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The Colorado potato beetle, Leptinotarsa decemlineata, is the most significant insect
pest of the solanaceous family of plants, which includes potatoes, tomatoes, and eggplant.
Both adults and larvae feed on plant foliage. In the absence of control measures, Colorado
potato beetle damage can result in complete defoliation of potato fields.

CoLorADO PoTATO BEETLE
LiFE CYCLE

olorado potato beetles overwinter in

the soil as adults, often aggregating in

woody areas adjacent to the fields in

which they have spent the previous
summer. Starting in late May, the overwintered
beetles dig themselves out of the soil and mate.
Then they colonize potato fields, feed for several
days, and start laying eggs. If fields have been
rotated, these beetles are able to fly up to several
miles to find new host habitat. Overwintered
adults live for one to two months after colonizing
host plants in the spring.

A single Colorado potato beetle female is capable
of producing roughly 600 eggs. Eggs laid by the

Fig. 1.

C-larva.

overwintered beetles begin to hatch within one
week. Newly emerged larvae disperse over short
distances and almost immediately start feeding
on potato foliage. The larvae spend most of their
time on plants. They undergo three molts over
the course of 10 to 20 days, and then burrow into
the soil to pupate. The pupal stage lasts for 10 to
15 days. Then the first summer generation of
adults digs out of the soil and climbs back onto
potato plants to feed. It takes them about 7 to 9
days to develop reproductive systems and flight
muscles. After development has been completed,
the beetles mate and start laying eggs.

The reproduction continues until diapause
(dormancy) is induced by decreasing day length
in early to mid August. Then the beetles either
walk to the overwintering sites or burrow into
the soil directly in the field. In Maine, usually a
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Colorado potato beetle life stages. A—adult; B—eggs;



single generation is completed during the Potato Beetle,” bulletin #5012 from

growing season, although two University of Maine Cooperative
generations may be possible in southern Extension, available at
parts of the state during especially warm extension.umaine.edu (“Publications”).

years. Later generations are usually less of

a concern for potato growers because of THE PHENOMENON OF
their smaller size, as well as the fact that INSECTICIDE RESISTANCE

mature plants can better withstand

defoliation without yield reduction. Pesticide resistance in arthropods costs
farmers millions, if not billions, of dollars

each year. Currently, more than 500
different species of arthropods are
resistant to a wide variety of chemicals.

For more detailed information on
Colorado potato beetle biology, as well as
on the monitoring and control of its
populations, please refer to “Colorado

Fig. 2. Generalized process of insecticide resistance development.
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Insects may decrease their susceptibility
to toxins in a variety of ways. In some
cases, they become capable of digesting
insecticides before their vital organs and
tissues are affected. In other cases, their
bodies change on the molecular level so
that toxins no longer affect them. In still
other cases, resistant individuals quickly
excrete the poisons before the damage is
done. Also, some resistant insects may
become less exposed to insecticides, either
because they become capable of detecting
and avoiding toxins, or because toxin
penetration through the body wall is
reduced.

Insecticide resistance is a matter of the
frequency of resistant individuals in the
population. The simple presence of
resistant genes does not mean that a
particular insecticide is doomed. As long
as resistant individuals are few and far
between, they are not capable of doing
enough damage to decrease the yield.
Thus, effective control is still being achieved.

Development of insecticide resistance in
insect populations is a typical
evolutionary process driven by survival
of the fittest individuals. Initially,
resistant insects result from random
mutations caused by internal factors, such
as various molecules bumping against
DNA in their chromosomes, or external
factors, such as solar radiation. Under
normal conditions, survivorship and
reproductive success of resistant mutants
is usually lower than that of susceptible
insects of the same species. Therefore,
relatively few resistant mutants persist in
a population that is not exposed to a
particular insecticide to which they have
developed resistance.

The situation changes dramatically when
such an insecticide is applied. The
chemical kills off susceptible genotypes,

while resistant mutants survive and
thrive in the absence of competition.
Pretty soon, their numbers increase to the
densities sufficient to cause significant
economic damage.

Most commonly, insects become resistant
to a single chemical to which they were
exposed. However in some cases, resistance
to one pesticide results in resistance to
multiple pesticides. Usually —but not
always — these pesticides have similar
chemistry and modes of action (ways they
kill their target pests). This phenomenon is
known as cross-resistance. In other cases,
simultaneous and/or successive selection
by several different pesticides may result in
resistance to all of them. This phenomenon
is known as multiple resistance.

