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ABSTRACT

Coming from that horse chestnut leaf miner Cameraria ohridella Deschka et Dimič
1986 (Lepidoptera, Gracillariidae) is the new pest of horse chestnut in the conditions of
Ukraine, and that researches of this invasive species, especially its ecology and methods of
controlling its quantity are on the initial stage yet, we conducted our researches and
obtained next results.
Horse chestnut leaf miner is a moderately thermophilic species. Found out that the
highest activity of flying of butterflies and the speed of growth of mines are in the air
temperatures diapason 20…24 °С. Activity of butterflies’ flying during the day changes
depending on air temperature. These biological features indicate that horse chestnut leaf
miner is a typical forest species of moderate climatic zone.
Among all categories of horse chestnut plantings in the cities park-like plantings are
damaged by the leaf miner the most as the conditions for development of moth are the
most favorable there.
Established the terms of development of different pest’s generations in 2007 and
sums of effective temperatures needed.
The leaves of the lower tier of tree crown are damaged the most. We link it with
ecological features of species (chorological, thermical).
The analysis of leaf miner’s spreading on the territory of Kyiv region after 4 years
of invasion and the state of different types of plantings is made. So, we can say that in
some years the mass death of horse chestnut trees can start that will influence negatively
on ecology of urbanized territories.
The forage rate of horse chestnut leaf miner makes approximately 0.5 cm2 per one
individual. Comparing it with the temps of insect’s reproduction it is possible to say that
even some pairs of butterflies are dangerous for the whole chestnut planting.
The most ecologically and economically substantial is the scheme of integrated
protection of chestnut trees from damage caused by leaf miner which includes collecting
of fallen leaves and spraying the trees with chemical Lufox 105 EC (“Syngenta” Ltd,
Swiss), possibly with adding of surfactant Cide-Kick II (“Brewer International”, USA).
Basing on the results of our research the scheme were exploited and developed.

Keywords: horse chestnut leaf miner, Cameraria ohridella, horse chestnut, Aesculus
hippocastanum, biological pollution, invasive species, temperature preferendum,
phenology, chorology, integrated protection, collecting of leaves, Lufox, Cide-Kick.
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І. INTRODUCTION

Today among all ecological problems related to environment pollution such as
chemical, physical, thermal, electromagnet, radiation etc. biological pollution is becoming
more and more actual and widespread.
The biological pollution is an introduction to the environment of new, unknown
before habitants, and excessive increase in its quantity and biomass [15].
Negative results of biological pollution are explained by the fact that the quantity of
introduced species cannot be controllable in the biocoenosis by natural way, in
contradiction to natural biocoenosis where the quantity of its population is regulated by
other organisms which inhabit this ecosystem. Thus, the activity of introduced species in
its motherland doesn’t cause significant negative consequences in nature.
As of today, the intensity of this kind of pollution rabidly grows that is caused by
many factors. The main causes are the mankind integration processes intensification
(particularly the transborder transfer of species) and changes in environment (temperature
increasing as a result of so called “green-house effect”).
During the last years mankind integration and migration processes have been
intensificating significantly, therefore the transborder transfer of material of plant and
animal origin have been intensificating as well. Thus, a lot of harmful organisms (viruses,
bacteria, plants, insects etc.) have the possibility to spread by transportation means, tare
and different cargos that come from quarantine contaminated zone, with planting
materials, by the way of mechanical transfer of contaminated soil, different inventory,
water etc.
In total, about 23 new pests that represent different continents have become
quarantinious and formed the threat to normal growing and development of about 216
macrophytes species valuable for the national economy. The quantitative analysis of
species’ structure and objects of damage by new harmful phytophags in conditions of Kyiv
region as of the end of 2005 [17] is shown in Annex A.
5
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In quantitative and qualitative equivalent the main damage is done to dendroflora of
Ukraine. The most dangerous for natural resources of Ukraine are the Hyphantria cunea
Drary, the Quadraspidiotus perniciosus Comst, and the object of our research – a new pest
of horse chestnut – horse chestnut leaf miner Cameraria ohridella Deschka & Dimič
(Lepidoptera, Gracillariidae).
The object of our research can be defined as “invasive species” which means the
species whose introduction and/or distribution threatens the biological variety [7]. In 2000
the Federal Ministry for the Environment, Youth and Family Affairs of Austria sent to the
Convention of Biology Diversity the informative letter asking to include the horse chestnut
leaf miner to the list of European invasive species [7]. In the same year, on the initiation of
Global Invasive Species Program of UNESCO the “CONTROCAM” project was
confirmed to conduct the research as for widening the horse chestnut leaf miner and
methods of its quantity controlling.
The appearance and wide spread of this new invasive species in Ukraine represents
a serious threat to horse chestnut in the cities, as well as the potential threat to biodiversity
in whole and as a result the problem becomes very up-to-date for further studying.
It’s worth mentioning that this problem is underestimated by the State-run
authorities on green plants protection, particularly the State inspection on the quarantine of
plants. Moreover, the leaf miner’s appearance and its harmful activity are rejected by the
above-mentioned authorities as a fact itself, which can have, without exaggerating,
catastrophic consequences for the horse chestnut plantings in the near future.

6
PDF created with FinePrint pdfFactory Pro trial version www.pdffactory.com

Section 1. LITERATURE OVERVIEW
Subsection 1.1. Hypothesis of the horse chestnut leaf miner’s origin

Horse chestnut leaf miner Cameraria ohridella Deschka & Dimič (Lepidoptera,
Gracillariidae) got its name due to being found for
the first time on the boarder with Albania and
Macedonia near Lake Ohrid – refer to the drawing–
in 1984 (Simova-Tosic, Filev, 1985). It was
observed carefully everywhere at the beginning of
its distribution. But the population size was growing
quickly. In 1986 the C. ohridella was described by
H. Deschka & N Dimič as a new type of species
Cameraria (Deschka, Dimič, 1986). In 1989 pest
Drawing 1. Map of Macedonia

was found in Austria in the territory of Linz – at

1000 km from Lake Ohrid (Puchberger, 1990). Further genetic research proved the most
likeness of the population in Macedonia and Austria (Lakatos et al., 2003), which confirms
the hypothesis of distribution of the miner from these territories by Europe. The spreading
was in a radial direction from Macedonia to Austria (Tomiczek, Krehan, 1998). Within the
past few years the pest has taken over all the neighboring countries as well as West,
Central and East Europe, having reached England and Denmark in the South West and
Ukraine in the East.
The exact origin of the pest is unknown. Nevertheless there are a few hypothesis as
for is origin.
According to one of the hypothesis we can talk about the species of East Asiatic
origin that belongs to this genus and the one that is trophically connected with maples, but
adopted to feeding itself with chestnut leaves in conditions of Europe. The basis for such a
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hypothesis was the research (Gregor et al., 1998) that shows that in laboratory conditions
the larva of the horse chestnut leaf miner can develop on the maples.
Another hypothesis shows that this pest has been present for a long time,
parasitizing on other types of trees genus Aesculus, herein these organisms’ relations were
balanced in such a way that the parasite damaged the host without bringing about failure
(it is known that because of parasite being dependent on the host as the source of food it is
disadvantageous for the parasite to kill it). Thus, the horse chestnut leaf miner can damage
Aesculus turbinata, A.flava, A.pavia, A.sylvatica, that grow in South America and Asia.
After delivering the pest to the distribution area of Aesculus hippocastanum, it began to
damage the trees of this genus, which means that uncontrollable parasitism takes place
(neither the host, nor the parasite has the mechanism for mutual adaptation).
Nevertheless, the search for the horse chestnut leaf miner with the help of
pheromone traps in South America, Japan, Pakistan and China has not confirmed either
hypothesis. (Kenis et al., 2003).
Thus, we adhere to the opinion, according to which the pest occurred as a
consequence of the mutation of one of the types of the genus Cameraria, trophically
connected to the trees genus Aesculus. For example, C. aesculisella Champan damages
Aesculus octandra, A. glabra, A. pavia, and some other types of Cameraria sp. damage
trees A.turbinata. Methods of mutation and factors that could cause it are not known
precisely, because the geographical conditions of the territory from which the leaf miner
was delivered are not identified.
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Subsection 1.2. The main direction and speed of pest’s distribution in the world
and on the territory of Ukraine and its possible causes

According to the current data, the genus Aesculus is a cladotype of tertiary flora
(Hrygorjuk et al., 2004). From the moment of the last glacierization, the types of this
genus are present only in some regions of Europe (Mediterranean), South America
(Atlantic coast), as well as Japan, China and India. The natural area of the Horse chestnut
Aesculus hippocastanum covers small part of the Balkan Peninsula, where it grows in the
mountain forests of Albania and partly in Bulgaria and Greece. The cultural area of the
horse chestnut covers the West and Central Europe, and its area on the southern boarder in
Eastern Europe is along the White Sea, starting in Arkhangelsk (Russia) and ending in Ufa
(Bashkortostan – Russia). On the South, the boarder crosses through Odessa (Ukraine) and
Simferopil (Ukraine) and further through Dagestan. At this latitude the horse chestnut also
can be seen in Uzbekistan, Turkmenistan, Tadzhikistan, Kirgizstan and Kazakhstan
(Hrygorjuk and others, 2004).
Thus, one must expect that widening of the area of the horse chestnut leaf miner will
be within these territories.
The speed of distribution of the horse chestnut leaf miner depends on the
conformation and according to the Convention on Biological Diversity constitutes about
100 km per season for Europe. As for Ukraine, from 1998 till 2003 [7] moving in the
eastern direction the miner passed the distance of 570 km from Transcarpathian to Uman,
which makes about 114 km per year, and 380 km moving in the South-East direction
towards Rivne, which makes about 75 km per year. Evidently, the role of the
anthropogenic factor is significant; according to the data of the scientists of the
Schmalhausen Institute of Zoology NAS of Ukraine, during one generation in 2003 the
horse chestnut leaf miner passed the distance of 50 km along the highway between Dubno
and Rivne cities.
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According to the research data conducted by the Ukrainian scientists in 2003 the
distribution line of the pest on the territory of Ukraine was passing through the following
cities: Rivne, Zhmerynka, Uman. Herein, the distribution is moving in the direction from
West to East. The damage made by the pest was noticed also in Kyiv and Komsomolsk.
Presumably, the pest was delivered to those cities via anthropogenic way [2]. Taking into
account the speed of distribution in Ukraine and the above-mentioned results as well as the
results of our research conducted in Kyiv region, one can assume that the modern line of
spreading of miner passes through the Sumy, Kharkiv, Dnipropetrovsk and Mykolaiv
regions.

