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RESUMEN

La finalidad de este trabajo fue identificar al emisor de los com-
puestos de atraccién de Trichobaris championi Barber. En ensa-
yos con olfatémetro de dos vias, se observé que los machos atra-
jeron mas que las hembras (p<0.029), que los machos atrajeron
a mas machos que hembras (p<0.046), y que Physalis ixocarpa
Brot. fue atractivo para machos y hembras (p<0.001). En tram-
pas de caida, colocadas en invernadero, se capturaron mas hem-
bras en trampas con tomate, en comparacién con las que tenian
machos (p<0.066); se capturaron mas machos en trampas con
tomate que en trampas con machos (p<0.011) y la combinaciéon
de los volitiles atrayentes liberados por el macho, mas los libera-
dos por su hospedero proporcioné el mejor estimulo de atraccion
para el picudo del tomate de cascara (p<0.008).

Palabras clave: Physalis ixocarpa, aleloquimicos, feromona, picu-
do del tomate de céscara.

INTRODUCCION

1 picudo del tomate de cascara (PTC) Trichobaris

championi Barber (Coleoptera: Curculionidae)

ha adquirido gran importancia en los tltimos
diez afios por el dafio que causa al cultivo de tomate de
cascara Physalis ixocarpa Brot. en diferentes Estados
de la Republica Méxicana (Bautista y Morales, 2000);
en la zona horticola del Altiplano Poblano es la princi-
pal plaga del tomate de cascara (Huerta-Paniagua et
al., 2004). En cultivos de siembra directa las primeras
infestaciones ocurren en plantulas que tienen alrededor
de 5 mm de didmetro, mientras que en cultivos de
trasplante la infestaciéon comienza desde pocas horas
de establecido el cultivo (Bautista et al., 2003) hasta 3
a 7 d después del trasplante. Los adultos que llegan al
cultivo se alimentan, se aparean e inician la oviposicién
(Huerta et al., 2003). En este y otros insectos, la emi-
sién y deteccion de sustancias quimicas tiene una fun-
cién vital en la bisqueda de alimento, sitios de
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ABSTRACT

The purpose of the present study was to identify the emitter of
the attraction compounds of Trichobaris championi Barber. In
assays with two way olfactometer, it was observed that the males
attracted more than the females (p<0.029), that the males
attracted more males than females (p=<0.046), and that Physalis
ixocarpa Brot. was attractive to males and females (p<0.001). In
pitfall traps, placed in the greenhouse, more females were captured
in traps with tomato, compared with those that had males
(p=<0.011) and the combination of the attracting volatiles released
by the male, plus those released by the host provided the best
attraction stimulus for the husk tomato weevil (p<0.008).

Key words: Physalis ixocarpa, allelochemicals, pheromone, husk
tomato weevil.

INTRODUCTION

he husk tomato weevil (PTC) Trichobaris

championi Barber (Coleoptera: Curculionidae)

has acquired great importance in the last ten
years because of the damage that it causes to the husk
tomato Physalis ixocarpa Brot. in different States of
the Mexican Republic (Bautista and Morales, 2000);
in the horticultural zone of the Puebla Highlands it is
the principal pest of husk tomato (Huerta-Paniagua et
al., 2004). In crops of direct planting the first
infestations occur in seedlings that have a diameter of
approximately 5 mm, whereas in transplanted crops
the infestation begins from a few hours after the crop
has been established (Bautista et al., 2003) to 3 to 7 d
after transplanting. The adults that reach the crop feed,
mate and initiate oviposition (Huerta ef al., 2003). In
this species and in other insects, the emission and
detection of chemical substances has a vital function in
the search for food, and sites for oviposition, mating
and refuge, among other things. The study of this
phenomenon has made it possible to obtain information
of the substances that mediate the plant-insect interaction
and to utilize them to achieve the management and
control of the insect pests (Garcia and Osorio, 2000).
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oviposicién, apareamiento y refugio, entre otros. El
estudio de este fendmeno ha permitido obtener infor-
macién sobre las sustancias que median la interaccién
planta-insecto y aprovecharlas para lograr el manejo
y control de las plagas insectiles (Garcia y Osorio,
2000).

