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Causes and trends in defoliation of Fraxinus excelsior L. in Ukraine
according to forest monitoring data

T.S. Pyvovar', O.I. Lialin? V.L. Meshkova?

The aim of the research was to evaluate the main causes and trends in the defoliation of common ash (Fraxinus
excelsior L.) trees in different natural zones of Ukraine according to forest monitoring data. Mean defoliation of common
ash in 2001-2015 was the highest in the Steppe zone, and the highest proportion of damaged trees (42%) was in the
Forest zone. In the Forest zone, diseases played the greatest role in damage to common ash trees, and the proportion
of trees damaged by pathogens increased over three five-year periods. In the Forest-Steppe, about half of the damage
to common ash trees (48.2%) was associated with abiotic factors, however, it decreased from 64.5% in 2001-2005
to 34.9% in 2011-2015. The proportion of trees affected by pathogens (41.6%) increased from 21.9% in 2001-2005
to 56% in 2011-2015. In the Steppe zone, the proportion of common ash trees damaged by insects prevailed, however,
in 2006-2010, it was comparable to drought damage.

The proportion of trees affected by ash dieback and foliage diseases increased from the Forest zone to the Steppe
zone. The proportion of trees affected by bacterial cancer (tuberculosis) decreased from the Forest zone to the Steppe
zone, and the proportion of trees affected by wood-decaying fungi was the largest in the Forest-Steppe zone.

In the Forest zone and Forest-Steppe zone, bacterial cancer was most common. However, in the Forest-Steppe zone
proportion of infected trees decreased from 72.4% in 2001-2005 to 38.9% in 2011-2015.

The proportion of trees affected by ash dieback (caused by invasive fungus Hymenoscyphus fraxineus) increased in
all zones and made up 25.8%, 5.9%, and 81.7% of all trees affected by diseases in the Forest, Forest-Steppe, and Steppe
zones, respectively. However, in some cases, similar symptoms in the Steppe could be related to non-infectious dieback
as a result of a lack of moisture.

Key words: common ash; proportion of damaged trees; ash sawfly, ash dieback; rot; bacterial cancer, foliage
diseases.

Introduction. The health condition of many forest
tree species has been deteriorating in recent decades
(Marmsx, Kpamapens, 2014; Enderle, Metzler, Riemer,
& Kaindler, 2018; Toiuyk, [lposzma, KympOaHchKa,
2018; Meshkova, Pyvovar, & Tovstukha, 2019a; Mesh-
kova, Borysova, Didenko, & Nazarenko, 2019b). The

reasons for this deterioration can be abiotic, biotic, and
anthropogenic factors, all of which interact and lead to
a decrease in resistance, in particular to insect coloni-
zation and attack by pathogens (Shvidenko, Buksha,
Krakovska, & Lakyda, 2017; Linnakoski, Kasanen,
Dounavi, & Forbes, 2019).
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The first signs of deterioration in the forest health
condition can be detected directly by noting an
increase in the number of pests or indirectly by chang-
ing the appearance of the crown or stem (bykma Ta iH.,
2011). Obtaining information about forest health over
a large area is ensured by forest monitoring which is
carried out using the same methodology on a statisti-
cally justified network of sample plots. In Ukraine,
extensive forest monitoring (I Level) harmonized with
European ICP Forest monitoring program (Manual...,
2010) has been developing for more than 30 years, and
since 2001, it has been carried out at the national level.
However, after the expiration of the State Program
“Forests of Ukraine 2010-2015” (Forests of Ukraine,
2009), national-scaled monitoring observations were
suspended. After 2015 assessments were carried out
only at a limited number of sample plots by scientists
from the Forest Monitoring and Certification Labora-
tory of the Ukrainian Research Institute of Forestry &
Forest Melioration named after G. M. Vysotsky.

In forest monitoring sample plots, many parameters
are assessed, among which defoliation is considered the
most informative (Manual..., 2010). It characterizes
not only the direct loss of foliage as a result of damage
by various factors (insects, diseases, drought, etc.), but
also the insufficient development of foliage due to the
deterioration of the health condition of trees.

Common ash (Fraxinus excelsior L.) is one of the
common forest tree species, which has been deterio-
rating catastrophically in recent decades in different
countries (Davydenko, Vasaitis, Stenlid, & Men-
kis, 2013; Davydenko et al., 2019; Goberville et al.,
2016; Langer, 2017). The area of forests with common
ash dominated in the stand composition is 3% of the
forested lands of the forest fund of the State Forest
Resources Agency of Ukraine and 6% of the total
deciduous forests of the country (General characteris-
tics..., 2022). Common ash is represented in different
natural zones of Ukraine and grows mainly on fertile
fresh, and moist soils, where it is often the second
main tree species after English oak (Quercus robur L.)
(Gordienko, I'oituyk, ['opaienxo, JleonTsik, 1996).

