The Impact of Transport Pollution on the Condition of Horse Chestnut Trees (Aesculus hippocastanum L.) in Urban Environments
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Abstract. The paper presents theoretical generalizations and analysis of data on the condition of horse chestnut trees (Aesculus hippocastanum L.) located on streets with varying traffic intensities. Urban green spaces perform a number of ecological functions, in particular, they release oxygen, improve the microclimate, trap dust and noise, and absorb or neutralize toxic substances from industrial and automotive emissions into the atmosphere. At the same time, under the influence of air and soil pollutants, soil compaction, and mechanical damage, urban trees weaken and become susceptible to disease pathogens and damage by insect pests. An analysis of the results of a survey of street plantings in Poltava shows a deterioration in the sanitary condition of trees as traffic intensity increases. At the same time, horse chestnut trees are quite vulnerable to these effects and are additionally damaged by the horse chestnut leaf miner (Cameraria ohridella Deschka & Dimic). Bums, mines, gnaw marks, punctures, galls and spots were found on the leaves of the trees, with the prevalence of certain types of damage depending on the intensity of traffic. The leaves of the horse chestnut tree were mainly damaged by the chestnut leaf miner, with the degree of damage increasing with the intensity of traffic flows. The protection of horse chestnut trees from insects and fungi that cause leaf damage is based on the comprehensive use of mechanical, chemical and biological methods.
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INTRODUCTION
The horse chestnut (Aesculus hippocastanum L.) has remained one of the most widely used and valuable ornamental tree species in urban green spaces in Europe and many other countries, including Ukraine, Lithuania and Poland, for many years [1, 2]. Today, horse chestnuts are used in the landscape design of parks, squares, streets and roadside areas. These majestic trees are valued not only for their exceptional aesthetic appeal, but also for their resistance to certain adverse environmental conditions. Horse chestnut trees perform important ecological functions in cities, including carbon dioxide absorption, oxygen release, air purification from dust and harmful emissions, and also serve as indicators of the ecological state and pollution of the urban environment with various chemical elements.
However, as studies over the last two decades show, the health of urban horse chestnut trees has significantly deteriorated in many regions. This deterioration is associated with the combined impact of various damaging factors, both biotic and abiotic. Among the biotic factors, the most significant are the chestnut leaf miner (Cameraria ohridella Deschka & Dymić) and a number of pathogenic fungi. These pests have a serious negative impact on the aesthetic value, vitality and sustainability of trees, leading to premature yellowing and leaf fall, as well as a decrease in overall resistance to other stressors [3-5].
One of the serious problems affecting the ecological condition of horse chestnut trees, identified in a number of countries, including Ukraine, is leaf necrosis observed in trees located near streets with heavy traffic. This damage may be caused by fungal pathogens and exacerbated by soil salinization due to de-icing treatments [6-8]. 
The main biotic threat is the chestnut leaf miner (Cameraria ohridella). This invasive species was first recorded near Lake Ohrid in Macedonia in 1985. Since then, it has spread rapidly throughout Europe. The moth appeared in Poland in 2000, in Ukraine in 2003, in Bulgaria in the 1990s, and in Lithuania in 2002/2005. The larvae feed inside the leaf tissue, causing browning, dehydration and premature leaf fall, which can begin as early as mid-August. Significant damage to leaves is observed, often exceeding 80 % of their surface area [3, 4, 5]. This leads to a loss of vitality in trees, a decrease in the intensity of photosynthesis, a reduction in resistance to other factors, and even repeated flowering. The first signs of damage – mines – appear in mid-May, and the number of larvae can reach 30 caterpillars per leaf during periods of intense feeding. Studies show that 77.2–86.2 % of mines are found on the leaves of the lower tier of chestnut crowns. The moth overwinters in the cocoon stage in fallen leaves [10].
The weakened state of infected horse chestnuts makes them more susceptible to other diseases that would not normally cause harm [4]. Since 1999, a new pathogenic fungus, Aesculus spp., has been observed in Europe — the North American powdery mildew Erysiphe flexuosa (Peck) [1]. 
Biotic factors, combined with increased anthropogenic pressures and other negative environmental factors in urban areas, have been having a negative synergistic effect on horse chestnut trees for several decades, leading to a deterioration in the biological condition of trees, reduced resistance to stress factors and a shorter lifespan.
RESEARCH OBJECTIVES AND TASKS
The objective of the research is to analyze the condition of horse chestnut trees located near roads with varying traffic intensities.
Research objectives:
1. To analyze theoretical data on the prevalence and impact of the main biotic factors, namely chestnut leaf miner (Cameraria ohridella), and abiotic factors on the biological condition of horse chestnut trees in an urban environment.
2. To assess the sanitary condition of horse chestnut trees located near roads with varying traffic intensities.
3. To propose a comprehensive approach to improving the sanitary condition of horse chestnut trees located in urban environments.
MATERIALS AND METHODS
The study was conducted in Poltava, the administrative center of the Poltava region, located 302 km east of Kyiv, in the eastern part of Poltava region on both banks of the Vorskla River.
Preliminary surveys of plantings and review of publications [7, 8] indicate that the main source of anthropogenic stress in Poltava is vehicle emissions. Therefore, the study sites were selected to represent areas with varying traffic intensities. The test areas are located in street plantings in the Kyiv and Shevchenkivskyi districts of Poltava. The trial sites were located on the following streets:
Site № 1 - Sobornosti Street (from Korpusny Park to Zigina Square) - high traffic intensity;
Site № 2 - R. Kirichenko Street (from O. Vishnya Street to Evropeiska Street) – medium traffic intensity;
Site № 3 - Y. Matviychuk Street (from Berezovy Square to I. Kotlyarevsky Street) – low traffic intensity.
At each test site, 9-10 horse chestnut trees were examined and their sanitary condition was determined [9]. No dead trees were found in the surveyed plantings, and viable trees were classified into the following categories: 1 - healthy; 2 - weakened; 3 - severely weakened; 4 - drying up; 5 - dead. The sanitary condition index for each sample by tree species and level of anthropogenic load was calculated as the weighted average of the assessments for each tree. Plantings with a health index of up to 1.5 points were considered healthy, those with 1.6-2.5 points were considered weakened, and those with 2.6-3.5 points were considered severely weakened. If the average score was 3.6-4.5 points, the stands were considered to be drying out, and if the score was over 4.5 points, they were considered dead.
Defoliation was assessed visually with an accuracy of 5 %. The proportion of dry branches in the crowns was estimated visually as a percentage and then converted into points: 0 points - absent; 1 point - up to 10 %; 2 points - 11-50 %; 3 points - 51-75 %; 4 points - more than 75 % [9]. The average defoliation scores and the proportion of dry branches in the crowns for each sample of trees and level of anthropogenic pressure were calculated as the arithmetic mean of the estimates for each tree.
Twelve to fifteen leaves were collected from each tree in the sample plots, and the presence of damage to the leaves was determined visually [6, 11].
RESULTS
A study of the sanitary condition, defoliation level and presence of dry branches in horse chestnut trees growing along city streets with varying traffic intensity showed the following results (Table 1)

