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PROPERTIES OF MICROORGANISMS
ISOLATED FROM SOILS UNDER CONVENTIONAL
AND ORGANIC FARMING

Objective. The article presents the results of research aimed at determining the influence of different methods of tillage
on the functional diversity of the soil microbiota. Soil samples containing plant residues from agricultural plots under
conventional and organic farming in the Kyiv oblast were used for the study. Methods. Analysis of soil microbiota using
differential diagnostic nutrient media by serial dilutions of soil suspension was performed. To quantify the phosphate-mo-
bilizing properties of the isolated microorganisms, the concentration of phosphorus in the solution was measured (grown
in NBRIP liquid medium) and detected by the Arenius spectrophotometric method on a Ulab 102UV Spectrophotometer.
Results. The soil of the plots under organic agrotechnology of cultivation was marked by a greater number of microorgan-
isms of all ecological and trophic groups, except oligonitrophilic and phosphate-solubilizing bacteria. The vast majority of
phosphate-transforming bacteria were isolated from the soil of agricultural plots under convection farming. The largest
number of cellulose-degrading isolates was isolated from the soil under organic farming plots. Five isolates have the wid-
est range of agronomically useful properties, in particular, the ability to mobilize organic and inorganic phosphates and
cellulosolytic activity: 6b, 13b, 18b, 19b, and 8m. After incubation of the isolates on an NBRIP medium at 28 °C and 200
rpm for 72 hr, special analyzes for dissolved phosphorus content and pH level in the culture fluid were performed. Isolate
8m selected from chornozem (black soil) under convection agriculture and classified by us as Trichoderma sp. exhibited
the highest phosphate-mobilizing activity. The vast majority of bacteria capable of phosphate transformation were isolated
from the soil of agricultural areas affected by convection agriculture; and isolates capable of dissolving cellulose — from
the soil of organic farming. Conclusions. The initial identification of certain isolates allowed us to classify them as Bacil-
lus and Trichoderma. These isolates are important for further research with the prospect of creating a complex biological
preparation with fungicidal properties and the ability to mobilize organic and inorganic phosphorus compounds.
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Microorganisms are an extremely important
factor in the formation of soil fertility. The
presence of various groups of microorgan-
isms in soil ecosystems determines their great
importance in the processes occurring in the
soil [1]. It is known that the main internal fac-
tor of changes in the taxonomic and functional
diversity of microbiota in the soil is, in fact,
the vital activity of microorganisms, which
causes qualitative changes in soil organic mat-
ter through metabolic products, contributing to
the restructuring of the microbial complex [2].
However, the use of fertilizers and preparations
for treating seeds and different methods of till-
age always change the conditions in which mi-
croorganisms live in the soil and, accordingly,
their quantitative composition. The microbial
community performs the function of maintain-
ing soil homeostasis and thus quickly responds
to changes in the environment. Therefore, mi-
croorganisms are bioindicators that provide
information not only about the degree of soil
degradation but also about the ecological status
of the studied ecosystem in general [3]. The sig-
nificant restructuring of soil microbiocenoses is
accompanied by a decrease in their taxonomic
diversity and the appearance of new dominants.
Microbiological indicators are widely used in
soil monitoring under conditions of prolonged
anthropogenic load [4]. These indicators make
it possible to assess the direction of the trans-
formation of substances in soil conditions and
to determine the depth of influence of one fac-
tor or another on the soil yet at early stages,
which will help to prevent irreversible soil deg-
radation in time.

According to the requirements of convection
technologies for growing crops, seed treatment
with various pesticides is a mandatory element
in the technology of growing any crop. However,
pesticides can pose a serious threat to the soil
environment and human health, since many of
their derivatives remain in the soil system for a
significant period [5].

ISSN 1028-0987. Microbiological Journal. 2022. (2)

It is known that studies of the effect of various
preparations on soil microbial communities are
especially important for the approval of pesti-
cides because their effect on soil microorganisms
is not easy to predict. There is a huge amount of
data on the opposite effect of the same substance
on different groups of bacteria in different types
of soils. Some pesticides stimulate the growth of
microorganisms, while others inhibit or do not
affect them at all [6, 7]. Therefore, it should be
noted that, despite the considerable attention of
researchers to the diversity and functioning of
soil microbiocenoses, the issue of their changes
in conditions of intensive agriculture has not yet
been sufficiently highlighted. Their changes un-
der conditions of intensive agriculture are still
insufficiently covered. And the question of the
agronomically useful properties of microorgan-
isms inhabiting the soil under convection farm-
ing remains unanswered at all.

