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ABSTRACT
The coffee berry borer (CBB) Hypothenemus hampei (Ferrari) (Coleoptera: Curculionidae) causes significant damage to yield and quality of coffee beans. 
Cultural measures are important however, chemical and biological control must be adopted within an integrated CBB management system in order to 
prevent its damage mainly in larger areas. This study aimed to evaluate different doses and times of spray of the chemical insecticide metaflumizone and 
its association to the entomopathogenic fungus Beauveria bassiana as a tool to the management of CBB in Arabica coffee. The study was carried out in a 
high dense crop of Arabica coffee cultivar Catuaí Vermelho at 700 m altitude in the highlands of Espírito Santo state, Brazil. The experimental design used 
was randomized blocks with eleven treatments, four replications and plots of ten plants. Seven evaluations were carried out by sampling the berries in 
the upper, middle and two sides of the coffee trees. Metaflumizone at a total dose of 3.5 L ha-1 showed high performance for the control of CBB under 
field conditions in regions of high altitude. The association of metaflumizone with B. bassiana reduced a mean of 88.5% the infestation level of CBB in the 
post-harvested coffee beans and it can be used as one of the tools for the Integrated Management of CBB under field conditions. Beauveria bassiana can 
be associated with metaflumizone to control CBB as a complementary spray in March and at a dose of 2.0 kg ha-1 and should be also used in the Integrated 
Management of CBB. The monitoring of CBB population must be carried out and the first spraying with chemical or biological insecticide must be started 
at the recommended control level and in the transit season of CBB when flying adults are exposed.
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1 INTRODUCTION

Brazil is the world’s largest producer and exporter 
of coffee and this is a very important food for Brazilian 
agribusiness. The total area planted with coffee in Brazil was 
2.16 million hectares with a total production of 3,784,674 t 
in 2020 (Companhia Nacional de Abastecimento - CONAB, 
2020). Yield is influenced by several factors such as 
temperature, rainfall, relative humidity, the cultural treatments 
(liming, fertilization, control of herbs, pruning, etc.), cultivars, 
type of soil, irrigation, control of pests and diseases, among 
others (Matiello et al., 2020). Pests are one of the most 
important factors that can reduce coffee crop yield and bean 
quality with emphasis on the coffee leaf miner Leucoptera 
coffella (Guérin-Mèneville & Perrottet) (Lepidoptera: 
Lyonetiidae) and the coffee berry borer (CBB) Hypothenemus 
hampei (Ferrari) (Coleoptera: Curculionidae) considered the 
most important pest of coffee worldwide (Fornazier et al., 
2019; Reis, 2010; Vega; Infante; Johnson, 2015). Initial CBB 
population, periods of rainfall, temperature and implementation 
of its correct management are factors of great importance in 

CBB management under field conditions (Souza; Reis, 1997; 
Matiello et al., 2020).

CBB attacks green, ripe and dried fruits of Arabica 
coffee (Coffea arabica L.) as well as conilon (Coffea 
canephora Pierre and ex-Froehner) in all producing countries. 
The damage caused by CBB can be due to the fall of berries, 
reduced weight and loss of quality (aspect, type, drink) of 
damaged beans (Fornazier et al., 2019; Matiello et al., 2020). It 
can cause yield losses of 30-35% with up to 100% of damaged 
berries at harvest time and its damage can be greater with the 
delay of the harvest (Barrera, 2008). 

Berries that remain on the plant or even on the ground 
after harvest favor CBB’ reproduction, allowing their transfer 
from one crop to another. Conditions such as shading and high 
dense crops, wet season, abandoned crops, uneven flowering, 
dry season in the months of December and January also favor 
their survival, which may increase the infestation level of CBB 
in the following year’s harvest. Higher temperature regions, 
such as found in the states of Rondônia, Southern Bahia, Vale 
do Rio Doce in Minas Gerais and Northern Espírito Santo, 
Brazil decreases the pest cycle and increases the number of 
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CBB generations with greater damage, becoming a serious 
problem for coffee farmers (Fornazier et al., 2019; Matiello et 
al, 2020). Controlling CBB is not an easy task because most of 
the CBB’s life cycle occurs within the coffee berries. Normally, 
the coffee berry becomes susceptible to CBB attack when its 
dry weight is 20% or more which occurs when the fruit reaches 
between 100 and 150 days of development, depending on the 
altitude (Montoya; Cárdenas, 1994). Insecticide spraying is the 
most used control method for CBB, mainly in extensive coffee 
crops. However, it is recommended that before starting CBB 
control, fruit sampling should be carried out and chemical or 
biological control should only be started when the infestation 
level of berries reaches 1.0 to 3.0% (Matiello et al, 2020).

