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General characteristics and taxonomic composition of epiphytic microflora of plants

Abstract

Main problem: Microbial-plant relationships, including epiphytic microflora, are the subject of attention
of many scientists. Numerous works confirm the high interest of researchers and the relevance of studying this
topic. Despite many years of research, some questions concerning the characteristics of the epiphytic microflora
still remain open.

It is already a well-known fact that the epiphytic microflora is directly related to the physiological
development of the plant, including yield. This is due to the close interaction of the plant with the
microorganisms living on its surface throughout the entire growing season. It is also proved that epiphytic
microflora has the ability to change characteristics under the influence of environmental factors (temperature,
humidity, soil contamination, sunlight, etc.). In this regard, the study of this topic is one of the important areas of
biological and agricultural sciences and is of high importance.

It should be noted that a significant role in the development of agriculture in the Republic of
Kazakhstan and the Pavlodar region is played by representatives of vegetable crops, including tomatoes and
potatoes belonging to the Solanaceae family, which indicates the high importance of the plants selected for the
study. The combination of the above arguments determines the need to study the epiphytic microflora of plants
and establish the regularities of its influence on the adaptive properties of the studied plants of the Solanaceae
family, as well as on their productivity. In turn, the study of epiphytic microflora can also contribute to the
search for new ways to increase the yield of plants and their resistance to various diseases.

Purpose: The article is devoted to the study of the properties and characteristics of the epiphytic
microflora of the surface of various organs of plants of the Solanaceae family (on the example of tomato and
potato). The variability of the composition and number of epiphytic microorganisms in seasonal dynamics is
shown.

Methods: bacterioscopic method, fingerprint method, flushing method, Gram staining method.

Results and their significance: The characteristics and properties of representatives of epiphytic
microorganisms of aboveground (leaf, fruit, flower) and underground (potato fruit) plant organs were studied.
The role of the influence of environmental factors on the variability of epiphytic microflora is determined on the
example of plants Lycopersicon esculentum Mill. (common tomato) and Solanum tuberosum L. (tuberous
nightshade). The differences in the microflora of different plant organs in different periods of vegetation are
shown.

Keywords: phyllosphere, carposphere, epiphytic microflora, phytopathogenic microorganisms.

Introduction

On the surface of all plant organs (mainly on the surface of the leaves), numerous microorganisms,
which are called epiphytic, live and actively develop. In this mutually beneficial relationship, plants are the
habitat and source of nutrients, and the epiphytic microflora, in turn, protects the plant from pathogenic
microorganisms coming from outside, being, in fact, a specific barrier that provides the plant with immunity.

The study of this issue can contribute to the development of methods for improving the quality of
agricultural crops, as well as their productivity. The purpose of the study of this topic is also to establish the laws
of the influence of epiphytic microflora on the adaptive properties of plants.

The interaction of plants and microorganisms is actively studied by many scientists. Scottish scientists
D. Graham and W. Hodgkiss were among the first to study epiphytic microflora. In 1967, they described the
properties of 35 gram-negative bacteria that produce pigment isolated on the surface of plants [1].

The ability of epiphytic microflora to protect the plant from harmful effects was discovered by scientists
D. Haas and S. Kiel. The fact that some strains of P. fluorescens can protect certain plant species from the effects
of parasitic fungi, such as Fusarium or Pythium, as well as some phytophages of nematodes, they indicate in
their study [2].

Later, when studying the genus Pseudomonas by the researcher S. Capdevila, it was possible to discover
the ability of epiphytic microorganisms to compete with pathogenic bacteria [3].

In different periods of time, the properties and features of epiphytic microflora were studied by both
foreign scientists and scientists from the CIS countries. To date, the study of epiphytic microflora is also of high
interest, including for Kazakh researchers.
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Based on numerous studies by various scientists, it was found that approximately 64 % of all
microorganisms that collectively represent epiphytic microflora are bacteria (many forms: cocci, sticks,
filamentous); 18 % of the composition includes actinomycetes (thin branched mycelium), and another 18 % are
microscopic fungi and yeast (mycelium and spores). The data is shown in figure 1.
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Figure 1 — List of microorganisms that are part of the epiphytic microflora

A number of studies suggest that the variability of environmental factors can affect the life and
development of microorganisms. Such effects can include a direct change in the properties of microorganisms,
acceleration or inhibition of their formation, and even death. Environmental factors that directly affect
microorganisms are most often physical: humidity, temperature, sunlight, and others [4-6].

