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Agrophysical indicators of soil for growing winter barley
in the Transcarpathia of Ukraine

Abstract. The study presents the values, tasks, and results of various methods of basic tillage
for different predecessors on its agrophysical properties for growing winter barley in the
Transcarpathia of Ukraine. The soil of the experimental field is sod-podzolic gumbo, which
contains an average of 2.6% humus in the humus horizon. With depth, the amount of humus
decreases gradually and at a depth of 100-130 cm it reaches 1.0-1.7%. The soil is typical for
the area where the study was conducted and is moderately provided with mobile forms of
phosphorus, potassium, and nitrogen. A qualitative assessment of the examined soils showed
that the soil requires constant use of organic and mineral fertilisers, liming, and the introduction
of crop rotations. The soil density is an important indicator of the physical properties of the soil,
which affects not only the soil regimes but also the quality of its cultivation, which ultimately
affects the yield of the crop and its quality. For the period of sowing winter barley, the most
favourable indicators of the volume mass of 0-10 cm of the soil layer were provided by all systems
of basic cultivation. The average soil density for the main cultivation options ranged between
1.09-117 g/cm?®, at HIP , = 0.01 g/cm® At a depth of 10-20 cm, the average volume mass of soil
during ploughing was 1.14 g/cm?, for chiselling, it was without substantial differences - 1.15 g cm?.
Conducting shallow (12-14 cm) and surface (6-8 cm) cultivation was accompanied by an increase
in volume mass indicators to 1.16 and 1.19 g/cm3, respectively. In the soil layer of 20-30 cm, it
was similar: with shallow chisel cultivation, the average density was at the level of 1.24 g/cm?,
and on the surface - 1.25 g/cm?. The precursors did not substantially affect the change in the
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density of the tillage layer of the soil. However, after corn for grain and sunflower, there is a
tendency to increase the volume mass of the soil after chisel shallow and surface cultivation,
especially in the lower layers of the soil. This soil density was at the level of 1.24-1.26 g/cm?, which
is within the optimal limit. The soil, loosened by mechanical cultivation, self-compacts during
the growing season to an equilibrium density under the influence of its own mass, moisture, and
drying. Therefore, during the period of earing and harvesting of winter barley, the soil gradually
compacted to natural values. In a 0-10 cm layer of soil, the volume mass varied in the range of
1.20-1.27 g/cm?, in the soil layer of 10-20 cm - from 1.25 to 1.30 g/cm?, and in 20-30 cm - from
1.34 to 1.37 g/cm?. For the effective activity of microorganisms, the growth and development
of the root system of plants, and the accumulation of moisture in the soil, density (porosity)
is important. It was identified that long-term use of the deep and chisel tillage did not reduce
the overall porosity below 50% of the structure of the cultivated layer, which ensured the high
productivity of cultivated plants. For the surface and shallow chisel tillage, the total porosity in
the lower layers was up to 50% of the structure of the cultivation layer, and in some cases less
than 47%. This structure of the cultivation layer negatively affected the water and air regimes
of the soil, the growth and development of the root system, and, ultimately, the yield of winter
barley. The highest yield of winter barley was obtained after buckwheat, winter rapeseed and
soybeans (6.0-6.3 t/ha) during chisel tillage to the depth of 20-22 cm. After corn for grain and

sunflower, the yield was 5.1-5.7 t/ha

Keywords: ploughing; chiselling; soil density; porosity

RELEVANCE

Soil fertility is determined by a complex of bio-
logical, chemical, and agrophysical properties.
In the process of production activity, the farmer
modifies these properties and achieves the most
favourable conditions for the growth and devel-
opment of agricultural crops. Human interven-
tion in soil processes should be based on the
use of agricultural laws. (Demyatnik et al. 2021;
Tsyuk & Kirilyuk, 2016; Burtan & Cioroianu, 2020,
Shuvar & Grynyk, 2019).

