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Cyclic organochlorine compounds, including hexachlorobenzene (HCB) being among the most
dangerous persistent organic pollutants, have accumulated in the environment due to their widespread
use for chemical plant protection. The issue of different HCB contamination influence on soil microbial
communities is relevant and insufficiently studied. The aim was to investigate the reaction of microbial
communities to HCB contamination of chernozem, dark-kastanozem and sod-podzolic soils of Ukraine.
Methods. Model laboratory experiments, microbiological (determination of the microbial quantity on agar
nutrient media), chemical (adsorption method for the study of basal and substrate-induced respiration
of soil microbiota), and statistical methods. Results. Contamination of chernozem, dark-kastanozem and
sod-podzolic soils of Ukraine with HCB in doses from 10 to 10,000 maximum permissible concentrations
adversely affected the microbial quantity of major ecological and trophic groups, among which the most
sensitive were phosphate-mobilizing bacteria and streptomycetes. In contaminated soils, the structure of
the microbiocenoses was disturbed, the general biological activity was reduced — the basal respiration rate
by 28.5-62.7 % and the substrate-induced by 2—3 times, the accumulation of microbial biomass decreased
by 1.5-4.3 times. The HCB contamination caused the main impact on the dispersion of microbial quantity
(by 61-95 %), the influence of soil type was smaller (1-24 %). Conclusions. Microbiocenoses of chernozem,
dark-kastanozem, sod-podzolic soils in intensive land use systems are vulnerable to HCB contamination in
doses from 10 to 10.000 maximum permissible concentrations. The most sensitive phosphate-mobilizing
bacteria and streptomycetes can be used as indicators in monitoring of organochlorine contaminated
soils. Under the action of pesticide loading, microbial respiration and accumulation of microbial biomass
are suppressed. The negative reaction of microbial communities to HCB contamination indicates the need
for remediation measures to recovery the microbiota and soil fertility.

Keywords: microbial communities, basal and substrate-induced respiration, microbial biomass,
hexachlorobenzene, contamination.

In recent decades, organochlorine pesticides
have been widely used in agriculture for
chemical protection of plants from diseases
and pests, which has led to their accumulation
in large quantities in soils. Organochlorine
pesticides are compounds that chemically are
halogenated derivatives of polycyclic and aliphatic
hydrocarbons, on the basis of which a number
of common insecticides have been developed,
such as dichlorodiphenyltrichloroethane (DDT),
hexachlorocyclohexane (HCH), hexachlorane
(Lindane), aldrin, and sodium trichloroacetate
(herbicides Acetlur and Phenacyt). Most of
them have high toxicity and persistence in the
environment, the property of bioaccumulation,
which leads to functional disruption of soil agro-
ecosystems [1].
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One of the most common organochlorine
pesticides is hexachlorobenzene (HCB), which
accumulates in the soil after plant treatment and
as industrial waste. In addition, chlorobenzenes are
known to be used in large quantities as chemical
intermediates in the manufacture of degreasers,
solvents and deodorants. By getting HCB into the
environment, it disrupts the state of ecosystems [2].
Soil microbial communities respond to pesticide
load in terms of microbial quantity, total microbial
biomass and the ratio of functional groups of
microorganisms in the biocenosis [3, 4].

Analysis of the above literature data indicates
that soil microorganisms are sensitive bio-
indicators of organochlorine contamination, due
to their ability to quickly respond to changes in
the environment [2]. The study of soil microbial
communities’ response to HCB contamination
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deserves attention of researchers. The different
soil types are known to be characterized by some
specific conditions affecting the formation and
functioning of the microbiota. The resistance of
microbial communities of different soil types in
Ukraine to HCB contamination remains insufficient
studied. Therefore, the aim of this study was to
establish the patterns of HCB influence on the
microbiota of most common soil types in Ukraine,
such as chernozem, sod-podzolic and dark-
kastanozem.

Materials and methods. The research object
was the reaction of microbial groups to con-
tamination of chernozem, dark-kastanozem and
sod-podzolic soils of Ukraine with different HCB
doses.

