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AbstrAct
There are several studies that deal with the problem of infestation by Hypothenemus hampei in Coffeea arabica. However, the ways of applying products 
based on entomopathogenic fungi are the same as those used for chemicals. The objective of the research was to comparison different methods of ap-
plication of Beauveria bassiana against H. hampei. The experiments were developed in laboratory, with blastospores and B. bassiana airborne conidia 
powders were carried out. Application methods based on immersion, Potter Spray Tower and walking on treated surface. Were three experiments were 
carried out for each method. Bioassays’design comprised seven treatments (including the control), with five repetitions (each) and 25 beetles per rep-
etition. Suspensions were standardized at 2.4×109, 1×109, 5×108, 1×108, 5×107 and 1×107conidia.mL-1. Conidia powder presented initial concentration 
of 1.14×1010and it was standardized at 1.14×109; 5.7×109; 1.14×108; 5.7×107; 1.14×107 and 5.7×106 conidia.g-1. A simultaneous test was also carried out 
based to the three application methods; treatment comprised conidia powder concentration of 1x108 and the control. Data were subjected to analysis of 
variance, which was followed by Tukey test (P<0.05) and, CL50, in the SPSS 12.1 software. The mortality better rates of H. hampei exposed to B. bassiana 
IBCB66 were1×108(immersion), 1×109 (Potter Spray Tower) and 1×108(walking), where as mean LC50were 6.1×108, 4.1×108, 2.4×108conidia.mL-1for each 
method, respectively. The highest mortality rate was recorded in the walking tests on the conidian powder at a concentration of 1×108 conidia.g-1 for the 
three repetitions of the method and also in the simultaneous test.
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1 INTRODUCTION

Hypothenemus hampei (Coleoptera: Curculionidae) is a 
pest capable of significantly affecting coffee crops worldwide, 
Infante, Pérez and Veja (2012). It is not easily controlled, since it 
is monophagous, cryptic, multivoltine and capable of attacking 
coffee fruits at any fruit development stage, consequently, it 
can lead to significant financial losses. In addition, this borer 
beetle does colonize coffee fruits in all phases of grow and 
the injury caused by it, enables fruit contamination with other 
organisms which also leads to damage, Mota et al. (2017); Parra 
and Reis (2013); Souza et al. (2013). Also, the action of borer 
beetles generates significant losses caused by their metabolites 
and off spring inside the fruit, among other microorganisms. 
Consequently coffee grains weight for sale decreases, as well 
as the final quality of the beverage, Jaramillo, Borgemeister and 
Baker (2006); Bratodjojo et al. (2020). 

In addition, this pest is overall controlled by the application 
of synthetic pesticides capable of causing presents resistance 
cases. Furthermore, the organochlorine endosulfan was banned 
by the National Health Surveillance Agency (ANVISA) in 2013 
due to its teratogenic and cumulative effects on the environment. 
With that increased concerns about H. hampei proliferation in 
coffees crops have increased, Jaramillo et al. (2011); Mota et 
al.(2017); Neves and Hirose (2005).

This scenario has leads coffee producers sought 
alternatives based on biological control without negatives 

effects to the enviromental, as an eco-friendlytactics and 
sustainable tactic. Also, has raised concerns among producers, 
who have sought alternatives based on biological control to 
decrease problems with crop resistance to insecticides and the 
emergence, Bratodjojo et al. (2020); Parra et al.(2002).  

The advantages of using biological control based on 
entomopathogenic microorganisms comprise reduced use of 
chemical insecticides and, consequently, reduced production 
costs, non-environmental pollution and lack of damage to non-
target organisms and humans Alves, Neves and Faria (2010); 
Brasil (2017); Mascarin and Pauli (2010); Parra and Reis (2013).

Entomopathogen B.bassiana is cosmopolitan since it 
presents broad-spectrum action against several pests.It happens 
naturally in the environment and causes epizootic in H. hampei 
it is also used to control coleoborers, Almeida et al.(2009); Alves 
(1992); Alves(1998); Parra and Reis (2013); Santoro et al. (2007).

It is well-known that entomopathogens such as B. bassiana 
mostly act by getting in contact with insects; therefore, it is essential 
evaluating the application methods available in the market.

