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Grujić N., Nježić B., Anifantis S.A., Tarasco E. - Biocontrol potential of entomopathogenic nematodes against  

Stelidota geminata (Say) 

 

Stelidota geminata (Say) (Coleoptera: Nitidulidae), also known as strawberry sap beetle is considered to be 

serious pest of strawberry worldwide. All stages of this pest feed on ripe fruitswhich makes its control with chemical 

insecticides extremely difficult. This work was testing susceptibility of last instar larvae of S. geminata to three, among 

commercially the most commonly used species of entomopathogenic nematodes Heterorhabditis bacteriophora, Stei-

nernema carpocapsae and Steinernema feltiae (Rhabditida: Heterorhabditidae and Steinernematidae), including two 

native strains. The present work was carried out through two types of the experiments. First experiment was in plastic 

Petri dishes with the nematodes applied on filter paper. Second one, in attempt to approach to more natural conditions, 

effect of the entomopathogenic nematodes on insect’s mortality was tested in containers filled with sand. Mortality of 

S. geminata larvae in Petri dishes in highest nematode concentrations of about 100 infective juveniles per cm2 was 90%, 

82% and 70% for commercial strains of S. carpocapsae, H. bacteriophora and S. feltiae and 76% and 64% for H. 

bacteriophora and S. feltiae native populations. In containers with sand mortality was higher than in Petri dishes and 

the highest recorded insect mortality with about 50 nematodes per cm2 was 99.5%, 89%, 75.5%, 69% and 66% with 

commercial strains S. feltiae, S. carpocapsae and H. bacteriophora, and native strains H. bacteriophora and S. feltiae, 

respectively. 
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INTRODUCTION 

 

     Strawberry sap beetle, Stelidota geminata (Say) (Cole-

optera: Nitidulidae) is an insect pest of strawberry, peach, 

and some other plants. It has been introduced in Europe in 

the past decades and recently has been recorded in Serbia 

(SPASIĆ, 2011). Several years later it was recorded as a 

pest in Bosnia and Herzegovina (NJEŽIĆ, personal obser-

vation). In both countries strawberries were mostly af-

fected. This pest feeds on ripen strawberry fruits, which 

put the use of chemical insecticides impossible. It over-

winters as an adult stage with unknown place of overwin-

tering, which makes preventive control difficult. When 

fruits start ripening imago migrates into strawberry fields 

and starts feeding and females lay eggs in damaged fruits. 

Hatched larvae also feed there and third last larval instar 

of S. geminata after one day of wandering on the soil sur-

face migrates into the soil. There it makes a pupal cell 1.5 

cm below the surface (WEBERAND and CONNELL, 1975), 

which makes those, developmental soil dwelling 

 stages, an easy target for soil born agents.  

     Entomopathogenic nematodes (EPN) are the most 

promising biocontrol agents among nematodes. Although 

the first species of EPN has been described almost 100 

years ago, their inundative application only started about 

30 years ago. Increased understanding of the nematode bi-

ology, host range, epizootiology, advances in production 

technology, formulation, storage and application resulted 

in an exponential increase of interest in the market (AR-

THURS et al., 2004). Beside research advances, their rapid 

expansion was supported also by exemption or ease of reg-

istration based on reports of no effect on humans, mam-

mals and plants or environment (EHLERS, 2005). Their 

successful biocontrol attributes are based on the unique 

partnership of host seeking nematodes and lethal insect-

pathogenic bacterium carried inside the nematode´s intes-

tine (POINAR, 1993). Half a century had to pass from de-

scription of the first species to their mass production due 

to the development of cheap broad-spectrum insecticides 

that shifted attention away from biocontrol agents. Since 
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the 1980s, application of EPN has experienced growth due 

to the development of relatively cheap, large scale liquid 

culture production technology and pressure on pesticide 

use due to the development of resistance, surpassing resi-

due levels in food and negative impacts on the environ-

ment.  

