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Chagnon, R. and Vincent, C. 1996. A test bench for vacuuming
insects from plants. Can. Agric. Eng. 38:167-172. A test bench was
developed for removing insects from plants. A Biovac® inlet was
mounted on a cart rolling on I beam rails. Field operations were
simulated by placing plants underneath the unit to simulate a field
row. Experiments were performed on strawberry plants grown in
containers in a greenhouse. Mass-reared tarnished plant bugs
(nymphs and adults) were marked with a fluorescent dye, then placed
at various locations on the plants. The inlet was moved over the row
at 2, 4, and 6 km/h. A 300-s search resulted in the localization of most
(i.e. 99%) of the non-aspirated insects. The highest efficiency for
insect removal was obtained with an air velocity of 30.7 mls and a
travel speed of 2 km/h. Keywords: vacuum, Biovac, bug vac, tar
nished plant bug, Lygus line%ris , Miridae, strawberry, punaise
terne, fraisier.

Un banc d'essai a ete construit pour aspirer les insectes des
plantes. L'appareil comprend une tete d'aspiration de Biovac® mon
tee sur un chariot qui circule sur des rails. En plar;ant une rangee de
piantes sous l'appareil, on a simule son operation au champ. Les
experiences ont ete realisees avec des plants de fraisier cultives en
serres dans des plateaux. Les punaises temes utilisees (nymphes et
adultes) ont ete elevees en laboratoire et marquees aI'aide de pein
ture fluorescente. Elles ont ete deposees adifferents cndroils sur les
plantes. La tete d'aspiration etait passee au-dessus du rang a des
vitesses de 2, 4, et 6 km/h. Une periode de recherche de 300 s a
permis de retrouver la plupart (=99%) des individus non aspires. Les
meilleurs resuhats ont ete obtenus avec une vitesse d'air de 30.7 m/s
et une vitesse d'avancement de 2 km/h.

INTRODUCTION

Strawberry (Fragaria x ananassa Duch.) is a high valued
crop that has high cosmetic standards. Several insect pests,
including the tarnished plant bug (Lygus lineolaris P. de B.
Hemiptera: Miridae), cause quantitative and qualitative dam
age to the crop (Schaefers 1981; Vincent et at. 1990). Natural
enemies are few and ineffective (Van Driesche and
Hauschild 1987; Day 1991), therefore, vacuuming adults and
nymphs is an attractive control method as an alternative to the
use of insecticides.

Physical aspiration of insects has recently been the focus
of research projects, especially in strawberry and potato
crops. Field tests with a prototype of the Biovac®, hereafter
referred to as Biovac, (Premier Tech Inc., Riviere-du-Loup,
QC) were conducted during two years in a strawberry plan
tation (Vincent and Lachance 1993). The Biovac was used to
mechanically control adults and nymphs of the tarnished
plant bug. Five times out of 15, the Biovac failed to signifi
cantly control tarnished plant bug populations.

Using Zalom et at. (1993) data, it appears that as air

velocity increases, the number of insects removed from
strawberry plants also increases. In the same field, they com
pared three sampling devices that had suction air velocities
of 24.9, I 1.9, and 8.1 mls and estimated Lygus hesperus
Knight (Miridae) populations at 15.6,5.8, and 3.9 individuals
(nymphs+adults) per 10 plants, respectively. This suggested
that higher suction velocities produce higher removal effi
ciencies.

Many commercial devices have been developed to vacuum
insect pests from crops. The original Biovac vacuum machine
is a three row machine mounted on a standard mid-size farm
tractor. Three independent inlets are mounted in front of the
tractor. The air entering each inlet travels through three 250 mm
diameter ducts that merge into a single 400 mm diameter duct
over the tractor. The latter duct is connected to a PTO powered
fan mounted on the three point hitch at the rear of the tractor.
The insects are killed when they impact the fan blades turning
at approximately 1500 rpm. The air and organic debris (includ
ing dead insects) are exhausted at the rear of the Biovac. The
company recommends that the Biovac opemte at 5.8 km/h.

In California, a vacuum machine mounted on a tractor (the
BugVac®, by Driscoll Strawberry Associates Inc., Watson
ville, CA), has been investigated for the control of Lygus
hesperus in strawberries (Driscoll 1989; Glynn 1989;
Westerlund et at. 1989). Grossman (1989) reported that the
Lygus® vacuum (McCluney Manufacturing Inc., La Selva
Beach, CA), a tractor mounted suction device, was used
twice a week in California strawberry crops with satisfactory
results. Southam ( 1990) reported that the Ag-Vac® (Ag-Vac,
Watsonville, CA) removed up to 80% of lygus bugs (adults
and nymphs) from strawberry fields. He also reported that the
Ag-Vac® was more effective at removing adult lygus at 5
km/h than at slower speeds.

