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Abstract

Cherry fruit fly (Rhagoletis cerasi (L. 1758) (Diptera: Tephritidae)) in Central non-Chernozem
zone of Russia appeared in the late 1990th—early 2000th, which is associated with global warming
and the significant expansion in the acreage of forage plants in this region. Due to ecological plas-
ticity the fly has quickly adapted to local conditions of habitat, and annually flies in a large number.
This paper is the first to investigate dates of the flight start, dynamics and duration depending on
weather conditions, the periods of egg laying, hatching and feeding of larvae, terms of cocoon for-
mation in soil, and also the peculiarities of the pest diapause under the conditions of Central non-
Chernozem Russia. Damage of fruits in cherry varieties of different time of ripening was also as-
sessed. Based on these data, effective methods for monitoring the phytophage are proposed. The
studies were carried out in 2016-2018 in the cherry plantations of the All-Russian Horticultural Insti-
tute for Breeding, Agrotechnology and Nursery (ARHIBAN, Moscow Province, Leninskii District,
55.47° n.l., 37.7° e.l., 124 m above sea level) on cherry (Prunus cerasus L.) varieties of early (Sania,
Bagryanaya), middle (Molodezhnaya, Volochaevka) and late (Malinovka, Apukhtinskaya) ripening
periods. To the end, the research is targeted to improve monitoring methods, increase the efficiency
and environmental safety of protective measures. The harsh conditions of the northern horticultural
zone had a significant impact on the bioecology of the northern phytophage population. Depending
on the weather conditions, the beginning and duration of flying, egg laying, hatching of larvae, and
pupation vary greatly from year to year. The beginning of flies in different years was observed when
the sum of effective temperatures (SET) above 10 °C from 191.9 °C to 268.6 °C, with the difference
in dates from 3 to 33 days; oviposition occurred at 227.4 °C to 285.1 °C, with the difference in dates
to 27 days; hatching of larvae occurred at 290.3 °C to 347.1 °C, with the difference in dates from 2
to 24 days; the pupation occurred at 481.4 °C to 559.9 °C, with the difference in dates from 5 to 22
days. The feeding period of the larvae ranged from 18 to 26 days, and the imago flying period from
40 to 69 days. In the conditions if Central non-Chernozem Russia, both one-year and two-year dia-
pauses R. cerasi are possible. In keeping larvae in special cages (under trees in the garden), after the
first winter diapause, only 42.0 % of the overwintered individuals turned into adults. After the second
winter diapause, those were 4.8 % of the initial number of larvae gone on diapause. In the third year,
no flies were recorded. In two years, only 46.8 % of the individuals who went into diapause turned
into adults, the rest died for various reasons. Also, the damage of cherry fruits varied from 7 % to
21 % for the early cultivars, from 38 % to 57 % for the middle-ripening cultivars, and from 61 % to
75 % for Ithe ate-season maturing cultivars. Determination of R. cerasi phenophases based on calen-
dar dates and phenophases of the host plant gives contradictory results in different years. Bilateral
yellow glue traps combined with SET estimates and visual control of fruit ripening can improve
R. cerasi monitoring to enable effective protective measures.

Keywords: insect, Diptera, Rhagoletis cerasi L., pest, bio-ecology, diapause, sum of effec-
tive temperatures

The European cherry fruit fly Rhagoletis cerasi L. (1758) (Diptera: Teph-
ritidae) is the most economically significant phytophage of cherries and cherries



in Europe [1-3] and Asia [4], including Russia [5-7]. In recent years, its invasion
into North America has been noted [7, 8], where this phytophage causes signifi-
cant damage along with other species of the genus Rhagoletis (R. cingulata, R.
indifferens, and R. fausta) [9-11]. Studies conducted in different countries and
geographical areas revealed several races of R. cerasi [12-14], however, the
southern and northern races are more often mentioned [15-17]. Females of the
northern race, when crossed with males of the southern, are barren, females of
the southern race, when mating with males of the north, give offspring [16-18].
A number of scientific papers emphasize that this phenomenon is due to the
presence of an intracellular bacterial infection of Wolbachia [19-21], maternally
inherited and spreading in the host populations by the mechanism of cytoplas-
mic incompatibility (CI), which leads to embryonic mortality during mating in-
fected males with uninfected females or females with another strain of Wolbach-
ia [20-22].

