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Abstract

The paper reports on the detection and isolation of mucus-forming microorganisms from soil
samples, rhizosphere and plant tissue growing in the foothill and foothill plains of the Zailiyskiy Alatau,
belonging to the families Lamiaceae, Didymochlaenaceae and Compositae. 232 isolates were used in this
work: 216 of them were mucus-forming isolates and 16 were isolated from oil-contaminated soil samples.
A high percentage of mucus-forming bacteria has been isolated from the soil, rhizosphere and roots of
peppermint plants (Mentha piperita). Screening methods for assessing the ability of microorganisms to
produce mucus on various media, by visual observation of the phenotypic characteristics of colonies
(mucous or mucoid), relative viscosity and density of the culture fluid. It was found that the highest
percentage of colonies with a viscous phenotype among mucus-forming bacteria was observed on dishes
with YPG and YM media. From 232, 9 viscous/mucoid isolates were selected: MRK, FRK, TRK8, TRK27,
PRK4, MEK33, PRK13, MEK?9 and PEK1, characterized by the highest mucus yield, with higher relative
viscosity values from 38.8+7.1% to 40.1 £6.4% and the density of the culture fluid in various media is
4.9001 - 5.0001 g/cm?®,

Keywords: mucus-forming microorganisms, soil, rhizosphere, viscosity, mucoid.

Among biomolecules, bacterial polymers such as exopolysaccharides (EPS) have emerged
as innovative materials of industrial importance. Bacterial polymers are highly diverse in structure
and composition; their thickening, stabilizing, gelling and/or emulsifying properties are used in
food, pharmaceutical, medical industries and agricultural technologies [1].

Many microorganisms are capable of synthesizing polymers: bacteria, algae, yeast, and, to
a lesser extent, microscopic fungi [2, 3]. Bacteria that synthesize microbial biopolymers include
Leuconostoc, Lactobacillus, Sphingomonas, Aureomonas, Xanthomonas, Pseudomonas,
Azotobacter, Zymomonas, Aureobasidium, Acetobacter, Mucorales, Achromobacter, etc. Bacterial
polymers constitute a significant portion of the extracellular substances surrounding cells in
microbial communities.

Interest in mucus-forming bacteria that synthesize exopolymers is due to the fact that
biopolymers with unique functional properties are required to form highly viscous solutions, to
produce emulsifying and surfactants with immunomodulatory, anti-inflammatory and bactericidal
properties. The mucous phenotype of microorganisms is an important adaptive defense reaction of
bacteria to the environment. It is known that the viability of mucus-forming bacteria in various
ecosystems is often associated with their ability to synthesize a complex of substances with
emulsifying and surfactant properties [4].

The purpose of this research was to study mucus-forming microorganisms isolated from soil
samples, rhizosphere and plant tissue as promising producers of biopolymers.
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Materials and methods of research

Obijects of research

The objects for isolating and studying mucus-producing microorganisms were: soils on
which plants grew; rhizosphere and plant roots. For the experiments, specimens of seven different
species of higher plants were taken: peppermint (Mentha piperita) and lemon balm (Melissa
officinalis), common bracken (Pteridium aquilinum), small-flowered yarrow (Achillea micrantha
Willd) and white-earth wormwood (Artemisia terae-albae Krasch), great plantain (Plantago
major), stinging nettle (Urtica Dioica L.), tansy phacelia (Phacelia tanacetifolia) (Figure 1).

1 2 3 4
Figure 1 -Plant objects for isolating isolates of mucus-forming microorganisms (1 - peppermint (Mentha
piperita); 2 - bracken (Pteridium aquilinum); 3 - lemon balm (Melissa officinalis); 4 - small-flowered
yarrow (Achillea micrantha Willd); 4 - white-earth wormwood (Artemisia terae-albae Krasch), 5 — large
plantain (Plantago major); 6 — stinging nettle (Urtica Dioica L.), 7 — tansy phacelia (Phacelia
tanacetifolia)

In this work we used 16 isolates isolated from oil-contaminated soil samples from Zaburye,
Dossor and S. Balgimbaev fields, which were tested for their ability to grow on crude Balgimbaev
oil, which were tested for their ability to grow on crude oil.

Nutrient media

For experiments and maintenance of microorganisms we used standard nutrient media of the
following manufacturers: "Haimedia"”, "Labhim": LB (Luria-Bertani), YM and YPG, composition
glucose -20 g, yeast extract - 3 g, peptone - 5 g, agar - 20 g, pH 7.0 (g/L tap water) [5].

Methods

Determination of the number of microorganisms in the soil and isolation of microorganisms
with mucous morphotype were carried out by the traditional method. The number of bacteria was
estimated on different nutrient media [6].

Determination of bacterial abundance and their isolation from the rhizosphere of plants. The
bacterial population in the rhizosphere was counted according to the generally accepted method
by sowing the suspension on agarized nutrient media [7].

Determination of the number of endophytic bacteria and their isolation from plant roots.
Determination of the number of endophytic microorganisms in plant tissues and roots according
to the method described in reference [8].

Phenotypic characterization of mucus-forming microorganisms. Mucus-forming isolates
were phenotypically characterized based on colony morphology, cell morphology, and Gram's
reaction [9, 10, 11].

Mucus production and its evaluation. Mucus-forming isolates were selected based on their
ability to form mucus colonies on the surface of an agar nutrient medium [12]. Mucus-forming
colonies were assessed by mucus viscosity, stickiness, and colony size, covering a large surface of
the agar nutrient medium. Colonies of the mucoid phenotype were moist, with a raised surface.

When growing isolates in a liquid medium, the viscosity of the medium was determined
using a glass viscometer with a capillary diameter of 0.82 mm, according to the viscometer
instructions. Then, the flow time of the culture liquids was measured, and the viscosity of the liquid
was calculated using the formula:

9

V=ggo7*T*K
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Where g-is the acceleration of gravity at the measurement location in m/s?, K-is the
viscometer costant, mm?/s?, V-kinematic viscosity of the liguid, mm?/s, T-is the time of fluid flow,
S.

The density of the culture liquid was assessed using a pycnometer according to GOST 3900-
85. The density of the viscous culture fluid was determined by using a pipette with an adjustable
volume to take 5000 pL of the culture fluid, transfer it to a watch glass, weigh it, and calculate the
density [13].

Statistical analysis was performed using RStudio software (version 2022.07.2+576 “Spotted
Wakerobin”, RStudio PBC, 2022). Data were assessed using ANOVA followed by pairwise
comparisons of Tukey Honestly Significant Difference. Statistical significance is declared at p <
0.05.

Results and discussion

The microbial population of soils, rhizosphere and plant tissues is an inexhaustible source
for the isolation of unique mucus-forming microorganisms - producers of exopolysaccharides.
Therefore, mucus-forming bacteria were isolated from the soil, rhizosphere and plant tissues
growing in the foothill and foothill plains of the Trans-1li Alatau (Figure 1).

Studies have shown that the soil microbial community under plants is characterized by a
high density. The number of microorganisms was calculated using the traditional method per 1 g
of soil. Data on recording the number of soil and mucus-forming bacteria are presented in Table
1. It was established that the maximum number of soil bacteria is observed from under the small-
flowered yarrow plant (Achillea micrantha Willd) on all determined organic media and their
number ranged from 21.5 + 1.8 x 104 to 153.8+15.2 x 10* CFU/g soil, and the number of mucus-
forming bacteria was one or two orders of magnitude less and amounted to 10.3+0.5 x 10% CFU/g
soil. The number of mucous bacteria was approximately the same for soil samples taken from
under plants and ranged from 10.8+0.9 x10° to 20.3+1.6 x 10° CFU/g soil. The largest number of
bacteria with different morphotypes of colonies forming mucus was noted in the soil from under
the plant Peppermint (Mentha piperita) and ranged from 10.8+0.9 x 103 to 10.7+3.6 x 10° CFU/ g
soil.

Table 1 - The number of microorganisms in soil samples taken under the plants

Plants Total number of bacteria, x 10* CFU/g Number of mucus-forming bacteria,
soil x10° CFU/qg soil
Nutrient media
YPG YM LB YPG YM LB
Peppermint 22,1+2,1 | 15,7+15 384+24 10,8+0,9 20,3+1,6 12,1+ 0,9
Big plantain 22,4+21 | 255+2,6 33,7+ 3,4 11,5+0,7 21,7+2,1 19,1+1,3
White-earth 23,1+2,2 | 24,2+2,6 20,3%6,8 12,1+1,1 11,1+0,6 11,1+3,7
wormwood
Melissa 12,4+1,1 12,1+1,1 1,7+0,3 11,3+0,5 12,1+1,2 10,7+3,6
officinalis
Small-flowered 21,5+1,8 |108,1+4,8 | 153,8+15,2 10,3+0,5 11,3+0,5 10,3+0,5
yarrow
Stinging nettle 132,648,8 | 40,1+3,3 22,649,2 11,1+0,4 12,1+1,1 13,2+5,4
Pteridium 26,6+2,5 | 51,5+4,9 42,8+4,1 11,7+0,9 21,3+1,9 10,7+1,1
aquilinum

In recent years, the study of rhizosphere microorganisms has been dictated by the need to
solve both theoretical and a number of practical problems associated with the search for valuable
producer strains and the construction of plant-microbial symbiotic systems to increase the
productivity of agricultural plants. Therefore, the identification of bacteria from the rhizosphere
that produce surfactants is due to the fact that the substances they secrete have a significant impact

163



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne3 (46) 2024  www. imv-journal.kz

on various soil properties and plant productivity. The results of the study showed that the number
of bacteria in the rhizosphere, regardless of the plant type, is high. Thus, the number of bacteria in
the rhizosphere ranged from 4.5+1.7 x 10% to 147.2+11.1 x10* CFU/g soil (Table 2).