One of the major problems to control CBB was the 
ban on the marketing of the active ingredient Endosulfan in 
Brazil. However, we can verify that new active ingredients 
have been registered in this country to control of this pest 
such as azadiractin, Beauveria bassiana (Order: Family?), 
cyantraniliprole, chlorantraniliprole, chlorpyrifos, etiprole, 
etofenproxy, metaflumizone and mixtures of active ingredients. 
Metaflumizone is an active ingredient belonging to the chemical 
group semicarbazone and is efficient for the control of insects 
of different orders. It acts on the nervous system of insects, 
blocks sodium channels, causes paralysis without the need 
to be metabolically activated inhibiting the insect’s food and 
causing its death. It is classified by the Insecticide Resistance 
Action Committee (IRAC) as the only insecticide belonging 
to the 22B group. Its main characteristics are the high activity 
in the control of insects, low toxicity for beneficial insects and 
mammals, in addition to the low environmental risk (Agrofit, 
2021a; Salgado; Hayashi, 2007).

The fungi B. bassiana, Spicaria javanica and 
Metharizium anisoplae (Order: Family for those fungi) have 
been shown to be efficient for the control of CBB colonizing 
the adults (Mota et al., 2017). Beauveria bassiana is a fungus 
that has no negative impact on humans, other animals and 
the environment and has a low impact on beneficial insects 
(Aristizábal, 2018). Formulations of this entomopathogenic 
fungus are registered in Brazil based on five strains (Agrofit, 
2021a). The objective of this study was to evaluate the 
possibility of combining the use of metaflumizone in 
alternation of spraying with B. bassiana for control of CBB in 
different doses and spraying times in Arabica coffee under the 
climatic conditions of highland region enabling new options 
for CBB integrated management.

2 MATERIAL AND METHODS

2.1 Study area and treatments
The study was carried out in a dense crop (2.0m x 

0.8m) of Arabica coffee cultivar Catuaí Vermelho IAC-44, in 

a Red Yellow Latosol (LVA) (Empresa Brasileira de Pesquisa 
Agropecuária - EMBRAPA, 2013), municipality of Marechal 
Floriano (20°26’43, 77’’S; 40°46’45,50’’W), Espírito Santo 
state, Brazil. The coffee crop used was 6 years old, pruned 
and conducted with two orthotropic branches per plant. The 
adopted crop’s cultural procedures were those contained in 
Alixandre et al. (2020). The three most significant blossoms 
of this coffee crop occurred on October 7 and 31, and 
November 11, 2018. The experimental design used was 
randomized blocks, four replications with 10 plants. The 
chemical metaflumizone (1.5; 2.0 L ha-1) and the biological 
insecticide B. bassiana PPRI 5339 (0.75; 1.0; 2.0 kg ha-1) 
were used in four combinations of spraying time and one 
control, totaling 11 treatments (Table 1). Sprayings were 
carried out in early January, February, March and April 2019. 
A manual backpack sprayer (capacity of 20 L) was used with 
400 L ha-1 of solution. The climate data at the experiment site 
(rainfall, average temperature and average relative humidity) 
were obtained biweekly from September 2018 to June 2019 
using a La Crosse Pro WS 2800 mini-station.

2.2 Method of sampling and evaluation
Seven samplings were carried out to measure CBB 

infestation level. Each sampling was done through the 
collection of berries in green and/or cherry stage, in the 
upper, middle and both sides of the coffee plants according 
to the stage of maturation in each sampling. The berries were 
removed randomly from the branches of the coffee tree.

The first sampling was carried out in early January 2019, 
before the first spraying of chemical/biological insecticides; 
the 2nd sampling was carried out in February 2019 before 
the 2nd spraying; the 3rd sampling was done in March 2019 
before the 3rd spraying; the 4th sampling was carried out in 
April 2019 before the 4th spraying, and the 5th evaluation was 
carried out 30 days after the 4th spraying. The 6th evaluation 
was carried out on April 23, 2019, at the time recommended 
for the harvest when more than 80% of cherry berries was 
found. On that same date the fruits of the useful plants of the 
plots were harvested, dried and peeled.