The agrophysical properties of the soil de-
termine the complex of vital conditions for the
growth of cultivated plants. Density and porosi-
ty are the most important indicators of physical
condition that characterise water, nutrient, air,
and heat regimes, conditions for the develop-
ment of root systems, soil microflora, and the
formation of agricultural crops. (Shevchenko,
2013; Odachenko & Tanchyk, 2016; Ovsyannikov,
2020; Degodyuk et al, 2020; Kramaryov et al,
2021; Pikovska, 2013).

Thus, the examination of the specific fea-
tures of growth, development, and formation

*)

of productivity of winter barley in the Transcar-
pathia of Ukraine is still relevant and led to the
choice of the algorithm of the study.

ANALYSIS OF RECENT STUDIES
AND PAPERS

The soil, loosened by mechanical cultivation,
self-compacts during the growing season to an
equilibrium density characteristic of a certain
soil cover under the influence of its own mass,
moisture, and drying. Thus, for chernozems
of medium loamy mechanical composition,
it is 1.0-1.3 g/cm? (Tanchyk & Salnikov, 2014;
Uvarenko, 2018), for sod-podzolic gumbo - 1.5-
1.6 g/cm? (Chumbey et al,, 2019), for grey forest
heavy-loamy - 1.2-145 g/cm? (Korchagin et al.,
2015). In most cases, the equilibrium soil densi-
ty exceeds the optimal one for cultivated plants,
and therefore mechanical cultivation is manda-
tory (Sinchenko et al., 2019).

In the introduction of chisel tillage into
production, considerable attention is paid to
its theoretical justification and, above all, to its
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impact on the agrophysical properties of the
soil. Studies in various soil and climatic zones
of Ukraine established that the density of the
tillage layer of soils with chisel cultivations
is higher compared to ploughing to the same
depth (Nakloka & Yeshchenko, 2005; Markovska
et al., 2020; Chumbey et al.,, 2018), and reducing
the depth of chisel cultivation to 10-12 cm leads
to an increase in the density of the entire culti-
vating (arable) soil layer (Medvedev et al., 2002;
Tsylyuryk et al, 2020; Shevchenko et al., 2012,
Karpenko & Panchenko, 2014; Tkalich et al., 2011,
Reznichenko, 2015; Huang at al, 2015; Weber,
Kunz, 2017 Ryken et al., 2018).

In recent years, many studies have been
conducted to examine the reaction of agricul-
tural crops to the density of the tillage layer of
soil. Now in different soil and climatic zones, soil
density parameters for grain crops are estab-
lished (Berezhnyak, 2015). Regarding winter bar-
ley in the Transcarpathia of Ukraine, there are
discrepancies in the literature sources, which
are explained by soil differences, cultivated va-
rieties of this crop, conditions and methods of
scientific research, and many other factors.

The optimal density of the cultivated soil for
growing winter barley in conditions of average
moisture content of the year on sod-podzolic
soils of heavy- and medium-loamy mechani-
cal composition is 115 g/cm?, on sod-podzolic
light- and sandy-loamy mechanical composi-
tion - 1.22 g/cm?, on chernozems of typical and
grey forest soils of heavy- and medium-loamy
composition - 117 g/cm?, on chernozems of typ-
ical, southern, and brown soils of heavy-loamy
mechanical composition - 119 g/cm? (Gavrilyuk,
2016; Litvinov, 2015).

The purpose of the study consists in estab-
lishing effective mechanical tillage, depending
on the predecessor, for growing winter barley
in the Transcarpathia of Ukraine. It was planned
to solve the following tasks to achieve this goal:
establish the influence of different methods of
tillage and its depth for different predecessors
on changes in the density of the structure, the
porosity of the cultivated soil layer, and the pro-
ductivity of winter barley, provide an economic
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and energy assessment of crop cultivation un-
der different predecessors.

MATERIALS AND METHODS

Experimental studies on the influence of differ-
ent methods of tillage with different predeces-
sors on the productivity of winter barley were
conducted during 2018-2020 in the experimen-
tal crop rotation of the SSU “Mukachevo Applied
College of the National University of Life and
Environmental Sciences of Ukraine” in the Tran-
scarpathian region.

