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Background. European mistletoe (Viscum album L.) is a hemiparasitic, auto-
trophic plant, which is an integral part of natural and urbanized ecosystems of Ukraine,
in particular Zhytomyr Polissia. V. album is considered to be an aboriginal species which
is largely responsible for the deterioration of the sanitary condition of woody plants. In
particular, it causes their premature drying, a sharp decrease in the intensity of growth
and yield of fruit. This study pursues the following goals: 1) to identify the species of
trees affected by V. album and which ones it prefers in the conditions of Zhytomyr
Polissia; 2) to study the biology of the development of V. album in the conditions of the
region; 3) analysis of the degree of damage to trees by V. album using the coefficient of
complex assessment.

Materials and Methods. The reconnaissance method was used to determine the
distribution of V. album, the type of damage and the intensity of damage to tree planta-
tions and the degree of tree damage by mistletoe was determined using the coefficient
of comprehensive damage assessment (C_,,).

Results and Discussion. It was found that out of the total number of affected
trees, B. pendula (27.13 %), R. pseudoacacia (17.04 %) and P. tremula (11.13 %) were
the most commonly infested by V. album in the region. At the same time, 46 % of the
trees are slightly damaged, 31 % are moderately damaged and 23 % are insignificantly
damaged. It was found that without human intervention, the number of populations and
the number of V. album tend to increase.
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Conclusions. On the territory of Zhytomyr Polissia, V. album has entered the
category of invasive plants. V. album was detected on 20 tree species, of which
the number of trees affected by V. album reached 41.54 % of the total number of
the examined trees. The vast majority of V. album populations (61 %) are growing.
The largest numbers of V. album shrubs were recorded on trees aged 60—80 and
80-100 years, accounting for 23 % and 25.13 % of the total number of trees infested
by V. album, respectively.

Keywords: Viscum album L., hemiparasitic plant, distribution, trees, degree of
damage

INTRODUCTION

In recent years, a rapid spread of European mistletoe (Viscum album L.) has been
observed throughout Ukraine, especially in the region, while the extent of its impact
on green areas is reaching the scale of an ecological disaster (Rybalka & Vergeles,
2017). According to Yu. O. Bilonozhko et al. (2019), the existing trend of the increase in
V. album distribution range is due to the change in climatic conditions towards warming,
as well as frequent forest fires. The problem of the spread of this hemiparasitic plant
is not new for Ukraine; a significant number of European countries have faced it (Lech
et al., 2020; Muche et al., 2022). However, it remains relevant for the future, as the
uncontrolled mass invasion of tree plantations by the hemi-parasite V. album continues,
which cannot but cause concern among scientists and foresters. This hemiparasitic
plant not only deteriorates the aesthetic appearance of woody plants, but is also the
cause of the deterioration of the sanitary condition, in particular the premature drying of
tree plantations, a sharp decrease in the growth rate and yield of fruit, which in general
is a significant ecological threat (Rybalka, 2016; Wood, 2004).

Recently, there has been a debate in scientific publications about the usefulness or
harmfulness of V. album for tree and shrub plantations (Ivchenko et al., 2014; Bondar
et al., 2020). A number of authors (lvchenko et al., 2014; Melo et al., 2023) hold an
opinion that V. album, thanks to its evergreen leaves, can be used as a decorative ele-
ment of the landscape for park zones or for woody plants on sides of roads, since the
harmfulness of this hemiparasitic plant is insignificant. Besides, V. album is known as
a medicinal plant and is currently used in medicine (Ostermann et al., 2020; Biegel
et al., 2022; Walas et al., 2022).

Despite the existing information (Ivchenko, 2016; Wood, 2004) on the usefulness
of V. album, the results of numerous studies (Matusyak, 2019; Rybalka, 2016; Muche
et al., 2022) testify to its harmfulness for tree plantations. According to A. I. lvchenko
et al. (2014), mistletoe belongs to the category of active invasive plants, affecting
urban plantations, old parks with valuable dendroflora, and protective strips along
the roads.