On June 15, 2019, 100 g of beans from each plot were 
sampled to count the number of healthy and attacked by CBB. 
In each of the samplings, at least 200 berries were collected 
per plot. One hundred of these fruits were randomly chosen 
and evaluated. The berries bored by CBB were separated and 
opened to check for the presence of live insects (eggs, larvae, 
adults) within them.

Abbott’s formula (1925) was used to calculate the 
control efficiency (CE) of insecticides in controlling CBB. 

(CE) = [(T - t) × 100] / T, where T is the number of live 
CBB berries in the control, and t is the number of live CBB 
berries in each treatment.            
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2.3 Experimental Design
The experiment was carried out in a randomized 

block design with four replications and ten plants per plot, 
in the subplot scheme over time. The plots were composed 
by eleven treatments and the subplots by seven evaluation 
times. The number of live CBB data was transformed by the 
function y 0 5x .   and subjected to analysis of variance; 
the contrasts of means were compared by the Scheffé test 
(p<0.05). The regression models were tested by the F test and 
the parameters by the t test. The program R (R Core Team, 
2019) was used for the statistical analyzes.

Contrasts evaluated:

   
4 3 9 10 53C m m m m    , used to check which time of 

spraying (1 or 2) is most suitable to spray B. bassiana (1.0 kg 
ha-1);

 
5 4 6C m m  , used to check which time of spraying (1 or 2) 

is most suitable to spray B. bassiana (2.0 kg ha-1);
 

6 4 11C m m  ; used to check which time of spraying (1 or 3) 
is most suitable to spray B. bassiana (2.0 kg ha-1);

 
17 6 1C m m  ; used to check which time (2 or 3) is most 

suitable to spray B. bassiana (2.0 kg ha-1);
     

8 7 8 3 9 10 52 2C m m m m m m      ; used to check the 
best dose of B. bassiana (0.75 or 1.0 kg ha-1), regardless of the 
time of spraying;

    
9 7 8 4 6 113 3 2 2 2C m m m m m     ; used to check the best 

dose of B. bassiana (0.75 or 2.0 kg ha-1), regardless of the 
spraying time;

      
10 3 9 10 5 4 6 113 3 3 3 4 4 4C m m m m m m m       , used to 

check the best dose of B. bassiana (1.0 or 2.0 kg ha-1), regardless 
of spraying time;

The contrasts were applied in each of the six sampling 
times, and together for those times aiming to verify the CE.

Table 1: Treatments (Treats), spraying times and doses of chemical and biological active ingredients for coffee berry borer control, 
Marechal Floriano, Espírito Santo state, Brazil, 2019.

Treats Chemical/biological   active (L ha-1)
Spraying times

Total dose (kg or L ha-1)
01 jan 10 feb 09 mar 06 apr

T1 Testemunha - - - - -
T2 Metaflumizone 2.00 1.50 - - 3.50

T3
Metaflumizone - 2.00 1.50 - 3.50

Beauveria bassiana 1.00 - - - 1.00

T4
Metaflumizone - 2.00 1.50 - 3.50

Beauveria bassiana 2.00 - - - 2.00

T5
Metaflumizone 2.00 - 1.50 - 3.50

Beauveria bassiana - 1.00 - - 1.00

T6
Metaflumizone 2.00 - 1.50 - 3.50

Beauveria bassiana - 2.00 - - 2.00

T7
Metaflumizone 2.00 1.50 - 3.50

Beauveria bassiana 0.75 - - - 0.75

T8
Metaflumizone 2.00 - 1.50 - 3.50

Beauveria bassiana - 0.75 - - 0.75

T9
Metaflumizone - 1.50 1.00 1,00 3.50

Beauveria bassiana 1.00 - - - 1.00

T10
Metaflumizone - 2.00 1.50 - 3.50

Beauveria bassiana 1.00 - - - 1.00

T11
Metaflumizone 2.00 1.50 - - 3.50

Beauveria bassiana - - 2.00 - 2.00

          
1 1 2 3 4 4 6 7 8 9 10 11,10C m m m m m m m m m m m         

used to check whether the control efficiency of the different 
treatments differed from the control;

used to verify the need to use the biological insecticide 
B. bassiana in alternation with the chemical insecticide 
metaflumizone;

 
3 7 8C m m  , used to check the most suitable time to spray B. 

bassiana (0.75 kg ha-1);

