 | 38,0+0,3 | 26,3£0,5

11,1£0,4 | 27,8+0,4 | 9,7+0,4

1,9+0,2 2,4+0,3 | 2,2+0,2
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OkoHuaHue Tabauiel [Table (end)]

OHTOTeHETHYECKUE COCTOSHHS
[Ontogenetic states]

im v &, 8, &
1,5+0,3 2,0+0,3 7,9+0,7 3,3+0,3

Bbuomerpurueckue nokazarenu
[Biometric indices]

Yucno mnaruorponssix CCO, mrT.
[Number of plagiotropic CSA, pcs.]
Uucno oprorponssix CCO, mr.
[Number of orthotropic CSA, pcs.]
Yucno napuuanbHbIX KyCTOB, IUT.
[Number of partial bushes, pcs.] 3,2£0,6 1,120,2
Ipumeuanue. TIpencraBieHo cpeHeapupMETHIECKOE 3HAUCHUE IPU3HAKA C OIIMOKOH cpejHe-
ro. Ilpu noacyere oprorponHo-miaruoTponHsix CCO HE yuHTHIBaJIM NIABHYIO OPTOTPOITHO-
m1aruoTponHyo ock. CCO — cocTaBHas CKeJIeTHast OCh.

[Note. The arithmetic mean value of the feature and the error of the arithmetic mean value are given in the
Table. When calculating orthotropic-plagiotropic compound skeletal axes, the main orthotropic-plagiotro-
pic axis was not taken into account. CSA - Compound skeletal axis].

1,8+0,5 8,4+1,5 | 11,9+0,8

Ha geTBepTrIii Tog pocT mepBUYHOTO 1MO0ETa 3aKaHINBACTCS N3-32 OTMHUPAHUS
TEPMUHAIBHOM MOYKU B 3UMHUN Tiepuof. OcoOH nepexosiT B BAPTHHUIBHOE CO-
CTOSIHHE, UX HAPACTaHWE C MOHOIOANAIEHOTO MEHSIETCS Ha aKPOCHMITOIHATBHOE.
BokoBoii mober, O1M3KHiA 110 TOJIOKEHUIO K MECTY OTMUPAHUs, CTAHOBHUTCS 3aMe-
IIAIOIINM IT0OETOM (POPMHUPOBAHUS M BIIOCIECACTBHIH mojieraet. Dopmupyercs op-
TOTPOINHO-IUIATHOTPONHAST MOHONOIUAIBLHO-aKPOCUMIIOAHATIBHO HApacTAoLIas
maBHas CCO. bokoBbie TOOETH COXPAHSIOT OPTOTPOITHOE MOJIOKEHUE B TIPOIOI-
aIOT MOHOIIOIUANIBHO HapacTaTh. K KOHILy ISITOr0 roia B CTPYKTYpe KycTa Mpo-
ciexuBaercs auddepeHnuanus O0KOBbIX OOEroB: moderu B 60a3aJbHON YacTH
maBHoi CCO MOMHOCTBIO TOJIETal0T U CTAHOBATCS OCHOBOW Ui IJIArHOTPOI-
HeIX ocelt (CCO 1-ro mopsizika), OCTaNbHBIE COXPAHSIOT OPTOTPOITHOE HAlpaB-
JIEHHE POCTa U ABJISAIOTCS OCHOBOH Aiis hopmupoBanus oprorponHsix CCO 1-ro
mopsnKa. 3a CueT BETBICHUS OOKOBBIX TOOETOB JHAMETP KyCTa yBEIHIHBACTCS
70 7 cM. I'maBHBII 1 OokoBble KOpHU | mopsaka yronmarorcs. JIMHA IIIAaBHOTO
kopHs Oomnee 10 cm.

Ha mecroii rog oco0u mepexofaT B MOJIOZ0€ TeHEpPAaTUBHOE cocTosHue. M3
CIJUICHITUYECKUX MOYEK TOAWYHBIX BETEeTAaTUBHBIX ITOOCTOB pPa3BEPTHIBAIOTCS
OokoBble Oe3po3eTouHble dPeMepHble TeHepaThBHbIe modern. Kpome sToro, B
CTPYKTYpE KyCTa MOSBISIOTCS TUIUKIYCCKUE TIOITy- H CPETHEPO3ETOUHBIC TeHe-
paruBHbIe ToOeru BeTBIeHUs. CoBeTHE MPEACTaBIseT Co00ii TOIOBYATHINH THPC,
COCTOSIIUI U3 CYTIPOTHBHO PACIIONIOKEHHBIX U COMIDKCHHBIX 3—5 map Iuxa3ueB.
B cTpykType KycTa BBIIENSAIOTCS OPTOTPOIHBIE cliabopa3BeTBICHHbBIE B Oa3alb-
HOW YacTH BereTaTuBHBIC moderu popMupoBanust (10 5 cM JumnHON). OHH COCTOST
U3 IByX-TPeX BEPXHEPO3ETOYHBIX BETETATUBHBIX TOAUYHBIX MPUPOCTOB. Pa3BuBa-
FOTCS 3TH IMOOETH U3 CIIANIKMX IMOoYeK B y31ax miarnotporaeix CCO 1-ro mopska.
B nanpHeiieM oHU cTaHYT OCHOBOW AJisi POPMHUPOBAHUS OPTOTPOITHO-IUIATHO-
tporHbIXx CCO n-To nopsinka. Kpome 3Toro0, M3 CHsInX MoveK B 0a3aibHON 9acTH
mwiaruotponHsix CCO 1-ro nmopsinka pa3BUBAIOTCS MHOTOJIETHUE TUIATHOTPOITHbIE
BEpXHEPO3eTOUHBIE TOOEeTH (POPMHIPOBAHHS, KOTOPHIE B TAFHEHUIIIEM TaKKe CTa-
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HyT ocHOBOM a1ist coorBercTBytonux CCO n-ro nopsiaka. Kyer paspacraercs, ero
auametp gocturaer 20 cM. J{IUTeNbHOCTh MOJIOJOTO TeHEPATUBHOTO COCTOSTHUS
1-2 roza.

Ha BocbMOM—I€BATHIN T0OJ 0COOM MEPEXOAT B 3pelioe TeHEPaTUBHOE COCTO-
STHUE | TIPEACTABISIOT OO0 KYPTHHY, COCTOSIIYIO U3 MIEPBUIHOTO U ITapIHallb-
HBIX KycToB. OCHOBOM /It pOPMUPOBAHUS MAPIIHATIBHOTO KyCTa CTAaHOBSITCS Op-
torponHO-TuTarnoTponHsie CCO n-ro mopska, naabHelIIee pa3BUTHE KOTOPHIX
COOTBETCTBYET Pa3sBUTUIO INMaBHOU oproTpomnHo-miarnorponHoii CCO. B tom
MECTE MAaTEPUHCKON OCH, TAE PAa3BHBACTCSA MAPLUHUAIBHBIA KYCT, IPHIATOYHBIN
KOPEHb YTOJIIAETCS, BETBUTCS U CTAHOBUTCSI BTOPUYHO CTEP>KHEBBIM. DopMupy-
€TCsl HOBBIN LIGHTP 3aKpEeIUIEHUs TeppUTOpUU. PaccTosHue OT IIaBHOTO KOPHS 110
HapIUaIbHOro KycTa Kojiebnercs oT 1 1o 18 cm.

Bromopda MeHseTcs ¢ MOHOIIGHTPUIECKOH Ha HESIBHOIIOIHIIEHTPUIECKYIO.
B 3penom reHepaTUBHOM COCTOSIHUM 0COOM HaxoAsATcs okoio 13 jet. 3a 3ToT me-
puox KyptuHa paspacraercs 1o 40 cM B quamerpe. B ee cTpykrype BIaenstorcs
3-8 oprorponHo-mnarnorponssx CCO, 5-15 mnarnorponssix CCO u 5-17 op-
torportHbIXx CCO. B cocTtaBe KypTHHBI MOXET OBITh OT 1 10 7 yKOPEHSIONIHX-
Csl MapIUAIBHBIX KyCTOB. IIpakTHdecku Bce OPTOTPOMHbIE MOOErU MEPEXOIsT K
BeTeHH0. OCOOEHHOCTHIO TTOOETOBOM CHCTEMBI SBISIETCS TO, YTO YE€M BBIIIE IO
MOJIOKEHHUIO OT CyOCTpaTa pachoiaraoTcsi moberu, TeM Ooiblle B UX CTPYKTYpe
YKOPOYCHHBIX MEKIOY3IINH, 1 HA000POT, B CTPYKType IMOOETOB, PaCIOIOKEHHBIX
Ha TMOBEPXHOCTHU CyOCTpara, MpeodnagaoT yUIMHEHHbIE MeXA0y31us. B 3penom
TEHEPaTUBHOM COCTOSHUM HA4MHAETCSl BETE€TaTUBHOE Pa3MHOXKEHHUE, KOTOpPOe
MPOUCXOAUT B Pe3yNbTaTe OTMUPAHUS yUacTKa INIaTHOTPOIHON OCH MEXAY Mep-
BAYHBIM W MAPIHATBHBEIM KycTaMmd. BeretarnBHOe pasMHOXKCHHE MpeoOiamaet
HaJ CEMEHHBIM M obOecnedynBaeT caMolojaepxkaHue nomymauuu 1. dmitrievae.
K 20-21-My romy MaTepuHCKasi 0COOb IIEPEXOIUT B CTAPOE TeHEPATUBHOE COCTO-
siHUE, (paza KypTUHBI COXpaHseTcs. B e€ cTpyKType yMeHbIIAeTCs YUCIO Maplu-
AIBHBIX KycToB (1-2). OCH MOCTEIIEHHO OTMUPAIOT, KX CyXHE OCTATKH €Ille HeKO-
TOPOE BPEMSI COXPAHSAIOTCS B CTPYKTYpe KYpTHHBL. JJnaMeTp ocobu yMeHbIIaeTcs
10 20 cM. B Teuenue cienyronux AByX JIeT [NIaBHBIH KOPEHb pa3pyLIaeTcs.

Mopdorenes pameT, OTAEIUBIINXCS OT 3pENOi TeHepaTUBHOW CEMEHHOH 0co-
01, HAYMHACTCS C BUPTHHIIIBHOTO (MOJIOZOTO T€HEPaTHBHOTO) OHTOT€HETHIECKOTO
COCTOSHMA. PaMeThl mpeacTaBsoT co00i OTAeNbHbIC MapIUanbHble KycThl. Mx
Mopdorene3 m3o0paskeH Ha puc. 2. PamMeTsl mociaenoBaTenbHO MEePeXomsIT U3 Of-
HOTO OHTOTEHETUYECKOTO COCTOSIHUSI B JIpyroe. B 3peraoM reHepaTuBHOM cOCTOSI-
HHUH 00pa3yeTcst CHCcTeMa MapIHalbHBIX KYCTOB, COCTOSIIAS U3 2—3 TMapIiaIbHBIX
KyCTOB, CBSI3aHHBIX YYaCTKOM MaTEpPUHCKOHN IUIarHOTPONHON ocu. B nanpHeiimem
B OTOM COCTOSTHUH HACTYTIAeT YaCTHUHAsI Mopgororndeckas aesuarerpanus. O0-
Pa30BaBIINECs paMEThl BTOPOTO MOKOJICHUS TAKXKE OMOJIOXKEHBI 1O BUPTHHUIIBHOTO
(MOJIOIOTO TEHEPATHBHOTO) OHTOTCHETUIECKOTO COCTOSHHS 1 TIOBTOPSIOT Pa3BHUTHE
MaTepHHCKOH pameTsl. IlocnenHss, B CBOIO ouepeb, IEPEXOAUT B CTapoe TeHepa-
THUBHOE COCTOSTHHE H TAKKE MPEACTABIIET CO00I CHCTEMY MapIUalbHBIX KYCTOB.



buonozua Thymus dmitrievae Gamajun. (Lamiaceae)

111

CHOTEMA MApIHAIRHEIX KV CTOR [System of partial bushes]

Puc. 2. Mopdorenes pamertstr Thymus dmitrievae (0003HaueHHUs, KaK Ha pucC. 1;
9 — y4acTOK MaTepUHCKOM CKeJeTHOU ocH; /() — mapIuanbHBIN KyCT (pamera cie-
IIYIOUIETO TMOKOJICHHUS TTOCIIE YaCTUIHOU MOP(HOIOTHIECKON Ie3UHTETPALHN)
[Fig. 2. A development scheme of Thymus dmitrievae ramet (for symbols
see Fig. 1 and 9 - Part of the maternal axis, /0 - Partial bush (ramet
of the secondary generation after morphological disintegration)]
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JMUTensHOCTS CTApOrO TEHEPAaTHBHOTO COCTOSIHUSI HE IPEBBIMIACT ABYX JICT.
BropuuHo cTep)KHEBOI KOpEHb MaTE€pUHCKONM paMeThl paspylLIaeTcsl U BCS CH-
creMa 3acbixaeT. OHTOT€HEe3 paMeT OTHOTO ITOKOJICHUSI PEan3yeTcs] B TCUCHIHE
15-17 ner.

MopdoreHnes pamerT, OTASITHBIIUXCS OT CTApOil FTeHePaTUBHOW CEMEHHOU 0CO-
04, HAYMHAETCS C TOTO ’K€ OHTOI€HETUYECKOrO COCTOSIHUS. PaMeTsl B BUJE Map-
UATBHBIX KYCTOB HEKOTOPOE BPEMS CYHIECTBYIOT CaMOCTOSTEIBRHO, HO B Jajlb-
HeifmeM ObICTPO OTMUPAIOT.

B 3akycTapeHHO!N pa3HOTPABHO-KOBBIIEHON BEICOKOTOPHOM CTENH HA ITOYBEH-
Ho-1eOHUCTOM cybctpare 7. dmitrievae He oOpasyer ckomieHuid. OcoOu Buaa
pacroaraiiuch OTIACIHHBIMA JIOKYCAMH Ha Y9acTKax, INe CKAaIUTMBACTCS BIara.
B passutuu 1. dmitrievae BbisiBinensl otnuuud. ImasHas CCO miaruoTpomnHasi,
CCO n-ro mopsiKa Takke IIArHOTPOITHBIE WM OpTOTpoIrHbIe. [lmarnorpomnsie
OCH pacIUIaCTaHbl 10 MOBEPXHOCTH U PEIKO YKOPEHSIOTCS HUTEBUIHBIMHU TPH-
JIATOYHBIMU KOpHsSMU. JlmameTp KycToB MoxeT mocturate 50 cm. B cTpykrype
3peibIX FEHEPaTUBHBIX 0c00eil He pa3BUBAIOTCS MapLUalbHbIC KyCThl. B Mopdo-
TeHe3e 0COOH MPOXOJIAT JIUIIb JIBE (a3bl: a3y MepBUIHOTO Todera (IPOPOCTOK U
0co0U I0BEHUJIBHOTO COCTOSIHUS) M IIEPBUYHOTO KyCTa (0COOU B MIMMaTypHOM —
CTapOM TeHEePAaTHBHOM COCTOSHHSX ). [IepBHYHEIA KyCT COXpaHSETCS JO OTMHpa-
HUS BCeil ocodu.

C ucmonp30BaHIEM apXUTEKTYPHOTO ITOIX0/Ia Y B3POCIBIX ocobeit 1. dmitrie-
Vae BBISBIEHO Pa3HOOOpa3Ke CTPYKTyphl. YCTAHOBIECHO, YTO UX CTPYKTypa CKJIa-
IBIBACTCS M3 Pa3HOOOPA3HBIX apXWUTEKTYPHBIX equHuIl. Brerneneno 3 AE, ormm-
YAOIIUXCA MO MOJ0KEHHUIO B IpocTpancTBe CCO: OpTOTPONHO-IIaTHOTPOIIHAS,
IUTaTHOTPOIHASI, OPTOTPOITHASL.

ApxutekTypHas eqununa I

OcHoBoit AE I sBnsieTcs riaBHas (MJIM MaTepUHCKAs N-ro MopsiaKa) OpTOTPOI-
HO-TIarHOTPOITHAS MOHOTOANAIbHO-aKpocuMiionnansHo Hapactatomas CCO,
cocrodias U3 3 MOoCcIeI0BaTEIbHO CMEHSIOMUX APYT Apyra noderos Gpopmupo-
BaHHS, MOHOTIOAMAIEHOE HapacTaHhe Kaxaoro no Tpex jet (puc. 3). Takxe B
coctaB AE I Bxogsar CCO 1-ro (unu n+1) mopsiuka, oquHOYHBIE moderu ¢op-
MHUpOBaHUsl 1-ro mopsaka, modery BeTBIIeHUs 1 ddemepHbie modern. CocTaBHEIC
ckesieTHble ocH 1-ro (wiu n+1) mopsaaka pa3BUBAIOTCA HA TIEPBOM, BTOPOM H B
0a3aJIbHOM YacTH TPETHETO MPUPOCTA TIIABHOM (WJIM MaTEpPHHCKOU N-TO MOPSIKA)
CCO. Oaunounsie moderu GopMUpPOBaHUs 1-ro MOpsAIKA OTIIUYAIOTCS OT TOOETOB
(hopmupoBanus B cTpykrype TaBHOM CCO: 4acTo OHM PO3ETOYHBIC; JITUTEIh-
HOCTh WX MOHOIIOJMAILHOTO HapacTaHus 2-3 roja; pa3BUBAIOTCA U3 CISIIUX
moyek B cpexneit yactu raBHoH CCO (MM MaTepuHCKOH n-To mopsjka); obe-
CIIEYMBAIOT 3aI1ac MoYeK BO30OHOBICHHUS; IPUBOIAT K YBETHUSHHIO TMJIOTHOCTH U
obpa3zoBanuio GpopMbl KycTa. THOTIa Ha OCHOBE OJJMHOYHBIX TI0OETOB (hopMHUpO-
BaHMA cTposiTca oprorponHele AE III, otnugaromuecs caabbiM pasHOOOpasueM
COCTABJISIONINX 31eMeHTOB (HeT 60koBbIX CCO).
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Puc. 3. Apxutexrypusle exuHunbl Thymus dmitrievae (1—3 — IepBBIA—TpeTHI
noGer ¢popmMupoBaHus (TOAWYHBINA IPHUPOCT) COCTABHON CKENETHOH OCH;

4 — cocTaBHas CKeleTHas och 1-ro (wim n+1) mopsiaka; 5 — OAMHOYHBIN
nober GpopmupoBaHus; 6 — moder BeTBIeHUsL; 7 — 3 eMepHbIii 11o0er)
[Fig. 3. Architectural units in Thymus dmitrievae (I1-3 - First-third shoot formation
(annual growth) of the composite skeletal axis; 4 - Composite skeletal axis of the 1*
(or n+1) order; 5 - Single shoot formation; 6 - Branching shoot; 7 - Ephemerous shoot]

[MoGeru BeTBneHN 1 3peMepHbIe TOOETH Pa3BUBAIOTCS Ha OCIEIHEM ITPUPO-
cte CCO. ApxurektypHas enuHuIa | MOXKET CTPOUTHCS KaK Ha OCHOBE TIIABHOMN
CCO, Tax u Ha ocHoBe MarepuHckoit CCO n-ro nopsaaka. B nepsom ciaydae Ha-
pactanue maBHot CCO mpekpamaercst k 10 rogam, ee auHa JOCTHTAET 26 CM.
Ha mpotsokennn eme 10-13 net ock coxpaHseTcsl, MOCTENIEHHO pa3pyllIasch B
anuKanpbHOU yacTH. E€ 6a3anbHbIN yuacTok, Ha koTopoM pasBuatorcss CCO 1-to
MopsJIKa, COXpaHsIeTcs NPaKTHUECKH 10 OTMUPaHUs Bceil ocodu. Bo BTopoMm city-
gae passutue AE | mponcxomuT aHanorndHo, HO OTMHUpPAHHE OCH IIPOUCXOIUT
ObIcTpee.

ApxurtektypHas eqununna I1

Crpykrypa AE II B iennom cootBerctByet cTpykrype AE 1. Ona Taxxe cocto-
UT U3 IMaBHOHU (MK MaTepuHCcKoi n-ro nopsaaka) CCO, CCO 1-ro (wmu n+1) mo-
pAAKa W MOOETOB, Pa3IMYHBIX 10 (YHKIIMOHATHHON 3HAYMMOCTH. [aBHas (Win
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MaTepUHCKAs N-TO MOPSIKa) MOHOIOANAIEHO-aKPOCHMIIOANAIFHO HapacTaromIas
CCO wumeer IUIarHOTPOINHOE MoNokeHue (cM. puc. 3). OHa Takke MOCTpOeHA
TpeMs TOCIIEAOBATENIFHO CMEHSIOMNUMHE JIpyT Apyra moderamMu (popMHUPOBAaHUS,
MOHOIIOJMATBHOE HapacTaHue kaxjaoro no 3 aer. [uddepennuaryst 60KOBBIX
mo0eroB u oceil coorBeTcTBYyeT O0KOBBIM oOeram u ocsiM AE 1. Pasputue AE 11
MPOUCXOAUT AByMs criocobamu: Ha ocHoBe maBHON CCO uiau Ha OCHOBE Mare-
puHckoit CCO n-ro nopsiika. [lepBbrit mober ¢popmupoBaHus (TIEPBBINA TPHPOCT)
OCH TIOJIETaeT, ¥ BCE 3aMelIaroniie noderu GopMUpOBaHUS B JATbHEHIIIEM UMEIOT
IUTaTHOTPOIIHOE HampaBieHHe pocTta. OPTOTPOIHOE MOJIOKEHUE COXPAHSIETCS Y
1oOeroB BeTBIEeHHUS U d(eMepHbIX moberoB. [lyiHa T1aBHOH (MaTepUHCKOH N-ro
nopsiaka) CCO B crpykrype AE II 6onbime u nocturaer 40 cM.

ApxutextypHas eqununa I11

OcnoBoit AE III siBisieTcs MaTepuUHCKas N-ro HOpsKa OpPTOTPONHAsi MOHO-
nonuanbHO-akpocummoauanbHo Hapactatomass CCO, cocrosmas u3 2-3 1D,
MOHOMNOAMAIFHOE HapacTaHue KaXJI0ro J0 ABYX (peako Tpex) JeT. B otiamuue ot
JIBYX OITMCaHHBIX BhIIe apxuTekTypHbix eauaull B coctase AE III ver CCO 1-ro
(umu n+1) mopsiaka. OHa obpa3zoBana marepunckorr CCO n-ro nopsijika, OAMHOY-
HbIMH TToOeTaMu (OpMHUPOBaHUs 1-To TIOPsiKa, ToOeraMy BETBICHHS U d(peMep-
HbIMU TI0OeTramMu (cM. puc. 3). OauHouHbIE TOOETH POopMUPOBaHUS 1-To mopsaKa
pa3BHUBAIOTCS Ha TepBOM—BTOpOoM mnpupocte marepuHckoid CCO n-ro mopsiaka.
Pacnionoxenue moberoB BeTBIEHUS U d(eMEPHBIX MOOETOB TaKOE ke, KaK y IBYX
npyrux AE. lns Bcex OOKOBBIX IOOETOB XapaKTepHO OPTOTPOITHOE MOIOKECHHUE.
Emte ogHO#1 0COOEHHOCTBIO ABTSETCS TO, YTO MO CTPYKTYPE MPAKTUUECKH BCE 10~
Oeru B anukanbHOU yacTu AE poszerounsie. Hapactanue marepunckorr CCO n-to
HopsIIKa MpeKpalaercs K 7 rogaM, ee JUInHa JocturaeT 6 cM. OCh MOTHOCTBIO
OTMHPAET C aIIMKAIbHON YaCTH.

[pu onucanuu 7. dmitrievae A.Il. 'amatonoBa u A.A. JImutpuesa [19] yka-
3BIBAIOT, YTO JKU3HEHHAs (popMa Buaa — NONMyKycTapHudek. Hamm nccnenoBanus
MOKa3aJH, YTO B YCIOBUSX BBICOKOTOPHBIX cTemneil mns 7. dmitrievae xapakTep-
Ha >KU3HCHHAs (opMa KycTapHHYKa (B 3UMHHUH IEPHOJ OTMHPAET TOIBKO Tep-
MUHaJIbHAS MMOYKa modera, akpoCUMIIOAUAIBHBIN CrI0co0 HapacTaHus MOOEToB).
VY B3pOCHBIX TEHEPAaTHBHBIX 0co0eH 3a cueT (GOpPMUPOBAHUS MAPIUAIBHBIX Ky-
CTOB 00pa3yeTcsi HECKOJIBKO IIEHTPOB 3aKpeIUICHHUs M yIep>KaHUsl TePPUTOPHUH.
[To xmaccudpukarmu O.B. CmupHOBo# [30], Takue BUABI OTHOCATCSA K BHIAM C
HESBHOTIOJIMIIEHTPUIECKOH OMoMOpQOT.

AHanu3 0coOCHHOCTEH OHTOMOp(hOreHe3a u apXUTeKTypsl 1. dmitrievae no-
Kazall, 4TO B 3aBUCHUMOCTH OT YCJIOBHI MpOU3pacTaHusi y 0coOeill mposBIseTCs
pAn oMY, Y oco0eil, Mpou3pacTarolnX Ha CBOOOJHBIX OT KAMEHUCTO-IIEO-
HUCTBIX BBIXOJIOB yYacTKax CyOcTpara B pa3sHOTPAaBHO-THITYAKOBOH BBICOKOTOP-
HOY CTeTH, apXUTEKTypa CKIAIBIBACTCS 33 CUET TOBTOPEHHS OTHOBPEMEHHO TPEX
AE I-II. I'maBHO# siBiIsieTcst opToTponHo-mnaruorponsas AE I, koropas pa3Bu-
BaeTcs U3 MEPBUYHBIX CTPYKTyp. Ha ee ocHoBe cTposites mnarnorpornasie AE 11
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1-ro mopsaka. OHHU, B CBOIO OYepeb, CTAHOBATCS OCHOBOH ISt (pOPMHIPOBAHHS
opToTponHo-marnoTponHbeix AE I n-ro mopsaka, KOTopbie B JajbHeiiem OymyT
HOBBIM 3BEHOM, JUIsl IIOBTOPEHUS Tpeasinymen cTpykrypbl. Oprorpomnas AE 111
N-To NOps/IKa Pa3BUBAETCS KaK HA OCHOBE OPTOTPOIHO-IUIAaTHOTPOIIHBIX, TAK U HA
ocHoge TutarnotponHslx AE (I u II) B BepxHel yacTu Kycra. Y4acTHe B CIIOXKe-
HUH CTPYKTYpBI ocobeit Tpex AE, ¢ 0HOH cTOpoHBI, 00ecTieuuBaeT 3axBaT Tep-
PUTOPHH, C JPYrol — MPUBOIUT K YIUIOTHEHHIO KycTa. Takoil crocod ciokeHus
APXUTEKTYPHI MIPUBOAUT K (HPOPMUPOBAHHUIO HECKOJIBKUX LIEHTPOB 3aKpETICHUs.
[Ipaktudeckn xaxnas oproTpomnHo-marunoTponHas AE I n-ro mopsiaka craHo-
BUTCS OCHOBOH Ui ()OPMHUPOBAHUS MapUHUaIbHOrO Kycta. MopdoreHes ocodeit
XapaKkTepu3yeTcsi pazHooOpasueM (a3 (y TeHeT: MEepBUYHBINA O0eT, IepBUYHBII
KyCT, KypTHHA; Y paMeT: MapluualbHbIi KyCT, CHCTeMa MaplUalbHbIX KYCTOB),
Cpea KOTOPBIX CaMOi JUTHTENbHOM sBisieTcs (a3a KyptuHsl (1o 16 aer). Kyp-
THHA (opMHUpYyeTCsl Y 0coOeil B 3pesioM I'eHepaTUBHOM COCTOSHHM, a B CTapOM
TeHEPaTUBHOM COCTOSIHUU IIPOMCXOIUT OTMHpPAHHUE NEPBUYHOTIO KyCTa, YTO MpH-
BOJIUT K 3aCBIXaHHUIO BCEH KypTHHBI (MHOTIA OTACISIOTCS SAMHUYHbBIE TapIfalb-
HEIE KYCTHI).

VY ocobelt, mpou3pacTaroyX Ha MOYBEHHO-IIIEOHUCTOM CyOCTpaTe B 3aKyCTa-
PEHHOH Pa3HOTPaBHO-KOBBUIBHOW BBICOKOTOPHOM CTENM, CTPYKTypa CKJIAaJbIBa-
eTcs 3a cueT MHOTOKpaTHOro nosropeHus 1Byx AE: mmaruorponsoit (AE II) u
oprotportHoii (AE III). I'maBHOU siBisiercs tutarnoTponHas AE I1. Ha ee ocHo-
Be (hOPMUPYIOTCSI OPTOTPOITHBIE U IUIarHOTponHble AE cienyrommx mopsaKos.
Takoe cioxKeHue apXUTEKTyphl IPUBOAUT K HHTEHCHUBHOMY Pa3pacTaHUIO KyCTa.
MoporeHes COCTOUT JIUIIb U3 ABYX (ha3, KOTOPbIE MPOXOJUT FEHETA: IEPBUIHBIN
mo0er ¥ MepBHYHEINA KycT. da3za mepBUIHOTO KycTa HauboJee MpoaoDKUTENbHA,
OHA HACTyTNaeT B UMMATYPHOM COCTOSIHUH U COXPaHSAETCsI 10 OTMUpPaHUs 0COOH B
CTapoOM T€HEPATUBHOM COCTOSTHUH (710 22 JIET).

®dopMupoBaHUe KU3HEHHOU (HOPMBI KyCTapHUYKA, TOJMBAPUAHTHOCTh OHTO-
Mop(doreHe3a U 0COOCHHOCTH apXHTEKTYphl 0COoOCH BBISBICHBI HAMH BIICPBEIC
st T, dmitrievae 1 ABISIOTCS MEXaHU3MaMHU IaNTALUH BUAA K IPOU3PACTAHUIO
B BBICOKOT'OPHBIX CTEIISIX.