Table 2 - Number of microorganisms in the rhizosphere of plants

Plants Total number of bacteria, x 10* CFU/g soil | Number of mucus-forming bacteria,
x10® CFU/g soil
Nutrient media
YPG YM LB YPG YM LB

Peppermint 119,1+12,4 | 44,2421 147,2+411,1 10,7+1,1 20,1+2,2 17,5+1,7
Big plantain 23,1+2,2 18,2+1,2 71,246,2 12,8+1,1 25,8+3,9 -
White-earth 13,414 25,4122 28,8+9,7 10,8+1,1 10,7+0,9 29,2+9,8
wormwood
Melissa 12,1+1,1 11,1+0,9 45+1,7 9,7+0,6 - -
officinalis
Small-flowered 44,3+1,8 56,3+3,4 109,8+14,2 11,6+0,5 12,5+1,2 15,5+1,3
yarrow
Stinging nettle 29,1+2,2 46,3+4,4 41,2+1,6 11,1+0,9 11,5+1,1 5,6+2,5
Pteridium 42,3+3,6 16,5+0,9 12,1+1,1 11,8+1,1 12,5+1,2 -
aquilinum

Note: YPG — glucose yeast medium; YM — malt medium; LB — Luria Bertani

However, the number of mucus-forming bacteria was several orders of magnitude lower,
and ranged from 5.6+2.5x10% to- 25.8+3.9x10° CFU/g soil. The largest number of mucus-forming
bacteria was observed in two media, YPG and YM (Table 3). There is enough information that the
root emergence zone is extensively colonized by microorganisms [14]. It was found that the
number of bacteria isolated from plant roots was significantly lower than those isolated from the
soil and rhizosphere of plants. Thus, the number of endophytes was recorded in the range from
12.8 + 1.3 x 10% CFU/qg of plant tissue in lemon balm to 108.5 + 11.8 x 10° CFU/g of plant tissue
in peppermint.

Table 3 - Numbers of microorganisms in plant roots

Plants Total number of microorganisms, x10° | Number of mucus-forming bacteria, x10?
CFU/qg plant tissue CFU/qg plant tissue
Culture media
YPG YM LB YPG YM LB
Peppermint 47,1+3,4 66,1+5,2 108,5+11,8 12,1+1,3 11,3+1,0 13,1+1,4
Big plantain 24,5422 22,5+2,1 81,7+8,8 12,4+0,8 16,3+1,5 10,7+0,4
White-earth 17,3+x1,1 26,2+1,8 21,5+7,1 19,2+2,1 21,8+1,3 20,2+3,7
wormwood
Melissa 12,8+1,3 24,1422 24,5+1,1 11,1+0,7 13,5+5,0 22,7+3,8
officinalis
Small-flowered 43,5+2,5 89,8+6,4 21,6+2,2 10,1+0,4 12,1+1,1 -
yarrow
Stinging nettle 42,5+3,2 16,5+0,9 41,2+1,6 4,6+0,8 12,2+1,8 5,6+0,4
Pteridium 32,1+2,9 42,4439 33,8+2,9 - 16,1+1,2 -
aquilinum
Note: YPG — glucose yeast medium; YM — malt medium; LB — Luria— Bertani

It was shown that a high content of mucus-forming bacteria was isolated from the
rhizosphere of plants: yarrow (Achillea micrantha Willd), peppermint (Méntha piperita),
wormwood (Artemisia terae-albae Krasch), Plantaginaceae (plantains), plantain (Plantago major)
Urticacrae (nettles) nettle (Urtica Dioica L.). Among endophytic bacteria, a high number of
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isolates that form mucus and viscous colonies was noted in peppermint (Méntha piperita), the
largest number of mucus-forming endophytes was isolated from two media, YPG and YM.

A total of 216 isolates were selected with colony mophotype: shiny mucilage with different
viscosity. The plant-specific distribution was as follows: 48 isolates of peppermint, 17 isolates of
plantain, 25 isolates of common wormwood, 10 isolates of melissa, 14 isolates of fern, 30 isolates
of yarrow, 13 isolates of thistle, and 5 isolates of phacelia. It should be noted that a high percentage
of slime-forming bacteria was isolated from soil, rhizosphere and roots of Méntha piperita plants.
Three nutrient media were used to identify slime-forming bacteria. Comparing their abundance on
different nutrient media, it can be noted that the highest percentage of colonies with a viscous
phenotype and observed on cups with YPG and YM media.

A simple and express method based on the ability to form colonies of mucoid phenotype on
the surface of agar nutrient medium was used for the targeted search and selection of biopolymer
producers among slime-forming microorganisms. For this purpose, the isolates were seeded on
dishes with medium to compare the mucoid phenotype of the colonies. The dishes containing 25
to 50 colonies were evaluated for the presence of mucoid. Microbial cells from mucoid colonies
were surrounded by a layer of mucous material. It should be noted that this method is widely used
in screening studies to select strains of microorganisms - active producers of biopolymers [15, 16].
The use of this method is reasonable when testing mucus-forming microorganisms as possible
producers of exoglycans or biopolymers [17, 18]. It is very likely that biopolymer-producing
bacteria form colonies with viscous thick mucus (mucoid). An initial screening of biopolymer
producers was carried out based on this characteristic [19]. An initial ranking of colonies according
to their ability to produce mucus was done with categorization from thick to mucoid heavy mucus
on nutrient media. Figure 2 shows colonies of mucus-producing bacteria exhibiting a viscous
phenotype when grown on YM agar.

Numerous studies have used colony mucoidity as a qualitative indicator of biopolymer
production. Large differences in colony mucoidity were observed among the strains tested. For
example, Figure 2 shows that some isolates appeared much more mucoid and larger in size than
others. The colonies of the polymer overproducers grew over time on the agar dishes, which
explains why, these colonies were larger in size. It should be noted, in some cases the colonies
became semi-liquid and eventually covered the entire surface of the Petri dish.

Figure 2 — Morphology of mucoid isolates on agar medium (1-PEK1, 2-PAP4, 3-PAP13, 4-FRK, 5-
TRKS, 6-TRK27, 7-MEKY9, 8-MRK)
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All isolates were classified by phenotype as mucoid and non-mucoid. The phenotype of
colonies was determined after incubation for one day at 30 °C on optimal nutrient medium. The
phenotype was assessed by several parameters of colony morphology including texture, height,
margin, size and shape. The data are summarized in Table 4. The mucoidity of the colonies was
tested by touching the surface of the colonies with a transfer needle and observing the formation
of long, stringy filaments. Thus, out of 216 strains tested, 46 strains were positive for mucus
production. Mucus production is a vital factor as it is related to the viscosity and the manifestation
of mucoid phenotype by cells is attributed to its ability to produce biopolymers [21, 22].

Out of 46 strains, 26 isolates showed maximum tractability by forming various convex
colonies with glossy surface with abundant mucus. Most of the isolates formed colony phenotypes
with different architectural (Table 4). 58 strains showed no sticky phenotype on the surface of agar
nutrient medium. In these strains, the phenotype was evaluated as non-mucoid type [20]. All
isolates isolated from oil-contaminated soils were not classified as colonies with a mucoid
phenotype.

As can be seen from the data in Table 4, most isolates with a mucoid phenotype had cream
or rarely yellow coloration. A few isolates formed pink and orange colonies. Among the lysed
isolates, Gram-negative and non-spore-forming bacteria were approximately twice as numerous
as Gram-positive and spore-forming bacteria Cell motility was also observed for most of the
isolates.

The viscosity of the culture fluid is the most important criterion for the selection of
polysaccharide-producing bacteria. At the next stage of selection, the slime-forming isolates were
grown in liquid medium and tested for mucoidicity of the medium using inoculation loops. It
should be noted that the mucoid isolates changed the viscosity of the nutrient medium differently:
slimy and thick viscous, which formed filaments when touched with a microbial loop (Figure 3).

Figure 3 — Macroscopic view of a "viscous" chain formed by a cell mass producing mucus (1-MRK, 2-
TRKS)

The isolates were found to exhibit different mucoid phenotypes when grown in liquid
nutrient media. Isolates with increased mucoidity were isolated mainly from the rhizosphere of
plants. It is worth noting that 9 endophytic isolates formed a sticky (viscous) slippery gel with
viscoelastic properties when growing in liquid medium. Based on the results, it was found that a
large percentage of high-mucoid isolates were distributed in the internal tissues and rhizosphere
of Méntha piperita.

Table 4 - Colony and cell characteristics of strains with mucoid phenotype

Characteristics
Strain Source Description of colony Gra Spore Mobilit
m formation y
1 2 3 4 5 6
MRK Rhizosphere Irregular bright yellow oily. - - +
wormwood
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1 2 3 4 5 6
FRK Rhizosphere phacelia | Irregular, creamy, slimy - +
TRKS8 Rhizosphere yarrow Irregular, greenish-yellow, slimy - - +
TRK27 | Rhizosphere yarrow Round, pink, slimy - - -
PRK4 Rhizosphere fern Irregular, creamy slimy - - +
PRK13 | Rhizosphere fern Irregular, creamy slimy + - +
MEK9 | Endophyte peppermint | Amoeboid, cream mucus - - +
MEK33 | Endophyte peppermint | Irregular, creamy slimy - - +
PEK1 Endophyte wormwood | Irregular, creamy slimy - - +
PI3/5 Rhizosphere plantain Amoeboid, rounded light gray - + +
mucilage

Ml Endophyte peppermint | Rhizoid, cream-colored, shiny, - - +
mucous

M13 Endophyte peppermint | Round, creamy, mucous smooth, + + +
shiny, convex

M20 Endophyte peppermint | Amoeboid,  creamy  mucous - - -
membranes are smooth, shiny with
smooth edges

M21 Endophyte peppermint | Correct, creamy, shiny - - -

M28 Peppermint soil Irregular creamy mucous - - +
membranes are smooth, shiny,
convex

M30 Rhizosphere Rhizodaceous, orange, fluid, - - +

peppermint mucous

M33 Endophyte peppermint | Regular, orange in color, fluid, - + +
slimy, convex

M45 Endophyte peppermint | Regular, mustard green, slimy, - - +
convex

T9 Rhizosphere of yarrow | Irregular, pale pink, slimy, convex + - +

P32 Rhizosphere of | Amoeboid, creamy  mucous - + +

wormwood membrane, smooth, shiny, even

edges

The relative viscosity of the culture fluid was studied. The relative viscosity of the bacterial
growth medium was determined using a VPZh-1 capillary viscometer with a capillary diameter of
0.86 mm. Studies have shown that the values of this indicator depended on the individual
characteristics of the bacteria. Thus, when isolates were cultivated in a liquid nutrient medium, as
they grew, an increase in the viscosity of the culture liquid was observed. The viscosity of the
medium differed in the cultures of different isolates. Maximum values of relative viscosity (above
24.5 + 3.5 mm?/sec) were observed in 9 strains on the 5th day of incubation when grown in YPG
or YM medium. The relative viscosity values for other crops were significantly lower (Table 5).

