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ABSTRACT 

Perillus bioculatus F. (Heteroptera, Pentatomidae), or the two-spotted stink bug, 
is considered an important predator of Colorado potato beetle egg masses, larvae and 
adults. He is attracted to the volatile substances emitted by damaged plants. In Bacau 
County, the species was observed in 2022 in the eggplant culture at Vegetable 
Research and Development Station Bacau, during the survey of the Colorado potato 
beetle. The first apparition of the predatory insect was recorded at the beginning of 
August when we found 10 imago and 5 egg masses, that have been collected and 
transported into the laboratory. After a few days, 69 nymphs hatched from a total of 
73 eggs. A total of 30 imago’s and 25 first instar nymphs of the two-spotted stink bug 
were found in the second decade of August. The P. bioculatus dynamics proved to be 
affected by feeding conditions or conventional insecticide applications. In this study 
we report the presence of a new predator that is the natural enemy of the Colorado 
potato beetle in eggplants cultures, the focus of the present study being the density 
and dynamics of this insect as a potential key factor in the development of biological 
management strategies for L. decemlineata Say pest control at Solanum melongena L. 
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INTRODUCTION Eggplant, Solanum melongena L. is one of the most popular vegetables in the world. It occupies a distinct place in the realm of vegetable crops. Is a perennial plant, but they are grown commercially as an annual crop. Rich in antioxidants, the plants play an essential role in the prevention of chronic and degenerative diseases, including heart disease and cancer (Daunay et al., 2001; Frary et al., 2007; Gürbüz et al., 2018). In 2020, FAO statistics estimate that approximately 1,876,710 hectares (ha) were harvested worldwide, resulting in 56,618,843 tonnes (t) of production, 28,285 ha were harvested in Europe, yielding 960,227 t, and 4,710 ha were harvested in Romania, yielding 74,040 t (FAOSTATISTIC, 2022). Approximately 4.5 kg of eggplants are consumed per person annually in Romania (Kovács et 
al., 2016). Among the most important eggplant, growing areas in Romania are Matca-Tecuci, Galati; Cosereni, Ialomita; Izbiceni-Cilieni, Olt; Vidra, Giurgiu; Seleusi-Curtici, Arad (Kovács 
et al., 2016). In Romania the main pests of solanaceous plants in general and the eggplant in special are: aphids (Aphis gossypii Glov., Myzus persicae Sulzer), thrips (Frankliniella 
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occidentalis Pergande, Thrips tabaci Lind.)  cotton bollworm (Helicoverpa armigera Hübner) and Colorado potato beetle (Leptinotarsa decemlineata Say) (Călin, 2005; Cindea, 1980; Costache et al., 2003). At Vegetable Research and Development Station Bacau (VRDS Bacau) the main pest in the eggplant culture is Colorado potato beetle (Leptinotarsa decemlineata Say) (Coleoptera: Chrysomelidae).  
L. decemlineata is the most important pest insect for potatoes, but it also attacks other solanaceous vegetables and causes significant damage to eggplants and can lead to a large yield loss. In the past, the insect has been successfully suppressed by pesticides, but in our days most conventional insecticides have had little effect on it because it has rapidly developed resistance to them (Kadoić Balaško et al., 2020; Molnar and Rakosy-Tican, 2021). In 1950 this insect evolved resistance to DDT and more recently imidacloprid. Currently, many countries integrated pest management (IPM) programs on cultural and biological control methods, with a highly limited number of insecticide applications, in an attempt to minimize the Colorado potato beetle exhibits (Clements et al., 2017; Schnaars-Uvino and Baker, 2021).  The European entomologists began studying the Colorado potato beetle's natural enemies not long after it acclimated in Europe and became a pest species. An insect predator called two-spotted stink bug (Perillus bioculatus Fabricius), whose biology had been studied in North America, was introduced into Europe in order to restrain the Colorado potato beetle (Elisoveţcaia et al., 2016). The first attempts to acclimatize the two-spotted stink bug species were conducted by French researchers in the 30's of the 20th century. Due to the outbreak of the Second World War, the investigation stopped and was not resumed until 50-60 years later, but this time, in several European countries: France, Germany, Belgium, Yugoslavia, Czechoslovakia, Hungary, Bulgaria, Poland and the USSR (Derjanschi and Elisovetskaya, 2014).  This attractive species is easy to recognise. The common color form is red and black but the species show color polymorphism. They have a distinct black “Yshaped” marking on the pronotum and two black spots on the thorax. This species has five instars. The body length of first instar have approximately 1-1.5 mm; 2nd instar 2-3 mm; 3rd instar 4-5 mm; 4th instar 6-7 mm; 5th instar are about 8 to 9 mm long and the image has a length between 8.5-11.5 mm (Elisoveţcaia et al., 2016; Paiero et al., 2013). A study conducted during 1960-90 examined the reproduction, application, and acclimatization of P. bioculatus species in ex-USSR. It was concluded that two-spotted stink bugs develop in the north and mountainous areas in two generations, but in the south, three or four generations (Derjanschi and Elisovetskaya, 2014). As a result of its climatic conditions, it is estimated that in the Republic of Moldova, P. bioculatus develops 3 generations during the season, one in June-July, one in July-August, and one in August-September (Elisoveţcaia et al., 2016). It is possible that in Romania this insect also develops up to three generations during the season, but more studies are needed on the bioecological peculiarities of our Country.  