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ABSTRACT

The German cockroach (Blattella germanica L.) is a significant pest in urban areas and is known for its ability to resist 
insecticides. Today, resistance to insecticides makes the control of agriculturally, economically and medically important 
insect pests considerably more difficult. This study represents the first investigation on the resistance of B. germanica in 
Croatia. After control failures with pyrethroid insecticides, a population of B. germanica was collected from a public place in 
Zagreb, Croatia. A susceptible population, which was kept under laboratory conditions for over 20 years without contact 
with insecticides, was obtained from Austria. The experiment was conducted on adults according to the IRAC protocol 
(No. 037). Active ingredients (AIs) commonly used to control this pest were tested: cypermethrin and deltamethrin as 
solutions and imidacloprid and chlorfenapyr in the form of gel baits. The results for cypermethrin and deltamethrin 
showed little to no efficacy in the site population after 72 hours, even at a dose 40 times higher than the dose that 
achieved full efficacy in the laboratory population. The efficacy of two gel baits with chlorfenapyr and imidacloprid after 
72 hours was 40% and 68% higher in the laboratory population than in the site population, respectively. Neither the 
insecticides nor the gel baits showed sufficient efficacy in the site population of B. germanica. Considering these findings 
and observed resistance, it is essential to implement an anti-resistance strategy including the use of insecticides from 
various chemical groups, mechanical, biological and biotechnological measures as well as accompanying measures to 
reduce pest populations.
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SAŽETAK

Smeđi žohar (Blattella germanica L.) važan je štetnik u gradskim sredinama i poznat po svojoj otpornosti na insekticide. 
Otpornost na insekticide značajno otežava suzbijanje štetnika koji su važni u poljoprivredi i javnom zdravstvu. Ovaj 
rad predstavlja prvo istraživanje o otpornosti smeđeg žohara na insekticide u Hrvatskoj. Nakon neuspješnog suzbijanja 
pomoću insekticida iz skupine piretroida, populacija žohara prikupljena je na javnoj lokaciji u Zagrebu i donesena u 
laboratorij na daljnja istraživanja. Osjetljiva populacija koja je više od 20 godina uzgajana u laboratorijskim uvjetima 
bez doticaja s insekticidima nabavljena je iz Austrije. Laboratorijski pokusi provedeni su na odraslim jedinkama obje 
populacije prema IRAC protokolu (No. 037). U pokusu su testirane aktivne tvari koje se najčešće koriste za suzbijanje 
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ovog štetnika cipermetrin i deltametrin u obliku sredstva te imidakloprid i klorfenapir u obliku gel mamaca. U istraživanju 
je dokazana rezistentnost smeđeg žohara na aktivne tvari cipermetrin i deltametrin kod kojih učinkovitost nije postignuta 
čak ni na 40 puta većoj dozi od doze s kojom je postignuta potpuna učinkovitost na laboratorijskoj populaciji. U slučaju 
gel mamaca učinkovitost na laboratorijskoj populaciji u odnosu na populaciju s javnog mjesta je 40% veća za aktivnu 
tvar klorfenapir te 68% veća za imidakloprid. S obzirom na rezultate istraživanja i dokazanu pojavu rezistentnosti kod 
populacije prikupljene u Zagrebu, potrebno je poduzeti sve mjere koje mogu doprinijeti smanjenju populacije štetnika. To 
uključuje primjenu sredstava različitog mehanizma djelovanja, mehaničke, biološke i biotehnološke mjere te sve dodatne 
mjere koje mogu pridonijeti smanjenju populacije štetnika.

Ključne riječi: antirezistentna strategija, biocidi, Blatella germanica, insekticidi, IRAC, rezistentnost

