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Abstract

The research is aimed at studying the species composition, dynamics of the number and harmfulness of dominant pests,
which is extremely important for the development and improvement of elements of the onion protection system. After all, the analysis
of literature sources showed insufficient information about the distribution and harmfulness of the main phytophages under modern
conditions of growing onions in the Right Bank Forest-Steppe of Ukraine.

We conducted the monitoring of the phytosanitary condition of onion crops during 2017-2020 and determined the species
composition of dominant phytophages. We studied the complex of soil pests: larvae of Melolontha sp., the population density of
which over the years of research was 0.8-2.5 specimens/m?, larvae of Elateridae sp., or click beetles (wireworms) — 0.9-2.2 spec-
imens/m? and Gryllotalpa gryllotalpa L. — 2.5 specimens/m?. Dominant species of phytophages in onion crops included onion fly
(Delia Antigua Mg.), onion thrips (Trips tabaci Lind.), and Ceuthorrhynchus jakovlevi Schultze.

The four most vulnerable phases of growth and development of onions before colonization and damage by major phytophages
were identified:

1) phase of leaf development (a primary shoot) (BBCH 1-19);

2) phase of the beginning of thickening of leaf base — bulb formation (BBCH 41-43);

3) phase of bulb formation — beginning of leaf splitting (BBCH 45-47);

4) phase of the completion of growth and development (state of physiological rest) (BBCH 48—49).
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1. Introduction

Onions (Allium cepa L.) is a valuable product of human consumption, the dry matter content of
which is 7.0 to 21.0 % in the bulb and 6.2-7.0 % in the leaves. Carbohydrates are represented by sugars,
the amount of which in the unbound state is 7.8 %, monosaccharides 4 %, and disaccharides 3.6 %.
Onions are rich in amino acids: arginine, valine, histine, isoleucine, leucine, lysine, methionine, phenyl-
alanine. The energy value in the bulb is 43 kcal or 180 kJ and in the leaves 22 keal, or 92 kJ [1].

Minerals are contained in onions in the form of easily digestible salts and mineral and
organic acids, which include the elements potassium, phosphorus, iron, calcium, magnesium, alu-
minum, zinc, boron, sulfur, iodine, and others. Onions also have a rich vitamin content: vitamins
C,B,B, B, B, PP, E, A[2].

Due to this biochemical composition and suitability for year-round use, onions are one of the
leading vegetable crops in many countries [3, 4]. Its world sown area is almost 2 million hectares[5].
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In Ukraine in 2000 the sown area of onions was 64.5 thousand hectares, and in 2018-2019 —
52.5-53.9 thousand hectares, which was 12 % of the total area of vegetable crops. But despite the
use of modern cultivation technologies, the yield of onions remains at 17-18 ton/ha [6].

Currently, due to changes in agricultural production, the cultivation of onions has shifted to
the private sector, where the complex technological methods of growing this crop have been dis-
rupted, and as a result, the species composition of dangerous phytophages has changed.

In vegetable agrocenosis, a high-level population of both pests and beneficial organisms is
formed. The number of arthropod species, living in the vegetable agrocenosis, due to its multi-year
existence, is about 80 species. But the species composition of pests varies depending on the natural
and climatic conditions of a particular zone[7].

Studies of the biology of phytophagous onions have so far been conducted in Ukraine, Belar-
us, non-chernozem zone of Russia [8§—10]. But over the past 10—15 years, the varietal composition and
technological methods of cultivation have changed quite a lot onion, which in turn has led to a change
in the species composition of the harmful entomocomplex, their distribution, and harmfulness.

Both soil-dwelling and terrestrial pests damage onion plantations. Soil-dwelling pests most-
ly damage seeds and roots with bulbs in the early phases of development, which is very dangerous
for plants, and terrestrial phytophages significantly cause damage during the growing season, and
some are carriers of dangerous viral diseases. Damaged bulbs often rot during storage and lose
their keeping quality, which leads to economic losses [11].