Table 5 - Relative viscosity and density of the culture fluid of strains with a mucoid phenotype

_ Relative viscosity (_mp/sec) QOL on Density, glcm?
Strain media
YPG. YM YPG. YM
1 2 3 4 5
MRK 27,7+1,4 14,6£3,5 4,9004 4,8007
FRK 35,6+7,6 26,2435 4,9003 4,9112
TRK8 13,1+1,2 25,1+3,6 5,0001 5,1132
TRK27 30,2+1,4 6,9+1,9 4,9001 4,8011
PRK4 13,144 22,7489 4,9002 4,9101
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Table 5 countinued

1 2 3 4 5
PRK13 26,2454 19,5+4,8 4,8009 4,9106
MEK?9 39,8+3,9 37,948,2 4,9003 4,9014
MEK33 38,8+7,1 18,8+3,2 4,9008 4,9003
PEK1 40,1+6,4 25,8+3,4 4,9001 4,8001
PI13/5 12,7417 10,1+0,4 5,2002 4,8001
M1 19,6+3,3 8,6+1,4 4,9005 4,9004
M13 24,5+35 12,2+0,5 4,9043 4,9001
M20 16,1+5,6 10,7+1,7 4,9002 4,9012
M21 11,7+0,9 4,240,2 4,8001 4,8012
M28 37,5+7,7 17,6+2,6 5,1002 4,9001
M30 15,1+1,7 6,2+0,5 3,5002 4,8001
M45 191+1,4 14,3+1,4 4,9001 4,9003
T9 10,3+3,7 6,2+0,5 4,9004 4,9009
P32 11,5+2,8 8,7+0,9 4,9007 4,9003
Nutrient media 1,4+0,2 1,2+0,2 1,8456 1,4589

Thus, the maximum value of relative viscosity was observed in isolates isolated from the
rhizosphere of mint MEK9, MEK33 and wormwood root PEK1 on the 5th day of incubation. The
viscosity of other crops was significantly lower. Thus, among the studied bacterial isolates, strain
M45, when cultivated on YPG medium, the maximum increase in the viscosity of the culture liquid
was observed, compared to other cultures. This may indicate that bacteria of this strain produce an
extracellular substance of a surfactant nature. The nature of the change in the viscosity of the
medium in isolates may be due to the differences in molecular weight of the biopolymers.

The viscosity of such a complex substance as mucus requires a further study. Therefore, in
further studies, the density of the culture fluid of mucus-forming microorganisms was determined.
Density is one of the main indicators by which the quality of liquid substances or biopolymers is
determined. Biopolymer properties such as density, viscosity and mucilage formation are
considered critical parameters for biopolymer quality control. Density is the most important
parameter affecting the functional properties of the polymer. A pycnometer was used to determine
density. It was established that the relative viscosity of the culture fluid and the density of polymer
solutions were determined by the strain. In general, there was complete agreement between the
results of the density test and the determination of the phenotype of the studied crops.

High density of the culture fluid is characteristic of isolates with a mucoid phenotype. The
density values of the culture liquid in bacteria strains MRK, FRK, TRK8, TRK27, PRK4, PRK13,
MEK9 and PEK1 were practically at a high level, as were the relative viscosity indicators. It is
believed that bacteria that secrete large quantities of mucus into the environment increase the
thickness and density of the mucus layer [21]. It can be assumed that the mucus of these isolates
contains large amounts of carbohydrates, and the density of the culture fluid is also high.

Conclusion

Hence, promising strains of mucus-producing microorganisms were selected using simple,
rapid and reliable screening methods. These studies focused on identifying strains exhibiting a
mucoid colony phenotype, maximizing mucus production, and displaying high viscosity in the
culture fluid across different media.
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BUOITOJIMMEP MPOAYHUEHTTEPIH TY3ETIH LIBIPBIII BAKTEPUAJIAP/IbI
IBAEY )KOHE AHBIKTAY

Tyidin

Kympicra Lamiaceae, Didymochlaenaceae »xone Compositae TykeIMaacbiHa KaTaThlH lie
AnarayblHBIH Tay OOKTepi MEH Tay acThl >Ka3bIKTapbIHIA ©CETiH TONbIpak, puzocdepa >koHEe eciMIiK
VINAJIapBIHBIH YIITiJIEPIHEeH MIBIPHIIT TY3€TIH MUKPOOPTaHU3MACP/II 13/I€Y KOHE OKITIayiIay TyPaJIbl MOTiMET
oepimeni. XKympicta 232 30T MaiaanaHsuiabl: 216 MBIPHINT Ty3eTiHASP JKoHe 16 MyHaliMeH JIacTaHFaH
TOMBIPaK YNTiIepiHeH OemiHreH MukpoopranusmMzaep. LLbspeIi Ty3eTin 6akTepusiapIbiH )KOFaphl HalbI3bl
TOIBIpaKTaH, pu3ochepanan kaHe kanob3 ecimaikrepiniy Tambipsinad (Mentha piperita) oxmaynanras.
Kononwusiimapabie peHOTHNITIK cHITaTTaMallapbiH (MYKOHITHl HEMECE MIBIPBIIITHI), JaKbUT CYHBIKTHIFBIHBIH
CAJIBICTBIPMAJIBl  TYTKBIPJBIFBI MEH THIFBI3JBIFBIH  CBIPT CHNAThl OOMBIHIIA OakplIay —apKbLIbI
MHUKPOOPraHM3MCPAIH OPTYpJl opTajapAa IIBIPHIN TY3y KaOineTiH OaranayFa apHajJfaH CKPUHUHL
omicrepi Konmanbubl. LbIpeiin Ty3eTiH OakTepusiap apackiHaa TYTKbIp GeHOTHI O6ap KOJOHUSIIAPIBbIH
eH orapbl maibi3bl YPG xone YM opramapna aHblKTanisl. 232-71eH 9 TYTKBIP/IIBIPHIINTE W30JISAT
tanganasl: MRK, FRK, TRKS8, TRK27, PRK4, MEK33, PRK13, MEK?9 xone PEK1, eH >kofapbl HWIBIPHIII
TY3YUIUIITIMEH CHIIATTANa bl, CABICTRIPMANIBI TYTKBIPIBIK MoHIepi 38,8+7,1 mm/cek nman >xorapsl. 40,1
16,4 MI1/CeK KoHEe apTYPJIi OpTallapaarbl JaKbUIIBIK CYHBIKTBIKTHIH THIFBI3ALIFEL 4,9001 - 5,0001 r/cm3.

KiarTi ce3aep: mwsIpbIi Ty3yIi MUKpOOPraHU3MAEP, TONBIPAK, puzochepa, TYTKBIPIBIK, MyKOHI.
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MOWCK U BBIABJIEHUE CJIN3EOBPA3YIONINX BAKTEPUM - TPOJIYIIEHTOB
BUOIIOJIMMEPOB

doi:10.53729/MV-AS.2024.03.09

AHHOTALUSA

B pabote coolimaeTcst 0 MOMCKe U BBIJCIICHUU CIIM3€00pa3yroIINX MUKPOOPTaHU3MOB U3 00pa3lioB
noyB, pusochepbl M TKAHK PACTCHHUH, MPOM3PACTAIONIMX B TMPEATOPHBIX U TMOATOPHBIX DPAaBHUHAX
Samnmiickoro Ajaray, oTHOcsIhecs K cemeiictBy Lamiaceae, Didymochlaenaceae u Compositae. B
pabote wucmonp3oBaHo 232 wu3omATa: W3 HUX 216 cim3eobpasyrommux W 16 BBIACICHHBIX U3
HedTe3arpsa3HEHHBIX MMOYBEHHBIX 00pa3IoB. BBICOKHUIT POILIEHT CIM3e00pa3yroInuX OaKTepUit H30IUPOBAH
13 MOYBBI, pu3oc(epsl U KOPHEH pacTeHuii MaTel iepeuroii (Méntha piperita). CkpuHHHTOBBIE METOIBI IO
OIIEHKE CITOCOOHOCTH MHUKPOOPTaHM3MOB MPOAYIMPOBATH CIIM3b HAa PA3NUYHBIX CpeJax MPOBOJWIN IO
BU3yaJTbHOMY HAOJIOACHUIO (DEHOTHMUYCCKUX XAPAKTEPUCTHK KOJOHUH (CIM3UCTBIA WM MYKOHIHBIN),
OTHOCHUTEIHLHON BSI3KOCTH M TUIOTHOCTH KYJbTYPAIbHOM KHIKOCTH. YCTAHOBJCHO, YTO HAHOOBINNI
MIPOIICHT KOJIOHUH C BSI3KMM (DEHOTHUIIOM CPEIH CIH3e0o0pa3yIonux OaKTepry HAONIOAAId Ha JallKaxX co
cpenamu YPG u YM. U3 232 BeiOpano 9 Bs3kux/mykounasix nzonsatoB MRK, FRK, TRK8, TRK27, PRK4,
MEK33, PRK13, MEK9 u PEK1, xapakTepu3yromuiics HanOOoIbLUINM BEIXOIOM CIIH3H, ¢ 60Jiee BBICOKIMU
3HAYEHUSIMH OTHOCUTENBHON BsizkocTH oT 38,8+7,1 (Mmm/cex) mo 40,1+6,4 (MI/CeK) M IUIOTHOCTH
KYJIBTYPaJIbHOM KHIKOCTH HA Pa3IMYHBIX cpeaax B npenenax 4,9001 - 5,0001 r/em®,

KuroueBrble ciioBa: ciu3zeo0pa3yoiue MUKPOOPTaHU3MEI, IT0YBa, pu3ocdepa, BI3KOCTh, MyKOH/I.

