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Pelletier, Y., Misener, G.e. and McMillan, L.P. 1998. Steam as an
alternative control method for the management ofColorado potato
beetles. Can. Agric. Eng. 40:017-021. Laboratory and field exper
iments demonstrated that a steam and air mixture generated by a
prototype unit can critically injure over 50% of the adult Colorado
potato beetles while imparting acceptable injury to potato plants. Low
pressure steam injected into a hood which covered a plant was found
to be an effective means of dispersing steam into the canopy. The
temperature under the hood was a better predictor of the damage to the
insect and to the plant than exposure. A prototype field machine was
developed based on the results from the laboratory study. From field
studies, the prototype field unit was found to injure 56% ofthe beetles
and showed good canopy penetration.

Des experiences en laboratoire et au champ ont montre qu'un
melange de vapeur et d'eau, genere par un prototype, peut blesser
severement plus de 50% des doryphores de la pomme de terre, sans
endommager serieusement les plants de pomme de terre. On a observe
que l'injection de vapeurabasse pression dans un tunnel recouvrant les
plants etait un moyen efficace de disperser la vapeur a travers Ie
feuillage. La temperature dans Ie tunnel etait un meilleur indicateur des
blessures infligees aux insectes et aux plants que Ie temps d'exposition.
Le prototype utilise au champ a ete developpe apartir des resultats de
l'etude en laboratoire. Lors des experiences au champ, Ie prototype a
blesse 56% des doryphores et a permis de bien disperser la vapeur a
travers Ie feuillage.

INTRODUCTION

The Colorado potato beetle, Leptinotarsa decemlineata (Say),
is a serious foliage pest for the potato crop in eastern North
America. Both the larvae and the adults feed on the leaves ofthe
potato plant. Unless controlled, they can strip and kill the plants
so that tubers do not develop or the yield is greatly reduced.
Heavy reliance on pesticides for control has resulted in severe
problems ofinsecticide resistance in some regions and potential
problems in other regions (Boiteau et al. 1987). Alternative
strategies to chemical control are required to manage the pest
and to minimise environmental degradation by agrochemicals.
One alternative that has recently been introduced is the use of
vacuum insect collectors. They have been used as sampling
devices by entomologists to monitor insect pests in crops for
many years (Dietrick 1961). In the 1980's, industrial vacuum
equipment was modified to create bug vacuums that could
remove insect pests from crops. Further improvements resulted
in machines that are now used extensively in California and
elsewhere to remove pests from strawberry, lettuce, and carrot
fields. Recently, a commercial scale vacuum insect collector
was developed in Massachusetts to control the Colorado potato
beetle. It attracted the attention of growers in the USA and

Canada and is now manufactured and distributed in Canada.
Studies conducted in New Brunswick found that after a single
pass of the machine, at least 48% of the adults and 40% of the
small larvae, but only 27% ofthe large larvae had been removed
(Boiteau et al. 1992).

Another physical control strategy that is being developed is
the use ofplastic-lined trenches around potato fields. Evidence
was provided in 1990 that plastic-lined trenches could trap
walking adult Colorado potato beetles (Duchesne and Boiteau
1991). Laboratory and field experiments in 1991 demonstrated
the value of this technique (Boiteau 1992; Misener et al. 1993).
This control strategy requires a device that can dig an
appropriately sized trench and line it with plastic to make it a
commercially viable option for growers.

Preliminary work at the Potato Research Centre (Fred
ericton, NB) has shown the effectiveness ofthermal inactivation
of the beetle (Pelletier et al. 1995). It was demonstrated that the
legs of the adult Colorado potato beetle can be damaged by
exposing the insect to temperatures from 68 to 75 ac. By
dipping the insect for a short period oftime (0.2 to 0.4 s) in hot
water, muscles of the legs were inactivated. This damage is
permanent and mortality is caused indirectly by starvation and
infection ofthe dead tissue. The use ofsteam in the inactivation
of Colorado potato beetles would provide an alternative tactic
for the management of this pest and could be included in an
integrated pest management strategy.

The objectives of our study were to establish the
experimental parameters for steam inactivation of beetles and
plant damage at different steam and air temperatures and to
develop a prototype apparatus for evaluating this approach to
insect control under field conditions.