     Good efficacy of EPN was demonstrated against nu-

merous soil dwelling pests from various insect families 

(RIGA et al., 2006; TOEPFER et al., 2008; SUSURLUK, 2008; 

SHAPIRO-ILAN et al., 2010; WILLIAMS et al., 2013) includ-

ing Nitidulidae and some species of sap beetles (GLAZER 

et al.,1999; NIELSEN and PHILIPSEN, 2005; GLAZER et al., 

2007). 

     The aim of the present work was to study the suscepti-

bility of S. geminata to three commercially frequently used 

species of EPN including two native strains. To our 

knowledge, there is no literature data on this subject. 

 

 

MATERIALS AND METHODS 

 

     Stelidota geminata was reared on bananas in plastic 

containers with 3 cm of moist sand on the bottom. About 

3-4 mm long last larval instars were taken for the experi-

ment. Three species of EPN were used in the experiments: 

Heterorhabditis bacteriophora Poinar, Steinernema car-

pocapsae (Weiser) and Steinernema feltiae Filipjev 

(Rhabditida: Heterorhabditidae and Steinernematidae). 

Commercial strains (Nematop®, Nemastar® and 

Nemaplus® from E-nema GmbH) of all mentioned EPN 

were used in experiments in the first year. In the second 

year, two more local populations of H. bacteriophora and 

S. feltiae isolated from soil samples from localities 

Prnjavor and Banja Luka respectively in Bosnia and Her-

zegovina, were added. EPN populations were maintained 

on last instars of Mediterranean flour moth, Ephestia 

kuhniella (Zeller) (Lepidoptera, Pyralidae) larvae (in the 

first-year experiments) and greater wax moth, Galleria 

mellonella L. (Lepidoptera, Pyralidae) (in the second-year 

experiments). Extracted infective juveniles (IJ) were 

stored at 4 C. IJ not older than 15 days were used in the 

experiments. 

     Two types of experiments were carried out. Firstly, bi-

oassay was carried out in small plastic Petri dishes (35 mm 

in diameter) with filter paper covering the bottom surface. 

Four nematode concentrations were used: 50, 200, 500 and 

1000 IJ per Petri dish (or around 5, 20, 50 and 100 IJ per 

cm2), each in 10 repeats with five S. geminata larvae per 

Petri dish. Volume of 0.5 ml of suspension with nematodes 

in given concentrations has been transferred by pipetting 

on filter paper. Subsequently, larvae were transferred to 

Petri dishes and then sealed with parafilm. The results 

were checked after seven days and mortality recorded. 

Each dead larva was dissected using a dissection micro-

scope and examined for the presence of EPNs. 

     The second experiment was carried out in 200 ml, 9 cm 

in diameter plastic containers filled with 150g of sand with 

13% moisture (previously sterilized at 200°C for two 

hours). Two concentrations of EPN were used, 1500 IJ and 

3000 IJ per container (or about 25 and 50 nematodes per 

cm2 of the sand surface, respectively). Approximately one 

hour after transferring nematodes 20 last instar larvae were 

added per repeat and containers were loosely sealed. Ex-

periment was carried in 10 repeats in each concentration 

including negative control without nematodes. After15 

days sand was gently rinsed with water over the 1 mm 

sieve to check for ecloded imago. In the second year, ex-

periment with a commercial strain of H. bacteriophora 

(Nematop®) was repeated. All experiments were con-

ducted in the laboratory at room temperature (20–23 ºC). 

     Analysis of variance (ANOVA) was performed on the 

data using SAS 9.4 software (SAS Institute Inc.). To eval-

uate the differences between separate means the LSD test 

was used. All comparisons were made at 0.05 level of sig-

nificance. 

 

 

RESULTS 

 

EXPERIMENT I  

 

     Our results show that S. geminata is highly susceptible 

to all three species examined. Mortality rates of S. gemi-

nata larvae recorded (Fig. I) increased with increasing gra-

dient of nematode concentration per Petri dish ranging 

from 14 to 90%. The highest mortality was recorded with 

highest concentration of IJ and was 90%; 82% and 70% 

for commercial strains of S. carpocapsae, H. bacteri-

ophoraand S. feltiae respectively. Susceptibility of S. gem-

inata to native strains was lower than to commercial EPN 

populations but usually not statistically different (Fig. I). 