The soil of the experimental field is
sod-podzolic gumbo, which contains an aver-
age of 2.6% humus in the humus horizon. With
depth, the amount of humus decreases gradu-
ally and at a depth of 100-130 cm it reaches 1.0-
17%. Formation on carbonate-free parent mate-
rial and the influence of the podzolic process of
soil formation caused a high active and potential
acidity of soils, the pH of salt extract ranges be-
tween 5.0-6.0.

The soil under study, according to the agro-
chemical analysis of the initial samples, con-
tains available forms of nitrogen - 35-45 mg/kg,
mobile phosphorus (by Kirsanov method) -
130-160 mg/kg, mobile potassium (by Kirsanov
method) - 120-170 mg/kg. The soil is typical for
the area where the studies were conducted and
is moderately provided with mobile forms of
phosphorus, potassium, and nitrogen. A quali-
tative assessment of the examined soils showed
that the soil requires constant use of organic and
mineral fertilisers, liming, and the introduction
of crop rotations.

The scheme of the experiment included the
analysis of the influence of five predecessors
and four tillage types for the cultivation of win-
ter barley:

Predecessor: (A)

1. Soy (control);

2. Winter rapeseed;

3. Buckwheat;

4. Corn for grain;

5. Sunflower.

Tillage: (B) (control)

1. Deeptillage (ploughing) to adepth 0of 20-22 cm;
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2. Chiseling (deep chisel) toa depth 0f 20-22 cm;

3. Chiseling (discing) to a depth of 12-14 cm;

4. Chiseling (discing) for 6-8 cm.

The climate of the area is moderate with
unstable humidity. The average perennial pre-
cipitation rate for the year is 618.0 mm. Over the
years of the experiment, the amount of precipi-
tation for the year was: 2018 - 568.3 mm, 2019 -
5581, and 2020 - 513.1 mm, which is 10-13% less
than normal.

The following precursors were examined
for the cultivation of winter barley: soy (control),
winter rapeseed, buckwheat, corn for grain, and
sunflower.

The repetition rate of the experiment is
fourfold, the total area of one plot is 240 m?,
accounting plot — 150 m2 Land plot placement is
randomised. The technology of growing winter
barley in the experiment is generally accepted
for the zone. In soil samples, the folding den-
sity was determined by the Kaczynski cylinder
method, and the solid phase density was deter-
mined by the Dolgov method. The total porosity
was determined by the calculation method.

RESULTS AND DISCUSSION

The soil density is an important indicator of the
physical properties of the soil, which affects not
only the soil regimes but also the technological
properties and quality of tillage, which ultimate-
ly affects the yield of the crop and its quality.

It is established that the optimal density of
the cultivated soil layer during the growing sea-
son of winter barley should be in the range of 1.1-
1.3 g/cm?. In experiments, this indicator changed
substantially depending on the soil layer, the
sampling period, and the factors under study.
Thus, during the period of sowing winter barley,
the most favourable indicators of the volume
mass of 0-10 cm of the soil layer were provid-
ed by all systems of basic tillage without a sub-
stantial difference. The average soil density for
the main cultivation options ranged between
109-117 g/cm? at HIP, = 0.01 g/cm? (Table 1). The
differences between the main tillage options
were more pronounced with increasing sam-
pling depth. At a depth of 10-20 and 20-30 cm,
the difference between the main cultivation
options was statistically substantial and was
manifested in an increase in volume mass in
the options with a decrease in the depth of the
main cultivation and the predecessor. At a depth
of 10-20 cm, the average volume mass of soil
during ploughing was 1.14 g/cm?, for chiselling it
was not substantially different - 1.15 g/cm?. Con-
ducting shallow (12-14 cm) and surface (6-8 cm)
cultivation was accompanied by an increase in
volume mass indicators to 116 and 119 g/cm?,
respectively. In the soil layer of 20-30 cm, it was
similar: with shallow chisel cultivation, the aver-
age density was at the level of 1.24 g/cm?, and on
the surface, respectively - 1.25 g/cm?.