METHODS and MATERIALS

Laboratory study

An experimental apparatus was built that facilitated the
exposure of adult Colorado potato beetles and potato plants to
steam and air mixtures. The apparatus consisted ofa hood 600
mm long x 300 mm high x 300 mm wide mounted on rollers.
The unit ran on parallel rails 4 m long and was driven along the
track by a reversible variable speed motor connected to a
continuous loop of roller chain. Steam was delivered to four
nozzles mounted in the side of the hood by flexible lines from
a boiler operating at 100 kPa (Fig. I). A photo switch and
multiple reflectors mounted on the hood measured travel speed.
All data were captured by a data logger (model CR I0, Campbell
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• Unable to survive since beetles are unable to feed

Table I: Mobility index of adult beetles

air mixture. Ten potted plants
per replicate, 250 to 300 mm in
height, were subjected to the
same exposure times as the
beetles. The plants were held
over night and rated for injury.
Plant injury was rated using an
index of leaf area damaged as
0=0% damage, 1= 1-1 0%
damage, 2=11-30% damage,
3=31-50% damage, 4=51-70%
damage, and 5=71-100%
damage. Changes in the colour
of leaves, loss of turgor,
necrosis, and other evident
injury were noted.

1-3 tarsi damaged

Dead

Unable to climb

Description

Unable to walk

Tibia of some legs not moving

No leg movement

Normalo

6·

2·

Mobility Index

Field study
A prototype field machine was
developed based on the results
from the laboratory study. The
single row field machine was
mounted on a three point hitch
tool bar and the water supply
tank was mounted at the front of
the tractor (Fig. 2). A steam
generator, steam separator, and
propane tank were attached to
the tool bar and a pivoted frame
held the steam containment
hood. The hood (900 mm x 300
mm x 300 mm) was fitted with
height control wheels. Rubber

curtains, 500 mm high, extended 600 mm to the rear and 850
mm ahead on each side of the hood to shield the treatment area
from the wind.

During operation, water was pumped by a high pressure
gas-powered pump from the storage tank, through a flow control
orifice to the steam coil. Propane burners heated the water to a
mixture ofsteam and water which was delivered to the separator
where water was separated and returned to the supply tank.

travel limit switch

speed controler

chain drive

Fig. 1. Laboratory apparatus used to measure beetle/plant response to steam/air
temperatures.

Scientific Inc., Logan, UT) and transferred directly to a
computer for analysis. Steam flow to the hood was measured
using a calibrated orifice plate (Model Oripac, Lambia Square
Inc., Bay Shore, NY) and a differential pressure gauge (Model
4025C, Dwyer Corporation, Michigan City, IN). At 100 kPa
boiler pressure, steam flow was measured at 27.0 kg/h.

For the laboratory experiment, plants grown in greenhouses
were used. A single stalk was trimmed to two full leaves and
placed in damp vermiculite such that the stalk plus container
were from 250 to 300 mm in height. This arrangement was used
to optimise the exposure of the insect to steam. Five beetles
were placed on each stalk 1h before the experiment to allow the
beetles to resume their normal activities. The study involved
subjecting plants and beetles to seven exposure times (0.26 to
2.08 s) by varying the speed of the steam hood travelling on the
rails. Each exposure time was replicated 10 times using different
plants and beetles for each replicate. The temperature under the
hood was evaluated for each exposure time by replacing a plant
by a thermocouple type T, 0.0762 mm diameter thermocouple
wire. The thermocouple was set in the same position as the top
part of the plant. The thermocouple was connected through a
travelogger (ModeITL-14, Dianachart Inc., Rockaway, NJ) to a
notebook computer (Model 7500A, Magitronic Inc., Taiwan).
Data sampled at 500 Hz were stored directly in computer files
for later analysis. The beetles were rated for the degree ofinjury
according to a mobility index as presented in Table I. The
beetles were supplied with food until the rating was completed.
A similar experiment was conducted with plants in order to
determine the degree of injury when subjected to the steam and
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RESULTS AND DISCUSSION

set in a row and then subjected to the
steam application at varying rates of
forward speed. All beetles were
collected immediately after the test
and evaluated in a similar manner to
the laboratory study. A total of 10
plants from the I-m section and
adjacent to the section were
evaluated for injury. The evaluation
was made 24 h after the test.
Temperature in the hood was
measured for each replicate using a
thermometer mounted through the
top of the hood. Exposure time
varied from 0.72 to 1.4 s. (forward
speed of 4.5 to 2.3 kmlh).

Regression analysis ofthe results
was done with Microsoft Excel
(version 7.0).

steam
nozzle

The effectiveness ofan insect control
system based on steam depends on
its capacity to heat the legs. A
temperature of around 65 °C is
required to damage the smaller
segments of the Colorado potato
beetle (Pelletier et al. 1995).
However, heat transfer to the plant
should be low enough to avoid
damage. Besides the thermal
characteristics of the beetle legs and
ofthe plant tissue, the temperature of
the steam and the exposure time are
the main factors influencing heat
transfer. The temperature and the
exposure time in the laboratory

experiment were significantly (P< 0.01) correlated (R2=0.74)
but not in the field experiment (R2=0.08 at P>O.I). With larger
dimensions and the presence of rubber curtains, the hood used
in the field experiment reduced heat loss around the edges ofthe
apparatus, thus insects and plants would experience higher
temperatures.

