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Abstract
BARNA, M., FEREZLIEV, A., Tsakov, H., MIHAL, 1., 2020. Investigations of mature Scots pine stands in wind-
throw areas in Norway spruce forests in Western Rhodopes. Folia Oecologica, 47 (1): 1-9.

We investigated the current health condition (defoliation), state of natural regeneration, and mycoflora and
phytopathogen-caused attacks in Scots pine forests (Pinus sylvestris L.) planted in the 1960s in areas affected
by wind disturbances in the West Rhodope Mountains in Bulgaria. Some damage types (resin outflow and an-
thropogenic damage) were present to a low extent in the research plots (S — Selishte and PK — Pobit Kamak).
Some were missing completely (damage by deer and other animals, the presence of lignicolous fungi and abi-
otic damage). The most important results of this study were the following: i) the occurrence of the bark beetle
pest Tomicus minor Hartig (Coleoptera, Scolytinae) was recorded on average in 4.6 (S) and 2.3 (PK) of fallen
shoots under the tree crown within 1 m diameter around the stem; ii) significant damage to tree crowns due
to the loss of assimilation organs in Scots pine trees (28% — S and 39% — PK, respectively) was several times
higher than that recorded in Norway spruce (Picea abies L.) (10%); iii) tree species composition resulting
from natural regeneration showed 95-100% proportion of Norway spruce despite the predominance of Scots
pine in the maternal stand. These observations might provide evidence of unsuitable environmental condi-
tions in the studied localities for pine forests on the southern range of the natural P. sylvestris occurrence.
Forest management in similar ecological and climatic conditions should aim at significant diversification of
the forest stand structure by utilizing tree species suitable for the given ecosystems.
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Introduction

In recent years, severe natural disturbances in forest eco-
systems (mainly in spruce forests) have become more sig-
nificant all over Europe (LAuscH et al., 2011; MEzE1 et al.,
2011; NikoLov et al., 2014; KONOPKA et al., 2016). An
important event in Bulgaria was the wind disturbance in
the Western Rhodopes in 1961 when just in the locality
of Selishte, 18,000 hectares of forest stands were strongly
damaged and most trees uprooted (FEREZLIEV et al., 2017).
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Several disturbances exceeding 300 ha affected mixed
Picea abies—Pinus sylvestris forests in the Western Rho-
dopes also in the past (1984, 350 ha; 1983, >400 ha; 1997,
350 ha) as reported by PanavoTov et al. (2017). Except
for the Beglika windthrow, no other large windthrows
were recorded in the central and the highest parts of the
Western Rhodopes.

A return to the original state (before a disturbance)
takes several decades. The length of this reverse process
depends on the time of regeneration of the subsequent
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forest stands and on the speed of the regeneration of the
soil-surface, while both processes are often influenced by
the post-disturbance forest management (FISCHER et al.,
2002).

The Scots pine (P. sylvestris L.) is a pioneer tree spe-
cies regenerating spontaneously after major natural distur-
bances if weed competition and grazing pressures are low
(VitaLl et al., 2019). This tree has a wide ecological niche
due to its ability to grow on dry and nutrient-poor soils. As
such, it has frequently been used for reforestation. Scots
pine is distributed over large areas of Europe, from north-
ern Scandinavia to the Mediterranean region and from
Spain to Turkey. It is an important commercial tree species
within Europe; however, as a heliophilous tree it causes
many problems with regeneration under the maternal
stand. The lack of light can significantly limit the growth
rate and quality of forest regeneration (BILEK et al., 2018).
In commercial forests, it is necessary to optimise the can-
opy cover of the maternal forest stand as a way facilitat-
ing the starting phase of regeneration (ULBRICHOVA et al.,
2018). Before seed germination, an important mortality
factor in natural regeneration of P. sylvestris may be post-
dispersal predation of seeds by carabids (MARTINKOVA et
al., 2019). In the countries of western and southern Eu-
rope, the Scots pine, as well as other species of the genus
Pinus, often form large forest complexes, mainly on ex-
posed stands or on stands disturbed in other ways. BUEIS
et al. (2016) found in northern Spain that the growth and
productivity of pine forests is strongly limited by water
availability and that high soil acidity causes the immobili-
sation of nutrients. On the other hand, the quality of soil
microflora improves nutrient availability.