In summary, there is a need for further accumulation of data on the ecological and
biological characteristics of V. album, taking into account the regional aspect, in order
to limit its invasiveness. In particular, the questions of the increasing intensity of the
invasion of V. album plantations, the reasons for its spread, the implementation of pre-
ventive measures to reduce the negative impact of the hemiparasitic plant on natural
and artificial biotopes remain relevant. In addition, regardless of the existing mass of
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scientific information on V. album, it is still necessary to study the species composition
of host trees, the extent of their damage by the hemiparasitic plant in the conditions of
Zhytomyr Polissia, taking into account the appearance of many species of introduced
woody plants in the region.

MATERIALS AND METHODS

The research was carried out in 2021-2023 on the territory of Zhytomyr Polissia
within its administrative boundaries (Fig. 1).
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Fig. 1. Map-scheme of the research region of Viscum album

A total of 1,360 trees were surveyed. The detection of mistletoe-infested trees and
the extent of their distribution was carried out during the forest pathological inventory.
The distribution of V. album, the type of damage and the intensity of damage caused by
the hemiparasite to tree plantations in the green zones of the region were determined by
the reconnaissance method. These studies were conducted by means of visual inspec-
tion along the edges of roads, squares, parks, forest edges and populated areas of
the region. During the survey, the number of mistletoe plants and their age were deter-
mined. The type of damage was determined as follows: single — individual trees infested
by mistletoe; group (curtain) —when 3 to 10 trees are infested by mistletoe; solid —when
all trees of a certain species or age group are infested by the hemiparasite.

When studying the development of europian mistletoe, we measured (n = 5) the
length of its shoots and the diameter of the V. album shrub on the silver birch (Betula
pendula Roth.).

The degree of damage to woody plants was determined by the coefficient of com-
plex damage assessment (C_,,) using a 7-point scale of V. album crown infestation and
damage to trunks and skeletal branches, based on which trees are classified as very
severely, severely, moderately, slightly and insignificantly damaged by the hemiparasitic
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plant (Shlapak et al., 2013). The coefficient of complex damage assessment of woody
plants by V. album was determined by the formula

C.4. = Dc + Dt + Dsb,

where C_, is the coefficient of complex damage assessment, Dc is crown damage, Dt is
stem damage, Dsb is skeletal branch damage.

Based on the calculation of the sum of the scores, the degree of plant damage was
determined: 12—14 points (very severely damaged); 10—11 points (severely damaged);
7-9 points (moderately damaged); 3—6 points (slightly damaged); 1-2 points (insignifi-
cantly damaged). By transferring the data from the seven-point scales into the formula
(Shlapak et al., 2013), we obtained a comprehensive assessment of the damage to the
plants studied.

Statistical data processing was performed using the Statistica 5.0 computer program.

RESULTS AND DISCUSSION

The European mistletoe (Viscum album L.), a hemiparasitic plant of the Santalaceae
family, is an autotroph capable of synthesising organic substances due to the presence
of an autonomous chlorophyll-bearing system. Apart from the negative effects on its
host, this plant can also be beneficial by providing the host with its own assimilates
protecting it from fungal diseases and animal pests (Zuber, 2004; Baltazar et al., 2015).

Viscum album is a species with an extensive Euro-Asian range, coinciding with the
distribution of deciduous forests (Thomas et al., 2023). This hemiparasitic plant is an
integral part of natural ecosystems and the urbanised environment of Zhytomyr Polissia.

Among hemiparasitic plants, European mistletoe stands out for its rather aggres-
sive action and broad selective ability (Gnatyuk & Kavun, 2016; Schrdéder et al.,
2023). It is characterised by a unique resistance to external factors and diseases
(Pishchalenko et al., 2020). V. album has the ability to quickly adapt to the highly
altered environment of large cities, which is why it is considered a synanthropic spe-
cies (Bilonozhko, 2019; Szmidla et al., 2019). The combined list of V. album host trees
includes 452 species. The hemiparasite has been found on 22 tree species in the
USA and 384 species in Europe, of which 190 species are introduced (Zuber, 2004;
Rybalka & Vergeles, 2017).

In the territory of Zhytomyr Polissia, V. album colonises deciduous species, prefer-
ring soft trees with a thin layer of bark. The hemiparasitic plant is a thick green hemi-
spherical shrub that grows in the crowns and branches of trees. V. album shrubs of
different size and age can be found on one tree.

