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Abstract. Preventing soil degradation is an important task of modern agrarian
science. Preservation and increase in beneficial soil microflora are a precondition for
satisfactory ecological functioning of soil and its fertility. The purpose of this study was
to investigate the dynamics of beneficial soil microflora in winter wheat crops under
the impact of mineral fertilisers and Agrobacterium radiobacter on the lands of the
south of Ukraine. The study was conducted in threefold replication in the conditions of the Kherson region in 2016-
2020 in the experimental fields of the Institute of Climate-Smart Agriculture of the National Academy of Agrarian
Sciences of Ukraine. The study used a systematic design, and the following factors were investigated: no fertiliser
and Agrobacterium radiobacter; N,,.P,.; Ny P, +Agrobacterium radiobacter, N, P, +Agrobacterium radiobacter. The
study on the microflora composition in the soil layer at 0-30 cm was carried out in the main stages of winter wheat
growth and development through the inoculation of nutritious environment. Statistical analysis was performed
using the methods of analysis of variance, correlation, and regression analysis. Dynamic changes in the soil biota
composition under the influence of the studied factor were established. The slightest response to mineral fertilisers
and bacterial preparation application was in ammonifying bacteria, while the strongest response was in cellulose-
degrading microorganisms. The winter wheat harvesting revealed a decrease in the number of ammonifying bacteria
in the soil, while the number of nitrifying and cellulose-degrading microflora increased significantly. Regression
models for the prediction of the number of nitrifying bacteria and cellulose-degrading microorganisms, developed
based on experimental data, have great accuracy (the error is 3.78% and 7.79%), and allow determining the adverse
effect of phosphorus fertiliser on the microflora of dark-chestnut soil. The study has no analogues in Ukraine and
expands theoretical knowledge about the influence of mineral fertilisers and bacterial preparation, containing
Agrobacterium radiobacter, on the composition of beneficial microflora of the dark-chestnut soil

Keywords: ammonifying bacteria; bioaugmentation; nitrifying bacteria; cellulose-degrading microorganisms;

mathematical modelling

INTRODUCTION

Soil degradation is less discussed and popularised
than global warming, but not a less hazardous chal-
lenge standing before the humankind in the 21 cen-
tury. Deterioration of soil quality and poor soil health
in some regions reach the peak point and immediate
intervention is required to preserve this non-renewa-
ble resource for crop production. If no steps are tak-
en, the degraded soils will be abandoned and deserted
(Panagos et al., 2018). Assuming that soil is not only an
irreplaceable natural resource for food production, but
also an important link of the general ecological chain
of the biosphere, soil and land degradation is a threat
for global food security, biodiversity preservation, and
general well-being of the Earth. Current irrational in-
tensification of agricultural land use practices resulted
in extreme deterioration of soil quality on the global
scale (Kopittke et al., 2019).

It is assumed that the Mediterranean is the most
susceptible region in Europe in the context of deterio-
ration of soil quality and desertification. H. Shao et al.
(2019) proved that some soils of the Mediterranean
basin are in critical state, and soon they will be una-
ble to provide not only crop production, but even ele-
mentary ecosystem services. According to C.S. Ferreira
etal.(2022),soils are subjected to degradation on three
main levels: biological (loos of soil microbiome diver-
sity, shifts to the prevalence of harmful flora over the
beneficial); chemical (decrease in soil organic matter
content, contamination with chemical wastes, salinisa-
tion); physical (sealing, over compaction, erosion).
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A. Drobitko et al. (2023) noted that even though
Ukraine does not belong to the Mediterranean region
of Europe, it is well-known that in recent decades soil
degradation processes take place on the entire area of
the country. Apart from the negative transformations
mentioned above, which are common for the Mediter-
ranean and Ukrainian soils, the latter are subjected to
other negative impacts. According to D. Rawtani et al.
(2022), in the last two years, soil health deterioration
has extremely accelerated, especially in the south and
in the east of Ukraine, because of military activities,
which lead to destruction of the upper fertile soil
layers, soil pollution with heavy metals, radioactive
trace elements, toxic chemicals and harmful bacte-
ria, diminishment of the number of biologically active
beneficial microorganisms, flooding, covering with silt,
over-compaction, etc. Combined with irrational agri-
cultural practices of land-use, inherited from the Sovi-
et Union era, extremely high share of arable lands in
the structure of croplands, neglection of organic fertil-
isers application, introduction of high-intense, soil-ex-
hausting short crop rotations with row crops (such as
maize, soybeans, sunflower, grain sorghum) and com-
plete replacement of perennial herbs from crop rota-
tions, irrational irrigation and soil tillage practices at
the background of adverse effects of natural phenom-
ena, driven by climate change, technogenic impacts
connected with current military activities and ab-
sence of reliable scientific information support in the
sphere of land use and soil regulation are absolutely




destructive for the soils of the south and east of the
country (Malashevskyi et al., 2020).

