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Impact of military activities
on the biogenicity of southern chernozem

Abstract. Among a number of significant problems that have arisen as a result of military
operations on the territory of Ukraine is the degradation of soils, which requires finding ways to
accelerate the processes of their recovery after damage. The purpose of the study was to assess
the biogenicity indicators of the state of southern chernozem and low-humus sands under military
influence and the use of a recovery complex, which consisted of organic fertiliser Parostok and
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bacterial-metabolic preparation Ultrachist. The research methods included laboratory analysis of
samples using microbiological seeding on media suitable for microorganisms of ecological-trophic,
functional, and taxonomic groups, and statistical data processing to determine the reliability of
discrepancies. The conducted studies indicated a significant negative impact on the density of
populations of soil microorganisms of southern chernozem from rocket hits and low-humus sands
from fires as a result of military operations. The number of representatives of the native microbiota
in soils has tripled after the military impact. The biogenicity indicators of southern chernozem and
low-humus sands decreased by 77 and 4.9 million CFU/g of dry soil (2.6 and 2.3 times), respectively,
compared to the control. The restoration complex contributed to the growth of soil biogenicity in all
variants of the experiment. In the damaged samples, the increase in indicators under the action of
the recovery complex was higher than in the control samples. The use of the recovery complex in the
background southern chernozem conditions increased the biogenicity of the soil by 4.2 times, and
after a missile hit - by 6.1times. In the slightly humus-rich sands of forest lands under the influence
of the restoration complex, an increase in its biogenicity was observed by 1.9 times, while in the
sample after pyrogenic exposure by 9.9 times. The proposed recovery complex based on organic
matter and beneficial microorganisms can be considered as a stabilisation factor that will activate
the microbiota of degraded soil for the restoration of soil ecosystems

Keywords: soil microorganisms; low-humus sands; impact of military operations; degradation of the

microbiocoenosis; recovery complex

INTRODUCTION

Chernozem soils are unique in their morpho-
logical, physical, and chemical characteristics
and perform versatile functions, in particular,
productive, biospheric, ecological, and social.
The military actions of recent years have af-
fected all links of ecosystems on the territory of
Ukraine. The negative consequences of military
influence on the condition of soils are associ-
ated with mechanical damage to their natural
structure, the ingress of chemicals, in particular
heavy metals and petroleum products, which
leads to long-term deterioration of soil quality
and loss of its productive properties. First of all,
the soil microbiota responds to changes in con-
ditions, which is a key component of ecosystems
and an indicator of soil condition. Studies of soil
microorganisms are relevant, as they allow as-
sessing the processes occurring in degraded
soils, and the search for ways to increase micro-
biological activity will improve the condition of
the soil and, as a result, restore soil ecosystems.

Studies of the soils of Ukraine after a
full-scale invasion and intensification of mil-
itary operations show that more than 5 mil-
lion hectares of chernozems alone have un-
dergone military degradation, as noted by
S. Balyuk et al. (2023) and S. Balyuk et al. (2025).

O. Dmitrenko et al (2023) in their research
showed that soil degradation due to the use of
mortar weapons was confirmed by the presence
of heavy metals after a year of observations. The
damage caused by the war to the environment
reaches tens of billions of USD (Hryhorczuk et
al., 2024). Soils that have been degraded as a
result of destruction, fires, chemical and other
types of pollution require active actions in find-
ing ways to restore them.

The role of both aerobic and anaerobic mi-
croorganisms in bioremediation of heavy met-
al-contaminated soils is known, which is based
on the ability of some representatives of the
microbiota to absorb, deposit, or change the
valence of heavy metals, which allows reducing
their concentrationin the soil to a safelevel (Abo-
Alkasem et al.,, 2023; Galkin et al., 2024). A. Dani-
al & F Dardi (2023) proved that there are known
bacteria that have the ability to biosorb metals,
which reduces their movement and toxicity
in the soil. The study by A. Johnsen et al. (2021)
pointed to the ability of destructive microorgan-
isms to promote the restoration of diesel-con-
taminated soils even at low temperatures.

The soil microbiota is sensitive to various
factors, soitis an indicator of changes that occur
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under their influence (Goulart et al., 2025). Soil
biogenicity is one of the most important indica-
tors of the activity of microbiological processes
of metabolism and energy in the trophic chains
of the soil biocoenosis. Therefore, increasing
the activity of the soil microbiota is an impor-
tant area of research that has great prospects in
solving the problem of restoring degraded soils,
research aimed at restoring microbiological bal-
ance is particularly relevant, since it is micro-
organisms that are the initial link in restoring
trophic connections in soil ecosystems.

