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Abstract: The influence of various damaging biotic and abiotic factors throughout many years have reflected in health status of trees
in parks and tree lines. The aim of this research was to reveal the present health status of urban trees in Szczecin with special overview
on leaf diseases and insect pests. Research was focused on the most planted tree species: Aesculus hippocastanum and A. Xcarnea.
The most significant damage caused by pathogenic fungi were in trees infected by Oidium spp. (Erysiphe flexuosa (Peck) U. Braun
& S. Takam) and Phyllosticta paviae Desm. (Guignardia aesculi (Peck) V.B. Stewart). A greater number of fungal species was found
at localities near roads (12 taxa) than at those in parks (9 taxa). The greatest influence by insect pests had C. ohridella on horse-
chestnut trees where a high damage of leaves of over 80% were observed.
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1. Introduction

The common white horse chestnut (Aesculus hippo-
castanum L.) is an imposing ornamental tree often seen
in town and cities where it is cultivated along park alleys,
in municipal gardens and town squares. Decreased health
of horse chestnut trees has been observed in Poland over
the last two decades. This is related to the spread of the
horse chestnut leaf miner Cameraria ohridella Deschka
& Dymic¢ (Lepidoptera: Gracilariidae), which attacks trees
leading to the loss of vitality and lower resistance to biotic
and abiotic factors (Percival et al., 2011). The insect was
first recorded in Europe near the Ohrid lake in Macedonia
in 1985 (Wiech, 2003). Fungal pathogens also adversely
affect the aesthetic value of horse chestnut trees. Two spe-
cies in particular can cause widespread epidemics in fa-
vourable conditions. Erysiphe flexuosa (Peck) U. Braun

& S. Takam. (the anamorphic stage of Oidium spp.), which
causes powdery mildew, has been recorded in Poland since
2000 (Piatek, 2002; Zimmermannova-Pastir¢akova et al.,
2002). Guignardia aesculi (Peck) V.B. Stewart (the anamor-
phic stage of Phyllosticta paviae Desm.; syn. Phyllosticta
sphaeropsoidea Ellis & Everh.), which causes Guignardia
blotch of buckeyes and horse chestnut, has been observed
in Poland since the 1970s (Madej, 1971a, b).

The aim of this study was to assess the health and con-
dition of horse chestnut trees A. hippocastanum L. and
A. xcarnea Hayne in relation to site location and co-oc-
currence of pathogens and the horse chestnut leaf miner
C. ohridella. Developmental stages of the trees and foliar
content of assimilation pigments in the vegetative season
were examined.
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2. Study area

Field observations were conducted in the years 2015—
2016 in town greens in the city of Szczecin. A total of ten
transects with the European white horse chestnut 4. hippo-
castanum L. and the red horse chestnut 4. Xcarnea grow-
ing at localities along roads and in parks were examined.
Trees at these sites were monitored mid-month between
June and September each year.

Horse chestnut trees growing at different sites were
selected for analysis to reflect conditions both favourable
(park localities) and unfavourable (localities along roads)
for their growth and development. Typical phenological
events were selected based on the literature (Krotoska,
1961; Biclawska et al., 1964; Chylarecki & Straus, 1968;
Stachak, 1968, 1977; Lukasiewicz, 1984; Nowak, 2000)
and on the individual development of the trees. Tree height
(Silva tree height measurer) + 0.5 m, tree trunk diameter
(at 130 cm) = 1 cm and crown diameter were measured
during phenological observations. Localities are described
in Table 1.

3. Material and methods

The frequency of pathogens and pests (tree disease) was
assessed based on the percentage contribution of leaves
with symptoms of mining by pests or colonization by fungi
in the tree crown in relation to the entire crown. Both val-
ues were estimated independently from each other. Results
for trees at one locality were averaged.

