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Abstract

Five-year (2017-2021) studies on a typical deep low-humus black soil at the experimental field of Bila Tserkva
National Agrarian University found that the yield of winter wheat and spring barley was almost at the same level
with mouldboard and differentiated tillage in the five-field crop rotation. The research was conducted by the method
of field stationary experiment. All crop rotation fields are fully deployed in space and time. The area of sown plots
was 171 m?, accounting area — 112 m2. Repetition — three times, placement of repetitions and plots was consistent,
systematic. In the tillering phase of winter wheat and spring barley, mouldboard-mouldboardless tillage had the
advantage of arable layer moistening. When sowing white mustard, the most moisturized soil layers were under
differentiated tillage, the least moisturized — under mouldboardless tillage. The dry mass of root residues of winter
wheat was the highest under mouldboard, spring barley — under mouldboard-mouldboardless tillage, and white
mustard was almost the same under these cultivation options. Grain yield was at the same level under mouldboard
and differentiated tillage. The green mass of white mustard applied in the soil was significantly more under the
differentiated tillage and predecessor of spring barley. The highest indicators of economic and energy efficiency
were obtained by applying 12 tons of manure + NgsPsK72 per hectare of arable crop rotation land (including per
winter wheat NixsPgoKrzo, spring barley NeoPsoKso, white mustard NisPisKis) and carrying mouldboard-
mouldboardless tillage in crop rotation, which involves deep cultivation of 25-27 cm in only one field, and the rest
of the fields — mouldboardless and disk shallow tillage.
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INTRODUCTION natural soil fertility by modifying the soil
agrochemical indicators [8, 10].

A convincing factor in the dominant value of
humus in soil fertility, in particular, is the fact
that it contains 95-98% of soil nitrogen, 80 —
sulfur and 60 — phosphorus, and 50-60% of
alienated nitrogen by crops from soils of
humus origin, i.e. it is its mineral forms
created by the mineralization of humus [18,
20].

An alternative to manure in domestic arable
farming should be primarily scientifically
substantiated use  of  non-marketable
agricultural products and green manures [17,
22]. After all, according to scientists, one ton

According to the importance of the problems
of domestic farming, dehumidification of soils
takes the second place (first place — erosion
and deflation) [13, 19]. The content and
composition of humus is an integral indicator
of soil fertility. Every year, each hectare of
arable land of Ukrainian black soil loses more
than 1 ton of humus, which is equal to 18-20
tons of semi-rotted cattle manure on straw
litter, the rate of application of which in the
country today is only half a ton per hectare [2,
34].

The large number of  agricultural

technological works that are executed under
the conventional technologies can reduce the

of straw in terms of organic matter content is
equivalent to 3.5-4.0 tons of manure, and
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applied in the soil 4.0-5.0 tons of straw
provide the formation of 2.6 tons of humus
[23, 30].

From the green fertilizers in Ukraine today the
most common crops are the cabbage family,
especially in post-harvest sowing [25, 29].
Green manures of post-harvest sowing period
are placed in crop rotations of the Forest-
Steppe of Ukraine, as a rule, after cereals ear
crops, first of all after winter wheat and spring
barley. The system of basic tillage for cereals
ear and post-harvest cabbage crops today
needs to be revised and detailed depending on
the type, subtype, structure of sown areas, and
number of fields, specialization and crop
rotation fertilization system.

Today there are some recommendations of
scientists on tillage for basic and post-harvest
crops, but they are quite general, sometimes
even contradictory, often do not take into
account weather and climatic conditions, soil
differences, predecessors, etc. [21, 26, 29].

In the experiments of the National University
of Life and Environmental Sciences of
Ukraine, the use of green mass of oilseed
radish for fertilizer provided a decrease in the
density of typical black soil for both plowing
and deep mouldboardless tillage on 0.05
g/cm® and increased productive moisture
reserves in the arable soil on 2.5 mm, and the
yield of potato tubers, respectively, on 5.2 and
7.0 tons [12].

Systematic application of only mineral
fertilizers without replenishment of the soil
with organic matter leads to the dominance of
mineralization of soil organic matter, in
particular, and humus over synthesis
(humification) [33].

On the podzolic black soil of Khmelnytsky
research station and typical black soil in
stationary experiment of the National
University of Life and Environmental
Sciences of Ukraine (Kyiv region, Fastiv
district) in short- course crop rotations, the
highest reserves of soil humus were recorded
with combined use of manure, straw, green
and half the rate of mineral fertilizers and
mouldboardless  tillage  with  periodic
mouldboard plowing under sugar beets. In the
plowed areas of podzolic black soil hydrolytic
acidity had reached a critical value (4.24-4.38
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mg.eq./100 g of soil) with the combined use
of straw, green manure and high rates of
mineral fertilizers. In unfertilized variants, a
decrease in the hydrolytic acidity was
observed with an increase in the degree of
tillage minimization of typical and podzolic
black soil [1].

In the southern black soil the highest
productivity of green manure crops was
provided by mouldboardless tillage for all
crops of the five-field crop rotation [32].
Sweep plowing of leached low-humus
medium loam black soil in combination with
the applying of optimized rates of mineral
fertilizers on the background of the effect and
after-effect of bare and siderate fallow land
provided an increase and improvement in the
structure of spring wheat yield [15].

With insufficient soil moisture in the steppe
zone, plowing 20-25 cm under soybeans has
advantages over sweep plowing to the same
depth and shallow hoeing of 10-12 cm of
ordinary black soil [9].

In the five-field crop rotation of the Left-Bank
Forest-Steppe of Ukraine with peas in
unfertilized plots, the average yield of winter
wheat under plowing and surface cultivation
for 42 years of research was on 0.29 and 0.05
t/ha, respectively, lower than under deep
mouldboardless hoeing, where this indicator
was 3.56 t/ha. With the application of
Ne66Ps2Ks2, the yield of winter wheat in two
crop rotations was also the highest under
mouldboardless tillage [5].

The maximum moisture accumulation
efficiency of typical deep medium loam black
soil ~was  recorded under  shallow
mouldboardless tillage, carried  out
simultaneously with slitting, which provided
an increase in available soil moisture reserves
in the arable layer on 6-18% compared to
mouldboard tillage. The scientist recommends
the use of mouldboard-mouldboardless main
tillage in the ten-field crop rotation, during
which deep plowing is carried out under sugar
beets and sunflowers, shallow mouldboardless
tillage — under winter wheat after corn for
silage and soybeans, and different depth
chiseling — under other crops [31].

Kirovohrad  Institute = of  Agricultural
Production recommends farms in the northern



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 23, Issue 1, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

part of the Steppe of Ukraine under winter
wheat after fallow land to use mouldboardless
tillage, after corn for silage — shallow (10-12
cm) disk tillage, or "zero", provided plowing
under the predecessor. Under spring barley, it
is proposed to cultivate ordinary medium
loam black soil with a flat cut to a depth of
20-22 cm, but under the condition of deep
(28-30 cm) plowing under the predecessor. In
crop rotation, mouldboard-mouldboardless
tillage is recommended, in which plowing for
row crops alternates with “zero” tillage for
agrophytocenoses with usual row sowing
method [4].