BoIBOABI

1. Thymus dmitrievae cynmecTByeT B YCIOBHSAX BEICOKOTOPHBIX cTerneit Taac-
CKOro Anatray B BUJI€ KyCTapHHYKA.

2. CtpykTrypa B3pocibiX ocobeit 7. dmitrievae mocTpoeHa 3a C4eT MHOTO-
KpaTHOTO MOBTOPCHUSI apXUTEKTYPHOH CIMHUIIBI, KOTOPas COCTOUT W3 IJIaBHOM
(WM MaTepUHCKOM N-TO TIOPSJ/IKA) COCTABHON CKEJETHOW OCH, COCTaBHOHM CKe-
neTHo# ocu 1-ro (wiu nt+1) mopsaka, OAMHOYHBIX TOOETOB (GopMUpOBaHUs 1-ro
opsijika, T0OeroB BETBIICHUS U 3(eMepHBIX moOeroB. BrlsBieHo pazHOoOpas3ue
APXUTCKTYPHBIX CIUHHUI], KOTOPbIE OTIHYAIOTCSA JPYT OT Jpyra HalpaBlIeHUEM
pocTa TJIaBHOHM (MaTepHHCKOW N-TO TOPSIKA) COCTABHOW CKEJIETHOW OCH: OpPTO-
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TPOITHO-TUIATHOTPOITHAS, IIJIArHOTPOITHAS U OpTOTponHast. OnpeneneHo 3HaueHue
KaXJIOH apXUTEKTypHOH SIUHMIIBI B CIOXKEHUU CTPYKTYpPhl 0COOEH: OpTOTpOI-
HO-TUIATHOTPOIHAS M TIATHOTPOITHAS. — CIIOCOOCTBYIOT MHTCHCUBHOMY 3aXBary
TEPPUTOPUH, (POPMUPOBAHUIO HECKOJIBKUX IIEHTPOB 3aKPEIJICHNUS], HA OCHOBE Op-
TOTPOITHO-TUIATHOTPOITHON €TUHHIIEI (POPMHPYIOTCS TapIIHaIbHbIE KYCThI; OPTO-
TpOITHAaA — MPUBOAUT K YIIJIOTHCHHUIO KYCTa.

3. B 3aBHCHMOCTH OT 0COOCHHOCTEH cyOcTpaTa BEISBICHA TOJTUBAPHAHTHOCTD
pa3BUTHA, BbIpaXKaroNiasacs B HCpeCTpOﬁKaX APXUTCKTYPbl, UBMCHCHUU TUIIA ouo-
MOp(dbI (MOHOIICHTpHYECKAS MITH HESIBHOIIOJIMIICHTPpUYECKas ), Xo7ie OHTOMOpdo-
TCHE3a, MOSABJICHUUN BEICTATUBHOI'O PA3MHOXKCHUS. OcobeHHOCTH APXUTCKTYPbI
u orntoMopdorenesa 7. dmitrievae SBIAIOTCS MEXaHU3MaMHM aJalTalldd BUIA K
MPpOU3pPaCTaAHNIO B BEICOKOTOPHBIX CTCIISAX Tanacckoro AnaTay.

Asmopbi gvipadicarom 2y6oKyI0 NPUSHAMETbHOCMb COMPYOHUKAM HAYYHO20 omoend AK-
cy-XKabaznunckoeo 3anoseonuka 3a noMOub 8 Op2aHU3AYUY U NPOBEOEHUU IKCHEOUYUOHHBIX
pabom, a maxdce AOMUHUCMPAYUL 3an08eoHUKa 6 auye oupexkmopa A.H. Mennubexosa 3a noo-
0€pPIICKY U nPedoCmasieHue MmexHU4ecko20 OCHAUeHUSL.
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morphological mechanisms of its adaptation to growing conditions. The main habitat of
the species is steppe communities in forest, subalpine and alpine zones of the mountains.
According to AP Gamayunova and AA Dmitrieva (1964), T. dmitrievae in different habitats
is characterized by the density of head inflorescence, leaf size, calyx teeth shape and its
pubescence. Information about the biology of this species is absent in literature.

We conducted our study on the territory of the Aksu-Zhabagly Reserve (Western
part of the Talas Alatau): 1) the Kshi-Kaindy upriver (42°22'31"N, 70°34'37"E, altitude
of 2206 m above sea level), the upper limit of the juniper belt, forb-fescue high-
mountain steppe, dark brown soil among the outcrops of stones; 2) middle reaches of
the Kshi-Kaindy river, (42°24'25"N, 70°34'42"E, altitude of 1808 m above sea level),
the belt of junipers, bushy forb-feather-grass mountain steppe, soils are leached and
covered with cobbles. The life form of 7. dmitrieva was specified using ecological-
morphological classification of life forms by IG Serebryakov (1962). The biomorph
type was established in accordance with OV Smirnova et al.’s (2002) phytocoenotic
classification developed on the features of spatial distribution of shoots, buds and
roots of plants. The morphogenesis phases of 7. dmitrieva were selected according
to the characteristics given by OV Smirnova and supplemented by NP Savinykh and
VA Cheryomushkina (2015). In 25 individuals of each ontogenetic state, we calculated
the number of vegetative and generative shoots in the bush structure, their length, the
number of compound skeletal axes and partial bushes, and the bush diameter. The data for
each feature are presented as an arithmetic mean with a standard error. When describing
the shoot system of 7. dmitrievae, we used the architectural approach (Caraglio and
Edelin, 1990; Barthélémy and Caraglio, 2007; Millan et al., 2019), according to which
an architectural unit consisting of the main (or maternal n-order) composite skeletal
axis, the composite skeletal axis of the 1st (or n+1) order, single shoots of the 1st order
formation, branching shoots and ephemeral shoots was distinguished.

The analysis of shoot formation, the pattern of death of shoots and the method
of their growth showed that 7. dmitrievae was characterized by the life form of
the dwarf shrub. Depending on the characteristics of the substrate, we revealed
polyvariance of individuals. In the areas of substrate free from stony-gravelly outcrops,
the morphogenesis of individuals is characterized by a variety of phases (in genets:
primary shoot, primary bush, clump; in ramets: partial bush, the system of partial
bushes), the clump phase being the longest of them (until 16 years) (See Fig. ). The
structure of individuals is formed by repeating three architectural units: orthotropic-
plagiotropic, plagiotropic and orthotropic (See Fig. 3). The presence of an individual
of simultaneously three architectural units in the structure ensures the seizure of
the territory and leads to the compaction of the bush. In this case, several centers of
consolidation form in the structure of the bush (See Table). In individuals growing
on a soil and stony substrate, morphogenesis consists of two phases that take place in
genets: primary shoot and primary bush. The phase of the primary bush is the longest.
It occurs in the immature state and continues until the death of the individual in the old
generative state (until 22 years) (See Fig. 2). The structure of individuals is formed by
multiple repeating of two architectural units: plagiotropic and orthotropic (See Fig. 3),
which leads to intensive growth of the bush.

The paper contains 3 Figures, 1 Table and 31 References.

Key words: Thymus dmitrievae; architectural unit; morphogenesis; morphological
adaptation; dwarf shrub; Talas Alatau.
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A.K. MuneeB, O.B. MuHeeBa

Hucmumym skonozuu Bonicckoeo 6accetina PAH — ¢unuan
Camapcrozo gedepanvrozo uccredosamenvckoeo yenmpa PAH, 2. Torvsmmu, Poccus

I'emaTosornyeckue mapamMeTpbl u napasurodayna
00bIKHOBEHHOTO NiecKkapst Gobio gobio (Linnaeus, 1758)
B pbI00OBOHOM Boji0eMe

Pa6ota BEITIONTHEHA B paMKax rocyaapcTsenHoro 3ananust ®I'BYH Uncturyt
sKooruu Bomkckoro 6acceiina PAH, Tema (mpoekt) Ne AAAA-A17-117112040039-7
«OKOIIOTHYECKHe 3aKOHOMEPHOCTH CTPYKTYPHO-(yHKIIMOHATEHOH OpraHN3aIHy,
pecypcHOro NOTSHIHAIa ¥ YCTOHYHBOTO (hyHKIIMOHUPOBAHUS YKOCHCTEM Bormkckoro
OacceitHa» (HarpaBiaeHHe 51 «OKOJIOTHS OPTaHU3MOB H COOOIIECTB)).

Ilpedcmagnensl  pe3yniomamsl — 2eMAmMoONOUHECKO20 U NAPA3UMONOSUHECKO20
uccnedoeanust 00bikHOGeHH020 neckaps Gobio gobio (Linnaeus, 1758) uz pv160600H020
npyoa, 8 KOMOPOM OH AGNAEMCI «COPHLIMY BUOOM. B ycrosusax omnocumensHo yucmozo
6000eMa JICUKOYUMAPHbLLIL COCMA8 KpoGu pvlh npedcmasiien 6 epynnamu Kiemok:
KIemKaMu-npeouecmeeHHUKamy, — Heimpoguuamy, 303uHouiamu,  6azoghunamu,
numpoyumamu u monoyumamu. Ilpoyenmuoe coomuouwienue GOPMEHHbIX dNEMEHMO8
benoii Kposu, 3a UCKTIIOUEHUEeM 203UHOPUII08, HAXOOULOCh 8 NPEdenax Pu3UON02UHeCKOl
Hopmol. ObHapydceHo 8 munos Mopghonocuteckux HapyuleHutl Kienmox KpacHol Kposu,
uacmoma eécmpedaemocmu OOTLUIUHCMBA U3 KOMOPLIX He NPebluiand GenudUHy ux
00pa3z06anus npu CNOHMarHoM mymaeenese. Ilapazumoghayna 00bIKHO8EHHO20 NecKaps
6 UCCNIe008AHHOM 8000eMe KpaliHe 00edHeHa u ekmouana 3 6uda MHOSOKIEeMOUHbIX
napasumos. Ommeuena 100%-nas umeasus pvl6 namocennvim pauxom Ergasilus
sieboldi Nordmann, 1832, evicoxkas cmenenb umeazuu KomopwviMm (00 57 3K3./0c00b)
Modicem AGIAMbCS NPUHUHOU 3APeSUCPUPOBAHHBIX OMKIOHEHUL 2eMAMON02UHECKUX
napamempog (Hanuuue 8 KpOSIHOM pyciie NOUKUTOYUNOS U 8bIPANCEHHAS J03UHOPUNUS).

KuarwueBsbie cioBa: Gobio gobio,; Ergasilus sieboldi; netixoyumapuas gopmyna;
namonocuu dIPUMpoOyYUmos; napazumopayua.

BBenenue

HecmoTpst Ha HE3HAYUTENBHYIO XO3SHCTBEHHYIO IIEHHOCTh U Mallble pa3Mephl,
0OBIKHOBEHHBIN nieckapb (Gobio gobio (Linnaeus, 1758)) He mepecTaeT NpHBIeKaTh
BHHMAaHHE HCCIeIoBaTeneil. PaHee cuMTanoce, 4YTo 3TO ONWH YPE3BBIYAWHO ITOJH-
MOpPGHBIH, IMPOKO PACIPOCTPAHCHHBINA €BPOA3UATCKUN BUII C Pa30pBaHHBIM apea-
JIOM, B paMKaX KOTOPOTO BBIIEISIIOCH OOJBINIOE YKCIIO HOMHHATIBHBIX OMBHUIOB [ 1, 2].
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[ocnennss peBmsust poid poma Gobio EBpombl mokaszana, 4YTO TaKCOH
G. gobio — 3T0 COBOKYMHOCTh MOP(HOJIOTHUECKH OIM3KUX BUIOB, O YeM YOeIH-
TENFHO CBHICTENLCTBYIOT KapHOIOTHIECKHe NaHHBIe. CEeKBCHHPOBAHUE MHUTO-
XOH/IPHAJIEHOTO U AA€PHOTO FeHOMa IOATBEPINIIO OTACNBHBIH cTaryc poga Gobio
KaK MOHO(DHIICTHYECKOHN TPYIIIBI M BBIABUIIO 15 eBpasHiiCKUX JIMHUH, pa3elicH-
HBIX Ha 2 ocHOBHBIE Kajbl — CeBepoeBponeiickyo u I[lonTo-Kacmuiickyto [3, 4].

Ileckapp — TUIMYHO NOHHBIN BHJ, BEChbMa BOCIPUHMYHBBIN K 3arpsA3HEHUIO
BOAHOH cpensl [5—7]. OMHUM U3 HEHTPAIBHBIX BOIIPOCOB B AKOJIOTHYECKOM MO-
HUTOPHUHTE PHIO SBISETCS MOWUCK HamOoJiee TyBCTBUTEIBHBIX HMHIUKATOPOB aK-
THBHOTO aHTPOIIOT€HHOTO BO3AEHCTBHS Ha BOIOEMbI. TpaJIMOHHEIM METO/IOM,
HaIpaBJICHHBIM Ha M3YYCHHE aJalTUBHBIX MEXaHW3MOB, ITOJICPKUBAIOIINX TO-
MEOCTa3, B TOM YHCIIC M B SKCTPEMAJBHBIX YCIOBHSX, SBISCTCS HCCICIOBAHIE
reMaroioTudecknx napamerpos [8—13].

HccnenoBanue napasutoB G. gobio B pa3HBIX TOYKAX €T0 apealla TaKkxKe sSBIs-
eTCs MIePCIeKTUBHBIM U aKTyaJbHBEIM HarpasienneM. [leckaps, Hapsioy ¢ IpyTH-
MU «MaJIOICHHBIMU» BHIIAMH, COCTABJISICT OCHOBY PAIlOHA XHUIIHBIX TPOMBICIIO-
BBIX PBIO U PHIOOSITHBIX IITHII, HCTIONHSS POJIb IPOMEKYTOYHOTO XO35IMHA B IIUKIIE
Pa3BUTHS MHOTUX TCIIbMHUHTOB. B pHIOOBOMHBIX BOJOEMAX, T/ 3a4acTYIO SBIIS-
€TCs HeXKEeJIATeIbHBIM KOMIIOHEHTOM HXTHO(AyHBI, OH MOXET OBITh HCTOTHHKOM
3a0o0JieBaHMi IIEHHBIX BUAOB pbI0. [ToMuMo 3T0TO, Ha TeppHTopun Camapckoii
00J1acT! Mapa3uTONIOTHUECKOTO UCCIICOBAHMS TIECKapsl paHee HEe MIPOBOAMIOCE.

Lenb nanHO# pabOTHI — MCCIIEIOBaHNE FeMaTOIOTMYEeCKUX ITapaMeTpoB U Ia-
pasuTtodayHbsl OOBIKHOBEHHOTO ITeCKaps B YCIOBHUAX PHIOOBOAHOTO BOIOEMA.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

HxTHonornueckuii Marepual codbpaH B Mpydy [paHHBIN, KOTOpPBIA pacioio-
xeH B CraBpononsckoM paiione Camapckoil oonactu Bonu3u ¢. Hosast bunapanxa
(53°81'24"N, 49°93'74"E). BomoeM c miomaapto akBatopuu 25 ra co3nan B 1978 .
Ha MeCTe OJHOMMEHHOTO OBpara B MPOTHUBONOKAPHBIX U CEITbCKOXO3SICTBEHHBIX
nermsx. [luranne npyna — KOMOMHHPOBaHHOE, OCYIIIECTBILIETCS 32 CUET TPYHTOBBIX
BOJI, BITAJIAIOIIETO PyUbs U OCAJKOB. B HAaCTOSAIINIA eproj] BOZOEM HCIIONb3YeTCst
B PBIOOPA3BOIHBIX MENAX (BhIpamuBaeTcs kapir). OOIOB Mpy/a ¢ UCIOIb30BAaHUEM
MaJIbKOBOM BOJIOKYIIHW (A7MHA 15 M, sues B KyTke 5 MM), HeBoja (anuHa 20 M, syest
5 cM) u Habopa KPIOYKOBBIX CHACTEH IOKa3al, YTO B HEM IPHUCYTCTBYIOT TaKXKe
«COpHBIE BUIBD — OKyHb, Kapach, INIOTBA, yKIIEHKa, ecKaphb.

[NocTosTHHO TIPOBOANMEIH MOHHTOPUHT Ka9€CTBA BOIBI IO3BOJISIET OTHECTH MIPYI
I'panHbIi K yuCTHIM BogoeMaM. [1o TaHHBIM aKKpeTUTOBaHHON THAPOXUMHUECKON
naboparopur OO0 «L{eHTp MOHUTOPHHTA BOIHOM U T€0JIOTHIeCKOU Cpeabl» (arTe-
crar akkpeguranuu Ne POCC RU.0001.511096 Ha TeXHHUECKYIO KOMIETEHTHOCTb
1 HE3aBHCHMOCTE), COAEPKaHIE OCHOBHBIX 3aTPS3HSIONINX BEIIECTB B BOZE B JIET-
HUI IepuoJ, 3a HCKIIIOYEHUEM JKelle3a, He IpeBbiiaeT HopMaruBos [1/1K, pa3pabo-
TaHHBIX U BOJAHBIX 00BEKTOB PHIOOXO3SIMCTBEHHOTO 3HAUeHHUS (Taoi. 1).
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Tabauma 1 [Table 1]

HexoTopble ruipoxuMuyeckne nokasareju npyna I'pannbrii

[Some hydrochemical parameters of Granny pond]

Hopwmarussl kayecTBa BOJIbI
BOJTHBIX OOBEKTOB PHIOO-
XO3AHCTBEHHOTO 3HAYECHHUS,
npuka3 Muncensxo3 Poccun | KOHIEHTparwst B vc-
Hoxasarens No 552 ot 13.12.2016 1 CJIC1yeMOM BOLOEME
[Parameter] [Standards of water quality in water A[Conc'entration in the
objects of commercial fishing impor- | investigated reservoir]
tance, the order of the Ministry of
Agriculture of the Russian Federa-
tion No. 552 dated 13.12.2016]
pH, en. 6,5-8,5 7,69
PacTBOpeHHBII KUCIOPO, MI/amM? 6.0 775
[Dissolved oxygen, mg/dm’] > >
Xnopua-uoH, Mr/am?
[Chloride ion, mg/dm?] 300 17
Cynbdar-uon, Mr/am’
[Sulfate ion, mg/dm?] 100 20
Won ammonus / a3ot
D 3
aMMOHHHAHRIH, MI/AM® 0,5/0,4 0,08/0,06
[Ammonium ion / ammonium
nitrogen, mg/dm’]
Hurput-non / azor
HUTPUTHBIN, MI/am> 0,08/0,02 <0,01
[Nitrite ion / nitrite nitrogen, mg/dm?]
Hutpar-moH / a3ot
HUTPATHBIN, MI/aM> 40/9 0,5/0,1
[Nitrate ion / nitrate nitrogen, mg/dm?]
Keneso obiee, Mr/am?
[Total iron, mg/dm?] 0.1 0,25
Maruuii, mr/am3
[Magnesium, mg/dm’] 40 15
Hedrenponykrst, mr/mm?
[Petroleum products, mg/dm?] 0,05 0,022
Docdar-non
(o pocdopy), mr/am?
[Phosphate ion (by phos- 0.2 0,056
phorus), mg/dm’]
AITAB, mr/am?

’ <
[Anionic surfactants, mg/dm?] 0,5 0,01
DeHoubl (J1eTyune), Mr/om’

<
[Phenols (volatile), mg/dm?] 0,001 0,001

B wmrone 2018 1. omioBneHo 26 3K3. OOBIKHOBEHHOTO TecKaps ¢ JJIMHOHN Tea
(SL, cranpaprHas mmHa) ot 89,2 mo 101,9 mMm (cpennee 3Hadenue (96,0 £ 0,6)
MM); BO3PAcCT KHBOTHBIX, YCTAHOBJICHHEIH IO OTONMTaM, cocTaBisut 3—4 roma. s
MIPOBEJICHUS TEMaTOJIOTUYECKUX HCCIIEA0BaHUI Y PBIO cpasy mocie oTIoBa Opaiu
nepruepruIecKyro KpoBb; BCEro U3roToBieH 21 mpemnapar. 3adUKCHpOBaHHBIC 3Ta-
HOJIOM Ma3KH OKpaluBaiu 1o metony PomanoBckoro—Inmza. aenTtudukarmro
KJIETOK KPOBHM TIPOBOAWJIM TI0 COOTBETCTBYIOMMM omnpexaenurensm [14, 15]. Ha



126 A.K. Munees, O.B. Muneesa

KaX]IOM Iperapare Benu TudQepeHInanbHbIi noacueT JieiikonutoB cpeau 1 000
SpUTPOIUTOB B 5—10 mosax 3peHus (B 3aBUCUMOCTH OT TUIOTHOCTH KJIETOK Ha Tpe-
mapare) 1mo Meroxay 3ur3ara [14]. J[is oneHk: GU3HO0IIOTHUSCKOTO COCTOSHHUS PBIO
U UX UMMYHHOTO CTaTyca aHaJM3UPOBAIN COOTHOIICHHE (POPMEHHBIX SJICMEHTOB
KPOBH, M3y4alHl JICHKOIUTapHYI0 (OopMyITy, ONpenesiii YpOBEHb 3PHTPOII0I3a,
(UKCUPOBAITH BO3MOXKHBIE MATOJIOTHU PUTPOLUTOB. Ha OCHOBE aHamm3a JaHHBIX
JICHKOTpaMM PaCCYMTHIBATIM MHTETPAJbHBIA MHICKC casura jerkoruros (MCJI),
MPEACTABISIONINI cOOOK COOTHOIIEHHE TPaHYJIONMTOB U arpaHyyiouuToB [16, 17].

MeTozoM TOIHOTO HapasHTOIOIMIECKOTO BCKPHITHS HCCIENOBAHO 26 IK3.
OOBIKHOBEHHOT'O MecKaps; cOop, PUKCcAHI0 U KaMepalibHYI0 00pabOTKy Makpo-
Mapa3uTOB MPOBOIWIIN 110 OOMENpUHATON MeToauke [ 18]. BumoBas quarHoctika
MHOTOKJICTOYHBIX MApa3UTOB OCYIICCTBISUIACH MO COOTBETCTBYIOLIEMY OTIPE/Ie-
nutento [19]. JIns KomndecTBEHHOM XapaKTEPUCTHKH 3apa>KEHHOCTH KHUBOTHBIX
HCTIONIb30BAJIMCH CICAYIOIINE MOKA3aTeH: YKCTEHCUBHOCTh NHBA3UU (IIPOIICHT-
Has JIOJS 3apakeHHBIX 0coOel B OOIEM YHCIie UCCIICAOBAaHHBIX PbIO), MHTCH-
CHBHOCTb WHBa3WU (MUHHUMATBHOE U MaKCUMAJIbHOE YUCIIO TAPA3UTOB HA OJHOM
0Cco0M) W MHJIEKC OOWIIUS Tapa3uToB (CPemHss YHCICHHOCTH MMapa3hToOB y BCEX
HCCIICIOBAaHHBIX PBIO, BKIIOYAs HE3aPaKCHHBIX ).

Maremartndeckass 00pabOTKa JaHHBIX BBHIITOTHEHA C WCIIOIB30BAaHHEM IIPO-
rpammbl Microsoft Excel. JlanHbie mpecTaBlIeHbI B BUAE CPEAHUX apUPMETHUC-
CKHX CO CTAaHIAPTHBIMHU OIMIMOKAMH CPEIHETO.

Pe3ysbTarhl HcciieqoBaHNus U 00Cy:KIeHe

B cuny BeINONHEHUS Pa3HOOOPA3HBIX (PH3MOIOTHICCKUX U UMMYHOJIOTHYC-
CKUX (D)YHKUIUN KPOBB PBIO HUMEET JOCTATOUHO CIOKHYI0 MOP(OJIOTHUECKYIO Kap-
tuHy. CocTaB 0eJ10i KpOBH OOBIKHOBEHHOTO TIECKaps B YCIOBHSIX OTHOCHTEIBHO
YHUCTOTO0 BOAOCMA XapaKTCPU30BaAJICA OO0JIBIINM pa3H006pa3HeM 1 BKJIFOYaJI ABEC
TPYIIBI KIIETOK — TPaHYJIOIUTHI H arpaHyJIONUTHI (TabI. 2).

Ta6uuma 2 [Table 2]

JleiikorpamMmma nepudgepnyeckoil KpoBH 00bIKHOBEHHOI'0 NecKapst
[Leukogram of the peripheral blood of the gudgeon]

CozepixaHue KIETOK Oenoil KpoBU Koadduuuent
Tum xaeTox [Content of white blood cells], %o BapHaluu
[Type of cells] cpelHee 3HaYeHHe min—max [Coefficient of
[mean value] variation], %
I'panymonuTs! [Granulocytes]
KneTKg-npeL[LHGCTBeHHHKH 4,05£0,91 0-13.56 10313
[Progenitor cells]
Do3uHodubl [Eosinophils] 8,63%1,30 0-21,82 69,24
Bbazoduisl [Basophils] 3,61+0,40 0,56-6,39 50,60
Heiirpoduibl [Neutrophils] 7,55+1,07 0-17,07 64,64
ArpanyaouuThl [Agranulocytes]
JlumbouuTs! [Lymphocytes] 75,11+1,27 65,00-85,53 7,72
MoHo1uThl [Monocytes] 1,05+0,19 0,54-3,67 84,76
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Haunboitiee MHOTOUYVCIICHHO! TPYIIION B COCTaBE JICHKOIUTOB TIECKaps SIBJIS-
nuch TUMGOUUTHI (Oeast KpOBb UMEET SIPKO BBIPAXKCHHBIN JTUM(POUTHBIN Xapak-
TEp), YTO XapaKTEPHO B LIEJIIOM JIUIS PhIO pa3HBIX CUCTEMAaTHYSCKUX rpymi [§, 13,
16, 20-22]. JIumdpoUTE KPOBU U TUM(OUIHBIX OPTaHOB SIBISIFOTCS TOM HMMYH-
HOW CUCTEMOM, KOTOpas OTpakAAeT OPTraHU3M OT YYKEPOIHBIX BIWSHHUN U CO-
XpaHsEeT ero TeHeTHUeCKoe MOCTOSHCTBO [ 14, 23]. SBnsscek npeniecTBeHHUKaMH
Makpodaron, GuOpoOIIACTOB, «KMAYTOBBIX)» KIETOK, TUM(OITUTHI PHIO BHITOTHSIIOT
cnenuduyeckne MUMMyHoIoruueckue peakuuu [24, 25]. ConepxaHue KIETOK 3TO-
TO THIIA B JISHKOTpaMMax MecKaps HaXOIMIOCh B Ipe/ieaX HOPMBI UTS KapPIIOBBIX
pI6 [16], a 3HaueHue ko3 (dureHTa Bapuanuu (cM. Tadi. 2) CBUAETEILCTBYET O
3HAYUTEIHHOU OHOPOAHOCTH HCCIIETyeMO BEIOOPKH 110 TAHHOMY MOKa3aTelio.

Jpyrue mpencTaBuTeN arpaHyiolUTOB — MOHOIIUTEI — SIBISUIMCH TOBOJIBHO
PENKMMH KJIETKaMH 0elloi KpOBH OOBIKHOBEHHOTO TIecKaps (cM. Tabi. 2). 3pebie
KJIETKH IaHHOTO THIIA CYLIECTBYIOT 48 4acoB, 10 UCTEUCHUH KOTOPBIX MOKUIAIOT
KpPOBSHOE PYCIIO U IpeBpamiarorcs B Makpodaru. [IpucyrcTBue B mepudeprde-
CKOIf KpOBHU PbIO MOHOIIUTOB, HE MEPELIEANINX €Ille B CTaAUI0 Makpo(daros, CBU-
JIETEIBCTBYET O HadaJle Pa3BUTHS BOCHAIUTEIHLHOTO mporecca [13, 22].

Cpenu KIIETOK 3€pHUCTOTO psijia eckaps MpeodIafaiy 303UHO(UIBI B HEUTPO-
¢mpl. CpenHee conepikaHIe TOCISHNX HaXOAWIOCh B Ipenenax (pu3HoIorude-
CKOI HOPMBI JUIst KapIIoBBIX PBIO [16]; MX MakcHMallbHOE TIPOLEHTHOE KOJIMYECTBO
B OeIoit KpoBH OTAENBHEIX ocobei (17,07%) (cM. Tabm. 2) CBHACTENECTBYET O pas-
BUTHUH Y TOCIENHUX HelTpodmmmu. HelTpoduabl Becerna MHOTOYKCIICHHBI B 30HE
OCTPOTO BOCIIAJICHHS, TOTYYEHHOTO B pe3yabrare HHdekiwmn [26—28]. [Tomumo 310-
To, TIOBBIIIEHHOE COIEPKaHUE HEUTPO(UIOB B epu(epudecKoil KpOBU PBIO SBIIS-
eTcsl HecTlelM(hMYECKOM peakineld Ha CTPeccophl pa3sHOW MPHPOb! (BO3IeHCTBHE
MOJUTIOTAHTOB, TIApa3UTapHAast HHBA3Us, ATMMEHTAPHBII TOKCUKO3, TpaBMBI) [29-32].

CpenHee MpoOIEHTHOE COIepKaHKe Y03MHO(MIOB B JICHKOTpaMMaXx HCCIEIOBaH-
HBIX NECKapel MpEeBBINAT0 HOpMAIbHbIE 3Hau4eHUs [16], a BCTpE4aeMOCTh JJAHHBIX
KJICTOK Y OTHENBHBIX 0cobeit (1o 21,82% oT urcna BeeX JISHKOIMTOB) (CM. TalI. 2)
CBUJICTETICTBYET O PAa3BUTUHU 303uHO(mIMN. KiieTkn 3Toro Buia HakaruMBaroTCs B
OpraHu3Me phIO MpH MapasuTapHbIX WHBA3MAX W BocnanieHusx [8, 13, 14, 28], uro,
OJIHAKO, HE CITY>KHUT O€3yCIIOBHBIM I0Ka3aTeIbCTBOM UX aHTUTAPa3UTApHON (DYHKIIHHL.

Bazodunsl B cocraBe nepudepudeckoil KpOBH MECKapsl BCTPEUYATICH PEIKO
(cM. Tabin. 2), B HOpME 3TO camas MaJOJYHCIECHHAs TPyIa JEUKOUTOB, HA MOJ-
HO€ OTCYTCTBHE KOTOPHIX B KPOBH pPa3HBIX BHIOB PHIO YKa3bIBAIOT HEKOTOpHIE
aBTopsl [14, 20, 21]. TloBeiieHHOE conepkanue 6a3opuinoB (1o 6,39% ot Bcex
JIEHKOIUTOB) (CM. TabM. 2) CBUAETENBCTBYET O BOCIIAIUTEIHLHOM MPOIIECCe MU
Pa3sBUTHU AJUIEPIUYECKON PEaKINH y OTAENbHBIX UCCIETOBAaHHBIX 0COOCH.