Las feromonas y aleloquimicos son herramientas
potenciales para el control de plagas insectiles. Especi-
ficamente, en curculiénidos, la mayoria de las feromonas
detectadas, incluso a grandes distancias, son produci-
das por los machos y usualmente atraen ambos sexos;
sin embargo, también se han reportado feromonas de
hembras, que incluyen feromonas sexuales de amplio
alcance que atraen generalmente a machos, feromonas
de corto rango y feromonas de marcaje (Bartelt, 1999).
Los aleloquimicos volatiles de la planta hospedera atraen
machos y hembras (Bernays, 2001) y tienen un factor
sinergista de atraccién en combinacién con la feromona
del insecto (Jaffé er al., 1993). En la mayoria de los
casos donde se ha identificado la fuente responsable de
liberar feromonas o aleloquimicos y se ha determinado
el tipo de respuesta (Baker y Cardé, 1984), se ha utili-
zado ensayos de comportamiento o bioensayos (Bell y
Tobin, 1982), considerando que el comportamiento es
el resultado de la interaccidn entre los estimulos exter-
nos y el estado fisioldgico interno del insecto (Kuenen
y Baker, 1981, Bell et al., 1995). Sin embargo, es
escasa la informacion sobre las sustancias que intervie-
nen en la interaccién de T. championi y P. ixocarpa, y
se requiere investigar la existencia de semioquimicos
en esta interaccidn, para su posterior identificacion y
aprovechamiento. Por tanto, el objetivo de este trabajo
fue identificar a los organismos responsables de gene-
rar los compuestos volatiles de atraccion de T.
championi mediante ensayos en laboratorio e inverna-
dero.

MATERIALES Y METODOS
Ensayos en laboratorio

Durante mayo de 2003, en parcelas comerciales ubicadas en
Acatzingo, Puebla, se recolectaron plantas de tomate de cédscara
infestadas con PTC y se llevaron al Laboratorio de Ecologia Quimi-
ca de Insectos del Colegio de Postgraduados. Se retiraron hojas y
raices y los tallos se colocaron en charolas que se mantuvieron a
25 °C £2 y humedad relativa de 60% +4 con un fotoperiodo de
12:12 h luz:oscuridad. En junio del mismo afio se extrajeron los
adultos recién emergidos y se separaron por sexo. En cajas de Petri
(Kimax®) de 14 cm de didmetro se colocaron &'y ¢ por separado,
sin alimento (grupo 1); y o'y ¢ juntos colocando tallos y hojas de
tomate de cascara (grupo 2).

Los ensayos de atraccion se realizaron en un olfatémetro de
doble via que consistio de un compartimiento principal (matraz
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Pheromones and allelochemicals are potential tools
for the control of insect pests. Specifically, in
Curculionidae, most of the pheromones detected are
produced by the males and usually attract both sexes,
these are detected at great distances; however,
pheromones of females have also been reported, which
include wide range sexual pheromones which generally
attract males, short range pheromones and marking
pheromones (Bartelt, 1999). The volatile allelochemicals
of the host plant attract males and females (Bernays,
2001) and have a synergistic factor of attraction in
combination with the pheromone of the insect (Jaffé ez
al., 1993). In most of the cases in which the source
responsible for releasing pheromones or allelochemicals
has been identified, and the type of response has been
determined (Baker and Cardé, 1984), behavior assays
or bioassays have been used (Bell and Tobin, 1982),
taking into account that the behavior is the result of the
interaction between the external stimuli and the internal
physiological state of the insect (Kuenen and Baker,
1981; Bell et al., 1995). However, there is little
information on the substances that intervene in the
interaction of T. championi and P. ixocarpa, thus it is
necessary to investigate the existence of semiochemicals
in this interaction, for their later identification and use.
Therefore, the objective of the present study was to
identify the organisms responsible for generating the
volatile compounds of attraction of 7. championi by
means of assays in the laboratory and the greenhouse.

MATERIALS AND METHODS
Laboratory assays

During May of 2003, in commercial plots located in Acatzingo,
Puebla, husk tomato plants infested with PTC were collected and
then taken to the Insect Chemical Ecology Laboratory of the Colegio
de Posgraduados. Leaves and roots were removed and the stems
were placed in trays that were maintained at 25 °C +2 and relative
humidity at 60% +4 with a photoperiod of 12:12 h light:darkness.
In June of the same year the recently emerged adults were extracted
and were separated by sex. In Petri dishes (Kimax®) with a diameter
of 14 cm, & and ¢ were placed separately, without food (group 1);
and ¢ and ¢ together placing stems and leaves of husk tomato (group
2).

The attraction assays were carried out in a two way olfactometer
which consisted of a main compartment (4 L Erlenmayer flask), in
which the adult insects were introduced. For each treatment 125 L
Kitasato flasks (Kimax®) were used and they were coupled at the
base of the main chamber with rubber stoppers. In the upper part of
the main chamber, a rubber stopper was placed with a central orifice
with which the olfactometer was connected to a vacuum pump by
means of a glass tube and hose (Tygon®) without volatiles. The air
flow was 1.5 L min~!, from the small matrasses to the main chamber.
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Erlenmeyer, 4 L), en el que se introdujeron los insectos adultos.
Para cada tratamiento se usaron matraces Kitasato de 125 mL
(Kimax®) acoplados a la base de la cdmara principal con tapones de
goma. En la parte superior de la cdmara principal se coloc un tapén
de goma con un orificio central con el que se conecté el olfatémetro
auna bomba de vacio mediante un tubo de vidrio y manguera (Tygon®)
sin volatiles. El flujo de aire fue 1.5 L min~!, desde los matraces
pequeiios al compartimiento principal. El olfatdmetro se colocé so-
bre una estructura metdlica con base de cristal corrugado; ésta se
instald sobre una lampara tipo luz de dia con doble tubo circular (22
y 32 W) (Figura 1).

