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Abstract. The examination of plant resistance to drought is becoming increasingly relevant due to
global warming. All species of the genus Aristolochia L. possess high decorative qualities and play
an important role in natural ecosystems. However, under conditions of temperature imbalance,
their ornamental value may decrease due to leaf turgor loss and even leaf shedding. The purpose of
the paper is to highlight the results of studies on the drought resistance assessment of Aristolochia
L. plant species to identify the most promising taxa suitable for cultivation in the city of Kyiv. The
study was conducted in 2022 on three species of vines: Aristolochia macrophylla Lam., A. tomentosa
Sims., A. manshuriensis Kom., which grow in the M.M. Gryshko National Botanical Garden (Kyiv).
The study presented results on leaf hydration parameters, water deficit, water-holding capacity
of leaves, electrical conductivity, and specific leaf area conducted in the Plant Physiology and
Microbiology Laboratory of the Institute of Horticulture, National Academy of Agrarian Sciences
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of Ukraine. Field assessment of Aristolochia L. plant drought resistance was also conducted. It was
established that Aristolochia macrophylla Lam. is the most drought-resistant species, exhibiting
low transpiration rates and high water-holding capacity. Aristolochia tomentosa Sims. it is the least
drought-resistant species, which therefore needs additional care. In field conditions, significant
signs of wilting were not observed, indicating that leaves reduce turgor during the day and recover
at night. It is also important to preserve the environment in which these plants grow, as its changes
affect the drought tolerance and life cycle of lianas. The results of the drought resistance research
on Aristolochia L. plants point to the potential of these species. They can be used for selecting plant
assortments for creating various types of plantations in urban environments

Keywords: water retention capacity; water deficiency; water content; lianas, electrical conductivity

Introduction

Insufficient moisture and the influence of high
temperatures on plants during the summer pe-
riod often have a negative impact on the state
of decorative qualities, the appearance of fo-
liage, flowers, and fruits. Vines can be benefi-
cial for greening in drought conditions as they
usually have deep roots and the ability to store
water in their stems and leaves. Analysis of the
impact of drought on vines is necessary for sev-
eral reasons: climate change, the importance of
lianas for ecosystems, industrial and medicinal
uses, and biodiversity conservation.

Due to global climate change and the con-
sequences of war, the state of Ukrainian lands
is deteriorating, which pushes its ecosystems
almost to the verge of destruction. According to
UN forecasts, by 2050, drought could affect more
than three-quarters of the world’s population
(Espinosa, n.d.). According to an all-Ukrainian
sociological survey by O. Mar’iuk et al. (2021),
it was mentioned that since 2000, the number
and duration of droughts have increased by
29% compared to previous decades. Forest res-
toration is the largest natural climate solution
that could potentially reverse the biodiversity
crisis, especially in tropical countries. H.P. Gri-
scom (2020) claimed that almost half of all
inventoried trees in dry tropical forests (44%)
have at least one vine crawling on them, with

the most common species being Bauhinia gla-
bra Jacq. and Macherium microfolium.

From the study of S.G. Boychenko &
0.G. Zabarna (2019), it can be seen that in re-
cent years, there has been a trend towards in-
creasing average monthly temperatures in the
summer in Kyiv. A large number of plantations,
especially urban ones, are in areas with limit-
ed water supply. In such conditions, the wa-
ter-holding capacity of leaf tissues and the abil-
ity to repair physiological processes after the
effects of drought are particularly important,
and similar studies in Ukraine were conducted
fifteen or more years ago (Kyryliuk 2005).

A.IL. Kolesnikov (2018) concluded that spe-
cies of the genus Aristolochia L. are perenni-
al herbaceous plants with smooth upright or
twining stems or woody lianas. They are dis-
tributed in tropical, and less frequently, tem-
perate zones. The root system consists of short
creeping rhizomes. Their size can be larger than
that of trees, which has a positive impact on the
plant condition during drought. However, as
with any plant, prolonged and severe drought
can have a negative effect on this plant genus.
In particular, Aristolochia L. can react to drought
by reducing the size and colour of its foliage. In
addition, these plants can temporarily reduce
the growth rate of new shoots and leaves. Spe-
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cies of the genus Aristolochia L. can store water
in their roots and stems and use it when need-
ed. Research on Aristolochia bracteolata Lam.
revealed its ability to survive even in hot dry
summer conditions. With moderate to severe
water scarcity, the moisture content does not
significantly decrease. P. Madhuri et al. (2021)
established that increased tannin content dur-
ing drought in plants indicates an oxidative
role and protection of tannins in dry condi-
tions. Warming can also affect the interaction
of plants with other trophic levels, including
herbivores. M. Gonzalez-Teuber et al. (2023)
found that warming did not considerably af-
fect the productivity of the species Aristolochia
chilensis Bridges ex Lindl., but it led to chang-
es in leaf nutrient content. Larvae that fed on
heat-treated plants demonstrated enhanced
growth and efficient food conversion. Further-
more, as asserted by S. Nath et al. (2022), some
Aristolochia L. species are economically impor-
tant due to the presence of secondary metabo-
lites and wide usage in traditional and modern
medicine. Consequently, most recent studies
focused on genetic and biotechnological as-
pects, with little emphasis on the ecological
features of these lianas.

The purpose of this study is to evaluate the
drought resistance of Aristolochia L. plants us-
ing laboratory and field methods, with the in-
tention of recommending their use for green-
ing in Kyiv. The research objectives included
determining the physical and biochemical pa-
rameters of plants under hydrothermal stress
conditions, which form the basis for identifying
functionally related characteristic complex-
es with the action of protective mechanisms
and exploring the water regime as part of the
overall metabolic exchange process to assess
the state of introduced species in the urban
conditions of Kyiv. Based on the obtained data,
the study aimed to recommend the most prom-
ising plants capable of adapting to stressful

situations created by climatic conditions dur-
ing the vegetation period.

Materials and Methods

For the study, plants of the genus Aristolochia L.
were selected (Aristolochia macrophylla Lam. —
native to North America, Aristolochia manshu-
riensis Kom. — native to Northeast China and
Korea, Aristolochia tomentosa Sims. — native to
North America).

The physiological characteristics of Aris-
tolochia L. plants were investigated in the Plant
Physiology and Microbiology Laboratory of the
Institute of Horticulture, National Academy of
Agrarian Sciences of Ukraine. The experiments
were conducted in July 2022. Samples were tak-
en early in the morning, placed in sealed bags,
and delivered to the laboratory. Three sam-
ples were taken for each plant species for the
experiment. During the study, the Convention
on Biological Diversity (1992) standards were
observed.

To identify drought-resistant varieties,
the water-holding capacity of leaves, their wa-
ter deficit, ability to regain turgor, and tissue
hydration were determined (Eremin & Gasa-
nova, 1999).

For the determination of the total water
content, 5-10 leaves of each variety were placed
in metal boxes (with double repetition) and
dried in a thermostat at a temperature of 105°C
until a stable mass was achieved.

The total amount of water (B) as a percent-
age of the raw weight of the suspension is de-
termined by the formula:

B == x 100%, 1)
B—a

where a is the mass of the empty box (g); b is
the mass of the box with the fresh weight (g);
c is the mass of the box with the dry weight (g).

Water deficit (WD) was studied over time
(at 2, 4, 6, and 24 hours). To determine water
deficit, leaves (3 each from every species) were
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weighed and placed in a flask with water for sat-
uration. The flasks were placed in a crystalliser
with water and covered with a similar crystal-
liser to create an air chamber. After 24 hours of
saturation, the leaves were blotted with filter
paper and weighed.

The water deficit in the leaves (as a per-
centage of the total water content in a fully sat-
urated state) was calculated using the formula:

_ M2-M1
T M3-M

%X 100%, 2)

where M is the mass of dry weight; M1 is the
mass of water before saturation; M2 is the mass
of water after complete saturation; M3 is the
mass of leaves after full saturation with water.
The drought resistance, particularly wa-
ter-holding capacity during wilting, was de-
termined over specific time intervals (2, 4, 8,
24 hours). To assess moisture deficit, samples
were immersed in room-temperature water for
30 minutes, then blotted with paper towels to
remove surface water. The calculation of mois-
ture deficit was performed as a percentage of
the mass of water-saturated leaves. In field con-
ditions, the drought resistance of Aristolochia L.
plants was determined using the S. Piatnytskyi
scale (1961). This scale allows the assessment
of plant drought resistance on a scale from
0 to 5 based on external signs of their condi-
tion: 0 points — the plant dies from drought;
1 point - leaves fall off, tips of shoots dry out;
2 points — more than half of the leaves and
some shoots dry out; 3 points — less than half
of the leaves are affected; 4 points — leaves lose
turgor during the day but regain it overnight;
5 points - the plant is not affected by drought.

Specific leaf surface density (SLSD) is
a morphological characteristic that signifi-
cantly influences plant productivity (Sedov &
Ogoltsova, 1999). It is measured in g/cm’ and
calculated using the formula:

SLSD=LM/LA, 3)

where LM is the leaf mass and LA is the leaf
area.

For the determination of electrical conduc-
tivity, the E 7-13 conductivity meter (manu-
facturer — radio measuring equipment factory,
Zolochiv, Ukraine) was used with needle-like
molybdenum electrodes and a distance of
9 mm between them, following the method of
V.V. Torop et al. (2002). This device operates by
measuring the resistance of the electrolyte in
the solution, which is proportional to its elec-
trical conductivity.

Results and Discussion

An important element of assessing the phys-
iological state of plants during water deficit
is their ability to maintain an optimal level
of leaf tissue hydration. Determining the wa-
ter-holding capacity of Aristolochia L. plants
allows for establishing their capacity to re-
tain water after wilting. This feature pro-
vides high drought resistance (Krivoshapka
et al., 2012). In Table 1, it can be observed
that when investigating the total moisture
content under laboratory conditions, the
level of leaf hydration of the investigated
Aristolochia L. species ranged from 69.1%
(Aristolochia macrophylla Lam.) to 72.8%
(Aristolochia manshuriensis Kom.).

Table 1. Water content of leaves of plants of the genus Aristolochia L., %

. Water content, %
Species name
Sample No.1 Sample No.2 Sample No.3 Average value
Aristolochia macrophylla Lam. 73.9 66.7 66.7 69.1
Aristolochia tomentosa Sims. 69.3 69.7 70.5 69.8
Aristolochia manshuriensis Kom. 74.2 71.8 72.4 72.8

Source: compiled by the authors
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Leaf water deficiency shows the stabil-
ity of water homeostasis during drought. It
depends on various factors, such as climatic
conditions, seasonal changes, and the envi-
ronment in which the liana grows. Many Aris-
tolochia L. lianas have the ability to survive in

water deficit conditions. They can possess
large and deep root systems, allowing them to
extract moisture from deeper soil layers. The
average values of the studied species, accord-
ing to Table 2, did not exceed 13.99%, indicat-
ing high drought resistance of the plants.

Table 2. Water deficiency of plant leaves of Aristolochia L., %

Water deficiency, %
Species name
Sample No.1 Sample No.2 Sample No.3 Average value
Aristolochia macrophylla Lam. 12.37 12.19 11.11 11.89
Aristolochia tomentosa Sims. 12.97 13.23 15.77 13.99
Aristolochia manshuriensis Kom. 13.10 12.00 11.94 12.35

Source: compiled by the authors

The lowest water deficit was found in Aris-
tolochia macrophylla Lam. — 11.89%, and the
highest in Aristolochia tomentosa Sims. — 13.99%.
Moreover, a high water deficit value was observed
in Aristolochia manshuriensis Kom. — 12.35%. This
indicates a lower adaptive potential for drought.
Leaf water holding capacity reflects their ability
to retain water during drought and can indicate
the behavior of plants in extreme conditions.

Some Aristolochia L. liana species are spe-
cially adapted to collect and retain water. Their
leaves can have a fairly large surface that col-
lects dew and precipitation. In addition, some
species of Aristolochia L. have a robust and

300 -~

spongy leaf structure, which enables them to
retain moisture and enhance water holding ca-
pacity. Overall, Aristolochia L. lianas have the
ability to retain a certain amount of moisture,
although their exact capacity to do so may vary
depending on the species and the environment
in which they grow. Studies on water retention
capacity during drying revealed that in the first
2 to 4 hours, the leaves of Aristolochia L. lianas
lost the most water.

The highest water retention capacity was
found in Aristolochia macrophylla Lam. After 24
hours of air drought, the remaining water con-
tent was 72.6%, as can be seen in Figure 1.
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Figure 1. Water retention capacity of the leaves of Aristolochia macrophylla Lam

Source: compiled by the author
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In the first 2 hours, the remaining water
content in the leaves of Aristolochia macro-
phylla Lam. was 95.12%. After 4 hours of wa-
ter loss, the remaining content was 93.1%, and
after 6 hours, it was 90.6%. This indicates that
this species is drought-resistant and capable of
withstanding dry climatic conditions.

The liana Aristolochia tomentosa Sims. pos-
sesses large leaves covered with dense hairs.
The presence of such dense hairs suggests that

300

they might have adaptations for water conser-
vation. These hairs could also help reduce wa-
ter loss by creating a barrier that slows down
evaporation from the leaf surface and retains
moisture nearby. However, our research showed
that within the first 2 hours, the remaining wa-
ter content in Aristolochia tomentosa Sims. was
90.08%. Figure 2 illustrates that the critical
measure of water loss is the value after 24 hours
of dryness exposure.
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Figure 2. Water retention capacity of the leaves of Aristolochia tomentosa Sims

Source: compiled by the author

Therefore, Aristolochia tomentosa Sims. has
a water retention capacity of 37.36% after 24
hours of air-dry exposure, indicating its lower
drought resistance compared to other species.
The least water loss in the first 2 hours was

observed in Aristolochia manshuriensis Kom. —
the remaining content was 95.8%. The remain-
ing water content after 24 hours of exposure in
Aristolochia manshuriensis Kom. was 62.22%,
indicating better drought resistance (Fig. 3).
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Figure 3. Water retention capacity of the leaves of Aristolochia manshuriensis Kom.

Source: compiled by the author
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After 24 hours of air-dry exposure, as de-
picted in Figure 4, it is visually evident that
Aristolochia macrophylla Lam. possesses the
highest water retention capacity, which is also
confirmed by laboratory measurements. The

éhda o

leaves of Aristolochia tomentosa Sims. expe-
rienced the most significant negative impact
from dryness, indicating lower drought resist-
ance compared to Aristolochia manshuriensis
Kom. and Aristolochia macrophylla Lam.

Figure 4. The leaves of Aristolochia L. after 24 hours of air drought
Note: a — Aristolochia tomentosa Sims., b — Aristolochia manshuriensis Kom., ¢ — Aristolochia macrophylla Lam

Source: photographed by the authors

The electrical conductivity of plant leaves is
closely related to their drought resistance. This
process in plants can occur due to the presence
of ions that can be transported through plant
tissues. Furthermore, the reduced water con-
tent in leaves can decrease electrical conductiv-
ity since water is a good conductor of electrici-
ty. Therefore, plants with high ion content and

low leaf moisture may be more drought-tol-
erant. Upon completing the investigation to
assess the leaf electrical conductivity levels in
Aristolochia L. plants over a 24-hour period, it
is evident from Figure 5 that there is an inverse
relationship between water depletion and elec-
trical conductivity. As the plant expends more
water, the electrical conductivity decreases.

m Aristolochia manshuriensis Kom.

Aristolochia tomentosa Sims.

m Aristolochia macrophylla Lam.

e —

]
bEfore the exposure I ——

0 0.5 1

1.5 2 2.5

Figure 5. Electrical conductivity level of plant leaves of Aristolochia L., mS

Source: compiled by the author

Plant leaves typically consist of various tis-
sues and cells that contain fluids, which can con-
tain certain amounts of electrolytes. However,

leaf electrical conductivity often tends to be
lower compared to other plant parts like stems
or roots. According to the measurement results,
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Aristolochia macrophylla Lam. exhibits the high-
est level of electrical conductivity among Aris-
tolochia L. liana species, indicating its greater
drought resistance.

V.V. Makovskyi & N.H. Vakhnovska, (2019)
conducted experimental studies on drought
resistance in liana species from the Ampelopsis
Michx. and Parthenocissus Planch. genera. They
concluded that the higher drought resistance of
Ampelopsis Michx. species is due to more pro-
nounced xeromorphic features in leaf surface
anatomy, higher water retention capacity, and
lower leaf water deficit levels, all of which con-
tribute to a higher degree of adaptive potential.
A gradual decrease in the electrolytic conduc-

tivity of leaves during their wilting indicates a
high resistance of the studied introducers to at-
mospheric drought. This theory is supported by
studies on Aristolochia L. liana species.

Plants with a more active photosynthetic
apparatus tend to accumulate more dry matter
per unit leaf area under optimal conditions. Li-
anas usually grow in dry or hot environments,
so they can have leaves with a high surface den-
sity, which helps reduce moisture evaporation
through the leaf plate. This may be due to the
waxy coating of the leaves, a large number of
hairs, or the presence of stomata (pores on the
leaves) that regulate gas exchange and evapo-
ration (Table 3).

Table 3. Specific leaf surface density of Aristolochia L. plants, g/cm’

. SLSD, g/cm?
Species name
Sample No.1 Sample No.2 Sample No.3 Average value
Aristolochia macrophylla Lam. 1.84 8.59 5.87 5.43
Aristolochia tomentosa Sims. 3.72 2.77 2.35 2.95
Aristolochia manshuriensis Kom. |3.30 5.49 3.57 4.12

Source: compiled by the authors

Research results indicate that Aristolochia
macrophylla Lam. exhibits the highest SLSD val-
ues (5.43 g/cm’), while Aristolochia tomentosa
Sims. has the lowest (2.95 g/cm’). Furthermore,
Aristolochia manshuriensis Kom. shows a high
SLSD value (4.12 g/cm). It affects the effective-
ness of transpiration. Leaves with high density
tend to have reduced evaporation surface area,
aiding the plant in water conservation and ad-
aptation to water-limited conditions.

Conversely, the low SLSD of Aristolochia
tomentosa Sims. leaves suggests that they might
evaporate more water through their surface.
This can be a problem in arid and hot climates
when the plant can quickly lose moisture. High
SLSD in Aristolochia macrophylla Lam. indicates
a greater number of cells and tissues per unit
area, potentially an adaptation to optimise
photosynthetic surface. Such leaves reduce

evaporation through their surface and preserve
resources.

A.A. Wright et al. (2014) found that lianas
are vital components of tropical forests, ac-
counting for up to 35% of tree species diversity.
Removing trees improved the survival of plant-
ed seedlings compared to liana removal, likely
due to reduced competition for light. In con-
trast, lianas negatively impacted drought-re-
sistant Dipteryx oleifera Benth. seedlings during
the dry season, potentially due to water com-
petition. On a local scale, lianas and trees have
distinct impacts on understory dynamics, with
lianas potentially exerting stronger competi-
tion during dry seasons, while trees compete
more intensely for light.

In the pantropical region, liana density in-
creases with reduced precipitation and height-
ened seasonality. The findings of I. Maréchaux
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et al. (2017) suggest that this pattern has led
to the hypothesis that lianas demonstrate a
growth advantage over trees in dry conditions.
Liana leaves were less resistant to drought
than trees during the wet season, but achieved
similar drought resistance during the dry sea-
son. Stronger osmotic adjustments in lianas
contribute to maintaining turgor pressure, a
crucial precondition for carbon uptake, growth,
and liana success compared to trees under dri-
er conditions.

Lianas are a significant component of neo-
tropical forests, and their biomass and numbers
are increasing. Lianas are particularly abundant
in seasonally dry tropical forests, leading to
the hypothesis that they are better adapted to
drought and possess an advantage in high-light
environments in these forests. Lianas have a
deeper root system than trees. They primarily
capitalise on growth advantages during wet pe-
riods, where they are less vulnerable to cavita-
tion and can achieve high conductivity. Howev-
er, research by M.T. van der Sande et al. (2013)
indicates that hydraulic characteristics and
functional traits studied do not explain differ-
ences in the distribution of lianas and trees in
seasonal forests.

The average monthly temperature in July in
Kyiv is +20.5°C. Absolute maximum is +39.9°C
(August 1898). P.A. Kravchuk (2011) established
that air temperature in Kyiv is generally a few
tenths of a degree higher than in surrounding
cities. The average annual precipitation in Kyiv
is about 619 mm. Humidity in Kyiv is most often
high. Considering actual weather observations
in Kyiv and the global trend of rising annual
temperatures, O. Mar’iuk et al. (2021) conclud-
ed that climate change is occurring within the
city. The climatic summer arrives in Kyiv in ear-
ly to mid-May when the average daily tempera-
ture rises above +15°C and typically ends in mid
to late September, lasting about one month, or
two months longer in particularly hot years.

Drought resistance indicates the ability of
plants to maintain an optimal water level in
leaf tissues under adverse environmental fac-
tors. M.D. Kushnirenko et al. (1975) noted that
examining and determining drought resist-
ance enables the identification of plant species
suitable for cultivation under specific climatic
conditions. This can improve the condition of
plantings and enhance the technology of their
cultivation. Tissue hydration of leaves is an
indicator that defines the overall water con-
tent within a plant’s organs. M.D. Kushniren-
ko (1975) concluded that leaves are typically the
primary part of a plant responsible for photo-
synthesis and playing a crucial role in moisture
retention. They contain a significant amount of
water, particularly in cells located within the
leaf mesophyll. In dry conditions, especially
during water deficit, leaves can lose water more
rapidly, resulting in reduced tissue hydration.

In his study, A.I. Kolesnikov (2018) as-
serted that species of the genus Aristolochia L.
are widespread in tropical, and less commonly
in temperate zones. Species within this genus
have simple leaves, often with a heart-shaped
form, arranged alternately on petioles. Leaf
size varies across species, ranging from 10 to
30 cm in diameter.

Based on these findings, the assessment of
plant drought resistance under field conditions
revealed no significant signs of wilting among
Aristolochia L. species. According to S. Piat-
nytskyi’s scale (1961), the evaluated plants re-
ceived a score of 4, indicating that leaves reduce
turgor during the day and recover it at night. In
wet conditions, when water availability is high,
water content may be higher. Leaf hydration
within Aristolochia L. lianas can vary depending
on the plant’s growth conditions. O. Bahatska’s
data (2008) for the years 2003-2007 suggest
slightly higher drought resistance scores rang-
ing from 4.6 to 4.8, despite similar temperature
indicators.
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N.O. Boiko et al. (2019) investigated the
biological and ecological properties of woody
lianas in Ukraine using a drought resistance as-
sessment scale for the city of Kherson, where
drought resistance is a critical indicator. Accord-
ing to their study, the highest drought resistance
scores were found only in Fallopia baldshianica
and Wisteria sinensis. Most species exhibit-
ed lower levels of drought resistance, ranging
from moderately to weakly drought resistant.

Aristolochia bracteolata Lam., belonging to
the family Aristolochiaceae Juss., thrives even
under scorching dry summer conditions. The
paper by P. Madhuri et al. (2021) described in
detail that with moderate to severe water scar-
city, the moisture content does not decrease
significantly and the high moisture content
persists even in conditions of water scarcity.
The authors found that with increased water
stress, moisture content experienced minimal
reduction, indicating the plant’s ability to sus-
tain water status even under water scarcity. El-
evated tannin content during drought suggests
an oxidative role and protection of tannins un-
der arid conditions.

Conclusions

Drought resistance is a vital trait for plants
used in vertical greening. t indicates the abil-
ity of lianas to withstand physical stress and
weight when they grow and cling to support
structures. Lianas of the genus Aristolochia L.
possess sturdy and flexible stems that enable
them to bear the weight of leaves and fruits as
they grow and intertwine. This characteristic
allows them to create intriguing compositions
in gardens or around buildings. Lianas exhib-
it certain adaptations that enable them to be
drought-resistant and survive in conditions of
limited water availability.

Through studies of drought tolerance
in Aristolochia L. species growing within the
territory of the M.M. Gryshko National Bo-
tanical Garden (Kyiv), it has been established
that Aristolochia macrophylla Lam. is the most
drought-resistant species. The average drought
resistance indicator is observed in Aristolochia
manshuriensis Kom. Despite having leaf struc-
tures with hairs, which should contribute to
better drought resistance, Aristolochia tomen-
tosa Sims. did not exhibit such resistance, and
it showed the lowest drought resistance among
these liana species. In general, analysing the
impact of drought on Aristolochia L. lianas using
field methods has determined that all species
can withstand brief periods of drought without
significant morphological changes and without
losing their decorative qualities. Drought-toler-
ant foliage enhances the plant’s decorative ap-
pearance and adds interest. The leaves exhibit
attractive colour shades, contributing to their
uniqueness.

It is worth considering that the drought
resistance of Aristolochia L. lianas can also
depend on factors such as the condition and
quality of the support structures they grow on,
which warrants further investigation. In the
future, there are plans to examine the creation
of plantings for various purposes, especially
in conditions with limited water access. This
would allow recommending Aristolochia mac-
rophylla Lam., Aristolochia manshuriensis Kom.,
and Aristolochia tomentosa Sims. species for use
in the greening of Kyiv.
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OmniHKa MOCYXOCTiIKOCTi pocjiH poxy Aristolochia L.