Possible differences in the bioecology of the southern and northern
populations of R. cerasi are of particular importance. In recent decades, due to
global warming, the advancement of cherry plantings in the northern regions,
creation of new frost-resistant varieties and an increase in cultivation areas, the
area of the phytophage in the northern gardening has significantly expanded.
Cherry fly is an oligophage. In addition to Prunus sp. (P. cerasus, P. avium, P.
serotina, P. mahaleb), R. cerasi damages Lonicera sp. (L. xylosteum, L. tatarica)
[23, 24]. The bioecology of R. cerasi is closely depends on agroecological condi-
tions, including air and soil temperatures at different periods, precipitation, as
well as the phenology of the host plants, i.e. cultivar peculiarities and fruit quali-
ty, since the survival of the phytophage depends on synchronization, due to pu-
pal diapause, of the appearance of adults with the presence of fruits [25, 26].

In the late 1990s and early 2000s, individuals of a cherry fly were quite
rare found in the Central Non-Chernozem Zone (CNZ). Currently, in this re-
gion there is an annual massive damage by this pest. On untreated plantations,
the damage to fruits is constantly increasing. Now it reaches up to 70-75%,
and, according to reports, in the absence of protective measures, fruit damage
can reach 100% [27, 28).

In the present work, we first described the phenology and high
harmfulness of R. cerasi in the Central Non-Chernozem Zone. The start dates of
the flight, the dynamics and the duration of the fly’s flight, depending on weather
conditions, egg laying, hatching and feeding of the larvae, their departure to the
soil for coconing, and also the diapause of the pest in the CNZ conditions are
determined. Based on the assessment of damage to cherry fruits, effective methods
for monitoring the phytophage are proposed.

The aim of the work was to study the bioecological features and devel-
opment of cherry flies on cherry varieties that ripen at different times in the
Central Non-Chernozem Zone of Russia to improve monitoring and measures
for more effective and environmentally friendly plant protection against the pest.

Materials and methods. The investigations were carried out in 2016-2018
in the cherry plantations of the All-Russian Institute of Horticulture and Nursery
(ARHIBAN, Moscow Province, Leninsky District, 55.47° N, 37.7° E, 124 m
above sea level) on early (Sania, Bagryanaya), mid-season (Molodezhnaya, Vo-
lochaevka) and late (Malinovka, Apukhtinskaya) cherry varieties in the lab plot
and in the demonstration garden.

To detect the beginning and dynamics of R. cerasi flight, 5 days after the
end of the early ripening cherry flowering periods, yellow double-sided adhesive
traps were hung at 1.7 m height on trees from the southern and southeastern



sides on the outer projection of a tree crown in 10 sites (one tree per site), trap
dimensions 20X10 cm. Before the first flying flies and after July 25 (until the
end of the flight), traps were inspected daily, the rest of the time 2-3 times a
weekio. Five days after the detection of flies in the traps, 300 fruits were picked
daily (30 from each test site) and examined (a binocular microscope MBS-10,
LZOS OJSC, Russia), and in 10 females were daily dissected to determine if off-
laying eggs. Two days after the detection of eggs, the fruits were selected and
examined daily in search of hatching larvae.

Two weeks after the detection of hatching larvae, daily, 1000 ripening or
ripened fruits (100 per site), without picking from the trees, were examined with
a magnifying glass for the presence of outlet holes of larvae. When revealing
holes, the fruits were torn off, cut into two parts and examined under the binoc-
ular to establish damage typical for R. cerasi.

To determine the damage to different varieties, saline solution was used
[3]. Before mass harvesting, 100 fruits were randomly collected from trees of
each cultivar, the seeds were separated from the pulp, and the fruits were cut
into several smaller parts and placed in saturated saline (350 g salt/l water). After
10 min, the emerged larvae were counted.

