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ABSTRACT: Drosophila suzukii is considered one of the most important pests of fruit 
farming. Due to its rapid expansion, control alternatives of this fly should be 
investigated. The use of entomopathogenic nematodes (EPNs) represents an 
important tool in the control. This study aimed to evaluate the virulence of EPNs 
isolates in pupae and the repercussion in adults of D. suzukii in laboratory. The 
experiment was conducted in a completely randomized design with five treatments 
and five replicates. Each plot consisted of a Petri dish lined with two sheets of filter 
paper. The isolates Heterorhabditis amazonensis IBCBn 24, Heterorhabditis indica 
IBCBn 05, Steinernema carpocapsae IBCBn 02 and Steinernema feltiae IBCBn 47 
were inoculated into 2 mL at the concentration of 1,000 infective juveniles IJs/mL. 
The control treatment consisted of 2 mL distilled water. After inoculation, five pupae 
of D. suzukii were placed in the Petri dishes, which were then sealed and stored in a 
BOD climate chamber at 26 ± 1ºC, 70 ± 10% RH in the dark. Assessments were 
performed daily until the emergence of adults. Dead pupae and adults were 
dissected for the observation and quantification of IJs. The isolates, H. indica IBCBn 
05, H. amazonensis IBCBn 24, S. carpocapsae IBCBn 02 and S. feltiae IBCBn 47, 
infected and made unviable 35.0, 16.0, 13.0 and 43.0% in pupae and 47.0, 80.0, 
84.0 and 57.0 % in adults of D. suzukii. H. indica IBCBn 05 obtained the highest 
number of IJs produced in pupae and adults, 35.0 and 125.0. 
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VIRULÊNCIA DE NEMATOIDES ENTOMOPATOGÊNICOS EM PUPAS 
E ADULTOS DE Drosophila suzukii EM LABORATÓRIO.  

RESUMO: Drosophila suzukii é considerada uma das pragas mais importantes da 
fruticultura. Devido à sua rápida expansão, alternativas de controle desta mosca devem ser 
investigadas. O uso de nematoides entomopatogênicos (NEPs) representa uma ferramenta 
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importante no controle. Este estudo teve como objetivo avaliar a virulência de isolados de 
NEPs em pupas e a repercussão em adultos de D. suzukii em laboratório. O experimento foi 
conduzido em delineamento inteiramente casualizado com cinco tratamentos e cinco 
repetições. Cada parcela consistiu em uma placa de Petri revestida com duas folhas de 
papel de filtro. Os isolados Heterorhabditis amazonensis IBCBn 24, Heterorhabditis indica 
IBCBn 05, Steinernema carpocapsae IBCBn 02 e Steinernema feltiae IBCBn 47 foram 
inoculados em 2 mL na concentração de 1000 juvenis infectantes JIs/mL. O tratamento de 
controle consistiu em 2 mL de água destilada. Após a inoculação, cinco pupas de D. suzukii 
foram colocadas nas placas de Petri, que foram então seladas e armazenadas em uma 
câmara climatizada B.O.D a 26 ± 1ºC, 70 ± 10% de HR no escuro. As avaliações foram 
realizadas diariamente até o surgimento de adultos. As pupas mortas e os adultos foram 
dissecados para a observação e quantificação dos JIs. Os isolados, H. indica IBCBn 05, H. 
amazonensis IBCBn 24, S. carpocapsae IBCBn 02 e S. feltiae IBCBn 47, infectaram e 
tornaram inviáveis 35,0, 16,0, 13,0 e 43,0% em pupas e 47,0, 80,0, 84,0 e 57,0% em adultos 
de D. suzukii. H. indica IBCBn 05 obteve o maior número de JIs produzidos em pupas e 

adultos, 35,0 e 125,0. 

 Palavras-chave: mosca invasiva; controle biológico; juvenil infectante 

 

INTRODUCTION 

The spotted-wing drosophila (SWD) Drosophila suzukii (MATSUMURA, 

1931) is a polyphagous, multivoltine pest, originating in Japan and endemic to 

Southeast Asia (BERRY, 2012), expanding to North America and Europe in 2008 

(HUSER, 2011; CINI et al., 2012) and in South America in 2013 (DEPRÁ et al., 2014) 

with potential for further invasions in Africa and Oceania (DOS SANTOS et al., 2017).

