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INTRODUCTION

Certain insect pests may be controlled
by introducing sterile males into the
breeding areas of the wild insects. The
method usually involves the release of
largenumbers of laboratory-reared insects
that have been sterilized by gamma radia
tion. Matings between the sterile males
and wild females result in sterile eggs. The
wild population is consequently reduced,
the rate of reduction being directly pro
portional to the ratio of sterile to fertile
males.

One important requirement of this
method of control is an effective pro
cedure for releasing the sterile insects.
The procedure should be economical and
result in distribution of the insects, with
out injury, at controllable rates.

Basically there are two types of release
— ground and aerial. The former usually
involves emergence of the sterilized
insects from fixed containers (10). Aerial
release involves the discharge of insects
from helicopter or fixed-wing aircraft.
During aerial release the insects are nor
mally confined and protected in paper
bags (1, 4,8), cardboard boxes (1,2,10),
or frozen food cartons (1). More recently,
aerial release without containers, i.e. free
insect release, was used for the codling
moth, Laspeyresia pomonella (L.) and
two other insects (3, 8).

This paper describes the methods em
ployed in British Columbia for releasing
sterile codling moths for control of this
very serious apple pest. Particular em
phasis is given to a procedure for free
moth release from a helicopter.
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RELEASE PROCEDURES

AND EQUIPMENT

Four procedures for the release and
distribution of moths in the orchard were

evaluated. These were:

1. Release from ground containers.

2. Release in boxes from a helicopter.

3. Free release (without containers) from
a helicopter.

4. Free release from a tractor-mounted

dispenser.

Before release, the sterilized moths
were given a light dusting with one of
four Day Glo® fluorescent pigments.
The sterile moths were readily distin
guishable from native moths by examina
tion under ultra-violet light. Preliminary
experiments showed that these pigments
would mark the insects without affecting
their flight, or the response of male
moths to sexually-attractive females.

Female-baited traps, used for recover
ing male moths, have been described pre
viously by Proverbs (5). In the present
experiments these traps were used to
determine whether the methods of release

were injurious to the insects and to con
firm that the desired ratio of at least 20

sterile moths to 1 native moth was main

tained in the orchard throughout the
season.

Release from Ground Containers

Several ground release procedures were
compared. These were:

1. Moths were scattered by hand in the
orchard grass.

2. Paper bags containing moths were
hung in the trees.

3. Weighted paper bags containing moths
were thrown from a slowly-moving
truck into the orchard grass.

4. Small polyethylene trays containing
moths were placed in the trees.

5. Sturdy wooden release stations were
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placed in the trees. These stations were
designed to protect the moths from
wind, rain, birds and predacious
insects.

With each method, 1300 male and
1300 female moths were marked and re

leased in a 0.4-hectare block of apple
trees. Female-baited traps were used to
evaluate the effectiveness of the different

methods.

Release in Boxes from a Helicopter

Aerial release in boxes from a heli

copter was compared with ground release
in 1969. Moths were prepared for aerial
release by loading each of 144 cardboard
boxes (about 5 x 11 x 14 cm) with 1 g of
coloured moths (approximately 23 males
and 23 females). An equal number of
boxes was loaded with moths of a differ

ent colour for ground release.

The U.S.D.A. box ejector (2) was used
to release the boxes at 32-meter intervals

over each of three rows of apple trees
spaced 30 m apart. The helicopter flew
10 m above the tree tops at about 65
km/hr. The ground release was carried
out by placing the open boxes on the
ground at 32-m spacings in the same tree
rows. The experiment was repeated three
times. Female-baited traps were used to
compare the effectiveness of the two
release methods.

The helicopter with box ejector was
used throughout the summer of 1969 for
codling moth control in a 48-ha apple
orchard. Flight paths were 30 m apart
and boxes were dropped at 32-m inter
vals. Approximately two million sterile
male and female moths were released,
resulting in a ratio of sterile to wild males
that never fell below 35:1 except during
the first two weeks of release when the

ratio was only 5:1. The codling moth
control acheved was determined by com
paring the per cent of infested fruit in the
treated block, at harvest, with that in
adjacent orchards that had been chemi
cally sprayed for moth control.
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Free Release from a Helicopter

In 1970 it was decided to investigate
the feasibility of discharging the moths in
a continuous trickle from the helicopter.
Exploratory work in which codling moths
were introduced into the airstream of an

orchard sprayer indicated the insects
could probably withstand free release
from a helicopter flying at speeds up to
lOOkm/hr.

Dispersal equipment

The equipment had to be capable of
dispensing the codling moths at a steady
rate over the range from 20 to 130 g/min
(1000 to 6500 moths per minute) with
out causing injury. A vibratory feeder was
chosen because of the simplicity of the
drive, relative ease of obtaining a fairly
wide range of flow rates, and lack of
injury to the moths.