The increasing frequency of climatic changes and ex-
tremes in recent years, connected with extreme tempera-
tures and increased precipitation deficit (MARTAZINOVA et
al., 2011; KouLELs et al., 2019), contributes to weaken-
ing of pine forest stands (Ryu et al., 2018). This is often
connected with outbreaks of bark-damaging pests and
gradual collapse of forest stands. In 2016, insect pests in
Slovakia attacked 68 thousand m® of wood mass. Most
abundant and most frequent species of bark beetle such as
Ips acuminatus, I. sexdentatus or species Tomicus minor
and T piniperda (OLSOVSKY et al., 2013) were among the
most significant pests. Pathogenic fungi (Cenangium fer-
ruginosum, Ophiostoma spp.) also contributed to the die-
back. Scots pine is also significantly weakened by mistle-
toe (Kunca et al., 2019). Similarly, PASTIRCAKOVA et al.
(2018) confirmed that drought (lack of precipitation) and
increased temperatures in some regions of Slovakia during
the growing season are support bark destroying insects and
fungi in pine forests.

SCcHONFELDER et al. (2017) evaluated the importance
of site conditions, silvicultural measures and other factors
for the density of Scots pine woods in the Czech Repub-
lic. The authors found that the highest wood density value
was reached in a stand that had been regenerated using the
shelter-wood method with long regeneration period, and
the lowest wood density values were recorded in a stand
regenerated using the clear-cutting method. Similarly, in
mixed forests of the central part of the Rhodope Mountains

in north-eastern Greece, P. sylvestris at the productive sites
seems to exhibit faster height growth compared to that in
Sweden; its growth is similar to that of the two most pro-
ductive sites in the forests of north-western Spain and of
fairly productive sites in north-western Turkey (MILIOS et
al., 2018). The optimal management of pine forests was
studied by Stankova (2017) who presented a dynamic
distribution stand model for Scots pine plantations in Bul-
garia. The whole-stand model component is developed by
employing the state—space methodological approach. Due
to its abilities as a pioneer tree, Scots pine is often used for
reforestation of calamity-hit or otherwise disturbed areas
as the main species or in a mix with other tree species that
creates specific conditions for the growth, regeneration,
vitality and management of such forest stands (SzmyT and
TARASIUK, 2018).

The subjects of our study were 50-year-old stands
of P. sylvestris, planted in disturbed areas after the year
1961 in the Western Rhodope Mountains in Bulgaria. We
evaluated and compared the dendro-part of the forest eco-
systems at the selected localities (Selishte and Pobit Ka-
mak). To check the suitability of the use of Scots pine for
reforestation of the investigated post-calamity areas, we
evaluated the current state of the artificially renewed for-
est, with emphasis on three factors: the health of mature
stands, analysis of phytopathogen-induced damage and
the state of natural regeneration in the selected localities
in the Western Rhodope Mountains.

Materials and methods
Study sites

The research object was a forest affected by the strong
wind in the Western Rhodope Mountains in 1961. The
investigations were carried out at two sites: i) Selishte
(S), situated within in a pure white-grass culture develop-
ing on bare terrain after a wind disturbance, and ii) Pobit
Kamak (PK) where remnants of Norway spruce were left
and open areas were planted with Scots pine. At the Sel-
ishte site, in the early 1960s, extensive forest areas were
managed after a major wind disturbance. The area was re-
forested by planting Scots pine trees; now they are about
57 years old and subject to significant anthropogenic and
phytopathogen-induced pressure. The surveyed stands
(each 25 x 150 m) are located on one of the southern
fringes of the natural occurrence of Scots pine in Europe
(Fig. 1).

The main criteria for the selection of the studied sites
were as follows: 1) wind damage to forest stands; ii) plant-
ing activities carried out during subsequent afforestation
in forest stands. The forest area characteristics are shown
in Table 1.

Natural forest regeneration

Six plots were established in each forest stand, giving a to-
tal of 12 plots of dimensions 3 m x 3 m (9 m?). The plots
were spaced randomly, at a distance of 25 m from each
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Fig. 1. a) Interior of the pine stand in Selishte with natural regeneration of Norway spruce. b) Distribution of Scots pine in
Bulgaria and northern part of Greece (Rhodope Mountains) and location of the study sites (PK — Pobit Kamak, S — Selishte).
¢) Natural distribution of the Scots pine within Europe (http://www.euforgen.org).

