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Abstract.  Tablet (40 mg a.i./tablet) and granular (2% a.i.) formulations of diflubenzuron, a
chitin synthesis inhibitor, insect growth regulator, were evaluated for larvicidal efficacy against
the larvae of Aedes aegypti (L.) in water-storage containers under field conditions in Thailand.
Each formulation was applied to 200-l clay jars at 5 different dosages (0.02, 0.05, 0.1, 0.5 and
1 mg/l a.i.). The jars were covered with solid celocrete sheets and placed in the shade under a
roof. Another experiment was also carried out using 3 different dosages (0.1, 0.5 and 1 mg/l)
where half the water in each treated jar and the control was removed and refilled weekly. Each
treatment was replicated four times. The treatments were challenged by adding 25 3rd instar
larvae/jar weekly. Assessments were made of each treatment through emergence inhibition
(%EI) by removing and counting pupal skins one week after larval addition. Using these as-
sessment techniques, a high degree of larvicidal efficacy (96-100%EI) was achieved with 4
dosages (0.05, 0.1, 0.5 and 1 mg/l) of both (tablet and granular) formulations for a period of 23
weeks post-treatment. The efficacy of the lowest dosage (0.02 mg/l) of tablet and granular
formulations lasted for 21 and 22 weeks post-treatment, respectively. Under the conditions of
water removal and weekly refilling, a high degree of larvicidal efficacy (96-100%EI) at the 3
dosages was obtained with the tablet formulation 18 to 21 weeks post-treatment, whereas the
efficacy of the granular formulation persisted 15 to 23 weeks post-treatment depending on the
dosage. This study clearly demonstrates a high level of residual activity with both formulations
of diflubenzuron against larvae of Ae. aegypti in water-storage containers. Considering envi-
ronmental factors and water-use conditions, it is likely that dosages of 0.05 to 0.1 mg a.i./l are
effective dosages providing long-lasting control for 3 to 4 months in the field.

INTRODUCTION

Aedes aegypti (L.) is generally recognized
as the most important vector responsible for
transmission of dengue viruses causing den-

gue fever, a major mosquito-borne disease.
This mosquito species is widely spread
throughout the world, including in tropical, sub-
tropical and temperate regions. Chemical and
microbial larvicides containing a variety of ac-
tive ingredients, such as temephos, Bti and in-
sect growth regulators (IGRs), have been de-
veloped and recommended for the control of
Ae. aegypti larvae (Mulla et al, 2004; Thavara
et al, 2004). The IGRs are diverse groups of
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synthetic chemical compounds which are highly
effective against immature stages of mosqui-
toes and also other insects, but they possess
a good margin of safety for most non-target
organisms (Mulla, 1995). Their safety and en-
vironmental friendliness offer a potential advan-
tage for their use as larvicides in vector control
programs. The IGRs have a specific ability to
interrupt the life cycle of insects by inhibiting
the maturity of insects and keeping them from
reaching the critical adult stage. The com-
pounds having insect growth regulating prop-
erties belonging to the classes of benzamides,
benzoylureas, carbamates, terpenoids, triaz-
ines, and other classes of chemicals (Mulla,
1995). IGRs are now available for testing
against Ae. aegypti. Mulla and Darwazeh
(1988), Mulla (1995), Mulla et al (2003), Su et
al (2003), Martins and da Silva (2004) and Batra
et al (2005) have reported studies on labora-
tory evaluation and field efficacy of a number
of  IGRs against mosquito larvae.

This study was initiated to evaluate re-
sidual efficacy of two formulations of diflu-
benzuron (tablets and granules) against larvae
of Ae. aegypti in water-storage containers
under field conditions in Thailand. Multiple
dosages of each formulation were used and
the treated jars and controls were challenged
weekly with larvae for about 27 weeks.

MATERIALS AND METHODS

Study site

This study was carried out at a field re-
search station for the evaluation of mosquito-
cidal products and other experimental agents
for vector control, in Bang Bua Thong District,
Nonthaburi Province, Thailand. A detailed de-
scription of the research facilities is given in
Mulla et al (2003, 2004).