The nymphs and adults of the two-spotted stink bug prey with egg mass, larvae, and adults of L. decemlineata (Tarla and Tarla, 2018) but they prefer eggs and larvae of the Colorado potato beetle, and only adult of predator feed on the imago of L. decemlineata (Lacey et al., 2001). A minimum of 1.5 individuals (nymphs or adults) of P. bioculatus per plant reduces the number of Colorado potato beetles to zero in seven days (Ferro, 1994 quoted by Elisovețcaia et al., 2016).  Despite all the efforts made by European researchers, the species was not able to adapt to the climatic conditions of the new continent (Jermy, 1980). In 2004, the species P. bioculatus was discovered on the potato plants in the European part of Turkey and Greece for the first time (Kivan, 2004; Péricart and Heiss, 2010). Russian scientists discovered several populations of two-spotted stink bugs in 2008 in Krasnodar region. There were between 10-20 larvae and adults per 1 m2 on Ambrosia artemisiifolia L. plants (Ismailov and Agasieva, 2010). Based on a few samples of P. bioculatus, new faunistic reports were published in 
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Bulgaria (Simov et al., 2012) and Serbia (Protić and Živić, 2012) in 2012 and in Romania (Rădac and Teodorescu, 2021) in 2021. As far as we know from the literature, in Romania, are no mention of P. bioculatus until 2021 and there were no recent releases done in agriculture (Kazimir, 2018; Rădac and Teodorescu, 2021). In the north-eastern area of Romania, Bacau County, (46.34566°N, 26.57144°E), the species P. bioculatus was identified in an agricultural crop in field conditions, namely on eggplants. So far, the studied specimens were found in three sites in southern Romania in 2017, 2018 and 2020 (2017-2018 - 45.07366°N, 28.80058°E/ 45.13205°N, 28.58267°E; 2020 - 44.40906°N, 26.18689°E) and they are not associated with agricultural lands (Rădac and Teodorescu, 2021). P. bioculatus probably arrived in Romania naturally, either from the Republic of Moldova or Bulgaria (Rădac and Teodorescu, 2021).  The species can be a potential key factor in the development of biological management strategies for Leptinotarsa decemlineata. This study aimed to report that the species P. 
bioculatus was found for the first time in a crop of economic importance for Romania such as eggplant in the northeast region, and to record the population density of this predatory bug under the conditions of an eggplant crop in conventional agriculture.  
MATERIALS AND METHODS Seedlings of the eggplant, 'Alexandra' cultivar, were transplanted in the field on 13 May 2022, at a distance of 70 cm between rows and 40 cm between plants per row, resulting in a plant density of 35 714 plants per hectare. Observations on the presence of P. bioculatus in eggplant crops were carried out on an area of 1500 m2 in the experimental field for conventional agriculture at VRDS Bacau in 2022. To determine the dynamics of L. 
decemlineata in eggplant, the attack estimation was determined using the following indicators: frequency of attack (F%) and intensity of attack (I%), every 10 days, for 100 plants, against a background of natural infestation. With the data obtained, the degree of attack (DA%) was calculated. The dynamic of the insect was graphically represented.  During the observations of Colorado potato beetle dynamics in eggplant, specimens of imago 
Pentatomidae were observed feeding on larvae of L. decemlineata in the eggplant experimental field. The predator was observed in culture starting with the first decade of August. Five adult of stink bug specimens were collected by hand for laboratory determination. The determination of specie was performed using the literature available in international databases but also using diagnostic characters keys from Perillus species provided by Paiero et al. (2013) in ”Stink bugs (Pentatomidae) and parent bugs (Acanthosomatidae) of Ontario and adjacent areas: A key to species and a review of the fauna”. The collected specimens were preserved in 70% alcohol for preservation in the entomological collection of VRDS Bacau. Also, five egg masse were collected and transported to the laboratory for counting. The eggs were numbered at a stereomicroscope and then each egg mass was placed in individual test tubes to see how many nymphs will hatch. In situ images were taken with the Xiaomi Redmi Note 9 PRO phone camera and stereomicroscope images were taken using the Toupcam L3CMOS digital camera and ToupView software version x64, 4.11.18081.20201205 compatible with Windows 7/8/10. The climatic condition were registered with the FielClimate weather station.
RESULTS AND DISCUSSIONS  In the climatic conditions of 2022, with average temperatures not exceeding 25°C in the summer months and low rainfall (figure1 A and B), this is the first time when a two-spotted stink bug, a predatory pentatomid bug, has been found in Bacau County. In our Country, the 
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species was recorded for the first time by Rădac and Teodorescu in 2021 in southern Romania. 

