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Abstract. The article presents the results of research on the impact of three farming systems
with different resource content — industrial, environmental, and organic, and four systems of
basic tillage — plowing 20-22 cm, chisel plowing 20-22 cm, disking 10—12 cm and disking 6—8
cm on bulk density of typical chernozem and yield of spring wheat in the right-bank Forest-
Steppe of Ukraine.

Given the results of research by scientists around the world, it is important to improve the
agrophysical properties of soils, including their bulk density.

According to the results of a three-year field experiment conducted in the field crop rotation of
the experimental field of NULES of Ukraine, the increase in soil bulk density occurred
gradually from the upper to lower layers and from the pre-sowing period to harvesting in all
variants of farming and tillage systems.

There was a significant decrease in the bulk density of the soil before sowing to 1.06 g/cm?® in
0-10 cm layer in environmental farming and up to 1.05 — organic. While in the control, this
figure was 1.12 g/cm?>. A similar trend was observed in the layers of 10-20 and 20-30 cm. On
average, this decrease was 4.5 % for the environmental farming and 5.1 % for the organic
farming. The advantage of these systems remained until the harvest of spring wheat.

According to ANOVA the conservation tillage variants provided significantly lower
parameters of the bulk density before sowing the crop in the upper — 0—10 cm layer of soil,
compared to plowing. In the deeper layers of the soil — 10-20 and 20-30 cm, no significant
differences between plowing and chisel plowing were found. Variants with disking led to a
significant increase in the soil bulk density to 1.21 g/cm? at a depth of 10-20 cm and 1.24-1.25
g/cm? — 20-30 cm preserved until the harvest of the culture.

The application of organic fertilizers in combination with the cultivation of green manure crops
in crop rotation allows to limit the impact of minimizing the primary tillage on its bulk density.
Regardless of the variant of soil tillage in environmental and organic farming, the bulk soil
density on average over the years of research did not exceed 1.3 g/cm?, which indicates the
important role of organic matter in improving the agrophysical parameters of chernozems.

Keywords: spring wheat, bulk density, industrial, environmental, and organic farming
systems, plowing, chiseling, disking, yield.

1. Introduction
The problem of soil degradation in Ukraine, especially chernozems, is very acute. Many
researchers see ways to solve it through the integrated use of tillage, crop residue management, use of
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cover crops, fertilizers and other activities carried out in a scientifically sound farming system [1, 2, 3,
4].

Excessive bulk density of soil, which for cereals on typical chernozems is above 1.4 g/cm?, can
cause a few negative phenomena, including deterioration of water, air and other soil regimes,
increased traction of tillage units in arable soils, which increases energy consumption [5, 6].
According to research by many scientists, improving the agrophysical properties of the soil, including
its bulk density, is possible using organic fertilizers, cover crops and minimize tillage in farming
systems. Review data from Blanco-Canqui H. and Ruis S. J. indicate that many researchers around the
world have managed to reduce soil compaction from 0 to 29% (average 5%) by growing cover crops.
The magnitude of the improvement significantly depended on the location of the research and the
features of green mass management of cover crops [7].

An analysis of recent research by scientists on the impact of tillage on its bulk density shows a
significant increase in this indicator while minimizing tillage compared to traditional plowing.
However, as a rule, this increase was not critical for the crop, and the yield was at the level of control,
or even exceeded it, especially in the options with the application of organic fertilizers [8, 9, 10, 11,
12].

2. Materials and methods

The purpose of the research is to establish the patterns of changes in the bulk density of typical
chernozem depending on the farming systems and tillage in spring wheat crops of the Right Bank
Forest-Steppe of Ukraine.

The research was conducted during 2018-2020 in the conditions of a stationary 2-factor
experiment of the Department of Agriculture and Herbology at the Agronomic Research Station of
NULES of Ukraine.

We studied three variants of the farming system (factor A) and four variants of the primary tillage
system (factor B). Spring wheat was grown in the following crop rotation: soybean — winter wheat —
sunflower — spring wheat — corn.

The content of gradations of the first factor (A) of farming systems is based on the level of use of
resources in them to expand the reproduction of soil fertility. The control variant was an industrial
farming system. It included the use of 12 tons of organic (manure) and 300 kg of active substance of
mineral fertilizers (No2P19ooKi0s) per hectare in crop rotation. 290 kg/ha of active ingredient
(NooP9oKi00) was applied directly to the spring wheat. The recommended pesticides were applied in
full in this system. Manure was applied to sunflower and corn for grain with rates of 30 t/ha, which
averaged 12 t/ha for the entire crop rotation. The index of the ratio of applied mineral fertilizers to
organic is 25 (300/12). This indicates the industrial nature of this farming system.

Models of environmental and organic farming were compared with the control variant.

