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ABSTRACT

Halyomorpha halys (Stal, 1855) (Hemiptera: Heteroptera: Pentatomidae) invasion in Georgia territory first observed in 2015 year. In

2016-2019 an outbreak of H. halys resulting huge economic losses which negatively affected to the income of small-scale farmers as

well as the Georgian economy. The article reviews the bioecological characteristics of the insect at various locations, such as in Georgia,

other invaded areas and its natural distribution range of H. halys . This article describes the life history, food specialization, economic

importance of H. halys. Also the recent results of studies on H. halys natural enemies, control tools and management strategies are

incorporated to the article. In the face of climate change, the risks of insect outbreaks increase from year to year. Invasive agricultural

pests such as H. halys pose a major threat to agriculture crop production and food security. To have a comprehensive information about

H. halys has a huge importance to effectively plan and implement measures without or with minimal adverse environmental impact.
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Introduction

The brown marmorated stink bug, Halyomorpha
halys (Stél) (Hemiptera: Pentatomidae), is an invasive
species native to China, Japan, Korea, and Taiwan
[1]. Insect is highly polyphagous species, feeding on
and damaging diverse plants, including field crops,
vegetables, tree fruits, and ornamentals [2].

Synonymy

Halyomorpha halys (Stal, 1855) (Pentatoma
halys Stal (1855), Poecilometis mistus Uhler, 1860;
Dalpada brevis Walker, 1867; D. remota Walker,
1867). Distribution area: Anhui, Fujian, Guangdong,
Guangxi, Guizhou, Hebei, Heilongjiang, Henan,
Hubei, Hunan, Jiangsu, Jiangxi, Jilin, Liaoning,
Neu Monggol, Shaanxi. Shanxi, Sichuan, Taiwan,
Xizang, Yunnan, Zhejiang. Also recorded from
Korea and Japan [3].

This species has had a long and confusing
history. It has appeared in the literature under

Halyomorpha halys and all three junior synonyms;
in fact, it appears that many workers in Japan still
refer to it as H. mista. It has also frequently been
confused with H. picus, an Indian species. Josifov
& Kerzhner (1978) [4] determined that only one
species of Halyomorpha is present in eastern China,
Japan, and Korea, and it is different from H. picus;
the oldest available name is H. halys (Stal) [3].

Allochthonous distribution in the world

In the last 30 years, the species was detected
in different parts of the world, mainly in North
America and Europe (global distribution recently
summarized by Leskey and Nielsen (2018) [5].
The first record of established population out of
the native range dates in 1996 in Pennsylvania,
USA, although prior to its establishment, H. halys
was reported first time in 1973 [1]. This invasive
species has spread across 43 states of the US and
two provinces in Canada since it was first officially

detected in Pennsylvania in 2001 [6].
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From 2017, this invasive species has been
detected in almost all states of USA, includng Alaska
and Hawaii, lacking only in Oklahoma and Louisiana
[7, 8, 9]. In North America H. halys is reported also
in southern Canada, where it was firstly intercepted
in the Province of British Columbia in 1993, when a
specimen was found in a shipment originating from
Asia [10]. In South America H. halys is recorded
from Chile, where it was intercepted for the first
time in 2011 and later 2017 near Santiago [11] and
finally, in the Caribbean basin countries were find.

In Asia, out of the native range, H. halys is quoted
for India, reported in the 2014-2015 by Nikam &
More (2016) [12]. However, this record is likely a
misidentification with a different species [13].

In Pace Oceania some sporadic records are
known from New Zealand, when it was introduce
for the first time in 1999 [14], Australia, when it
was introduce for the first time in 2005 [15], and
Guam island, where a single specimen was collected
in a hotel room in 2013 [16]. In Africa the species
is not documented, but the record for Egypt of H.
picus [17] could be a misidentification for H. halys
according to Aukema et al. (2013) [18] and Hemala
and Kment (2017)[19]. But in Japan and China,
outbreaks there are not fixed. Most Complete data
on the distribution of this species are given at EPPO
Global Database (2022) [20].