The leaf surface infected by insects and pathogens was
based on the percentage contribution of the leaf surface
with damage symptoms in relation to the entire surface
of the leaf lamina. The size was estimated individually for
each of the two criteria (damage by insects and infection
by pathogens) for 20 leaves selected randomly from the
lower part of the tree crown and the results were aver-
aged. Moth emergence was monitored in the Kasprowicz
Park (B3 transect, Table 1) based on the number of males
caught in delta pheromone traps suspended on the branches
of white horse chestnut trees at 3 m above the soil (one
trap in locality). Pheromone dispensers in the traps were
changed every four weeks and adhesive bottom tapes were
changed every week during inspections. Moth emergence
was observed between April and October 2016.

Leaf sections exhibiting visible tissue discolouration
(leaf blotch), mycelium coating, spore agglomerations
and fungal fruitbodies were considered to be colonized
by pathogens. Leaves were examined for the occurrence
of the mycelium, oidia and cleistotecia in the case of
Erysiphe flexuosa and for the occurrence of leaf blotches
and picnidia with spores in the case of Guignardia blotch

of horse chestnut. The species composition of fungi was
analyzed in laboratory conditions directly after collection
of the plant materials based on the percentage contribution
of leaves with symptoms of diseases. The nomenclature
of fungi is given after the Index Fungorum (www.index-
fungorum.org; last accessed 14.01.2017).

The content of photosynthetic pigments in leaves, dam-
age caused by insects and infection with pathogens were
studied in the growing season in different localities (along
streets and in parks). The foliar content of chlorophyll
a and b and total chlorophyll using the method by Arnon
et al. (1956) as modified by Lichtenthaler and Wellburn
(1983) and the content of carotenoids using the method
by Hager and Mayer-Berthenrath (1966) were determined
in physiological examinations. Foliar extracts of assimila-
tion pigments were obtained by crushing samples of fresh
mass, ca. 0.05 g, in a mortar using 10 cm?® 80% acetone.
Homogenates were centrifuged for 10 min. at 1500 rates
per minute. Optical density of samples was determined
spectrophotometrically at wavelengths A = 440, 645 and
663 nm. Pigment content was determined in four replicates
and expressed in mg-g'f.m. of the plant. These determina-
tions could not be performed at locality A2 in September
2016 as the physiological condition of the leaves of the
white horse chestnuts was very poor.

A one-way analysis of variance (experimental unit —
locality) and a comparison of averages using the Duncan
test, significance level 0.05, were carried out to statistically
analyse the content of assimilation pigments in the leaves
of white horse chestnut trees growing at different localities.
A one-way analysis of variance (experimental unit — horse
chestnut species) was conducted to compare pigment con-
tent in the leaves of two species of horse chestnuts growing
along roads and in parks.

4. Results and discussion

The condition of horse chestnut trees can be adversely af-
fected by a range of factors, both biotic (insects, fungi)
and abiotic such as low temperatures, water deficits, high
substrate salinity and traffic pollution (Baranowski et al.,
2002). The results of our studies show that the drying and
premature (as early as in mid-August) leaf fall of horse
chestnut trees growing in plantings along roads are affected
not only by infestations of the horse chestnut leaf miner
but also by the above abiotic factors and pathogenic fungi.
Horse chestnut trees growing in urban conditions are ex-
posed to strong anthropopressure. Many biotic factors such
as herbivorous insects and pathogenic fungi considerably
worsen the condition of these trees.



Table 1. Description of tree plantings and localities selected for study (dendrological inventory)

[27]

