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Every spring they gather, meeting at the usual place as if it
where a neighbourhood singles mixer. And what better place
to meet than an apple orchard in spring (Photo 1); it has eve-
rything needed for a good time: food, shelter, and place for
the little ones. Not to mention the beautiful smell of apple
trees in full bloom.

And that is really the key, for many insects use smell to find
suitable sources of food, shelter, and mates (Visser 1986), and
the plum curculio (Conotrachelus nenuphar Herbst.) [Coleop-
tera: Curculionidae] is no exception. No bigger than half
a centimetre, this beetle is capable of finding its way from
the woodlands, where it spends the winter, to neighbouring
orchards; being able to travel distances as great as half a mile
(about 0.8 km) (Lafleur and Hill 1987; Whitcomb 1929). Don’t
let the small size fool you though, because this little insect
can cause a lot of damage (Photo 2).

Native Pest

Found throughout North America (Quaintance and Jenne
1912), this native attacks numerous fruits. It can damage
up to 90% of the harvest in unprotected apple orchards
(Chagnon and Payette 1990; Vincent and Bostanian 1988;
Vincent and Roy 1992), an important source of income in
Quebec (Institut de la statistique du Québec 2008). In their
wake, the apple is wounded and scarred, making it easier
for diseases like brown rot to invade (Bobb 1952; Chandler
1958). Adults gather
in apple trees where
they eat, mate, and
lay their eggs in
developing apples.
Their offspring hatch
and eat their way
through the apple,
causing it to fall off
trees early. Once on
the ground, the lar-
vae leave the apple
and enter the soil
where they pupate,
emerging in late
summer as adults to

Photo 2. Adult plum curculio on an im-
mature Mcintosh apple.
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Photo 1. M. Ednie’s McIntosh apple orchard in bloom, Franklin (Québec).

attack the remaining apples once more before hibernating in
nearby woodlands (Chouinard et al. 1993; Lafleur and Hill
1987; Racette et al. 1992; Vincent et al. 1999).

Every year, around five million dollars are spent in Quebec
alone on the tons of pesticides used to prevent damage to
apple orchards (Chagnon and Payette 1990; Chouinard ef al.
1998; Statistics Canada 2005), a favoured host for this little
beetle (Chapman 1938; Whitcomb 1929). While the pesticides
used against this insect are effective, the quantity and cost are
considerable, as are the undesired side effects such as death
of beneficial animal species, environmental damage, and
toxicity to humans (Jenkins et al. 2006; van der Werf 1996).

The problem of control : follow your nose

The question is: how to decrease the use of pesticides when no
reliable and efficient monitoring system is available against
the plum curculio to let the apple producers know when
exactly to apply the insecticides? While various methods
have been employed in the past (i.e. visual inspection, use of
climate and temperature based models, pesticide treatments
of trees along the edges of orchards, etc.) (Chouinard ef al.
1992; Lafleur et al. 2003; Pinero and Prokopy 2003; Racette
et al. 1992; Reissig et al. 1998; Whalon 2008), odour trapping
has probably received the most attention. Using the insects
own sense of smell, which is essential for it to find host trees
and mates, against it by getting it to gather at traps instead
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of host trees has proven to be a valuable tool against other
insect pests (Hardee et al. 1996; Tedders and Wood 1994). But
how exactly is this accomplished?

Thanks to the work of Eller and Bartelt (1996), we know that
the male plum curculio emits a scent, or pheromone, desi-
gned to attract other members of their kind. Scientists can
now recreate part of this pheromone by synthesizing the main
molecule called grandisoic acid. The pheromone produced
by the curculio is designated as an ‘aggregative” or gathe-
ring pheromone because it has been proven to be attractive
to both sexes of this insect (Eller and Bartelt 1996). However,
traps baited with this pheromone alone don’t quite do the
job when it comes to accurately monitor the timing of this
insect’s orchard invasion (Leskey and Wright 2004a; Prokopy
et al. 2000) - which is key in reducing the amount of pesti-
cides used. Further research into odours that appeal to this
pest have yielded promising results; for example, we now
know that the smell of apple trees in bloom, and not just the
smell of apples themselves, are desirable to the plum curcu-
lio. When odours such as benzaldehyde, which is produced
by the twigs, flowers, and the fruits of apple trees, are added
to traps along with the aggregation pheromone produced
by male plum curculio, significantly greater numbers of this
insect are attracted then traps with either of these odours by
themselves (Leskey et al. 2001, 2005)

Various attempts have been made at finding the most suita-
ble style of trap and the best type of scent to get these bugs
to stop attacking apple trees (Lamothe et al. 2008; Leskey and
Prokopy 2001; Leskey et al. 2005; Prokopy et al. 2000, 2001).
One idea even has them attacking certain trees baited with
attractive odours, called ‘trap trees’. The idea is that if the
insects are all localized on a few specific trees instead of
throughout the entire orchard, then monitoring and there-
fore reducing insecticide applications would be infinitely
simpler (Leskey et al. 2008; Prokopy et al. 2004).