XapakTepHOi 0COOEHHOCTBIO KPOBH PhIO SBISIETCS TIOTMMOPPH3M (POPMEHHBIX
3JIEMEHTOB — OJJHOBPEMEHHOE MPUCYTCTBHE B KPOBSHOM PyCIIe KJIETOK pa3IHUHON
CTETIeHH 3pesiocTH. B neiikorpammax meckaps npyna ['paHHbI 0OHApyKeHBI MO-
Joxpie (OPMBI TPAHYJIOIMTOB — KIIETKU-TIPEAIIECTBEHHUKH (cM. Tadi. 2), coxep-
YKaHHe KOTOPBIX B OO KPOBH MPECHOBOIHBIX PEIO MOkeT gocturats 10% [14].
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JlelikoMTapHBI cOCTaB KpOBH phI0 BecbMa M3MeHYMB. Ha cooTHoIIeHHe
OT/ICIBHBIX TPYI KJICTOK BIUSIOT Pa3lUuHble OHOTHUYCCKHE W aOMOTHYCCKHE
(bakTOpHI (BO3pacT U IOJI )KUBOTHBIX, TIEPHOJ HEPECTa, CE30HHOCTh, KOJIeOaHUs
TEMIIEPaTypbl, ATMMEHTAPHBIH TOKCUKO3, MH()EKIIHOHHBIC U Tapa3uTapHbIe 3a00-
JIEBaHMS, H3MECHEHHE (PU3UKO-XUMHUICCKHX XapakTepuCcTHK Bozbl) [9, 20]. Coot-
HOILIEHHE TPaHYJIOLUTOB U arpaHyJIOIUTOB, HA OCHOBAaHWU KOTOPOTO PacCUUTaH
uHaekce capura neiikonutoB (MCJI), mHpOpMaTHBHO OTpa)kacT HApYIICHHS B M-
MYHOJIOTHYIECKOU PEaKTHBHOCTH OTJCIBHBIX 0COOCH U MO3BOJISET CYIUTh O Ha-
JIWYUH TMaToJIoTndeckoro mpouecca [17, 22].

B nopme MCJI kapnoBbix peid coctasinsieT 0,25-0,35 (B cpennem 0,30) [16].
Otxnonerne CJI B Ty wim nHYIO CTOPOHY OT HOPMAJIBHBIX 3HAYCHUH SBIISCT-
Csl TIPU3HAKOM 3a00JIeBaHUS WM YCHJIEHHOTO HETaTMBHOTO IIpecca CO CTOPOHBI
OKpY’KaloIIel cpelpl, a BRICOKAsT YaCTOTa BCTPEIAEMOCTH TaKUX 0coOeil — mpu-
3HAK HeOIaronoxydust MOMyssiuuy B 1enoM [33].

B ycnoBusix peiooBomHOTO BojtoeMa 0OIbINas YacTh MOMYISIMH OOBIKHOBEH-
HOTO TIecKaps NpeAcTaBiIeHa KUBOTHBIMH, 37I0POBBIMH IO JAHHOMY TOKa3aTelIio.
VY TpeTH uccleoBaHHBIX 0co0el 00HapyxeHo moBbimeHne MCJI OTHOCHUTEIEHO
HOPMBI, YTO YKa3bIBaeT HA aKTUBAIMIO IPaHYJION033a, TPEUMYIIECTBEHHO 3a CUET
pocta uncia 303HHOPHIOB (Tabm. 2, 3). Y OCTaNBHBIX PBIO 3aperHCTPUPOBaH
arpaHyJIONUTO3 Pa3HON CTEIECHU BBIPAXKEHHOCTH (CM. Taom. 3).

Ta6uuma 3 [Table 3]
Hupexce casura Jjeiikouutos (MCJI) kpoBH 00bIKHOBEHHOIO MeCKaps
[Index of leukocyte shift (ILS) in the blood of the gudgeon]

NCI1<0,25 UCJ =0,25-0,35 HCTT > 0.35
(arpaHynouuTo3) (HOpMa, 310pOBBIE 0COON) ’
[ILS < 0,25 (agranu- [ILS = 0,25-0,35 (normal, LS fg?;‘i’“"”ﬂfoﬂ )
locytosis)] healthy individuals)] -2 (granulocylosis
23,81+9,52 42,86+11,07 33,33+10,54

BrIsiBICHHBIE OTKIIOHEHHS B COOTHOIICHUHU PA3MUYHBIX (OPM JICHKOIIUTOB,
KOTOpPBbIE MO)KHO PacCMaTpPUBATh B KAUYECTBE aJallTallHOHHOTO MEXaHM3Ma, ITOBEI-
IIAIOIIETO 3alUTHYIO (GYHKIHIO KPOBH B YCJIOBHSX BO3JEHCTBUS KOMILIEKCa He-
OnaronpusITHBIX (pakTOpoB pa3HOU Mpupoms! [8, 9, 13, 33], ABIAIOTCSA JOCTATOYHO
pacrpoCTpaHEHHBIM U HeCIIeIU(PUIECKUM OTBETOM OpraHusma peid [34].

Mopdororaueckas KapTHHA KJICTOK KPAaCHOW KPOBH TiecKaps nipyaa [ paHHbIH
MPe/ICTaBIIeHa 3peNIbIMU U He3pesbIMU (HOpMOOIacThl, 0a30(MIbHBIE U MONUX-
pOoMaTopMIEHBIC 3PUTPOLUTEI) opMaMu IpUTPOIIOI3a. Y BCeX MCCIISIOBAHHBIX
pBIO Ha OTHOM Ma3ke OOHapY)KEHBI U 3peJIble SPUTPOLIUTHI, HMEIOIIHE AIUTHIICO-
UIHYI0 (OpMY, H HE3pelbie KIETKH OKPYIIIOi (GopMBl.

BonpminHCTBO HccIenoBaHHBIX 0co0ei neckaps npyaa [ paHHBIN XapakTepu-
30BaJIOCh HOPMAaJIBGHBIM WM CJIETKa MTOHMKEHHBIM YPOBHEM DPUTPOITI033a, JIUIIb
y HeOOJIBIIOro 4ucia peId OTMEYaIoch Ooee HHTEHCUBHOE 00pa3oBaHUE Kpac-
HBIX KPOBSHBIX KJIETOK (Tabm. 4).
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Tabnuna 4 [Table 4]
HMHTEeHCHBHOCTD 3PUTPON0332 B COCYIUCTOI KPOBH 00bIKHOBEHHOI0 NeCKaps
[Intensity of erythropoiesis in the vascular blood of the gudgeon]

Coznep:kaHue HE3pebIX SPUTPOLIUTOB
B IepruQepuIecKoil KPOBH PBIO
[Content of young erythrocytes in the peripheral blood of fish]

KonngectBo prib
[Number of fish], %

<5 42.86£11,07
5-10 42,.86+11,07
>10 14,29+7,83

Pereneparuis (OpMEHHBIX 3JIEMEHTOB KPOBH (TEMOII033) Y PHIO Ha TPOTSIKE-
HUM Bcel *KU3HU UHIUBUAYYMa 00€CIIednBaeTCsl KPOBETBOPHBIMU TKAHSAMH (Celle-
3€HKOH, THMYCOM, TIOYKaMH, CEPIIEM, ITOJIOCTSIMU KOCTEH depena, KAIICTHHKOM,
»aOepHBIM armapaTroM, COCYAUCTON KpoBbio) [ 14, 35]. YpoBeHs aputporiodsa (uH-
TEHCUBHOCTH 00pa30BaHMs KPACHBIX KIETOK B KPOBETBOPHBIX OpraHaX M TKAHSIX)
oIpesenseTcd MHOTUMHU (haKTOpaMu: OCOOEHHOCTAMH OMOJIOTUU PBIO, THAPOXU-
MHUYECKIM PEXUMOM BOIOEMa, IEPHOOM BETE€TAIMOHHOTO CE30Ha, HETIOTHOIICH-
HOCTBIO U / WM HecOaIaHCUPOBAHHOCTBIO IHIIH, CIIOCOOOM BBIPAIIUBAHUSI, KPO-
BOTIOTEPSIMH B PE3YNBTATE TPABM U BO3ICUCTBUS NTApa3uToB | 1p. [9, 36].

AHanmu3 Ma3KoB KPOBU IPOJEMOHCTPUPOBAJI, YTO B YCIOBUSX PBIOOBOA-
HOTO BOJOEMa Yy TPETH HCCICOOBAHHBIX O0CO0eil OOBIKHOBEHHOTO IIeCKaps
(33,33+10,54%) He 0OHapyXeHO MATOMOTHMYECKH U3MEHEHHBIX SPUTPOLUTOB B
KpOBSHOM pyciie. KiieTkn KpacHOW KPOBH OCTaJBHBIX KUBOTHBIX XapaKTEPHU30-
BaJIUCh TEMH WM UHBIMHU HapylIeHUsIMU Mopdonoruu (tabi. 5).

Tabauma 5 [Table 5]
BerpeyaeMocTh a0eppaHTHBIX 3PUTPOLMTOB B HepudepUYCCKOM

KPOBH 00bIKHOBEHHOT0 MeCKaps
[Occurrence of aberrant erythrocytes in the peripheral blood of the gudgeon]

YacToTa abeppaHTHBIX 3PHTPOIIMTOB
Berpeuaemocts Cpelu MpOoaHATM3UPOBAHHBIX
Tumn narosorun PpBIO ¢ maTonoruei [Frequency of aberrant red blood cells
[Type of pathology] [Occurrence of fish among the analyzed], %
. o .
with pathology], % cpenHee 3Ha4e min—max
HUE [mean value]
Tofixurouos 61,90+10,86 2,77+1,02 0-15,07
[Poikilocytosis]
(ecTonuaTLIi KOHTYP 4,76+4,76 0,18+0,18 0-3,79
[Scalloped contour]
AneHTpuyeckoe
PpacIONIOKEHHUE SIIpa 33,33+10,54 1,29+0,49 0-7,16
[Acentric arrangement of the core]
Hedopmanus siapa -
[Deformation of the nucleus] 9,52+6,56 0,08+0,07 0-1,46
®parmentos sipa 4,76+4,76 0,03+0,03 0-0,55
[Fragments of the core]
PasznBoenue siapa [Split core] 9,52+6,56 0,03+0,02 0-0,33
2 sipa [2 cores] 4,76+4,76 0,02+0,02 0-0,32
Bakyo/IM3alus UMTOMIasMbl 14,2947,83 0,31£0,20 0-3,91
[Cytoplasmic vacuolization ]
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[To xapakTepy 1 cTeTieH! IPOSBICHUS BEISBICHHBIC HAPYIICHUS Pa3IeIIIFOTCs
Ha HeCKoJbKo rpymil [37].

1. AGepparnuu, CBSI3aHHBIE ¢ U3MECHEHHEM (POPMBI KIIETOK — ITOHKIIIOUTO3 1
(ecToHYaTBIE BBIPOCTHI (KOHTYD) IIUTOILIA3MBI. [10AKIIONUTO3 (HAINYHE B KPO-
BH KJIETOK, PE3KO OTIMYAIOMIMXCS O (opMe) SBISIETCS Hanboliee pacipocTpa-
HEHHOM TaTOJI0THeH SPUTPOLUTOB OOBIKHOBEHHOTO IiecKaps npyaa [ paHHBIH (cM.
Tabn. 5), BHYTPH KOTOPOH 0COOO BBIACIACTCS KAIUICBUIHAS M MAJIOYKOBHTHAS
nedopmanuu (BcTpeyaeMocTh 0co0eil ¢ TakuM TUIIOM abeppalii cocTaBisieT
38,10+10,86% u 9,52+6,56% coorBercTBeHHO). B memom okomo 2,77% mpoana-
JIM3MPOBAHHBIX 3PUTPOLMTOB PHIO XapaKTepU30BAIUCH HAJMYHEM JAHHOTO Ha-
PYIIEHHSI, YTO BBIIIE BETMYMHBI UX CIIOHTAHHOTO 00pa30BaHMs, KOTOpast B HOpME
coctaBsiet He O0onee 1% [38, 39].

HeznaunrtensHOE KOTHYECTBO MCCIEIOBAHHBIX DPUTPOIIUTOB TIECKAPsI MMETI0
(ecToHUaThIE (BOJHUCTBIE) KOHTYPHI O00JIOUKH (CM. Tabia. 5) MpU COXpaHEHUU
HOPMaJBHBIX Pa3MepOB KIICTKH.

[puurHamMu TOSIBIICHHS YKAa3aHHBIX HAPYIICHHIA YaIlle BCETO SBISIOTCS MaTo-
JIOTHH TIIa3MaTHIecKol MEMOPaHBI 1 OCMOPE3UCTEHTHOCTH KIICTOK BCJIEICTBHUE
MHTOKCHKAIIUU OpraHu3Ma pa3iuuHoit stuonoruu [13, 20, 38].

2. Hapymienus, cBs3aHHBIC ¢ H3MEHEHISIMU SIpa — alleHTPUIECKOE PaCIIoo-
XKeHue (CMelIeHue aapa K nepudepun), nedhopmanus (HernpasuibHas Gopma npu
COXpaHEHHH HOPMAJBHBIX pa3MepoB sapa) U GparMeHTo3 (pasaencHue sapa Ha
HECKOJIbKO COEMHEHHBIX Mex Iy coboii cermentoB). [locnennue 2 Tuna abeppa-
IIUH SBISIOTCS] HEOOPAaTUMBIMH JA€TeHEPAaTHBHBIMI N3MECHEHHUSIMH, OJJHAKO JaCTO-
Ta MPOSIBICHUS aHHBIX ITaTOJIOTHH KpalfHe HU3Ka (CM. Talll. 5).

3. Hapymienusi, cBS3aHHBIE C JEIEHNEM KIIETKH — Pa3ABOCHHUE (AMUTO3) H YII-
BOeHHe sipa. YacToTa BCTpeYaeMOCTH KJIETOK C HOJOOHBIMYI aHOMAITMSIMHU CPEJTH
00IIero Yrcia MPOoaHAIM3UPOBAHHBIX HE MPEBBIIIACT BEIHMUYNHY HX ITOSBICHUS
IIPY CHOHTaHHOM MyTareHese (1%), JIMIIb eIMHUYHBIE 0COOU IecKaps SBISIOTCS
HOCHTEJISIMH MTOJJOOHBIX HApYIIEHUH (CM. Tabd. 5).

4. JlereHepaTHBHBIE U3MEHEHUs KIETKH — BaKyOJIM3alus [UTOILIa3MbL. JlaH-
HBI{ THI TATOJOTHI SPUTPOLUTOB XapaKTEPU3yeTCs HATMYHUEM B LUTOILIa3Me
KJIETOK €JMHUYHBIX BaKyoJeil pasHOro pa3Mepa, IMPHUYMHON Yero SBISIOTCS Ha-
pYUICHHS BHYTPUKICTOYHOTO OOMeHa [14].

JlaHHBIE TeMaTOJIOrNYeCKOro aHajIn3a OOBIKHOBEHHOIO MecKapsl CBHIETEIb-
CTBYIOT B IIeJOM 00 yCTOHYMBOM MOP(O(DU3NOIOTHISCKOM COCTOSHHH W OT-
HOCHUTEJIFHOM Onaromnonyynu nomytauuu G. gobio B yCIOBHAX PHIOOBOIHOTO
Bomoema. [lokazarenn nepudepudeckoil KpoBH meckaps npyna [ paHHBIN, BOIBI
KOTOPOTO MOXKHO IPH3HATh YHCTHIMHU (CM. Tabi. 1), 3HAYUTENHHO OTIIMYAIIUCH OT
TaKOBBIX y PBIO M3 3arpsI3HEHHBIX BOAOTOKOB C CYIIECTBEHHON aHTPOIIOTCHHOM
Harpy3Koii [6].

OO0HapyXeHHBIC HapyIIeHUSI MOPQOJIOTHH ¥ COOTHOIICHHS (POPMEHHBIX dJie-
MEHTOB KPOBH (IIATOJIOTMYECKU M3MEHEHHBIC 3PUTPOIUTHI, OTKJIOHEHHUS OT HOP-
MBI B JIGHKOTpaMMe) He SBJISIOTCS KPUTUIECKAUMH M MOTYT OBITH CBSI3aHBI Kak C
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0COOCHHOCTSAMH (PU3HUOJIOTHUECKOTO COCTOSHUS PBIO (TOIBKO OKOHYHBIITHICS TTe-
pHOJ HepecTa BbI3BAJI OPEJIeNIeHHOE HalpshkeHHe B (QYHKIIMOHHUPOBAHUH CHCTe-
MBI KPOBH), TaK U C IApa3sUTapHON MHBA3WEH KUBOTHBIX, UTO HE pa3 0TMEYAIOCh
B nuTeparype [8, 14, 28, 37].

dayHa MakpoIapasuToB OOBIKHOBEHHOTO Ieckapsi B OacceiiHe Bonrm mocra-
TOYHO Oorara B KaueCTBEHHOM OTHOILIEHHH M TpeJcTaBleHa 44 BHIaMM PasHBIX
TakcoHOMHYecKuX rpymm: Monogenea — 10, Cestoda — 5, Trematoda — 15, Nemato-
da — 4, Acanthocephala — 5, Hirudinea — 2, Crustacea — 3 [40—45]. 3HaunTenbHoe
pasHooOpa3ue mapa3suToB CO CIIOKHBIM JKU3HEHHBIM IHKJIIOM, KOTOPBIX IECKaph
IproOpeTaeT ATMMEHTAPHBIM (TPO(UUECKUM) IIyTEM, ONIPEEIsieTCsl 00raTCTBOM
MUIIEBOTO PallioHa PHIO B €CTECTBEHHBIX BogoeMax. OOBIKHOBCHHBIHN ITeCKaph —
TUNHWYHBIA OeHTO(dar, MOJIOAL U B3pocible ocodbu G. gobio MUTAIOTCS TNYUHKA-
MU aM(QUONOTHUECKUX HACEKOMBIX (XHPOHOMHJ, TONCHOK, PYYCHHHKOB, MyX-
OeperoByIleK, MOKPEIOB, CUMYIIU/), @ TAKKe PAKOOOPa3HBIMU U MOJUTIOCKAMH;
OTMEUEHBI CITyYau MOSHaHUs UKPBI IPYTUX peIio [46—48].

B ycnoBusx pbIOOBOIHOTO BOgOEMa MECKAph 3apakeH TPeMs BUIaMHU MHOTO-
KIJIETOYHBIX ITapa3uToB (Taodl. 6).

Ta6nuua 6 [Table 6]

®ayHa napa3suToB 00bLIKHOBEHHOI'0 Neckaps npyaa I'panubrii
[The fauna of parasites in the gudgeon of Granny pond]

Wuren- Wrzexe
HIEK
N / DKCTEHCHUB- CHUBHOCTH 6 A
apasuT / JJoKaIu3anus o0uus, 9K3.
. e HOCTh UHBA3UU >
[Parasite / localization] o HHB%HI_/I’ 9K3. [Mean abun-
[Prevalence], % | [Intensity of .
dance, ind.]

infection, ind.]

Neogryporhynchus cheilancristrotus
(Wedl, 1855), pl. 3,85 1 0,04+0,04
JKeITYHBIN Iy36Ipb [gallbladder]
Contracaecum microcephalum
(Rudolphi, 1819), 1. IIT 3,85 1 0,04+0,04
IeyeHs [liver]

Ergasilus sieboldi Nordmann, 1832
TJIAaBHUKH, yKa0pslI [fins, gills]

100,00 2-57 19,35+2,66

Inepouepkoun N. cheilancristrotus n nuunHKa Hemaroasl C. microcephalum
3apakaloT XO3siMHa TPOQUUECKUM IyTeM (Uepe3 BECIOHOTMX padkoB). Huskue
MOKa3aTesi 3apaKeHHOCTH TeJIbMUHTaMHU (ClIeyeT TOBOPUTh O €MHHUYHON HMH-
Ba3HH) MOTYT OBITH 00yCIIOBICHBI HECKOJILKMMH PHYMHAMH. Bo-IIepBEIX, B BO-
Jl0eMe MTOCTOSTHHO TIPUCYTCTBYIOT HCKYCCTBEHHBIE KopMa ((pypakHasi MIIeHNIa |
3€pPHOOTXOJIBI), HA INTAHHWE KOTOPBIMY MEPEILTH B TOM YUCIIE H «COPHBIE) BUIIBI
pb10. Bo-BTOpBIX, HEBBICOKAs MPOAYKTHBHOCTD MpPY/Ia 10 [TOKA3aTelsiM 300I1IaH-
KTOHA U MCXOIHO HU3Kas 3apa)KCHHOCTh KOPMOBBIX OECIIO3BOHOYHBIX (3TO Ipe-
MOJIOXKEHHeE TpeOyeT JTOMOIHUTENIFHOTO HeclenoBanust). O0a Buia yepBeil 3akaH-
YHBAIOT CBOE Pa3BUTHE B PHIOOSIHBIX NTHIAX. OTCYyTCTBHE IO Geperam BoroeMa
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MTOCTOSTHHBIX KOJIOHUH NITHII 1, KaK CIEACTBIE, MHBA3MOHHOTO Hadala (SUI Teilb-
MHUHTOB) TaK)X€ MOKET OBITh IPUYNHON HU3KOH 3apaKCHHOCTHU PhIO JTMIHHKAMHU
LECTOBI M HEMATOIBI.

Crnenyer otMeTuTh, uto N. cheilancristrotus u C. microcephalum BuepBble
OTMEUEHBI B COCTaBe Mmapa3uTodayHbl OOBIKHOBEHHOTO Ieckaps bacceiina Boru.

Oco0niit uaTepec npeacrasisier 100%-Hast nHBa3us prid paukoMm E. sieboldi
(cM. Tab. 6), HHTEHCHBHOCTH 3apaKeHHUsI KOTOPBIM OTIIENBHBIX 0cO0ei JTocTHra-
€T HECKOJBKHUX JIECATKOB DK3EMIUISIPOB; MAPa3UThI JIOKATH3YIOTCS HE TOIBKO Ha
*abpax, HO ¥ Ha IUIABHUKAX (B TAaHHOM CIy9ae MOXXHO TOBOPUTH O THUIIEPHHBA-
3HHK). DTOT BUJ XapaKTePH3YIOTCs cl1ab0 BBIPAKCHHOW CIEIM(DUIHOCTHIO U Ma-
pasuTHpyeT y OONBIIMHCTBA BHIOB IPECHOBOMHBIX PHIO (KapHOBHIX, OKYHEBHIX,
JIOCOCEBBIX, CUTOBBIX 1 1p.) [19, 49, 50].

JKM3HEHHBIH IIUKIT 3pra3mirioca CBsI3aH C TOJOBBIM X0OIOM TEMITEPaTyphI BOJBL.
B xonoxaHbIil mepuos rofa caMKy NpPeObIBAIOT B COCTOSHHM MOKOs. C IMOBBIIIE-
HHEM TEeMIepaTyphl BOIBI HAYMHACTCS IMPoIiece GOPMHUPOBAHUS SIUIl B SHIHU-
Ke; 3pelible SHIeBbIC MEIIKH MOSBISIFOTCS MPU TEMIIEpaType BOIbI He Hibke 14°.
B kaxnom sitieBom Menike o 100—110 Hayrumaes. E. sieboldi — TennonroOuBbIit
BUJI, ONITUMAJIbHAS TEMIIEPATypPa €ro pa3BUTHS cOCTaBisieT 22—25°. Bembliku 3a-
OoJIeBaHMUS IIPOUCXOIAT ITABHEIM 00pa3oM JICTOM, B HIONE—aBIyCTe, HO HHOT/A U
0CeHbI0. [1031HO MPUKPEIHUBIIIHECS CAMKH Pa3MHOMKAFOTCS TOIBKO BECHOM CIIETy-
forero rona. Cpok pa3BHTHS OT SHIIa 0 TIOIOBO3pPEION 0coOH AITUTCS 22 CYTOK;
IpY ONaroNpHUATHBIX YCIOBUIX B TEUCHHE TPEX HEAETb CAMKH JIAfOT JIBa MTOKOJIe-
HUS JIMIUHOK [49].

[Murasce xabepHOW TKAHBIO M KPOBBIO XO3S5IMHA, PAYKH SBJISIOTCS KpaifHe ma-
TOT€HHBIMH TapasutamMu. [IpuKperussics K aOepHBIM JIeTIeCTKaM, MMapasuT Jie-
(dbopMupyeT MX, CAABIMBACT M Pa3pbIBACT COCYNbI, BHI3BIBACT CIHM3COTACICHUE,
pa3pyLIeHne 1 HeKpo3 kabepHOH TKaHU. 3a4acTyro K MHBAa3UH dPTa3UIIOCOM MPHU-
COEIMHSIETCS IopakeHue canponeruueit [50].

OcoOniii Bpen E. sieboldi HaHOCUT TIpyAOBBIM X03sicTBaM. Jlaxke eciu He
MIPOUCXOAUT MacCOBO rudenu poid, HAOMIOJAECTCS CHUXKEHUE TEMIIOB POCTa, Mac-
ca JKUBOTHBIX YMEHBIIAeTCs IPIMEPHO B 2 pa3a. YXyIIaeTcs: KadecTBO Msca 3a
CUET CHIDKCHUS KouuecTBa xupa. OTHerabHbIe CAMKH MOCTe OONE3HU CTaHOBAT-
cs1 STIOBBIMU M HE Y9acTBYIOT B Hepecte [49, 50].

B uncie ocHOBHBIX (haKTOPOB, 0OYCIOBIMBAIOIINX BBICOKYIO 3apaXKCHHOCTh
meckapsi npyna ['paHHBIN MaTOTeHHBIM padkoM E. sieboldi, HocsIIyr0 Xapakrep
SIHM300THH, MOXKHO BBIICTHUTH CIEAYIOIINE:

1. Cnabast mpOTOYHOCTH BOAOEMA, YTO CO3JACT ONTHUMAIBHBIC YCIOBHUS IS
Pa3BUTHUSA 3TOTO TUMHOMUIEHOTO BHIA.

2. IlporpeBanne mpymga B JETHHE MECSIBI, JAoliee BOZMOKXHOCTH CaMKaM
nmapasuTa J1aBaTh HECKOJIBKO FeHEepaIiid B TOJI.

3. Hamuuwme 30HBI cyOnuTopasii ¢ OOWJIBLHOW BOJHOW PaCTHUTEIHHOCTHIO,
rae HaONIOMAIOTCs MaKCHMallbHas KOHIICHTPAIMs CBOOOTHOXKUBYIIUX CTaJIHiA
E. sieboldi n ckomuieHre WX OONHMTaTHBIX X03s5€B — phIO. [leckaph mpuypodeH K
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OeperoBsIM ydJacTKaM 3apociieil Makpo(HTOB, TI€ NMPOHCXOMUT HHTCHCHBHAS
aKKyMYJIALUsT paykoB Ha pbl0ax, CONPOBOXKAAIOIIASCA WX I€PMAaHEHTHOM
pEHUHBa3HE.

4. Hann4une B 1OCTaTOYHOM KOJIMYECTBE MOIXOASAIINX OOIUTATHBIX XO35€EB.

Br1sBIeHHBIC HAPYIICHNUS B CHCTEME KPOBH PBIO, TAKHE Kak IOSBICHUE B KPO-
BSHOM pyciie HOMKHIONNTOB M U3MEHEHHS B JISHKOLUTApHOH (Gopmyse (303HHO-
(umnms), MOTYT OBITH CBSI3aHBI B TOM YHCIIE U C BBICOKOH CTETICHBIO 3apa)KeHHOCTH
neckapst E. sieboldi. VI3BeCTHO, 4TO 4acTOTa TMOSIBICHUS MATOJIOTMYECKU HU3Me-
HEHHBIX 3PUTPOLNNTOB B KPOBH MHBAa3HPOBAHHBIX PHIO CYIIECTBEHHO BHIIIE, YEM
y ocobeit 6e3 nmapasutos [37]. AHanu3 JEHKOIUTAPHOTO MPO(UIS MOKA3EIBALT,
YTO 3a9aCTyI0 303MHODIIHA SBISIETCS €AMHCTBEHHBIM IIPOLIECCOM, XapaKTepu3y-
IOIIUM JICHKOIMTO3 IIpH NMapa3uTapHbIX HHBA3UAX PeIO [8, 14, 16].

[NomyuyeHnHble pe3ynabTaThl CBHAECTENBCTBYIOT O JOCTATOYHO YCTOHYHBOM
MOp(}OPU3NOIIOrHIECKOM COCTOSHHM TOMYJISIIHN  OOBIKHOBEHHOTO ITeCKaps
B YCIIOBHAX OTHOCHTENBHO YHCTOTO Bomoema. OOHapyXeHHbIE OTKIOHCHHUS B
reMaToJIOTHYeCKUX MOKa3aTelsX pbI0 He SBISAIOTCS KPUTHYECKUMU U MOTYT OBITh
paccMOTpEHBI BKaueCTBE aJalTAIOHHOTO MEXaHI3Ma, ITOBBIIIAIOIIETO 3aIIUTHY IO
(YHKLIMIO KPOBHM B YCIOBHSX BO3JICHCTBHS KOMIUIEKCAa HEOIaronpusTHBIX
¢axTopoB pasHoi mpupombl. OJHUM U3 TakuX (PaKTOpPOB MOXKET BBEICTYIATh
napasuTapHasi HHBa3us phIO.

3akiouenne

IpoBenena oreHKa MapasMTONIOIMYECKOTO0 ¥ MOP(HO(U3UOIOrHIECKOTO CO-
CTOSIHUSI OOBIKHOBEHHOTO TIECKaps B YCIIOBHSAX OTHOCHTEIFHO YHCTOTO BOJOEMA.
CocraB 0e0it KpoBH PHIO BKIIFOYAI 6 TPYIII KJIETOK, MPOIIEHTHOE COOTHOIICHHE
KOTOPBIX, 32 HCKIIIOUCHHEM J03MHO(DIIOB, HAXOAWIOCH B TIpenenax (U3U0I0-
THYECKOW HOPMBI. MIHTEHCHBHOCTh 0Opa30BaHUS KPACHBIX KPOBSHBIX KIIETOK B
COCYIMICTOM KPOBH (YPOBEHb SPHTPOII033a) Y OOJBIIMHCTBA JKUBOTHBIX HE TIpe-
Boiman 10%. 66,67% uccinenoBaHHBIX PBIO XapaKTEpU30BaJOCh HAUYMEM Ia-
TOJIOTUYECKH W3MEHEHHBIX SPUTPOIMTOB B KPOBSIHOM pycie. Becero BEIIBIEHO
8 pasnuuHbIX THIIOB abepparmii. Hanbomnee pacnpocTpaHeHHOM MaTONOTHEN sB-
JISUICST TIOMKHJIOINTO3, 3apEeTHCTPUPOBaHHEIN ¥ 61,90% pw10; 2,77% mpoananu-
3MPOBAHHBIX 3PUTPOIMTOB XaPAKTEPU30BAJIOCH HATMINEM JTAHHOTO HAPYIIICHUS.
YacToTa BCTpeYaeMOCTH KIIETOK C JPYTHMH THIAMH abeppaluii cpean oOImero
YHCa UCCICOBAHHBIX HE MPEBBIIIATA BEIUYMHY WX HOSBICHHS MPU CIIOHTAH-
HoM MyTareHese (1%). ¥ 100% oTnoBieHHBIX 0c0o0ei meckaps THarHoCTHPOBaHA
WHBa3Us MaTOTeHHBIM padkoM E. sieboldi. [lnepouepkoun N. cheilancristrotus u
nmauHKa Hematonsl C. microcephalum BepBBIE OTMEUEHBI B COCTaBE IAPa3uTo-
(hayHbl OOBIKHOBEHHOTO ITecKapsi Oacceiina Bonru.

