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Abstract 

Background Potato tuber worm (PTM) [Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae)] is one of the 
most significant and widespread pests of potato. PTM damages potatoes both in the field and in potato storage areas. 
Control of the pest is getting harder as it is developing resistance to pesticides. Several entomopathogenic nematode 
(EPN) species have been reported to successfully control numerous agricultural pests worldwide. The main aim of the 
study was to isolate native nematode/s as a biological control agent against P. operculella. Morphometric measure-
ments of the infective juvenile (IJ) and sequencing and characterization of the internal transcribed spacer (ITS) region 
was used to identify the nematode isolate to species level. The efficacy of EPN isolate Z-1 obtained from Zonguldak 
province, Turkey was tested against different life stages of the pest. Experiments were conducted in 150 ml plastic 
pots containing sterile soil mixture. Four EPN concentrations (i.e., 0, 250, 500 and 1000 IJs/ml) were applied to the soil. 
Data relating to the mortality of different life stages were collected daily till 6 days after inoculation.

Results Molecular analyses based on the ITS sequence and morphometric data revealed that isolate Z-1 was Heter-
orhabditis bacteriophora. Mortality rates of PTM larvae exposed to 250, 500, and 1000 IJs/ml concentrations of native 
EPN were 62.9 ± 9.8, 74.0 ± 3.7, and 92.5 ± 3.7%, respectively. There were non-significant differences among tested 
EPN concentrations for pupal mortality and the highest concentration (i.e., 1000 IJs/ml) caused 25.6% mortality.

Conclusions The results revealed that the native H. bacteriophora isolate was effective against late-stage larvae of 
PTM under laboratory conditions. Therefore, it can be used as an alternative management option of the pest.

Keywords Phthorimaea operculella, Potato, Entomopathogenic nematode, Heterorhabditis bacteriophora, Biological 
control

Background
Potato (Solanum tuberosum L.) is one of the most 
important vegetables extensively consumed in human 
nutrition. Potato tuber moth (PTM) [Phthorimaea 
operculella Zeller (Lepidoptera: Gelechiidae)] is an 
important and widespread pest of potato (Keasar and 
Sadeh 2007). This pest is commonly observed in tropi-
cal and subtropical regions of the world where potato 
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is extensively produced (Malakar and Tingey 2006). 
It has been reported from several countries including 
Turkey (Kroschel et  al. 2013). PTM negatively affects 
the crop in the field as well as in storage. The larvae 
can complete their development on leaves and in the 
tubers. The larvae develop in the tubers until their last 
instar emerge from the tuber and pupate in the soil. 
The damage caused by the pest reduces tuber quality 
and increases the risk of pathogen entry into the tubers 
(Rondon 2010).

Use of insecticides is the most popular control 
method for this pest in the field and warehouses (Dil-
lard et  al. 1993). However, intensive use of pesticides 
has resulted in the development of resistance, render-
ing insecticides used to be ineffective (Hafez 2011). 
Also, the negative effects of insecticides on non-tar-
get organisms have led to an increased interest in the 
development of alternative control methods (Hender-
son and Horne 1996). Entomopathogenic nematode 
(EPN) species, are obligate insect killers inhabiting soil, 
have been used as alternative control methods against 
various harmful insects in the world (Hazir et al. 2003). 
EPNs kill their hosts within 24–48  h of their applica-
tion. The use of an EPN for the management of a cer-
tain pest insect depends on a number of variables, 
including the nematode’s host range, host seeking or 
foraging technique, tolerance of environmental condi-
tions, and their survival and performance under dif-
ferent abiotic conditions (temperature, moisture, soil 
type, exposure to UV radiation, soil salinity and organic 
content, application methods, agrochemicals, and other 
factors). The four most important variables are mois-
ture, temperature, susceptibility of the targeted insect, 
and foraging technique of the nematode (Grewal et al. 
2005). Few studies have been conducted on the man-
agement of PTM with EPNs (Yağcı et  al. 2021). How-
ever, no study has been conducted in Turkey to manage 
the pest through EPNs. Therefore, the present study 
aimed to determine the efficiency of a local EPN, i.e., H. 
bacteriophora (isolate Z-1) Poinar (Rhabditida: Heter-
orhabditidae) against different stages of the PTM under 
controlled conditions. The results would provide valu-
able insights for the management of potato tuber moth 
by native EPN.

Methods
Rearing of Phthorimaea operculella larvae and pupae
Phthorimaea operculella culture was obtained from 
infested potatoes available at Entomology laboratory, 
Central Plant Protection Research Institute, Ankara, 
Turkey. Infested tubers were placed in cylindrical pots 
(15 cm diameter and 30 cm height) and cultured under 
25 ± 1  °C, 65 ± 5% RH and 14:10 light: dark conditions. 