with asphalt, on soil
surface, hardened

Number Range of tree . Range
. of trees .. . Height
Locality . . . Description trunk diameter of crown
No. Location Tree species | monitored . range .
no e e . of locality [em] at 130 cm diameter
[individu- . [m]
above the soil [m]
als]
A - LOCALITIES ALONG ROADS
1 Al.l St. Aesculus 10 Trees grow 155-200 13-16 7-10
Narutowicza | hippocastanum along the central
reservation on a dual
carriageway 10—15 m
wide; surface — lawn
2 Al2 Aesculus 10 Trees grow 16-23 34 1-3
Xcarnea along the central
reservation on a dual
carriageway 10-15 m
wide; surface — lawn
3 | A2 (A3) | Av. Wojska Aesculus 10 Trees grow on a lawn 192-252 15-20 9-11
Polskiego | hippocastanum bordered by the
pavement on one side
14-16 m from the
road
4 | A3 (A4) St. Aesculus 10 Trees grow near 228-310 24-26 9-11
Stowackiego | hippocastanum the pavement, soil
surface, hardened
5 | A4 (A7) St. Aesculus 10 Trees grow in tree 217-240 18-20 9-11
Mickiewicza | hippocastanum pits
B - LOCALITIES IN PARKS
6 B1 Kownas Park Aesculus 6 Trees grow on the 205-310 20-22 8-10
Xcarnea lawn surface
7 B2 Aesculus 6 Trees grow on the 226 at 60 cm, 16-18 7-9
hippocastanum parks’ surface; two trunks
control locality — above, 141 and
no maintenance 144
measures, including
leaf removal
8 B3 Kasprowicz Aesculus 10 Trees grow on lawn 190227 19-22 812
Park hippocastanum surface
9 B4 St. Wilcza Aesculus 10 Trees grow on lawn 113-221 19-21 7-8
hippocastanum surface
10 BS5 Central Aesculus 10 Trees grow near 176-229 24-26 7-9
Cemetery | hippocastanum a road hardened
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4.1 Phenophases of horse chestnut trees

Differences in the course of phenological events in trees
growing at different localities were observed in 2015-206.
The vegetation of red horse chestnut trees took place first
preceding white horse chestnut trees growing at localities
in parks even by up to a week. White horse chestnut trees
began to flower in late April and early May while red horse
chestnut trees started to flower approximately a week later.
The flowering ended in late May and early June. Early
foliar discolouration was observed towards the end of Au-
gust (the first strongly infected leaves also began to fall at
that time) and peaked in late September and early October
which coincided with leaf fall. Leave fall ended at the end
of November at all the localities (Table 2).

4.2 The dynamics of the emergence of the horse
chestnut leaf miner Cameraria ohridella in the season

Observations of pest development were undertaken when
the first generation of moths emerged in late April (24.04) —
Fig. 1. The emergence of the first-generation moths was
spread over time and peaked in mid-June (11.06). The
occurrence of the second-generation adult moths was ob-
served in July (Fig. 1). The peak emergence of the summer-
generation moths (generation II) was recorded in mid-July
(12.07). The emergence of the autumn-generation of moths
(generation III) began in August and moth activity peaked
in early September (06.09). The number of moths baited
in pheromone traps decreased considerably in October
(Fig. 1).

A considerable drop by over 50% in the frequency
of moths caught in pheromone traps can be noticed based

Table 2. Mean dates of phenological events in horse chestnut trees at localities near roads and in parks in Szczecin between April

and November 2016
0 - = =
3 = = on S = — [
No. £ 2 g & E 2 =z £23 = Ew S 3E
= = = ) = e T = == To 2 =
g = > 2= = &°8 = S Q= =
| é ] ) S % -5 © =
A — Localities along roads
11.04 24.04 29.04 30.05 04.09 03.10 (22.08) 04.11
1 Al.l
01.10
08.04 20.04 06.05 30.05 18.09 03.10 (22.08) 04.11
2 Al.2
07.10
13.04 24.04 02.05 28.05 27.08 28.09 (22.08) 04.11
3 A2
01.10
13.04 22.04 27.04 28.05 27.08 30.09 (22.08) 04.11
4 A3
01.10
11.04 22.04 02.05 28.05 27.08 28.09 (22.08) 04.11
5 A4
01.10
B — localities in parks
06.04 24.04 08.05 30.05 22.09 03.10 (27.08) 04.11
6 Bl
07.10
13.04 20.04 05.05 03.06 27.08 30.09 (27.08) 04.11
7 B2
07.10
16.04 24.04 02.05 30.05 10.09 03.10 (27.08) 04.11
8 B3
07.10
16.04 24.04 02.05 30.05 10.09 03.10 (27.08) 04.11
9 B4
07.10
16.04 26.04 02.05 30.05 10.09 03.10 (27.08) 04.11
10 BS 07.10
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Figure 1. A comparison of the dynamics of the emergence of horse chestnut leaf miner C. ohridella moths in 2006 and 2016 based

