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Pseudotsuga Menziesii (Mirb.) Franco on Protected Areas
of Ukrainian Polissya

Anzhela Dzyba’

Education and Research Institute of Forestry and Landscape-Park Management
National University of Life and Environmental Sciences of Ukraine
03041, 19 Heneral Rodimtsev Str., Kyiv, Ukraine

Abstract. In Europe, including Ukraine, a serious consideration is given to Pseudotsuga menziesii (Mirb.) Franco, as a
prospective species for the creation of various types of plantations. The use of this tree species in plantations looks
advantageous. The species composition of rare exotic arboreal plants, including P. menziesii, their representation and state
of preservation were studied in the protected territories of the Steppe, Forest Steppe, and Ukrainian Polissya. Presently, it
isrelevant to study the age-class composition, quantitative and qualitative characteristics of P. menziesii, species condition
and representation in various types of plantings in the protected areas of Ukrainian Polissya. The purpose of this study
was to determine the distribution, status, biometric indicators, and age-class distribution of P. menziesii in the protected
areas of the Ukrainian Polissya. Three research methods were utilized: field (route), analytical, and comparative analysis.
In the Ukrainian Polissya, P. menziesii was first introduced in Vozdvizhenskyi Garden Art Park Monument (PMLA) in 1903.
Mass introduction of the species into reserves in most locations took place in the 1960-70s. Among the areas that accepted
introductions, 53.3% were concentrated in Volyn Polissya, 26.7% in Zhytomyr Polissya, and 20% in Novhorod-Siverskyi
Polissya. The results of our research revealed that P. menziesii grew in 14 protected areas in groups, strip plantations, and
as a single tree (a total of 107 specimens were found, of which 17% were P. menziesii var. glauca (Beissn) Franco). In the
Radomska Dacha reserve district, P. menziesii plantation was created. In the age-class distribution, 53% of trees fell into
41-60-year-old category, with age categories of 1-40 and 61-80-year-old containing 33% and 7% of trees, respectively.
P. menziesii produced viable seeds in 14 locations (seed production score varied between 2 and 5 at the maximum score
of 5). In one other location trees did not produce seeds because reproductive age was not reached. Three locations were
characterized by viable natural regeneration in the amount of 2 specimens per 1 m?. Among seedlings, 83.2% were in good
condition. The obtained results could be used to compare quantitative and qualitative indicators of P. menziesii in various
types of plantations created in the Forest-Steppe and Steppe, representing the deciduous forests of Ukraine belt

Keywords: Douglas fir, parks-monuments, natural monuments, dendrological parks, tree stand

Introduction

In the coming decades, forestry in the world will be tasked
with the goal of restoring ecosystems [1]. In terrestrial
ecosystems, forested areas are the main absorber of at-
mospheric mercury (Hg) [2]. Sustainable forestry may help
to increase biodiversity, improve ecosystem services, and
restore areas after tree harvest [1]. Pseudotsuga menziesii
(Mirb.) Franco [3], which has great economic and ecolog-
ical importance and is one of the five tallest tree species,
is suitable for the formation of sustainable multi-species
and multipurpose forested areas [4]. P. menziesii was in-
troduced to Europe from western North America in the
19t century [3], about 150 years ago [5]. Currently, in Central

Suggested Citation:

Europe, preference is given to P. menziesii, which considerably
surpasses all native forest tree species due to fast growth,
effective suppression of competing vegetation, and high
drought resistance [1; 3]. In Germany, P. menziesii is the
most common introduced tree species, occupying about
2% of the forest area [5]. In Central Europe, P. menziesii is
less affected by pests and pathogens than natural Picea
abies (L.) Karst. and Pinus sylvestris L. P. menziesii litter
decomposes better in comparison with native coniferous
plants [1; 3]. Mixed P. menziesii and Fagus sylvatica L. as well
as P. menziesii and Picea abies tree stands with sufficient light
(after thinning or naturally less dense) are more resistant
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to pests than pure stands of P. menziesii [6]. At the same
time, as noted by T. Fiala, Ja. Holusa, A. Véle [7], in Central
Europe (Western Bohemia), there is a threat of native bark
beetles attacking exotic tree species of the genera Abies,
Picea, Pinus, and Pseudotsuga in resort forests. In 12 local-
ities in the western Czech Republic, 19 native bark beetle
species were identified, which affected over 10% of exotic
tree species in 1 year. A wide range of epigeal arthropods
is preserved in the pure middle-aged P. menziesii stands in
small areas (Germany, north-western Lower Saxony), so the
amount of biodiversity is sufficient. However, afforestation
by pure Douglas fir has led to marked changes in epigeal
invertebrate communities compared to deciduous forests
from autochthons Quercus petraea Liebl. of the same age in
Western Europe [8]. In north-eastern Spain (Catalonia) in
the Montseny Nature Park P. menziesii naturalized less than
30 years after the creation of plantations at an altitude of
>1000 m and was able to naturally regenerate in adjacent
areas within 100 m from the original plantation footprint [9].
In southwestern Germany, based on regional inventory
data A. Bindewald, S. Miocic, A. Wedler, J. Bauhus [10] es-
timated the risk of P. menziesii and Quercus rubra L. being
invasive in protected forests by quantifying natural regen-
eration and its height. Natural renewal of both plants was
observed on 0.3% of the total area of protected biotopes.
It was found that in stands with sufficient light in the un-
derstory and competitive tree species, there is a risk that
P. menziesii and Quercus rubra L. may cause changes in spe-
cies composition in the absence of management. Such risks
can be minimized in protected areas by establishing buffer
zones and regularly removing unwanted regeneration [10].
Researchers note that the invasive potential of P. menziesii
in Central Europe is very limited and can be controlled at
any time if P. menziesii plantations are created in combina-
tion with the shade-tolerant F sylvatica [1; 10]. Based on
the inventory of conifers in Orleans (France), J.-P. Rossi,
V. Imbault, T. Lamant, ]J. Rousselet [11], found that in
5 districts of the city, P. menziesii, P. sylvestris, and various
species of the Cedrus genus are less common than Pinus
nigra. In Denmark, based on 50 years of research in 13 sites
with 12 species (F. sylvatica, P. menziesii, Abies grandis, Larix
kaempferi, Chamaecyparis lawsoniana, Pinus contorta, Pinus
mugo, Abies procera, Picea abies, Quercus robur, Abies alba,
and Picea sitchensis), it was noted that North American co-
niferous tree species have a considerably higher biomass
production potential than other species [12]. Research con-
ducted in Great Britain (North Wales) and a comparative
analysis of spruce-fir forests of the Swiss Jura showed the
possibility of creating sustainable mixed tree stands with a
density of 27.4 m? ha'! using P. menziesii. Such stands could
be created with lower P. menziesii tree density that is 85% of
that in Norway spruce plantations. However, the volume in-
crement in P. menziesii plantations is estimated to be greater
than that of common spruce by 15.3 m*ha'year™! [13]. Thus,
in Europe, considerable attention is paid to epy research
of P. menziesii, as a prospective species for creating various
plantations. Similar studies are being conducted in Ukraine.
Yu. Debryniuk emphasizes the advantage of creating tree
stands with P. menziesii in the western region of Ukraine,
where wood reserves could be as high as 700 m? ha! or
higher at the age of 50-60 years [14]. Considerable attention

is paid to research in the protected areas of Ukraine. For
example, on the territory of the State Dendrological park
(DP) “Trostianets” of the National Academy of Sciences of
Ukraine (Sumy region), P. menziesii is resistant to abiotic
and biotic factors and has high seed production [15]. On the
territory of the National Nature Park (NNP) “Vyzhnytskyi”
(Chernivtsi region), invasive plants occupy 3% of the area
of the NNP. Among the invasive plants, P. menziesii ranks
second in terms of area — 35.7 ha (Sukhyi reserve (24.3 ha),
Slavets (2.8 ha), Vyzhenka (8.6 ha)), which is 10.9% [16]. In
“Roztochchia” reserve (Ivano-Frankivsk region), researchers
noted that the artificial restoration of forests involving in-
vasive plants in the past has led to the transformation of
forests in the reserved territories [17]. The researchers claim
that under the canopy of artificial plantations involving
P. menziesii, Pinus strobus L., Larix leptolepis (Sieb. et Zucc.)
Gord., there is unsatisfactory or insufficient renewal of
native species (Fdgus sylvdtica L., Carpinus betulus L.,
Acer platanoides L., and Acer pseudoplatanus L.), and in-
troduced species are not regenerating either, except for
Quercus rubra L. [17]. V.M. Prokopchuk, M.V. Matusiak,
Yu.O. Pankratiev, Yu.A. Yelisavenko [18], having assessed
the viability and perspective of the introduction of P. menziesii
in the area of the “Ladyzhynskyi Hai” dendrological park,
note that P. menziesii is rare (4 specimens present) and
that species is one of the promising decorative species for
creating compositions in parks. P. menziesii has a remark-
ably high decorative effect [19]. However, Pseudotsuga
menziessi var. glauca can be attacked by bark beetles (Ips
typographus and Pityogenes chalcographus) [20]. In Ukraine,
rare tree species including P. menziesii were studied in var-
ious natural zones on protected territories: in the Steppe
zone [21; 22], in the Forest-Steppe [23; 24], in the zone of
deciduous forests [25], in Ukrainian Polissya [26-28]. The
authors of the mentioned studies analysed the species com-
position of dendrosozoexotes, the categorical, regional rep-
resentativeness of the conservation status of the protected
dendrosozoflora, including age-class composition. However,
the age-class composition is not covered, the quantitative
and qualitative features of the plants are not described, and
the state and species representation of P. menziesii in tree
stands in the protected territories of Ukrainian Polissya
were not investigated.

The purpose of this study is to investigate the rep-
resentation, status, biometric indicators, and age-class
distribution of Pseudotsuga menziesii (Mirb.) Franco in the
protected areas of Ukrainian Polissya.

The objective of this study is to conduct an inven-
tory of P. menziesii trees in reserved areas of Ukrainian
Polissya, distribute them by age class, to determine the
quantitative and qualitative indicators of P. menziesii, and
to identify the types of P. menziesii plantations.

Materials and Methods

The study was conducted during 2014-2021 in park-mon-
uments of landscape art, dendrological parks, a botanical
garden, and natural monuments of the Hamarnia landscape
reserve, and Shatskyi National Nature Park. During field
research, the status of P. menziesii was assessed and ranked
(good - trees are healthy, normally developed, needles are
dense, evenly distributed on the branches, normal size and
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colour, no signs of disease and pests, wounds, damage to the
trunk and skeletal branches, as well as hollows; satisfactory —
the trees are healthy, but with signs of slow growth, with
an unevenly developed crown, few needles on branches,
minor mechanical damages and small hollows; unsatisfac-
tory - the trees are weakened, the trunks are twisted, the
crowns are poorly developed, dry branches are present, the
one-year shoot growth is insignificant, mechanically dam-
aged trunks, hollows) [29]. The diameter at breast height
(1.3 m) was measured with a tree calliper, and the height
was measured with a Suunto PM-5/1250 altimeter. Seed
production was assessed visually according to the unified
scale of O.A. Kalinichenko [30], where 0 points meant the
plant does not produce seeds; 1 point — the crown contains
very few flowers covering 0-20% of crown area; 2 points —
the crown contains few flowers covering 21-40% of crown
area; 3 points — the crown contains an average amount
of flowers covering 41-60% of crown area; 4 points — the
crown contains a large amount of flowers covering 61-80%
of crown area; 5 points — the crown contains very large
amount of flowers covering 81-100% of crown area. The
age-class distribution was assessed according to the inven-
tory description with trees assigned to the following age
classes: 1-20 years and 21-40 years (young), 41-60 years
(middle-aged), 61-80 years (semi-mature), 81 to 100 years
(mature), from 100 to 200 years (over-mature). P. menziesii
was checked for a presence on The International Union
for Conservation of Nature (IUCN) Red List of Threatened
Species [31].
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Results and Discussion

70 reserved areas of Ukrainian Polissya were studied. These
areas included 54 park-monuments of landscape art (PMLA),
three dendrological parks (DP), Shatskyi National Nature
Park (arboretum), Hamarnia landscape reserve (LR) (ar-
boretum), botanical garden (BG) of the Polissia National
University, 10 natural monuments (NM), reserved area (RA)
Radomska Dacha. P. menziesii was detected in 15 nature
reserve areas, which contains 21% of the total number
of experimental plots. P. menziesii is mesophyte, me-
sotroph, heliophyte, microtherm [26], belongs to the Least
Concern category of the IUCN Red List [31]. In Ukraine,
P. menziesii was first introduced to the Bantyshevskyi Park
in the Donbas region in 1864 [32]. In Ukrainian Polissya,
P. menziesii was first planted in the Vozdvizhenskyi PMLA
in the early 1900s [33]. The largest representation of
P. menziesii in reserved territories of the Forest Steppe is in
46 localities, including PMLAs — 32, BGs - 5, and DPs - 7 [23].
In the Steppe, P. menziesii grows in 16 localities (Fig. 1),
mainly in man-made reserved areas, namely in five BGs
and seven PMLAs, two DPs [21]. In Ukrainian Polissya, the
number of localities and categories varied in 2017 (13 lo-
calities, seven categories) and in 2019 (11 localities, six
categories) [26; 18]. Having conducted field research using
the route method, the author of this study specified the
number of reserved plots (15), belonging to nine categories.
Among them are PMLAs (4), NMs (4), DPs (3), BG (1), LR (ar-
boretum), NNP Shatskyi (arboretum), and Radomska dacha
RA (Fig. 1), where P. menziesii is growing. P. menziesii var.
glauca (Beissn) Franco was also found in our research plots.
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Figure 1. Representation of P. menziesii in the reserved areas of Ukrainian Polissya, Forest-Steppe, Steppe
(BR - Biosphere Reserve; FR - forest reserve)

In the Rivne region, five protected areas were de-
tected, where P. menziesii and P. menziesii var. glauca grow:
botanical nature monument (BNM) Psevdotsuha tysolysta
(Fig. 2a), a complex natural monument (CNM) Sarnenskyi
dendrological park (Fig. 2b), CNM Rokytnivskyi dendrological
park, PMLA Novostavskyi dendrological park, Bereznivskyi
DP (Fig. 2c). BNM Psevdotsuha tysolysta covers an area of
0.1 ha. On the territory of the natural monument, P. men-
ziesii var. glauca grows in a strip plantation of five plants
along the road (planted 2 m apart) and five specimens —in a

mixed group with Quercus robur L., Acer platanoides L., and
Betula pendula Roth. The average diameter is 40.8 * 2.3 cm,
the average height is 23.1#1.1 m (Table 1), the largest spec-
imen has a diameter of 49.0 cm and a height of 27.5 m. The
condition of the plants is good (spreading crown 12 m wide)
and satisfactory (crown raised high, unevenly developed,
one-sided, inclined to the west). Regeneration was found
along the road - a 3-year-old specimen 30 cm high and a
6-year-old specimen — 60 cm high (Fig. 3). Seed production
was ranked as 3 and the plants were in good condition.
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a) BNM Psevdotsuha
tysolysta (Rivne region)

b) Sarnenskyi dendrological
park CNM
(Rivne region)

¢) Bereznivskyi DP
(Rivne region)

Figure 2. P. menziesii in the reserved areas of Ukrainian Polissya (author’s photographs)

Table 1. Characteristics of Pseudotsuga menziesii (Mirb.) Franco and P. menziesii var. glauca (Beissn) Franco
in the reserves of Ukrainian Polissya

Protected area spl:cuiﬁlzz,o;cs ;?ii’s Height, m Diameter, cm Condition
Dubechnenskyi PMLA 1 60 25.0 28.0 s
Bairak PMLA 1 45 25.0 31.0 s
Vozdvyzhenskyi PMLA 9 120 24.1+0.6 30.2+2.3 g, S
Novostavsky dendrological park PMLA 10 58 25.9+0.9 42.8+4.8 g
NNP Shatskyi (arboretum) 3 50 19.0; 18.5; 21.5 45.0; 50.0; 63.0 g
Hamarnia LR (arboretum) 12 38 14714 26.7+1.8 g, S
Rokytnivskyi dendrological park BNM 1(3)* 59 23.5;23.5; 24.0; 24.5 | 35.0; 39.0; 49.0; 53.0 g,
Sarnenskyi dendrological park CNM 8 57 26.6+0.4 38.0+3.6 g
Bereznivskyi DP 10(3)* 44 254+04 48.4+4.3 g8
Hladkovetskyi DP 29(2)* 63 23.1+1.1 30.8+1.6 g
Elita DP 2 36 14.0; 14.0 28.0; 30.0 g
Psevdotsuha tysolysta BNM (10)* 55 23.1+1.1 40.8+2.3 g,
Forest arboretum BNM 2 12 1.5; 2.7 4.0;5.0 g,

Note: ()* P. menziesii var. glauca; g — good condition; s — satisfactory condition

Figure 3. Natural regeneration of P. menziesii var. glauca in Psevdotsuha tysolysta BNM (Rivne region)
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Three 59-year-old specimens of P. menziesii var.
glauca were measured, their diameter ranged between
35.0 cm and 49.0 cm (average diameter 41.0 = 4.1 c¢m),
height ranged between 23.5 and 24.0 m (Table 1) (average
height 23.7 £ 0.2 m) and P. menziesii, which was 24.5 m tall
and 53.0 cm in diameter. One specimen each of P. menziesii
and P. menziesii var. glauca growing near the pond were in
good condition, two specimens of P. menziesii var. glauca
were in satisfactory condition (Y42 crown in the lower part
has no needles). Plants produced t, with seed production
rating of 3. A group of 8 P. menziesii specimens was growing
at the CNM Sarnenskyi dendrological park CNM (Fig. 2b).
The average diameter was 38.0 = 3.6 cm, average height was
26.6 = 0.4 m (Table 1), the maximum diameter was 56.0 cm,
the maximum height was 27.5 m. Trees were in good con-
dition, the crown was raised high, almost symmetrical, the
diameter from west to east — 9 m, from north to south —
8 m. They produce seeds, the seed production rating of 3.
Seeds are similar. At the age of 40-50 years, the trees pro-
duced natural regeneration, which was planted in the near-
by stands. Currently, natural regeneration is absent.

In PMLA Novostavsky dendrological park, P. menziesii
grew in a group along the path in the central part of the
park in the quantity of 10 trees, aged 58 years. The average
diameter was 42.8 = 4.8 cm, the average height was 25.9
£ 0.9 m, the maximum diameter was 63.0 cm, the maxi-
mum height was 28.5 m, with seed production rating of 2s,
in good condition. In the Bereznivskyi DP, 10 specimens of
44-year-old P. menziesii plants were detected. Seven plants
grew in a group with a spacing from 3 to 9 m. The lighting was

a) Shatskyi NNP
(arboretum)

b) Hladkovetskyi DP
(Zhytomyr region)

sufficient, crowns were equilateral, lowered. The average diam-
eter was 48.4 £ 4.3 cm, the average height was 25.4 + 0.4 m,
the maximum diameter was 67.0 cm, the maximum height
was 26.0 m, in good condition. In the north-western part
of the experimental plot, on an area of 70 m?, there were
17 specimens of self-seeded trees aged 3-6 years old and
15-35 c¢m tall. The seed production rating was 3. Two spec-
imens of P. menziesii grew in the “modular garden” area
(height — 22.0 m; 20.0 m, diameter — 67.0 cm; 54.0 cm), an-
other one — near the seed storage (height — 23.0 m, diame-
ter - 63.0 cm) in good condition. P. menziesii var. glauca was
represented by three specimens planted in 1979. The seed-
lings were imported from a nursery in Estonia. Two P. men-
ziesii var. glauca grew in a group with Thuja occidentalis L.
and Fagus sylvatica subsp. Purpurea, with the spacing of
3.5 m. P. menziesii var. glauca, which has sufficient lighting
from the eastern and north-eastern parts, had a diameter of
49.0 cm, a height of 19.0 m, the crown was lowered, the con-
dition was good. The second one, which grew in the middle
of the group, had a high-raised crown, the lower branches
were dead from suppression, the needles were not dense and
unevenly spaced on the branches. Diameter was 39.0 cm,
height was 18.0 m, in satisfactory condition, with seeding
rating of 5. Three specimens of self-seeded 1-2-year-old
trees were found. They were located at a distance of 13.0 m
from the mother trees, the age of 5 years and 20 cm high.
The third tree had sufficient lighting, diameter was 42.0 cm,
height was14.0 m, in satisfactory condition. Dead branches
were present. Needles were unevenly distributed on the
branches, in satisfactory condition, with seeding rating of 3.

ohed s AT P, -
d) Vozdvizhenskyi PMLA
(Sumy region)

c¢) Forest arboretum BNM
(Chernihiv region)

Figure 4. P. menziesii in the reserved areas of Ukrainian Polissya (author’s photographs)

In the Volyn region, three 50-year-old specimens of
P. menziesii grew in the Shatskyi (arboretum) NNP, their di-
ameter was 45.0, 50.0, and 63.0 cm, height was 19.0, 18.5,
and 21.5 m (Table 1). They were in good condition (Fig. 4a)
and seeding rating of 3. They formed dissimilar seeds.
One 50-year-old specimen of P. menziesii was found in the
Dubechnenskyi PMLA. The tree had a diameter of 28.0 cm,
and a height of 25.0 m. It grew in a group with Picea pungens
Engelm. The crown was raised high, the trunk was poorly
cleaned, the condition was satisfactory and seeding rating
of 2. Natural regeneration was absent.

In the Zhytomyr region, P. mengziesii was found in
two dendrological parks, one arboretum Hamarnia LR, and
a botanical garden. Their numbers ranged between 1 and 17
specimens. Two 36-year-old P. menziesii trees were growing
in the Elita DP, their height was 14.0 m each, their diame-
ter was 30.0 cm and 28.0 cm (Table 1). They were in good
condition. The crowns were lowered, symmetrical. Seed-
ing rating was 2. In the Hladkovetskyi DP, a 63-year-old
P. menziesii grew in 20x25 m? area in a group of 29 specimens
(the crown was raised high, the trunk was poorly cleaned of
branches that started at a height of 2.5-3.0 m, the condition
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was good) (Fig. 4b). Their average diameter w 30.8 = 1.6 cm,
the average height was 23.1 £ 1.1 m, the maximum diame-
ter was 50.0 cm, and the maximum height was 24.5 m. The
seeding rating was 2. Two specimens of P. menziesii var.
glauca (diameter - 49.0; 36.0 cm, height - 24.0; 23.5 m)
grew in the group with Picea abies Karst in good condition,
with seeding rating of 2. Natural regeneration was absent.
One 35-year-old specimen of P. menziesii grew at the en-
trance of the botanical garden of the Polissya National Uni-
versity. The height was 19.0 m, the diameter was 28 cm, in
good condition. In Hamarnia (arboretum) LR, 12 specimens
of P. menziesii were located, aged 38 years old. The aver-
age diameter was 26.7 * 1.8 cm, height — 14.7 = 1.4 m, the
maximum diameter was 36.0 cm, the maximum height was
23.0 m. P. mengziesii grew in a group with Pinus sylvestris L.
and Picea abies Karst. Plants that were growing in sufficient
light had better biometric indicators (good condition, seed-
ing rating of 4) than those that were suppressed (diameter
ranges within 16-24 c¢m, height — 8.5-15 m, satisfactory
condition, seeding rating of 2).

In the Chernihiv region, two 12-year-old specimens
of P. menziesii grew in the Forest arboretum BNM, the con-
dition of one plant was satisfactory (height - 1.5 m, diam-
eter — 4 cm, seeding rating of 1) (Fig. 4c), the second one
was in good condition (height — 2.7 m, diameter - 4 cm, did
not bear seeds) (Table 1). In 2014, in the Radomska Dacha
reserved area (Radom Forestry Enterprise, quartal 88,
stand 5), a 1.9-acre plantation was created using 2-year-old
seedlings using the following mixing arrangement: 5 rows
of Pinus sylvestris L., 5 rows of P. menziesii, and 1 row of

Querqus robur L. In this plantation, P. menziesii accounted
for 45% of all trees. Thomas, Rzepecki, Werner [3] noted
that mixed tree stands including P. menziesii and native
tree species could be effective in sequestering carbon and
nitrogen. Most environmental organizations recommend
limiting the share of P. menziesii in plantations containing
natural species at up to 30% ratio and to avoid P. menziesii
monocultures.

In the Ukrainian Polissya, the oldest specimens of
P. mentziesii, aged 120 years, grew in the Vozdvyzhenskyi PMLA
in the group near the pond (Fig. 4d), which was drained at the
time of this study. Their average diameter was 30.2 + 2.3 cm,
height — 24.1 = 0.6 m (Table 1), the maximum diameter was
43.0 cm, the maximum height was 29.0 m. The condition of
the trees was good and satisfactory (crown was raised high,
started at a height of 8 m, the trunks were poorly cleaned of
branches, no needles in the lower part of the branches). Seed-
ing rating was 3. There was one over-mature P. menziesii in
one plot in Ukrainian Polissya. In other natural zones of
Ukraine, over-mature trees grew in one or two localities,
in the Forest-Steppe — in the Trostianets DP (120-year-
old specimens of P. menziesii) [24; 34], a zone of deciduous
forests in the Kremenetskyi BG (200-year-old P. menziesii),
Mykhailivskyi PMLA (100-year-old P. menziesii) [25].

Having analysed the age-class distribution of
P. menziesii and P. menziesii var. glauca in 15 areas of
Ukrainian Polissya, the author found that trees aged 41-60
years (57%) predominated, with almost half of that (33%)
in 1-40 years category, and 61-80 years and 7% in the age
category of above 100 years (Fig. 5).

100 to 200 years 1-20 years
61-80 years 7% 13%
7%
21-40 years
20%
41-60 years
53%

Figure 5. Age-class distribution of P. menziesii in reserved areas of Ukrainian Polissya

Tarabun [34] noted that one of the reasons for the
insignificant distribution of P. menziesii is an insufficient
amount of planting material due to the weak seed base. It
was founded that in 93% of plots P. menziesii and P. menziesii
var. glauca trees produce seeds; in one plot, P. menziesii did
not produce seeds because the tree has not reached repro-
ductive age. The seeding rating ranged from 2 (Hamarnia LR
arboretum, P. menziesii) to 5 (Bereznivskyi DP, P. menziesii var.
glauca). In three plots (Sarnenskyi dendrological park CNM,
Psevdotsuha tysolysta BNM, Bereznivskyi DP) P. menziesii and
P. menZiesii var. glauca were able to regenerate naturally. In
Shatskyi (arboretum) NNP, P. menziesii did not form similar
seeds, which may be due to a negative correlation between
population size and genetic diversity [5]. As J. Wojacki,
P. Eusemann, D. Ahnert, B. Pakull, H. Liesebach [5] stated,
an elevated level of self-pollination (1-13%) correlates with an
increased inbreeding effect, resulting in a high percentage of

empty seeds. Therefore, at least 100 mature trees are needed
to create elite wind-pollinated stands of P. menziesii.

We conclude that P. menziesii and P. menziesii var.
glauca have a high potential for use in plantations in
the geographic and climatic conditions of the Ukrainian
Polissya, therefore it is advantageous to continue to create
such types of stands as single trees, groups, strip stands,
alleys, groves, and other forested areas. The same opin-
ion was expressed by M.O. Tarabun, who investigated the
conditions of the Left-Bank Forest-Steppe [34]. However,
the recommendations of M. Méndez-Lépez, A. Gomez-
Armesto [2] should be considered as well. They noted that
in forest stands, forest vegetation plays a key role in the
transfer of atmospheric mercury to soil horizons, the ac-
cumulation of mercury in organic horizons is inherent in
coniferous species and can increase the risk of mobilising
mercury due to forest fires. For afforestation, it is desirable
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to give preference to tree species that minimize the adverse
environmental impacts caused by changes in the biogeo-
chemical cycle of pollutants such as Hg. The research has
showed that in the areas dominated by P. menziesii, soil
concentration of Hg, is 2.5 times higher than in areas
dominated by Quercus pyrenaica.

Conclusions

We determined that in nature conservation areas of
Ukrainian Polissya, P. menziesii and P. menziesii var. glauca
grew in 15 areas. In 14 localities, it grew in groups, strip
plantations, and as a single tree (mainly in PMLAs, DPs,
NMs) with a total of 107 specimens found. The plantation
of P. menziesii, Pinus sylvestris L., and Quercus robur L. was
created on one of the sites in the Radomska Dacha reserved
area. The largest number of localities with P. menziesii and
P. menziesii var. glauca as a component in plantations was
concentrated in Volyn Polissya (8 localities), Zhytomyr
Polissya (4 localities), and Novhorod-Siverskyi Polissya

(3 localities). The introduction of trees into reserved areas
in 53.3% of localities took place in the 1960-70s. The oldest
trees in Ukrainian Polissya were 120-year-old specimens
of P. menziesii growing in the Vozdvyzhensky PMLA. The
age distribution showed the dominance of 41-60-year-old
trees (53%). The highest biometric indicators determined
for P. menziesii and P. menziesii var. glauca in Bereznivskyi
DP were height — 25.4 £ 0.4 m and diameter — 48.4 £ 4.3 cm.
In 93.3% of localities, P. menziesii and P. menziesii var. glauca
produced seeds, with the estimated seedling rating ranging
between 2 (Hamarnia arboretum LR) and 5 (Bereznivskyi DP).