Studied samples of different soil types were
taken in agrocenoses under intensive land use
farming systems. The studied soils had the
following characteristics:

chernozem soil (Kyiv region): pH 7.6 = 0.3,
nutrient content, mg-kg': alkaline hydrolyzed
nitrogen — 119.2 &+ 11.9, mobile phosphorus — 60.9 +
+ 9, exchangeable potassium —168.8 = 16.9;

dark-kastanozem soil (Kherson region): pH 6.4 +
+ 0.15, nutrient content, mg-kg': alkaline hydro-
lyzed nitrogen — 79.2 + 8.0, mobile phosphorus —
235 + 28.2, exchangeable potassium — 77.5 = 11.6;

sod-podzolic soil (Chernihiv region): pH 4.0 +
+ 0.15, nutrient content, mg-kg': alkaline hydro-
lyzed nitrogen — 79.2 + 8.0, mobile phosphorus —
332.3 + 49.8, exchangeable potassium — 136.3 +
+13.6.

Experiments were conducted in laboratory
conditions. 250 g of sieved soil samples (slit dia-
meter of sieve was 2 mm) were added to plastic
containers, moistened to 70 % of the total moisture
content, and maintained for 12 days to stabilize
biological processes.

The soil prepared in this way was experimentally
contaminated with industrial waste of the chemical
industrial complex “Oriana-Galev” from Kalush,
Ivano-Frankivsk region, which contained 90 %
HCB and 10 % of various industrial impurities
[5]. The amount of added pollutant was calculated
by the content of HCB in the following doses of
maximum permissible concentrations (MPC):
10, 500, 1000, 2500, 5000, 10000, given that the
MPC of HCB is 0.03 mg kg of soil [6]. Control
samples did not contain HCB. Experimental and
control samples were incubated for 60 days at room
temperature (+20 + 2° C), maintaining a humidity
of 70 % of total moisture content. At the end of the
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experiment microbiological researches of the soil
were conducted. The quantity of microorganisms
was assessed by the method of sowing ten-fold
dilutions of the soil suspension on agarified
nutrient media and assessing the number of colony-
forming units (CFUs) per gram of dry soil, taking
into account its moisture content. The quantity
of pedotrophic microorganisms was determined
on soil agar, amylolytic — starch-ammonia agar,
oligonitrotrophic and nitrogen fixing — Ashbee
medium, phosphate-mobilizing — on the Menkina’s
medium with phenolphthalein sodium phosphate,
streptomycetes — on glucose-potato agar,
micromycetes — on the Chapek’s medium [7, 8].
The quantity of ammonifying microorganisms
was determined on peptone-glucose medium M17
(Oxoid, United Kingdom).

The total biological activity of the soil mic-
robiota was assessed by the rate of basal and
substrate-induced respiration using the adsorption
method; the obtained results were used to calculate
the content of microbial biomass [9, 10]. The
coefficient of soil microbial respiration (Qr) was
determined by the method [11]. The mineralization
coefficient was calculated by Mishustin and Runov
method[12], the pedotrophic index — according to
Nikitin and Nikitina method [13].

Statistical assaying of the results was performed
using Microsoft Excel software to determine the
deviation of confidence interval, nonparametric
correlation coefficients and two-way analysis of
variance [Microsoft Excel, ANOVA].

Results. In our research it was shown that
three studied soil types were different in bio-
genicity by value of the microbial quantity of
different ecological-trophic and some systematic
groups. The highest quantity of prokaryotic
microorganisms was in chernozem, which exceeded
that in dark-kastanozem and sod-podzolic soils by
1.7 and 3.0 times, respectively (Fig. 1). On the
contrary, the highest quantity of micromycetes
was found in sod-podzolic soil — 1.7 - 10° CFU g!
of soil, which was higher than their content in
chernozem and kastanozem soils by 49 and 46 %,
respectively. It should also be noted that pedo-
trophic microorganisms were dominated in the
microbial communities of all studied soils. They
perform transformation of water-soluble humus
fractions. Pedotrophic microorganisms are the
most common group, which adequately images
the general development of soil microbiota; they
play a significant role in the formation of soil ferti-
lity.
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The obtained data results about the development
of microbiota under contaminating conditions
with different toxicant doses showed that the
microbiocenoses of the studied soils are not
resistant to HCB contamination. Phosphate-
mobilizing bacteria and streptomycetes were among
the most sensitive (Fig. 2). Phosphate-mobilizing
bacteria are able to decompose hard-to-reach

