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Abstract
The melolonthine scarabs, Melolontha melolontha L., Amphimallon solstitiale L. and Anoxia villosa F. are well known
as serious pest in orchards, vineyards, forests and fruit tree nurseries. The susceptibility of third instars larvae of M.
melolontha, A. solstitiale and A. villosa to entomopathogenic fungus Beauveria brongniartii (three isolates) and
Metarhizium anisopliae (three isolates) was evaluated in laboratory conditions by dipping the insects in aqueous
suspensions of 1x107 conidia/ml, respectively. The greatest mortality rates were observed to be caused by B.
brongniartii isolates: 100% when M. melolontha larvae were treated and 60% mortality for A. villosa after 60 days of
incubation. The most susceptible larvae species to M. anisopliae was A. villosa (35.5% mortality). The most resistant
larvae species to all the fungal treatments was A. solstitiale at which mortality rate never exceeded 23.6% after 76 days
of incubation.
Key words: Melolontha melolontha, Amphimallon solstitiale, Anoxia villosa, Beauveria brongniartii, Metarhizium
anisopliae, entomopathogenic fungus.

INTRODUCTION

nematodes have been investigated as potential
insecticidal agents, entomopathogenic fungi
were most often used in classical biological
control programs (Hajek et al., 2007).
The entompathogenic fungi B. brongniartii and
M. anisopliae are widespread soil borne
pathogens which have been intensively studied
for the biological control of a wide range of
insect pests including scarabs (Rath, 1988; Raid
and Cherry, 1992; Samuels et al., 1990; Yip et
al., 1992; Ansari et al., 2006; Keller et al.,
2003; Rodríguez-del-Bosque et al., 2005;
Srikanth et al., 2010; Goble et al., 2015).
Fungal infection begins with the attachment of
conidia on insect’s cuticle, which germinates
by producing a germ tube and penetrate the
integument by mechanical or enzymatical
means, invading the host tissues. Once the
fungus penetrates the host, it colonizes the
haemocoele and multiplies, generating toxic
metabolites and killing the host. Subsequently,
the hyphae penetrate through the insect cuticle
to the outside and, in proper conditions, form
white (B. brongniartii) or green (M. anisopliae)
mycelial masses on insect’s body. In Europe,

The
melolonthine
scarabs,
Melolontha
melolontha L, Amphimallon solstitiale L. and
Anoxia villosa F. are well known as serious
pest in Romanian forest nurseries (Simionescu
et al., 2012; Arinton and Ciornei, 2015; Varga
et al., 2015). Also called „white grubs” in
larval stage, these polyphagous species feed on
the roots of the plants and as adults they eat the
leaves of young hardwoods and softwoods.
Scarabs are a family of pest insects very
difficult to control, on the one hand because of
the resistance to chemical insecticides (Buss,
2006) and on the other hand because of the way
of feeding, which makes difficult the
penetration of insecticides in soil, to the root
area. Considering these issues, the forest
management added new regulations which
prohibit or restrict the use of a large number of
chemical insecticides.
Biological control using natural enemies of pest
population has gained considerable attention
over the past twenty years. Although
entomopathogenic viruses, bacteria and
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biological products that are used in the
biological control of whiteworms are Nemagreen® (E-nema), B-Green® (Biobest),
Terranem® (Koppert), to name a few.
In Romania, the current strategy against
whiteworm infestation includes forecasting
measures (conducting soil surveys - during
autumn),
physico-mechanical
measures
(flooding uncultivated land, the use of trap
plants) and agrotechnical measures (plowing
and rotovating with rotary hoe) (Simionescu et
al., 2000). Mechanical control is not possible in
fields with young crops. In this study,
laboratory bioassays were performed in order
to select pathogenic isolates for subsequently
field trials.