Most of these studies were done in the field under variable
conditions. However, the results from experiments under
controlled conditions would allow the improvement of the
system's performance and the study of insect behavior under
various engineering parameters. Khelifi et al. (1992) de
signed a test bench to study the pneumatic control of the
Colorado potato beetle, Leptinotarsa decemlineata Say
(Coleoptera: Chrysomelidae). Their test bench was different
from ours in that the insects were dislodged from a single
plant by blown air and the inlet was fixed.

The objectives of our study were I) to develop a test bench
that would allow round-year experiments, 2) to develop the
entomological methodology to investigate the tarnished plant
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bUg/strawberry system using the test bench, and 3) to meas
ure the efficiency of the test bench to remove tarnished plant
bugs from strawberry plants.

MATERIALS AND METHODS

Test bench description

The inlet and some metal tubes were provided by Premier
Tech Inc., the manufacturer of the Biovac. The inlet was
mounted on a cart rolling on I beam rails (Fig. 1). The
mounting bracket was adjustable in height. A steel traction
cable pulled the cart back and forth along the rails. The cable
was pulled by a winch powered by a 1.3 kW DC motor
(Leeson Electric Corp., Mississauga, ON) connected to a
speed controller (Dart Controls Inc., Zionsville, IN). The
travel speed of the cart was monitored using a rotary encoder
(Model 711, Accu-Coder, Sandpoint, IA) connected to a
small pulley which supported the traction cable. The 5 V
pulse signal was sent to a data acquisition card (model CIO
AD08, Techmatron Instruments Inc., Laval, QC) installed in
an IBM compatible 80286 microcomputer. The speed could
be adjusted up to 8 km/h. While approaching the end (ap
proximately 1 m) of the rails, the cart switched off the winch
motor (Fig. 1).

A 250 mm diameter flexible duct (Model FSP-I, Flexaust
Company, Amesbury, MA) connected the inlet to a steel duct
attached underneath the ceiling (Fig. 2). A 250 mm diameter
steel duct ran down, bringing the air into the suction fan. Air
speed was monitored by a Pitot tube located in the center of
the steel duct. The Pitot tube was connected to an ultra-low
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differential pressure transducer (Model XLdp IOIW, Ash
croft, Intertechnology Inc., Dollard-des-Onneaux, QC). The
1-5 V DC signal from the pressure transducer was sent to the
data acquisition card mentioned earlier.

The suction fan was a heavy duty centrifugal fan (Model
13-LS SWSI, Chicago Blower Corporation, Glendale
Heights, IL); with a impeller of six flat blades. Two sizes of
electric motors (600 V AC) were used. A first series of
experiments was done at low airflows produced with an
electric motor that turned the fan at 1850 rpm and drew 8.4
A or 7.3 kW. For later experiments, higher airflows were
generated by another motor drawing 13.4 A or 10.9 kW to
turn the fan at 2174 rpm. The air exhausting from the fan was
pushed outside the building through a 450 mm diameter
polyethylene tube.

An electric panel enabled the operator to start/stop the fan,
start/stop/reverse or adjust the cart speed and enable/disable
the security stop switch. A program was written in GW-Basic
(Microsoft Corporation, Redmond, WA) to handle the data
acquired from the sensors. The program enabled the operator
to acquire new data or view previously recorded data sets.
These data included the cart speed and velocity pressure
measurements versus the displacement of the cart on the rails.
This enabled the operator to check if the required parameters
for the experiment were being met. The data from previous
experiments could also be shown on the monitor for compari
sons. After data collection, the data files were analyzed using
spreadsheet software.
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Fig. 1. Test bench side and top view drawings.
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RESULTS AND DISCUSSION

Fig. 3. Cart speeds recorded over hundreds of tests.

Distance and speed

To obtain a dcsired cart speed. the operator manually ad
justed a roller swilch. A computer-generated graph was used
to achieve specific cart speed. Over 1487 tests. the observed
speed frequency distribution showed that the system was
well calibrated for 2. 4, and 6 km/h (Fig. 3). There was a
small tendency for the aClllal speed to be under Ihe SCi value.
for instance at a set value or 6 km/h, the actual cart speed was
5.94 ± 0.05 km/h. Such precision was greater than one could
expect from a field experiment.
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under field conditions (Rancourt et 1.11. 1995). The insects
werc allowcd 60 s 10 sCllle und their locarion was then noted.

