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Purpose. To establish the changes in the water-physical properties of sandy soils under the influence of different content of
forest-like loam, humus mass of sod-podzolic sandy loam and gray loamy soils and to show their influence on the phytomass pro-
duction of annual seedlings of Scotch pine and common oak.

Methodology. Indicators of density, porosity, as well as absolute and relative humidity of sandy soils and their mixtures with
different content of loam and humus mass of zonal soils were determined by conventional methods in soil science. The effect of the
studied mixtures on the water-physical properties of the sands was evaluated by the parameters of accumulated absolutely dry
phytomass of annual pine seedlings and seedlings of common oak.

Findings. It is established that with increasing the content of forest loam and humus mass in sandy and sod-podzolic sandy soils
from 20 to 80 % in their mixtures there is observed decrease in density (by 3.4—24.8 %), increase in porosity (by 1.1—70.0 %) and
humidity — absolute (at 5—560 %) and relative (at 11—442 %). The share of needles in the total phytomass of pine seedlings is in-
creasing (by 2—8 %), and the share of roots is decreasing (by 2—18 %). One-year-old pine seedlings accumulated the largest mass
(2539 mg) on a mixture with 20 % of humus mass content and 80 % of loam content. With the increase in the sand content of
forest loams and humus mass of gray forest loam soils from 20 to 80 % absolute humidity of the mixtures increases by 75.0—870.0 %,
and the relative humidity — by 61.0—639.0 %. In the total phytomass of annual oak seedlings, the part of leaves increases (by
11.9—15.8 %), and the proportion of roots decreases (by 13.0—22.8 %). In annual oak seedlings, maximum values of the total mass
(10.7 g) were observed on mixtures containing 40 % of humus mass of gray forest soils, 20 % of loess loam and 40 % sand, as well
as 80 % of humus mass and 20 % of loam.

Originality. It is shown that 20—80 % of admixture to the sands of loess loam and humus mass of sod-podzolic sandy soils
significantly increases their porosity, their moisture content and has a positive effect on the accumulation of phytomass in annual
pine seedlings. The same admixture to the sands of loess loams and humus mass of gray forest loamy soil provides a significant
increase in absolute and relative humidity in the studied mixtures and causes oak seedlings to increase the mass of leaves and re-
duce the mass of roots in annual seedlings.

Practical value. The proposed variants of formation of recultivation layer of three-component mixtures, which include sand,
loess loam and humus mass of zonal soils allow optimizing the water-physical properties of sandy soils of natural-technogenic
origin. The use of treated soil mixtures will ensure a more efficient use of man-made landscapes for economic purposes and at the
same time reduce the manifestation of water erosion and deflation.

Keywords: phytomass, loess loam, humus mass, seedling, density, porosity

Introduction. Within Ukraine, sand deposits are found
among the overburden of most quarrying deposits, and almost
all anthropogenically disturbed landscapes are formed in the
floodplains of Polissia rivers. There are about 120 thousand
hectares of such sands [ 1, 2]. Due to their low water-holding ca-
pacity (4—6 %), atmospheric precipitation seeps to water table
and is not able to rise up due to poor capillarity. Therefore, the
productivity of phytocenoses on sands is determined by abiotic
factors, and, in particular, the content of physical clay, since the
increase of phytomass in woody plants is directly proportional to
the increase of this component in the sands. Improvement of
biological stability of woody plants on sandy soils is possible due
to increase in their content of physical clay or transfer to such
areas of humus mass of forest soils inherent in natural stands that
are supposed to be grown on sandy landscapes |3, 4].

To provide environmental safety on man-made landscapes
[5, 6], and suggest planting native plants [7] scientists monitor
the soils and rocks from which they are formed [5, 6] to repro-
duce forest ecosystems. At present, it has been found that for
the cultivation of forest plantations on sandy soils for phy-
tomelioration purposes, the capacity of the reculivation layer
should be 80—140 cm [8].

It has been proposed to use peat-mineral mixtures with
and without fertilizer application for the recultivation of sands
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[9], as well as the method of reclamation of sands without ap-
plication of peat-sand mixture on their surface [10], which al-
lows reducing the costs of the biological stage of their reclama-
tion. In the absence of humus and other genetically deter-
mined horizons, sandy soils are among the most extreme tro-
phycal type of pine sites. The sands are deflated and pollute
the environment with the products of water and wind erosion,
which is why their phytomelioration still belongs to the current
environmental problems of today.

