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AMAZONIAN ISOLATES OF Metarhizium ARE EFFECTIVE FOR 
KILLING Bactrocera carambolae (DIPTERA: TEPHRITIDAE)
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ABSTRACT
Bactrocera carambolae Drew & Hancock is a quarantine pest present in Brazil and is the main phytosanitary barrier for the export of 
fresh fruits from that country. In this work, we evaluated the effect of Amazonian isolates of Metarhizium on kill larvae, pupae, and 
adults of B. carambolae in soil applications. The mortality of larvae and pupae in sterile soil treated with Metarhizium anisopliae was 
70 %. In addition, 100 % of the adults that emerged from this substrate died up to five days later. This isolate caused the mortality 
of larvae and pupae in non-sterile soil, but its effect was more evident after adult emergence (70 % mortality up to ten days after 
emergence). Metarhizium robertsii was effective in killing larvae and pupae of the pest, especially in non-sterile soil, and caused a 60 %  
reduction in adult survival 50 days after emergence. These results indicated the possible use of these isolates for the control of B. 
carambolae, suggesting the possibility of using this biocontrol mode as another alternative in controlling this quarantine pest.
Keywords: Biological control, carambola fruit fly, entomopathogenic fungi, fruit flies.

RESUMEN
Bactrocera carambolae Drew & Hancock es una plaga cuarentenaria presente en Brasil y es la principal barrera fitosanitaria para la 
exportación de frutas frescas de este país. En este trabajo, evaluamos el efecto de los aislados amazónicos de Metarhizium para 
matar larvas, pupas y adultos de B. carambolae en aplicaciones de suelo. La mortalidad de larvas y pupas en suelo estéril tratado 
con Metarhizium anisopliae fue del 70 %. Además, el 100 % de los adultos que emergieron de este sustrato murieron hasta cinco 
días después. Este aislado causó la mortalidad de larvas y pupas en suelo no estéril, pero su efecto fue más evidente después de la 
emergencia del adulto (70 % de mortalidad hasta diez días después de la emergencia). Metarhizium robertsii fue eficaz para matar 
larvas y pupas de la plaga, especialmente en suelos no estériles, y causó una reducción del 60 % en la supervivencia de los adultos 
50 días después de la emergencia. Estos resultados indican que es posible el uso de estos aislados para el control de B. carambolae, lo 
que sugiere la posibilidad de utilizar este modo de control biológico como otra alternativa para controlar esta plaga cuarentenaria.
Palabras clave: Control biológico, hongos entomopatógenos, moscas de la fruta, mosca de la Carambola.
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INTRODUCTION 
The occurrence of the carambola fruit fly (Bactrocera 

carambolae Drew & Hancock) (Diptera: Tephritidae) is 
considered to be the main phytosanitary barrier for fruit 
exports worldwide, since there are quarantine restrictions 
imposed by importing countries on the purchase of products 
from regions where the pest occurs (Godoy et al., 2011; 
Ferreira and Rangel, 2015). In Brazil, the fly is classified as 
a current quarantine pest, with a distribution limited to the 
states of Amapá, Pará e Roraima, in the northern region of 
the country, and it is under official control coordinated by 
the Ministry of Agriculture, Livestock and Supply (Brasil, 
2018; Morais et al., 2016). Nevertheless, the spread of the 
carambola fruit fly to fruit exporting regions of Northeast 
Brazil would result in losses of approximately USD 60 
million, only for the mango crop, already in the fourth year 
after probable international embargo (Miranda et al., 2015). 

The control of B. carambolae is based especially on the 
use of toxic baits containing insecticides and the attractive 
methyl eugenol. These methods are efficient, but it has 
become necessary to phase out the use of malathion, given 
the known environmental and toxicological impacts of 
organophosphates (Silva et al., 2016). Thus, there is a need to 
search for alternative control techniques that may be added 
to the management of B. carambolae (Midgarden et al., 2016). 

Among these alternatives is biological control by 
entomopathogenic fungi, such as those of the genus 
Metarhizium Sorokin. These fungi live naturally in the soil, 
which allows the application/release of these biological 
control agents for the elimination of 3rd instar larvae and 
pupae of fruit flies (Ekesi et al., 2003; Maniania and Ekesi, 
2016). In addition to its efficiency for some species of fruit 
flies, the use of fungi of the genus Metarhizium has shown 
to be promising for the control of a significant number of 
agricultural pests (Alves, 1998; Destéfano et al., 2005; Ekesi 
et al., 2005; Gul et al., 2015).