Distribution in Europe

The other continent where H. halys has become a
pest is Europe, where the oldest records date back to
2004: in that year H. halys was found in Liechtenstein
[21] and Switzerland [22]. Subsequently, it colonized
many Swiss territories [22,23] and some years later
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it spread into neighbouring countries: in southern
Germany in 2011 [24] and in France in 2012 [25,26,
27], also its in Corsica [7]. 2007 H.halys occurred
in other European countries, in Italy [28,29] and in
2011 in Athens, Greece [30].

Until now, many countries in Europe have been
added to the list of those where the H.halys occurs:
in 2013 it was firstly recorded in Hungary [31] and
in Krasnodar, Russia [32], in 2015 in Austria [33],
Serbia [34], Romania [35], in 2016 in Spain [29],
Slovakia [19], Bulgaria [36], and Georgia, Abkhazia
[32], and in 2017 in Slovenia [9], Turkey [37] and
Croatia [38]. Moreover, [39] reports that H. halys
was founded twice in Great Britain, one in 2010
in London, in association with passenger luggage
flown in from the USA, and the other in 2013 in
North Yorkshire, associated with a consignment of
stone imported from China.

Forecast of range expansion in the Russian
Federation and neighboring countries [32] predicted
a high probability that the H.halyes could spread in
Eastern Europe between the 40th and 50th parallels or
even up to the 60th parallel, at least populate the entire
North Caucasus, the Rostov region, the south of the
Volgograd region, as well as neighboring countries:
Ukraine, Moldova, Bulgaria, southern Poland, also
Armenia, Azerbaijan and Turkey. These findings are
based on the work of [40], which used the Maximum
Entropy methods (MaxEnt) and Genetic Algorithm
for Rule Set Production (GARP) methods. According
model of distribution of H,halys shows that more
suitable areas for its distribution located between
latitudes 30° and 50° and including parts of Europe,
North America, Australia, the New Zealand, part of
Africa (Fig. 1) [40].

Fig. 1. Suitable areas for Halyomorpha halys distribution between latitudes 30° and 50° Source: Wine for

Rookies, Inc
132



N. Kharabadze
Distribution in Georgia

In Georgia, Halyomorpha halys (Hemiptera:
Pentatomidae — formerly EPPO Alert List) was
identified for the first time in October 2016.
About its outbreak in Georgia was reported in the
municipality of Khobi (Samegrelo-Zemo Svaneti
region), as well as in Pitsunda (Abkhazia) [32].
However, it is noted that the presence of the bug had
already been observed in 2015. This is the first time
that H. halys is reported from Georgia [20].

It is not completely clear how the bug entered
in Russia. There is an assumption [32] that this
species was brought (probably from Italy) to one of
the Russian Black Sea ports with planting material
of ornamental plants for landscaping the facilities
of the XXII Olympic Winter Games, similar to
what happened in the case of the boxwood moth
Cydalima perspectalis (Walker, 1859) (Lepidoptera,
Pyraloidea: Crambidae) [41]. This assumption
is also dictated by the fact that the same time, in
neighboring countries (Moldova, Ukraine and
Turkey) the H.halys was not found. And already
from Russia the bug spread fo Abkhazia and Georgia.
Based on the available data, it can be assumed that
the H.halys spread throughout the territory of the

| Abkhazia

Sochi, Russ :
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Krasnodar Territory at a speed of 100—150 km per
year [42].

Zhimerikin V.N and Guliy V.V. (2014) suggested
that the Sochi City Administrative Okrug (territory
of Greater Sochi) may be a place appearance of the
H.halys in Russia. Its larvae were found in the city in
August 2014 [44]. The author of the article studied
1 adult’s specimen (female) with labeled “Russia,
Sochi, Central District, 28.1X.2014. Koval A.G.
leg”. There are reports that this species appeared in
the Sochi region no later than 2013 [32]. From the
second half of 2015 mass reproduction of the bug
began in the Sochi urban district, which led in 2016
to large losses in the harvest of fruit and subtropical
crops [45].

