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INTRODUCTION

The banana root borer, Cosmopolites 
sordidus (Coleoptera: Dryophthoridae), is a major 
banana plant (Musa spp.) pest worldwide (GOLD 
et al., 2001). The damage it causes is distinctive, 
and it can be detected directly by observation of 
the galleries in the rhizome of the plant (which 
debilitates banana plants) (ARLEU; SILVEIRA-
NETO, 1984; DASSOU et al., 2015), or indirectly, 
since its presence leads to fungal infections that 
can compromise plant development (for example, 
Panama disease) (PEREIRA et al., 2005). In severe 
cases, the pest can cause losses of up to 100% of a 
banana orchard (SENGOOBA, 1986).

Currently, research has been directed toward 
the reduction or complete elimination of pesticide use 
in food production, encouraging the development of 
alternative strategies for pest control. In banana orchards, 
studies of the management of C. sordidus have shifted to 
implementing microbial (AKELLO et al., 2008; LEMA-
LÓPEZ et al., 2010; PAULI et al., 2011; FANCELLI et 
al., 2013; LOPES et al., 2013) and behavioral control 
(REDDY et al., 2009; ALPIZAR et al., 2012), as well as, 
more recently, environmental management (DASSOU 
et al., 2015). To expand the options for adequate pest 
management, researchers showed that planting bananas 
with genotypes that confer different levels of pest resistance 
to the plant is a possible strategy for management of the 
banana weevil. However, these studies have thus far been 
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ABSTRACT: In this study, we aimed to investigate Cosmopolites sordidus (Coleoptera: Dryophthoridae) infestation among different 
banana genotypes in a commercial banana orchard over the course of 30 months. Banana root borer infestation was compared in 20 
banana genotypes, including five varieties and 15 hybrids. Overall, we observed that 94.17% of pest infestation cases occurred in the cortex 
region, and only 5.83% occurred in the central cylinder. Genotypes least sensitive to infestation were the Prata Anã (AAB) and Pacovan 
(AAB) varieties, where no damage was recorded. Among the hybrid genotypes, PV 9401 and BRS Fhia 18 showed intermediate levels of 
sensitivity, while BRS Tropical hybrids (AAAB), PA 9401 (AAAB), BRS Vitoria (AAAB), YB 4203 (AAAB), and Bucaneiro (AAAA) were the 
most sensitive to attack by banana root borer. This study demonstrated that the infestation of the banana root borer varies according banana 
plant genotype, and the utilization of less susceptible genotypes could reduce infestation rates of C. sordidus.
Key words: Musa spp., banana pests, varietal resistance, banana hybrids.

RESUMO: Neste estudo, objetivamos investigar a infestação de Cosmopolites sordidus (Coleoptera: Dryophthoridae) em diferentes genótipos 
de bananeira, em um pomar comercial de bananeira, com idade de 30 meses. Para isso, comparou-se a infestação da broca-da-rizoma em 
20 genótipos de bananeira, sendo cinco variedades e quinze híbridos. No geral, foi observado que 94,17% da infestação da praga ocorreu 
na região do córtex do rizoma, e apenas 5,83% das plantas apresentaram infestação no cilindro central. Os materiais menos sensíveis à 
infestação foram as variedades Prata Anã (AAB) e Pacovan (AAB), nas quais não foi registrada ocorrência da praga. Entre os genótipos 
híbridos, de forma geral, os materiais PV 9401 e BRS FHIA 18 foram os que apresentaram sensibilidade intermediária, enquanto os híbridos 
BRS Tropical (AAAB), PA 9401 (AAAB), BRS Vitoria (AAAB), YB-4203 (AAAB) e Bucaneiro (AAAA) foram os mais sensíveis ao ataque da 
broca-do-rizoma. Este estudo demonstra que a infestação da broca-do-rizoma varia de acordo com o genótipo, e a seleção de materiais menos 
suscetíveis auxilia na redução da infestação de C. sordidus.
Palavras-chave: Musa spp., pragas da bananeira, resistência varietal, híbridos de banana.
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restricted to Africa (ORTIZ et al., 1995; KIGGUNDU et 
al., 2003a, b; KIGGUNDU et al., 2007; NIGHT et al., 
2010; SADIK et al., 2010).

