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Age periods of development of protective forest stands
in the restoration of eroded ravine-gully lands

Volodymyr Malyuga’, Victoria Minder

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. Currently, great attention is paid to the role, importance, optimal use of soils, their protection, and combating
degradation. By adopting the Sustainable Development Goals at the national level, Ukraine is obliged to implement
new programmes and projects that will guarantee macroeconomic stability, environmental balance, and social cohesion
in practice. In the course of the studies of the multifunctional role of protective forest stands, which at one time were
created in eroded territories, which include ravine-gully lands, to revive the properties of soils, a study was conducted
to justify their restoration function. 90 soil and lysotypological points were laid in anti-erosion plantings of different
periods of plant growth and development with the selection of 270 soil samples to fulfil this goal. Their water-physical
and agrochemical properties were investigated with the processing of the obtained data by statistical methods. Based
on the analysis of scientific literature sources, the examination of successful production experience and the conducted
research of anti-erosion plantings to determine their impact on soil properties and the environment, qualitative stages
of ecological restoration of eroded soils were developed. Changes in the age periods of growth and development of woody
plants in protective forest stands created on ravine-gully lands lead to a gradual ecological restoration of eroded soils. A
clear correlation between the age periods of growth and development of woody plants with qualitative stages of ecological
restoration of eroded soils was obtained. The selection of research objects provided for considering the same technology
for creating anti-erosion plantings, growth, and development in the same conditions, which would correspond to five age
periods of growth and development of woody plants. In each age period, qualitative changes occur during the growth and
development of vegetation cover, and quantitative changes in indicators that characterise the properties of the soil are
presented in comparison with the control that was selected to be a pasture. The main functions of these plantings are
given. All age periods of growth and development of anti-erosion plantings in terms of conducting forestry measures for
the successful cultivation of anti-erosion plantings and their effective action were considered. The stages of ecological
restoration of eroded territories are clearly coordinated with the selected age periods. Prospects for understanding the
process of restoring protective vegetation cover, in particular, forest stands, and their direct impact on the properties of
eroded soils open up

Keywords: erosion processes, eroded soils, anti-erosion role, development periods, qualitative stages, soil properties,
hydraulic roughness
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Age periods of development of protective forest stands...

Introduction

Currently, the role, importance, and optimal use of soils,
their protection, and control of degradation are given great
attention (Pdivinen et al.,1994; Manual on methods and
criteria, 1994; Lund, 1998; ISO/TR 14061, 1998; Mayer,
2003; Johnson, 2004; Duran Zuazo & Pleguezuelo, 2008;
Prescott, Katsensteiner & Weston, 2021). According to ex-
perts from international organisations, 47.5% of the Earth’s
land is degraded land. As of 2015, Ukraine had a total area
of degraded land of 148.14 km? (25.57%). At the 2015 UN
Summit on Sustainable Development, a common vision of
new guidelines for the development of a planetary society
until 2030 (Let’s save the soil) was presented. Ukraine must
implement new programmes and projects that in practice
guarantee macroeconomic stability, environmental bal-
ance (On the National programme, 2000), and social co-
hesion to achieve Sustainable Development Goals at the
national level. Thus, ensuring the rational use, protection,
and improvement of the natural environment, in particu-
lar, the properties of eroded soils, is relevant.

Grandiose work on the creation of anti-erosion
plantings in Ukraine was conducted in the 60s of the 20t
century. A comprehensive study of their impact on the
restoration of the properties of eroded ravine-gully lands
began in 1980. According to the results of research work of
the Department of Forests Restoration and Melioration of
the National University of Life and Environmental Sciences
of Ukraine, qualitative stages of ecological restoration of
eroded territories were proposed to establish the sequence
of elimination of the consequences of water erosion pro-
cesses on ravine-gully lands (Maliuha, 1987, 2008). The
ecological restoration was conducted through the use of
anti-erosion forest stands.

The entire life cycle of forests consists of a consis-
tent combination of certain phases of growth and develop-
ment. Therewith, the temporary state of the forest is reflected
in the corresponding stages. Thus, the phase of growth and
development of forest crops is a certain qualitative and quan-
titative state during a certain period of life. N.P. Kobranov is
rightly considered the founder of the theory of growth and
development phases, and subsequent research in this area
was continued by V.V. Ogievsky, A.A. Khirov, PR. Talman,
M.E. Tkachenko, P.V. Voropanov, L.N. Hribanov, V.G. Atrokhin,
A.A. Kairukshtis, A.I. Yuodvalkis, and others (Merzlenko &
Babich, 2020). Various interpretations were obtained, but the
goal of all was to promote the implementation of economic
measures necessary to optimise the growth of plantings
(reforestation): the addition and evaluation of crops, the
regulation of living conditions through the use of treat-
ment logging, etc.

M.A.Lokhmatov (1985) considers such periods of de-
velopment of protective forest stands on ravine-gully lands:
1 — formation, 2 — active development and interaction of
tiers, 3 — relatively stable structure and mutual influence
of storeys, 4 — weakening of vital activity of plantings, their
ageing, degradation, and decay of stands in the context of
assessing their condition (Lokhmatov, 1999). A similar dis-
tribution by stage of development is provided by (Johnson,
2004).

Recently, various researchers have paid a lot of at-
tention to this issue (Duran Zuazo & Pleguezuelo, 2008;
Prescott, Katsensteiner & Weston, 2021; Johnson, 2004;
Yukhnovsky, Dudarets, Maliuha & Khryk, 2013). A study
of certain aspects of land reclamation properties of the
park stands in difficult terrain conditions was conducted
(Minder, Maliuha & Yukhnovsky, 2019). Unfortunately, the
studies of ravine-gully lands are insufficient.

The purpose of this study is to investigate the
anti-erosion role of forest stands by their age periods of
development in the conditions of ravine-gully lands. The
eroded land consists of 4.5 million hectares with medium
and heavily washed-out soils, in particular, 68 thousand
hectares have completely lost the humus horizon. Pros-
pects for understanding the process of restoring protective
vegetation cover, in particular, forest stands, and their di-
rect impact on the properties of eroded soils open up.

Materials and Methods

The main volume of research work has been conducted in
the forest-steppe zone for ten years. The study was con-
ducted on the territory of two former hydromeliorative for-
est stations — Kanivska (1958) and Rzhyshchivska (1964),
created to eliminate the consequences of water erosion by
hydraulic and forest reclamation methods in the protective
zone of the Dnipro river. Protective forest stands on eroded
ravine-gully lands were chosen as the objects of research.

The objects that had the same creation technology,
grew and developed under the same conditions, and cor-
responded to five age periods of growth and development
of woody plants were selected. The pasture was selected as
the control.

90 soil lysotypological sites were laid with the selec-
tion of 270 soil samples by the selector (Maliuha, Dudarets,
Yukhnovsky & Harkava, 2006; Maliuha et al., 2014).

Since the destruction of the soil occurs by concen-
trated surface runoff, indicators that characterise its struc-
ture, hardness, and water permeability were selected to
assess changes in the anti-erosion properties. Structural
analysis of the soil was determined by the Savvinov method
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(Astapov, 1958) by dry sieving of a soil sample weighing up
to 1.0 kg on a sieve column from 10 to 0.25 mm. The soil
hardness was determined by the Golubev device in 30-
fold repetition. The soil hardness M.A. Kaczynski scale
was used (Berezhniak, 2013; Zrazhevsky & Lohvynenko,
1971). Determination of soil water permeability was con-
ducted using steel cylinders with a diameter of 80 mm
and a height of 100 mm, which are sharpened in the lower
part for easy installation in the soil. The study was per-
formed from the surface of a 10-centimetre layer of soil.
The lower cylinders were half buried in the soil, and the
upper 50 mm were filled with water. A column of water
with a height of 50 mm conventionally corresponds to the
water level during the passage of a heavy downpour. The
stopwatch determined the time of water absorption in a
10-time repetition.

The assessment of changes in the fertility of
eroded soils was conducted by agrochemical indicators of

the 1 metre of soil. The content of agrochemical indicators
was obtained by the following methods: easily hydrolysed
nitrogen, mg/kg of soil — Tiurin-Kononova (Workshop on
agrochemistry, 2001); mobile phosphorus and exchange
potassium, mg/kg of soil — Kirsanov (Workshop on agro-
chemistry, 2001); humus, % — Tiurin (Workshop on agro-
chemistry, 2001). Based on the results obtained, consider-
ing the density of soil composition, nutrient reserves of a
1-meter thickness were calculated.

Statistical data processing was conducted using
graphoanalytical, correlation, and regression analysis us-
ing the Excel and Statistica programmes.

Results and Discussion

Changes in the age periods of growth and development
of woody plants in protective forest stands created on ra-
vine-gully lands lead to a gradual ecological restoration of
eroded soils, which is reflected in Table 1.

Table 1. Correlation of age periods of growth and development of woody plants with qualitative stages of ecological
restoration of eroded soils

Age periods, | Content of age periods of growth and development Stages Content of qualitative stages ecological
years of woody plants of protective forest stands restoration restoration eroded soils
upto7 Engraftment and closure of forest crops I Beginning of impact on .eroded ?0115’ slowing
down and sharply reducing erosion processes
Stopping soil erosion,
8-15 Forming a forest tent of plantings 1I strengthening their biological
processes
Substantial improvement of the physical and
16-30 Intensive differentiation of woody plant species 111 chemical properties of soils, complete cessation
of erosion processes
Ecological restoration of eroded growing
31-60 Formation of the forest biogeocenosis v conditions and creation of prerequisites for the
return of such lands to economic circulation
Over 60 Effective action of the first generation of forest stands \% Full return of land after .rehfablhtapon to full-
fledged economic circulation

In the first age period of life (up to 7 years of age),
forest crops that are created on eroded lands take root. Suc-
cess in the field of protective afforestation depends on the
quality of implementation of the technology for creating
forest reclamation stands.

In the first age period, protective forest stands do
not show a statistically substantial effect on soil proper-
ties compared to the control (Table 2). During this period
of growth and development of woody plants of anti-ero-
sion plantings, there are representatives of living grass
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aboveground cover, mainly steppe or meadow species.
On the one hand, herbaceous plants serve as important
components of the natural protective vegetation cover,
which counteract the intensive development of erosion

processes, on the other hand, they create quite powerful
competitive conditions for the engraftment of protective
forest stands. Their number during this period is 100-
300 pcs.*m?.

Table 2. Indicators of restoration of properties of the upper 10-centimetre soil layer
under the influence of forest stands and invertebrates

X Har;i ne_szs, Water pe;‘m.e a_ll)lhty’ Structural particles >1 mm, %
Plantings of up to 7 years kg*cm mm~min
of age
x*m
Pure oak trees 19.3+£0.4 6.5+0.4 27.8+1.0
Control 20.4%0.3 6.0£0.5 24.5+0.7
Mixed oak trees 19.1+1.0 7.0+0.7 32.1%+1.2
Control 20.1£0.4 3.9+04 28.6%1.1
Pure pine trees 18.7+1.2 6.5+1.9 34.4*3.6
Control 19.0£0.6 6.3%0.3 26.6 0.6
Mixed pine trees 19.0+0.4 5.6%0.9 31.0%1.3
Control 20.5%0.5 4.3+0.4 25.8%0.8

Among the representatives of grass vegetation that
is intensively developing, it is necessary to name: field
bindweed, narrow-leaved peas, noble yarrow, common
sainfoin, chickweed, field clover, autumn hawkbit, woolly
burdock, cypress spurge, common thistle, etc.

The conducted studies established that there is a
certain improvement, and sometimes deterioration of some

indicators that determine the properties of the soil, in par-
ticular, its hardness, structure, and water permeability. Indi-
cators that characterise agrochemical properties, in partic-
ular, the content and reserves of nutrients, also do not have
a statistically substantial difference, since their values differ
slightly from the control ones. Nutrient reserves of a me-
tre-deep soil layer are shown in Table 3.

Table 3. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
easily hydrolysed mobile exchange rate
Plantings of up to 7 years organic matter, nitrogen phosphorus potassium
of age t*ha’!
kg*ha!
X*m
Pure oak trees 75+4.2 274 %22.0 354+ 14.6 266 *16.0
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Table 3. Continued

Nutrient reserves
easily hydrolysed mobile exchange rate
Plantings of up to 7 years organic matter, nitrogen phosphorus potassium
of age t*ha’!
kg*ha!
Xx*m

Control 57+3.5 201+2.3 200+ 17.0 239+14.3
Mixed oak trees 77+44 282+13.8 348 £ 13.4 276 £15.5
Control 60=8.8 213+4.0 212+4.6 238 +20.2
Pure pine trees 61+6.1 204 £9.2 428 £ 13.6 585 +33.6
Control 68*2.1 202+75 418 £13.5 508 +£19.7
Mixed pine trees T4 +4.2 224+£9.4 458 +24.4 564 +20.5
Control 75%3.1 197 £3.0 400 £ 10.4 507 £23.9

The relatively weak influence of forest stands on soil
properties is explained by the fact that it is extremely diffi-
cult for them to adapt to uncharacteristic and harsh growing
conditions, so they face high energy costs and a substantial
indicator of the intensity of living space (Maliuha & Minder,
2020). The intensity of falling off depends mainly on compli-
ance with the technology of creating plantings, and on how
well it is possible to create conditions for the engraftment of
plants that are sensitive at a young age and simultaneously
plastic in terms of attachment.

Plantings need help in the form of timely agrotech-
nical care, which gives them the opportunity to get rid of
excessive competition of grass vegetation, and it is easier
to overcome “stressful” situations during engraftment. A
characteristic feature of the first age period in anti-ero-
sion terms is the fact that there is no unified layer of the
forest floor. Optimal density of artificially created plant-
ings can be adjusted for the duration of their rising period.

During the second age period of growth and devel-
opment of woody plants (from 8 to 15 years), a forest tent
is formed. There is a complete closure of branches in rows
and aisles, the soil is covered with a unified layer of litter.
Grassy vegetation from plantings of dense woody plant spe-
cies, when the soil illumination is up to 10% compared to an
open place on sunny days, is substantially limited or does not

exist at all. It occurs only in places of a sparse wooden tent
and on the edges in the amount of 0-15 pcs.*m?, and in the
plantings, there are only a few shade-tolerant represen-
tatives: meadow geranium, wood bluegrass, hairy sedge,
narrow-leaved lungwort, hazelwort, ground elder, yellow
archangel, etc.

Thus, as woody plants of protective forest stands
grow and develop, due to the growth of crowns and shading
of the soil, the grass cover changes. Light-demanding types
of grass vegetation thin out and gradually disappear, being
replaced by more adapted shade-tolerant ones.

The formation of a unified layer of litter, which
limits the conditions for the intensive development of
meadow grass vegetation, increases its hydraulic rough-
ness, promotes the transfer of surface meltwater and
stormwater to ground water, and preserves soil moisture.
The moisture capacity of the undisturbed state of the forest
floor, depending on the species composition of plantings,
can reach 150-200%. Disruption of the litter condition due
to the possible manifestation of surface runoff or herding
of livestock substantially reduces its moisture capacity
by 1.4-1.9 times. During this period, the interpenetration
of root systems continues, and the development of deep
soil horizons depending on the density and composition
of plantings (Pasternak, Shinkarenko & Kravcova, 1974;
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Orlovsky, Podzharov & Vorob’ev 1980; Maliuha, 1987,
Minder, Maliuha & Yukhnovsky, 2019).

This age period is characterised by an increase
in the number of soil invertebrates: worms, springtails,
nematodes, and mites (Zonn, 1955; Zrazhevsky, 1957;
Zrazhevsky & Lohvynenko, 1971; Gordienko, Nagornaya
& Kisten’, 1986), which, in addition to their main func-
tion, increase the water permeability of the soil. After
litter transformation, their excrement accelerates bacte-
rial activity (Kachinskij, 1975; Prescott, Katsensteiner &
Weston, 2021). Earthworms play a special role in mixing
and crushing litter with clay soil particles (Zrazhevskij,
1957; Zrazhevskyi & Lohvynenko, 1971; Kachinskij, 1975).
Their excrement is much richer in phosphorus than soil:

they contain 300% more lactate-soluble phosphoric acid
and 40% more nitrogen. Earthworms need well-filled air
and moist soil with pH 5.8-8.3. Due to the tunnels dug
by worms, the soil loosens. Ants also substantially affect
soil loosening and mixing (Zonn, 1955; Pogrebnyak, 1955;
Zrazhevsky, 1957; Zrazhevsky & Lohvynenko, 1971).

The activity of invertebrates and other shrews has a
positive effect on the physical and water-physical properties
of the soil, which in turn causes changes in physico-chem-
ical characteristics, helping to slow down the development
of erosion. The properties of the soil, the main ones of
which are determined by hardness, water permeability and
structure, are peculiar markers of its anti-erosion capabil-
ities (Table 4).

Table 4. Indicators of restoration of properties of the upper 10-centimeter soil layer
under the influence of forest stands and invertebrates

Harf ne_ss, Water permeability, mm*min-! Structural particles >1 mm, %
kg*cm™
Plantings aged 8-15 years
x*m

Pure oak trees 16.7£0.5 8.2+0.4 32.9%3.0
Control 19.8+0.6 6.5%0.6 25.1%1.7
Mixed oak trees 17.2+£0.4 8.5+0.2 384+1.2
Control 19.5+1.0 4.2%0.7 29.0%1.3
Pure pine trees 16.6 £ 0.6 7.3%0.5 324+%2.6
Control 18.4+0.9 6.5%0.2 27.2%0.9
Mixed pine trees 15.9+£0.7 8.3+0.8 37.0+2.1
Control 19.3+0.8 5.0+£0.5 26.7*1.1

In the second age period of growth and develop-
ment of woody plants of forest reclamation plantings, the
soil hardness decreases markedly by 10-18% compared to
the control areas, which contributes to increased growth
of root systems. Water permeability, having an inverse
relationship with soil hardness, on the contrary, increases
from 26 to almost 123%. The soil acquires structural fea-
tures, in particular, the number of structural particles
with a diameter of more than 1 mm increases by 19-38%.

Admittedly, all these changes occur depending on the
species composition of plantings.

Improvements in physical and water-physical prop-
erties, in turn, cause changes in the agrochemical character-
istics of the soil. Freshly formed humus, holding soil lumps
together and forming a water-resistant structure, not only
slows down the development of erosion but also stops its
manifestation. Reserves of the main agrochemical indicators
of the metre-deep soil layer are shown in Table 5.
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Table 5. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
easily.hydrolysed mobile exchange} rate
Plantings aged 8-15 years orgm:i(}:l an_llatter, nitrogen phosphorus potassium
kg*ha!
x*m

Pure oak trees 90 £ 6.2 339+28.9 460 £ 25.5 356 £27.8
Control 60*+6.4 207 2.0 205+12.2 241 +10.9
Mixed oak trees 103+ 7.3 362 +23.8 456 £ 14.0 362+ 12.5
Control 65*70 218+3.6 217 +#10.3 245+ 15.7
Pure pine trees 76 +2.0 235+2.3 473+5.6 645+ 12.2
Control 70£5.5 206 £ 7.0 400 = 14.0 506 % 16.1
Mixed pine trees 80+2.6 246 £10.2 487 £15.2 624+12.8
Control 74+4.3 200 £4.1 407 £ 11.3 508 +£20.2

Studies showed that in the second age period of
growth and development of woody plants of forest reclama-
tion stands, their influence increases. Reserves of organic
matter increase by 8-58%, easily hydrolysed nitrogen — by
14-64%, mobile phosphorus — by 18-124%, exchange po-
tassium — by 23-48%, depending on the type of plants and
the composition of plantings.

The period of individual plant growth gradually turns
into direct interaction and mutual influence. Plants begin to
crowd each other in space, competing for light, water, soil
nutrients, etc. The struggle for living space (Maliuha &
Minder, 2020) is intensifying towards the end of the second
age period in both the aboveground and underground parts
of plantings. The tent of the stand becomes denser and more
powerful along the entire height of the crown placement.
Relations between woody plants become strained, which
leads to the inevitable differentiation of primarily relatively
fast-growing woody plant species.

Treatment logging in anti-erosion plantings
should be aimed at improving the growth conditions
of plantings (primarily the main types of woody plants),
strengthening their reclamation functions, and increasing

the level of biological resistance. Felling residues should
be crushed and used as mulch to increase the anti-erosion
role of plantings, (Lokhmatov, 1999).

Strengthening the reclamation functions of
anti-erosion plantings is achieved by forming a well-de-
veloped shrub undergrowth and a tree tent; solid, suffi-
ciently powerful, loose litter, which together increases the
hydraulic roughness (Orlovsky, Podzharov & Vorob’ev, 1980;
Teleshek, Cherneckij, Ivashko, 1985). Inspection logging, as
noted by P.S. Pasternak, I.B. Shinkarenko, P.S. Kravcova, has
a positive effect on improving soil development, increas-
ing the volume of soil permeated with roots (Pasternak,
Shinkarenko & Kravcova, 1974). Typical under such condi-
tions is the cessation of the development of erosion pro-
cesses in the territory occupied by the plantation and the
suspension in the adjacent area. The threat of restoration
of planar erosion remains in cases of transit surface runoff
through micro-cavities.

In the third age period, there is an intensive differ-
entiation of woody plants of artificial forest stands (16-30
years), and the formation of a forest environment in them in
harsh conditions of competition for existence. Plants grow
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and develop due to the action of their active surface, which
requires space, which is necessary to increase the size of
the aboveground part of trunks and crowns, and spread
root systems. Therefore, solving the spatial problem for in-
dividual trees and plantings, in general, is vital (Maliuha
& Minder, 2020). During this age period, all trees cannot
continue to grow and develop under the same conditions.
The differentiation of trees, which manifests itself through
intense competition for living space, becomes ineviTable
There are processes of intensive thinning out of plantings,
which negatively affect the anti-erosion properties, in par-
ticular, hydraulic roughness, which is partially compensated
by the restoration of the activity of living subsurface cover.
Grassy vegetation is 15-35 pcs.*m?.

Among the representatives of the living ground
cover during this age period of plantings, the following
predominate: common bracken, unspotted lungwort, sweet
woodruff, lanceolate star, Solomon’s seal, wood avens,
etc. that are common in fresh conditions of oak forests. In
other forest-growing conditions, appropriate indicators are
formed from representatives of the living subsurface cover.

During the third age period of ecological restoration
of eroded land, plantings have a more intense impact on
the environment and, especially, on the soil. Due to their
forest reclamation properties, the following processes oc-
cur: the development of deep horizons by root systems, the

death and restoration of active roots, accompanied by an
increase in the content of organic matter in the soil; the
accumulation of organic sediment on the surface, which,
due to mineralisation, replenishes the soil with nutrients
that are easily accessible to plants, and the manifestation
of colmative ability by plantings. During this period, soil
invertebrates become especially active, which, together
with other representatives of flora and fauna, act as direct
participants in soil-forming processes.

Indicators of physical, water-physical, physi-
co-chemical, agrochemical, and biological properties of soils
of this age period acquire specific statistical importance,
which indicates their active soil-forming role. Improving the
water-physical properties of the soil, primarily water perme-
ability, contributes to the most complete transfer of melt-
water and rainwater to intra-soil (Table 6). The soil hard-
ness under pure and mixed plantings is 14.0-15.7 kg*cm™.
Compared to the control, the decrease occurred by 13-26%.
These are small values for the mentioned age period, which
have substantially decreased compared to previous periods.
Water permeability increased by 36-115%, and the content
of structural particles increased by 64-102%.

Consequently, a substantial change in the wa-
ter-physical properties of the soil causes the complete ces-
sation of the development of erosion processes in the areas
under forest reclamation plantings.

Table 6. Indicators of restoration of properties of the upper 10-centimeter soil layer
under the influence of forest stands and invertebrates

Hla:;gcnnerszs, Water permeability, mm*min-! Structural particles >1 mm, %
Plantings aged 16-30 years
x*m

Pure oak trees 14.0+2.3 12.8+0.9 52.6+5.2
Control 19.0+1.1 7.0%0.8 26.0+1.2

Mixed oak trees 14.9£0.7 11.4£0.3 53.9%6.1
Control 18.9+1.3 53%1.0 30.1x14

Pure pine trees 15.7£0.6 9.4+0.8 46.2£2.5
Control 18.0%0.7 6.9%0.9 29.3%1.7

Mixed pine trees 14.0+0.5 10.3+0.4 46.8%1.8
Control 18.8+0.8 5.8%1.2 284+1.3
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Plantings begin to enter the fruiting phase, which
has a positive result in the formation of self-seeding on
open ravine slopes devoid of woody vegetation, which is
important in anti-erosion terms. A comparison of the nu-
trient reserves of the specified age period is given in Table 7.

Reserves of organic matter increase by 22-51%, eas-
ily hydrolysed nitrogen - by 31-135%, mobile phosphorus —

by 5-136%, exchange potassium — by 42-68%, depending
on the type of plants and the composition of plantings.

During this age period, it is necessary to conduct
treatment logging, which has an exclusively differentiated
approach to each individual forest stand, depending on the
characteristics of the growth and development of woody
plants.

Table 7. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
easily hydrolysed mobile exchange rate
Plantings of age organic matter, nitrogen phosphorus potassium
16-30 years old t*ha!
kg*ha!
X*m
Pure oak trees 103+4.9 416 £31.6 502+19.4 421+124
Control 68+3.3 209+3.0 213+8.9 250£17.1
mixed oak trees 104+ 13.0 519+35.3 430 +15.2 411+67.8
Control 70+9.2 221+6.2 230 £10.7 249 £18.0
Pure pine trees 93+3.5 272+9.0 440 +42.0 727 £31.9
Control 75%5.1 208+ 7.3 420 £13.7 512+20.7
Mixed pine trees 98 +8.9 352+46.4 578 £35.3 765+ 25.3
Control 80+5.8 204 +5.6 414+124 514+21.4

Notably, in protective anti-erosion plantings (es-
pecially under the age of 30), treatment logging should be
performed with less intensity than in operational forests.
It is advisable to chop the felled plant mass and spread it
evenly over the territory. This measure aims to increase the
hydraulic roughness of the surface, prevent possible wash-
outs and erosion of the soil due to heavy rains and transit
flow of surface runoff through micro-cavities.

Fourth age period, the life interval of which cov-
ers from 31 to 60 years is primarily characterised by the
completion of the formation of the forest environment
in forest stands involving fast-growing plant species and

the manifestation of the effective action of their first gen-
eration. Scots pine and Scots oak, as representatives of
long-lasting main plant species, have time to identify these
functions only at the end of the mentioned period of devel-
opment of forest stands. Successfully created protective for-
est stands of the first generation using fast-growing plant
species in the presence of vital energy resources do not limit
their existence at the age of 60 years. The formation of the
forest environment radically changes the forest conditions
in comparison with areas that are not covered with forest
vegetation.

Anti-erosion plantings of this age period are
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characterised by the beginning of thinning out of the tent
by reducing the number of leaves and needles per unit
length of the shoot, and by conducting treatment cuts, re-
moving stunted and dry trees. Care for such plantings is
planned by the forester.

Because of this, the amount of organic precipitation
decreases, the illumination of the soil increases, which
together leads to intensive growth of grass vegetation
(35-50 pcs.*m?). The consequence of this is the appear-
ance under the tent of oak stands, in addition to the wood
bluegrass and hairy sedge, also hazelwort, sweet woodruff,
ground elder; in robiniaceae — greater celandine; in pine —
stoloniferous pussytoes, rare spring sedge, sheep fescue,
etc. The root system of plants of this period develops the
upper soil horizons more intensively, which has a positive

effect on water permeability, and therefore contributes to
the transfer of surface runoff to soil.

In this age period, the intensive influence of plantings
on the properties of the soil and its soil formation continues.
In terms of its properties, the soil becomes forest type and has
substantial differences from agricultural soil.

Relative to the average indicators of physical, wa-
ter-physical, physico-chemical, and biological properties
of the soil, there is a statistically substantial difference
not only in comparison with the control area, but also with
previous age periods of growth and development of woody
plants of forest reclamation stands. There is no surface
runoff in forest areas. The investigated indicators of res-
toration of the properties of the active surface layer of the
soil are given in Table 8.

Table 8. Indicators of restoration of properties of the upper 10-centimeter soil layer
under the influence of forest stands and invertebrates

Har;i nefss, Water permeability, mm*min-! Structural particles >1 mm, %
kg*cm?
Plantings aged 31-60 years
x*m

Pure oak trees 14.5+0.6 20.0+£2.9 66.2+ 1.6
Control 18.7+0.9 74+0.7 269+ 1.7
Mixed oak trees 13.5+1.0 14.2£1.1 63.4+3.2
Control 18.5+0.8 6.8%0.5 30.7+2.0
Pure pine trees 15.4£0.2 12.8+0.4 56.2+54
Control 17.6 £0.7 7.1%0.8 31.3+19
Mixed pine trees 13.3+0.6 15.1£0.2 58.6+3.3
Control 18.2+1.1 6.2+0.9 29.8+2.1

Soil hardness decreases by 12-27%, water perme-
ability increases by 80-170%, the number of structural
particles in the soil increases by 79-146% compared to the
control indicators, depending on the plant species and the
composition of stands.