P. Pereira et al. (2022) note that general land sur-
face topography has been changing since the begin-
ning of the war due to impacts of shelling and mili-
tary construction, especially trenches and fortification
building. Researchers PV. Lykhovyd and YelV. Kozlenko
(2018) noted low irrigation water quality (e.g., Ingu-
lets irrigation system, which became the only body to
supply irrigation water to the fields of the south after
the destruction of Kakhovka dam) and poor land recla-
mation practices, malfunction of major irrigation and
drainage systems, leading to secondary alkalisation and
additional structural damage to the soil texture, and
the situation starts to look horrible. In this regard, stud-
ies on soil health preservation and improvement are of
great relevance and importance for current agriculture.

Soil health improvement could be achieved in dif-
ferent ways. As mentioned above, there are three main
levels of soil degradation, and there are three corre-
sponding levels of soil quality improvement. One of
the crucial but less studied ones is biological level. Soil
microorganisms play crucial role in ecosystem services,
maintaining soil fertility, balance of organic and miner-
al matter, and are of great importance for sustainable
crop production and ecological stability. This is espe-
cially relevant to the arid environments, suffering from
rapid climate change, such as of the south of Ukraine,
where healthy soil biota composition contributes to
ecological sustainability and integrity of total ecosys-
tems (Mishra & Singh, 2020). Therefore, it is necessary
to learn about practices that help support a healthy
soil biota. PV. Lykhovyd and S.O. Lavrenko (2017), and
B. Futa et al. (2021) note that fertilisation practices
require robust investigation, because fertiliser appli-
cation has been shown to lead to significant changes
in soil biological and enzymatic activity, measured in
different ways.

According to A. Sumbul et al. (2020), apart from
mineral fertilisers, bacterial preparations, applied dur-
ing the cultivation of various crops or for the purposes
of biological remediation, also have some impact on
soil health. Considering current scientific evidence that
bioaugmentation in the combination with phytoreme-
diation approach could be extremely beneficial for soil
fertility improvement, it is necessary to investigate this
question in greater detail for a certain biological agent
and soil type (Zanganeh et al., 2022).

The purpose of this study was to reveal the impact
of mineral fertilisers and non-symbiotic nitrogen-fix-
ing bacteria application in winter wheat crops on the
favourable biota composition of dark-chestnut soil,
namely, ammonifying, nitrifying bacteria, and cellu-
lose-degrading microorganisms; to substantiate bene-
ficial and harmful effects of mineral fertilisers and bio-
augmentation on the health of the soil.
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MATERIALS AND METHODS

Field experiments devoted to the investigation of the
effects of mineral fertilisers and bioaugmentation
agents on the biota composition of dark chestnut soil
were conducted during 2016-2020 at the Institute of
Climate-Smart Agriculture of the National Academy of
Agrarian Sciences of Ukraine (NAAS). The experimental
field was located in Bilozerka district of Kherson re-
gion, the south of Ukraine (geographical coordinates:
46°44'33"N 32°42'28"E). In climatological relation,
the area of the trials belongs to the dry steppe zone of
Ukraine, or BSk (cold semi-arid climate zone) according
to M.C. Peel et al. (2007). The soil of the experimental
field was represented by dark-chestnut middle-loamy
soil with humus content in the arable layer averaging
2.2%.The field capacity of the 0-100 cm layer is 22.4%,
wilting point is 9.5%. Groundwater is beyond 10 m.
The experiment was conducted using the systematic
design of the study in threefold replication. The area
of the experimental plot of the first grade was 500 m?,
while accountable area was 100 m% The area of the
second-grade plot was 50 m2. The scheme of the exper-
iment is presented in the Figure 1.

