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ABSTRACT

A solvent orange oil has been used to mix with permethrin and PBO as a commercial adulticide product
called Aqualure® 20-20 for control of adult mosquitoes. The orange oil at 2.7% and 3.5% sprayed by three back-
pack sprayers, Hudson battery operated sprayer modified with a Solo nozzle, hand pump sprayer Solo-425, and
Birchmeire battery operated sprayer, against caged adult female Aedes aegypti Linn. and Culex quinquefasciatus Say
resulted in 89%-100% mortality of Ae. aegypti and 100% mortality of Cx. quinquefasciatus. The three different
backpack sprayers did not show any significant differences in the percent mortality. Our test results demonstrate
that orange oil alone at a high dose (3.5 %) showed effective insecticidal characteristics against both species of

adult mosquitoes.
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Orange oil is an essential oil extract-
ed from the peel of the orange fruit. The
essential oils extracted from the orange
plant have shown insecticidal proper-
ties against mosquitoes and other insects
(Ezeonu et al. 2001, Norris et al. 2015,
Badawy et al. 2018). Orange oil varies in
chemical composition depending on the
fruit and method of extract action. The
oil not only proves to be an effective re-
pellent, but it has also shown to be lethal
to adult mosquitoes (Xue et al. 2003, Pha-
somkusolsil and Soonwera 2011, Badawy
et al. 2018) and can act as a synergist for
pyrethroid insecticides (Gross et al. 2017).
Orange oil has been used to mix with per-
methrin and piperonyl butoxide (PBO) as
Aqualure® 20-20 (All Pro Vector Group,
Bloomington, MN) adulticide and mar-
keted for adult mosquito control (Amoo
et al. 2012). Recently, two new backpack
sprayers operated with batteries are avail-
able commercially. The objectives of this
study were to determine the orange oil’s
insecticidal efficacy against two species of
adult mosquitoes and to evaluate the two
new battery-operated backpack sprayers,
compared with the standard hand-pump

sprayer Solo 425® (Solo Inc., Newport
News, VA) against caged adult mosquitoes.

The colonies of the Orlando strain of
Ae. aegypti Linn. and the Gainesville strain
of Cx. quinquefasciatus were provided by the
USDA, Center for Medical, Agricultural,
and Veterinary Entomology, Gainesville, FL.
and reared at Anastasia Mosquito Control
District (AMCD), St. Augustine, FL. Adult
female mosquitoes at 5-7 days old were used
for the testing.

The three backpack sprayers, Hudson
battery-operated sprayer (13854 Never-
Pump Back-Pak®, H.D. Hudson Manufac-
turing Co., Chicago, IL) which was modi-
fied by using an extra sprayer nozzle from
Solo, hand pump sprayer Solo 425, and
Birchmeier battery-operated sprayer (REC
15, Birchmeier Spruhtechnik AG, Stetten,
Switzerland), described by Conover et al
(2015), were calibrated and used for the
testing. Distilled water was sprayed from
each sprayer into a measurable plastic con-
tainer for 1 min to quantify spray volume.
The Solo sprayer was pumped every 3 sec to
maintain constant pressure while calibrat-
ing. Modified Hudson sprayer’s flow rate
was 728 mL/min, Solo was 693 mL/min,
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and Birchmeier was 735 mL/min. Orange
oil was provided by All Pro Vector Group
(Bloomington, MN). The tested solution
was diluted by distilled water at the low rate
2.7% and high rate 3.5%. All three sprayers
produced a spray distance of approximately
2 meters. The certified applicator’s walking
speed was 6.4 km/h.

The study site was located in the back
yard of AMCD facilities located at East
Pope Road, St. Augustine, FL (29.859515,
81.279366). For each test, 12 mesh-
screened (0.7mm mesh size) cylindrical pa-
per cages (9 for treatments and 3 for con-
trols) containing 10 female mosquitoes at
5-7 days old per cage transferred via mouth
aspiration were used. The same number
of mosquitoes and type of cages were used
for each application (a total of 36 cages
for 3 sprayers). The cages were adhered
to vertical PVC pipes (1.5 meters) within
the spray path. The 9 pipes were placed
3 meters apart. The control cage mosqui-
toes were placed at an appropriate distance
(approximately 17 meters) outside of the
spray path to prevent insecticide drift from
the treatment applications. The treatment
cages were sprayed from approximately 2
meters away in a waving motion while the
applicator was walking at 6.4 Km/h. The
caged mosquitoes sat for 15 min after ex-
posure then a knockdown count was taken.
Post-exposure cages were brought back to
the AMCD laboratory and maintained on
a 10% sucrose solution. Mortality of mos-
quitoes was read at 24 hours after exposure.
The same experiments were repeated three
times. Weather conditions averaged 27° C
temperature, 70% relative humidity, and 4
Km/h wind speed.

The Fig. 1 showed that orange oil at the
high dose (3.5%) resulted in 100% mortal-
ity of Cx. quinquefasciatus at 24 h, sprayed
by all three types of backpack sprayers. The
oil at the low dose (2.7%) sprayed by Solo,
Hudson, and Birchmeire sprayers against
Cx. quinquefasciatus resulted in 97%, 91%,
and 84% mortality at 24 h, respectively.
The oil at the high dose sprayed by Solo,
Hudson, and Bichmeire against Ae. aegypti
resulted in 82%, 97%, and 100% mortal-
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ity at 24 h, respectively. The oil at the low
dose (2.7%) sprayed by Solo, Hudson, and
Birchmeire sprayers against Ae. aegypti re-
sulted in 47%, 76%, and 71% mortality at
24 h, respectively. It is not surprising that
the high dose of orange oil at 3.5% caused
significantly higher mortality (/=4.366, P
< 0.01) of both species of mosquitoes, re-
gardless of the types of backpack sprayer,
compared with the mortality caused by the
low dose at 2.7%. The three types of back-
pack sprayers did not show any significant
difference (P > 0.05) against either species
of caged mosquitoes although Solo sprayer
caused lower mortality against the two spe-
cies of adult mosquitoes at the high and low
dose of the oils.

Norris et al (2015) reported that com-
mercial plant essential oils possess insecticid-
al characteristics against adult mosquitoes.
Our results support Norris et al’s findings
and confirm the insecticidal activity of or-
ange oils against adult mosquitoes. Other
benefit from the commercial plant essential
oils is the capability of increasing the efficacy
of permethrin against Ae. aegypti and Anoph-
eles gambiae (Gross et al 2017). These factors
explain why orange oils have been used for
the commercial product formulation of the
permethrin-based Aqualuer® 20-20 for the
control of adult mosquitoes.

Back pack sprayers are convenient means
for application of liquid insecticide products
(Kardatzke et al. 1981, Xue et al. 2012).
Conover et al (2015) reported that the three
same backpack sprayers sprayed Aqualuer®
20-20 against caged Ae. aegypti resulted in no
significant difference in percent mortality
of the test mosquitoes between the sprayers,
but the Birchmeier sprayer was the prefer-
able machine in terms of its physical charac-
teristics and operator use with battery. The
orange oils sprayed by the three backpack
sprayers against caged Ae. aegypti resulted in
similar mortality and are in agreement with
Conover et al (2015). Thus based on our re-
sults, either one of the three backpack spray-
ers could be used for adult mosquito control
based on the availability and cost, but the
battery-operated backpack sprayer may be

more convenience.
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Figure 1. Mortalities (mean % =+ SE) of caged adult female Aedes aegypti (bold black) and Culex quinquefasciatus
(light black) at 24 h after exposed to orange oils (high rate at 3.5% & low rate 2.7%) sprayed by three different
backpack sprayers.
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