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Abstract

Accumulations of large quantities of wastes (manure, used litter, dead birds) which are excellent medium for fly-larvae
over poultry houses provide breeding places for different groups of fly pests, with house-flies being the dominant species.
This project is a comparative lab study. In this research project the larvicidal effects of cyromazine and triflumuron were
studied as two Insect Growth Regulators (IGRs) to reduce the fly population using oral application. Both IGRs had a signifi-
cant effect on larval mortality compared with their controls among the concentrations (P< 0.01, Fisher’s LSD with Bonf-
feroni correction) including a dose-dependent relationship. Comparisons among LCsy and LCgy, values, using fiducial limits,
showed that cyromazine was significantly more toxic to the larvae of the two strains than triflumuron. It is concluded that

cyromazine should be used in a larvicidal programme to control house-fly rather than triflumuron.
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Introduction

Commercial poultry houses are rapidly ex-
panding worldwide to meet the needs of the
increasing human population (Axtell 1999). In
modern production systems, poultries are housed
in high densities with, consequently, accumula-
tions of large quantities of wastes (manure, used
litter, dead birds) which are excellent medium
for fly-larvae, consequently adult fly production
(Axtell 1986, 1999). This phenomenon provides
breeding places for different groups of fly pests,
with house-flies being the dominant species.

IGRs are a diverse group of insecticides,
with a range of effects on insect specific phe-
nomena, disrupting the growth and development
of insects and other arthropods. They mainly
affect the development of immature stages, and
disrupt metamorphosis and reproduction (Graf
1993, Retnkaran et al. 1985) and are becoming
more important in the management of insect
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pests (Grenier and Grenier 1993). IGRs include
various chemical categories including: juvenile
hormones, chitin synthesis inhibitors, and triazine
derivatives (Retnakaran et al. 1985) with differ-
ent modes of action.

Cyromazine (CGA 72662, N-cyclopropyl-1,
3, 5-triazine-2, 4, 6-triamine) represents a new
class of IGRs derived from aziodotriazine her-
bicides (Shen and Plapp 1990). It was discov-
ered by Ciba-Giegy Ltd. in the mid 1970s and
originally developed under the trade name of
‘Vetrazine’, a blow-fly control agent. Cyromaz-
ine is now also applied topically to control house-
fly larvae in manure (‘Neporex’), as a feed—
through in poultry (‘Larvadex’), as well as in
crop protection (“Trigard’) (Moreno-Mari et al.
1996, Graf 1993).

Ultrastructural studies on larvae of L. cu-
prina have suggested that the pesticide works at
the cuticular level (Jimenez-Pyedro 1995). How-
ever, Binnington (1985) and Friedel et al. (1988)



Iranian J Arthropod-Borne Dis, 2007, 1(2): 7-13

suggested that cyromazine did not inhibit chitin
formation but might be acting by disruption of
the endocrine system.

Triflumuron is the common name for the
chemical 2-chloro-N-[[[4-(trifluoromethoxy) phenyl]
amino] carbonyl] benzamide. It was first intro-
duced by Bayer in 1979 at the International Plant
Protection Congress in Washington (Senior 1998).
Triflumuron has been shown to be effective
against a variety of insects of medical and agri-
cultural significance, under laboratory and field
conditions, belonging to the orders of Diptera,
Orthoptera, Siphonaptera, Coleoptera and Lepi-
doptera. It has been used to control house-flies,
mosquitoes, fleas and cockroaches in public
and animal health (Retnakaran and Wright 1987,
Weaver et al. 1984, Main and Mulla 1982,
Miura and Takahashi, 1979). ‘Alystin’ and *Stary-
cide’ are two of its trade names.

Triflumuron is a benzoylphenyl urea that acts
primarily as a stomach poison, but may also
have a contact action, depending on the insect
species, the developmental stage of the insects,
the dose applied, and the method of application
(Senior 1998). Its effects are typical of benzoyl
phenyl ureas, it acts to inhibit the deposition of
chitin in the cuticle of arthropods. It has both
ovicidal (Smith and Grigarik 1989, Broadbent
and Pree 1984) and larvicidal (Smith and
Grigarik 1989, Hejazi and Granett 1986, Asher
and Nemny 1984) properties, depending on the
species studied. In addition, it induces sterility
in adult female house-flies (Howard and Wall
1995, Weaver and Begley 1982).

