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In the course of the literature critical analysis the authors paid special attention to the morphological, biological and ecological
features of the flea beetles , both in Ukraine and abroad; the authors came to the conclusion that despite the considerable number
of literary sources devoted to the flea beetles, theirs is still a number of its biological and ecological features which are in close
connection with the protection measures for controlling it and these measures have not yet been completely clarified. The data
obtained by the entomologists from different countries regarding the harmfulness of the flea beetles and its economic importance are
quite controversial and also need experimental confirmation.
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Introduction

Phyllotreta Steph. is one of the most numerous genera of flea beetles in the subfamily Galerucinae and comprises, according to V.
Putele’s data (Putele, 1970), more than 160 species, and according to foreign scientists’ reports (Konstantinov, 1996; Lee et al.,
2011), this genus comprises more than 250 species of flea beetles. V.B. Kostromitin (Kostromitin, 1980) noted that on the territory of
the former USSR over 30 species were found and V.F. Paliy (Palij & Avanesova, 1975) mentioned about 50. N.N. Plavilshikov
(Plavilshikov, 1994) wrote that on the territory of the European part of the former USSR there were 21 species and M.Ye. Sergeev
(Sergeev, 2007) published data on 22 species. S.V. Dedyuhin (Dedyuhin, Nikitskij & Semyonov, 2005) reported that 13 species lived
in Udmurtia and 12 species-in the Lipetsk region of Russia (Curikov, 2009).

Representatives of the genus damage plants of such families as Gramineae, Brassicaceae, Malvaceae, Asteraceae,
Chenopodioideae, Moraceae, Leguminosae and Polygonaceae (Palij & Avanesova, 1975).

Flea beetles, which more or less damage Brassicaceae crops, include 19 species (Kostromitin, 1980) or, as V.N. Shyogolev reported
(Shyogolev, Znamenskij & Bej-Bienko, 1937),-11 species. According to N.A. Filippov data (Filippov, 1978), 12 species were observed
in Moldova, but G.l. Konchukovskaya (Konchukovskaya, 1978) had only data on 10 species. Yu.N. Bezdelnyj (Bezdelnyj, 1984)
particularized 9 pest speciess in the Altai Territory. According to N.L. Saharov data (Saharov, 1934) mustard was damaged by 9
species in the Saratov region. There were 13 species in Tatarstan (Kosov, Rameev & Lopaeva, 1952). V.P. Razumov (Razumov,
1971) recited 7 species of flea beetles damaging Brassicaceae crops in the Gorky region of Russia; Ye.V. Levkovich (Levkovich &
Levkovich, 2006)-6 species in the Penza region; and A.P. Smirnov (Smirnov, 2009) 5 species-in the Leningrad region. In the Non-
Chernozem Belt of Russia, as T.l. Manaenkova described (Manaenkova, 1991), the dominant species was the small striped flea
beetle (89.8%). V.G. Osipov (Osipov, 1986) pointed out that in Belarus, Brassicaceae crops were damaged by 6 species of flea
beetles. Six species were also found to be pests in the Leningrad region. Of them, the predominant species was the turnip flea
beetle (Guseva & Koval, 2007). According to K.A. Gorbatko data (Gorbatko, 2010), 4 species were widespread in the Central
Ciscaucasia, of which the cabbage flea beetle was predominant (40% in the total population). In Ukraine, Brassicaceae crops are
damaged by 6 species of flea beetles belonging to the genus Phyllotreta Steph. (Minkevich, & Borisovskij, 1949; Gerasimov &
Osnickaya, 1961). In Taiwan, (Chen, Ko & Lee, 1990) the predominant species on Brassicaceae crops is the striped flea beetle. The
striped flea beetle is the most common species of Phyllotreta spp. in the world (Zhao et al., 2008) and it is the most dangerous pest
of Brassicaceae plants in Canada (Soroka & Elliot, 2011). In Turkey, the predominant species is the small striped flea beetle.

V.P. Vasilev (Vasilev, V.P. et al., 1988) wrote that the cabbage flea beetle and the small striped flea beetle predominated in the
forest-steppe of Ukraine, accounting for 60-90% of the total Phyllotreta spp. number. O.M. Lapa (Lapa et al., 2006) pointed out that
the cabbage flea beetle predominated in the South of Ukraine, while the small striped flea beetle, the striped flea beetle and the
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turnip flea beetle-in the North. M.P. Sekun (Sekun et al., 2008) believed that the cabbage flea beetle and the small striped flea
beetle predominated in the woodlands and forest-steppe, while the turnip flea beetle-in the South of Ukraine.

Cabbage flea beetle (Phyllotreta atra F. and Ph. atra var. cruciferae Goeze.)

It lives in the European part of Russia, the Caucasus, Central Asia, Kazakhstan, Siberia, and Primorye, being one of the most
widespread pests in the steppe zone from the Baikal region to the Balkans. Outside the former Soviet Union, it can be found in
Western Europe, Asia Minor, Central Asia, and northeastern Africa. Variation cruciferae predominates in more northern regions. In
the early 1920s, it was brought to the west coast of North America, then quickly spread throughout the continent and became the
predominant species, inflicting significant damage to Brassicaceae crops (Palij & Avanesova, 1975; Kostromitin, 1980) (Fig. 1).
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Fig.1. Range zone and areas of harmfulness of Phyllotreta spp. flea beetles.

Small striped flea beetle (Ph. undulata Kutsch.)

Its area (except Ukraine) is the European part of the former Soviet Union, the Caucasus, Siberia, Primorye, Central Asia,
Kazakhstan. It is one of the most dangerous pests of Brassicaceae crops, annually damaging plants in Karelia, the Leningrad,
Moscow, Gorky, Kalinin, Pskov, Arkhangelsk, Perm, Kirov, Vologda regions, Western and Eastern Siberia, the Middle Urals, Yakutia
and the Far East. Significant damage was observed in Belarus, the Smolensk, Kaluga, Tula, and Ryazan regions, Chuvashia and
Tatarstan. Outside the former Soviet Union, it ranges in Europe, with the exception of Greece, Asia Minor, and Algeria. Ph. undulata
was brought to the United States (Samedov, 1963; Palij & Avanesova, 1975; Kostromitin, 1980).

Turnip flea beetle (Ph. nigripes F.)

On the territory of the former USSR, it is very widely spread: forest-steppe and steppe of the European part of Russia, the
Caucasus, Central Asia, Kazakhstan, Western Siberia. Ph. nigripes usually damages plants together with Ph. atra and Ph. undulata.
Mass reproduction occurs in years with warm springs and normal precipitation in the Southern Urals, southern Western Siberia,
sometimes in the Kursk, Voronezh and Penza regions. Outside the former USSR, it is known in Europe, Asia Minor, and
northwestern Africa (Samedov, 1963; Palij & Avanesova, 1975; Kostromitin, 1980).

