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Abstract

Background and Objective: Application of insecticide is the most common method to reduce housefly populations. However, in general,
notallindividuals would receive lethal dose of insecticide during a treatment. This condition could produce favorable biological responses,
such as increased reproductive ability, known as hormesis. This study was carried out to observe the effect of topical application of
sublethal concentrations or dose of imidacloprid and permethrin to reproductive ability of some strains of housefly of Indonesia.
Materials and Methods: Sublethal doses tested in this study were 10 and 30% of LDy, or LCs, (equal to LD; or LCs and LD;; or LCys,
respectively) of permethrin and imidacloprid. Permethrin was applied by topical method while imidacloprid administrated by feeding
method. All treatments were replicated 10 times and assessed for 10 generations to evaluate the long term effect. Mortality of each group
was analyzed by probit analysis to determine the value of LD, or LCs,. Differences in fecundity and fertility among different generations
and strains were analyzed using two way ANOVA, with a significant value p<0.05 Results: Houseflies that received application of LD, of
permethrin increased its fecundity (17.05% more than application of LD;; and 56.39% more than the control) and fertility
(26.73% more than application of LD,s and 63.62% more than the control). Application of LC; of imidacloprid also increased fecundity of
housefly (10.46% more than application LC,5and 45.91% more than the control) and the fertility (17.08% more than application LC;; and
49.17% more than the control). Conclusion: Continuous administration of sublethal doses of permethrin and imidacloprid may induce
reproductive hormesis in the housefly through increased fecundity and fertility.
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INTRODUCTION

Housefly, Musca domestica, is one of the cosmopolitan
urban pests that may serve as a mechanical vector of several
human diseases, such as typhoid, cholera and dysentery'. In
addition, houseflies also considered as urban pest that caused
annoyance at residential and area where food is being
restored and/or prepared. Application of insecticides is the
most commonly used strategy to control the population of
houseflies. In Indonesia, synthetic pyrethroid insecticides
followed by a relatively new insecticide imidacloprid have
been widely used to control housefly population.

However, as itis widely known, housefly is very difficult to
control, due to its ability to develop resistance to many types
of insecticides??. Resistance to insecticides is one of the major
problems in attempt to control, both agricultural and urban
pests, because it may lower the effectiveness of the
insecticides to control the population of pests in question®.
Besides, repeated insecticide pressure could lead to the new
adaptation strategy by insects related to changes in their
environment®,

Inthefield, concentration ofinsecticide usually decreases
after initial application, which depends on the frequency of
insecticide application and degradation by abiotic factorsS?®,
Underthis condition, mostindividuals received sublethal dose
of insecticide. Studies showed that even though sublethal
dose did not directly kill the insects, it could produce negative
effects on fecundity, life history and longevity®'2,

However, on the other hand, sublethal dose could trigger
some positive physiological responses by insects, known as
hormesis, such as better growth rate, higher longevity and
higher fecundity as shown in Aedes aegypti Myzus persicae,
Plutella xylostella, Tribolium castaneum and Zabrotes
subfasciatus’>".

Development of hormesis in pest population could add
further challenges in pest population management. Given the
limited information of the hormesis phenomenon on the
urban insect pests, especially from Indonesia, there is
possibility that the population growth of resistant strains is
being accelerated through hormesis. Therefore, the objective
of study was to gain a better understanding of the possibility
of hormesis, with respect to the improvement in fecundity and
fertility, in resistant strains of housefly treated with insecticide
for long period.

MATERIALS AND METHODS

Houseflies: In this study, Danish Pest Infestation Laboratory
(DPIL) was used as insecticide-susceptible laboratory colony of
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houseflies. This strain originated from Denmark which has
been reared in Laboratory of Entomology, School of Life
Sciences and Technology, Institut Teknologi Bandung under
tropical environment condition. Resistant strains were
collected from six different regions: Serang (SRG), Jakarta (JKT),
Bandung (BDG), Semarang (SMG), Yogyakarta (JOG) and
Surabaya (SBY) (Table 1).

All adult houseflies were reared in gauze box
(30X30X30 cm) and fed with a mixture of sugar, milk and
yeast. Ovitrap, made of tissue paper that already dipped in
milk, was provided for the nesting. Eggs were kept inside
ovitrap until they hatched in 24-48 h. Hatched larvae were
transferred to the media made of a mixture of husk, bran and
yeast until pupation, usually in 7-8 days. Pupae transferred to
gauze box designated for adult flies. This method modified
from the method described by Keiding and Arevad'®. All
research activities were conducted at Laboratory of
Entomology, School of Life Sciences and Technology, Institut
Teknologi Bandung from April, 2014-October, 2016. During
study period, average room temperature was between
25-28°C with RH between 75-80%.

