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ABSTRACT. The banana weevil Cosmopolites sordidus is an important pest in plantain and banana crops throughout
the world. The objective was to evaluate a mass trapping system based on traps baited with synthetic pheromone
(sordidin) + plantain corm tissue to reduce C. sordidus populations and damage in the Centro-Chontalpa region of
Tabasco state, Mexico. The experiment was carried out on plots of about two to three hectares of Horn plantain

Musa AAB infested by C. sordidus. Treatments were four traps ha—! -1

, eight traps ha—! and a control (without traps).
Population density and damage in corms of small plants (suckers) were reduced after six months of mass trapping,
while damage in corms of mature plants (freshly harvested) only decreased significantly after 13 months of trapping.
By doubling the number of traps, the reduction in the C. sordidus population and damage was not significant. The
use of four traps ha~! baited with synthetic pheromone + plantain corm is a technically feasible strategy that provides
at least partial control of this pest under local Horn plantain production conditions.
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RESUMEN. EIl picudo del platano Cosmopolites sordidus es una plaga importante en los cultivos de platano y
banano en el mundo. El objetivo fue evaluar un sistema de captura masiva basado en trampas cebadas con feromona
sintética (sordidin) + tejidos de cormo de platano para reducir las poblaciones y dafios de esta plaga en la region
Centro-Chontalpa del estado de Tabasco, México. El experimento se llevé acabo en parcelas de dos a tres hectareas
de platano Macho Musa AAB Plantain infestadas de C. sordidus. Los tratamientos fueron cuatro trampas ha=!, ocho
trampas ha—! y un testigo (sin trampas). La densidad poblacional y el dafio en cormos de plantas pequefias (retofios)
se redujeron después de seis meses de captura masiva, mientras que el dafio en cormos de plantas maduras (recién
cosechadas) solo disminuy6 de forma significativa a los 13 meses de captura. Al duplicar el nimero de trampas, la
reduccién poblacional y los dafios de C. sordidus no fue significativa. El uso de cuatro trampas ha=! cebadas con
feromona sintética + cormo de platano es una estrategia técnicamente factible que proporciona al menos un control
parcial de esta plaga, bajo las condiciones locales de produccién de platano macho.

Palabras clave: Picudo del banano, feromona de agregacién, sordidin

INTRODUCTION important pest insect of plantains and bananas
(Musa spp.) in the world (Gold et al. 2001).

The banana weevil, Cosmopolites sordidus During feeding, the larvae of this species cause tun-
(Germar) (Coleoptera: Curculionidae), is the most nels or galleries in the corm, pseudostem and roots
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of the plant, affecting its anchorage, vigor and vas-
cular conduction system (Paull and Duarte 2011).
Damaged tissues are often invaded by decay-causing
fungi and bacteria (Muniappan et al. 2012). Severe
damage can result in death or loss of entire plants,
or retard growth and development, affecting the size
and weight of harvested fruit (Rukazambuga et al.
1998, Gold et al. 2005). In Tabasco, Mexico the
Horn plantain cultivar Musa AAB Plantain is highly
susceptible to attack by this pest. The most se-
vere damage occurs in the Centro-Chontalpa region,
where crop areas with 60 % infested plants and up
to 20 % damaged tissue in the corm of plants at ma-
turity or productive stage have been found. In these
plots it is common to observe the breakage or over-
turning of whole plants or mats due to C. sordidus
damage (Osorio-Osorio et al. 2006). Although the
application of residual insecticides is an alternative
to combat this pest in the region (Ramirez and Ro-
driguez 2003), it is necessary to search for control
methods with less environmental impact.
Pheromones are chemical signals used for
communication between individuals of a species
(Wyatt 2003), and are considered the safest
chemicals available to control pest insects (Minks
and Kirsc 1998). The practical application of
pheromones includes three main strategies: moni-
toring (sampling and detection), mass trapping (at-
tract and kill) and mating disruption (inhibition
of chemical communication) (Wyatt 2003). Mass
trapping aims at the removal of a large propor-
tion of the adult population by means of a suffi-
cient number of traps (Tinzaara et al. 2002). This
method assumes that reducing the number of adults
in the population will result in a decreased number
of individuals in subsequent generations (El-Sayed
et al. 2006). The aggregation pheromone of C. sor-
didus was identified as (1S*,3R*,SR*,75*) 2,8-dioxa
1-ethyl 3,5,7-trimethyl bicylo [3,2,1] octane 1d, a
compound commonly known as sordidin (Beauhaire
et al. 1995, Ndiege et al. 1996, Jayaraman et al.
1997). The use of this compound in a mass trapping
system for controlling C. sordidus has given con-
trasting results. Between 1997 and 1998, in Dwarf
Cavendish banana (Musa AAA) plots in Costa Rica,
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mass trapping of adults using five sordidin-baited
traps ha~!, after 12 consecutive months, reduced
C. sordidus populations and damage and increased
the weight of harvested banana bunches by 23 %
(Alpizar et al. 2012). By contrast, between 1999
and 2002, in banana cultivar Mbwazirume (Musa
AAA-EA) plantations, the use of four or eight traps
ha—! baited with the same pheromone for 21 con-
secutive months did not reduce C. sordidus popu-
lations or damage (Tinzaara et al. 2005). In fact,
the success of a mass insect trapping system based
on traps baited with aggregation pheromone may
be influenced by several factors, including trap den-
sity (Schlyter 1992), trap type (Reddy et al. 2009),
the environment (Duyck et al. 2012), and the use
of kairomones in the trap (Pifiero and Ruiz-Montiel
2012), among other factors.

