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Abstract. The study aimed to determine the effectiveness of traditional, minimum 
and no-till tillage in combination with organic fertilisation methods, such as green 
manure, organic compost and green manure. The study was based on field experiments 
conducted on plots with different soil types, which was used to assess the impact 
of the applied agricultural technologies in different agroecological conditions. The 
results showed that no-till with combined fertilisation (NPK + manure) provided the 
highest increase in soil organic matter (SOM) by 0.7% (up to 3.4% in 2024) and humus 
by 0.5% (up to 2.6% in the 0-10 cm layer) compared to the control (1.7% SOM for 
ploughing). The nitrogen (N) content increased by 0.04% (to 0.16%), phosphorus (P) by 
7 mg/kg (to 57 mg/kg), and potassium (K) by 20 mg/kg (to 140 mg/kg). Deep ploughing 
resulted in a loss of SOM (from 2.3% to 1.7%), while minimum tillage-maintained 
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INTRODUCTION
Soil is the main component of terrestrial ecosystems 
and maintains a balance between physical, chemical 
and biological properties. Soil organic matter is central 
to improving soil structure, water-holding capacity and 
fertility. Increasing the organic matter content is an 
important factor in sustainable soil management and 
maintaining the productivity of agricultural land. In 
this regard, organic farming is becoming increasingly 
widespread as an alternative to conventional farming 
methods aimed at the long-term preservation of soil 
fertility and environmental sustainability of agricultur-
al landscapes. Organic farming is based on methods 
such as crop rotation, legume cover crops, green fertil-
isers and compost, which contribute to the accumula-
tion of organic matter.

The annual growth of organic farming areas in the 
world is about 0.2 million hectares, which is 0.5% of 
the total area (Willer et al., 2025). The main feature of 
organic farming is the exclusion of the use of synthet-
ic fertilisers, pesticides, plant growth regulators and 
genetically modified organisms (Tanchyk et al.,  2024). 
This approach views the farm as a complete ecosys-
tem in which minerals, organic matter, microorganisms, 
insects, plants, animals and people interact to form a 
balanced and stable environment. The impact of tillage 
systems and fertilisation methods on organic matter ac-
cumulation has been the subject of numerous studies. 
In the study by M. Allam et al.  (2022), a meta-analysis 
showed that organic fertilisers increased the organic 
matter content (Soil organic carbon (SOC)) by 12.9% (up 
to 20.6% for No-Till (NT)), mineral-organic fertilisers 
increased yields by 13.4% (Conventional Tillage (CT)) 
and 12.7% (Reduced Tillage (RT)) in coarse soils, and 
the best effect of organic fertilisers was observed in 
legumes (15.2%), which emphasises the importance of 
adapting fertiliser to the conditions. A nine-year study 
of rice-wheat rotation by Z. Zhao et al.  (2021) showed 
that organic fertilisers (conventional tillage with organ-
ic manure (CTOM), reduced tillage with organic manure 
(RTOM)) increased SOC, its active fractions and macro-
aggregates (250  µm), with the highest concentration 
recorded in CTOM, which confirms the effectiveness of 
organic fertilisation and reduced tillage. 

J. Gerke (2022) showed that humus substances (50-
80% SOC) improve the availability of phosphorus (P), 
iron (Fe) and copper (Cu), reduce the toxicity of alu-
minium (Al), bind heavy metals, and perennial plants 
and organic fertilisers effectively increase SOC and 
contribute to CO₂ regulation. According to a study by 
D. Martin-Lammerding et al. (2021), over ten years in a 
semi-arid agroecosystem, organic fertilisers (ORG) un-
der minimal tillage (MT) increased wheat yields com-
pared to mineral fertilisers (MIN) and provided stable 
nutrient levels. A. Feilinezhad et al. (2022) analysed that 
minimum tillage with manure application provided 
the highest maize yield and improved nutrient uptake 
compared to no-till. A. Morugán-Coronado et al. (2022) 
evaluated the effects of climate, soil and agronomic 
practices on crop yields under minimum tillage, and the 
results showed that a combination of organic and min-
eral fertilisers gave the best results for cereals, while 
organic fertilisers were sufficient for pulses.

H. Cui et al.  (2023) studied the effect of different 
tillage methods and different levels of nitrogen fer-
tilisation on soil fertility and wheat yield. The results 
showed that alternating deep and rotary tillage with 
corn straw and 225 kg of nitrogen per ha resulted in 
the highest level of fertility and yield at low costs. 
H.  Zhang  et al.  (2020) evaluated the long-term (33 
years) effects of different tillage methods and straw 
return on soil aggregate stability, organic carbon and 
nitrogen, and the results showed that no-till and straw 
incorporation increased the number of large macroag-
gregates, their organic carbon (OC) and nitrogen (N) 
content, improving soil fertility. J.  Balik  et al.  (2020) 
studied changes in SOC content over 26 years of silage 
maize cultivation. The results showed that mineral ni-
trogen fertilisation accelerates the mineralisation of 
stable organic matter, straw application reduces or-
ganic matter losses, and manure increases carbon in 
stable organic matter (CSOM) by 16%. L. Lv et al. (2023) 
assessed the impact of conservation tillage technol-
ogies on soil chemical properties through a global 
meta-analysis, and the results showed that such meth-
ods, especially stubble cover, significantly increase the 
content of organic matter, carbon, and key nutrients, 

SOM at 2.1-3.3%. Organic fertilisers (manure, green manure) stabilised humus with a correlation of r = 0.85 - 0.90 
(p < 0.05), while no-till increased soil moisture by 10-15% and cation exchange by 510%. On fertile soils (Eutric 
Cambisol), no-till with combined fertiliser increased the SOM by 0.7%, while on sandy soils (Quartzipsamment) 
organic fertiliser added 0.4%. The ANOVA analysis confirmed the significant effect of tillage (F = 45.2, p < 0.001) 
and fertiliser (F = 38.7, p < 0.001) on the SOM. The seasonal dynamics showed a peak in the spring (3.6% in 2023 
for no-till). No-till with combined fertiliser was found to be the most effective. The results obtained can be useful 
for improving agricultural technologies in the field of organic farming, developing ecological farming systems and 
formulating practical recommendations for farmers and agronomists on optimal soil resource management

Keywords: agrotechnology; environmental sustainability; the biological activity of agrocenoses; fertility 
conservation; biogeochemical processes
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namely nitrogen (N), phosphorus (P), potassium (K), and 
cation exchange potential in the soil.

Despite numerous studies, there are gaps in under-
standing the long-term impact of different tillage sys-
tems and organic fertilisation on organic matter accu-
mulation in different soil types and climatic conditions. 
In particular, the optimal combinations of fertilisation 
and tillage practices that maximise organic carbon 
storage and improve soil structure remain poorly un-
derstood. The study aimed to investigate the impact of 
different tillage methods (traditional, minimum, zero 
tillage) and organic fertilisation (green manure, com-
post, green manure) on the level of organic matter and 
agrochemical fertility indicators.