Literature review. In recent years, scientists involved in the
field of forestry development of sandy soils have found that in
the case of natural development of biota on technogenically
disturbed landscapes restoration of their evolutionarily bal-
anced physical parameters, in particular, such as density, po-
rosity and water content are delayed for decades [11]. Their
research shows that the most effective use of humus mass
stored in disturbed territories in combination with the natural
regeneration of woody plants is the most effective use of sand
reclamation [12, 13]. However, the lack of humus or its ab-
sence, against the backdrop of unsatisfactory water regime of
the sands, encourage scientists to look for methods for assess-
ing the risks associated with their ecological restoration [14],
which provide for comprehensive studies, in particular, such as
ecohydrological optimization with attraction remote sensing
[15], elaboration of methods of moisture retention and water
conservation in the recultivation layer of sands [3, 16] and ap-
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plication of biocementation for cell surface by halotolerant
bacteria [17], as well as identification of wood species that can
successfully cultivate under such growth conditions [18].
These studies open up great opportunities to improve the
edaphic conditions of the reclamation layer of sands provided
they are forested. However, the local topographic features of
individual sandy landscapes complicate the ecological situa-
tion and against the background of differences in the fertility
and water content of the sands, there is an urgent need for sci-
entific justification for the feasibility of their reclamation.
Unsolved aspects of the problem. The use of two-component
mixtures to improve the reclamation layer of sandy soils and the
forest sites properties has a positive effect on their water and
physical properties. In particular, in the case of admixture to the
sand of the humus mass of sod-podzolic sandy soils, there is a
partial enrichment of the mixture with organic matter, but there
is no significant improvement of their water-physical proper-
ties. In the case when loess loam is mixed with sand in the vol-
ume of 60—80 %, a favorable mode of moistening is provided.
However, it is worth noting that sand, with a content of loams in
their composition of more than 60 %, is characterized by poor
water permeability and such mixtures are not able to effectively
absorb water during heavy rains and effectively prevent the de-
velopment of erosion processes. Insignificant moisture content,
combined with excessively high permeability of the humus mass
of sod-podzolic sandy loam soils and poor water permeability
and air regime of the loamy loams reduce the phytomeliorative
effect of the formation of edaphotopes with their participation
which includes sand, loess loam, and a humus mass of zonal
soils. To investigate the effect of these ameliorants on the altera-
tion of the water properties of the sands and the phytomass ac-
cumulation by woody plants, this study was conducted.
Purpose. The main task of the study is to determine the opti-
mal parameters of the composition of mixtures for the formation
of the reclamation layer of technogenically disturbed landscapes
during the application of forestry direction of reclamation.
Methods. The study was carried out on two variants with
the use as soil ameliorants of humus mass of sod-podzolic san-
dy loam soils and loess loams (for cultivation on the sands of
oligotrophs plants, for example, annual seedlings of Scotch
pine) and humus mass of gray forest loam and loess loam soils
(for cultivation of mesotrophs, on the example of annual seed-
lings of common oak). The influence of these ameliorants on
the formation of the basic water-physical properties of sandy
soils was investigated at a dump, which was formed by hydro
accumulation involving dredgers on the left bank of the Dnipro
River (south of “Osokorky” underground station, Kyiv). The
height of the dump is 6—8 m, the area is more than 30 hectares.
Its modern contours were formed in 1999, and the research was
conducted in 2015 during the growing season. The experiments
used a humus mass of the upper 5 cm layer of sod-podzolic
sandy loam, harvested in mature pine-hazel stand of Mezhyhir
forestry and gray forest loamy soil, harvested in mature oak-
hornbeam stand of Holosiivo forestry as well as loess loam
taken of 5-meter depth of island loess (Khotiv village, Kyiv re-
gion). The pits 30 cm deep and 50 cm in diameter were
equipped in the sandy soil in mid-April. The sand, taken of the
pits on plastic wrap after mixing with the ameliorants in pre-set
proportions was again poured back into the pits in level with
the day surface of the dump. In the experiments with the three-
component mixtures, the sand was mixed with loam and hu-
mus mass according to the 21% variant in the following ratios:
1 — 100—0—0 % (control); 2 — 80—20—0 %; 3 — 60—40— 0 %;
4 — 40—60—0 %; 5 — 20—80—0 %; 6 — 0—100—0 %; 7 —
80—0—-20 %; 8 — 60—20—-20 %; 9 — 40—40—-20 %; 10 — 20—
60—20 %; 11 — 0—80—20 %; 12 — 60—0—40 %; 13 — 40—20—
40 %; 14 — 20—40—40 %; 15 — 0—60—40 %; 16 — 40—0—60 %;
17 — 20—20—60 %; 18 — 0—40—60 %; 19 — 20—0—80 %; 20 —
0—20—80 %; 21 — 0—0—100 %. The repetition of experiments
is 3-fold. Five seedlings sorted by biometric parameters of pine
plants were planted in each equipped pit with a humus mass of

sod-podzolic soil. The five pre-calibrated by weight (5—6 g)
incubated acorns of common oak were sown in the variant with
the use of gray forest soils. The data were collected at the end of
October. The phytomeliorative effect of sandy soils with the
admixture of ameliorants was evaluated by the phytomass of
1-year-old pine seedlings and 1-year-old oak seedlings. Den-
sity was determined in g-cm™, and the porosity, absolute and
relative humidity of sandy soils and mixtures with the partici-
pation of ameliorants were determined in volume percent by
the core method [19, 20]. Absolutely dry phytomass of the test
seedlings was determined by weighing on the laboratory elec-
tronic scales of TV 404316.002 TE after drying in a thermostat
(at 105 °C) of individual vegetative organs in 11 experimental
plants of each variant. The average data obtained and the statis-
tical significance of the difference between the studied data
(Student’s ¢ test) were calculated using the STATISTICA ap-
plication program [21].

Results. The success of the growth and development of
woody plants on sandy soils is largely related to their density
and porosity, and depends on a complex of factors, among
which the leading place lies in the ability of the roots of woody
plants to penetrate into sandy thickness, as well as its availabil-
ity of productive moisture. The ameliorants used to improve
the forest plant properties were significantly different from the
sands in density and porosity (Table 1).

Table 1

Density and porosity of sandy soils with different admixture
of humus mass of sod-podzolic soils and loess loam

Content, % Density Porosity
regarding regarding
5 g g-cm™ control % control
5|2 % | 1, % | 1
Without humus mass
100 [ 0 |1.49+0.01|100.0 | — | 18.80+0.01 | 100.0 | —
80 | 20 | 1.50+0.02|100.7 | 0.4 | 19.11+0.10 | 101.6 | 3.1
60 | 40 [1.52+0.02|102.0 | 1.3 |[20.05+0.24 | 106.6 | 5.2
40 | 60 | 1.53+£0.02| 102.6 | 1.8 | 21.07+0.16 | 112.1 | 14.2
20 | 80 [ 1.55+0.02|104.0| 2.9 | 22.40+0.31 | 119.2 | 11.6
0 100 | 1.56 £0.02 | 104.7 | 10.5 | 22.17+£0.26 | 117.9 | 12.9
Humus mass 20 %
80 0 |1.40£0.02 | 94.0 | 1.3 | 19.00£0.07 | 101.1 | 2.6
60 | 20 | 1.41+0.01 | 94.6 | 1.8 | 23.04+0.27 | 122.0 | 15.6
40 | 40 | 1.42+0.01 | 95.3 | 1.6 | 26.13+0.35 | 139.0 | 20.9
20 | 60 | 1.44+0.01| 96.6 | 1.1 |2539+0.21 | 135.0 | 31.0
0 80 | 1.49+0.01 | 100.0 | 0 | 24.07+0.11 | 128.0 | 46.0
Humus mass 40 %
60 0 |1.33£0.02| 89.3 | 2.3 | 19.25+£0.08 | 102.4 | 5.2
40 | 20 | 1.35+£0.01 | 90.6 | 3.1 |27.03+0.29 | 143.8 | 28.1
20 | 40 [ 1.36+0.01 | 91.3 | 2.9 | 31.75+0.12 | 168.9 | 104.4
0 60 | 1.38+0.01 | 92.6 | 2.5 | 30.43+£0.16 | 161.9 | 71.3
Humus mass 60 %
40 0 |1.23+£0,02 | 82.6 | 3.7 | 1991+£0.34 | 105.9 | 3.2
20 | 20 | 1.27+0,01 | 85.2 | 4.9 |26.220+0.33 | 139.4 | 22.3
0 40 | 1.30+0,01 | 87.2 | 4.2 | 31.97+0.10 | 170.0 | 125.6
Humus mass 80 %

