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Article 
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Abstract: Elms (Ulmus spp.) are widely spread in the forest, shelter belts, and urban landscaping. 
This research aimed to reveal the trends of Ulmus sp. health in Ukraine under biotic damage. The 
tasks included: i) analyzing the presence of Ulmus sp. in the forests; ii) studying the dynamics of 
Ulmus sp. health in the ICP Monitoring plots for 2001–2015; iii) assessing the prevalence of the 
dominant biotic factors of Ulmus sp. deterioration and the probability of tree death or recovery. As 
a result of research, elms were found in 3.58% of the area in the stands with other main forest-
forming species in the forests subordinated to the State Specialized Forest Enterprise «Forests of 
Ukraine». Four elm species are present in the forests of all regions of Ukraine. In the Forest zone, 
U. minor predominates, U. glabra is more common in the western part of the country, and U. pumila 
in the southern and eastern regions. In the ICP-Forests monitoring plots for 2001–2015, a trend of 
elm deterioration in 2007–2012 was found. The highest incidence of trees with disease symptoms 
was recorded for U. pumila. In the sample plots for 2023–2024, the health of three elm species tended 
to deteriorate. In 2024, mortality occurred among all elm species infected with DED and among 
U. pumila trees with symptoms of wetwood. DED was more acute than wetwood. 

Keywords: Ulmus sp.; Dutch elm disease (DED); wetwood; health class; mortality; recovery 
 

1. Introduction 
Elms (Ulmus spp.) have high economic, ecological, and cultural value [1,2]. They are widely 

spread in the forest, protective stands, field and road protective shelter belts, and landscaping 
settlements [3,4]. More than 30 species of the genus Ulmus are known. However, elm species 
interbreed, create new geographic and ecological forms, and have many synonyms [1,2]. Three of the 
most common elm species in Europe are wych elm (Ulmus glabra Huds.), European white elm 
(fluttering elm) (U. laevis Pall.) and field elm (U. minor Mill.) [1]. These species prefer moist and damp 
fertile forest sites [5], while U. glabra is confined to more humid conditions [4], and U. minor also to 
ravines and watersheds in the coppices in the Forest-Steppe [6]. Native to Central Asia dwarf elm or 
Siberian elm U. pumila is widely spread in arid and semi-arid regions of China as a soil-preserving, 
sand-fixing, and resistant plant [7]. Due to winter hardiness, tolerance of drought, soil salinity, air 
pollution [8], U. pumila has been widely cultivated in other continents, including North and South 
America, Argentina, and southern Europe [9], particularly in the forest-steppe and steppe zones of 
Ukraine [2,10].  

Two pandemics of Dutch elm disease (DED) in the previous century killed billions of elms. The 
first wave of DED (at the beginning of the 20th century) was caused by Ophiostoma ulmi (Buisman) 
Nannf., and the second one since the second half of the 20th century by O. novo-ulmi Brasier, 
particularly its subspecies – O. novo-ulmi subsp. novo-ulmi and O. novo-ulmi subsp. americana [11,12]. 
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After the mass decline of elm trees in the 1960s and 70s caused by Dutch elm disease (DED) the 
foresters were frightened and stopped planting elms for some time [13,14] . Numerous research 
studies were devoted to recognizing the biological characteristics of the pathogen, etiology, and 
pathogenesis of the disease, assessing the possibilities of tree recovery, and searching for resistant 
species and elm forms [15,16]. 

DED can develop acutely or chronically. In the case of acute disease, trees die within a few 
weeks, and in the case of chronic disease, within a few years [17,18]. Leaves wither, and curl into a 
tube along the central vein, sometimes without changing color. The fungus develops in the cambium 
and clogs the main vessels which look like solid dark-brown rings on cross-sections of trunks and 
branches of damaged trees. Leaves of diseased trees bloom earlier than healthy ones and fall 
prematurely [13]. Leaves become smaller, and shoots dry out, starting from the upper ones, acquiring 
the appearance of hooks. The leading role of bark beetles in the DED spread is confirmed [13–15]. 
The larvae of these species develop under the bark of weakened trees. Fungus coremia and perithecia 
from larval galleries and lay eggs. In the galleries, the fungus produces spores, which stick the bodies 
of young beetles. Before mating, the young beetles have maturation feeding on the twigs of living 
elms. The spores that stick to the beetles' bodies are transferred to the wounds that appear during 
this feeding, and the tree becomes infected [19]. 

In recent years, there have been increasing reports of the spread of another dangerous disease 
caused by bacteria, the so-called wetwood [20]. Unlike Dutch disease, wetwood is not specific to elms 
and is common in many tree species in many regions [21]. Several bacteria species have been isolated 
from wetwood symptomatic trees, of which Lelliottia nimipressuralis (Carter 1945) Brady et al. 2013 
appears to be the most important in the wetwood development [22–24]. 