In 2017-2018 for investigation of hazelnuts
orchids the H.halys were detected in the Guria,
Samegrelo, Adjarja and Imerety Regions of Western
Georgia [46,47,48]. About distribution bug the
same regions, were reported other scientist from
Georgia as well [49-52]. At present Insect ivied and
distribute in some municipals of Eastern Georgia,
where hazelnut orchards are cultivated [52]. The
distribution of H.halys in territory of Georgia given
in Figure 2.

Samesrelo-Zemo Svaneti

Thilisi 2019

Fig. 2. Halyomoprha halys distribution in Georgia according years

The situation of Halyomorpha halys in Georgian
neighbors countries can be described as follows: In
Azerbaijan, it is distributed in the Cheki-Zakatala
( East part border with Georgia ), Lankaran and
Absheron zones, where nut-fruits grow, especially
walnuts (hazelnuts) and subtropical crops damages
[53]; First record on the H. halys in Turkey

was 2017. This agricultural pest was detected in
Kemalpasa District of Artvin Province located in
the Eastern Black Sea Region near the Georgian
border [54]. However, information about this insect
in Armenia no reported, only findings information
as a hypothesis its distribution are given on the
work of [40].
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Life cycles

The brown marmorated stink bug, like all
stink bugs, is a hemimetabolous insect and a
multivoltine species, development from egg to adult
takes approximately 40 to 60 days, depending on
temperature and photoperiod. After hatching, first
instar nymphs may aggregate around the egg clutch
before molting and dispersing to feed. Adults can
produce multiple egg clutches throughout their
lifespan. Winter diapause is a crucial component
of the brown marmorated stink bug life cycle.
Bugs respond to shortening day length during
fall by entering into diapause. During this period
adult reproductive activity ceases as the stink
bugs conserve resources to survive the winter.
Only adults enter diapause and survive through
the winter.increased temperatures and day length
in the spring signal an end to the dormant period,
and adult brown marmorated stink bugs will leave
their overwintering sites in search of food. In
warmer climates several generations per year are
possible, though in most of its North American
range the brown marmorated stink bug has one to
two generations per year [55 - 61].

As a mention H. halys is a multivoltine
species [62], in some geographical range, The life
cycle is commonly characterized by one or two
generations [61,58], but in Southern China four to
six generations are assumed to occur [62] . Pre-
reproductive adults overwinter in large number and
they often use human houses as overwintering sites,
with a documented case of 26,205 individuals in a
single house during a 181-day study [63]. Adults
entering houses are a strong nuisance not only for
their abundance, but also for the unpleasant odor
they emit when disturbed [64]. This behavior leads
to a variety of pest impacts also for the human life
[65], which add to the problems that H. halys causes
to agricultural, horticultural and silvicultural hosts
[10].

In Georgia, two generations of H. halys
are commonly presented (Angelina), as a three
generation reviewed [66] in Western Georgia (WG),
that Black Sea region characterized by subtropical
climate, with warm weather and humidity, which
is  favorable for this pest insect and help its
develop and rapidly growing population.

H.halys biology involves pest development in
three stages (egg, nymph and adult phase) and are
following: (1). The pest overwinters in the adult
(imago) phase; (2). Adults phase copulation begins
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two weeks after diapause; (3). Eggs are laid by adults
and continue at intervals throughout the life of the
female to the end. There are observed pyramidal
cluster mostly containing 28 eggs (average 26.27,
st.dev- 4.20), but we are fined clusters with minimal
number of eggs - 12, and maximunm - 32. On
average 80.8 % of the laid eggs were hatched
successfully. Under optimal conditions one female
lays up to 400 eggs. Eggs are laid on the underside
of the host plant leaf and they are white color; (4).
The first nymphs hatch from eggs after 4-5 days;
(5). The pest has 5 nymphal phases. Each lasts one
week, at room temperature according to its change;
(6). Adult and nymphs characherizaied with active
movement and feeding. They are easy move on the
vegetative parts of the plant, fly and feed by Fruits.
The pest is characterized by the pierce-sucking
mouthparts; (7). An adult insect infest almost all
parts of the plant, especially the fruits. The damages
part became necrosed, hardened and the crop loses
its agricultural significance; (8).