The results of this study enable the comparison of
quantitative and qualitative indicators of P. menziesii, to
assess the success of introduction and tree condition in
diverse natural zones of Ukraine. Using the obtained qual-
itative indicators of P. menziesii, it will be possible to select
the best specimens, considering the presence of native re-
generation, to obtain high-quality planting material with
subsequent introduction into various types of plantations.
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Pseudotsuga Menziesii (Mirb.) Franco Ha 3anoBigHMUX TepUTopiax
YKpaiHcbKoro Moniccsa

Amxkena AuapiiBHa [I3u6a

HaBuasibHO-HAyKOBMUI iHCTUTYT JIiICOBOTO i Cafl0BO-MapKOBOTO rOCIIOAAPCTBA
HarionanbpHuit yHiBepcuTeT 6iopecypciB i MpMUpOIOKOPUCTYBAHHS YKpaiHU
03041, Byn. 'enepana PoximiieBa, 19, M. Kuis, Ykpaina

AHoranis. V €spori, y ToMy uncii i B VKpaiHi, IpUAiNSIeTbCsl 3HAUHA yBara goulimKeHHIM Pseudotsuga menziesii (Mirb.)
Franco, ik nmepcreKTMBHOTO BUAY IJIs1 CTBOPEHHS Di3HUX BUZIB HacaJkeHb. Bil3HaueHO NOLIbHICTD MJIaHTaLiliHOTO
BUpoIyBaHHs. Ha 3anoBigHux repuropisx Cremny, Jlicocremny, Ykpaincbkoro [omiccst mocmiapkeHO BUAOBUI CKIa, PiIKiCHUX
€K30TUUHMX IePEBHUX POCIINH, cepef kX i Pseudotsuga menziesii (Mirb.) Franco, ixHs ipeicTaB/IeHiCTh, CTaH 36epeskeHHS.
Hapasi € akTyaJIbHMM AOCTIAUTY BiKOBY CTPYKTYPY, KiJIbKiCHY Ta SIKiCHY XapakTepucTuku Pseudotsuga menziesii (Mirb.)
Franco, ixHilt cTaH Ta MpeACTaBIEHICTb Y Pi3HUX BUAAX HAcaIkKeHb Ha OXOPOHHUX TepUTOpisax YKpaiHcbKoro ITomiccs.
MeTo10 JOCTiIKeHHSI 6y7I0 BUSIBUTM TIOUIMPEHHSI, CTaH, 6iOMeTpUYHi TMOKa3HUKM Ta BiKOBY CTPYKTypy Pseudotsuga
mengziesii (Mirb.) Franco Ha 3anoBigHux Teputopisix Ykpaincbkoro ITomiccst. 3acToOCOBaHO MeTOAM NOCTiIKeHHS: TIONbOBi
(MapuIpyTHUit), aHIITUYHI, TOPiBHSUTBHOTO aHasi3y. Ha Ykpaincbkomy [Momicci Pseudotsuga menziesii (Mirb.) Franco. 6yma
Brepie iHTpomykoBaHa y ITTICIIM Bo3nsuskeHcbkMit, y 1903 p. MacoBe BIIPOBa/iKeHHSI POCJIMH Y 3aTIOBiIHI HAacaIsKeHHSI
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y Ginbmiocti 06’ekTiB Bimbymnock y 60-70-x pokax XX cT. 53,3 % 006’ekTiB 30cepemkeHi Ha BommHcbkomy Ilosmicci,
26,7 % — Ha JXutomupcbkomy Ilomicci, 20 % — Ha HoBropon-CiBepcbkomy Ilomicci. V xomi mpoBegeHUX AOCTiIKeHb
BUSIBJIEHO, 1110 Pseudotsuga menziesii (Mirb.) Franco 3pocrae Ha 14 3amoBimHuX 06’€KTax y rpymnax, psiioBiii mocamili, ik
cosnitep (Bcboro BusiBieHo 107 ex3eMIuisipiB i3 Hux 17 % P. menziesii var. glauca (Beissn) Franco). Y 3anoBigHOMY ypouniii
Panmomcbka fava cTBOpeHO MacuB 3 P. menziesii. Y BikoBiii cTpykTypi MasonomupeHi 61-80-piuni Ta BikoBi pocinHM (110
7 %), P. menziesii BikoMm Biz, 110 40 poxiB Ta 41-60 pokiB CKIaAaI0Th BiATIOBiIHO 110 33 % Ta 53 %. P. menziesii I7IOOOHOCS T HA
14 o6’exTax (OI[iHKA TUIOJOHOIIIEHHST CTAHOBUTH BijI 2 10 5 6asTiB), Ha OMHOMY 06’€KTi He IJIOOHOCSTH i3-3a He TOCSITHEHHS
PEeNpoAYKTUBHOTO BiKy. Y TPhOX 00’€KTaX € CaMoCiB y KiJIbKOCTi 2 ek3eMruisaipu Ha 1m2 83,2 % poCIMH MalOTh HO6PMit
crad. OTpuMaHi pe3yabTaTy MOXYTb OYTY 3aCTOCOBAHI JJIsl TOPiBHSIHHS KiTbKiCHUX i SIKICHMX TTOKa3HUKiB Pseudotsuga
menziesii (Mirb.) Franco. y pi3Hux Bumax HacaaxkeHb Jlicoctemny, CTerry, 30HM IIMPOKOIUCTIHMX JIiciB YKpaiHu

Knrouosi cioBa: rnceBaoTmyra, HapKI/I-HaM’HTKI/[, maM SITKU IIpupoau, neHaporapKku, CTal

Vol. 13, No. 2, 2022 Ukrainian Journal of Forest and Wood Science 15



Received: 02/08/2022, Revised: 03/15/2022, Accepted: 04/03/2022

UKRAINIAN
JOURNAL OF
FOREST AND
WOOD SCIENCE

UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 13(2), 16-23

UDC 630%44:582.632.2
DOI: 10.31548/forest.13(2).2022.16-23

Etiology of Bacterial Wetwood of Quercus robur L.
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03041, 19 Heneral Rodimtsev Str., Kyiv, Ukraine

Abstract. Phytopathogenic bacteria in the plant organism form an integral part of the accompanying microflora, as well
as pathogens of pathological processes that do not just weaken the plant, but shortly (with acute pathogenesis) lead to
degradation and complete dieback. Notably, bacteriosis is described by typical macroscopic signs of the course of the
disease, but the exact aetiology of the pathological process can be reliably established only based on bacteriological analysis
with the identification of morphological, cultural, and biochemical properties of isolates. The purpose of this study is to
experimentally confirm the direct causes of oak degradation caused by bacterial wetwood in the tree stands under study,
as well as to investigate the morphological and biochemical properties of the pathogen. This study employed classical
microbiological, phytopathological, and biochemical methods that establish the aetiology of the disease, analyse typical
symptoms, include microscopy of the affected parts of the oak, isolation, and identification of the pathogen. The properties
of bacterial isolates were figured out according to generally accepted methods and using the API 20E test system and the
NEFERMtest24 MikroLaTEST®, ErbalLachema a test system. It was experimentally confirmed that by all macroscopic signs
(crown openness, exudate discharge from bark cracks, presence of depressed (sunken) necrotic wet wounds in certain
areas of cracks, development of a wet pathological core, presence of epicormic sprouts, etc.) the identified disease is a
systemic, vascular-parenchymal bacteriosis, known as bacterial wetwood of common oak. The isolated bacterial isolates
were identified by morphological, physiological, and biochemical properties as Lelliottia nimipressuralis — the causative
agent of bacterial wetwood of common oak. This suggests that the aetiology of degradation of common oak in Ukraine is
closely related to bacteriosis, and the results of this study allow for early phytosanitary diagnostics of the state of common
oak in natural conditions based on typical symptomatic signs

Keywords: common oak, phytopathogenic bacteria, pathogen, pathogenesis, bacteriosis, Lelliottia nimipressuralis, sudden
dieback

Introduction

In recent decades, trees of the Oak genus (Quercus) L., es-
pecially Quercus robur, are described by reduced compet-
itiveness and resistance, as well as the phenomenon of
unregulated accelerated dieback, even in those that grow
under optimal conditions [1-3]. Every day, researchers reg-
ister new reports of an alarming situation within the com-
mon oak growing area, associated with the degradation of
both individual plants and entire stands of an unknown
aetiology [4; 5]. It is known that the life cycle of common
oak stands alternates between periods of stabilisation
of the sanitary condition and periods of accelerated die-
back [2]. Researchers note the cyclicity and established
the chronology of this phenomenon [1; 6]. In general, over
the past century, there are three recorded waves (periods)

Suggested Citation:

of extreme exacerbation of the pathological condition of
common oak, which was accompanied by its mass dieback:
1982-1911, 1927-1946, and 1964-1983 [2]. Concerned prac-
titioners and scientists of the forest industry are currently
searching for prerequisites for weakening and direct causes of
pathological processes in common oak cenoses. The lead-
ing role in the mass and dynamic spread of pathological
phenomena of common oak is played by synoptic and cli-
matic anomalies (hydrothermal stress) [7], the presence of
invasive pests [8-10] and infectious agents [3; 11; 12], etc.
Among the researchers of the causes of oak tree die-
back, it is advisable to single out the adherents of infectious
aetiology, namely mycotic [13; 14] and bacterial [3; 11; 15].
It is known that common oak is characterised by impaired
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resistance and reduced competitiveness, which leads to the
dieback of individual oak trees, as well as entire tree stands.
Apart from climatic anomalies and invasive pests, phyto-
pathogenic bacteria play a leading role in the degradation
of oak stands. A dangerous feature of phytopathogenic bac-
teria is the ability to cause diseases that reach the size of
an epiphytoties.

Currently, in European countries (Germany, the
Netherlands, the United Kingdom, etc.) [16] and in the
United States, the phenomenon of “Sudden oak death” [4]
is widespread, the aetiology of which is associated with
the fungus Phytophthora ramorum [14; 17]. The pathogen
causes typical symptoms of infection (bleeding wounds,
ulcers, and necrosis) on branches and trunks of Quercus
robur, Quercus falcata and Quercus rubra [17]. In addition,
the scientific literature related to the aetiology of mass die-
back of Oak cenoses refers to oak wilt, which is caused by
a fungus Bretziella fagacearum (Bretz) [13]. There is con-
firmed information on the mycological analysis of common
oak wood with blackened vessels, in which the fungus was
isolated Ophiostoma roboris [6].

As for the pathogens of bacteriosis, researchers [3;
5; 18] isolated and experimentally confirmed the involvement
of phytopathogenic bacteria in the mass dieback of oak
trees. One of the first information concerning bacteriosis of
common oak belongs to A.L. Shcherbyn-Parfenenko, which
specifically refers to bacterial dieback caused by Plasmopara
nigro-quercina sp. n., Xanthomonas quercus sp. n., Erwinia
lignifilla sp. n. and Erwinia multivora sp. n. [15; 19]. Bacterial
cancer of common oak trunks and branches is also known to
be caused by a polymorphic type of bacteria Pseudomonas
syringae von Hall. [20], with bacteria Lonsdalea quercina
subsp. britannica, and Lonsdalea quercina subsp. populi
also involved [21]. Similar pathological symptoms (pep-
tic ulcer disease) are caused by Pseudomonas fluorescens
Migula 1895 and Pseudomonas sp. [1]. Brown mucus and
other symptoms on common oak are caused by Micrococcus
dendroporthos Ludw, Pseudomonas syringae von Hall, Erwinia
valachica Georg et Bod, Erwinia valachica f. onaca, Erwinia
gueieicola Georg, et Bod. [20].

Currently, there is evidence of a wide spread of
bacteria involved in Acute Oak Decay (AOD) in British
forests [22], which is generally characterised as a com-
plex syndrome affecting key oak species (namely, Quercus
robur L. and Quercus petraea L. (Matt.) Liebl.), in some cases
causing mortality within five years of the development of
primary symptoms. The most noticeable symptom is dam-
age to the tree trunk, from which four types of bacteria
are isolated: Brenneria goodwinii, Gibbsiella quercinecans,
Lonsdalea britannica, and Rahnella victoriana [18; 22]. In the
northern and mountain forests of Zagros (Iran), symptoms of
common oak disease are recorded [23], which are observed in
several native species of arboreal plants, including Quercus
castaneifolia C.A. Mey., Quercus brantii Lindl., and Carpinus
betulus L. There are parallels between the disease in Iran and
the AOD reported in the UK, specifically the presence of wet ul-
cers, which have been associated with a polybacterial complex
where Brenneria goodwinii is considered a key necrogen [23; 24].

There are also isolated reports of bacterial leaf
scorch (BLS) of common oak caused by the bacterium
Xylella fastidiosa, lives which in xylem vessels (water supply
elements) and restricts the flow of water. Xylella fastidiosa

is transmitted from tree to tree by xylem-feeding insects,
such as cicadas and leathoppers [25].

The Drippy Nut of Oak disease has been spreading
in the world (pathogen — Lonsdalea quercina) [21], with
currently recorded separate data from Spain [26] and
Colorado [5]. The symptoms of this disease include loss of
colour of acorns and discharge of a viscous brown liquid
(“mucus flow”), which slowly scrapes to the soil surface
from infected acorns growing on trees. On the territory
of Ukraine, the symptoms, features of aetiology (Erwinia
quercina sp. nova) [22], and harmfulness have been known
for a long time, thanks to the works of A.F. Goychuk [1].
Apart from the drippy nut of oak, typical manifestations
of soft or wet rot of oak acorns (pathogen — Erwinia carotovora
subsp. karotovora) are also recorded [1].

One of the most widespread and dangerous diseases
of bacterial origin is bacterial wetwood of common oak [3].

Thus, it becomes clear that pathogens of bacterial
diseases — phytopathogenic bacteria, now act not as a con-
comitant microbiota in the phylosphere of arboreal plant
organs but are active and dangerous (sometimes leading)
participants in the emergence of pathological phenomena
of arboreal plants, specifically common oak. Therefore, they
require thorough experimental research and observations.

Since the dieback out of common oak on the territory
of Ukraine becomes epiphytotic, and the aetiology of this
phenomenon has not yet been established, the purpose of
this study lies in experimental confirmation of the immediate
causes of this phenomenon, as well as the study of mor-
phological and biochemical properties of the pathogen.

Materials and Methods

The general scheme of pathology studies included recon-
naissance and detailed forest pathological surveys of forest
stands including common oak with the laying out of 4 ex-
perimental plots in the State Enterprise “Fastiv Forestry”
of the Kyiv region in the summer and autumn of 2021 ac-
cording to the SOU 02.02-37-476:2006 “Experimental Plots
of Forest Management. Method of Laying Out” (2007) [27].
7 sample trees were cut down. More than 78 samples (indi-
vidual tissues and organs) of common oak with visual signs of
damage from bacteriosis (trees of the II and III categories of
sanitary condition) were selected for microbiological studies.

Bacteriological analysis of the selected samples was
performed by homogenisation of plant material, followed
by plating in Petri dishes on agarised nutrient media (po-
tato agar, meat-peptone agar, meat-peptone broth, malt
extract of agar, etc.) and growing under a thermostat at
28°C for 4-5 days. Colonies were selected for analysis. Glu-
cose-peptone (Eikman’s) and Ushinsky media, and medium
with asparagine were used to accumulate enterobacteria.
King’s medium - for identifying Pseudomonas spp based
on fluorescein production. Anatomical-morphological and
physiological-biochemical characteristics of the selected
strains (Gram staining, Voges-Proskauer test, Kovac’s ox-
idase test, dilution of gelatin, growth in 5% NaCl, forma-
tion of reducing sugars from sucrose, acid formation from
carbohydrates, etc.) were performed respectively to stan-
dard protocols and according to the methods of V. Patyka
et al. [28] and using the API 20E test system and the
NEFERMtest24 MikroLaTEST®, ErbaLachema test system.
Omelyansky’s mineral medium was used to determine the
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ability of isolated bacteria to ferment various sources of
hydrocarbons (lactose, rhamnose, xylose, trehalose, malt-
ose, raffinose, L-arabinose, sucrose, fructose, galactose,
sorbitol, mannitol, glycerol, citrate, salicin) [28]. Milk and
gelatin were used to detect proteolytic enzymes in bacteria.
Oxidase-negative bacterial isolates were examined to iden-
tify them, their properties were investigated and compared
with the collection strain E. nimipressuralis 8791, and the
properties of bacteria given in the Manual of systematic
bacteriology [29] and the original works [30]. Pathogenic
properties of isolates were detected in laboratory and field
conditions by artificial damage to the organs of common
oak and indicator plants with a bacterial suspension with a
titre of 108-10° cIxml? (according to the turbidity standard).
Control - sterile supply water. Subsequently, bacteria were
re-isolated from the sites of artificial damage for further
comparative studies (Koch’s postulates). Latin names of
microbiota species are given according to the National
Centre for Biotechnology Information [31].

Results and Discussion
Based on the materials obtained during the study, it was
found that the mass dieback of common oak covers large
areas and all age categories of forests. Identification of the
causes of dieback was based on several groups of signs (mac-
roscopic or visual and microscopic). Visual examination of
damaged stands revealed macroscopic signs of a bacterial
disease — bacterial wetwood, which was later confirmed by
laboratory studies [3] based on the D.K. Zabolotnyi Institute
of Microbiology and Virology of the National Academy of
Sciences of Ukraine. These signs are almost identical to the
typical symptoms of bacterial wetwood of arboreal plants
described in the literature [15], which indicates persistent
symptoms of bacteriosis, regardless of the type of arboreal
plant and the region of research. These features include the
following morphological, anatomical features and structural
modifications of damaged common oak trees:
- local foci of tree death, which cover an average of
6-10 neighbouring trees (Fig. 1a).

Figure 1. Bacterial wetwood on common oak: macroscopic signs (1a — focus of weakened oak trees with an opened
crown, water shoots and local ulcers on the trunks; 1b — leakage of bacterial exudate and wet wound development)

- the phenomenon of crown openness, as well as defo-
liation and dieback of individual apical and lateral shoots,
which are atypically curved and coal-black, as if damaged
by frost;

- exudate discharge (a dark, usually grey-brown lig-
uid that turns black in the air, with bubbles and a typical
smell of butyric acid fermentation) from bark cracks of the
affected tree is an important diagnostic sign of wetwood
(Fig. 1b). The outflow of bacterial fluid is most often ob-
served in the spring-summer period and does not last long
(on average, 10-12 days and significantly depends on the

temperature regime), while infected specimens are easily
found by formed carboniferous black streaks on the bark
of trees, which often go from the primary site of the lesion
down the trunk, and then spread out on the soil surface;

- formation of depressed (sunken) necrotic wet wounds
in certain areas of the crack. If you remove the top layer
of periderm and gradually separate sapwood, you can note
that dark brown, sometimes purple-tinged dead areas (ul-
cers) spread up and down from the primary site of infection
by 0.3-0.8 m or more (Fig. 2a), sometimes reaching the
basal part of the trunk;
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Figure 2. Symptomatic signs of damage by bacterial wetwood of common oak on a cross-section of the trunk: general
appearance (2a) and development of a wet pathological core (2b)

- when the bark falls off at the site of wound formation
and the source of infection exits, an ulcer with clear edges
is formed, the colour of which varies significantly — from
dark gray to brown, which is usually associated with the
action of saprotrophic mycoflora;

- development of a wet pathological core of rounded or
stellated shape (Fig. 2b) with penetration into the shoots
and exit along the core rays into cracks and wounds under
the pressure of gases that tear the wood fabric. Soft rot with
mucus, necrotisation, and maceration of tissues develops
in the affected tissues;

- epicormic sprouts on trunks, often underdeveloped,
with a light-yellow leaf colour, which indicates the loss of
arboreal plants’ biological resistance.

All the above-mentioned macroscopic signs of dam-
age from bacteriosis were noted on common oaks of ripening

and ripe age, regardless of the growth class and growing con-
ditions. Thus, the detected disease according to all symp-
tomatic signs known from literature sources [15] is a sys-
temic, vascular-parenchymal bacteriosis, known as bacterial
wetwood of common oak, which affects all tissues (phloem,
cambium, xylem), parts of the plant (branches, trunks, root
system) and generative organs (flowers, ovary, fruits, seeds) at
all stages of ontogenesis, including self-seeding and seedlings.

It is well-known that based on the analysis of only
typical macroscopic symptoms of the disease, it is not ad-
visable to contemplate its aetiology. Therefore, a number
of special microbiological experiments (bacteriological
analysis) were conducted in vitro for the study of morpho-
logical, cultural and biochemical properties of isolates
(specifically isolates from oak wood samples with typical
symptoms of bacterial wetwood) (Table 1).

Table 1. Morphological and biochemical properties of Lelliottia nimipressuralis

Test By Carter Coll'ec‘tion strair} (Erwinia Isolated by the
nimipressuralis 8791) authors (2021)
Mobility, peritrich + + n
Gram stain - - -
Yellow pigment - - _
Gelatine dilution - - -
Reaction to milk: coagulation + + "
peptonisation - - -
Litmus serum + +
Nitrate reduction + + +
Formation: indole, ammonia - - _
hydrogen sulphide + +, - +, -
Growth on media:
PA, MPA, MPB, MPA+5% sucrose, Eikman, Ushinsky, . .
with asparagine, Fermi, Liske
Kohn, Czapek - _
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Table 1, Continued

Test By Carter Col!ec.tion strair} (Erwinia Isolated by the
nimipressuralis 8791) authors (2021)
Absorption of carbohydrates and alcohols:
arabinose, glucose, maltose, lactose, mannitol ag ag ag
mannose, raffinose, fructose ag ag
salicin +, - ag ag
glycerin +, - a a
ramnosa a* a
dulcite, inositol - -
xylose, sorbitol ag ag* ag*
Assimilation of organic acids:
ketoglutaric, citric, formic, acetic, malic, succinic, fumaric,
lactic al al
tartaric, oxalic - - -
Assimilation of amino acids and amides:
arginine, asparagine, glutamine al al
Cysteine, cystine, leucine, tyrosine, tryptophan - -
y- aminobutyric acid - -
Enzymatic activity:
protopectinase, oxidase - - -
catalase, urease + + -
Voges-Proskauer reaction + +
Education:
indole - - -
ammonia - -
hydrogen sulphide + —* -

Note: (+) — availability of properties; () — lack of properties; (+,-) — variable properties; () — data missing or not researched;
(a) - formation of acid; (al) — alkali formation; (g) — gas formation; (r) — reduction; (*) — individual strains have different

properties
Source: [3; 32; 33]

It was found that isolates from common oak tissues
are straight or ellipsoid gram-negative rods with a size of
0.6-0.8x0.7-1.6 pm, which move using peritrichal flagella.
In smears from agar and broth culture, cells are arranged
singly, in pairs, and less often — in short chains. They do not
form capsules and spores.

On potato agar (PA), colonies are formed rounded,
4-5mm in diameter, greyish white in colour, less often — with
a typical shade of cream colour, translucent to the light,
convex in shape, with a weak gloss. The edge of bacterial
colonies forms weak waves, occasionally stays smooth, a
corrugated strip runs along the periphery, translucent circles
and radial rays are clearly visible in the light.

On meat-peptone agar (MPA), bacterial colonies are
smaller in size, grey in colour, with a weak gloss, translucent,
granular, smooth, slightly convex. The edge of the colonies
is slightly radially crossed, ridge-like. In meat-peptone
broth (MPB), bacteria grow well, forming a parietal ring,
uniform turbidity, swirled sediment, and pellicle.

On Eikman’s and Ushinsky’s media with asparag-
ine, isolated bacteria also grow well and form a light grey-
ish-white pellicle. Colonies on King’s media are character-
ised by abundant growth and dirty, milky white colour. The

lack of growth on a nutrient medium with dulcite is a com-
mon property of the strains isolated for this study.

On mineral media with arabinose, galactose, glucose,
xylose, lactose, maltose, mannose, mannitol, raffinose, su-
crose, sorbitol, salicin, and fructose, all strains form gas
and acid. Some amino acids and amides are used as a carbon
source. No changes were recorded in the medium with
leucine, cystine, tyrosine, cysteine, and tryptophan. Tar-
taric and oxalic acid strains were not used. During the day,
mineral media with sodium salts of succinic, ketoglutaric,
citric, lactic, formic, acetic, fumaric, and malic acids were
intensively alkalised.

All the bacterial isolates under study had a positive
Foges-Proskauer reaction.

The bacteria isolated do not dilute gelatin; coag-
ulate milk quickly, do not form oxidase and protopecti-
nase; form catalase and urease. They do not use Inositol
and sorbitol citrate. They do not form indole and hydrogen
sulphide (H,S) but are capable of reducing nitrates. They
contain arginine dehydrolase, ornithine decarboxylase,
B-galactosidase, but there is no lysine decarboxylase, urease.

Individual properties of bacteria are significantly af-
fected by their habitat, so the current differences between

Vol. 13, No. 2, 2022

Ukrainian Journal of Forest and Wood Science 20



Etiology of Bacterial Wetwood of Quercus robur L.

the collection strain (Erwinia nimipressuralis 8791) and bacteria
by Carter [33] are variability within the species.

Therefore, according to the complex of investigated
morphological, cultural, and biochemical characteristics,
bacterial isolates from common oak with typical symp-
tomatic signs of bacterial aetiology disease damage are al-
most identical to the collection strain of the Department
of phytopathogenic bacteria at D.K. Zabolotnyi Institute
of Microbiology and Virology of the National Academy of
Sciences of Ukraine — Erwinia nimipressuralis 8791 and cor-
respond to the properties given in the bacterial determi-
nant [29] for E. nimipressuralis.

Thus, by their morphological, cultural, and biochemical
properties, the isolated bacteria are classified as Lelliottia
nimipressuralis (Carter 1945) (synonymous names — Erwinia
nimipressuralis (Carter 1945) Dye 1969 and Enterobacter
nimipressuralis (Carter 1945), which is a known causative
agent of bacterial wetwood of coniferous and deciduous
species of arboreal plants [15], including common oak.

Conclusions
One of the main reasons for the mass weakening and die-
back of common oak on the territory of Ukraine is the
spread of systemic, vascular-parenchymal bacteriosis,
which affects all tissues, plant parts, and generative organs
at all stages of ontogenesis, including self-seeding and
seedlings. According to the identified typical macroscopic
symptoms, namely excessive crown openness, as well as
defoliation and dieback of 1-2-year-old shoots; cracking of
the bark of trunks and the development of depressed ne-
crotic wet wounds, which discharge bacterial exudate during
the growing season (especially in the spring) — a gas-filled

liquid and mucus of dark (brown or black) colour with a
typical smell of butyric acid fermentation; the develop-
ment of a wet pathological core; the presence of epicormic
sprouts, etc., it was found that this bacteriosis is nothing
less than bacterial wetwood. At the same time, the prereq-
uisite for active and aggressive development of any disease
of infectious aetiology is a decrease in plant immunity due
to the development of destructive processes caused or en-
hanced by adverse abiotic environmental factors. In the
case of bacterial dropsy, its mass spread occurs after a dry
summetr, i.e., it is hydrothermal stress that contributes to the
unregulated spread of the causative agent of said bacteriosis
and associated organisms (pathogens of root rot, stem pests,
and a wide array of microxylotrophs). The bacteriological
analysis revealed that the bacterial isolates from common
oak with typical symptomatic signs of damage by bacteri-
al wetwood, according to their biochemical, morphological,
and cultural properties, are classified as the causative agent
of bacterial wetwood of coniferous and deciduous species
of arboreal plants, including common oak — Lelliottia nimi-
pressuralis. A promising area of future research lies in the
development of specific methods and means for protecting
arboreal plants, namely for the use of biologics based on
Bacillus sp. and other myco- and microorganisms with ex-
isting antagonistic properties to phytopathogens.
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ETionoria 6akTepianbHoOi BoAasHKK Quercus robur L.