For the preparation of conidian suspensions, 15
days age fungal slant cultures were used,
resulting from stock cultures, subcultivated no
more than 3 times, in order to avoid loss of
virulence. Conidian suspensions were prepared
by flooding the sporulated cultures with 5 ml
aqueous solution of Tween 80 (0.01%) and
vortexed for one minute at 1600 rpm with one
gram of glass beads (2 mm in diameter), using
a vortex-mixer (Velp Scientifica, Europa). The
conidian suspensions were diluted for counting,
using the Burker hemocytometer, under
microscope (magnification 400 x).
Test insects
M. melolontha and Amphimallon sp. larvae
were collected from nurseries in the counties
Vâlcea and Vrancea, respectively, where the
infestation was very high. A. villosa larvae
were collected from a nursery in Feteşti
(Ialomiţa county). Before being used in the
experiment, larvae were quarantined for three
weeks, with the exception of A. villosa larvae
that were used immediately in the test. Only
visible healthy individuals were used.
Biotesting
M. melolontha larvae were treated with
B.brongniartii, respectively Metarhizium sp. by
simultaneous dipping in 100 ml spores
suspension of 1x107 for 10 seconds, and then
transferred into groups of 5, in disposable
plastic food containers (8.5x10.5x5 cm). The
boxes were filled with 300 g uncontaminated
commercial soil-peat substrate and perforated
for air exchange. Each replicate (x 4 boxes)
consisted of five larvae from the same batch of
insects. In each box were added small pieces of
carrots for larval feeding. For the control
variant, the larvae were treated with sterile
distilled water and Tween 80 (0.05%). The
boxes were incubated at 20 ± 20 C, in complete
darkness. Mortality was recorded weekly for
60-76 days by overturning the entire contents
of each box on sterile, single use substrates.
The dead larvae were removed and placed in
wet rooms to encourage the development of
mycosis. The living larvae were returned in
boxes and evaluated in the next week. Each
larval species was treated in three different
days. The entire experiment was performed on
three different dates, using each time the
conidian suspensions prepared in the test day,
from the same batch of fungal cultures.

MATERIALS AND METHODS
Fungal isolates
The used fungal isolates belong to the
entomopathogenic fungi collection of RDIPP
and the place of isolation are described in Table
1.
Table 1. The origin of fungal isolates
Fungal name

Strain

Host insect

Place of isolation

name
Metarhizium

MaF

anisopliae
Metarhizium

MaTVd

anisopliae

larva of Anoxia

Feteşti nursery

villosa Fabricius

(Ialomiţa county)

larva of Anoxia

Tudor

sp. Fabricius

Vladimirescu
nursery (Galaţi
county)

Metarhizium

MaGp

adult of

Timişoara county

Epicometis hirta

anisopliae

Poda
Beauveria

ICDPP#

larva of

Roman nursery

brongniartii

2

Melolontha

(Neamţ county)

Beauveria

ICDPP#

larva of

Dumbrava nursery

brongniartii

3

Melolontha

(Neamţ county)

melolontha

melolontha
Beauveria

ICDPP#

larva of

Obicioara nursery

brongniartii

4

Melolontha

(Bacău county)

melolontha

To maintain the virulence, fungal isolates
originated from pure cultures and maintained
on the PDA medium were passed periodically
through host insects.
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The mortality rate due to M. anisopliae
infection was very low, ranging between 8%
and 23% in the treated variants, after 53 days
(Figure 2). For these values, average survival
period could not be calculated because
mortality rates were below 50%.

Statistical analysis
The mortality rates of fungal treated larvae
were analyzed using the Kaplan Meier survival
curves, and the log-rank test was applied to the
significance threshold p <0.05 in the
GrapfPadPrism version 5.00 for Windows
(GraphPad Software, San Diego California
USA). The individuals who survived until the
end of the observation period were considered
censored.