 SWD is a quarantine pest with wide dissemination, mainly through the 

commercialization of small fruit such as mulberry (Rubus spp.) and strawberry 

(Fragaria vesca) and through the use of wild fruit as breeding sites. Females of D. 

suzukii pierce the surface of the fruit for egg laying, opening the door for infestation of 

other opportunists such as bacteria, fungi and yeasts. After the larvae feed on the 

pulp of fruit, they depreciate the quality of the fruit, and when infested from holes they 

lead to rotting (VILELA; MORI, 2014; RENKEMA et al., 2016).   

 Considering that outbreaks of D. suzukii can threaten the future of fruit  

farming causing damages to the production and export of fruits in Brazil, as it has 

been already observed in other countries, it is fundamental to know alternatives of 

control within the context of Integrated Pest Management (DEPRÁ et al., 2014). 

 The use of entomopathogenic nematodes (EPNs) of the families 



128 
 

Revista Científica Rural, Bagé-RS, volume21, nº2, ano 2019 
Submetido 21/11/2018.  Aceito 08/04/2019.  Doi: https://doi.org/10.30945/rcr-v21i2.2725 

 

Steinernematidae and Heterorhabditidae is a promising tool in the biological control 

(BRIDA et al., 2018) strategies of this insect due to the mutual association with 

bacteria of the genera Xenorhabdus (Thomas and Poinar) and Photorhabdus 

(Boemare, Louis and Kuhl), respectively (POINAR; GREWAL, 2012; BRIDA et al., 

2017).           

 Infective juveniles (IJs) enter the host through natural openings or through 

the cuticle and release the bacterium into the haemocoel (LEWIS et al., 2006; 

FUJIMOTO et al., 2007), where they reproduce and kill the host by septicemia within 

24 to 48 hours (CICHE; ENSING, 2003; MEKETE et al., 2005), making the 

environment favorable for the development and reproduction of nematodes 

(KUCHARSKA et al., 2015),         

 Most of the published studies using EPN isolates against fruit flies were 

performed in immature stages of Tephritidae (LINDEGREN; VAIL, 1986; ATTALA et 

al., 2002; SILVA et al., 2010; FOELKEL et al., 2016), being still scarce the works with 

D. suzukii. The nematode species Steinernema kraussei (Steiner, Travassos), 

Steinernema feltiae (Filipjev) and Steinernema carpocapsae (Weiser) were tested for 

control of D. suzukii larvae, but showed low mortality rates under laboratory 

conditions except Heterorhabditis bacteriophora (Poinar), which has shown mortality 

rates around 95.00% against larvae of D. suzukii (CUTHBERTSON et al., 2014; 

WOLTZ et al., 2015; CUTHBERTSON; AUDSLEY 2016).   

 Considering the scarce information on the virulence of EPNs in pupae of D. 

suzukii, and that the pupal phase of this fly can occur in the soil (GREWAL, 2000), 

the use of entomopathogenic nematodes becomes an important method to be used 

in the control of this pest. In this way, this study aimed to evaluate the virulence of 

different entomopathogenic nematode isolates against D. suzukii pupae and their 

repercussion in adults in laboratory. 

 

MATERIAL AND METHODS 

 The isolates Heterorhabditis amazonesis (Andaló, Nguyen & Moino) IBCBn 

24, Heterorhabditis indica (Poinar, Karunakar & David) IBCBn 05, Steinernema 
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carpocapsae IBCBn 02 and Steinernema feltiae IBCBn 47 were obtained from the 

Entomopathogenic Nematode Collection “Oldemar Cardim Abreu” of the Biological 

Institute of São Paulo, State of São Paulo, Brazil. The experiment was conducted in 

a completely randomized design at the Federal University of Pelotas, State of Rio 

Grande do Sul, Brazil. Pupae of D. suzukii were obtained from a rearing kept on 

artificial diet maintained according to the methodology described by Dalton et al. 

(2011) in a BOD climate chamber at 22°C, 70 ± 10% RH, 12h photoperiod. 

