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Background. The yellow azalea (Rhododendron luteum Sweet) is a relict species,
fragmentally distributed in Ukraine, particularly in the Zhytomyr Polissia, covering an
area of approximately 62.000 ha. The central part of the species’ subrange is located
in the Korosten’ district of Zhytomyr region, where it forms an understory with a canopy
closure of 0.8-0.9 (up to 1.0) in the moist fairly infertile oak-pine site type (B,) and moist
fairly fertile oak-pine site type (C,). These forest communities are rare and have been
included in the Green Book of Ukraine (2009). Additionally, the species is listed in the
Bern Convention (Convention..., 1979). Excluding such large forest areas from forest use
is impractical, therefore it is necessary to analyze their impact on the species’ population.

The aim of this study was to: (1) characterize the communities dominated by
R. luteum in the understory of mature parent forests within the moist fairly infertile
oak-pine site type (B,) based on field studies; (2) investigate the dynamics of R. luteum
understory regeneration in forest plantations of different ages (1-65 years) following
main clear-cutting, assessing canopy closure and species viability; (3) evaluate the suc-
cess of R. luteum understory regeneration after clear-cutting in the B, site type; (4) ana-
lyze the long-term dynamics of forest areas with an understory dominated by R. luteum
in the moist fairly infertile pine site type (B,).
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Materials and Methods. The distribution of R. luteum was assessed based on
herbarium collections from the Herbarium of M.G. Kholodny Institute of Botany, NAS of
Ukraine (KW), Herbarium of M.M. Gryshko National Botanical Garden, NAS of Ukraine
(KWHA), and Herbarium of Taras Shevchenko National University of Kyiv (KWU).
Additionally, floristic databases iNaturalist and UkrBin, standard forest enterprise taxa-
tion descriptions, and our own field observations (2000-2025) were utilized.

The primary sources of data on the regeneration of R. Juteurn understory were field
observations conducted in 2025 in the Korosten’ district of Zhytomyr region, particu-
larly in Branch “Emil’chynske Forestry” and Branch “Luhynske Forestry” of the State
Enterprise “Forests of Ukraine” as well as Emil’chynske Forestry of the municipal enter-
prise “Zhytomyroblagrolis”. The long-term dynamics of R. luteum understory area were
studied based on standard taxation descriptions of Branch “Luhynske Forestry” of SE
“Forests of Ukraine” for the period of 1978-2018.

Statistical data processing was performed using standard methods of variation sta-
tistics (Horkavyi, 2009). The calculation of arithmetic means and their errors, as well as
the construction of diagrams, was carried out using Excel software.

Results and Discussion. In mature parent pine forests aged 97-107 years, the
condition of the R. luteum understory was good, with a canopy closure of 0.8—0.9 (up to
1.0) and a uniform distribution. After main clear-cutting in the B, edaphotope, the condi-
tion of the R. luteum understory in 1-year-old forest plantations was satisfactory, the spe-
cies was primarily preserved in inter-row spaces, with a projective cover of 10-15 %. In
2—4-year-old forest plantations, the projective cover slightly increased to 17-20 %, while
in the 8-16-year-old group, it reached 20—-25(30) %. The limiting factor for its develop-
ment was the high canopy closure of young tree stands. In 21-26-year-old plantations,
the condition of the R. luteum understory remained satisfactory, with the continuing
formation of this layer, its canopy closure slowly increasing to 25-30 %, and distribu-
tion transitioning from clumped to uniform. As the plantations aged up to 65 years, the
projective cover of the species gradually increased to 65-85 %, maintaining a uniform
distribution. In 60—65 year-old plantations, R. lufeum reached a quasi-equilibrium state,
forming a specific lower layer of phytocenoses. Physiognomically, these communities
were nearly indistinguishable from parent stands.

It was found that in the Branch “Luhynske Forestry” of SE “Forests of Ukraine”,
within the most common edaphotope for R. luteum in the region — the moist fairly infer-
tile pine site type (B,) — the area of forests with an R. luteum understory significantly
decreased from 798 ha in 1978 to 527.2 ha in 2018.

Conclusions. After main clear-cutting and the establishment of forest plantations,
a relatively closed R. luteum understory is restored within the period of about 40 years
in most sites. By the age of 60—65 years, the understory reaches a quasi-equilibrium
state. However, in about 15 % of the plots, the R. luteum understory does not regene-
rate after clear-cutting.

Between 1978 and 2018, the area of R. luteum in the B, edaphotope within the
Branch “Luhynske Forestry” of SE “Forests of Ukraine” significantly decreased. In the
moist fairly infertile pine site type (B,), the forest area with the R. luteum understory
decreased from 798 ha in 1978 to 527.2 ha in 2018, a 1.5-fold reduction.

When forest plantations are established using the 2.5x0.7 m planting scheme, the
yellow azalea regenerates satisfactorily in the inter-row spaces, but it may suppress seed-
lings in the rows. It is recommended to maintain 2-meter-wide corridors (1 meter on each
side of the row) in young forest plantations by mowing R. luteum shrubs in these areas.
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A limiting factor for the regeneration of R. luteum populations in young stands is
the high density of young tree plantations, including both planted forests and natural
regeneration, especially of birch and aspen. To support R. luteum understory regenera-
tion, we recommend to conduct intermediate cuttings in young tree canopies.

Keywords: vyellow azalea (Rhododendron luteum Sweet), forest plantations,
understory, projective cover, edaphotope, moist fairly infertile pine
site type (B,)

INTRODUCTION

The yellow azalea (Rhododendron luteum Sweet), or Pontic azalea (Azalea
pontica L.), is a relict species with a specific distribution mainly in Eastern Europe,
the Caucasus, and Transcaucasia, with small exclaves in Central Europe (POWO,
2025). The species is characterized by a disjunct distribution (Barbarych, 1962; Orlov
& Yakushenko, 2017) and a localized presence in Ukraine (Orlov & Yakushenko, 2017;
UkrBIN; iNaturalist).

The lowland population of this species is primarily found in the Zhytomyr Polissia
region, particularly in the eastern part of Rivne region (Sarny district, formerly Rokytne
district) and the western districts of Zhytomyr region (Korosten’ and Zviahel administra-
tive districts) (Orlov & Yakushenko, 2017; iNaturalist).

The study area is located in the central part of the subrange of R. luteum in the
Ukrainian Polissia. This species is known for forming dense undergrowth in pine, oak-
pine, oak, alder, and secondary birch forests. In these habitats, R. luteum creates under-
growth with a canopy closure of 0.7-1.0, significantly influencing forestry management
practices. Forest classification recognizes specific forest types: moist fairly infertile oak-
pine site type with yellow azalea (in edaphotope B,), which is the most widespread,
and moist fairly fertile oak-pine site type with yellow azalea (in edaphotope C,), which
occurs less frequently. It is noteworthy that the associations Pinetum rhododendrosum
(lutei) and Querceto-Pinetum rhododendrosum (lutei) are included in the Green Book of
Ukraine (Ustymenko, 2009). Additionally, R. luteum is listed in Resolution 4 of the Bern
Convention (Convention on the Conservation..., 1979; Interpretation Manual..., 2015).
Thus, the species is considered rare and protected in both Europe and Ukraine, making
forests containing it subject to special attention and conservation efforts.