In the experimental field of Uman National
University of Horticulture, high efficiency in
short-course crop rotation was provided by
fallow plowing under soybean to a depth of
15-17 cm, spring wheat, spring barley, spring
rape and oil flax —25-27 cm [11].

In the five-field crop rotations (fruit-changing
and grain plowing) of the Right-Bank Forest-
Steppe of Ukraine, scientists recommend deep
(30-32 and 25-27 cm, respectively) plowing in
only one field under row crop (fodder beets
and corn, respectively), and in the rest of the
fields — shallow (10-12 cm) tillage of typical
deep black soil [16].

According to the results obtained Burcea M.
[3] soil works methods have little influence on
the humus content, its modification being
insignificant and keeping within medium
range limits. The work of the soil with the
disc  harrow determines the  highest
accumulation of humus, at a depth of 10-20
cm, with average values of 3.50%. The
highest humus content is found in the 0-10 cm
layer due to an accumulation of organic
matter not introduced on the soil depth.

In the conditions stationary experiment of the
Institute of Irrigated Agriculture of NAAS of
Ukraine the most favorable agrophysical
properties and water regime of the dark-
chestnut soil for the cultivation of row crops
is created under differentiated system of basic
tillage with application of Ni20Pso + by-
products per the hectare of the crop rotation
area. The mentioned cultivation technology
guarantees obtaining the best profitability
level of 110.1% in comparison to 38.9% on
the control [14].

In the South of Romania the associated
influence of the soil tillage, plant density and
hybrid used on the production of maize
determined the highest yields by performing
the combinator on the soil tillage, as basic
tillage, using a density of 55,000 plants/ha and
using hybrid PR36V52. Replacement the
combinator tillage with plowing or direct
seeding determined to obtain lower
production up to 2,000 kg/ha regardless of the
hybrid wused [28]. Similar results were
obtained in Ukraine with corn and sweet
sorghum [6, 7].

The purpose of the study is to identify the
most optimal combination of systems of basic
tillage and crop rotation fertilizer, which
ensures the productivity of winter wheat and
spring barley at the level of 12 and 9 t/ha of
dry matter, 9 and 8 t/ha of feed units, 0.55 and
0, 40 t/ha of digestible protein, and white
mustard — 20-21 t/ha of green mass with high
economic and energy efficiency.

MATERIALS AND METHODS

The studies were performed on a typical deep
low-humus medium loam black soil of
experimental field of Bila Tserkva National
Agrarian University during 2017-2021 in a
stationary field crop rotation, where four
systems of basic tillage (Table 1) and four
fertilizer systems were studied (Table 2).

In addition to the by-products of crop rotation
and green mass of post-harvest white mustard,
semi-rotted cattle manure, ammonium nitrate,
simple  granular  superphosphate  and
potassium salt were used as fertilizers.

Soil moisture was determined by weight
method [35], dry mass of root residues — by
the method of Stankov [27].

Crop rotation fields were fully deployed in
space and time. In the experiment, threefold
repetition was placed completely on the area,
plots of the first order (tillage system) —
sequentially in one tier, the second (fertilizer
rates) — sequentially in four tiers.

The sown area of the elementary plot was 171
m? (9 x 19 m), and the accounting area was
112 m? (7 x 16 m). The area under the
experiment was 3.7 ha.
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Table 1. Systems of basic tillage in crop rotation

Tillage*
Ne Crop mouldboard mouldboard & disl.dng
field (control) mouldboardless mquldboa.rdless (continuous
(differentiated) shallow)
Depth (cm) and cultivation
1 Soybean 16-18 (p.) 16-18 (d.t) 16-18 (1) 10-12 (d.h.)
2 Winter wheat + white 10-12 (d.h.) 10-12 (d.t.) 10-12 (d.h.) 10-12 (d.h.)
mustard on green manure
3 Sunflower 25-27 (p.) 25-27 (d.t.) 25-27 (p.) 10-12 (d.h.)
4 | Seringbarley twhite |y 15 1) | 1012 ) 10-12 (dh.) 10-12 (dh.)
mustard on green manure
5 Maize 25-27 (p.) 25-27 (d.t.) 25-27 (d.t.) 10-12 (d.h.)
*Note: p. — plowing, d.h. — disc harrow, d.t. — deep tiller.
Source: Authors' own results.
Table 2. Fertilizer systems under crops of field grain-plowing crop rotation
Mineral fertilizers, kg/ha a.s.
Cro . under
ng rotati?)n Fertilizer|Manure, total basic fertilizer| presowing row fertilizer feeding
ield level t/ha P
crops cultivation
N|IP|K|N|P|K|N|P|K|N|P|K|N|P K
0
1 30 [ 40 | 30 40 | 30 | 30
I | Soybean 7 40 | 60 | 40 60 | 40 | 40
3 60 | 80 | 60 80 | 60 | 60
0
Winter 1 100] 70 | 50 | 30 | 70 | 50 70
wheat 2 125190 | 70 | 30 | 90 | 70 95
) 3 150|110| 80 | 30 |110]| 80 120
White 0
mustard 1 15|15 1515 15| 15
on green 2 I5|115(15 15|15 15
manure 3 150151515 15] 15
0
3 ISunflowe 1 20 | 50| 50|35|50]|50] 35
2 30 | 80| 80| 50 |80 | 80| 50
3 40 [100/100| 70 [ 100|100 70
0
Spring 1 50 | 40 | 40 40 | 40 | 50
barley 2 60 | 50 | 50 50 | 50 | 60
4 3 70 | 60 | 60 60 | 60 | 70
White 0
mustard 1 IS|15| 1515 15| 15
on green 2 15|15 15| 15|15 15
manure 3 IS|15| 1515 15| 15
0
5 | Maize 1 20 [120] 90 | 100 80 [100]120 10
2 30 [140[100]120 90 |120]140 10
3 40 [150]120]130 110/130]150 10
0
Per 1 ha of 1 8 76 | 64 | 57 | 22 | 62 | 57 |40 2 14
crop rotation 2 12 95182 |72 28|80 72| 48 2 19
3 16 |112]100] 86 | 32 | 98 | 86 | 56 2 24

Source: Authors' own results.
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RESULTS AND DISCUSSIONS

In the upper (0-10 cm) layer of soil on the
date of sowing of winter wheat at zero, first,
second and third levels of fertilizer available
moisture was less, respectively, on 0.8, 1.0,
1.2 and 1.3 mm under mouldboardless tillage,
0.3, 0.5, 0.6 and 0.8 — differentiated, 1.1, 1.3,
14 and 1.5 mm - under shallow tillage,
compared with control, with SDos = 1.0 mm.
In the arable (0-30 cm) layer, this indicator
was significantly lower under constant chisel
and shallow than mouldboard tillage in crop

rotation. Under mouldboard-mouldboardless
and mouldboard tillage, the difference was
1.1-1.8 mm in favor of the latter, but it was
insignificant.

In a meter layer of soil, the reserves of
available moisture were on 5.8-9.7 mm lower
under mouldboardless and disk than
mouldboard tillage (SDos = 5.3 mm), and with
increasing rates of fertilizer, this difference
increased. Thus, for chisel tillage on
unfertilized plots, it was 6.1 mm, and on
fertilized with Nis50P110Kgso— 9.7 mm in favor
of the control (Table 3).