Aromatic competion

The problem with putting an attractive odour in the mid-
dle of an apple orchard, which just happens to be one of this
insect’s favourite food sources, is of course competition. The
odours of apples and other plum curculio are equally desira-
ble to this beetle, making it difficult to maintain its attraction
to traps over the course of its orchard invasion (Leskey and
Wright 2004a, b). Unfortunately, it's not as simple as merely
increasing the quantity of attractive odours to overwhelm all
other competing fragrances present, since it has been shown
that above certain levels the attractive odour has no greater
effect and can even become repulsive (Leskey ef al. 2005; Pro-
kopy et al. 2004). Picture a perfume store, while the smell of
your favourite perfume or cologne may be enticing, being
hit by a large dose of it all at once can leave you and not to
mention those around you, gasping for air. To further com-
pound matters, only the main component of the pheromone
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(grandisoic acid) produced by plum curculio males has been
identified (Eller and Bartelt 1996), but it is quite possible
and even highly likely that there exist other secondary com-
pounds produced in addition to this primary one that make
up the whole of the aggregation pheromone, as was shown
to be the case for other beetles (Innocenzi et al. 2001; Tumil-
son et al. 1996).

Therein lies the difficulty - finding the right components and
their appropriate quantities to elicit the desired reaction from
the insect. Like a bouquet of flowers that makes your sen-
ses tingle, scientist in North America are trying to unlock the
exact odour combination that is irresistible to this insect, no
matter what else may happen to be in its vicinity. That is what
biologists Dr. Gérald Chouinard, Dr. Daniel Cormier, and Dr.
Eric Lucas along with their teams at Institut de recherche et
de dévelopment en agroenvironment (IRDA) and at Univer-
sité du Québec a Montréal (UQAM) have been working on
for several years. They coordinate their efforts with resear-
chers from Université du Québec a Chicoutimi (UQAC) and
from the United States Department of Agriculture - Agricul-
tural Research Service (USDA-ARS).

This task is no simple one when you consider the numerous
other smells found in nature that the curculio is attracted to.
It is akin to being in a floral shop surrounded by all of your
favourite flowers; which one do you pick?

Research bearing fruit

For this purpose the scientists at IRDA are conducting labora-
tory studies, which take place under a simplified and control-
led environment. The aim is to not only identify and quantify
the various components of the pheromone produced by cur-
culios - and therefore replicate them artificially - but also to
determine behaviourally when the insect is most attracted
to the odour. To aid them in this task, they use equipment
like an olfactometer, a device that allows them to record the
insect’s behavioural response to different sources of odour
(Photo 3). The insect is placed in the center of the machine,

Photo 3. Top view of a 4-way olfactometer, a laboratory machine at
IRDA, Saint-Hyacinthe (Québec), used in behavioural experiments to
identify odours attractive to the plum curculio.
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which is divided into four zones, and different odours are
introduced via tubes from the four corners of the star-sha-
ped observation area. The time the insect spends in each
area or zone as well as its behaviour (for example walking,
resting, etc.) is recorded and analyzed using computer pro-
grams designed specifically for that purpose. Similar machi-
nes have proven useful in the past in helping to understand
other insects’” behaviour towards various scents (Cormier
et al. 1998). The results of such research can be employed in
the more complex environment of fruit orchards, and when
combined with field studies and knowledges about the plum
curculio, would aide in developing reliable and effective
monitoring techniques thus helping to reduce pesticides. An
irresistibly attractive pheromone could also be used in traps
for control purposes in what is called an attracticide trap,
combining the pheromone and a pesticide inside a trap to
eliminate the insect pest.

However they’re employed, the advances in research in this
area, though far from over, have

yielded encouraging results Q

for the future of pest mana- V

gement, and have biologists AN
as well as apple producers
getting closer to smelling
success.

References

Bobb, M.L. 1952. The life history and control of the plum curculio
in Virginia. Bull. of the W.V. University Agric. Exp. Stn. No. 453,
30 p.

Chagnon, M. and A. Payette. 1990. Modes alternatifs de répres-
sion des insectes dans les agro-écosystemes québécois. Tome 1.
Document synthése. Québec. Ministere de I'environnement et
Centre québécois de la valorisation de la biomasse. 81 p.