The application methodologies for entomopathogenic 
fungi are still the same used in chemical control, Guimarães, 
Correia, and Ferreira (2004). Most of the experiments carried 
out in the laboratory are carried out by spraying, immersion or 
trapping methods. Thus, there is prevalence in the use of aerial 
conidia of entomopathogenic fungi but, in general, they are 
applied by means of suspension, sprinkling and traps.
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Batista Filho, Alves and Muniz (1992), have conducted 
a study focused on treating coffee fruits with B. bassiana (at 
concentration of 3×106conidia.mL-1) and recorded 80% insect-
pest mortality rate. According to Mota et al. (2017), fungal 
species B. bassiana used in synthetic tissues surface treatment, 
at concentration of 5.44 × 108.cm-2, recorded 88.5% H. hampei 
mortality rate after five seconds of exposure to it. Immersion 
based studies conducted with different B. bassiana isolates 
against H. hampei recorded up to 100% insect mortality rate, 
Gerónimo-Torres et al. (2016); Posada-Flórez (2008). 

There are several products with formulations based 
on entomopathogenic fungi, whose indications for dilution, 
whether in oil or inert. However, there are few studies with 
methodology for applying powder aerial conidia directly to the 
insect’s body, without any type of vehicle. In addition, since 
the equipment and application methodologies are the same 
as in conventional agriculture, there may be a decrease in the 
efficiency of the entomopathogen due to possible negative 
impacts on the structures of conidia caused, in general, by 
the poor regulation or handling of traditional equipment in 
agriculture, Rodrigues, Almeida and Duarte (2019).

Several other experiments have already been carried 
out to identify higher B. bassiana using efficiency levels 
associated with H. hampei control. However, the need of 
carrying out laboratory experiments to help improving 
methodologies focused on entomopathogenic microorganism 
applications remains. Therefore, the objective of the research 
was to comparison different methods of application of B. 
bassiana against H. hampei.

2 MATERIAL AND METHODS

1) Insect: The H. hampei insects were initially brought 
from the field and then reared under laboratory conditions, 
with a view to obtaining insects in sufficient quantity and 
at an approximate age to carry out the experiments. After 
cleaning and drying, the material was left to dry in the shade 
for 48 hours, the fruits were transferred and placed in tubular 
PVC cages (0.25 m high and 0.10 m in diameter), with PVC 
cover. One end was defined as the bottom of the cage it had 
a screen (opening of 0.025 m and an area of approximately 
0.15×0.15 m) attached to it with an elastic band to facilitate the 
handling and removal of insects for the bioassays. The ambient 
temperature was maintained 25± 3 °C and the RH was ± 60. 
Adult females, approximately 35 days old, were used.

2) Fungus: The Beauveria bassiana IBCB66 used 
in the experiments had origin in “Oldemar Cardim Abreu” 
Entomopathogenic Fungi Collection, Biological Institute in 
Campinas, SP. This is strains was previously selected to H. 
hampei, Almeida et al. (2009). Based on the current legislation 
and on data from the Agrofit database, IBCB66 it is registered 
as phytosanitary product to be used in organic agriculture, Brasil 

(2020). IBCB66 strain reproduction for bioassays was carried out 
based on Alves (1998), on technical report 03 by Laurentino and 
Costa (2004); Hirose and Neves (2005) and Leite et al. (2003).

3) Bioassays: three bioassays were carried out for 
each of the three methods: immersion, suspension in Potter 
Tower and walking-on-conidia powder, and a single bioassay 
was carried out simultaneously with the three methods, 
totaled 10 experiments. Each experiment comprised 7 
treatments, including the control, and 5 replicates comprising 
25 insects divided into 5 Petri dishes with 5 insects (each).
Fungal suspensions with only distilled water, concentrations 
were standardized at 2.4×109, 1×109, 5×108, 1×108, 5×107 
and 1×107conidia.mL-1. Airborne conidia powder presented 
initial concentration of 1.14×1010 conidia.g-1, where as the 
other concentrations were standardized at 1.14×109, 5.7×109, 
1.14×108, 5.7×107, 1.14×107 and 5.7×106 conidia.g-1. In the 
simultaneous experiment, for the three methods, the design 
was a treatment with a concentration of 1×x108 and a control, 
with five repetitions with the same amount of insects from 
the other experiments. In total, 1.725 coffee borers, adults 
females and around 35 days old were used in the experiment. 
Specimens were removed from the breeding process, either 
the day before or at the experimental day itself, by means of 
selection performed on paper towel they were handled with soft 
brush. Twenty-five (25) H. hampei individuals were placed in 
a single Petri dish for each treatment. Natural diet comprising 
chips of freshly-harvested coffee fruits of approximately 0.005 
m was introduced 24 hours after the experiments. 

