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Abstract. German cockroach, Blattella germanica (L.), is a common household pets and a 

serious global public health risk. This study aimed to investigate the sublethal effects of 

lambda-cyhalothrin, imidacloprid, and indoxacarb on aggregation behavior, sexual 

communication, feeding efficiency, bodyweight, and nutritional indices of B. germanica. 

However, the study showed that the LD10 and LD25 doses of these insecticides impaired 

aggregation behavior and sexual communication of B. germanica; In addition, the data 

analyses of Excess Proportion Index (EPI), indicated that the aggregation response and sexual 

communication of adult cockroaches were decreased due to its exposure to LD10 and LD25 

compared to the control treatment (LD0). Although the cockroaches’ food intake increased, 

their bodyweight decreased after being exposed to LD10 and LD25 compared with the control 

treatment. Moreover, a negative impact of LD10 and LD25 was observed on some nutritional 

indices e.g. approximate digestibility (AD), relative growth rate (RGR), and efficiency of 

conversion of digested food (ECD).  On the other hand, the LD10 and LD25 have positively 

affected on other nutritional indices, including efficient conversion of ingested food (ECI) and 

relative consumption rate (RCR) when compared with control group. This study showed that 

the sublethal effects of lambda-cyhalothrin, imidacloprid, and indoxacarb employed to control 

insect pests widely, have considerable effects on the insect’s behavioral and physiological 

patterns. 

Keywords: Blattella germanica; insecticides; behavioral effects; physiological effects; 

sublethal effects. 

1. Introduction 

The German cockroach, BIattella germanica is a global insect pest found in public places, for 

instance, homes, hotels, and apartments [1]. These roaches are active at night, but a day, they hide in 

dark areas such as cracks and crevices in walls [2]. Due to their omnivore feeding habits and random 

release of fecal materials, the roaches are famous agents for accommodating and mechanical 

transmission of various medically important microorganisms [3-5]. German cockroach might cause 

allergic reactions and asthma attacks [6]. 
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The first generation of pyrethroids developed in the 1960s, included bioresmethrin, resmethrin, 

tetramethrin, and bioallethrin. And the second-generation including beta-cyfluthrin, lambda-

cyhalothrin, and fenvalerate was developed by Rothamsted Research scientists in 1974 [7]. Different 

formulations of these insecticides have been applied to control agricultural and urban insects for over 

45 years.  

25% of the insecticide world market belongs to pyrethroids. Lambda-cyhalothrin has been 

widely used to control a variety of insect pests, including medically important insects [7] by effecting 

on channels of voltage-gated sodium as the primary target [8].  

Imidacloprid is the best-known representative of the neonicotinoid insecticides. Neonicotinoids 

join and bind to postsynaptic nicotinic acetylcholine receptors of the insect’s central nervous system. 

This induces a neuronal hyper-excitation, which can lead to the insect’s death within a few minutes 

[9]. 

Indoxacarb an insecticide affects neuronal sodium channels of insects and blocks them, applied 

to control various agricultural and urban insect pests [10].  

The residues of insecticides, after being sprayed, might have sublethal effects on insects and 

other organisms [11], resulting in behavioral and/or physiological alteration influencing pest 

management [2]. Although the sublethal dose does not occur immediately death, it impairs an insect's 

ability to carry out other normal functions. Accordingly, entomologists have categorized the sublethal 

effects on arthropods into behavioral and physiological. 

Behavioral impacts might involve stimulation of reduction in oviposition behavior, alterations 

in the number of feeding and foraging events, inappropriate migration and dispersal, aggregation and 

attraction, and other behavior disorders [12-14]. The aggregation pheromone of B. germanica is 

released from rectal pad cells and excreted with the fecal material [15], which can result in aggregation 

other cockroaches [16]. The components contact sex pheromone produced by virgin females 

stimulates a courtship in males of B. germanica [17]. Employing behavioral assays with olfactometer 

devices indicated that the sex pheromone of B. germanica is usually produced by virgin adult females, 

and stimulates behavioral responses in adult males [18]. 

On the other hand, insecticidal sublethal exposure could have physiological impacts on 

arthropods, perhaps by affecting their nutritional indices, bodyweight, longevity, fecundity, growth 

development, sex ratio, and metabolic-enzyme induction [12, 19].  