Chernozem

Dark-kastanozem

Sod-podzolic

organophosphates to phosphatases and inorganic
phosphates through the production of organic acids
and convert them into phosphorus forms available
to plants. Under the action of a low contamination
dose of 10 MPC, the quantity of these bacteria in all
soil types varied insignificantly, but with increasing
pesticide load, a significant inhibiting of phosphate-
mobilizing bacteria development was observed.
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Fi g. 1. The microbial quantity of ecological-trophic and systematic groups in different soil types

Under the action of contamination dose of
500 MPC in dark-kastanozem and sod-podzolic
soils, their number decreased by 46.1 and 40.6 %
of the control, respectively; less suppression was
observed in chernozem soil — by 23.3 %. At the
highest pollution dose of 10.000 MPC, the quantity
of phosphate-mobilizers decreased in all soil
types: in chernozem — by 47.9, in kastanozem —
by 75 %, in sod-podzolic — by 82.7 % of control,
therefore, the smallest suppression was observed in
chernozem soil (Fig. 2, A).

Streptomycetes are actively involved in soil
processes, such as mineralization and transfor-
mation of organic matter; due to the ability to
synthesize a wide range of biologically active
compounds, they play an important role in the
formation of productive microbial-plant systems
and increase phytopathogens suppression in the
soil [14]. The quantity of streptomycetes at a dose
of 500 MPC in all soil types decreased by 52.5 —
56.2 % of control, and with a further increase in
the dose of contamination from 2500 to 10000
MPC — decreased to critical values by 69.6 — 92 %
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compared to uncontaminated control (Fig. 2, B).
Consequently, phosphate-mobilizing bacteria
and streptomycetes that determined as the most
sensitive microorganisms can be indicators for
monitoring soils contaminated with organochlorine
pesticides.

Amylolytic bacteria involved in transformation
of plant residues have shown slightly greater
resistance to HCB. At a contamination dose of 500
MPC, this group showed the greatest resistance in
chernozem, where there was a lightly decrease in
the quantity of these bacteria by 21 % compared
to control, while in dark-kastanozem and sod-
podzolic soils at the same pollution dose — by
32.8 and 38.0 % respectively. Amylolytic bacteria
showed almost the same sensitivity in different soils
at a contamination dose of 2500 MPC — reduced
their quantity by more than 30 % of the control.
The decreasing in the quantity of amylolytic
bacteria under the action of the highest dose of
contamination (10.000 MPC) ranged from 46.8 to
61.2 % of the control with the highest sensitivity in
dark-kastanozem soil (Fig. 3, A).
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Fi g. 2. The quantity of phosphate-mobilizing bacteria (A) and streptomycetes (B) under the
action of different HCB doses in chernozem (1), dark-kastanozem (2), and sod-podzolic (3) soils

Nitrogen-fixing and oligonitrotrophic bacteria
play an important role in the nitrogen regime
optimizing of soils. The quantity of these
microorganisms in chernozem, dark-kastanozem
and sod-podzolic soils decreased, respectively,
at the dose of 500 MPC by 43, 23.3, 22.5 %, the
middle dose (2500 MPC) — by 51.8, 39, 22.4 %,
and the highest dose (10.000 MPC) — 56.9, 58.1,
74.4 % compared to control (Fig. 3, B).

Ammonifying bacteria that transform organic
nitrogen-containing compounds prevailed in
quantity in dark-kastanozem and sod-podzolic soils
at doses of 500 — 1000 MPC, where there was a

decrease in their quantity by 25.4 — 30.8 and 36.9 —
44 .4 % respectively. Under the action of HCB dose
in the range from 2500 to 10000 MPC, the greatest
resistance of ammonifying bacteria was observed
in sod-podzolic soil where the decrease in the
quantity was not more than 54.6 %. This group was
the most sensitive in chernozem soil — the quantity
decreased by 69.2 % (Fig. 3, C).