Table 1. Influence of the main cultivation and predecessors on the total density of the cultivated soil
layer during the cultivation of winter barley, g/cm? (sowing period, average for of 2018-2020)

Basic tillage
Soil layer, i iselli
Predecessor 4 Deep t.ﬂlage Chiselling (deep C.hI.SGHII’Ig Chiselling
cm (ploughing) to a . (discing) to a T
d chisel) to a depth (discing) to a
epth 0of 20-22 cm depth of 12-
0f20-22 cm depth of 6-8 cm
(control) 14 cm
0-10 112 114 1.09 11
10-20 114 115 113 118
Soy (control)
20-30 123 121 124 125
0-30 116 117 115 118
Winter 0-10 109 111 110 112
rapeseed 10-20 115 114 114 117

“)
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Table 1. Continued

Basic tillage
Soil layer, i iselli
Predecessor 4 Deep t}llage Chiselling (deep (?hl;elhng Chiselling
cm (ploughing) to a . (discing) to a L
4 chisel) to a depth (discing) to a
epth 0of 20-22 cm depth of 12-
( 0f20-22 cm depth of 6-8 cm
control) 14 cm
Winter 20-30 121 123 124 124
rapeseed 0-30 115 116 116 118
0-10 111 112 110 110
Buckwheat 10-20 114 113 113 116
20-30 122 120 122 123
Buckwheat 0-30 116 115 115 116
0-10 113 115 117 116
10-20 115 117 119 121
Corn for grain
20-30 125 121 126 124
0-30 118 118 121 120
0-10 112 113 115 114
10-20 114 115 117 123
Sunflower
20-30 123 123 125 126
0-30 116 117 119 121
HIP, (A) 0013 0014 0013 0016
HIP,, (B) 0014 001 001 0015
HIP, (AB) 015 018 07 014

Therefore, it can be argued that chisel cul-
tivation leads to some compaction of the soil,
which does not exceed the deviation standards
for winter barley.

The precursors did not substantially affect
the change in the density of the cultivated soil
layer. However, after corn for grain and sunflow-
er, there is a tendency to increase the volume
mass of the soil after chisel shallow and surface
cultivation, especially in the lower layers of the
soil. This soil density was at the level of 1.24-
1.26 g/cm?, which is within the optimal limit.

Volume mass is a dynamic value during
the growing season. It varies depending on the
level of soil fertility, the degree of moisture, the
conditions for the development of the root sys-
tem, and soil microflora. The soil, loosened by
mechanical cultivation, self-compacts during
the growing season to an equilibrium density

Plant and Soil Science, (12) 4

characteristic of a certain soil cover under the
influence of its own mass, moisture, and drying.
Therefore, during the period of winter barley
earing, there was a gradual compaction of the
soil to natural values. The effect of tillage on its
density was substantial, starting from a depth
of 10 cm. In the 0-10 cm layer, there was no sub-
stantial difference between the main tillage
options. The volume mass varied in the range
of 1.20-1.27 g/cm?3. In the soil depth of 10-20 cm,
the average soil density was from 1.25 g/cm? in
the version with ploughing up to 1.30 on areas
with surface tillage. Chiselling and shallow cul-
tivation tended to slightly compact the soil to
indicators of 1.23 and 1.26 g/cm?, respectively. In
the soil layer of 20-30 cm during surface tillage,
compaction occurred at the level of 1.30 g/cm?®.
During the winter barley harvest period, soil
compaction trends continued. The volume mass

<
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in layers of 10-20 and 20-30 cm substantially
exceeded the optimal values for all tillage and
was maximum for surface chiselling after corn
for grain and sunflower and amounted to 1.34-

1.37 g/cm?®. That is, for the period of harvesting
winter barley, the indicators of soil volume mass
acquired natural values inherent in this type of
soil (Table 2).