In Europe, since the 1990s, ash dieback caused by
the fungus Hymenoscyphus fraxineus (T. Kowalski)
Baral, Queloz & Hosoya appeared to be the main cause
of the Fraxinus sp. mortality (Skovsgaard et al., 2017).
The presence of this pathogen has also been confirmed
in different natural zones of Ukraine (Davydenko et al.,
2013, 2019). Emerald ash borer (Agrilus planipennis
Fairmaire, 1888) (Coleoptera: Buprestidae) penetrated
the eastern regions of Ukraine (Meshkova et al., 2021).
This pest caused the death of Fraxinus sp. over a
large area in the United States (Schrader et al., 2021)
and in many regions of Russia (Selikhovkin et al.,
2022). The spread of bacterial cancer (the pathogen —
Pseudomonas syringae subsp. savastanoi pv. fraxini)
(Janse, 1981; Toituyk ta iH., 2018), wood-decaying
fungi (Gonthier, & Nicolotti, 2013; Vasaitis, 2013),
and foliage browsing insects (in particular, the black
ash sawfly Tomostethus nigritus (Fabricius, 1804)
(Hymenoptera; Tenthredinidae) (Meshkova, Kukina,
Zinchenko, & Davydenko, 2017) are also reported.

An analysis of long-term monitoring data can
reveal trends in the general health condition of indi-
vidual tree species, in particular, common ash, and
determine the most important damaging factors in dif-
ferent natural zones of Ukraine. This will make it pos-
sible to predict further negative changes and prevent
them through forest management or forest protection
measures.

An object of research is the health condition of
common ash. The subject of research is the trends in
the health condition dynamics of European ash stands
in different natural zones of Ukraine.

The aim of the research was to evaluate the main
causes and trends in the defoliation of common ash
trees in different natural zones of Ukraine according to
forest monitoring data.

Objects and methods. The database of the 1st level
forest monitoring for 2001-2015 contains field ma-
terials collected by the researchers of the laboratory
for Monitoring and Certification of Forests of Ukrai-
nian Research Institute of Forestry & Forest Melio-
ration named after G.M. Vysotsky, the specialists of
Production Association “Ukrderzhlisproekt” and State
Forestry enterprises. In the analysis, all monitoring
plots with at least 3 common ash trees in three natu-
ral zones: Forest zone, or Polissia (13 sample plots),
Forest-Steppe (112 sample plots), and Steppe (34 sam-
ple plots) (Table 1) were included.

Common ash forest stands in a wide range of forest
site conditions (from C, to Ds), age of stands (from 20
to 140 years old), and origin (vegetative and seed) were
presented in the sample.

Crown defoliation was estimated visually as a per-
centage and then converted to classes: 0 class = de-
foliation up to 10% (healthy, undamaged tree);
1 class = 11-25% (slightly damaged); 2 class = 26-60%
(moderately damaged); 3 class = 60-99% (severely
damaged); 4 class — over 99% (dying) (Manual...,
2010).

The causes of damage were identified visually using
manuals and guides (Manual..., 2010, Field Guide...,
2017). The proportion of damaged trees was calculated
as a percentage of trees with any signs of damage.

Summary statistics, and one-way analysis of vari-
ance (ANOVA) with a significance level of p < 0.05
(AntpamenrtoBa, YTteBcbka, 2008) were performed
using Microsoft Excel applications and the statisti-
cal software package PAST: Paleontological Statistics
Software Package for Education and Data Analysis
(Hammer, Harper, & Ryan, 2001).

Results. Mean defoliation of common ash varied
by sample plots and years of assessment, with the
smallest fluctuations in the Forest-Steppe zone (Fig. 1).

Thus, during the period of observation, the
annual mean defoliation of ash trees in the pooled
sample ranged from 7.840,22% to 10.8+0,34%,
exceeding the “damaged” level (defoliation > 10%)
only in 2012, 2013, and 2015. At sample plots in the
Forest-Steppe zone, annual mean defoliation ranged
from 7.6 = 0.19% to 9.8 + 0.36, which means that ash
trees in the region can be considered “not damaged”.