There is two [66] or three [66]] Generations
of H. halys in Georgia. The number of generations
depends not only on the length of the day, but
also on the temperature, because under suitable
temperature conditions the development of the H.
halys is faster [68], this process is also facilitated
by the diversity of host plants [69] and air relative
humidity [70]. Therefore in the humid subtropical
regions of WG - Guria and Samegrelo, in
2018 three generations were observed: the first
generation egg-laying began in the early of May
and lasted until the middle of May. Due to worming
climate with annual average temperature 12 °C,
(Climate Risk Country Profile: Georgia, 2021) and
wide range of wild and cultivated host plants, H.
halys populations develops within 32 days from egg
to adult. The second generation emeges in the first
decade of July and lasted until early August. Third
generation occurs second decade of August and for
mid of October they are entering to diapause.

Food specialization and harmful activity

The marble bug is a broad polyphage and feeds on
flowers, stems, leaves and fruits of plants 49 families
[14]. In the Sochi region and in Abkhazia 32 plant
species from 16 families were recorded, on which
the bug fed [71]. Of the cultivated plants, Rosaceae
are the most harmful. Harm caused by the marble
bug in the region of humid subtropics of Russia
and Abkhazia, especially noticeable on fruit and
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vegetable crops: on the surface of fruits and leaves of
apple and pear trees in places of punctures necrosis,
corking is formed, under the skin — dry cottony
tissue, the taste of the fruit deteriorates, the surface
becomes bumpy; on citrus and persimmon leads to
underdevelopment and premature fall of the fruit; on
grapes - the berries do not develop and fall off; on
hazelnuts, it damages nuts at the stage of milky-wax
ripeness, leading to the cessation of the development
of the kernel; on corn grains do not develop. Damage
can be aggravated by secondary infections. So, for
example, on pepper and tomato fruit rot develops
at the puncture sites [6,45]. Bugs also can transmit
phytoplasmoses causes pathogen [72].

In a review of the Asian literature [58] revealed
in native range 106 host plants distributed in 45
families, while [68] reported 51 hosts in 32 families
in Europe and [73] quoted 73 species of plants
ranging from annual crops to landscape trees only
in the state of Pennsylvania. Now, over 251 species
of host plants are cited in literature for this bug
[74] and it is considered a severe agricultural and
horticultural pest [7]. Feeding may occur on leaves,
shoots, stems and even through the bark of trees such
as maple and catalpa [6]. However, both nymphs
and adults preferentially feed on developing and
ripe fruits and seeds of their host plant [75]. This
mode of feeding, and preference for fruits, directly
leads to economic damage to a wide range of crops.

In Georgia 2018-2021 years, during observation
twelve plants species as host of H. halys were
identified: Eriobotrya japonica, Laurus nobilis,
Actinidia sp., Agave sp., Solenostemon sp.,
Pueraria sp., Rubus canescens, Sambucus
ebulus, Convolvulus sp., Robinia pseudoacacia,
Tradescantia sp., Pteris cretica. They are not
included as host plants of this insect in CABI, EPPO,
and official lists of the Ministry of Environment
Protection and Agriculture of Georgia [46].

In its native range, it is considered an occasional
pest of fruit trees and soybean, Glycine max (L.)
Merr. (Fabales: Fabaceae), as well as a nuisance
pest during the winter [76 — 85].