The proportion of insects damaged in the laboratory
experiment was correlated with both temperature (R2=0.86,
P<O.O I) and exposure time (R2=0.64, P<O.O I) (Fig. 3). A similar
correlation was observed between the average plant damage
index and temperature (R2=0.99, P<O.OI) and exposure time
(R2=0.81, P<O.OI). At the maximum acceptable level of plant
damage (damage index of 3), only 35% of the beetles were
critically injured. In the laboratory experiment, the ambient
temperature generated inside the hood was greatly affected by
the speed of the applicator. Since the legs of the insects were
targeted, it was thought that an increase in the steam
temperature and its application during a very short time would
create a condition where the plant would be less damaged and
a higher proportion of the beetles incapacitated. The leg of the
Colorado potato beetle varies in diameter between 0.5 to 1 mm
which makes possible a rapid exchange of heat. Furthermore,
we observed that the presence of heat in the vicinity of the

Fig. 2. Prototype field machine used to control Colorado potato beetle by the
injection of steam into the plant canopy.

Steam was delivered to two 50 mm diameter pipes attached to
each side of the hood. The conditions in the heating coil of the
steam generator were maintained at 2000 kPa and 225 °C. The
steam and water mixture was delivered to an in-line orifice (8
mm in diameter) before entering the tower separator.

Steam flow to the hood was 0.9 kg/min, which was deter
mined by measuring the mass loss from the water supply tank.
All pressure relief valves and the water return from the separ
ator were directed back to the supply tank through a cooling coil
to reduce the temperature to ambient conditions. The supply
tank was mounted on a platform balance (Model PL-150-10,
Ohaus Corporation, Florham Park, NS). The prototype steam
unit was operated at normal temperature and pressure. The
reduction ofwater from the tank over a specific time period was
assumed equivalent to the steam released to the atmosphere.

Testing of the prototype field unit occurred in July and
August of 1995. Three plantings of potatoes, cv. Russet
Burbank, were postponed until late June in order that the plants
would be 150 mm high in mid-summer when the field unit was
ready. Beetles were from untreated fields at the Potato Research
Centre. Twenty-five beetles were placed on plants (2 or 3) in a
I-m row section at least 30 min before the test to allow the
beetles to resume their normal activities. Five I-m sections were
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Fig. 3. Relationship of beetle injury (solid marks and
line) and plant damage (open marks and dashed
line) to the temperature of (A) and the exposure
time (B) to steam and air mixture under
laboratory conditions. Standard error is shown
with the means.

Fig. 4. Relationship of beetle injury (solid marks and
line) and plant damage (open marks and dashed
line) to the temperature of (A) and the exposure
time (B) to steam and air mixture under field
conditions. Standard error is shown with the
means.

insect triggered thanatosis reaction where the insect takes a
"dead" position (legs against the body) and falls on the ground.
It is therefore necessary to transfer enough energy to damage the
leg before the initiation of the thanatosis behaviour.

Under field conditions, the prototype steam unit performed
better than the laboratory apparatus (Fig. 4). The temperature
observed in the hood had more impact on the damage to plants
and to insects (R2 of 0.55 and 0.69, respectively) than the
exposure time (R2 of0.33 and 0.29, respectively). The threshold
for acceptable plant damage (30%) was reached at a temperature
of 79.3 °c. At that temperature, approximately 56% of the
beetles were critically injured. Exposure time in the field ranged
from 0.72 to 1.4 s, which corresponded to travel speeds of 1.0
to 2.3 kmJh. For similar damage to the plant, the field apparatus
injured a higher proportion of insect. Since the laboratory
experiment was done with a simple potato stem, this result

indicated that a good penetration of the potato canopy was
achieved with the field unit.

For both experiments, the temperature under the hood
explained most of the damage to the plants and insects. Based
on our results, temperatures higher than those used in the field
would have more impact on the insects than on the plants.
However, the threshold ofacceptable plant damage was reached
at around 79°C. Use ofhigher temperatures would improve the
proportion of beetles damaged, but would produce too much
plant damage to be commercially viable. Since the exposure
time had less influence on both plant and insect damage, it is
unlikely that the impact of an increase in temperature could be
compensated for by a reduction in exposure time.

The steam prototype, with an effectiveness of 50% of the
beetles damaged in the field, may not be a viable alternative to
the more popular control methods. However, the use of steam
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as an integral part ofan integrated pest management strategy can
provide an effective means of pest population management.
With further study, viable combinations ofboth traditional and
non-traditional Colorado potato beetle population control
methods can be developed.
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