Plantings continue to bear fruit en masse, which
serves as the basis for the spread of seeds and the appearance
of self-seeding. Its viability has features of manifestation not

only in the areas of ravine slopes that remained uninhab-
ited, but also under the tent or on the edge of anti-erosion
plantings that continued to thin out due to the differenti-
ation of stands.

Agrochemical properties, in particular, those pre-
sented here on the example of soil nutrient reserves, also
have convincing statistical importance in comparison with
the control (Table 9).
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Table 9. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
Plantings of age organic matter, easily hydrolysed nitrogen Dhl(:;)lﬁ(l;us eXIch(;il:SgS‘ieurlillte
31-60 years old t*ha’!
kg*ha!
x*m

Pure oak trees 105+ 1.8 330+ 7.9 603 +25.1 884 +40.0
Control 69=4.5 217+78 422 +14.7 518+ 18.6
Mixed oak trees 106+ 2.9 438 £45.7 619 £43.0 908 £27.0
Control 78+8.1 219+5.0 430+11.3 520+ 224
Pure pine trees 97 +10.6 426 £ 38.3 439+10.9 401 + 65.5
Control 67+5.4 220%6.3 217+ 15.0 257+19.3
Mixed pine trees 113+3.2 499 +29.7 527+ 16.4 452 £55.0
Control 65%8.6 215+8.2 221+ 13.6 268 +23.2

Reserves of organic matter increase by 36-74%, eas-
ily hydrolysed nitrogen - by 52-132%, mobile phosphorus —
by 43-138%, exchange potassium — by 56-75%, depending
on the type of plants and the composition of plantings.

Therefore, the fourth age period can be character-
ised as the period of the beginning of the age of protec-
tive ripeness of anti-erosion forest stands on eroded lands
(Pavlovsky, 1973). During this age period, natural refor-
estation extends to nearby agricultural land.

During this period of growth and development of
woody plants of anti-erosion plantings, forest floor re-
serves range from 2.5 to 8.5 t/ha! (Yukhnovskyi, Dudarets,
Maliuha & Khryk, 2013; Maliuha et al., 2021). Features of
the influence of forest litter are as follows: reducing the
physical evaporation of moisture from the soil, its compac-
tion and freezing; promoting the accumulation of moisture
due to meltwater and precipitation, which seep into the

soil, and increasing the level of moisture capacity of the
litter, which can reach 300-400%. There is an increase in
the anti-erosion effect of protective forest stands not only
on the territories that they actually cover but also on adja-
cent ones.

The fifth age period of effective operation of the first
generation, characterised by the entry of middle-aged plant-
ings into the self-regulation phase, is associated with an age
interval of more than 60 years for woody plant species of a
long life cycle. Forest stands involving Scots pine and Scots
Oak during this period of their growth and development
have a well-formed effective forest environment, in which
forest conditions radically change in comparison with erod-
ed territories that are not covered with forest vegetation.

The main indicators of restoration of physical
and water-physical properties of the active soil layer of
anti-erosion plantings are given in Table 10.
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Table 10. Indicators of restoration of properties of the upper 10-centimetre soil layer
under the influence of forest stands and invertebrates

i Harg neis, Water permeability, mm*min-! Structural particles >1 mm, %
Plantings older than kg*cm
60 years
x*m
Pure oak trees 13.9+0.4 26.2%0.7 65.3+4.1
Control 18.9+£1.3 7.7+1.1 28.7+2.5
Mixed oak trees 13.2+1.1 27.5+0.3 77.1£2.0
Control 18.6 1.2 74%0.7 32.5+1.8
Pure pine trees 13.8+0.5 21.7%£0.9 62.6*1.0
Control 179+ 1.0 6.9%0.6 33.0+24
Mixed pine trees 14.2+0.3 26.0+0.5 68.3+ 1.5
Control 18.0+1.4 6.5+0.8 33.7+1.7

The soil hardness in mixed oak stands is the low-
est — 13.2 kg*cm™. The overall soil hardness index of oak
and pine stands decreased by 21-29% compared to the
control. The value of the water permeability indicator in-
creased by 214-300%. Mixed oak stands have the highest
water permeability index — 27.5 mm*min-!.

Such results correspond, according to the assess-
ment by N.A. Kachinskij, to water permeability (Kachinskij,
1975; Berezhniak, 2013) for the first hour of seeping, which
will be equal to more than 1000 mm. This is explained by
the action of soil animals: moles, worms, and many other
smaller ones, and the influence of root systems. Soil with
such indicators is able to absorb even the transit part of
surface runoff, which can enter plantings from the catch-
ment area. It is important to consider positive changes re-
garding the increase in the share of structural aggregates
by 90-137%.

The processes of soil formation in anti-erosion
plantings continue to acquire intense manifestation, and
the average values of the considered indicators of soil
properties, as in the previous age period, have a statistically

substantial difference not only in comparison with the
control area but also with plantings of other age periods of
growth and development of woody plants.

Under the tent of thinning out plantings, a suf-
ficient amount of organic precipitation and optimal illu-
mination determines the development of grass vegetation
(50-150 pcs.*m?). Its composition includes both shade-tol-
erant species — hazelwort, lanceolate star, male fern, ha-
zelwort, unspotted lungwort, Solomon’s seal, and relatively
light-demanding — wood anemone, viola mirabilis, ribwort
plantain, common dandelion, white clover, danewort,
brown knapweed, red dead-nettle. Not only do self-seeding
plants appear, but also undergrowth develops, increasing
hydraulic roughness.

The properties of the forest soil continue to im-
prove. Therewith, during this period (at least until the
age of 70-80 years), the first generation does not manage
to fully reach the level of properties of zonal soils that are
formed under natural forest stands. A comparison of nu-
trient reserves of a metre-deep soil thickness under forest
stands is given in Table 11.
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Table 11. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
easily hydrolysed mobile exchange rate
Plantings older than organic matter, nitrogen phosphorus potassium
60 years t*ha’!
kg*ha!
x*m

Pure oak trees 121+ 14.3 440 £ 15.7 798 +34.1 1007 #18.8
Control 71+7.2 224+6.3 423 £17.2 523+ 179
Mixed oak trees 146 £3.8 417+4.0 908 £ 23.6 1092 £ 30.7
Control 78+5.2 230% 6.5 437+ 16.2 527+21.9
Pure pine trees 115+2.7 494 +26.6 545+12.0 497 £ 53.8
Control 83+6.0 228 £9.2 237 +13.8 261 £24.3
Mixed pine trees 128 4.6 612+ 18.4 732 %20.7 632+42.9
Control 85%9.0 240 £ 8.7 260 £ 14.3 268 *20.6

Reserves of organic matter increase by 38-87%,
easily hydrolysed nitrogen — by 81-155%, mobile phos-
phorus — by 89-182%, exchange potassium — by 90-136%,
depending on the type of plants and the composition of
plantings.

Plantings continue to bear fruit, and the viability of
self-seeding plants and their biological stability increase.
Thus, after 60 years, protective anti-erosion plantings
are defined as self-regulating ecological systems, that is,
there is an ecological restoration of former eroded lands,
and their transformation into productive, important ter-
ritories for economic use.

This age period is characterised by the maximum
manifestation of all functions of protective forest stands:
energy, water-regulating, water-absorbing, soil-protect-
ing, colmatative, soil-forming, restorative, recreational,
sanitary-hygienic, aesthetic, educational, climate-regu-
lating, environmental-stabilising. These functions work
simultaneously and provide a multifunctional role for
forest stands (Yukhnovsky, Dudarets, Maliuha & Khryk,
2013).

The maximum manifestation of all the above
functions takes place only during the life of the forest or

anti-erosion plantings as a powerful and well-established
organism that acts clearly.

Conclusions

A clear correlation between the age periods of growth and
development of woody plants with qualitative stages of
ecological restoration of eroded soils was obtained. In each
age period, qualitative changes occur during the growth
and development of vegetation cover, and quantitative
changes in indicators that characterise the properties of
the soil, compared to the control (pasture).

In the first age period, protective forest stands do
not show a statistically substantial effect on soil proper-
ties compared to the control. They need help in the form of
timely agricultural treatment. If the plantings are success-
fully created, they do not need forestry care.

The second period is characterised by an improve-
ment in physical and water-physical properties, which
cause changes in the agrochemical characteristics of the
soil. Forestry care is used if there were miscalculations in
the selection of woody plant species or for non-compliance
with the technology. For this purpose, lighting is conducted
to improve growth conditions, strengthen land reclamation
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functions, and increase the stability of plantings. Felling
residues should be crushed and used as mulch to enhance
the anti-erosion role of plantings.

In the third period, there is a substantial change in
the water-physical properties of the soil, which causes the
complete cessation of the development of erosion processes
in the areas under forest reclamation plantings. Treatment
logging has an exceptionally differentiated approach, and
it is advisable to grind the felled plant mass and spread it
evenly over the territory to increase hydraulic roughness in
regulating surface runoff.

The fourth period is characterised by the beginning

of the age of protective ripeness of anti-erosion forest
stands. There is an increase in their influence on the pro-
cesses of soil formation. The average indicators of physical,
water-physical, physico-chemical, agrochemical, and bio-
logical properties of the soil have a statistically substantial
difference not only in comparison with the control area but
also with plantings of other age periods of growth and de-
velopment of woody plants.

After 60 years, as for the fifth age period, protective
anti-erosion plantings are defined as self-regulating eco-
logical systems that are characterised by the manifestation
of basic functions.
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BikoBi nepioay po3BUTKY 3aXVMCHUX JIICOBMX HacaJyKeHb
Y BiTHOBJ/IEHHi €POIOBaHNX SIPY)KHO-OA/IKOBUX 3€MeJIb

Bonogumup Muxonaiiosuu Masmora, Bikropist Bonmogumupisaa Mingep

HarioHanbHMi1 yHiBepcuTeT GiopecypciB i mpMpomoKopuCTyBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoranjis. Ha Tenepininiit yac mMTaHHSIM POJIi, 3HAUYIIOCTi, ONTUMAIbHOTO BUKOPUCTAHHS I'PYHTIB, IXHbOI OXOPOHM Ta
60pOoTHOM 3 merpajallieio MPUAIIIOTh BeauuesHy yBary. YxBamooun 1ini Ctasoro Po3BUTKy Ha HallioHATbHOMY PiBHi,
VkpaiHa 3060B’s13aHa BITPOBAIKyBaTY HOBi MPOTPAMU Ta MMPOEKTH, SIKi Ha ITPAKTHUIIi FapaHTYBATUMYTh MAaKPOEKOHOMiUuHY
CTabiIbHICTD, eKOMOTIYHMIT 6asaHC i ColliaabHy 3TYPTOBaHICTh. I1iJ] Yac HAYKOBMX HOCTiIKeHb 6araToQyHKI[iOHATBHOI
poJTi 3aXMCHUX JIiICOBMX HaACaIKeHb, SIKi CBOTO Uacy CTBOPIOBa/IM Ha €pPOIOBAaHUX TEPUTOPISIX, N0 CKIAAY SIKUX BXOASITh
SIPY’KHO-0aMKOBi 3eMJIi, [JI BiPOIKEHHS BJIACTMBOCTEl I'PYHTIB MPOBELEHO AOCTIIKEHHS 3 OOIPYHTYBaHHS iXHbBOI
BiJHOBMIOBAJIbHOI GYHKLUiI. [I751 BMKOHAHHSI TOCTaBleHOi MeTM 3akianeHo 90 I'PYHTOMICOTUIONOTIUHMX MYHKTIB y
MIPOTMEPO3iiHUX HACAIKEHHSIX Pi3HUX MepiofiB POCTy i pO3BUTKY POCIMH i3 Bim6opom 270 3paskiB I'PYHTY. 3AilicHEHO
JOC/TiIKeHHS iXHiX BOGHO-(Di3sMUHMX i arpoxXiMiuHMX BIACTUBOCTE i3 06po6IeHHSIM OTPUMaHUX JaHUX CTATUCTUUHUMMU
Meromamyu. Ha mimcraBi aHamisy HayKOBMX JIiTepaTypHUX [Kepes, BUBUEHHS YCITIITHOTO BMPOOHUYOTO IOCBiTy Ta
BJIACHMX JOCTi/I)KeHb TPOTUEPO3iiiHMX HacayKeHb i3 BU3HAUEHHS IXHbOT'O BIIMBY Ha BJIaCTUBOCTI I'PYHTY i HABKOJIMUIIIHE
cepenoBuIle, PO3PO6IEHO SIKiCHI eTanu eKoJIOTiYHOTO BiTHOBIEHHS epOIOBaHMX I'PYHTIB. 3MiHa BiKOBUX I1epiofiB pOCTY i
PO3BUTKY AePeBHUX POCIMH Y 3aXUCHUX JIiCOBUX HACAIKEeHHSIX, CTBOPEHMX Ha SIPY’KHO-0aTKOBUX 3€MJISIX, IPU3BOAUTD 10
MOCTYIIOBOTO MOETATHOTO eKOJIOTiYHOTO BiTHOBJIEHHSI epOJOBaHMX I'PYHTiB. OTpUMMAaHO UiTKe CHiBBiJHOLIEHHS BiKOBUX
repiofiB pocTy i PO3BUTKY JepeBHUX POCIMH 3 SIKICHMMM eTariamMy eKOJOTiYHOTO BiJJHOBJIEHHSI epOIOBaHUX I'PYHTIB.
Iobip 06’eKTiB HOCTiIKEHDb MependayaB ypaxyBaHHS OJHAKOBOi TEXHOJIOTii CTBOPEHHS MPOTHEPO3iifHMX HacaKeHb,
3POCTaHHS i PO3BUTOK B OGHAKOBMX YMOBaX, SIKi 6 BiATIOBiaay mM'ATbOM BiKOBMM TIePioiaM POCTY i PO3BUTKY JepPeBHUX
pociuH. Y KOSKHOMY BiKOBOMY Iepiofii BifOyBarOThCs SIKICHI 3MiHM ITiJ1 Yac pOCTY i PO3BUTKY POCAMHHOTO MTOKPUBY, & TAKOK
KIJIbKiCHI 3MiHM [TOKa3HMKIB, 110 XapaKTePU3YIOThb BJIACTUBOCTI I'PYHTY, SIKi IIpefcTaB/eHi IOPiBHSHO 3 KOHTPOJIEM, SIKUM
o6paHo BuriH. HamaHo ocHOBHI (GYHKIIT 1[MX HacamkeHb. [IpyaiieHo yBary BCiM BiKOBMM MepiofaM pOCTy i PO3BUTKY
MPOTMEPO3iiTHMX HacalKeHb Y YaCTUHI MTPOBeAeHHS JTiCIBHMYMX 3aXOiB /IJIsl YCIIITHOTO BMPOLTYBaHHS MPOTMUEPO3iiHMUX
HacaJkeHb Ta iXHbOI epekTuBHOI Aii. 3 BUIOiIIEHMMIM BiKOBMMM IepiofaMM UiTKO Y3TOIKYIOThCS eTaIli eKOJOTiYHOTO
BiIHOBJIEHHSI €PO0OBAaHMX TEPUTOPiii. BiAKpMBaIOTbCS MePCIeKTMBM PO3YMiHHSI IPOLIECY BiJHOBJIEHHSI 3aXMCHOTO
POCIMHHOTO MOKPUBY, 30KpeMa JIiCOBMX HacalkeHb i iXHbOro 6e3mocepeqHbOT0 BIUIMBY Ha BIACTMBOCTI €pOIOBaHMX
IPYHTIB

KniouoBi «r1oBa: eposiiiHi mporecu, epomoBaHi I'PYHTM, MPOTMepO3iliHa poJb, Mepiogy PO3BUTKY, SIKICHI eTaru,
BJIACTUBOCTI I'PYHTY, TipaBIiuHa HIOPCTKIiCThb
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Phytodecoration of interiors of the government house of Ukraine:
analysis and suggestions

Oleksandra Strashok’, Anastasiia Morozko
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The study presents the results of studies of bioaesthetic characteristics of decorative elements of phytodesign of
office interiors. It is established that the phytodecoration of interiors is an important component of creating a comfortable
environment for employees of various institutions. Modernisation of phytodesign elements was conducted for the premises
of the Government House of Ukraine, based on the results of surveys and analysis of the species composition of tropical
and subtropical plants cultivated in the premises of this institution. The collection and primary processing of information
were conducted using the route survey method. Visualisations of model phytocompositions were formed based on
specialised Real Time Landscaping Architect software. During the research, the existing range of tropical and subtropical
plants that were used for phytodecoration of the interiors of the Government House of Ukraine was investigated, and its
expansion was proposed. Groups of plants for functional and aesthetic purposes in the premises are analysed and project
proposals are developed on their basis to improve the decorative nature of the interiors of the Government House of
Ukraine. It is established that the decoration of premises involving phytocompositions on the territory of the object under
study appeared only in 2003, while compositions of live plants replaced the use of artificial flowers. It was determined
that the range of decorative deciduous and beautifully flowering plants that were attracted for phytodecoration of the
interiors of the Government House of Ukraine includes 22 species. Considering the specific features of the internal
layout of the building, seven project proposals of phytocompositions were developed for decorating recreation rooms,
entrance and transit zones, meeting rooms, press and journalism halls, and the Small Hall of the Government House
of Ukraine. It is proposed to expand the range of decorative deciduous and beautifully flowering plants into seven
species, namely representatives of the Araliaceae Juss., Araceae Juss., Arecaceae Bercht. & J. Presl., Begoniaceae C. Agardh,
Campanulaceae Juss., Nephrolepisaceae Pic. Serm. families, considering their aesthetic and utilitarian functions, and
optimal options for placing phytocompositions, model phytocompositions for decorating the interiors of the Government
House of Ukraine were developed on their basis
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Introduction

Phytodecoration is a new area in the formation of the ar-
chitectural environment through a harmonious combina-
tion of vegetation with the object world. Currently, the use
of plants for arranging the interiors of various premises is
explained by the need for humans to be closer to nature
due to the large-scale urbanisation of cities and local tech-
nogenic environmental pollution. Successful solution of
these problems requires a comprehensive approach to the
wide possibilities of applying the beneficial properties of
plants: phytoncidotherapy, colour therapy, aesthetic ther-
apy, aromatherapy, and many other functions.

A person spends most of their life in a closed envi-
ronment, so isolation from nature should be compensated
by creating elements of flora and phytodesign in the prem-
ises, which help to increase the artistic expressiveness of
the internal space, improve its functional organisation, and
contribute to improving the sanitary and hygienic param-
eters of the air.

The level of comfort of a closed environment is cre-
ated by the optimal combination for a person of a complex
of important indicators that ensure the performance of two
main functions: aesthetic — harmony, integrity, compliance
with the environment, style, trends, and utilitarian — tem-
perature, cleanliness, humidity, and air speed, sound and
noise insulation. Phytodecoration ensures the fulfilment of
these parameters and solves several issues related to the
performance of these functions.

The scientific approach to indoor landscaping in-
volves combining the aesthetic perception of colour, tex-
ture, and shape of flowers and leaves of plants with an-
other important feature — phytoncidal properties, which is
relevant, because individual elements of the interior and
decor with paintwork, plastic products can emit poisons
and toxins. In addition, the air in any room of the building
contains fungal spores, pathogenic microorganisms, pol-
len, soot microparticles, and various chemical compounds.
Therefore, the rational selection of the range of plants for
the phytodesign of a closed environment solves a number
of tasks related to both a complex aesthetic nature and a
phytosanitary plan.

The use of the principles of functional and decora-
tive gardening in the organisation of interiors of adminis-
trative buildings contributes to the visual harmonisation
of the environment, optimisation of its functional organi-
sation and improvement of environmental indicators. This,
in turn, will reduce the fatigue of a person in this environ-
ment, increase their performance and have a positive effect
on their physical and psychological state.

Phytodecoration of administrative building interi-
ors — a specific area of phytodesign, so now it is relevant to
use elements of nature in the design of closed architectural

compositions of interiors of the Government House of
Ukraine.

One of the most important issues of our time is the
environmental safety and protection of humans, the en-
vironment of their life, and existence in the conditions of
rapid development of urbanised territories and the expan-
sion of industrial complexes. The issue of indoor landscap-
ing interested scientists back in the late 1970s. In 1981,
D. Grodzinsky defined phytodesign and outlined the the-
oretical basis for the use of plants in closed systems, and
developed technological aspects of the formation of phyto-
compositions (Grodzinsky, 1986).

The practical application of the principles of
phytodesign in interiors and the study of their aes-
thetic and functional substantiality was conducted by
V. Sniezhko, V. Pushkar, N. Kryzhanivska, N. Chhartishvilli,
N. Mkhitarian, M. Hunter, and D. Khesayon. Features of
phytodesign of premises were investigated by L. Mashinsky,
O. Stepanenko. Many papers were devoted to determining
the decorative role of plants and investigating their artis-
tic and aesthetic aspects in phytodesign (Kryvonos, 2019;
Kuznetsova & Stepanyuk, 2013; Hnatyuk & Shepelyuk,
2019), the use of ornamental plants and current trends
in phytodesign of interiors (Kosenko, Hrabovyi, Opalko,
Muzyka & Opalko, 2020; Cetti, 2014).

The purpose of the study is to analyse the available
phytocomposition solutions for interiors in the premises of
the Government House of Ukraine and, based on them, pro-
vide proposals for the selection of an assortment of plants
for creating new compositions intended for decorating the
spaces of administrative buildings.

Materials and Methods

During the study, the following methods and techniques
were used: route survey — collection and primary process-
ing of material; assessment of plant decorative properties.
The specialised Real Time Landscaping Architect Software
was used to create visualisations of project proposals.

Results and Discussion

In the interior design of public administrative buildings,
ideas of rationalism and functionality prevail over aes-
thetic appearance, because, considering the specific features
of working in such types of premises, first of all, attention
is paid to the problems of air conditioning, insulation, and
noise absorption. It is established that in the 2000s, the first
phytocompositions in the interiors of the Government House
of Ukraine were formed from artificial flowers (Saakov, 1983),
which only partially ensured the performance of aesthetic
functions. Only in 2003 did fresh flowers appear, decorating
the general appearance of the premises (Fig. 1).
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Figure 1. General view of the meeting room of the Government House of Ukraine before reconstruction
(http://inpress.ua/ru/economics/14281-zasedanie-kabmina-kommunalnye-tarify-ponizit-chislo-turistov-povysit-
osoboe-vnimanie-gorlovke)

In 2004, the reconstruction of the halls of the Govern- first phytocompositions (Fig. 2). The first phytocompositions of
ment House of Ukraine was completed, and specialists fromthe  the great hall of the Club of the Cabinet of Ministers of Ukraine
Department of landscaping and phytodecoration formed the  were formed from Spathiphyllum wallisii Regel plants (Fig. 3).

Figure 2. Official meeting hall of the Government House of Ukraine after reconstruction
(http://www.center.net.ua/news/396)
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Figure 3. General view of the great hall of the Club of the Cabinet of Ministers of Ukraine
(http://www.center.net.ua/news/396)

The main focus of phytodecoration of the interior of ~ the reconstruction was the composition of S. wallisii and
the Club of the Cabinet of Ministers of Ukraine hall before = Hedera helix L. plants (Fig. 4).

Figure 4. General view of the Club of the Cabinet of Ministers of Ukraine hall before the reconstruction
(http://www.center.net.ua/news/396)
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Modern phytocompositions of the premises of the
Government House of Ukraine present a diverse range of sub-
tropical and tropical plants — Aglaonema commutatum Schott,
Asparagus aethiopicus L., Epipremnum aureum (Linden &
André) G. S. Bunting, Dracaena deremensis Engl., H. helix,
Crassula arborescens (Mill.) Willd., Clivia nobilis Lindl., Monstera
deliciosa Liebm., S. wallisii, Schlumbergera truncata (Haw.)

Moran, Zamioculcas zamiifolia (Lodd.) Engl., Saintpaulia grandi-
folia B. L. Burtt, Yucca gigantea Lem., Ficus benjamina L., Oxalis
acetosella L., Oxalis hedysaroides Kunth., Nolina longifolia (Karw.
ExSchult. & Schult.f.))Hemsl., Hibiscus rosa-sinensis L., Codiaeum
variegatum (L.) Rumph. ex A. Juss., Chlorophytum comosum
(Thunb.) Jacques, Dieffenbachia seguine (Jacq.) Schott and spe-
cies of the genus Phalaenopsis Blume (Fig. 5).

Figure 5. General view of the Club Cabinet of Ministers of Ukraine hall after Reconstruction
(http://rian.com.ua/columnist/20151024/375735012.html)

The aesthetic design of free space in the premises
is created through phytodesign of a closed environment,
which allows for achieving maximum comfort and cosiness.

Modern phytocompositions, techniques, and means
of landscaping for the organisation and visual harmonisa-
tion of the interiors of the Government House of Ukraine
were proposed, which will increase aesthetics and improve
the sanitary and hygienic indicators of the environment by
introducing natural outlines and properties. The species
composition of plants that were used for phytodecora-
tion of the premises of the Government House of Ukraine
is analysed, and it is established that it includes 22 spe-
cies of decorative deciduous and flowering plants. It was
proposed to expand it by involving some representatives of
Araliaceae, Araceae, Arecaceae, Begoniaceae, Campanulaceae,
Nephrolepisaceae families, and on their basis, project pro-
posals for phytodecoration of individual premises of the
Government House of Ukraine were developed.

Modern methods of phytodesign consist in the fact
that the use of plants in residential premises and offices
helps to form conditions close to the natural environ-
ment, which will positively affect both the nature of hu-
man perception of each composition individually and in
general on the surrounding space (Kniazeva, 2013). Plants
that are used for indoor gardening should be resistant to

environmental conditions and be harmoniously combined
with the overall style of interior design.

Notably, for fragmentary phytodecoration of interi-
or interiors, it is advisable to use solitary plants or groups
of them. Since plants attract special attention, it is nec-
essary to choose a place for them, considering the light-
ing, temperature, and humidity of the air, its contamina-
tion with harmful substances (Popova, 2012). In addition,
plants must meet the conditions of the room in terms of
size, structure, silhouette, pattern, and colour of leaves. For
this, big plants with large leaves are used (representatives
of the Arecaceae family and Monstera Adans., Aralia L.,
Philodendron Schott, Ficus L., Cordyline Comm. Ex R. Br.,
Agave L., Sansevieria Thunb.) genera, supplemented with
smaller species (Aspidistra Ker Gawl., Aglaonema Schott,
Pilea Lindl., Chlorophytum Ker Gawl., Oxalis L., Begonia L.
Hedera L. et al.) (Porubynovskaia, 1974). Planters and con-
tainers in which plants are grown should be in harmony
with the architecture of a particular room in shape, size,
color, material, and it is advisable to decorate the top layer
of soil with moss, pebbles, expanded clay, sand, or ground
cover plants (Artiushyn, 1982; Orlova, 2011).

A phytocomposition in the Government House of
Ukraine in the Small hall (Fig. 6) was designed. The range
consists of plants C. comosum that is distinguished by its
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decorative and phytoergonomics function, and is arranged
according to habit with all other plants. A. commutatum
creates a vertical axis of the future phytocomposition, is
quite undemanding to the level of lighting and does not re-
quire frequent watering. Nephrolepis cordifolia (L.) C. Presl.
will adorn the compositions with its splendour, due to the
shape of openwork leaves. In the future, this composition

will be located in the centre of the Small Hall of the Gov-
ernment House of Ukraine. This room has a low level of
lighting, so an assortment of plants that are undemanding
to the level of insolation were selected (Rak, 2009). It is be-
lieved that such a highly decorative phytocomposition will
complement the design of the Small Hall of the Govern-
ment House of Ukraine.

Figure 6. Project proposal for phytodecoration of the Small Hall of the Government House of Ukraine:
1 - A. commutatum, 2 — C. Comosum, 3 —N. cordifolia

Phytocomposition for the design of the meeting
room in the club premises of the Government House of
Ukraine (Fig. 7) is simple in its assortment, undemanding
to light, watering, decorative, and does not require care-
ful maintenance (Smyrnova, 2015). The phytocomposition

will be formed in rectangular modules in a regular style.
The range includes the following species: S. wallisii and
N. cordifolia. Plants have phytoncidal properties, and dif-
ferent shades of green will have a positive effect on the
emotional state of employees.

Figure 7. Project proposal for phytodecoration of the Club of the Government House of Ukraine meeting room:
1 - S. wallisii, 2 — N. sordifolia
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Phytocompositions for the entrance areas of the
Government House of Ukraine were also designed (Fig. 8).
Undemanding plants that grow well in conditions of lim-
ited insolation were offered to create a phytocomposi-
tion (Fomyna, 2015): N. sordifolia and Araceae Juss. family

representatives — Anthurium andraeanum Linden ex Andre,
which, due to its unusual red bract bedspreads, will act as
the main accents. These plants were determined to increase
productivity, have a good impact on the environment, and
are well adapted to indoor environments.

Figure 8. Phytodecoration project proposal of the entrance area of the Government House of Ukraine:
1 - A. andreanum, 2 — N. sordifolia

A project proposal for the design of the press and
journalism hall was developed (Fig. 9). It was formed
based on gravel pallets, and the range is selected so
that the agricultural equipment of phytocomposition
care does not involve complex and frequent operations.

Undemanding plants that have phytoncidal properties
and can positively affect the microclimate of the envi-
ronment were selected to create it (Tsvetkova, 2015), -
Chamaedorea elegans Mart., S. wallisi, N. sordifolia and
Begonia semperflorens Link & Otto.

