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Abstract 1 The banana weevil Cosmopolites sordidus Germar (Coleoptera: Curculionidae) is
the most serious pest of banana and plantain in most production areas, including the
West Indies.

2 During a period of 2 years, we assessed the efficacy of a pheromone mass-
trapping control strategy of C. sordidus in field conditions in Guadeloupe at different
cropping stages, both in sanitation fallows and in different ratoon banana crops.

3 In the fallows, catches peaked 3 months after beginning trapping and then decreased
to zero after 9 months. By contrast, for the new plantations, the catches of
C. sordidus increased after the 11th month and, in the older banana fields, there
was no decrease in C. sordidus catches. The C. sordidus catches increased in the
neighbouring banana plots, whereas they decreased in the fallows, and these catches
decreased with the distance from fallow.

4 In conclusion, mass trapping with synergized pheromone traps within fallows should
allow better sanitation of banana plantations. Yet, within the farms, fallows must
not be located next to new plantations to avoid massive damage to the young plants.
More generally, the present study emphasizes that the control of this insect should
be managed at the farm scale and not at the field scale, with special attention being
paid to the location of fallows.

Keywords Black weevil, Curculionidae, IPM, Musa, sanitation fallow, West
Indies.

Introduction distributed in the field (Treverrow et al., 1992) and they are able
to move a distance of 35 m in 3 days and 60 m in 5 months
(Gold et al., 2001). They are often found at the base of the
banana plant or in crop residues. After harvest, they survive

The banana weevil Cosmopolites sordidus Germar (Coleoptera:
Curculionidae) is the most serious insect pest of banana and
plantain (Musa sp.) in most production areas, including the

West Indies (Castrillén Arias, 2004). Cosmopolites sordidus ‘2‘:)(;1316 residual Comif n ﬂ:f field (ga‘llénana}’arll 9‘Z‘9K2‘Tnszs,amy’
adults have a maximal life span that varies between 1 (Froggatt, ) or in pieces of pseudostem (Gold e al., ). Tradition-

1925) and 4 years (Rukazambuga ef al., 1998). The aver- ally, pseudostem pieces are put on the soil to trap and control
populations of C. sordidus adults (Gold et al., 2001). However,

this method is moderately efficient because it depends on the
variability of the age and the location of the trap (Mestre &
Rhino, 1997). Moreover, this method allows only a small pro-

age lifespan in field conditions is often reduced by predation
(Abera-Kalibata et al., 2008). Females lay an average of three
eggs per week in the rhizome (Koppenhdfer, 1993). Larvae
bore galleries in the rhizome to feed, reducing nutrient uptake

and weakening the stability of the plant (Gold et al., 2001). portion of C. sordidus populations to be caught (Gold e al.,
Cosmopolites sordidus adults usually disperse by crawling on 2001).
the soil at night (Gold er al., 2001). They are usually patchily In 1993, Budenberg et al. (1993b) identified the aggregation
pheromone emitted by C. sordidus males, and Beauhaire et al.
Correspondence: Béatrice Rhino. Tel: +596 (0) 596 42 30 74; (1995) further developed the equivalent synthetic pheromone
fax: +596 (0) 596 42 30 01; e-mail: beatrice.rhino@cirad.fr called ‘Sordidine’. Subsequent to 1999, traps with Sordidine,
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formulated by ChemTica International (Costa Rica), have been
tested under field conditions in Costa Rica (Alpizar et al.,
1999), Uganda (Tinzaara et al., 1999) and South Africa (De
Graaf et al., 2005). The pheromone traps are more effective
than pseudostem traps. In Costa Rica, pheromone mass trapping
allowed the successful control of C. sordidus; damage to
banana and plantain was reduced by 70% after 5 months of
trapping. In Uganda, an 18-fold greater number of C. sordidus
were caught in pheromone pitfalls than in pseudostem traps.
In South Africa, the pheromone trap catches caught a higher
proportion of females than the pseudostem trap catches. Studies
on other weevil species have reported the efficiency of similar
pheromone traps and the impact of mass trapping on weevil
population densities in different crops: sweet potato (Smit et al.,
2001), American palm (Oehlschlager et al., 1995) and sugar
cane (Oehlschlager et al., 2002).