Materials and treatments

Diflubenzuron [1-4(chlorophenyl)-3-(2,6-
difluorobenzoyl) urea] is a chitin synthesis in-
hibitor applied to water in order to control

breeding of disease vectors. Two formulations
of diflubenzuron: tablets (Bi-Larv T, 2 g in
weight/tablet with 40 mg a.i./tablet) and gran-
ules (Bi-Larv G, 2% a.i.) were evaluated in this
study. These formulations were provided by
Crompton Corporation. Each formulation was
applied to 200-l glazed-clay jars using 5 dos-
ages (0.02, 0.05, 0.1, 0.5 and 1 mg/l a.i.) and
each dosage consisted of 4 jars. To achieve
these dosages, each jar of each particular
dosage was treated with 1/10, 1/4, 1/2, 21/2,
and 5 tablets of Bi-Larv T, respectively,
whereas those treatments with Bi-Larv G were
0.2, 0.5, 1, 5, and 10 g, respectively. The 200-
l glazed-clay jars used in this study are com-
monly used water-storage containers in Thai-
land. The jars were covered with sol id
celocrete sheets to prevent wind-borne de-
bris from entering the jars and oviposition by
wild mosquitoes and were placed in the shade
under a roof. Another concurrent experiment
was also carried out using 3 dosages (0.1, 0.5
and 1 mg/l) of both formulations, where half
of the water in each treated jar and controls
was removed and refilled weekly. The treat-
ments, including controls were arranged in a
block design and set in a row from east to
west. The jars were treated after addition of
the first cohort of larvae and the water loss
was replaced weekly.

Assessment of efficacy

The treatments were challenged weekly
with a fresh cohort of laboratory reared lar-
vae, where 25 larvae (third instars) of Ae.
aegypti transferred in water in cups, were
added per jar. About 1 g of ground mouse food
was added per jar for the larvae. Larval mor-
tality at the start and later adult emergence,
evaluated by counting pupal skins, were as-
sessed. It was noted that almost complete
mortality occurred in the larval stage, not sur-
viving to adult emergence. Assessment of
pupal skins provide a good measure of the
yield of emerging adults. Pupal skins were al-
ways found in expected numbers in control
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jars, but very few if any in the treated
jars, except toward the end of the ex-
periment. Pupal skins float on surface,
mostly at the meniscus level and can
be picked up with a syringe without
disturbing the water. The syringed pu-
pal skins were placed in water in white
plastic trays and counted. The magni-
tude of inhibition of emergence was
presented in percentage (%EI), which
was calculated on the basis of the
number of pupal skins (indicating adult
emergence) compared to the initial
number of larvae added.

RESULTS

The residual eff icacy of dif lu-
benzuron (tablet formulation) at five dif-
ferent dosages  (0.02, 0.05, 0.1, 0.5
and 1 mg/l active ingredient) against lar-
vae of Ae. aegypti in constantly full jars
is presented in Fig 1. As can be seen,
the lowest dosage (0.02 mg/l) of the
tablet formulation provided excellent ef-
ficacy with a high emergence inhibition
rate (96-100%EI) for 21 weeks post-
treatment, after which its efficacy de-
clined continuously over the remaining
period, reaching about 50%EI at 26
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Fig 2–Residual efficacy (% emergence inhibition) of difluben-
zuron granules (2% a.i.) at various dosages (mg/l a.i.) in
water-storage jars (200 l), kept full without exchange of
water.

Fig 1–Residual efficacy (% emergence inhibition) of difluben-
zuron tablet (40 mg a.i./tablet) at various dosages (mg/l a.i.)
in water-storage jars (200 l), kept full without exchange of
water.

Fig 2 shows the residual efficacy of
diflubenzuron (granular formulation) at five
dosages: 0.02, 0.05, 0.1, 0.5 and 1 mg/l a.i.
against the larvae of Ae. aegypti in constantly
full jars. A high degree of larvicidal efficacy at
four dosages (0.05, 0.1, 0.5 and 1 mg/l) of
this formulation lasted for 23 weeks post-treat-
ment, similar to that of the tablet formulation.
The longevity of efficacy at the lowest dosage
(0.02 mg/l) of diflubenzuron granular formula-
tion (22 weeks) was slightly longer than that
of the tablet formulation (21 weeks). It is evi-
dent that the residual patterns of efficacy of
diflubenzuron granular formulation were al-
most the same as those of the tablet formula-
tion. However, when both formulations reached-