Insecticide resistance in the
Colorado potato beetle

The Colorado potato beetle has a
remarkable ability to develop resistance to
a wide range of pesticides. Plants in the
family Solanaceae, which are natural food
sources for this insect, have high
concentrations of rather toxic
glycoalkaloids in their foliage. These
toxins protect them from a wide range of
herbivores. However, Colorado potato
beetles have evolved an ability to
overcome the toxic defenses of its hosts.
Apparently, this ability also helps them to
adapt to a wide range of human-made
poisons. Also, high beetle fecundity
increases the probability that one of the
numerous offspring mutates, as well as
ensures that the resistant population
builds up rapidly once such a mutation
has occurred.

The first instance of Colorado potato
beetle resistance to synthetic organic
pesticides was noted for DDT in 1952.
Resistance to dieldrin was reported in
1958, followed by resistance to other

EXTENSION.UMAINE.EDU



chlorinated hydrocarbons. In subsequent
years, the beetle has developed resistance
to numerous organophosphates and
carbamates. In some cases, a new
insecticide failed after one year—or even
during the first year —of use.

Presently, resistance has been reported to
nearly every chemical that has ever been
used to control Colorado potato beetle.
Obviously, not every single population is
resistant to all insecticides. However, both
cross-resistance and multiple resistance
are rather common. The major problem
area is the northeastern United States;
however, resistance has also been
detected in other areas of the U.S.,, as well
as in Canada, Europe, and Asia.

Physiology and genetics of resistant
beetles

Although many details still need to be
tigured out, a significant amount of
information on insecticide resistance in

Figure 3. Cumulative number of insecticides to which resistance in
the Colorado potato beetles has been reported (Arthropod
Pesticide Resistance Database, 2007).
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the Colorado potato beetle is already
available.

First, we know that in the absence of
insecticides, fitness of insecticide-resistant
individuals is usually low compared to
insecticide-susceptible individuals. They
have lower reproductive success, higher
mortality, and are incapable of successful
competition with their susceptible brethren.

Secondly, insecticide-resistant versions of
genes are usually incompletely dominant,
meaning that the level of resistance in
hybrid crosses between resistant and
susceptible beetles are somewhere in
between that of their parents.

Third, when such semi-resistant hybrids
mate with each other, some of their
offspring will be highly resistant.

PREVENTING INSECTICIDE
RESISTANCE

Preventing resistance is as essential a part
of good insecticide stewardship as
minimizing drift or wearing personal
protective equipment. Similar to most
other problems, resistance is more easily
avoided than mitigated. Don’t wait until
insecticide failure becomes noticeable in
the field, as you may find yourself with
few control options. A better strategy is to
incorporate these preventive practices
into your management system:

1. Identify fields where Colorado
potato beetles are at high risk of
developing resistance. In theory, any
field that has been treated with
insecticides is at risk. However, on
some fields the risk is higher than on
the others. Generally speaking, the
more extensively a given chemical —or
class of related chemicals —is used, the
higher the probability becomes that it
will fail due to resistance development
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Figure 4. Risk of insecticide resistance depends on management practices.
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(see Figure 4 on page 5). Conversely,
integrating various chemical and non-
chemical techniques will keep beetle
populations under damaging levels
for greater periods of time.

Rotate among different insecticide
mode-of-action groups. Relying on a
single insecticide as a sole method of
keeping the beetle populations in
check will eventually result in failure.
Relying on a single class of chemically
related insecticides will have the same
effect: similar chemicals are likely to
poison their target insects in a similar
way. If an insect becomes capable of
overcoming one of them, it is fairly
likely that it will also overcome
another one that has a similar
chemical structure and mode of
action. This phenomenon is known as
cross-resistance.

The Insecticide Resistance Action
Committee, a specialist technical

group supported by the agrochemical
industry, has arranged all insecticides
in groups based on the similarities in
their chemical structures and modes
of action. Insecticides belonging to
different mode-of-action groups (see
Table 1 on page 7) should be rotated
throughout the growing season.

Use the full label rate of insecticides.
Otherwise, you might not kill the
hybrid crosses between resistant and
susceptible beetles (see facing page,
“Physiology and genetics of resistant
beetles”).

Do not rely on insecticides alone.
Every grower should practice crop
rotation, which has been repeatedly
shown to suppress Colorado potato
beetle populations. Rotated fields
should be located as far from the
previous year’s crop as possible, so
that the beetles have difficulty finding
them. This allows growers to reduce
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the number of insecticide applications
necessary to control the beetles, thus
reducing selection pressure towards
resistance development. For example,
an average of 4.78 insecticide
applications were required to control
Colorado potato beetles on non-
rotated commercial potato fields
during the 2005 growing season in
southern Maine, compared to only
2.73 applications on rotated fields.

Use economic thresholds when
making decisions about spraying.
Not only does chasing every single
beetle with a sprayer result in wasted
time and money; it also contributes to
rapid resistance development. Trying
to kill all the beetles with insecticides
usually results in killing all
susceptible beetles. Only resistant
beetles survive —which is why they
are called resistant in the first place.