Figure 1. The scheme of the experiment, conducted
at the field in Bilozerka district of Kherson region
during 2016-2020
Note: the numbers in the Figure 1 correspond to the
variants 1, 2, 3, 4 of the study; St. - standard, control
variant of the study
Source: created based on the authors’ own research

Winter wheat was sown as the basic crop in the
study. Cultivation technology used in the experiment
was common for the conditions of the south of Ukraine,
except from the factors under study (Domaratskiy et al.,
2019).The studied factors, namely fertilisers and bioau-
gmentation agent application, had the following grada-
tions: variant 1 (St.) - no fertiliser and bioaugmentation
agent; variant 2 - N, P.; variant 3 - N, P +non-sym-
biotic nitrogen-fixing bacteria (NSNFB); variant 4 -
N,,,Ps # NSNFB. The NSNFB preparation was repre-
sented by Diazophit, which contains 4-6 billion of
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Agrobacterium radiobacter strain per 1 g/ml. This bi-
oaugmentation preparation has been developed spe-
cifically for wheat, barley, and rice crops (Khomenko
et al.,2010).

The number of ammonifying, nitrifying bacteria,
and cellulose-degrading microorganisms in the soil
was determined in the certified analytical studies lab-
oratory of the Institute of Climate-Smart Agriculture
of NAAS. The study was performed for the soil layer at
0-30 cm in three main stages of winter wheat develop-
ment: start of the growing season (BBCH 10-13), stem
elongation (BBCH 31-37), and full ripeness of grain
(BBCH 89-91). Soil samples were collected using a spe-
cial soil auger. The soil suspension was sown in differ-
ent nutritious environment. To determine the number
of ammonifying bacteria, meat-peptone agar (MPA)
was used, and to determine the number of nitrifying
bacteria, watery agar with ammonium-magnesium salt
was used. After inoculation with the nutritious environ-
ment, the incubation period (14 days) began, when the
temperature was maintained at +28°C. After the incu-
bation period, the number of colonies was accounted
for. The number of the soil biota for each species group
is represented in the colony-forming units (CFUs) per
1 g of the absolutely dry soil. The moisture content in
the soil was calculated using the gravimetric meth-
od. All laboratory studies were conducted in threefold
replication. Statistical data processing was performed
using Microsoft Excel 365 spreadsheets (pairwise lin-
ear correlation analysis by Pearson), AgroStat (one-way

analysis of variance), BioStat v.7 (multiple linear regres-
sion analysis) statistical packages. All calculations were
performed at p<0.05 using common mathematical pro-
cedure (Scheffe, 1999; Sharma, 2005).

RESULTS AND DISCUSSION

As a result of the study, the major regulations on mi-
crobiota transformation in dark-chestnut soil were es-
tablished under the influence of mineral fertilisers and
the biological preparation Diazophit (Table 1). First of
all, it should be certified that the variants of Ny P +
NSNFB and N, P, + NSNFB did not differ significantly
at the stage of stem elongation (BBCH 31-37) of winter
wheat in terms of the number of ammonifying and cel-
lulose-degrading microflora. These variants were also
similar in the latest stage of crop growth in terms of the
presence of ammonifying bacteria in the soil. Further-
more, there was no statistically significant difference
between the variants without fertilisers and fertilised
with N, P, in terms of all microflora species studied in
the BBCH 89-91 stage. However, generally, the number
of all the studied soil microbiota species was signifi-
cantly higher in the variants with the application of Di-
azophit as a bioaugmentation agent. Therefore, it was
proved that application of Agrobacterium radiobacter is
beneficial for preservation of favourable microflora in
the dark-chestnut soil under the cultivation of winter
wheat. This conclusion is in line with the statements
that can be found in the scientific reports of studies on
this subject (Kovalenko et al., 2020).

Table 1. Microbial composition of the dark-chestnut soil in the winter wheat crops depending on mineral fertilisers and
the bacterial preparation application (average for 2016-2020)

CFU per 1 g of the absolutely-dry soil

Variant . .
Ammonifying bacteria, billion

Cellulose-degrading

Nitrifying bacteria, billion microorganisms, thousand

BBCH 10-13
No fertilisers 28.50a 8.76a 3.36a
N,20Pso 29.37b 9.10b 3.91b
NyoPeo * NSNFB 35.63c 10.15¢ 4.30c
N,,oPs + NSNFB 33.08d 9.89d 4.28c
BBCH 31-37
No fertilisers 18.97a 8.93a 3.53a
N.2Pso 20.25b 9.40b 3.93b
Ny,P,,+ NSNFB 22.86¢ 10.89c 4.18c
N,,oPso + NSNFB 21.58c 10.61d 4.20c
BBCH 89-91
No fertilisers 24.62a 10.4%9a 3.98a
N,,0Ps0 25.62a 10.56a 4.00a
NgoPyo * NSNFB 28.00b 13.12b 4.68b
N, .P,, + NSNFB 27.22b 12.14c 4.57c