Table 1. Location and characteristics of the sites Pobit Kamak (PK) and Selishte (S)

M M
Site Altitude Coordinates Soil type Exposition Slope Age Composition dse t:;:lt; DBeIa—llr:‘ hefgallzlt
(masl)  (N,E) ) (rs) (%) (Nha')  (em)  (m)
41°49'54"  Dystric-Eutric SW 50 P. sylvestris (70)
PK 1,350 . 759 233 21.6
’ 23°52'05" Cambisols down part 70 P. abies (30)
41°49'56"  Dystric-Eutric SE P. sylvestris
S 1,475 50 1,439 224 23.6
’ 23° 54'46" Cambisols  upper part (100) ’

*diameter at breast height.

other. Due to a high density of seedlings, each plot was
divided into nine subplots. Therefore, the research was
conducted on the 1 m x 1 m subplots, and the variables re-
corded were: the number of seedlings from natural regen-
eration, the species composition and the seedling height
(BARNA, 2015).

Evaluation of phytopathogen-induced factors on ma-
ture trees
Only predominant and dominant mature trees were con-
sidered as sample trees for the purpose of crown and stem
condition assessment (May 12, 2017). The spacing of the
selected trees was sufficient so that the trees did not affect
each other, at least to the average height of the stand (c.f.
MIHAL et al., 2019). At each plot, 16 sample trees were
evaluated (8 predominant and 8 dominant trees).

We evaluated the presence of six factors of phyto-
pathogen-induced damage to the crown and stem: i) resin
outflow; ii) deformations of stems — necrotic wounds,

bulges, neoplasm; iii) damage by game and animals —
peeling and biting the bark; iv) presence of fungi and rot —
fruiting bodies of lignicolous fungi, reddish brown rot; v)
abiotic damage — discolouration by lightning, ice cracks,
sunburned bark, breaks caused by snow and storms, vi)
anthropogenic damage — mechanical damage to stem
caused by man, e.g., logging, fire. We also estimated
crown defoliation on the analysed trees. The defoliation
was evaluated by ICP Forest methods (UN-EcE, 2008).

On the same samples, we also evaluated signs of at-
tacks of bark-damaging insects. We evaluated the abun-
dance of shoots (fallen from the crowns) that showed the
signs of Tomicus minor Hartig feeding of the total number
of shoots collected under trees within an area of 1 m diam-
eter around the stem. The length (cm) and thickness (mm)
of the shoots collected were measured.

During our field visits to Pobit Kamak in May 2016
and 2017, we carried out investigations of macromyce-
tes (the presence of fruiting bodies and other determining



signs) growing within the surveyed forest stand. No simi-
lar mycoflora investigation was performed in the Selishte
locality, as this site is situated at high altitude, and the con-
sequent climatic conditions are not favourable for fungal
growth.

Statistical analysis

Comparisons of the variables related to natural regenera-
tion and phytopathogen-induced damage between the in-
vestigated sites were carried out using the non-parametric
Mann—Whitney U test. We selected the Mann—Whitney
U test in preference to a parametric approach because in-
vestigation data was not normally distributed. The relation-
ships between tree variables (height, age) were investigated
using the Spearman non-parametric correlation. All analy-
ses were performed in Statistica 9 (StatSoft Inc. 2009).

Results
Natural forest regeneration

The evaluation of the species composition of the natural
regeneration at the sites S and PK resulted in finding that
regenerated P. abies represented 95.4 + 4.6% (mean + SE)
and 100 + 0.0% of the tree species recorded, respectively
(no significant difference between the sites was detected,
P = 0.405), despite the dominance of P. sylvestris in the
maternal stand (Table 1). The natural regeneration was

significantly denser at the PK site (more than nine indivi-
duals per m?) than at site S (one individual/m?, P <0.001).
PK also displayed significantly greater variability in the
number and age of the individuals resulting from natural
recovery than did S (Table 2, Fig. 2).

Spearman’s correlation confirmed a significant depen-
dence between the age and height of individuals resulting
from natural regeneration (Table 3); consequently, it can
be assumed that there are good environmental conditions
for the survival and growth of young trees (JARCUSKA and
BARNA, 2011a, b).

Mature stand (defoliation, phytopathogen-induced
damage, effects caused by fungi and Tomicus minor)

A detailed assessment of phytopathogen-induced dam-
age detected significant differences in only three of the
assessed factors (Table 4): deformations, defoliation and
T. minor. We also found the occurrence of resin outflow
and anthropogenic damage, but differences between the si-
tes were not confirmed. Observations for which no values
were found are not included in Table 4 (i.e. damage by
game and animals, presence of lignicolous fungi and abio-
tic damage). Incidence of damage by 7. minor at S was
two-fold higher than at PK. In total there were 74 records
of feeding (fallen shoots from the crown damaged by T
minor) were made on 16 trees, i.e., an average of 4.6 re-
cords per tree (median 4.0). At the PK site, there were 34
records, i.e., 2.3 records per tree (median 1.0).