INTRODUCTION

German cockroach (Blattella germanica L.) is a 
serious invasive pest in urban areas such as households, 
apartments, hospitals, schools, food processing facilities 
and other urban facilities worldwide (Menasria et al., 
2014; Nalyanya et al., 2014; Fardisi et al., 2017.). It poses 
a risk to human health and well-being by scattering fecal 
matter and carcasses in closed residences (Shahraki et 
al., 2013). Due to the high fertility rates, it reaches high 
infestations rapidly, it can be a mechanical vector and 
reservoir for various pathogenic agents and can cause 
incidents of asthma by allergens. Among the food-borne 
pathogens, it can transmit species of Salmonella, Shigella 
flexneri (Castellani and Chalmers 1919), Escherichia 
coli (Migula, 1895), Staphylococcus aureus (Rosenbach, 
1884) and Bacillus cereus (Frankland & Frankland 1887) 
(Tachbele et al., 2006). Species Blattella germanica is a 
highly adaptive species due to its extremely generalist 
feeding behavior and its ability to withstand nutritional 
imbalances and abiotic stressors (Raubenheimer and 
Jones, 2006). Furthermore, B. germanica forage randomly 
since they cannot detect food or water distantly, which 
forces their colonies to spread out and colonize new 
areas quickly. Additionally, B. germanica populations can 
persist in severely toxic areas thanks in part to its highly 
mutagenous genome (Muhka et al., 2011). 

In Croatia, B. germanica is most often controlled in 
small to medium food shops, restaurants, fast foods and 
similar small catering establishments with the usage of 
gel bait insecticides (Balta et al., 2010). Bait insecticides 
are highly effective, pest specific, pose little risk for non-
target organisms and are practical in insecticide-sensitive 

and small areas such as restaurant kitchens, food stocks 
or pantries. Nevertheless, continuous use of gel bait 
insecticides for the control of B. germanica can cause 
behavioral resistance (i.e. bait aversion) (Wang et al., 
2004). Due to the high effectiveness and low toxicity to 
mammals, the use of pyrethroid insecticides in the control 
of B. germanica has also become frequent. However, 
repeated use of these insecticides has resulted in the 
development of resistance, causing low effectiveness of 
control in some field populations of B. germanica (Cochran 
1989; Scott et al., 1990; Atkinson et al., 1991; Valles and 
Yu, 1996; Dong et al., 1998). Resistance of key pests to 
insecticide AIs is an immense problem in pest control 
practices worldwide, with serious impacts in agriculture 
as well as in urban areas. In the United States alone, 
pesticide resistance accounts for $1.5 billion in economic 
losses per year (Pimentel, 2005). Insecticide-resistant 
field populations of B. germanica have been reported for 
decades (Bennett and Spink 1968; Koehler and Patterson 
1986; Cochran 1987; Umeda et al. 1988; Cochran 1989; 
Hemingway et al., 1993a, 1993b; Valles and Yu 1996; 
Lee at al. 1996; Scharf et al. 1997; Scharf et al. 1998; 
Wei et al. 2001; Holbrook et al. 2003; Gondhalekar et 
al. 2011, 2013; Ko et al. 2016; Naqqash et al. 2016). So 
far, B. germanica populations have been proven resistant 
to 43 AIs in total, including reported cross-resistance 
(Whalon et al., 2016). Therefore, resistance management 
has become an integral part of any cockroach-integrated 
pest management (IPM) protocol. 

The work presented here tackled the issue of urban 
pest management posed by potentially resistant on-
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site collected cockroach populations in the public area 
of farmer's markets and small food-related shops in its 
vicinity in Zagreb, Croatia. The issue reported there was 
the evident non-effectiveness of control of cockroach 
populations. Hence, the goals of this study were: i) to test 
the laboratory and site population of the cockroaches 
to four insecticides, two liquid formulations (EC and SC) 
and two gel baits (GD) ii) to determine the dose-mortality 
data for lethal concentration (LC) and topical lethal 
dose (LD) estimation of resistance on-site populations 
collected and iii) based on the results of the laboratory 
testing, to recommend insecticide AIs for subsequent 
cockroach management having in mind anti-resistance 
strategies. The resulting information from the bioassay 
presented here is of practical importance as it determined 
insecticides, concentrations and doses for use in future 
cockroach management. To our knowledge, this is the first 
bioassay of this kind and the first report of insecticide-
resistant B. germanica populations in Croatia.

