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ARTICLE INFO ABSTRACT

Avrticle History This study was carried out to investigate the virulence of both
Received:12/1/2019 entomopathogenic  nematode  Steinernema  riobravae  and
Accepted:4/2/2019  entomopathogenic fungi Beauveria bassiana against last larval
instars of Galleria mellonella. Both pathogens were either applied

Keywords: individually and as a group by inoculation of nematode
Nematode, simultaneously or 2, 4 and 6 days post fungal infection. Moreover,
Steinernema the effect of fungal infection on the nematode’s penetration ability
riobravae, fungi, and reproduction potential were also evaluated. The results indicated

Beauveria bassiana, that by increasing pathogen concentrations the host mortality
Galleria mellonella Ppercentage increased. LCso values were 12.3 1Js/ larva for S.
riobravae and 309.62 conidia/ml for B. bassiana. The nematode’s
penetration ability was significantly reduced when nematode applied
at 2, 4, and 6 days post fungal infection. A significant reduction in
infective juveniles production was observed when nematode applied
at 2 and 6 days post fungal infection. However, the combination of
two pathogens increased the effectiveness of pest control, their
development is affected possibly by competition for the host and the
understanding of these interactions will make it possible to determine
the compatibility of the components of biological control to be used.
INTRODUCTION
Galleria mellonella (Lepidoptera: Pyralidae) is one of the most devastating
and economically important pests of honey bee products in the world (Chang and
Hsieh, 1992). Damage occurs by creating tunnels in the comb and leaves masses of
webs on the frame which causes galleriasis and later absconding of colonies (Ebadi
et al., 1980 and Turker et al., 1993). The developments of insect resistance to
chemical insecticides and its deleterious effects on environmental and human safety
have provided a strong impulse to the development of microbial control agents for
use in integrated control of insect pests (Prasad and Syed 2010). Entomopathogens
are considered promising alternatives to conventional synthetic insecticides due to
their negligible detrimental effect on the environment and human health and harbor
promising insecticidal activities against a number of arthropod pests (Charnley and
Collins 2007).
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Entomopathogenic nematode (EPNSs) are promising safe microbial control
agents and are efficient in suppressing a variety of insect pests  (Llacer et al., 2009
and Shapiro-llan et al., 2017). They are obligate parasites in the families
Steinernematidae and Heterorhabditidae which kill insects by their mutualistic
bacterium Xenorhabdus spp. and Photorhabdus spp. that associated with
Steinernema spp. and Heterorhabditis spp., respectively (Lacey et al. 2015).
Entomopathogenic fungi (EPF) such as isolates of Beauveria bassiana are well-
known for their virulence against different target pest species (Hussain, et al., 2009).
Entomopathogenic fungi involve an infective spore stage, in which it germinates on
the host cuticle, forming a germ tube that penetrates the cuticle and invades the
haemocoel of the insect host.The fungus then multiplies within the insect body and
kills it (Hajek and St. Leger, 1994 and Safavil 2013).

Combinations between entomopathogenic nematode and fungi can generate
interactions such as synergism that increase pest mortality, antagonism in which a
biological control agent inhibits another by competing for space and resources, and
additively when they act independently of each other (Ansari et al.,, 2008 and
Koppenhofer and Grewal 2005).These synergies can be used in biological control
because they can be reduced the costs of lowering the application doses. Moreover,
the combined application of EPN and EPF may affect penetration efficiency of
nematode and 1J progeny where fungal extracts inhibited the growth of the symbiotic
bacteria (Navarro et al., 2014).

The main objective of this study was to determine the effect of B. bassiana
infection on the efficiency of S. riobravae against the lepidopteran Galleria
mellonella larvae.

MATERIALS AND METHODS

Stock Culture of G. melonella:

Galleria mellonella used in this study was obtained from the department of
crop pests, Plant Protection Research Institute, ARC, Dokki, Giza-Egypt. The culture
was reared under laboratory conditions (28 £ 2 °C and 65 — 70 % R.H). The larvae
reared on glass jars and provided with artificial diets consist of wheat flour (200 g),
corn flour (200 g), milk powder (100 g), honey (150 mL), Yeast powder (100 g) and
glycerol (150 mL) Woodring and Kaya (1988). The top of the glass jars was covered
with muslin cloth and secured tightly using the rubber band.

