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ABSTRACT

The results of researches of the perspective direction of solving the problem of growth of hardness of typical cher-
nozem, which consisted in enrichment of the soil with fresh organic matter of postharvest greens, are presented.
During the years of our research it was found that growing of post-harvest siderates contributed to a significant
reduction in hardness of 0-30 cm soil layer. Among the studied siderates the lowest hardness of 0-30 cm soil layer
was under crops of Raphanus sativum in all years of research — 10.9—16.8 kg/cm?. In the variants of potato growing
without fertilizers was found close reverse relation between hardness and productive moisture reserves — r = —0.74.
These dependences confirm positive effect of siderate Raphanus sativum as a factor of biological loosening of soil.
After all, it was just the variant where reduction of productive moisture reserves had the smallest share of impact —
22% on the growth of soil hardness. At the same time, this share of influence increased to 27—41% on the background
of other siderates and manure, and up to 54% in the control without application of organic fertilizers. The highest
yield of potato tubers was obtained on the plots with the lowest soil hardness, where Raphanus sativum was used as
a post-harvest siderate, followed by the variants with manure, Phacelia tanacetifolia and Fagopyrum esculentum.

Keywords: typical chernozem, siderates, potato, Raphanus sativum, Phacelia tanacetifolia, Fagopyrum esculen-

tum, litter manure.

INTRODUCTION

The hardness is rather objective indicator for
determining necessary depth of tillage, selection
of machinery and equipment for its implemen-
tation and assessment of soil loosening quality
[Gorokhov, 1990; Slobodiuk, 1997; Semykin,
2002; Bussoher et al. 2000; Zahradnijek et al.,
2001; Karbivska et al., 2020]. Kaczynski [1937]
was the first to propose the use of this indicator
in assessing soil as an object for cultivation. Re-
viakin [1956] recommended to use hardness for
assessing quality of soil tillage and determining
its actual depth.

The use of hardometer for assessing tillage
quality, allows to record in detail field areas
with different level of deformation, which is
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impossible to detect by other methods [Medve-
dev 2009]. This allows to prepare field for sow-
ing in full accordance with real physical condi-
tion, taking into consideration requirements of
plants to agrophysical parameters of soil envi-
ronment. That is, using hardness as a criterion
for assessing agrophysical condition and tillage
quality, one can choose the best variant for soil
loosening.

Soil hardness is the most reliable indicator for
solving problems of destruction surface crust and
the plow sole. In particular, there are successful
examples of diagnosing soil crust strength with
the help of hardness indicators [Carisson & Huss-
Daneli, 2003; Lychuk, 2006; Demydas et al.,
2021], for solving issues related to selection of
equipment for its destruction.
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Determination of hardness allows to more ac-
curately establish the parameters the plow sole,
the damage from which appears with hardness
increasing above 35-40 kg/cm?. Under such
conditions, there is a restriction of root growth
into the depth of soil profile. Hardness above
30 kg/cm? strongly inhibits and even stops root
system growing of most crops. Plants even with
the most active-penetrating root system (peren-
nial grasses) are able to overcome resistance up
to 45-50 kg/cm?.

Soil hardness is an integral indicator of physi-
cal condition, which is functionally dependent
on granulometric composition, structure, density
and moisture of soil [Grunwald et al., 2001; Kar-
bivska et al., 2022a]. Increase of soil hardness is
a deterioration sign of physico-chemical and ag-
rophysical properties. As a rule, soil compaction
increases its hardness, and moistening and im-
provement of structural and aggregate composi-
tion — reduces.

Soil hardness is also directly related to com-
position of absorbed bases. The hardness is
10—15 times less in black soils saturated with cal-
cium (with the same moistening interval). High-
humus soils, saturated with divalent bases, are
characterized by lower hardness than low-humus
ones. High soil hardness in any layer has a num-
ber of negative consequences. First of all, it lim-
its moisture movement and root spreading in the
soil, and therefore generally limits root system
growth of the crops and complicates their surviv-
al in dry years [Laboski et al., 1998; Shein, 2005;
Karbivska et al., 2022b]. Also, it is difficult for
seeds to germinate on soil with high hardness of
its top layer, and the seedlings appear unfriendly
with low density, which generally has negative
impact on productivity of the sowing.

Optimal for initial development stages of
most crops, researchers propose to consider soil
hardness value in the range of 5-8 kg/cm? [Sma-
gin, 1981; Kryvobochek & Velmyseva, 2005;
Litvinov et al., 2020]. Further, with develop-
ment of plants and their root systems, soil hard-
ness of 20-25 kg/cm? is considered to be quite
acceptable. At the same time, such increased soil
hardness is unacceptable for root crops and veg-
etables, and its optimal parameters should not
exceed 5-10 kg/cm? [Medvedev, 2009; Karpen-
ko et al., 2020a]. The upper limit of soil hard-
ness for potato growing, after which conditions
of crop development deteriorate, is considered
to be 5-6 kg/cm? [Bondareva, 1982; Litvinov

et al., 2019; Karpenko et al., 2020b]. Thus, soil
hardness is very important for the growth and de-
velopment of crops and especially for their root
systems. High soil hardness creates unfavorable
conditions for plants as water, air and biological
regimes are violated in soils characterized by sig-
nificant hardness, and this ultimately has a nega-
tive impact on crop formation.

