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Abstract. The study aimed to evaluate the mechanisms of interaction between soil 
microbiomes and leading crops to optimise yields and product quality in agricultural 
production. A comprehensive analysis of the physical and chemical properties of 
soils (chernozems, grey forest and podzolic soils) and the composition of the soil 
microbiome, including the number of nitrogen-fixing bacteria Rhizobium and 
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INTRODUCTION
Currently, there is a growing interest in the role of soil 
microbiomes in shaping crop yields. Soil microbiomes 
are central in maintaining plant vigour, improving nu-
trient availability and overall ecological balance. How-
ever, despite significant advances in this area, there are 
many gaps in understanding the specific impact of dif-
ferent microbiome components on crop yields and in 
applying this knowledge in practice. The study of soil 
microbiomes is relevant not only for understanding 
basic biological processes but also for developing new 
agronomic strategies that can significantly improve 
agricultural efficiency. Therefore, it is necessary to con-
duct a study that will integrate knowledge about soil 
microbiomes and yields into a single system.

Modern scientific research confirms the importance 
of soil microbiomes. W. Anthony et al. (2024) highlighted 
the importance of filling the gaps in soil metagenomics 
to improve understanding of microbiome functions and 
their impact on the soil ecosystem. This information is 
important for an accurate assessment of how microbi-
omes affect fertility and, consequently, crop yields. In 
turn, S.  Banerjee and M.  van der Heijden  (2022) con-
sidered the concept of “one health” and its importance 
for soil microbiomes, emphasising their impact on the 
overall health of ecosystems and on plant health and 
yield. The study of global soil carbon management as 
a key aspect for understanding and maintaining the 
largest terrestrial carbon reserve was carried out by 
J.  Scharlemann  et al.  (2023). This study demonstrated 
how managing soil carbon can affect microbiomes and 
their ability to maintain soil fertility. R. Wu et al. (2021) 
studied the effect of moisture on the activity of virus-
es in soil, which can indirectly affect microbiomes and 
their functional properties. This shows that changes in 
environmental conditions can modify soil microbiomes 
and thus affect plant productivity.

F.  Bastida  et al.  (2021) and R.  Riley  et al.  (2021) 
conducted research showing that microbiome diversi-
ty and functional abilities have a significant impact on 
soil health and, consequently, on yields. The results also 
show that a deeper understanding of microbiomes at 

different levels can help to develop new strategies to 
improve the productivity of agricultural systems. Dif-
ferent approaches to metagenomic data collection for 
the creation of biome-specific gene catalogues were 
studied by L. Delgado and A. Andersson (2022). The au-
thors compared methods for collecting and analysing 
metagenomic data, which allow for more accurate and 
detailed profiles of microbiomes for specific environ-
mental environments. Y. Zhou et al.  (2024) found that 
root microbiomes adapted to local conditions can en-
hance plant growth and development, which is impor-
tant for optimising yields.

M. Hartmann and J. Six  (2023) examined the rela-
tionship between soil structure and microbiome func-
tions in agroecosystems, analysing how soil structure 
affects the microbiome and how microbiomes can in 
turn modify soil structure, which is important for im-
proving agronomic practices and increasing productiv-
ity. J.  Jansson  et al.  (2023) discussed soil microbiome 
engineering as a strategy to increase the resilience of 
agroecosystems in a changing environment and pro-
posed different approaches to modifying microbiomes 
to improve their functionality and resilience to environ-
mental change.

The interaction between plants and their microbi-
omes, including the processes of formation of micro-
biome communities and their impact on plant health, 
was studied by P. Trivedi et al. (2020). They also stressed 
the importance of these interactions for increasing 
yields and plant health. J. Guo et al. (2021) analysed the 
main microbiota accompanying seeds, the endosphere 
and rhizosphere, and how these microbiotas can pre-
dict plant functional characteristics in different rice 
varieties, and found the dominance of deterministic 
processes in the formation of microbiomes. B. Singh et 
al. (2020) studied the role of crop microbiomes in sus-
tainable agriculture and highlighted the importance of 
microbiomes for increasing the productivity and resil-
ience of agricultural systems, as well as for improving 
soil and plant health. M. Jiang et al. (2024) proposed a 
solution based on home microbial cultures to improve 

Azotobacter, bacteria Bacillus spp, representatives of the genus Streptomyces, and fungi Glomus spp. The highest 
yields of Kalbex wheat (50 c/ha), Rhodes corn (80 c/ha), and Kingstone soybeans (30 c/ha) were recorded when 
these crops were grown on black soils. Grey forest soils and podzolic soils showed lower productivity and crop 
quality. The number of nitrogen-fixing bacteria Rhizobium and Azotobacter in chernozems reached 6 million 
colony-forming units (CFU) per gram of soil, while in podzolic soils it was the lowest – 3 million CFU per gram of 
soil. The mycorrhizal fungi Glomus spp. were also most abundant in black soil, with 8 million spores per gram of 
soil. The study examined the impact of the soil microbiome on the yield of selected crops. A correlation analysis 
of the microbiome and yields was conducted. The impact of the soil microbiome on crop quality was analysed. 
The results confirmed that chernozems provide the best conditions for growing crops due to their high biological 
activity and optimal physical and chemical properties, making them an ideal choice for agronomic practice
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plant growth on soils with low fertility, demonstrating 
the effectiveness of using specific microbiomes to in-
crease yields in conditions of limited fertility. J. Hu et 
al. (2021) investigated the effect of probiotic bacterial 
consorts on plant growth through the influence on the 
resident rhizosphere microbiomes and found that the 
introduction of probiotic consorts can positively affect 
plant health and increase plant growth.