The pots were covered with mesh lids to prevent the 
escape of adults. The filter paper was placed on the mesh 
for egg laying. The filter papers were controlled at of 
4–6 h intervals to obtain eggs of the same age. The eggs 
laid on the lowest surface of the filter paper were used in 
the experiments. Similarly, larvae emerging on the same 
day from hatched eggs were used in the experiments. 
All larval stages were monitored daily and mature larvae 
and individuals entering the pupal stage were used in the 
assays. In addition, a long cotton wick soaked with 10% 
(w/v) honey solution was placed in a cage to feed the 
adults (Golizadeh et al. 2014).

Source of nematode
The nematode (isolate Z-1) used in this study was iso-
lated from a soil sample taken from the clover field in 
Zonguldak province, Turkey. Soil sample was processed 
for nematode extraction using the greater wax moth, 
Galleria mellonella L. (Lepidoptera: Pyralidae) baiting 
technique (Bedding and Akhurst 1975) and White trap 
(White 1927). Pathogenicity of the isolated nematode 
was confirmed by re-infecting healthy G. mellonella lar-
vae and newly emerged infective juvenile nematodes (IJs), 
collected from White trap, were kept at 10 °C for further 
study (Hazir et al. 2022).

Molecular identification of nematode isolate
DNA was extracted from single hermaphrodite as 
described by Cimen et  al. (2016). Briefly, Eppendorf 
tubes with the nematode and 20 µl of extraction buffer 
(17.7 µl of ddH2O, 2 µl of 10 X PCR buffer, 0.2 µl of 1% 
tween, and 0.1 µl of proteinase K) was frozen at − 20 °C 
for 20  min and then immediately incubated at 65  °C 
for 1  h, followed by 10  min at 95  °C. The lysates were 
cooled on ice, then centrifuged and 2 µl of supernatant 
was used for PCR. ITS regions (ITS1, 5.8S, ITS2) were 
amplified using primers 94: TTG AAC CGG GTA AAA 
GTC G (F), and 93: TTA GTT TCT TTT CCT CCG CT 
(R) in PCR master mix with ddH2O 7.25 μl, 10 × PCR 
buffer 1.25 μl, dNTPs 1 μl, 0.75 μl of each forward and 
reverse primer, polymerase 0.1  μl and 1  μl of DNA 
extract. The PCR profiles were used as follows for ITS: 
1 cycle of 94 °C for 7 min followed by 35 cycles of 94 °C 
for 60 s, 45 °C for 60 s, 72 °C for 60 s and a final exten-
sion at 72 °C for 10 min (Vrain et al. 1992). PCR prod-
uct was examined by electrophoresis (45 min, 120 V) in 
a 1% TAE buffered agarose gel. The PCR product was 
sent to a company for sequencing (Medsantek, Tur-
key). DNA results were deposited in GenBank under 
accession number OQ130749. The sequence was edited 
and blasted in GenBank of the National Centre for 
Biotechnology Information (NCBI). An alignment of 
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our sample together with sequences of related heter-
orhabditid species were produced for ITS region using 
default ClustalW parameters in MEGA 6.0 (Tamura 
et  al. 2013) and optimized manually in BioEdit (Hall 
1999).

The phylogenetic tree of the ITS gene was obtained 
by the minimum evolution method (Rzhetsky and Nei 
1992) in MEGA 6.0 (Tamura et  al. 2013). Caenorhabdi-
tis elegans was used as out-group taxon. The minimum 
evolution tree was searched using the close-neighbor-
interchange (CNI) algorithm (Nei and Kumar 2000). The 
neighbor- joining algorithm (Saitou and Nei 1987) was 
used to generate the initial tree. The evolutionary dis-
tances were computed using the p-distance method (Nei 
and Kumar 2000) and were expressed as the number of 
base differences per site.

Morphological identification of nematode isolate
Infective juveniles’ stage of nematode was used for mor-
phological identification. IJs were collected approxi-
mately one week after emergence from the cadavers, 
heat-killed in Ringer’s solution and fixed in Trietha-
nol- amine formalin (Courtney et  al. 1955). The nema-
tode samples were subsequently processed in anhydrous 
glycerin for mounting (Seinhorst 1959). Morphometric 
analysis of the nematode specimens was done for 20 indi-
viduals of IJ, using light microscopy and the image ana-
lyzing software Cell D (Olympus Soft Imaging Solutions). 
Morphological observations were made following the 
taxonomic criteria suggested by Stock and Kaya (1996).