To establish the diapause period, during full ripeness, damaged fruits
were collected three times with a 2 day interval, placed on dry sand layer 2 cm
thick [29] and left in a room out of direct sunlight. After 1 week, the sand was
sieved, 500 puparia were collected, placed in cages, 50 individuals per each, at a
5 cm depth. The cages were 20x30 cm boxes, lined on the inside with a plastic
film filled with a mixture of soil from the garden, peat and sand (1:1:1, 10 cm
thick layer). Cages were buried in the garden to the edges of the box at ground
level on the south side of the trees. Cages were covered from three sides and
from above (roof height 30 cm, rectangular shape) with a fine mesh net (meshes
about 0.8 mm), and from the northern side a tight-fitting window was made of
polyethylene. During the growing season, weeds growing in cages were cut off
with secateurs through a window and removed (the plants were not torn out so
as not to disturb pupae). Shortly before the flight period of R. cerasi, yellow glue
traps were installed inside the cage through a window. Traps with flies adhering
to them were removed every week after counting.

Mean sample value (M) and the standard deviation of the mean (*o)
were calculated from the dates of observations for each site, the significance of
the differences was evaluated by the Fisher F-test. Statistical processing of tabu-
lar data was performed according to Dospekhov [30] using the Microsoft Excel
software.

Results. Weather during the years of research (according to the weather
station of Domodedovo Airport) are presented in Table 1.

Despite the significant influence of sharply changing weather conditions
in the CNZ, R. cerasi individuals, due to environmental plasticity and adaptive
capabilities, were able to synchronize their development with fruit formation and
ripening of the host plant. The damage to varieties of different ripening periods
varied over the years (Table 2), but ensured the survival of the R. cerasi
population.

On the one hand, this was due to the possibility of prolonged diapause of
the pupal stage in the soil (up to 10-11 months, with about 6 months at temper-
atures below 5-7 °C), and on the other, due to the ability of larger pupae to
pause more than 1 years [29, 31, 32], as well as with an unequal response to the
effects of prolonged low temperatures in different pupae (in some this process
ends at the end of December, in others in March) [14]. According to the litera-



ture, in the post-diapause development of the pupa, stage II is reversible, i.e., a
return is possible to stage I to remain in soil until the next season, which may be
due to a response to environmental signals or to metabolic stimuli [33]. Soil
composition may also affect the proportion of pupae diapausing for 1 year or
more: in heavy clay soils, the percentage of additional diapausing pupae increas-
es [34].

1. Air temperature and rainfall during observations of Rhagoletis cerasi L. development

on cherry (Prunus cerasus L.) varieties (Domodedovo Airport weather station)

Month
m | v | v [ vi [vo[vin] X [ X

Parameter Year

Long-term average air temperature,

°C -1.4 5.8 13.2 17.0 19.2 17.0 11.3 5.1
Deviation from long-term average 2016 +1.9 +23 +1.8 +1.2 +1.7 +2.5 -0.2 -1.1
air temperature, °C 2017 +3.4 -0.5 -2.3 -2.5 -1.3 +1.8 +1.2 -0.5

2018 +0.5 +14 +1.4 +0.3 +1.2 +2.3 +0.9 +0.6
Long-term average rainfall, mm 35 37 50 80 85 82 65 59
Deviation from long-term average 2016 114 92 126 76 144 204 91 90
rainfall, % 2017 126 214 168 175 124 83 43 115

2018 83 108 142 87 108 54 89 66

In our experiments, out of 500 puparia that went to wintering in 2015,
only 210 flies flew out the following year, which amounted to 42.0% of the orig-
inal population. In 2017, 4.8% flew out, in 2018, that is, after the third season of
diapause, no R. cerasi flies were found in cages. Over two seasons, 234 flies flew
(46.8% of the puparia leaving for diapause in cages). This is a high percentage of
flight compared to the natural conditions of diapause, where the percentage of
flying adults varies greatly from year to year depending on environmental condi-
tions and sometimes may not exceed 5-15% of the initial number of individuals
leaving for wintering [35, 36].