120" 90

Note: different letters in the labels of each value certify about statistically significant difference between the variants at

p<0.05 according to the ANOVA test results

Source: compiled by the authors of this study based on the authors’ own research
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Notably, the number of nitrifying bacteria and cel-
lulose-degrading microorganisms gradually increased
from the very beginning to the cessation of winter
wheat growth in all the variants of the experiment.
However, the dynamics for ammonifying bacteria was
different: their numbers significantly decreased to the

Bidnyna et al.

stage of stem elongation (BBCH 31-37) in winter wheat,
but then slightly increased before the crop’s growth
cessation (BBCH 89-91). Despite the increase in the
late stages of winter wheat development, the number
of ammonifying bacteria had negative balance by the
growing season (Table 2).

Table 2. The dynamics of microbial composition of the dark-chestnut soil in the winter wheat crops depending on
mineral fertilisers and the bacterial preparation application (average for 2016-2020; the dynamics is presented
relatively to the initial numbers of the bacteria)

CFU per 1 g of the absolutely-dry soil

Variant . N
Ammonifying bacteria, billion

Cellulose-degrading

Nitrifying bacteria, billion microorganisms, thousand

BBCH 31-37
No fertilisers -9.53 0.17 0.17
N.20Pso -9.12 0.30 0.02
Ny,P,,+ NSNFB -12.77 0.74 -0.12
N,,oP, + NSNFB -11.50 0.72 -0.08
BBCH 89-91
No fertilisers -3.88 1.73 0.62
N,,0Pso -3.75 1.46 0.09
Ny,P,, * NSNFB -7.63 2.97 0.38
N, P, + NSNFB -5.86 2.25 0.29

120" 90

Source: compiled by the authors of this study based on the authors’ own research

The highest negative balance was established for
NyP., * NSNFB, while the variant with the applica-
tion of mineral fertilisers at the N,, P, rates resulted
in the best preservation of the community of ammo-
nifying bacteria in the soil. The best positive balance
of nitrifying bacteria was achieved by N, P, + NSNFB,
while the best survival and increase rates in cellulose
degrading microorganisms were fixed in the variant
without applied fertilisers. These results demonstrate
that different microflora react differently to the ap-
plication of mineral fertilisers and bioaugmentation.
Notably, established regulations can be unique for the
dark-chestnut middle-loamy soil of the steppe zone, as

it was shown that there are different patterns of sea-
sonal dynamics and the presence of beneficial micro-
flora under different environmental conditions (Ishaq
et al., 2020). Furthermore, as suggested by H. Wang
et al. (2022), elements of cultivation technology, espe-
cially tillage, could also be involved in the regulation
of the soil microbiota. Therefore, these specific features
should be also considered in the interpretation of the
results. The correlation-regression analysis allowed es-
tablishing the nature and strength of the relationship
between the microbial composition of the dark-chest-
nut soil in the winter wheat crops and the application
of mineral fertilisers (Table 3).

Table 3. Pairwise relationship between the microbial composition of the dark-chestnut soil in the winter wheat
crops and mineral fertilisers and the bacterial preparation application (average for 2016-2020)

Correlation coefficient

Determination coefficient

Bacterial Nitrogen Phosphorus Nitrogen fertilisers Phosphorus
community fertilisers, fertilisers, NSNFB gk ha't ’ fertilisers, NSNFB
kg ha* kg ha* 9 kg ha*
Ammonifying 0.21 0.18 0.36 0.04 0.03 0.13
Nitrifying 0.33 0.29 0.64 0.11 0.09 0.14
Cellulose-degrading 0.63 0.59 0.80 0.39 0.34 0.64

Source: compiled by the authors of this study based on the authors’own research

As a result, it was found that there is almost no
connection between the application of mineral fertil-
isers and the number of ammonifying and nitrifying
bacteria, while the relationship between the rates of

nitrogen and phosphorus application is moderately
correlated with the presence of cellulose-degrading
microorganisms in the soil. Therewith, it was estab-
lished that the application of the NSNFB preparation
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Diazophit was moderately related to the number of
nitrifying bacteria and strongly related to the num-
ber of cellulose-degrading microorganisms in the
soil. Therefore, ammonifying bacteria were the only
one species that were not affected by the factor un-
der study. The results of multiple regression analysis

revealed a weak dependence of the presence of am-
monifying bacteria on the complex of fertilisers used,
while nitrifying bacteria and cellulose-degrading mi-
croorganisms demonstrated moderate-to-strong de-
pendence on the complex effects of the factor under
study (Table 4).