There have been several previous investiga-
tions using cyromazine, of triazine derivatives,
as a larvicide against house-fly larvae (Keiding
et al. 1991, Keiding et al. 1990, Kelly et al. 1987,
Iseki and Georghiou 1986) but no comparisons
have ever been made with triflumuron. The
benzoylphenyl ureas, to which triflumuron belongs,
are mainly used as larvicides (Reynolds 1987),
but very little work has been done on the lar-
vicidal effects of triflumuron on house-fly larvae
(Weaver and Begley 1982).
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In this study the toxicity effects of cyromaz-
ine and triflumuron were evaluated and com-
pared using the oral application.

Materials and Methods

IGRs

Both IGRs were of technical grade: cyromaz-
ine (99.9% a.i., Novartis) and triflumuron (99.6%
a.i., Bayer).

Insects

House-fly larvae were of two strains: Rento-
kil, a non-resistant laboratory strain, and Chicken
house, a wild strain. The house-flies were reared
at Insect Investigations Ltd. (Cardiff University
of Wales) in constant environmental chambers
(25 °C, 55%-60% RH and 16hL: 8hD). The
rearing method was that of Cetin et al. (2006)
and Kristensen and Jespersen (2003) with some
modifications. The larvae were reared in a
medium made by mixing the following ingredi-
ents: 170g dog food pellets, 20g-yeast extract
(Sigma) and 30g milk powder. The pellets were
placed into a plastic container, and sufficient
water added to soften them. The pellets were
then soaked in the water for at least one hour.
The pellets, milk powder and yeast extract were
together placed into a food mixer, and blended
thoroughly. The resultant mixture was left for
another hour, after which its time consistency
was checked, and more water added if necessary.
The mixture should be not much watery or thick.
Oral Application (OA)

To examine the effects of OA, second-instar
larvae were used, because of their higher food
consumption rate. The larvae were provided with:
0.125, 0.25, 0.5 and 1 mg/kg larval medium
(Kelly et al. 1987). Distilled water was used as
the solvent for cyromazine and acetone was
used for triflumuron.

Twenty-five of the second-instar larvae were
placed in a 250cm glass-jar containing 70gr of
IGR-contaminated larval medium. The latter was
treated with the highest volume of acetone,
1000ul/Kg diet, as this was the volume used in
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the treated control (see above). A non-treated
control did not receive any IGR or acetone. In
all cases three replicates were used for both
strains. The jars containing larvae were kept in
a constant environmental chamber and monitored
for two weeks. Emergence of the adults usually
took< 10 days. The numbers of emerged house-
flies at the end of experiment was counted to
record the rate of survival which was then con-
verted to the rate of mortality.

All the experiments were conducted in School
of Biosciences, Cardiff University of Wales, UK.
Data analysis

All percentage mortality data were arcsine
square root-transformed. They were checked
for the homogeneity of their variances using
Bartlett or Levene tests and for the normality of
their residuals using the Ryan-Joyner test,
which is similar to the Shapiro-Wilks test. One-
way ANOVAs were then performed on the data
followed by the Least Significant Difference
(Fisher’s LSD and Bonfferoni correction) method
for distinguishing between the means to find
any significant differences in mortality between
the different concentrations and control, also
amongst the concentrations. If the ANOVA table
indicates a significant difference between the
means, then pairs of means were compared, using
LSD method to determine if they are signifi-
cantly different from each other. Then concentra-
tion-mortality regression was performed by probit
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analysis (Chi package, 2000) to determine the
LC,, and LC,, for each treatment. The Chi pack-

age is based on Finney’s probit analysis (Finney,
1978) and takes Abbott’s formula (Abott 1925) as
a common correction. Differences in toxicity at
LCso and LCq, were considered to be significant
when fiducial limits did not overlap (Sheppard et
al. 1992, Stark et al. 1991).