Materials and methods

On the example of tomato and potato the epiphytic microflora of plants of the Solanaceae family was
studied. In the course of the study, the epiphytic microflora of the surface of the leaves, fruits and flowers of the
tested plants was studied, as well as the dynamics, quantitative and specific composition of microorganisms of
these plants was analyzed. Laboratory studies were conducted in 2020-2021 on the basis of the laboratory of the
Department of Agriculture and Bioresources of the Innovative University of Eurasia, observations of plants were
carried out in the period from May to September 2020 in the territory of the Pavlodar region.

The object of the study was microorganisms isolated from the upper surface of the phylloplan, the
surface of flowers and fruits of the studied nightshade plants Lycopersicon esculentum Mill. (common tomato)
and Solanum tuberosum L. (tuberous nightshade).

The study of the dynamics of seasonal fluctuations of epiphytic microflora was carried out by sampling
by the method of prints and flushes from the upper surface of the phylloplan, the surface of flowers and fruits of
plants.

The total bacterial contamination was calculated by the number of grown colonies and the amount of
CFU in 1 ml was determined by the formula:

as«10"

M= o

a — the number of colonies grown;

10" — breeding;

V —seed dose (0.1 ml).

To study the morphological, cultural, and tinctorial properties of the isolated microorganisms, smears
were made from the obtained colonies, and they were stained using the Gram method.

The identification of microorganisms was carried out using the Krasilnikov and Bergi bacterial
determinants [6, 7].

Results

As a result of studying the epiphytic microflora on the surface of the leaves of the studied plants of the
Solanaceae family (Lycopersicon esculentum Mill. Solanum tuberosum L.), we can observe the following
picture: the number of microorganisms on the surface of the leaves at the beginning of the season (May-June) is
less than on more "old" leaves (July-August). Since the beginning of autumn there is a change in weather
conditions, including humidity and temperature, it should also be noted that during this period there is an
increase in the contamination of the leaf surface with epiphytic microflora. At the same time, on the lower
surface of the leaf, it is possible to observe a pattern of excess of the number of epiphytic microorganisms during
the entire season (from May to September). This is due to the fact that for the lower surface of the leaf, sunlight
is more difficult to access, respectively, the temperature in these parts of the plant is also reduced.

The epiphytic microflora of the leaf surface (phylloplan) is the most diverse in species composition
compared to other parts of plants (flower, fruit). Thus, the microflora of Phylloplan is represented by the
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following types of microorganisms: Ps. fluorescence, Escherichia coli, Erwinia amylovora, Arthrobacter
flavescens, Bacillus subtilis, B. cereus, B. megaterium, Lactobacillus plantarum.
More detailed data on the composition of the epiphytic microflora of Phylloplan are presented in

table 1.
Table 1 — Composition of the microflora of phyllosphere plants of the family Solanaceae
Type of plant Bacteria Mushrooms
Gram-positive Gram-negative yeast mold fungi
Lycopersicon | Bacillus subtilis, B. cereus, Pseudomonas Cryptococcus | Aspergillus
esculentum B. megaterium; Paenibacillus putida, albidus, niger, Mucor
Mill. polymyxa, P. macerans, Ps. fluorescens, Ps. | C. oleophila; mucedo,
Lactobacillus plantarum; Syringae, Ps. Rhodotorula
Kocuria rhizophila, liquefaciens, rubra,
K. rosea, Arthrobacter Pantoae Pullularia
flavescens, agglomerans, pullulans.
A. album, Rhodococcus flavum, Escherichia coli
Sarcina maxima
Solanum Bacillus subtilis, B. megaterium, | Pseudomonas Cryptococcus | Aspergillus
tuberosum L. | A.album, Arthrobacter flavescens, | chlororaphis, Ps. albidus, niger, Mucor
Lactobacillus plantarum, Aeruginosa, Ps. Candida racemosus
Kocuria Desmolytica, tolerans,
rhizophila, Staphylococcus Escherichia coli, C. oleophila;
saprophiticus, Bac. Erwinia herbicola, Aerobasidium
licheniformis. Pantoae pullulans,
agglomerans Rhodotorula
glutinis

