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Introduction
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• Citrus sinensis is widely cultivated globally (Pieterse et al., 2020)

• South Africa is the 2nd-largest citrus exporter worldwide (Chisoro, 2025)

• Ceratitis capitata is a major cause of production losses

• Chemical control leads to resistance, residues on fruits, and risks (Cruz et al., 2022, Lengai et 

al., 2022)

• Entomopathogenic nematodes (EPNs) are a sustainable non-chemical alternative

• No indigenous EPNs registered for use in South Africa (Dunn and Malan, 2025)  

• Native EPN use on fruit flies is still limited

• Heterorhabditis bacteriophora and Steinenerma jeffreyense against C. capitata



Materials and Methods
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Fruit fly eggs were sourced from Citrus Research 
International

Figure 1: Diagram illustrating the breeding and rearing process of Ceratitis 

capitata. a) eggs, b) carrot-based diet inoculated with eggs, c) larvae feeding on 

the carrot mixture, d) pupae, e) adults in a rearing cage, and f) females 

ovipositing on an egg-laying device.

Study area:  University of Mpumalanga, laboratory at 20-25°C

The EPNs were reared using meal worm 
larvae (Tenebrio molitor L.) (Shapiro-Ilan et 
al., 2016)

Figure 2: Mealworms

Figure 3: Microscopic view of 

entomopathogenic nematodes 



Larval Bioassay
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• Five concentrations: 0, 25, 50, 75, and 100 IJs/50 µL

• Completely randomized design with five replications

• Each species was tested in 12 alternating wells of a 24-well plate

• A 50 µL nematode suspension was pipetted into each well

• One C. capitata larva was introduced per well

• Data collected: mortality, mortality speed, infectivity, pupation

Figure 4: A 24-well plate



Pupal Bioassay
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• Five concentrations: 0, 100, 150, 200, and 250 IJs/50 µL

• One C. capitata pupa was introduced per well

• A 50 µL nematode suspension was pipetted into each well

• Each set of 24 wells was placed inside a 2 L container lined with a damp paper towel 

• Mortality and infectivity was recorded on the 10th day

• Mortality=No. of pupae introduced−No. of adults emerged

• Data collected: mortality and infectivity

Figure 5: Well plates inside a 2L 
container

 



Statistical analysis
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• Statistix 10 software (Gomez & Gomez, 1984)

• Normality Check: Shapiro Wilk test (Shapiro & Wilk, 1965)

• Data transformation: Larval and pupal percentage mortality and infectivity were transformed 

using arcsine (𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 ÷ 100) 

• Mortality speed (larvae) data were transformed using log₁₀(x + 1)

• The whole data were subjected to two-way Analysis of Variance (ANOVA)

• Where significant differences were detected, means were separated using the Least Significant 

Difference (LSD) test at the 5% probability level 



Larval Results and Discussions
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• No significant interactions between species and concentration

• Concentrations dependent response

• Highest mean mortality and infectivity occurred at 25 IJs/larva

• Reduced mortality at higher concentrations (Puža and Mráček, 2009)

• Competition for limited nutrients and larvae pupated as a self defense



Pupal Results and Discussions
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• Concentration dependent response (Aatif, 2019; Rakubu, 2024)

• Highest mean mortality and infectivity occurred at 250 IJs/pupa

• Different anatomical and physiological constraints (Aatif, 2019)

• Pupae have thicker cuticles and are immobile 

• Heterorhabditis bacteriophora performed better than S. jeffreyense 

• Heterorhabditis bacteriophora: hermaphroditic and smaller (512-671 μm) (Adams and Nguyen, 
2002) 

• Steinenerma jeffreyense: female and male are larger 784-1043 μm  (Malan, 2016)



Conclusions and Recommendations
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• Steinernema jeffreyense and Heterorhabditis bacteriophora reduced the survival of Ceratitis 

capitata under laboratory conditions

• Both EPN species caused mortality in C. capitata larvae and pupae

• Larvae: low nematode concentrations are effective

• Pupal: high nematode concentrations are effective

• Future studies should consider factors such as soil type, nematode persistence, and 

formulation improvements to enhance field performance
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