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DYNAMICS OF DISTRIBUTION

of the Western Corn Rootworm (Diabrotica virgifera virgifera
Le Conte) in Ternopil region during 2016—2020

Goal. To analyze the distribution
of the Western Corn Rootworm
(Diabrotica virgifera virgifera Le
Conte) in the Ternopil region during
2016—2020. Methods. To generalize
the results of phytosanitary monitoring
of the spread of the regulated harmful
organism on the territory of Ukraine
and on the territory of Ternopil region
according to the data provided by
The Department of Phytosanitary
Safety of Main Administration of State
Service of Ukraine on Food Safety
and Consumer Protection (SSUFSCP)
in Ternopil region. Results. In 2019
the area of D. virgifera virgifera
distribution in Ukraine has increased
1.4 times compared to 2016, and the
area of its distribution has expanded.
Since D. virgifera virgifera was
registered in the Ternopil region,
the area of affected has increased
by approximately 100 hectares per
each year. The average annual
temperature apparently contributed
to the adaptation and the spread of
D. virgifera virgifera throughout the
region in 2016—2020, and the winter
temperature were suitable for the
wintering of the eggs. Conclusions.
The western corn rootworm belongs
to the quarantine organisms. It needs
the use all phytosanitary measures
for the containment and restriction
of its distribution in the territory of
the Ternopil region. According to the
average spread of this pest (40—50
km/year), the further expansion of its
population in other regions of Ukraine
is predicted. The climatic conditions
in the Ternopil region and the
available fodder base will promote the
development of D. virgifera virgifera.

Diabrotica virgifera virgifera (Le

Conte, 1868); quarantine organ-

ism; pest population; the spread

of pest

Biological invasion has been
going on for millennia, but increa-
sing globalization in recent decades
has accelerated it. Invasive insect
species reduce crop yields, increase
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production costs, and increase the
cost of controlling the spread of
the pest worldwide [1]. Transport
and international trade contribute
to the spread of invasive species. In
Ukraine, crops damage more than
three thousand species of animals
from different systematic groups,
and about 480 species are marked by
significant damage, the vast majority
of which (=90%) belong to the class
Insecta [2]. Due to the high inva-
siveness of these pests, preventive
measures should be taken at the lo-
cal, regional and international levels
and should include both pre-invasive
(mainly preventive) and post-invasive
measures.

The basis of integrated systems of
plant protection against pests is the
forecast of phytosanitary condition of
crops, the main task of which is early
assessment of the degree of threat
to the crop from pests, justification

of optimal timing of environmental
measures and their effective plant
protection measures. In order to ef-
fectively control the number of pests,
it is necessary to have information
on the current state of populations
provided by constant phytosanitary
monitoring. Therefore, it is impor-
tant to monitor the distribution of
quarantine species, in particular, In-
secta species, determine the nature
of their distribution, the reasons for
the increase in numbers and, based
on this, develop measures to limit
further resettlement. Harmfulness
of a particular species is determined
by the conditions prevailing in the
spring-summer period, and is re-
duced by a set of measures aimed
primarily at preventing their mass
spread.

The Western Corn Rootworm
(Diabrotica virgifera virgifera (Le
Conte, 1868)) belongs to the Ga-
lerucinae subfamily, the Chrysome-
lidae family, the Coleoptera family,
and the Insecta class. Adults of males
have a length of 4.4—6.6 mm, fe-
males — 4.2—6.8 mm. The wings are
golden (yellow-green, green-brown,
black or light green). In females, the
upper wing has three longitudinal
stripes of green or brown color, the
abdomen is larger, the tendrils are
shorter; in males it is dark without
stripes, on the tops it is light yellow
or golden, the abdomen is blunt, the
tendrils are longer [3]. D. virgifera
virgifera is a limited oligophage in the
larval phase, which can successfully
develop on 22 plants of the Poaceae
family [3]. Adult beetles are polypha-
gous that feed on pollen, immature
grains and leaves of corn, uterine
columns [4]. This pest is considered
the most serious pest of corn in the
United States and Canada, and the
loss is estimated at $ 1 billion per
year [5]. Mass yield of the pest oc-
curs at the beginning of flowering
corn. Beetles are able to fly 40—100
km per season (even 125 km when
growing corn in monoculture), and
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the average speed of the pest in the
presence of natural barriers and the
alternation of corn with fields of ot-
her crops — 20 km/h [3]. D. virgifera
virgifera develops in one generation
per year.