Soil micromycetes are actively involved in the
mineralization of organic residues of plants and
animals, as well as in soil formation, synthesizing
melanin pigments, which are similar in structure to
humic compounds [15, 16].
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F i g. 3. Quantity of amylolytic (A), oligonitrotrophic, nitrogen-fixing (B) and ammonifying (C)
bacteria under the action of HCB in chernozem (1), dark-kastanozem (2), sod-podzolic (3) soils
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Micromycetes showed the greatest resistance to
HCB. In chernozem and sod-podzolic soils, their
quantity at the action of HCB doses in the whole
studied range from 10 to 10.000 MPC decreased by
no more than 28 % compared to the uncontaminated
control. Only in dark-kastanozem soil at the highest
dose of 10.000 MPC, their quantity decreased more
than twice — by 62.2 %.

Generalized data on the ratio of the quantity
of cultivated forms of the studied microorganisms
showed that under the action of low contamina-
tion doses (10 MPC) the structure of microbial
communities remains relatively stable in all
soil types. However, the increase in pesticide

load causes significant and irreversible changes
in the ratio of the component quantity in the
microbiocenosis, in particular, in the direction of
increasing the micromycetes content and reducing
the number of phosphate-mobilizing bacteria
(Fig. 4).

Ecological-trophic pedotrophic and nitrogen
mineralization coefficients are indicators of
soil quality and fertility, which express to some
extent the direction of microbiological processes.
Changes in the above indices under the action
of different HCB doses in comparison with
the control were revealed in the studied soils
(Table 1).

1-Pedotrophics
2-Micromycetes
3-Streptomycetes
4-Phosphate-mobilizing
5-Oligonitrotrophics and
nitrogen-fixing
6-Amylolytics
7-Ammonifying bacteria

=10 MPC
—-10000 MPC

—&—control

Fig. 4. Effect of HCB on soil microbiocenoses of chernozem (A), dark-kastanozem (B),
sod-podzolic (C) soils (% to control)

The obtained calculations showed that the
processes of soil organic matter transformation in
chernozem and sod-podzolic soils differed slightly
in the values of pedotrophic coefficients. Under the
action of different doses of HCB changes in the
coefficients were also insignificant. In the dark-
kastanozem soil under the action of HCB in doses
of 1000 — 10000 MPC a decrease in pedotrophic
coefficients with increasing pesticide load was
noted, which indicated the inhibition of organic
matter transformation processes. The indices of
mineralization in the conditions of the conducted
experiment in all soil types did not exceed 2.0,
which confirm the balance of immobilization-
mineralization processes in both control and
contaminated variants (Table 1).
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To determine the dependence between the
quantity of each microbial ecological-trophic
group and the dose of HCB contamination, a
nonparametric Spearman’s rank coefficient (R) was
calculated, showing a reverse relationship between
the above parameters. For soil micromycetes,
streptomycetes, phosphate-mobilizing and
amylolytic bacteria it was negative (R = -0.96 +
+ 0.03) in all soil types. For pedotrophic, oligo-
nitrotrophic and nitrogen-fixing bacteria, the
correlation coefficient ranged from R =-0.64 + 0.03
to R =-0.96 + 0.03, for ammonifying — from R =
=-0.67+0.03 to R =-0.75+ 0.03.

The degree of effect of HCB dose and soil type
on the dispersion of the microbial quantity was
calculated. In the conditions of the experiment
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the decisive impact (61-95 %) on the quantity of
microorganisms had the dose of HCB (factor A),
while the effect of soil type (factor B) was less
significant.

The total biological activity of soils was
characterized by the values of CO, production rate
in native conditions (basal respiration) and with
the addition of easily digestible energy substrate
(substrate-induced respiration) and assessed the
microbial Qr, which is determined by the ratio of the
basal respiration rate to the substrate induced rate.
Qr is an integral indicator of the soil state and its

microbial pool under anthropogenic load. A scale of
Qr indicators, which reflects the physiological state
of microbial community in certain soil conditions
was proposed by Blagodatska et al [11].Thus, the
values of Qr in the range of 0.1-0.2 indicate a
favorable state of the soil microbial community;
Qr values less than 0,1 reflect the reduced activity;
Qr values more than 0.2—0.3 was under adverse
climatic or anthropogenic impacts (Table 2).