         
2 2 3 4 4 6 7 8 9 10 11,9C m m m m m m m m m m         
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3 RESULTS

The live CBB infestations found in the previous 
evaluation (January 01) varied from 2.5% to 3.5%, and the 
average initial infestation level was 3.23% (Table 2). However, 
the C1 contrast applied at this first evaluation prove be non-
significant by the Scheffé test (p>0.05), so no differences 
were found between the mean of the control and mean of the 
other treatments (Table 3). Thus, the calculation of CE could 
be performed using the Abbott’s formula (1925) without the 
need to correct CE based on the initial infestations. There was a 
difference in CBB infestations between the control and the other 
10 treatments in the evaluations carried out from February to 
May, confirmed by the C1 contrast (Table 3). Also, significant 
differences were found between the means of the different live 
CBB infestations level in the control (T1) when compared to the 
means of live CBB infestations in all treatments (Table 4). The 
C1 contrasts are presented for all times of evaluation because 
they were statistically significant by the Scheffé test (p < 0.05) 
(Table 3). The other contrasts C2 to C10 are not shown because 
they were not statistically significant (p > 0.05).

An increase in the population of CBB along the 
experiment was observed according to the data obtained in the 
control treatment (Table 2). The population peak of CBB was 
reached in early March in the control (T1) when 11.5% of the 
berries were damaged by CBB and with the presence of live 
larvae. The infestation rates of live CBB in the control were 
ever above the level determined for CBB control throughout 
berries samplings (Figure 1).

No significant difference was observed by the C2 
contrast for the mean rates of live CBB infestations level in 

the sampling performed 30 days after the first spraying, where 
only one spray of B. bassiana (0.75; 1.00; 2.00 L ha-1) or 
metaflumizome (2.0 L ha-1) had been done (Table 2).

The CE on the second evaluation date (February 10) 
ranged from 52.9% (T11) to 94.1% (T6) and only the T5, T6 
treatments showed CE greater than 80%. However, all treatments, 
excluding T11 (78.9%) showed CE greater than 80% in the third 
sample (March 09). Variations in CE were observed in the other 
samplings, however, always above 70%. In the sampling carried 
out on May 4, after all combinations of doses and spraying 
times have been applied, most of these treatments showed CE 
above 80%, excluding T3 and T4 both with CE of 71.4%. The 
treatments T2, T7, T8 and T11 may be highlighted with CE 
> 95%. However, the variations in CE among the treatments 
showed a little influence on CBB infestation rates and CE in 
post-harvest sampling (Table 2). At this time, all treatments 
showed CE greater than 85%. Spraying with metaflumizome 
with or without the association of B. bassiana managed to 
reduce the post-harvest infestation of CBB-damaged beans to 
rates from 0.5% to 0.8% (average = 0.58%) in all treatments, 
differing from control (T1) (5.0%) (Figure 2). 

The alternation of the spraying time of B. bassiana 
as well as the alternation of doses of metaflumizome did 
not influence the partial CE in the 2nd, 3rd, 4th, 5th and 6th 
evaluations and in the evaluation performed in post-harvest 
(Table 4). Metaflumizome at the accumulated dose of 3.5 L ha-1, 
alone or alternating with any of the doses used of B. bassiana 
(0.75; 1.00; 2.00 L ha-1) was efficient for controlling CBB 
regardless of the alternation of spraying times (C2 contrast) 
(Figure 2). The C3, C4 and C5 contrasts were applied in order 
to compare the first two spraying seasons for B. bassiana at 

Table 2: Treatments (Treats), insecticide doses, spraying times and berries percentage (% I) with live borer (mean ± standard error) 
of the coffee borer and control efficiency (% CE) in the different samplings. Marechal Floriano, Espírito Santo state, Brazil, 2019.

