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ABSTRACT

Population of the spider mite Oligonychus ununguis (Jacobi, 1905) was monitored on introduced species of coniferous
plants in the Fomin Botanical Garden, Kyiv, Ukraine in 2012-2019. The mite material was collected by shaking
method, fixed, mounted on slides and then processed according to standard techniques. Severity of damage (R, %) was
calculated. Eight varieties of the introduced genera Pseudotsuga and Picea of coniferous plants were chosen as study
objects. The pest was found on Pseudotsuga plants for the first time. It was revealed that different species and varieties
of conifers differ in attractiveness as host plants for this pest species. The mite O. ununguis was the most numerous on
plants of Pseudotsuga menziesii, Ps. menziesii var. viridis Franco, and Picea glauca (Moench.) Vossf. «Conica». The
dependence of shoot growth parameters on pest density is strong according to the value of the coefficient of
determination, R’ = 0.8781. The populations of spruce spider mites mostly increase in spring and autumn in Kyiv. In
summer, the increase of air temperatures about 30-32 °C slowed the mite development, suppressing its density and the
levels of damage on the conifers. Two species of Phytoseiidae, Typhlodromus laurae and Amblydromella inopinata and
their activity in colonies of the pests on plants were observed in 2019. These predaceous mites can colonize the
investigated coniferous plants together and control the O. ununguis population.
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INTRODUCTION

The spruce spider mite, Oligonychus ununguis Jacobi, 1905, is an incredibly dangerous and very
common pest of coniferous plants (Livschitz and Mitrofanov 1973; Gutierrez and Schicha, 1983;
Fenilli and Flechtman, 1990; Loyttyniemi and Hellov, 1991; Sun et al. 1995; Richmond and Shetlar
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1996; Yuksel and Ulusoy 2000; Lehman 2002; Akimov and Zhovnerchuk 2010; Zavodchikova and
Zavodchikova 2011). It has been reported on more than 100 species of host plants from 44 countries
(Migeon et al. 2011). The abundance of this pest varies in a wide range, and the pest populations
can rapidly grow, as is the general trend for tetranychid mites. The fast reproduction of O. ununguis
swiftly causes notable damage and browning of plant needles. The shoots of colonized plants
become shortened, and then the needles fall off prematurely. The trees weaken and grow more
slowly under the cover of the finest webs. The decorative value of such trees is markedly low.
Intense pest infestations can weaken the coniferous trees to the point of death in various plantings,
including greeneries and industrial plantations. The negative effect of tetranychid mites on plants
also causes a decrease in their resistance to climatic factors, diseases and other pests (Bondareva
and Chumak 2018).

Controlling the pests of coniferous plants in this case requires such data as the emergence time
of first generation and the threshold values of temperature and humidity at which the pest life cycle
is completed (Puchalska and Czajkowska 2016). Because of their wide distribution and significant
damage, O. ununguis mites frequently are the objects of these studies. However, differences in the
mite development were found in different parts of the pest range, possibly owing to the local
adaptations of mites. When developing the pest control measures, it is necessary to know and take
into account the timing and pace of its development in a particular region.

In Ukraine, O. ununguis has been found in Polissia (Voitenko 1969), forest-and-steppe zones
(Dmitriev 1969; Akimov and Zhovnerchuk 2010; Zhovnerchuk 2013), Carpathians (Zhovnerchuk et
al. 2019), and Crimea (Mitrofanov et al. 1987). There have been reports of findings O. ununguis in
parks and botanical gardens of Kyiv city on plants of Picea pungens, P. abies, P. glauca, Pinus
sylvestris, Juniperus sabina and J. turkestanica (Akimov and Zhovnerchuk 2010). Considering that
O. ununguis can be a dangerous phytophagous pest of plants grown under the most unfavorable
conditions of anthropogenic pressure, the specifics of the mite habitat, development and harmful
capabilities in a megalopolis city (such as Kyiv) were chosen as a study object. Fomin Botanical
Garden (FBG) was chosen as the study area because of its concentrated diversity of coniferous
species in the extensive collection of introduced conifers. Also, FBG is located in the center of
Kyiv, prompting the formation of a specific microclimate with sharp fluctuations of temperature
and humidity under the increased air pollution. The aim of present study was to study the ecological
and biological specifics of the life cycle and harmfulness of O. ununguis mite, host plant
preferences, and to crudely assess the ability of the natural agents to limit the pest density in the
conditions of a megalopolis.

MATERIALS AND METHODS

During the growing seasons of 2012-2019, in Fomin Botanical Garden, Taras Shevchenko National
University of Kyiv, we studied the host preferences of O. ununguis on the introduced plants of the
family Pinaceae of genera Picea A. Dietr., and Pseudotsuga Carr. The species composition of
phytoseiid mites on various plants were studied here in 2005-2007 (Kolodochka and Omery 2011),
and their activity in colonies of the pests on plants of the genera Pseudotsuga and Picea in 2019.

The mites were collected from plants by shaking the branches on black paper, and transferring
with a dissecting needle to 70% ethanol for fixation and storage until they were mounted on
microscope slides in Hoyer's medium.