In environmental farming, 24 t/ha of organic and 150 kg/ha of NPK mineral fertilizers in the
active substance (N47P73K2s) were applied per hectare of arable land. 130 kg/ha of active substance
(NsoP20Keo) of mineral fertilizers was applied directly to the spring wheat. Under this system, 12 tons
per hectare of crop rotation area of manure and 12 t/ha of green mass of green manure (white mustard)
were applied, which were sown after harvesting winter and spring wheat. Pesticides in this system
were applied according to the criterion of ecological and economic threshold of the number of harmful
organisms. The index of the ratio of applied mineral fertilizers to organic is 6.2 (150/24).

In organic farming, only 24 t/ha of organic fertilizers were used in crop rotation — 12 tons per
hectare of crop rotation area of manure and 12 t/ha of green mass of greens (white mustard), which
were sown after harvesting winter and spring wheat. The index of the ratio of applied mineral
fertilizers to organic is 0 (0/24).

In the models of farming systems, four variants of the primary tillage (factor B) for spring wheat
were studied: 1) plowing — 20-22 cm (control); 2) chisel plowing — 20-22 cm; 3) disking — 10-12 cm;
4) disking — 68 cm. The scheme of the experiment is shown in table 1.
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Table 1. Scheme of stationary field experiment

Farming systems (factor A) Primary tillage (factor B)
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The method of placement of plots is split-plot design. The plots where the primary tillage variants
are carried out have a sown area of 280 m? (8 x 35 m) and an accounting area of 225 m? (7 x 32.1 m).
The plots where farming systems are used have a sown area of 93.6 m? (8 x 11.7 m) and an accounting
area of 75 m? (7 x 10.7 m). Number of replicates in the experiment — 4. Sowing of spring durum wheat
Diana was carried out at the temperature of the seed layer 2—3 °C.

The bulk density of the soil was determined by the method of M. A. Kaczynski (cylinder method)
according to DSTU ISO 11272-2001. Sampling was performed from layers 0—10, 10-20, 20-30 cm
pre-sowing of spring wheat, in the flowering phase and before harvesting [13]. The grain yield was
considered in the phase of full ripeness of spring wheat from each variant in all repetitions separately.

Statistical analysis of experimental data was performed using Excel software from MS Office 365
and Statistica 10.

3. Results and discussion

The bulk density of the soil is a dynamic quantity and depends on a significant number of
indicators, so soil samples were taken during the growing season of spring wheat. There was a gradual
increase in bulk density from the pre-sowing period to harvesting. This increase was for all studied
variants, regardless of the depth of sampling. Also, the increase in bulk soil density occurred gradually
from the upper to the lower layers of the soil in all variants of farming systems and tillage.

If we analyze the average impact of farming systems, it should be noted a significant reduction in
bulk density in the variants of environmental and organic farming. This is due to the level of use of
resources to reproduce the fertility of the soil in these systems. The use of green manure in crop
rotation, in addition to applied 12 t/ha of manure, allowed to reduce the bulk density of the soil in
environmental farming before sowing to 1.06 g/cm® in 0-10 cm layer, in organic farming — 1.05.
While in the control, this figure was 1.12 g/cm®. A similar trend was observed in the layers of 10-20
and 20-30 cm. On average, this decrease was 4.5 % for the environmental system and 5.1 % for the
organic system. The advantage of these systems remained until the harvest of spring wheat (tab. 2).

ANOVA showed that the options of the primary tillage also significantly affected the bulk density.
The conservation tillage variants (CP, D1, D2) provided significantly lower bulk density parameters in
the upper — 0—10 cm layer of soil compared to plowing. This is due to the location of the most residue
of the preceding crops in this layer of soil, which have a positive effect on the development of meso-
and microfauna. In the deeper layers of the soil (10-20 and 20-30 cm) no significant differences
between plowing and chisel plowing were found. At the time of spring wheat sowing, the bulk density
in these tillage variants was 1.18 g/cm? in 10-20 cm thick and 1.22-1.23 g/cm?® in 20-30 cm,
respectively. In both variants with disking (D1, D2) there was a significant increase in soil bulk
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density to 1.21 g/cm?® at a depth of 10-20 cm and 1.24-1.25 g/cm® — 20-30 cm. In the process of
vegetation of spring wheat and before harvesting, the patterns of bulk density, depending on the
tillage, were similar.

Table 2. Dynamics of soil bulk density and yield of spring wheat depending on the studied factors, on
average for 2018-2020