weeks post-treatment, and dropped to about
19%EI by the end of the experiment (27 weeks
post-treatment). In contrast, the higher dosages
(0.05, 0.1, 0.5 and 1 mg/l) of the tablet formu-
lation demonstrated somewhat longer efficacy
for 23-25 weeks post-treatment. After that, the
efficacy of these dosages also declined, but
the efficacy remained higher than  the dosage
of 0.02 mg/l during the same period. By the
end of this experiment (27 weeks post-treat-
ment), the efficacy of the diflubenzuron tablet
at dosages of 0.05, 0.1, 0.5 and 1 mg/l were
43, 62, 72 and 77%EI, respectively. The emer-
gence inhibition rate of the control group in this
study was usually low, except in some weeks
when it was more than 10%.
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idly and fluctuated between 29 and
52%EI during the last six weeks of this
experiment. Under the same condi-
tions of water removal and refilling
weekly, the higher dosages (0.5 and
1 mg/l a.i.) of the diflubenzuron tablet
exhibited a longer period of excellent
efficacy for 21 weeks post-treatment.
After reaching the maximum period of
excellent efficacy at 21 weeks post-
treatment, the efficacy of the diflu-
benzuron tablet at a dosage of 0.5 mg/
l a.i. dropped rapidly to about 54%EI
by the 22nd week, and then fluctuated
between 51 and 33%EI during the last
five weeks of this experiment. In con-
trast, the efficacy of the diflubenzuron
tablet at the highest dosage (1 mg/l
a.i.) declined gradually over the test
period from 96%EI at the 21st week
post-treatment to about 54%EI at the
27th week post-treatment.

Fig 4 reveals the residual efficacy
of diflubenzuron (granular formulation)
at three dosages (0.1, 0.5 and 1 mg/l
a.i.) against larvae of Ae. aegypti un-
der the conditions of half the volume
of water (100 l) removal and refilling
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Fig 3–Residual efficacy (% emergence inhibition) of difluben-
zuron tablet (40 mg a.i./ tablet) at various dosages (mg/l a.i.)
in water-storage jars (200 l), 1/2 water volume removed and
refilled weekly.

Fig 4–Residual efficacy (%emergence inhibition) of difluben-
zuron (granules, 2% a.i.) at various dosages (mg/l a.i.)
in water-storage jars (200 l), 1/2 water volume removed and
refilled weekly.

their maximum period of excellent efficacy, the
efficacy of the granular formulation group de-
clined somewhat more rapidly than that of the
tablet formulation group. At the end of this study
(27 weeks post-treatment), the efficacy of
diflubenzuron granules at the dosages of 0.02,
0.05, 0.1, 0.5 and 1 mg/l a.i. were 23, 38, 52,
53 and 65%EI, respectively.

Under the condition of exchange of half
the volume of water (100 l) weekly, the residual
efficacy of diflubenzuron (tablet formulation) at
three dosages (0.1, 0.5 and 1 mg/l a.i.) against
the larvae of Ae. aegypti is presented in Fig 3.
The high degree of emergence inhibition rate
of diflubenzuron tablet at the dosage of 0.1
mg/l a.i. lasted for about 18 weeks after treat-
ment, after which its efficacy decreased rap-

weekly. The lowest dosage (0.1 mg/l a.i.)
showed a high degree of emergence inhibi-
tion rate for a period of 15 weeks post-treat-
ment. Its efficacy decreased to about 80%EI
during the period between the 16th and 17th

week, then dropped sharply to about 33%EI
by the 18th week post-treatment, remaining
lower than 24%EI until the end of experiment.
On the contrary, a longer efficacy was noted
for dosages of 0.5 and 1 mg/l for a period of
22 and 23 weeks post-treatment, respectively.
After these periods, the efficacy of both dos-
ages declined gradually over the test period.
At the end of this study (27 weeks post-treat-
ment), the emergence inhibition rate of the
diflubenzuron granules at the dosages of 0.5
and 1 mg/l were 37 and 50%EI, respectively.
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DISCUSSION

