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In robusta coffee, Coffea canephora, the black twig borer Xylosandrus 
compactus (Eichhoff) (Coleoptera: Curculionidae) causes considerable 
damage. Although this has been reported in many crops for years in 
Brazil, recently, the injury caused by X. compactus in coffee has been 
ignored. This present study aimed to report the current status of X. 
compactus in Brazil, and to investigate its attack frequency in different 
robusta coffee genotypes. In this study, we reported the occurrence of 
X. compactus in robusta coffee plants in the state of Rondônia for the 
first time. We also evaluated the occurrence of this pest in different 
robusta coffee genotypes in the state of Espírito Santo. In all plants, 
the plagiotropic branches were attacked; however, the genotypes G2, 
G6, G8, G20, G48, G50, G51 and G52 showed a high number of attacked 
plagiotropic branches, whereas the genotypes G24 and G41 showed 
a low attack frequency. Thus, these can be promising candidates for 
pest resistance studies. Moreover, it was reported that Almeidea rubra, 
Alseis floribunda, Plinia grandifolia and Casearia Sylvestris can serve as 
hosts of X. compactus. Thus, our findings suggest that X. compactus is 
a threat to coffee production, and that future studies are necessary to 
find appropriate tools for its management.

Key words: ambrosia beetle, Curculionidae, host plants, pest insect, 
Robusta coffee, Scolytinae

RESUMEN

En el café robusta, Coffea canephora, el barrenador de las ramas 
Xylosandrus compactus (Eichhoff) (Coleoptera: Curculionidae) 
causa daños considerables. Aunque esto se ha reportado en muchos 
cultivos durante años en Brasil, recientemente, la lesión causada por X. 
compactus en el café ha sido ignorada. El presente estudio tuvo como 
objetivo reportar el estado actual de X. compactus en Brasil e investigar 
su frecuencia de ataque en diferentes genotipos de café robusta. En 
este estudio, reportamos la aparición de X. compactus en plantas 
de café robusta en el estado de Rondônia por primera vez. También 
evaluamos la ocurrencia de esta plaga en diferentes genotipos de café 
robusta en el estado de Espírito Santo. En todas las plantas, las ramas 
plagiotrópicas fueron atacadas; sin embargo, los genotipos G2, G6, G8, 
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INTRODUCTION

Brazil is the world’s largest producer and 
exporter, as well as the second largest 
consumer of coffee, especially Coffea arabica 
(L.) (Rubiacaea) (arabica coffee) and Coffea 
canefora (Pierre ex Froehner) (Rubiacaea) 
(conilon and robusta coffee) (Conab, 2018). 
However, the increase of reported yield losses 
caused by attacks of Xylosandrus compactus 
(Eichhoff) (Coleoptera: Curculionidae), also 
known as the black twig borer or the ambrosia 
beetle, in Brazil (Fornazier et al., 2016) and 
other Neotropical regions (Bukomeko et 
al., 2018) can affect coffee production and 
consumption. The potential of this insect as 
a pest and its biological behavior in coffee 
trees has not been adequately studied in 
Brazil. Climatic conditions, the presence 
of alternative hosts, and its lack of natural 
enemies may favor the maintenance and 
development of these insects in the field 
(Oliveira et al., 2008; Greco and Wright, 2015; 
Egonyu et al., 2017).

Xylosandrus compactus is native to Southeast 
Asia, but has a pantropical distribution 
throughout Africa, Asia, South America, and 
Southeastern United States (Rabaglia et 
al., 2006). Recently, its existence has been 
reported in Europe (Vannini et al., 2017). 
X. compactus affects more than 220 plants 
of about 62 families (Ngoan et al., 1976), 
including species of economic importance 
(Kagezi et al., 2014). In addition, it has been 

reported that the presence of X. compactus and 
its associated fungi in natural environments 
can cause serious damage to some tree 
species (Garonna et al., 2012; Vannini et al., 
2017).

This insect has been observed in Brazil for 
more than 20 years, and has been reported 
in different plants including Theobroma 
cacao (L.) (Sterculiaceae) (Mendes et al., 
1979), Mangifera indica (L.) (Anacardiaceae) 
(Carvalho et al., 1999) and Annona muricata 
(L.) (Annonaceae) (Oliveira et al., 2008). For 
C. canephora, the occurrence of X. compactus 
has been reported in the states of Bahia and 
Espírito Santo (Oliveira et al., 2008; Fornazier 
et al., 2016). 