20 0 | LI2£0.02 | 75.2 | 5.2 | 20.30+0.54 | 108.0 | 2.8
0 20 | 1.18+0.01 | 79.2 | 6.9 | 26.41 £0.46 | 140.5 | 16.5
Without sand and loam
0 [ o [109+002] 73.2 | 57 [20.54+008 ] 109.2] 20.1

Note. Table value of quantiles of Student’s ¢ test () at probability
level 0.05—2.45.
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In particular, loess loam was characterized by a higher
density (by 4.7 %) and porosity (by 17.9 %) than sand, which
was due to the higher content of silt fractions and the absence
of long-lasting influence of vegetation on them. The humus
mass of sod-podzolic soils was characterized by a lower den-
sity (by 21.8 %) and a higher porosity (by 9.2 %), which was
caused by the formation of a humus mass of this ameliorant
under the influence of vegetation cover and the presence of
organic and mineral substances in it, as well as microorgan-
isms. It should be noted that in two-component mixtures with
increasing content of loam in the sand from 20 to 80 %, the
density of the mixtures increased by 0.7—4.0 %. Significant
differences were acquired only in the mixture containing 80 %
of loam with increasing the porosity by 1.6—19.2 %. The low-
est density, which was 24.8 % less than the control, was ob-
served in the mixture with 80 % content of humus and 20 %
sand, and the highest porosity (70 % higher than the control)
was observed in the mixture containing 60 % humus mass and
40 % loam. In the three-component mixtures, the lowest den-
sity (less than 24.8 % than the control) was observed in the
mixtures containing 60 % of the humus and 20 % of sand and
loam, and the highest values of the porosity (68.9 % higher
than the controls) occurred in a mixture with 40 % humus
content of sod-podzolic soils, 20 % sand and 40 % loam. It
should also be noted that loess loams and 20 % admixture of
humus soil of sod-podzolic soils are not able to significantly
improve the density of the test mixtures (¢, = up to 1.8), but
significantly affect their porosity (z, = 2.6—46.0) which indi-
cates the appropriateness of using them to improve the forest
vegetation properties of the sands.

The mode of moistening of the sands, which were mixed
with loam and humus mass, depended on the share of partici-
pation in the mixtures of these ameliorants. The regime of
moistening of the sands, which were mixed with loam and hu-
mus mass, depended on the share of participation in the mix-
tures of these ameliorants (Table 2). In all variants, except
where the sands contained a 20 % admixture of the humus
mass of sod-podzolic soils, a significant difference was ob-
served between the absolute and relative moisture content of
the sands and the mixtures studied, which gives reason to con-
sider these mixtures as likely variants to be used to improve the
water properties of the sands.

In the two-component mixtures, the greatest ability to ac-
cumulate and retain both absolute and relative moisture was
demonstrated by a mixture in which 20 % of the sands were
combined with 80 % of loess loams. Among the tested three-
component mixtures, the best moistening mode was observed
in the variant, where 20 % of the humus mass of sod-podzolic
soils were combined with 20 % of sand and 60 % of loess
loams. It is this mixture that should be recommended for opti-
mization of the water regime of the recultivation layer of sandy
soils on which oligotrophs are supposed to cultivate.

In variants where loess loam and humus mass of gray forest
loamy soils have been applied as ameliorants, the tendencies
observed in mixtures with the content of humus soil of sod-
podzolic soils have been preserved. At the same time, against
the background of increased content of silt fractions and or-
ganic substances in the components used, the manifestation of
differences increased as evidenced by the data given in Table 2.

Thus, in the two-component mixtures, the highest humid-
ity values occurred in the mixture containing 20 % of the hu-
mus mass and 80 % of the loess loam. In this case, the absolute
moisture content of this mixture was 63 %, and the relative
humidity was 39 % higher than the highest values recorded in
mixtures containing an admixture of humus of sod-podzolic
soils. In the three-component mixtures, the highest moisture
content was observed in the mixture containing 20 % of humus
mass, 20 % of sand and 60 % of loess loam. The moisture con-
tent was dominated by controls in this mixture: by absolute
humidity in 735 % and relative humidity by 450 %. This mix-
ture can serve as a base in the case of improvement of the water

Table 2

Humidity of sandy soils with different admixture of loam
and humus mass of zonal soils (% by volume)

Content. % Humidity absolute Humidity relative
regarding regarding
= g % control % control
3 S % 1, % t,
Without humus mass
100 | 0 | 20£0.15 | 100 - 10.1£0.09 | 100 -
80 | 20 | 3.7+0.11 | 185 9.1 |17.4+£0.06| 172 | 67.5
60 | 40 | 7.4+0.10 | 370 | 30.0 | 26.4+0.10 | 261 | 12.2
40 | 60 | 11.3£0.09 | 565 | 53.2 |38.9+0.12| 385 | 192.0
20 | 80 | 16.3+0.07 | 815 | 86.4 |62.0+0.15| 614 | 296.7
0 100 | 20.7+0.44| 1035 | 40.2 [93.3+0.28 | 924 | 282.3
The content of the humus mass of sod-podzolic soils:
20 %
80 0 | 21£0.05| 105 0.6 |11.2+0.23]| 111 4.5
60 | 20 [ 2.8+£0.07 | 140 48 |122+0.18| 121 | 10.4
40 | 40 | 5.0+£0.16 | 250 | 13.7 | 19.1+£0.41| 189 | 214
20 | 60 | 8.1+£0.08 | 405 | 35.9 [31.7+0.31| 314 | 66.9
0 80 | 13.2+0.18| 660 | 47.8 | 54.8+0.81 | 542 | 54.8
40 %
60 0 |24+0.08 | 120 24 |11.7+£0.36| 116 | 3.4
40 | 20 | 3.4+0.08 | 170 7.1 125+0.24] 124 | 94
20 | 40 [ 6.7+£0.06 | 335 | 29.1 |21.2+0.11| 210 | 78.1
0 60 | 11.9+£0.12 | 595 | S51.5 |39.1+0.31| 387 | 89.8
60 %
40 0 [26£0.07| 130 36 |[133+£0.20( 132 | 14.6
20 | 20 [ 3.9+£0.04 | 191 | 12.2 | 1481029 | 145 | 15.5
0 40 | 8.6+0.13 | 430 | 33.2 [268+045| 265 | 95.5
80 %