The content of microbial biomass is one of
the main microbiological indicators of soil; data
obtained in our study are presented in Table 2.

Table 1
Indices of pedotrophic and nitrogen mineralization in different soils

Experiment Pedotrophic index Index of nitrogen mineralization
version Chernozem | Dark-kastanozem | Sodpodzolic | Chernozem | Dark-kastanozem | Sodpodzolic
Control 2.57+0.08 2.0 =0.06 2.37+0.07 | 1.30 £ 0.04 1.4 +0.04 1.18 £0.04
10 MPC 2.28£0.07 1.92 +0.06 2.35+0.07 | 1.30 £ 0.04 1.38+0.04 1.04 £0.03
500 MPC 1.81 +0.05 1.26 +0.04 2.12+0.06 | 1.60+0.05 1.25+0.04 1.16 = 0.04
1000 MPC | 2.16 +£0.06 0.85+0.03 2.86£0.09 | 1.20 + 0.04 1.22 +0.04 1.51£0.05
2500 MPC | 2.25+0.07 0.82 £ 0.02 2.34+0.07 | 1.60 £ 0.05 1.20+0.04 0.94 +£0.03
5000 MPC | 2.25+0.07 0.79 £ 0.02 2.93+0.09 | 1.60 +0.05 1.13+0.04 1.04 £0.03
10 000 MPC | 2.73 £ 0.08 0.62 £ 0.02 2.85+0.09 | 1.90 +0.06 0.79 £ 0.02 1.38 £0.04
Table 2

The soil respiration and microbial biomass under the action of HCB in different soil types

. ) The soil types
Version of the experiment Chernozem | Dark—kastagozem | Sod-podzolic
The basal respiration, g CO_kg'h!

Control 42+2.16 37.6 £2.04 37.9+2.05

500 MPC 37.3£2.04 29.6 = 1.81 33.8+1.94

2500 MPC 25.4+1.68 24.9 £1.66 32.2+1.89

10 000 MPC 20.8 +1.52 20.1 +1.49 21.8+1.56

The substrate-induced respiration, g CO kg'h’!

Control 111.1 +3.51 112.8£3.54 84.2 +3.06

500 MPC 82.1+3.02 79.0 £2.96 58.3+2.54

2500 MPC 50.9 £2.38 62.2+2.63 522 +241

10 000 MPC 36.7 £2.02 37.6 £2.04 32.7+1.91

The microbial Qr

Control 0.38£0.01 0.33+£0.01 0.45+0.01

500 MPC 0.45+0.01 0.38£0.01 0.58 £0.02

2500 MPC 0.50 £ 0.02 0.40 £ 0.01 0.62 +£0.02

10 000 MPC 0.57 £0.02 0.53 +0.02 0.67 £0.02

The microbial biomass, g kg

Control 47.7+23 51.9+24 31.9+1.88

500 MPC 309+ 1.85 34.1+1.94 17.0 +£1.37

2500 MPC 176+ 1.4 254 +1.68 13.8+1.24

10 000 MPC 11.0+1.1 12.1+1.16 7.5+091
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Discussion. Considering that contamination
of soils with chemical xenobiotics is becoming
threatening today, the study of their impact on
the soil microbiota attracts the attention of many
researchers. Particularly dangerous and banned
for use today are organochlorine pesticides, which
have accumulated in the environment as a result
of their widespread use in previous years, from
the forties (40s) to the end of the 20™ century
[3, 17]. Known literature data about the effect of the
most common organochlorine pesticides on the soil
microbiota indicate that microbial communities are
very sensitive to these compounds reflecting in the
quantity and functional activity [18]. Researchers
from many countries around the world, such as
Canada, Germany, Pakistan and India, have paid
attention to the impact of pesticides, including
organochlorines, on the soil microbiota. The
authors noted a decrease in the quantity of bacteria,
actinomycetes and micromycetes in the soil as
one of the responses to pesticide load [19, 20].
In addition to the above, Indian researchers also
found a decrease in the quantity of cellulolytic and
phosphate-mobilizing microorganisms in response
to the presence of organochlorine insecticides
DDT, endosulfan, hexachlorocyclohexane [21].
The organochlorine pesticides lindane and
dildrin have been shown to be highly toxic for
the representatives of the genus Nitrosomonas,
Nitrobacter and Thiobacillus [22].