T.S. Pyvovar, 0. 1. Lialin, V. L. Meshkova. Causes and trends in defoliation of Fraxinus excelsior L. in Ukraine according to forest... 37



HaykoBi npaui lliciBHuuoi akagemii Hayk Ykpainu, 2022, Bun. 24

Table 1. Natural zones, administrative regions, and forestry enterprises of common

ash health condition assessment

Natural zone Region Forestry Enterprise
Chernihiv Chernihivske, Kholminske, Semenivske
Lviv Radekhivske, Zolochivske
Forest ;
Rivne Dubenske
Volyn Volodymyr-Volynske
Cherkas Cherkaske, Chigirynske, Kamianske, Korsun-Shevchenkivske, Lysianske,
y Smileanske, Umanske, Zvenyhorodske
Chernihiv Borznyanske, Prylutske
Chernivtsi Khotynske
. Chuhuievo-Babchanske, Gutyanske, Skrypaivske, Vovchanske, Zhovtneve,
Kharkiv ..
Zmiivske
Khmelnytskyi Khmelnytske, Starokostiantynivske, Yarmolynetske
Kirovohrad Chornoliske
Forest-Steppe Kyiv Bilotserkivske, Boguslavske
Odesa Baltske, Savranske
Poltava Kremenchutske, Lubenske, Novosanzharske, Poltavske
Rivne Mlynivske, Ostrozke
S Konotopske, Krasnopilske, Krolevetske, Lebedynske, Okhtyrske, Romenske,
umy .
Sumske, Trostianetske
Ternopil Berezhanske, Buchatske, Chortkivske, Kremenetske, Medobory, Ternopilske
Vinnvisia Bershadske, Chechelnitske, Dashivske, Gajsynske, Illinetske, Khmilnytske,
y Kryzhopilske, Mogyliv-Podilske, Tulchinske, Vinnytske
Dnipropetrovsk Kryvorizke, Novomoskovske, Verkhnyodniprovske
Donetsk Lymanske, Slovianske, Torezke, Velykoanadolske
Kharkiv Blyzniukivske, Iziumske, Kupianske
Kherson Skadovske
Steppe - -
Kirovohrad Kompaniivske
Luhansk Bilokurakinske, Bilovodske, Ivanivske, Severodonetske, Svativske
Odesa Ananivske, Kotovske, Odeske, Velykomykhailivske
Zaporizhzhia Melitopolske, Zaporizke
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Fig. 1. Dynamics of mean defoliation of common ash trees in different natural zones of Ukraine
according to forest monitoring data for 2001-2015 (bars — standard error)
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Annual mean defoliation of common ash trees in the
Forest zone ranged from 1.8+0.01% to 14.0+£3.35%,
however, the average annual values for 2001-2015
did not differ significantly from those observed in the
Forest-Steppe zone (8.8 and 7.2% in the Forest-Steppe
and Forest zones, respectively; Fp = 2.56; Fyps=4.21).
At the same time, in the Forest Zone, the average com-
mon ash defoliation increased sharply in 2012 and
remained at the level of 12-14% until the end of the
observation period (see Fig. 1). Annual average defo-
liation of common ash trees in the Steppe zone ranged
from 7.9£0.6% to 18.4+1.64%, and the average long-
term value for the entire observation period (13.5%)
was significantly higher than in Forest and Forest-
Steppe zones (Fpo. = 18; Fops=3.2; P=2.5E%). In the
Steppe zone, the defoliation rate of common ash trees
exceeded 10% in 2002-2003 and 2006, and in 2007-
2015, ranging from 14.7 to 18.4%, which corresponds
to a level of “slightly damaged”.

Taking into account the variation in the defoliation
of common ash trees by years and by sample plots, we
evaluated the average values and the corresponding
standard errors for three five-year periods (Fig. 2).

Analysis of Fig. 2 shows that in 2001-2005 the
defoliation of the common ash was the lowest in the
Forest zone, medium in the Forest-Steppe, and the
highest in the Steppe, and only in the latter case the trees
can be considered slightly damaged. In 2006-2010,
the minimum common ash defoliation was also regis-
tered in the Forest zone, however, the difference with
Forest-Steppe is not significant, while in the Steppe,
the defoliation remained significantly higher than in
other zones, and the trees can be considered “slightly
damaged”.

In the last assessment period (2011-2015), the
average defoliation of common ash at the sample plots
in the Forest-Steppe and Steppe did not significantly
differ from the values of the previous period, while in
the Forest zone, health condition significantly worse-
ned — ash defoliation increased by 1.84 times and did
not significantly differ from that in the Steppe (see
Fig. 2). So, despite the relatively worth health condi-
tion of ash trees in Steppe during all the observation

period, the most rapid worsening of health condition
is observed in Forest zone, so we can assume the
impact of some negative factors in the region.
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Fig. 2. Mean defoliation of common ash trees
in different natural zones of Ukraine according to forest
monitoring data for successive periods of 2001-2015
(bars — standard error)

The dynamics of the proportion of damaged trees
(“extensiveness” of damage) (Fig. 3) were somewhat
different from the dynamics of defoliation (see Fig. 1).

The highest long-term average proportion of
damaged trees (42%) was evaluated in the Forest zone
(Fre = 4.8; Foos= 3.2; P =0,01), while in the Forest-
Steppe and Steppe (24.9 and 25.4%, respectively) the
indicator had no significant differences in the pooled
data set (Fp = 0.02; Foos=4.2; P=0.90).

