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Abstract 
In this study, the effect of illumination with different light wavelengths (red, green, yellow, blue, white and a dark 

control) on the orientation of the Turkestan cockroach, Blatta lateralis (Walker,1868) (Blattodea: Blattidae) was 
investigated. The study was conducted under laboratory conditions in 2019 at Bursa Uludağ University. In orientation 
trials, adult cockroaches were exposed to three different light illuminances (25, 250 and 2500 lux). The trials were 
conducted in six- and two-arm choice arenas. In each trial, three replicates and 100 individuals were used. The data 
obtained show that the sensitivity to the illumination with different wavelengths may increase depending on light 
intensity. In particular, in the six-arm and two-arm trial, in the experiment where blue light of 2500 lux intensity was 
applied, the cockroach orientation was the lowest at 0.9% and 1.8%, respectively. In general, the highest orientation 
was against the dark (control) chamber in all trials. In addition, under all lux values, the orientation to red light was 
higher than with green, yellow, blue and white light. As a result of this study, it has been determined that blue light may 
have a repellent effect on cockroaches, and red light may be more attractive than other wavelengths. These studies 
can be useful in the development of an alternative method of control to replace chemicals used against cockroaches 
that would be harmless to human health and the environment. 
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Öz 
Bu çalışmada, farklı dalga boylarına (kırmızı, yeşil, sarı, mavi, beyaz ve karanlık) sahip ışınların Türkistan 

hamamböceği, Blatta lateralis (Walker,1868) (Blattodea: Blattidae)’in yönelimi üzerindeki etkisi araştırılmıştır. Çalışma, 
2019 yılında Bursa Uludağ Üniversitesi’nde laboratuvar koşullarında yürütülmüştür. Yönelim denemelerinde, ergin 
hamamböcekleri üç farklı ışık şiddetine (25, 250 ve 2500 lüks) maruz bırakılmıştır. Denemeler 6-kollu ve 2-kollu seçimli 
olarak yürütülmüştür. Tüm denemelerde 3 tekerrür ve her tekerrürde 100 birey kullanılmıştır. Elde edilen veriler, ışık 
şiddetine bağlı olarak farklı dalga boyuna sahip ışınlara yönelim hassasiyetinin artabileceğini göstermektedir. Özellikle, 
altı -kollu ve iki -kollu denemede, 2500 lüks şiddetinde mavi ışık uygulandığında, hamamböceğinin yönelimi en düşük 
seviyede olup, sırasıyla, %0.9 ve %1.8 oranında olmuştur. Genel olarak en yüksek yönelim, tüm denemelerde karanlık 
(kontrol) odacığa olmuştur. Ayrıca tüm lüks değerleri altında kırmızı ışığa yönelim, yeşil, sarı, mavi ve beyaz ışığa göre 
daha fazla olmuştur. Bu çalışma sonucunda, mavi ışığın hamamböcekleri üzerinde kaçırıcı bir etki gösterebileceği, kırmızı 
ışığın ise diğer dalga boylarına göre daha çekici olabileceği tespit edilmiştir. Yapılan bu çalışmalar, hamamböceklerine 
karşı kullanılan kimyasalların yerini alabilecek insan sağlığına ve çevreye zararsız olan alternatif bir mücadele 
metodunun geliştirilmesinde faydalı olabilir. 
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Introduction 
Cockroaches (Blattellidae) have out-survived dinosaurs, ice ages and they first appeared early in 