A B Figure 1. (A) The average air temperature recorded by the Field  Climate weather station at VRDS on decades in 2022; (B) The sum of precipitation recorded by the Field Climate weather station at VRDS on decades in 2022 This year, during the survey of Colorado potato beetle (figure. 2.A), in the experimental field for conventional agriculture at VRDS Bacau, it has been seen that imago Pentatomidae were feeding on the larvae of L. decemlineata (figure 2.B), which are pests for the eggplant. From 10 imago observed per 100 plants examined 5 specimens were collected by hand and transported to the laboratory for determination. A literature search of international databases was conducted to determine the species, as well as diagnostic character keys from 
Perillus species provided by Paiero et al. (2013) in ” Stink bugs (Pentatomidae) and parent bugs (Acanthosomatidae) of Ontario and adjacent areas: A key to species and a review of the fauna”. The literature suggests that P. bioculatus is a monophagous species that feed exclusively on Colorado potato beetles, but in the laboratory studies, some alternative host foods have been used (Tarla and Tarla, 2018). Dina Elisovetcaia et al. (2020) studied the reproduction of P. bioculatus species and observed that when nymphs were fed exclusively on Galleria mellonella L. (Lepidoptera: Pyralidae) larvae, the percentage of malformed individuals of two-spotted stink bugs during molting increased in comparison with other nymphs that fed additionally with Colorado potato beetle. Also, the study revealed that in the first group, the death rate reached 20 to 75% compared with the individuals fed and with Colorado potato beetle larvae (Elisovetcaia et al., 2020). At VRDS Bacau the species were observed feeding in the eggplant crop only on eggs and larvae of L. decemlineata.  The species show color polymorphism (Ismailov et al., 2019) in eggplant culture being identified with two color variations (red/black and ivory/brown) (figure 2, C and D) but in the literature, three forms of color are shown for this species (red, yellow, and black & white form) (Elisoveţcaia et al., 2016). Some authors claim that the color form depended on the temperature conditions (Elisoveţcaia et al., 2016) and other authors have reported that the insect's food is responsible for its color (Kaur et al., 2017). However, there is a possibility that the amount of carotin deposited in the hypodermis of insects can be permanently modified by the environment (Palmer and Knight, 1924) 
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A B 