Results

Overall one way-ANOVAs revealed significant
differences in mortality among the treatments
and controls (P< 0.001). Moreover both IGRs
had a significant effect on mortality of larval
mortality compared with their controls among
the concentrations (P< 0.01, Fisher’s LSD with
Bonfferoni correction). The results are summa-
rised in Table 1 and 2. There was a dose-
dependent relationship in the rate of mortality
of larvae with both IGRs. This was confirmed
using probit analysis. Comparisons among LCs
and LCq values, using fiducial limits, showed that
cyromazine was significantly more toxic to the
larvae of the two strains than triflumuron. Besides,
there was no significant difference in the suscep-
tibility of the two strains to either cyromazine or
triflumuron. There was no difference in mortality
between treated and un-treated controls. Acetone
had no side effects on the larval mortality.

Tablel. Probit analysis, using oral application of 2" instar, for both IGRs against both strains of house-fly larvae,
mortality of larvae to adults

Treatment LCs FL*of LCsy LCq FL* of LCy  chi-squared values df SD of slope
mg/kg diet mg/kg
diet
cy/Re 0.207 0.176-0.238 0.566 0.473-0.727 0.362 2 0.342
cy/Ch 0.216 0.190-0.241 0.566 0.473-0.727 0.249 2 0.349
tr/Re 0.531 0.475-0.602 3.455 2.567-5.132 0.085 2 0.267
tr/Ch 0.594 0.541-0.659 3.905 3.024-5.390 0.005 2 0.272

cy/Re= cyromazine # Rentokil, cy/Ch= cyromazine # Chicken, tr/Re=triflumuron # Rentokil, tr/Ch=triflumuron #

Chicken, FL*= Fiducial Limits
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Table 2. Toxicity of two IGRs against house-fly larvae, using Fiducial Limits (mortality of larvae to adults), topical
application of 2" instar

Comparisons Ratio of toxicity (LCs) Significant Ratio of toxicity (LCg) Significant
trCh=trRe 1.12 ns 1.10 ns
cyCh=cyRe 1.04 ns 1.00 ns
trRe<cyRe 257 sig 6.10 sig
trCh<cyCh 2.75 sig 6.90 sig

trCh= triflumuron # Chicken, trRe= triflumuron # Rentokil, cyCh= cyromazine # Chicken, cyRe= cyromazine # Rentokil

Discussion

The mortality effects of OA of cyromazine
agree with the results of Kelly et al. (1987) and
those of Iseki and Georghiou (1986) but do not
accord with the results of Scotte et al. (2000).
The reason for these mismatches in the latter
case is unclear. The obtained results of cyromaz-
ine in this study have been confirmed by using
of 50% cyromazine to larval foci followed by
cultural and biological control methods as a
field trial in poultry houses (Crespo et al. 2002).
They obtained satisfactory reduction on the
house flies population to overcome on insecticide
resistance population. Kocisova et al. (2004)
obtained a 74-81% reduction in the population
of house flies over a 5 weeks field trial, using
Neporex (a.i. 2% cyromazine) against second
and third larval instars which confirmed the
larvicidal effects of cyromazine. Novartis technical
brochure (2006) explains a 100% efficacy in
the mortality of house fly larvae in the different
instar larvae by using an oral application. This
result is similar to the results of current study.

A dose-dependent relationship in the rate of
mortality of larvae with cyromazine in the cur-
rent study agrees with the results of Tomberlin
et al. (2002). They obtained similar results
using cyromazine in an oral application against
black soldier fly, Hermetia illucens (L.).

