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ABSTRACT. Plant saucers are ubiquitous, outdoor water-holding receptacles and are one of the most productive
domestic mosquito habitats in the urban environment. Two kinds of commonly used plant saucers, clay and plastic,
were manually treated with 3 residual insecticides, bifenthrin (Talstart Professional), lambda-cyhalothrin (Lambda
9.7 CS), and tau-fluvalinate (Mavrikt Perimeter), at their maximum rates to assess their residual efficacy against
Aedes albopictus larvae under semi–field and field conditions. Both clay and plastic saucers treated with bifenthrin
and lambda-cyhalothrin provided weeks of control of 3rd instars of Ae. albopictus, whereas tau-fluvalinate provided
only 1 day of control. Results from this study show that bifenthrin and lambda-cyhalothrin can provide good control
of Ae. albopictus larvae for a considerable period of time and have great potential with regard to container mosquito
management in the future.
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Aedes albopictus (Skuse) is a vector mosquito
species that can transmit a variety of arboviruses such
as dengue fever, chikungunya, Zika, and others.
Introduced in the state of Florida in 1986, this
imported species is aggressive, fast flying, and a
persistent day-biter of humans (Reiter and Sprenger
1987). Aedes albopictus mainly breeds in urban
domestic habitats, often in a wide range of artificial
containers such as tin cans, bottle caps, tires, vases,
small pools, gutters and downspouts that retain water,
tree holes, and yard plantings of certain bromeliads.
Thus, it presents a great challenge for vector control
specialists. The traditional approaches to control Ae.
albopictus, such as source reduction, larvicides, and
adulticides, are not always effective. For instance, the
success of source reduction largely depends on the
degree of cooperation from participating communi-
ties, and is also very labor intensive and costly (Sun
et al. 2014). Due to its ‘‘skip oviposition’’ behavior, it
is very challenging to dispense larvicide droplets/
granular to the individual breeding sites. The direct
targeted control of adult mosquitoes, such as barrier
treatment and adulticiding, is temporary and unreli-
able (Trout et al. 2007, Cilek 2008, Fulcher et al.
2015, Britch et al. 2009, 2011). Moreover, because of
its diurnal activity, adulticiding during daytime could
negatively impact nontarget organisms such as
butterflies, bees, and other beneficial insects, and is
impractical and ineffective (Farajollahi and Williams
2013, Xue et al. 2013, Bengoa et al. 2014, Drake et
al. 2016).

Residual insecticide treatment of water-holding
containers has frequently been reported in the
literature for dengue prevention against the vector
Aedes aegypti (L.) (Kalra 1999, Lloyd 2003). Using
residual insecticide for the control of Ae. aegypti

mosquito larvae and resting adult mosquitoes has
been credited for a key component of 2 successful
Ae. aegypti eradication programs in Australia (Whe-
lan et al. 2009). Standfast et al. (2003) reported that
outdoor containers (discarded tires, plant saucers,
potted plant drip trays, drums, and garden ornaments)
treated with bifenthrin provided good control for up
to 6 wk. Pettit et al. (2010) found that discarded car
tires treated with alpha-cypermethrin and lambda-
cyhalothrin prevented larval development up to 22
and 24 wk, respectively. It appears that residual
pesticide treatment of water-holding receptacles
holds great potential for controlling container-
inhabiting mosquito species such as Ae. aegypti and
Ae. albopictus.

Plant saucers are notorious for breeding container
mosquito species such as Ae. albopictus, ranking 2nd
as the most preferable container type for the
development of Ae. albopictus larvae in the urban
environment (Unlu et al. 2013). The objective of this
study was to evaluate the residual effectiveness of
insecticide-treated plant saucers against Ae. albopic-
tus. The potential outcome of this pilot study may
lead to developing a long-lasting and cost-effective
control technique that can be integrated into
container mosquito control programs in the future.

The present study was carried out at the Depart-
ment of Public Works compound (405 NW 39th
Avenue, Gainesville, FL 32609) (29841 0179 00N,
0828190525 00W), during the period of July 2018 to
February 2019. Three residual insecticides, lambda-
cyhalothrin (Lambda 9.7 CS, 9.7% AI; Central Life
Sciences, Schaumburg, IL), bifenthrin (Talstart P,
7.9% AI; FMC Corporation, Philadelphia, PA), and
tau-fluvalinate (Mavrikt Perimeter, 22.3% AI; Well-
mark International, Schaumburg, IL), were evaluated
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against larvae of Ae. albopictus under semi–field
(under carport) and field (open air) conditions.
Application rates were 0.8 fl oz/gal/1,000 ft2 (0.019
g AI/m2), 1 fl oz/gal/1,000 ft2 (0.024 g AI/m2), and
0.5 fl oz/gal/1,000 ft2 (0.039 g AI/m2) for Lambda,
Talstar, and Mavrik, respectively, which are the
maximum application rates. Two kinds of plant
saucers were selected for testing, 10-inch Pennington
clay saucers (Pennington Garden & Décor, Madison,
GA) and 10-inch Vigoro plastic saucers (Vigoro,
Atlanta, GA). All insecticides were diluted with
distilled water to a 1% stock solution and final
concentrations obtained with further dilution. Ali-
quots (15 ml) of the desired strength dilutions were
added to each plant saucer and then the saucer was
rotated to ensure the surface was evenly coated. After
treatment, plant saucers were air-dried and divided
into 2 groups: group 1, placed under a carport (semi–
field conditions) and group 2, openly exposed to full
sunlight in the environment (field conditions).