The study aims to identify the leading features of 
soil microbiome biodiversity in different agricultural 
environmental conditions of the Sumy region and to 
assess their impact on crop yields. It is necessary to de-
termine which components of the microbiome are most 
important for increasing productivity and how they can 
be effectively used to improve agronomic practices, and 
it is also advisable to assess the impact of microbiomes 
on the quality parameters of agricultural products. The 
answer to this question involves filling a gap in existing 
knowledge and providing practical recommendations 
for agronomists and farmers.

MATERIALS AND METHODS
To achieve the research objective, a comprehensive ex-
periment was conducted, which included several key 
stages. The study was conducted from March to October 
2024 on agronomic plots in the Sumy region, which is a 
region with a variety of soil types and agroclimatic con-
ditions that significantly affect agricultural production. 
To ensure the comprehensiveness of the study, several 
locations were selected that differ not only in soil type 
but also in crops grown, which was used to study in more 
detail the impact of different agricultural technologies 
on crop productivity and quality. The study plots were 
characterised by the following soil types: podzolised 
chernozems, grey forest soils and sod-podzolic soils. 
This approach provides objective data and recommen-
dations for improving agronomic practices in the re-
gion. Sampling and materials – samples were obtained 
from a depth of 0-30 cm, which is optimal for studying 
the root zone of plants. The microorganisms isolated 
from the soil, including bacteria and fungi, were identi-
fied using modern molecular methods.

Equipment and methods  – spectrophotometers 
(Thermo Fisher Scientific, model NanoDrop – United 
States of America), pH meters (Metrohm 780  pH Me-
ter  – USA), and soil texture analysers (Zehntner ZH 
2000 – Switzerland) were used to determine the con-
tent of basic nutrients and soil humus. For the iden-
tification of microorganisms, automatic systems for  

deoxyribonucleic acid sequencing (Illumina NovaSeq 
6000 – USA), microscopes (Olympus BX53 – Japan), incu-
bators for cultivating microorganisms (Eppendorf Ther-
moMixer C – Germany), and specialised kits for polymer-
ase chain reaction (Thermo Scientific TaqMan Universal 
Master Mix – USA) were used. Traditional agronomic 
methods were used to assess crop yields, including weigh-
ing agricultural products and analysing their quality:

To assess the relationship between the character-
istics of the soil microbiome and crop yields, Pearson’s 
correlation coefficients were calculated. This statisti-
cal method was used to determine the strength and 
direction of the linear relationship between the two 
variables. In general, the statistical processing of the 
research results was carried out using the statistical 
computer packages STATISTICA and PAST. Study proce-
dure – soil samples were prepared by drying, crushing 
and dividing into sub-samples for different types of 
analysis. Appropriate laboratory techniques were used 
to extract microbial DNA from the soil, including poly-
merase chain reaction and DNA sequencing to identify 
microbial species. Wheat, corn and soybean seeds were 
sown on the prepared plots. During the growing season, 
the plants were regularly monitored for phenological 
growth and development, biometric measurements, 
and quantitative and qualitative yield indicators. The 
collected data were analysed using statistical methods, 
which identified correlations between soil microbiome 
characteristics and crop yields.

Materials used – chemical reagents: standard re-
agents for determining the physical and chemical 
properties of soil, such as solutions for analysing the 
content of macro- and microelements, humus and hy-
drogen ions; technical equipment: laboratory centrifug-
es, automatic pipettes, spectrophotometers, incubators 
and other data collection devices. Thus, the study in-
cluded a systematic approach to analysing the impact 
of soil microbiomes on crop yields, which provided new 
data and recommendations for improving the efficiency 
of agronomic practices.

RESULTS
The studied podzolic soils proved to be the most fertile, 
as physicochemical analysis confirmed that they have 
the highest humus content, which indicates their ability 
to provide plants with the necessary nutrients (Table 1). 
In addition, podzolic chernozems demonstrated the 
best pH values, which is an important factor for optimal 
plant growth and development.

Soil type pH (salt, unit) Humus content (%) Nitrogen nitrate (N-
NO3, mg/kg)

Phosphorus (P2O5, mg/
kg)

Potassium (K2O, mg/
kg)

Chornozem 6.5 3.2 15 45 180
Grey forest soils 5.8 2.5 10 35 150

Sod-podzolic soils 4.9 1.8 8 25 120

Table 1. Physical and chemical properties of soils of different types

Source: compiled by the authors
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The analysis of the soil microbiome revealed sig-
nificant differences in the composition of microor-
ganisms depending on the soil type in chernozems, 
the largest share of microbial biomass consists of 
bacteria, which account for approximately 60% of the 

total mass of microorganisms. The remaining 40% is 
accounted for by fungi, which are also significant in 
maintaining the soil ecosystem by contributing to the 
decomposition of organic residues and improving soil 
structure (Table 2).

Soil type Bacteria (% of total biomass) Mushrooms (% of total biomass)

Chornozem 60 40
Grey forest soils 55 45

Sod-podzolic soils 50 50

Table 2.  Composition of the soil microbiome by type

Source: compiled by the authors

In grey forest soils, which are characterised by high 
humidity, a slightly higher percentage of fungi was ob-
served in the microbiome, which may be due to favour-
able conditions for the development of fungal colonies, 
as the moist environment promotes their growth and 
reproduction. Fungi in such soils can perform important 
ecological functions, in the processes of symbiotic re-
lationships with plants. The sod-podzolic soils, in turn, 
showed the most balanced distribution between bacte-
ria and fungi, indicating complex ecological interrela-
tionships in their soil-absorbing complex. This balance 
can indicate the diversity of microbial species and their 
ability to adapt to specific environmental conditions, 
which in turn affects the overall productivity of the soil.