Table 4. Multiple relationship between the microbial composition of the dark-chestnut soil in the winter wheat crops
and mineral fertilisers and the bacterial preparation application (average for 2016-2020)

Bacterial community

Correlation coefficient

Determination coefficient

Ammonifying 0.39 0.15
Nitrifying 0.66 0.44
Cellulose-degrading 0.86 0.74

Source: compiled by the authors of this study based on the authors’ own research

Multiple regression models for the prediction of
soil microbiota composition depending on the fertil-
iser’s application and use of Diazophit were developed

for the nitrifying and cellulose-degrading microflora
(Tables 5 and 6).

Table 5. Regression statistics and the model for the prediction of nitrifying bacteria numbers in the dark-chestnut soil
based on the fertilisation rates and application of the bacterial preparation

Statistical parameter Value
Adjusted coefficient of determination 0.23
Predicted coefficient of determination 0.26

Mean absolute percentage error 7.79%
Mean square error 1.30 CFU

Equation

9.3933E + 1.1933NSNFB - 7.7333x102P + 6.0444x102N

Note: N - the dose of Nitrogen fertilisers applied, kg ha*; P - the dose of Phosphorus fertilisers applied, kg ha*; NSNFB -
application (enter “1°) or no application (enter “0°) of the bacterial preparation Diazophit
Source: compiled by the authors of this study based on the authors’ own research

Table 6. Regression statistics and the model for the prediction of cellulose-degrading microorganisms’ numbers in the
dark-chestnut soil based on the fertilisation rates and application of the bacterial preparation

Statistical parameter Value
Adjusted coefficient of determination 0.64
Predicted coefficient of determination 0.41

Mean absolute percentage error 3.78%
Mean square error 0.05 CFU

Equation

3.6233 + 0.4033NSNFB - 1.5667%107?P + 1.4444x10N

Note: N - the dose of Nitrogen fertilisers applied, kg ha*; P - the dose of Phosphorus fertilisers applied, kg ha*; NSNFB -
application (enter “1°) or no application (enter “0’) of the bacterial preparation Diazophit
Source: compiled by the authors of this study based on the authors’ own research

The proposed models are the first to provide a
mathematical description of the influence of mineral
fertilisers and the effects of Agrobacterium radiobac-
ter on the beneficial microflora of dark-chestnut soil.
According to the regression model coefficients, phos-
phorus fertilisers have negative impact on both spe-
cies, while nitrogen fertilisers are favourable for their
development.

Other scientists have also investigated this subject,
but from other perspectives. However, main conclusions
are not contradictory. Thus, M. Sintia et al. (2021) have

Scientific Horizons, 2024, Vol. 27, No. 3

also proven a strong effect of nitrogen fertilisation on
nitrifying microbes and net nitrification rates in soils
under cereal and leguminous crops.As for cellulose-de-
grading soil microflora, H. Tang et al. (2021) established
positive effects of organic manure and crop residue
application on the studied group of soil biota. Authors
also claimed that the cellulolytic microbial communi-
ty studied in soils was significantly increased with the
long-term application of crop residue (so-called green
manure) and the organic manure condition compar-
ing with pure mineral fertilisation practices. However,




Q. Ma et al. (2020) do not support this statement and
claim that farmyard manure application has no effect
on soil microbial community structure.As for the action
of bacterial preparations,J.Wang et al. (2020) found that
some bacterial species, when added into soil communi-
ty, can enhance cellulose degradation activity in soils
under simultaneous increase in the volume of available
nitrogen, phosphorus, and potassium, thereby improv-
ing soil fertility and crop production.