Symptoms of pathological wetwood in elm include yellowing and/or browning of the central 
tree core and the oozing of foul-smelling slime flux, which flows out under gas pressure produced 
by bacterial fermentation in the xylem. The ooze is toxic to epicormic shoots which die. The crust of 
dried slime on the bark and radial cracks are also the major diagnostic symptoms for the presence of 
pathological wetwood [15,25]. 

In the forests of Ukraine, the plots with elms as the dominant tree species occupy less than 0.1 % 
of the area [26,27]. At the same time, elms are present more often as a low part of the forest stand 
composition and in the protective and urban stands. In the forest with rare elm presence, DED does 
not spread severely. However, the bacterial infection has the advantage of being not specific to elms 
damaging other trees in the neighborhood [28,29].  

Studies in different regions show that some elm specimens can recover from chronic disease [30]. 
Artificial inoculation is carried out to reveal the susceptible elm species or hybrid cultivars [1,31], to 
assess the aggressiveness of the pathogen [32] or tree reaction to infection [30]. 

The occurrence of elm species in Ukraine and their resistance to various natural and 
anthropogenic factors have been little studied [4,33,34].  

Phytophagous insects, mites, other invertebrates, and some vertebrates were found feeding on 
various elm organs, leading to defoliation, and seldom to partial dieback. In the forest park, shelter 
belts, and urban stands of Kharkiv, 27 phyllophagous insect species were registered but defoliation 
did not exceed 10% [35,36]. 

23 species of xylophagous insects were associated with Ulmus sp. in the Forest Steppe of Ukraine, 
including 13 bark beetles (Coleoptera: Curculionidae: Scolytinae), three species of jewel beetles 
(Buprestidae) and 7 species of longhorn beetles (Cerambycidae) [37]. The bark beetles of Scolytus sp. 
were the most common and harmful due to their role in DED vectoring. 

Research in the Kyiv Polissya found that the average elm defoliation increased from 13.8% in 
2014 to 26.7% in 2017. Bacteriosis and DED were the main causes of the tree weakening. Tree damage 
in some forest plots ranged from 5 to 45%. Bark beetles Scolytus sp. were associated with both 
infectious diseases [4]. 

Few studies on elms and their susceptibility to pests and pathogens in Ukraine can be explained 
by the underestimation of Ulmus sp. ecological role in forest and the absence of an owner or 
responsible institution for the preservation and health of shelterbelts until 2020 [38]. 
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This research aimed to reveal the trends of Ulmus sp. health in Ukraine under biotic damage. 
The tasks included: i) to analyze the presence of Ulmus sp. in the forests subordinated to the State 
Specialized Forest Enterprise «Forests of Ukraine»; ii) to study the dynamics of Ulmus sp. health in 
the ICP Monitoring plots for 2001–2015; iii) to assess the prevalence of the dominant biotic factors of 
Ulmus sp. deterioration and the probability of tree death or recovery. 

2. Materials and Methods 

2.1. Study Region and Data Sources 

The territory of Ukraine is located in the southwestern part of the East European Plain, the 
Ukrainian Carpathians, and the Crimean Peninsula. By physical and geographical factors, the 
following natural zones are distinguished in the territory of Ukraine: Ukrainian Polissya, Forest-
Steppe, Steppe, Crimean Mountains, and Ukrainian Carpathians [39]. The area of Ukrainian Polissya 
(Forest zone) is 21.7% of the territory of Ukraine, Forest-Steppe – 31.1%, and Steppe – 37%. The 
Ukrainian Carpathians and Crimea account for 5.7 and 4.5% of the territory. The forest-covered area 
is 26.1% in the Forest zone, 12.2% in the Forest-Steppe zone, 3.8% in the Steppe, 40.5% in the 
Ukrainian Carpathians, and 9.8% in Crimea. 

The climate is moderately continental in most of Ukraine, and close to the subtropical 
Mediterranean type on the southern coast of the Crimean Peninsula. Within the plain territory of 
Ukraine, the continentality of the climate increases from the northwest to the southeast: in this 
direction, the average temperatures of the summer months increase, and those of the winter months 
decrease. The average air temperature in July is 18°C in the northwest part of the country and 24°C 
in the south. Precipitation decreases from the northwest to the southeast and south. The greatest 
precipitation falls in the Carpathians (over 1500 mm/year), the least - in the steppe zone (300-350 
mm/year), 550-650 mm in Polissya, and 500-600 mm in the Forest-Steppe. In the mountains, 
temperature decreases, and precipitation increases with altitude above sea level [40,41].  

The database of the Ukrainian State Forest Management Planning Association (n.d.) [27] was 
analyzed to assess the presence of Ulmus sp. in the forests subordinated to the State Specialized Forest 
Enterprise «Forests of Ukraine». SQL queries were used to select forest subcompartments containing 
Ulmus species. The total area was then calculated for each elm species within each region, and the 
corresponding percentages were derived. 

The forest layer for the map (ESA WorldCover 10m v200) was taken from the dataset Google 
Earth Engine [42]. QGIS 3.3.2 was used for map building [43] (Figure 1). 
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Figure 1. Forest subcompartments (black pixels) containing Ulmus sp. within the territory of Ukraine 
(Natural zones are: Polissya, or Forest zone – dark green; Forest Steppe zone – light green; Steppe zone – yellow; 
Ukrainian Carpathians – brown; Crimean Mountains – light brown). The regional centers have been signed. 