Table 3. Change in the available soil moisture reserves under cereals ear crops depending on the system of tillage and

fertilization of typical black soil, mm

. Fertilizer Sowing of cereals Tillering of cereals
The main . - - - -
. . levels in winter wheat | spring barley winter wheat | spring barley
tillage in crop -
rotation crop layer of soil, cm
rotation | 0-10 | 0-30 | 0-10 [ 0-30 | 0-10 | 0-30 | 0-10 [ 0-30 [ 0-10 | 0-30 [ 0-10 | 0-30
0 93 [325]108.1 (193|496 | 1164 | 146 | 394 | 1213 | 123 | 31.1 | 114.8
mouldboard 1 88 |31.1 1058|183 479 1127132370 1104 | 11.4|29.0 | 1075
(control) 2 82 13001027168 458 | 1089 12.8 | 355 103.6 | 10.1 | 27.4 | 102.9
3 78 [ 2871 986 | 164|433 ] 1056 125|336 958 | 95 | 259 | 100.4
0 85 | 2981020179462 | 108.0 | 133|367 | 1172 ] 11.4 | 283 | 109.2
mouldboardless 1 78 | 2821 984 [ 165|434 1023 ] 11.8 3421067 ] 106 | 258 [ 101.1
(chisel) 2 70 [ 268 1] 939 [ 145407 964 | 113 [325] 99.8 | 9.1 | 24.0 | 96.1
3 65 | 251 ] 889 [13.9 376 922 [ 112307 ] 91.7 | 88 [ 224 ] 933
dboard 0 90 |31.4 | 111.8 182|475 ] 1187 ] 13.8 |40.7 | 1202 ] 135 [ 31.6 [ 117.1
mo‘i(ﬁ) Oar(n & 1 83 29711086 168|453 | 116.1 123|386 109.6 | 128 | 29.7 | 110.6
mouldboardiess 2 76 | 284 | 1048 | 150 | 42.9 | 113.1 | 12.1 | 373 | 1022 | 11.7 | 283 | 106.2
(differentiated)
3 70 2691002143 4021106 11.6 [ 351 946 | 11.0 | 26.9 | 104.4
diski 0 82 [304 1023180454 1092 13.0]356 | 1155 10.8 | 28.5 | 110.0
‘i. 1ng 1 75 286 ] 993 | 16.7 | 43.1 [ 103.9 | 11.6 | 33.4 | 104.9 | 10.0 | 26.0 | 102.2
(Csohlglll‘;‘l‘v);s 2 6.8 | 273 | 950 | 150 | 403 | 993 | 11.0 [ 31.8 | 985 | 89 | 246 | 984
3 60 | 258 ] 89.7 [14.0 [373] 948 [ 107 [30.1 [ 910 | 83 [ 227 | 94.9
SDos 10 |20 ] 53 [ 1.1 |33 ] 68 [ 1.1 |23 47 [ 12 1] 26| 45

Source: Authors' own results.

On unfertilized variants, fertilized with
Ni100P70Ks0, Ni125P9oK70 and NisoP110Kso under
mouldboard-mouldboardless  tillage, this
indicator was on 3.7, 2.8, 2.1 and 1.6 mm
higher than in the control, but this difference
was insignificant.

In the tillering phase of winter wheat available
moisture in the upper soil layer was on 0.7-0.9
mm less under differentiated than under
mouldboard tillage (SDos = 1.1 mm). Under
chisel and disk tillage this indicator was
essentially lower (on 1.3-1.8 mm), than in
control. In the arable layer of typical black
soil available moisture under mouldboard-
mouldboardless tillage was on 1.3-1.8 mm

more, and under mouldboardless and shallow,
respectively, on 2.7-3.0 and 3.5-3.8 mm less
than under mouldboard (SDos = 2.3 mm). The
most moist meter layer of soil was in the
control, where this indicator was on 0.8-1.4,
3.7-4.1 and 4.8-5.8 mm higher than,
respectively, under mouldboard-
mouldboardless, chisel and disk tillage in crop
rotation (SDos = 4.7 mm).

In the experiment of the National University
of Life and Environmental Sciences of
Ukraine, the content of available moisture in a
meter layer of typical deep medium-loam
black soil at the beginning of winter wheat
vegetation was also higher than under
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mouldboard-mouldboardless tillage in ten-
field crop rotation than in the control [31].

In the right-bank steppe of Ukraine only in
dry years mouldboard-mouldboardless tillage
of ordinary medium humus heavy loam black
soil in crop rotation reduced the reserves of
available moisture of one and a half meter
layer of soil due to increased density of its
structure, compared with different depth
plowing [4].

On the date of sowing of spring barley
available moisture in the upper layer of soil on
unfertilized plots fertilized with NsoP40Kuao,
NeoPsoKso and N7oPsoKso was, respectively,
less on 1.4, 1.8, 2.3 and 2.5 mm under
mouldboardless, 1.1, 1.5, 1.8 and 2.1 mm —
differentiated, 1.3, 1.6, 1.8 and 2.4 mm under
constant shallow tillage than in control. In the
arable layer of soil, this indicator under chisel
and disk tillage was, respectively, lower on
34-57 and 4.2-60 mm, and under
mouldboard-mouldboardless — on 2.1-3.1 mm
than in control with SDos = 3.3 mm. At the
same time, there was an increase in the
difference of this indicator between the
options of tillage with increasing levels of
fertilizers. Thus, wunder mouldboardless,
differentiated and systematic shallow tillage
in crop rotation, it was, respectively, 3.4, 2.1
and 4.2 mm on unfertilized and 5.7, 2.9 and
6.0 mm on fertilized plots with the highest
rate of fertilizers in favor of the control.

In the meter layer of soil, available moisture
was on 2.3-5.0 mm more under mouldboard-
mouldboardless tillage than under
mouldboard tillage, but this difference did not
reach SDos, which was 6.8 mm. For chisel and
disk tillage, this indicator was lower on 8.4
and 7.2 mm, respectively, on unfertilized
plots, 10.4 and 8.8 mm - fertilized with
NsoP10Ka40, 12.5 and 9.6 mm — NeoPs0Kso, 13.4
and 10.8 mm — N79Ps0Kso, than in the control.

In the tillering phase of spring barley, the
available moisture in the upper layer of the
soil was slightly higher (0.7-1.0 mm) under
mouldboard than mouldboardless tillage. With
differentiated tillage, this indicator was
significantly higher (on 1.2-1.5 mm), and with
constant shallow — significantly lower (on 1.2-
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1.5) than in the control.

In the arable layer of the soil, available
moisture under chisel and constant shallow
tillage was on 2.6-3.5 mm less, and under
mouldboard-mouldboardless — on 0.5-1.0 mm
more than in the control with SDos = 2.6 mm.
A similar pattern was observed in the meter
layer, where the average value of this
indicator under mouldboard, mouldboardless,
differentiated and disk tillage was 106.4, 99.9,
109.6 and 101.4 mm, respectively. Thus, the
reserves of available water in a meter layer of
soil under chisel and systematic shallow
tillage was, respectively, lower on 6.1 and
4.7%, and under mouldboard-mouldboardless
— on 3.0% higher than in the control (Table 4).
The same pattern was observed in the research
field of Kharkiv National Agrarian University
in the root layer of typical deep low humus
black soil, where mouldboardless tillage
reduced soil moisture on 6 mm, compared
with the control. According to the scientist,
systematic mouldboardless tillage worsens the
conditions of accumulation of soil moisture in
the root layer of typical black soil, regardless
of the depth of tillage [24].