Upper Carboniferous period (Vishniakova, 1982; Vršanský, 2005, 2008). They are pests in homes, 
restaurants, hospitals, warehouses, offices and food processing areas. Their spread takes place mostly by 
movement of people and trade (Rehn, 1945). It is known that cockroaches have an allergic effect in humans 
and can carry various pathogenic organisms (Rosenstrich et al., 1997; Ahmad et al., 2011). They can 
transmit almost 150 bacterial species, 60 species of fungus, 45 species of parasitic worms and 90 species 
of protozoa to human either biologically or mechanically (Collins et al., 1995; Tatfeng et al., 2005; Etim et 
al., 2013). Cosmopolitan species such as American cockroach, Periplaneta americana (Linnaeus, 1758) 
(Blattodea: Blattidae) and German cockroach, Blattella germanica (Linnaeus, 1767) (Blattodea: Blattellidae) 
are common insects worldwide. In addition, the Turkestan cockroach, Blatta lateralis (Walker,1868) 
(Blattodea: Blattidae) are found in Afghanistan, Libya, Pakistan, southern Russia, Uzbekistan (Alesho, 
1997), some urban areas of Punjub State of India (Sandhu & Sohi, 1981) and in southwestern United States 
(Kim & Rust, 2013). Turkestan cockroach live occasionally indoors, but it is found especially animal manure 
piles and around structures in gardens (Alesho, 1997; Artyukhina, 1972). Also, Turkestan cockroach and 
oriental cockroach, Blatta orientalis Linnaeus, 1758 (Blattodea: Blattidae) have been identified in Turkey 
(Demirsoy, 2014). 

Given the insecticidal effects of synthetic chemicals such, as sulfluramid, fipronil and imidacloprid, 
that are often used to control cockroaches (Rust et al., 1995). However, cockroaches develop resistance 
to these chemicals (Ko et al., 2015). In addition, these chemicals have negative effects on human health 
and the environment. Therefore, new methods need to be developed in the control of cockroaches. To 
manage these pests, some insect repellents (plant essential oils) (Prakash et al., 1990, Paranagama & 
Ekanayake, 2004; Yilmaz & Tunaz, 2013), diatomaceous earth application (Özcan et al., 2018; Alkan et al., 
2019) and biocontrol methods are used (Fox & Bressan-Nascimento, 2006; Hernández-Ramírez et al., 
2007; Maketon et al., 2010; Tee et al., 2011; Hubner-Campos et al., 2013; Gutierrez et al., 2016; Baggio-
Deibler et al., 2018). Also, insecticidal paints can provide useful control of P. americana populations for up 
to 3 months (Bueno-Marí et al., 2013). 

Under normal conditions, cockroaches are active overnight, undertaking exploration, feeding and 
mating (Lipton & Sutherland, 1970a, b; Seelinger, 1984) avoiding illuminated areas (Kelly & Mote, 1990). 
One of the most well-known behavioral features of cockroaches are escape reactions in response to 
sudden illumination, they hide immediately in the nearest dark shelter. The cockroach visual system 
consists of two simple eyes, ocelli, and two large compound eyes, so such reactions to light depend on 
their intensity and wavelength (Kelly & Mote, 1990) and are mainly based on light input through the 
compound eyes (Okada & Toh, 1998). The ocelli of the cockroach can be recognized as two large white 
spots, located between the compound eyes at the base of the antennae (Cooter, 1975; Weber & Renner, 
1976) and each ocellus contains about 10,000 photoreceptors that converge to only four larges second-
order lamina cells (Toh & Sagara, 1984). 

Artificial lights can be useful in the control of pests in the context of integrated control or in 
greenhouses (Johansen et al., 2011). It is generally known that some insect species that are active at night 
are attracted to an UV light source. Therefore, various UV light traps have been developed for population 
tracking or mass capture (Shimoda & Honda, 2013). Light sources of different colors have different effects 
(mortality, attractive and behavioral) on various insect species. Blue light has lethal effects on Drosophila 
melanogaster Meigen, 1830 (Diptera: Drosophilidae) (Hori et al., 2014). The UV (black) source was 
determined and for all light sources, the most common insect sets of traps were Diptera, Coleoptera and 
Lepidoptera, respectively (Ashfaq et al., 2005). Furthermore, lighting has been shown to affect the activities 
of agriculturally beneficial organisms, such as predators. This was found in studies of Orius sauteri 
(Poppius, 1909) (Heteroptera: Anthocoridae), an agriculturally beneficial insect (Wang et al., 2013).  
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Recently, especially with the production of LED bulbs, the use of lights in the control of harmful 
insects has increased (Shimoda & Honda, 2013). It has been found that illumination with different 
wavelengths may have lethal, adductive or attractive effects on insects (Pate & Curtis, 2001; Ashfaq et al., 
2005; Van Langevelde et al., 2011; Shimoda & Honda, 2013; Hori et al., 2014). In Turkey, there have been 
no reports on the orientation of cockroaches to light. However, Uluca & Karaca (2016) conducted studies 
on the effect of ultrasonic pest repellents on Turkestan cockroaches. Therefore, the aim of this study is to 
develop a control method that could replace the chemicals in the control of cockroaches that is harmless 
to human health and environment. For this purpose, the effect of illumination having different wavelengths 
and intensity on Turkestan cockroaches was investigated. 