Turnip flea beetle or yellow-striped flea beetle (Ph. nemorum L.)

Within the former USSR, in addition to Ukraine, the range of this species is large and covers the entire European part, the
Caucasus, Eastern and Western Siberia, the Far East and the republics of Central Asia. Mass reproduction occurs in humid regions
of the Baltic countries, Belarus, the Leningrad, Smolensk, Kaliningrad, Vologda, Pskov, and Moscow regions, the Caucasus. It can
be found in Karakalpakstan and Uzbekistan. In wet years, it also appears in arid areas. Outside the former USSR, it is widespread in
Western Europe and Asia Minor (Samedov, 1963; Palij & Avanesova, 1975; Kostromitin, 1980).

Striped flea beetle (Ph. striolata Fabr.Ph. vittata Fabr.)

On the territory of the former USSR, it inhabits the entire European part, the Caucasus, Kazakhstan, Siberia, Primorsky Kray. The
striped flea beetle number is growing in Siberia and the Far East. Outside the former USSR, the range of Ph. striolata is very large: it
ranges in Europe, Japan, China, Mongolia, Thailand, on the island of Sumatra, South Africa, USA. In North America, it is a serious
pest of Brassicaceae crops (Samedov, 1963; Palij & Avanesova, 1975; Kostromitin, 1980).

Horseradish flea beetle (Ph. armoraciae Koch.)

In addition to Ukraine, it lives wherever horseradish (Ph. armoraciae feeds only on horseradish) grows, which is harmed by both
imagoes and larvae. The range of the species covers the southeastern European part of Russia, the Caucasus, Central Asia,
Kazakhstan, Central, Eastern and Western Siberia, the Leningrad, Novgorod, Moscow, Ryazan, and Ulyanovsk regions, Central and
Southern Urals, Bashkortostan, Tatarstan, Mordovia. It lives in the Baltic countries and Uzbekistan. Outside the former USSR, it
ranges in Europe (except the Iberian Peninsula), Canada, and the United States (Samedov, 1963; Palij & Avanesova, 1975;
Kostromitin, 1980).

Several European researchers, Hoffmann (Hoffman & Schmutterer, 1983), Yonen (Johnen, 2006; Johnen & Klingenhagen, 2006),
Knoll (Knoll, 1997), and Volker (Volker, 2003) noted that it was Phyllotreta spp. flea beetles that were most harmful species on
rapeseed in Belgium, Bulgaria, Germany, Poland, Slovakia, and France.

In the Russian Empire, Phyllotreta spp. flea beetles significantly damaged to cabbage and mustard plantations, so as early as in the
late 1800s, such scientists as K. Lindeman (Lindeman, 1866), K.P. Bramson (Bramson, 1881), F. Keppen (Keppen, 1882), K.A.
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Purievich (Purievich, 1893) and P.M. Stejnberg (Shtejnberg, 1907) conducted thorough research into their biological features and
effective measures to control them. In 1908, Phyllotreta spp. flea beetles were included in the list of the most harmful insects for
agriculture.

Information on the harmfulness of Phyllotreta spp. flea beetles in the eastern forest-steppe of Ukraine was published in the early
1900s, where pests of the Kupyansk, Bohodukhiv and Valkiv Uyezds were described. It was noted that 3 species of Phyllotreta spp.
were harmful: Ph. atra F., Ph. undulata Kutsch. and Ph. nemorum L.

We revealed that all 6 species of flea beetles that were common in Ukraine could be found in the eastern forest-steppe of Ukraine
(Stankevych & Fedorenko, 2009; Yevtushenko, Stankevych & Fedorenko, 2009; Krasilovec et al., 2011; Krasilovec, Kuzmenko, Litvinov
& Stankevich, 2011; Stankevych, 2011c; Stankevych, 2012d; Stankevych, 2012e).

Materials and Methods

The authors analyzed 196 literary and electronic sources from the late 19" to the 21" century. During the analysis, special attention
was paid to the morphological, biological and ecological features flea beetles in Ukraine and abroad. The data on the harmfulness of
the flea beetles and its economic significance are especially analyzed. In the course of the analysis special attention was paid to the
methods and ways of controlling the rape pollen beetle in Ukraine and abroad. The protective measures were considered in such
directions as agro-technical, physic and mechanical, chemical, biological, biotechnical and selective and genetic ones. Each of them
is noteworthy and has both a number of disadvantages and indisputable advantages in comparison with other methods.

Results and Discussion

Taxonomic status and morphological features of Phyllotreta spp. flea beetles

V.B. Kostromitin (Kostromitin, 1980) and N.N. Plavilshikov (Plavilshikov, 1994) specified the taxonomic status of the genus Phyllotreta
is follows: Class Insects-Insecta Leach, 1815; Subclass Winged or Higher Insects-Pterygota Gegenbaur, 1878; Infraclass
Neopterans-Neoptera Martynov, 1923; Division Distinct-Stage Insects-Holometabola; Superorder Coleopteroids-Coleopteroidea;
Order Coleopterans-Coleoptera Linnaeus, 1758; Suborder Omnivorous Beetles-Polyphaga Emery, 1886; Family Leaf Beetles-
Chrysomelidae Spribala, 1802 Aphthonini; Genus Phyllotreta Stephens, 1836.

Representatives of the genus Phyllotreta have an elongated and mostly flattened body; the body is unicolourous (black, blue,
greenish, metalescent or black with a yellow pattern on elytrons). The head with indistinct frontal tubercules or without them; the
frontal carina is flat or sharp, narrow. The labrum is square with a notch on the anterior edge; the mandible is five-toothed; the
antennae are 11-segmented. The pronotum in most species is square, narrower at the elytron base; the clypeus is small, semi-oval;
the shoulder humps are mostly convex. Aimost all species have well-developed hind wings. The body length varies 1.3 to 3.5 mm
(Troickij & Shegolev, 1934; Shyogolev, 1960).

Eggs of Phyllotreta spp. flea beetles are light yellow, semi-translucent, elongated-oval, 0.34-0.4 mm long and 0.1-0.2 mm wide
(Narzikulov, 1968). However, according to N.N. Bogdanov-Kat'kov data (Bogdanov-Kat'’kov, 1920), the egg size is 0.6-0.9 mm.
Larvae of most species are off-white, yellow or yellowish. On the surface of the segments, there are smooth, shiny sclerotized
plates, arranged in a certain order. There is one hair on each plate. Some plates merge together, and then the number of hairs
increases according to the number of merged plates. The head and the last segment are light yellow. The tergite of the last
abdominal segment is without cancellated structure, has a rounded posterior edge or one upfracted short chitin hook (Gilyarov,
1964)

Pupae of all species are free, yellowish, 2-3 mm (up to 4 mm) long, always develop in the soil (Shyogolev, Znamenskij & Bej-Bienko,
1937; Palij, 1962; Shapiro, 1964).