Subsection 1.3. Horse chestnut leaf miner taxonomy overview

Horse chestnut leaf miner Cameraria ohridella Deschka et Dimič 1986 belongs to
the order Lepidoptera, family Gracillariidae, subfamily Lithocolletinae, genus Cameraria.
The taxonomy status of the genus has remained debatable for a long period of time.
The genus name Cameraria was used as a derived synonym of genus Lithocolletis
(Kuznetzov, 1981), and the name for genus Lithocolletis, in turn, was used as the name for
genus Phyllonorycter (Leraut, 1997). The independence of genus Cameraria was fist
convincingly validated by А.M. Gerasimov (1952), who showed that the representatives of
this genus in the larva stage have the additional 6th stage of development– «afaga», during
which the larva does not feed itself, but only weaves the cradle, in contradistinction from
the representatives of genus Phyllonorycter, where the cradle is weaved by the larva of last
5th age, herein keeping the possibility to feed itself. The genus independence of Cameraria
was widely accepted by the taxonomists after the Kumata’s publication in 1963.
According to Gerasimov, the presence of the additional stage, which does not feed
itself, testifies about more advanced phylogenetic status of the genus Cameraria in
10
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comparison with genus Phyllonorycter. The modern molecular-genetic research of the
subgenus Lithocolletinae on the genus level showed that the two above-mentioned genuses
are sisterly and represent monophyletic branch in indicated subgenus.

Subsection 1.4. Pest’s biology overview

Horse chestnut leaf miner (life cycle is shown graphically on the diagram in the
Annex D) winters on the stage of pupa in silk cradle in mines inside of fallen leaves. In
spring a female, that has been regenerated, lays eggs on the upper surface of the leaves of
the lower layer of the crown. After regeneration a larva gets into the upper epidermal layer
of the leaf’s cells, and then in leaf it undergoes the 6 th stage of development, different as
per methods of life. This phenomenon was named hypermetamorphosis. We will give a
short characteristic of each stage (age).
Larva. 1st age. «Plasmophaga» stage. Right after regeneration, the larva penetrates
under the cuticle of the leaf to the epidermal layer of cells, where it feeds itself with its
juice, normally forming straight or a little bit curved way along the rib of the leaf, rarely in
the opposite direction. The mine on this stage is silver in color, the length 0.7…0.15 mm,
width 0.3…0.5 mm, eventually the mine reaches the diameter 1 mm. The larva is lightgreen in color. The body is flattened, very narrow at the back and as for the shape it
resembles a cut triangle.
Larva. 2d and 3d age. The larva fully switches to feeding itself with the upper layer
of the cells of the palisade-parenchyma, firstly widening the mine in circle (dark spot up to
6…8 mm), and then continues to increase it along the ribs (the light part of the mine has
the length up to 10 mm). The length of larva reaches 3.5 mm, it is yellowish-green or
faintly-yellow body with light hair.
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Larva. 4th and 5 age. «Histophaga» stage. In this age the larva switches to feeding
itself with tissues of all layers of palisade parenchyma, increasing the mine up to 31 mm in
length and up to 12…14 mm in width. Sometimes mines cross few side ribs. The end part
of mine is about 4 mm in length and has a lighter coloring without excrements. The larva
reaches the size of 5…6 mm, the body has cylindrical shape with light hair. The coloring
changes from yellowish-green to greenish-grey. Thoracic and abdominal lymph are well
spread. In most cases before the last molting, larva returns to the center of mine.
Larva. 6th age. The stage when larva does not feed itself or «aphaga» stage. The
larva cleans the circle area from exuvium and head capsules. Further, this area of mine is
sheathed from all sides with thin, firm layer of web inside of which the pupation is
happening. In whole, the larva of this age differs from the previous ones by having more
spindle-like shape. The coloring is dull, from faintly-green to bluish-yellow. The length of
the body is 4.2…5.5 mm with light hair. Thoracic and abdominal lymph are spread well
the same as in the larva of 4th and 5th age.
Because of a high density of the population of the chestnut leaf miner, when the
quantity of the mines can be some hundreds per each lamina, the copula of the mines is
happening (often formed by larva of different age) with formation of one mutual mine. In
this case, the competition between the larvae for the food sources takes place and as a
result of this many of them die. Thus, the identification of the age of mine becomes more
difficult.
It is worth mentioning that in individual cases the larva can widen the mine not
only between the parallel ribs of the second order, but also can cross them many times,
thus, widening the mine along the lamina being parallel to the central rib or along the edge
of the leaf.
Pupa. The coloring is dark brown. The body is covered with short light hair
and has the length of 3.25…3.7 mm and the width (the most on the level of chest) 0.7 mm.
The top of the head has the characteristic beaklike shape. The sex dimorphism of the horse
chestnut leaf miner is already noticeable on the pupa stage: males, unlike females, have the
7th segment widened heavily (Freise, Heitland, 1999). Before the butterfly’s burst the
pupa rips the upper membrane of mine with the beaklike part of the head and normally
12
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gets outside on 2/3…3/4 of its length. The period of the pupa’s development is from 7…14
days in summer up to 6 months in winter.
Horse chestnut leaf miner winters during the pupa stage. Nevertheless, in relation to
quantity, when leaving for winter the larva of 2-5 age is dominant, most of them failure
(die). Only the larva, that practically finished the stage of development, which means the
larva of the 6th age, after freezing weather – during thawing weather – undergoes pupation.
By the end of March the average survivability percentage constitutes 2.75±1.9% [7].
Evidently, such a mortality rate of pupas that winter could be the mechanism of pest
quantity regulation, meaning that there is a chance that before the period of development
of the ІІІ (ІV) generation of the pest the food source will not be used up completely.
Depending on the climate conditions of different biotopes there is a possible
development of pest from 3 to 4 generations on the territory of Ukraine per year [2]. Some
European scientists provide the data as for formation of 5 generations per year, although
neither native scientists nor we have proved such data in the conditions of Ukraine.
According to the results of our research, in the condition of Bila Tserkva in 2006 there
was a development of 3 generations, but this year we have recorded the development of 4
generations, out of which the 1st one is facultative, on the territory of the city as well as on
the territory of the «Olexandria» park.

Drawing. 5. Pupa

Drawing. 6. Larva

Imago. Butterflies of the horse chestnut leaf miner are covered by metallicsparkling scale. The head and the chest are piliferous, with the addition of white scales.
The spread of the front wings is 7…10 mm. The front wings are brown-piliferous with
three white cross bands with dark-brown scales on the edges of the bands and on the top of
the wing. The white continuous line on the base of the front wing does not reach the
middle of the front edge of the wing. The apical dot is absent. The wing’ fimbria is whitegrey and brown in some places. In the radical field of the wing the radical line is absent.
13
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The back wings are brown-grey with some lighter
fimbria. The legs are white and in some places the
legs are dark-brown.
Drawing. 7. Imago

Subsection 1.5. Identification of the damage
caused by C.ohridella and moth’s monitoring

During the checking of horse chestnut’s plantings the identification of damage,
caused by horse chestnut leaf miner does not occur to be problematic, because other
species of leaf miners that damage chestnuts in Europe are unknown [7]. At first sight, the
mines of C.ohridella seem similar to necrotic spots, provoked by viral or fungal infections,
such as widely spread fungus in the conditions of the city the pathogenic fungus
Guignardia aesculi (Peck). But after having a close look one can distinguish these
damages easily (Annex K). This means that basically the primary identification of the pest
does not require the laboratory research.
Nevertheless, in order to confirm the fact that the found pest is the horse chestnut
leaf miner it is necessary to conduct the expertise by the professionals (such confirmation
is also needed in order to inform state and local authorities, so they can take the
corresponding preventive measures).
During the monitoring, it is important to take into consideration that the larva of the
horse chestnut leaf miner, except Aesculus hippocastanum, can be developed on the
different species of genus

