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Summary

The lesser mealworm Alphitobius diaperinus is present in great numbers in poultry houses. These insects are
especially dangerous as a potential carriers of pathogens such as bacteria, viruses and parasites. We explored
the possibility of using local strains of entomopathogenic fungi isolated from litter and from soil to control lesser
mealworm populations. Isolated fungi showed low pathogenicity to lesser mealworm beetles. Infection with
a suspension at a concentration of 1 x 10 spores/ml resulted in only 4 Metarhizium anisopliae sensu lato isolates
showing the highest insect mortality in the range of 30-36%. Still lower pathogenicity was found in isolates of
Beauveria bassiana, with only 4 isolates of B. bassiana causing a mortality of 17-26%. Isolates of saria fumosorosea
and /. farinosa did not cause mortality in beetles that differed significantly from that in the control variant. The larvae
were more susceptible to infection. Except for /. fumosorosea, all species caused 100% mortality in larvae. For further
studies, the B. bassiana 3K isolate (from the litter) could be selected because of its high mortality (100%) and high
larval infectivity (50% overgrown with mycelium).
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1. Introduction Larvae and beetles of the lesser mealworm

The lesser mealworm (Alphitobius diaperi-
nus) Panzer occurs in natural conditions un-
der tree bark (Burakowski et al. 1987). It can
also be found in store-houses and larders
in fodder or grains, most often in products
that are mouldy (Lorenzo 1990). It is present
in great numbers in poultry houses, where
it finds optimum conditions for reproduc-
tion and growth (Rueda and Axtell 1997).

inhabit litter and gaps in walls (Geden and
Axtell 1987). These insects damage pol-
yurethane poultry insulation (Vaughan et
al. 1984, Despins et al. 1989, Steelman 1996,
Hinkle and Hickle 1999). The lesser meal-
worm feeds on fungi and also on small in-
sects. Cannibalism is also possible — small
larvae and eggs are eaten by larger larvae
and beetles. It is also found in the bodies of
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dead hens (Harding and Bissell 1958). The
lesser mealworm is especially dangerous
as a potential carrier of such pathogens as
bacteria (mainly of the genera Escherichia,
Salmonella, Bacillus, Streptococcus, and
Campylobacter), viruses (causing Marek’s,
Gumboro, and Newcastle diseases, bird flu,
and enteritis), and parasites (like Eimeria
and larvae of the flatworms Raillietina spp.
and Choanotaenia spp.) (Eidson et al. 1965,
Lancaster and Simco 1967, De las Casas et al.
1972, 1976, Avancini and Ueta 1990, McAllis-
ter et al. 1994, 1996, Goodwin and Waltman
1996, Steelman 1996, Crippen and Sheffield
2006, Hazeleger et al. 2008, Crippen et al.
2009). Transmission of these pathogens oc-
curs when a bird eats infected larvae. Hen
broilers can eat ca. 450 larvae a day and tur-
keys ca. 200 larvae, even with permanent
feeders with food present.

A known complication of insect control
with insecticides is the emergence of
resistance in A. diaperinus after some
insecticide applications (Calibeo 2002).
The various another risk factors associated
with the use of chemical insecticides such
as, accumulation of pesticide residue in
a food chain, environmental pollution,
contamination of stored food and residual
effects. Therefore, it is not safe to use
them in farms or stores. Moreover, the
insecticides used thus far do not produce
long-term effects (i.e., they do not persist
in the environment and are effective for
only one generation of insects). They
also reach only a portion of the individuals
in litter and in the isolation of farm houses
or stores; hence, biological methods
seem to be an attractive alternative
(Voris et al.1994). One of the biological
methods used in reducing the number of
pest insects are preparations containing
entomopathogenic fungi. Laboratory
studies of the pathogenicity of these fungi
with respect to A. diaperinus carried out
in the United States, Denmark, Poland
and Brazil found that the level of insect
mortality depends on the strain and dose
of the spores as well as the preparation’s

formulation, insect stage, and the type of
litter (Steinkraus et al. 1991, Crawford et
al. 1998, Steenberg et al. 2001, Popowska-
Nowak 2003, Santoro et al. 2008). With
highly pathogenic strains, the beetle
mortality was 92% (Steenberg et al. 2001).
However, so far, the only registered agent
for the control of A. diaperinus is the U.S.
preparation containing the spores and
crystalline toxin of Bacillus thuringiensis
(Hickle and Bradfish 1991, Hickle et al. 1991).