Local pollution areas near pesticide landfills
are especially dangerous. The soil microbiota
near an abandoned insecticide factory in Wuhan
was studied, where synthetic preparations based
on DDT, hexachlorocyclohexane, chlorobenzene
and 1,4-trichlorobenzene were manufactured [23].
The level of contamination by residues of these
pesticides was found to be one of the dominant
factors influencing the structure and biodiversity
of the microbiocenosis, significant changes of
which have been recorded at doses of pesticide
load of 1mgekg™! of soil. Rodriguez and Toranzos
[24] studied the microbiota of tropical soils
(Puerto Rico) under the action of lindane, which
was applied at a dose of 100 mgekg'of soil. In the
first 2 weeks of observations, the total quantity of
microorganisms decreased by 50%, which was
correlated with a decrease in the rate of using
carbohydrate substrate. When compared with our
studies, we registered that at the doses from 160
to 800 mgekg™' of soil the quantity of sensitive
indicator phosphate-mobilizing bacteria decreased
by 70—90 %, and more stable amylolytic, nitrogen-
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fixing and ammonifying microorganisms — by
30-50 %.

To a large extent, researchers have paid attention
to the studying the effect of organochlorine
pesticides on the biological activity of soils. The
pesticides are known to affect the microbiocenosis,
disrupt such vital processes as respiration,
biosynthetic reactions [25, 26]. Data on changes
in microbial biomass under the action of
organochlorine compounds are contradictory. Thus,
in research with experimental soil contamination
(Shandong Province) with endosulfan during 9 days
of incubation of samples was observed a decrease
in fungal biomass by 47 %, while bacterial biomass
increased by an average of 76 % [27]. Our study
showed that HCB inhibited the rate of microbial
respiration and the accumulation of microbial
biomass.

Analysis of the available data in the literature
shows that the HCB effect on the soil microbiota
has been studied less than other common
organochlorine insecticides, such as DDT, hexa-
chlorocyclohexane, and endosulfan. HCB has
accumulated in the soil as industrial waste or
impurities in the production of some pesticides
[28]. Thus, it’s part of the total organochlorine
pesticides amount in soils may be slightly less
than DDT and HCH. For example, Chinese
scientists (Hong Kong) studied the presence of
organochlorine compounds in woodland, grassland,
arable land, wetlands and reclamation land. Five
types of banned pesticides have been detected in
soils in a range of reductions in their concentrations:
HCH > DDT > HCB > endrin > endosulfan [29].
However, in Ukraine there are areas with a high
anthropogenic HCB loading [6], so for our country
the study of HCB impact on the ecosystem state is
relevant and necessary. Data on the negative HCB
impact at different doses on the soil microbiota of
chernozem, dark chestnut and sod-podzolic soils in
Ukraine were obtained for the first time.

Thus, the data available in the literature and
the results of our own research indicate that
organochlorine compounds, including chlo-
robenzene, adversely affect microbial groups
of different soil types, but the reaction of the
individual components of microbiota is different
depending on the chemical nature of the toxicant
and soil conditions. Data about the specific
action of these compounds in different soil types
of Ukraine are necessary for the development of
appropriate effective rehabilitation means.

19



Conclusions. Microbiocenoses of chernozem,
dark-kastanozem, sod-podzolic soils in intensive
land use systems are vulnerable to HCB
contamination in doses from 10 to 10,000 MPC.
The most sensitive phosphate-mobilizing bacteria
and streptomycetes can be used as indicators in
monitoring of organochlorine contaminated soils.
Under the action of pesticide loading, microbial
respiration and accumulation of microbial biomass
are suppressed. The negative reaction of microbial
communities to HCB contamination indicates
the need for remediation means to recovery soil
microbiota and fertility.
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Pesrwome