Characteristic features of Phyllotreta spp. flea beetles that are common in Ukraine are the following:

The upper part of the body is unicolourous: black, blue or greenish.

Cabbage flea beetle: The antennae are black, except for the first three red-yellow segments. The proximal part of the legs is
grayish brown (Fig. 2E). The head, pronotum and elytrons are evenly dotted. The color is black with a faint metallic tinge. The length
is 1.8-3.0 mm (Gerasimov & Osnickaya, 1961; Bej-Bienko, G.Ya. (1980).

Turnip flea beetle: The antennae and legs are completely black. The upper part of the body is blue or greenish with a metallic
tinge (Fig. 2F). The head and anterior back are finely dotted. The length is 2.0-2.8 mm (Palij & Avanesova, 1975).

Turnip flea beetle: There are yellow stripes on the elytrons with a rather subtle notch in the middle or almost parallel (Fig. 2A).
The tibiae and legs are red or yellow (as B.A. Gerasimov (Gerasimov & Osnickaya, 1961) described). The frons and at least the
frontal part of the crown are not dotted. The head and pronotum are metalescent. The main 3 segments of the antennae are yellow.
It is one of the largest species: 2.5-3.5 mm (Gerasimov & Osnickaya, 1961; Lopatin, 1986).

Small striped flea beetle: The black side border on the elytrons does not expand or expands very gradually and peripherally into
the yellow stripe (Fig. 2B). The legs are black and only the tibiae are sometimes slightly reddish. The frons has a transverse dotted
stripe only above the tubercules; the crown is not dotted (Troickij & Shegolev, 1934). The length is 2.0-2.8 mm (Lopatin, 1986).
Striped flea beetle: On the elytrons, there is a yellow stripe with a deep outer notch in the middle and a small notch near the
shoulder hump (Fig. 2D). There are sometimes 2 spots. Black stripe in the middle, with parallel edges, narrowed only at both ends.
The length is 1.8-2.7 mm and the width is 1.1-1.4 mm (Gerasimov & Osnickaya, 1961; Palij & Avanesova, 1975; Lee et al., 2011).
Horseradish flea beetle: The elytrons are yellow; only the narrow border on their outside and the stripe on the neck are black
(Fig. 2C). The head and pronotum are black. The top of the femora, tibiae, legs and the first 3 segments of the antennae are yellow.
The length is 3.0-3.5 mm (Gerasimov & Osnickaya, 1961).
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Biological and ecological features of Phyllotreta spp. flea beetles

Phyllotreta spp. flea beetles have similar biological features (Laba & Sytnyk, 2006). Sexually immature imagoes overwinter in the
upper layer of the sail, in cracks of greenhouse frames, under fallen leaves on forest edges and in protective forest belts (Shyogolev,
Znamenskij & Bej-Bienko, 1937). However, L.I. Bud’ko (Bud’ko, Rovba, & Shaganov, 2008) published data that eggs overwinter in the
soil in Belarus and larvae emerge from them in spring (at 5-6°C), which damage seedlings. Sometimes imagoes get into soil cracks
between roots and imbed themselves in the soil. They rarely overwinter in meadows and fields. Imagoes normally overwinter in the
upper layer of the soil, where the temperature is -4°C under the snow cover. Phyllotreta spp. flea beetles seldom overwinter far from
the places of their autumn feeding and are satisfied with any cover in the immediate vicinity of the autumn habitat, and hence their
spring appearance is close to those places where Brassicaceae plants grew in the previous year. In spring, beetles come out of
overwintering housings and feed additionally (Dobrovolskij, 1950; Kasyanov, 2011). The appearance of beetles is closely associated
with air temperature (Marchenko, 2011). First they appear in areas that are well warmed up. T.G. Yefremova (Yefremova,1970)
reported that in the southern regions of Ukraine beetles appeared as early as during the third ten days of March, while in the
northern and central regions-in the second ten days of April, and in Kamchatka (Semakov, 1966), for example, beetles leave

overwintering housings in early June.
/ B
~ & a
7 .
JA AL AN

Phyilotreta undulata Kutsch

ey, o D

P
g ~~

AN

Phyllotreta armoraciae Koch Phyliotreta striolata F.

&) A

Phyliotreta cruciferae Goeze Phyliotreta nigripes F.

Fig. 2. Phyllotreta spp. flea beetles and male genitals: A) turnip flea beetle; B) small striped flea beetle; C) horseradish flea beetle;
D) striped flea beetle; E) cabbage flea beetle; F) turnip flea beetle.

[.M. Zambin (Zambin, Turaev & Shumilenko, 1953) believed that flea beetles came out of overwintering housings when the average
daily temperatures rose to 11°C. Different species of Phyllotreta spp. do not become active simultaneously; their activity onset
depends on the spring weather: the later spring comes and the cooler the weather is, the later flea beetles appear (Skripnik &
Zhuravskij, 2004). At this time, there are no cultivated plants in the fields and beetles feed on various Brassicaceae weeds, but after
seeds germinate or after seedlings are planted in the soil, beetles move to them, inflicting considerable damage. Phyllotreta spp.
imagoes begin to fly at an air temperature of 14-16°C (Lopatin, 1986). During the day, the intensity of flight changes significantly: it
increases as the air temperature rises and decreases markedly when the cool evening comes. In the evening, imagoes are sluggish
and one can easily count them. N.N. Bogdanov-Kat’kov (Bogdanov-Kat'kov, 1920) reported that the maximum activity of imagoes
was observed during the day at 217°C. According to V.N. Shyogolev observations (Shyogolev, Znamenskij & Bej-Bienko, 1937),
imagoes are most active from 10 a.m. to 1 p.m. and later from 4 p.m. to 6 p.m. Nevertheless |.S. Iskakov (Iskakov & Krasnikova,
1991) reported that flea beetles actively fed after 6 p.m. if the air temperature did not drop below 18°C. Excursions of flea beetles
are sharply reduced in cloudy weather and completely stop in rainy weather. Winds can carry flea beetles hundreds and thousands
of meters away. The distance of flea beetle excursions depends on wind speed. In spring, in favorable weather, the Phyllotreta spp.
flea beetle numbers are stable and they are more or less evenly distributed in different landscapes, but gradually they got
accumulated at certain stations. Phyllotreta spp. flea beetles migrate from one station to another throughout the growing period.
Beetles move more intensively before egg laying; they migrate to Brassicaceae fields. Obviously, domestic plants are better food for
flea beetles. By the end of May, tissues of wild plants become coarser; the formation of generative organs requires the outflow of
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macronutrients from leaves, the amounts of water and protein in leaves decreases sharply; and this is most likely to make beetles
migrate to young, intensively growing, water- and protein-rich leaves of domestic plants.

