Received: 19 July 2023

W) Check for updates

Accepted: 3 December 2023

DOI: 10.1111/mve.12704

ORIGINAL ARTICLE

Medical and Veterinary
Entomology

Eomological
mological
Sy ™

Effects of solid and aqueous dietary diflubenzuron ingestion on
some biological parameters in synthetic pyrethroid-resistant
German cockroach, Blattella germanica L. (Blattodea: Ectobiidae)

Emre Oz'® |

Zeynep Nur Gultekin? |

1Department of Medical Services and
Techniques, Vocational School of Health
Services, Antalya Bilim University, Antalya,
Turkiye

2Department of Biology, Faculty of Science,
Akdeniz University, Antalya, Tirkiye

Correspondence

Emre Oz, Department of Medical Services and
Techniques, Vocational School of Health
Services, Antalya Bilim University, Antalya
07190, Turkiye.

Email: emre.oz@antalya.edu.tr

Associate Editor: Emma Weeks

Burak Polat?

| Aysegul Cengiz? | Sevval Kahraman? |

Cansu Caliskan? | Huseyin Cetin?

Abstract

Cockroaches, widespread pests found in metropolitan areas, are known as vectors of
various disease agents, including viruses, fungi and antibiotic-resistant bacteria, as well
as causing allergies in humans. Insect growth regulators have been used in pest man-
agement for several decades. These insecticides disrupt insect development and repro-
duction. Chitin synthesis inhibitors interfere with chitin biosynthesis in insects, causing
abortive moulting and mortality, as well as inhibiting egg fertility, and larval hatching in
insects. In this research, we evaluated the various effects of diflubenzuron, a chitin
synthesis inhibitor, on synthetic pyrethroid-resistant German cockroach (Blattella ger-
manica L. Blattodea: Ectobiidae), including ootheca production, oothecal viability,
ootheca incubation time, the number of nymphs emerging from the ootheca and survi-
vorship of nymphs. The cockroaches were fed diets that contained diflubenzuron,
which was added to solid bait (impregnated fish food) and ingestible aqueous bait
(impregnated cotton). Three concentrations (0.5%, 1% and 2%) were used in the exper-
iments. As a result, diflubenzuron treatment led to ootheca production ranging from
60% to 100%,; statistically, no difference was found between the treatment and the
control groups. The number of nymphs emerging from the first and second ootheca
was reduced by 40%-100% in the diflubenzuron-treated groups compared with the
control. Nymphs exposed to diflubenzuron-impregnated solid bait and ingestible aque-
ous bait experienced mortality exceeding 92.1% and 66.27% within 15 days, respec-
tively. In conclusion, diflubenzuron is a potential insecticide for use in cockroach baits
to control B. germanica, as it caused high nymphal and embryonic mortality in the syn-
thetic pyrethroid-resistant population and decreased the number of nymphs emerging

from the ootheca.
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INTRODUCTION

One of the insect groups living in human dwellings together with human
beings in the world is certain species of cockroaches. These insects are
considered pests that pose a risk to public health due to their role as vec-
tors of pathogens such as intestinal parasites, bacteria, fungi and viruses
(Fotedar & Banerjee, 1992; Menasria et al., 2014). Over a 100 potentially
pathogenic organisms have been identified in cockroaches collected in
and around human and other animal environments (e.g., farms, zoos, avi-
aries and kennels) (Schal & DeVries, 2021). Although there are almost
4000 cockroach species, only 1% of them have been detrimental to
human health according to the World Health Organisation
(WHO, 2006). The German cockroach, Blattella germanica L. (Blattodea:
Ectobiidae), is the most common species found in urban environments,
living in homes and restaurants. In addition to facilitating the transmis-
sion of various pathogens, it causes allergic reactions, physiological stress
and compromises food hygiene (Solomon et al., 2016; WHO, 2006).

