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ABSTRACT: The potato tuber moth, Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae), is an important
pest of potato that causes yield losses in potato producing countries all over the world. Many management methods are available
for reducing this pest populations. Chemical control methods are at the top of these. However, Entomopathogenic nematode
(EPNs), can be used as a potential alternative to chemical insecticides to control potato tuber moth larvae as an eco-friendly
management method. We aimed in this study to examine the efficacy of Turkish isolates of Heterorhabditis bacteriophora (TOK-
20) against the last instar larvae (fourth stage) of the potato tuber moth under laboratory conditions. Experiments were
conducted in 150 milliliter plastic cups with sterile soil mixture. Four nematode concentrations (0, 250, 500 and 1000 1Js) were
applied directly to the soil. Potato tuber moth was susceptible to different concentrations of the H. bacteriophora (TOK-20)
isolate. All doses were more effective than the control (water). The most effective was the 1000 LJs concentratio, providing a high
mortality rate of the last instar larvae of potato tuber moth. No statistically significant difference was observed among
temperatures. These results indicated that this H. bacteriophora (TOK-20) isolate is very efficient and could be used against
potato tuber moth in biological control programs.

Keywords: Entomopathogenic nematodes, Phthorimaea operculella, biological control, efficiency, potato.

Entomopatojen nematod Heterorhabditis bacteriophora'nin (Rhabditida: Heterorhabditidae)
kontrollii kosullar altinda patates giivesi (Phthorimaea operculella (Zeller))
(Lepidoptera: Gelechiidae) iizerinde etkinliginin belirlenmesi

OZ: Patates giivesi Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae), tim diinyada patates iireten
tilkelerde verim kayiplarina neden olan onemli bir patates zararlisidir. Bu zararli populasyonu azaltmak igin bir¢ok miicadele
yontemi mevcuttur. Bunlarin basinda kimyasal miicadele yontemleri gelmektedir. Ornek olarak, Entomopatojenik nematodlar
(EPN'ler), patates giivesi larvalarini kontrol etmek icin kimyasal insektisitlere alternatif ve ¢evre dostu bir miicadele yontemi
olarak kullamlabiliv. Bu ¢alismada, Tiirkiye'deki Heterorhabditis bacteriophora (TOK-20) izolatlarimin patates giivesinin son
dénem (dordiincii donem) larvalarina karsi etkinliginin laboratuvar kosullarinda arastirilmasini amaglanmistir. Deneyler, steril
toprak karigimi ile 150 mililitrelik plastik kaplarda yapilmistir. Dort nematod konsantrasyonu (0, 250, 500 ve 1000 1J) dogrudan
topraga uygulanmigstir. Patates giivesi farkli konsantrasyonlarda H. bacteriophora (TOK-20) izolatina duyarl bulunmustur. Tiim
dozlar kontrolden (su) daha etkili ¢ikmistir. En yiiksek 6liim orani en etkili doz olan 1000 LJs konsantrasyonda goriilmiis olup,
sicakliklar arasinda herhangi bir istatistiki farklilik goriilmemistir. Bu sonuglar, H. bacteriophora (TOK-20) izolatinin ¢ok etkili
oldugunu ve biyolojik miicadele programlarinda patates giivesine karsi miicadelede kullanilabilecegini gostermistir.

Anahtar kelimeler: Entomopatojen nematodlar, Phthorimaea operculella, biyolojik miicadele, etkinlik, patates.
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INTRODUCTION

Potato is widely cultivated throughout the world.
Potatoes are economically important especially in
the food sector. According to data, potato is grown
on 148 thousand ha with 5.2 million tons of
production in Turkey (Anonim, 2020). Potato
plants are attacked by many diseases and pests in
different growth periods. Phthorimaea operculella
(Zeller) (Lepidoptera: Gelechiidae) is one of the
most important pests in potato-growing areas. It is
an oligophagous pest. Adult females lay up to 200
eggs in small clusters. This species feeds on
potatoes, tomatoes, eggplants, peppers, tobacco
and weeds in Solanaceae family (Rondon, 2010).
The pest survives as larva or pupa on potatoes left
in storage or in the field during winter. They feed
by opening galleries in the leaves and shoots in the
field as well as in stored tubers (Anonim, 2008).