on the catch of male moths in pheromone traps

on observations of the emergence of the C. orhidella imago
conducted from May to October in the last decade (Fig.
1). Literature data show that the peak stage of the inva-
sion has now moved to eastern-Baltic states and Belarus,
where the greatest damage to horse chestnut trees may be
expected in the near future (Kosibowicz, 2005). The dif-
ferences can be indicative of greater effectiveness of the
environment’s natural resistance which is a response to
the long-term mass occurrence of the leaf miner on horse
chestnut trees. At present, over 30 species of insects infect-
ing different development stages of the horse chestnut leaf
miner are known. The majority of them are classified as
parasitic Hymenopterans (Grabenweger, 2003). Parasitiza-
tion of the leaf miner at many localities in Europe ranges
between 3% and 21% (Grabenweger, 2003; Grabenweger
et al., 2005; Girardoz et al., 2006). In Poland, parasitization
of the leaf miner was even 50% at particularly sun-exposed
sites (Bystrowski et al., 2008). Insecticidal fungi are an-
other biological factor that limits the vitality of larvae and
pupae of the leaf miner; the efficiency of infection of dif-
ferent development stages of the leaf miner ranges from
16% up to 47% (Metla et al., 2013).

4.3 The level of horse chestnut tree infection by
Cameraria ohridella, Oidium spp.
and Phyllosticta paviae

The first burrows on the leaves were observed on white
horse chestnut trees, 4. hippocastanum, in mid-May.
Between then and late August the mean number of lar-
vae in the leaves of the trees successively increased and
reached 30 caterpillars per leaf in periods of intense feed-
ing. High foliar damage by the leaf miner reaching over

50% was recorded at the localities of the white horse chest-
nut as early as in August and was observed in both trees di-
rectly located along transport routes, away from traffic and
in park plantings (Fig. 3). Slight differences in the general
level of tree infection by the leaf miner at the study sites
were noted during seasonal observations: a higher percent-
age of infected leaves in the tree crown was observed for A.
hippocastanum individuals growing in dense town greens
than that is roadside plantings with A. hippocastanum (Fig.
2). A high damage of over 80% of the leaf by the miner
led to a premature leaf fall as early as in the second half
of August and a second flowering of horse chestnut trees
in late summer and early September.

Individuals of red horse chestnut trees, 4 xcarnea, were
considerably more resistant to infection by the leaf miner
and leaf infection did not exceed 4% at a roadside local-
ity (A2) and 10% at a park locality (Fig. 5). A compara-
ble low infection percentage was noted for tree crowns
of A. xcarnea (Fig. 4). Literature data show that C. orhidel-
la infects the leaves of the white horse chestnut A. Aip-
pocastanum the strongest (Bichta & Kozakiewicz, 2002).
It colonizes both old and young trees, mostly along roads
and in urban parks (Zaras-Januszkiewicz, 2004). It damag-
es the leaves of red buckeye desculus pavia, sweet buckeye
A.flava and red horse chestnut 4. Xcarnea considerably
less, and it does not develop in the leaves of Ohio buckeye
Aesculus glabra and dwarf buckeye Aesculus parviflora.
The leaf miner is also known to infect sycamores Acer
pseudoplatanus and maple trees Acer platanoides (Zaras-
Januszkiewicz, 2004).

Microclimatic conditions favourable for the develop-
ment of the horse chestnut leaf miner were recorded in our
study at park localities of both white and red horse chest-
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nut trees. The insect frequency was high in dense plant-
ings. Studies by Bystrowski et al. (2008) show that the
leaf miner developing in sun-exposed tree crowns, planted
as belts along roads and as individual trees in parks is at-
tacked more frequently by parasitoids.

A decreasing foliar content of assimilation pigments,
especially at park localities, reflects the influence of the
leaf miner on physiological processes occurring in weak-
ened trees. Long-standing infection by the leaf miner can
cause shoot dwarfing, sparse foliage and increased suscep-
tibility to disease (Dudzik, 2002). The disturbed rhythm
of tree development often causes decreased resistance to
frost and increases susceptibility to disease (Soika, 2004).

