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 ABSTRACT

Barrier treatment of vegetation using lambda-cyhalothrin has been shown to be effective at reducing adult mos-
quito populations in the US. However, recent investigations have indicated that standard residual adulticide barrier 
treatments may be enhanced when combined with an insect growth regulator targeting immature stages that could 
be transferred to immature habitat by adults contacting treated surfaces. We conducted field trials at residential 
sites in a subtropical urban environment in north central Florida treating blocks of vegetation with residual sprays 
of lambda-cyhalothrin (Demand® CS) and pyriproxyfen (Archer®) alone and in combination treatments to deter-
mine their efficacy against peridomestic mosquitoes. The combined treatment resulted in consistent approximately 
100% reduction in Aedes mosquito eggs for 16 wk post-treatment compared to not significantly lower but more 
variable reductions at alone treatment sites.
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Peridomestic barrier treatments to sur-
rounding vegetation for control of adult dis-
ease vector mosquitoes have shown efficacy 
of 85–100% reduction in collection of adult 
mosquitoes in urban settings and could be 
considered a proven method for urban mos-
quito control (Trout et al. 2007, Unlu et al. 
2018, Stoops et al. 2019). Recently, however, 
studies have been conducted in New Jersey in 
the northeastern US to enhance this control 
technique by combining an insect growth 
regulator with the residual adulticide that 
could be transferred to immature habitat by 
females that contacted the treated barrier 
and survived long enough to oviposit (Unlu 
et al. 2018, Williams et al. 2019). In this study 

we investigated whether this enhanced bar-
rier treatment technique could be effective 
in a warm subtropical habitat in the south-
eastern US in north central Florida.

We conducted field applications to 
evaluate the residual efficacy of lambda-
cyhalothrin (Demand® CS; Syngenta Crop 
Protection, Inc., Greensboro, NC) and pyri-
proxyfen (Archer®; Syngenta Crop Protec-
tion, Inc., Greensboro, NC) against perido-
mestic mosquitoes as a barrier treatment in 
nine approximately 1 A residential sites with 
dense foliage perimeters on the University 
of Florida campus in Gainesville, FL. Three 
sites were randomly selected for treatment 
with 0.06% lambda-cyhalothrin alone, three 
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for combined treatment with 0.06% lambda-
cyhalothrin + 0.01% pyriproxyfen, and three 
for untreated controls. Limited resources 
precluded investigation of 0.01% pyriproxy-
fen on its own. We used a Stihl® SR 200 (STI-
HL Inc., Virginia Beach, VA) backpack mist 
blower on the number three setting for all 
barrier spray treatments, with a target appli-
cation rate of 0.61 L/min. All field trials were 
conducted during  July 5–October 18, 2016.

We measured efficacy of the barrier 
treatments by deploying five 450 mL ovicups 
(Creative Converting Inc., Clintonville, WI) 
filled with 150 mL of tap water and a 15 cm 
x 2 cm wooden tongue depressor (Fisher-
brand, Pittsburgh, PA) during pre- and post-
treatment periods in each study site to assess 
Aedes mosquito egg density. The tongue de-
pressors were collected and replaced every 
7 d and returned to the laboratory for egg 
counts. The ovicups for the pre-treatment 
period were deployed two weeks before spray 
applications to establish the baseline density 
of Aedes eggs expected in the area from the 
natural populations. We applied two rounds 
of barrier treatment applications on the veg-
etation bordering each of the 6 treated sites: 

the first applied two weeks after collection of 
pre-treatment data, and the second applied 
eight weeks after the first treatment.

Efficacies of treatments were evaluated 
by egg counts at twelve intervals consisting of 
1-8, 10, 12, 14, and 16 wk after the initial ap-
plication. We downloaded publicly available 
weather data throughout field trials from 
the weather recorder at the Gainesville, FL 
regional airport approximately 8 km from 
study area. Mean egg densities were calcu-
lated for all sites for each sample period to 
determine the variance in egg density within 
each treatment – i.e., lambda-cyhalothrin, 
lambda-cyhalothrin + pyriproxyfen, and un-
treated control – over time and evaluate dif-
ferences using a three-way t-test at the P < 
0.05 level using JMP version 12 (Boblingen, 
Germany).