In winter, imagoes spend their fat reserves. Phyllotreta spp. flea beetles start feeding immediately after spring activation.
M.G. Alimbekova (Alimbekova, Kukshina & Nikitina, 1949) indicated that imagoes could survive without food for 10-12 days, but
according to other researchers’ data (Kostromitin, 1980), the life span of imagoes without food was 5-6 days in a laboratory
experiment.

In spring after overwintering, Phyllotreta spp. flea beetles always need extra nutrition. We observed (Stankevych, 2011ic;
Yevtushenko, & Stankevich, 2012) that after Phyllotreta spp. had left their leaving overwintering housings, they could be found on
Sisymbrium, flixweed, charlock mustard and winter cress. At this time, the quality of food is not important, but as reproductive
products ripen, additional nutrition can be only satisfied by Brassicaceae plants or by very taxonomically close Capparaceae and
Resedaceae plants. Of the species of Phyllotreta spp. that are common in Ukraine, none can be classified as monophagous, as
even such seemingly specialized species as the horseradish flea beetle, feed on at least several plant species. Thus, most species
belong to broad or to narrow oligophages. Mustard oils or their glucosides contained in plants are believed to be active attractants
for Phyllotreta spp. flea beetles and play an important role in the insect’'s choice of the host plant. At various times, it was
experimentally shown that even bean leaves, which are not normally consumed by Phyllotreta spp. imagoes, become edible to them
after such leaves had been seasoned in a 0.5% aqueous solution of a mustard oil glucoside for 18 hours. Plants of the families
Resedaceae, Chenopodiaceae, Gramineae and Asteraceae can be suitable food for Phyllotreta spp. flea beetles. Phyllotreta spp.
imagoes damage plants of the families Amaranthaceae, Polygonaceae and Fabaceae if only other food is not available. For
example, O.V. Gordiyenko (Gordiyenko, 2008) pointed out that Phyllotreta spp. flea beetles together with Chaetocnema spp. flea
beetles were the main pests on buckwheat seedlings. Although under natural conditions flea beetles can feed on some plant
species that are not their eating habits, the normal development of Phyllotreta spp. flea beetles only occurs when they feed on
Brassicaceae plants. M.G. Alimbekova (Alimbekova, Kukshina & Nikitina, 1949), D.S. Shapiro (Shapiro, 1964) and V.F. Paliy (Palij,
1962) even emphasized that it was imposible for Phyllotreta spp. flea beetles to eat non-Brassicaceae plants. Feeding on
Brassicaceae plants promotes the development of viable and fertile specimens of Phyllotreta spp. Eating leaves of plants of other
families is not typical for Phyllotreta spp. flea beetles; it is rather random than typical, though can be sometimes very noticeable.
Phyllotreta spp. flea beetles very willingly feed on many Brassicaceae crops, for which they are permanent and mass pests.
Phyllotreta spp. flea beetles inflict the greatest damage to mustard, rapeseed, cabbage, turnip, and oil radish; radish, false flax,
horseradish, rutabaga and white turnip are also severely damaged by Phyllotreta spp. flea beetles (Bogdanov-Kat’kov, 1920).

The period of additional feeding lasts from 5 to 60 days (Bogdanov-Kat'kov, 1920; Palij & Avanesova, 1975; Kostromitin, 1980).

After imagoes complete additional feeding and reach sexual maturity, they mate and lay eggs, mainly in fields sown with cultivated
Brassicaceae plants; Ph. nemorum lay eggs on wild Brassicaceae plants (Alimbekova, Kukshina & Nikitina, 1949; Palij, 1954). Eggs
are laid in the soil, and larvae that hatch from eggs feed on small roots of Brassicaceae plants, without causing significant damage
(Kolesnik, 2007). A.V. Melnik (Melnik, 2007). reported that the flea beetles laid eggs in holes gnawed in roots of Brassicaceae plants.
Ph. striolata females gnaw holes in the main root of a plant and lay eggs in there; larvae develop inside the roots of oil radish, radish
and other Brassicaceae crops. Ph. nemorum lay eggs on the underside of leaves of Brassicaceae plants, mainly white charlock and
radish. Larvae gnaw into leaves and live there until pupation. V.N. Shyogolev (Shyogolev, Znamenskij & Bej-Bienko, 1937) pointed
out that Ph. undulata females also laid eggs on leaves of Brassicaceae crops and larvae developed in leaves. Females of the
horseradish flea beetle lay eggs (sometimes up to 16 eggs) near the horseradish collet (Kostromitin, 1980). According to
B.V. Dobrovolskij data (Dobrovolskij, 1950), females lay about 20 eggs near roots. The total productivity of females is about 40 eggs
(Lopatin, 1986); according to D.N. Kobakhidze data (Kobahidze, 1957), it ranges 40 to 60 eggs. N.N. Bogdanov-Kat'’kov (Bogdanov-
Kat’kov, 1920) reported that flea beetles lay single eggs or egg clusters on the surface of plants. Most researchers thought that the
duration of embryonic development depended on the soil temperature and lasted from 3 to 15 days (Dobrovolskij, 1950; Kobahidze,
1957; Gerasimov & Osnickaya, 1961; Shutak, 1973; Palij & Avanesova, 1975; Kostromitin, 1980).

Larvae of the horseradish flea beetle penetrate into horseradish leaf stalks, where they further develop; they can also develop in the
main veins of cabbage, mustard and rapeseed leaves. Having completed feeding, Ph. nemorum and Ph. armoraciae larvae, come
out of leaves and pupate in the sail, like other species. The development of larvae lasts 14-30 days (Dobrovolskij, 1950; Kobahidze,
1957; Osmolovskij, 1972; Shutak, 1973; Palij & Avanesova, 1975; Kostromitin, 1980). All species of Phyllotreta spp. flea beetles
pupate exclusively in the soil at a depth of 1-12 cm (Shyogolev, Znamenskij & Bej-Bienko, 1937; Dobrovolskij, 1950). The
development of pupae takes from 8 to 17 days (Bogdanov-Kat’kov, 1920; Shutak, 1973; Palij & Avanesova, 1975; Kostromitin, 1980).
The whole development lasts from 27 to 50 days (Bogdanov-Kat'kov, 1920; Palij & Avanesova, 1975; Kostromitin, 1980).