MATERIALS AND METHODS

Insect collection and rearing

This study involved two B. germanica populations. The 
laboratory population, bred in a controlled laboratory 
environment for over 20 years, was acquired from Kwizda 
Agro Gmbh (Leobendorf, Austria). The site population was 
collected from a public place in Zagreb, Croatia, following 
control failures with cypermethrin and deltamethrin. 
The samples were collected at a farmers' market using 
an automatic aspirator. Approximately 50 individuals 
at various developmental stages were gathered and 
transported to the laboratory in a plastic container at 
room temperature. In the laboratory, the insect species 
was identified using the dichotomous key by Choate et 
al. (2008). After identification, the necessary number of 
adult individuals for trials were reared. Both populations 
were maintained in the Laboratory for Zoology, Centre for 
Plant Protection. The cockroaches were housed in plastic 
boxes within a walk-in environment, maintained at 25-27 
°C and 60% relative humidity, with a 12:12h light: dark 
photoperiod. Each population was kept in separate plastic 
boxes of the same size. To prevent the cockroaches from 

escaping, the upper interior surface of the plastic boxes 
was coated with a dilution of baby oil and petroleum jelly. 
The cockroaches were provided with a continuous supply 
of dog food, water, and cardboard for harbourage.

Insecticides

Two insecticide preparations, Cymina 10 
(cypermethrin; active ingredient – 1%, Colkim Srl, Italy) 
and Deltasect (deltamethrin; active ingredient – 2.5%, 
Sharda Europe B.V.B.A., Belgium), were utilized in the 
experiment. These insecticides were selected due to 
concerns raised by pest management specialists regarding 
their efficacy. The insecticides were dissolved in distilled 
water to create stock solutions. Testing involved four 
different concentrations, and an untreated control group, 
in addition, for the site population we added two more 
concentrations (Table 1). Each concentration was applied 
in five replicates with five adult cockroaches per replicate.

Two gel baits, Imidasect gel (imidacloprid; active 
ingredient – 2.15%, Sharda Europe B.V.B.A., Belgium) 
and Mythic gel (chlorfenapyr; active ingredient – 0.4%, 
BASF Croatia d.o.o., Croatia), were also tested. Gel baits 
were examined at a single concentration, resulting in two 
variants, along with an untreated control group (Table 1). 
For the gel baits, each variant was set up in five replicates 
with five adult cockroaches per replicate. 

Bioassays

Before setting up the experiment, 80 glass Petri dishes 
(140 mm) were prepared on the bottom of which a filter 
paper previously soaked in water was placed. To induce a 
state of calmness and reduced activity in the cockroaches, 
plastic boxes containing the insects were subjected to a 
5-minute immersion in ice. Once the cockroaches became 
more manageable, they were carefully transferred to 
glass petri dishes. For the application of insecticide 
solutions, a topical approach was employed. Specifically, 
1 µl of the insecticide solution was injected into the 
intersegmental membrane between the second and third 
abdominal sternites of adult male cockroaches using a 
precise 10-µl micropipette (Eppendorf-Netheler-Hinz 
GmbH, Hamburg, Germany), following the guidelines 
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outlined in IRAC Method No. 037 (IRAC, 2023). Control 
groups of cockroaches were treated with distilled water. 
To investigate the potential resistance or tolerance of the 
site population to gel bait insecticides, gel bait feeding 
bioassays were conducted, adhering to the protocol 
established by Wang et al. (2004) with some modifications. 
The assays were designed in a 'no-choice' format, wherein 
no alternative food sources were provided. Cockroaches 
were placed in Petri dishes a day before the introduction 
of the gel bait. Each dish received approximately 0.5 g of 
gel bait, while control dishes were supplied with dog food. 
Throughout the experiments, the experimental units 
were housed in a walk-in environmental chamber set at a 
constant temperature of 26 °C, relative humidity of 60%, 
and a photoperiod of 12:12 (L: D) hours. This controlled 
environment aimed to standardize the conditions and 
ensure the reliability of the experimental outcomes. 
Mortality assessments were conducted at 24, 48, and 

Table 1. Insecticidal treatments used against B. germanica adults in the laboratory trial (Zagreb, 2023)

Treatment No. Insecticide Product Active Ingredient 
(a.i.) Insecticide Dose Dose of a.i.

(g)
Dose

(% of recommended)