20 0 2.8+0.05 | 140 5.1 13.5+£0.15| 134 | 19.4
0 20 | 41+£0.07 | 205 | 12.7 | 15.5+0.18 | 153 | 26.8
Without sand and loam
0 | o [29+012] 145 ] 47 [142+009] 140 [ 32.2
The content of the humus mass of sod-podzolic soils
20 %

80 0 | 35+0.11 | 175 8.1 |16.3£0.05| 161 | 60.2
60 | 20 | 5.0+0.16 | 250 | 13.7 [223+£0.06| 221 | 112.8
40 | 40 [10.3£0.13| 515 | 41.8 [33.8+0.06| 335 | 219.1
20 | 60 | 14.7+0.11| 735 | 68.3 [454+0.13| 450 | 223.3
0 80 | 19.8+£0.10| 990 | 98.7 |74.6+0.19| 739 | 306.8
40 %

60 0 | 58+0.14 | 290 | 13.6 [22.1+0.11| 219 | 84.4
40 | 20 | 8.2+0.13 | 410 | 31.2 [284+0.20| 281 | 83.4
20 | 40 | 13.8+0.14| 690 | 57.5 |41.6+0.10 | 412 | 234.1
0 60 | 19.4+£0.09| 970 | 99.5 | 54.3+0.18 | 538 | 219.6
60 %

40 0 | 81+0.14 | 405 | 29.7 | 29.6+0.08 | 293 | 149.5
20 | 20 [ 12.1+£0.08 | 605 | 59.4 |356+0.08| 352 | 195.5
0 40 | 17.8+0.05| 890 | 99.9 [49.3+0.13 | 488 | 347.9
80 %

20 0 | 11.4+0.12| 570 | 48.9 | 37.1+£0.12 | 367 | 180.0
0 20 | 16.4+0.12| 820 | 75.0 |[43.1£0.09 | 427 | 259.3
Without sand and loam
0 | o [151+014] 755 [ 63.8 [46.7+0.08 [ 462 | 280.6

Note. Table value of quantiles of Student’s t test (t) at probability
level 0.05—2.45
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regime of the recultivation layer of sandy soils, which are in-
tended to grow mesotrophic woody plants.

The ameliorants used to improve the forest vegetation
properties of the sands did not have a clear impact on the
growth and development of the investigated woody plants.
One-year-old pine seedlings grown on mixtures with an ad-
mixture of humus mass of sod-pod-podzolic soils, in the
structure of the skeleton of the root systems preserved charac-
teristic features inherent in sandy soils. Visually visible mycor-
rhizal spots were formed on their roots by the end of the grow-
ing season (Fig. 1). Their maximum mass (13—15 % of the to-
tal mass of seedlings) was observed on the roots of the seed-
lings, which grew on mixtures with 20—40 % content of humus
mass.

Considering the effect of two-component mixtures on the
accumulation of phytomass by pine seedlings, it should be
noted that with the increase in the content of loams (from 20
to 80 %) in the sands, the total mass of plants increased sig-
nificantly (Table 3).

At the same time, the share of needles in it increased by
8 %, the share of roots decreased by 11 %, and maximum values
of the total mass of seedlings and the mass of their above-ground
organs were recorded in the variant where 20 % of sands were
combined with 80 % of loam. The maximum root mass was
fixed on a mixture containing 40 % loam and 60 % sand.

Among the two-component mixtures containing humus
mass, it is necessary to note a mixture containing 20 % of hu-
mus mass and 80 % of loam, as it is on this mixture that pine
seedlings accumulated the largest total mass, which exceeded
the weight of control seedlings by 308 %. On the three-compo-
nent mixtures, the largest total mass was also observed in pine
seedlings growing on a mixture of 20 % humus mass and sand
content and 60 % loam content. That allows us to recommend
that we limit ourselves to a 20 % admixture of humus mass of
sod-podzolic soils. In general, as the sand content of the land
reclaimed increases, the total mass of pine seedlings increases
significantly. The proportion of needles increases (by 2—8 %)
and the proportion of roots decreases (by 2—18 %). From the
given data it is clear that in case of oligotrophs growing on
sandy soils, for optimization of ecological properties of their
reclamation layer it is necessary to offer a two-component
mixture consisting of 20 % of humus mass of sod-podzolic
soils and 80 % of loess loam and of three-component mixture
that contain 20 % of the humus mass of sod-podzolic soils,
20 % of sand and 60 % of loess loams.

W

Fig. 1. Annual pine seedlings grown on sandy soils (left) and on
a mixture of sands (40 %), humus mass of sod-podzolic
soils (20 %) and loess loams (40 %) (right). Fragment of
mycorrhizal spots formed on the roots (bottom right)

Table 3

Phytomass of annual pine seedlings, grown on sandy soils
with different content of humus mass of sod-podzolic
and loess loam