Figure 9. Project proposal for phytodecoration of the press and journalism hall of the Government House of Ukraine:
1 - C. elegans, 2 - N. cordifolia, 3 - S. wallisii, 4 — B. semperflorens
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For well-lit rooms of the Government House of
Ukraine, phytocompositions that are combined with
Schefflera actinophylla (Endl.) Harms, which has an approx-
imate columnar crown shape, and B. semperflorens were of-
fered (Fig. 10). Araliaceae Juss. family representatives look

spectacular in indoor areas, their wide range and variety
of structures, shapes, and colours of leaf blades emphasise
and give uniqueness to the interior. B. semperflorens is dis-
tinguished by the red colours of flowers and bright green
leaves (Shakhov, 2006).

Figure 10. Project proposal for phytodecoration of the recreation room of the Government House of Ukraine:
1 - S. actinophylla, 2 - B. semperflorens

Project proposals for transit premises were devel-
oped using another representative of the Araliaceae fam-
ily - H. helix (Fig. 11). Evergreen woody vine in nature can
reach 30 m in length and has a large number of cultivars
with various decorative features (atypical shape and colour
of leaves, the nature of the edge of the leaf blade) (Volkova,
2012). Flexible, branched ivy stems and numerous aerial
roots-suckers are able, attaching to foreign objects, to lift
and hold the plant at a height. The plant is shade-tolerant,
so it will grow well in partial shade, near the window of

the northern part of the room, but cannot withstand direct
sunlight (Hriunvald, 2006; Tsvetkova, 2011).

For the design of the entrance area of the Govern-
ment House of Ukraine, monospecies compositions using
lianas of the Araliaceae family (Fig. 11), and decorative de-
ciduous and flowering plant species combined with it are
proposed (Fig. 12). When creating such phytocompositions,
H. helix plant shoots must be fixed on installed supports or
frame structures, so that the desired shape and volume of
the composition can be achieved.

Figure 11. Project proposals for phytodecoration of the premises of the Government House of Ukraine
using H. helix plants
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Rich, bright green leaves of H. helix have a refresh-
ing colour and soothing character, capture, and absorb a
substantial proportion of dust from the air. Scientists at
the University of Dresden in 2009 reported on the high

efficiency of this plant in absorbing toluene, octane, form-
aldehyde, trichloroethylene, and benzene from the air,
which helps to improve its quality characteristics in the
room (Mayrand, Clergeau & Vergnes, 2018).

Figure 12. Project proposals for the stylisation of state symbols of Ukraine using ornamental plants:
1 - H. helix, 2 - E. aureum ‘ Neon’, 3 — Campanula isophylla ‘Blue Bali’

Phytodesign of interiors involves aesthetic, artis-
tic, and functional design of the overall appearance of the
space, where ornamental plants play a substantial role,
which, in turn, have a certain psychoemotional load, which
can positively affect the mood and performance of a per-
son. Thus, when choosing an assortment for harmonious
phytocompositions, it is necessary to consider such com-
ponents of their bioaesthetic characteristics as colour, con-
trast, dynamics, rhythm, proportion, scale, symmetry.

Conclusions

According to the results of the study, it was established that
the first phytocompositions from live plants in the interi-
ors of the Government House of Ukraine appeared in 2003,

which indicated the need for the formation of functional
and decorative greenery.

The species composition of tropical and subtropical
plants that are part of the phytocompositions of the interiors of
the Government House of Ukraine includes 22 species of dec-
orative deciduous and flowering plants. It was proposed to ex-
pand this range of highly decorative plants by attracting seven
species of representatives of Araliaceae, Araceae, Arecaceae,
Begoniaceae, Campanulaceae, Nephrolepisaceae families.

Considering the need to form a complete picture of
interior decoration, seven model phytocompositions for
decorating the entrance and transit zones, meeting rooms,
press and journalism halls, Small hall, and separate rooms
of the Government House of Ukraine were developed.
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diTogekopyBaHHS iHTep'€piB OyOAMHKY ypsaAmy YKpaiHM: aHaTi3 Ta MPOMO3uILii

Onekcanapa HOpiisaa Crpamok, Auacracis ITerpiBHa Mopo3bKo

HauioHanbHMi1 yHiBepcuTeT 6iopecypciB i MpMpoOIOKOPUCTYBaHHS YKpaiHU
03041, Byn. 'epoiB O6oponnu, 15, m. Kuis, Ykpaina

AHorTanis. Y craTTi HaBeJeHO pe3ylbTaTM NOCIIIKeHb 0i0eCTeTMUYHMX XapaKTepPUCTUK IeKOPATMBHUX eleMeHTIiB
bitonmsaiiny iHTep’epiB odicHuMX mnpuMinieHb. BcraHoBaeHO, MmO QiTomekopyBaHHS iHTep’€piB € BAXKIUBOIO
KOMIIOHEHTOI0 (hOpMYyBaHHS KOMGOPTHOTO CepefoBUINA IJisl MPaliBHMKIB Pi3HMX ycTaHOB. OCy4acHEHHS ejleMeHTiB
ditommsaiiny 3mificHIOBaIM ST TpUMilieHb Byauuky Ypsimy YKpainu, 6a3younch Ha pe3yabTaTaxX 00CTEXEeHb Ta aHAi3y
BUIOBOTO CKJIAAy TPOIUHMUX i CYyBTPOMIYHMX POCIMH, IO KYJbTUBYIOTHCS Y IIPUMIlEHHSX 1€l ycTaHOBU. 30MpaHHS
Ta MepBMHHE 00po6ieHHs iHbopMmarlii mpoBoAwIM 3a JOMOMOTOI METOLY MapuIpyTHOTO oOCTeXeHHs. Bizyamizarii
MomenbHUX (iToKOMIO3UIii (opMyBasmyM Ha OCHOBI Ccrelliajgi3oBaHOro MporpamMHoro 3ab6esmeueHHs Real Time
Landscaping Architect. Ilig yac mocmigskeHb BMBUEHO HasiBHUIT aCOPTMMEHT TPOMIUHMX i CYOTPOMIYHMX POCIMH, SIKi
6y BUKOpUCTaHi Ay diTomekopyBaHHS iHTep’epiB BymuHKy Ypsmy YKpaiHu, Ta 3alpoNOHOBAHO #OTO PO3LIMPEHHS.
ITpoaHali30BaHO TPYIY POCIMH 3a (PYHKI[IOHATbHUM Ta €CTETUYHMUM ITPU3HAUEHHSIM Y MPUMIllleHHSX i po3po6aeHo Ha
iX OCHOBi MTPOEKTHI MPOIMO3MIIii MOAO MiABUIIEHHS JeKOPATUBHOCTI iHTep’epiB ByamuKy Vpsany Ykpainu. BcraHoBieHo,
0 JeKOpyBaHHSI NMPUMIleHb 32 y4acTio ¢GiTOKOMITO3UIliii Ha TepUTOpii JOCTIIKYBAHOTO O6’€KTY 3’SIBMJIOCS JIMILE Y
2003 p., Ipy LIbOMY KOMITO3UL] i3 )XMBUX POCIMH 3aMiHWIM BUKOPUCTAHHS LITYYHUX KBiTiB. BUsIBI€HO, 110 aCOPTMMEHT
IeKOPaTUBHO-JUCTSHUX i KpaCMBOKBITYUUX POCINH, SIKi Oynu 3amydeHi 1151 diTomekopyBaHHs iHTep’epiB Bynuuky Ypsagy
Vkpaiun, Hasiuye 22 BUAM. 3Baskaioun Ha crienndiky BHYTPIIIHbOTO MJIaHYBAaHHS OYIiB/i, pO3p06IeHO CiM MPOEKTHUX
MPOTO3ulliii (hiTOKOMIO3UIIiii [/ TeKOPYBaHHS KiMHAT BiATIOYMHKY, BXiZHOI Ta TPAaH3UTHOI 30H, 3ajM 3acifaHb,
3a7M TIpecu Ta KypHasmicTuky i Masnoi 3anm BynuHKy Vpsay YKpaiHu. 3anipoTIOHOBAHO PO3LIMPEHHSI aCOPTUMEHTY
JIeKOPaTUBHO-TUCTSIHMX i KpaCMBOKBITYUMX POCJIMH Ha CiM BUJIiB, a camMe IpeACTaBHUKIB poauH Araliaceae Juss., Araceae
Juss., Arecaceae Bercht. & J. Presl., Begoniaceae C. Agardh, Campanulaceae Juss., Nephrolepisaceae Pic. Serm., 3 ypaxyBaHHSIM
iXHiX ecTeTMYHMX Ta YTUAITApHMUX QYHKIIiN, a TAKOXK ONTMMAaJIbHI BapiaHTU po3MmilieHHs GiToKOMITO3UlIilt i po3pobiaeHo
Ha iX OCHOBi MOenbHiI HiTOKOMIIO3UIIi AJ1sI JeKopyBaHHS iHTep’epiB ByauHky Ypsmy Ykpainu

KniouoBi cmoBa: 3akpuTuii TpocTip, rpoMajcbki OyaiBii, MpoeKTHi mpomosuiii, ditoausaiin, diToeproHomika,
ditokommo3suiist
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Abstract. One of the areas of wood waste processing is their use in the production of wood-polymer composites (WPC).
The relevance of wood-polymer products is due to the wide range of applications and qualities of this material. WPC does
not rot, is not damaged by insects and fungi, and does not contain harmful binders. WPC products do not crack or warp
and are water-resistant, which makes them a good material for manufacturing decking. Therewith, the decking board
must have certain mechanical qualities, which will allow it to be used in fairly harsh conditions — under the influence
of moisture, UV radiation, and with a certain load. The purpose of this study was to determine the main physical and
mechanical characteristics (density, flexural strength, elastic modulus, water absorption, hardness, abrasion resistance,
changes in linear dimensions when the atmospheric environment changes) of decking samples made of WPC with various
fillers. For the study, samples were taken from hollow decking, in which polyethylene (PE) and polyvinyl chloride (PVC)
were used as a filler.Based on the conducted experimental studies, it was identified that the density of both samples is
quite high, close to the maximum; the difference is insubstantial, but when examining micro-cuts under a microscope in
samples in which PE is used as a binder, a larger number of cavities are observed, which indicates the presence of excess
moisture or a lack of mineral fillers. It can also be a sign of polymer destruction. It was determined that a number of
other important indicators, such as flexural strength, elastic modulus, water absorption, and abrasion resistance, were
the best in samples with polyvinyl chloride filler. The greatest difference was in the flexural strength index — 35%. It was
also identified that both samples were equivalent in hardness. However, the elastic modulus of the sample with a PE filler
exceeded the values of the sample with a PVC filler by almost 2.5 times. Thus, based on the conducted studies, it is possible
to identify a number of clear dependencies that indicate that the use of polyvinyl chloride as a binder substantially
improves the physical and mechanical performance of decking based on a wood-polymer composite. The results of the
conducted research will allow solving the problems of improving the strength characteristics of wood-composite material
to expand the range of goods based on wood waste
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Introduction

One of the areas of wood waste processing is their use in
the production of wood-polymer composites (WPC). The
relevance of wood-polymer products is determined by a
wide range of applications, ranging from interior decoration
of houses, offices, construction of gazebos, and terraces, to
details of automotive products. The disadvantages of exist-
ing similar products include the high cost associated with
using only primary raw materials (Galiyev, 2015).

Given that the main share of WPC products falls
on decking, the task of developing flooring in the form
of boards based on wood waste and secondary polymers,
produced by conventional methods of processing poly-
mer composites, is relevant. Wood-polymer composite is
a modern material containing wood filler (50-80%), poly-
mers, and special chemical impurities (additives). The
rapid development of WPC is due to a number of advantages
noted in the papers (Klesov, 2010; Safin et al., 2014). The
properties of WPC depend on the properties of the polymer
matrix, wood particles, the nature of the bond, and the in-
teraction between them. WPC does not rot, is not damaged
by insects and fungi, and does not contain harmful binders.
WPC products do not crack, do not warp, and are water-re-
sistant. A number of authors note that moisture resistance
is more affected by the type of binder, rather than the per-
centage of wood filler (Khasanshin et al., 2011). A func-
tional relationship describing changes in water absorption
and WPC density as a function of polymer content has also
been established (Safin et al., 2014).

Since WPC is often used as a structural element, its
physical and mechanical qualities become important. In
the literature, there is very limited information about the
dependence of the physical and mechanical properties of
WPC on their composition. Some authors have noted that
rigidity and strength are satisfactory only if an expensive

binder is added to the material: this is necessary to in-
crease the compatibility between wood flour and polymer,
which would otherwise have no similarity in the course of
the corresponding chemical reactions (Lu et al., 2005; Yang
et al., 2012), and to create efficient load transfer between
wood fibres and the surrounding polymer (Mazzanti et al.,
2012).

Since WPC is brittle, it often contains impurities that
increase impact strength (Mazzanti et al., 2019, 2019, 2020).

Matseyevich & Askadskiy (2017) noticed that WPC
based on matrix polymer PVC has much better properties
than WPC based on matrix polymers such as polyethylene
and polypropylene. This applies to such important indica-
tors as flexural strength and elastic modulus.

Based on the analysis of these literature sources, it
was identified that wood-polymer composite is a modern
material that is becoming increasingly popular due to its
qualities. The main area of the study is the examination of
the polymer component of the material and its impact on
physical and mechanical parameters.

The purpose of the study is to determine the main
physical and mechanical characteristics (density, flexural
strength, elastic modulus, water absorption, hardness,
abrasion resistance, changes in linear dimensions in the
event of changes in the atmospheric environment) of WPC
samples with different fillers.

Materials and Methods

Forthe study, samples of hollow decking made of wood-poly-
mer composite with a cross-section of 23x128 mm of dark
brown colour were selected, the layer on the back side is
smooth, profiled on the front side with different fillers. In
sample 1, the filler was polyethylene (PE), and in sample
2 — polyvinyl chloride (PVC) (Fig. 1, a, b).

Figure 1. Prototypes of decking: a — with PE filler, b — with PVC filler
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Since WPC is a fairly new material, there is no state
regulatory framework for testing mechanical properties.
The density was determined according to the international
standard ISO 1183-1. Density for WPC is a reference indi-
cator and gives an indirect assessment of strength indi-
cators, characterises the presence of mineral fillers in the
WPC, and depends on the type of polymer and the com-
posite. Notably, the reduced density accelerates the process
of WPC oxidation and is the result of increased porosity
(the presence of cavities) of boards due to the presence of
moisture in the initial components of WPC (primarily wood
fibres) and the destruction of the polymer during process-
ing (in case of overheating, excessive shear and/or lack of
additives).

Excessive porosity allows oxygen to enter the WPC
material from the inside, substantially increasing the avail-
able surface area along with the oxidation rate. Moisture is
an effective catalyst for polymer oxidation.

A very important indicator for decking is hardness,
which characterises the contact strength of the product,
allows assessing the indentation resistance and scratch
resistance. The value of the indicator depends on the
type of polymer matrix, the amount of filler, and the den-
sity of the finished composite. Hardness was determined
using a Shore hardness tester. The method described in
GOST 24621-91 was applied. For the study, an indenter for
a durometer of type D (from 20 to 90) was used in the form
of a steel rod with a diameter of 1.10-1.40 mm.

Flexural strength is one of the main indicators of
the mechanical properties of a material. It characterises
the correctness of the selected composition and technolog-
ical modes of production and the efficiency of the binder in
the composition. The value of this indicator characterises
the balance of the formula and the correctness of the tech-
nological process. The flexural strength was determined
according to the methods given in EN 310 and GOST 10635.

The modulus of elasticity during bending is di-
rectly related to the deflection of the board placed on the
supports under a certain load. In contrast to the flexural
strength of composite boards, which usually substantially
exceeds the requirements of building codes for the usually
accepted step of laying logs (approximately 40 centime-
tres (16 inches) from the centre), the modulus of elasticity
when bending composite boards on a polymer basis often
imposes certain restrictions on their installation: the step
of laying logs should not exceed 1/360 of the section. This
indicator is not normalised, but at this density, it should be
more than 1300 MPA.

Water absorption characterises the geometric sta-
bility and hygroscopicity of the WPC profile. Water is the

main aggressive factor of atmospheric influences, as it
causes swelling of the material and accumulation of defects,
especially when the temperature changes from (-) to (+).
The research method given in EN 1087-1 and GOST 32399
was used to determine water absorption.

The value of the water absorption index depends on
the formulation and homogenisation of the composition,
indicates the distribution and combination of the compo-
nents of the wood filler.

Water absorption of WPC materials can lead to: the
deformation of boards, swelling, and mould spread. In ad-
dition, the saturation of WPC boards with water sometimes
reduces the modulus of elasticity when bending boards,
therefore, causing greater deflection under load. Water ab-
sorption also leads to faster destruction of boards, oxida-
tion (water is a catalyst for polymer oxidation), and other
negative consequences. WPC materials absorb water due to
their porosity (cavities).

WPC decking samples were first conditioned to a
constant mass, then kept in water (pH 7+1) at a temperature
of 20%+1°C for 72 hours. In water, the samples were placed
on the edge so that the distance to the walls and bottom of
the container was at least 15 mm. After that, the samples
were removed and wiped with filter paper. Dried samples
were placed in a freezer with a temperature of minus 12°C
for 24 hours. The samples were then removed and placed
in a drying chamber for 70 hours at a temperature of 70°C.
After drying and cooling the samples for 4 hours, the cycle
was repeated. A total of three test cycles were performed.

Important indicators for decking are the rate of
wear (abrasion) and the change in linear dimensions when
the atmospheric environment changes (high humidity/low
humidity), mm/100 mm in length. The study was conducted
according to the method given in GOST 9590. Wear was de-
termined on a Taber 5155 Rotary abrasimeter. The samples
were pre-weighed with an accuracy of 0.001 g and fixed on
the device. When reaching 500 rpm, the test was stopped
and the samples were weighed again with an accuracy of
0.001 g. The wear rate was calculated by the formula.

Before determining the change in linear dimensions
when the atmospheric environment changed, the length of
the samples was measured with an accuracy of 0.02 mm.
Three samples were placed in a drying cabinet and kept at
a temperature of 70+2°C for 24 hours, and three samples
were in a chamber with a relative humidity of 92+3% and a
temperature of 40+2°C for 96 hours.

Results and Discussion

The density of both samples is quite high, close to the max-
imum; the difference is insubstantial, but when examining
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micro-sections under a microscope at 600x magnification,
a larger number of cavities are observed in sample No. 1
(Fig. 2a), which indicates the presence of excess moisture
in the board or a lack of mineral fillers, and the destruction

microcavities

cavities

polymer

of the polymer. In sample No. 2, which has a higher density of
1.91% and a lower porosity (Fig. 2b), the presence of metal
is observed, which can accelerate the oxidation process of
the board at high temperatures.

cavities

polymer

Figure 2. Images of WPC board sections under a microscope at 600x magnification:
a — sample No.1, board with larger cavities; b — sample No.2, board with smaller cavities

Table 1 shows the results of determining the phys-
ical and mechanical parameters of boards made of WPC.
The hardness of sample No.1 slightly exceeds the hardness

of sample No.2 — by 5.8%. Therefore, with this parameter in
the complex, samples can be considered equally substan-
tial.

Table 1. Results of experimental determination of physical and mechanical parameters of WPC decking

Indicator

Parameter values

Sample No.2
WPC (PVC)

Sample No.1
WPC (PE)

Density, g“cm™ (kg*m)

1,258 (1258) 1,282 (1282)

Shore hardness (units of Shore by D durometer from 20 to 90)

62.1 58.5

Flexural strength, MPa (kgf*cm2) 17.1 (174.42) 26 (265.2)
Modulus of elasticity (hardness), MPa 2646 1053
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Table 1. Continued

Parameter values
Indicator
Sample No.1 Sample No.2
WPC (PE) WPC (PVC)
Water absorption, % 2.63 2.02
Abrasion resistance (wear rate, mg/100 rpm) 0.08 0.05
Change in linear dimensions when the atmospheric environment
changes 0.72/1.6 0.5/0.3
(high humidity/low humidity), mm/100 mm length

When examining the flexural strength, it was iden-
tified that sample No.2 substantially exceeds the strength
of sample No.1, meets regulatory requirements (25 MPa)
and has advantages in a substantial margin of flexural
strength during board exploitation.

The study of the elastic modulus showed a substan-
tial excess of this indicator in sample No.1 compared to
sample No.2. The elastic modulus value of sample No.2 can
be considered satisfactory, but insufficient for the available
density.

During the experiment to determine water absorp-
tion, intense discolouration of board samples No.1 was ob-
served, in contrast to the integrity of samples No.2. In ad-
dition, during an increase in humidity and temperature and
during mechanical damage, a persistent unpleasant spe-
cific smell was observed from the samples of board No.1.
According to this indicator, sample No.1 substantially ex-
ceeds sample No.2 (by 30.2%), which indicates that in con-
ditions of high humidity and atmospheric influence, board
No.2 will provide the best water absorption indicators.

Table 1 shows that the wear of sample No.1 sub-
stantially exceeds the wear of sample No.2, which indicates
greater resistance to abrasion of board No.2. This is also
due to reinforcement with metal elements.

The study of such an important indicator for deck-
ing as the change in linear dimensions under changing op-
erating conditions showed that the elongation of 100 mm
of WPC board No.1 was 0.72 mm and 1.6 mm, and sample
No.2 - 0.5 mm and 0.3 mm. Consequently, sample No. 2
was more resistant to changes in linear dimensions under
conditions of high humidity (92£3%) with the environment
temperature of (40+2°C) and high temperatures (70£2°C)
with low humidity. Notably, in general, this indicator of

WPC boards is largely unpredictable. An increase in tem-
perature for every 10°F (=3.6°C) accelerates the oxidative
degradation of WPC by about three times. On a hot sun-
ny day, at an air temperature of 90°F (32°C), the surface
of WPC flooring heats up to approximately 130-140°F (54-
60°C). At 110°F (43°C), the flooring surface temperature
reaches 160°F (70°C), and the thermal oxidation of the
polymer in WPC is accelerated by a factor of 240. Two pow-
erful stabilising factors contribute to extending the service
life of composite decking boards - the density of WPC and
the introduction of antioxidants.

Conclusions

The obtained results of experimental studies allow the eval-
uation of the physical and mechanical parameters of WPC
decking with various fillers. According to the results of the
study, it was identified that the quality indicators of decking
made of wood-polymer composite have a fairly high level
and generally meet the established standards. Therewith,
it is noted that WPC decking with a PE-based binder has
worse performance, which can be explained to some extent
by the presence of a large number of cavities. The presence
of cavities indicates excessive moisture in the board or a
lack of mineral fillers, and the destruction of the polymer.
Thus, based on the conducted studies, it is possible to iden-
tify a number of clear dependencies that indicate that the
use of polyvinyl chloride as a binder substantially improves
the physical and mechanical performance of decking based
on a wood-polymer composite.

The results of the conducted study will help solve
the problems of improving the strength characteristics of
wood-composite material to expand the range of goods
based on wood waste.
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Illomo pesIKMx MeXaHIYHUX BJIaCTUBOCTEN TePaCHOi JOIIKU
3 JepeBMHHO-TIOIiMepPHIX KOMIIO3UTIB i3 pi3HMM HAIIOBHIOBAY€M

Harania BonogumupiBHa Bylicbkux

HarioHanbHMi1 yHiBepcuTeT GiopecypciB i mpMpomoKopuCTyBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

Anorarisg. OgHuM i3 HanpsiMiB TIepepo6IeHHs TepPeBUHHUX BiIXOMiB € IX BUKOPUCTAHHSI Y BUPOOHUIITBI TePEBUHHO-
nosiMepHMx Kommo3uTiB ([I1K). AKTyaJbHiCTh JepeBUHHO-TIONIMEPHUX BUPOGIB 3YMOBJIEHO MIMPOKMM CIIEKTPOM
3aCTOCYBaHHS Ta SIKOCTSIMM 1IbOrO MaTepiany. IKII He rHue, He YIIKOMKYETbCS KOMaxaMy Ta TpubaMu, He MiCTUTb
WIKigIMBUX B’SDKyunx. Bupobu 3 JIIIK He po3TpiCKYIOThCS, HE SKOJOOISITHCS, BOMOCTINKi, IO pobuTh iX rapHuUM
MaTepiasoM [J1s1 BUTOTOBJIEHHST TePaCHOi JOIIKY. PasoM 3 TMM, y TepacHOI JOLIKM MalOTh OyTY TI€BHI MexaHiuHi SIKOCTi,
IO ACTh 3MOT'Y BUKOPMCTOBYBATH ii B JOCUTH SKOPCTKUX YMOBAX — IIif Ii€t0 Bosiory, YO-BUIIPOMiHIOBAHHS Ta 3 TIEBHUM
HaBaHTaxkeHHSIM. [le TOC/TiKEeHHST Maio Ha MeTi BU3HAUEeHHST OCHOBHMX (Di3MKO-MeXaHiYHMX XapaKTePUCTUK (IIiIbHOCTI,
MILIHOCTi Ha 3TMH, MOZY/ISI IIPY>KHOCTI, BOLOMOIMHAHHS, TBePAOCTi, CTIIKOCTi HAa CTMPaHHS, 3MiHM JiHITHUX PO3MipiB
pu 3MiHi aTMocdepHOro cepemoBuiia) 3pasKiB TepacHOi JOLIKM, BUTOTOBIeHOi 3 [ITTK 3 pisHMMM HarTOBHIOBaYaMM. JIjist
IOCTiIKeHHS 6YI10 Bifmi6paHo 3pa3ky 3 MyCTOTI/IOl TepacHO1 IOMIKY, y IKMX K HAITOBHIOBAY 3acTocoBaHoO rnosietuseH (I1E)
Ta noniBiHinxaopuz ([IBX). Ha 0CHOBI MpoBeeHNX eKCIIepUMEeHTaTbHUX AOCTIIKeHb 6Y/I0 BCTAHOBJIEHO, IO HIIbHICTh
060X 3pasKiB € JOCTaTHbO BVCOKOI0, OJIM3bKOKW A0 MaKCMMAaJIbHOI; Pi3HUIISI € HECYTTEBOK, OOHAK MPU JOCTiIKEHHI
MiKpO3pi3iB i MiKpOCKOIIOM Y 3pa3sKax, y IKUX SIK B’siKyde 3acTocoBaHoO I1E, criocTepiraeTbest 6ibIa KibKiCTh TOPOSKHIH,
IO CBiMUMTH MPO HASBHICTh 3aiiBOI BoMOTM a60 HecTauy MiHepaJbHUX HAMOBHIOBAUiB. TaKOX Iie MOXKe GYTU O3HAKOIO
IleCTpyKIiii mosnimMepy. BusHaueHo, 110 HM3Ka iHIIMX BSKIMBUX MTOKA3HUKIB, IK-OT MilIHICTh Ha 3TMH, MOJY/Ib IIPY>KHOCTI,
BOJOIIOITIMHAHHS, CTiMKiCTh O CTMPAHHS, HAKpaIIMMM BUSBWINCS ¥ 3pa3kax i3 HallOBHIOBAuUeM i3 IMOMiBiHIIXIOPUIY.
Haii6inpiua pisHuiis 6y/a y moKasHuKa MilTHOCTI Ha 3TMH — 35 %. TaKOX BCTAHOBJIEHO, IO 3a TBEP/iCTIO 06MIBa 3pasKu
BUSIBWINCS PiBHO3HAYHMMU. [IpoTe MOIY/Ib IIPY>KHOCTI Y 3pa3Ka 3 HaroBHIoBaueM 3 I1E mepeBUIIMB MOKAa3HUKM 3pa3Ka
3 HaroBHIOBaueM i3 [IBX mainke y 2,5 pasy. OTke, Ha OCHOBi TPOBEAEHMX TOCTIIKEHb MOKIUBO BUSIBUTU HU3KY UiTKUX
3aJIEKHOCTEeH, SIKi CBiUaTh, IO 3aCTOCYBAHHS MOJIBIHIIXJIOPUAY SIK B’SKYYOTO 3HAYHO TMOKpairye (Gi3mKo-mexaHiuHi
TOKA3HMKM TepacHOi JOIIKM Ha OCHOBi JepeBMHHO-TIONIMEPHOr0 KOMIIO3UTY. PesynbTaTy MpoOBemeHUX IOCITiIKeHb
JIAnayTh 3MOTY BUPIITyBaTU ITPOGIEMI TTOKPAIEHHS MIiITHICHMX XapaKTePUCTUK JePeBMHHO-KOMITO3UIIifTHOTO MaTepiany
IS pO3IIVPEHHST aCOPTMMEHTY Ha OCHOBI IepeBMHHUX BigX0miB

KirouoBi c1oBa: 1IiIbHiCTh, TBEPIICTb, MOAY/b IPY>KHOCTI, BOLOMOIIMHAHHS, CTIMKICTb O CTUPaHHS
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Pulse drying of red oak wood workpieces
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. Thereasons for reducing the cost of lamella made of oak wood - the front covering of floorboards — are determined.
It is established that when drying oak wood at low temperatures, moisture accumulates in the area near the surface - the
so-called conditional source of moisture. This leads to the development of light spots inside the lumber, which were stored
for a long time in conditions of increased air humidity and had a low rate of moisture removal. It is proposed to intensify
the drying process by using pulse modes, which consist of periods of heating and cooling of wood to avoid this defect.
During the heating period, the temperature of the material gradually increases, the wood receives a thermal shock and
accumulates heat, and drying occurs only due to the humidity gradient. During cooling, the temperature of the medium
decreases, the degree of saturation increases and, accordingly, the equilibrium humidity increases. As a result, the surface
layers of the material are moistened, moisture is levelled along the thickness of the wood, and drying stresses are relaxed.
Experimental studies of pulse drying of workpieces made of red oak wood with a thickness of 30 mm and 50 mm were
conducted in laboratory conditions. The amplitude of the temperature fluctuation — 30°C and the expediency of cyclic
heating are determined only until the average humidity of the material reaches 20%, after which the wood must be dried
to the required final humidity at a constant heating temperature. A method for calculating the duration of pulse drying
is proposed, which considers the kinetics of heating and cooling periods of red oak lumber products with a thickness of
30 mm and 50 mm. It is recommended to consider the process of temperature change kinetics as the sum of the processes
of cyclic heating, which occurs according to the polynomial dependence, and cyclic cooling, which occurs according to the
exponential dependence. It is determined that the ratio of the duration of cyclic heating to the duration of cyclic cooling is
1/3. Using heat and mass transfer criteria and the experimentally determined moisture conductivity coefficient of red oak
wood, an adequate model for calculating wood temperature and relative humidity during wood heating and cooling cycles
was developed. Based on the results of theoretical and experimental studies, pulsed drying modes of red oak workpieces
of various thicknesses are proposed, which prevent the development of white spots inside the material. There was a
reduction in the process duration by 1.5-2.4 times and a reduction in energy consumption by 1.53 times. The indicators
of residual stresses, the values of the stress difference in the workpieces after drying, and the values of the static flexural
strength determined experimentally showed that their drying quality corresponds to the first quality category according
to DSTU 4921:2008. Comparison of the obtained values with the maximum permissible values of the tensile strength
across the fibres in the tangential direction o= 6.5 MPa showed a safety margin of 25%, which indicates the possibility of
using pulse drying modes for high-quality drying of workpieces made of red oak wood
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Introduction

Among manufacturers of floor coverings, the fast-growing
introduction of red oak (Quercus rubra) is gaining popular-
ity today. Red oak covers an area of 2251 hectares in the
forests of the State Forestry fund of Kyiv Polesia (Poliakova,
1999).

