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ABSTRACT. The efficiency of entomopathogenic nematodes Steinernema carpocapsae and
Heterorhabditis bacteriophora for biological control of the brown marmorated stink bug (BMSB)
Halyomorpha halys was determined under laboratory conditions. Prior to conducting the trial on
entomopathogenic nematodes, their cultivation occurred in an incubator at 24-25°C on last-instar
large wax moth (Galleria mellonella) larvae according to a procedure described by Kaya and Stock
(1997). The suspensions obtained as a result of cultivation were kept in a refrigerator at 4-6"C.
Acclimation of nematodes proceeded at room temperature 24-25°C. The application of the obtained
biomass was possible after 6-10 hours. For determination of the efficiency of S. carpocapsae and
H.bacteriophora under room temperature at 24-25°C and 75% humidity, last instar—imago of the pest
was used for trial. Mortality rate of individuals was determined by Abbott’s formula. The trials were
conducted on 10 cm Petri dishes. The obtained results have shown that the nematode S. carpocapsae
is more effective against H. halys, than H.bacteriophora and 500, 1000, 1500, 2000, nematode/ml
suspensions mortality depended on time, nematode variety and concentration. Pest mortality was
tested for treatment after 3, 5, 7 days. On the 7th day after treatment with a nematode suspension
500, 1000, 1500, 2000 infective juveniles/ml of S. carpocapsae in the given trial reveal 18, 32,43 and
68% mortality rate where as H.bacteriophora 12, 24, 26 and 48% respectively. The obtained results
show that under laboratory conditions the efficiency of S. carpocapsae and H.bacteriophora against
H. halys can be controlled by S. carpocapsae rather than H.bacteriophora and therefore, future study
is to be conducted in private houses, field and greenhouse conditions. © 2018 Bull. Georg. Natl.
Acad. Sci.
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Halyomorpha halys

Damage caused by brown marmorated stink  etc. In this respect particularly dangerous pests are
bug has reached a large scale in Georgian  distinguished: American white butterfly, colorado
agriculture. This requires protection of agricultural ~ beetle, calla, gardens aphids, small mulberry

crops, garden-melons, fruit trees, vines, housing, Allure, marmorated stink bug (BMSB) as well as
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Figs.1,2,3. Halyomorpha halys (Stink bug), colonies at home

social insects: cockroaches, ants, which were

applied with entomopathogenic nematodes:
Steinernema carpocapsae, Steinernema feltiae and
Heterorhabditis bacteriophora.

The purpose of our study was to determine the
efficiency of using entomopathogenic nematodes
Steinernema carpocapsae and Heterorhabditis
bacteriophora against brown marmorated stink bug
(BMSB) or Halyomorpha halys and their use for
biological pest control. Today Halyomorpha halys
as dangerous pest insect is widespread almost
throughout all regions of Georgia.

The brown marmorated stink bug is an invasive
agricultural pest that has caused great damage to the
crops across the west and eastern Georgia. It feeds on
a wide array of plants including apples, apricots,
Asian pears, cherries, corn, grapes, lima beans,
peaches, peppers, tomatoes, and soybeans. This
makes them extremely versatile as they do not require
a specific plant to feed on. The adults are
approximately 1.7 cm long. They are various shades
of brown on both the top and undersides, with gray,
off-white, black, copper, and bluish markings. The
abundance and activity of brown marmorated stink
bugs, Halyomorpha halys Stal, over-wintering inside
a home in west Georgia were documented. The brown
marmorated stink bug is more likely to invade homes
in the fall. The bug survives the winter as an adult by
entering houses and structures when autumn evenings
become colder. Adults can live from several months
to a year. They will enter under siding, into soffits,
around window and door frames, chimneys, or any
space which has openings big enough to fit through.
Once inside the house, they will go into a state of

hibernation. They wait for winter to pass, but often the
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warmth inside the house causes them to become
active, and they may fly clumsily around light
fixtures. During the 14-day study period 200 adult
brown marmorated stink bugs were collected inside
the house. Control measures to block exit from walls
into living space reduced collection rate, but failed to
halt it. This heavy infestation in a single home
demonstrates the potential nuisance to lots of homes
across the west part of country Georgia if the range
and population of the brown marmorated stink bug

continues to expand.
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Figs. 4,5. Application of S.carpocapsae and
H. bacteriophora against the Halyomorpha halys.

Among agro-technical measures, the fighting
with unwanted weed plants, moderate irrigation,
extra nutrition of the plant, etc. are used. The
application of chemical methods also occurs in
fighting against stink bug (Halyomorpha halys),
which must be carried on the basis of the State
Catalogue of pesticides permitted for use in
Georgia and consulting with appropriate service
[1-3]. New safe biological means or suspensions
of entomopathogenic nematodes give the best
result in stink bug (Halyomorpha halys) control.
These pathogens were introduced from Germany
[4,5].