Under the conditions of the region, V. album can reach a diameter of 100 150 cm.
The stems are bare, cylindrical, green-barked or brownish-green in the lower part,
unjointed, easily broken at the nodes. The shoots are woody, dichotomously branched
with thickening at the nodes (Fig. 2A,). The leaves are sessile, elliptic, with clearly
visible 5-6 longitudinal veins, yellow-green, overwintering (Fig. 2A,). According to the
results of our research, the length of the leaves of V. album (n = 15) parasitic on sil-
ver birch (Betula pendula) is 39.11+£3.04 mm, the width — 7.37+£0.55 mm, and the fruit
diameter — 6.37+0.4 mm (Table 1).

The plant is dioecious. The flowers of V. album are unisexual, inconspicuous, yel-
lowish-green with a simple three- or four-part perianth, clustered in groups of three
(rarely 5-6) at the end of the shoots in the branches of the stem. The hemiparasitic plant
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flowers in spring, at the end of April. The fruit is a juicy, glossy, sticky, white or yellowish,
false berry with one or more seeds (Fig. 2B, C). The fruits of V. album ripen mainly in
September; in some years they were recorded in October.
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Fig. 2. Shoots (A), fruits (B) and seeds (C) of Viscum album on Betula pendula

Table 1. Morphometric characteristics of Viscum album growing on the host plant Betula
pendula, mm

Research year Leaf length Leaf width Fruit diameter
2020 38.8+2.55 7.1£0.62 6.2+0.39
2021 39.0+2.34 7.2+0.57 6.3+0.43
2022 39.52+4.24 7.82+0.47 6.62+0.37

Average 39.114£3.04 7.37+0.55 6.37+0.40

Fruits do not drop in winter. Seeds have flat and convex edges. In V. album, the root
system is reduced and forms sucking roots (haustoria) that provide mineral nutrition to
the hemiparasite.

The parasitism of flowering plants is a unique ecological adaptation that has
evolved from an independent function to an increasing dependence on other higher
plants. The development of V. album starts with the germination of the seeds in May,
and the first stages of development of V. album are quite slow. Stems and shoots only
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start to develop after a few years. Our observations showed that in the first year after
seed germination, the shoot grows to a length of 7.6+0.62 cm. The following year, the
shoot branches out and can reach a length 0f19.0+£0.98 cm, forming a spherical shape.

In the third year, a normal shrub of V. album is formed with a diameter of up to
27.6+1.18 cm. Later, new buds appear on the so-called “root system” of the hemipara-
sitic plant, which sprout outwards and develop into new shrubs of European mistletoe.
V. album can live for almost 45 years (Zuber, 2004; Baltazar et al., 2015). The spread of
V. album is endozoochorous. According to the results of our observations and literature
data (Taran et al., 2008; Ivchenko et al., 2014; Walas, 2022), under the current conditions
of climatic disturbance, the spread of mistletoe is facilitated not only by various species of
blackbirds, but also by synanthropic birds — members of the Corvidae family. Birds enjoy
mistletoe berries, which are an important source of food in winter and until the end of April.

The widespread distribution of V. album was noted after a visual survey of various
biotopes of Zhytomyr Polissia for damage to trees by V. album. It was found that the
spread of V. album causes significant damage to the dendroflora of the settlements in
the region, resulting in a decrease in their aesthetics and phytomelioration function, as
well as accelerating the processes of ageing and dying of tree species (Fig. 3).

The current situation with the intensive spread of V. album, taking into account the
constant increase in the range of this hemiparasitic plant, is, in our opinion, caused
by favourable conditions for the development of the population of V. album, due to the
weakening of rural plantations in the settlements of the region, associated with signifi-
cant anthropogenic changes, which is confirmed by studies of other authors (Rybalka
et al., 2012; Muche et al., 2022). An increase in gasification and atmospheric dust,
particularly in large settlements, contributes to the frequent occurrence of V. album on
some deciduous tree species.

Fig. 3. Black locust (Robinia pseudoacacia) infested by Viscum album

The size, age and location of V. album on trees are quite variable. It is known
(Bilonozhko, 2019; Kavun et al., 2021) that this hemiparasite is able to colonise a fairly
wide range of deciduous tree species, with a preference for alien and introduced species.

