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SUMMARY

An important aspect of ensuring the sustainability of agriculture is the implementation of
environmentally safe practices, in particular, the use of intercropping of agricultural crops
and the use of non-traditional organic fertilizers in crop fertilization systems. The aim of the
work was to study the impact of the use of biological products and mixed crops on the
structural composition of the soil and soil density. Our research was carried out in an
experiment in the Right-Bank Forest-Steppe of Ukraine on chernozem typical. In the
experiment, mono-sowing of peas, barley and combined sowing of peas, barley and beans
were compared, as well as 6 fertilizer options. It was established that the optimal soil
density is formed when using compost and vermicompost separately and together with
mineral fertilizers. Sowing a three-component mixture contributed to a decrease in the
density of the composition of typical black soil compared to mono-sowing of barley and
peas. The best structural state of the soil was noted when using compost where the structural
coefficient was 6.68-6.70. Application of vermicompost improved the water resistance of
soil aggregates. Thus, intercropping and the use of organic fertilizers significantly improve
the agrophysical condition of typical chernozem.
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Introduction

Intercropping is an agricultural practice common in European countries, which is used to save land
area, ensure profit in case of low yield of the main crop, control pests, reduce weediness, accumulate
soil nutrients, etc. (Tilman, 2020). Sustainable agricultural production in the face of climate change
requires a change in approaches through the implementation of environmentally friendly
technologies (Tonkha et al., 2021; Tykhenko et al., 2024). The combination of legumes with cereals
in intercropping is an important component of the greening of agricultural technologies, which
ensures better use of land and resources and increases the stability of yields compared to
monocultures (Xu et al.,, 2021; Wang et al.,, 2022). An effective means of reducing soil and
environmental pollution is the replacement of synthetic mineral fertilizers with biological
preparations. They have a positive effect on the humus content and nutrients (Khomenko et al.,
2023). One of the indicators of soil health is its agrophysical state, in particular the indicators of
structural and aggregate composition. Understanding the processes of formation and the mechanism
of stabilization of soil aggregates is of great importance for the study of soil development, in the
regulation and management of organic carbon reserves in soils, as well as in promoting soil fertility
(Zenghui Sun et al., 2023). Long-term intensive tillage significantly affects the soil structure on
arable lands, which leads to higher values of lumpy aggregates compared to meadows and forests
(Ciric V. et al., 2012), causes agrophysical degradation and a decrease in the content of soil organic
matter (Tonkha et al., 2019). Intercropping promotes the formation of more stable soil aggregates
and increases macroporosity and total porosity, supports soil functions such as aeration, water
infiltration and retention, and nutrient availability (Seidel, E. P. et al., 2017). It has been found that at
different soil depths, the bulk density of the soil in intercropping was significantly lower than in
monoculture, and the soil water content and total porosity were higher. (Xu, Q., Xiong, K., Chi, Y.,
& Song, S., 2021). However, studies on the impact of intercropping on the physical properties of
crops are controversial and require detailed study under specific soil and climatic conditions.

The aim of research was to evaluate the effect of the same nitrogen rate (N50) in the form of
mineral and organic fertilizers on the indicators of the structural and aggregate composition and soil
density in combined crops of peas and barley and beans.

Methods of research

Field trial carried out in a stationary field experiment by the Department of Plant Science at a
separate unit of the National University of Life and Environmental Sciences of Ukraine, 'Agronomic
Research Station' located in Vasylkivskyi district, Kyiv region in the northeastern part of the Right-
Bank Forest-Steppe (49°46' N, 30°44' E). The soil of the experimental plot is chernozem typical. The
humus content in the plow layer is 4.40—4.50%, pH - 7.5-7.8, cation exchange capacity is 31.7-32.2
meq per 100g of soil. The field experiment was conducted at the scheme of a multifactorial field
experiment with split-plot design. The size of the plot was 15 m? the, and the experiment was
repeated three times. The experimental scheme: T1 Control (without fertilizes), T2 Nso -
ammonium nitrate (34.4), T3 Nso compost, T4 N»s compost + N»s mineral fertilizers, T5 Nso —
vermicompost, T6 Ns vermicompost + N,s mineral fertilizers.To assess the difference between
the options, the Fisher's LSD-post hoc criterion (alpha = 0.05) was used. Soil samples were
taken from soil layers 0-10, 10-20 and 20-30 cm in accordance with DSTU 4287,
preparation for analysis and pre-treatment of soil samples subject to physicochemical
analysis were carried out according to DSTU ISO 11464:2007. In soil samples, the density
of the soil composition was determined by the cutting ring method, the structural and
aggregate composition by dry sieving on a set of sieves with a hole diameter of 0.25; 0.5; 1;
3; 5; 7 and 10 cm. Based on the results, the structural coefficient was calculated as the ratio
of the content of aggregates 10-0.25 to the sum of aggregates less than 0.25 and more than
10 mm. Wet sieving of the soil was also carried out to determine the content of water-
resistant aggregates. The STATISTICA 13.0 package (OTIBCO) was used for analysis of
variance.
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Results
Figure 1 shows data on soil density at different depths after harvesting in different experimental