Since the natural processes of reclamation
of contaminated soils are long-term and often
insufficiently effective, there is a need to use
biological means that can accelerate these pro-
cesses. The paper by V. Vakhnyak et al. (2025)
emphasised that the restoration of degraded
soils is a strategically important factor in ensur-
ing the country’s food security, especially in the
face of increasing anthropogenic and military
loads. The researchers proved that degradation
processes negatively affect not only soil fertility,
but also the stability of agroecosystems in gen-
eral, so the introduction of effective biological
methods of restoration is key to preserving the
productive potential of chernozems. The paper
noted the expediency of using organic and bi-
ological preparations that can activate micro-
biological processes, improve the structure of
the soil and restore its ecological functions. It is
known that the use of organic fertilisers in com-
bination with microbial preparations has a posi-
tive effect on the activation of the soil microbiota
and accelerates the restoration of biological bal-
ance in degraded ecosystems.

Therefore, the purpose of the study was to
evaluate the effectiveness of combined applica-
tion of organic fertiliser Parostok and biological
preparation Ultrachistin restoring damaged and
contaminated soils, in particular, by stimulating
microbiological processes, increasing biogenic-
ity, and improving the physical and chemical
properties of chernozems. The objective of the
study was to determine the extent to which these
preparations can enhance the metabolic activity
of soil microbiota, promote the detoxification of
pollutants, and restore the natural productivi-
ty of soil, which is crucial for the rehabilitation
of ecosystems affected by military operations.
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MATERIALS AND METHODS

The study was conducted during 2023-2024,
which allowed tracing the dynamics of recovery
processes in soils after applying organic fertil-
isers and biologics. Organic fertiliser Parostok
was used to restore and increase humus re-
serves, improve the phytosanitary condition of
soils, and reduce the negative anthropogenic
impact of chemical pollutants. It accumulated
a large number of macro- and microelements,
biologically active substances, and a balanced
symbiotic consortium of effective microorgan-
isms. In turn, the biologic Ultrachist is a bacterial
and metabolic agent containing highly effective
natural strains of microorganisms, which in a
stable symbiosis with each other can decom-
pose pesticides, toxic and explosive substances,
and hydrocarbons of oil and petroleum prod-
ucts. It was designed for detoxification and re-
mediation of environments contaminated with
organic and chemical substances. In addition,
the biological product acts not only as a direct
destructor of pollutants, but also as an activator
of biological destruction, since it can stimulate
the native microbiota, which accelerates pro-
cesses several times. The study took into consid-
eration the impact on the environment, as out-
lined in the Universal Declaration on Bioethics
and Human Rights (2005).

Theresearchwas conducted atthe Ukrainian
Laboratory for Quality and Safety of Agricultural
Products at the National University of Life and
Environmental Sciences of Ukraine. Soil sam-
pling from locations that represented different
types of environmental violations was carried
out in the Mykolaiv region: southern chernozem
from residential territory of Snihurivka Territo-
rial Community and soil contaminated with pes-
ticides as a result of a rocket hit in a warehouse
with toxic chemicals; low-humus sands of the
Halytsynove forest and forest lands after fires
as a result of armed conflict. Organic fertiliser
Parostok, supplemented with bacterial-meta-
bolic biological product Ultrachist, was used as a
restoring complex (RC). The model experiments
were conducted in triplicate in 500 cm3 vessels
with 0.3 kg of soil and the calculation of prepa-
rations in accordance with the recommended
application rate: organic fertiliser Parostok -
4t/ha, Ultrachist - 10 cm3 of working solution per
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1dms3 of soil. Microbiological seeding was carried
out after 7 days of composting at a temperature
of 25°C and humidity of 55-70%. The study was
conducted according to the following scheme:
control 1 - residential areas near the zone af-
fected by rocket strikes; pesticide contamination
due to rocket strikes on a pesticide storage facil-
ity in a residential area; control 2 - forest land
that did not undergo pyrogenic impact; forest
land after fires caused by armed conflict. RC was
added to each of the options.