At the end of July, a new generation of flea beetles emerges. Young beetles also feed on different Brassicaceae plants and, when it
gets cold, they move to overwintering housings. Most researchers (Kovalchuk, 1987; Fedorenko et al., 2008) thought that Phyllotreta
spp. flea beetles developed one generation throughout Ukraine, while V.D. Pyatakova (Pyatakova, 1928) and A. Podkopayev
(Podkopayev, 1933) noted that Ph. atra and Ph. nemorum could develop even three generations in Ukraine. KK Fasulati (Fasulati,
1963) reported that in Transcarpathia Ph. undulata gave two generations and V.T. Melnychuk (Melnychuk, 1996) published data on
two generations of Ph. undulata in the forest-steppe. D.N. Kobakhidze (Kobahidze, 1957) noted that Phyllotreta spp. flea beetles had
two generations per year on the Black Sea coast. According to N.N. Bogdanov-Kat’kov (Bogdanov-Kat'’kov, 1920) and L.V. Sazanova
(Sazanova, 1955) data, Phyllotreta spp. flea beetles develop 2 generations in the southern regions of the former USSR. In the
Magadan region (Bardysheva, 1967), Phyllotreta spp. flea beetles give 1 generation per year. A.A. Solovyova (Solovyova, 1970)
reported that flea beetles gave in 3 generations Kyrgyzstan and 1 generation in the highlands (1500 m above sea level). In the
Central Caucasus, as K.A. Gorbatko (Gorbatko, 2010) mentioned, there is one generation of flea beetles per year.

In summer, when a new generation of beetles appears or after harvesting early Brassicaceae crops due to lack of food, Phyllotreta
spp. flea beetles migrate to wild plants, especially if they grow nearby. Of the wild Brassicaceae plants, beetles prefer nasturtium,
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Sisymbrium, hoary alyssum, flixweed, hoary pepperwort, colewort, Alliaria, wallflower, winter cress, white charlock, stock,
pennycress, etc. Ph. undulate and Ph. atra eat leaves of the shepherd's purse and Ph. nigripes-leaves of the candytuft (Bogdanov-
Kat'’kov, 1920; Moric-Romanova, Berezhkov & Davydov, 1941; Zambin, Turaev & Shumilenko, 1953; Gerasimov & Osnickaya, 1961;
Kostromitin, 1980). Trophic specialization determines the spread of Phyllotreta spp. flea beetles. Stable food reserves are available
near human settlements, where cultivated, weed and ornamental plants belonging to the family Brassicaceae are abundant. In
natural biocenoses, edible plants are poorly represented; Phyllotreta spp. flea beetles are sure to live there, but in smaller numbers.
It was published (Kostromitin, 1980) that the numbers of beetles that overwintered and their offspring were always higher in fields of
cultivated plants than on wild vegetation growing near the fields. An agrocenosis of Brassicaceae crops is populated faster and
damaged more severely than a Brassicaceae crop grown in a mixture with other crops (Satalkina & Ancupova, 1993). Thus, the
diversity of vegetation can reduce the numbers of Phyllotreta spp. flea beetles and prevent their mass reproduction.

Harmfulness of Phyllotreta spp. flea beetles

Data on the harmfulness of Phyllotreta spp. flea beetles have been available since 1841 (Bogdanov-Kat'’kov, 1920). The damage
from them was so significant that in some years (1841, 1851, 1867, 1888, 1911, 1913, 1915) they destroyed all planted cabbage
seedlings and oilseed fields (Bogdanov-Kat'’kov, 1920).

The damage caused by Phyllotreta spp. flea beetles to fields depends mainly on their numbers, migration capacity, phase of the
plant development, feeding intensity, weather, etc. The feeding activity of beetles depends on weather factors. Beetles start feeding
after the dew evaporates and the air temperature reaches 7-9°C. As the temperature rises, the feeding intensity increases. The
optimal temperature for active feeding of beetles is within 18-25°C (Shejgerevich, 1988); its further increase to 27-29°C noticeably
reduces the feeding intensity; and at 30-32°C almost all beetles leave plants. In the evening, when the air temperature drops to 11-
12°C, the activity and intensity of feeding lessen and after 9 p.m. beetles probably go into the sail for the night, because early in the
morning they can be detected only on the soil surface.

Fig. 3. Phyllotreta spp. flea beetles on spring rapeseed leaves.
Training, Research and Production Center Doslidne Pole (Experimental Field) of VV Dokuchaev KhNAU (the first 10 days of June,
2019).

#
Fig. 4. Plants damaged by young imagoes of Phyllotreta spp. A) Damaged pod; B) Damaged stem.

State Enterprise “Experimental Farm Elitne” of the Plant Production Institute named after VYa Yuriev

of NAAS (2012)

In most species of Phyllotreta spp. flea beetles, imagoes do harm; larvae develop in the soil, feeding on small roots, and do not have
a significant impact on the plant growth and development (Fokin, 2008; Pysarenko & Gordyeyeva, 2009). However,
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Ph. nemorum larvae penetrate into leaves and live there until pupation. Larvae of the horseradish flea beetle develop inside the
middle veins of horseradish and cabbage leaves (Palij, 1962; Kostromitin, 1980).

Beetles appear en masse on young Brassicaceae plants, i.e. on seedlings (grown from seeds in the fields or planted from pots)
(Palij, 1962). They eat cotyledons and the youngest, apical leaves, scrape the epidermis of leaves, resulting in ulcers of different
diameters (Fig. 3) (Pysarenko & Gordyeyeva, 2009) and, according to N. P. Kosmodemyanskij data (Kosmodemyanskij & Kulik, 1967)
skeletonize leaves of Brassicaceae plants upon mass reproduction.

As N.N. Bogdanov-Kat’kov (Bogdanov-Kat’kov, 1920) observed, one flea beetle gnaws out an ulcer of 2.5-3.0 mm in 10 minutes and
in total one flea beetle gnaws out 14-15 mm2 of the leaf surface per day. V.D. Pyatakova (Pyatakova, 1928) pointed out that 10 flea
beetles ate 430 mm? of the leaf surface at 14.3°C 720 mm? at 20.6°C.

Beetles of the new generation very often damage stems, flowers, pods, and fruits (Fig. 4) (Susidko & Pisarenko, 1991). Ulcers are
grouped in several places and often on the edges of cabbage leaves; on rapeseed, mustard, radish, white turnip, rutabaga and
radish, ulcers are scattered over the entire surface of leaves. Damaged tissues get dry, discolor and small holes are formed on
leaves (Legatov, 1929). Upon severe damage, leaves turn yellow, their normal development is broken and they dry up. Plants lag
behind in growth and young plants die.