Analysis of the proportion of damaged trees grouped
by five-year periods (Fig. 4) also indicates a relatively
stable value of the extensiveness of ash damage in the
Forest-Steppe, a trend toward an increase in this indi-
cator in the Steppe and an increase with a subsequent
decrease in the Forest zone.
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Fig. 3. Dynamics of the proportion of damaged common ash trees in different natural zones of Ukraine
according to forest monitoring data for 2001-2015 (bars — standard error)
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Fig. 4. The proportion of damaged common ash trees
in different natural zones of Ukraine according to forest
monitoring for successive periods of 2001-2015

(bars — standard error)

In all the periods under consideration, the exten-
siveness of common ash damage was the highest in the
Forest zone.

Analysis of damaging factors (Table 2) showed, that
in the Forest zone, diseases played the greatest role in
damage to common ash trees, and the proportion of
trees damaged by pathogens increased over three five-
year periods. Insect damage was the most common in
2001-2005 and subsequently decreased significantly.

A slight increase in the role of abiotic and
anthropogenic factors in common ash damage in the
Forest zone can be noted when comparing data from
three five-year periods (see Table 2).

In the Forest-Steppe, about half of the damage to
common ash trees (48.2%) is associated with abiotic
factors, however, the proportion of this factor decreases
from 64.5% in 2001-2005 to 34.9% in 2011-2015
(Table 2). The proportion of trees affected by pathogens
on average over 15 years of observations (41.6%) is
slightly inferior to the proportion of trees damaged by
climatic factors, but it increases from 21.9% in 2001-
2005 to 56% in 2011-2015. The proportion of ash trees
damaged by insects in the Forest-Steppe is the highest
in 2001-2005, but the level of damage can be consi-
dered weak (Manual..., 2010).

Table 2. The proportion of common ash trees damaged by different causes (numerator)
and its proportion from all damaged trees (denominator) according to forest monitoring
for successive periods of 2001-2015

Causes of damage

Periods of years

2001-2005 2006-2010 2011-2015 2001-2015
1 2 3 4 5
Forest zone

Abiotic 0.6£1.20 1.5+1.75 1.9+£2.04 1.441.53
3.9 53 5.4 5.1

Disca 9.3+4.42 24.6+6.15 29.846.82 21.2+45.41
seases 582 85.9 83.9 795

Insect 5.6+3.51 2.142.05 0.40.94 2.742.15
sects 353 73 1.1 10.1

Anthronogenic 0.4+0.99 0.4+0.92 34427 1.4£1.56
pog 2.6 15 9.6 53

Total 15.945.58 28.6+6.46 35.547.13 26.7+5.86
ota 100.0 100.0 100.0 100.0

Forest-Steppe zone

Abiofi 17.1£1.25 10.120.99 10.440.99 12.5+0.99
otie 64.5 46.9 34.9 482

Discases 5.8+0.78 9.84+0.98 16.7+1.21 10.84+0.93
21.9 55 56.0 41.6

Insects 3.420.60 1.4+0.39 2.4+0.50 2.4+0.46
12.8 6.5 8.1 93

. 0.1+0.12 0.1£0.12 0.2+0.14 0.2+0.12
Other biotic 05 0.6 0.7 06

Anthronogenic 0.10.08 0.1£0.10 0.1£0.10 0.1£0.07
Pog 0.2 0.5 0.3 0.2

Total 26.5+1.47 21.5+1.35 29.8+1.48 25.9+1.32
100.0 100.0 100.0 100.0
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Continuation of Table 2

1 2 4 5
Steppe zone

Abiofic 5.1+1.73 8.8+2.15 1.5+0.88 5.1+1.44
20.6 40.7 4.8 19.7

Diseases 5.7+1.83 4.0+1.49 10.9£2.25 6.9+1.66
3.0 18.5 34.6 26.6

Insect 12.742.62 8.4+2 11 19.1+2.84 13.4+2.24
sects 512 38.9 60.6 51.7

Anthronosenic 1.3+0.89 0.4+0.48 0,0 0.5+0.46
pog 52 0,0 1.9

Total 24.8+3.40 21.6+3.13 31.5+3.36 25.942 88
100.0 100.0 100.0 100.0

In the Steppe zone, during the entire analyzed pe-
riod, the proportion of common ash trees damaged
by insects prevails (Table 2). Only in 2006-2010, this
proportion is comparable to the proportion of trees
damaged by abiotic factors, mainly by drought.

The proportion of trees affected by diseases was
the smallest in the Steppe compared to other natural
zones. The maximum distribution of trees damaged
by anthropogenic factors was registered in 2001-2005
but amounted to only 5.2% of all types of damage.