Parquet billet, made of solid wood and coatings in
the form of parquet boards, consisting of several layers and
having a front coating in the form of slats made of solid
hardwood are considered floor coverings. In the technology
of manufacturing lamella, the following methods are used:
pre-cutting of lumber to slats and its subsequent drying,
accompanied by substantial labour costs for the formation
of drying sets, and pre-drying of lumber with subsequent
production of lamella.

Today, convection chambers heated with hot wa-
ter are used for drying lumber. When drying oak wood at
low temperatures, moisture accumulates in the area near
the surface — the so-called conditional source of moisture
(Pinchevska, Spirochkin, Sedliacik & Oliynyk, 2016). This
leads to the development of light spots inside the lumber,
which were stored for a long time in conditions of increased
air humidity and had a low rate of moisture removal. The
development of stains reduces the cost of the lamella. It is
possible to get rid of this defect by intensifying the dry-
ing process by increasing the temperature of the drying
agent. However, prolonged exposure to high temperatures
L., >60°C for wood with a humidity greater than W>30%
contributes to a sharp decrease in its strength. Because of
this, it became necessary to develop rational modes for the
drying process of lumber made from red oak wood.

The removal of moisture from hard hardwoods is
characterised by certain features: a substantial duration
of the process; fastidiousness to the drying regime param-
eters due to temperature and humidity limits; the risk of
defects or discolouration during the drying process, etc.
(Pinchevska, Koval & Marchenko, 2012; Wegener & Fengel,
1987). This is primarily due to the anatomical structure of
wood - substances that form the microstructure of these
species (Vintoniv & Uholiev, 2007).

One of the ways to intensify the drying process of
lumber is the use of pulse modes, the essence of which is
to alternate periods of heating and cooling (Miliii & Kolin,
2008; Remond & Perre, 2008). During pulsed drying, the
heating and cooling cycles play different roles in heat and
mass transfer processes (Lykov, 1956). During the heating
period, the temperature of the material gradually in-
creases, the wood receives a thermal shock and accumulates
heat, and drying occurs only due to the humidity gradient.
During cooling, the temperature of the medium decreases,
the degree of saturation increases and, accordingly, the

equilibrium humidity increases. The temperature inside
the wood exceeds the temperature of the surface layers.
Due to this difference, a positive temperature gradient oc-
curs in the wood, which leads to the migration of moisture
from more heated layers to less heated ones. As a result,
the surface layers of the material are moistened, moisture
is levelled along the thickness of the wood, and drying
stresses are relaxed (Pleschberger, Hansmann, Mueller &
Teischinger, 2013). Since no energy is consumed during the
cooling period of wood, this leads to a substantial reduction
in its usage (Kosarin, 2012; Milili & Kolin, 2008) and a 24%
reduction in the prime cost of the process (Kosarin, 2012).
Mixed opinions are expressed about the effect of periodic
heating on the drying time, in particular, the reduction of
the process duration by 1.5-2 times for beech and oak wood
is indicated in (Lubovitsly, 1986), the opposite opinion is
highlighted in the papers (Bond & Espinoza, 2016; Salin,
2003). However, all researchers note an improvement in the
quality of drying.

It is necessary to consider the temperature and hu-
midity of the drying agent during heating, determine the
safe amplitude of temperature fluctuations for the drying
quality, and the influence of the heating temperature level
on the mechanical properties of the material to determine
the quantitative values of the parameters of pulsed drying
modes of lumber. The frequency of heating-cooling cycles
during drying should be conducted only during the period
when the wood contains Free Moisture. Further application
of such cycles does not affect the rate of removal of bound
moisture (Pleschberger, Hansmann, Mueller & Teischinger,
2013; Militi & Kolin, 2008). After the wood reaches humid-
ity W= 20% the temperature of the drying agent should be
maintained at a constant level until the lumber reaches the
specified final humidity (Welling, Riehl & Zerhau, 2004;
Folvik & Magnar, 2004).

The creation of pulsed modes is based on the prin-
ciple of intermittent processes observed during atmo-
spheric drying or drying using solar energy in solar dryers
(Tepnadse, 1986; Hasan & Langrish, 2016), when the wood
is heated during the day and cooled at night. The use of
pulse modes, in contrast to drying in solar dryers, allows
adjusting the parameters of the drying agent depending
on the characteristics of the dried material. The difficulty
lies in determining rational modes since the known analyti-
cally calculated parameters differ both in the level of tem-
perature and the amplitude of its fluctuations, the level of
relative humidity, the duration of the “heating — cooling”
cycles, even for lumber of the same species and thickness
(Kosarin, 2012; Shyshkina, 2006). Thus, today, there are no
theoretically confirmed and experimentally verified modes
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of intensive drying of red oak wood that would not cause
the formation of a so-called conditional source of mois-
ture, which causes the appearance of light spots in the in-
ner layers of lumber.

The purpose of the study is to determine the pa-
rameters of a rational drying mode for lumber made of red
oak wood in the process of pulse drying, which will ensure
high-quality drying of wood with the preservation of me-
chanical properties.

Materials and Methods

Red oak workpieces without visible defects with a thickness
of 30 mm and 50 mm were selected, which corresponds to
the thickness of industrial lumber, which is most often
used in lamella manufacturing technology to analyse the
main operating parameters. The width of the experimental
samples was 85-90 mm, and the average initial humidity
ranged between 45-50%. The samples were dried to a hu-
midity of 7-8%. Drying was conducted in a laboratory dry-
ing device with a loading volume of 0.12 m® of dense ma-
terial equipped with an automatic process control system

that maintains the drying agent circulation rate at 1.2 m/s.
The temperature inside the samples was measured using
thermocouples. Saturated steam was supplied to the cham-
ber to avoid rapid removal of moisture and, accordingly,
cracking of the material during heating.

The DSTU 4921:2008 and ENV 14464:2002 methods
were used to calculate the internal stress index of dried
workpieces based on the relative deformation of the teeth
of power sections. The values of the elastic modulus and
elastic deformations were determined according to the
method presented in a paper (Uholiev, 2007).

Determination of the mechanical properties of dried
wood (tensile strength and elastic modulus under static
bending) was performed in accordance with the instructions
of the standard method (EN 408:2010) using the P-5 testing
machine. The tests were conducted indoors at an air humid-
ity of 65+5% and an environment temperature of 20+2°C.

The hypothesis of oscillatory drying kinetics is
proposed to calculate the rational parameters of the dry-
ing mode, which consists in representing the temperature
change of the material according to the sinusoidal law:

. 2 1 .
tsurf = tmia + Ar - sin (Tp%'rdr) + E(ta —tw)Ki-e-Ko- Ly, 1)

where tg,,r — wood surface temperature, °C; tp;q — arith-
metic mean of the heating and cooling temperature
values,°C; A, - oscillation amplitude,°C; 7,.,~ duration of
one cycle (heating—cooling), h; 74 — duration of the dry-
ing process, h; t,— environment temperature,°C; t;, — ini-
tial wood temperature,®C; Ki — Kirpichev criterion (Lykov,
1956); € — coefficient of phase transformation of moisture
(Horokhovsky, 2008); Ko — the Kosovich criterion (Lykov,
1956); Ly — Lykov criterion (Lykov, 1956).

It is necessary to have quantitative values of the
moisture conductivity coefficients of oak wood, which are
determined experimentally to determine the quantitative
values of the Lykov criterion Ly and the Kirpichev criterion
Ki. The contact humidification method was used (Serhovsky
& Rasev, 1987; Alpatkina, 1970) to determine the coeffi-
cients of moisture conductivity. For this purpose, samples
of red oak wood originating from the Polesia zone - the
largest area of oak forests in Ukraine were selected. The
total number of experiments considering the obtained
(Alpatkina, 1970) coefficient of variation V= 7.7% was
32 pcs. Other components of the above-mentioned crite-
ria and the coefficient of phase transformation of mois-
ture were determined by known dependencies (Vintoniv,

Sopushynsky & Teischinger, 2007; Horokhovsky, 2008;
Kosarin, 2012; Shubin,1990; Ozarkiv & Kopynets, 2006).

Results and Discussion

The parameters of the pulse drying mode were deter-
mined empirically. The parameters of the drying agent
during heating were as follows: temperature t = 100°C,
relative humidity — ¢ = 90-100%. The heating duration is
determined by reaching the temperature of the centre of
the workpieces ¢ = 85°C. A study of the duration of the
process was conducted in the case of reaching different
cooling temperature levels (¢, = 25°C, t_ = 55°C, and

cool2”

t,.s= 710°C) to determine the rational amplitude of tem-
perature fluctuations. It is determined that the highest
rate of moisture removal from samples is characteristic of
the amplitude of fluctuations in the sample temperature
period equal to 30°C, similar to the results obtained in
the studies (Zakharzhevsky, 1948; Minhazov & Kachalin,
1976).

The hypothesis of temperature change according
to the sinusoidal law does not correspond to experimental
data, while the duration of heating the material is almost
3 times shorter during cooling (Fig. 1).
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Figure 1. Factual values of the parameters of the drying mode of red oak with a thickness of 50 mm at the initial stage

Experimental data on the kinetics of temperature
changes (Fig. 2) showed that the heating period is polyno-
mial dependent, and the cooling period is exponential. Ac-
cording to the differences in the kinetics of changes in the
surface temperature of samples corresponding to the tem-
perature of a wet piece during the heating periodt__, ., h,
and cooling ¢ . h,the hypothesis of the sinusoidal law of
its change was adjusted. It is proposed to consider separate
periods of heating and cooling:

1 .
tsurf.heat = teenheat T 2 (tc - tcen.cool) : KLmSKOLuv

1 .
tsurf.cool = teen.cool T 2 (tc - tcen.heat) : KLmSKOLuv

wheret, , .t -temperature of the central part of the
workpieces during the heating and cooling period, respec-
tively, °C.

Total drying time 1, , h, according to the proposed

mode, is advisable to be determined by the total number

of cycles consisting of the sum of heating periods t,,, h,
cooling t_ , h, and continuous heating period t_,,, h (from
humidity W= 20% to final humidity W= 6-10 %):

Toyw =N (Theat *+ Tcoot) t+ Tconts 3)

where n — number of cycles of the oscillating drying pro-

cess, pcs.; 1, — heating duration, h; t_ , — duration of the

heat 0l

cooling process, h; t, - duration of drying with contin-
uous heating to the operational humidity of the material
from humidity W= 20%, h.

The following equation was used (Serhovsky &
Rasev, 1987) to determine the last drying period at con-
stant temperature:

T _ 3600-52l (Win_Weq)
cont — T o W —Weq )

4)

where a’ - coefficient of moisture conductivity, cm%/s; W, ,
W, W, - initial, final, and equilibrium humidity, respec-
tively, %; S — material thickness, cm.

An empirical equation is proposed to determine the
number of heating-cooling cycles depending on the thick-
ness of the material and the initial humidity:

n=(14- Wy, —85)-5S+0,033- W, —5623. (5

Checking the obtained equation for the substanti-
ality level of 5% confirmed the adequacy of the model (ac-
cording to the Student’s criterion t_,= 0.01 <t = 2.05;
according to the Fischer criterion F_ = 1.10<F, = 2.98).

Considering the specific features of the kinetics of
heating and cooling cycles, the regression equation of the
drying duration of the material during pulsed heating is
presented as:
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Theat = ((0,005-5 —0,0012) - W,

+ 0,655 + 0,05) - theqe +

+(0,14 — 2,00 - S) - W, + 75,05 - S — 6,54; ©)
Teoot = (1,65 - S — 0,069) - In(W,) — 10,17 - S + 0,264) - t o001 +
+(4,08 — 86,48 - S) - In(W,) + 474,92 - S — 10,09,

where W, - final moisture content of the material, %; t,_,
t; — heating and cooling temperatures, respectively (ac-
cording to Table 1), °C.

50 45 40 35 30 25 20

Material humidity, %

—_

Cycle duration, h
o

M Theoretical cycle duration

B Experimental cycle duration

a)

Verification of theoretical equations for the dura-
tion of heating and cooling cycles (Fig. 2) confirmed the
adequacy of the models (Table 1).

50 45 40 35 30 25 20

Material humidity, %

—_

Cycle duration, h
o

M Theoretical cycle duration
M Experimental cycle duration

b)

Figure 2. Comparison of experimental and calculated duration of drying cycles of 50 mm thick red oak workpieces:
a - heating; b — cooling

Table 1. Results of checking the adequacy of models for duration values for different drying periods

Student’s t-criterion F- Fischer criterion
Species Drying period
tcalc crit Fculc Ftable
cooling 0.41 2.07 1.31 2.82
Red oak
heating
heating 0.41 2.07 1.31 2.82
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The following equation of the treatment in different
periods of pulsed drying to determine the degree of satura-

tion ¢ agent is proposed:

-17 7,77
b — 1001~ (0:006+1075(120-t) ") (te—n-teenpear +%-(tc—to)-KimsKoLu)1'°74+1° (146-tc)
heat — ’

-17 7,77
b _ 1001—(0,006+10_5(120—tv)1'46)'(tv—n'tcenwol +%~(tv—t0)~Kim£KoLu)1'074+1O (146=tc) """ ™)
cool — :

wheret, - environment temperature of the drying chamber, °C.
The values of medium base density of red oak
wood - p, = 570 kg/m®, and also dependences of moisture
conductivity coefficients on the temperature in the tangen-
tial and radial directions obtained experimentally are used to
calculate the corresponding criteria in equations (2) and (7):
- for the radial direction:

a'=(0,1491-t — 3,4210) - 1075, 8)
- for the tangent direction:
a'= (0,1203 -t —2,9170) - 1076, &)

In accordance with the obtained results of theo-
retical and experimental studies, pulsed drying modes of
workpieces made of red oak wood are proposed (Table 2).

Table 2. Recommended pulse drying modes for red oak wood

Lumber thickness, mm
Average humidity, % Mode parameters
30 50
Environment temperature ¢, , °C 100 80
Workpiece temperature t,, , °C 85 65
1%
Cooling temperature t_ , °C 55 35
Degree of air humidity ¢, % 95 95
Environment temperature ¢, , °C 100 80
Workpiece temperature t,, , °C 85 65
30-25
Cooling temperature ¢ , °C 55 35
Degree of air humidity ¢, % 50 79
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Table 2. Continued

Lumber thickness, mm
Average humidity, % Mode parameters

30 50
Environment temperature t, , °C 100 80
Workpiece temperature ¢, °C 85 65

25-20
Cooling temperature t_ , °C 55 35
Degree of air humidity ¢, % 38 55
Environment temperature ¢, , °C 100 80

20-15
Degree of air humidity ¢, % 35 40
Environment temperature t, , °C 100 80

<15

Degree of air humidity ¢, % 35 38

According to the results of drying by the proposed
modes, it was identified that no unacceptable defects were
observed in the workpieces of thicknesses, the wood colour

b

became darker, and the texture was more clearly mani-
fested. After cutting the lumber, no white spots were iden-
tified on the lamella (Fig. 3).

Figure 3. The surface of lamella made of oak wood, dried in various modes:
a) low-temperature with the presence of white spots; b) cyclic — with a uniform colour
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Comparison of the obtained results of the drying
duration according to the proposed pulse modes with the
calculated values of the drying duration according to con-
ventional continuous modes (Serhovsky & Rasev, 1987)
showed a reduction in the process duration by 1.5-2.4
times, depending on the thickness of the workpieces.

According to the relative deformation of the power
sections, it was determined that dried workpieces corre-
spond to the first category of drying quality according to

-2.00

-1.50

-1.00

-0.50

Stress o, MPa
Stretching compression

0.00

0.50

1.00

DSTU 4921: 2008 in terms of the assessment of internal
stresses. The stress plots were visualised (Fig. 4) and the
values of the voltage drop after drying are determined by
the mode given in Table 2 to quantify the stress state of red
oak samples with a thickness of 50 mm. Comparison of the
obtained values with the maximum permissible values of the
tensile strength across the fibres in the tangential direction
o, = 6.5 MPa showed a safety margin of 25%, that is, dried
workpieces should not deform during further processing.

Workpiece thickness, mm

Figure 4. Diagram of residual stresses of sample No.2

When testing dried workpieces for static bending, it
was identified that after reaching the maximum load, the
samples retained their shape for a certain time before fi-
nal destruction. The maximum fracture load at the factual
humidity of the sample dried in the classical continuous
mode and the developed pulse mode was 3.1 kH and 3.8 kH,
respectively. Consequently, short-term exposure to elevated
temperatures of the drying agent did not affect the me-
chanical properties of 50 mm thick red oak samples.

Conclusions

Based on the conducted theoretical and experimental
studies of pulse drying of workpieces made of red oak
wood, rational modes are proposed that allow for avoiding

the appearance of white spots inside the workpieces. It
is determined that the values of the ultimate strength
for static bending of dried workpieces made of red oak
wood are 15.0% higher than the values of the ultimate
strength for wood that was dried according to the classical
low-temperature regime.

It is advisable to implement the developed oscil-
latory modes in non-heater drying units, the advantage
of which is low inertia in temperature, that is, the dryer
heats up and cools down quickly. The use of the devel-
oped modes of oscillatory drying in such chambers, tested
in industrial conditions, provides economic efficiency by
reducing the drying time and reducing energy costs by up
to 40%.
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IMITy/IbCHE CYLIiHHS 3aTOTOBOK i3 IepeBUHM Iy0a YepBOHOTO

Onena OnekciiBHa IliHueBcbKa, AHAPii KocTasHTHOBUY CIripoukiH

HarioHanpHMi1 yHiBepcuTeT 6GiopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoTaiisg. BusHaueHO NMPUMYMHY 3/elleBAeHHsT BUTOTOBIEHOI 3 IepeBMHM qy0a JlaMesli — JIMIbOBOTO TIOKPUTTS TOIIOK
IUTS T T0TM. BCTaHOBIIEHO, 1O T, Yac CYIIiHHS IepeBUHY Ay6a 38 HU3bKUX TEeMITEPATyp BUHMKAE HAKOMTMYEHHS BOJIOTU
y 30Hi 6i7Is1 TOBEpXHi — TaKk 3BaHe YMOBHE Jkepeno BOJMOTH. Lle MpU3BOAUTH O YTBOPEHHS CBITIMX IUISIM yCepemyHi
mioMarepiatiB, sIKi TOBTMii yac 36epirajnch B yMOBax ITiJBUILEHOTO CTYINEHS HACMUYEHHS TMOBITPSl Ta Maju HU3BKY
MIBUIKICTh BUAAJIEHHS BOJOTU. [I71 YHMKHEHHS LbOro AedeKTy 3alpoINOHOBAHO iHTeHCHGIKyBaTU MPOLEC CYITiHHS
[IJIIXOM BMKOPUCTAHHS iMITYJIbCHUX PEXMMIB, SIKi CKIaJAI0THCS 3 MepiofiB HarpiBaHHS Ta OXOJIOMKEHHS JepeBUHU. Y
repion, HarpiBaHHS TeMIlepaTypa MaTepianay OCTYIIOBO IiIBUIILYETHCS, AePEBMHA OTPUMYE TETUIOBMIA yap i HAKOTIMYYeE
TEIIO0, CYIIiHHS BiIOYBAETHCS JIUIIIE 32 PAXYHOK IpafieHTa BOAOrocTi. Iim yac oXonomskeHHS TeMIlepaTypa cepeloBUIIa
3HVDKYETHCS, CTYIIiHb HAaCMUEeHHS 3pOCTaE i, BiATIOBIHO, MiABUIIYETHCSI PiBHOBasKHA BOJIOTICTh. Y pe3y/ibTaTi ITOBepXHeBi
Iapy MaTtepiasry 3BOJIOKYIOTHCS, BOJIOTA 10 TOBLIVHI JTepeBMHM BUPIBHIOETHCS, BilOYBA€ThCS peJlakcallisi CymmMabHUX
HarpykeHb. Y 7a60paTOPHUX YMOBax MPOBEAEHO eKCIIepMMEeHTaNbHi JOCTiIKeHHS iMITyJbCHOTO CYIIHHS 3aTOTOBOK
i3 mepeBuHM myb6a UepBOHOTO TOBIIMHOI 30 MM i 50 MM. BusHaueHO aMILTITYmy KOMMBaHHS Temmepatypu — 30 °C
Ta JOLIJIbHICTh MTPOBEAEHHSI LMKIIYHOTO HAarpiBaHHS JuIle A0 NOCSTHEeHHS cepeqHboi Bosorocti matepiamy 20 %,
MiCJIST YOTO JepeBUHY MOTPiOGHO BUCYIIYBATM 0 HEOOXiMHOI KiHIIeBOi BOJOTOCTi 3a CTasoi TeMIlepaTypy HarpiBaHHS.
3arporIOHOBAHO METOJ, PO3PaxyHKY TPUBAJIOCTI iMITYJIbCHOTO CYILIiHHS, IKMi1 BPaXxOBY€e 0COOGIMBOCTI KiHETUKM TePiofiB
HarpiBaHHs i OXOMOAKEHHST MUIONIPOAYKIIiI 3 JepeBUHM y6a 4epBOHOTO TOBIIMHOW 30 MM i 50 MM. PekoMeHI0BaHO
POSIISIAAT MPOIeC KiHEeTUKM 3MiHM TeMIlepaTypu SIK CyMy IIPOIIeCiB IIMK/IIYHOTO HarpiBaHHS, 10 BimOyBaeThCsS 3a
MOJIiHOMIaJIbHOIO 3aJIEXKHICTIO, Ta IMKIIYHOTO OXOJIOMKEHHS, IO BifOYBAE€ThCS 3a EKCIIOHEHIiaJIbHOIO 3aJIeXKHICTIO.
BusHaueHo, IO CHiBBiZHOWMIEHHS TPUBAIOCTI HUKIIYHOTO HArpiBaHHS [0 TPUBAJIOCTI LMKIIYHOTO OXOJIOIKEeHHS
CTaHOBUTH 1/3. 3 BUKOPUCTAHHSM TEIVIOMACOOOMIHHMX KPUTepiiB Ta BM3HAUEHOTO €KCIIEPUMMEHTAIbHUM IUITXOM
KoedillieHTa BOJIOTOTIPOBITHOCTI AepeBUHNM Ayb6a UuepBOHOTO PO3POOIEHO aleKBATHY MOZEIb PO3PAXYHKY TeMIIepaTypu
JlepeBMHM Ta BiJHOCHOI BOJIOTOCTi MOBITpsS MPOTITOM I[MKJiB HarpiBaHHS Ta OXOJOMKeHHS AepeBMHU. Ha oCHOBIi
OTPUMAaHUX Pe3Yy/IbTATiB TEOPETUUYHMX i eKCTIEPUMEHTATIbHUX TOCTiKEHb 3aITPOTIOHOBAHO iMITY/IbCHI PEXXUMU CYITiHHS
3arOTOBOK Iy6a UepBOHOTO Pi3HOI TOBIIMHMY, SIKi 3a1106iraloTh YTBOPEHHIO GiINMX IJISIM ycepeayHi MaTepiany. 3ayBaskeHO
CKOpOYEeHHS Tmpotiecy y 1,5-2,4 pa3y Ta 3MeHIIeHHs eHeproButTpat y 1,53 pasy. BusHaueHi ekcriepyMeHTaIbHUM MUITXOM
MOKAa3HMKY 3aJIUIIKOBUX HAIPY)XeHb, BeIMUMHY Iepenaay HalpyKeHb Y 3aTOTOBKAX IMiC/Is CYIIiHHS Ta BeIMYMHU Mexi
MIITHOCTi Ha CTAaTUYHMIT 3TMH MMOKa3aJn, 0 SIKiCTh CYIIiHHSA iX BigmoBigae I kateropii sikocti srigHo 3 JCTY 4921:2008.
TMopiBHSIHHSI OTPUMMAaHMX 3HAYEHb i3 MaKCMMAaJIbHO JOMYCTMMMMM 3HAUYEHHSMM MEXi MIIIHOCTi Ha pPO3TAr IOIepeK
BOJIOKOH Y TaHT€HIIia/IbHOMY HanpsAMKy o, = 6,5 MIla mokasaao 3amac MinHOCTi 25 %, WO CBiTYMTDb NPO MOKIMBICTH
3aCTOCYBaHHS iMITyJTbCHUX PEKMMIB CYIIiHHS IJIST IKICHOTO CYIIiHHS 3aTOTOBOK i3 TepeBuHM Ay6a UepBOHOTO

KntouoBi ciioBa: ny6 uepBouuit (Quercus rubra), KoedillieHT BOJOTOTIPOBiMHOCTI, iMITY/IbCHI PEKUMMU, SIKICTh CYIIHHS,
TEepPMiH CyIIiHHS
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Influence of growing conditions on changes in the species composition
of mycobiota of scots pine seeds

Hanna Boiko’, Nataliia Puzrina

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The species composition of Scots pine seeds collected from plantings growing in different forest conditions
and selected from trees of different age groups is investigated. It is identified that the seeds most often encountered
micromycete species — Alternaria alternata, Cladosporium cladosporioides, Fusarium oxysporum, Mycelia sterilia. Dominant
micromycete species are identified, in particular, Penicillium cyclopium, Alternaria alternata, Cladosporium cladosporioides,
Fusarium sambucinum, which are most dangerous for the development of healthy planting material. The largest number of
micromycetes from seeds of plantings growing in wet (A,) - 189 species and fresh pine barrens (A,) - 103 micromycetes,
and the smallest — fresh (B,) and wet su-barrens (B,), respectively 92 and 93 isolates. Micromycetes Penicillium cyclopium,
Alternaria alternata, Trithothecium roseum had the highest occurrence frequency on experimental samples of Scots pine
seeds selected from fresh barren plantations, and the lowest — Mortierella alpine, P. canescens, P. lanosum, P. variabile,
Fusarium sporotrichioides. Notably, Mycelia sterilia (9.2%) and Fusarium sporotrichioides (9.6%) were most often identified
on seeds selected from trees of different age groups, while the least often ones were Alternaria alternata, A. tenuissima,
Fusarium verticillioides, Trichothecium roseum — 1.9%. The similarity of the species composition of mycobiota seeds selected
from young and medium-aged plantings (similarity indicator — 84.2%) and medium-aged and mature ones (similarity
indicator — 89.4%) was investigated. Less similarity was observed between the species composition of fungi identified
on seeds selected from young and mature plantings (the similarity rate is 73.6%). The seeds of middle-aged and mature
plantings were the most similar, and the seeds of young and mature ones were the least similar. Therewith, seeds selected
from different age groups are different in the species composition of micromycetes (the similarity varied in the range of
73.6-89.4%)
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Introduction

Scots pine, like many other coniferous tree species, is nat-
urally restored only by seed. Phytopathogenic fungi that
cause seed diseases are given special attention in forestry
production, since their presence on seeds, even in hun-
dredths of a per cent of the total number of microorgan-
isms, poses a real threat during its germination. Therefore,
the study of mycobiota seeds is relevant, and its quality
class is the key to the formation of stable and productive
pine plantations (Bojko & Bashta, 2015). The seed quality
class may decrease if the seeds are infected with pathogens
(Bilaj, 1984; Bilaj, 1998). On growing trees, the seeds are
protected by cone scales and, with timely harvesting, are
almost not affected by pathogens from the outside. Seeds
of unopened cones are 100% healthy, but have their own
microflora, including pathogenic (Rozenfeld, 2005).