Todo el sistema se ubicé en el interior de un tinel de viento, de
acrilico (80X 18080 cm), con iluminacion de luz de dia provenien-
te de dos ldmparas de 50 W y una velocidad de aire de 0.3 m s~!, el
cual se corria después de cada prueba individual por 10 min.

En cada prueba la fuente de volatiles se colocé en uno de los
matraces pequefios, mientras que el otro matraz estuvo vacio (testi-
go). La posicion del tratamiento y el testigo en el olfatémetro se
alterné en cada repeticién para disminuir el efecto de la posicion.
Los adultos a responder fueron 20 machos, 20 hembras o 10 machos
y 10 hembras de 15 a 20 d de edad, que se ubicaron por separado y
se aclimataron a las condiciones del cuarto donde estaba el olfatdmetro
3 h antes de iniciar de la prueba. Los insectos a responder se intro-
dujeron por la parte superior del compartimiento principal; luego se
colocd el tapon de goma para sellar la abertura y se encendid la
bomba de vacio. Antes de cada prueba, el olfatdmetro se lavd con
jabon liquido libre de fosfatos (Extran®), agua, acetona y hexano
grado reactivo. Los insectos no se utilizaron mas de dos ocasiones.
Los factores fueron: 1) sexo de los picudos (machos, hembras,
machos+hembras y testigo) colocados para producir atraccién (emi-
sor); 2) tomate de cédscara (presencia y ausencia; 3) insectos recep-
tores (macho o hembra); 4) condicion en que se mantuvieron los
insectos después de ser extraidos de los tallos del tomate de cascara
(separados por sexo y sin alimentar, y macho y hembra juntos mas
alimento). El disefio experimental fue completamente al azar con un
arreglo factorial 4X2X2X2 con cuatro repeticiones. La variable
respuesta fue la atraccién neta, que se calculé como la diferencia
entre el nimero de insectos que entraron al matraz con el tratamien-
to (fuente de volatiles) y el nimero de insectos que entraron al
matraz vacio (testigo).

Ensayos en invernadero

Durante julio de 2004, en Acatzingo, Puebla, se recolectaron
nuevamente plantas de tomate de cdscara infestadas con 7. championi
y se manejaron de manera similar y en las mismas condiciones que
las plantas recolectadas en mayo de 2003. Los insectos se mantuvie-
ron separados por sexo, y en los primeros 8 d se colocaron tallos y
hojas de tomate de cdscara como alimento, y después solo algodén
con agua azucarada. En octubre del mismo afio, cuando los insectos
salieron del periodo de hibernacion y tuvieron su sistema reproductivo
maduro (Calyecac y Cibridn, 2004), se iniciaron los ensayos en un
invernadero. En una jaula (2.0 1.5X 1.0 m) cubierta con manta, se
colocaron trampas de caida (pitfall traps) que consistieron de frascos

The olfactometer was placed on a metal structure with a corrugated
crystal base; this was installed on a daylight type lamp with double
circular tube (22 and 32 W) (Figure 1).

The entire system was placed in the inside of a wind tunnel,
made of acrylic (80 X 180 <80 cm), with daylight illumination coming
from two 50 W lamps and an air velocity of 0.3 m s~!, which ran
after each individual test during 10 min.

In each test, the source of volatiles was placed in one of the
small flasks, while the other flask remained empty (control). The
position of the treatment and the control in the olfactometer was
alternated in each replicate to reduce the effect of the position. The
adults to respond were 20 males, 20 females or 10 males and 10
females from 15 to 20 d of age, which were placed separately and
were acclimated to the conditions of the room where the olfactometer
was located 3 h before the start of the test. The insects to respond
were introduced through the upper part of the main chamber; then
the rubber stopper was placed to seal the opening and the vacuum
pump was turned on. Before each test, the olfactometer was washed
with liquid soap free of phosphates (Extran®), water, acetone and
reactive grade hexane. The insects were not utilized more than two
occasions. The factors were: 1) sex of the weevils (males, females,
males+females and control) placed to produce attraction (emitter);
2) husk tomato (presence and absence; 3) receptor insects (male or
female); 4) condition in which the insects were maintained after
being extracted from the husk tomato stems (separated by sex and
without food, and male and female together plus food). The
experimental design was completely random with a 4X2X2X2
factorial arrangement with four replicates. The response variable
was the net attraction, which was calculated as the difference between
the number of insects that entered the flask with the treatment (source
of volatiles) and the number of insects that entered the empty flask
(control).