The periods of increase in the proportion of com-
mon ash trees with damaged foliage differed in natu-
ral zones (Fig. 5). In the Forest zone in 2004-2005, the
proportion of trees with damaged (presumable by in-
sects) foliage reached 13-14% (see Fig. 5). At the same
time, crown defoliation did not exceed 5% (see Fig. 1).

In the Forest-Steppe, the proportion of damaged
common ash trees was 0.9-3.4% without pronounced
peaks and declines (Fig. 5), and defoliation did not
exceed 10% (see Fig. 1).

In the Steppe in 2002-2003, more than 10% of the
assessed trees were damaged by insects (Fig. 5) with
average defoliation of more than 10%. In subsequent
years, there was a monotonous increase in average de-
foliation to 18.4% in 2007, and its maintenance was
at a level of over 15% until 2015 (Fig. 1). However,
the proportion of trees damaged by insects decreased
monotonically from 2003 to 2009 and then increased
during 2010-2014 with peak in 2014 (19.1%) (Fig. 5).

All detected diseases of ash trees were divided into
four main groups: dieback, rot (wood-decaying fungi),
bacterial cancer, and foliage diseases.

In the monitored common ash stands, according to
long-term data, an increase in the proportion of trees
affected by dieback and leaf diseases was revealed
from the Forest zone to the Steppe zone (Table 3).

At the same time, the proportion of ash trees
affected by bacterial cancer decreased from the Forest
zone to the Steppe zone, and the proportion of trees
affected by wood-decaying fungi (rot) was the largest
in the Forest-Steppe.

In the Forest zone, bacterial cancer (tuberculosis)
was most common. Leaf diseases and rots were much
less revealed. Symptoms of ash dieback were first

recorded in 2006-2010, and in the next period, the
trees affected by it accounted for 25.8% of all those
affected by diseases (see Table 3).
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Fig. 5. Dynamics of the proportion of common ash trees,
damaged by insects-defoliators in different natural
zones of Ukraine according to forest monitoring
from 2001 to 2015

In the Forest-Steppe zone, the proportion of
trees affected by bacterial cancer also prevailed but
tended to decrease from 72.4% in 2001-2005 to 38.9%
in 2011-2015. The proportion of trees with rots and
leaf diseases has also been decreasing in the last
five years. At the same time, the proportion of trees
affected by ash dieback increased intensively among
all common ash trees affected by diseases (from 3.4%
in 2001-2005 to 53.9% in 2011-2015).

In the Steppe zone from 2000 to 2005, most
diseased ash trees had symptoms of drying out of the
tops and branches. In 2006-2010, this proportion is
half as much, and in 2011-2015 it is again quite high
(81.7%). Ash trees affected by rot, bacterial cancer, and
leaf diseases prevailed in 2006-2010 (Table 3).
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Table 3. The proportion of common ash trees damaged by different diseases types (numerator)
and its proportion from all diseased trees (denominator) according to forest monitoring
for successive periods of 2001-2015

Periods of years

Type of disease
2001-2005 2006-2010 2011-2015 2001-2015
Forest zone
Dicback 0.0 0.2+0.64 7.7£3.97 2.6+2.11
0.0 0.8 25.8 12.3
Rot (wood-decaying fungi) 88 0.13:3.45 0.7;:13.24 0.23:(;.59
. 9.3+4.43 24.3+6.13 21.246.09 18.3+5.12
Bacterial cancer 1000 088 TR T 863
. . 0.0 0.0 0.2+0.67 0.1+0.42
Foliage diseases 00 00 o7 05
Total 9.3+4.43 24.6+6.15 29.8+6.82 21.245.41
0 100.0 100.0 100.0 100.0
Forest-Steppe zone
Dieback 0.2+0.15 1.5+0.40 9.0+0.93 3.5+0.55
34 15.3 53.9 324
Rot (wood-decaying fungi) 0.81:;0330 1.?;03.39 0.95i(i.31 l.llﬂ(:)0i3l
. 4.240.67 6.5+0.81 6.5+0.80 5.740.70
Bacterial cancer a4 T663 389 58
. . 0.6+0.26 0.4+0.18 0.3+0.18 0.5+0.21
Foliage diseases 03 41 I8 46
Total 5.840.78 9.8+1.21 16.7+1.21 10.8+0.93
100.0 100.0 100.0 100.0
Steppe zone
Dieback 5.4+1.78 1.9£1.04 8.9+£2.06 5.4+1.48
94.7 47.5 81.7 78.3
Rot (wood-decaying fungi) 88 0.?(:)0(.)48 O.43i(;.46 0.2;:(;.29
. 0.3+0.43 0.44+0.48 0.6+0.56 0.5+0.46
Bacterial cancer ~53 00 55 N
. . 0.0 1.3+0.86 1.0+£0.72 0.8+0.58
Foliage diseases 00 T35 oo 16
Total 5.7+1.83 4.0+£1.49 10.9+2.25 6.9+1.66
100.0 100.0 100.0 100.0