Materials and methods. Soil samples were
taken during a three-year experiment from
plots under intensive and organic farming of
the Skvyrsky district of the Kyiv oblast using
the generally accepted envelope method [8, 9].
From the plot of 25 m?, five soil samples weigh-
ing 200 g were selected with a sterile spatula
from a depth of to 20 cm. The samples weighing
1 kg were placed in a sterile bag from each vari-
ant. Then they were mixed, sieved, dried, and an
average sample weighing 500 g was taken. The
research was performed within the following
3—6 hr. It was turned out to be a typical deep
low-humus coarse silty loamy chornozem (black
soil). Wheat and corn had been grown on both
types of soil over the last five years.

An intensive farming technology consisted
in the classic tillage of the soil and the appli-
cation of pre-emergence and post-emergence
herbicides (of chloroacetamides and triazines
groups along with the treatment of seeds with
disinfectants.

An organic farming means minimal tillage
and no pesticide application over the past five
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years, certified for the production of organic
products by the certification body LLC «Organic
Standard» on the basis of the Skvyrsky depart-
ment of organic agricultural technologies of the
Institute of Agroecology and Environmental
Management of the NAAS in 2019—2020. The
soil was a typical black soil with a humus content
of 4.3%, characterized by the following nutrient
content: easily hydrolyzed nitrogen (according
to Cornfield) 11 mg/100 g, phosphorus (accord-
ing to Chirikov) 24 mg/100 g, potassium (ac-
cording to Chirikov) 8.5 mg/100 g. The reaction
of the soil solution was 6.5 (neutral).

Soil microbiota was analyzed using differen-
tial diagnostic nutrient media by serial dilutions
of soil suspension. To determine the amount of
ammonificating and spore-forming bacteria,
meat-peptone agar (MPA) was used, streptomy-
cetes and microorganisms using mineral forms of
nitrogen — starch-ammonium agar (SAA), mi-
croscopic fungi — Sabouraud’s dextrose agar
(SDA), oligotrophic — water agar (WA), oligoni-
trophilic — Ashby’s medium, pedotrophic — soil
extract medium (SEM). Colonies were counted,
and the morphological and cultural properties
of the selected isolates were studied by standard
microbiological methods [10]. The quantity of
microorganisms was expressed in the number of
colony-forming units (CFU) per gram of abso-
lutely dry soil, taking into account the moisture
coeflicient and dilution of the soil suspension.

For the growing up microorganisms universal
media were used: MPA for bacteria and Czapek's
medium for micromycetes [11].

The ability of microorganisms to transform
organic phosphorus-containing compounds was
determined on Menkina’s agar medium (g/L):
(NH,),50, — 0.5 NaCl — 0.34; KCl — 0.3;
MgSO,x7H,0 — 0.3; FeSO, as trace element,
MnSO, as trace element, CaCO, — 5.0; glu-
cose — 10.0; nucleic acid (or lecithin) — 5.0;
phytic acid — 1; agar-agar — 20.0.

The ability of microorganisms to transform
inorganic sparingly soluble phosphates was stud-
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ied on Pikovska’s agar medium (g/L): glucose —
20.0; NaCl — 0.2; Ca,(PO,), — 5.0; MgS80, —
0.1; MgSO, as a trace element; FeSO, as trace
element; agar-agar —20.0.

The cellulosolytic ability of microorganisms
was investigated on Hutchinson agar medium
(g/L): KH,SO, — 0.1; NaCI — 0.1; CaCl, — 0.1;
FeCI, — 0.1; MgSO,x7H,0 — 0.3; NaNO, —
2.5; agar-agar — 20.0; using plates of filter paper
or adding carboxymethyl cellulose (CMC).

To quantitatively evaluate the phosphate-
mobilizing properties of the isolated microor-
ganisms, we measured the phosphorus concen-
tration in solution (grown in a liquid medium
NBRIP (National Botanical Research Institute’s
Phosphate), (g/L): glucose — 10.0; Ca,(PO,), —
5.0; MgCL,-H,0 — 5.0; MgSO, x 7H,0 — 0.25;
KCl — 2.0; (NH,),SO, — 0.1; pH 6.8—7.0 and
detected by the Arenius method on a spectro-
photometer Ulab 102UV Spectrophotometer
[12—14]. After incubation of the isolates for
72 hr at 28 °C and 200 rpm, an analysis was per-
formed for the content of dissolved phosphorus
and the pH level in the liquid culture.

Physiological and biochemical characteristics
of bacterial isolates were investigated in accor-
dance with the methods described in Bergey’s
manual of systematic bacteriology [15].