Thc inlet was passed over the row at controlled speeds of
2. 4. or 6 km/h. To recover the insects, a 1200 mm long
ultra-violel fluorescent lamp was suspcnded over the pial 10
highlight the marked insects. Upon recovery. thc exact loca
tion (height from soil, pan of plant. transect) and recovery
time were noted. Arter a 5 min search, any unrecovered insect
was considered to have been vacuumed oul. Each test was
performed 50 times with IWO insects per pass at a time for a
tala I of 100 insects per experiment.

Calculation of insect removal efficiency

Our first attempt was 10 determine the insect removal effi
ciency directly by counting the insects recovered in a net
installed at the fan exhaust. Preliminary tests showed this was
impractical for two reasons. First, the insects were smashed
in numerous small parts against the fan and ducts and. in
some cases. never made it to the net. Second, airflow restric
tions by the nel would have decreased the actual efficiency.
Consequently. the number of non-aspirated insects W:.lS used
as an indirect method of assessing inseci removal. Removal
efficacy was calculated by subtracting the number of insects
recovered from the total number of insects placed on the
plants for each tested parameter.

The Gil tcst (i.e. the Log-likelihood ratio for contingency
tables) was used (0 lest equalities of frequencies of individu
als recovered (Sokal and Rohlf 1981). If G" was;;: 9.49, the
frequencies were significantly different at p:;;:; 0.05.

Fig. 2. Strawbery row set up under the test bench.

Experimental procedures

The plants were grown in a greenhouse in 450 x 610 x 150 111m
containers. Four containers were placed in line between the
rails to simulate a 450 mm wide and 2440 mm long straw
berry row in the field. Angled wood boxes were placed on
each side to rcproduce the soil shape on each side of the row
(Fig. 2). To overcome edge effects at the ends or the row. the
row was twice i.l~ long as required for the tcst. The 450 x 1220111111
experimental plot was split in five longitudinal sections (I 10

5)(Fig. 1).
The suction inlet was sel 10 barely lOuch the top of the

plants. The inlet distance from soil level depended on c.lnopy
height Ihm was. on average. 192 ± 27 111m (minimum:;;:; 150.
maximum:;;:; 255 mm).

Tarnished plant bugs were mass rei.lred on sprouted potato
(Slaymaker and Tugwell 1982). Adulls and nymphs (third tn
fifth inslars) wcre individually marked on their elytra under
a binocular microscope with a small drop of fluorescent dye
(Day-Glo Color Corp .. Cleveland. OH). To differentiate in
dividuals. various colors wcre used. For each test. two
marked insects wcre placed at various locations on the soil
and on the plmlts (i.e. plant stems. flowers. berries. over or
under the leaves and at various heights and locations in the
row). This was done to approximate the percellt of time spenl
by the tarnished planl bug on each part of a strawberry plant
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Fig. 4. Mean air velocities with 7.3 and 10.9 kW motors.
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Table I: Percent tarnished plant bug removal at three
cart speeds and two air velocities (n =100
insects for each speed-air velocity
combinations: total =600)

Cart speed (km/h)

Air velocity (m/s) 2 4 6 Sign.

30.7 36 35 28 N.S.
25.8 31 29 20 *

N.S. N.S. N.S.

Fig. 5. Recovery time to find the first and second
individual in the preliminary tests.

difference was not statistically significant, the lower airflow
showed a tendency to decrease the efficacy by approximately
5-8%.

* Significant difference (p =0.05 level: G-test) between maximal
(= 31) and minimal (= 20) removal efficacy (horizontally).

N.S. Non significant difference (p = 0.05 level: G-test) between
(vertically) removal efficacies of two air velocities and
(horizontally) maximal (= 36) and minimal (= 28) removal
efficacy at two cart speeds.
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Second individual (n=37)
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Determination of the maximum search time

An experiment was set up to determine the time required by
an operator (person "A") to find two marked tarnished plant
bugs placed by another person "B" on the strawberry plants.
Person "A" was asked to leave the room while the insects
were placed by "B" within the experimental area described
earlier. Person "A" started the search in the arena and would
expand the search area to surrounding plants if required. The
test was repeated 50 times with two insects at a time for a
total of 100 insects consisting of 50 nymphs and 50 adults.
The first insect was easily found within 180 s for every test
(Fig. 5). The time needed varied from 1.0 to 179.9 s with an
average of 30.3 ±39.2 s. The second insect was more difficult
to find (Fig. 5). It was found 37 times out of 50 tests and the
time needed was much more evenly distributed over the
search period. It varied from 12.8 to 293.2 s with an average
of 117.1 ± 82.7 s. The tests were stopped after 300 s of
intensive search. It was felt that the operator attention could
not be sustained for more than 300 s. The 100% recovery rate