The wide ecological plasticity of fungi according to
the method of nutrition and substantial biodiversity allows
them to occupy almost all niches of the forest phytoceno-
sis, to ensure the circulation of substances in the bioceno-
sis. It is known that the oldest form of existence of fungi is
a saprotrophic way of life, and the transition to parasitism
in them occurred in the process of long-term evolutionary
development (Patyka, 2007). According to the degree of
parasitic activity and lifestyle, groups of fungi are distin-
guished, which are located at different stages of the evolu-
tionary ladder (Bilokin, 1995).

Evidently, even in natural conditions, the species
and form diversity of mycological and microbiological
groups of Scots pine is directly related to the diet (all other
conditions being equal). It is known that the plant selects
its own myco- and micro-complex, and it is quite likely
that this is due to the nutrition of the plant. Myco- and
micro-organisms are characterised by selectivity to certain
organic and mineral compounds, and their ratio substan-
tially affects mycobiota (Pidoplichko, 1977; Pidoplichko,
1991).

According to the study by Sandul (2010), crops cre-
ated from dark seeds in barren conditions are characterised
by more intensive growth, are better adapted to growth in
them, and are much more promising for reforestation and
afforestation. According to Bojko & Puzrina (2015), forest
conditions substantially affect the quality indicators of the
seed quality class. Seeds collected in fresh su-barren plant-
ings (B,) had the highest germination rate (91.0£2.1%). Its
germination energy was also higher (81.3%+1.5%). Seeds col-
lected from fresh and wet pine barren plantings had germi-
nation rate and germination energy indicators on average
4-15% lower than seeds, which in studies represent the
conditions of fresh and wet soil. Seeds selected from plant-
ings in wet su-barren conditions (B,), were characterised

by high germination energy (83.1+1.1%) and germination
rate (89.2%1.5%). Seeds obtained from trees that grew in
wet forest A, conditions, achieved a germination rate of
85.0+1.8% and had germination energy of 78.4%*1.7%.
Therewith, there was no substantial difference in seed ger-
mination rate from trees of different age groups. In partic-
ular, the germination energy of seeds selected from young
plantings was 76.5%2.1%, medium-aged - 76.0+1.3%,
mature — 79.3%2.1%, its germination rate — 85.0+1.8%,
85.0%1.5%, 87.5+1.8% accordingly.

Some authors, in particular, Antonova (1990), note
that seeds from young trees are not inferior to seeds from
older plantings. This is confirmed by the study by Reshetnik
(2010), which noted that at least at a young age (up to 25
years) there is such a hereditary property. According to the
results obtained by the researcher, the germination rate,
germination energy, and seed mass from young Scots pine
trees were higher compared to the same indicators of seeds
of 100-120-year-old trees.

Naturally, the conditions from which seeds are se-
lected substantially affect the qualitative and quantitative
indicators (Bojko & Puzrina, 2015). Considering this, the
studies were conducted to identify micromycetes of differ-
ent forest conditions and age groups, which, according to
the data, have different species composition.

The purpose of the study is to analyse the species
composition of mycobiota seeds collected from plantings
growing in different forest conditions and from trees of dif-
ferent ages.

The object of research — mycobiota of Scots pine
seeds selected from seeds of different forest conditions and
age groups of trees.

The subject of research — species composition of my-
cobiota of Scots pine seeds.

The study objectives — determine the species com-
position of automycobiota of Scots pine seed batches from
different forest-growing conditions (fresh barren - A,, wet
barren - A, fresh su-barren - B,, wet su-barren - B,) and
from trees of different ages (young, middle-aged, mature).

Materials and Methods

During the study, special scientific methods were used:
mycological and phytopathological - to isolate myco- and
microorganisms from seeds and further examine patho-
genic, cultural, antagonistic properties.

The research material was Scots pine seeds (Pinus
sylvestris L.), collected in plantings of different ages (young,
middle-aged, mature) and different types of forest-growing
conditions (FGC) (wet barren (A,), fresh barren (A,), fresh
su-barren (B,), wet su-barren (B,)).
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The study was conducted in the problem laboratory
“Phytopathology and Mycology” of the V.F. Peresypkin De-
partment of Phytopathology of the National University of
Life and Environmental Sciences of Ukraine.

For the study, agarised differential diagnostic nutri-
ent media optimal for the growth and development of indi-
vidual physiological groups of microorganisms were used:
meat-peptone agar (MPA) - for bacteria; Czapek medium —
for mycelial fungi; potato-glucose agar (PGA) — for mycelial
fungi and yeast.

Scots pine seeds were disinfected with a 0.5% solu-
tion of Potassium permanganate enzyme for 20 minutes,
washed with sterile tap water, after which the test material

was sown on agarised nutrient media or laid out on filter
paper under sterile conditions to isolate mycobiota. The
crops were incubated in triple repetition at a temperature
of 26-28°C for 5-7 days. Counting of colonies began 3-4
days after seeding of the test sample and performed 2-3
accounts with an interval of 1-2 days.

Results and Discussion

The largest number of micromycetes was identified on
seeds collected in wet (A,) - 189 species and fresh pine bar-
rens (A,) - 103 micromycetes, while the smallest was from
the fresh (B,) - 92 types and wet su-barrens (B,) — 93 iso-
lates (Table 1).

Table 1. Mycobiota of Scots pine seeds harvested from trees in various types of forest conditions, %

FGC
~ ) 3

< < ! n &

Lo 5 g

: 3 : : :
Types of micromycetes & E ] 8 s R

< 2 2 5 &

< - @ 7] =1

o 9 < - 1

= 3 % 17 %]

L= é = ©

occurrence frequency, %

1 Mortierella alpina 3.45 - - - 25.0
2 Mucor globosus - 5.56 3.70 - 50.0
3 M. hiemalis - 5.56 - - 25.0
4 Rhizopus nigricans - - - 6.25 25.0
5 Chaetomium botrychodes - - - 6.25 25.0
6 Aspergillus niger - - 7.41 - 25.0
7 A. versicolor 10.3 - - - 25.0
8 Paecilomyces varioti - 11.1 - 6.25 50.0
9 Penicillium canescens 3.45 - - 6.25 25.0
10 P, cyclopium 27.6 11.1 7.41 - 75.0
11 P. expansum 3.45 - - 12.5 50.0
12 P. funiculosum 6.89 5.56 - - 50.0
13 P. lanosum 3.45 - - - 25.0
14 P variabile 3.45 - 3.70 - 50.0
15 P. wortmannii - - - 6.25 25.0
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Table 1. Continued

FGC
o ) S
< <"’ | :IQ <
Lo 5 g 5
g g 5 £ z
Types of micromycetes E E 3 = = R
< P 2 2 &
Q v = - 3]
& 3 g o 3
& 2
occurrence frequency, %
16 Alternaria alternata 10.3 - 22.2 18.7 75.0
17 A. tenuissima 3.45 - - 6.25 50.0
18 Cladosporium cladosporioides 3.45 - 3.70 12.5 75.0
19 C. herbarum - - 3.70 - 25.0
20 Fusarium graminearum - - 3.70 - 25.0
21 F. moniliforme - 5.56 3.70 - 50.0
22 F. oxysporum - - 14.8 - 25.0
23 F. sambucinum 3.45 5.56 7.41 - 75.0
24 F. sporotrichioides 3.45 - - - 25.0
25 Trithothecium roseum 10.3 27.8 - - 50.0
26 Gliocladium roseum - 16.7 7.41 - 50.0
27 Acremonium strictum - 5.56 - 25.0
28 Epicoccum nigrum - - 11.1 - 25.0
29 Mycelia sterilia 6.89 - 12.5 50
Total number of isolates, pcs. 103 189 92 93 -

This indicator is slightly lower in fresh barren seeds
(A,) - 103 isolates, almost the same number of species was
inherent in seeds selected in fresh (B,) and wet (B,) su-bar-
rens.

This factor can be explained by the presence of
moisture, since micromycetes choose the most favourable
conditions for their development, with a sufficient amount
of moisture necessary for their vital activity. The type of
forest conditions (A,) substantially differs in its quantita-
tive and specific composition of micromycetes.

Most often, micromycete species were identified
on seeds collected from different forest conditions. These
are Alternaria alternata (occurrence frequency (OF) — 7.4-
10.0%, occupancy rate (OR) — 10.0-83.3%); Cladosporium

cladosporioides (OF - 1.7-12.5%, OR - 53.3-79.2%);
Fusarium oxysporum (OF - 2.5-6.7%, OR — 46.7-66.7%);
Mycelia sterilia (OF — 3.0-40.0%, OR — 33.3-83.3%).

Micromycetes had the highest occurrence frequency
on experimental samples of Scots pine seeds selected from
fresh barren plantations Penicillium cyclopium — 26.7%,
Alternaria alternata, Trithothecium roseum — 10.3%, and
the smallest Mortierella alpine, P. canescens, P. lanosum,
P, variabile, Fusarium sporotrichioides — 3.45%.

For wet barren (A,) the highest occurrence fre-
quency was in Trithothecium roseum - 27.8%, Gliocladium
roseum — 16.7%, the lowest — Mucor globosus, M. hiemalis,
Acremonium strictum, Penicillium funiculosum, Fusarium
moniliforme - 5.56%.
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In the conditions of fresh su-barren the most of-
ten were Alternaria alternata (22.2%), Fusarium oxysporum
(14.8%), Aspergillus niger, P. cyclopium, F. sambucinum,
Gliocladium roseum (7.41%), the least Cladosporium
cladosporioides, C. herbarum, Fusarium graminearum,
F. moniliforme (3.70%).

Micromycetes had the highest occurrence frequency
on experimental samples of Scots pine seeds selected from
fresh barren plantations Penicillium cyclopium — 26.7%,
Alternaria alternata, Trithothecium roseum — 10.3%, and
the smallest Mortierella alpine, P. canescens, P. lanosum,
P. variabile, Fusarium sporotrichioides — 3.45%.

In the conditions of wet su-barren (B,) the follow-
ing species were characterised by the maximum occurrence
frequency: Alternaria alternata (18.7%), Cladosporium
cladosporioides, Penicillium expansum (12.5%). The spe-
cies with minimum frequency indicators were: Rhizopus
nigricans, Chaetomium botrychodes, Paecilomyces varioti,
Penicillium canescens (6.25%).

As for the micromycete population coefficient, the
dominant species were Penicillium cyclopium, Alternaria
alternata, Cladosporium cladosporioides, Fusarium sambucinum
(75% settlement rate), which are most dangerous for the de-
velopment of healthy planting material.

Also very dangerous were the following spe-
cies: Trithothecium roseum, Gliocladium roseum, Fusarium

moniliforme, Penicillium expansum, P. funiculosum, Paecilomyces
varioti, Mucor globosus (OR - 50%).

Consequently, forest conditions to a certain extent
affect the species diversity of mycobiota components.

In all experimental versions, Mortierella alpina were
isolated (OF varied between 1.5-13.3%, OR — 6.6-10%); Mucor
globosus (OF — 1.5-16.7%, OR — 13.3-50.0%); M. hiemalis (OF
was 1.3-12.5%, OR - 12.5-25%); Rhizopus nigricans (OF -
1.7-6.25%, OR - 6.7-25%); Paecilomyces varioti (OF — within
0.8-11.1%, OR - 10.0-25.0%); P. lanosum (OF - -3.45%, OR -
13.3-25.0%); P. variabile (OF — 2.1-3.45%, OR - 12.5-50.0%);
P. wortmannii (OF - 0.8-6.25%, OR — 13.3-25%); Alternaria
alternata (OF -7.4-10.0%,0R - 10.0-83.3%); A. tenuissima (OF —
1.9-16.7%, OR - 33.3-50.0%); Cladosporium cladosporioides
(OF - 1.7-12.5%, OR - 53.3-79.2%); F. oxysporum (OF — 2.5-
6.7%, OR — 46.7-66.7%); F. sambucinum (OF — 4.0-6.7%, OR —
30.0-50.0%); F. sporotrichioides (OF — 6.2-16.7%, OR — 16.7-
60.0%); Mycelia sterilia (OF - 3.0-40.0%, OR - 33.3-83.3%).

In the course of the study, such an important factor
as the influence of the age of plantings on the species di-
versity of the microbiota of Scots pine seeds was investi-
gated. Seeds were harvested on the farm in stands of differ-
ent ages of I-1I classes of bonitets, which grew in conditions
of fresh su-barren (Table 2). Seeds selected from different
age groups are different in the species composition of mi-
cromycetes (similarity varied in the range of 73.6-89.4%).

Table 2. Occurrence frequency (OF) and occupancy rate (OR) of mycobiota Scots pine seeds
from trees of different age groups, %

Scots pine seeds from trees of different age groups
Types of fungi young middle-aged mature
OF, % OR, % OF, % OR, % OF, % OR, %
1 Mortierella alpina 3.7 13.3 1.6 6.7 2.5 10.0
2 Absidia glauca 1.9 6.7 0.8 3.3 1.7 6.7
3 Mucor globosus 4.6 16.7 4.0 16.7 34 13.3
4 M. hiemalis 1.9 6.7 0.8 3.3 1.7 6.7
5 Rhizopus nigricans 1.9 6.7 2.4 10.0 1.7 6.7
6 Chaetomium globosum - - 1.6 6.7 - -
7 Aspergillus. flavus 7.4 26.7 4.0 16.7 5.2 20.0
8 A. fumigatus 3.7 13.3 3.2 13.3 4.3 20.8
9 A. nidulans 1.6 13.3 4.0 16.7 4.3 20.8
10 A. niger 3.7 30.0 6.4 16.7 7.7 37.5
11 A. oryzae 8.3 20.0 3.2 13.3 4.3 20.8
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Table 2. Continued

Scots pine seeds from trees of different age groups
Types of fungi young middle-aged mature
OF, % OR, % OF, % OR, % OF, % OR, %
12 A. terreus 5.6 13.3 2.4 10.0 5.2 25.0
13 Paecilomyces varioti 3.7 6.7 3.2 13.3 - 12.5
14 Penicillium canescens 1.9 6.7 4.0 16.7 2.5 10.0
15 P. chrysogenum 1.9 6.7 1.6 6.7 0.8 3.3
16 P, cyclopium 4.6 13.3 1.6 6.7 2.5 3.3
17 P. expansum 1.9 6.7 2.4 10.0 2.5 10.0
18 P, funiculosum 2.7 10.0 4.8 20.0 5.2 20.0
19 P, lanosum 3.7 13.3 4.8 20.0 5.2 20.0
20 P variabile 1.9 6.7 - - - -
21 P. wortmannii 1.9 6.7 10.0 12.5 5.2 13.3
22 Trichoderma viride - - 16.7 95.8 2.5 20.0
23 Alternaria alternata 1.9 6.7 10.0 83.3 3.4 10.0
24 A. tenuissima 1.9 6.7 16.7 50.0 3.4 13.3
25 Cladosporium cladosporioides - - 10.0 79.2 1.7 6.7
26 C. herbarum - - - - 1.7 6.7
27 Fusarium verticillioides 1.9 6.7 - - 1.7 375
28 F. oxysporum 3.7 13.3 13.3 66.7 2.5 6.7
29 F. sambucinum 2.7 10.0 6.7 50.0 1.7 10.0
30 F. sporotrichioides 9.6 16.7 16.7 66.7 2.5 10.0
31 Mycelia sterilia 9.2 33.3 40.0 83.3 5.0 23.3
32 Trichothecium roseum 1.9 6.7 20.0 - 3.4 13.3
33 Epicocum nigrum 3.7 13.3 16.7 - 2.5 10.0
solates pes. 108 - 124 - 116 -

Mycelia sterilia (9.2%), Fusarium sporotrichioides
(9.6%), were the most frequent, while the least fre-
quent were Alternaria alternata, A. tenuissima, Fusarium
verticillioides, Trichothecium roseum — 1.9%.

Seeds selected from middle-aged plantings were
most populated with the spores of Trichoderma viride -
95.8%, Alternaria alternata, Mycelia sterilia — 83.3%,
Cladosporium cladosporioides — 79.2%, Fusarium oxysporum,

F. sporotrichioides — 66.7%. The lowest population rate
was observed for micromycetes of Absidia glauca — 3.3%,
Mortierella alpine, Penicillium chrysogenum, P. cyclopium —
6.7%. Highest occurrence frequency (seeds selected
from middle-aged plantings) — Mycelia sterilia — 40.0%,
Trichothecium roseum - 20.0%, lowest — Mucor globosus,
M. hiemalis — 0.8%, Penicillium chrysogenum, P. cyclopium —
1.6%, Absidia glauca — 4.0%.
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Seeds collected from a mature plantation were the
most polluted with Aspergillus niger, Fusarium verticillioides
(37.5%), Aspergillus terreus (25.0%), Mycelia sterilia (23.3%).
The lowest population coefficient is observed in the spe-
cies of Penicillium chrysogenum, P. cyclopium (3.3%), Mucor
hiemalis, Rhizopus nigricans, Cladosporium cladosporioides,
C. herbarum - 6.7%.

The maximum occurrence frequency is in
Aspergillus niger (7.7%), Penicillium funiculosum, P. lanosum
(5.2%), Mycelia sterilia (5.0%), minimum frequency -
P. chrysogenum (0.8%), Absidia glauca, M. hiemalis, Rhizopus
nigricans, Cladosporium cladosporioides, C. herbarum,
Fusarium verticillioides, F. sambucinum — 1.7%.

Dominant among all age groups were the fol-
lowing species: Trichoderma viride (20.0-95.8%), Mycelia
sterilia (33.0-83.3%), Alternaria alternata (6.7-83.3%),
Cladosporium cladosporioides (6.7-69.2%).

The similarity of the species composition of myco-
biota seeds selected from young and medium-aged plant-
ings (similarity indicator - 84.2%) and medium-aged and
mature ones (similarity indicator — 89.4%) was established.
Less similarity was observed between the species composi-
tion of fungi identified on seeds selected from young and
mature plantings (the similarity rate is 3.6%). The most
similar seeds were middle-aged and mature plantings, the
least similar — young and mature ones.

Conclusions

As the analysis of the similarity of micromycetes of
Scots pine seeds selected in plantings showed,the largest

number of micromycetes was identified in seeds from wet
(A,) — 189 species and fresh barrens (A,) — 103 micromy-
cetes, while the smallest was from the fresh (B,) - 92 types
and wet su-barrens (B,) - 93 isolates; the largest number
of micromycete species was observed on Scots pine seeds
selected from middle-aged plantings (124 strains). Seeds
selected from young stands of Scots pine have the highest
occupancy rate.

The dominant species in all types of forest con-
ditions were Penicillium cyclopium, Alternaria alternata,
Cladosporium cladosporioides, Fusarium sambucinum mi-
cromycetes (75% settlement rate), which are most danger-
ous for the development of healthy planting material.

Mycobiota of Scots pine seeds collected in fresh
su-barren (B,) and wet su-barren conditions (B,), were the
most similar (1.6%). Mycobiota of seeds from fresh barren
(A,) and wet barren (A,) in the species composition is similar.

The highest occurrence frequency and the occupa-
tion rate on seeds selected from different conditions were
observed in Alternaria alternata (OF — 7.4-10.0%, OR - 10.0-
83.3%); Cladosporium cladosporioides (OF - 1.7-12.5%, OR -
53.3-79.2%); Fusarium oxysporum (OF — 2.5-6.7%, OR — 46.7-
66.7%); Mycelia sterilia (OF — 3.0-40.0%, OR — 33.3-83.3%).

It was identified that the largest number of micro-
mycete species is observed on Scots pine seeds selected
from middle-aged plantings (124 strains). The highest seed
occupancy rate selected from young Scots pine stands is in-
herent in Mycelia sterilia (13.3%), Epicocum nigrum (16.7%),
Aspergillus niger (30.0%), the smallest — Paecilomyces
varioti, Penicillium chrysogenum — 6.7%.
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BB yMOB MicCIIe3pOCTaHHS Ha 3MiHY BUI0BOTO CK/Iagy
MiK00iOTM HAaCiHHSA COCHM 3BUYAITHOL

Il'anna OnexkciiBHa Boiiko, HaTasnis BacuiiBaa Ilyspina

HauionanbHMit yHiBepcuTeT 6iopecypciB i MpMpogOKOpUCTYBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

AnoTauis. [JocaigKkeHo BULOBMIA CKIaL MiKPOMIilleTiB HaCiHHSI COCHM 3BMUAifHOI, 3i6paHoro 3 HacaaskeHb, 110 3POCTAIOTh
Y Pi3HMX JIiCOPOCIMHHMX YMOBaX, Ta Bili6paHOro 3 epeB pi3HUX BiKOBUX IPyIl. BcTaHOB/IEHO, 10 HA HACIiHHI HajiyacTime
Tparuisiicss BUAM MikpomitetiB — Alternaria alternata, Cladosporium cladosporioides, Fusarium oxysporum, Mycelia
sterilia. BusHaueHO JOMiHAHTHI BUAM MiKpoMileTiB, 30kpema Penicillium cyclopium, Alternaria alternata, Cladosporium
cladosporioides, Fusarium sambucinum, sKi Hai6inbll Hebe3meuHi s PO3BUTKY 340POBOrO CAAMBHOIO MaTepiaiy.
Inentu¢ikoBaHO HaitbiIbLTY KiMbKicTh MiKpOMiLleTiB i3 HaciHHS Haca[KeHb, IO 3POCTAIOTh B YMOBAX BOJOroro (A,) —
189 BuaiB Ta cBixxoro 6opy (A,) — 103 mikpomineTy, a HaliMeHIy — cBixoro (B,) Ta cuporo cy6opy (B,), Binnosigso 92 i
93 i3onsTi. Hait6inbIry 4acToTy TPAIITHHS Ha JOCTiAHMX 3pa3Kax HaCciHHS COCHU 3BMYAiHOI, BinibGpaHOTOo 3 HACaIKeHb
cBibXkorOo 6GOpy, Maymu MikpomineTu Penicillium cyclopium, Alternaria alternata, Trithothecium roseum, a HaliMeHITy —
Mortierella alpine, P. canescens, P. lanosum, P. variabile, Fusarium sporotrichioides. 3a3HaueHo, 1[0 Haif4yacTillle Ha HaCiHHi,
siKe Bimi6bpaHe 3 mepeB pi3HMX BiKOBUX Iy, Tparisuiics Mycelia sterilia (9,2 %), Fusarium sporotrichioides (9,6 %), Tofi sIK
HaliMeHIIly YaCTOTY TpaIuISIHHSI Manu — Alternaria alternata, A. tenuissima, Fusarium verticillioides, Trichothecium roseum —
1,9 %. HocnmimkeHO MOMiOGHICTh BMIOBOTO CKJIAAy MiKOOiOTM HACiHHS, BimibGpaHOTO 3 MOJOAMX Ta CEPeIHbOBIKOBMX
Haca/keHb (MOKa3HUK Momi6HoCTi — 84,2 %) Ta cepeqHbOBIKOBUX i CTUITIMX (TMTOKAa3HMK MOAi6HOCTI — 89,4 %). MeHIry
MoAi6HICTh criocTepiranu MiXXK BUAOBMM CKIagoM rpubiB, imeHTH(hIiKOBaHMX Ha HaCiHHi, BimiGpaHOMY 3 MOJIOAMX Ta
CTUITIUX HACaIKeHb (TTOKA3HMK TMOAIOHOCTI CTAHOBUTD 73,6 %). Haitbinbin momi6Hum 6yn0 HACiHHSI cepeIHbOBIKOBMX i
CTUITIMX HacaJkeHb, HAaliMeHII TOAIOHUM — MOJOSHSKIB i cTurux. [Ipu 1[bOMY HaciHHSI, BifibpaHe i3 pi3HMX BIKOBUX
TPYII, € Pi3HUM 3a BULOBMM CKJIAZIOM MiKpoMileTiB (1I0#i6HiCTh BapitoBaia y Mexkax 73,6-89,4 %)

KirouoBi ci1oBa: BikoBi rpymu JepeB, Miko6ioTa, TUII JIiCOPOCIMHHMX YMOB, MiKpOMIIleTH, COCHA 3BMYaiiHa
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Abstract. The aim of the research is to analyze the content of terpenes in the needles of trees of climatic ecotypes of
Scots pine growing in geographic forest crops and to reveal the differences in the level of essential oils. The object of the
research is 17 Scots pine climatypes growing in geographical plantations on the territory of the Negorelsk Educational
and Experimental Forestry Enterprise of the Minsk region in Belarus. Qualitative and quantitative analysis of Scots pine
needles essential oil was carried out by gas-liquid chromatography without preliminary fractionation on chromatograph
“Kristall 5000.1”. In the studied climatypes of Scots pine, different levels of essential oil content among monoterpenes,
sesquiterpenes and oxygen-containing groups were determined, as well as significant differences in the content of a
number of components within the studied groups were revealed. The highest yield of essential oil is observed in the
subspecies of the European Western Scots pine — 1.9%, slightly lower than this indicator in the forest-steppe subspecies
(1.7%). This indicator was significantly lower in the European Eastern pine variety — 1.1% and the Siberian subspecies —
1.0%. The obtained data on the composition of essential oil and the ratio of a number of components among subspecies
and varieties of Scots pine (subspecies: Lapland, Siberian, forest-steppe, European; varieties: European western and
eastern) will further select the most promising climatic ecotypes and subspecies for selection resistance to biotic and
abiotic environmental factors, taking into account the growth and productivity of stands. Information on the content of
essential oil components in the needles of climatypes and subspecies of Scots pine makes it possible to expand knowledge
in the field of plant resistance, their safety and growth, especially in the context of the outlined climate change
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Introduction

The integrated and rational use of plant resources involves
the inclusion of the entire biomass of the plant in the pro-
duction process. In particular, one of the main directions of
the chemical processing of plant raw materials is the pro-
duction of extractive substances. Among the extractives,
it is customary to distinguish compounds that are directly
involved in plant growth and compounds that are not in-
volved in growth and development (Krasilnikova, 2004).
The primary metabolites are carbohydrates, amino acids,
fatty acids, chlorophylls, cytochromes, nucleotides, as well
as compounds that act as intermediates in various meta-
bolic reactions. In addition, plants contain a huge amount
of substances that are not involved in the main metabo-
lism. Such substances are usually called secondary metabo-
lites or substances of secondary origin. Unlike primary me-
tabolites present in all plant cells, secondary metabolites
can be specific for one or several plant species (Kretovich,
1986; Crozier, 2006). Secondary metabolites include mainly
low-molecular substances that are not part of the plant
cell, contained in the intercellular space. This group of
substances is extremely diverse in chemical composition.
By their chemical nature, these substances are represented
by terpenes and their derivatives, resin acids, lipids, fatty
acids, phytosterols, polyphenols and tannins. Despite the
assignment of these compounds to secondary metabolites,
this is rather arbitrary, since many of these substances are
the most important physiologically active compounds that
play a primary role in the processes of respiration and pho-
tosynthesis. To date, about 20-30 thousand plant species
have been studied for the presence of secondary metabo-
lites, which make up only a little more than 10% of the en-
tire flora of the Earth (Cheldt, 2011).

The variety of secondary metabolites also determines
the variety of functions they perform (Kivang & Akgtil, 1986;
Teissedre & Waterhouse, 2000; Mardarowicz, Wianowska,
Dawidowicz & Sawicki, 2004). But in general, we can say that
secondary metabolites in plants perform primarily ecolog-
ical functions. They protect plants from various pests and
pathogens, participate in plant reproduction (determining
the color and smell of flowers, fruits), and ensure the inter-
action of plants with each other and with other organisms
in the ecosystem. In addition, this class of substances con-
tributes to the formation of plant resistance to unfavorable
factors (Babkin, 2017; Schmidt, 2005). Almost all of these
substances also have biological activity, which makes them
indispensable sources of raw materials in the production
of pharmaceuticals, food, and perfumery products (Babkin,
2011; Plemenkov & Tevs, 2014; Ponomoreva, Molochova &
Chochlov, 2015). Plant secondary compounds can be divided
into three groups based on different biosynthetic pathways
of their origin: alkaloids, phenolic compounds, and ter-
penoids (Plemenkov, 2001; Lovkova, 1981; Britton, 1986).

Terpenes are hydrocarbons formed from varying
amounts of isoprene (C5H8). Without the participation of
isoprenoids, processes such as the growth and development
of plants and animals are impossible, since many plant
hormones (gibberellins, abscisic acid, brassinosteroids)
belong to this class of compounds. However, most of the
isoprenoids known to date are substances of specialized
(secondary) plant metabolism, which are involved in sig-
naling processes and protection against phytopathogens.
Obviously, the main role of isoprenoids specific for certain
families, genera and species of plants (these are mainly
mono-, sesqui-, di-, sisters- and triterpenoids) is reduced to
protecting plants from various adverse environmental in-
fluences, including macro- and micro-pests. For example,
resinous substances, rubber and gutta, heal wounds in the
bark and wood of plants, protecting them from pests. Resins
prevent animals from eating plants. Essential oils also help
to attract pollinators. Many components of essential oils
and other isoprenoids act as allelopathic agents. It should
be noted that the reason for the formation of a huge num-
ber of various isoprenoids in plants still remains a mystery,
the functions of many of them remain unclear. The process
is carried out by absorbing the energy of sunlight, which is
converted into the energy of chemical bonds, and is accom-
panied by the release of free oxygen. The resulting mono-
saccharides are converted in plants into cellulose, hemi-
celluloses, starch, lignin, fatty alcohols, acids, their esters,
fats, amino acids, waxes, vitamins, essential oils, alkaloids.