Table 2. Influence of the main cultivation and predecessors on the total density of the cultivated soil
layer during the cultivation of winter barley, g/cm? (harvest period, average for 2018-2020)

Basic tillage
i Deep tillage N Chisellin -
Predecessor | SCLayer (plougliling)gto a el (G0 (discing) t§ a Chiselling
il chisel) to a depth (discing) to a
depth 0f 20-22 cm depth of 12-
of 20-22 cm depth of 6-8 cm
(control) 14 cm
0-10 126 125 124 125
10-20 132 131 135 136
Soy (control)
20-30 135 134 132 137
0-30 131 130 130 133
0-10 125 124 125 124
Winter 10-20 130 131 133 135
rapeseed 20-30 133 134 135 137
0-30 129 130 131 132
0-10 124 124 123 124
10-20 130 130 134 133
Buckwheat
20-30 132 133 136 136
0-30 129 129 131 131
0-10 126 125 127 126
. 10-20 134 133 135 136
Corn for grain
20-30 135 134 136 137
0-30 132 131 133 133
0-10 125 123 124 125
10-20 133 132 134 135
Sunflower
20-30 136 133 137 136
0-30 131 129 132 132
HIP (A) 0.016 0.018 0.02 0.019
HIP . (B) 0.017 001 0019 0.022
HIP, (AB) 0.03 0027 0.025 0033

The density of the soil does not provide com-
plete information about the structure of the cul-
tivation layer by itself. For the effective activity of
microorganisms, the growth and development
of the root system of plants, and the accumula-

2)

tion of moisture in the soil, such an indicator of
the physical condition of the cultivation layer as
density (porosity) is important.

Doyarenko A.G. identified that when the to-
tal porosity decreases below 50%, the conditions
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for the growth and development of agricultural
plants worsen and their yield decreases, while
for 55% the latter was the highest.

This study established that long-term use of
deep and chisel tillage did not reduce the overall
porosity below 50% of the structure of the cul-
tivated layer, which ensured the high produc-
tivity of cultivated plants. For the surface and

shallow chisel tillage, the total porosity in the
lower layers was up to 50% of the structure of
the cultivated layer, and in some cases less than
47% (Table 3, 4). This structure of the cultivated
layer negatively affected the water and air re-
gimes of the soil, the growth and development
of the root system, and, ultimately, the yield of
winter barley.

Table 3. Influence of the main cultivation and predecessors on the total duty cycle of the tillage layer
for growing winter barley, % (sowing period, average for of 2018-2020)

Basic tillage
predecessor | SCillaver, Lizgllkize Chiselling (deep Clhellivg Chiselling
cm (ploughing) to a : (discing) to a I
chisel) to a depth (discing) to a
depth 0of 20-22 cm depth of 12-
0f20-22 cm depth of 6-8 cm
(control) 14 cm
0-10 570 56.2 581 573
10-20 56.2 55.8 56.5 54.6
Soy (control)

20-30 531 535 52.5 520

0-30 554 55.0 55.8 54.6

0-10 581 573 577 570

Winter 10-20 55.8 56.2 525 550

rapeseed

20-30 535 531 525 525

0-30 55.8 554 554 54.6

0-10 573 570 577 577

10-20 56.2 56.5 56.5 554

Buckwheat

20-30 531 539 531 531

0-30 554 55.8 55.8 554

0-10 56.5 55.8 55.0 554

Corn for grain

10-20 55.8 550 54.2 535

20-30 520 535 515 525

Corn for grain

0-30 54.6 54.6 535 539

0-10 570 56.5 55.8 56.2

10-20 56.2 55.8 55.0 531

Sunflower

20-30 531 531 520 515

0-30 554 55.0 54.2 535
HIP,, (a) 0.014 0.014 0.015 0.018
HIP,(B) 0013 0015 0017 0016
HIP (AB) 0.021 0019 0.025 0019
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Table 4. Influence of the main cultivation and predecessors on the total duty cycle of the tillage layer
for growing winter barley, % (harvest period, average for 2018-2020)