1 Cymina 10 cypermethrin 20 µl/10 ml 0,2 20

2 Cymina 10 cypermethrin 50 µl/10 ml 0,5 50

3 Cymina 10 cypermethrin 100 µl/10 ml 1 100

4 Cymina 10 cypermethrin 200 µl/10 ml 2 200

5* Cymina 10 cypermethrin 400 µl/10 ml 4 400*

6* Cymina 10 cypermethrin 800 µl/10 ml 8 800*

7 Deltasect deltamethrin 20 µl/10 ml 0,0625 20

8 Deltasect deltamethrin 50 µl/10 ml 0,125 50

9 Deltasect deltamethrin 100 µl/10 ml 0,25 100

10 Deltasect deltamethrin 200 µl/10 ml 0,5 200

11* Deltasect deltamethrin 400 µl/10 ml 1 400*

12* Deltasect deltamethrin 800 µl/10 ml 2 800*

13 Untreated control N/A N/A N/A N/A

14 Imidasect gel imidacloprid 0,5 g 0,01 100

15 Mythic gel chlorfenapyr 0,5 g 0,002 100

16 Untreated control (dog food) N/A N/A N/A N/A

* a dose used only on-site population

72 hours after application, whereby cockroaches that 
could no longer move or were unable to right themselves 
were considered dead. The efficacy of cypermethrin, 
deltamethrin, chlorfenapyr and imidacloprid on all 
variants including control was calculated according to 
Schneider-Orelli (1947): 

Statistical analysis

Data on efficacy were statistically evaluated by ANOVA 
and ranked using Duncan's new multiple-range test. The 
analysis was done by using the statistical software ARM 
9® (Gylling Data Management, 2023). The calculation 
of efficacy was only applied to those variants and dates 
for which a statistically justified difference was found 
between untreated control and variants in the trials, i.e. 
P<0.05. In case of an uneven data distribution, data were 
transformed with log (x + 1) transformation.
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RESULTS AND DISCUSSION 

This study is the first research on the efficacy of 
insecticides against B. germanica in Croatia. At the request 
of a company specializing in public pest control and due 
to repeated failures in cockroach control, we decided to 
investigate the effectiveness of the most commonly used 
insecticides and gel baits for cockroach control in Croatia.

Table 2. Mean number of dead individuals of the B. germanica for site and laboratory population

Population Active ingredient Dose of a.i (g) 24 h 48 h 72 h

Site

Cypermethrin

0,2 0f 0d 0e

0,5 0f 0d 0e

1,0 0f 0d 0,16de

2,0 0f 0,16d 0,16de

4,0 0f 0,28d 0,59d

8,0 0f 0,34d 0,54d

Deltamethrin

0,0625 0f 0d 0e

0,125 0f 0d 0e

0,25 0f 0d 0,16de

0,5 0f 0d 0,16de

1,0 0f 0d 0,16de

2,0 0f 0d 0e

Imidacloprid 0,01 0,47e 1,18c 1,37c

Chlorfenapyr 0,002 0,16f 1,44c 2,51b

Laboratory

Cypermethrin

0,2 5a 5a 5a

0,5 5a 5a 5a

1,0 5a 5a 5a

2,0 5a 5a 5a

Deltamethrin

0,0625 3,98bc 4,79a 5a

0,125 4,56ab 5a 5a

0,25 5a 5a 5a

0,5 5a 5a 5a

Imidacloprid 0,01 3,77c 4,59a 4,79a

Chlorfenapyr 0,002 1,53d 2,24b 4,59a

Duncan’s LSD P = 0.05 0.280 - 0.713 0.395 - 0.963 0.403 - 0.979

Treatment F 1.847* 2.527* 1.399

Treatment Prob (F) 0.017* 0.001* 0.123

Prior to analysis, the data were transformed using a log(x + 1) transformation
Means followed by same letter in the same column do not significantly differ
* Adjusted means

The topical bioassay results revealed a complete 
absence of efficacy in pyrethroid insecticides administered 
to the site population of B. germanica in this experiment 
(Table 2). Even at concentrations of 400% and 800% 
of both insecticides, there was minimal effectiveness 
observed after 72 hours (Figures 1 and 2).
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Figure 1. Efficacy of cypermethrin on site and laboratory popu-
lation of B. germanica

Figure 2. Efficacy of deltamethrin on site and laboratory popu-
lation of B. germanica

In contrast, in the laboratory setting where 
cypermethrin was applied, across all doses, complete 
mortality of the cockroach population was achieved within 
24 hours (Figure 1). Similarly, deltamethrin exhibited 
significant lethality, with doses of 50%, 100%, and 200% 
resulting in complete mortality within 24 hours, and at 
the 20% dose after 48 hours (Figure 2).

