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Abstract. Common ash (Fraxinus excelsior L.) is an important part of the forest, shelterwood and
ornamental stands. The health status of F. excelsior has recently deteriorated in many regions,
due to climate change, anthropogenic stress, diseases and phytophagous insects. The effects of
these factors are manifested in symptoms, the prevalence and severity of which depend on local
conditions, in particular forest site conditions, stand composition, and structure. The aim of the
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research was to identify the forest site conditions and other stand characteristics most favourable
for the prevalence and severity of symptoms of ash decline in Zhytomyr Polissya. The tasks were: to
evaluate the common ash health condition, the symptoms of its decline, and their prevalence and
severity in relation to forest category, forest site conditions, main forest forming tree species, ash
origin, age, and relative stocking density. The majority of the ash stands surveyed were found to be
weak. The health condition of F. excelsior deteriorates with age. It is worse in forest belts, in damp
relatively fertile forest site conditions (C,), in the stands of vegetative origin, with a lower relative
stocking density, and in the stands with Alnus glutinosa as the main forest forming species. Dry
branches, epicormic shoots, collar rot, and ash bark beetles were the most common symptoms of
ash weakness. The prevalence and severity of most of these symptoms were the highest in the forest
shelter belts, in the damp relatively fertile forest site conditions (C)), in the stands of vegetative
origin, with a lower relative density of stocking and older than 60 years. It is necessary to monitor
the health status of F. excelsior in order to detect pathological processes and to select trees for
selective sanitary felling in time. The severity of collar rot increased at the relative stocking density
of 0.8. It was proposed to grow F. excelsior in mixed stands mainly with Quercus robur and to give
preference to seed origin. It is necessary to monitor the health status of F. excelsior in order to
detect pathological processes and to select trees for selective sanitary felling in time

Keywords: tree health condition; dry branches; epicormic shoots; collar rot, bark beetles;
prevalence (of symptoms); severity (of symptoms)

Introduction

Ash trees are key species in forest plantations in
the Zhytomyr Polissia region, and their health
plays a crucial role in maintaining the ecologi-
cal balance of local forest ecosystems. Damage
to these trees can signal alarming changes in
the ecosystem, caused by both biotic (pests,
diseases) and abiotic factors (climate change,
environmental pollution) factors. Identifying
and analysing damage symptoms allows for the
timely diagnosis and control of diseases and
pests, thus contributing to the conservation of
ash populations in Polissia. This is particularly
important in the context of the spread of dan-
gerous pathogens, such as the emerald ash bor-
er, which has already caused significant damage
to ash trees in Europe. Research into damage
symptoms will also help to develop effec-
tive methods for protecting and restoring forest
plantations, which supports the preservation
of biodiversity and enhances the resilience of

forest ecosystems to external stresses. The con-
servation of Fraxinus excelsior is also of econo-
mic importance, as these trees are valuable for
forestry and can be used in various industries.

The health status of Common ash (Frax-
inus excelsior L.) has deteriorated in many
regions, due to climate change and anthro-
pogenic stress, which has increased the sus-
ceptibility of trees to biotic damage. N. La Por-
ta et al. (2022) provide an overview of the main
bacterial pathogens of trees, the current meth-
ods of bacteria detection, and the efforts to in-
crease tree resistance.

Ash dieback (caused by Hymenoscyphus
fraxineus) is widespread in many European
countries. M.K. Hordkova et al. (2023) deter-
mined the prevalence of ash dieback in Slovakia
using species-specific primers. Infected trees
were detected in different stands, wherever the
host was present.
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Mixed infestations of the same trees with
different pests and pathogens have been re-
ported in many regions. S. Peters et al. (2023)
in Germany found a fungal pathogen (Armil-
laria sp.) in the stem collar necrosis without
the presence of H. fraxineus. In the next study,
these authors S. Peters et al. (2024) analysed
interactions of multilocus genotypes (MLGs)
of H. fraxineus with other fungi from stem collar
necroses. In six German federal states, L. Lysen-
ko et al. (2024) analysed the prevalence of fungal
communities, including H. fraxineus, in soil and
fine roots. They estimated a higher diversity in
soil samples than in root-associated samples.

R. Vasaitis (2024) mentioned two alien
invasive pathogens and pests of ash trees in
Ukraine: the fungus Hymenoscyphus fraxineus,
and the xylophagous beetle Agrilus planipennis.
The area of A. planipennis invasion comprised
13.3 hectares in 2019 in the Luhansk region,
expanding to 1211.7 hectares in the Luhansk,
Kharkiv, and Kyiv regions by 2023. Infested
trees are often colonised by bark beetles Hyl-
esinus crenatus and H. varius. Observations by
B. Laz (2024) in Turkey showed that 28 % of the
ash trees (Fraxinus angustifolia Vahl) were infest-
ed by Zeuzera pyrina L. (Lepidoptera: Cossidae).