A. Iminov et al. (2020) claimed that application of
mineral fertilisers together with nitragin increased the
number of ammonifiers, oligonitrophils, and micromy-
cetes in soybean crops. Y. Chen et al. (2018) found that
mineral fertilisation with nitrogen, phosphorus,and po-
tassium in appropriate proportions is the best approach
to improve soil quality and soil bacterial community in
non-calcareous fluro-aquic soils of the North China
Plain. Z. Liu et al. (2021) reported the highest bacterial
enzymes activity in the soils of Shaping, Hequ, China,
when complex approach to soil fertilisation was imple-
mented, viz., application of appropriate doses of organ-
ic manure and mineral fertilisers.

However, meta-analysis on soil microbiota and its
relation to fertilisation systems found that manure
application is beneficial, while mineral nitrogen, phos-
phorus, and potassium fertilisers in some soils led to
significant loss of microbial biomass (Ren et al., 2019).
Y. Kong et al. (2019) also support the statement that
long-term chemical fertilisation significantly decreases
soil nitrifying activity. Finally, in case of different crop
rotations and fertilisation practices different changes
in soil bacterial diversity and functioning will be ob-
served,as reported by Z.Tong et al. (2023). The strongest
differences are observed between cereal and legumi-
nous crops, as the latter are the substrate for symbiotic
nitrogen-fixing bacteria colonisation, leading to signifi-
cant shifts in soil microbiome (Zhang et al., 2019).

As for Agrobacterium radiobacter application,
I. EL Attar et al. (2022) found beneficial effects of these
bacteria on soil fertility and crop production, suggesting
the possibility of partial replacement of nitrogen min-
eral fertilisers with this bacterial agent. L. Tokmakova
et al. (2019) found that Agrobacterium radiobacter im-
proves plants nutrition with phosphorus, providing for
the improvement of maize yields. However, caution
should be taken when applying Agrobacterium radiobac-
ter preparations because these bacteria are pathogens
for some agricultural species, e.g., pistachio seedlings
(Basavand et al., 2022), while some other crops should
be provided with additional protection, especially pota-
to (Borodaj & Parfeniuk, 2019).

Therefore, considering that the presented study is
in good agreement with the internationally conducted
investigations, even those carried out on other types
of soils and in other environmental and agrotechno-
logical conditions, it can be assumed that the math-
ematical models developed for the prediction of soil
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microbiome composition depending on the nitrogen,
phosphorus, and Agrobacterium radiobacter application
rates could be applied for scientific purposes not only
for the dark-chestnut soils of the south of Ukraine, but
for other soils and climate zones as well.

CONCLUSIONS

The findings of this study revealed that the application
of Agrobacterium radiobacter and mineral fertilisers
significantly affects the number of beneficial soil mi-
crobiota. A stronger effect was attributed to nitrifying
bacteria, while ammonifying bacteria almost did not
experience any positive or adverse effect from the ap-
plication of the substances under study. The strongest
effects of the studied factor were observed for the cel-
lulose-degrading microorganisms, which reacted the
most on the application of Agrobacterium radiobacter -
correlation coefficient was 0.80. It was found that the
number of ammonifying bacteria in the dark-chestnut
soil decreased over the growing season of winter wheat
(by 3.75-12.77 CFU/g of the absolutely-dry soil depend-
ing on the variant of the study), while the numbers of
nitrifying bacteria increased up to 1.46-2.97 CFU/g of
the absolutely-dry soil by the end of the study. Statisti-
cal analysis allowed multiple regression models to be
developed for the prediction of the number of nitrifying
bacteria and cellulose-degrading microorganisms in the
dark-chestnut soil. The models provide high predictive
accuracy (MAPE values are 3.78% and 7.79% for cellu-
lose-degrading and nitrifying microbiota, respective-
ly; correlation coefficients of the models are 0.86 and
0.66 for cellulose-degrading and nitrifying microbiota,
respectively) and could be used in scientific purposes
for simulation studies of the microbial community of
the dark-chestnut soils of the South of Ukraine. It was
additionally established that phosphorus application
plays negative role in the formation of nitrifying and
cellulose-degrading microflora, namely, every kg ha* of
phosphorus mineral fertiliser decreases the number of
nitrifying bacteria by 0.077 CFU/g of the absolutely-dry
soil, and the number of cellulose-degrading bacteria
decreases by 0.016 CFU/g of the absolutely-dry soil, re-
spectively.