In the experiments of the Institute of
Agriculture of the steppe zone of NAAS of
Ukraine on ordinary hard loam black soil, the
advantage of mouldboardless tillage in field
short-course crop rotations in terms of
available soil moisture content was observed
under the lack of normative amount of
precipitation during December-February [20].

On the date of sowing of white mustard after
winter wheat, available moisture in the upper
layer of the soil under mouldboardless and
disk tillage was, respectively, less on 1.2-1.6
and 0.8-1.1 mm, and under differentiated — on
1.3-1.8 mm more than in the control with
SDos = 1.2 mm. A similar pattern was
recorded in the arable layer of soil; however,
the magnitude of the increase in this indicator
under mouldboard-mouldboardless tillage did
not reach SDos and was in the range of 1.4-2.3
mm. For chisel and systematic shallow tillage,
this indicator was on 9.8 and 10.8% lower,
respectively, than in the control.
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Table 4. Change in the available soil moisture reserves under white mustard depending on predecessors, system of

tillage and fertilization of typical black soil, mm

. Sowing | Mowing
The main Fertilizer Predecessors
tillage in crop levels in winter wheat spring barley | winter wheat spring barley
rotation crop layer of soil, cm
rotation
0-10 | 0-30 | 0-100] 0-10 | 0-30 | 0-100 | 0-10 | 0-30 | 0-100] 0-10 | 0-30 | 0-100
0 117 | 422 | 947 | 102 | 386 | 1083 | 6.0 | 201 | 723 | 58 | 184 | 66.8
mouldboard 1 11.1 | 414 | 90.1 | 9.6 | 37.4 | 106.1 57 | 176 | 680 | 53 | 173 | 65.1
(control) 2 10.7 | 395 | 873 93 | 369 | 1046 5.4 157 | 642 | 5.0 16.0 | 64.3
3 96 | 383 | 858 | 90 | 364 | 1030 | 51 | 136 | 619 | 46 | 149 | 63.0
0 105 | 39.1 | 869 | 11.1 | 359 | 997 71 | 235 | 781 | 70 | 210 | 722
mouldboardless 1 97 | 375 | 816 | 106 | 344 | 970 67 | 207 | 732 | 64 | 195 | 703
(chisel) 2 92 | 354 | 786 | 103 | 33.7 | 945 63 | 186 | 69.1 | 60 | 178 | 688
3 80 | 335 | 767 | 101 | 330 | 923 59 | 162 | 666 | 55 | 166 | 672
0 130 | 436 | 979 | 11.7 | 412 | 1155 | 53 | 170 | 686 | 46 | 156 | 623
mouldboard & 1 126 | 431 | 93.7 | 112 | 404 | 1142 | 49 | 148 | 645 | 42 | 148 | 61.0
mqmdboa.rdless 2 123 | 415 | 912 | 11.0 | 401 | 1138 | 45 | 131 | 608 | 40 | 139 | 60.4
(differentiated)
3 114 | 40.6 | 89.9 | 108 | 39.7 | 1134 | 42 | 112 | 587 | 3.6 | 129 | 592
o 0 109 | 386 | 89.1 | 109 | 356 | 1008 | 7.0 | 232 | 77.8 | 69 | 209 | 71.1
disking 1 102 | 373 | 837 | 104 | 342 | 980 | 67 | 204 | 731 | 64 | 195 | 69.3
(continuous 2 97 | 349 | 805 | 102 | 335 | 953 63 | 182 | 69.1 | 62 | 180 | 676
shallow)
3 85 | 331 | 785 | 100 | 328 | 932 59 | 158 | 668 | 59 | 167 | 669
SDos 12 | 26 | 51 13 | 24 6.2 08 | 22 | 34 | 09 18 | 3.1

Source: Authors' own results.

The most moist meter layer of typical black
soil was under differentiated tillage, although
the increase in available moisture in it (which
was 3.2-4.1 mm) compared with the control
was insignificant. Reserves of available water
in this layer of soil was higher on 9.6 and
7.3%, respectively, under mouldboardless and
disk than mouldboard tillage in crop rotation.

On the date of sowing of green manure after
spring barley, available water in the upper
layer of soil was on 0.9-1.1 and 1.3-1.8 mm

more, respectively, under chisel and
mouldboard-mouldboardless, than
mouldboard tillage (SDos = 1.3 mm). The

magnitude of the increase in this indicator (on
0.8-1.1 mm) with systematic shallow tillage,
compared with the control, was insignificant.

In the arable and meter layers of typical black
soil, reserves of available moisture was
significantly higher under differentiated and
significantly lower under mouldboardless and
disk, than mouldboard tillage in crop rotation.
The reduction of this indicator in the these
layers of soil was respectively 2.7-3.4 and 8.6-
10.1 mm under chisel, 3.0-3.6 and 7.5-9.8 mm
under constant shallow tillage, and an increase
on 2.6-33 and 7.2-104 mm under

mouldboard mouldboardless tillage, compared
with the control, with SDgs 2.4 and 6.2 mm.
At the date of applying green fertilizer into the
soil, the lowest reserves of available moisture
in the studied soil layers were observed after
both  predecessors under mouldboard-
mouldboardless tillage in crop rotation. The
decrease in this indicator in the layers 0-10, 0-
30 and 0-100 cm was 0.7-1.2, 2.0-3.1 and 3.2-
4.5 respectively under differentiated tillage;
an increase on 0.8-1.2, 1.7-3.4 and 3.3-5.8
mm — under mouldboardless and disk tillage,
compared to the control associated with
different crop productivity.

The highest grain yield of winter wheat was
obtained under mouldboard tillage in crop
rotation. Under chisel and systematic shallow
tillage, it was significantly lower, and under
mouldboard-mouldboardless — insignificantly
lower than in the control. With increasing
rates of fertilizer, the difference in yield
between cultivation options increased. Thus,
on unfertilized plots fertilized with
Ni0oP70Ks0, N125PooK70 and NisoP110Kso, the
decrease in this indicator was 0.43, 0.56; 0.63
and 0.71 t/ha  respectively  under
mouldboardless, 0.12, 0.18, 0.23 and 0.27 t/ha
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— differentiated, 0.33, 0.46, 0.56 and 0.61 t/ha
— under disk tillage, compared with the

control (Table 5).