The feeder selected was the Syntron
Model MF-TO, 110V AC, 20 watts.
(Syntron Canada Ltd., Stoney Creek,
Ontario.) The frequency of vibration was
60 Hz; the amplitude of the vibration was
controlled by a rheostat. Power was
obtained from a 12V storage battery
through a converter.

The vibratory feeder and a feed
hopper were mounted in a frame, with
provision for controlling the angle of tilt
of the feeder trough (Figure 1).

Figure 1. Vibratory feeder and hopper.

The feed hopper was designed to mini
mize bridging of the moths. It was 28 cm
high and made of smooth aluminum. Two
sides were vertical, and two about 25°
from the vertical. The top opening was
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10 x 11.5 cm and the bottom 2.5 x 1.25

cm, with the longer edge parallel to the
vibrator trough. The forward edge of the
hopper bottom was shortened by 1.25
cm. This size of bottom opening gave a
controllable feed rate in the required
range without moth bridging.

The standard trough on the vibratory
feeder was too large and rough. There
fore, a smaller auxiliary trough, 2.5 cm
deep and 1.25 cm wide was fitted inside
the standard trough. To prevent inter
ference between the hopper and the
vibrating trough a slight clearance was
provided between them.

The vibratory feeder unit was mount
ed on the floor of the helicopter cabin
with the trough projecting about 10 cm
through the open doorway. The trough
was shielded by a sheet metal duct to
prevent the wind from interfering with
the feed. Outside the cabin the duct made

a 90° turn downwards and was reduced
to 5 cm by 5 cm to form a drop tube that
terminated 8 to 10 cm above the base of

the skids. A plexiglass window in the
sheet metal shield permitted the operator
to observe the flow of moths (Figure 2).

*'«&...•
Figure 2. Vibratory feeder mounted in

helicopter.

The moths had to be immobilized for
consistent flow from the feeder. This was

accomplished by keeping them at 1 to 2°
C in a refrigerator carried in the heli
copter (Norcold Model MRFTl, Norcold
Inc., Sidney, Ohio). A maximum of
65,000 moths was stored in the refrigera

tor in 27 cardboard boxes. The moths

were emptied into the hopper of the
vibratory feeder, one box at a time, as
required.

Calibration

The feeder was tested in the labora

tory using different hopper openings,
feeder trough widths, clearances between
hopper and trough, slopes on feed trough,
temperatures, etc.

Once the best dimensions and operat
ing conditions were determined, the unit
was calibrated and a graph drawn to show
the moth flow rate, in grams per minute,
for a range of rheostat settings (Figure 3).
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Figure 3. Calibration curve for vibratory
feeder.

Release procedure

The. refrigerator containing boxes of
sterile moths was strapped on the heli
copter seat between the pilot and the
technician who released the moths. The

battery and converter were carried on the
luggage rack. The vibratory feeder unit
sat on the floor in front of the technician.
Thus the moth supply, the hopper and
the control rheostat were within easy
reach, and the technician could observe
the flow of moths.

Flight paths were 30 m apart. The
helicopter was flown 10 m above the tree
tops at about 65 km/hr. Moths were
discharged continuously except when the
helicopter was turning at the ends of the
panels.

The vibratory feeder was used
throughout the 1970 season, three re
leases being made per week for codling
moth control in a 48-ha apple orchard. It
operated with no mechanical problems.
During the season the ratio of sterile to

CANADIAN AGRICULTURAL ENGINEERING, VOL. 14, NO. 1, JUNE, 1972



wild males did not fall below 28:1. The
effectiveness of the method was evaluated
by comparing the levels of codling moth
infestation, at harvest, in the test orchard
and adjacent chemically-sprayed
orchards.

Free Release from a Tractor-mounted
Dispenser

The vibratory feeder and refrigerator
used in the helicopter were mounted on a
pallet carried on the 3-point hitch of a
farm tractor. A 12V fan was added to
blow the moths under the trees;

The rough terrain in the orchard
limited tractor speed to about 5 km/hr.
This meant that the average moth flow
rate had to be very much lower than with
the helicopter. Accordingly, the vibratory
feeder was operated intermittently. The
operation took four hours for the 48-ha
block.

Comparison of Moth Recoveries Follow
ing Release by Different Methods

The vibratory feeder moth release
systems for helicopter and tractor were
compared with ground release from paper
bags. Fifty grams of moths (approxi
mately 1250 males and 1250 females)
were marked, immobilized by chilling to
1 to 2°C, and discharged from a heli
copter over two adjacent rows of apple
trees 500 m long. The helicopter was
flown about 10 m above the tree tops at
65 km/hr. Approximately equal numbers
of moths were released over each of the
two rows. Another 50 g of moths, of a
different colour, were dispersed by the
tractor-mounted equipment under the
same two rows. The same quantity of
moths, identified by a third colour, was
placed in 34 paper bags. The bags were
put out, mouth up and open, under the
same trees at 30-m intervals. Male moths
were recovered during the next 12 days in
female-baited traps placed 30 m apart in
each row.

