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Introduction

Abstract:

Fungal pathogens are recognized as biological control agents
that are increasingly replacing the chemical compounds for
controlling fruit flies. The present study aimed to determine the
effects of the entomopathogenic fungus Beauveria
bassiana (Balsamo) against Ceratitis
capitata (Wiedemann) (Tephritidae : Diptera). In addition, the
effects of B. bassiana on in vivo activity of polyphenol oxidase
(PPO) and phenol oxidase (PO) enzymes of C. capitata pupae were
determined. The toxicity results of B. bassiana fungus exhibited
mortality of 2.5-12.5% in the pupal stage. Mortality in adult flies is
steadily increased, reaching 96.79 and 97.22% on the 35th and 32nd
days with 0.88 and 1.75 g/L of fungus treatment. The biochemical
analysis of PO and PPO enzymes activity in C. capitata pupae
showed an increase in enzyme activity with the increase of the fungal
concentration and post-treatment duration. This information can aid
in pest management in integrated and organic orchards.

insecticides, chemosterilants, mass

Mediterranean fruit fly Ceratitis
capitata (Wiedemann) (Diptera:
Tephritidae) is a key pest of fruits in the
Mediterranean basin that has a
worldwide distribution. Globally, this
fly attacks more than 250 species of
fruits and vegetables (Morales et al.,
2004). Its economic importance is due
to the direct damage caused by
ovipositing of the females to the host
fruit and the larvae feeding on the fruit.
Control of C. capitata can be conducted
on the adult fly (Aerial treatment with
chemical insecticides, sterile
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trapping, oviposition deterrence) or soil
larvae and pupae (Terrestrial treatment
with chemical insecticides) (Navarro-
Llopis et al., 2004; Rendon et al., 2006
and Ekesiet al., 2007). The heavy
application of conventional insecticides
against C. capitata, may cause serious
ecological problems (Maganaet al.,
2008), as the resistance development of
the field strain of C. capitata (El-
Gendy, 2017).

So, several efforts have been
made to restrict the use of harmful
insecticides by using safer alternative
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approaches to control C. capitata.
Entomopathogenic  fungi play a
significant role in the natural biological
products for many insects (McCoy et
at., 1988). The importance of fungi in
the control of insects was noticed by
ancient Chinees (Roberts and Humber,
1981). Thus, environmentally
compatible strategies for managing C.
capitata populations have been
developed, including using
entomopathogenic fungi as one of the
biological control agents (Castillo et
al., 2000) as Beauveria
bassiana (Balsamo) (Ascomycota:
Cordycipitaceae) (Beris et al., 2013).

B. bassianais widely spread
and considered a natural enemy of a
wide variety of insects and
arachnids (Roberts and St Leger,
2004). B. bassianais the only insect
pathogens infecting their hosts by direct
penetration of the cuticle, showing
promising perspectives for the C.
capitata control against pupae in the
soil (Soll inoculation) (Garrido-
Jurado et al., 2011). B. bassiana was a
safe bio-control organism in an
application that has been assessed based
on its impacts on non-target insects and
mammals, including
humans (Zimmermann, 2007).

On the other hand,
entomopathogenic fungi were observed
to produce several proteases that
degrade insect cuticles (Samuels and
Paterson, 1995). A broad variety of
trypsin, chymotrypsin, elastases,
collagenase, and chymoelastase was
described (Smith and Grula, 1982) as a
liability for insect cuticular
deterioration (St Leger, 2008).

The current work aimed to
evaluate the efficacy of B. bassiana as
a soil application against C.
capitata larvae, as well as the fungus
effect on the activity of peroxidase and
phenol oxidase enzymes.

Materials and methods
1. Insect rearing:
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Adult fly of C. capitata was
raised in wooden cages (30 x 30 x 30
cm), provided with a food medium (Dry
yeast: sugar 1:3), and saturated sponge
of water as a source of water in Petri
dishes. Eggs were allowed to fall into a
water reservoir located beside the base
of the cage. The eggs were collected
daily from the water reservoir and
added to the larval artificial diet which
consisted of wheat bran (96.8 g), sugar
(64.8 g), dry yeast (9.07 g), citric acid
monohydrate (2.4 g) sodium benzoate
(2 g) and tap water (200 ml) according
to Tanaka et al. (1969).
2. Virulence assay of the
entomopathogenic fungus Beauveria
bassiana against Ceratitis capitata :

The microbial insecticide, B.
bassiana fungus (WP 2.5%, 2.3 x 108
conidia/gm) was carried out against the
3rd larval instar of C. capitata. B.
bassiana was get from Bioinsecticides