Mite emergence after hibernation and population fluctuations were also assessed regularly
(Livschitz et al. 2011). The number of generations was calculated based on the analysis of the
dynamics of population development, by comparing the seasonally fluctuating ratios of pre-adult
and adult stages.
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The infestation rates of Pseudotsuga and Picea plants by O. ununguis were determined by
calculating the average number of specimens per 100 leaf needles, taken from 30 shoots in average
of plants of each variety.

Severity of damage (R, %) was calculated as follows (Tribel ef al. 2001):

R=(nxb/Nx9) x 100
where n is the number of shoots, N is the total number of studied shoots and b is the scaled damage

value (in points). Furthermore, ) nxb represents the sum of products of the number of plants by the
corresponding value of scaled damage and 9 is the highest value of the damage scale (Table 1).

Table 1. Scale of damage levels of plants caused by Oligonychus ununguis mites.

Scale points of damage Level of damage Needle damage signs Affected area (%)
1 very weak a few spots <5
2-3 weak small, diffuse spots 5-25
4-5 average merging spots 2650
6-7 strong most of the needle is damaged 51-85
8-9 very strong all of the needle is damaged, needles > 85

Selianinov's hydrothermal temperature coefficient (HTC) was used here (Selyaninov 1928). It
is defined as the ratio of precipitation () in mm for a period with daily average temperatures above
10 °C to the sum of temperatures (> t) during the same time, reduced by 10 times, HTC = r/(3t/10).
To calculate HTC, we used data of the meteorological station of FBG. The average indicators of
HTC for the seasons of 2012—2016 were used in the data analysis.

The diagrams and calculations of the dependence between the plants shoot length and the
degree of O. ununguis infestation, and the effect of HTC on the spring emergence of larvae, were
done in Microsoft Excel 2010.

RESULTS AND DISCUSSION

In monitoring studies performed in Fomin Botanical Garden (FBG), O. ununguis was first recorded
on plants of the genus Pseudotsuga. We found that the pest mites colonize plants of the genera
Picea and Pseudotsuga differently; the latter was more damaged by the spruce spider mite.

In this study, the lowest and most severe damage for conifers was in 2013 and 2016,
respectively. Eight varieties of the introduced genera Pseudotsuga and Picea of coniferous plants
were chosen as study objects. The highest degree of damage caused by O. ununguis was observed
on the plants of Pseudotsuga menziesii (Mirb.) Franco, Ps. menziesii var. viridis Franco, Ps.
menziesii «Glauca pendula» and Picea glauca «Conica». No mites were found on the plants of
Pseudotsuga menziesii var. glauca Franco (Fig. 1).

It was known that population density of O. ununguis on different species of spruce can be
associated with the specifics of morphology and anatomy of the needle and with the biochemical
differences of these plants (Puchalska 2006; Puchalska ez al. 2008).

Oligonychus ununguis is found to mostly live at the base of needle of Pseudotsuga menziesii
var. viridis. Hence, even at high abundance, the mites do not discolor the needles completely. This
is opposite in plants of P. glauca «Conica», at which the mite feeding causes a strong browning of
needles, and in five to eight days the plants lose their decorative value.
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Figure 1. Density levels (%) of Oligonychus ununguis on host plants of species and subspecies of Pseudotsuga
menziesii (Mirb.) Franco and Picea glauca (Moench.) Voss. in the Fomin Botanical Garden (2012-2016).

In the presence of O. ununguis, plant needles become more and more discolored and shoots
growth is slowed. Based on the obtained experimental data, we found a dependence between the
pest abundance and the plant shoot growth length. The regression equation shows that with the
increasing mite infestation, the discoloration of plant shoots increases and shoot growth decreases.
The dependence is strong according to the value of the coefficient of determination, R* = 0.8781
(Fig. 2, p=0.046).
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Figure 2. Relationship between shoot growth of P. menziesii var. viridis Franco plants and the level of damage caused
by O. ununguis.
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Oligonychus ununguis has seven to nine generations per year, depending on the climate
conditions (Marshall 1986; Zavodchikova and Zavodchikova 2011). According to our data, this
mite pest produces up to five generations per year in the Kyiv. The mites overwinter at the egg
stage on last-year shoots near the buds, on covering scales and at the needle base.

It is known that the unfavorable abiotic and biotic factors reduce the mite abundance on plants.
The abiotic factors include high air temperature during vegetation, periods of high moisture, heavy
rains, strong wind, etc. The main biotic factor is the activity of natural enemies of spider mites
(Calkin 1991; Abad-Moyano et. al. 2008; Fonseca et al. 2020).

The lower temperature threshold for the pest development is around 10 °C (Livshitz et al. 2011;
Kiritani 2012). In this study, the female mites lay one egg per day, in very rare cases two or three
eggs per day. The eggs are laid in a month or longer. The larvae of the first generation occur in the
end of May. The optimum temperature for the pest development is 24-26 °C, with the relative
humidity of 50-60% (Lehman, 2002). The populations of spruce spider mites mostly increase in
spring and autumn. In summer, during the stable increase of temperatures, the density of O.
ununguis population decreases, as was clearly seen in the study season of 2019. In July and August
2019, the air temperatures in Kyiv peaked at 30-32 °C, which slowed the mite development,
suppressing its density and the levels of damage on the conifers.