Pyrethroids, oxadiazines, phenylpyrazoles, avermectins, neonico-
tinoids and sulfonamides are synthetic pesticides used worldwide for
pest control (Gondhalekar et al., 2021; Scharf & Gondhalekar, 2021;
WHO, 2006). However, the overuse of these insecticides for pest
management has led to the development of resistance in cockroach
populations (Gonzélez-Morales et al., 2022; Jang et al., 2017). For
example, Chai and Lee (2010) found low to extremely high resistance
to deltamethrin (4.5- to 468-fold) in B. germanica populations col-
lected from 22 districts in Singapore. In a previous study conducted in
Turkiye, we found that five field populations of B. germanica had
moderate-to-high resistance (resistance ratios between 7.7- and
>1000-fold) to synthetic pyrethroids; alpha-cypermethrin, deltame-
thrin, lambda-cyhalothrin and permethrin (Oz et al., 2021). Further-
more, the use of synthetic pesticides has been found to be harmful to
non-target organisms and the environment (Tan et al, 2023;
Vivekanandhan et al., 2021). Therefore, researchers have focused on
identifying alternative products that are safer, less toxic and more
selective toward target pests.

Insect growth regulators (IGRs) are highly selective insecticides
primarily used to manage the immature stage of various pests in the
Diptera, Hymenoptera and Hemiptera orders, including mosquitoes,
houseflies, midges, fleas and bed bugs (Cetin et al, 2006;
Joseph, 2017; Kawada & Hirano, 1996; Kimiaei et al., 2022;
Mommaerts et al., 2006; Rubio et al., 2019; Sierras & Schal, 2020).

IGRs are classified based on their mode of action: JHAs (juvenile hor-
mone analogs) and ecdysone agonists mimic insect hormones, whereas
chitin synthesis inhibitors (CSls) inhibit chitin biosynthesis in insects. Chitin
is found in the cuticle of insects and other organisms such as crustaceans,
protozoa, fungi and algae. CSls are commonly utilised as larvicides in inte-
grated pest management to control public health, veterinary and agricul-
tural pests due to their minimal toxicity to mammals and their unique
biosynthetic pathways that differ from traditional broad-spectrum insecti-
cides (Merzendorfer, 2013). CSls, which interfere with chitin biosynthesis
in insects, inhibit the process of incorporation of N-acetylglucosamine into
insect chitin, resulting in abortive moulting and mortality (Muthukrishnan
et al., 2012), besides inhibiting egg fertility and larval hatching in insects
(Mommaerts et al., 2006; Perez-Farinos et al., 1998).
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Up to now, 15 benzoylurea CSls (e.g., diflubenzuron, novaluron,
hexaflumuron and triflumuron) have been commercialised (Sun
et al.,, 2015). Although CSls have been researched for their potential in
cockroach control (Hamilton et al., 2021; King, 2005; Seccacini
et al, 2018), the toxic effects of diflubenzuron on cockroaches have
been investigated in a limited number of studies (Ross & Cochran, 1991,
Wadleigh et al., 1991). In these studies, researchers have investigated
the toxicity of insecticides, determining mortality and mating rates using
various stages of cockroaches. Wadleigh et al. (1991) reported that vari-
ous concentrations of diflubenzuron killed the first instar nymphs and
adults (male and female) of B. germanica exposed as nymphs, and total
cockroach numbers decreased by 67.3%, 93.0% and 98.2% after
12 weeks of exposure to 30, 60 and 120 mg/m?, respectively. Ross and
Cochran (1991) investigated the toxic effects of contact exposure to
IGR including diflubenzuron on B. germanica nymphs and reported that
small nymphs were more susceptible to diflubenzuron than large
nymphs (100~ and 80-87~ kill at 600 ng/cm?, respectively), and the
lowest level of hatching was shown at the concentration of 600 ng/cm?.

