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Utilizing insects’ sense of
smell for pest management
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While insects use all
five senses to gather
information, the
most common and
advantageous is the
sense of smell.
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communicate with each other and

to gather information about their
environment. Like humans, insects
can gather information via sight, taste,
touch, hearing, and smell. While insects
use all five senses to gather informa-
tion, the most common and advan-
tageous is the sense of smell. Many
insects have a very highly developed
sense of smell, especially those insects
that fly at night and those that must
locate mates and/or food sources from
long distances. For example, the male
silk moth can locate a female silk moth
from a distance of almost 3 miles (4.5
kilometers) using its large feather-
shaped antennae (figure 1).Insects
have evolved very intricate antennae,
which serve to focus and amplify the
detection of chemical odors (Vogt and
Riddiford 1981).

I nsects use a variety of methods to

FIGURE 1. Feathered antennae of an adult silk moth.

Olfactory communication, or com-
munication that relates to the sense

of smell, is advantageous for insects in
several ways:it allows them to commu-
nicate over long distances, the signal
lasts longer than visual signals and
auditory signals (signals that can be
heard), and the communication is not
dependent on daylight.

The chemical signals that insects use
to communicate are called semio-
chemicals. Semiochemicals are classi-
fied into different categories depend-
ing on the sender of the signal, the
receiver of the signal, and the benefi-
ciary of the signal:

* Pheromones are semiochemicals
produced by one insect to com-
municate with another insect of
the same species (known as intra-
specific signaling). Pheromones are
typically used for mate finding, trail
marking, aggregation, kin recogni-
tion, and alarming. A well-known
example of pheromones is the trail-
marking pheromone used by ant
colonies to lead ants from the nest
to a source of food and back to the
nest. Additionally, many insect sex
pheromones have been identified
and developed into commercially
available products designed to lure
or bait insects.

* Allelochemicals are semiochemicals
that are produced by an individual
of one species to communicate with
or signal to an individual of a differ-
ent species (known as interspecific
signaling).There are three types of
allelochemicals, categorized by the
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beneficiary of the signal, although it
is possible for one signal to fit into
more than one category.

* Allomones benefit the sender of
the message. An example of an
allomone is the irritating spray
produced by blister beetles when
they are disturbed.The spray
warns predators to keep their dis-
tance, thus protecting the insect.

* Kairomones benefit the receiver
of the message. Kairomones
typically are linked to feeding:
the food source (either a plant or
another insect) releases a smell
that attracts the herbivore/preda-
tor to the food source.Common
examples of kairomones are
chemicals produced by plants,
which attract herbaceous insects.
For instance, the Colorado potato
beetle senses chemical signals
from potato plants, which inform
the beetle that the plant is a desir-
able food and egg-laying site.

* Synomones benefit both the
sender and receiver of the mes-
sage.Examples of synomones
include volatiles produced by
flowers.The volatiles attract
insects that gather nectar and
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pollen from the plant for food, and
as the insects do so, they pollinate
the flower.

Many plant-insect interactions are
dependent on semiochemical signal-
ing between the insect and host plant.

Insect semiochemical communica-
tion can be taken advantage of to
manage insect pests. Several meth-
ods that include the use of synthetic
semiochemicals are a valuable part

of an integrated pest management
(IPM) program. Applications of these
products include monitoring for pests,
mass trapping, attract and kill, mating
disruption, antifeedants and repel-
lents, and push—pull strategies. Using
semiochemicals for pest manage-
ment is a very targeted approach as
they can provide selective control of a
single insect pest species. Some of the
strategies using semiochemicals, such
as mating disruption, are approved for
organic production.

Since the identification of the first
insect pheromone in 1959, scien-

tists have isolated and identified the
specific pheromone composition of
many insects (Witzgall et al.2010).
Insect pheromones that have been
identified can then be mass produced
and loaded into a dispenser or lure;

FIGURE 2. Japanese beetle aggregation.

SENSE OF SMELL FOR PEST MANAGEMENT

many pheromones are now available
commercially. The lures can be placed
inside some sort of trap, such as a
sticky card or one-way funnel leading
into a container. The majority of phero-
mones that have been identified come
from moths, though there are many
pheromones that have been identified
from other insect orders, including flies
and beetles.

The type of pheromone used for
monitoring moths is typically a sex
pheromone. Female moths produce
these compounds to call males, which
follow the scent to the female.When
using a sex pheromone in a lure,

only males will be caught in the trap
because only males naturally respond
to the female pheromone. An example
of a sex pheromone used in pest
management is the sex pheromone
of codling moth,a common pest of
apple.The codling moth pheromone
has been identified and developed
into a commercially available product
as both a population-monitoring tool
and for mating disruption in orchards.

