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Under current tomato cultivation conditions, measures aimed at preventing the development, reproduction, and distribution
of the quarantine species of the South American tomato moth Tuta absoluta Meyr. in the steppe of Ukraine have been studied.
Regional indicators on the distribution and peculiarities of biology and ecology of the South American tomato moth are
estimated, both in importing tomatoes to Ukraine and in the use of modern technologies, mainly the range of insecticides,
taking into account the organogenesis of cultivated plants. It specified the areas of new territories of moth reproduction by
seasonal monitoring of the quarantine pest species development, considering the impact of globalization processes, changes
in weather and climatic factors, and new ecosystems. We have determined biology and ecology indicators that affect the pest's
acclimatization and occupation of new ecological niches in the structure of local species that affect tomatoes' yield and quality.
Simultaneously, we have determined predictors for predicting the South American tomato moth's development and
reproduction under the modern effectiveness of phytophage control measures at the species and population levels. The
resistance of individual tomato varieties to Tuta absoluta was studied. The guidelines for determining the degree of phytophage
colonization of tomatoes at the main stages of yield formation in vegetable crop rotations under relatively long reproduction
and survival and a high pest population in the research region were developed. We have noted the importance of assessing the
impact of rising air temperature on the duration of the autumn period of tomato growth and development and changes in
moths' ecological optimum and pest spread in individual farms of the steppe zone. According to the population density
indicators of this species, it was specified the mechanisms of tomato entomological community formation, taking into account
the first years of localization of the South American moth foci. We have specified quarantine measures of phytophage control,
both by the South American tomato moth phenology levels and the impact of agricultural background and weather fluctuations
on moths number of generations, number, and survival rate these pests in the Ukrainian Steppe.
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Introduction

The origin site of the tomato moth is South America. Today, it is widespread in many regions (Fig. 1).

For the first time in Ukraine, the South American tomato moth was discovered in 2010 in tomatoes from Turkey (most part) and
Syria. So, foci of the pest were observed in the Autonomous Republic of Crimea and Odessa region. The colonized tomatoes'
areas were in the open ground and greenhouse farms (Bashinska et al., 2009; Desneux et al., 2010).

In 2012, a quarantine moth was found in the Kherson region on 79 hectares, and in 2011 in the Mykolaiv region. In 2018, for
the first time, the quarantine regime by the degree of discovering of the South American tomato moths was introduced in the
Zaporizhzhia region in Huliaipole, Melitopol, and Kamenka-Dniprovsky districts on a total area of 52.7 hectares. In recent years,
new pest foci have been identified in the Skadovsky district and for the first time in the Bilozersky and Holopristansky districts
of the Kherson region. The quarantine regime has been introduced on 83.95 hectares. As of 01.01.2020, the total area of
colonization was more than 1040 hectares (Fig. 2).

According to the State Service of Ukraine on Food Safety and Consumer Protection and monitored nightshade plantations
concerning the pest, it was noted further spread of moths in Ukraine (Stankevych, 2017).
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Fig. 1. The world's area of Tuta absoluta

Following the International standard for phytosanitary measures - International Financial Reporting Standards (IFRS) No. 8
"Determining the status of a harmful organism in the zone," the South American tomato moth meets the status of "present
pest" by all criteria. The tomato moth is a quarantine species, which status is "Present: only in certain soil and climatic zones of
Ukraine" and is assigned to the A-2 List of quarantine organisms that have limited spreading in Ukraine (Section "Insects"), List
of regulated harmful organisms (Fedorenko et al., 2012; Stankevych & Zabrodina, 2016, 2020; Stankevych, 2020; Stankevych et
al., 2020).

It is characteristic that the intensive distribution of this species in the steppe of Ukraine indicates a gradual "softening" of the
climate, as well as the possible emergence of new pest generations that have adapted to the natural conditions of the south-
eastern regions of Ukraine and morpho-physiological condition of zoned tomato varieties in the summer-autumn growing
season.
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Fig. 2. Dynamics of distribution of the South American tomato moth (Ukraine, 2012-2020).

The primary host plants of the South American tomato moth (Tuta absoluta Meyr.) are tomatoes. In addition to them, the moth
damages other plant species from the nightshade family (Solanaceae): eggplant, potatoes, peppers, tobacco, and wild
nightshades such as datura, nightshade, and boxthorn (Stankevych et al., 2021).

It is characteristic that the pest can destroy from 60 % to 100 % of tomato yield quickly. In South America, it is considered one
of the essential tomatoes' pests, both under field conditions and in greenhouses. In Spain, a year after the first detection (in
2007) due to damage caused by the caterpillars of T. absoluta Meyr. during the winter months, almost 100 % of tomato yield
losses were recorded. The damage caused by caterpillars to tomato fruits resulting from pest feeding poses a potential threat
to all tomatoes and other nightshades producers.
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Material and methods

Observation of the nutrition features of the South American tomato moth on nightshade crops and development (from egg to
imago) (fig. 2) was conducted on tomatoes in the village of Mygia, Pervomaisk district, Mykolaiv region in 2020 (Chernij & Chajka,
1987; Chernij, 1990; Chajka & Chernij, 1992; Chernij et al., 1996; Chernij, 2008).