In several species of the family Curculionidae,
it has been found that the volatile compounds em-
anating from host plants, known as kairomones,
synergize the physiological response and behavior
of this taxonomic group of insects to their respec-
tive aggregation pheromones (Cibrian-Tovar et al.
2006, Pifiero and Ruiz-Montiel 2012, Mufiiz-Merino
et al. 2014). The use of corm or pseudostem of
bananas or plantains (Musa spp.) as an attrac-
tant for C. sordidus has been studied (Cerda et al.
1996, Cerda et al. 1998, Mazanza et al. 2009). It
is known that fresh or fermented pseudostem tis-
sue increase captures in sordidin-baited traps, but
its effect is not large enough to optimize the C.
sordidus trapping system (Tinzaara et al. 2007).
By contrast, it has been observed that the addi-
tion of corm tissue in traps baited with this same
pheromone increases more than tenfold the capture
of C. sordidus (Cerda et al. 1998). In Tabasco,
Mexico, corm, pseudostem, leaf and fruit tissues
of Horn plantain Musa AAB were evaluated as co-
attractants in traps baited with sordidin, confirming
that the addition of corm tissue significantly in-
creases the capture of C. sordidus (Osorio-Osorio
et al. 2006). Several authors believe that fresh or
volatile plantain tissue could be used to enhance
the attraction of the synthetic pheromone of C. sor-
didus (Ndiege 1996, Cerda et al. 1998, Masanza
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et al. 2009), while others regard it as a matter of
priority to investigate (Gold et al. 2001, Tinzaara
et al. 2002). The availability of fresh plant mate-
rial in the field can be one of the major constraints;
however, in plots with high damage rates, where the
urgency to implement control measures lies, there
are many broken or overturned plants from which
corms can be obtained without destroying healthy
plants (Osorio-Osorio et al. 2006). Against this
background, the aim of this study was to evaluate
a mass trapping system based on the use of traps
baited with synthetic pheromone (sordidin) + plan-
tain corm in order to reduce C. sordidus populations
and damage in Horn plantain Musa AAB plantations
in Tabasco, Mexico, which will help determine the
practicality of using this mass trapping system as
an alternative to chemical pest control in the region.

MATERIALS AND METHODS

Experimental site

The experiment was conducted in Horn plan-
tain (Musa group AAB, subgroup Plantain) plots
worked by small-scale producers of the localities of
Platano and Cacao 1% seccién (17° 56" NL and 93°
09" WL), Cucuyulapa 1% seccién (17° 58" NL and
93° 14" WL) and Corregidora 42 seccién (17° 57" NL
and 93° 13" WL) in the Centro-Chontalpa region of
Tabasco state, Mexico. The region has a hot-humid
climate (Am), with annual rainfall of 1600-2500 mm
(Larios-Romero and Hernandez 1987). In general,
the region has three identifiable climatic periods in
the year; a dry period from March to May, with
high temperatures and little rain; a storm period
from June to September, with rains in the form of
torrential downpours of short duration; and a cold
front period from October to February, with pro-
longed low-intensity rains (drizzles) associated with
cloudy days (Larios-Romero and Hernandez 1987).