Insecticides: Permethrin (92% active ingredient, PT. Triman
Sentosatama Indonesia) and 95% imidacloprid (95% active
ingredient, PT. Bayer Indonesia) were suspended in 97%
acetone to make 1 L stock solution that was diluted to make
the experimental solution. In all experiments, the control
treatment was 97% acetone.

Resistance test: Prior to the study, each strain was tested by
selected insecticide to obtain lethal concentration 50 (LCs)
and lethal dose 50 (LDs). Resistance level to particular
insecticide was stated as resistance ratio which was
calculated by dividing lethal concentration (LCs,) or lethal
dose (LDs,) of the field population with the corresponding
value of the reference susceptible population (in this study
was DPIL)™. The results of this preliminary test were shown in
Table 2.

Table 1:Information on the collection location, yearand origin of tested housefly

Strain Collection location  Collection year Origin
DPIL DPI Laboratory 2010 Denmark
SRG Market 2014 Serang

JKT Market 2014 Jakarta
BDG Market 2014 Bandung
SMG Housing area 2014 Semarang
JOG Market 2014 Yogyakarta
SBY Housing area 2014 Surabaya

DPIL: Danish pestinfestation laboratory, SRG: Serang, JKT: Jakarta, BDG: Bandung,
SMG: Semarang, JOG: Yogyakarta, SBY: Surabaya
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Table 2: Comparative toxicity and resistance ratio of permethrin and imidacloprid to houseflies strains from various area in Java

Permethrin Imidacloprid Resistance ratio

Strain LDy, (ppm) Slope £ SE LCs (ppm) Slope£SE Permethrin Imidacloprid
DPIL 0.00051 2.006£0.475 0.2 2.448+0.566 - -

BDG 0.00067 2.350+0.878 142 2.549+0.667 1344 7.1
SRG 1.44000 1.785%0.345 3.1 2.002£0.242 2880 15.5
SMG 1.31200 1.878£0.435 1.1 1.989£0.169 2624 5.5
JKT 0.26000 2.653%0.350 1.5 2.735%0.235 520 7.5
JOG 0.32000 2.455+0.866 0.6 2.478+0.567 640 3.0
SBY 0.91200 2.352+0.778 04 2.64510.274 1824 20

DPIL: Danish pest infestation laboratory, SRG: Serang, JKT: Jakarta, BDG: Bandung, SMG: Semarang, JOG: Yogyakarta, SBY: Surabaya

Bioassay: Three days old houseflies were transferred in groups
of 6 individuals, 1 female and 5 males?, to disposable plastic
cups, covered with tulle cloth and secured with rubber bands,
prior treatment. A water-saturated cotton was placed on the
bottom of each cup. Sublethal doses tested in this study were
10 and 30% of LDs, or LCs, (equal to LDs or LCs and LD, or
LC,s, respectively) of permethrin and imidacloprid (Table 2).
Permethrin was applied by topical method while imidacloprid
administrated by feeding method?'22. All treatments were
replicated 10 times.

Aftertreatment, flies returned to the gauze box where the
observation of fecundity and fertility was conducted for
14 days. Some of the eggs were used to continue the study for
the next generation. This procedure was conducted for each
group until 10 generations.

Statistical analysis: Data on mortality of each group were
analyzed using probit analysis using POLO-PC software? to
determine the value of LD, or LCs,. Differences in fecundity
and fertility among different generations and strains were
analyzed using two way ANOVA, with a significant value
p<0.05, followed by least square difference (LSD) test as a post
hoc test.

RESULTS

Effect of sublethal doses of imidacloprid to fecundity and
fertility: The results showed that application of sublethal
doses of imidacloprid significantly increase the fecundity and
fertility of resistant strains after 10 generations (p<0.05)
(Fig. 1). This study also showed that susceptible strain was
more likely to increase their fecundity and fertility as the
response to the sublethal dose of insecticide. The DPIL strain
increased their fecundity and fertility about 143.5 and 65.5%,
respectively, when compared to SRG as the most resistant
strain.
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However, the fecundity and fertility of first and second
generation on all test strains did not differ significantly which
indicating that hormesis was not developed instantly.
Fecundity and fertility in all strains of flies gradually increased
from 3rd-10th generation for all tested concentration.
On the other hand, flies that received treatment of LC; of
imidacloprid, on average, improved their fecundity about
10.46 and 45.91% and fertility about 17.08 and 49.17%
compared with the ones that received treatment of LC,s and
control, respectively.