In Brazil, biotechnology has led to the 
development of hybrid banana genotypes with the 
potential for higher yields and resistance to fungal 
diseases (LIMA et al., 2005; DONATO et al., 2009). The 
response of these genotypes to infestation by the banana 
root borer; however, is still unknown, and this may 
negatively impact their usefulness. Therefore, in this 
study, we evaluated the susceptibility of banana plants 
with different genotypes to C. sordidus infestation, 
grown in a commercial banana orchard.

MATERIALS   AND   METHODS

Study site
The study was carried out in the municipality 

of Andirá (22°58′40″S, 50°18′52″W, altitude 380m), 
Parana State, Brazil, in October and November 2010. The 
study was conducted in a 30-month-old experimental 
banana orchard, characterized by a naturally occurring 
history of C. sordidus infestation. To establish the 
orchard, banana plantlets were obtained from the 
Embrapa Mandioca e Fruricultura Tropical, and planted 
at a spacing of 3×3 meters. The soil classification of the 
experimental area was characterized as Oxisol, with 
medium clay texture (SANTOS et al., 2013).

Experimental design and genotypes
The study was conducted using a completely 

randomized experimental design. In total, 20 banana 
genotypes were compared using six replicates each, 
with each plot containing 20 plants. Each replicate was 
represented by one banana plant (also referred to as one 
experimental unit). The genotypes used in the study included  
five varieties: Grande Naine (AAA), BRS-Thap Maeo 
(AAB), Caipira (AAA), Prata Anã (AAB), Pacovan (AAB), 
and the 15 hybrids PV 9401 (AAAB), BRS Japira (AAAB), 
BRS Fhia Maravilha (AAAB), BRS Garantida (AAAB), 
BRS Vitoria (AAAB), BRS FHIA 18 (AAAB), BRS 
Pacovan Ken (AAAB), PA-9401 (AAAB), BRS Platina-PA 
4244 (AAAB), YB 4203 (AAAB), BRS Princesa-YB 4207 
(AAAB), BRS Tropical (AAAB), Bucaneiro (AAAA), 
FHIA 17 (AAAA), and FHIA 02 (AAAB).

Monitoring the occurrence of C. sordidus adults
For 8 weeks prior to the experiment, the 

infestation of C. sordidus adults was assessed weekly 
in the banana orchard. To monitor the presence of 
this pest, 12 bait-traps (fresh pseudostems) were 
distributed equidistantly in the area, using the cultivar 
Nanicão (since it is highly effective in attracting the 

pest). This methodology was repeated every 7 days, 
using fresh pseudostems each time. To avoid changing 
the dynamics of the pest population in the study area, 
all individuals captured were immediately released at 
the same site where they were collected.

During the 25 days before the experiment, the 
highest numbers of banana weevil adults were observed 
from September 21 to October 4, with an average of 7.1 
insects captured per trap, indicating an infestation level 
above the action threshold (5 insects/trap) (PRANDO 
& FERREIRA, 2004). This assessment revealed that 
adults of C. sordidus were distributed equaly across the 
banana orchard and there was no single location with a 
higher abundance of pests; thereby, validating the results 
obtained in our experiments.

Evaluation of borer rhizome infestation among the 
banana genotypes

Assessment of the presence of the pest and 
of borer attacks on the plant rhizome was performed from 
October 20 to November 5, 2010, when the fruits were 
nearly ready for harvest. To study the infestation, rhizomes 
were randomly sampled from six plants of each genotype. 
For each plant, a cross-section of the rhizome was made at 
its maximum diameter, after which we observed the galleries 
formed by the banana root borers (MESQUITA, 1985).

To assess the attacked area, we developed 
a grid (45×45cm), composed of nylon wires (0.60mm) 
forming cells of 1.5×1.5cm. This grid was placed over 
the sliced rhizomes and the injured cells were quantified 
(symptoms of necrotic or dark tissue), and the diameter 
of the rhizome and the cortex of each plant was measured 
(in cm). From these observations, it was possible to 
quantify infestation of both rhizome and cortex (%), 
as well as the number of plants infested in the central 
cylinder and the level of central cylinder infestation (%) 
in each banana genotype.

Our observations of the rhizome infestation 
allowed us to determine the coefficient of infestation 
(CI), following the methodology developed by 
MESQUITA (1985), according to the following 
damage scale (score): 0 (no galleries present), 5 (traces 
of galleries observed), 10 (between 5 and 20 galleries 
present), 20 (galleries in approximately 25% of the 
rhizome), 30 (galleries in approximately 20%-40% of 
the rhizome), 40 (galleries in approximately 50% of 
the rhizome), 50 (galleries in approximately 75% of 
the rhizome), and 100 (galleries in the entire rhizome).