Table 2. Characteristics of the saplings arising from natural regeneration at site PK (Pobit Kamak) and S (Selishte) and the

results of the Mann—Whitney U test between the sites

Variable Site n* Median Z P
No. per m? PK 54 7.0 70740 “0.001
S 54 1.0 ' '
Height (cm) PR 211 8.0 87739 <0.001
S 52 475
Age (yr) PK St 30 ~8.4252 <0.001
S 52 155
*number of analyses.
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Fig. 2. The structure of natural regeneration: a) abundance, b) height and c) age at sites PK (Pobit Kamak) and S (Selishte).



Table 3. Spearman’s correlation between the height and age of saplings arising from natural regeneration (PK — Pobit Kamak,

S — Selishte)

Site n* Spearman R t(N-2) P
PK 511 0.9134 50.6143 <0.001
S 52 0.9017 14.7511 <0.001

*number of analyses.

Table 4. Comparison of phytopathogen-induced damage between the site Selishte (S) and Pobit Kamak (PK) using a Mann—

Whitney U test (ng = 16, n,, = 16)

Disease characteristics S PK Z P
Median
Tomicus minor L. 4.0 1.0 2.610 0.009
Defoliation 25.0 40.0 -2.817 0.005
Proportion (%)
Resin outflow 25.0 18.8 0.395 0.693
Deformations 37.5 6.3 2.078 0.038
Anthropogenic dam. 18.8 0.0 1.753 0.080

In the surveys carried out in the pine and spruce for-
ests of Pobit Kamak in May 2016 and 2017, we found al-
together 17 species of macromycetes. Among interesting
Ascomycota fungi, we can include, for example, Lachnel-
lula occidentalis (G. G. Hahn & Ayers) Dharne, Gyromi-
tra esculenta (Pers.) Fr., Sarea resinae (Fr.) Kuntze and
Vibrissea truncorum (Alb. & Schwein.) Fr. These fungi are
often found in submountain or mountain coniferous stands
and are indicators of the original forest environment of
spruce forests or of native forests with spruce representa-
tion. From the group of Basidiomycota fungi, we recorded
old fruiting bodies and a rhizomorph of a harmful para-
site Armillaria ostoyae (Romagn.) Herink as well as the
species Stereum sanguinolentum (Alb. & Schwein.) Fr.
Among saprotrophic lignicolous species there were Dac-
rymyces stillatus Nees, Exidia saccharina Fr., Gloeocysti-
diellum ochraceum (Fr.) Donk and Tremella mesenterica
Retz. The predominant species from this group of fungi
was Strobilurus stephanocystis (Kithner & Romagn. ex
Hora) Singer, growing in bulk out of decomposing pine
cones. The ectomycorrhizal symbionts Hebeloma sinapi-
zans (Paulet) Gillet and Phellodon niger (Fr.) P. Karst.
were also recorded.

Discussion
Natural forest regeneration

The natural regeneration showed considerable differenc-
es between the surveyed localities (in all the parameters
studied, see Fig. 2, Table 2). Interestingly, we did not find
a secured regeneration of pine in any plot, not even in the
Selishte locality where the adult growth consists 100% of
Scots pine. Of the 12 plots in which we analysed forest
regeneration, there was only one plot where we detected

pine (the density was less than one seedling per 2 m? with
an average height of 14.3 cm, age 3—7 years and 22% rep-
resentation). Optimal regeneration establishment seems to
be related to favourable conditions as regards annual and
spring mean temperatures (VERGARECHEA et al., 2019).
Precipitation levels of the summer and fall seasons of
the previous and current year were found to have differ-
ent effects on seedling and sapling ingrowth. A similarly
important ecological factor in regeneration is canopy clo-
sure. ULBRICHOVA et al. (2018) found that natural regen-
eration of pine under the surveyed stand (within a height
range 0.25—4.00 m) represented 4.3—18.5 thousand pcs/ha.
These numbers were significantly influenced by the ma-
ternal stand (r = —0.34). At a circular base above 25 m?/
ha, natural regeneration under the vegetation was minimal.
The results of Kara and TopagoGLU (2018) confirm the
previous findings, and they may partly explain the absence
of pine in the post-calamity regeneration of the artificial
stands in the localities surveyed in this work. In addition,
the mean DBH for the successful regeneration of Scots
pine is 23.7 cm, which is close to the values measured at
our sites (PK =22.4, S =23.3 cm).