According to Bajan and Kmitowa (1997)
and Batazy (2000), entomopathogenic fungi
representing the anamorphs of Hypocreales
(Ascomycota) are potentially the most
effective in the natural control of harmful
insect populations in Poland. These are
mainly Beauveria bassiana, Isaria farinosa,
L. fumosorosea, Metarhizium anisopliae and
Verticillium lecanii. They penetrate through
insect exoskeletons and may cause infections
even if the insects do not feed. By producing
spores on the dead insect’s body surface,
they initiate new generations of the fungus,
which penetrate insects contacting the
pathogen. As facultative parasites, they may
survive for long periods until the appearance
of a host (insect) in a given habitat (Batazy
and Majchrowicz, 1978).

In view of the fact that A. disperinus also
occurs in large numbers in poultry houses
in Poland (Majchrowicz 1985, Wojcik et al.
2000), we explored the possibility of using
local strains of entomopathogenic fungi to
control lesser mealworms.

2. Material and methods

2.1. Isolation of entomopathogenic fungi

Fungi isolated from litter in a poultry house
and nearby soil where litter was periodi-
cally stored were used in the study. Samples
were taken from 5 localities: Stomczyn, Katy,
Gora Kalwaria, Uleniec and Bialobrzegi in
Poland. Fungi were isolated from litter with
the dilution method onto Sabouraud and
Czapek culture media with the addition of
streptomycin (600 mg/l) and lithium chlo-
ride (4 g/l). Cultures were formed from a
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Fig. 1. Mortality and infection of lesser mealworm adults after application of spores of B. bassiana

strains isolated from poultry house litter or from nearby soil and the Naturalis-L preparation (NatL).

Data represent cumulative beetle mortality. Beetle infection means overgrown with mycelium

dilution of 10* Fungi from soil were isola-
ted according to the method for trapping in-
sects described by Zimmerman (1986). The
fungi were identified microscopically based
on morphological characteristics using ta-
xonomic keys (Samson et al. 1988, Humber
1997).

All cultures were deposited in the culture
collection of the Department of Biology and
Environmental Sciences (Cardinal Stefan
Wyszynski University in Warsaw, Poland).

2.2. Pathogenicity test

To test the sensitivity of the various growth
stages of the lesser mealworm to infection
by entomopathogenic fungi, particular iso-
lates of various species of fungi were cultu-
red in Petri dishes on Sabouraud medium.
Spores were collected from three-week
fungal cultures, and a suspension was pre-
pared with a density of 1 x 10® spores/ml in
0.01% Tween 20 solution. The concentration
of conidia were determined in Thoma cell
counting chamber. The control variant con-
sisted of 0.01% Tween 20 solution. Ten beet-
les, two-week larvae or pupae were placed in
Petri dishes lined with filter paper. Insects in
dishes were infected with 1 ml of the above
suspension or doused with 1 ml of 0.01%
Tween 20 solution and kept at a temperature
of 25°C. Insects were fed during the expe-
riment.Over 21 days dead individuals and
those covered with mycelium were coun-
ted and removed to separate wet chambers.

Insects used for the experiment were taken
from their own culture. Each experiment
was repeated three times.

For comparative purposes, we used a liq-
uid commercial preparation Naturalis-L
based on B. bassiana recommended for
controlling the silverleaf whitefly (Bemisia
tabaci) and the greenhouse whitefly (7ri-
aleurodes vaporarium). The preparation was
used at a recommended dose of 107 spores/
ml of water.

Spore viabilities of the tested strains
was determined by counting germination
propagules on SDA medium (Goettel and
Inglis 1997).