Figura 1. Olfatémetro de doble via utilizado en los ensayos para
identificar la fuente de los volatiles de atraccion de
adultos de T. championi.

Figure 1. Two way olfactometer utilized in the assays to identify
the source of the attraction volatiles of adults of 7.
championi.

CALYECAC-CORTERO et al. 657
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de plastico transparente (20 cm alto y 8 cm didmetro) en los cuales,
a una distancia de 3 cm de la tapa, se realizaron 10 orificios de 0.5 cm
de didmetro (Tilles et al., 1986). Las trampas se insertaron en el
piso de la jaula de manta con los orificios a 1 cm de distancia del
piso, para facilitar la entrada de los picudos atraidos. Se aplicd
vaselina inodora en la pared interior de la trampa para evitar el
escape de los insectos capturados. En vasos pequefios de plastico
cubiertos con tela de tul, se colocaron: 1) 20 machos més tres plantulas
de tomate de céscara, o 2) 20 hembras maés tres plantulas de tomate
de céascara, segln el tratamiento a evaluarse. En el eje central
longitudinal de cada jaula se colocaron dos trampas a una distancia
de 1.5 m entre trampa. Se liberaron 1) 50 machos, o 2) 50 hembras
en el centro de la jaula y los adultos capturados se contabilizaron y
retiraron tres veces al dia durante 48 h.

Para los ensayos en invernadero las variables fueron captura
neta y captura por trampa. La captura neta se calculé restando el
nimero de insectos que entraron a la trampa vacia (testigo) al nime-
ro de insectos que entraron a la trampa con el tratamiento (fuente de
volatiles). Hubo tres factores: 1) sexo de los picudos, denominado
emisor (machos o hembras); 2) plantulas de tomate de cdscara de 15
a 30 d de emergidas, denominado tomate (presente, ausente y testi-
20); 3) sexo a responder, denominado receptor (macho o hembra);
asi resultaron 12 tratamientos. En cada prueba los tratamientos se
colocaron en una de las trampas, mientras que la otra se mantuvo
vacia (testigo). La posicion del tratamiento y el testigo en la jaula se
alternd en cada repeticion para eliminar sesgo por posicién. Se rea-
lizaron cuatro repeticiones y los insectos no se utilizaron mas de dos
ocasiones.

En los ensayos donde la variable fue captura por trampa, se
evalud la atraccién de machos y hembras hacia dos tratamientos: 20
machos contra 20 machos més tres plantulas de tomate de cdscara, y
20 machos contra tres plantulas de tomate de cdscara. Hubo cuatro
repeticiones y los insectos no se usaron més de dos ocasiones.

Andlisis estadistico

Se utiliz6 un disefio completamente al azar con un arreglo
factorial. En los ensayos de laboratorio los factores fueron: emisor,
tomate, receptor y alimentacion (4 X2 X2 X2), mientras que en el
primer experimento de invernadero los factores fueron: emisor, to-
mate y receptor (2X3X%2). Con los datos de los ensayos en laborato-
rio e invernadero se hizo un andlisis de varianza (SAS Institute,
1998) y se realizaron contrastes ortogonales. Para los ensayos de
laboratorio los contrastes fueron: en la interaccién emisor*receptor
1) atraccion de machos (M) hacia M y hembras (H) vs atraccién de
H hacia M y H, 2) atraccién de M hacia M vs atraccién de M hacia
H; en el factor emisor 1) atraccion de M mas tomate (T)+M vs
atraccion de H mas T+H, 2) atracciéon de H+M mas T+H+M vs
atraccion de M mas T+M. Para el primer experimento de inverna-
dero los contrastes fueron: en la interaccion tomate*emisor 1) atrac-
ciéon T+M vs atraccion de M; en el factor emisor 1) atracciéon de M
mas tomate (T)+M vs atraccion de H mas T+H. En el segundo
experimento de invernadero, los datos de nimero de insectos captu-
rados se analizaron con pruebas de t.
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Assays in the greenhouse