Characteristics of the plantations

In each locality three plantain plots infested
with C. sordidus, located approximately 500 m
apart, were selected. The plantations were between
seven and 10 years old, planted in a real 3x3
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m framework. All plots had a drainage system
to evacuate excess rainwater, periodic application
of fungicides to control black sigatoka caused by
Mycosphaerella fijiensis and manual weed control.
There was little or no destruction of crop residues;
mature plants after harvest remain in the mat or
stump to decay naturally, since according to the
region’s producers they serve to support or sustain
suckers or shoots.

Trap type

Ramp-type traps (Figure 1), which were
manufactured with a white, 4-L plastic bucket, 20
cm in diameter by 20 cm high, were used. Three
equidistant rectangles, 16 cm wide by 10 cm, were
marked in the lateral area of each container, on
which cuts were made on the lateral and top lines
of each polygon. The tabs resulting from the cuts
were folded down to form the ramps of the trap,
while at the top of the bucket a removable plastic
cage of 8 cm in diameter by 10 cm high was assem-
bled, as a container for the fresh corm tissue and
synthetic pheromone bait (Figure 1).

Mass trapping scheme

Three treatments, namely four traps ha=!
(low density), eight traps ha=! (high density) and a
control (without traps), were evaluated. Each treat-
ment was evaluated in three plots of approximately
two to three hectares of Horn plantain located in
three different locations, giving a completely ran-
domized block design. The number of traps required
per plot was calculated by multiplying the density of
traps by the size of the plot. The trapping scheme
was as follows: in the treatment with four traps
ha~!, the experiment began by placing four traps
at a distance of 10 m from the edge of the planta-
tion, spaced 20 m apart. In the second month, this
series of traps was moved 20 m to the interior of
the plantation, and so on until covering a hectare of
crop in five months. In the sixth month, the series of
traps was returned to the initial trapline to continue
with another displacement through the plantation,
and so on until the end of the experiment. In the
experiment with eight traps ha=!, two series of
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Figure 1. Design of trap baited with the pheromone sordidin (Cosmolure+®) and
plantain corms for capturing Cosmopolites sordidus adults in Tabasco, México.

adjacent traps, with the same spacing and starting
position indicated above, were placed. Each month,
both series of traps were systematically moved into
the plantation to cover one hectare, then returned
to the starting position until concluding the mass
trapping period. All traps were baited with one unit
of (Cosmolure+®) (Chemtica International, San
José, Costa Rica) with 90 mg of pheromone at a
release rate of 3 mg day~! (Tinzaara et al. 2005),
which was replaced each month. Also, 800 g of
fresh Horn plantain corm tissue as kairomone and a
soapy water solution containing 500 ml of water + 2
g of detergent were placed in each trap, as a means
of trapping and annihilating the weevils attracted
to the trap. Each trap was placed on one side of
the plantain mats under the canopy shade of the
plants (Reddy et al. 2009). Every week the traps
were reviewed to record the number of weevils cap-
tured, replace the rotted or dried-out corm tissue
and change the soapy water solution. The trapping
period was 13 months, starting in march 2012 and
ending in march 2013. Of the total number of wee-
vils captured per month, a 25 % sample was taken.
The specimens were dissected under a stereoscope
microscope to determine their sex and the number
of resident eggs in the reproductive system of the
females.