Bulk density
A B pre-sowing flowering pre-harvesting Yield, t/ha
0-10 | 10-20 | 20-30 | 0-10 | 10-20 | 20-30 | 0-10 | 10-20 | 20-30
P 16 | 1,22 | 1,24 | 1,22 | 1,29 | 1,31 | 1,23 | 1,26 | 1,30 5,1
I CP 1,14 | 1,22 | 1,27 | 1,20 | 1,30 | 1,29 | 1,21 | 1,29 | 1,33 53
D1 1,08 | 1,24 | 1,29 | 1,13 | 1,32 | 1,34 | 1,14 | 1,31 | 1,33 4,6
D2 1,08 | 1,25 | 1,28 | 1,13 | 1,32 | 1,34 | 1,14 | 1,31 | 1,32 4,1
P L1t | 1,16 | 1,21 | 1,16 | 1,23 | 1,26 | 1,17 | 1,22 | 1,29 52
E CP 1,08 | 1,17 | 1,22 | 1,14 | 1,24 | 1,27 | 1,15 | 1,22 | 1,27 5,6
D1 1,03 | 1,20 | 1,23 | 1,08 | 1,26 | 1,30 | 1,09 | 1,24 | 1,29 4,8
D2 1,03 | 1,19 | 1,20 | 1,08 | 1,26 | 1,28 | 1,09 | 1,25 | 1,30 4.4
P 1,10 | 1,15 | 1,21 | L,15 | 1,22 | 1,25 | 1,16 | 1,21 | 1,27 2,8
0 CP 1,07 | 1,15 | 1,20 | 1,13 | 1,22 | 1,24 | 1,14 | 1,21 | 1,26 3,1
D1 1,02 | 1,18 | 1,23 | 1,07 | 1,24 | 1,25 | 1,08 | 1,23 | 1,29 2,6
D2 1,02 | 1,18 | 1,23 | 1,07 | 1,25 | 1,26 | 1,08 | 1,23 | 1,30 2,2

LSDos (AB) | 0,027 | 0,016 | 0,018 | 0,030 | 0,017 | 0,019 | 0,031 | 0,017 | 0,019 0,25

average for A

I 1,12 ) 1,24 | 1,27 | 1,17 | 1,31 | 1,32 | 1,18 | 1,29 | 1,32 4,8
E 1,06 | 1,18 | 1,22 | 1,11 | 1,25 | 1,28 | 1,13 | 1,23 | 1,29 5,0
O 1,05 | 1,17 | 1,22 | 1,10 | 1,23 | 1,25 | 1,11 | 1,22 | 1,27 2,7

LSDos (A) | 0,013 | 0,008 | 0,009 | 0,015 | 0,009 | 0,010 | 0,015 | 0,009 | 0,010 0,13

average for B

P L2 s 122 s | 125 | 127 ] 1,19 | 1,23 | 1,29 4.4
CP 1,10 | 1,18 | 123 | 1,15 | 125 [ 127 | 1,16 | 124 | 1,29 4,6
DI 1,04 | 121 | 125 | 1,09 | 127 | 1,30 | 1,10 | 1,26 | 1,30 4,0
D2 1,04 | 121 | 124 | 1,09 | 128 | 1,29 | 1,10 | 1,26 | 1,30 3,6

LSDys (B) | 0,016 | 0,009 | 0,011 | 0,018 | 0,010 | 0,011 | 0,018 | 0,010 | 0,011 0,14

A — farming systems (I — industrial farming, E — environmental farming, O — organic farming); B —
primary soil tillage (P — plowing 20-22 cm, CP — chisel plowing 20-22 cm, D 1 — disking 10-12 cm,
D 2 — disking 68 cm).

The analysis of the interaction of the studied factors indicates that the application of organic
fertilizers in combination with the use of green manure crops in crop rotation allows to limit the
negative impact of minimizing the main tillage on its bulk density. According to the table 2, regardless
of the type of soil tillage, in environmental and organic farming systems, the bulk density of soil on
average over the years of research did not exceed 1.3 g/cm?®, which indicates the important role of
organic matter in improving agrophysical parameters of chernozems.

The yield of spring wheat significantly depended on the studied farming systems and tillage
variants. The environmental system on average exceeded the control by 0.2 t/ha, which is a significant
indicator. Organic farming, on the contrary, showed a significant decrease to 2.7 t/ha. Even though the
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bulk density of soil under this system and agrophysical properties in general have improved, crop
yields are likely to be affected by other factors, such as weeds, pests, and diseases.

Among the variants for primary tillage, chisel plowing (4.6 t / ha) provided a significant advantage
over plowing (4.0 t/ha). Both disking variants (D1, D2) reduced crop yields to 4.0 and 3.6 t/ha,
respectively. We noted an inverse correlation (r = - 0.85) between yield and bulk density of soil in
layers of 10-20 and 20-30 cm.

The optimal combination of variants in the experiment can be considered the use of environmental
farming system with chisel plowing of 20-22 cm. This allowed to obtain 5.6 t/ha of spring wheat
grain, which is statistically more than control.

4. Conclusion

According to the above results, the environmental and organic farming led to a significant
reduction in the bulk density of the soil during the entire growing season of spring wheat by 4.5-5.1 %
on average.

The use of disking on 10-12 and 6—8 cm led to a significant increase in the bulk density of the soil
in layers of 10-20 and 20-30 cm from the period of sowing of spring wheat to its harvest.

These data may indicate that in traditional industrial farming, where mineral fertilizers are
preferred, to regulate the bulk density of the soil is more appropriate to use plowing. In farming
systems where the application of organic fertilizers is preferred, it is permissible to minimize tillage.
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