The properties inherent in the epiphytic microflora of the leaf surface of the studied plants have a high
numerical and taxonomic variability, which directly depends on the localization on different parts of the plant
(leaves, fruits or flowers), seasonal changes in the plants themselves, the growing season and weather conditions.

Thus, the microbial epiphytic complex formed on the surface of the phylloplan has the property of
changing depending on the stage of plant development and differs in the specific and quantitative ratio of
individual groups and species of microorganisms in different periods of vegetation. For example, the "young"
leaves of plants are populated, for the most part, by bacteria, while the aging leaves increase the content of yeast
and fungi.

The epiphytic microflora of Phylloplan is quite diverse in its qualitative composition and its typical
representatives are: Ps. fluorescens, Ps. aeruginosa, Bac. megaterium, Bac.subtilis, Bac. vulgatus, Paenibacillus
polymyxa, Lactobacillus plantarum, Staphylococcus saprophiticus, E. Coli, Candida tolerans, Erwinia
herbicola.

Phytopathogenic bacteria were also isolated from the phylloplan surface of the studied plants:
Pseudomonas syringae, Bac. vulgatus, Erwinia amylovora, Bac. mesentericus. As we know, epiphytic
microflora is not pathogenic, but it can change under certain conditions. Sources of infection can be soil, ground
and rain water, insects and artificial damage to plants.

The study of the composition of the microflora of two plants of the same family showed that the
representatives of microorganisms on different plants are almost the same.

Data on the number of microorganisms on the surface of tomato and potato leaves in seasonal dynamics

are presented in table 2 and figure 2.

Table 2 — The number of microorganisms on the phyllosphere surface in seasonal dynamics

Number of microbial colonies per 1 cm?
Plant May June July August September
SZ|@2 |53 |83 |52 |82 |53 |83 |52 |aa3
Lycopersicon 4,5 513 |52 5,84 5,14 5,78 561 |6,17 |955 |10,35
esculentum Mill.
Solanum 514 | 6,0 509 |5,93 5,02 5,74 596 |[6,71 |9,75 | 10,74
tuberosum L.
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Figure 2 — The number of microorganisms on the phyllosphere surface in seasonal dynamics

During the observation period (from May to September 2020), we can observe the following
fluctuations in temperature and humidity (Table 3).

Table 3 — Temperature and humidity fluctuations during the study period

Month May June July August September
Average +13,4 C° +19,8 C° +20,9 C° +19,2 C° +12,2 C°
temperature
Average 47% 52% 61% 59% 64%
humidity

As we have already pointed out above, the number and species composition of epiphytic microflora
varies depending on many factors, including the temperature and humidity of the environment. Since the
humidity can be considered sufficient, and the temperature is quite favorable (Table 3), in the summer we can
observe active microflora of the genera Pseudomonas and Bacillus on the upper surface of the phylloplan of
plants, with the predominance of species of the genus Pseudomonas. At the same time, in the autumn period,
spore-forming bacteria of the genus Bacillus predominate, the number of which increases by an average of
40.1% compared to the previous months, and the number of Pseudomonas species decreases by 36.9%.

The data is presented in table 4 and figure 3.

Table 4 — Number of Pseudomonas and Bacillus colonies isolated from the phylloplan surface of the studied
lants in the summer-autumn period

Name of the plant Number of Bacillus colonies Number of Pseudomonas colonies
summer autumn summer autumn
Lycopersicon 89,72 136,12 103,52 76,30
esculentum Mill.
Solanum tuberosum 98,14 153,22 136,28 90,42
L.
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Figure 3 — Number of Pseudomonas and Bacillus colonies isolated from the phylloplan surface of the studied
plants in the summer-autumn period
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Let's move on to the next part of the plants — the fruit. The surface of the fruits of plants is called the
carposphere. The number of microorganisms in the carposphere was also studied by the fingerprint method. The
number of colonies isolated after the experiment was recalculated by the total area of the fetus. Thus, the content
of microorganisms per 1 cm2 was calculated. Quantitative indicators of bacteria isolated from the fruit surface of
the studied plants of the Solanaceae family are presented in Table 5 and Figure 4.