Recently, however, their numbers on Brassicaceae crops have increased several-fold compared the above figures. Biotic factors
(predators, parasites, pathogens) do not limit the numbers of Phyllotreta spp. flea beetles within the ETH, so insecticides are used to
protect plantations against them (Osipov, 1986). D.M. Korolkov (Korolkov & Durnovo, 1926) pointed out that in hot weather, upon
mass development, flea beetles were able to obliterate seedlings on the germination day. After beetles have eaten up 50% of the
leaf surface of cotyledons, plants quickly lose their vitality, many of them die, and survivors give significantly reduced yields. In years
of their mass reproduction, Phyllotreta spp. flea beetles completely wipe out young shoots (Zambin, Turaev & Shumilenko, 1953).
Flea beetles also damage seed plants of Brassicaceae crops, eating out small (1.5-2.0 mm in diameter) ulcers on buds and pods
(Troickij & Shegolev, 1934; Shyogolev, 1960). Damage to leaves of older plants delays their growth and reduces yields. Flea beetles
willingly feed on flower heads, especially on wild Brassicaceae plants right after coming into blossom. One can often watch flea
beetles on the leaf surface unbending parts of the flower head and gnawing at the base of the flower rachis. They often completely
gnaw through rachises and flowers dry up. Oil crops are damaged to varying degrees by Phyllotreta spp. flea beetles. Brown
mustard, white mustard, Chinese radish and spring rapeseed seedlings are more severely damaged, while spring turnip rape
seedlings are slightly less attackable, colewort seedlings are little damaged, and false flax seedlings are almost invulnerable
(Kostromitin, 1980). According to M.V. Kalyuga data (Kalyuga, 1970), different Brassicaceae crops are unequally valued food for
insects that feed on them. Their nutritional value is determined by contents of nitrogen and monosaccharides.

Protection measures against Phyllotreta spp. flea beetles

Information about measures to control Phyllotreta spp. flea beetles has been available since the mid-nineteenth century.
K.P. Bramson (Bramson, 1881) and F. Keppen (Keppen, 1882) recommended growing Brassicaceae plants in shady sites, because,
in their opinion, they are unfavorable conditions for flea beetles. They also recommended exterminating flea beetles by gathering
them with a sweep-net or with tar-anointed boards, which were placed on a small cart. The moving cart makes flea beetles jump and
they got stuck to the tar. V.Ye. Iversen (lversen, 1883) recommended carrying wooden frames with stretched tar-anointed cloths
above plantations and thus catching frightened beetles. Vegetating plants were recommended to be sprinkled with ash, lime dust, or
with ground bird or horse manure (Shtejnberg, 1907). This operation had to be repeated after each rain. Plants could be also
watered with so-called "wormwood water" (a handful of wormwood in a bucket of water) (Iversen, 1883). It was recommended to add
gypsum, guano, garlic or wood ash to wormwood water. F. Keppen (Keppen, 1882) recommended spreading horse manure between
plant rows with its subsequent burning as an effective measure. He observed that flea beetles, which were frightened by acrid
smoke, completely left the field one hour later. It was recommended to repeat this operation every ten days. A. Blomejer (Blomejer,
1901) published data on the effectiveness of sprinkling the perimeter of rapeseed fields with dry horse manure (the band width was
2-4 m), which prevented attacks of flea beetles on fields in spring. F. Keppen (Keppen, 1882) also recommended double seeding
rates because in this case flea beetles did not kill all plants. The following F. Keppen (Keppen, 1882) and V.Ye. Iversen (lversen,
1883) recommendations are also of interest: to sow seeds of wild Brassicaceae plants/Brassicdceae weeds near plots of domestic
Brassicaceae plants, then most flea beetles fed on the former and there could be caught with sweep-nets. This can be considered
as the start of using trap plants. V.Ye. Iversen (lversen, 1883) recommended pre-sowing one-day soaking Brassicaceae seeds in
garlic or sulfur mixture and sowing the seeds as early as possible, before flea beetles appear en masse. In the fields of
Brassicaceae crops, it was mandatory to eradicate Brassicaceae weeds (lversen, 1883).

A. Blomejer (Blomejer, 1901) wrote about the low efficiency of sweep-nets, tar-anointed boards and tobacco dust sprinkling and
emphasized that good fertilizers and tillage, i.e. agronomic measures should be priorities.

In a review of pests of Kupyansk Uyezd (Obzor vrednyh nasekomyh Kupyanskago uezda po nablyudeniyam 1905 goda, 1906), it was
recommended to use long boards with a tar-anointed cloth nailed in the upper part. The cloth bottom was left dry. Then two workers
carried it across the field, touching plants with the lower edge and catching frightened flea beetles. Putting this contrivance on a cart,
one could make a so-called "Gottingen cart" and significantly accelerate the catch of flea beetles.

P.N. Stejnberg (Shtejnberg, 1907) demostrated the effectiveness of sprinkling plants with Thomas slag. This by-product of cast-iron
production, in addition to its negative effect on flea beetles, is a valuable phosphorus fertilizer, which is still used at present. In P.N.
Stejnberg publication (Shtejnberg, 1907), copper acetoarsenite or Schweinfurt green was mentioned for the first time as an
insecticide against Phyllotreta spp. flea beetles.

In the 1920s, to protect crops against Phyllotreta spp. flea beetles, it was recommended to spray plants with copper acetoarsenite,
barium chlorate and lead orthoarsenate, to apply sticky catchers, to sprinkle plants with Thomas slag or with ash, and to eradicate
Brassicaceae weeds (Bogdanov-Katkov, 1920; Korolkov & Durnovo, 1926).
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In the 1930s, it was recommended to spray with copper acetoarsenite, barium chloride, calcium orthoarsenate, sodium
orthoarsenate, or with sodium silicofluoride, to sprinkle plants with calcium orthoarsenate powder, anabadust, nicotine sulphate dust
or with tobacco dust mixed with lime, eradicate Brassicdceae weeds and to sow early (Shyogolev, Znamenskij & Bej-Bienko, 1937).
There were manual, horse and even aviation sprinklers. Due to these measures, the white mustard yield increased by 40-60%; the
brown mustard yield-by 20%; and the spring rapeseed yield-by 70-330%. V.N. Shyogolev (Shyogolev, Znamenskij & Bej-Bienko,
1937) also mentioned the high effectiveness of pyrethrum (a number of its derivatives, synthetic pyrethroids, were later synthesized)
and the inexpediency of mechanical measures on large areas and advised to focus attention on agronomic measures (eradication of
weeds, optimal timeframe for sowing).