MATERIALS AND METHODS
The study of the impact of tillage and fertilisation on 
the accumulation of organic matter and soil fertility 
was conducted during 2021-2024 years on the exper-
imental field of the Agricultural Research Institute of 
Agriculture of Central Ukraine of the National Acad-
emy of Agrarian Sciences of Ukraine, in Kryvyi Rih. 
The study area is characterised by chornozem soils of 
medium humus content, which provides favourable 
conditions for the experiment and representative re-
sults. The climate of the region is temperate continen-
tal, with warm summers and mild winters, which also 
contributes to the successful cultivation of crops and 
field research. The study area is characterised by the 
following soil types: Typical Hapludult (acidic, well-
drained soils with low organic matter content); Typical 
Xerorthent (dry, underdeveloped soils with low fertili-
ty); Typical Udipsamment (sandy soils with low humus 
content); Eutric Cambisol (fertile soils with high nu-
trient content); Typical Quartzipsamment (sandy soils 
with a predominance of quartz). The study focused on 
agronomic tillage systems, including conventional, 
minimum and no-till methods, as well as various fer-
tilisation schemes, including both organic and mineral 
fertilisers. The assessment of the dynamics of chang-
es in soil organic matter, humus content, physical and 
chemical properties of the soil profile, and the effec-
tiveness of different fertilisation systems in a changing 
climate were emphasised.

The impact of deep ploughing, minimum tillage 
and no-till on the accumulation of organic matter in 
the topsoil (0-30 cm) was studied. The effect of miner-
al and organic fertilisers (nitrogen ammonium nitrate, 
phosphate superphosphate, potassium chloride) and 
organic fertilisers (rotted manure and green manure) 
on changes in humus, nitrogen, phosphorus and potas-
sium content was studied. The experiment was laid out 
in a randomised quadruplicate design with three tillage 
options and three fertilisation schemes: deep plough-
ing (20-25  cm), minimum tillage (10-15  cm), no-till 
and mineral fertiliser (NPK), organic fertiliser (manure), 
and combined fertiliser (manure + NPK). Each variant  

included a control plot without fertilisation. Soil sam-
ples were collected in the spring and autumn of each 
year at depths of 0-10 cm, 10-20 cm and 20-30 cm. 

The analyses were performed using a UV-1800 
spectrophotometer (Shimadzu, Japan), an electronic 
balance Radwag AS 220.R2 (Radwag, Poland) and a pH 
meter pH-150MI (Institute of Electric Welding named 
after E.O. Paton Institute of Electric Welding, Ukraine), a 
drying cabinet and analytical chemicals, including po-
tassium sulphate (K₂SO₄), hydrochloric acid (HCl), sul-
phuric acid (H₂SO₄), nitric acid (HNO₃), hydrogen perox-
ide (H₂O₂), sodium hydroxide (NaOH), phenolphthalein 
indicator, calcium chloride (CaCl₂), and standardised 
solutions for photometric determination of nitrogen, 
phosphorus and potassium. The data were processed 
using statistical methods of analysis of variation (ANO-
VA) to assess the significance of the influence of var-
ious factors. Plots with homogeneous soil types were 
selected for the study, which ensured a correct compar-
ison of results between the variants. The sites were se-
lected based on the criteria of equal exposure and the 
absence of factors that could affect the results, such as 
excessive moisture or erosion processes. The results of 
soil analysis were compared between the experimen-
tal variants to assess the effectiveness of each tillage 
and fertilisation system. 

Before the experiment, a detailed characteri-
sation of the initial soil properties was carried out. 
Fertilisers, namely nitrogen (ammonium nitrate), 
phosphorus (superphosphate) and potassium (po-
tassium chloride), were applied following agronomic 
recommendations, considering the potential balance 
of nutrients in the soil. At the same time, the mass, 
moisture content and degree of decomposition of 
plant residues were recorded to analyse their impact 
on the level of organic matter, following the require-
ments of DSTU 4287:2004 (2005). Soil sampling was 
carried out three times a year: in April (spring), July 
(summer) and October (autumn) throughout the study 
period. This was used to trace the seasonal dynamics 
of changes in soil fertility indicators and avoid errors 
associated with weather fluctuations between years. 
Areas with anthropogenic pollution (industrial or ur-
banised areas) were excluded, as well as soils that had 
been severely depleted due to intensive previous use 
without appropriate fertilisation.

RESULTS
This section presents the results of an experimental 
study of the impact of tillage systems (deep ploughing, 
minimum tillage, no-till) and fertiliser types (mineral, 
organic, combined) on the accumulation of organic 
matter, humus content and agrochemical soil fertil-
ity indicators over the period of 2021-2024 years. An 
experiment to study the impact of tillage systems on 
the accumulation of organic matter (SOM) and hu-
mus was conducted for 2021-2024 years based on an  
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experimental field located in the agro-climatic condi-
tions of Kryvyi Rih. The study aimed to determine how 
different tillage methods affect the accumulation and 
preservation of organic matter and humus, which are 
important indicators of soil fertility. Three tillage ap-
proaches were used in the study: deep ploughing at 20-
25 cm, minimum tillage at 10-15 cm, and no-till. Soil 
samples for analysis were taken at depths of 0-10, 10-
20 and 20-30 cm in spring, summer and autumn, which 
tracked the seasonal dynamics of indicators.

When comparing the organic matter content in 
the top 30  cm of soil, it was found that the tillage 
system significantly affects its concentration. Under 
deep ploughing, the content of POM was the lowest 
among all variants and tended to gradually decrease 
from 2.3% in 2021 (without fertiliser) to 1.7% in 2024. 
Under combined fertilisation (organic and mineral fer-
tilisers), this figure was higher at 3.5% in 2021 but 
decreased to 2.9% in 2024. Minimal tillage provided 
slightly better results in terms of organic matter accu-
mulation. In the variants without fertiliser, the content 
of SOM varied from 2.5% in 2021 to 2.1% in 2024. 
When applying the combined fertiliser, maximum 
values of 3.8% were observed in 2021 and 3.3% in 
2024, indicating the effectiveness of the combination 
of reduced mechanical intervention and nutritional 
support. The soil was less compacted and easier to 
penetrate by the root system, which created favour-
able conditions for crop growth. In the no-till areas, 
there were also more earthworms, a bioindicator of 
soil health, which indirectly indicates an increase in 
biological activity and stabilisation of organic matter 
(Mirzavand et al., 2022). In addition to quantitative in-
dicators, there was also a noticeable decrease in ero-
sion processes in areas with minimal and no-tillage. 
The stubble residues on the surface retained moisture 
reduced the spraying of soil particles during rain and 
lowered the temperature of the top layer on hot days.

The highest results were recorded with the no-till 
system. In the no-fertiliser variants, the organic mat-
ter content was 2.7% in 2021 and decreased to 2.3% 
in 2024. When combined fertilisers were used in the 
first year of the study, the SOM reached 4.0%, and in 
2024 it remained at 3.4%. This confirms the positive 
impact of no-till on the organic part of the soil due to 
the preservation of plant residues on the surface and 
minimal disturbance of the soil structure. An analysis 
of the dynamics of humus content by year and depth 
showed a general downward trend. On average, the 
humus content of all variants decreased from 2.4% 
in 2021 to 2.0% in 2024. The highest concentrations 
of humus were observed in the topsoil (0-10 cm), es-
pecially in the no-till system, where the content var-
ied from 2.8-3.0% in 2021 to 2.4-2.6% in 2024. Un-
der deep ploughing, the same layer saw a decrease 
from 2.5% to 1.9%, indicating a loss of humus due to 
intensive mechanical intervention and accelerated  

mineralisation. At deeper depths (10-20 and 20-
30  cm), there was a less pronounced difference be-
tween the tillage systems, but the general trend of de-
creasing humus content was noticeable in all variants.