Table 1. Indicators of the condition of horse chestnut trees in areas with varying traffic intensity
	Indicator
	Location

	
	Site № 1
	Site № 2
	Site № 3

	Sanitary condition index
	3.0
	2.0
	1.1

	Crown defoliation, %
	20.0
	10.0
	5.5

	Prevalence of dry branches, ball
	2.3
	1.8
	1.5



Indicators of the sanitary condition of horse chestnut trees in urban environments confirm the widespread deterioration of horse chestnut trees in cities. Trees in urban environments are subject to heavy anthropogenic stress, and many of them are in a weakened or severely weakened state.
The worst sanitary condition was observed in horse chestnut trees, which were damaged annually by the horse chestnut leaf miner (Cameraria ohridella Deschka & Dimic). With high traffic intensity, the condition index of these plantings approached 3.
The horse chestnut trees also had a significant proportion of dry branches in its crowns, even in areas with low traffic intensity.
At high traffic intensity, this indicator for horse chestnut trees was 2.3 points, which is high.
Thus, the horse chestnut trees react significantly to traffic intensity, and these trees can serve as bioindicators of urban pollution by transport exhaust gases [8, 11].
Analysis of leaves collected from horse chestnut trees revealed several types of damage: bums, mines, gnaws, punctures, galls and spots.
Leaf burns were caused by man-made air and soil pollution. Spotting was mainly caused by fungi, galls by insects and mites, punctures by insects with piercing-sucking mouthparts, gnawing by insects with gnawing mouthparts and an open lifestyle, and mines by insects with gnawing mouthparts and a secretive lifestyle [3, 5, 6].
The presence and severity of these damages are shown in Table 2.