Rearing wax moth (Galleria mellonella) larvae
Wax moth larvae were reared in one L bottle with a spe-
cial diet containing flour (890  g), milk powder (445  g), 
dry baker’s yeast (222 g), honey (500 g), glycerin (500 g), 
and beeswax (125 g). Beeswax, honey, and glycerin were 
melted and added to other mixture (flour, bran, milk 
powder and yeast) (Mohamed and Coppel 1983). Wax 
moth eggs were placed on the food medium in one liter 
glass jars and kept in an incubator maintained at 16/8 h 
light: dark period, and 23–24  °C for 40–45  days. Sixth 
instar larvae of wax moth were used for the mass rearing 
of EPNs.

Rearing of entomopathogenic nematodes
Wax moth larvae were used for mass rearing of EPN 
isolate used in the experiment. Ten larvae were released 
in a Petri dish (6-cm diameter), having Whatman 1 
paper soaked with distilled water. A suspension of IJs 
was applied on wax moth larvae. The Petri dishes were 
wrapped with parafilm and placed in the incubator at 

20–23  °C. Larval mortality was controlled every day. 
The EPN IJs were obtained from infected wax moth 
larvae using “White trap” method (White 1927) trans-
ferred into culture flasks and kept in a refrigerator at 
10 °C. To keep the nematodes active, the same process 
was repeated every one to two months using fresh wax 
moth larvae as hosts. In this way the cultures were 
renewed at the Nematology Laboratory, Directorate of 
Plant Protection Central Research Institute, Ankara, 
Turkey.

Experiments
The experiments were conducted in 150  ml plastic 
pots containing a mixture of soil (80% sand, 15% soil 
and 5% clay) sterilized at 121 °C (Chen et al.1995). The 
assay pots were placed in an incubator at 25  °C under 
complete dark. One last instar larva and a pupa were 
released in each pot. The native EPN concentrations 
(i.e., 0, 250, 500 and 1000  IJs) were applied directly 
to the larva by pipette onto soil (Kakhki et  al. 2013). 
Only water was applied to the larvae and pupae in the 
control pots. Larval mortality was calculated daily for 
seven days after the application of EPN concentra-
tions. Laboratory studies had ten replications for each 
EPN concentration. The experiment was repeated three 
times under the same conditions on different dates. 
Dead larvae were placed on a white trap and EPN lar-
vae were obtained from infected potato tuber moth lar-
vae. Insect cadavers were examined in distilled water 
under a stereomicroscope.

Data analysis
Obtained data were converted to percent and corrected 
mortality were calculated after adjusting for the mortality 
in the control using Abbott’s formula (Abbott 1925). The 
mortality data had non-normal distribution; therefore, 
these were transformed by using arcsine transformation 
technique to meet the normality assumption of analysis 
of variance (ANOVA). Finally, the mortality data were 
analyzed by one-way ANOVA. Duncan’s multiple range 
post-hoc test was used to compare concentrations’ means 
where ANOVA denoted significant differences. The data 
were analyzed in SPSS software, version 23.0.

Results
Molecular identification of nematode isolate
Molecular analyses based on the ITS sequence revealed 
that isolate Z-1 was Heterorhabditis bacteriophora. It 
exhibited 99.69% ITS sequence similarity with H. bacteri-
ophora MK072810 and 99.38% similarity with H. bacteri-
ophora EF043438. The analysis of all available sequences 
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of known Heterorhabditis species from GenBank with 
those generated during the survey, based on minimum 
evolution method, are indicated in Fig. 1.

Morphological identification of nematode isolate
The morphometric characters of the IJ of isolate Z-1 were 
compared to the original description of H. bacteriophora 
by Poinar (1990). All measured morphometric characters 
were found to be very similar to original description of H. 
bacteriophora (Table 1).

Pathogenicity tests
Different EPN concentrations caused varying mortality 
against last instar larvae of the PTM. The mortality was 
increased by increasing IJs concentration and time after 
the application of different EPN concentrations. The mor-
tality caused by 250, 500 and 1000 IJs concentrations was 
6.6, 23.3, and 50.0%, respectively at 24 h after application. 
The EPN concentrations significantly (F = 14.92, P = 0.00) 
differed from each other after 24  h. The mortality by 
250, 500 and 1000 IJs concentrations increased to 30.0%, 
53.3%, and 66.6%, respectively, at 48 h with a significant 
difference (F = 8.26, P = 0.02) among the concentrations. 
Similarly, the mortality caused by 250, 500 and 1000  IJs 
concentrations was 35.6, 60.7, and 82.1%, respectively at 

72  h with a significant effect (F = 14.24, P = 0.00). Like-
wise, the mortality was 49.9, 64.2, and 82.1% under 250, 
500 and 1000 IJs concentrations, respectively at 96 h and 
concentrations significantly (F = 6.83, P = 0.03) differed 
from each other. Similar effects were observed at 120 
and 144 h. The mortality was 53.5, 64.2, and 82.1% under 
250, 500 and 1000  IJs concentrations, respectively at 
120 h and concentrations had a non-significant (F = 4.41, 
P = 0.07) effect. The mortality was 62.9, 74.0, and 92.5%, 
under 250, 500 and 1000 IJs concentrations, respectively 
at 144  h and concentrations had a significant (F = 5.70, 
P = 0.04) effect (Table 2).