Forest communities with dominance of R. luteum in the undergrowth occupy a sig-
nificant area in the study region — approximately 62.000 ha (1983). Unfortunately, more
recent data are unavailable. It should be noted that intensive forestry is conducted in
the region, with main clear-cutting remaining the primary method for harvesting mature
forests. During these operations, the tree stands and almost the entire understory are
felled. Therefore, assessing the regeneration of R. luteum undergrowth following such
logging is of significant interest and practical importance.

This study pursued the following goals: (1) to characterize forest communities with
a predominance of R. luteum in the understory in mature, parent forests within the
edaphotope of moist fairly infertile oak-pine site type (B,) based on field research; (2)
to study the regeneration dynamics of the R. luteum undergrowth in forest plantations
of different ages (1-65 years) following main clear-cuttings of mature forests, including
the assessment of canopy closure and vitality; (3) assess the success of R. luteum
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undergrowth regeneration after clear-cutting in the B, edaphotope; (4) analyze the long-
term dynamics of forest areas with R. luteum undergrowth in the most common forest
site type (B,).

General distribution and ecological characteristics of the yellow azalea in
the Ukrainian Polissia. Forests with an understory dominated by the yellow azalea
(Rhododendron luteum Sweet) have long attracted significant attention from resear-
chers in Ukraine due to their relict status, disjunct range, and local distribution
(Barbarych, 1962). In extensive forested areas of the Zhytomyr Ukrainian Polissia, this
species dominates the undergrowth layer. According to A. |. Barbarych (1953), the area
of forests containing R. luteum in the region was approximately 130.000 ha, while later
estimates by A. S. Kozyakov and S. N. Kozyakov (1973) reported 55.000 ha, and more
recent data by O. O. Orlov and D. M. Yakushenko (2017) indicated an area of 62.000 ha.

We analyzed literary sources on the cenotic conditions of the yellow azalea in the
Ukrainian Polissia. Earlier studies suggested that the species was primarily confined
to sphagnum peat bogs (Zerov, 1938), but this conclusion was later refuted by nume-
rous studies (Barbarych, 1953; Povarnitsin, 1959; Kozyakov & Kozyakov, 1973, etc.).
Within the pine forests of the Ukrainian Polissia, the association Pinetum rhododen-
drosum has been described under the classification by dominance (Povarnitsin, 1959).
V. O. Povarnitsin noted that in the herb—dwarf-shrub layer of this community, Vaccinium
myrtillus L. dominates, while the moss layer is dominated by Pleurozium schreberi
(Willd. ex Brid.) Mitt. Typically, the R. luteum understory has a significant canopy closure
of 0.7-0.8, and its height ranges from 1.5 to 2.0 meters.

A. |. Barbarych (1955) identified the association Querceto-Pinetum herboso-myrtil-
losum within the Querceto-Pineta pteridioso-myrtillosa group in Zhytomyr Polissia and
described its genetic successor, Querceto-Pinetum rhododendrosum (lutei), which is
characterized by the absence of a moss layer. Several researchers (Povarnitsin, 1971;
Kozyakov & Kozyakov, 1973; Bradis & Andrienko, 1974; Myakushko, 1978) considered
Querceto-Pinetum rhododendroso-myrtillosum and Pinetum rhododendrosum nudum to
be the most typical associations that include R. luteum in the Ukrainian Polissia. These
communities are distinguished by dense crown closure (up to 0.7-0.8, sometimes 1.0)
of R. luteum undergrowth and the dominance of Vaccinium myrtillus in herb—dwarf-
shrub layer. These researchers highlighted the high ecological plasticity of R. luteum,
particularly regarding soil richness, as its ecological range spans three trophic site
types, namely the infertile pine site type (A), the fairly infertile pine site type (B), and
the fairly fertile [usually hardwood] site type (C). This species also exhibits adaptability
to light availability, occurring both in open areas (forest edges, clearings) and in dense
stands with tree canopy closure up to 0.8—1.0. The findings indicate that soil moisture is
the primary limiting factor for the formation of dense R. luteum undergrowth.

According to the classification by dominance in the “Green Book of Ukraine” (2009),
there are two main association groups that include R. luteum understory (Ustymenko,
2009), namely Pineta (sylvestris) rhododendrosa (lutei) and Querceto (roboris)-Pineta
(sylvestris) rhododendrosa llutei), which comprise 10 distinct associations. The
researcher noted that “The regeneration potential is satisfactory” (op cit., p. 106).

Over the past 25 years, a floristic classification of communities with R. luteum
undergrowth was conducted using the Braun-Blanquet method, detailing their key eco-
logical characteristics (Orlov et al., 2000). The study revealed that in the moist fairly
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infertile pine site type (B,), the dominant association is Molinio-Pinetum J. Mat. (1973)
1981, specifically the Molinio-Pinetum var. rhododendron luteum variant, whereas in
the moist fairly fertile [usually hardwood] site type (C,), the dominant association is
Serratulo-Pinetum J. Mat. 1981, specifically the Serratulo-Pinetum var. rhododendron
luteum variant. The findings suggest that these variants do not contain specific diagnos-
tic species, but R. luteum forms the densest undergrowth in B, and certain areas of C,
site types, with a canopy closure of 0.8-1.0.

Analysis of the cenotic range of R. luteumn revealed its distribution in the Zhytomyr
Polissia (Orlov & Yakushenko, 2017). The largest and densest communities were found
in the Korosten’ administrative district (the former Yemilchyne and Olevsk districts) of
Zhytomyr region. The researchers conclude that the yellow azalea “regenerates satis-
factorily in clear-cut areas, especially after winter logging” (op cit., p. 96), emphasizing
that “R. luteum is a violent species, demonstrating high vitality and a fully satisfactory
regeneration potential” (op cit., p. 97). For the protection of forests with R. luteum under-
growth in Ukraine, two Important Plant Areas have been designated: “Emilchynski Lisy”
and “Olevski Lisy” (Onyshchenko, 2017).

MATERIALS AND METHODS

The boundaries of the Zhytomyr Polissya were determined according to the cur-
rent physico-geographical zoning of Ukraine (Marynych et al., 2007). The distribution
of R. luteum was assessed based on herbarium collections from: the Herbarium of
M. G. Kholodny Institute of Botany, NAS of Ukraine (KW), Herbarium of M. M. Gryshko
National Botanical Garden, NAS of Ukraine (KWHA), Herbarium of Taras Shevchenko
National University of Kyiv (KWU), Zhytomyr region museum of local lore (ZHM).
Additionally, data were sourced from floristic databases iNaturalist (iNaturalist, 2025)
and UkrBin (UkrBin, 2023), standard forest enterprise taxation descriptions, and our
own field observations during 2000-2025.