Basic tillage
Predecessor Soil layer, Wi t_111age Chiselling (deep thgelhng Chiselling
(cunnl (ploughing) toa chisel) to a depth (discing)toa (discing) to a
depth 0f 20-22 cm P depth of 12- g
0f20-22 cm depth of 6-8 cm
(control) 14 cm
0-10 515 520 525 520
10-20 49.2 496 482 478
Soy (control)
20-30 48.2 48.5 49.2 473
0-30 49.6 50.0 50.0 48.9
Winter 0-10 520 52.5 520 525
rapeseed
10-20 500 49.6 489 48.2
Winter 20-30 489 485 482 473
rapeseed
0-30 504 50.0 49.6 49.2
0-10 52.5 524 531 52.5
10-20 500 50.0 485 489
Buckwheat
20-30 49.2 489 478 478
0-30 504 504 49.6 496
0-10 515 520 51.2 515
. 10-20 485 489 48.2 478
Corn for grain
20-30 48.2 48.5 478 473
0-30 49.2 49.6 489 48.9
Sunflower 0-10 52.0 531 525 52.0
10-20 489 49.2 48.5 48.2
Sunflower 20-30 47.8 489 473 478
0-30 496 504 49.2 49.2
HIP, (A) 0.016 0.017 0.013 0.018
HIP, (B) 0013 0015 0016 002
HIP,, (AB) 0015 0018 0017 0019

The productivity of winter barley is an inte-  planting it after buckwheat, winter rapeseed,
gral indicator of the effectiveness of using vari-  and soybeans for conducting chisel tillage to a
ous predecessors and tillage. depth of 20-22 cm. On average, for three years in

Among the predecessors under study, the these variants, the yield was from 6.0 to 6.3 t/ha
highest level of crop yield was obtained for (Table5).
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Table 5. Yield of winter barley depending on its predecessors and main tillage, t/ha

D Years Average
) Main tillage (B) for 2018-
2018 2019 2020 2020
Deep tillage (ploughing) to a depth of
20-22 cm (control) 6.2 >7 >3 >7
Chiselling (deep chisel) to a depth of 6.2 61 cg 60
Soy (control) 20-22cm
Chiselling (discing) to a depth of 12-14 55 53 51 53
cm
Chiselling (discing) to a depth of 6-8 cm 53 52 5.0 5.2
Deep tillage (ploughing) to a depth of
20-22 cm (control) 60 >8 >4 >7
Chiselling (deep chisel) to a depth of
Winter O oy o P 64 59 5.8 6.0
rapeseed —— —
Chiselling (discing) to a depth of 12- g 56 55 56
14 cm
Chiselling (discing) to a depth of 6-8 cm 57 51 53 54
Deep tillage (ploughing) to a depth of
20-22 cm (control) 63 >8 >7 >9
Chiselling (deep chisel) to a depth of 65 61 6.2 6.3
Buckwheat 20-22cm
Chiselling (discing) to a depth of 12-14 6.2 g cg g
cm
Chiselling (discing) to a depth of 6-8 cm 5.9 59 5.3 57
Deep tillage (ploughing) to a depth of
20-22 cm (control) >0 49 48 49
Chiselling (deep chisel) to a depth of 54 5o 48 51
Corn for grain 20-22cm
Chiselling (discing) to a depth of 12-14 47 45 46 46
cm
Chiselling (discing) to a depth of 6-8 cm 46 46 43 45
Deep tillage (ploughing) to a depth of
20-22 cm (control) >4 52 >0 >2
Chiselling (deep chisel) to a depth of 59 56 57 57
Sunflower 20-22cm
Chiselling (discing) to a depth of 12-14 £0 47 48 A8
cm
Chiselling (discing) to a depth of 6-8 cm 51 46 4.6 4.8
HIP, A 0.248769 | 0198605 0.158627 0.248769
B 0.222506 0.177638 0.14188 0.222506
AB 0.497538 0.39721 0.317254 0.497538
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The lowest yield of winter barley was ob-
tained after corn for grain during shallow and
surface tillage. The decrease in yield was from
25 to 29%. The difference between winter barley
and sunflower reduced the yield of the crop by
18-20% comparedto the reference predecessors.

CONCLUSIONS

In the Transcarpathia of Ukraine, on
sod-podzolic soils, minimising tillage leads
to an increase in the density of the cultivation
layer and a decrease in overall porosity. The soil

density increased from sowing to full ripeness
of grain, which did not exceed the optimal one
for most agricultural crops, including winter
barley (1.30 g/cm?) for ploughing and chisel-
ling to the depth of 20-22 cm. With shallow and
surface chisel tillage, the density formed in the
range of 135-1.37 g/cm?, which exceeded the
optimal one for the culture.