Content, % Mass, mg Mass, %
2
b= £ stems needle roots total § 2
| 2 = | 2
Without humus mass
100 | 0 80+3 | 348+12 | 396+£9 | 824+21 | 42 |48
100 — - 100 — 100 — - 100 — -
80 20 230+6 | 571 +£14 | 582+ 16 | 1383 +34 | 41 |42
288—22 164—12 147—10 168—14
60 | 40 | 365412 | 760+28 | 690+23 | 1815+62 | 42 |38
456—23 218—14 174—12 220—15
40 | 60 | 440+10 | 921 +25 | 673 +13 | 2034+47 | 45 |33
550—34 | 265—21 | 170—18 | 24724
20 | 80 | 433+12 | 1040 +41 | 650+£20 | 2123 £62 | 49 |31
541-28 | 299—16 | 164—12 | 265—20
0 | 100 | 410+ 12 | 1029 + 37 | 620+ 21 | 2059 +42 | 50 | 30
512—27 | 296—18 | 156—10 | 250—26
Humus mass 20 %
80 0 148+5 | 48717 | 567 +14 | 1202 +21 | 40 |47
185—12 140—7 154—10 | 146—13
60 | 20 | 25946 | 676 +28 | 668 £22 | 1613 +50 | 42 |41
32327 | 194—11 169—11 196—15
40 | 40 | 370+7 | 896+20 | 741 £24 | 2007 +£47 | 45 | 37
462—38 | 257—24 | 187—13 | 24423
20 | 60 | 418+ 18 | 1085+26 | 757 £25 | 2323 +65 | 47 |33
522—18 | 312—26 | 191—14 | 282—22
0 80 | 561 £19 | 1174 +22 | 804+ 17 | 2539 +56 | 46 | 32
645—25 | 337—33 | 203—42 | 308—29
Humus mass 40 %
60 | 0** | 2085 | 640+ 14 | 750+ 18 | 1598 + 36 | 40 | 47
260—22 | 184—16 | 189—17 | 194—19
40 | 20 | 290+8 | 781 +31 | 780+33 | 1851 +62 | 42 |42
362—25 | 224—13 | 197—11 | 225—16
20 | 40 | 380+£8 | 975+24 | 810+ 18 | 2165+50 | 45 |37
475—35 | 280—23 | 204—21 | 263—25
0 60 | 500+£9 | 1096 +30 | 848 £26 | 2444+ 64| 45 |35
625—44 | 31523 | 214—16 | 29724
Humus mass 60 %
40 0 280+6 | 760+22 | 832+21 | 1872 +24 | 40 |44
350—30 | 218—16 | 210—19 | 227—33
20 | 20 | 342+12 | 908 +27 | 868 £27 | 2118 +48 | 43 |41
428—21 | 261—19 | 219—17 | 25725
0 40 | 400+ 10 | 1061 £23 | 858 +23 | 2319+ 17 | 48 | 37
500—31 | 305—27 | 217—19 | 281-55
Humus mass 80 %
20 0 35149 [ 905420 [ 937 +28 | 2193 +21 | 41 |43
439—29 | 260—24 | 236—18 | 266—46
0 20 | 369+ 11 | 988 +£29 | 961 +35 | 2318 £42 | 43 |41
461—25 | 284—20 | 243—16 | 28132
Humus mass without sand and loam
0 0 419+9 | 1081 +30| 928 £19 | 2428 £31 | 44 | 30
524—36 | 311-23 | 234—25 | 295—43

Note. Table value of quantiles of Student’s test (f) at probability
level 0.05—2.06. In the numerator — average biomass of seedlings, in
the denominator — the percentage relative to the control and the
calculated Student’s criterion (z,)

114 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N° 1



The humus mass of gray forest soils and loess loam, alter-
ing the mode of moistening of the sandy soils, significantly af-
fects the redistribution of individual parts of the phytomass in
annual oak seedlings. It is also worth noting that no visible
signs of mycorrhiza settlement were observed on the roots of
oak seedlings growing on sandy soils and on loess loam. One-
year-old oak seedlings growing on sandy soils form rather long
(within 41—-53 cm) rod roots, and the sandy space around
them develops an openwork network of suction roots
(Fig. 2, a). The architectonics of root systems in oak seedlings
undergoes peculiar changes with the increase in the content of
humus mass and loess loam in the sand. In particular, the
roots of the seedlings take on a wrinkled form and branch
more intensively, and on mixtures with an admixture of humus
mass on the sucking roots, visually observed cells of mycor-
rhiza (Fig. 2, b) settle and operate quite effectively. It leadsto a
redistribution of mass between the underground and aboveg-
round parts of the seedlings.

At the same time, the total phytomass of seedlings in the
vast majority of variants did not change significantly, and
against the background of the ameliorants, there was a signifi-
cant decrease in the root mass and an increase in the mass of
the assimilation apparatus and stems (Table 4).

Among the three-component mixtures, one should pay at-
tention to the mixture containing 40 % of humus mass, 40 % of
sand and 20 % of loam, because it is on this mixture that the

ot X

.
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Fig. 2. Root system of annual oak seedlings grown on sandy soils
(a) and on sandy soils with 20 % admixture of humus mass
of gray forest soils (b)

oak seedlings accumulated the same mass as the two-compo-
nent mixture. However, the mass of aboveground and under-
ground parts in this variant were somewhat different, and their
participation in the total mass of stems, leaves and roots was
14.1, 15.9 and 71.0 % respectively. Actually, these two mixtures
can be used to optimize the ecological conditions of the recul-

Table 4

Phytomass of annual oak seedlings grown on sandy soils with
varying humus mass content of gray forest soils and loess loam

Content, % Mass, g Mass, %
%’B |22
2 % stems foliage roots total = 2
2] =2 S| e
Without humus mass
100 | 0* [0.3£0.01 [0.5+0.01 | 8.9+0.30 | 9.7£0.30 | 5.2 [ 91.8
100 — - 100 — - 100 — - 100 — -
80 | 20 [0.8+£0.020.7£0.01 [ 8.4+0.16 | 9.9+0.19 | 7.1 | 84.8
266—22 140—14 94-2 102—1
60 | 40 | 1.2+0.03|0.7£0.01 | 7.5+0.16 | 94+0.21 | 7.4 | 79.8
400—28 140—14 84—4 97—1
40 | 60 | 1.4+£0.03 [0.94+0.02 | 71+£0.21 | 94+0.24 | 9.6 | 75.5
467-30 180—18 80—5 97—1
20 | 80 | 1.5+0.02 | LO+0.02 | 6.7+£0.16 | 9.2+0.19 [10.9| 72.8
500—54 | 200—22 75—6 94—1
0 | 100 | 1L6+0.05|11+0.03|63+0.70 | 9.0£0.19 |12.270.0
533—26 | 220—19 71-3 932
Humus mass 20 %
80 | 0" [0.8+£0.02]0.7+£0.02 | 8.6+0.25 | 10.1+0.29 | 6.9 | 85.1
266—22 140—9 97—1 104—1
60 | 20 | 1.1+£0.04 | 1.34+0.04 | 7.8 +£0.10 | 10.2+0.13 | 12.7 | 76.5
367—19 | 260—19 88—3 105—2
40 | 40 | 14+£0.04 | 1.5£0.05 | 7.0£0.17 | 9.9£0.25 |15.2|70.7
467—27 | 300—20 79—6 102—1
20 | 60 | 1.5+0.04|1.5+0.04|59+0.10 | 89+0.17 |16.8|66.3
500—29 | 300—24 66—9 922
0 80 | 1.6+0.03 | 1.6+0.04 | 5.3+0.11 | 8.5+0.14 |18.8|62.3
53341 32027 60—11 88—4
Humus mass 40 %
60 | 0** | 1L1+0.03 [0.84£0.03|8.6+0.29 | 10.5+0.31 | 7.6 | 81.9
36725 160—9 97—1 108—2
40 | 20 | 14+0.03 | L.7+0.10 | 76 £0.22 | 10.7+0.30 | 15.9 | 71.0
467-35 340—12 85—4 110—2
20 | 40 | 1.6+0.03 | 2.1+0.08 | 6.5+0.20 | 10.2+0.30 |20.6 | 63.7
53341 42020 73—7 105—1
0 60 | 1.7£0.03 {2.0+0.05| 5.4+0.13 | 9.1£0.24 |21.9]59.3
567—44 | 400—29 60—11 942
Humus mass 60 %
40 | 0** | .3+0.04 | 1.1+£0.03 | 7.8 £0.21 | 10.2+0.24 | 10.8 | 76.5
433—24 | 220—19 88—3 105—1
20 | 20 [1.74+0.03]12.2+0.07|6.6+0.19 | 10.5+0.28 | 21.0 | 62.8
567—44 | 44024 74—6 108—2
0 40 | 1.8+0.04 {2.8+0.05|5.34£0.10 | 9.9+0.18 |28.3|53.5
600—36 | 560—39 60—11 102—1
Humus mass 80 %
20 | 0** [ 1.44+0.05]|1.2+0.04| 74+0.18 | 10.0£0.21 | 12.0 | 74.0
46722 | 240—17 83—4 103—1
0 20 [ 1.9+0.05|2.7£0.07| 6.1+£0.13 | 10.7+£0.22 | 25.2 | 57.0
633—31 | 540-31 69—8 110-3
Humus mass without sand and loam
0 0" | L6£0.05[1.3£0.05|6.8+0.12 | 9.7+0.13 | 13.4|70.0
533—26 | 260—16 76—6 100—0