The number of microorganisms of various
taxonomic (bacteria, including actinobacteria,
and microscopic fungi (micromycetes) and eco-
logical and trophic groups (pedotrophic, am-
monifying, amylolytic, oligotrophic, oligoaz-
otrophic microorganisms, etc.) was determined
by seeding soil cultures on appropriate nutrient
media. For the total number of bacterial coeno-
sis (pedotrophs) - soil agar was used, ammo-
nifiers - meat-peptone agar, oligoazotrophs -
Ashby medium, amylolytics - starch-ammonia
agar, phosphatmobilisers - Menkina medium,
oligotrophs - starvation agar, humatrophs -
humate agar, actinobacteria - potato-glucose
agar, micromycetes - Czapek medium. The
composition of media was generally accept-
ed in soil microbiology (Volkogon et al., 2010).
The number of microorganisms was expressed
in colony-forming units (CFU) per 1 g of abso-
lutely dry soil. The humidity of soil samples was

determined by the thermostatic-weight meth-
od to recalculate the obtained number of col-
onies at a certain dilution of soil suspension.
Mathematical statistics methods were used to
calculate the confidence interval of the number
of microorganisms.

Assessment of the course of processes oc-
curring in the soil was determined using micro-
biological indicators of total biological activity
(biogenicity = cultural nitrogen-fixing activity
(NFA) + mineralising activity (MPA) + Ashby bac-
teria (Ashby) + humate-decomposing microor-
ganisms (HA), min CFU/g of dry soil), nitrogen
pool mobilisation coefficient (KMAF = (MPA +
NFA) / (Ashby + HA)) (Rieznik, 2021), mineralisa-
tion coefficients and indices and nitrogen im-
mobilisation (K min = NFA / MPA), oligotrophy
(K olig = HA / MPA), oligoazotrophy (K oligaze =
Ashby/MPA).

RESULTS AND DISCUSSION

Soil damage as a result of military operations
led to a decrease in the population density of
the ecological-trophic and taxonomic groups
of microorganisms under study. The native mi-
crobiota of southern chernozem decreased by
34 times due to a rocket hit on an agrochem-
ical warehouse (Table 1). Pyrogenic effects on
the low-humus sands of the Halytsynove forest
also affected a decrease in the number of pe-
dotrophs, three times compared to the control.

Table 1. Number of microorganisms of the main ecological,
trophic, and taxonomic groups in soil samples

A)
Number of microorganisms by group, million CFU/g of dry soil
Variant e . A . phosphate . .
ammonifying | amylolytic | pedotrophic mobilising oligoazotrophic
Control 1 = background soil near the | g,y | 13:+008 | 2.7:0.22 0.4+0.01 3.940.22
area affected by rocket impact
Control 1 + Recovery Complex (RC) 13.8+0.11 11.5+1.76 15.7+0.15 21.9+0.16 17.5+0.45
Contaminated with pesticidesand | 1, 505 | 031003 | 08+0.07 0.5+0.05 0.5+0.05
explosives after a rocket hit
Contaminated with pesticidesand | 155,649 | 14001 | 61033 | 13.7:0.46 3.1+0.15
explosives + RC
Control 2 —forest areas
(background — in the absence of fire 0.2+0.01 2.0+£0.09 0.9+0.06 0.2+£0.02 2.1+£0.06
exposure)
Control 2 + RC 4.1+0.3 3.3£0.04 6.6+0.2 1.5+0.09 4.6+0.23
Forest lands after fires 0.6+0.02 0.1+0.01 0.3+0.03 0.41£0.03 0.2+0.02
Forest lands after fires + RC 12.6+0.07 6.9+1.62 9.7+0.26 8.0+£0.43 8.810.21

«)
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Table 1, Continued

B)
Number of microorganisms by group
Variant million CFU/g o:‘dry stO|I thousand CFU/g of dry soil
oligotrophic uma e- cellulolytic | actinobacteria | micromycetes
decomposing
Control 1 = background soil near the | o o, o) | 47030 | 309+369 | 350.4+6.67 | 3214058
area affected by rocket impact
Control 1 + Recovery Complex (RC) 10.9+0.11 16.0+0.53 34.9+0.75 1.061.5+5.29 80.7+22.28
Contaminated with pesticidesand |, , 519 | 351059 | 61011 | 384153 24.5:1.0
explosives after a rocket hit
Contaminated with pesticidesand | 135,596 | 70+030 | 1564075 | 2542137 | 1384115
explosives + RC
Control 2 —forest areas
(background — in the absence of fire 4.4+0.16 2.6+0.06 13.6+1.56 43.2+1.53 90.6+1.53
exposure)
Control 2 + RC 4.6+0.07 5.6+0.40 27.7+1.33 335.1+£2.65 135.0+2.52
Forest lands after fires 2.9+0.46 1.5+0.06 3.1+0.09 97.2+5.57 119.6+0.58
Forest lands after fires + RC 9.2+0.39 10.1+0.33 13.7+1.32 269.6+1.15 100.6+5.51