Population estimate

The adult C. sordidus population density was
estimated before the start of the mass trapping
(January 2012) and eight months (September 2012)
and 15 months (April 2013) after. The trapping,
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marking and recapturing method of Petersen (Krebs
1999) was used. To capture adults, pieces of plan-
tain pseudostem of about 30 cm in length were
used as an attractant (Osorio-Osorio et al. 1996);
they were cut lengthwise and placed beside plan-
tain mats at an approximate distance of 6 m apart
throughout the plot under study. Three days later,
the pseudostems were reviewed for the collection of
live weevils, which were marked and released at the
same trapping site (Gold and Bagabe 1997). The
marking was made on the right elytra of each weevil
with indelible oil-based ink (Staedler®), which was
previously assessed as safe for insects and resistant
to environmental degradation. In total, between 400
and 480 weevils per plantation hectare were marked
and released. Two weeks later, a period in which
considerable mixing of released adults with the rest
of the population has been shown (Gold and Bagabe
1997), fresh pseudostems were once again placed
as an attractant in the study plots for a second
trapping. Three days later, they were reviewed to
record the total number of weevils captured, marked
and unmarked. The adult population estimate was
calculated using the equation N = CTM, where =
is the estimated population size in the plot, M =
number of marked weevils released in the plot, C
= total number of weevils captured (marked and
unmarked) in the second trapping period, and R
= number of recaptured weevils (marked). In all
cases, the adult population estimate was extrapo-
lated to one hectare. Given the prolonged longevity,
low fecundity and limited dispersal of adult C. sor-
didus (Gold et al. 2001), it is considered that the
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assumptions of the Petersen method (Krebs 1999)
were met.

Damage assessment

Pest damage was evaluated in the corm of
freshly harvested mature plants and in the corm of
small plants known as suckers or shoots. Evalua-
tions were made prior to the establishment of the
experiment, and six and 13 months after having
implemented mass trapping (March and September
2012 and April 2013, respectively). The percentage
of damage in the corms of mature plants was quan-
tified using the cross-section method (Gold et al.
2005), as follows: 1) two cross-section cuts were
made per corm, one at the corm/pseudostem junc-
tion (collar of the plant) and the other 5 cm below
the collar, over the area of the corm; 2) in each cut,
the central cylinder and outer cortex areas were
identified; 3) in each area the percentage of vis-
ible damage (tunnels and galleries) caused by C.
sordidus larvae over the corm area was obtained;
4) the four data were averaged to estimate the
percentage of total damage per corm, since the
combined damage of the central cylinder and the
corm cortex has shown a better relationship with
harvested fruit losses (Gold et al. 2005). In each
plot a sample size of 30 plants, selected at random
in the central plantation area (50 % of the trapping
area), was considered. As for assessing the damage
in small plants (suckers 15 to 25 c¢m in height), 30
plants were randomly sampled on each assessment
date and in each experimental plot. It is known
that the tunnels or galleries caused by the weevil in
the corm of mother plants can spread to the corm
of the suckers of the same mat (Gold et al. 2001).
Therefore, cuts were made in the corm of each plant
to locate tunnels or galleries of C. sordidus larvae.
Suckers that had at least one tunnel or gallery were
considered as damaged.

Statistical analysis

The number of weevils captured per trap per
month with four traps ha=! and eight traps ha=!
were compared with the Student’s t-test. Prior to
analysis of variance, the adult population density
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data were transformed to logarithms y;j = log10¥ij
and the percentages of damage in mature plants and
suckers to arc sine values y;j = arsin/y;;/100.
Multiple comparisons of means were performed
using the Tukey method (Zar 2010). In addition,
the Pearson product-moment correlation coefficient
was applied between the monthly capture rates and
the rainfall (mm) of the study area. In all cases p
< 0.05 was considered as significant. Analyses were
performed with the TTEST, GLM and CORR pro-
cedures of the SAS statistical package (SAS 2009).

RESULTS

Prior to the establishment of the experiment,
the adult C. sordidus population densities were 47
838 + 6 175 weevils ha™! in the plots treated with
four traps ha=', 42 062 + 5 421 weevils ha~! in
the plots with eight traps ha=! and 44 062 + 5
689 weevils ha=! in the control plots (Figure 2).
These populations were not statistically different (p
= 0.33). In subsequent evaluations, after six and 13
months of trapping, populations were significantly
reduced in plots treated with both trap densities (p
< 0.05) (Figure 2). Although populations fell more
in the plots treated with eight traps ha™!, the dif-
ferences were not statistically significant. After 13
months of mass trapping, the average population of
this insect decreased to 21 819 + 4 436 and 18 068
+ 3 419 weevils, with four and eight traps ha=!,
respectively. By contrast, in plots without traps the
average population increased to 48 883 + 4 707
weevils ha™!.