2. Damage to cherry (Prunus cerasus L.) fruits caused by Rhagoletis cerasi L. fly
during observation (Moscow Province, Leninsky District)

. - Damage, %

Variety Ripening type 2016 ‘ 2017 ‘ 2018 M=o
Sania Early 17 8 15 13.3£4.7
Bagryanaya early 21 7 12 13.3£7.1
Molodezhnaya  Mid-season 57 38 49 48.0£9.5
Volochaevka Mid-season 53 41 43 45.716.4
Malinovka Late 61 75 63 66.31+7.6
Apukhtinskaya  Late 64 73 68 68.3+4.5

Mto 45.5+£20.9 40.31£29.8 41.74£23.6

Note. Fvariety > Fop, Fyear < Fos.

Depending on weather conditions, the beginning of the flight of flies
fluctuated strongly over the years. As a rule, flies were found in traps a few days
later than the actual departure date. The difference in dates ranged from 3 to 33
days (Table 3), and in terms of the sum of effective temperatures (SET) above
10 °C from 26.6 to 76.7 °C. At the same time, the choice of the threshold tem-
perature for calculating the SET at a 10 °C level was more appropriate. In con-
trast to Southern and Western Europe, where winters are mild and spring tem-
peratures rise evenly, winter is more severe in the central temperature zone, there
are sharp jumps in air temperature in the spring. So, in 2016-2018, in March, the
temperature ranged from —20 to +10 °C, in April — from -5 to +24 °C. A short-
term increase in the average daily temperature above 7 °C could alternate with a
sharp decrease (below 0 °C) for a long time, which did not contribute to the stable
development of the pupa. Therefore, the calculation of SET above 5 or 7 °C,
adopted in Southern, Western and Central Europe [1, 28, 37, 38], is less suitable
in our zone and demonstrates a much larger fluctuation over the years (from 58.7



to 132.2 °C) in comparison to SET above 10 °C (from 26.6 to 76.7 °C) (Fig. 1).
The calculation of SET above 10 °C for R. cerasi was carried out in other scien-
tific studies conducted in Russia [14, 39].

3. Sums of effective temperatures (SET) above 10 °C to start the Rhagoletis cerasi
L. fly development on cherry plants during observation (Moscow Province,
Leninsky District)

St £ devel t 2016 2017 2018
age of development date | SET,°C| date |SET,°C| date |SET,°C
First flies in traps 06/03 191.9 07/06 268.6 06/06 218.5
Beginning of egg laying 06/14 227.4 07/11 285.1 06/14 280.8
Beginning of larvae hatching 06/20 290.3 07/14 310.2 06/22 347.1
Beginning of pupation 07/12 530.3 08/01 481.4 07/17 559.9

The period of additional
feeding of flies before the laying
of the first eggs (R. cerasi is a
synovigenic species) took from 5
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Fig. 1. Sums of the effective temperatures at appearance significantly over the years, from

of Rhagoletis cerasi L. flies on the cherry (Prunus 199 to 56.8 °C, the minimum val-
cerasus L.) at different thresholds during observation: P
a — above 7 °C, b — above 10 °C (Moscow Province, ue of this indicator was between

Leninsky District). 2016 and 2017 (24 days). The peri-

od of feeding of the first larvae
leaving for pupation took from 18 to 26 days with a difference in SET to start the
movement of larvae into the soil from 29.6 to 78.5 °C. The minimum SET was rec-
orded in 2017 with the abnormally cold first half of the growing season.

The dynamics and intensity of the R. cerasi flight (Fig. 2) did not differ
significantly in all 3 years of observation, although in 2016-2017 the number of
flies increased evenly and, reaching a peak, also decreased evenly, and in 2018
there were three peaks of abundance, which was the result of a sharp fluctuation
in air temperature. However, it should be emphasized that the maximum num-
ber of flies in all years of observations was noted in the middle of the flight peri-
od, which took from 8 to 14 days. The duration of the flight period of R. cerasi
depended on weather conditions, food supply (including the duration of the fruit
ripening period, thoroughness of harvesting) and ranged from 40 (2017) to 69
days (2018). In 2016, the flight lasted 55 days.