The primary sources of data on the regeneration of R. luteum undergrowth were
field observations conducted in 2025 in the Korosten’ district of Zhytomyr region,
particularly in Branch “Emil’chynske Forestry” and Branch “Luhynske Forestry” of the
State Enterprise “Forests of Ukraine” as well as Emil’chynske Forestry of the municipal
enterprise “Zhytomyroblagrolis”. The map of location of experimental plots in the forest
communities with undergrowth of Rhododendron luteum in the edaphotope of moist
fairly infertile pine site type (B,) is shown in Fig. 1.

The plots under study encompassed several age groups of forest communi-
ties including mature parent forests, aged 97-107 years, clear-cut areas, and forest
plantations of the following types: younger age (pre-canopy closure), aged 1 year
and 4-7 years; post-canopy closure, aged 8-16 years, 21-26 years, 31-34 years,
38-48 years, 51-52 years, and 58-65 years. In each age group, from 3 to 20 plots
were investigated. On the experimantal plots, the following parameters were assessed:
regeneration of the tree stand; regeneration of the R. luteum in the understory (canopy
projective percentage, vitality, uniformity of distribution), the overall degree of forest
community recovery with yellow azalea in the understory. Based on the analysis of spa-
tial and temporal series of forest vegetation with R. luteum following main clear-cutting,
the study determined the impact of logging on the extent and speed of this species’
understory recovery and the feasibility of sustainable use of forest stands with R. luteum
in the understory, including the possibility of conducting clear-cutting in such forests.
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Fig. 1. The map of location of experlmental plots in the forest ecosystems with Rhododendron luteum under-
growth in the edaphotope of moist fairly infertile pine site type (B,) in Zhytomyr Polissia

The long-term dynamics of R. luteum understory area was studied based on
standard taxation descriptions of the Branch “Luhynske Forestry” of the SE “Forests of
Ukraine” for the period of 1978—-2018.

Statistical data processing was carried out using standard methods of variation
statistics (Horkavyi, 2009). The calculation of arithmetic means and their errors, as well
as the construction of diagrams, was performed using Excel software.

RESULTS AND DISCUSSION

The generalization of data from experimental plots allowed for the identification of
Rhododendron luteum understory regeneration patterns following main clear-cutting of
mature stands in the edaphotope of moist fairly infertile pine site type (B,) within the
study region (see Table).

The data in Table reveal significant regularities. Notably, in mature parent Scots
pine forests aged 97-107 years, the R. luteum understory was in a good state (Fig. 2).
It had a canopy closure of 0.8-0.9 (up to 1.0), was uniformely distributed, reached
a height of 1.8-2.5 m, and exhibited vigorous flowering and fruiting.

After main clear-cutting in edaphotope B,, new forest plantations are typically
established, consisting of Scots pine (Pinus sylvestris L.) alone or Scots pine with silver
birch (Betula pendula Roth), Scots pine with pedunculare oak (Quercus robur L.), etc.
For this, furrows are plowed, and seedlings are planted at a spacing of 2.5x0.7 m, with
various species mixing schemes. As a result, the plantation area consists of alternating
furrows (rows) and wide inter-row spaces (2.5-3 m wide).
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Regeneration of Rhododendron luteum in areas after clear-cutting of main use and creation of forest plantations
in the edaphotope of moist fairly infertile pine site type (B,)

Branch of SE

“Forests of Ukraine” or Y;Z;?f Pla:tztlon Planting Composition of the Condition of R. luteum undergrowth, canopy
“Zhytomyroblagrolis”, forestry, cuttin egar,s scheme, m forest stand closure, distribution
No quartier / section 9 y
1 2 & 4 B 6
e .
BEF, Hartivske, 67/8 - 97 - i S.COtS pine, Good, closure 0.8-0.9, uniform distribution
30 % — silver birch
80 % — Scots pine, . e
BEF, Kochychynske, 1/26 - 97 - 20 % — silver birch Good, closure 0.8-0.9, uniform distribution
7 .
BEF, Kochychynske, 2/23 - 107 - .y S.COtS pine, Good, closure 0.9—1.0, uniform distribution
20 % — silver birch
w7 .
BEF, Hlumchanske, 4/6 - 107 - b S.COtS pine, Good, closure 0.9—1.0, uniform distribution
10 % — silver birch
. 80 % — Scots pine, ) ) L
BEF, Korolivske, 26/36 2024 1 2.5x0.7 : . Satisfactory, closure 0.10-0.20, inter-row distribution
20 % — silver birch
. 80 % — pedunculare oak, . ) L
BEF, Korolivske, 31/21 2023 1 2.5x0.7 ) ) Satisfactory, closure 0.10-0.15, inter-row distribution
20 % — silver birch
80 % — Scots pine, N
BEF, Kochychynske, 25/36 2023 1 2.5x0.7 20 % — silver birch -7 —
% .
EFZ, Barashivske, 92/50 2023 1 25x0.7 80 % —Scots pine, _n_
40 % — pedunculare oak
e .
BEF, Hartivske, 66/13 2022 2 3.0x0.5 o °/° e Satisfactory, closure 0.15-0.20, inter-row distribution
20 % — red oak
80 % — Scots pine, »
BEF, Kochychynske, 35/45 2023 2 2.5x0.7 20 % — silver birch -7 =
80 % — Scots pine, »
BEF, Kochychynske, 34/31 2020 3 2.5x0.7 20 % — silver birch -7 =
% _ .
BEF, Hartivske, 66/15 2020 4 30x0.5 o0 % —Scots pine, -

20 % — pedunculare oak
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Continued of the Table

1 2 3 4 5 6
BEF, Kochychynske, 31/21 2016 8 2.5x0.7 100 % — Scots pine Satisfactory, closure 0.15-0.25, uniform distribution
—— .
BEF, Zhuzhelske, 62/25 2013 11 _ |G-t Satisfactory, closure 0.15-0.20, clumped distribution
40 % — aspen
BEF, Hartivske, 67/20 2012 12 - 100 % — Scots pine -7 —
BEF, Kochychynske, 31/31 2010 14 3.0x0.5 100 % — Scots pine Satisfactory, closure 0.15-0.25, uniform distribution
%o .
EFZ, Serbivske, 117/7 2010 16 _ | bl Satisfactory, closure 0.20-0.25, clumped distribution
20 % — Scots pine
- 40 % — Scots pine, N
EFZ, Emil’chynske, 58/43 2010 16 - 60 % — silver birch -7 =
BEF, Hartivske, 65/28 2008 16 2.5x0.7 100 % — Scots pine Satisfactory, closure: 0.25-0.30, uniform distribution
Yo .
EFZ, Serbivske, 50/30 2003 21 - e OA’ slier b'.rCh’ Satisfactory, closure: 0.20-0.30, clumped distribution
30 % — Scots pine
—_ .
EFZ, Serbivske, 117/8 2003 21 - 80 o/° Sl b'.rCh’ Satisfactory, closure 0.30—0.40, clumped distribution
20 % — Scots pine
o .
BEF, Kochychynske, 32/13 2000 25 SO b s c bl Satisfactory, closure 0.20-0.25, uniform distribution
60 % — silver birch
80 % — silver birch, »
BEF, Kochychynske, 31/41 1998 26 - 20 % — Scots pine -7 =
% .
BEF, Kochychynske, 34/5 1998 26 SsEE |2 o SR P, Satisfactory, closure 0.25-0.30, uniform distribution
50 % — silver birch
. .
EFZ, Serbivske, 31/23 1993 31 S | DD o S I, Good, closure 0.30-0.40, uniform distribution
40 % — silver birch
50 % — alder,
BEF, Kochychynske, 31/9 1991 133 - 30% - silver birch, Good, closure 0.20-0.25, clumped distribution
20 % — Scots pine
e .
BEF, Kochychynske, 32/14 1990 34 Sk | o Sl P, Satisfactory, closure 0.25-0.30, uniform distribution