Optimization of soil hardness parameters is
facilitated by its biological and mechanical loos-
ening. It should be kept in mind that action of bi-
ological loosening is longer and largely depends
on the type of organic fertilizer. The influence
of biological loosening is not limited to surface
0-10 cm layer, it covers lower horizons. Interme-
diate crops, especially with taproots, are able to
loosen the plow sole and compacted traces from
passages of tractors and other machines, which
reduces traction resistance of tillage machines
and implements [Borchert, 1982; Korschens,
1983; Shaheb et al., 2021].

It is established that green manure crops im-
prove soil quality, namely the accumulation of or-
ganic carbon and soil structure, increase microbi-
ological activity, improve nutrient status [Sharifi
etal., 2014; Yaroshchuk et al., 2020; Starovoitova
etal.,2021; Yan Xu, 2021; Meraj et al., 2022; Sar-
tori et al., 2022]. Sidereal crops in potato fields
are used both as post-harvest and between rows.
In the summer season, cover crops prevent the
manifestation of water and wind erosion, regulate
the temperature on the soil surface, retain mois-
ture by 5-10% and increase the yield of tubers
[Ustroyev & Murzaev, 2021; Chetan et al., 2021;
Hryhoriv et al., 2021b]. It has been proven that
greening and mulching with straw, in addition to
the already mentioned effects, inhibits the devel-
opment of weeds [Mishchenko et al., 2019; Now-
roz, 2021; Lys et al., 2021]. Scientifically based
crop rotation can provide soil moisture retention,
reduce soil hardness and density, increase absorp-
tion capacity and other soil properties [Larkin et
al., 2021; Mishchenko & Zakharchenko, 2019].
Improperly selected precursor can stimulate the
reproduction of common pathogens and can af-
fect the relative deficiency of nutrients [Vos &
Van Loon, 1989; Kvitko et al., 2021).

In organic farming, sometimes too intensive
tillage neutralizes the effect of green manure
crops and the use of manure on their impact on
the physical characteristics of the soil [Diego
Sanchez de Cima et al., 2015; Danilchenko et
al., 2018]. The effect of greens on reducing bulk

55



Ecological Engineering & Environmental Technology 2022, 23(3), 54-63

density and increasing porosity has been proven
by Lithuanian scientists [Kukresh & Bezsylko,
1990; Baksiené et al., 2014; Hryhoriv et al.,
2021a]. Therefore, we consider soil enrichment
with fresh organic matter of post-harvest sider-
ates to be a promising way of solving the problem
of increasing the hardness of typical black soil.

MATERIAL AND METHODS

Effect of post-harvest siderates on typical
black soil environment and their action effective-
ness were studied under conditions of Left-Bank
Forest-Steppe on experimental field of Sumy Na-
tional Agrarian University during 2017-2021.
The scheme of the experiment provided for grow-
ing potato variety Slovianka on the following
backgrounds:

e post-harvest residues of winter wheat 4.6 t ha'!
— background (control);

e background + post-harvest siderate of Rapha-
nus sativum 29.1 tha'';

e background + post-harvest siderate of Phac-
elia tanacetifolia 23.3 tha'';

e background + post-harvest siderate of Fago-
pyrum esculentum 4.6 t ha'';

e background + litter manure 25 t ha''.

The area of accounting plot is 66 m?. Place-
ment of plots in the experiment is randomized.
Repetition of the experiment — three times. Post-
harvest siderates were sown in the first decade of
August, and plowing of their mass — at the end
of the third decade of October. The technology

H background (control)

kg/

E(I?nqgt-harvest siderate of Phacelia tanacetifolia

of potato growing was generally accepted for the
Left-Bank Forest-Steppe zone of Ukraine. The
study of siderate effect on the hardness of typical
low-humus medium-loamy black soil was per-
formed using penetrometer.

RESULTS AND DISCUSSION

During the years of our research it was found
that growing of post-harvest siderates contributed
to a significant reduction in hardness of 0—30 cm
soil layer (Fig. 1). Among the studied siderates the
lowest hardness of 0—30 cm soil layer was under
crops of Raphanus sativum in all years of research
— 10.9-16.8 kg/cm?. Soil hardness under grow-
ing of Phacelia tanacetifolia (10.4-17.4 kg/cm?).
differed insignificantly compared to the previ-
ous variant. Comparing with Raphanus sativum
variant, there observed a decrease in hardness in
0-10 cm soil layer by 0.5 kg/cm? and an increase
in lower horizons by 0.3 and 0.6 kg/cm?. This reg-
ularity is stipulated by fibrous type of Phacelia
tanacetifolia root system with predominantly su-
perficial distribution. Accordingly, in the variant
of growing Phacelia tanacetifolia siderate was
received the highest share of root mass influence
on soil hardness change in the upper 0-10 cm
layer of soil — 79.6% (Table 1).