The aim of the study. To analyze
the distribution of Diabrotica virgifera
virgifera Le Conte in Ternopil region
during 2016—2020.

Research methodology. The re-
search included generalization of
the results of phytosanitary moni-
toring of the spread of the regulated
pest D. virgifera virgifera on the ter-
ritory of Ukraine and Ternopil re-
gion according to the Department
of Phytosanitary Safety of the Main
Department of the State Food and
Consumer Service in Ternopil re-
gion during 2016—2020 . Crops were
surveyed three times during each
month (beginning, middle, end) of
the study year (during June — Sep-
tember). Monitoring was carried out
by route surveys and using synthetic
sex pheromones in maize crops. State
phytosanitary inspectors inspected
pheromone traps with a sample of
insects on filter paper, in a test tube
or Petri dish. Insects and pheromone
traps were transferred to the Ternopil
Regional Phytosanitary Laboratory
State Institution to determine the
species composition. Insect species
were identified by determinants. The
obtained results of observations and
accounting were processed by widely
tested methods of biological and ag-
ronomic statistics.

The calculation of weighted ave-
rages of probability of penetration
(PP), probability of acclimatiza-
tion (PA), potential economic harm
(PEH), probability of introduction
(PI) and potential loss (PL) was car-
ried out according to the formulas
[6]:

PP = [, aw,] | £, Wy

PA = [Z,’Ll aiwi] [ 2L Wy

PEH = [zin:l aiwi] [ 2L Wi

PL = PP x PA / 100;

PL =PP x PA x PEH / 100,
ne w, — question factor, a; — score.

Research results. D. virgifera vir-
gifera was first discovered in 2001 by
inspecting corn crops in seven set-
tlements of Berehiv and Vynohradiv
districts of Zakarpattia region. Af-
ter analyzing the data from 2016 to
2019, we recorded a growing trend in

the spread of the western corn beetle
(WCB) in Ukraine. The area inha-

bited by the pest in 2019 increased
1.4 times compared to 2016. Accor-
ding to the State Food and Consu-
mer Services (as of January 1, 2019)
D. virgifera virgifera was found in 15
regions of Ukraine (Fig. 1).

In the Ternopil region, the pest
was first identified in 2008 in crops
in Monastyrysky, Terebovlya and
Chortkiv districts [3]. During the pe-
riod 2016—2020, when the pest was
registered within the Ternopil region,
an increase in the area of settlement
by about 100 hectares each year
was noted. As of January 1, 2021,
the area inhabited by WCB is 7.990
hectares. The linear trend line also
confirms the tendency to increase the
area inhabited by this dangerous pest.
The value of the reliability of the ap-
proximation is R?2 = 0.9966, so the
smoothing can be considered reliable
(Fig. 2).

As 0f 01.01.2017, WCB was iden-
tified in 12 districts of Ternopil re-
gion (Fig. 3). In 2017, in addition
to Berezhany, Borshchiv, Buchach,
Husiatyn, Zalishchyk, Koziv, Mo-
nastyry, Pidvolochysk, Pidhayets,
Terebovlya, Ternopil and Chortkiv

districts, the pest was found in corn
crops in Lanovets district9, and in
2018. also in corn crops in the ter-
ritory of Shumsky district. Due to
the presence of a regulated pest, in
order to prevent its further spread,
a quarantine regime was introduced
in the areas where D. virgifera vir-
gifera was detected. For example, a
quarantine regime has been intro-
duced: in the village of Onyshkivtsi
of Shumsky district on the area of
100 hectares (Order of the head of
Shumsky district state administration
of August 27, 2018 Ne 253-od «On
the introduction of a quarantine re-
gime for the western corn beetle»); in
the village Brykiv of Shumsky district
on the area of 125 hectares (Order
of the head of Shumsky district state
administration of Ternopil region
from September 20, 2019 Ne 188-od
«About introduction of the quaran-
tine mode concerning the western
corn beetle»); in the village of Tovste,
Zalishchyk district, on an area of 125
hectares (Order of the Head of the
district state administration of Sep-
tember 21, 2020 Ne 258/01-16.1 «On
the introduction of a quarantine re-

a

Fig. 1. Geography of distribution (a) and area of settlement (b) by the
quarantine organism D. virgifera virgifera of the regions of Ukraine during
2016—2019. Red is the area inhabited by WCB, green is uninhabited;
- — area of inhabited lands, ha;