2.3. Statistical analysis

Because the data were not normally distri-
buted, the significance of the differences
between the numbers of dead insects was
calculated with the nonparametric Mann
-Whitney (Wilcoxon) W test at p<o.05. The
LT50 value was calculated with the log-pro-
bit analysis using the POLO PC programme
(Russel et al. 1977).

3. Results

In total, we isolated 16 isolates of B. bas-
siana (4 from litter and 12 from soil), 16 of
M. anisopliae s.1.(all from soil), 4 of I. fumo-
sorosea (from soil) and 1 of I. farinosa
(from soil). Spore viability of the individual
isolates was high (95-98% of the spores
germinated).
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Fig. 2. Mortality and infection of lesser mealworm adults after application of spores of

M. anisopliae s.1. strains isolated from soil near the poultry house. Data represent cumulative beetle

mortality. Beetle infection means overgrown with mycelium

3.1. Pathogenicity of isolated fungi
to lesser mealworm beetles

Beetles of A.diaperinus were resistant to
infection by B. bassiana isolates, and their
mortalities ranged from 17 to 26%. Only
4 isolates caused mortality in beetles that
were significantly different from the control
variant (Fig. 1). Three of them were from
soil. The highest number of dead beetles was
observed after the infection by Naturalis-L
(over 60% mortality), though the prepara-
tion was applied in a smaller dose. In only
some cases of mortality, overgrowth of beet-
les with mycelium was observed (indicated
in the figure as infection) (Fig. 1).

Beetles appeared slightly more sensitive
to infections by the spores of M. anisopliae.
Mortality in beetles differed significantly
from that in the control variant only after the
application of 4 isolates and ranged between
30 and 36%. The overgrowth of insects by
mycelium was observed more often (Fig. 2).

The beetles were least sensitive to the iso-
lates of I. fumosorosea and I. farinosa, with
the number of dead beetles similar to that
in the control. Overgrowth of the surface of
dead insects by mycelium was not observed.

3.2. Pathogenicity of isolated fungi
to lesser mealworm larvae and pupae

Lesser mealworm larvae were less resistant
to the fungal isolates than the adult beet-
les. All isolates of B. bassiana, M. anisopliae

and one isolate of I. farinosa caused 100%
mortality in the larvae. Larvae infected by
I fumosorosea isolates showed at most 50%
mortality. Table 1 presents the LT, values
for lesser mealworm larvae following infec-
tion by the spores of isolates whose mycelia
overgrew more than 50% of the larvae. For
B. bassiana, such results were obtained with
the application of only one strain: 3K, iso-
lated from litter and with commercial pre-
paration Naturalis-L. The same effect was
also obtained only with the M. anisopliae
strain 2(2). The lowest LT, (ca. 3 days) was
observed following infection with commer-
cial preparation and the highest (ca. 6 days)
after infection with isolate 2(2) of M. aniso-
pliae (Table 1).

We observed no mycelial overgrowth on
dead larvae by I farinosa and 1. fumosorosea.
Pupae of the lesser mealworm also appeared
to be more susceptible to fungal infections
than the beetles. The mortality in pupae
was 100% after infection with the spores
of isolates Bb3K, Ma2(2) and commercial
preparation. However, the number of pupae
overgrown by fungus exceeded 50% only
after infections with Bb3K and commercial
preparation. Differences also were seen in
the LT values (Table 2). A lower LT (ca.
8 days) was observed after infection with
the commercial preparation; higher values
(ca. 11 days) occurred after infection with M.
anisopliae isolate 2(2) (Table 2)
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Table 1. LT, values for lesser mealworm larvae after application of selected isolates of Beauveria

bassiana (Bb), Metarhizium anisopliae (Ma) and commercial preparation Naturalis-L (NatL).
The same letters after the brackets indicate no significant differences between treatments.

Isolate number Number of larvae Slope + SE LT50 = confidence intervals e
per treatment at 95%

Bb3K 30 7.244 £ 1.540 4.065(3.310-5.558)a 2.61

BbNatlL 30 2157 + 0.443 3.295(1.294-4.589)a 10.10

Ma2(2) 30 9.974 % 2.570 3.944(3.183-4.352)a 9.06

Table 2. LT, value for lesser mealworm pupae after application of spores of selected isolated of

Beauveria bassiana and commercial preparation Naturalis-L (NatL).