In lower soil horizons, the share of root mass
influence was higher by 17.5-27.6% when grow-
ing Raphanus sativum, which had taproot system
capable to loosen deeper horizons. In general,
the share of root mass influence on soil hardness
change in 0—30 cm soil layer in both the variant

HE Post-harvest siderate of Phacelia tanacetifolia
B Post-harvest siderate of Fagopyrum esculentum
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Fig. 1. Soil hardness before plowing post-harvest siderates, kg/cm?
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Table 1. Influence share of post-harvest siderate root mass on soil hardness change, %

Post-harvest siderate

Soil horizon, cm

Raphanus sativum Phacelia tanacetifolia Fagopyrum esculentum
0-10 71.9 79.6 36.7
10-20 78.3 60.8 22.0
20-30 59.2 31.6 121
0-30 781 74.6 27.6

with Raphanus sativum and Phacelia tanaceti-
folia was quite high — 74.6v78.1%. Growing of
Fagopyrum esculentum siderate provided 27.6%
share of root mass influence on soil hardness.
This is explained by the fact that in this variant
biological loosening of soil was much weaker due
to low root mass of Fagopyrum esculentum sider-
ate. Accordingly, the hardness of soil horizons of
root-containing 0—30 c¢m soil layer under crops of
Fagopyrum esculentum siderate was significant-
ly lower, by 0.7-2.6 kg/cm? compared to other
variants of the studied siderates. Our correlation
analysis showed that there was an inverse relation
of middle strength between soil hardness change
and root mass amount (Fig. 2).

The smallest value of correlation coefficient
was observed in the variant of growing Fagopy-
rum esculentum (r = — 0.41), and the largest — in
the variant with Raphanus sativum (r = — 0.61).
Thus, registering hardness of soil horizons at the
time of plowing post-harvest siderates showed
that the decrease of this indicator is facilitated
most of all by growing of Raphanus sativum.

Data from scientific sources indicate that the
use of traditional organic fertilizers — manure,
makes it possible to reduce rather high indices
of soil hardness [Tanchyk et al., 2021; Tonkha et
al., 2021; Rieznik et al., 2021]. However, influ-
ence of siderate crops on decrease of soil hard-
ness is currently little studied. That is why, in
further studies, we compared effectiveness of
siderates and traditional fertilizers concerning
provision of optimal soil hardness values for
growing potatoes.

Hardness determination of soil horizons under
potato crops showed that application of post-har-
vest siderates and manure significantly reduced
this indicator compared to the control (Table 2).
The lowest hardness indices of soil horizons when
growing test crops were observed in the variant
with of Raphanus sativum —3.0—15.9 kg/cm?. This
variant had a significant advantage over applica-
tion of Fagopyrum esculentum siderate, where,
respectively, the highest soil hardness values
among the studied variants of organic fertilization
were observed — 4.4—17.4 kg/cm?. Application of
Phacelia tanacetifolia, compared to siderate of
Fagopyrum esculentum, led to a slight increase
of soil hardness, the absolute value of which was
equal to the variant of applying 25 t ha' of ma-
nure —4.1-15.8 kg/cm?.

Analyzing average indices of soil hardness, it
should be noted that they were the most optimal
for potatoes in the variants with organic fertiliz-
ers. Thus, at the beginning of growing sugar beets
and potatoes on the background of these fertiliz-
ers, soil hardness in the upper 0-10 cm layer did
not exceed optimal limits and, accordingly, was
3.0-4.4 kg/cm? (Table 2). Close to optimal limit
level of soil hardness in the layer of 10-20 cm
for sugar beets were indices in the variants af-
ter Raphanus sativum siderate — 7.0 kg/cm? and
25 tha! of manure — 7.9 kg/cm?.

In other variants of potato growing, soil hard-
ness values were higher than the optimal ones, but
they became closer to optimal values after appli-
cation of Raphanus sativum siderate. In general,
analysis of averaged data showed soil hardness
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Fig. 2. Dependence of soil hardness changes on the root mass of the siderates
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Table 2. Influence of fertilizers on hardness dynamics of soil horizons for potato growing, kg/cm?