In the CNZ, the onset of R. cerasi release from winter diapause and the
development of subsequent stages strongly fluctuated both in time and in SET
(see Table 3). Since the microclimate of a particular location has a significant
influence on the development of cherry flies, SET cannot guarantee the estimate
of the exact time of the R. cerasi development individual phases. However, SET
can be a good guideline in planning protective measures against the pest ac-
counting changes in the fly activity as influenced by air temperature (at tempera-

1504
1004

Sum of effective temperatures, °C
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tures below 15-16 °C, mating and eggs laying ceases, embryonic development
lengthens) and rain intensity (heavy rain can lead to the death of adults) [4, 14,
39]. More reliable information on the flight start and dynamics can give, along
with SET calculation, the use of yellow glue traps and visual observation of ma-
turity and quality of fruits which also affect phytophage development. This fact
was noted by other researchers [32, 40] and also confirmed by our data, indicat-
ing that on merry trees, the fly outbreaks and development are about 1 week
ahead of those on cherries [7, 41, 42]. Note that more accurate timing of plant
protection is especially important when using biologicals that have a significantly
shorter action than chemicals [3].
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Fig. 2. Flight dynamics (abundance per trap on average) of Rhagoletis cerasi L. fly on cherry (Prunus
cerasus L.) plants in 2016 (A), 2017 (B), and 2018 (C) (light columns for the lab plot, dark columns
for the demonstration garden) (Moscow Province, Leninsky District).

In contrast to the southern regions, where early varieties, as a rule, go
away from damage by a cherry fly, since the fruits ripen by the beginning of the
mass egg laying by the phytophage [25, 39], in the CNZ the damage to these
varieties, depending on the year conditions, reaches 7-21%. However, most of
the larvae do not have time to finish feeding and are removed from the planta-
tions together with the collected fruits. The highest damage is observed in varie-
ties of late ripening (61-75%), but even in these varieties, as in mid-season va-
rieties, some larvae do not have time to pupate before harvesting as the period
when the flies exit diapause is uneven and quite extended. Despite the peak of
flies in the garden occurs by the ripening fruits of late cherry variety (see Fig. 2),
the flight, though much less intensive, continued even after the mass harvesting



was completed, within 2-5 days. It is known that the reproductive potential of
females by this time sharply decreases, in the last days of flight they do not lay
eggs [29], but improper harvesting allows larval to complete feeding significantly
increases the number of wintering (diapausing) pests.

It should be noted that under the semi-artificial conditions that we cre-
ated in our experiments, 53.2% puparia did not emerged as adults. This is signif-
icantly more than in lab growing with 5-25% death of pupae [33], but less than
the indicators for natural habitats in other regions [35, 36].

Thus, in the climate conditions of the Central Non-Chernozem Zone
(CNZ) of the Russian Federation, there is both a one-year and a two-year dia-
pause of Rhagoletis cerasi L. The 89.7% flies emerged after a one-year diapause,
10.3% after a biennial diapause as per the total number of flies flown out. In the
third year, no flies were detected in cages, which could be due to both bioeco-
logical features of their northern population and the influence of biotic (accu-
mulation of predators, parasites, and pathogens in cages) and an abiotic stress
factors. In the CNZ, R. cerasi damages cherry varieties of all ripening types, 7-
21% fruits in early varieties, 38-57% in mid-season varieties, and 61-75% in late
varieties. The emergence of adults after winter diapause fluctuates strongly both
in dates (from 3 to 33 days) and in the sum of effective temperatures (SET from
191.9 to 268.6 °C). The tendency for other stages of pest development is the
same, i.e. within 27 days (from 227.4 to 285.1 °C) to start laying eggs, from 2 to
24 days (from 290.3 to 347.1 °C) to start hatching of larvae, and from 5 to 20
days (from 481.4 to 559.9 °C) to start the larvae to pupate. The flight period of
adults during our observation took from 40 to 69 days. A reliable method of
monitoring the dynamics of R. cerasi flight is the use of yellow glue traps cor-
rected to SET estimates and visual control of fruit quality and maturity.
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