—— — the highest rates of population of WCB
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Fig. 2. Dynamics of spread WCB in Ternopil region during 2016—2020:
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gime for the western corn beetle»).
The largest areas of pest infestation
were found in Buchach, Chortkiv,
Terebovlya and Ternopil districts
(1115—1250 ha). During the years
of observation, no outbreaks of
D. virgifera virgifera were registered
in Zboriv, Zbarazh and Kremenets
districts of Ternopil region.
According to the State Statistics
Service of Ukraine of the Main
Department of Statistics in Ternopil
region, the sown area of corn for
grain in 2020 increased 1.44 times
compared to 2019. As of 2019—
2020, Ternopil region was one of the
regions with the highest yield of corn
(9.2 t/ha) [7]. Based on the above,
monitoring of the main pests of this
crop is necessary to maintain the
level of yield at the appropriate level.
It should be borne in mind that
the distribution and adaptation of
WCB depends on the temperature
conditions of the region. To deter-
mine the possibility of adaptation
and spread of WCB in the Ternopil
region, temperature conditions over
the past five years were analyzed
and found that the average annual
temperatures of 2016—2020 ranged
from 8.7 to 9.6°C and, apparently,
contributed to the adaptation and
spread of the pest the whole area.
According to Edwards et al. (1996)
The most active spread of the pest

occurs at average monthly air tem-
peratures of 18—26°C from mid-Ju-
ly to early September. The average
monthly temperatures in July-August
(the period of mass flight of adults)
were 19.3—19.9°C and probably had
a positive effect on the spread of
D. virgifera virgifera |9]. Winter tem-
peratures (December — February) of
Ternopil region in the studied period
were —6.1 — + 2.8°C. From the li-
terature it is known that the eggs of
diabrotica have high frost resistance
and can withstand temperatures down
to —10°C, so these temperatures were
favorable for wintering pest eggs. It
is known that the female WCB eggs
at temperatures above 10°C in the
surface layer of the soil at the base
of the plant stem, preferring moist
areas. In the spring of 2016—2020,
the temperature was favorable for the
development of pest eggs, and also
contributed to their development
precipitation (22—28% of the total
precipitation for the year, except in
2016 — 43%). In 2020, there was a
decrease in the number and harmful-
ness of WCB larvae on corn roots in
the habitats, which is primarily due
to the high supply of soil moisture.
Such conditions contributed to faster
rooting of plants, in contrast to 2019,
when the plants were in conditions of
insufficient soil moisture and there
was a death of 2.5% of corn plants.
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Fig. 3. Area of inhabited WCB lands (ha)
in farms of all forms of ownership of Ternopil region
during 2016—2020
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In the centers of the spread of WCB
in maize crops, the beginning of the
flight of beetles was recorded on July
24, 2020 in the phase of ejection of
the panicle (this is much later than
in 2019). D. virgifera virgifera was
found in maize crops in Septem-
ber. Weather conditions this month
contributed to the laying of eggs by
the pest. According to the Forecast
of phytosanitary condition of agro-
cenoses of Ternopil region and re-
commendations on protection of ag-
ricultural plants from pests, diseases
and weeds in 2021, compiled by the
Department of Phytosanitary Safety
of the Main Department of the State
Food and Consumer Service in Ter-
nopil region.

The conducted quantitative ana-
lysis determined (PP = 423/76 =
5,568; PA = 603/91 = 6,626; PEH =
687/125 = 5,496; PL = 5,568 x 6,626/
100 = 0,369; PL = 5,568 x 6,626 x
5,496/100 = 2,028) quite high va-
lues of probability of penetration
(for quarantine species — >4.86),
acclimatization (for quarantine spe-
cies — >5.10) and potentially eco-
nomic harm of D. virgifera virgifera
(for quarantine species — >3.42). The
potential harm is 2,028 (for quaran-
tine species — >1,3) [10]. Quanti-
tative analysis of the possibility of
acclimatization and spread of WCB
confirmed its quarantine status and
showed the need for phytosanitary
measures to curb and limit its spread
throughout the Ternopil region.
The high degree of acclimatization
(6,626) and naturalization of the spe-
cies on the territory of Ukraine in the
future may lead to even greater losses
in crop yields and reduce the biodi-
versity of phytocenoses. It is estab-
lished that the climatic conditions of
the region and the sufficient amount
of fodder base will promote the de-
velopment of D. virgifera virgifera, so
the pest will not only survive but also
increase in number.