In the French West Indies, the burrowing nematode Radopho-
lus similis is the other major pest of banana. There is an
increasing use of fallows and clean planting material to control
this plant-parasitic nematode (Chabrier & Quénéhervé, 2003).
This banana-fallow system includes 1 year of fallow after the
banana plants are killed by the injection of herbicides. To our
knowledge, no study has evaluated the effect of these fallows
on C. sordidus and on its spatial epidemiology.

Several factors, mostly climatic, may affect the efficiency
of pheromone and other traps. Honek (1988) showed a positive
correlation between catches of Carabidae and temperature. Sap-
pington and Spurgeon (2000) showed that wind speed affects
pheromone trap catches of boll weevil Anthonomus grandis,
a flying insect. By contrast, Tinzaara et al. (2005b) showed
that only relative humidity had an effect on the pheromone
trap catches of C. sordidus, which moves mostly by crawling.
The other key points for effective control of insects by mass
trapping are the number of traps and their spatial distribution.
Inter-trap spacing influences the catches of pheromone traps
(Wedding et al., 1995, Blackshaw & Vernon, 2008). Pheromone
trap catches of moths are greater in the periphery of plots than
in the centre of plots (Athanassiou et al., 2004). In addition
to climatic factors, vegetation structure affects pheromone trap
effectiveness; Spurgeon and Raulston (2006) showed that more

New plantation

E First ratoon crop

boll weevils are caught in prominent erect vegetation than in
sparse vegetation.

The present study describes the use of pheromone mass
trapping of C. sordidus with pitfall traps containing Sordidine
(Cosmotrack®, N.P.P Calliope, France) in field conditions in
Guadeloupe (French West Indies). We hypothesized that the
dispersion of C. sordidus is related to the agronomic stage of
fields, especially for fallows where the lack of resource may
promote dispersion to neighbouring fields. To test this hypoth-
esis, we evaluated: (i) the temporal dynamics of C. sordidus in
pheromone traps in banana plots at different agronomic stages,
including fallow and banana fields of different ages and (ii) the
effect of fallows on C. sordidus catches in neighbouring banana
plots. To identify the optimum conditions for mass trapping, we
evaluated the effect of climatic factors on catches.

Materials and methods

The present study was conducted in Neufchateau, Guadeloupe
(16°15'N, 61°32'W) at the experimental banana farm of CIRAD
over 2 years, from October 2004 to October 2006. This farm is
250 m above sea level. The area has a tropical humid climate
with a mean annual rainfall of 3850 mm and a rainy period
from June to October with a mean daily temperature in the
range 21-25°C. This experimental farm cultivates Musa spp.
(AAA, cv. Grande naine, Cavendish subgroup) bananas. To
preserve soil fertility, every year, 20% of plots are replanted
after a 1-year fallow without any banana. Banana is a semi-
perennial herb that produces succeeding generations of ratoon
crops: the ratoon is the sucker succeeding the harvested plant.
In the present study, the new plantation is the first crop after
planting; and the first and second ratoon crops are the cropping
periods after the harvest of the first crop and after the harvest
of the first ratoon crop, respectively.

We used 130 pheromone traps placed 25 m apart, over the
10 ha of the farm, including tracks (Fig. 1). The density of the
traps varied from nine to 16 traps/ha depending on plot design.
This regular pattern corresponds to that used in mass trapping.
We assumed that the variation in density of traps did not affect
the catches because the distance between traps remained con-
stant. Tinzaara ef al. (2005a, b) showed that there were no

Figure 1 The spatial distribution of pheromone pitfall traps within the banana plots and fallows.
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significant differences in numbers of adult C. sordidus caught
per hectare when the density of pheromone traps doubled, but
C. sordidus catches in pheromone traps were influenced by the
distance from the trap. We used Cosmotrack® (Calliope) pitfall
traps made of cylindrical containers with a pheromone diffuser
suspended in their upper part; their lower part is buried. The
diffuser was made of a polyethylene terephthalate bottle with
a wick containing 45 mg of sordidine synergized at a release
rate of 0.5 mg per day. The pheromone was changed monthly.
Soapy water was used in the bottom of the pitfalls to kill banana
weevils. Every 2 weeks, C. sordidus adults were removed from
the traps and counted.