The obtained rates of mortality with OA of
triflumuron confirm the results of Weaver and
Begley (1982), as they reported general dose-
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dependent of mortality. However they used per-
centages of puparium formation to calculate the
rate of mortality, whereas in this study, successful
emergence of adults was used. In addition, the
results of Howard (1995) based on topical applica-
tion of adults show a dose- dependent for mortality
of house-fly larvae, using triflumuron. The
results of the present study are confirmed by
study of Tong and Hui (2004), using a similar
application method against housefly larvae too,
The significant larvicidal properties of triflu-
muron is confirmed by studies of Batra et al.
(2005), Sulaiman et al. (2004) and Ladonni and
Farashiani (2000) against Aedes aegypti and
Anopheles stephensi larvae in field trials of India,
Malaysia and Iran, respectively. These agree with
larvicidal effects of triflumuron in the current
study. The obtained results using novularon, an
IGR of benzoylurea, in a laboratory feeding
larvicidal application against house fly larvae, by
Cetin et al. (2006) agree the results of present
study using triflumoron as an IGR of benzoylurea.
Results of the present study reveal that, both
IGRs, can affect significantly on mortality of
house-fly larvae (Table 1 and 2), and that cyromaz-
ine was more toxic than triflumuron in all cases.
Cyromazine was 2.57 and 2.75-fold more effective
than triflumuron at LCs and 6.10, 6.90-fold more
effective at LCqo against Rentokil and Chicken
house strains, respectively, than triflumuron.
Furthermore, using OA both strains showed
the same degree of susceptibility to each IGR
(Table 1 and 2). Therefore it is concluded that
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cyromazine should be used in a larvicidal pro-
gramme to control house-fly.

Also, several researchers have found a lack
of cross-resistance between cyromazine and
other IGRs: lufenuron (Wilson 1997), diflubenzuron
(Farkas and Plapp 1991), methoprene (Bloom-
camp et al. 1987). Furthermore, no cross-resis-
tance was reported between cyromazine and
conventional insecticides, organophosphorous,
pyrethroids and organochlorines (Keiding et al.
1991, Shen and Plapp 1990) and cyromazine as
a larvicide. Keiding (1991) reported no increase
in LCs and LCgq values of cyromazine as a
larvicide, after five or six selections.

In conclusion according to the above men-
tioned results and facts using cyromazine in a
larvicidal program is preferred to triflumuron.

Acknowledgements

We are very thankful to the Ministry of Health,
Iran, and Department of Ecology and Biodiversity,
School of Biosciences, Cardiff University of
Wales, UK, for finance supporting and provid-
ing the facilities to carry on this research project,
respectively.

References

Abbott WS (1925) A method for computing the
effectiveness of an insecticide. J Econ Entomol.
18: 265-267.

Asher KR, Nemny NE (1984) The effect of
CME 134 on Spodoptera littoralis eggs and
larvae. Phytoparasitica. 12(1): 13-27.

Axtell RC (1986) Fly management in poultry
production: cultural, biological, and chemical.
Poult Sci. 65: 657-667.

Axtell RC (1999) Poultry integrated pest man-
agement: Status and future. Integrated Pest
Manage Rev. 4: 53-73.

Batra CP, Mittal PK, Adak T, Ansari MA (2005)
Efficacy of IGR compound Starycide 480
SC (Triflumuron) against mosquito larvae

11

B Vazirianzadeh et al.: The Effects of Oral Application ...

in clear and polluted water. J Vector Borne
Dis. (42): 109-116.

Binington KC (1985) Ultrastractural changes in
cuticule of the sheep blowfly, Lucilia cuprina,
induced by certain insecticides and biological
inhibitors. Tissue Cell. 17: 131-140.

Bloomcamp CL, Patterson RS, Koehler PG
(1987) Cyromazine resistance in the house-
fly (Diptera: Muscida). J Econ Entomol. 80:
352-357.

Broadbent AB, Pree DJ (1984) Effects of difluben-
zuron and BAY SIR 8514 on beneficial insects
associated with peach. Environ Entomol. 13:
133-136.

Cetin H, Erler F, Yanikoglu A (2006). Lar-
vicidal activity of novaluron, a chitin synthesis
inhibitor, against the housefly, Musca do-
mestica. J Insect Sci. 5(6): 1-4.

Chi H (2000) Probit Analyses Package. Labora-
tory of Theoretical Ecology. Taiwan. Available
at: http://140.120.197.173/Ecology/prod02.htm

Crespo DC, Lecuona ER, Hogsette AJ (2002)
Strategies for controlling house fly popula-
tions resistant to cyromazine. Neotrop entomol.
31(1): 141-147.