Aemopwi bnazooapsm U.®. A6oyinosa (OO0 «Axeamopusy, 2. Camapa, Poccus)
30 NOMOWb 8 COOPE UXMUOTOSULECKO20 MAMEPUAILA.
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Hematological parameters and parasite fauna of the gudgeon
Gobio gobio (Linnaeus, 1758) in a fish-breeding pond

The gudgeon (Gobio gobio (Linnaeus, 1758)) is a very interesting object for
genetic, ichtyopathological and parasitological studies. This typical bottom species is
sensitive to water pollution. Analysis of hematological parameters of the gudgeon can
be used as an objective indicator of the ecological state and the degree of anthropogenic
impact on the ecosystem of the reservoir. G. gobio is characterized by a wide range of
nutrition and is itself included in the diet of predatory fish and fish-eating birds, thus
playing a significant role in circulation of various parasites. In fish-breeding ponds, the
gudgeon is often the object of unwanted fish because it can be a source of diseases of
valuable fish species.

The aim of this research was to study hematological parameters and parasite fauna of
the gudgeon in a fish-breeding pond, in which it is a “weed” species. The ichthyological
material was caught in July 2018 in Granny pond (53°81'24"N, 49°93'74"E). Table 1
shows hydrochemical parameters of the pond, allowing it to be attributed to relatively
clean water bodies. The research complies with the ethical principles of the European
Convention for the protection of vertebrate animals used for experimental or other
scientific purposes (Strasbourg, 18 March 1986). The fish were kept in separate rooms
in aerated aquariums with optimal planting density, which minimized stress and
anxiety levels. Animals received sufficient food. The study used a minimum number
of fish, which were killed in a humane way. We conducted hematological studies
of 21 individuals of G. gobio. Blood smears were fixed with ethanol and stained
according to Romanovsky-Giemsa. We identified blood cells by Groff, Zinkl (1999).
With each drug, differential count of white blood cells among 1000 erythrocytes in
5-10 fields of view was conducted. In order to assess the physiological state of fish and
their immune status, we analyzed the ratio of blood elements, studied the leukocyte
formula, determined the level of erythropoiesis, and recorded possible pathologies of
erythrocytes. Research of macroparasites in 26 individuals of the gudgeon was carried
out according to Bykhovskaya-Pavlovskaya (1985). For quantitative characteristics
of infection of the animals, we used the following indicators: prevalence, intensity of
infection and mean abundance.

The leukocyte composition of the blood of the gudgeon was characterized by a
wide variety (See Tables 2 and 3). The most numerous group of cells were lymphocytes.
The average percentage of individual groups of leukocytes was within the physiological
norm. The exception was eosinophils, the occurrence of which in the leukogram (up to
21.82% in ind.) indicated the development of eosinophilia. The proportion of immature
red blood cells in most of the studied smears did not exceed 10% (See Table 4). 66.67%
of gudgeon individuals had pathologically altered red blood cells in the bloodstream;
8 different types of disorders were observed (See Table 5). The most common pathology
was poikilocytosis, registered in 61.90% of fish; 2.77% of the analyzed erythrocytes
were characterized by the presence of this aberration. The frequency of occurrence of cells
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with other types of disorders among the total number of the studied ones did not exceed the
value of their appearance in spontaneous mutagenesis (1%). The parasite fauna of fish in
terms of fish ponds significantly depleted (See Table 6). 2 species of parasites (the cestode
Neogryporhynchus cheilancristrotus, pl. (Wedl, 1855) and the nematode Contracaecum
microcephalum, larva I1I (Rudolphi, 1819)) infect the host by alimentary means. These
species were first observed in the parasite fauna of the gudgeon of the Volga river basin.
All studied individuals of the gudgeon were infected with parasitic crustaceans Ergasilus
sieboldi Nordmann, 1832, which is an extremely pathogenic parasite. A high degree of
fish invasion by crustaceans (up to 57 specimens per individual) can be a factor causing
deviations in hematological parameters of the gudgeon.

The paper contains 6 Tables and 50 References.

Key words: Gobio gobio; Ergasilus sieboldi; leukocytic formula; pathology of
erythrocytes; parasite fauna.
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H.B. OctpoBepxoBa, C.A. Pocceiikuna, O.JI. Konycosa,
A.H. Kyuep, T.H. KupeeBa

Hayuonanvuvui uccnedosamenvcxkuii Tomckuti 20cyoapcmeentvitl yHugepcumen,
2. Tomck, Poccus

Pa3znooOpa3ue MmenoHocHoil muesbl Apis mellifera L.
B ToMckoii 00s1acTi 10 MOp(oMeTPpUYECKUM
U MOJIEKYJISIPHO-TeHeTHYeCKUM MapKepaMm

IIpedcmasnensl pe3yivmanbsi UccAe008aHUA NOPOOHOL0 COCMABA U 2EHEMUUECKO20
PA3HO00OPA3UA MEOOHOCHLIX nuel, ooumarowux Ha meppumopuu Tomckoil obracmu.
Bcezo uccneoosano 337 nuenumwix cemetl, nomyuemuvix ¢ 65 nacex obracmu. Ha
OCHOBAHUU AHATU3A USMEHYUBOCTIU MOPPOMEMPUYECKUX NPUSHAKOS (NOKazamenu
Kpulida, a UMEeHHO KyOumanvHolll U 2aHMENbHbIN  UHOEKCbl, OUCKOUOANbHOE
cmewenue) u eapuabenvnocmu aoxyca COI-COIl mm[AHK ycmanosneno, umo
OONBUUHCINGO UCCTIEO08AHHBIX NUEIUHBIX cemell Nnpedcmagnam coool ubpuovl,
umerowue NPoOUCXoHcoeHue om CpPeoHepycCcKoll Nopoobl NO MAMEPUHCKOU JUHUU
(3apezucmpuposanv sapuarnmel POQ u POQQ nokyca COI-COIl mm/IHK). Boiasnens
nacexu 6 Yaunckom, Teeynooemckom, Monuanosckom, 3vipsnckom u  Tomckom
pationax, 20e COXPaHUIUCh U pa3goo0samcs MeOOHOCHble NYebl CPEeOHEPYCCKOl NOPOObi.
Coenacno Oannvim o 6apuabenvHocmu 9 MUKPOCAMENTUMHBIX JTOKYCO8, A0epHbLil
2EHOM 2UOPUOHBIX NUell, UMEIOWUX NPOUCXOXHCOeHUe, KAK OM CPEeOHepYCCKOU, mak u
Kapnamckoul nopoo, 6onee 61U30K no cnekmpy u yacmome ainenei usyyennvix JHK-
Mapxepog 2eHOMy cpedHepycckoil nopoosi. Qbcyscoaromes ghakmopul, onpeodensiowue
2eHemuueckoe pasHoobpasie MeOOHOCHbIX NYell.

KiroueBble  ciaoBa:  Apis  mellifera;  reHeTnueckoe  pa3zHooOpasue;
mopdomerpuueckuii meron; gokyc COI-COII mtJHK; MUKpOCATEIUTUTHBIE JIOKYCHL.

BBenenue

Ienernueckoe pazHooOpasue, XapaKTepHOE JUIsl TPUPOIHBIX TOMYJIAINN Me-
JIOHOCHOM T4eJIbl, SIBJIETCS OAHUM W3 HauOosiee BaXKHBIX yCIOBHH, HEOOXOIU-
MBIX JUISI CyIIECTBOBAHUS M YCTOMYMBOTO pa3BUTHs muenoBojacTBa [1-3]. B Ha-
cTosiIliee BpeMsi BO BCEM MHUpe HaOmrofaercs rodaiabHas moTeps pasHOOOpas3us
W YUCIIEHHOCTH I4eln [4-9], mo3ToMy OIHOM M3 OCHOBHBIX 3a7a4 ITYEI0BO/ICTBA
SIBIISICTCS] COXpaHeHHe a0OPUTEHHBIX MOJABUAOB U MOMYJIALUN MEIOHOCHOH mue-
el [3, 10-14]. HatuBHbBIe TOABHIBI HaHOOJIEE MPUCTIOCOOICHBI K MECTHBIM TIPH-
POIHO-KIMMATHYECKUM YCIIOBUSAM, U UX MCUYE3HOBEHHE O3HAYAET MOTEPI0 YHU-
KaJIbHBIX TCHETHYECKUX KOMOHMHAIUI (M TPU3HAKOB), CHOPMHUPOBAHHBIX ITYTEM
€CTEeCTBEHHOT0 0TOOpa B TEUCHUE JUIUTEIBLHOTO Meproia BpeMeHH. OCHOBHBIMU
MPUYUHAMH TTOTEPH TEHETHYECKOTO Pa3HOOOpa3Hs MEJOHOCHON M4eibl Apis
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mellifera L. paccMaTpuBaloOTCs 3aMelIeHHE SCTECTBEHHBIX MOMYJIANUN Oomee
MUPOTIOOUBBIMU M TPOJIYKTHBHBIMUA KOMMEPYECKUMHU (HEMECTHBIMHU) ITOJ(BU-
JaMH, PaclpoCTpaHEHNE Mapa3suTOB M ITaTOTCHOB MEJIOHOCHOH ITYENHI, a TaKxKe
0OECCUCTEMHOE HUCIOJB30BaHUE MECTUIMA0B U spoxumukaroB [10, 11, 13-19].
MOHHTOPHHT MECTHOTO MOABHAA (IKOTHIIA) METOHOCHOU ITYEIBI M OTPaHUICHIE
UHTPOAYKIIMY KOMMEPUECKUX MUEIUHBIX CEMEH MO3BOMIAT CHU3UTH YPOBEHb MEXK-
MTOPOIHON THOPHUAM3AIINY ITYEI U COXPAaHUTh TEHETHIECKOE Pa3sHOOOpas3ue 1 yHH-
KaJbHBIH reHo(oHA abopureHHsIx myen [11].

B Cubupu nepBoHavanbHO KYJIFTHBHPOBAIACE CPEAHEPYCCKas ITIesa (TeMHas
necHasi) Apis mellifera mellifera L., xotopas 0bU1a 3aBe3eHa 230 JieT Ha3al, KaK
Hanboiee aganTHPOBaHHAS K CYpOBBIM IIPHPOAHO-KIMMATHIECKUAM YCIOBHSIM
peruoHa, TaKUM KaK HU3KUE TeMIEepaTypbl, MPOJOKUTENbHAS 3UMa U KOPOTKUil
netHu# B3sATOK. C KOHIIa XX B. OTMEYEH MACCOBEIN 3aB0O3 ITYEN FOXKHOTO TIPO-
UCXOXKACHUS, IPEUMYILECTBEHHO KaplaTrckoil muensl Apis mellifera carpathica
[20], B pe3ynbraTe yero Ha Tepputopuu CHONPH NU3MEHIITUCH MTPEJCTABICHHOCTh
MOABU/OB MEJOHOCHOMN IMUEbl M UX TeHOTHIIHYecKuil coctaB. OHAKO U3yudeH-
HOCTBH MEIOHOCHEBIX Imden1 B CHOMpM HemocTaTouHa, a IMEIoInecs JaHHbIe (par-
MEHTapHBI U HE JAIOT LEIOCTHOTO MPEACTABICHUS O MOPOAHOM COCTaBe, TEKY-
IIEM COCTOSIHUH TIOMYJIIIAN W UX TeHO(QOH/A, UTO SBISIETCS MPEMSATCTBUEM IS
OoJee MOHOTO MOHUMAHMSA MyTel pa3BUTHS NONMysiuuil A. mellifera, peanbHoi
OLICHKH IpoIiecca THOPUIN3AINY ITIET U €T0 TOCIEACTBHIH, a TAKXKE PEIIeHHS 3a-
Jiad IMIPaKTHUECKOTO MUenoBoACTBa. KpoMe Toro, B OTIIMUNE OT APYTUX PETHOHOB
Poccun n EBpomnsl, T1e OTMeUeHBI Takue HETaTHBHBIC MPOIECCH B MOIYIISIIUIX
MEJIOHOCHOH MYEeNbl, KaK KOJUIAIIC MYEeNMHBIX cemelt [4-9, 21, 22], Ha tepputo-
puu ToMcKo# 001acTH 3apETHCTPUPOBAHBI TOJIBKO STUHUYHBIC CITydan MacCOBOH
rubeny ceMeil, IO3TOMY 3HAUUTENbHBIN UHTEPEC NMPECTaBIsAeT OLlEHKa OHOIO-
THYECKOTO Pa3HO00pas3ws U alalTalFiOHHOTO MOTeHIIHANa MEIOHOCHOH ITIeITl B
ycnoBusix Cubupu.

CucremariuecKue NCCiIeN0BaHIs METOHOCHOM MUeNkl Ha Teppuropun Cudu-
pu, Britouass Tomckyro obnacts, 6putn HadaTtsl B 2004 . cOTpyAHUKaMM Hayd-
HO-TIPaKTHIECKOTO IEHTpa «AmHc» TOMCKOTO TOCYJapCTBEHHOTO YHUBEPCUTETA.
IlepBOHauaNIEHO MOPOAHBIN COCTAB MEIOHOCHBIX ITUelN Ha Tepputopuu Tomckoit
00JIaCTH M3ydaJIcs C HCIONB30BaHUEM KIACCHIECKOTO MOP(OIOTHIECKOTO METO-
Jia, BKIIFOYAIOIIETO UCCIEeA0BAaHNE OKPACKHU Tella, KPhUIOBBIX MOKazaTenel u Ipy-
rux MophoMeTprdeckux npusHakoB [23]. Haunnas ¢ 2009 1. 11 ncciieoBaHust
MEIOHOCHBIX IUEJl CTAJIH NMPUMEHSTHCS MOJIEKYIISIPHO-TEHETUYECKUE METOMBI ¢
ucrnonb3oBanneM JJHK-mapkepos mutoxonapuansuoro (MmtIHK) u ssmeproro re-
HOMOB U BBIMIOJHEHBI TUJIOTHBIE UCCIIEOBAHHUS C LIEbI0 NEPBUYHON XapaKTepH-
CTHKH T€HETHYECKOTO Pa3HOOOpa3ms MUel, a TakKe ITOMCKa BBICOKOMIOIHMOP()-
HbIX nHpopMmaruBHbIX JJHK-Mapkepos [24-30].

OnHako cliefyeT yKas3arh, 9YTO KIACCHYECKHEe MOP()OMETPHUISCKUE MPU3HAKH
U MapKepbl MUTOXOHJPHAIIBHOTO U SEPHOTO F€HOMOB, IIMPOKO MPHMEHSIEMBIE
IUTSL FCCJICIOBAHUS MTOPOIHOTO COCTaBa MEIOHOCHBIX ITYEJI, OONIaaloT pa3HOM
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nHpopMmaruBHOCTEIO [31-35]. Tak, anamu3 momumopdusma MTJHK mosBomseT
OIIPENIeNTUTh POUCXOXKICHHUE ITYSIMHBIX CEMEN TOJIBKO 110 MATEPUHCKOM JIMHUHM;
HCCIIEIOBAaHHS M3MEHUYMBOCTH SAEPHOTO TeHOMA (B TOM YHCJIE M MHKpOCATEN-
JIMUTHBIX JIOKYCOB) BCE €llle He IMOIYYHIH IIUPOKOTO PaclpoCTpaHeHus (Mao
rH(GOPMAIIHHU IO TIOPOJTHOW M TEPPUTOPHAIBLHON CHIEIMPUIHOCTH TeHOPOHIOB),
a Mop(doMeTpUIECKHEe MPU3HAKH, C YYETOM IIHPOKOTO PACHPOCTPAHEHHS MEXKIIO-
PORHOW THOPHUIM3ALINH, HE BCET/Ia MTO3BOILTIOT KOPPEKTHO OMPEACTUTE TOPOIHBII
cocTtaB MeoHOCHBIX T4el [31, 36, 37]. B cBsi3u ¢ 3TUM TOJBKO UCIOJIL30BAaHUE
KOMIIJICKCA Pa3HBIX METOIOB UCCIEIOBAHUS 00CCIICUUT YETKYTO U TIOJHYIO U/ICH-
TH(UKAUIO MOIBUIOB METOHOCHOH ITYEIBL.

B mamHO# cTatke mpeacTaBieHBl pe3yasTaThl 10-JeTHET0 KOMIUIEKCHOTO HC-
CIIeJOBaHUS MEIOHOCHBIX IT4eN, OOMTAIONIMX Ha macekax ToMckoil obmacty, ¢
HCTIONIE30BaHNEM MOP(OMETPHUIECKOTO U MOJIEKYISIPHO-TEHETHIECKAX METOJOB
(mpoBenien ananu3 BapuabensHOcTH Jokyca COI-COII mtJHK u mukpocaren-
JUTHBIX JJOKYCOB SIICPHOTO TEHOMa).

Ienb paboTh! — BBIIBUTH OHOJIOTHUECKOE PAa3HOOOpa3ue METOHOCHON IUEIIbI
Apis mellifera, oburatonieit Ha TeppuTOpUHE TOMCKOH 001acTH, IO MOPPOMETPH-
YEeCKUM U MOJIEKYJISIPHO-TEHETUIECKHM MapKepaM.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

MarepuanoM JiIsl UCCIENOBaHUA TOCTYKUIN 00pa3ibl pabounx ocobeit, mo-
Jy4eHHBIX ¢ 65 macek 47 HacelleHHBIX MyHKTOB 13 paiionoB Tomckoit obiacth
(puc. 1). UccnenoBanue MEJOHOCHBIX IMYEI MPOBEACHO C UCIIOIB30BAHHEM MOP-
(OMETPHUECKOTO M MOJICKY/LIPHO-TCHETHUECKIUX METOIOB.

Jnst vccnenoBaHus TOPOJHOTO COCTaBa MEIOHOCHBIX ITYEN MEPBOHAYAIHLHO
npoBeneH aHamu3 MT/IHK (u3yuena BapuabensHOCTh Jokyca COI-COII), aTo0b1
OIIPENICITUTh MIPOUCXOXKICHUE MTUSITUHOW CEMBH 110 MATEPUHCKOHN JTMHUU. AHAIN3HU-
poBaioch 3—5 ocobelt 0T ceMbH. 3aTeM JIsl OoJiee TIOTHON XapaKTEPUCTUKH ITIEITH-
HOM CEMBHU U €€ COOTBETCTBUSI CTAHIAPTY MOPOJIBI BBIMOIHEH MOP(HOMETPUICCKUIA
anamm3 (20-30 ocobeii ot cembH). Beero uccienoBano 337 MUSTUHBIX CEMEH.

J11s1 OIIEHKH TeHETHYECKOTO pa3HO00pa3ns MEIOHOCHBIX ITYEIT MPOBEICH aHa-
JIU3 U3MEHUYUBOCTH 9 MUKPOCATEIUTMTHBIX JIOKYCOB; M3ydeHo 5—15 ocobeit oT ce-
MbH. AHAITU3 SJASPHOTO TEHOMA BBITIOIHEH I MEJOHOCHBIX ITYEJI, TOJYICHHBIX
ot 106 cemeii; Bcero 893 ocoOu.

Moppomempuueckuii memoo

N3yyeHbl 0CHOBHBIE MTOPOAOOIPEACISIONIIE MOPHOMETPHUCSCKUE TIOKA3aTEIN
KpblIa: KyOUTalbHBIA U TAHTEIbHBIA WHIEKCHI, TUCKOHIaIbHOE cMeteHue [17,
26]. [NonyueHHble pe3yabTaThl MOPPOMETPUICSCKOIO HCCIICIOBAHUS CpPaBHUBA-
JIM CO CTaHAapTaMH 3Ha4YeHUH, IPUHATHIME ISl pabounx 0cobe pasHbIX MOPO.
myen [10, 27, 28].
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Puc. 1. Kapra nokanu3anmu ucciIeIoBaHHBIX Tacek ToMCKoit o0macTu
(3mech 1 Ha puc. 2, 3): I — c. [Tapabens; 2 — okp. r. Konmameso; 3 — 1. HoBoabpaMkuHO;

4 — c. YankoBo; 5 — c. Jleborep; 6 — c. [Tloaropuoe; 7 — 1. CrpensHUKOBO; 8 — ¢. [openoBka;
9 — c. Beicokwii Sp, a. Kpeuoska; 10 — c. [Tap6ur; /1 — c. bakuap; /2 — 0. CapadaHoBka;
13 — c. MorounHo; /4 — c¢. CokonoBka; /5 — c. KpuBomenHo; /6 — c. MoHacTBIpKa;

17 — c. Kaprauna, c. Crapas lllerapka; /8 — c. barkar; /9 — n. Tuxomuposka; 20 — ypouwuiie
Kyxepbak; 21 — c. HoBukoBka; 22 — 1. LlBetrkoBka; 23 — 1. Kpyronoxuoe; 24 — c. Terynpaer;
25 — c. ly6poBka; 26 — c. 3sipsiHCKOE; 27 — ¢. OKyHeeBo; 28 — n. 'ybuHo; 29 — c. PribanoBo,
1. Kynpunckuit yaactox; 30 — okp. . Tomcka, 1. [Ipocexuno, c. Komaposo; 37 — . Cunmii
Vrec; 32 — n. Kanaunka; 33 — c. Kypnek; 34 — c. Sp; 35 — 1. KyckoBo; 36 — m1. 3apeunsrit
(ManmHOBCKOE cenbekoe nocenenue); 37 — c. Cemumyxku; 38 — 1. bonaxkoso;

39 — c. MexennnoBka; 40 — 1. bormsimoe [IporomomnoBo; 4/ — 1. 3apeunsiii (MeXCHHHOBCKOE
cenbckoe nocenenne); 42 — n. Enoska. [Taceku, pacnonoxxeHHbIe Ha paccTosHAN MeHee 20 KM
JIpYT OT Apyra, OTMEYEHbI OTHOM TOUKOI.

Tpumeuanue. B ceBepHbIX paifoHax ToMckoit obnactu (AnekcanapoBckoM, Kapracokckom,
BepxHekeTCKOM) IMYETIOBOACTBO OTCYTCTBYET M3-32 CYPOBBIX MPHPOAHO-KIMMATHIECKUX
yCIoBUi
[Fig. 1. Map of sample locations in Tomsk region. Here and in Fig. 2 and 3, the numbers indicate
the studied settlements: / - v. Parabel; 2 - vicinity of Kolpashevo; 3 - v. Novoabramkino;

4 - v. Chalkovo; 5 - v. Leboter; 6 - v. Podgornoe; 7 - v. Strelnikovo; & - v. Gorelovka; 9 - v. Vysoky Yar,

v. Krylovka; 10 - v. Parbig; 1/ - v. Bakchar; /2 - v. Saraphanovka; /3 - v. Mogochino; /4 - v. Sokolovka;

15 - v. Krivosheino; /6 - v. Monastyrka; /7 - v. Kargala, v. Staraya Shegarka; /8 - v. Batkat;
19 - v. Tichomirovka; 20 - v. Kuzherbak; 2/ - v. Novikovka; 22 - v. Tsvetkovka; 23 - v. Krutolozhnoe;
24 - v. Teguldet; 25 - v. Dubrovka; 26 - v. Zyryanskoe; 27 - v. Okuneevo; 28 - v. Gubino;
29 - v. Rybalovo, v. Kudrinsky uchastok; 30 - vicinity of Tomsk, v. Prosekino, v. Kolarovo;
31 - v. Sinii Utes; 32 - v. Kandinka; 33 - v. Kurlek; 34 - v. Yar; 35 - v. Kuskovo; 36 - v. Zarechnyi
(Malinovskoe rural settlement); 37 - v. Semiluzhki; 38 - v. Bodazhkovo; 39 - v. Mezheninovka;
40 - v. Bol’shoe Protopopovo; 4/ - v. Zarechnyi (Mezheninovskoe rural settlement); 42 - v. Elovka.
Apiaries located at a distance less than 20 km from each other are marked as a single point.
Note. In the northern districts of Tomsk region (Aleksandrovsky, Kargasoksky,
Verkhneketsky), there is no beekeeping due to harsh climatic conditions]
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MonexynapHo-eenemuueckue mMemoosl

g mpoBeieHUs MOJIEKYIPHO-TEHETUYECKOTO UCCIIEIOBAHUS UCTIONB30BaHbI
00pas3IIBl Im4es, KOTOpBIe XpaHWIHCh B 96%-HoM crimpte mpu Temmeparype 4°C.
Brigenenne JJHK u3 nHaMBUAYyansHBIX 0CO0€H pOBeeHO MOAU(DUITUPOBAHHBIM
METOJIOM SKCTPaKIUU CMEChIO TyaHHIMHTHOIIHAaHAT-(PeHon-xmopodopm [18, 29].

Brinenennas /JIHK ananmuzupoBasiach METOJOM MOJIMMEPa3HOM LIEMHON pe-
aknuu (IT1IP) ¢ wucmoms3oBaHHEM MpaiiMepoB, MAapKUPYIOIIHX MEKTCHHBIH
nokyc COI-COIl MUTOXOHAPUANBHOTO TeHOMa. VICHOJb30BaHBI CIEMYIOIINE
nocnenoBarensHoCcTH TpaiimepoB: F-5'-CACATTTAGAAATTCCATTA, R-5'-
ATAAATATGAATCATGTGGA [29]. IIponykTsl ammunpukanuu (HpakiuoHu-
poBanu B 1,5%-HOM arapo3HoM rejie, OKpaIruBajl B OpOMHUCTOM 3TUANH, BU3ya-
JU3UPOBANHU B YABTPA(PHOIETOBOM CBETE U IOKYyMEHTHPOBAIHU C UCIIOIB30BAHUEM
CIIEIIHANTFHOM MIPOTpaMMBI IS BU3YaIH3aIliH Tellb-3JIeKTpodopesa.

N3zyuen nomumophusM 9 MUKpoOCaTEIUTUTHBIX JT0KycoB: A008, Ap049, A043,
ACI117,Ap243, H110,A4024, 4113, SV185. [11IP nmpoBoaniIN COTIIACHO OTIMCAHHOMN
paHee MeTOuKe ¢ MpUMeHeHneM criennduyeckux npaitmepos [30]. Ucnonb3oBa-
JIM OZIMH MEYEHHBIA (DIyopecIieHTHOW METKOU IpaiMep M3 Kax1oi mapsl. [eHo-
TUIIMPOBAHKE BBHITOTHEHO Ha 6a3e LleHTpa KoJJIeKTUBHOTO MoJb30BaHus «Menu-
nuHcKas reHomukay (HUM menunmuckoi renernkn THUMIL PAH, . Tomck) Ha
renerudeckoM aHanuzatope ABI Prism 3730 (Applied Biosystems, Inc., Foster
City, CA) ¢ nmpumeHeHneM ctaHnaptoB JuHB Moyiekyn JIHK GeneScan500-
ROX B ycinoBusix, peKOMEHyeMbIX Tpou3BoauTeneM. Pazmep gpparmMeHToB mpo-
aHAJIM3UPOBAH C IIOMOIIBIO TporpaMMHoro obecrieuenns GeneMapper Software.

Jusa craructuueckoid 00pabOTKM JaHHBIX (pacdeT 4acToT ajleNieil co CTaH-
JapTHOW oNMMOKOH, mokasareneit Habmonaemoit (Ho) u oxxunaemoit (He) retepo-
3UTOTHOCTH) UCTIOJIb30BaHbI CTaHIAPTHBIC METOBI, PUMEHIEMbIE TIPU U3YUYESHUN
TEHEeTHYECKOTO pa3HooOpasust nomyssiiuit [31, 32]. Ouenka cTaTMCTUYECKH 3HA-
YUMBIX Pa3IAYUid MEXIy HaOMI0NaeMON U OXKHUJAaeMOl TeTepO3UTOTHOCTHIO MPO-
BeZICHA C MCIIONB30BaHueM f-Kputepus CteioneHTa. MoppomeTprdecKie TaHHbIe
MPEJCTaBIEHbl B BUJE CPEAHEr0 apu(pMeTH4ecKoro 3Ha4eHHs CO CTaHAAPTHOM
omuOKoi. JIns oneHku muddepeHanuy pa3IudHbIX ITOIBUI0B MEIOHOCHOM
ITYEITbl U OTPEJIeNIEHUs] YPOBHS T€HETUYECKOM TeTepOTeHHOCTH BEIOOPOK TTUe U3
TIOTYJISAIUH PA3TUIHON TeorpaduuecKoi TOKaTH3aIiK UCIIOJIb30BaH METOI IVIaB-
HbeIx koopauHaT (Principal Coordinates Analysis, PCoA), ocHOBaHHBII Ha pac-
YeTe TCHeTHUSCKUX AWCTAHIINA MEKIY BBIOOpKaMH IT4ei. PacdeTsr mpoBeneHsI
B mporpammax Microsoft Office Excel 2010, StatSoft STATISTICA 8.0 for Win-
dows, GENALEX 6 [32].

PesyabTarsl ncciieqoBaHust U o0cyxaeHne
Pacnpocmpanenue nopoo meoonocnoit nuenst 6 Tomckoil o6nacmu

J71s1 BBISBJICHHUS] TIOPOHOTO COCTaBa MEIOHOCHBIX ITYEN, OOUTAMOIIMX HA Ta-
cekax ToMCKo# 001acTH, IPOBEAECHO KOMILIEKCHOE MCCIIEA0BaHNE, BKIIOYAOIICe
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MOp(HOMETPUUYECKUAN W MOJICKYISPHO-TeHETHICCKHIIA aHau3 (ITOTUMOPQH3M JIO-
kyca COI-COIIl mTIHK) MEIOHOCHBIX MMYell.