Diflubenzuron is an IGR which inhibits
chitin synthesis of mosquito larvae during
ecdysis, affecting larval development at all lar-
val instars and other stages. However, there
are significant differences in diflubenzuron in-
hibiting activity among the instars, and the 3rd

instar larvae were found to be the most resis-
tant to the diflubenzuron inhibiting effect (Mar-
tins and da Silva, 2004) and diflubenzuron does
not cause any reduction in the reproduction po-
tential of Ae. aegypti (Fournet et al, 1993). The
larvae on ingestion of diflubenzuron were un-
able to complete their molt and subsequently
died. This is a completely different mode of
action than the other synthetic chemical larvi-
cides and thus provides a novel strategy for
resistance management where resistance to
conventional larvicides occurs. As temephos
has been used for the control of Ae. aegypti
larvae in Thailand for over 3 decades (Bang et
al, 1972), it is now suspected that temephos
resistance may already have developed or
could soon occur in some areas subjected to
temephos treatments for long periods. Devel-
opment of some degrees of resistance to
temephos in Ae. aegypti in the field has been
reported in various places, such as the Carib-
bean (Georghiou et al, 1987), Santa Domingo
(Mekuria et al, 1991), British Virgin Islands (Wirth
and Georghiou, 1999), Brazil (Campos and
Andrade, 2001), Thailand (Paeporn et al, 2004),
and Malaysia (Chen et al, 2005).

The present study documents excellent
larvicidal efficacy of two formulations of
diflubenzuron at various dosages against 3rd

instar larvae of Ae. aegypti in water-storage jars
(200-l capacity) under field conditions. We used
the 3rd instar larvae of Ae. aegypti for evalua-
tion in order to determine the larvicidal efficacy
against the most resistant stage of the tested
species. Regarding the water-storage contain-
ers used in this study, we employed glazed-
clay jars (200-l capacity) as they are the most

commonly used containers by dwellers through
out the country, which constitutes a major habi-
tat for Ae. aegypti in Thailand (Chansang et al,
1993; Kittiyapong and Strickman, 1993;
Thavara et al, 2001). To obtain actual larvicidal
efficacy, we also simulated water-use and ex-
change practices by removal and refilling the
water weekly. However, the longevity of
diflubenzuron in water-storage jars against Ae.
aegypti larvae was somewhat decreased by
water exchange practices. In the jars without
water removal and refill, the two higher dos-
ages (0.5-1 mg/l a.i.) of both formulations pro-
vided almost complete efficacy (100 %EI) for
23-24 weeks post-treatment, whereas a simi-
lar residual efficacy of both dosages in the jars
with water removal and refill lasted for 20-21
weeks (tablets) and 22-24 weeks (granules)
post-treatment. The data in our study, support
a high level of residual efficacy for both formu-
lations of diflubenzuron against Ae. aegypti lar-
vae in water-storage containers under field con-
ditions. Recently, the World Health Organiza-
tion (WHO) recommended the use of two for-
mulations of diflubenzuron (2% DT and 2% GR)
for the control of container-breeding mosqui-
toes, such as Ae. aegypti, at a dosage of 0.02-
0.25 mg/l a.i., with an expected residual effi-
cacy of 2 to 4 months (WHO, 2006). In addi-
tion, higher rates of application were also rec-
ommended for containers with exposure to
sunlight or with high organic content. On the
other hand, Ansari et al (2005) suggested us-
ing another two formulations of diflubenzuron
(25WP and 22SL) at a dosage of 8 mg/m2 to
control Ae. aegypti larvae in unused coolers
with complete inhibition (100%EI) for 7 weeks.

In Thailand, the most commonly used lar-
vicide for the control of Ae. aegypti larvae is
temephos which has been used since the early
1970s (Bang et al, 1972). Various formulations
of temephos have shown excellent residual
effectiveness against Ae. aegypti larvae in
water-storage containers for several months
(Mulla et al, 2004; Thavara et al, 2004). How-
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ever, some formulations of temephos sand
granules are objected to by dwellers for use
in their water-storage containers because of
unpleasant smell and water turbidity after ap-
plication (Phanthumachinda et al, 1985;
Thavara et al, 2001). Hence, it is likely that at
least two formulations of diflubenzuron tested
in this study could provide a substitute or an
alternative larvicide for the control of Ae.
aegypti larvae in Thailand as these formula-
tions possess no unpleasant characteristics.