CSils also have effects on reproduction in insects by inhibiting egg
fertility and nymphal hatch. King (2005) studied the ovicidal activity
of noviflumuron on adult German cockroaches through ingestion of
treated bait and found that noviflumuron caused significant ovicidal
effects after 5-day feeding exposure to bait concentrations ranging
from 10 to 5000 ppm on virgin and fertilised females. The concentra-
tion of 5000 ppm caused 100% ovicidal activity over two ovarian
cycles. Alamer and Hoffmann (2014) studied the toxicities of metho-
prene and pyriproxyfen against the Argentinian cockroach, Blaptica
dubia Serville (Blattodea, Blaberidae) during the first vitellogenic cycle
or during the period of gestation, and found that the treatment did
not inhibit vitellogenesis or oocyte development during the first vitel-
logenic cycle (days 2-20 of adulthood), but it averted the ootheca for-
mation. Besides, treatment of females in the gestation stage (days
30-70) resulted in full ootheca disintegration and resorption, as well
as the induction of another vitellogenic cycle. Kaakeh et al. (1997)
investigated the effect of lufenuron against B. germanica and reported
that with increasing exposure time, the number of live oothecae
decreased, the number of aborted oothecae increased, nymphal hatch
decreased, nymphal survival at 7 days after hatch decreased, and
nymphal survival of the first moult decreased. While diflubenzuron
has been shown to be toxic to cockroaches, studies have not been
done to assess its impact on the reproductive parameters of German
cockroaches. This study aimed to investigate the effects of difluben-
zuron on biological parameters (ootheca production, oothecal viability,
ootheca incubation time, the number of nymphs emerging from the
ootheca and survivorship of nymphs) of a synthetic pyrethroid-

resistant isolate of the German cockroach B. germanica.

MATERIALS AND METHODS
Insects

A synthetic pyrethroid-resistant strain (1000 fold to alpha-
cypermethrin, deltamethrin, lambda-cyhalothrin and permethrin) of
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B. germanica originated from Dokuma region in Antalya, Tirkiye, was
used in the experiment (Oz et al., 2021). The insects were reared at
the Vector Control and Ecology Laboratory of Akdeniz University,
Antalya, Tirkiye, in 5-L polyethylene cylindrical plastic jars since
2014. Cockroach colonies were fed a mixture of flour-honey and
water ad libitum and were kept under laboratory conditions at a tem-
perature of 25 + 2°C, 60% relative humidity, and a photoperiod of
12:12 h (L:D). Newly eclosed (1-day-old) adults (both males and

females) were used for the experiments.

Insect growth regulator

The commercial insecticide Diflubenzuron 10 SC (suspension
concentrate) used in the study was purchased from Bio-Sav Health
Products Marketing Limited Company in Tirkiye. The concentrations
to be tested, which were 0.5%, 1% and 2% active ingredient, were
prepared by diluting 10% active ingredient diflubenzuron solution.
They were thoroughly agitated to ensure homogeneity before being
used in the tests. The concentrations tested were determined by pre-
liminary experiments. The concentrations selected did not result in
sudden death or have any repellent or deterrent effect on

B. germanica.

Experimental design

Bioassays were conducted in the laboratory (at a temperature of
25 + 2°C, 60% relative humidity and a photoperiod of 12:12 h L:D)
using the methods of Koehler and Patterson (1989) and Hamilton
et al. (2021) with minor modifications. Diflubenzuron-supplemented
diets were prepared by impregnating pellet fish food bait (Sera Pond
Granulat, Sera, France) and ingestible aqueous bait (water-
impregnated cotton) with the appropriate diflubenzuron concentra-
tion. The cups with diflubenzuron-supplemented diets were then
placed in each 5-L polyethylene cylindrical plastic jar separately. Con-
trol groups were fed untreated solid or aqueous diets. The experi-
ments were conducted with a total of five repetitions, with one male