In the literary sources the information is also given,
which will be indicated in detail below that depending on
the content of the components of the essential oil, the re-
sistance of plants to abiotic and biotic environmental fac-
tors is determined.

In this regard, it is relevant to determine the con-
tent of essential oils in the needles of various climatic eco-
types of Scots pine growing in geographic forest cultures.

Numerous articles are devoted to the determination
of the content of the components of Scots pine essential
oil. In some of the works (Maksimov, 2004), the composi-
tion of the monoterpene fraction of the essential oil iso-
lated from the needles of various subspecies of Scots pine
in their habitat was studied.

According to Russian scientists from Forest Insti-
tute named after V.N. Sukachev (Kuzmin, 2019), more re-
sistant climatypes of Scots pine are those with a higher
ratio of a-pinene to 3-carene.

Finland researchers found out that northern cli-
matypes have a higher content of a-pinene in compari-
son with 3-carene, and these climatypes are more stable
in Finland (Manninen, Tarhanen, Vuorinen & Kainulainen,
2002). Various specialized terpenoidogenic structures were
found not only in needles, but also in the primary bark,
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secondary phloem and wood of the stem, roots and repro-
ductive organs (Vasiliev, 1977).

Determination of the content of the share of es-
sential oil in different parts of the tree indicates unequal
concentration in the covered by needles shoots and trunk
(Stepen, 1999).

A study of the seasonal dynamics of the release of
essential oil in spruce (Esyakova & Stepen, 2008), pine
(Stepen, 1995; Petrenko, 1967) and fir (Lobanov & Stepen,
2004) shows that there are two peaks in the oil content in
needles: spring — in May and autumn - in September.

During the transition to the dormant state of trees in
the plantation, the essential oil is enriched with oxygen-con-
taining compounds and sesquiterpenes and reaches a maxi-
mum in the month of December. The specificity was also
noted in the study of pine forests in Ukraine (Poltavchenko
& Rudakov, 1973).

The aim of the research is to analyze the content
of terpenes in the needles of trees of climatic ecotypes of
Scots pine growing in geographic forest cultures and to re-
veal the differences in the level of essential oils.

Materials and Methods

The object of the research is 17 Scots pine climatypes
growing in geographical plantations on the territory of
the Negorelsk Educational and Experimental Forestry
Enterprise of the Minsk region in Belarus. Scots pine geo-
graphic plantations were created in 1959 by V. Mishnev and
E. Mantsevich in collaboration with the Central Control
Station of Forest Seeds and the Belarusian Control Station
of Forest Seeds on an area of 8.7 hectares. The seeds were
obtained from 200 locations in the former Soviet Union.
However, most of them were excluded due to typological
heterogeneity. As a result, 65 seed samples were selected
from the plantations of the group of forest types of the
green moss forest, which were sown in April 1958 in the
nursery of the Negorelsk Experimental Forestry. The soil
on the nursery is coherent sand in terms of texture. To ob-
tain the same seedling density in one row, the same num-
ber of viable seeds per 1 long m was sown. After sowing, the
ridges were covered with moss. Until mid-July, seedlings
were shaded with sieve shields. The seedlings were taken
care of, which consisted of weeding and loosening the soil
three times.

The area for geographic plantations was set aside
in the quarter 15 the forest cultivation area was a clear-
cut of 1958, with the correct configuration, stretched from
north to south. In the fall, the cutting area was grubbed and
leveled with a bulldozer, then plowed to a depth of 25 cm.
In April 1959, the area was re-leveled with a bulldozer and
harrowed with disc harrows in two tracks.

The final leveling of the area was carried out man-
ually with gathering and burning of the roots before

planting. The spatial distribution of plantations was made
according to the principle of allocation of large climatic re-
gions. These areas are located on the site in the direction
from north to south, and they are grouped according to
the greatest geographic difference from west to east. Each
administrative region is represented by a plot of planting
with an area of 0.1 hectares. These sections are bounded
on all sides by a 2-meter road and poles are set. On the
western side, a 4-meter road adjoins the site. The work
Kruk et al. (2019) provides information that this object as
geographic forest plantations was the source material for
obtaining the Scots pine Negorelskaya variety for the first
time in Belarus, which is characterized by intensive growth
in height and resistance to fusarium.

For a more convenient analysis of the content of es-
sential oil components in needles, all studied climatypes
of Scots pine in geographical plantations are divided into
subspecies (races, varieties) in accordance with the classi-
fication by Pravdin (1964) (subspecies Lapland, European,
Siberian, steppe, hooked) with some modification. The
hooked subspecies that grows in the Crimea and the
Caucasus is not represented in our experience. Since the
steppe subspecies in geographical plantations completely
disappeared at the age of 5 (Kustanai, Kokchetav, Akmola,
Pavlodar climatypes of Kazakhstan), we additionally in-
troduced the forest-steppe group of climatypes: Belgorod,
Kursk, Volgograd, Khmelnitsky, Poltava, Rostov. We also
subdivided the European subspecies into two varieties —
European western (Vologda, Estonian, Latvian, Vitebsk,
Minsk and Grodno) and European eastern (Ulyanovsk and
Bashkir).

Method of selection of woody greenery. The woody
greenery of Scots pine climatypes in geographic planta-
tions were selected from 17 plots with 20-25 trees in each
of them, taken by the randomization method, in the crown
of which branches were cut evenly from four sides. Woody
greens were taken in the month of February. According to
the literature, the release of essential oil reaches its max-
imum value and its composition stabilizes in the winter
months (Stepen, 1995).

Metod of selection of middle sample. The needles
were separated from the cut branches of woody greens
trees without dividing them by age, and an initial sample
of the material under study was obtained. The formation
of the middle sample from the original was carried out by
quartering. The original sample was poured onto a smooth
surface and leveled in the form of a square, and then simul-
taneously from two opposite sides it was poured into the
middle so that a roller was obtained. After that, we grabbed
the needles from the ends of the roller and also poured
them into the middle. The needles were again smoothed
over the area of the square and again poured into the mid-
dle. Stirring was repeated in this manner three times. After
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mixing, the original sample was again smoothed with a
thin layer and divided into four triangles. Two opposite tri-
angles of the needles were removed, and the two remain-
ing ones were connected, mixed and again divided in the
indicated manner until the mass of one triangle was ap-
proximately five times the weight of the sample. From one
triangle, a weighed portion was taken for chemical analysis
(isolation of essential oil), and from the opposite triangle, a
weighed portion was taken to determine the moisture con-
tent of the sample (Deruma, 1983).

Method for the extraction of essential oil from needles.
Most of the components of essential oils have a boiling point
of 150 to 300°C and higher, however, all the substances that
make up their composition are distilled with water vapor.
The hydro distillation method is based on the ability of
oils to be distilled with water vapor and on the determi-
nation of the amount of oil that is released from a plant
sample (Pleshkov, 1985). The 150-250 g of raw material
crushed to a size of 4-7 mm with known moisture content
was placed in a flask with a capacity of 500 cm?, and it was
poured with distilled water so that the water surface cov-
ered the plant material. The flask was placed in a heating
mantle, and then a nozzle for collecting essential oils and

Water <—

Water —»

-

a reflux condenser were attached. After the beginning of
boiling, the resulting vapor, carrying with it the essential
oil, entered the refrigerator, where it condensed into a lig-
uid consisting of water and small drops of essential oil. The
condensed mixture passed into the receiver to collect the
essential oil. The intensity of boiling was selected in such
a way that 2-3 drops per second flowed out of the refrig-
erator. Otherwise, the refrigerator could be “flooded” and
ejection. Water, as a heavier liquid, settled to the bottom of
the receiver and poured back into the flask, and the essen-
tial oil floated to the surface, where it slowly accumulated.
The process of hydrodistillation in the boiling stage lasted
at least 4 hours. During this time, about 80% of the essen-
tial oil contained in the plant was distilled off. After the
end of the distillation process, the flask was cooled and the
device was disassembled (Figure 1).

The essential oil was located in the collector in the
form of a thin layer (yellowish) above the water surface. The
selection of essential oil was carried out using a syringe with
along needle. The essential oil was carefully poured using a
syringe into a pre-weighed small tightly closing bottle, the
name of the essential oil and the date of extraction were
signed.

4
/
3
/

O

//i

1 - heating mantle;
2 —flask;

3 —nozzle;
4 — reflux condenser

Figure 1. Installation for the extraction of essential oil
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The calculation of the essential oil content in the
needles was carried out on an absolutely dry weight of
plant material. The calculation of the results in mass per-
cent was carried out according to the formula 1:

€=%-100%, 1)

where: C - essential oil content, % (mass); m — the mass
of the essential oil after distillation, g; G — the mass of an
absolutely dry sample of needles, g.

The resulting essential oil was dried with anhy-
drous sodium sulfate and then used to determine its phys-
ical, physicochemical parameters, as well as for chemical
research.

Qualitative and quantitative analysis of Scots pine
needles essential oil was carried out by gas-liquid chro-
matography without preliminary fractionation on chro-
matograph “Kristall 5000.1”. To separate the components,
a capillary column 0.25 mm in diameter and 60 m long
with a deposited phase of 100% dimethylsiloxane was used.
Nitrogen was used as a carrier gas. The air: nitrogen: hy-
drogen flow rate ratio was 10:1:1. The nitrogen flow rate
through the column was 20 ml/min.

The conditions for chromatographic analysis are as
follows: isothermal mode at 70°C for 20 min, then a pro-
grammed temperature rise at a rate of 2°C/min to 150°C
with holding at the final temperature for 40 min. Evapora-
tor temperature — 250°C. The analyzed sample with a vol-
ume of 0.2 uL was introduced with a microsyringe into the
dispenser-evaporator.

The identification of individual components was
carried out using reference compounds, as well as on the ba-
sis of the known literature data on the retention indices of
individual compounds (Cheftman, 1986). The quantitative

content of the components was calculated by the method
of internal normalization according to the peak areas.
Statistical analysis was performed in accordance with the
methods described in Ostakin et al. (1989), Pen (1982) and
Kolesnikov (2003). To determine the required sample size
when performing the research, the admissible error value
Ax was taken equal to 5% of the average value of the in-
dicator at a confidence level of a = 95%. After the experi-
ment, the variance S2 and the standard deviation S were
calculated. Next, the ratio Ax/S was found, and the sample
size was determined from the corresponding table (Pen &
Mencher, 1973). The results of each series of parallel ex-
periments were subjected to statistical processing in order
to find gross errors (“blunders”) using the Student’s test
(Ostakin et al., 1989). In this case, the dubious result was
excluded from the sample, and the remaining data were
used to calculate the arithmetic mean and the estimate of
the reproducibility variance.

Results and Discussion

The obtained data on the physicochemical parameters of
Scots pine essential oil of various geographical origin indi-
cate that among the studied climatypes, grouped into sub-
species, there are differences in the mass fraction of essen-
tial oil in terms of absolutely dry weight, relative density
and refractive index at t = 20°C (Table 1).

The highest yield of essential oil is observed in the
subspecies of the European Western Scots pine — 1.9%, slightly
lower than this indicator in the forest-steppe subspecies
(1.7%). This indicator was significantly lower in the European
Eastern pine variety — 1.1% and the Siberian subspecies —
1.0%. It is noted that an essential oil content of 1% is typical
for pines growing in extreme conditions of an urbanized en-
vironment (Lamotkin, Hil, Romanyuk & Skakovskiy, 2019).

Table 1. Changes in the physicochemical parameters of Scots pine essential oil of various geographical origin

Name of the climatype

Physicochemical parameters of essential oil of Scots pine climatypes

(subspecies, varieties) of Scots
pine

mass fraction of essential oil, in
terms of absolutely dry weight, %

relative density, g/cm® | refractive index at t = 20°C

Scots pine subspecies Lapland

Leninerad. Arkhangelsk 1.7%0.1 0.8639+0.005 1.4841%+0.001
grad, & 1.90.1 0.8632+0.005 1.4836+0.001
By subspecies Lapland 1.8+0.1 0.8635+0.005 1.4838+0.001
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Table 1. Continued

Name of the climatype

Physicochemical parameters of essential oil of Scots pine climatypes

(subspecies, varieties) of Scots

mass fraction of essential oil, in

forest-steppe

ine i i 3 e i - 920°
p terms of absolutely dry weight, % relative density, g/cm’ | refractive index at t = 20°C
Scots pine variety European western
Vologda, 1.4%0.1 0.8639+0.005 1.4840%0.001
Estonian, 1.8%0.1 0.8638+0.005 1.4844%0.001
Latvian, 1.9£0.1 0.8639+0.005 1.4850%0.001
Vitebsk, 2.0+0.1 0.8632%0.005 1.4849+0.001
Minsk, 2.0+0.1 0.8633%0.005 1.4850+0.001
Grodno 2.1+0.1 0.8628+0.005 1.4849+0.001
By variety European Western 1.9+0.1 0.8635+0.005 1.4847+0.001
Scots pine variety European oriental
Ulyanovsk, 1.0%0.1 0.8638+0.005 1.4840+0.001
Bashkir 1.1+0.1 0.8639+0.005 1.4842+0.001
By variety, 1.120.1 0.8639+0.005 1.4841+0.001
European oriental
By subspecies European 1.7+0.1 0.8636+0.005 1.4846*0.001
Scots pine subspecies forest-steppe
Belgorodsky, 1.6%0.1 0.8634+0.005 1.4838+0.001
Kursk, 1.8%0.1 0.8633%0.005 1.4840%0.001
Volgograd, 1.6%0.1 0.8628+0.005 1.4846%0.001
Khmelnitsky, 1.7#0.1 0.8639+0.005 1.4846%0.001
Poltava, 1.8%0.1 0.8635%0.005 1.4840%0.001
Rostov 1.7#0.1 0.8633%0.005 1.4840%0.001
By subspecies 1.720.1 0.8634+0.005 1.4842+0.001

Scots pine Siberian subspecies

Tomsk 1.0+0.1

0.8639+0.005 1.4838+0.001

By subspecies Siberian

0.8639+0.005 1.4838+0.001

Therelative density of the essential oil of the studied
subspecies of Scots pine varies within insignificant limits —
from 0.8634 to 0.8639 g/cm3 (minimum - in Grodno and
Volgograd climatypes — 0.8628 g/cm3each and maximum —
in Leningrad, Vologda, Latvian, Khmelnitsky, Bashkir and
Tomsk climatypes — 0.8639 g/cm3each). In terms of the re-
fractive index, the variation ranges from 1.4838 (subspecies

Lapland and Siberian) to 1.4847 (European Western Scots
pine).

The results of determining the content of the main
components of essential oil in the needles of various cli-
matypes of Scots pine are presented in Table 2, the group
composition of monoterpenes — in Table 3, the group com-
position of sesquiterpenes — in Table 4.

Vol. 12, No. 2, 2021

Ukrainian Journal of Forest and Wood Science 63



Rabko et al.

Table 2. The content of the main components in the essential oil of various climatypes
of Scots pine growing in 61-year-old geographical plantations

The main components of the essential oil, %
[
Name of the climatype © Y & 2 o o =
(subspecies, varieties) % 5 2 % E) ﬁ: % g g § _
of Scots pine =i = % -] g = 5 g k= & 8
= =] = [ b=} =] — ©
o g 9 g = 5 5 g 8 =Y 2
3 g = 5 g b - - £
- 8 5 -~ « 'g
Scots pine subspecies Lapland
. 30.2 3.6 17.2 2.4 3.0 1.8 4.6 2.4 6.4 2.2 74.0
Leningrad, Arkhangelsk | sz | 2y | 59 | g9 0.6 5.0 45 51 | 8.1 3.7 80.2
By subspecies Lapland 36.8 3.4 11.6 1.7 1.8 3.4 4.5 3.8 7.2 2.9 77.1
Scots pine variety European western
Vologda, 39.0 5.1 13.7 2.0 1.5 6.0 3.0 1.3 3.1 0.8 75.6
Estonian, 31.2 2.8 13.5 1.5 1.6 3.0 4.1 4.6 7.9 1.5 71.6
Latvian, 17.1 2.8 24.2 1.1 2.6 6.2 6.5 3.2 7.3 1.9 72.8
Vitebsk, 18.0 2.6 23.2 2.1 2.1 6.7 5.5 4.7 8.2 1.8 75.0
Minsk, 20.6 3.2 24.0 2.1 2.6 7.3 4.3 4.2 6.9 1.2 76.4
Grodno 17.9 3.5 24.1 2.4 4.0 5.2 4.4 3.6 7.4 2.0 74.5
By variety European 240 | 33 | 205 | 1.9 2.4 5.7 46 36 | 68 15 743
Western
Scots pine variety European oriental
Ulyanovsk, 20.3 1.9 8.8 2.5 1.5 3.7 8.2 5.7 5.9 0.8 59.3
Bashkir 16.8 2.2 9.3 3.0 1.1 6.8 5.4 4.8 10.7 1.0 61.1
By variety, 186 | 21 | 9.1 2.8 1.3 5.3 6.8 5.3 8.3 0.9 60.2
European oriental
By subspecies European 22.6 3.0 17.6 2.1 2.1 5.6 5.2 4.0 7.2 14 70.8
Scots pine subspecies forest-steppe
Belgorodsky, 21.9 1.8 8.2 1.1 1.3 5.3 5.1 7.0 12.6 1.3 65.7
Kursk, 21.2 1.9 9.3 14 1.3 4.5 3.1 7.1 13.1 0.8 63.8
Volgograd, 25.5 3.8 16.9 1.2 2.5 13.4 2.0 1.9 5.0 2.3 74.4
Khmelnitsky, 15.2 2.3 13.7 1.7 1.9 8.8 9.7 6.9 10.9 1.7 72.7
Poltava, 16.9 1.5 4.8 1.1 0.7 6.6 7.6 8.1 174 1.5 66.1
Rostov 27.0 2.4 14.5 2.4 2.1 5.7 3.7 4.9 9.1 1.6 73.2
By subspecies 213 | 23 | 112 | 15 1.6 74 5.2 6.0 11.4 1.5 69.3
forest-steppe
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Table 2. Continued

The main components of the essential oil, %
. [} [
Name of the climatype © o = & @ o S
. . e 7] o [ o =1 ] o <] <] -
(subspecies, varieties) 5 g ] g o :>" < 1} o 2 —
of Scots pine = < g £ g = 5 _5 _g & 3
= £ o g B ) 5 s = = e
8 g o = g g = ? 7 g
- 8 ) -~ « B
Scots pine Siberian subspecies
Tomsk 21.0 2.5 8.7 2.2 1.5 3.6 5.0 5.9 9.6 1.5 61.5
By subspecies Siberian 21.0 2.5 8.7 2.2 1.5 3.6 5.0 5.9 9.6 1.5 61.5

It should be mentioned that the lowest content
among the group of monoterpenes, sesquiterpenes and the
oxygen-containing group was noted in the latter, while the
proportion of bornyl acetate in the essential oil does not
exceed 3% — from 0.9% in the European oriental variety to
2.9% in the Lapland pine.

It was found that the largest share of the identified
components of essential oil was in the variant of Scots
pine of the Lapland subspecies — 77.1%. In the variety of
Western European Scots pine, the share of recognized com-
ponents was slightly lower and amounted to 74.3%, in the
forest-steppe subspecies — 69.3%. This indicator turned out
to be significantly lower in the variants of the Siberian sub-
species and the variety of the European Eastern — 61.5%
and 60.2%, respectively.

In terms of the content of a-pinene, a component
of monoterpenes, the subspecies of Lapland pine has the
highest share — 36.8%. This indicator is at the level of 21.0-
24.0% in other variants of subspecies and varieties.

In terms of the content of 3-carene, an inverse re-
lationship is observed — the least of this component is in
the Siberian, forest-steppe and Lapland pine — 8.7%, 11.2%
and 11.6%, respectively. The maximum is observed in the
European western variety — 20.5%. In the Lapland pine,
the ratio of these components reaches more than 3:1. This
ratio is achieved in the Siberian pine and the European
eastern variety at the level of 2-3:1. A slightly lower ratio
of 2:1 was noted in the forest-steppe subspecies and the
European western variety.

A more detailed analysis of the component compo-
sition of monoterpenes is presented in table 3. The propor-
tion of monoterpenes in the total amount of essential oils
ranges from 44.1% (subspecies Siberian and forest-steppe)
to 62.3% (subspecies Lapland). Moreover, in the Lapland
subspecies, more than half (59.9%) in this group is occupied
by a-pinene, and 3-carene is 3 times less (18.1%). In the
Siberian subspecies, this ratio is 2.4: 1 (47.6% versus 19.7%),
in the forest-steppe subspecies — 2.0:1 (49.5% versus 24.7%).

Table 3. Composition of essential oil monoterpenes in various subspecies of Scots pine
in 61-year-old geographical forest plantations

Geographical L _
coordinates Essential oil group - monoterpenes
Name of the climatype (subspecies, ° o © © g
varieties) of Scots pine g 3 g% g g % g 2 —_
= B ] g < 5 < g s
£ R 3 £ g g £ g
g = v 5 8 t = 5
-
Scots pine subspecies Lapland
Leningrad, 61 34 45.8 5.5 26.1 3.7 4.5 66.0
Arkhangelsk 62 43 74.0 54 10.1 1.5 1.0 58.5
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Table 3. Continued

Geographical L _
coordinates Essential oil group - monoterpenes
Name of the climatype (subspecies, ° o ° © o
varieties) of Scots pine g 3 g% g g % g 2 —_
S 2 ] =1 = o o © &
£ 3 ge | 2 A g g £ B
&= ) 8 8 th = Q
-
By subspecies Lapland 61-62 34-43 59.9 5.5 18.1 2.6 2.8 62.3
Scots pine variety European western
Vologda, 59 40 53.4 7.0 18.8 2.7 2.1 73.1
Estonian, 58 27 51.6 4.6 22.3 2.5 2.7 60.4
Latvian, 57 22 30.9 5.1 43.6 1.9 4.6 55.5
Vitebsk, 55 29 31.1 4.5 40.0 3.6 3.6 58.0
Minsk, 54 27 33.0 5.1 38.4 3.3 4.2 62.5
Grodno 53 24 29.5 5.7 39.7 4.0 6.5 60.8
By variety European Western 53-59 22-40 38.3 5.3 33.8 3.0 4.0 61.7
Scots pine variety European oriental
Ulyanovsk, 54 48 46.3 4.4 20.1 5.6 3.4 43.8
Bashkir 54 58 37.7 5.0 21.0 6.7 2.4 44.5
By variety, 54 48-58 42.0 4.7 20.6 6.2 2.9 44.2
European oriental
By subspecies European 53-59 22-58 39.2 5.2 30.5 3.8 3.7 57.3
Scots pine subspecies forest-steppe
Belgorodsky, 51 38 57.4 4.8 21.6 2.8 3.3 38.1
Kursk, 51 34 52.3 4.7 22.9 3.5 3.1 40.6
Volgograd, 51 42 42.5 6.3 28.1 2.0 4.2 60.0
Khmelnitsky, 50 27 36.1 54 32.4 4.0 4.4 42.2
Poltava, 49 33 60.4 5.2 17.1 3.9 2.5 27.9
Rostov 47 40 48.5 4.4 26.0 4.3 3.8 55.6
By subspecies 47-51 27-40 49.5 5.1 24.7 3.4 3.6 44.1
forest-steppe
Scots pine Siberian subspecies
Tomsk 57 85 47.6 5.7 19.7 4.9 3.3 44.1
By subspecies Siberian 57 85 47.6 5.7 19.7 4.9 3.3 44.1
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Table 4. Composition of essential oil sesquiterpenes in various subspecies of Scots pine
in 61-year-old geographical forest plantations

Geographical coordinates Essential oil group - sesquiterpenes
Na;)me of the cli‘ma‘ltypef c o P n % g g
(subspecies, va!rletles) o = < g3 2. < g g =
Scots pine < B 3= g =1 = = S
5% g = E g g g
2= ¢85 g g g o
- o 5 - %)
Scots pine subspecies Lapland
. 61 34 5.9 15.6 8.2 21.6 29.8
Leningrad, Arkhangelsk 62 43 13.6 12.3 13.9 22.1 36.6
By subspecies Lapland 61-62 34-43 9.8 13.9 11.1 21.9 33.2
Scots pine variety European western
Vologda, 59 40 24.2 12.2 5.1 12.6 24.7
Estonian, 58 27 8.5 11.8 13.3 22.6 34.8
Latvian, 57 22 15.2 15.9 7.9 18.1 40.6
Vitebsk, 55 29 17.7 14.5 12.5 21.6 379
Minsk, 54 27 21.5 12.7 12.3 20.1 34.1
Grodno 53 24 14.6 12.4 10.1 20.8 35.4
By variety European Western 53-59 22-40 17.0 13.3 10.2 19.3 34.6
Scots pine variety European oriental
Ulyanovsk, 54 48 6.9 15.2 10.6 10.8 54.2
Bashkir 54 58 12.8 10.2 9.0 20.2 53.1
By variety, 54 48-58 9.9 12.7 9.8 15.5 53.7
European oriental
By subspecies European 53-59 22-58 15.2 13.1 10.1 184 394
Scots pine subspecies forest-steppe
Belgorodsky, 51 38 9.0 8.6 11.9 21.4 59.1
Kursk, 51 34 8.0 5.5 12.5 23.1 56.8
Volgograd, 51 42 37.4 5.6 5.3 13.9 35.8
Khmelnitsky, 50 27 16.1 17.7 12.5 19.9 54.8
Poltava, 49 33 9.5 10.9 11.7 25.1 69.4
Rostov 47 40 13.9 9.0 12.1 22.3 40.7
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Table 4. Continued

Geographical coordinates Essential oil group - sesquiterpenes
Name of the climatype © n g @ @
(subspecies, ve}rieties) of g 2 £ = © % § § =
Scots pine < 2 ] 2= = = = 8
S 2o X : 3 3 g
e= 35 g £ 3 5
- o 5 -~ 2
]?V subspecies 47-51 27-40 15.7 9.6 11.0 21.0 52.8
orest-steppe
Scots pine Siberian subspecies
Tomsk 57 85 8.4 11.6 13.7 22.1 43.4
By subspecies Siberian 57 85 8.4 11.6 13.7 22.1 434

Sesquiterpenes are also widely represented in
Scots pine needles of various geographic origins. It
should be noted that in the pine needles of the European
Eastern variety, their content exceeds the proportion of
monoterpenes (53.7% versus 44.2%). An excess of ses-
quiterpenes (52.8% versus 44.1%) over monoterpenes
was also noted in the forest-steppe subspecies. This ra-
tio is practically at the same level (43.4% versus 44.1%)
in the Siberian subspecies of Scots pine. In other vari-
ants, there is a noticeable excess of monoterpenes over
sesquiterpenes — 62.3% versus 33.2% in the Lapland pine
and 61.7% versus 34.6% in the European western vari-
ety. In general, for the European subspecies, the content
of monoterpenes exceeds that of sesquiterpenes (57.3%
versus 39.4%).

It is also important that the noted fact that in var-
ious subspecies and varieties of Scots pine in the group
composition of sesquiterpenes, there is an excess of one
component in the composition §-cadinene — from 15.5%

in the variety of European Scots pine to 22.1% in the
Siberian subspecies.

Conclusions

As a result of the work done, the composition of the main
components of the essential oil from the group of monoter-
penes, sesquiterpenes and the oxygen-containing group was
revealed, inhomogeneous in content, among various sub-
species and climatypes of Scots pine growing in geograph-
ical forest cultures on the territory of the Negorelsk educa-
tional and experimental forestry enterprise (Minsk region,
Republic of Belarus). The data obtained on the composition
of the essential oil and the ratio of a number of components
within or from different groups in it will make it possible
in the future to select the most promising climatic ecotypes
for breeding for resistance to biotic and abiotic environmen-
tal factors, taking into account the productivity indicators
of climatic stands, quality of trunks, assessment of the vital
state of trees in the plantation and their safety.
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BMicT 0CHOBHMX KOMIIOHEHTIB e(pipHOi 0J1ii Y XBOi COCHM 3BMYAiTHOI,
sIKa pocTe y reorpa@iuHmx KyJabTypax

Cepriit BomogumupoBuu Pe6ko!, Jliis ®@pannisHa ITomiaBcbKal,
Cepriit Onekcanaposuyu JlamoTKiH!, IBan BacuiaboBuu Kimeiuyk?,
Bacuiab Muxaitnosuu Xpuk?®, Bacunb I0piitoBrnu OXHOBChKMIT?