When resistant beetles mate with each
other, all their progeny are resistant.
When resistant beetles mate with
susceptible beetles, their progeny are
less resistant, and usually can be
killed by the full label rate of
insecticide.

Leave untreated refuges in which
susceptible beetles can survive. If
you apply insecticide in furrow or as a
seed treatment to the whole field, you
lose the advantage of treating
according to economic thresholds. In
addition, you still need to supply
susceptible mates for resistant beetles.
Unless you intend to run a dating
service for lonely beetles, leaving a
few untreated rows at planting is your
best solution. If necessary, those can
be treated later with foliar sprays.

Preventing resistance development
requires additional effort on the grower’s
part. However, the era of cheap and
readily obtainable insecticides is coming
to an end. Therefore, few control options
may be on hand if currently available
chemicals fail as a result of resistance.
Good stewardship of existing products is
essential for ensuring long-term success in
chemical pest control.

Additional Information

Please visit this publication’s companion
Web site, “Insecticide Resistance in the
Colorado Potato Beetle,” at
resistance.potatobeetle.org. You will find
detailed information on Colorado potato
beetle (CPB) life history, resistance
development, the timeline of CPB resistance,
management principles, and links to other
resources, including a CPB bibliography.

This publication is based upon work supported
in part by the U.S. Environmental Protection
Agency'’s Pesticide Environmental Stewardship
Program (http://www.epa.gov/oppbppd1/pesp/)
Region 1 Assistance Award No: PE-97145501.
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Table 1. Insecticides registered for Colorado potato beetle control, arranged by mode of action groups, (developed by the
Insecticide Resistance Action Committee). Products belonging to the same group should never be used after each

other.
Group  Subgroup Mode of action Chemical group Product names
1 A Acetylcholine esterase inhibitors Carbamates Vlydate, Lannate, Sevin, Furadan
B Organophosphates Dimethoate, Di-Syston, Mocap,
Malathion, Methyl Parathion, Imidan,
Penncap-M, Thimet/Phorate,
Monitor, Guthion
2 A GABA-gated chloride channel Cyclodiene Phaser/Endosulfan
antagonists organochlorines
3 Sodium channel modulators Pyrethroids, Pyrethrins Asana, Baythroid, Decis, Ambush,
Leverage1, Pounce
4 A Nicotinic acetylcholine receptor Neonicotinoids Platinum, Admire, Alias, Cruiser,
agonists / antagonists Gaucho, Genesis, Leverage
Actara, Provado, Pasada, Assalil,
Voliam FlexiZ
5 Nicotinic acetylcholine receptor Spinosyns Success/SpinTor
agonists (other than group 4)
6 Chloride channel activators Avermectins Agri-Mek, ABBA
1" Microbial disruptors of insect midgut | Bacillus thuringiensis Javelin, Dipel, Novodor, etc.
membranes subsp. tenebrionis
15 Inhibitors of chitin biosynthesis, type ' Benzoylurea Rimon
0, Lepidopteran
18 B Ecdysone agonists / moulting Azadirachtin Azadirect, Ecozin
disruptors
22 Voltage-dependent sodium channel | Indoxacarb Avaunt
blocker
25 Neuronal inhibitors Bifenazate Acramite
(unknown mode of action)
28 Ryanodine receptor modulators Diamides Altacor, Coragen, Voliam Flexi2
Compounds of unknown or Cryolite Kryocide
un nonspecific mode of action

(selective feeding blockers)

1 Leverage is a mixture of cyfluthrin (a pyrethroid) and imidacloprid (a neonicotinoid). As such, it should follow neither pyrethroids nor neonicotinoids in

a rotation sequence.

2 \oliam Flexi is a mixture of rynaxypyr (a diamide) and thiamethoxam (a neonicotinoid). As such, it should follow neither diamides nor neonicotinoids i

in a rotation sequence.

Adapted with permission from the National Potato Council, Neonicotinoid Insecticides: A Grower Approach to Resistance Management
of Colorado Potato Beetle and Green Peach Aphid in Potato (brochure, 2006).

EXTENSION.UMAINE.EDU



Visit potatobeetle.org

® CPB biology and management
® History

® [nsecticide resistance

® Bibliography

® Resources

© 2008

For information on publications and program offerings from University of Maine Cooperative Extension, or to find your
county office, call 800-287-0274 or TDD 800-287-8957 (in Maine), or 207-581-3188, or visit extension.umaine.edu.

Published and distributed in furtherance of Cooperative Extension work, Acts of Congress of May 8 and June 30, 1914, by the
University of Maine and the U.S. Department of Agriculture cooperating. Cooperative Extension and other agencies of the USDA
provide equal opportunities in programs and employment. 12/08