Our study revealed low to no efficacy of pyrethroid 
insecticides in B. germanica site population collected 
in Zagreb County. These results were not expected 
especially on 400% and 800% doses. We assumed there 
would be a lack of efficacy considering several studies 
have reported that the widespread use of pyrethroid 
insecticides has led to the emergence of resistance to 
this class of insecticides in B. germanica populations 
(Anspaugh et al. 1994; Cochran 1999; Valles et al. 2000). 
However, these results showed that there is a serious 
problem with insecticide resistance in B. germanica site 
population which requires our attention. 

Insecticides have played a crucial role in cockroach 
management for decades; however, resistance has 
challenged effective control efforts since the 1950s 
(Cochran et al., 1952; Bennett et al., 1968; Scharf et al., 
1997; Wei et al., 2001; Wang et al., 2004; Gondhalekar 
et al., 2012; Zhu et al., 2016). Cochran (1995) pointed 
to the emergence of pyrethroid resistance in cockroach 
populations, suggesting that these important insecticides 
may become ineffective in the foreseeable future. In 
addition, cross-resistance of cockroaches to pyrethroids 
has been documented. Wei et al. (2001) found that a 

cockroach strain from Alabama, USA, showed a high 
level of resistance and cross-resistance to pyrethroid 
insecticides such as deltamethrin and permethrin after 
failed control attempts with pyrethroid insecticides. In 
addition, several mechanisms of insecticide resistance 
have been documented in B. germanica, including 
enzymatic detoxication, insensitivity to the target site, 
reduced cuticular penetration, and behavioral avoidance 
(Anspaugh et al., 1994; Dong and Scott, 1994; Scharf et 
al., 1997; Scharf et al., 1998; Valles et al., 2000; Wei et 
al., 2001; Zhu et al., 2016; Fardisi et al., 2017). Although 
the specific mechanisms of insecticide resistance in the 
B. germanica populations examined in this study have 
not been defined, the findings presented herein offer 
preliminary insights for future characterization. 

Proposed strategies for managing resistance in B. 
germanica encompass the rotation of various products or 
the utilization of combination products featuring multiple 
modes of action, rather than relying solely on single AI 
products with singular modes of action. Scharf et al (1998) 
indicate that organophosphates might be most effective 
when used before pyrethroids in rotational resistance 
prevention or management programs. 

Implementing rotation on a single-generation basis 
and incorporating a third insecticide or mixture could 
also be effective strategies to maintain control and 
prevent the development of significant resistance to any 
single active ingredient. However, only rotation of various 
modes of action may not be sufficient to avoid resistance 
development. In this research, we also tested two gel 
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baits commonly used for suppressing B. germanica. 
Cockroach baits, often used in pest control efforts, are 
effective in reducing the health risks associated with 
cockroaches for people and in cutting down on pesticide 
use in cities (Curl, 2011; Rabito et al., 2017). However, 
it's important to be aware that cockroaches can quickly 
become resistant to these bait treatments (Harbison et 
al., 2003; Wang et al., 2004; Gondhalekar et al., 2013). In 
this research, chlorfenapyr gel bait showed low efficacy 
on the site population of B. germanica with an efficacy of 
52% after 72 hours (Figure 3) and even lower in the case 
of imidacloprid gel bait with an efficacy of 28% (Figure 4). 
The laboratory population showed a sensitivity of 92% 
for chlorfenapyr and 96% for imidacloprid after 72 hours. 

Figure 3. Efficacy of chlorfenapyr gel bait on site and laboratory 
population of B. germanica

Figure 4. Efficacy of imidacloprid gel bait on site and laboratory 
population of B. germanica

Resistance is genetically determined by features 
that allow insects to withstand insecticide dosages 
that are lethal to other individuals of the same species 
(Tabashnik et al., 2014). According to Saipollizan and Ab 
Majid (2021), this occurs frequently in German cockroach 
communities and it's not unexpected that certain species 
show resistance to 8–12 different pesticides.

