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Abstract

A study of individual and combination between  the
entomopathogenic fungus Metarhizium anisopliae (Ascomycota:
Hypocreales) and aqueous extract of three plant species including Nerium
(Nerium oleander), Elias (Myrtus communis) and Sweet acacia (Vachellia
farnesiana) were evaluated against adult houseflies, Musca domestica
(Diptera: Muscidae) in laboratory conditions. The fungal bioassay was
carried out at different conidial concentrations ranging from1x10* to 1x10°
spores ml™. Four concentrations of aqueous extract of each plant (25, 50, 75
and 100%) were used. The highest concentration of M. anisopliae (1x10°
spores ml™) caused the highest adult houseflies mortality (100%), which was
significantly different from the mortalities caused by the other fungal
concentrations. Aqueous extract of Nerium was significantly more effective
caused the highest adult mortality (83%) at high concentration (100%)
compared with Elias and Sweet acacia (54 and 33% respectively). Therefore,
three concentrations of aqueous extract of Nerium (50, 75 and 100%) were
used along with 1x10" spores ml*M. anisopliaeas an integrated pest
management program against M. domestica. The combination of M.

anisopliae and Nerium at all three concentrations caused more houseflies
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mortality  than individual treatments of M. anisopliaeand  Nerium

respectively,7 days post-application. Thus, a combined application of an
entomopathogenic fungus and aqueous extract of Nerium may benefit from

both, and it has proven effective for the control of houseflies.
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Introduction
The

domestica L.

housefly, Musca

(Diptera: Muscidae)
IS a major domestic, medical, and
veterinary insect pest that causes
spoils food, irritation and acts as a
vector of many human and animal
(10).

relies

pathogens Housefly

management heavily  on

insecticide  application.  However,

houseflies have been reported as
insecticide

their

having developed

resistance  to of

pesticide(26,

many

2). In  addition,

excessive use of pesticides results

in enhancing pest resurgence as

well as environmental/health

problems. For these reasons, there

is growing interest to explore and

adopt some alternative methods
that reduce pesticide use. Thus,
biological  control of  housefly

could be very promising being eco-

friendly as well as cost-effective

(21).

Microbial insecticides

based on entomopathogenic fungi

have been successfully used to

control a variety of agricultural
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insect pests (9). In addition, many

studies have been investigated the

efficacy of entomopathogenic
fungi against mosquito (24, 20)
and housefly, which are an

important pest and disease vectors

in poultry production facilities (11,

21). These studies have
investigated the potential use of
fungal pathogens, especially
isolates of Beauveria bassiana,
Lecanicillium spp and Metarhizium
anisopliae  for control of M.
domestica, which ranged from

simple laboratory assays (12, 19, 7,
5, 23) through to semi-field and
field evaluations (27,16, 25, 23).

Mishra et al. (23) studied the
susceptibility of the adult and
larval stage of housefly, M.
domestica to two
entomopathogenic fungi, M.
anisopliae and B. bassiana under
laboratory and  simulated field
bioassays.  Although they found
that B. bassiana and M. anisopliae
strains are highly effective in

controlling the population of adults
and larvae of housefly larvae and

show a higher rate of mortality
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within 4 days, M. anisopliaewas
found to be more effective in
controlling both stages, with the

optimum dose of 10° conidia ml™.

However, the efficacy of

entomopathogenic fungi is highly

dependent on environmental

conditions, where several studies
have reported that a high level of
relative humidity (100% RH) for at
14 h after
required to obtain a good control
level (13, 22). Thus, they can be

applied

least inoculation is

in combination with other

biocontrol agents as a part of
integrated pest management
programme to increase the

mortality level of insect pests.
Control of insect pests can
be by

insecticides from plants. These are

also achieved natural

more environmentally and
toxicologically safe and  more
selective and efficacious
insecticides which act as insect

repellents or insect anti-feed ants,

alter insect growth and

development ecdysis (molting),

and behavior during mating and

oviposition. Kazim (18) studied the
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efficacy of aqueous extracts of the
Sidr spp

oleander spp
Myrthus commuis and olive Olea
sp the M.
domestica. He found that Nerium

Ziziphus and  Nerium

Nerium and Elias

against larvae of
was most effective
M.

mortality

in controlling
0 %

other

domestica with a

compared  with

plant extracts.