Oxkcana MuxaitiiBHa barambka

Kanaupar cibCbKOrocnogapchbkux HayK
HaBuanbHO-HAYKOBMIi iHCTUTYT JIiCOBOTO i Caf0OBO-IIapKOBOI'0O rOCIIOAAPCTBA
HarionanpHMiT yHiBepcuTeT 6iopecypciB i MPUPOTOKOPUCTYBAHHS YRpaiHu
03041, Byn. TopixyBaTchkuii nuisix, 19, m. Kuis, Ykpaina
https://orcid.org/0000-0003-3040-7859
BikTopis IBaHiBHa MeJIbHUK
Kananpar cinbCbKOrocnogapchbkux HayK
HarnionanpHMit yHiBepcuTeT 6iopecypciB i MpUpPOIOKOPUCTYBaHHS YKRpaiHu
03041, Bys. 'epoiB O6oponu 15, m. Kuis, Ykpaina
https://orcid.org/0000-0002-8782-1236
Onekcanapa AHapiiBHa CHapoBKiHa
AcmipaHT
HanionanbHMit yHiBepcuTeT 6iopecypciB i IpUPOLOKOPUCTYBaHHS YKpaiHu
03041, Byn. l'epoiB O6opouu 15, m. Kuis, Ykpaina
https://orcid.org/0000-0002-4699-4042

AHoTauis. ToutimKeHHS CTiKOCTI POCINH 10 TTOCYX! CTa€ Aefai 6ibll aKTyaJbHUM MUTaHHSIM
y 3B’SI3KYy 3 VIOOAJIbHUM TOTEIUTiHHAM. Yci Buay pony Aristolochia L. MaloTh BUMCOKi AeKOpaTUBHI
SIKOCTi Ta BilirpaloTh BAKIMBY POJIb Y MPUPOAHUX €KOCUCTeMaxX. Ajle B YMOBax IMUCOAIAHCY
TeMIIepaTypHOTO CepeloBUILa AeKOPAaTUBHICTh MOXKe 3HMKYBATUCh BHACIIIOK BTPATU TYpPropy
JUCTS i, HaBiTh, iOro omagaHHs. MeTol0 CTATTi OGyJI0 BUCBIT/IIEHHS pe3yJabTaTiB MPOBEAEHUX
IOCITiIKEeHb 3 OL[iHKM IOCYXOCTilfKOCTi BUAIB pOC/IMH poxny Aristolochia L. njist BUSIBIEHHST HAGiIbLI
MepPCIIeKTUBHUX TAKCOHIB, MPUOATHUX JMJIS BUPOLIYBaHHA B yMoBax M. KuiB. JlocmimskeHHS
npoBomwuinch 2022 poui Ha 3 Bupax JyiaH: Aristolochia macrophylla Lam., A. tomentosa Sims., A.
manshuriensis Kom., siki 3poctators y HarioHasibHOMY 60TaHivHOMY camy im. M. M. I'pumika (M.
KuiB). IlpencraBieHi pesyabTaTy [OOCTII)KeHb IMapaMeTpiB MOKa3HMKIB OBOJHEHOCTI JUCTKIB
pPOCIVH, BOOHOTO nedilnTy, BOOOyTpUMYyBaIbHa 34ATHICTD JMUCTKIB, PiBeHb €eKTPOIPOBITHOCTI
Ta MUTOMa IOBEpXHeBa IIIIbHICTb JIUCTKIB, MpOBeAeHUX y jabopartopii disiomorii poctuu i
Mikpo6ionorii [HcTuTyTYy camiBHuuTBa HanioHambHOI akamemii arpapHux HayK Ykpainu. Takox
MPOBeIeHO TIOMbOBY OIIHKY MOCYXOCTiiiKocTi pociuH pony Aristolochia L. BcraHoBiaeHO, 1O
Aristolochia macrophylla Lam. € Haii6iIbIII TTOCYXOCTiIiKOI0, Ma€ HU3bKMI1 piBeHb TpaHCITipallii Ta
Ma€ BMCOKY BOJOYTPUMYIOUY 30aTHICTb. Aristolochia tomentosa Sims. € HaliMeHII TTOCYXOCTiiIKMM
BUJIOM, SIKMi1 YHACTiAOK I[bOTO TIOTPeBYE NOAATKOBOTO AOI/ISIAY. Y IMOJbOBUX YMOBAX CIIOCTEPirasu,
1[0 iCTOTHMX O3HAK B’STHEHHS He 6y/10 BUSBIIEHO, TOOGTO JIMCTKY BAEHb 3MEHIIIYIOTh TYProp, a BHOYI
— BiZTHOBJTIOIOTH. Bask/IMBUM TaKOX € 36epeKeHHs CepeIOBMUIIL, Ie 3POCTAIOTh I1i POCMHH, OCKITbKA
iXxHS 3MiHA BIUIMBA€ Ha TOCYXOCTIiMKiCTh Ta SKUTTEBUIT LMK jdiaH. PesynbraTu mocmimkeHb
MOCYXOCTiiKOCTi pociauH pony Aristolochia L. BKa3yioTh Ha MEPCIEKTUBHICTh LMX POCIMH. BoHU
MOXYTb 6YTM BUKOPUCTAHI TIpU 1060Pi aCOPTMMEHTY POCIMH /ISl CTBOPEHHST HacaKeHb Pi3HOTO
MpU3HavYeHHs B ypbaHi30BaHOMY cepeIoBUIITi

KnouoBi @ioBa: BOoyTpuMymOua 3AaTHICTb; BOOHMII nediluT; OBOAHEHICTb; JiaHMU;
€JIeKTPOIPOBiIHICTh
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Abstract. Non-afforested lands in Ukraine are the primary instrument for increasing the forest
cover of the territory The issue of sand afforestation is relevant in the context of climate change.
Treeless sand arenas are a source of dust storms, and deflationary processes that occur lead to
negative consequences that are quite difficult to correct in the future. The purpose of this study was
to summarise the experience and achievements of the branch “Myrhorod Forest Enterprise” of the
State Specialised Commercial Enterprise “Forests of Ukraine” in afforestation of mobile sands in the
conditions of the Forest-Steppe of Ukraine. Forest stands are established using one-year-old Scots
pine seedlings on sandy soils to achieve the set goal. Testing is conducted using planting material
grown under various conditions — in the open ground and in a greenhouse. Extended periods for
establishing forest stands beyond agrotechnical terms are examined during the late spring and
summer periods using rejuvenated planting material with partially damaged root systems. The
current state of plantings within the Shyshatska sand arena is analysed. It is established that in
general, the territory of the arena is represented by the entire range of types of forest conditions
ranging from bors to mixed broad-leaved forests. The prevailing types of forest-growing conditions
are given, among which dry and fresh forests are distinguished. Subors and su-deciduous forests are
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Shyshatska sand arena...

represented on small areas. Deciduous types of conditions are located mainly in the drained areas
of the Psel River floodplain. The main forest-forming species on the territory of the arena is Scots
pine, which occupies more than 60% of the territory. Also in the lowlands and floodplains of the
Psel River stands of Black Alder and Common Oak grow. In the conditions of bors, Scots pine grows
in III - Va bonitet class. In richer conditions, subor and su-deciduous forest cultures have better
indicators and have a class I-II bonitet, but there are not many of them. The results of this study
can be used in the afforestation of sandy lands in the Forest-Steppe of Ukraine and adjacent regions

Keywords: mobile sands; forest sand cultures; afforestation; planting material; Scots pine

Introduction

The importance of forests on a planetary scale
is steadily increasing. This is due to the fact that
the forest is a powerful factor in the balanced
functioning of natural ecosystems, increases
their resistance to anthropogenic impact and
climate change. At the global level, mutual-
ly agreed decisions are being made on forest
conservation and reproduction, namely: Unit-
ed Nations Framework Convention on Climate
Change (1992), United Nations Convention to
Combat Desertification (1994), etc.

The issues of preserving and increasing
the area of forests and implementing the prin-
ciples of sustainable forestry are also acute
in Ukraine. One of the main tasks within the
framework of the programme of the President
of Ukraine Green Country (n.d.), is an increase
in the area of forests and bringing the state’s
forest cover to an optimal level. The programme
provides for an increase in the area of forests
by 1 million hectares to achieve optimal forest
cover. In addition, when creating new forests, it
is important not to violate the natural integri-
ty of all components of the ecosystem - flora,
fauna, and microorganisms. Therefore, it is ad-
visable to prioritise attention to non-forested
areas where the establishment of new forests
will have the maximum positive impact on the
ecosystem in general. Thus, it is necessary to
conduct research on the afforestation of de-
graded and sandy lands.

According to Yu.A. Bondarenko & IL.V. Iva-
nyuk (2022), existing sand arenas in For-
est-Steppe conditions were also forested, but
with better results than in the Steppe zone, due
to more precipitation and less evaporation of
moisture from the soil. Sand arenas which were
formed as a result of intense anthropogenic im-
pact were also forested. One of these territories
is the Shyshatska sand arena, which is located
on the territory of the Myrhorod district of the
Poltava region.

Researchers from China, Y. Rong et
al. (2022) conducted research in the Tengger
Desert using various sandstorm management
projects. One of the options was to create a
“straw chessboard”, in the open cells of which
various grasses, bushes and trees were plant-
ed and sown for the subsequent fixing of the
sands. This method helped to partially fix the
sand, and straw shields reduced the heating of
sand and evaporation of moisture that came
with precipitation.

E.A. Elhadi et al. (2016) and M. Moradi et
al. (2017) investigated that the existing organic
residues from precipitation after afforestation
of sands, artificially introduced organic fertil-
isers and plant residues (straw shields) in the
upper horizons of sandy lands improve the con-
tent of the main elements of mineral nutrition
in it. There is also a decrease in the pH of the
soil from alkaline to neutral. The introduction
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of organic waste into desertified sand dune
soils has increased the nutrient content and,
consequently, the sustainable biological fixa-
tion of sand dunes.

Romanian foresters have achieved substan-
tial achievements in reforestation and affores-
tation. C. Palaghianu & I. Dutca (2017) deter-
mined that for the period from 1990 to 2015,
the annual volume of reforestation reached
the range of 10-15 thousand hectares. Approx-
imately 1% of these territories were occupied
by deforested areas with sandy soils. The main
species that were planted on sandy lands were
Acacia (Robinia pseudoacacia L.) and Poplar
(Populus x canadensis).

A study by Z. Vacek et al. (2021) in the
Czech Republic compared different types of
reclamation: areas after coal mining, a for-
mer sand pit, and a reclaimed sand dune that
was used as pasture. The areas were afforested
with Scots pine. (Pinus sylvestris L.). Compar-
ing all reclamation options, the highest pro-
ductivity was determined in the reclaimed coal
mine, and the smallest differences between
forest and reclaimed areas were documented
in the case of a reclaimed sand pit. In terms
of climate change, Scots pine has proven to be
a very adaptive and suitable tree species, the
wood production of which in reclaimed areas
after mining is comparable to conventional
forest areas. Pine afforestation of reclamation
areas brings invaluable environmental and in-
dustrial benefits.

Having considered the methods of fixing
and afforestation of sands in other regions
that were examined by researchers, the pur-
pose of the study was to examine modern
approaches and methods of afforestation of
sands. The following tasks were considered for
this purpose: to examine the survival rate of
seedlings in forest plantations depending on
their location and agrotechnics of cultivation
and analyse the current state of plantations

within the Shyshatska sand arena in terms of
forest vegetation types, dominant tree species,
and stand quality.

Materials and Methods

A work program was developed for the estab-
lishment of forest plantations of Scots pine on
the Shyshatska Sand Arena by the “Myrhorod
Forestry” branch, aimed at investigating the
afforestation of mobile sands. The study was
conducted from November 2020 to Novem-
ber 2021. According to the work program, the
following tasks were envisaged:

% plant seedlings in areas with or without
area preparation,;

% plant seedlings in extended agrotechni-
cal terms to identify the possibility of extend-
ing the planting time (Patent No. 62077. Meth-
od for sanitating propagation ..., 2011);

% plant seedlings grown in the open
ground, with a closed and partially damaged
root system (Maurer & Moiseyets, 2010).

% plant seedlings in spring and autumn
agrotechnical terms.

In accordance with the programme of work,
experimental crops were created in different
agrotechnical terms and using different plant-
ing materials (Table 1).

For each research variant, at least 100 Scots
pine seedlings were taken. The preparation of
seedlings for planting was conducted uniform-
ly to maintain the purity of the experiment.
Standard one-year-old Scots pine seedlings of
approximately the same size were selected. The
root systems were formed to have equal lengths
(15-20 cm), and the roots were dipped in a clay-
sand slurry without the addition of fertilisers or
moisture-retaining agents.

Control was provided by forest plantations
created by the employees of the “Myrhorod For-
est Enterprise” branch of the State Specialised
Enterprise “Forests of Ukraine” within the des-
ignated area. Their years of experience in forest
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cultivation and restoration within the Shy-

shatska sand arena demonstrated the utility of

adding growth stimulants (rooting compounds,

amber acid, and others) and water-retaining
agents at 50% concentration as recommended
by the manufacturer to the planting mixture.

Table 1. Characteristics of the experiment, in the context
of the timing of planting seedlings of Scots pine grown in different conditions

No. Date of planting Number of seedlings planted Origin of planting material
; (1)21 1;328 ;;g Lubenske FE (closed ground, greenhouse)
3 28.03.2021 200
1 11.04.2021 200 Poltava FE (open ground)
5 23.04.2021 200 Lubenske FE (closed ground, greenhouse)
6 20.05.2021 126
! 05.06.2021 108 Partially injured root system
8 21.06.2021 111
9 27.06.2021 108
10 07.11.2021 103 Poltava FE (open ground)
11 21.11.2021 144 Lubenske FE (open ground)

Note: FE - Forest Enterprise
Source: compiled by the authors

Soil preparation for the study was con-
ducted using mechanised methods. Furrows
were created using a PKL-70 plough (Republic
of Belarus) at a depth of 10-15 centimetres to
prevent the planted seedlings from being bur-
ied by sand and avoid any displacement. Adja-
cent areas were left without soil preparation
for comparison purposes. The width of the row
spacing was 2 meters, with a step of planting
seedlings in a row after 0.5 meters.

The study was conducted on the territo-
ry where forest cultures were established on
the prepared soil using the PKL-70 plough.
Furrows were created to a depth of 10-15 cm
to prevent the seedlings from being covered
by sands and to avoid lodging. The inter-row
width is 2 meters, and the furrow depth dur-
ing cutting was 20-25 cm, considering the
filling by winds and erosion during spring
rains (Fig. 1).

Figure 1. Soil preparation using a PKL-70 plough
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Standard seedlings of Scots pine were plant-
ed with arow planting step of 0.5 meters in differ-
ent agrotechnical terms in accordance with the

The condition of plantations within the
mobile sand dune arena was analyzed based on
the materials of the periodic forest inventory
from the database of the production association
Ukrderzhlisproekt (n.d.). For analysis,quadrants
within the Shyshatska sand arena were selected
within the territories of Shyshatske and Ve-
lykobahachanske forest districts of the “Myrho-
rod Forest Enterprise” branch of the State
Specialised Enterprise “Forests of Ukraine”.

During the study, the requirements of the
Convention on Biological Diversity (1992) were
met. The historical aspects of afforestation of
shifting sands were analysed based on literary
and scientific publications, including the infor-
mation provided in forestry culture books and
the experience of enterprise employees doc-
umented in reports and forestry management
materials.

Results and Discussion

Sand afforestation has been and remains
important since the 18" century. The main
focus of the researchers V.N. Vynogradov &

research programme (Fig. 2). Planting in May —
August was conducted considering precipita-
tion, to maximise the use of moisture by plants.

v

Figure 2. Planting of annual Scots pine seedlings in experimental plots

D.P. Toropogritsky (1963) was devoted to the
afforestation of the Prydniprovsk and Lower
Dnieper sands in the southern part of Ukraine.
The Steppe zone of Ukraine for almost two cen-
turies was an experimental site of afforestation
(Kherson region) and reforestation (Luhansk,
Kharkiv region) (Dryuchenko, 1964; Vynogra-
dov, 1966) on sands that man in a very short
time turned from blackened sandy steppes and
woodlands into bare mobile sands with hilly ter-
rain. The first century of creating sand forests
was marked by failures and disappointments,
which enriched the Ukrainian forestry industry
with invaluable experience, which allowed find-
ing several reliable sand afforestation technol-
ogies and applying them in practice. Historical
aspects and experience of sand afforestation
are given in the studies of M.I. Gordienko &
V.P. Shlapak (1998), S.V. Zibtsev et. al. (2022).
The most well-known in Ukraine are the
Lower Dnieper (Oleshkivske) sands and the
sands formed on the land areas located between
Kharkiv and Luhansk (Moroz & Shlapak, 2000).
Samara forests are located on the sands of
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Dnipropetrovsk region. Less known are the
island forests that grow on both banks of the
Dnipro River, from Kaniv to Zolotonosha and
Chyhyryn, where the most famous ones are lo-
cated — Cherkasy and Chyhyryn forests. (Lehm-
kuhl et al., 2021).

The total area of the Shyshatska sand are-
na is 3.1 thousand hectares. Previously, the
Shyshatska sand arena was used as a military
training ground for throwing aerial bombs,
where explosions increased the flowability
and mobility of sand. The sand dunes reached
heights of up to 10-15 meters, and the depth of
sand deposition reached up to 30 meters. Work
on the afforestation of mobile sands, which
were formed on the site of the military aviation
training ground, began in 1952. However, they
were unsuccessful; all technologies and scien-
tific recommendations were unsuitable for the
conditions of the arena. The temperature of the
sand could reach up to +60°C, and in some cas-
es, one-year-old seedlings with a height of 4-5
c¢m were simply buried during dust storms.

Researchers investigated the prevention of
wind erosion by creating mechanical protection
using pine branches cut during maintenance op-
erations in young stands to control mobile sand
and prevent dust storms in the Shyshatska sand
arena (Dryuchenko et al., 1975). Protective rows
were arranged every 6 meters perpendicular to
the prevailing winds. Although this method gave
short-term results since the branches quickly
dried up and did not perform their functions.
For partial consolidation of the sands, forest
cultivation work was continued. Pine seedlings
were planted in strips of 3-4 rows. The distance
between the lanes was 30-40 m. After the reduc-
tion of sand deflation due to the influence of
the pine seedlings, large-scale afforestation of
the arena began (Bondarenko & Ivanyuk, 2021).

Since 1957, decisive attempts to afforesta-
tion the arena have yielded the first results. The
plantations were established using a planting

scheme with planting spots arranged at inter-
vals of 1.5 by 0.5 meters. Each of the approxi-
mately 3 million seedlings was planted manu-
ally under the guidance of the “Kolesov’s sword”
technique over a span of 20 years. Protective
structures were placed approximately every
6-7 meters, using shields made from hazel, al-
der, and pine branches. These shields helped re-
strain the main force of the sand during storms
and protected the pine trees from being buried
or having their root systems exposed. Shields
were placed at an angle to the prevailing winds
and covered the sand arena in a north-south di-
rection. At the end of the growing season, the
survival rate of created crops was 95%. Care for
crops consisted in uncovering seedlings buried
with sand. The full afforestation of the arena
was completed in 1975 (Yaresko, 2019). Most of
the forest planted in the 1970s was destroyed by
alarge-scale fire in 2005. Then the fire destroyed
more than 450 hectares of forest due to human
negligence. The technology that helped reforest
the inhospitable desert played against foresters.
Due to the fact that the crops were planted thick-
ly, the fire spread very quickly (Yaresko, 2019).

According to Myrhorod Forestry (n.d.),
during the reforestation of 2007, the planting
scheme was changed — 2.0 x 0.7 m. Scots pine,
Crimean pine and Acacia were planted. Soil cul-
tivation mainly involved partial furrowing. On
flat areas, planting was carried out mechanically
using planting machines, while sandy hills were
afforested manually. The primary soil cultiva-
tion was carried out through deep loosening us-
ing mounted cultivators RN-60 and RN-80 (RN
stands for mounted loosener), which facilitated
deeper root penetration. Then the addition of
cultures was conducted for another 5 years. A
general view of the wooded arena after the 2005
fire is shown in Figure 3. Due to the fact that the
stumps remained after the fire, it was no longer
necessary to put up protective structures. Wide
fire breaks were created to protect against fires.
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Figure 3. The reforested Shyshatska Arena after the 2005 fire

Source: photo by Google maps (2009)

The created Acacia stands, which served as
fire barriers at the age of 12-15 years, started to
deteriorate, negatively impacting the condition
of the stands.

As of 2023, reforestation efforts are still
ongoing in the Shyshatska sand arena. There
are isolated cases of death of certain areas of
forest cultures due to damage by stem pests
and partial covering with sand, despite the fact
that preventive measures to combat them are
conducted regularly. Currently, with almost
50 years of experience in the afforestation of
sands, hygrotopes of afforded areas and fire
prevention measures are considered. When cre-
ating forest cultures, the width of row spacing

is from 2.0 to 2.5 m, the planting step in a row
is from 0.5 to 0.7 m, which allows to effectively
fixing the sands in conditions from AA to A,.
Afforestation of the territory of the Shy-
shatska sand arena is conducted annually. This,
in turn, is associated with the partial death of
forest crops in small areas. Territories that were
covered by a fire in 2005. Depending on weather
conditions, such as temperature and sufficient
rainfall, they substantially influence the sur-
vival and preservation of the established forest
cultures. The results of the inventory of forest
crops on 15.10.2021 and 25.05.2022 at the ex-
perimental sites are shown in Table 2. No addi-
tions were made at the experimental sites.

Table 2. Survival rate and preservation of crops in experimental plots

15.10.2021 25.05.2022
No. Date.of Numb.er of Survivin Survival rat Survivi Survival rat
planting seedlings ? g urvival rate, urviving urvival rate,
seedlings, pcs % seedlings, pcs %
1 09.11.2020 276 105 38 104 38
2 16.11.2020 292 110 38 108 37
3 28.03.2021 200 58 29 58 29
4 11.04.2021 300 81 27 80 27
5 23.04.2021 200 25 13 25 13
6 20.05.2021 126 0 0 - -
7 05.06.2021 108 10 9 9 8
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Table 2, Continued

15.10.2021 25.05.2022
No Date of Number of . " . s
planting seedlings Sur.vwmg Survival rate, SurylVlng Survival rate,
seedlings, pcs % seedlings, pcs %
21.06.2021 111 0 0 - -
27.06.2021 108 20 20 19 20
10 07.11.2021 103 - - 84 82
11 21.11.2021 144 - - 121 84

Source: compiled by the authors

According to the results of the inventory, it
is clear that the terms of planting outside the
agrotechnical terms starting from the second
half of May do not give positive results. Cul-
tures created in the autumn and spring period
have a better survival rate, although it is not
enough to leave plots without supplements.
Although the sufficient amount of moisture in
the spring period, survival rates are low. Sands
do not retain moisture in the upper layer, which
causes low preservation of created crops.

The results of the autumn planting ex-
periment outside of agrotechnical terms un-
der favourable weather conditions showed ex-
cellent results due to the substantial amount
of precipitation that was in the region in the
winter-spring period of 2022. According to the
research programme, planting seedlings on a
forest-cultivated area without soil preparation
did not give a positive result even using growth
stimulators and moisture accumulators. This
is due to the formation of a dense upper layer
of sand formed by deflation processes, and the
burying and damaging of the plantings by sand.

It has been determined that the territory of
the arena encompasses the full range of forest
vegetation types, ranging from bors to decidu-
ous forests (Fig. 4). This is due to the location
of Psel River, which surrounds the sand arena
from Southeast to Northeast. The main types
of forest-growing conditions are dry and fresh
bors, which occupy 60% of the area. Transitional
types of subors and su-deciduous forests cover
an area of less than 10%. This is due to a sharp

transition to deciduous forests in the floodplain
of the Psel River. Here, rich conditions were
formed as a result of lowering the groundwa-
ter level and drying up wetlands (12%). A sub-
stantial part of deciduous forest conditions D,
(17%) is located in the floodplain of the river
and is partially swampy.

The species composition of plantings
(Fig. 5) is represented mainly by Scots pine on
the sands. Monocultural plantings pose a cer-
tain threat during the fire hazard period and
require timely logging and maintenance. Com-
mon Oak and Black Alder grow in floodplains
and partially swampy areas. Other woody spe-
cies such as Common Ash, Aspen, White Poplar,
and Hanging Birch occupy small areas in the
transitional subor and su-deciduous types.

Due to the fact that Scots pine is the main
forest-forming species of the Shyshatska sand
arena, it occupies 63% of the territory and grows
on 94% of the sand. The distribution of Scots
pine stands by bonitets was analysed (Fig. 6).

After analysing the data shown in Fig-
ure 6, it can be argued that in the conditions
of dry and fresh bors, pine grows mainly in 2-5?
bonitets. Such low bonitets of plantings are ful-
ly explained by poor types of forest conditions
on the sands, the horizon of which in most are-
as of the arena is 5-15 m, and sometimes up to
30 meters, and almost no layer of fall-off and
litter. A small part of the high-granite plantings
was formed along the perimeter of the Shyshat-
ska arena on soils with a less powerful layer of
sand up to 1.5 m.
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Source: developed by the authors on the basis of data from the Official website of the Ukrainian State Project
Forest Management Industrial Association “Ukrderzhlisproekt” (n.d.)
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Source: developed by the authors on the basis of data from the Official website of the Ukrainian State Project
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The main goal of sand afforestation in
different parts of the world is to improve the
ecological situation and reduce dust storms.
Ukraine is no exception, and sand afforestation
in the south and east of the country is a prior-
ity. Atypical plots of land like the Shyshatska
sand arena are also found in other regions of
the state. In some years, these issues were con-
sidered by many researchers and certain results
were achieved, on the basis of which this study
was based. Thus, the study by M.M. Dryuchenko
et al. (1975) on afforestation of the sands of the
Shyshatska arena with the use and introduction
of organic matter in the seating areas was pos-
itive. Similar results were recorded by E.A. El-
hadi et al. (2016) by adding organic residues to
sandy soil, it improved its chemical properties
and maintained the fixation of sand dunes.

Sand fixing using herbaceous plants in Iran
(Moradi et al., 1917) and straw shields in China
(Rong et al., 2022) indicates the possibility of
partial sand fixation and short-term prevention
of deflationary processes. These options are
relatively effective and require further affores-
tation to successfully anchor the sands.

Studies of sandy lands in Europe and their
mapping were examined by F. Lehmkuhl et
al. (2021). The distribution and formation of
sands in Europe, considering geomorphologi-
cal processes, have been examined in detail and
provide the opportunity to comprehend the
extent of territories that require afforestation.
According to Z. Vacek et al. (2021), for afforesta-
tion of Reclamation lands in the Czech Repub-
lic, the best woody species is Scots pine. It is
second only by 9-32% in productivity compared
to the same plantings on forest soils.

The solution of afforestation of sands on the
territory of Ukraine on the lower Dnieper Sands
was considered in the papers of V.N. Vynogra-
dov (1963), V.N. Vynogradov (1966), afforesta-
tion in the steppe in different years was exam-
ined by T.T. Govorova (1970), M.I. Gordienko

et al. (2002), Prydniprovsk sand formations —
P.I. Moroz & V.P. Shlapak (2000). All of them
chose Scots pine when selecting tree species
for the afforestation of sands. It has one of the
largest distribution areas in Europe and a flexi-
ble adaptive property to various growing condi-
tions. Considering the different climatic zones
of sandy land placement, researchers recom-
mended planting seedlings during periods with
maximum accumulation of moisture in the
sands, which contributes to better survival and
preservation of forest cultures.

The use of different planting dates with im-
proved planting material in Polissya conditions
on sod-podzolic sandy loam soils was tested by
V.M. Maurer & P.Ya. Moiseyets (2010). Healthy
Scots pine seedlings planted in the summer
had better preservation in the range of 20-30%
compared to similar planting material grown in
a nursery in the open ground.

Due to climate changes and possible fore-
casts of changes in the range boundaries of
the main forest-forming species of the For-
est-Steppe of Ukraine, Scots pine and Common
Oak may shift to the North and Northwest, ac-
cording to A. Shvidenko et al. (2017). Therefore,
according to the authors, afforestation of all
possible sandy lands is an urgent issue to pre-
vent and mitigate potential negative and un-
foreseen consequences in the future.

According to the results of this study, for
afforestation of sand arenas, it is worth recom-
mending the use of branches from care logging
and the formation of a protective fence with a
height of 60-80 cm, every 6 meters, perpendic-
ular to the direction of prevailing winds

Considering the prospects of afforestation
and stabilizing the shifting sands of the Shy-
shatska Arena, the “Myrhorod Forest Enter-
prise” branch possesses substantial expertise.
Scots pine stands will form a sufficient layer of
litter with time and in the future, the quality in-
dicators will increase proportionally.
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Conclusions

Studies have established that the survival rate
and safety of forest crops primarily depends on
high-quality tillage and moisture reserves af-
ter the winter period. The best way to prepare
the soil on sand is to cut furrows with a PKL-70
plough using an RN-60 or RN-80 soil loosener.
Preparation should be conducted in the autumn
period, for maximum accumulation of moisture
in the soil.