Aesculus, widely spread in South America, such as

A. turbinata, A. octandra, A. flava, A. glabra var. glabra, A. pavia, A. sylvatica. Other
species, as well as forms (Freise et al., 2003) of chestnuts have different levels of
14
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resistance to damages made by horse chestnut leaf miner: on A. chinensis the larva dies,
having reached the eldest age, on A. indica, A. californica and hybrids A. x carnea the
death of larva happens on the stage of 1-2 age. Also, the favorable or partially favorable to
damages by pest proved to be the hybrids A. x bushii Schneid. (=A. x mississippiensis
Sarg.), A. x dallimorei Seally, A. x dupontii Sarg., A. x glaucescens Sarg.,
A. x plantierensins Andre, A. x woelintzense Koehne (=A. x wurlitzensins Koehne). The
selection of resistant hybrids and shapes is often looked at as one of the methods of
solving the problem of populating by phytophags, but this process is highly labor-intensive
and requires great financial investments and also there is a probability that in such case the
trophical connection of horse chestnut leaf miner can change and it will switch to feeding
itself with other species phylogeneticaly close to Aesculus hippocastanum. According to
some data, besides the trees genus Aesculus, the horse chestnut leaf miner can damage
some kinds of maple, such maples as Acer pseudoplatanoides and A. pseudoplatanus, the
level of lamina damage of which can reach 100% (Gregor et al., 1998; Hellrig, 2001;
Freise et al., 2003). In addition, there is data, according to which the horse chestnut leaf
miner can damage the plants that belong to genus Tilia [33], but in condition of Kyiv and
Kyiv region the pest development has not been observed by us on maples nor on limetrees. Also, in 2006 (Zerova and others 2007) in the forest-park zone in Kyiv the first cases
of mining the leaves of virgin five-leave vine Parthenocissus quinquefolia (L.) Planch
(Vitaceae) – woody liana that has been grown in Europe since XVII as a decorative plant –
by the horse chestnut leaf miner were noticed.
There is data as per installing the semiautomatic machines for monitoring the
development of trees and dynamic of horse chestnut leaf miner’s quantity, available in a
real time on the Internet, as well as using a satellite shooting for identification of the trees,
inhabited by pests in Brussels [31].
One of the most effective methods of monitoring the horse chestnut leaf miner is the
usage of pheromone traps (Kindel et al., 2002).
Nevertheless, for monitoring the pests with non research purpose (the data as for the
population of chestnuts by miner is needed in order to implement the fighting measures
against horse chestnut leaf miner) the visual estimation of damage is enough.
15
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It is worth mentioning that the means of monitoring the pest on the urbanized
territories has its peculiarities. In the fist place, within the city limits the horse chestnut
trees’ quantity in selection can differ significantly (for example in condition of streets,
public gardens and parks). Secondly, it is necessary to take into consideration the
difference of seats that have already been formed and new ones including those that have
been formed by different generation of miner within the season. The diagram of
calculation of the level of damage indicated in the Annex L has proven to be practically
effective [7].
The most convenient and effective is the method of estimation of leave’s damage on
the scale of 7, developed (Gilbert M., Gregoire J.-C., 2003) in the frame of the
«CONTROCAM» project. This method’s advantage is that it does not use a direct
calculation of the mines on lamina, but the visual estimation of the level of damage of
rosette in whole. Moreover, this method is effective when using it in the areas with high
population of trees (3-4 point according to the table 4). The estimation is given according
to the diagram shown in the Annex M.
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Section 2. MATERIALS AND METHODS

Methods, used in identification of horse chestnut leaf miner and research of its
morphology
For primary authentication of the pest mines in a leaf of the chestnut tree were
probed. If at x-raying of a leaf (by a lamp or simply sunlight) it is possible to notice the
excrements, larvae, exuviums or pupae, it means that this mine belongs to the Cameraria
ohridella. The authentication is rather simple, especially taking into account the fact that
it is the only type of mining pests on the territory of Europe [7] which parasitizes on horse
chestnut Aesculus hippocastanum.
For authentication of pest in the conditions of laboratory and research of its
morphology the method of light microscopy was used (the microscope МБС-9 was used –
see Annex T).
However for accurate confirmation of the fact, that the found miner is by no doubt
the horse chestnut leaf miner, special examination is to be conducted by specialists (such
confirmation is also necessary for informing the government and local services for the
proper control measures to be used). It should be noted that authentication of the horse
chestnut leaf miner at this stage can be complicated by the improper work of the State
inspection of the quarantine of plants. Thus, we have collected the herbarium material and
passed it to the Bila Tserkva local department of the State inspection of the quarantine of
plants. Materials were sent on examination and a conclusion was made that the oak midget
Gracillaria alchiviella was found in sample (a copy is presented in Annex P). But some
facts testify to the tactlessness of such conclusion. Firstly, the differences in the character
of damages in the presented samples was not taken into account as G. alchiviella larvae,
unlike C. ohridella, roll up a sheet into a tube and make a skeleton of it. Secondly,
according to literary data, food specialization of G. alchiviella is relatively narrow, and
this pest does not damage the trees of genus Aesculus. In addition, an oak midget is an
autochthonous species which has not damaged chestnut trees.
17
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Therefore it was a necessary to make sure that examination will be executed by
skilled specialists. In our case, examination (copy is in Annex R) was conducted by the
entomologists from Schmalhausen Institute of Zoology NAS of Ukraine. The competence
of these specialists does not cause any doubt.
Methods, used during determination of influence of ecological factors (luminosity
and air temperature) on activity of butterflies’ flying and dynamics of mines’ growth
For gathering the information about the influence of intensity of sun insolation and
air temperature on activity of flying of butterflies and dynamics of growth of mines visual
observing was conducted. In quality of the criteria of estimation of the luminosity level
three variants were used: direct sunbeams, semi shade (direct sunbeams get on leaves only
during a part of daylight) and shade (during daylight direct sunbeams do not get on
leaves). A temperature was measured by a thermometer, which was hung in vertical
position directly above the leaves of that part of the tree crown, monitoring of which was
conducted. Measuring of temperature during monitoring was conducted in the same time
of a day at 11-12 o’clock.
Before the beginning of monitoring of the mines’ state we selected the groups of
trees which belonged to the same planting (in every park planting trees were of the same
age and had approximately the identical physiology state). Then, during two weeks, three
times a day (at 11 a.m., at 2 p.m. and at 5 p.m.) temperature indexes were fixed for the
selected groups of trees. These indexes were compared with the indexes of luminosity, and
for every group of trees a temperature condition was determined depending on the level of
luminosity. Trees were divided into three groups: A, B and C. To group A belonged trees
which were in shade, where a temperature hesitated within 18 and 22°C limit; to group B
belonged the trees which were in the conditions of semi shade, temperature limits hesitated
from 23 to 26°C; in group C were trees to the leaves of which direct sunbeams could reach
during the whole daylight, and a temperature was from 27 to 33°C. It must be admitted
that all supervisions were conducted at leaves which belonged to the lower part of the
crown.
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We conducted the observation for dynamics of mines’ growth using model objects.
The essence of this method is following: on an area a few trees with certain number of
laminas (no less than 30 on each tree) are chosen. Monitoring of them is conducted during
a vegetation period. Observation of the number of mines, their size, state, phases of
development of insect and so on is conducted on these objects. Such method allows
conducting the exact estimation of
different parameters and finding out
general rules of their dynamics.

Drawing 3. Model object
Activity of flying of butterflies
was estimated in a following way:
3 flaps of an entomologic butterfly-net were done with a 10-minute interval and the
collected insects were placed to the tank with the steam of acetone. Then we counted the
number of butterflies. As the number of insects on different areas is different (through the
difference in speed of development), the following criteria of estimation of flying activity
were established: high activity (the most number of butterflies, caught for certain area),
temporary activity (1.5 times the less number of caught butterflies), low activity (3 times
less from maximal number) and flying only of single individuals.
Period of conducting the experiment was from June till August 2007. Research work
was conducted on the territory of «Oleksandriya» park (city of Bila Tserkva, Ukraine).
Methods, used in chorological researches
There were conducted researches in relation to distribution of the horse chestnut leaf
miner on the territory of Kyiv region. Duration of inspections is September 2007. A
research purpose was to find out modern prevalence of moth on the above mentioned
territory, level of damage of the separate plantings in the region and to analyze factors
which could influence the distribution of the pest. During an inspection an expeditionary
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journey was carried out through the followings district centers: Boguslav, Tarashcha,
Myronivka, Bila Tserkva, Kagarlyk, Pereyaslav-Khmelnyckiy, Obukhiv, Fastiv, Vasylkiv,
Baryshivka, Boryspil, Brovary, Makariv, Bucha, Borodyanka. Some places, such as local
parks in Kagarlyk and Bila Tserkva were especially examined. In these settlements
herbarium material was collected for a subsequent analysis in a laboratory.
There were also conducted researches referring to population density of separate
tiers of tree. Leaf material was collected from different tiers of a crown, which are possible
to reach using a ladder or branches of a tree. Later material was investigated in the lab.
Methods, used in phenological researches
The process of observing the phenology of the horse chestnut leaf miner was
conducted regularly (not rarer than 3 times a week) on model trees. Sampling of leaves
with the different phases of moth’s development was done, after what the samples were
analyzed in lab.
For the calculation of sum of effective temperatures ( å ) for every generation the
ET

following formula (according to Selyaninov methodic) was used:

å
ET

=

A+ B
´ D , where “A” is a threshold temperature; “B” is an average temperature for a
2

month (decade); “D” is a number of days with an average daily temperature higher than
threshold one. In the calculations we took into account the lower thermal threshold for
different stages of Lepidopterans’ development, which makes for an egg +9.5°C, for
larvae +9.2°C, for pupas +10.0°C, for imago +7°C (Danilevskiy, 1961; Kozhanchikov,
1961). Temperature indexes were taken from Bila Tserkva branch of National
meteorological centre.
Methods, used for determination of forage rate of pest
It must be added that the forage rate of insect was expressed in cm2 per one
individual (the area of the lamina necessary to bring one individual to the stage of pupa)
because of difficulty to express it in grams. It was calculated as ratio of area of damaged
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surface of lamina toward the amount of pupated individuals. We took into account only
those laminas which were damaged to 95…100%.
Methods, used during collection of herbarium material, its research and estimation
the level of damage of horse chestnut leaves by the horse chestnut leaf miner
For getting the reliable information about the level of damage of horse chestnut trees
in different biotopes we collected the leaf material.
It should be noted that in order to get statistically reliable information no less than
30 laminas from every tree must be collected. The leaf material was collected from trees
selected casually. It provides greater authenticity of results.
The next stage is determination of area of lamina surface damaged by leaf miner.
One of the most accessible methods of determination of these indexes is the method of
overlaying of pallets. Transparent polymeric pellicle is overlaid onto the lamina and the
outward shape of lamina and damaged areas are outlined with a thin marker. Then these
shapes are cut out and the figures we got are weighed (weighing was conducted with the
use of balance ВЛР-200g – see Annex T). For determination of the area of lamina or its
fragment studied a translation gravimetric-superficial coefficient is calculated. The pellicle
from the same material having the known area (for example, a square with an area of
100cm2) is weighed on balance. After that the value of coefficient is calculated. For
2
example, if this square weighs for 5 g, so the coefficient will be 100cm 5 g = 20 cm2/g. If

weight of the cut out figure is 1.2 g, its area will be 1.2 g ´ 20 cm 2 g = 24 cm2.
In some experiments instead of using palettes overlay method we used scanning of
the damaged laminas with the scanning device connected to the computer (scanner Mustek
Bear Paw 1200TA was used). The received image was printed by a printer and then
figures (lamina and damaged areas) were cut out from paper with counted before a
gravimetric-superficial coefficient. The use of a scanner allows to make counting more
precisely, simplifying methodology. It should be noted that we have not met the
description of similar method in literature and in scientific practice, that’s why it is
possible to say that it is applied for the first time.
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It should be also mentioned that another method of determination of damaged leaf
area described in subsection 3.6 exists, but we did not use it as we needed exact data.
Statistical methods, used while fulfilling the research work
The last stage of determination the area of the damaged leaf surface is a statistical
estimation of the results. Authenticity of received data the ranges of which are recovered is
checked up. Such data, for example, are 71,15±2,35% and 75,60±3,40% as
(71,15+2,35)>(75,6-3,40). At first verification of hypothesis (zero hypothesis – H0) is
conducted in relation to equality of general dispersions of selections according to Fisher’s
F-criteria, which is calculated to the formula:
2

2

F = s12 / s 22 , where s1 and s2 are the meanings of the first and second selection dispersions

(selections are compared in pairs), under which s12 ³ s22.
Then got figure is compared with the standard data of criteria for the proper
numbers of degrees of freedom (k, k=n-1, where n is an amount of elements of selection)
and level of meaningfulness (in our researches we used the level of meaningfulness which
makes 5%). The standard data of F-criteria are shown in the special biometrical tables.
Then, if a zero hypothesis as to equality of general dispersions is confirmed, the
comparative estimation of averages is conducted. In this case Student’s T-criteria is used,
which is calculated according to the following formula:
t=

x1 - x2

å (x - x ) + å (x - x
2

i

1

i

n1 + n2 - 2

2

) 2 æ n1 + n2 ö
çç
÷÷
è n1n2 ø

, where x1 and x 2 are average meanings of the first
and second selections, хі is a member of selection,

n1 and n2 are amounts of members in the first and second selections.
The result is compared to the standard data of criteria for the proper numbers of
degrees of freedom and level of meaningfulness. The standard data of T-criteria are shown
in the special biometrical tables. If a zero hypothesis is confirmed, the Figures we have got
are considered to be true.
Most pictures used in scientific research are original and were taken by ourselves
with the help of Canon PowerShot A430 and Samsung S730 cameras.
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Section 3. RESULTS AND THEIR DISCUSSION
Subsection 3.1. Determination of the temperature preferendum of
the horse chestnut leaf miner Cameraria ohridella
3.1.1. Determination of the temperature preferendum at the larval phases

We conducted the research to determine the influence of air temperature and daily
light intensity on development of the pest at the phase of larva. The monitoring of the
population of the pest was effected in a few plantations of the horse chestnut (Aesculus
hippocastanum). Three groups of trees were observed – Group A, Group B and Group C.
Graphically, the results of the research are given in Drawing 8, Annex F.
Obviously, the temperature range between 21 and 23°С and shady or semi-shady
conditions, under which the fastest growth of mines is recorded, are most conducive for
the mines’ development, and the ranges between 17 and 20°С and between 27 and 30°С as
well as shade and strong sun insolation accordingly, are regarded as comfortable.
Probably, the temperature ranges below 18°С or above 27°С, and the direct sunlight on the
leaves are pessimal for the development of the pest.

3.1.2. Determination of the temperature preferendum at the imago phases

We conducted the research to determine the influence of air temperature and daily
light intensity on the flying activity of butterflies of horse chestnut leaf miner. The
monitoring of the population of the pest was effected in a few plantations of the horse
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chestnut in the Oleksandriya Park. Graphically, the results of the research are given in
Drawing.9, Annex G.
Obviously, the temperature range between 21 and 23°С and shady or semi-shady
conditions, under which the highest activity of butterflies’ flying is recorded, are most
conducive for the moth, and the ranges between 19 and 21°С and between 23 and 25°С as
well as shade and strong sun insolation accordingly, are regarded as comfortable.
Probably, the temperature ranges below 18°С or above 26°С, and the direct sunlight on the
leaves are pessimal for the development of the pest.
The daily pattern of flying activity of the butterflies studied by us and represented in
Drawing. 10, Annex G, fully conforms to the determined temperature preferendum for the
imago (during the hours of the highest air temperature the flying activity of butterflies
goes down).
Consequently, according to our data, the chestnut leaf miner is a moderately
thermophilic species. This is the temperature condition peculiar to the park plantings
(where the microclimate is milder than in the solitary street planting), which leads us to the
conclusion that the microclimatic conditions for development of the pest in the park
planting are the most favorable.

Subsection 3.2. Phenological research of the horse chestnut leaf miner1

Phenology of the 1st generation
The period of revival and beginning of flying of the imago of the last year's
generation of the pest coincides with the end of April and the beginning of May. In
phenological terms this period coincides with the beginning of the phenophase of
blooming, sprouting and budding of the horse chestnut, which helps explaining differences
1

The phenological features revealed are given in the Graph, Annex H.
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in the values of sums of effective temperatures at the beginning of flying of butterflies of
this generation in different years. Thus, according to these long-term observations (Zerova
et al. 2007), the sum of effective temperatures necessary for the development of pupas and
revival of imago is in the range 70…130 °С and strongly depends on the climatic
conditions of the winter and spring periods.
Laying of eggs by females of the first generation begins at the first decade of May
(the phenophase of mass chestnut blooming) and lasts till the beginning of June. The
development of larvae depending on weather conditions and microstatial features takes
30…40 days, and the sum of effective temperatures for its development in 2007, according
to our research, made 355° С. Pupation of larvae of the 1st generation in most cases began
in the second decade of June and lasted till the end of July; thus the period of pupas’
development makes 7…9 days, and the sum of effective temperatures for its development
made 195 °С. Mass flying of imago of the 1st generation starts at the beginning of July and
lasts till the beginning of August.
Thus, the duration of the ontogenesis of separate chestnut leaf miners of the 1st
generation makes 50…55 days, and the generation in the whole – about 100 days at the
sum of the effective temperatures 825 °С.
It should be noted that in city conditions, according to our research, separate
chestnut leaf miners of the 1st generation can not populate trees which belong to the street
plantings for the reason of absence of wintering population as the leaves of the trees in city
are usually cleaned up. Therefore, such plantings are populated by the chestnut leaf miner
as a result of flying or anthropogenic transference of separate pests from more populated
territories (park plantings and similar).
Phenology of the 2nd generation
The development of larvae of І-ІІ age of the 2nd generation is observed from the
end of June – beginning of July to the end of August – beginning of September. The total
duration of the larval phase makes 30…40 days at the sum of the effective temperatures is
680 °С. The pupation of caterpillar of the 2nd generation usually begins in the second
decade of June but ends in August or September due to the influence of the climatic
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conditions of the biogeocoenosis. The sum of effective temperatures necessary for the
pupae development makes 210 °С. Mass flying of butterflies starts in June (depending on
the climatic conditions) and is completed within July.
Thus, the duration of individual development of separate pests of the 2nd generation
makes 30…35 days. The total period of development of the generation makes
approximately 65 days at the sum of the effective temperatures 1105 °С.
Consequently, the sum of effective temperatures necessary for development of the
2nd generation exceeds that for the 1st generation while the duration of development of
the 2nd generation is shorter, which is probably conditioned by a considerable growth of
the quantity of the population and higher average daily temperatures during midsummer.
Phenology of the 3rd generation
The revival of caterpillar of the 3rd generation usually takes place in July-August,
and the duration of their development makes about 40 days at the sum of the effective
temperatures 715 °С. The pupation of larvae begins at the end of July and the development
of pupas lasts to the end of August at the sum of effective temperatures 190 °С. Most
pupas of this generation go to wintering (Zerova et al. 2007), and only part of them
completes the development in the same year. Flying of imago from pupas which have fully
completed their development begins from the beginning of August and is over at the end
of September.
Thus, the duration of individual development of separate pests of the 3rd generation
makes approximately 40 days and the total period of development of the generation makes
75 days at the sum of the effective temperatures 1210 °С. The duration of development of
the whole generation, similarly to the previous ones, strongly depends on climatic
conditions and on the quantity of pests in the population.
Phenology of the 4th generation
The development of larvae of the 4th generation usually begins in the second or
third decade of August. It is observed on chestnuts prior to the fall of the leaves. In the
cases of its appearance in the mid October (as a result of certain weather conditions of the
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summer period), the majority of such pests perish through the incomplete ontogenesis
resulting from insufficiency of the effective temperatures. On the whole, the sum of
effective temperatures necessary for development of larvae makes 655 °С. Pupation
mainly takes place in November with larvae of 4-6th age. Almost all pupas go to
wintering. In various cultures, the number of those which completed their development,
got pupated and went on wintering, makes 4…40% (Zerova et al. 2007) of the total
amount. No flying of butterflies of the 4th generation has been recorded; taking into
account that almost all pupas of the 4th generation go to wintering, it is considered that the
imago flying till the end of October, is the imago of the previous (3rd) generation, the
development of which has been delayed.
It is noteworthy that the sums of effective temperatures obtained by us for different
generations of the chestnut leaf miner are included into the ranges of the long-term data
resulting from measuring sums of effective temperatures in the plantings of Kyiv (Zerova
et al. 2007), and consequently, they reflect the general trends for the park plantings.