This occurrence may be attributed to the high 
frequency of application and a wide range of chemical 
insecticides. This also occurred with Leptinotarsa 
decemlineata Say, which is resistant to 56 different 
compounds belonging to all major insecticide classes 
(Kadoić Balaško et al., 2020a), and Cydia pomonella L. 
being resistant to 22 active compounds (Kadoić Balaško 
et al., 2022). However, the resistance to gel baits appears 
to be behavioral driven rather than physiological. We 
observed the lack of feeding of site population on gel 
baits compared to the control group provided with dog 
food. This behavioral shift towards avoidance of gel baits 
is likely a response to the high selection pressure imposed 
by exposure to these baits. Cases of behavioral resistance 
on gel baits in B. germanica have been reported also by 
Wang et al. (2004). Similar cases of behavioral resistance 
have been documented in other insect pests. The western 
corn rootworm developed resistance to crop rotation by 
laying its eggs in soybean fields (Levine et al., 2002), and 
Sarfraz et al. (2005) suggest that the diamondback moth 
may choose where to lay its eggs to avoid lethal doses of 
foliar insecticides in the field. Behavioral resistance has 
also been found in Aedes aegypti (Kongmee et al., 2004), 
the horn fly, Haematobia irritans (Lockwood et al., 1985) 
and house flies, Musca spp. (Smith and Yearian, 1964). 
Behavioral resistance poses new challenges for cockroach 
control experts. Simply switching between gel baits with 
different ingredients won't solve the resistance problem. 
Cockroaches may also avoid other parts of gel baits, 
not just the AIs if they're repeatedly exposed to them. 
In addition, adjusting the formulation of gel baits could 
help make them more effective against B. germanica in 
practice. The ability of cockroaches to develop behavioral 
resistance repeatedly demonstrates the importance 
of (IPM) for the long-term and sustainable control of 
cockroaches. 

Noureldin (2016) in his research reports a significant 
effect of the IPM technique against B. germanica with a 
reduction of 100% after 12 weeks. IPM is an alternative 
to conventional chemical pest control methods (Olkowski 
et al., 1991). It uses non-chemical approaches as well as 
educational measures and utilizes extensive knowledge of 
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pest life cycles and their interactions with the environment 
to guide pest control. The basic principle of IPM is that 
pest populations can be controlled by disrupting their 
basic survival needs, such as air, moisture, food and 
shelter. This can be accomplished by sealing cracks and 
crevices to prevent pests from entering buildings and by 
strategically placing baits and gels that are least toxic to 
humans and pets.

Maintenance, hygiene, education and training are the 
main pillars of IPM. In addition, it's becoming increasingly 
important to include biological and biotechnical measures 
in pest control. Zhang et al. (2022) discovered that 
German cockroaches’ resistant to beta-cypermethrin 
were more susceptible to infection by the fungus 
Metarhizium anisopliae (Metschn.). Parasitoid wasps such 
as Tetrastichus hagenowii (Ratzeburg), known as oothecal 
parasitoid wasps, have shown promise as natural enemies 
for indoor cockroach control (Pan and Zhang, 2020). El-
Kady et al. (2014) found that Steinernema carpocapsae 
(Weiser) and its symbiont Xenorhabdus bacteria exhibit 
strong pathogenicity against adult B. germanica under 
laboratory conditions. A study by Tian (2015) showed 
the potential of ozone technology for the control 
of B. germanica, which proved to be very promising. 
Virić Gašparić and Lemić (2020) also see ozone as an 
alternative method to insecticides against a number of 
pests, especially storage pests. However, further research 
especially with B. germanica is needed. Moreover, the 
area-wide mass trapping technique has been shown 
to be highly effective in reducing insecticide use and 
establishing IPM plans. In combination with other control 
measures, this approach also holds significant potential 
for minimizing codling moth damage levels (Kadoić 
Balaško et al., 2020b) but it demonstrated good efficacy 
in the control of the sugar beet weevil also (Drmić et 
al., 2017). These results show promising avenues for 
the implementation of iIPM strategies for B. germanica. 
Further research, in particular, laboratory and field trials 
of the effectiveness of the aforementioned alternative 
methods on B. germanica is needed.

CONCLUSION

Although B. germanica is an important pest in 
households and public spaces, there is a lack of similar 
research and knowledge about its effective control in 
Croatia. Our current findings prove practical implications 
for the development of insecticide-resistant B. germanica 
site populations. Compared to laboratory populations 
of B. germanica, site-collected populations showed high 
levels of resistance to cypermethrin and deltamethrin 
insecticides and to gel baits containing chlorfenapyr 
and imidacloprid. These results indicate the need for 
a more careful future selection and rotational use of 
these insecticides in their application for controlling 
B. germanica site populations. In order to find suitable 
alternatives to the use of insecticides, further research 
is needed to determine their potential efficacy and 
resistance mechanisms, which in turn may provide useful 
information for sustainable and effective resistance 
management.
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