In addition to good effectiveness against
Ae. aegypti larvae, diflubenzuron also has a
wide spectrum of larvicidal activity against
various mosquito species, such as Anopheles
quadrimaculatus Say and Culex tarsal is
Coquillett (Estrada and Mulla, 1986), An.
culicifacies Giles, An. stephensi Liston and Cx.
quinquefasciatus Say (Ansari et al, 2005).
WHO (2006) has also recommended the use
of diflubenzuron (2% GR and 25% WP formu-
lations) for mosquito control in open bodies
of water at the dosage of 25-100 g/ha a.i.
However, higher dosages are required in pol-
luted and vegetated habitats whereas lower
dosages are probably adequate for the con-
trol of flood-water mosquitoes (WHO, 2006).

Regarding safety, WHO classifies difluben-
zuron as unlikely to present an acute hazard in
normal use since it has low-acute and chronic
toxicity to mammals, with no indication of car-
cinogenicity, mutagenicity or teratogenicity
(WHO, 2006). Diflubenzuron is also environmen-
tally friendly with a low toxicity to birds, fish and
aquatic plants. Although diflubenzuron is highly
toxic to non-target biota, such as some crusta-
ceans and macro-invertebrates, the resurgence
of the affected target and non-target organisms
takes place fairly quickly (WHO, 2006).

In conclusion, a high degree of larvicidal
efficacy (96-100%EI) was achieved with 4
dosages (0.05, 0.1, 0.5 and 1 mg/l a.i.) of both
formulations of diflubenzuron for a period of
23 weeks post-treatment, whereas the efficacy
of the lowest dosage (0.02 mg/l a.i.) of the

tablet and granular formulations lasted for 21
and 22 weeks post-treatment, respectively.
Under conditions of water removal and refill-
ing weekly, high degrees of larvicidal efficacy
(96-100%EI) at the 3 higher dosages was ob-
tained with the tablet formulation for 18 to 21
weeks post-treatment, whereas the efficacy
of the granular formulation persisted 15 to 23
weeks post-treatment depending on the dos-
age used. This study clearly demonstrated a
high level of residual activity for both formula-
tions of diflubenzuron (tablets and granules)
against the larvae of Ae. aegypti in water-stor-
age containers. Considering environmental
factors and water-use conditions, it is likely
that dosages 0.05 to 0.1 mg/l a.i. will be ef-
fective dosages to provide long-lasting con-
trol for at least 3 to 4 months in the field.

ACKNOWLEDGEMENTS

This study was carried out in cooperation
with the Department of Entomology, University
of California, Riverside, USA. We would like to
thank Crompton Corporation, for their supplying
samples of formulations for experimentation.
The authors recognize and appreciate the en-
couragement and constant support of Dr
Pathom Sawanpanyalert, Director of National
Institute of Health (NIH), Department of Medical
Sciences, Ministry of Public Health, Thailand. We
acknowledge the able assistance of Ruthairat
Sritommarat, Payu Bhakdeenuan, Deanpen
Deepolngam, Laddawan Wansopa, Thanittha
Chumphonrak and Chumphon Chumphonrak of
NIH, Thailand, in carrying out timely assessment
and maintenance of the experimental site. We
thank Yutthana Phusap, Chief of Insectary Unit,
NIH, Thailand, for his continuous supply of mos-
quito larvae used in the experiment.

REFERENCES

Ansari MA, Razdan RK, Sreehari U. Laboratory and
field evaluation of Hilmilin against mosquitoes.
J Am Mosq Control Assoc 2005; 21: 432-6.

Bang YH, Tonn RJ, Jatanasen S. Pilot studies of



LARVICIDAL EFFICACY OF AN INSECT GROWTH REGULATOR AGAINST AE. AEGYPTI

Vol  38  No. 2  March  2007 275

Abate® as larvicide for control of Aedes
aegypti in Bangkok, Thailand. Southeast Asian
J Trop Med Public Health 1972; 3: 106-15.

Batra CP, Mittal PK, Adak T, et al. Efficacy of IGR
compound Starycide 480 SC (triflumuron)
against mosquito larvae in clear and polluted
water. J Vector Borne Dis 2005; 42: 109-16.

Campos J, Andrade CF. Larval susceptibility to
chemical insecticides of two Aedes aegypti
populations. Rw Saude Publica 2001; 35:
232-6.