Preliminary identification of the selected
isolates was performed using express bacterial
identification systems API KIT® (bioMérieux,
France) based on the manufacturer’s instruc-
tions. Commercial API ID32C and API 50CHB
kits with introduced isolates were incubated for
48 hr at 28 + 2 °C. The obtained results (API
codes) were compared with the profiles of the
Internet database of the corresponding set (API
database).

Statistical calculations were performed using
the standard computer programs Statistica 8.0
and Microsoft Excel 2010.

Results. Microbiological analysis of soils
showed that under the conditions of long-term
influence of intensive agriculture, there is ob-
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served the restructuring of their microbial
group. The microorganisms isolated from typi-
cal deep low-humus coarse silty loamy black soil
(chornozem) were characterized by the follow-
ing functional diversity (Table 1).

The soil from the plots under organic agri-
cultural technology was characterized by a large
number of microorganisms of almost all taxo-
nomic and ecological-trophic groups, with the
exception of oligonitrophilic bacteria and phos-
phate mobilizing bacteria.

The number of ammonificating microorgan-
isms from organic farming plots was almost 10
times higher than their quantity on the soils un-
der intensive farming, while the number of mi-
cromycetes, streptomycetes, and bacteria using
mineral nitrogen was practically at the same level.

In the published materials on gray forest
soil, it was shown that under conditions of soil
contamination with salts of various metals, the
number of ammonificating bacteria increases by
26—31% compared to the control, and signifi-
cant gradual increase in the number of micro-
mycetes, streptomycetes, oligonitrophils, and
pedotrophic bacteria was compared to the con-
trol [4]. Such changes indicate an improvement
due to the trophic regime and activation of min-
eralization processes [16].

It should also be noted that the microbiota
of the soil sampled in the field under intensive
farming was characterized by great diversity and
predominance of pigmented forms of bacteria

in comparison with the bacterial microbiota of

the field of organic farming. It is known that
one of the universal mechanisms of adaptation,
for example, to toxic forms of photosensitized
oxygen is the synthesis of carotenoid pigments
[17]. Likewise, pesticides can affect the biologi-
cal functions of microorganisms, their diversity,
composition, and biochemical processes. They
can often cause an imbalance between the func-
tioning of the microbiome and soil fertility lead-
ing to crop losses [5, 18].

For a comparative study on the number of ag-
ronomic beneficial microorganisms in the stud-
ied soils, the most typical isolates with the abil-
ity to mobilize organic and inorganic forms of
phosphates or to destroy cellulose were selected.
In total, 24 bacteria and 12 micromycetes were
isolated. For the convenience of work, bacterial
isolates were marked with the letter «b», and
micromycete isolates — letter «m». They were
dispense on plates with differential media such
as Menkina's and Pikovska's (for phosphatemo-
bilising bacteria) and Hutchinson and Czapek’s
ones with the addition of filter paper or CMC
(for cellulosolitics). This allowed us to quickly
and efficiently identify microorganisms with
such agronomically useful properties as the abil-
ity to mobilize organic and inorganic forms of
phosphates and to degrade cellulose (Fig. 1).

In general, the highest phosphate-mobilizing
activity was shown by 9 bacterial isolates and 5
micromycete isolates from the soil under con-
vection farming. 6 bacterial isolates and 5 mic-
romycetes isolated from the soil under organic

Table 1. The number of microorganisms in the plant rhizosphere

Microorganisms, CFU/g of soil
Variant Ammonificating PhosPhgte— Micro- Cellulo}se— Strepto- OligoniFro— chteria using
bacteria. 106 solubilizing | mycetes, | destroying, | myces, trophic mineral forms
> bacteria, 10° 103 10° 10° bacteria, 10° | of nitrogen, 10°
Organic 136.8+183 | 262+52 |28+04| 54406 |15+£004| 12£0.03 | 2.8%0.05
farming field
Intensive 141438 | 374+94 |[24+02| 42403 |1.1+0.05| 7.8+0.1 2.3+0.05
farming field
ISSN 1028-0987. Microbiological Journal. 2022. (2) 15
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Fig. 1. Formation of transparent zones on selected media
by some of the selected bacterial isolates: a —Pikovska's
medium b — Menkina's medium

farming exhibited the highest phosphate-solu-
bilizing activity. These isolates were further ana-
lyzed in detail.

No microorganisms with high cellulolytic ac-
tivity were detected in the experimental agricul-
tural plots. In general, isolates 6b, 13b, 18b, 19b,
and 8m have the widest range of the following
agronomically useful properties (Table 2).