Silva et al. (2016) evaluated the potential of Amazonian 
isolates of Metarhizium anisopliae (Metsch.) Sorokin and 
Metarhizium robertsii JF Bisch., Rehner & Humber for killing 
larvae and pupae of B. carambolae and recorded a mean 
mortality of 36 and 14 % in sterile soil, respectively. The 
authors emphasized the potential of using the isolate of M. 
anisopliae as a mycoinsecticide in soil application to reduce 
the pest population. 

Thus, the aim of this work was to evaluate the pathogenicity 
of the isolates used by Silva et al. (2016), M. anisopliae and M. 
robertsii, on larvae, pupae, and adults of B. carambolae under 
laboratory conditions.

MATERIALS AND METHODS

Obtaining insects
For the pathogenicity assays, 3rd instar larvae obtained 

from the breeding of B. carambolae were used in the Laboratory 
of Protection of Plants of Embrapa Amapá. For the breeding 

of the carambola fly in the laboratory, eggs of this pest 
species were collected from an artificial device (aromatized 
plastic cups) (for further details, see Bariani et al., 2016). 
Subsequently, these eggs were placed in petri dishes containing 
larval food. These plates were then packed in trays with 
vermiculite and stored in an air-conditioned room to obtain 
the puparia. The puparia formed were transferred to plastic 
pots containing vermiculite and held at 26 ± 2 ºC and 12-hour 
photophase until the emergence of adults. After emergence, 
the adults were transferred to cages by generation and placed 
in a climatized room.

Isolates of Metarhizium
Two isolates of the entomopathogenic fungus Metarhizium 

were used in the present study, one of M. anisopliae (sensu 
strictu) (CPAFAP 3.8) and another of M. robertsii (CPAFAP 
14.8). Isolates were identified at the Embrapa Genetic 
Resources & Biotechnology, in Brasília, Federal District, 
Brazil, using the mass spectrometry technique (MALDI-TOF) 
(Lopes et al., 2014). These species are stored at the Embrapa 
Amapá, as well as in lyophilized and cryopreserved forms in 
the Fungus Collection of Invertebrates of Embrapa Genetic 
Resources & Biotechnology under the codes CG1313 
(M. anisopliae) and CG1314 (M. robertsii), registered in the 
Sistema Nacional de Gestão do Patrimônio Genético e do 
Conhecimento Tradicional Associado – SisGen under the 
number AB0FC87.

Isolates and preparation of suspension of conidia
The M. anisopliae isolate was grown in Sabouroud dextrose 

agar (SDA) medium, where an agar potato dextrose (BDA) 
culture medium was used for M. robertsii. For growth, both 
isolates were kept at 26 ± 2 ºC and 12-hour photophase for 
28 days.

The suspensions of M. anisopliae and M. robertsii used for 
the pathogenicity test were prepared according to a method 
adapted from Ekesi et al. (2002). Accordingly, after the 
growth period of the entomopathogens, 15 mL of sterilized 
distilled water (SDW) containing 0.1 % Tween 80 were added 
to each plate, and all plates were then scraped to recover 
the conidia, where their contents were combined to form a 
single suspension.

After obtaining the initial suspension, the conidia 
were counted in a Neubauer chamber and adjusted to 
1×108 conidia mL-1, the working suspension. The working 
suspension contained 0.1 % Tween 80 and 2 % adhesive 
spreader (AGRAL). The solution used for controls (control) 
contained only SDW with 0.1 % Tween 80 and 2 % adhesive 
spreader (AGRAL).

Pathogenicity of Metarhizium isolates against larvae, 
pupae, and adults of B. carambolae

The soil (Dystrophic Yellow Latosol - Xantic Hapludox) used 
as substrate for the pathogenicity assays was obtained from 
an urban orchard in the city of Macapá, Amapá State, Brazil. 
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Prior to use, the soil was sieved, and part was autoclaved at 
120°C for 20 minutes to serve as the sterile soil treatments. 
Thirty Gerboxes (11×11×3 cm) were used for the experiment: 
five for treatment with M. anisopliae in sterile soil and five in 
non-sterile soil; five for treatment with M. robertsii in sterile 
soil and five in non-sterile soil; and the other ten boxes were 
for the controls in sterile and non-sterile soils. Each Gerbox 
contained 100 g of sterile or non-sterile soil.