Despite its absence in the mature stand, spruce regen-
erated well. The explanation could be that the spruce seed
is light, has a wing, and therefore is well dispersed by the
wind and can fly several kilometres. Seed dispersal, after
seed source and establishment, is the third most important
factor limiting natural regeneration (CLARK et al., 1999;
PALUCH et al., 2019; WHITE and HALPERN, 2019; GAazDA
etal., 2019).

Phytopathogen-induced damage of mature stand
From the evaluated presence of seven factors of phy-

topathogen-induced damage to the crowns and stems of
the sample trees, we found the occurrence of three factors



only (Table 4). These values are similar to the data from
the National Forest Inventory of the Slovak Republic. The
least damaged tree species in Slovakia was also pine, for
which up to 84% of undamaged stems were found. Rot-
ting and mechanical damage did not exceed 10% (SEBEX,
2017; DoBor et al., 2018). However, the loss of assimila-
tion organs in S and PK (defoliation 28.2 +2.23 and 39.1 +
3.07% respectively) indicates a shift from slightly defoli-
ated to medium defoliated stands. According to the Tech-
nical Report of ICP Forests (MICHEL and SEIDLING, 2017)
on P. sylvestris, 77.8% of the Scots pine plots showed no
or only slight defoliation (<25% defoliation). Defoliation
in 21.6% of the plots was moderate (>25-60% defoliation)
and severe in 0.6% of the plots. Plots with the lowest mean
defoliation (in 2016) were primarily found in southern
Norway (13.5%) and northern Germany (17.5%), whereas
plots with comparably high defoliation were located in the
Czech Republic, Slovakia, southern France and Bulgaria.
From 1992 to 2016, there was no overall trend in mean
plot defoliation of Scots pine (regional Sen’s slope = 0.0,
P =0.321). These long-term observations may indicate the
correct choice of areas.

Tomicus minor as an indicator of health status of ma-
ture pine trees

T. minor occurring on P. sylvestris is a species demonstrat-
ing a high reproductive capability in weakened stands,
which accelerates the process of forest death. In protected
areas, 7. minor is regarded as a sensitive bioindicator, re-
flecting a decline in the health and vitality of forests. In
addition, 7. minor is a species that attacks weakened trees,
accelerating the process of wood decomposition. This bee-
tle may significantly impair the value of timber obtained
from forests containing pine (BorRkOWSKI and KOCHAN-
owskl1, 2017; OLSOVsKY et al., 2013).

The intensity of attack by bark-damaging pests of the
genus Tomicus in pine can also be assessed by different
methods from the one we used. For example, ROSNEV
(2007) counted the number of beetle bore holes/dm?of pine
bark (for example, for 7. minor a number of bore holes be-
low five meant a low degree of tree attack, above 10 meant
a high degree of attack). Tsankov et al. (1997) observed
the occurrence of the dangerous pests Ips acuminatus and
Tomicus piniperda in the pines of Pobit Kamak in 1986.
The authors concluded that 7. piniperda also settled in
habitats in the coniferous cultures created in the oak zone.
Similarly, PAN et al. (2018) showed that 7. minor is an ac-
tive transmitter of the tracheomycotic species Ophiostoma
tingens, inducing blue-stain in Pinus yunnanensis in Chi-
na. Takov et al. (2011) observed the occurrence of some
pathogens of bark beetles (Coleoptera: Curculionidae) in
Bulgarian forests. The authors reported the occurrence of
T. piniperda (118 adults) and 7. minor (13 exemplars) on
Scots pine trees in the Rhodopi above Velingrad, which is
close to our sites. The authors stated that a total of 27.9%
of T piniperda adults and 15.4% of T. minor adults were
infected with nematodes.

Mycoflora

In the Pobit Kamak stand, we found 17 species of macro-
mycetes. Considering the climatic conditions at the begin-

ning of May, the species diversity mentioned above seems
lower than expected; however, there is a high probability
of the occurrence of a number of saprotrophic and particu-
larly symbiotic macromycetes in these stands during the
climatic favourable months of June, July and, particularly,
September and October. From a phytopathological point
of view, among significant species we could include Ar-
millaria ostoyae and Stereum sanguinolentum which, in
favourable conditions, can spread significantly and cause
serious damage in the stands. For example: A. ostoyae, as
a spruce and pine parasite, spreads through rhizomorphs
via damaged roots, and S. sanguinolentum, a so called
‘wound parasite’, infects bark damage arising from animal
bites or other mechanical bark damage (MiHAL, 1996; CER-
MAK and STREJCEK, 2007). The results of the transnational
monitoring network of ICP Forests in 2016 show that fun-
gi, as damaging agents, were most important in Austrian
pine trees (21.3%), deciduous temperate oaks (15.6%) and
Scots pine trees (15.8%) (MICHEL and SEIDLING, 2017).