10 % — silver birch
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End of the Table

1 2 3 4 5 6
o ,
BEF, Kochychynske, 35/46 1986 38 ARG |0 Lo~ EEUR e, Satisfactory, closure 0.35-0.40, uniform distribution
10 % — silver birch
o .
EFZ, Emil'chynske, 104/37 1983 41 2.5%0.7 ;i?\?e rA)bircShCOts PIN€* " Good, closure 0.40-0.50, uniform distribution
EFZ, Emil'chynske, 104/15 1982 42 3.0x0.5 100 % — Scots pine -
o .
BEF, Kochychynske, 31/37 1978 46 REmT | SRR e, Good, closure 0.35-0.40, uniform distribution
20 % — silver birch
o .
BEF, Kochychynske, 31/37.1 1977 47 AHE7 | D0 SEE pi, Good, closure 0.37—0.45, uniform distribution
20 % — silver birch
o .
BEF, Kochychynske, 31/37.2 1976 48 Py |DY l= SRS PG, Good, closure 0.40-0.50, uniform distribution
20 % — silver birch
80 % — Scots pine,
EFZ, Emil’chynske, 75/12 1973 51 - 10 % — pedunculare oak, Good, closure 0.60-0.70, uniform distribution
10 % — aspen
70 % — Scots pine,
EFZ, Serbivske, 25/18 1973 51 2.5x0.7 20 % — aspen, Good, closure 0.60-0.70, uniform distribution
10 % — silver birch
80 % — Scots pine,
EFZ, Emil’chynske, 98/18 1972 52 — 10 % — silver birch, Good, closure 0.65-0.75, uniform distribution
10 % — pedunculare oak
o .
BEF, Kochychynske, 25/42 1966 58 2.5x0.7 ;i?\?e r/"biric"ts PIN®* Good, closure 0.65-0.80, uniform distribution
o .
EFZ, Emilchynske, 64/9 1963 61 - 100 % = Scots pine + 4 closure 0.70-0.80, uniform distribution
silver birch
o .
EFZ, Serbivske, 85/17 1963 61 - 100 % —Scots pine + 5, closure 0.70-0.80, uniform distribution
silver birch
o .
BEF, Kochychynske, 32/19 1959 65 25x0.7 [0 % —Scots pine, Good, closure 0.75-0.85, uniform distribution
30 % — silver birch
Note: BEF — Branch “Emil'chynske Forestry” of the State Enterprise “Forests of Ukraine”; EFZ — Emil'chynske Forestry of the municipal enterprise

“Zhytomyroblagrolis”
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Fig. 2. A continuous undergrowth of Rhododendron luteum (0.9-1.0 closure) in a mature pine forest aged
107 years (Hlumchanske forestry, quartier 4, section 6)

In 1-year-old forest plantations, the condition of the R. luteum understory was sat-
isfactory. The species flowered and fruited well (Fig. 3), was mostly preserved in the
inter-rows, and had a total projective cover of 0.10-0.15. Also, massive shoot regenera-
tion from roots was observed. By the age of 2—4 years, the projective cover of R. luteum
slightly increased to 17-20 %.

£

Fig. 3. The remains of Rhododendron luteum undergrowth on the current year’s clear-cut plot prepared for
the establishment of pine forest plantation (Kochychynske forestry, quartier 25, section 36)
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After crown closure in young stands aged 8-16 years, the condition of the
Rhododendron luteum undergrowth was satisfactory. Its projective cover gradually
increased to 20-25(30) %, and the species flowered and fruited well (Fig. 4). However,
a limiting factor for its development was the high crown density of the young tree stand,
which sometimes reached 0.8-1.0. The R. luteum shrubs were mainly located in gaps,
typically displaying an uneven, clumped distribution, with only about half of the plants
flowering. Notably, the most significant suppression of R. luteum occurred in dense
young stands that developed as a result of natural regeneration of tree species after
logging, primarily those of Betula pendula Roth and Populus tremula L. This age stage
is considered critical for the preservation and regeneration of R. luteum. Therefore, to
support the species’ development in such stands, it is essential to conduct timely and
adequately intense thinning operations.

Fig. 4. An undergrowth of Rhododendron luteum with 30 % projective cover in a 12-year-old plantation of
Scots pine (Hartivske forestry, quartier 67, section 20)

In the 21-26-year-old age group, the R. luteum undergrowth was in a satisfactory
condition. The formation of this layer continued, with canopy closure slowly increasing
to 25-30%, and its initially clumped distribution gradually transforming into a more uni-
form pattern. Flowering was observed in 70-75% of the shrubs.

In the 31-34-year-old age group, the condition of the R. luteum understory remained
satisfactory, and its formation continued. The layer projective cover ranged from 20 to
40%, and the distribution was uniform. With increasing stand age, in the 38—48-year-old
age group, the condition of the R. luteum understory improved, with projective cover
increasing to 40-50%. The species flowered and fruited well, and it was evenly distrib-
uted across the area.
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As stand age further increased to 58-65 years, the projective cover of R. luteum
reached 65-85 %, demonstarting a uniform distribution. At this stage, the species
reached a quasi-equilibrium state within the forest communities, forming a distinct lower
layer of the phytocoenosis. Physiognomically, these communities were nearly indistin-
guishable from the mature parent stands (Fig. 5).

Fig. 5. An undergrowth of Rhododendron luteum with 85 % projective cover in a 58-year-old plantation of
Scots pine (Kochychynske forestry, quartier 25, section 42)

The generalization of data on the regeneration of the Rhododendron luteum under-
growth following clear-cutting — as indicated by its projective cover — allowed for the
construction of Fig. 6.