Cpenu OuomolieKyn OakTepuaabHBIE MOJMMEPHI, Takue Kak sk3omoiucaxapubl (BI1C),
CTali WHHOBAIIMOHHBIMH MaTepHUajaMH, HMCIOIIMMU Ba)XHOE NPOMBIIUICHHOE 3HAYCHHE.
baktepuanbHble MOMMMEPHI OTINYAIOTCA BRICOKUM Pa3HOOOpa3ueM MO CTPYKTYPE U COCTaBy, MX
3arymiamoomas, CTa0WIu3upyIolias, Trejaeo0pasylomas W/WiIM SMYJIbIUpYIOUas CIIOCOOHOCTD
UCIIONIB3YETCSl B MHILNEBOHM, (apManeBTUUYECKOW, MEAMIMHCKOW MPOMBIIUICHHOCTIX U
arpotexHoJyorusix [1].

K cunTesy OmomoauMepoB CroCOOHBI MHOTHE MHKPOOPTaHU3MBI: OaKTEpHH, BOJOPOCIH
TPOKKH M, B MEHBIIEH CTENIEHN MUKpOCKonueckue rpuosl [2, 3]. K 6akrepusiM, CHHTE3UpYIOLIE
MHUKPOOHBIC OHOIOJMMEPHI OTHOCATCS Takue, kak Leuconostoc, Lactobacillus, Sphingomonas,
Aureomonas, Xanthomonas, Pseudomonas, Azotobacter, Zymomonas, Acetobacter, Mucorales,
Achromobacter u t1.1. bakTepuanbHble MOJUMEPB COCTABJISIOT CYIIECTBEHHYIO YacTh
BHEKJICTOYHBIX BEIIECTB, OKPYKAIOIIUX KJIETKU B MUKPOOHBIX COOOIIIECTBAX.

HuTepec k cnnzeo0pa3yromuM OakTepusiM, CUHTE3UPYIOIIUM 3K30MOJIMMEPhI CBSI3aHO C
TE€M, 4YTO TpeOyroTcs OHOMOMUMEpHl, O0JIAAAIONNEe YHUKAIBHBIMU  (YHKIHMOHAIHHBIMU
CBOMCTBaMM: CIIOCOOHOCTBhIO K 0Opa30BaHUIO BBICOKOBA3KHX PAacCTBOPOB, MPOAYLHPOBATH
AMYJIBTUPYIOIINE u MOBEPXHOCTHO-aKTHBHBIC BEIIIECTBA, oOafaromue
UMMYHOMOJYJIUPYIOIIMMHY, TPOTUBOBOCHAIUTEIbHBIMU U OAaKTEpUIUAHBIMU CBOWCTBAMHU.
[MoaToMy chAu3uCTBIA (HDEHOTHIT MUKPOOPTAaHWU3MOB SIBJISETCS BAXKHOM aJanTHUBHOW 3alUTHOU
peakmueilt OakTepuili Ha BHEIIHHE CTpecchl. M3BECTHO, YTO y CIM3€00pa3yronIMX OakTepuit
KHU3HECTIOCOOHOCTD B PA3JIIMYHBIX IKOCUCTEMAX YacTO COMPSKEHA C UX CIIOCOOHOCTBIO K CUHTE3Y
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KOMIIJIEKCA BEIIECTB, 00JIaal0IUX 3MYIbIUPYIOUTUMH 1 IIOBEPXHOCTHO-aKTUBHBIMH CBOHCTBAMHU
[4].

Lenbto  HACTOSIIEro  MCCIENOBAHUS  SIBISUIOCH — M3YYEHHE  CIHM3€00pa3yroIux
MHUKPOOPIaHU3MOB, BBIJCICHHBIX M3 O00pa3lloB MNOYB, pu3ochepbl M TKAaHM PACTEHUH Kak
NEPCIEKTUBHBIX MPOAYIIEHTOB OHOIIOIMMEPOB.

MarepuaJ ¥ MeTOAbI HCCJIET0BAHMS

OOBEKTHI HCCIIENOBAHUNA

OOBeKTaMH I M30JIMPOBAHUS M HCCICIOBAHHMS MHKPOOPTaHHU3MOB, MPOAYLHPYIOIINX
CITU3b, CIYKUJIM 00pas3Ilbl: MOYBbI, HA KOTOPBIX POCIH PAaCTeHUs; puzochepa U KOPHH PaCTCHHI.
JInst IpoBEICHHST SKCIIEPUMEHTOB OBLIM B3STBHI SK3EMIUIAPBI CEMH PA3IMYHBIX BHUIOB BBICIIHX
pacrenuii, mata nepeunas (Mentha piperita) u memucca nekapcreennas (Melissa officinalis),
opisk oObikHOBeHHBIN (Pteridium aquilinum), TeicsuenucTauk MeskouBeTkoBbid  (Achillea
micrantha Willd) u monsine Oenozemenshas (Artemisia terae-albae Krasch), momoposxuuk
oonbmoii (Plantago major), kpanusa asynomuas (Urtica Dioica L.), ¢anenus nuxkMoiucTHas
(Phacelia tanacetifolia ) (Pucynox 1).

5 6 7
Pucynok 1 — PacturenbHbie 00BEKTBI IS BBIICICHHS H30JSITOB CIM3€00Pa3yOIINX MUKPOOPTraHu3MoB ( 1
- mata rrepeunas (Mentha piperita); 2 — opisik o6sikHOBeHHBIH (Pteridium aquilinum); 3 - menucca
nexapcteennas (Melissa officinalis); 4 - TeicsiuenucTank menkorperkossiii (Achillea micrantha Willd); 4
- nosbiHb OenozemenbHas (Artemisia terae-albae Krasch), 5 — mogoposxuuk 6omsmoit (Plantago major);
6 — xpanmBa nBynomuas (Urtica Dioica L.), 7 - ¢pauenns mmxmonuctras (Phacelia tanacetifolia).

1

B pabote ucnonp3oBaii 16 M30I4TOB, BBIICICHHBIX M3 He(Te3arpsi3HEHHBIX MOYBEHHBIX
obOpasnoB MectopoxacHuu 3adypynbe, Jloccop m C. banrumbaeB, KOTOpble MPOBEPEHBI HA
CIOCOOHOCTH K POCTY Ha ChIPOM HE(PTH.

[TutaTenbHbIE CpebI

Jlis mpoBeeHUsT SKCIEPUMEHTOB U TMOAJEPKaHUS MHUKPOOPTAaHU3MOB HCIIOIH30BAIIN
CTaHJaapTHBIC MUTaTENbHBIE cpeabl hupm: «Haimediay, «Jladbxumy»: LB (JIypus -bepranun), YM u
YPG, cocraBa rmoko3a — 20 T, IpoxKEeBON IKCTPAKT — 3 T, menToH — 5 1, arap — 20 r, pH 7,0 (1/n
BOJIONPOBOAHOM BOIBI) [5].

Mertonbl uccie10BaHus

Onpeoenenue yucienHocmu MUKpOOP2aAHUIMO8 8 NoYee U 8blOesleHUe MUKPOOP2AHUIMOS,
umerowull  CIU3UCMbIU  MOpGOmMUn  Npooounyu  TPATUIHOHHBIM MeTonoM. OueHuBanmu
YHCIIEHHOCTh OaKTepUil Ha pa3HbIX MHUTATEIBHBIX cpeax [6].

Onpedenenue uyucieHHocmu O6axmeputi u ux evioeienue uz puzocgepvl pacmenui. Y4er
YUCJICHHOCTH OakTepuid B puzocdepe MPOBOAWIA IO OOMICTIPUHIATOW METOJIUKE ITOCEBOM
CyCIIEH3UH Ha arapu30BaHHbIE TUTATEIbHBIE Cpeabl [7].

Onpedenenue yucieHHOCmMuU SHOOPUMHBIX OaKmMepull U Ux 8bloesieHUe U3 KOpHel pacmeHuil.
OnpeneneHne YUCICHHOCTH SHIO(PUTHBIX MHKPOOPTAaHW3MOB B TKAaHAX U KOPHSIX PacTeHUU
COTJIACHO METO/IMKE, OMMCAaHHO B cTaThe [8].

Denomunuveckas Xapaxkmepucmuxa CU3e00pa3yIoUUxX MUKPOOP2AHUIMOS.
CnuzeoOpa3syromye u30JThl ObLTH (DEHOTUITHYECKH OXapaKTEPU30BaHbI HA OCHOBE MOP(hOI0THr
KOJIOHHMH, KJIeTOuHOU Mopdonoruu u peakiuu ['pama [9, 10, 11].