Materials and Methods 
The trials were conducted in 2019 in the laboratory of the Department of Entomology, Bursa Uludağ 

University, Faculty of Agriculture, Department of Plant Protection. 

Insects 

A commercial supply of B. lateralis female and male adults used in the experiment and purchased 
from insect breeder, Antalya Çekirge (Mira Canlı Hayvan Böcek Tur. İnş. Tarım Tic. Ltd. Şti., Antalya, 
Turkey), a package containing 1500 individuals (Anonymous, 2019). 

Light and sticky trap 

LED light sources with different wavelengths were used in this research (Figure 1a). The power of 
the LEDs used is 1.5 W. The wavelengths used were red (678 nm), green (620 nm), yellow (580 nm), blue 
(478 nm) and white (all colors). In the experiment, yellow sticky traps were placed in the base area of each 
chamber (except the release point) in order to accurately determine the number of adult insects (Figure 1b). 

 
Figure 1. a) LED lights and b) sticky trap. 

Plastic black flower pots (9 × 10 cm) were used as hiding places for cockroaches. The pots 
(chambers) illuminated by LED light sources with different wavelengths were connected by a plastic tube 
(5 × 10 cm) at the center in a single combination. 

Six and two-arm choice test 

The light wavelength preference of adult male Turkestan cockroaches was tested in a six-arm arena, 
similar to that previously used for Orius bugs and a parasitoid fly (Ogino et al., 2015; Tokushima et al., 
2016). This setup enables the cockroaches to be presented with six LED light sources simultaneously. 
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The six equal chambers used in this study were connected to the starting point in the middle by 
means of insect passage (Figure 2). Adult insects were placed in the middle starting point (Figure 2). Five 
of the chambers were illuminated by LEDs of different wavelength. One of them had light source (dark 
control). The floor area of each chamber was covered with a sticky trap in order to determine the number 
of insects entering. All light sources in the chambers were adjusted to an intensity of 25 lux. Light intensities 
were measured with a light meter. 

 
Figure 2. Schematic view of the six-arm choice arena. 

In two-arm choice test, the orientation to the chambers illuminated only with 2500 lux LED light 
sources was observed in binary combinations with five light colors. 

Experimental procedure 

First, the chambers illuminated by LED light sources with different wavelengths were connected by 
tubes to the center in a single combination. The orientation of the cockroach adults to the chambers with 
three different light intensities (25, 250 and 2500 lux) were observed. In the next step, the orientation 
towards the chambers illuminated by LED light sources of only 2500 lux intensity was observed in binary 
combinations (dark-light). In this experiment, five combinations (control-red light, control-blue light, control-
green light, control-white light and control-yellow light with dark as the control) were tested. One hundred 
adult male cockroaches were released at the same time in the center point and the orientation of the insects 
to light was determined after 15 min. Each application was replicated three times. 

Statistical analysis 

Statistical differences in the ratio of cockroaches to chambers with different wavelengths and different 
light intensities were analyzed by two-way analysis of variance. LSD test (P < 0.05) was used to determine 
the difference between means. Differences in the proportions of B. lateralis adult attraction by moving 
toward one of the light sources or toward the dark (control) and different lux intensity were analyzed using 
the Pearson chi-squared test. Insects that did not make a choice were excluded from the statistical analysis. 