Temporal dynamics of C. sordidus catches in
pheromone traps at different agronomic stages

We investigated only 19 banana plots because the other plots
were included in other experimental trials (Fig. 1). In these
plots, we observed populations of C. sordidus caught in
pheromone traps at four stages of the banana/fallow cropping
system: four plots of new plantations (S1; P1-P4); five plots of
first ratoon crop (S2; P5—P9); six plots of second ratoon crop
(S3; P10—P15); and four plots of fallows (S4; P16—P19). Fal-
lows are prepared by destroying bananas plants by injection of
herbicides (glyphosate), and then a spading machine is used to
plow the field (Chabrier & Quénéhervé, 2003). In the fallows,
mass trapping lasted 78 weeks after soil tillage (i.e. 2 months
after the chemical destruction and 18 weeks after the beginning
of mass trapping in the other plots).

Because the area of plots varied, to compare the banana
weevil adults collected in different agronomic stages, we
calculated C. sordidus density, for each plot, per hectare per
2 weeks, over 78 weeks of mass trapping. This density is the
ratio between the total of number C. sordidus caught in the
plot and the area of the plot. Cumulative densities were further
analysed by general linear models, after log transformation
(log x), and the means were compared by Tukey’s test.

Effect of fallows on C. sordidus catches in
neighbouring banana plots

We observed 19 traps in four banana plots neighbouring two fal-
lows. The distance of the traps from the nearest boundary of fal-
low fields was in the range 12—67 m. We performed regression
analysis between the distance from the fallows and trap catches.
For each plot, we compared the dynamics of trap catches. P2
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was a new banana plantation (S1) and PS5 was a first ratoon
banana crop (S2); they were adjacent and near the same fallow
(P16). P10 and P15 were second ratoon banana crops (S3) and
they were near the same fallow (P18) but at opposite sides.

Effect of climatic factors on C. sordidus catches

Wind speed, temperature, rainfall and relative humidity were
recorded daily using an automated weather instrument on the
experimental farm (Campbell Scientific™, U.K.). We calculated
average temperature, wind speed, humidity and rainfall for
2-week periods, corresponding trapping periods. For the 15
banana fields, we analysed the effect of these climatic factors
on C. sordidus densities, after log transformation (logx), by
analysis of covariance with abiotic factors as covariates and
the dates of removal of C. sordidus as replicates.

Results

Temporal dynamics of C. sordidus catches in
pheromone traps at different agronomic stages

Table 1 shows the cumulative density of C. sordidus for dif-
ferent agronomic stages over 78 weeks. In the new banana
plantations, the cumulative density was significantly lower than
in other plots (F3,19 = 7,48, P < 0.01) with 7784, 23 679, 16
314, and 36 109 C. sordidus caught per hectare in 2 weeks
in S1, S2, S3 and S4, respectively. The cumulative density of
catches in fallow was similar to those of first and second ratoon
banana crops.

Cosmopolites sordidus catches differed between agronomic
stages. In the fallow (Fig. 2a), at week 12, the catch reached a
peak density of 8237 per hectare over 2 weeks. Thereafter, the
catch declined and, after week 34, the mean density was less
than 100. In the new plantation (Fig. 2b), the mean catch was
less than 200 until week 44, and then increased to 400. In the
first ratoon banana crop (Fig. 2¢), at week 6, the catch reached
a peak density of 1742, and then declined to less than 1000
after week 14. In the second ratoon banana crop (Fig. 2d), the
catch was consistently lower than 1000.