Soil horizon, cm
Variant 0-10 | 1020 | 20-30 | 0-10 | 10-20 | 20-30 | 0-10 | 10-20 | 20-30
at planting period blossoming harvesting
Control (without siderate) 5.4 9.8 13.5 6.9 11.3 17.5 10.6 14.2 18.6
Post-harvest siderate of Raphanus sativum 3.0 7.0 10.6 4.2 8.6 14.7 7.6 11.5 15.9
Posthaniest siderate of Phacelia 36 | 75 | 12 | 47 | 92 | 152 | 81 | 128 | 169
Post narvest siderate of Fagopyrum 44 | 82 | 18 | 54 | 100 | 157 | 92 | 135 | 174
Manure 25t ha™' 4.1 7.9 11.6 4.4 8.3 14.5 7.7 11.5 15.8
LSD,, 09 | 11 | 11 | 07 | 07 | 09 | 17 | 08 | 08

increase both with increasing depth of accounting
and the time of its implementation (Fig. 3). In par-
ticular, the hardness of arable 0-30 cm soil layer
was increasing since planting potatoes till the
middle of its vegetation by 1.2-2.3 kg/cm?, and
till the time of harvesting — by 2.5-3.0 kg/cm?.
At the same time, when growing potatoes on the
background of Raphanus sativum siderate, the
lowest soil hardness values were determined,
only 0-30 c¢m of the soil layer — 6.9—11.7 kg/cm?.

When growing potatoes, the hardness of
0-30 cm soil layer was within optimal limits only

at the time of planting on the variant with Rapha-
nus sativum siderate. Thus, among studied sider-
ate crops, Raphanus sativum provided the most
favorable parameters of soil hardness for growing
potatoes. According to the results of correlation
and regression analysis, we determined the influ-
ence of phytomass of siderate crops on soil hard-
ness change when growing potato (Fig. 4).
Reverse dependences of strong rela-
tion — r = — 0.84-0.86 were found between the
hardness of arable layer and siderate mass of
Raphanus sativum and Phacelia tanacetifolia.

O background (control)
W Post-harvest siderate of Fagopyrum esculentum @ Manure 25 t ha-1

B Post-harvest siderate of Phacelia tanacetifolia

B Post-harvest siderate of Phacelia tanacetifolia
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Fig. 3. Influence of fertilizers on the dynamics of hardness in 0-30 cm soil layer for potato growing, kg/cm?
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In the variant with Fagopyrum esculentum, re-
verse dependence was also found, but of medium
strength (r = — 0.62). The share of phytomass in-
fluence on soil hardness change on the variants
with siderates of Fagopyrum esculentum and
Phacelia tanacetifolia was 71 and 75%, and when
using Fagopyrum esculentum — 39%.

Analysis of regression dependence showed
that increase by 1 ton of soil phytomass fertil-
izer in the soil provided a decrease in its hard-
ness by 0.09-0.34 kg/cm? depending on the type
of siderate. In addition to organic fertilizers, the
hardness of soil is also significantly affected by its
moisture, which we reflected through reserves of
productive moisture. We found a reverse relation
between soil hardness and the content of produc-
tive moisture of medium strength in the variants
with application of siderates and manure, where
correlation coefficient (r) ranged from —0.47
to — 0.64 (Fig. 5).

In the variants of potato growing without fer-
tilizers was found close reverse relation between
hardness and productive moisture reserves —
r = —0.74. These dependences confirm positive
effect of siderate Raphanus sativum as a factor
of biological loosening of soil. After all, it was
just the variant where reduction of productive

moisture reserves had the smallest share of im-
pact — 22% on the growth of soil hardness. At
the same time, this share of influence increased
to 27-41% on the background of other siderates
and manure, and up to 54% in the control without
application of organic fertilizers. The most posi-
tive effect of siderate crops Raphanus sativum
and Phacelia tanacetifolia on decrease of typical
black soil hardness was reflected in the formation
of the highest potato yields (Table 3).

Depending on the selected green manure/cover
crop, manure application, soil and climatic condi-
tions, potato growing technology, scientists receive
different data on the effect on potato yield. For ex-
ample, in eastern Canada [Nyiraneza et al., 2021]
on sod-podzolic sandy soils with the application of
manure there was an increase in potato yield com-
pared to the option without application by 22%, the
best effect was given by millet, sorghum, Sudan
grass compared to clover, ryegrass and other mix-
tures. Although some scientists emphasize that the
share of weather conditions significantly exceeds
the impact of cover crops, compatible crops, crop
rotation [Romaneckas et al., 2022]. Moisture regu-
lation has a greater effect on tuber formation than
hardness control [Huntenburg, 2021; Yakupoglu
et al., 2021]. Sidereal crops loosen the soil, reduce
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Table 3. Influence of organic fertilizers on potato yields, average for 2018-2021

) ) Yielding capacity L
Experiment variants Yield increase, t ha™!
t ha-1 0/0

1. Control 247 100 -
2. Siderate of Raphanus sativum 30.8 125 6.1
3. Siderate of Phacelia tanacetifolia 28.7 116 4.0
4. Siderate of Fagopyrum esculentum 26.2 106 1.5
5. Manure 25t ha™! 30.1 122 5.4