Therefore, this study was carried out to investigate the sublethal effects of lambda-cyhalothrin, 

imidacloprid, and indoxacarb which are widely applied to control various insect pests either in the 

agricultural fields or in urban areas, on aggregation behavior, sexual communication, feeding 

efficiency, bodyweight, and nutritional indices of German cockroach, as a medically important insect.   

2. Materials and Methods  

2.1. Insects 

Adult cockroaches from laboratory colony, which were collected from infested apartments and houses 

in the central part of Mashhad, Iran, were tested, using a vacuum apparatus (insect aspirator) similar to 

the one designed by Wright [20] and established in plastic cages (30×30×30cm). The samples were 

supplied with food and water ad libitum [21]. The rearing condition was approximately 12h light/12h 

dark, 27±2°C, and 60-65% relative humidity (RH). 

2.2. Chemicals  

Lambda-cyhalothrin (97.31 %), Imidacloprid (97.00 %), and indoxacarb (96.2 %) were provided from 

Kavosh Kimia Kerman Co., Ltd (Kerman, Iran). Acetone solvent (99.95%), and other chemicals, 

which had high analytical grade >95% quality were purchased from Vangerman Co., Ltd (Mashhad-

Iran). All insecticides tested in this study were of technical grade.  

2.3. Determination of LD10 and LD25 

Toxicity assays to determine the susceptibility of cockroaches to indoxacarb, imidacloprid, and 

lambda-cyhalothrin were performed with a range of concentrations for each insecticide. 
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Technical grade formulations of each insecticide were serially diluted in acetone. Selected 

cockroaches (600 males and 600 females each insecticide) were anesthetized using CO2 [22]. One 

microliter of each insecticide dose (or 1 μL of acetone alone as control) was topically applied using a 

repeating micropipette (Hamilton Company, Reno, NV) to the ventral portion of each insect between 

the metacoxae [23]. A total of 45 cockroaches were treated with each dose. Three replications per dose 

(15 individuals each) were maintained in plastic containers (21 ×12 ×7 cm) that were properly sealed 

with fine nylon mesh fabric cloth at the top for ventilation and provided with food and water ad 

libitum. After 72hr, mortality was checked and corrected using Abbott’s formula [24], and the data 

were then pooled and analyzed to determine various LD indices, including LD10 and LD25 for each 

insecticide using a standard probit analysis [25]. 

Each microliter of LD10s of indoxacarb, imidacloprid, and lambda-cyhalothrin contains (30.92, 

81.70, and 41.62), and LD25s contain (56.71, 141.63, and 72.72) micrograms active ingredient of 

insecticide respectively. 

2.4. Sublethal effects of insecticides on aggregation behavior and sexual communica-tion of Blattella 

germanica  

2.4.1. Bioassay 

Two groups of virgin B. germanica adults (male and female, 50 individuals each) were placed 

separately in plastic containers (21 × 12 × 7cm). Treatments of LD10 or LD25 with acetone for control 

were carried out topically, four times with seven-day interval between each treatment. The treated 

roaches were maintained in an incubator at 27± 2°C, 60 to 65%  RH, and 12h light/12h dark. 

Twenty-four hours after the last test, alive and healthy insects were randomly selected. All tests were 

conducted under in vitro conditions. 

2.4.2. “Four-choice” olfactometer  

A “four-choice” olfactometer device was utilized to observe aggregation behavior and sex 

communicative response of male and female cockroaches. It is a square shape, with a central chamber 

(insect area) and an opening hole at the bottom with a small tower, which is connected to four glass 

tubes perpendicular to each other that are joint to the source cells and silicon pipe in order to provide 

aeration by using a mini air pump 1.5-3L/min. The air passes through active charcoal to get purified 

air (Figure 1). 



ICCMAT-2023
IOP Conf. Series: Earth and Environmental Science 1252 (2023) 012002

IOP Publishing
doi:10.1088/1755-1315/1252/1/012002

4

 

 

 

 

 

 

 
Figure 1. Diagram of “four-choice” olfactometer device. 

The “four-choice” olfactometer device cleaned with alcohol, followed by continual aeration for 

20 min to remove other odors and placed on a clean table. 