Table 5 — Number of microorganisms in the carposphere of tomato and potato plants (in summer)

Plant Number of microorganisms per 1 cm?
June July August
Lycopersicon 4,7 5,24 12,4
esculentum Mill.
Solanum tuberosum L. 3,3 5,59 11,8
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Figure 4 — Number of microorganisms in the carposphere of tomato and potato plants (in summer)

The number of epiphytic microorganisms on the surface of the fruit, as well as on the leaves, increases
from the beginning to the end of the growing season of the plant as they mature. According to the species
composition, the epiphytic microflora on fruits is the most diverse in comparison with the leaves and flowers and
is represented by the following types of bacteria and yeast: Pseudomonas chlororaphis, Ps. liquidaciens, Ps.
aeruginosa, Ps. fluorescens, Ps. radiobacter, Ps. putida, Ps. desmolytica, Escherichia coli, Erwinia amylovora,
Arthrobacter album, Arthrobacter flavescens, Kocuria rosea, K. Rhizophila, Rhodococcus flavum, Sarcina
maxima, Lactobacillus plantarum, Bacillus subtilis, Bac. Megaterium, Candida albicans. Micromycetes of the
carposphere are represented by the following composition: Aspergillus flavus, Aspergillus niger, Mucor
racemosus.

Speaking about the epiphytic microflora of the surface of the flowers of the studied plants, it should be
noted that the number of epiphytic microorganisms during the flowering period of tomatoes and potatoes is
subject to slight fluctuations.

Clearly, the data on the number of microorganisms per 1 cm2 of the flower are shown in Table 6.

Table 6 — The number of microorganisms on the surface of the flowers of the studied plants of the Solanaceae
family

Plant The beginning of flowering End of flowering
Lycopersicon esculentum Mill. 2,1 4,8
Solanum tuberosum L. 1,7 3,7

As we can see from the table, the number of microorganisms on the surface of the flower increases from
the beginning of flowering to the end (the pattern is the same as in fruits and leaves).

The microflora of the flower only partially depends on the microflora of the plant itself, since this organ
is sterile when the flower is laid. To a greater extent, the composition of the microflora depends on the
microflora introduced from other plants by pollinating insects. The contamination of flowers by microorganisms
changes significantly as the flowers are pollinated by insects. At the beginning of flowering, the flower is only
populated by typical epiphytic microorganisms, and by the end of flowering, the microflora contains species that
are not typical for epiphytic microflora (Bacillus thurigiensis, Hafnia alvei, Streptococcus apis, Enterococcus
faecalis). At the same time, the microflora of flowers is characterized by the greatest variety of yeasts: Bullera
sp., Candida albicans, Cryptococcus albidus, Pichia farionosa, Pullularia pullulans, Metchnikowia puleherrima,
Rhodotorula mucilaginosa, Rhodotorula glutinis, Sporobolomyces roseus, Zygosaccharomyces sp.

Thus, the diversity of the microflora of the plant surface during the flowering period is associated with
the activity of pollinating insects that introduce atypical microflora.
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The study of the composition of the epiphytic microflora of plants of the Solanaceae family showed that
the microflora of the surface of the flowers, phylloplan and carposphere is different in composition and
saturation. The largest number of microorganisms is characteristic of Phylloplan, and the greatest diversity is
characteristic of the carposphere. The variability and dynamics of epiphytic microflora can be traced throughout
the observation period. The greatest number of microorganisms on the surface of plants was found in September.