Note. Table value of quantiles of Student’s test (7) at probability
level 0.05—2.06. In the numerator — average biomass of seedlings, in
the denominator — the percentage relative to the control and the
calculated Student’s criterion (z,)
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tivation layer of sandy soils in the case of growing of mesotro-
phic wood plants.

Conclusions. It is found that in the case of increase in the
content of loams in the sand from 20 to 80 %, their density
increases by 0.7—4.0 %, and the porosity — by 1.6—19.2 %.
The sand density decreases by 6.0—24.8 % and their porosity
increases by 1.1—-8.0 % with the increase in the humus mass
content of sod-podzolic sandy loam soils. When mixed with
sands of these ameliorants (20—80 %), the density of sands de-
creases by 3.4—20.8 %, and other investigated indicators tend
to increase. In particular, there is an increase in: the porosity —
by 22.0—68.9 %; moisture content — absolute by 40—560 %
and relative by 21.0—442 %; the total phytomass of annual pine
seedlings — by 40.0—237.0 % and the share of needles in
them — by 2.0—8.0 %. At the same time, the maximum values
of the phytomass were recorded in annual pine seedlings,
which grew on a mixture with 20 % humus mass content and
80 % loam.

There are positive changes in the experimental mixtures
with the increase in the sand content of loess loam and humus
mass of gray forest loam soils from 20 to 80 %. The content of
absolute and relative moisture increases by 75.0—890.0 % and
61.0—639.0 % respectively and annual oak seedlings growing
on these mixtures showed a significant increase in the mass of
stems (by 166.0—533.0 %) and leaves (by 40—460 %) and re-
duction of root mass by 3-40 %. At the same time, the propor-
tion of leaves grows (by 11.9—17.5 %), and the share of roots
decreases (by 17—23 %) in the total phytomass of oak seed-
lings. The highest phytomass values are observed in seedlings
that have grown on two mixtures, which contained 40 % hu-
mus mass, 40 % sand and 20 % loam, as well as 80 % humus
mass and 20 % loam.

It is found that admixture to the sands of humus mass
(20 %) and loess loam (20 %) significantly affects the phyto-
mass accumulation in woody plants. Such a proportion of
these ameliorants should be considered minimal in the case of
the formation of a reclamation layer on sandy soils during
their phytomelioration. Optimization of forest plant proper-
ties on the sands can be achieved by forming a reclamation
layer of the following mixtures: for the cultivation of woody
oligotrophs — 20 % of the humus mass of sod-podzolic soils
and 80 % of loess loams; for the cultivation of woody meso-
trophs — 40 % of humus mass of gray forest soils, 40 % of sand
and 20 % of loam, or — 80 % of humus mass and 20 % of
loam.
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OnTumizanis BoaHO-(pi3HYHUX BJIACTUBOCTEI
MIIIAHWX JITO3eMiB MPUPOAHO-TEXHOT€HHOTO
NMOXO/KEHHS
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HauionanbHuii yHiBepcUTeT 6iopecypciB i MPpUPOIOKOPUCTY-
BaHHs YKpainu, M. KuiB, YkpaiHa, e-mail: fmbrovko@ukr.net

MeTta. BcraHoBUTH 3MiHU, SIKUMX 3a3HAIOTh BOAHO-(Di3ny-
Hi BJIAaCTMBOCTI TillIaHUX JIITO3€MiB 3a Pi3HOTO BMICTY B HMX
JIECOMOIOHUX CYTJIMHKIB, TYMyCOBaHOI Macy JI€pHOBO-ITi30-
JIMCTUX CYTILIAHUX 1 CIpUX JIICOBUX CYTIMHUCTUX IPYHTIB, TTO-
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KazaTu iX BIUIUB Ha HarpoMakKeHHs (hiToMach B OMHOPIYHUX
CcaKaHIISIX COCHU 3BUYAHOI Ta CisTHIIIB Ty0a 3BUYaifHOTO.

Metonuka. [Toka3HMKU IIIJIBHOCTI, IIMapyBaTOCTi, a Ta-
KOX abCOJIIOTHOI /i BiTHOCHOI BOJIOTOCTI MilLIAHMX JIITO3EMIB 1
X cyMillieii 3 pi3HUM yMiCTOM CYIJIMHKIB i TyMyCOBaHOI Macu
30HAJbHUX TPYHTIB BM3HAuUadu 3a 3araJIbHOMPUAHITUMU Y
IPYHTO3HABCTBI MeTONMKAMU. BIUIUMB noCiIKeHUX cyMilliein
Ha BOAHO-(}i3UYHI BJIACTMBOCTI ITiCKiB OLIIHIOBAJIU 3a MOKa3-
HUKaMU HarpoMamkeHoi abCOJIIOTHO cyXoi (hiToMacu OJHO-
PIYHUX CaKAHILIIB COCHM Ta CisIHIIIB 1y0a 3BUYAiHOTO.