IBanna MuxkonaiBua Kynbs6aHcbka

HaBuanbHO-HaYyKOBMIT iHCTUTYT JIICOBOTO i Ca0BO-MIapKOBOT'0 rOCHOAapCTBa
HarioHanbHMi1 yHiBepcuTeT 6GiopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. 'enepana Poximiiesa, 19, m. Kuis, Ykpaina

AHoTania. ®itornatoreHHi 6akTepii y pocaIMHHOMY OpraHi3aMi BMUCTYIAIOTh HEBi'€MHOI0 KOMITOHEHTOIO CYITyTHBOI
mikpodopy, a TakoX 30yIHMKaMM MATOMOTiYHMX MPOIIECiB, SIKi HE MTPOCTO OCIAGMIOITh POCINHY, @ YaCTO MPOTITOM
KOPOTKOTO Tiepiomy vacy (IpM TOCTPOMY TaToreHesi) MpM3BOAATH M0 SBMINA Jerpajgallii Ta MOBHOTO BiIMMpaHHS.
TaKoX BapTO 3ayBaskUTH, 10 GaKTepio3aM MpUTAMaHHi TUITOBI MaKpPOCKOTIUHI 03HaKM 1epe6iry XBopoou, MpoTe TOUHY
€TioJIoriI0 MaTOMOTiYHOTO MTPOIeCY MOXKHA MOCTOBIPHO BCTAHOBMTM JIMINIE HA OCHOBI MPOBEIEHHSI 6GaKTepionoriyHOTOo
aHaTi3y 3 BU3HAUYEHHIM MOPQOIOTIYHMX, KyAbTYPATbHUX i 6GioXiMiuHMX BIacTUBOCTEN i30/1TiB. MeTOI0 HOCTiIKeHD €
eKCIlepyMeHTaJIbHe TiATBepAKEeHHs 6e31ocepeHix IPMUMH SIBUIIA Aerpafaiiii myba, cripuuuHeHoi 6akTepiaibHO
BOISHKOIO y OOCTEXyBaHMX [epeBOCTaHaX, a TAaKOX AOCTimKeHHS Mop@osoriunux i 6ioXiMiuHMX BJIACTMBOCTEN
36yqHMKa. B po60Ti BUKOPUCTaHO KIacuM4Hi MiKpob6iosnoriuHi, ditomaTonoriudi Ta 6ioximMiuyHi MeTomu, 3a JOTIOMOTOIO
SIKMX BCTAHOBJIEHO €TiOJIOTiI0 3aXBOPIOBAHHS, aHAi3 TUIIOBUX CMMIITOMIB, IIPOBeleHa MiKPOCKOIIiSI ypaskeHMUX YaCTUH
ny6a, isonsiis ta imeHTudiKalia 36ymHMKA. BaacTuBOCTi i30/1TiB 6akTepiii BM3HAYAMM 3a 3aTaJbHONPUIHITUMU
MeTomauKkaMu Ta 3 Bukopuctanusam API 20E tect-cucremu i Tect-cucremu NEFERMtest24 MikroLaTEST®, ErbaLachema.
ExcriepuMeHTa/IbHO MiATBEPIsKEHO, 1[0 BMSIB/IeHe HAMM 3aXBOPIOBAHHS 32 BCiMa MaKpOCKOITiYUHMMY O3HaKaMU (asKypHiCTh
KPOHM, BUIIIJIEHHS €KCYHATy 3 TPIll[MH KOPY, HAsSIBHICTh BAABJIEHMX (3aIajiMX) HEKPOTUUHMX MOKPUX PaH Ha OKPEMMUX
IiSTHKaxX TpimyH, GopMyBaHHSI MOKPOTO TATOJOTIYHOTO SApa, TMIPUCYTHICTh BOASIHMX ITArOHIB Ta iH.) € CUCTEMHUM,
CYIMHHO-TIAPEeHXiMaTO3HMM 6aKkTepio30M, BifoMUM SIK 6akTepiasbHa BOASHKA Ay6a. BumineHi Hamu i30sTH 6akTepiii,
3a MmopdosoriuaumMu i diszionoro-6ioxiMmiuHnMM BracTUBOCTIMMU imeHTUbIKOBaHI K Lelliottia nimipressuralis — 36yoTHUK
6akTepiasbHOI BOASIHKM ny6a. lle mae mimcraBu CTBEpIKYBATH, IO €TiONOTis merpagariii qyb6a 3BMuaifHOro B YKpaiHi
TiCHO MOB’s13aHa 3 6aKTepio30M, a pe3ylIbTaTy HAIIUX AOCTiIKEeHb TO3BOJISIIOTh 3/Ii/ICHIOBATM paHHIO (iTOoCaHiTapHY
[iarHOCTMKY CTaHy ny6a B MPUPOSHMX YMOBAX 32 TUIIOBYMMM CUMIITOMATUUYHMMM O3HAKaAMMU

KimouoBi cimoBa: my6 3BuuaiiHuii, ditomatorenHi 6akrepii, 36yaHuK, matoreHes, 6akrepios, Lelliottia nimipressuralis,
panToBe BigMMpaHHS
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Abstract. Forest management in Ukraine should be conducted considering climate change, as well as degradation and
mass drying of forests. It also must follow the principles of preserving the conditions for the reproduction of biologically
stable, highly productive tree stands and rational and sustainable use of forest resources. Therefore, one of the main tasks
of forest management is to maximize the use of the natural seed potential of forest stands. Felling corresponds to this
principle, being aimed at maximizing the use of natural seed regeneration of the forest, and as a methodological basis for
creating highly productive, biologically stable forest stands. The purpose of this study is to develop a felling method that
promotes natural forest regeneration and offers organizational and technical indicators for its implementation. Accounting
of natural forest regeneration was performed per the A.V. Pobedynskyi’s method; the natural forest regeneration was
estimated according to V.G. Nesterov’s scale; the projective cover of the forest ground vegetation was figured out on
the Brown-Blanquet scale; the dryness of the climate was figured out according to the De Martonne’s aridity index; the
humidification conditions at the experimental site were investigated using G.T. Selyaninov’s hydrothermal coefficient;
the sum of active temperatures was figured out according to the method of the Ukrainian Hydrometeorological Centre. The
regulatory framework for felling to form and sanitise forests was analysed. It was found that the current rules do not make
provision for felling that would be most favourable for the natural renewal of economically valuable tree species in forests
of any category, age, composition, and structure. The results of accounting and evaluation of natural forest regeneration
in felled circular areas are presented. It was found that under the condition of average (3 points) and higher points of seed
bearing (fruiting) and sufficient moisture on circular plots with a diameter of 1.5 of the average height of the stand (H, ),
there was a very dense, healthy, evenly distributed natural forest regeneration. Dense understorey and significant sodding
of the soil surface (over 50% of the area) with forest ground vegetation negatively impact the natural forest regeneration
in the first year of life. Otherwise, special tillage is ineffective. In 2020, despite the decade-long droughts in March-April,
as well as in August-September, favourable conditions for natural forest regeneration developed. In May and June, there
was an increase in precipitation compared to the previous and subsequent months after the emergence of seedlings,
which positively affected their rooting and growth. Feeling that contributes to the natural forest regeneration should be
classified as felling for the formation and sanitation of forests, and the proposed organizational and technical indicators
should be set up for it. The conclusions of this study will serve as a methodological framework for the introduction of a
new method of felling in forest stands, which would be as favourable as possible for a sufficient amount of high-quality,
viable natural regeneration of economically valuable tree species
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Introduction
Forests cover approximately 31% of the planet’s land area
and 35% of Europe’s area [1; 2]. The important role of for-
ests in terms of ecological, economic, social, and aesthetic
values, as well as the source of natural resources, ecosystem
services, and functionality, including protection of water-
sheds, prevention of soil erosion, and mitigation of climate
change [3; 4], makes forest management crucial, and the
topic of natural forest regeneration — extremely relevant [1; 5].

It is known that forest stands of natural seed origin
are characterized by high biological stability. Given the cur-
rent soil degradation [6] and massive drying of forests [7],
increasing the biological stability of forest stands is an ex-
tremely urgent issue for the forests of Ukraine. In this con-
text, natural forest regeneration is of particular importance,
which contributes to the formation of biologically stable
forest cenoses compared to artificial stands [4].

Over the past decades, an area with naturally restored
forests in Europe has increased substantially [1]. Studies
have shown that between 2018 and 2019, more than half
(66%) of European forests were restored naturally [1; 5]. In
2010-2020, France, Spain, Portugal, and Italy experienced
an increase in the share of naturally reproduced forests
from 2,600 (Portugal) to 52,700 hectares per year (Italy) [5].
However, during 2005-2015, Europe's share of natural for-
ests substantially decreased [1]. According to official data
of the State Agency for Forest Resources of Ukraine, the
share of natural forests is about 40% [8]. During 2003-2021,
the share of natural forests stayed consistently low at 9.0-
13.0 thousand ha/year, which is about a third of the annual
reforestation area [8]. Therefore, in the context of climate
change, an important task for foresters in different coun-
tries is to increase the share of natural forests by develop-
ing approaches and tools for versatile assistance to natural
forest regeneration [9].

The purpose of this study is to develop a felling
method that contributes to the natural forest regeneration
and organizational and technical indicators for its imple-
mentation. To fulfill this purpose, it was planned to perform
the following tasks: to analyse the results of scientific re-
search of natural forest regeneration by scientists-for-
esters of Ukraine and other countries; to investigate the
influence of environmental factors on natural forest regen-
eration; to set up quantitative and qualitative indicators of
natural forest regeneration; to analyse felling for the for-
mation and sanitation of forests to promote natural forest
regeneration in forest stands; to develop organizational and
technical indicators for the proposed method of felling that
contributes to natural forest regeneration.

Literature Review

Successful natural renewal of forest stands in Ukraine oc-
curs in many types of forest. In general, for natural seed
forest renewal, more favourable conditions are formed in
the forest natural zone, which is characterized by an in-
creased amount of precipitation, low evaporation, and mod-
erate development of understorey and forest ground vege-
tation in forest stands [10]. Forest stands of seed renewal,
in contrast to vegetative ones, are characterized by greater
durability, long growth in height and volume, high technical
qualities of wood, accumulation of the most valuable varieties
and a larger mass of wood before the age of ripeness [1; 4].

It is known that forest stands of natural seed ori-
gin are characterized by high biological stability [4; 11].
Given the current soil degradation and massive drying of
forests, increasing the biological stability of forest stands
is an extremely urgent issue for the forests of Ukraine.
In this context, natural forest regeneration is of particu-
lar importance, which contributes to the formation of
biologically stable forest cenoses compared to artificial
stands [4; 12; 13]. Forest management should be based on
an understanding of the processes of formation and devel-
opment of natural forest ecosystems. Therefore, foresters
should apply in practice the approaches of close to nature
forestry, as one of the tools of forestry management.

At the stage of germination, the younger generation
of the forest often suffers from insufficient moisture in the
soil, which leads to its drying out. Seedlings of woody spe-
cies can withstand some lack of light, and over time, hav-
ing turned into understorey, they need it more. For normal
growth and development of understorey, illumination and
fertility of the upper soil horizon corresponding to the tree
species are necessary. This stage of seed renewal is charac-
terized by gradual adaptation of the understorey to the en-
vironmental conditions under the stand canopy. With age,
the understorey becomes more suppressed, its demand for
light increases. Therefore, from the very first years of life,
it is characterized by the improvement of the adaptations
inherent in each tree species and the acquisition of new
adaptive features. Understorey usually suffers from a lack
of light and soil moisture. This is confirmed by a small
height increment, underdeveloped leaves or needles, weak
foliage or entanglement of branches, presence of ascomycete
fungi, disease lesions, etc. If the fastidiousness of a tree spe-
cies to light and nutrients, which increases with age, is not
satisfied, then the least adapted specimens die off [4; 6; 7].

Thus, the preservation, growth, and development
of self-seeding and understorey of common oak under
the canopy of parent stands is most affected by Illumina-
tion. Under the canopy of high (0.8-1.0) relative density
oak-hornbeam stands, it is 0.5-3.0% of full illumination,
which leads to the gradual death of the young generation
of common oak in the second or third year of life [14]. Un-
der the canopy of medium (0.6-0.7) and high (0.8-1.0) rel-
ative density stands (aged 41-111 years) of fresh and moist
hornbeam oakery, the age of understorey of common oak
did not exceed three years. At an older age, its shade endurance
decreases, and plants eventually die [15; 16].

In Scots pine stands of fresh and moist fairly poor
soil conditions (B,, B,) as part of the natural forest regener-
ation, Scots pine has the largest share, and in wet fairly rich
soil conditions (C,) ~ common oak. The intensity of natural
forest regeneration depends on the degree of soil moisture.
Thus, in fresh fairly poor soil conditions of self-seeding and
understorey, there were 0.3-0.7 thousand pcs-ha’!; in tran-
sitional conditions of soil moisture content from fresh to
wet — 0.2-4.8 thousand pcs-ha’l; in wet fairly poor soil con-
ditions — 0.6-12.4 thousand pcs-hal. In wet fairly rich soil
conditions, where the forest ground vegetation develops
intensively, the smallest amount of natural forest regen-
eration is observed — 0.2-0.5 thousand pcs-ha!. All stands
are dominated by 3-10-year-old Scots pine understorey. In
a smaller number, Scots pine understorey is observed at
the age of 10-20 years and younger. Natural regeneration
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of Scots pine is most often observed in forest stands with a
stand’s relative density of 0.6-0.8. In high (0.8-1.0) stand’s
relative density, the natural regeneration of Scots pine is
limited by insufficient lighting and a thick layer of forest
floor, and in low (0.4-0.5) stand’s relative density — by in-
tensive development of herbaceous plants [17; 18].

The age-class composition of natural regeneration
of common oak under the canopy of forest stands (forest
type - fresh and rich maple-linden oakery soil conditions)
is dominated by seedlings (46.1%), 2-3-year regeneration is
29.8%, 4-8-year-old - 22.7%, 9-15-year-old — 1.4%. As the
relative density of the stand grows, the density of common
oak shoots increases, and the density of 4-8-year-old oak
understorey decreases due to insufficient lighting or com-
petition from other plants [19]. The total growth of com-
mon oak in open space conditions (on timber blockings)
up to the age of three increases almost twice with each
subsequent year. While under the canopy of a stand with a
completely felled second storey of hornbeam, this indicator
has a negative trend [14].

Preserving and increasing the natural regeneration
of Scots pine under the canopy of parent stands is possible
if complex felling methods are used and measures are taken
to promote natural forest regeneration [20].

According to the research of A.M. Zhezhkun [21], in
square-shaped spaces with a side length of 1.5-2.0 H,. of
the stand (the ratio of side lengths is 1:1) and in rounded
spaces with a diameter of 1.0-1.5 H, _ of the stands, as well
as in rounded gaps with a diameter of 1.0-1.5 H__in the
forest stand with uniform thinning in the strip around the
gaps, there were 22.9-26.2 thousand pcs.-ha™! of self-seeding,
of which common oak - 0.6-1.1 thousand pcs.-ha™!, Scots
pine - 7.4-11.6 thousand pcs-ha!.

The natural regeneration of pine occurs worst in
stands with uniform thinning of the stand to a relative den-
sity of 0.5, and best of all — in gaps of rounded shape, cre-
ated on the principle of group-gradual felling. On rounded
gaps with a diameter of 1.0 H, ., in a stand with furrows, the
natural regeneration of pine in the age group of 4-8 years is
12-21 thousand pcs-ha’l, and in the variant with soil loos-
ening with a disk tiller — 11-12 thousand pcs-ha'! [22].

Suppression of 2-5-year-old understorey of common
oak is observed at 15-20% of the illumination of an open
space. The best growth and development of the younger
generation of common oak is observed in circular areas
with a diameter of 1.5 H, _of the stand, where there is more
light during the day and there is no suppression of common
oak growth from 10 to 16 hours (23.5-68.0% of the illumi-
nation of an open space). This is confirmed by the higher
average height (1.8 m) of five-year-old oak in these areas,
compared to the average height (0.9 m) of five-year-old oak
in circular areas with a diameter of 1.0 H, of the stand.
On circular plots with a diameter of 0.5 H,, in the stand,
where the lowest illumination and greatest suppression of
common oak is observed during the day, mass drying of the
younger generation of common oak occurred at the age of
three years [23].

Under favourable conditions (the presence of seed
years, a sufficient amount of soil moisture, light, the
absence of dense understorey and dense forest ground
vegetation, a thick layer of forest floor, etc.), a sufficient
amount of understorey of economically valuable species

can accumulate under the canopy of the stand to regenerate
the plot naturally. Without the above conditions, frequent
cases are the presence of signs of suppression in the un-
derstorey — a small increase in height, underdevelopment
of leaves or needles, the presence of ascomycete fungi, etc.
Therefore, the issue of obtaining high-quality, viable nat-
ural regeneration of economically valuable species to the
age of maturity of the stand, which is characterized by high
biological stability, and also better corresponds to particular
forest vegetation conditions from a genetic and ecological
standpoint, is relevant.

To create favourable conditions for natural forest
regeneration in forest stands, it is necessary to carry out
appropriate economic measures. One of such measures to
promote natural forest regeneration is the use of felling,
which contributes to the emergence and preservation of the
younger generation of the forest.

The rules for improving the qualitative composition
of forests [24] do not make provision for felling that would
be most favourable for the natural renewal of economically
valuable species. Maintenance felling only to some extent
solves this issue, especially for the natural regeneration
of light-demanding tree species. Starting from the age of
cleaning and older, maintenance felling involves the uni-
form placement of trees on the plot, which are left for fur-
ther growth. Such placement of trees in medium (0.6-0.7)
and high (0.8-1.0) stands relative density mainly adversely
affects the safety and normal growth and development of
the younger generation of the forest under the canopy of
the parent stand.

Re-formation felling considers the bioecological
properties of tree species to a greater extent than main-
tenance felling for their successful natural regeneration.
According to the rules for improving the qualitative com-
position of forests [24], re-formation felling is aimed at
gradually turning same-age pure forest stands into mixed
multi-storeyed forest stands of different ages. They com-
bine the simultaneous felling of individual trees or their
groups and the promotion of natural forest regeneration,
provided that the forest exists continuously. Such felling
is performed to form a target stand when the composition
and structure of the stand do not correspond to optimal pa-
rameters close to the natural state. According to the same
principles, felling is also performed in foreign countries.
Thus, German foresters in recent decades have widely used
re-formation felling in Scots pine forests, which makes
provision for gradual reproduction on the plot instead of
a pure single-storeyed pine stand of indigenous, mixed,
multi-age, and multi-storeyed stands [4; 8; 25].

Therefore, if the stand corresponds to the manage-
ment of the forestry and its composition and structure are
optimal, then felling is not carried out, and natural forest
regeneration occurs mainly under the above-mentioned
adverse factors.

Felling is associated with the reconstruction of
low-value young and derived stands, is performed to re-
place low-value and derived young stands with targeted
ones and is combined with the implementation of measures
related to artificial forest regeneration. Reforestation fell-
ing is performed in mature and over-mature multi-storeyed
stands of different ages and stands of simple structure to
restore valuable tree species in forests where principal
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felling is forbidden [7]. Landscape felling is performed to
form forest-park landscapes and increase their aesthetic,
health-improving value and sustainability in recreational
and health-improving forests, forests with historical and
cultural purposes, as well as in recreational areas of na-
tional natural and regional parks.

Materials and Methods
To fulfill the purpose of this study, in 2020, an experi-
mental site was laid in a monodominant pine stand of
the Plesetskyi Forestry of the Separate Subdivision of the
National University of Life and Environmental Science of
Ukraine “Boiarka Forest Research Station” (SS NULES of
Ukraine “Boiarka FRS”) (Fig. 1, Table 1).
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Figure 1. Experimental site in Plesetskyi Forestry of the SS NULES of Ukraine “Boiarka FRS”, Kyiv region

Accounting for natural forest regeneration was per-
formed according to A.V. Pobedinsky’s method [26] on ac-
counting plots measuring 1.0x1.0 m, which were laid on cut-
down circular areas in two mutually perpendicular directions.
In terms of quality, the younger generation of the forest was
divided into: dry — dead specimens; doubtful — suppressed,

with signs of drying out of aboveground parts, mechanical
damage, etc., which is still capable of further life; healthy —
reliable, without mechanical damage and signs of disease
and suppression [26]. In terms of height, natural forest
regeneration was divided into: shallow — up to 0.50 m,
medium - 0.51-1.50 m, high — above 1.50 m [27].

Table 1. Forest inventory indicators of the stand before felling

. P Average
Enterprise, forestry, quarter, Forest S,ha | Stand Site index A, p g M )
allotment category class years H,m | D,cm | m*ha’
88 NULES of Ukraine "Boiarka FRS”, | poreational | 6.0 | 10Ps I 77 | 0.60 | 270 | 300 | 360
Plesetske, 393, 1

Source: [28]

The V.G. Nesterov’s scale was used to estimate
natural forest regeneration [29]. Simultaneously with the
study of natural forest regeneration on circular plots, the
projected coverage of forest ground vegetation was evalu-
ated on the Brown-Blanquet scale [30]. The experimental
site is used during all-Ukrainian research-to-practice sem-
inars and training practices for students of bachelor’s and
master’s degrees with specialties in forestry.

To investigate climate indicators, the authors used
archival weather data of the Ukrainian Hydrometeorological
Institute of the State Emergency Service of Ukraine and
the National Academy of Sciences of Ukraine [31].

The degree of dryness (aridity) of the climate for
2019-2021 was investigated using the De Martonne’s arid-
ity index [7], which is calculated according to the following
formula:

(12'R)
T10)° @
where IA - De Martonne’s aridity index; R — monthly average
precipitation, mm; T — monthly average air temperature, °C.
Humidification conditions at the experimental site

14=

were investigated using the G.T. Selyaninov’s hydrothermal
moisture coefficient (HTC) [32]. HTC is a universal indica-
tor of the humidity of the territory, which is used by the
Ukrainian Hydrometeorological Centre. It is set as the ra-
tio of the amount of precipitation in mm for a period with
average daily air temperatures above 10°C to the sum of
temperatures for the same period, reduced by 10 times. The
HTC is calculated according to the following formula:

_ R
HTC= TIZD’

@)

where HTC is the G.T. Selyaninov’s hydrothermal moisture
coefficient [32]; R is the precipitation for the period with
temperatures above 10°C, mm; XT is the sum of active
temperatures >10°C, °C.

To estimate the moisture content of the territory,
the HTC assessment scale was used based on the obtained
value, with the HTC indicator <0.4 — very severe drought,
0.4-0.5 - severe drought, 0.6-0.7 — average drought, 0.8-0.9 —
weak drought, 1.0-1.5 - sufficient humidity, and >1.5 — ex-
cessive humidity.
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The demand of plants for heat during the growing sea-
son is characterized by the sum of active temperatures [33].
Accordingly, average daily temperatures exceeding 10°C are
called active. The sum of active temperatures for 2019-2021
was calculated according to the following formula:
2lace = lapgn, (3)
where X't is the sum of active air temperatures for a given
period, °C; t, is the average active air temperature for a
given period, °C; n is the number of days in the period.
The age of principal felling for pine stands of the
forestry part of the green zone of the SS NULES of Ukraine
“Boiarka FRS” is 101 years or more. By this age, pine stands

L=540, m

can already be subjected to selective sanitary felling several
times, which is an indicator of their low biological resis-
tance. By the age of 100, mainly suppressed natural regen-
eration of pine trees accumulates under the canopy of such
stands. Therefore, to set up optimal conditions for natural
forest regeneration at the experimental site (Table 1), trees
were cut down partially on six circular plots with a diame-
ter of 1.5 H,. of the stand — 40.5 m (0.13 ha per each plot).
This will provide normal conditions for the emergence and
preservation of natural forest regeneration (Fig. 2). The cir-
cular plots were placed on the experimental site consider-
ing the available forest glades and rare (up to 3 thousand
units-ha!), medium (0.5-1.5 m), suppressed natural regen-
eration of Scots pine.

122, m

1=

Figure 2. Placement of circular plots in the Scots pine stand of the Plesetske Forestry of the SS NULES of Ukraine
“Boiarka FRS” (g. 393, al. 1)

For rational use of the average seed year (3 points) in
a pine stand, felling on circular plots was performed in early
spring (March) 2020 before the mass discharge of seeds from
pinecones. The reserve of felled wood per 1 ha is 46 m®. This
accounted for 13% of the stock of stands before felling. Felling
remains were stacked in piles and burned on circular plots.

To find the best conditions for the germination
of Scots pine seeds after felling (March) on circular plots
No. 2, 6, the surface of the soil was loosened with a disc
harrow BDN-1.8 in two tracks, and on circular plots
No. 3, 4 the surface of the soil was not processed. At circular
site No. 5, after felling (March), the soil surface was loos-
ened with a BDN-1.8-disc harrow in two tracks and Scots
pine seeds were manually sown. To remove sodding of the
soil surface by bushgrass (Calamagrostis epigejos (L.) Roth.)
at circular site No. 1, furrows were cut with a PKL-70 plough,
considering the existing understorey of Scots pine. Annual
seedlings of Scots pine and common oak were planted at
the bottom of the furrow.

Results and Discussion
Analysis of climate indicators. Perennial and seasonal

fluctuations in climate indicators directly affect the preser-
vation and viability of natural forest regeneration after its
emergence [1; 8]. Among the limiting weather indicators,
we can distinguish the temperature and humidity of the
air, the sum of active temperatures, precipitation, as well
as their number and frequency [3; 34]. At the experimental
site, the mass emergence of natural regeneration of Scots
pine was noted during the spring of 2020, which was preceded
by the seed year. To investigate the weather parameters be-
fore and after the emergence of natural forest regeneration,
the climate indicators for 2019-2021 were analysed.

Statistical characteristics of the climatic indicators
of the region under study for 2019-2021 are presented in
Table 2. The following conventions are used: T, - aver-
age monthly value of air temperature, °C; U, - average
monthly value of air humidity, %; R — average monthly rain-
fall, mm; N, - average monthly value of the number of days
with precipitation, days; IA is the average monthly value of
De Martonne’s aridity index; n — number of months; M —
arithmetic mean; Me is the median; ¢ — standard deviation;
v — coefficient of variation; As — coefficient of asymmetry;
Es is the kurtosis coefficient.
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Table 2. Descriptive statistics of weather parameters by year

Indicators Year n M M, min max c v As Es

2019 10.5 10.8 -4.5 23.6 8.95 84 -0.13 -1.17

T, °C 2020 10.9 11.2 -0.5 224 8.42 77 0.10 -1.58
2021 9.2 8.2 -4.5 24.6 9.90 108 0.18 -1.25

2019 70.4 68.0 54.0 87.0 11.60 16 0.28 -1.46

U, % 2020 69.2 67.5 41.0 92.0 15.15 22 -0.15 -0.68
2021 71.6 67.5 61.0 88.0 9.41 13 0.74 -0.98

2019 43.4 40.5 14.0 82.0 21.52 50 0.48 -0.59

R, mm 2020 12 50.3 42.5 15.0 123.0 35.05 70 1.59 1.62
2021 45.0 53.5 1.6 77.0 24.41 54 -0.42 -1.25

2019 14.8 15.5 9.0 25.0 5.43 37 0.50 -0.72

N, 2020 13.5 13.0 6.0 24.0 5.90 44 0.49 -0.77
2021 15.7 14.5 4.0 27.0 5.87 37 0.04 0.92

2019 31.0 26.3 7.4 100.4 23.99 77 2.43 7.33

IA 2020 31.7 23.7 10.9 65.9 20.95 66 0.84 -1.03
2021 42.4 25.2 1.0 135.3 42.77 100 1.33 0.58

Table 2 suggests that during the year, the vast ma-
jority of weather parameters are marked by significant
variability in the coefficient of variation (v>25 %), except
for the indicator U, , (v>11-25 %), which shows substantial
scattering of the minimum and maximum values of the
random variable from the distribution centre. The greatest
variability can be traced by indicators (T, and (IA), which is
explained by the considerable range (84-98%) of the average

140

monthly air temperature, considering temperatures below
zero in winter and the aridity index (83-99 %) during the year.

Precipitation, air temperature, and their charac-
teristics are of great importance for seed germination in
spring, development, and preservation of Scots pine seed-
lings during the growing season. Figure 3 presents the
dynamics of precipitation and air temperature by month
during 2019-2021.
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Figure 3. Dynamics of precipitation (a) and air temperature (b) by month during 2019-2021

Monthly precipitation fluctuations during 2019-2021
are heterogeneous, as evidenced by the data in Fig. 3. The
total annual precipitation by year has the following distri-
bution: 2019 — 521 mm, 2020 — 604 mm, and 2021 — 540 mm;

annual precipitation in months with an average air tem-
perature >10°C: 2019 — 346 mm, 2020 — 446 mm, and 2021 —
253 mm; the sum of active temperatures in 2019 — 3626°C,
2020 - 3610 °C, and 2021 — 2904°C. During March 2020, a
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dry period was noted, which lasted until the third decade of
April. It is known that the absence of precipitation in early
spring does not substantially affect seed germination, since
moisture availability is important at the time of emergence
and in subsequent months [3; 6]. Subsequently, spring-sum-
mer and autumn rain highs were observed in May-June and
October. Thus, in 2020, despite the decade-long droughts
in March-April, as well as in August-September, favourable
conditions for natural forest regeneration developed. In May
and June, there was an increase in precipitation (174 mm)
compared to March-April (55 mm) and July-August (80 mm),
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as well as for the same period in 2019 (17%) and 2021 (72%).
Sufficient moisture in May and June had a positive effect on
the emergence and subsequent rooting of natural renewal
in the experimental site.

To investigate the dynamics of the aridity of the
climate and the humidification of the territory in the
experimental areas during 2019-2021, the average monthly
fluctuations of the R and T, indicators and their de-
pendence on the De Martonne aridity index and
G.T. Selyaninov’s hydrothermal moisture coefficient were
analysed [32].
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Figure 4. Dynamics of precipitation (a) and aridity index (b) by month during 2019-2021

Results of nonparametric correlation analysis (Fig. 4)
indicate a naturally close relationship between the average
monthly precipitation and the aridity index (7=0.85) and a
moderate inverse relationship between the aridity index
and the average monthly air temperature (r=-0.62). The
aridity index, as an indicator of climate dryness, turned out
to be sensitive to climate indicators, namely the humid-
ification regime of the territory, where its growth is not-
ed with an increase in precipitation. Extended periods of
rainlessness and an increase in air temperature have close
feedback, which affects the decrease in the aridity index in
the region under study.