V. Meshkova et al. (2021) confirmed the
presence of ash dieback by molecular meth-
ods in samples from different natural zones of
Ukraine, except for the southern regions. The
prevalence of ash dieback among other fac-
tors of ash weakening was investigated in geo-
graphical provenance tests in the Sumy region.
A. Goychuk et al. (2022) identified the causes
of forest deterioration in Zhytomyr Polissya,
and studied the aetiology and pathogenesis
of ash diseases. An increase in the prevalence
of typical symptoms of bacterial diseases, die-
back, vascular (graphiosis, tracheomycosis),
and fruiting bodies of wood-destroying fungi
was observed. Bacterial disease and dieback
were the most acute pathological processes.

A. Goychuk et al. (2023) characterise the typi-
cal symptoms, pathogenesis, and causal agents
of bacterial diseases affecting forest trees in
Ukraine, in particular of Fraxinus excelsior
caused by Pseudomonas syringae pv. savasta-
noi. Infection has been shown to damage trees
when they are two or three years old, affecting
stems, branches, shoots, and inflorescences.
However, the disease can only be diagnosed
when tumours have formed. The data obtained
provide an approach for effective disease detec-
tion and plant protection. V.L. Borysova (2021)
studied the health of common ash in the Left-
bank Forest Steppe of Ukraine and evaluated
the prevalence of the foliage-damaging insects,
bark beetles, wood-destroying fungi, bacterio-
sis, and ash dieback in the Kharkiv, Sumy, and
Poltava regions, taking into account weather,
forest site and stand characteristics.

To prevent the deterioration of ash stands
the researchers have focused on identifying the
direct and indirect causes of ash decline and
the main symptoms for their detection in mon-
itoring programmes. Remote sensing tech-
nologies can help to obtain fast and repeated
information on ash damage on a large spatial
scale. M. Gasparovi¢ et al. (2023) described
themonitoringofashdiebackusingremote sens-
ing technologies. However, such an approach
was effective in Croatia only for narrow-leaved
ash, which forms homogeneous forest stands.
Therefore, the ground survey remains the most
reliable method of forest health monitoring.

The aim of the research was to identify the
forest site conditions and other stand charac-
teristics most favourable for the prevalence
and severity of symptoms of ash decline in
Zhytomyr Polissya. The tasks were: to evalu-
ate the common ash health, the symptoms of
its decline, and their prevalence and severity
in relation to forest category, forest site condi-
tions, main forest forming tree species, ash ori-
gin, age, and relative stocking density.
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Materials and Methods

The field research was carried out in 2023 in
the forests of the Branch “Zvyagelske Forestry”
(Ukraine). The climate was moderately conti-
nental and favourable for the growth of trees
and shrubs characteristic of the forest vegeta-
tion zone (Buzun et al., 2018). In order to select
the sub-compartments for sample plots, the
database of the Ukrainian State Forest manage-
ment Planning Association (n.d.) was analysed.
As the main forest forming species, common
ash grew only on 2.5 ha, but it grew in compo-
sition with English oak (Quercus robur L.) and
Black alder (Alnus glutinosa L.) on 180 ha. most
of the ash stands were located in the Horod-
nytsky Forestry.

Among ash sub-compartments, there
were three stand categories (forest greenary,
commercial forest, and forest shelterbelts),
three forest site conditions (moist relatively
fertile - C,; moist relatively fertile - D,, damp
relatively fertile - C,), three main forest form-
ing tree species (A. glutinosa, Q. robur, and F.
excelsior), different origin (vegetative, natural
seed and planted seed), age (<30; 31-60, and
>60 years) and relative stocking density (0.6,
0.7, and 0.8) were chosen. Fourteen sample
plots were laid. For twenty ash trees in each
sample plot, the health condition class and
the symptoms of ash damage (dry branches,
epicormic shoots, collar rots, and bark beetle
infestation) were selected.

The health condition class was assessed
visually according to the Resolution of the Cab-
inet of Ministers of Ukraine No. 756 (2016):
1 - healthy; IT - weakened; III — severely weak-
ened; IV - desiccated; V — recently diceased;
VI - deseased more than one year ago. For
each sample plot, two health condition indices
were evaluated: HCI, , - for all trees (living and
dead) and HCI, , (only for living trees) (Guide-
lines ..., 2020). The prevalence of dry branches,
epicormic shoots, collar rots, and bark beetle

infestation was estimated as the percentage of
trees with the given symptoms in each sample plot.