Tenemuueckoe paznoobpasue MeOOHOCHVIX nuel no mumoxoropuanviou JJHK

CornacHo gaHHBIM aHanu3a nomumop¢usma mMT/IHK (BapuabGensHOCTH J0-
kyca COI-COII) y MefioHOCHBIX Im4en1 ToMckol 001acTH 3aperucTpupoOBaHO TPH
BapuaHnTa jokyca COI-COII mt/IHK: PQQ, PQQQ (xapakrepHsl 1ist A. m. mel-
lifera, a3pommoninonHas TuHUS M) 1 Q (CBOMCTBEH MOPOAAM FOXKHOTO ITPOUCXOXKIE-
Hus, 9BomtormonHas muHus C). M3 uccnenoBanubix 337 muenuHbix cemeit 62,9%
CeMEN MMEeNM MPOUCXOXKACHUE N0 MATEPUHCKOW JIMHUM OT CPEAHEPYCCKOM IO-
ponsl, 29,1% cemeil — oT OPOA FOXKHOTO TpoHcXokaeHus u 8,0% cocTaBisuiu
CMEIIaHHBIC CEMbHU, KOTOpPBIE (POPMUPYIOTCS ITIETOBOAAMHE ITyTeM OObEANHEHNUS
HECKOJIBKUX CeMel, B TOM YHCJIE CeMEH Pa3HOro MPOUCXOXKACHUS, C LENbI0 UX
YCHIICHUS (B 3THX CEMbBSX PETHCTPHPOBAINCH 0COOH ¢ BapuaHTamu Jokyca COI-
COIl, xapakTepHBbIMHU KaK JUIs CPEAHEPYCCKOM, TaK M JJISl «HOXKHBIX)» TIOPOJ MEJIO0-
HOCHOM mmueltbl) (puc. 2).

Jis muenuHBIX ceMeil, MMEeIOIUX NMPOUCXOXKAECHUE OT CpeTHEPYCCKON Mopo-
Ibl (Bcero maeHTUGUIMPOoBaHO 212 cemeil), XapakTepHa TeHeTHYeCKas TeTepo-
reHHocTs 1o Jokycy COI-COII: B 85,3% cemeit peructpuposaics Bapuaat PQQ,
y 10,7% — Bapuant PQQQ, a y 4,0% cemeii BBIABICHBI KaK 0COOM C BAPHAHTOM
PQQ, Tak u muensi ¢ BapuanToM PQQQ (ot ob1iero uncia cemel cpeaHepyCcCKoi
nopoabl). Cpenn MUETUHBIX CEMEW CMEIIaHHOTO MOPOIHOTO COCTaBa (BBISBIIE-
HO 27 cemeil) Haubosee 4acTo PErUCTPUPOBATIUCE CeMbH C BapuanTamu PQQ u
Q (85,2% cemeii oT o0ImIero 4mcina CMEMIaHHBIX CeMeil), peke — ¢ BapHaHTaMu
PQQQ u Q (11,1%), a B ognoit cembe (3,7%) B ¢. Kypnek Tomckoro paiioHa ObLH
BBISIBJICHBI ITYETIBI CO BCEMH 3apeTHUCTPUPOBAHHBIMU BapHaHTamu Jokyca COI-
COIl-PQQ, PQQQ u Q.

B paznmnunbIxX pafionax ToMckol 007JacTH MUEIUHBIC CEMBU OTIUYAIICH MEX-
Iy co0oil o yacToTe perucrpauuu BapuantoB Jokyca COI-COIl mtIHK. Ha
ceBepHBIX Tepputopusx obnactu ([TapaGenwbckuit, Konmamesckuii, YanHckuid,
Bakuapckuii, MomuaHoBckuil, KpuBomennckuii u Terynbaerckuil paiioHbI) BbI-
siBiieHo 95,9% muenuHbIX cemelt (Bcero uccnenoBano 194 muenocembH), OmHO-
ponnbix o Bapuanty ynokyca MT/IHK: 67,0% cemeil umenu npoucxoxaeHue ot
CpeHEePYCCKOM TOPOABI (3apEeTUCTPUPOBAHO 1Ba BapuaHTa Jokyca MTIHK —
PQQ u PQQQ); 28,9% cemeii mporUCXOAWIH OT MOPOJ FOKHOTO MPOUCKOKICHUSI.
Ocranpnble myenocemby (4,1%) UMenn cMelaHHOe MPOUCXOXKIEHHUE (BbISBIIE-
HBI pa3Hble ayutenu gokyca COI-COII B ognoit cembe — PQQ u Q). Tak, B Ila-
pabemsckoM u KpnBoIenHCKOM paifoHaX BBISBICHBI TUEIHHBIE CEMBH TOJBKO C
BapuantoM PQQ, B Terynmpaerckom — Tonbko ¢ BapuantoM PQQQ. Ha macekax
Konmamesckoro, Yanackoro, MomdanoBckoro u bakdgapckoro paiiOHOB BBISIBIIE-
HBI CEMbU PA3HOTO NMPOUCXOXAEHUS (3aperucTpupoBansl BapuaHTsl PQQ u Q).
[Ipu 5TOM Ha macekax YanHckoro 1 Mo9aHOBCKOTO PaiioHOB Ipeodanaiy mye-
JIUHBIE CEMbHU, HIMEIOIIIE MTPOUCXMKIEHHE OT CpeAHEPYCCKOi mopos (86 u 95%
COOTBETCTBEHHO), TOTJa Kak Ha macekax Kommamesckoro m bakdapckoro paiio-
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HOB, HA000POT, Npeodagail ceMbH I0KHOTO TporncxokaeHus (93 u 65% coot-
BeTcTBeHHO). B Bakuapckom m YanHCKOM paiioHax Tak)Ke BBISIBICHO HECKOIb-
KO CMEIIAHHBIX IUYEIIMHBIX CeMel, 0COOM KOTOPBIX MMeH BapuaHThl PQQ u Q

(puc. 2).
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Puc. 2. Pactnpocrpanennocts BapuantoB jokyca COI-COII mtITHK

(PQQ, PQQQ 1 Q) y MenoHOCHBIX Iyes Ha TeppuTopun ToMckoit obnactu
[Fig. 2. Distribution of the COI-COII mtDNA locus variants
(PQQ, PQQQ, and Q) in honeybees in Tomsk region]

B roxxHBIX palionax oonactu (AcHOBCKOM, [IepBoMaiickom, 3eIpstHCKOM, ToM-
ckoM, [lerapckom u KoxxeBHUKOBCKOM) OTHOPOJHBIE 110 BapuaHTaM jokyca COI-
COll vtIHK muenmabie cemMpu (Bcero m3ydeHo 143 cembn) cocraBmmm 80,4%,
TOrja Kak cMemanHbele ceMbd — 19,6%. Cpeau cMelaHHBIX ceMeil BBISBICHO
6,3% ceMeii, UMEIONINX MIPOMCXOXKICHUE OT CpeIHEPYCCKOil moponsl (y ocodeit
3apeructpupoBanbl Bapuantel PQQ mmu PQQQ), u 13,3% cemeit pazHoro mo-
POJHOTO TIPOUCXOXKICHHS (Y 0cO0ei 3aperucTpupoBanbl BapuanTel PQQ/PQQQ
win Q). Beero B 10XKHBIX paiioHax BBISBIEHO 57,3% MUENUHBIX ceMel, UMEIOIINX
TIPOUCXOXKIEHUE OT CPETHEPYCCKOM MOPOBI (3aperucTprupoBanHbl BapuaHTel PQQ
wi PQQQ), 29,4% — cembu 103kHOTO poucxoxaeHus, 13,3% — cMelanHeie ce-
MBbH, ITYEJIbl KOTOPBIX UMEJIH Pa3HOE IOPOAHOE IIPOUCXOXKIECHHE.

[MuenuHble ceMbH, UMEIOIIUE MPOUCXOKACHUE OT CPEIHEPYCCKOW MOPOIbI,
OBLTH 3apETUCTPHPOBAHEI HA TTacEKaX BCEX IOXKHBIX pailoHOB obmactu. [Ipu sTom
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npeobnanany myensl ¢ BapuanToM PQQ (65,9% ot obrmero uncna cemeii cpenHe-
PYCCKOH MOPOJIBI), peXke BCTPEUAIHUCh CEMBH C MYeIaMH, UMEIOIMIMMU BapHaHT
PQQQ (23,1%), 1 cMenIaHHbBIC CEMBH C ITYEIaMH, UMEIONIMMHU BapuaHThl PQQ
i PQQQ (11,0%). Hanpumep, B KoxxeBHUKOBCKOM paiioHE BO BCEX MCCIIENO-
BaHHBIX CEMBSIX Y ITUEN BEISBICH TOIbKO BapuaHT PQQ; B [lepBomaiickom paiione
MOJIOBMHA MCCIIEIOBAHHBIX CEMel MMeNa MPOUCXOXKIEHUE OT CPEAHEPYCCKOH T10-
ponsl (3apeructpupoBan Bapuant PQQ) u moJjoBHHA CeMel — F0KHOTO TIPOHC-
XOXKJeHUs (BBISBJICH BapuaHT Q); B OCTANbHBIX pallOHAX — y MMYell BHISABICHBI BCE
BapuaHThl JJokyca COI-COII (PQQ, PQQQ u Q). CeMbH CMEIIaHHOTO COCTaBa
ObuTH BhIsIBIIEHBI Ha nacekax [lerapckoro n ToMckoro paifoHOB, IpUYeM 3aperu-
CTpHUpOBaHbI coueranus BapuaHToB Jokyca MTJHK — PQQ u Q (67%), PQQQ u
Q (33%).

Takum oOpa3oMm, Ha OCHOBe aHaim3a moiauMmopdmsma sokyca COI-COIl
MTIHK ycTraHOBIEHO pa3nuyHOe MPOUCXOKIEHIE MEJOHOCHBIX ITUe Ha MaceKax
Tomckoif 00macTy, XOTs U IPeodIagay MIEIUHBIE CEMbH, IMEIOIINE TPONCXOXK-
JIeHHe OT cpeHepycckoii mopoabl. ToT (akt, uTo Ha OAHOH U TOH Ke TEPPUTOPUH
OOHMTAIOT ITYETHl PAa3HBIX MOPOJ, TO3BOJSET MPEATIONOKUATh BEICOKHHA YPOBEHD
rubpunuzanun. [lockonbky aHanus MTIHK mo3BosnsieT ycTaHOBUTH IMPOUCXOXK-
JICHHE MEIOHOCHOM IMUelTbl (CEMbH) TOJBKO MO TUHHHA MaTKH 0e3 OIICHKH BKJIaja
«OTIIOBCKUX» T€HOB, IMYEJIbI C Macek ToMckol 00macTi ObUTH N3yUeHBI C UCIIONb-
30BaHHEM MOP(POMETPHICCKOTO aHAIN3A.

Xapaxmepucmuxa mopgomempuieckoi usMen4u8ocmu MeOOHOCHbIX nuel

Hzyyena M3MEHYMBOCTH TPEX IOPOJOOTPEACIIIONINX MOP(POMETPHICCKIX
nokasareJjeil (KyOUTaaIbHOTO M TaHTEIBHOTO UHIEKCOB, JUCKOUJAIBHOTO CMellle-
HUS1) Y MEJIOHOCHBIX IT4ell, OOMTAIONMMX Ha nacekax ToMckoi oOmactu (Tadm. 1).
i Bcex U3y4eHHbIX MOPPOMETPUUECKHX MMOKa3aTeNei BbIsBIICH 3HAYUTEIbHBIH
YpOBeHb BapuabeNbHOCTH. Tak, IS Im4el, OOMTaIoNINX Ha rmacekax ToMcKoii 00-
JIACTH, 3HAYEHHS KyOUTANIbHOTO W TaHTEIBFHOIO MHJEKCOB 3apErUCTPUPOBAHBI B
npenenax 1,00-5,56 u 0,643—1,250 oTH. e11. COOTBETCTBEHHO (CpeaHEee 3HAYCHNE
KyOUTaJIBHOTO MHJAEKCA U3MEHSIIOCh B npeAenax — 1,45-3,41 oTH. en.; cpenHee
3HaueHue raHtenbpHoro mHuaekca — 0,789-1,125 orn. en.). Uto kacaercs kade-
CTBEHHOTO TIOKa3aTells «IUCKOUJAIBHOE CMEIIEHHE», TO Y U3yUYeHHBIX MTUel OT-
MEUCHBI BCE TPH BapHaHTa MpH3HaKa (OTPUIATENFHOE, HEUTPAIFHOE U MOJIOKH-
TEJIHHOE).

[Ipn cpaBHEHHMN MONYYEHHBIX NAHHBIX 3HAYEHUH DKCTEPHEPHBIX MPHU3HAKOB
CO CTaHJapPTHBIMHU MOKA3aTeJSIMH, IPUHATHIMU 11 pabounx 0coOei pa3HbIX IMo-
poxn menoHocHOU Taensl [10, 27, 28], ycTaHOBIEHO, UTO CPEIH BCEX MCCIIEIOBAH-
HBIX MYEeNuHBIX cemeil 13,5% ceMeil JeMOHCTPUPOBAIM TOJIHOE COOTBETCTBHUE
KPBUIOBBIX MTapaMETPOB CTAHAAPTY CPETHEPYCCKOH mopomsl, 5,3% — cranmapry
KapraTrckoit mopossl, 2,2% — cepoit TopHOIT KaBKa3ckoi mopoasl. Hanpumep, mo
BCEM HCCIIEIOBAaHHBIM KPBUIOBBIM MTOKA3aTEIISIM CTAaHIAPTY CPEAHEPYCCKO TTopo-
JIbl COOTBETCTBOBAJIM ITUENHUHBIE CEMBH C nacek ¢. YankoBo (YauHckuit pailoH) 1
c. Terynsaer (Terynbaerckuii paiioH), a Takxe cembst Ne 2 ¢ maceku c. MoroanHo
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(MomyaHOBCKUi paiioH) U ceMbsi Ne 2 ¢ maceku c. JlyopoBka (3bIpsiHCKHI paii-
OH); CTaHJapTy KapIaTcKOi MOopojbl — MUEIMHAsl CEMbs ¢ TacekH B 1. L[BeTkoBKa
(AcuHoBcKwif paiioH) U ceMbs Ne 1 ¢ maceku B okp. T. Tomcka (cM. Tab6m. 1).

Oxomno 56% ucciaen0BaHHBIX ceMeil COOTBETCTBOBAIN CTAHAAPTY CpefHepycC-
CKUX IYeN MO OONBIIMHCTBY MOP(POMETPHUYECKHIX IOKa3aTeleil, HO M0 OTIeIhb-
HBIM IpU3HaKaM (MIPEUMYIIECTBEHHO MOKA3aTeNI0 «IUCKOUJAIBHOE CMEILIEHHE )
PETUCTPUPOBATIOCH OTKJIOHEHUE OT MPUHATHIX IS 3TOM MOPOABI 3HAaYeHUN. Tak,
OTKJIOHEHUE TOJBKO OJHOTO MOKAa3aTelsl «IUCKOMIAIbHOE CMELICHHEe» OT CTaH-
JapTa cpeqHepyCcCKol MOpOobI moKa3aHo st ceMb Ne 1 ¢ maceku c. JlyOpoBka
(3bIpsiHCKUI paiioH), I ABYX ceMmeil ¢ maceku c. 3apeunbiid (ToMckuii paiion),
JUTS ceMbH ¢ Tlaceku ¢. EnoBka (KoykeBHUKOBCKHU paiioH), YTO MOXKET yKa3bIBaTh
Ha cJieJibl THOPUAN3ALUY C TOPOJAMH FOXKHOTO MPOUCcXoxkIeHus1. OTKIIOHEHHUE He-
CKOJIBKIX MOP(OMETPHUECKHUX TTOKa3aTeNel y 0co0el mIeIoceMbH OT CTaHAapTa
CPEIHEPYCCKON TOPOABI, HapUMep KyOUTalIbHOTO MHJIEKCAa M JUCKOMIAIbHO-
TO CMEIIEHMUsI, TTO3BOJISIET HAM PacCMaTpHUBaTh dTH CEMBbH KaK THOPHIBI Ha OC-
HOBE CpeJHEPYCCKON MOpob! (HallpuMep, MUEI0CeMbHU ¢ Macek c. lopenoBka u
1. CrpenpHHKOBO YaWHCKOTO palioHa, ceMbs ¢ maceku c. PeibanoBo Tomckoro
paiiona u 1p.).

Habmronanacek Takxke IpOTHBONONOXKHASI KApTHHA, KOT/IA ITYCITUHBIE CEMBH TI0
HCCIICZIOBAaHHBIM MapaMeTpaM Kpblia 60jiee COOTBETCTBOBAIM CTaHapTaM MOPO
F0KHOTO TIPOUCXOXKICHNUS, HO TaK)Ke UMENTH OTJCNbHEBIC IPU3HAKH, XapaKTepHEIe
JUIS CPEIHEPYCCKOM MOopoabl (THOPUABI HA OCHOBE «IOKHBIX» Mopon muen). Taxk,
BEIsSIBIICHO 23,6% cemell (0T oO0ImIero 4mcia MCCIEAOBAHHBIX), MUEIBI KOTOPBIX
uMenu OONBIIMHCTBO MOP(OMETPUUECKHX MOKa3aTelel, XapaKTepHbIX IJIs Kap-
maTckoi mopozsl, Harpumep, ceMbr Ne 1 u Ne 3 ¢ macekwu c. [Toxroproe (Yann-
CKU#l paiioH), ceMbs ¢ naceku 1. Cunuit Yrec (Tomckuii paiioH).

Haxonern, mpn nCTONB30BaHIH CPABHATEIFHOTO aHAIN3a H3MEHIHUBOCTH MOP-
(homeTprueckux nMpu3HaKoB U BapuadenbHoctu Jokyca COI-COII mtJHK Obun
UACHTH()UIPOBAHEI TUCIUHBIE CEMBH (TaK HAa3BIBAEMBIE «CEMBH-TICPEBEPTHI-
1I1»), KOTOPBIE IT0 MOP(POMETPUUECKIM MOKA3aTesIM COOTBETCTBOBAJIN CpEIHE-
pycckoit mopone, Toraa kak MTJIHK (BeisiBnen BapuanT Q) ykaspiBaiia Ha IPOUC-
XOXKJCHUE CEMbU 10 MaTEPUHCKON JIMHUH OT TIOPOABI F0XKHOTO MPOUCXOXKIECHUS
(mammpumep, cembs Ne 2 ¢ maceku 1. Kypnek Tomckoro paiioHa) wim, Ha000pOT,
Mo MOp(HOMETPHUUYECKUM MOKA3aTeNsiM CeMbsl 00Jiee COOTBETCTBOBAIA «HOKHOM
mopoje, toraa kak mo MT/JIHK (Bapmant PQQQ) — cpenHepycckoit (Hampumep,
cembs Ne 1 ¢ macexu 1. Kyprnek).

Takum oOpa3om, HccileToBaHUE TIOPOTHOTO COCTaBa MEIOHOCHBIX maen ToM-
CKOH 00JIacTH ¢ HCIoib30BaHUEM MopdomeTpudeckoro u Mt IHK-ananuza mo-
Kazajo, 94TO OONBIIMHCTBO ITYETMHBIX CEMEH MpPEACTAaBICHO THOPUIAMH MEXKIY
MECTHBIM TMOJBUAOM (cpenHepycckoil muenoit 4. m. mellifera) n 3aBe3eHHBIMHU
KOMMEPUYECKIMH JINHUAMH FOXKHOTO TPOUCXOKACHUS (IPEHMYIIECTBEHHO Kap-
MaTCKOM muenoit A. m. carpathica), 4To XapakTepHO IJIsl MHOTUX peruoHoB Poc-
cuu 1 EBponsl. Tak, B EBpoIie BBIBICH BBICOKHI YPOBEHb HHTPOTPECCHH MEKTY
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MTOJIBUIAMH Pa3HBIX 3BOJIONMOHHEIX JIMHUHN — M (4. m. mellifera n A. m. iberica)
u C (4. m. ligustica u A. m. carnica) ¥ IpOU30IILIa 3aMeHa a0OPUTEHHBIX [TOJIBHU-
JIOB MEIOHOCHOM mmuensl 3aBe3eHHbIME [3, 10—12]. Ha tepputopun Poccun mpo-
L[ECChl MHTPOAYKLIUH ITOBUIOB U3 FOXKHBIX 00IacTeil cTpaHsl B Oosee ceBepHbIE
¥ BOCTOYHBIC perroHbl (Ypai, Cubupb, AnTaii), e TpaJUIMOHHO Pa3BOAMIACH
CpefHepyccKasl muela, TaKkKe IPHOOpPENTd MacCOBBIM XapakTep B MOCIETHUE Jie-
cartmerus [29, 40, 43].

Cy1iecTBOBaHUE Ha OJHOM TeppUTOpHHU (YACTO HA OJHOM MaceKe) pa3HBIX Io-
POA MEIOHOCHOH ITYENHI NOBHIIIAET YPOBEHh THOPUIN3AIMN METOHOCHBIX ITIeT
U cOo3AaeT HeOmaronpuaTHbIil GoH I coXpaHEeHUs: FreHO(POHAA CpeTHEPYCCKOM
maensl A. m. mellifera, nepBoHAYaIbHO KyJIFTUBUPYEMOi Ha TeppuTOpUH TOMCKO#
obnactu. B ominuue ot MHOrMX ctpaH EBpombl, rae TeMHas JecHas m4uena npu-
3HaHa UCUYC3AFOIIIM TIOIBUIOM ¥ NOMYISIHH A. m. mellifera SBISIOTCS YHUKAIIb-
HeIMH [3, 10-14], Ha Teppuropun ToMckoil 00IaCTH COXPAHWINCH JIOKAJIbHBIE
TOITYIAUY (TTACEKH) I, OM3KUX 1T0 KOMIUIEKCY IMTPU3HAKOB K CPEIHEPYCCKOM
nopoze (puc. 3). Tak, muenuHbIE CEMBH CPEIHEPYCCKON MOPOB! BBISBICHBI HA
nacekax ¢. Morounno (MouaHOBCKHH paiioH), ¢. YankoBo (YauHCKMiA paiioH),
c. Terynpaer (Terynbaerckuii paiton), 1. Jlyoposka (3bIpsiHCKHI paiioH), c. Ce-
MUTYKKH | 11. 3apeunsiii (Tomckuii paiion). MccnenoBanHbie maceku B ¢. Moro-
4HHO, ¢. Terynpaer u ¢. HaJkoBO pacmoioXeHbl Ha OTHOCUTENIBHO U30JIHMPOBaH-
HBIX TEPPUTOPHSIX CEBEPHBIX pallOHOB 00nacTh (MoryaHOBCKHHM, TerynbaeTCKui
1 YanHCKMIA palilOHBI COOTBETCTBEHHO) U PAaCCMAaTPUBAIOTCS KaK MOTEHIIUAIBHO
«YHCTBIEY, XOTSl OTMEUCH SIMHNIHBIN 3aB03 ITIETI FOKHOTO ITPOMCXOKICHHS B OTH
paifonsl. Ilacexu B 1. /lyOpoBka, c. CeMIITyKKH U II. 3apeyHbIi pacloiI0oKeHbI B
FOXKHBIX parioHax oOacTy (3pIpsHCKUN U TOMCKUIT), XapaKTepU3yIONIIXCsl XOpo-
10 Pa3BUTHIM MTYETIOBOJICTBOM U OU3KUM PACIIOIOKEHHEM TaceK APYyT K APYTY.
Bwmecre ¢ Tem naceka B 11. 3apeunsiii (Tomckuit paiion) cymectByet 6omnee 50 et
U CTICIUATN3UPYETCs Ha PAa3BEACHUH CPEIHEPYCCKUX MUell (IO CI0OBAM ITYENIOBO-
Ila, HA TIACEKy B TEUCHHE UTUTEIHHOTO BPEMEHH HE 3aBO3WIINCH HOBBIE CEMBH H
MIOCTOSIHHO NPOBOAUTCS] KOHTPOJIb IOPOAHOCTHU ceMeil).

B ycnoBusix moBceMecTHOM rHOpHIM3aNH ITYENl HEOOXOAMMO COBEPIICHCTBO-
BaTh TeHETUYECKHE METOIbI KOHTPOJISI YUCTOTHI MYENTOCEMEN. DTH UCCIICAOBAHMS
TpeOyIOT MOJIEKYILIPHBIX IIOJXO0I0B KaK HanOoree HHPOPMATUBHEBIX U HA/IC)KHBIX.
Tak, uccienoBaHus, KOHTPOJIUPYIOLINE UHTPOIPECCHI0 MEXIY IHAEMUYECKON
A. m. mellifera m vHTpOXYIMPOBAaHHKIMHU TTOABUAAMH C-IHHUH Ha TEPPUTOPHUU
EBponsl u Poccun, npoBoaunuch ¢ ucnonb3zoBaHueM JiokycoB MTJHK u mukpo-
carermuTHBIX J0KycoB, [TIP-ITIP® u SNP mapkepor [10-13, 32, 34, 35, 40,
44]. Ha ocHOBaHMH IIMPOKOMACIITAOHBIX UCCIICAOBAHUM, BBIMOJIHEHHBIX HA Tep-
puropru EBpombl (monck MHOOPMATHBHEIX MapKepoB OBLT IMPOBEACH M3 YMCIa
6omnee 1 000 SNP ¢ mpumMeHeHNeM 5 pa3IMYHbIX AaHATTUTHYECKUX METONIOB), OBLIO
paspaboraHo 5 maHeneH, coctosmux u3 48, 96, 144, 192 u 284 mapkepoB, HH-
(hopMaTUBHBIX AJISl OTIPENIENICHUs TTPEIKOBOTO MIPOUCXOKIEHHS 0CO0eH, KOTOpbIe
aBTOPHI IIPEUIATAI0OT UCIIONB30BATh JJIS BELIBICHUS M OLIEHKH mpuMecu C-ITuHHN
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(B wactHOCTH, A. m. ligustica u A. m. carnica, a TaKXXe COYETaHUE YTHX ITOJBH-
n0B) B M-nmunuto 4. m. mellifera [13, 32]. OqHako, 171 OLEHKH IPUMECH APYTUX
nmoaeuaoB nuHuM C W/WiIM UX codeTaHWi (a Taxke Oolee CIIOKHBIX KOMOWHA-
1uif) B M-nuHuio TpebyeTcst TecTUpoBaHHe pa3paboTaHHbIX maHenel. Hakowner,
YMCEHBIIICHHBIC BAPHAHTHI TTaHes el (48 mim 96 MapkepoB) HE MOIXOIAT JUIS CTaH-
JApTHOTO T€HETUYECKOr0 aHajIMu3a MOMYJSLUil, B TOM 4HCIe JUIS OIpeNesIeHUs
QIDIETIFHOTO pa3HOOOpa3nsl WK UL OIIEHKH H3OJLINN PACCTOSIHUEM, TeHETHYe-
cKoro apeiida umn adekra «ropiasimka OyTeuIKm» [13].

B macrosimem mcciiemoBaHUH OIS OICHKH XapaKTCPHCTHUKH T€HETHIESCKOTO
pa3sHo00pa3usl MEJOHOCHBIX ITUeJI, OOUTAIOIUX Ha macekax Tomckoil obnactu, a
TakKe OIIEHKH MpoIiecca THOPUIN3AINY ITIe) IIPOBE/ICH aHaJII3 BapHaOeTbHOCTH
MUKPOCATEJUIUTHBIX JIOKYCOB Y MEJJOHOCHBIX ITYEIN.
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Puc. 3. Pacnpenenenue nopox u rTuOpUI0B MEIOHOCHOM ITYEINBI HA TaceKax
Tomckoii obmacTu coracHo pe3ynbraraM ananuza MTJHK
U MopdoMeTpHYECKUX MmoKa3arenen
[Fig. 3. Distribution of honeybee subspecies and hybrids at apiaries
of Tomsk region according to the analysis of mtDNA and morphometric parameters]

Paznooopazue meoonocnvix nuen Tomckoii odnacmu no MuKpoCcameniunHsIm
JIOKycam

1 XapakTepUCTUKH T€HETUYECKOTO Pa3sHOO0pa3usl MEJOHOCHBIX MM4es, 00u-
TaIONIMX Ha TeppUTOpUH TOMCKO# 001aCTH, M BBISIBIICHHUS BRICOKOITOIMMOP(MHBIX
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JHK-mapkepoB Obuta m3ydeHa W3MEHYHBOCTH 9 MHKPOCATCIUIUTHBIX JIOKYCOB
(4008, AC117,A4043, A113, A024, Ap243, Ap049, H110, SV185) (Tabn. 2). beinu
c(hOpMHUPOBAHEI YeTHIPE BEIOOPKH, BKITFOUAFOIINE 00pa3I[bl YUCTOTIOPOIHBIX U TH-
OpUAHBIX TTYENT:

1) cpeaHepyccKue mueltbl, TOJTYYeHHBIC OT ceMel A. m. mellifera v umeroiye
BapuanTtsel PQQ unu PQQQ noxyca COI-COII m1/IHK (M-1uHus); perucTpupo-
BaJIOCh COOTBETCTBHE CTAHIAPTY IOPOIBI IT0 MOP(POMETPHICCKUM TIPH3HAKAM;

2) xapnaTckue I4eibl, MOJydeHHbIe 0T ceMel A. m. carpathica, 3aBe3eHHBIX
Ha TEPPUTOPHIO OOJACTH W3 IMUEIONUTOMHHKA, W MMEIOIINe BapuaHT (Q JoKyca
COI-COII mt/IHK (C-n1uHust); perucTpupoBajoCh COOTBETCTBHE CTAaHAAPTy IO-
poAbI o MOp(OMETPUIECKAM TIPH3HAKAM;

3) m4ensl, MOJTYYEHHbIE OT THOPUAHBIX ceMeil Ha OCHOBE CPEIHEPYCCKOM 1o-
poxsl (BeisiBIeHB! BapranTel PQQ wim PQQQ nokyca COI-COII mtIHK, oxna-
KO HaOmofaeTcs HECOOTBETCTBUE MOP(HOMETPHUECKUX MOKa3aTeneil CTaHaapTy
CPEIHEPYCCKOH TOPOIIBI);

4) muensl, NOIy4YEeHHBIC OT THOPHIHBIX CEMEi Ha OCHOBE KaplaTCKON IMOPOIbI
(BeIsiBNeH BapuaHT Q nmokyca COI-COII mT/IHK, onHako HabmomaeTcss HeCOOT-
BETCTBHE MOP(POMETPHUYECKUX TI0Ka3aTelell CTaHAapTy KapraTcKOW IOpOJIbI).