C D Figure. 2. (A) Leptinotarsa decemlineata Say larvae on a Solanum melongena L. plant; (B) Perillus 
bioculatus F. imago feeding with a Leptinotarsa decemlineata Say larvae on a Solanum melongena L. leaf; (C) Perillus bioculatus F. red/black color variation; (D) Perillus bioculatus F. ivory/brown color variation The eggs found are laid by the female on the upper part of the eggplant leaves (figure 3, A). The egg mass is arranged in compact rows containing a total of 10 to 18 barrel-shaped eggs.  At first, the egg has a yellow color after which it turns black and are cemented to the substrate. The chorion has reticulated markings (figure 3, B). After hatching, nymphs are red/black, round to oval in shape, and stay in groups until the exoskeleton hardens (figure 3, B and C). Prasad and Pal (2015) studied the incubation period and duration of other stages of the life cycle of P. bioculatus and they observe that the first instar nymph consumed 1-2 grubs of Zygogramma bicolorata Pallister (Coleoptera, Chrysomelidae), 2nd and 3rd instar nymphs consumed 3 grubs, 4th instar nymph consumed 10-11 grubs and the adult bug consumed 6-7 grubs. During their life period, a single two-spotted stink bug consumed a ranged of 20-22 Z. bicolorata grubs (Prasad and Pal, 2015).  

Figure 3 (B) Perillus bioculatus F. female laying eggs on a Solanum melongena L. leaf; (B) Perillus 
bioculatus F. eggs seen at stereomicroscope, detail of the chorion with reticulated markings; (C)Perillus bioculatus F. nymphs hatching on a Solanum melongena L. leaf; (D) Perillus bioculatus F. nymphs seen at stereomicroscope 

A B 

C D 
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The experimental field for conventional agriculture at VRDS Bacau was used to observe the dynamics of the L. decemlineata species under 2022 climatic conditions. The Colorado potato beetle began attacking eggplant crops in the first decade of July (figure 4.A) and the degree of attack increased until the second decade of August. During the first decade of August, 10 individuals (figure 4, A) and 5 egg masses of the predatory insect P. bioculatus were found per 100 eggplants examined (figure 4, B). Five adults and the egg masses were collected by hand for laboratory determination. The collected eggs were numbered and then each egg masse was placed in individual test tubes. Out of a total of 73 eggs collected, after a few days, 69 nymphs hatch from the eggs. The next day after counting all nymphs were released into the same eggplant crop. In the second decade of August, 30 imago of two-spotted stink bug were found per 100 eggplants examined and a number of 25 first-instar nymphs was a count (figure 4,B). Weissbecker B. et al. (2.000) studied the volatile substances emitted by damaged potato plants to observe whether the species P. bioculatus is attracted to these substances. It has been observed that the two-spotted stink bug loses its attractiveness after one hour if the plant is mechanically damaged, however, the attraction was long-lasting if the plants were damaged by the Colorado potato beetle (Weissbecker et 
al., 2000). This may explain why the density of P. bioculatus increased in the eggplant culture in the second decade of August at VRDS Bacau with the increase of the degree of attack of the species L. decemlineata. 

A B 

C Figure 4. (A) The dynamic of Leptinotarsa decemlineata Say in Solanum melongena L. crop under 2022 climatic conditions; (B) The density of Perillus bioculatus F. imago, egg masses and first instar nymphs per 100 eggplants examined; (C) Number of Perillus bioculatus F. eggs collected and number of hatched nymphs A decline of the species in the third decade of August may be the result of the insecticide Mospilan being used against the Colorado potato beetle in the eggplant crop (figure 4.B). The abundance of P. bioculatus may be influenced by feeding conditions or by the 
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application of conventional insecticides. In small-scale field cage experiments has been reported 100% mortality of P. bioculatus imago exposed to various chemical pesticides (Hough, 1991). Also, the temperature can play an important role in the embryologic and post-embryologic development for two-spotted stink bug (Coudron et al., 2009; Jermy, 1980). Therefore, more studies on the impact of this species in crops affected by L. 
decemlineata should be carried out in Romania, because the two-spotted stink bug can be used in biological control which offers a more sustainable and less expensive alternative to chemicals. 
CONCLUSIONS The present study reports the presence of an important predator of the Colorado potato beetle in eggplant crops from northeast Romania. The detection of P. bioculatus in natural conditions on the territory of our Country shows that this species, which originates from the North American region, has acclimatized spontaneously because there are no official reports of releases in agro-ecosystems from Romania. Also, the data presented will contribute to a better understanding of the species range in Europe and Romania. Chemical control of L. 
decemlineata is still used by farmers. However, alternatives are being explored since the species is increasingly resistant to chemicals.  Chemicals can also be the cause of major human health and environmental problems. Biological control approaches seem very promising but require a number of conservation measures to protect natural enemies for a long period. The integration of the predatory heteropteran species P. bioculatus in solanaceous crops (especially in potato and eggplant crops) will allow the natural reduction of the Colorado beetle population. Therefore, in the coming period, new research will be needed in Romania to help us understand more about the distribution, ecological relationships, and introduction of two-spotted stink bugs in natural and agricultural environments. 
ACKNOWLEDGEMENTS This work was supported by a grant from the Romanian Ministry of Agriculture and Rural Development, ADER 7.3.5./2019-2022; self-financed project no. 524/27.08.2018 