LSD,, 14

its hardness, but tillage also has a significant im-
pact. Root systems of plants, in particular, yellow
mustard reduce soil hardness [Mischenko & Ma-
sik, 2017; Wozniak, 2019; Ustroev & Murzaev,
2020). Mixtures of green manure crops without
mineral fertilizers and with the introduction of
increasing the yield of potato tubers, you can use
a double, triple mixture (eg, winter rye, vetch,
white mustard), as well as make manure. For
example, in the control without fertilizers and
greens, the yield of potatoes was 16.03 t ha’,
and when applying the binary mixture, the yield
increased by 2.86 t ha' on chernozems leached
heavy loam Ossetia [Mamiev et al., 2019].

CONCLUSION

Thus, application of sidereal crops contrib-
uted to long-term maintenance of low hardness
of cultivated soil layer 0-30 cm, which accord-
ingly improved agrophysical conditions of grow-
ing plants and, as a consequence, significantly
increased the yield of potatoes.

REFERENCES

1. Baksiené E., Razukas A., Repeckiené J., Titova J.
2014. Influence of different farming systems on the
stability of low productivity soil in Southeast Lithu-
ania. Zemdirbyste-Agriculture, 101, 2, 115-124.

2. Bondareva V.Yu. 1982. Hardness of soddy-podzolic
soil under various treatments. Vestn. MGU. Ser. soil
scientist, 2, 21-27. (in Russian)

3. Borchert Mill Dtsch. Bidenkudl. Gesclschaft.
Bodengefiigeveranderung nach Umstellung von
Konvevtione Ver Bodenbearbeitung auf Minimal —
Bodenbeitung. 1982. Bdl 34, 205-208.

4. Bussoher W.J., Frederick J.R., Baner B.J. 2000.
Timing effects of deep tillage on penetration resis-

tance and whear and soybean yield. Soil Sci. Soc.
Amer. J., 64(3), 999-1003.

60

5. Carisson G. & Huss-Daneli K. 2003. Nitro-
gen fixation in perennial forage legumes in
the field. Plant and Soil, 253(2), 353-372.
DOI:10.1023/A:1024847017371

6. Chetan F., Chetan C., Bogdan I., Pop A.I., Moraru
PI. & Rusu T. 2021. The Effects of Management
(Tillage, Fertilization, Plant Density) on Soybean
Yield and Quality in a Three—Year Experiment un-
der Transylvanian Plain Climate Conditions. Land;
10(2), 200. doi.org/10.3390/1and 10020200

7. Danilchenko A., Kovalenko I. & Butenko A. 2018.
Peavine productivity by mineral fertilization of dif-
ferent doses and seed inoculation under the condi-
tions of north—east forest steppe of Ukraine. Scien-
tific Horizons, 2, 29-34. (In Ukrainian)

8. Demydas H.I., Galushko 1.V., Butenko A.O., Kar-
bivska U.M. & Asanishvili N.M. 2021. Fodder
productivity of different meadow clover varieties
depending on the elements of growing technology.
AMA, Agricultural Mechanization in Asia, Africa
and Latin America, 51(03), 1801-1811. https://
www.shin-norinco.com/volume/AMA/51/03/
fodder-productivity-of-different-meadow-clover-
varieties-depending-on-the-elements-of-growing-
technology-612¢77db8cd72.pdf

9. Diego Sanchez de Cima, Anne Luik, and Endla Re-
intam. 2015. Organic farming and cover crops as
an alternative to mineral fertilizers to improve soil
physical properties. International Agrophysics, 29,
405-412. doi: 10.1515/intag-2015-0056

10. Gorokhov P.V. 1990. Some aspects of the concept of
“soil hardness” in relation to the study of the process
of loosening. Soil Science, 2, 56—67. (in Russian)

11. Grunwald S., Rooney K., McSweeney, Lowery B.
Development of pedotransfer functions for a profile
cone penetrometer. 2001, 100, 25-47.

12. Hryhoriv Y., Butenko A., Nechyporenko V., Lyshen-
ko M., Ustik T., Zubko V., Makarenko N., Mushtai
V. 2021a. Economic efficiency of Camelina sativa
growing with nutrition optimization under condi-
tions of Precarpathians of Ukraine. Agraarteadus,
32(2), 232-238. DOI: 10.15159/jas.21.33

13. Hryhoriv Ya.Ya., Butenko A.O., Moisiienko V.V.,,
Panchyshyn V.Z., Stotska S.V., Shuvar [.A., Kri-
uchko L.V., Zakharchenko E.A., Novikova A.V.