Chandler, S.C. 1958. Plum curculio population in an unsprayed
peach orchard in Southern Illinois. J. Econ. Entomol. 51 (3) : 330-
332.

Chapman, P.J. 1938. The plum curculio as an apple pest. N.Y. State
Agric. Exp. Stn. Bull. 684 : 1-75.

Chouinard, G., S.B. Hill, C. Vincent, and N.N. Barthakur. 1992.
Border-row sprays for control the plum curculio in apple
orchards: behevioural study. ]. Econ. Entomol. 85 : 1307-1317.

Chouinard G., S.B. Hill, and C. Vincent. 1993. Spring behavior
of the plum curculio (Coleoptera: Curculionidae) within caged
dwarf apple trees. Ann. Entomol. Soc. Am. 86 : 333-340.

= Bulletin de la Société d'entomologie du Québec

CONCOURS GEORGES-MAHEUX

Chouinard, G., Y. Morin, and R. Charbonneau. 1998. Guide des
traitements foliaires du pommier. Conseil des productions végé-
tales du Québec inc. Québec. (poster).

Cormier, D., L. Royer, C. Vigneault, B. Panneton, and G. Boivin.
1998. Effect of female age on daily cycle of sexual pheromone
emission in gregarious egg parasitoid Anaphes listronoti. ]. Chem.
Ecol. 24 (10) : 1595-1610.

Eller, F.J., and R.J. Bartelt. 1996. Grandisoic acid, a male-produced
aggregation pheromone for the plum curculio, Conotrachelus
nenuphar. J. Nat. Prod. 59 : 451-453.

Hardee, D.D., A.A. Weathersbee, J.M. Gillespie, G.L. Snodgrass,
and A.R. Quisumbing. 1996. Performance of trap designs, lures
and kill strips for the boll weevil (Coleoptera: Curculionidae). J.
Econ. Entomol. 89 : 170-174.

Innocenzi, P.J.,, D.R. Hall, and J.V. Cross. 2001. Components of
male aggregation pheromone of strawberry blossom weevil,
Anthonomus rubi Herbst. (Coleoptera: Curculionidae). J. Chem.
Ecol. 27 : 1203-1218.

Institut de la statistique du Québec. 2008. Données statistiques,
Industrie alimentaire, Culture, Pomme. [www.stat.gouv.qc.ca/
donstat/econm_finnc/filr_bioal/culture/ pomme/AK110128.
htm].

Jenkins, D., T. Cottrell, D. Horton, A. Hodges, and G. Hodges.
2006. Hosts of plum curculio, Conotrachelus nenuphar (Coleop-
tera: Curculionidae), in Central Georgia. Environ. Entomol. 35
(1) : 48-55.

Lafleur, G., and S.B. Hill. 1987. Spring migration, within-orchard
dispersal, and apple-tree preference of the plum curculio in
Southern Quebec. J. Econ. Entomol. 80 : 1173-1187.

Lafleur, G., G. Chouinard, and D. Cormier. 2003. Un nouveau
piége en tissu pour capturer le charan¢on de la prune. 130° réu-
nion annuelle de la Société d’entomologie du Québec, 13 and 14
November. Québec. (abstract)

Lamothe, S., G. Chouinard, and C. Vincent. 2008. Abiotic fac-
tors and trap design modulate the performance of traps used
to monitor the plum curculio. J. Econ. Entomol. 101 (6) : 1838-
1846.

Leskey, T.C., and R.J. Prokopy. 2001. Adult plum curculio (Coleop-
tera: Curculionidae) attraction to fruit and conspecific odors.
Ann. Entomol. Soc. Am. 94 : 275-288.

Leskey, T.C., and S. Wright. 2004a. Influence of host tree proximity
on adult plum curculio (Coleoptera: Curculionidae) responses
to monitoring traps. Environ. Entomol. 33 (2) : 389-396.

Leskey, T.C., and S. Wright. 2004b. Monitoring plum curculio,
Conotrachelus nenuphar (Coleoptera: Curculionidae), popula-
tions in apple and peach orchards in the mid-Atlantic. J. Econ.
Entomol. 97 (1) : 79-88.

Leskey, T.C., R.]J. Prokopy, S.E. Wright, P.L. Phelan, and L.W.
Haynes. 2001. Evaluation of individual components of plum
odor as potential attractants for adult plum curculios. J. Chem.
Ecol. 27 : 1-17.

Leskey, T.C., A. Zhang, and M. Herzog. 2005. Non-fruiting host
tree volatile blends: novel attractants for the plum curculio
(Coleoptera: Curculionidae). Environ. Entomol. 34 : 785-793.