From the literature it is known
that one of the ways to limit the
spread of D. virgifera virgifera is to
observe crop rotations (it is recom-
mended to sow perennial grasses,
cereals, legumes, etc., in which corn
returns to the field no earlier than
three years) [11]. Integrated plant
protection systems must be used to
protect against this pest. Effective
treatment of plants with chemicals
against adults, as well as during so-
wing the introduction of drugs into
the soil against larvae [3].




CONCLUSIONS

The amount of inhabited WCB
area in Ukraine in 2019 increased
1.4 times compared to 2016. The
average annual temperature, appa-
rently, contributed to the adaptation
and spread of the pest throughout
the region in 2016—2020, and winter
temperatures were favorable for over-
wintering eggs. D. virgifera virgifera
belongs to quarantine organisms and
requires the application of phytosani-
tary measures to control and limit the
spread of the Ternopil region. It is
shown that climatic conditions and
the available fodder base within the
region will promote the development
of D. virgifera virgifera, so it will not
only survive but also increase its po-
pulation.
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JuHaMika mommpeHHa

3aXiJHOr0 KyKypYA3sSHOrO >KyKa
(Diabrotica virgifera virgifera Le Conte)
Ha TepHONiNBIIVHI BIPOJOBX
2016—2020 pp.

Mera. Ilpoananisysamu nowiupenus
3axi0Ho20 KyKypyo3sHozo xyka (Diabrotica
virgifera virgifera Le Conte) na mepumo-
pii Teproninvcokoi  obnacmi  8npooo6i
2016—2020 pp. Meropu. Y3azanvHeHHs
pesynvmamie  pimocanimapHozo MoHimo-
puH2y pezynv08an020 uiKiOnueozo opeanismy

Ha mepumopii Yxpainu ma TepHoninvcokoi

obnacmi 3a Odanumu Ynpaeninna gimoca-
Himapnoi Gesnexu I07106H020 ynpasmiHHs
Hepacnpoocnoncuscnynou 6 TepHoninvcvkit
obnacmi. Pesynwsratu. Jocnioseno ounamixy
uucenvnocmi D. virgifera virgifera 3 oensioy na
XPOHOI02i10 3aceneHOCi UUM WKIOHUKOM pa-
itonie Teproninvcvkoi o6nacmi. O6csz 3acene-
HOI 3aXI0HUM KYKYPYOSTHUM HYKOM NA0ULI 6
Yipaini y 2019 p. 36invwuscs y 1,4 pasa no-
pisnano 3 2016 p., a maxox: posuupuescs ape-
an 1020 nowupents. 3a n’sAmv poKis, Koau

6 KapaumuH i 3axucm pocnun ISSN 2312-0614

D. virgifera virgifera peecmpysanu 6 mesxax
TepHoninvcvkoi o6nacmi, 6i03HaueHo 30imv-
UieHHST N0, 3aceneHHs npubnusmo Ha 100 ea
KoacH020 poky. Cepednvopiuni memnepamyp-
Hi NOKA3HUKU, 04e8UOHO, CHPUSIU adanma-
Yl 1l NOWUPeHHI0 WKIOHUKA BCiE0 001acmI0
y 2016—2020 pp., a 3umosi memnepamypHi
NOKA3HUKY OY7IU CHPUSIMAUBUMU OIS 3UMIBT
Aeup. BUCHOBKM. 3axiOnuti Kykypyo3aHutl
HYK HATEH UMD 00 KAPAHMUHHUX OP2AHI3Mi6
i nompebye 3acmocysanus gimocanimapHux
3ax00i8 000 CMPUMYBAHHA T 00MexHceH-
HA 1020 nowupents. Bpaxoeyiouu cepedrio
WBUOKICMY  PO3NOBCIOONEHHA — WKIOHUKA
(40—50 xkm/pix), moxcHa npozHo3ysamu no-
danvuie pO3UUPEHHS NIIOWL 11020 3aceseHHs
6 iHwux obnacmsx Ykpainu. Bcmarnosneno,
uio 6 mexcax TepHoninvcokoi obnacmi Knima-
MuuHi ymM06U i HAA6HA KOPMOBA 6A3A CHPU-
amumymy poseumky D. virgifera virgifera,
momy wKioHuK 6yde He nuuie 6UNUBAMU, A
i1 36invuLysamu ucenvHicmb.
Diabrotica virgifera virgifera (Le
Conte, 1868); kapaHTMHHUII OPraHi3M;
YMCETbHICTh MIKiJHNKA; IMOMMPEHHA
WIKiTHUKa
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JTuHaMuKa pacnpocTpaHeHns
3aIaIHOT0 KYKyPY3HOTr0 JKyKa
(Diabrotica virgifera virgifera Le Conte)
Ha Tepaononpunmae B 2016—2020 rr.