Statistical analysis
The data were assessed by normality 

and homogeneity tests to verify that they met the 
assumptions of parametric statistics. Subsequently, 
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we performed an analysis of variance (ANOVA), and 
a means comparison by the Tukey test (P≤0.05). All 
percentage data were transformed by arcsin [(x/100)1/2].

RESULTS   AND   DISCUSSION

We observed that the level of pest infestation 
varied among the genotypes tested, from 0% to 4.22% 
of the rhizome, and 0% to 6.91% of the plant cortex 
(Table 1). These differences among the genotypes have 
been previously reported in the literature at higher levels 
than observed in this study. For example, in Uganda, 
KIGGUNDU et al. (2003a) evaluated the infestation 
of the rhizome borer in different banana genotypes and 
recorded infestation levels ranging from 0.2% to 10%.

In the present study, the varieties Prata 
Anã (AAB) and Pacovan (AAB) were not infested 
by the banana root borer (coefficient of infestation 
= 0), suggesting that these materials are resistant 
to the pest. Although rhizome hardness can affect 
the insects (ORTIZ et al., 1995), it is likely that the 

presence of secondary compounds is the main factor 
that influences the banana root borer. Previous research 
has shown that resistance to antibiosis strongly affects 
the banana root borer, since it can influence larval 
development (ABERA, 2000; NIGHT et al., 2010) and 
reduced egg viability when the eggs are laid in resistant 
plants (KIGGUNDU et al., 2007). It has been reported 
that genotypes susceptible to banana root borer may 
contain specific volatiles (NDIEGE et al., 1991, 1996), 
but females have no ability to discriminate between 
susceptible and resistant genotypes (KIGGUNDU et 
al., 2007), which may explain the similar distribution 
of adults reported in the banana orchard in this study.

The chemical components affecting the 
development of the banana root borer are unknown, but 
they are likely secondary metabolites, anti-deterrent 
compounds, or compounds related to the pseudo-latex 
(GOLD et al., 2001). The lack of borer infestation in 
the varieties Prata Anã and Pacovan may be associated 
with these factors; however, and further studies should 
be conducted to investigate this topic.

 

Table 1 - Infestation by the banana root borer (Coleoptera: Dryophthoridae) in different banana plant genotypes. 

Treatment (banana plant genotypes) CI (1) Rhizome (%) infested (2) Cortex (%) infested (2) NPGACC (3) 

PA 9401 (AAAB) 10 4.22±0.50 a 6.63±1.30 ab 0 
BRS-Tropical (AAAB) 10 4.06±0.72 ab 6.91±1.12 a 3 
BRS-Vitoria (AAAB) 10 3.53±0.48 abc 5.58±1.17 abc 1 
Bucaneiro (AAAA) 10 3.33±0.19 abc 5.58±1.46 abc 0 
YB 4203 (AAAB) 10 2.73±0.28 abc 5.26±1.04 abc 0 
BRS-FHIA Maravilha (AAAB) 5 2.17±0.51 abcde 3.48±0.97 abcd 0 
BRS-Garantida (AAAB) 5 1.91±0.62 abcde 3.18±1.03 abcd 1 
FHIA 17 (AAAA) 5 1.69±0.44 abcde 2.75±0.78 abcd 0 
PA 4244 (AAAB) 5 1.51±0.50 bcde 2.66±0.68 abcd 0 
BRS-Pacovan Ken (AAAB) 5 1.49±0.62 bcde 2.40±0.64 abcd 0 
FHIA 02 (AAAB) 5 1.03±0.34 cde 2.07±0.67 abcd 0 
YB 4207-Princesa (AAAB) 5 1.24±0.35 cde 2.06±0.91 abcd 0 
Grande Naine (AAA) 5 1.19±0.38 cde 1.68±0.80 bcd 0 
PV 9401 (AAAB) 5 1.16±0.55 cde 1.03±0.77 cd 0 
BRS-Thap maeo (AAB) 5 1.03±0.92 cde 1.82±0.63 abcd 1 
BRS-FHIA 18 (AAAB) 5 0.89±0.45 cde 1.43±0.46 bcd 0 
Caipira (AAA) 5 0.64±0.09 de 1.18±0.50 bcd 0 
BRS-Japira (AAAB) 5 0.55±0.72 de 1.80±0.54 abcd 1 
Prata anã (AAB) 0 0.00±0.00 e 0.00±0.00 d 0 
Pacovan (AAB) 0 0.00±0.00 e 0.00±0.00 d 0 
CV (%) - 51.54 51.61 - 
DF error - 100 100 - 
F - 4.91 4.88 - 
P - ≤ 0.05 ≤0.05 - 