Treats
Date of evaluations

Jan/01/2019 Feb/10/2019 Mar/09/2019 Apr/06/2019 May/04/2019 May/23/2019 Jun/15/2019
% I % I % CE* % I % CE % I % CE % I % CE % I % CE % I % E

T1 3.5 ± 0.3 4.3 ± 1.0 - 11.5 ± 2.9 - 5.0 ± 0.4 - 5.0 ± 0.4 - 7.3 ± 1.0 - 5.0 ± 0.4 -

T2 3.3 ± 0.5 1.0 ± 0.4 76.5 1.3 ± 0.5 89.1 1.3 ± 0.3 75.0 0.8 ± 0.3 85.0 0.5 ± 0.5 95.2 0.5 ± 0.3 90.0

T3 3.3 ± 0.3 1.3 ± 0.3 70.6 0.8 ± 0.5 93.5 1.3 ± 0.5 75.0 1.0 ± 0.4 90.0 3.8 ± 0.3 71.4 0.8 ± 0.3 85.0

T4 3.5 ± 0.3 1.3 ± 0.3 70.6 1.0 ± 0.6 91.3 0.5 ± 0.5 90.0 0.5 ± 0.3 90.00 3.0 ± 1.1 71.4 0.5 ± 0.3 90.0

T5 3.5 ± 0.7 0.5 ± 0.3 88.2 1.8 ± 0.9 84.8 0.5 ± 0.3 90.0 0.5 ± 0.3 90.00 1.5 ± 0.7 90.5 0.5 ± 0.3 90.0

T6 3.5 ± 0.7 0.3 ± 0.3 94.1 1.0 ± 0.6 91.3 1.0 ± 0.4 80.0 1.0 ± 0.4 80.00 2.8 ± 1.3 81.0 0.5 ± 0.5 90.0

T7 3.5 ± 0.5 1.3 ± 0.5 70.6 2.0 ± 0.8 82.6 0.5 ± 0.3 90.0 0.5 ± 0.3 90.00 1.8 ± 0.6 95.2 0.8 ± 0.3 85.0

T8 3.5 ± 0.3 1.5 ± 0.3 64.7 1.8 ± 0.9 84.8 0.5 ± 0.3 90.0 0.3 ± 0.3 95.00 1.3 ± 0.8 95.2 0.5 ± 0.5 90.0

T9 3.0 ± 0.4 2.0 ± 0.4 52.9 2.3 ± 0.6 80.4 1.0 ± 0.4 80.0 0.5 ± 0.3 90.0 1.8 ± 0.6 90.5 0.8 ± 0.3 85.0

T10 2.8 ± 0.3 1.0 ± 0.4 76.5 1.0 ± 0.6 91.3 0.8 ± 0.3 85.0 0.8 ± 0.3 85.0 2.0 ± 0.8 90.5 0.5 ± 0.3 90.0

T11 2.5 ± 0.3 2.0 ± 0.4 52.9 2.5 ± 0.7 78.9 0.5 ± 0.3 90.0 0.8 ± 0.5 85.0 3.0 ± 0.7 95.2 0.5 ± 0.3 90.0
* Control efficiency calculated by Abbott’s formula (1925).
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doses of 0.75, 1.0 and 2.0 kg ha-1, however, these contrasts 
were not shown significant (Table 4). The best association of 
B. bassiana with metaflumizone was performed at the dose of 
2.0 kg ha-1 in the spraying of initial March by using the C6 and 
C7 contrasts that compared spraying times 1, 2 and 3 in pairs 
for this parameter. Beauveria bassiana at the doses of 0.75 and 
1.00 kg ha-1 did not differ from each other, but differed from 
the dose of 2.0 kg ha-1, and this higher dose was the best when 
compared by the C8, C9 and C10 contrasts regardless of the 
spraying time (Table 4).

4 DISCUSSION

The factors that have most influenced CBB infestation 
level are infested berries that fall into the soil and those that 
remain on the plants due to the different flowering that occur 
in the coffee tree and act as a natural repository for CBB. 
CBB adults migrate to new developing berries according to 
the natural conditions of temperature and rainfall during and 
after the harvest season (Fornazier et al., 2019). It is necessary 
to know the CBB behavior under field conditions, as well 

Table 3: C1 contrasts (difference of the different insecticide treatments from the control) of the variable number of berries with 
live coffee berry borers in each of the seven samplings carried out from January to June. Marechal Floriano, Espírito Santo state, 
Brazil. 2019.

Sampling date Contrasts  C1

January 01           
1 1 2 3 4 4 6 7 8 9 10 1110 0.7776nsC m m m m m m m m m m m           

February 10           
1 1 2 3 4 4 6 7 8 9 10 1110 8.7728*C m m m m m m m m m m m           

March 09           
1 1 2 3 4 4 6 7 8 9 10 1110 20.3117*C m m m m m m m m m m m           

April 06           
1 1 2 3 4 4 6 7 8 9 10 1110 12.5624*C m m m m m m m m m m m           

May 04           
1 1 2 3 4 4 6 7 8 9 10 1110 13.0885*C m m m m m m m m m m m           

May 23           
1 1 2 3 4 4 6 7 8 9 10 1110 11.475*C m m m m m m m m m m m           

June 15           
1 1 2 3 4 4 6 7 8 9 10 1110 15.4974*C m m m m m m m m m m m           

*Significant by the Scheffé test (p<0.05); nsnot significant.