and one female cockroach placed in each plastic jar. As sufficient
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numbers of 1-day-old male and female cockroach pairs were not
obtained at the same time, the repetitions were established at sepa-
rate times (1-3 days intervals). The ootheca production rate, oothecal
viability, incubation period and the number of nymphs emerging from
the ootheca were recorded daily. In addition, all nymphs emerging
from the ootheca in each repetition were exposed to the same
diflubenzuron-supplemented diets for 15 days, after which the live
nymph counts were recorded. The period of ootheca formation (days)
was noted after the ootheca was fully formed (within 1 day after it
appeared in the abdomen). The ootheca incubation time is the period
of time between when the ootheca is entirely created and when it
opens. These biological parameters were monitored for two ovarian
cycles. Test solutions were re-prepared at 7-10 day intervals and
stored in the refrigerator at 4°C for further processing. Diets were
replenished as needed during the test duration. A cockroach was con-
sidered dead if it could not return to its normal position after its abdo-

men was touched.

Statistical analysis

The average percentage of ootheca production, ootheca formation
period, ootheca incubation time, the number of nymphs emerging
from the ootheca and survivorship was subjected to analysis of vari-
ance using SPSS 20.0. Differences in values were analysed using Dun-
can’s Multiple Range Test. All statistical differences were evaluated
atp < 0.05.

RESULTS
Ootheca production

When the results of feeding with diflubenzuron-supplemented
diets (solid and aqueous baits) were analysed, it was observed that
the ootheca production of German cockroach ranged between 60%
and 100% (Table 1), and no statistical difference was observed
between the treatment groups and the control group in either diet
(Table 1).

TABLE 1 Ootheca production in Blattella germanica fed with diflubenzuron-impregnated baits (% mean + standard error) (N = 5).

Diflubenzuron-supplemented ingestible solid bait

Diflubenzuron-supplemented ingestible aqueous bait

Concentrations First ootheca Second ootheca

First ootheca Second ootheca

(%) production (%) production (%) production (%) production (%)
Control 80.0 £ 20.0 a* 80.0+20.0a 80.0+20.0a 80.0+20.0a
0.5 1000+ 0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a
1 80.0+20.0a 80.0+20.0a 100.0+0.0a 600+245a
2 80.0+20.0a 60.0+245a 80.0+20.0a 0*

Note: Means within a line followed by the same lowercase letter are not significantly different (Duncan’s test, p > 0.05).

Abbreviation: N, number of repetitions.
*All tested females and males died after exposure to diflubenzuron.
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Solid bait

No fatalities were observed in adult individuals that were provided solid
food. The first ootheca formation period ranged from 9.75 to 13 days
(df: 3.16; p = 0.798), but the second ootheca formation period was
shorter ranging from 6.4 to 8.67 days (df: 3.15; p = 0.181). There was
no statistical difference between the control and cockroaches fed CSI
for either ootheca formation period (Table 2).

The ootheca incubation period for the first ootheca varied from
20.25 to 23.5 days (df: 3.16; p = 0.002), whereas the second ootheca
incubation period ranged from 23.25 to 28.25days (df: 3.15;
p = 0.000). The groups fed with diflubenzuron-impregnated solid bait
had a longer incubation period than the controls for both the first and
second oothecea (p < 0.05, Table 2).

The number of nymphs emerging from the first ootheca

decreased as the concentrations of diflubenzuron increased. At the

OZ ET AL

2% concentration, an average of 10 nymphs emerged, which is statis-
tically fewer than the control group (38 nymphs). For the second
ootheca, there were no live nymphs at the 1% concentration, and the
number of nymphs reduced dramatically compared with the control
group at the 0.5% and 2% concentrations (Table 2). Almost all the
nymphs emerging from the first and second ootheca that continued
to be fed diflubenzuron died by 15 days (Table 2).