PesyabraTtu. BcraHoBiIE€HO, 1110 3 3pOCTAHHSIM Y MilllAHUX
JIiTO3eMax YMICTy JIECOMOMIOHUX CYIJIMHKIB i T'yMyCOBaHOI
MacH IepHOBO-ITiI30JIMCTUX CYMiLaHUX IPyHTIB i3 20 10 80 %
y IX cyMilllaXx TIPOCTEXYETbCS 3MEHILEHHS IIIJIBHOCTI (Ha
3,4—24,8 %), 36inplIeHHs miapysatocti (Ha 1,1-70,0 %) ta
BosiorocTi — abcomoTtHoi (Ha 5—560 %) it BiaHOCHOI (Ha
11—442 %). Yactka XBOI B 3arajibHiil (hitomaci camxkaHIIiB co-
CHM 3BUYaiHOI 3pocTae (Ha 2—8 %), a 4YacTKa KOPEeHiB 3MEeH-
myetbest (Ha 2—18 %). OmHOpivHI cakaHIli COCHU Hali01Tb-
1y Macy (2539 Mr) HarpoMamKyBaiy Ha cymili i3 20 % ymic-
TOM rymycoBaHoi Macu Ta 80 % ymicTOM CYIIMHKIB. 3i 301/1b-
ILIEHHSIM Y TTicKaxX YMICTy JIECOMOAIOHMX CYIJIMHKIB i TyMycO-
BaHOI MacH CipyX JIICOBUX CYIIIMHUCTHX IPYHTIB i3 20 no 80 %
abCoII0OTHA BOJIOTICTh cyMillieii 3pocTtae Ha 75,0—870,0 %, a
MOKa3HMKM BimHOCcHOI BostorocTi Ha 61,0—639,0 %. VY 3aranb-
Hill iTomMaci ofHOPIYHMX CiSHLIB Ay0a 3BMYATHOTO yacTKa
ucts 36inbinyeTbest (Ha 11,9—15,8 %), a yacTka KOpeHiB
3MmeHIryeTbes (Ha 13,0—22,8 %). Y omHOpiYHUX CisHIIB 1y6a
MaKCHMaJIbHi TTOKa3HUKHM 3arajbHoi Macu (10,7 1) criocTepi-
rajJuch Ha cymimax, mo Mictiau 40 % rymycoBaHOi Macu Ci-
pHX JIicOBUX IPYHTIB, 20 % neconomiOHuX cyrauHKiB i 40 %
micky, a Takox 80 % rymycoBaHoi Mmacu Ta 20 % CyTJIMHKIB.

Haykosa Hosu3na. [TokaszaHo, 1o 20—80 % nominika 1o
MiCKiB JIeCONOAIOHUX CYTJIMHKIB Ta TYMYCOBaHOI Macu Jiep-
HOBO-ITI/I30JIUCTUX CYIIIlIAHUX IPYHTIB iCTOTHO 301ibIIYE 1X
LIITapyBaTiCTh, YMICT y HUX BOJIOTU ¥ MO3UTHUBHO BIUIMBAE
Ha HarpoMaKeHHs (DiTOMacu y OMHOPIYHUX CaIKaHIIiB CO-
cHU. Taka X nomilnka A0 MicKiB JIECOMOAIOHUX CYTJTMHKIB i
TYMYCOBAHOI MacHu CipMX JIiCOBUX CYTJIMHUCTUX I'PYHTIB 3a-
Oe3reuye CyTTeBE 30ibIIEHHS aOCOJIFOTHOI i BiTHOCHOI BO-
JIOTOCTI B IOCIIKEHUX CyMilllaX i BUKJIUMKAE Y OMHOPIYHUX
CisTHLIiB qy0a 30i7bLISHHSI MACU JIMCTS Ta 3MEHILIEHHS Macu
KOpEHiB.

IIpakTyna 3HaYMMicTh. 3anpoIOHOBaHi BapiaHTU (Gop-
MYBaHHSI PEKYJbTHUBAILIIHOTO Iapy i3 TPUKOMITOHEHTHUX
cyMillleil, 10 cKJany SIKUX BXOJASTh IMiCOK, JIECOMOIiOHi Ccy-
IJIMHKY Ta TyMyCOBaHa Maca 30HaJIbHUX I'PYHTIB, 103BOJITh
OINTUMi3yBaTh BOJHO-(}i3WYHI BIACTUBOCTI MilllaHUX JIITO3€-
MiB NPUPOIHO-TEXHOTEHHOTO MOXOIXEHHS. 3aCTOCYBaHHS
OMpalboBaHUX I'PYHTOCYMillleli 3a0e3MeunTh Oiabll ehek-
TUBHE BUKOPUCTAHHS MILIAHUX JIITO3EMIB y FOCIIOAAPCHKUX
LIJISIX 1 BOIHOYAC 3MEHIIUTh MPOSIB MPOLIECiB BOAHOI €po3ii
Ta gedusiii.

KumouoBi ciioBa: gpimomaca, nicox, cyeauHok, caoxicaneup,
CIAAHeYb, WiNbHICMb, WNAPY8amicmo

Onrumu3anus BOI[HO-(l)PBPI‘leCKl/IX CBOIICTB
NneCYaHbIX JTUTO3CMOB NMPUPOIHO-TECXHOINCHHOI'O
MPOUCXO02KIACHUA
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Ienb. YcraHOBUTH M3MEHEHUS] BOAHO-GOU3UYECKUX
CBOMCTB TeCYaHBIX JTUTO3EMOB TOJ BIMSIHUEM Pa3IMYHOTO
conepXaHUsl JIECCOBUIHBIX CYITIMHKOB, TYMYCHPOBAaHHOM
MaccChl IEPHOBO-TIOI30JMCTHIX CYTIECYAHBIX M CEPhIX JIECHBIX
CYIJIMHUCTHIX MOYB, a TAKXKE MTOKA3aTh UX BIUSIHUE HA HAKO-
IJieHue (PUTOMACChl OMHOJETHUMM CaXEHIIAMU COCHBI
OOBIKHOBEHHOI U cestHLIaMU 1y0a OOBIKHOBEHHOTO.

