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Abstract:This study evaluated the effect of three different concentrations (3x10’, 3x10° and 3x10° conidia/ml) of the
entomopathogenic fungus, Beauveria bassiana (Bals.-Criv.) Vuill (AUMC 3864) on the adult stage of the tephritid fruit
flies, Bactrocera zonata (Saunders), Ceratitis capitata (Wiedemann) and Carpomyia incompleta (Becker). The highest
concentration of the fungus (3x10’ conidia/ml) caused 100% mortality, 72 hours post adult infection for both of B.
zonata and C. capitata, and after 96 hours in case of C. incompleta. The concentration (3x10° conidia/ml) caused 100%
mortality after 96, 144 and 120 hours for B. zonata, C. capitata and C. incompleta, respectively. The lowest
concentration 3x10° conidia/ml caused 100% mortality of the pest adults after 168, 192, 120 hours for the above
metioned species, respectively. Also, the results indicated that, the minimum LTs, values for B. zonata, C. capitata,
and C. incompleta were 46.06, 49.40 and 41.63 h after infection by the concentration of 3x10’, respectively.
Consequently, the most susceptible species to B. bassiana was C. incompleta which presents the least LTs, values
(41.63, 69.39 and 76.70 h) after infection by the concentrations of 3x10’, 3x10® and 3x10° conidia/ml, respectively. So,
this biocontrol agent can be used in controlling fruit flies as a promising tool compared with the conventional
insecticides.
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Introduction

Entomopathogenic fungi have attracted
many scientists to demonstrate their efficacy on
several pests. The entomopathogenic fungus,
Beauveria bassiana (Bals.-Criv.) Vuill., is a
species belongs to the Hyphomycetes that are
naturally inhabitants in soil and infects wide
range of insect species that spend at least one
stage of their life cycle in the soil (Madelin,
1963 and Toledo et al. 2006). Importantly, this
wide host range has enabled B. bassiana to
become one of the most widely potentially
used fungal biological control agents (Gillespie
1988). On the other side, tephritid fruit flies are
among the major pests that affect fruit
production throughout the world and represent
the most economically important group of
Phytophagous of order Diptera (Robinson and
Hooper 1989, Foote et al. 1993, De la Rosa et
al. 2002 and Abdel-Galil et al. 2011).The
current social and environmental problems
associated with insecticide use for fruit fly
control, either by aerial or ground applications

on foliage for adult control or to the soil for
larvae or new-emerged adult control, have
motivated the search for biological control
alternatives,  including  entomopathogenic
bacteria, nematodes and fungi (Saul et al.
1983, Penrose 1993 and Toledo 2002).
Basically, the conidial phase (spores) of a large
number of strains of B. bassiana, coming from
different geographic regions, have been
assessed, under laboratory conditions, for
controlling different fruit fly species and for
different life cycle stages (Garcia et al. 1984,
Espin et al. 1989, Campos 2000, Castillo et
al. 2000, Lezama-Gutierrez et al. 2000, De la
Rosa et al. 2002 and Ekesi et al. 2002).
Several years of laboratory, semi-field and field
studies have shown that, tephritid fruit flies, C.
capitata (Wied.), Rhagoletis cerasi (Loew) and
Bactrocera oleae (Gmelin) are susceptible to
the infection by B. bassiana strain ATCC
74040 (Ladurner et al. 2007 and Daniel et al.
2008). Imoulan and Elmeziane (2014) studied
the pathogenicity of B. bassiana isolated from
Moroccan Argan forests soil against C.
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capitata larvae under laboratory conditions.
They reported that the entomopathogenic fungi
are an interesting tool for fruit fly control and
hold a useful alternative method rather than
conventional insecticides. Recently, primary
selection of effective pathogens should be
taken under laboratory conditions prior to
application in the field. Therefor, this study
aimed to determine the effect of three different
conidial concentrations of B. bassiana (Bals.-
Criv.) Vuill. strain AUMC 3864, on the
mortality of three selected genera of Tephritid
flies adults under laboratory conditions.

Materials and Methods
1-Beauveria bassiana (Bals.-Criv.) Vuill.
strain AUMC 3864:

The strain of B.bassiana (Bals. - Criv.)
Vuill., obtained from the Assiut University
Mycology Center (AUMC), Assiut, Egypt,
was used. Propagation of the fungal strain was
carried out wusing the culture medium
Sabouraud's Dextrose Agar (SDA) as
described by De la Rosa et al. (2002). The
autoclaved culture medium was distributed
into test tubes and Petri-dishes that had been
previously sterilized. Inoculation was carried
out inside a laminar flow Cabinet using a
bacteriological loop to deposit small quantities
of conidia upon the culture medium, (Figure 1:
A and B). Cultures were incubated under
controlled conditions (27+ 2°C, 80 5% RH,
and photoperiod of 12:12 h [L: D]). After 15
days, the conidia were harvested by rasping
the surface of the culture medium with sterile
bacterial loop, and a spore suspension of the
strain of B. bassiana was prepared, of
concentrations of 3x10’, 3x10° and 3x10°
conidia/ml. The suspension was prepared from
1 g of conidia in 100 ml of sterile water plus
0.025% glycerin as a dispersant their
homogenized in a glass flask with the aid of
magnetic agitator.