 The infective juveniles (IJs) of H. amazonensis IBCBn 24, H. indica IBCBn 05, 

S. carpocapsae IBCBn 02 and S. feltiae IBCBn 47 were multiplied separately in five 

larvae of Galleria mellonella Linnaeus (Lepidoptera: Pyralidae) (fourth to fifth Instar) 

per Petri dish (9 cm in diameter) lined with two sheets of filter paper moistened with a 

nematode suspension at the concentration of 500 IJs/cm2, providing 100 IJs/larvae. 

After inoculation of the IJs and release of the larvae, Petri dishes were capped and 

sealed with PVC transparent film and later stored in a BOD climate chamber at 26 ± 

1°C, 70 ± 10% RH in the dark (WOODRING; KAYA, 1988).     

 After three days, the dead larvae of G. mellonella were transferred to White 

traps (WHITE, 1927) and stored in a BOD climate chamber at 25 ± 1°C, 70 ± 10% 

RH. The IJs that left the cadavers of the G. mellonela larvae were collected in 

distilled water (1 cm deep) in Erlemeyer flasks kept in a BOD climate chamber at 18 

± 1°C, 70 ± 10% RH and used two days after collection. We evaluated the virulence 

of the isolates H. indica IBCBn 05, H. amazonensis IBCBn 24, S. carpocapsae 

IBCBn 02 and S. feltiae IBCBn 47 to pupae of D. suzukii.     

 The experimental design was completely randomized, with five treatments and 

five replicates, each with five pupae of D. suzukii (five days old) per Petri dish (9 cm) 

lined with two sheets of filter paper. Two mL of the aqueous suspension of the isolate 

was inoculated separately, at a dosage equivalent to 1,000 IJs/insect, making 

available 166.66 IJs/cm2 per dish. For the control, the Petri dishes containing filter 

paper were moistened with two mL of distilled water (without nematode). Petri dishes 

were capped and sealed with PVC transparent film and stored in a BOD climate 

chamber at 26 ± 1°C and 70 ± 10% RH in the dark.     

 The evaluation of insect mortality was based on the number of adults emerged 
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in Petri dishes. After the emergence period (17 days), was counted the number of 

emerged adults and dead pupae, these were rinsed in tap water and kept individually 

in Petri dishes (5 cm) about moistened filter paper until dissected. Pupae and adults 

were dissected for confirmation of the cause of death and the number of IJs was 

quantified under a microscope.         

 The data for mortality and virulence of pupae and adults were submitted to 

analysis of variance (Anova) and the means compared by Scott-Knott test at 5% of 

propability through the program Sisvar 5.6 (FERREIRA, 2011).  

 

RESULTS 

The general mortality rate of pupae and adults of H. indica IBCBn 05 isolate 

was lower 80.0% (p = 0.0139) differing statistically when compared to the other EPNs 

isolates 96.0, 96.0 and 100.0% (Table 1). 

 

Table 1. General mortality (%), mortality (Mort.) and number of juveniles (N°IJs) of pupae and adult of Drosophila 

suzukii (Diptera: Drosophilidae), by Heterorhabditis indica IBCBn 05, Steinernema carpocapsae IBCBn 02, 

Steinernema feltiae IBCBn 47 and Heterorhabditis amazonensis IBCBn 24. 

Tabela 1. Mortalidade geral (%), mortalidade (Mort.) e número de juvenis (N° Jis) em pupas e adultos de 

Drosophila suzukii (Diptera: Drosophilidae) de Heterorhabditis indica IBCBn 05, Steinernema carpocapsae IBCBn 

02, Steinernema feltiae IBCBn 47 e Heterorhabditis amazonensis IBCBn 24. 