Results 
Orientation of Turkestan cockroach to different wavelength in six-arm combinations 
The orientation of cockroach adults place in the center of chambers with different wavelengths was 

observed at three different light intensities and the results are given in Table 1. 
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Table 1. Average proportion (%) of adult orientation of Turkestan cockroaches to different wavelength light sources at different light 
intensities (25, 250 and 2500 lux) 

 
Proportion of adults (%) 

25 lux 250 lux 2500 lux 

Control (dark) 20.7 d 27.8 b 34.1 a 

Red 17.4 e 21.5 cd 22.9 c 

Blue 9.5 ij 2.5 l 0.9 m 

Green 14.1 f 9.5 ij 5.3 k 

White 10.5 hi 12.0 gh 12.8 fg 

Yellow 13.6 f 8.0 j 4.9 k 

The orientation of Turkestan cockroach was highest to the dark control at light intensities of 250 and 
2500 lux (27.8 and 34.1%, respectively) and then to red-light (21.5 and 22.9%, respectively). Also, the 
orientation to the control at 25 lux was 20.7%. The lowest orientation was to blue color (0.9% at 2500 lux), 
and then yellow and green color (4.9 and 5.3%, respectively). Generally, as light intensity decreased, the 
differences between orientation to different wavelengths likewise decreased (Figure 3). 

Considering only light with different wavelengths, the highest Turkestan cockroach orientation was 
towards the dark control (82.6%). After the control, the statistically highest trend was 61.7% to chambers 
with red and white light (35.2%), respectively. The orientation to chambers with green and yellow light was 
no statistically different, a mean of 27.7%. Statistically, the lowest orientation was towards chambers with 
blue light with 12.9% (Table 1). Considering only the different lux light intensities, 25 lux give no statistical 
significance (P>0.05). However, 250 and 2500 lux were statistically significant (P < 0.01). 

 
Figure 3. Orientation of Turkestan cockroach adults to the three light intensities (25, 250 and 2500 lux) for six treatments (F=184; 

df=20; P>0.0001). 

Orientation of the Turkestan cockroach to the two-arm combinations at the highest light 
intensity (2500 Lux) 

The orientation of Turkestan cockroaches in binary light combinations under 2500 lux light intensity 
is given in Table 2. In this binary combination study, the orientation towards the dark control was the highest 
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and varied between 44.3 and 62.3%. In the center (dim) values were 25.0 to 35.9%. In addition, in 
application with LED lights, the highest orientation was 30.7% for red light, the lowest orientation for blue 
light (1.8%), followed by yellow (8.7%), green (9.1%) and white (20.1%) light. These results were similar to 
the six-arm combinations and so support each other. The results of two-arm choice test between light colors 
show statistically significant with blue light (df=1, x2=90.34, P < 0.01). 
Table 2. Average proportion (%) of adult orientation of Turkestan cockroaches in binary light combinations of different wavelengths 

at 2500 lux (%) 

Combination Orientation Proportion of adults (%) 

Dark-Red 

Control (dark) 44.3 a 

Center (dim) 25.0 c 

Red 30.7 b 

Dark-Blue 

Control (dark) 62.3 a 

Center (dim) 35.9 b 

Blue 1.8 c 

Dark-Green 

Control (dark) 58.9 a 

Center (dim) 31.9 b 

Green 9.1 c 

Dark-White 

Control (dark) 51.7 a 

Center (dim) 28.2 b 

White 20.1 c 

Dark-Yellow 

Control (dark) 58.6 a 

Center (dim) 32.8 b 

Yellow 8.6 c 

Discussion 
In this study, the highest orientation of the Turkestan cockroach (B. lateralis) was to non-illuminated 

chamber (i.e. dark control) and the lowest orientation was to blue light. However, the orientation towards 
red light was found to be second highest following dark (control) in all trial conditions. The orientation to 
green and yellow light was not statistically different under at three light intensities (25, 250 and 2500 lux). 
Unlike our studies, in an experiment with light sources having a wavelength of 350 to 700 nm, Koehler et 
al. (1987) suggested that green or UV light changed the behavior of German cockroaches by 30%, while 
yellow and red light did not show any effect. Furthermore, in our study, some of the cockroaches were 
found in the dim light at the release point. Similar to our results, Zhukovskaya et al. (2017) state that green 
light promotes mobility in P. americana adults and dim UV light source causes adults to remain inactive. 