Planting seedlings outside the agrotechni-
cal deadlines did not give positive results, al-
though the planting of seedlings occurred after
precipitation. The best results of seedling pres-
ervation were obtained in crops planted in the
late autumn period. By that time, a sufficient
amount of moisture accumulates in sandy lands,
which contributes to better survival. However,
it is worth remembering that late plantings can
suffer from squeezing seedlings out of the soil
by frosts. Due to the fact that the predominant
types of forest conditions on the territory of the
arena are dry and fresh bors — 58% of the area,
pure Pine cultures were formed on sandy soils,
mainly of the II-V bonitet classes.

Richer types of forest conditions were
formed along the floodplains of the Psel River.

Alder trees grow here, which periodically ex-
perience short-term flooding during spring
floods. A small portion of Common Oak (13%)
has developed in drained swamps and wetlands,
as well as in low-lying areas and depressions of
the sandy arena. Additionally, stands of Aspen
have formed in the lowlands of the sandy arena,
mostly confined within their boundaries.
Afforestation of mobile sands is necessary
in the context of climate change and considers
the possible challenges of the present time and
the possible negative consequences that have
been prevented. Further research on afforesta-
tion in the Shyshatska arena encourages a more
detailed examination of the structure and com-
position of the sands. Of particular interest are
the features of growth and formation of root sys-
tems in the first years. Investigating the growth
rate of Scots pine stands on the sands and com-
paring the results with similar plantings in the
region is promising for subsequent research.
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IlInmanpKa minaHa apeHa:
icTopisi, cyuacHMI1 CTaH Ta MePCeKTUBYU 3a/IiICHEeHHS

I0piit AnaToniiioBuu BoHgapeHKo

AcmipaHT
HaBuanbHO-HayKOBUIt iHCTUTYT JIICOBOTO i Ca0BO-TIapPKOBOTO rOCIIOIAPCTBA
HartionanbHMit yHiBepcuTeT 6iopecypciB i MpUpOmOKOPUCTYBaHHS YRpaiHu
03041, Bysn. l'opixyBaTcbkuii uisx, 19, m. Kuis, Ykpaina
https://orcid.org/0009-0008-6668-451X
Irop BikTopoBuu IBaHIOK
Kangmpar ciibCbKOroCIomapcbKmx HayK, JOIEHT
HaBuanbHO-HayKOBMIi iHCTUTYT JIiCOBOTO i CaJ0BO-TIAPKOBOT'0 TOCIIOAAPCTBA
HarionanbHMiT yHiBepcuTeT 6iopecypciB i MpUPOIOKOPUCTYBaHHS YRpaiHu
03041, Byn. TopixyBaTchkuii nuisix, 19, m. Kuis, Ykpaina
https://orcid.org/0000-0002-1493-976X

AHotanis. He3amicHeHi 3emyi B VKpaiHM € OCHOBHMM iHCTPYMEHTOM ITiIBUIIE€HHS JIiCUCTOCTI
TepuTopii. [IMTaHHS 3a/liCHeHHS MICKiB € aKTyaJbHMM B YMOBaXxX 3MiH kiaimary. Bessnici mimani
apeHM € IKepesioM MWIOBUX Oyp, Ta meduisuiifHi mpouecu ki BimOyBarOThCs MPU3BOASTH 10
HeraTMBHMX HACTIIKiB SIKi B IOJA/IbIIOMY BUIIPABUTY JOCUTH CKIagHO. MeToto JaHoi po6oTu 6yiio
y3araJbHUTH JOCBiJ Ta HampauoBaHHs ¢inii «MuUpropoachKe JIicoBe rocromapcTBo» JIepskaBHOTO
Crieliayii3oBaHOro rocroapchbkoro mignpuemctsa «Jlicu YRpainm» y 3aicHeHHI pyXoMuX TTiCKiB B
ymoBax Jlicocreny Ykpainu. [Ijsi JOCSATHEHHSI MTOCTaBJIeHOI MeTy Oy/y CTBOPEHi JIiCOBi KyIbTypU
OMHOPIUYHMMM CiSIHIIIMM COCHM 3BMUaiiHOi Ha mickax. [IpoBemeHo ampoballiio i3 BUKOPUCTAHHIM
CaZVBHOTO MaTepiaay BUPOILIEHOTO 3a Pi3HUX YMOB — Y BiIKPUTOMY I'PYHTi Ta Ternui. JJocmiikeHo
pO3LIMpeHi TepMiHM CTBOPEHHS JIiCOBUX KYy/AbTYp 1032 MeXaMM arpoTeXHiYHMX TepMiHiB y
MMi3HbO-BECHSIHUIT Ta JIiTHil Tmepion 3 BMKOPMUCTAHHSIM O3[0POBJIIEHOTO CaAMBHOIO MaTepialy 3
YacTKOBO TPAaBMOBAHOIO KOPEHEBOIO CUCTeMOl0. IIpoaHani3oBaHO cyyacHMIi CTaH HacaJKeHb B
Mexkax Ilnmanpkoi mimanoi apeHn. BcTaHOB/IEHO, 110 3araJioM TEPUTOPIsS apeHM MpeacTaBieHa
BCi€I0 aMIUTITYyZOI0 TUIIB JIiCOPOCIMHHUX YMOB Bim 60piB ;o mi6poB. HaBemeHo mepeBakaroui
TUIM JTiICOPOCIMHHUX YMOB, Cepell SIKMX BMJiIeHi cyxi Ta cBixi 6opu. Cyb6opu Ta cymiGpoBu
npesicTaBieHi Ha He3HAUHUX IuIomax. Ji6poBHi T yMOB po3MillleHi epeBakHO Ha OCYIIeHUX
TepUTOpisx 3amiaBy piuku [Ices. OCHOBHUM J1iCOyTBOPIOIOYMM BUJIOM Ha TePUTOPii apeH! € COCHa
3BUYAIiHA, sIKa 3aiiMae rmoHag 60 % tepuropii. TakoK y HM3MHAX i 3ariaBax piuku IIcesn 3pocTaioTh
HaCcaKeHHS BiIbXY YOPHOI Ta qy6a 3BMYaitHOr0. B yMmoBax 60piB cocHa 3BMyaiiHa 3pocrae 3a 11 -
Va kiacom 60HiTeTy. Y 6araTmmx yMmoBax cy6opiB Ta Cyni6bpoB KyabTypy MalOTh Kpallli TOKa3HUKA
i marotp I — II ky1ac GoHiTETY ase iX He 6arato. Pe3yabTaTy JaHOi pO6OTY MOKYTh 6YTU BUKOPUCTAHI
IIpy 3a/iCHEHHI MilllaHMUX 3eMeJIb B YMOBaX JIicoCTeIy YKpaiHyM Ta CYMDKHMX perioHiB

KnrouoBi ciioBa: pyxoMi ITiCKM; JIiCOBi KyabTypu; JIiCOpPO3BeleHHSs; CaAVBHMII MaTepiaa; cocHa
3BMYaliHa
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Abstract. Climate changes actualise the need for the transition of Ukraine’s agricultural business
to agroforestry systems not only in the steppe but also in the northern regions of the country. The
purpose of the study is to examine the features of creating protective stands of Walnut (Juglans
regia L.) and Poplars (Populus x euramericana) in Polissya and in the Forest-Steppe of Ukraine.
Experimental plantings of Walnut were created by one-year-old seedlings on sod-podzolic sandy
loam soils of Zhytomyr Polissya and on carbonate soils of the Western Forest-Steppe, and the
analysis of the survival rate of Poplar plantings was conducted on chernozems of the Right-Bank
Forest-Steppe. It was established that on sod-podzolic soils, five-year-old plants of Walnut had
an average height of 91.8 cm. At the age of 4, some of them bore fruit. The fruit-bearing trees
had higher indicators of average height of 13.4% and a diameter of 71.5% compared to the rest.
On carbonate soils, the trees showed substantially better growth in height, which is explained by
the calciphile nature of the nut. It is determined that an effective way to increase the survival
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rate of one-year-old seedlings of Poplar varieties Dorskamp, Robusta and 1-45/51 is to plant them
without trunks. In all the examined varieties, during the first two years, the highest survival rate of
seedlings was in the variant without a trunk - from 57.0 to 68.9%, while in seedlings with a trunk —
from 50.3% to 68.1%. In 2022, due to irrigation, the survival rate ranged from 74.4% to 88.9%. The
average height was mostly also higher in plants that grew from seedlings without a trunk. It was the
largest in plants of the Dorskamp clone — 188.6 to 209.3 cm. In uncut plants of this variety, it ranged
from 174.0 to 197.2 cm. The practical importance of the study lies in the possibility of developing
new forms of Walnut and Poplar and improving technologies for creating forest lands with their
involvement, which can be used in Polissya and Forest-Steppe conditions.

Keywords: forest-field lands; Juglans regia L.; Populus x euramericana; seedlings; plantings;

survival rate; average height; fruiting

Introduction

At the present stage of development of world
agricultural production, it becomes clear that
the existing management systems in agricul-
ture are not viable in the long term, and exces-
sive use of chemicals to increase the yield of
field crops and protect them from weeds, pests,
and diseases creates a serious danger to the en-
vironment. Food and Agriculture Organisation
(FAO) (n.d.) recognises that complex, multi-
faceted issues, including sustainable land use,
require cross-sectoral approaches. The agenda
in the field of sustainable development for the
period up to 2030 not only defines the goals in
sustainable development but also proposes the
means to achieve them (Burgess & Rosati, 2018;
Moreno et al., 2018). In the context of increasing
global competition, uncertainty and increasing
risk of crisis factors both at the national and
global levels, special emphasis in the process
of land management is placed on the issues of
their effective use. The complexity and lack of a
unified approach to solving this problem has led
to the need to develop scientific foundations for
determining effective land use areas and mod-
elling agri- and economic processes (Rigue-
iro-Rodriguez et al., 2009; Smith et al., 2013).

V.Yu. Yukhnovsky et al. (2019), I.D. Ivaniuk
et al. (2022) argue that an extremely high risk to

European farming systems in the coming years
is climate change, with steady warming, and
an increase in the occurrence of unpredictable
weather events, which negatively affects the
development of the global economy. G. More-
no et al. (2018) note that optimising agricul-
tural production is essential for obtaining the
necessary amount of food and improving the
resilience of European agricultural systems to
current challenges.

An alternative area for the development of
sustainable and rational use of land resources
can be agroforestry — simultaneous cultivation
of conventional crops and woody plants on ag-
ricultural land. Research M.L. Augére-Grani-
er (2020) indicates the ability of larger or small-
er groups of woody plants to improve, stabilise
the environment, and control the negative im-
pact of adverse natural phenomena and anthro-
pogenic impacts. The authors note that agro-
forestry is a type of environmentally oriented
agriculture that combines woody vegetation
with objects of agricultural activity (agricultural
crops or animals) to increase the economic and
ecological efficiency of agricultural landscapes.

It can provide an increase in biomass pro-
duction per hectare by an average of 40%, due
to an increase in the leaf surface area per 1 ha,
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which provides higher efficiency in the use of
solar energy, compared to areas without trees
(Mosquera-Losada et al., 2012a; 2012b).

According to K. Kovacs & A. Vityi (2019)
and S. Fahad et al. (2022), one of the main
types of agroforestry is silvoarable — growing
agricultural (garden) crops in the aisles of tree
alleys of a certain width. Therewith, wood and
tree fruits are additional products that increase
economic indicators, without substantially re-
ducing the main crop yield.

The stable trend towards climate warming
in Ukraine actualises the need to switch to agro-
forestry systems of agricultural business not
only in the steppe but also in the Forest-Steppe
regions of the country and in Polissya. The re-
sults of the studies by Ya.D. Fuchylo et al. (2022;
2023), and data from the State register of
plant varieties suitable for dissemination in
Ukraine (2022) confirm that under these condi-
tions, woodlands using Walnut (Juglans regia L.)
can be effective — mainly for the production of
fruits and Euro-American hybrids of the Black
Poplar section (Populus x euramericana) for the
production of wood and energy biomass.

The purpose of the study was to examine
the features of creating field-protected Walnut
stands (Juglans regia L.) and Poplars (Populus
x euramericana) in Polissya and in the For-
est-Steppe of Ukraine.

The objectives of the study were to eval-
uate the effectiveness of the creation of agro-
forestry facilities in the Forest-Steppe and
Polissya of Ukraine, using the two most ef-
fective systems of forest land (silvoarable):
1 — growing woody plants for the purpose of
obtaining fruit and 2 - for growing high-qual-
ity wood.

Materials and Methods

The objects of the study were Walnut plant-
ings created by one-year-old seedlings grown
from seeds of fast-fruited, lateral, low-growing

forms, which can be considered the third gen-
eration of selection by L.S. Shugin (Skryp-
chuk, 2020; Shugins hazelnuts, n.d.). In the
Rivne region, Walnut seedlings were planted in
the fall of 2019 in pits with the addition of 9
litres of vermicompost, and on the grounds of
the Malyn Vocational College — in the spring of
2020 using a similar technology. Due to the low
moisture capacity of sandy loam sod-podzolic
Polissya soils, drip irrigation and careful soil
care were conducted during the first two years.
After the end of each growing season, studies
were conducted on the survival rate of seed-
lings, their growth, and fruit yield. The study of
4-year-old Walnut plantations were conducted
in 2022 (Ivaniuk et al., 2022). This study pre-
sents 5-year examination of these plants. Dur-
ing the study, the Convention on Biological Di-
versity (1992) standards were observed.

The study of the features of creating agro-
forestry objects using one-year-old seedlings
of Poplar was conducted at the Experimental
Field of the Institute of Bioenergy Crops and
Sugar Beets of the National Academy of Agrar-
ian Sciences of Ukraine. Three Poplar varieties
were used in the studies: Dorskamp, Robusta
and I-45/51. Seedlings of these varieties were
grown from one-year-old seedlings and planted
in the spring of 2020, 2021, and 2022. Rooting
of plants, their safety, and growth were deter-
mined according to conventional methods in
crop production (Fuchylo et al., 2018).

Results and Discussion

Considering that after the completion of the
first vegetative period, the seedling survival
rate at Malyn Vocational College was 100%, and
no plant losses were observed during the subse-
quent years. The height of the aboveground part
of the seedlings at the time of their planting
was 10.4 +0.64 cm, after the end of the fourth
growing season (plant age — 5 years), their aver-
age height increased to 91.8£6.49 cm (Table 1).

Vol. 14, No. 3, 2023

Ukrainian Journal of Forest and Wood Science 37



Prospects for the use of Walnut and Poplar...

Table 1. Morphometric characteristics of Walnut seedlings

one-year-old Age of Walnut plants / calendar year
Morphometric indicators .
seedlings 2/2020 3/2021 4/2022 5/2023
Height, cm 10.4%0.64 25.4+2.39 47.6*3.77 65.5+5.36 91.8+6.49

Height inrease, cm 10.4 15.0 22.2 17.9 26.3
Root neck diameter, cm 0.8 1.2 1.8 2.3 2.9
Increase in the diameter

of the root neck, cm 0.8 0.4 0.6 0.5 0.6

Source: compiled by the authors

The diameter of the root neck grew al-
most synchronously with the height, reaching
2.3 cm in four-year-old plants and 2.9 - in five-
year-old ones. After the first year, the average
increase in diameter was 0.4 cm, after the sec-
ond - 0.6 cm, and after the fifth — 0.6 cm, that
is, it was approximately the same in recent
years. The relatively cold winter of 2020-2021

and spring with strong late frosts led to the
complete freezing of the aboveground part of
56.3% of plants. Over the next two years, the
nut trees were not damaged by low tempera-
tures. Studies have shown that the average
height of three-year-old seedlings affected by
frost was 50.4+4.68 cm, and resistant to cold —
only 44.0%£6.31 cm (Table 2).

Table 2. Morphometric characteristics of groups
of four-year-old Walnut seedlings that differ in cold resistance

Morphometric parameters of seedlings
Cold resistance
average height, cm average diameter of the root neck, mm
2021 (three-year-old plants)

Non-cold resistant 50.4+2.39 21.4+1.63
Cold-resistant 44.0+2.31 14.1+£1.44
Difference, % 14.5 51.8

2022 (four-year-old plants)

Non-cold resistant 59.6%2.90 26.0%2.71
Cold-resistant 83.3%£8.94 23.1%2.82
Difference, % -39.6 12.6

2023 (five-year-old plans)

Non-cold resistant 78.7+6.48 31.0+3.64
Cold-resistant 109.4+12.45 26.1+2.91
Difference, % -39.0 18.8

Source: compiled by the authors

Over the next 2 years, cold-resistant forms
grew much more intensively and after the grow-
ing season of 2023 exceeded the indicators in
non-cold-resistant plants by 39.0%. Seedlings
exposedto frostshad alarger diameter of the root

neck during the study period.In 2021 -by 51.8%,
in 2022 - by 12.6%, and in 2023 — by 18.8%. Dur-
ing the growing season of 2022, 22.7% of plants
formed fruits in the amount of 3 to 17 pcs.,
or 6.6 pcs. on average, on one plant (Fig. 1a).
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During the spring season of 2023, in the pe-
riod of the flowering and pollination of nuts (in
April), there was cold and rainy weather, which
negatively affected the fruit set. Fruiting was

observed on the same trees where it was in the
previous year, but not on all — the number of
plants with fruits decreased to 18.2%. The average
number of fruits was 5.0 pcs. per plant (Fig. 1b).

Figure 1. Fruiting of a Walnut in the conditions of Zhytomyr Polissya
Note: a — 2022; b — 2023

Comparison of morphometric indicators
of trees that entered the fruiting stage and
other trees (Table 3) showed that plants with
fruits had higher indicators of average height
(by 27.4% at 4 years of age and by 13.4% at

five years of age) and diameter — by 61.4% and
71.5%, respectively. The obtained data indicate
that one of the markers of early fruitfulness of
Walnut plants can be a larger diameter of the
root neck and partially - a larger height.

Table 3. Morphometric characteristics of Walnut seedlings that differ in the beginning of fruiting

Fruit availability Morphometric indicators
average height, cm average diameter of the root neck, mm
Four-year-old plants
With fruits 78.6 £4.51 32.6 £2.50
Without fruits 61.7 £5.22 20.2%1.51
Difference, % 27.4 61.4
Five-year-old plants
With fruits 101.0+12.97 42.2+4.85
Without fruits 89.1 £7.56 24.6*1.78
Difference, % 13.4 71.5

Source: compiled by the authors

In the western Forest-Steppe zone,
Walnut plantations grew and developed much
more intensively. The growth of trees in 2020
ranged from 0.4 to 0.90 m. Some individuals

had fruit ovaries (0.5% of trees). In 2022, the
growth of shoots ranged from 0.7 to 1.1 m.
48.5% of trees entered the fruiting stage

(Fig. 2).
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Figure 2. Fruiting of a four-year-old Walnut in the conditions of the Western Forest-Steppe

Source: photographed by the P. Skrypchuk (2020)

About 9% of the fruit had a cluster shape
and a second flowering. According to the stage
of development, about 15% of trees had later
signs of development (budding, leaf colour, fruit
development). Trees are characterised by dif-
ferent crown shapes: conventional (45%), cup-
shaped and low-growing (up to 2%), and vertical
(18%). The remaining trees are not structured
and need to be formed in subsequent years.

P. Skrypchuk (2020), I.D. Ivaniuk et al. (2022),
selected and analysed the morphological fea-
tures of more than 80 varieties of Walnut in
Rivne, Volyn, Khmelnytsky, Vinnytsia, Lviv,
Kyiv, Kherson, Poltava, and other regions of
Ukraine in recent years. The variety Soyka has
been created and introduced into the State
register of plant varieties suitable for dissem-
ination in Ukraine (2022). It provides high in-
dicators of stability and yield of trees in the
northern and western parts of Ukraine.

There is a large difference in the size and
reproductive characteristics of nuts selected
by L. Shugin, which were grown in the For-
est-Steppe and Polissya, is largely determined
by soil conditions because Walnut needs calci-
um, and on the soils of Zhytomyr Polissya that
are poor in calcium compounds, it grows and

develops worse, which should be considered
when creating its plantings in this region.

Due to the lowering of the groundwater
level on the territory of Ukraine, the use of Wal-
nuts in the agroforestry system will increase
due to its deep root system. In particular, a
study of Chinese researchers W. Wu et al. (2022),
showed that Walnut trees growing on the
semi-arid Loess Plateau of China, compared
to peach and apple trees, are characterised by
a more stable response to dry periods due to
their deep root system, which makes their use
in these conditions more cost-effective.

It is advisable to continue research in the
area of investigating morphometric and other
characteristics of plants of fast-fruiting forms
of Walnut to identify new promising forms suit-
able for obtaining fruits and performing agro-
forestry functions.

European researchers K. Kovacs & A. Vit-
yi (2019), V.-N. Nicolescu et al. (2020), M. Bader
et al. (2023) considering the agroforestry sys-
tems of different European countries, the types
of trees used, the quality of wood produced in
these systems, and analysing the current goals
of support and practices of the European Un-
ion for agroforestry, indicate that agroforestry
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projects are important and can lead to the
spread of agroforestry systems in Europe. They
play an important role in reducing wood scarci-
ty. Therewith, Black Walnut and Poplar are con-
sidered among the most important tree species
in the European agroforestry.

Unlike Walnut, Poplar plantings are prac-
tically not created by seedlings since most
Poplars reproduce well vegetatively, and the
planting material for creating their plantings
is most often stem plantings and cuttings. The
latter, as a rule, are grown for one year, while
the average height of varieties taken for the
study on leached chernozems of the Right-Bank
Forest-Steppe is from 144 to 181 cm (Fuchylo et
al., 2022; 2023). The advantage of such planting
material is that it already exceeds the height of

adjacent agricultural crops at the stage of creat-
ing forest lands. In particular, Indian research-
ers N. Sharma & R. Singh (2012) emphasise this,
investigating wheat woodlands with Ameri-
can Black Poplar (Populus deltoides Marsh.).

The watering is usually used to increase the
survival rate of cuttings, although this does not
always contribute to the high survival rate of
plants due to the substantial xerification of cli-
matic conditions in recent years. In this regard,
it has become necessary to search for new ways
to ensure the high survival of one-year-old
seedlings, in particular, the use of seedlings with
the trunk removed as planting material. Studies
have shown that such seedlings take root better
and form trunks in one year that are taller than
seedlings with an undivided trunk (Table 4).

Table 3. Survival rate of Poplar seedlings depending
on varietal characteristics and type of planting material, %

Cultivar name One-year-old Years of the study
\% .
seedlings 2020 2021 2022
with a trunk 60.3+2.40 68.1+2.71 81.1+4.15
Dorskamp -
without a trunk 63.3%£2.92 71.5%£3.30 82.2%4.05
with a trunk 50.3+2.40 56.8+2.71 88.9+3.33
Robusta -
without a trunk 57.0+3.01 64.4%3.40 74.4%4.62
1-45/51 with a trunk 57.1+2.12 64.5+2.39 77.8+4.41
without a trunk 61.0£2.57 68.9+2.90 75.6+4.55

Source: compiled by the authors according to Ya.D. Fuchylo et al. (2023)

As can be seen from the above data, all the
examined varieties during the first two years
had higher survival rates of one-year-old seed-
lings in the variant with the cut aboveground
part — from 57.0%+3.01 to 68.9+2.90%.

In seedlings with an aboveground part,
the survival rate ranged from 50.3 + 2.40% to
68.1+2.71%.During the growing season of 2022,
due to irrigation, the highest survival rates of
seedlings were obtained - from 74.4 + 4.62%
for the Robusta variety with removed trunks to
88.9 £3.33% for the same variety with trunks.
Therewith, in the remaining clones examined,
the survival rate of both variants of planting

material was approximately the same. In plants
of the Dorskamp variety, it was 81.1%4.15 and
82.2 + 4.05%, respectively, and in I-45/51 -
77.8%4.41 and 75.6+4.55.

It was also established that in 2020, the av-
erage height was mostly higher in plants grown
from seedlings without a trunk. The plants of
the Dorskamp clone had the highest height -
189.5+3.45 cm. In uncut plants of this variety,
it was 174.0£7.69 cm. Therewith, the height in-
crease in seedlings with a trunk was very small
and ranged from 4.6 to 17.7 cm.

The results of similar studies that were
conducted during the growing season of 2021
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showed that the indicators of preservation and
height were slightly higher, but in general, the
overall trend observed in 2020 continued. The
growth of seedlings with trunks in 2021 was
higher compared to 2020 - from 17.8 cm for
the variety Robusta to 31.1 cm for Dorskamp.
Accordingly, their average heights were also
higher. Therewith, in the case of the Dorskamp
variety, seedlings with trunks were slightly
higher — 190.4%7.93 cm against 188.6+4.15 cm
for using seedlings with the trunk removed.

The 2022 study generally confirmed the
conclusions made in previous years. The high-
est height indicators at the end of the growing
season in 2022, as in previous years, were es-
tablished in plants of the Dorskamp variety.
When using seedlings with trunks, the height
was 197.2 = 6.61 c¢m, and without trunks -
209.3%£5.62 cm.

The weather conditions of 2022 were the
least favourable for the growth of plants of the
1-45/51 variety. Their average height at the end
of the growing season was 134.1+4.31 cm when
using seedlings with trunks, and 135.9%+4.94 cm
without trunks.

In plants of the Robusta variety, the aver-
age height of plants from seedlings with trunks
in 2022 for the first time in years of research
was slightly higher than that of seedlings with-
out trunks (160.1+5.09 and 155.6%5.91 cm, re-
spectively), which is associated using irrigation.

In conclusion, it is important to highlight
some positive aspects of the forest compo-
nent of agroforestry, which are emphasised
by a number of researchers investigating this
problem. In particular, most of them (Szigeti &
Vityi, 2019; Bayala & Prieto, 2020; Nicolescu et
al., 2020) indicate its high efficiency in terms of
improving conditions for successful agricultural
crops growth. Especially important is the role of
tree stands in stabilising the moisture content
of territories and reducing the temperature of
the environment during the hottest parts of the

growing season. A study by North American re-
searchers J. Ansari et al. (2023) showed high effi-
ciency of absorption of inorganic nitrogen intro-
duced with fertilisers from the soil by tree roots
in agroforestry systems (forest pastures, field
protection strips and alleys), which substantial-
ly reduces emissions of N,O in the atmosphere.
In this way, agroforestry maximises the efficien-
cy of using N and simultaneously minimises
nitrate pollution of air and drainage of water.
S.Fahad et al. (2022) indicate that planting
trees on arable land substantially increases the
contentoforganiccarbonandnutrientsinthesoil,
including nitrogen, phosphorus, metabolic po-
tassium, etc. This reduces the need for fertilisers.
Thus, the conducted studies indicate a gen-
erally higher efficiency of using seedlings with-
out trunks when creating forest fields and other
Poplar plantings, compared to seedlings that
were planted with trunks. In addition to higher
survival rates of plantings and higher average
plant height, this option releases a substantial
number of one-year-old trunks, which can be
used for harvesting high-quality seedlings to
create other plantings, or growing cuttings.