The database of 52 sample plots with Ulmus sp. from the frame of ICP-Forests monitoring plots 
for 2001–2015, was analyzed to study the dynamics of Ulmus sp. health (Figure 2). 

 
Figure 2. Location of ICP Forests monitoring plots (green circles) containing Ulmus sp. within the 
territory of Ukraine. Regional boundaries and centers are shown. 

To assess the prevalence of the dominant biotic factors of Ulmus sp. deterioration and the 
probability of tree death or recovery, in 2023–2024, the health of Ulmus sp. was examined in the 
fragment of forest shelterbelt with the dominance of one or several Ulmus species along the M 03 
highway, passing through the territory of Kyiv region (Figure 3).  
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Figure 3. Location of sample plots (black circles) in protective forest belts on the Kyiv-Kharkiv highway 
surveyed in 2023 and 2024 (the western point – Berezan: 50.2965°N; 31.3825°E, the eastern – Bogdanivka: 
50.2292°N; 32.0853°E).  

2.2. ICP-Forests Monitoring Data 

In Ukraine, extensive forest monitoring (I Level) harmonized with the European ICP Forest 
monitoring program [44] was carried out at the national level in 2001–2015. However, after the 
expiration of the State Program “Forests of Ukraine 2010-2015” [45], national-scaled monitoring 
observations were suspended.  

The sample plots were laid out on a 5 x 5 km grid. On each plot, a fixed number of trees for 
the crown condition were selected around coordinates of grid intersections and following a 
standardized scheme. 

Every year, defoliation (separately the upper third of the crown and the two lower ones) and 
discoloration were assessed on each plot, and symptoms of the damage, its type, and intensity were 
recorded. With this approach, it was possible to obtain long-term data on the trend of forest condition 
changes over a large area. 

Crown defoliation was estimated visually as a percentage and then converted to classes: 0 class 
= defoliation 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) [44]. 

The proportion of damaged trees was calculated as a percentage of trees with the respective 
symptoms.  

2.3. Assessing Biotic Factors of Ulmus sp. Damage, Tree Death or Recovery, in 2023–2024 
The assessment of three Ulmus species’ (U. laevis, U. glabra, and U. pumila) health in the 

shelterbelts along the Kyiv-Kharkiv highway in 2023 showed tree damage by bacterial disease 
(wetwood), Dutch elm disease (DED), collar rots, and bark beetles [33]. On average for three elm 
species, bacterial disease was most widespread in a fragment of the shelterbelt within Kyiv region.  

Therefore, elm health changes depending on tree species and disease type were assessed in the 
sample plots in the Kyiv region (Figure 3). The surveyed territory is located in the forest-steppe part 
of the region. The climate is moderately continental, and mild, with sufficient precipitation. For 2014–
2024 the average temperature was −3 °C in January, and +21.1 °C in July [41]. 

For each elm tree, DBH was measured, and several crown and stem parameters were assessed 
[37]. 
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Each tree was referred to one of six classes of health condition (1st – healthy; 2nd – weakened; 
3rd – severely weakened; 4th – drying-out; 5th – recently died; 6th – dead over a year ago). A health 
condition index (HCI) was calculated as a mean of the health condition classes of inspected trees for 
each sample plot [46]. 

Dutch elm disease (DED) was identified by specific symptoms – wilting and curling of leaves 
that remain on the tree for a while even without changing color, the gradual dying-off of thin and 
then thick branches, the presence of dark brown stripes on the longitudinal section of the branch – 
capped vessels, and rings of points on the transverse section (Figure 4). The pathogen identified was 
confirmed by specific laboratory techniques [14,33]. 

Bacterial wetwood was identified by fresh or dried exudate on the bark, resulting from its 
fermentation. Release of gases and liquid under pressure, necroses in the places of cutting off a thick 
branch, and in the place of exudate leakage due to breaks in the cortex were the external symptoms 
of bacterial wetwood (Figure 5). An analysis made at the Institute of Microbiology and Virology of 
the National Academy of Sciences of Ukraine has identified the pathogen as Lelliottia nimipressuralis 
(Carter 1945) [47]. 

(a) (b) (c) 
Figure 4. Symptoms of Dutch elm disease in acute form (a – beginning of disease development – 

June; b –total damage – July; galleries of Scolytus multistriatus (Marsham, 1802) on the tree that died 
from Dutch elm disease) 

Because of the inability to cut down trees, their infestation by bark beetles was assessed only by 
the exit holes in the lower part of the trunks and by galleries on the dying and dead trees (see Figure 
4c). 

In total, 172 U. laevis, 126 U. glabra, and 112 U. pumila trees were inspected in 2023 and 2024. 

2.4. Data Processing 

All data were organized using the software Excel 2019. PAST: Paleontological Statistics Software 
Package for Education and Data Analysis [48] was used for data analysis and visualization. 