There is no information on
the interaction between
entomopathogenic fungus M.
anisopliae and  aqueous  plant
extracts including Nerium, Elias
and  Sweet acacia  (Vachellia
farnesiana)for management of
housefly.  Accordingly, the study
was planned to determine the

efficacy of these biocontrol agents

alone and in  combination in
controlling M. domestica in
laboratory conditions.
Materials and methods
Rearing of M. domestica

Adult houseflies were
collected by sweep net from

poultry and sheep fields at Faculty
of Agriculture, University of Kufa,
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Najaf, Iraq, and reared in 45x45 x
45 cm cages covered with a muslin
cloth. Adult flies were held at room
28+5°C

Entomology Laboratory and were

temperature in
fed on a mixture of 4 g groundnut
oil cake, 10 g wheat bran, 4 g milk
powder, 2 g honey and all mixed
with 10 ml of water. Eggs being
laid were transferred to another
cage containing groundnut oil cake
1:3

transferred

and wheat bran in ratios.
Hatched
individually to
fed diet
above, this food was changed daily
pupal

transferred

larvae  were

rearing cages and

on mixture  described

until stage. Pupae were

to petri plates,

containing no food or moisture.
Emerged adult flies were housed in

rearing cages at room temperature

and were fed on diet mixture
described above. About 1-2 days
old flies were used for the
bioassays.
Plant samples

Leaves of three different
plant  species  which  included
Nerium (Nerium oleander),

Elias(Myrtus communis) and Sweet
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acacia (Vachellia

collected from gardens of Faculty

farnesiana)were

of Agriculture, University of Kufa,

Leaves were placed into tared,
brown paper bags and then samples
were dried in a forced-draft oven at
50 °C for Then, dried
leaves grinded by an

electrical grinder to obtain a very

2 days.

were

fine powder that placed into paper
bags and kept in the fridge until
use.
Aqueous extract of plants

Aqueous plant extract for
leaves of each plant species was
by the
described by Kayode (17). A100 g

of each fine powder were placed

obtained using method

individually in a 1000 ml beakers

contained 200 ml hot water and
mixed together using the electrical
mixture for 10 min. The mixture
was left for 24 h and filtered using
filter then
added

the

papers, and some

sterilised water until
200 ml

solution.

was

to produce stock

Four concentrations of

each agueous extract

prepared (100, 75, 50 and 25%)

were
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and kept in the fridge at 4°C until
use.

Efficacy of different concentrations

of aqueous plant extract in
controlling adults M. domestica
Five treatments were

carried out for each aqueous plant
extract to investigate the efficacy

of four concentrations of each
aqueous extract (100, 75, 50 and
25%) against adult houseflies. Four
(45%45 x 45 cm) cages covered
with a muslin cloth (containing a

total of 25 adults per cage) for each

treatment were used. In each
treatment, 5 ml of each
concentration were added to the

diet mixture as described above. In
control cages, the diet was mixed
with sterilised water only. Dead
flies were counted after 1, 2 and 3
days.
Entomopathogenic fungus

A M.

anisopliae (Met52® by Novozymes

formulation of

Biologicals  Inc.,Salem,  Virginia,
USA) was used. The product is
based on conidia of the F52 strain
larvae of a

This

isolated from thedead

Codling moth in Austria(8).
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mycoinsecticide contains
5x10'%pores g* and was kept at
4°C

suspensions, a

until use. For preparation

stock  suspension
was prepared by mixing 100 g of
Met52° 1000 ml
sterile water and 0.02% Tween 80
(BDH Chemicals Ltd., Poole, UK)

in 2000 ml beakers then agitating

powder in of

for 30 minutes with a magnetic
The
diluted

concentrations

stirrer. resulting concentration

was to produce lower

fungal thatsprayed
in the treatments. The viability of
spores was determined by spraying

0.1 ml of 1x10® spores mlI* on a

sterile  Petri dish with 1.5%
Sabouraud dextrose agar (SDA).
The dishes were sealed with

parafilm and incubated at 22°C, 90
+ 2% RH and a photoperiod of
16:8 (L:D) h. After 24h, the
number of germinated spores per
100 of
assessed  under
(400x

was considered positive when the

spores each plate

the

was
microscope
magnification). Germination
length of the germ tube was at least

half the spore length. The viability
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of the M. anisopliae spores used in
the bioassays exceeded 97%.
Efficacy of M.

adult houseflies

anisopliae against

25 adult
houseflies (1-2 days old) of each

For each treatment,
replicate were anesthetized by cold
treatment at 4°C for 3 min and then
placed on a filter paper (Whatmann
No.1) in petri plate (150x25 mm,
BOROSIL®) containing the adult
housefly food.
1 ml) with
1x10" ,1x10°
'of M. Anisopliae were sprinkled

Fungal
1x10%1x10° ,1x10°
or 1x10° spores ml

suspension

on diet. Petri plates were incubated

at 25+5°C and 75% RH. Five
replicates  per  treatment  were
carried out. Plates in the control

treatment were sprayed with 1 ml
of sterile distilled water containing
0.1%
counted and removed daily for 9

Tween 80. Dead flies were

days. Dead flies were surface
sterilized by immersion in a
solution of 10% sodium
hypochlorite and Tween 80 for 10
min, rinsed once in 70% ethanol
and three times with sterile

distilled water and then placed on
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agar (65 g of SDA in 1,000 ml
water and mixed with 10 g of yeast
extract, autoclaved at 121°C and
15 Ib for 15 min) in Petri plates
and incubated at 25+5°C, 75% RH,
for growth of fungus on cadaver, to
confirm fly
(23).