A volume of 10 mL of the conidial suspensions (1×108 
conidia mL-1) of the Metarhizium isolates was sprayed on the 
soil of the Gerboxes corresponding to the treatments with the 
entomopathogens. After spraying the conidial suspensions, 
10 3rd instar larvae of B. carambolae were distributed on the 
soil of each of the boxes. In the controls, we sprayed only 
SDW solution containing 0.1 % Tween 80 and 2 % AGRAL 
adhesive spreader. Each Gerbox was then transferred to a 
climatized room (26 ± 2 ºC, without photoperiod). Every day, 
the Gerboxes were inspected and moistened with SDW.

Starting on the fifth day after the start of the pathogenicity 
assay, we recorded the numbers of emerged adults from 
the soils treated with Metarhizium isolates and the untreated 
(control) soils. All adults that emerged from the treated and 
untreated soils were placed singly in cages (500 mL plastic 
pots, with an open lid covered with organza fabric), where 
water (in a plant tissue-type sponge) and food were made 
available (yeast extract Bionis YE MF and refined sugar, 1: 
3 ratio, supplied on cotton in Petri dishes). The insects were 
checked daily until the death of all of them. To confirm infection 
by Metarhzium spp., non-emerged pupae and dead adults 
in the cages were disinfested externally with 1.5 % sodium 
hypochlorite solution and incubated in a humid chamber to 
expose the characteristic signs of entomopathogens.

Statistical Analysis
The data of larval and pupal mortality of B. carambolae 

were transformed into arcsine square-root to homogenize 
the variances before the analysis of variance and the means 
were compared using the Tukey test at 5 % probability. The 
survival analysis of B. carambolae adults was performed using 
the parametric method based on quantitative data using the 

Kaplan-Meier model. BioStat 5.3 software was used for the 
statistical analyses (Ayres et al., 2007).

RESULTS
Our results demonstrated the pathogenicity of the 

Amazonian isolates of M. anisopliae and M. robertsii to larvae 
and pupae of B. carambolae in soil. This was more pronounced 
in sterile soil, where M. anisopliae caused 70 % mortality, which 
was superior to the treatment with M. robertsii (36 %) and 
control 12 % (Table 1).

In non-sterile soil, the M. robertsii isolate caused higher 
mortality than in control. Curiously, the mortality caused 
by the M. anisopliae isolate in non-sterile soil was only 28 %,  
which was not significantly different in relation to the 
control treatment. This difference was also not observed 
when comparing the mortality caused by the two Metarhzium 
isolates in non-sterile soil (Table 1).

In addition to causing an effect on pupal mortality, the 
isolates M. anisopliae and M. robertsii had notable effect on 
the survival of B. carambolae adults (Fig. 1). The reduction 
in survival of adults that emerged from M. anisopliae-infected 
larvae was substantial in both sterile and non-sterile soil. 
After five days of emergence, all flies that emerged from 
sterile soil treated with this isolate died (Fig. 1A). In non-
sterile soil, M. anisopliae also reduced considerably the survival 
of B. carambolae adults. Survival decreased by approximately 
70 % in only ten days after the emergence of adults (Fig. 1C). 
It is also worth mentioning that there was a 90 % reduction 
in adult survival in non-sterile soil treated with M. anisopliae 
(Fig. 1C) 50 days after emergence.

M. robertsii also caused a reduction in the survival of B. 
carambolae adults in both sterile and non-sterile soil. The 
reduction was lower than that caused by M. anisopliae, but it 
can be considered relevant, since at 50 days after emergence, 
there was a decrease in survival of approximately 70 % in 
sterile soil (Fig. 1B) and 60 % in non-sterile soil (Fig. 1D).

In the control treatments with sterile and non-sterile soil, the 
reduction in B. carambolae survival was gradual, with 50 % of 
adults still alive at 150 days after emergence (Figs. 1E and 1F).

Table 1. Mortality (%) of larvae and pupae of B. carambolae in sterile and non-sterile soils treated with M. anisopliae and M. robertsii.