Our studies indicate a significant distribution of V. album in the region on a fairly
broad list of woody plant species. An analysis of the species composition of trees infested
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by V. album shows that this hemiparasite most frequently infests plants of the genus
Robinia L., Populus L., Betula L., Salix Host., Tilia L. Europian mistletoe was found on
20 tree species, namely pedunculate oak (Quercus robur L.), black poplar (Populus
nigra L.), pyramidal poplar (Populus nigra f. italica (Munchh.) A. Andersen), white poplar
(Populus alba L.), black locust (Robinia pseudoacacia L.), silver birch (Betula pendula
Roth.), Norway maple (Acer platanoides L.), field maple (Acer campestre L.), small-
leaved linden (Tilia cordata Mill.), rowan (Sorbus aucuparia L. Sorbus), common ash
(Fraxinus excelsior L.), white willow (Salix alba L.), eastern crack-willow (Salix fragilis L.),
common aspen (Populus tremula L.), apricot (Prunus armeniaca L.), common horn-
beam (Carpinus betulus L.), domestic apple (Malus domestica Suckow (Borkh.)), cherry
plum (Prunus cerasifera Ehrh.), common hawthorn (Crataegus monogyna Jacq.), wal-
nut (Juglans regia L.). In species such as hornbeam, domestic apple, hawthorn, walnut
and cherry plum, mistletoe infestation is in its early stages.

In the course of observations on the territory of Korosten district of Zhytomyr region,
we noted isolated cases of invasion of Scots pine (Pinus sylvestris L.) by pine mistletoe
(Viscum album ssp. austriacum (Wiesb.) Vollm.), which is considered to be a subspe-
cies of V. album. In Zhytomyr Polissia, O. O. Orlov and co-authors (2023) found pine
mistletoe in the Polissky Nature Reserve on an area of about 120 ha (Orlov et al., 2023;
Orlov et al., 2023).

The number of trees affected by V. album reached 42.28 % of the total number of
trees surveyed. A detailed analysis of the nature and extent of tree damage by V. album
was carried out on 13 species of woody plants (Fig. 4).

Acer platanoides
Populus nigra f. italica
Populus tremula
Populus pyramidalis
Sorbus aucuparia
Crataegus monogyna
Malus domestica

Quercus robur

Tree species

Tilia cordata
Betula pendula 27.13
Robinia pseudoacacia

Salix alba

Salix fragilis 8.52
0 5 10 15 20 25 30
Proportion (%) of trees infested by Viscum album

Fig. 4. The proportion of Viscum album infestation of certain species of trees as a percentage of the total
number of trees affected

It was found that V. album affected different tree species in different ways. B. pen-
dula (27.13 %), R. pseudoacacia (17.04 %) and P. fremula (11.13 %) had the highest
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percentage of V. album infested trees in relation to the total number of infested trees in
the region. S. aucuparia and C. monogyna make up the smallest proportions of trees
affected by Europian mistletoe. For the first time in the region, damage to apricot (Prunus
armeniaca) with single bushes of V. album was recorded.

According to the results of a comprehensive assessment of the degree of damage
caused by V. album to various species of woody plants, 46 % of trees experienced slight
damage, 31 % were moderately damaged, and 23 % showed an insignificant degree of
harm (Table 2).

Table 2. Degree of damage to trees by Viscum album

N Ccda
No. Species (total number of (afferc]:ted) degree
examined trees) category of damage,
average score
1 Salix fragilis 112 ag  |TEREEIED 7
damaged
2 Salix alba 101 35~ moderately 8
damaged
3 Robinia pseudoacacia 110 98 2’°derate'y 8
amaged
4 Betula pendula 358 156 g’oderate'y 9
amaged
5 Tilia cordata 72 14 slightly damaged 4
6  Quercus robur 102 22 slightly damaged 3
7 Malus domestica 68 o0  Insignificantly 2
damaged
insignificantly
8 Crataegus monogyna 19 2 damaged 2
9 Sorbus aucuparia 20 4 IS ez iy 2
damaged
10 Populus pyramidalis 86 32 slightly damaged 6
11 Populus tremula 108 64 slightly damaged 4
12 Populus nigra f. italica 122 54 slightly damaged 4
13 Acer platanoides 82 25 slightly damaged 3
Total 1360 575 - 2,3,4,6,7,8,9

S. fragilis, S. alba, R. pseudoacacia and B. pendula show an moderate degree of
damage by V. album, while M. domestica, C. monogyna and S. aucuparia are slightly
affected, indicating the selectivity of this hemiparasite for certain tree species. Trees with
severe and very severe damage were not identified. According to the data obtained,
V. album was recorded in mature and over-mature stands. The maximum number of mis-
tletoe bushes was found in the upper part of the trees, indicating their preference for light.