Subsection 3.3. Chorological research of the leaf miner

In the course of the chorological research of the population of the pest we studied
distribution of the insect on the territory of the Kyiv region and the level of damage caused
to leaves on different tiers of the crown of the horse chestnut.
The data received is given in Annex B and graphically represented by a figure in
Annex C.
Analysis of the results of the research shows that the area of most damages makes a
circle drawn round a Figure with the cities of Kyiv, Myronivka, Bila Tserkva and Fastiv at
the apexes (in the Drawing 2 they are marked by asterisks) being industrial cities and
railway and motor-car centers. Besides, it is in these cities that the most considerable
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damages have been observed. The drawing makes it obvious that the level of damaged
leaves of the horse chestnut diminishes the longer is the distance from the aforesaid area,
and the areas of less damage are concentric circles.
Thus, the idea is confirmed that anthropogenic transference with transport is the
basic factor of such distribution. The chestnut leaf miner probably moved actively within
small distances (not more than few kilometers) due to flying. Long-distance flying is
considered improbable through the small size of the insects [2].
The table makes it obvious that most damaged planting of the horse chestnut was
observed in the towns of Fastiv, Myronivka, Kaharlyk, Vasylkiv, Boryspil, Obukhiv, and
also in «Oleksandriya Park» (Bila Tserkva).
It is noteworthy, that chestnuts in the park areas are damaged more. In our opinion,
it can be explained by the specific temperature conditions of the park planting (as shown
by the results of the research described in subsection 3.1; shadiness of the crowns and the
temperature condition 20…23°C peculiar to the park plantings of the temperate climatic
zone). Probably, it is also explained by the conditions facilitating reproduction of the
miner (leaves with wintering pupas are not removed, etc.,) and the anthropogenic
influence on ecological systems diminishes (reduced air and soil pollution, etc).
There is evidence (Zerova et al. 2007) about the influence of microstatial features on
the development of the miner. Thus, plantings of chestnuts in low-land areas, in the
protected places open to the south, especially if they are located closely to water though
quite often near asphalted roads but with less intensive traffic, that is in more heated and
moist biotopes with a milder microclimate are more damaged by a chestnut leaf miner.
The specific features of the chorological structure of population of the chestnut leaf
miner are similar to such populations of all scale-winged, and are shown in clear
attachment to the places of revival. Thus, if you frighten butterflies, they in most cases
come back to ‘their’ tree and do not fly away far from the place of birth. In a number of
cases, this can account for situations when within a small distance from a tree strongly
damaged by a miner there is a chestnut the leaves of which bear only single mines
(although the physiological resistance of separate trees is not excluded either).
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As the butterflies of a next generation, the same as previous, try to stick to the lower
part of the crown as well as on the grass under the crown, both flying and mating often
takes place within the tier of the propagation, namely, in the period of development of the
1st and the 2nd generations – in the area of growth and the lower tier of the crown. Here
females also lay eggs. These facts, as well as the lighting and temperature conditions at the
top and middle tiers (more sunlight on the leaves of these tiers, and the air temperature is
higher) allow us to explain the «stratification» of damages on tiers. The table in Annex E
displays the results of our research in relation to the damage of separate tiers.
The table displays that most damages are observed on the leaves of the lower tier of
the crown, diminishing towards the top tier proving that at the beginning of its annual
development the pest settles first at the lower tier. At the same time, a relatively greater
population density and a greater percent of new mines (with the larvae of junior age
phases) in the top tier testifies that with increase of damages of leaves of the lower tier
there is also increase in competition for food between individual pests, and consequently,
worsening of conditions of life, and the greater part of females migrates to the unsettled
middle and top tiers for laying eggs.

Subsection 3.4. Determination of the forage rate for a pest
and analysis of the consequences of its size

According to the obtained results, the forage rate for a pest is on the average 0.5
cm2. Consequently, taking into account that on the average the area of lamina of the horse
2
chestnut makes 80 cm2, we can assume that one lamina is able to feed 80cm

0,5cm 2

= 160

individual pests.
It is known from literature (Zerova et al. 2007), that the share of wintering pupas of
chestnut leaf miner which survive makes about 2.75%, and the share of individual pests
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which survive in the course of development from the phase of egg to the phase of imago
makes on the average 9.5%. Thus, hypothetically, one fully populated lamina next year
can regenerate

160 ´ 2,75%
» 4 butterflies. The correlation of females and males makes 1:1
100%

(Freise, 1999), most probably, among these butterflies there will be 2 males and 2 females.
One female lays about 900 eggs (Zerova et al. 2007), therefore 900 ´ 2 = 1800 eggs will be
laid from which only 2% will survive through the unfavorable weather conditions in
spring (Zerova et al. 2007), that is

1800 ´ 2%
= 36 pests. It is easy to calculate that the
100%

quantity of pests of every generation is multiplied after the formula of geometrical
progression: q n+1

q n ´ 1 ´ 900 ´ 9,5%
2
=
, where qn+1 is the number of pests in the next
100%

generation, and q n is the number of pests in this generation. Thus, in the 2nd generation
about 1,500 butterflies can develop hypothetically, and in the 3rd generation – about
66,000 butterflies. Consequently, the amount of pupas in the 4th generation will make
about 2.9 million pests. Thus, in order to grow up it is necessary for them to eat about 1.4
million см2 of the leaf area or 1400000 80 » 17500 laminas or 17500 7 » 2500 leaves.
The death rate of imago phases is very low through the short phase duration and
extraordinarily few predators or vermin, therefore in our calculations it can be ignored.
Consequently, even one fully populated lamina, in default of any additional negative
for pest external influence, can be enough for complete defoliation of a tree to the end of
the vegetation season (de bene esse, so as natural defoliation of chestnuts comes to this
time; it is possible to consider a variant, when such plates will be a few: at that rate
defoliation will come yet prior to the end of the vegetation season). Thus, the harmfulness
of the chestnut leaf miner is ever-higher, and the consequences of its distribution –
catastrophic, taking into account the speed of the population growth and the forage rate.
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Subsection 3.5. Dynamics of the state of trees of the horse chestnut
in different plantings damaged by a horse chestnut leaf miner

It is known from reliable sources (the data of the Kyiv Regional Entomologist
Society and the State Company «Lisozahyst»), that the chestnut leaf miner first appeared
on the territory of Bila Tserkva in 2004. We analyzed the state of the city (solitary) and
park plantings of the horse chestnut upon completion of the fourth year of invasion.

3.5.1. Dynamics of the state of the horse chestnut in the city plantings

During 2006-2007 we marked lower damage of solitary city plantings, than park
plantings (prior to the beginning of the defoliation the leaf plates were damaged by
40…50%). Probably, it is explained by the following factors:
Ø

The temperature conditions in such plantings (for the temperate climatic zone) are
within the limits of the pessimal or, rarer, comfortable range for the chestnut leaf
miner

Ø

Cleaning up of fallen leaves in autumn in the city (absent wintering pupas)

Ø

There is higher anthropogenic environment pollution in the city plantings (except for
direct influence on the insect there is also partial destruction, as well as the change of
the state and biochemical disbalance of the environment of existence of moth, which
we consider decisive as the greater part of its life is spent in the tissue of the bearer.
Apart with influence on the organism of the pest, reduction of food resources increase
the competition, and, as a result, increase of death rate among the population of
phytophags)
31
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Defoliation in the city plantings took place in September-October, which, practically,
makes no deviation from the norm. In most anthropogenically polluted plantings
defoliation began at the end of August, and there was a second flowering in September,
however most scientists link this phenomenon above all things with the technological
environment pollution (impact of acid rains, toxins, superficially active matters;
xerophilization of the city mesoclimate).

3.5.2. Dynamics of the state of the horse chestnut in the park plantings

During 2006-2007 we marked very considerable damaging of the park plantings.
Probably, it is explained by the following factors:
Ø

The temperature conditions in such plantings (for the temperate climatic zone) are
within the limits of the optimal or, rarer, comfortable range for the chestnut leaf
miner.