The distributions of egg collection data 
for all sites over the 2 wk pre-treatment pe-
riod are shown in Fig. 1, and the three-way t-
test confirmed there were no significant dif-
ferences among the mean number of Aedes 
mosquito eggs across the 9 sites designated 
for alone and combined treatments and un-
treated control (Table 1). Regarding post-

Figure 1. Mean number (standard error bars) of Aedes eggs collected by ovitraps per site (5 per site) for 2 wk 
pre-treatment and for 16 wk following alone and combination residual barrier treatments. The alone treatment 
consisted of 0.06% lambda-cyhalothrin, and the combined treatment consisted of 0.06% lambda-cyhalothrin + 
0.01% pyriproxyfen.
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treatment egg collection data, there was an 
approximately 100% reduction in oviposi-
tion by Aedes mosquitoes at sites treated with 
the combined lambda-cyhalothrin and pyri-
proxyfen treatment for up to 16 wk (Fig. 2). 
For the alone treatment with lambda-cyhalo-
thrin, we observed a reduced (but non-sig-
nificant) efficacy compared to the combined 
treatment sites with a mean value of 4.3 Aedes 
eggs post-treatment (Table 1). This non-sig-
nificant overall reduction in efficacy shown 
in Table 1 between the combined and alone 
treatments is likely due to the reduced per-
cent reductions compared to controls shown 
by the alone treatment in collections from 
weeks 10, 12, and 16 in Fig. 2. One expla-
nation for this is that significantly elevated 

rainfall of 202 mm took place in the study 
area in September 2016, corresponding to 
egg collections at weeks 10 and 12, com-
pared to monthly rainfall of 38–83 mm for 
July–August. Similarly this heavy rain event 
appeared to slightly decrease the impact of 
the combined residual barrier treatment at 
the 12 wk and 14 wk collections when com-
pared side by side with controls (Fig. 1) and 
as a percent reduction compared to controls 
for the same collection speriods in Fig. 2.

Our results indicate that the combination 
of lambda-cyhalothrin and pyriproxyfen in a 
peridomestic residual barrier treatment en-
hanced the treatment in two ways compared 
to lambda-cyhalothrin on its own. First, the 
combined treatment resulted in consistently, 

Table 1. The number of Aedes mosquito eggs (mean ± SE) collected from 9 study sites in Gainesville, FL for 2 wk 
before and 16 wk after application of alone and combined barrier treatments.

Treatment (3 sites each)
Pre-treatment

Mean ± SE
Post-treatment

Mean ± SE

lambda-cyhalothrin 0.06% 55.5 ± 9.57a 4.3 ± 1.59a

lambda-cyhalothrin 0.06% + pyriproxyfen 0.01% 57.2 ± 12.02a 0.9 ± 0.30a

Untreated Control 41.3 ± 31.8a 38.6 ± 7.61b

Means followed by the same letter in the same column are not significantly different (P > 0.05).

Figure 2. Percent reduction over 2 wk pre-treatment and 16 wk post-treatment in mean Aedes mosquito egg den-
sity collected at alone 0.06% lambda-cyhalothrin and combined 0.06% lambda-cyhalothrin + 0.01% pyriproxyfen 
residual barrier treatment sites compared to untreated control sites.
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though not significantly, greater reduction 
in egg collections throughout the study pe-
riod. Second, the combined treatment pro-
vided more consistent performance through 
elevated rainfall conditions compared to the 
traditional barrier treatment on its own.

We hypothesize that in our investiga-
tion the combined treatment provided an 
integrated impact on adult and immature 
life stages that caused greater (though not 
significantly) and more consistent reduc-
tions in mosquito populations compared to 
alone treatments. Lambda-cyhalothrin is a 
synthetic pyrethroid adulticide and causes 
rapid knockdown effect to susceptible adult 
population of mosquitoes; pyriproxyfen in-
directly reduces the number of adult mos-
quitos by slowing down the development of 
mosquito immatures and lead to failure in 
adult emergence. The combination of the 
larvicidal and adulticidal products theoreti-
cally increased the efficacy of the application 
by preventing the development of immature 
stages and survival of adult mosquitoes with-
in the treated areas, and limiting survival of 
mosquitoes flying in from nearby untreated 
areas.

Future studies should include sites treat-
ed with a residual barrier treatment of pyri-
proxyfen on its own to tease apart the rela-
tive contributions of each active ingredient 
in the combined treatments. In addition, 
testing of the water in ovicups could de-
tect whether pyriproxyfen is present, which 
could help determine the relative contribu-
tions of the adulticide and the insect growth 
regulator to reductions in egg collections. 
Future studies should also simultaneously 
collect adult Aedes mosquitoes in addition 
to egg collections across the study area to 

better evaluate whether residents could ex-
pect enhanced reductions in biting pressure 
from combine treatments. Finally, further 
investigation should be focused on whether 
the combined treatments can create a more 
weather-resistant integrated system that pro-
vides stable long term control.
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