The largest number of V. album shrubs (up to 60 specimens) was recorded on old
trees that reached an age of 80—-100 years, their share among the affected trees being
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25.13 %. In the age group of 60—80 years, the number of infested trees is slightly lower,
reaching 23 % of the total number of trees affected by V. album (Fig. 5). Young trees are
extremely rarely infested by this hemiparasite.

The obtained data indicate a decrease in the resistance of trees to V. album infesta-
tion with age, which is due to their ecological and biological characteristics, a decrease
in resistance to infestion and the growing conditions of tree plantations. It has been
found that the weight of V. album on old trees is quite significant and this contributes to
the fragility of dry old branches of woody plants caused by the penetration of pathogenic
organisms into plant tissues.

Il 0 20 [ 20-40 [ 40-60 @ 60-80 [180-100

Fig. 5. Distribution of trees affected by Viscum album by age group

Compared to young wood, old wood is more susceptible to splitting when infested
by V. album. It was found that the growth conditions of tree plantations indirectly influ-
ence the spread of V. album. Trees close to water bodies, regardless of their species
composition (maple, willow, poplar), are more likely to be infested by this hemiparasite
than trees that grow farther away from water bodies (Table 3).

Table 3. Damage to trees by Viscum album depending on growing conditions

Examined, psc. Affected, psc. % affected
Species on flat close to on flat close to on flat close to
interfluve L) interfluve UL interfluve UL
bodies bodies bodies
Acer platanoides 44 38 10 15 23 40
Betula pendula 256 102 70 86 27.34 84.31
Populus alba 28 20 5 1" 17.86 55
Salix fragilis 58 80 14 35 24.14 43.47

Most commonly, V. album infests solitary trees, alley plantations and “forest” trees
lining the banks of rivers, ponds, parks, etc. The observed species and biocenosis
dependency requires the inclusion of mistletoe-resistant trees in landscape compo-
sitions, e.g. Jeffery pine (Pinus jeffreyi Balf.), western yellow pine (Pinus ponderosa
Douglas ex C. Lawson), western hemlock (Tsuga heterophylla (Raf.) Sarg.), etc. It
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is also possible to create clusters of conifer plantations, which are less affected by
V. album (Taran et al., 2008).

The analysis of the studies shows that the roadsides of motorways, alley planta-
tions with the predominance of B. pendula, R. pseudoacacia are characterised by inten-
sive damage by V. album (Fig. 6).

Fig. 6. Infestation of trees by Viscum album along motorways

Deciduous trees such as B. pendula, R. pseudoacacia and P. nigra show the most
severe damage.

CONCLUSIONS

1. Twenty tree species affected by V. album were found in the green areas of
Zhytomyr Polissia. Of the 1,360 trees examined, 575 trees were affected by
V. album, i.e. 42.28 %.

2. Europian mistletoe (Viscum album L.) is an hemiparasitic shrub with a life cycle
of 4—6 years. In modern conditions, according to the observations of the mode
of development and reproduction of V. album, it was established that it blooms at
the end of March—April, the fruits ripen in autumn, mainly in September—October.

3. Under the conditions of the region, B. pendula (27.13 %), R. pseudoacacia
(17.04 %) and P. tremula (11.13 %) of the total number of infested trees show
the greatest tendency to be affected by a hemiparasitic plant.

4. S. aucuparia (0.69 %) and C. monogyna (0.35 %) were the most resistant to
damage, indicating the selectivity of this hemiparasite for certain tree species.

5. According to the coefficient of comprehensive damage assessment to different
species of woody plants caused by V. album, the largest proportion, 46 %, are
slightly affected trees, 31 % are moderately affected and 23 % are trees with an
insignificant degree of damage.