Ø

Cleaning up of falling leaves in autumn is not usually done in parks (presence of
wintering pupas)

Ø

There is a reduced level of anthropogenic pollution of environment in the park
plantings.
Defoliation in the city plantings took place in June-August, which is a considerable

deviation from the norm. For the cultural plantings in town the damaged leaves and
defoliation of trees have a negative influence the ecology of polluted urban areas and
aesthetic impact on the plantings. This is especially important for large cities and Kyiv in
particular (as the chestnut tree has been the symbol of the capital city – about 2 million
chestnut trees grow there). Special study (Thalmann et al., 2003) was made of the impact
of defoliation caused by the chestnut leaf miner, on productivity of the horse chestnut (the
32
PDF created with FinePrint pdfFactory Pro trial version www.pdffactory.com

research was conducted in Switzerland and Germany). Scientists discovered that if the
damage of chestnut trees by the miner makes 50…70%, it also affects negatively the
weight of fruits as the weight of fruits on the trees damaged by the miner turned out twice
less than that of the controlling planting, however the damages did not have influence on
the amount of fruits and the amount of inflorescences. It is known that the size (and
weight) of fruits matter very much in the life of plants. Thus, the plants which grow from
larger seeds usually grow higher, better survive and are more competitive (Stanton, 1984;
Armstrong and Westoby, 1993; Leishman and Westoby, 1994; Hutchings, 1997; Seiwa,
2000). That is, the horse chestnut responds to the damage not by improvement of the seed
quality, but by switching on the mechanisms of saving the plant itself. The research
(Salleo et al., 2002) showed that chestnuts can increase the intensity of wood formation by
62%, including xylem – by 28%. Such improvement of the water-mineral feed is probably
aimed at increasing the productivity of leaves which remained (Crawley, 1997). Such
conduct is characteristic of the long-living plants (including the horse chestnut) – Kstrategists (Pianca, 1970).
In August-September the refoliation began with repeated flowering of chestnuts. The
autumn flowering the most weakened chestnuts (see Annex J) is considered as the reaction
on defoliation (Pschorn-Walcher, 1994). If this phenomenon repeats during a number of
years, it, as well as defoliation, substantially represses trees and can be one of the factors
causing their death.
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Subsection 3.6. Analysis of the existing methods of pest control,
economic evaluation of application of different methods of pest control
and substantiation of the integrated protection scheme of horse chestnut
from the damage by the horse chestnut leaf miner Cameraria ohridella

The UNESCO project of «CONTROCAM» (abbreviated from the English «control
of Cameraria») was adopted by the European Commission in the area of Biological
Materials for Non-Food Products (Renewable Bioproducts) (BioMatNet) – in 2001 with
the budget of € 1 767 562 [31].
Project main goals are:
· To estimate the current state and prospects of distribution of the invasive type of
Cameraria ohridella in the European urban ecosystems and in the natural
ecosystems of the Balkans and its potential influence on the European forests
· To develop and implement in practice the operating, feasible from the biological
point of view strategy of control of the chestnut leaf miner
· To use the information in relation to distribution of the pest and the integrated
method of protection of the horse chestnut as an example for the future solutions of
problems of biological invasions
In the course of implementation of the project in common with the scientists of
Schmalhausen Institute of zoology NAS of Ukraine we made the analysis (basing on
literature and experiment data) of existing methods of chestnut leaf miner control, their
efficiency, safety for the man and the environment, cost of application. As a result, we in
common with zoologists were able (after testifying the effectiveness of using one or
another insecticide by scientists – children under 18 cannot work with chemicals) to
exploit the most substantial scheme of protection of the horse chestnut from the damage by
the pest.
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Biological methods of pest control
Most of the life cycle of the chestnut leaf miner passes inside the tissues of the
bearing plant making the miner hard to reach by the majority of the entomophages.
Besides, most authors tend to consider that the relatively dense walls of the mine, and
especially the silky cradle hiding the pupa, pose an unsurpassable barrier to many small
predators. Also unknown is the exact place of origin of the pest which complicates the
search for natural entomophages.
The observations showed that at present the larval parasitism for С. ohridella makes
approximately 5-10%, maximally 21%. (Grabenweger, Lethmayer, 1999). In protection of
chestnuts from the chestnut leaf miner certain part is played by representatives of the
Chalcidoidea family. Dominant among the vermin are Minotetrastichus frontalis and
Pnigalio agraules. As an exception there is the data about Pediobius saulius, the
percentage of parasitism of which in relation to the chestnut leaf miner reaches in some
regions of the Balkans the level of 20%. Thus, the low percentage of parasitism is
considered as the most credible reason of the increase of the miner (Colautti et al., 2004)
and the methods of control by vermin are considered unpromising (Grabenweger, 2003;
Heitland et al., 2003).
It is considered that among the basic predators limiting the population of this pest in
Europe, including Ukraine, are the blue titmice (Parus major, P. paustreleus, P. palustris),
one type of ants (Crematogaster scutellaris), grasshopper Meconema meridionale Costa
and some types of spiders (Szöcs, 1959; Faeth, 1980; Mahdi and Whittaker, 1993;
Koricheva et al., 1994; Skuhravy, 1998; Heitland et al., 1999; Zegula et al., 2002;
Radeghieri, 2004). These species are able to make openings in the epidermis of a leaf
(blue titmice will peck mines) and, thus, eat up chestnut leaf miner which are in preimago
phases. Blue titmice and other birds are possibly able to feed on imago.
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Drawing. 18. Butterflies of the horse
chestnut leaf miner in a spider web.
Arthropoda (Arachnida) play a
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Chrysopa sp. and the larvae of earwig
Forficula auricularia L., but no express data is available in relation to what types of
predatory insects ate up the caterpillar from the damaged mines [7].
Thus, the methods of biological control can be applied as an element of the
integrated protection of the plant, the more so in view that the percentage of
parasitism/predator is multiplied [25] with application of other methods of pest control