Exomoriuni Hacmiaku 3a0pynIHEHHS TPYHTIB Kce-
HOOIOTHKaMH, TAKUMH SIK XJIOPOPTaHIYHI IECTHIIUIH,
3aJIMIIAI0THCSI MAJIO BUBYCHUMHU. [ ekcaxIopOeH301 €
OJIHIEIO 3 HAWMOMIMPEHIIINX XJIOPOPTaHIYHUX CIIO-
JyK, sIKa BXOIUTH J0 CIHUCKY CTIMKHX OpraHiuHUX
3a0pyJHEeHb, 3a00POHEHUX JI0 BUKOPUCTAHHS 3TiHO
CrokronsMmcbkoi kKoHBeHIiT 2003 poky. AKTyajIbHUAM €
JIOCTIJDKCHHS BILTHBY T'eKCaxJIOpOESH30/Ty Ha IPYHTOBI
MIKpOOIOIIEHO3H, AKTUBHICTD SIKUX € 3HAUYIIOK0 JJIs
eKoJIoro-(hyHKIIOHAIBHUX XapaKTePUCTHK IPYHTIB.
Meta po6oTH. Bu3zHaueHHs BIUIUBY I'eKCaxJIOpOCH-
30Jy Ha I'PYHTOBY MiKpOOiOTy YOPHO3EMHOTO, TEM-
HO-KaIITAaHOBOTO 1 JAEPHOBO-III30IMCTOTO TPYHTIB
arporeHo3iB YKpaiHu y iIHTEHCHBHHUX CHCTEMax 3eM-
nepobcTBa. O0’€KTOM JOCIIHKEHHS Oyl MiKpOOHI
yIPYHOBaHHS TPHOX TUIIB IPYHTIB; MPEIMETOM JI0-
CJIIJDKEHHS — peakiisi MikpoOHOTO 1IeHO3Y Ha 3a0pyi-
HEHHs pi3HUMH J103aMu rexcaxiopoenzony (I'XB).
MeTtoan. MozenbHi 1abOpaTOpHi EKCIIEPUMEHTH, Mi-
KpoOioJoriuHi (BU3HAUEHHSI YHCEIBHOCTI MIKpoopra-
HI3MIB Ha arapu30BaHUX MOKWBHUX CEPEIOBHIIAX),
XiMi9HI (aacOopOmidHUI MeTOo ISl JIOCIIIKeHHS
0a3aJbHOTO 1 CyOCTpaT-iHyKOBAaHOTO AUXAHHS IPyH-
TOBOI MiKp0o0OioTH), cTrarucTuyHi. Pe3yabraTn. Bu-
3HAUEHO 3BOPOTHIO 3aJISKHICTh YHUCETBHOCTI MIKpPO-
OpraHi3MiB OKPEeMHUX TPYIT BiJI 103U 3a0py/THEHHS, 1110
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IM1ITBEP’KEHO 3HAYCHHSIMH KOS(DIIIEHTIB KOPEISIIil
Crnipmena y aiamasoni Big -0,64 mo -0,96. ¥V nocui-
JDKEHUX IPYHTaxX BCIX THIIIB HaHOIIBII Y4yTIMBUMHU
JI0 Tekcaxiopoensony Oymu dochaTrmMoOimi3yBanbHi
Oakrepii 1 crpenrroMinieTr. KinbkicTh Gocharmobdimi-
3yBaJIbHUX OaKTepii 3a MAKCUMAJILHOI JI03U 3a0py/-
HenHs 10000 rpaHUYHO TOMTYCTHUMHX KOHIIGHTpAIlii
(IAK) 3MeHmIyBanach y 4OpHO3EMHOMY, TEMHO-Ka-
IITAHOBOMY 1 IEPHOBO-MIA30JIMCTOMY IPyHTax Bif-
noBigHO Ha 48, 75 1 83 % Bin koHTpOMI0. KinbKicTh
cTpenTominetis 3a i 103 500—-10000 [JIK 3HmKYyBa-
Jach JI0 KPUTUYHHX MMOKA3HUKIB 1 cTaHoBmiIa 8—30 %
BiJl 3HaY€Hb y He3a0pyAHEHOMY KOHTpoOIi. Makcu-
MajibHE 3MEHIICHHS YUCEIbHOCTI OJIrOHITPOTpOd-
HUX 1 a30TdikcyBanbHUX OakTepiil (Ha 57-74 %) y