The mixture of exuviae and feces produced by German cockroaches were used as an 

aggregation pheromone source and control cells were odorless. They placed in opposite cells, as 

described previously by Adams et al. [26]. In the same way, untreated virgin females as sex 

pheromone sources were placed in treatment cells in the next test. 

Adult males, females for aggregation study, or only males for attraction study were released 

individually into the opening hole, and their response was observed for 5 min. The selection of 

treatment cells or control cells (odorless) by sample insects was assumed a positive or negative choice.  

If the sample selected neither of the cells, it would not be considered as a choice.  

The direction taken by male or female samples in the olfactometer device was transformed into 

an excess proportion index (EPI) [27] by using the following equation: 

 

EPI = (NR - NC) / (NR + NC) 

 

Where NR is the number of roaches choosing the test cells and NC is the number of roaches 

choosing the control cells.  

EPI ranges between (+1) to (-1), indicate the insect choice polarity, and positive numbers 

indicate appositive response of the approach. The data were listed on percent roaches’ aggregation and 

sexual communication for each material against control (odorless). 

2.5. Sublethal effects of insecticides on feeding efficiency, bodyweight, and nutritional physiology of 

Blattella germanica adults  

2.5.1. Bioassay 

Two groups of adult B. germanica (100 males and 100 females) were treated separately with LD10 or 

LD25 of lambda-cyhalothrin, imidacloprid, and indoxacarb or only acetone on control group through 
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topical application for four times with 7-day intervals. Then, all samples were left to starve for 24 

hours. Afterwards, alive and apparently healthy insects were randomly chosen, and placed in plastic 

containers (21×12×7cm) that were described previously. These containers were maintained in an 

incubator at 27± 2°C, 65-70% RH, and 12h light/12h dark. 

2.5.2. Artificial Diets  

Each replication was provided with 0.25g of artificial diet and water ad libitum (male or female). All 

experimental insects were weighed before and after exposure to LD10 or LD25, or only acetone in 

control. The experimental duration extended for ten days. The residue diet and feces deposited by 

experimental insects were collected, dried out in an oven at 45°C for 72h (U-UL, Memmert, 

Germany), and reweighed. After the experiment, the initial dry weight of each cockroach was 

converted into the fresh/dry weight (FW/DW) ratios. The same process was utilized to measure the 

initial dry weight of the artificial diet cubes used in various treatments. These things were weighted by 

using a very accurate scale (A&D GF300P Prescription Scale, Japan). 

The Nutritional indices were computed by applying the following equations: 

• AD = 100(F – V) / F 

• ECD = 100G / (F – V) 

• ECI = 100G / F 

• RGR = G / DI 

• RCR = F / DI 

In these equations, D for duration of experiment, F for dry weight of food eaten, G for dry 

weight gained by insects, I stands for mean dry weight of insect during D, and V for dry weight of 

feces produced [28, 29].  

2.6. Statistical Analysis 

The mortality data were corrected by Abbott’s equation in order to compute natural mortality in the 

control. Paralyzed insects were considered dead. The dose-mortality relation was consistent with 

observed data. The PoLoPlus 2.0 [30] was employed to determine various LD indices, including LD10 

and LD25, for each chemical insecticide [31]. Data from Excess Proportion Index (EPI), and 

nutritional indices were subjected to factorial ANOVA, and Tukey’s HSD test (P<0.05) to isolate the 

different treatments. On top of that, the binary logistic regression and odds ratio were used to assess 

the aggregation and attraction of adult B. germanica. Tukey multiple comparison test (P<0.05) to 

isolate the different treatments was used to examine the insecticidal sublethal effects on the weight of 

food eaten by adult B. germanica, body weight and weight gained after feeding. Minitab™17 software 

was used to conduct all statistical analyses (Minitab Inc., State College, PA, USA). 

3. Results and Discussion  

3.1. Sublethal effects of insecticides on aggregation behavior of Blattella germanica adults 

The results implied that a lower aggregation belonged to the male and female cockroaches exposed to 

LD10 or LD25, compared to cockroaches treated with acetone only (control). There was a significantly 

strong relation between doses (LD10 and LD25) and control (LD0) (Deviance table: X
2
= 63.91, 

P<0.001) (Figure 2). 
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Figure 2. Sublethal effect of insecticides on aggregation behavior of male and female B. germanica, 

using the “Four-choice” olfactometer 

 

The analysis of data from Excess Proportion Index (EPI) using “Four-choice” olfactometer 

device indicated that the aggregation response of adult cockroaches decreased after treatment with 

LD10 or LD25 compared to the control (Dose: d.f=2; F= 87.50; P<0.001) (Table 1). 

