
Abstract: Nanoparticles of copper and ento-
mopathogenic nematodes Steinernema feltiae 
(Filipjev, 1934) in reducing the number of the 
lesser mealworm beetle Alphitobius diaperinus 
(Panzer, 1797). Antibacterial properties of metal 
nanoparticles are well documented and known, 
but its potential use in agriculture as an anti pest 
agents – not. Possible negative or positive reac-
tions with popular integrated pest management 
(IPM) methods need to be checked and verifi ed. 
The effect of copper nanoparticles on the mor-
tality of entomopathogenic nematodes (EPNs) 
Steinernema feltiae from Owinema bioprepara-
tion was tested. This biopreparation is being used 
against serious agricultural pests. It was found 
that mortality of nematodes depends on nano-
-Cu concentrations and on the length of contact 
of Steinernema larvae with nano-Cu solution. In 
this study the effect of different concentrations 
of nanoparticles on pathogenic properties of en-
tomopathogenic nematodes – mortality of pest 
beetle Alphitobius diaperinus (Panzer, 1797)  in-
fected by EPNs and extensiveness of infection, 
was also studied. It showed that the high concen-
trations of Cu may decrease abilities of EPNs to 
enter, grow and proliferate inside the host body.
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INTRODUCTION

Entomopathogenic nematodes (EPNs) 
are different nematode species, that dur-
ing their development display patho-
genicity against insects (Brzeski and 
Sandner 1974). Two nematode families 
(Steinernematidae and Heterorhabditi-
dae) are being used as biological control 
agents on a commercial scale (Kowal-
ska 2006). Invasive larvae of EPNs live 
together, in mutualistic relationship, 
with bacteria from the Enterobacteria-
cae family. These microorganisms use 
nematodes as vectors, that inject them 
into the insect bodies. Finally, bacteria 
kill the new host (Martens et al. 2003). 
EPNs are used in poultry houses to con-
trol the lesser mealworm beetle Alphi-
tobius diaperinus (Tenebrionidae). It is 
a pest of bred birds and a vector of many 
diseases, example Marek’s, Gumboro 
and Newcastle diseases (Lancaster and 
Simco 1967, De la Casas et al. 1972, De 
la Casas et al. 1976, Geden et al. 1987, 
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Avancini and Ueta 1990, Despins et al. 
1994, Goodwin and Waltman 1996, Steel-
man 1996, Pezowicz 2005, Ignatowicz 
2008, Ignatowicz 2009, Chernaki-Leffer 
et al. 2010, Walldorf et al. 2012).

History of nanotechnology starts in 
1950s. With use of nanoparticle mate-
rials it is possible to create, for exam-
ple, new biopreparations with different 
biochemical properties. “Nano” scale in 
connection with huge reactive surface of 
nanoparticles causes that they are char-
acterized by high biochemical reactiv-
ity, even at low concentrations (Myczko 
2006). Nanocolloidal copper is being 
used in cosmetics, household, industry, 
medicine and in agriculture (www.nano-
tech.pl).

MATERIAL AND METHODS

The effect of copper nanoparticles (fi rm 
Nano-tech Polska sp. z o.o.) on the mor-
tality and pathogenic properties of ento-
mopathogenic nematodes Steinernema 
feltiae (Filipjev, 1934) (Owinema made 
by the fi rm OWIPLANT in Owińska) 
was studied in experimental conditions. 
Copper nanoparticles suspended in 
deionized water in concentrations of 5, 
2 and 0.5 ppm were used in the experi-
ments.

The experiment was carried out dur-
ing 5 days under laboratory conditions 
at a temperature of 25 ±1°C. Larvae of 
the 3rd invasive growth stage (IJs) were 
placed in water solutions containing the 
appropriate concentration of nano-Cu. 
The control group consisted of larvae 

kept in distilled water. Samples of solu-
tion were taken and nematodes mortal-
ity was estimated every day. Tests were 
performed in 5 repetitions. After 5 days 
the nematodes that survived the con-
tact with nano-Cu were separated by 
sedimentation. The sedimentation did 
not, however, allow for complete re-
moving of chemical compounds from 
the sample. Live nematodes obtained 
in that way and the residues of chemi-
cal substances were used to infect the 
four-week larvae and the adult insects 
of Alphitobius diaperinus (Coleoptera: 
Tenebrionidae). 

Next experiment was performed in 
Petri dishes of a diameter of 9 cm lined 
with fi lter paper in which 10 insects 
were placed. Five hundred invasive 
larvae (IJs) were added to each dish, 
which made 50 IJs/insect. Tests were 
made in 3 repetitions. Mortality was 
controlled during 5 days. Dead insects 
were transferred to empty dishes and 
placed in the incubation chamber for 
48 h. Then the insects were dissected 
to check whether nematodes were the 
cause of their death. The control con-
sisted of insects in the respective growth 
stage infected by nematodes which had 
no contact with nano-Cu. The mortal-
ity and the extensiveness of infection of 
A. diaperinus were analyzed. 