Table 2 show that solubilizing organic phos-
phates microorganisms, which require the inclu-
sion of more complex mechanisms than micro-
organisms converting only inorganic forms of
phosphorus, dominate in the soils under convec-
tion farming. This is mainly due to the constant
application of a large number of phosphorus
fertilizers under the conditions of convection
farming, which led to the adaptation of micro-
organisms to such conditions and their natural
permanent application of large number of phos-
phorus fertilizers under convection agriculture,
which led to the adaptation of microorganisms
to such conditions and their natural selection on
the basis of their relation to organic and inor-
ganic phosphorus [19].

So, under the conditions of permanent appli-
cation of phosphates, microorganisms that were
able to synthesize organic and inorganic acids,
polysaccharides, siderophores or to break down
organic phosphorus-containing compounds
enzymatically, synthesizing non-specific acid
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phosphatases, phytases, etc., gradually became
the most represented group. It is known that
the total quantity of synthesized compounds is
very small in comparison with that of applied
phosphorus fertilizers (to convert them into an
available form).

A large number of microorganisms with high
cellulolytic capacity were found in the soils of
organic farming areas (Table 3). The greatest
spectrum of such agronomically useful proper-
ties is demonstrated by isolates 3b, 11b, 16b and
3m, 5m, 10m.

For phosphate-solubilizing isolates, we did
not find a clear difference in soils with different
types of agriculture ( like for cellulose), there-
fore, an experiment was carried out on the abil-
ity to transform it with selected isolates. Thus,
for the second stage of the work, we selected iso-
lates that were able to simultaneously transform
organic and inorganic phosphates and also show
cellulolytic activity. These were bacterial strains
3b, 11b from the soil under organic farming and
6b, 13b, 16b, 18b, 19b from the soil under con-
vection farming, and strains of micromycetes
3m, 5m, 10m from soil under organic farming,
and strain 8m from the soil under convection
farming.

These isolates showed the highest activity on
solid media, so their properties were tested in a
liquid NBRIP medium, which contains insoluble
calcium orthophosphate. After incubation of the
isolates for 72 hr at 28 °C and 200 rpm, the con-
tent of dissolved phosphorus and the pH level in
the liquid culture were determined (Fig. 2).

Fig. 2 indicates that the content of dissolved
phosphorus in the culture increased by 5—7
times compared to the control. Micromycete
8 m from the soil of convection farming was
the most active in orthophosphate mobilization.
Micromycetes isolated from the soil of organic
farming were characterized by a low ability to
transform phosphate. At the same time, almost
all of the selected bacterial isolates had approxi-
mately the same, rather high ability to dissolve
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this phosphate. It should be noted that the pH of
the culture liquid of cultivated microorganisms
changed from 7.0 to 5.1—5.3. It was shown that
phosphorus solubilization also correlates with a
decrease in the pH of the medium.

Micromycetes deserve special attention among
phosphate-mobilizing microorganisms, because
their content in the soil is about 0.1—0.5% of the
total amount of microfungi [20, 21].

Moreover, phosphorus-solubilizing micro-
scopic fungi do not lose the activity of dissolving
phosphorus during prolonged cultivation in lab-
oratory conditions, as in the case of phosphorus-
solubilizing bacteria [22]. Therefore, they are the
most promising for the creation of biological
preparations in the agricultural industry. taking
into account our data on the liquid NBRIP me-
dium, isolate 8m is of particular interest and so it
was selected for preliminary identification.

One of the important agronomically useful
properties of microorganisms is their ability to
antagonize phytopathogens. Selected isolates
were tested for their ability to inhibit phyto-
pathogenic microorganisms (Table 4).

First of all, it should be noted that all isolates
capable of suppressing phytopathogens were
from the chornozem of agricultural plots under
organic farming. Isolates of bacteria 18b, 19b
and isolate of micromycetes 8m demonstrated
the absence of fungicidal action against the in-
vestigated phytopathogenic test strains Botrytis
cinerea, Fusarium oxysporum, and Xanthomonas
phaseoli. With using the dual plate culture, it was
found that, due to its fungicidal effect, the largest
growth inhibition zone was formed by bacteria
3b and micromycete 10m isolated from soil un-
der organic farming.

The studies have shown that the isolates of mi-
cromycetes exhibited an inhibitory effect against
phytopathogens, mainly due to the rapid uptake
of the nutrient medium. As a result, they occu-
pied a large area of the nutrient substrate, which
blocked the growth of test cultures of phytopatho-
gens. Often, upon direct contact of isolates with

ISSN 1028-0987. Microbiological Journal. 2022. (2)

Table 2. Screening of isolates of bacteria
and micromycetes obtained from the soil

of agricultural areas under convection farming

Ability to
Number | Mbiliaion | mobllzaion | oy
phosphates phosphates activity
1b + + —
6b ++ ++ +
7b + + -
8b + — —
9b + + —
13b ++ ++ +
15b + + +
18b ++ + —
19b ++ + —
1m + — —
4m + + —
8m ++ ++ +
9m + + —
1Im + + —

«+» — able to grow; «++» — able to form transparent
zones around colonies, or to destroy paper; *b — bacte-
ria; m — micromycetes.