There were no significant differences among types of insecticides also, no significant difference 

between insect sexes in their effects on aggregation behavior (Insecticide: Deviance table: X
2
= 0.52; 

P> 0.05) and (Sex: Deviance table: X
2
=1.08; P> 0.05). 

3.2. Sublethal effects of insecticides on sex communicative behavior of adult male to untreated virgin 

females of Blattella germanica. 

The results showed that the sexual communication of male exposed to LD10 or LD25 to untreated 

virgin females was decreased compared to male treated with acetone only in control (LD0). 

Accordingly, a significant difference was observed in effects between sublethal doses and control 

(Deviance table: X
2
= 35.07; P<0.001) (Figure 3). On the other hand, there was no significant 

difference in effects among types of insecticides (Deviance table: X
2
= 6.62; P>0.05). Excess 

Proportion Index (EPI) was also used to examine sexual attraction of the treated males with 

insecticidal sublethal doses to untreated virgin females of B. germanica using the “four-choice” 

olfactometer device. The EPI data was analyzed, and a significant difference observed in the effects 

between insecticidal sublethal doses and control (Dose: d.f= 2; F=87.50;P<0.001) (Table. 2). 

Table 1. Excess Proportion Index (EPI) for measuring aggregation behavior of male and female B. 

germanica in various insecticides using the “Four-choice” olfactometer device. 

Treatment 
Mean EPI 

Insecticide Sex Dose 

Lambda-cyhalothrin Male 

 

 

Female 

LD0 

LD10 

LD25 

LD0 

LD10 

LD25 

0.733 a 

-0.600 bc 

-1.00 c 

0.733 a 

-0.600 b 

-1.00 c 

0.7 

-0.6 

-1.0 

0.7 

-0.6 

-1.0 
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Figure 3. Sublethal effect of insecticides on sexual communication of adult male to untreated virgin 

females B. germanica, using the “Four-choice” olfactometer device. 

 

 

 

 

Table 2. Excess Proportion Index (EPI) for sexual communication of adult male to untreated virgin 

females B. germanica, in different insecticides using the “Four-choice” olfactometer device. 

 

Imidacloprid  

 

Male 

 

 

Female 

LD0 

LD10 

LD25 

LD0 

LD10 

LD25 

0.800 a 

-0.600 bc 

-1.00 c 

0.800 a 

-0.600 bc 

-1.00 c 

0.8 

-0.6 

-1.00 

0.800 

-6.00 

-6.00 

Indoxacarb Male 

 

 

Female 

LD0 

LD10 

LD25 

LD0 

LD10 

LD25 

0.600 a 

-0.600 bc 

-0.800 c 

0.866  a 

-0.600 bc 

-1.000 c 

0.6 

-0.6 

-0.8 

0.8 

-0.6 

-1.0 

Means followed by similar letters within a column are not significantly 

different at P<0.05  

Treatment 
Mean EPI 

Insecticide Dose 

Lambda-cyhalothrin 

 

LD0 

LD10 

LD25 

0.800 a 

-0.600 b 

-1.000 c 

1.0 

-0.6 

-1.0 
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3.3. Effect of sublethal doses of insecticides on amount of food intake by adult Blattella germanica 

The results indicated that the treated cockroaches with LD10 or LD25 of lambda-cyhalothrin, 

imidacloprid, and indoxacarb were not fed as successfully as untreated cockroaches from 0 to 48 hours 

of the test time, but after 48 hours to the end of the experimental duration, treated cockroaches were 

being fed far more effectively than untreated cockroaches (Figure 4).  