Effect of fallow location on C. sordidus catches of
neighbouring banana plots

Figure 3 shows that, over the 78 weeks of the study, C. sordidus
catches decreased with distance from fallow. The linear

Table 1 Mean + SD cumulative number of Cosmopolites sordidus caught in pheromone traps per hectare, in the sanitation fallows and the different

stages of banana field over 78 weeks

Number of weeks after beginning of mass trapping

Agronomic stage 2 12

34 78

Sanitation fallow (S4) 4443 + 13342

22 626 + 8 3702

34 780 £+ 14 2962 36 109 + 14 8732

New plantation (S1) 190 + 73°¢ 536 + 122 1634 4+ 157° 7784 + 634°
First ratoon crop (S2) 2318 + 1076 9908 + 4786° 13 610 + 68352 23 679 + 8260?
Second ratoon crop (S3) 465 + 108° 30833 + 5132 6497 4+ 8992 16 314 4+ 19082

For each date, means followed by the same superscript letter are not significantly different (analysis of variance + Tukey’s test; log transformed data).
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Banana fallow
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Figure 2 Mean + SE catch density of Cosmopolites sordidus per
hectare per 2 weeks with pheromone traps in the sanitation fallows
and the banana fields at different agronomic stages. The means were
calculated with four new plantations [S1 (b); P1-4], five first ratoon
crops [S2 (c); P5-9], six second ratoon crops [S3 (d); P10-P15], and
four sanitation fallows [S4 (a); P16-P19].
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Figure 3 Total Cosmopolites sordidus caught per trap per 2 weeks,
over 78 weeks of mass trapping, in relation to the distance of the trap
from the fallow.

equation was: catches = —11.25 x distance + 1322.8) (F 13 =
798, P< 0.05). The C. sordidus catch increased in the
neighbouring banana plots, whereas it decreased in the fallows;
increases were greater for the traps 12 and 17 m from the
fallow than those farther. In all plots (Fig. 4a—d), a first peak
of captures was observed in fallows 8-20 weeks after the
beginning of mass trapping; subsequently, in neighbouring
banana plots, a second peak of captures appeared within 30—50
weeks after the beginning of mass trapping.

Effect of climatic factors on C. sordidus catches

Temperature had a significant effect on the catches in the
banana fields; this impact was related to the agronomic stage
of the plot (Fges2 =2.36, P < 0.05). In the first and sec-
ond ratoon banana crops, when temperatures were higher than
23°C, the catches decreased (Fig. 5a). Wind speed had a sig-
nificant effect on the catches in the banana fields; this impact
was related to the agronomic stage of the plot (Fges = 2.15,
P < 0.05). In the new plantations, the catches decreased when
the wind speed increased. By contrast, in the first and second
ratoon banana crops, the catches increased with wind speed but
they decreased when the wind speed was greater than 5 km/h
(Fig. 5b). Relative humidity had a significant effect on the
catches in the banana fields whatever the agronomic stage of
the plot (F3,662 = 7.44, P < 0.001). The catches decreased as
relative humidity increased (Fig. 5c). Rainfall had no effect on
catches in the banana fields (F5 662 = 1.85, not significant).

The results obtained show that the number of C. sordidus
caught varied according to the agronomic stage of banana field,
and fields were always ranked in the same order: S1, S3 and
S2, respectively, from the lowest to the greatest catches.

Discussion

The results obtained in the present study show that, in the
fallow, although the C. sordidus catches were as large as in
the old banana field, populations decreased 4 months after the
beginning of mass trapping and remained at almost zero until
9 months after the beginning of mass trapping. We propose
that, in fallows, mass trapping with pheromone traps catch a
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Figure 5 Effect of (a) temperature, (b) wind speed and (c) relative
humidity on pheromone trap catches in relation to the agronomic stages
of banana fields. The mean 4+ SE numbers of Cosmopolites sordidus
caught per hectare per 2 weeks were calculated on four new plantations
(S1; P1-4), five first ratoon crops (S2; P5-9), and six second ratoon
crops (S3; P10-P15).

large part of the population of C. sordidus during the first year
after the beginning of the fallow. Mestre and Rhino (1997)
showed that C. sordidus populations decreased in the fallow
after 9 months. In their study, pseudostem traps were used, the
density was more than 200 traps/ha, and the greatest rate of
capture was lower than 35 C. sordidus per trap. In the present
study, in the fallow, the number of pheromone traps was lower
and the rate of capture was larger. The density of traps varied
in the range 9-16 traps/ha, and the greatest capture rate was
more than 300 C. sordidus per trap.