Bce nccnenoBanHBIe JOKYCH OBUTH MOTMMOP(GHBIMH: MHHUMAJIBHOE YHCIO
anneneil 3apeructpupoBaHo s Jokyca ACII7 (4 anmnens); MaKCUMaJIbHOE —
i tokyca A113 (15 amneneit); cpemHee 4ucio ajurenei Ha Jokyc — 8. Jlms
T4eJ1 CPpeIHepYCCKON MOPObl MUHUMAIBHOE YUCIIO ajjieield BBIABICHO /IS JIO-
kyca H110 (3 amrens), MakcuMaibHOe — Jiis Jokyca A113 (11 amreneit); mist
T4eJ1 KapHaTcKoi Mopoasl MHHUMAIBHOE YUCIIO aJulelel BBIABICHO VIS JIOKyca
Ap243 (1 amnens); MakcUMalIbHOE — 1151 Tokyca A008 (9 amneneit); cpennee yuc-
JI0 ajiened Ha JoKyc s obeux mopoj cocrtaBuio 5. Kpome Toro, u3yueHHble
JIOKYCHI OTIIMYAIIICH TI0 BapHaOEIbHOCTH CIIEKTPa aJuIesiel y ImIell JBYX BBHIOO-
pok (cpemHepyccKkast U KapraTckas mopoasl). Hampumep, mo nokycy Ap243 'y
ITYeIT KapraTcKoi OpoJIbl 3aperuCTPUPOBAH TOIBKO OMH ajuteib «255» (Bce uc-
ClIeIOBaHHBIE 0COOM OBIIIM TOMO3UTOTHBIMH), TOT/IA KaK Yy YN CPEeIHEePYCCKOM
MIOPOABI BEISBICHO 8 aiienei.

B pesynerare cpaBHHTENBHOTO aHAIIM3a BApHAOEIEHOCTH H3yYEHHBIX MUKPO-
CaTeIUTUTHHIX JIOKYCOB y YHCTOIIOPOAHBIX ITYEN (CPEAHEPYCCKUX M KapHaTCKUX
m4elt) Juis OOJNIBIIMHCTBA JIOKYCOB BBISIBJICHBI PA3IMYMs 110 CIIEKTPY W/WIN 4Ya-
CTOTE PETHCTpaIlNy ajuieliedl MeXay moaBuaaMu. Kpome Toro, ais HEKOTOPBIX
nokycoB (4008, A043, Al113, A024 u Ap049) 3aperucTpupoBaHsl MpeodIanaro-
nvie ayuienu (BeTpedanch ¢ yactoroi 6omee 0,40), CIEKTp KOTOPBIX OTIHYAIICS
y M4eT pa3HbIX ABOMIONHMOHHBIX JIUHUN (M u C) (cM. Tabm. 2). Tak, ans Jokyca
A008 npeobnanaromum amtenem y A. m. mellifera (maaust M) 6511 amuienb «162»
(uactota peructpauuu 0,87), Torna kak y A. m. carpathica (nmunus C) — ajienb
«174» (wactora perucrpamuu 0,46); 1s nokyca A 113 npeoOiiagaroiuii ajiens y
A. m. carpathica — «212» (uactora peructpauuu 0,91), y A. m. mellifera — annenn
«218» (dactota peructparuu 0,57).
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Tabmuna 2 [Table 2]
Yacrora perucrpanuu (fomudka) npeodaagaoiux ajaienei
9 MHKpPOCATEJJIMTHBIX JIOKYCOB Y IOPOJ MeIOHOCHOJ muensbl (Apis mellifera
mellifera u Apis mellifera carpathica) u ruOPUIOB PA3HOI0 MPOHCXOMKIEHUS
[The frequency of registration (+ error) of the predominant alleles
of 9 microsatellite loci in honeybee breeds (Apis mellifera mellifera

and Apis mellifera carpathica) and hybrids of different origin]

Pasmep

Apis mellifera

I'uOpuasl HA OCHO

Be [Hybrids based on]

ajre- mellifera Apis metl}fzfera Apis mellifera Apis mellifera
JIs1, TIH [PQQ/PQQQ of [Q ocfatZZ aC Ol]c_(é ol mellifera carpathica
[Allele | the COI-COIT locus, | 10 AC 70 0 0 | [PQQ/PQQQ of the [Q of the COI-
size, bp] M-lineage] ocus, cage COI-COII locus] COII locus]
Jlokyc 4008 [Locus 4008]
162 0,868+0,014 0,026+0,013 0,721+0,018 0,687+0,021
174 0,023+0,006 0,455+0,040 0,083+0,011 0,124+0,015
Ho 0,226+0,024 0,500+0,057*** 0,409+0,028 0,463+0,032
He 0,243+0,023 0,729+0,028 0,459+0,023 0,505+0,026
N 306 78 316 246
Jloxyc AC117 [Locus AC117]
181 0,292+0,019 0,031+0,017 0,443+0,024 0,278+0,020
185 0,517+0,020 0,959+0,020 0,343+0,023 0,534+0,022
Ho 0,389+0,028*** 0,082+0,039 0,446+0,034*** 0,391+0,031 ***
He 0,629+0,014 0,079+0,037 0,662+0.012 0,609+0,015
N 301 49 220 248
Jlokyc 4043 [Locus 4043]
128 0,831+0,015 0,076+0,023 0,844+0,017 0,637+0,024
140 0,156+0,015 0,629+0,042 0,138+0,016 0,292+0,023
Ho 0,279+0,026 0,242+0,053*** 0,249+0,029 0,451+0,035
He 0,285+0,021 0,553+0,042 0,269+0.025 0,507+0,020
N 305 66 221 204
Jlokyc 4113 [Locus 4113]
212 0,107+0,013 0,906+0,023 0,171+0,018 0,203+0,019
218 0,571+0,021 0,013+0,009 0,571+0,024 0,545+0,023
Ho 0,521+0,029* 0,075+0,029* 0,567+£0,034 0,572+0,032
He 0,596+0,017 0,177+£0,041 0,626+0,023 0,645+0,020
N 290 80 211 236
Jloxyc A024 [Locus 4024]
92 0,660+0,019 0,066+0,021 0,500+0,025 0,472+0,024
100 0,186+0,016 0,427+0,042 0,194+0,020 0,421+0,024
102 0,007+0,003 0,463+0,043 0,043+0,010 0,082+0,013
Ho 0,505+0,029 0,529+0,061 0,480+0,036*** 0,636+0,033
He 0,513+0,020 0,598+0,022 0,687+0,019 0,593+0,012
N 307 68 196 214
JIokyc Ap243 [Locus Ap243]
252 0,014+0,006 0 0,184+0,023 0,395+0,027
255 0,427+0,024 1,000+0,000 0,367+0,029 0,214+0,023
263 0,330+0,023 0 0,306+0,028 0,157+0,020
Ho 0,439+0,034*** 0,000-0,000 0,252+0,037*** 0,331£0,037***
He 0,694+0,014 - 0,722+0,012 0,738+0,013
N 212 60 139 166
Jlokyc Ap049 [Locus Ap049]
127 0,673+0,019 0,208+0,039 0,645+0,023 0,609+0,023
130 0,175+0,015 0,679+0,002 0,240+0,020 0,144+0,017
Ho 0,447+0,028 0,585+0,068 0,353+0,032*** 0,418+0,033***
He 0,501+0,020 0,490+0,048 0,518+0,021 0,556+0,020
N 309 53 221 225
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OxoHuaHue Tabs. 2 [Table 2 (end)]
Pasmep|  Apis mellifera Apis mellife I'nGpusst Ha ocHOBe [Hybrids based on]
ane- mellifera pis me hl era Apis mellifera Apis mellifera
11, TTH [PQQ/PQQQ of Cfagmé Ollaé‘ ol mellifera carpathica
[Allele | the COI-COII locus, [? ol e o [PQQ/PQQQ of the | [Q of the COL-
size, bp] M-lineage] ocus, C-lineage] COI-COI locus] COIl locus]
Jloxyc HI110 [Locus H110]
162 0,789+0,017 0,806+0,038 0,625+0,024 0,806+0,019
Ho 0,333+0,028 0,389+0,066 0,559+0,035 0,349+0,032
He 0,34340,022 0,320+0,049 0,53140,021 0,3254+0,025
N 282 54 204 229
Jlokyc SVI185 [Locus SV185]
263 0,288+0,021 0,094+0,026 0,310+0,024 0,22240,020
266 0,117+0,015 0,266+0,039 0,216+0,021 0,290+0,022
269 0,578+0,022 0,3594+0,042 0,367+0,025 0,205+0,020
Ho 0,527+0,032 0,594+0,061 0,662+0,034 0,676+0,033%**
He 0,569+0,017 0,712+0,014 0,718+0,010 0,781+0,006
N 243 64 192 207

Ipumeuanue. N — 4ucno uccieqoBaHHbIX 00pa3ioB; Ho — HabmoqaeMas reTepO3UroTHOCTD;
He — oxumaemasi TeTepO3UIOTHOCTh. 3HAUEHMS YacTOT NMPeoOnafaronux amienei (dyacrora
peructpauuu >0,40) y pa3HbIX NOIBHUIOB BbIJCICHBI )KUPHBIM HIPH(TOM. ¥ — OTMEUCHBI CTa-
THUCTHUYECKH 3HAYMMBIE OTIIMYHS HAOMI0IaeMOoi TeTepOo3UroTHOCTH OT oxxuaaemoit (* — p<0,05;
** — p<0,01; *** — p<0,001).

[Note. N - Number of samples examined; Ho - Observed heterozygosity; He - Expected heterozygosity.
Frequencies of the prevailing alleles (registration frequency >0.40) in different subspecies are in bold.
Statistically significant differences in the observed heterozygosity from the expected heterozygosity are
marked with *p<0.05, ** p<0.01 and *** p<0.001].

OrneHka TEHETHYECKOTO Pa3HOOOpas3ms IO IIOKA3aTelisiM TeTePO3UTOTHOCTH
OOJNBIIMHCTBA U3YYCHHBIX JIOKYCOB BBISIBHIIA CXOIHBIC PE3YIBTAThI IS ABYX MOJI-
BHIOB ITYEJ, 2 IMEHHO OoJiee HI3KHUE 3HAYCHUS HaOII0IacMOii TeTepO3UTOTHOCTH
[0 CPAaBHEHHIO C OKUJAEMOU TeTepO3UroTHOCTHIO (M. Tabi. 2). Tonbko amus jio-
kycoB AC117 u Ap049 y muen kaprnarckoit mopousl, A024 y THOpUIOB HAa OCHOBE
Kapnarckoi mopos! 1 H 110y m4en KaprnarcKoi mopoJisl U BceX THOPHIOB 3Have-
HHUE HaOIIoIaeMol TeTepO3UTOTHOCTH MIPEBHIIIAJI0 3HAUCHHUE 0XKUIACMOM TeTepo-
3UTOTHOCTH. B TO jx€ BpeMsl CTaTHCTHYECKH 3HAYUMBIH YPOBEHD Pa3IUUUil MEXKITY
HaOMOmaeMoil M OKHIAeMOH TeTePO3UTOTHOCTBIO MOKa3aH TOJNBKO JJIS CIIEIy-
IOIIMX JIOKYCOB: y ITYeN CPEeJHEPYCCKOM MOpOIbl — JUId JOKycoB 4713 (t=2,23,
p<0,05), AC117 (t=5,93, p<0,001) u Ap243 (t=6,94, p<0,001); y maen kapmarckoit
nmopoJsl — A JokycoB 4008 (t=3,61, p<0,001), 4043 (t=4,60, p<0,001) u 4113
(t=2,03, p<0,05); y ruOpuI0B Ha OCHOBE CPEIHEPYCCKOM MOPOJIBI — JUTSI JIOKYCOB
ACII7 (t=5,99, p<0,001), Ap243 (t=12,08, p<0,001), 4024 (t=5,09, p<0,001),
Ap049 (t=4,31, p<0,001); y ruOpuI0B HA OCHOBE KapIarCKOW MOPOIBI — IS
nokycoB AC117 (t=6,33, p<0,001), Ap243 (t=10,38, p<0,001), Ap049 (t=3,58,
p<0,001) u SV185 (t=3,13, p<0,01).

BEIsiBIIeHHBIE pa3nuums MEXy MEIOHOCHBIMH ITYeJIaMU CPEIHEPYCCKOH H
KapIaTcKoi MOPOJI Mo BapHaOeTbHOCTH U3YIEHHBIX JIOKYCOB OBLTH MCITOIbh30Ba-
HBI JJIs OIIEHKH TE€HETUYECKOTO pa3HOOOpa3usi THOPHUIHBIX MY, OJIyYEHHBIX C
macek Tomckoit obmacti. Ha ocHOBe ananmsa BapuaOelsHOCTH 9 MHKpocaTe-
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JUTHBIX JIOKyCOB OBLJIO yCTAaHOBJIEHO, UYTO KaK Yy THOPHIOB Ha OCHOBE CpeIHE-
pycckoit mopons! (Bapuantsl PQQ u PQQQ noxyca COI-COII mt/IHK), Tak u 'y
THOPUIOB HA OCHOBE MOPOJT IXKHOTO MporcxokaeHus (Bapuant Q jokyca COI-
COIl) sipepHblii reHOM Oosee OJIN30K MO CIEKTPY U YacTOTE ajulesielt N3yueHHbIX
JAHK-mapkepoB renomy cpemHepycckoil moponbsl. Hanpumep, o nokycy 4043
ajutenb «128» sBnsiercst crielMUYHBIM JUIS CpeHepYCCKOW MOpos! (YacToTa
peructparuu 0,83), Torma Kak y KapmaTcKod MOPOABI 3TOT ajuIellb BCTPEUAETCS
¢ gactotoil 0,08; Ha0GOPOT, ISl KapHaTCKOi MOPOAbI XapaKTEPHBIM SIBISIETCS
amenb «140» (dactoTa Bcrpeuaemoctr 0,63), TOTIa Kak y CpETHEPYCCKUX IMUEI
9TOT aJuleNib peructpupyercs ¢ dactoroir 0,16 (cM. Tabn. 2). B 1o xe Bpems
y THOPUIOB KaK Ha OCHOBE CPETHEPYCCKOH, Tak M Ha OCHOBE KapHaTCKOH IO-
pozBl TpeolIalatoIiM SBISIETCSL «CpeAHepyCccKui» aiutens «128» (dactora
peructparyu 0,84 u 0,64 COOTBETCTBEHHO), TOTNA KaK YaCTOTa «KApPIaTCKOTO»
annens «140» y ruOpuoB Ha OCHOBE KaplaTCKOM MOPO/BI CHIDKACTCS B JiBa pasa
(0,29). AnanornyHasi KapTHHa HaOJIOMAETCs JUTsl OONBITUHCTBA U3YYSHHBIX JIO-
KycoB (4008, A113, A024, Ap049, Ap243). CnenoBarenbHo, y THOPHIIOB Ha OC-
HOBE KapIIaTCKOU TIOPOJIBI IPOUCXOAUT HHTPOTPECCHS TEHETHIECKIX BAPHAHTOB
muHUU M (cpenHepycckas mopoja).

Daxmopel, onpedensaioujue 2enemuieckoe pasHooodpasue MeoOOHOCHBIX
nuen, ooumarouwgux Ha nacexax Tomckoii obnacmu

Hns BeIABIEHUS (PAKTOPOB, OMPEAEIIOMINX TE€HETHYECKOe pa3HooOpasne
MEJIOHOCHBIX IT4eJ, MOJYYSHHBIX C rmacek ToMckoi o0nacTH, ObUT HCIIOIB30BaH
MeToj TiaBHbIX kKoopauHAaT (Principal Coordinate Analysis — PCoA). [1epBoHa-
YJaJbHO OBLIM NMPOAaHAIU3UPOBAaHbI 24 BBIOOPKHU IM4elN, MOMy4YeHHbIe U3 24 Ha-
CEJICHHBIX MyHKTOB TOMCKOU o0nacTu, ¢ mcroib3oBaHueM merona PCoA 1o
JaHHBIM O BapHaOeJIbHOCTH 9 MHUKPOCATEIUTUTHBIX JIOKYCOB ISl BU3yallU3aluH
IUICTAaHIIMPOBAHHOCTH MEXIy c000# BEIOOPOK Pa3IMIHOTO ITOPOJHOTO IPOHC-
xokaeHus (puc. 4).

CormacHO MPOBENEHHBIM pacueTaM FeHEeTHISCKUX AUCTAHIIN, KOTOPEIE Olle-
HUBAJHMCh Ha OCHOBaHWM aHalM3a U3MEHYHUBOCTH 9 MHUKPOCATEIUTUTHBIX JIOKY-
COB, TIepBasi IIIaBHAsI KOOpauHaTa 00BsicHAET 29,5% cyMMapHON M3MEHIUBOCTH,
BTopas — 19,1%. CpaBHUBaeMble BBIOOPKHU IT4EN OTYETIIMBO KJIACTEPU3YIOTCS B
3aBHCHMOCTH OT mopoxHoi nmpuaauiesxkaoctr (Coordinate 1): wetko auddepen-
LUPYIOTCS BEIOOPKH IT4YEJI, MMEIOILHEe TPOUCXOKICHUE OT CPEJHEPYCCKUX IMYel
(kimactep «CpemHEepyCCKUe IUeNbl»), OT BEIOOPOK ITYeNl HA OCHOBE KapIaTCKOu
nopoabl. Tak, BEIOOPKH MUEN CpeJHEPYCCKOil mopos! (muensl ¢ macek c¢. Mo-
rounHo, 1. JlyopoBka, c. CeMUIyXKH, 1. 3apedHbli, ¢. Terynpaer) u BEIOOPKH
ruOpUIIOB HA OCHOBE CpeHEPYCCKOI MOPOobl (BEIOOPKH Mueln ¢ mnacek c. JIebo-
tep, c. KpuBomenno, c. [TapaGens, c. [Tonropaoe, 1. CTpeIbHUKOBO, YPOUHUIIIE
Kyxep6ak, a. TuxomupoBka, ¢. KoxxeBHUKOBO U 1. EJ0BKa), pacrnonoxeHHbIE B
OIHOM OOJIBIIIOM KJIACTEpE, TUCTAHIIMPOBAHBI OT TPYIIIILI ITUEI, IPEICTaBICHHON
ruOpuaMyu Ha OCHOBE KapraTckoi mopoas! (muensl ¢ macek n. Cunuit Ytec,
c. Breicokwuit Sp u a1. KpeuioBka).
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‘ nyenbl CpeaHepyCCKoil Nopoab! <> GpuabI Ha OCHOBE KapnaTcKoii Nopofpl
[Apis mellifera mellifera) [hybrids based on Apis mellifera carpatica]
3 TMBPUbI Ha OCHOBE CPEAHEPYCCKOI MOPOALI <> n4erbl, NoMyyeHHbIe CO CMeLLaHHbIX Mo
[hybrids based on Apis mellifera mellifera) NOPOAHOMY COCTaBY nacek

[bees from mixed apiaries]

Puc. 4. Pacrionoxenne B IpocTpaHCTBE IIaBHBIX kKoopauHaT (PCoA) BEIGOpOK
MEJOHOCHBIX ITUeJT Pa3IMIHOTO IIPONUCXOXK/ICHUS ¢ ITacek ToMcKoi obmactu
10 JJAHHBIM 00 M3MEHYHBOCTH 9 MUKPOCATEIUTUTHBIX JOKycoB. Coord. 1 — mepBast
m1aBHas koopauHara, Coord. 2 — Bropas IlIaBHasi KOOpIUHATA
[Fig. 4. Projection of Apis mellifera individuals (comparison between bee groups
of different origin) on the two-coordinate system according to the PCoA-analysis of the
Nei genetic distances matrix. Coord. 1 - Coordinate 1; Coord. 2 - Coordinate 2]

B 10 xe Bpems OMM3KAME K KIACTEPy «CPEOHEPYCCKHE IMUENbD» OKa3alHCh
JIBE BHIOOPKY MMOPUIHBIX MUEN HA OCHOBE KapIaTCKOW MOPOABI (ITYebl ¢ MaceK
B okp. I. Konmamero u 1. HoBoabpamMKHHO), a Takke BBIOOPKH ITYeT C MaceK CO
CMEIIIaHHBIM MOPOAHBIM cocTaBoM (muensl ¢ macek 1. lllerapka u c. Kyprek, a
takke 1. Kpyronoxnoe, c. 3pipsHCKoe, ¢. KomapoBo). BMecte ¢ TeM BBIOOpKH
THOPUIHBIX ITYEN, MPEXK/IC BCEro THOPUIBI HA OCHOBE KapIaTCKOM MOPOIBI U TH-
OpHIHBIE TTYEIBI C TACEK CO CMENIAHHBIM ITOPOJHBIM COCTaBOM, HECKOIBKO JTHC-
TaHIMpoBaHbl Apyr oT apyra (Coordinate 2). CienoBartesbHO, KpOME TIOPOAHOM
MIPUHAUIEKHOCTH Ha OIpeelieHHe TeHETHIECKOTO pa3Hoo0pa3usi MEIOHOCHBIX
4eN1, BO3MOXKHO, OKa3bIBAIOT BIUSHHUE U JIpyrHe (HaKTOphI, TAKHE KaK YPOBCHb
ruOpuIM3au (MHTPOTrpeccHs reHOB Mexay JuHUIMA M u C), reorpadudeckast
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JIOKaIHM3aIysl macek u ap. Tak, maemnsl (CeMbH) ¢ MaceK CO CMEIMIaHHBIM MOpOoI-
HBIM COCTAaBOM XapaKTEPU3YIOTCS pa3sHbIM ypoBHeM rudpuausanuu. OcobeHHo-
CTBIO BBEIOOPOK ¢ macek 1. llerapka u c. Kyprek sBisiercs mpeoOiananue maen,
HUMEIOILINX MPOUCXOXKICHUE OT CPEeTHEPYCCKON MOPOABI O MAaTEPUHCKOM THHUM
(oxono 70% ocobeit BeIOOpKH umenn Bapuantbl PQQ mwim PQQQ nokyca COI-
COII mt[IHK, xapaxTepHsble ISl CpeAHEPYCCKOil mopossl). B oTnudue ot BbIOO-
pok c¢ macek a. lllerapka u c. Kypinek, Tpu BEIOOpKH Y€, OTyYEHHEIE C TACEK
1. Kpyronoxnoe, c. 3pipsHckoe u c. KomapoBo, 00pa3yroT 000cobneHHyI0 Te-
pHUdepHiHyIO TPYIIILY, YTO MOXKET OBITH CBA3aHO C TEM, UYTO B JaHHBIX BRIOOPKAX
peo0IaaloT TMOPUAHBIC TYEIIBl HA OCHOBE IOXKHBIX)» TTOPOJ.

Yro kacaercst BRIOOPOK THOPHIHBIX ITYe] Ha OCHOBE KapIIaTCKOW MOPOJIBI, TO
Ha TeHEeTHYECKOE Pa3HO0Opa3ye AaHHBIX BBIOOPOK ITYed KpoMe MOKazaTems UH-
TPOTPECCHUH TEHOB MOXKET OKAa3BIBATH BIIMSIHUE HM30JIMPOBAHHOCTH Iacek. Tak,
rHOpUAN3AISI CO CPeTHEPYCCKON MOPOOI U, BO3MOXKHO, OONblIIee 3aMeIleHIe
«KapIIaTCKUX» TEHOB «CPETHEPYCCKUMID TeHaMH OTMEUCHO IS IT9e BRIOOPOK
¢ macek B okp. I Konmameso, 1. HoBoabpaMKHHO 1O CpaBHEHUIO ¢ BEIOOpKaMu
myen ¢ nacek ¢. Beicokuit fAp, 1. Kpsioska u n. Cunanit Ytec. 310, BO3MOXKHO,
00BSCHSIET MHTETPAIUIO BEIOOPOK ¢ nacek B okp. I. Konmarmeso u 1. HoBoabpam-
KHHO B OCHOBHYIO TPYIILY IT4€), HMEIOIINX IIPOUCXOXKIECHHIE OT CPEIHEPYCCKOM
nopoxsl. Kpome toro, BeIOOpkH muen ¢ macek B okp. I Konmameso u 1. Hoo-
abpaMKHHO ObLTH C(HOPMUPOBAHBI HA OCHOBE CEMEH, JITUTEIHLHO M H30JMPOBAHHO
oOuTaIOIIMX Ha Mmacekax ceBepHoro pariona (KonmameBckuil pailoH — oguH U3
HauboJIee yaaleHHbIX paiiloHOB TOMCKOI 001acTh), B OTIMYHE OT BBIOOPOK, 00pa-
3yIOIIUX OTAEIbHBIN Ki1acTep (c. Bricokuit Sp, 1. Kpsutoska (bakuapckuii paiios,
CeBepHBIi paiioH) u 1. Cuauit Yrec (ToMckuii palioH, I0KHBIH PaiioH)).

Takum o6pa3om, ¢ 0OJHOI CTOPOHBI, TEHETHUECKOE pa3HOOOpa3ue MeaoHOC-
HBIX ITYeJ OTPEIeIIICTCS MX MOPOAHON MPUHAIICKHOCTHIO (pa3HBIE ABOJIONH-
onnble uHUU M u C). C apyroil cTOpOHBI, BBIOOPKH ITYesl MOTYT TPYNIIUpPO-
BaTbCS B 3aBHCHMOCTH OT CTETIEHN THOPUAN3AIINH YN ¥ OT COOTHOIICHHS ITIe
Pa3HOTO MPOMCXOXKACHMS (IJIs1 CMELIaHHBIX BBIOOPOK). CleayeT OTMEeTUTb, Y4TO
MIPEACTaBICHHOCTD pa3HbIX BapraHToB MT/IHK B cMemIaHHBIX TUEINHBIX CEMBSIX
OKa3ajach HeonuHakoBoil. Hampumep, mpu oObeAMHEHUN ABYX CeMEH pa3HOro
MIPOMCXOXKIICHHS y ITIeT 0OBITHO PETUCTPUPYETCS PABHOE COOTHOIICHNE Pa3HBIX
BapuaHTtos Jokyca COI-COII mt/IHK, Torna kak B ciydasix, KOrJa IPOUCXOTUT
«MUTPAINOHHEII 00MEH MEeXIy CeMbSMH, HATPUMEP BCICICTBHUE ONY>KIaHUS U
«BIpAIIBaHMsD PaOOYUX MUEll, B CEMbSIX PETUCTPUPYETCs BEIPaXKEHHAs AUCTIPO-
TOpIHSI TI0 TPEACTAaBICHHOCTH pa3Hbix BapuanToB MT/IHK. Hakonen, Ha mpen-
CTaBJICHHOE pacIpesiesieHHe BEIOOPOK MOXKET OKas3blBaTh BIMSHHE Ieorpaduue-
CKHUH (akTop.

J1s onleHKHU ponu reorpauuecKoro (pakropa B FeHETUYECKON FeTepOreHHO-
CTH BBIOOPOK TT4eN OBUIH MPOAHATH3UPOBAHEBI BEIOOPKH ITUel ¢ Tacek 13 paifoHoB
Tomckoii 061acTy ¢ UCIIOIB30BaHUEM METO/a IN1aBHBIX koopauHat (PCoA) Ha oc-
HOBaHHH JaHHBIX YaCTOT ajuteiel 9 MUKpOCaTEeIUTUTHBIX JIOKYCOB (puc. 5).
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Coord. 1

Puc. 5. Pacnionoxxenune B mpoctpancTse aBHBIX koopauHat (PCoA) BeIOOpOK
MEIOHOCHBIX Im4en ¢ nacek 13 paitonoB ToMckoii 00macTu 0 TaHHBIM 00 H3MEHYUBOCTH
9 MuUKpocaTeJNTUTHBIX JIOKycoB. Coord. 1 — mepBast TiiaBHas KOOPIUHATA,
Coord. 2 — Bropas riaBHas koopauHata. KpacHBIM IBETOM OTMEYEHBI BBIOOPKH TUElT
C TTaceK IOKHBIX PaiflOHOB; CHHUM — BEIOOPKH ITYEJ C ITACEK CEBEPHBIX PAOHOB
[Fig. 5. Projection of Apis mellifera individuals (comparison between bee groups from the apiaries
of 13 districts of Tomsk region) on the two-coordinate system according to the PCoA-analysis of the Nei
genetic distances matrix. Coord. 1 - coordinate 1; Coord. 2 - coordinate 2. Bee samples from apiaries in
the southern regions are marked in red; bee samples from apiaries of the northern regions are in blue]

CyMMapHO niepBasi ¥ BTopasi TNIaBHBIE KOOPIHMHATHI 00BsICHSIOT MeHee 50% u3-
MeHIUBOCTH (25,6 n 20,3% COOTBETCTBEHHO JJIS IEPBOH M BTOPOH KOOPIMHAT),
YTO CBUAETEIBCTBYET O TOM, UTO TeorpaduuecKasl JOKAIU3aIHs, BEPOSTHO, BHO-
CHT BKJIAJI B OIIPE/ICIIEHUE TCHETHUECKOTO pa3HOO0pa3nsi METOHOCHBIX ITUell, HO
SIBISICTCS HE €IMHCTBEHHBIM (pakTopoM. COracHO MOTY4YEHHBIM PE3yJIbTaTaM, 1o
MIPOAHAIN3NPOBAHHEIM TCHETHICCKIM MapKepaM HCCIIeIyeMble BEIOOPKH ITUel
Pa3MENSAIOTCS B 3aBUCHMOCTH OT TeorpaHuecKoil MpUHAUICKHOCTH (CEBEPHBIC
u roxHble parionbl) (Coordinate 1), HO He 00pa3yrOT YETKUX KIACTepOB (HAOMIO-
JIaeTCsl 3HAYMTENBHBINA Pa3dpoc BBIOOPOK MUEN, OCOOCHHO CEBEPHBIX PAiOHOB,
9TO MOXKET OBITH CBS3aHO C YNAJICHHOCTHIO M M30JHPOBAHHOCTBIO MAceK ITUX
paiionoB). Haubonee 6au3kuMu MeXy coO0i MO0 TeHETUYECKHUM 0COOEHHOCTSM
OBUTH BHIOOPKHM TUEN C TaceK FoKHBIX paiioHoB (Tomckoro, 3bipsHcKoro u Ile-
rapcKoro), XapaKTepU3YIOIIUXCsl BHICOKMM YPOBHEM ITUEIIOBOJICTBA, AKTHBHBIM
3aB0O30M ITUEIHMHBIX CEMEH KapraTcKod MMOpOALI U OONBIIAM KOJIHYSCTBOM TH-
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OpHIHBIX TTaceK. BeposTHO, 9TO B JaHHOM ciIy4ae (pakTopaMu, ONpeAessIFOIIMU
WX TeHETHYECKOE Pa3sHOOOpasue, SBIAIOTCSA HE CTOJIBKO Treorpaduueckas JoKaiu-
3alus, CKOJIBKO MOpOIHasl MPUHAIIEKHOCTh Y€ U YPOBEHb HHTPOTPECCUH Te-
HOB (BBIOOPKH MpECTaBIEHBI MPEUMYIIECTBEHHO MYelaMi THOPUIHBIX CeMei).
CrenoBarensHO, cpenu (pakTopoB, ONMPEICILIONIINX TeHETHIECKOe pasHooOpasme
MEJIOHOCHBIX I4ell Ha nacekax ToMCKo# 001acTH, MOKHO BBIJICIUTH CIIEIYIOIIUE:
MOpOJHAas MPUHAIEKHOCTD TUEITUHBIX CEMEH, YPOBEHb HHTPOIPECCUH I'€HOB B
mpolecce THOpuAn3anny, reorpadguyueckas JoKanu3alus Macek, a Takke U30Ju-
POBaHHOCTH macek. Kakap1if n3 mpezrmonaraeMbeIx (aKToOpoB HE SIBIISIETCS OIpesie-
JISFOUIMM, HO, BEPOSITHO, IMEET MECTO UX KOMIUIEKCHOE BO3JIeCTBHE Ha (OPMHU-
pOBaHHE TEHETHUECKOTO Pa3HO0Opa3Hs MUell, TPUIeM 3HAYUTEIFHOE BIMSIHUE Ha
MPOSIBIIEHUE 3TUX (DAaKTOPOB OKA3bIBACT ACATEILHOCTD YeloBeKa (BHIOOP MOPOIBI
IT9e)1, KOHTPOJIb YUCTOIIOPOJHOCTH TUESIUHBIX CeMeil U JIp.).