4) Evaluations: Experiments were evaluated on a daily 
basis, for up to 10 days, in order to observe insects’ overall 
conditions and mortality rate. The evaluations were under 
Stemi DV4 Zeizz® stereomicroscope equipped with double 
light and increased visualization ranging from 12 to 16 times 
depending on the need of clarity. Insects were handled with 
soft brush which was sanitized with 70% alcohol, every time 
they were used.  Adult coffee borer mortality was evaluated 
at different concentrations and modes of application of the B. 
bassiana fungus conidia or blastospores, in order to determine 
the best concentration to be used in the experiment to evaluate 
the application methods in the same test. The experimental 
design was completely randomized for the first three 
experiments with seven treatments and five repetitions each. 
In the experiment of comparing application methods, the same 
design was used, but with four treatments and five repetitions.

5) Statistical analysis was applied to data in order 
to assess mortality rates the average number of deaths per 
treatment recording only of the insect mortality and the average 
number of deaths per treatment and for each application 
method. It was done through analysis of variance (ANOVA); 
means were compared through Tukey test (P<0.05), and 
through LC50 (ProbitX2 = 17,56, sig. 0,01) in the SPSS 
software version 12.1.
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3 RESULTS

In analysis of the teststhe observation of eggs during 
insects’ mortality evaluation corroborates data available in the 
literature, according to which, adult female H. hampei insects 
emerge from fruits after copulation (Figure 1).

Mean LC50 in the immersion experiment was 6.1×108 

conidia.mL-1 and it showed that the most efficient concentration 
ranged from 1×108conidia.mL-1to1×109 conidia.mL-1. 

In the experiments carried out by the spraying method in 
Potter’s Tower, there was no statistically significant difference 
between the concentrations. However, the concentration 
1×109conidia.mL-1 was the most efficient with an average 
mortality of 4.60 in the test 1. On the other hand, the concentration 
5×107 conidia.mL-1 was the most efficient concentration used in 
test 2, which recorded mean number of dead individuals equal to 
4.20. Mean mortality rate in test 3 was lower than that observed 
for the first tests. The highest mortality rate observed in this test 
was recorded at concentration of 5×107 conidia.mL-1 (Figure 3). 

Mean LC50 in experiment by application with Potter 
Spray Tower was 4.1×108 conidia.mL-1, which was remarkably 
close to the concentration of 5×108 conidia.mL-1 used in one of 
the treatments. Based on the comparison among all 3 tests, the 
highest mortality rates were recorded for test 1. 

With respect tothe walking tests, the concentration 
of 1×108 conidia.mL-1 was the most efficient one; it recorded 
mean number of dead individuals equal to 5.00, in test 1. The 
most efficient concentration used in test 2 was 1×1010 conidia.
mL-1, which recorded mean number of dead individuals equal 
to 4.60, whereas the most efficient concentration used in test 
3 was 1×1010 conidia.mL-1, it recorded mean number of dead 
individuals equal to 3.80. The treatment using the highest 
conidia concentration in the walking-on-powder experiment 
was actually the most efficient one (Figure 4). 

Mean LC50 recorded in experiments based on the 
walking-on-powder method was 2.4×108 conidia.g-1; this value 
was close to the concentration of 5×108 conidia.mL-1.

Of the three application methods simultaneously tested 
with a single concentration of 1×108 conidia.mL-1, the method 
of walking on conidia powder deriving from B. bassiana has 
shown the best result mean mortality rate recorded for H. 
hampei was 4.0 (Figure 5). 

Figure 1: Daily mortality analysis, Hypothenemus hampei 
48 hours after fungal suspension spraying with Potter Spray 
Tower; 1: Live H. hampei and egg laid on diet grains; 2: Dead 
H. hampei. Source: By author.

Mean mortality recorded in the immersion-based 
experiments (blastospore suspension of B. bassiana) showed 
a higher number of deaths in the 2.4×109 concentration for 
test 1, which presented an average number of dead individuals 
equal to 4.60. The most efficient concentration used in test 2, 
for this method, was 1×108, with an average number of deaths 
equal to 4.80. The most efficient concentration used in test 3 
was 5×107 average number of deaths equal to 4.60 (Figure 2).

Figure 2: Mean mortality of Hypothenemus hampei female after immersion in Beauveria bassiana blastospore suspension (26 
± 1°C; RH ± 47). Means followed by the same letter do not differ by the Tukey test (P<0.05). Original data being transformed by 
square root of x + 0.5 in the analysis.



Coffee Science, 16:e161873, 2021

PEREIRA, R. M. C., ALMEIDA, J. E. M. de & FILHO, A. B.