100
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Fig. 6. The dynamics of the projective cover of Rhododendron luteum undergrowth in forest plantations
established after main clear-cutting in the moist fairly infertile pine site type (B;)

An analysis of data presented in Fig. 6 leads to the conclusion that in mature parent
communities of pine forests, aged 97—107 years, with an understory of R. luteum in the
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edaphotope of moist, fairly infertile pine site type (B,), the average undergrowth projec-
tive cover of this species was 93+3.2 %. However, after clear-cutting and the establish-
ment of forest plantations, this value sharply decreased to 13+1.0 %. Subsequently, as
the plantations aged, this indicator increased gradually from 19+0.8 % in the 2—4-year-
old age group to 77+1.2 % in the 58-65-year-old age group. It seems reasonable to
conclude that in most pine forests plots with an R. luteum undergrowth within the eda-
photope of moist, fairly infertile pine site type (B,), this understory successfully regener-
ates after clear-cutting and plantation establishment, given current logging and forest
management practices.

However, a survey of over 130 sites, including forest plantations and areas left
for natural regeneration in this edaphotope, revealed that in 85 % of the studied plots,
R. luteum regeneration was satisfactory, while in 15 % of the plots, it was absent. This
lack of regeneration was primarily due to untimely or insufficient thinning operations,
leading to the formation of overly dense tree stands that suppressed the development
of the R. luteum understory.

An analysis of the long-term dynamics of forest communities dominated by
Rhododendron luteum in the understory is of significant interest. Based on standard
taxation descriptions from Branch “Luhynske Forestry” of SE “Forests of Ukraine”, cov-
ering five revision periods over 40 years (1978-2018), this dynamic was identified in the
most widespread edaphotope for the species in the study region — moist, fairly infertile
pine site type (B,) (Fig. 7).
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Fig. 7. The long-term dynamics of forest communities with Rhododendron luteum dominance in the under-
growth in the edaphotope of moist fairly infertile pine site type (B,) in the Branch “Luhynske forestry”
of the State Enterprise “Forests of Ukraine” (1978-2018)

The results of the analysis of the long-term dynamics of forest areas dominated by
Rhododendron luteum in the understory (Fig. 7) indicate that in the Branch “Luhynske
forestry” of SE “Forests of Ukraine”, within the main site type for the species — moist fairly
infertile pine site type (B;) — the area of forests communities dominated by R. luteum in
the understory significantly decreased from 798 ha in 1978 to 527.2 ha in 2018, showing
a 1.5-fold reduction.
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In our opinion, the reasons for this decline in forests R. luteum understory within the
studied site type are complex, including:
1) subjective reasons, related to forest management quality, particularly the deli-

neation of the moist fairly infertile pine site type with yellow azalea as distinct
from the general moist fairly infertile pine site type (B,);

2) objective reasons, such as the absence of R. luteum regeneration in some

clear-cut areas (approximately 15 % of sites, according to our data) and cli-
mate change in the region since 2000, specifically warming and increased ari-
dity (Didukh, 2023). The latter factor is of particular importance, because, as
previous studies (Orlov et al., 2000) demonstrated, soil moisture is the primary
limiting factor for the formation of an R. luteum understory.

CONCLUSION

1.

Most studies on R. luteum conducted before 2000 primarily focused on its spe-
cific distribution in the Ukrainian Polissia, its relict status, and medicinal raw
material stocks. Publications addressing ecological, phytocoenotic, and silvi-
cultural significance of the species are scarce and fragmented. The long-term
dynamics of R. luteum understory distribution in the Ukrainian Polissia remained
completely understudied.

In mature parent pine forests aged 97-107 years, the conditions of the R. luteum
understory were good, with a canopy closure of 0.8—-0.9 (up to 1.0) and a uniform
distribution. After clear-cutting in the B, site type, the conditions of the R. luteum
understory in 1-year-old plantations were satisfactory, the species was mostly
preserved in inter-rows, with a projective cover of 0.10-0.15. In 2—4-year-old
plantations, this cover slightly increased to 17-20 %, and in the 8-16-year-old
group, it reached 20—-25(30) %. The main limiting factor for its development was
the high degree of crown closure of the young tree stand.

In 21-26-year-old plantations, the understory condition remained satisfactory,
with continuing formation of this layer and a gradual increase in projective cover
to 25-30 %. The distribution transitioned from a clumped to uniform pattern. As
the plantations aged, the projective cover gradually increased to 65-85 %, and
the species reached a quasi-equilibrium state in forest communities, forming
a specific microhabitat in the lower phytocenotic layers. Physiognomically, these
communities were nearly indistinguishable from the parent stands.

The understory of R. luteum did not regenerate on about 15 % of sites following
clear-cutting.

From 1978 to 2018, in the Branch “Luhynske Forestry” of SE “Forests of
Ukraine”, the area of forests dominated by R. luteum in understory in moist
fairly infertile pine site type (B,) significantly decreased from 798 ha in 1978 to
527.2 ha in 2018, a 1.5-fold reduction.

The causes of this decline are complex and include (1) subjective factors, related
to forest management quality, particularly the delineation of the moist fairly infer-
tile pine site type with yellow azalea as distinct from the general moist fairly
infertile pine site type (B,); (2) objective factors associated with the absence
of R. luteum regeneration in some clear-cut areas and climate change in the
region since 2000, specifically warming and increased aridity.

When establishing forest plantations using a 2.5x0.7 planting scheme, R. luteum
regenerates well in the interrows but it may surpress seedlings in the rows.

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ BionoriyHi CTyaii / Studia Biologica e 2025 e Tom 19/ Ne 1 ¢ C. 115-136



REGENERATION OF RHODODENDRON LUTEUM SWEET (ERICACEAE) UNDERGROWTH AFTER MAIN CLEAR CUTTINGS... 1 29

Maintenance interventions are recommended in young plantations with mowing
R. luteum shrubs within 2-meter-wide corridors (1 m on each side of the row).
Akey limiting factor for R. luteum population regeneration in young stands is exces-
sive tree density (a combination of planted trees and natural regeneration of birch and
aspen). To support R. luteum understory regeneration, we recommend to conduct inter-
mediate cuttings in young tree canopies.
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BIAHOBINEHHA NIANICKY RHODODENDRON LUTEUM SWEET (ERICACEAE)
nicnda CYusibHUX PYBOK FrONOBHOIO KOPUCTYBAHHSA
B YKPAIHCbKOMY MNONICCI

AHOpiii Tywak', OnekcaHdp Opnoe?, Onez XykoecbKuli®
' )Kumomupcbkuli aepomexHidHull ghaxosuli Korneox

syn. lNokposcbka, 96, > Kumomup 10031, YkpaiHa

2 [Hemumym 2eoximii HaeékonuwHboeo cepedosuuia HAH YkpaiHu
npocn. Akadewmika lNMannadiHa, 34a, Kuie 03142, YkpaiHa

3 MMonicbkuli gpinian YkpaiHcbko2o Hayko8o-00CiOHO20 iHcmumymy nicosoz2o eocrnodapcmea
ma aepornicomeniopaujii im. . M. Bucouybko2o
8ysn. HeckopeHux, 2, c. Joexuk, Kumomupcbeka 0bn. 10004, YkpaiHa