The infestations of elm species were compared using a z-test in the two proportions comparisons 
[49,50]. Inputs were the proportions of infested trees, and outputs were z (observed value), |z| 
(critical value at significance level alpha = 0.05), and p-value (two-tailed). The difference between the 
proportions was considered significant for p<0.05 at z>1.96.  
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(a) (b) 

 
(c) (d) 

Figure 5. External symptoms of bacterial wetwood: a – release of gases and liquid under 
pressure; b – necrosis in the place of cutting off a thick branch; c – the beginning of the formation of 
necrosis; d – necrosis in the place of exudate leakage due to breaks in the cortex.  

3. Results 

3.1. Ulmus sp. in the Forests Subordinated to the State Specialized Forest Enterprise «Forests of Ukraine» 

The database analysis shows that in the forests subordinated to the State Specialized Forest 
Enterprise «Forests of Ukraine» elms as the main forest-forming tree are presented in less than 0.1% 
of the area covered by the forest. At the same time, elm species are often found in subcompartments, 
where the main species are Quercus sp., Alnus sp., Betula sp., Populus sp., Acer sp., Tilia sp., Fraxinus 
sp., Pinus sp. The presence of elm in the composition of these stands is from single trees to 70%. The 
area of all the subcompartments in which elms are present is 340 thousand hectares, i.e. 3.58% of the 
forested area (Table S.1). 

Elms are present in forests of all natural zones of Ukraine, mostly in the Forest-Steppe and 
Steppe zones (Figures 1, 6). In some regions of the Forest-Steppe, elms are present from 4.5% in the 
Khmelnytsky region to 13.4% in the Poltava region, and in the Steppe zone from 4.3% in the Kherson 
region to 14.3% in the Luhansk region (see Table S.1). 
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Figure 6. Distribution of forest area with the presence of elms in the stands of natural zones of 
Ukraine. 

In the forests of all regions of Ukraine, four elm species are presented: U. laevis, U. minor, U. 
pumila, and U. glabra (Figure. 7). 

 
Figure 7. Distribution of forest area with different elm species in the stand composition in Ukraine 
and its natural zones. 

U. minor predominates in Ukraine – the area of forests with this species in the stand composition 
exceeds 80% in the Forest and Forest-Steppe zones (Figure 7). In the Ukrainian Carpathians, the share 
of U. glabra and U. minor is very close (52.6 and 45.2%, respectively). In the Steppe Zone, U. minor and 
U. pumila are most represented (54 and 35.7%, respectively). Within each natural zone, the occurrence 
of individual elm species varies. Thus, in the Chernihiv region (Forest zone), the share of the area 
with U. minor is 59.1%, and U. laevis – 30.1%, and in the Zhytomyr region of the same natural zone, 
the share of the area with U. minor is 83.0%, and U. glabra – 12.63%. In the Steppe zone, the proportion 
of U. pumila is about 90% in the Kherson and Mykolaiv regions and only 22.5 and 26% in the Luhansk 
and Donetsk regions (see Table S.1). 

3.2. Ulmus sp. Health in the ICP Monitoring Plots for 2001–2015  

The ICP Monitoring plots present data on the health of 883 trees of four elm species in 2001–
2015. The Forest-Steppe and Steppe represent most trees (53.7 and 40.5%, respectively). In the Forest 
zone (Polissya), surveys were conducted only at four sample plots for 2 years. Elm trees assessed at 
monitoring plots in the Ukrainian Carpathians account for 4.9%. 
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Based on the dynamics of the average defoliation and discoloration scores, elms were slightly 
damaged with some deterioration in health in 2007–2012 (Figure 8a). However, the number of trees 
with disease symptoms increased in different periods in individual natural zones (Figure 8b). For 
example, the increase in diseased elms was registered in 2002, 2005, 2007, and 2011 in the Forest-
Steppe zone, and in 2003, 2005, 2010, and 2014 in the Steppe zone. 

 
 

(a) (b) 

Figure 8. Dynamics of the average defoliation and discoloration score of elms in 2001-2015 (a) and the 
elm trees with disease symptoms (b) in ICP monitoring plots. 

Analysis shows that almost half of the symptomatic elms were damaged by pathogens (46 %), 
and 23 % by insects. Pathogen damage included collar rots, Dutch elm disease, and bacterial disease 
(wetwood). However, according to ICP monitoring methods of that period, all diseases were 
recorded as “rots and other diseases”. Insect damage included browsing, mining, and galling of the 
foliage, and stem colonization by xylophagous beetles (recognized by entrance and exit holes, 
sawdust, and galleries). Tree deterioration under the influence of abiotic factors occupied an 
intermediate place (Figure 9). 

Comparison of different elm species with disease symptoms among all trees recorded in the 
database of ICP monitoring for 2001–2015 shows that their mean proportion was from 27.1 % in U. 
laevis to 37.1 % in U. pumila (Figure 10). The difference is significant for pairs U. pumila – U. minor 
(z=1.98) and U. pumila – U. laevis (z=2.03). 