SOM has become increasingly important scien-
tifically and practically due to the problem of global 
warming and the potential of the soil environment 
as a natural reservoir for the accumulation of atmos-
pheric carbon released as CO₂ due to anthropogenic 
activities (Harenda  et al.,  2018; Navarro-Pedreño  et 
al., 2021). The most effective measures to increase soil 
carbon stocks include increasing the level of organic 
residues and reducing the intensity of organic matter 
mineralisation processes. The dynamics of organic car-
bon in the soil profile are determined by the balance 
between its supply with plant residues and organic 
fertilisers and its losses caused by the decomposition 
of SOM, CO₂ emissions, erosion processes and leaching 
of dissolved organic compounds (Rajpoot et al., 2024). 
The main sources of organic material returned to the 
soil system are crop residues and organic fertilisers, 
including manure. These components contain a wide 
range of organic compounds that are involved in the 
formation of microbial structures (Brichi et al., 2023). 
These structures perform two main functions: first, 
they contribute to the stabilisation of soil particles, 
improving the aggregate stability of the soil, and sec-
ond, they participate in microbial respiration, which 
causes CO₂ emissions into the atmosphere. Thus, ef-
fective management of SOM transformation processes 
is crucial for maintaining ecological balance, increas-
ing agricultural land productivity and minimising the 
negative effects of climate change.

Organic carbon (C) is one of the key elements in 
organic farming systems, as its increased accumu-
lation has a positive impact on the soil carbon bal-
ance. A high level of SOM is directly correlated with 
the application of organic C, which contributes to a 
long-term increase in its concentration (Dittmar & 
Lennartz,  2024). The conversion of natural soil eco-
systems into agricultural land, especially under active 
mechanical cultivation, leads to a decrease in soil or-
ganic matter content in 60-70% of cases. According 
to long-term observations, the SOM decreased by 
25-40% in arable land compared to virgin meadows 
and pastures. This phenomenon is since traditional 
cultivation methods intensify the mineralisation of 
organic matter compared to natural conditions, and 
do not contribute to the effective accumulation of 
organic carbon in the soil profile (Fig. 1). In the tran-
sition period from natural vegetation to cultivated 
agrocenoses, mechanical impact on the soil leads to 
significant losses of SOM (Filipović et al., 2024). Thus, 
the introduction of conservation tillage practices is an 
important measure to reduce the negative impact of 
agricultural activities on soil organic matter and en-
sure its long-term preservation and accumulation.
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As organic matter is the main indicator of soil fertil-
ity, changes in its content over time can be used to con-
clude regarding the effectiveness of agricultural prac-
tices. In addition, variations in the content of elements 
such as nitrogen, phosphorus and potassium indicate 
changes in the physical and chemical properties of 
soils, which is relevant for the formation of sustainable 
and productive agroecosystems (Muraru  et al.,  2021). 
Accounting for the factors, for further analysis, data 
characterising changes in soil organic matter and hu-
mus content in the period 2021-2024 are presented. 

These results are presented in Table 1, which shows 
how different tillage systems and fertilisation options 
affected the accumulation of organic matter in the soil 
profile. The dynamics of changes in organic matter 
content can be used to assess not only the effective-
ness of individual agricultural practices but also their 
long-term impact on soil fertility. Various fertilisation 
options, including organic and mineral fertilisers, were 
applied to compare their impact on soil conditions, in-
cluding humus levels and nutrient content, which are 
important for ensuring crop health and productivity.

Figure 1. The tendency of soil organic matter accumulation  
from conventional tillage and conservation tillage compared to native soil

Source: compiled by the authors based on A.S.F. de AraÃºjo et al. (2016)

Year Cultivation system Without fertilizer, % Mineral fertilisers, % Organic fertilisers, % Combined fertilisers, %
2021 Deep ploughing 2.3 2.8 3.2 3.5
2021 Minimum cultivation 2.5 3.0 3.5 3.8
2021 No cultivation 2.7 3.2 3.8 4.0
2022 Deep ploughing 2.1 2.7 3.1 3.3
2022 Minimum cultivation 2.4 2.9 3.4 3.6
2022 No cultivation 2.6 3.1 3.7 3.9
2023 Deep ploughing 1.9 2.5 2.9 3.1
2023 Minimum cultivation 2.3 2.8 3.2 3.5
2023 No cultivation 2.5 2.9 3.5 3.7
2024 Deep ploughing 1.7 2.3 2.7 2.9
2024 Minimum cultivation 2.1 2.6 3.0 3.3
2024 No cultivation 2.3 2.8 3.2 3.4

Table 1. Organic matter (SOM) content in soil (0-30 cm) depending on tillage system and fertiliser type (2021-2024)

Source: compiled by the authors

According to the data, organic matter retention was 
best in the no-till variant, which confirms the high effi-
ciency of this method for improving soil fertility in the 
long term. The use of no-till can significantly reduce 
soil erosion, increase soil moisture retention, and pro-
mote the accumulation of organic matter on the soil 
surface, which has a positive impact on the overall 
health of the ecosystem. The effectiveness of the fertil-
isation systems was studied in parallel with the impact 
of tillage and included four options: no fertilisation, 
mineral fertilisation (using a classic NPK scheme that 

included ammonium nitrate, superphosphate and po-
tassium chloride), organic fertilisation (rotted manure 
and green manure), and a combined fertilisation that 
combined mineral and organic nutrient sources. The ef-
fectiveness of each system was assessed by the content 
of organic matter (OM) and the main nutrients nitrogen 
(N), phosphorus (P) and potassium (K) in the soil.

In the no-fertiliser variant, the organic matter con-
tent was the lowest regardless of the tillage system. In 
deep ploughing, it decreased from 2.3% in 2021 to 1.7% 
in 2024, while in the no-till system, this figure was 2.7% 
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in 2021 and decreased to 2.3% in 2024. The concentra-
tion of nutrients under these conditions remained at 
a minimum level: nitrogen content ranged from 0.10-
0.12%, phosphorus from 45-50 mg/kg, and potassium 
from 110-120 mg/kg. This indicated a limited natural 
ability of the soil to maintain the nutrient balance 
without additional inputs. The use of mineral fertilisers 
provided some improvement. In deep ploughing, organ-
ic matter increased to 2.8% in 2021 but decreased to 
2.3% in 2024. In the no-till system, the SOM content 
was 3.2% at the beginning of the study and 2.8% at the 
end of the period. The nitrogen content increased to 
0.13-0.15%, phosphorus to 50-55 mg/kg, and potassi-
um to 120-135 mg/kg. These results indicate a positive 
but moderate effect of mineral nutrition alone.

Organic fertilisation had a more noticeable effect. 
With deep ploughing, the SOM ranged from 3.2% in 
2021 to 2.7% in 2024. In the no-till system, the figures 
were higher at 3.8% at the beginning of the period and 
3.2% at the end. At the same time, there was an increase 
in the content of nutrients: nitrogen 0.12-0.14%, phos-
phorus 48-54  mg/kg, and potassium 115-130  mg/kg. 
The introduction of organic matter contributed to soil 
enrichment, improving its structure and water retention 
capacity. The highest rates were recorded in the vari-
ants with combined fertilisation. The content of organic 
matter reached a maximum: from 3.5% in 2021 to 2.9% 
in 2024 with deep ploughing, and from 4.0% to 3.4% 
with no-till. The nitrogen content reached 0.14-0.16%, 

phosphorus 52-57 mg/kg, and potassium 125-140 mg/
kg. This confirms the synergistic effect of simultaneous-
ly applying both mineral and organic fertilisers, which 
efficiently maintains a high level of soil nutrition.