Table 3. Screening of isolates of bacteria
and micromycetes obtained from the soil
of agricultural areas under organic farming

Ability to
Isolate mobilization of | mobilization .
Number* organic phos- of inorganic cellu!o!ytlc
phates phosphates activity
3b ++ + —
4b + + ++
11b ++ + _
16b ++ + +
17b + — —
20b + + +
2m + + +
3m + + ++
Sm + + ++
6m + + +
10m + + ++

«+» — able to grow; «++» — able to form transparent
zones around colonies, or to destroy paper; *b — bac-
teria; m — micromycetes.
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Fig. 2. Dissolved phosphorus concentration and pH after incubation of phosphate-mobilizing isolates

Table 4. Antagonistic activity of selected isolates of bacteria
and micromycetes against some phytopathogenic microorganisms

Diameter of zone inhibition of test culture, mm Activity by the method of double counter cultures (+)
Isolate
number* Botrytis Fusarium Xanthomonas Botrytis Fusarium Xanthomonas
cinerea oxysporum phaseoli cinerea oxysporum phaseoli
Isolates from soil under convection farming
6b — — — — — +
13b 8.6 13.4 — ++ ++ +
18b — — — — — —
19b — — — — — —
8m — — — + + +
Isolates from the soil under organic farming
3b 19.8 242 5.1 ++ ++ ++
11b — — — — _ +
3m 9.8 1.2 2.1 ++ + +
5m — 3.2 — + ++ +
10m 12.7 8.3 2.9 ++ + ++

«—» — lack of phytopathogens suppression; «+» — phytopathogens suppression; «++» — phytopathogens suppres-
sion with the formation of a sterile zone; *b — bacteria; m — micromycetes.
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the test strain, the pathogen mycelium was par-
tially destroyed. Therefore, for the final stage of
this work, these two isolates were selected, namely
3b from the soil of organic farming and 8m from
the soil of convection farming, , and preliminary
identification of the isolated agronomically useful
microorganisms was carried out.

We performed Gram staining and microscopy
of the bacterial isolate 3b and showed that it is a
rod-shaped Gram-positive spore-forming bacte-
ria. The physiological and biochemical proper-
ties of this strain testified that it is a fast-growing
culture. On MPA within 1-3 days, it forms round,
with slightly uneven margins, grayish matte
colonies 2-14 mm in diameter, able to grow at
a temperature of 10-45 °C and pH 4-9. Accord-
ing to biochemical tests (API KIT): catalase ac-
tivity (+), oxidase activity (—), consumption
of carbon sources: fructose (+), (D) + glucose
(+), galactose (—), maltose (+), (D) + mannose
(—), (D) + mannitol (+), (D) + xylose (—), ri-
bose (+), glycerin (+), NO, reduction (variable),
NO, reduction (variable), the ability to hydro-
lyze: casein (+), starch (+), gelatin (—), Voges-
Proskauer(VP) test: pH <6 (variable) methyl red
(MR) (—) test, indole test (—), use of citrate (+).
According to biochemical and cultural data, iso-
late 3b was assigned to the Bacillus sp., according
to Bergey s classification.

The carried out cultural-morphological and
physiological-biochemical studies of micromy-
cetes 8m have revealed the following features
of the strain: on Czapek's medium or PDA, it
forms velvet colonies of pale to deep green color
within 3—4 days; the reverse of the light green
conidiophores looks like lateral branches of the
surface mycelium, and round conidia (2—3 pum)
are formed within 6—7 days and collected in
spherical heads; chlamydospores can be formed
(sometimes inside hyphalic cells) at 20 °C within
10 days [23]. Chlamydospores are usually uni-
cellular and end in short hyphae. The culture
grows at temperatures from 4 to 35 °C (optimal
24—28 °C) and pH 5—7.2 (optimal 6.0—6.5).

ISSN 1028-0987. Microbiological Journal. 2022. (2)

It grows well on glucose, sucrose, and lactose. It
has been shown that salts of organic acids (citric,
oxalic) can inhibit the culture growth and devel-
opment. It efficiently assimilates peptone, aspar-
agine, sodium nitrate, hydrolyzed starch and fi-
ber, and liquefied gelatin. Accordingly, based on
the identification tests and culture parameters,
the 8m isolate was assigned to the genus Tricho-
derma, family Hypocreaceae.