Aqueous bait

All females fed ingestible aqueous bait supplemented with 1% diflu-
benzuron died during the second ootheca production or incubation
period. At the 2% diflubenzuron-impregnated ingestible aqueous bait
concentration, all adult cockroaches died without producing the sec-

ond ootheca (Table 3). In addition, male cockroaches fed with a 2%

TABLE 2 First and second ovarian cycles in Blattella germanica fed with diflubenzuron-impregnated solid bait (% mean + standard error).

First and second ovarian cycles Control 0.5% 1% 2%

First ootheca formation period (day) 13.00 + 3.67 a 1260+ 3.11a 9.75+0.25a 11.00+0.41a

First ootheca incubation period (day) 20.25+0.25a 2260+0.6b 2275+025b 23.50+0.50b

Number of the ootheca opened (first ootheca) 4 4 3 1

Number of nymphs emerging from the first ootheca 38.00+1.96a 22.80 = 7.25ab 22.00 £ 9.07 ab 10.00 + 10.00 b

Number of nymphs surviving from the first ootheca after 3500+ 2.74a 0.25+0.20b 0.00 +0.00 b 0.00 £ 0.00 b
15 days of exposure to diflubenzuron

Second ootheca formation period (day) 700+0.82a 6.40+040a 7.75+0.75a 8.67 +0.88 a

Second ootheca incubation period (day) 23.25+048a 27.00+£0.55b 28.25+0.48b 27.33+0.88b

Number of the ootheca opened (second ootheca) 4 3 0 2

Number of nymphs emerging from the second ootheca 36.00+3.34a 16.00 + 8.00 ab 0.00 £+ 0.00 b 25.33+12.88a

Number of nymphs surviving from the second ootheca after 3425+320a 0.00+£0.00b 0.00£0.00 b 200+1.00b

15 days of exposure to diflubenzuron

Note: Means within a line followed by the same lowercase letter are not significantly different (Duncan’s test, p > 0.05).

TABLE 3 First and second ovarian cycles in Blattella germanica fed with diflubenzuron-impregnated ingestible aqueous bait (% mean

+ standard error).

First and second ovarian cycles Control 0.5% 1% 2%

First ootheca formation period (day) 13.00 £ 3.67 a 9.80 + 0.37a 10.20£0.20 a 10.50 £ 0.29 a
First ootheca incubation period (day) 20.25+0.25a 22.20 + 0.80 ab 2340+ 0.68b 24.00*
Number of the ootheca opened (first ootheca) 4 3 3 1
Number of nymphs emerging from the first ootheca 38.00+1.96a 20.00 + 8.50 ab 18.00 + 8.06 ab 6.50+ 6.50b
Number of nymphs surviving from the first ootheca after 35.00 £2.74 a 200+ 1.00b 5.00+1.53b 3.00*

15 days of exposure to diflubenzuron

Second ootheca formation period (day) 7.00 £0.82a 6.20 +0.58 a 8.67 +1.86a NC

Second ootheca incubation period (day) 23.25+048a 2720+ 1.07b NC NC
Number of the ootheca opened (second ootheca) 4 3 NC NC
Number of nymphs emerging from the second ootheca 36.00+3.34a 15.80 £ 6.62 b NC NC
Number of nymphs surviving from the second ootheca after 3425+320a 5.33+0.88b NC NC

15 days of exposure to diflubenzuron

Note: Means within a line followed by the same lowercase letter are not significantly different (Duncan’s test, p > 0.05).

*Since only one ootheca opened, statistics could not be conducted.

Abbreviations: NC, non-calculable because the females died before producing oothecae.
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diflubenzuron-impregnated ingestible aqueous bait died on average
21.4 days, which is approximately 10 days earlier than females
(31.6 days).

The first ootheca formation period ranged from 9.8 to 13 days
(df: 3,17; p = 0.544), whereas the second ootheca formation period
ranged between 6.2 and 8.67 days (df: 2,11; p = 0.284), with no sig-
nificant difference between the control and treatment groups.