Table 5. Yield and mass of root crop residues under different systems of basic tillage and fertilizer in crop rotation,

t/ha
o " Yield, t/ha The ratio of grain to | Yield of green mass | Mass of root residues, t/ha of dry
% é o .9  winter wheat spring barley straw lof white mustard, t/ha| matter winter wheat
E é % % of white mustard
- —~
.g ? :E § . . of winter | of spring a.f ter aft.er .Of O.f after after
= grain straw | grain | straw winter spring | winter | spring . .
2 : 5 ; wheat barley wheat barley | wheat | barley winter Spring
== lids wheat barley
o -~ 0 2.73 330 | 237 | 2.56 1.21 1.08 9.86 8.83 2.04 1.72 1.81 1.62
!; % % 1 4.78 6.12 | 3.74 | 4.19 1.28 1.12 17.75 14.10 2.88 | 2.19 3.03 240
g 8 2 6.35 8.51 4.78 | 5.64 1.34 1.18 21.88 18.26 417 | 2.87 3.75 3.14
3 7.80 10.76 | 5.67 | 6.92 1.38 1.22 23.79 21.09 519 | 342 4.06 3.63
P 0 2.30 2.85 2.05 | 2.28 1.24 1.11 8.63 7.50 1.77 1.54 1.65 1.38
!; % g 1 422 549 | 332 | 3.82 1.30 1.15 16.30 12.51 2.59 1.99 2.89 2.12
g ‘gf_,/ 2 5.72 778 | 429 | 5.19 1.36 1.21 20.21 16.47 3.81 2.63 3.60 2.82
3 7.09 10.00 | 5.11 6.44 1.41 1.26 21.95 19.13 477 | 3.13 3.89 3.28
PP 0 2.61 3.11 2.53 | 2.68 1.19 1.06 9.48 10.28 1.97 1.86 1.78 1.89
!; g !; 2 g T 1 4.60 5.75 3.87 | 430 1.25 1.11 17.26 15.44 2.79 | 2.29 3.00 2.61
g § g ‘g@-g 2 6.12 8.02 | 4.86 | 5.59 1.31 1.15 21.23 19.53 4.04 | 294 3.71 3.33
3 7.53 10.17 | 5.73 | 6.88 1.35 1.20 22.98 22.28 5.03 3.48 4.02 3.79
w3 = 0 240 3.02 | 2.13 | 243 1.26 1.14 8.31 7.19 1.84 1.59 1.52 1.32
E é ] é 1 432 5.75 3.41 3.99 1.33 1.17 15.96 12.22 2.64 | 2.05 2.69 2.04
Z 3 °s 2 5.79 7.99 | 440 | 5.46 1.38 1.24 19.91 16.19 3.84 | 2.69 3.38 2.74
- - 3 7.19 1035 | 525 | 6.72 1.44 1.28 21.66 18.89 4.83 3.22 3.69 3.22
SDos 0.33 0.41 022 | 0.28 1.07 1.14 0.19 | 0.13 0.14 0.18

Source: Authors' own results.

Table 6. The output of by-products of cereals ear crops under different systems of basic tillage and fertilizer in crop

rotation, t/ha

The main 1;:5211516; Natural value Dry matter Fodder units Digestible protein
tillage 1 crop crop winter spring winter | spring | winter spring winter spring
rotation rotation | Wheat barley wheat | barley wheat barley wheat barley
§ = 0 3.28 2.52 2.80 2.21 0.92 0.93 0.0131 0.0302
§ = 1 5.80 4.06 4.95 3.56 1.62 1.50 0.0232 0.0487
2 § 2 7.87 5.28 6.71 4.64 2.20 1.95 0.0315 0.0634
£ 3 9.83 6.40 8.38 5.62 2.75 2.37 0.0393 0.0768
§ 9 0 2.89 2.33 2.47 2.05 0.81 0.86 0.0116 0.0280
S % 1 5.38 3.87 4.59 3.40 1.51 1.43 0.0215 0.0464
% ?2/ 2 7.37 5.06 6.29 4.44 2.06 1.87 0.0295 0.0607
g9 3 9.29 6.10 7.92 5.36 2.60 2.26 0.0372 0.0732
§ § -g 0 3.17 2.75 2.70 2.41 0.89 1.02 0.0127 0.0330
§ R K 1 5.70 4.28 4.86 3.76 1.60 1.58 0.0228 0.0514
2 % % 2 7.71 5.47 6.58 4.80 2.16 2.02 0.0308 0.0656
g E T 3 9.62 6.57 8.21 5.77 2.69 2.43 0.0385 0.0788
o B 0 0 2.96 2.39 2.52 2.10 0.83 0.88 0.0118 0.0287
'E E 2 1 541 3.93 4.61 3.45 1.51 1.45 0.0216 0.0472
5 % % 2 7.37 5.13 6.29 4.50 2.06 1.90 0.0295 0.0616
2 3 9.31 6.20 7.94 5.44 2.61 2.29 0.0372 0.0744

SDos 0,31 0.28 0.27 0.25 0.09 0.10

Source: Authors' own results.

The grain yield of spring barley was almost at

the same level under mouldboard-
mouldboardless and mouldboard tillage, and
under chisel and constant shallow —

significantly lower. Under mouldboardless
and disk tillage, this indicator was lower on
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109 and 8.2%, respectively, and under
differentiated — higher on 2.7% than in the
control.

The ratio of basic to by-products under
mouldboard, chisel, mouldboard-
mouldboardless and systematic shallow tillage
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in crop rotation was 1.30, 1.33, 1.28 and 1.35
respectively in winter wheat and 1.15, 1.18,
1.13 and 1.21 — in spring barley. Thus, this
indicator was highest under disk and
mouldboardless, the lowest — under
differentiated tillage. On all variants of tillage
with increase in norms of the applied
fertilizers it grew.

The vyield of winter wheat straw was
significantly lower under chisel and disk than
mouldboard tillage. Under mouldboard-
mouldboardless tillage this indicator for
winter wheat was lower than in the control,
but insignificant. With differentiated tillage,
the yield of straw of spring barley was on
0.17-0.23 t/ha higher, and with constant
shallow tillage on 0.13-0.20 t/ha lower than in
the control (SDos = 0.28 t/ha) (Table 6).
Burcea M. [3] noted that total nitrogen content
in the soil was lower in the variants with
plowing and disk works, and the variant
worked with the chisel determined the best
mineralization of the nitrogen. The difference
between the variants in terms of total nitrogen
content is generated by the distribution of
organic matter on the soil profile and the
microbiological activity in the soil and
decreases on the depth of the arable layer.

The yield of green mass of white mustard
under sowing it after winter wheat was the
highest under mouldboard tillage in crop
rotation, and wunder chisel, mouldboard-
mouldboardless and disk tillage, it decreased
on 1.23-1.84, 0.38-0.81 and 1.55-2.13 t/ha,
respectively, with SDos = 1.07 t/ha.

As the level of applied fertilizers increased,
this difference between cultivation options
increased.

Under sowing of white mustard after spring
barley, a significant increase in green mass
(1.19-1.45 t/ha) was recorded wunder
differentiated tillage compared to the control.
Under mouldboardless and systematic shallow
tillage, green mass was received less on 1.33-
1.96 and 1.64-2.20 t/ha respectively than in
the control with SDos = 1.14 t/ha.

The mass of root residues of winter wheat in
the arable layer of the soil was the highest
under mouldboard tillage, and under chisel,
mouldboard-mouldboardless and disk it was
on 0.27-0.42, 0.07-0.16 and 0.20-0.36 t/ha

less, respectively (SDos = 0.19 t/ha).