(1) Coefficient of infestation (CI), following the methodology developed by MESQUITA (1985) and using the following damage scale: 0 
(no galleries present), 5 (traces of galleries observed), 10 (between 5 and 20 galleries present). (2) Means ± SEM followed by the same 
letter in the column do not differ by the Tukey test (P≤0.05). All data were transformed using the arcsin formula [(x / 100)1/2]. (3) Number 
of plants damaged in the central cylinder (NPDCC) could not be analyzed statistically. (-) = parameter non-existent. 
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Among the hybrid banana plants, 
higher pest infestations were reported on PA 9401 
(AAAB), BRS Tropical (AAAB), BRS Victoria 
(AAAB), Bucaneiro (AAAB), and YB 4203 (AAAB) 
(coefficient of infestation = 10) (Table 1). Although 
this study intended to evaluate the infestation in 
the central cylinder, only 5.83% of the plants were 
injured in this region (Table 1), precluding further 
statistical analysis. It was revealed that 50% of the 
hybrid BRS Tropical plants that were assessed were 
damaged (Table 1). Plant resistance mechanisms 
still need additional studies, but these preliminary 
results suggested that these banana hybrids are more 
susceptible to infestation by the banana root borer. 
The galleries reported in the rhizome of the plants 
can compromise its development, affecting not only 
crop yield but also the longevity of the banana plants 
(RUKAZAMBUGA et al., 1998). Under conditions 
characterized by low C. sordidus infestation, there 
are no differences among the genotypes (LINS et al., 
2008). Thus, these studies showed that it is important 
to know the history of banana root borer infestation in 
an orchard before attempting to develop specific pest 
management strategies or recommendations as a more 
adequate genotype to be cultivated in the orchard.

In general, the most suitable hybrid genotypes 
are PV 9401 (AAAB), BRS Japira (AAAB), and BRS 
FHIA 18 (AAAB) (Table 1). The cultivation of hybrid 
genotypes generally has the potential for a higher yield 
(LIMA et al., 2005; DONATO et al., 2009) and could 
lead to greater market acceptance. We also reported that 
the hybrid genotypes PV 9401 (AAAB), BRS Japira 
(AAAB), and BRS FHIA 18 (AAAB) have a moderate 
level of resistance to the banana root borer (coefficient 
of infestation = 5), and the selection of genotypes less 
prone to infestation will probably benefit production. 
Conversely, it is important to emphasize that for the 
successful management of the banana root borer, the 
establishment of multiple control strategies is needed. 
This include a focus on increasing plant diversity 
(DASSOU et al., 2015), biological control through the 
use of entomopathogenic fungi (AKELLO et al., 2008; 
LOPES et al., 2013), and the use of pheromones to capture 
adult pests (REDDY et al., 2009; ALPIZAR et al., 2012).

In Brazil, despite recent technological 
advances in banana cultivation (LICHTEMBERG & 
LICHTEMBERG, 2011), it is necessary to continue 
developmental studies to better understand the mechanisms 
involved in the resistance of certain banana plant genotypes 
to C. sordidus, and to compensate for the current lack of 
data on the topic. This lack of comprehensive knowledge 
has made it difficult to recommend specific genotypes that 
will provide the best balance between yield and resistance 

to C. sordidus infestations. Finally, this study provides 
information that will enable crop managers to come closer 
to an ideal selection of banana plant genotypes that can 
reduce susceptibility to infestations of the banana root 
borer, and meet the technical criteria required by each 
farming region.

CONCLUSION

This research demonstrated that the banana 
genotypes Pacovan (AAB) and Prata Anã (AAB) confer 
resistance to infestation by the banana root borer. Among 
banana hybrids, PV 9401 (AAAB), BRS Japira (AAAB), 
and BRS FHIA 18 (AAAB) showed moderate levels 
of resistance and lower infestation, while the hybrids 
BRS Tropical (AAAB), PA 9401 (AAAB), BRS Vitoria 
(AAAB), YB 4203 (AAAB), and Bucaneiro (AAAA) 
were the most sensitive to attack by the banana root borer.
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