As is known, entomopathogenic nematode

belongs to S.carpocapsae genus of Steinernema
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Figs.6,7. S.carpocapsae and

and is associated with bacteria Xenorhabdus, while
Heterorhabditis bacteriophora belongs to the
genus Heterorhabditis and it is associated with
bacteria Photorhabdus. Joint action of bacterium
and nematodes leads to insect mortality which
plays an important role in the regulation of the
number of harmful insects. These species of
nematodes are distinguished by safety to humans
and the environment and they are effective
biological agents for biological control of pests.
The following cycle is characteristic of the
development of S.carpocapsae: egg, four juvenile
stages and the adult form. After covering with
cuticle - protective film of the second stage
juveniles, the nematodes stop feeding, leave the
dead host and carry with them reproductive
bacterium for infestation of a new host. Nematodes
penetrate the hemolymph of a living host, inject
into it symbiotic bacteria which causes insect
mortality in approximately 24-72 h. Nematodes
produce amphimictic population (nematodes of
male and female genus) in the host intestinal.

The life cycle of H. bacteriophora consists of

an egg, four juvenile stages and the adult. Only

symbiotic bacteria Xenorhabdus.

third-stage juveniles attack and infect host insects.
This stage is the only free-living stage in the life
cycle of the nematode, and is adapted to remain in
the environment without feeding for a prolonged
time. All other stages exist only inside the host. The
infective juveniles move through soil in search of
hosts. Once a host is encountered, the nematodes
enter though natural openings or use their dorsal
tooth or hook to break the outer cuticle of small,
fragile insects to allow the juvenile to enter. Once
the infective juveniles are in the host insect, they
Their
becomes functional and they release symbiotic

begin development. alimentary canal
bacteria to multiply in the insect. These bacteria are
consumed and digested by the developing
nematodes. The symbiotic bacterium
Photorhabdus luminescens is only pathogenic to
insects when introduced into the insect body, not if
it is ingested. The bacterium is unable to survive in
soil or water, so the nematode provides protection
for the bacterium outside the insect host and a
means of transmission to new hosts. The nematode
is unable to reproduce without the nutrients the

bacterium provides.

Figs.8,9. H. bacterlophora and symbiotic bacteria Photorhabdus

Bull. Georg. Natl. Acad. Sci., vol. 12, no. 3,2018



92

Nona Mikaia

The bacteria kill the host, usually within 24-48
hours. Nematodes feed on the bacteria and host
remains, and each infective juvenile develops into
a hermaphroditic female. These females then

produce eggs which will develop into both males
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biological control of stink bug(Halyomorpha halys),
in laboratory conditions. Experiments were conducted
in a 10 cm Petri dishes. During the 14-day study
period 200 adult brown marmorated stink bugs
(Halyomorpha halys) were collected inside the home.

24 hr; 48 hr; 72 hr; 96 hr

H. bacteriophora Control

1500 = 2000

Fig. 10.Virulence of S.carpocapsae and H.baceteriophora against Halyomorpha halys(stink bug)

and females. Only a portion of the eggs are laid
outside the female; the remainder hatch inside the
female and the juveniles destroy their mother as
they develop. These nematodes mature, mate and
produce infective juveniles that emerge from the
cadaver 12-14 days after infection [4,5].

Materials and Methods

Prior to the use of entomopathogenic nematodes in the
experiment, their cultivation occurred in an incubator
at 24-25°C on last-instar larvae of large wax moth
(Galleria mellonella) vsing the appropriate method
(Kaya, Stock 1997). Suspensions obtained as a result
of cultivation were kept in a refrigerator at 4-6°C.
Acclimatization of nematodes proceeded under the
conditions of room temperature 24-25°C. The use of
the obtained biomass was possible 6-10 h later. To
determine the efficiency of S.carpocapsae and
H.bacteriophora in conditions of room temperature
24-25°C and 75% humidity for trial were used pest-
grown form of imago. Mortality rate of individuals
was determined by Abbott’s formula (Abbot, 1925)
[6,8].0ur study aimed to determine the efficacy of
Steinernema

entomopathogenic nematodes

carpocapsae and Heterorhabditis bacteriophora for
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They were placed on each Petri dish. The trial used S.
carpocapsae and H.bacteriophora of 500, 1000,
1500, 2000 infective juveniles/ml. Insect mortality
was examined on 3 5, 7 days after treatment [7,9].

Results

The results have shown that the virulence of S.
carpocapsae against H. halys insect mortality is higher
than that of H.bacteriophora which depends on the
time, type and concentration of the nematodes. On the
7th day after treatment with a nematode suspension
500, 1000, 1500 and 2000 infective juveniles/ml of S.
carpocapsae in the given trial reveals 18, 32,43,52
and 68% mortality rate whereas H.bacteriophora 12,
24, 26 and 48% respectively. The obtained results
show that under laboratory conditions the efficiency of
S. carpocapsae and H.bacteriophora against H. halys
can be better controlled by S. carpocapsae rather than
H.bacteriophora and therefore, future study is to be
conducted in private houses, field and greenhouse
conditions.