                        Pupae                         Adults 
Isolate General (%)    Mort ± SD          N° IJs ± SD       Mort ± SD      N° IJs ± SD 

H. indica 80.0±1.30b 33.0±11.78a 35.0±28.12a 47.0±18.25b 125.0±70.96a 
S. carpocapsae 96.0±0.45a 16.0±28,86a     4.4±6.98b 80.0±27,38a 33.2±10.94b 
S. feltiae 96.0±0.45a 13.0±18.25a     0.4±0.89b 84.0±23,56a 10.8±23.57b 
H. amazonensis 100.0±0.00a 43.0± 19.00a 30.0±28.16a 57.0± 9.00b 76.0±43.69a 
Control  0±0.00c 0±0.00b - 0±0.00c - 

CV% 12.9 76.5 115.7 33.5 68.8 
P 0.0139 0.1059 0.0316 0.0524 0.0029 
Means followed by distinct letters, low in the columns indicate significant differences  between treatments by the Scott-Knott test 

at 5% probability. 

 

The repercussion of nematodes in adults was considered satisfactory, as the 

numbers of dead pupae among the isolates were lower 13.0 to 43.0% (p = 0.1059) 

when compared to the number of dead adults 47.0 to 84.0% (p =0.0524).  
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 The nematode IJs, H. indica IBCBn 05 and H. amazonensis IBCBn 24, 

presented the highest mortality in pupae with 33.0 and 43.0% not statistically differing 

and the isolates S. carpocapsae IBCBn 02 and S. feltiae IBCBn 47, mortality of 80.0 

and 84.0% (p = 0.0524) of adults of D. suzukii, respectively.   

 Heterorhabditis indica IBCBn 05 and H. amazonensis IBCBn 24 presented the 

highest number of IJs, 35.0 and 30.0 (p = 0.0316) in cadavers of pupae with no 

significant difference between these three isolates and in adults 125.0 and 76.0 IJs (p 

= 0.0029) respectively. The numbers minors of IJs production found in the cadavers 

was of S. carpocapsae IBCBn 47  and S. feltiae IBCBn 02 isolate with 4.40 and 0.40 

IJs in pupae and 33.2 and 10.8 (p = 0.0029) IJs in adults (Figure 1). 

 

 

Figure 1. Deformed pupae of Drosophila suzukii (Diptera: Drosophilidae) infected with Heterorhabditis indica 

IBCBn 05 (A); adult entomopathogenic nematodes after desiccation of the head of the adult fly (B); Infective 

juveniles recovered from the head and abdomen (C). Origination: Andressa Lima de Brida. 

Figura 1. Pupas deformadas de Drosophila suzukii (Diptera: Drosophilidae) infectadas com Heterorhabditis indica 

IBCBn 05 (A); adulto de nematoides entomopatogênicos após a dissecação da cabeça da mosca adulta (B); 

Juvenis infectantes recuperados da cabeça e do abdome (C). Fonte: Andressa L. de Brida. 

DISCUSSION 
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Drosophila suzukii is considered a threat to fruit farming, so control methods 

should be used, once previous studies have achieved low efficiency of EPNs in 

control of D. suzukii (CUTHBERTSON et al., 2014; WOLTZ et al., 2015; 

CUTHBERTSON; AUDSLEY 2016).        

 Although there are few studies on the use of EPN for control of D. suzukii, the 

present study shows that the EPNs isolates evaluated are efficient in causing 

mortality of D. suzukii pupae, however there are some controversies about the 

efficiency of these agents as reported by some researchers. Cuthbertson et al. 

(2014) tested the efficiency of the association of fungi and EPNs and reported that S. 

carpocapsae, S. kraussei and S. feltiae (10,000/IJs mL) were not efficient, although 

the biological agents (fungi and nematodes) caused a reduction in the population of 

D. suzukii, they are not able to control or eradicate the population.    

 The low infection (0-2%) was also verified when evaluating the virulence of H. 

bacteriophora, S. carpocapsae and S. feltiae to larvae of D. suzukii on blueberries 

(Vaccinium myrtillus), these species did not affect the survival of the insect (WOLTZ 

et al. 2015), however, the results obtained by Cuthbertson; Audsley (2016) show that 

the nematodes S. carpocapsae, S. feltiae, S. kraussei and H. bacteriophora 

(10,000/IJs/mL) were efficient in reducing the number of emergent adults of D. 

suzukii on blueberries after suspension of fruit in a solution containing these 

microorganisms; H. bacteriophora proved to be the best of the four nematodes 

evaluated, with 95.00% mortality in larvae.       