During July of 2004, in Acatzingo, Puebla, once again husk
tomato plants were collected, infested with 7. championi, and were
handled in a similar way and under the same conditions as the plants
collected in May of 2003. The insects were maintained separated by
sex, and in the first 8 d stems and leaves of husk tomato were placed
as food, and afterwards only cotton with sugared water. In October
of the same year, when the insects came out of the hibernation
period and had a mature reproductive system (Calyecac and Cybridn,
2004), the assays were initiated in the greenhouse. In a cage
(2.0x1.5X1.0 m) covered with cloth, pitfall traps were placed,
consisting of transparent plastic jars (20 cm high and 8 cm diameter)
in which, at a distance of 3 cm from the cover, 10 openings of
0.5 cm diameter were made (Tilles et al., 1986). The traps were
inserted in the floor of the cloth cage with the openings at a distance
of 1 cm from the floor, to facilitate the entrance of the attracted
weevils. A layer of odorless Vaseline was applied on the interior
wall of the trap to prevent the captured insects from escaping. In
small plastic cups covered with mesh cloth, the following were placed:
1) 20 males plus three seedlings of husk tomato, or 2) 20 females
plus three seedlings of husk tomato, according to the treatment to be
evaluated. In the central longitudinal axis of each cage two traps
were placed at a distance of 1.5 m between traps. The following
were released: 1) 50 males or 2) 50 females in the center of the cage
and the captured adults were counted and removed three times a day
during 48 h.

For the assays in the greenhouse, the variables were net capture
and capture per trap. The net capture was calculated by subtracting
the number of insects that entered the empty trap (control) from the
number of insects that entered the trap with the treatment (source of
volatiles). There were three factors: 1) sex of the weevils, denominated
emitter (males or females); 2) husk tomato seedlings of 15 to 30 d
emergence, denominated tomato (present, absent and control); 3)
sex to respond, denominated receptor (male or female); thus, there
were 12 treatments. In each test the treatments were placed in one of
the traps, while the other was maintained empty (control). The position
of the treatment and the control in the cage was alternated in each
replicate to eliminate bias due to position. Four replicates were
carried out and the insects were not utilized more than two occasions.

In the assays where the variable was capture per trap, the
attraction of males and females toward the two treatments was
evaluated: 20 males against 20 males plus three husk tomato seedlings,
and 20 males against three husk tomato seedlings. Four replicates
were carried out and the insects were not utilized more than two

occasions.

Statistical analysis

A completely randomized design was used with a factorial
arrangement. In the laboratory assays the factors were: emitter,
tomato, receptor and food (4X2X2X2), whereas in the first
greenhouse experiment the factors were: emitter, tomato and receptor
(2x3x2). With the data of the assays in the laboratory and the
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RESULTADOS Y DISCUSION
Ensayos en laboratorio

El anélisis estadistico de los resultados mostré la
ausencia de interacciones cuddruples y triples entre ali-
mentacion, tomate, emisor y receptor. S6lo hubo una
interaccion doble entre el emisor y el receptor (Cuadro
1). Para el factor alimento los picudos tuvieron la mis-
ma respuesta cuando permanecieron separados por sexo
y sin alimentar, como cuando el macho y la hembra
estuvieron juntos y con alimento. Al respecto se obser-
v6 que en T. championi jévenes (15 a 20 d de emergido
el adulto) no afectd la respuesta si los individuos del
mismo sexo permanecieron juntos o separados. Esto
puede deberse a que a esta edad el insecto no se aparea
debido a que su genitalia atin no madura, como sucede
con Hylobius pales (Hoffman y Raffa, 1992). Si T.
championi se alimentaba o no, tampoco influy6 en la
atraccion del insecto, a diferencia de los machos de
Rhynchophorus palmarum que necesitan estar en con-
tacto con su planta hospedante para liberar la feromona
de agregacion y atraer a sus coespecificos (Jaffé ez al.,
1993).

Para el factor receptor, tanto machos como hem-
bras respondieron de manera similar a los tratamientos
(Cuadro 1), lo que concuerda con lo reportado por
Tafoya ef al. (2003) quienes realizaron ensayos de atrac-
ciébn con Metamasius spinolae en un olfatémetro de
dos vias.

Para los factores tomate y emisor (Cuadro 1) se
observd que la respuesta de los insectos a estas dos
fuentes de volatiles mostrd una atraccion altamente sig-
nificativa (p=0.001 y p=0.007).

La interaccién emisor*receptor, analizada median-
te dos contrastes ortogonales, indicé que los machos
atraen a mas machos y hembras en comparacién con la
atraccion ejercida por las hembras hacia machos y hem-
bras (p=0.046), y que los machos atraen a mas ma-
chos que a hembras (p=0.038) (Figura 2). Estos re-
sultados indican que el macho produce una feromona
de agregacion, como ocurre en la mayoria de los
curculionidos (Howse et al., 1998). Ademas, lo obser-
vado en estos ensayos concuerda con lo mencionado
por Hardee et al. (1974) en el caso de la feromona de
agregacion de A. grandis, producida por los machos,
que provoca una atraccion mayor de machos que de
hembras.