Discussion. The average defoliation of ash trees
at the sample plots did not exceed 10% in most years
of assessment (Fig. 1). As is known (Mepycanumos,
2004), deciduous trees can withstand up to 30% de-
foliation without worsening their health condition.
However, even 100% foliage damage can bring tree
mortality only in the case of a threefold repetition. The
minimum fluctuations in the defoliation in the Forest-
Steppe zone are explained by the fact that this zone
has the largest number of sample plots. In the Steppe
zone, ash defoliation has changed cyclically over the
years of assessment, which is typical for outbreaks
of foliage-browsing insects (Meshkova, Pyvovar, &
Tovstukha, 2019a).

Among the pests of ash foliage in the Forest-
Steppe and Steppe of Ukraine in the analyzed years,
the black ash sawfly (Tomostethus nigritus) prevailed,
the ash weevil Stereonychus fraxini (DeGeer, 1775)
(Curculionidae) and Spanish fly (Lytta vesicatoria (L.,
1758) (Coleoptera: Meloidae)) were less common
(Meshkova et al., 2017). These insects feed on ash
leaves in May, therefore, during the monitoring period
(end of July — beginning of August), there is no infor-
mation about these pests in the Forest zone although
they may be found in low numbers. Therefore, it can
be assumed that the intensive increase in the level of
defoliation in the Forest zone, especially since 2011,
is associated with underdevelopment or premature fall
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of ash leaves as a result of diseases. In particular, these
symptoms are characteristic also of ash dieback caused
by Hymenoscyphus fraxineus (Enderle et al., 2018).

If the level of defoliation describes the severity of
tree damage, then the proportion of trees with dam-
age characterizes its extensiveness (CenTuXOBKHH Ta
iH., 2018). The dynamics of these parameters differed
from each other and in each natural zone (see Fig. 1
and Fig. 3). The greatest extensiveness of ash foliage
damage in the Forest zone (Fig. 4) may be due to the
different importance of damage factors in each natu-
ral zone. In the Forest zone, diseases prevailed (Ma-
s1x, Kpamapers, 2014; Ioitayk Ta ix., 2018). And even
defoliation mentioned as a result of insect damage in
2001-2005 could be the result of overestimation, due to
an incorrect diagnosis of the cause of leaf damage. So,
with some leaf diseases, necrotic areas fall out, leaving
an almost regular rounded hole (Field Guide..., 2017).

The proportion of anthropogenic factors of
forest damage in the Forest Steppe zone is surprisingly
low (see Table 2) since their action is often indirect,
however, it creates conditions for tree attacks by
insects and pathogens, and these causes are men-
tioned as the main. In the Forest-Steppe zone, in con-
trast to other zones, damage to common ash trees by
other biotic factors, namely, wild animals, mainly
ungulates, was also registered (see Table 2). The pro-
portion of trees damaged by wild animals was low
(average 0.6%). It was possible because the trees over
20 years old were assessed, which were more resis-
tant to damage by ungulates compared to young trees
(E€prymeBchkuit, 2012). Contrary to expectations, the
damage by wild animals was not found in the Forest
zone. It is possible that ungulates in the Forest zone
are more provided with food (undergrowth and shrubs)
than in the Forest-Steppe zone, and therefore damage
trees less (€BrymeBcrkmii, 2012). The absence of this
factor in the Steppe zone can be explained by the lower
populations of ungulates in the Steppe zone; however,
this issue has not been specifically studied.

The lowest proportion of diseased trees in the
Steppe compared to other natural zones (Table 2) may
be due to the fact that a certain level of humidity is
necessary for the development of pathogens (Gonthier,
& Nicolotti, 2013). It is interesting to note that in the
Steppe zone in the years of the greatest negative impact
of abiotic factors (drought) on the health condition of
common ash trees (2006-2010), the lowest prevalence
of its diseases (proportion of damaged trees) was also
registered (see Table 2).

The high proportion of trees with foliage damage
and the low defoliation in the Forest zone indicates
that the damage was not caused by foliage-browsing
insects. Sometimes leaf damage in the form of small
holes can be noted with the development of certain
diseases (Field Guide..., 2017). The upward trend in
mean ash defoliation in the Forest zone (see Fig. 1),
especially after 2011 with a low proportion (about 1%)
of trees with insect-damaged foliage (Fig. 5), also in-
dicates that the causes of leaf damage were not insects.
Such errors in diagnostics are explained by the fact
that monitoring of the health condition of trees is car-

ried out in late July-August (Manual..., 2010), and the
majority of foliage-browsing insects feed in May-June
(Meshkova et al., 2019a).