Ipooykyus causu u ee oyenxa. OTOUpaIN CIN3€00PA3yIONINE U30JIATHI IO CITOCOOHOCTH K
00pa30BaHUIO OCIM3CHHBIX KOJOHHI Ha MOBEPXHOCTH arapM30BaHHON MUTATEIbHON cpessl [12].
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Cnuzeobpasyromye KOJIOHHM OICHUBAIH IO BA3KOCTH CIU3H, KIEHKOCTH, pa3Mepy KOJIOHHH,
MOKPBIBAIONINE OOJIBIIYI0 TMOBEPXHOCTh Aarapu3OBaHHOW THUTaTeNbHOW cpeasl. Komonuun
MYKOHUJTHOTO (peHOTHUIA ObUTH BIAXKHBIMU, C IPUIOIHATON MOBEPXHOCTHIO.

[Ipu BeIpamMBaHny U30JIATOB B JKUIKOM Cpesie IPOBOAUIIN ONIPEEICHUE BA3KOCTH CPEIBI C
MOMONIBI0 CTEeKIsIHHOrO BHcKo3uMerpa BIDK-1 ¢ muamerpom kamwmispa 0,82 MM, coriacHo
IIpUIAraéMoy MHCTPYKLUUH. Jlanee 3aMepsiau BpeMs MCTCUEHHMs KYJIbTYPAIbHBIX KMIKOCTEH U
paccUMTHIBAIN BA3KOCTb KUIAKOCTH MO GopMmyIie:

g

V=987 T*K

I'me g-yckopeHHe CBOOOMHOTO MajeHHWss B MecTe HM3MepeHmid B M/C?, K-mocrosHHas
BHUCKO3UMETpa, MM2/c?, V-KMHeMaTuueckas BSI3KOCTb KUIKOCTH, MMZ/c, T-Bpems HcTeueHus
KUAKOCTH, C.

[MnoTHOCTh KYIBTYpPAbHOM JKUIKOCTH OIICHHBAIM C HCIIOJIB30BAHHEM MHUKHOMETpA
cormacio ['OCT 3900-85. IInOTHOCTH BSI3KOW KYJbTYPIBHOW JKHUJIKOCTH OIPEACIISIIN
CJICAYIONIMM 00pa3oM: ¢ MOMOIIbIO MUMETKU C PErylIupyeMbiM oobemMoM otoupanu 5000 mxi
KYJIbTYPAJTbHOM KHUAKOCTH TMEPEHOCUSIM Ha YacOBOE CTEKJIO, B3BEUIMBAIM U PACCUUTHIBAIIN
MI0THOCTS [ 13].

PesynbTaThl MccneqoBaHUs CTATUCTHYECKH 0OpabOTaHBI ¢ HCIONb30BaHHeM Microsoft
Excel (2019). [lanHble peCTaBICHBI B BIIE CPEIHUX 3HAUYCHUN + CTaHAPTHOE OTKIIOHCHHUE.

Pe3yabTaThl U 00Cy:KIeHUE

MukpoOHOe HaceleHHe MOYB, pU30oc(epa U TKAHU PACTEHUH SBIAIOTCS HEUCTOIIUMBIM
WCTOYHUKOM JUTSI U30JISIIIUYA YHUKAIBHBIX CIU3€00pa3yoNInX MUKPOOPTAaHU3MOB - MPOIYIIEHTOB
sk3ononucaxapuoB. [loaToMy B fgaHHOW paboTe MPOBOAMIIM BBIJEIIEHUE CIHU3€00pa3yIOIINX
OakTepuii M3 TOYBHI, pu3ochepbl M TKaHEW pacTeHUil, MPOU3PACTAIOUIMX B IMPEATOPHBIX U
MOATOPHBIX paBHUHAX 3amnuiickoro Anaray (Pucynok 1).

HccnemoBanusi mokazaiw, YTO MHKPOOHOE COOOIIECTBO TMOYBBI TOJ PACTEHUSMU
XapaKTEepU3yeTcsl BBHICOKOW IUIOTHOCTHIO. UMCIEHHOCTh MUKpPOOPTaHM3MOB ObLIa MOJCUMTAHA
TPaIUIIMOHHBIM METOJIOM B pacdére Ha 1 T mouBkl. JlaHHBIE IO yYETY YUCICHHOCTH MOYBEHHBIX U
ciu3eo0pa3yomux OakTepuil MpecTaBieHbl B TaOmuie 1. YCTaHOBIEHO, YTO MaKCHMalbHas
YUCIIGHHOCTh TOYBEHHBIX OakTepuil HAONIOMAeTCs W3-TOJ PACTCHHUS THICIYEIUCTHUK
menkoreeTkoBbIi (Achillea micrantha Willd) Ha Bcex onpeenseMpIx OpraHudecKuX cpeaax, u ux
KoimuecTBO coctaBuio ot 21,5+1,8 x 10* mo 153,8+15,2 x 10* KOE/r mouBbl, a 4HCIO
cim3eobpa3yronmx 0akTepuil ObUIO Ha OJUH WM JBa MOpsiika MeHbIe u coctaBuio 10,3+0,5 x
10° KOE/r mouBsl. IIpuMepHO OJWHAKOBOW OBLIA UYHMCIEHHOCTh CIM3HCTBIX OaKTepHil s
00pa3I1oB MOYB, B3ATHIX U3 MO pacTeHui U OblIa B npeaanax ot 10,8+0,9 x10° o 20,3+1,6 x 103
KOE/r mouBel. Haubombiiee Komum4ecTBO OakTepuil ¢ pazIWyHBIM MOP(OTHUIIOM KOJOHHM,
00pa3yIoNIKX CIIU3b OTMEUCHO B ITOYUBE U3-T10]] pacTeHus MsaTa nepeunas (Mentha piperita) u 6110
B ipeaenax ot 10,8+0,9 x10° o 10,743,6 x 10° KOE/r nouBsL.

B nocnegnue roapl  M3ydeHHE  MHKPOOPraHM3MOB  pusochepbl  MPOAMKTOBAHO
HEOOXOIUMOCTBIO PEIICHUSI KaK TEOPETUUECKUX, TaK U PsAJla MPAKTUICCKUX 3a7a4, CBSI3aHHBIX C
MOMCKOM IIEHHBIX IITAMMOB-TIPOJAYLIEHTOB W KOHCTPYHUPOBAaHUE PACTUTEIHbHO-MUKPOOHBIX
CUMOHMOTHUYECKMX CHUCTEM JUJISl TIOBBIIICHH MPOIYKTHBHOCTH arpopactenuii. [loaTomy, momck
OaxTepuil U3 pusocepsl, TPOAYLHEHTOB MOBEPXHOCTHO-aKTUBHBIX BEIIECTB CBSA3aHC TEM, YTO
BBIJICTISIEMbIC IMH BEIIECTBA, OKA3bIBAIOT CYIIECTBEHHOE BIIMSIHUE HA PA3IMYHBIC CBONCTBA MOYBBI
U ypOXKaHOCTh pacTeHUi. Pe3ynbTaThl MccaeqoBaHUs MOKa3ad, YTO YUCICHHOCTh OaKTepuid
pusocdepsl He3aBUCUMO OT BUJA PAaCTEHHUH BhICOKas. Tak, KOJIMYECTBO OakTepwii B puzochepe
coctaBmno ot 4,5+1,7 x 10* no 147,2+11,1 x10* KOE/r mouss! (Tabnuma 2).
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Ta6n1/1ua 1 - UucneHHOCTh MUKPOOPraHM3MOB B TOYBCHHBIX 06pa3uax, B3ATBIX U3-T10[J paCTeHI/Iﬁ

Yucnennocts 6akrepuii, X 10* KOE/r YucneHHOCTh CrU3e00pa3yroImnX
TTOYBBI 6axrepuii, x10° KOE/r mouss
Pacrenus
ITutaTtenbHbIE Cpenbl

YPG YM LB YPG YM LB
Msita nepevHas 22,1+21 | 15715 38424 10,8+0,9 20,3£1,6 12,1+ 0,9
[MopopoxHuK 22,4+ 21 | 255+2,6 33,7£3,4 11,5+0,7 21,7£2,1 19,1+1,3
00JIBIION
IMonbiHb 23,1+ 22 | 24,2+2,6 20,316,8 12,1+1,1 11,1+0,6 11,1437
Oeno3zeMenbHas
Memnucca 12,4+11 | 12,1+11 1,7+0,3 11,3+0,5 12,1412 10,7+3,6
JICKapCTBEHHAS
ThICAYSITUCTHUK 21,5+1,8 | 108,1+4,8 | 153,8+15,2 10,3+0,5 11,3+0,5 10,3+0,5
MEJTKOIIBETKOBBIH
Kpamusa 132,6+8,8 | 40,1+3,3 22,6%9,2 11,1+0,4 12,111 13,254
JBYJOMHasI
Opasik 26,6125 | 51,5+4,9 42,8+4,1 11,7+¢0,9 21,3£1,9 10,7+¢1,1
OOBIKHOBEHHBIH

OpHaKo YHCIEHHOCTH CIM3e00pa3yonmx 6akTepuii Obl1a Ha HECKOJIBKO MOPSAIKOB HUXKE, U
HaxoJIUJIach B MpeJeax 5,642,5x10° - 25,8+3,9x10° KOE/r nouBsl. Han6onsiiee KOJINIECTBO
cnu3eo0pa3yomux 0akTepuil oTMedanock Ha AByX cpenax YPG u YM (Ta6muma 3). Umeercs
JIOCTaTOYHO CBEJIEHUI O TOM, YTO 30HA MOSIBIICHUSI KOPHEW SBISETCS OOIIMPHO KOJOHU3UPYEMOM
MUKpoopranusmamu [ 14]. YcraHOBIEHO, UTO KOJIMYECTBO OAKTEPHiA, N30JTMPOBAHHBIX M3 KOPHEU
pacTeHuil ObLJIO 3HAYUTENIBHO HIKE, UeM BBIJICJICHHBIE U3 TOYBBI U puzochepsl pacrenuit. Taxk,
YHCIEHHOCTh SHAO(GHTOB Oblma 3adukcupoBaHa B mpenenax or 12,8+1,3 x10° KOE/r
PACTHTENBHOM TKaHM B MeJMcce JekapcTBeHHoi n 1o 108,5+11,8 x 10° KOE/r pactuTensHOi
TKaHU MSATHI IEPEYHOM.