In the fallows, the capture peak was 3 months after the
beginning of mass trapping (i.e. 5 months after the destruction
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of the banana plants with glyphosate). Decomposing banana
plants could be more attractive than pheromone traps: previous
research has shown that decaying banana material emits volatile
substances that are attractive for C. sordidus (Budenberg
et al., 1993a; Braimah & Van Emden, 1999). Accordingly,
C. sordidus would move when banana plants are completely
decayed and dried, and the traps would be less effective in
the banana plots. Nevertheless, there is little evidence that
the sanitation effect of fallows results from the elimination of
the entire C. sordidus population by pheromone traps within
fallows. The results obtained in the present study show that
the C. sordidus catches increased in the neighbouring banana
plots, whereas they decreased in the fallows, and these catches
decreased with distance from fallow. Cosmopolites sordidus
probably move from fallows to banana plots because of a lack
of resources within a fallow. They are able to move a distance
of 35 min 3 days and 60 m in 5 months (Gold et al., 2001). For
ground beetles, which disperse by crawling, Duelli et al. (1990)
showed that they move between natural and cultivated areas.
Furthermore, trap location may affect catches, and C. sordidus
may be caught by the first trap they encounter. Winder et al.
(2001) showed that barrier pitfall traps can increase the catches
of carabid and staphylinid beetles.

The results obtained in the present study show that
pheromone trapping did not prevent the infestation of young
banana plots because the catches of C. sordidus increased
11 months after the beginning of mass trapping. In the first and
second ratoon banana crops, the catches were never less than
300 C. sordidus per hectare, despite pheromone mass trapping.
In a previous study, Tinzaara et al. (2005a) caught only 13% of
released weevils at a distance of 4 m from the pheromone traps.
In future studies, we aim to use mark and recapture techniques
to estimate the adult population size attracted. Although we did
not use such a technique in the present study, we suggest that
one limit of the pheromone mass-trapping method is the low
percentage of capture of C. sordidus. In the present study, there
was little evidence that pheromone mass trapping controlled
damage by C. sordidus in banana fields. Several studies have
reported a poor relationship between C. sordidus trap captures
and corm damage (Gold e al., 2001). Speijer et al. (1993) only
found a correlation between numbers of male weevils caught
with pseudostem trap in a plot and the mean percent of infesta-
tion measured in the plot. De Graaf er al. (2005) found that
less than 20% of the total of pheromone traps catch com-
prised females with eggs, yet only this category can damage
the rhizome.

In the French West Indies, crop residues are not removed
from banana fields and increase over time. These residues
are mainly harvested residues such as leaves and pseudostem
cut at harvest. These residues may alter the living conditions
of C. sordidus, affecting their dispersion and reproduction.
Although Gold et al. (1999) showed that activity and trivial
movement of C. sordidus were greater in mulched rather
than unmulched plots and Tinzaara et al. (2008) showed that
mulching has no effect on weevil catches in pheromone traps,
we suggest that C. sordidus would be more attracted by
banana crop residues than by pheromone traps. All residues
increase soil moisture, which is favourable to the development
of C. sordidus. Masanza et al. (2005) showed that female

oviposition depends on moisture. In the case of stemborers,
sorghum crop residues represent a livestock feed and an
important overwintering sites for larvae (Van den Berg &
Ebenebe, 2001). In a previous study in Uganda, Gold et al.
(2004) found 35% of adults in or under cut residues. The
lower catches in the second ratoon crop compared with the
first ratoon crop might be explained by banana harvesting
dynamic. After the second ratoon, the banana plant population
is unsynchronized and harvested throughout the year, whereas,
for new plantations and the first ratoon, crop harvest is
synchronized and occurs in 1 or 2 months (Tixier et al., 2004).
We suggest that C. sordidus can remain in harvest residues,
which are present throughout the year in the second ratoon
banana crop, but persist for only 1-2 months in the first banana
crop.