 
 

0

1

2

D
ef

ol
ia

tio
n,

 d
isc

ol
or

at
io

n,
 p

oi
nt

s

Years

Defoliation, points

Discoloration, points

0

5

10

15

20

25

30

O
cc

ur
re

nc
e 

of
 e

lm
s 

w
ith

 d
is

ea
se

 
sy

m
pt

om
s, 

%
Years

Forest Steppe zone Steppe zone

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 November 2024 doi:10.20944/preprints202410.2568.v1

https://doi.org/10.20944/preprints202410.2568.v1


 10 

 

 
Figure 9. Distribution of elm trees’ deterioration causes in ICP monitoring plots (for 2001–2015, 
average for all natural zones) 

 

 
Figure 10. The occurrence of elm species with disease symptoms (the species with the same letters in 
parentheses have no significant differences at p<0.05). 

3.3. Biotic factors of Ulmus sp. damage and the probability of tree death or recovery for 2023–2024 

Asymptomatic trees were predominant among all three elm species, their occurrence was 
significantly higher among U. laevis (z 2.5 and 2.97 compared to U. glabra and U. pumila, respectively) 
(Figure 11). Bacteriosis symptoms were observed in trees of all elm species almost twice as often as 
DED, which was statistically confirmed (z>2.2). The lowest occurrence of bacteriosis was observed in 
U. laevis, but the differences were significant only compared to U. pumila (z=2.22). The proportion of 
U. laevis affected by DED was lower than in other elm species, but the differences were statistically 
insignificant (z<1.96).  
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Figure 11. Occurrence of elms with DED, bacteriosis, and without symptoms in sample plots in the shelter belt 
of Kyiv region (the number of trees was the same in 2023 and 2024; bars – stand. errors; occurrence in groups of 
trees with the same letters has no significant difference at p = 0.05). 

 
Analysis of the changes in the health classes of labeled U. laevis in 2024 depending on 

their health class in 2003 shows that most trees in classes 2, 3, and 4 did not change their 
health (Table 1). However, 20.3% of class 2 trees worsened their health to class 3 over the 
year, and 5.1% worsened their health to class 4. Among class 3, 10.8% worsened their health 
to class 4. At the same time, among class 4, 5.1% improved their health to class 3, and 12.8% 
worsened their health to class 4. 

Among U. laevis with DED symptoms, after one year there was not a single tree of 
health class 2 left – 40% worsened their health to class 3, and 60% to class 4. Most of the 
trees of class 4 died, i.e. belong to class 5. Among U. laevis sample with wetwood symptoms, 
most of the trees of class 2 worsened their health to class 3. Among the trees of class 3, only 
25% worsened their condition to class 4, and among the trees of class 4, 28.6% improved 
their health to class 3 (see Table 1). 

Table 1. Distribution of U. laevis trees by health classes in 2024 depending on their health in 2023. 

Health classes 

Distribution of elm trees by health classes (2–5), % 
Total 

in 2024 in 2023* 
in 2024** 

2 3 4 5 

 All trees  

2 34.3 74.6 20.3 5.1 0.0 100.0 

3 43.0 0.0 89.2 10.8 0.0 100.0 

4 22.7 0.0 5.1 82.1 12.8 100.0 

Total in 2023 100.0 25.6 46.5 25.0 2.9 100.0 

 Trees with DED symptoms  

2 31.3 0.0 40.0 60.0 0.0 100.0 

3 31.3 0.0 20.0 80.0 0.0 100.0 

4 37.5 0.0 0.0 16.7 83.3 100.0 

Total in 2023 100.0 0.0 18.8 50.0 31.3 100.0 

 Trees with bacteriosis symptoms  
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2 23.3 28.6 71.4 0.0 0.0 100.0 

3 53.3 0.0 75.0 25.0 0.0 100.0 

4 23.3 0.0 28.6 71.4 0.0 100.0 

Total in 2023 100.0 6.7 63.3 30.0 0.0 100.0 

Note: * – the proportion of trees from the total amount for the group in 2023, %; ** – the proportion of trees from 
the total amount for the group in 2024. 

Among all U. glabra, in 2024 most trees in class 2 worsened their health to class 3 over 
the year (Table 2). Among class 3, 14.3% improved their health to class 2, and 27.3% 
worsened their health to class 4. Most of class 4 (53.3 %) improved their health to class 3, 
and only 10% died. 

Among U. glabra with DED symptoms, in 2023 the trees of the 2nd health class were 
absent. In 2024, 70% of class 3 worsened their health to class 4. Among class 4, 27.8% 
improved their health to class 3, and 16.7% died. 

Among U. glabra with wetwood symptoms, all trees in class 2 worsened health to class 
3, and 30% of class 3 worsened health to class 4. At the same time, 57.1% of trees of class 4 
recovered to class 3 (Table 2). 

Table 2. Distribution of U. glabra trees by health classes in 2024 depending on their health in 2023. 