Today, in many countries, entomopathogenic
nematodes (EPNs) are used for biological control
of many insect pests (Shields et al., 1999; Laznik
and Trdan, 2012; Belien, 2018). EPNs are a group
of soil dwelling nematodes that parasitize insect
pests. Use of these nematodes is economical and
eco-friendly, since they are harmless to non-target
organisms, human health and the environment
(Gulcu et al., 2017). Other advantages of using
EPNs is that they are capable of actively locating
insect pests in cryptic habitats, and aboveground
pests have no opportunity to develop co-
evolutionary barriers toward EPNs. EPNs can
serve as an effective supplementary control as part
of an integrated pest management (IPM) strategy
(Odendaal et al., 2015; Belien, 2018; Gulcu et al.,
2017). A few studies have investigated the effects
of EPNs against potato tuber moth (Kepenekci et
al., 2013; Mhatre et al., 2020; Yan et al., 2020;
Orake1, 2021).

In this study we aimed to assess the efficiency of
H. bacteriophora (TOK-20) Poinar (Rhabditida:
Heterorhabditidae) against the last instar larvae of
the potato tuber moth under controlled conditions.
Nematodes were applied to sterilized soil at three
different temperatures. In addition, our aim was to
determine the temperature at which nematode
infection is the best.

MATERIAL and METHODS
Nematode culture

Infective juveniles of Heterorhabditis bacteriophora
(TOK-20) obtained from the Plant Protection
Department of Tokat Gaziosmanpasa University,
Turkey were used in this study. Infective juveniles
were reared, using the last instar larvae of Galleria
mellonella (L.) according to the procedures
described by Kaya and Stock (1997).

Rearing Galleria mellonella larvae

Galleria mellonella larvae were reared on a special
diet containing 890 g of flour, 222 g of dry baker's
yeast, 500 g of glycerin, 500 g of honey, 445 g of
milk powder and 125 g of beeswax. Honey and
glycerin were heated and then added to flour, bran,
milk powder and yeast mixture (Mohamed and
Coppel, 1983). G. mellonella eggs were placed on
the food medium in one liter glass jars and kept in
an incubator with 16/8 hrs light at 23-24 °C for 40-
45 days.

Rearing of entomopathogenic nematodes

Last instar larva of G. mellonella were used to
mass rear the EPN for trials. Ten larvaec were
placed into a 6 cm diameter Petri dish with lined
Whatman 1 paper soaked with distilled water. A
suspension of infective juveniles of nematodes
were applied on the G. mellonella larvae. The lid
of the Petri dish was wrapped with parafilm and
placed in the incubator at 20-23 °C. Larval
mortality was controlled every day. Infective EPN
larvae were obtained from infected G. mellonella
larvae using the "White trap" method (White,
1927). These larvae were placed in culture flasks
and kept in a refrigerator at +10 °C. In order to
prevent the nematodes from losing their activity,
the same process was repeated by infecting new G.
mellonella larvae every 1-2 months and thus the
cultures were renewed at the Nematology
Laboratory of Directorate of Plant Protection
Central Research Institute, Turkey.

Rearing of potato tuber moth last stage (fourth
stage) instar larvae

The potato tuber moth was reared on infected
potatoes in the Entomology Laboratory in the
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Central Plant Protection Research Institute. P.
operculella eggs were placed on the potatoes in
15x30 cm cylindrical plastic cups and kept in an
incubator with 14/10 hrs light at 251 °C
(Golizadeh et al, 2014). Infected potatoes were
kept in cups with 3-5 cm soil. The last stage larvae
in the soil were collected for use in the experiment.

Biossays

Trials were conducted in 150 milliliter plastic pots
containing a mixture of soil (80% sand, 15% soil
and 5% clay) sterilized at 121 °C (Robbins and
Barker, 1974; Chen et al.,1995). The assay cups
were placed in an incubator at different temperatures
(10, 15, 25 °C) in the dark. Laboratory studies were
carried out under laboratory conditions. There was
one last instar larva in each cup.
Entomopathogenic nematode concentrations (0,
250, 500 and 1000 1Js) were applied directly to the
larva by pipette (Figure 1). Only water was added
to the control plastic cups. Larval mortality was
calculated after seven days. Laboratory studies
were conducted with ten replicates for each
concentration of EPN. The experiment was
repeated three times under the same conditions on
different dates.