Isolate Number of pupae Slope =+ SE LT50 + confidence e
number per treatment intervals at 95%

Bh3K 30 32.242 % 5.475 11.575(10.905-12.028) 13.69
BbNatL 30 6.743 + 0.662 8.265(6.834-9.583) 40.58

When comparing the LT values for larvae
and pupae after application of the same
isolates (Tables 1 and 2), one may note that
A. diaperinus pupae are less susceptible to
the fungal infection than the larvae.

4. Discussion and conclusions

All fungal isolate strains were characteri-
sed by relatively low pathogenicity to lesser
mealworm adults. This study confirmed the
results obtained by other investigators that
lesser mealworm imagines are less prone
to infections by the entomopathogenic fun-
gus B. bassiana compared to the larvae and
pupae (Geden et al. 1998). Out of 30 isola-
tes of this species studied by Santoro et al.
(2008), only 4 caused mortality in beetles ex-
ceeding 40% in 10 days if the density of the
suspension was 10® spores/ml — the same as
ours. Insect mortality, among other things,
depends on the isolate applied and the dose
of fungi. Fungi isolated under natural con-
ditions from a given insect species are usu-
ally more pathogenic to that species than
isolates obtained from other insect species
(Poprawski et al. 1985). This pathogenicity of
different strains was confirmed in relation to

A. diaperinus (Steinkraus et al. 1991, Geden
et al. 1998). However, some researchers fo-
und higher mortality in A. diaperinus beet-
les after infection with B. bassiana isolated
from insects of the orders Lepidoptera (fa-
mily Pyralidae) and Coleoptera (but from
the family Chrysomelidae) (>60%) than with
isolates from infected A. diaperinus (>49%)
(Santoro et al. 2008).

In our study, the highest pathogenicity
to beetles was found in 4 strains of
M. anisopliae isolated from soil near the
poultry house and in 4 strains of B. bassiana
(one isolated from litter in the poultry house
and the others isolated from soil).

Unfortunately, we did not succeed in fin-
ding a dead or infected lesser mealworm
in or near the poultry house, although it is
apparent from the relationship with chic-
ken breeders that live beetles are found in
these places. Though natural infections by B.
bassiana and M. anisopliae are reported in
poultry houses where the pest was present,
e.g., in Denmark, the USA and Brazil (Ste-
inkraus et al. 1991, Steenberg and Jespersen
1996, Castrillo and Brooks 1998, Alves et al.
2004), such infections are rare. This is an
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effect of many unfavourable conditions like
high temperatures and ammonia concentra-
tions, which limit the occurrence of various
organisms in a poultry house (Axtell and
Arends 1990, Geden et al. 1998, Santoro et
al. 2008). We found only 4 isolates of B. bas-
siana among 37 fungal strains isolated from
poultry litter. Studies in Denmark showed
that natural infections in poultry farms were
very rare, being responsible for 5% of dead
insects (adult infections by B. bassiana):
3.3% due to larval infections by Paecilomy-
ces farinosus (now I farinosa) and 1.9% from
adult infections by M. anisopliae (Steenberg
et al. 2001). However, with highly pathoge-
nic isolates (obtained from infected lesser
mealworm beetles), the mortality in beetles
infected with M. anisopliae in the laboratory
reached 92% (Steenberg et al. 2001). None of
the isolates we used caused such high mor-
talities in beetles, but the adults were more
susceptible to infection with M. anisopliae
than with B. bassiana. On the other hand,
we isolated only B. bassiana strains from
the poultry litter, which indicates their gre-
ater resistance to extreme environmental
conditions. In the US, this species caused
a poultry house epizootic of A. diaperinus.
Therefore, some investigators believe that
this fungus can survive in intensive agricul-
tural animal production systems (Steinkraus
et al. 1991). Thus, it seems that this species
has the greatest potential for the biological
control of A. diaperinus.