Aggregation pheromones are more
commonly used in lures for beetle
species because beetles often do not
rely so heavily on sex pheromones to
find mates. For example, the Japa-
nese beetle produces an aggregation
pheromone that adults use to meet
at feeding sites (figure 2).Even after a
specific pheromone has been identi-
fied, there are other factors that may
impact the effectiveness of applica-
tions of these pheromones. Experi-
ments must be conducted to develop
and evaluate the specific pheromone
composition needed, as well as the
release rate, delivery method, trap type,
and trap placement that will be effec-
tive for specific applications (Witzgall
etal.2010).



Monitoring pest
populations

Pheromone trapping for monitor-

ing purposes is a key component

of integrated pest management for
several reasons:insect populations can
be detected at the onset of infesta-
tions when populations are still quite
small, the time of peak adult activity
can be identified, and pest populations
can be estimated. This information
allows for informed decision making.
Additionally, many predictive degree
day models that track insect develop-
ment throughout the summer using
outside temperatures are based on
when the first insect of the target
species is caught in a pheromone
trap. It is estimated that each year at
least 20 million lures containing insect
pheromones are produced for either
monitoring or mass trapping, cover-
ing over 24 million acres (Witzgall et
al.2010). Many insect pest species are
detected and monitored with phero-
mone traps.The codling moth is one
common example, but many other
species, such as Indian meal moth,
grape berry moth, and gypsy moth
are also monitored in the same way
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(figures 3 and 4). Pheromones are also
used to monitor for certain structural
and stored product insect pests.

Feeding attractants are another type
of semiochemical used for pest detec-
tion and monitoring. For example,
apple maggot adults are frequently
monitored

using a red 4
sticky sphere e
(mimicking an :
apple) baited
with a fruit odor
attractant lure
(see figures 5
and 6).
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FIGURE 4. Codling moth adults caught inside a pheromone trap.

FIGURE 5. Red sticky sphere used for
monitoring apple maggot adults
(attractant bait not shown).

FIGURE 3. A sticky diamond trap with a lure containing an insect sex
pheromone used for monitoring. This particular trap is staked in a
cranberry marsh and contains a lure to attract male sparganothis
fruitworm moths and monitor their activity to determine when and
if it is necessary to apply an insecticide.

FIGURE 6. Apple maggot adult.
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Mass trapping

Mass trapping was the first attempt
made at controlling insect pest
populations using semiochemicals
(El-Sayed et al.2006).The concept

of mass trapping is similar to using
pheromones as monitoring tools, but
the goal is to attract as many insects
of the target species into the trap as
possible to reduce or eradicate the
number in the field. Depending on
the targeted insect species, difficul-
ties with this method can arise since
sex pheromones, which are often
used in pheromone lures, often do
not attract females. In this situation,
because it is nearly impossible to trap
absolutely every male, and males of
many insect species will mate with
multiple females, there will continue
to be offspring and the population
may be maintained at unacceptably
high levels.Therefore, the use of sex
pheromones has limited use for mass
trapping.There has been some success
with aggregation pheromones, espe-
cially those from various beetle pests,
since in those situations both males
and females are attracted to the trap.
In addition to pheromones, food and
food volatiles for the target species
have also been used in lures to draw
the target insects into traps. However,
it is important to determine whether
other non-target insects will also be
attracted to the food before it is used
as a lure for mass trapping.

INSECTS’

Overall, there have been mixed results
with the use of mass trapping as an
insect management tool. Extensive
studies evaluating the potential for
mass trapping have been performed
targeting the gypsy moth, a few spe-
cies of boll weevils, pink bollworm,
palm weevils, a few species of fruit flies,
and bark beetles (El-Sayed et al.2006).
It appears that certain characteristics
of the targeted insect species and the
landscape are necessary for a higher
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level of potential control. First, if the
insect species has only one genera-
tion per year and has a low mating
frequency, there are fewer insects

that need to be caught per season
and the population is less likely to
exponentially increase throughout the
season. Also, the baseline population
needs to be low for a successful mass
trapping program.lsolated pockets of
pests, pests that feed on only one host
plant, and pests with limited mobility
are also favorable candidates for mass
trapping.These characteristics limit
the number of insects that migrate
into the area, and a single crop can be
targeted rather than trying to catch
insects that could be located through-
out the entire landscape (El-Sayed et
al.2006).Trap design is also critical
because the trap must successfully
capture attracted individuals and be
able to hold large numbers of insects
without becoming saturated. Despite
the mixed results, there is potential for
mass trapping to be a useful method
of pest control using semiochemical
attractants in certain situations.