In the 1940s, mandatory weed control was recommended and, upon mass reproduction of flea beetles, sprinkling with a mixture of
tobacco dust and lime, pyrethrum and ash, copper acetoarsenite, calcium orthoarsenate, sodium silicofluoride, anabadust or nicotine
sulphate dust and ash with kerosene or kreoline was recommended. Sodium orthoarsenate and copper acetoarsenite were used for
spraying. A mixture of treacle and starch paste was used as a sticking agent (Moric-Romanova, Berezhkov & Davydov, 1941).
N.L. Saharov (Saharov, 1947) demonstrated the necessity for double sprinkling with calcium arsenate: during germination and
before anthesis, which completely eliminated the danger of pests. 100% of Phyllotreta spp. flea beetles died within 12-24 hours. For
the first time, it was also mentioned about the necessity to get rid of fallen seeds, which are left in great numbers after the harvest of
Brassicaceae oilseed crops and a reservoir of flea beetles. V.F. Palij (Palij, 1948) for the first time published data on the
effectiveness of Dichlorodiphenyltrichloroethane (DDT) to control Phyllotreta spp. flea beetle numbers: 5% powder at Ramon
Research Station in 1946. The population density of flea beetles was 240 insects/m® before treatment and the sprinkling efficiency
was 100% for 12 days. M.G. Alimbekova (Alimbekova, Kukshina & Nikitina, 1949) was first to publish data on the use of
hexachlorane against flea beetles in 1947.

In the 1950s, it was recommended to sprinkle crops with hexachlorane or DDT, anabadust or nicotine sulphate dust, calcium
orthoarsenate, sodium silicofluoride, pyrethrum and tobacco dust during germination and before anthesis to protect plants against
Phyllotreta spp. flea beetles. As to agrotechnical measures, it was recommended to eradicate Brassicaceae weeds, to remove fallen
seeds, to sow early (Dobrovolskij, 1950; Velichko, 1951; Kosov, Rameev & Lopaeva, 1952). In addition, for the first time, pre-sowing
powdering seeds of Brassicaceae crops with hexachlorane or DDT was recommended to protect seedlings against flea beetles
(Zambin, Turaev & Shumilenko, 1953). A.K. Leshenko (Leshenko, 1956) presented data of Uman Agricultural Institute that DDT, 5%
powder or with Hexachlorocyclohexane (HCH), 7% powder at a dose of 8-10 kg/ha completely killed flea beetles within 2-3 days.

In the 1960s, it was recommended to powder seeds with hexachlorane; during the growing period, fields were to be sprinkled 2-3
times with DDT, hexachlorane, anabadust, nicotine sulphate dust, metaphos, pyrethrum, sodium silicofluoride or with calcium
arsenate (Bardysheva, 1967; Gerasimov & Osnickaya, 1961; Narzikulov, 1968). M.P. Kosmodemyanskij (Kosmodemyanskij & Kulik,
1967) recommended treatment of seeds with hexachlorane, 12% powder within one-two months before sowing and double
sprinkling with DDT, 5.5% powder, hexachlorane, 12% powder, chlorophos, 0.2% WP or with metaphos, 2.5% powder during the
growing period.

In the 1970s, it was recommended to spray plants with organophosphorus compounds such as chlorophos, metaphos or with
malathion and to sprinkle them with calcium arsenate, sodium silicofluoride or with hexachlorane during the growing period
(Gorodnij, 1970). W. Teuteberg (Teuteberg, 1973) cites data that in West Germany, in order to control Phyllotreta spp. flea beetle
numbers, rapeseeds were first moistened with linseed oil or kerosene and sweat powdered with hexachlorane. In France, Sweden,
and Denmark, seeds of Brassicaceae oilseed crops were powdered with hexachlorane (Thompson, 1972; Mattson & Ohlsonn, 1974,
Schadlinge des Rapses und ihre Bekampfung, 1974). and, when the pest density was 2-3 beetles/m of the row, the fields were
sprayed with mineral-oil emulsion of parathion to protect plants against Phyllotreta spp. flea beetles. In Poland, according to
D. Malinowska data (Malinowska, 1974), seeds were powdered with hexachlorane and fields were sprinkled with gamacarbatox to
protect plants against Phyllotreta spp. flea beetles. In Canada (Regnault, 1973; Rapeseed Canada’s «Cinderella» Crop, 1974),
treatment of seeds with insecticides containing hexachlorane or carbofuran and malathion spraying were used to control Phyllotreta
spp. flea beetle numbers. G.l. Konchukovskaya (Konchukovskaya, 1978) recommended applying organophosphorus insecticides
Rogor (dimethoate), 40% EC or formothion, 25% EC to the soil concurrently with sowing and using diazinon, 60% EC, Valexon
(phoxim), 50% EC, Gardona (tetrachlorvinphos), 50% WP, Elocron (dioxacarb), 50% WP, dilor, 80% WP, phthalophos, 20% EC,
phosalone, 35% EC and chlorophos, 80% EC (at a working fluid concentration of 0.1%) during the growing period. These agents
were 99-100% effective.

In the 1980s, it was recommended to spray plants with gamma isomer of HCH, 50% WP, polychlorcamphene, chlorophos, 50% EC
or with metaphos and to sprinkle with HCH, 12% powder at a flea beetle population density of 2 beetles/m of a row. Concurrently
with sowing, it was advisable to apply granulated phosphamide or HCH. Prior to sowing, seeds were treated with HCG, fenthiuram
(Gortlevskij & Makeeva, 1983; Ilvanov et al., 1985; Shtanko, 1987). Other researchers recommended spraying with phosphamide,
chlorophos, dichlorvos, HCH or with metaphos at a population density of 20-30 beetles/m? (Ilvanov et al., 1985). V.D. Gajdash
recommended the same agents, but at a population density of 5 flea beetles/m? (Gajdash, 1998). A.A. Moskalyova (Moskalyova,
1985) remarked that the efficiency of such organophosphorus insecticides as Actellic (pirimiphos-methyl) and Volaton (phoxim) was
high. V.G. Osipov (Osipov, 1986) published data on the high efficiency of seed treatment with fenthiuram or with HCH and
application of granular diazinon or phosphamide into the soil, while spraying of seedlings with chlorophos and phosphamide were
ineffective. In P.l. Zaycev experiments (Zajcev, 1987), the effectiveness of sumicidin and metaphos was 97% and 85%, respectively.
O.N. Serebrennikova (Serebrennikova, 1988) reported that in 1988, as per the list of pesticides permitted for the control of
Phyllotreta spp. flea beetles, the application of dimethoate into the soil concurrently with sowing was allowed and seedlings could be
sprayed with thiodan and deltamethrin. V.T. Piven (Piven, 1988) recommended spraying of seedlings with a mixture of chlorophos
and metaphos, polychlorocamphene or with sumicidin to protect seedlings against Phyllotreta spp. flea beetles. V.G. Osipov
(Osipov, 1986) remarked that it was highly effective to apply granular diazinon into the soil concurrently with sowing. N.Z.

Ukrainian Journal of Ecology, 11(7), 2021



Flea beetles (Phyllotreta spp.): Species composition, range, bioecological features, harmfulness and protection measures: Review

Milashenko (Milashenko & Abramov, 1989) was one of the first researchers who recommended protecting seedlings by incrustation
of seeds with insecticides.