Meronuka. [Toka3arenn rIIOTHOCTH, TOPUCTOCTH, a TaK-
Xe abCONIIOTHOW M OTHOCUTENTBbHON BIAXXHOCTH TTECYAHBIX
JINTO3EMOB M MX CMecCeil C pa3IMUHbIM COJAEPKaHUEM Cy-
[JIMHKOB ¥ TYMYCUPOBAHHOM MacChl 30HAJLHBIX ITOYB OITpe-
NESIM 10 OOIIETTPUHSITHIM B TOYBOBENCHUN METOAMKAM.
BimsiHue uccriemoBaHHBIX CMeceil Ha BOIHO-(GU3MUYECKUe
CBOWCTBA MECKOB OLICHUBAJIY 110 MTOKA3aTeJIsIM HAKOTUIEHHOM
abCOJTIOTHO CyXOi (PUTOMACCHI OTHOJIETHUX CaXKEHIIEB CO-
CHbI OOBIKHOBEHHOM 1 CesTHIIEB 1y0a 00bIKHOBEHHOTO.

Pe3yabraThl. YCTaHOBIIEHO, YTO, C YBEJIMYCHUEM B IeC-
YaHbIX JIUTO3EMAX CONEPXKAHUS JIECCOBUIHBIX CYTJIMHKOB U
TYMYCHUPOBAaHHOI MAacChl JI€PHOBO-TIOA30JUCTHIX CyIecya-
HbIX T10YB ¢ 20 10 80 %, B MX CMECSIX MPOCIIEKUBACTCSI yMEHb-
HIeHKe MI0THOCTH (Ha 3,4—24,8 %), yBennyeHUe CKBaskKHO-
ctu (Ha 1,1-70,0 %) u BaaxXHOCTH — abCOJIOTHOM
(Ha 5—560 %) w otHocuTenbHOU (Ha 11—442 %). Yuactue
XBOU B 001LIEei (huToMacce caxkeHLieB COCHbI OObIKHOBEHHOM
yBeauuuBaercss Ha 2—8 %, a KOpHEil yMeHbIIAeTCsl Ha
2—18 %. OnHoNeTHUE CaxkKeHIIbl COCHbI HaKaIlIMBaJIM HaM-
GosblIyio Maccy (2539 mr) Ha cmecu u3 20 % coaepxaHuem
rymycupoBaHHOI Macchl U 80 % comepkaHUEM CYTJIMHKOB.
C yBenMYeHMEM B TeCKaX COAEpKAHUS JICCCOBUIHBIX CYy-
IJIMHKOB Y TYMYCHUPOBaHHOM MacChl CEPBIX JIECHBIX CYTJIMHM -
cthix mouB ¢ 20 10 80 % aGCoI0THAs BJIaXXHOCTH CMECEI yBE-
nuuBaeTcs Ha 75,0—870,0 %, a mokazaTeau OTHOCUTEIbHOM
BiaaxHocTr Ha 61,0—639,0 %. B o01ueit puroMacce oqHOIET-
HMX CesIHIIEB 1y0a OOBIKHOBEHHOTO YYacTHe JIUCThEB YBEIM-
guBaeTcs Ha 11,9—15,8 %, a KopHedl yMeHbIIAaeTcss Ha
13,0—22,8 %. Y onHONETHUX CeSTHIIEB 1yba MaKCMMaJIbHbIE
rokaszaresu ooieit maccel (10,7 T) HabMIOTAIMCH HA CMECsIX,
conepxammx 40 % TyMyCHpPOBaHHOM MacChl CEPBIX JIECHBIX
rouB, 20 % eccoBUIHBIX CYTIMHKOB U 40 % Iecka, a TakxKe
80 % rymycupoBaHHOM Macchl 1 20 % CYTITMHKOB.

Hayynaa noBusHa. [lokasano, urto 20—80 % npumech
JIECCOBUIHBIX CYTIMHKOB M TYMYCHMPOBaHHOM MacChl JIEPHO-
BO-TIOJI30JIMCTHIX CYIEeCYaHBIX ITOYB K IeCKaM CYIIECTBEHHO
YBEJIMUUBAET UX CKBaXXKHOCTb, CONEPXKAHUE B HUX BJIAru U
TOJIOKUTEIBHO BJIUSIET HAa HaKOIJIeHUEe (PUTOMACCHI Y OTHO-
JIETHUX CaxkKeHIIeB COCHBI. Takas e pruMech K recKaM Jiec-
COBMIHBIX CYTIMHKOB M TYMYCHUPOBaHHOM MacChl CephIX JIeC-
HBIX CYIJIMHUCTBHIX TTOYB OOECIIEYMBAET CYIIECTBEHHOE YBE-
JIMYeHUE aOCOIOTHOM MU OTHOCUTEIbHOM BJIAXHOCTU B UC-
CJICTIOBAHHBIX CMECSIX UM BBI3BIBACT Y OMHOJETHUX CESTHIICB
nyba yBeJIMYEHHE MAaCChl JINCThEB M YMEHBILIEHUE MacChl
KOpHEH.

IIpakTyeckas 3HaumMocThb. [IpemyioXXeHHbIE BapUaHThI
opmMupoBaHUsI peKyIbTUBAIIMOHHOTO CJIOSI U3 TPEXKOMITO-
HEHTHBIX CMECeil, B COCTaB KOTOPBIX BXOMAST TECOK, JIECCO-
BUIHbBIC CYNIMHKMA W TYMYCHpOBaHHas macca 30HaJIbHBIX
MOYB, MO3BOJISIT ONTUMU3UPOBATh BONHO-(U3NYECKUE CBOI-
CTBa TIECYAHBIX JTUTO3EMOB MPUPOTHO-TEXHOTEHHOTO TTPOVC-
xoxaeHus1. [IpuMmeHeHue pa3paboTaHHbBIX CMeCceil 00eCIIeYynuT
bosiee a(h(peKTUBHOE UCITOIL30BaHUE MTECUAHBIX TUTO3EMOB B
XO3SIMCTBEHHBIX LIEJIX U OJHOBPEMEHHO YMEHBIIUT IPOSIB-
JICHUE TTPOLIECCOB BOAHOM 3p03Uu U AehIALINN.

Kurouesble ciioBa: pumomacca, necok, cyeauHok, caxceney,
cesnely, NIOMHOCMb, CK8ANCHOCb
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