Health classes 
Distribution of elm trees by health classes (2–5), % 

Total  
in 2024 in 2023* 

in 2024** 
2 3 4 5 

 All trees  
2 15.1 31.6 68.4 0.0 0.0 100.0 
3 61.1 14.3 58.4 27.3 0.0 100.0 
4 23.8 0.0 53.3 36.7 10.0 100.0 

Total in 2023 100.0 13.5 58.7 25.4 2.4 100.0 
 Trees with DED symptoms   

3 55.6 0.0 30.0 70.0 0.0 100.0 
4 44.4 0.0 25.0 37.5 37.5 100.0 

Total in 2023 100.0 0.0 27.8 55.6 16.7 100.0 
 Trees with bacteriosis symptoms  

2 18.2 0.0 100.0 0.0 0.0 100.0 
3 60.6 0.0 70.0 30.0 0.0 100.0 
4 21.2 0.0 57.1 42.9 0.0 100.0 

Total in 2023 100.0 0.0 72.7 27.3 0.0 100.0 
Note: * – the proportion of trees from the total amount for the group in 2023, %; ** – the proportion of trees from 
the total amount for the group in 2024. 

Among all U. pumila, in 2024 half of the trees in class 2 worsened their health to classes 
3 and 4 (Table 3). Part of the trees in class 3 improved the health to class 2 (14.7 %), and 
another part worsened it to class 4 (13.2 %). Among class 4, 44.1 % improved the health, and 
11.8 % worsened it. 

Among U. pumila with DED symptoms, all trees of class 2 worsened health to class 4. 
A smaller part of classes 3 and 4 improved health, and a bigger part worsened it. 

Table 3. Distribution of U. pumila trees by health classes in 2024 depending on their health in 2023. 

Health classes 

Distribution of elm trees by health classes (2–5), % 
Total 

in 2024 in 2023* 
in 2024** 

2 3 4 5 
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 All trees  

2 8.9 50.0 20.0 30.0 0.0 100.0 

3 60.7 14.7 72.1 13.2 0.0 100.0 

4 30.4 0.0 44.1 44.1 11.8 100.0 

Total in 2023 100.0 13.4 58.9 24.1 3.6 100.0 

 Trees with DED symptoms  

2 11.8 0.0 0.0 100.0 0.0 100.0 

3 52.9 11.1 55.6 33.3 0.0 100.0 

4 35.3 0.0 16.7 50.0 33.3 100.0 

Total in 2023 100.0 5.9 35.3 47.1 11.8 100.0 

 Trees with bacteriosis symptoms  

2 6.3 0.0 50.0 50.0 0.0 100.0 

3 50.0 12.5 50.0 37.5 0.0 100.0 

4 43.8 0.0 14.3 71.4 14.3 100.0 

Total in 2023 100.0 6.3 34.4 53.1 6.3 100.0 
Note: * – the proportion of trees from the total amount for the group in 2023, %; ** – the proportion of trees from 
the total amount for the group in 2024. 

Among U. pumila with wetwood symptoms, all trees of class 2 worsened the health (by 
50% to 3 and 4 class). A smaller part of class 3 improved health and a bigger part worsened 
it. Identical parts of class 4 improved and worsened health (Table 3). 

In 2023–2024, the health condition index increased in all groups of infested elm trees. 
It also increased in asymptomatic U. laevis trees, was almost the same in U. glabra, and 
decreased in U. pumila. The health condition index in DED-infested trees increased the most 
in U. laevis (from 2.4 to 4.1). The health condition index in trees with the symptoms of 
bacteriosis also increased for all elm species, the most for U. laevis and the least for U. pumila. 
Such was influenced by deterioration in the infected trees noted above (see Tables 1–3), 
particularly the appearance of dead trees (Figure 12). 

 

 
Figure 12. Health condition index of asymptomatic trees and trees with symptoms of DED and 
wetwood among various elm species in the sample plots in 2023 and 2024 

 
Dead trees of all elm species were found in 2024 among those infected with DED and 

among U. pumila trees with symptoms of wetwood (Table 4). The differences in the 
mortality of trees of different elm species infected with DED and wetwood are insignificant 
(z<1.96). There was no mortality of U. laevis and U. glabra trees with symptoms of 
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bacteriosis. The mortality of U. pumila trees with symptoms of wetwood was less than with 
DED symptoms, but the differences are statistically insignificant (z<1.96). 

Table 4. Mortality of asymptomatic trees and trees with symptoms of DED and wetwood among 
various elm species in the sample plots. 

Elm 
species 

Mortality, %±SE 
DED Bacteriosis 

U. laevis 31.3±3.53 0.0 
U. glabra 16.7±3.32 0.0 
U. pumila 11.8±3.04 6.3±2.29 

Regression analysis showed that the relationship between the health class in 2023 and 
2024 is satisfactory (R2>0.5) only for DED-infected and all trees of U. laevis (Table 4). Both 
regression coefficients of this species are higher for DED-infected than for wetwood-
infected trees. 

Table 5. Results of regression analysis of elm health change in 2023– 2024 (Y=a+bX). 