Removing fallen leaves is one of the methods used to
control the leaf miner. Uncollected leaves are often a source
of reinfection the following year. This was observed in the
Kasprowicz Park in Szczecin, where leaves of A. hippo-
castanum were not removed in the autumn during protec-
tive treatment and a mass emergence of leaf miner moths
in the spring and a high infection degree (80-100%) were
recorded — locality B2 (Figs 2, 3).

Twelfth species of fungi colonizing leaves of horse
chestnut trees were identified in our study. The anamor-
phic and teleomorphic stages of the causal agent of pow-
dery mildew [Oidium spp.] and the anamorphic stage
of the fungus causing Guignardia blotch of buckeyes and
horse chestnut [Phyllosticta paviae Desm.] were the most
frequently noted fungi. Conditions for the development
of fungi colonizing horse chestnut trees were better at lo-
calities along roads than at those in parks and a greater

Erequengy (%) ,
o o

N
o
1

number of fungal species was found at localities near roads
(12 taxa) than at those in parks (9 taxa). A higher degree
of infection of the trees (Figs 2, 4) and greater leaf colo-
nization by fungi (Figs 3, 5) were also observed. These
values varied for individual pathogens and diseases caused
by them.

Powdery mildew occurred on horse chestnut trees at
both types of localities (parks and streets). However, differ-
ences in the frequency and colonization degree of leaves by
the pathogen were noted in both groups (Figs 2-5). A cor-
relation between an increased occurrence of Oidium spp.
and the host species was recorded. 4. Xcarnea was found to
be less resistant than A. hippocastanum. This was observed
both at localities along roads and at localities in parks.

Guignardia blotch of horse chestnut symptoms oc-
curred more frequently in trees at localities along transport
routes than at localities away from them. The level of in-
fection of leaves by Phyllosticta paviae was also greater
at localities along roads than the leaves of trees in parks.
Leaf surface with signs of colonization by P. paviae was
lower than that caused by Oidium spp. at all the localities
(Figs 2-5).

Leaves of horse chestnut trees at park locality B2 were
colonized only by fungi of the genus Cladosporium. This
was related to an early and high damage of laminae by
larvae of C. ohridella. This locality was not maintained
(fallen leaves were not removed) which on the one hand
encouraged the occurrence of the leaf miner and on the
other hand inhibited the infection of plant tissue by the
causal agent of powdery mildew. The fungus Oidium

A1.1 A2

| | l
0 A . |_|_| . I_H . . —
A3 A4 B2 B3

B4 BS

B Cameraria ohridella O Oidium spp., Erysiphe flexuosa 0O Phyllosticta paviae

Figure 2. Maximum frequency values of the pests and pathogens examined in the study (percentage contribution of infected leaves
in relations to all the leaves in the crown) at selected localities with white horse chestnut 4. hippocastanum throughout the
vegetative season (A — localities along roads, B — plantings in parks)
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sp. are able to colonize only living plant tissue and can 2007; Suchocka, 2011). Humidity conditions in spring
develop on such tissue. are very important for horse chestnut trees (Lukasiewicz

The influence of climatic conditions, and in particular & Oleksyn, 2007). Factors relating to human activity, for
a habitat’s microclimate, on plant infection by pathogens instance maintenance measures and land development
and the occurrence of disease symptoms is high (Oszako, of areas surrounding the trees that may inhibit a plant’s
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Figure 3. Damage percentage of the leaves of white horse chestnut trees by the pests and pathogens examined in the study at se-

lected localities with white horse chestnut A. hippocastanum throughout the vegetative season (A — localities along roads,
B — plantings in parks)
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Figure 4. Percentage infection of tree crowns of white horse chestnut 4. hippocastanum and red horse chestnut 4. xcarnea at selected

localities (A — localities along roads, B — plantings in parks) by pathogens and pests (percentage contribution of infected
leaves in relation to all the leaves in the crown)