El factor emisor, analizado por dos contrastes
ortogonales, mostrd que los machos atraen mas que las
hembras (p=0.029) y que la presencia de las hembras
interfiri6 con la atraccién de machos (p=0.046) (Figu-
ra 2). Tafoya et al. (2003) obtuvieron resultados simi-
lares con M. spinolae.

greenhouse, an analysis of variance was made (SAS Institute, 1998),
and orthogonal contrasts were carried out. For the laboratory assays
the contrasts were as follows: in the interaction emitter'receptor 1)
attraction of males (M) toward M and females (F) vs attraction of F
toward M and F, 2) attraction of M toward M vs attraction of M
toward F; in the emitter factor 1) attraction of M plus tomato (T)+M
vs attraction of F plus T+F, 2) attraction of F+M plus T+F+M vs
attraction of M plus T+M. For the first greenhouse experiment the
contrasts were: in the interaction tomato*emitter 1) attraction T+M
vs attraction of M; in the emitter factor 1) attraction of M plus
tomato (T)+M vs attraction of F plus T+F. In the second greenhouse
experiment, the data of number of insects captured were analyzed
by means of t tests.

REsuLTS AND DISCUSSION
Laboratory assays

The statistical analysis of the results showed the
absence of quadruple and triple interactions among food,
tomato, emitter and receptor. There was only a double
interaction between the emitter and the receptor (Table
1). For the food factor, the weevils had the same
response when they remained separated by sex and
without food, as when the male and the female were
together and with food. To this respect it was observed
that in young 7. championi (15 to 20 d after adult
emergence), the response was not affected if the
individuals of the same sex remained together or
separated. This could be due to the fact that at this age
the insect does not mate because its genitalia is not yet
mature, as is the case with Hylobius pales (Hoffman

Cuadro 1. Resultados del analisis factorial de la atraccién neta
de los adultos de T. championi con distintas fuentes
de volitiles en laboratorio.

Table 1. Results of the factorial analysis of the net attraction of

the adults of T. championi with different sources of
volatiles in the laboratory.

Fuente de Grados

variacion de libertad F calculada Significancia

Alimentacion (A) 1 0.13 0.719
Tomate (T) 1 81.17 0.001
Emisor (E) 3 4.23 0.007
Receptor (R) 1 2.70 0.104
A*T 1 0.85 0.359
A*E 3 1.68 0.177
A*R 1 0.01 0.905
T*E 3 0.35 0.787
T*R 1 0.00 0.968
E*R 3 5.33 0.002
A*T*E 3 2.36 0.076
A*T*R 1 0.58 0.449
T*E*R 3 2.46 0.067
A*T*E*R 6 0.61 0.719
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Figura 2. Atraccion de adultos del picudo del tomate de cascara
a diferentes tratamientos, utilizando un olfatémetro
de doble via. Testigo (TE), tomate de cascara (T), hem-
bras (H) y machos (M). EE=Error estandar.

Figure 2. Attraction of adults of the husk tomato weevil to
different treatments, utilizing a two way olfactometer.
Control (CE), husk tomato (T), females (F) and males
(M). SE=Standard error.

Con el factor tomate se observd que su inclusion
caus6 mas atraccién que cuando no estuvo presente
(p=0.001) (Figura 2). Esto coincide con lo detecta-
do con Cosmopolites sordidus, donde Budenberg et
al. (1993) reportan gran atracciéon de este picudo
hacia pseudotallos y rizomas de platano, su planta
hospedera.

Ensayos en invernadero

Los resultados de captura neta en invernadero mos-
traron la ausencia de interaccidn triple y s6lo hubo una
interaccion doble entre sexo emisor y tomate de casca-
ra (Cuadro 2).

Para la interaccién tomate*emisor se encontrd que
los machos +tomate atraen mas adultos (machos y hem-
bras) en comparacién con la atraccién ejercida por los
machos solos (p=<0.0085). Ruiz-Montiel et al. (2003)
investigaron la respuesta olfativa de Scyphophorus
acupunctatus y obtuvieron resultados similares en en-
sayos de laboratorio, utilizando un olfatémetro de tubo
tipo Y.

Para el factor sexo emisor se encontrd que, los
machos atraen mas que las hembras (p=<0.0001) (Fi-
gura 3). El hecho de que el macho provoque atraccién
de ambos sexos sugiere la presencia de una feromona
de agregacion. En 34 especies de curculionidos se ha
documentado la presencia de feromonas, usualmente
producidas por los machos, que atraen a ambos sexos
(Bartelt, 1999) .
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and Raffa, 1992). Whether or not 7. championi was
fed had no effect on the attraction of the insect either,
as opposed to the males of Rhynchophorus palmarum,
which need to be in contact with its host plant in order
to release the aggregation hormone and attract its
cospecifics (Jaffé er al., 1993).