Interaction between

infection with fungus

M. anisopliae

and aqueous plant extract for

controlling M. domestica
The

experiment was to determine the

objective  of  this

effect  of  interaction  between
different concentrations of aqueous
plant extracts and M. anisopliae in

increasing the mortality level of M.

domestica. Concentrations of M.
anisopliae and  aqueous  plant
extract of Nerium were selected

from the individual trials based on
the levels of mortality induced by

M. anisopliae and Nerium. It used

four concentrations of  Nerium
(100, 75, 50 or 25%), M.
anisopliae at concentration 1x10’

spores ml?, and a combination of
these two treatments to investigate
adult

mortality of M. domestica.

Seven treatments were carried out.
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For interaction treatments, 50 adult
houseflies (1-2 days old) of each
replicate were anesthetized by cold
treatment at 4°C for 3 min and then
placed on a filter paper containing
the adult housefly diet as described
of M.
concentration 1x10’spores ml™* of
M.
diet. Petri plates were incubated at
25+5°C and 75% RH for 4 h.

adult flies were

above.1ml anisopliae at

anisopliae was sprinkled on

Afterwards,
transferred to rearing cages at room
temperature and were fed on diet

mixture with 5 ml of each
concentration (100%, 75%, 50% or
25%) of N. oleander. Five
replicates  per  treatment  were
carried out. In addition, one
treatment was exposed to M.
anisopliae  for 4 h and then
transferred to rearing cages

containing diet only as a fungal

treatment, and one treatment was

sprayed with sterile distilled water

and then transferred to rearing

cages containing diet mixture with
5 ml of each concentration of plant
in the control

extract. Houseflies

treatment were sprayed with 1 ml
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of sterile distilled water and then

transferred to rearing cages

containing diet only. Dead flies
were counted and removed daily at
1, 3,5 and 7 days after treatment.
Statistical analysis
Statistical analyses  were
conducted
16; VSN
Hempstead,
data

using a Shapiro-Wilk test (W-test).

using GenStat (version

International, Hemel
UK).

distribution

Normality  of

was  estimated
The data were transformed using
logit transformation when it was
necessary to meet the assumption
of

normality. Mortality

death

was
corrected for natural in the
control using Abbott’s formula (1),

which calculates the proportion of

houseflies killed by the fungus
alone. A  two-factor  repeated
measurement analysis ANOVA

was used to test the effect of fungal

concentration and time after
application on the housefly
mortality. The effect of plant

extracts and concentration of plant

extract were assessed using two-
factor ANOVA. two-factor
repeated measurement ~ ANOVA



2018 285-268: (1) 10 Kufa Journal For Agricultural Sciences

was used to  determine the

individual effects of M. anisopliae
different of

in addition

and concentrations
plant extract (Nerium)
to their combined effects. Mean
comparisons were performed using
LSD 5% of

significance (P < .05).

test at level
Results and Discussion
Efficacy of M. anisopliae against
M. domestica

Mortality of adult housefly
was increased significantly
according to the concentration of

M. anisopliae (P < 0.001) and days

after fungal application (P <
0.001). Significant  results  were
also  obtained  for interaction

between concentration and time (P

< 0.001). Absolute mortality was

recorded at 4 days in all the
treatments  except lower  fungal
concentration  (1x10* spores ml™)

and control where 5.6% and 2.4 %
mortalities were recorded at days 7
and 8, respectively. At day 9post-
74.4-100%
adult housefly was achieved with
high

exposure, mortality of

conidial concentrations
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(1x10*  and  1x10°
(Figure 1). This study showed that
of M.
anisopliae plays an important role

the

sporesml™)

conidial concentration

in  increasing mortality  of
houseflies as a result of increasing
the of

addition,

effective
the

number fungal

conidia. In present
study gave absolute mortality of

houseflies in 4 days after exposure.