The overall analysis showed an upward trend in 
the concentration of available nitrogen, phosphorus 
and potassium during the study period. According to 
Table 2, the average soil nitrogen content increased 
from 0.12% in 2021 to 0.15% in 2024. Phosphorus 
content increased from 50 to 55  mg/kg, and potassi-
um from 120 to 135 mg/kg. The highest concentrations 
of nutrients were observed in the no-till variants with 
combined fertilisation, which once again confirms the 
effectiveness of combining biological enrichment and 
chemical support for soil fertility. Furthermore, chang-
es in the content of humus, nitrogen, phosphorus and 
potassium in the soil over the years are notable, as 
these indicators are critical for assessing soil fertility 
and crop productivity. Changes in the content of these 
elements in the soil directly affect the ability of soils 
to provide plants with the necessary nutrients, which 
is important for the efficiency of agricultural systems 
(Da Gama, 2023). Therefore, for a greater description of 
the dynamics of these changes, as well as for a clear 
comparison of different tillage and fertilisation options, 
Table  2 is presented. This table shows the results of 
analyses of the content of the main nutrients in the soil 
at different study sites, which demonstrates the effects 
of different agronomic measures over several years.

Parameter 2021 2022 2023 2024
Humus content, % 2.4 2.2 2.1 2.0

Nitrogen (N), % 0.12 0.13 0.14 0.15

Phosphorus (P), mg/kg 50 52 54 55

Potassium (K), mg/kg 120 125 130 135

Table 2. Changes in the content of humus, nitrogen, phosphorus and potassium in the soil over the years (0-30 cm)

Source: compiled by the authors

As the Table  2 shows, the increase in nitrogen, 
phosphorus and potassium in the soil was due to the 
use of both mineral and organic fertilisers. This demon-
strates the significant efficiency of the combined use of 
these fertilisers to improve the chemical composition 
of the soil. Mineral fertilisers ensure fast and accurate 
application of the necessary nutrients, while organic 
fertilisers contribute not only to replenishing the ele-
ments but also to improving the soil structure, increas-
ing its water retention capacity and activating micro-
biological activity (Varalakshmi et al., 2024). Thus, the 
combined use of these two types of fertilisers can be 
used for a comprehensive improvement in soil fertility, 
which in turn ensures a stable increase in crop yields 
in the long term. However, the effectiveness of these 
methods is largely determined by natural and climat-
ic conditions, soil typology and specific agronomic 
management. In particular, under conditions of high  

temperature and humidity, the intensity of organic 
matter decomposition increases significantly, which 
can complicate its accumulation.

The use of conservation tillage can reduce the loss 
of organic matter that is usually observed with con-
ventional ploughing. Reduced or no-till tillage not only 
increases organic matter levels but also increases the 
biodiversity of soil microorganisms, which is substan-
tial in transforming nutrients and maintaining agroe-
cosystems. The study was conducted on six different 
soil types, reflecting a wide range of agronomic and 
geochemical conditions: Typical Hapludult, Typical Xer-
orthent, Typical Udipsamment, Eutric Cambisol, Haplic 
Calcisol and Typical Quartzipsamment. For each type, 
the key fertility indicators of macronutrients (nitrogen, 
phosphorus, potassium) and acidity (pH) were deter-
mined after applying different tillage systems (deep 
ploughing, minimum tillage, no-till) and fertilisation 
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schemes (no fertiliser, mineral, organic, combined). 
Typical Hapludult, soil with an acidic environment and 
relatively low initial organic matter content, showed a 
pH in the range of 5.5 to 6.0. The concentrations of N 
(0.10-0.13%), P (40-50 mg/kg) and K (100-120 mg/kg) 
were almost unchanged by mineral fertilisers, while 
organic amendments significantly increased the SOM 
stock by about 0.5% over four years. This result demon-
strates the importance of biological cover and humus 
amendment for acidic soils with low buffering capacity.

Eutric Cambisol, which is characterised by high fer-
tility and neutral reaction (pH 6.5-7.0), had the highest 
initial nutritional values: nitrogen 0.14-0.16%, phos-
phorus 55-60 mg/kg, potassium 130-145 mg/kg. In this 
type of soil, the no-till system together with combined 
fertiliser provided a 0.7% increase in organic matter by 
the end of the experiment, confirming the synergistic 
effect of combining minimal intervention and balanced 
nutrient application. Typic Quartzipsamment, a typical 
sandy soil with a pH of 6.0-6.5, had the lowest N (0.08-
0.11%), P (35-45 mg/kg) and K (90-110 mg/kg) values. 
This soil showed a weak response to mineral fertilisers, 
while organic fertilisers contributed to a significant 
increase in the SOM by 0.4% during the study period. 
Such dynamics are determined by the low water-hold-
ing capacity of sands and limited adsorption capacity. 
Typical Xerorthent, Typical Udipsamment and Haplic 
Calcisol soils showed intermediate characteristics: their 
performance varied depending on the combination of 
tillage and fertilisation, but Haplic Calcisol and Typical 
Xerorthent were more sensitive to no-till and combined 
fertilisation systems. This was particularly evident 
in the accumulation of SOM and improvement of pH, 
which creates favourable conditions for soil microflora. 
Thus, the results showed that for acidic and sandy soils 
(Typic Hapludult, Quartzipsamment), the most effective 
application of organic fertilisers is in systems with min-
imal or no mechanical intervention. On the other hand, 
fertile and neutral soils (Eutric Cambisol, Haplic Calci-
sol) respond best to a combination of no-till and com-
pound fertiliser, which maximises the growth of organic 
matter and nutrients.

The no-till system provided a consistently high-
er level of moisture in the tilth layer, especially in the 
010 cm interval, where a 1,015% increase in moisture 
was observed compared to traditional deep ploughing. 
This effect is due to the presence of plant residues on 
the surface, which reduce evaporation, suppress weed 
growth and create a natural mulch. This improves mois-
ture retention even during periods of short-term drought. 
Organic fertilisers positively affected soil acidity, espe-
cially in acidic soil types such as Typic Hapludult. In this 
case, the pH increased from 5.5 to 6.0, which signifi-
cantly improved the conditions for the growth of most 
crops. At the same time, mineral fertilisers, in particular 
phosphate and nitrogen fertilisers, tended to increase 
the pH to 5.8-6.2, which partially offset the acidity but 

did not reach a stable neutral level. The best results in 
terms of chemical stabilisation of the soil environment 
were obtained under conditions of combined fertilisa-
tion in the no-till system. This combination resulted in 
a 5-10% increase in cation exchange potential, which 
means better soil buffering, higher nutrient retention 
capacity, and increased resistance to pH fluctuations.

Crop residues that accumulated in the no-till sys-
tem (within 23 t/ha) proved to be a key factor in en-
riching the soil with organic matter. A statistically 
significant correlation was found between the mass 
of residues and the content of SOM (r = 0.75, p < 0.05), 
which confirms their important role in the formation 
of the humus horizon. The accumulation of residues 
provided an increase in organic matter in the surface 
layer at the level of 0.3-0.5% over four years, which is 
a significant contribution to the process of humus for-
mation. The most significant changes in the content of 
organic matter and humus were observed in the upper 
soil layer (0-10 cm) when using the no-till system. Here, 
the increase over four years ranged from 0.5 to 0.7%, 
indicating a high efficiency of preserving surface bio-
material. At a depth of 10-20  cm, the effect was less 
noticeable, with changes of 0.2-0.3%. Even lower, at a 
depth of 20-30 cm, the increase was minimal at only 
0.1-0.2%. This indicates a clear localisation of the ef-
fects of tillage and fertilisation in the upper layers of 
the soil profile, which is of great practical importance 
for optimising agronomic practices.