A)
Fig. 3. South American tomato moth (Tuta absoluta ). A) butterfly; B) damage to tomatoes by caterpillars (author's photo)

The analysis of the South American tomato moth's phytosanitary risk and the current state of its distribution in Ukraine and
the world was carried out according to the State Service of Ukraine on Food Safety and Consumer Protection.

We used the pheromone traps for monitoring of the South American tomato moth according to generally accepted methods
(table 2) (Chernij & Chajka, 1987; Quagqlia, 1988; Chernij, 1990; Chajka & Chernij, 1992; Chernij et al., 1996; Chernij, 2008;
Melnichenko, Lazko, Korma & Krupenik, 2011; Mityushev, 2019).

Table 1. The technology of using pheromone traps to detect butterflies of the South American tomato moth

Foci detection Ascertainment of foci boundaries Terms of
selection selection development
term norms order term norms order observation

One trap per 1-

5ha-inthe
field;
One1 trap per
the | 250m?2- . Or?e trapata when the average
. April - distance of . .
decade of greenhouse; in in daily temperature
) November, all 100 m, up to
April- male vacuum - 7-10 days 7-10 days reaches
year round 1 km from
October 20-40 traps per . +10°C
the foci
ha,
One trap per 50
ha -
greenhouse

Results

We determined that the caterpillars of Tuta absoluta Meyr. feed on almost all parts of tomato plants (except underground) and
damage plants at all stages of their growth. They form large passages-mines on the leaves, gnaw out long passages in the stems
and shoots, green and ripe fruits. With significant damage, especially under closed space conditions, the leaves wither, then dry
up and fall off. When the caterpillars damage fruits, pathogenic fungi quickly get into them, and tomatoes quickly lose their
quality and marketable appearance according to the following signs (table 2).

It is noted that when there is a lack of food, the caterpillars fall into diapause. The moth pupates in cocoons on the surface of
leaves or mines in the soil. They overwinter at the stage of egg, pupal, or adult insect.

Peculiarities of the South American tomato moth biology, as well as the ability to intensive reproduction and adaptation,
indicates a significant threat of the phytophage, as well as its acclimatization in Ukraine and, in particular, in crop rotations of
vegetable crops in Zaporizhzhia, Kherson, Mykolaiv, Odessa, and other regions. Greenhouse farms in all soil and climatic zones
of Ukraine where nightshade crops are grown, especially those that do not form seedlings themselves, but import them, as well
as those that use containers that were previously used to transport imported tomatoes, are also at risk.

In Ukraine, loads of fresh tomatoes, eggplants, peppers, and planting material of plant feeders (seedlings, ornamental
Solanaceae in pots) of imported origin are the main ways of penetration of the South American tomato moth to different
regions.
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Table 2. Signs of damage to tomatoes by the South American moth caterpillars

Part of tomato plants Signs of damage

Irregular (ugly) shape, presence of excrement, as well as internal passages, visible outlet,

Fruits premature defoliation, size less than standard

Growing points (apex of the Dry pith, ugly shape, visible excrement, signs of internal feeding, general depression.

shoots)

Signs of external and internal feeding, visible excrement, complete defoliation, or dropping
Inflorescence

of petals.
L Bended shape, signs of external feeding, visible excrement, leaf blades rolled or folded, the
eaves presence of necrotic areas
Stems - Dry brown pith, distortion (bending, abnormal shape), signs of internal feeding, visible
excrement, wilting, significant branching
o) Dry pith, distortion (bending, abnormal shape), deformation, rosettes, visible excrement,
ant

signs of internal feeding, weakened or withered plant.

In the Netherlands, Tuta absoluta has migrated to greenhouse farms with infected packaging material and containers, which
were later used for yield packaging. This indicates that the migration of this pest to greenhouses is possible with fruits of
imported origin. However, in the greenhouse, in case of pest penetration, it can be destroyed in 1-2 years by the method of
freezing and changing the crop, and in the open ground, this must be done using modern monitoring and control
methodologies with highly effective means of controlling the phytophage. As for the countries from which the pest can enter,
first of all, quarantine measures should take place on moth-infested cargo. In 2018, specialists of phytosanitary laboratories
across the country identified the South American tomato moth in tomatoes from Turkey (17 cases) and Spain (2 cases). In recent
years, transit and re-export vegetables have been subject to phytosanitary control by state phytosanitary inspectors with
sampling and conducting appropriate entomological examinations. Only after carrying out all the necessary procedures and
obtaining the conclusion of a phytosanitary examination on the cargo's condition, imported vegetable products are
recommended for import to specific territories of Ukraine.