Bctyn. PogogeHapoH xoBtun (Rhododendron luteum Sweet) — peniktoBuid Bug,
dparmMeHTapHO nowmpenni B YKpaiHi nepeBaxHo y Knutommpcbkomy loricci Ha nnowwi
6nm3bko 62 Tuc. ra. LleHTpansHa YactuHa cybapeany Buay posTawoBaHa y KopocTteH-
CbKOMY pawoHi XXntommpcbkoi obnacTi, Ae y nicax B egadoTtonax sonorun cybip (B,) Ta
Bonorun cyrpya (C,) BiH cTBOproe nignicok 3i 3imkHyTicTio 0,8-0,9(1,0). Lii nicosi yrpyno-
BaHHS € piakicCHMMK, X 3aHeceHo Ao “3eneHoi kHurm Ykpainn” (2009), Bua Takox BKIHO-
YyeHo go bepHcbkoi koHBeHUiT (Convention..., 1979). Bukntounty Taki 3Ha4vHi nnoLwi nicis
3 NiCOKOPUCTYBaHHS € HEAOLNbHUM, OAHAK BApTO NMpoaHanidyBaTu BMfvB NiCOKOPUCTY-
BaHHS Ha Monynsuilo BMAYy — LWOO OLHWTX MOXIMBOCTI ekcnnyartadii nicis 3 nignickom
pOoOoAEeHOPOHA >KOBTOTO.

MerToto uboro gocnigkeHHs Byno: 1. Ha ocHOBI NONbOBMX JOCHiAXEHb CXapakTepu-
3yBaTtu B egadoToni Bonormn cybip (B,) LieHo3n 3 nepeBaxaHHsaMm R. luteum y nignicky
B MaTEPUHCbLKMX, CTUIMKX nicax; 2. Bueuntu anHamiky BigHOBNEeHHs nianicky R. luteum
y NiCOBUX KyrnbTypax pidHoro Biky (1—65 pokiB) micrs npoBeAeHHs CyLinibHMX py6oK rornos-
HOIO KOPUCTYBaHHS, 3IMKHYTICTb | XUTTEBICTb BUAY; 3. OUiHNTM YCNILLHICTb BiGHOBNEHHS
nignicky R. luteum nicna npoeefeHHs ix B egadotoni (B,); 4. MNpoaxanisysatn 6araro-
PiYHY AMHaMIiKy Mol NiciB 3 MiAniCKoM 3 Lporo B1ay B egadoToni Bonorum cybip (B,).

Marepianu i meTogm. lNMowmpeHHs R. luteum oLiHEHO Ha OCHOBI repOapHMX KOMEKLiN:
HaujioHanbHoro rep6apito IHcTUTyTy 60TaHiku im. M. I XonogHoro, HAH Ykpainn (KW),
repbapito HauioHaneHoro 6otaHivyHoro cagy im. M. M. Ipuwka, HAH Ykpainm (KWHA),
repbapito Kuiscbkoro HauioHanbHoro yHiBepcuTeTy iM. Tapaca LWes4veHka (KWU); dno-
pucTnyHMX 6a3 gaHux iNaturalist and UkrBin, cTaHgapTHMX TakcauinHmMx onuciB nicoroc-
NogapCbKUX MiANPUEMCTB; @ TakoX BriacHUX NonboBux gocnimpkeHbs 2000—2025 pp.

[ONoBHMMK [Kepenamu AaHuX LWoAo BiOHOBNEHHSA nignicky 3 R. luteum ©ynu
BMacHi NonboBi crocTepexxeHHs, npoegeHi y 2025 p. B KopocTeHcbkoMy afMiHicTpa-
TMBHOMY paroHi XXutommpcbkoi obnacti — y ¢inisx “Emine4nmHCbKe nicoBe rocnopap-
ctBo” Ta “IlyrmHcbke nicoBe rocnogapcteo” Ol “Nicn Ykpainn®; O “EminsvmHcbke
nicose rocnogapcTBO” KOMYHarnbHOro arporiicorocnogapcbkoro nignpuemcraa “XKuto-
mMupobnarponic”. baratopiyHy AvHamiky nnowl nignicky R. luteum BUBYEHO Ha OCHOBI
CTaHOapTHUX TakcauiiHux onucie dinii “JlyruHceke nicoe rocnogapcteo” Ol “ficn
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YkpaiHu” 3a nepiog 1978-2018 pp. CtatnctnyHy o6pobky AaHUX NpoBeAeHO 3arasibHo-
NPUAHATMMK MeTodamK BapiauinHoi ctatuctukm (Fopkasui, 2009). Po3paxyHok cepea-
HiX apMPMETUYHUX 3HAYEHb i IXHIX MOXMBOK, a Takox NobyaoBa Aiarpam 3giicHeHa 3i
3acTocyBaHHAM nakeTy Excel.

Pe3ynbraTt 1 OGroBOpPEHHA. Y CTUIMMNX MaTEPUHCBKUX COCHOBMX Jlicax BiKOM
97-107 pokiB cTaH nignicky R. luteum 6yB xopownm, BiH MaB 3iMKHYTicTb 0,8—0,9 (zo 1,0),
PO3MiLLEeHHs Oyno piBHOMipHUM. Ticns NpoBeAeHHs CyLinbHOT pyOK/M ronoBHOrO KOpUC-
TyBaHHs B egadotoni B,, y nicoBux kynetypax Bikom 1 pik ctaH nignicky R. luteum 6yB
3a0BINbHUM, BiH 30epiraBcsi nepeBaXHO Y MXKpSiAASAX, NOro NPOEKTUBHE MOKPUTTA CTa-
HoBuIo 10-15 %. Y Biui MicoBMx KynbTyp 2—4 poKu NPOEKTUBHE MOKPUTTS BMAY HE3Ha-
YHO 30inbLmnocs — oo 17-20 %, a y BikoB.in rpyni 8—16 pokis — go 20—-25(30) %. JTlimiTy-
FOYMM YMHHUKOM MO0 PO3BUTKY Byna 3HavyHa 3iMKHYTICTb KPOH MOMOAOro AepeBOCTaHy
pa3oMm i3 NPMPOAHNM MOHOBIIEHHAM AepPeBHMX nopid. Y BiKOBIN rpyni 21-26 pokiB cTaH
nignicky R. luteum 6yB 3a40BiINbHUM, (POPMYBaHHS LIbOrO SIPyCy TPMBaIo, NOro 3iMKHY-
TiCTb NoBiNbHO 36inbwyBanacsa go 25-30 %, a po3milleHHs 3 KypTUHHOrO TpaHcdop-
MyBarnocb Yy piBHOMipHe. Y pasi 30inblUeHHS BiKy HacamXkeHb 00 65-pi4yHOro BiKy npo-
EKTUBHE MOKPUTTHA BUAY NOCTYMNOBO 3pocno Ao 65-85 %, 3a piBHOMIPHOIO PO3MiLLIEHHS.
Bua y 60—65 kynbTypax gocsar ksasipiBHoBaru, oopmMyBaB creundiyHe cepenoBuLLe
Y HWXKHIX sipycax qiToueHo3iB. Pi3ioHOMIYHO Ui YrpynoBaHHS Make He BigpisHAnmMcs
Bif, MaTepuHcbkux. Y ¢inii “JlyruHcbke nicoee rocnogapcteo” A1 “Ilicu Ykpainn” y Han-
nowmpeHiwomy egadoToni R. luteum y perioHi — Bonorun cybip (B,) nnowa nicis 3 nia-
nickom uboro Buagy npotarom 1978-2018 pp. 3Ha4yHO 3meHLwmnacsa —3 798 ray 1978 p.
[o 527,2ray 2018 p.