In the early 1990s, it was recommended to spray plants with sumicidin, thiodan, trichlorometaphos or with malathion and apply
ammophos-based dimethoate into the soil concurrently with sowing to protect plants against Phyllotreta spp. flea beetles
(Stefanovskij & Majstrenko, 1990). In the mid-1990s, I.M Mazur (Mazur et al., 1997) remarked that spraying seedlings with synthetic
pyrethroids such as deltamethrin, cypermethrin, and lambda-cyhalothrin was a reliable way to protect rapeseed and mustard against
Phyllotreta spp. flea beetles. These agents are less toxic than organophosphate insecticides and are used at much lower doses.

At the beginning of the 21* century, plant protection is becoming more environmentally friendly. Preference is given to less toxic
agents applied at low doses. Pre-sowing protection has been prioritized. Thus, P.D. Sherbak (Sherbak, Sherbak & Majfat, 2001)
recommended treatment of seeds with 20% Semafor FC, a triplex insecticide containing biphenthrin, thiamethoxam, the
effectiveness of which on seedlings amounted to 85% and the duration of the protective effect was 45 days from the treatment date.
V.P. Fedorenko (Fedorenko et al., 2008) recommended protecting seedlings by treating seeds with 20% Chinuk FC, an insecticide
containing imidacloprid and beta-cyfluthrin, and 25% Cosmos 250 (fipronil) FC and, if the ETH was exceeded in the germination
phase, spraying with synthetic pyrethroids (deltamethrin, 2.5% EC; cypermethrin, 25% EC or with others) was recommended.
Recently, the range of insecticides recommended for protection of Brassicaceae oilseed crops against Phyllotreta spp. flea beetles
has become so vast that it is impossible to dwell on each product. Many researchers recommended pre-sowing treatment of seeds
or spraying in the phase of 2-4 leaves with one of the permitted insecticides to protect seedlings (Yakovenko, 2005; Lapa et al, 2006;
Lazar et al.; 2006; Gordyeyeva, 2007a; Gordyeyeva, 2007b; Zhuravskij & Sekun, 2007; Zhuravskij, Sekun & Skripnik, 2007; Yakovlyev,
2007; Bud’ko, Rovba & Shaganov, 2008; Snizhok, 2008; Sytnyk, 2008; Sekun, 2009; Gordyeyeva, 2010a; Gordyeyeva, 2010b;
Abramyk et al., 2010; Ivancova, 2010; Krasilovec, 2010; Yeshenko et al., 2010;. Kasyanov, 2011; Kyforuk et al., 2011; Fedorenko, V.P.
& Lugovskij, 2011; Pysarenko, 2011; Lukomec et al., 2012).

The List of Pesticides and Agrochemicals Approved for Use in Ukraine in 2020 includes 17 seed dressers and 79 insecticides for
spraying during the growing period to protect oilseed crops against Phyllotreta spp. flea beetles; of them, 32 insecticides (40,5%) are
synthetic pyrethroids, 16 insecticides (20,3%) are neonicotinoids and 4 agents (5%) are organophosphorus compounds and 27
insecticides (34,2%) -combined insecticides.

An important role in protecting rapeseed from against Phyllotreta spp. flea beetles is assigned to resistant varieties and hybrids;
therefore, in these modern days, breeding for resistance to diseases and pests is one of the main trends in the breeding of oilseeds
of the genus Brassica (Gorshkov & Karpachev, 1988; Pilyuk, 2001). A number of pest-resistant varieties have been already created
in Europe and the Russian Federation. Of spring rape varieties, according to figures provided by patent holders, Kris (All-Russian
Research Institute of Oil Crops, Russia), Lira (All-Russian Research and Design Technological Institute of Rapeseed, Russia), Ribel
(Svalof Weibull AB, Sweden), Ural (NPZ-Lembke KG, Germany), and Licolly Germany) are little damaged by Phyllotreta spp. flea
beetles (Lychkovskaya, 2009). In Belarus (Pilyuk, 2001), Phyllotreta spp. flea beetles damage the following varieties to a lesser
extent: k-330 (Antey), k-4217 (Russia), Liho (Germany), Karat, WW 1490 (Sweden).

Pheromone traps appear to be promising to control flea beetle numbers. Ye. Chonka (Csonka, 2008) suggested that
allilisothiocyanate was the best attractant for many species of flea beetles of the genus Phyllotreta (Ph. atra, Ph. nemorum,
Ph. undulata, Ph. nigripes, Ph. armoraciae, etc.).

Nowadays, transgenic rapeseed varieties containing the Bacillus thuringiensis (Bt) gene, which makes plants resistant to almost all
phytophagous species, are becoming widespread in the world, but in southern China, even this gene does not confer resistance to
Ph. striolata.

In Canada, rapeseed is bred to produce varieties that will have pubescence on stems and leaves, which would be similar to that in
white mustard (white mustard is less populated with Phyllotreta spp. flea beetles than rapeseed).

The maximum use of their natural enemies is an important factor in limiting the Phyllotreta spp. flea beetle numbers.
Hymenopterans, mites and nematodes infest flea beetles. Parasitic insects infest larvae and imagoes of flea beetles.

A braconid (family Braconidae, subfamily Euphorinae [species is unknown]) is mentioned as a parasitoid of beetles. This parasitoid
infests imagoes of all species of the genera Phyllotreta, Chaetocnema and Aphthona. Bright red mite larvae (family Trombidiidae)
can infest imagoes (Kostromitin, 1980).

Larvae are infested by two species of parasitoid wasps: Diospilus morosus Reinh (Hymenoptera: Braconidae) and Eulophus sp.
(Hymenoptera: Eulophidae) (Tryapicyn, Shapiro & Shepetilnikova, 1982). Both species are ectozoans. In Germany, the parasitoid
wasp Tersilochus microgaster and lots of nematodes infest Phyllotreta spp. flea beetles (Hoffman & Schmutterer, 1983).

Two species of nematodes (Howardula phyllotretae and Hexamermis sp.), 1 microsporidium species (Nosema phyllotretae) and 1
gregarine species (Gregarina phyllotretae), which parasitize on Ph. undulate, were detected Turkey (Yaman, Tosun & Aydin, 2009).

Conclusion

The analysis of the literary data indicates that despite the considerable number of the literary sources devoted to the flea beetles,
theirs is still a number of its biological and ecological features which are in close connection with the protection measures for
controlling it and these measures have not yet been completely clarified. Modern systems of plant protection, consist in developing
and implementing the integrated measures that preserve the crops from the harmful organisms while being the safest for the
environment, animals and humans. The transition to such integrated systems involves the application of a biological method of pest
control, reducing the number of pesticide treatments, the ability to use the preparations of selective action together with the
entomophages, etc. An important reserve in this program is the activation and use of natural resources of the beneficial insects
(parasitoids and predators) which limit the number of harmful insect-phytophages.
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