Discussion

Epiphytic microflora is a complex of microorganisms that live and actively develop on the surface of
plants. As a rule, it includes representatives of bacteria (most species), actinomycetes, fungi and yeast. The
mutually beneficial interaction between the epiphytic microflora and plants allows the latter to protect
themselves from the effects of pathogenic bacteria, thus, the epiphytic microflora serves as a protective barrier
for the plant. In turn, for epiphytic microorganisms, such a habitat is an advantage, since it contains a huge
amount of nutrients.

The quantitative and qualitative composition of the epiphytic microflora is directly dependent on factors
such as humidity, temperature, sunlight, as well as the age of the plant.

In the seasonal dynamics of various parts of the plant (leaves, fruits, flowers), an increase in the number
of epiphytic microflora is observed from the beginning to the end of the growing season. The most diverse
epiphytic microflora is found on the fruits of plants (carposphere), the most numerous — on the leaves
(phyllosphere).

Conclusion

A study of two species of plants in the Solanaceae family (Lycopersicon esculentum Mill. and Solanum
tuberosum L.) allows us to draw the following conclusions:

1. The species composition of the epiphytic microflora is diverse and differs on individual parts of the
plant (leaf, fruit, flower). At the same time, the microflora of two plants of the same family practically does not
differ in species composition.

2. The age of the plant, fluctuations in temperature and humidity, and the amount of sunlight affect the
variability in the amount and composition of epiphytic microflora. It should also be noted that in the summer
there is a high contamination of the phyllosphere with microorganisms of the genera Bacillus and Pseudomonas.

3. Species composition of the phyllosphere of epiphytic microorganisms of the plant Lycopersicon
esculentum Mill. is represented by 24 species, including 12 gram-positive, 6 gram-negative, 4 types of yeast and
2 types of mold fungi. Solanum tuberosum L. is seeded with the following composition of microflora: 8 Gram-
positive bacteria, 6 gram-negative, 5 types of yeast and 2 types of mold fungi — a total of 21 types of
microorganisms.

4. Most representatives of the epiphytic microflora are non-pathogenic, but there are also pathogenic
species among them.

The study of the ecological role of plant microflora is of great interest and has valuable practical value.
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OciMaikTepaiH AIMMPUTTIK MEKPO(IOPACHIHBIH KAJIMbI CHNATTAMACHI JK9HE TAKCOHOMHSIBIK KYPaMBbI

OCIMIIK-MUKpOOTapabIH ©3apa OpeKeTTeCyiH 3epTrey — OYriHri KyHi OHOJOTHSIBIK JKOHE
aybUTIIAPYaIIbUTBIK FRUTBIMIAPBIHBIH 63eKTI MacenenepiHiy Oipi. bysr MocesneHi 3epTTereH KenrereH FajibIMaap
STUPHUTTI MUKPOGIIOPAHBIH OCIMIIKTEPAIH ©CyiHe jKOHE JaMybIHa dcep eTEeTiHiH, COHBIMEH KaTap KipiCTUIIKKe
alTapIBIKTall ocep €TeTiHIH aHBIKTAIbl, OUTKEHI 0JI OYKUI BereTanus Ke3eHiHAe OCIMIIKIICH THIFBI3 OaillaHBICTa
Oomanel. CoHBIMEH KaTap, SMUGUTTI MHKPO(IOPAHBIH CHIIATTaMaNapbl op TYpil (aKTOpIapAblH ocepiHeH
e3repill  OTHIPATHIHIBIKTAH, OHBI 3CPTTEY YHEMI ©3¢KTi Oonbim Kama Oepeai. OCIMIIKTEpPAIH SHOUPUTTI
MHUKpPOOPIaHU3M/ICPMEH KapbhIM-KAThIHACHIHBIH KOITEreH acleKTiiepi )KOFapbl KYHBUIBIK II€H ©3€KTLIIKKe e,
0ipak TOJIBIK 3epTTeJMereH. OciMIiKTepAiH OeTiHIe Maiganbl MUKPOOTHIK LIEHO3Aap bl Maiiia OOMybIH JKOHE
MHUKpPOOPIraHU3M/EP/IiH 6CIMIIKTepMEH o3apa OaiilaHbIChIHA SCep €TETiH JKaFJaiiap/Ibl aHBIKTAHTHIH (haKTopap
3epTTEeIMEreH KYiie Kanaapl. AybUl apyallblUIbIFbIH JaMbITYJa MaHbI3/Ibl POJI ATKAPATHIHBIH aTal OTKEH JKOH.