Discussion. Due to anthropogenic activities,
in particular to the introduction of organic and
mineral fertilizers, the environmental conditions
in soils change significantly, leading to a signifi-
cant adjustment in the taxonomic structure of
microbial cenoses and their functional activi-
ties. Particularities of soil-climatic conditions
also significantly affect species composition and
features of the functioning of microbocenoses in
soils. Therefore, when choosing the most effec-
tive methods of soil cultivation in each particu-
lar climate zone, a lot of attention should be paid
to their biological assessment. Some studies have
shown that fertilizer and lime have a positive ef-
fect on the prokaryote complex of soil microor-
ganisms of ever-frozen soils [24].

Kremer and Means noted that herbicides
reduce the total microbial population within
7 to 30 days (depending on the type of herbi-
cidal molecules) after application [25]. They
indirectly adversely affect microbial biodiver-
sity by altering the physiology or biosynthetic
mechanisms. This, in turn, affects the soil enzy-
matic activity, cellular membrane composition,
protein biosynthesis, and the amount of plant
growth regulators (gibberellins synthesis, trans-
portation of indoleacetic acid , ethylene concen-
tration, etc.). The application of excessive doses
of herbicides leads to the death of many sensi-
tive microorganisms [5].

The native soil microbiota is very important to
maintain the environment quality , but because
of the intensive use of agrochemicals, the micro-
bial biomass changes, and the formation of large
toxic waste is observed in the soil, groundwater,

19



LI Gumeniuk, A.S. Levishko, O.S. Demyanyuk, O.V. Sherstoboeva

and surface water. According to PERMANOVA
analysis, a greater effect of the herbicide per-
sistence time in the soil and the effect of the
herbicide class as well as the effect of interac-
tion between these two factors are observed. In
conclusion, the selective pressure exerted by the
presence of these herbicides alters the composi-
tion of the local microbiota, atrazine and diu-
ron, which most significantly affect the bacterial
community in soil, and the herbicide 2,4-D was
the one that less altered the microbial commu-
nity and so the latter bacterial community was
reestablished first [26]. Plant growth-promoting
Streptomyces species were used as natural al-
ternatives to synthetic fungicides. Using a high
throughput sequencing method and microbiome
profiling, the dynamics of rhizosphere bacterial
communities manipulated by phosphate solu-
bilizing Streptomyces strain was explored and
correlated with higher plant growth promotion
and disease suppression. In addition to enzyme
activities, investigations on other characteris-
tics of superior biocontrol strains of Streptomy-
ces such as a secondary metabolite profile and
their impact on the assembly of the rhizospheric
bacterial communities’ subsequent pathogen at-
tack could be valuable to optimally design and
develop SynComs of Actinobacteria for improv-
ing agricultural productivity and environmental
sustainability [27].

The known effects of triazole fungicides on
soil health are dose- and time-dependent. They
may affect soil health either through direct ap-
plication against soilborne fungal pathogens and
also indirectly through spraying them on foliar
surfaces. High doses of triazole fungicides great-
ly disturb the structure of the microbial commu-
nities in soil and usually lead to the diminution
of the soil microbial population and a decrease
in the activities of enzymes found in soil. This il-
lustrates the importance of following the recom-
mended dose for each type of crop and soil not to
produce long-term effects on the soil properties
and activity. The biostimulating substances are
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useful for reducing or neutralizing the adverse
effect of these fungicides on soil microbial func-
tions and biochemical processes. There is lack
of information concerning the effects produced
by metconazole, myclobutanil, and triadimenol
on the soil microbiota and the effects of cypro-
conazole, epoxiconazole, flutriafol, metconazole,
tetraconazole, triadimenol, and triticonazole on
the activity of soil enzymes [28].

In our research, we have identified the regu-
larities of the restructuring of soil microbial
cenoses under convection and organic farming.
Under the influence of intensive technologies, us-
ing a high content of pesticides, an increase in the
number of oligonitrophilic and phosphate-solu-
bilazing microorganisms occurs, mainly due to
the inaccessibility or critical excess of certain mi-
croelements in these soils, and as a result stimu-
lates the development of microorganisms capable
of converting their insoluble forms into soluble
ones. At the same time, there is observed a de-
crease in the number of microorganisms capable
of assimilating mineral nitrogen, micromycetes,
streptomycetes, and ammonificating bacteria.

Conclusions. The overwhelming number of
bacteria capable of transforming phosphates
was isolated from the soil of agricultural plots
under convection farming, whereas isolates ca-
pable of dissolving cellulose were from the soil
under organic farming. It was revealed that in
the soils of convection farming, microorgan-
isms capable of mobilizing exactly organic
phosphates predominate. All isolates capable of
significant inhibition of phytopathogens were
from black soil (chornozem) of agricultural
plots under organic farming.