Ecological Engineering & Environmental Technology 2022, 23(3), 54-63

2021b. Photosynthetic activity of Camelina sa-
tiva plants depending on technological measures
of growing under conditions of Precarpathians of
Ukraine. Modern Phytomorphology, 15, 24-28.
DOI: 10.5281/zenodo.5801099

14. Huntenburg K., Dodd I.C., Stalham M. 2021. Ag-
ronomic and physiological responses of potato
subjected tosoil compaction and/or drying. An-
nals of applied biology; 178, 328-340. https://doi.
org/10.1111/aab.12675

15. Kachinsky N.A. 1937. Soil properties as a factor
determining the working conditions of agricultural
machines. Soil Science, 8, 1119—1138. (in Russian)

16. Karbivska U., Kurgak V., Gamayunova V., Butenko
A., Malynka L., Kovalenko I., Onychko V., Masyk
I., Chyrva A., Zakharchenko E., Tkachenko O. &
Pshychenko O. 2020. Productivity and quality of
diverse ripe pasture grass fodder depends on the
method of soil cultivation. Acta Agrobotanica,
73(3), 1-11. DOI: 10.5586/aa.7334

17. Karbivska Uliana, Masyk Thor, Butenko Andrii,
Onychko Viktor, Onychko Tetiana, Kriuchko Ly-
udmyla, Rozhko Valentina, Karpenko Olena, Kozak
Maksym. 2022a. Nutrient Balance of Sod—Podzolic
Soil Depending on the Productivity of Meadow Ag-
rophytocenosis and Fertilization. Ecological Engi-
neering & Environmental Technology, 23(2), pp.
70-77. doi.org/10.12912/27197050/144957

18. Karbivska Ulyana, Asanishvili Nadiia, Butenko
Andrii, Rozhko Valentina, Karpenko Olena, Syka-
lo Oksana, Chernega Tetyana, Masyk Thor, Chyrva
Andrii & Kustovska Alla. 2022b. Changes in Ag-
rochemical Parameters of Sod-Podzolic Soil De-
pending on the Productivity of Cereal Grasses of
Different Ripeness and Methods of Tillage in the
Carpathian Region. Journal of Ecological Engineer-
ing, 23(1), 55-63. d0i:10.12911/22998993/143863.

19. Karpenko O.Yu., Rozhko V.M., Butenko A.O., Sam-
kova O., Lychuk A.I., Matviienko I.S., Masyk .M.,
Sobran 1.V. & Kankash H.D. 2020a. Influence of
agricultural systems and measures of basic tillage
on the number of microorganisms in the soil under
winter wheat crops of the Right—bank forest—steppe
of Ukraine. Ukrainian Journal of Ecology, 10(5),
76-80. doi: 10.15421/2020 209

20. Karpenko O.Yu., Rozhko V.M., Butenko A.O., Sam-
kova O.P.,, Lychuk A.I., Matviienko L.S., Masyk
I.M., Sobran 1.V., Kankash H.D. 2020b. Influence
of agricultural systems and measures of basic tillage
on the number of microorganisms in the soil under
winter wheat crops of the Right-bank forest-steppe
of Ukraine. Ukrainian Journal of Ecology, 10(5),
76-80. doi: 10.15421/2020 209

21.Korshens M. 1983. Zwischenfruchtanbau zur Fut-
temutzung und Grundungung — ein Beitrag zur
Steigerung der Bodenfruchbarkeit. Feldwirtschaft,

24(8), 361-362.

22. Kryvobochek V.H., Velmyseva L.E. 2005. Precise
adaptive varietal agricultural technology —a reserve
for increasing grain production. Achievements of
science and technology Agro-industrial complex, 2,
12—14. (in Russian)

23. Kukresh N.P., Bezsylko V.S. 1990. Influence of min-
eral fertilizers on the yield and quality of oat grain.
Agrokhimiya, 4, 48-49. (in Russian)

24. Kvitko Maksym, Getman Nadiia, Butenko Andrii,
Demydas Grygory, Moisiienko Vira, Stotska Svit-
lana, Burko Lesya & Onychko Viktor. 2021. Factors
of increasing alfalfa yield capacity under conditions
ofthe Forest—steppe. Agraarteadus. Journal of Agri-
cultural Science, 1, XXXII, 59-66. DOI: 10.15159/
jas.21.10

25. Laboski C.L, Dowley R.H., Allmaras R.R., Lamb J
A. 1998. Soil strength and water content influences

on corn root distribution in a sandy soil. Plant and
Soil. 203(2), 239-247.

26. Larkin R.P., Griffin T.S., Honeycutt C.W., Olanya
0.M., He.Z. 2021. Potato cropping system manage-
ment strategy impacts soil physical, chemical, and
biological properties over time. Soil and Tillage
Research, (213), 105148. https://doi.org/10.1016/j.
still.2021.105148.