There has been a significant increase in the abundance of onion thrips, causing significant
losses both in Ukraine and abroad [12—14]. According to the author of [15], onion thrips (Thrips ta-
baci Lind.) causes serious damage to the leaves of onions in South Texas.

The analytical review of scientific literature showed the lack of research to study the biolog-
ical features of development and harmfulness of the entomocomplex of onions with modern culti-
vation technologies and depending on the phase of development of the crop. [16, 17]. After all, the
damage to onions during the growing season by some pests leads both to reduced yields, infection
with a complex of infectious diseases, and the death of young plants [18, 19].

Therefore, the aim of the research was to study the dynamics of the abundance and harm-
fulness of soil-dwelling phytophagous, which will establish the emergence, mass reproduction in
agrocenoses and timely protective measures against pests.

2. Materials and Methods

The research was conducted at the agricultural (farming) enterprise “Zlahoda” (Kyiv re-
gion) of the Right-Bank Forest-Steppe of Ukraine and in the microbiological plant protection lab-
oratory of the Institute of Plant Protection of National Academy of Agrarian Sciences of Ukraine
in 2017-2020.

The experiments were carried out on hybrids and varieties of different maturity (Banko F,
Daytona F,, Antelope F,, Globe, and Chalcedony) on an area of 10 hectares.

Onions were sown in a broadband way, the depth of seed sealing during early spring sowing
was 2.5-3.0 cm, the seed sowing rate was 0.8—1.2 million/ha [20, 21].

The stages of development of onions were determined by the BBSH scale [22, 23].

Observations of the development of phytophages and accounting for their abundance were
carried out, systematically following generally accepted guidelines [24].

The number of pests on onion crops was determined by the method of autumn and spring
soil excavations. Accounting pits 50x50 cm and up to 50 cm deep were dug in a checkerboard pat-
tern on each surveyed field. The soil was sifted through a sieve and the number of detected larvae
was counted, the average number per 1 m? was calculated.

The damage to sow seeds during the emergence of new seedlings was determined by the
method of selection in 20 places of the field by digging 5 seedlings and determining the number of
damaged and dead seedlings and seeds.

The registration of the abundance and harmfulness of onion fly was determined by sam-
pling from 0.5 m of the row, evenly spaced in the middle rows of the plot, or on two diagonals of the
field to form the standing density of onions. After formation, we counted pests on 25 plants (with-
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out plucking them) in 5 places on 5 plants in the middle rows of the plot in a chessboard pattern. All
plants in the sample were carefully inspected and the number of phytophage larvae was counted.
To register onion thrips, we selected 20 plants in 5 equidistant places. Plants were inspected
over white paper and the number of pests on plants and paper was counted. The registration was
performed at least 2 times a week [24].
The density of phytophages was assessed by the population index, or the percentage of pop-
ulated plants (P), which was determined by the formula:

P=n/N-100, )

where P — the percentage of populated plants, %; n — the number of plants, inhabited by the pest in
the sample; N — the total number of accounting plants in the samples.

The damage to onions by phytophages was determined by examination of 10 plants in
10 samples, counted the number of damaged plants and the percentage of their damage [25].

The obtained results were processed by methods of mathematical and statistical analy-
sis [26] using the computer graphic programs: MS Excel, Statgraphics plus.

3. Results

Based on long-term monitoring of the harmful entomocomplex of onion in the Right-Bank
Forest-Steppe of Ukraine, we found 12 species of the orders Coleoptera — 46.2 %, Lepidoptera —
23.1 %, Diptera — 15.4 %, Thysanoptera — 10.4 %, Orthoptera — 5.0 % and other (Fig. 1).
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Fig. 1. Taxonomic structure of the harmful entomocomplex of onion, 20172020

Observations of the phenology of onions and the dynamics of the number of dominant phy-
tophages in 2017-2020 made it possible to identify four critical stages of its organogenesis. Each
stage of the growing season of onions was characterized by the dominance of different species of
phytophages, inhabiting and damaging crops to a large extent. This led to economic losses and
damages due to crop losses and additional protective measures.