 

 
 

Figure 4. Feeding efficiency of both male and female of B. germanica in different insecticidal 

sublethal effects columns signaled with different letters are significantly differing (P<0.05) 

 

In addition, we observed that treated females were being fed as much as the treated males. So, 

the insecticidal sublethal doses had a significant correlation between feeding efficacy and cockroach’s 

sex (dose: P<0.001, d.f.=2, F=107.85, n=90; sex: P<0.001, d.f.=1, F=48.82, n=90). On the other hand, 

there was a significant difference in the interaction between the dose of insecticide and the sex of 

cockroach (P≤0.05, d.f.=2, F=5.60, n=90). 

Furthermore, there was no significant difference between the types of applied insecticides. Also, 

no significant difference was observed between the type and the dose of insecticides on feeding 

efficacy of the German cockroach (P>0.05, d.f.=2, F=0.09, n=90; P>0.05, d.f.=4, F=2.70, n=90; 

P>0.05, d.f.=2, F=0.01, n=90) respectively. 

 

3.4. Effect of sublethal doses of insecticides on body weight of Blattella germanica 

Loss of bodyweight was observed in adults after exposure to LD10 or LD25 of lambda-cyhalothrin, 

imidacloprid, and indoxacarb. Also, losing some bodyweight was proportional to increasing doses 

LD10 to LD25 in comparison with the control (LD0) as follows: LD0 = 7.66 µg, LD10= -3.03 µg, and 

LD25= -4.70 µg. 

Imidacloprid LD0 

LD10 

LD25 

0.800 a 

-0.600 bc 

-1.000 c 

1.0 

-0.6 

-1.0 

Indoxacarb LD0 

LD10 

LD25 

0.600 ab 

-0.600 bc 

-8.000 c 

0.6 

-0.6 

-8.0 

Means followed by similar letters within a column are not significantly different at 

P<0.05.  



ICCMAT-2023
IOP Conf. Series: Earth and Environmental Science 1252 (2023) 012002

IOP Publishing
doi:10.1088/1755-1315/1252/1/012002

9

 

 

 

 

 

 

The results clearly represented a significant difference between doses of insecticide (P<0.001, 

d.f.=2, F =57.65). On the other hand, there were no significant differences among the types of 

insecticides on a cockroach’s body weight (P>0.05, d.f.=3, F =0.35) (Figure 5).   

 

 
 

Figure 5. Sublethal effect of lambda-cyhalothrin, imidacloprid, and indoxacarb on insect bodyweight,  

0 = LD0, 10 = LD10, 25 = LD25. (P<0.05) 

 

3.5. Effect of sublethal doses of insecticides on nutritional indices of adult Blattella germanica  

The analyzed data of the nutritional indices showed that there were significant differences between 

(LD10 and LD25) of lambda-cyhalothrin, imidacloprid, and indoxacarb and the control group  (Dose:  

P <0.05, d.f =2, F= 119.02), also, a significant difference was observed  between genders of cockroach 

regarding RCR (Sex: P <0.05, d.f =1, F= 61.51). Concerning RGR, there was significant difference 

between insecticidal sublethal doses. (P <0.05, d.f =2, F= 334.14). In addition, there was a significant 

difference between doses of insecticides in ECI (P<0.05, d.f. =2, F=132.34).  Not only this, there was 

also a significant difference in terms of AD between doses of insecticide and insect gender (Dose: 

P<0.05, d.f=2, F=251.25, sex: P<0.05, d.f =1, F=113.21, and dose*sex: P<0.05, d.f=2, F=12.99). 

Moreover, a significant difference was observed in terms of ECD between the type and the dose of 

insecticide (insecticide: P<0.05, d.f=2, F=10.55; dose: P<0.05, d.f=2, F=213.64; insecticide* dose: 

P<0.05, d.f=4, F=9.65); whereas, no significant differences were observed in the other studied 

parameters (Table3). 

 

The olfactometers are devices designed to study the changes in insects’ behaviors. However, the 

study was conducted using a “four-choice” olfactometer device to measure the effects of sublethal 

doses of lambda-cyhalothrin, imidacloprid, and indoxacarb on aggregation behavior and sexual 

communication of adult German cockroaches. The current study has described some impacts of 

sublethal doses of these commonly used insecticides on communicative abilities of B. germanica.  

 
 

Table 3. Nutritional indices of adult male and female B. gemanica treated by different insecticides. 