The ootheca incubation period for the first ootheca was 20.25,
22.2 and 23.4 days in the control group, 0.5%, and 1%, respectively.
At the 2% concentration, only one of the four oothecae opened, and
its incubation time was 24 days. At 1% concentration, the ootheca
incubation period for the first ootheca was statistically longer com-
pared with the control group (df: 2.13; p = 0.024). The second incuba-
tion times for the control and 0.5% concentration groups were 23.25
and 27.2 days, respectively.

As the concentration increased, the number of nymphs emerging
from the first ootheca decreased, and there was a statistical difference
between the cockroaches treated with 2% diflubenzuron and the con-
trol group (df: 3,17; p = 0.073). The number of nymphs emerging from
the second ootheca in the control and 0.5% concentration groups was
36 and 15.8, respectively (Table 3).

The majority of newly hatched nymphs from the first and second
ootheca that continued to be fed diflubenzuron died by 15 days
(Table 3).

DISCUSSION

German cockroach populations have been shown to be resistant to a
wide range of conventional insecticides around the world (Chai &
Lee, 2010; Gonzalez-Morales et al., 2022; Jang et al., 2017). Resis-
tance to conventional insecticides has encouraged the development
of other control methods and strategies for pest control, such as IGRs.

We conducted two different diet assays to determine the toxicity
of diflubenzuron on B. germanica. Although we did not formally quan-
tify how much bait was consumed between treatments, we observed
that the cockroaches were actively consuming the baits and it sug-
gests that the baits were not repellent. Our results indicated that
exposing cockroaches to a diflubenzuron-supplemented impregnated
solid food bait or ingestible aqueous bait had a significant impact on
several biological parameters. Ootheca production varied between
60% and 100% when feeding with diflubenzuron-impregnated solid
food bait or ingestible aqueous bait, and ootheca production in the
control was 80%. Koehler and Patterson (1989) reported that newly
emerged B. germanica adults fed 0.25% two IGRs produced between
73.6% and 95.8% ootheca, similar to our results.

We observed that female cockroaches fed a 2% ingestible aque-
ous bait produced darkened, nonviable oothecae in the first ootheca
formation. This situation has been observed in several studies, includ-
ing diflubenzuron and other CSls. Weaver et al. (1984) examined adult
sterility effects of Alsystin 25 WP (Bayer AG, Leverkusen, Germany), a
commercial insecticide containing triflumuron, in B. germanica popula-

tions and reported that discoloration of oothecae from typical
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chestnut brown to black occurred in 50% and 70% of oothecae gener-
ated by females on 0.25% and 0.5% (active ingredient) diets, respec-
tively. Hamilton et al. (2021) reported that when adult females were
fed novaluron at a 0.0001% concentration, they formed oothecae, but
all of the embryos were inviable and turned black. The 2% ingestible
aqueous bait diet was toxic to cockroaches and caused their death in
the second ootheca formation.

Female German cockroaches developed oothecae by days 13 and
7 in the first and second oothecae. The incubation time for the control
group lasted 20.25 and 23.25 days in the first and second oothecae
and all nymphs hatched in 33.25 and 30.25 days, respectively. More-
over, the incubation period was significantly shorter by a few days in
the control groups than in both treatment groups (the first and second
ootheca incubation periods in the treatment groups ranged between
22.2 and 28.25 days). Hamilton et al. (2021) reported that in the con-
trol group, female German cockroaches developed oothecae by day
8, incubation time retained 21 days, and nymphs hatched between
days 34 and 38.