variants.
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Figure 1 Soil density before harvest in typical black soil, g/cm3 (NIR 0.5: barley — 0.08; peas —
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On the basis of the study of the density of the soil structure, it was established that the use of Nso-
ammonium nitrate did not cause significant changes in the density of the soil in the 0-30 cm layer
compared to the option without fertilizers. After harvesting, with the use of Nso-compost, the
compaction density decreased in the 0-10, 10-20, and 20-30 cm layers by 22%, 24%, and 20%,
respectively. On the option T4 Nzs-compost + Nas mineral fertilizer, slight differences in soil density
were noted in the 0-20 cm layers, but in the 20-30 cm layer there was a significant decrease with a
difference of 16%. In the 0-10 cm layer, the decrease was 16%, in the 10-20 cm layer — 14%, and in
the 20-30 cm layer — 12%. With the use of Nso-vermicompost (T5), the decrease in soil density at the
end of the season was 20-22% compared to the option without fertilizers. When using Nas-
vermicompost + Nzs mineral fertilizer (T6) after growing the mixture, the density decreased by 16%
in the 0-10 cm layer, by 14% in the 10-20 cm layer, and by 11% in the 20-30 cm layer. Thus, the
greatest effect on soil loosening was observed with the use of compost (T3) and vermicompost with
mineral fertilizers (T 5, 6), especially in the upper soil layers where the difference compared to the
control was 11-27%. In general, the use of compost and vermicompost, especially in combination
with mineral fertilizers, significantly improves soil density indicators, contributing to its loosening
and improving water and air permeability, which is important for optimal plant development. Figure
2 shows changes in the structural coefficient of chernozem typical for the application of various
biological products in a three-component mixture of barley, peas and beans.
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Figure 2 The influence of biological preparations on the structural coefficient (Cstr) of 0-20 cm of a
typical chernozem layer in a three-component mixture.

Biological preparations had a significant effect on the structural state of the 0-20 cm soil layer, as
evidenced by the structural coefficients, which were calculated as the ratio of the content of
agronomically valuable aggregates 0.25-10 mm to the sum of aggregates smaller than 0.25 and
larger than 10 mm. In the control variant after harvesting, Cstr was 2.25, a similar value was also
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found in the variant T2 N50-ammonium nitrate — 2.28, while the introduction of biological
preparations led to an increase in this coefficient to 5.85-6.7. The sum of water-resistant aggregates
(WRC), which is presented in Figure 3, according to the experimental variants was 75.2-85.2%. The
lowest content of water-resistant aggregates was in the T2 N50-ammonium nitrate variant, which
confirms the negative impact of applying only mineral fertilizers on the resistance of aggregates to
erosion.

2,5 86
84

2
82,1 82
1,5 80
’ 78
1 76
74

0,5
72
0 70

T1 T2 T3 T4 T5 T6
. \WRC WAD, mm ==g@==9%WRA

Figure 3 Effect of fertilize on Sum of water-resistant aggregates larger than 0.25 mm (SWA), water
resistance coefficient (WRC) i weighted average diameter, mm (WAD) in layer 0-20 sm chernozem
typical under pea~+barley+bean.

The use of vermicompost in variants T5 and T6 led to an improvement in the water resistance of
typical chernozem aggregates, where their content was 85.1 and 82.1%. As for the water resistance
coefficients, they differed little between the variants of the experiment and were 0.82-0.86. No clear
pattern was established in the influence of biological preparations on the weighted average diameter
of WAD particles, which was within 1.63-1.95. Similarly to other indicators of the structural state of
the soil, the smallest values of the particle diameter were established in variant T2 N50-ammonium
nitrate. In variants T1 without fertilizers, T3 N50-ammonium nitrate, T 4 N25 compost + N25
mineral fertilizer and T6 N25-vermicompost + N25 mineral fertilizer, the weighted average particle
diameter was close in value and was about 1.7 mm. The use of N50 vermicompost led to a
significant increase in the weighted average diameter of soil aggregates by 15%. The results of
studies on determining the structural state of typical chernozem showed a positive effect of growing
a three-component mixture of peas, barley and beans on its agrophysical state. In particular, the ratio
of water-resistant aggregates was quite high in our studies. We explain this phenomenon by the
positive effect of intercropping on soil biodiversity, plant root development, etc. Biopreparations led
to a positive effect on soil structure. Other researchers also studied the improvement of soil
aggregate stability through the use of organic fertilizers, since organic substances formed during
their application to the soil have a structuring effect on soil particles (Lijun Ren at all., 2024). In our
studies, the application of only mineral fertilizers worsened both the structural coefficient and other
indicators of the structural state of typical chernozem. The effectiveness of the combined use of
organic and mineral fertilizers is also noted by Zheng X, Fan J, Xu L, Zhou J (2017). It was found
that both the weight-average diameter and the geometric mean diameter were the highest in the case
of the combined use of mineral fertilizers and biogas slurry, which improved the stability of soil
aggregation. It should be noted that in the context of climate change, improving soil structure is very
important, as it increases their resistance to wind erosion, which is why we believe that finding ways
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to increase the anti-deflation resistance of soils is promising in terms of ensuring their protection

from destructive soil degradation processes.

Conclusions

The research results showed that biological products and mixed cropping have a significant impact

on the agrophysical state of typical chernozem. The use of compost and vermicompost, especially

together with mineral fertilizers, significantly improves the structural and aggregate composition of

the soil and contributes to a decrease in the density of typical chernozem, which creates optimal

conditions for plant growth and development. The use of biological products had a significant

positive impact on the structural state of the arable soil layer, increasing the structural coefficient

from 2.25 to 5.85-6.7, which indicates an improvement in soil aggregation.
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