Group of 
trees 

Number of trees 
in the group 

Intercept 
a±SE 

Slope 
b±SE 

R2 p 

 U. laevis 

Wetwood 30 1.73±0.38 0.50±0.12 0.37 <0.001 

DED 16 2.20±0.47 0.63±0.15 0.56 <0.001 

All inspected 172 0.51±0.13 0.88±0.04 0.69 <0.001 

 U. glabra 

Wetwood 33 2.63±0.37 0.21±0.12 0.09 0.09 

DED 18 2.43±1.09 0.43±0.31 0.10 0.19 

All inspected 126 1.81±0.28 0.44±0.09 0.16 <0.001 

 U. pumila 

Wetwood 32 1.87±0.66 0.51±0.19 0.19 0.01 

DED 17 2.54±0.96 0.34±0.29 0.08 0.26 

All inspected 112 1.46±0.32 0.53±0.1 0.20 <0.001 

 all elm species 

Wetwood 95 1.98±0.26 0.44±0.08 0.24 <0.001 

DED 51 2.44±0.46 0.44±0.14 0.17 0.002 

All inspected 410 1.06±0.13 0.68±0.04 0.39 <0.001 

4. Discussion 

Elm decline was noted on different continents in the early and second half of the 20th century. 
The main cause of the pathology was Dutch elm disease, caused by Ophiostoma ulmi (Buisman) 
Nannf. during the first pandemic and O. novo-ulmi Brasier during the second pandemic (). Recently, 
increased attention is paid to the widespread bacterial diseases in forest woody plants [23,31]. 

Unlike DED, which mainly affects Ulmus sp., the pathogen of the wetwood – Lelliottia 
nimipressuralis affects tree species of many common genera [51]. Therefore, despite the relatively low 
distribution of species of Ulmus sp. in the forests of Ukraine, assessing their health and susceptibility 
to infection by pathogens is very important. 

When analyzing the forest fund of Ukraine, the representation of the main forest-forming species 
is usually considered. The analysis of the database showed that elms as the main forest-forming 
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species are represented in less than 0.1% of the area covered by the forest. However, in the stand 
composition with other main forest-forming species, elms are found in 3.58% of the area (Figures 1, 
6, Table S1.). 

In the forest fund of Ukraine, the presence of elms is greatest in the Forest-Steppe and Steppe 
zones (Figures 1, 6). Four elm species are presented in the forests of all regions of Ukraine (Figure. 7), 
but the occurrence of individual elm species varies by natural zone. In the forest zone, U. minor 
predominates, U. glabra is more common in the western part of the country, and U. pumila in the 
southern and eastern regions (Table S.1). 

Across Europe, the susceptibility of Ulmus species to DED, the type of disease progression (acute 
or chronic), and tree mortality rates have been shown to vary across regions and stands. Differences 
have been attributed to the anatomy and physiology of trees [8], and attractivity to beetles, including 
host plant volatiles [30]. 

The data analysis on tree health in 2001–2015 on ICP Monitoring plots showed the greatest 
presence of Ulmus species in the Forest-Steppe and Steppe zones. However, this could be due to 
organizational problems when laying out monitoring points. Analysis of the main health indicators 
provided by the ICP monitoring methodology, level 1, allowed us to identify a trend of deterioration 
in elm health in 2007–2012 (Figure 8a). Still, the periods of these processes differed in individual 
natural zones (Figure 8b). 

The database lists pathogens, insects, and abiotic factors as the main causes of elm tree 
deterioration (Figure 9). The highest incidence of trees with disease symptoms was recorded for U. 
pumila (Figure 10). 

Since level 1 monitoring was intended to identify mainly the effects of air pollution on forests, 
the crown condition was assessed in late July – early August, when the species composition of 
defoliating insects could only be identified by damage types (browsing, mining, and galling). Fresh 
exudate flows were not detected on trees infected with bacteriosis, and the spread of xylophagous 
insects and stem, collar, and root rots was difficult to assess using non-destructive testing (without 
removing bark fragments). In this regard, the data obtained from level 1 ICP Monitoring plots helped 
to determine only some trends in the spread of biotic factors weakening elms. 

Researchers have noted the presence in the forests of Ukraine of elm trees with signs of Dutch 
disease, bacteriosis, xylophagous beetles - vectors of pathogens, etiology, and pathogenesis [4,23], 
but comparisons of these indicators in different elm species under the same conditions were not 
carried out. 

In 2023, sample plots were established in forest belts along the M 03 highway, passing through 
the territory of Kyiv, Poltava, and Kharkiv regions. The presence of Ophiostoma novo-ulmi subsp. 
americana and its aggressive hybrid Ophiostoma novo-ulmi subsp. americana × novo-ulmi (pathogens of 
DED) was confirmed by molecular methods [33]. The presence of Lelliottia nimipressuralis (Carter 
1945) in wetwood trees was confirmed by analysis at the Institute of Microbiology and Virology of 
the National Academy of Sciences of Ukraine [47]. 