These pests infest plants by boring into the 
branch and introducing symbiotic fungi inside 
the host plants. Different fungi have been 
described as associating with X. compactus, 
including Fusarium solani, Ambrosiella 
xylebori, and Ambrosiella macrospora (Ngoan 
et al., 1976; Batra, 1985; Egonyu and Torto, 
2018). These symbiotic fungi are essential for 
larval development, serving as a food source. 
Moreover, these fungi can cause severe plant 
injury as they can lead to the development of 
diseases (Batra, 1985; Bhat and Sreedharan, 
1988; Brader, 1964).

Physiologically stressed trees or diseased 
plants are preferred by ambrosia female 
beetles, and their presence usually serve as an 

G20, G48, G50, G51 y G52 mostraron un alto número de ramas plagiotrópicas atacadas, mientras que los 
genotipos G24 y G41 mostraron una baja frecuencia de ataque. Por lo tanto, estos pueden ser candidatos 
prometedores para estudios de resistencia a plagas. Además, se reportó que Almeidea rubra, Alseis 
floribunda, Plinia grandifolia y Casearia sylvestris pueden servir como huéspedes de X. compactus. Por lo 
tanto, nuestros hallazgos sugieren que X. compactus es una amenaza para la producción de café, y que son 
necesarios estudios futuros para encontrar herramientas apropiadas para su manejo.

Palabras clave: escarabajo ambrosía, Curculionidae, plantas hospederas, insecto plaga, café Robusta, 
Scolytinae.
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indicator of weakened trees, but X. compactus 
is one of the few species in which ambrosia 
beetles infest healthy plants (Dixon et al., 
2003). Aside from its preference for healthy 
hosts, X. compactus remains in internal 
galleries where they are less conspicuous. 
Thus, taken together, these characteristics 
make the management of this species in the 
field a complex task.

Because of the lack of information regarding 
the black twig borer’s behavior in robusta 
coffee, this study was conducted to report 
the current status of X. compactus as a pest 
in the main coffee producer states in Brazil 
(Espírito Santo and Rondônia). Furthermore, 
because of the recurrent presence of X. 
compactus in Espírito Santo, we evaluated its 
attack frequency in different robusta coffee 
genotypes in the field.  

MATERIALS AND METHODS

Insect collection, identification and image 
recording. The occurrence and injury of 
X. compactus in robusta coffee plants was 
recorded in both Brazilian states, Rondônia 
and Bahia. In the state of Rondônia, 30 
specimens were collected in the municipality 
of Cacoal (11.307806S, 61.492806W) by 
manually obtaining random samples V06, 25, 
08, 07 and R22 clones. In the state of Bahia, 
insects and attacked branches were collected 
in the municipality of Eunápolis (16.365556S, 
39.313611W) in both the V02 (Vitoria 
Incaper) clone and the G35 variety. In the 
state of Espírito Santo, insects and attacked 
branches were collected in the municipality 
of Marilândia (19.404681S, 40.538747W), 
and ten genotypes (G2, G6, G8, G20, G24, G41, 
G48, G50, G51 and G52).

The collected materials were taken to the 
Department of Entomology and Acarology 

at the Luiz de Queiroz College of Agriculture 
(ESALQ/USP, Piracicaba, São Paulo, Brazil) 
for identification and image recording. For 
identification, were selected six specimens, 
three female and three males, from each 
locality, Cacoal, Eunápolis and Marilândia. 
The specimens were identified based on 
their morphological characteristics using 
the taxonomic keys of Wood (1982), and by 
comparison with voucher specimens from 
the University of Florida UF Gainesville 
(#4463). After identification, these insects 
were deposited in the Museum of Entomology 
of ESALQ (vial #6990). In order to show the 
X. compactus individual and its effects on 
coffee branches, images of the insects, as well 
attacked branches containing these insects, 
were recorded using a stereo microscope 
(Leica M205C) equipped with a Leica DFC 
450 camera. 