Also, the primary identification of isolates was
carried out, which turned out to be representa-
tives of the genera Bacillus and Trichoderma.
These isolates are important for further research
with the prospect of creating a complex biologi-
cal preparation with fungicidal properties and
the ability to mobilize organic and inorganic
phosphorus compounds.
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InctutyT arpoekornorii i npupogoxkopuctysanasa HAAH Ykpainn,
By/1. MeTpornoriyna, 12, Kuis, 03143, Ykpaina

BIIACTVMBOCTI MIKPOOPTAHI3MIB, BUIUIEHVX I3 [PYHTIB
[IPVI 3BBUMAVTHOMY TA OPTAHIYHOMY 3EMJIEPOBCTBI

HesBaxkaroun Ha 3Ha4YHY yBary JOCIIHMKIB KO piSHOMAHITTA Ta QYHKI[IOHYBaHHS MiKpO6iOIleHO31B IPYHTY, JOCI
HEJJOCTAaTHbO BUCBIT/IEHO MUTAHHA LIOJO IX 3MiH 3a YMOB iHTEHCMBHOTO 3eMIepOOCTBAa. A MUTaHHA LIOJO arpo-
HOMIYHO KOPMCHUX BJIaCTMBOCTE}l MiKpOOpPraHi3MiB, SIKi HaCe/IA0Tb IPYHTM KOHBEKIHOro 3eMIepoOCTBa, 3a-
JIMIIAETHCA B3araji He PO3KPUTUM. Y CTATTi HPeICTaB/IeHO Pe3yIbTaT JOCTiIKeHb, METOKO AKMX OYII0 BUSHAUYUTI
BIUIUB Pi3HUX CIIOCO6iB 00pOOGITKY I'PYHTY Ha QyHKIIiOHaTbHe piSHOMaHITTA MikpobioTn y IpyHTi. [l gocnifxeH-
HS BUKOPMCTOBYBaJIU 3pasKy IPYHTIB i3 CiIbChbKOrocnogapchbkux gingHok KuiBcpkoi 067acTi, ki MiCTATb pocinH-
Hi 3a/IMIIKM Ta 3a3Ha/IM BIUIMBY KOHBEKII/THOTO Ta OpraHiyHOro semuepo6crsa. Meromy. OpraniuHe 3emiepo6-
CTBO 03HA4aJI0 MiHIManbHy 06POOKY I'PYHTY Ta IIOBHY BifiCyTHICTb BHECEHHsI OYAb-SKUX HECTULNAIB IPOTITOM
OCTAHHIX ITSITM POKiB. AHasIi3 MiKpo6iOTH IPYHTY IPOBOAMIN 3 BUKOPUCTAHHAM A1) epeHIiTHO-A1arHOCTUIHIX
JKMBIIPHMX CEPEeOBUIL METOL{OM CepiilHIX pO3BefeHb I'PYHTOBOI cycieHsil. [yt KinbkicHoi orinkn docdarmo-
OiisyBa/IbHUX BIACTMBOCTEN BUJIEHNX MIKpOOpPraHi3MiB IPOBOAMIN BUMIPIOBAaHHA KOHILeHTpauii pochopy B
posunHi (BupomyBanu B pigkomy cepenosuini NBRIP) Ta BUsBIAIN CIEKTPOPOTOMETPUIHNM METOROM ApeHiyca
Ha criektpodoromerpi Ulab 102UV Spectrophotometer. [Tonepenio inenTndikanio Bigibpannx i30/s1TiB 34iiCHIO-
BaJI 3a JOIIOMOTOI0 eKcIpec-cucTeM ineHTndikanii 6axrepit API KIT® (bioMérieux, @panuis). Binibpani isonaru
3aciBamu B koMepuiiini Habopu API ID32C, API 50CHB Ta inky6yBanu Brpomosx 48 ropuu npu 28 + 2 °C. Orpu-
MaHi pesy/bTaTy MopiBHIOBa/M 3 podinamMy iHTepHeT-6asy faHKX BignosigHoro Habopy (API database). Craruc-
TUYHII aHA/i3 Ta BUSHAYEHHA KOPENALIHNX 3aJIEXKHOCTEN OfleP)KaHUX PE3Y/bTaTiB IPOBOAM/IN 32 JJOIIOMOI'OXO
CTaH[JapTHMX KOMIT'IOTepHUX IporpaM Statistica 8.0 Ta Microsoft Excel 2010. PesynbraTn. 11 mpoBefieHHA II0-