Insect damages wild, ornamental and cultivated
plants. They manly feed on pome, stone, nut,
legume fruits. The signs of H. halys feeding range
from the multiple punctures in the hull (endocarp)
to the formation of the necrotic tissues on the shell
(endocarp), hull (exocarp and pericarp) and the
kernel (endosperm) of the fruit [86]. Damaged
fruits have necrotic spots or blotches, grooves
and brownish discolorations. In Asia, H. halys is
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considered as causing significant damage to soybean
and various horticultural crops. In Japan, apple crops
have increasingly been damaged by H. halys. Forest
trees are also known hosts of H. halys. However, in
Japan H. halys is considered as a pest in nurseries
producing seeds of cedar and cypress because it can
feed on cones. In the USA, damage caused by H.
halys was initially reported in suburban or urban
environments on woody ornamentals (e.g. Buddleia
davidii, Paulownia tomentosa) and backyard peach
and pear trees. However in 2006, commercial fruit
growers started to report damage in apple and pear
orchards in eastern Pennsylvania and western New
Jersey. In Pennsylvania, high populations were
also found in soybean crops but without significant
damage. H. halys is considered as a vector of
Paulownia witches’ broom phytoplasma in Asia.

In addition to plant damage, H. halys can be a
nuisance to humans because at the end of autumn,
adults can aggregate in buildings and houses
(on walls, window and door frames) seeking
overwintering sites. When disturbed or crushed they
discharge a characteristic pungent odour (unpleasant
and long lasting!). In the USA, many homeowners
are complaining about this nuisance.

Damage and Economic Importance

Many studies have shown that stink bugs in
the family Pentatomidae can be serious economic
pests of food crops and ornamental plants around
the world [87,88]. Worldwide, this family contains
almost 900 genera and around 5000 species [89].
Many pentatomids cause significant damage to
hazelnut crops in Europe, Turkey and Georgia [90].
In particular, stink bug pests of cultivated hazelnuts
(Corylus avel-lana L., Fagales: Corylaceae) occur
in the leading commercial hazelnut producing
countries of Turkey [91] and Italy [92]. Studies in
Turkey report feeding damage to hazelnut kernels by
Palomena prasina L. (Hemiptera: Pentato-midae) in
the form of kernel abortion, malformation, and the
occurrence of dry, necrotic tissue [93]. According
[94], hazelnut in northwestern Italy was damaged
by seven species of Pentatomidae.

In Asia H. halys causes significant damage
to many economically important crops In Japan,
outbreak populations of H. halys on apple [95-
98], pear, plum, satsuma mandarin, and grape [95]
have been reported, with damage characteristics
and levels varying among crops. In 2010, high
densities of H. halys caused as much as 100%
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crop loss in some apple and peach orchards in the
Eastern USA [5]. In Italy some early maturing
pear cultivars damage at harvest reached more than
50% [99] Economic damage on pepper crops has
been reported in Europe from the Canton Aargau in
Switzerland [100], In 2016 52.7-68.6 million US
dollars losses in hazelnut crops which caused by H.
halys in Georgia [101].

In Georgia, Dueto lack of specific natural enemies,
high reproduction ability, wide host range, and
favorable climate conditions, effective overwintering
strategies, increased population rate of H. halys that
caused huge economic losses in agricultural crop
production [102]. In 2016 The most affected was
hazelnut production were economical loss reached
60 milion dollars [101] . Although In 2017, compared
to 2016, revenue from hazelnut exports fell by $ 54
million [103]. In 2019, the fight against H. halys was
declared successful [104], which led to an increase in
hazelnut production [105].

Natural enemies

Brown marmorated stink bug parasites or
predators, entomopathogens have the potential to
provide landscape-scale control of this pest in the
future. Since the establishment of the, H. halys in
North America and Europe, there has been a large,
multi-group effort to characterize the composition
and impact of the indigenous community of
arthropod natural enemies attacking this invasive
pest.

Native predators

The list of native natural enemies that attack
brown marmorated stink bug includes other species
of insects, spiders, and even some birds and
mammals. However, insects and spiders are largely
recognized as the most important group of natural
enemies of BMSB [106].

Wide variety of generalist predators that
consume H.yalys eggs have Identified in the
USA. The list includes certain species of crickets,
katydids, ground beetles, lady beetles, earwigs,
ants, assassin bugs, mantids, and jumping spiders,
as well as less familiar insects such as minute pirate
bugs, lacewings, and damsel bugs [107].