Effect of cart speed and air velocity on insect removal
efficacy
An experiment was performed to verify the effect of three
cart speeds (2, 4, and 6 km/h) and two air velocities (25.8 and
30.7 m/s) on the Biovac insect removal efficacy. For each of
the six speed-airflow combinations, 100 tarnished plant bug
adults were used (t9tal = 600). The suction inlet barely
touched the top canopy of strawberry plants. The percentage
of insects removed varied from 20 to 36% (Table I). Insect
removal decreased from 36 to 28% when speed increased
from 2 to 6 km/h with air velocity 30.7 m/s. Although the

Air velocity

Air velocity was determined from velocity pressure measure
ments made with a Pitot tube as recommended by ASHRAE
(1981). To stabilize airflow, the metal duct was extended for
a length equivalent to ten times its diameter upstream of the
Pitot tube and four times its diameter downstream of the tube.
Air velocity data were used to detect unacceptable differ
ences between the tests. Figure 4 shows the results for air
velocity measured on the bench with the two electric motors.
The measurements were first averaged over the experimental
plot length for each test and these averages were compared
between tests. The mean air velocity was 25.8 ± 2.0 mls for
the 7.3 kW motor and 30.7 ± 1.2 mls for the 10.9 kW motor.
Because there was a significant difference between the air
velocities produced with the two motors, the results were
analyzed separately.

Comparison of airflows

Airflows were calculated from air velocity measurements
made with a standard Pitot tube on two traverses in the round
ducts as recommended by Omega Engineering Inc. (1995).
Airflows produced with the 7.3 and 10.9 kW motors were
1.20 and 1.42 m3/s, respectively. The airflows generated with
the 10.9 kW motor closely matched those measured on the
field Biovac. It was slightly (approximately 5%) higher than
the airflow measured in one of the three 250 mm ducts of the
field Biovac (= 1.35 m3/s). It was also slightly (approximately
1.4%) lower than one third (1.44 m3Is) of the airflow meas
ured in the 400 mm duct (4.32 m3/s) which then split into the
three 250 mm ducts on the field Biovac. The measurements
made on the field Biovac were of lower precision because of
less stable airflows due to shorter ducts than that those on our
bench.
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Table II: Removal eflieaey 01' taroished plaot bug nymphs (A) and adults (II) across the live longitudinal sections 01'
the experimental area (see Fig. 1), all speed confounded

*n: Number of individuals subjected 10 the inlet passage.

** Calculated G Statistic: Gil values;?: 9.49 are significant a1 p = 0.05.

N.S.: Not significant al p = 0.05.

the five seclions split in three classes of height, for nymphs
and adulls and wilh the aspiration inlet set at full height. In
all cases, lhe numbcr of insecls vacuumed was statistically
homogenous (G-tesl) (Table II) confirming that the experi
mental arena was positioncd well along the row.

CONCLUSIONS

300

Fig. 6. Recovery time to find nymphs and adults in real
tests.

for the first individual and 74% for a second individual alkr
a 5 min search were satisfactory. In real lest conditions. a
single operator would be more effective since they would
know where the insects were placed and would stan search
ing from there.

Validation of maximum search time

To validate the period or 300 S <IS a maximum search lime.
data concerning 937 non-vacliumed insects were analyzed.
Ninety sevcn percent of lhe insects were found wilhin the
first 100 sand 99% were found within the first 200 s (Fig. 6).
The time required was almost identical for adults and
nymphs. These results validated the decision to limit the
search time 10 a maximum of 300 s. \Vc very rarely found an
individual marked wilh a color lIsed in previous lests. In such
inslances. Ihe relevant data were discarded and the lest was
redone with a new individual.

Homogencit.y along the row

The posilioning of the experimental plot along lhe row was
done to avoid end effects. To verify end effects. data from
experiments wilh Ihe 10.9 kW motor were used. Statistics
were applied 10 lhe number of insecls vacuumed in each of

I. A test bench was developed [0 perform year-round
experiments with particular reference to the tarnished
plant bug/strawberry syslcm. Removal efficacies or
both nymph and adult tarnished plant bug were ho
mogenous among the longitudinal sections of the
experimental arena.

2. A 300 s search through thc plant canopy proved ade
quate to recover 1110st (i.e. 99%) marked tarnished plant
bug (nymphs and adulls) that had not becn vacuumed.

3. The highest efficicncy ror insect removal was obtained
al highcr air velocity (30.7 m/s) and lower cart speed (2
kill/h).
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