Source: compiled by the authors

Studies of the effect of the proposed recov-
ery complex on the number of microorganisms
revealed significant changes in indicators that
depended on the initial sample (Table 1). All
groups of microorganisms that showed an in-
crease in their number, especially in damaged
soils, were sensitive to the introduction of the
recovery complex. Thus, the number of micro-
organisms that absorb organic nitrogen in soil
contaminated with pesticides and explosives
undertheaction of RCincreased by 5.8 times and
by 21 times in samples of forest land after fires.
The same trends of increase of 4.6 and 69 times,
respectively, were observed in the number of
microorganisms that assimilate mainly min-
eral forms of nitrogen, and in the pedotrophic
microbiota, where the increase in their number
was 7.6 and 32.3 times, respectively, when using
the recovery complex. Exceptions were groups
of ammonifying and phosphatmobilising mi-
croorganisms in the organic-depleted soil of
forest lands under the influence of fires.

The reaction of microorganisms capable of
converting soil phosphates was different with a
negative military effect, while the addition of RC
also contributed to a 27.4-fold increase in their
numbers in relation to contaminated soil and a
20-fold increase in forest land after fires. Diaz-
otrophs play an important role in the nitrogen
cycle. Their introduction into agrocoenoses is

Plant and Soil Science 17(1)

one of the priorities of agricultural microbiology
(Kozar, 2021). The sensitivity of nitrogen-fixing
bacteria to contamination affected their num-
ber by a decrease of 7.8 times, while the addition
of RC brought the indicators closer to the back-
ground soil (3.1 million CFU/g of dry soil). Forest
fires reduced their number in low-humus sandy
soil by 10.5 times, and RC provided an increase of
44 times compared to the control.

The missile hit, which caused contamina-
tion of southern chernozem with pesticides, af-
fected a decrease in the number of oligotrophs
and humate-decomposing microorganisms
by 2.7 and 1.3 times, respectively (Table 1B). The
recovery complex contributed to an increase in
the number of microorganisms of these groups
by 6.7 and 2.0 times, respectively, compared to
contaminated soil. Fires of forest lands also neg-
atively affected their number, while under the
action of RC, there was an increase in indicators
by 3.1 and 6.7 times, respectively, compared to
damaged soil.

An important role in enriching soils with
organic matter is played by microorganisms
that have the ability to decompose cellulose.
Highly active cellulolytic microorganisms that
have a complex of useful properties, in particu-
lar protective action, are potential bioagents of
drugs for use in environmentally friendly agri-
cultural technologies. When using the reducing
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complex, the number of microorganisms that
decompose cellulose increased in controls 1and
2 by 11 and 2 times, while in damaged soils this
increase was more significant and amounted to
2.6 and 4.4 times, respectively. In the soils of con-
trols 1and 2, when exposed to VC, there was also
an increase in the number of micromycetes by
2.5 and 1.5 times, respectively, while in damaged
samples it was observed to decrease.
Actinobacteria are an important component
of the soil microbiota, have a wide range of bene-
ficial properties and are widely used in biotech-
nology, as noted by I. Levchuk et al. (2022) and
M. Loboda et al. (2024). Among this taxonomic
group, there are representatives that are able to
decompose resistant herbicides that are dan-
gerous to the environment, and thus act as po-
tential bioremediation agents (Rebai et al., 2024).
Under conditions of pollution, there was a sig-
nificant decrease in their number by 94 times

80
70
60
50
40
30
20
10
, I

Control 1

million CFU/g of dry soil

pesticide contamination

to the background soil, but the introduction of
a recovery complex stimulated their partial re-
covery by 6.6 times to the contaminated soil.
No less important is the ecological role
of actinobacteria in soil recovery after fires.
S.Jiang et al. (2025) in their studies showed that
in soils exposed to pyrogenic effects, actinobac-
teria can become dominant. In forest soils after
fires caused by armed conflict, their numbers
were higher than the background level, reach-
ing 97,200. CFU/g of dry soil, which increased 2.8
times under the action of RC. The negative im-
pact of the missile hit affected a decrease in the
biogenicity of southern chernozem by 7.7 mil-
lion CFU/g of dry soil and 2.6 times compared
to control 1 (Fig. 1). Fires as a result of military
operations at the location of the Halytsynove
forest also significantly reduced the biogenicity
of low-humus sands by 4.9 million CFU/g of dry
soil, which was 2.3 times in relation to control 2.