The community of indigenous generalist
predators consuming H. halys eggs is very diverse,
made up of many species with a variety of modes of
feeding. Morrison et al. (2016) [108] identified four
distinct predation “syndromes” on H. halys eggs
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using laboratory observations of over 25 predator
taxa: (1) complete chewing—eggs completely
removed from substrate; (2) incomplete chewing—
egg shell debris from predated eggs remains on
substrate; (3) stylet sucking—presence of a feeding
sheath in eggs drained of their contents; and (4)
punctured sucking—a hole or slit in hollowed-out
eggs. In the laboratory, the most efficient predators
were  katydids  (Orthoptera:  Tettigoniidae),
ground beetles (Coleoptera: Carabidae), crickets
(Orthoptera: Gryllidae), earwigs (Dermaptera:
Forficulidae), and jumping spiders (Araneae:
Salticidae) [109]

Predators attacking H. halys adults and nymphs
in Europe and North America have not been
extensively studied. In one study of the nest-
provisioning wasp Bicyrtes quadrifasciata (Say)
(Hymenoptera: Crabronidae) in the northeastern
USA, H. halys nymphs made up 96% of the prey
provided to developing offspring [110]. Another
crabronid wasp, Astata unicolor Say, was also
observed preying on H. halys nymphs. Jones (2013)
[111] commonly observed predation of H. halys
adults and nymphs by the wheel bug Arilus cristatus
(L.) (Hemiptera: Reduviidae) in Maryland, USA.
Predation of adult H. halys by praying mantids
(Mantodea: Mantidae) has also been observed on a
number of occasions in the USA.

Interestingly, only one unpublished study has
gathered some information on the consumption
of newly emerged (1st instar) H. halys nymphs,
which are clustered on egg masses for several days
and potentially vulnerable as they are relatively
immobile and soft-bodied. That study observed
the highest predation of freshly emerged first
instar nymphs in the laboratory by field-collected
Carabidae (89% of nymphs emerged were eaten),
predatory Pentatomidae (88%), Salticidae (35%),
and Reduviidae (26%;) [112].

According to Kharabadze et al., (2022) [113]
Hierodula transcaucasica Brunner von Wattenwyl,
1878 were observed as a predator of H.halys in
Georgia. Predation of the adults and nymphs of
H. transcaucasica was documented after they
underwent starvation periods. The 3rd instar nymph
of H. transcaucasica preyed on the 1% instar H. halys
nymphs, while adult H. transcaucasica attacked
adult of H. halys. A maximum number of H. halys
(7 insect) were eaten by an adult H. transcaucasica
on the first day, and in this case, the same number
of nymphs (7 insects) were observed within the first
hours of the experiment.
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Parasitoids

Since the impact of native natural enemies on
invasive H. halys populations in Europe and North
America is generally low, H. halys was identified as
a promising target for classical biological control.
Surveys for natural enemies that have co-evolved
with H. halys in its native range revealed that it is
mostly attacked by egg parasitoids, among which
the samurai wasp, Trissolcus japonicus, Wwas
identified as the most promising candidate for
classical biological control.

In China, Trissolcus japonicus,[114] a parasitoid
wasp species in the family Scelionidae, is a primary
predator [115]. In the United States, Europe, and
New Zealand, Trissolcus japonicus is a focus of
biological control programs against H.halys. in
2014, two adventive populations were found in
the United States during surveys to identify which
North American parasitoids might be attacking
brown marmorated stink bug.[116,117] Subsequent
genetic testing showed these wild populations were
self-introduced: they were not related to each other,
or to a laboratory strain being studied in quarantine.
[118 - 121] An adventive European population was
discovered during similar surveys in Switzerland in
2017 [122].