Attract and kill

Attract and kill is a method that uses

a combination of either pheromones
or kairomones as attractants along
with insecticides to control insect

pest populations. In this method, the
semiochemical is mixed with or set
amongst a toxic substance whereby
when the insect is lured in, it will
encounter the insecticide and die.The
insect isn’t necessarily captured inside
a trap; rather, it needs to come in physi-
cal contact with the semiochemical/
insecticide mixture.This mixture could
be located on a post or structure in the
field, attached to the bark or branch

of a tree, or coated over an appealing
egg-laying site.Insect pathogens can
also be used instead of insecticides, a
method known as “attract and infect,”
although this is less common.
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The mechanisms and limitations of
attract and kill are very similar to
those of mass trapping, but with the
added complexity of using an effec-
tive insecticide in the mixture. Most
studies have found that in order for
attract and kill to be a successful form
of pest management, the pest popula-
tion needs to be low and in an isolated
area to limit insect immigration.The
number of lures, distribution of lures,
volume of pheromone being released,
and the duration that the pheromone
is released are also critical to the suc-
cess of the program (El-Sayed et al.
2009).Because target insects must
physically come into contact with the
dispenser in order to be killed by the
insecticide, the pheromone attractant
must be more attractive than that of
the naturally occurring source, espe-
cially when sex pheromones are being
used. Also, if the pheromone density

is too high, it will lead to disruption
rather than attraction (see the follow-
ing section on mating disruption), so
the insect will not come in contact
with the insecticide, leading to a failure
of control. Due to these constraints,
there have been mixed results with the
use of attract and kill. The use with the
most potential is to eradicate invasive
species, since new invasive species

are typically low in number and are in
isolated areas. However, many inva-
sive species are first found in urban
areas, and including insecticides in the
mixture can lead to a negative public
perception, further limiting the use

of this method (El-Sayed et al.2009).
Recently, there has been an increase in
research on the use of attract and kill
as an IPM tool with increasing promise
for important economical pests such
as codling moth and spotted wing
drosophila.



“Attract and infect,” an interesting
application of attract and kill, uses
pheromone attractants to lure insects
to inoculate them with a communi-
cable fatal disease or parasite.The
insects are then allowed to leave and
infect other members of their species.
Studies have evaluated an attractant/
fungus trap for Japanese beetles with
encouraging results (Klein and Lacey
1999).

FIGURE7. A male

moth normally finds
a female moth by
following the female’s
pheromone trail
(top). Two possible
mechanisms of
mating disruption
(lower) include the
male following a false
trail (long dashed
line) and the male
being overwhelmed
by the volume of
pheromone so that
he is unable to
respond to any of the
pheromone signals
(short dashed line).
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Mating disruption

Mating disruption is a method of pest
control that relies on pheromones
(most commonly a sex pheromone)
applied across a large area (figure 7).
The goal of mating disruption is to
decrease the probability of success-
ful mate finding, thus reducing the
number of offspring in the subsequent
generation. Mating disruption is most
efficient in areas of relatively low pest
density, since in high pest density
areas there is a greater probability that
males and females will find each other
by chance or by using visual cues.
Often this limitation is addressed by
using a preliminary insecticide spray
to reduce the pest population before
mating disruption is employed. Mating
disruption is also most effective when
applied over very large areas or iso-
lated populations.Therefore, mating
disruption is usually not practical for
small-scale agriculture (less than ten
acres) or for a backyard gardener.
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A key consideration for successful
mating disruption is the proper means
of dispensing the pheromone. Dif-
ferent pheromone dispensers have
been developed for different species
so that they release the appropriate
amount of pheromone for a certain
length of time (i.e., the pheromone
must be present for the full duration
of time when the adult insects may be
mating). Also, since pheromones are
airborne signals, the dispenser must be
placed in an area of the field where the
pheromone will not rapidly blow off
the field. Lures are commonly placed
inside tree canopies where the insects
mate or above crops where the insects
fly when searching for a mate. Differ-
ent types of pheromone dispensers
can be used, such as rubber tubing,
plastic wafers, hollow fibers, puffers,
wax matrices, or sprays (figure 8).
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Often the pheromone used for mating
disruption isn't the complete insect
pheromone but rather just a few of
the major components. Therefore, the
true female pheromone may be more
attractive than the synthetic phero-
mone, but as long as the synthetic
version is attractive enough, mating
disruption can work. However, as with
the mass trapping and attract and kill
methods, particular characteristics

of the target insect population and
environment will have an impact when
determining whether mating disrup-
tion will be a viable pest management
strategy for a particular pest in a given
location.