The efficacy of EPN concentrations against PTM larvae 
increased with increasing time. The 250  IJs concentra-
tion caused 6.6, 30.0, 35.6, 49.9, 53.5, and 62.9% mortality 
at 24, 48, 72, 96, 120 and 144  h after application. Simi-
larly, 500  IJs concentration caused 23.3, 53.3, 60.7, 64.2, 
64.2 and 74.0% mortality of last instar larvae at 24, 48, 
72, 96, 120 and 144 h after application, respectively. The 
mortality at 24–48 and 72–96 h was statistically similar 
(F: 24.47; P = 0.00). The highest concentration (1000 IJs) 
caused 50.0, 66.6, 82.1, 82.1, and 92.5% mortality at 24, 
48, 72, 96, 120 and 144 h after application, respectively, 
and the effects at 72–96–120 h were in the same group 
(F: 5.3424; P = 0.01).

Heterorhabditis marelatus AY321479
 Heterorhabditis safricana EF488006
Heterorhabditis downesi AY321482

 Heterorhabditis megidis AY321480
Heterorhabditis zealandica EF530041

 Heterorhabditis georgiana EU099032
Heterorhabditis bacteriophora CH21 MK072810

Heterorhabditis bacteriophora Z-1 OQ130749
Heterorhabditis bacteriophora HP88 EF043438

Heterorhabditis indica AY321483
Heterorhabditis gerrardi FJ152545

Heterorhabditis amazonensis DQ665222
 Heterorhabditis floridensis DQ372922
Heterorhabditis mexicana AY321478
Heterorhabditis taysearae EF043443

Heterorhabditis baujardi AF548768
 Heterorhabditis sonorensis FJ477730

Caenorhabditis elegans EU131007
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Fig. 1 Phylogenetic relationships of the species used in the study and other related species of Heterorhabditis based on analysis of ITS rDNA 
regions. Caenorhabditis elegans was used as outgroup taxon. The percentage of replicate trees in which the associated taxa clustered together in the 
bootstrap test (10,000 replicates) are shown next to the branches. Branch lengths indicate evolutionary distances and are expressed in the units of 
number of base differences per site
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No mortality was recorded in control treatment in the 
first 48 h. The mortality was 6.6% at 72–96-120 h which 
reached to 10.0% at 144  h after the initiation of experi-
ment. The 250, 500, and 1000 IJs concentrations of native 
EPN caused 17.2, 25.0 and 25.6% pupal mortality, respec-
tively at 240  h. There was non-significant difference (F: 
0.18, P = 0.84) between the tested concentrations for 
pupa mortality.

Discussion
This study indicated that last instar larvae of the PTB 
were highly susceptible to native EPN H. bacteriophora 
(isolate Z-1). The highest EPN concentration (1000  IJs/
ml) caused 92.5% mortality of last instar larvae and 25.6% 
mortality of pupae at 25  °C. Larvae and pupae mortal-
ity increased with increasing concentration of EPN. The 
highest pupae and larvae mortality were recorded by the 
highest EPN concentration (1000 IJs/ml) included in the 

Table 1 Comparative morphometrics (in μm) of infective juveniles of Heterorhabditis bacteriophora Z-1

1 Poinar (1992); 2Phan et al. (2003); 3Poinar (1990); 4Nguyen et al. (2006); 5Nguyen et al. (2004); 6Andalo et al. (2006); 7Nguyen et al. (2008); 8Li et al. (2012)

L Length; W Greatest body diam.; EP Distance from anterior end to excretory pore; NR Distance from anterior end to nerve ring; ES Pharynx length; T Tail length with 
second stage cuticle; D% = EP/ES × 100; E% = EP/T × 100

Species L W EP NR ES TL D% E%

H. indica1 528 20 98 82 117 101 84 94

(479–573) (19–22) (88–107) (72–85) (109–123) (93–109) (79–90) (83–103)