Effects sublethal doses of permethrin to fecundity and
fertility: The results showed the application of LDs and LD, s of
permethrin significantly (p<0.05) increase fecundity and
fertility in all strains of houseflies after 10 generations
compared to control group (Fig. 2). Flies received treatment of
LD of permethrin also significantly increase their fecundity
and fertility compared with the ones treated with LD, ;. Similar
to results of imidacloprid treatment, susceptible strain
significantly increased their fecundity and fertility in the rate
which higher than any groups use in this study. Compared to
the most resistance strain, SRG, the average fecundity and
fertility of DPIL strain was 185.8 and 102.6% higher.

Application of LDsimproved the average fecundity about
17.05 and 56.39% and fertility about 26.73 and 63.62%
compared with LD,;; and control group, respectively. Similar to
result of imidacloprid test, DPIL as the most susceptible strain
significantly improved their fecundity and fertility more than
otherresistance strains while SRGas the most resistance strain
produced the least improvement.

DISCUSSION

The results showed that application of permethrin and
imidacloprid at sublethal doses induced hormesis as
reproduction ability of both susceptible and resistance strains
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significantly increased after 10 generations (p<0.05). The
resistance level of resistance to insecticides negatively
affected the level of improvement on reproductive
ability as less improvement was recorded for strains
with higher resistance level. Lower hormesis response in
strains with higher resistance level could be caused by
higher energy investment for insecticide detoxification
(overcompensation theory)*. The results of this study were
consistent with several studies on the effect of a sublethal
dose of insecticide to agricultural pest, like aphids'>2,

Furthermore, this result may explained increasing population
of less resistant strain in the field which may related to
hormesis response as reported by studies on agricultural
pests?’34,

Theresults also showed that level of fecundity and fertility
improvement was much higher in houseflies treated with
permethrin. Longer field application of permethrin allowed
insects to develop adaptation to toxic, thus, reduced their
investment on detoxification process compared to much
newer insecticide, like imidacloprid®.
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Fig. 1(a-b): Response of Musca domestica to sublethal doses of imidacloprid for 10 generations, (a) Fecundity and (b) Fertility
DPIL: Danish pest infestation laboratory, SRG: Serang, JKT: Jakarta, BDG: Bandung, SMG: Semarang, JOG: Yogyakarta, SBY: Surabaya

It was hypothesized that the increase in reproduction
capability was caused by the increase of juvenile hormones
and protein total which have roles to regulate egg
development. Other researchers also hypothesized the
mechanism of reproductive hormesis as a response against
exposure to insecticides in sublethal doses, i.e. (1) Increasing
therates of food consumption which mayincrease production
of juvenile hormones and encourage the formation of egg
cells in higher numbers3®, (2) Increasing the proportion of

hatched eggs and vitellin production which related to the
increase of eggs production in adult insects¥, (3) Inducing the
production of sex pheromones that may increase the chance
of mating success and egg production. However, until
present day, although many studies on hormesis have been
done, the exact mechanism how insects able to increase their
fecundity and fertility after had been given the treatment of
insecticide in sublethal dose is not yet fully understood
(G.C. Cutler, personal communication, December 15, 2016).

203



J. Entomol, 14 (5): 199-207, 2017

Most of the phenomenon of the resurgence in
agricultural pest triggered by the loss of natural enemies
and parasites are reduced due to insecticide
application?394, However, unlike agricultural pests, the
resurgence in urban pests is not triggered by the loss of
natural enemies since the presence of natural enemies is
highly ignored due to human activities. This study showed
the possibility of hormesis response, in this case fecundity and

fertility, as important mechanism of occurrence of the
population explosion of urban pest. Interestingly, similar
condition also reported in agricultural pests and other pest
groups which indicated that the response is common in the
insect world*“*. Under this circumstance, rotation of
insecticide types applied and reduction of application periods
will be need to be done to prevent development of the
hormesis.
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Fig. 2(a-b): Response of Musca domestica to sublethal doses of permethrin for 10 generations, (a) Fecundity and (b) Fertility
DPIL: Danish pest infestation laboratory, SRG: Serang, JKT: Jakarta, BDG: Bandung, SMG: Semarang, JOG: Yogyakarta, SBY: Surabaya

CONCLUSION Under this condition, the possibility of population outbreak
could be increased.
During application of insecticide to control the

population of urban pest, such as houseflies, not all individual SIGNIFICANCE STATEMENT
received lethal dose/concentration of insecticide. Houseflies
that received sublethal dose/concentration of insecticide, in This study revealed the development of hormesis effect

long term significantly, develop better fecundity and fertility. ~ on houseflies that received sublethal doses of insecticide in
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long term. This study will help the researchers to develop
understanding on the insecticide resistance of urban pests.
Thus, a better pest control strategy could be developed.
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