The root residues of spring barley was slightly
more (on unfertilized plots significantly)
under  mouldboard-mouldboardless  than
mouldboard tillage. This indicator was
significantly reduced (on 0.13-0.20 t/ha) on
the wvariants under mouldboardless and
constant shallow tillage, compared with the
control.

As the level of fertilizer increased, both the
yield and the mass of root residues of the
studied crops increased. However, the latter
indicator rose much more slowly than the
former. Thus, under fertilization of winter
wheat ~ with  NiooP70Kso,  Ni25PooK7o,
NisoP110Kgo the increase in grain, compared
with unfertilized plots, under mouldboard
tillage was 75.1, 132.6, 185.7%, root mass —
41.2, 104.4, 154.4%, mouldboardless — 83.5,
148.7, 208.3 and 46.3, 115.3, 169.5%,
differentiated — 76.2, 134.5, 188.5 and 41.6,
105.1, 155.3%, disk — 80.0, 141.3, 199.6 and
43.5, 108.7, 162.5%. The lag of the growth of
root mass from the yield under the application
of the above fertilizer rates was, respectively,
339, 282, 31.3% under mouldboard
cultivation, 37.2, 33.4, 38.8% — chisel, 34.6,
29.4, 33.2% — mouldboard-mouldboardless,
36.5, 32.6, 37.1% — under systematic shallow
tillage.

In spring barley, as well as in winter wheat,
increase in dry weight of roots was slower
than in marketable products, on fertilized
variants, compared with unfertilized, recorded
under mouldboardless and disk tillage. In the
fertilized plots with NsoP10K40, NeoPs50Kso,
N70PsoKeso, compared to the unfertilized, the
increase was 57.8, 101.7, 139.2% of grain and
27.3, 66.9, 98.8% of the root mass under
mouldboard tillage, 61.9, 109.3, 149.3 and
29.2, 70.8, 103.2% — mouldboardless, 53.0,
92.1, 126.5 and 23.1, 58.1, 87.1% -
differentiated, 60.1, 106.6, 146.5 and 28.9,
69.2, 102.5% under disk tillage. The increase
in root mass was less than the increase in
grain at the above rates of fertilizers,
compared with unfertilized plots, respectively,
on 30.5, 34.8, 40.4% under mouldboard
tillage, 32.7, 38.5, 46.1% — chisel, 29.9, 34.0,
39.4% — mouldboard-mouldboardless, 31.2,
37.4, 44.0% — under constant shallow tillage.
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In white mustard on fertilized plots, compared
with unfertilized, the slowdown in root
growth compared to aboveground mass, was
less than in winter wheat and spring barley.
During the sowing of this crop after winter
wheat on the variants under application of the
first, second and third levels of fertilizer in
crop rotation, the increase in root mass lagged
behind the increase in aboveground, compared
with unfertilized plots, respectively, on 10.6,
14.7 and 17.0% under mouldboard tillage,
13.7, 16.0 and 18.5% — mouldboardless, 13.6;
15.5 and 16.6% — differentiated, 15.1, 17.2
and 17.8% under disk tillage.

After spring barley for the first, second, third
levels of fertilization in crop rotation, the
increase in green mass of white mustard,
compared with unfertilized plots, was
respectively 59.7, 106.8, 138.8% and root
residues — 48.1, 93.8, 124.1% under
mouldboard tillage, 66.8, 109.6, 155.1 and
53.6, 104.3, 137.7% — chisel, 50.2, 90.0,
116.7 and 38.1, 76.2, 100.5% — mouldboard-
mouldboardless, 70.0, 125.2, 162.7 and 54.5,
107.6, 143.9% under constant shallow tillage.
The difference in the growth of aboveground
and underground mass at these levels of
fertilizer was 11.6, 13.0, 14.7% in the control
variant, 13.2, 153, 174% — under
mouldboardless tillage, 12.1, 13.8, 16.8% —
differentiated, 15.5, 17.6, and 18.8% — under
disk tillage.

In winter wheat and spring barley, the widest
ratio of grain to dry mass of root residues was
under mouldboard tillage (respectively 1.505
and 1.605), the narrowest — under chisel
hoeing (1.480 and 1.565). In white mustard,
these differences were less expressed.

The widest ratio of grain and green manure to
dry mass of roots was recorded at the first
level of fertilizer, the narrowest — on
unfertilized plots. Thus, at zero, first, second
and third levels of fertilizer, this indicator
was, respectively, 1.315, 1.645, 1.513 and
1.495 in winter wheat, 1.353, 1.683, 1.648
and 1.643 — in spring barley, 5.443, 5.923,
5.858 and 5.848 — in white mustard (after
spring barley).
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The dry matter of grain and straw of winter
wheat was obtained significantly less under
mouldboardless and disk tillage and
insignificantly — under differentiated than
mouldboard tillage in crop rotation. On the
unfertilized plots of the plants, fertilized with
Ni100P70Ks0, N125sP9oK70 and NisoP110Kso, the
collection of feed units of grain and straw was
lower, respectively, on 0.61, 0.76, 0.88 and
0.98 t/ha under chisel tillage, 0.17, 0.23, 0.31
and 0.38 — mouldboard-mouldboardless, 0.47,
0.65, 0.80 and 0.86 t/ha — under shallow
tillage, compared with the control. A similar
pattern was observed for the output of
digestible protein. With increasing fertilizer
rates, the difference in the productivity of
winter wheat between tillage options
increased (Table 7).

Productivity of spring barley (grain + straw)
on the unfertilized variants fertilized with
Ns0P40K40, NeoPsoKso and N7oPsoKso under
mouldboardless tillage was, respectively,
lower on 0.47, 0.59, 0.68 and 0.79, disk —
0.35, 0.46, 0.52 and 0.59 t/ha of fodder units,
and under differentiated — on 0.28, 0.24, 0.17
and 0.14 t/ha higher than in the control. Dry
matter and digestible protein from the main
and by-products were obtained on average,
respectively, — 3.56 and 0.349 t/ha under
mouldboard tillage, 3.18 and 0.315 — chisel,
3.66 and 0.359 — mouldboard-
mouldboardless, 3.27 and 0.323 t/ha under
shallow tillage in crop rotation.

The productivity of winter wheat (grain +
straw) on unfertilized plots fertilized with
Ni0oP70Ks0, Ni125PooK70 and NisoP110Kso was
respectively 4.79, 8.62, 11.61 and 14.49 t/ha
of dry matter, 3.80, 6.80, 9.13 and 11.33 t/ha
of feed units, 0.226, 0.403, 0.540 and 0.668
t/ha of digestible protein.