Farkas R, Pllap L (1991) Monitoring of suscep-
tibility to cyromazine and diflubenzeron in
house-fly (Musca domestica) populations in
Hungary. Parasitol Hungarica. 24: 99-107.

Finney DJ (1978) Probit Analysis. Cambridge
University Press, Cambridge.

Friedel T, Hales DF, Birch D (1988) Cyromazine-
induced effects on the larval cuticle of the
sheep blow-fly, Lucilia cuprina: ultrastrac-
tural evidence for a possible mode of action.
Pesticide Biochem Physiol. 31: 99-107.

Graf JF (1993) The role of insect growth regu-
lators in arthropod control. Parasitol Today.
9:471-474.

Grenier S, Grenier AM (1993) Fenoxycarb, a
fairly new Insect Growth Regulator: a review
of its effects on insects. Ann Appl Biol. 122:
369-403.

Hejazi MJ, Granett J (1986) Delayed effects of
two benzoylphenylureas on Platynota stulatna



Iranian J Arthropod-Borne Dis, 2007, 1(2): 7-13

(Lepidoptera: Torctidae) in the laboratory. J
Econ Entomol. 79: 753-758.

Howard JJ, Wall R (1995) The effects of triflu-
muron a chitin synthesis inhibitor on the
house-fly M.domestica (Diptera: Muscidae)
Bull Entomol Res. 85: 71-77.

Howard JJ (1995) Development of an autoster-
ilizing device for the control of the house-
fly, Musca domestica (Diptera: Muscidae)

[PhD dissertation]. University of Bristol, UK.

Iseki A, Georghiou GP (1986) Toxicity of cyro-
mazine to strains of the housefly (Diptera:

Muscidae) variously resistant to insecticides.

J Econ Entomol. 79: 1192-1995.

Jimenez-Peydro R, Gimeno-Martos C, Lopez-
Ferrer C, Serrano-Delgado C, Moreno—Mari J
(1995) Effects of the insect growth regulator
cyromazine on the fecundity, fertility and
offspring development of Mediterranean fruit-
fly,Ceratitis capitata Wied (Diptera: Tephriti-
dae). J Appl Entomol. 119: 435-438.

Keiding J, EI-Khodary AS, Jespersen JB (1991)
Resistance risk assessment of two insect de-
velopment inhibitors, for control of the house-
fly M.domestic Part Il: effect of selection
pressure in laboratory and field populations.
Pesticide Sci. 35: 27-37.

Keiding J, Jespersen JB, EI-Khodary AS (1990)
Resistance risk assessment of two insect
development inhibitors, diflubenzuron and
cyromazine, for control of the housefly Musca
domestica Partl: Larvicidal tests with insec-
ticide-resistant laboratory and Danish field
populations. Pesticide Sci. 32: 187-206.

Kelly JA, Stubbs MR, Pinniger DB (1987)
Laboratory evaluation of cyromazine against
insecticide-resistant field strains of M.
domestica. Med Vet Entomol. 1: 65-609.

Kristensen M, Jespersen JB (2003). Larvicide
resistance in Musca domestica (Diptera:
Muscidae) populations in Denmark and
establishment of resistant laboratory strains.
J Econ Entomol. 96: 1300-1306.

Kocisova A, Toporcak J, Novakp, Petrovsky M
(2004) The potential of some insect growth
regulators in housefly (Musca domestica)

12

B Vazirianzadeh et al.: The Effects of Oral Application ...

control. Biologia (Bratislava), Cab abstracts
59(5): 661-668.

Ladonni H, Farashiani E (2000) Laboratory and
field evaluation of triflumuron and a larvicide
against Anopheline larvae on rice field in South
of Iran. J Entomol Soc Iran. 19(1, 2): 45-55.

Main LS, Mulla MS (1982) Biological activity
of IGRs against four stored product coleop-
terans. J Econ Entomol. 75: 80-85.

Miura T, Takahashi RM (1979) Effects of the
insect growth inhibitor SIR 8514 on hatching
of southern house mosquito eggs. J Econ
Entomol. 72: 692-694.