M Original

with recovery complex

Control 2

I
after fires

Figure 1. Soil biogenicity under military action
and the use of a recovery complex, million CFU/g of dry soil
Note: control 1 - southern chernozem near the zone of impact of a missile hit in a warehouse with agrochemicals;
control 2 - low-humus sands of forest land with no impact from fires

Source: compiled by the authors

The restoration complex contributed to the
growth of soil biogenicity in all variants of the ex-
periment. In addition, the growth rate was high-
er in the damaged samples than in the control
soil. Thus, RC in the conditions of background
southern chernozem (control 1) provided an in-
crease in soil biogenicity by 4.2 times, while after
a missile hit - by 6.1 times. The same trends, but
with a larger gap, were also observed in low-hu-
mus forest fands: 1.9 times in control 2 and 9.9
times in samples after fires as a result of armed
exposure. One of the most important indicators
of the biological component of soil is microbial

o)

biomass, which also responds sensitively to
changes occurring in the pedosphere. The mil-
itary impact affected the reduction of biomass
of soil microorganisms, while the recovery
complex reduced the negative impact of factors
(Melnychuk et al., 2025). Biogenicity is closely re-
lated to microbial biomass values, as evidenced
by the Pearson correlation coefficient, which
was in the range of 0.68 in control 2 with the ad-
dition of RC to 1in samples of low-humus forest
sands after fires as a result of armed exposure.

The calculation of indices allows assessing
the intensity and course of processes occurring

Plant and Soil Science 17(1)
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in soils under the influence of certain factors.
The military impact caused a violation of the
direction of microbiological processes of the
studied soils, which affected a decrease in the
indicators of most indices and coefficients. The

coefficient of mineralisation and immobilisa-
tion in southern chernozem was at the level of
0.68, pollution caused its decrease by 4.9 times,
which indicates the suppression of mineralisa-
tion processes (Table 2).

Table 2. Orientation of microbiological processes in soil samples

Indexes and coefficients
2. £ 5
£ | 2 |s§| 2|5 c g
£ 2 |85 5 |558/ELE
Variant S| 8§ |E2 S E&z|SsTE
S | £ |25 £ 228 8k
5 5 |Se| @ |[EE2g|20¢C
T 2 |§E| 8§ 8°T|EEg
2| © |£E| & | E g 6
E = -
Control 1 — background soil near the area affected by rocket impact | 1.42 | 2.89 | 0.68 | 2.05 0.34 4.67
Control 1 + recovery complex (RC) 1.14 | 0.79 | 0.83 | 1.27 0.89 30.36
Contaminated with pesticides and explosives after a rocket hit 0.38 | 0.95 | 0.14 | 0.23 0.96 168.8
Contaminated with pesticides and explosives + RC 0.50 | 1.11 | 0.11 | 0.25 0.82 118.51
Control 2 — forest areas (background —in the absence of fire 45 220 | 100 | 105 034 0.22
exposure)
Control 2 + RC 1.61 | 1.12 | 0.80 | 1.12 0.8 9.19
Forest lands after fires 0.50 | 4.83 | 0.17 | 0.33 0.23 4.2
Forest lands after fires + RC 0.77 | 0.73 | 0.55 | 0.7 1.08 35.6

Source: compiled by the authors

The introduction of the complex contribut-
ed to an increase in the coefficient of minerali-
sation and immobilisation by 3.2 times in condi-
tions of low-humus sands damaged by fires as a
result of military operations, which indicates the
activation of the nitrogen cycle. Contamination
with pesticides and explosives after a missile hit
had a different effect on the coefficients of nitro-
gen reserves mobilisation and microbial trans-
formation of organic matter, where the increase
inindicators was 2.8 and 35.7 times, respectively.
The use of the recovery complex has somewhat
stabilised the situation, with low indicators in-
creasing and decreasing at high indicators.