Conclusions

The trend towards xerification of the climate of
Ukraine actualises the need to switch to agrofor-
estry systems of agricultural business not only in
the Steppe, but also in the Forest-Steppe regions
of the country and in Polissya. Under these con-
ditions, wooded areas using Walnut can be effec-
tive (Juglans regia L.) - mainly for the production
of fruits and hybrid Poplars — for the produc-
tion of high-quality wood and energy biomass.

In the conditions of Zhytomyr Polissya,
short-fruited five-year-old plants of Walnut of
the selection by L. Shugin had an average height
of 91.8 cm and a root neck diameter of 2.9 cm.
Some of the trees entered the reproductive stage
at the age of 4 years. Comparison of morphomet-
ric parameters of fruit-bearing trees and other
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trees showed that plants with fruits had a higher
average height (by 27.4% at 4 years of age and
by 13.4% at five years of age) and diameter - by
61.4% and 71.5%, respectively. The obtained data
indicate that one of the markers of early fruitful-
ness of Walnut plants can be a larger diameter
of the root neck and partially — a larger height.

In the Western Forest-Steppe zone, the ex-
amined Walnut forms had substantially higher
growth rates. In the fourth year, their height in-
crease ranged from 0.7 to 1.1 m. 48.5% of the
trees entered the fruiting stage. A substantial
difference in the size and reproductive char-
acteristics of Walnuts selected by L. Shugin,
which were grown in the Forest-Steppe and in
Polissya, is largely determined by soil condi-
tions because Walnut needs calcium and on the
soils of Zhytomyr Polissya that are poor in cal-
cium compounds, it grows and develops worse,
which should be considered when creating its
plantings in this region.

There were no studies of the features of
creating Poplar stands with one-year-old seed-
lings in the Forest-Steppe in recent decades, so
the results obtained have elements of scientific
originality and practical importance.

The results of the study have shown that
an effective way to increase the survival rate
of one-year-old Poplar seedlings when creat-
ing agroforestry fields and other plantings is
to plant them without an aboveground part. In
addition to higher survival rates and higher av-
erage plant height, this option releases a sub-
stantial number of one-year-old shoots, which
can be used as planting material for creating
other Poplar plantings or growing seedlings.
The research towards using various storage op-
tions, other planting dates, the use of superab-
sorbents, etc. should be continued to increase
the survival rate of cuttings seedlings.

It is advisable to continue research in the
area of investigating morphometric and other
characteristics of plants of fast-fruiting forms
of Walnut to identify new promising forms suit-
able for obtaining fruits and performing agro-
forestry functions.
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Prospects for the use of Walnut and Poplar...

IlepcnieKTHBY BUKOPUCTAHHS ropixa BOJIOCBKOTrO Ta TOMOJi
B arposniciBHUIITBI Iosmicest Ta Jlicocreny Ykpaiamu

Irop IMmutpoBu4 IBaHIOK
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AHoranig. KniMaTuusi 3MiHM akTyasi3yloTb HeOOXigHICTh epexoay arpapHoro 6izHecy YkpaiHu
[0 arpoiiCiBHMYMX CUCTEM He TiIbKM y CTENOBMX, a i y MiBHIYHMX perioHax kpainu. Merta
IOCTiIKeHb — BUBYEHHSI OCOBIMBOCTEI CTBOPEHHS ITOJIe3aXVICHUX HACAIKeHb BOJIOCHKOTO ropixa
(Juglans regia L.) Ta Tomoni (Populus x euramericana) Ha [Tonicci Ta B Jlicocterny Ykpainu. [JocmimHi
HacaIKeHHS IIBUAKOIUIi JHOTIO TOpiXa CTBOPEHi OMHOPIUYHMMM CiSTHIISIMM Ha e PHOBO-ITi/I30IMCTUX
cyminanux rpyHTtax JKutomupcebkoro ITomicest Ta Ha Kap6oHATHMX I'PyHTax 3axigHoro Jlicocrenny,
a IOCTiIKeHHsT MPVOKUBIIIOBAHOCTI KMBLEBUX CaIKaHIIiB TOIOM BUKOHYBAIMUCh HA YOPHO3EeMax
ITpaBo6epeskHoro JlicocTemy. BcTaHOB/IEHO, 1O HA AePHOBO-MIA30MMCTUX IPYHTAX ITSITUPIYHI
POCJIMHM CKOPOTUTIAHOTO I'PiXa BOJOCBKOTO Mayiu cepenHio Bucoty 91,8 ¢cm. V Bitli 4 poku mesiki
3 HUX 3arutofoHocuin. [TomOHOCHI TepeBls Manu Ha 13,4 % 6inblry cepeqHio BUCOTY i Ha 71,5
% 6inbmit giaMmeTrp, MOPiBHSIHO 3 pemrTol. Ha Kap6OHATHMX I'PYHTAX TOPiXM Bim3Hauyammcs
3HAUHO KpallyM POCTOM 3a BMCOTOIO, IO MOSICHIOETHCS KasbllieimbHiCTIO ropixa. BusHaueHo,
1110 e(heKTUBHMUM CITOCOO0M ITiABUIIEHHS TTOKA3HMKIB MPYKMBIIOBAHOCTI OMHOPIUYHUX JKUBIEBUX
cakaHLiB coptiB Tomoni ‘Dorskamp’, ‘Robusta’ Ta ‘[-45/51” € ix BucamKyBaHHs 6e3 cTOBOYpiB. V
BCiX JOCTiIKyBaHUX COPTiB MPOTATOM TepUIMX JBOX POKiB BUILA MPUKUBIIOBAHICTh CaJIsKaHIIiB
Oysna y BapiaHTi 6e3 ctoBOypa — Bif 57,0 mo 68,9 %, Tofi SIK y cafykaHIliB 3i cToB6ypom — Big 50,3 %
o 68,1 %.Y 2022 p., 3aBAsKM ITPOBeNeHOMY IOIVBY, IPMKMUBIIIOBAHICTh CTaHOBMA Bif, 74, 4 %
1o 88,9 %. CepemHst BMCOTA MEPEBAKHO TeX Oy/a BUIIOI Y POCINH, IO BUPOCIK i3 CaKaHIIB
6e3 cToB6ypa. Hait6inbIolo BoHa BUSIBUWIACS Y POCINH KiIoHy ‘Dorskamp’ — 188,6 mo 209,3 cm. V
HeoOpi3aHMX POCIMH LIOTO COPTY BOHA cTaHoBMIA Bif 174,0 10197,2 cm. [IpakTruHe 3HAYEHHS
IOCITiIKeHHS TIOJISITa€ B MOXK/IMBOCTI BUBEIEHHS HOBUX (DOopM ropixa i Torosi ta ygqocKoHaaeHHS
TEXHOJIOTi#1 CTBOPEHHS JIICOTTOIbOBUX YTi/Ib 3a iX y4acTi, IKi MOXKYTb 6YTM BUKOPUCTaHi B yMOBax
[Momiccs i Jlicoctermy.

KnrouoBi c1oBa: micononbosi yrigas; Juglans regia L.; Populus x euramericana; CisiHIIi; ca/iskaHIIi;
MIPVKUBITIIOBAHICTD; CepeHSI BUCOTA; IJIOIOHOIIEHHS
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Abstract. An important task for Ukrainian foresters is to adapt forests to climate change and ensure
sustainable forest management. One key measure for achieving this goal is the natural regeneration
of tree species, which contributes to the biological resilience of forest stands. The purpose of this
study is to assess the impact of different methods of main use fellings on the natural regeneration
process of tree species in oak forests. The study was conducted within the territory of the Stradch
Forestry Educational and Production Complex of the Ukrainian National Forestry University. Data
on the quantity and height of oak seedlings and saplings, and other tree species, were collected
through observation after various methods of main use fellings were applied in oak forests. An

Suggested Citation:

Spathelf, P., Lavnyy, V., Kravchuk, R., & Vytseha, R. (2023). Peculiarities of natural regeneration in oak forests
after different methods of regeneration fellings. Ukrainian Journal of Forest and Wood Science, 14(3), 47-63.
doi: 10.31548/forest/3.2023.47.

‘Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
oY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)



Peculiarities of natural regeneration in oak forests...

analytical method was applied to detect patterns and differences in quantitative and qualitative
indicators of young trees of different species in sample plots. Statistical data analysis was employed
to establish relationships and draw conclusions based on numerical data. Different success rates
of natural regeneration of tree species were identified on plots subjected to various methods of
main use fellings. Positive dynamics in the quantity of seedlings and saplings were observed due to
first intervention of the uniform shelterwood felling, ranging from unsatisfactory to good levels. It
is recognised that the distribution of seedlings and saplings of all tree species was uneven across
the area. Hornbeam has the highest frequency of occurrence — 75.6%. Tree species like Scots pine,
European birch, and goat willow exhibited occurrence frequencies ranging from 30.8% to 39.7%. In
general, in all the studied areas, the undergrowth of tree species was dominated by a small fraction
up to 20 cm of height. To ensure the prevalence of pedunculate oak in naturally formed young
stands, silvicultural care for its saplings is necessary on all plots. The obtained results provide a
basis for developing scientifically grounded forest management measures aimed at increasing the
quantity and quality of valuable tree species’ saplings, particularly pedunculate oak

Keywords: self-seeding; undergrowth; species composition; hight structure; frequency of

occurrence; hornbeam-pine-oak forest on fresh relatively rich soils

Introduction

The natural regeneration of tree species in the
forest-steppe region of Ukraine holds signifi-
cant importance in terms of forest adaptation
to climate change and the pursuit of sustain-
able forest management. The implementation
of seed-based natural regeneration is a crucial
step towards enhancing the quality of forest
stands and ensuring the sustainable develop-
ment of the forestry sector. However, to effec-
tively utilise natural regeneration, compre-
hensive research and a scientifically grounded
system of forestry measures are required to im-
prove its efficacy.

Researchers pay attention to the problems
that remained unresolved in previous studies.
For example, M.G. Rumyantsev et al. (2016) and
0.G. Krynytska (2019) concluded that by em-
ploying the uniform shelterwood felling with
improved and progressive techniques, success-
ful natural regeneration of pedunculate oak can
be achieved. This contributes to the formation
of natural oak forests, enhancing their resil-
ience and ecological protection functions.

Numerous works in this field have been
conducted in the Vinnytsia region. Specifical-
ly, O. Vasylevskyi et al. (2018; 2021) examined
the impact of reconstructive cutting on forest
regeneration under the canopy of middle-aged
oak stands. They found that increased illumina-
tion of trees after cutting leads to better crown
development. V.V. Levchenko (2019) estab-
lished that release cutting should be performed
in areas with dense natural oak seedling under-
growth, ensuring better illumination and pres-
ervation of the young oak generation.

The main forest-forming tree species of
the Ukrainian Roztochya region, including the
pedunculate oak, exhibit high reproductive
potential. According to O.G. Krynytska (2019),
under favorable conditions, they regenerate
successfully both in clear-cuts and under the
canopy of parent stands (with satisfactory and
good regeneration rates at 80-100% occurrence
frequency). However, O.B. Bondar et al. (2020)
reflected on the question of unsatisfactory nat-
ural oak regeneration. The authors consider
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the widespread implementation of selective
and gradual clearcutting in operational forests,
along with reforestation measures excluded
from primary use, including actions to support
natural oak regeneration, to be crucial. Overall,
the success of natural seed-based regeneration
of tree species is a complex process influenced
by various factors. G.P. Ishchuk (2017) distin-
guished the following factors: the presence of
seed sources, seed crop size, the regenerative
maturity of the soil (with the condition of the
forest floor being a criterion), and the condi-
tions for the further development and growth
of seedlings and saplings.

Results from M. Dillen et al. (2017) sug-
gest a potentially significant positive impact
of mixing certain tree species. Mixing species
on an individual basis is recommended. There-
with, it is necessary to consider differences in
the growth rate of young trees, as this variation
can negatively affect pedunculate oak growth
due to shading. Despite numerous studies on
forest vegetation in general and oak stands in
particular in the Ukrainian Roztochya, specifics
of the natural regeneration of tree species in
oak forests after different regeneration felling
methods remain unexplored.

Studies on the natural regeneration of tree
species remain relevant and vital for forest ad-
aptation to climate change and sustainable for-
est management.

The purpose of the studyistoassess the influ-
ence of different methods of regeneration in oak
forests on natural regeneration of tree species.

Materials and Methods

The examination of natural regeneration of
pedunculate oak and other tree species was
conducted within the territory of the Stradch
Forestry Educational and Production Complex
(SFEPC) of the Ukrainian National Forestry
University, which falls within the geographical
region of the Ukrainian Roztochya.

The Ukrainian Roztochya is a physiogeo-
graphical region situated between the basins
of the Dniester, Syan, and Western Bug rivers,
starting from the outskirts of Lviv and extend-
ing approximately 70 km northwestward to the
border with Poland.

The investigation of the natural regenera-
tion of tree species was conducted both in for-
est plots under the canopy of oak stands after
uniform shelterwood felling and in continuous
clearcut areas. To determine the quantity of
tree seedlings and saplings, monitoring plots
of 2 m? or 4 m? were established on each plot,
and the number of tree plants was counted.
The number of these plots ranged from 26 to 50
on each site. In addition, measurements of the
height of seedlings and saplings were taken, and
then they were categorised by height groups:
less than 20 cm, 21-50 ¢cm, 51-130 ¢cm, and over
130 cm. The assessment of tree seedlings and
saplings was conducted three times: at the be-
ginning of the vegetation period in 2020, at the
end of the vegetation period in 2020, and at the
end of the vegetation period in 2021.

The examination of the natural regenera-
tion of tree species after the first intervention
of the uniform shelterwood felling was con-
ducted in a 138-year-old hornbeam-pine-oak
forest on fresh, relatively rich soils within the
Lelekhivka Forest District of the SFEPC (Lviv
Region) in section 17, compartment 5. The
stand composition is 88% pedunculate oak,
9% common hornbeam, 2% Scots pine, and
1% silver birch. Pedunculate oak in the stand
is represented by two generations, old and
middle-aged trees. The first intervention in
this section was performed in February-March
2020 over an area of 1.0 ha with an intensity of
31.7% (103 m® removed).

In the same forest type, to compare the
success of natural regeneration of tree species,
the assessment of tree seedlings and saplings
was also performed in two clearcut areas in the
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compartments 8 and 9 of the Lelekhivka Forest
District of the SFEPC. The stand composition
was 69% pedunculate oak, 10% Scots pine, 18%
common hornbeam, and 3% silver birch, and
the age was also 138 years. In compartment 8.1,
the average diameter of oak trees was 40 cm,
and in compartment 9.1 it was 36 cm. Clearcut-
ting of the entire stand area was conducted in
both compartments in February-March 2020
over an area of 1.0 ha.

Correlation analysis was used in the study
to establish the relationship between the quan-
tity of saplings and their occurrence frequency
in the oak stand of the Lelekhivka Forest Dis-
trict after the regeneration fellings.

Results and Discussion

The obtained data indicate successful natural
regeneration of tree species in all investigat-
ed areas within the conditions of a hornbeam-
pine-oak forest on fresh relatively rich soils.
After the the first intervention of the uniform
shelterwood felling, the total quantity of tree
seedlings and saplings changes from unsatis-
factory at the beginning of the 2020 growing
season (10,480 trees per hectare) to good at the
end of the same period (41,825 trees per hec-
tare). A year later, at the end of the 2021 grow-
ing season, the quantity of tree seedlings and
saplings slightly increased and reached 42,693
trees per hectare (Table 1).

Table 1. Species composition and quantity of tree seedlings
and saplings per experimental area after the first intervention of the uniform shelterwood felling,
categorised by height groups, units per hectare

A A Accounting period
Tree species Height groups, cm "
spring 2020 autumn 2020 autumn 2021
<20 8173 11635 5577
21-50 1442 1538 7212
Common hornbeam
51-130 481 481 5000
>130 1346
<20 2019 5385
. 21-50 96
Scots pine
51-130
>130
<20 4423 1827
21-50 96 3077
il irch
Silver birc 1-130 2500
>130
<20 192 288 385
21-50 192 385
Ped late oak
edunculate oa 51-130 %
>130
<20
21-50 96
Red oak
51-130
>130
<20 6154 192
. 21-50 10192 4712
Goat willow
51-130 4327 3558
>130
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Table 1, Continued

Tree species Height groups, cm Accounting period
spring 2020 autumn 2020 autumn 2021
<20
. . 21-50 96
White willow 1-130
>130
<20 96
Sycamore maple 21-50 % 675
51-130 192
>130
<20
Rowan 21-50 192 96
51-130 96
>130 192
Total growth per 1 ha 10480 41825 42693

Source: compiled by the authors

The findings indicate an increase in the
quantity of pedunculate oak seedlings and sap-
lings under the canopy of the mother oak stand
after the first intervention of the uniform shel-
terwood felling. During the 2020 growing sea-
son, its quantity increased from 192 trees per
hectare to 576 trees per hectare, and a year later
(in autumn 2021) it increased to 770 units per
hectare, even though specific support for nat-
ural regeneration of pedunculate oak was not
conducted on the site.

Ch58%

Row 1

g
Sm 1% /
Ww 0.1%

An analysis of the species composition of
the saplings revealed that common hornbeam
and goat willow dominate among the tree spe-
cies, accounting for 57.9% and 23.1% of the total
quantity, respectively. Pedunculate oak accounts
for only 1.7% of the total amount of under-
growth (Table 1). There is also natural regener-
ation of species such as Scots pine (5.9%), silver
birch (9.4%), sycamore maple (1.4%), and oth-
ers, the proportion of which in the sapling com-
position does not exceed 0.5% (Table 1, Fig. 1).

Sp 6%
-

Ch Sp Sb
Po m®mRo = Gw
mWw = Sm Row

Po 2%
R0 0.1%

Figure 1. Proportion of tree species in the composition of seedlings and saplings under the
canopy of the oak stand after the first intervention of the uniform shelterwood felling
Note: Ch - common hornbeam, Sp - Scots pine, Sb - silver birch, Po — pedunculate oak, Ro - red oak, Gw — goat

willow, Ww — white willow, Sm — sycamore maple, Row — rowan

Source: compiled by the authors
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An analysis of the height structure of the
saplings revealed that after the first interven-
tion of the uniform shelterwood felling within
the oak stand, small (<20 cm) and medium (21-
50 cm) size fractions dominate in the peduncu-

late oak seedlings. Seedlings and one-year-old
saplings constitute the major part of the regen-
eration, whereas large saplings taller than 130
cm are mainly observed among common horn-
beam and common rowan (Table 1, Fig. 2).
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willow

Goat
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Figure 2. Distribution of understory by height groups under the canopy of an oak stand after the
first intervention of the uniform shelterwood felling

Source: compiled by the authors

The spatial distribution of understory
within the plot represents the frequency of oc-
currence, expressed as a percentage ratio of the
number of sample plots with presence of certain
tree seedlings and saplings to the total number
of established sample plots within the plot area.
Under the canopy of the oak stand, the natural
regeneration of all tree species is characterised

%
80 75.6

by an uneven distribution across the area. The
highest frequency of occurrence is observed
in common hornbeam - 75.6 %. Other species
such as Scots pine, silver birch, and goat wil-
low have occurrence frequencies ranging from
30.8% to 39.7%. All other tree species, includ-
ing pedunculate oak, are encountered much
less frequently (from 1.3% to 12.8%) (Fig. 3).
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Figure 3. Occurrence frequency of tree seedlings and saplings (%) under the canopy of the oak stand
Note: Ch - common hornbeam, Sp - Scots pine, Sb - silver birch, Po — pedunculate oak, Ro - red oak, Gw — goat

willow, Ww — white willow, Sm — sycamore maple, Row — rowan

Source: compiled by the authors
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A strong correlation was found between the
number of tree seedlings and saplings and their
occurrence frequency in the oak forest of Lele-
khivka Forest District after the first intervention
of the uniform shelterwood felling (R? = 0.9):

N=0.881-2%+133.82-Z-494.65, 1)

where N - number of undergrowth, units; Z —
occurrence rate, %.

The prediction of the future participation
of tree species in the forest structure can be
performed based on the occurrence frequen-
cy of the respective species in the understory.
The quantity and species composition of the
understory are largely influenced by the devel-
opment of the ground cover and undergrowth,
the presence of forest fauna, crown closure of
the mother trees, and other factors. Suppres-
sion by herbaceous vegetation is one of the
main reasons for the mortality of the under-
story. The indices of the projective cover of
the herbaceous layer on the sample plots var-
ied greatly (from 1% to 100%), and its height
ranged from 3 cm to 120 cm. Optimal natural
regeneration of tree species was observed in
places with low closure of the herbaceous cover,
and in situations where low-growing plants
predominated in its structure.

The composition of the ground cover on
the sample plots was quite uniform. It was
dominated by European dewberry (Rubus cae-
sius L.), reed bent grass (Calamagrostis epigejos
(L.) Roth), and brown sedge (Carex brizoides L.),
while white bedstraw (Galium album Mill.) and
male fern (Dryopteris filix-mas (L.) Schott) were
less common. The thickness of the forest litter
averaged 2 cm.

In contrast to the plot subjected to the first
intervention of the uniform shelterwood fell-
ing, the two areas that underwent clearcut log-
ging of a mature 138-year-old oak stand exhib-
ited a notably higher abundance of young tree
seedlings and saplings. The collective count of
understory vegetation on these clear-cut are-
as ranged from 175.6 to 275.3 thousand speci-
mens per hectare at the commencement of the
2020 growing season, rising to 299.4 thousand
specimens per hectare by the conclusion of
the same growing season, and further increas-
ing to 461.2 thousand specimens per hectare
during the autumn of 2021 (Table 2). It should
be noted that the predominant proportion of
tree seedlings and saplings on these clear-cut
areas comprises youthful common hornbeam
entities, forming dense clusters across certain
sample plots.

Table 2. Species composition and quantity of tree seedlings
and saplings on clear-cut areas by height groups, units per hectare

Lelekhivka Forest Lelekhivka Forest
District, compartment 25, District, compartment 25,
T . Height subcompartment 8.1 subcompartment 8.1
ree species
groups, cm Accounting period Accounting period
VI 2020 X 2020 X 2021 VI 2020 X 2020 X 2021
<20 239500 226400 154900 164861 178750 53472
Common 21-50 100 1700 147700 278 1806 211250
hornbeam 51-130 100 200 11100 139 139 25556
> 130 278
<20 4600 3200 4861 2500
Scots pine 21-50 300 1600 1389
51-130
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Table 2, Continued

Lelekhivka Forest Lelekhivka Forest
District, compartment 25, District, compartment 25,
Tree species Height subcompartment 8.1 subcompartment 8.1
groups, cm Accounting period Accounting period
VI 2020 X 2020 X 2021 VI 2020 X 2020 X 2021
<20 19100 7600 5417 1250
. . 21-50 4300 36500 1389 9444
Silver birch
51-130 28800 10833
> 130 1100
<20 30700 35700 19000 5417 4861 2639
Pedunculate | 21-50 1800 3200 19400 972 4444
oak 51-130 100 139
> 130
<20 1800 1800 139
Sm"i‘.“'leaved 21-50 800 5700 139
inden
51-130 2100 278
<20 1300 694
. 21-50 8700 6389
Goat willow
51-130 5900 3194
> 130 100
<20 800
21-50 200
White willow 51-130 278
21-50 200
51-130 139
<20 1900 1100 900 1528 694 556
Ifﬁ;‘&iy 21-50 600 400 300 139 556 556
51-130 100 100 200
<20 139 139
Common 21-50 278 278 139
beech 51-130 100 2361 2361 2917
> 130 417 278 139
<20 200
21-50 300
Scots elm 51-130 200
21-50 1200 139
51-130 200 556
Total growth per 1 ha 275300 299400 461200 175557 202640 339307

Source: compiled by the authors

Unlike the abundant presence of common
hornbeam saplings on the clear-cut areas,
the number of pedunculate oak saplings was

significantly lower and remained relatively
consistent throughout the study period. For in-
stance,in compartment 25, subcompartment 8.1
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of the Lelekhivka Forest District, the number of
pedunculate oak saplings was 32,500 units per
hectare in the spring of 2020, 38,900 units per
hectare at the end of the 2020 growing season,
and slightly decreased over the following year to
reach 38,500 units per hectare in the fall of 2021.

Due to the recent implementation of
clearcut logging, it is logical that both clear-
cut areas predominantly feature a small frac-
tion of young tree seedlings and saplings. The

Ch 77%

Sp 1%
Gw 1%
SI1%

a) Lelekhivka Forest District,
compartment 25, subcompartment 8.1

growth of species such as beech, birch, and var-
ious types of maple with a height of 51 cm and
above is primarily attributed to their vegetative
regeneration.

To gain a more comprehensive understand-
ing of the natural regeneration process on the
clear-cut areas within the context of the horn-
beam-pine-oak forest on fresh relatively rich
soils, the collected data has been summarized
in Figure 4.

Ch 87%

il

Gwas | | SP4% sp1%
Po 11%

b) Lelekhivka Forest District,
compartment 25, subcompartment 9.1

Figure 4. Distribution of tree species in the composition
of tree seedlings and saplings on clear-cut areas
Note: Ch — common hornbeam, Sp — Scots pine, Sb — silver birch, Po — pedunculate oak, Gw — goat willow, Sb -

silver birch, Eb - European beech, Sm — sycamore maple, SI - small-leaved linden

Source: compiled by the authors

The analysis of the sapling composition
on the investigated clear-cut areas indicates
the dominance of common hornbeam among
other tree species. The average proportion of
common hornbeam, based on three counts,
ranges from 77% to 87% of the total number
of young individuals, while the proportion of
pedunculate oak accounts for only 3% to 11%.
Occasional occurrences of other accompanying
species like Scots pine, silver birch, goat willow,
white willow, sycamore maple, Norway maple,
small-leaved linden, common rowan, European
beech, rough-leaved elm, red oak, and Europe-
an aspen are observed (Table 2, Fig. 4). Thus,

natural regeneration of all representative tree
species is present on the clear-cut areas, allow-
ing forest management methods to establish a
stable stand of native trees.