The statistical analysis of the experimental results 
was carried out using the ANOVA method to determine 
the impact of tillage systems, fertiliser types and their 
interaction on agrochemical parameters, in particular, 
the content of organic matter, humus and major macro-
elements (nitrogen, phosphorus, potassium). The anal-
ysis demonstrated a high statistical significance of the 
effect of each factor on the SOM. In particular, the till-
age system had an F-value of 45.2 at p < 0.001, indicat-
ing a very strong effect. The fertiliser type also showed 
a significant effect (F = 38.7, p < 0.001). The interaction 
between tillage and fertiliser was less pronounced, but 
still statistically significant (F = 12.5, p < 0.01), indicating 
that fertiliser effectiveness depends on tillage condi-
tions. The humus content also significantly depended 
on the tillage (F = 30.1, p < 0.001) and fertiliser type 
(F = 25.4, p < 0.001), although the interaction effect was 
weaker and did not reach the level of high confidence. 
This means that the factors act independently, but pow-
erfully, affecting the level of humus formation.

A similar pattern was observed for macronutri-
ents. In the case of nitrogen (N), the effect of the till-
age system was F = 22.5 (p < 0.01), and fertiliser F = 20.3 
(p < 0.01). Similar values were obtained for phosphorus 
(P) and potassium (K), where the level of significance 
of the effect remained within p < 0.05, which also in-
dicates significant changes in the content of elements 
depending on agronomic measures. The no-till system 
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in combination with combined fertiliser was the most 
effective, providing a 0.7% increase in SOM and a 0.5% 
increase in humus in the top layer (0-10 cm) over four 
years. These results confirm previous research on the 
benefits of conservation tillage, in particular its ability 
to promote organic carbon accumulation and improve 
soil structure. The results underline the significant 
positive impact of this approach on the stabilisation 
and increase of organic matter, which is key to main-
taining and improving soil fertility. The use of no-till 
with combined fertilisation improves agrophysical 
properties, including water retention capacity and aer-
ation, and stimulates soil biological activity, including 
the growth of beneficial microflora. This ensures long-
term resistance of the soil environment to degradation 
processes such as erosion or compaction. In addition, 
this approach helps to reduce the carbon footprint of 
agricultural production, which meets the current re-
quirements of sustainable development. Thus, the in-
troduction of no-till with combined fertilisation is an 
economically and environmentally viable solution for 
widespread use in agricultural production, especially 
in the face of climate challenges and the need to pre-
serve soil resources.

DISCUSSION
The study of the impact of tillage and fertilisation 
on the processes of organic matter accumulation 
and soil fertility showed that minimising mechanical 
intervention in combination with the rational use of 
organic fertilisers significantly improves the physical 
and chemical properties of the soil profile increasing 
the humus content, optimising the soil structure and 
improving its water-air regime. The study established 
that reducing the intensity of agronomic impact reduc-
es the risk of degradation processes, such as erosion, 
compaction and disruption of microbiological balance, 
which, in turn, contributes to the activation of soil mi-
crobiota and the increase in microbiological activity of 
agrocenosis. The study confirmed that organic farming 
contributes to the increase of SOM reserves and soil bi-
ological activity. This is consistent with the findings of 
A.Y. Srour et al. (2020), proved that the long-term use of 
different tillage and fertilisation systems in corn-soy-
bean rotations significantly changes the composition 
of microbial communities, which in turn affects the bi-
ological activity and fertility of the soil. Changes in the 
microbial composition are one of the important factors 
that determine the level of organic matter decomposi-
tion (Fedoniuk et al. , 2024), which was also confirmed 
in the study. This is consistent with the results ob-
tained, which confirm that the application of organic 
fertilisers in a minimum tillage system contributes to 
the improvement of the soil microbial environment.

M. Githongo et al. (2023) highlighted that organic 
matter management is a key factor in maintaining soil 
fertility in the Central Highlands of Kenya. The study 

noted that organic fertilisation increases the stability 
of soil aggregates and the content of stable forms of  
humus. In addition, the study highlights the importance 
of soil biological activity as one of the determining 
factors in the stabilisation of humus compounds, which 
directly affects the long-term accumulation of organic 
carbon in organic farming systems. The study estab-
lished that microbiological processes, in particular the 
activity of fungi and bacteria, play a crucial role in the 
transformation of organic matter and the formation of 
stable humus complexes. This confirms the importance 
of regulating the organic cycle through the use of bi-
ologically active organic materials, which not only im-
prove the physical and chemical properties of the soil 
but also help to reduce degradation processes and main-
tain agroecosystem sustainability (Poliovyi et al. , 2023).

Similar results were obtained by S.  Sahoo  et 
al. (2022) in a study on the effects of tillage and nitro-
gen fertilisation in a maize and rice cropping system in 
the Terai zone of India. The results showed that mini-
mal tillage combined with organic nitrogen sources im-
proved soil enzyme activity and increased total organic 
matter levels. The results show that under minimum 
and no-till conditions, the humus content in the upper 
soil layer (0-30 cm) was higher than in the convention-
al ploughing variants. This indicates the potential pos-
itive value of conservation tillage for the preservation 
of organic matter in the soil, even without a dynamic 
comparison with the baseline. Furthermore, the study 
determined that the biological processes of nitrogen 
transformation significantly depend on the level of or-
ganic matter in the soil, which confirms the importance 
of organic fertilisation in maintaining soil fertility.

M. Voitovyk  et al.  (2023) showed that the use of 
organic fertilisers in typical chornozems contributes 
to a long-term increase in humus content. Comparison 
of the results with their data shows a general trend 
towards a positive effect of organic fertilisers on the 
content of humus compounds in the soil. Black soils 
have naturally high fertility, but conventional culti-
vation can lead to losses of organic matter (Aipova et 
al. , 2020). Instead, organic farming methods can reduce 
these losses and maintain high levels of humus. The 
study also showed that no-till increases levels of soil 
organic matter to be retained in the soil compared to 
conventional ploughing, confirming the results of this 
study. A study conducted by M.  Luce  et al.  (2021) in 
Canada found that long-term exposure to tillage and 
nitrogen fertilisers affects carbon and nitrogen frac-
tions. The results indicate that conventional ploughing 
accelerates the mineralisation of organic matter, which 
leads to its loss. This correlates with the findings that 
traditional tillage promotes the rapid decomposition 
of organic carbon, as evidenced by the decrease in hu-
mus content in the samples. This effect may be particu-
larly significant in colder climates where humification 
processes are slower and the preservation of organic 
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matter is critical to maintaining soil fertility (Boiko & 
Kovalenko, 2024). The data obtained in this study indi-
cate that reducing the intensity of mechanical tillage 
reduces organic matter losses and contributes to its 
stabilisation, which is consistent with their findings.

Y. Li et al. (2024) highlighted the impact of conserva-
tion tillage on microbial communities in aeolian sandy 
soils. They confirmed that minimising mechanical inter-
vention increases microbial activity and organic carbon 
accumulation. The results show a similar trend, in par-
ticular, increased activity of the microbial community 
under conditions of minimal and no-tillage. At the same 
time, the study shows that in sandy soils, the stability 
of organic matter depends not only on tillage but also 
on the level of moisture and availability of nutrients. 
E.C. Coonan et al. (2020) highlighted the microbiologi-
cal aspect and analysis of microorganisms in the nutri-
ent cycle in soil and found that tillage and fertilisation 
systems largely determine the humification processes. 
They note that the optimal ratio between nitrogen and 
carbon is a critical factor for maintaining stable organic 
matter. These results confirm these conclusions, as the 
use of organic fertilisers in combination with minimal 
tillage provided optimal conditions for humification 
and improved soil physicochemical characteristics.

Thus, the results of the study are consistent with 
the findings of other scientists, which confirms the high 
efficiency of organic fertilisation and conservation till-
age technologies in maintaining and restoring soil fer-
tility. The study established that minimising mechanical 
intervention, including the use of minimal and no-till 
tillage, combined with the application of organic fertil-
isers, contributes to the accumulation of organic carbon, 
activation of soil microbiota, improvement of soil struc-
ture and increase in its water-holding capacity. These 
agro-technological measures have a positive impact on 
the formation of sustainable agro-ecosystems, reduce 
the risks of degradation processes such as compaction 
and erosion, and contribute to the efficiency of nutrient 
use by plants (Novakovska et al., 2025).