When the applying NsoP40Ka0, NeoPs0Kso and
N70P6oKeo under spring barley, its productivity
(grain + straw) increased, respectively, on
2.48, 4.39 and 6.08 t/ha of dry matter, 2.18,
3.85 and 5.31 t/ha of feed units, 0.112, 0.197
and 0.271 t/ha of digestible protein, compared
with unfertilized variants, where these
indicators were, respectively, 4.15, 3.72 and
0.191 t/ha.
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Table 7. Productivity of fields of cereals ear crops under various systems of the main tillage and fertilizers in crop

rotation, t/ha

Feretrlhz Winter wheat Spring barley
The main tillage |levels | Dry matter fodder | digestible Dry matter fodder digestible
in crop rotation |in crop . units protein . units .
rotatio| grain gramn+ (graint+s| (graintstr| grain gramnst (grain+ protem
straw raw (grain+straw)
n traw) aw straw)
0 2.35 5.15 4.11 0.245 2.04 4.25 3.85 0.198
mouldboard 1 4.12 9.07 7.21 0.429 3.22 6.78 6.10 0.315
(control) 2 547 | 12.18 9.63 0.572 4.11 8.75 7.83 0.402
3 6.72 | 15.10 | 11.88 0.702 4.88 10.50 9.34 0.480
0 1.98 4.45 3.50 0.208 1.76 3.81 3.38 0.174
mouldboardless | 1 3.64 8.23 6.45 0.381 2.86 6.26 5.51 0.282
(chisel) 2 4.93 11.22 8.75 0.516 3.69 8.13 7.15 0.366
3 6.11 14.03 | 10.90 0.640 4.39 9.75 8.55 0.436
0 2.25 4.95 3.94 0.235 2.18 4.59 4.13 0.213
mouldboard & R 67 R g3 608 | 0414 | 333 | 7.09 6.34 0.326
mouldboardless ™5™ 551 86 | 932 | 0551 | 4.18 | 898 | 8.00 0.411
(differentiated)
3 6.49 14.70 11.50 0.679 4.93 10.70 9.48 0.486
disking 0 2.07 4.59 3.64 0.216 1.83 3.93 3.50 0.180
(continuous 1 3.72 8.33 6.56 0.389 2.93 6.38 5.64 0.289
shallow) 2 499 | 11.28 8.83 0.522 3.78 8.28 7.31 0.374
3 620 | 14.14 | 11.02 0.649 4.52 9.96 8.75 0.447
SDos 0.28 0.49 041 0.026 0.19 0.31 0.28 0.017

Source: Authors' own results.

The average productivity of winter wheat and
spring barley according to the experimental
variants was 9.88 and 7.39 t/ha of dry matter,
7.77 and 6.56 t/ha of feed units, 0.459 and
0.336 t/ha of digestible protein, respectively.
The lowest cost of one grain ton of winter
wheat and spring barley (respectively, 3.89
and 3.78 thousand UAH), the highest
conditionally net profit (6.36 and 4.32
thousand UAH/ha) and the level of
profitability (34.9 and 32.4%) were obtained
in the experiment under mouldboard-
mouldboardless tillage in crop rotation and
application per hectare of arable land 12 tons
of manure + NosPg K72, including Ni25P9oK7o
under winter wheat and NeoPsoKso — under
spring barley. In this variant, the energy
output with the yield of the main production
of the above-mentioned crops was 78.1 and
57.7 GlJ/ha, respectively, the main and
secondary — 178.1 and 120.9 GJ/ha;
coefficient of energy efficiency of marketable
products — 1.4 and 2.3, and marketable and
non-marketable — 3.2 and 4.8.

CONCLUSIONS

On the date of sowing of winter wheat

reserves of available moisture in the upper (0-
10 cm) layer of soil were highest under
mouldboard tillage in crop rotation, in arable
(0-30 cm) and meter layers — under
mouldboard-mouldboardless tillage. In the
tillering phase, its upper and meter layers of
soil are most moist under mouldboard tillage,
and arable — under differentiated.
Mouldboardless and disk tillage were
significantly inferior to the control variant. On
the date of sowing of spring barley, the
advantage of this indicator was in the upper
and arable layers of the soil under mouldboard
tillage, in the meter — under differentiated.

In the tillering phase of the crop, available
moisture in the studied layers of typical black

soil was the most under mouldboard-
mouldboardless tillage, the least — under
chisel and disk.

On the date of sowing of white mustard after
both predecessors, the most moist soil layers
were under differentiated tillage, and at the
end of the growing season the reverse pattern
was observed.

The ratio of grain to straw was the widest
under shallow and mouldboardless tillage, the
narrowest — under mouldboard-
mouldboardless.
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The dry mass of root residues of winter wheat
was the largest under mouldboard tillage, and
spring barley — under differentiated.
Significantly lower values of this indicator
were under mouldboardless and disk tillage.
With increasing fertilizer rates, it grew more
slowly than the mass of grain or green
manure.

Yield of grain crops was almost at the same
level under mouldboard and mouldboard-
mouldboardless tillage in crop rotation.
Applied in the soil green mass of white
mustard after winter wheat was significantly
more under mouldboard tillage, and after
spring barley — significantly more under
differentiated  tillage. Under systematic
mouldboardless and shallow tillage, the
productivity of the main and post-harvest
crops was significantly reduced.

The highest indicators of economic efficiency
of growing cereals with post-harvest white
mustard for green manure were obtained by
applying 12 tons of manure per hectare of
crop rotation + NosPg2K72  (including
Ni2sPooK70 under winter wheat, NgoPsoKso
under spring barley, NisP1sKis under white
mustard) and carrying out differentiated main
tillage in crop rotation, which involves deep
(25-27 cm) cultivation in only one field, and
in the rest of the fields — mouldboardless and
disk shallow tillage.

ACKNOWLEDGEMENTS

The work was performed in the framework of
the state scientific research "Study of
theoretical and practical bases of reproduction
of black soil fertility and increase of
productivity of short-course crop rotations in
the right-bank Forest-steppe of Ukraine".

REFERENCES

[1]Balaiev, A. D., Tonkha, O. L., Pikovska, O. V.,
2020, Humay and physical and chemical properties of
forest-steppe chernozems with minimization of tillage
and biologization of the fertilizer system. Bulletin of
Agricultural Science. 1: 24-31 [in Ukrainian].
[2]Baliuk, S. A., Danylenko, A. S., Furdychko, O. I,
2017, Appeal to the leadership of the state to overcome
the crisis in the field of land protection. Bulletin of
Agricultural Science. 11:5-8 [in Ukrainian].

[3]Burcea, M., 2018, Anthropic impact studies on the

680

agrochemical quality condition of the soil. Scientific
Papers Series Management, Economic Engineering in
Agriculture and rural development, Vol. 18(1), 109-
114.

[4]Cheriachukin, M. 1., 2016, Scientific substantiation
and development of measures of the basic cultivation of
soil in zonal systems of agriculture of the Right-bank
Steppe of Ukraine. Thesis dissertation doctor
agricultural science, Kyiv. 51 p [in Ukrainian].
[S]Demydenko, O. V., 2019, Crop rotations and
fertility of chernozem of the Left-Bank Forest-Steppe.
Monohrafiia, Smila, 176-191 [in Ukrainian].
[6]Grabovskyi, M. B., 2018, Effectiveness of mineral
fertilizers application in single-species and combined

crops of sweet sorghum and corn. Agricultural
machinery and technologies. 8-9 (107):21-24 [in
Ukrainian].

[7]Grabovskyi, M.B., Grabovska, TO.O., Obrazhiy,
S.V., 2016, Formation of productivity of combined
crops of corn and sweet sorghum depending on plant
protection measures against weeds. Agrobiology,
1(124): 28-36 [in Ukrainian].