Figure 1: A- Beauveria bassiana culture (3
weeks old) and B- Harvest of dry conidia.
(Qazaz,2012)

2- Tested flies:

Ripening and newly fallen fruits were
randomly collected from host trees in Assiut
Governorate. Samples were placed in a plastic
tray over sand in a screened box and
transferred to the laboratory as described by
Amro and Abdel-Galil (2008) and Abdel-
Galil et al. (2018). The emerged larvae or
pupae were collected and the sand was
renewed, after that the fruit liquids were
eliminated. The pupae of B. zonata, C.
capitata and C. incompleta as complex were
placed in vials on sterile sand until adult
emergence under the laboratory conditions,
28+2°C and 60+5% R.H. Newly emerged
adult flies were placed in an experimental
cages (30x30x45cm) and supplied with diet
mixture of sugar and protein hydrolysate as
food and water (3:1).

3- Pathogenicity to adult flies:

A total of 25 adult flies (three days old) of
B. zonata, C. capitata and C. incompleta were
washed in distilled water and divided into 5
replicates, each contains five individuals that
had placed in 100 ml glass flasks (25
individual adult per treatment). For each
treatment, adult flies were sprayed with 0.5 ml
of suspension of the fungal strain, containing
3x107, 3x10° and 3x10°conidia/ ml, for
30s.The same number of adult flies was used
as control. Furthermore, inoculated flies were
placed into glass flasks containing absorbent
paper towels to absorb excess humidity and
fungal suspension. However, groups of 5 flies
were then maintained under controlled
conditions (27t 2°C, 80+5% RH and a
photoperiod of 12:12 h [L: D] for observation.
These flies were provided daily with sterile
water and a food source of sugar and
hydrolyzed protein (3:1). Mortality was
recorded daily after inoculation. Dead flies
were placed at the same conditions to ensure
the emergence of fungal mycelium followed
by sporulation, (Figure 2: A , B and C)
(Qazaz, 2012).

4- Data processing and statistical analysis:
LTsoconfidence limits 95% of LTs, and

LTgo slope and Standard Error (SE) values

were calculated for each of the three
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concentrations of B. bassiana that tested
against the three species of fruit flies (B.
zonata, C. capitata and C. incompleta) by
using Propan probit analysis program version
1.1 (Finney, 1971).

Results and Discussion

The effect of B. bassiana strain AUMC
3864 against adults of B. zonata, C. capitata
and C. incompleta was estimated by using
three different spore concentrations. Data in
Table (1) show the mortality percentage of
adults of these flies at the concentrations of
3x107 3x10° and 3x10° conidia /ml. It is noted
that the initial kill occurred after 48 hours by
using the concentration of 3x10"conidia/ml.
against C. incompleta which recorded the
highest mortality percentage (80%) and
followed by B. zonata then C. capitata with
(72% and 32%), respectively.

The obtained results revealed that, the
mortality percentages caused by the highest
concentration of the fungi (3x10’ conidia/ml)
recorded 100%, 72 hours post infection for
both of B. zonata and C. capitata, while it
reached 100% after 96 hours for C.
incompleta. However, the mortality caused by
3x10° conidia/ml, reached 100% after 96, 144
and 120 hours for B.zonata, C.capitata and
C.incompleta, respectively. On the other hand,
the mortality caused by the lowest
concentration tested (3x10°  conidia/ml)
presented 100% mortality on the pest adults
after 168, 192, 120 hours for the above
metioned species , respectively. Probit analysis
parameters of B.bassiana, on the adults of the

selected genera were presented in Table (2)
and Figures (3,4 and 5).

Figure 2: B. bassiana AUMC 3864 infection
symptoms on B. zonata (A), C. capitata (B) and C.
incompleta (C) adult flies

The obtained results revaeled that, the most
susceptible species to B. bassiana was C.
incompleta which presented the least LTs
values 41.63, 69.39 and 76.70 h at the
concentrations of 3x10’, 3x10° and 3x10°
conidia/ml, respectively. So, this biocontrol
agent can be used for controlling fruit flies as a
promising  tool  compared with the
conventional insecticides.
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Table: 1- Mortality percentages of the tested tephritid fruit fly adults by using three different
spore concentrations of B. bassiana.