Mortality rate in control was 10%. All stages of nematodes 

were recorded in dead insects including the new genera-

tion of IJ. The number of observed nematodes ranged from 

just a couple of adults and/or juveniles to more than hun-

dred nematodes per larva (data not presented).  

 

EXPERIMENT II 

 

     Results of experiment II confirmed previous results. S. 

geminata larvae were susceptibile to all three EPN species 

in sand. Both strains of H. bacteriophora showed lowest 

virulence at lowest concentration of IJ and at the highest 

was similar to native strains of about 70%. The best 

results, with mortality of S. geminata of almost 100% were 

obtained with 3000 IJ of S. feltiae (Nemaplus) while lower 

IJ concentration caused larval mortality of 92.5%, similar 

to the highest IJ concentration of S. carpocapsae 

(Nemastar®) (Fig. II). 
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Fig. I - Mortality of Stelidota geminata larvae caused by 50, 200, 500 and 1000 infective juveniles of entomopathogenic 

nematodes per repeat in Experiment I in Petri dishes. Bars with the same letter are not significantly different (P < 0.05). 

 

 

 
 

Fig. II – Mortality of Stelidota geminata larvae caused by 1500 and 3000 infective juveniles of entomopathogenic nematodes 

per repeat in experiment II in containers with sand. Bars with the same letter are not significantly different (P < 0.05). 
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DISCUSSIONS AND CONCLUSIONS 

 

     The results of this work show the susceptibility of 

strawberry sap beetle to all three species of EPN tested 

which have not been recorded previously. Highest mortal-

ity caused by S. carpocapsae in experiment I was expected 

considering it is ambusher strategy (CAMPBELL and 

GAUGLER, 1997) of host finding, the design of the experi-

ment and the highly motile larvae. However, it might be 

expected that other EPN strains would cause higher mor-

tality at the highest IJ concentration. It may be explained 

by the inability of cruisers strategists to move appropri-

ately in artificial environment such as filter paper (WIL-

LIAMS et al., 2013). Nitidulid larvae and pupae showed 

moderate to high susceptibility to EPN (GLAZER et al., 

1999; GLAZER et al., 2007; ELLIS et al., 2010) and this 

study confirmed it.  

     In more natural environment, in the second experiment, 

S. feltiae (Nemaplus®) with intermediate foraging strategy 

(GREWAL et al., 1994), caused the highest insects’ mortal-

ity in both IJ concentration. GLAZER et al. (1999) showed 

similar differences in experiments on filter paper and sand, 

in mortality of other sap beetles. Lower than expected in-

sect larvae mortality caused by H. bacteriophora 

(Nematop®) may be caused by loss of virulence of bacte-

rial symbionts due to prolonged strain stay in refrigerator 

(ANDALO et al., 2011).  

     Our results suggest that all three EPN species tested 

might be potential biological control agents in S. geminata 

management. The highest recorded mortality of S. gemi-

nata of 99.5% obtained with 3000 IJ of S. feltiae 

(Nemaplus®) is promising complete control of formation 

of the second generation of this pest of strawberry. Since 

sap beetles spend portion of its life cycle in the soil, they 

present potentially good target to EPN. Providing optimal 

conditions for EPN in field trials, these nematodes could 

have high level of control of this pest. Introduction of an 

alternative biocontrol agent may be of greater significance 

in countries where strawberry sap beetle is emerging as in-

vasive pest of this important culture, where as allochtone 

species is probably lacking natural enemies. Important as-

pect observed during the study is a reproduction of EPN in 

infected insects that provided progeny that could prolong 

strawberry protection due to increased persistence of viru-

lent IJ in soil. Further experiments of testing effect of EPN 

in the natural environment are planned and needed. 
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