Figure 3: Mean mortality of Hypothenemus hampei females after spraying in Potter Tower, with conidia suspension of Beauveria 
bassiana (26 ± 1°C; RH ± 47). Means followed by the same letter do not differ by the Tukey test (P<0.05). Original data being 
transformed by square root of  x +  0.5 in the analysis. 

Figure 4: Mean mortality of Hypothenemus hampei females after walking conidia powder of Beauveria bassiana (26 ± 1°C; RH 
± 47). Means followed by the same letter do not differ by the Tukey test (P<0.05). Original data being transformed by square root 
of  x + 0.5 in the analysis.

Figure 5: Mean mortality of Hypothenemus hampei females after comparison of the three methods of application of 
Beauveria bassiana (26 ± 1°C; RH ± 47). Means followed by the same letter do not differ by the Tukey test (P<0.05). 
Original data being transformed by square root of  x +  0.5 in the analysis. 
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Mortality rate recorded for adult borers in experiments 
based on dry conidia powder application through the walking 
method was higher than that recorded for methods based 
on blastospore suspension application by immersion and on 
conidia spraying through Potter Spray Tower. 

4 DISCUSSION

There are many articles based on comparing inoculation 
methods. However, none as used here. In immersion tests, the 
infectious structure of the blastospore was as efficient as their 
distance conidia. Blastospores are infectious to adult borers; 
they recorded mortality rate close to the one recorded for aerial 
conidia spraying, as well as similarity in sporulation observed 
under dead beetles’ carcasses.  Based on the statistical 
comparison between the 3 tests using the immersion method, 
the highest mortality rates were recorded for test 1. Thus, the 
tests showed that experiments with blastospores, although 
with a lower mortality rate, control H. hampei.

Regarding tests 2 and 3 for the spraying method in 
Potter Tower, although in test 3 the low staverage mortality 
was registered for most treatments, it also registered the high 
staverage mortality in the concentration of 5×107 conidia.mL-

1. Wenzel, Giometti, and Almeida (2006), have investigated 
IBCB66 pathogenicity on Diatraea saccharalis caterpillars, 
based on the Potter Spray Tower method. Concentration of 
5×107, 1×108 and 5×108conidia.mL-1 were statistically equal, 
since they recorded mortality rates ranging from 65%to 
89%. These results are similar to the ones observed for test 
1. The low H. hampei mortality rate observed by Mota et 
al. (2017) in experiments based on the Potter Spray Tower 
method corroborates the current results. According to the 
author, these results can be explained by hydrophobic features 
of the conidium, as well as by the large number of chitinous 
structures observed in the dorsal part of borer’s exoskeleton on, 
which would make it difficult for the fungus to adhere to the 
host’s body. These arguments may justify the mortality rates 
observed in the current study since, unlike the experiments 
conducted by Mota et al. (2017) it did not use any adjuvant, 
despite the low mortality rates. 

The control recorded higher mortality rates in tests 1 
and 2 by walking-on-powder method, it exceeded the mortality 
rate recorded for concentrations of 5x107 conidia.mL-1, 5x108 

conidia.mL-1 and 1x109 conidia.mL-1 used in test 3. Despite this 
result, all three experiments presented higher mortality levels 
than methods based on immersion in blastospores suspension 
and on Potter Spray Tower using, with fungal suspension 
comprising airborne conidia added to distilled water, without 
adjuvants. In research with H. hampei, Mota et al. (2017) shows 
high mortality due to exposure of the insect’s ventral parts, 
which corroborates the results for the tests by the walking-on-
powder method. Studies conducted by Batista-Filho, Abrahao 

and Cruz (1988), based on the walking-on-powder method 
and/or on body contact with the internal surface of traps 
impregnated with pure B. bassiana conidia recorded 100% 
H. hampei mortality rate. This outcome can justify the high 
mortality rate recorded for H. hampei individuals subjected to 
the walking-on-airborne B. bassiana-conidia method adopted 
in experiments conducted in the present research. 

Results in the current study have shown that, although 
B. bassiana blastospores are also infectious structures with 
potential to be used for biological control purposes, it is 
necessary conducting further studies about their application 
methods, as well as about the best formulation capable of 
keeping their infectious structure effective in field, Almeida 
(2020). In addition, the high mortality rate recorded for the pest 
beetle using the B. bassiana aerial conidia walking method, 
suggests the need for further studies aiming at the development 
of new technologies for the application of powdered conidia 
for use in the field. 

5 CONCLUSIONS

Powdered conidia are more effective in controlling 
Hypothenemus hampei than blastospore suspensions. 

The most efficient method of application was walking 
on conidia powder. 

Further studies are still needed to identify a new 
application methodology for powder aerial conidia.
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