Treatments 
Sex RCR RGR AD ECI ECD 

Insecticide Dose 

Control LD0 Male 0.116  cd 0.063  a 55.518  e 95.920   a 43.373  a 
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The obtained results implied that the aggregation ability of adult males and females decreased 

after being treated with LD10 or LD25 four times. On the other hand, the sexual attraction of cockroach 

males to untreated virgin females also reduced due to sublethal dose exposure. 

Both adult male and female cockroaches had a lower response to aggregation and sex 

pheromones which might be in account of interference with antenna-receptor neuron sites used to 

detect pheromones and other odors. Therefore, the odors became desensitized, decreased, or delayed 

by the findings of this might explain why the aggregation behavior of male and female cockroaches 

exposed to sublethal doses was decreased [32-35]. Disruption of sexual communication after the 

exposure to insecticidal sublethal doses was observed. Consequently, the male’s ability to locate sex 

pheromone released by untreated virgin adult females was impaired. A delayed receptivity signaled 

during the test also indicates that treated male cockroaches were less responsive to sex pheromone. 

Our results were also compatible with those in [32,35-37].  

In addition, the results showed that the sublethal doses of lambda-cyhalothrin, imidacloprid, and 

indoxacarb are likely to impact the cockroach’s olfactory system. Because all these insecticides belong 

to the neuronal insecticides, they could have stronger effects on the odorant receptors (OR) and 

olfactory sensory neurons (OSN) [38].  

Exposure to insecticidal sublethal doses several times might lead to accumulating them in an 

insect’s body. Therefore, they would ultimately impact neuronal function and result in inadequate 

response to aggregation, attraction, and other olfactory functions. The results of this study indicated 

that long-term insecticide exposure to low doses could have negative effects on the aggregation 

behavior and sexual communication of B. germanica. In fact, the sublethal doses of insecticides have 

various influences on several insect species in agricultural and urban ecosystems; therefore, the 

application of sublethal insecticides is likely induction on the side effects on their behavior [39], and 

physiology [40].  

The evidence collected in this study suggested that the sublethal dose of insecticide reduces the 

response of the insect’s olfactory system to odor stimuli. As a result, either olfactory receptors (ORs) 

in insect’s antenna are damaged or sites of Odorant Binding Proteins (OBPs) in sensillum lymph are 

occupied or changed by other odors. 

Results of experiment observed that the feeding efficiency of adult male and female B. 

germanica after being exposed to LD10 or LD25 of lambda-cyhalothrin, imidacloprid, and indoxacarb 

were primitively decreased, concordant with [14] but after 48 h. of experimental time, the feeding 

efficiency and nutritional indices were significantly increased. These increases were curvilinearly 

achieved with an increased insecticide dose. Therefore, treated cockroaches with sublethal doses were 

 Female 0.086  d 0.035  b 42.919  d 130.978 a 31.369  b 

Lambda-cyhalothrin LD10 

 

Male 0.213  b -0.024  cd -11.038 c 161.437 b -9.195  c 

Female 0.139  c -0.030  c 1.386  b 193.485 b -6.154  c 

Imidacloprid LD10 

 

Male 0.210  b -0.014  cd -6.834  c 169.496 b -4.845  c 

Female 0.140  c -0.012  c -8.517  b 207.512 b -6.134  c 

Indoxacarb LD10 

 

Male 0.208  b -0.028  cd -13.522  c 155.431 b -5.979  c 

Female 0.148  c -0.005  c -3.227  b 213.559 b -7.563  c 

Lambda-cyhalothrin LD25 

 

Male 0.307  a -0.025  d -8.058  b 229.565 b -6.244  c 

Female 0.192  b -0.018  cd -9.496  a 329.665 b -5.820  c 

Imidacloprid LD25 

 

Male 0.297  a -0.035  d -11.802  b 219.575 b -10.173  c 

Female 0.253  b -0.034  cd -13.304  a 333.672 b -8.871  c 

Indoxacarb LD25 Male 0.275  a -0.036  c -12.917  b 197.495 b -10.636  c 

Female 0.175  b -0.019  cd -10.796  a 277.603 b -6.709  c 

Where (RCR) Relative Consumption Rate, (RGR) Relative Growth Rate, (AD) Approximate Digestibility, (ECI) Conversion of 

Ingested food, (ECD) Efficiency of Conversion of Digested food. Means followed by the same letters within the same column are 

not significantly different at P<0.05 (post-hoc Tukey test). 
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continuously being fed, which might lead to getting sufficient nutrients for detoxification processes 

and normal insect growth [41]. 