The results of the experiment with the detection 
of fungi and bacteria were as follows: the number of 
nitrogen-fixing bacteria Rhizobium and Azotobacter in 
podzolic black soils reached 6 million colony-form-
ing units (CFU)/g of soil, which indicates a high nitro-
gen-fixing capacity of these soils to supply nitrogen to 
plants, which is critical for growth and development. In 
grey forest soils, the number of nitrogen-fixing bacteria 
was slightly lower, at 4.5 million CFU/g soil. Although 
these soils also provide a certain level of nitrogen, their 
efficiency is slightly lower compared to black soil. The 
sod-podzolic soils had the lowest number of nitro-
gen-fixing bacteria, at 3  million CFU/g soil. This may 
explain the limited availability of nitrogen and, conse-
quently, lower crop yields on these soils.

The number of representatives of Streptomyces in 
podzolic chernozems reached 4 million CFU/g of soil, 
which contributes to the efficient decomposition of or-
ganic matter and the synthesis of beneficial metabo-
lites that have a positive effect on plant health. In grey 
forest soils, the number of actinomycetes was 3 million 
CFU/g soil, indicating moderate activity in the decom-
position of organic matter. Sod-podzolic soils showed 
the lowest number of actinomycetes – 2 million CFU/g 
soil. This may be due to lower soil productivity due to 
less efficient decomposition of organic materials. The 
number of phosphate-mobilising bacteria Bacillus spp. 
in the podzolised chernozem was 3 million CFU/g soil. 
This indicates an intensification of the processes of 

formation of mobile phosphorus compounds, which, 
accordingly, contributes to an increase in the availabil-
ity of this element to plant organisms. In grey forest 
soils, the number of phosphate-mobilising bacteria was 
2.5 million CFU/g soil, which provides a certain level of 
phosphorus but is lower than in black soil. Sod-podzolic 
soils had the lowest number of phosphate-mobilising 
bacteria – 1.5 million CFU/g soil, which accordingly re-
duced the level of availability of mobile forms of this 
element for plants and harmed crop yields. The analysis 
of the results of studies on the identification of fungi in 
the soil-absorbing complex indicates the following pat-
tern: 8 million spores of mycorrhizal fungi Glomus spp. 
per gram of soil were found in podzolic chernozems. My-
corrhizal fungi form symbiotic relationships with plant 
roots, which improves water and nutrient absorption 
and increases plant resistance to stressful conditions 
(Myronycheva et al., 2017). Grey forest soils were char-
acterised by an indicator of 5 million mycorrhizal fun-
gal spores per gram of soil, indicating a lower but still 
significant activity in improving plant growth and de-
velopment. The number of mycorrhizal fungal spores in 
sod-podzolic soils was 4 million per gram of soil. Despite 
the lower number of mycorrhizal fungi, their presence 
still contributes to the improvement of plant conditions.

Fungi Trichoderma spp. was found in podzolic cher-
nozems in the amount of 5 million spores per gram of 
soil. These fungi actively promote the decomposition 
of organic residues and increase the biological ac-
tivity of the soil. Grey forest soils contained 4 million 
spores of such fungi per gram of soil, which demon-
strates their moderate role in decomposition processes. 
Sod-podzolic soils were characterised by a content of 
3 million spores of fungi of this group per gram of soil, 
which may explain the less efficient decomposition of 
organic materials. The presence of pathogenic fungi 
Fusarium spp. was recorded in podzolic chernozems in 
the amount of 2 million spores per gram of soil. Low 
numbers of pathogens indicate better plant resistance 
to disease. Grey forest soils showed the presence of 3 
million pathogenic fungal spores per gram of soil, indi-
cating a moderate level of infection risk. Sod-podzolic 
soils contained 4 million pathogenic fungal spores per 



Soil microbiomes as component of pedosphere biodiversity...

Scientific Horizons, 2025, Vol. 28, No. 1

104

gram of soil. Higher numbers of pathogens can cause 
increased plant stress and lower yields.

The results of the analysis showed that a higher 
number of nitrogen-fixing bacteria and mycorrhizal 
fungi in chernozems contributes to higher crop yields. 
Podzolised chernozems with a high content of phos-
phate-mobilising bacteria and mycorrhizal fungi pro-
vide the highest quality and quantity of crops (Biya-
shev  et al.,  2024). Grey forest soils and sod-podzolic 
soils show a lower number of beneficial microorgan-
isms, which partly explains their reduced productivity 
and slightly lower product quality. The high number of 
pathogenic fungi in sod-podzolic soils can harm plant 
health and yield (Havryliuk  et al.,  2024). The study’s 
analysis of wheat, corn and soybean yields showed 
that soil type has a significant impact on the produc-
tivity of these crops. Podzolic black soils showed the 
highest yields for all three crops. Kalbex wheat grown 
on podzolised black soil yielded 50 centners per hec-
tare, Rhodes corn 80 centners, and Kingstone soybeans 
30 centners. This is due to the high humus content of 
chernozems and their favourable physical and chemical 
properties, such as optimal pH and high forage reten-
tion capacity. Black soil promotes better development 
of the root system of plants and provides them with 
essential nutrients, which in turn leads to high yields 

(Pichura et al., 2023; Voitovyk et al., 2023). The quality 
of grain obtained from plants grown on black soil was 
also the best. The weight of 1,000 grains of wheat was 
38 grams, corn 250 grams, and soybeans 200 grams.