Production Unit, Plant Protection
Research Institute, Agricultural
Research ~ Center,  Egypt.  The

experiments were carried out in plastic
cups (250 cm3) closed at the top with a
cloth net (1 mm mesh). The cups
contained 75 gm of sterilized sand,
which had been autoclaved at 105 °C
for 24 hours. B. bassiana was assayed
in six fungal concentrations, 0.75, 1.25,
2.5, 5, 10, and 20 gm/I, and the control
treatment was treated with water only.
Ten ml of fungal suspension per
replicate were added to the soil by the
pipette. One hundred of the full-grown
larvae of C. capitata were used per each
concentration (Treatments) in five
replicates, 20 larvae each. Popped
larvae were transferred to the cups and
freely allowed to pupate in the fungus-
treated soil. At 2, 4, and 6-days post-
treatment, the treatments  were
inspected, and the dead pupae were
recorded. On the 7th day, the pupae
were transferred to Petri dishes until
emerged flies. Emerged flies were
transferred to plastic cups (250 cm3)
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covered with a cloth net, provided with
a source of food and water as described
above. The dead flies were removed
daily to Petri dishes containing a wet
filter paper. Petri dishes were sealed
with Parafilm® and kept in a room at
26°C to promote the growth of the
fungus on the dead bodies to confirm
that fungus infection was the cause of
death (Ekesi et al., 2002).

3. Determination of lethal
concentration (LC50):

The dose-mortality relationship
is determined for the concentration that
showed the virulence against fruit fly
of >0 and <100 % mortality. The
concentrations evaluated were between
0.75 -20 gm/L of 2.3x108 conidia/ml.
This procedure was repeated with five
batches of flies, and the lethal
concentrations of each replicate were
used for statistical comparisons. LC50
was calculated according to Finney
(1971) using the Ldp-Line
program (Bakr, 2007).

4. Enzyme preparation:

For biochemical determination
of detoxification enzymes, the 3rd
larval instar of C. capitata was exposed
to B. bassiana concentrations  (As
mentioned above) of 1.25, 2.5, 5, and 10
gm/l, in 3 replicates each. About 20
larvae were used for each replicate.
After 2-, 4- and 6-days of exposure,
pupae were homogenized in 1000 pl
chilled phosphate buffer (0.1 M, pH
6.5), containing 0.01% (w/v) of triton
X-100. The crude homogenate was
centrifuged at 14,000 rpm for 5 minutes
at 4°C. The supernatant was collected
and used further as an enzyme source
for the biochemical estimation of
peroxidase (PO) and polyphenol
oxidase (PPO) enzymes. Untreated flies
were used as control.

5. Assay of phenol oxidase (PO)
activity :

The activity of PO was assessed
by mixing 500 pl of a sample with 2 ml
of Tris-HCI solution (pH 6.5) and then
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incubated at 30 °C for 3 min. PO
activity was measured with a
spectrophotometer (PG instrument T80
UV/VIS spectrometer) at 420 nm
(Ishaaya, 1971).

6. Assay of polyphenol oxidase (PPO)
activity:

PPO activity was assessed by
mixing 200 pl of the sample with 1.5 ml
of Tris-HCI solution (pH 6.5) and then
incubated at 30 °C for 2 min. PPO
activity was measured with a
spectrophotometer (PG instrument T80
UVI/VIS spectrophotometer) at 495
nm (Ishaaya, 1971).

7. Statistical analysis:

The corrected mortality
percentages were corrected through
Abbott's formula (Abbott, 1925), after
which LC50 is estimated by Probit
analysis.  All  experiments  were
completely  randomized  designs;
mortality data were subjected to one-
way analysis of variance (ANOVA),
and enzyme data were subjected to two-
way analysis of variance using CoStat
Software (2008) Version 6.4. Means
were compared by a Tukey-Kramer test
at a 5% probability level where
significant differences existed between
them.

Results and discussion

1. Virulence assay of the
entomopathogenic fungus Beauveria
bassiana against Ceratitis capitata :
Six  fungal  concentrations
of B. bassiana, 0.75, 1.25, 2.5, 5, 10,
and 20 gm/L, were assayed on the full-
grown larvae of C. capitata by soil
treatment application. Results in Table
(1) show no infectious symptom in the
pupal stage of C. capitata until the 5-
days of treatment. On the 6th day of
pupal age, B. bassiana exhibited little
mortality effects ranging from 2.5 to
12.5%, with the tested fungal
concentrations (F=2.86, p=0.04).
Adults’ mortality was observed
from the outset. With increasing the
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flies' age and fungal concentrations, the
flies” mortality rates were steadily
increased, which statistically were
significant among the different fungal
concentrations within each time of post-
treatment. On the 8th day, flies’
mortality reached < 50% with treatment
by 20gm/L of B.
bassiana (F=18.92, p=0.0001). The fly
mortality increased with elapsed time to
reach < 90% on the 23rd day with
fungal concentrations of 10 and 20
gm/L (F=6.09, p=0.0018), to achieve
elimination for the fly at the 28th day of
fly age with respective fungal
concentrations of 5, 10 and 20 gm/L
(F=14.67, p=0.0001).  While the
concentrations of 2.5 and 1.25 gm/L
eliminated the fly at the 32nd and 35th
day of the adult age.