This is due to the process of
germination, penetration and
sporulation  of  entomopathogenic

fungus, which required at least 96h
at optimal conditions and could be
more than 96 h at below or above
This  was
the

optimal conditions (3).

expected before  starting

laboratory  bioassays because all

entomopathogenic  fungi have a
to

the

slow killing process leading

mortality that increases with
time. The result was in agreement
with the data obtained by Barson et
al. (6) and Mishra et al. (23) who
reported high mortality of adult
houseflies  within 6 days of
exposure of M. anisopliae at 1x10°

spores ml™.
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Figure 1: The effect of different concentrations of M. anisopliae and the

time after application on the corrected mortality (mean + SE) of adult

housefly sprayed with M. anisopliae compared to the control treatment.

Efficacy of aqueous extract of plants against M. domestica

Results indicated that
aqueous extract of plants had a
significant effect on the corrected
mortality of adult housefly caused
by aqueous extract of different
plants 5 days after exposure (P <
0.001), with the highest mortality
found diet

in  housefly fed on

treated with Nerium, compared to

lowest mortality found in those fed
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on diet mixed with sweet acacia

(Figure  2). The  effect  of
concentration of aqueous extract
and time after exposure on the
percentage of housefly corrected
mortality was significant (P <
0.001), with 83% mortality
recorded for adult housefly
exposed to aqueous extract of

Nerium at concentration (100%) 5
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days post exposure,
23%
(Figure 2).
control
6% and 9%.
efficacy of an aqueous extract of

compared to

at day 1 after exposure

Housefly mortality in
treatments ranged between
The differences in
plants used in the current study
may be related to their differences
in the chemical compounds which
are  significantly the
of

previous

affecting

mortality rate treated insect

pests.  Several studies

these Kazim

that

supported
(18)reported

aqueous extracts

findings,
the efficacy of
of Nerium was
significantly high than those of the

Sidr and Elias against larval stage

aqueous  extracts  of  Quercus

brantti
than

was significantly  higher

those larvae exposed to

aqueous  extracts of  Eucalyptus

camaldelulensis, Plantago

lanceolata and Rumex dentatus.

Combined effects of M.
anisopliaeand Nerium against M.
domestica

Mean  number of dead
houseflies was significantly

different among the treatments (P <
0.001) and period of time after
(P < 0.01). The
combined effect of M. anisopliae
and Nerium at all three different
concentrations (100, 75 and 50%)

application

of houseflies. Akbar et al. (4) produced a more rapid mortality
reported that the mortality rate of response in  adult housefly as
larvae of housefly exposed to indicated by the mean number of
100 A
< B0
é’ =00 v
o 60 —a—04Ve
- -1
40 ! »
é" " 5 AL
Control
% —
;
z 0 =
i ¥ o
Days after treatment
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Figure 2:Mean (xSE) adult mortality of adult houseflies exposed to various
concentrations of aqueous extract of (A) Nerium; (B) Elais; (C) Sweet acacia,
after 1, 3 or 5 days of exposure compared with control treatment. LSD for plant
species = 1.73; LSD for concentration of aqueous extract = 2.08; LSD for

interaction = 2.54.
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Table 1:Mean number of dead houseflies exposed to single or integrated
treatments of M. anisopliae(1x10* spores ml™*) and Nerium at all three
different concentrations (100, 75 and 50%) compared with control treatment.

Dead | Dead
Dead | Dead
No. No.
Housefly | No. | No. Cumulative
Treatments after | after
No. after | after Dead No.
120 | 168
24h | 72h
h h
M. anisopliae + 100 %
50 10 | 184 | 18.6 3 50

aqueous extract of Nerium

M. anisopliae + 75 %
50 72 | 138 | 206 | 6.6 47.6
aqueous extract of Nerium

M. anisopliae + 50 %

50 32 | 88 | 178 | 838 39
aqueous extract of Nerium
M. anisopliae at concentration
50 0 04 | 48 10 15.2
1x10" spores ml™ only
100 % aqueous extract of
50 11 14 5 6 36
Nerium only
Control 50 0 1 1 2 4

LSD for treatment = 2.76; LSD for time = 3.11 ; LSD for interaction = 3.72

dead individuals compared adults’ housefly. For example, the
with individual effects of M. mean number adults housefly dead
anisopliae and  Nerium against produced by combining M.
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anisopliae and Nerium at either
100, 75 or 50% were 50, 47.6 and
39,

exposure, compared to 36 and 15.2

respectively after 7 days of
for those houseflies exposed to M.
anisopliae or Nerium only (Table
1). A
reported by Islam et al. (14) who

similar phenomenon was
found that the combination of B.
bassiana with resulted in
276 and 20.5%

mortality of the whitefly Bemisia

neem
more nymphal
tabaci 7 days post-application than
individual treatments of B.
bassiana and neem,

In addition, James (15), found that

respectively.

up to 90% nymphal
the  whitefly B.

mortality of
argentifoliiwas
when

obtained Paecilomyces

fumosoroseus were combined.
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