An analysis of the height structure of the
saplings on the clear-cut areas reveals that
the dominance of small sapling fractions (up
to 20 cm in height) is prevalent for both pe-
dunculate oak and other tree species (Fig. 5).
However, a substantial portion of these sap-
lings later succumbs to damage caused by for-
est animals, lack of light, intense competition
from the forest floor vegetation, and other
unfavourable factors.
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Figure 5. Distribution of tree saplings on clear-cut areas by height groups

Source: compiled by the authors

The distribution pattern of saplings
across the area indicates that the natural re-
generation of all tree species is characterised
by uneven spread on the clear-cut areas. The
highest frequency is observed for common
hornbeam, ranging from 97.3% to 98.1%. Less
frequent occurrences include pedunculate

oak (43.5% to 77.3%), silver birch (42.6% to
52.7%), and Scots pine (29.6% to 34.0%). Oth-
er tree species such as small-leaved linden,
willow, white willow, sycamore maple, syc-
amore, European beech, rough-leaved elm,
and European aspen account for 0.7% to 20%

(Fig. 6).
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a) Lelekhivka Forest District, comp. 25, subcomp. 8.1
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Figure 6. Frequency of tree sapling occurrence (%) on clear-cut areas
Note: Ch — common hornbeam, Sp — Scots pine, Sb — silver birch, Po — pedunculate oak, SI - small-leaved linden,

Gw — goat willow, Ww — white willow, Sm — sycamore maple, S — sycamore, Eb — European beech, Se — Scots elm,

Ea - European aspen
Source: compiled by the authors

Very close correlations were established
between the number of undergrowth in the test
areas and the frequency of its occurrence:

N=39,712-72-1719,5-Z+ 10643
(R?=0.9) (25 comp., subcomp. 8.1); (2)

N=24,574-7>-"787,67-Z+4556,1
(R?*=1,0) (25 comp., subcomp. 9.1), (3)

where N - number of undergrowth, units; Z —
frequency of occurrence, %.

The extent of the projected ground cover
of the herbaceous layer on the clear-cut areas
varied from 10% at the beginning of the 2020
growing season (the first year after clearcut
logging) to over 70% by the end of the 2021
growing season. The average height of this
herbaceous layer was 6 cm and 70 c¢cm, respec-
tively. The most successful natural regenera-
tion process occurred in areas with low plants
and a sparse herbaceous cover. The herba-
ceous layer composition on the clear-cut areas
was dominated by wood anemone (Anemone
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sylvestris L.), common reed (Calamagrostis
epigejos (L.) Roth.), tawny sedge (Carex briz-
oides L.), wood spurge (Euphorbia amygdaloi-
des L.), lily of the valley (Convallaria majalis L.),
lungwort (Pulmonaria officinalis L.) and greater
stitchwort (Stellaria holostea L.). The average
thickness of the forest litter was 1.0 cm.

The results obtained from this study con-
firm the importance of issues related to the
preservation and effective management of for-
est ecosystems, particularly within the unique
natural complex of the Ukrainian Roztochya
region, which holds significance as part of the
Main European Watershed (Soroka, 2008). In
general, the study of natural oak regeneration
was conducted under diverse edaphoclimatic
conditions and across multiple geographical
regions of Ukraine: from Zakarpattska Oblast
(Agiy et al., 2016) to Sumy Oblast (Rumyantsev,
2016; Bondar et al., 2020).

The findings share common features with
the results of other researchers. Similar key fac-
tors for successful and high-quality oak forest
regeneration in northwestern Germany were
described by the German researchers A. Molder
et al. (2019). They recommend natural oak re-
generation to be performed in close proximity to
old oak stands or directly within them. Similar
conclusions were drawn by English researchers.
R. Harmer et al. (2005) asserted that in south-
ern England, the number of oak seedlings is
closely linked to the quantity and distance from
parent trees, decreasing by 40-50% each year.
Likewise, Dobrowolska (2006), who conduct-
ed studies in floodplain oak forests of Lower
Silesia (Poland), arrived at similar conclusions.

M.M. Vedmid (2008), R. Crouzeilles et
al. (2016), L.I. Kopiy et al. (2017) have found
that naturally regenerated oak forest stands
are more viable and advantageous compared to
artificially established forests. These naturally
regenerated stands grow faster, exhibit higher
competitive ability against other tree species,

and demonstrate greater resilience to negative
natural influences. Harnessing the potential
of natural oak regeneration not only reduces
the costs of reforestation but also significantly
shortens the time required for oak wood pro-
duction and enhances the productivity of oak
forest stands. This approach also contributes to
the formation of more resilient oak-dominated
stands that can better withstand adverse nat-
ural phenomena. These conclusions are sup-
ported by O. Vasylevskyi et al. (2018; 2021), who
conducted extensive studies on natural oak for-
ests in Vinnytsia. They assert that the main rea-
son for the decline in the proportion of natural
oak forests in Vinnytsia is the establishment
of forest plantations and the low utilisation of
natural oak regeneration.

Moreover, apart from the described and
studied factors influencing the success of nat-
ural seedling regeneration of tree species,
P. Annighofer et al. (2015), J. Leonardsson et
al. (2015), and M.V. Matusyak et al. (2019) in-
dicate the following factors as relevant: the
presence of seed sources, abundant fruiting, re-
generative soil maturity, which is indicated by
the state of forest litter, and the conditions for
the further development and growth of seed-
lings and saplings. However, the most consid-
erable factors in the natural regeneration of
oak stands are illumination and competition of
oak seedlings with associated tree species and
herbaceous vegetation (Didenko & Polyankov,
2019; Molder et al., 2019). Polish researchers
concluded that to achieve the best stem qual-
ity, it is necessary to ensure full canopy illumi-
nation for oak as soon as possible, but no later
than 20 years from the start of pedunculate oak
regeneration (Skrzyszewski & Pach, 2015).

T.P. Fedonyuk et al. (2017) demonstrated
that five years is the ultimate deadline when
oak can withstand inadequate illumination in
coppice and understorey conditions. The ver-
tical structure of the stand, understory, and
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the undergrowth of older generations directly
influence the solar radiation reaching the oak
seedlings. Therefore, to ensure successful nat-
ural seed regeneration of oak on relatively rich
soils and to ensure its participation in future
stands, it is proposed to maintain a relative
stand density of no more than 0.7. Similar views
are also upheld by 0.G. Krynytska (2019). For
successful regeneration and formation of natu-
ral oak stands, she recommends implementing
measures that promote natural regeneration
and appropriate forest management to preserve
oak seedlings and undergrowth. Among these,
the main ones include thinning the parent
stands to a relative density of 0.6-0.7, reducing
competition from herbaceous cover and under-
story, and timely canopy openings.

In addition to illumination, the success of
pedunculate oak regeneration also significant-
ly depends on the acorn yield and the popula-
tion size of wildlife. To mitigate the impact of
ungulates, R. Solymos (1993) from Hungary
and J. Leonardsson et al. (2015) from Sweden
suggest establishing enclosures to protect oak
seedlings or saplings.

Another important factor influencing the
intensity and quality of natural regeneration
of key forest-forming species, including pedun-
culate oak, is the development of competing
understorey and herbaceous vegetation (Leon-
ardsson et al., 2015; Lavnyy, 2021). The research
conducted by C.J. Schweitzer et al. (2016) per-
tains to factors affecting fruiting and survival of
young oak trees. They identify two main factors
for successful natural regeneration: ensuring
previous oak regeneration under the canopy of
advancing stands and subsequent promotion of
its undergrowth by thinning the upper canopy
of the stand and removing parts of trees from
the second canopy layer.

Similar to this study, in the conditions
of fresh oak-pine coppice in Volyn region,
M. Shevchuk et al. (2021) found that the highest

number of pine and oak saplings is present in
areas with low to moderate herbaceous cov-
er density. The optimal environment for the
emergence and preservation of seedlings is in
low-lying and plain microrelief areas, where the
oak sapling density is highest. The modelling
systems of German researchers A. Mdlder et
al. (2019) yielded similar results. Competition
from secondary tree species and herbaceous
vegetation is the most decisive factor in the
success of pedunculate oak regeneration.

Therefore, to increase the number of oak
seedlings and undergrowth, V.V. Levchen-
ko (2019), M. Shevchuk et al. (2021) recommend
implementing forestry measures to promote
natural regeneration. One of the most effective
measures for increasing oak participation in the
undergrowth is the proper selection of cutting
methods (selective, gradual, transformation),
which will improve oak tree fruiting and its
quality natural regeneration.

Conclusions

The findings indicate that there is successful
natural regeneration of tree species in the oak
forests of the Stradch Educational and Produc-
tion Forest Enterprise of the Ukrainian Nation-
al Forestry University. This regeneration occurs
both under the canopy of mature oak stands
after the implementation of the first interven-
tion of the uniform shelterwood felling and on
clearcuts after the implementation of clearcut-
ting in mature oak stands. Among the regener-
ating plants, common hornbeam was the most
frequently observed species on the studied
plots, comprising an average proportion rang-
ing from 58% to 87% of the total regenerating
population. The study showed that the propor-
tion of pedunculate oak among the regenerating
and undergrowth plants is relatively low: only
2% after the first intervention of the uniform
shelterwood fellingg and 3-11% on clearcuts.
This emphasises the necessity of implementing
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silvicultural measures across all areas to sup-
port the natural regeneration of pedunculate
oak, ensuring its dominance within the natural-
ly formed young stand. It was established that
the natural regeneration of tree species in the
studied areas depends on a complex of abiotic,
biotic, and anthropogenic factors. Key among
them are climatic indicators, species compo-
sition, and density of the understory, forest
fauna, organisation of forestry operations, and
proper execution of clearcut site preparation.

Analysis of the height structure of the
undergrowth on sample plots showed that
the dominant fraction is the small one (up to
20 cm). The frequency of occurrence of young
pedunculate oak plants on the sample plots
varies, accounting for 12.8% after the first in-
tervention of the uniform shelterwood felling
and 43.5-77.3% on clearcuts. A very strong
correlation was found between the amount of
undergrowth on sample plots and its frequency,
confirmed by the coefficient of determination
R? ranging from 0.9 to 1.0.

Based on the obtained results and the
aforementioned conclusions, an important
area for further studies is a deeper understand-
ing of the mechanisms of natural regeneration
of oak forests and the impact of various factors
on this process. Further studies may involve
analysing a wider spectrum of abiotic, biotic,
and anthropogenic factors, the dynamics of
the height structure of the undergrowth, and
establishing further relationships between
its quantity and frequency. In addition, these
studies can be extended to other forest eco-
systems to obtain more generalised and repre-
sentative data on the natural regeneration of
tree species, which will contribute to sustain-
able forest management and the preservation
of natural biodiversity.
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AHoTauis. BaxxnMBuM 3aBIaHHSIM JIiCiBHMKIB YKpaiHM € ajamTallisl JiciB 40 3MiH KJIiMaTy Ta
3a0e31e4YeHHs CTaJIoro JIiCOBOTo rocrofgapcTBa. OmMHUM i3 KITIOUOBMX 3aX0/IiB IJISI I[bOTO € IPUPOTHE
ITOHOBJIEHHSI [€PeBHUX BUJIB, SIKe CIIpHUsE MiABMUIIEHHIO 6ionoriuHoi cTifikocTi mepeBocTaHiB.
MeToto focimKeHHs 6yiia olliHKa BITMBY CITOCO6iB pyOOK rOJIOBHOTO KOPUCTYBAHHS y IyOOBUX Ticax
Ha TPOIIeC MPUPOSHOTO TTOHOBJIEHHS AepPeBHMUX BUAIB. [JOCTiIKeHHSI TPOBOAMIOCS HA TEPUTOPIi
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CTpafiuiBCbKOTO HABYAJIbHO-BUPOOGHMYOTO JIicOKOM6GiHATY HalioHaJIbHOTO JTiCOTEXHIUHOTO
yHiBepcuTeTy YKpaiHu. 3a JOIOMOTOI0 METOY CITIOCTEPEsKeHHST 6yJ10 ITPOBeeHO 36ip JaHMX 070
KiJIbKOCTi Ta BMCOTM CaMOCiBY i mifzpocTy nyba 3BMUaifHOro Ta iHMKX JepeBHUX BULIB Mic/sl pi3HUX
Croco6iB pyOoOK TOJOBHOTO KOPMCTYBaHHS B AyOOBMX Jiicax. MeTon aHasisy 6yB 3aCTOCOBaHMit
IIJIST BUSIBJIEHHSI 3aJIESKHOCTEH Ta BiAMIiHHOCTEH MiK KiIbKICHMMM Ta SKiCHMMM TTOKa3HMUKaMM
MOJIOAMX OCOOVMH DPi3HUX JepeBHMUX BUIIB Ha MPOOHMX ILIONIAX. 3a JOTIOMOTOI0 CTATMCTUYHOL
06p0oOKYM TaHMX 6y/I0 BCTAHOBJIEHO 3B’SI3KM Ta 3p006JIeHi BUCHOBKYM Ha OCHOBi UMCIOBMX gaHux. Ha
IiISTHKAX 3 pi3sHMMM cIToco6aMy pyOOK TOJIOBHOTO KOPUCTYBAHHS GY/I0 BUSIBIIEHO Pi3HY YCITIlITHICTD
MIPUPOIHOTO ITOHOBJIEHHS IepeBHMX BUiB. BHACTIJOK ITepIIoro nNpuitoMy piBHOMipHO-TIOCTYITOBOL
PYyOKM cIiocTepiranacs Mo3uUTUBHA AMHAMiKa KiJIbKOCTi caMOCiBY Ta MigpoCTy Bif He3ag0BiIbHOTO
[0 no6poro piBHS. BcTaHOBIEHO, 1[0 CAaMOCIB i MiAPICT BCiX AepeBHUX BUIIB XapaKTepu3yBaBCs
HepiBHOMipHMM IMOIIMPEHHSIM Ha Tuioli. Hait6inpIy 4yacToTy TparvissHHSI Ma€e rpab 3BMyaitHmii —
75,6 %. Taki BuaM SIK COCHa 3BMUaiiHa, 6epesa Mmopuc/ia Ta Bepba Ko3siua MaloTh YaCTOTY TPATLISTHHST
B Mexax Bif; 30,8 % 1o 39,7 %. 3arasiom Ha BCiX JOCTiIpKeHUX AUISTHKAX Y CKJIaJi MiIPOCTY IepeBHUX
BUJIiB TMepeBaskasia Api6bHa dpaxiis Bucotoo mAo 20 cm. [yia 3abesredyeHHsT repeBaru my6a
3BMYATHOTO B CKJIa/Ii MPUPOAHO cOPMOBAHOTO MOJIOOTO IEPEBOCTaHY Ha BCiX MTiITHKAaX MOTPi6HO
MPOBECTH JiCiBHUUMIL JOT/ISIT 3a MOTO0 MiZApOoCTOM. Pe3ynbTaTul OCTiIKeHHS JaloTh MiACTaBy AJIst
PO3pOOKM HAYKOBO OGI'PYHTOBaHMX JIiCOTOCIIOAAPCHKMX 3aXOMiB 3 METOI0 MiABUIEHHS KiJTbKOCTi
Ta SIKOCTi MiZPOCTY I[iHHMX IepeBHUX BU/iB, 30KpeMa qyba 3Bu4aiiHoro

KnrouoBi coBa: camociB; MifpicT; BUOOBMIA CKIaJ; BUCOTHA CTPYKTYypa; 4acTOTa TPATUISTHHS;
cBiXka rpaboBO-COCHOBA CyIiOpOBa
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Abstract. Impact of pests and pathogens on trees, along with air pollution, are one of the most
important factors that determine tree health in parks, squares, boulevards and streets of Kyiv.
The purpose of the study was to monitor populations of dominant pests and foci of pathogens
of tree ornamental plantings in Kyiv from 2020 to 2022. The objects of the study were horse
chestnut leaf miner Cameraria ohridella Deschka & Dimic., leaf blotch miner moth Acrocercops
brongniardella F., Linden gall mite Eriophyes tiliae Nal., and powdery mildew of Common Oak
Erysiphe alphitoides Griffon & Maubl. U. Braun&sS. Takam. Using the route method and the
E.E. Geschele scale, population indicators were evaluated for Cameraria ohridella, Acrocercops
brongniardella and Eriophyes tiliae. It is found that the number of these species is increasing. It
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is showed that these pests are common on tree species Aesculus hippocastanum L., Quercus robur
L., and Tilia cordata Mill., in street and urban plantings under the intense influence of abiotic
and anthropogenic factors. In 2021, compared to 2020, the prevalence of Cameraria ohridella
increased by 7 times, the distribution of Acrocercops brongniardella ranged from 76-78%, and
powdery mildew damage to Common Oak, on average, is 3.41. According to the results of the
study, it is identified that the populations of Acrocercops brongniardella and Eriophyes tiliae are
in a stable condition and do not have substantial deviations by year, while the invasive species
Cameraria ohridella is characterised by a substantial increase in prevalence and abundance, which
means that it causes an intense weakening and decrease in the decorative effect of Chestnut in
the city’s street plantings. Annual intensive powdery mildew Erysiphe alphitoides damage was
noted at young ordinary plantings of Common Oak along the main roads of the metropolis.
The potential reproduction opportunities of phytophagous insect populations are analysed. In
practice, the obtained results can be used for pest management and further monitoring of tree
health in street and urban plantings in Kyiv

Keywords: phytophage insects; accounting; Cameraria ohridella; Acrocercops brongniardella;

Eriophyes tiliae; Erysiphe alphitoides

Introduction

Green spaces of Kyiv perform a variety of func-
tions and are important for the city. They not
only provide opportunities for recreation but
also act as natural treatment complexes and
urban compensation zones. Green areas of Kyiv
include various types of green spaces that are
characteristic of urbanised ecosystems of meg-
acities. These include parks, including mead-
ow parks, sports parks, and waterfront parks,
squares, boulevards, botanical and dendrolog-
ical gardens, zoos, street and avenue plantings,
inner courtyard plantings, plantings near edu-
cational, cultural, and healthcare institutions,
memorial complexes and cemeteries, as well
as urban forests. According to V.V. Rodinko-
va et al. (2020), among the species composi-
tion of street plantings, linden (29.7%), ma-
ple (26.2%), common and red Horse Chestnut
(14.8%), poplar (10.8%), black locust (7.8%), oak
and ash (each at 1.1%), hawthorn (0.7%) are
most commonly represented. Less frequently
found on the city streets are birch, catalpa, elm,
cherry, bird cherry, and other species, together

accounting for about 8%. The taxonomic com-
position of Kyiv’s dendroflora is quite rich. In
the composition of street green spaces of the
city, the leading share belongs to representa-
tives of the genus Tilia L. which are generally
characterised as resistant to urban conditions,
but vulnerable to damage by Eriophyes tiliae
Nal. with the formation of galls (erineums).

According to U. Braun et al. (2022), Micro-
sphaera alphitoides (Erysiphe alphitoides) the
most Common Oak leaf disease in Europe, nu-
merous studies confirm the harmful effects of
the pathogen on plants due to the absorption
of nutrients from leaf tissues and reduced as-
similation (Takamatsu at al., 2015). P. Pap et
al. (2013) note that it is particularly important
to identify the influence of environmental fac-
tors on the complex relationships that exist be-
tween a plant and a pathogen.

L. Guedes et al. (2023) note that the bright
colours of galls caused by Eriophyes tiliae on
heart-shaped linden trees, due to the accumu-
lation of pigment in their tissues, these newly
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formed organs develop for protection and nu-
trition. At the structural level, the most com-
mon changes caused by halo-forming organ-
isms are homogenisation, hyperplasia, and cell
hypertrophy.

L. Volter et al. (2022) established that an
increase in the number of invasive species indi-
cates an aggravation of the problem of degrada-
tion of local ecosystems. Therefore, in the stud-
ies of A. Cedro & G. Nowak (2022), N. Olenici et
al. (2022), it is stated that the dynamic propa-
gation Cameraria ohridella leads to a substantial
weakening of Chestnuts in European countries.
A study by A.F. Lihanov et al. (2016) of common
bitter Chestnut plants indicate that the viabil-
ity of Chestnut leafminer caterpillars depends
on the viscosity of cell sap and has little to do
with the content of phenols in the leaves. In
late summer, on trees damaged by Camerar-
ia ohridella, the development of dormant leaf
buds begins, which should normally be in the
next spring. Defoliation for a long time can lead
to a substantial weakening of the tree, and, as a
result, its death.

1% 5% 10%

20%

The purpose of the study is to examine
populations of dominant pests (Cameraria
ohridella, Acrocercops brongniardella, Eriophyes
tiliae, Erysiphe alphitoides) and foci of patho-
gens of urban plantings in Kyiv.

Materials and Methods

The object of the study is tree species Aesculus
hippocastanum L., Quercus robur L., Tilia cor-
data Mill. on the territory of the city of Kyiv in
the period 2020-2022. The subject of the study
is street and urban plantings in the zone of in-
tense influence of abiotic and anthropogenic
factors.

Monitoring of populations of dominant
pests and foci of pathogens of urban plant-
ings in Kyiv was conducted by the route meth-
od, 100 model trees were determined and 100
leaf plates were randomly selected, which were
collected and numbered. The score of pow-
dery mildew infestation of Common Oak with
Microsphaera alphitoides (Erysiphe alphitoides)
(Braun et al., 2022) was determined by the
E.E. Geschele scale visually on each leaf (Fig. 1).

k
* 80%

40% 60%

Figure 1. E.E. Geschele scale for investigating the distribution of powdery mildew fungi
Note: 0 points — healthy, 1 point - less than 10% of plants affected (weak degree), 2 points — 11-25% of plants
affected (moderate degree), 3 points — up to 50% of plants affected (strong degree), 4 points — more than 50% of
plants affected (very strong degree), 5 points — dying or dead plants

Source: A.F. Goychuk et al. (2012)
Disease prevalence — the number of affect-
ed plants or organs, expressed as a percentage,

was determined by the formula (1):

P =100, 1)

where P - prevalence of the disease, %, N — to-
tal number of plants on the test area, pcs., n —
number of affected plants on the test area, pcs.

The intensity of disease development is a
qualitative indicator of the process of disease
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development, calculated by Formula (2) to as-
sess the general condition of woody plants in
points:

Z(ab

R== @
where R - the intensity of disease develop-
ment, score, X (a-b) — the sum of products of
the number of plants (organs) and the cor-
responding lesion score, n — total number of
plants or organs in accounting (Goychuk et

al., 2012; Puzrina at al., 2021).
Inspection of the street and urban plant-
ings for damage by Cameraria ohridella and
Acrocercops brongniardella was conducted in

the following periods: during the mass migra-
tion of adults and their egg laying, after the
birth of the first generation of caterpillars,
in the first and second decades of Septem-
ber. During the mass flight of butterflies and
egg-laying of Cameraria ohridella, the approx-
imate number of butterflies attaching to the
bark of Common Horse Chestnut trees was
determined (Meshkova, 2020). The counting
of mines was conducted in the first and sec-
ond decades of September using a hand lens.
Calculated data regarding the area of the leaf
blade and the area of mines for all 100 ran-
domly selected leaf blades were recorded in an
inventory sheet (Fig. 2).

Figure 2. Process for calculating the area of mines on a leaf blade Aesculus hippocastanum L

Source: photographed by the authors

Moth generation and age were determined
by identifying mines and comparing caterpil-
lars by well-known morphological features
(Zavada, 2017; Shvidenko et al., 2020). On one
sheet, the number of caterpillars was counted,
their age and the number of dead caterpillars
were determined.

Monitoring of Acrocercops brongniardella F.
was conducted in July on damaged leaf plates,
on which the area of mines and the number of

caterpillars were determined. Leaf blades of
Common Oak were selected randomly, the area
of damage was determined using a palette in the
field, then the average value of the lesion of leaf
blades was calculated. Monitoring the spread of
Linden gall mite Eriophyes tiliae was conducted
by the route method, where the leaves of the
lower tiers of Tilia cordata Mill. were random-
ly selected, on which the area of the leaf blade
and the number of gall were calculated (Fig. 3).
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Figure 3. The process of calculating the number of gall and leaf blade area, 2020

Source: photographed by the authors

In the laboratory, work was reduced to
processing the collected materials and analys-
ing the results obtained. The study met all the
requirements of the Convention on Biological
Diversity (1992).

Results and Discussion

In Ukraine, the rate of spread of invasive spe-
cies and the scale of damage to green spaces
in gardens, parks, and squares of cities are

becoming more noticeable (Maksymchuk,
2009; Pihalo, 2010). Colonisation by atypical
species for the region leads to a decrease in
the energy of plant growth and their longevi-
ty, loss of decorative properties and yield, and
ultimately leads to the gradual death of the
plant. According to monitoring and account-
ing data for Cameraria ohridella, information
was obtained on the number of species gener-
ations in Kyiv (Table 1).

Table 1. Generation of horse chestnut leaf miner in the conditions of Kyiv

Year Month Average monthly temperature, °C Generation
April 9.9 I
May 12.4 I
June 21.7 1,2 dec.*II
2020 July 21.9 11
August 21.4 11, 1 dec. III
September 18.4 111, 1 dec. VI
October 12.5 VI-fr.*
April 8.0 I
May 14.4 I
June 21.3 1,2 dec.1I
2021 July 24.6 I
August 21.1 I, 1 dec. III
September 13.5 111, 1 dec. VI
October 8.4 fr.
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Table 1, Continued

Year Month Average monthly temperature, °C Generation
April 8.1 I
May 14.6 I
June 21.7 1,2 dec.1I
2022 July 20.8 I
August 22.3 11, 1 dec. I1I
September 12.7 111, 1 dec. VI
October 10.6 VI - fr.

Note: *dec. — decade, **fr. — frosts
Source: compiled by the authors

During accounting, the number of caterpil-
lars on one leaf, their age, and the number of
dead caterpillars were determined, for example,
on a leaf with an area of 122.8 mm? (model tree

No, 2) in 2022, 7 caterpillars were identified at
different stages of development: 2 of them were
in IV-V age, 2 in the pupal stage, and 3 more
died at different stages of development (Fig. 4).

Figure 4. Comparison of the size of a caterpillar of stage IV and the tip of a mechanical pencil
that has a size of 0.4 mm (a) and the number of caterpillars on the leaf (b)

Source: photographed by the authors

Invasive species are species that have a
high ability to spread and pose a substantial
threat to natural ecosystems, including flora
and fauna. They can spread naturally or with
the help of humans. These species have a high
potential for expansion, as they have a wide
ecological amplitude, resistance to stress, a
high rate of reproduction and the ability to
take root in new environments, can use re-
sources inaccessible to native species, and

substantially affect the balance of the eco-
system by changing its structure (Meshkova
et al., 2014). Monitoring of insect populations
is essential to optimise pest control with ap-
propriate protection periods and avoid un-
necessary use of insecticides (Florian et al.,
2023). Accounting results that demonstrate
the dynamics of the distribution of Cameraria
ohridella on the Horse Chestnut are shown in
Figure 5.
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Figure 5. Total area, cm? (a) and quantity (b) of mines on model trees
of Aesculus hippocastanum L. in the period of 2020-2022

Source: compiled by the authors

Sharp increase in the number of mines
and their area in 2021 can be explained by
several factors: an increase in the number of
caterpillar generations due to rising tempera-
tures and daylight hours. In September 2020,
the average monthly temperature was 18.5°C,
which led to an extension of the moth’s sum-
mer period and the formation of the VI gen-
eration, therefore, this led to the fact that by
the time it left for wintering, the population
was dominated by caterpillars, most of which
did not have time to pupate and died after
frost in the thaw. During the 2021 period, the
moth prevalence was much higher than in the
2020 period, due to constant temperatures
above 15°C during the summer and favour-
able conditions for the butterflies to fly and

better survival of the first two generations.
2022 was characterised by a very hot August,
where the air temperature on some days ex-
ceeded 30°C, which led to more favourable
conditions for the summer of the third gen-
eration of moths, an increase in the number
of the fourth generation and the continuation
of its activity in October. According to the au-
thors’ forecasts for 2023, the prevalence of
moths will be 30-50% higher than in previous
years under favourable climatic conditions.
Early defoliation of Chestnuts (in climatic
conditions of Kyiv this usually occurs in Au-
gust), is a consequence of the colonisation of
the leaf plate by moths not even of the third
generation, but of the complete settlement by
the first and second generations (Fig. 6).