RESULTS

Release from Ground Containers

The numbers of male moths recovered

in the traps following release by the five
methods were:

Release method Male moths recovered

Moths scattered by hand in the grass 133

Moths in paper bags hung in the tree 170
Moths in weighted paper bags

thrown to the ground 175

Moths in polyethylene trays
placed in the trees 14*

Moths in specially designed wooden
boxes placed in the trees 181

Scattering of moths in the grass was
the least effective method probably
because high earwig and mouse popula
tions destroyed some of the temporarily
immobilized and unprotected moths. The
wooden release stations, designed to pro
tect the moths against predators, gave the
highest moth recovery but were too
expensive for large-scale use. Considering
both cost and effectiveness, the use of the
weighted paper bags was the most practi
cal of the methods tried.

Release in Boxes from a Helicopter

The percentages of male moths re
covered following release in boxes from a
helicopter and in boxes placed on the
ground were:

A erial release Ground release

Test 1 55 45

Test 2 56 44

Test 3 63 37

The results indicate that the aerial

release procedure was more efficient than
ground release, possibly because with the
former the moths tended to be scattered

over the release area whereas with the

latter the insects were released at 144

discrete points.

Moth control in the 48-ha experi
mental orchard was very good. Less than
0.05 per cent of the apples was damaged
at harvest by codling moth. This repre
sented much better control than in ad
jacent chemically-sprayed orchards,
which averaged 0.5 per cent damaged
fruit.

From a practical point of view the
method has several shortcomings. The
boxes are relatively expensive, it takes an
appreciable time to load them with
moths, and they take up considerable
space in a small helicopter.

Free Release from a Helicopter

The moth distribution achieved with

the vibratory feeder in the helicopter was
evidently satisfactory because codling
moth control in the experimental block
was excellent. At harvest, fruit injury
from codling moth was only 0.02 per
cent, whereas injury in three adjacent
chemically-sprayed orchards was 0.7, 2.0
and 3.0 per cent.
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Moth Recoveries Following Release by
Different Methods

Per cent of male moths recovered in

the 12-day trapping period was:

Release from paper bags 51
Free release from tractor 44

Free release from helicopter 46

These recoveries are all considered

exceptionally good, particularly since the
effectiveness of the traps was reduced by
the presence of the 3750 released
females.

It may be concluded that the equip
ment and procedures developed for free
moth release from helicopter or tractor
do not cause appreciable mortality or
adversely affect the response of males to
sexually-attractive female moths.

DISCUSSION

The reliability of the free release
equipment was satisfactory, provided the
required moth flow rate was 30 g/min or
higher. At lower rates the flow was
erratic. This problem was overcome by
increasing the flight paths from 30 m to
60 m and doubling the flow rate.

In view of the difficulty of obtaining
dependable moth flow rates of less than
30 g/min, another unit was built, using a
slowly moving belt to carry the moths
from the hopper to the drop tube. The
new unit is interchangeable with the old,
and direct performance comparisons are
now underway (1971). Metering belts
have been used by others including
Higgins (3) and U.S. Department of
Agriculture workers at Yakima, Washing
ton (9).

The helicopter appears ideal for moth
release operations in the Okanagan and
Similkameen Valleys where orchards are
small and power tines and buildings are
frequently amongst the trees. However,
because fixed-wing aircraft are cheaper to
operate than helicopters, their use should
not be ruled out. Equipment has been
built (3) for the free aerial release of pink
bollwarm moths from fixed-wing aircraft.
This equipment is operated by the pilot, a
desirable feature provided the equipment
is dependable.

In 1970 preliminary experiments were
carried out at Summerland to determine

whether the adult moth could withstand
the air velocities encountered on free
release from a fixed-wing aircraft. Cold-
immobilized moths were conveyed by a
slowly moving belt into a tube mounted
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in the air stream of an orchard sprayer.
The airvelocity around the outside of the
tube was adjusted to 128 or 160 km/hr.
Die moths showed no physical damage,
and flight, mortality and mating were
about the same as with control moths.
These preliminary tests indicate that free
release of codling moths from fixed-wing
aircraft is feasible. Further work is
planned.

SUMMARY

Procedures are described for releasing
sterile codling moth from the ground and
from a helicopter. Several ground
methods were effective but too slow and
expensive for treating large areas. Free
release of moths from a helicopter proved
satisfactory. In this procedure the basic
distributive device was a small vibratory
feeder fitted with a special hopper and
feeder trough. The moths were kept in
active until required, by storage in a
refrigerator in the helicopter. The moth
flow rate from the hopper was varied by a
rheostat which controlled the amplitude
of vibration of the trough. Reliable flows
were obtained over most of the required
range. No apparent injury was caused to
moths released by this method.

The equipment was used successfully
through the 1970 season, three releases
per week being made over the 48-ha
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experimental block. Good codling moth
control was achieved.
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