The findings are consistent with numerous scien-
tific studies that confirm the key role of organic farm-
ing in preserving soil fertility and creating sustainable 
agroecosystems. The study proved that the systemat-
ic use of organic fertilisers contributes to the gradu-
al accumulation of organic carbon in the soil profile, 
which has a positive impact on the carbon balance 
in agricultural landscapes and helps reduce green-
house gas emissions. The introduction of sustainable 
tillage and organic fertilisation technologies ensures 
the long-term preservation of agronomically valuable 
soil properties, which is a prerequisite for maintaining 
soil productivity and the environmental sustainability 
of agricultural systems (Borko et al., 2025). The results 
obtained indicate the expediency of further develop-
ment and implementation of organic technologies in 
modern agriculture as an important tool for ensuring 

sustainable land use. Further research identifies the 
optimal combinations of agricultural technologies for 
different soil and climatic conditions, incorporating soil 
types, moisture levels and crop characteristics. It is es-
pecially important to conduct long-term studies aimed 
at assessing changes in biogeochemical processes un-
der the influence of organic farming, which will ensure 
the development of scientifically sound strategies to 
improve the efficiency of agricultural systems and pre-
serve ecological balance.

CONCLUSIONS
Based on the study, the study determined that minimal 
tillage and no-till system in combination with organ-
ic fertilisation (manure, green manure) contributed to 
a higher accumulation of organic matter in the upper 
soil layer (0-30 cm), achieving an increase of 0.7% (up 
to 3.4% in 2024) compared to the control (1.7% with 
deep ploughing). The humus content increased by 0.5% 
(to 2.6% in the 0-10 cm layer), while deep ploughing 
led to a decrease in SOM from 2.3% to 1.7% due to 
accelerated decomposition. Minimal tillage maintained 
the SOM at 2.1-3.3%. No-till with combined fertiliser 
increased the concentration of nitrogen (N) by 0.04% 
(to 0.16%), phosphorus (P) by 7  mg/kg (to 57  mg/kg) 
and potassium (K) by 20 mg/kg (to 140 mg/kg). Organic 
fertilisers (manure, green manure) stabilised the humus 
with a correlation of r = 0.85 - 0.90 (p < 0.05), and no-till 
increased soil moisture by 10-15% and cation exchange 
potential by 5-10%. On fertile soils (Eutric Cambisol), 
no-till with combined fertiliser added 0.7% of the SOM, 
while on sandy soils (Quartzipsamment), organic fertil-
iser increased the SOM by 0.4%. The seasonal dynamics 
showed a peak in the spring (3.6% in 2023 for no-till). 
ANOVA analysis confirmed a significant effect of tillage 
(F = 45.2, p < 0.001) and fertiliser (F = 38.7, p < 0.001) on 
TPG and humus. These results indicate the benefits of 
no-till for reducing erosion, stabilising carbon balance 
and reducing CO₂ emissions.

The optimal combination of organic fertilisation 
with zero or minimal tillage ensures the restoration 
of the humus layer, activation of the soil microbiota 
and an increase in the cation exchange potential. The 
results obtained are of great practical importance, as 
they indicate the need to improve modern agricultural 
technologies to preserve and restore soil fertility. Fur-
ther research could focus on the long-term impact of 
different tillage systems on the dynamics of organic 
matter in different climatic conditions, as well as on 
the development of combined approaches to agricul-
tural production that consider environmental sustain-
ability and resource efficiency. An important area for 
further research is to determine the optimal combi-
nations of agronomic practices to maximise the ef-
fect of SOM accumulation. Therefore, further research 
should include an expanded range of environmental 
and agronomic conditions to obtain more generalised  
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conclusions about the effectiveness of different tillage 
and fertilisation systems.

ACKNOWLEDGEMENTS
None.

FUNDING
None.

CONFLICT OF INTEREST
None.

REFERENCES
[1]	 Aipova, R., Abdykadyrova, A., Silayev, D., Tazabekova, E., Oshergina, I., Ten, E., & Kurmanbayev, A. (2020). The 

fabrication of the complex bio-fertilizer for wheat cultivation based on collection bacteria of the pgpr group. 
Biodiversitas, 21(11), 5032-5039. doi: 10.13057/biodiv/d211107.

[2]	 Allam, M., Radicetti, E., Quintarelli, V., Petroselli, V., Marinari, S., & Mancinelli, R. (2022). Influence of organic 
and mineral fertilizers on soil organic carbon and crop productivity under different tillage systems: A meta-
analysis. Agriculture, 12(4), article number 19. doi: 0.3390/agriculture12040464.

[3]	 Balik, J., Kulhánek, M., Černý, J., Sedlář, O., & Suran, P. (2020). Soil organic matter degradation in long-term maize 
cultivation and insufficient organic fertilization. Plants, 9(9), article number 1217. doi: 10.3390/plants9091217.

[4]	 Boiko, P., & Kovalenko, N. (2024). Improvement of technologies for growing high-product varieties of winter 
wheat in scientifically based crop rotations under the conditions of climate change. Scientific Reports of the 
National University of Life and Environmental Sciences of Ukraine, 20(1). doi: 10.31548/dopovidi.1(107).2024.012.

[5]	 Borko, Y., Bolokhovskyi, V., Datsko, A., Lungul, A., & Zhurba, M. (2025). Microbiological activity of soil and its 
impact on maize productivity when applying biologics. Biological Systems: Theory and Innovation, 16(1), 58-71. 
doi: 10.31548/biologiya/1.2025.62.

[6]	 Brichi, L., Fernandes, J.V.M., Silva, B.M., Vizu, J.D.F., Junior, J.N.G., & Cherubin, M.R. (2023). Organic residues and 
their impact on soil health, crop production and sustainable agriculture: A review including bibliographic 
analysis. Soil Use and Management, 39(2), 686-706. doi: 10.1111/sum.12892.

[7]	 Coonan, E.C., Kirkby, C.A., Kirkegaard, J.A., Amidy, M.R., Strong, C.L., & Richardson, A.E. (2020). Microorganisms 
and nutrient stoichiometry as mediators of soil organic matter dynamics. Nutrient Cycling in Agroecosystems, 
117, 273-298. doi: 10.1007/s10705-020-10076-8.

[8]	 Cui, H., Luo, Y., Li, C., Chang, Y., Jin, M., Li, Y., & Wang, Z. (2023). Improving soil fertility and wheat yield by 
tillage and nitrogen management in winter wheat – summer maize cropping system. Agronomy, 13(3), article 
number 740. doi: 10.3390/agronomy13030740.

[9]	 Da Gama, J.T. (2023). The role of soils in sustainability, climate change, and ecosystem services: Challenges and 
opportunities. Ecologies, 4(3), 552-567. doi: 10.3390/ecologies4030036.

[10]	de AraÃºjo, A.S.F., Leite, L.F.C., Miranda, A.R.L., Nunes, L.A.P.L., de Sousa, R.S., de AraÃºjo, F.F., & de 
Melo, W.J.  (2016). Different soil tillage systems accumulation of soil organic matter in organic agriculture. 
African Journal of Agricultural Research, 11(51), 5109-5115. doi: 10.5897/AJAR2016.11598.