Leskey T.C., J.C. Pinero, and R.J. Prokopy. 2008. Odor-baited trap
trees: A novel management tool for plum curculio (Coleoptera:
Curculionidae). J. Econ. Entomol. 101 (4) : 1302-1309.

Pinero, J.E., and R.J. Prokopy. 2003. Field evaluation of plant odor
and pheromonal combinations for attracting plum curculios. J.
Chem. Ecol. 29 : 2735-2748.

Prokopy, R.J., B.W. Chandler, T.R. Leskey, and S.E. Wright. 2000.
Comparison of six different types of unbaited traps for monito-
ring plum curculio in orchard. J. Entomol. Sci. 35 : 411-421.

Antennae 2009, vol. 16, n° 3 5



Prokopy, R.J., P.L. Phelan, S.E. Wright, A.]. Minalga, R. Barger,
and T.C. Leskey. 2001. Compounds from host fruit odor attrac-
tive to adult plum curculios (Coleoptera: Curculionidae). J.
Entomol. Sci. 36 : 122-134.

Prokopy R.J., I. Jacome, E. Gray, G. Trujillo, M. Ricci, and J.C.
Pinero. 2004. Using odor-baited trap trees as sentinels to monitor
Plum Curculio (Coleoptera: Curculionidae) in apple orchards. J.
Econ. Entomol. 97 (2) : 511-517.

Quaintance, A.L., and E.L. Jenne, 1912. The Plum Curculio. US
Department of Agriculture. Bureau Entomol. Bull. No. 103: 1-
250.

Racette, G., G. Chouinard, C. Vincent, and S.B. Hill. 1992. Eco-
logy and management of plum curculio, Conotrachelus nenuphar
(Coleoptera: Curculionidae), in apple orchards. Phytoprotection
73 : 85-100.

Reissig, W.H., ].P. Nyrop, and R. Straub. 1998. Oviposition model
for timing insecticide sprays against plum curculio (Coleoptera:
Curculionidae) in New York state. Environ. Entomol. 27 : 1053-
1061.

Statistics Canada. 2005. Agriculture and Rural Working Paper
Series: Pesticide Use and Pest Management Practices of Cana-
dian Apple Growers Research Paper. p. 10-20. (February 2009)
[http:/ /www.statcan.gc.ca/pub/21-601-m/21-601-m2008089-
eng.pdf]

Tedders, W.L., and B.W. Wood. 1994. A new technique for moni-
toring pecan weevil emergence (Coleoptera: Curculionidae). J.
Entomol. Sci. 29 : 18-30.

Tumlinson, J.H., D.D. Hardee, R.C. Gueldner, A.C. Thompson,
P.A. Hedin, and J.P. Minyard. 1969. Sex pheromones produ-
ced by male boll weevil: isolation, identification, and synthesis.
Science 166 : 1010-1012.

6  Antennae 2009, vol. 16,n° 3

van der Werf, H.M.G. 1996. Assessing the impact of pesticides on
the environment. Agric. Ecosys. Environ. 60 (2-3) : 81-96.

Vincent, C., and N.J. Bostanian. 1988. La protection des vergers de
pommiers au Québec : état de la question. Nat. Can. (Rev. Ecol.
Syst.). 115 : 261-276.

Vincent, C., and M. Roy. 1992. Entomological limits to biological
control programs in Québec apple orchards. Acta. Phytopathol.
Entomol. Hung. 27 : 649-657.

Vincent, C., G. Chouinard, and S.B. Hill. 1999. Progress in plum
curculio management: a review. Agric. Ecosys. Environ. 73 : 167-
175.

Visser, J.H. 1986. Host odor perception in phytophagous insects.
Annu. Rev. Entomol. 31 : 121-144.

Whalon, M.E. 2008. Plum-curculio - Challenges, changes and
management strategies. 16° journées annuelles sur la recherche
et I'innovation technologique du Groupe d’experts en protec-
tion du pommier. 6 and 7 February, Mont-Saint-Hilaire.

Whitcomb, W.D. 1929. The Plum Curculio in Apples in Massachu-
setts. Mass. Exp. Stn. Bull. 249 : 27-52.

I'UQAM. Ses travaux de recherche sont réalisés sous la direc-
tion d’Eric Lucas (UQAM) et de Gérald Chouinard (IRDA). Ils
portent sur I’écologie chimique du charangon de la prune et visent
a développer un attractif synthétique plus puissant que le composé
primaire identifié.

Bulletin de la Société d’entomologie du Québec =