The results in Table (2)
indicated that LC50 values of the
fungus were not registered at the 2nd
and 4th-day post-treatment of C.
capitata pupae, it was recorded on the
6th day with 1115.78 mg/L. LC50 value
in the pupal stage was higher than that
in the adult flies (589.82-0.007 mg/L).
On the 2nd day of adult age, LC50 was
589.82 mg/L, which decreased by
increasing time of treatment; On the 5th
day of the adult fly age, LC50 decreased
by about 7.11 times than those on the
2nd day. A Similar trend was achieved
with LC50 reduction of 52.213,
399.592, 2027.822, 40701.286, and
71227.25 times at 8, 13, 18, 23, and 28
days of treatment of that on the 2nd day
of the adult stage, respectively.

2. Biochemical assay of the
entomopathogenic fungus Beauveria
bassiana against Ceratitis capitata :
2.1. Specific activity of phenol
oxidase enzyme:

Results presented in Table (3)
indicate that biochemical assay for a
specific activity (SA) of PO enzyme
in C. capitata pupae increased with
increasing the tested fungal
concentrations and time post-treatment.
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The highest SA of PO value (General
mean £SE) in pupae was 1.74 pm/mg
protein/min when the C. capitata larvae
are processed at 10 gm/L of fungus. PO
activity declined by decreasing the
fungal concentration to 1.44, 1.20 and
0.92 pum/gm protein/min at 5, 2.5 and
125 gm/L  fungal treatments,
respectively, compared to 0.34 um/mg
protein/min  for control treatment
(F=10884.86, df=4, p=0.0000). For PO
activity at different days post-treatment,
PO was the lowest in the SA (1.094
pm/gm protein/min) at the 6th day of
the pupal age, which was significantly
differed from those at the 4th (the
highest  activity; 1.148 pm/gm
protein/min) and the 2nd day (1.144
pm/mg  protein/min)  (F=  58.76,
df=2, p= 0.0000). The SA of the PO

enzyme ratio was increased by
treating C. capitata larvae with
increasing concentrations of B.

bassiana fungus by 2.71, 3.54, 4.25,
and 5.13-fold at the fungal
concentrations of 1.25, 2.5, 5, and 10
g/L of that of the control treatment,
respectively. Significant differences
were observed between SA values of
PO recorded at both treatments and at
times post-treatment, followed by high
interaction between fungi treatments
and elapsed times of treatment (F=9.54,
df=8, p=0.0000).

2.2. Specific activity of polyphenol
oxidase enzyme:

The SA of the PPO enzyme
of C. capitata pupae was found to be
directly related to the fungal
concentrations (Table 4). Results show
an increase in the SA of the enzyme
(general mean £SE) at the tested fungal
concentrations (1.25, 2.5, 5,and 10 g/L)
along inspected dates (2, 4, and 6 days).
The lowest specific activity was 0.44
pm/gm  protein/min at 1.25gm/l of
fungus which increased significantly
with the increase of the fungal
concentrations of 2.5, 5 and 10 gm/I that
significantly recorded 0.54, 0.73 and
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0.93 pum/gm protein/min, respectively,
compared to 0.353 pm/gm for the
control one (F= 14277.69, df=4, p=
0.0000). The SA of PPO increased by
1.25, 1.54, 2.07, and 2.65-folds of the
untreated one at the tested
concentrations,  respectively.  The
general mean of SA of the enzyme for
all fungal concentrations at the tested
times showed that at the 2nd day (0.58
pm/gm protein/min) of treatment was
lower than the other tested days; the 4th
day (0.60 um/gm protein/min) and 6th
day (0.62 pm/gm protein/min) with
significant differences between the
treatments (F= 122.3, df=2, p=0.0000),
followed by a remarkable interaction
effect between treatments and inspected
time on SA of PPO enzyme (F= 9.77,
df=8, p=0.0000).

The present work was planned
to assess the efficacy of the fungus B.
bassiana on the pupal stage of C.
capitata and their extended effect on
the adult stage. The bioassay of B.
bassiana treatments of fungus against
the C. capitata was carried out under
laboratory conditions of 25°C+2.0 and
70%+5.0 R.H. Results of Qazzaz et
al. (2015) showed that temperature
dramatically influenced B.
bassiana growth and development,
with differences observed between the
isolates. All the isolates failed to grow
and develop at temperatures below
10°C and above 30°C. Furthermore,
several investigators have reported that
the optimum temperatures for B.
bassiana mycelial growth, conidial
germination, sporulation, and virulence
are in the range 20-30°C (Dimbi et al.,
2004 and Tefera and Pringle, 2003).