The HTC value during 2019-2021 was not substan-
tially changed, specifically in 2019-2020 this indicator was
1.0 and 1.2, respectively, which on the scale of assessment
of the coefficient values belongs to Group 5 - sufficiently
wet conditions, which is crucial for the normal development
of seedlings. In 2021, the humidity of the territory changed,
and the HTC indicator decreased to 0.9, which corresponds
to Group 4 - a weak drought in the region under study. The
decrease in the HTC indicator in 2021 is explained by the

decrease in the amount of precipitation during the growing
season, with average monthly air temperatures >10°C.

During 2020-2021, climate indicators were generally
favourable for the emergence, growth, and development of
natural renewal of Scots pine in experimental site. Further
studies of the growth and development of natural forest re-
generation allow obtaining more detailed results on the im-
pact of climate indicators and other environmental factors on
natural regeneration of pine forests in the region under study.

Natural forest regeneration at the experimental site.
In the first years of life, natural forest regeneration suffers
from suppression and intense competition from grass veg-
etation and shrubs, which adversely affects the further de-
velopment of seedlings [3, 35]. To avoid the adverse impact
of the grass-shrub storey in the autumn (September) of 2020,
forest sanitation was performed by felling the bushes of the
understorey on all the circular plots of the experimental site.

The results of accounting for natural forest regen-
eration in the first year of life after felling indicate its good
success. The characteristics of natural forest regeneration
on circular plots are presented in Table 3.

Table 3. Characteristics of natural forest regeneration on circular plots in the Scots pine stand of the Plesetske Forestry
of the SS NULES of Ukraine “Boiarka FRS” (thousand pcs-ha!)

Circular | Composition Age and height of forest regeneration Projected cover of forest ground
plol: of fores.t up to 1 year, up to 5-7 years, Total vegetatcilon (mfmeratoro— points,
number regeneration 0.50 m 0.51-1.50 m enominator - %)
1 100% Scots pine 18.3 0.7 19.0 5/90 (Calamagrostis epigejos (L.) Roth.)
2 100% Scots pine 29.9 _ 29.9 4 /60 (Calamagrostis epigejos (L.) Roth.,
Rubus caesius L.)
100% Scots pine Scots pine - 40.0;
3 + Common oak Common oak — 0.1; 40.2 3/ 30 (Calamagrostis epigejos (L.) Roth.)
+ Silver birch Silver birch - 0.1
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Table 3, Continued

Circular | Composition Age and height of forest regeneration Projected cover of forest ground
plot of fores.t up to 1 year, up to 5-7 years, Total vegetation (mfmeratoro— points,
number regeneration 0.50 m 0.51-1.50 m denominator - %)
100% Scots pine Scots pine - 50.3;
4 + Common oak Common oak - 0.7; 51.3 3/ 30 (Calamagrostis epigejos (L.) Roth.)
+ Silver birch Silver birch - 0.3
100% Scots pine Scots pine - 31.9; L
6 + Common oak Common oak — 0.1 32.0 4 /70 (Calamagrostis epigejos (L.) Roth.)

Results of autumn (September) accounting of nat-
ural forest regeneration on circular plots No. 1, 2, 3, 4, 6
in the year of felling show that the composition of natural
forest regeneration is dominated by Scots pine. Participa-
tion of other tree species (Common oak, Silver birch) in
the natural forest regeneration does not exceed 5%. The
natural forest regeneration on the above-mentioned circu-
lar plots is 19.0-51.3 thousand pcs-ha’l, including natural
regeneration of Scots pine — 18.3-50.3 thousand pcs-ha’!,
which is explained by the 100% presence of Scots pine trees
in the parent stand (Table 1) and their average (3 points)
seed bearing. This amount of natural forest regeneration is
sufficient to restore the felled circular site naturally. Natu-
ral regeneration in circular plots is evenly distributed (over
85% of the area) and is healthy and shallow (up to 0.5 m).
A small amount (0.7 thousand pcs-ha) of previous, me-
dium-height (0.51-1.50 m) natural regeneration of Scots
pine is observed only on circular site No. 1. The amount
of natural reforestation on circular plots No. 3, 4 with-
out measures to promote natural regeneration is greater
(40.2-51.3 thousand pcs.-ha™!) than on circular plots No. 2,
6 (29.9-32.0 thousand pcs.-ha'!), where the soil surface was
loosened with a BDN-1.8 disc harrow in two tracks. This
is explained by the fact that on all circular plots there is a
direct dependence of the amount of forest regeneration on
the projected cover of the forest ground vegetation.

The smallest amount of natural reforestation
(19.0 thousand pcs.-ha™?) on the circular site No. 1 is explained
by the continuous sodding of the soil surface between the
furrows by bushgrass (Calamagrostis epigejos (L.) Roth.).
The natural regeneration of Scots pine on this circular
site is mainly found in the furrows formed by the PKL-70
plough and in a small amount between the furrows. Given
the average (3 points) degree of soil sodding by bushgrass
(Calamagrostis epigejos (L.) Roth.), the amount of natural
forest regeneration is 40.2-51.3 thousand pcs-ha™ (circular
plots No. 3, 4). With an increase in soil cover from 50% to
75% of the area (4 points), the amount of natural forest re-
generation decreases — 29.9-32.0 thousand pcs-ha™! (circular
plots No. 2, 6).

In the future, for the growth of the main species
(Scots pine), it is necessary to provide appropriate care
(agrotechnical care; cutting of understorey bushes and parts
of the understorey of secondary species that suppress the
growth of the main species; cutting the worst specimens of
the understorey of the main species; uniform placement of
the best specimens of the understorey on circular plots, etc.).

The next method of felling should be assigned sub-
ject to the completion of the regeneration of the main rock
on previously felled circular plots according to the standards
defined in the instructions for design, technical acceptance,
accounting, and quality assessment of forest-cultural objects

for the transfer of natural renewal to areas covered with
forest vegetation [36]. The next felling method should
also be performed in years of average (3 points) and above
seed-bearing points by expanding existing circular plots or
setting up new circular plots with a size of 1.5-2.0 H__ of
the stand. The area of existing circular plots is doubled by
felling trees on it, measuring 1.5-2.0 H, _ of the stand that
are adjacent to existing circular plots in a southerly direc-
tion. This will contribute to better illumination of the natural
forest regeneration. New circular plots are being expanded
according to the same principle. To evenly fell the stand on
the site, circular plots with a size of 1.5-2.0 H__ of the stand
on the site in the first step of felling should be placed at a
distance of 1.5-2.0 H,. of the stand apart from each other.

Scientists-foresters [4; 5; 6] indicate that the re-
forestation by natural seeding is vital for the formation
of long-lasting, biologically stable, and highly productive
stands. At the same time, the current “Rules for improv-
ing the qualitative composition of forests” [24] do not
make provision for felling that would allow for a suffi-
cient amount of healthy, viable natural regeneration of
economically valuable species in tree stands of any age
class, composition, and structure. According to some au-
thors [12; 13; 25], this task is particularly relevant for rec-
reational and health-improving, protective forests, forests
of nature protection, scientific, historical, and cultural pur-
poses, where it is necessary to perform felling so that the
forest is reproduced, if possible, naturally, and its structure
has a complex structure.

The natural regeneration of coniferous and decidu-
ous tree species is influenced by numerous factors that can
hinder its growth processes at different stages of develop-
ment. Dry periods [4; 12; 37], fires [5; 35], insufficient light-
ing [6; 9], suppression by bush and grass vegetation [6; 38],
stand density [4, 8, 23] are the most common and decisive
environmental factors affecting the quantitative and qual-
itative indicators of natural forest regeneration [6; 9]. Cli-
mate change is also one of the most difficult challenges
facing forestry [9]. It is expected that the impact of climate
on forests will substantially increase in the coming de-
cades [2; 38; 39]. Rising temperatures, prolonged droughts,
and insufficient precipitation during the growing season
can be crucial environmental factors for preserving the
natural forest regeneration [2; 4; 5].

The results of the study of natural forest regener-
ation on circular plots are confirmed by A.V. Vishnevsky’s
conclusion [20] on the better preservation and increase
in natural regeneration of Scots pine under complex fell-
ing methods and measures to promote natural forest re-
generation and the conclusions of A.M. Zhezhkun [21],
LV. Porokhniach [22] on the better passage of natural re-
generation of Scots pine in rounded gaps and a smaller

Vol. 13, No. 2, 2022

Ukrainian Journal of Forest and Wood Science 31



Levchenko & Gumeniuk

amount of natural regeneration of Scots pine after loos-
ening the soil surface with a disk harrow. The established
dependence of the amount of natural forest regeneration
on the projective cover of forest ground vegetation is
also confirmed by studies of M. Arend, R. Link, R. Patthey,
G. Hoch, B. Schuldt, A. Kahmen [3], M. Poore [6], C. Senf,
A. Buras, C. Zang, A. Rammig, R. Seidl [38], M. Gordienko,
N. Gordienko [17], V. Rybaka [18].

Conclusions
In 2020, despite the ten-year droughts in March-April, as
well as in August-September, favourable conditions for nat-
ural forest regeneration developed. Sufficient moisture in
May-June had a positive effect on the emergence and sub-
sequent rooting of natural renewal in the experimental site.
To obtain viable, high-quality seed natural regen-

eration of economically valuable species in forests of any
category, age class, composition, structure, the Rules for
improving the quality composition of forests must make
provision for felling to promote natural forest regeneration
in compliance with organizational and technical indicators:

1) the felling area is determined by the area of the
intended survey (economic) plot;

2) circular platform size — 1.5-2.0 H, of the stand;

3) the distance between circular plots in the first step
of felling is 1.5-2.0 H__ of the stand;

4) the direction of expansion of the circular plots is
southern;

5) the next reception of felling is assigned subject to
the completion of the regeneration of the main rock on a
pre-felled circular plots;

6) measures to promote natural forest regeneration
(special tillage; care for forest renewal; formation of an
open edge around a circular site; fencing of the area with
natural forest regeneration; prohibition of grazing; the
simplest forest crops in places with no regeneration; felling
season; clearing of felling sites).

Adverse impact on natural forest regeneration on
circular plots measuring 1.5 H, _of the forest stand is made
up of a dense understorey and soil sodding with a forest
ground vegetation. Therefore, it is mandatory to carry out
agrotechnical care for natural forest regeneration. It is es-
tablished that felling to promote natural forest regenera-
tion should be assigned in the years of average (3 points)
and more points of seed bearing (fruiting) of trees in the
stand. Felling should begin before the mass departure of
seeds or fruit falls and finish before they germinate. It is
advisable to carry out special treatment of the soil surface
under the condition of significant soil sodding (over 50% of
the area) with a forest ground vegetation. Otherwise, such
measures are ineffective.

Further studies of the growth and development of
natural forest regeneration will give more detailed results
on the impact of environmental factors and proposed or-
ganizational and technical indicators of felling on natural
forest regeneration.
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ExcniepuMeHTa/IbHA PyOKa CIIPUSTHHS IIPUPOTHOMY ITOHOBJIEHHIO JIiCY
y KuiBchKiit oonacri

B’stuecnaB Bomogumuposuu JleBueHko, Bacuiab Bonogumuposuu I'ymeHIOK

HaBuasbHO-HayKOBMIT iHCTUTYT JIICOBOTO i CaIoBO-MIapKOBOT'0 rOCIOIapCTBa
HanioHasnbHOrO yHiBepcuTeTy 6iopecypciB i MpUpPOLOKOPUCTYBaHHS YKpaiHu
03041, Byn. 'enepana PogumiieBa, 19, m. Kuis, Ykpaina

AHoTanis. BemeHHs JicoBoro rocmojapcTBa B YKpaiHi Heo6ximHO 3ailicHIOBaTM 3 ypaxyBaHHSIM 3MiH KIimMaTy Ta
Ierpazanii i MacoBOro BCUxaHHSI JIiCiB, a TAKOX 3 OTPMMaHHIM IPUHIUIIIB 30epeskeHHsI YMOB BiZITBOPeHHSI 6i070TiuHO
CTiliKMX, BUCOKOIIPOIYKTUBHUX HACAIKeHb Ta PAI[iOHATBHOTO i HEBUCHAXK/IMBOTO BUKOPUCTAHHS JIiCOBUX pecypciB. Tomy
OIHUM i3 TOJIOBHMX 3aB[IaHb Be[eHHS TOCIIOAPCTBA Y JIicaX € MaKCMMalbHe BUMKOPUCTAHHSI TMIPUPOIHOTO HACIHHEBOTO
MOTeHITiaTy TiCOBMX HacaIskeHb. TaKOMY MIPUHITMITY BiZTIOBiIal0Th pyOKM, SIKi CIIPSIMOBAHi HA MaKCMMaTbHE BUKOPUCTAHHS
MIPUPOIHOTO HACIHHEBOTO ITOHOBJIEHHS JIiCY, IK METOA0JIOTIYHOI OCHOBM CTBOPEHHSI BUCOKOIIPOIYKTUBHUX, 6i0I0TiYHO
CTiliKMX JIiCOBUX HacamkeHb. MeTa HOCTIIKEHHS — PO3POOUTU CIIOCI6 PyOKM, SIKMi CIIPUSIE TIPUPOZHOMY ITOHOBJIEHHIO
JIiCY Ta 3ampOIOHYBATM OpraHi3alliifHO-TeXHIUHI MOKa3HUKM Jisg oro npoBeneHHs. OO6JiK MPUPOIHOTO MOHOBJIEHHS
JIicy TIpoBOAWIM 32 MeToAuKoI0 A.B. [T06eaMHCHKOTO; OI[iHKY MPUPOIHOTO JIiCOTIOHOBJIEHHS 3[IiCHIOBAIM 3a IIKAJIOI0
B.I. HecTtepoBa; mpoeKTMBHE TOKPUTTS >XMBOTO HaAIPYHTOBOTO MOKPMBY BU3HayaaM 3a LIKanol bpayH-biaHke;
CYXiCTb KIiMaTy BM3Hauaau 3a iHgeKkcom apuaHocTi [le MapTOHHA; yMOBY 3BOJIOSKEHHSI Ha TOCTiAHIN OiNSHLI BUBYAIM 3
BUKOPUCTAHHSM TigpoTepmiuHoro KoedinieHTy I. T. CessiHiHOBa; CYMY aKTMBHUX TEMIIEPATYP BU3HAYAIN 38 METOAVKOIO
VkprigpometieHTpy. [[poaHanizoBaHO HOPMATUBHO-IIPABOBY 6a3y MpoBefeHHS pyOoK GopMyBaHHS i 03J0pPOBIEHHS JTiCiB.
BcraHoBieHo, 110 Aitoui [IpaBuia He mepen6ayvaloTh MPOBeLeHHS PYOOK, sIKi 6y 6 MakCUMMa/lbHO CIOPUSITIIMBUMU JJISI
MIPUPOAHOTO TTOHOBJIEHHS TOCIIOAAPCHKO IIHHMX IepeBHUX MOPif y jicax 6ymb-sSKoi KaTeropii, Biky, CKiaamy i CTPyKTypH.
IpencTaBaeHO pe3ylIbTaTy OOJiKY Ta OLiHKM MPUPOJHOTO TOHOBJIEHHS JIiCY Ha BUPYOAHUX KPYTOBMX IUIOIIAIKAX.
BcTaHOBIIEHO, 1110 38 YMOBM cepeiHboro (3 6a/n) i Buiile 6aj1iB HaCiHHEHOLIEHHS (TIJIOIOHOIIIEHHST) Ta JOCTaTHBOI KiJIbKOCTi
BOJIOTM Ha KPYroBUX ILIOIIaAKax miameTpom 1,5 Hcp. mepeBocTaHy criocTepirajocs myse Iycre, 3M0poBe, piBHOMipHO
po3MillleHe M0 IJIOLLi PUPOJHE NTOHOBJIEHHS Jicy. HeraTMBHMII BIVIMB Ha NPUPOAHE JIICOIIOHOBJIEHHS Y MEePIInii pik
SKUTTSI UMHSITh TYCTMIA TiAJ1iCOK Ta 3HAUHe 3aJepHiHHS MOBepxHi I'PyHTY (6inbiie 50 % muionii) skMBUM HaJI'PYHTOBUM
MTOKPUBOM. Y TIPOTMBHOMY BUITa[Ky OCTAHHbOTO, IIPOBEIEHHS CIeliaIbHOTO 06pO6ITKY I'PYHTY € ManoedheKTUBHUM. Y
2020 potii, He 3Bakarouy Ha AeKagHi MOCYyxU y 6epe3Hi-KBiTHi, a TAKOX Y CepITHi-BepeCHi CKIAINCS CIIPUSTINBI YMOBU J1JIS
MIPUPOIHOTO MTOHOBJIEHHS JTicy. Y TpaBHi Ta YepBHi BiAMiueHO 3pOCTaHHS KiJIbKOCTi OTa/iiB TTOPiBHSIHO 3 MOIepeHiMHU Ta
HACTYITHVMM MiCSILISIMU TTiC/IS1 TIOSIBY CXO/IiB, ITI0 TIO3UTMBHO BIUIMHYJIO Ha iX YKOPiHEHHS Ta picT. PyOKYy, sIka CIIpysie IPUPOTHOMY
TTOHOBJIEHHIO JIiCy, CJTiJ BiHeCTU [0 pyboK (opMyBaHHS i 03[IOpPOBJIEHHS JIiCiB Ta BCTAHOBUTM ISl Hei 3arpOINOHOBaHi
OpraHisauiifHo-TexHiYHi okasHuku. OfepykaHi BUCHOBKY CIyTyBaTUMYTh METOOJIOTIYHOI0 OCHOBOIO JJ1s 3aIIPDOBa/IKEHHS Y
JIiICOBMX HACAIKeHHSX HOBOTO CIIOCOOY PYyO6KM, sikumii 6YB 61 MaKCMMAaJIbHO CIIPUSITIMBUM JJIsl OTPUMAaHHS Y AOCTaTHil
KiJIBKOCTI SIKiCHOTO, SKUTTE3IATHOTO ITPMPOIHOTO ITOHOBJIEHHS TOCIIOAAPCHKO IiHHNUX TepPEeBHMX ITOPIfT

KirouoBi ci1oBa: KiliMaTMUHI TOKa3HUKM, IepeBOCTaH, KPYroBa IUIOIIAAKa, CXOIM, SKUTTE3AATHICTb ITiIPOCTY, IPUPOIHE
JIICOITOHOBJIEHHS
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Abstract. The problem of using natural building materials in low-rise construction lies in ensuring their durability during
operation in conditions of atmospheric fluctuations, as well as in ensuring their thermal insulation properties. The purpose
of this study is to find the thermal insulation properties of materials, namely thermally modified common hornbeam wood
(the outer surface of the building), common pine wood (the inner surface of the building) and a thermal insulation layer
of reeds, which allow justifying the effectiveness of their use in construction. The study uses a comprehensive research
method, which included figuring out the thermal insulation properties of materials and justifying their feasibility in
construction. The thermal insulation properties of wood and reed materials were calculated based on thermophysical
dependences. The coefficient of thermal conductivity for wood reaches 0.0082 W/(m'K), and for reed - 0.0022 W/(m-K).
Therewith, the thermal conductivity is no more than 0.19-10° m?%/s, the heat capacity of wood is within 70+90 kJ/(kg-K),
and the heat capacity of a reed product is 337.2 kJ/(kg-K) respectively, which refers them to thermal-insulating materials.
The practical value of this study lies in the substantiation of the method of establishing thermal insulation characteristics
of building materials by finding their physical and thermophysical properties. The obtained results also expand the scope
of application of products and building structures made of wood and reed

Keywords: natural building materials, wood and reeds, thermal insulation products, thermal conductivity, thermophysical
properties

Introduction

Products made of organic materials, namely wood and its
modifications, such as thermally modified wood, reeds,
etc., are used in construction. Since they have several
unique characteristics — low volume weight, low coefficient
of thermal conductivity, rather high weather resistance. Fur-
thermore, they are described by high strength and elasticity.

Wood and reed products are widely used in low-rise
construction. Thermally modified wood is used for exterior
decoration of structures, as it can withstand atmospheric
fluctuations [1]. Reed boards are mainly used in the con-
struction of walls, partitions, floors, and roofs, which are
protected by thermal-insulating and sound-proofing ma-
terial. Having a tubular stem structure, reeds have a low
weight and low thermal conductivity, and due to the pres-
ence of flint deposits in reed cells, they are less susceptible
to rot than wood. The production of construction products

Suggested Citation:

from reeds is not difficult and without excessive costs can
be organised in places with reed stands. Reed nodes are
thickened rings-joints and are placed along the stem every
15-20 centimetres. Inside the rings, there are partitions
that do not allow air and water to pass through. Such struc-
ture of reeds causes low thermal conductivity of products
made from it and sufficient strength.

Thus, the use of products made of wood, including
thermally modified, and reed, for the construction of walls,
requires the establishment of certain characteristics of the
materials. For effective design and subsequent manufac-
ture of construction products, it is necessary to establish
thermophysical properties. Therefore, conducting these
studies is relevant and of great practical importance.

The use of plant-based materials in construction has
gained great importance recently. Therefore, the search and
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justification of technological aspects of the production of
building structures based on wood panel boards with the
necessary thermal insulation characteristics is the basis
of many studies [2; 3]. However, the task does not make
provision for an analysis of the physical condition of the
product during long-term operation in an environment
with changes in temperature and humidity. Technologies
for moulding materials with the addition of mineral impu-
rities to plant fibres are increasingly being developed. Vari-
ous combinations of hydrophobic components with natural
materials such as asbestos, mica, basalt, etc. are used [4; 5].
As a result of this combination, structures of increased ri-
gidity are obtained, but their resistance to atmospheric
fluctuations has not been studied.

In [6], the authors investigated the dependence of
the density and plasticity of a material made from a mix-
ture of linen fibres and cotton on quantitative changes in
plant components. In addition, the authors studied the in-
dicators of flexibility of such thermal insulation products,
which change depending on the applied binding element.
The issue of thermal conductivity stays unresolved, which
reduces the effectiveness of the results obtained.

The study [7] estimates the influence of the envi-
ronmental conditions of operation of products made of fi-
breboards on their thermal conductivity. It was proven that
the reliability of data on the thermal properties of insu-
lation materials is crucial in numerical modelling, which
increases efficiency with the correct design of structures.
However, the method for determining thermal conductivity
has not been covered.

The study [8] presents the data on the production
technology of a construction material based on hemp fibre
glued with alabaster binding material, as well as the ther-
mophysical properties of the material. The authors sub-
stantiated the possibility of its use as a thermal-insulating
construction element. But finding the influence of struc-
tural components on its thermal insulation stays an unre-
solved issue. The products presented in [9] are made based
on of basalt fibre and are described by prominent thermal
insulation properties. However, the production technology
and methodology for determining thermal insulation and
strength properties are not given.

The cited studies [10] substantiate the modelling
that describes the regularities of heat distribution and its
retention in the insulating material, considering the fea-
tures of the thermal insulator. Combinations of both nat-
ural and synthetically produced fibres were considered
as structural elements. However, the dependence of heat
transfer on changes in the pore shape of composite particles
in this model is not considered.

The study [11] presents a method of a hot disk tran-
sition plane source, which allows characterising the ther-
mal properties of various materials in a few minutes. This
method is increasingly used to estimate the thermal con-
ductivity of insulating building materials. Three types of
materials are tested: conventional isotropic materials (e.g.,
extruded polystyrene foam), anisotropic compressible ma-
terials (e.g., wood fibre insulation), and heterogeneous
anisotropic materials (e.g., lightweight bio-concrete). The
influence of tuning parameters (volume heat capacity, time
limit for estimation) is analysed in the light of repeatability
and reproducibility errors. The suitability of the hot disk

method based on an isotropic or anisotropic model for char-
acterising non-contiguous isotropic heterogeneous materi-
als is discussed and compared with steady-state measure-
ments. The results obtained for particular cases cannot be
generalised, especially for heterogeneous materials, such as
biological-based building insulation materials.

The study [12] presents an assessment of environ-
mental impact by analysing the life cycle of a new type of
wood-based sandwich panel. To identify the processes that
most affect the environment of the proposed cross-lami-
nated timber (CLT) panel solution during the life cycle. The
analysis is performed considering various life cycle com-
pletion scenarios during production. The study includes
a comparative assessment of changes in the thickness of
wood layers relative to the optimised cross-insulated timber
(CIT) panels; the use of an alternative to the base material,
namely insulation cork board (ICB); the use of structur-
ally equivalent CLT panels. The results show that the CIT
panel manufacturing process, namely polyurethane foam
production and the moulding and curing processes during
panel assembly, are the ones that have the highest impact.
This means that an optimised solution in terms of economic
costs is also the solution that has the least impact on the
environment. Compared to equivalent CIT panels with ICB
core and CLT solutions, the environmental characteristics
of the proposed panel were better for some impact categories,
while they were worse for others. However, there is still the
need to switch to natural materials in the future.

The study [13] focused on the possibility of reducing
the amount of diphenylmethane diisocyanate (pMDI) in
the composition of insulating wood fibreboards by 50% by
adding 1% BioPiva 395 or Indulin as two types of soft wood
kraft lignin and lignin-rich canola husk together with pro-
pylene carbonate as a solvent. As a result, panels with a
density of 160 kg/m® and 40 mm thick were obtained. The
curing of this material was investigated using two types of
methods: hot steam (HS) and the innovative hot air/hot
steam (HA/HS) process. The insulating wood fibreboards
were then tested for their physical and mechanical prop-
erties. The equilibrium moisture content was found under
two different climatic conditions. An approximate study of
thermal conductivity was also performed. The plates under
study also underwent further chemical analysis for the con-
tent of extractives and elemental (C, N) composition. The
results show that it is possible to produce insulating wood
fibreboards with less pMDI resin and the addition of lignin
with improved physical and mechanical properties of the
board, which do not lose thermal conductivity or moisture
absorption, especially when curing using the HA/HS process.

The paper [14] investigated the use of plaster filled
with two untreated plant-based fibres — wood fibre and
grain straw fibre, for their use in the thermal insulation
of buildings. Composite materials were made with differ-
ent densities (0%; 5%; 10%; 15%; 20% by volume). Their
thermophysical features were described in terms of chem-
ical structure, crystallinity, thermal conductivity, thermal
conductivity coefficient, and water absorption. Two linear
correlations were established regarding the thermal con-
ductivity and thermal conductivity of the samples. The re-
sults show that the introduction of wood fibres and grain
straw fibres reduces the thermal conductivity, as well as
the heat capacity and weight of composite materials. A
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comparison of other composite materials shows that the
proposed composite is a good competitor compared to the
materials used in insulation.

Thermal insulation is considered one of the key
technologies to combat the ever-increasing energy con-
sumption. In [15], the authors propose an efficient method
for developing innovative and cost-effective basic materials
for vacuum insulation panels (VIP). They contain natural
and resistant wood pulp fibres with the addition of vari-
ous amounts of glass fibre as a reinforcing component. To
create such a hybrid multi-level network composite, the
usual wet paper manufacturing is used. The authors in-
vestigated the main features of both wood pulp and glass
fibre, including the effect of glass fibre on the texture prop-
erties and thermal insulation characteristics of composite
panel core materials. The results showed that all compo-
nents achieved a uniform distribution over the thickness
of the material, and the fibre axes were randomly placed in
a three-dimensional structure. As the glass fibre content
increased, the thermal conductivity of the panels gradually
decreased due to structural changes in the filling materials.
Both the pore diameter and porosity increased along with
the glass fibre content. As a result, thermal conductivity
of 6.48 and 4.69 mW/(m'K) was obtained, respectively, for
panels made of 100% wood pulp fibre and wood pulp/glass
fibre composites (mass ratio of 50%). Furthermore, after
365 days of storage, the composite material with 50% fibre-
glass maintained a thermal conductivity of 7.42 mW/(m-K)
without a gas absorber or dehumidifier. Even under con-
ditions of accelerated ageing, after 28 days the increase in
thermal conductivity was less than 5.00 mW/(m-K).

Given the current environmental awareness and
growing interest in advanced and sustainable materials, the
use of waste wood fibre and phosphogypsum has led to the
development of environmentally friendly composites. The
article [16] presents a study of a new composite material
made from a phosphogypsum matrix reinforced with waste
wood fibre made from used fibreboard or natural wood fibre
obtained from natural wood. Fibre in the samples was in-
cluded in the amount from 0 to 5%. Furthermore, a certain
amount of synthetic zeolite waste has been added to re-
duce the content of harmful soluble acid impurities. It was
found that wood fibres from boards improve the mechan-
ical strength of the material more effectively than natural
fibres. The highest values of compressive strength — 25.1
and 21.9 MPa — were achieved with the addition of 0.5% of
fibres from boards and 1% of natural fibres, respectively. A

a)

further increase in their number reduced the compressive
strength of the samples by reducing the density of the ma-
terial. Thermal conductivity decreased due to the addition
of fibre, while the level of sound absorption did not change.
Considering the comprehensively investigated properties,
the optimal recipe for phosphogypsum composite samples
includes 3% wood fibre obtained from boards, demonstrat-
ing a compressive strength of 13.5 MPa, a thermal conductivity
of 0.39 W/mK and a sound absorption level of 64.5 dBA.