The prevalence of bark beetles was esti-
mated by the presence of entry or exit holes in
the bark in the lower 2 m of the tree. The tree
was considered infested if at least one hole was
detected. Dry branch severity was scored as a
percentage for each tree and then converted
into points: 0 — 0%; 1 point — <10%; 2 points —
11-50%; 3 points — 51-75%; 4 points — >75%
(Guidelines ..., 2020). The severity of epicormic
shoots was scored in three classes: 1 point -
single; 2 points — abundant; 3 points — total
stem coverage. Collar rot severity was scored in
four classes according to the spread of necrosis:
0 - absent; 1 point — <25% of circumference; 2
points - 26-50% of circumference; 3 points —
51-75% of circumference; 4 points — >75% of
circumference (Guidelines ..., 2020).

Microsoft Excel and the statistical soft-
ware package PAST (Hammer et al, 2001)
were used for data analysis and visualisation.
Prevalences of symptoms were compared us-
ing a z-test (Peck et al., 2020). The difference
between the proportions was considered sig-
nificant for P=0.05 at Z>1.96. The study met
the ethical standards of the Convention on Bi-
ological Diversity (1992) and the Convention
on the Trade in Endangered Species of Wild
Fauna and Flora (1973).

Results and Discussion

The surveyed stands represent forest green are-
as, commercial forests, and forest shelter belts.
The health condition of F. excelsior is the best in
forest green areas and worst in the forest shel-
ter belts (Fig. 1a). According to the HCI, which
considers all living and dead trees (HCI, ), the
inspected ash trees are “weakened” and accord-
ing to the HCI, which considers only living trees
(HCI__), the stands are “healthy”. Dry branches
in the crown were the most common symptoms
of tree weakness (Table 1).
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Table 1. The prevalence of certain symptoms

of F. excelsior weakness in the different stand categories

A Prevalence, %
Stand categories - -
Dry branches Epicormic shoots Collar rot Bark beetles
Forest green areas 83.6+3.70a 32.5+4.68a 11.3%£3.16a 4.5%£2.07a
Commercial forest 84.6*3.61a 38.1£4.86ab 13.1+3.38a 7.3%£2.59a
Forest shelter belts 86.5+3.42a 51.5+5.00b 20.0£4.00a 8.5+2.79a

Note: letters show significant differences inside each column at p<0.05

Source: developed by the authors

The lowest proportion of trees with dry
branches was found in the forest green areas and
the highest in the forest shelter belts. Epicormic
shoots, collar rot, and bark beetle infestation
were also the most common in the shelter belts
but less common than dry branches (Table 1).

The severity of “dry branches” increased
from forest green areas to forest shelter belts
(Fig. 2a). The severity of epicormic shoots and
collar rots was also highest in shelter belts.
Ashes have the worst health in the damp rel-
atively fertile forest site conditions (C,), where
both health condition indices are characteris-

tic of weakened trees (Fig. 1b). Tree health in
the moist relatively fertile forest site conditions
(C,) was slightly better than in the moist fertile
forest site conditions (D,). However, both health
condition indices assess tree health between
“healthy” and “weakened”.

Dry branches dominate among damage
symptoms (Table 2). Dry branches, epicormic
shoots, collar rot, and bark beetle infestation
were the most common in the damp relatively
fertile forest site conditions (C,) and least com-
mon in the moist relatively fertile forest site
conditions (C,).

Table 2. The prevalence of certain symptoms
of F. excelsior weakness in the different forest site conditions

Forest site Prevalence, %
conditions Dry branches Epicormic shoots Collar rot Bark beetles
C, 83.6+3.70a 32.2%+4.67a 11.1£3.14a 5.3+2.25a
C, 86.7+3.40a 52.0+5.00b 19.5%£3.96a 9.8+2.97a
D, 84.8+3.59% 40.0%4.90ab 12.0+3.25a 6.0+2.37a
Note: letters show significant differences inside each column at p<0.05
Source: developed by the authors
Vol. 15, No. 4, 2024 Ukrainian Journal of Forest and Wood Science 12
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Figure 1. Health condition index of F. excelsior depending on site and stand parameters
Note: HCI , - health condition index for the trees of the 1-4™ classes of health condition; HCI, , - health
condition index for the trees of the 1-6™ classes of health condition; site and stand parameters: a) stand
categories; b) forest site conditions; ¢) main forest-forming tree species; d) stand origin; e) stand age; f) relative
density of stocking
Source: developed by the authors

The severity of most symptoms of tree lowest in the moist relatively fertile forest site
damage was also the highest in the damp rela-  conditions (C,) (Fig. 2b). The severity of collar
tively fertile forest site conditions (C,) and the  rot was the same in C, and D,.
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Figure 2. Severity of some symptoms

of F. excelsior deterioration in relation to site and stand parameterss
Note: site and stand parameters: a) stand categories; b) forest site conditions; c) main forest-forming tree
species; d) stand origin; e) stand age; f) relative density of stocking
Source: developed by the authors