'Binopycbkuii fep>kaBHUI TEXHOIOTTUHMIA YHIBEpCUTET
220006, Bys1. CBepasioBa 13A, m. MiHck, Benapych

’HauioHa/IbHMI1 yHiBEpcUTET 6GiopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina
SbisolepKiBChbKMIT HAlLliOHAIbHUIT arpapHUit YHiBepCUTET
09117, Cobopna miomia, 8/1, m. bina LlepkBa, KuiBchka 06:1., YkpanHa

AHoTauist. MeTow [OCTIIKeHb CTaI0 MPOBeAeHHS aHali3y CKIaay TeprieHiB i BCTAHOBIEHHS BiIMiHHOCTeN 3a piBHEM
BMicTy edipHMX Macesi y XBOi COCHU 3BMYANHOI Pi3HMX KIIMATUUHMUX €KOTHUITIB, SIKi POCTYThb Yy reorpadiuHmux gicoBUX
KyabTypax. OG€KT AOCTiIKEHHS TpenCcTaBieHnit 17 KiIiMaTuramu COCHM 3BMYATHOI, SIKi POCTYTh Yy reorpadiuHmx
KyJIbTypax Ha TepuTopii Heropinbckoro HaBuabHO-A0CTIIHOTO Jlicrocy MiHchKoi o6/1acTti bitopyci. SIKicHMi i KinbKicHMIT
aHasi3 edipHOrO Macia XBoi COCHM 3BUYAHOI 37iICHIOBaIM METOLOM ra3opifuHHOI XpomaTorpadii 6e3 monepegHbOro
¢dbpakuionyBanus Ha xpomarorpadi «Kpucran 5000.1». ¥V mocaimKyBaHMX KJIIMATUITIB COCHY 3BMYATHOI BCTAHOBJIEHO
pi3HMit piBeHb 3a ckiamoMm edipHOrO Macia cepeli MOHOTePIIeHiB, CECKBITepIIeHIB i KMCEHbBMICTHOI T'PyIH, a TAKOX
BUSIBJIEHO iCTOTHI BiIMiHHOCTi 3a BMIiCTOM HM3KM KOMITOHEHTIB yCcepeauHi MOCTiIKyBaHMX rpyrl. Hait6inbumit Buxin
edipHoi onii criocTepiraeTbest y MiaABMII COCHM 3BMYAHOI Pi3HOBUAY €BpoIieiichbKa 3axigHa — 1,9 %, TpOXu HMKUe 11eit
MOKAa3HMUK Y MigBuay nicocrernona — 1,7 %). [CTOTHO HMKYMI TOKa3HMK BUxXOLy edipHOi o1l BUSIBUBCS Y COCHU 3BUYAHOI
Pi3HOBMIY €BpOIleiichKa CXigHa Ta MigABUAY cubipcbka, skuii craHoBuTh 1,1 % i 1,0 % BigmoBimno. OTpuMmani maHi
om0 ckiany edipHOi oii i CriBBiAHOIIEHHS B Hili HU3KM KOMITOHEHTIB cepe[ MiABUIIB i pi3HOBUAIB COCHM 3BMYAMHOL
(mimBuaM: TarIaHAChka, cMbipChKa, JIicOCTeoBa, €BpOTeiichbka; pisHOBUAM: €BPOIIelicbKa 3axifHa i cximHa) JamyTh 3MOry
B IIOJAJTbIIIOMY TTPOBOAMTHM BifOip HaiO1/IbII TEPCIIEKTUBHUX KJIIMAaTUUHMUX €KOTUITIB i iABMU/IIB /IS ceIeKIlii Ha CTiliKiCTh
10 6ioTMuHMX i abioTMUHMX (HaKTOPiB cepemoBUINA 3 YpaxXyBaHHSIM MOKA3HUKIB POCTY i IMPOLYKTUBHOCTI JepPeBOCTaHIB.
BimomocTi rpo ckias KOMIIOHeHTiB edipHOi 01ii y XBOi K/IiMAaTUIIIB i MiABMUIIB COCHYU 3BMYATHOI JOMTOMOSKYTh PO3LIUPUTI
3HAHHS MO0 CTiIMKOCTi POCINH, IX 30epeskeHHsI i pOoCTy, 0COGIMBO B YMOBaxX 3MiHM KIiMaTy B HanpsiMi apuansaiii

KnrouoBi c;ioBa: KOMITOHEHTHMI CKJTa T, eKCTPAKTUBHI peUOBVIHM, MOHOTEPIIEHH, CeCKBITEpITeHN, IiTepIieHN, reorpadiuHi
KYJIbTYPU, KIIIMaTUUHMIT €KOTUTT
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Abstract. The paper examines the features of obtaining planting material of rare representatives of Drosera spatulate L.
and Drosera aliciae L. using microclonal propagation for their preservation and subsequent cultivation in ex vitro
conditions. The method of sterilisation of D. spatulate and D. aliciae explants was developed with 80-90% production of
aseptic material. The influence of various sterilisation options on the development of microshoots was investigated. The
two best solutions for sterilisation are: 0.1% AgNO, solution and 12.5% H,0, solution. The features of organogenesis and
regeneration of the whole organism from cultured tissues and organs of representatives of Drosera L. are investigated.
The optimal nutrient medium was selected at the stage of introduction D. spatulate and D. aliciae into the in vitro culture
(MS with added PVP 2 mg*]'). Optimal conditions for direct morphogenesis of Drosera spatulate L. and Drosera aliciae L.
tissues were determined, which allowed mass production of improved, genetically homogeneous planting material. The
effect of exogenous growth regulators at various stages of plant morphogenesis under in vitro conditions is shown. In
vitro rhizogenesis conditions were improved. In particular, according to the results of the study, the highest coefficient
of reproduction (1:8) and root system formation was obtained on a hormone-free medium with a halved content of
macronutrients and a nutrient medium with the addition of 0.5 mg/I't IBA. Under such conditions, active morphogenesis
and the formation of a developed root system were observed in all propagated plants. Based on the results of the conducted
research, a method of microclonal reproduction was developed, which allowed for obtaining genetically stable, disease-
free regenerative D. spatulate and D. aliciae plants with an optimally formed root system and vegetative mass. The resulting
homogeneous planting material can be used in floriculture, creating terrariums, for pharmacological purposes, and for the
purpose of introduction
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Introduction

In Ukraine, due to the land reclamation works conducted
in the last century, the territories of wetlands and swamps
have substantially decreased. In addition, climate change
also causes swamps to dry up, causing swamp plants to suf-
fer. On the territory of wetland complexes, the area of local-
ities of red book plant species has substantially decreased
(Andrienko & Protopopova, 2010; Umanets & Moisienko,
2012; Chornobrov et al., 2019).

Biodiversity conservation is a major challenge in
the face of rapid environmental changes. The problem of
preserving extremely vulnerable stenotopic flora species is

particularly acute. Exactly the species of the Drosera genus
are indicators of climate change and are sensitive to fluctu-
ations in the water level, etc. All members of the Drosera ge-
nus are endangered species, except for species of the Drosera
rotundifolia genus, however, according to researchers (Rak &
Kachula, 2017), they are listed in the new edition of the Red
book of Ukraine in the category “vulnerable”.

On the territory of Ukraine, there are three types
of sundew: round-leaved (Drosera rotundifolia L.), English
(Drosera anglica Huds.) and oblong-leaved sundew (Drosera
intermedia Hayne) (Fig. 1).

Figure 1. Representatives of Drosera L.: a — Drosera rotundifolia L.; b — Drosera anglica Huds.;
¢ — Drosera intermedia Naupe; d — sundew appearence

D. rotundifolia is distributed in the arctic and
temperate zones of Eurasia and North America (GBIF
Secretariat, 2014). In Europe, it occurs almost all over the
territory, but very unevenly. It is quite abundant in North
and Atlantic Europe, occasionally in the middle and very
rarely in the South (except for the South-East) (Melzig &
Krenn, 2011).

In Ukraine quite recently D. rotundifolia was quite
common in the forest zone and in the north of the for-
est-steppe, occasionally in the south of the forest-steppe
and in the Carpathians, and very rarely in the north of
the left-bank steppe (Andrienko, 2009; Chorna, 2006;
Kiraly, 2009). However, according to recent observations,
today there are a large number of locations of D. rotundifolia
lost due to anthropogenic impact and drainage of swamps
(Andrienko, 2009; Umanets, 2012).

The use of biotechnological methods for obtain-
ing plant raw materials of Drosera L. is extremely relevant
in both landscaping and pharmacology (Egan & map der
Kooy, 2013), as they provide healthy, sterile plant material
in large quantities, regardless of the season.

The optimal area for developing conservation
strategies for endangered species is an integrated scien-
tific approach that combines the use of biotechnological
techniques for in vitro culture, rational collection man-
agement for efficient recovery of endangered popula-
tions and species (Chornobrov & Bilous, 2021), the use of
molecular genetic techniques to document and maintain
collections (Chung et al., 2013), assessment of the param-
eters of genetic diversity of natural and artificially cre-
ated populations, replenishment of collections, and their
exchange.

Using the in vitro culture method is an optimal mod-
ern solution that provides an opportunity of:

- restoration and reproduction of valuable, rare, and
endangered species of flowering plants that are difficult to
reproduce in situ and ex situ;

- creating a collection of genetically homogeneous
plants in vitro culture;

- getting healthy planting material,

- mass production of valuable plant genotypes from the
collections of botanical gardens.
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The originality of this area is the creation of a ge-
netic bank of samples of plant raw materials, which is an
indispensable resource for characterising the conserva-
tion and sustainable use of biodiversity of the plant world,
identifying the most productive genotypes of economic
crops and crops with the increased adaptive potential to
external environmental factors, quantifying the parame-
ters of genetic diversity of natural and artificially created
crops ex situ populations, and collections of individual taxa
(Matthews, 1994; Chorna, 2006).

The purpose of the study - determination of the
features of direct plant regeneration of Drosera spatulate L.
and Drosera aliciae L. at different stages of microclonal re-
production.

Until now, such representatives of species of the
Drosera genus were successfully cultivated in vitro: D. binata
La Billardier, D. natalensis Diels (Anthony, 1992; Caniato
et al., 1989), D. capensis L. (Curkovic & Berljak, 1996),
Drosera-regia Stephens (Janssens, 1986), D. rotundifolia L.
(Anthony, 1992; Bonnet et al., 1984; Kukulczanka &
Czastka, 1987; Simola, 1978) and D. spatulata Labill.
(Blehova et al., 1990, 1992). However, protocols for micro-
clonal reproduction and composition of nutrient media
(NM) have not yet been developed for D. spatulata (sun-
dew), in particular, in Ukraine. Because of this, the most
common method of propagation currently is the seed one
(Fernandez-Pascual, 2016), due to the ease of sterilisation
to create primary crops.

Given the substantial demand for carnivorous
plants (Baskin & Baskin, 2014) and the lack of developed
methods of microclonal reproduction, the conservation
and reproduction of rare and endangered species of this
group of plants ex situ, as the creation of a genetic bank
in vitro is becoming increasingly relevant.

Materials and Methods

The original explants were parts of the generative com-
plex that are formed from buds restored in a single visi-
ble growth cycle, which contain a stem, leaves, buds, and a
flower or inflorescence.

Methods and approaches generally accepted in bio-
technology were followed, modifying them individually
for each genotype to decontaminate the original explants
(Chornobrov & Bilous, 2021).

Cultivation of meristem sites was conducted on
modified Murashige and Skoog media (MS) (Murashige &
Skoog, 1962) by adding phytohormones of various concen-
trations to their composition (Aragjo et al., 2014; Baranyai
& Joosten, 2016; Clapa et al., 2010).

In addition, activated carbon (1 g*l'') was added
to the medium (once), as a hydrocarbon food - sucrose

(30 g*I'!), mesoinosite (100 mg*1'), agar (0.7%), and two
chelate forms of iron: ethylenediamine-di-2-hydroxy-phe-
nylacetic acid (Fe-EDDHA) and ethylenediaminetetraacetic
acid (Fe-EDTA), medium pH 5.6-5.7.

Explants were cultured at a temperature of 25+2°C,
with a 16-hour photoperiod, for illumination with an in-
tensity of 2000-3000 1x.

The main indicator of the effectiveness of the ster-
ilising agent was the number of explants that developed
normally.

Representatives of Drosera spatulate L. and Drosera
aliciae L. were used as donor plants in the study, taken from
container culture.

Results and Discussion

At the initial stage of introduction to in vitro culture Mu-
rashige and Skoog (MS) nutrient media with full or half-re-
duced mineral element content were used for regeneration.

During experimental work, a sterilising solution was
selected, which was easily washed out of the tissues with
distilled water to less harm the explant tissues. For this
purpose, generally accepted methods were used to obtain
sterile starting material. A solution of 70% ethyl alcohol
(C,H,OH), 1.7 per cent and 1.25 per cent sodium hypochlo-
rite NaCIO solutions, hydrogen peroxide solutions (H,0,)
of various concentrations — 12.5% and 25%, and 0.1% silver
nitrate solution (AgNO,). The reagents were used both sep-
arately and in combination with different exposures and
washing modes to achieve this goal.

Each of the sterilising solutions and exposure time
had a different effect on Drosera L. explants. Method of steril-
isation using a 70% ethanol solution (30 seconds), then hold-
ing in a 1.25% NaCIO solution with an exposure of 20 min-
utes and three times washing in sterile water did not damage
tissues and did not inhibit plant development and ensured
the sterility of explants by 60%. Notably, the sequence and
exposure of the use of various sterilising reagents were deter-
mined empirically during operation, depending on the type of
explant and the degree of its infection.

Sterilisation mode using 70% ethanol and holding
for 30 seconds and in 0.1% AgNO, solution for 5-7-10 min-
utes and three times washing in sterile water for 10 min-
utes each time affected the plants in different ways. Ster-
ilisation with a 10-minute exposure resulted in a complete
loss of plant material, resulting in all plants being sterile
but not viable.

In turn, the exposure is 7 minutes in 0.1% AgNO,
solution allowed getting 50% of viable explants, and the
exposure of 5 minutes was the most optimal. Under such
conditions, the number of aseptic and regenerative plants
was 80%.
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In parallel with the two previous schemes, a 50%
solution of hydrogen peroxide (H,0,) in two ratio options,
1:1 and 1:2, with different exposure times, was used to de-
termine the most optimal method of sterilisation.

When using a 50% hydrogen peroxide solution in a
ratio of 1:2, the yield of aseptic explants on the third day
after administration was 80-90%. Therewith, washing the
explants from the remains of the sterilising solution one
time is enough. This method is the least toxic and effective
for non-woody shoots.

Induction of organogenesis from Drosera L. mer-
istem culture was conducted by culturing the obtained
primary microshoots from aseptic explants obtained after
their preliminary sterilisation.

On the sixth day of cultivation, induction of axillary
buds was observed, which on day 10-14 had a size of 0.2-0.3 cm.

The yield of aseptic viable explants was 90-100%.
After 2-3 days, active release of phenolic compounds was
observed, which negatively affected the growth and devel-
opment of explants. Polyvinylpyrrolidone (PVP) (1-2 g*1')
was added to the MS nutrient medium to avoid this, the
adsorption properties of which contribute to the uniform
distribution of nutrients in the medium and reduce the
negative impact of secondary metabolic products.

The shoots were divided into segments and trans-
ferred to nutrient media containing different compositions
and concentrations of phytohormones to induce morpho-
genesis (Table 1).

Table 1. Composition of components of the nutrient medium for induction of organogenesis

Concentration by medium variants, mg*1-!
No. NM components
1 2 3 4 5
1 Macronutrients of MS 100 100 30 100 100
2 Microelements of MS 1.0 1.0 1.0 1.0 1.0
3 vitamins of MS 1.0 1.0 1.0 1.0 1.0
4 Fe chelate 10 5 5 10 5
5 BAP 1.0 - - 1.0 -
6 Glucocorticoids 0.1 - - - -
7 Glycine - - - 1.0 -
8 Kinetin - 0.25 - - 0.25
9 IAA 0.5 - - - -
10 Mesoinosite, g*I'! 0.1 0.1 0.1 0.1 0.1
11 Sucrose, g*1'! 30 20 20 30 20
12 Agar, g*I'! 6.7 6.7 6.7 6.7 6.7
13 PVP, g*I'! 1 - - 2 2
14 IBA - - 0.1 0.2 -
pH 5.6-5.7
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Induction of morphogenesis largely depended on the
composition of NM and at the initial stages of reproduction

—

took place mainly on basic MS media. Cultivation was con-
ducted for 21 days (Fig. 2).

Figure 2. Regenerative plants D. spatulate on morphogenic medium on day 21 of cultivation

Analysing the data, it was concluded that mor-
phogenesis of D. spatulate and D. aliciae most inten-
sively passed on a medium with the addition of kinetin
0.25 mg*l't and PVP 2 g*I'! explants had dimensions of
2.5-2.8 cm and typically rich green colour, formed roots

of 2-3 pcs. on an explant, 3.5-4.9 cm long (Fig. 3). In
turn, the release of phenols in the basal part and near
the roots was observed on a medium of ¥ MS without
the addition of PVP. The accounting results are shown
in Table 2.

Table 2. Features of explant development on different media variants (day 21 of cultivation)

. . Formation of shoots | Formation of roots
No Composition of NM | Hormone concentration, Number of
: (PGR) mg*I! explants, pcs.
pcs. cm pcs. cm
BAP 1.0
1 Glucocorticoids 0.1 2 2.7+0.9 0.5%1.3 - -
T1AA 0.5
2 Kinetin 0.25 2 3.3%0.56 2.3%1.1 2.5%4.3 1.6%3.2
3 IBA 0.1 2 2.8%3.6 0.62%0.8 3.8%3.1 1.3¥2.4
IBA 0.2 . . i i
4 BAP 1.0 2 3.4%3.3 0.26%0.5
Kinetin 0.25 . N N N
5 AA 50 2 4.9%1.5 2.6x1.5 2.5%1.5 2.8*%1.2

Note: AA- ascorbic acid; PGR - plant growth regulators: NM — nutrient medium

Vol. 12, No. 2, 2021 Ukrainian Journal of Forest and Wood Science 75



Bilous et al.

Figure 3. Regenerative plants D. spatulate and D. aliciae on morphogenic medium on day 21 of cultivation

When added to the medium BAP 1.0 mg*l''+
GC 0.5 mg*l'! the attenuation of explants was deter-
mined(0.4-0.6 cm), which were characterised by the for-
mation of weakened, deformed leaves that had a light
colour. On a medium with the addition of 0.1 mg*]'' IBA
explants were also thin, weak — 0.4-0.7 cm, but simultane-
ously retained the ability to form roots (on one explant —
up to 3-5 pcs.).

On NM supplemented with 0.2 mg*l'! IBA +
1.0 mg*l'* BAP did not observe a substantial difference
in the size of explants, and the roots were formed much
smaller in size. The most optimal environment was the
use of 0.25 mg*l'! kinetin and the addition of PVP 2 g*I'!,
and hormone-free NM MS with a halved composition of

macronutrients. Active growth and induction of rhizogen-
esis were observed in this medium.

On 21-28 days of cultivation, formed regenerative
plants were obtained, the total size of which reached 8 cm
with a well-formed root system. The resulting regenerative
plants were used for further mass multiplication in vitro.

After the successful production of sterile viable
regenerative plants D. spatulate and D. aliciae, the compo-
nents of the nutrient medium for induction of rhizogen-
esis in vitro of Drosera L. were selected. For this purpose,
sterile plants were divided into separate microparticles
and planted on NM, different in composition: MS+IAA
(0.5 mg*I'Y); MS+IBA 0.5 mg*l''+ IAA 0.5 mg*l''; MS+IBA
4 mg*I''+ 0.5 mg*1'! BAP; h/f MS and ¥4 MS (Table 3).

Table 3. Influence of plant growth regulators on morphogenesis of D. spatulate and D. aliciae

Viable microshoots ffici
Medium Coe “ef“ Presence of a root system
reproduction
pcs. %
Hormone-free MS 10 100 9 available
Y5 MS 10 100 8 available
MS + BAP 0.5 mg*I'! 2 20 8 absent
MS +BAP 1.0 mg*I*! 3 30 3 absent
MS + BAP 1.5 mg*I'! 1 10 4 absent
MS + kinetin 1 mg*]*! 3 25 4 absent
MS + kinetin 2 mg*]*! 3 30 3 absent
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Table 3. Continued

Viable microshoots Coeffici
Medium oe aept Presence of a root system
reproduction
pcs. %
MS + kinetin 3 mg*]! 8 80 4 absent
MS +IBA + 0.5 mg*]! 10 100 5 absent

As can be seen from the table, the addition of low
concentrations of cytokinins BAP and kinetin to NM had
a positive effect on the growth of regenerative plants and
contributed to the formation of the root system in 50%
of plants. The addition of auxin IBA at a concentration
of 0.5 mg*l!also had a positive effect on the induction of
explant tissue rhizogenesis. Within two weeks, explants

: i
: 5
“D. spatulate’ .

formed a developed root system and doubled their growth.
As a result of research, the highest coefficient of repro-
duction (1:8) and root system formation was obtained on
a hormone-free medium with a halved content of macro-
nutrients and on NM with the addition of 0.5 mg*l'! IBA.
All plants showed active morphogenesis and formed roots
(Fig. 4).

Figure 4. Formation of a developed root system and induction of microshoot growth on NM ¥4 MS

Summarising the results obtained, the most effec-
tive can be considered NM %2 MS, which can be used both
for plant cultivation and root formation, with the only ex-
ception being forced induction. If rapid root formation to
transfer plants to the soil is necessary, it is best to use NM
with the addition of 0.5 mg*I'! IBA.

Conclusions
Based on the results of the conducted research, a method
of microclonal reproduction was developed, which allowed
for obtaining genetically stable, disease-free regener-
ative plants D. spatulate and D. aliciae with an optimally
formed root system and vegetative mass. The resulting
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homogeneous planting material can be used in floriculture,
creating terrariums, for pharmacological purposes, and for
the purpose of introduction. The method of explant sterili-
sation of D. spatulate and D. aliciae with 80-90% production
of the aseptic culture of plant tissues was developed. The
influence of various sterilisation options on the develop-
ment of microshoots was investigated. It was identified
that sterilisation using a 0.1% AgNO, (5 min) solution is
the most effective and three times washing in dH,0, and
sterilisation with explants kept for 30 seconds in a solu-
tion of 70% ethanol and 12.5% solution H,0, with a single
wash 10 min in dH,O. It was experimentally established
that NM MS with the addition of 2 g*I PVP is optimal at

the stage of introduction of D. spatulate and D. aliciae in
vitro. Microshoot regeneration of D. spatulate and D. aliciae
were investigated depending on the type of explant and the
composition of the NM. Morphogenesis was most effective
on NM with the addition of 0.25 mg*]"! kinetin and on h/f
MS. Such cultivation conditions provided 100% regenera-
tion of regenerative plants with a reproduction rate of 1:8.
After investigating the effect of cytokinins on microclonal
reproduction of D. spatulate and D. aliciae, it was identi-
fied that the development and induction of multiple shoot
formation in vitro works best in a h/f MS environment. It is
necessary to add NM 0.5 mg*I "' IBA to induce the formation
of the root system.
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30epekeHHS MpeacTaBHUKIB poxy Drosera L.
3 BUKOPVMICTAHHSIM 0iOTeXHOJIOTiYHMX METO/iB

CsiTnana IOpiiBua Binoyc, Onbra OnekcanapiBHa OmiliHUK, 0.0. 'yHBKO

HarmioHanbHMI1 yHiBepcuTeT 6GiopecypciB i mpMpomoKopuCcTyBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoranjist. V po60Ti mpoBeeHo LOoCTiIkeHHSI 0cOO/MMBOCTe OTPMMAaHHSI CaIMBHOTO MaTepiany piAKiCHUX TpeICTaBHUKIB
Drosera spatulate L. Ta Drosera aliciae L. 3 BAKOPUCTaHHSIM MiKPOKJIOHAJILHOTO PO3MHOXKEHHS 3 METOI0 iX 36epeskeHHs
/i TIOJAIBIIOr0 KyJIbTMBYBAHHS B YMOBax ex Vitro. BimmpaipoBaHO MeTOmMKY cTepwiisaliii ekcriiaHtartiB D. spatulate
Tta D. aliciae 3 80-90 % oTpMMaHHSIM aceNTUUYHOTO MaTepianmy. BuBUeHO BIUIMB pi3HMX BapiaHTIB cTepwiisalii Ha
PO3BUTOK MiKpoOIaroHiB. Haiikpamymu po3umMHaMu IJjs1 cTepwiizaliii BusHaueHo pnBa: 0,1-BigcoTKoBMIT pO3UMH
AgNO, Tta 12,5-BigcorkoBuit posunn H,0,. JocmimKeHO 0cO6MMBOCTI OpraHoreHesy Ta pereHepaii Lioro opraHismy
3 KYJIbTMBOBAaHMX TKAHMH Ta OpTaHiB MpenacTaBHMUKIB Drosera L. IlizibpaHo omTuMaabHe KUBUIbHE CepeloOBHMILe Ha
eTarti BBeleHHs y Ky/lbTypy in vitro D. spatulate ta D. aliciae (MC i3 mogaBanusam PVP 2 mr-r!). BusHaueHO onTuManbHi
YMOBMU TIpsiMoro MopdoreHe3y TKauuH Drosera spatulate L. ta Drosera aliciae L., 0 Jano 3MOTy MacOBOTO OTPMMAaHHS
03J10pOBJIEHOTO, TeHETMYHO OJTHOPiJHOTO caiBHOrO MaTepiany. [Toka3aHo Jito eK30TeHHUX Pery/asTOpiB pOCTY Ha Pi3HUX
erarnax MopQoreHe3y POCIVH B YMOBAX in vitro. YIOCKOHAJeHO YMOBM pPU30reHesy in vitro. 3okpema 3a pesyibTaTaMu
IOCTiKeHb HaiBuiMii koedimieHT posMHokeHHs (1:8) Ta dopmyBaHHS KOpeHeBOi cucTeMu OyJlO OTPUMaHO Ha
6e3ropMOHaILHOMY CepeloBUINi 3 yOBiUi 3MeHIIeHMM BMIiCTOM MaKpOeJeMeHTiB i SKMBUIbHOMY CEepemOBMIIN 3
momaBanasiM 0,5 mr-m! IMK. 3a Takux yMOB y BCiX PO3MHOXXYBAaHMX POCIVH CIIOCTepiraay akTMBHUIT MopdoreHes i
(dbopmyBaHHS PO3BMHEHOI KOPEHEBOI CHCTEMM. 3a Pe3yIbTaTaMy MPOBENEHUX MOCTiIKeHb 6Y/I0 PO3PO6IEHO METOIUKY
MiKpOKJIOHAJIbHOTO PO3MHOKEHHSI, SIKa Jlajia MOK/IMBICTh OTPUMATH TeHeTUYHO-CTabiIbHi, BiJIbHI Bi XBOPO6 pOCIMHN-
perenepantu D. spatulate ta D. aliciae 3 onTuManbHO chOPMOBAHOI0 KOPEHEBOIO CUCTEMOIO Ta BEreTaTMBHOI Macoo.
OTpuMaHuii ONHOPIAHMII CaAVBHUII MaTepial MOXXHa BUKOPMUCTOBYBATM y KBITHMKApPCTBi, CTBOPEHHI TepapiymiB, AJis
(apmakonoriuHux 11ijieit Ta 3 METOI iIHTPOAYKIIi1

Knrouosi cmoBa: Drosera L., MiKpoKIOHaIbHE pO3MHOXKEHHSI, MOpGOreHes

Vol. 12, No. 2, 2021 Ukrainian Journal of Forest and Wood Science 80



Received: 01/18/2022, Revised: 02/19/2022, Accepted: 03/19/2022

UKRAINIAN
JOURNAL OF

FOREST AND UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 12(2), 81-92

UDC 630%4:582.916.16
DOI: https://doi.org/10.31548/forest2021.02.008

Myco- and microorganisms in the tuberculosis pathology
of the common ash in Ukraine and interaction between them

Ivanna Kulbanska!, Anatolii Goychuk!, Marina Shvets?

'National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

2Polissya National University
10002, 7 Staryi Blvd., Zhytomyr, Ukraine

Abstract. Attention is focused on the fact that in recent years there has been epiphytotic dieback out of many species of
forest woody plants both in Ukraine and in other countries of the world, which has a dynamic character and a tendency
to grow. In the deep pathology of this phenomenon, phytopathogenic bacteria, which have high reproduction energy
and can penetrate the plant both from the outside and cause a pathological process as vital obligates, were left without
attention. It has been established that the most common and harmful disease of common ash in Ukraine is tuberculosis.
The causative agent of the disease is the phytopathogenic bacterium Pseudomonas syringae pv. savastanoi Gard. affects
both trunks, branches and shoots, and inflorescences of common ash. Bacteria Pseudomonas sp., Pseudomonas fluorescens
Mig., Pseudomonas syringae Van., Erwinia herbicola Eh., Xanthomonas sp. were isolated from tuberculous pathology as
a concomitant myco- and microbiota and micromycetes Cladosporium cladosporiodes Fres., Ulocladium botrytis Preus.,
Mycelia sterilia (dark), Mycelia sterilia (orange), Fusarium heterosporum Lin., Fusarium sp., W., Cylindrocarpon didymium
Har., etc. The mechanism of systemic relationships of the components of myco- and microbiota of tuberculous pathology of
common ash in the regulation (self-regulation) of pathogenicity and aggressiveness of vital obligates has been investigated.
Attention is focused on the prospects and expediency of using the antagonistic properties of myco- and microorganisms
and biological products based on them for the prevention and protection of tree plantations from bacterial pathogens. It
is shown that the pathology of common ash is a multifaceted phenomenon with interrelated processes of an infectious
and non-infectious nature. The need to distinguish between the etiology and pathogenesis of this negative phenomenon
is indicated, that is, not to mix the factors that lead to the weakening of ordinary ash (factors catalyzing the disease) and
the factors that cause its epiphytotic dieback
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Introduction

Mico- and microorganisms are an integral part of the for-
est biocenosis, which determines its depth, which is di-
rectly involved in all stages of growth and development of
woody plants and the utilization of mortmass and detritus.
Among the systematic and functional groups of myco- and
microbiota, a special place is occupied by phytopathogenic
endophytes of various trophic specializations, capable of
causing significant ecological, economic and social dam-
age under certain conditions, which is confirmed by deep
pathology with massive (epiphytotic) dieback out of many
species of woody plants (Scots pine, spruce European, silver
birch, common ash, in somewhat smaller volumes common
oak, white fir, aspen, common hornbeam) both in Ukraine
and abroad.