The yields of crops grown on sod-podzolic soils 
were the lowest. Kalbex wheat yielded 40 centners per 
hectare, Rhodes corn 70 centners and Kingstone soy-
beans 25 centners. The low humus content and poor 
moisture retention in these soils limit crop productivity. 
Grain quality was also the lowest, with wheat weigh-
ing 33 grams per thousand grains, corn 230 grams and 
soybeans 180 grams. Grey forest soils had intermediate 
yields. The Kalbex wheat yielded 45 centners per hec-
tare, Rhodes corn 75 centners, and Kingstone soybeans 
28 centners. Grain quality was slightly lower than on 
podzolic black soil but better than on podzolic soils. 
The correlation analysis conducted as part of the study 
revealed a significant positive correlation between the 
number of bacteria in the soil and crop yields (Fig. 1). 
This result can be explained by the fact that bacteria 
play an important role in improving soil quality, as they 
contribute to the synthesis and mineralisation of or-
ganic matter and increase the availability of important 
nutrients such as nitrogen and phosphorus. These pro-
cesses allow plants to absorb nutrients more efficiently, 
which in turn leads to higher yields.

Figure 1. Correlation between soil microbiome and crop yields
Source: compiled by the authors

As for the correlation between the number of fungi 
in the soil and crop yields, it was less pronounced but 
still has some positive aspects. Although the impact of 
fungi on yields is less significant than that of bacteria, 
their presence can also have a positive impact on the 
overall health of the soil and plants. Thus, the results 
of the study emphasise the importance of soil micro-
biological composition for agronomic productivity. The 
study also examined the dynamics of changes in the 
physical and chemical properties of the soil during the 
growing season of crops. It turned out that podzolised 
chernozems, which have a high humus content and neu-
tral pH, retain their optimal properties throughout the 
season. At the beginning of the experiment (in March), 
the humus content in the podzolic chernozems was 
3.2%, and the soil solution reaction index (pH) was 6.5. 
At the end of the research (October), these indicators 

decreased to 3% and 6.4, respectively, which indicates 
a slight decrease in organic material and a decrease in 
pH. However, the studied parameters remained within 
the optimal range.

In March, grey forest soils were characterised by a 
lower humus content (2.5%) and a close to neutral soil 
solution pH (5.8 units). At the end of the growing sea-
son (October), these figures decreased to 2.3% and 5.7 
units, respectively. This indicates a slight decrease in 
the content of minor acidification of the soil environ-
ment, which can affect the efficiency of nutrient uptake 
by plants. The sod-podzolic soils had the lowest humus 
content (1.8%) and were characterised by a medium acid 
reaction of the soil solution (pH 4.9 units). At the end of 
the season, these indicators decreased to 1.7 and 4.8%, 
respectively. This indicates a low level of fertility and the 
need for pH correction to improve conditions for plants.
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The study of the quality of the crop showed that 
black soils provide the best results. For instance, wheat 
grain grown on these soils contained 12.5% protein and, 
accordingly, provided the highest evaluation scores. 
Grain produced on grey forest soils was characterised 
by lower values: 11.8% protein and slightly lower quali-
ty. Wheat grain products produced on sod-podzolic soils 
had the worst results: 11.2% protein and the lowest 
grain quality scores. A similar situation was observed 
concerning the sucrose content in corn grain. Thus, in 
the products grown on podzolic black soil, the content 
of this indicator was 6.5% with the highest evaluation 
scores. The sucrose content in the grain grown on grey 
forest soils was 6% and in sod-podzolic soils – 5.5%. As 
for soybean grain, when grown on podzolic black soils, 
the protein content was 38%, while on grey forest soils, 
it was 37.5%, and on sod-podzolic soils, it was 37%.

The analysis of the above data showed that dif-
ferent soil types and microbiome composition have a 
significant impact on crop productivity. Podzolic cher-
nozems, which are characterised by a high humus con-
tent and favourable conditions for the development 
of beneficial microorganisms, show the highest yields. 
This confirms their high agronomic value and impor-
tance for agricultural production. Considering the mi-
crobiological aspects of the soil can be a key factor in 
improving the efficiency of agronomic practices and 
optimising crop yields in a changing climate.

DISCUSSION
A detailed study focusing on the effect of probiotic 
bacterial consortia on plant growth was conducted by 
J. Hu et al. (2021). They focused on their impact on the 
rhizosphere microbiome. Our results confirm that modi-
fying the microbiome by introducing probiotic consortia 
can significantly improve plant growth. These findings 
are consistent with the present study, which indicates 
the importance of microbiological factors in plant de-
velopment. In addition, Z. Ruan et al. (2024) studied the 
application of microbiome modelling in the context of 
improving bioremediation, which is an important topic 
in ecology. The results of their study confirm that appro-
priate management and modelling of microbiomes can 
have a positive impact on the functioning of agroeco-
systems, as well as on the agronomic characteristics of 
crops. Thus, the integration of microbiological approach-
es into agronomic practice has the potential to increase 
agricultural efficiency and preserve the environment.

A detailed analysis of the patterns of microbial 
community recovery in different environments was car-
ried out by S. Jurburg et al. (2024), which includes both 
natural and anthropogenic ecosystems. This research is 
relevant for determining how microbiomes influence 
the resilience of agroecosystems to change, particu-
larly in the face of climate change and intensive land 
use. The study of microbial communities can provide 
valuable information on how they interact with plant  

species and other organisms, which in turn can contrib-
ute to the development of more effective agroecosys-
tem management strategies. L.  Philippot  et al.  (2021) 
addressed the resilience of microbial communities to 
environmental changes and stressors. The results of 
this study confirm that soil microbiomes have a signif-
icant ability to adapt to environmental changes, which 
is critical for maintaining ecological balance. These 
findings highlight the importance of microbial commu-
nities in ensuring ecosystem resilience and can serve 
as a basis for further research in agronomy and ecology.

The effects of priority in the formation of microbi-
omes, which is a highly important aspect of understand-
ing ecosystem processes, were studied by R. Debray et 
al.  (2022). The study determined that the first micro-
biomes that inhabit the soil can significantly influence 
the further development and formation of subsequent 
microbial communities. This observation highlights the 
importance of initial conditions in shaping soil biodi-
versity, which can have far-reaching implications for 
agronomy and ecology. P.  Jiang  et al.  (2024) analysed 
the impact of intercropping on maize growth and nutri-
ent uptake, addressing the relationship between rhiz-
osphere metabolites and microbiomes. This study con-
firms the results of previous research indicating that 
agronomic practices, such as organic fertilisation, can 
significantly alter the structure of the soil microbiome. 
This, in turn, affects plant health and growth, which is 
critical for high yields and sustainable agriculture.