Treatment

Substrates*

            Sterile soil 
             (mean % ± SD)

      Non-sterile soil 
         (mean % ± SD)

Control       12.0 ± 16.43 aB  16.0 ±   8.94 aB

M. anisopliae       70.0 ± 15.81 aA  28.0 ± 21.68 bAB

M. robertsii       36.0 ± 13.42 aB  44.0 ± 21.91 aA

*Mean values followed by the same lowercase letter in the same row or the same uppercase letter in the same column do not differ significantly, based on 
Tukey test at 5 % probability.
Treatments: F = 11.46; df = 2, 24; p = 0.120
Substrates: F = 2.60; df = 1, 24; p < 0.001
Treatments*Substrates: F = 6.69; df = 2, 24; p = 0.005
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Figure 1. Adult survival of B. carambolae. (A) Sterile soil treated with M. anisopliae; (B) Sterile soil treated with M. robertsii; (C) Non-sterile soil 
treated with M. anisopliae; (D) Non-sterile soil treated with M. robertsii; (E) Sterile soil not treated with entomopathogens; and (F) Non-sterile soil not 
treated with entomopathogens. (Kaplan-Meier model).  
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DISCUSSION
The effect of the Amazonian isolates of the entomopatho-

genic fungi M. anisopliae and M. robertsii on the mortality of 
B. carambolae in laboratory was evident. There was a signifi-
cant difference in mortality among treatments, reaching the 
highest values in sterile soil treated with M. anisopliae. This 
can be explained by the fact that in the sterile soil there are 
no competing microorganisms with the biological control 
agent. In our study, the percentages of mortality of larvae 
and pupae of B. carambolae were greater than those obtained 
by Silva et al., (2016), with the same isolates of Metarhizium, 
for the control of this pest in sterile soil. Those authors  
reported mortality rates of 36 and 14 % for M. anisopliae and 
M. robertsii, respectively. In our study, the values obtained 
were 70 and 36 % (Table 1). These differences in results may 
be associated with adaptations in the methods employed. 
To approximate as much as possible, the laboratory condi-
tions to the field conditions, we used a smaller volume of soil 
and a larger volume of conidial suspension than those used 
by Silva et al., (2016). 

Despite the importance of this group of natural enemies 
in the biological control of Bactrocera spp., there are still 
few related studies. Gul et al., (2015), in Multan, Pakistan, 
evaluated the potential of the entomopathogenic fungus M. 
anisopliae for the control of Bactrocera zonata (Saunders) in 
sterile soil. Conidial suspensions of 1x, 2x and 3×108 conidia 
mL-1 were used, and later the emergence of adults from 
infected pupae was evaluated. At a concentration of 1×108 
conidia mL-1, the emergence of adults was 95 %, whereas 
at concentrations of 2x and 3×108 conidia mL-1, emergence 
was around 80 %. Even using different concentrations, 
these results showed considerably lower effects than those 
obtained in the present study, since M. anisopliae treatment in 
sterile soil reduced the emergence of adults by 70 % (Table 1). 
In addition, it should be considered that the concentration of 
M. anisopliae used in our study was only 1×108 conidia mL-1.

Sterilized soil was also used as a substrate to evaluate 
the effect of Metarhizium brunneum Petch on Bactrocera 
oleae (Rossi), in Córdoba, Spain (Yousef et al., 2013). The 
substrate treated with the entomopathogen had a significant 
effect on B. oleae mortality, since 82.27 % of the especimens 
did not reach adulthood, while 64.55 % reached this stage 
in the control treatment. In the Spanish study, larvae and 
pupae mortality in the control treatment was high (35.45 %)  
compared to our study (12 %). This makes the reduction in 
adult emergence of B. carambolae by M. anisopliae (70 %) in 
the present work greater in absolute percentage compared 
to that obtained by these cited authors, since they reached 
a reduction in emergence of 47 %, while we found decrease 
of 58 %.

Sookar et al., (2010) evaluated the potential of M. 
anisopliae isolates for the control of B. zonata and Bactrocera 
cucurbitae (Coquillett), considered the main fruit pests in 
Mauritius, Africa. The authors used a conidial concentration 

and soil volume similar to those used in the present study and 
observed emergence from treated soils of 60-93 % and 52-
92 % for B. zonata and B. cucurbitae, respectively. In our study, 
the maximum percentage of emergence of B. carambolae in 
sterile soil treated with M. anisopliae was 30 %, whereas for 
M. robertsii the emergence rate in non-sterile treated soil was 
56 %. These results attest to the technical viability of the 
use of Amazonian isolates for the control of B. carambolae, 
especially considering that in our study the application of 
conidia was only on the soil surface. However, the above 
cited authors applied the conidia to the soil with subsequent 
mixing to facilitate the contact of the entomopathogenic 
propagules with fruit fly larvae, which is not feasible under 
field conditions. 