Entomopathogenic nematodes:

Steinernema riobravae was cultured in the last instar larvae of the greater wax
moth (Galleria mellonella L.) according to Dutky et al., (1964). The emerging
infective juveniles (1Js) were harvested from White traps and stored in distilled water
at 15°C.

Entomopathogenic Fungi:

Fungal isolate Beauveria bassiana (AUMC 3873) was obtained from Assiut
University, Mycological Centre and grown on Difco™ Sabouraud Dextrose Agar in
Petri dishes (90 mm) under the complete dark condition in the dark at 28+1 °C for 14
days. The conidia were harvested and suspended in a sterile agueous solution of 0.05
% Tween 80. Total spore counts were quantified microscopically using a
hemocytometer. Serial dilutions were made for different concentrations.

Virulence Assays:
Virulence assays were conducted in plastic cups (9 cm diam., 5 cm deep) filled
with 200-g (oven-dried) soil that moistened with distilled water 10% w/w and
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contained five larvae each, then uniformly pipetted on the soil surface with 5, 10, 20,
40 and 80 (1Js/ 200g soil) from entomopathogenic nematode S. riobravae or 10, 10
, 10® , 10* and 10° (spores/ ml ) from entomopathogenic fungi B. bassiana
suspension. Thirty individuals of Galleria mellonella last larval instar had been used
for each nematode, fungal or combination infection. Control cups received sterile
distilled water only. After infection, cups were incubated at 28 C°. Larval mortality
was monitored every 24 hrs over a period of 96 hrs following nematode infection
and 10 days for the fungal infection.

Entomopathogenic Nematode and Fungi Interactions:

Based on prior virulence assays the LCsy dose was determined for both
pathogens and applied in interaction assay. In this part of the study, the EPN and EPF
were applied at the same time, 2, 4 and 6 days after EPF infection, mortality was
assessed 96 hrs post inoculation. Type of interaction (synergistic, additive, or
antagonistic) was determined by using a procedure originally described by Finney
(1964) and modified by McVay et al., (1977). The expected additive proportional
mortality Mg for the EPN-EPF combinations was calculated by Mg = Myema + Mgung
(1 — Mnema), Where Myema and Meyng are the observed proportional mortalities caused
by S. riobravae and B. bassiana alone, respectively. Results from a y*-test, y° =
(MNemaFung — ME)ZIME, where Myemarung 1S the observed mortality for the S.riobravae
- B. bassiana combination, were compared to the x> table value for 1 degree of
freedom. If the calculated y°-values exceeded the table value, there would be a reason
to suspect a non-additive effect, that is, synergistic/antagonistic, between the two
agents (Finney, 1964). If the differences Mnemarung — Me = D had a positive value, a
significant interaction was then considered synergistic, and if D had a negative value,
a significant interaction was considered antagonistic.

Penetration Rate:

The number of IJs that penetrated Galleria mellonella larvae were determined
by application of nematode singly and in combination with fungi at time intervals
from fungal infection (0, 2, 4 and 6 days ). Insect mortality was monitored every 24
hrs. Four days after death, ten larvae were randomly selected and rinsed with sterile
tap water to remove any external 1Js then dissected in petri dish with distilled water
and examined under binocular.

Reproductive Potential :

At least ten dead insect larvae resulted from single and combined infection
were washed twice with distilled water to remove any nematode juveniles that
attached to them and placed individually into White traps. After 15 days of infection,
all 1Js that emerged from the host over this period in the water were harvested and
the total nematode suspension of each larva was put in a 50 ml flask. Three ml
samples (each ml regarded as replicate) were examined under binocular.

Statistics

All experiments contained 3-4 replicates (insects homogenates), and the results
of biochemical determinations were pooled from triplicate determinations. IBM
SPSS statistics (V. 23.0) was used for data analysis. Data were expressed as Mean *
SD. Comparison between more than two groups for parametric data using Analysis
of Variance (ANOVA).