The results obtained in the present study show that abi-
otic factors such as temperature, relative humidity and wind
affect C. sordidus catches. We also observed that these effects
depended on the cropping stage. The microclimate created by
the height of banana plants and residues would enhance the
effects of weather on the movement of the banana weevil and
pheromone trapping efficacy. In the first and second banana
crops, C. sordidus catches decreased when the daily temper-
ature was greater than 23°C. Uzakah (1995) found weevil
activity in the laboratory to be negatively correlated with tem-
perature. We suggest that C. sordidus move less at such temper-
atures and stay under the crop residues. Henderson and Roitberg
(2006) showed that Exophthalmus jekelianus (Coleoptera: Cur-
culionidae) prefer a shaded microhabitat when the temperature
increases. Temperature could also have an effect on the release
rate of the pheromone. Leonhardt er al. (1988) showed that
pheromone release rates increased by 13-fold as the tempera-
ture was raised from 28 to 62°C. Van der Kraan and Ebbers
(1990) showed that, when the temperature increased from 15 to
25°C, the release rates doubled. In the present study, however,
the temperature range (22—-26°C) was more restricted. During
their study, with a mean £+ SD temperature of 19.5 £+ 1.8°C,
Tinzaara et al. (2005b) also found no correlation between tem-
perature and C. sordidus catches. In line with Tinzaara et al.
(2005b), the results of the present study showed no relationship
between rainfall and C. sordidus catches. In new plantations,
catches in pheromone traps decreased when the wind speed
increased. We propose, similar to Suckling et al. (1999), that
the concentration of pheromone in the air decreases when the
wind increases. Moreover, the effect of the wind may be partly
explained by the low vegetation, which does not restrict it. In
the first and second ratoon banana crops, the results differed
from those in new plantations: the catches decreased when
the wind speed was greater than 5 km/h. We suggest that the
effect of wind would be minor in these banana plots because of
the prominent erect vegetation. Cosmopolites sordidus catches
decreased when the relative humidity increased. By contrast,
Tinzaara et al. (2005b) found a positive correlation between rel-
ative humidity and C. sordidus catches. We propose that, when
relative humidity increases, C. sordidus move less. In a labo-
ratory study, Roth and Willis (1963) showed that C. sordidus
tended to aggregate at higher humidities.

In conclusion, mass trapping with synergized pheromone
traps within fallows should allow better sanitation of banana
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plantations, preventing a large part of the C. sordidus popu-
lation from moving from fallows to other banana plots. Yet,
within each farm, the fallows must not be located next to new
plantations in an effort to avoid massive damage to young
plants. Pheromone traps could be of value in new banana plan-
tations, particularly if they are in the perimeter of the plot,
hence limiting the arrival of C. sordidus from neighbouring
fields. The efficacy of pheromone traps would be better if the
traps were established during periods of moderate wind. To pre-
vent the build-up of C. sordidus populations in banana fields,
mass trapping must be associated with a high level of field
sanitation. To optimize the pheromone trap catches, harvested
residues must be destroyed and removed from the banana fields.
More generally, the present study emphasizes that the control
of this insect should be managed at the farm scale and not at the
field scale, with special attention being paid to the location of
fallows. The adoption of this approach to C. sordidus manage-
ment, including fallows and mass trapping, is appropriate for
the French West Indies, where farms are generally larger than
10 ha. The economic performance of cropping systems, how-
ever, is highly dependent on labour cost (Blazy et al., 2009). In
this context, the planning of fallows and new plantations may
be established according to the findings reported in the present
study. The moderate labour necessary for pest management
with pheromone trap compared with pseudostem traps makes
it a promising technique for use in industrial banana farms.
The integration of this innovative pest management strategy
in cropping systems would be facilitated by using simulation
models, such as the COSMOS model developed for C. sordidus
(Vinatier et al., 2009), which can be used alone or linked to a
farm-scale cropping system model, such as the SIMBA model
developed for banana (Tixier et al., 2008). This would help
optimize the temporal and spatial location of pheromone traps
on the entire farm. Mass-trapping practices can contribute to the
development of global integrated and environmentally friendly
agriculture, to meet the high societal demand for food in places
such as the French West Indies.
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