For the capture rates per trap per month, with
the use of four traps ha™!, on average 46.7 weevils
per trap were recorded, with a range of 20.9 to 84.0,
whereas in the density of eight traps ha=!, 37.6 wee-
vils per trap were captured with a range of 14.8 to
68.1 (Figure 3). Overall, capture rates were higher
in the first six months of trapping, 44.6 to 84.0 with
four traps ha=! and 43.6 to 68.1 with eight traps
ha—1!, which is attributable to the higher C. sordidus
population density at the beginning of the experi-
ment. From the sixth month until the end of the
research, captures decreased gradually (Figure 3).
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Figure 2. Adult Cosmopolites sordidus population behavior in Horn plantain Musa
AAB plots (n = 3 plots per treatment), under mass trapping with traps baited with
sordidin and plantain corm in Tabasco, Mexico. Bars with the same letter per count-
ing date are not significantly different (Tukey, p > 0.05).
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Figure 3. Number of adult Cosmopolites sordidus captured per trap per month in
Horn plantain Musa AAB plots (n = 3 plots per treatment), under mass trapping
based on traps baited with sordidin and plantain corm, in Tabasco, Mexico, from
March 2012 to March 2013. Monthly capture rates were not significantly different

(Student’s t-test, p > 0.05).

Capture rates of both trap densities were not sta-
tistically different from each other throughout the
trapping period (p > 0.05). Dissection of speci-
mens found in the traps determined that a higher
proportion of females than males were captured, be-
tween 0.68 and 0.79 according to the capture date,
and the reproductive system of each female con-
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tained on average 2.4 to 2.7 eggs. The correlation
between monthly capture rates and monthly rainfall
in the study area was not significant (R? = 0.49).
Prior to the start of trapping, the damage
percentages in corms of mature (freshly harvested)
plants were 15.5 + 2.7 % in plots treated with four
traps ha=!, 145 4+ 1.3 % in plots treated with
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Figure 4. Damage percentages of Cosmopolites sordidus in corms of mature (freshly
harvested) plants in Horn plantain Musa AAB plots (n = 3 plots per treatment), un-
der mass trapping with traps baited with sordidin and plantain corm in Tabasco,
Mexico. Bars with the same letter per sampling date are not significantly different

(Tukey, p > 0.05).
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Figure 5. Percentage of suckers damaged by Cosmopolites sordidus in Horn plantain
Musa AAB plots (n = 3 plots per treatment), under mass trapping with traps baited
with sordidin and plantain corm in Tabasco, Mexico. Bars with the same letter per
sampling date are not significantly different (Tukey, p > 0.05).

eight traps ha=! and 15.7 & 1.3 % in untreated
plots (control, without traps) (Figure 4). These
percentages were not statistically different (p =
0.09). Damage in both treatments was not reduced
in the first six months of trapping, but decreased
significantly by the end of 13 months of trapping (p
< 0.05). In the plots with four traps ha=! damage
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was reduced to 6.1 + 1.7 %, whereas in the treat-
ment with eight traps~—! damage decreased to 5.9
+ 1.4 %. By contrast, in the control treatment
the damage was statistically similar (14.3 + 1.4 %
on average) to that found at the beginning of the
experiment. The percentage of damaged suckers at
the beginning of the experiment was 60.7 + 6.4 %
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in plots with four traps ha=!, 58.8 4+ 4.8 % in plots
with eight traps ha=! and 59.6 & 7.0 % in control
plots (Figure 5). These damage rates were not sta-
tistically different (p = 0.81). After six months of
trapping, the damage in both treatments was sig-
nificantly reduced relative to the control (p < 0.5).
In the treatment with four traps ha= ! damage was
reduced to 29.5 + 4.0 %, while in the treatment
with eight tramps ha~! damage decreased to 23.8
+ 4.7 %. After 13 months of trapping, damage
percentages were not significantly lower compared
to the intermediate evaluation (p > 0.05).