Tabnuua 2 - YicaeHHOCTh MUKPOOPTIaHU3MOB B pu3ocepe pacTeHui

Yucnennocts 6akrepuii, X 10* KOE/r UucIeHHOCTh Cu3e00pas3yonux
TTOYBBI 6axrepuii, x10° KOE/r mouss
Pacrenus
[MuTaTenvHBIC CpEBI

YPG YM LB YPG YM LB
Msita nepednas 119,1+£124 | 44,2421 147,2+11,1 10,711 20,1+2,2 17,5+1,7
[HomopoxHUK 23,1+2,2 18,2+1,2 71,2+6,2 12,8+1,1 25,8+3,9 -
00JIBIION
[MonbiHb 13,4+1,4 25,4122 28,8197 10,8+1,1 10,7+0,9 29,249,8
Oemo3emenpHas
Memnucca 12,111 11,1+0,9 4,5+1,7 9,7+0,6 - -
JICKapCTBCHHAS
TricauenuCTHHK 44,3+1,8 56,3+3,4 109,8+14,2 11,6+0,5 12,5+1,2 15,5+1,3
MEJIKOLBETKOBBIN
Kpanusa 29,1+2,2 46,3+4 4 41,2+1,6 11,1+0,9 11,5+1,1 5,6+£2,5
JIBYTOMHASI
Opasik 42,3+£3,6 16,5+0,9 12,1411 11,8411 12,5+1,2 -
0OBIKHOBEHHBIH

IMpumeuanue: YPG —rir0k030 — apoxokeBas cpena ; YM —cpena ¢ conogom; LB — Jlypus - Bepranu

[Toka3aHo, YTO BBICOKOE COJCPKAHHME CIH3e00pa3yIouX OaKTepUil HM30JIMPOBAHO U3
pusochepsl pacTeHuil: ThICAYCTUCTHUK MenkolBeTkoBbiid (Achillea micrantha Willd), msra
nepeunas (Méntha piperita), monsine Oenozemenbhas (Artemisia terae-albae Krasch),
nogopoxHuk (Plantago major), kpanusa asynomuas (Urtica Dioica L.). Cpenu 3HA0(GUTHBIX
OakTepuii, BRICOKAs YMCICHHOCTh U30JISTOB, 00Pa3yIOIIUX CIIM3b U BSI3KHE KOJIOHUH, OTMEUCHA y
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msTel iepeuroit (Méntha piperita), manGosbiee KOJHYECTBO CIM3€00pa3yIOMUX 3HIAOPHUTOB
n30JupoBaHo u3 AByx cpen YPG u YM.

OtoOpano 216 uzonsta ¢ MOPPOTUIIOM KOJIOHHH: ONECTSIINE CIU3UCTBIC C Pa3TUIHON
BS3KOCTBHIO. Pacmipenenenue ¢ yueTom pacteHuit Obuto crenyroriee: 48 n3oisra - MAThI IEPEYHOM,
17 n3omsra - moJOpOKHUK OOJIBIION, 25 H30JIATa - IOJIBIHB Oelto3emenbHasi, 10 u3onsara-mMenucca
JeKapcTBeHHas, 14 wu3onsiTta — OpisSK OOBIKHOBEHHBIH, 30 wH305ATa — THICSYEITUCTHUK
MEJTIKOIBETKOBBIH, 13 M30MsTa — KpamuBa ABYYJOMHas, 5 — Qauenus mrwkMonucTtHas. CTouT
OTMETUTH, YTO BBICOKHI MPOLEHT CIHU3€00pa3yIomuX OaKTepuil H30JIMPOBAH U3 IOYBBIL,
pusochepsl M KOpHEHM pacrenuii MsaTel mepeunoir (Méntha piperita). Jlns BeIaBIcHMS
cnu3eo0pa3yomux OakTepuil UCHONB30BaIM TpU NUTaTenbHble cpenbl. CpaBHHMBas HX
YHUCIIEHHOCTh Ha PA3IMYHBIX MUTATEIBHBIX CPEAax, MOXKHO OTMETHTD, YTO HAMOOJIBIIUI TPOIICHT
KOJIOHHH C BSI3KUM (DEHOTHUIIOM HaAOJII01ali Ha Jamkax co cpenamu YPG u YM.

Tabmmma 3 - YncneHHOCTh MEKPOOPTAaHW3MOB B KOPHSIX pacTCHUN

UucneHHOCTh Cu3e00pas3yonux

= 3
Hucnennocts, Garepuii, x10°KOE/r 6aktepuii, X102 KOE/r pactuTensHoi

pacTUTENILHON TKaHU

Pacrenns TKaHU
[TutaTtensHbIE Cpenbl
YPG YM LB YPG YM LB
Msita nepedHas 47,1£3,4 66,1+5,2 108,5+11,8 12,1+1,3 11,3+1,0 13,1+1,4
[TogoposkHHK 24,5+2 2 22,5+£2,1 81,7+8,8 12,4+0,8 16,315 10,7+£0,4
OOJIBIION
[Tonbiab 17,3+1,1 26,2+1,8 21,5+7,1 19,2421 21,8+1,3 20,2+3,7
Oeno3eMellbHa
Menucca 12,8+1,3 24,1422 24, 5+1,1 11,1+0,7 13,5+5,0 22,7£3,8
JIEKapCTBEHHAS

TricauenMCTHHK 43,5+2,5 89,8+6,4 21,622 10,1+0,4 12,1+1,1 -
MEJIKOI[BETKOBAS

Kpanusa 42,5%3,2 16,5+0,9 41,2+1,6 4,6+0,8 12,2+1,8 5,6+0,4
JIBYTOMHAS

Opisik 32,1+2,9 42,4+3,9 33,8129 - 16,1+1,2 -
OOBIKHOBEHHBIN

[pumeuanue: YPG —riaroko030 — mpoxokeBas cpena ; YM —cpena ¢ cononom; LB — Jlypus - Bepranu

[Tpu ocyiiecTBiICHUH HAPABIEHHOTO MOMCKA U 0TOOpa MPOIYyLIEHTOB OUOTIOIMMEPOB CPEIN
CIM3e00Pa3yIUX MUKPOOPTAHU3MOB OB MCIIOJIB30BaH MPOCTON B MCIIOJIHEHUH SKCIPECCHBIN
METOJ/I, OCHOBAaHHBIH Ha CIIOCOOHOCTH K OOpa30BaHHIO KOJIOHWUN MYKOHJIHOTO (DEHOTHIIa Ha
MOBEPXHOCTH arapu3OBaHHON mHTarenbHOW cpenbl. CleayeT OTMETHTh, YTO TaHHBIA METOJ
HIMPOKO MCIIONB3YETCs B CKPUHUHTOBBIX paboTax s OTOOpa IITaMMOB MHUKPOOPTIaHHU3MOB -
AKTHUBHBIX MPOYIIEHTOB OnomnonmmMepoB [15, 16]. [IlpuMeHneHue JaHHOTO METO/Ia I1eJIecCO00pa3HO
IpU TECTUPOBAHUU CIIM3€00PA3yIONIUX MHKPOOPTaHU3MOB, KaK BO3MOXKHBIX IPOJYLIEHTOB
AK30TIMKAHOB Wi OuornonumMepos [17, 18]. BecbMa BeposITHO, 4TO OakTepuH, MPOyLHUPYIOIINE
OuomoauMepsl, 00pa3yloT KOJIOHWU, WMEIOIIHME BI3KYH TYCTyio ciu3b (Mykouna). Ilo stomy
NpU3HAKY ObUT POBEICH MEPBUYHBIN CKPUHUHT TPOAYIeHTOB Ouononumepos [19]. [lns sToro
M30JISITHl ObUTH BBICESIHBI Ha YalllKaxX CO CPEeIoi JIJIsl CpPaBHEHUSI MyKOUTHOTO (PEHOTHIA KOJTOHUH.
Yamku, coaepxamme ot 25 no 50 KOJOHMM, OLIEHMBaNIM Ha Hanuuue Mykouna. Kietku
MUKpPOOPTaHU3MOB U3 MYKOHMJHBIX KOJOHHUH TIOKPBITHI CJIOEM CIIM3HCTOTO BEIIECTBA.
[TepBOoHaUYaILHO MPOBENIEHO PAHKUPOBAHUE KOJOHHHA MO CIIOCOOHOCTH BBIPAOATHIBATH CIIH3b C
KaTeropueu OoT T'YCTOW 10 MYKOUJHOM TATy4Yed CIIM3U Ha MUTATeNbHBIX cpenax. Ha pucynke 2
IPECTaBJICHbI KOJIOHUH CIM3€00pa3yIouX OaKTepHid, IEMOHCTPUPYIOIINE BA3KUI (heHOTHT TTPU
BbIpamuBaHuu Ha Y M arape.
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B MHOro4mMCleHHBIX HCCIAEAOBAHUSAX MYKOUAMS KOJOHUM MPUMEHSAETCS B KauecTBE
KauecTBEHHOT0 ToKa3aTenss NpoAyKuuu OuonomumepoB. Cpeau TECTHPYEMbIX IITaAMMOB
HaO0JII01aTNCh OOJBIITNE Pa3INyurs B MyKOUTHOCTH KOJIOHUWH. Tak, Ha pUCyHKEe 2 MOKa3aHO, YTO
4acTh M30JSTOB OKA3allMCh ropa3fo 0ojee CIM3UCTHIMU U OOJbIIE MO pa3Mepy, YeM IpYrHe.
KonoHnun cBepxnpoaylieHTOB MOJMMEPHOTO BELIECTBA CO BPEMEHEM pa3pacTaIUCh HA YalKax C
arapom, 4to oOBSCHSIET oYeMy, ITH KOJIOHHH ObLTH OoJbIe 1o pa3mepy. Hago otmeTuts, 4To B
HEKOTOPBIX CIy4YasX KOJIOHUU CTAHOBUJIUCH MOJTY>KUIKUMH U, B KOHEYHOM UTOTE, TOKPHIBAJIH BCIO
MOBEPXHOCTH yaiiku [letpu.