Methods of pest control with application of sex pheromones
The study of chemical ties between the moths of different sex was conducted by
Svatos with a team of coauthors (Svatos et al., 1999). These researchers used various
methods (field tests, laboratory research, namely, research by the wind tunnel and using
EAG methods) in order to establish the nature and chemical formula of the sex pheromone
of females C. ohridella. This pheromone by its chemical nature is (8E,10Z)-tetradeca8,10-dienal, and it became the first synthesized pheromone of the Cameraria family.
Later, the same scientists identified the attractants of a few other species of the scalewinged [29].
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The identification and synthesis of the sex pheromone C. ohridella proved very
important steps in the field of biological control of this pest. Due to its high specificity, the
use of the chestnut leaf miner sex attractant can help in the search of the place of origin of
the pest. But basically the pheromone is used in the pest control. There are 3 variants of
application of the pheromones in the pest control: setting traps with the pheromones, the
male confusion technique, the trap-and-kill method or attraction and introduction of
growth regulators. All these methods were approved and their efficiency confirmed [29].
The advantage of the use of pheromones for the pest control lies in the very specific
nature of the sex attractant C. ohridella, which minimizes the negative impact on the
insects of other species (practically none).
The weak point of the method lies in the following: in spite of the fact that traps can
catch or destroy hundreds of males per day, it is doubtful that the scale of damages will be
considerably reduced in areas with large populations [33].
Therefore, pest control with the use of pheromones should be effected from the
beginning of flying of butterflies as an element of the integrated protection of the horse
chestnut. It is noteworthy, that the traps should be used carefully (in order that they were
not stolen) and in keeping with all the rules (timely replace the bottoms of sticky traps,
etc).
Methods of mechanical control
Removal of falling leaves as a method of the chestnut leaf miner control was offered
in 1994 (Butin and Fuhrer 1994; Klara 1997; Marx 1997; Tomiczek and Pfister 1997).
Removal of autumn leaves can result in a considerable reduction of damages next year.
The European scientists (Pavan et al., 2003) explored density of mines on the leaves of
chestnuts which grew in the areas where leaves were removed in autumn, in the areas
where leaves were not removed in autumn, and in the areas where leaves were removed
partially. The research showed that at the beginning of June the difference between the
damaged leaves area of the first two groups was 95%, at the end of July – 75%, and at the
end of August – 30%.
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We conducted a research of the efficiency of this method in the conditions of the
park «Oleksandriya». Monitoring was carried out of those areas of the park where leaves
are removed in autumn and those where leaves remain for the winter. In order to minimize
the effects of flying of the butterflies from one area to the other, the research was
conducted in the period of development of the І/ІІ generation and the areas selected at
least 800 m apart from each other. Thus, the ecological conditions of development of the
chestnut leaf miner within all the experimental area were approximately identical.
Therefore, our observations produced the following results:
ü Appearance of the first mines of the pest in the areas where leaves had been removed
began 3-4 weeks later than in the areas where leaves had not been removed, that was
explained by absence in the leaves of wintering phases of the chestnut leaf miner;
ü During the year the seasonal development of the pest in these areas fell behind at the
rate of 2 to 3 weeks.
ü By the end of July the scale of damages in the areas where leaves had been removed for
the winter was somewhat less, and from the beginning of August the scale of damages
was nearly the same, although defoliation in these territories had begun later (August,
unlike in the other territories, where it began in July)
Therefore, the research results showed that it is expedient to remove autumn leaves
only on condition that leaves are removed within the whole territory of the city.
Thus, provided observance of certain rules, leaves removal allows to considerably
reduce the damage of leaves during the year and sometimes to prevent trees from
defoliation and repeated flowering. Application of this method in a complex with the
chemical methods of control also allows decreasing the likelihood of resistance of the
chestnut leaf miner to the chemicals (Pavan et al., 2003).
However, a question arises what to do with the removed autumn leaves. The
problem is that its incineration affects negatively the environment. In Germany the leaves
are transported to special factories where they are punched and the gas received is used for
heating houses [33]. Exposure of pupas in a leaf to the temperatures of 40-50°С during a
few weeks results in their death. In the ordinary heaps of leaves wintering pupas do not die
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usually because the temperature is too low. Considering that punching of leaves is a very
laborious process, one of possible ways of solution of this problem could be covering of
falling leaves by a layer of soil or plastic tape (at least for the period development of
insects from pupas in spring).
Methods of chemical pest control
As insecticides against chestnut leaf miner different sources (different researchers)
offer different chemicals. We will consider the basic ones.
Dimilin (Diflubenzuron) is mainly used for insect control in the fields and forests.
It operates by damaging the chitinous exoskeleton on the stage of development of larva.
Thus, a larva develops normally as long as it has the old exoskeleton. But soon it dies as a
new skeleton has not been formed. It is used during the exit of adult pests from pupas and
laying of eggs. The chemical affects the surface of the leaf where the eggs and young pests
are usually located.
The chemicals, the basic component of which is Imidacloprid. It is most effective
when applied by injections. It is used against the main plant vermin such as plant lice,
cicadas, Lepidopterans and Coleopterans during flowering.
The weak point is that the injections damage the trunk and may cause rotting of
wood. However, this can be avoided by applying the chemical in the soil (Weihenstephan,
2000). This method can be an alternative to the injections in a trunk, although in such case
there is a risk of chemical contamination of the soil that negatively influences the
ecosystem.
Another weakness of the two above chemicals is the high labor cost of their
application and the negative influence on the complex of natural entomophages of
different pests as well as the pollinators of the horse chestnut (which also belong to the
Lepidopterans).
The Ukrainian scientists conducted a research on chestnut leaf miner control
through application of Insegar 25 WP (patented) and Lufox 105 ЕС Most efficient as to its
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action on the pest (destroyed 98…100% of pupas) is Lufox 105 ЕС with addition of the
surfactant Cide-Kick II.
Lufox (produced by «Syngenta» Ltd, Switzerland) is an insecticide applied against
Lepidopterans, Coleopterans, Orthopterans, as well as against some ticks. The chemical is
a double-component insecticide that consists of the operating matters Lufenuron 75 g/l and
Fenoxycarb (inhibitors of synthesis of chitin). It is the combination of these two different
components that makes the chemical a universal means of pest control for vine and garden
plants. Its universality is due to the fact that it affects the pest at all stages of its
development, namely: the imago (sterilant effect), eggs (ovicide action), the larvae (blocks
transition of the larvae to the next age) and prevents pupation.
The chemical belongs to the III class of toxicity according to the classification of the
World Health Organization (low toxic) – LD50>2000 mg/kg for rats orally. It is safe for a
man, vertebrates, useful insects (bees, bumble-bees, most of entomophages) and for the
environment on the whole (as it quickly decomposes in the soil forming non-toxic
compounds), non-phytotoxic even for highly sensitive sorts [7, 40].
The Ukrainian zoologists conducted research in relation to efficiency of this
chemical against the chestnut leaf miner. Application of Lufox with addition of the
surfactant (a superficially active matter that facilitates penetration of the insecticide
through a cuticle and epidermis and accelerates their movement through the plant
increasing the Lufox efficiency) allowed to achieve the dead larvae rate of 98…100% of
the total amount.
Alongside with high efficiency of pest control, minimum threat of affecting the
useful entomological fauna and the ecosystem on the whole, the chemical has another
advantage - it can be brought into the plant by an ordinary moistening method (spraying
the leaves by a solution of the chemical) causing no harm to the plant (unlike using
injections).
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The schedule of treatment with this chemical has been explored and taken into
account by us at drafting the scheme of integrated protection of the horse chestnut from
destruction by the chestnut leaf miner.
In order to assess the expedience of methods of the chestnut leaf miner control, and
with the purpose of development of the scheme of integrated protection of the horse
chestnut from the damage by the chestnut leaf miner, we carried out the economic
evaluation of application of different methods of pest control.
Cost of methods with the use of pheromones [36-39]: delta traps according to
different sources cost from $3 to $15 – for the average we will take the price of $9. Taking
into account that not less than 3 traps are required per one tree which must be replaced not
less than 5 times for the vegetation period, we get the sum of $135 calculated per one tree
for a year. The dispensers used in the «trap-and-kill» method cost on the average $35 per
piece. Their work life is one vegetation season. Thus, at least 3 dispensers are required per
1 tree. Eventually, we get the annual sum of $105 per one tree. The sprayers used in the
male confusion method cost approximately $30…35. Thus, it requires only periodical
supplies of pheromones that cost about $1.5 for one small bottle (10 ml). Despite the low
cost of the latter, it can be applied only in the areas of the forest-park planting as spraying
pheromones will cause certain discomfort for people. One should take into account that all
the prices are specified excluding taxes and duty on the import of devices and chemicals to
the territory of Ukraine in industrial amounts (nursery transplants and chemicals produced
by «Syngenta» Ltd, are for sale directly on the territory of Ukraine).
The estimates above are very approximate as no industrial production of the
chestnut leaf miner pheromones has been set up.
Cost of replacement of the horse chestnut with more resistant sorts of horse
chestnuts: according to different sources, the nursery transplants of chestnuts that are
more resistant to the damage by the chestnut leaf miner would cost UAH 200…300 (close
to $40…60) a piece with the height of up to 60 cm, and up to UAH 3,200 (approximately
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$640) a piece with the height of 2.5…3 m. However, it is necessary to take into account
the labor cost of planting and care of the nursery transplants.
Cost of chemicals to be applied for pest control: Lufox 105 ЕС к.е. («Syngenta»
Ltd, Switzerland) costs not more than $35 per one liter. Take into account that spraying
requirements are 1 liter of the insecticide per 1000 liters of water for 25…30 trees (8…10
m high), that is 40 ml per one tree or $1.4. Thus, cost of spraying chestnuts will not exceed
$4.2 per one tree during the first year of protective measures and, probably, $1.4…2.8 – in
the following years. Labor cost of spraying will not make a large sum as these measures
are conducted not more than 3 times a year.
The integrated pest control is the struggle against harmful organisms which takes
into account the thresholds of their harmfulness and uses above all natural limiting factors
alongside with application of all other methods which satisfy the economic, ecological and
toxicological requirements. (Fadeyev, Novozhylov, 1981). However, the integrated pest
and disease control must be effected taking into account their relation with other
organisms in the sense that every influence on the agrobiocoenosis causes quantitative
change of all organisms including useful ones. Thus, in this context the integrated control
is regarded as a combination of biological, agrotechnical, chemical, physical and other
methods of plant protection aimed at reducing the harmful species to the amount
insignificant for the economy simultaneously preserving the activity of useful natural
organisms. (Fadeyev, Novozhylov, Bayku, 1981) [18].
Thus, having considered the peculiarities of application of different horse chestnut
leaf miner control methods, their efficiency, safety and cost, we regards as the most
ecologically and economically feasible the scheme of the integrated protection of the horse
chestnut from the chestnut leaf miner, exploited by us in common with the scientists of the
Schmalhausen Institute of Zoology NAS of Ukraine. This scheme is represented in Annex N.
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Subsection 3.7. The prospects of research that would help to expand
the existing system of the integrated protection
of the horse chestnut from the damage by the chestnut leaf miner

In our opinion, certain prospects open up in the following directions of research,
which so far, according to the literary data, have not been conducted. Their results can
make a substantial contribution to the scheme of the integrated protection of trees of the
horse chestnut from the damage caused by the horse chestnut leaf miner.
Firstly, a large-scale research should be conducted to expose cases of individual
resistance of chestnut trees to the damage by the pest and explore its reasons. As we see it,
the search for highly resistant trees should be effected in the areas of origin of the horse
chestnut where there must be the greatest genetic variety of the plants [22].
Secondly, taking into account a strong dependence of the chestnut leaf miner on the
forage plant (which is typical for the pests of such way of life), a research should be done
to reveal a possibility of change by agrotechnical measures of physiological and
biochemical features of the trees in direction unfavorable for the pest.
Finally, it should be noted that there is a possibility of conducting research in the
direction of forming resistance of the horse chestnut to the damage caused by the chestnut
leaf miner by biotechnological methods (for example, to consider a possibility of creation
of BT-protected horse chestnuts).
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V. CONCLUSIONS

1.

According to researches conducted, horse chestnut leaf miner Cameraria ohridella
Deschka & Dimič 1986 (Lepidoptera, Gracillariidae) is a moderately thermophilic
species. Found out that the highest activity of flying of butterflies and the speed of
growth of mines are in the air temperatures diapason 20…24 °С. Activity of
butterflies’ flying during the day changes depending on air temperature. These
biological features indicate that horse chestnut leaf miner is a typical forest species of
moderate climatic zone.

2.

Among all categories of horse chestnut plantings in the cities park-like plantings are
damaged by the leaf miner the most as the conditions for development of moth are the
most favorable there.

3.

Established that during the vegetation period of 2006 this pest on the territory of Bila
Tserkva city and “Oleksandriya” park developed 3 generations, and during the
vegetation period of 2007 it developed 3 full generations and 1 partial. The terms of
development of different generations in 2007 and sums of effective temperatures
needed are found out.

4.

According to our researches, invasive species Cameraria ohridella on the territory of
Kyiv region after 4 years of invasion is fixed in all 16 inspected districts, so obviously
has spread through the all territory of region. The main factor of spreading tends to be
an anthropogenic one. It is proved by the fact that the highest level of damage was
observed in cities with high transport flow. Taking into account a known tendency of
development of pest’s settings and comparing it with the results of our researches we
can make a prognosis that the mass death of horse chestnut trees in the most settled
settings will start if preventive measures are not taken.

5.

The leaves of the lower tier of tree crown are damaged the most. We link it with
ecological features of species (chorological, thermical).
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6.

The forage rate of horse chestnut leaf miner makes approximately 0.5 cm2 per one
individual. Comparing it with the temps of insect’s reproduction it is possible to say
that even some pairs of butterflies are dangerous for the whole chestnut planting.
That’s why control of the pest is especially needed to be used accurately and in time.