The findings of Boyne and Hain (1983) support our observations about the mite egg mortality
after exposure to temperatures higher than 29 °C under the laboratory conditions. Nevertheless, in
nature some mites and eggs can persist in more protected, cooler micro habitats on host plants even
in the extreme temperatures (Lehman, 2002). These surviving specimens restart the pest population
when the temperatures allow, usually in the end of summer.

The timing of larval emergence in the spring, and the effect of temperature-related factors are
important aspects of mite biology. According to Livschitz and Mitrofanov (1973) the spring larvae
occur in the subtropical climate of the southern Ukraine in a month (from the middle of April to the
middle of May), the postembryonic development proceeds in 18 to 22 days, and the first females
occur in the end of May, at the beginning of June. The climate of Kyiv is temperate continental.
According to the analysis of Kyiv's meteorological data, the lower temperature threshold of the pest
development (10 °C) occurred mostly in April (except in May 2014). That threshold was exceeded
in April 2012 (the earliest), 2013, 2015 and 2016. The fastest embryonic development (11 days)
was observed in 2013, the longest (47 days) in 2016. Temperature dropped to the threshold of 10 °C
in May 2015, and thrice in 2016 (April 22-24, 27-29, and May 19-21). Those cooler periods
slowed the larval development.

Hydrothermal temperature coefficient (HTC) was used in order to summarize and compare the
quantitative climate characteristics at certain critical periods of the life cycles of mites. The
dynamics of HTC values from April to June are presented in Fig. 3. Calculated for the embryonic
development of O. ununguis, they show that the lowest HTC value during April, May, and June
were observed in 2013, and the highest in 2014 and 2016 (Fig. 3). The results shown in the graph
(Fig. 4) indicate an insufficiently high connection between the start of hatching of mite larvae in
spring and the HTC value. The coefficient of determination (R? = 0.6058) indicates that the linear
model corresponds to statistics by 60.5 (p =0.012).

Phytoseiid mites are very well known as effective natural enemies of plant pests (Putman 1959;
Chant 1961, Huffaker et al. 1969; Croft and Nelson 1972; and many others). This group of
predators is generally named as acariphagous because their feeding habits and residence under
natural conditions in association with mites of other families, although representatives of some
phytoseiids can eat of small insects in pre-adult stages too. The presence of 7 species of four genera
of phytoseiid mites was established on 27 species of different conifers in botanic gardens of
Ukraine (Kolodochka and Omery 2011).
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In the present study, two species of the Phytoseiidae (Acari, Parasitiformes), Typhlodromus
laurae Arutunjan, and Amblydromella (Amblydromella) inopinata (Wainstein), were observed on
plants of the genera Pseudotsuga and Picea. These predatory mites give preference to coniferous
plants and therefore they were present on plants across season 2019. Mites of 7. laurae and A.
inopinata can colonize the same host plant specimen together. The first species had a numeral
superiority in a mixed population of both predators. Population of 7. laurae was always nearly
twice higher than of A. inopinata with small fluctuations.
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Figure 3. Hydrothermal coefficient (HC) values for periods after the threshold temperature of 10 °C (2012— 2016).
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Figure 4. Relationship between the start of mass hatching of O. ununguis larvae and HC values at air temperature
higher than 10 °C.

At the beginning of the season, the pest numerically prevailed at all stages of development, up
to the absence of predators in some samples, then in the third quarter of the season the predator:
prey ratio changed to the opposite. That is, some adult individuals of the phytophagous mite were
present in the samples, but the juvenile prey was almost completely absent. It was observed in time
of the late hot summer and the dry beginning of autumn. It should be noted these temperature
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conditions are not favorable for predatory phytoseiids. However, these conditions did not prevent to
predaceous mites from lowering the population of the prey to such a level that only non-numerous
surviving eggs of O. ununguis remained for overwintering.

Hence, according to the results of our studies, the spruce spider mite was found for the first
time on plants of the genus Pseudotsuga in FBG. It was revealed that different species and varieties
of conifers differ in attractiveness as host plants for this pest species. Given the trophic peculiarities
of various phytophagous mite species, introducing varieties characterized by high decorative
properties along with resistance to pests seems to be effective for plant protection in urban green
areas.

In this study, a direct relationship was established between the growth of conifer shoots and the
density of the pest population. The study of the influence of the HTC factor did not show a
sufficiently high level of significance for determining the terms of mass hatching of spider mite
larvae. The mites are dangerous even at a relatively low density; it is necessary to carry out control
measures in order to prevent their negative impacts. Predatory mites of the family Phytoseiidae are
able to effectively control the amount of O. ununguis on host plants of the genera Picea and
Pseudotsuga, especially in the second half of the season.
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