After the saucers were allowed to dry completely,
200 ml of dechlorinated tap water and 20 Ae.
albopictus 3rd instars were added to each saucer.
Aedes albopictus larvae used for this study were
provided by the USDA lab colony (Center for
Medical, Agricultural and Veterinary Entomology,
USDA, Gainesville, FL). In each test, 5 treated
saucers were tested and 5 pesticide-free plant saucers
were used for control. Evaluations were conducted in
a laboratory at 25–288C ambient temperature with a
photoperiod of 14 h light and 10 h dark. Larval
mortality was assessed after 24 h. Moribund larvae
(larvae that cannot be induced to move when they are
probed with a needle in the siphon or the cervical
region) were counted as dead. Saucers treated with

insecticide were tested at day 1, 3, and 5, and then
weekly until consistently low mortality was recorded
for 2–3 wk. After each test, all the plant saucers were
returned back to the carport area or open field
locations.

No larval mortality was recorded in the control
groups under both semi–field and field conditions.
Clay saucers treated with bifenthrin and lambda-
cyhalothrin provided �88% control (mortality) of Ae.
albopictus larvae for 28 and 14 wk, respectively,
under semi–field conditions and yielded a good
control (�80%) for 27 and 7 wk, respectively, under
open field conditions. However, saucers treated with
tau-fluvalinate provided only 1 day of good control
under both semi– and field conditions (Fig. 1).

Similarly, plastic saucers treated with the bifen-
thrin and lambda-cyhalothrin provided good control
(�80%) up to 29 and 14 wk, respectively, under
semi–field conditions and 17 and 6 wk (�85%) under
field conditions (Fig. 2). Again, saucers treated with
tau-fluvalinate provided only 1 day of good control.

Among the 3 residual pesticides, bifenthrin
provided the longest control whereas tau-fluvalinate
provided the least. Saucers treated with bifenthrin
and lambda-cyhalothrin provided less control under
open field conditions than the ones held at semi–field
conditions. Clay saucers achieved similar longevity
as the plastic saucers under semi–field conditions, but
longer under open field conditions. It is believed that
clay saucers tend to absorb excess water/moisture
than the plastic ones, presumably, resulting in longer
residual control than the plastic ones under field
conditions.

Larval control has been and continues to be a key
component of successful container mosquito species

Fig. 1. Twenty-four-hour larval mortality (%) of residual pesticides–treated clay saucers against Aedes albopictus
larvae under semi–field and field conditions. BI, bifenthrin; LC, lambda-cyhalothrin; TF, tau-fluvalinate.
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control (Gubler 1989, Ooi et al. 2006, Whelan et al.
2009, MacCormack-Gelles et al. 2020). Traditional-
ly, the prevention of mosquito production in
containers has heavily relied on source reduction
(Unlu et al. 2013), sealing of water storage
receptacles to exclude entry by mosquitoes (Seng et
al. 2008), and using residual larvicides to treat
potable water containers (Thavara et al. 2009).
Results from this study show that plant saucers
treated with residual insecticides can provide long-
term larval control. The cost for application is
minimal when compared with other, more labor-
intensive control methods. Sun et al. (2014) reported
that the cost for source reduction is $659.65/ha, and
backpack applications, including labor, are $159.88/
ha. The estimated cost to treat individual saucers is
less than $0.50 each. Thus, applications of residual
insecticides to plant saucers have great potential to be
one of the integrated mosquito management methods
for container mosquito control in the future.

The efficacy of saucers treated with residual
insecticides under open field conditions showed more
rapid loss than those held under semi–field condi-
tions. Unfavorable environmental factors such as the
effect of ultraviolet radiation (exposure to sun),
temperature, and precipitation all have a negative
effect on the longevity of the insecticides (Ebeling
1963, Edwards 1975, McDowell et al. 1994, Allan et
al. 2009). Ultraviolet light is an extremely destructive
source of energy that promotes the breakdown of
many chemicals and plays an important role in terms
of the persistence of pesticides that are exposed to it.
Temperature is another very significant factor that
can break down pesticides. During the testing months
of July to September, the average daily temperature

in Gainesville, FL, was .328C. (Weather data
acquired from the Weather Underground website
during the study at https://www.wunderground.com/
weather/us/fl/gainesville/KFLGAINE64. This weath-
er station is located at the Department of Public
Works compound where the experiment was carried
out.) Heavy rainfall can also wash off the deposition
of pesticide on the surface of the treatment area.
Allan et al. (2009) reported that bifenthrin-treated
plants exposed to full sunlight and heavy rainfall
clearly showed more rapid loss of efficacy than those
held under shade and light rainfall. Heavy rainfall
was recorded during the testing period (a total of 815
mm of rainfall); therefore, it is not surprising to see
that their efficacy was lost quicker than those held
under semi–field conditions, which is also in
agreement with previous reports (McDowell et al.
1994, Mulrooney and Elmore 2000).

To our knowledge, this is the 1st study to report
that incorporated residual pesticides to plant saucers
directly controls Ae. albopictus larvae. To impreg-
nate residual insecticides into the saucers is a logical
extension to current cultural practices that may
confer 2 important benefits, namely producing
indirect mortality of females when ovipositing on
the surface of the treated container, as well as the
direct reduction of mosquito larvae hatching from the
water in the treated saucers. Therefore, incorporating
a residual pesticide into a variety of water-holding
receptacles may hold great promise for controlling
Ae. albopictus in these environments in the future.

The authors thank Sara Brennan and Ivy Grob,
Gainesville Mosquito Control technicians, for their
technical support during this study.

Fig. 2. Twenty-four-hour larval mortality (%) of residual pesticides–treated plastic saucers against Aedes albopictus
larvae under semi–field and field conditions. BI, bifenthrin; LC, lambda-cyhalothrin; TF, tau-fluvalinate.
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