3aki0uenne

B pesynbprare KOMIIEKCHOTO MCCIIEJOBAaHUS MEJOHOCHBIX ITYEJI C UCIONb30-
BaHUEM KJIACCHUYECKOTO MOP(POMETPUUYECKOTO M MOJIEKYJISIPHO-TEHETUYECKOTO
METOZIOB INPEACTABICHO PACIPOCTPAHEHUE MOPOJ MEIOHOCHOM Iuesbl Ha Tep-
putopun Tomckoii 007acTH, YCTAHOBJIEHBI MAceKH, INe COXpaHWIACh CpeaHe-
pycckas niopona A. m. mellifera, onpenencHpl 30HBI THOPUIN3ANNN TTYET H JIP.
BonpmmHaCcTBO MuenuHbIX ceMeil Ha macekax ToMmckoil o0iacTu mpencTaBieHO
rudpuIaMu MeXITy CpEeAHEPYCCKOM 1 KapnaTckoii moponamu. Ha ocHOBe aHam3a
W3MEHYHMBOCTH 9 MUKPOCATEIUIMUTHBIX JIOKYCOB YCTaHOBIEHO, YTO SIICPHBIN Te-
HOM THOPHIHBIX ITUEN, MMEIOMHNX MPOMCXOXKICHHE KaK OT CPEIHEPYCCKOH, Tak
W KapraTcKoil mopoz, 6osiee OJIM30K MO CIEKTPY M YaCcTOTE M3YUYEHHBIX Mapke-
POB TeHOMY CpelHepyCcCcKoil mopoasl. [eHeTndaeckoe pasHooOpa3re MeIOHOCHBIX
myes1, OOUTAIIIMX Ha macekax TOMCKO# o0nacTd, BEPOSTHO, OMpeesseTcs He
OT/ICNBHO B3ATHIM IOKa3areneM (reorpadudeckas JIOKaIu3anus W W30JIHPOBaH-
HOCTb IaceK, MOPOIHAs MPUHAATIEKHOCTD Mmuell (TPOUCXOKICHHE), YPOBEHb WH-
TPOTPECCUH TEHOB B IpoIlecce THOPUIM3ANNH), 3 KOMIUDIEKCHBIM BO3/IEHCTBHEM
BBIIIIEHA3BAaHHBIX (PAKTOPOB, 3HAYMMOCThH KOTOPHIX B ONPEACICHHOMN CTEIeH! 3a-
BUCUT OT J€SATEIbHOCTHU Y€JI0BEKa.
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Tomsk State University, Tomsk, Russian Federation

Diversity of the honeybee Apis mellifera L. in Tomsk region
according to morphometric and molecular genetic markers

In Siberia, the honeybee was introduced about 230 years ago. It was the dark-
colored forest bee Apis mellifera mellifera L., that was cultivated in Siberia as the most
adapted to the harsh climatic conditions of the region. At the end of the last century,
bees of the southern breeds, mainly Apis mellifera carpathica subspecies (a derivative
of A. m. carnica subspecies), were actively imported to Siberia. Introgressive bee
hybridization leads to the reduction of the range of native subspecies and the formation
of hybrids, modifies the genetic pool of local honeybee populations leading to the loss
of their genetic identity. Russia, including Siberia, still has unique abilities to preserve
the aboriginal populations of the honeybee. For Siberia, such a unique subspecies is
the dark-colored forest bee 4. m. mellifera, which is considered endangered in Europe.
At present, the knowledge of honeybee subspecies living in Siberia, including Tomsk
region, is insufficient; data on the genetic diversity of honeybees are fragmentary. In this
regard, the aim of this work was to identify the biological diversity of the 4. mellifera
honeybee living in Tomsk region using morphometric and molecular genetic markers.

A total of 337 bee colonies obtained from 65 apiaries of Tomsk region were
investigated using mtDNA analysis (variability of the COI-COII locus) and
morphometric method (analysis of wing parameters: cubital and hantel indexes,
discoidal shift) (See Fig. I). The genetic diversity of honeybees was studied using
9 microsatellite loci (4008, AC117, A043, A113, 4024, Ap243, Ap049, H110, SV185); a
total of 106 bee colonies and 893 individuals were investigated.

According to the analysis of variability of the COI-COII mtDNA locus, 62.9% of
bee colonies were of A. m. mellifera origin on maternal line, 29.1% of bee colonies
were of the origin from the southern subspecies and 8.0% were from mixed colonies.
Three variants of the mtDNA COI-COII locus were registered: PQQ, PQQQ
(characteristic of A. m. mellifera) and Q (characteristic of subspecies of the southern
origin) (See Fig. 2). According to a morphometric study, about 56% of the studied
bee colonies conformed to the A. m. mellifera standard according to the majority of
morphometric parameters, but for some individual characteristics (mainly the indicator
“discoidal shift”), a deviation from the values adopted for this subspecies was recorded.
About 24% of the studied bee colonies are more consistent with the 4. m. carpathica
standard, but also have some signs characteristic of A. m. mellifera (hybrids based on
the A. m. carpatica subspecies). Finally, a comparative analysis of the variability of
morphometric parameters and variability of the COI-COII mtDNA locus allowed us
to identify bee colonies (the so-called “inverted colonies”), which corresponded to the
A. m. mellifera standard according to morphometric parameters, but had the Q variant of
mtDNA (colony origin from the southern bee subspecies on the maternal line) or, on the
contrary, the colonies were the 4. m. carpathica subspecies according to morphometric
parameters, while mtDNA was specific for 4. m. mellifera (See Table 1). Consequently,
the study of honeybees in Tomsk region using a comprehensive approach, including
morphometric and mtDNA analysis, showed that most bee colonies are represented
by hybrid forms both on the basis of A. m. mellifera subspecies and on the basis of
A. m. carpathica; hybrids based on A. m. mellifera prevail (See Fig. 3). No large areas
were found with a genetically homogeneous array of bees, originating from 4. m.
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mellifera subspecies. At the same time, the apiaries, where 4. m. mellifera bees are
preserved and bred, were identified in some districts of Tomsk region (Molchanovsky,
Chainsky, Zyryansky, Teguldetsky, Tomsky) (See Fig. 3). In order to characterize the
genetic diversity of honeybees in Tomsk region, as well as to assess the process of
bee hybridization, we analyzed the variability of nine microsatellite loci in honeybees
(See Table 2). A comparative analysis of the variability of the studied microsatellite
loci in purebred bees (4. m. mellifera and A. m. carpathica) showed differences in the
spectrum and/or frequency of alleles between subspecies for most loci. In addition,
for some loci (4008, A043, A113, A024, and Ap049), the predominant alleles were
recorded (the frequency of their registration was more than 0.40), and the spectrum
of these alleles differed in bees of different evolutionary lineages (M and C) (See
Table 2). Evaluation of genetic diversity on heterozygosity of most of the studied loci
revealed similar results for two bee subspecies, namely lower values of the observed
heterozygosity compared with the expected heterozygosity (See Table 2). The revealed
differences between honeybees of A. m. mellifera and A. m. carpathica subspecies on
the variability of the studied loci were used to assess the genetic diversity of hybrid
bees obtained from apiaries of Tomsk region. We have established that both in hybrids
based on 4. m. mellifera subspecies (variants PQQ and PQQQ of the COI-COIIl mtDNA
locus) and in hybrids based on subspecies of the southern origin (variant Q of the COI-
COII locus) the nuclear genome is more consistent with the 4. m. mellifera genome
in the spectrum and/or frequency of alleles of the studied DNA markers. Using the
Principal Coordinate Analysis (PCoA) method (See Fig. 4 and 5), we showed that the
genetic diversity of honeybees living in apiaries of Tomsk region is not determined by
a single indicator (geographical localization and isolation of apiaries, the bee breed
(origin), the level of gene introgression), but by the complex effect of the above factors,
whose importance to a certain extent depends on human activity.

Thus, the study of genetic diversity, which is determined by numerous factors,
as well as evaluation of the level of introgression between aboriginal and adventive
subspecies of honey bees are important to establish the effects of hybridization and
to preserve the gene pool of local bee subspecies. To preserve and restore the unique
gene pool of A. m. mellifera, a Coordinating Council on the problems of selection,
rational use and protection of 4. m. mellifera gene pool was created in 2019 in Russia.
Two researchers from “Apis” Scientific and Production Center, Tomsk State University
are its members. The success of measures to preserve aboriginal bee ecotypes will
primarily depend on detecting and restoring the unique surviving populations, creating
bee nurseries and reserves, as well as on studying the current state of various honeybee
populations to understand genetic processess going on in them.

The paper contains 5 Figures, 2 Tables and 46 References.

Key words: Apis mellifera L.; genetic diversity; morphometric method; COI-COIl
locus mtDNA; microsatellite loci.
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®U3UOJIOT S U BUOXUMMUA PACTEHUI

VIIK 513.234
doi: 10.17223/19988591/47/9

H.B. Hapaiikuna, B.H. ITonos, K.C. MupoHos,
B.II. Myenxkun, T.. Tpynosa, U.E. MomkoB

Huemumym ¢puzuonoeuu pacmenuii um. K.A. Tumupasesa PAH, o. Mocksa, Poccus

TpaHckpunus reHOB AecaTypa3 KUPHBIX KHCJIOT XJIOPOILJIACTOB
MPHU HU3KOTEMIIEPATYPHOM 3aKaJUBaHUU Solanum tuberosum L.

Pabora Bbinonnena npu nopaepxke PODU (npoekr 16-34-00604 mon_a).

Hccenedosanvl usmenenus omHOCUMENbHO20 COOEPHCAHUA MPAHCKPUNINOE 2eHO8
A9-(SAD), AI12-(FAD6) u w3-(FAD7) Odecamypas Xnoponiacmuoll JOKAIU3ayuu 6
npoyecce Huskomemnepamyprozo 3axkamusanus (3°C, 7 cym) pacmenuii Solanum
tuberosum L., copm FO6uneii JKyxosa. Cpedu usyyeHHbiX 2eH08 8 Hauane nepuood
3aKAAUBAHUA  ODHApYXHCEHO noumu  3-KpamHoe KpamKoSpeMEeHHOe YBenuyeHue
OMHOCUMENLHO20 CcoOepacanus mpaunckpunmog 2ena FADG6, kooupyrowezo Al2-ayun-
JURUOHYIO  Oecamypasy —XAoponaacmos. B npoyecce 3akamueanus — cooepixrcanue
mpanckpunmos cena FAD7, kooupyrowezo w3(Al5)-ayun-tunuduyto Oecamypasy,
1000eparcuUsanocy Ha yposHe eecemupyrowux pacmenuti, a 2ena SAD, kooupyowezo 00Hy
usz cmeapoun-AIlB decamypas, — cHuscanoce. CYMMAapHas 00N NOTUHEHACHLIUEHHBIX
DHCUPHBIX KUCTOM TUNUOOS XTIOPONIACINOB 6 HE3AKAIEHHBIX PACIEHUAX 00CMU2ana noumu
90% om obwezo codeporcanus ecex dcupnvix xuciom (JKK) u 3a epema 3axanueanus
NO00EPHCUBANACL HA  8LICOKOM KOHCmumymusHom yposHe. OOHapysceHO ysenuuenue
COOepHCaHUa NATbMUMUHOBOU (CW}) KUCTIOMbL, YMO MOJMCem CeUOemeibCmeosams O
nosvlwenuu unmencusnocmu cunmesa JKK de novo. Kpome mozo, noxkasano nogviuenue
cooepoicanust C . KUCIOMbI, YN0 MAKHCE AENACMCA 6AHCHBIM OIS 3AKATUEAHUS, NOCKObKY
noooeporcanie mexyuecmu memopan onpeoensiemcs 8 mom yucie u cooepocarnuem KK
€ MEHbWUM HUCTIOM Y2NepOoOHbIX amomos. COelaHo npeononoxiceHue, Ymo nogblueHue
OMHOCUMENLHO20 COOEPHCAHUSL MPaHckpunmos z2ena FADG 6 nauane 3axkanuéanus u
noooepycanue mpanckpunyuu FAD7 cnocob6cmeosano coxpanenuio Xa0pOonidcmHblx
MeMOpaH 6 HAMUBHOM COCIMOAHUU U NOBLIUEHUIO YCMOUMUBOCU pACmeHUti Kapmogeis
K eunomepmuu 8 npoyecce 3aKanusaHus.

KuroueBblie ciioBa: Solanum tuberosum; X01010yCTORYNBOCTE; IPOMOPAKUBAHUE;
OTHOCHUTENBFHOE COIEpXaHUE TPaHCKpUNToB; SAD; FADG6; FAD7; o-TWHOIEHOBas
KHCJIOTa; HOJIMHEHACHIEHHbIE )kupHble KucaoTs! (ITHXKK).

BBenenune

[Ipobnema BBDKMBaHUSI PACTEHHI B YCIOBHUSX ACHCTBUS HU3KUX TeMIIEpa-
TYp CTaHOBUTCS Bce 0Oojee aKkTyallbHOH B CBETE IIOOAJIBHBIX W3MEHEHHH KITH-
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Mara ¥ BO3pacTalomieil moTpeOHOCTH HACENeHHs B TIPOIOBONLCTBHA. B cBs3m ¢
9TUM HCCIIEJOBAaHUS BO3JEHCTBUS THIOTEPMUHN HA PACTEHUS UMEIOT HE TONBKO
(hyHIaMeHTalbHBIN, HO W TpuKiIagHoi xapakrep [1, 2]. Kaprodens — BaxHas
MIPOJIOBOJILCTBEHHAS KYJIBTYpa, 3aHUMAIOIAsi YETBEPTOE MECTO B MUPE 10 00b-
€MaM IIPOM3BOJICTBA MOCIIE MIICHUITBI, prca U KyKypy3sl. Pa3Burue ero xiryoHei
3aBUCHT OT TEMIEpaTYpHBIX YCJIOBUH BhIpaluBaHus. PeanbHas ypoxkailHOCTb
KapTo(ess CymEeCcTBeHHO HIDKE €r0 IMOTCHIMATRHONW NPOAYKTHBHOCTH, IPHYEM
OJIHUM U3 IVIABHBIX OIPaHUYMBAIOIIUX Ypoxkail (akTOpPOB SBISETCS HENOCTa-
TOYHAs YCTOHYMBOCTH MHOTHX COBPEMEHHBIX COPTOB K BECEHHUM 3aMOPO3KaM
[3]. B cBsI3u ¢ 3TUM MOMCKU MyTeH MOBBIMICHUS YPOXKAHHOCTH KapTo(eliss TECHO
CBSI3aHBI C (PYHIAMCHTAIFHBIMH HCCICIOBAHUSME IIPOIECCOB (HOPMHUPOBAHUS
YCTOWYHMBOCTU PAaCTEHUH K TUIIOTEPMUH.

B nuteparype mmpoxoe pacupocTpaHeHHE ITOTyIHiIa TEOPHs, COITaCHO KOTO-
poit IpU MOHIKEHHBIX TeMIepaTypax MPOUCXOAUT (a30BbIH Mepexox MeMOpaH-
HBIX JIAIUIOB, TIPUBOISIIINN K CHIDKCHHIO TEKYYEeCTH MEMOpaH, MHAKTHBAIIH
MeMOpaHHBIX (PEpPMEHTOB, MOTEpEe OAPHEPHBIX CBONCTB MEMOpaHaMU U Kak pe-
3yIbTaT, K THOEH KIeToK [4]. KineTku pacteHuil crmocoOHbBI TOAIepKIBAThH TEKY-
4ecTh MeMOpaH 3a c4eT paboThl (PEPMEHTOB U3 TPyl JETHAPOTeHa3 — AecaTy-
pa3 xupubIx kuciotr (JKK), karanumsupyromux npespainenue oguaapHoi (C—C)
CBSI3M MEXAy aToMaMu yriaepoaa B amibHbIX nemsx JKK B pBoiinyro (C=C).
B xone aroii peakiuu nHaceimeHasle JKK mpeBpammaioTcs B HeHACHIIIICHHBIE, UTO
MPUBOIUT K M3MEHEHHIO CBOMCTB MEMOpaHHBIX TUIUIO0B. JlecaTrypassl paboTarot
CTPOTO TOCIEAOBATEIFHO, IPOAYKT KaKIOH peakIiH CIYyKUT CyOCTpaToM IUis
nocuenyromeit [5, 6]. s BBICIINX pacTeHUI Oouibllas 4acTh MH(GOpMALUHU O
¢ysKIIIX U crieruduuanocTy necarypas KK momydena npu u3ydeHHH MyTaHTOB
Arabidopsis thaliana, oTaenbHBIX MO cHENU(UYHON JecaTypa3HOW aKTHBHOCTH
[7]. UsBecTHO, uTO necatypasbl apabumoncuca (FAD — fatty acid desaturase) mon-
pa3zeNAoTCcsT Ha HecKoibKo mojceMeiicTtB. Creapoun-Allb necarypasa (FAB2
i SSI2) sBNseTCsl paCTBOPHMOM JTecaTypa3oil M KaTadu3upyeT JecaTyparuro
cTeapuHoBOii kucioThl (C,, ) 10 MoHOEeHOBOH oennosoit (C,, *’) KK B cazan-
HOW ¢ arumepenocsimuM oenkom (ATTB) ¢popme. Kpome Toro, y apabunoricuca
umeetcst A9-anun-nmununHas necarypasa (ADS), koTopast ydacTByeT B Jecarypa-
uun C,, ;B OIIP. MukpocomanbHas aecarypasa FAD2 u xnopormsactHas jaeca-
Typaza FAD6 npencrasisitor co6oit Al2-anun-nunugHele AecaTypassl, KOTOpbIE
YYacTBYIOT B 00pa3oBaHUU JMEHOBOM juHONEeBOM Kucnotel (C,.*"'?) B 3H10-
IJ1a3MaTHYECKOM PETHKYIyME U IUIACTHIAaX COOTBETCTBEHHO. MUKpocoMallbHas
®3(Al15)-necarypaza FAD3 u ttactumapie ©3(Al15)-necarypasst FAD7, FADS
Y4acTBYIOT B 00pasoBanuu uHoIeHoBoH (C, A*'>1%) KK. XmopomnnacTHsle TpaHe
A3-necarypasza (FAD4 nwim FADA) u A7-necarypasza (FADS) cnenududecku o6-
pasyior C ., B ®I' u MIIT" coorsercTBeHHO. Kpome Toro, umerores crnienupuy-
Hble A8- 1 Ad-necarypasbl chuaronmumuaos (SLD u DES) [8]. ITpu 3ToM 0cHOB-
Hasi polib B IOAJIEP’KaHUU TEKy4eCTH MeMOpaH XJIOPOIUIACTOB OTBOAUTCS Al2- u
®3-aIWI-THMUIHEIM JlecaTypa3aM, y4JacTBYIOIIMM B OOpa30oBaHHWM ITOJMHEHA-
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cemieHHbIX KK (ITHXK) ¢ nByMs u TpeMs ABOWHBIMHU CBSI3SIMH COOTBETCTBCH-
HO [9,10]. Tak, myTaHnt A. thaliana 1o reHy FADG6 ¢ HEaKTHBHOH XJIOPOILTACTHOM
Al2-pecarypa3oii HaKaIrIMBajl BHICOKME KOHIIEHTPAIMHU najibMuToNnenHoBol (C ) u
onennoBoi (C,; ) Kucior. [Ipu 5T0M yMEHBLIATOCH CONEPIKAHUE IMEHOBBIX U TPUE-
HOBBIX JKK B rajakronummmax XJIoporniacToB M HAOMIONAIOCH CHIDKCHUE YCTOWIH-
BOCTH K HU3KOH Temneparype [7, 11].

Cpemu Bcex MeMOpaH pacTUTEIBHOW KIETKH XJIOPOIUIACTHBIE MEMOpaHBI
UTparoT 0co0yr poiib B ()OPMUPOBAHUHM YCTONUMBOCTH PACTEHUI K HHU3KUM
TeMITepaTypaM, MOCKOIBKY MMEHHO B XJIOPOIUIACTAaX MPOUCXOAUT (OTOCHHTES,
MPOAYKTHI KOTOPOTO CIIy’KaT OCHOBHBIM MCTOYHHKOM SHEPIUH, HEOOXOMUMON s
MIEPECTPONKH KIICTOYHOW CTPYKTYPhl M METa0ONM3Ma, MMPOUCXOMAIICH B TEPHOI
HHU3KOTEMIIEpaTypHOro 3akanuBaHus [12]. B THIakoMgHBIX MeMOpaHax pacTeHHH
kaproderns JJokanu3oBaHbl Al2-necarypaza FAD6, a Taxoke eqrHCTBEHHAs m3-7eca-
Typasa FAD7, X0Ts, COIIaCHO JJAHHBIM JINTEPATYpPbI, B XJIOPOIIACTaX MHOTUX JPY-
THX PaCTeHUH MPUCYTCTBYIOT ABE M3-allMI-TUMAAHEIX qecarypasbl — FAD7 u FADS,
IpUYEM DKCIIpeccusl MocienHell HHAyIMpyeTcss HU3KoH Temmeparypoit [7, 8, 13].
Kpome Toro, y xaprodens umerorcs: pactBopumbie creapomn-Allb necarypassr
(SAD) B xJnoporuiacrax, y4yacTByIolIne B 00pa30BaHUM MEPBOil IBOMHON CBA3H
B moyioxkeHnu A9 y ux cybctpara — creaporin-Allb. IMeHHO J1aHHBIC TeHBI BBI-
OpaHbI HAMU JUIS aHATNW3a U3MEHEHUI OTHOCUTENBHOTO COIEPKaHUsI TPAHCKPUIITOB
B TIPOIIECCE 3aKATMBAHUS PACTEHNH KapToders K rurmorepmun. Llems paboTsr — nc-
cienoBanue ponu A9-, A12- u 03(Al5)-auuia-TMOUIHBIX AecaTypa3 XJIOPOILIACT-
HOU JIOKaJM3aInH, 3aJeHCTBOBAHHBIX B OMOCHHTE3¢ OCHOBHBIX MOHO-, IU-, U TPH-
HEHACBIIICHHBIX )KUPHBIX KUCIIOT, B IPEe00pa30BaHUIX KUPHOKUCIOTHOTO COCTaBa
MeMOpaH XJIOPOIUIACTOB B Iporiecce (POPMHUPOBAHHUS XOJIOI0CTONKOCTH PACTECHIH
KapTo(es Ipu HU3KOTEMIIEpaTypHOM 3aKalUBaHUU.

MaTepnam,I U METOAUKH HCCTICT0BAHUSA

OObexkT wuccienoBaHusi — pacteHus kaprodens (Solanum tuberosum L.,
c. KO6wmteii )KykoBa), KoTopbIe BRIpAIUBAIIN U3 KIyOHEH B TeUeHHE 3 HEACHb B
topdorpynre (50% sepxoBoro Topda, 50% moiiMeHHOH 3emMiu ¢ Jo0aBIeHUEM
nepnuTa) npu temmeparype 22°C, ocsemennoctr 100 mrmons/(M? ¢) u 16-4a-
coBoM (poronepuone B kamepe ¢urorpona MOP PAH (MuctutyT ¢usnosoruu
pactenuit um. K.A. Tumupsizera, PAH). Copr IO6wmiteii XKykosa B ['ocpeectpe ¢
2000 ., BeiBenien BHUMKX um. A.T. Jlopxa, onrcaH Kak SKOJIOTHYECKH ITaCTUYHBIA,
YCTOHUMBBIA K BUPYCHBIM OOJIC3HSIM, aJBTEPHO3Y, CPETHEYCTONUMBLIA K GUTOPTO-
Ppo3y, napiie 0ObIKHOBEHHOM 1 pu30KTOHKHO3Y [14]. [1o oTHOIIEHHIO K IOHKEHHBIM
TEMITeparypaM TIOYBBI OMKCAH KaK OTHOCHTENBHO ycTonumBbId [14]. 3akanmBanue
pactenuii mpoBoAWIM B KimMarudeckoi kamepe KBW-240 «Binder» (I'epmanusi) B
ycnoBusix 16-gacoBoro otoreprona u ocserieHHocTd 100 MKMOIIB/(M? ) TIpH TeM-
neparype 3°C B TeueHHe 7 CYyTOK. B kadecTBe KOHTPOJIS UCTONIB30BaI PACTEHHUS,
HE MOJIBEPTHYTHIC ACHCTBUIO 3aKAJIMBAIOIICH TEMIIEPATYPBHL.
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Jns oneHKY (G GEKTUBHOCTH 3aKaJIBaHU IIENbIC PACcTCHUS KapTodens mpo-
MOpaXHUBaii Ipu Temieparype —2°C B TeueHue 18 uacoB B KIMMAaTU4ECKOM Ka-
Mepe MIR-153 «Sanyo» (SInoHust), 3aTeM UX MIEPEHOCHIIH B HOPMAJIbHEIC YCIIOBHSI
BhIpamuBanus (22°C) u uepes JBOE CYTOK BU3YaJIbHO OLEHUBAIH BHDKUBAEMOCTb.

Host Bernenennst PHK ncnions3oBamm muctest 3—4-X pycoB, KOTOPHIE OTIEINS-
JIX OT PacCTeHU# KOHTPONbHOU Tpynmbl (22°C) 1o Havyana 3aKaluBaHMA, a TAKKE
pacTeHnii, HaXOAWBIINXCS B YCIOBHSX 3aKaauBaHus IpH 3°C B TeUeHNE IBYX 4a-
cos, 1, 3,5, 1 7 cyTok.

Toranmpayto PHK w3 JicTheB pacTeHuid BBIICISUTN C TIOMOIIIBIO Habopa Spectrum
Plant Total RNA Kit «Sigma» (CLLIA) cormacHo IpoTOKOTy IPOM3BOIHUTENS. Peakiuto
00paTHOIA TPAHCKPHUITIMH TIPOBOIMIIH, HCIIONB3Ysl HAOOP peareHToB u MmpoTokon MMLV
RT Kit «Esporen» (Poccus). Iomyuennyro x/IHK ncnons3oBamm Uist IpoBeeHUs
[P B peamsrom Bpemenu (ITLI[P-PB) ¢ momompto ammumidukaropa CFX96 Touch
Real-Time PCR Detection System «Bio-Rad» (CLLA), ucrions3yst Habop peareHToB
gPCRmix-HS SYBR kit «EBporen» (Poccust). Pacuer OTHOCHTENTHBHOTO COIEpIKaHUS
MPHK rena B mpo0e IpoBOAMIIN € TOMOIIBIO BHIMUCIICHUS BEIMYMHBI HOPMaJIN30BaH-
noii skenpeccun (AAC,). Dddexrusroctn OT-TILIP, paccarTaHHbIe METONIOM KaylH-
OPOBOYHBIX KPMBBIX ISl BCEX Iap MpaiMepoB, yYUTHIBAIM IIPH TPOBEICHAN aHAJIN3a
[15]. TIpaiimMepsb! k wcciemyeMbiM reHam Jecarypas KK momoOpaHb! ¢ HCToNb30BaH -
em Oasbl maHHbIX NCBI u unteprer-pecypca Primer3Plus: SAD (LOC 102577562) —
(F) CCAGTGAAGGACGCAGAGCAC, (R) GGGACTTCGTTGCTTGGCCC;
D6 (LOC  102590621) - (F) GCACGAAGACACAGCTTGGC,
(R) TGACAGAGCCACCAGTGAGC); FD7 (LOC  102597672) -
(F) TCTACCCTTTCCCTTGCTGGCA, (R) CATTGCCGTCCAGCAGACAGT;
K pedepeHcHbIM TeHam: ¢aktop smoHrammm lo eEFla (LOC DQ252497) —
(F) GGCCAACAGACAAACCCCTCC, (R) GCCTCGTGGTGCATCTCAACA; pu-
6ocomanbrsii 6emok L2 (LOC 102577640) — (F) GGAGCCAAAAAGATTGTGCCC,
(R)AGCAGTTCCTCTTCACACGG. B kauecTBe KOHTPOIIs1 OTBETHOM peakiiu Ha Ieii-
CTBHEXOJIOANCTIONB30BaTM TeH Oeska TeruioBoromoka (b THI) HSFAS (LOC 102594276)
—(F) TCCAGCTTCATTCGTCAACTCAAC, (R) CTCCTCCAGCTGGGATGGTT.