Trissolcus japonicus is a tiny wasp that
parasitizes the eggs of various stink bug species.
It was first collected from China and brought back
to quarantine facilities in the US for evaluation, as
a potential biological control agent. Host-specific
tests have indicated that 7. japonicus prefers to
parasitize H.halys eggs over eggs of other stink bug
species.

Abram et al., (2017) [112] reported that H.
halys and other stink bug species data from the USA
supports the hypothesis that the relative prevalence
of different parasitoid species associated with H.
halys eggs is habitat-dependent [123,124].

Three principal groups of hymenopteran
parasitoids attack H. halys eggs in invaded areas of
North Americaand Europe: Scelionidae (Telenomus,
Trissolcus, and Gryon spp.), Eupelmidae (Anastatus
spp.), and Encyrtidae (Ooencyrtus spp.). The host
range of the scelionids were detected , especially
Telenomus (podisi group) and Trissolcus spp.,
tends to be restricted to stink bugs (Hemiptera:
Pentatomidae) [125-129].

Scelionid parasitoids of stink bug eggs have
stereotyped behavior, remaining on the patch for
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several hours after oviposition and engaging in
aggressive inter- and intraspecific contests with
other parasitoids [130]). Eupelmids and encyrtids
found attacking H. halys are likely to be generalists
that attack multiple families of insect hosts and some
species are facultative hyperparasitoids [131,132]

According to Japoshvili et al.(2021) [133], five
species of Trissolcus Ashmead (Hymenoptera:
Scelionidae), which are known parasitoids of
Pentatomidae, were identifed. Four of these (T
belenus (Walker), T. colemani (Crawford), T
scutellaris (Thomson)) and 7. semistriatus (Nees)
are documented for the first time from Georgia, and
two are new records for the Caucasus region. Also,
Anastatus bifasciatus was recorded from Georgia
as a H. halys eggs parasitoid [134] and as a native
species considered for potential biocontrol in
Europe [135].

Entomopathogens

Entomopathogenic microorganisms are one of
the promising naturel enemies for control many
invertebrate pest. In this case, less information
documented about pathogens of H.halys. First
description a unique microsporidian species that
infects the green stink bug, Chinavia hilaris and the
brown marmorated stink bug - Halyomorpha halys
first were observied in US. this microsporidium
belong in the genus Nosema, which historically
has been characterized by diplokaryotic life stages.
This microsporidium is apparently Holarctic in
distribution. Nosema maddoxi is native to North
America and has also been found in China and
South Korea; in North America it infects native
stink bugs and H. halys.

Morphological, ultrastructural, and ecological
features of the microsporidium, together with
a molecular phylogeny, establish a new species
named Nosema maddoxi sp. nov. [136].

A microsporidian pathogen discovered in
Georgian of H. Halys has been identified as Nosema
maddoxi. Investigations were carried out during
different seasons in three regions of West Georgia
in 2018-2019. [137] the highest prevalence of N.
maddoxi was detected among overwintered adults
collected in May in the Guria region. Molecular
study was confirmed that this specie is Nosema
madoxi [138].

First report on entomopathogenic  fungi
species, that infects H. halys
in Guria and Samegrelo region of Western

were observed
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Georgia. In different H.halys populations, adults
developed mycosis symptoms on the body were
observed. Three isolates of entomopathogenic
fungus Beauveria bassiana and one of Isaria
fumosorosea were identified [48]. Isolated species
were studded in morphological and carried out in
molecular identification [139].

Management and control

Current management tactics for H. halys
mostly rely on insecticide applications [6, 140]. As
indigenous parasitoids and predators adapt to H.
halys and exotic parasitoids continue to spread and
establish, biological control is expected to become
an increasingly important component of integrated
pest management programs.

At present, there are no published studies of
how landscape factors or proposed alternative on-
farm management practices (e.g., attractand-kill—
[141]; trap crops—[142]; border and alternate-row
spraying—([143], [144] insecticide-incorporated
nets—|[140]) influence indigenous natural enemies
and their impact H. halys population growth. To
assess the effect of these pest management practices
on biological control services, future studies
will need to integrate accurate measurements of
population-level impact with chemical, behavioral,
and invasive species ecology.