JOCITIPKYBaHUX TPYHTAX BIIMIYCHO 3a Ji1 HAMBHIIOT
no3u 3abpynaenHs 10000 I['JIK. KinpkicTh aminomi-
THYHUX OakTepii 3a g03u 500 ['JIK 3meHmyBanace Ha
21-38 %, 3a 10000 TJIK — Ha 47—61 % BiJl KOHTPOITIO.
AmoHi(ikyBanbHI 6aKkTepil NepeBakaiu 3a YHCEIb-
HICTIO Y TEMHO-KaIITAHOBOMY 1 JIEPHOBO-ITi/I30JICTO-
My IpyHTax npu go3ax 500-1000 IAK, xe Binmivann
3HIDKEHHS iX KiIbKocTi Ha 25,4-30,8 ta 36,9—44,4 %
BiMOBiIHO. HalOuIbIly pe3uCTEeHTHICTh aMOHI-
(ikaTopiB crocTepiraiu y IepHOBO-IIA30IUCTOMY
rpyHTi. IpyHTOBI MIKpOMILIETH TIPOAEMOHCTPYBAIH
HaOIIbIy CTIHKICTH 710 rekcaxjaopOeH3ony. Y dop-
HO3EMHOMY 1 JIEpPHOBO-TIA30JIUCTOMY IPYHTaX 1XHs
qucenbHICTh 32 Jii [ Xb y BcboMy TOCIIKYBAaHOMY
JiamasoHi 103 3MeHIInIachk He Olnbme, sk Ha 37 %
MOPIBHSAHO 3 He3a0pyIHEHUM KOHTposieM. BmicT wmi-
KpoOHOT OioMacu € OHUM 3 OCHOBHHUX MiKpoOioso-
TYHUX IHANKATOPIB IPYHTY. 32 €KCIEPHUMEHTAIBHOTO
3a0pyaHeHHs pisHUME o3amu [ Xb BMicT MikpoOHOT
Oiomacu 3MeHInyBaBcs y 1,5-4,3 pa3u MOpiBHSHO 3
koHTpojeM. KoedinienTn nenorpodHOCTI 3acBiT4uu-
JM TIPO Te, 10 IpolecH TpaHcdopmalii opraHigyHoi
PEYOBHHU Y YOPHO3EMHOMY 1 A€PHOBO-IT1A30IUCTOMY
3a0py/IHEHUX TPYHTAX HECYTTEBO BiAPI3HSIMCH Bij
KOHTPOJIO, Y TEMHO-KAIITAaHOBOMY TPYHTI 31 30116~
IICHHSM TECTUINIHOTO HaBaHTa)KEHHS BOHU TIPH-
THIYYBaJIMCh. [HIEKCH MiHepaJi3allii a30Ty He mepe-
BuiyBanu 2,0, o CBIIYMIIO TIPO 30aIaHCOBAHICTh
mnpoueciB iMo6inizarnii-minepanizamii sk y KOHTp-
OJIbHMX, TaK 1 3a0pyAHEHUX BapiaHTax. BHCHOBKHU.
Mikpo06ioneH03: YOPHO3EMHOTO, TEMHO-KAIITaHO-
BOTO, JICPHOBO-ITi/I30JIACTOTO IPYHTIB Y IHTCHCUBHUX
arpoIeH03ax BPa3JUBi 10 3a0pyIHEHHS TeKCaXIIOP-
6ensonom y mo3ax Big 10 go 10 000 TAK. Haiibinbm
gy TIuBi — (ocdarmobinizyBanabHi OakTepii 1 cTpen-
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TOMILIETH — MOXXYTh OyTH BUKOPUCTaHI K 1HAMKA-
TOPHI Y MOHITOPHUHTY I'PYHTIB, 3a0pYy/THEHUX XJIOPOp-
ra”gidyHuMy nectunuaaMu. I ai€r0 neCTULAHOTO
HaBaHTaKCHHS NMPUTHIYYIOThCS MIKpOOHE TUXaHHS i
HAKOITMYEHHS MiKpoOHOT Oiomacu. HerarnBHa peak-
Iis MIKPOOHMX YIpyrnoBaHb Ha 3a0pyJAHEHHS TeKCax-
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