The second group of collected material in the 
state of Bahia were taken to the Department 
of Entomology at the Federal University of 
Viçosa (UFV, Viçosa, Minas Gerais, Brazil) in 
order to record the development stages of 
insects. Firstly, three days after collection, 
were taken branches from the V02 clone with 
an active attack of alive insects within the 
galleries by observing the presence of wood 
dust around gallery entrance. Inspection and 
image recording were performed immediately 
after selection and were done every seven 
days in order to show all development stages 
egg, larva, pupa, and adult; these were done 
for approximately 24 days (Greco and Wright, 
2015). For image recording, fifteen branches 
were used, and among the images, ones with 
the higher resolutions were included in the 
results section. The presence of X. compactus 
in the collected branches using a LX-60 
specimen radiography system equipped 
with a digital camera (Faxitron X-Ray Corp., 
Wheeling, IL, USA), following the same 
methodology used by Haddi et al. (2015).
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Insect attack in robusta coffee and native 
plants. The mean number of attacked 
branches by X. compactus was evaluated in 
different robusta coffee genotypes. The study 
was conducted at the Experimental Field 
of “Incaper” (Institute of Espírito Santo for 
Research, Technical Assistance and Rural 
Extension), in Marilândia, Espírito Santo, 
Brazil (19.404681S, 40.538747W, at an 
altitude of 137 m). Based on the recurrent 
attack of X. compactus in robusta coffee and 
the uniformity of the coffee crop (i.e., age 
and physiological condition), were selected 
of germplasm bank of Incaper with 10 
genotypes to conduct the investigation. The 
C. canephora genotypes evaluated were G2, 
G6, G8, G20, G24, G41, G48, G50, G51 and 
G52. The evaluations were made during the 
dry season. The coffee plants were sown to a 
space of 3.0 x 1.0 m and approximately 12.000 
orthotropic stems per hectare, afterwards, 
the Cyclic Pruning Program for Conilon Coffee 
(CPPCC) was conducted, which maintained 
four new orthotropic stems per plant (Verdin 
Filho et al., 2014). Furthermore, based on the 
high infestation of X. compactus in clones of 
the “Vitoria Incaper 8142” variety previously 
observed, were selected the clone V06 to 
record the attack in orthotropic branches. 
These coffee plants were planted and 
evaluated under the same conditions as the 
other genotypes. 

All orthotropic and plagiotropic branches 
that is to say, vegetative and production 
branches, respectively attacked by the insect 
were evaluated. Branches that were either 
recently attacked or those showing any initial 
perforations caused by adults were evaluated 
and the number of attacked branches was 
counted. The evaluations were conducted 
during the post-harvest period (September), 
which was chosen because it coincides with 
the peak of adult insects inside the galleries 
(Egonyu et al., 2016). A randomized complete 

block design with four replicates was used 
for the analysis, with each replicate had three 
plants.  

In order to check possible host plants, a 
screening of the native host trees present 
near the study area was made. Specimens 
were collected and dried according to normal 
plant collection procedures (Peixoto and 
Maia, 2013), and identified using specialized 
literature and collections of the VIES (Thiers 
2015), as well as the virtual herbarium 
REFLORA.

Data analysis. The statistical analyses were 
performed using the ExpDes.pt-package 
from the R statistical software. The results 
of attack by X. compactus were subjected to 
univariate Analysis of Variance (ANOVA) to 
secure an overall error level of P < 0.05. All 
multiple pairwise comparisons, performed 
when necessary, were performed using the 
Tukey’s test (P < 0.05).

RESULTS AND DISCUSSION

Occurrence of X. compactus in robusta 
coffee in Rondônia state. This is the first 
record of X. compactus on robusta coffee C. 
canephora in Rondônia state, Brazil (Figure 
1). Aside from the presence of injury on the 
plagiotropic branches, it was found observed 
a high incidence of attack on the vegetative 
orthotropic branches of clones present in the 
field; moreover, it was possible to observe 
scars (Figure 2).
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Injury caused by X. compactus in 
robusta coffee. It was observed the 
attack in the production and vegetative 
orthotropic branches (Figure 3). The 
damage caused by X. compactus to the 
plagiotropic branches was recorded 
and described. Infestation of this insect 
results in an extensive tunneling within 
the branches, and the limitation of sap 
flow leads to the wilting of the branch, 
which serves as the main symptom of 
disease (Figure 4a). It was observed 
that entrance tunnels are excavated 
by females in plagiotropic branches 
(Figure 4b). The female X. compactus is 
of a shiny black color, lays eggs inside 
the gallery and remains in the entrance 
hole throughout the brood development 
(Figure 4c, Figure 4d and Figure 5). 