In particular, the degradation and mass dieback out
of tree plantations has reached a global level and has been
noted practically throughout the entire range of many ash
species, including common ash, both in European coun-
tries and in the USA and Asian countries (EPPO, 2020).

The pathology was first discovered in Northern and
Central Europe in the 1990s (Kowalski & Holdenrieder,
2009), and then was discovered in Germany and Sweden
(Langer, 2017), Norway (Talgg, 2009), the Czech Republic,
Slovakia and Finland (Jankovsky & Holdenrieder, 2009),
Austria (Halmschlager & Kirisits, 2008) and Hungary
(Kirisits et al., 2009). In 2008, the disease spread to France
(Husson, 2011), in 2009 it was Italy and Greece (Ogris,
2010), which caused the trees to dieback. The latest reports
of noted pathology of Fraxinus excelsior L. were received
from Belgium (Chandelier, 2009), Netherlands, England
and Ireland (COST, 2011). In Ukraine, pathological dieback
of ash has been reported since 2014 (Davydenko et al.,
2013; Goychuk & Kulbanska, 2014; Matsiakh & Kramarets,
2014). Ash is currently dieback in 30 European countries
(COST, 2011).

From different parts of the planet, there are reports
of similar and different etiology and symptoms of tuber-
culous pathology. Based on scientific research, many pos-
sible pathogens — fungi have been put forward (Kowalski
& Holdenrieder, 2009; Lygis et al., 2005; Przybyl, 2002;
Langer, 2017) (in particular, Hymenoscyphus fraxineus Bar.,

which was identified in Ukraine (Davydenko et al., 2013),
bacteria (Cherpakov, 2012; Goychuk et al., 2019), nema-
todes (John, 1967; Ryss & Polyanina, 2018), mycoplasmas
(Bricker & Stutz, 2004), representatives of harmful ento-
mofauna (Korda et al., 2019), as well as the influence of
climatic and soil-hydrological indicators (Goberville et al.,
2016), however, no consensus has been reached yet.

Materials and Methods

Material for the study of the peculiarities of tuberculous
pathology of common ash was collected in fresh oak for-
ests of Western Podillia of Ukraine, which, as you know,
are optimal for the growth of highly productive decidu-
ous forests with the participation of Fraxinus excelsior,
in particular, in natural conditions on the territories of
state forestry enterprises (Chortkivske forestry enter-
prise, Ternopilske forestry enterprise, Buchatske forestry
enterprise). In the study area, Fraxinus excelsior usually
grows in mixed stands with Acer pseudoplatanus L., Acer
platanoides L., Quercus robur L., Tilia cordata Mill., Alnus
glutinosa (L.) Gaerth., Prunus avium L., Carpinus avium L.
and Ulmus campestris L., U. glabra Mill. However, there are
also mono-cultures of ash, which are also characterized
by high productivity. The vast majority of stands with
Fraxinus excelsior have a stand density of 0.7-0.8. The age
groups are dominated by middle-age and pre-matured
stands, which account for about 58% of the area of stands.

Affected samples were taken according to pathol-
ogy of varying intensity, from trees of different age groups
(young, by middle-age and matured stands) and from dif-
ferent parts of the trunk in transverse and longitudinal sec-
tions — from the bark, from the affected bast part, on the
border of healthy and affected wood and visually healthy
tissue.

During the research, reconnaissance and detailed
methods of forest pathological examinations were used,
as well as methods of phytopathological, microbiological
and mycological studies according to generally accepted
methods (Patyka, 2017), due to which studies of the patho-
genic, anatomical-morphological, cultural and antagonis-
tic properties of Pseudomonas syringae pv. savastanoi and
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associated bacteria and micromycetes in the tuberculous
pathology of ash (Goychuk, 2020a).

In the laboratory of the D. K. Zabolotny Institute of
Microbiology and Virology of the NASU homogenized and
plated on potato agar (PA) pieces of affected tissues. Bac-
terial cultures were grown in a thermostat at a tempera-
ture of 26°C. The number of microorganisms depending
on functional and other traits was tested for their growth
on special nutrient media (potato agar, meat-peptone
agar, meat-peptone broth, malt extract of agar, a medium
of Chapek, etc.). The pathogenic properties of the isolates
were manifested in laboratory and field conditions by ar-
tificial infection of vegetative and generative organs of
common ash and indicator plants (Phaseolus vulgaris L.,
Nicotiana tabacum L., Kalanchoe laciniata L.) with a
bacterial suspension with a titer of 108-109 cellsxml™!
(according to turbidity standard). Control — sterile tap
water. The placement and size of bacterial cells, Gram
staining, the morphology of colonies of microorganisms,
their biological, biochemical and cultural properties were
studied using special methods (Patyka, 2017).

To determine the ability of bacterial isolates to
ferment various sources of hydrocarbons, the mineral
medium of Omelyansky was used. The following organic
compounds were used as sources of carbohydrates: lac-
tose, xylose, rhamnose, trehalose, raffinose, L-arabinose,
maltose, sorbitol, salicin, sucrose, galactose, fructose,
glycerin, mannitol, citrate. The enzymatic or oxidative
pathway of glucose uptake was determined by the growth
of microorganisms on Omelyansky’s medium under an-
aerobic conditions under a 1 cm layer of vaseline oil. The
indicator was an aqueous solution of bromothymol blue.
Milk and gelatin were used to detect proteolytic enzymes
in bacteria. Interactions between microorganisms were
investigated by the method of delayed antagonism. The
test cultures were a standard set of bacterial strains from
the collection of the Department of Phytopathogenic Bac-
teria of the D.K. Zabolotny Institute of Microbiology and
Virology of the NASU, as well as isolated by us from vege-
tative and generative organs of common ash.

The antibacterial activity of biopesticides based
on Bacillus sp. was investigated by titration and on ash
in vivo.

To assess the typicality of the species of micromy-
cetes and to determine their position in the structure of
dominance in the biocenosis, we applied the criterion of a
spacious frequency of occurrence. To study the typical di-
versity of fungi in the biogeocenosis, we used the concept
of the seasonal frequency of occurrence of the species. To
characterize the species composition of fungi in the wood
samples under study, the Sorensen-Chekanovsky similar-
ity coefficient was used.

Results and Discussion

Nowadays, practically all systematic groups of myco- and
microorganisms (as causative agents of diseases) are
known on ordinary ash — fungi, bacteria, mycoplasma-like
organisms (MPO), viruses, viroids, as well as algae, lichens,
higher flowering plants, etc. Our research is aimed directly
at establishing the species composition and mechanism of
systemic relationships of the components of the myco- and
microbiota of tuberculous pathology of common ash to
regulate (self-regulate) the pathogenicity and aggressive-
ness of vital obligate as a permanent (inalienable, obliga-
tory) presentation in a part of the plant organism.

The symptomatology of tuberculous pathology of
common ash in the study region is typically infectious and
manifests itself on the branches, trunks, and generative or-
gans of ash. At the same time, instead of a smooth green-
ish-grey bark, small elliptical soft tumors are formed due
to local swelling of the bark and filling the voids with an
odorless gray sticky bacterial mass.

Over time, the affected areas of the trunk become
flattered, crack, the cambium and bast in the middle part die
off and collapse. In the center of tuberculous formations, a
crack forms, which over time heals. However, complete over-
growth does not occur. From year to year, new tumors form,
which spread both along the length and the perimeter of the
trunk (branch). As a result, specific long-term lesions are
formed, which outwardly resemble a “scab” (Fig. 1).
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Figure 1. Symptoms of tuberculous pathology of common ash:
a — general view of the affected Pseudomonas syringae pv. savastanoi tree;
b - tuberculous formations on the trunk;
¢ — the consequences of joint colonization of the ash trunk with the causative agent of tuberculosis,
nectriosis and wood-coloring fungi

The number of wounds on a tree depends on the
degree of injury and the age of the tree, but generally, on
one affected tree, dozens and even hundreds of foci of tu-
berculosis can be counted. The presence of lesions deep in
the trunk, which is overgrown with wood, usually spread
along with the annual rings. Rotten areas on the trunk of
an ash tree are formed exclusively during mixed infection
with the formation of open ulcers with the participation
of wood-destroying and wood-coloring fungi, in partic-
ular from the Ascomycota and Basidiomycota divisions. In
the formation of open wounds (ulcers), usually the caus-
ative agents of common or stepped cancer, mainly Nectria
galligena Bres., are involved or Endoxylina stellulata Rom.
(anamorph — Libertella fraxini Ogan.). And then the disease
proceeds with symptoms characteristic of these pathogens
(stepped open ulcers are formed).

To establish the etiology of this phenomenon, we
conducted special myco- and microbiological analyzes, the
result of which is the identification of the pathogen and the

species composition of concomitant myco- and microbiota
of tuberculosis pathology.

As aresult of determining the species composition of
the pathogenic microflora of tuberculous pathology of com-
mon ash, 7 species of bacteria were identified. The analysis
of the obtained results showed the similarity of the studied
samples with the following species: Pseudomonas syringae pv.
savastanoi, P. fluorescens, P. syringae, Pseudomonas sp., Erwinia.
herbicola, Xanthomonas sp, Bacillus subtilis Eh. and Bacillus
pumilus Eh. According to the results of artificial infection, the
isolates showed pathogenicity both on ash-key, young ash
trunks (branches), and on indicator plants. At the same time,
they were non-pathogenic to the leaves of common ash (only
minor damage to the leaf blade remained at the sites of the
introduction of the bacterial inoculum). The average values
of bacteria isolated from the vegetative and generative organs
of Fraxinus excelsior ranged from 1 to 168 CFU (Fig. 2). The
largest number (116, 168 CFU) of bacteria was obtained by
isolating Pseudomonas syringae pv. savastanoi.
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Figure 2. Number of colony-forming units (CFU) bacteria isolated from vegetative
and generative organs Fraxinus excelsior

Also, thanks to the results of artificial infection of  bacterial etiology of tuberculous pathology (Fig. 3) and isolated
common ash by injection into the trunks of a suspension of  the pathogen - the phytopathogenic bacterium Pseudomonas
a daily culture of microorganisms (8.6-9.97 CFUxml') and  syringae pv. savastanoi. When carrying out the above-men-
by introducing a pure bacterial culture under the bark (14.1-  tioned works, circadian rhythms of plant resistance (Gvozdyak,
21.27 CFU=ml™") (both in vivo and in vitro), we confirmed the ~ 2005) to bacteriosis pathogens were taken into account.

C

Figure 3. The result of artificial infection of the organs of common ash Pseudomonas syringae pv. savastanoi
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The agent isolated by us has typical features for the
genus Pseudomonas. These are non-spore-bearing mobile
rods 0.4-0.8x1.3-3.0 microns in size, gram-negative, placed
singly, in pairs or in short chains, sometimes in groups, lo-
photrichs, with 1-6 polar flagella. The ends of the sticks are
smoothly rounded. On the potato agar, colonies are grey-
white, smooth, round, transparent, with a denser center,
with an equal or slightly wavy, sometimes with a blue tint,
edge. Colonies on meat-peptone agar are small, 2-3 mm in
diameter, grow slowly, gray-white, round, flat, or convex,
with a notch in the center, transparent, with an equal or
wavy edge. On meat-peptone broth, the growth is mod-
erate, bacteria form uniform cloudiness. No growth was
found on the Czapek and Omelyansky medium.

The strains are not homogeneous according to
physiological characteristics. The aerobic, not fermenting
glucose under vaseline oil. Bacteria assimilate sucrose,
galactose, fructose, glycerin, mannitol, citrate; do not as-
similate lactose, xylose, rhamnose, trehalose, raffinose,
L-arabinose, maltose, sorbitol, salicin. They do not reduce
nitrates. They cause a hypersensitivity reaction on the

leaves of Nicotiana tabacum and form a fluorescent pig-
ment on the potato agar.

Growth was noted at 37°C. According to the given
signs, the causative agent of tuberculous pathology is close
to that described in the literature (Iacobellis & Caponero,
1998; Cherpakov; 2012; Ramos et al., 2012; Suresh & Rupert,
2016; Caballo-Ponce et al., 2017; Goychuk et al., 2019).

In particular, growth (no growth) on most nutrient
media, significant variability with food sources, relation-
ship in the production of enzymes. The main differences
are the absence of fluorescence in liquid nutrient media
and the slow absorption of carbohydrates and alcohols. The
heterogeneity and plasticity of this species are associated
with the possibility of expanding the spectrum of nutri-
tious plants.

In the course of our analysis of mycobiota, affected
by tuberculous pathology of ash branches in the region,
of the study in total (including identified only to the level
of the genus Fusarium sp. and Phoma sp.). Were identified 7
genera and 10 species of micromycetes. Usually, the affected
tissue samples had a mixed infection (Fig. 4).

Figure 4. Colonies of micromycetes isolated from vegetative and generative organs of affected trees Fraxinus excelsior:
a — Mycelia sterilia (orange), M. sterilia (dark), Cladosporium cladosporiodes, Ulocladium botrytis;
b - U. botrytis, Phoma sp., C. cladosporiodes

The analysis of the obtained results showed the
similarity of the studied samples with the following spe-
cies: Acremonium strictum, Cladosporium cladosporiodes,
C. didymum, Fusarium sporotrichiella Bilaivar. (Peck) Wol.,
Fusarium heterosporum, Fusarium sp., Mycelia sterilia (dark),
M. sterilia (orange), Phoma sp., Ulocladium botrytis.

Based on the results obtained, it is possible to
differentiate the identified species into separate cate-
gories, in particular, to assert that Ulocladium botrytis is a
typical dominant species (spatial and seasonal frequency
of occurrence exceeds 60%). Typical numerous spe-
cies include — Phoma sp., Cladosporium cladosporiodes,
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Mycelia sterilia (orange). Following the types of rare
species — Acremonium strictum, Cladosporium didymum,
Fusarium sporotrichiella, F. heterosporum, Fusarium sp. and
M. sterilia (dark). There are no random species. Ulocladium
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botrytis is characterized by a high occupancy rate (57.1%),
while Acremonium strictum, C. didymum, and Fusarium
sporotrichiella are characterized by a low one (14.3%).
F. heterosporum (Fig. 5).
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Figure 5. Spatial and seasonal frequency of occurrence of micromycetes of tuberculous pathology of common ash

Basedonthecalculationofthe Sorensen-Chekanovsky
similarity coefficient (S>0.5), we see that there are signif-
icant differences between the species composition of the
compared stages of the study. In general, the results of
the study showed that the mycobiota of infected branches
of common ash is characterized by the presence of a com-
plex of pathogenic species, dispersedly localized over the
affected area. The results obtained confirm the assump-
tion of the presence of a complex biological complex,
dieback of tree stands. We also found a disease known as
“ash dieback” (“deadly disease” of ash, “peripheral dying

off”, “pathogenic dieback of ash”) in the studied stands).
It should be noted that the symptoms have fundamental
differences in comparison with tuberculosis. In affected
plants, there is a rapid gradual (sometimes sudden) crown
death due to the formation of local necrotic areas on the
shoot (trunk). The leaves above the lesion site wither
(starting from the top), and by the end of summer they
turn black (like those burnt by fire) and do not fall off for
a long time.

Studies have shown that the micromycete Chalara
fraxinea Kow. is the causative agent of ash dieback
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(Kowalski, 2006; Davydenko et al., 2013; Matsiakh &
Kramarets, 2014). At the same time, attention was fo-
cused on the fact that C. fraxinea is an anamorph of
Hymenosyphus pseudoalbidus (Kowalski & Holdenrieder,
2009). We have isolated several species of anamorphic
fungi from the pathology of the ash dieback type (we
failed to isolate C. fraxinea) and bacteria, in particular
Pseudomonas syringae pv. savastanoi, Erwinia horticola
and Xanthomonas sp. Artificial infection of ash organs
with micromycetes did not lead to symptoms similar to
“ash dieback”, and bacterial infections caused pathological
processes similar to ash tuberculosis.

To initiate processes related to the activity of nat-
ural populations of hyperparasites, which are ecologically
and trophically combined with bacterial phytopathogens,
we investigated the relationship, in particular antagonis-
tic, in the systems of “phytopathogenic bacteria-hyper-
parasites” of tuberculous pathology of common ash.

The study of systemic relationships, primarily an-
tagonistic, between different types of myco- and micro-
organisms, including saprotrophs and pathogens, patho-
gens of infectious plant diseases, including bacteriosis,
in the context of identifying active antagonists to patho-
genic components of myco- and microbiota is extremely
important and relevant. To study the antagonistic rela-
tionships in the system “bacterium-bacterium” and “bac-
terium-micromycete” in the laboratory, we used both iso-
lated by us and collection strains of bacteria Pseudomonas
syringae 8511, Pseudomonas savastanoi 9174, as well as mi-
cromycetes Ulocladium botrytis, Phoma sp., Cladosporium
cladosporiodes, Acremonium  strictum, Cladosporium
didymum, Fusarium sporotrichiella, F. heterosporum, F. sp.

All strains were used in cross-reactions “basic
culture-test culture”. A total of 108 variants of reactions
were delivered. During the research, we did not find an-
tagonistic relationships between test cultures — patho-
gens of Fraxinus excelsior in the system “bacterium-bac-
terium”. In contrast to bacteria, micromycetes isolated
from the vegetative and generative organs of Fraxinus
excelsior showed some antagonistic activity against phy-
topathogenic bacteria. The most active were Ulocladium
botrytis and Cladosporium cladosporiodes with mean

sterile zones of 5.8 mm and 4.9 mm, respectively. They
suppressed to varying degrees all test cultures of phy-
topathogenic bacteria. The activity of the other three
micromycete species, Acremonium strictum, Fusarium
heterosporum, and F. sporotrichiella, was selective. They
did not inhibit the growth of Pseudomonas sp. (“Kr4”) and
Pseudomonas syringae pv. savastanoi (“Kr4”) and weakly
inhibited Pseudomonas syringae pv. savastanoi (“H1”) and
the collection Pseudomonas savastanoi 9174. Other spe-
cies of micromycetes did not show antibacterial activ-
ity. Bacteria Pseudomonas syringae pv. savastanoi (H1),
Pseudomonas syringae 8511, Pseudomonas savastanoi 9174
were the most sensitive to all types of micromycetes.
Regarding the reverse effect, phytopathogenic bacte-
ria on micromycetes, in most cases their antifungal activ-
ity was zero. Minor areas formed by the action of bacteria
on micromycetes are also virtually zero. Such a result was
obtained in the laboratory on an artificial nutrient medium,
which differently affects the growth and activity of bacteria
and micromycetes. In particular, bacteria grow intensively
on the potato agar, and the growth of micromycetes is in-
hibited. At the same time, bacteria do not grow on Czapek
medium due to the presence in these media of different nu-
trients for micromycetes and bacteria. Under natural condi-
tions, the interaction in the systems “bacterium-bacterium”,
“bacterium-micromycete”, “micromycete-bacterium” can
and obviously should be different, because the micro- and
microorganisms are influenced by various factors (woody
plant at certain stages growth and development, its physi-
ological state, the presence of a pathology, meteorological
(synoptic) factors, including as catalysts of pathology, com-
pliance of forest woody plant with forest conditions, etc.).
However, experiments with coniferous forest woody plants
have shown that phytopathogenic bacteria (so-called vital
obligates) in natural conditions outside the pathological
process do not affect the growth of micromycetes (Gvozdyak,
2005; Goychuk, 2020b). Studies of biological products
(“Victant” and “P27ant”) based on aerobic spore-forming
bacteria Bacillus sp. no high antimicrobial activity was re-
vealed for all studied cultures of microorganisms, and their
activity depended not only on the type of bacteria but also
on which organs of the ash tree it was isolated from (Fig. 6).
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Figure 6. Antimicrobial activity of “Victant” and the strain “P27ant”

It was found that bacteria of the genus Bacillus sp.
can suppress the adhesion and survival of phytopathogenic
P. syringae pv. savastanoi on the surfaces and tissues of test
plants, eliminating the pathogen population or decreasing
its density with a possible attenuation of properties, the
mechanism of which requires further research. Thus, our
studies in combination with the results of other scientists
indicate the presence of diseased trees Fraxinus excelsior
complex biocomplex of pathogenic species, which directly
involved in the dieback of ash stands. And, we found ele-
ments of antagonistic relationships between components
of different systematic and functional groups of myco- and
microorganisms indicate the possibility and necessity of
using this phenomenon in the context of positive and neg-
ative feedback mechanisms to develop methods of biolog-
ical protection of forest woody plants, including Fraxinus
excelsior, from pathogens of infectious diseases, including
bacteriosis.

Conclusions
Currently, the deterioration of phytosanitary conditions
of plantations with the participation of Fraxinus excelsior
is associated with various biotic (harmful entomofauna),

biotic parasitic (micromycetes, bacteria, nematodes, my-
coplasma factors, as well as adverse climatic (synoptic,
synoptic, and many), including “ash dieback” and tubercu-
losis, which indicates the need for comprehensive studies
of pathologies of forest woody plants, including epiphytic,
in particular, diseases of forest woody plants are currently
associated with exogenous infection.

Isolated by us the causative agent of tubercu-
lous pathology of common ash Pseudomonas syringae pv.
savastanoi on the following grounds is close to that de-
scribed in the literature: growth (no growth) on most nu-
trient media, significant variability in relation to nutrient
sources, and so on.

Erwinia horticola, Pseudomonas sp., P. fluorescens,
P. syringae, P. aglomerans, Xanthomonas sp., spore-bearing
bacteria Bacillius sp., as well as micromycetes Acremonium
strictum, Cladosporium didymum, Fusarium sp., Fusarium
sporotrichiella, F. heterosporum, Phoma sp., Ulocladium
botrytis and the like isolated at different stages of tubercu-
lous pathology of Fraxinus excelsior. Affected plants at any
age have hidden faults in the wood (blackening, cracks, rot-
ten areas with a significant spread along the trunk), which
devalues it.
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It was found that both isolated phytopathogenic bac-
teria and concerning test cultures of bacteria did not reveal
antagonistic activity. In contrast to bacteria, micromycetes
isolated from the vegetative and generative organs of com-
mon ash are characterized by a large antagonistic activity
concerning phytopathogenic bacteria. Thus, we found, like
other researchers, elements of antagonistic relationships

between components of different systematic and functional
groups of myco- and microorganisms indicate the possibility
and necessity of using this phenomenon in the context of
positive and negative feedback mechanisms for the develop-
ment of means and methods of biological protection forest
woody plants, including Fraxinus excelsior, from pathogens
of infectious diseases, including bacteriosis.
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Kulbanska et al.

Miko- i MikpoopraHi3Myu Ty0epKy/JIbO3HOI ITAaTOJIOTii SIcCEHa 3BUYaiiHOTO
B YKpaiHi Ta B3a€MOBiTHOCMHY MK HUMMU

IBanna MukonaiBua Kynb6aucbska!, Anaromniii ®emoposuy l'oitayk?,
Mapwuna Bacuiaisaa IlIBenp?

'HarioHanbHMIT YHiBepCcUTET 6iopecypciB i MpUpogoOKOpMCTyBaHHST YKpaiHU
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina
[TonicbKuii HalliOHAbHUIA YHIBEPCUTET
10002, 6ynbBap Crapwmii, 7, M. JKutomup, Ykpaina

AHoranis. OcTaHHIMM POKaMM CIiocTepiraeThbes emidiToTiiiHe BCuXaHHS 6araThbOX BUJIB JIiICOBUX IePeBHUX POCIMH SIK
B YKpaiHi, Tak i B iHmMx KpaiHax CBiTy, SIke Ma€ AMHAMiuHMIT XapakTep i TeHIEHII0 M0 3pocTaHHs. OCOGMMBY yBary
HMHI HeOOXigHO MPUIIINTU Jerpagaiii ssceHeBMX HacaIyKeHb, eTHOJIOTISI ATOJIOTIl K01 1MoB’sg3aHa i3 ¢GiTornaToreHHOK
6akTepieto — Pseudomonas syringae pv. savastanoi. 3araabHa cxeMa JOCTiIKeHb TYOe pKyIb03HO1 aTosorii Fraxinus excelsior
repenbavasiia Taki eTanyu: peKOrHOCHMPYBaabHI Ta JeTajbHi JIiCOMaTONOriUHI 06CTEXEHHS 3a 3arajJbHOMPUITHITUMU
JliciBHMYO-TaKcAiiHMMM Ta (DITOMATOMOTiUHMMM MeTOHaMM; Bigbip ypaskeHMX OpraHiB i TKaHMH; i30/4Iisl Miko- i
MiKpOOpPraHi3miB y UMCTY KyJAbTypy; IepeBipka MMaTOreHHMX BIACTMBOCTeN BMIiIeHUX i30/TiB Ta ix imeHTMdikalis;
IOCTiIKeHHS] aHTarOHICTUYHMX B3a€EMOBITHOCHUH Y cUCTeMi «6aKTepis-6aKkTepist», «6aKkTepis-MiKpoOMilleT» SIK MOSKIMBUX
YMHHMKIB iHAYKIIIT JeMyTaliiiHuX MpoIeciB y TicoBuit 6iotieHo03. 36YIHUK Ty6epKy/Ibo3y Befie 10 GOpMYyBaHHS TUTIOBUX
TyOepKy/IbO3HMX BMPA30K Ha BeTreTaTMBHMX Ta TeHepaTMBHUX OpaHax siCeHa 3BUYAiHOrO. XapakTep IaToreHesy
3aXBOPIOBAHHS — XPOHIUHMII, BATOMO BIUIMBAE Ha OHTOTEHE3 POCIMHY, 30KpeMa Besie 10 GOpMYBaHHS MOTiMOPHHMX
TUIIIB Ba, IepeBMHM Ta Jedopmallii HaCiHHS Y JepeB CTUIJIOTO BiKy. JlepeBa MOJIOAOTO BiKy TMHYTb YHACTiIOK CIiJIBHOI
indexuii 3 iHmmMu indexuiinumyu areHtamu. IepeBa MOPOCIEBOr0 MOXOAKEHHS BiZMMPAIOTh y MepIli POKM MiCis
3apaskeHHs1. [JOCTiIKeHHST MeXaHi3My CUCTEMHMX B3a€MUH (30KpeMa, aHTarOHiCTUYHMX) CKIaJ0BUX MiKO- i MiKpo6ioTu
Ty6epKy/IbO3HOI TATOMOTil siceHa 3BMUYAMHOIO Ja€ MOKIMBICTH BTPYTUTUCS Yy TPOIEC PEery/siii MaTOreHHOCTi it
arpecuBHOCTI BiTaJIbHMX OOJIIraToOB, IIISIXOM 3aCTOCYBaHHS GiompemapatiB Ojsl MPOQiNTakKTUKM i 3aXUCTy JepPeBHUX
HacaJkeHb Bif 30ymHUKIB 6akTepiosiB. Ha pi3Hux cramisx Ty6epKynbo3Hoi maTonorii Fraxinus excelsior L. i3omboBaHi
Erwinia horticola, Pseudomonas sp., P. fluorescens, P. syringae, P. agglomerans, Xanthomonas sp., CIOpOHOCHi 6akTepii
Bacillius sp., a Takox Mikpominetu Acremonium strictum, Cladosporium cladosporiodes, Cylindrocarpon didymum,
Fusarium sp., F. sporotrichiella, F. heterosporum, Phoma sp., Ulocladium botrytis TO10, SIKi BUKOPUCTaHI B AOCTiIKEHHSIX
SIK «@aHTUTIOf» 36ymHMKA TyOepKy/abo3y. BcraHoBieHO, mo 6akTepii pomy Bacillus sp. 3JaTHi MpUTHiYYyBaTH aaresiio i
BIDKMBAHHS (iTonmaToreHHUX P. syringae pv. savastanoi Ha TIOBePXHSX i B TKAHWHAX TECT-POCIVH, eiMiHYI0UM MOMYJISIIiI0
maroreHa ab6o 3MeHINYIUM ii IIbHICTh 3 IMOBIpHOIO aTEHYIIi€l0 BIACTUBOCTE, MeXaHi3M SIKOi MOTpebye MOmaIbIINX
IOCTiIKeHb
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