32 Magdalena Dziegielewska, Iwona Adamska, Matgorzata Mikiciuk, Grzegorz Nowak, Piotr Ptak

120 -

100 -

(0]
o
1

Leaf damage (%)
(o]
o

N
o
L

0 h T - T

—

A1A1 A1.2

B Cameraria ohridella

O Oidium spp., Erysiphe flexuosa

B1 B2 B3

O Phyllosticta paviae

Figure 5. Percentage damage of the leaves of white horse chestnut A. hippocastanum and red horse chestnut 4. xcarnea by the pests
and pathogens examined in this study at selected localities with white horse chestnut trees throughout the vegetative season

(A — localities along roads, B — plantings in parks)

access to water and decrease a supply of new mineral nu-
trients also impact on the course of disease in urban condi-
tions (Komosa & Roszyk, 2006; Oleksyn et al., 2007; Bres,
2008; Lukasiewicz, 2011a, b, ¢, 2012a, b; Suchocka, 2011;
Gotabek et al., 2014).

Increased susceptibility to infection by pathogens
and pests is observed in horse chestnut trees planted
near roads and pavements (Lukasiewicz, 2011c). Differ-
ences in leaf colonization in horse chestnut trees by causal
agents of powdery mildew occurring even within individ-
ual localities were also observed by Werner et al. (2012)
and Snieskiené et al. (2011). This is most likely caused
by divergent resistance levels of individual trees to patho-
gens. Oszmianski et al. (2015) attribute varied resistance
of horse chestnut trees to pathogens and pests to the con-
tent of phenol compounds in the tissue of individual hosts.

4.4 Foliar content of assimilation pigments

The content of photosynthetic pigments, mainly chloro-
phyll, in assimilation organs is a vital trait that affects
the intensity of binding carbon dioxide by the appropri-
ate amount of their active forms in the total assimilation
surface of a plant (Hall & Rao, 1999; Pilarski, 2000).
The determination of assimilation pigments in plant tis-
sue is of scientific and practical importance as it can be
an indication of the intensity of photosynthesis and bio-
mass production, can reflect the accumulation of nutrients,

mainly nitrogen, in plants and can be an indicator of the
physiological condition of plants, for instance plants under
stress (Richardson et al., 2002). Both abiotic and biotic en-
vironmental factors, including plant infection by diseases
and pests, influence the content of assimilation pigments
in plant tissue. Trees in the urban environment are exposed
to a complex set of stressors.

An analysis of foliar content of assimilation pigments
of white horse chestnut trees at localities along roads and
in parks in Szczecin shows that it varied for all the pig-
ments analyzed and depended on the location of the site
and the sampling date. The lowest content of chlorophyll
a, significantly lower than that in the leaves of plants de-
rived from localities A2, Al1.1, A3 and B4, was recorded
in the leaves of horse chestnut trees at localities B2, B3 and
A4 on sampling date I. The lowest content of chlorophyll
a was detected in the leaves of trees at locality B4 on sam-
pling date II. The content of chlorophyll a in the leaves
of horse chestnut trees growing at the remaining park local-
ities (B2, B3 and B5) was higher than that in the leaves at
localities along streets. The lowest content of chlorophyll
a was recorded in the leaves of trees at localities B3, Al.1,
B2 and B5 on sampling date III and in the leaves of trees at
localities B3 and A4 on sampling date IV (Table 3).

The highest foliar content of chlorophyll b was detected
on sampling dates I and II for trees at localities A3, B4
and Al.1 as well as B5 and B2, respectively. The mean
foliar content of chlorophyll b was lower on the last sam-
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pling date than those recorded on previous sampling dates.
A significant variation of chlorophyll b content depending
on the locality was not detected (Table 4).

The highest content of total foliar chlorophyll in white
horse chestnut trees on sampling date I was recorded for
trees at locality Al.1 and the lowest for trees at localities
B2, B3, B5 and A4. The lowest content of total chlorophyll
on sampling dates II and III was recorded in the leaves
of horse chestnut trees at B4 as well as B3, Al.1, B2 and
BS5, respectively. It was the lowest in the leaves of trees at
localities B3 and A4 on sampling date IV (Table 5).