The soil microbiota is an important com-
ponent of healthy ecosystems and can play
an essential role in restoring degraded soils,
contributing to increasing their biodiversi-
ty, functionality, and sustainability (Peddle et
al, 2025). T. Krell et al. (2023) proved that mi-
croorganisms are exposed to various influences
in natural niches and are sensitive to changes
in living conditions. O. Demydenko (2021), in-
vestigating the correlations of ecological and
trophic groups of soil microorganisms with soil
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fertility, showed that the increase in biogenicity
due to the increase in the number and activity
of ammonifying, amylolytic, pedotrophic, olig-
otrophic microorganisms and a decrease in the
activity of humate-decomposing groups of mi-
croorganisms ensures the reproduction of hu-
mus in the conditions of podzolized chernozem.
The practical use of microorganisms, combining
them into suitable complexes for their intended
purpose, enhances their functional activity and
provides greater stability and efficiency (Tyto-
vaetal.,, 2023). Therefore, the study of the micro-
biota of degraded soils and the search for ways to
regulate its activity is one of the priority areas in
present-day conditions.

Thus, the conducted research showed that
military exposure in the form of rocket hits, fires,
and pollution with pesticides and explosives sig-
nificantly reduces the number and activity of
most ecological-trophic and taxonomic groups
of soil microorganisms, disrupts the biogenicity
and microbial biomass of soils, and also nega-
tively affects the key indicators of mineralisation
and immobilisation of organic matter. However,
the use of the reducing complex contributed
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to a significant restoration of the abundance
and functional activity of the microbiota in all
groups, especially in degraded soils, increased
nitrogen mobilisation coefficients, and stabi-
lised mineralisation processes. The results show
that the integrated use of biological and organic
components is an effective approach for the re-
habilitation of damaged soils, increasing their
productivity and environmental sustainability,
which is important for the restoration of affect-
ed agroecosystems and forest lands.

CONCLUSIONS
The conducted studies indicate a negative mil-
itary impact on the microbiota of southern
chernozem, which is sensitive to various envi-
ronmental factors, which affected a significant
decrease in the population density of the main
ecological-trophic, taxonomic, and function-
al groups of soil microorganisms. The number
of representatives of the native microbiota in
soils after military exposure decreased by 3-3.4
times. Indicators of biogenicity of southern
chernozem decreased by 77 million CFU/g of dry
soil, or 2.6 times compared to the control. Fires
as a result of military operations at the location
of the Halytsynove forest also significantly re-
duced the biogenicity of low-humus sands by 4.9
million CFU/g of dry soil, which was 2.3 times in
relation to the control. A decrease in the number
of representatives of the microbiota of ecologi-
cal-trophic, functional, and taxonomic groups
indicates a violation of the biological activity of
the soil and the nutrient cycle. The restoration
complex contributed to the growth of soil bio-
genicity in all variants of the experiment. In the
damaged samples, the increase in indicators
under the action of the recovery complex was
higher than in the control samples. The use of RC
in the conditions of background southern cher-
nozem provided an increase in soil biogenicity
by 4.2 times, after a missile hit - by 6.1 times. In

the low-humus sands of forest lands under the
influence of the recovery complex, an increase
in biogenicity was observed by 1.9 times, while in
the sample after fires due to armed conflict - by
9.9 times.

Consequently, military operations caused
a sharp load on the soil, which affected the de-
crease in the number of microorganisms, inhi-
bition of biological activity, and degradation of
the microbiocoenosis.

The use of the recovery complex can be
considered as an environmentally safe means
and a stabilising factor that will activate the soil
microbiota to play an important role in the res-
toration of both soils and soil ecosystems. The
prospects for further research are to investigate
the long-term impact of restorative complexes
on the stability of microbiocoenosis, assess their
effectiveness in various soil types and climatic
conditions, and to develop optimal combina-
tions of microorganisms and organic compo-
nents to increase soil resistance to anthropo-
genic and military stresses. Special attention
should be paid to determining the mechanisms
of detoxification of pollutants and restoration of
trophic chains, which will create scientifically
based recommendations for the rehabilitation
of affected agroecosystems and forest lands.
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Melnychuk et al.