REFERENCES  1. Călin M. (2005). 'Ghidul recunoaşterii şi controlului dăunătorilor plantelor legumicole cultivate în agriculturăbiologică', Editura Tipoactiv, Bacău. 2. Cindea E. (1980). 'Prevenirea si combaterea dăunătorilor din culturile de vinete'. 3. Clements J., Sean S., Nathan P., Anders S.-H., Que L., and Russell L. G. (2017). 'RNA interference of three up-regulated transcripts associated with insecticide resistance in an imidacloprid resistant population of Leptinotarsa decemlineata', Pesticide Biochemistry and Physiology, 135: 35-40. 4. Costache M., Traian R. and Constantin C. (2003). Ghid pentru recunoaşterea şi combaterea bolilor şi dăunătorilor la legume (Agris). 5. Coudron,T. A., Holly J. R. P. and Mark R. E. (2009). 'Influence of diet on cold storage of the predator Perillus bioculatus (F.)', BioControl, 54: 773-83. 6. Daunay M.-C., Richard N. L. and Georges A. (2001). 'Eggplant.' in, Tropical plant breeding (CRC Press). 7. Derjanschi, V., and Elisovetskaya, D. (2014). 'Predatory stink bug Perillus bioculatus Fabricius 1775 (Hemiptera, Pentatomidae) in the Republic of Moldova', Oltenia-studii si comunicari stiintele naturii, 30: 104-07. 8. Elisovetcaia D., Derjanschi V., Agas’eva I., and Nefedova  M. (2020). Some results of breeding a predatory stink bug of Perillus bioculatus F.(Hemiptera, Pentatomidae) in the Republic of Moldova.^ In, 00024. EDP Sciences. 9. Elisoveţcaia D., Derjanschi V. and Diaconu D. V. (2016). Releases of the Miridae Perillus bioculatus f.(Heteroptera, pentatomidae) on the potatoes crop in the Republic of Moldova.^ In, 123-24. 