Carotenoids are important assimilation pigments and
supplement spectrally the absorption range of photosyn-
thesis as photosynthetic antennae. They also act as pho-
toprotectors, take part in the dissipation of excess excited
state energy in the xanthophyll Guignardia blotch of buck-
eyes and horse chestnut cycle, protect photosystems from
damage, remove free oxygen radicals and influence the
smoothness and structure of photosynthetic membranes
(Gieczewska, 2015). The greatest foliar content of carot-
enoids in white horse chestnuts trees, both along roads and
in parks, was recorded at localities Al.1, B5, A3 and BS,
for successive sampling dates (Table 6).

A comparison of foliar content of assimilation pigments
in white and red horse chestnut trees growing at localities
along roads (Al.l1 and A1.2) and in parks (Bl and B2)
shows that the greatest content of chlorophyll a and total
chlorophyll was recorded in the leaves of red horse chest-
nut trees growing at a park locality on all the sampling
dates. A similarly high content of chlorophyll a was de-
tected on sampling date I in the leaves of both species
of horse chestnut trees at a roadside locality. The content

of chlorophyll a was higher in the leaves of white horse
chestnut trees than in those of red horse chestnut trees at
a roadside locality on sampling date II (Table 7). A higher
content of chlorophyll b in the leaves of red horse chest-
nut trees was detected at a park locality on sampling dates
I, IT and IV. A higher content of chlorophyll b and total
chlorophyll in trees growing along roads was recorded
in white horse chestnut trees on sampling dates II and III.
For trees growing in parks, the content of total chlorophyll
was higher in red horse chestnut trees on all sampling dates
(Tables 8 and 9).

The highest foliar content of carotenoids was recorded
for white horse chestnut trees at locality A on sampling
date I and for red horse chestnut trees at locality B on sam-
pling dates II and III. For trees growing along roads, the
content of carotenoids was higher in white horse chestnut
trees on all the sampling dates. The content of carotenoids
was higher in red horse chestnut trees at park localities
on sampling dates II and III (Table 10).

Foliar content of these assimilation pigments in white
horse chestnut trees varied and was dependent both on the
site’s location and the sampling date. In white horse chest-
nut trees, the lowest chlorophyll content was detected in the
leaves of trees in park localities on successive sampling
dates. This was related to a higher rate and greater degree
of infection of leaves by pathogens and pests. The greatest
content of carotenoids in the leaves of white horse chestnut
trees was recorded both in trees growing at localities along
streets and in parks depending on the sampling date. For
trees in park localities, the content of total chlorophyll was
higher in red horse chestnut trees on all the sampling dates.

Table 3. The content of chlorophyll a in the leaves of white horse chestnut trees [mg - g f.m.] depending on the locality (notation of

localities and tree species as in Table 1)

Locality No. Date 1 Date 11 Date 111 Date IV Mean
Al.l 2.90"d 2.08b 1.78 a n.d.” 1.98

A2 2.54 be 241 ¢ 2.86 cd 1.97 b 2.44

A3 2.90d 245 ¢ 3.13d 230c¢ 2.69

A4 2.03a 248 ¢ 243 b 1.68 a 2.15

B2 1.90 a 2.66 d 1.99 a 2.01b 2.14

B3 2.00 a 2.76 de 1.76 a 1.57 a 2.02

B4 2.70 cd 145 a 2.63 be 2.47 cd 2.31

BS 2.20 ab 2.89 e 2.02 a 2.65d 2.44
Mean 2.40 2.40 2.32 2.09 2.30

* — means denoted with the same letters do not differ significantly at significance level o = 0.05; ** — not determined
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Table 4. The content of chlorophyll b in the leaves of white horse chestnut trees [mg - g f.m.] depending on the locality

Locality No. Date I Date 11 Date 111 Date IV Mean
Al.l 134 ¢ 0.99 a 0.81a n.d. 1.05
A2 1.00 b 1.01a 1.30d 0.89 a 1.05
A3 1.25¢ 1.19a 1.35d 1.04 a 1.21
A4 1.00 b 123 a 1.04 be 0.70 a 0.99
B2 0.80 a 1.30b 0.83 a 0.88 a 0.95
B3 0.87 ab 0.65a 0.74 a 0.68 a 0.73
B4 1.29¢ 0.67 a 1.20 cd 092a 1.02
BS 0.94 ab 1.28Db 0.88 ab 0.76 a 0.96
Mean 1.06 1.04 1.02 0.84