Features of the dynamics of defoliation and dynamics
of the proportion of trees damaged by insects in the
Steppe zone are typical for foliage-browsing insects,
in particular, for the black ash sawfly, which during the
outbreak in different years damages different groups
of trees. Therefore, the defoliation can be high, and the
proportion of damaged trees (the most preferred) is
low (Meshkova et al., 2017).

In contrast to damage caused by insects at an
earlier time than monitored, the symptoms and signs
of disease could be detected over a long period of time
(Gonthier, & Nicolotti, 2013).

Although the existence of ash dieback has been
confirmed in the Steppe zone (Davydenko et al., 2013),
mortality of branches and tops can still be observed
with other types of damage, for example, with a lack of
moisture (Meshkova et al., 2019a).

It is known that visually bacterial cancer and leaf
diseases are the most easily diagnosed (I'oiiuyk ta iH.,
2018). At the same time, the rots can be recognized
only in the presence of fruiting bodies of wood-decay-
ing fungi, which are absent in years with insufficient
moisture, and less reliably — by indirect signs. Branch
mortality may be one of the hallmarks of ash dieback
caused by the fungus Hymenoscyphus fraxineus but it
may also be the result of the deteriorating water supply
to the trees (Gonthier, & Nicolotti, 2013).

The results obtained indicate that the health of
common ash is deteriorating in different natural zones
of Ukraine, but in each of them, its own causes pre-
vail. However, when assessing a large area by different
performers, it is possible to underestimate or overes-
timate individual factors of tree weakening, which
complicates the development of measures to prevent
the development of pathological processes or mitigate
their consequences.

Conclusions. Defoliation of common ash for
15 years had the highest level in the Steppe zone.
However, from 2011 to 2015, in the Forest zone defo-
liation increased by 1.84 times and did not significantly
differ from that in the Steppe. The highest average pro-
portion of damaged trees (42%) was in the Forest zone.

In the Forest zone, diseases played the greatest role
in damage to common ash trees, and the proportion of
trees damaged by pathogens increased over three five-
year periods. In the Forest-Steppe, about half of the
damage to common ash trees (48.2%) was associated
with abiotic factors, however, it decreased from 64.5%
in 2001-2005 to 34.9% in 2011-2015. The propor-
tion of trees affected by pathogens (41.6%) increased
from 21.9% in 2001-2005 to 56% in 2011-2015. In
the Steppe zone, the proportion of common ash trees
damaged by insects prevailed. However, in 2006-2010,
it is comparable to the proportion of trees damaged
by abiotic factors, mainly by drought.

The proportion of trees affected by dieback and leaf
diseases increased from the Forest zone to the Steppe
zone. The proportion of trees affected by bacterial can-
cer decreased from the Forest zone to the Steppe zone,
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and the proportion of trees affected by wood-destroy-
ing fungi was the largest in the Forest-Steppe zone.

In the Forest zone and Forest-Steppe zone, bacte-
rial cancer (tuberculosis) was the most common. How-
ever, in the Forest-Steppe zone proportion of infected
trees decreased from 72.4% in 2001-2005 to 38.9%
in 2011-2015.

The proportion of trees affected by ash dieback
(caused by invasive fungi Hymenoscyphus fraxineus)
increased in all zones and made up 25.8%, 53.9%, and
81.7% of all trees affected by diseases in the Forest,
Forest-Steppe, and Steppe zone, respectively. How-
ever, in some cases, similar symptoms in the Steppe
could be related to non-infectious dieback as a result of
a lack of moisture.
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3rigHO 3 JaHUMN MOHITOPUHTIY NiciB
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TaTH TMOJBOBUX CIOCTEPEKEHb, MPOBEICHUX HAYKOB-
sIMH J1abopaTopii MOHITOPHUHTY 1 cepTudikamii micis
YKpalHCHKOTO HAyKOBO-AOCIITHOTO iHCTUTYTY JIiCOBO-
ro rocrojapcTsa Ta arponicomenioparii im. I M. Bu-
coupkoro, ¢axiBuamMu BO «YkpmepxticopoekT i
JICOTOCMONAPChKUX MIANPUEMCTB. [0 aHami3y BKIIO-
YeHO NUISIHKM 3 HAsBHICTIO HE MEHILIE TPhOX JIEpeB
siceHa 3BudaitHoro y Ilomicei (JlicoBa 30Ha), JlicocTte-
ny i Cremy.

HafiBummii piBeHp nedomiariii siceHa BIPOIOBK
15 pokiB Bim3HaueHno y Cremy, a HaliMeHmy ii MiH-
muBicte — y Jlicocremy. Bognouac mpotsrom 2011-
2015 pp. nedomiarist sicena y JlicoBiit 30H1 3017b-
muiacs B 1,84 pasa Ta 3Hauylie He MOCTyNajacs
nokazHuky y Cremy.