Figure 1. Map of coffee production areas in Brazil and areas with X. compactus occurrence.

Figure 2. Xylosandrus compactus damage in 
vegetative orthotropic branch in Rondônia state.
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The temporal sequence registered in X-ray 
images showed the complete development 
and the movement of the insect inside 
plagiotropic branches (Figure 5). Black 
twig borer females initially cause severe 
mechanical damage in the host plant due to 
excavation of the gallery, which consequently 
blocks the passage of sap. Before the female 
lays eggs, the ambrosia fungus begins to 
develop inside the gallery, which may be 
phytopathogenic. The ambrosia fungus 
serves a food source for the offspring. After 
egg deposition, the female remains at the 
entrance to the gallery, and blocks it until the 
larvae develop into pupa. We registered all 
the development periods of the insect (egg to 
adult) inside fifteen galleries within 24 days 
(Figure 5). 

Figure 4. Xylosandrus compactus injury in coffee robusta (Coffea canephora). (a) Plagiotropic 
branch dry (white circle) after the insect attack in the field. (b) Entrance hole (white arrow) 
built by beetle female. (c) Larvae (La), pupae (Pu) and adults (Ad) inside the gallery. (d) X. 
compactus female.

Figure 3. Xylosandrus compactus damage in 
orthotropic branch in Espírito Santo state. 

C
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Injured genotypes and new host plants 
in Espírito Santo state. In all the genotypes 
evaluated, tunnel entrance was observed 
in plagiotropic branches. However, there 
are significant differences in the number of 
attacked branches among the genotypes (F 
= 7.94, df = 9.27, P < 0.001; Figure 6). The 
highest rate of injury was observed in the 
G20 genotype with 29.5 (± 9.89) attacked 

Figure 5. Representative temporal sequence of X-ray pictures showing the complete 
development of egg (Eg), larva (La), pupa (Pu) and adult (Ad) and movement of X. compactus 
inside plagiotropic branches. It is possible to see the beetle female (white arrow) in the hole 
entrance (white circle) and the fungus (Fg) cultivated inside the gallery as a food source for the 
offspring. 

branches. The G2, G6, G8, G24, G41, G48, G50, 
G51, and G52 genotypes had a lower rate of 
injury, with less than 20 attacked branches 
(Figure 6). There were no differences in the 
number of attacked vegetative orthotropic 
branches among all genotypes (G2, G6, G8, 
G20, G24, G41, G48, G50, G51 and G52) (F = 
1.63, df = 9, 27, P = 0.158). 

3
days after collect
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In order to report the native tree species 
hosts of X. compactus, some materials close to 
the coffee cultivation were collected wherein 
symptoms of the attack were observed 
with holes in branches; afterwards, the 
reproductive materials were analyzed, and 
the species was confirmed. It was found that 
there are four native tree species hosts of 
X. compactus, that correspond to, Almeidea 
rubra (A.St.-Hil.) (Rutacea), Alseis floribunda 
(Schott) (Rubiacaea), Plinia grandifolia 
(Mattos) (Myrtacea) and Casearia sylvestris 
(Swartz) (Salicaceae).

Even though the black twig borer currently 
occurs in the main robusta coffee producing 
areas in Brazil, the presence of this pest is still 
neglected, which may lead to a reduction in 
productivity in a short period of time. In Africa, 
X. compactus has recently been declared a 
threat to robusta coffee production, causing 
losses of US$ 40 million in exports per year 
(Kagezi et al., 2014; Egonyu et al., 2016; 
Bukomeko et al., 2018;). The results revealed 
that X. compactus attacks either orthotropic 

or plagiotropic branches. Furthermore, the 
attack in vegetative branches (i.e., shoots 
in development) has not been previously 
reported in literature. 

The greatest injury occurs when females 
excavate galleries and introduce the 
ambrosia fungus, which leads to wilting and 
the subsequent drying of the branches (Greco 
& Wright, 2015). Thus, the plagiotropic 
branches may present reduced growth and, in 
some cases, interrupt the formation of floral 
buds, compromising reproduction (Hara & 
Beardsley, 1979). 