RESULTS

Pathogenicity:
Table (1) showed the mortality percentage caused by different concentrations
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of S. riobravae and B. bassiana against G. mellonella larvae. There was a positive
correlation between pathogen concentrations and mortality percentage, whereas
larval mortality occurred by S. riobravae increased from 26.67+6.7% to 93.3+6.6 %
as the dose was increased from 5 to 80 1Js/ larva as compared with 0% in the control
at 96 hrs post-infection, while larval mortality occurred by B. bassiana increased
from 26.67+6.7 % to 86.67+6.7 % as the dose was increased from 10 to 10° (conidia
/ ml) at 10 days post-infection as compared to 13.33 % of the control . LCs value
(Fig.1) recorded 12.3 1Js/larva for S. riobravae infection and 309.6 conidia / ml for
B. bassiana infection.

Table(1): Mean percentage mortality of G. mellonella following exposure to different
concentrations of S. riobravae and B. bassiana in the dose-response assay.

Treatment Steinernema riobravae (1Js/larva) Beauveria bassiana (spore/ml)
Concentration | 5 10 20 40 80 10 10° 10° 10* 10°
Mortality % 26.67 | 46.66 | 40 73.33 | 93.33 | 26.67 | 35.29 [66.67 [73.33 86.67
+ SE +6.7° | #6.6° | £0.0° | +6.6° | #6.6° | £6.7° | 6.1 [ 6.6™ k6.7 | 6.7
Mortality values within a column followed by the same letter are not significantly different (Duncan' s test:
P>0.05).
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Fig(1) . Diagram represent LC50 value of both S. riobravae(12.381)s/larva)and B.
bassiana (309.77conidia/ml).

Entomopathogenic Nematode and Fungi Interactions:

Synergistic interactions were observed between S. riobravae and B. bassiana
against last larval instar of G. mellonella (Table 2). The degree of synergy increased
when S. riobravae was applied 4days after fungus infection (3> = 54.7, d.f. = 1,
P<0.001) as compared to infection at the same time (y2 =64.8, d.f. = 1, P<0.001) , 2
days (x2 = 80, d.f. = 1, P<0.001) or 6 days (¥2 = 14, d.f. = 1, P<0.001) post fungal
infection




Initial Fungal Infection Reduce the Penetration and Reproduction Rate 105

Table (2): Mean mortality percentage (x SE) and type of interaction of G. mellonella
after combined application of S. riobravae and B. bassiana.

Time
Pathogen intervals Obser:/_ed Expecf_ed %2 interactions
(days) mortality mortality
S. riobravae 0 56+7.4 20 64.8 | Synergistic
(12 13s/ larva) |2 60 6.3 20 80 | Synergistic
+
B. bassiana 4 76£14.6 33.3 54.7 | Synergistic
(309 spore/ml)
6 60+6.3 36.67 14.8 | Synergistic

Mortality values within a column followed by the same letter are not significantly different (
Duncans P: P>0.05). Expected mortality ME = MNema + MMa (1 — MNema), where
MNema and MMa are the observed proportional mortalities caused by S. riobravae (12.38
IJs/ larva) with B. bassiana (309.6 conidia / ml)

Penetration Ability and Reproductive Potential:

Data in Table (3) showed penetration ability and reproductive potential of

nematode at single application and when combined with fungi at different time
intervals, no significant difference was observed in penetration rate between single
S. riobravae infection (9 £ 0.7) and simultaneous combination with B. bassiana (8.7
+ 0.6) while significant reduction in penetration rate was observed when nematode
applied at 2, 4 and 6days post fungal infection reported 4.2+1.3, 2.2+1.4 and 1.03
0.2 1Js/ larva respectively. This indicated that adding nematode after fungal infection
significantly affect the penetration ability.
Moreover, no significant difference was detected between progeny produced by S.
riobravae when applied alone (29399.5 +110.9 1Js/ L), in simultaneous combination
with B. bassiana (28638.5 £113.7 IJs/L) and when nematode applied at 4 days post
fungal infection (11638.5 +135.8 1Js/L). Whereas, a significant reduction in progeny
production was observed when nematode applied at 2 and 6 days post fungal
infection reached 4410 .5 +2.3 and 657.8 £13.1 1Js/L respectively.

Table (3): Penetration rate and reproduction potential of S. riobravae on G. mellonella larva
at single and combined application with B. bassiana (Mean + SE).