hours B. zonata C. capitata C. incompleta
dose | 3x10” | 3x10° | 3x10° | 3x10” | 3x10° | 3x10° | 3x10" | 3x10° | 3x10°

control 0% 0% 0% 0% 0% 0% 0% 0% 0%
24 0% 0% 0% 0% 0% 0% 0% 0% 0%
48 72% 0% 0% 32% 0% 0% 80% 20% 0%
72 100% | 20% 0% | 100% | 16% 0% 92% 40% 24%
96 100% | 20% 56% 12% | 100% | 84% 76%
120 64% 92% 56% 100% | 100%
144 92% 100% | 96%
168 100% 96%%
192 100%

Table: 2- Probit analysis of the efficacy of three different doses of B.bassiana sprayed on
three different genera of tephritid fly adults

Confidence Confidence

R Dose LTso 95% limits of LTgo 95% limits of
Tephritid flies (hours) L Tey (hours) Lo Slope | SE

(Conidia/ml) Lower Upper Lower Upper
3x10’ 46.06 NC? NC 50.43 NC NC | 32.55 | 59.68
B. zonata 3x10° 82.59 61.80 | 83.20 84.45 79.49 |102.20 | 30.65 | 8.80
3x10° 112.16 | 105.43 | 118.56 | 139.07 |130.23 | 154.20 | 13.73 | 2.14
C. caitata 3x10’ 49.40 NC NC 53.45 NC NC | 37.49 | 31.82
- cap 3x10° 90.49 83.78 | 96.83 | 117.49 |108.50 | 133.30 | 11.30 | 1.80
3x10° 116.19 | 109.45 | 122.58 | 143.28 | 134.52 | 157.94 | 14.08 | 2.13
3x10’ 41.63 35.88 | 46.87 60.17 5299 | 7332 | 8.01 | 142
C. incompleta 3x10° 69.39 73.64 | 76.58 | 103.38 | 93.39 | 118.07 | 7.07 | 1.14
3x10° 76.70 76.56 | 88.26 | 105.35 | 95.71 | 128.22 | 13.15| 2.39

2 NC, not calculable
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Figure 3: Relationship between experimental periods and rate of mortality of
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Figure 4: Relationship between experimental periods and rate of mortality

of C. capitata inoculated with three

concentrations of B. bassiana
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Figure 5: Relationship between experimental periods and rate of mortality
of C.incompleta inoculated with three concentrations of B. bassiana
These results could be due to the capitata, and C. incomplete adults with the

unpreviously exposure of C. incompleta to this
kind of control, while C. capitata and B.zonata
took a lot of attention and exposure to different
methods of control especially bio and chemical
control for long time. Concequently, the
recently established control of C. incompleta,
led to occupying this ranking order after C.
capitata and B. zonata in the responding to this
fungus.

In conclusion, the acceptable values of LTsg
indicate the possibility of wusing this
entomopathogenic fungus as a component of
integrated  control  programs  especially
integrated pest management (IPM) against B.
zonata, C. capitata and C. incompleta. The
slight delay of the lethal time could allow the
infected flies to transmit the fungus to other
healthy individuals. Morever, the tested strain
of B. bassiana was more virulent at the
concentration of 3x10’conidia/ml. It can be
suggested that, B. bassiana is a suitable and
efficient agent for the control of B. zonata, C.

possibility for controlling other fruit flies. Once
the pathogenicity on adults has been
demonstrated, the next step is to develop an
application method that can be used under field
conditions.

The obtained results in this study, came in
agreement with other studies carried out on
different insects. Espin et al. (1989) recorded
69-78% mortality in C. capitata adults infected
by Metarhizium anisopliae (Metsch.), while,
Castillo et al. (2000) found out that mortality
of C. capitata infected by B. bassiana ranged
from 8 to 30%. They reported that 100% of C.
capitata individuals have been killed when
infected with 1x10° conidiaml of M.
anisopliae. Munoz (2000) evaluated 16 strains
of B. bassiana against C. capitata adults and
found that mortality values fluctuated between
20 and 98.7%. Dimbi et al. (2003) reported
that mortality in adults of C. capitata and C.
rosae var. fasciventris ranged from 7 to 100%,
when infected by B. bassiana. Similarly,
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Sookar et al (2008) tested the pathogenicity of
seven isolates of M. anisopliae and five isolates
of B. bassiana towards the adults of B.
zonata by topical application of conidial
suspension of 1 x 10° conidia/ml. They found
that, all of the tested isolates were pathogenic
to this insect pest. Their results revealed that,
mortality of B. zonata varied between 12 and
98 % at 5days post-treatment. This finding
could lead to utilization of the locally produced
entomopathogenic fungi as succesful tool in
an integrated pest management programm
(IPM) for controlling B. zonata. Most workers
have not found virulent strains for immature
stages. So, future studies could be directed to
raise virulence of the present strain to be used
as Microbial Biological Control Agent
(MBCA) in the future.
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