In some areas, the cyclic pruning program 
for conilon coffee (CPPCC) has been used in 
coffee crops (Verdin Filho et al., 2014, Verdin 
Filho et al., 2016). This technique consists 
of determining the correct number of 
orthotropic branches per area and stimulates 
the formation of new branches and more 
photosynthetically active leaves. Hence, 
the success of this program depends on the 
growth of new orthotropic branches (i.e., 

Figure 6. Injury caused by X. compactus in different genotypes of Coffea canephora. Average (± 
SE) of injured plagiotropic branches (production branches). Mean values grouped under the 
same horizontal line are not significantly different.
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shoots) (Verdin Filho et al., 2014). In tropical 
regions, the populational peak of X. compactus 
adults inside galleries occurs between August 
and September (Egonyu et al., 2016), and this 
period coincides with the recommendation 
of the pruning program, which says that the 
peak occurs soon after harvest and before the 
first flowering (Fonseca et al., 2016). 

In the field findings, attacks on orthotropic 
branches had not yet been reported in 
literature, which reinforces the problems 
that can be associated with X. compactus 
attacks in robusta coffee. Additionally, among 
ambrosia beetles, X. compactus is one of 
the few that attacks both healthy plants 
and plants that are under stress conditions 
caused by drought, recent transplanting or 
pruning (Masuya, 2007). In recent years 
the application of pruning program has 
been studied in C. arabica, in areas where X. 
compactus occurrence is reported (Verdin 
Filho et al., 2016). 

Another problem is pest recognition and 
control in the field. Reports indicate that 
this insect is commonly confused with the 
coffee berry borer Hypothenemus hampei 
Ferrari 1867 (Coleoptera: Curculionidae), 
and preventive applications in the field using 
insecticides have been carried out according 
to recommendations for the coffee berry 
borer. Although pyrethroid applications to 
trunks and branches during peak adult flight 
periods are among the control methods used 
in the other regions where the pest occurs 
(Mizell and Riddle, 1998), these chemicals 
are not effective against X. compactus because 
it is protected inside the galleries within the 
plant, and the death of twigs may limit the 
movement of systemic insecticides into the 
galleries constructed by X. compactus.

Most of the genotypes G2, G6, G8, G24, G41, 
G48, G50, G51, and G52 were promising for 

selection studies involving genotypic and 
phenotypic characteristics that would help 
confer pest some resistance. These genotypes 
present phenotypic characteristics, such as 
plagiotropic woody branches, which may be 
associated with the lower observed number of 
attacks on either orthotropic or plagiotropic 
branches. In the production of robusta coffee, 
which involves the selection of different 
plant clones, it is recommended to use at 
least eight clones with desirable traits, such 
as drought tolerance, productivity and fruit 
ripening homogeneity (Ferrão et al., 2008). 
However, studies on the traits that confer pest 
resistance have been mainly focused on the 
coffee berry borer, H. hampei (Guerreiro Filho 
and Mazzafera, 2003). In this study, the G20 
genotype is less preferred by X. compactus. 
Thus, the use of this genetic material should 
be taken into account in order to preserve 
them and in the future be introduced into 
breeding programs for robusta coffee.

The findings in this research, combined with 
the current lack of effective management tools 
for X. compactus, makes this pest an important 
area of study. There is a need for more 
studies that seek to associate pest behavior 
as dispersion and attraction by volatiles with 
control strategies, as are used with the coffee 
berry borer, H. hampei (Burbano et al., 2012; 
Jaramillo et al., 2013; VanDerLaan and Ginzel, 
2013). Few previous studies have examined 
susceptibility to insecticides and natural 
enemies as a method to control X. compactus 
and other ambrosia beetles (Peña et al., 2011; 
Reding et al., 2013; Greco and Wright, 2015; 
Jones and Paine, 2018), thus making our 
study novel and of importance. 

CONCLUSION

Xylosandrus compactus occurs in the main 
robusta coffee producing areas in Brazil, and 
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that this insect presents different behaviors 
that can hinder its control in the field. The 
genotypes G24 and G41 exhibited a lower 
occurrence rate of X. compactus compared 
to genotypes G2, G6, G8, G20, G48, G50, 
G51, and G52. Furthermore, four native tree 
species are hosts of X. compactus. Finally, the 
presence of X. compactus may represent a 
threat to robusta coffee production in Brazil 
and may become a limiting factor for coffee 
production. 
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