 The genus Drosophila shows to be susceptible to entomopathogenic 

nematodes (AREFIN et al., 2014). The IJs of H. bacteriophora at concentrations of 

10 and 1000 IJs/larvae caused mortality of 50.00% and 74.00% after 48 h, they 

penetrated through the cuticle or natural openings of larvae of Drosophila 

melanogaster Meigen larvae (HALLEM, 2007) in turn, axenic Heterorhabditis strain 

OregonR caused mortality in D. melanogaster in three days after infection with rates 

of 50 to 100 IJs/insect, with the repercussion of IJs in adults over a period of 24-48 

hours (CASTILLO, 2011).         

 The presence of IJs of EPNs in adults of D. suzukii intensified the ability of the 

insect to survive infection during the pupal phase for all isolates evaluated. According 
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to Castillo et al. (2011), insects present a system of detection and recognition of 

pathogens, which when infected stimulate the production of defense cells 

(hemocytes), which act by phagocytizing the invader and forming an encapsulation 

over the same and induces efficient cellular and humoral responses. Humoral 

responses produce genes encoding antimicrobial peptides, which act in association 

with the cellular system, and this mediated by phagocytic cells, produce the 

encapsulation and inhibition or destruction of the pathogen (STRAND, 2008). 

  In D. melanogaster, it was found that the production of these genes starts 

within 12 hours after infection by Heterorhabditis (nematodes carrying Photorhabdus) 

suggesting that there is an immune response triggered against this complex of 

bacteria (MALLON et al., 2003; HALLEM, 2007). In D. suzukii after emergence, it 

appears that some of the adults overcame the immune system activity against the 

bacteria of the genera Xenorhabdus and Photorhabdus during the pupal phase, since 

bacteria can secrete antibiotic molecules that inhibit the action of the melanization 

enzyme produced by the host allowing their survival during the phagocytosis process 

(VALLET-GELY et al., 2008),  although in the current study the adults of D. suzukii 

presented mortality two days after emergence.                      

 

CONCLUSION 

The species tested in this study, S. carpocapsae IBCBn 02, S. feltiae IBCBn 

47 and the isolates never tested before H. indica IBCBn 05 and H. amazonensis 

IBCBn 24, were promising as to mortality and the ability to multiply in newly emerged 

adults of D. suzukii. Given the results obtained for mortality rates, virulence and 

repercussion in adults, this work opens the door to further studies to elucidate 

responses on the mechanisms that the symbiotic bacteria of the respective 

nematodes evaluated prevent or suppress in the activation of immune pathways that 

D. suzukii may present, besides the identification of molecules responsible for the 

detection of nematodes. 

 



134 
 

Revista Científica Rural, Bagé-RS, volume21, nº2, ano 2019 
Submetido 21/11/2018.  Aceito 08/04/2019.  Doi: https://doi.org/10.30945/rcr-v21i2.2725 

 

ACKNOWLEDGMENTS 

We thank CAPES (Coordination for the Improvement of Higher Education 

Personnel) for granting PNPD Postdoctoral scholarships for first the author. 

REFERENCE 

 

AREFIN B.; KUCEROVA L.; DOBES P.; MARKUS R.; STRNAD H.; WANG Z.; 

HYRSL, P.; ZUROVEC, M.; THEOPOLD, U. Genome-wide transcriptional analysis 

of Drosophila larvae infected by entomopathogenic nematodes shows involvement of 

complement, recognition and extracellular matrix proteins. Journal of Innate 

Immunity. v.6, n.2, p.192–204, 2014. DOI: https://doi.org/10.1159/00035373.4. 

ATTALA, A.; FATIMA, A.; EWEIS, M.A. Preliminary investigation on the utilization of 

entomopathogenic nematodes as biological control agents against the peach fruit fly, 

Bactrocera zonata (Saunders) (Diptera: Tephritidae). Egyptian Journal of 

Agricultural Research. v.80, n.3, p.1045-1053, 2002.  

BERRY, J. A.Pest risk assessment: Drosophila suzukii: spotted wing drosophila 

(Diptera: Drosophilidae) on fresh fruit from the USA. Ministry for Primary Industries. 

New Zealand: MPI Technical Paper, 2012. 48p.  