6i0reHHOCTi CTaH YOpPHO3€eMy IMiBAEHHOIO i cIaboryMycoBaHUX ITiCKIiB 38 MiIiTAPHOTO BILIUBY
Ta BUKOPUCTAHHS BiHOBIIOBAJIBHOTO KOMILIEKCY, IKMI CKJIAJaBCA 3 OpraHiuHHOrO mo6prBa
[TapocToK i 6akTepiasbHO-MeTaboNMIYHOrO MpernaparoMy YIBTPadyuCT. MeTOAU AOCIiIyKeHHS
BRJTIOUaIMJIa60paTOpHUM aHai33pa3KiB, 3aCTOCOBYIOUN MIKPO6ioNOTIYHUM ITOCIBHA CEPEIOBHUIIA,
BiATIOBiZHI 119 MiKpOOpraHi3MiB eKosoro-TpodiuHux, PyHKIIIOHANTBHUX i TAKCOHOMIUHUX I'PYII,
Ta CTATUCTUYHY O6pO6Ky maHUX [Jif BU3HAUEHHs LOCTOBIpHOCTI po36ikHOCTel. [IpoBeneHi
IoCHimKeHHs CBifYaTh PO 3HAUYHMN HeraTMBHUM BIUJIMB Ha LIiIBHICTE MOMYJIALIN I'PYHTOBUX
MiKpOOpTaHi3MiB YOpHO3eMY ITiBIEHHOTO BiJi pAKETHOrO BIyYaHHd Ta CJ1ab0TryMyCOBaHUX ITiCKiB
BiJl IOJKEXK BHACTIAOK BOEHHMX AiM. KiBbKiCTh TpefcTaBHUKIB abopUreHHOoi MiKpo6ioTH y IpyHTaX
ITicJIs MiTiTapHOTO BIIMBY 3MEHIINIIACS YTpUYi. [ToORa3HUKY 610Te HHOCTI YOpHO3eMy TiBJIEHHOTO
i cmaboryMycoBaHuX MiCKiB 3a3HA/IN 3HUKEHHA Ha 7,7 Ta 4,9 MiH KVO/r cyxoro rpyuTy (2,6 i 2,3
pasiB) BiATOBiAHO, MOPIBHAHO 3 KOHTPOJIEM. BiTHOBIIOBaIBHUN KOMIUIEKC CIIPUSB 3POCTaHHIO
H6ioreHHOCTI I'PYHTY B ycix BapiaHTax JocCiiny. V MOIMIKOAKEHUX 3pa3Kax 3pOCTAHHSA IIOKa3HUKIB
3a Aii BiTHOBIIOBAJIBHOTO KOMILJIEKCY 6YJI0 BUIIUM, HDK ¥ KOHTPOJIBHUX. 3aCTOCYBAaHHS B YMOBaXx
bOHOBOrO YOpHO3€eMy ITiBJEHHOTO BiZHOBIIOBAJIBHOIO KOMIUIEKCY 3abe3rnednsio 36ibleHHs
6ioreHHOCTI I'pyHTY B 4,2 pasiB, mic/isg paKeTHOTO BAyYaHHS — B 6,1 pa3iB. V ciaboryMmycoBaHmx
ricKax JIiCOBUX YTiJib ITif] BIUIMBOM BiIHOBJII0BaJIBHOT'O KOMILUIEKCY CIIOCTepiraau 3poCTaHHs MOro
6ioreHHOCTi B 1,9 pa3iB, TOZi AK y 3pa3Ky MicJis MiporeHHOTO BIUIMBY B 9,9 pa3iB. 3alIporioHOBaHUN
BiZHOBJIIOBANIBHUYM KOMILJIEKC Ha OCHOBI OpraHiyHOI peYOBUHU Ta KOPUCHUX MiKpoOopraHizmis
MOXKe pO3INIANATUCh, K CTabimizamiiHUM YMHHUK, IO JO3BOJUTH AaKTUBi3yBaTu MiKpobioTy
Jlerpa/ioBaHOrO I'PYHTY [JIF BiITHOBJIEHHS I'PYHTOBUX €KOCUCTEM

KniouoBi cnoBa: IpyHTOBI MiKpoOpraHi3mMy; ciaaboTyMycoBaHi ITICKY; BIUIMB BOEHHUX IiM;
Ierpazaliis Mikpo60I1eHO3Y; BiIHOBIFOBAIbHUI KOMILIEKC
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