Thermal insulation materials made by mixing carpet
waste with a solution of raw colemanite ore and with the
addition of colemanite waste were also studied [17]. It is
shown that adjusting the content of components becomes
possible to ensure the process of thermal insulation.

Thus, the use of a wall from wood and reeds, primarily in
construction, requires the establishment of thermophysi-
cal properties. Finding these indicators is a relevant area
of research and is aimed at the effectiveness of design and
subsequent manufacture of products with thermal insulation
features.

The purpose of this study was to establish the ther-
mophysical characteristics of construction products made
of wood and reeds for determining the conditions of thermal
insulation of a building structure.

To achieve this result, the following tasks were set:

— to establish the features of reducing the heat exchange
process for walls made of thermally modified wood (external),
pine wood (internal) and reed as a thermal insulator;

— to substantiate the features of the heat transfer process
between the elements of a building structure made of wood
and reed.

The scientific originality of this study lies in finding
the thermophysical properties in a combination of a building
structure made of thermally modified common hornbeam
wood, common pine wood and a thermal insulation layer
made of reeds, as well as in substantiating their use in the
manufacture of building walls.

Materials and Methods

For the study of thermal conductivity, the authors used
samples of thermally modified common hornbeam wood
(outer surface), common pine wood (inner surface) with
dimensions of about 150x150x20 mm, and reeds with a di-
ameter of up to 10 mm (thermal-insulating layer) bound in
a mat with dimensions of about 150x150x25 mm (Fig. 1).
Therewith, reed stems of different layers were placed per-
pendicular to the previous one.

Figure 1. Samples of materials for research: a — thermally modified common hornbeam wood,
b — thermal-insulating reed mat, c — common pine wood
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Special equipment was used to investigate the
thermal insulation properties of materials [3].

The essence of studies to determine thermal con-
ductivity is that a thermocouple of a heater was placed in
a sample of the material, and a thermocouple was placed

on the reverse side of the wall to control heat transfer
(Fig. 2). The end of the thermocouple was fixed so that
the sample was pressed against it. The heater voltage was
turned on and the temperature on the sample surface was
measured.

Heater

Researched material

Thermostat

2
7

L Thermocouple

/

Thermal insulation

Thermal insulation

Analogue-to-digital

converter Computer

Figure 2. Device for studying the thermal conductivity of materials

When the temperature reached 70°C, the heater was
switched off, continuing to measure the temperature until
the value was set 0.5T, _on the reverse side of the assembly
wall. The thermal-insulating properties of the sample were
figured out from the measured values.

The criterion for determining the thermal con-
ductivity of the material from the heat source is the time
it takes to reach the temperature at 0.5T, _from the back
surface of the wall.

Modelling of parameters of heat exchange processes in
various materials of building structures. It is precisely the
method of figuring out the thermal conductivity for a plate
that is proposed to establish the thermophysical character-
istics of the materials under study [3]. One of the sample sur-
faces is heated by a heat flow passing through the wall, and
the temperature changes along the same vector (Fig. 2). To
establish the thermal insulation properties, it is necessary to
find the temperature distribution along this vector at any time.

To describe the heat transfer process, a differential
equation is applied, which has the following form [18]:

9°T(xr)  19T(x1) _ .
== =0,(1>0;0 < x < ). 1)

For this equation, the initial and boundary conditions
are as follows:

T(x,0) =T, 2)
oT(x1)

A 5 = 4 = const, 3)
T(oo,7) =0, “4)
OT(0,7) _
ren _y, 5)

where T, is the temperature of the material in the initial
period, °C; T(x, T) is the temperature field of the wall at
points with coordinates x at a time 1, °C; a is the coefficient
of thermal conductivity of the wall, m%/s; t is the duration
of stay of the sample in a high-temperature field, s; q is
the temperature flow, W/m?; A is the coefficient of thermal
conductivity of the wall, W/(m-°C).

In the paper [3], the solution of equation (1) is given
considering the initial and boundary conditions (2)-(5),
and the thermophysical characteristics for a flat sample are
determined - Table 1:

Table 1. Formulas for finding the thermophysical characteristics of solid materials

Thermal activity coefficient = %
.. . 1 X 2
Temperature conductivity coefficient a=,- (E)
2
Thermal conductivity coefficient A=b-va
Specific heat capacity c=—
ap
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where AT is the temperature difference between the
heater and the reverse side of the sample, °C; B is the ar-
gument of the error integral function; p is the material
density, kg/m?3.

Results and Discussion

To establish the thermophysical characteristics of materials,
namely common pine wood, thermally modified common
hornbeam and reed, the features of the heat transfer process
from the heating source are studied (Fig. 1).

The characteristics of the heater are as follows: an
electrical insulation plate measuring 100x100 mm with a

thickness of 1 mm, a winding made of nichrome wire, the
resistance of which is 84 Ohms. During the experiment,
a voltage of 24.6 V was applied. To partially reduce heat
consumption around the perimeter, the installation was
placed in a thermal-insulating plate.

The studies on finding the temperature level and in-
duction rate of heat transfer through a wall sample, which
includes common pine wood and thermally modified com-
mon hornbeam wood, as well as thermal insulation from
reeds, were performed on the equipment and according to
the methodology described above. The results of thermal
conductivity are presented in Figures 3, 4.
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Figure 3. The results of thermal conductivity tests: 1 — heating curve, 2 — temperature level from the back surface
of common pine wood, 3 — temperature level from the back surface of thermally modified wood.
Points t, correspond to the average temperature of the heating curve and
1, - to the average temperature value on the reverse surface
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Figure 4. Results of tests of thermal conductivity of reeds: 1 — heating curve,
2 - temperature level from the back surface of reeds. Points t, correspond to the average temperature
of the heating curve and 1, - to the average temperature value on the reverse surface

Analysis of Figure 3 and Figure 4 shows that heating
with heat transfer along the thickness of the sample be-
gan immediately when it was brought to the surface of the
heater. However, on the reverse side of the wall, a slight
increase in temperature was recorded in the period over
800 s. For the reed sample, the time to reach the tempera-
ture on the reverse surface surpassed 1900 s. That is, when
using reeds as thermal insulation, it was found that the

thermal conductivity of this sample is described by a pro-
longed heat transfer, namely, the heat transfer is inhibited
by the air barriers formed in the reeds, which allows influ-
encing the thermal insulation.

Based on the results of the measured temperature
using the method given above, the thermophysical char-
acteristics of wood and reed materials were calculated
(Table 2).
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Table 2. Thermal insulation properties of wood and reed

Calculated parameters
. Thickness, | Weight,
Material name mm gg Density p, The.rr.nal Tempera.ltl.lre Then.n?l Heat capacity,
kg/m’ activity, conductivity, conductivity A, KJ/(kg-K)
W-s/(m-K) m?/s W/(m-K)
Pine wood 6
150150 mm 19.8 214 475 18.7 0,19-10 0.0082 90.8
Thermally
modified 20.0 308 684 18.7 0,15-10° 0.0073 71.2
hornbeam wood,
150x150 mm
Reed 6
150x150 mm 26 133 172.7 11.5 0,039-10 0.0022 337.2

When figuring out the thermal insulation properties
of materials, it was found that the thermal conductivity of
wood does not exceed 0.19-10° m?/s, whereas for reed, this
value decreases by almost 5 times. The thermal conduc-
tivity of the wood sample did not exceed 0.0082 W/(m-K),
and for the reed product it is 0.0022 W/(m-K). Furthermore,
the heat capacity of wood corresponds to a value within
70+90 kJ/(kgK), and the value of heat capacity for a reed
product is 337.2 kJ/(kgK), respectively. Thus, these mate-
rials correspond to the values of the thermal insulation
material [19].

The calculation of the thermal parameters of the
outer wall is based on finding the following basic values —
the required heat transfer wall resistance R and the wall
thickness & determined on its basis [20].

Finding of R ":

Rg — n-(tin—tout) (6)

)
Atin-ain

where n is the coefficient that depends on the position of
the outer wall to the environment, (n=1); t,, is the calculated
value of the internal air temperature taken according to the
house design standards, °C, (t, =18°C); t_, is the calculated
outdoor temperature in winter, taken as the average daily
value of the 5 coldest days, °C, (¢, =-20°C); At, is the stan-
dard temperature difference between the indoor air tem-
perature and the temperature of the inner surface of the
wall, °C, (At, =7°C); a, is the heat transfer coefficient of the
inner surface of the wall, (a, =7.5-1.163 W/m*°C).
Thus:
1-(18—-(-20 K
Ry =200 _ggym- X
The estimated wall thickness is calculated according
to the following formula [20]:

5p=[Rg—(i— 1)]-2, ()

QAin Qout

where a, is the heat transfer coefficient of the outer
surface of the wall (per the DBN B.2.6-31:2016 [20]),
(a,, =20-1.163 W/m*°C); A is the coefficient of thermal
conductivity of the wall material.

The coefficient of thermal conductivity is found
according to the following formula [20]:

i = inom.KP'KX’ (8)

where A is the nominal value of the coefficient of ther-
mal conductivity; found by a diagram constructed from
experimental data for pine wood across the fibres depend-
ing on temperature; A = =0.45 W/(m*K); K, is a coeffi-
cient that considers the basic density of wood; K =1.11 at
8=550 kg/m?; K_is the coefficient that considers the vector
of heat flow; K =1.
Hence,

A=0.45-0.87-1=0.39 W/(m>K),

1 1
7.5:1.163 20-1.163

6, =10.62 — -0.39 = 0.204 m.
p

Thus, the thickness of the house wall will be 0.20 m
(wall width) (Fig. 5).

HoRH

\4__ Thermally modified wood

7%

Heat-insulating mat

4—— Pine wood

Figure 5. Scheme of thermal insulation of the house wall

Based on consumer demand, there are increased re-
quirements for the appearance of thermal-insulating mate-
rials used for furnishing premises, therefore the use of nat-
ural thermal-insulating materials is more effective. Thus,
thermomodified wood with increased weather resistance is
reliable for the manufacture of external structures, and it is
advisable to use reed as a thermal-insulating material.

Thermal conductivity through the wall of the build-
ing is considered as the process of heat energy transfer from
the room to the outside and occurs until the temperature
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balance, which follows from the obtained results (Table 2).
This phenomenon is caused by the formation and applica-
tion of large and coupled pores in the material structure
and the use of materials with low volume weight. Further-
more, the heat transfer is influenced by the following fac-
tors: the nature of the material and its structure, the degree
of porosity, the nature of the pores, humidity and the aver-
age temperature at which heat transfer occurs. Thermal in-
sulation products must meet the following requirements:
have stable thermal insulation indicators, be environmen-
tally safe and resistant to atmospheric fluctuations. This
coincides with the results in [8; 9], where the authors asso-
ciate the effectiveness of thermal insulation with the use of
natural low-density materials. However, unlike in [14; 15],
the data obtained by the authors of this study regarding the
influence of natural and sustainable fibres of wood cellulose
and straw of cereal crops allow stating the following:

- the main parameter for suppressing thermal conduc-
tivity is both the density and porosity of the material, since
low values of these properties inhibit heat transfer;

- substantial influence on inhibition of heat transfer
upon using natural materials is exercised towards the for-
mation of a thermal insulation structure resistant to de-
struction under temperature and humidity fluctuations.

The obtained results are of practical importance,
as they allow for a reasonable approach to figuring out the
required amount of thermal insulation materials and prod-
ucts in a building structure. From a theoretical standpoint,
this allows asserting the determination of the mechanism
of inhibition of heat transfer by the wall, which constitutes
a certain advantage of this study.

However, the calculated results indicate an ambiguous

effect of natural materials on changes in thermal conduc-
tivity. This uncertainty imposes some restrictions on the
use of the results obtained, so in the future it is necessary
to conduct added experiments to identify the time from
which a sharp jump in thermal conductivity begins. Thus,
it will be possible to figure out the factors influencing the
heat exchange process.

Conclusions

Thermal insulation properties of wood and reed materials
were calculated based on thermophysical dependences.
The coefficient of thermal conductivity of wood reaches
0.0082 W/(m-K), and for a reed product, this coefficient is
0.0022 W/(m-K). Therewith, the thermal conductivity does
not exceed 0.19-10° m?/s, while the heat capacity of wood
is within 70+90 kJ/(kg-K), and the heat capacity of a reed
product is 337.2 kJ/(kg-K), respectively, which refers them
to thermal-insulating materials.

The speed of the heat transfer between the elements
of the structure made of wood and reed lies in the formation
of air pores. The inhibition of heat transfer in the material is
caused by the lack of air movement in the air pores.

In the future, it is necessary to conduct added ex-
periments to obtain updated data. It is necessary to cre-
ate conditions sufficient for the qualitative conduct of the
heat transfer and detect the time point at which the drop
in heat resistance begins. Such detection allows investigat-
ing the transformation of the surface of the material based
on thermally modified wood and reed, moving towards low
temperature with increasing transfer time. This also allows
finding those variables that substantially affect the begin-
ning of the transformation of this process.
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MopenoBaHHSI TEIVIOMPOBiTHOCTI AepeB’THOI CTiHKMU
3 QUEPEeTSHNM TeIUIOi30/ALiIHMM MaTOM

Cepriit Mukonarosuu Masypuyk!, IOpiit Bomogumuposuu Ilanko’,
Onekcauapa IOpiisHa I'op6auosa!l, Onexciit IOpiitoBuu Ianko?

'HarioHa/ibHMIT YHiBepcUTeT 6iopecypciB i MpUpoaoOKOpUCTYBaHHS YKpaiHu
03041, Byn. 'epoiB O60oponnu, 15, m. Kuis, Ykpaina

2YKkpaiHCbKUIi Aep>KkaBHUIT HAYKOBO-AOCTiAHNI iIHCTUTYT «Pecypc»
03150, Byn. Kasumupa ManeBuua, 84, m. Kuis, Ykpaina

Awnoranis. [Ipo6iema 3acTOCYBaHHS IPUPOIHUX OYIiBeTbHUX MaTepiaaiB B MaJIOTIOBEPXOBOMY OYIiBHUITBI MoJsATae
B 3abe3meyveHi iX JMOBTOBiYHOCTI Mpu eKkcIulyaTallii B yMoBaxX aTMoc(hepHOTro KOJMBAHHS, a TakoxX y 3abesreueHi
TeIUIOi30/TI0B/IBHMX BJIACTMBOCTE. MeTa NpOBeNeHMX MAOCTiIKeHb TIOATAE€ Y BMU3HAYEHI TeIIOi30/MI0BaTIbHUX
BJIACTMBOCTE}I MaTepianiB, 30KpeMa, TepMiuHO MopudikoBaHOi mepeBMHM rpaba (30BHIIIHS MMOBEPXHS OYmIiBIIi),
JlepeBUHM COCHM (BHYTPIIIIHS ITOBEPXHS OY/IiBJIi) Ta TEII0i30/SIIiifHOTO IIapy 3 OUEePETY, 1110 JO03BOJISIIOTh OO PYHTYBaTU
edexTMBHICTh 3acToCcyBaHHSI iX y OymiBHMIITBI. B po6OTi BMKOPMCTAHO KOMIUIEKCHUIT METOJ, NOCTiIKeHHS, LI
MOJISITaB Y BU3HAUEHI TEIIOi30MSIiiHKX BIACTUBOCTEl MaTepialiB Ta 0GIPYHTYBaHHI iX HOUiTbHOCTI ¥ O6YAiBHUITBI.
3a TeruiodizsMUyHMMM 3aJI€KHOCTSIMY PO3PAaX0OBAHO TEIUIOi3OJSIiHI BJACTUBOCTI MaTepialiB 3 IepeBUHU Ta OYepeTy,
30KkpeMa, KoedilieHT TermonpoBimHocTi Ayst mepeBuHu csrae 0,0082 Br/(m-K), a ajist Bupo6y 3 ouepeTy CTaHOBUTD
0,0022 Bt/(m'K). IIpr 11boMy TeMIIepaTypoOIpoOBiAHicTh ckiamae He Ginbuie 0,19-10-6 M2/c, TETUIOEMHICTb A€PEBUHU
3HAX0AUTHCS B Mexkax 70+90 kIIx/(kr-K), a TerymoeMHicTh 1151 BUPOOY 3 ouepeTy ckiaagae 337,2 kIx/(xr-K) BigmoBigHo,
110 BiJHOCUTD iX A0 TeIIOi30MsALiiiHUX MaTepianiB. [IpakTMUHA LiHHICTh OTPUMAaHUX Pe3y/bTaTiB MO/MSITA€ Y TOMY, 1110
OGI'PYHTOBAHO METO[ CTAHOBJIEHHSI TEIIOi30/SILIHNX XapaKTePUCTUK OYAiBeJbHUX MaTepiasliB uepe3 BU3HAUEHHS
¢disnuHMx i TerIodisMUHMX BAACTUBOCTE Ta pO3MMPUTH chepy 3aCTOCYBaHHS BUPOGIB i 6ymiBeIbHUX KOHCTPYKILii 3
IepeBMHU i ouepery

KnrouoBi cmoBa: npupoaHi 6yaiBenbHI MaTepianu, IepeBuHa i oueper, TeIrIoi3onsiiiiHi BUpo6y, TeIIoNpOBiAHICTD,
Ter1o¢i3nyYHi BIaCTUBOCTI
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Estimation of Circular Saw Tooth Microgeometry
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Abstract. This study solves the problem of estimating the microgeometry of a circular saw tooth. For research, a circular
saw with one false tooth, equipped with a VK6M hard alloy plate, was used as a cutting tool. The purpose of this study is
to attempt to estimate the real wear curve of a wood-cutting tool edge. The cutting was performed on an experimental
installation, which is a drive shaft with a saw attached to it, with the possibility of adjusting the cutting and feeding
speeds. The tooth tip was photographed after some wear in a plane perpendicular to the short blade edge with 30-50*
magnification. The tooth contour was measured using a large BMI-2 toolmaker microscope. As a result of the study, a
method for estimating the sharpness of the tool edge using tangent and subsequent calculations has been developed,
which allows figuring out both the local curvature and the average curvature of the entire form of tooth. This method
allows finding the sections of the form of tooth with minimal and maximum curvature, as well as figuring out the curvature
of a particular section of the form of tooth and the area (wear) of this section. The proposed solution allows transitioning
from qualitative features of wear to accurate quantitative estimates, expressed either in units of area or units of mass,
which allows comparing the tool materials from which teeth are made in cases where microgeometry is approximately the
same, while wear is different. The practical significance of this study lies in the possibility of estimating the state of the
parameters of the cutting unit and allows predicting its changes during operation (the degree of wear, the frequency of
re-sharpening, finding the ultimate tool service life)

Keywords: tool edge, wood cutting tool, wear, blunting

Introduction
Woodworking production is based on obtaining parts and
products of the required shape, size, and roughness of the
treated surface [1]. This can be achieved by using a cutting
tool, the active part of which is the tooth (tool edge), which
forms new cutting surfaces in the material.

One of the main operational requirements [1] for
wood-cutting tools is to maintain its cutting capacity for
a certain time. The microgeometry of the tool edge under-
goes considerable changes during operation — the tooth is
blunted due to wear of the tooth line material.

Blunting of cutting units is characterised by a
change in their microgeometry, which occurs due to wear
of the front and back of tooth during cutting. Tooth micro-
geometry is characterised by “wear curves” of the front and
back of tooth. The nature of blunting, i.e., changes in the
microgeometry of tooth, determine the cutting properties of

Suggested Citation:

the tool [2-4]. The degree of wear and the nature of changes
in the microgeometry of the tool edge depends on several
factors, the main of which are as follows:

- physical and technological properties of wood (type,
humidity) [5-7];

— physical and mechanical properties of wood-cutting
tool material;

— geometry of cutting units (cutting and sharpening
angles);

— processing conditions and modes (cutting types, cutting
speed, and feed rate) [8-10];

- conditions and modes of operation of the tool (accuracy
and rigidity of the tool, duration of operation, geometric
accuracy of the machine);

— quality of sharpening of cutting units.

An essential role in ensuring the required quality
and accuracy of cutting is played by the tooth line with a
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certain microgeometry. When cutting wood, one needs to
strive to ensure that the radius of rounding of the tooth
line surface is minimal. Apart from transverse microgeom-
etry, the saw tooth line is also characterised by longitudinal
microgeometry.

The cutting unit has tooth lines, surfaces, and an-
gles. The angular parameters must meet the cutting con-
ditions and position the cutting part in space. Linear pa-
rameters must provide the necessary margin of safety and
stability of the cutting unit.

Compliance of the tool with modern requirements
is laid down during its design. The correct choice of tool
design, material, dimensions, angular parameters, operat-
ing conditions, manufacturing technology, restoration, and
repair directly affects its operational properties.

The scientific originality of this study lies in a new
method for estimating the parameters of the form of tooth
of the cutting unit, wherein the curvature is estimated by
drawing tangents with a discrete step.

From the literature sources [11-15], it is known that
many well-known Ukrainian and foreign scientists have
estimated the parameters of microgeometry of saw teeth.
The versatility of the parameters is significant, but not
all of them are available for direct measurement [16-18].

Figure 1. Saw disc fragment

Analysis of these studies has shown that most authors sim-
plify the approach to real microgeometry of tooth, noting
the rounding of the tool edge as a circle with a certain radius.
The authors of the study proposed one of the methods for
measuring the linear dimensions of saw teeth [19].

In most cases, the real tooth line of the tool is shown
as a surface with a radius p=const (with constant curva-
ture) [1; 20; 21]. In fact, as a result of the authors’ earlier
studies of microgeometry of cutting units under various cut-
ting conditions using a large BMI-2 toolmaker microscope,
it was found that the curvature of the surface between the
front and the back of tooth of the cutting unit is not a con-
stant value of a certain radius, but a curve of variable value,
which can only be conditionally estimated as a circular arc.

The purpose of this study is to establish a method for
estimating the blunting curve of the edge of the cutting unit.

Materials and Methods

A circular saw was used as a cutting tool (Fig. 1) with one
false tooth (Fig. 2), equipped with a VK6M hard alloy plate.
Laminated particle board was used as the processed mate-
rial. The scheme of cutting a particle board blank is presented
in Figure 3. The cutting was performed on an experimental in-
stallation, the general view of which is presented in Figure 4.

Tooth tip

=
M e

Figure 2. Inserted tooth of a circular saw

— —
Upper layer / Y
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Middle layer o \ ~
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\ ]
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Figure 3. Particle board cutting scheme: 1 — saw; 2 — board
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Figure 4. General view of the experimental setup

On a steel plate with a thickness of 25 mm, two bear-
ing supports are mounted, in which the saw shaft rotates.
On the one hand, the saw shaft is connected to an electric
motor via a two-stage V-belt transmission. On the other
hand, a saw blade is fixed between the flanges. The carriage
with the fixed sample of the material under study is moved
in rigid metal guides. The carriage is driven by an electric
motor through a continuous variable transmission and a
screw shaft. The particle board sample can move along
three coordinate axes and is fixed in the desired position.
The cutting disc has a wedge-shaped cutout into which a
replacement tooth is inserted. The tooth is a metal plate of
reverse wedge shape with a soldered hard alloy plate. The
properties of the hard alloy and the geometry of the plate
are dictated by the requirements of the experiment. The
unit allows controlling and setting the cutting speed, feed
rate, and working angle of incidence over a wide range of
values. The high rigidity of the installation structure and
the sturdy foundation on which it is installed eliminate any
deformations and fulfil the conditions for reproducing
experiments regardless of the time factor.

Experiments with a single-toothed saw avoid the
influence of vibration from variable cutting forces, radial
and tangential runout, out-of-roundness of the saw hole
and the seat of the root flange, and non-flatness of the
cutting disc.

The authors of this study conducted an experiment.

Figure 5. Micro-image of the tooth tip

o

Experiment conditions:
- saw tooth material: VK6M grade hard alloy;
— blade speed: 2960 min‘!;
- cutting diameter: 396 mm;
— cutting path length in material: 4000 m;
- visualisation: large BMI-2 toolmaker microscope;
- angle of tooth point: 60°C.

The tooth under study, after operating to a given
wear, was installed on the table of a large BMI-2 toolmaker
microscope, the back of tooth was combined with the X-axis
and photographed in this position with a magnification of
30-50* (Fig. 5).

In the photo, the intersection point of the back and
the front of tooth was aligned with the origin of coordi-
nates, and tangent lines were drawn to the tooth contour
in increments A® =15. The intersection points of tangents
with the abscissa axis were determined and the abscissa
values at these points were measured (Fig. 6).

If the wear line is divided into several sections A@
within which a continuous arc is replaced with a tangent to
it, then a polyline can be obtained that describes the orig-
inal curve with a slight loss of accuracy (Fig. 6). Therewith,
the estimation of straight-line parameters (angle, coordi-
nates of the ends of segments) is greatly simplified. The
proposed tangent method is simple and easy to implement
in practice. Coordinates of construction points are calcu-
lated using analytical and descriptive geometry methods.

Front of tooth
K
r
I
H
L
@
F
b Back of tooth

Figure 6. Form of tooth blunting curve
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The profile of the cutting unit is obtained (e.g., us-
ing the optical method and image magnification), it is di-
vided into separate segments using point marks. The smaller
the distance between the points, the more the form arc tends

to the straight line and the more accurately the real curva-
ture of the tooth line can be described. The coordinates of
the intersection point of adjacent tangents with angles @,
and @, were calculated sequentially according to formulas:

X = X1 — [(Xgor — Xg) X Sin(®; — A0)/Sindd] x Cosdy; )
Sin(d;-Ad) )
W:I X SmdDi. (2)

Y = [(xq)1 — Xgi) X

The distance d, was found between two consecutive
points of intersecting tangents (e.g., DC), as presented in
Figure 6:

di = [(Xi- X =1 + G-V -1 2. 3)

For each interval A®@ (e.g., DC) the radius of curva-
ture r was calculated according to equation 4:

r=d/(2xTgLd/2). 4)

Wear areas, or rather the area of the OABCDEFGHIKO
shape, which is defined as the sum of the areas Si of the tri-
angles AOGF (shown in the figure), AOFE, AOED and others
are calculated using the formula:

S=X[05(-x+Dyi—yi+ D+ i+ Dx —x + D] (5)

Results and Discussion
An ideal tool edge is understood as a line of intersection (for
a two-dimensional representation — a point) of the front
and the back of tooth. It is impossible to obtain the face
intersection as a line due to chipping of the tooth material
near the face intersection. Therefore, the real tool edge is a
curve of indeterminate direction located at some distance
from the centre of coordinates. The real tool edge with a
time in service constitutes a curved surface between the
front and the back of tooth (for a two-dimensional represen-
tation — a curved line). Thus, from a geometric standpoint,
blunting is the transformation of a point (conditionally)

Figure 7. Tangents to the form of tooth

into a curve and the subsequent increase in the parameters
of this curve.

The microphotograph of the tooth has markings,
which adequately reflect the microgeometry of the worn-
out tool edge. Figure 7 shows the contour of the form of
tooth presented in Figure 6. Tangents illustrate the identity
of the image in the photo presented in Figure 5 and the
measuring diagram presented in Figure 8.

The given data of the measurement results refer to
Figure 6 but without regard for the image scale. The mea-
surement data is summarised in Table 1.

S
S
<
S
I
£
&

60°

P

90°
60°
30°

Back of tooth

4.46

8.1
14.0
22.9

Figure 8. Measurement scheme

Table 1. Results of measurements and calculations of the blunting curve

:::Elrl;’:: Angle of arrival Coordinate, x Distance, d Curvature radius, r Wear and tear area,S

degree mm mm mm mm? %
1 15 29.5 12.77 48.84 48.70 34
2 30 22.9 8.02 30.67 45.90 33
3 45 17.5 1.60 6.12 9.95 7
4 60 14.0 1.14 4.36 6.91 5
5 75 11.0 1.78 6.81 9.49 7
6 90 8.1 2.25 8.61 9.07 6
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Table 1, Continued

Lr::;rl\)r:: Angle of arrival Coordinate, x Distance, d Curvature radius, r Wear and tear area,S
degree mm mm mm mm? %
7 105 4.5 5.20 19.89 11.20 8
Mean 4.68 17.90 20.17
Max 12.77 48.84 48.70
Min 1.14 4.36 6.91
Sum 141.22 100%
Length of the form projection on the back of tooth, mm 21.50
Length of the form projection on the front of tooth, mm 9.25

The second column of Table 1 shows the values of
the angles at which tangents to the form of tooth were
drawn. Column X shows the coordinates of the intersection
points of tangents with the X-axis. The bottom of Table 1
shows statistical indicators of average and extreme values.

Calculation results in Table 1 are illustrated by
graphs in Figure 9. The distribution of tooth curvature
along the contour, the area of the worn surface and the
distance between the intersection points of tangents are
given.