It is investigated, that in the phase of leaf development (BBSH 1-19), the most dangerous
are polyphagous pests: larvae of Agriotes sputator L.; Agriotes lineatus L.; Melolontha melolon-
tha L., Melolontha hippocastani F., Amphimallon solstitialis L.; Scotia segetum Schiff. and Gryl-
lotalpa gryllotalpa L.

According to the author of [27], the degree of damage to vegetable plants at different sowing
dates often depends on the degree of plant development until the moment of mass flight of the pest.

Studies on the effect of sowing dates (early and late) on the degree and nature of damage to
onions show that phytophages are less harmful in early planting.

Based on the early spring soil excavations before sowing onions and after sowing in the
phase of germination — leaf development (BBSH 1-19), it was investigated, that during the early
sowing of onions (III decade of March—I decade of April) the density of beetle larvae is within
0.8-2.5 specimens/m?, and during the development period — 1.0-2.2 specimens/m? (Fig. 2).
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The abundance of larvae of click beetles (wireworms) before sowing was on average 1.2 spec-
imens/m? and during the phase BBCH 1-19 it was 1.5 specimens/m?. The density of Gryllotalpa gryi-
lotalpa L. before sowing was insignificant: 0.5—1.8 specimens/m?, and it reached 1.5-2.7 specimens/m?
during the phase of germination of onions. Caterpillars of Scotia segetum Schiff. started to colonize
onion crops at the end of the phase of BBCH 1-19, with the abundance of 1.0-1.8 specimens/m?.

During the late sowing (II-1II decades of April) the density of beetle larvae before sowing
was at the level of 0.9-1.9 specimens/m?; of wireworms — 1.0-1.9 specimens/m?, and Gryllotal-
pa gryllotalpa L. was 2.5 specimens/m? (Fig. 3).

beforesowing aftersowing

3

2,5

2

1,5

1

0,5

0 - 4 vy » e

2017 2018 2019 2020 2017 2018 2019 2020
wamass  Larvae of Agriotes sp. mssss  Larvaeofbeetles s Gryllotalpagryllotalpal.
Scotia segetum Schiff. =@ Hydrothermalcoefficient

Fig. 2. Dynamics of the abundance of soil-dwelling pests with the early sowing of onions, 2017-2020
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Fig. 3. Dynamics of the abundance of soil-dwelling pests with the late sowing of onions, 2017-2020

According to the results of the surveys, the population of onion crops by dominant pests
increased in the phase of BBSH 1-19. Thus, the average number of dominant phytophages was
2.0 specimens/m?, and of Gryllotalpa gryllotalpa L. — 2.8 specimens/m?.

Therefore, comparing different terms of sowing of onions, one can note that crops were pop-
ulated and damaged to a greater extent during late sowing compared to the earlier. The reason is the
maximization of the daily activity of phytophages due to the increase in soil and air temperature,
and as a consequence, their harmfulness.

The next period with the most numerous complexes of phytophages is the phase of the be-
ginning of thickening of leaf base — bulb formation (BBCH 41-43), when, in addition to soil-dwell-
ing pests, specialized species inhabit crops: Delia antique Mg., Ceuthorrhynchus jakovlevi Schul-
zer and Eumerus strigatus Fall. In recent years, there has been a mass population of onion crops by
polyphagous onion thrips (7rips tabaci Lind.).

Larvae of Trips tabaci Lind. cause much greater damage to crops in the phase of bulb forma-
tion — beginning of leaf splitting (BBCH 45—47). At the end of the phase, the abundance of onion
flies decreases, and a new generation of Ceuthorrhynchus jakovlevi Schulzer appears.
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The last critical stage is the phase of completion of growth and development (state of phys-
iological rest) (BBCH 48-49). Onion thrips and Ceuthorrhynchus jakovlevi Schulzer remain the
dominant phytophages.