Treatment | davs Penetration Reproductive potential
y rate(Mean+ SE) (Mean+ SE)
S. riobravae - 9+0.7° 29399.5 +110.9°
. 0 8.7+ 0.6° 28638.5 +113.7°
S. ”Obra"ae+ 2 4.241.3° 4410 5 2.3
bc abc
B. bassiana 4 22+ 1.4 C 11638.5 1135.§
6 1.03£ 0.2 657.8 £13.1

Columns within treatments annotated with the same letter are not significantly different (Duncan’s
multiple ranges; P<0.05

DISCUSSION

Entomopathogenic nematodes (EPN) and entomopathogenic fungi (EPF) are
pathogens which require an insect host to complete their life cycle and are commonly
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used as biocontrol agents (Hennessy, 2012). In the present investigation, the
mortality percentage of G. mellonella larvae increased with the increasing of
pathogen concentration. This is in accordance with Arici et al., (2010) who showed
that mortality was positively correlated with pathogen concentration. Hyrsl, (2011)
showed that mortality of insect host correlates with the number of invaded infective
juveniles (1Js). Similar findings were also reported by several authors (Rios-Velasco
et al., 2014 and Rezaei et al., 2015).

The interaction between two pathogens can be synergistic, antagonistic or

additive, depending on the pathogen, the insect pest, infection dose and application
time, the synergistic effect can result in greater insect mortality when compared to
the agents applied alone and this interaction could possibly reduce the cost and
quantities of single dose applications. However, combinations of these pathogens
may also result in additive or antagonistic interactions which would be of no benefit
to growers (Hennessy, 2012). Similarly, in the current study, synergistic interaction
was detected between the nematode and fungal species in all combined treatments
which was much higher when nematode applied at 4 days post fungal infection.
A number of scientists have evaluated a synergistic interaction among different EPN
and EPF species against Galleria mellonella (Sankar et al., 2009 and Bacca et al.,
2014). Molina et al. (2007) and Ansari et al. (2008) showed that it is possible to
establish positive interactions, possibly synergistic or additive, by applying
entomopathogenic fungi and nematodes at the same time or in short intervals with
other pests. This establishes that, for a synergistic interaction to occur time is key to
allow the life cycles of both controllers and although competition for space and
nutrients may occur, they do not completely inhibit each other (Ansari et al., 2006).
Ansari et al. (2004, 2008) suggest that one of the main factors of a synergistic
interaction is the weakening of larvae by an initial fungal infection which also
increases the host’s susceptibility to nematodes by generating a stressful condition
and altered behavior (Ansari et al., 2006, 2008).

Differences between the reproduction potential of entomopathogenic
nematodes may be related to the isolates, species, host susceptibility, penetration
rate, and environment. It is possible that combination between species and other
biotic factors might reduce their overall effectiveness due to competition between
them (Selvan et al., 1993 and Sankar et al., 2009).

However, in the current study, the fungal infection did not have any negative
impact on the penetration ability of nematode when applied simultaneously,
conversely reduction in penetration ability was observed when nematode applied
after days from fungal infection. Similarly, the number of progeny produced was
significantly reduced when nematode applied after days from fungal infection except
at simultaneous infection and application of nematode after 4 days from fungal
infection. The reduction in nematode reproduction at 2 and 6 days from fungal
infection may due to initial fungal infection showed high defensive activity against
the pathogen Serebrov, et al., 2006 and Dubovskiy, et al., 2010). However fungal
infection takes 2 to 3 days to weakened larval immunity system by their toxins and
complete fungal colonizing was observed at 6 days from fungal infection (Molina et
al., 2007; Tarasco et al., 2011). The combined application of EPN and EPF showed a
significant reduction in the penetration efficiency of nematode and 1J progeny where
fungal extracts inhibited the growth of the symbiotic bacteria (Navarro et al., 2014).
Combination of Beauveria bassiana and Steinernema sp. in the lepidopteron Galleria
mellonella reduced production of infective juveniles and penetration rate (Bacca et
al., 2014).The combined effect of fungi with H. indica adversely affected the
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multiplication of nematodes on G. mellonella larva (Sankar 2009). The production of
1J was significantly reduced in combined infections with a highly virulent fungus or
when the fungus was added before the nematodes (Ansari et al. 2005 and Acevedo et
al. 2007).
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