Wear area S, curvature radius r, and distance between the points of intersection of
tangents d
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Figure 9. Distribution of saw tooth curvature

Clearly, the greatest curvature r, . =4.36 mm falls on
the interval corresponding to the 60° angle of arrival. This
is precisely the median interval No. 4. The curvature in the
adjacent sections on the left and right is approximately the
same (the radius of curvature is 1.5 times larger). The radi-
us of curvature in Sections 6 and 7, i.e., adjacent to the front
of tooth, slightly increases and reaches r, . =4.6. The radius
of curvature in Sections No. 2 and No. 1, i.e., those adjacent
to the back of tooth, increases significantly and reaches
r,..=11.2. The radius of curvature adjacent to the back of
tooth is 11.2 times the minimum radius and 2.5 times the
radius of curvature in the area adjacent to the front of tooth.

The projection of the blunting form on the back of

tooth (similar to the radius of curvature) is 2-3 times lon-
ger than on the front of tooth. This is inherent in saws that
process laminated particle boards.

Table 1 shows the wear areas for each interval and
the form as a whole. Clearly, as the radius of curvature (or
distance d) increases, so does the wear area. The presence
of interval wear values allows figuring out the intensity of
wear of the tooth depending on the sawing conditions.

Knowing the distribution of the radius of curvature
from the angle of inclination of the corresponding tangents,
the reverse transformation can be performed, and the original
form of tooth can be obtained. Figure 10 shows the form of
tooth, which is constructed according to the data from Table 1.
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Figure 10. The form of tooth, constructed according to Table 1

Form of tooth blunting curvature distribution
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Figure 11. Form of tooth curvature

The form of tooth wear estimates for different cases
of such wear are presented in Figure 11. The diagram sug-
gests that the curvature of the form of tooth in the areas
near the front and the back of tooth is always substantially
less than the curvature in the central sections of the form.

For instance, if the curvature of the form of tooth is
constant (circular arc), then it will be displayed on the graph
as a straight line parallel to the abscissa axis (Fig. 11a). The
sharper the tooth, the closer the line runs to the abscissa
axis. The graph line of an absolutely sharp tooth completely
coincides with the abscissa axis.

For the form of tooth in Figure 11e, which has worn
out on the front of tooth in the form of a hole, the curva-
ture in this area will have negative values, which is well
observed in Figure 11e.

All graphs presented in Figure 11 suggest that the
greatest sharpness of the form of tooth is always in the
central parts of the form. Furthermore, they show exactly
which part of the curvature reaches the highest value.

For instance, if the graph looks like a curve (Fig. 11f-
g), which has one local minimum, then it is at this point
that the tool edge is located. This is the point where the
tangent to the form of tooth will be at an angle of approx-
imately 50°. For the case presented in Figure 11a, the tool
edge is the entire section of the form from 0°C to 120°C. If

the graph looks like a curve (Fig. 11b), which has a weakly
expressed extremum, then the tool edge is located in a
region of approximately 40-60C°, and in the case of a curve
(Fig. 11c-d) — within 30-75C°.

One of the possible methods for evaluating the form
of tooth of a cutting unit is proposed, which is implemented
as follows.

If in other studies [1; 4; 14] the tool edge wear curve
had a circular shape, then in the authors’ study the curve
has a complex shape, which indicates a different nature of
wear on both the front and the back of tooth.

Conclusions

Based on the conducted research, the following conclu-
sions can be drawn:

1. Estimation of the tool edge sharpness by performing
tangent and subsequent calculations is much more infor-
mative and objective than the method of selecting circles
and allows finding both the local curvature and the indirect
curvature of the entire form of tooth. In the future, using
more modern toolmaker microscopes, the accuracy of
further studies will considerably increase.

2. The proposed estimate allows finding sections of
the form of tooth with minimal and maximum curvature.

3. During changes in sawing conditions (feed rate or
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working angle of incidence), the estimation provides in-
sight into the drift of the form of tooth sections with mini-
mum and maximum sharpness or minimum and maximum
wear. This means that by evaluating the parameters of the
form of tooth after changing the sawing parameters, the
process can be controlled, and the best (from a certain per-
spective) results can be achieved.

4. The tangent method allows not only to find the cur-
vature of a particular section of the form of tooth (i.e., its
microgeometry), but also to figure out the area (i.e., wear)
of this section.

5. The tangent method allows moving away from the

qualitative “more-less” characteristics of wear towards pre-
cise quantitative estimates expressed either in units of area
or units of mass. This allows comparing the tool materials
from which the teeth are made in cases where microgeome-
try is approximately the same, but the wear is different.

6. The tangent method is available for extensive appli-
cation and does not require special equipment.

7. This method can be called numerical with confidence,
since the result of applying the tangent method is a matrix
of size 2xn (where n is the number of intervals or tangents).
This is convenient for data transfer since there is no need
to create graphic images.
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OuiHKa MikporeomeTpii 3y6a AncKoBoi Nunu

3inogiit Cremanosnu Cipko!, BikTop KyzbmoBuu /I’ IKOHOB!,
IBan Bomogummuposnu l'ostoBau?, IOpiit Onekcanaposuu PomaceBuu?,
Henwnc JlazapoBuu 3aB’1jI0B>

'YKpaiHCbKMIi lepsKaBHUIE HAYKOBO-IOWIiIHMIA iIHCTUTYT «Pecypc»
03150, Byn. Kasaumupa Manesuua, 84, m. Kuis, Ykpaina

’HanioHaibHMI yHiBEpCUTET 6iopecypciB i MpMpoOmOKOpUCTYBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoTanisa. B craTTi BupimyeTbes mpobieMa OmiHKM MikporeomeTpii 3y6a AMCKOBOI MWIKK. [IJi AOCTiIKEHDb B SIKOCTi
pi3aJIbHOTO iIHCTPYMEHTY BUKOPUCTOBYBAIM MMUCKOBY NIy 3 OSHUM BCTaBHMM 3yOOM, IO OCHAIIEHWI IUIACTMHKOIO
TBEpPAOTO CIIaBy Mapkyu BK6M. MeTow [OOCTIIKeHHS € crnpoba OLiHUTM KPUBY peaJbHOTO 3HOIIEHHS Jie3a
JlepeBOpi3aJIbHOTO0 iHCTPYMEHTY. IIpoliec pisaHHsSI 3[Ai/ICHIOBaIM HA €KCIIEPUMMEHTA/IbHIll YCTaHOBII, 10 MPEeNCTaBIsE
06010 MPUBOAHMIL BaJT i3 3aKPiTVIEeHO HA HbOMY MMJIOK0 3 MOK/IMBICTIO pery/Ti0BaHHS MIBUAKOCTEN pi3aHHS Ta mojadvi.
Bepumny 3y6a mwiu dotorpadyBaay Mic/as AesKOro 3HOIIEHHS B IUIOUMHI, MePIeHAUKYISIPHiil KOPOTKiii pisanbHiit
Kpaiili i3 36iabpmeHHsm 30-50x. BumiproBaHHSI KOHTYPY 3y6a MPOBOAWIIN 3a JOITOMOTOI BEJIMKOTO iHCTPYMEHTAIbHOTO
Mikpockory BMI-2. B pe3ynbraTi moCTiaskeHb pO3p06IEHO METO, OLiHKM TOCTPOTH Jie3a 3a JOMOMOIOI0 TOTUYHMX Ta
HACTYIMTHUX PO3PaxXyHKiB, SIKi O3BOJISITh BUSHAUMUTU SIK JIOKAJIbHY KPUBU3HY, TaK i CepeHI0O KPMBU3HY BChOTO Mpodisio.
Lleit MeTOx, MO3BOJISIE BUSIBUTY OUISHKM MPOdiiio 3 MiHiMaJbHOIO Ta MaKCMMAa/IbHOK KPUBMU3HOIO a TAKOX BU3HAUUTU
KPMBM3HY KOHKpeTHOI HiMsHKM Mpodino Ta miouy (3HOLIeHHs) Liei AiMSHKM. 3alponoHOBaHe pillleHHS HaJacTb
MOSK/IMBICTD 3IiMiICHUTY Mepexif Bif AKiCHMUX XapaKTePUCTUK 3HOIIEHHS 1O TOUHMX KiJIbKiCHUX OL[iHOK, SIKi BUpaskeHi abo
B OJVMHMUIISX TUIOIIi a60 OAMHUIISIX MacH, IO JTO3BOIUTH IMOPiBHIOBATM iHCTPYMEHTA/IbHI MaTepianmu, i3 IKux 3pobieHi
3y6u, MiXk c06010 y BUTIAIKaX, KOIY MiKpOTeOMeTpisi MpUOIM3HO OJHAKOBA, a 3HOIIEHHS pi3He. [IpakTMYHA 3HAUYIICTh
PpO6OTH TOJIATa€E B MOXK/IMBOCTI OI[iHKM CTaHY ITapaMeTpPiB pi3aJbHOTO eJIeMEHTA Ta JO3BOJISIE IIPOTHO3YBATH JOT0 3MiHU
B IIPOLIECi eKCILTyaTallii (CTyIeHs 3HOIIeHHS, TePioAMYHOCTI IIepe3aroCTPIOBaHHS, BU3HAUEHHSI MAKCUMMAaJIbHOTO PeCypcy
iHCTpyMeHTa)

KnrouoBi ciioBa: ne30, fepeBopi3aabHMIT iIHCTPYMEHT, 3HOLIIEHHSI, 3aTYTIJIEHHS
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Pyrological Characteristics of Forest Edges
under Intensive Recreational Loads

Olha Tokarieva’, Nataliia Puzrina, Oleksandr Vorotynskyi
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The increase in fires in urban landscapes causes adverse and sometimes irreversible changes in forest ecosystems.
The modern solution is to find the places of primary fires and the most dangerous areas. The purpose of this study was
to find dependences between the forest typological features of forest stands and their fire danger. To fulfil this purpose,
a systematic analysis of forest fire danger and phytoindication were performed. The composition of the flora of edge
biotopes was figured out using the route geobotanical method. The article analyses forest fires that occurred in urban
forests of Kyiv during 2014-2021. Primary ignition locations have been identified. It was proved that fires often occurred
on the forest edges, as well as along highways and railways. Among the standard indicators of fire danger (number
and area of forest fires), the method makes provision for establishing the fire frequencies in the same forest area. This
indicator allows figuring out the most dangerous areas from the pyrogenic standpoint. It was found that the simple edge
is characterised by a minimal taxonomic composition in the ground vegetation and its projective cover of up to 20%. The
grass tier stabilises the environment and mitigates the effects of extreme natural phenomena. The vegetation cover of an
elementary and multicomponent edge is one of the barriers that can stop surface fires. Taxonomic diversity, especially of
deciduous species, determines the pyrological features of forest edges. Analysis of the flora of marginal biotopes showed
that oligotrophs, xerophytes, and xeromesophytes predominate among the species of simple edges. The share of ruderal
elements in the ground vegetation was 36%, which indicates a significant anthropogenic impact and synanthropisation
of the flora of the edges. These processes adversely impact the conservation of typical species but have a fire-retaining
effect. Analysis of forest fires dynamics under intensive recreational loads allows substantiating the vectors for fire
safety improvement, choosing a strategy for ensuring fire safety, and increasing the economic and social efficiency of fire
prevention measures. It is proved that the forest edge is one of the decisive factors in the fire behaviour arising from a
nonwooded area. The formation of multicomponent edges will help minimise the risks of fires

Keywords: fire safety, forest edge biotopes, ground vegetation, biodiversity, conditions of intensive recreational loads on
forest stands

Introduction

Extreme weather events that humanity has observed over
the past 30 years pose a threat to the world’s forests due to
the increased probability of forest fires. Every year, up to
400 thousand cases of fires are recorded in the forests of
our planet, which damage about 0.5% of the total area of
forest areas [1]. An analysis of the world’s forests affected
by fires has shown that about 67 million hectares of for-
est are burned annually in the world [2]. It is expected that
in the future, climate change will lead to longer fire sea-
sons, more intensive fires around the globe, including areas
where fires were previously absent [3; 4]. It is possible to

Suggested Citation:

prevent the occurrence of fires or localise them on a small
area, provided the understanding of the causes of the fire
and the ecology of the fire sites.

In Ukraine, most fires occur for social reasons [5]. In
recreational forests, the anthropogenic factor of promoting
the spread of fire occurs in almost 100% of cases. Prevent-
ing the occurrence and spread of forest fires is one of the
most urgent and important tasks of forestry in Ukraine.
Anthropogenic forest landscapes are of particular im-
portance, given the probability of fires. Most often, forest
fires are recorded near settlements, roads, and recreation
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areas. On the territory of the forest fund of Ukraine, the
risk of forest fires directly depends on the recreational load
on forest stands, and with an increase in the recreational
development of forest areas, the number of forest fires in-
creases. Careless handling of fire under favourable natural
and weather conditions causes most fires. Urbanised land-
scapes are exposed to anthropogenic impact, which is often
accompanied by fires of varying intensity. Forest flamma-
bility analysis allows setting up fire highs and lows. Pre-
vention of forest fires under intensive anthropogenic stress
should also include research on the ecological structures of
forest stands. A separate task of the forest sector is to create
fire-resistant landscapes that include natural barriers that
can limit the spread of fire in the forest.

In the complex of fire prevention, restrictive mea-
sures occupy a prominent place and allow creating a system
of barrier strips that prevent the rapid spread of fires, as
well as simplifying their extinguishing. Fire curtains are ar-
ranged using the fire-resistant properties of deciduous tree
species. Forest edges can serve as a natural barrier that can
protect forest landscapes from fires and stop their spread
deep into the forest. In this case, the forest edges perform
regulatory functions, which lie in changing the behaviour
of fires. Forest edges of the desired structure and compo-
sition can be formed artificially. At the edge of the forest,
the density and biomass of individual species is higher
compared to the neighbouring forest and open space. Ac-
cording to their morphology, the edges of the forest can
be of three types [6]: simple, elementary, and multicompo-
nent. In the simple edge of the forest, trees differ slightly
in height, diameter, and crown size from those that grow
deep in the forest. The simple edge is unstable to the neg-
ative influence of external factors. An elementary edge of
the forest has a distance to the depth of the forest less than
the average height of the trees. The elementary edge of the
forest does not differ in species diversity. The multi-com-
ponent forest edge has a depth of 1.5 or more heights of the
tree stand. The composition of trees and bushes forming it
can be more than 6-10 species.

The multidimensional nature of the fire regime in-
cludes fire frequency, interval, seasonality, intensity, spa-
tial aspects (size, configuration), and the study of the re-
lationship between fire danger and biodiversity [7]. In the
context of forest fires, the importance of restoring biodi-
versity from fires also remains relevant.

In terms of their pyrogenic properties and influence
on the spread of fires, forest edges were investigated by the
authors of [8] using remote sensing methods. Considerable
attention is paid to the investigation of the impact of fires
on forest fragmentation and changes in the tax characteris-
tics of trees [9]. Scientists pay special attention to studying
the structure of forest stands covered by fires [10]. Mensuration
of stands revealed that the edges can have a unique compo-
sition, structural features, and accumulate dry wood [11].

It is proved that in most cases fires were caused by
critical weather conditions [3; 5; 12]. Fires often occurred
regardless of the excessive cost of extinguishing forest fires
and the level of preparedness in the countries where they
occurred. Therefore, some scientific publications specif-
ically investigate the influence of temperature and other
conditions on the occurrence and spread of forest fires.
The area of fires depends on weather conditions — wind

strength, stocking, spacing of trees by area, humidity of
combustible materials [12].

Pyrological characteristics and specific features of
forest edges associated with recreational load have not
been previously studied. In addition, the scientific litera-
ture holds no information on the relationship between the
type of forest edge and the probability of fires. The origi-
nality of the results obtained lies in the justification of the
pyrological properties of the forest edges that have under-
gone changes from recreational loads. This study is the
first to compare the pyrological characteristics of forest
edges of different forest types.

The purpose of this study was to find dependencies
between the forest typological features of forest stands and
their fire danger. Forest combustible materials are an es-
sential factor in the spread of fires. The sanitary condition
of forest stands also serves as one of the pyrological charac-
teristics of forest stands. The results of pest activity and the
impact of forest diseases contribute to the accumulation
of forest combustible materials on the edges. To fulfil this
purpose, the qualitative and quantitative indicators of the
components of edge biotopes that determine their pyro-
genic features were analysed and generalised. The research
objectives included statistical analysis of the number of
cases and areas of fires, distribution of fires depending on
the types of forest edges, phytoindication and assessment
of the systematic structure of the flora of anthropogenically
modified edges.

Materials and Methods

The study was conducted in the urban forests of Kyiv
based on Darnytsia Communal Forest-Park Enterprise,
Sviatoshino Communal Forest-Park Enterprise and Koncha
Zaspa Communal Forest-Park Enterprise. According to
physical and geographical zoning, the territory of enter-
prises belongs to Kyiv Polissia. The initial data for system
analysis were obtained from the “Forest fire accounting
books” of forest park enterprises in Kyiv [13-15]. The re-
search period was eight years (2014-2021). In each of the
forest park enterprises, more than 10 plots were surveyed
by the route method, and a forest description was carried
out. Biometric indicators, species composition, and sani-
tary condition of the tree stand were investigated using
well-known methods in forestry [16].

Forest types were figured out according to Professor
B. Ostapenko’s method [16]. The grass tier and its biomor-
phological structure are presented using the reconnais-
sance method of geobotanical studies [17]. The composi-
tion of the flora of marginal biotopes was performed using
the route geobotanic method, with identification of species
and estimation of the projective cover of ground vegeta-
tion on the Braun-Blanquet scale [17]. Ukrainian names are
given according to Yu. Kobiv [18], and Latin names are given
according to S.L. Mosyakin, M.M. Fedoronchuk [19; 20].
Established trophomorphs: oligotroph (OgTr); mesotroph
(MsTr); megatroph (MTr). Hygromorphs were also diag-
nosed: hygrophiton (Hg); mesophiton (Ms); xerophiton (X).
To find the degree of anthropogenic transformation, a five-
point scale of stages of recreational digression was used [7].

The study included materials from the latest state
forest accounting in the specified region. Statistical data was
processed using the Microsoft Excel computer program.
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Results and Discussion
On the territory of urban forests in Kyiv during the
fire-hazardous period, forest fires occur with different
frequency [21]. According to official statistics, during the
audit period, over 8 thousand cases of forest fires were reg-
istered in pine forest stands with a total area of more than
1.5 thousand hectares. The average area of the plot covered
by the forest fire was 0.86 hectares. Within the fire hazard
period, the fire maximum (according to the number of fires)
was observed in June, and the fire minimum - in October.
The time of detection of fires was mostly between 1200 and
1600. All the fires found were surface fires. The area under

study is characterised by a relatively high average class
of natural fire danger — 11,27 [13-15]. The probability of
a forest fire is quite high. The analysis of annual preven-
tive and restrictive measures confirms the elevated level
of readiness of enterprises for the fire-hazardous season.
Therewith, areas where the probability of fires is elevated
require added research.

Places of primary ignition were as follows: edges,
unfurnished recreation areas, territories along highways
and railways, agricultural land, as well as, directly, forest
areas. The span diagram (Fig. 1.) presents the quantitative
characteristics of fires for the period under study.
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recreation areas

m Among highways
and railroads

I Agricultural burning

B Among forest areas
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Figure 1. Statistical data on the number of cases of forest fires

The distribution of the number of fire cases is un-
even and focuses mainly on the forest edges (34%) and
along highways and railways (26%), the lowest number
of cases was recorded among forest areas (7%). Fires near
recreation areas were found only in places that were not
properly equipped. Studies have also proved [12] that due
to the considerable number of visitors to forests during the
fire-hazardous period, conditions of elevated risk of fire are
created on dry days. It is during such periods that sources of
controlled fire often turn into fires. Due to the small areas of
agricultural lands near the urban forests of Kyiv, the number
of fires that have moved from these lands is relatively lower.

The average number of cases of forest fires can be
figured out from the median. The highest median was re-
corded at the edges. The scale of the number of detected
fires also falls on the territory of the forest edges (from 109
to 285 cases).

Depending on the type, the edge of the forest may
be the place where forest fires occur, or the place where
they stop. Figuring out the features and pyrological char-
acteristics of firebreak edges will help combat fires by lim-
iting their spread. The main indicators for assessing forest
fires are their number, area, and average repeatability in
the same location (Table 1).

Table 1. Distribution of fires depending on the type of forest edge

Edge type Share of forest fires by number, % | Share of forest fires by area, % Average repeatability, times
Simple 76 89 6
Elementary 21 8 2
Multicomponent 3 3 -

Source: developed by the authors

As Table 1 shows, most often forest fires occur in
simple edges (76% of the total number), where they occupy
the largest area (89% of the area of all fires on the forest
edges). The average frequency of fires is also highest in the
simple edge of the forest. Thus, from a pyrogenic stand-
point, the most dangerous is a simple edge.

Due to the considerable proportion of forest fires
on the edges, it is important to form multicomponent edges,
by planting deciduous tree species and cutting down to im-
prove the quality composition of forests. Such edges should
become a barrier to the spread of fire, curbing the spread of
fire from the forest to the locality and vice versa.
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The realisation that forest fires are an integral part
of many ecosystems encourages the study of fire-resistant
forest areas compared to more sustainable ones [22]. The
floral composition of edge biotopes is usually typical and has
a set of common species. This is especially true for the living
ground cover, which includes ruderal and synanthropic spe-
cies. Plants of living ground cover perform many functions in

the landscape, including the formation of primary biomass,
regulation of land runoff, and the formation of a local micro-
climate. Thus, land cover stabilises the environment and mit-
igates the effects of extreme natural phenomena. Currently,
land cover is one of the barriers that can stop forest fires. The
floral structure is an indicator not only of taxonomic richness,
but also of pyrological characteristics of the edges (Table 2).

Table 2. Floral structure of ground vegetation in diverse types of forest edges

General projective cover
moss tier
shrub tier, %

Edge type

Most common plant species

Taxonomic diversity,
species

Pinus sylvestris L.

Centaurea Marschalliana Spreng.
Chamaecytisus singeri (Nenuk.) Klaskova
Euphorbia seguierana Neck.

Simple
7

Helichrysum arenarium (L.) Moench
Keleria glauca (Spreng.) DC.

Festuca ovina L. up to 15

Veronica incana L.
Dicranum polysetum Sw.
Cladonia mitis Sandst.

0-5
35-110

Elementary

Pleurozium Schreberi (Brid.) Mitt.

Urtica dioica L.
Viola arvensis Murr.
Veronica chamaedrys L.
Stellaria graminea L.
Sedum telephium L.
Hieracium pilosella L.
Impatiens parviflora DC.
Geranium robertianum L.
Festuca ovina L.
Dactylis glomerata L.
Carex ericetorum Poll.
Berberis vulgaris L.
Betula pendula Roth.
Acer tataricum L.
Crataegus monogyna Jacq.
Pinus sylvestris L.
Pyrus communis L.

up to 37

15-70

Multicomponent
I©

Spiraea media Franz Schmidt.

Achillea submillefolium Klok. et Krytzka

Polygonatum odoratum (Mill.) Druce.

Populus tremula L.
Quercus robur L.
Quercus borealis Michx.
Prunus spinosa L
Sambucus racemosa L.

Sorbus aucuparia L.
Festuca pratensis Huds. up to 58
Geum urbanum L.
Impatiens parviflora DC.
Poa trivialis L.
Rubus caesius L.
Sedum telephium L.
Stellaria media (L.) Vill.

Source: developed by the authors

The simple edge is characterised by a minimal tax-
onomic composition, especially in the ground vegetation,
as well as a low projective cover of the grass tier. Lichens
and mosses are most often burned by surface fire [8], and
the grass layer of the ground vegetation is more resistant
to fire. In the areas of the forest edges where the highest
species richness of fires was recorded, there were no fires,
while the territories covered by surface fires have almost

equally low rates of the number of species [9]. We con-
firmed the study of the above-mentioned works and found
that the taxonomic richness of forest edge biotopes and
projective cover define the probability of forest fires and
contribute to its localisation.

Species of ground vegetation on the forest edges that
were covered by surface fires were studied. Analysis of the
flora of edge biotopes in relation to nutrition showed (Fig. 2)
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that oligotrophs (69.4%) and mesotrophs (25.3%) predomi-
nate among the species, megatrophs are represented by the
smallest number (5.3%). Among hygromorphs in the flora
of marginal biotopes (Fig. 3), xerophitons (37%), xerome-
sophitons (26%), and mesophitons (12%) predominate, the
lowest number is represented by mesohygrophitons (3%)
and hygrophitons (1%).

mOgTr
B MsTr
MTr

Figure 2. Trophomorph species spectrum

mX
m XMs

B MsHg

mHg

Figure 3. Hygromorph species spectrum

The consequences of anthropogenic impact on the
herbaceous vegetation lead to changes in the ecotope,
cause transformation of the grass tier with changes in the
systematic structure, invasion of meadow species, syn-
anthropisation, and also inhibit the natural renewal and
development of trees [17; 23]. A study of edge species of
ground vegetation showed that the share of ruderal el-
ements is 36%. This indicates a powerful anthropogenic
impact on the research area and diagnoses an elevated
level of synanthropisation of the forest edge flora. These
processes set back the conservation of typical species but
have a fire-retaining effect. Some authors explain the in-
creased fire vulnerability of individual areas by fragmen-
tation of the forest cover, which creates favourable condi-
tions for the spread of fire [10]. In cases where the intensive

recreational load leads to a decrease in species diversity,
and, accordingly, to fragmentation and increased insolation
of the site, it is possible to claim an increase in the fire hazard
of the territory.

An important pyrological feature of forest edges
is the sanitary condition. Phytophage insects and patho-
gens adversely affect the sanitary condition of the forest
and contribute to the accumulation of forest combustible
materials on the forest edges. The most common patholog-
ical factors of weakening forest edges in the urban forests
of Kyiv are white mistletoe Viscum album L., Phellinus pini
(Thore et Er.) Pil., and Fomitopsis annosa (Fr.) Karst. The fol-
lowing pathogens were found in the examined tree stands:
Piptoporus betulinus (Bull. ex Fr.) Karst., Phellinus tremulae
(Bond.) Bond. et Boriss., Inonotus dryophilus (Berk.) Murr.,
Ganoderma applanatum (Pers. ex Wallr.) Pat., Pseudomonas
quercina Schem., Nectria galligena Bres., Sphaeropsis
malorum Peck., Cronartium flaccidum (Alb. et Schw.) Wint.,
Lophodermium pinastri Chev. Among the harmful insects
that often focus on the edges, the most common include
Acrocercops brongniardella F., Hyponomeuta rorella Hb.,
Aradus cinnamomeus Panz., Argyrestia glabratella Z. and
Operophthera brumata L.

The results of the study highlight the pyrological
features of edge biotopes and are important in detecting
direct links between the features of the floral structure and
the frequency of forest fires.

Conclusions
During 2014-2021, a third of fires in urban forests were re-
corded on the edges (34%) and along highways and rail-
ways (26%). Fires near recreation areas were found only in
territories that were not properly equipped.

The pyrological features of forest edges in recre-
ational forests directly depend on the type of forest edge
and the sanitary condition of the forest stand. An increase
in ruderal species positively affects the fire resistance of
forest stands. The taxonomic richness of edge biotopes is
directly proportional to the probability of forest fires and
contributes to its localisation.

Analysis of forest fires dynamics under intensive
recreational loads allows substantiating the vectors for
the improvement of forest protection systems in Ukraine,
choosing a strategy for ensuring fire safety, and increasing
the economic and social efficiency of fire prevention mea-
sures. The analysis suggests that the edge of the forest is
one of the decisive factors in the behaviour of forest fires.
The formation of multicomponent forest edges can be one
of the strategic directions of forestry development to ensure
fire safety, which is aimed at minimising the risks of fires.