In the study by Okada & Toh (1998), P. americana escape in a shadow-dependent pause (shadow 
response) was observed even at less than 0.01 lux (very low light levels). Similarly, as a result of the 
observations made in this study, it was observed that B. lateralis adults were statistically more oriented 
towards the dark chamber. The average number of adult insects under dim light was statistically less than 
the number of adults in the chamber illuminated by red LED light. Overall, red light is more attractive than 
dim light and less attractive than darkness. In contrast to our study, Dean (2017) found that red light repels 
a greater number of Dublin cockroaches than yellow, blue, white, green, black and no light control (dark). 
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In our study, blue light was found to be the least attractive. In contrast to our study, Dean (2017) reported 
that blue light was the most attractive to Dublin cockroaches. Yellow and green light showed the least 
attraction after blue. Similar to our study, the same researcher emphasizes that green light is the second 
least attractive color. Contrast to our study, in different insect groups, green LEDs are attractive for adults 
of Plutella xylostella (Linnaeus, 1758) (Lepidoptera: Plutellidae) and Frankliniella occidentalis (Pergande, 
1895) (Thysanoptera: Thripidae) (Park et al., 2014; Yang et al., 2015). In this study, yellow light was found 
to be the second least attractive after blue, but Dean (2017) emphasizes that yellow light attracts cockroaches. 

Various results have been obtained in studies with other insect species on this subject. In addition, 
Shibuya et al. (2018) reported that blue light has lethal effects on different stages of vinegar fly, (D. 
melanogaster). Also, Hori et al. (2014) examined the lethal effects of visible light with short wavelength on 
insects. They found that short wavelength visible (blue) light had lethal effects on the vinegar fly eggs, 
larvae, pupae and adults. In the same study, they found that blue light had a lethal effect for mosquitoes 
and flour beetles, but that the effective wavelength at which death occurs differed between insect species. 
The findings in the same study also show that high toxic wavelengths of visible light are species-specific in 
insects and that shorter wavelengths are not always more lethal. For some organisms, such as insects, 
blue light appears to be more harmful than UV light. Our study confirms the results of, Hori et al. (2014). 
Orientation of adult cockroaches tends to vary with light wavelength. In our study, especially blue light 
showed the least attraction. In this regard, light sources with storage insects were studied. Similar to our 
study, Kim et al. (2013) found repellent effect of the blue light to Lasioderma serricorne (Fabricius, 1792) 
(Coleoptera: Anobiidae). In contrast to our study, Jeon & Lee (2016) reported that blue light is the most 
attractive to Sitotroga cerealella (Olivier, 1789) (Lepidoptera: Gelechiidae). Also, in contrast to our study, 
Jeon et al. (2012) reported blue light attraction in Sitophilus oryzae (Linnaeus, 1763) (Coleoptera: 
Curculionidae). Similar to our study, Wang et al. (2013), determined that red light was attractive to O. sauteri 
and the research found the blue and red light had a negative impact on the development of this predator 
species. Lee et al. (2015) also found the repellent effect of the blue light on Tyrophagus putrescentiae 
(Schrank, 1781) (Acari: Acaridae). 

In conclusion, the orientation of cockroaches under light intensity of 250 and 2500 lux was low with 
blue light. In this case, it is understood that the blue light has a negative effect. However, as light intensity 
decreases (25 lux), the orientation to blue light increases becoming equivalent to white light. In this study 
it was determined that light sources can be used as an alternative to chemical methods in the control of 
cockroaches. In the future, it is thought that red light could be used as an attractant and blue light as a 
repellent for Turkestan cockroaches. In addition, it was understood that LED sources with different levels 
of light intensity would exhibit significantly variable activity on cockroaches. 
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