Table 4: Contrasts of the variable number of berries with live coffee berry borers in the average of the six samplings carried out 
from February to June, Marechal Floriano, Espírito Santo state, Brazil, 2019.

Contrasts

          
1 1 2 3 4 4 6 7 8 9 10 1110 10.686*C m m m m m m m m m m m           

         
2 2 3 4 4 6 7 8 9 10 119  1.85nsC m m m m m m m m m m           

 
3 7 8 0.0156nsC m m  

   
4 3 9 10 53 0.2718nsC m m m m    

 
5 4 6 0.0336nsC m m  

 
6 4 11 1.202*C m m   

 
7 6 11 1.2356*C m m   

     
8 7 8 3 9 10 52 2  0.1446nsC m m m m m m      

    
9 7 8 4 6 113 3 2 2 2  2.2642*C m m m m m     

      
10 3 9 10 5 4 6 113 3 3 3 4 4 4 4.0946*C m m m m m m m        

*Significant by the Scheffé test (p<0.05); nsnot significant.



Coffee Science, 16:e161951, 2021

Krohling, C. A. et al.

as its interactions with climatic factors. Thus, an efficient 
IPM program integrating several control measures may be 
implemented (Portilla; Grodowitz, 2018). The previous 
evaluation carried out immediately before the first spraying 
of the insecticides revealed that the infestation level found 
(2.5% - 3.5%) was in agreement or slightly higher than 
the recommended (1.0% - 3.0%) to start controlling CBB 
(Matiello et al., 2020). Monitoring of CBB infestation in Brazil 
should be carried out during the transit season of CBB adults 

which begins three months (November to January) after the 
largest flowering season in green watery lead berries (Bueno; 
Carvalho; Silva, 2017). Surveys carried out in Hawaii showed 
that the peaks of infestations of flying adults occurred close 
to the harvest time and coincided with the high infestations 
of berries; however, a large variation in trapping was found 
within the same property and among properties, with an 
increase in infestation level in the second and third generation 
of CBB (Aristizábal et al., 2017a, b). 

Figure 2: CBB control efficiencies (% CE) under field conditions in different treatments for combinations of spraying times and 
doses of metaflumizone and Beauveria bassiana. Marechal Floriano, Espírito Santo state, Brazil. 2019.

Figure 1: Live CBB infestations level (%) under field conditions in different treatments for combinations of spraying times and 
doses of metaflumizone and Beauveria bassina. Marechal Floriano, Espírito Santo state, Brazil. 2019.



Coffee Science, 16:e161951, 2021

Best time and doses to associate chemical and biological control of the coffee berry borer in highland region, Brazil

Similarly, the population of CBB in Brazil is 
negatively correlated with the intensity of rainfall, and the 
highest adult populations occur in the dry season (May – 
August) with population peaks at the end of the harvest 
season (July – August) (Ferreira et al., 2000; Oliveira et al., 
2018; Souza; Reis, 1997). The first spraying of insecticides 
was carried out within the CBB transit season, ~ 90 days 
after the main flowering that occurred from October 7 to 
November 11, 2018 (Figure 3). The first spraying carried 
out during this season can be performed using chemical or 
biological insecticides because they were equally effective 
in reducing live CBB infestations in coffee berries. Greater 
CE can be obtained if the insecticides are used in more 
suitable spraying times, such as in the adult CBB transit 
season. Thus, the beginning of spraying carried out during 
the CBB transit season (early January 2019) where insects 
were more exposed to the contact action of metaflumizone 
and B. bassiana was adequate.

Because of the main source of CBB infestation 
is the remaining berries, it is necessary to carry out 
adequate harvesting operations and samplings to monitor 
CBB population, particularly at the stages when CBB 
has not yet penetrated into the berries (AB position) 
(Aristizábal, 2018). Samplings carried out by the USDA 
revealed that most of the adult female CBB found in 
the AB position were present in the stage of developing 
young berries (Aristizábal et al., 2017a). Pereira et al. 