PIBHANBHOTO JOC/IPKEHHSA O[O0 KiZIbKOCTI arpOHOMIYHO KOPMCHMX MIKPOOPIaHi3MiB y JOCIIIKYBAHUX IPYHTAX
Oyro BinibpaHo i3o/msaTH. BOHN XapaKTepusyBaInucs TMHKTOPIaTbHUMIY BIACTUBOCTSMI, IPUTAMAHHUMM MIKpO-
opraHisMam, 3gaTHUM #0 MoOimisarnil opraniuHyx Ta HeopraHituyx ¢popm pocdaris abo Ko HecTpyKuil LeTH0I0-
3u. Y 3arajipHiil KiIbKOCTi Oy/10 BuAineHO 24 i30/1ATH TUIIOBUX IPYHTOBUX O6akTepiit Ta 12 i30/TiB MiKpOMilleTiB.
[pyHT JiIAHOK, e 3aCTOCOBYBA/IM OPTaHiYHY arpOTEXHOMOTII BUPOL{YBaHH, Bii3HAYaBCs BUILOIO YMCENBHICTIO
MIKpOOpPraHi3MiB yciX eKomoro-rpodivHux IpyI, 3a BUHATKOM OiroHiTpodinparx ta docdarmobimisyBanrpHmx.
[TepeBakHa 6imbuIicTh GaKTepiil, 3maTHMUX KO TpaHcpopMmanii pocdaris, 6y1a BuineHa 3 IPYHTY CITbCHKOTOCIIO-
IapCbKUX [UISHOK, SIKi 3a3Ha/MM BIUIMBY KOHBEKIiTHOTO 3eMmepobcTBa. Haitbinbina KinbKicTb i30/4TiB, 3HaTHUX
IO PO3KJIay LIeIONI03Y, BUJIi/IeHa 3 IPYHTY JIULTHOK OpraHiqHOro 3eMaepo6cTBa. HallmpImM CrieKTpoM arpoHo-
MiYHO KOPMCHMX BIIACTUBOCTENL, 30KpeMa, 3JaTHICTIO Ko MoOimisanii opraniyHyux Ta Heoprauiguux ¢ocgaris Ta 1ie-
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JTIOTIO30/IITUYHOI0 aKTUBHICTIO, BOJIOAIIOTH 5 i30/1sTiB: 6b, 13b, 18b, 19b Ta 8m. ITic/s inky6aii i30/TiB Ha cepen-
osuii NBRIP nporsirom 72 rogus mpu 28 °C ta 200 06/XB IIpOBefieHO aHaIi3M Ha BMICT posunHeHoro gocdopy Ta
piBust pH B kynbTypanbHii pignsi. Hait6inpmoo ¢pocharmobinisyBanbHO0 aKTUBHICTIO XapaKTepU3yBaBCs 13071AT
8m, BuAiNeHMI1 i3 YOPHO3EMHOTO IPYHTY KOHBEKII/THOTO 3eMrmepobcTBa Ta KnacudikoBanmit Hamu sk Trichoderma
sp. Busineno, mo nmepeBaxkuy 6inplicts 6akTepiit, 3gaTHNUX Ko TpaHcdopmanii pocdaTis 610 BUAiNEHO 3 IPYHTY
CIZIbCHKOTOCIIONAPCHKMX HIISHOK, SIKi 3a3Ha/IyM BIUIMBY KOHBEKIITHOTO 3eM/IepoOCTBa, a i30/1ATH, 35aTHI KO po3-
KJIafy LIe/II0I03Y, — 3 IPYHTY AUIAHOK OpraHiyHOro 3eMuepo6crsa. Bei i30maty, 34aTHI 1O CYTTEBOTO IPUTHIYEHHS
¢iTomnaToreHiB 6y BUAINIEH] 3 YOPHO3EMY CiIbCHKOTOCIIORAPCHKIUX Ai/LIHOK OPraHiqHOro 3eMiepo6cTBa. BucHoB-
ku. [lepsunHa imenTndikaris izonaris fosBommna BigHectn ix mo popiB Bacillus ta Trichoderma. 111 i3onsatu €
BX/IVBYMMIU IS ITOJA/IBIINX JOC/IPKEHD i3 IepCIIeKTNBOI CTBOPEHHA KOMIIEKCHOTO 610710TiYHOro Ipenapary 3
GyHriIMIHNMM BIACTUBOCTAMU Ta 3ATHICTIO 10 MOOiTisanii opraniyamx i HeopraniyHux cronyx ¢ocdopy.

Kmiouosi cnosa: gocpammo0inizysanvti Mikpoop2anizmu, azpoHOMIYHO UiHHI MIKPOOPeaHi3Mu, 1emon030mimuuHi
MIKPOOPeaHizmu, YOpHO3EM.
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