The health of ash was worst in the forest the main forest forming species (Fig. 1c). How-
stands with Common alder (A. glutinosa) as ever, even in these stands, the health condition
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index of ash does not exceed 2 points. In the
stands with English oak (Q. robur) the differ-
ence between the two health indices is mini-
mal (HCI, ,=1.5; HCI _,=1.4), and in the stands
with F. excelsior this difference is maximal
(HCI, ,=1.9; HCI, ,=1.6).

Dry branches in ash trees were the most
common in the forest stands with different main
forest forming species (Table 3). The proportion
of ash trees with dry branches exceeded 80% in
all stand groups and was lowest in the stands
with oak as the main forest forming species.

Table 3. The prevalence of certain symptoms
of F. excelsior weakness in the different forest forming species

Forest forming Prevalence, %
species Dry branches Epicormic shoots Collar rot Bark beetles
Alnus glutinosa 86.7+3.40a 52.0+5.00b 19.5£3.96b 9.8+2.97a
Quercus robur 83.2+3.74a 29.4+4.55a 9.3+2.90a 5.3+2.23a
Fraxinus excelsior 86.0+3.47a 50.0+5.00b 20.0+4.00b 6.0+2.37a

Note: letters show significant differences inside each column at p<0.05

Source: developed by the authors

The prevalence of trees with epicormic
shoots, collar rot and bark beetle attack was
lowest in stands with oak as the main for-
est forming species (Table 3). The severity
of ash damage symptoms was also minimal
in oak stands (Fig. 2c). However, the severity
of collar rot was similar in the forest stands
with oak and ash as the main forest forming
species (0.4 points) and lower than in alder
stands (0.5 points). F. excelsior was present in
forest stands of vegetative, natural seed, and
planted seed origin. The ash trees of vegeta-
tive origin had the worst condition (HCI =
=2.0; HCI _, = 1.8), the trees of planted seed

origin had the best condition (HCI, = 1.9;
HCI ,=1.6) (Fig. 1d).

The prevalence of certain symptoms of
ash damage was also the highest in the vegeta-
tive stands and the lowest in the planted seed
stands (Table 4). However, the prevalence of
dry branches exceeded 80% in all origins. The
prevalence of ash trees with epicormic shoots
in seed stands was significantly lower than
in the stands of vegetative origin. The preva-
lence of collar rot and bark beetle infestation
was also the highest in vegetative stands, with
a significant difference only for collar rot be-
tween vegetative and planted seed stands.

Table 4. The prevalence of certain symptoms
of F. excelsior weakness depending on the forest stand origin

L. Prevalence, %
Stand origin " .
Dry branches Epicormic shoots Collar rot Bark beetles
Vegetative 86.8+3.38a 53.3+4.99a 21.3+4.10b 9.3+£2.91a
Seed, natural 84.6+3.61a 38.8+4.87b 13.7+£3.43ab 6.2*2.41a
Seed, planted 83.2+3.74a 29.0£4.54b 8.8+2.83a 5.6%2.30a

Note: letters show significant differences inside each column at p<0.05
Source: developed by the authors

Despite the high prevalence of dry branch-
es in the crowns of ash trees, the severity of this
symptom was relatively low. At the same time,

according to this indicator, the same regularity
was found - the greatest severity of dry branch-
es in trees of vegetative origin and the least —
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in trees of planted seed origin (Fig. 2d). The
severity of epicormic shoot development also
decreased in ash trees from vegetative to seed
origin (Fig. 2d).

Considering the uneven distribution of
ash stands by age classes, all surveyed stands
were divided into three age intervals for the
assessment of tree health and the prevalence
and severity of individual symptoms: up to 30

years, 31-60 years and over 60 years. The HCI
increased with age (Fig. 1e). According to HCI ,
ash stands up to 30 years old can be considered
healthy. At the same time, by HCI, , such stands
are weakened. Stands older than 30 years are
weakened when considering both viable and all
ash trees. The prevalence of dry branches tend-
ed to increase with age but without significant
differences between age groups (Table 5).