BucHoBKW. Ha BinbLUOCTi AinsHOK Nicns cyuinbHUX py6ok ronoBHOro KOPUCTYBaHHS
Ta CTBOPEHHS NICOBUX KyNbTYp Y BiLli 6rin3bko 40 pokiB BiabyBa€eTbLCS BiGHOBEHHS OiNnblLu-
MeHLU 3iIMKHYTOrO nignicky R. luteum, akui y BiLi HacagkeHb 60—65 pokiB gocsarae KBasi-
piBHOBarn. Ha yacTuHi ginsHok — 6nmnsbko 15 % Big 06CTeXeHMX, — Nicns NPOBeAEHHS
CYLiNbHUX pyOOK rOfTOBHOrO KOPUCTYBaHHSA Mianicok R. luteum He BigHOBNoeTbCS. [Npo-
Tarom 1978-2018 pp. nnowi R. luteum B egadpotoni B, y dinii “IlyrmHcbke nicose roc-
nogapcteo” AN “Ilicn Ykpainn” 3Ha4Ho 3meHwunucs. B egadoToni Bonorui cy6ip (B,)
nrowa nicis 3 nignickom R. luteum 3ameHwunnaca 3798 ray 1978 p. 0o 527,2ray 2018 p. —
y 1,5 pasu. ig yac cTBOpeHHS NicOBUX KynbTyp 3a cxemoto 2,5x0,7 M pogoaeHapoH XOB-
TWIA 3a00BINBHO MOHOBIETLCS Y MKPAAASX, OAHAK 3 OOKIB MOXe 3arnyLuaTtv cagkaHLi
y psgax. PekomeHayemo npoBoauTu JOrMsA 3a NICOBMMU KynbTypamMy MOMOALOTO BiKy
y kopugopax wmpuHoto 2 M (o 1 m B obmnaea 60ku Big psgy), 3 BUKOLLYBAHHAM Y HUX
Kywis R. luteum. JNiMiTyt0OMMM YMHHMKOM BigHOBIEHHS nonynsauii R. luteum y monogHs-
Kax € 3Ha4yHa 3aryLleHiCTb MOJIOAOro AepeBOCTaHy (pa3oMm ficoBUX KynbTyp i Npupoa-
Horo noHoBneHHs Betula pendula Roth Ta Populus tremula L.). ToMy 3 METO CNPUSHHS
BiAHOBMEHHIO MiAsicKy poaoAeHApPOHa XOBTOMO PEKOMEHOYEMO BYaCHO NPOBOAUTU
pyOku gornsagy, 30Kpema, OCBITNEHHS, a y GinbLl Ni3HEOMY Billi — MPOYULLIEHHS.

Knroyoesi crioea: popopeHapoH xoBtun (Rhododendron luteum Sweet), nicosi
KynbTypu, Nignicok, NPOEKTUBHE NOKPUTTS, eaadpoTon, BONornim

cy6ip (B,)
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APPENDIX 1

Experimental plots in sites after clear cuttings of the main use in the forests with undergrowth of Rhododendron luteum
and forest plantations of different age in the edaphotope of moist fairly infertile oak-pine site type (B,)

in Emilchinske Forestry Branch of the State Enterprise “Forests of Ukraine”

Branch of State Enterprise  Year of

“Forests of Ukraine”, forestry, clear Age,  Planting

years scheme, m Composition of the forest stand

Geographical coordinates

No quartier / section cutting
1 2 S 4 5 6
BEF, Hartivske, 29/27 - 97 - 80 % — Scots pine, 20 % — silver birch 51°01'43.0"N 27°50'37.7"E
BEF, Hartivske, 67/8 - 97 - 70 % — Scots pine, 30 % — silver birch 51°00'12.7"N 27°51'28.3"E
BEF, Kochychynske, 1/26 - 97 - 80 % — Scots pine, 20 % — silver birch 51°03'44.9"N 27°30'14.2"E
BEF, Kochychynske, 2/23 - 107 — 80 % — Scots pine, 20 % — silver birch 51°04'02.6”"N 27°32'14.3"E

BEF, Hlumchanske, 4/6 - 107 - 90 % — Scots pine, 10 % — silver birch
BEF, Korolivske, 26/36 2024 1 2.5x0.7 80 % — Scots pine, 20 % — silver birch
BEF, Korolivske, 31/21 2023 1 2.5x0.7 80 % — pedunculare oak, 20 % — silver birch

BEF, Kochychynske, 25/36 2023 1 2.5x0.7 80 % — Scots pine, 20 % — silver birch

BEF, Hartivske, 66/13 2022 2 3.0x0.5 80 % — Scots pine, 20 % — red oak
BEF, Kochychynske, 35/45 2023 2 2.5x0.7 60 % — Scots pine, 40 % — silver birch
BEF, Kochychynske, 34/31 2020 3 2.5x0.7 80 % — Scots pine, 20 % — silver birch
BEF, Hartivske, 66/15 2020 4 3.0x0.5 80 % — Scots pine, 20 % — red oak
BEF, Kochychynske, 31/21 2016 8 2.5x0.7 100 % — Scots pine

BEF, Zhuzhelske, 62/25 2013 11 - 60 % — silver birch, 40 % — aspen
BEF, Hartivske, 67/20 2012 12 - 100 % — Scots pine

50°58'10.9"N 27°24'49.0"E
50°57'11.4"N 27°59'16.9"E
50°56'52.4"N 27°59'58.6"E
51°00'47.5"N 27°28'51.7"E
51°00'07.6"N 27°50'35.8"E
51°00'22.4"N 27°30'34.4"E
51°00'18.0"N 27°29'33.4"E
51°00'03.2"N 27°50'17.2"E
51°00'23.6"N 27°27'41.7"E
50°52'34.2"N 27°39'06.4"E
51°00'02.0"N 27°51'24.4"E
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End of the Appendix 1