Further studies of the pyrological features of the
edges allow establishing the optimal composition and
structure of the stand in terms of preventing the occurrence
and development of forest fires. Identifying the compo-
nents of stands that affect their pyrogenic features will be
of practical importance in the formation of fire-resistant
urbanised landscapes.
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ITiponoriuHa xapakKTepMUCTHKA JIiCOBUX Y3JIiCh
3a YMOB iHTEeHCMBHUX peKpealiliHMX HaBaHTa)KeHb

Onbra BikropiBaa TokapeBa, Haramnis BacuiaiBua Ily3pina,
Onekcanap lenHaaivioBuu BopoTMHCbKMIT

HarioHanbHmMii yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHs YKpaiHu
03041, Byn. T'epoiB O60oponnu, 15, m. Kuis, Ykpaina

AHoTanis. 36i1plIeHHs MoXeX B ypoonaHamadTax CIpMIMHSIIOTh HETaTUBHI Ta iHKOJIM HEe3BOPOTHI 3MiHM B JIiCOBUX
ekocucremax. CydyacHe BUpilleHHS TMpo6ieMu, B TEPINy Yepry, MOJSIra€ y BUSIBJEHHI MicCIlb TEPBMHHMX 3aliMaHb Ta
Haii6ibll He6e3MeYHNX MiISHOK. MeTa OOCIi[KeHb mependauana BUSIBJIEHHS 3a/I€KHOCTE MikK JIiCOTUITONOTiYHUMM
XapaKTepUCTUKaMU epeBOCTaHiB Y3JIiCh Ta iXHbOI TOPMUMICTIO. 17151 TOCSTHEeHHS TTOCTaB/IeHOT MeTH 3Mi/iICHEHO CUCTeMHUI
aHaTi3 ropMMocTi JiiciB Ta ditoingukani. Ckuazg dmopy y3micHUX 6i0TOIMIB MPOBOAMBCS 3a JOTIOMOTOI0 MAapIIPyTHOTO
reo60TaHiYHOrO MeToAdy. Y CTaTTi IMIpoaHasIi30BaHO JIiCOBI MOXKEXI, SIKi BUHMKaIM B MicbKuX jticax KueBa yrpomosk 2014-
2021 pp. BusHaueHi miciis nepBMHHOTO 3aiiMaHHs. [JoBefeHO, 1110 MOosKeKi YaCTO BUHMKAIM Ha Y3/TiCCSX, a TAKOXK B3A0BXK
aBTO Ta 3ai3HNMYHMX Jopir. Cepeq, CTaHIAPTHMX ITOKa3HMKIB TOPUMMOCTI (KIIBKICTD Ta TUIOIIA JTiICOBYUX MOXKEX) METOAVKOIO
repenb6aueHo BCTAHOBJIEHHsSI IIOBTOPIOBAHOCTI MOKEXK B OHIi i Tiit camiit micoBiit mimsuii. JaHnuii TOKa3HUK JO3BOJISIE
BUSIBUTY Hai6iNbll Hebe3MeuHi 3 MiporeHHO1 TOYKM 30pY IUIOIIi. BCTaHOBJIEHO, 1110 HECTTPABKHE Y3J1iCCsT XapaKTePU3YEThCS
MiHiMaTbHMM TaKCOHOMIUHUM CKJIAZIOM Y KMBOMY HaAIPyHTOBOMY ITOKPUBI Ta 11Or0 MPOEKTUBHUM MOKPUTTIM 110 20 %.
TpaB’stHUIi sIpyC cTabii3ye cTaH HAaBKOJIMIIIHBOTO CEPEIOBUIIA Ta ITOM SIKIITYE HACTIIKY eKCTPEMAaTbHUX MPUPOTHUX SIBUIII.
PoC/IMHHMIA TTIOKPUB €JIEMEHTApHOTO Ta 6araTOKOMIIOHEHTHOTO Y3JIiCh € OOHUM i3 6ap’epiB, SIKMil 3TaTHUIA 3YTIMHUTYU
HM30Bi MOXkesKi. TakcOHOMiuHe 6araTCcTBO, 0COGIMBO JIMCTSHUX BUIiB, BU3HAYAE MiPOTOTiUHI 0COBIMBOCTI TiCOBUX Y3JTiCh.
AHani3 dmopu y3micHux 6i0TOMIB TTOKa3aB, O Cepei BU/IiB HeCITPaBKHIX y3/Iich MepeBaskaloTh OliroTpodu, kcepoditn ta
Kkcepomesoditu. YacTka pygepaabHUX e€MEHTIB B )KUBOMY HaAIPYHTOBOMY ITOKPUBi CTAHOBWIM 36 %, 10 CBiTUMUTD MPO
3HAUHMIT aHTPOIIOTeHHUI BIUIMB Ta CMHAHTPOITi3aliiio (Gaopy ys3jichk. 3a3HaueHi Ipolecy HeCyTh HeraTMBHMII BIUIMB Ha
36epekeHHsT TUTIOBMX BUIIB, ajleé MAIOTh TOXKEKOCTPUMYIOUMii edeKT. AHaI3 IMHAMIKM BUHMKHEHHS JIiCOBUX TIOXKEX 3a
YMOB iHTEHCUMBHMX peKpealliiiHuX HaBaHTa)KeHb A€ 3MOTy OOIPYHTYBATM HAIIPSIMM TOKpAILIEHHS ITOXEXHOI 6e3Ieku,
o6paTu cTpaTerito 3a6e3rneueHHs MOKEKHO1 6e3MeKy, MiABUIIUTY €KOHOMIUHY i colianbHy e(heKTUBHICTb MPOTUIIOKEXKHIX
3axofiB. [IoBeIeHO, 10 Y3JIiCCs € OMHMUM 3 BUPIIaTbHUX (PaKTOPiB MOBEMiHKM JTiCOBMX MTOKEXK, 110 BUHMKAIOTH 3 6e3JTicHOi
TepuTOopii. PopMyBaHHS 6araTOKOMIIOHEHTHMX y3J1iCh CIIPUSATUME MiHiMi3allii pu3MKiB BUHMKHEHHS TTOKeXK

KirrouoBi cyioBa: oxkexxHa 6e31eka, y3/icHi 6i0Tomm, sKkuBuMit HaAIPYHTOBMIA TOKPUB, 6i0pi3HOMAHITTS, yMOBM iHTEHCUBHUX
peKpearriifHux HaBaHTaXXeHb
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Structure of Sequestered Carbon in the Biomass of Forest Stands
in the Garden Art Park-Monument of National Significance “Feofania”
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Abstract. The state of forest ecosystems and processes of carbon sequestration have both global and local significance upon
investigating the influence of natural and anthropogenic factors on biogeochemical cycles. The study of the consequences
of their impact on forest stands is initiated by international and state environmental programs aimed at solving the
problems of climate change. Sequestration of carbon in the biomass of forest stands depends on the productivity of
stands, the formation of tree mortality and the conduct of economic activities. The purpose of the study was to establish
the regularities of changes in the reservoir of sequestered carbon in the biomass components of the stands in the garden
art park-monument “Feofania”. The processes of transformation of forest ecosystems were investigated on permanent
experimental plots of the “Feofania” Park territory using the methods of forest inventory. The observations results
confirmed the general increase in the reservoir of sequestered carbon in the biomass of tree stands and the multi-vector
dynamics of the sequestered carbon structure in the live biomassand mortmass of tree stands. Evidence of decrease in
the carbon-sequestering potential of stands under intense mortality and lesser increase in the live biomass of stands
was obtained. From an ecological standpoint, a positive trend towards an increase in the share of coarse woody debris
(mortmass) in the biomass structure of permanent plots was established. The main carbon structure of biomass, according
to the species composition, is represented by common oak, common hornbeam, and Norway maple. Nature protection
decisions and measures implemented in the territories of the natural reserve fund should increase the intensity of carbon
sequestration in biomass and the resistance of forest ecosystems to the influence of environmental factors. Given the
priority of carbon sequestration in the biomass of tree stands as an ecological function, it is necessary to practice measures
to promote current increment in carbon sequestered in the biomass and increase the resistance of trees to natural and
anthropogenic disturbance

Keywords: live biomass, mortmass, woody debris, mortality, snagss, logs

Introduction

Over the past three decades, the world community has
been actively looking for ways to reduce the risk of rapid
climate change on the planet and is joining efforts to re-
duce anthropogenic impact on the environment. One of the
main tasks for scientists and governments of all countries
worldwide at the turn of the second and third millennia
was to counteract the acceleration of climate warming.
This initiative was clearly formulated within the frame-
work of global events and conferences, starting with the
United Nations Conference on Environment and Develop-
ment in Rio de Janeiro and the adoption of the United Na-
tions Framework Convention on Climate Change [1]. The
adoption and ratification of the Kyoto Protocol [2] and the
Paris Agreement [3] had a key role on the way to solving

Suggested Citation:

climate change problems, which declare the importance of
preserving and strengthening absorbers and accumulators
of greenhouse gases. In 2016, Ukraine signed and ratified
Paris Agreement, which recommends actions to support
strategic approaches and positive incentives to reduce
emissions from deforestation and forest degradation, de-
velop sustainable forest management and increase carbon
sequestration in forests [4]. United nations framework
convention on climate change United nations framework
convention on climate change.

The purpose of this study is to figure out the specific
features of the dynamics and structure of the sequestered
carbon in the components of the biomass of the tree stands
in “Feofania”, a garden art park-monument of national
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significance. The originality of this study lies in the com-
prehensive investigation of the formation of the reservoir
of sequestered carbon in forests with conservation status
within urban ecosystems, as opposed to the investigation
of this issue in stands of other forest categories, namely
commercial ones.

Forest ecosystems are one of the key absorbers of
carbon dioxide and carbon accumulators. Therewith, stud-
ies [5] on the impact of disturbances on the carbon cycle
in the forest ecosystems of Ukrainian Polissia indicate a
volatile balance of carbon absorption and emission, which
substantially depends on the heterotrophic respiration of
soils and the loss of biomass of stands as a result of biotic,
abiotic, and anthropogenic disturbances. The occurrence
of disturbances in forest ecosystems has substantially in-
creased over the past decades, and the adverse impact of
large-scale disturbances is becoming increasingly signifi-
cant for the achievement of forestry goals. Thus, to fulfil
the role of a carbon accumulator, forest ecosystems need
sustainable management, which over time will make it
impossible to exceed the emission of carbon compared to
its sequestration.

If it is practically impossible to influence the hetero-
trophic respiration of forest soils (except for some solutions,
such as minimising erosion and soil damage caused by eco-
nomic activities), then increasing biomass growth and the
resistance of stands to agents of large-scale disturbances are
the main tasks of conventional forestry.

Compared to commercial forests, conservation
stands in Ukraine are minimally affected by economic ac-
tivities, namely felling, formation, and sanitation. That is
why the investigation of the growth and development of
stands and the formation of mortality, specifically in urban
forests [6], allows estimating the role of stands as carbon
reservoirs [7; 8].

The conclusion and ratification of Kyoto Protocol [2]
and Paris Agreement [3] led to the rapid development of
research on forests as the main absorbers of carbon diox-
ide, capable of naturally reducing its concentration in the
atmosphere [9-11]. Studies of organic carbon stocks in forest
live biomass are characterised by a variety of methodological
approaches and experimental plots [12-14].

Studies of the regularities of the carbon cycle of
forest ecosystems [15; 16] are currently becoming even
more relevant to achieve the goals of low-carbon develop-
ment [17]. The study of patterns of carbon sequestration
in the components of forest ecosystems reflects the accu-
mulative potential of forest biomass [18-20] in conditions
of anthropogenic transformation of the environment [21].
Based on the scale of production and, especially, the dura-
tion of carbon sequestration in woody plants, forests are
recognised as a relatively stable system for preventing the
greenhouse effect [22-24].

At the same time, according to the “Global assess-
ment of forest resources 2020” report, global processes
related to the condition of forest ecosystems indicate a de-
crease in forest cover globally [25]. The rate of forest mor-
tality has slowed over the past two decades, with the rate of
net forest mortality dropping from 7.8 million ha per year
in 1990-2000 to 5.2 million ha in 2000-2010 and 4.7 million
ha per year in 2010-2020 [4]. The greatest rates of decline
in net mortality of forest stands were observed during the

last decade. The total stock of wood in the world decreased
slightly from 560 billion m® in 1990 to 557 billion m® in
2020, while carbon stocks in forests decreased from 668 Pg
in 1990 to 662 Pg in 2020 [4].

Forest ecosystems in conditions of anthropogenic
impact, performing conservation functions and improving
the quality of the natural environment, are affected by ex-
ternal and internal factors, because of which they may par-
tially or completely lose their useful properties [26]. One
of the important ecological functions of forest stands is
carbon sequestration. The dynamics of tree stock is closely
related to changes in carbon sequestration and the produc-
tion of other ecosystem services. Forest stands affected by
anthropogenic factors may lose these basic functions.

The main share of absorbed carbon accumulates
in the live biomass components of forest stands. However,
the accumulation of mortmass of forests also plays a sig-
nificant role in long-term carbon sequestration. Earlier
analytical studies [27] proved that the carbon reservoir
of the forest biomass of the garden art park-monument
“Feofania” can comprise 92-93% of the live biomass car-
bon and 7-8% of the mortmass carbon. The total amount
of sequestered carbon in the biomass of the forest ecosys-
tems of the “Feofania” park as of 2013 was about 11 GgS,
and the carbon density decreased from 15.1 kgS-m2in 1979
to 10.7 kgS-‘m? in 2013. It is the decrease in the density
of accumulated carbon in the biomass of the stands in the
“Feofania” park that raises an important question about the
productivity of carbon sequestration by urban forest stands
under conditions of minimal economic intervention.

Materials and Methods

The study was performed on four permanent experimental
plots (EP), which in 2016-2017 were laid out on the terri-
tory of the garden art park-monument of national signifi-
cance “Feofania” (the “Feofania” Park) and considered in
the international database data of the Forest Observation
System (FOS). The total area of the object under study is
107 hectares, which is in the southern part of Kyiv [28].

During the field work, four permanent experimental
plots (EP No. 1-4) were set up considering the age-class
composition of forest stands. EP No. 1 and 4 are ~80 years
old, while EP No. 2 and 3 are 180 years old (Table 1). Ac-
cording to the general geomorphological and bioclimatic
characteristics, the park belongs to the Forest-Steppe zone
of Ukraine. The territory of the “Feofania” Park is located
at an altitude of 75-189 m above sea level. The landform
is represented by a valley-ravine relief with steep slopes.
The climate of the area under study is humid continental, the
average monthly temperature ranges from -5.6°C (January)
to 19.3°C (July), the average annual temperature is 7.7°C.
Average monthly precipitation ranges from 35 mm (October)
to 88 mm (July), while the average total annual precipitation
is 650 mm [29].

The species composition of the object under study
is represented by common hornbeam (Carpinus betulus L.),
Norway maple (Acer platanoides L.), common oak (Quercus
roburL.), small-leaved linden (Tilia cordata Mill.), European
white elm (Ulmus laevis Pall.), black locust (Robinia pseudo-
acacia L.), common ash (Fraxinus excelsior L.).

As a result, it was found that in terms of species
composition (by the number of trees) in the research stands
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of the “Feofania” Park on permanent trial plots, common
hornbeam (EP No. 2 and 3) and Norway maple (EP No. 1
and 4) prevail. The number of trees of common oak, small-
leaved linden, European white elm, black locust, and com-
mon ash in the experimental plots is lesser. According to

the dynamics of the formation of snagss during 2016-2021,
the predominant amount falls on dead common oak and
common hornbeam trees, and according to permanent trial
areas it was: EP No. 1 - 40, EP No. 2 - 20, EP No. 3 - 22, EP
No. 4 — 19 units (Table 1-2).

Table 1. Characteristics of the investigated EP No. 1-4 by species composition and dynamics of formation of snagss
(pcs.), 2016 (2017)

EP No.

Type 1 (2016) 2 (2016) 3(2017) 4(2017)
0* 1 0 0 1 0 1
Common oak 98 6 33 7 - 63 8
Common hornbeam - - 215 181 1 57 8
Common ash - - - - - 1 -
Norway maple 142 6 36 8 - 73 2
Black locust 5 - - 1 - - -
Small-leaved linden 1 - 23 6 - 9 4
European white elm 2 - - 10 - 1 -

Total 260 314 214 226

Note: 0 - living tree; 1 — snagss

Table 2. Characteristics of the investigated EP No 1-4 by species composition and dynamics of formation
of snagss (pcs.), 2021

EP No.
Type 1 2 3 4
0* 1 0 0 1 0 1
Common oak 73 31 31 7 - 57 14
Common hornbeam - - 204 13 162 20 50 15
Common ash - - - - - 1 -
Norway maple 138 10 35 7 1 68 7
Black locust 5 - - 1 - - -
Small-leaved linden 1 - 23 5 1 5 8
European white elm 2 - - 10 - 1 -
Total 260 314 214 226

Note: 0 - living tree; 1 — snagss

On experimental plots such tasks as geodetic sur-
vey, determination the GPS coordinates of each tree using
Garmim Dakota1l0, measuring the diameter at breast height
(1.3 m) using a Codimex caliper with an accuracy of 0.1 m
and tree height using Halgof EC-II-D electronic clinometer
were performed. The list of trees by species composition
and assessment of their life status was composed according to
the method of taxation. The sequestered carbon stock of live
biomass components was estimated using classical formulas
for calculating the volume of growing tree trunks and the use
of forest inventory reference books and standards [30; 31]
for estimating the above-ground live biomass components
of trees of the main forest-forming species of Ukraine.

Results and Discussion

The results of the study showed that the live biomass of
common oak trees accounted for the largest share in the

live biomass structure of the stands under study (Figs. 1-4).
In EP No. 1 (Fig. 1), the stock of sequestered carbon in
2016 was 88.5 Mg C-ha''l. 72.6% accounted for common
oak, 20.8% - Norway maple, 6.3% — black locust, and a
small share accounted for European white elm (0.2%) and
small-leaved linden (0.1%). As of 2021, the stock of carbon
sequestered by the live biomass of the forest stand was
partially transformed into the mortmass carbon and de-
creased to 81.9 Mg C-ha’l, including 68.4% of the carbon
sequestered by the live biomass of common oak, 24.1% — by
Norway mabple, 7.1% — by black locust, 0.3% — by European
white elm, and 0.1% - by small-leaved linden (Fig. 1). Thus,
the share of common oak live biomass carbon decreased,
and the share of Norway maple and black locust increased in
2021, compared to the 2016 data. This is explained by the natu-
ral mortality of mature common oak trees and more intensive
growth of younger Norway maple and black locust trees.
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Figure 1. Structure of carbon stock sequestered by living trees, depending on the species composition of the stand
on EP No. 1, 2016-2021

The largest stock of carbon sequestered by the live
biomass among all permanent plots was on EP No. 2, which
in 2016 amounted to 190.3 Mg C-ha’!, of which 58.3% of
carbon was sequestered by the live biomass of common
oak, 22.0% — by common hornbeam live biomass, 14.2% — by
Norway maple live biomass, 5.5% — by small-leaved linden

Small- 20 1 6

leaved

linden Common
5.5%

\ Norway

Common / maple

oak 14.2%
58.3%

N / hornbeam
‘ 22.0%

live biomass. As of 2021, the stock of carbon sequestered by
the live biomass increased to 194.1 Mg C-ha! and a slight
redistribution in the carbon structure took place: 58.0% of
carbon was sequestered by common oak, 22.5% - by com-
mon hornbeam, 13.7% — by Norway maple, and 5.8% - by
small-leaved linden (Fig. 2).
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Figure 2. Structure of carbon stock sequestered by living trees, depending on the species composition of the stand
on EP No. 2, 2016-2021

74.0 Mg C-ha! was estimated on EP No. 3, of which
49.0% fell upon common hornbeam, 45.4% — on common
oak, 2.5% — on European white elm, 1.7% - on small-leaved
linden, as well as an insignificant share characterised by
black locust (0.8%) and Norway maple (0.6%). Already in
2021, the carbon sequestered by the live biomass of the

European
white elm
2.6%

Small-
leaved

Black 2017
locust

linden
1.7%

0.8%

— Common
hornbeam
/ 49.0%
Common
oak
45.4%
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maple
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permanent plot amounted to 79.4 Mg C-ha’!, the main shares
of the carbon stock belonged to common hornbeam (47.8%)
and common oak (45.8%), the share of European white elm
increased to 3.3%, and the shares of small-leaved linden,
black locust, and Norway maple stayed unchanged compared
to 2017 (Fig. 3).

Small- European Black 2021
leaved wh;tg;lm locust
linden 270 0.8%
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Figure 3. Structure of carbon stock sequestered by living trees, depending on the species composition of the stand
on EP No. 3,2017-2021
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Among the permanent plots, the lowest carbon
stock (44.6 Mg C-ha') in 2017 was found on EP No. 4, where
the main share fell upon common oak (80.3%), Norway ma-
ple accounted for 11.8%, common hornbeam - 3.7%, com-
mon ash - 3.3%, small-leaved linden - 0.8%, and European
white elm - 0.1% (Fig. 4).

Over four years, the carbon stock increased only by

2017
European Common
white elm ash Common
Small- 0.1% 3.2% hornbeam
leaved 3.7%
linden
0.8% \ Norway
‘ maple
11.8%
Common
oak
80.4%

0.2 Mg C-ha! and in 2021 amounted to 44.8 Mg C-ha'l. In
the structure of sequestered carbon, compared to 2017, the
share of common oak decreased slightly and amounted to
77.7%. The share of Norway maple increased to 14.2%. The
share of common hornbeam (3.7%) and European white elm
(0.1%) stayed unchanged, the share of common ash slightly
increased (3.7%), and small-leaved linden decreased to 0.6%.

2021
European Common
white elm ash Common
Small- 0.0% 3.7% hornbeam
leaved 3.7%
linden
0.6% Norway
maple
14.2%
Common
oak
77.8%

Figure 4. Structure of carbon stock sequestered by living trees, depending on the species composition of the stand
on EP No. 4, 2017-2021

Much smaller in volume, but no less valuable carbon
reservoir of forests is woody debris or mortmass of forest
ecosystems (Figs. 5-8). The results of inventory of carbon
sequestered by mortmass components of snagss and logs
on EP No. 1 established the amount of 1.92 Mg C-ha,
which is mainly represented by carbon of the debris from
common oak (86.5%) and Norway maple (13.5%).

During 2016-2021, a relatively intensive mortality

2016

Norway
maple
13.5%

Common
oak
86.5%

took place on EP No. 1, which led to an increase in the
stock of carbon sequestered by snagss and logs in 2021 to
13.43 Mg C-ha’. Specifically, 12.6 Mg C-ha'! of common oak
(93.9%) and 0.83 Mg C-ha'! of Norway maple (6.1%). The share
of carbon from the mortmass of snagss and logs in the structure
of the total biomass in EP No. 1 increased from 2.2% to 16.4%.
Notably, during the experimental 5-year period, the seques-
tered biomass carbon increased by 5.4% compared to 2016.

2021

Norway
maple
6.1%

Common
oak
93.9%

Figure 5. Structure of carbon stock sequestered by mortmass of snagss and logs by the species composition of the stand
on EP No. 1, 2016-2021

As of 2016, estimation of carbon sequestered by the
mortmass of snagss and logs on EP No. 2 showed a reserve of
7.00 Mg C-ha''. The carbon sequestered by common oak was
6.89 Mg C-ha! (98.4%) and common hornbeam —0.11 Mg C-ha'!
(1.6%).1n 2021, the stock of carbon sequestered by snagss and
logs increased to 15.54 Mg C-ha'.12.63 Mg C-ha! accounted

for the carbon from coarse woody debris of common oak
(81.3%), 1.63 Mg C-ha' - Norway maple (10.5%) and
1.28 Mg C-ha' — common hornbeam (8.2%). Thus, the share
of carbon sequestered by mortmass of snagss and logs in
the total carbon of biomass increased to 8% in 2021, com-
pared to 3.7% in 2016.
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Figure 6. Structure of carbon stock sequestered by the mortmass of snagss and logs by the species composition
of the stand on EP No. 2, 2016-2021

In terms of species composition, common horn-
beam and Norway maple prevailed on EP No. 3, and the
mortality on this plot was less intense. At the beginning of
the study in 2017, the stock of carbon sequestered by the
mortmass was 0.04 MgS-ha!, which was completely repre-
sented by the woody debris of common hornbeam (100%).

“ Common

hornbeam
100.0%

2016

In 2021, 1.42 Mg C-ha! was sequestered by the mortmass of
common hornbeam (98.8%) and 0.02 Mg C-ha! of Norway
maple (1.2%). Consequently, the share of carbon seques-
tered by the mortmass from snagss and logs in the total
carbon of biomass increased to 1.8% in 2021, compared to
0% in 2017.

Norway 202 1
maple
1.2%
/
Common
hornbeam
98.8%

Figure 7. Structure of carbon stock sequestered by mortmass from snagss and logs by the species composition
of the stand on EP No. 3,2017-2021

In 2017, in the permanent plot on EP No. 4,
2.91 Mg C-ha! was sequestered by mortmass of snagss and
logs of four tree species: 2.52 Mg C-ha! was sequestered by
mortmass of common oak (86.7%), 0.27 Mg C-ha! — com-
mon hornbeam (9.2%), 0.09 Mg C-ha'! — small-leaved linden
(3.0%), 0.03 Mg C-ha! — Norway maple (1.1%). In 2021, on
the same EP No. 4, 5.43 Mg C-ha! was sequestered, of which
4.79 Mg C-ha! — by common oak (84.0%), 0.18 Mg C-ha! —
by common hornbeam (8.1%), 0.28 Mg C-ha! - by small-
leaved linden (4.8%) and 0.18 Mg C-ha! - by Norway ma-
ple (3.1%). Overall, from 2017 to 2021, the stock of carbon
sequestered by the mortmass of snagss and logs increased
by 86.6%, which led to an increase in the share of carbon
sequestered by mortmass from 6.1% in 2017 to 10.8% in
2021 in the total carbon structure of aboveground biomass.

Admittedly, the difference in the structural dynamics
of carbon sequestered in different experimental plots is
explained by the specific features of productivity, species
and age-class composition of trees in forest stands. Tellingly,
during the period under study, the proportion of carbon
sequestered by mortmass of Norway maple increased on
EP No. 2-4.

The estimation data of the dynamics of the seques-
tered biomass carbon indicate a natural tendency to in-
crease the carbon reservoir over the years in each of the
permanent plots. On EP No. 1, 2, 4, the main share of se-
questered carbon falls upon common oak trees and, re-
spectively, amounts to 12.6, 12.6, and 4.8 Mg C-ha! in 2021.
At the same time, on EP No. 3, the amount of carbon was
1.4 Mg C-ha™! sequestered by common hornbeam trees.
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Figure 8. Structure of carbon stock sequestered by mortmass from snagss and logs by the species composition
of the stand on EP No. 4, 2017-2021

The total volume of the biomass carbon reservoir
of permanent plots forms the total volume of carbon seques-
tered by live biomass and mortmass in the respective years
(Table 3, 4) as follows: on EP No. 1 in 2016, it was estimated

at 90.4 Mg C-ha! and in 2021 — 95.3 Mg C-ha!; on EP No. 2 in
2016 - 197.3 Mg C-ha! and in 2021 — 209.6 Mg C-ha’!; on EP
No.3in 2017 - 74.1 Mg C-ha' and in 2021 — 80.9 Mg C-ha!; on
EP No.4in 2017 - 47.5 Mg C-ha! and in 2021 - 50.5 Mg C-ha'.

Table 3. Carbon sequestered by permanent plots in the “Feofania” Park, 2016-2021

2016 (2017) 2021 2016 (2017) 2021
EP No. Live biomass Mortmass Live biomass Mortmass carbon, | Biomass carbon, | Biomass carbon,
carbon, carbon, carbon, Mg C-ha'! Mg C-ha'! Mg C-ha'!
Mg C-ha'! Mg C-ha'! Mg C-ha'! g g g
1 88.5 1.9 81.9 13.4 90.4 95.3
2 190.3 7.0 194.1 15.5 197.3 209.6
3 74.0 0.0 79.4 14 74.1 80.9
4 44.6 2.9 44.8 5.7 47.5 50.5

Table 4. Dynamics of the carbon structure sequestered by aboveground biomass components of permanent plots, %

2016 (2017) 2021 Chanee in share
EP No. Share of live Share of mortmass Share of live Share of mortmass 8
. . of mortmass carbon
biomass carbon carbon biomass carbon carbon
1 97.9 2.1 85.9 14.1 +12.0
2 96.5 3.5 92.6 7.4 +3.9
3 100 0 98.2 1.8 +1.8
4 93.8 6.2 88.7 11.3 +5.1

Therewith, the largest share of biomass carbon in
the experimental plots fell upon: on EP No. 1 in 2016 -
common oak (73.0%), Norway maple (20.8%) and in 2021 -
common oak (68.4%), Norway maple (24.1%); on EP No. 2 in
2016 — common oak (58.3%), common hornbeam (22.0%)
and in 2021 - common oak (58.0%), common hornbeam
(22.5%); on EP No.3in 2017 - common hornbeam (47.7%),
common oak (45.9%) and in 2021 - common hornbeam
(47.8%), common oak (45.8%); in EP No. 4 in 2017 - com-
mon oak (80.3%), Norway maple (11.8%) and in 2021 -
common oak (77.7%) and Norway maple (14.2%). For all
surveyed experimental plots, the main share of biomass
carbon, by species composition, is sequestered by common
oak, common hornbeam, and Norway maple.

Accumulation of sequestered carbon in biomass
components is noted according to cumulative changes in
life status and inventory parameters of trees in all experi-
mental plots. First of all, this is due to more intensive carbon
sequestration by younger trees, even in stands where the

storey of old common oaks has reached natural maturity,
as well as carbon sequestration by mortmass, which is con-
ditioned upon mortality and the formation of snagss and
logs. Naturally, mortality and its intensity depend not only
on the age and productivity of trees, but also on natural and
anthropogenic disturbances affecting the biogeochemical
cycle in forest ecosystems.

Comparing the obtained data with the results of earlier
studies [32], it is worth noting that carbon sequestration
largely depends on formation and accumulation of snagss
and logs. Therewith, the different-aged and mixed compo-
sition of the permanent plots, which contain old and young
trees, ensures an increase in live biomass and positive dy-
namics of sequestered carbon.