In the frame of a surveyed shelterbelt, the presence of U. glabra decreased from Kyiv to Kharkiv 
regions. U. laevis was more represented in the Poltava region and U. pumila – in the Kharkiv region. 
Symptoms of wetwood were found on average on 10.6–13.4% of trees, DED on 4–10.2% of trees, butt 
rot on 2.5–4.5% of trees, and bark beetle exit holes and galleries on 4.5–9.9% of trees. DED and 
wetwood were most widespread in a fragment of shelterbelt within the Kyiv region, and least 
widespread within the Kharkiv region. 

Data analysis regarding U. pumila showed that DED-infected trees had the highest defoliation 
and the lowest prevalence of epicormic shoots [34]. The bark beetle infestation significantly increased 
with health condition class and defoliation of wetwood-infected trees. The highest association of bark 
beetle infestation with DED, epicormic shoots with wetwood disease, and dry branches prevalence 
with other symptomatic trees were confirmed by Principal Component Analysis. 

In 2024, a re-assessment of the health of three elm species on labeled elm trees in this forest 
shelterbelt within the Kyiv region was conducted, the results of which, compared with the 2023 data, 
are presented in this article. 
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The predominance of asymptomatic trees was found among all three elm species, and their 
occurrence was significantly higher among U. laevis (Figure 11). U. laevis was also less affected by 
DED and wetwood. 

U. laevis was less affected by DED under natural conditions in Estonia [13], Poland [52], and in 
the results of inoculation tests in France [53]. Some studies demonstrate that U. laevis is less attractive 
to the Scolytus beetles [19]. At the same time, the studies of these authors included pheromone 
trapping and a complete inspection of the model trees. 

However, this conclusion was not confirmed by the data from the shelterbelt survey, where in 
2023 the bark beetle infestation of U. laevis was higher than that of U. glabra [33]. This may be because 
the bark beetle survey was registered only visually in the accessible lower part of the trunks. 

According to the research in this article, for 2023–2024, the health condition of elms tended to 
deteriorate. At the same time, an improvement was noted in the health of 28.6% of U. laevis with 
wetwood symptoms from class 4 to class 3 (Table 1), 27.8% of U. glabra with DED symptoms from 
class 4 to class 3, 57.1% of U. glabra with wetwood symptoms from class 4 to class 3 (Table 2). Among 
U. pumila with DED and wetwood symptoms, some trees of classes 3 and 4 improved their health 
(Table 3). 

In 2023–2024, the health index increased in all groups of infested elm trees, mostly in DED-
infested and wetwood-infested U. laevis (Figure 12). In 2024, mortality occurred among all elm species 
infected with DED and among U. pumila trees with symptoms of wetwood (Table 4). 

Regression analysis supports the trend of elm health deterioration for 2023–2024, but the 
determination index is satisfactory (R2>0.5) only for DED-infected trees of U. laevis (Table 4). Data on 
the change in the health of elms in the sample plots for 2023–2024 suggest that DED had a more acute 
course than wetwood. 

In the pathogenesis of both elm diseases, acute and chronic forms are known, the manifestation 
of which depends on the virulence and aggressiveness of the pathogen, the plant's resistance, and 
environmental conditions [15]. Thus, chronic development of DED is recorded more often, and the 
first signs are detected several years after infection, starting with the twig drying. It is assumed that 
when a tree is infected through mechanical damage, the disease develops faster than when the 
infection is brought in by insects [17]. 

Research into the spread of wetwood in elm stands in the Kyiv Polissya [4] showed that 
phytopathogenic bacteria are also present in the tissues of healthy trees. Still, the pathological process 
develops only under favorable conditions. At the same time, such trees can be a source of infection 
for other trees, particularly due to the maturation feeding of bark beetles. 

5. Conclusions 

1. In the forests subordinated to the State Specialized Forest Enterprise «Forests of Ukraine» the 
elms as the main forest-forming species are represented in less than 0.1% of the area covered by the 
forest. However, elms are found in 3.58% of the area in the stands with other main forest-forming 
species. Four elm species are present in the forests of all regions of Ukraine. In the Forest zone, U. 
minor predominates, U. glabra is more common in the western part of the country, and U. pumila in 
the southern and eastern regions. 

2. In the ICP-Forests monitoring plots for 2001–2015, the greatest presence of Ulmus species in 
the Forest-Steppe and Steppe zones was recorded. A trend of deterioration in elm health in 2007–2012 
was found. Pathogens, insects, and abiotic factors were the main causes of elm deterioration. The 
highest incidence of trees with disease symptoms was recorded for U. pumila (Figure 10). 

3. In the fragment of forest shelterbelt with the dominance of one or several Ulmus species along 
the M 03 highway, passing through the territory of Kyiv region, a re-assessment of the health of three 
elm species was conducted in 2004 and compared with the 2023 data. For 2023–2024, the health of 
elms tended to deteriorate. At the same time, an improvement was noted in the health of several trees 
in each elm species. In 2024, mortality occurred among all elm species infected with DED and among 
U. pumila trees with symptoms of wetwood. Data on the change in the health of elms in the sample 
plots for 2023–2024 suggest that DED had a more acute course than wetwood. 
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