Hens. [Ipoananusuposams pacnpocmpa-
HeHue — 3anaoHoz0  KyKYpy3HO20  HyKd
(Diabrotica virgifera virgifera Le Conte) Ha
meppumopuu Teprononvckoti obnacmu 6
meuenue 2016—2020 z2. Metompl. 06006-
wieHUe  pe3ynrbmarmos  PurmocanumapHozo
MOHUMOPUH2A  PACNPOCIPAHEHUS  pezynu-
Pyemozo 6pedH020 0peaHU3MA HA MepPUmo-
puu Yepaunvt u Teprononvckoii obnacmu
10 0aHHbIM YnpasneHus GumocaHumapHoti
6esonacnocmu  Inaenozo ynpaenewus Io-
cnpoonompebcnynov.  TepHononvckoit  06-
nacmu. PesynbraTel. J3yuena Ounamuxa
uycnennocmu D. virgifera virgifera ¢ yuemom
XPOHONO2UL 3aCEIeHHOCU IMUM Bpedue-
nem pationos Teprononvckoti obnacmu. Ilno-
Wadv, 3aceneHHAs 3aNAOHbIM KyKYPY3HbIM
Hnykom, 8 Ykpaune 6 2019 2. ysenuuunaco 6
1,4 pasa no cpasrenuro ¢ 2016 2., a maxice
PAacuiupusncs apean e2o pacnpocmpaHeHus.
3a namo nem, koeda D. virgifera virgifera pe-
eucmpuposanu 6 npedenax TepHonomvckoii
obnacmu, naouLadb 3aceseHUs Y6enu4uea-
nace npumepro Ha 100 2a exmezo0Ho. Cpeo-
Hez20006ble meMnepamypHvle NoKA3aAMeny,
04eBUOHO, CHOCOOCMB06ANU A0ANMAUUU U
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pacnpocmparenuio epedumens éceil 067a-
cmoio 8 2016—2020 2., a 3umHue memnepa-
mypHvle nokasameny Oviiy NOOXOOSULUMU
077 3uMoKY AUl BBIBOEBL. 3anaowviil Ky-
KYPY3HbLiL HYK OMHOCUMCS K KAPAHMUHHBIM
0p2aHUSMAM U Mpebyerm npumerenus gumo-
CAHUMAPHBIX MEPONPUsMuLl no coepruea-
HUI0 U 02PAHUYEHUI0 €20 PACNPOCMPAHEeHUS
no meppumopuu TepHononvckoii obnacmu.

Yuumoleas cpednioro ckopocmv pacnpocmpa-
HeHuss amoeo epedumens (40—50 km/200),
MOJNCHO NPoeHO3Uposams OanvHeiluiee pac-
wupenue naouLA0U e20 3aceneHs U 6 Opy2ux
obnacmsax  Ykpaunvl. Ycmaroeneno, umo 6
npedenax TepHononvckoti obnacmu Knuma-
muuecKue ycnosus U UMeIOU4Ascs KOPMOBAS
6asa cnocobcmesyrom pazsumuio D. virgifera
virgifera, noamomy epedumenv Oydem He

MOILKO BLIICUBAMDY, HO U YEeNUUBAMb HUC-
JIeHHOCHID.
Diabrotica virgifera virgifera (Le Con-
te, 1868); KapaHTHHHBII OPraHU3M;
IMCTIEHHOCTH BPeNVITeNs; PaCIPOCTpa-
HeHUe BpegiTeNnd
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