A detailed study of the changes in microbial com-
munities that occur during long-term intercropping 
was conducted by R.  Ablimit  et al.  (2022). This study 
highlights how the long-term use of certain agronomic 
practices, such as fertilisation, can significantly affect 
the composition and functioning of the soil microbiome. 
Changes in microbial communities can have far-reach-
ing consequences for soil fertility, disease resistance 
and the overall ecological balance in agroecosystems 
(Khavkhun, 2024). The impact of phosphate fertilisers 
on the soil microbiome and its metabolic functions was 
studied by H.  Cheng  et al.  (2022). The results of this 
study confirm the existing findings on the importance 
of proper fertilisation, as it can significantly affect the 
health of microbiomes. In particular, the study deter-
mined that excessive or insufficient fertiliser applica-
tion can lead to an imbalance in microbial communities, 
which in turn can negatively affect soil fertility and the 
environmental sustainability of agricultural systems.

The factors that influence differences in the dis-
tance-decreasing relationships of microbiomes were 
considered in detail, in the context of environmental 
conditions and biodiversity, by D. Clark et al. (2021). The 
results of the study confirm that these differences can 
have a significant impact on the functioning of micro-
biomes in different environments, which in turn can 
affect the overall health of ecosystems and their resil-
ience to environmental change. This study highlights 
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the importance of understanding microbiomes for de-
veloping strategies for the conservation and restoration 
of natural resources. P. Neuberger et al. (2024) studied 
the role of arbuscular mycorrhizae in soils, focusing on 
their ability to improve nutrient availability to plants. 
This supports these findings on the importance of myc-
orrhizae for improving soil and plant health, in the con-
text of increasing soil fertility and reducing the need 
for chemical fertilisers. P. Neuberger  et al.  emphasise 
that arbuscular mycorrhizae not only promote plant 
growth but also play an important role in maintaining 
ecological balance, making them indispensable com-
ponents of healthy agroecosystems. The results of the 
study by Y. Qiao et al. (2024) proved that the accumula-
tion and application of organic residues, such as straw, 
is a factor in enriching soil microbiomes and increasing 
their biodiversity.

The integration of phenotypes into microbiome 
networks for the design of synthetic communities, fo-
cusing on the potential of microbiome networks to 
improve agronomic practices, was studied by R. Poud-
el  et al.  (2023). This study confirms the findings that 
structured microbiome communities can be used to 
optimise agronomic processes such as biological pest 
control and soil fertility, opening new opportunities for 
sustainable agriculture and organic farming. T. Aizi  et 
al.  (2023) carried out a detailed analysis of the struc-
ture of microbial communities existing in the rhizos-
phere of Panax ginseng and investigated soil properties 
in larch forests. This study not only adds to existing 
results but also demonstrates how rhizosphere micro-
biomes can vary depending on specific soil conditions 
and temporal changes. The importance of this study is 
to emphasise the contextual factors that significantly 
affect the formation and functioning of microbiomes. 
Moreover, L. Mason et al. (2023) studied changes in the 
composition of microbial communities in the root zone 
during intercropping. These results confirm previous 
data indicating that intercropping can significantly af-
fect soil microbiomes. The study by L. Mason et al. em-
phasises the importance of agronomic practices in the 
formation of sustainable and balanced soil ecosystems, 
which in turn can contribute to increased crop yields 
and sustainability.

A detailed study examining the effect of culti-
vation duration on the aggregation of microbial taxa 
was conducted by Z. Shi et al. (2023). In their work, the 
authors also emphasise that the duration of agronom-
ic practices can significantly affect the structure and 
functioning of microbiomes. The results demonstrating 
this dependence are consistent with previous findings 
by other researchers, which indicates the importance of 
long-term use of certain agronomic practices to opti-
mise microbiomes in soil. In turn, V. Pandey et al. (2023) 
conducted a comprehensive analysis of the history and 
role of microbiomes in plant improvement, focusing on 
their ability to increase plant resistance to stress and 

improve growth performance. This study confirms the 
findings of previous research that indicates the long-
term benefits of using microbiomes to improve plant 
health. The importance of microbiomes in modern ag-
riculture is becoming increasingly evident, as they are 
central to ensuring food security and sustainable devel-
opment of the agricultural sector.

The results of the study are consistent with the 
findings of other scientists, who confirm that soil mi-
crobiomes are an important component of pedospher-
ic biodiversity and a powerful factor in shaping crop 
yields. The importance of microbiomes in ensuring the 
sustainability of agroecosystems is critical in the con-
text of climate change and global challenges in agri-
culture. The results obtained can serve as a basis for 
further research in microbiome science and agronomy, 
opening new opportunities for the development of en-
vironmentally friendly agricultural technologies and 
soil management strategies that will contribute to the 
sustainable development of the agricultural sector.

CONCLUSIONS
The study assessed the state of microbiome biodiversity 
in different agricultural conditions of the Sumy region 
and conducted their inventory. A significant influence of 
soil microbiomes on the yield and quality of crops, in 
particular, wheat “Kalbes”, corn “Rhodes” and soybeans 
“Kingston”, was established. The highest yields were 
recorded when growing crops on podzolic black soil: 
wheat reached 50 cwt/ha, corn – 80 cwt/ha, soybeans – 
30 cwt/ha, which indicates optimal conditions for plant 
growth and development on this type of soil. Grey for-
est and sod-podzolic soils showed lower yields, which 
is due to their lower biological activity and less favour-
able physical and chemical characteristics. In particu-
lar, the number of nitrogen-fixing bacteria Rhizobium 
and Azotobacter and mycorrhizal fungi Glomus  spp. 
was significantly higher in podzolic chernozems, which 
had a positive impact on the availability of nutrients 
for plants. The content of humus and mobile forms of 
phosphorus was also the highest in these soil types, 
confirming their high fertility.