Figure 6. Intensive damage to the leaf blade (a)
and V-age larva with a pronounced gnawing oral apparatus (b)
Source: photographed by the authors
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Thus, according to the results of monitor-
ing 2020-2022, a substantial spread of Camer-
aria ohridella was identified during this period,
the prevalence increased seven-fold, which in-
dicates clear favourable conditions, the absence
of natural enemies in the examined conditions,
and the rapid reproduction and viability of cat-
erpillars of the first three generations, which, in

394.2
3223 35£'2 I = 2020
2021
202

turn, under favourable temperature conditions
in September can produce a fourth generation.
This trend towards an increase in the popu-
lation size under favourable conditions will
continue to be relevant in the following years.
Accounting results that demonstrate the dy-
namics of the prevalence of Acrocercops brong-
niardella on Common Oak are shown in Figure 7.

105 109
86 I L =202
2021
2022

Figure 7. Total area, cm? (a) and quantity (b) of mines
on model trees of Quercus robur. in the period of 2020-2022

Source: compiled by the authors

It was established that the number and
area of mines on the leaf blades of Common
Oak in the period from 2020-2022 fluctuated
slightly. The Oak broadly leaf-mining moth is
an aboriginal species for Ukraine, which means
that in the conditions of Kyiv, the moth has nat-
ural entomophages among various representa-
tives of the fauna, which regulates the number
of species from uncontrolled outbreaks.

According to the phenogram of moth de-
velopment in the conditions of the forest park
zone of Kyiv, it can have two generations with-
in 1 year (Grigoryuk et al., 2014), the first gen-
eration of butterflies and the period of mass
egg laying begins in April and ends in May.
In May 2021 and 2022, the average monthly
temperature was 14.4°C and 14.6°C, respec-
tively, which contributed to the stretching of
the flight period of Acrocercops brongniardella
and during the survey period, the development
of one generation per year. When examining

urban plantings with a predominance of Com-
mon Oak for the presence of Acrocercops brong-
niardella it is established that the distribution
of the population is 77-79%, and practically
does not change over the years.

In addition, during the monitoring peri-
od, powdery mildew of Oak developed quite
rapidly on the leaves of Erysiphe alphitoides
(Griffon & Maubl.) U. Braun & S. Takam.
According to the E.E. Geshele scale (Fig. 8),
powdery mildew damage of Common Oak av-
erages 3.41, that is, the disease has a strong
degree of prevalence. Therefore, it can be as-
sumed that young oak plantings are greatly
weakened, considering their location oppo-
site the main road where continuous emis-
sions of toxic substances and heavy metals
are observed around the clock. The complex
of the above factors substantially hndeers the
growth and development of young plantings,
which can lead to their fall off.
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Figure 8. Powdery mildew of Oak Erysiphe alphitoides
(in the centre - cleistothecia on the underside of the leaf under the microscope)

Source: photographed by the authors

Based on the results of monitoring the num-
ber of galls in outdoor plantings dominated by

(o]
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heart-leaved Linden, the dynamics of distribu-
tion of Eriophyes tiliae was established (Fig. 9).

Figure 9. Total number of galls on model trees Tilia cordata for the period of 2020-2022
Source: compiled by the authors, photographed by the authors

The number of galls in the period of 2021-
2022 on a single leaf blade ranges from 4 to 22,
and within the model tree from 50-89 (2021)
and 74-103 (2022), respectively. According to
the results of observations and accounting, the
distribution of the species was established in
the range of 76-78%. It was established that the
Linden gall mite primarily inhabits the lower
part of the crown of the heart-leaved Linden
and exhibits a focal pattern of colonisation.
Firstly, the harm that Eriophyes tiliae Nal. caus-
es consists in deformation of the leaf blade and

a decrease in decorative effect, but with mass
development, the species causes a disruption of
the functions of the assimilation apparatus and
the transfer of pathogens.

On trees of the species Aesculus hippocast-
anum the population of Cameraria ohridella
was identified, the prevalence of which in-
creased 7-times from 2020 to 2022. This clear-
ly indicates favourable conditions, the absence
of natural enemies, and rapid reproduction and
viability of caterpillars of the first three gener-
ations, which under favourable temperature
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conditions in September can produce a fourth
generation. Under such conditions, the flight of
the first generation is predicted to be in mid-
April 2023. Although the estimates of the rate
of spread of Cameraria ohridella have been well
investigated over the past few decades, par-
ticularly in the conditions of Kyiv (Serova et
al., 2007) and are consistent with data obtained
by L. Shvidenko et al. (2020), K. Holoborodko et
al. (2022), the data obtained will complement
the study of population distribution dynamics
and identify factors that affect the spread of the
population of invasive species in a megapolises
(Tobin & Robinet, 2022; Tokarieva et al., 2022).

Diagnostics of urban plantings with a pre-
dominance of Common Oak for damage have
showed that most of the plants are damaged by
Acrocercops brongniardella, the distribution of
the species is 77-79%. This is confirmed by the
study conducted by I.P. Grigoryuk et al. (2014),
according to which in urban plantings of Kyiv,
the favourable natural and climatic conditions
for the development of Acrocercops brong-
niardella are formed, which leads to the rapid
spread of the population, but according to the
observations of this study, the population had
a one-year generation and an extended period
of flight and reproduction during the study pe-
riod. In the examined plantings, a strong lesion
of powdery mildew was noted (3.4 points on the
scale of E.E. Geschele), so the plants of Com-
mon Oak are greatly weakened.

Stable population indicators of the species
Eriophyes tiliae indicate good adaptability of
ticks to environmental conditions, in particu-
lar, this is consistent with the study by G. Soi-
ka & M. Kozak (2013), who noted that red galls
have high levels of anthocyanins and perform
various physiological functions, such as anti-
oxidant and UV protection. Distribution of the
Linden gall mite Eriophyes tiliae population
ranges from 76-78%, mainly affecting the foli-
age from the lower part of the crown.

Notably, the city’s garden and park land-
scapes are located in a dense circle of enterpris-
es and highways, so comprehensive monitoring
of the ecological and sanitary condition of the
territory is relevant (Ogorodniychuk, 2009; Pi-
halo, 2010; Polyakov et al., 2012). Monitoring
and investigating the dynamics of the number
of phytophagous insects and pathogens in ur-
ban conditions provides accurate information
about their species composition, and harmful-
ness and allows allows to predict their number
and potential reproduction (Grigoryuk et al.,
2014; Branco et al., 2019; Holoborodko, 2022).
Therefore, monitoring of insect populations
is important both in the field of ecology and
practical pest control, and is an integral part of
integrated control and a primary approach to
reducing environmental loads.

Monitoring studies in the period 2020-
2022 indicate an increase in damage to urban
plantings in Kyiv. This is due to the influence
of abiotic (climatic conditions), biotic (growth
in the number of phytophagous insects and the
spread of pathogens), and anthropogenic (light
load, noise, dust, emissions of toxic substances
and heavy metals) factors on selected woody
plant species.

Conclusions

Based on the results of an examination of model
trees, the settlement of Horse Chestnut leaves
with Cameraria ohridella and the area of mines
increased from 217 mines (2020) to 1,150 mines
(2022) and from 479.2 cm?up to 3540.5 cm? ac-
cordingly. Such an intensive increase in these
indicators is indicative of favourable conditions
for the reproduction and viability of Camerar-
ia ohridella due to the formation of the fourth
generation of insects.

In urban plantings with a predominance
of Common Oak, the distribution of Acrocer-
cops brongniardella was observed in the range
of 77-79% and almost did not change from year
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to year. The total area of mines ranged from
322.3 cm? (2020) up to 394.2 cm? (2022), the
number of mines was from 86 to 109, respec-
tively. In addition, the rapid development of
powdery mildew of Oak Erysiphe alphitoides was
recorded annually, which is characterised by a
high degree of damage (3,41).

Heart-leaved Linden trees have been es-
tablished to have a focal nature of Linden
gall mite Eriophyes tiliae colonisation, which
caused deformation of the leaf blade and a de-
crease in decorative effect. Studies have shown
that the number of galls on a single leaf blade
varies from 4 to 22 during the period of 2021-
2022. Within the model tree, the number of
galls ranged from 50 to 89 in 2021 and from 74
to 103 in 2022.

Thus, the populations of Cameraria ohridel-
la, Acrocercops brongniardella, Eriophyes tiliae
and the pathogen Erysiphe alphitoides are the
most common in street and urban plantings of
the metropolis. Further investigation into the
biology of the mentioned phytophagous in-
sect species and associated disease pathogens
will allow for the identification of patterns in
their interactions within complex habitats and
ecosystems and the level of threat to the green
spaces of Kyiv.
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IepeBHMX HacagkeHb. MeTa AOCTIIKeHHS IOJSITajia Y MOHITOPMHTY MOMYJISIi TOMiHYIOUMX
IIKiZHVKIB Ta OcepelKiB 36YIHUKIB XBOPO6 HepeBHMX MEeKOPAaTUBHMX HacamkeHb M. KuiBa 3
2020 1o 2022 poku. O6’eKTamu HOCTiAKeHHsT Oy KallTaHOBA MiHyioua Miab Cameraria ohridella
Deschka & Dimic., ny6oBa mmpokomMiHytoua Misb Acrocercops brongniardella F., mumoBuii rayoBuii
ki Eriophyes tiliae Nal. Ta 6opoiuHucta poca ny6a 3BuuaitHoro Erysiphe alphitoides Griffon
& Maubl. U. Braun & S. Takam. 3a m0ormoMoroo MapiipyTHOro mertomy Ta imkaau E. E. Temesne
MPOBEJIEHO OIiHKY ITOKasHuKiB monynsuii Cameraria ohridella, Acrocercops brongniardella Ta
Eriophyes tiliae. BcTaHOBJIEHO, IO YMCEIbHICTh 3a3HaUeHMX BUJIB 3pocTae. KoHcTaTOBaHO, IO
3a3HaveHi IIKiTHMKY TTOIIMPeHi Ha JepeBHMX Buaax Aesculus hippocastanum L., Quercus robur L. ta
Tilia cordata Mill., y ByIMYHUX Ta MiCbKMX HACaIKEHHSIX 32 iIHTEHCUMBHOTO BILIMBY ab6iOTMUYHMX Ta
aHTPOIOreHHMX YMHHYKKIB. Y 2021 poui mopiBHSAHO 3 moka3HukaMmy 2020 poky, po3HOBCIOIKEeHICTh
Cameraria ohridella 36inpimmnacst y 7 pasis, moupeHHst Acrocercops brongniardella konuBanocst B
Mexax 76-78 %, a ypaskeHHsI OOpPOIIHMCTO POCOI0 Iy6a 3BMUYAHOTO, B CEPETHbOMY, CTAHOBUTH
3,41. 3a pesynbraTaMu [OOCTIIKEeHb BUSIBJIEHO, IO MHOMyisiii Acrocercops brongniardella ta
Eriophyes tiliae iepe6yBaioTh B CTabiIbHOMY CTaHi i He MAIOTh CYTTEBUX BiIXMJIEHb 10 POKAM, TOi
K iHBasuBHMi1 Bua Cameraria ohridella Bigpi3HsieTbCst 3HAUHUM 36i/IbIIIEHHSIM PO3TIOBCIOIKEHOCTI
Ta YMCETbHOCTI, a BifiTaK, CIPUUMHSE iHTEHCMBHE OCIA0JIeHHST Ta 3HVDKEHHS IeKOPaTUBHOCTI
ripKkokallTaHa y BYIMYHMX HacaJpKeHHSX MicTa. BigMiueHO LIopiuHe iHTeHCMBHe ypaskeHHS
6oporrHucTo pocoto Erysiphe alphitoides Monoaux psimoBUX MOCA0K AyOa 3BMUATHOTO B3IOBXK
MaricTpaqbHUX LUISIXiB Merariomicy. [IpoaHani3oBaHO IOTEHI[iHI MOXKIMBOCTI PO3MHOXKEHHS
TomyJisIin kKomax-ditodaris. Ha mpakTuili orpumani 061ikoBi gaHi, MOsKHA BUKOPUCTOBYBATH TSI
TOAJIBIINX MOHITOPMHTOBMX CITOCTEPEKEHD Y BYIMYHUX Ta MiCbKMX HacakeHHsIX M. KueBa

KiwouoBi cnoBa: komaxu-ditodaru; obmik; Cameraria ohridella; Acrocercops brongniardella;
Eriophyes tiliae; Erysiphe alphitoides
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Abstract. For the production of wood composite materials, adhesives based on cheap and
affordable, but harmful urea-formaldehyde resins are mainly used. Given the substantial production
volumes of such materials, it is important to find environmental solutions to reduce formaldehyde
emissions during their pressing and subsequent operation. The purpose of the study was to present
the results of a study on the use of magnesium oxide nanoparticles to bind unreacted formaldehyde
in wood composite materials. Analysis of methods for manufacturing metal nanoparticles
allowed determining a priority method that allows obtaining ultrafine structures with a size not
exceeding 100 nm, namely, the method of volumetric electric spark dispersion of metals in a liquid.
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Investigating the morphology of magnesium nanoparticles allowed determining that they have
an almost crystalline form formed from the vapour phase, with an average particle length not
exceeding 100 nm. The results of spectral analysis of the element composition in the nanophase,
specifically magnesium and oxygen, demonstrated that the magnesium content does not exceed
32.2%,while oxygen constitutes 67.78%. This indicates that divalent magnesium oxide does not have
a pronounced metallic phase, which would interfere with the sorption processes of formaldehyde.
The conducted examinations of formaldehyde emission of samples of particle boards with modified
magnesium oxide nanoparticles in concentrations of 2% and 8% glue based on urea-formaldehyde
resin showed mixed results. Compared to the control samples, the formaldehyde level remained
almost unchanged on the second day of follow-up, and for a concentration of 2%, it even increased
by 6%. However, by the sixteenth and ninetieth day, a reduction in the level of free formaldehyde
emissions was observed at 19% and 22% respectively. The results obtained can be used to improve

the production of non-harmful particle boards with improved properties

Keywords: ultrafine structures; metal oxide; production method; samples; harmfuly reduction

Introduction

With the development of nanotechnologies, a
substantial body of findings has been accumu-
lated regarding the usage of metal nanoparti-
cles across various fields, ranging from medi-
cine to agricultural production. The usage of
nanometals as fillers in adhesives contributes
to the enhancement of physical and mechanical
properties of medium-density fiberboard (MDF)
wood composite panels. A. Pizzi et al. (2020)
noted that a special feature of the technology
of manufacturing wood composite materials
is the combination of crushed wood particles
with a binder, followed by pressing under the
influence of elevated temperature. O. Bekhta
& T. Krystofiak (2023) indicated that urea-for-
maldehyde (UF) resins are predominantly used
as binders, which are harmful to human health
both during the manufacturing process of MDF
and particleboard (PB) panels and their subse-
quent use. There is experience in reducing un-
reacted formaldehyde emissions by adsorbing it
with nanoscale metals.

In the nanoscale state, there are a large
number of atoms with uncompensated bonds
on the metal surface, which leads to increased

surface energy and their intense interaction
with the environment (Lopatko et al., 2020;
Murmantsev et al., 2022). The effectiveness
of the use of nanomaterials is associated with
the appropriate form of preparation and the
possibility of long-term storage of chemi-
cal and biological activity (Aftandilyants &
Lopatko, 2019).

Metals such as iron, zinc, and aluminium
are most commonly used. H. Alabduljabbar et
al. (2020) established that iron nanoparticles
are able to bind free formaldehyde and react
with it, with the release of CO,, water on low va-
lence iron. The ability of aluminium to improve
the physical and mechanical properties of UF
resin to adsorb free formaldehyde contributed
to the use of aluminium oxide (Al,0,) in various
thermosetting polymers. According to X. Tian
et al. (2017),Zn0 is quite sensitive to formalde-
hyde molecules and is used as part of analysers
to detect free formaldehyde in the air.

There are several methods for producing
metal nanoparticles: explosion of conductors,
electron beam and gas-thermal, mechanical
or chemical dispersion, and evaporation-con-

Vol. 14, No. 3, 2023

Ukrainian Journal of Forest and Wood Science 79


https://sciprofiles.com/profile/466419
https://sciprofiles.com/profile/315853

Effect of magnesium nanoparticles on formaldehyde emissions...

densation of materials. K.V. Vynarchuk et
al. (2021) proved that the method of volu-
metric electric spark dispersion of metals in
a liquid has an advantage in obtaining an ul-
trafine structure not exceeding one hundred
nanometers with the specified characteristics.
The experience of using this method for pro-
cessing aluminium granules in organic matter
has shown that 92.81% of aluminium nano-
particles with a length of 36.6 nm and a width
of 35 nm were formed. Notably, by reducing
the grains of metallic materials in the nano-
scale range, more effective strengthening of
the particle structure is observed (Aftandily-
ants & Lopatko, 2018). Therewith, the average
temperature of the working fluid may be low,
but in microplasma volumes of short-term
sparks, ultra-high temperatures from 10,000
°C to 12,000 °C occur during 10-100 micro-
seconds. Such flares allow obtaining particles
from materials with substantially different
melting points. High cooling rates in the liq-
uid of dispersed spark-erosion particles lead
to a substantial modification of their struc-
ture and the formation of materials with
unique properties.

Magnesium oxide MgO, which has a high
specific surface area and high absorption ef-
ficiency of toxic heavy metal ions and or-
ganic pollutants, was examined in a study by
Z. Fusheng et al. (2022). Experience of using
MgO nanoparticles for the destruction of or-
ganochlorine compounds, adsorption of large
amounts of SO,, CO, HCI, HBr, and other gas-
es allows expecting the binding of unreacted
formaldehyde in wood composite materials.
This issue could be addressed by incorporating
magnesium nanoparticles obtained through
the electrospark method into the adhesive.

The purpose of the study was to investi-
gate the use of magnesium nanoparticles as
a potential adsorbent of unreacted formalde-
hyde in wood composite materials.

Materials and Methods

For the study, crushed pine wood with a humid-
ity of 6%, an adhesive based on urea-formalde-
hyde resin Unicol RESIN 474 (Italy) were used.
As a filler, magnesium nanoparticles were used,
which were added to the resin solution in the
amount of 2% and 8%. For comparison, control
samples were made without a nanofiller.

A total of 9 samples with a thickness of
10 mm and a diameter of 41 mm were produced.
The Temtop M2000 device (China) was used
to measure free formaldehyde values. Meas-
urements were conducted on the second, six-
teenth, and ninetieth days after the production
of prototypes. To determine the formaldehyde
emission experimentally, obtained as a result of
measurement (mg/m® converted to ppm by the
formula (Villanueva et al., 2021):

Crngm3X2445

G w0 @

ppm =

where C - the concentration of free formal-

dehyde fg expressed in ppm (mIn}; or ax10°);
C,om’ — concentration of free formaldehyde in
mg/m3; M.W. — molecular weight of the pollut-
ant (g/mol); 24.45 — molar volume of any gas or
vapour under normal conditions.

Magnesium nanoparticles were obtained
using the method of volumetric spark dis-
persion (VSD) of metals in liquid (Patent
No. 130939..., 2018). The essence of the VSD
method is as follows: metal magnesium gran-
ules are placed in an aqueous medium in a spe-
cial reaction chamber, where a voltage pulse
passes through a freely enclosed layer of gran-
ules, causing current switching in the electri-
cally conductive layer of granules. As a result
of this process, there is electrical erosion of
the surface of metal granules and the forma-
tion of a nanodispersed fraction of magnesium
through the condensation of the vapour phase.
When all parameters of the discharge circuit
are properly coordinated, this nanodispersed
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fraction constitutes a significant portion of the
erosion products. By adjusting the parameters
of the discharge circuit (charging voltage of the
capacitor and its capacitance), the frequency of
pulse passage, their duration, and the initial re-
sistance of the reaction chamber, it is possible
to obtain suspensions with varying concentra-
tions of magnesium nanoparticles.

A layer of conductive magnesium granules
(5-10 mm) was used in the discharge cham-
ber (Fig. 1) to ensure spark-erosion disper-
sion, made of a dielectric. For the volumetric
electrospark dispersion of metal in liquid,
discharge pulses (DP) were generated with
currents ranging from 1 to 10 kA, which is 5
to 500 times greater than the average current
of the power grid. The electrical resistance

of the granule layer (0.1-1 Ohm) depends on
the voltage and frequency of the discharge
pulses and can stochastically vary within the
range of 0.01-10 Ohms with an increase in dis-
charge current by 1.5-5 times (without sparks
between the granules), or a decrease by 2-100
times (with a corresponding increase in the
duration of the discharge pulses, also without
electrical sparks between the granule layer).
The parameters of the discharge circuit are
subject to changes within the following lim-
its: working capacitor capacity C=25-200 uF,
capacitor charge voltage U, =50-250V, and
the inductance of the discharge circuit L did
not exceed 1 pH. The dispersion process was
conducted in a discharge chamber filled with
deionised water.

Figure 1. Device for producing metal nanoparticles
Note: 1 - electric spark generator; 2 — discharge chambers; 3 — discharge pulse control unit

The morphology of the dispersed phase was
determined using a Zeiss SUPRA 40VP electron
microscope (SEM) (Germany).

A colloidal metal solution dried in a Labex-
pert thermal chamber (Ukraine) and ground to
a powdery form was dispersed in distillate to 2%
and 8% concentrations to examine the effect of
nanomagnum oxide on formaldehyde emission.

Adhesive mass according to recipe of A. Kumar
et al. (2018) was introduced into pre-prepared
chips in a ratio of 1:2, respectively. The adhe-
sive weight was 10% of the wood chip weight.
Tarred chips were pressed in a laborato-
ry press in one cycle for 180 seconds, under
the schedule: temperature t=130°C, pressure
p=2.9 MPA. The compressed samples were left
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under the press to cool to a temperature of

t=40°C. After that, they were kept for 48 hours
in a room at an air temperature of t=20°C and

a relative humidity of ¢ =60% 5% (Fig. 2). The
density of the pressed samples was 780 kg/
m’+10% (Mantau, 2012).

Figure 2. Visualisation of components and accessories for sample production
Note: a — colloidal magnesium solution; b - finished samples using an 8% UF resin-based adhesive modified
with Mg nanoparticles in three repetitions; ¢ - moulds for manufacturing samples with an internal diameter

of d=41 mm

The samples together with the Temtop
M2000 device (China) were placed under a
sealed transparent cap with a volume of 12 litres
and the indicators were taken after 15 minutes
on the second, sixteenth and ninety days to de-
termine the free formaldehyde emission index.

Determination of the formaldehyde emission
value was calculated using formula (1).

Results and Discussion

The result of determining the morphology of
the dispersed phase is shown in Figure 3.

Figure 3. View of magnesium nanoparticles through
a Zeiss SUPRA 40VP electron microscope (SEM)

Source: compiled by the authors

Particles that approach the crystalline
shape were formed from the vapour phase. The
presence of spherical particles in the total mass
is the result of spraying the liquid phase. It was
established that the average particle size in

cross-section does not exceed 10 nm when they
are about 60-100 nm long. Therewith, spectral
measurements of the quantitative composition
of the elements that formed the Nanophase
were performed (Fig. 4).
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Thom ' Becyonimage

Figure 4. Result of spectral studies of the composition of nanophase elements

Source: compiled by the authors

The general structure of metal nanoparti-
cles obtained by electric spark dispersion in wa-
ter implies the presence of an oxide layer on the
surface and ametal core. According to the results
of microrentgenospectral analysis (Table 1), it
can be seen that the amount of magnesium in
the total mass of the particle varies from 14.5%
to 32.2%, the rest is oxygen. Considering the
atomic mass of magnesium and its total amount

in the examined phase, it can be assumed that
almost all magnesium forms a MgO compound,
and magnesium nanoparticles do not have a
pronounced metallic phase. Thus, two-valence
magnesium oxide MgO is mainly involved in
sorption and other processes of interaction
between the Nanophase and the medium.

The results of experimental studies are
shown in Figure 5 and Figure 6.

Table 1. Results of microrentgenospectral analysis of magnesium nanoparticles

Spectrum In stats. Mg Total
Spectrum 1 Yes 85.55 14.45 100
Spectrum 2 Yes 70.73 29.27 100
Spectrum 3 Yes 67.78 32.22 100
Spectrum (o)
Max. 85.55 14.45
Min. 67.78 32.22
Source: compiled by the authors
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Figure 5. The level of free formaldehyde emission when using an adhesive based on UF resin
modified with magnesium nanoparticles in various concentrations
Note: a — on the second; b — on the sixteenth day after pressing

Source: compiled by the authors
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Figure 6. Emission of free formaldehyde when using an adhesive based on UF resin modified with
magnesium nanoparticles in various concentrations of 2% and 8% on the ninetieth day

Source: compiled by the authors

On the second day, when using magnesium,
the value of the isolated formaldehyde was on
average 0.263 ppm for samples modified with
a 2% solution and 0.260 ppm for 8%, while the
control indicators were 0.188 ppm. On the six-
teenth day, the control remained at a constant
level of 0.186 ppm, while Mg 2% was 0.189 ppm
and 0.150 ppm for 8%, which is 19% lower than
the control.

On the ninetieth day, repeated measure-
ments were made to understand the effect of
nanoscale magnesium on the formaldehyde
binding process in the long-term use of chip-
board. The following results were obtained: for
samples modified with a 2% colloidal solution

of magnesium nanoparticles — 0.184 ppm, for
8% —0.144 ppm, which is a 22% reduction in the
emission of the test gas relative to the control.
In turn, the level of formaldehyde emission in
samples not modified with a nanofiller fluctu-
ated within the standard error and amounted to
0.185 ppm.

Similar research results were obtained by
G. Paul et al. (2021) when using magnesium
lignosulfonate in the adhesive formulation.
However, an increase in the content of lignosul-
fonate solution in the adhesive formulation, ac-
cording to the authors, can lead to an increase in
moisture and the content of the combined-cy-
cle gas mixture during the pressing process,
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and an increase in the brittleness of the plates
(Hu et al., 2015; Bekhta et al., 2021). Studies by
E. Athanassiadou et. al. (2009), A. Pizzi (2013),
and S. Costa et al. (2019) showed a reduction in
formaldehyde emissions (up to the production
of panel class — E1) when using magnesium
lignosulfonates in the case of wood composite
boards such as MDF or plywood, using a filler
content of more than 20% (Alonso et.al., 2005).