Haiibinpry cepenHio 4yacTKy JepeB 3 HasiBHic-
TIO TIOIKOKeHb (42%) BcTaHoBIeHO y JIicoBii 30Hi.
[Toka3nuk OyB mopiBHAHO cTalinpHMM Yy Jlicocremy,
MaB TEHICHLII0 A0 30inbmeHHs y Ctermy 3 HaCTYITHUM
3MeHIIeHHIM Y JIicoBiif 30Hi.

V JlicoBiif 30HI B ypaskeHHi JiepeB sceHa MpOBil-
HYy pOJib MOCiNaloTh XBOpoOH. YacTka ypakeHUX Ie-
PeB Majia TCHJCHIIIO 10 301IBIICHHS BIPOIORK TPHOX
'’ ssitupivHux nepioxis. Y Jlicocrenmy OnM3bKO MONO-
BHHU TOIIKO/KEHB epeB siceHa (48,2%) moB’s3ani 3
a0i0THYHUMH YMHHUKAMH, TIPUYOMY LISl YacTKa 3MEH-
mmacs Bix 64,5% y 2001-2005 pp. mo 34,9% y 2011-
2015 pokax. YacTka nepeB, ypakeHUX IaTOreHaMHU
(41,6%), 301inpmmmnacs 321,9% y 2001-2005 pp. 10 56%
y2011-2015 pokax. Y Cremy nepeBaxae qacTka AepeB,
MOLIKODKEHNX KOMAaxaMH, MEpPEeBaKHO UYOPHHUM sice-
HOBUM TWIBIMUKOM (Tomostethus nigritus (Fabricius,

1804)). Bomrouac y 2006-2010 pp. meli moKa3HUK TyKe
ONMM3BKUN IO YAaCTKH JIEPEB, MOIIKOMKEHUX a0loTHY-
HUMH YHHHHKAaMH, 30KpEMa ITOCYXOI0.

OCHOBHMMH TpyIliaMH XBOpOO siceHa Oynu Taki: xa-
JapoBui HeKpo3 (30ymHuK — Hymenoscyphus fraxineus
(T. Kowalski) Baral, Queloz & Hosoya (Queloz et al.
2011)), rani (COpUyYMHEHI AepeBOpYHHIBHIMHU rpuda-
MH), OaKTepiasbHul pak abo TyOepKysb0o3 (30YIHHK —
Pseudomonas syringae subsp. savastanoi pv. fraxini)
Ta XBOPOOW JIUCTS.

Yacrtka nepeB 3 o3HakamMu nepudepiitHOro BiaMu-
paHHsS KPOHU 1 XBOpoOaMu JTUCTS 301NIbITyBajacs Bij
JlicoBoi mo CremnoBoi 30H. YacTka AepeB, ypakeHHX
OakTepialbHUM pakoM, 3MeHIyBanacs Bif JlicoBoi 1o
CremnoBoi 30H, a 4acTKa JIEPEB, YPAKEHUX JCPEeBOPYH-
HiBHUMH Tpubamu, Oyna Haibinbmoro y Jlicocrermy.

Baxrepianpamii pak sceHa HaWJacTilIe BUSBISIN
y JlicoBiit i JlicocTemnoBiii 3onax. Bomuouac y Jlico-
CTETOBIM 30HI YacTKa ypaKEHUX AEPEeB 3MEHIIMIIACS
Bin 72,4% y 2001-2005 pp. mo 38,9% —y 2011-2015
pOKax.

YacTka NepeB, YpaKeHHX XallapOBHUM HEKPO30M,
301IbIIyBasiacs B YCiX MPUPOJHHUX 30HAX i CTAHOBHJIA
y 2011-2015 pp. 25,8; 53,9 1 81,7% Big ycix ypaxeHHX
xBopobamu aepeB y Jlicosiii, Jlicoctenogiit i Crero-
Bilf 30Hax BIAMOBiAHO. BomHOUac y NMESKUX BHITaIKax
y Creny moniOHI CUMIITOMH MOXXYTh OyTH ITOB’si3aHi 3
HeiHQEeKIIHHUM TTepuQepiiHUM BIIMHUPAaHHAM KPOHHU
BHACIiIOK 1e(ilUTy BOJIOTH.

KoarouoBi ciioBa: siceH 3BUuaifHuii; 9acTKa MOIIKO-
JUKEHUX JIEPEB; YOPHUMN ACEHEBHUM MWIBIIUK; Xajlapo-
BUIl HEKPO3; THWIII; JepeBOpYiHiBHI Tpudm; Oakrepia-
JBHUH pak; XBOPOOH JHCTS.

46 T. C. uosap, 0. I. Nlanin, B. 1. MewkoBa. Mpuuunnu i TeHaenuii gedoniauii Fraxinus excelsior L. B YKkpaiHi 3rigHo 3 faHUMM...
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