The correlation analysis revealed significant pos-
itive correlations between the number of bacteria in 
the soil and crop yields, as bacteria contribute to soil 
quality, decomposition of organic matter and increased 
availability of nutrients. The correlation between the 
number of fungi in the soil and yields was less pro-
nounced, but mycorrhizal fungi are known to have a 
positive effect on the ability of plants to absorb water 
and nutrients. The results of the study emphasise the 
importance of optimal soil microbiological composi-
tion for agronomic productivity. However, the study has 
certain limitations, such as the localised range of soil 
conditions and crops, which may affect the generalisa-
bility of the results. To further improve the results, it is 
recommended to expand the study to other soil types 
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and crops, as well as to address seasonal fluctuations 
and the long-term impact of various agronomic practic-
es on soil microbiomes. This will be used to assess the 
impact of microbiomes on agroecosystems and develop 
more effective methods for increasing crop productivity.

ACKNOWLEDGEMENTS
None.

CONFLICT OF INTEREST
None.

REFERENCES
[1] Ablimit, R., Li, W., Zhang, J., Gao, H., Zhao, Y., Cheng, M., Meng, X., An, L., & Chen, Y. (2022). Altering microbial 

community for improving soil properties and agricultural sustainability during a 10-year maize-green 
manure intercropping in Northwest China. Journal of Environmental Management, 321, article number 115859. 
doi: 10.1016/j.jenvman.2022.115859.

[2] Aizi, T., Lijuan, L., Lihua, L., Wei, L., & Jiamei, Q. (2023). Comparative analysis of microbial community structure 
in different times of Panax ginseng Rhizosphere microbiome and soil properties under larch forest. BMC 
Genomic Data, 24, article number 51. doi: 10.1186/s12863-023-01154-1.

[3] Anthony, W.E., et al. (2024). From soil to sequence: filling the critical gap in genome-resolved metagenomics is 
essential to the future of soil microbial ecology. Environmental Microbiome, 19, article number 56. doi: 10.1186/
s40793-024-00599-w.

[4] Banerjee, S., & van der Heijden, M.G. (2022). Soil microbiomes and one health. Nature Reviews Microbiology, 21, 
6-20. doi: 10.1038/s41579-022-00779-w.

[5] Bastida, F., Eldridge, D.J., García, C., Kenny Png, G., Bardgett, R.D., & Delgado-Baquerizo, M. (2021). Soil microbial 
diversity – Biomass relationships are driven by soil carbon content across global biomes. ISME Journal, 15(7), 
2081-2091. doi: 10.1038/s41396-021-00906-0.

[6] Biyashev, B., Drobitko, A., Markova, N., Bondar, A., & Pismenniy, O. (2024). Chemical analysis of the state 
of Ukrainian soils in the combat zone. International Journal of Environmental Studies, 81(1), 199-207. 
doi: 10.1080/00207233.2023.2271754.

[7] Cheng, H., Yuan, M., Tang, L., Shen, Y., Yu, Q., & Li, S. (2022). Integrated microbiology and metabolomics analysis 
reveal responses of soil microorganisms and metabolic functions to phosphorus fertilizer on semiarid farm. 
Science of the Total Environment, 817, article number 152878. doi: 10.1016/j.scitotenv.2021.152878.

[8] Clark, D.R., Underwood, G.J., McGenity, T.J., & Dumbrell, A.J. (2021). What drives study-dependent differences 
in distance-decay relationships of microbial communities? Global Ecology and Biogeography, 30(4), 811-825. 
doi: 10.1111/geb.13266.

[9] Debray, R., Herbert, R.A., Jaffe, A.L., Crits-Christoph, A., Power, M.E., & Koskella, B. (2022). Priority effects in 
microbiome assembly. Nature Reviews Microbiology, 20(2), 109-121. doi: 10.1038/s41579-021-00604-w.

[10] Delgado, L.F., & Andersson, A.F. (2022). Evaluating metagenomic assembly approaches for biome-specific 
gene catalogues. Microbiome, 10, article number 72. doi: 10.1186/s40168-022-01259-2.

[11] Guo, J., Ling, N., Li, Y., Li, K., Ning, H., Shen, Q., Guo, S., & Vandenkoornhuyse, P. (2021). Seed-borne, endospheric 
and rhizospheric core microbiota as predictors of plant functional traits across rice cultivars are dominated by 
deterministic processes. New Phytologist, 230(5), 2047-2060. doi: 10.1111/nph.17297.

[12] Hartmann, M., & Six, J. (2023). Soil structure and microbiome functions in agroecosystems. Nature Reviews 
Earth and Environment, 4(1), 4-18. doi: 10.1038/s43017-022-00366-w.

[13] Havryliuk, L., Beznosko, I., Humennyi, D., Gentosh, D., & Bashta, O. (2024). Review of the main diseases of 
Solanum lycopersicum and methods of chemical control of pathogens. Ukrainian Black Sea Region Agrarian 
Science, 28(4), 32-40. doi: 10.56407/bs.agrarian/4.2024.32.

[14] Hu, J., Yang, T., Friman, V., Kowalchuk, G.A., Hautier, Y., Li, M., Wei, Z., Xu, Y., Shen, Q., & Jousset, A. (2021). 
Introduction of probiotic bacterial consortia promotes plant growth via impacts on the resident rhizosphere 
microbiome. Proceedings of the Royal Society B: Biological Sciences, 288(1960), article number 20211396. 
doi: 10.1098/rspb.2021.1396.