percent mortality

25

RESULTS AND DISCUSSIONS
Susceptibility of M. melolontha larva to B.
brongniartii and M. anisopliae isolates
B. brongniartii (Sacc.) Petch fungus is well
known to be the most important natural enemy
of M. melolontha (Keller et al., 1997; Keller et
al., 2003; Enkerly et al., 2004; Zimmermann,
2007) and a well-established active ingredient
in bioinsecticide against insect pests (Faria and
Wraight, 2007).
As expected, the highest M. melolontha larval
mortality has been caused by the three strains
of B. brongniartii.
Comparison of survival curves indicated an
insignificant difference in susceptibility of M.
melolontha larvae to treatment with different
isolates of B. brongniartii (log-rank =3.54;
p=0.17). A 100% mortality was recorded for
larvae treated with ICDPP# 4 strain after 59
days of incubation. Those treated with the
ICDPP# 3 strain recorded 89% mortality and
the ICDPP # 2 strain determined a mortality of
68%. A single individual from the control
variants was recorded with mycosis, 59 days
post-treatment. The average survival periods
for M. melolontha larvae treated with ICDPP B.
brongniartii strains #2, #3 and #4 were 39, 37
and 38 days, respectively (Figure1).
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Susceptibility of A. villosa larvae to B.
brongniartii and M. anisopliae isolates
A. villosa larvae showed susceptibility to B
brongniartii isolates and the highest mortality
was of 60%, recorded among larvae treated
with ICDPP # 4 isolate for which a median
survival time of 59 days was obtained (Figure
3).
Comparison of survival curves indicated
insignificant differences in the susceptibility of
A. villosa larvae to treatment with different
B.brongniartia isolates (log-rank = 0.10; p =
0.43).
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Figure 3. The mortality rate of Anoxia villosa larvae (L3)
treated with conidial suspension (1x107 conidia/ml) from
different Beauveria brongniartii isolates
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Figure 2. The mortality rate of Melolontha melolontha
larvae (L3) treated with conidial suspension (1x107
conidia/ml) from different Metarhizium anisopliae
isolates
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M. anisopliae treatments led to infections of A.
villosa larvae in very low percentages
(<35.4%) and the mortality rate in control
variant was 11.7% (Figure 4).
Comparison of survival curves showed
insignificant differences in the susceptibility of
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Figure 1. The mortality rate of Melolontha melolontha
larvae (L3) treated with conidial suspension (1x107
conidia/ml) from different Beauveria brongniartii
isolates
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A. villosa larvae to treatments with various
isolates of M. anisopliae (log-rank = 3.08, p =
0.21).
Although the MaF isolate originating from an
Anoxia sp. larvae, its pathogenicity was very
low under conditions of this study. This could
happen because of an adaptation in time of this
pathogen with his host. Also, no major larval
mortality due to M.anisopliae was observed in
field highly infested with A. vilosa from witch
Maf isolate was obtained. Contrary to these
results, when Raid and Cherry (1992) tested
three isolate of M. anisopliae originated from
different white grub species on Ligyrus
subtropicus Blatchley larvae, only the isolate
originating from L. subtropicus was
pathogenic.
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Figure 5. The mortality rate of Amphimallon solstitiale
larvae (L3) treated with conidial suspension (1x107
conidia/ml) from different Beauveria brongniartii
isolates

Treatments with M. anisopliae caused infection
of A. solstitiale larvae in treated variants, but
the mortality rate was very low. Mortality was
also recorded in the control variants, which
made the comparison of survival curves
unjustifiable. After 60 days, the highest
mortality (18%) was recorded in the variant
treated with the MaTVd isolate, increasing to
23% after 76 days (Figure 6).
Results of laboratory studies on the screening
and selection of virulent isolates of
entomopathogenic fungi for the control of
scarabs showed that the fungal isolates differed
in pathogenicity and virulence against scarabbeetle species. In our tests both B. brongniartii
and M. anisoplie endemic isolates proofed to be
pathogenic for tested scarab species with
different degrees of pathogenicity between
fungal species of the same test insect species.
No variation was found in pathogenicity of
each isolate of the same fungal species.
Hadapad et al. (2005) reported differences in
virulence of B. brongniartii isolates obtained
from wide geographical and host origins,
against the larvae of scarabs M. melolontha and
Holotrichia serrata L. in screening and
selection tests.
In our laboratory tests, M. melolontha and A.
villosa larvae have shown greater susceptibility
on B. brongniartii isolates compared with M.
anisopliae isolates. Also, the results showed
that A. villosa and A. solstitiale larvae (L3) are
part of both B. brongniartii and M. anisopliae
insect host spectrum. B. brongniartii is known
to have a very narrow host specificity being a
selective pathogen for M. melolontha (Hajek et
al., 1994). In Romania, natural infected larvae
of M. melolontha was reported by Ciornei et al.
(2006). Larval stage diseases in field
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Figure 4. The mortality rate of Anoxia villosa larvae (L3)
treated with conidial suspension (1x107 conidia/ml) from
different Metarhizium anisopliae isolates