There have been many success stories
using mating disruption,and itis a
staple in many pest management
programs in conventional as well

as organic production systems. For
example, mating disruption is a major
component of the federal “Slow the
Spread” program focused on reducing
the rate of the invasive gypsy moth’s
spread across the country. Mating
disruption is also commonly used to
control codling moth, a major insect
pest of tree fruit.

SENSE OF SMELL

Antifeedants and
repellents

Antifeedants and repellents are
naturally occurring or synthetic com-
pounds used with the goal of prevent-
ing an insect from coming in contact
with, landing on, or feeding on a par-
ticular surface, be it a plant or human/
animal skin.They can act locally, as
with a topical lotion or surface spray, or
on a large scale, preventing an insect
from entering an entire area or crop
planting. Overall, there has been lim-
ited success with antifeedants used in
large-scale agricultural settings (Isman
2006). Neem oil is one product that has
been used as an antifeedant, but the
majority of the benefit of the oil may
be linked more closely to its insecti-
cidal properties than to merely chang-
ing the insect’s behavior.The limited
use of antifeedants in agriculture can
be attributed to the challenge that
substances used as antifeedants often
have a wide range of efficacy even
amongst closely related insect spe-
cies. Also,compounds that may deter
one pest from feeding can sometimes
attract or increase the feeding of other

FIGURE 8. Twist tie containing insect pheromone used for mating disruption.
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pest species (Isman 2006).The length
of time that the products are effective
is often quite short due to rain, UV
instability, and feeding by other insects
or organisms. This short duration also
limits the usefulness of potential prod-
ucts in an agricultural setting.

Antifeedants and repellents have been
more successful for protection against
insects that feed on humans and other
mammals, most notably mosquitoes.
The most effective and widely-used
product that has been developed is
DEET (N,N-diethyl-m-toluamide). DEET
provides a high level of protection

and good persistence. Other chemi-
cals are not as effective as DEET, but
some alternatives have demonstrated
potential. Examples include the oil of
citronella to repel mosquitoes in out-
door areas and a chemical extracted
from citrus peels (d-limonene) to repel
fleas and ticks on pets. Other plant
essential oils are being examined for
control of termites, cockroaches, flies,
and other agricultural pest insects, and
for managing mites in honeybee hives.



Push—pull system

The push-pull system was developed
for smallholder farms in Africa as a
method of pest control when insecti-
cides were not available.This system
uses both naturally occurring plant
repellents (“push”) and attractants
(“pull”) to move insect pests away from
the desired crop. Under natural condi-
tions, plants are constantly releasing
volatiles that insects are sensing.These
scents signal to an insect what is a
good food plant or egg-laying site, as
well as what is a plant to be avoided.

For the push—pull system to be a
viable pest management program,
there needs to be a plant or chemi-
cal lure that attracts the insect pest
more than the crop, and another
plant or chemical lure that repels the
insect.The repellent plant or lure is
placed within the desired crop,and
the attractant plant or lure is placed
outside of the desired crop.In this
way, the insect senses the signals of
the repellent plant or lure and stays
away from them.But if only repellent
plants or chemical lures are present,
the insects will move onto the desired
crop.Therefore, the more attractive
crop or chemical lure is placed outside
the crop, which draws the insects out
of the desired crop.The insects are
pushed out of the desired crop and
then pulled into the non-target plants
or traps.
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The main success with this system has
been protecting maize from stem-
boring insects in sub-Saharan Africa.
In the laboratory, semiochemicals that
were repellant and attractant to the
stemborers were identified. Native
plants in the area were then screened
to determine which ones produced
those semiochemicals and were also
available and economically viable

to grow. A couple of legumes in the
genus Desmodium and a grass species,
molasses grass (Melinis minutiflora),
were identified to be especially
repellant to the stemborers, and
Napier grass (Pennisetum purpureum)
was selected as an attractant. Other
plants were also studied to determine
which ones were more drought
tolerant so that this system could

be used in drier areas or others that
had beneficial properties like weed
suppression. Currently, the push-pull
system is being used by about 125,000
smallholder farmers in eastern Africa
and has shown to be very successful at
increasing maize yields with minimal
inputs (Kahn et al.2016).