[15] Jansson, J.K., McClure, R., & Egbert, R.G. (2023). Soil microbiome engineering for sustainability in a changing 
environment. Nature Biotechnology, 41(12), 1716-1728. doi: 10.1038/s41587-023-01932-3.

[16] Jiang, P., Wang, Y., Zhang, Y., Fei, J., Rong, X., Peng, J., Yin, L., & Luo, G. (2024). Intercropping enhances maize 
growth and nutrient uptake by driving the link between rhizosphere metabolites and microbiomes. New 
Phytologist, 243(4), 1506-1521. doi: 10.1111/nph.19906.

[17] Jurburg, S.D., Blowes, S.A., Shade, A., Eisenhauer, N., & Chase, J.M. (2024). Synthesis of recovery patterns in 
microbial communities across environments. Microbiome, 12, article number 79. doi: 10.1186/s40168-024-
01802-3.

[18] Khavkhun, A. (2024). The impact of mineral fertilisers on the physicochemical properties of soil in maize 
cultivation. Plant and Soil Science, 15(3), 44-53. doi: 10.31548/plant3.2024.44.

https://doi.org/10.1016/j.jenvman.2022.115859
https://doi.org/10.1186/s12863-023-01154-1
https://doi.org/10.1186/s40793-024-00599-w
https://doi.org/10.1186/s40793-024-00599-w
https://doi.org/10.1038/s41579-022-00779-w
https://doi.org/10.1038/s41396-021-00906-0
https://doi.org/10.1080/00207233.2023.2271754
https://doi.org/10.1016/j.scitotenv.2021.152878
https://doi.org/10.1111/geb.13266
https://doi.org/10.1038/s41579-021-00604-w
https://doi.org/10.1186/s40168-022-01259-2
https://doi.org/10.1111/nph.17297
https://doi.org/10.1038/s43017-022-00366-w
https://doi.org/10.56407/bs.agrarian/4.2024.32
https://doi.org/10.1098/rspb.2021.1396
https://doi.org/10.1038/s41587-023-01932-3
https://doi.org/10.1111/nph.19906
https://doi.org/10.1186/s40168-024-01802-3
https://doi.org/10.1186/s40168-024-01802-3
https://doi.org/10.31548/plant3.2024.44


Soil microbiomes as component of pedosphere biodiversity...

Scientific Horizons, 2025, Vol. 28, No. 1

108

[19] Mason, L., Debenport, S., DeLay, С., Diedhiou, I., McSpadden Gardener, B.B., Assigbetsee, K.B., Rich, V., 
& Dick,  R.P.  (2023). Microbial community shifts in pearl millet root zone soils with Guiera senegalensis 
intercropping along a rainfall and soil type gradient in the Sahel. Soil Science Society of America Journal, 87(3), 
498-515. doi: 10.1002/saj2.20494.

[20] Myronycheva, O., Bandura, I., Bisko, N., Gryganskyi, A.P., & Karlsson, O. (2017). Assessment of the growth and 
fruiting of 19 oyster mushroom strains for indoor cultivation on lignocellulosic wastes. BioResources, 12(3), 
4606-4626. doi: 10.15376/biores.12.3.4606-4626.

[21] Neuberger, P., Romero, C., Kim, K., Hao, X., McAllister, T.A., Ngo, S., Li, C., & Gorzelak, M.A. (2024). Biochar is 
colonized by select arbuscular mycorrhizal fungi in agricultural soils. Mycorrhiza, 34(3), 191-201. doi: 10.1007/
s00572-024-01149-5.

[22] Pandey, V., Bhattacharya, A., & Pandey, A. (2023). Plant growth-promoting microbiomes: History and their role 
in agricultural crop improvement. In P. Swapnil, M. Meena, Harish, A. Marwal, S. Vijayalakshmi & A. Zehra 
(Eds.), Plant-microbe interaction – recent advances in molecular and biochemical approaches (pp. 1-44). London: 
Academic Press. doi: 10.1016/B978-0-323-91875-6.00012-8.

[23] Philippot, L., Griffiths, B.S., & Langenheder, S. (2021). Microbial community resilience across ecosystems and 
multiple disturbances. Microbiology and Molecular Biology Reviews, 85(2). doi: 10.1128/MMBR.00026-20.

[24] Pichura, V., Potravka, L., Stratichuk, N., & Drobitko, A. (2023). Space-time modeling and forecasting steppe soil 
fertility using geo-information systems and neuro-technologies. Bulgarian Journal of Agricultural Science, 29(1), 
182-197.

[25] Poudel, R., Jumpponen, A., Kennelly, M.M., Rivard, C., Gomez-Montano, L., & Garrett, K.A. (2023). Integration 
of phenotypes in microbiome networks for designing synthetic communities: A study of mycobiomes in the 
grafted tomato system. Applied and Environmental Microbiology, 89, article number e01843-22. doi: 10.1128/
aem.01843-22.

[26] Qiao, Y., Xu, D., Peng, J., Lu, H., Tan, Y., & Guo, D. (2024). Influence of decomposed stubble return on the soil 
microbial community under perennial crop rotation. Journal of Soil Science and Plant Nutrition, 24, 2295-2304. 
doi: 10.1007/s42729-023-01472-4.

[27] Riley, R., et al. (2021). Terabase-scale coassembly of a tropical soil microbiome. Microbiology Spectrum, 11(4), 
article number e0020023. doi: 10.1128/spectrum.00200-23.