The highest yield (6.0-6.3 t/ha) of winter bar-
ley was formed when placed after buckwheat,
winter rapeseed, and soybeans with chiselling
to the depth 0f 20-22 cm.
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KaHamaaT CilbCbKOroCcnoAapCbKMX HayK, CTapLUni BMKNaaaY
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Arpo@di3nyHi NOKa3HUKMU FPYHTY 3a BUPOLLYBaHHSA AUMEHIO
O03MMOBOI0o B 3aKapnaTtTi YKpaiHu

AHoTauiga. YV cTaTi nofaHi 3HaUeHHS, 3aBAaHHA Ta pe3yJIbTaTH Pi3HUX CI0CO6iB 0OCHOBHOTO 06pO6ITKY
IPYHTY 3a pi3HUX IONepefHUKIB Ha arpodisuyHi MOro BIACTHMBOCTI 3a BUPOIIYBaHHA STUYMEHIO
03MMOr0 B 3aKaprarTi VKpainu. [pyHTH JOCIIJHOTO [T0JI1 — AePHOBI OMi[30JIeHi OIIe€Hi, IKi MiCTATh
y TYMyCOBOMY TOPU30HTI B CEPEIHBOMY 2,6 % TyMYyCY. 3 ITTMOUHOIO KiJIbKiCTh IIEPETHO0 3MEHIITYEThCS
Iy’Ke TIOCTYIIOBO 1 Ha mmbuHi 100-130 cM BiH mocarae 1me 1,0-17 %. [PYHT € TUIIOBUM [JI 30HU
[IpOBeNEeHHS HOCTIIKeHb, CEpeIHBO 3a6e3MMeUeHIM PyXOMUMU GpopMaMu a30Ty, pocdopy Ta Katio.
SIKiCHA OIfiHKa 06CTEXXeHUX I'PYHTIB II0KA3aJIa, IO I'PYHTH [IOTPebyIOTh ITOCTIMHOTO 3aCTOCYBaHHS
opraHiuyHuX i MiHepayipHUX HOOPUB, IPOBENEHHSA BAIIHYBAHHA Ta BIIPOBAIKEHHA CiBO3MiH.
LIinBHICTb I'PYHTY € BaJKJIIMBUM ITOKa3HUKOM Qi3sMYHMX BIACTUBOCTEMN I'PYHTY, IKWUU BIIJINBA€E He
JIMIIIe HA TPYHTOBI PESKUMH, a 1 Ha FI0T0 SAKiCTh 06pO6ITKY, 110 B IiICYMKY BILUIMBAE Ha YPOXKAMHICTD
RyJABTYypHU TaiigKicTb. Harepiof ciB6u suMeH0 03MMOT0 HarbisIblIle CIIPUATINBI TOKa3HUKH 06 €MHOT
Macu 0-10 cM mapy I'pyHTY 3a6e3IedyBajy BCi CCTEMU OCHOBHOTO 06pO6iTKy. IIiNbHICTE IPYHTY
B CepeIHbOMY 10 BapiaHTaX OCHOBHOTO 06po6iTKy KonuBasacsa B Mexkax 1,09-1,17 r/cm?, 3a HIPO,5
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0,01 r/cm®. Ha miubuHi 10-20 cM cepenHs o6'eMHa Maca IPYHTY 3a OpaHKU cTaHoBwIa 1,14 r/cM?, 3a
YM3eJIBHOTO 06pP0O6ITKY BoHA 6y1a 6€3 icTOTHUX BigMiHHOCTeH — 1,15 1/ cM3. [TIpoBeIeHHA MiJTIKOro Ha
12-14 cM Ta [TOBEPXHEBOTO Ha 6-8 CM CYIIPOBOJKYBaIOCA MTiIBUIIEHHAM IIOKAa3HUKIB 06'€MHOI Macu
10, BiAmoBimHo,1,1611,19 /cM3. Y mapirpyHTy 20-30 cM 6y71a aHaJIOTTYHOI0: 32 MiJIKOT0 6€3IT0TUIIEBOTO