According to the monitoring results, onion fly (Delia antique Mg.) was the main dominant
pest over the years of research. Swarming of images of the phytophage after wintering occurred in
the I-1I decade of April, mass swarming - in the I decade of May, depending on weather conditions.

The highest abundance of the phytophage, which reached 18.9 specimens/plant, was ob-
served in 2017, at an average daily air temperature of +16.5 °C and hydrothermal coefficient of 0.2.
The population on onion crops was 32.4 %, and damage of plants was 24.6 %.

In 2018, at the beginning of the growing season of onions (II decade of May) at an air
temperature of +19.3 °C and hydrothermal coefficient of 2.1, the number of larvae of onion flies
reached 6.2 specimens/m?, the population on crops 12.9 %, and damage of plants 19.6 %.

In 2019, at the beginning of the growing season of onions, the density of onion flies was
1.2 larvae/m? There were single larvae that inhabited crops up to 8.9 % and damaged up to 3.9 %
of plants. Leaving the wintering grounds lasted for a month until June 28.

In 2020, at low daily air temperatures in the spring, slight precipitation, which is unfavorable
for the development of phytophages, we noticed the suppression of their development compared to
previous years. Thus, at the emersion of imagoes, with a sharp change in temperature from +11.2 °C
and up to +26.7 °C, relative air humidity 50-54 %, the number was 1.2 specimens/m?, population on
crops 5.9 %, and damage of plants 3.9 %.

In the phase of bulb formation — beginning of leaf splitting (BBCH 45—47), we noticed an in-
crease in the abundance of the phytophage. Thus, in 2017, at an average daily air temperature of +17.1—
24.0 °C and hydrothermal coefficient of 0.1-0.8, the density of larvae was 21.5 larvae/m? population
on crops 46.4 %, and harmfulness 28.9 %. Due to the accumulation of the first- and second-generation
larvae of onion flies, there was a massive accumulation of the pest, which negatively affected the onion
crops and led to increased damage by the end of the growing season.

In 2018, at an average daily air temperature of +19.4-22.6 °C and hydrothermal coefficient of 0.06,
the number was 2 times lower compared to the previous year and amounted to 11.5 larvae/m?, the popula-
tion on crops 26.3 %, damage of plants 18.9 %. In 20192020, there was a decrease in the abundance of the
phytophage to 9.3 larvae/m?; population on crops and damage to crops was 10.8 and 15.4 %, respectively.

At the end of the growing season of onions (BBCH 48—49), onion fly ceases to dominate.

The density of the pest larvae was 10.3 larvae/m? at an average daily temperature of +21.4 °C
and hydrothermal coefficient of 0.46. In 2017, the population was 15.8 %, and harmfulness 15.9 %.
In 2018, at a density of 11.3 larvae/m? 16.3 % of crops were populated and 17.2 % of onion crops were
damaged. At an air temperature of +21.6 °C and hydrothermal coefficient of 1.2 in 2019, the abun-
dance value was 8.4 larvae/m? and in 2020 it amounted to 1.5 larvae/m?2. The population on crops was
11.0 and 4.0 %, respectively, and harmfulness was 12.3 and 9.6 %.

Thus, we found that weather conditions are one of the main factors, influencing the devel-
opment and harmfulness of the phytophage.

Based on the monitoring of onion crops under the conditions of the Right-Bank Forest-Steppe
of Ukraine, we found the mass prevalence and increase in the abundance of onion thrips(Trips ta-
baci Lind.). The first images of the phytophage appear in the germination of onions (BBCH 1-19) at
an average abundance of 7.9 specimens/plant and population on crops of 27.3 %, which is 1.4 high-
er than the economic threshold of harmfulness.

We found that fluctuations in air temperature in April and May have a significant impact on
the development of the pest. Thus, with excessively humid April-May 2017, the hydrothermal coeffi-
cient was 2.1, air temperature +14.1 °C, and the abundance of images of the phytophage was 3.1 spec-
imens/plant and damage to plants was 25.8 %. In 2019, at slight precipitation and dry May (hydrother-
mal coefficient was 0.2), the abundance was 15.8 specimens/plant, and damage to plants was 42.9 %.