Table 5. The prevalence of certain symptoms
of Fraxinus excelsior weakness in different age groups

Prevalence, %
Age, years
Dry branches Epicormic shoots Collar rot Bark beetles
<30 83.0+3.76a 27.5+4.47a 8.0+2.71a 5.8%2.33a
31-60 85.0+3.57a 42.0+4.94b 15.5+3.62a 6.0£2.37a
> 60 85.3%3.54a 43.3+4.96b 16.0+3.67a 7.7+2.66a

Note: letters show significant differences inside each column at p<0.05

Source: developed by the authors

The prevalence of epicormic shoots, collar
rot, and bark beetle infestation also increases
with age. However, the differences are signif-
icant only for epicormic shoots (Table 5). The
severity of dry branches and epicormic shoots
also increases with age (Fig. 2e). However, the
severity of collar rot over 60 years is less than
in 31-60 years. At all levels of relative stocking

density (0.6-0.8), the HCI indicates tree weak-
ness (Fig. 1f). The stands with the lowest rela-
tive stocking densities had the poorest health.
The prevalence of dry branches, epicormic
shoots, collar rot, and bark beetle infestation
tended to decrease with increasing stocking
density of ash stands (Table 6). However, these
differences are not significant.

Table 6. The prevalence of certain symptoms
of F. excelsior weakness at different relative stocking densities

Relative stocking Prevalence, %
density Dry branches Epicormic shoots Collar rot Bark beetles
0.6 85.7+3.50a 46.2+4.99a 17.2+3.77a 7.2+2.58a
0.7 84.0%3.66a 35.0+4.77a 12.0+3.25a 5.2%2.22a
0.8 84.1+3.66a 34.4+4.75a 11.2+3.15a 7.4%2.62a

Note: letters show significant differences inside each column at p<0.05

Source: developed by the authors

The severity of dry branches, epicormic
shoots, and collar rot also tended to decrease
with increasing relative stocking density of
ash stands (Fig. 2f). Thus, the assessment of

common ash health and symptoms of its de-
terioration confirms the dependence of their
prevalence and severity on stand category,
forest site conditions, main forest forming
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tree species, ash origin, age, and relative
stocking density.

Tree health has deteriorated in many re-
gions. The most common approach is to as-
sesses the degree of ecosystem degradation.
J. Maes et al. (2023) assessed the health of for-
est ecosystems in Europe on a scale from 0 (de-
graded ecosystem) to 1 (pristine or protected
forest). One third of the forest area was found
to be in decline.

In order to prevent forest degradation
and mitigate its consequences, forest health
is monitored by the condition of the crown and
trunk and some specific signs that allow the
identification of the pest or pathogen. Accord-
ing to the Resolution of the Cabinet of Minis-
ters of Ukraine No. 756 (2016), the main crite-
rion for sanitary felling is the tree health class.
However, all trees (living and dead) are included
in the calculation of the health condition index,
which does not show the dynamics of tree mor-
tality. In the present study, both health condi-
tion indices (HCI, for living trees and HCI,  for
all trees) were calculated and compared for dif-
ferent site and stand parameters: stand catego-
ries; forest site conditions; main forest forming
tree species; stand origin; stand age; relative
stocking density (Fig. 1).

European monitoring programmes assess
defoliation and discolouration to compare the
dynamics of trees and stand health in various
regions (Manual..., 2010). In Ukraine, exten-
sive forest monitoring (I Level), harmonized
with the European ICP Forest monitoring pro-
gramme (Manual..., 2010), has been carried out
for 30 years. monitoring data on the health of
Fraxinus sp. in Ukraine for 15 years have been
analysed by T. Pyvovar et al. (2022). The high-
est degree of defoliation was observed in the
Steppe zone, the most acute tree mortality in
the forest zone, and the most stable health con-
dition in the Forest-Steppe zone. Of all the ash
trees surveyed in Polissya, 42% were damaged,

with diseases dominating. This was explained
by the wetter climate of the forest zone com-
pared to the Forest Steppe and Steppe zones. In
the forest-steppe zone, almost half of the ash
damage (48.2%) was caused by abiotic factors.
At the same time, in the forest-steppe zone,
pathogen damage to ash increased by 21.9%
over 15 years, reaching 56% in 2011-2015. In
the steppe zone, insects were the main cause
of damage to ash trees. The prevalence of trees
with ash dieback increased from the forest to
the steppe zone, and the prevalence of bacte-
riosis decreased from the forest to the steppe
zone. The prevalence of wood-destroying fun-
gi on ash was the highest in the forest-steppe
zone, and of tuberculosis — in the forest and
forest-steppe zones.