(2012) found a positive correlation between the trapping 
of CBB adults and berries infestation throughout the 
coffee production cycle and it suggested that the use of 
alcohol traps for monitoring adults can be as efficient as 
monitoring infested berries. These traps can be used to 
monitor CBB adults in flight activity, mainly in the post-
harvest period until the berries’ growth phase (Mariño et 
al., 2016; Infante, 2018).

As a part of the integrated management of CBB, 
insecticides such as the active ingredients chlorpyrifos, 
fenitrothion, fenthion and pirimiphos-methyl have been 
tested and showed a CBB mortality rate greater than 
98% (Bustillo-Pardey, 2002). Acetomipride + alpha-
cipermethrin, acetomipride + bifenthrin, cyantraniliprole, 
etiprole, metaflumizone, thiametoxan + clorantraniliprole 
have also shown good results in reducing the damage 
caused by CBB. The use of these chemicals for Brazilian 
coffee have been approved by the Brazilian Ministry of 
Agriculture, Livestock and Supply (Souza et al., 2013; 
Agrofit, 2021a). Thus, the importance of the correct time 
to start spraying as performed in the present study based on 
the sampling of CBB infestation (Fernandes et al., 2014; 
Matielo et al. 2020) under field conditions is pointed out. 
This allows chemical or biological insecticides to directly 
reach the adult CBB with a shock effect (contact action) 
before entering the coffee berries (Metellus; Sampaio; 
Celoto, 2020).

Figure 3: Average rainfall (mm), relative humidity (%) and temperature (°C) by weekly from September 2018 to June 2019 at the 
experiment site, Marechal Floriano, Espírito Santo state, Brazil.



Coffee Science, 16:e161951, 2021

Krohling, C. A. et al.

An important key associated to the use of chemicals 
is related to resistance that can be induce in pests and this 
aspect has been studied in metaflumizone, but not yet to CBB. 
Resistance to metaflumizone in Plutella xylostella (DBM) was 
shown to have an autosomal and incompletely recessive mode 
of inheritance and the resistance selection by metaflumizone 
did not increased significantly the resistance to other active 
ingredients such as abamectin, beta-cypermethrin, BT (WG- 
001), chlorantraniliprole, chlorfenapyr, chlorfluazuron, 
diafenthiuron, methomyl, spinetoram, and spinosad suggesting 
a lack of cross-resistance. However, a possible cross-resistance 
to chlorfluazuron, emamectin, indoxacarb and tebufenozide may 
occur. These cases suggest that the rotated use of metaflumizone 
with other groups of active ingredients can prevent resistance 
to metaflumizone, and cross-resistance (Jun et al., 2017; Shen 
et al., 2020; Sun et al., 2019). Similarly, metaflumizone was 
studied in Integrated Resistance Management (IRM) strategies 
for Spodoptera frugiperda in Brazil; authors found that this 
chemical can be an important tool in insect resistance programs 
because no cross resistance among it and other Bt proteins, 
benzoylurea, diamide, pyrethroids, organophosphate, and 
spinosyn has been detected (Kaiser et al., 2021).

Another worldwide important key to the management of 
CBB is the use of the entomopathogenic fungus B. bassiana that 
has been reported for over 20 years as one of the most important 
entomopathogens for controlling CBB. It is the most common 
CBB mortality factor corresponding ~ 10% of CBB mortality 
under field conditions in Colombia; high natural mortality 
has also been reported in Hawaii, India and Mexico. In areas 
with ideal conditions of temperature, high humidity and low 
insolation, B. bassiana can cause high CBB mortality (Góngora; 
Marín; Benavides, 2009; Haraprasad et al., 2001; Vega et al., 
2009; Vega; Infante; Johnson, 2015). Spraying with B. bassiana 
used in early January together with two other sprayings of 
metaflumizone in early February and March showed good final 
results for controlling CBB in coffee beans in the post-harvest. 