Table 5. The content of total chlorophyll in the leaves of white horse chestnut trees [mg - g f.m.] depending on the locality

Locality No. Date 1 Date 11 Date 111 Date IV Mean
Al.l 2.86d 3.08b 259a n.d. 2.84

A2 1.84 b 3.42 be 4.16 cd 2.86b 3.07

A3 251¢c 3.64 bed 448 d 335¢cd 3.49

A4 147 a 3.71 bed 3460 238 a 2.75

B2 129 a 3.96 cd 2.82a 2.89 be 2.36

B3 1.40 a 3.41 be 250 a 225a 2.39

B4 226¢ 212 a 3.83 be 3.39d 2,90

BS 1.44 a 4.17d 290 a 341d 2.98
Mean 1.88 3.44 3.34 2.94 2.90

Table 6. The content of carotenoids in the leaves of white horse chestnut trees [mg - g"' f.m.] depending on the locality

Locality No. Date I Date 11 Date 111 Date IV Mean
Al.l 2.86d 1.58 a 1.30 a n.d. 1.91
A2 1.84 b 1.86 be 2.69d 1.34b 1.93
A3 251c¢ 1.75b 3.16¢ 1.64 ¢ 2.26
A4 1.47 a 1.94 ¢ 1.78 be 1.09 a 1.57
B2 1.29a 2.15d 1.36 ab 1.34b 1.53
B3 1.40 a 2.19d 1.20 a 1.08 a 1.47
B4 226¢ 1.74 b 217 ¢ 1.62 ¢ 1.95
B5 1.44 a 240 ¢ 1.42 ab 1.90d 1.79
Mean 1.88 1.95 1.88 1.43




Table 7. The content of chlorophyll a [mg - g f.m.] in the leaves of white horse chestnut trees and red horse chestnut trees

(35]

Locality
and tree species Date I Date 11 Date I1I Date IV Mean
No.
Al.l 290b 2.08b 2.13a n.d. 2.37
Al2 2.80b 1.56 a 1.66 a 1.99 a 2.00
B2 1.90 a 2.66 ¢ 2.00 a 2.01a 2.14
B1 2.88Db 3.01d 2.80b 2390 2.77
Mean 2.62 2.33 2.15 2.13

Table 8. The content of chlorophyll b [mg - g! f.m.] in the leaves of white horse chestnut trees and red horse chestnut trees

Locality
and tree species Date I Date 11 Date 111 Date IV Mean

No.

Al.l 1.34b 1.00 b 0.98 b n.d. 1.11
Al2 1.22b 0.73 a 0.74 a 0.99 a 0.92
B2 0.80 a 1.30c 0.83 ab 0.88 a 0.95
B1 1.15b 1.23 be 1.21¢ 1.04 b 1.16

Mean 1.13 1.06 0.94 0.97

Table 9. The content of total chlorophyll [mg - g f.m.] in the leaves of white horse chestnut trees and red horse chestnut trees

Locality Date I Date I1 Date 111 Date IV Mean
and tree species

No.

Al 4240 3.08b 3.11b n.d. 3.48
Al.2 4.02b 229 a 240 a 298 a 2.92
B2 2.70 a 396 ¢ 2.83 ab 2.89a 3.09
Bl 4.03b 424d 401 ¢ 3430 3.93

Mean 3.74 2.97 3.09 3.10

Table 10. The content of carotenoids [mg - g f.m.] in the leaves of white horse chestnut trees and red horse chestnut trees

Locality
and tree species Date I Date 11 Date 111 Date IV Mean
No.
Al 2.86 ¢ 1.58b 1.68 b n. d. 2.04
Al2 2240 1.06 a 1.10 a 145a 1.46
B2 129 a 2.15¢ 1.36 ab 134 a 1.20
B1 2.63 ab 274 d 237c¢ 147 a 2.30
Mean 2.25 1.88 1.63 1.42
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