06pO6iTRY cepenHA MIiNbHiCTD 6yI1a Ha piBHi 1,24 r/cM?, a 3a OBepxHEeBOTO - 1,25 r/cM?. TlonepeJHURU
CYTTEBO He BIUIMBAJIX Ha 3MiHY IIIJIBHOCTi 06p06JII0BaJIBHOTO LIAPY I'PYHTY. IIpoTe, ITic/Is KYKypya3U
Ha 3epHO Ta COHALIHUKA CIIOCTEPIiraeThes TEHAEHLIis IO MiIBUIeHHS 06 €MHOI Macy IPYHTY IiCIIs
6e3MOINIIEBOTO MINKOTO Ta ITOBEPXHEBOro O6pO6iTKY, 0CO6JIMBO B HIDKHIX IMapax IPyHTY. L
IITBHICT IPYHTY 6y71a Ha piBHi 1,24-1,26 r/cM3, 110 He BUXOJMUIA 33 MeJKi OITTHMAaIIbHOL. PO3ITyIIIeHUH
y Tpolieci MexaHiYHOro 06po6iTKY I'PYHT YIIPOZOBXK BETETAL[MHOTO MEPIOAY i BIUIMBOM CHJIU
BJIACHOI MacH, 3BOJIO’KeHHS 1 BUCHXaHHS CaMOYIUIBHIOETECA A0 PIBHOBasKHOI iinbHOCTI. TOMy Ha
Tiepioz KosociHHA i 36MpaHHA BPOsKAI0 SIMEHI0 03UMOTO BiI6yIoCs ITOCTYIIOBE VUIIbBHEHHS IPYHTY
IO TIPUPOIHUX 3HaUeHb. V 0-10 cM Imapi rpyHTy o6'eMHa Maca BapiloBajia B Mekax 1,20-1,27 r/cm?
y mapi rpyHTy 10-20 cM - 1,25-1,30 r/cm?® i 20-30 cM - 1,34-1,37 r/cm? . [11s1 epeRTUBHOI IisTTBHOCTI
MIKpOOpraHi3MiB, pOCTy 1 PO3BUTKY KOPeHEeBOI CUCTEMU POC/IMH Ta HarpoMajKeHHS BOJIOTH B
IPYHTI BOKJIMBE 3HAYEHHS Ma€ IIUIBHICTD (TOPUCTICTD). BCTAHOBIIEHO, 10 TPUBAJIE 3aCTOCYBAHHA
TONUIIEBUX i 6e3MONUIIEeBUX 06PO6ITKIB IPYHTY He 3HMKYBAJIO 3arajIbHOI UIITMHHOCTI HIDKYe 50 %
6ymoBu 06pO6ITIOBAHOTO LIAPY, IO 3a6e3MeYIo BUCOKY IIPOAYKTUBHICTD KYJIBTYPHUX DOCIIHH.
3a 6e3MoULIEBUX TTOBEPXHEBOTO Ta MIJIKOTO 06pO6ITKY I'PYHTY 3arajibHa ILITMHHICTD Y HIDKHIX
mapax CTaHOBHMJIA [0 50 % 6ymoBu 06po6II0BaIBHOTO IIApy, a B AeSKUX BUIIaAKaxX MeHII 9K 47 %.
Taka 6yzmoBa 06pO6IIIOBAIBHOTO IIapy HETAaTHBHO BIUIMBAJIa Ha BOJHUM Ta MOBITPSHUN PEXRUMU
TPYHTY, Ha piCT i pO3BUTOK KOpeHEBOI CUCTEMU i, V KiHIIEBOMY pe3yJIbTaTi Ha YPOXKaWHICTh SUMEHIO
osuMoro. HaliBuIla ypoykalHICTh SUMEHIO 03MMOT0 OTPMMaHa IIiciid TpedyKy, pilaKky 03UMOoro Ta
coi (6,0-6,3 T/ra) 3a MpoBeieHHA 6€3ITOIULIEBOTO YN3EIBHOT0 06pO6IiTKY IpyHTY Ha 20-22 cM. [Ticia
KYKYPYZ3U1 Ha 3€pHO i COHAIIHUKY YPOJKalHICTb cTaHOBUIIA 5,1-5,7 T/Ta
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