Dead larvae were placed on a white trap and, after
a week, EPN larvae were obtained from infected P.
operculella larvae. Insect cadavers were examined
in distilled water under a stereomicroscope.

Statistical analyses

The mortality data obtained in the study were first
converted to percentages and then subjected to
analysis of variance (ANOVA) after arc-sin
transformation. Comparisons between percent
mortality rate and corrected percent mortality
effect rate (Abbott, 1925) means were made using
Duncan Multiple Comparison Test. All statistical
analyses were done using SPSS program.

RESULTS and DISCUSSION

Results were evaluated seven days after EPN
inoculation on the potato tuber moth larvae. The
main factors (nematode concentration and
temperature) were considered and examined.
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Figure 1. Entomopathogenic nematodes emerging from potato
tuber moth cadaver to water.
Sekil 1. Entomopatojen
kadavrasindan suya cikisi.

nematodlarin  patates  giivesi

Entomopathogenic nematodes were more highly
effective than the control (water). As presented in
Table (1), mortality rates caused by the nematode
had a general trend, i.e. their effects increased with
increasing concentration (P<0.05).

H. bacteriophora (TOK-20) had the highest effect
on mortality at the highest concentration (1000
juveniles), causing a mortality rate of 70.83, 80.47
and 80.42 % of potato tuber moth larvae at 10 °C,
15 °C and 25 °C, respectively. H. bacteriophora
(TOK-20) caused the least mortality rate on P.
operculella larvae at the 250 1Js concentrations,
with 48.21, 34.33 and 32.8 % mortalities of potato
tuber moth larvae at 10 °C, 15 °C and 25 °C,
respectively. Although the effect of temperature on
mortality rate is not statistically significant, the
highest mortality rate was at 15 °C in general.
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Table 1. Mortality rate of last instar larvae of Phthorimaea operculella caused by different infective juvenile concentrations of

Heterorhabditis bacteriophora (TOK-20).

Cizelge 1. Heterorhabditis bacteriophora'min (TOK-20) farkli juvenil konsantrasyonlarinda neden oldugu Phthorimaea

operculella'nin son dénem larvalarinin 6liim orani.

Concentration

Temperature °C (Sicaklik)

Konsantrasyon 10 5 25

1000 IJs 70.83+5.73 a* 80.47+9.77 a 8042+6.93 a
500 1Js 52.38+2.38a 57.56 +1.29 ab 51.32+7.68 b
250 1Js 4821+ 15.02a 3433+8.77b 328+5.96b
Control (Kontrol) 23.33£3.33 13.33+£ 8.82 16.67+ 6.67

*Means followed by the same letter are not statistically different according to the Duncan test (P < 0.05). Ayni1 harfle olan
ortalamalar Duncan testine gore istatistiksel olarak farkli degildir (P < 0,05).

Our results indicate that last instar of P. operculella
are highly susceptible to H. bacteriophora (TOK-
20). P. operculella larvae caused 80% mortality
rate at 15 °C and 25 °C at 1000 1Js concentration.
Several studies have investigated the effects of
EPNs on potato tuber moth. Also, in accordance
with our study, Moawad et al. (2018) found that S.
carpocapsae and H. bacteriophora cause death
between 98-100% and these two nematode species
are very effective against P. operculella. Hassani-
Kakhki et al. (2013) showed that S. carpocapsae
and H. bacteriophora strains (commercial and
FUM?7) caused the highest mortality against the
larval and prepupal stage of P. operculella. Yan et
al. (2020) evaluated different concentrations of
S. carpocapsae for control of 2", 3" and 40
instar P. operculella under laboratory conditions.
They determined that the fourth instar stage was
the most susceptible. Mhatre et al. (2020) reported
that Steinernema cholashanense caused the greater
mortality in the fourth-instar larval stage (100%)
compared to the pupae (30%). Kepenekci et al.
(2013) investigated the efficacy of S. carpocapsae,
S. feltiae and H. bacteriophora, which are detected
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