Makaia 3mupuTTi MUKPO(DIOPAHBIH KACHETTEPiH KOHE OHBIH OCIMIIKTEPAiH OciiMIeny KacHeTTepiHe
ocepiH 3epTTeyre apHaiFaH. MaychIMABIK JUHAMHUKAIAFbl SMHU(UTTI MHKPOOPraHM3MICPAIH CHIATTaMalapbl
MEH TaKCOHOMHSIBIK KYpaMbl KapacTBIPBUIaAbl. TEOpWsUIBIK AaKMapaTThl TalAay JKOHE JKaJIbUIay, OAachIl
IIBIFApy 9MIICi, KYy dfici KOIJaHBUIFaH.

OCIMIIKTEpIiH JKep YCTi MYIICIEPiHiH STU(PUTTI MUKPOOPTaHU3MAEP OKUIACPIHIH cHIaTTaManapbl MCH
KacHeTTepi 3epTTENil, OJapAblH OCIMIIK eMipiHAeri 3KO(GHU3HONOTHSUIBIK peii KapacThIpbUIIBRl. MuKpoO-
OCIMIIKTepiH ©3apa SpeKeTTeCyi calachIHOaFbl OPTYPIIl 3epTTeyiep KapacThIPBUIBII, TAIAAHIbl. DKOJIOTHAIBIK
(dakropnapasiH 3MUGUTTIK MUKpodiopara ocep €Ty peni aHbIKTangsl. Lycopersicon esculentum Mill
OCIMJIIKTEpIHIH MbICAJIBIHIA OCIMIIKTEPIH MayChIMIBIK AMHAMUKACHIHIAFBl SMUPHUTTI MUKPO(IOPACHIHBIH
CaHJIBIK JKOHE CalaiblK KYPaMbIHBIH ©3Tepyi Typajbl MAJIIMETTep ajbIH/bI. (KapamaibiM KbI3aHak) xoHe Solanum
tuberosum L. (TyHri TyiiHEK).

Tyiiin ce3nep: dhumiocdepa, kaprochepa, SMUPUTTI MEKpOQIIopa, GUTOMATOTCHII MUKPOOPTaHU3MIEP.
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OO0mast XxapaKTepucTHKA ¥ TAKCOHOMHYeCKHil cocTaB 3NUGUTHOH MUKPOGIOPHI pacTeHU I