PucyHok 2 — Mopdosorust MyKOUHBIX H30JISTOB Ha arapu3oBanHoii cpene (1-PEK1, 2-PAP4, 3-PAP13,
4-FRK, 5-TRKS, 6-TRK27, 7-MEK9, 8-MRK)

Bce m3onaTel 6b11M KiaccuuMpoBaHbl 0 PEHOTUINY KaK MYKOUIHBIE U HEMYKOUHBIE.
DEeHOTHUIT KOJOHUH OMpeAeIIsiIN Mocie HHKyOaruu B TeueHne Cytok mpu 30 °C Ha onmTUMambHOU
nuTaTeNbHON cpene. MEeHOTUI OIEHWIM MO HECKOJbKUM IHapaMerpaM MOpPQOJOTruu KOJOHUH,
BKIIIOYasi TEKCTYPY, BBICOTY, Kpaid, pasmep u (opmy. JlaHHBIE TpeacTaBieHb B Tabmuie 4.
MyKOMAHOCTh KOJOHMH MPOBEPSUIM C MOMONIBI0O KAaCaHWsS MOBEPXHOCTH KOJIOHUM WIJION ISt
nepeHoca W HaOmogamu 3a oOpa3oBaHWEM JUIMHHBIX, Bs3KuX HuUTe. Tak, u3z 216
MIPOTECTUPOBAHHBIX IITAMMOB 46 IITAMMOB ObUIM IMOJIOKUTEIbHBIMA Ha MPOIYKIUIO CIIH3H.
OO0pa3oBaHue CIU3U ABISETCS )KU3HEHHO BXKHBIM (DAaKTOPOM, TIOCKOJIBKY OH CBSI3aH C BA3KOCTBIO
U TPOSBICHUEM MYKOUIAHOTO (DEHOTHIIA KJIETKaMH, YTO OOBICHSACTCS €€ CIOCOOHOCTHIO
npoayuupoBats Ouonoaumepsr [21, 22].

N3 46 wu3omaToB - 26 NPOJAEMOHCTPUPOBAIM MaKCUMAIBHYIO TATYYECTh, (GopMuUpyst
Pa3TUYHBIE BBITYKJIBIE KOJIOHHUH C TIISTHIICBOW TOBEPXHOCTHIO C OOMIIBHOM CIIM3b10. BOJNBITUHCTBO
BBIJIEJICHHBIX M30JISTOB 00pa30oBbIBIM (DEHOTUIIBI KOJOHMM C PA3IUYHON apXUTEKTYPHOMH
(Tabnuma 4). 58 M30IATOB HE BBISBUJIM JIMMKOTO ()EHOTHIIA HA TOBEPXHOCTH arapu30BaHHOU
MUTATEIBHOMN cpeibl. Y 3THX IITaMMOB (DEHOTHII OIICHEH KaK HeMyKOouMIHbIH THI [20].

Bce u3onsThl, BeIieNIEHHBIC U3 HEPTE3arps3HCHHBIX MTOYB HE ObLTH OTHECEHBI K KOJIOHHSIM C
MyKOUIHBIM (eHotunoM. Kak BUAHO W3 JNaHHBIX TaOmuibl 4 OOJBIIMHCTBO H30JSTOB, C
MYKOHIHBIM (DEHOTHUIIOM, UMETTH KPEMOBYIO WJIH PEIIKO JKENTYI0 OKpacky. Heckonbko M30iSITOB
00pa3yroT po30BbIE U OpaH)KEeBbIE KOJIOHUU. Cpeiu OCIU3HECHHBIX U30JISTOB IPaMOTPUIIATENIbHbBIX
U HeCcmopooOpasyrommx OakTepuii ObLIO TPHOIM3UTENBHO B JBa pa3a Oonblle, YeM
TPaMIIOJIOKUTEIBHBIX U cropooOpa3yromux [loABMKHOCTH KJIETOK Takke OTMedYeHa st
0O0JIBIIMHCTBA OTOOPAHHBIX H30JISTOB.
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Ta6n1/1ua 4 - XapaKTepI/ICTI/IKa KOJIOHUU 1 KJICTOK IITAMMOB C MYKOUJIHBIM (beHOTI/IHOM

IIpusnaku
[Iramm Hcrounuk Onucanue KOJIOHUU
Tpam Cropoo6pa3 | IlomBux
OBaHHe HOCTb
MRK Puzocdepa nmonsap HenpaBunsHele SIPKOKEINThIE - - +
MacJsIHUCTBIC
FRK Puzocdepa danenus HenpaBunsHele, KpPEMOBBIE - - +
OCJIM3HEHHBIC
TRKS8 Pusocdepa Henpasunbhelie, - - +
THICSIYEITUCTHHUKA 3€JICHOBATOXKENTHIE OCITM3HEHHbIC
TRK27 Puzocdepa Kpyrisie po3oBblie, OCTM3HEHHBIE - - -
THICSIYEITUCTHHUKA
PRK4 Puzocdepa nanopornuka | HempasunbHele, KpEMOBBIC - - +
OCJIM3HCHHBIC
PRK13 Puzocdepa HemnpasunbHele, KPEMOBBIC + - +
HaropOTHHKA OCJIM3HCHHBIC
MEK9 DunohuT Msata népeuHast | AMeOOBHIHBIC, KpPEMOBBIC - - +
OCJIM3HCHHBIC
MEK33 | Dunodwur msrta nepeuras | HenpaBuibHeie, KpPEMOBBIC - - +
OCJIM3HEHHBIC
PEK1 OH1o(UT MOIBIHB HenpasunsHele, KpPEMOBEIE - - +
OCJIM3HEHHBIC
PI3/5 Puzocdepa nono- | AMeOOBHIHBIC , OKpYyIJas CBETIIO- - + +
POXKHHUK cepast OCJIM3HEHHAs!
M1 Oupodut MaTa népeuHast | PU3ouaHbI, KPEMOBOrO  IBETA - - +
OnecTsiye, CIM3UCTHIE
M13 Oupnodut MsaTa nepeunast | OKpyriible, KpeMOBbIE, CIHU3UCTHIE + + +
rJIaJIkue, OJIecTsIIre, BBITYKIIbIe
M20 Oupnodut MsaTa nepeyHas | AMeOOBHIHBIC, KpPEMOBBIE - - -
CIIM3UCTBIC TNIAJKuE, OJecTsmme c
POBHBIMH KPasiMH
M21 DHmoduT Marta nepeunas | [IpaBwibHas, KpeMoBast - - -
OCJM3HEHHAs, OJIECTSIIAs
M28 ITouBa msTa IepeyHas HemnpasunbHbie KPEMOBBIC - - +
CIIM3UCTBIE TJAaJKue, OnecTamue,
BBITYKJIBIE
M30 Puzocdepa MsaTa | Pu3omHble, OpaHXeBOrO  IIBETA, - - +
nepeyHas TEKy4asi, CIU3UCTas
M33 DHpoduT MaTa iepednas | [IpaBUIbHOTO, OpaHXEBOTO IIBETA, - + +
TEKy4asi, CJIM3UCTasl, BBIITYKJIast
M45 Oupnodut MsaTa nepeunast | IlpaBuibHass, TOPYMYHO 3EJICHOTO - - +
I[BETA, CIM3CTasl, BBINYKJIasi
T9 Puzocdepa HenpaBunbHast, 01eqHO PO30BOTO + - +
TBICSIYEIIMCTHHUKA 1[BETA, CIIM3UCTAs], BBIITyKJIast
P32 Puzocdepa HOJBIHE | AMeOOBHAHAS, KpeMoBas - + +
Oerno3emernbHas ciM3ucTas riajakas, Onecrsmue,
pOBHBIE Kpast

Bs3K0CTh KylbTYpanbHOMN KHUJIKOCTHU SIBIIIETCSI HanboJiee BaKHBIM KpUTEpUeM it oTOopa
MoJIMCaXapuANpoaynupylomux Oakrtepuii. Ha ciemyromem stame orbopa cimzeolOpasyroniue
H30JIAThl BbIpalllUBAJIN B )I(HZ[KOﬁ cpeac U HOpoBOAMIIM TECT HA MYKOUAHOCTb, HUCHOJb3Yd
WHOKYISIIMOHHBIE TeTin. ClIeAyeT OTMETHTh, YTO MYKOHIHBIC HM30JSITHI U3MEHSUIN BSI3KOCTh
NUTATENBHOM Cpebl pa3IMyHO: CIU3UCTAs U TATy4as Bsi3Kas, KoTopas 0Opa3oBbIBajia HUTH MPU
MPUKOCHOBEHUU MUKpOOHosiornueckoit nmerneit (Pucyrnok 3).
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Pucynok 3 — MakpoCKOmMUYECKUH BUT «BSI3KOM» 1eTH, 00pa30BaHHOM KIIETOYHOU MacCOH,
npoxyuupyroimeii camss (1-MRK, 2-TRKS)

YCTaHOBIIEHO, YTO U3OJSATHl TPU BHIPANIMBAHUM B JKUJKUX THTATEIBHBIX Cpeaax
JEMOHCTPUPOBAIM pa3Hble MyKOUJHbIE (peHOTUNBI. M30J9Thl ¢ MOBBIILIEHHOW MYKOHUAHOCTHIO
OBLITM MU30JMPOBAHBI B OCHOBHOM M3 pu30ochepsl pacTeHUi. 9 S3HAOPUTHBIX U30JSTOB IIPH POCTE B
JKUJIKOU cpesie 00pa3yroT JIMMKUH (BA3KUN) U CKOJIB3KHI Iellb C BA3KOYNPYTUMH cBocTBamMu. [1o
pe3ylbTaTaM MCCIIEeIOBAHUHN BBISICHUIOCH, YTO OOJBIION MPOIEHT BHICOKOMYKOUIHBIX U30JISITOB
OBLT pacIpoCTpaHeH BO BHYTPEHHHX TKaHsX U pu3ochepe Méntha piperita.