To explain the augmentation in food efficiency, the differences between nutritional indices in 

the treatment groups (LD10 and LD25) and control (LD0) were assessed. There was a reduction in RGR 

(relative growth rate), ECD (efficiency of conversion of digested food), and the bodyweight of treated-

cockroach adults with sublethal doses of lambda-cyhalothrin, imidacloprid, and indoxacarb. Also, AD 

(approximate digestibility) of adult B. germanica decreased after its exposure to insecticidal sublethal 

doses. Most probably, the treated samples tried to overcome and recompense for this problem by food-

increasing consumption. The results were consistent with Nathan's findings [37]. AD (Reduced 

digestibility) of the samples was due to the fast passing of food through the digestive tract when the 

target insect overate [41]. These results are consistent with findings by Nathan suggesting that the 

ECD and RGR of fourth-instar larvae of Cnaphalocrocis medinalis were significantly reduced after 

being exposed to botanical insecticide extracted from Chinaberry tree [42, 43]. Jansen and Groot also 

mentioned that fraxinellone might reduce the RGR of Asian corn borer [44]. The RGR reduction 

might have been caused by the irrecoverable damage to the mid-gut lumen cells. 

The RGR was reduced with increasing insecticide dose, showing that the diet was not 

appropriate for the insect and might have acted as an inhibitor. Consequently, the treated adult German 

cockroach did not have adequate specific ingredients for metabolic processes and normal growth [45].  

RCR and ECI were useful in determining nutritional indices [46]. RCR is used to measure food 

consumption and observes the proportion of feeding relation with the weight of cockroaches at a 

certain time [47]. 

ECI is the overall measure of an insect’s ability to convert food for development and growth 

and AD measures the approximate digestibility [48]. On the other hand, Djemaoun’s results from 

biochemical analyses revealed that the sublethal dose of indoxacarb decreased the ovarian protein 

level, carbohydrates, and lipids in adult B. germanica. These biochemical modifications might affect 

reproductive processes [49].  These results explain why insects lost bodyweight after being exposed to 

an insecticidal sublethal dose in this investigation. Reduction of AD, RGR, and ECD due to 

insecticidal subtethal doses exposure have either a direct or indirect relation with an insect’s fertility 

and longevity, making them too weak against diseases and natural enemies [50,51].  Thus, we 

observed that the nutritional indices (i.e. AD, RGR, and ECD) of adult cockroaches treated to 

sublethal doses of lambda-cyhalothrin, imidacloprid, and indoxacarb were negatively altered, and 

other nutritional indices (i.e. RCR, ECI, and FDI) were positively changed. On the other hand, the 

negatively affected bodyweight and normal growth of the insect were powerfully related to the amount 

of food consumed by the German cockroach. These results are concordant with [46]. 

The effects of insecticides and chemical products on an insect’s metabolism and the correlation 

between insects and their food intake could be explained using nutritional indices [46, 52]. 

Consumption of more food could be utilized for detoxification, leaving insufficient essential 

components for normal growth and be directly associated with the developmental delay of treated 

populations of the German cockroach. 

4. Conclusion 

This study focused on the impacts of sublethal doses of lambda-cyhalothrin, imidacloprid, and 

indoxacarb which are widely used to control insect pests either in agricultural fields or urban areas, on 

the aggregation behavior, sexual communication, feeding efficiency, body weight, and nutritional 

indices of German cockroaches. Certain negative effects were observed on aggregation behavior, 

sexual communication, body weight, and some of the nutritional indices. On the other hand, the 

positive effects of insecticidal sublethal doses on feeding efficiency, and on other nutritional indices of 

German cockroach was also observed. In case of reducing pesticide use or in an ecotoxicological 

context with the presence of insecticide residues, our investigation confirms the need for evaluating 

the effects of sublethal doses and for explaining their impacts on behavioral and physiological patterns 

of German cockroaches. In addition to other control agents, we should take sublethal doses of these 

chemicals into account when developing an integrated pest management program against this 

household pets. 
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