Parasitic fungi, as an important factor in pine forest
dieback, are also mentioned by RosNEv et al. (2008) who
have analysed the changes in the health condition of the
Scots pine plantations in Southwestern Bulgaria in the
19862005 period. Important factors affecting the health
of the plants are the diseases caused by Heterobasidion an-
nosum and Armillaria mellea. They were found in 39.1%
of the sample plots. The pathogen species C. ferruginosum
was also recorded.

Of the fungi considered as pests on Scots pine in
Bulgaria (DoBreva et al., 2016) the following species
can be mentioned: Botrytis cinerea, Alternaria alternata,
Lophodermium pinastri, Lophodermium seditiosum, Cy-
claneusma minus, C. niveum, Sclerophoma pithyophila,
Dothistroma pini, Sphaeropsis sapinea and C. ferrugino-
sum, as well as the fungus C. acuum — a new species of
mycoflora in Bulgaria. Among the infrequent records of
fungi at Pobit Kamak there was the record of the fungus
Auriscalpium vulgare Gray — an endangered species in the
Red Book of Fungi of Bulgaria (GoysHEVA et al., 2006;
LAcCHEWA, 2014), as well as the records of Lachnellula oc-
cidentalis, Sarea resinae, Vibrissea truncorum and Gloeo-
cystidiellum ochraceum, the occurrence of which was not
previously known in Bulgaria.

Notes on the management of Scots pine forest stands

One way to improve the health and stability of pine stands
is by growing mixed pine stands. For example, in the pine
forest stand with a 20-30% share of oak (Quercus pe-
traea), there was an increase in pine increments (SPULAK
al., 2018). The increase in DBH in a mixed stand with
almost a half share of spruce and pine mixture was also
confirmed, reaching an increase of 33%. Similarly, SzmyT
and DoBrROWOLSKA (2016) emphasised the role of even-
aged, one-layered monocultures of pine stands before
the former blown-down forest can be replaced by more
diversified forests reflecting a more complex structure in
terms of the spatial distribution, species composition and
size differentiation. Despite the presence of pioneer trees
(pine and birch), late-succession tree species (e.g., beech)



can be found in the regeneration, and the different damage
levels play a role in modifying the species composition
and abundance. Even in the Tatras Mountains in Slovakia,
artificial regeneration has helped to increase species diver-
sity, which was obvious mainly at lower altitudes. A cer-
tain share of larch and pine in new stands can increase
the stability of forest stands in the future (NikoLovV et al.,
2014; KonOpPKaA et al., 2018). Pine, as one of the most
light-demanding species, is likely to be negatively affected
by a progressively closing canopy. The negative impact of
the changes in forest management of this species is evident
from the very low cover of pine regeneration compared to
the vigorous regrowth of beech, fir and spruce (BosgLA et
al., 2019). The authors found that the pine forest stands
with beech, fir and spruce, where the proportion of pine
was 61 + 17%, exhibited an extremely low occurrence of
pine in natural regeneration (only 2% of 344 sample plots,
with an average cover of up to 2%).

The unsuitability of the pine monocultures produced
during the reforestation 57 years ago in the Western Rho-
dope Mountains in Bulgaria is highlighted by the attri-
butes we have identified, in particular: i) the occurrence
of a bark-damaging pest 7 minor; ii) a significant loss of
assimilation organs in the surveyed stands (moderate defo-
liation), whereas the defoliation of spruce at Pobit Kamak
(10.3%) was significantly lower than that of pine (39.1%);
(ii1) an unequivocal manifestation of an inappropriate en-
vironment for pine trees at Pobit Kamak and Selishte is the
absence of natural pine regeneration. Our findings indicate
a need for a significant diversification of the composition
of the main stand in the surveyed localities. In consequent
forest management it would be advisable to bring the
spruce back to the stand level. There should be no prob-
lem, as the conditions for germination and the survival of
the natural regeneration of spruce are satisfactory (BRANG,
1998; D1act et al., 2020).
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