New pests and diseases have spread. An em-
erald ash borer (Agrilus planipennis Fairmaire,
1888 (Coleoptera: Buprestidae)), originating
from Asia, invaded North America and Russia at
the end of the 20" century and was discovered
in the Luhansk region of Ukraine in 2019 and is
already present in Kyiv in 2024 (State Service
of Ukraine..., 2024). ]. Sun et al. (2024) describe
the seasonal development of this pest, its char-
acteristics, and tree damage. The larvae devel-
op under the bark and gradually gnaw through
the conductive tissues, often bringing path-
ogens into the tree, leading to tree mortality.
They mentioned the importance of searching
for resistant trees for more effective forest pro-
tection. So-called ash dieback was discovered
in Europe in the 1990s. E. Baxter et al. (2023)
in Ireland described its symptoms — reduction
of tree increment, leaf size, discolouration and
premature leaf fall, appearance of ulcers on the
trunk and shoots, and dieback of small branch-
es. Therefore, assessing defoliation alone is not
enough to know the health of a tree.

V. Meshkova et al. (2021) studied the prev-
alence of ash dieback among other factors of
ash deterioration in geographical provenance
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tests in the Sumy region. Root rot, ash dieback,
and infestation by ash bark beetle (Hylesinus
crenatus (Fabricius, 1787): Coleoptera: Scolyt-
idae) were found in all proveniences. Root rot
was found in all ash proveniences. The ash bark
beetle was not found in the proveniences from
the Western and Right Bank Forest Steppes.
Hymenoscyphus fraxineus was isolated from the
trunks of ash trees, and identified by molecular
methods and confirmed to be pathogenic. For
seven years, the health condition index, inci-
dence, and severity of ash dieback increased in
all provenances except the Steppe.

In the current study, the prevalence and
severity of dry branches, epicormic shoots,
collar rot, and bark beetles were compared
for different site and stand parameters: stand
categories; forest site conditions; main forest
forming tree species; stand origin; stand age;
relative stocking density (Fig. 2). The health
status of F. excelsior was best in green forest
areas and worst in forest shelterbelts. This
can be explained by the negative impact of
timber harvesting on all components of forest
ecosystems, especially the soil, the trees, and
the regeneration of the forest. I.C. Cantar et
al. (2022) monitored the health of remaining
trees after logging in Romania to determine
the tolerance threshold of trees to logging.
They developed equations taking into account
the relationship between the size of the healed
damage and the diameter of the trees.

S.V. Sydorenko et al. (2020) studied the
protective forest belts in the Kharkiv region
(Ukraine). According to their health status,
the forest shelterbelts were characterised as
weakened and severely weakened. Among the
pests, 23 xylophagous and 21 phyllophagous
insect species were identified. However, most
of them can only colonize weakened and se-
verely weakened trees. The study showed that
the combined effect of the absence and neglect
of forestry and agrotechnical interventions in

the shelterbelts caused partial tree mortality,
resulting in the spread of pathogens and in-
sect pests that invaded individual trees in the
forest stands. O.A. Kuznetsova et al. (2023) as-
sessed such symptoms of decline of Ulmus sp.
together with some specific indicators which
made it possible to establish the characteristics
of the spread of bacterial and fungal diseases,
and bark beetles in shelter belts along the Ky-
iv-Kharkiv highway.

In the current survey dry branches in the
crowns were the most common symptoms of
tree weakening (Table 1). It is known that dry
branches can be the result of various causes.
S.V. Sydorenko et al. (2020) found maple trees
with dry branches remaining in the crowns in
shelterbelts restored after verticillosis. Long-
term retention of dry branches in the crown
leads to the classification of such trees as se-
verely weakened or even desiccated, while the
crown gradually recovers. An objective assess-
ment of tree health can only be made after sev-
eral years of monitoring.

Ash dieback is the most serious disease
affecting Fraxinus sp. in different regions and
stands. It is named after the appearance of dry
branches in the crowns. A. Benigno et al. (2023)
in Central-Northern Italy found that the se-
verity of ash dieback was higher in sites under
environmental stress (mild dry winters, and hot
dry summers) or anthropogenic stress (logging
and fires).

In the present study, ashes were least
healthy in the damp relatively fertile forest site
conditions (C,), where both health condition
indices were characteristic of weakened trees
(Fig. 1b), and in the forest stands with common
alder (Alnus glutinosa) as the main forest-form-
ing species (Fig. 1c). However, under wetter
conditions, alder was the dominant species.
V. Borysova (2021) studied the health status
of common ash in the Left-bank Forest Steppe
of Ukraine. In her sample plots, the prevalence
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of symptoms depended on the cause of the pa-
thology, the type of forest site conditions, and
some other forest characteristics. For example,
ash dieback was prevalent in fresh fertile forest
site conditions and bacteriosis was prevalent in
the fresh fertile, humid fertile, and humid rela-
tively fertile forest site conditions.