The present results didn't show
any impacts on the pupal stage of C.
capitata up to the age of five days, On
the 6th day of the pupal stage, B.
bassiana exhibited little  mortality
effects 2.5-12.5% in parallel with the
fungal concentration., the results
of Imoulan and Elmeziane
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(2014) showed that all isolates of B.
bassiana were able to infect the larval

stage of C. capitataand caused a
significant ~ reduction  in  adult
emergence. However, B.

bassiana caused a large mortality rate
in puparia ranging from 65 to 95 %. The
mortality of adult fly, C. capitata from
the outset, increases with the increase of
the  fungal  concentration  of B.
bassiana and increase of the flies’ age.
The higher fungal concentration of 5,
10, and 20 gm/L, had clear mortality
effects that began on the 13th day of the
fly’s age reached 79.17% to eliminate
the fly at the 28th day of the adult stage
with fungal concentrations of 5, a0, and
20 gm/L. Also, there were responsive
mortality percentages at the lower
fungal concentrations of 0.75, 2.5, and
1.25 gm/L, to exterminate the fly with
respective concentrations at the 37th,
35th, and 32nd days of treatments.

The obtained results confirmed
the results of Qazzaz et al. (2015) who
indicated that B.  bassiana isolates
induced significant mortality (58% -
100%) to adultC. capitata flies,
depending on the isolate and inoculum
concentration used. Similar results were
obtained by Konstantopoulou and
Mazomenos (2005) who found that B.
bassiana induced 85.6% mortality in
a C. capitata population but was less
effective  against Bactrocera oleae.
Similarly, Munoz (2000) evaluated the
pathogenic potential of 16 strains of B.
bassiana against adult C. capitata flies
and reported a mortality range of 20% -
98.7%. Castillo et al. (2000) exhibited
100% mortality in C. capitata adults.
Also, Atia  (2018) reported  47.08-
70.98%  mortality  in Bactrocera
zonata (Saunders) (Diptera:
Tephritidae) treated with 1-4gm/L of B.
bassiana. However, the results showed
37.75-55.02 mortality in the pupal stage
treated with 1-4gm/L.

Results showed that the pupal
stage was more tolerant to the fungal
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insecticide than adults fly. Furthermore,
LC50 values of B. bassiana for C.
capitata decreased by increasing the
time of treatment. LC50 value in the C.
capitata pupae was more 1.89 times
higher than that in the adult stage at 2
days old. The LC50 values of adult fly
ranged from 569.8 to 0.008 gm/I (As a
log concentration) with obvious
differences at the tested times; 2, 5, 8,
13, 18, 23, and 28 days post-treatment,
respectively. Such LC50 value was
strongly decreased with a reduction
ratio of 71227.25- fold. Similar results
were obtained by Quesada-Moraga et
al. (2006), who found that lethal
concentrations (LC50) for C.
capitata of the four most virulent
isolates fungus ranged from 4.9x105 to
2.0x106 CFU/mL, with LT50 ranging
from 46 to 53 days. In
addition, Mwamburi et

al. (2010) reported that the LC50 of
34 B. bassiana isolates against adult
house  flies  (Muscadomestica L.;
Diptera, Muscidae) ranged between 103
- 105 conidia/mL.

The findings of the biochemical
assay of PO enzyme activity inC.
capitata pupae exhibited an increase by
increasing the fungal concentrations
of B. bassiana, also as increasing the
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times tested with high activity of 551.11
pm/gm protein/min in treating flies
with 0.88 gm/L. PO enzyme maybe
play an essential role in the immunity of
the insects to infections. Active PO
catalyzes quinones formation that
submits to additional melanin-forming
reactions (Nappi and  Christenson,
2005) that helps the larvae integument
hardness of epidermis epithelial cells as
a protective mechanism for fungal
invasion. These results are supported by
the results of Atia (2018), who
mentioned that the PO activity in full-
grown larvae
of Bactrocera zonata treated ~ with B.
bassiana increased to 1.5 folds of
control, which increased to 12 folds
after 7 days of treatment. The same
trend of PPO enzyme activity inC.
capitata pupae was obtained, where the
activity of the PPO enzyme was directly
related to the fungal concentrations as
well as time post-treatment.

This study concluded the high
effects of B. bassiana in C.
capitata control  under  laboratory
conditions. This information could be
helpful in pest management in
integrated and organic orchards.
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