27.Litvinov D., Litvinova O., Borys N., Butenko A.,
Masyk I., Onychko V., Khomenko L., Terokhina
N. & Kharchenko S. 2020. The Typicality of Hy-
drothermal Conditions of the Forest Steppe and
Their Influence on the Productivity of Crops.
Journal of Environmental Research, Engineering
and Management, 76(3), 84-95. DOI 10.5755/j01.
erem.76.3.25365

28. Litvinov, D.V., Butenko, A.O., Onychko, V.I., On-
ychko, T.O., Malynka, L.V., Masyk, I.M., Bond-
arieva, L.M., Thnatieva O.L. 2019. Parameters of
biological circulation of phytomass and nutritional
elements in crop rotations. Ukrainian Journal of
Ecology, 9(3), 92-98. DOI: 10.15421 /2019 714

29. Lychuk T.E. 2006. Crusting and sealing as soil
degradation processes in North-Western Region of
Ukraine: formation reasons and prevention meth-
ods. Proceedings of the 18th World Congress of Soil
Science. Philadelphia, USA, p. 14.

30. Lys N.M., Tkachuk N.L., Butenko A.O., Onychko
V.1., Rozhko V.M., Karpenko O.Yu., Chernega,
T.0., Masyk I.M., Berdin S.I. 2021. Five-year cy-
cle efficiency of willow and poplar growing under
conditions of Pre-carpathians. AMA, Agricultural
Mechanization in Asia, Africa and Latin America,
51(01), pp. 821-830. ISSN: 00845841

31.Mamiev D., Abaev A., Tedeeva A., Khokhoeva N.,
Tedeev V. 2019. Use of green manure in organic
farming. IOP Conference Series: Earth and Envi-
ronmental Science, 403, 012137. XII International

61



Ecological Engineering & Environmental Technology 2022, 23(3), 54-63

Scientific Conference on Agricultural Machinery
Industry 10-13 September 2019, Don State Tech-
nical University, Russian Federation.

32.Medvedev V.V. 2009. Soil hardness. Kharkov. Ed.
KP “City Printing House”, pp. 152. (in Russian)

33.Meraj A. Ansari, Burhan U. Choudhury, Jayanta
Layek, Anup Das, Rattan Lal, Vinay K. Mishra
2022. Green manuring and crop residue manage-
ment: Effect on soil organic carbon stock, aggre-
gation, and system productivity in the foothills
of Eastern Himalaya (India). Soil and Tillage
Research, 218, 105318. https://doi.org/10.1016/j.
still.2022.105318.

34, Mishchenko Y.G., Masik I.M. 2017. Control of
soil weediness and sugar beets by after crop green
manure and different tillages. Ukrainian Journal of
Ecology, 7(4), 517-524. doi: 10.15421/2017 _154.

35. Mishchenko Y.G., Zakharchenko E.A., Berdin S.I.,
Kharchenko O.V., Ermantraut E.R., Masyk .M.,
Tokman V.S. 2019. Herbological monitoring of
efficiency of tillage practice and green manure in
potato agrocenosis. Ukrainian Journal of Ecology.
9(1), 210-219.

36. Mishchenko Y.H., Zakharchenko E.A. 2019. The
effect of green manures on weediness of sugar beet.
Bulletin of Sumy National Agrarian University. The
series: Agronomy and Biology. 4 (38). 41-49.

37.Nowroz F., Roy T., Haque M., Ferdous J., Noor R.,
Mondal G. 2021. Yield and Grading of Potato (Sola-
num tuberosum L.) as Influenced by Different Mulch
Materials. Agrotechniques in Industrial Crops, 1(1),
1-10. doi: 10.22126/etic.2021.6209.1001

38. Nyiraneza J., Chen D., Fraser T., Comeau L.-P.
2021. Improving Soil Quality and Potato Produc-
tivity with Manure and High-Residue Cover Crops
in Eastern Canada. Plants. 10(7):1436. https://doi.
org/10.3390/plants 10071436

39. Revyakin Yu.Yu. 1956. Application of the Gory-
achkin density meter to control the quality of tillage.
Dokl. TSCA, 12, pp. 11-14. (in Russian)

40. Rieznik S., Havva D., Butenko A. & Novosad K.
2021. Biological activity of chernozems typical of
different farming practices. Agraarteadus, pp. 32(2),
307-313. DOI: 10.15159/jas.21.34.