Chen CD, Nazni WA, Lee HL, et al. Susceptibility of
Aedes aegypt i  and Aedes albopictus  to
temephos in four study sites in Kuala Lumpur
City Center and Salangor State, Malaysia. Trop
Biomed 2005; 22: 207-16.

Chansang C, Chansang U, Thavara U, et al. The
distribution of Aedes aegypti in rural areas
during 1989-1991. Bull Dept Med Sci 1993;
35: 91-106.

Estrada JG, Mulla MS. Evaluation of two new insect
growth regulators against mosquitoes in the
laboratory. J Am Mosq Control Assoc 1986; 2:
57-60.

Fournet F, Sannier C, Monteny N. Effects of the in-
sect growth regulators OMS 2017 and
diflubenzuron on the reproductive potential of
Aedes aegypti. J Am Mosq Control Assoc
1993; 9: 426-30.

Georghiou GP, Wirth M, Tran H, et al. Potential for
organophosphate resistance in Aedes aegypti
(Diptera: Culicidae) in the Caribbean area and
the neighboring countries. J Med Entomol
1987; 24: 290-4.

Kittiyapong P, Strickman D. Distribution of con-
tainer-inhabitation Aedes larvae (Diptera: Cu-
licidae) at a dengue focus in Thailand. J Med
Entomol 1993; 30: 601-6.

Martins F, Da Silva IG. Evaluation of the inhibiting
activity of the diflubenzuron on the ecdysis of
larvae of Aedes aegypti (Linnaeus, 1762)
(Diptera: Culicidae). Rev Soc Bras Med Trop
2004; 37: 135-8.

Mekuria Y, Gwinn TA, Williams DC, et al. Insecticide
susceptibility of Aedes aegypti from Santo
Domingo, Dominican Republic. J Am Mosq
Control Assoc 1991; 7: 69-72.

Mulla MS. The future of insect growth regulators in
vector control. J Am Mosq Control Assoc

1995; 11: 269-73.

Mulla MS, Darwazeh HA. Efficacy of new insect
growth regulators against mosquito larvae in
dairy wastewater lagoons. J Am Mosq Control
Assoc 1988; 4: 322-5.

Mulla MS, Thavara U, Tawatsin A, Chompoosri J,
Zaim M, Su TY. Laboratory and field evaluation
of novaluron, a new acylurea insect growth
regulator, against Aedes aegypti (Diptera:
Culicidae). J Vector Ecol 2003; 28: 241-54.

Mulla MS, Thavara U, Tawatsin A, Chompoosri J. Pro-
cedures for the evaluation of field efficacy of slow-
release formulations of larvicides against Aedes
aegypti in water-storage containers. J Am Mosq
Control Assoc 2004; 20: 64-73.

Paeporn P, Ya-umphan P, Suphapathom K, et al.
Insecticide susceptibility and selection for re-
sistance in population of Aedes aegypti from
Ratchaburi Province, Thailand. Trop Biomed
2004; (suppl): 1-6.

Phanthumachinda B, Phanurai P, Samutrapongse
W, et al. Studies on community participation in
Aedes aegypti control at Panus Nikhom Dis-
trict, Chonburi Province, Thailand. Mosq-
Borne Dis Bull 1985; 2: 1-8.

Su T, Mulla MS, Zaim M. Laboratory and field evalu-
ations of novaluron, a new insect growth regu-
lator (IGR), against Culex mosquitoes. J Am
Mosq Control Assoc 2003; 19: 408-18.

Thavara U, Tawatsin A, Chansang C, et al. Larval
occurrence, oviposition behavior and biting
activity of potential mosquito vectors of den-
gue on Samui Island, Thailand. J Vector Ecol
2001; 26: 172-80.

Thavara U, Tawatsin A, Kong-Ngamsuk W, Mulla
MS. Efficacy and longevity of a new formula-
tion of temephos larvicide tested in village-
scale trials against larval Aedes aegypti in
water storage containers. J Am Mosq Control
Assoc 2004; 20: 176-82.

WHO. Report of the ninth WHOPES working group
meeting, WHO/HQ, Geneva, 5-9 December
2005. WHO/CDS/NTD/WHOPES/2006.2.
2006.

Wirth MC, Georghiou GP. Selection and character-
ization of temephos resistance in a population
of Aedes aegypti from Tortola, British Virgin
Islands. J Am Mosq Control Assoc 1999; 15:
315-20.