Moreno-Mari J, Echevarria-Sansano A, Jimenez-
Peydro R (1996) Cyromazine effects on Opius
concolor Szepl. (Hymenoptera: Braconidae)
applied through laboratory host Ceratitis
capitata (Hymenoptera: Tephritidae). Appl
Entomol Zool. 31: 525-529.

Novartis Ltd. (2006) Fly control in livestock
and poultry production. Technical brochure.

Retnakaran A, Wright JE (1987) Control of Insect
Pests with Benzoylphenyl Ureas. In: Wright
JE, Retnakaran A (Eds): Chitin and Benzo-
phenyl Ureas, Dr. W Junk Publishers,
Dordrecht, pp. 205-282.

Retnakaran A, Granett J, Ennis T (1985) Insect
Growth Regulators. In: Kerkut GA, Gilbert
LI (Eds): Comprehensive insect Physiology,
Biochemistry and Pharmacology. Vol. 12
Pergamon Press, New York, pp. 529-601.

Reynolds SE (1987) The cuticle growth and
moulting in insects: the essential background
to the action of acylurea insecticides. Pes-
ticide Sci. 20: 131-140.

Scott JG, Alefantis TG, Kaufman PE, Rutz DA
(2000) Insecticide resistance in house flies
from caged-layer poultry facilities. Pest
Manag Sci. 56: 147-153.

Senior LJ (1998) Control the greenhouse white-
fly,  Trialeurodes vasporariom [Ph.D
dissertation]. Cardiff University, UK.

Shen J, Plapp JR (1990) Cyromazine resistance
in the housefly (Diptera: Muscidae) genetics
and cross-resistance to diflubenzuron. J Econ
Entomol. 83: 1689-1697.



Iranian J Arthropod-Borne Dis, 2007, 1(2): 7-13

Sheppard D, Douglas M, Richard W (1992)
Resistance in house-flies (Diptera: Muscidae)

selected with 5.0ppm feed-through cyromazine.

J Agric Entomol. 9: 257-260.

Smith KA, Grigarik AA (1989) Triflumuron:
residual activity and ovicidal longevity in
the rice water weevil (Coleoptera: Curcu-
lionidae). J Econ Entomol. 82: 645-648.

Stark JD, VargasRI, Messing RH , Purcell M
(1992) Effects of cyromazine and diazinon
on three economically important Hawaiian
tephritid fruit flies (Diptera: Tephritidae) and
their endoparasitoids (Hymenoptera: Braconi-
dae). J Econ Entomol. 85: 1687-1694.

Sulaiman S, Siti Hajar AS, Othman H (2004)
Residual efficacy of insect growth regulators
pyriproxyfen, triflumuron and s-methoprene
against Aedes aegypti(L) in plastic containers
in the field. Trop Biomed. 21(1): 97-100.

Tomberlin JK, Sheppard DC, Joyce JA (2002)
Susceptibility of Black Soldier Fly (Diptera:

13

B Vazirianzadeh et al.: The Effects of Oral Application ...

Stratiomyidae) Larvae and Adults to Four
Insecticides. J Econ Entomol. 95(3): 598-602.

Tong Z, Hui Y (2004) Effects of triflumuron on
the ingredients in the cuticle and hormone
titers of housefly larvae. Acta Parasit Med
Entomol Sinica. 11(3): 174-178.

Weaver JE, Begley JW (1982) Laboratory evalua-
tion of BAY SIR 8514 against the housefly
(Diptera: Muscidae): effects on immature
stages and adult sterility. J Econ Entmol. 75:
657-661.

Weaver JE, Begley JW, Kondo V (1984) Labora-
tory evalution of Alsystin against the German
cockroach (Orthoptera: Blattellidae): effects
on immature stages and adult sterility. J
Econ Entomol. 77: 313-317.

Wilson TG (1997) Cyromazine toxicity to Dro-
sophila melanogaster (Diptera: Drosophilidae)
and lock of cross-resistance in natural popu-
lation strains. J Econ Entomol. 90: 1163-
1169.