In the current survey, the prevalence of
trees with dry branches, epicormic shoots,
collar rot and bark beetle infestation was the
lowest in the stands with oak as the main for-
est forming species (Table 3). However, the
severity of collar rot was similar in the forest
stands with oak and ash as the main forest
forming species (Fig. 2c). This may be explained
by the dependence of collar rot severity on soil
moisture. G.]. Langer et al. (2022) within the
FraxForFuture project show that soil moisture
promotes the prevalence and severity of collar
rot caused by Phytophthora, Armillaria and ash
dieback. These pathogens often occur together
and it is sometimes difficult to determine the
primary cause of tree decline.

The poorest health of vegetative origin
trees in the current survey (Fig. 1d) may be ex-
plained by the younger age of the planted trees,
which were in the best health (Fig. le). The
prevalence of most symptoms of tree decline
increased with the age of the ash, except for
collar rot (Fig. 2e). Such trees are easily detect-
ed and could be removed by selective sanitary
felling in previous years.

As forest health continues to decline, it is
important to identify disease-resistant trees
and propagate their progeny for planting in
new forests. R.K. Stanley et al. (2023) found
that Fraxinus pennsylvanica marshall trees are
resistant to the emerald ash borer. However,
many years are needed to support this trait
in the offspring. J. Meger et al. (2024) in Po-
land, using six significant single nucleotide
polymorphism loci, proposed 300 F. excelsior
trees from 30 populations for future breeding

programmes to control ash dieback. J. Roz-
sypalek et al. (2023) injected ash trees infected
with H. fraxineus with fungicides and observed
a complete cessation of necrosis growth dur-
ing the first three months after injection.
However, until these programmes are imple-
mented, monitoring remains the most effec-
tive control measure, along with continued
sanitary felling of infested or infected trees.
Regular inspections help to identify early
signs of damage, allowing timely interven-
tion. In addition, the removal of affected trees
prevents the spread of pests and diseases to
healthy parts of the forest.

Conclusions

According to the health condition index, the
inspected ash stands are weakened and their
health deteriorates with age. The health con-
dition of ash is the worst in the shelterbelts,
in the damp relatively fertile forest site con-
ditions (C)), in the stands of vegetative origin,
with a lower relative stocking density and in the
stands with Alnus glutinosa as the main forest
forming species. Dry branches are the most fre-
quent symptom of ash tree damage (over 80%
of trees). This symptom is most frequent in the
shelterbelts, in the damp relatively fertile forest
site conditions (C)), in the stands of vegetative
origin, with a lower relative stocking density
and older than 60 years.

The prevalence and severity of epicormic
shoots were the highest in the forest shelter
belts, in damp relatively fertile forest site con-
ditions (C,), and in the stands of vegetative or-
igin. These indicators increased with tree age
and decreased with the relative stocking densi-
ty. Collar rot was the most frequent and severe
symptom of ash damage in the forest shelter-
belts, in the stands of vegetative origin, in the
damp relatively fertile forest site conditions
(C), and in the stands with Alnus glutinosa as
the main forest forming species. The severity
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of collar rot increased at the relative stocking of the trees in order to detect pathological pro-
density of 0.8. The highest prevalence and se-  cesses in good time and to remove infected or
verity of bark beetle infestation were found in  infested trees immediately.
the forest shelter belts and, in the damp, rela-
tively fertile forest site conditions.

The data obtained indicate the need to  None.
grow ash of seed origin in mixed stands with
oak. In view of the spread of native and alien
ash pests, it is necessary to monitor the health  None.
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Cumnromu nomkomkeHHs1 Fraxinus excelsior
y JKuromupcskomy Iomicci

OneHa AHppeeBa

JTOKTOP CiTbChKOTOCIIOapChKUX HAYK, TOLIEHT
[MonicbkuMii HalliOHATBHMIA YHIBEPCUTET
10008, 6-p Crapwmii, 7, m. JKutomup, Vkpaina
https://orcid.org/0000-0003-0851-800X
IBan MapTuHuyKk
Kanpupat eKOoHOMiUHMX HayK, JOLLEHT
[Monicbkuii HALliOHATBHUIL YHIBEPCUTET
10008, 6-p Crapwmii, 7, m. )Kutomup, Vkpaina
https://orcid.org/0000-0002-1370-677X
Onena JXuroBa
IoxkTop 6GionoriuHMx HayK, mpodecop
IMonicbkMit HaIiOHATBHMIA YHIBEPCUTET
10008, 6-p Crapwmii, 7, m. )Kutomup, Ykpaina
https://orcid.org/0000-0003-2572-4163
Awnacracis 3umapoeBa
JTOKTOP CiTbChKOTOCTIONapChKUX HAYK, TOLIEHT
IMonicbKkuMit HaLliOHATBHUI YHIBEPCUTET
10008, 6-p Crapwmii, 7, M. )Kutomup, Ykpaina
https://orcid.org/0000-0001-9382-8269
IBanna Kysnb6aHcbKa
Kaumgumat 6i0/0riuHMX HayK, TOLEHT
HarionanbHuMit yHiBepcuTeT 6iopecypciB i IPUPOLOKOPUCTYBaHHS YKpaiHu
03041, Byn. l'opixyBaTchkuii uuisx, 19, m. Kuis, Ykpaina
https://orcid.org/0000-0002-3424-8106