41.Romaneckas K., Balandaité J., Sinkeviéiené A.,
Kimbirauskiené R., Jasinskas A., Ginelevicius U.,
Romaneckas A., Petlickaité R. 2022. Short-Term
Impact of Multi-Cropping on Some Soil Physical
Properties and Respiration. Agronomy, 12(1):141.
https://doi.org/10.3390/agronomy 12010141

42. Sartori F., Piccoli I., Polese R., Berti A. 2022. A
Multivariate Approach to Evaluate Reduced Tillage
Systems and Cover Crop Sustainability. Land, 11,
55. https://doi.org/ 10.3390/land11010055

43. Semykin V.A. 2002. Basic tillage and fertility. Sugar

62

beet, 7, 21-23. (in Russian)

44. Shaheb M.R., Venkatesh R. & Shearer S.A. 2021.
A Review on the Effect of Soil Compaction and
its Management for Sustainable Crop Production.
Journal of Biosystems Engineering, 46, 417-439.
https://doi.org/10.1007/s42853-021-00117-7

45. Sharifi M., Lynch D.H., Hammermeister A., Burton
D.L.,MessigaA.J. 2014. Effect of green manure and
supplemental fertility amendments on selected soil
quality parameters in an organic potato rotation in
Eastern Canada. Nutr Cycl Agroecosyst, 100, 135—
146. https://doi.org/10.1007/s10705-014-9633-x

46.Shein E.V. 2005. Soil Physics Course: Textbook.
Publishing House of Moscow State University, pp.
432. (in Russian)

47.Slobodiuk P.I. 1997. Soil compaction with mobile
agricultural implements. Kharkov, pp. 122. (in
Russian)

48. Smagin V.P., Zazdravny A.N. 1981. Agronomic sig-
nificance of soil hardness. Soil Science, 2, 138—-141.
(in Russian)

49. Starovoitova O.A., Starovoitov V.I., Manokhina
A.A. and Voronov N.V. 2021. Methodological ap-
proaches to constructing 3D models of soil in potato
farming. IOP Conf. Ser.: Earth Environ. Sci., 624,
012079.

50. Tanchyk S., Litvinov D., Butenko A., Litvinova
0., Pavlov O., Babenko A., Shpyrka N., Onychko
V., Masyk 1. & Onychko T. 2021. Fixed nitrogen
in agriculture and its role in agrocenoses. Agron-
omy Research, 19(2), 601-611. doi.org/10.15159/
AR.21.086

51. Tonkha O., Butenko A., Bykova O., Kravchenko
Y., Pikovska O., Kovalenko V., Evpak I., Masyk 1.,
Zakharchenko E. 202 1. Spatial Heterogeneity of Soil
Silicon in Ukrainian Phaozems and Chernozems.
Journal of Ecological Engineering, 22(2):111-119.
doi.org/10.12911/22998993/130884

52. Ustroev A.A., Murzaev E.A. 2020. Efficiency of us-
ing seeder crops for uncomplacing soil in the tech-
nology of cultivation of potato. Agrarian science,
(11-12):101-104. (in Russian). https://doi.org/10.
32634/0869-8155-2020-343—-11-101-104

53.Ustroyev A.A. and Murzaev E.A. 2021. Influ-
ence of crops of the cover crop when forming
the ridge surface of landings of potatoes to dy-
namics of parameters of the soil state. E3S Web
Conf., 262, 01038. DOI: https://doi.org/10.1051/
e3sconf/202126201038

54.Vos J., Van Loon C.D. 1989. Effects of Crop-
ping Frequency on Potato Production. In: Vos
J., Van Loon C.D., Bollen G.J. (Eds) Effects of
Crop Rotation on Potato Production in the Tem-
perate Zones. Developments in Plant and Soil
Sciences, 40. Springer, Dordrecht. https://doi.
org/10.1007/978-94-009-2474-1 1



Ecological Engineering & Environmental Technology 2022, 23(3), 54-63

55.

56.

57.

Wozniak A. 2019. Chemical Properties and En-
zyme Activity of Soil as Affected by Tillage Sys-
tem and Previous Crop. Agriculture, 9(12),262. doi:
10.3390/agriculture9120262

Yakupoglu T., Gundogan R., Dindaroglu T., Kus-
vuran K., Gokmen V., Rodrigo—Comino J. Gyasi—
AgyeiY. & Cerda A.2021. Tillage Impacts on Initial
Soil Erosion in Wheat and Sainfoin Fields under
Simulated Extreme Rainfall Treatments. Sustain-
ability, 13, 789. doi.org/10.3390/ su13020789

XuY.,Jeanne T., Hogue R., Shi Y., Ziadi N., Parent
L.E. 2021. Soil bacterial diversity related to soil
compaction and aggregates sizes in potato cropping

58.

59.

systems. Applied Soil Ecology, (168), 104—147.
https://doi.org/10.1016/j.aps0il.2021.104147.

Yaroshchuk R.A., Zakharchenko E.A., Kovalenko
.M., Yaroshchuk S.V., Klymenko H.O. 2020. Soil
aggregation with various cover crops in Ginkgo
biloba L. plantations. Bulletin of Sumy National
Agrarian University. The series: Agronomy and
Biology, 42(4), 23-32. (in Ukrainian)

Zahradnijek J., Beran P., Pulkrabek J., Svachula V.,
Famera P., Scoller J., Chochova J. 2001. The ef-
fect of physical soil properties on metabolism and
technological quality of sugar beet. Rosl. Vyroba,
1, 23-27. (in Ukrainian)

63