1 2 8] 4 5) 6
BEF, Kochychynske, 31/31 2010 14 3.0x0.5 100 % — Scots pine 51°0018.2"N 27°27'34.9"E
BEF, Hartivske, 65/28 2008 16 - 100 % — Scots pine 50°59'56.5"N 27°49'39.6"E
BEF, Kochychynske, 32/13 2000 25 3.0x0.5 40 % — Scots pine, 60 % — silver birch 51°00'31.7"N 27°28'03.0"E
BEF, Kochychynske, 31/41 1998 26 — 80 % — silver birch, 20 % — Scots pine 51°00'11.3"N 27°27'15.3"E
BEF, Kochychynske, 34/5 1998 26 3.0x0.5 50 % — Scots pine, 50 % — silver birch 51°00'37.0”"N 27°30'15.2"E
BEF, Kochychynske, 31/9 1991 33 - 50 % — alder, 30 % — silver birch, 20 % — Scots pine 51°00'30.9”"N 27°26'59.0"E
BEF, Kochychynske, 32/14 1990 34 3.0x0.5 90 % — Scots pine, 10 % — silver birch 51°00'30.0”"N 27°28'07.8"E
BEF, Kochychynske, 35/46 1989 38 3.0x0.5 90 % — Scots pine, 10 % — silver birch 51°00'20.7"N 27°30'34.0"E
BEF, Kochychynske, 31/37 1978 46 2.5x0.7 80 % — Scots pine, 20 % — silver birch 51°00'28.1"N 27°27'36.3"E
BEF, Kochychynske, 31/37.1 1977 47 2.5x0.7 80 % — Scots pine, 20 % — silver birch 51°00'24.5"N 27°27'35.3"E
BEF, Kochychynske, 31/37.2 1976 48 2.5x0.7 80 % Scots pine, 20 % — silver birch 51°00'23.9"N 27°27'29.9"E
BEF, Kochychynske, 25/42 1966 58 2.0x0.5 100 % — Scots pine + silver birch 51°00'43.3"N 27°28'34.3"E
BEF, Kochychynske, 32/19 1959 65 2.5x0.5 70 % — Scots pine, 30 % — silver birch 51°00'25.9"N 27°28'16.4"E
BEF, Kochychynske, 24/67 1954 70 2.0x0.5 90 % — Scots pine, 10 % — silver birch 51°00'42.0"N 27°28'03.4"E
BEF, Kochychynske, 32/6 1952 72 3.0x0.7 100 % — Scots pine + silver birch 51°00'36.5”"N 27°28'05.0"E

Note:

BEF — Branch “Emil'chynske Forestry” of the State Enterprise “Forests of Ukraine”; EFZ — Emil'chynske Forestry of the municipal enterprise

“Zhytomyroblagrolis”. Tree species: pedunculare oak (Quercus robur L.), aspen (Populus tremula L.); silver birch (Betula pendula Roth.), Scots pine
(Pinus sylvestris L.), northern red oak (Quercus rubra L.)
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APPENDIX 2

Brief characteristic of experimental plots in forest plantations of different age with undergrowth of Rhododendron luteum
after clear cuttings of the main use in the edaphotope of moist fairly infertile oak-pine site type (B,)
in Emil’chinske Forestry of the municipal enterprise “Zhytomyroblagrolis”

Municipal enterprise

“Zhytomyroblagrolis”, Age, Composition of the forest stand Geographical coordinates

forestry, No quartier /section years
1 2 3 4

EFZ, Barashivske, 92/50 1 60 % — Scots pine, 40 % — pedunculare oak 50°39'34.6"N 27°53'39.4"E
EFZ, Barashivske, 94/20 5 70 % — silver birch, 10 % — aspen, 10 % — alder, 10 % — pedunculare oak 50°39'28.3"N 27°53'32.3"E
EFZ, Serbivske, 117/7 16 80 % — silver birch, 20 % — Scots pine 50°41'36.3"N 27°46'19.1"E
EFZ, Yemil'chynske, 58/43 16 40 % — Scots pine, 60 % — silver birch 50°59'08.7"N 27°43'24.1"E
EFZ, Serbivske, 50/30 21 70 % — silver birch, 30 % — Scots pine 50°49'44.5"N 27°32'05.5"E
EFZ, Serbivske, 117/8 21 80 % — silver birch, 20 % — Scots pine 50°41'35.3"N 27°46'13.8"E
EFZ, Serbivske, 55/17 26 70 % — silver birch, 20 % — Scots pine, 10 % — aspen 50°48'22.2"N 27°32'49.5"E
EFZ, Serbivske, 117/9 26 80 % — silver birch, 20 % — Scots pine 50°41'35.8"N 27°46'16.4"E
EFZ, Serbivske, 31/23 31 60 % — Scots pine, 40 % — silver birch 50°49'00.6"N 27°28'29.7"E
EFZ, Yemil'’chynske, 104/37 41 100 % — Scots pine + silver birch 50°51'39.9"N 27°45'05.1"E
EFZ, Serbivske, 45/13 42 80 % — Scots pine, 20 % — aspen 50°51'07.0"N 27°37'11.7"E
EFZ, Yemil'chynske, 104/15 42 100 % — Scots pine 50°51'44.8"N 27°45'12.1"E
EFZ, Yemil'chynske, 98/5 46 100 % — Scots pine 50°52'10.1"N 27°40'13.5"E
EFZ, Yemil'chynske, 98/8 46 100 % — Scots pine 50°52'03.3"N 27°40'09.8"E
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1 2 3 4
EFZ, Serbivske, 58/12 47 100 % — Scots pine 50°47'54.1"N 27°33'31.3"E
EFZ, Yemil’chynske, 98/13 48 100 % — Scots pine 50°52'01.4”"N 27°40'06.0"E
EFZ, Yemil’chynske, 63/16 48 80 % — Scots pine, 20 % — silver birch 50°57'08.6"N 27°36'54.5"E
EFZ, Yemil'chynske, 75/12 51 80 % — Scots pine, 10 % — pedunculare oak, 10 % — aspen + silver birch 50°54'35.9”"N 27°59'36.7"E

o/ _ A o/ _ 0/ _ of A

EEZ, Serbivske, 25/18 51 Zoaé)er Scots pine, 20 % — aspen, 10 % — silver birch + pedunculare oak 50°50'39.8"N 27°30'22.1"E
EFZ, Yemil’chynske, 98/18 52 80 % — Scots pine, 10 % — silver birch, 10 % — pedunculare oak + aspen 50°51'49.5"N 27°39'34.5"E
EFZ, Yemil'chynske, 64/9 61 100 % — Scots pine + silver birch 50°56'48.0"N 27°44'43.7"E
EFZ, Serbivske, 85/17 61 100 % — Scots pine + silver birch 50°45'15.4"N 27°39'11.7"E
Note: EFZ — Emil'chinske Forestry of the municipal enterprise “Zhytomyroblagrolis”. Tree species: Scots pine (Pinus sylvestris L.), pedunculare oak (Quercus

robur L.), aspen (Populus tremula L.); silver birch (Betula pendula Roth.)
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