6. V. album was recorded in mature and over-mature stands. The largest number
of V. album bushes was recorded on old trees, which are 80—-100 years old, and
their share in the affected trees was 25.13 %.
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CYYACHMWW CTAH MOLUNPEHHSA OMEJIN BIOI (VISCUM ALBUM L.)
B YMOBAX XUTOMUPCbKOI'O NnorniccA

OneHa XXumoea, JTodmuna Komrok, OneHa AHOpeeega

lMonicbkuli HayjoHanbHuUl yHisepcumem, Cmapul bynes., 7, Kumomup 10002, YkpaiHa

BcTtyn. Omena 6ina (Viscum album L.) — pocnuHa-HaniBnapasut, aBTotpod, abo-
pUreH, SKWA € HEeBIO EMHMM KOMMOHEHTOM NPUPOAHMX i ypbaHi30BaHMX EKOCUCTEM
YKkpainu, 3okpema, Xutommupcbkoro lNonicea. V. album CnNpyvYnHIOE MOTiPLUEHHST CaHi-
TApHOrO CTaHy AEPEeB’SSHUCTUX POCINH, 3YMOBIIHOKOYM IXHE MepegvacHe BCUXaHHSA,
a TaKOX pi3Ke 3HMXKEHHS iIHTEHCMBHOCTI POCTY i BpoXXanHOCTI nnogosux gepes. Meta
OocrimpKkeHHs: 1) BU3HaunTy BUAM AepeB, SKi ypaxye V. album i akum Bigaae nepesary
B ymoBax XKutomupcbkoro Noniccs; 2) BuBumMTK Gionorito po3suTtky V. album B ymoBax
perioHy; 3) npoaHanidyBaTu xapakTep i CTyniHb ypakeHHsi fepes pocnuHamu V. album;
4) BU3Ha4nNTK CTYNiHb ypaxkeHHs aepeB V. album 3a KoeiLi€HTOM KOMMMEKCHOI OLiHKK
i BCTAaHOBUTM NpMbnM3Hun Bik V. album 3a nonynsuinHo-gemorpadivyHnm koedilieHToMm.

MaTtepianu i metoaun. [Ina Bu3HavyeHHs nowmpeHHs V. album xapakTep NOLUKO-
DPKEHHS N IHTEHCUBHICTb YPaXXeHHS HE0 AepeEBHUX HacaaXeHb 34iINCHI0Bann pekorHoc-
unpyBanbHUM MeTofgoM. CTyniHb ypaXkeHHs1 AepeB OMENO BU3HaYanu 3a KoediuieH-
TOM KOMMIIEKCHOT oujiHKK (K

KOI'IO)'
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Pe3ynbraTn 1 06roBopeHHs. BusiBneHo, wo HanbinbL 3apaxxeHnmn V. album Ha
TepwuTopii perioHy € B. pendula (27,13 % Big 3aranbHOi KiNbKOCTi YpaXKeHUX OepeBs),
R. pseudoacacia (17,04 %) i P. tremula (11,13 %). BogHouyac 46 % cTtaHoBnATE Marno-
ypaxeHi gepeBa, 31 % — cepegHboypaxeHi 1a 23 % — AepeBa 3 HE3HAYHVM YPAXKEHHSIM.
3’sicoBaHo, Lo 6e3 BTpyYaHHS JTOOMHU KINbKICTb NONYNALi | YncenbHicTb V. album mae
TEHAEHLi0 OO 3POCTaHHS.

BucHoBku. Ha teputopii >Kutommpcekoro Monicca V. album ysinwna B po3psg,
iHBa3nBHUX pocnuH. V. album BusBneHo Ha 20 Bugax gepes, i3 HUX ypaxeHi V. album
caraiotb 41,54 % Big 3aranbHOi KiNbKOCTI gocnimpkeHnx aepes. lNepeBaxHa OGinb-
wicTte nonynsauin V. album (61 %) 3a gnHaMikor pO3BUTKY Mae 3pOCTalounii XapakTep.
HanbinbLuy KinbkicTb kywmkie V. album 6yno 3adgikcoBaHO Ha OepeBax, BiK AKMX cArae
60-80 pokis i 80—100 pokiB, YacTka siKMX Bif 3aranbHOI KiNbKOCTI ypaxkeHux V. album
aepeB cTaHoBUTb 23 % i 25,13 %, BigNoBIgHO.

Knrovoei cnosa: Viscum album L., pocnivHa-HaniBnapasuT, NOLNPEHHS, AepeB.a,
CTYMiHb YpaXKeHHs
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