7.

The most ecologically and economically substantial is the scheme of integrated
protection of chestnut trees from damage caused by leaf miner which includes
collecting of fallen leaves and spraying the trees with chemical Lufox 105 EC
(“Syngenta” Ltd, Swiss).
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VI. PRACTICAL PROPOSITIONS

1.

We propose collecting of the fallen leaves in autumn or collecting it in the spring on
the territories where it was not collected fully or was not collected at all.

2.

We suggest spraying the chestnut trees with Lufox 105 EC (“Syngenta” Ltd, Swiss),
possibly with adding of surfactant Cide-Kick II (“Brewer International”, USA). The
general terms of spraying are marked in the work. But the exact terms are to be
calculated using the sum of effective temperatures found out by us. Also, according to
results of our researches during the first spraying (which can be the only one) we
suggest spraying just of the lower tier of tree crown, which will greatly simplify and
economize the control of the pest. After conducting the researches we can say that
especial attention must be drawn to park-like plantings.

3.

The monitoring of horse chestnut plantings damaged by horse chestnut leaf miner is
to be conducted in order to keep up with spreading of pest through different territories
and influence of ecogeographical (and others) factors on its spreading.

4.

A research should be conducted to expose cases of individual resistance of chestnut
trees to the damage by the pest and explore its reasons. As we see it, the search for
highly resistant trees should be effected in the areas of origin of the horse chestnut.

5.

It should be done a research to reveal a possibility of change by agrotechnical
measures of physiological and biochemical features of the trees in direction
unfavorable for the pest.

6.

Finally, it should be noted that the possibility of conducting research in the direction
of forming resistance of the horse chestnut to the horse chestnut leaf miner by
biotechnological methods (for example, to consider a possibility of creation of BTprotected horse chestnuts) need to be studied.
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ANNEX A
Table 1. Quantitative analysis of species’ structure and objects of damage by new harmful
phytophags in conditions of Kyiv region
№ Object of damage

Approximate quantity Quantity of damaged
of pest species

species of crops

1

Herblike flora (decorative species) 1

1

2

Dendroflora

12

>200

3

Agricultures

10

>15
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ANNEX B
Table 2. Damage of horse chestnut plantings caused by horse chestnut leaf miner in the
locations of Kyiv region
№

Borodyanka
Bila Tserkva (city)
Baryshivka
Makariv
Brovary
Tarashcha
Boguslav
PereyaslavKhmelnytskiy
Bila Tserkva
(The Glory Park)
Myronivka
Bucha
Obukhiv
Vasylkiv

16.09.2007
21.09.2007
11.09.2007
15.09.2007
09.09.2007
12.09.2007
12.09.2007
11.09.2007

General
quantity
of trees*
25
біля 100
20
30
40
25
20
40

21.09.2007

50

20

4

12.09.2007
16.09.2007
19.09.2007
19.09.2007

20
30
20
15

10
15
10
8

09.09.2007
20.09.2007
21.09.2007

30
40
біля 100

17

Boryspil
Kagarlyk (Park)
Bila Tserkva
(“Oleksandriya”park)
Kaharlyk (town)

20.09.2007

18

Fastiv

15.09.2007

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Location

Date of
inspection

Quantity of
inspected
trees
10
60
10
15
15
10
15
20

Quantity of
defoliated
trees**
0
0
0
0
0
0
0
0

Level of
lamina
damage, %
37,47±3,30
41,72±4,86
51,86±4,02
62,03±3,64
68±5,58
69,79±4,06
70,11±4,75
70,21±4,96

F-criteria

Н0

T-criteria

Н0

1,53

+

2,11

+

2,35
2,02
1,58
1,49

+
+
+
+

0,96
0,20
0,34
0,07

+
+
+
+

72,50±3,71

1,67

+

0,96

+

0
0
5
1

83,67±3,21
84,37±2,57
86,71±3,72
88,24±3,86

1,56
1,7
1,42

+
+
+

0,17
1,39
0,82

+
+
+

15
25
70

0
24
60

93,6±1,59
100
100

25

15

17

25

15

3

100
43,51±4,22
100
66,46±5,02

* - in the inspected area
** - out of the quantity of inspected trees
*** - the level of new leaves (after refoliation) damage is italicized
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ANNEX C

Drawing 2.
Pest’s spread on
the territory of
Kyiv region
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ANNEX D

Drawing 4. Life cycle of Cameraria ohridella
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ANNEX E
Table 3. Comparison of leaves’ damage on different tiers of horse chestnut Aesculus
hippocastanum caused by horse chestnut leaf miner Cameraria ohridella, Bila Tserkva,
June 2007
Tier

Upper

Average
quantity of
mines on
lamina
13±2

Percentage of
new mines out
of the general
quantity, %
81,0±0,1

Middle

10±2

Lower

12±1

Mines’
dimension, mm
Average Max

The area of lamina
damaged, % out of
general area

Stages of
development

1…3

36

5,92±1,54

Larvae, 1-3 ages

69,9±0,1

2…10

49

10,6±2,45

Larvae, 1-6 ages

31,2±0,1

15…35

57

22,0±1,99

Larvae, 4-6 ages,
pupas, exuviums of
pupas which have
developed from
new mines
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ANNEX F
Drawing 8. Influence of air temperature and sun insolation level on the dynamics of
C. ohridella mines’ growth, «Olexandria» park, June-August 2007
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ANNEX G
Drawing 9. Influence of air temperature and sun insolation level on the activity of
C. ohridella butterflies’ flying, «Olexandria» park, June-August 2007.
Activity of
butterflies’ flying
optimum
high
comfort

comfort

temporary
pessimum

pessimum

low
flying of single
butterflies only
19

21
shade

23
25
28
semishade
direct
sunlights

t,°С
Luminosity

Drawing 10. Circadian activity of butterflies’ flying, «Olexandria» park, June-August

Activity of butterflies' flying

4

3

2

1

0
9
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Points of activity of butterflies’ flying:
1 – flying of single butterflies only
2 – temporary activity
3 – high activity
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ANNEX H
Drawing 11. Phenology of Cameraria ohridella, “Olexandria” park, 2007
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ANNEX I
Drawing 12. Curve of functional change of organism state under the influence of stress
factor
Functional state

А1
А

А2

А3

Intensiveness of factor’s influence
А - А1 – zone of irritation
А1 - А2 – zone of stimulation
А2 - А3 – zone of irreversible changes
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ANNEX J

Drawing

14.

Defoliation

of

horse

chestnuts. «Olexandria» park. 3d decade of
June

Drawing 15. Defoliation of horse chestnuts.
«Olexandria» park. 3d decade of June

Drawing 16.
Second
flowering and
refoliation of
horse chestnuts.
Bila Tserkva.
2d decade of
September
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ANNEX K

Drawing 17. Identification of horse
chestnut leaf miner.
On the left side of leaf – pest’s mines
(excrements, larvae, exuviums can be
seen); on the right side – damage caused
by Guignardia aesculi (there are no
excrements, no larvae, no pupas)

ANNEX L
Table 4. Level of colonization of horse chestnut trees by horse chestnut leaf miner
Level of colonization of horse chestnut trees

PTS

by horse chestnut leaf miner
No mines of leaf miner

0

Mines found on single trees (on only one tree in small selections)

1

Mines found on 1/3 of trees in selection

2

Mines found on 2/3 of trees in selection

3

Mines found on all trees in selection

4
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ANNEX M
Table 5. Determination of level of the leaf colonization by mines of C. ohridella
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ANNEX N
Table 6. Scheme of the integrated protection of horse chestnut trees from damage caused
by horse chestnut leaf miner
№

measures taken

1

Collecting and
removing fallen
leaves
Control checking of
absence of fallen
leaves and
removing them if
they leave
Spraying with
Люфокс 105 ЕС
к.е. (0,1%),
possibly, with
adding of surfactant
Cide Kick II (1%)

2

3

4

5

Spraying with
Люфокс 105 ЕС
к.е. (0,1%),
possibly, with
adding of surfactant
Cide Kick II (1%)
Spraying with
Люфокс 105 ЕС
к.е. (0,1%),
possibly, with
adding of surfactant
Cide Kick II (1%)

terms of conducting

Stage of moth’s
development

conditions which determinate
conducting the measures

After defoliation
(autumn period)

Pupas in mines
in fallen leaves

Measures are to be conducted in
any case

After snow thawing
(March-April)

Pupas in mines
in fallen leaves

Measures are to be conducted in
any case

Obvious in moth’s settings where
qualified collecting and removing
fallen leaves were not conducted
or if horse chestnut plantings are
not spatially isolated (are located
less then in 200 m) from other
settings where preventive
measures were not taken
Basing on results of Eggs, larvae 1-2 On the results of monitoring or in
monitoring the
ages of 2d
settings where spraying against 1st
moth’s
generation
generation was not used
development (1st-2d
decades of July)
Basing on results of Eggs, larvae 1-2
ages of 1st
monitoring the
generation
moth’s
development
(end of May –
beginning of June)

Basing on results of Eggs, larvae 1-2 On the results of monitoring or in
monitoring the
ages of 3d
settings where spraying against 2d
moth’s
generation
generation was not used
st d
development (1 -2
decades of August)
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ANNEX O

ANNEX P
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ANNEX Q

ANNEX R
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ANNEX S

Drawing 20. Horse chestnut leaf miner Cameraria ohridella. Herborized sample

Drawing 21. Butterflies of horse chestnut leaf miner on the chestnut tree trunk
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ANNEX T

Drawing 22. Working with microscope
МБС-9

Drawing 23. Working with balance ВЛР-200g
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