More research should be conducted to improve the
knowledge on this topic. First of all, additional agro-
technological factors (e.g., tillage, irrigation ways)
should be included, as well as it would be beneficial to
include other types of crops in the future studies. Fur-
thermore, other soil types (chernozems, greyzems, etc.)
should also be investigated in terms of the impacts of
agrotechnology on their microbial composition.
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AHoTauis. MNonepenxeHHs Lerpafalii rPpyHTIB € BaXXIMBMM 3aBAAHHAM Cy4YacCHOi arpapHOi Hayku. 36epexeHHs
Ta MPUMHOXEHHS KOPUCHOI FPYHTOBOI Mikpodniopy € 3amopykot 3abe3nevyeHHs eKOoMoriYHOi (YHKLIi rpyHTIB
i ix poptoyocTi. MeTolo AaHOi pobOTU € BUBYEHHSI AMHAMIKM KOPWUCHOI IPYHTOBOI MiKpodaopu Ha nociBax
MWeHULi 031MOi Nif BNAMBOM MiHepanbHUX Aobpus Ta Agrobacterium radiobacter Ha 3eMnax niBaHA YKpaiHu.
[ocnigkeHHs BUKOHYBANM B TPbOX PA30Biid MOBTOPHOCTI B yMOBaxX XepCOHCbKOi obnacti y nepiog 2016-2020 pp.
Ha eKCrnepuMeHTaNnbHUX NoNgax IHCTUTYTY KNIMaTMYHO OPIEHTOBAHOrO CiNbCbKOro rocnofapcrea HauioHanbHOI
aKkageMii arpapHux Hayk YkpaiHu. Po3TawyBaHHS BapiaHTiB JoCAigy — CUCTEMATUYHE, BUBYANM HACTYMHI dakTopw:
6e3 nobpus i Agrobacterium radiobacter; N, P..; Ny P, + Agrobacterium radiobacter; N,, P, + Agrobacterium
radiobacter. BuByeHHs cknagy Mikpodnopwu y wapi rpyHTy 0-30 cM BMKOHYBanM y OCHOBHI da3u pocTy i po3BUTKY
nweHuLi 03MMoi B 1abOpaTopHMX YMOBAX LUSXOM BMCIBAHHS CYCrneH3ii Ha XMBUAbHI cepenosuiia. CTaTUCTUYHUI
aHani3 JaHWX BUKOHYBanW MeToAaMu AUCMepCiiHOro, KOpensuiiHoro Ta perpecinHoro aHanisy. byno sctaHoBneHo
[MHAMIYHI 3MiHM y cKknagi rpyHToBOI 6i0oTW mig, BNAMBOM JocChigxyBaHoro daktopa. MiHiManbHy BianoBiAb Ha
BHECEeHHS MiHepanbHMX [006puB i GakTepianbHOro npenapaty Manu amoHidikytoudi bakTepii, MakcUManbHy -
LLeNIt0N1030-pO3KNaJaYI  MiKpOOpraHiaMu. BCTaHOBNEHO 3MEHLEHHS 4MCeNbHOCTI aMoHidikytumx 6GakTepint y
IPYHTI A0 nepiofy 36MpaHHs NWeHMLi 03MMOI, Y TOM Yac K YMCeNbHICTb HITpUdikyroUunx BakTepil i Lennoso-
po3Knafakyoi Mikpodnopu icTOTHO 3pocTana. Perpecilini Mogeni nporHo3y YMcenbHOCTI HITpUdiKyrunx bakTepi i
LLeNIt0N1030-p0o3KNaaayoi Mikpodnopu, po3pobeHi Ha OCHOBI eKCNepMMEeHTaNIlbHUX AaHUX, MakOTb BUCOKY TOUHICTb
(noxubka cknana 3,78 i 7,79 %), i [O3BONMAN BCTAHOBWUTU HeraTuBHMIM BNAnB docdopHmx fobpus Ha Mikpodnopy
TEMHO-KALWTAaHOBOro r'pyHTY. JJoCnifXeHHs He Ma€ aHanorie B YKpaiHi Ta NoOrnubnle TEOPEeTUYHI 3HaHHI LoAo
BM/IMBY MiHEepanbHUX LOOPpMB i BakTepianbHOro npenapaTy Ha oCHOBI Agrobacterium radiobacter Ha CKNag KOPUCHOI
MiKpod10pU TEMHO-KALWTAHOBOIO MPYHTY

KntouoBi cnoBa: aMoHidikytoui 6akTepii; 6ionoriyHe noninweHHs; HITpUdiKyo4Yi BakTepii; Lentn030-po3knagatodi
6akTepii; MaTeMaTUYHE MOLENOBAHHS
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