AnoTaiis. Buuenns sicens 3puuaiinoro (Fraxinus excelsior L.) € BasKIMBMUM Yepe3 ii0ro MoripiueHui
CaHITapHUI CTaH, SIKU CIPUYMHEHUI 3MiHOI KIiMaTy, aHTPOIIOTeHHMM HaBaHTasKEeHHSIM,
XBOPO6aMM Ta MOMKOKEeHHSIMMU (iTodaris, 10 3a1eKaTh Bill TOKaIbHUX YMOB i TUITY HacaIKeHb.
MeTo10 BOCTiIKeHHS 6y/10 BU3HAYUTH JIICOPOCIMHHI YMOBM Ta iHIII XapaKTepUCTUKYU HacalKeHb,
SIKi HAMGINMbIIO MIpOI0 CHPUSTIAUBI AJ9 TIOMIMPEHHS Ta PO3BUTKY CUMIITOMIB OC/IabIeHHS
sceHa y JXurtomupcbkomy Iomicci. JocmimkeHHS MpoBedeHO Ha NpuKIaai ¢imii «3BArenbcbke
JlicoBe rocriogapctBo». OIiHEHO CaHITapHMII CTaH JepeB siCeHa 3BUMYAMHOT0, CUMIITOMIB iXHbOTO
oClabeHHsT Ta 3aJeKHOCTi IXHiX MOIIMPEeHHsS Ta iHTEHCMBHOCTI Bim Kareropii JiciB, Tumy
JIiCOPOCMHHMUX YMOB, TOJIOBHOI JTiCOYTBOPIOBAJILHOI TIOPOAM, TIOXOKeHHS JepeB sCceHa, BiKy Ta
BiTHOCHOI TOBHOTM HAacaIkeHb. BiMbIIICTh 0OGCTEXKEHMX HACAKEHb BUSIBWINUCS OCTAGIEHUMMU.
BcTaHOBIIEHO, 1110 caHiTapHMit cTaH F. excelsior moripiyeTobes 3 BikoM. BiH € Haiiripummm y 1icoBux
cmyrax, y cupomy cyrpyai (C,), y HacaJkeHHSX BEreTaTMBHOIO IMOXO[KEHHS, 3 HaliMeHILO0
BiIHOCHOIO ITOBHOTOI0 Ta 3 Alnus glutinosa siK rOJIOBHOIO JIiCOYTBOPIOBAIbHO MTOpoAot0. HaitbimbIin
MOIIMPEHi CUMIITOMM OC/TAGeHHsT sICeHa — CyXi TiJIkY, BOASHI MAaroHy, OKOPEHKOBi THMJI Ta
TOCeNIeHHST SICEHOBUX Jy0O0imiB. ITOMMpeHiCTh Ta iHTEHCUBHICTh GiNBIIOCTI CUMITOMIB 6imu
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HaBUIMMM Yy JTiCOBUX CMyTax, cupomy cyrpyai (C,), y Haca/UKeHHSIX BETeTaTUBHOTO IMOXO/XKeHHS,
3 BimHOCHOIO moBHOTOW 0,6 i Bikom moHapm 60 pokiB. [HTEHCUBHICTH PO3BUTKY OKOPEHKOBUX
rHuiIeit Gyna 6inpioro 3a BimHOcHOI moBHOTM 0,8. PekomeHnmoBaHO BupoinyBatu F. excelsior y
MilllaHMX HacaJKeHHSX, IMepeBakHO pa3oM i3 Quercus robur i HagaBaTu TepeBary HaCiHHEBOMY
MTOXOMIKEHHI0. 3a3Hau€eHo, 10 [JI1 BUACHOI imeHTuUdiKalii maToMoriyHMx MpoleciB Ta Bimbopy
JlepeB y BUOipKOBi caHiTapHi pyoKku He0OXiIHO 3[1iliCHIOBaTY MOHITOPUHT CAHITAPHOTO CTaHY JepeB
F. excelsior. Pe3ynbTaTyl AOCTIIKEHHS MOKHA BPAXOBYBATH JIJISI BUSIBJIEHHS OCEPEIKiB IIKiTHUKIB i
36yIHMKIB XBOPOO i 3armobiraHHs 0c/1abIeHHIo i1 3armberi JTiciB
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