In the phase of thickening of leaf base — bulb formation (BBCH 41-43), there is a significant
increase in the population and harmfulness of onion thrips. The highest abundance of onion thrips
at the level of 35.8 specimens/plant was noted in 2019, at an average daily air temperature of +19.6,
and their harmfulness reached 63.0 %.
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In the phase of bulb formation — beginning of leaf splitting (BBCH 45—47), we noticed fur-
ther significant development of the polyphage on crops. Thus, the average abundance over the years
of research was 34.7 specimens/plant, which led to damage to 73.1 % of plants. With such damage,
bulbs lose their keeping quality, and plants are massively affected by fungal and bacterial diseases.

At the end of the growing and development of the bulb (BBCH 48—49), there is a revival of
the third generation of onion thrips. The average abundance of the pest in this period was 58.4 spec-
imens/plant, the population on crops was 80.7 %, and harmfulness was at the level of 89.5 %.

We found that the weather conditions of the growing season of onions in 2017-2020 contrib-
uted to the development and significant spread of phytophage, the harmfulness of which, starting
in the early phases, leads to the development of diseases during storage.

Over the years of observations, we marked Ceuthorrhynchus jakovlevi Schulzer among the
harmful entomocomplex of onion crops. The average abundance of the phytophage in BBCH 41-43
phase was 20.3 specimens/plant, the population on crops was 8.7 %, and harmfulness was 15.8 %. At
the end of this phase, a new generation of the pest emerges, which developed at an air temperature of
+21.7 °C, at the sum of effective temperatures of 1633 °C and hydrothermal coefficient of 0.05.

The abundance of the phytophage at the end of the growing and development (BBCH 48—49)
was 26.9 specimens/plant, the population on crops was 11.1 % and harmfulness 19.4 %. The pest
massively inhabited crops in 2020 at an average daily air temperature of +18.6 °C and hydrothermal
coefficient of 0.23, with the abundance of the pest at the level of 19.5 specimens/plant, harmfulness
was 17.2 % with the population on crops reaching 8.3 % of plants. On hybrids, the abundance of the
pest did not exceed 0.2 specimens/plant, and harmfulness was 0.2 % during the growing season.

Damage to onions by larvae of Ceuthorrhynchus jakovlevi Schulzer led to a loss of keeping
quality of bulbs during the storage period.

4. Discussion

Study limitation. The research did not allow to development of economic thresholds of
harmful pests, because determining it requires long-term data on the cost of crop losses from each
pest and the cost of protection methods per 1 ha of the crop, as well as the rate of crop profitability.
This requires longer research.

Prospects for further research. The obtained results of research on the established complex
of species composition, dynamics of number and harmfulness of dominant phytophages, critical
periods of organogenesis of onions will help to further develop ecologically safe elements of the
onion protection system in the Right Bank Forest-Steppe of Ukraine. This will reduce the pesticide
load on the agrocenosis and obtain environmentally friendly vegetable products.

5. Conclusions
Based on the long-term monitoring of onion crops in the Right-Bank Forest-Steppe of
Ukraine, we found 12 species of phytophages, among which Delia Antigua Mg., Trips tabaci Lind.
and Ceuthorrhynchus jakovievi Schultze dominated.
In the early phase of onion development of leaf development (BBCH 1-19), 7 species of
soil-dwelling phytophages were harmful.
It is established, that early sowing of onions (III decade of March—I decade of April) allows
reducing the number and damage of crops by phytophages.
It is investigated, that the most critical periods of organogenesis of onions are the:
— phase of leaf development (a primary shoot) (BBSH 1-19);
— phase of the beginning of thickening of leaf base — bulb formation (BBSH 41-43);
— phase of bulb formation — beginning of leaf splitting (BBCH 45-47);
— phase of the completion of growth and development (state of physiological rest) (BBCH 48—49).
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