BRIDA, A.L; WILCKEN, S.R. LEITE, L. G. Influência do substrato e da luminosidade 

na infecção de nematoides entomopatogênicos em Galleria mellonella (Lepidoptera: 

Pyralidae). Revista Cientifica Rural. v.20, n.2, p.91-101, 2018. DOI:  

https://doi.org/10.30945/rcr-v20i2.307. 

BRIDA, A. L; ROSA, J. M. O.; OLIVEIRA, C. M. G.; CASTRO, B. M. C.; SERRÃO, J. 

E.; ZANUNCIO, J. C.; LEITE, L. G.; WILCKEN, S. R. S. Entomopathogenic 

nematode in agricultural in Brazil. Scientific Reports. v.7, n.45254, p.1-9, 2017. 

DOI: https://dx.doi.org/10.1038%2Fsrep45254. 

https://doi.org/10.30945/rcr-v20i2.307
https://dx.doi.org/10.1038%2Fsrep45254


135 
 

Revista Científica Rural, Bagé-RS, volume21, nº2, ano 2019 
Submetido 21/11/2018.  Aceito 08/04/2019.  Doi: https://doi.org/10.30945/rcr-v21i2.2725 

 

CASTILLO, J.C.; REYNOLDS, S.E.; ELEFTHERIANOS, I. Insect immune responses 

to nematode parasites. Trends in Parasitolology. v.27, n.12, p.537–547, 2011. DOI: 

http://dx.doi.org/10.1016/j.pt.2011.09.001. 

CICHE, T.A.; ENSIGN, J.C. For the insect pathogen Photorhabdus luminescens, 

which end of a nematode is out?.  Applied Environmental Microbiology. v. 69, n.4, 

p.1890-1897, 2003. DOI:  http://dx.doi.org/10.1128/AEM.69.4.1890-1897.2003. 

 

CINI, A.; IORIATTI, C.; ANFORA, G. A review of the invasion of Drosophila suzukii in 

Europe and a draft research agenda for integrated pest management. Bulletin of 

Insectology. v.65, n.1, 149–160, 2012.. 

 

CUTHBERTSON, A.G.S.; COLLINS, D.A.; BLACKBURN, L.F.; AUDSLEY, N.; BELL, 

H.A. Preliminary screen ing of potential control products against Drosophila suzukii. 

Insects. v.5, n.2, p.488–498, 2014.  DOI: http://dx.doi.org/10.3390/insects5020488. 

CUTHBERTSON, A.G.S.; AUDSLEY, N. Further screening of entomopathogenic 

fungi and nematodes as control agents for Drosophila suzukii. Insects. v.7, n.2, p.1–

9, 2016.  DOI: http://dx.doi.org/10.3390/insects7020024. 

DALTON, P.T.; WALTON, V.M.; SHEARER, P.W.; WALSH, D.B.; CAPRILE, J.; 

ISAACS, R. Laboratory survival of Drosophila suzukii under simulated winter 

conditions of the Pacific Northwest and seasonal field trapping in five primary regions 

of small and stone fruit production in the United States. Pest Management Science. 

v.67, n.11, p.1368-1374, 2011.   DOI: http://dx.doi.orr/10.1002/ps.2280. 

DEPRÁ, M.; POPPE, J.L.; SCHMITZ, H.J.; TONI, D.C.; VALENTE, V.L.S. The first 

records of the invasive pest Drosophila suzukii in the South American continent. 

Journal of Pest Science. v. 87, n.1, p.379–383, 2014.  

DOI:https://doi.org/10.1007/s10340-014-0591-5. 

DOS SANTOS, L.A.; MENDES, M.F.; KRUGER, A.P.; BLAUTH, M.L., 

GOTTSCHALK, M.S.; GARCIA, F.R.M. Global potential distribution of Drosophila 

http://dx.doi.org/10.1016/j.pt.2011.09.001
http://dx.doi.org/10.1128/AEM.69.4.1890-1897.2003
http://dx.doi.org/10.3390/insects5020488
http://dx.doi.org/10.3390/insects7020024
http://dx.doi.orr/10.1002/ps.2280
https://doi.org/10.1007/s10340-014-0591-5


136 
 

Revista Científica Rural, Bagé-RS, volume21, nº2, ano 2019 
Submetido 21/11/2018.  Aceito 08/04/2019.  Doi: https://doi.org/10.30945/rcr-v21i2.2725 

 

suzukii (Diptera, Drosophilidae). Plos one. v.12, n.13, p.1-13, 2017. DOI: 

https://doi.org/10.1371/journal.pone.0174318. 