One of the symptoms of fungal infections
is the overgrowth of mycelium on the in-
sect’s surface. However, this does not always
happen, especially in beetles. Some strains
studied by us and used with commercial
preparation Naturalis-L may serve as an
example. Insect mortality after application
of this preparation was relatively high, but
mycelium developed on the surface of only
a few dead insects. The reason for this could
be that commercial preparations are pre-
pared in a special way e.g., by the addition
of chemicals that increase their viscosity
and facilitate the adherence of spores to in-
sects’ bodies. Even if the strains used in the

preparation were selected for application
against other insect species, the spores co-
uld also infect the lesser mealworm. Howe-
ver, mycelium only poorly overgrew on the
bodies of the infected insects.

The development of mycelium on insect
surfaces is very important, such insects be-
come the source of further infections, which
facilitates the spread of the pathogen rema-
ining in the habitat after its application in
the form of a biopreparation. Therefore,
we agree with the opinion of Hajek and St.
Leger (1994) and Santoro et al. (2008) that
during selection, one should choose such
species or strains of entomopathogenic
fungi that can develop on the surface of an
insect’s body.

Fungal strains isolated by us caused rela-
tively low mortality in the beetles studied
and poor development of mycelium on the
surface of dead insects. Larvae of the lesser
mealworm were more prone to infection by
spores of the studied fungal species, with the
exception of I. fumosorosea. It seems, howe-
ver, that the pathogenicity of a given strain
to resistant beetles of the lesser mealworm
is the most important criterion regarding its
selection. Considering the results of earlier
studies (Popowska-Nowak 2003, Santoro et
al. 2008), it seems that isolates with a high
pathogenicity to Alphitobius diaperinus
should not necessarily be searched for in
the habitat of this pest. However, our study
suggests that the local B. bassiana 3K (from
litter) could be selected for further studies
due to its high mortality and infectivity of
larvae (100% dead, of which 50% overgrown
with mycelium).
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Wrazliwos¢ plesniakowca I$nigcego Alphitobius diaperinus Panzer
(Coleoptera: Tenebrionidae) na infekcje grzybami owadobéjczymi izolowanymi
ze Scidtki i gleby wokét brojlerni

Streszczenie

Plesniakowiec ISnigcy (Alphitobius diaperinus) Panzer wystepuje w duzych liczebnosciach w brojlerniach. Owady te
s szczegdlnie niebezpieczne jako potencjalne nosniki patogendw, takich jak bakterie, wirusy i pasozyty. Badania
dotyczyty mozliwosci wykorzystania lokalnych szczepéw grzybéw entomopatogennych izolowanych ze $ciétki i gle-
by do ograniczania populacji tego owada. Izolowane grzyby wykazywaty niska patogenicznos¢ w stosunku do chrza-
szczy owada. Po infekdji zawiesing w stezeniu 1 x 10° zarodnikéw/ml tylko 4 izolaty Metarhizium anisopliae sensu
lato wykazywaly najwyzsza $miertelnos¢ owaddéw w zakresie 30-36%. Jeszcze mniejszg patogeniczno$¢ w stosunku
do chrzaszczy owada wykazywaly izolaty Beauveria bassiana, tylko 4 z nich powodowaly Smiertelnos¢ w zakresie
17-26%. lzolaty Isaria fumosorosea i I. farinosa powodowaty $miertelnos¢ chrzaszczy na poziomie wariantu kontro-
Inego. Larwy byty bardziej podatne na infekcje. Z wyjatkiem /. fumosorosea wszystkie badane gatunki grzybow po-
wodowaly 100% $Smiertelno$¢ larw. Do dalszych badan mozna wyselekcjonowac izolat B. bassiana 3K (ze $ciétki) ze
wzgledu na wysoka $miertelnosc (100%) i wysoka infekcyjnosc larw (50% poro$nietych grzybnia).

Stowa kluczowe
plesniakowiec ISnigcy Alphitobius diaperinus, kumiki, grzyby entomopatogeniczne, biologiczne zwalczanie