Insect communication using smell

is a critical factor in an insect’s abil-

ity to find mates, locate food, and
avoid predators.When controlling

an insect pest, these modes of com-
munication can be manipulated in
order to change the insect’s behavior.
Synthetic versions of attractive scent
molecules used by insects can be used
in management strategies for pest
monitoring, mass trapping, attract and
kill, and mating disruption. Unappeal-
ing or repulsing scents (natural or
synthetic) can be used as antifeedants
and repellents or for crop protection
using a push—pull strategy. Knowledge
of these methods combined with

the specific pest’s biology, can form a
significant component of an effective
integrated pest management program.

WISCONSIN-EXTENSION

References

El-Sayed, A.M., D.M.Suckling, J. A.
Byers, E.B. Jang, and C.H.Wearing.
2009. Potential of “lure and kill”in
long-term pest management and
eradication of invasive species. J.
Econ.Entomol. 102(3):815-835.

El-Sayed, A.M., D. M. Suckling, C.H.
Wearing, and J. A.Byers. 2006.
Potential of mass trapping for
long-term pest management and
eradication of invasive species. J.
Econ.Entomol.99(5):1550-1564.

Isman, M. B.2006.Botanical
insecticides, deterrents, and
repellents in modern agriculture
and an increasingly regulated world.
Annu.Rev.Entomol.51:45-66.

Kahn, Z.,C.A.O.Midega, A.Hooper,and
J.Pickett. 2016. Push—pull: Chemical
ecology-based integrated pest
management technology. J. Chem.
Ecol.42:689-697.

Klein,M.G.and L. A.Lacey. 1999. An
attractant trap for autodissemination
of entomopathogenic fungi into
populations of Japanese beetle
Popillia japonica (Coleoptera:
Scarabaeidae). Biocontrol Sci.and
Techn.9:151-158.

Vogt, R.G.and L. M. Riddiford. 1981.
Pheromone binding and inactivation
by moth antennae. Nature.293:161-
163.

Witzgall, P, P.Kirsch, and A.Cork.2010.
Sex pheromones and their impact
on pest management.J.Chem.Ecol.
36:80-100.



UTILIZING INSECTS” SENSE OF SMELL FOR PEST MANAGEMENT

EXtension

University of Wisconsin-Extension

Copyright © 2017 by the Board of Regents of the University of Wisconsin System doing business as the division of Cooperative
Extension of the University of Wisconsin-Extension. All rights reserved.

Authors: Annie Deutsch is agriculture agent with UW-Extension Door County. Christelle Guédot is assistant professor of entomology,
College of Agriculture and Life Sciences, University of Wisconsin-Madison and UW-Extension, Cooperative Extension. Cooperative
Extension publications are subject to peer review.

Photo credits: CSIRO (adult silk moth); M.G. Klein, USDA Agricultural Research Service, Bugwood.org (Japanese beetles); Annie Deutsch
(sticky diamond trap); Whitney Cranshaw, Colorado State University, Bugwood.org (codling moth adults in pheromone trap); Dan Mahr,
UW-Madison (red sticky sphere); Joseph Berger, Bugwood.org (apple maggot adult); Utah State University Extension IPM Program
(diagram of mating disruption); Eugene E. Nelson, Bugwood.org (twist tie).

University of Wisconsin-Extension, Cooperative Extension, in cooperation with the U.S. Department of Agriculture and Wisconsin
counties, publishes this information to further the purpose of the May 8 and June 30, 1914, Acts of Congress. An EEO/AA employer,
University of Wisconsin-Extension provides equal opportunities in employment and programming, including Title VI, Title IX, and the
Americans with Disabilities Act (ADA) requirements. If you have a disability and require this information in an alternative format (Braille,
large print, audiotape, etc.), please contact oedi@uwex.uwc.edu. For communicative accommodations in languages other than English,
please contact languageaccess@ces.uwex.edu. If you would like to submit a copyright request, please contact Cooperative Extension
Publishing at 432 N.Lake St.,Rm. 227, Madison, WI 53706; pubs@uwex.edu; or (608) 263-2770 (711 for Relay).

This publication is available from your county UW-Extension office (counties.uwex.edu) or from Cooperative Extension Publishing.To
order, call toll-free 1-877-947-7827 or visit our website at learningstore.uwex.edu.

Utilizing Insects’ Sense of Smell for Pest Management (A4135) 1062017


mailto:oedi@uwex.uwc.edu
mailto:languageaccess@ces.uwex.edu
mailto:pubs@uwex.edu
http://counties.uwex.edu/
http://learningstore.uwex.edu