N3ydenne pacTUTETHLHO-MUKPOOHBIX B3aUMOJIEHCTBUI Ha CETOAHSALIHUI J€Hb OCTaéTCS OJAHUM W3
aKTyaJbHBIX BOINPOCOB OHMOJIOTHYECKHX U CEIBCKOXO3IMCTBEHHBIX HayK. MHOTUMH YYEHBIMH, H3YyYaBIIMMHU
JAaHHYI0 TpoOieMy, BBISIBICHO, YTO 3MH(HUTHAs MHUKpOdIopa CIOCOOCTBYET POCTY M Pa3BUTHIO PAcTEHHi, a
TaKXe CYIIECTBEHHO BJIMSET Ha ypOXKailHOCTh, TaK KaK HAXOMUTCS B TECHEHIIEM KOHTAaKTe C pacTeHHEM B
TEUeHHEe BCEro BEreTallMOHHOIo Iepronaa. Kpome Toro, XxapakTepucTHKU 3MUPUTHON MHKPOGIIOPHI HACTOJIBKO
W3MEHYMBBI 110]] BINSHUEM Pa3INYHBIX (PaKTOPOB, UTO €€ M3yueHHE OCTAETCS aKTyalbHBIM IOCTOSIHHO. MHOTHE
CTOPOHBI B3aMMOOTHOIICHUH PACTEHHH ¢ AMUGUTHBIMH MUKPOOPTaHW3MaMH IPE/ICTABISIIOT BBICOKYIO IIEHHOCTh
M aKTyaJIbHOCTh, O/THAKO N3y4YEHBI JaJIeKO He TOJHOCTHI0. HenzydeHHbIME ocTatoTes: (PaKTOpbI, ONpeessFoLie
(opMHpOBaHME TIOJIE3HBIX MUKPOOHBIX IIEHO30B Ha IIOBEPXHOCTH DPACTEHUIl M YCIOBHS, BIMSIOIINE Ha
B3aUMOCBSI3b MHMKPOOPTaHM3MOB C pacTeHHsAMH. HeoOXoauMo OTMETHTh, YTO BECOMYIO POJIb B Pa3BHTHH
cenbckoro xosstiictBa B PecnyOnuke Kasaxcran wn [laBiogapckoil o0sacTh  BBIOJHSIOT TPEACTaBHTENH
OBOIIHBIX KYJIBTYp, B TOM 4YHCJIE€ TOMAaT M KapTodenb, MpUHAIUIeKANHe K CEeMEHCTBY Maci€HOBBIX. ITO
MOKA3bIBACT  BBICOKYIO  3HAYUMOCTh  BBIOPaHHBIX I HcciefoBaHus  pacTeHHH.  COBOKYIHOCTH
BBIIICH3IIOKEHHBIX JIOBOZIOB OMpEAEseT HEOOXOIMMOCTh YCTAHOBIICHUS 3aKOHOMEPHOCTEH BO3IECHCTBHS
sru(UTHON MHKpPOQIOpPE Ha aJaNTHUBHBIE CBOHCTBA pPACTCHMH CEMEHCTBa MACIEHOBBIE, a TakKXe WX
yposkaifHOCTb. B cBOI0 ouepenp m3ydeHHe >MH(GHUTHOW MHUKPOGIOPH MOXKET CIIOCOOCTBOBATH MOWCKY HOBBIX
MyTel TOBBIICHNS YPO)KaHHOCTH PACTEHUH a TaKk)Ke UX YCTOWYNBOCTH K Pa3IMYHBIM 3a00JI€BaHUSM.
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Lenp cTatby — HM3YYUTH CBOMCTBa SMU(GHUTHONH MHUKpO(IOpel M €€ BO3/ACHCTBHE Ha aJalTHBHBIC
CBOHCTBa pacTeHHd. B cTarbe mpuUMEHEHBI METOABl aHaNMM3a W 000OIIEHUS TeopeTHdeckord HHDOpMaruH,
METOJIa OTIIeYaTKa, MeTOa CMBIBA.

B pesynbrare HccienoBaHHS aBTOPaMHM H3y4eHBl XapaKTEPHCTHKH M CBOWMCTBA NpelcTaBHUTENCH
SMU(GHUTHBIX MUKPOOPTaHU3MOB HaJ[3¢MHBIX OPTraHOB PACTEHHII H PACCMOTPEHA MX SKO(U3HOJIOTNYeCKas pOjb B
KU3HH pacTeHHd. [IpoaHaNM3HPOBAaHBI pa3IWYHBIC MCCICOOBAHUS B 00JIACTH MHKPOOHO-PACTUTENBHBIX
B3auMozeiicTBuil. OmpeneneHa poiib BO3IEHCTBHS IKOJOTHYECKUX (aKTOPOB Ha SMUPHUTHYIO MHKPODIOpY.
[Monyuensl naHHBIE 00 HM3MEHEHHH KOJMYECTBEHHOI'O M KAa4ECTBEHHOTO cOCTaBa SMU(UTHOW MHKPOQIOPHI
pacTeHuil B Ce30HHOM JAMHAMUKe Ha IpuMepe pacteHuid Lycopersicon esculentum Mill (Tomar 0OBIKHOBEHHBIN)
u Solanum tuberosum L. (macnén kiryOHECHOCHBIH).

KnroueBsle cnoBa:  ¢umnocdepa, kapmoctepa, osmnudutHas MHKpoduiopa, (QHUTONATOTCHHBIE
MHUKpPOOPTaHU3MBI.
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