[11]	Dittmar, T., & Lennartz, S.T. (2024). Reasons behind the long-term stability of dissolved organic matter. In 
D.A. Hansell & C.A. Carlson (Eds.), Biogeochemistry of marine dissolved organic matter (pp. 613-655). London: 
Elsevier. doi: 10.1016/B978-0-443-13858-4.00006-X.

[12]	DSTU 4287:2004. (2005). Soil quality. Sampling. Retrieved from https://online.budstandart.com/ua/catalog/
doc-page.html?id_doc=54569.

[13]	Fedoniuk, T., Zhuravel, S., Kravchuk, M., Pazych, V., & Bezvershuck, I. (2024). Historical sketch and current 
state of weed diversity in continental zone of Ukraine. Agriculture and Natural Resources, 58(5), 631-642. 
doi: 10.34044/j.anres.2024.58.5.10.

[14]	Feilinezhad, A., Mirzaeiheydari, M., Babaei, F., Maleki, A., & Rostaminya, M. (2022). The effect of tillage, organic 
matter and mycorrhizal fungi on efficiency and productivity use of nutrients in maize. Communications in Soil 
Science and Plant Analysis, 53(20), 2719-2733. doi: 10.1080/00103624.2022.2072869.

[15]	Filipović, A., Perčin, A., Hadžiabulić, A., & Mandić, A. (2024). Transformation of organic matter and impact on 
the ecosystem. In M.K. Jhariya, R.S. Meena, A. Banerjee, S. Kumar & A. Raj (Eds.), Agroforestry for carbon and 
ecosystem management (pp. 311-329). London: Elsevier. doi: 10.1016/B978-0-323-95393-1.00018-X.

[16]	Gerke, J. (2022). The central role of soil organic matter in soil fertility and carbon storage. Soil Systems, 6(2), 
article number 33. doi: 10.3390/soilsystems6020033.

[17]	Githongo, M., Ngatia, L., Kiboi, M., Muriuki, A., Fliessbach, A., Musafiri, C., Fu, R., & Ngetich, F. (2023). The 
structural quality of soil organic matter under selected soil fertility management practices in the central 
highlands of Kenya. Sustainability, 15(6), article number 6500. doi: 10.3390/su15086500.

[18]	Harenda, K.M., Lamentowicz, M., Samson, M., & Chojnicki, B.H. (2018). The role of peatlands and their carbon 
storage function in the context of climate change. In T. Zielinski, I. Sagan & W. Suroz (Eds.), Interdisciplinary 
approaches for sustainable development goals: Economic growth, social inclusion and environmental protection 
(pp. 169-187). Cham: Springer. doi: 10.1007/978-3-319-71788-3_12.

https://doi.org/10.13057/biodiv/d211107
https://doi.org/10.3390/agriculture12040464
https://doi.org/10.3390/plants9091217
https://doi.org/10.31548/dopovidi.1(107).2024.012
https://doi.org/10.31548/biologiya/1.2025.62
https://doi.org/10.1111/sum.12892
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.3390/agronomy13030740
https://doi.org/10.3390/ecologies4030036
https://doi.org/10.5897/AJAR2016.11598
https://doi.org/10.1016/B978-0-443-13858-4.00006-X
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=54569
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=54569
https://doi.org/10.34044/j.anres.2024.58.5.10
https://doi.org/10.1080/00103624.2022.2072869
https://doi.org/10.1016/B978-0-323-95393-1.00018-X
https://doi.org/10.3390/soilsystems6020033
https://doi.org/10.3390/su15086500
https://doi.org/10.1007/978-3-319-71788-3_12


Karabach et al.

Scientific Horizons, 2025, Vol. 28, No. 8

147

[19]	Li, Y., Wang, Y., Qiu, G., Yu, H., Liu, F., Wang, G., & Duan, Y. (2024). Conservation tillage facilitates the accumulation 
of soil organic carbon fractions by affecting the microbial community in an eolian sandy soil. Frontiers in 
Microbiology, 11, article number 1394179. doi: 10.3389/fmicb.2024.1394179.

[20]	Luce, M., Ziadi, N., Chantigny, M.H., & Braun, J. (2021). Long-term effects of tillage and nitrogen fertilization on 
soil C and N fractions in a corn-soybean rotation. Canadian Journal of Soil Science, 102(2), 277-292. doi: 10.1139/
cjss-2021-0129.

[21]	Lv, L., Gao, Z., Liao, K., Zhu, Q., & Zhu, J. (2023). Impact of conservation tillage on the distribution of soil 
nutrients with depth. Soil and Tillage Research, 225, article number 105527. doi: 10.1016/j.still.2022.105527.

[22]	Martin-Lammerding, D., Gabriel, J.L., Zambrana, E., Santín-Montanyá, I., & Tenorio, J.L. (2021). Organic amendment 
vs. mineral fertilization under minimum tillage: Changes in soil nutrients, soil organic matter, biological 
properties and yield after 10 years. Agriculture, 11(8), article number 700. doi: 10.3390/agriculture11080700.

[23]	Mirzavand, J., Asadi-Rahmani, H., & Moradi-Talebbeigi, R. (2022). Biological indicators of soil quality under 
conventional, reduced, and no-tillage systems. Archives of Agronomy and Soil Science, 68(3), 311-324. 
doi: 10.1080/03650340.2020.1832656.

[24]	Morugán-Coronado, A., Pérez-Rodríguez, P., Insolia, E., Soto-Gómez, D., Fernández-Calviño, D., & 
Zornoza, R.  (2022). The impact of crop diversification, tillage and fertilization type on soil total microbial, 
fungal and bacterial abundance: A worldwide meta-analysis of agricultural sites. Agriculture Ecosystems & 
Environment, 329, article number 107867. doi: 10.1016/j.agee.2022.107867.

[25]	Muraru, S., Muraru, V., Condruz, P., Ionel, C.M., & Sfiru, R. (2021). Considerations on the importance of the main 
chemical properties of the soil in agrochemical studies. E3S Web of Conferences, 286, article number 03019. 
doi: 10.1051/e3sconf/202128603019.

[26]	Navarro-Pedreño, J., Almendo-Candel, M.B., & Zorpas, A.A. (2021). The increase of soil organic matter reduces 
global warming, myth or reality? Sci, 3(1), article number 18. doi: 10.3390/sci3010018.

[27]	Novakovska, I., Medynska, N., Hunko, L., Skrypnyk, L., Samsonova, V., & Shevchenko, N. (2025). Formation of the 
economic mechanism of nature management in the conditions of new global environmental architectonics. 
Studies in Systems, Decision and Control, 546, 313-323. doi: 10.1007/978-3-031-65207-3_28.

[28]	Poliovyi, V., Furmanets, M., Snizhok, O., & Yashchenko, L. (2023). Influence of by-products under different 
methods of soil cultivation on the yield of winter rape in the Western Forest-Steppe. Ukrainian Black Sea 
Region Agrarian Science, 27(4), 71-80. doi: 10.56407/bs.agrarian/4.2023.71.

[29]	Rajpoot, S.K., Singh, N.K., Sanodiya, P., Chaudharu, R., Yadav, A., Kumar, S.V., Gupta, G., Raghavendra, Singh, U., 
& Halli, H. (2024). Dynamics of nutrients, soil organic carbon and smart nutrient management practices. In 
P. Kumar & Aishwarya (Eds.), Technological approaches for climate smart agriculture (pp. 79-107). Cham: Springer. 
doi: 10.1007/978-3-031-52708-1_5.

[30]	Sahoo, S., Mukhopadhyay, P., Mowrer, J., Maity, P.P., Maity, A., Sinha, A.K., Sow, P., & Rakesh, S. (2022). Tillage and 
N-source affect soil fertility, enzymatic activity, and crop yield in a maize – rice rotation system in the Indian 
Terai zone. Frontiers in Environmental Science, 10, article number 983973. doi: 10.3389/fenvs.2022.983973.