In all four permanent experimental plots in the forest
stands of the “Feofania” Park, during the period under study,
an increase in the reservoir of sequestered carbon in the bio-
mass of the stands was found. Therewith, a decrease in the
carbon sequestered by live biomass on EP No. 1 and a slight

Vol. 13, No. 2, 2022

Ukrainian Journal of Forest and Wood Science

64



Structure of sequestered carbon in the biomass of forest stands...

increase in live biomass carbon by 0.2 Mg C-ha! on EP No. 4
were found, which indicates a decrease in the carbon-seques-
tering potential of stands under more intense mortality and
lesser current increment of live biomass of tree stands.
Estimation of ecosystem services and functions of
forest stands should include the analysis not only of the
regularity of live biomass growth, but also the specific fea-
tures of the formation of mortality and the destruction of
mortmass of stands of the main forest-forming species of
Ukraine. This will open opportunities for a more compre-
hensive understanding of carbon cycle patterns and will
serve as the basis for international reporting on forest
resources and the implementation of effective forest sur-
veying measures for forest management in the context of
fulfilling the tasks and provisions of Paris Agreement.

Conclusions

In the territories of the Nature Reserve Fund of Ukraine, an
essential indicator of the effectiveness of forest management
lies in carbon sequestration processes, which determine
the productivity of stands and the formation of net primary
products and affect the mortality under small and large-scale
disturbances of natural and anthropogenic origin.

Observations on permanent test areas within the
“Feofania” Park indicate the transformed state of forest
ecosystems under anthropogenic activity and natural pro-
cesses, which determine the multi-vector redistribution of
carbon stock in the biomass components of forest stands.

Given the prioritisation of carbon sequestration in
the biomass of stands as an ecological function, it is neces-
sary to practice measures to raise the current increment of
sequestered carbon in the biomass and increase the resis-
tance of trees to natural and anthropogenic disturbances.

Considering the nature conservation status and
the formidable ecological importance of the garden art
park-monument “Feofania”, it is worth noting a positive
trend towards an increase in the share of coarse woody debris
(mortmass) in the biomass structure of permanent plots.

Promoting the formation of mixed and different-age
stands ensures a more sustainable sequestration of carbon
by the biomass of stands and reduces the risks of a negative
balance of the carbon cycle in forest ecosystems. Further
long-term observation of carbon dynamics on permanent
experimental plots allows substantiating the impact of climate
changes and anthropogenic factors on the development of
forest stands and their carbon-sequestering function.
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CTpyKTypa JenoHOBaHOIO BYIVIEI[}0 B 6iomaci JlicoBUX iepeBOCTaHiB MapKy-nam STKU
CaJI0BO-MapKOBOT0 MUCTELTBA 3ara/IbHO/IEPKaBHOrO 3HaueHHs «Peodanis»

Poman Onekcanaposuy PeieHko, AHApiii MuxainoBud binoyc

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

Anoranig. CTaH JiCOBMX €KOCUCTEM, MPOIIecy HaKOTMYEHHS BYIVIEII0 MAlOTh SIK IJI06a/ibHe, TaK i JIOKaJTbHe 3HAUeHHS
TIpY BUBYEHHI BIUIMBY MPUPOIHMUX i aHTPONOTeHHUX (HakTOpiB Ha GioreoximiuHi HMKIM. BUBUEHHS HACTIAKIB iIXHBOTO
BIUIMBY Ha JIiCOBi HacaJykeHHS iHillill0BaHO MXKHAPOAHMMM i JepskaBHMMM €KOJIOTTUHMMM [IporpaMaMM, CIIpSIMOBaHUMM
Ha BUpilleHHS Mpob6jaeM 3MiH Kiimary. J[elTOHyBaHHSI Bymielio y 6iomaci JicOBMX HacaJKeHb 3aJeXWUTb Bif
MPOIYKTMBHOCTI IepeBOCTaHiB, GOPMYBaHHS BiJilTamy JepeB Ta MPOBeeHHS TOCIIOAAPChKMX 3aX0/iB. MeTO MOCTiIKeHb
6Yy/10 BCTAHOBJIEHHS 3aKOHOMipHOCTEI1 3MiHM pe3epByapy IeMOHOBAaHOTO BYIVIEII0 B KOMITOHEHTax 6ioMacy 1epeBOCTaHiB
MapKy-IMamM ITKM CaloBO-TIapPKOBOTO MMUCTEIITBA 3arajibHOIeP’KaBHOTO 3HaueHHs «DeodaHist». IIporiecu Tpanchopmariii
JIiCOBMX €KOCUCTEM JOCTiIKEHO Ha TOCTIHMX MPOOHMX TUIOIIAX TePUTOpii mapKy-mam siTku «PeodaHisi» 3a JOITOMOT00
MEeTO[IiB Takcallii epeB, [0 POCTYTb. Pe3yybTaTamMy CIIOCTEPEKEHD ITiITBEPIKEHO 3arajibHe 36iTbIIIEHHST pe3epByapy
JeTIOHOBAHOTO BYIVIEI0 B 6ioMaci JepeBoCTaHiB i pi3HOBEKTOPHY AMHAMIKY CTPYKTYPH IeIIOHOBAHOTO BYT/IeIio y dhiTomaci
Ta MoOpTMaci AepeBocTaHiB. OTpMMaHO CBiJUeHHS MPO 3MeHIIeHHSI ByIJiellelelIOHYI0UOro MOTeHIlialy HacaJkeHb 3a
YMOB iHTEHCUBHIIIIOTO BifIamy i MEHIIOrO MOTOYHOTO MPpUPOCTy (iTomMacu mepeBOCTaHiB. BCTaHOBIEHO MO3UTUBHY, 3
€KOJIOTiYHO1 TOUKM 30pY, TEHIEHIIiI0 10 301/IbIIIEHHS YaCTKM IPYyOOTro IEPEeBHOTO AeTPUTY (MOPTMACHK) Y CTPYKTYPi Giomacu
TIOCTiTHMX HacakeHb. OCHOBHY CTPYKTYPY BYIJIEII0 6ioMacy, 3a BUJOBMM CK/Ia0M ITOPiJI, TpeiCTaBIeHo Ay6om, rpabom
i kieHOM. TIpMPOIOOXOPOHHI pillleHHs i 3axX0[M, BIPOBA/IKEHI HA TEPUTOPISIX MPUPOI0-3aM0BiTIHOTO (GOHIY MalTh
IiIBUIIYBAT iHTEHCUBHICTD JENIOHYBaHHS BYIVIEIl0 B 6ioMaci Ta CTiiiKiCTb JIiICOBUX €KOCUCTEM IO BIUIMBY UMHHMKIB
TOBKiJUISL. 32 YMOBM IIPiOPUTETHOCTI IETIOHYBAaHHS BYIJIEIi0 B 6ioMacy IepeBOCTaHiB, IK eKOJIOTiuHOT GyHKIIiT, Heo6XiqHO
MIPAKTUKYBATH 3aXO0V /IS 36iTbII€HHS TOTOYHOTO MTPUPOCTY JEITOHOBAHOTO BYT/IEII0 B 6ioMaci Ta MmiABUIIEeHHS CTiliKOCTi
JlepeB A0 MIPUPOIHNX Ta aHTPOIIOTeHHUX MTOPYIIeHb

KntouoBi csioBa: hiTomaca, MopT™maca, JepeBHUIT IeTPUT, Biinaz qepes, CYyXOCTiii, AepeBHa JaMaHb
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Screening of the Effect of Chloramine on the Mycobiota
of Ulmus Laevis Pall. Plant Tissues in vitro
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08150, 12 Lisodoslidna Str., Boyarka, Ukraine

Abstract. European white elm (Ulmus laevis Pall.) tissue in vitro is a donor material for obtaining cultures with stable
resistance to pathologies of infectious origin, namely to Dutch elm disease. To solve this problem, it is necessary to
develop an effective protocol for the regeneration of U. laevis in vitro. The purpose of this study is to investigate the effect of
chloramine concentrations on the mycobiota of U. laevis plant tissues for propagation in vitro. 10-15 cm parts of shoots from
25-year-old U. laevis were used as plant material. The study was conducted in the autumn of 2021. Microshoots previously
sterilized with chloramine (1.0%, 2.5%, 5.0%, 10.0%) for 10 min were cultivated on a solid nutrient medium according to
the WPM recipe (McCown & Lloyd, 1981) with the addition of 0.2 mg-1"' 2 - iP (6-(y,y- Dimethylallylamino)purine) and
2.0 g1-1of activated carbon. For microbiological analysis, sterilised plant material was cultured by accumulation in Petri
dishes with a nutrient medium (sour potato agar) in a thermostat without lighting at +26 + 1°C and a relative humidity of
68 + 2%. Methods of biotechnological, mycological, and statistical research were employed in this study. Over 95% of the
samples were found to be infected with microscopic fungi of the genus Mucor Fresen., Penicillium Link, Chaetomium Kunze
and Trichoderma Pers. The effect of preparation concentration on the total number of infected explants is statistically
insignificant at 5%. It was found that 5.0% preparation is effective for neutralising mycobiota of the genus Chaetomium
and Trichoderma; 10.0% - for neutralising Penicillium mycobiota. If the concentration of chloramine increases, the
intensity of infection of explants with mycobiota of various genera decreases. As a result of the research, a small amount
of aseptic cultures were obtained from the shoots of U. laevis isolated in autumn. This study is relevant for biologists,
biotechnologists, microbiologists, and biological scientists

Keywords: European white elm, Dutch elm disease, asepsis, infection, microclonal propagation

Introduction

European white elm (Ulmus laevis Pall.) is a valuable for-
est, decorative, soil protecting, forest improvement,
honey-bearing, medicinal, and fodder plant. Medicinal
features of the plant are conditioned upon the presence
of valuable biologically active substances that have anti-
microbial properties [1-3]. EIms are successfully used in
settlement gardening and landscape design. According to
the results of forest pathology examinations, plants are
damaged by pests, namely the winter moth, the clouded
magpie, the elm leaf miner, and Exaereta ulmi [4]. Currently,
the Dutch elm disease (DED), which causes mass drying
of European and Asian species, is particularly dangerous.
The causative agent of the DED is sac fungi Ophiostoma

Suggested Citation:

ulmi Melin & Nannf. (Ceratocystis ulmi) and Ophiostoma
novo-ulmi with the conidial stage of Graphium ulmi,
which spread in the vessels, obstruct the flow of water,
and cause the death of individual branches or the tree in
general. The disease is mainly spread by bark beetles or
insects (Scolytus scolytus F., Scolytus multistriatus Marsh.,
Scolytus pygmaeus F.) [4; 5]. However, many researchers
have established that infectious vascular pathogens are not
the main cause of the mass disease of oaks and other decid-
uous plants, their spread as a consequence or a secondary
phenomenon [6; 7]. Furthermore, there is no consensus on
pathogenicity of Ophiostoma. In a normal state, species of the
Ophiostoma genus vegetate as saprophytes in dry branches of

Chornobrov, O., Melnyk, O., & Karpuk, A. (2022). Screening of the effect of chloramine on the mycobiota of Ulmus laevis Pall.
plant tissues in vitro. Ukrainian Journal of Forest and Wood Science, 13(2), 67-72.

‘Corresponding author

Vol. 13, No. 2, 2022

Ukrainian Journal of Forest and Wood Science 67



Chornobrov et al.

the crown, but in conditions of increased air in the vessels,
they change to a parasitic state [6]. Therefore, the root cause
of the mass drying out of Ulmus is still debatable.

During the decades of spread of DED in Europe and
North America, various recommendations have been pro-
posed and tested to prevent the drying out of these spe-
cies and to minimize damage to forest and urban planta-
tions (use of systemic insecticides by injection into wood
or vessels, pruning of branches with the first symptoms
of the disease, treatment of felled trees with insecticides
and sanitation treatment). However, the proposed methods
are currently ineffective. Innovative in vitro technologies,
in contrast to conventional methods, allow obtaining ar-
tificial hybrids/somaclonal variants/mutants with disease
resistance using protoplast culture, cell selection, and ge-
netic engineering [8-10]. This strategy can only be initiated
after the establishment of efficient plant regeneration pro-
tocols from Ulmus tissues [11].

The purpose of the study is to figure out the effect
of chloramine concentrations on the mycobiota of U. laevis
plant tissues for microclonal propagation. Tasks: 1) to find
the total proportion of infected explants under the action
of chloramine concentrations; 2) to find the mycobiota of
the samples under study and the intensity of infection;
3) to investigate the effect of chloramine concentrations on
the mycobiota. The originality of this study lies in the iden-
tification of mycobiota of shoots isolated in autumn from
a 25-year-old U. laevis, after sterilisation with chloramine.

Literature Review

The important value of Ulmus plants predetermined sev-
eral biotechnological scientific studies [12-14]. It was
found that the combination of Ulmus davidiana and Cornus
officinalis extracts has an inhibitory effect on osteoporotic
bone loss and contains biologically active substances;
Ulmus pumila plants have antimicrobial properties against
Escherichia coli, Proteus vulgaris, Klebsiella pneumoniae,
and Enterobacter cloacae [1-3]. It was proved that the use
of stem fungal endophytes from the Cystobasidiomycetes,
Eurotiomycetes, and Dothideomycetes classes stimulates
the induction of the protective metabolism of Ulmus minor
plants to pathogens [10]. Aseptic elms in vitro are used for
microclonal propagation, reintroduction of elite germ-
plasm, creation of plant banks and long-term cryopreser-
vation [5; 9; 11].

Asepsis of explants — is a prerequisite for micro-
clonal propagation of plants. At the stage of obtaining
an aseptic culture, it is important to choose the correct
sterilisation mode. Currently, a wide range of sterilis-
ing substances is used to obtain aseptic culture of woody
plants [15; 16]. One of the most common is chemical ster-
ilisation with substances containing active chlorine. In dif-
ferent years, the culture of Ulmus in vitro was investigated
by many scientists [17-19]. The authors of [14] disinfected
nodal segments with buds of Ulmus americana L. plants in
70% ethanol (1 min), washed with sterile water (3 min),
surface-sterilised in 15% commercial bleach (5.5% sodium
hypochlorite) with the addition of Tween- 20 (2-3 drops,
10 min) followed by washing three times with sterile wa-
ter. The study was conducted from April to September. An-
other group of scientists [5] sterilised buds of U. laevis and
Ulmus glabra Huds. plants with the following regimes: 70%

ethanol (10 min) followed by exposure to 10% hydrogen
peroxide (3 h) / 70% ethanol (20 min) / hydrogen peroxide
with constant stirring (10 min). PPM (Plant Preservative
Mixture™), antibiotics, and sodium hypochlorite were also
used. After sterilisation, the buds were kept on a filter with
100 mg-1"! 1-vinyl-2-pyrrolidone (PVP, Polyvidone). For the
use of sodium hypochlorite in early summer, the research-
ers obtained an aseptic culture from the tops of shoots of
Ulmus procera Salisb. [17]. Researchers [20] observed the
prominent efficiency of regeneration of U. glabra plants
due to the effects of meta-Topolin (6-(3-hydroxybenzyl-
amino)purine) in the nutrient medium. MS [21], WPM [22],
and DKW [23] media with the addition of antibiotics were
used for the proliferation of microshoots. Dormant buds
collected in February were washed with running water and
sterilised in 0.1% NaClO, (10 min), followed by immersion
in 0.01% HgCl, and rinsed three times in sterile distilled
water [19]. Other researchers sterilised seeds collected
from two Ulmus parvifolia ‘Pathfinder’ lines, P-6 and P-10,
in 15% Clorox with 15 drops of Tween 20 for 15 min fol-
lowed by rinsing in sterile distilled water. Under such ster-
ilisation conditions, 100% of aseptic viable explants were
obtained. Plant material was cultivated on DKW nutrient
medium with 3% sucrose, 1.0 mg-1-! thiamine, 0.5 mg-1*!
pyridoxine, 0.5 mg-1"! nicotinic acid, 100 mg-1"! inositol,
0.1 mg-1"' 1 BA (6-benzylaminopurine) and 0.2% Phytogel,
the pH was adjusted to the level of 5.8 [9].

At the same time, studies have found that the sterilisa-
tion mode of Ulmus plant material depends on several factors.
Therefore, the right type of explant is selected experimen-
tally, considering morphological and physiological features.

Materials and Methods

For research, the authors used 10-15 cm parts of shoots
isolated from 25-year-old U. laevis in the autumn of 2021.
As explants, 1.0-1.2 cm parts of shoots with one bud were
used. Sterilisation of plant material involved exposure to
a soapy solution with a few drops of Tween-80 (20 min),
washing in tap water (10-12 min), rinsing in distilled water,
immersion in 70% ethanol (2-3 min), sterilisation in chlo-
ramine solutions (1.0%, 2.5%, 5.0%, 10.0%) for 10 min and
subsequent three-time washing in sterile distilled water
(5-6 min each). The content of active chlorine in chlora-
mine is > 26 mg-1"%. At the stage of introduction into in vitro
culture, nutrient medium was used according to WPM pre-
scription. 100 mg-1! of inositol, 0.2 mg-I'! of 2 — iP (6-(y,y-
Dimethylallylamino)purine), 2.0 g-1"! of activated carbon,
30 g'I'! of sucrose and 7.0-7.3 g-1"! of microbiological agar
were added to the nutrient media. The acidity index of the
medium (pH) was adjusted to 5.6. The total share of infected
explants (%) was determined on the 10™ day of cultivation
(the ratio of the amount of infected plant material to the
total amount introduced is expressed as a percentage).
Biotechnological methods were applied, namely microclo-
nal reproduction using the culture of fragments of plant
shoots in vitro [24-26].

For microbiological analysis, sterilised explants
(Fig. 1a) were cultured according to the accumulation
method in Petri dishes with acidic potato agar [27], 5 pieces
in each. The plant material was cultured in a thermostat
without lighting at +26 + 1°C and a relative humidity of
68 £ 2%. The samples were examined under a KONUS

Vol. 13, No. 2, 2022

Ukrainian Journal of Forest and Wood Science 68



Screening of the effect of chloramine on the mycobiota of Ulmus Laevis Pall. plant tissues in vitro

BIOREX-3 microscope according to the method adopted in
mycological studies [28]. The genus of isolated fungi was
figured out according to a generally recognised identifier [29].
The intensity of infection of samples after sterilisation was
investigated on the 7™ day of cultivation according to DSTU
7127:2009 [27]. MS Excel software tools were used to process
the research data. The results are presented as M = m (M is the
arithmetic mean, m is the standard error). One-way analysis of
variance (ANOVA) was performed to analyse the influence of
chloramine concentrations on the infection of explants. The
study was conducted in the Plant Biotechnology Laboratory
of the Separate Subdivision of the National University of
Life and Environmental Sciences of Ukraine “Boyarka Forest
Research Station” and in the State Organisation “Ukrainian
Forest Breeding Centre” (SO “UFBC”).

Results and Discussion

Using all experimental concentrations of chloramine for
10 days, significant mycoses were detected in explants
of U. laevis (over 95% infection) cultivated on a modi-
fied nutrient medium for WPM tree species. Low asep-
sis, according to the authors, is caused by insufficient
techniques during surface sterilisation of plant material,
which is consistent with the results of other studies by
other authors [30].

To stimulate the growth and development of micro-
scopic fungi, sour potato agar was used as a nutrient medium
in the experiment. Studies on the 2nd day of cultivation re-
corded the growth of mycobiota near the top of the U. laevis
explant on the surface of the nutrient medium after using
1.0% chloramine (Fig. 1b).

Figure 1. Plant material of U. laevis in vitro on a nutrient medium: a) fragments of shoots as explants on the first day
of cultivation (1 cm line); b) infected explants on the second day (arrows show the mycobiota);
¢), d) general appearance of infection of explants for 10 days using 5.0% chloramine

In case of 5.0% and 10.0% concentrations, infection
was observed somewhat later (on 4-5 days). On day 10, over

95% of tissue contamination was recorded using all experi-
mental concentrations of chloramine (Fig. 1c, d; Table 1, 2).

Table 1. Results of sterilisation of microshoots of U. laevis plants using chloramine in vitro, %

Chloramine X Intensity of explant infection with mycobiota*, %
No. | o centration Total proportion of R :
seq. o ) infected explants, % Mucor Penicillium Chaetomium Trichoderma Pers
% Fresen. Link Kunze :
1 1.0% 97.4+1.9 Strong Weak Single Single
2 2.5% 96.4* 1.6 Strong Weak Single Single
3 5.0% 95.6 1.7 Strong Single - -
4 10.0 % 95.8+1.0 Single - - -

*Note: Sporadic — up to 5% of infection, weak — up to 25%, medium — up to 50%, and strong — over 50%
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Table 2. Final results of univariate analysis of variance

Variance analysis

Variation source SS df MS F e F i
Between groups 9.8 3 3.2667 0.26081 0.8526 3.2389
In the middle of groups 200.4 16 12.525
Total 210.2 19

value of the Fischer criterion; P

value

where « is the level of reliability; SS is the sum of squares; df is the number of degrees of freedom; MS is the variances; F is the calculated
is the calculated value of the minimum significance; F

is the critical value of the Fischer criterion

crit”

Morphological and physiological features of plant
material isolated in the autumn period are one of the rea-
sons for the significant intensity of infection, which is con-
sistent with studies by other authors [14]. At the same time,
according to the data of some researchers [7], it is shown
that in autumn, the number of cases of release of potentially
dangerous fungi, namely Ceratocystis sp. from samples of
Quercus robur L. increases, compared to the summer period.

As aresult of mycological analysis, microscopic fungi
belonging to the Zygomycota and Ascomycota divisions
were found. A mycobiota belonging to four genera Mucor
Fresen., Penicillium Link, Chaetomium Kunze, Trichoderma
Pers. was isolated from the chloramine-sterilised plant
material of U. laevis. A group of researchers [7] isolated
129 species of microscopic fungi of various taxonomic
groups in samples of different organs of control and drying
out Q. robur, namely genera were present and identified by
the authors in the microshoots of U. laevis. It was also found
that the species composition of fungi differed slightly from
that on roots, bark, and wood of Q. robur [7]. Pathogenic fungi
of the genus Ophiostoma were not recorded in the samples of
U. laevis under study.

The authors of this paper, unlike other research-
ers [9; 14; 17], did not obtain enough aseptic explants when
using a chlorine-containing preparation. Thus, other re-
searchers have shown the expediency of using sodium hy-
pochlorite for introducing microshoots of U. americana [14]
and U. procera [17] in the spring and summer period. Ac-
cording to research results, it is advisable to use 15% Clorox
with 15 drops of Tween 20 for 15 minutes to sterilise Ulmus
parvifolia “Pathfinder” [9]. The difference in results, accord-
ing to the authors, is caused by the different period of iso-
lation and the type of plant material. According to ANOVA
results, the effect of 1.0-10.0% chloramine on total explant
infection is statistically insignificant at a 5% level (F <F__,
P<0.05). At the same time, it was found that the intensity

of infection with exogenous mycobiota of different genera
differed. Microscopic fungi of the genus Chaetomium and
Trichoderma were effectively neutralised using 5.0% and
10.0% chloramine; using 10% — Penicillium. The presence
of Mucor mycobiota was observed on the explants under
different sterilisation variants. Its increased intensity of in-
fection was recorded on plant material treated with 1.0% and
5% preparation. It was found that in case of an increase in the
chloramine concentration (from 1.0% to 10%), the intensity
of infection decreased (from strong to sporadic).

Conclusions

The total share of infected explants of U. laevis isolated in
the autumn period after exposure to 1.0-10.0% chloramine
was over 95%. Among them, microscopic fungi of the genus
Mucor Fresen., Penicillium Link, Chaetomium Kunze, Trich-
oderma Pers. were found. Chloramine acted on the corre-
sponding mycobiota of U. laevis plant shoots. It was found
that 5.0% preparation is effective for neutralising mycobiota
of the genera Chaetomium and Trichoderma; 10.0% — for
neutralising Penicillium mycobiota. By using experimental
concentrations of chloramine, the presence of Mucor my-
coses was recorded. In case of an increase in the chlora-
mine concentration (from 1.0% to 10%), the intensity of in-
fection decreases (for Mucor — from strong to sporadic). The
effect of 1.0-10.0% chloramine on total explant contamina-
tion is statistically insignificant at the 5% level. As a result
of the research, a small amount of aseptic cultures were ob-
tained from the plant shoots of U. laevis isolated in autumn.
Further studies are aimed at establishing the best mode of
introduction of U. laevis plants for microclonal propagation.
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CKpuHIHT Aii x;TopaMiHy Ha MiKo06ioTy TKauuH pocimH Ulmus Laevis Pall. in vitro

Oxkcana IOpiiBHa YopHoOpoB, Onekcanap MukosarioBuu MelbHUK,
Anaronin IBanoBuu Kapnyk

Bimokpemenuit migpo3ain HarioHaabHOro yHiBepcuTeTy 6iopecypciB i IpupoaoKOPUCTYBAHHS
VKpainu «bosipcbKa j1icoBa JOC/IiHA CTaHILisT»
08150, Bys. JlicomocmigHa, 12, m. Bosipka, YkpaiHa

Anotauis. Tkanuuu B’a3y magkoro (Ulmus laevis Pall.) in vitro — moHOpHMIT MaTepias [JisT OfepskaHHS KYJIbTYP 3i CTiliKO0
Pe3UCTEeHCTHICTIO [0 MaTOoJIOTi i iH(hEeKI[iTHOTO ITOXOKEHHSI, 30KpeMa JI0 roJIaHAChKOT XBOpobu. 17151 BUpilieHH 11iel 3amaui
Heo6XimHO po3pobuTH edeKTUBHMI TPOTOKON pereHepariii U. laevis in vitro. JIocTimkeHHs Iii KOHIIEHTpAIlill XJopamMiHy Ha
MiKo6ioTy TKaHuH pociuH U. laevis myist pO3MHOKEHHS B YMOBax in vitro — Mera JOCTiIKeHHS. SIK pPOCIMHHMIT MaTepia
BMKOpUCTOBYBamM 10-15 ¢cM vacTuHM maroHiB i3 25-piudoro U. laevis. JlocmimkeHHsT BUROHYBaiM BoceHU 2021 poKy.
Mikporarosu, rmornepeaHbo MpocTepuiizoBaHi xmopaminom (1.0 %, 2.5 %, 5.0 %, 10.0 %) ynpomosxk 10 XB, KyJIbTUBYBaIU
Ha TBEPIOMY XMBMJIbHOMY cepenoBuii 3a mpormicom WPM (McCown & Lloyd, 1981) 3 mogaBanasM 0.2 mrrt 2 — ill
(N-i3onenTeninaminomyput) ta 2.0 r~1! akTMBOBAHOrO BYTi/UIsA. s MiKpoO6iolOriuHOro aHamizy MpocTepuii3oBaHMii
POCIMHHUIA MaTepias KyJIbTUBYBaIX METOAOM HAKOMWYEHHS Yy vamkax [leTpi 3 >XKMBWIbHUM cepemoBUIeM (KUCTUI
KapTOIUISTHUIA arap) y TepMmocTaTi 6e3 OCBiT/IeHHS 3a TeMriepaTypy +26 + 1 °C Ta BimHOCHOI BOJIOTOCTi MOBITPs 68 + 2 %.
BUKOpPUCTOBYBaAIM METOAM GiOTEXHOMOTIUHMX, MiKOJIOTIUHMX Ta CTAaTUCTUUHUX AOCTIIKeHb. BusiBieHo moHanm 95 % 3paskiB
iHbikoBaHMX MiKpocKkomivHMMY rpubamu poxy Mucor Fresen., Penicillium Link, Chaetomium Kunze ta Trichoderma Pers.
BB KOHIleHTpaLlii IpenapaTy Ha 3arajbHy KiJbKicTh iH(GIKOBaHMX €KCIUIAHTATiB CTAaTUCTMYHO He3HAUyLIuit Ha 5 %
piBHi. YcraHoBeHO, mo 5.0 % mnpemapaT edeKTMBHUIT A HeliTpanizauii Mikobiotu pomy Chaetomium i Trichoderma
10.0 % — Penicillium. Y pasi 3pocTaHHSI KOHLIEHTPAllii XJIopaMiHy 3MeHINYEThCS iHTeHCUBHICTD iH(DIKYBaHHS €KCIUIAHTATiB
MiKOGiOTOI0 Pi3HMX pofiB. Y pe3ynbTaTi MPOBeAeHNUX MOCTIKeHb i3 maroHiB U. laevis, i301b0BaHMX BOCEHM, OfepsKaau
aCenTMYHi KyIbTypM y HEe3HAUHi# KibKocTi. MaTepian cTaTTi akTyaJbHMii 1yis 6ionoriB, 6i0TeXHOMIOTiB, MiKpO6io/oriB Ta
HAayKOBIIiB 6iosoriuHoro rmpodisno

KirouoBi ciioBa: B’13 1aiKUiA, TOIaHACbKa XBOP06a i/IbMOBUX, aCEIITUYHICTb, iH(DiKyBaHHS, MiKDOKIIOHATbHE PO3MHOKEHHS
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