Compatibility of Calneem oil and two parasitoids, Habrobracon hebetor (Hymenoptera: Braconidae) and Venturia canescens (Hymenoptera: Ichneumonidae) for protection of stored cereals grain against infestation by three stored-product insect pests 
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Abstract
The compatibility and protectant potential of Calneem oil to Tribolium castaneum, Corcyra cephalonica, Ephestia cautella and their parasitiods, Habrobracon hebetor and Venturia canescens were evaluated in stored rice in the laboratory. Efficacy of Calneem oil against T. castaneum was assessed by filter paper technique, topical application, grain treatment, persistency and repellency assays. The Calneem oil was applied as concentrates (0.1%, 0.2%, 0.5%, 1.0%, 2.0% and 3.0%), in which the oil was dissolved in water using soap as emulsifier. To assess the persistence of the preparations, beetles were exposed to treated grain which has been stored for 1, 10, 20, 30 and 60 days. In the treatment combination with parasitiods, different concentrations of Calneem oil (0.5%, 1.0%. 2.0%, and 3.0% v/v), 50 ml of cracked rice were placed in 1 L glass jars and 20 last instar larvae of C. cephalonica and E. cautella were added. Ten freshly emerged adults of H. hebetor and V. canescens were introduced into all the glass jars. Treatments comprised control grain without calneem oil, grain treated with only calneem oil, grain treated with only H. hebetor and/or V. canescens, grain treated with Calneem + H. hebetor/V. canescens. Each treatment was replicated four times and was kept in a growth cabinet with temperature 25 oC and 65–70% relative humidity. Progeny emergence was recorded in all the different treatments after 3 weeks. Calneem oil was highly toxic and repellent to T. castaneum with an overall repellency in the range of 80-100%. Beetle mortality was dosage-dependent. The development of eggs to adults on cracked rice was completely inhibited by Calneem oil treatments. The rice grains admixed with Calneem oil was effective on grain and on filter paper discs, because the lowest dosage of 0.1% killed at least 50% of the beetles between 24 and 48 h of exposure. The effectiveness of Calneem oil was significantly reduced by the length of storage after application. The parasitoids, H. hebetor and V. canescens significantly reduced the emergence of C. cephalonica and E. cautella in all the treatments compared to the control. Results of this study showed that, treatment combination was more effective compared to each treatment alone. It is possible to incorporate calneem oil in a well designed pest management programme with parasitoids. 
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