[31]	Srour, A.Y., Ammar, H.A., Subedi, A., Pimentel, M., Cook, R.L., Bond, J., & Fakhoury, A.M. (2020). Microbial 
communities associated with long-term tillage and fertility treatments in a corn-soybean cropping system. 
Frontiers in Microbiology, 11, article number 1363. doi: 10.3389/fmicb.2020.01363.

[32]	Tanchyk, S., Pavlov, O., & Babenko, A. (2024). Theoretical substantiation and development of ecologically 
friendly farming system in Ukraine. Plant and Soil Science, 15(2), 55-66. doi: 10.31548/plant2.2024.55.

[33]	Varalakshmi, V., Bhagyalakshmi, T., & Shivakumar, M. (2024). Exploring potential of organo-mineral fertilizers 
in augmenting crop yield and quality – a review. Advances in Research, 25(6). 297-308. doi: 10.9734/air/2024/
v25i61203.

[34]	Voitovyk, M., Butenko, A., Prymak, I., Mishchenko, Y., Tkachenko, M., Tsyuk, O., Panchenko, O., Sleptsov, Y., 
Kopylova, T., & Havryliuk, O. (2023). Influence of fertilizing and tillage systems on humus content of typical 
chernozem. Journal of Agricultural Science, 34(1), 44-50. doi: 10.15159/jas.23.03.

[35]	Willer, H., Trávníček, J., & Schlatter, B. (2025). The world of organic agriculture: Statistics and emerging trends 
2025. Frick: Research Institute of Organic Agriculture FiBL, Frick, and IFOAM – Organics International, Bonn.

[36]	Zhang, H., Niu, L., Hu, K., Hao, J., Li, F., Gao, Z., & Wang, X. (2020). Influence of tillage, straw-returning  
and mineral fertilization on the stability and associated organic content of soil aggregates in the north china 
plain. Agronomy, 10(7), article number 951. doi: 10.3390/agronomy10070951.

[37]	Zhao, Z., Gao, S., Lu, C., Li, X., Li, F., & Wang, T. (2021). Effects of different tillage and fertilization management 
practices on soil organic carbon and aggregates under the rice – wheat rotation system. Soil and Tillage 
Research, 212, article number 105071. doi: 10.1016/j.still.2021.105071.

https://doi.org/10.3389/fmicb.2024.1394179
https://doi.org/10.1139/cjss-2021-0129
https://doi.org/10.1139/cjss-2021-0129
https://doi.org/10.1016/j.still.2022.105527
https://doi.org/10.3390/agriculture11080700
https://doi.org/10.1080/03650340.2020.1832656
https://doi.org/10.1016/j.agee.2022.107867
https://doi.org/10.1051/e3sconf/202128603019
https://doi.org/10.3390/sci3010018
https://doi.org/10.1007/978-3-031-65207-3_28
https://doi.org/10.56407/bs.agrarian/4.2023.71
https://doi.org/10.1007/978-3-031-52708-1_5
https://doi.org/10.3389/fenvs.2022.983973
https://doi.org/10.3389/fmicb.2020.01363
https://doi.org/10.31548/plant2.2024.55
https://doi.org/10.9734/air/2024/v25i61203
https://doi.org/10.9734/air/2024/v25i61203
https://doi.org/10.15159/jas.23.03
https://www.fibl.org/fileadmin/documents/shop/1797-organic-world-2025.pdf
https://www.fibl.org/fileadmin/documents/shop/1797-organic-world-2025.pdf
https://doi.org/10.3390/agronomy10070951
https://doi.org/10.1016/j.still.2021.105071


Impact of tillage and fertilisation on organic matter accumulation and soil fertility

Scientific Horizons, 2025, Vol. 28, No. 8

148

Вплив обробітку ґрунту та удобрення  
на накопичення органічної речовини та родючість ґрунту

Катерина Карабач
Кандидат сільськогосподарських наук, доцент

Національний університет біоресурсів і природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна

https://orcid.org/0000-0002-7706-231X
Валерій Тарасюк

Кандидат сільськогосподарських наук, доцент
Заклад вищої освіти “Подільський державний університет”

32316, вул. Шевченка, 12, м. Кам’янець-Подільський, Україна
https://orcid.org/0000-0002-4207-1013

Іван Трач
Кандидат сільськогосподарських наук, асистент

Заклад вищої освіти “Подільський державний університет”
32316, вул. Шевченка, 12, м. Кам’янець-Подільський, Україна

https://orcid.org/0000-0001-8005-855X
Лінда Вітровчак

Доктор філософії, асистент
Заклад вищої освіти “Подільський державний університет”

32316, вул. Шевченка, 12, м. Кам’янець-Подільський, Україна
https://orcid.org/0000-0001-6928-1865

Петро Безвіконний
Кандидат сільськогосподарських наук, доцент

Заклад вищої освіти “Подільський державний університет”
32316, вул. Шевченка, 12, м. Кам’янець-Подільський, Україна

https://orcid.org/0000-0003-4922-1763

Анотація. Метою дослідження було визначення ефективності традиційного, мінімального та безорного 
обробітку ґрунту в поєднанні з методами органічного удобрення, такими як сидерати, органічний компост та 
зелене добриво. Дослідження базувалося на польових дослідах, проведених на ділянках з різними типами 
ґрунту, які були використані для оцінки впливу застосованих сільськогосподарських технологій у різних 
агроекологічних умовах. Результати показали, що безорний обробіток ґрунту з комбінованим удобренням 
(NPK + гній) забезпечив найбільше збільшення вмісту органічної речовини (ОРР) у ґрунті на 0,7 % (до 3,4 % 
у 2024 році) та гумусу на 0,5  % (до 2,6  % у шарі 0-10 см) порівняно з контролем (1,7  % ОРР під оранку). 
Вміст азоту (N) збільшився на 0,04  % (до 0,16  %), фосфору (P) на 7  мг/кг (до 57  мг/кг) та калію (K) на  
20  мг/кг (до 140  мг/кг). Глибока оранка призвела до втрати поверхневого органічного складу (з 2,3  % до 
1,7 %), тоді як мінімальний обробіток ґрунту підтримував рівень поверхневого органічного складу на рівні 
2,1-3,3 %. Органічні добрива (гній, сидерати) стабілізували гумус з кореляцією r = 0,85 - 0,90 (p < 0,05), тоді як 
безорний обробіток збільшив вологість ґрунту на 10-15 %, а катіонний обмін – на 510 %. На родючих ґрунтах 
(евтричний камбісоль) безорний обробіток з комбінованими добривами збільшив рівень поверхневого 
органічного складу на 0,7%, тоді як на піщаних ґрунтах (кварцовий ґрунт) органічні добрива додали 0,4 %. 
Дисперсійний аналіз підтвердив значний вплив обробітку ґрунту (F = 45,2, p < 0,001) та добрив (F = 38,7, p < 0,001) 
на рівень поверхневого органічного складу. Сезонна динаміка показала пік навесні (3,6 % у 2023 році для 
безорного обробітку). Безорний обробіток з комбінованими добривами виявився найефективнішим. Отримані 
результати можуть бути корисними для вдосконалення сільськогосподарських технологій у сфері органічного 
землеробства, розробки екологічних систем землеробства та формулювання практичних рекомендацій для 
фермерів та агрономів щодо оптимального управління ґрунтовими ресурсами

Ключові слова: агротехнологія; екологічна стійкість; біологічна активність агроценозів; збереження родючості; 
біогеохімічні процеси
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