WHTakTHRIE XJIOPOIUIACTHI BhACISTH B Oydepe, comepxkamem 0,33 M cop-
ourt, 50 MM Tpunun pH 8.0, 2 MM DIITA, 1 MM MgCl,, 5 MM mepkanTosTaHos.
Tomorenar ¢uibTpoBanu uepe3 2 cimos Miracloth (CILIA), nerTpudyrupopamn
npu 2000 g, ucnons3ys nentpudyry K23D (I'epmanus). Ocanok pecycrneHaupo-
Bany B Oydepe, HacCIanBa Il Ha CTYICHYATHIN TpagueHT nepkona (40/80%). Un-
TaKTHBIE XJIopoIiacTel 0TOupanu Ha rpanune 40 u 80% nepkona. [16]. Jlunuaer
XJIOPOIUIACTOB MTOABEPTaIN METIIMPOBAHHUIO MOCPEICTBOM KHUIITYCHUS B CMECH
CH,OH u CH,COCI B Teuenue 1 4, kak onucano panee [17]. B kauectse BHY-
TPEHHETO CTaHAapTa MCIONb30BAIN MaprapHHOBYIO KHCIOTY. [lomyueHnsie me-
trnoBsle 3¢upsl KK ounmanu ¢ nomomsio TCX Ha mIacTHHKE C CHIIMKAreseMm,
B KaueCTBE PACTBOPUTEIIS IPUMEHSS CMECh TeKCaH : AHp : YKCyCHas KUCIOTa B
cootHomeHun 90:10:1, skcTparupoBaau GEH30JIOM W aHAJIU3UPOBAIM METOAOM
[KX-MC na npubope Agilent 7890A GC (CIIA) [18]. Ins olleHKH YpOBHS He-
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HaceimerHocTr JKK B nummmax MeMOpaH XJIOpPOIUIacTOB Tabaka pacCUNTHIBAIH
unzaekc Henacwimennoct (MH): UH = ZPiei/100, roe Pi — conepxanue i-toit KK
(%), ei — uncio aBOMHEIX cBs3elt B i-Toit KK [17].

Bce skcnepuMeHTHI NPOBEAEHBI B 5—6 OHWONOTHYECKHX IMOBTOPHOCTAX M
3—4 anamutmueckuX. Crartucthyeckas oOpaboTka MaHHBIX TPOBEINCHA B MPO-
rpamme SigmaPlot 11. JlaHHbIe npeaCTaBIEHB! B BUE CPEAHUX 3HAYEHHH U UX
CTaHJIAPTHBIX OIIAOOK.

PesysabTarsl Hccaeq0BaHUS U 00CYKIeHTE

HI3BecTHO, 4TO YCTOMYMBOCTH PAacTeHMH K NEHCTBHIO xoiona (opMmupyercs B
Tpolecce 3aKaATMBAHKS TIPU HU3KUX (HO HE MOBPEXKIAIONINX) Temiieparypax [2] u
00yCIIOBIMBACTCS CTPYKTYPHO-(YHKIIMOHAIBHON TEPECTPOUKOM KIIETOK, CBI3aHHOM
C M3MCHCHISIMU Ha MOJICKYIIIDHOM YPOBHE, B 3aBUCHMOCTU OT TCHOTHUIIA PACTECHHIL.
INosToMy Ha mepBoM 3Tare paboThl HEOOXOAUMO OBLIO YOERUThCS, UTO 3aKalUBa-
HUe pacteHnit kaprodens npu 3°C B TeyeHHne 7 CYTOK MPUBOIVIIO K TIOBBIMICHHIO
UX YCTOMYMBOCTH K JEHCTBHIO MOBPEKIAIONMX TeMrreparyp. I1ockonbKy HH3KHE
TIOJIO’KHUTENBHBIE TEMITEPATYPhI HE BBI3BIBAIOT Y XOJOJOCTOMKIX PACTEHUH BU3Yallb-
HBIX MOBPEXKICHUH, MBI MPUMEHIIA METOJ] TIPSIMOTO MPOMOPaKUBAHUS PACTCHUI C
TIOCIICAYIOIINM OTIpeIeTIeHNEM MX BBDKMBaeMocTH. [1okazaHo, 4To mocie AeicTBHS
Temmiepatypsl —3°C B TeueHue 18 u pacteHus 000OMX BapHaHTOB MMOTUOANH, B CBA3U
C YEeM HCIONB30BaIN TeMITeparypHyro kcro3unmio —2°C B Teyenue 18 u. [1pu atom
pexHMe 3aKaJIeHHbIE PaCTeHUs KapTo(elis BEDKUBAIY, 8 He3aKaJIeHHbIE — TOTHOaIH,
YTO CBUJICTENTHLCTBYET O JIOCTATOYHO BBICOKOH 3(D(heKTHBHOCTH 3aKaITUBaHUs Solanum
tuberosum L., copta FO6unei Xykosa (puc. 1).

b

Puc. 1. KonrponpsHsie (/) u 3akaneHHble (2) pacTeHUs KapTodenst
gepe3 CYyTKH Mocie IpoMopakuBaHus pu temneparype —2°C (a) u
—3°C (b) B Teuenne 18 u. ABrop doto H.B. Hapaiiknna
[Fig. 1. Control (/) and cold-adapted (2) potato plants (one day after freezing
at -2°C (a) and -3°C (b) for 18 hours). Photo by NV Naraikina]
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V3meHeHNsI OTHOCHTENBFHOTO COAEPKAaHMS TPAHCKPHUIITOB T€HOB PacTBOPH-
Mol creapoun-Allb gecarypasel, Al2- 1 ©3(Al5)-anun-TUNUAHBIX JecaTypas
XJIOPOIUIACTOB IPECTABICHBI HA PHC. 2. 3a eNUHHITY IIPHHSATO HOPMAIH30BaHHOE
COZIepKaHUe TPAHCKPUIITOB HCCIEAYEMBIX T€HOB Y He3aKaJIeHHBIX pacTeHuil. Ilo-
Ka3aHO, YTO OTHOCHTEIHFHOE COJEpIKaHUE TPAHCKPHUNTOB reHa FAD7 ocraBasioch
CTaOMIBHBIM M TOLJCPKUBAIOCH HA YPOBHE KOHTpos. [ rena FAD6 Habmro-
Jai KPaTKOBPEMEHHOE MOBBHIIMICHNE COICP)KAaHHUS TPAHCKPHUIITOB B IIEPBEHIC IBA
Yaca 3aKaJIMBaHUs, YTO COOTBETCTBYET JaHHBIM JuTepaTypsl [19]. K mateiM cyT-
KaM 3aKaJMBaHUs y TeHOB FADG6 u FAD7 HaOMonaIu CTaTUCTUISCKH 3HAYNMOE
CHIXXEHHUE OTHOCUTEIBHOTO COJIEPKAHUS TPAHCKPUIITOB.

Xapaxkrep akcnpeccun rera SAD, xommpyromero A9 creapomn-Allb neca-
Typaszy KK, pe3ko omindancs oT OCTaJIbHBIX: OTHOCUTEIBHOE COJCPIKAaHUE €ro
TPAHCKPUIITOB CHM)KAJIOCh B XOZIC 3aKaJIMBaHUs B pa3HOU cTenieHH. BrIOpaHHBII
HaMHM JuIs HcclefoBaHus red creapoun-Allb necaTypassl HMEET BBICOKYIO To-
MOJIOTHIO ¢ TeHOM SSI2 apabujoricuca. V3 JaHHBIX JUTEpaTypbl H3BECTHO, YTO
MYTaHT apaOHIONCUCA C «BBIKIIOUEHBIMY» T€HOM ssi2/fab? nMmeeT BBICOKOE CO-
nepxanue creapunosoii (C . ) KK n nuskoe coneprxanue onennosoi (C ) XKK.
Hecmotps Ha TO, uTO B fononHeHue k SSI2 B reHoMe A. thaliana TpUCyTCTBYIOT
TeHBI eIIe IIEeCTH MOTOOHBIX (PepMEHTOB, X FKCIIPECCHS HE CIIOCOOHA KOMIICHCH-
poBatb MyTanuto B ssi2 [20]. To ecTs 3TOT reH sIBISETCS KIIOUYEBBIM B cEMEHCTBE
reHoB creapomwt-Allb. CormacHO JaHHBIM JHUTEPATypPHI, 3TOT (HEPMEHT HACTOIb-
KO aKTHBEH, YTO MPAaKTHYECKH BeCh HOBOOOpa3oBaHHEIN cTeapomn-Allb 6s1cTpo
npeBpamaercs B oneown-Allb [5, 13, 21]. IloaTromy MBI CBSI3bIBaEM CHIDKEHHE
oTHocuTenbHOro coaepkanuss MPHK naHHOro reHa ¢ HEKOTOPHIM YTHETEHHEM
onocunresa C , KMPHBIX KHCJIOT B YCJIOBHAX XOJIOA0BOrO crpecca. Cnemyer oT-
METHTh, UTO B FeHOME KapTodess oOHapykeHO 13 TeHOB, KOTUPYIOIIUX PacTBO-
pumble ammn-Allb necarypasbl, oOpasyroliyue NepByO JBOWHYIO CBS3b, OCIKH
KOTOPBIX JIOKAIU3YIOTCSI B CTPOME XJIOPOIIIACTOB, B CBA3U C UM TpeOyeTcsl Aallb-
Hellllee H3y4YeHHE 3TOM TPYIIbl TEHOB.

JanHble 10 cocTaBy U cofepkanuio JKK aumunos XnopomnactoB KapTodens
MIPEACTaBICHEI B Ta0nuIe. B munmuaax XmopomnacToB, BEICICHHBIX U3 JINCTHEB
KOHTPOJIBHBIX PACTEHHUH Kak J0, TaK U MOCJE 3aKaIUBaHHs, UAECHTU(DUIUPOBA-
HbI BOCEMb pasnu4HbIX ocTaTkoB C - u C -)KK, OCHOBHBIMHU NIpENCTaBUTEISA-
MH KOTOPBIX ABJIsUIMCH ManbMmutuHOBast (C, ), rexcagexarpuenosas (C, A1),
nunonesas (C,,**") u o-nunonenosas (C  **'*") KK, npuuem Ha oo
0-TMHOJEHOBOM KHCIOTHI mpuxonuwioch moutu 60% ot cymmsel KK xmopormna-
ctoB. CllelyeT OTMETHTD, UTO KapTodesb, kKak u A. thaliana, OTHOCHTCS K TPyIIIIE
«16:3» pacteHuii, y KOTOpbIX B OoTIHuUUE OT «18:3» pacTeHuil B xnopormiacrax
COZIIEPIKUTCS 3HAUMTENBHOE KonmuuecTBo C, KK [10].

3a Bpems HU3KoTemIieparypHoro 3akanuBanus (3°C, 7 cyt) coctas KK maino
mmensuica. Ananu3 cogeprkanust [IHXK mokasan, 4aro B mporiecce 3akanuBaHus
HPOUCXOIUIIO YBEIMYEHHUE CONEPIKaHUs MaTbMUTHHOBOH (C,, ) KHCIOTBI, 4TO
MOXET CBHAETEILCTBOBATH O MOBHIICHUN HHTeHCHBHOCTH cuHTe3a JKK de novo.
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Puc. 2. VI3mMeHeHne OTHOCUTEIBHOTO COJIEPIKaHMsI TPAHCKPUIITOB T'€HOB JlecaTypas JKUPHBIX
KHUCJIOT XJIOPOILIACTOB PACTCHUI KapTO(eIs B IMHAMUKE HU3KOTEMIIEPATYPHOTO 3aKaTMBAHHS
(3°C, 7 cyT1). SAD — pactBopumas A9-AIlb necarypasa, FAD6 — Al2-anun-nunuaHas
necarapypasa, FAD7 — ®3(Al5)-aumn-nmununHas aecarypasa u HSFAS — BTII A8 (koHTpoib
xoJonoBoro BoszaeicTus). Ha ocn Y «OTHOCHTENBHBIE €AMHUIIBI TPAHCKpUIIUH, RQ»,
Ha ocu X «IIPOJOKUTENBLHOCTh 3aKanuBanus, cym. RQ onpeneneno meronom AAC,.
JlaHHBIE MPENICTABICHBI B BUJIC CPESAHUX 3HAYCHUH U MX CTAHIAPTHBIX OMIMOOK C UCTIOIB30Ba-
HueM f-kputepust CthrofieHTa. ¥ — CTaTUCTHYECKU 3HAYUMOE OTIHYHre oT KoHTpouts (p < 0,05)
[Fig. 2. Changes in the transcript content of potato plant chloroplast fatty acid desaturase genes in the
dynamics of low-temperature adaptation (3°C, 7 days). SAD - soluble A9-ACP desaturase,

Ha FADG - acyl-lipid Al2-desaturase, FAD?7 - acyl-lipid w-3(A15)-desaturase and HSFAS - HSF A8
(control of cold exposure). On the Y-axis - Relative expression, RQ; on the X-axis -Time of adapta-
tion, day.*RQ was determined by the method AAC,. The data are expressed as the mean with standard
error using Student’s #-test (p < 0.05). *Statistically significant difference from control (p < 0.05)]

Coenunenne C1 G:O—AHB, SIBIISTFOTIIEECS] TIPEAIIICCTBEHHIKOM C1 60 KK, ucrions-
3yeTcs B pa3HbIX MyTAX OMocuHTe3a. Tak, OHO MOXKET B JaJIbHEHIIIEM YIUTMHATHCS
no creapoun-Allb ¢ momomkro pepmenta keroarmncunrassl I (KACI) mm C,
KK moxer otnenutses ot AIIb ¢ nomormbto anun-Allb THoscTepassl (pepMeHT,
MpUHAISKAMIHN K Kiaccy anun-AllB-runponas) u monseprarbes AalbHEHIEH
Jecarypaliil B JMIHUICBA3aHHONW (hopMe MM TPaHCHIOPTUPOBATHCA U3 IJIACTU
B DIIP. Takum oOpa3om, cHmxkeHue akTuBHOCTH Qepmenta KAC II (omHOTO M3
(pepmenToB MHOrOKOMIIOHEHTHO!N cuHTasbl JKK), kotopeiit ynymuser C,  -Allb
bi (e} Clg:O—AHB, MOXXET MPUBOIUTH K TOBBIIMICHUIO COMEPKaHUS MAIbMAUTHHOBOMN
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kucioTel. C qpyroit CTOpoHBI, MoBkIMIeHnEe akTUBHOCTH ari-Allb TrnoacTepass
TaK)Ke MOXKET MPUBOIUTH K MOBHIIIEHUIO conepkanus nanbMutuHoBo# XK. Taxk,
B JIUTEpaType UMEIOTCS JaHHbIE O MOBBIIIEHUU COAEP)KaHUSA TPAHCKPHUIITOB TeHa
nagpmMutous-Allb THO3CTEpa3bl MOUTH B YETHIPE pa3a Mocie KPaTKOBPEMEHHOTO
JICHCTBHS 3aKaHBAOIIEH TeMIlepaTypbl Ha pacTeHus kaprodens [19].

Kpowme Toro, B HacTosIel paboTe Habmronany nosblenue conepxkanus C, . *
KK, xak n3BeCTHO, Urpatollei MOJIOKUTENIBHYIO POJIb B IOJAEPKaHUU TEKYUECTH
MeMOpaH, MOCKOJbKY IPH HHU3KOH TemIeparype HeoOXOJUMO HE TOJNBKO IOBBI-
menne koimdectBa JKK ¢ OONBIIMM YUCIIOM TBOWHBIX CBA3€H, HO U YBEIMYCHHUE
cogepxkanust JKK ¢ MEHBIIMM YHCIIOM YIJIEPOAHBIX aTOMOB. DTO MOXET CBHIE-
TEIbCTBOBATh O TOBBINICHNH akTUBHOCTH A7-mecarypaszsl FADS, xotopas crme-
upuaecku obpasyror C,, KK B @I' u MIII" X710pomiacToB COOTBETCTBEHHO.

CornacHO HamMM JaHHBIM, IPEACTABICHHBIM B TaOIuUIe, COmepKaHUE
a-nuHoneHosoi JKK — rasroit ITHXXK xnopomnactoB, K CEIbMBIM CYyTKaM 3aKa-
JIMBaHUS HOAJEPKUBAIOCH HA BHICOKOM KOHCTUTYTHUBHOM YPOBHE U COCTABIISIIO
50% ot cymmsl XKK. [IpencTapisier HHTEpeC CPAaBHUTH ITU ITOKA3aTENH C JaHHbI-
MU JIUTEPATYPHI, COMIACHO KOTOPBIM y KapTodemns copra HeBckuii mpoucxoamio
MOBBIIICHUE COEPKAHUS O-TMHOJICHOBOM KHCIOTHI IOCNIE HU3KOTEMIIEpaTypHO-
ro 3akajguBaHus ¢ 38 1o 43% [22], HO 3TH MOKa3aTelId OCTABAJIMCh JaKe HIDKE,
4eM y U3y4eHHOro HaMmu copra. IIInpoko U3BECTHO, UTO 0-THHONEHOBAs! KUCIOTA
(1 ee CTPYKTYpHBIH aHAJIOT — TeKCaIeKaTPHEHOBAsT KUCIIOTA) HMEET YHUKAIBHOE
3HAUCHME B XKU3HU pacTeHui [23] Omaromaps cucTteme ABOMHBIX cBsizeil. OHa
CIOoCOOHA TPUHUMAThH CIUPAILHYI0 KOH(QOpMAIMIO U 00pa30BbIBATH KOMILICK-
CBbl ¢ MEMOpaHHBIMU TUNHIAMU. Takue KOMILJIEKCHI TaJlaKTOIMIIMAOB ¢ OelKaMu
00eCTIeYNBAIOT IOCTPOCHUE (POTOCHHTETUICCKUX CYOBEIMHHIL XJIOPOIIIAcTa, Oll-
TUMAJIbHYI0 TIPOCTPAHCTBEHHYIO OPUEHTAUIO THIPOQUIBHBIX CTPYKTYP XJIOPO-
(ria ¥ BO3MOXKHOCTB OECITPEIIATCTBEHHOTO MIEPEeHOCa IIEKTPOHOB B OE3BOTHOM
cpene. Cnenyetr OTMETUTh, YTO He3HAUUTEIbHOE CHIDKeHHE conepxanus [THKK
MOXeT OBITh CBS3aHO KaK CO CHH)KCHHEM OTHOCHTENBEHOTO CONEep)KaHMS TPaHC-
kpunToB rera SAD (puc. 2), konupytomiero A9 creapoun-Allb necarypasy XK,
YYacTBYIOIIYIO B 00pa30BaHUH OJIEMHOBOH KHCIIOTHI, TaK U ¢ HHTEHCH(UKaHeit
MEPOKCUIHOTO OKHUCJICHHUS JIMIUIOB MIPH PE3KOM CHIKEHUH TeMIlepaTyphl B Ha-
yaJie 3aKajauBaHus. Tak, paHee HaMH IT0Ka3aHO BO3PAacTaHUE €ro MHTEHCUBHOCTH
y kaprodens K TpeTbUM CyTKaM HHU3KOTEMIIEPaTYpPHOTO 3aKaJIMBaHUS C MOCIe-
JOYIOLUM CHHXKEHHEM JI0 YPOBHS BETETHPYIOLIUX PACTEHUI K LIECTHIM CyTKam
3aKanuBaHus [24].

Takum o0pazoMm, cpenan M3y4eHHBIX TreHoB A9-, Al2-, w3-gecarypa3 xio-
POILTACTOB OOHAPYKEHO KPATKOBPEMEHHOE (depe3 2 4 3aKaJMBaHUS) yBeJlnMde-
HUE€ COACpX aHMUsI TPAHCKPUNTOB TOJIBKO reHa FAD6, xonupyromero Al2-aru-
JUNUAHYI0 JecaTypasy XJopomiactoB. OTHOCUTENbHAs TPAHCKPUIIIUS TeHa
FAD7, xomupytomiero eqnHCTBEHHYIO M3-/1ecarypasy XJIOpOIUIaCTOB, OCTaBaIACh
Ha HEM3MEHHOM YPOBHE, UTO, BEPOATHO, CIIOCOOCTBOBAJIO MOJIEPHKAHUIO BBICO-
KOTO KOHCTUTYTHUBHOTO YpOBHsI TprueHOBBIX JKK.
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HN3MeHeHHE OTHOCHTEILHOIO CONCP/KAHUS KUPHBIX KUCJIOT JUIIHI0B XJI0POILIACTOB
B pe3yJIbTaTe HU3KOoTeMIepaTypHoro 3akaiausanus (3°C, 7 cyT)
pacTenmii kaprodess, mac % + m
[Change in the relative content of fatty acids of chloroplast lipids
after low-temperature adaptation (3°C, 7 days) of potato, mas% + m]

Cocra XK [FA composition]
Hazganwue KK Mac [mas] % Mac [mas] %
[Name of FA] 22°C 7 cyrt., 3°C
(1o 3aKaMBaHMs) (Tocie 3aKanBaHMs)
[before adaptation] [7 days, 3°C after adaptation]
C,. 13,0+2,1 19,1+4,1*
[ 0,0+£0,0 3,142,0%*
Y 4,3+0,1 3,6+0,3*
[ 1,70,1 1,2+0,4
C, Ao 12,6+0,2 12,1+0,4
Cren 0,9+0,1 1,1+0,7
cC.» 1,2+0,1 1,2+0,1
C, 2" 9,0£0,3 8,4+0,2
C, A1z 57,2+0,9 50,2+1,7*
Cymma HXKK [Sum of SFA] 13,942,3 20,2+3,1*
Cymma I[THXKK [Sum of PUFA] 86,1+0,8 79,8+1,5%
Cymma XK [Sum of FA] 100 100
WH [The Index of Unsaturation] 2,11 2,02

Ipumeyanue. Mac % — otpaxkaet conepkanue JKK otnocurensHo cymmsr XKK, £ m — cran-
JapTHas omubKa, * — CTaTHCTUYECKH 3HAYUMOe OTIIHYHe OT KOHTpois (p < 0,05).

[Note. Mas % - Reflects FA content relative to the total of FA, + m - standard error of the mean, * statistically
significant difference from control (p < 0.05)].

Cymmapnas jons [THXK naununos xitoporiactoB kaproders B He3aKaJleH-
HBIX PAaCTEHUsIX cocTaBisiia moutd 90% ot obmiero copepkanus Beex JKK u 3a
BpeMsI HA3KOTEMIIEPaTypHOTO 3aKaIMBAHUS COXpPAHsUIaCh Ha BBHICOKOM YPOBHE.
Bricokoe conepaxanune [THXKK crocoO6cTByeT noaaepKaHuio TUIAKOUTHBIX MEM-
OpaH XJIOPOIUTACTOB B (DYHKIIMOHAJIHLHOM COCTOSIHHH, YTO B CBOIO OYepedb II0-
3BOJISICT PACTEHUSAM KapTo(ens peaan3oBaTh NPOXOXKICHUE APYTHX MPOIECCOB,
CIOCOOCTBYIONUX 3aKaJMBAHUIO PACTEHUI K HU3KHM TemIieparypam [25].

3akir0uenne

Ha ocHOBaHMY MOTyYSHHBIX IJAHHBIX MOJKHO ITPEATIONIOKUTD, YTO 3aKATHBAHUE
M3YYEHHOTO COpTa KapTodes B [IEJIOM HAMPABJICHO Ha MOIACPKaHUE KOHCTUTY-
TUBHO BbICOKOT0 coneprkanus [THXKK xmoporiactoB B mporecce 3akaluBaHus U
yBenmuenue cunrtesa KK de novo. TloBslienue conepkanus TpPaHCKPUIITOB TeHA
FADG B Hauainie 3TOro nepuoa, Mo-BUAMNMOMY, CIIOCOOCTBOBAIIO COXPAHEHUIO U
MOJJICPKAHUIO B aKTHBHOM COCTOSIHUH Tyna Al2-nmecarypas, oCyIIeCTBISIOMNX
CUHTE3 JIMHOJICBOM KHCJIOTHI, OJiaroaps 4eMy pacTeHus ObLTH 0OecIeueHbI JI0-
CTaTOYHBIM KOJMYECTBOM 3THUX JKu3HEHHO BaxKHBIX JKK. CTabUIBHO BRICOKOE CO-
nepxxanue [THXK, Bxoasmux B cocTaB MeMOPaHHBIX JIMIHIOB XJIOPOILIACTOB,
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Ha MPOTSHKEHUH BCETO TIEPHO/Ia 3aKATHBAHUS CITIOCOOCTBYET MO ICPKAHHUIO THIIa-
KOMJHBIX MEMOpaH XJIOPOIIACTOB B (DyHKIIMOHAIEHOM COCTOSIHUH, YTO [103BOJIS-
€T PaCTCHUAM KapTo(elsl YCIEITHO 3aKaJIHBaThCsl K THIIOTEPMHUH.
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Fatty acid desaturase gene transcription at Solanum tuberosum L.
cold adaptation

The problem of the survival of plants under low temperatures becomes more
relevant in the light of global climate change and the growing needs of the population.
In this regard, studies of the impact of hypothermia on plants are not only fundamental,
but also applied. Potatoes are an important food crop, ranking fourth in the world in
terms of growing. The actual yield of potatoes is significantly lower than its potential
productivity, and one of the limiting factors is the lack of resistance of many modern
varieties to spring frosts. Decoding of the potato genome made it possible to use
advances in molecular biology to study the role of individual genes and identify key
proteins that can increase resistance to low temperature. It is widely known that under
the action of low temperatures, there is a phase transition of membrane lipids, which is
accompanied by a decrease in membrane fluidity and loss of their barrier properties and,
as a result, by inactivation of enzymes. In response to changes in physical properties of
membranes, cells activate protection systems, among which an important role is played
by the cold-induced increase in the degree of unsaturation of fatty acids of membrane
lipids. Therefore, one of the main goals of adaptation is the stabilization of membranes,
for example, due to the work of enzymes, fatty acid desaturase (encoded by genes
FAD), catalyzing the conversion of saturated fatty acids (FA) into unsaturated. Among
all plant cell membranes, chloroplast membranes play a special role in the formation
of plant resistance to low temperatures, since it is in chloroplasts that photosynthesis,
the main source of energy necessary for the restructuring of metabolism during
the adaptation period, takes place. The aim of the research was to study the role of
chloroplast localized A9-, A12 - and ®3(Al15)-desaturases in adaptive transforma-
tions of the fatty acid composition of chloroplast membranes when forming potato plant
cold resistance during hardening.

The object of the study was potato plants (Solanum tuberosum L., cultivar Jubilee
Zhukov), 3 weeks of age, grown in soil culture at a temperature of 22°C, illumination
of 100 pmol/(m? ¢) and 16-h photoperiod. Hardening of plants was carried out in
the climatic chamber KBW-240 “Binder” (Germany) under 16-h photoperiod and
illumination of 100 pmol/(m?c) at a temperature of 3°C for 7 days. Controls were non-
hardened plants. To assess the effectiveness of adaptation, whole plants were frozen at a
temperature of 2°C for 18 hours in the climatic chamber MIR-153 “Sanyo” (Japan), and
then transferred to the growing conditions to determine survival. The following genes
of FA desaturases were selected for the study: SAD (encodes one of the soluble A9-
ACP-), FAD6 (encodes membrane-bound acyl-lipid A12-), FAD7 (encodes membrane-
bound acyl-lipid A15(w3)-desaturase). Protein products of these genes are localized
in chloroplasts. Total RNA from leaves was isolated using Spectrum Plant Total RNA
Kit “Sigma” (USA). The reverse transcription reaction was performed using a set of
reagents and the Protocol MMLYV RT Kit “Eurogen” (Russia). The resulting cDNA was
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used for real-time PCR (q-PCR) using the amplifier CFX96 Touch Real-Time PCR
Detection System “Bio-Rad” (USA), using a set of reagents gPCRmix-HS SYBR kit
“Eurogen” (Russia). The relative transcript content was calculated by calculating the
normalized expression (AAC,). Primers for the genes of FA desaturases were selected
using the database NCBI and Internet resource Primer3Plus. Intact chloroplasts were
isolated by centrifugation in a percol step gradient. Chloroplast lipids were methylated
by boiling in a mixture of CH,OH and CH,COCI. The obtained LC methyl esters were
analyzed by GL-MS using Agilent 7890A GC (USA). The experiments were conducted
in 5-6 biological replicates and 3-4 analytical ones. Statistical data processing was
performed using the program SigmaPlot 11. The data are presented as means and their
standard errors.

We showed that the hardened potato plants survived after -2°C for 18 h, which
indicates the successful hardening of S. fuberosum, Jubilee Zhukov cultivar (See Fig.
1). Among the studied genes A9-, A12- and w3-desaturases of chloroplasts, a short-term
(after 2 h of adaptation) increase in the transcripts of the F4D6 gene encoding acyl-
lipid A12-desaturase was found. The relative content of F4D7 gene transcripts encoding
®3-desaturase remained stable and maintained at the level of control. The character
of SAD gene expression encoding A9-ACP desaturase differed from the others: the
relative transcript content decreased during adaptation (See Fig. 2). It should be noted
that potatoes have 13 soluble A9-ACP-desaturase genes forming the first double bond,
whose proteins are localized in the stroma of chloroplasts. Perhaps, the studied gene is
not cold-inducible. The total percentage of polyunsaturated fatty acids (PUFA) of lipids
in chloroplasts of potato was high and constitutive in non-hardened plants accounted
for almost 90% of the total content of all FA (See Table). Probably, therefore, in the
process of adaptation there was no noticeable increase in the relative content of the
transcripts of the studied genes A12- and ®3-desaturases of chloroplasts. During the
period of low-temperature hardening, the part of PUFA, and especially a-linolenic acid,
was maintained at a high level; there was an increase in the content of palmitic acid,
which may indicate an increase in the intensity of synthesis of FA de novo. In addition,
an increase in the content of C,, %7 acid was observed, which is also important for
adaptation. It is known that the fluidity of membranes with decreasing temperature
is determined not only by the content of FA with a larger number of double bonds,
but also by the content of FA with a smaller number of carbon atoms. Maintaining a
high amount of PUFA helped to maintain the thylakoid membranes of chloroplasts in a
functional state during the hardening process, which, in turn, allowed the potato plants
to realize other processes of adaptation.

The paper contains 2 Figures, 1 Table and 25 References.

Key words: Solanum tuberosum; low-temperature adaptation; cold resistance;
relative transcript content; SAD; FADG6; FAD7; a-linolenic acid; polyunsaturated fatty
acids (PUFA).
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