H. baujardi2 551 20 97 81 115 90 84 108

(497–595) (18–22) (91–103) (75–86) (107–120) (83–97) (78–88) (98–114)

H. bacteriophora3 558 23 103 85 125 98 84 112

(512–671) (18–31) (87–110) (72–93) (100–139) (83–112) (76–92) (103–130)

H. bacteriophora Z-1 569 25 95 82 123 88 80 109

(515–638) (20–30) (90–105) (75–90) (117–130) (81–96) (77–86) (105–128)

H. floridensis4 562 21 109 86 135 103 81 105

(554–609) (19–23) (101–122) (68–107) (123–142) (91–113) (71–90) (95–134)

H. mexicana5 578 23 102 81 122 99 81 104

(700–790) (20–24) (83–109) (74–88) (104–142) (91–106) (72–86) (87–111)

H. amazonensis6 589 23 107 85 121 107 88 100

(567–612) (20–24) (89–115) (76–93) (107–132) (98–115) (83–92) (89–109)

H. georgiana7 598 22 104 85 127 98 82 107

(547–651) (17–26) (97–113) (74–94) (110–139) (86–108) (70–93) (95–117)

H. beicherriana8 639 24 113 95 137 101 83 112

(566–687) (21–25) (100–122) (85–106) (118–146) (86–111) (80–93) (103–121)

Table 2 Mortality (%) of last instar Phthorimaea operculella larvae caused by different infective juvenile concentrations of 
Heterorhabditis bacteriophora (Z-1)

*Means within column bearing the same letter are not significantly different (Duncan’s test, p > 0.05)

**Means within lines bearing the same letter are not significantly different (Duncan’s test, p > 0.05)

Hours Concentrations F-test

250 500 1000 Control

24 6.67 ± 3.33 a* A** 23.33 ± 3.33 a B 50.00 ± 5.77 a C 0.00 ± 0.00 F = 14.92, P = 0.00

48 30.00 ± 10.00 ab A 53.33 ± 3.33 b B 66.67 ± 3.33 ab B 0.00 ± 0.00 F = 8.26, P = 0.02

72 35.69 ± 6.19 b A 60.70 ± 3.57 b B 82.14 ± 7.14 bc C 6.67 ± 3.33 F = 14.24, P = 0.00

96 49.98 ± 7.14 bc A 64.28 ± 3.57 bc AB 82.14 ± 7.14 bc B 6.67 ± 3.33 F = 6.83, P = 0.03

120 53.56 ± 9.45 bc A 64.28 ± 3.57 bc AB 82.14 ± 7.14 bc B 6.67 ± 3.33 F = 4.41, P = 0.07

144 62.96 ± 9.80 c A 74.08 ± 3.70 c AB 92.59 ± 3.70 c B 10.00 ± 5.77 F = 5.70, P = 0.04

F-test F = 7.28, P = 0.00 F = 24.47, P = 0.00 F = 5.3424, P = 0.01
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present study. The EPN species was ineffective against the 
pupal stage, but that there are a host of strain-dependent 
non-lethal effects during and after the transition to adult-
hood including altered developmental times (Filgueiras 
and Willett 2021).

The susceptibility of PTM against EPN infection 
depended on various factors such as the growth stage of 
insect host. The stage of insect growth has an important 
role on vulnerability to EPN infection (Kaya and Hara 
1980). Last stage larvae (prepupae) were the most suscep-
tible stage, showing the highest mortality at all EPNs con-
centrations. Several studies have investigated the efficacy 
of EPNs against the PTM. Yan et al. (2020) tested differ-
ent concentrations of Steinernema carpocapsae against 
2nd, 3rd, and 4th larval instars of PTM under controlled 
conditions. They reported that the fourth instar larvae 
were the most susceptible. Kakhki et  al. (2013) showed 
that L4 larval mortality of PTM was significantly influ-
enced by nematode strain and applied concentrations of 
infective juveniles. Yağcı et  al. (2021) indicated that H. 
bacteriophora (TOK-20) isolate was the most effective 
at 1000 IJs/ml concentration against last instar larvae of 
PTM. Moawad et  al. (2018) found that S. carpocapsae 
and H. bacteriophora caused 98–100% mortality in PTM 
larvae. Mhatre et  al. (2020) reported that Steinernema 
cholashanense caused the highest mortality in 4th instar 
larvae (100%) compared to the pupae (30%).

Conclusion
The results of the present study indicated that H. bacte-
riophora (isolate Z-1) had a good potential for the con-
trol of PTM larvae. It provided an advantage in terms 
of applicability of EPN, as it effective on the larvae and 
pupae in the soil. However, future studies are necessary 
to determine the efficacy of EPN against PTM under field 
conditions.
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