Susceptibility of A. solstitiale larvae to B.
brongniartii and M. anisopliae isolates
Larvae of A. solstitiale showed a very low
susceptibility to the B. brongniartii isolates, the
highest mortality being 18%, after 60 days, and
the mortality rate in the control variant was 5%
(Figure 5).
Comparison of survival curves revealed
insignificant differences in the susceptibility of
A. solstiliale larvae to treatment with different
isolates of B. brongniartii (log-rank = 1.07, p =
0.58). Pigmented points were observed on the
cuticle of a live larva treated with
B.brongniartii. These points could be melanin
deposits occurring as a result of defense
reactions at the penetration point of the fungus
hyphae in the insect's cuticle (Gillespie et al.,
1997). These defense reactions can explain the
resistance of larvae to fungal attack.
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experiments with endemic isolates of B.
brongniartii and other scarabs such as Anomala
dubia Scopoli and Rhizotrogus aestivus Olivier
(Fătu et al., 2016) have also been reported.
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Melolontha were very sensible to B.
brongniartii isolates which is consistent with
frequently literature reports, both in filed or
laboratory (Hurpin and Vago, 1958; Ferron,
1967; Keller, 1997).
Although isolates of entomopathogenic fungi
from Amphimallon larvae are reported (Keller,
2007; Kocacevik et al., 2015), reports on
pathogenity of entomopathogenic fungus
against this pest in field or laboratory are rare.
Benker and Leuprecht (2005) obtained
promising results in field trials with B.
brongniartii (in the form of MelocontPilzgerste) against second larval stage of M.
melolontha and A. solstitiale. The reduction of
pest population was 80% of the starting number
of the grubs in the variant treated with the
fungus. Peters and Vlug (2005) have been
successful in controlling L2 larvae of A.
solstitiale using the nematode Heterorhabditis
bacteriophora. Also Sezen et al. (2005)
obtained high mortality for second and third
instar larvae of A. solstitiale of 90% using B.
cereus isolated from A. solstitiale, and of 100%
using both mixture of this isolate of B.cereus
with B. sphaericus and B. thuringiensis, within
ten days.
Comparative studies on the susceptibility of
soil-dwelling insect pests to B. bassiana, B.
brongniartii and M. anisopliae led to different
results. Beron and Diaz (2005) reported that
different isolates of B. bassiana were generally
more virulent to most soil-dwelling insect pests
than M. anisopliae. Larvicidal bioassays on
Polyphylla fullo (Coleoptera: Scarabaeidae)
show also that B. bassiana is more effective
than M. anisopliae both in young and older
larvae (Erler and Ates, 2015). On the contrary,
tests on Anomala cincta (Coleoptera:
Melolonthidae) proved higher virulence of M.
anisopliae compared with B. bassiana isolates
(Guzman-Franco et al., 2012), according to the
studies of Klein et al. (2000) which consider
that Metarhizium species are better adapted to
infect soil-dwelling insects than Beauveria
species.
Besides
pathogenic
microorganisms,
parasitoids like Dexia rustica F., Dexiosoma
caninum F. (Walker 1944; Vanhara, 2009) and
Pexopsis aprica Meig (Lutovinovas et al.,
2014) were found to attack larvae and adults of
M. melolontha, respectively. Dexia rustica also
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Figure 6. The mortality rate of Amphimallon solstitiale
larvae (L3) treated with conidial suspension (1x107
conidia/ml) from different Metarhizium anisopliae
isolates

In our experiments, A. solstitiale have proven
to be resistant both to Beauveria and
Metarhizium isolates. This could be explained
by field insect populations that are
continuously exposed to pathogens and may
produce offspring with increased resistance to
infection (Moret, 2006). So it is possible that A.
solstitiale populations from Vrancea had been
continuously confronted with B. brongniartii
and M. anisopliae (data not shown). Another
explanation might be the low susceptibility of
the larval stage in which larvae of A. solstitiale
were tested. Not all stages in an insect’s life
cycle are equally susceptible to infection by
entomopathogenic Hyphomycetes (Inglis et al.,
2001). Thus, in time mortality studies
performed by Yubak Dhoj (2006) on fungus
isolates indicated different pathogenicity of
conidiospores and blastospores against three
instars of white grubs Maladera affinis
(Coleoptera, Scarabaeoidea), second instar
larvae have shown greater susceptibility than
first and third instars of infected grubs. The
mortality percentage varied between 50%-80%.
The most virulent isolates registered a LT50 of
2-4 weeks. Also Xiangcun Nong et al. (2011)
founded no differences in susceptibility of all
three instars of Holotrichia oblita Faldermann
(Coleoptera: Scarabeidae) to some isolates of
M. anisopliae and B. brongniartii but the
younger instars of A. corpulenta (Coleoptera:
Scarabeidae) were more sensitive than older
instars to entomopathogenic fungi. In our
experiment, the 3-rd instar larvae of
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infect Amphimallon species (Huiting et al.,
2006). Also the protozoa Nosema melolonthae
Krieg and Adelina melolonthae Tuzet (Hurpin,
1968) and neogregarian protozoa (Yaman et al.,
2016) have been recorded from these hosts.
Larvae of wasps like Scolia hirta Schrank
develop within soil larvae of scarab beetle
including M. melolontha (Banazsak and Twerd,
2009).
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CONCLUSIONS
The third instar larvae of melolonthine scarabs,
M. melolontha, A. villosa and A. solstitiale that
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immersion in conidial suspensions showed a
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