For the receptor factor, both males and females
responded similarly to the treatments (Table 1), which
concurs with what was reported by Tafoya ez al. (2003),
who carried out attraction assays with Metamasius
spinolae in a two way olfactometer.

For the factors tomato and emitter (Table 1), it was
observed that the response of the insects to these two
sources of volatiles showed a highly significant attraction
(p=0.001 and p=0.007).

The emitter ‘receptor interaction, analyzed through
two orthogonal contrasts, indicated that the males attract
more males and females compared to the attraction
exerted by the females toward the males and females
(p=0.046), and that the males attract more males than
females (p=0.038) (Figure 2). These results indicate
that the male produces an aggregation pheromone, as
occurs in most of the Curculionidae (Howse et al.,
1998). Furthermore, what was observed in these assays
concurs with what was mentioned by Hardee er al.
(1974) in the case of the aggregation pheromone of A4.
grandis, produced by the males, which provokes a
greater attraction of males than of females.

The emitter factor, analyzed through two orthogonal
contrasts, showed that the males attract more than the
females (p=0.029) and that the presence of the females
interfered with the attraction of males (p=0.046) (Figure
2). Tafoya et al. (2003) obtained similar results with
M. spinolae.

With the tomato factor, it was observed that when
included, there was more attraction than where this
plant was not present (p=0.001) (Figure 2). This
coincides with what was detected with Cosmopolites

Cuadro 2. Resultados del analisis factorial de la atraccién neta
de los adultos de T. championi a distintas fuentes de
volitiles en invernadero.

Table 2. Results of the factorial analysis of the net attraction of

the adults of T. championi to different sources of volatiles
in the greenhouse.

Fuente de Grados

variacion de libertad F calculada Valor de P
Tomate (T) 1 162.10 0.001
Emisor (E) 2 13.65 0.001
Receptor (R) 1 2.76 0.105
T*E 2 5.46 0.008
T*R 1 0.64 0.429
E*R 2 0.85 0.435
T*E*R 2 0.19 0.832
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Para el factor tomate se observd que P. ixocarpa
ejerce atracciéon (p<0.0001). Huerta-Paniagua et al.
(2004) mencionan que los adultos de 7. championi ter-
minan su periodo de hibernacion e infestan a P. ixocarpa
en estado de plantula, entre el tercer y séptimo dia
después del trasplante. Esto indica que el picudo del
tomate de cdscara se guia por los volatiles emitidos por
su hospedero para localizarlo. Este mismo patrén se
ha observado en Conotrachelus nenuphar (Butkewich
y Prokopy, 1993).

En los ensayos en invernadero donde se midi6 cap-
tura por trampa, se capturaron mas machos en las tram-
pas cebadas con machos+tomate de cdscara, en com-
paracién con las trampas cebadas sélo con tomate de
cascara o s6lo con machos. También se capturaron
mis hembras en las trampas cebadas con
machos+tomate de cédscara, en comparaciéon con las
trampas cebadas s6lo con tomate de cdscara o sélo con
machos (Cuadro 3).

Estos resultados corroboran los obtenidos en los
ensayos en laboratorio que indican que los machos de
T. championi liberan una feromona de agregacion, ya
que tanto machos como hembras son atraidos a sitios
de alimentacién y oviposicién, como sucede en varios
insectos fit6fagos (Landolt, 1997). La combinacién de
los volétiles atrayentes liberados por el macho mads
aquellos liberados por su hospedante proporcionan el
mejor estimulo de atraccion para el picudo del tomate
de cascara. Esto mismo se observa en C. nenuphar
(Prokopy et al., 1995); Carpophilus humeralis
(Zilkowski et al., 1999), Ceutorhynchus assimilis (Nazzi
et al., 2001) y C. sordidus (Gold et al., 2002).

Considerando que los resultados de laboratorio y
los de invernadero indicaron la liberaciéon de una
feromona de agregacion en machos, los dltimos ensa-
yos de invernadero donde se capturaron mas hembras
y machos en las trampas con tomate en comparacién
con las que contenian sélo machos (Cuadro 3), corro-
boraron lo mencionado por Howse ez al. (1998). Estos
autores describen al sistema de comunicacién dual de
volatiles de la planta hospedera y feromonas, donde, al
salir de un periodo de hibernacion, primero el insecto
se orienta hacia los olores de su planta hospedera para
encontrarla, alimentarse y, una vez que sus funciones
fisioldgicas estdn reestablecidas, realizar actividades para
lograr el encuentro sexual, como por ejemplo la libe-
racion de algun tipo de feromona.