An average of 36.5 first-stage nymphs emerged from the first and
second oothecae cycles in the control group. Overall, the number of
nymphs emerging from the ootheca decreased dramatically as diflu-
benzuron concentrations increased. No live nymphs hatched from the
second ootheca in B. germanica fed with 1% concentration
diflubenzuron-impregnated solid bait. In many studies, diflubenzuron
and other CSl insecticides have been reported to reduce the number
of hatching B. germanica nymphs. Koehler and Patterson (1989) found
that control groups had an average of 30.1 first-stage nymphs per
ootheca during the first oothecal cycle, whereas the benzoylphenyl
ureas (i.e., CSls: diflubenzuron, ChoCGA-112913 and UC-84572)
entirely stopped nymph hatch, and also cyromazine and alsystin
reduced significantly nymph hatch compared with the controls (8.8
and 0.3 nymphs per ootheca, respectively). Koehler and Patterson
(1989) also examined whether the decrease in reproduction was per-
manent or reversible; only untreated bait was given to adult cock-
roaches after the first oothecal cycle and found that during the
second oothecal cycle, similar results of reduced oothecal production
and prevention of nymph hatch were achieved; but during the third
oothecal period, the effect of the treatments reversed and normal
oothecal production ranged from 75% to 100%, with 23.5-30.5
nymphs emerging per ootheca in the four of the five treatment
groups, and 100% (oothecal production) with 30.3 (nymphs emerging
per ootheca), respectively, for the controls.

Almost all first-instar nymphs died after being exposed to diflu-
benzuron for 15 days, and no nymphs were able to reach the adult
stage. Nymphs either died within their exoskeletons or while trying to
moult. These findings are consistent with previous research on the
effectiveness of different IGRs and diflubenzuron in B. germanica
(Hamilton et al., 2021; Wadleigh et al., 1991). Koehler and Patterson
(1989) reported that bait formulations (0.25%) of CSI compounds
ChoCGA-112913 and UC-84572 resulted in complete mortality
occurring 1 week after treatment. Also, it took 4-6 weeks for the
other baits (alsystin, diflubenzuron and cyromazine) to reach 100%

mortality.
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The effects of low concentrations of CSI compounds on adult
insects are usually nonlethal. Hamilton et al. (2021) reported that
novaluron did not cause significant mortality in adults. Koehler and
Patterson (1989) reported that no significant mortality of newly
emerged adult German cockroaches fed 0.25% baits of the various
CSls occurred during the first oothecal cycles. In our study, all of the
females fed with a 2% diflubenzuron-impregnated ingestible aqueous
bait died without forming the second ootheca. In addition, male cock-
roaches fed with a 2% diflubenzuron-impregnated ingestible aqueous
bait died earlier than females. We think that the difference in mortal-
ity among adult cockroaches in the previous and current studies may
be primarily attributed to the higher concentrations we tested in our
research. In addition, the impact of testing different CSls, or using
exposure methods (i.e., uptake by contact or ingestion of baits) should
be confirmed through further experiments in the future.

While our results were statistically significant, additional repli-
cates would have resulted in more consistent findings. Furthermore,
opting to test a specific formulation over an active ingredient in our
study can be considered a risk. Despite the fact that the formulation
we used did not exhibit a deterrent effect on cockroach feeding, it is
recommended to exercise utmost care in formulation application and,
if possible, use only the active ingredient. For researchers contemplat-
ing similar studies in the future, it is believed that conducting a larger
number of replications with new generations of cockroaches and
batches of pesticide and incorporating technical substances will con-
tribute to obtaining more robust data.

German cockroaches have evolved resistance to many insecti-
cides, so there is a need to produce new insecticides with a variety of
modes of action and formulations to delay and minimise the emer-
gence of insecticide resistance. To our knowledge, although there is
limited availability of commercial products containing JHA (pyriproxy-
fen) and CSI (novaluron) for cockroach control, diflubenzuron has not
yet received commercial authorization for cockroach control. The
results of our study show that diflubenzuron causes high nymphal and
embryonic mortality in the synthetic pyrethroid-resistant German
cockroach population and could potentially be used in baits to control
German cockroach populations. In the future, more research should
be conducted on the toxicity of diflubenzuron and other IGRs on

cockroaches.
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