DISCUSSION

The capture rates of the weevil C. sordidus
were from 20.9 to 84.0 weevils for four traps ha=!
and 14.8 to 68.1 weevils for eight traps ha—!, which
were relatively high throughout the trapping period
in relation to the economic thresholds established
in Australia, where a capture average of 16 to 28
weevils per trap per month is indicative of eco-
nomic damage (Murad 2001). Also, these capture
rates were four times higher than that recorded by
Tinzaara et al. (2005) in Uganda when assessing
the same trap densities, where the same synthetic
pheromone was used as bait. In the present study,
the C. sordidus population density and the per-
centage of damaged suckers were reduced at six
months after the start of the experiment, while the
damage percentage in corms of mature plants was
only significantly reduced at 13 months of trap-
ping. These results partially coincide with those
reported by Alpizar et al. (2012), who found a sig-
nificant reduction in C. sordidus populations in ba-
nana plantations in Costa Rica, using traps baited
with pheromone for 12 months. On the other hand,
the results differ from those observed in Uganda,
where the use of four or eight traps ha=! baited
with synthetic pheromone failed to reduce C. sor-
didus populations or damage at 21 months of trap-
ping (Tinzaara et al. 2005). The low efficiency
of this trapping system in Uganda was attributed
to low-level crop management technology, in par-
ticular the association of plantain with other crops,
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poor weed control and the presence of crop residues
that give sustenance and shelter to the pest in the
plantation (Tinzaara et al. 2005). According to
the results, it is very likely that the efficiency of
the pheromone-based trapping system has increased
with the addition of corm tissue in the traps, or oth-
erwise, the impact of the trapping system is less ef-
ficient at low C. sordidus population densities, such
as those in Uganda. In this research, the capture of
specimens of both sexes, along with the higher pro-
portion of females (range of 0.68 to 0.79) and their
low number of eggs (2.4 to 2.7), supports the hy-
pothesis that the reduced populations and damage
observed was due to the mass trapping method. A
reduction in females as well as males can signifi-
cantly affect population figures (Howse et al. 1998).
According to Alpizar et al. (2012) and Tinzaara et
al. (2005), this method is based on the following
assumptions: 1) the traps capture a high propor-
tion of weevils within the bait attraction radius; 2)
weevils are sedentary with limited immigration to
those parts of the field covered by trapping; 3) the
reproductive potential of the pest is low, leading to
very slow population development.

The effect of rainfall on captures was not sta-
tistically significant. In general, the effect of cli-
matic factors on C. sordidus captures has not been
consistent. In the Martinique islands, for example,
C. sordidus captures were associated positively with
average temperature and negatively with precipita-
tion (Duyck et al 2012), while in Uganda only rela-
tive humidity showed a significant positive relation-
ship, as wind speed, temperature and rainfall had
no effect (Tinzaara et al. 2005).

Regarding the effectiveness of the trap den-
sities, there were no significant differences when
comparing the monthly captures with four and eight
traps ha=! (p > 0.05). Doubling the number of
traps in this study did not significantly reduce the
populations of C. sordidus, or the damage caused
by the pest in the plantain crop. In general, when
the number of traps was doubled, the number of
weevils captured decreased from 12.5 to 47 %.
This result can be attributed to possible interfer-
ence between traps; i.e. when traps are placed
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near one another, their attraction radius can over-
lap (Liu et al. 2015). It is known that captures
per trap unit may be lower when high rather than
low trap densities are used (Schlyter 1992). The-
oretically, the efficiency of mass trapping could be
improved by increasing trap density, but high trap
densities are neither economical nor practical (El-
Sayed et al. 2006). Under this premise, the use of
four traps ha—! baited with synthetic pheromone
+ fresh plantain corm tissue is considered effec-
tive to reduce heavy infestations of C. sordidus
and severe damage caused by this pest on small
farms under Horn plantain production conditions
in Tabasco, Mexico. Added to this, some authors
recommend implementing crop sanitation practices,
such as timely disposal of crop residues (Masanza
et al. 2004, Tinzaara et al. 2005, Masanza et al.
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