CONCLUSIONES

Los ensayos de atraccién en laboratorio e inverna-
dero indican que las plantas de tomate de céscara, en
primer lugar, seguido de los machos de T. championi,
atraen tanto machos como hembras de este insecto y
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Figura 3. Captura de adultos de picudo del tomate de cascara,
en 48 h, con diferentes tratamientos, utilizando tram-
pas de caida. Testigo (TE), tomate de cascara (T),
hembras (H) y machos (M). EE=Error estandar.

Figure 3. Capture of adults of husk tomato weevil, in 48 h, with
different treatments, utilizing pitfall traps. Control
(CE), husk tomato (T), females (F) and males (M).
SE =Standard error.

sordidus, where Budenberg et al. (1993) report great
attraction of this weevil toward pseudostems and
rhizomes of banana, its host plant.

Greenhouse assays

The results of net capture in the greenhouse indicated
the absence of triple interaction, and there was only a
double interaction between emitter sex and husk tomato
(Table 2).

For the tomato*emitter interaction, it was found out
that the males+tomato attract more adults (males and
females) compared with the attraction exerted by the
males alone (p=<0.0085). Ruiz-Montiel et al. (2003)
investigated the olfactory response of Scyphophorus
acupunctatus and obtained similar results in laboratory
assays, utilizing a Y tube olfactometer.

For the emitter sex factor, it was found out that the
males attract more than the females (p=<0.0001) (Figure
3). The fact that the male is provoking attraction of
both sexes suggests the presence of an aggregation
pheromone. In 34 species of Curculionidae the presence
of pheromones has been documented, usually produced
by the males, which attracts both sexes (Bartelt, 1999).

For the tomato factor it was observed that P.
ixocarpa exerts attraction (p=<0.0001). Huerta-Paniagua
et al. (2004) mention that the adults of 7. championi
finish their hibernation period and infest P. ixocarpa
in the seedling stage, between the third and seventh
day after transplanting. This indicates that husk tomato
weevil is guided by the volatiles emitted by its host to
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Cuadro 3. Adultos de 7. championi capturados durante 48 h, en
trampas de caida, en invernadero.
Table 3. Adults of 7. championi captured during 48 h, in pitfall
traps, in the greenhouse.

Insectos a Atraccion (promedio + EE) Significancia
responder
Tomate Vs. Machos + tomate
Hembra 13 +£0.89 16.75 + 1.37 0.009
Macho 12.5 + 0.65 16.5 + 0.95 0.003
Machos Vs. Machos + tomate
Hembra 13 + 0.91 17 + 1.14 0.011
Macho 11.5 + 0.64 15.75 + 0.47 0.003
Machos Vs. Tomate
Hembra 3.42 + 1.07 11.25 + 1.88 0.066
Macho 4.75 + 0.85 12.75 + 1.03 0.011

que la combinacion de los volétiles atrayentes libera-
dos por el macho maés los liberados por su hospedante
proporcionan el mejor estimulo de atraccién para el
picudo del tomate de céscara.
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locate it. This same pattern has been observed in
Conotrachelus nenuphar (Butkewich and Prokopy,
1993).

In the greenhouse assays where capture per trap
was measured, more males were captured in the traps
baited with males+husk tomato, compared with the
traps baited only with husk tomato or only with males.
More females were also captured in the traps baited
with males+husk tomato, compared with the traps
baited only with husk tomato or only with males (Table
3).

These results confirm those obtained in the
laboratory assays which indicate that the males of T.
championi release an aggregation pheromone, given
that both males and females are attracted to feeding
and oviposition sites, as occurs in various phytophagous
insects (Landolt, 1997). The combination of the
attracting volatiles released by the male plus those
released by its host provide the best attraction stimulus
for the husk tomato weevil. This was also observed in
C. nenuphar (Prokopy et al., 1995); Carpophilus
humeralis (Zilkowski et al., 1999), Ceutorhynchus
assimilis (Nazzi et al., 2001) and C. sordidus (Gold et
al., 2002).

Taking into account that the laboratory results and
those of the greenhouse indicated the release of an
aggregation pheromone in males, the final greenhouse
assays in which more females and males were captured
in the traps with tomato compared with those that
contained only males (Table 3), corroborated what was
mentioned by Howse er al. (1998). These authors
describe the dual communication system of volatiles of
the host plant and pheromones, where, after coming
out of a hibernation period, first the insect is oriented
toward the odors of its host plant to find it, feed, and
once its physiological functions are reestablished, carries
out activities to achieve the sexual encounter, such as
the release of some type of pheromone.

CONCLUSIONS

The attraction assays in the laboratory and in the
greenhouse indicate that the husk tomato plants, in the
first place, followed by the males of 7. championi,
attract both males and females of this insect and that
the combination of volatiles released by the male plus
those released by its host provide the best attraction
stimulus for the husk tomato weevil.

—End of the English version—
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