We registered that depending on the natural and climatic conditions, the development of one generation of T. absoluta lasts 24-
38 days. The minimum temperature required for the beginning of insect development is + 9 °C. 10-12 generations of T. absoluta
can develop per year (for example, in Argentina, up to five). Active imago flight is observed at night, and during the day,
butterflies migrate between the leaves of forage plants. Externally, butterflies are relatively small, with a wingspan of up to 10
mm. The wings' overall color is brownish-grey, with dark spots and strokes without stripes on the forewings. The moth has a
high reproductive capacity. On average, the female lays about 250-260 eggs on the leaves' surface and stems of plants, mainly
on the underside. Eggs are 0.22 x 0.36 mm in size, cylindrical, milky white to yellow. The caterpillars hatch in 4-5 days and bite
into the fruits, leaves, or tomatoes' stems. There are four age-related stages of caterpillars. The caterpillar is milky white with a
dark head, after some time becomes yellow-green, at the first age it is 0.6-1.5 mm long, the fourth-7-8 mm. It is cylindrical and
has a typical feature - a light anterior thoracic shield, the posterior edge of brown or dark brown to black.

Considering the peculiarities of development and reproduction, modern quarantine measures include the use of new mixtures
of insecticides according to monitoring indicators for the detection and threat from this type of pest. Over the years of research,
the high efficiency of a new generation of insecticides has been established and allows pest control under new quarantine
systems. Simultaneously, the complex of measures provides for pest control by indicators of agrocenosis formation using
measures to control the number of phytophages by the terms of trophic relationships on tomatoes.

We determined that this type of pest threatens tomatoes throughout the entire period of growth and development. All parts of
plants are attacked, and the soil is also the habitat of insects. Seedlings of plants that form in early spring attract pests that
migrate after overwintering in this field and from other reservations. Damaged young plants are affected by the pathogen
agents, which leads to the liquefaction of tomato crops. As the crop grows, foci of pest reproduction appear with the spread of
tomato diseases.

For effective prevention of product losses, it is necessary phase-by-phase planned management of tomato organogenesis
according to the system of quarantine measures and consistentimplementation of a complex of agrotechnical measures aimed
at increasing the resistance and productivity of plants, taking into account their impact on harmful organisms when using
unique chemical methods for controlling the phytophage at all stages of its development. The quarantine measures system's
conceptual model should include monitoring and forecasting moth development and reproduction based on biology and
ecology and trophic relationships' peculiarities. Indicators on the phytosanitary condition of tomatoes, particularly formations
of population, are of primary importance. It allows determining the optimal terms of chemical treatments; implementing
quarantine measures on varieties that have a relatively long period of morpho-physiological development and yield formation
in relatively late autumn months.

We found that this phytophage colonized tomato varieties with a relatively long phase of active growth and formation of fruit
ovaries and their ripening by 42-71 % more compared to varieties of medium and early yield formation. We also registered that
the phase of active growth of more than 50 days to 72 days contributed to the formation of an additional one generation of the
phytophages, and during the ripening period, an increase in the number of daily periods of organogenesis from 90 to 110 days
contributed to the formation of two generations of the phytophages under conditions of the observation area (table 3).

Ukrainian Journal of Ecology, 11(1), 2021



41713 Development, reproduction, and distribution

Table 3. Colonization of tomato varieties by the South American tomato moth (Mykolaiv region, Pervomaisk district, Mygia
village, 2020)

Colonized, %

Variety Terms of generative organs formation, days
plants of tomatoes
Mobil 110 48 26
Yana 72 21 14
Rio Grande 50 17 6

We determined that the periods of fruit formation correlate with caterpillars' development, the intensity of their passage from
the first to the third ages, the variety and technology of growing tomatoes. The factors that contribute to the relatively long
growth and formation of tomato yield are accompanied by relatively intensive reproduction and survival of 4 and 5 generations;
in 2020, this was detected from May to October 22. Such peculiarities of biology and ecology indicate the need to apply special
quarantine protective measures with phase -by- phase insecticides application according to the following scheme: active
substance acetamiprid-thiamethoxam-imidacloprid and adding the surfactants when caterpillars of | age appear at the stages
of tomato organogenesis.

Conclusions

1. With the help of a phytosanitary survey of tomatoes in the Mykolaiv region, we determined the presence of the South
American tomato moth T. absoluta on a total area of 17 hectares, the phytophages reproduce according to seasonal regularities
and mechanisms of trophic relationships on tomatoes.

2. Comprehensive consideration and control of the problems of interaction of tomatoes entomological community with the
quarantine type of pest and plants justify the combination of tasks of phytosanitary monitoring with a short-term forecast of
moth spread, prediction, and analysis of foci and degree of survival, as well as the growth in dynamic indicators of formation
of this species generation and control measures at the main stages of its development.

3. The most suitable variety for tomato moth colonization was the "Mobil," with a relatively long period of formation of
generative organs, which should be considered in quarantine measures for terms and multiplicity of applications of chemical
measures to control the phytophages.

4, To eliminate foci of the South American tomato moth, it is necessary to apply insecticides taking into account the duration of
tomato development, which in the context of climate change is crucial in controlling the phytophage and yield preserving.
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