FERREIRA, D. F. Sisvar: a computer statistical analysis system. Ciência e 

Agrotecnologia. v.35, n.6, p.1039-1042, 2011. DOI: 

http://dx.doi.org/10.1590/S1413-70542011000600001. 

FOELKEL, E.; MONTEIRO, L.B.; VOSS, M. Virulence of nematodes against larvae of 

the south-American fruit fly in laboratory using soil from Porto Amazonas, Paraná, 

Brazil, as substrate. Ciência Rural. v.46, n.3, p.405–410, 2016. DOI:  

http://dx.doi.org/10.1590/0103-8478cr20150370. 

FUJIMOTO, A.; LEWIS, E.E.; COBANOGLU, G.; KAYAL, H.K. Dispersal infectivity 

and sex ratio of early- or late-emerging infective juveniles of the entomopathogenic 

nematode Steinernema carpocapsae. Journal of Nematology. v.39, n.4, p.333–337. 

2007.. 

GREWAL, P.S. Anhydrobiotic potential and long-term storage of entomopathogenic 

nematodes (Rhabditida: Steinernematidae). International Journal for Parasitology. 

v.30, n.9, p.995-1000, 2000. DOI: https://dx.doi.org/10.1016/S0020-7519(00)00080-

1. 

HALLEM, E.A.; RENGARAJAN, M.; CICHE, T.A.; STERNBERG, P.W.. Nematodes, 

bacteria, and flies: a tri partite model for nematode parasitism. Current Biology. v. 

17, n. 10, p.898–904, 2007.  DOI: http://dx.doi.org/10.1016/j.cub.2007.04.027. 

HUSER, M. A historic account of the invasion of Drosophila suzukii (Matsumura) 

(Diptera: Drosophilidae) in the continental United States, with remarks on their 

identification. Pest Management Science. v.67, n.11, p.1352–1357, 2011. DOI: 

http://dx.doi.org/10.1002/ps.2265. 

KUCHARSKA, K.; KUCHARSKA, D.; ZAJDEL, B. 

Bacteria Xenorhabdus and Photorhabdus, entomopathogenic nematodes and insects 

-Their role in the complex symbiont-parasite-host relationship. Postepy Mikrobiol. 

v.54, p.154-164, 2015.  

https://doi.org/10.1371/journal.pone.0174318
http://dx.doi.org/10.1590/S1413-70542011000600001
http://dx.doi.org/10.1590/0103-8478cr20150370
https://dx.doi.org/10.1016/S0020-7519(00)00080-1
https://dx.doi.org/10.1016/S0020-7519(00)00080-1
http://dx.doi.org/10.1016/j.cub.2007.04.027
http://dx.doi.org/10.1002/ps.2265


137 
 

Revista Científica Rural, Bagé-RS, volume21, nº2, ano 2019 
Submetido 21/11/2018.  Aceito 08/04/2019.  Doi: https://doi.org/10.30945/rcr-v21i2.2725 

 

LEWIS, E.E.; CAMPBELL, J.; GRIFFIN, C.; KAYA, H.K.; PETERS, A. Behavioral 

ecology of entomopathogenic nematodes. Biological Control. v. 38, n.1, p.66–79, 

2006. DOI: https://doi.org/10.1016/j.biocontrol.2005.11.007. 

LINDEGREN, J.E.; VAIL, P.V. Susceptibility of mediterranean fruit fly, melon fly, and 

oriental fruit fly (Diptera: Tephritidae) to the entomogenous nematode Steinernema 

feltiae in laboratory tests. Environmental Entomology. v.15, n.3, p.465–468, 1986. 

DOI: https://doi.org/10.1093/ee/15.3.465. 