I would like to thank the students participating in
the experiments from the Faculty of Natural Sciences
and Health Care of the Sokhumi State University for
their technical assistance



EPNs Steinernema carpocapsae and Heterorhabditis bacteriophora ... 93

IbA@Bmermgos

95@™IM3s0mygb®mo bgds@megdols Steinernema
carpocapsae ©d5 Heterorhabditis bacteriophora-is 30mb@®Mme0o
500 Bommlisbol Stink bug, Halyomorpha halys
(Hemiptera, Pentatomidae) 0035600»

6. dogoos

beabydols bsbgerdfogzen «9b03960L039G0,bsdw96900b89:3Y9390 8936096985005 05 xsbsE30lb
R399 AIA0, 080¢robo, bogstog9cmm

(§969m©agbo0s 535009300 Fg3G0L 0.9e0535L Joge)

B3960 33emg30L BoBsbo ogm gs6a39LsBM3MS gbGMIM3smmygbmMo 6gds@mpgdol — Steinernema
carpocapsae-s> ©> Heterorhabditis bacteriophora-s domgmaom@o JmbGomwo  sbomco
BB, Halyomorpha halys 3005600 ¢0sdm@s@mmone 306Hmdgd80. 9bGmdm3sommygbm®o
6995¢m@gdol 9dudgmodgb@do gs8mygbgdsdyg, 500 3MEGH0306Mgds bgdmms mgMmImLGs@ado
24-25°C $903g6s@mmsby  330wol oo BGBowmol (Galleria mellonella) dmgom bbmgsbgdols
do@mgdbg (Kaya, Stock 1997) Lsomsbsom dgmmom. 3mm@ogo®gdol 8gogyse domgdwmo
bml3gbbogdo obsbgdmes dsgogsMdo 4-6°C $Hga3gMmsdnMaty. 670sGm@Ydol 93w0ds@oBYds
000000bsMyMmd©s  mmsbol  24-25°C  $d3gMs@meol  30mmdgddo. dowgdmero  domdsliols
350mygbgds  dgbsdemgdgmo ogm 6-10 Lo O989p. S. carpocapsae ©> H.bacteriophora
989JHOHMOOL ELIEYIBIE Mmmsbols 24-25°C #gadgms@mmolbs s 75% Ggbosbmdols 3ommdyddo
bsgogmo@  9dmyggbgdmmo ogm 8536900l bEHEILGMEo BmGTs-0dsgm. obogogdol
10330006MdOL  3Bm3gbGo  2obolsBmzMIPPM©S  BMGHOL  FmGImeoo (Abbot, 1925).
@©3bsggm LsgdoMmggarml, dsMGH30eol Gsombol 3ghdm Lsbendo dgaMmgzgdmemo ogm sbowmdo
BOMUB(H.Halys) 200 g3bg03esto. 9dudgemodgb@gdo Bs@smos 10 gomm@mgsosz@men 10 L3
39¢60L maliby, mommgmen 39@Mmol Msliby Immsglgdmo ogm sbowmdmo gsGdmbsbsls (H.Halys)
20 9a%gd3emsmo. 9du3gmodgb@do gsdmygbgdme odbs S. carpocapsae > H.bacteriophora-s 500,
1000, 1500 s 2000 obygdgom®o owzggbogo/d. dfgMgdol 1033EOEosbmds dgomfids
50353900l 3, 5, 7 ool 9999y 890939006 bsBgzgbgdos, MM byds@mes S. carpocapsae
domoo g0Mmmgb@mdolss H. halys—ol §obsswdwgy, 306y H.bacteriophora ©> Ofjgtol
103300sBMds  EsIMIoEIdMEo ogm  EMmbY,  bgdsGmEgdol  Lobgmdsdy s
3Mb63gb@G™s305%g. 9g-7 mal 69ds@ms S. carpocapsae-5 500, 1000, 1500 s 2000 obggdsom@o
0mg9bogdo/den bmi3dgbboom ©sdmBsgzgdol 898wgy dmsgdmemo 9dudg®modgb@o sBggbgdl S.
carpocapsae-is 18, 32, 43 ©5 68% 103300 0s6MIN, 3oy H.bacteriophora 12, 24, 26 ©> 48%
9glsdsdobs. GmameEl 89900 BBL, MsdMMsGMMome 3oMmmdYddo gsblsbmgMmmos S.
carpocapsae ©> H.bacteriophora gggddmG™MdS H. halys-ob 80056 ©s ol 990dgrgds ogml
3MbGOHmEomgdmemo  S.carpocapsae-mo, goMy H.bacteriophora-mo, 530@md  LsbmOzgeos
0mdsgoo 33935 BosBogl  ilogerge LogdsGmggermlb 3gMdm Lsbengddo, dobog®ols
306HmdGOLS S LsMdMGTo.
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