The obtained results were statisti-
cally processed with the SPSS 15.0 soft-
ware (Chi2 test). Statistical signifi cance 
was tested at p < 0.05. 
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RESULTS AND DISCUSSION

With increasing concentrations of nano-
-Cu, higher mortality of entomopathogen-
ic nematodes was observed (Fig. 1). The 
highest concentration of nanoparticles 
(5 ppm) caused 48% mortality in S. fel-
tiae in the fi fth day of experiment. The 
lowest concentration (0.5 ppm) caused 
much lower death rate – 10%. Mortal-
ity in the control group, in the last day 
of experiment, averaged 15%. Wang et 
al. (2009) showed that the nano-Al2O3, 
nano-ZnO i nano-TiO2 affected reduc-
tion of body length of C. elegans and 
the number of eggs produced by nema-
todes. In contrast, Oberdörster et al. 
(2005), Jones et al. (2008) and Ma et 
al. (2011) found high toxicity of nano-
-ZnO and nano-TiO2. The above-men-
tioned high concentration of nanopar-

ticles and hydroxylated fullerenes also 
negatively affect nematode survival 
(Wang et al. 2009, Cha et al. 2012). In 
Poland, the impact of nanocolloidal sil-
ver and copper on EPNs was studied by 
Kuźniar (2009). He found that nano-
-Ag in concentrations ranging from 5 to 
50 mg/dm3 were highly toxic to nema-
todes S. feltiae  from biopreparations: 
Owinema, Nemasys, Nemaplus. After 
2 h of direct contact of IJs with differ-
ent concentrations of nano-Ag he re-
ported almost 100% mortality. A differ-
ent situation was related to nano-Cu, in 
nematodes from biopreparations Owin-
ema and Nemasys. In these nematodes 
100% survival was observed even at 
the highest concentration of compound 
(50 mg/dm3). However, in the case of 
nematodes from Nemaplus bioprepara-

  0 ppm
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FIGURE1. The effect of nano-Cu on the mortality of the IJs of Steinernema feltiae (test Chi2 refers to 
the last day of experiment – Ch2 = 2002.2, df = 3, p < 0.001)
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tion, at the highest concentration, larval 
mortality was approximately at 29%.

Different concentrations of nano-Cu 
solutions (5, 2, 0.5 ppm), with which 
IJs had contact, did not infl uence their 
abilities to kill larvae of A. diaperinus. 
This may give evidence that nematode 

mutualistic bacteria are not vulnerable 
to nano-Cu (Fig. 2). Mortality and ex-
tensity of infection, after the contact of 
EPNs with nano-Cu (2 ppm) in the last 
day of experiment, averaged 90 and 56% 
respectively. Lower death rate was ob-
served in lower concentrations of the so-
lution (0.5 ppm) and in a control group. 

In both cases it reached 53%. The exten-
sity (13%) was lower after the contact of 
EPNs with nano-Cu. Mortality and ex-
tensity of infection of adult beetles was 
the highest in control group (36 and 33% 
respectively). After the contact of EPNs 
with nanoparticles, death rate averaged 

3 and 10% and extensity of infection – 0 
and 3% (Fig. 3). Kuźniar (2009) found 
that nematodes S. feltiae from Owinema 
biopreparation, that have been exposed 
to solutions of nano-Cu concentrations 
ranging from 1 to 50 mg/dm3, caused 
mortality of larvae Tenebrio molitor 
ranging from 40 to 80%.
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FIGURE 2. The effect of nanoparticles on pathogenic properties of the nematodes Steinernema feltiae 
exposed for 5 days to nano-Cu solutions. Tests Chi2 of mortality (Ch2 = 1.3, df = 3, p > 0.05) and exten-
siveness of infection (Ch2 = 6.1, df = 3, p > 0.05) of the Alphitobius diaperinus larvae 
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CONCLUSIONS

Mortality of invasive larvae of Stein-
ernema feltiae depends on concentra-
tions of nano-Cu and on the time of 
exposition.
Mortality of Alphitobius diaperinus 
larvae after the contact of nematodes 
with nano-Cu is higher than in the 
control.
The extensity of infection of A. dia-
perinus larvae after the contact of 
nematodes with nano-Cu is the high-
est at 2 ppm (56%), and the lowest at 
a concentration of 0.5 ppm (13%).
Invasive larvae of nematodes treated 
with various concentrations of nano-
-Cu cause low mortality (3 and 10%) 

1.

2.

3.

4.

and extensity of infection (0 and 3%) 
in adult beetles. In the control group 
mortality and extensiveness of infec-
tion are 37 and 33%.
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FIGURE 3. The effect of nanoparticles on pathogenic properties of the nematodes Steinernema feltiae 
exposed for 5 days to nano-Cu solutions. Tests Chi2 of mortality (Ch2 = 14.03, df = 3, p < 0.01) and 
extensiveness of infection (Ch2 = 12.22, df = 3, p < 0.01) of the Alphitobius diaperinus imagines
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Streszczenie: Nanocząstki miedzi i nicienie en-
tomopatogeniczne Steinernema feltiae (Filipjev, 
1934) w ograniczaniu liczebności pleśniakowca 
lśniącego Alphitobius diaperinus (Panzer, 1797).
Właściwości antybakteryjne nanocząsteczek 
metali są dość dobrze znane, jednak ich możli-
we wykorzystanie w rolnictwie, do zwalczania 
szkodliwych bezkręgowców, już nie. Pozytyw-
ne i negatywne interakcje z popularnymi, zinte-
growanymi metodami zwalczania szkodników 
(IPM) powinny zostać sprawdzone i zweryfi ko-
wane. Zbadano wpływ nanocząsteczek miedzi 
na śmiertelność nicieni entomopatogenicznych 
Steinernema feltiae pochodzących z bioprepara-
tu Owinema. Stwierdzono, że śmiertelność ich 
zależy od stężenia nanocząsteczek miedzi oraz 
czasu kontaktu larw z tymi roztworami. Zbadano 
również wpływ różnych stężeń nano-Cu na pa-
togeniczność nicieni – śmiertelność zainfekowa-
nych chrząszczy Alphitobius diaperinus (Panzer, 
1797), ekstensywność infekcji. Wykazano, że 

w wyższych stężeniach Cu nicienie mogą mieć 
mniejszą zdolność do penetrowania, wzrostu 
i rozmnażania się w ciele gospodarza.
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