[28] Ruan, Z., Chen, K., Cao, W., Meng, L., Yang, B., Xu, M., Xing, Y., Li, P., Freilich, S., Chen, C., Gao, Y., Jiang, J., & 
Xu, X. (2024). Engineering natural microbiomes toward enhanced bioremediation by microbiome modeling. 
Nature Communications, 15(1), article number 4694. doi: 10.1038/s41467-024-49098-z.

[29] Scharlemann, J.P., Tanner, E.V., Hiederer, R., & Kapos, V. (2023). Global soil carbon: Understanding and managing 
the largest terrestrial carbon pool. Carbon Management, 5(1), 81-91. doi: 10.4155/cmt.13.77.

[30] Shi, Z., Yang, M., Li, K., Yang, L., & Yang, L. (2023). Influence of cultivation duration on microbial taxa aggregation 
in Panax ginseng soils across ecological niches. Frontiers in Microbiology, 14, article number 1284191. 
doi: 10.3389/fmicb.2023.1284191.

[31] Singh, B.K., Trivedi, P., Egidi, E., Macdonald, C.A., & Delgado-Baquerizo, M. (2020). Crop microbiome and 
sustainable agriculture. Nature Reviews Microbiology, 18(11), 601-602. doi: 10.1038/s41579-020-00446-y.

[32] Trivedi, P., Leach, J.E., Tringe, S.G., Sa, T., & Singh, B.K. (2020). Plant-microbiome interactions: From community 
assembly to plant health Nature. Reviews Microbiology, 18(11), 607-621. doi: 10.1038/s41579-020-0412-1.

[33] Voitovyk, M., Prymak, I., Tsyuk, O., & Melnyk, V. (2023). Ertility of typical black soil under multi-year main tillage 
in short rotation crop rotation. Scientific Reports of the National University of Life and Environmental Sciences of 
Ukraine, 19(3). doi: 10.31548/dopovidi3(103).2023.008.

[34] Wu, R., Davison, M.R., Gao, Y., Nicora, C.D., Mcdermott, J.E., Burnum-Johnson, K.E., Hofmockel, K.S., & 
Jansson, J.K. (2021). Moisture modulates soil reservoirs of active DNA and RNA viruses. Communications Biology, 
4(1), article number 992. doi: 10.1038/s42003-021-02514-2.

[35] Zhou, Y., Liu, D., Li, F., Dong, Y., Jin, Z., Liao, Y., Li, X., Peng, S., Delgado-Baquerizo, M., & Li, X. (2024). Superiority 
of native soil core microbiomes in supporting plant growth. Nature Communications, 15(1), article number 
6599. doi: 10.1038/s41467-024-50685-3.

https://doi.org/10.1002/saj2.20494
https://doi.org/10.15376/biores.12.3.4606-4626
https://doi.org/10.1007/s00572-024-01149-5
https://doi.org/10.1007/s00572-024-01149-5
https://doi.org/10.1016/B978-0-323-91875-6.00012-8
https://doi.org/10.1128/MMBR.00026-20
https://www.agrojournal.org/29/01-22.pdf
https://www.agrojournal.org/29/01-22.pdf
https://doi.org/10.1128/aem.01843-22
https://doi.org/10.1128/aem.01843-22
https://doi.org/10.1007/s42729-023-01472-4
https://doi.org/10.1128/spectrum.00200-23
https://doi.org/10.1038/s41467-024-49098-z
https://doi.org/10.4155/cmt.13.77
https://doi.org/10.3389/fmicb.2023.1284191
https://doi.org/10.1038/s41579-020-00446-y
https://doi.org/10.1038/s41579-020-0412-1
https://doi.org/10.31548/dopovidi3(103).2023.008
https://doi.org/10.1038/s42003-021-02514-2
https://doi.org/10.1038/s41467-024-50685-3


Skliar et al.

Scientific Horizons, 2025, Vol. 28, No. 1

109

Мікробіоми ґрунту як складова біорізноманіття педосфери  
та чинник формування врожайності сільськогосподарських культур
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Анотація. Метою даного дослідження було оцінювання механізмів взаємодії між мікробіомами ґрунту та 
провідними культурами для оптимізації врожайності і якості продукції у процесі сільськогосподарського 
виробництва. У ході дослідження проведено всебічний аналіз фізико-хімічних властивостей ґрунтів 
(чорноземи, сірі лісові та підзолисті) та склад мікробіому ґрунту, включаючи чисельність азотфіксуючих 
бактерій Rhizobium і Azotobacter, бактерій Bacillus spp., представників роду Streptomyces, грибів Glomus spp. 
Найвищі показники врожайності пшениці сорту Kalbex (50 ц/га), кукурудзи Родос (80 ц/га) та сої Kingstone 
(30 ц/га) були зареєстровані при вирощуванні цих культур на чорноземах. Сірі лісові ґрунти і підзолисті 
ґрунти продемонстрували меншу продуктивність та якість врожаю. Чисельність азотфіксуючих бактерій 
Rhizobium і Azotobacter у чорноземах досягала 6 мільйонів колонієутворюючих одиниць (КУО) на грам ґрунту, 
тоді як у підзолистих ґрунтах вона була найнижчою – 3 мільйони КУО на грам ґрунту. Мікоризні гриби 
Glomus spp. також були найбільш чисельні в чорноземах – 8 мільйонів спор на грам ґрунту. У дослідженні 
вивчався вплив мікробіому ґрунтів на врожайність обраних культур. Був проведений кореляційний аналіз 
мікробіому та врожайності. Проаналізовано вплив мікробіому ґрунту на якість врожаю. Отримані результати 
підтверджують, що чорноземи забезпечують найкращі умови для вирощування культур завдяки високій 
біологічній активності ґрунту та оптимальним фізико-хімічним властивостям, що робить їх ідеальним 
вибором для агрономічної практики

Ключові слова: біорізноманіття; метагеноміка; агроекосистеми; педосфера; агропромисловий комплекс; 
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