The results obtained show that magnesi-
um has the ability to act as an adsorbent due
to the fact that a strong four-membered ring
involving a carbonyl group (CO) is formed on
its surface links. This results in the weakening
of the carbonyl bond to nearly a single bond.
Nanoscale magnesium can be considered as a
stoichiometric chemical reagent. Its high sur-
face area means that 30-40% of magnesium
fragments are located on the surface, which
allows adsorption reactions to occur in the sto-
ichiometric range, and its electronic structure
involves only s-p electrons.

According to M. Nagpal & R. Kakkar (2020),
there are several ways to adsorb formaldehyde
onto MgO nanostructures. Depending on the
coordination and type of defect site, different
adsorption products are formed, and all reac-
tions are exothermic. Low-coordination mag-
nesium centres have high reactivity and adsorb
the formaldehyde molecule. Oxygen from the
carbonyl group coordinates with the surface
centre of magnesium, which leads to the forma-
tion of a four-coordinate complex, in which the
carbonyl bond is substantially weakened, which
leads to the destruction of formaldehyde.

In the works of researchers P. Cademartori
etal. (2018), W. Gul et al. (2021), it is established
that the experience of using magnesium oxide
for formaldehyde adsorption is still insubstan-
tial, but there is interest in using nanoparticles
of other metals to reduce the toxicity of parti-
cle boards. The positive effect of aluminium,
iron, and zinc oxide nanoparticles on the bind-

ing of free formaldehyde when the latter were
introduced into the UF resin solution was ob-
served in the studies by M. Salem et al. (2013),
S. Dinesh Ram et al. (2022).

Considering the surface feature of mag-
nesium nanoparticles, P. Gabriela et al. (2022),
A.E. Elsayed et al. (2023) consider it appropri-
ate to use them for binding unreacted formal-
dehyde in the manufacture of wood composite
materials, which will contribute to the envi-
ronmental friendliness of both the technolog-
ical process and products during operation.
This modification of wood-composite materi-
als makes it possible to obtain materials with
additional characteristics and added value
(M. Shvets et al., 2020). Moreover, the issue of
reducing the toxicity of finished products made
of wood composite materials is a priority for
the furniture industry (Pinchevska & Smidriak-
ova, 2016).

Conclusions

Analysis of studies on the use of metal nano-
particles — iron, zinc, and aluminium as a mod-
ifier of UF resin to reduce formaldehyde emis-
sions showed the possibility of reducing free
formaldehyde emissions into the air during the
long-term operation of wood composites. The
experience of using magnesium oxide, which
has a high specific surface area and high ab-
sorption efficiency of hamful heavy metal ions
and organic pollutants, allowed determining
the possibility of using nanomagnet as an ad-
sorbent for binding unreacted formaldehyde in
wood composite materials. The scientific origi-
nality lies in the production of magnesium ox-
ide nanoparticles using the electric spark meth-
od, which made it possible to achieve average
particle sizes in the range of 5-60 nm. Experi-
mental studies of the production of magnesium
nanoparticles by the electric spark method and
their subsequent use as a binder filler for the
production of chipboard samples confirmed the
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hypothesis of reducing formaldehyde emission.
Further research is necessary to determine the
optimal concentration of nanometals in the ad-
hesive used for the manufacture of wood com-
posite materials.
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AHoTauis. [I711 BUpOOHUIITBA IepeBHMUX KOMITO3UIIIITHMX MaTepiaiiB epeBaskHO BUKOPUCTOBYIOTh
Kiei Ha OCHOBI [IeIIeBUX Ta JOCTYITHUX, IIPOTE€ TOKCMYHUX KapbamimodopmaibaerigHmux CMOJI.
BpaxoByioun 3HaUHi 06CATY BUPOOHMUIITBA TAKMX MaTepiasliB, aKTyaJbHUM € IOIIYK €KOJOTIUHMUX
pillleHb MO0 3MEHIIeHHs BUKMUIIB (GopMasblerimy Mg dvac ixX IpecyBaHHS Ta TOAJbIIOL
ekcrutyaTariii. MeTolo cTaTTi OGyJl0 TPeACTaBUTM DPe3yIbTaTH MOCTIIKEHHSI 3 BUKOPUCTAHHS
HAHOYACTMHOK OKCUAY MarHilo /i 3B’SI3yBaHHSI HeIpopearoBaHoro ¢opmaibaeriny vy
JIepeBMHOKOMITO3UITIfHNX MaTepianaxX. AHami3 crioco6iB BUTOTOBJIEHHSI HAHOUYACTUMHOK MeETaliB
[TO3BOJIMB BUSHAUYUTY MPiOPUTETHUI METO/, 1110 JO3BOJISIE OTPUMATHU YIIbTPAAUCIIEPCHI CTPYKTYPH,
po3Mmip sikux He nepeBuinye 100 HM, a camMe MeTof, 06’€MHOTO €JIEKTPOiCKPOBOTO IMCIIEPTYBaHHS
MeTaliB y piguHi. BuBueHHST Mopdosorii HaHOYACTMHOK MarHil0 JO3BOJWJIO BU3HAUYUTH, LIO
BOHM MalOTh Maike KpUCTATIYHY GOpM sika yTBOpmiacs 3 mapoBoi (asu, Ta cepemHst TOBXKUHA
YacTMHOK He rnepeBepirye 100 HM. Pe3ynbraTul crieKTpaqbHUX AOCTIIKEHb CKIAy eeMeHTIB Y
HaHoda3si a came MarHiwo i KMCHIO, TTOKa3aJii, 110 KiJIbKiCTh MaTHii0 He nepeBuinye 32,2 %, a 67,78
% 3aiiMmae KuceHb. Lle CBifuMTh Mpo Te, 10 IBOXBAJIEHTHUI OKCUJI, MArHil0 He Ma€ BUPaskeHOI
MeTaneBoi ¢asu, sika 6 3aBaskana rnpoiecaMm copbiii opmanbaerimy. [IpoBeneHi HOCTiIKEHHS
emicii popmasbaeriny 3paskiB 1epeBUHOCTPYKKOBUX TUIUT i3 MOAMGPIKOBAaHMM HaHOYACTMHKAMM
OKCUJIY MarHilo B KOHIIEHTpalisgx 2 % i 8 % kieem Ha ocHOBi KapbamimodopmanbaerigHoi cMonu
MOKa3a HEOAHO3HAYHi pe3ylbTaTu. Y MOPiBHAHHI 3 KOHTPOJIbHUMM 3paskaMy Ha APYyTy H00y
criocTepeskeHHsI piBeHb (OPMasbAeTioy Maike He 3MiHMBCS, a [T KOHIeHTpauii 2 % HaBiTh
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36iMbIIMBCS HA 6 % . IIpoTe, BXKe Ha IIICTHAALSATY i IeB’STHOCTY 100y CIIOCTePirasocs 3HMKEHHS
piBHS BuIineHHS BinbHOTO popmanbaerimy Ha 19 % ta 22 % BimmoBigHo. OTpuMaHi pe3ynbraTu
MOXYTb 6YTM BMKOPUCTaHi Y BAOCKOHAJIEHHI BUPOOGHMUIITBA HETOKCUUHUX T€PEBUHOCTPYKKOBUX
IUTUAT 3 TTIOKPALIEHVMU BJIACTUBOCTSIMMU

KiiouoBi cioBa: yibTpaguCIIEPCHI CTPYKTYpU; OKCUZ, MeTasliB; CIIO0Ci6 OTpMMAaHHS; 3pasKu;
3HMKEHHS TOKCMYHOCTI
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Abstract. Invasion of organisms pose a potential threat to the existence of natural habitats and lead
to impoverishment of biological diversity. Particularly pronounced is the negative impact within the
boundaries of the Middle Dnieper region, where approximately a quarter of vascular plant species
are of alien origin. The purpose of the study was to identify the current species composition of alien
vascular plant species, the specific features of their distribution outside the culture, naturalisation,
and involvement in plant communities of Moshnohirsky Ridge biotopes. The species composition
of plants was recorded by transects and releves in the habitats of representatives of alien plant
species were conducted to achieve this goal. It was determined that the vegetation cover of forest
and related biotopes in the research area is significantly contaminated with alien vascular plant
species, amounting to 48 species from 45 genera and 29 families. Substantial involvement of alien
species is noted in Forest biotopes of hornbeam-oak forests — 35.4%, and oak and pine-oak forests —
29.2%. Among the alien species that have a substantial impact on the structure of plant communities
of these broad-leaved forest biotopes are Impatiens parviflora DC., Robinia pseudoacacia L.,
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Acernegundo L. Over time, the majority of introduced species are considered neophytes (81.3%), with
a significant portion originating from North America (43.8%), the Mediterranean region (16.7%),
and East Asia (8.3%). In terms of their penetration into natural ecosystems, species that are capable
of actively integrating into natural communities, namely agriophytes and agriocoenophytes, hold
high positions (a total of 30.2%). In contrast to these groups, limited alien species without active
distribution — ephemerophytes and colonophytes are substantially represented in the groupings of
the research area (30.6%). The identified patterns of distribution and cenotic distribution of alien
species are the primary basis for the formation of optimal measures to counteract new invasions in
forest communities and restrain the process of population compaction for species that already have
a wide distribution within the research area

Keywords: adventitious fraction; phytoinvasions; Middle Dnieper region; kenophytes; agriophytes;

naturalisation

Introduction

Increased anthropogenic impact on the envi-
ronment leads to ecosystem transformation,
reduced species diversity, and invasion of alien
species into natural phytocenoses. Invasion of
alien species, according to the degree of risk
to the conservation of biological diversity, is
recognised as a highly dangerous phenomenon
that causes long-term negative consequences
and poses a threat to the existence of natural
habitats (Czechowska et al., 2022). Biodiversity
is inextricably linked to ecosystem services and
human well-being, but in recent decades, the
threat from alien plant species to native bio-
diversity, habitats, ecosystem services, and hu-
man health has tended to increase, as reflect-
ed in they study by R.L. Macédo et al. (2022).
High economic activity in the modern world, in
particular, the extensive network of transport
routes, population migration, and trade contin-
ue to contribute to the spread of an increasing
number of alien organisms, through previously
insurmountable spatial and ecological barriers,
such as freshwater and marine aquatic eco-
systems, mountain ranges, and unfavourable
climatic zones (Kueffer, 2017). According to
P.K. Rai & ].S. Singh (2020), plant invasions,
anthropogenic disturbances, climate change,

biodiversity, and social and economic well-be-
ing can often have complex and confusing links.

Researchers M. Kourantidou et al. (2022)
separately raised the global problem of increas-
ing the impact on the economic situation from
the spread and naturalisation of alien species
in new regions and the invasive activity of their
individual representatives.

V.V. Konishchuk et al. (2020), L.V. Zavialova
et al. (2021) proved that the problem of the dis-
tribution of alien species is particularly acute
for reference territories. These territories hold
a protected status and have a specific manage-
ment regime, encompassing a range of natural
vegetation types, primarily forests, steppes,
and wetlands. These habitats are essential for
the conservation and restoration of indigenous
phytocoenotic and cenotic diversity, including
within the boundaries of Ukraine’s nature re-
serve objects.

According to V. Wagner et al. (2017), for the
forest areas of Europe, 53 invasive alien plant
species distributed in broad-leaved forests of
the temperate zone are indicated, the invasion
of which as part of native groups can have a di-
rect or indirect impact on their recovery. Since
invasive plant species pose a challenge in terms
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of managing the recovery of native tree spe-
cies, according to the results of the study by
M. Langmaier & K. Lapin (2020), the inventory
of alien species in forest fund areas and early
detection of potentially invasive ones is gain-
ing extraordinary weight to avoid or reduce the
negative environmental and economic impact
of phytoinvasias.

Preventing the spread of invasive alien spe-
cies and controlling the introduction of such
species into natural ecosystems, including ma-
rine ones, is one of the tasks of the main princi-
ples (strategy) of the state environmental policy
of Ukraine for the period up to 2030, approved
by the Law of Ukraine “On the Main Principles
(strategy) of the state Environmental Policy
of Ukraine for the Period up to 2030” (2019).

In the paper by V.V. Konishchuk et al. (2020),
it is noted that in the territory of Ukraine, there
are approximately 1000 plant species that are
considered alien, 85 of which are highly inva-
sive. The Law “On the Approval of the List of
Invasive Tree Species with a substantial Capac-
ity for Uncontrolled Spread, Prohibited for Use
in the Process of Reforestation” (2023) was put
into force to reduce the substantial negative
impact of phytoinvasion on the environment
and forest resources of Ukraine.

Considering the above, in view of on the
one hand, the high economic development
of the Forest-Steppe of Ukraine, on the other
hand, the substantial environmental value of
the Moshnohirsky Ridge, as an important pro-
tected area with various natural settlements,
the assessment of biological pollution of its
vegetation cover and the spread of alien species
by settlements still remains relevant.

Thus, considering the high environmental
value of the research area, the purpose of this
study was to identify the species composition of
alien vascular plant species, the features of their
distribution outside the culture and naturalisa-
tion by biotopes of the Moshnohirsky Ridge.

Materials and Methods

The study was conducted during the vegetation
seasons of 2018-2021 within the territories of
Moshnivske and Zakrevske forestry subdivi-
sions of the Cherkasy Forestry Enterprise of the
State Enterprise “Forests of Ukraine”. The study
utilised approaches described in the “Handbook
for collecting vegetation plot data in Minneso-
ta”. The relevé method (2013) and R.I. Burda &
0.A. Ignatyuk (2011), considering the available
taxonomic, cartographic materials, published
information (Chopyk et al., 1998; Gaiova, 2013),
herbarium materials (KW), and the results of
the authors’ own observations (Churilov, 2018,
2019). Biotopes are identified according to the
National Catalogue of Biotopes of Ukraine
(Kuzemko et al., 2018).

Identification of higher vascular plants
was conducted according to the key to deter-
mination of vascular plant species of Ukraine
(Dobrochaeva et al., 1987), the nomenclature
was consistent with the lists of the Catalogue
of Life (n.d.) and Plants of the World Online
(POWO) (n.d.). Plants were classified as al-
ien species considering published reports on
the occurrence of alien species within Ukraine
(Protopopova & Shevera, 2014; Onyshchenko,
2019; Burda & Koniakin, 2019) and the research
area (Protopopova et al., 2010, Protopopova &
Shevera, 2019; Fedoronchuk et al., 2020). The
quantitative involvement of plants in biotope
communities is shown in accordance with the
values of projective coverage on the Tensley
scale, considering recommendations for field
mapping of habitats (Kuzemko et al., 2018).
During the study, the requirements of the Con-
vention on Biological Diversity (1992) were met.

The Moshnohirsky Ridge is a geomorpho-
logical formation of glacial origin, separated
from the southern part of the Kaniv dislocations
by the valley of the Vilshanka River (Fig. 1). This
includes wet alder forests along the floodplain
of the river Irdynka.
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Figure 1. Scheme of the spatial distribution
of biotopes on the territory of the Moshnohirsky Ridge
Source: developed by the authors in the QGIS environment (v. 2.8) based on taxonomical materials of the
Cherkasy Forestry branch of the State Enterprise “Forests of Ukraine”

In addition, anthropically transformed

edges and roadsides of forest roads with ruder-
al vegetation are hotbeds of synanthropisation
and subsequent invasion of alien species into
the natural vegetation cover of the Moshnohir-
sky Ridge. Therefore, to investigate the inva-
sion of alien species into forest communities,
the biotopes with recently disturbed tree lay-
ers was investigated. These biotopes included

clearings, young stands before canopy closure,
as well as glades and understory areas along
forest paths. These forest paths play a crucial
role as primary habitats for alien plant species,
facilitating their entry into forest communities.

Results and Discussion

Forest and related biotopes present within the

Moshnohirsky Ridge are shown in Table 1.

Table 1. Moshnohirsky Ridge biotopes

No Biotopes according to European University Biotopes in accordance with the
Information Systems (EUNIS) National Habitat Catalogue of Ukraine
G1.A Meso- and eutrophic Quercus, Carpinus, Central European oak—hornbeam forests
1 . e (G1.A1 Quercus - Fraxinus — Carpinus betulus
Fraxinus, Acer, Tilia, Ulmus and related woodland . . s
woodland on eutrophic and mesotrophic soils)*
G4.C Mixed Pinus sylvestris-thermophilous Subacildophllous species-rich oak
2 Ouercus woodland and pine-oak forests
~ (G1.7 Thermophilous deciduous woodland)*
I Continental termophilous oak forests
3 | G1.7A1 Euro-Siberian steppe Quercus woods (G1.7 Thermophilous deciduous woodland)*
G1.21 Riverine Fraxinus-Alnus woodland, Ash—.alder alluvial forests (G1.21 Rlyerlne
4 . Fraxinus-Alnus woodland, wet at high but not at
wet at high but not at low water 1 *
ow wate)
G1.4 Broadleaved swamp Eutr_ophlc swamps with layer of black alder
5 . or birch (G1.41 Alnus Swamp Woods
woodland not on acid peat X «
not on acid peat)
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Table 1, Continued

Biotopes according to European University
Information Systems (EUNIS)

Biotopes in accordance with the
National Habitat Catalogue of Ukraine

G1.C Highly artificial broadleaved deciduous
forestry plantations

Anthropogenic broad-leaved forests

G3.F Highly artificial coniferous plantations

Anthropogenic coniferous forests

Areas with recently removed tree layer

6
7
8 | G5.7 Coppice and early-stage plantations
9 | E5. 21 Xero-thermophile fringes

Thermo-xerophilous fringes

10 | ES. 22 Mesophile fringes

Mesophilous fringes and glades on neutral
and base-rich soils

11 | E1.E Trampled xeric grasslands with annuals

Trampled habitats

Note: * — localisations included in Resolution No. 4. “Listing Endangered Natural Habitats Requiring Specific
Conservation Measures” (1996) to Convention on the Conservation of European Wildlife and Natural Habitats

(1979)

Source: compiled by the authors according to A. Kuzemko et al. (2018)

Overall, 5 of the 11 available biotopes with-
in the ridge are important for conservation and
are protected in accordance with Resolution
No. 4. “Listing Endangered Natural Habitats Re-
quiring Specific Conservation Measures” (1996).

Previous studies have confirmed the bo-
tanical uniqueness and conservation value of
the Moshnogirya area (Udra, 1983; Didukh et
al., 1987; Gaiova, 2008). Within the territory,
a number of objects of the nature reserve fund
have been established, including two local land-
scape reserves (“Moshnohirsky” and “Mosh-
nivsky”), a nationally significant natural mon-
ument “Moshenska Dibrova”, three botanical
monuments (“Velvet Amur Plantation”, “Group
of Mature Firs”, “Alder Tree with Oak™), a local
zoological reserve “Moshnivsky Conservation
Zone”, and two hydrological monuments (“Cas-
cade of Forest Lakes”, “Subterranean Spring”).
Since 2016, the territory of the Moshnohirsky
Ridge has been included in the Cherkaskyi
Bir (UA0000254) (Emerald Network — General
Viewer, n.d.).

Information about alien plant species was
first found in the descriptions of the Moshno-
hirsky English-style park by Michal Grabovsky
in 1853, where the distribution was noted
Robinia pseudoacacia L., a representative of
the genus Parthenocissus Planch., Pinus nigra

subsp. pallasiana (Lamb.) Holmboe. O. Spryagai-
lo (2010) indicates that among the introduced
plants, there were Larix gmelinii (Rupr.) Rupr.
and Picea abies (L.) H. Karst. However, to this
day there are no records of the full range of
introducing plants that were cultivated on the
territory of park of Knyaz M.S. Vorontsov. In
the 80s of the 20™ century, the territory of the
Moshnohirsky Ridge in part of the cultivated
area of the sanatorium “Moshnohirsky” was
replenished with introducents, hybrids, and
cultivars — Cercidiphyllum japonicum Siebold
et Zucc., Yucca filamentosa L., Tamarix ramo-
sissima Ledeb., Robinia viscosa Vent., Campsis
radicans (L.) Seem., Spiraea x vanhouttei (Briot)
Zabel, Thuja occidentalis ‘Ericoides’ (Spryagailo,
2015), whose spontaneous spread outside the
culture has not been observed by this study.

In the current stage of research on alien
species in the Middle Dnieper region, particu-
larly regarding the question of synanthropi-
zation of the meadow floristic complex, it has
been noted that 109 species of vascular plants
from the category of adventives are widespread
(Protopopova et al., 2010). For forest and shrub
flora complexes V.V. Protopopova et al. (2014),
M.M. Fedoronchuk et al. (2020) established
the distribution of 162 adventitious species, of
which the following have a substantial negative
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impact on native phytodiversity: Bidens fron-
dosa L., Erigeron annuus (L.) Desf., Echinocystis
lobata (Michx.) Torr. et A. Gray, a Acer negundo
L., Impatiens parviflora DC., Robinia pseudoa-
cacia L., Amorpha fruticosa L., in addition, are
transformer species that actively and massively
compact the distribution area.

Regarding phytoinvasias within the For-
est-Steppe, was the study by N.A. Pashkevych
& R.I. Burda (2017), which also relate to the
territories adjacent to Moshnohirsky Rigde,
given there are 172 alien species (about 15% of
the floral composition) in Feofaniia Park, Go-
losiivsky National Nature Park (NPP). A study
by O.I. Shynder et al. (2021) determined the
synanthropic fraction of the flora of the biosta-
tionary “Hluboki Balyky” (Rzhishchivska City
United Territorial Community, Obukhiv District
of the Kyiv region), identified 241 species of
alien vascular plants (27% of the total floristic

composition), among which the most dangerous
invasive species are identified: Asclepias syriaca
L., Acer negundo L., Amorpha fruticosa, Elaeagnus
angustifolia L., Robinia pseudoacacia, Partheno-
cissus inserta (A.Kern.) Fritsch, Impatiens parv-
iflora. V.V. Protopopova & M.V. Shevera (2019),
M.M. Fedoronchuk et al. (2020) concluded that
the adventisation of the flora of the Middle
Dnieper region is increasing, in particular, the
fraction of kenophytes listed in the 20th centu-
ry is substantial. Results obtained by N.A. Pash-
kevych & R.I. Burda (2017), for floral complexes
within the objects of the nature reserve fund in
the Forest-Steppe of Ukraine, a high degree of
colonisation by alien species of meadow, for-
est, and shrub floral complexes is indicated.

In the course of the study, the distribution
of 48 alien vascular plant species belonging to
45 genera and 29 families by biotopes of the re-
search area was established (Table 2).

Table 2. Annotated list of alien vascular plant species of the Moshnohirsky Ridge

No Species name (family) Character} stics Biotopes of the research area
of species
) Gl.A, G1.4 (1), G4.C, EL.E (2), G1.21,
1 | Acer negundo L. (Sapindaceae) p, nam, kn, ae G1.C.G5.7 (3)
2 | Acer saccharinum L.* (Sapindaceae) p, nam, kn, ef G1.C (1)
3 |Aesculus hippocastanum L.* p, mter, kn, ef Gl.A, G4.C, G1.7A1 (1), G1.C (2)
(Sapindaceae)
Amaranthus retroflexus L.
4 (Amaranthaceae) t, nam, kn, ep G1.C (1),G5.7,E1.E (2)
5 | Ambrosia artemisiifolia L. (Asteraceae) t, nam, kn, ae G3.F (1), G5.7 (3),G1.C (1), E1.E (3)
6 | Amelanchier ovalis Medikus (Rosaceae) | p, mter, kn, ki G4.C (1)
7 | Amorpha fruticosa L. (Fabaceae) p, nam, kn, ae G1.A,G4.C,G1.21 (2),G1.4 (1)
8 | Asclepias syriaca L. (Asclepiadaceae) he, nam, kn, ep G1.C (1),G5.7,E1.E (2)
9 Ballo?a nigra subsp. ruderalis (Sw.) Brig. he, mtasm, ah, ep | G1.A, G1.C, ELE (2), G5.7 (3)
(Lamiaceae)
10 | Berberis vulgaris L. (Berberidaceae) D, eas, kn, kl G4.C,G1.7A1 (1)
11 | Bidens frondosa L. (Asteraceae) t, nam, kn, ep G1.C(1),G4.C,EL.E (2),G1.21,G1.4 (3)
12 Capsellla bursa-pastoris (L.) Medikus t, un, ah, ep G3.F (2), G5.7, ELE (3)
(Brassicaceae)
13 | Celtis occidentalis L.* (Cannabaceae) p, nam, kn, ef GL.A(1)
14 | Cichorium intybus L. (Asteraceae) he, mter, ah, gp G3.F (1), G5.7,EL.E (2)
15 | Cotinus coggygria Scop. (Anacardiaceae) |p, mter, kn, kl G1.7A1 (2)
16 Descurgmta sophia (L.) Webb ex Prantl t, cas, ah, ep G5.7,ELE (2)
(Brassicaceae)
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Table 2, Continued

No. Species name (family) Character} stics Biotopes of the research area
of species
Echinochloa crus-galli (L.) Beauv.
17 (Poaceae) t, as, ah, ep G5.7 (1),E1.E (2)
18 Echinocystis l(_)bata (Michx.) Torr. et A. t, nam, kn, ae G1.21,G1.4 (2)
Gray (Cucurbitaceae)
. G3.F (1), G1.A, G4.C, G1.C, E5.21, E5.22,
19 | Erigeron annuus (L.) Desf. (Asteraceae) |t, nam, kn, ag ELE (2), G5.7 (3)
20 | Erigeron canadensis L. (Asteraceae) t, nam, kn, ep G4.C, G1.C (1), G3.F,EL.E (2), G5.7 (3)
27 Erystmym cheiranthoides L. t, un, ah, ep G5.7,ELE (2)
(Brassicaceae)
22 | Galinsoga parviflora Cav. (Asteraceae) t, sam, kn, ep G1.A,G4.C (1),G1.C,G5.7,E1.E (2)
23 | Gleditsia triacanthos L.* (Fabaceae) p, nam, kn, ef G1.A,G1.7A1 (1), G1.C (3)
94 |Hleracleum sosnowskyi Manden. he, ccs, kn, ae E5.21,G5.7,ELE (1)
(Apiaceae)
25 | Impatiens parviflora DC. (Balsaminaceae) | t, cas, kn, ae gl).Zl, ELE (2),GL.A, G4C, G1.C, G5.7
26 | Juglans regia L.* (Juglandaceae) p, bcas, kn, ef E5.21,G1.A,G1.7A1,G1.C (1)
g7 | Lepidium densiflorum Schrad. t, nam, kn, ep G3.F (1), G1.C,ELE (2), G5.7 (3)
(Brassicaceae)
Morus alba L.*
28 (Moraceae) p, eas, kn, ef E5.22,G1.C,G5.7,E1.E (1)
29 | Oenothera biennis L. (Onagraceae) he, nam, kn, ag G3.F,G1.C,E1.E (1), G5.7 (2)
30 | Oxalis stricta L. (Oxalidaceae) t, nam, kn, ep E1.E (1), G5.7 (2), G1.C (3)
3] Oxybapf.lus nyctagineus (Michx.) Sweet* he, nam, kn, ep G1.21,ELE (1)
(Nyctaginaceae)
%9 Pa_rthenoczssus inserta (A.Kern.) Fritsch p, nam, kn, ae GLA, G4.C (1), G1.C (2)
(Vitaceae)
Phellodendron amurense Rupr.
33 (Rutaceae) D, eas, kn, kl G5.7 (1), G1.C (3)
Pinus nigra subsp. pallasiana (Lamb.)
54 Holmboe* (Pinaceae) p, crm, kn, ef GLA®)
35 | Prunus armeniaca L.* (Rosaceae) p, eas, kn, ef G1.C (1)
36 | Prunus cerasifera Ehrh. (Rosaceae) p, mter, kn, ef G3.F, G1.7al, E5.22 (1), G1.C (2)
) E5.21 (1), E5.22, G1.A, G4.C, G1.7A1,
37 | Pyrus communis L. (Rosaceae) p, un, kn, ag G1.C,G5.7 (2)
E5.21,E5.22 (1), G1.7a1 (2), G1.A, G4.C,
38 | Quercus rubra L. (Fagaceae) p, nam, kn, ag G1.C,G5.7 (3)
. . E1.E (1), E5.21,E5.22, G4.C, G1.7A1 (2),
39 | Robinia pseudoacacia L. (Fabaceae) p, nam, kn, ep GLA,G1.C,G5.7 (3)
40 | Rudbeckia laciniata L. (Asteraceae) he, nam, kn, ae EL.E (2)
41 | Salix  fragilis L. (Salicaceae) p, asm, ah, ag G1.21,G1.4 (2)
42 | Saponaria officinalis L. (Caryophyllaceae) | he, mter, kn, ae EL.E (1), E5.21,E5.22 (2), G5.7 (3)
43 | Setaria viridis (L.) Beauv. (Poaceae) t, mter, ah, ep G5.7,EL.E (2)
44 | Solanum nigrum L. (Solanaceae) t, seu, ah, ep G1.C (1), E1.E (2),G5.7 (3)
45 | Solidago canadensis L. (Asteraceae) he, nam, kn, ae E5.21,E5.22 (1), E1.E (2), G5.7 (3)
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Table 2, Continued

No. Species name (family) Character} stics Biotopes of the research area
of species
46 | Syringa vulgaris L.* (Oleaceae) p, seu, kn, k1 G1.A(1),G1.C(2)

47 | Vinca minor L. (Apocynaceae) ha, mter, kn, ef E1.E (1),G1.C(2), G1.A(3)

48 | Vitis vinifera L.* (Vitaceae) p, un, kn, ef G1.C (1)

Note: * - species for which there is no active natural renewal and distribution to adjacent areas. In Column 3:
Life form (Raunkiaer, 1937): p (phanerophyte), ha (hamefite), he (hemicryptophyte), t (terophyte). Geographical
origin of species (Protopopova & Shevera, 2019): as (Asian), asm (Asia Minor), bcas (Balkan-Central Asian), cas
(Central Asian), ccs (Caucasian), ceu (Central European), crm (Crimean), eas (East Asian), mter (Mediterranean),
mtasm (Mediterranean-Asia Minor), nam (North American), sam (South American), sas (South Asian);
seu (South European), un (unknown), weu (West European). Groups of species by the time of introduction
(Protopopova & Shevera, 2019): kn (kenophyte), ah (archaeophyte). Groups of species by degree of naturalisation
(Protopopova & Shevera, 2019): ag (agriophytes), ae (agriophytes), ep (epecophytes), gp (hemiepecophytes), ef
(ephemerophytes), kl (colonophytes

Source: compiled by the authors

According to the data provided by Yu. Gaio-
va (2008), Yu. Gaiova (2013), the species rich-
ness of the ridge flora includes about 170 spe-
cies of vascular plants. Thus, alien plants make
up 28.2% of the species richness of broad-leaved

forests of the Moshnohirsky Ridge. There are
only three genera in the structure of the generic
spectrum - AcerL., Erigeron L.and Prunus L.have
two species each, while the remaining 42 genera
are represented by one species each (Table 3).