The effectiveness of the application of M. anisopliae in the soil 
combined with the use of spinosad-based bait was evaluated 
for the control of Bactrocera dorsalis (Hendel) in Nthagaiya, 
Kenya (Ekesi et al., 2011). The authors reported a significant 
reduction in the pest population when the two strategies 
were used together. In addition, laboratory studies using 
soil treated with the entomopathogen indicated emergence 
rates of B. dorsalis adults on the order of 25-36 %, while the 
emergence obtained with untreated soil was 80-82 %.

In addition to larvae and pupae mortality, the effect 
of the isolates evaluated in this study on the survival of B. 
carambolae adults should be highlighted. The longevity of 
flies that emerged from larvae infected by M. anisopliae and 
M. robertsii on sterile and non-sterile soil was considerably 
affected. Flies that had no contact with entomopathogenic 
fungi (Figs. 1E and 1F) showed a maximum longevity of 240 
days. Silva et al., (2016) indicated that adults emerging from 
soils treated with M. anisopliae and M. robertsii isolates had a 
very short life but did not evaluate survival. 

Thus, it is important to emphasize the novelty of this 
study regarding the evaluation of the survival of adults of 
the carambola fruit fly emerging from soil treated with 
entomopathogens, since most of the studies consider 
only the decrease in emerging adults, without evaluating 
the subsequent adult mortality caused by the infection of 
larvae and pupae still in the soil. In our study, the longevity 
of B. carambolae adults in sterile soil was very low, around 
five days for 100 % of adults emerging from M. anisopliae-
treated soil (Fig. 1A) and 50 days for 70 % of adults from soil 
treated with M. robertsii (Fig. 1B). These results demonstrate 
the ability of the two isolates to infect larvae and pupae of 
carambola fruit fly in the soil under laboratory conditions. 
However, in nature the conditions of sterile soil cannot be 
replicated. For non-sterile soil conditions, the longevity of 
B. carambolae adults was ten days for approximately 70 % of 
the individuals that emerged from M. anisopliae-treated soil 
(Fig. 1C). M. robertisii also caused significant adult mortality, 
on the order of 60 % at 50 days after emergence (Fig. 1D). 
These results are extremely encouraging and present new 
perspectives for the control of B. carambolae under field 
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conditions. In Brazil, Jesus-Barros et al., (2017) evaluated 
the fecundity of B. carambolae in the laboratory and recorded 
that the pre-reproductive period was on average 25 days. 
Thus, the isolates studied caused high adult mortality before 
the beginning of the oviposition period of the females, 
showing a direct effect on population reduction of the next 
generations of B. carambolae.

Another practical implication is the possibility of 
adults emerging from soil treated with Metarhizium isolates 
to actively transport the infective (conidia) parasitic 
entomopathogens to the pest concentration niches, causing 
healthy individuals to be infected (horizontal transfer), 
especially during copulation. However, studies on the daily 
behavior of B. carambolae individuals treated and not treated 
with the isolates need to be performed.

Our results suggest that we can consider the possibility 
of using biological control with entomopathogenic fungi 
as an alternative strategy to control B. carambolae in Brazil. 
Studies that examine the isolates under field conditions are 
needed to further evaluate the fungi as potential control 
agents for the fly. One of these actions is the development 
of suitable formulations that allow greater viability of the 
bioinsecticide propagules, as well as guaranteeing their 
activity in conditions of high soil moisture, since their use for 
the control of the carambola fruit fly will occur in regions of 
the Amazon subjected to high rainfall in the first six months 
of the year.

CONCLUSIONS
The Amazonian isolates of M. anisopliae and M. robertsii 

are effective in causing mortality of larvae and B. carambolae 
pupae under conditions of sterile and non-sterile soil, 
respectively. In non-sterile soil, a condition similar to that 
found in the field, the M. anisopliae isolate caused a high 
mortality of B. carambolae adults after emergence. Our results 
indicate the possibility of using these Amazonian isolates for 
the biological control of carambola fruit fly, an important 
quarantine pest present in Brazil. This initiative would be of 
great importance to prevent the dispersion of the pest to 
other regions of Brazil and other countries of South America.  
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