98 

10. FAOSTATISTIC. (2022). 'Crops and livestock products', Accessed 26.09.2022. https://www.fao.org/faostat/en/#data/QCL/visualize. 11. Ferro D. N. (1994). 'Biological control of the Colorado potato beetle', Advances in Potato Pest Biology and Management. APS Press, St. Paul: 357-75. 12. Frary A., Sami D. and M. Christin Daunay. (2007). 'Eggplant.' in, Vegetables (Springer). 13. Gürbüz N., Selman U., Anne F., Amy F. and Doğanlar S. (2018). Health benefits and bioactive compounds of eggplant, Food chemistry, 268: 602-10. 14. Hough J. (1991). Prospects for Integrated Control of the Colorado Potato Beetle (Coleoptera: Chrysomelidae) Using Perillus bioculatus (Hemiptera: Pentatomidae) and Various Pesticides, Journal of Economic Entomology, 84: 1645-51. 15. Ismailov V. Ya, I. S. Agas' eva V. I. Kil E. V. Fedorenko M. V. Nefedova and E. N. Besedina. (2019). Biological characterization, phenotypic and genotypic structure of predatory stinkbug Perillus bioculatus Fabr.(Heteroptera, Pentatomidae) population in Krasnodar region.  Sel'skokhozyaistvennaya Biologiya, 54: 110-20. 16. Ismailov V. Ya and I. S. Agasieva. (2010). Predaceous bug Perillus bioculatus F. a new look at the possibility of acclimatization and prospects of using.  Zashchita i Karantin Rasteniĭ: 30-31. 17. Jermy T. (1980). The introduction of Perillus bioculatus into Europe to control the Colorado beetle. EPPOBulletin, 10: 475-79. 18. Kadoić B., Martina K. M. M., Renata B. and Darija L. (2020). Modern techniques in Colorado potato beetle (Leptinotarsa decemlineata Say) control and resistance management: history review and future perspectives, Insects, 11: 581. 19. Kaur R., Devinder S., and Harbhajan K. (2017). Attribute of spermatheca as an authentic taxonomic tool in closely related species of predaceous Asopine bugs (Suborder: Heteroptera), Hist, 8: 484. 20. Kazimir K. D. (2018). Valorification methods of the entomophagous insects in Romania–A HISTORICAL REVIEW, Romanian Journal for Plant Protection, 11: 82-89. 21. Kivan M. (2004). Some observations on Perillus biowlatus (F.) (Heteroptera: Pentatomidae) a new record for the entomofauna of Turkey Tükiye böcek faunasi icin yeni bir kayit, Perillus bloculatus (F.) (Heteroptera: 
Pentatomidae) üzerinde bazı gözlemler', Turkish Journal of Entomology, 28. 22. Kovács A., Levente S., Hajnalka L. D., Zoltán F. and Csanád-Tas S. (2016). Short evaluation of eggplant production and variety usage in Romania–short overview and perspectives. Acta Universitatis Sapientiae, Agriculture and Environment, 8: 131-38. 23. Lacey L. A., D. R. Horton, T. R. Unruh K. Pike and M. Marquez. (2001). Biological control of insect pests of potato in north america. In. 24. Molnar I., and Elena R.-T. (2021). Difficulties in potato pest control: The case of pyrethroids on colorado potato beetle, Agronomy, 11: 1920. 25. Paiero S. M., S. A. Marshall J. E. McPherson and M. S. Ma. (2013). Stink bugs (Pentatomidae) and parent bugs (Acanthosomatidae) of Ontario and adjacent areas: A key to species and a review of the fauna. Canadian Journal of Arthropod Identification, 24: 1-183. 26. Palmer S. L., Knight H. H. (1924) CAROTIN—The principal cause of the red and yellow colors in Perillus 
bioculatus (Fab.), and its biological origin from the lymph of Leptinotarsa decemlineata (Say), Journal of Biological Cemistry, 59/2: 443-449 27. Péricart J. and E. Heiss. (2010). Fauna de France Volume 93: Hémipteres Pentatomoidea Euro-Méditerranéens, Volume 3: Podopinae et Asopinae. Paris: Fédération Française des Sociétés de Sciences Naturelles. 28. Prasad C. S. and Rishi Pal. (2015). First record of two spotted stink bug, Perillus bioculatus (Fab.) from Meerut (UP) North India. International Journal of Environmental & Agriculture Research, 1: 9-11. 29. Protić L., and Nebojša Ž. (2012). Perillus bioculatus (Fabricius) (Heteroptera: Pentatomidae) in Serbia, Acta entomologica serbica, 17: 23-28. 30. Rădac I. A. and Teodorescu M. (2021). First records of Mustha spinosula and Perillus bioculatus (Heteroptera: 
Pentatomidae) in Romania. Travaux du Muséum National d’Histoire Naturelle “Grigore Antipa”, 64: 51. 31. Schnaars-Uvino K. and Baker M. B. (2021). High-level field-evolved resistance to spinosad in Colorado potato beetle, Leptinotarsa decemlineata, in organically managed fields. Pest Management Science, 77: 4393-99. 32. Simov N., Langourov M., Grozeva S. and Gradinarov D. (2012). New and interesting records of alien and native true bugs (Hemiptera: Heteroptera) from Bulgaria. Acta zoologica bulgarica, 64: 241-52. 33. Tarla S. and Tarla G. (2018). Detection of Perillus bioculatus (F.) (Heteroplera: Pentatomidae) on a new host in Anatolia. Can. Entomol, 127: 195-212. 34. Weissbecker B., Van Loon J. J. A., Posthumus M. A., Bouwmeester H. J. and Dicke, M. (2000). Identification of volatile potato sesquiterpenoids and their olfactory detection by the two-spotted stinkbug Perillus 
bioculatus. Journal of chemical ecology, 26: 1433-45. 