Table 3. Families spectrum of alien vascular plant species

Families by Names of families and the number Numl.)(-er of Number of species
number of species of species in each (units) families, in families,
units. (%) units. (%)
four or more species | (8 types) Asteraceae, (4) Brassicaceae, 3(10.3) 16 (33.3)
each Rosaceae
from two to three (3.) Fabaceae, Sapindaceae, (2) Poaceae, 4(13.8) 10 (20.8)
Vitaceae
Amaranthaceae, Anacardiaceae,
Apiaceae, Apocynaceae, Asclepiadaceae,
Balsaminaceae, Berberidaceae,
. Cannabaceae, Caryophyllaceae,
one species Cucurbitaceae, Fagaceae, Juglandaceae, 22(75.9) 22(45.8)
Lamiaceae, Moraceae, Nyctaginaceae,
Oleaceae, Onagraceae, Oxalidaceae,
Pinaceae, Rutaceae, Salicaceae, Solanaceae
Total 29 (100) 48 (100)

Note: (% )- share of the total number
Source: compiled by the authors

The detected number of alien species is
29.6% of the total amount of adventitious frac-
tion in the structure of tree and shrub biotopes
of the Middle Dnieper region, which is repre-
sented by 162 species (Fedoronchuk et al., 2020).

Comparing the level of adventization of
floristic complexes within the studied territo-
ry to similar indicators for the “Holosiivskyi”
National Natural Park and the Kaniv Nature
Reserve, both located in the Middle Dnieper
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region and characterized by a significant pres-
ence of broad-leaved forests in their vegeta-
tion cover, it has been established that for the
Moshnohirsky Ridge, the ratio of alien species
to native species is 1:3.5 (28.2% of alien spe-
cies), similarly for the “Holosiivskyi” National
Natural Park, the ratio is 1:3.5 (28.9% of alien
species) (Onyshchenko et al., 2016), and for
Kanevsky nature reserve 1:4.1 (24.1%) (Nech-
itaylo et al., 2002).

Such indicators can be explained by signif-
icant anthropogenic factors, primarily recrea-
tional pressures on the floristic complexes and
the introduction of alien plant species. This is
especially relevant for the “Holosiivskyi” Na-
tional Natural Park, which is situated within the
urban environment of Kyiv, where recreational
activities and human influence are intensified.

Similarly, for the Moshnohirsky Ridge, its his-
torical past as an English-style park might have
contributed to the presence of alien species in
the vegetation cover. Phanerophytes predomi-
nate in the spectrum of climamorphs (Raunki-
aer, 1937) among alien vascular plant species
(45.8%), and therophytes are substantially in-
volved (33.3%). Hemicryptophytes are slightly
less involved (21.4%), only one species — Vinca
minor belongs to the hamefits.

In the spectrum of life forms (Didukh et
al., 2000), trees of 16 species (33.3%) and annu-
als (33.3%), less polycarpics (16.8%) and shrubs
(8.4%), the rest of biomorphs are lianas (Par-
thenocissus inserta, Vitis vinifera), and biennials
(Heracleum sosnowskyi, Oenothera biennis) ac-
count for 4.2% of the total number of identified
alien plant species (Table 4).

Table 4. Spectrum of biomorphs of alien plants distributed by broad-leaved
and derived biotopes of the Moshnohirsky Ridge

Biomorph (according to Number of species, Biomorph (according to Number of species,

Raunquier) units (%) Serebriakov) units (%)

1. Phanerophytes 22 (45.8) 1. Annuals 16 (33.3)

2. Therophytes 16 (33.3) 2. Trees 16 (33.3)
3. Hemicryptophytes 9(18.8) 3. Polycarpics 8 (16.8)
4. Hamephytes 1(2.1) 4. Shrubs 4(8.4)
- - 5.Lianas 2(4.2)
- - 6. Biennials 2(4.2)

Total: 4 48 (100) 6 48 (100)

Source: compiled by the authors according to K. Raunkiaer (1937), Ya. Didukh et al. (2000)

The detected distribution of biomorphs
is consistent with the ecological conditions of
the habitats of the investigated biotopes and is
largely similar to the indicators for the Middle
Dnieper region (Fedoronchuk et al., 2020), indi-
cating, simultaneously, their anthropic distur-
bance (Goncharenko, 2017).

Importantindicators foralien plant species
are the time of introduction and the degree of
naturalisation by natural and disturbed plant
communities, which allows understanding

their invasive potential and the nature of re-
lationships with native species in recipient
ecosystems (Richardson et al., 2000, Burda et
al., 2015).

It was established that among the alien
species distributed by broad-leaved forest bi-
otopes of the Moshnohirsky Ridge, only 16.1%
(nine species) are archaeophytes, mostly dis-
tributed in areas with recently removed tree
layer — Ballota nigra subsp. ruderalis, Capsella
bursa-pastoris, Cichorium intybus, Descurainia
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sophia, Echinochloa crus-galli, Erysimum chei-
ranthoides, Setaria viridis, Solanum nigrum, less
commonly in anthropogenic broad-left for-
ests — B. nigra subsp. ruderalis, S. nigrum. In the

forest-covered areas the following species can
be located - Salix x fragilis (Eutrophic swamps
with layer of black alder or birch, Ash-alder al-
luvial forests) (Table 5).

Table 5. Distribution of alien species of vascular plants of broad-leaved forests of the Moshnohir-
sky Ridge by time, method of introduction, and degree of naturalisation

. e o acolutophytes 18 ergasiophytes 25 ergasiophytes-
Groups of species, units(%) (37,5) (52,1) xenophytes 5 (10,5)
agriophytes 4 (8,3) 2 (4.2) 1(2.1) 1(2.1)
agrio-epecophytes 10
) . (20,8) 2 (4.2) 4(8.4) 4(8.4)
ZI;O(Z IYYE;S epecophytes 9 (18,8) 6 (12.5) 3(6.3) -
ephemerophytes 11 B B
29.2) 11 (29.2)
colonophytes 5 (10,4) - 5(10.4) -
agriophytes 1 (2,1) - 1(2.1) -
archaeophytes | hemiepecophytes 1 1.1 _ _
9(18,8) 2,1
epecophytes 7 (14,6) 7 (14.6) - -

Source: compiled by the authors based on the classification of alien species by time, method of introduction,
and degree of naturalisation of V. Protopopova & M. Shevera (2014), V. Protopopova & M. Shevera (2019)

According to the degree of naturalisation,
only S. fragilis is an agriophyte that has natural-
ised in the natural ecosystems of the territory
of Ukraine, with stands competition with local
species and hybridises with Salix alba L. (Fedor-
onchuk et al., 2020).

The vast majority of alien species (83.9%)
are kenophytes, among them species that en-
tered the territory of Ukraine in the early 20%
century — Ambrosia artemisiifolia, Echinocystis
lobata, Bidens frondosa, Impatiens parviflora,
they have a high invasive capacity (Protopopo-
va & Shevera, 2014) and are widely distributed
by ecologically relevant biotopes of the Mosh-
nohirsky Ridge.

In addition to these, species with sub-
stantial invasive capacity are Acer negundo,
Amorpha fruticosa, Heracleum sosnowskyi, Sol-
idago canadensis, are assigned to the group of
transformer plants that can have a substantial
impact on native biodiversity by changing the

parameters of the recipient ecosystem (Burda
etal., 2015).

An important component of the charac-
terisation of alien species is information about
their origin, which helps to better understand
the reasons for adaptation and the success of
passing barriers to naturalisation by alien spe-
cies in the recipient ecosystem in the new dis-
tribution region (Richardson et al., 2000; Pro-
topopova & Shevera, 2019).

As a result of the analysis, 13 horologic
groups by origin for alien species of the re-
search area were identified. It was established
that 43.8% (21) of alien species in the research
area are of North American origin, and by the
time of introduction, they are exclusively ke-
nophytes. Species from the Mediterranean
Region (8 species or 16.7%) are substantially
involved, which is associated with the location
of the regions of origin and the Moshnohirsky
Ridge in similar climatic conditions of tem-
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perate latitudes of the Northern Hemisphere.
Species of East Asian and unknown origin — ar-
chaeophytes (Capsella bursa-pastoris, Erysimum
cheiranthoides) and kenophytesPyrus communis,
Vitis vinifera) (Protopopova & Shevera, 2014)

account for 8.3% each (4 species). Two species
each have groups of southern European and
Central Asian origin. The remaining seven spe-
cies (14.6%) are distributed among seven cen-
tres of origin (Table 6).

Table 6. Distribution of alien vascular plant species of broad-leaved forests of the Moshnohirsky
Ridge by time of introduction and origin

Alien species by the time of introduction
— Archaeophytes Kenophytes Total
By Origin

1. North American 21 21 (43,8%)
2. Mediterranean 2 6 8 (16,7)
3. East Asian 1 3 4 (8,3)
4. The Unknown 2 2 4
5. Southern European 1 1 2 (4,2)
6. Central Asian 1 1 2
7. Mediterranean-Asia Minor 1 - 1(2,1)
8. Balkan-Central Asian - 1 1
9. Caucasian - 1 1
10. Crimean - 1 1
11. Asia Minor 1 1
12. Asian 1 - 1
13. South American - 1 1

Total 10 38 48

Source: compiled by the authors based on groups of species by origin according to V. Protopopova & M. Shevera

(2014), V. Protopopova & M. Shevera (2019)

In general, the dominance of native species
for North America and the Mediterranean in the
biotopes of the Moshnohirsky Ridge corresponds
to the structure of the adventitious fraction of
the forest and shrub flora complexes of the Mid-
dle Dnieper region (Fedoronchuk et al., 2020). A
special feature of the adventitious phytobiota is
the same involvement of species of East Asian
and unknown origin of 8.3% each, which is asso-
ciated with introduction tests within the spec-
ified territory during the 19th-20" centuries.

Analysis of the distribution of species by
the investigated biotopes naturally showed
the highest representation of species in An-
thropogenic broad-leaved forests (29 species
or 60.4% of the detected number of alien spe-
cies), Trampled habitats (28 species or 58.3%),

and Areas with recently removed tree layer (27
species or 56.3%) (Fig. 2).

Substantial involvement of alien species is
noted in the forest biotopes Central European
oak-hornbeam forests (17 species or 35.4%) and
Subacidophilic species-rich oak and pine-oak
forests (14 species or 29.2%), which indicates a
violation of the structure of their groups and is
explained in particular, by the presence of alien
species that have a limited occurrence in their
composition, for example, Aesculus hippocast-
anum, Celtis occidentalis, Gleditsia triacanthos,
Juglans regia, Syringa vulgaris.

A small number of alien plant species were
established in the structure of optimal plant
communities (Ash-alder alluvial forests) and
excessively moistened (Eutrophic swamps with

Vol. 14, No. 3, 2023

Ukrainian Journal of Forest and Wood Science

101



The spread of alien vascular plant species in the biotopes...

layer of black alder or birch) fore st-type bio-
topes. In particular, the most common species
for Chornovil forests and eutrophic swamps are
the floodplain of the river Irdynka within the
Moshnohirsky Ridge is Bidens frondosa, Acer

35
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14

NUMBER OF SPECIES (UNITS)
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negundo, Echinocystis lobata, Amorpha fruticosa,
have a lower prevalence of Salix x fragilis, Impa-
tiens parviflora, Parthenocissus inserta, and sin-
gle plants of the species Oxybaphus nyctagineus
detected only in one locality.

G1.4

CODE OF BIOTOPES

Figure 2. Distribution of alien species by biotopes of the research area

Source: compiled by the authors

With involvement in the composition of
groups and occurrence of the investigated bi-
otopes, it was established that a widespread
species with a substantial projective coating is
Impatiens parviflora, which is distributed by six
biotopes.

According to the studies of B. Jarcuska et al.
(2016), A. Florianova & Z. Miinzbergova (2017),
this species is one of the most common invasive
plants established in temperate and northern
regions of Europe, characterised by ecologi-
cal plasticity, high seed productivity and long
fruiting during the growing season, now within
Ukraine it is classified as a transformer species
(Golivets, 2014, Burda et al., 2015), recent stud-
ies by V.V. Protopopova & M.V. Shevera (2019)
show that it tends to continue compacting its
almost formed range. The high degree of pro-
jective coverage I. parviflora is inherent in nu-
trient-rich substrates (Burda, 2012, Jarcuska
et al., 2016). Coenotically, the species acts as
a diagnostic tool for groups of the Epilobietea
angustifolii R classes.Tx. et Prsg 1950, Alno

glutinosae-Populetea albae P. Fukarek et Fabi-
jani¢ 1968 (Mucina et al., 2016) and Robinietea
Jurko ex Hadac et Sofron 1980 (Davydov, 2019).
A substantial development of this species
serves as a marker of anthropic disturbance of
forest phytocenoses and occurs in conditions of
reduced occurrence and abundance for spring
ephemeroids (Burda, 2012, Goncharenko, 2017).

In the research area, the coverage of this
species sometimes reaches from 10 to 60% as
part of the shrub-grass layer of forest com-
munities with the involvement of Quercus ro-
bur L., Carpinus betulus L., with an admixture
of Fraxinus excelsior L. and Acer platanoides L.
Together with Impatiens parviflora as part of
the shrub-grass tier with a coating of 3-5%,
there are Alliaria petiolate (M. Bieb.) Cavara &
Grande, Lamium galeobdolon (L.) L., Mercurialis
perennis L., Lamium maculatum (L.) L., Glecho-
ma hederacea L., Aegopodium podagraria L.,
coated 1-3%: Poa nemoralis L., Asarum europae-
um L., Viola odorata L., Polygonatum multiflorum
(L.) All., Brachypodium sylvaticum (Huds.) P.
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Beauv., Stachys sylvatica L., Chelidonium majus
L., singly, having about 1% — Mycelis muralis (L.)

Dumort., Geum urbanum L., Scrophularia nodo-
sa L. and some other species (Fig. 3).

acm

Figure 3. Areas of broad-leaved forests of the Moshnohirsky Ridge dominated by the transformer
species Impatiens parviflora in the shrub-grass layer

Source: photos by Andrii Churilov ©

Accordig to M. Hejda (2012), a minimal de-
gree of negative impact of I. parviflora for native
mixed grasses of living ground cover of forests
is indicated due to a poorly developed root sys-
tem and features of the phenology of annual
populations. Shoots and active vegetation of
I parviflora is during the period of completion
of flowering of ephemeroids, which allowed
researchers to assume a slight effect on their
ability to grow and develop within forest com-
munities (Burda, 2012; Hejda, 2012).

Results obtained by A. Florianovd &
Z. Miinzbergova (2017) show that the negative
impact that has I. parviflora on the native repre-
sentatives in the vegetation cover of the recipi-
ent group can be levelled on a local scale by me-
chanically removing this transformer species
from the plant group, which contributes to the
restoration of the native grass tier for several
years. However, physical withdrawal of I. parv-
iflora from large plots is unrealistic in practice
due to its intensive distribution, high seed pro-
ductivity, and substantial economic costs.

In addition to the above example, other
species that have substantial involvement in
groupings (sometimes up to 20%) are Erigeron
annuus (distributed in 8 biotopes), a wide-
spread species with up to 10% coverage are
Quercus rubra (distributed in 7 biotopes), Rob-
inia pseudoacacia (distributed in 8 biotopes),
Acer negundo (in 7 biotopes).

The data obtained coincide with those giv-
en for forest areas in Europe in general (Wagner
et al., 2017), and for natural zones of Ukraine
(Onyshchenko, 2019), where a substantial fre-
quency of occurrence is noted for species that
are widely distributed in the research area (Im-
patiens parviflora, Robinia pseudoacacia, Quer-
cus rubra, Bidens frondosa, Acer negundo, Er-
igeron annuus), however, for such a species as
Prunus serotina Ehrh., no distribution was ob-
served within the research area.

The group, representatives of which are
established locally includes Acer sacchari-
num, Helianthus tuberosus, Juglans regia, Morus
alba, Prunus cerasifera, Rudbeckia laciniata,
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Syringa vulgaris, meanwhile, the ability to ac-
tively spread and form stable populations for
Pinus nigra subsp. pallasiana, Celtis occidenta-
lis, Prunus armeniaca, Vitis vinifera.

The results show a weakening of the pos-
sibility of natural restoration of forest vegeta-
tion areas, which requires balanced approaches,
both at the stage of reforestation, contribut-
ing to natural renewal for native species, and
maintaining existing plantings with gradual
removal, primarily of species that are listed as
invasive with a substantial ability to spread
uncontrollably (Order of the Ministry of Envi-
ronmental Protection and Natural Resources of
Ukraine No. 184..., 2023).

Considering the substantial distribution
areas and the involvement of a number of al-
ien species in the forest plant communities of
the research area, a substantial violation of the
structure of broad-leaved forest biotopes of the
Moshnohirsky Ridge was identified.

Conclusions

It was established that the Moshnohirsky Ridge,
as an area of high conservation value, which has
substantial areas of broad-leaved and mixed
forests, meadow and swamp biotopes, has sub-
stantially biologically polluted vegetation cover
with alien vascular plant species — 48 species or
about a third of the floral composition of broad-
leaved forests.

A substantial potential threat to the native
phytodiversity of the research area are keno-
phytes of the North American (Echinocystis lo-
bata, Amorpha fruticosa, Quercus rubra, Robinia
pseudoacacia) and Asian (Impatiens parviflora)
origin, which successfully adapted to existence
in the broad-leaved forests of the Moshnohirsky
Ridge. Based on the analysis of species distribu-
tion in the studied habitats, it was consistently

observed that the highest number of alien spe-
cies occurred in anthropogenically disturbed
biotopes (Anthropogenic broad-leaved for-
ests — 60.4%, Trampled habitats — 58.3%, Are-
as with recently removed tree layer — 56.2%).
However, it is significant to note that these
alien species are also present in natural for-
est biotopes (Central European oak-hornbeam
forests — 35.4%, Subacidophilous species-rich
oak and pine-oak forests — 29.2%), indicating
disturbances in the structural integrity of their
communities and providing conditions for their
further transformation.

It was established that a numerical group
is a group of plants whose representatives oc-
cur locally and do not show an active ability to
spread further, for example, Acer saccharinum,
Celtis occidentalis, Gleditsia triacanthos, Oxyba-
phus nyctagineus, which, with timely measures
taken to remove them from the natural envi-
ronment, will reduce the invasive activity of
alien vascular plants in the region.

Further research in the region should be
directed towards understanding the popula-
tion structure of alien species, their impact on
trophic and topical interactions within recipi-
ent ecosystems, as well as the development of
methods to control their spread and weaken
their ability to expand their range.
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The spread of alien vascular plant species in the biotopes...
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HarionanbHMiT yHiBepcuTeT 6iopecypciB i MpUPOIOKOPUCTYBAHHS YRpaiHu
03041, Byn. TepoiB O6opoun, 15, m. Kuis, Vkpaina

AHoranig. [HBa3ii opraHi3aMiB HecyTh MOTEHIIi/IHY 3arpo3y iCHyBaHHIO MPUPOSHUX OCEIUIL Ta
MIPU3BOISTH N0 36iHEeHHS 6i0OTiYHOro pisHOMAHITTS. OCO6IMBO HETAaTUBHMI BIUIMB ITIOMITHO Y
Meskax CepenHboro [TOmHIMPOB’s, Je 611M3bKO UBEPTi MPeICTAaBHUKIB CYOMHHMUX POCIMH HaIEKaATh
0 YYKOpimHUX BUIiB. MeTOw MOCTIMKEeHHS Oya0 3’ICyBaHHSI Cy4aCHOTO BMIOBOTO CKJIAAY
YYKOPITHUX BUMAIB CYOAMHHUX POCIMH, OCOOAMBOCTI iXHBOTO TMOIIMPEHHS 32 MeXKaMM KYJIbTYpH,
HaTypaisallis Ta y4yacTb Y POCAMHHMX YTPYIMOBAHHSAX 6i0TOMiB MOIIHOTipCHKOTO KPSDKY. JIist
IOCSITHEHHSI MeTU MPOBefeHO PeecTpallilo BUIOBOTO CKIaLy POCIAMH 3a TPAHCEKTaMM, & TaKOX
3[i/iCHeHO TreoOOTaHiUHi OMMCYU MicCIe3pOCTaHb MPeNCTABHUKIB UYKOPiZHUX BUIIB POCIMH.
VCTaHOBIIEHO, 10 POCAMHHMIA IOKPUB JIICOBUX Ta CYMYTHIX iM 6iOTOIIB JOCTiIKeHOi TepuTopii
icToTHO 3a6pyHHEHI YYKOPIZHUMM BUOAMM CYAVMHHUX POCINH, SKi HajexaThb M0 48 BUAIB 3 45
pomiB Ta 29 poayH. 3HAUUMOI0 YUACMIo uyHopiOHUX 8udie 8id3Hauarnmocs aicosi 6Giomonu 2paboeso-
Iy6OBUX JTiciB — 35,4 %, my60BUX i c0cH080-Ty00BUX JiciB — 29,2 %. Ceped uyncopionux eudie, ki
Maomos cymmesuti 6n1uU8 Ha CMpPYKmMypy poCAUHHUX YepyNo8aHs 6KA3aHux 6iomonie wupoKoIUCMAHUX
nicie € Impatiens parviflora DC., Robinia pseudoacacia L., Acer negundo L. 3a yacoM 3aHeCEHHS
repeBaxkaroTb kKeHoditn (81,3 %), 3HauMMa KiJbKiCTh SIKMX MAalOTh IiBHiYHOaMepMKaHCbKe
(43,8 %), cepenzemHoMopchke (16,7 %) Ta cxigHoasilicbke moxomskeHHS (8,3 %). 3a IMTOKa3HUKOM
MMPOHMKHEHHS 10 TPUPOOHMX €KOCMCTEeM BMCOKi IO3MINi IOCiZaloTh BMUOM, 3MATHI aKTUBHO
MPOHMKATU [0 CKJIaLy MPUPOAHMX YTPYNIOBaHb — arpio- Ta arpio-emnekoditu (cymapHo 30,2 %).
Ha nipoTuBary BKazaHuM IpyIiam, B yTPYIIOBAaHHSX JOC/Ti/IKEHOTO PerioHy 3HaUMMO MPeACTaBIeHO
06MeskeHO TIOMIMPEeHi UyKopigHi Buayu 6e3 MposiBiB aKTMBHOTO PO3IOBCIOMKEHHS — eeMepodiTu
i komoHoditn (30,6 %). BusiBIeHi 3aKOHOMipHOCTi IIOIO PO3ITOBCIOMKEHHSI Ta IEHOTUYHOTO
PO3MOATYy YYy>KOPiIHUX BUMIIB € MEPBMHHOK OCHOBOIO i1 (DOPMYBaHHSI ONTUMAJIbHUX 3aXO[liB
MPOTKAii HOBMM iHBa3isIM OO JiCOBMX YIpyINlOBaHb Ta CTPUMYBaHHSI IIPOIleCY VIIiTbHEHHS
TIOTTYJISILi 11T BUZIB, SIKi B’Ke MAIOTh LIMPOKe PO3IMOBCIOIKEHHS JOCTiIXKYBAaHUM PerioHOM

KimouoBi cnoBa: anBenTnBHa dpakuis; pitoinpasii; Cepenne [TogHinpos’s; keHoditu; arpioditu;
HaTypasisaiis
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