Janee B paboTe wu3y4ald OTHOCHUTEIBHYIO BS3KOCTh KYyIbTYypaIbHOW IKUIAKOCTH.
OTHOCUTEIBHYIO BSI3KOCTh Cpebl pocTa OakTepwil OINpenesuid C MOMOIIBI0 KAaMWUISIPHOIO
Bucko3umerpa BIDK-1 ¢ nnamerpom kanumisipa 0,82 mm. MccnenoBanus mokasaiu, YTO 3HaYEHUS
ATOTO TIOKAa3aTelsi 3aBUCENIM OT WHIWBHAYAJIbHBIX OCOOEHHOCTEH Oaktepmii. Tak, mpwu
KYJIbTUBHPOBAHUM H30JISITOB B JKUIKOM MHUTATENBHON Cpelie MO Mepe UX pocTa HabII0Jaioch
YBEJIMYEHUE BS3KOCTU KYJIbTYPAIbHOM KHJIKOCTU. BS3KOCTH cpeibl oTiauyaiach B KyJIbTypax
Pa3HBIX U30714TOB. MakcuMasbHbIe 3HAYEHHs OTHOCUTENLHOH BsA3KoCTH (BbmIe 24,5+3,5 Mm?/cek)
HaOIMIOAIOCh y 9 ITaMMOB Ha 5 CYTKM MHKYOAIlMu Mpu BhIpamuyBanuu B cpene YPG nmm YM.
3HaueHUs] OTHOCUTEIBHON BSI3KOCTH Y OCTAIBHBIX KYJIbTYp OblLTa cymiecTBeHHO Hike (Tabmuia
5).

Tak, MakcUMalbHOE 3HAYCHHE OTHOCHUTEIBHON BSI3KOCTH HAOIIOAANOCh y W3O0JISTOB,
BhIZICNICHHBIX U3 pu3ochepsl Marel MEK9, MEK33 wu kopus monsinu PEK1 Ha 5 cyrkm
WHKyOauu. BsS3KOCTh KyNbTypadbHOU CPENlbl y OCTANBHBIX KYJIbTYp ObLIa CYIIECTBEHHO HIDKE.
Tak, cpeny u3y4aeMbIx U30JIATOB OakTepuil mramMmM M45 npu KynbTHBUpOBaHUU Ha cpene YPG
MOKa3ajJl MaKCHMalTbHOE MOBBIIICHUE BS3KOCTU KYIbTYPAIBHON KHIKOCTH IO CPAaBHEHHUIO C
OPYTMMH KyJIbTypaMHd. OTO MOXKET CBHJIETENbCTBOBATH O MPOAYKLUHUU JaHHBIM HITAMMOM
BHEKJIETOYHOTO BEIIECTBA MOBEPXHOCTHO-AKTUBHOW MPUPOJIBI. XapaKTep W3MEHEHHS BS3KOCTU
Cpeabl y U30JIATOB MOXKET OBITH OOYCJIOBIIEH Pa3IUYMSIMHU B 3HAUEHUSX MOJIEKYJISIPHOM Macchl
CUHTE3UPYEMBIX OHOIOIMMEPOB.

Bs13kocTh Takoro cia0HOTO BEUIECTBA, KaK CIU3b, TPeOyeT OTAENBbHOrO HccieaoBanus. B
CBS3M C 4YeM B JalbHEHIINX WCCIEAOBAHUSX OBUIO TMPOBEACHO OIpPEIEICHHE IUIOTHOCTU
KYJIbTYPAJbHOM KUAKOCTU CIM3€00pa3yIoNUX MUKPOOpPraHu3MoB. [II0THOCTD sBIeTCS OHUM
U3 OCHOBHBIX MMOKA3aTeJeH, ¢ MOMOIIBIO KOTOPOTO OMPEAEISIOT Ka4eCTBO KUIAKUX BEIIECTB HIIN
6uomnonrmMepoB. CBoICTBa OMOMOIMMEPOB, TaKKE KaK MIIOTHOCTh, BA3KOCTh U 00pa30BaHueE CIU3U
CUMTAIOTCS KPUTHUYECKMMH TapaMeTpaMH IJisi KOHTPOJIA KadecTBa Owomnonumepa. [LnoTHOCTH
SBJISIETCS BAKHEHIINM IMapaMeTpoM, BIUSIOMIUM Ha (QYHKIIMOHANbHbBIE CBOMCTBa noiaumepa. Jlis
OmpefeNieHus] TUIOTHOCTH OBbLT HKCIOJNB30BAaH MUKHOMETP. YCTAHOBJIICHO, YTO TIOKAa3aTeln
OTHOCHUTENIbHON BSI3KOCTh KYJIBTYPAJIbHOM KUAKOCTH M IJIOTHOCTh PACTBOPOB TMOJMMEPOB
OTIpEeCIISITUCH IITAMMOBOM PUHAICKHOCTHIO. B 11€710M, HabII01aI0CH TTOJTHOE COTJIACHE MEXKTY
pe3ynbTaTaMu TecTa Ha INIOTHOCTH U olpesieieHreM (DeHOTHIa UCCIeI0BaHHBIX KYJIbTYP.
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Tabnuia 5 - OTHOCHTENBbHAS BI3KOCTh U TUNIOTHOCTh KYJIbTYPATbHOM JKUAKOCTH MTAMMOB C MYKOHTHBIM
(heHOTHITOM

OtHocuTenbHas Bs3kocTs KOK IoTHocTs KK, rem?
ITamu (mn/cek)
[TutarensHbIE Cpenbl
YPG. YM YPG. YM
MRK 27,714 14,6+3,5 4,9004 4,8007
FRK 35,6+7,6 26,2+3,5 4,9003 4,9112
TRKS8 13,1+1,2 25,1+3,6 5,0001 5,1132
TRK27 30,2+14 6,9+19 4,9001 4,8011
PRK4 13,144 22,7+8,9 4,9002 4,9101
PRK13 26,2+5,4 19,5+4,8 4,8009 4,9106
MEK?9 39,8+3,9 37,9482 4,9003 4,9014
MEK33 38,8+7,1 18,8+3,2 4,9008 4,9003
PEK1 40,1+6,4 25,8434 4,9001 4,8001
PI3/5 12,7+1,7 10,1+0,4 5,2002 4,8001
M1 19,6+3,3 8,614 4,9005 4,9004
M13 24,5%3,5 12,2+0,5 4,9043 4,9001
M20 16,1+5,6 10,717 4,9002 4,9012
M21 11,7+¢0,9 4,2+0,2 4,8001 4,8012
M28 37,5+7,7 17,6+2,6 5,1002 4,9001
M30 15,1+1,7 6,2+0,5 3,5002 4,8001
M45 19,1+14 14,314 4,9001 4,9003
T9 10,3+3,7 6,2+0,5 4,9004 4,9009
P32 11,5+2,8 8,7+0,9 4,9007 4,9003
[MuTarensHas cpena 1,4+0,2 1,2+0,2 1,8456 1,4589

Bricokas MIIOTHOCTh KYJIbTYpadbHOU KHUIKOCTU XapaKTepHA ISl U30JIATOB C MYKOUIHBIM
dbenoTunom. 3Ha4CHUS TUIOTHOCTH KYJIbTYPAIbHOU KUAKOCTH Y OakTepuit mraMmmoB MRK, FRK,
TRKS8, TRK27, PRK4, PRK13, MEK9 u PEKI mpakTtuuecku ObLIM Ha BBICOKOM YPOBHE, Kak U
MOKAa3aTeIM OTHOCUTEIBHON BA3KOCTH. CUMTaeTcs, 4TO y OaKTEepHi, BBIACISIONINE B OOIBIIIOM
KOJUYCCTBE CIM3b B OKPYXKAIOIIYIO CPEIy, YBEIIMUMBACTCS TOJIIIMHA M IUIOTHOCTH CJIOS CIIU3U
[21]. MOXHO MPEIONIOKUTh, YTO Y TAHHBIX U30JISITOB B COCTABE CIIM3HM COJEPKATCS B OOJIBIIIOM
KOJIMYECTBE YTIICBOIBI.

3akiaoueHue

Ha ocHOBaHMHM TIPOCTBIX, OBICTPBIX M HAICKHBIX METOJOB CKPHHHHTA OBLIM OTOOpAHBI
MEPCICKTHBHBIC IITAMMBI CPEOW  CIM3e00pa3yiolmx MHKpoopraHu3MoB. [IpoBeneHHBIC
WCCJICIOBAHMS TIO3BOJIMIIM BHIOpPATh IITAMMBI, MTPOJIEMOHCTPUPOBABIINE MYKOWIHBINA (HDEHOTHIT
KOJIOHWH, MAaKCUMAalIbHO TMPOAYIHUPYIONIHNE CIU3b W OO0NaJaiolIie BBICOKOW BSI3KOCTHIO
KyJIbTypajabHOM )KHIKOCTH Ha Pa3INYHBIX Cpeaax.
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