Table 2. Ratio of leaves with various types of damage in areas with different traffic intensities, %
	Indicator
	Location

	
	Site № 1
	Site № 2
	Site № 3

	Mines
	70
	60
	33

	Spottiness
	5
	8
	13

	Punctures
	2
	5
	0

	Gnaws
	5
	5
	0

	Bums
	18
	10
	0



Thus, among the damage to the leaves of horse chestnut trees, mines caused by the larvae of the chestnut miner Cameraria ohridella (table 2) predominated. Such damage was found on more than a third of all leaves examined from trees of this species, and among the leaves with damage, it accounted for more than 80 %.
The second type of damage of horse chestnut tree leaves (spots) was caused by the fungus Guignardia aesculi (Peck) [6].
A comparison of the distribution of leaves with and without damage shows that the proportion of undamaged leaves tended to decrease, while the proportion of damaged leaves tended to increase in areas with higher traffic intensity [1, 4, 11, 12].
[bookmark: _GoBack]In the absence of traffic or with low traffic intensity, the number of undamaged leaves on the horse chestnut tree was approximately two-thirds of the total number surveyed.
In areas with high traffic intensity, the prevalence of damaged leaves on the horse chestnut tree reached almost 90%.
At the same time, leaf burns were observed in trees in areas with moderate traffic intensity, and the proportion of leaves with burns increased in areas with high traffic intensity.
Thus, among the damage to horse chestnut leaves in areas with varying traffic intensity, chestnut miner mines predominated, and their prevalence in areas with high traffic intensity was twice as high as in areas with no traffic. This can be explained by the fact that chestnut miner caterpillars lead a hidden lifestyle and are protected from direct exposure to toxic substances. In addition, this pest accelerates its development and increases the number of generations in conditions of higher air temperature, which is characteristic of street plantings compared to parks [8, 9], which also contributes to its spread. Bums were much less common than mines, but the prevalence of bums in areas with high traffic intensity was significantly higher than in areas with medium traffic intensity. At the same time, it can be noted that the prevalence of gnawing and punctures of horse chestnut tree leaves tends to decrease as the technogenic load increases, although the differences are not significant due to the low proportion of such leaves. Based on the fact that there is a decrease in the prevalence of leaf spot on horse chestnut tree leaves caused by fungi, it can be assumed that air pollutants also have a negative effect on the pathogens that cause leaf spot.
Protecting horse chestnut trees from insects and fungi that cause leaf damage is based on the comprehensive application of various methods aimed at long-term regulation of the development and spread of harmful organisms, as well as ensuring reliable plant protection and maintaining ecological balance in the environment. In the context of protecting horse chestnut trees, mechanical, chemical and biological methods are used [13].
Mechanical methods include autumn cleaning of fallen leaves with subsequent disposal, which can be carried out by composting, burning or using them as secondary raw materials for biogas production [14]
In order to limit the number of chestnut moths on trees, it is possible to use a chemical method - injections into the tree trunk (starting from a diameter of 45 cm and above) with systemic insecticides [15].
The biological method is based on the use of insects, microorganisms and other natural enemies of the chestnut moth, as well as fungi that do not pose a threat to the environment. The use of entomophages as part of the biological method involves the use of natural enemies of pests to reduce their numbers and harmfulness [10].
CONCLUSIONS
1. Horse Chestnut trees in urban environments are exposed to the combined effects of biotic factors (primarily the invasive chestnut leaf miner moth, as well as pathogenic fungi) and abiotic stressors (pollution from traffic, water stress, unfavorable microclimate). 
2. The sanitary condition index of horse chestnut trees increased as traffic intensity increased. These trees can serve as bioindicators of urban pollution from transport emissions. The worst sanitary condition and the greatest defoliation were observed in sweet horse chestnut trees that were damaged annually by the chestnut miner. bums, mines, gnaw marks, punctures, galls and spots were found on the leaves. The leaves of the horse chestnut tree are predominantly affected by mines caused by the larvae of the chestnut miner Cameraria ohridella (more than 80 % of leaves show damage). In areas with high traffic intensity, the prevalence of damaged leaves of the horse chestnut tree reaches 90 %.
3. Protection strategies should be integrated, combining mechanical methods (timely removal of fallen leaves, pruning), targeted chemical treatments (trunk injections of insecticides for mature trees with a trunk diameter of 45 cm or more), and biological approaches (attracting natural enemies such as birds, as well as the use of endoparasites).
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