The use of metaflumizone or B. bassiana regardless of 
the doses used in the first spraying or alternating spraying times 
enabled a reduction (85% - 90%) in the incidence of damaged 
beans in the post-harvest. The combinations of metaflumizone 
with B. bassiana were effective in spraying from January to 
March not requiring the 4th spraying in early April to control 
CBB. Data on infestation in berries and CBB penetration 
stages can be used to determine the most appropriate time to 
spray B. bassiana based on the IPM guidelines. This fungus 
is more effective if applied with the adult insect outside the 
berries (Kawabata; Nakamoto; Curtiss, 2017). Aristizábal et 
al. (2017a) demonstrated that several sprays of B. bassiana per 
year are recommended and must coincide with the flight peaks 
of CBB adults and most sprayings must be carried out at an 
earlier stage of berry development. These authors also observed 
that the highest mortality rates were found in conditions of 

higher humidity allowing the development of the fungus. 
Temperature, rainfall and relative humidity vary significantly 
with altitude and can play a very important role in population 
dynamics (Aristizábal et al., 2017a) and in the effectiveness of 
B. bassiana. The highland region where our study was carried 
out showed conditions for the use of microbial control in almost 
the entire coffee production season, including November and 
December when CBB should also be monitored (Figure 3).

The best association of B. bassiana to metaflumizone for 
CBB control was the use of the dose of 2.0 kg ha-1 sprayed in 
early March 2019. During this period, rainfall varied between 
161 and 50 mm (total = 211 mm), values considered satisfactory 
for the fungus to act. The climate may have influenced the CE of 
the biological insecticide used in early January spraying, since 
the total precipitation in this month was very low, totaling 6.5 
mm. Although, the relative humidity was > 60% and the mean 
temperature ranged from 23.6 to 25.3 °C (Figure 3), suitable 
for the development and colonization of this fungus (Agrofit, 
2021b). The entomopathogenic fungus B. bassiana has been 
found to be an important factor in the management of CBB, but 
its CE is conditioned by environmental factors (Neves; Hirose, 
2005; Mota et. al., 2017). Wraight et al. (2018) reported that 
the highest activity of wild B. bassiana strains in Hawaii was 
found in locations > 500 m altitude and infection rates did 
not exceed 4% on low-altitude farms (< 300 m). This aspect 
is not a limitation for the use of this fungus in the highlands 
of Espírito Santo state, where the altitudes in all areas where 
coffee is cultivated are > 500 m reaching 1,400 m. Also, the CE 
of this fungus is conditioned by the position of entry of CBB 
female in the berry. When the adult insect still has part of its 
body in the external area of   the berry, colonization is greater and 
consequently increases CE. More the CBB female penetrates 
into the berry lower is CE (Greco et al., 2018; Vera et al., 2011).

However, metaflumizone have been related with a strong 
inhibition on B. bassiana when used in mixture. This chemical 
when used combined with B. bassiana showed no difference 
in the cumulative mortality o f  Phauda flammans (Walker), 
a lepidopteran defoliator of F icus spp., when compared to 
metaflumizone alone. This sug g ests that the degradation 
products of metaflumizone may have caused the inhibition of 
B. bassiana. Thus, mixing these two active ingredients should 
be avoided to prevent B. bassiana from losing its effect (Chen 
et al., 2021). In the other  hands, no limitations have been 
reported on their use in spraying rotation, as used in our study.

New insecticides can be use d  to replace endosulfan 
and have less environmental  impact using a CBB Integrated 
Management program. However, the new chemical and biological 
insecticides do not have the mode of action of endolsufan (Naqvi; 
Vaishnavi, 1993) in CBB. Th u s, the mandatory integration of 
control methods knowledge of CBB’s bioecology and monitoring 
its population through samp l ing of berries with adult entry 
position or by alcohol trapping need to be disseminated to coffee 
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farmers. The chemical and the biological insecticides used should 
be tools and first spray must be done at the early beginning of 
infestations and only if necessary (Hollingsworth et al., 2020; 
Johnson; Manoukis, 2020; Johnson et al., 2020).

5 CONCLUSIONS

Metaflumizone at a total dose of 3.5 L ha-1 showed high 
performance to control CBB under field conditions in high 
altitude regions.

Two foliar sprayings of metaflumizone from January to 
March regardless of the doses and spraying times were enough 
to control CBB.

The association of metaflumizone with B. bassiana 
reduced an average of 88.5% CBB infestation of post-
harvested coffee beans and can be used as one of the tools for 
the Integrated Management of CBB under field conditions.

Beauveria bassiana can be associated with 
metaflumizone to control CBB as a complementary spray in 
March and at a dose of 2.0 kg ha-1 should be also used as a tool 
for the Integrated Management of CBB under field conditions.

The monitoring of CBB population must be carried out 
and the first spraying with chemical or biological insecticide 
must be started mainly at the recommended control level and 
in the transit season of CBB when adults are more exposed.
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