[8]Gus, P., Rusu, T., Bogdan, I., 2003, Sisteme
conventionale si neconventionale de lucrare a solului,
(Conventional and nonconventional systems of soil
tillage) In Romanian, Risoprint Publishing House, Cluj-
Napoca.

[9]Khamokov, A., 2014, Influence of methods of basic
tillage on symbiotic activity of crops and structure of
soybean harvest in the conditions of the steppe zone.
Agrarian science - agriculture: Collection of articles of
the IX International scientific-practical conference,
February 5-6, 2014. Barnaul, 293-295 [in Russian].
[10]Koliada, V., Koliada, O., ChuhaieV, S,
Korchashkina, L., 2019, Comparing an efficiency of
eroded soils restoration in north-western Ukrainian
Polissya. Scientific Papers Series Management,
Economic Engineering in Agriculture and rural
development, Vol. 19(1), 241-246.

[11]Koval, H.V., 2019, The level of intensity of fallow
tillage and phytosanitary condition of crops of short-
rotation crop rotation of the Right-Bank Forest-Steppe
of Ukraine. Thesis PhD dissertation, Uman. 20 p [in
Ukrainian].

[12]Kravchenko, Yu. S., 2020, Reproduction of fertility
of chernozems of Ukraine under soil-protective
agriculture. Agrobiology. 1:71 [in Ukrainian].
[13]Kuznetsov, M. S., Hlazunov, H. M., 2004, Erosion
and soil protection. Moskva, «Kolos», 231 p [in
Russian].

[14]Maliarchuk, M., Maliarchuk, A., Tomnytskyi, A.,
Maliarchuk, V., Lykhovyd, P., 2021, Influence of basic
tillage systems and fertilization on productivity and
economic efficiency of irrigated crop rotation.
Scientific Papers Series Management, Economic
Engineering in Agriculture and rural development, Vol.
21(4),345-354.

[15]Moskovkyn, H. H., Zhandarova, S. V., Averianova,
Y. P, 2014, Influence of optimized norms of mineral
fertilizers and methods of basic tillage on the
productivity of spring wheat. Agrarian science -
agriculture: Agrarian science - agriculture: Collection



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 23, Issue 1, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

of articles of the IX International scientific-practical
conference, February 5-6, 2014. Barnaul, 180-182 [in
Russian].

[16]Panchenko, O.B., 2016, Reproduction of fertility of
typical chernozem depending on the systems of basic
tillage and fertilizer in grain crop rotation of the Right-
Bank Forest-Steppe of Ukraine. Thesis PhD
dissertation, Kyiv. 22 p [in Ukrainian].

[17]Prymak, 1., Fedoruk, Y., Karaulna, V.,
Yezerkovska, L., Panchenko, O., Pokotylo, L.,
Hornovska, S., Panchenko, 1., Fedoruk, N., Obrazhyy,
S., 2021, Impact of basic tillage systems and
fertilization on agrochemical indices of soil fertility in
the right bank of the Forest-Steppe of Ukraine.
Proceedings of the National Academy of Sciences of
Belarus.  Agrarian  series, vol. 59, 1:41-50.
https://doi.org/10.29235/1817-7204-2021-59-1-41-50
[18]Prymak, I.D., 2017, Agronomic soil science.
Vinnytsia, 289 p [in Ukrainian].

[19]Prymak, 1.D. Kosolap, M.P., Kovalenko, V.M.,
2018, Agriculture on eroded soils. Vinnytsia, 236 p [in
Ukrainian].

[20]Prymak, I.D., Yezerkovska, L.V., Fedoruk, Yu.V.,
2020, Agriculture. Vinnytsia, 345 p [in Ukrainian].
[21]Prymak, 1.D., 2019, Mechanical tillage: history,
theory, practice. Vinnytsia, 262 p [in Ukrainian].
[22]Prymak, I.D., Yakovenko, O.M., Voytovyk, M.V.,
Karaulna, V.M., Yezerkovska, L.V., Panchenko, O.B.,
Fedoruk, Yu.V., Pokotylo, I.A., Panchenko, I.A., 2020,
Effect of soil treatments on pests contamination and
crop disease distribution in black soil fields with short
rotation crops. Ukrainian Journal of Ecology,
10(1):127-132.

[23]Saiko, V. F., 2003, Problems of providing soils
with organic matter. Bulletin of Agricultural Science.
5:5-8 [in Ukrainian].

[24]Shevchenko, M. V., 2019, Scientific bases of tillage
systems in conditions of unstable and insufficient
moisture: Monohrafiia : Kharkiv, 234 p [in Ukrainian]
[25]Shuvar, 1. A., Berdnikov, O. M., Tsentylo, L. V.,
Sendetskyi, V. M., 2015, Siderates in modern
agriculture. Monohrafiia, Ivano-Frankivsk, 156 p [in
Ukrainian].

[26]Soroka, V. 1., 2000, Technology of cultivation of
agricultural crops in intermediate crops of the Forest-
Steppe of Ukraine (recommendations). Bila Tserkva,
38 p [in Ukrainian].

[27]Stankov, N. Z., 1964, Root system of field crops.
Moskva, 280 p [in Russian].

[28]Stoenel, C. E., 2015, The influence of technology
measures on the reducing effect of drought at maize
crop. Scientific Papers Series Management, Economic
Engineering in Agriculture and rural development, Vol.
15(1), 501-506.

[29]Tanchyk, S. P., Prymak, 1.D., Litvinov, D. V.,
Centylo, L. V., 2019, Crop rotation. Kyiv, 342 p [in
Ukrainian].

[30]Tkachenko, M. A., Litvinov, D. V., 2014,
Productivity of typical crop rotations of the Forest-
steppe depending on intensity of agrochemical loading.
Scientific works of the Institute of Bioenergy Crops
and Sugar Beets. 22:100-106 [in Ukrainian].

[31]Tsentylo, L. V., 2020, Agroecological bases of
reproduction of fertility of typical chernozem and
increase of productivity of agrocenoses of the Right-
bank Forest-steppe of Ukraine. Thesis dissertation
doctor agricultural science, Kyiv. 41 p [in Ukrainian].
[32]Tsyliuryk, O.I., 2014, Scientific substantiation of
efficiency of systems of the basic cultivation of soil in
short-rotation crop rotations of the Northern Steppe of
Ukraine. Thesis dissertation doctor agricultural science,
Kyiv. 41 p [in Ukrainian].

[33]Volkohon, V., Pyrig, O., Volkogon, K., Dimova,
S., 2019, Methodological aspects of determining the
processes of organic matter mineralization synthesis in
croplands. Agricultural Science and Practice. 6(1): 3-9.
[34]Yatsuk, I. P., 2015, On the state of soils on

agricultural lands of Ukraine. Kyiv, 118 p [in
Ukrainian].
[35]Yeshchenko, V. O., 2014, Fundamentals of

scientific research in agronomy. Vinnytsia, 276 p [in
Ukrainian].

681


https://doi.org/10.29235/1817-7204-2021-59-1-41-50

Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development
Vol. 23, Issue 1, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

682