Numerous methods have been used to
demonstrate the relative effectiveness of a broad
range of insecticides against H. halys adults
and nymphs, including treated glass surfaces
[143,145,146], direct-contact topical applications
(G.K.,unpublished data), bean dip feeding bioassays
[147], and field efficacy trials [148,149,150,151].
Active ingredients that have been most effective
include several pyrethroids (bifenthrin, permethrin,
fenpropathrin, and beta-cyfluthrin), neonicotinoids
(dinotefuran, clothianidin, and thiamethoxam,),
carbamates (methomyl and oxamyl), the
organophosphate acephate, and the organochlorine
endosulfan. Unfortunately, these insecticides are
generally broad-spectrum in their activity; they can
be hard on natural enemy populations and quite
disruptive to integrated pest management programs
[152].

Hazelnuts orchards growers in the Black Sea
region, Colchis  Lowland of WG, insecticide
applications were used. USAID is helping Georgia
combat the country’s stick bug infestation problems
and offers $3.5.[49]. State control program against
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H. halys were obtained since Nowember 2016 In
Georgia. Within this program about 110 000 ha
of land were treated by pyrethroid insecticides
(Bifetrin) per year. Infested plots are treated by
thermal fog - with low-volume spraying technology.
In 2017, 58, 416, 8 ha of land were treated, In
2018, 790 000 ha and in 2021 a total area of 37,236
hectares has been treated (https://agenda.ge/en/
news/2021/2359)

Also, 21 000 pheromone traps ( Tracky), were
placed for the monitoring purposes, 100 000
phereomones placed for the “attract and kill”
stations in the external perimeters of the forests
and villages through the country. Large scale
farmers were supplied with pyrethroid (Bifetrin)
insecticides. Information campaign is carried out
systematically, brochures are printed, video clips
are made. A hotline has been opened which can
be use for getting comprehensive information and
consultation around Halyomorpha halys . In pursuit
of the BMSB monitoring, 8000 pheromone traps
were placed throughout the country and 28,818
‘attract and kill stations and 5,754 pheromone
traps were been installed” (https://agenda.ge/en/
news/2021/2359). Also about ), Bioecological
features H.halys and it control mechanisms in
Adjara Region of WG, use pheromone traps for
the monitoring were report in the publication of
Dumbadze and all (2019) [51].

According Burjanadze et al.(2021) [153] against
H. halys local production of mycopesticiede, trade
mark- Bover-Ge™, were tested in laboratory and
field condition. It was registered by National food
agency (NFA) of Georgia as a biopesticides, which
are based on local strain of entomopathogenic
fungus Beauveria bassiana, isolated from soil
of high mountain of Caucasus region. Bover-Ge
were tested at a concentration of 1x10* conidia/ml
against adults, where in laboratory 93.3%, in field
87 % and in migration stage 64% mortality were
observed.

The potential of native entomopathogenic
nematodes: Heterorhabditis bacteriophora
(HRB, GEO) and Steinernema borjomiense , H.
bacteriophora (HRB, IT) and S. apuliac were
evaluated agins adults H.halys in laboratory, where
effectiveness from H. bacteriophora (GEO, IT) 53-
95.3%, from S. borjomiense and S. apuliae 40-60%
were observed. The present study provides further
insights in selection of promising EPN strains to be
used against H.halys [48].
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Conclusion

Halyomorpha halys invaded Georgia in 2015 and
by 2016 the mass spread of the pest caused epizootic,
huge economical, ecological losses. In 2019, the
epizootic outbreak of Halyomorpha halys was
declared eliminated. Success was achieved through
using agro-technical measures, chemical pesticides
and pheromones. Scientific studies revealed that
local natural enemies predators, parasitoids and
pathogenic microorganisms have co-evolved with
H. halys. Also, testing local isolates of parasitic
nematodes and entomopathogenic fungi proved
their effectiveness as a control tool against H. halys.
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