MALLON, E. B.; BROCKMANN, A.; SCHMID-HEMPEL, P. Imunne response inhibits 

associative learning in insects. Proceedings of the Royal Society Biological 

Sciences. v.270, p.2471–2473, 2003.  DOI: 

http://dx.doi.org/10.1098/rspb.2003.2456. 

MEKETE, T.; GAUGLER, R.; NGUYEN, K.B.; MANDEFRO, W.; TESSERA, M. 

Biogeography of entomopathogenic nematodes in Ethiopia. Nematropica. v.35, n.1, 

p.31–36, 2005.  

POINAR, G.O.; GREWAL, P.S. History of entomopathogenic nematology. Journal of 

Nematology. v.44, n.2, p.153–161, 2012.   

RENKEMA, J.M.; WRIGHT, D.; BUITENHUIS, R.; HALLETT, R.H. Plant essential oils 

and potassium metabisulfite as repellents for Drosophila suzukii (Diptera : 

Drosophilidae). Scientific Reports. v.6, p.1–10, 2016.  DOI: 

http://dx.doi.org/10.1038/srep21432. 

SILVA, A.C.; BATISTA FILHO, A.; LEITE, L.G.; TAVARES, F.M.; RAGA, A.; 

SCHMIDT, F.S. Efeito de nematoides entomopatogênicos na mortalidade da mosca-

do-mediterrâneo, Ceratitis capitata, e do gorgulho-da-goiaba, Conothachelus psidii. 

Nematologia Brasileira. v.34, n.1, p.31-40, 2010.   

STRAND, M. R. The insect cellular immune response. Insect Science. v.15, n.1, p.1-

14, 2008. DOI:  http://dx.doi.org/10.1111/j.1744-7917.2008.00183.x. 

https://doi.org/10.1016/j.biocontrol.2005.11.007
https://doi.org/10.1093/ee/15.3.465
http://dx.doi.org/10.1098/rspb.2003.2456
http://dx.doi.org/10.1038/srep21432
http://dx.doi.org/10.1111/j.1744-7917.2008.00183.x


138 
 

Revista Científica Rural, Bagé-RS, volume21, nº2, ano 2019 
Submetido 21/11/2018.  Aceito 08/04/2019.  Doi: https://doi.org/10.30945/rcr-v21i2.2725 

 

VALLET-GELY, I.; LEMAITRE, B.; BOCCARD, F. Bacterial strategies to overcome 

insect defences. Nature Reviews Microbiology. v.6, p.302-313, 2008. DOI: 

http://dx.doi.or/10.1038/nrmicro1870. 

VILELA, C.R.; MORI, L. The invasive spotted-wing Drosophila (Diptera, 

Drosophilidae) has been found in the city of São Paulo (Brazil). Revista Brasileira 

de Entomologia. v.58, n.4, p.371–375, 2014.  DOI: http://dx.doi.org/10.1590/S0085-

56262014000400004. 

WOODRING, J.L.; KAYA, H.K.  Steinernematid and heterorhabditid nematodes: 

A Handbook of Biology and Techniques. Arkansas, Fayetteville: Arkansas 

Agricultural Experiment Station. Southern Cooperative Series Bulletin. V.331, 1988. 

30p. 

WOLTZ, J.M.; DONAHUE, K.M.; BRUCK, D.J.; LEE, J.C. Efficacy of commercially 

available predators, nematodes and fungal entomopathogens for augmentative 

control of Drosophila suzukii. Journal Applied Entomology. v.139, n.10, p.759–770, 

2015. DOI: http://dx.doi.org/10.1111/jen.12200. 

 WHITE, G.F. A method for obtaining infective nematode larvae from cultures. 

Science. v.66, 302– 303, 1927. DOI: http://dx.doi.org/10.1126/science.66.1709.302-

a. 

 

http://dx.doi.or/10.1038/nrmicro1870
http://dx.doi.org/10.1590/S0085-56262014000400004
http://dx.doi.org/10.1590/S0085-56262014000400004
http://dx.doi.org/10.1111/jen.12200
http://dx.doi.org/10.1126/science.66.1709.302-a
http://dx.doi.org/10.1126/science.66.1709.302-a

