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            Abstract
          
        

        
          Wax moths can cause many damages to honey bee colonies. These moths can destroy the combs, impair the development of bee colonies, and cause bee absconding. Few control strategies for these moths inside beehives are available. The fungus, Beauveria bassiana, is effective for the control of Varroa mites, and may be also useful for the control of wax moths. This study aimed to investigate the effects of three treatments (1, 3, and 6 g per larva) of this fungus on the development of the greater wax moth, Galleria mellonella (Lepidoptera: Pyralidae) under laboratory conditions. Notably, the use of 1 g per larva of this fungus showed very few effects on larval development, and 80% of the larvae completed the development normally. The use of 3 g per larva caused low death rate (20%), and 70% of the test larvae pupated but failed to emerge as adults. Only 6 g per larva showed rapid deleterious effects and completely impaired the development of the test larvae (100% death rate). According to this study, the use of this fungus to control wax moths is not likely to be very effective especially high amount of B. bassiana is required to cause rapid death to larvae (the harmful stage of wax moths to bee colonies).
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      INTRODUCTION
      During the recent years, the number of honey bee, Apis mellifera L. colonies has declined due to a colony collapse disorder phenomena (Oldroyd, 2007), which happened as a result of many factors that can harm the bees (vanEngelsdorp et al., 2009; Neumann and Carreck, 2010). Chemicals, in general, are not recommended to be used inside beehives because they can contaminate beeswax and bee products, besides harming the bees (Pettis et al., 2004; Bogdanov, 2006). Therefore, biological control agents are perfect and most recommended alternative treatments. Honey bee colonies are affected by many parasites and pests, and the major parasite is Varroa mite (Varroa destructor, Acari: Varroidae (Abou-Shaara, 2014). The use of Beauveria bassiana to control Varroa mite is considered among the best biological control options (Abou-Shaara and Staron, 2019), and has shown reasonable efficacy (Shaw et al., 2002; Meikle et al., 2008; Hamiduzzaman et al., 2012; Ahmed and Abd-Elhady, 2013; Sewify et al., 2015). Moreover, this fungus has no harmful effects on honey bees (Meikle et al., 2007; Meikle et al., 2008; Ahmed and Abd-Elhady, 2013), which encourages its application in beehives.

      But the use of this fungus in beehives can contaminate the beeswax and may have further consequences on the wax moths. These moths are another pest to honey bees and can cause various damages to the colonies (Ellis et al., 2013; Kwadha et al., 2017), and feed mainly on beeswax. Few options are available to control these moths inside the beehives including non-chemical traps (Abou-Shaara, 2017). The host range of this fungus includes the greater wax moth (Galleria mellonella, Lepidoptera: Pyralidae), and previous studies have focused on the effects of this fungus on cuticle and enzymatic activities of wax moths (Samšiňáková et al., 1971; Dubovskiy et al., 2011; Hussein et al., 2012). The potential use of this fungus as a control method to these moths has not been considered widely. Only wax moth larvae cause damages to bee colonies. Therefore, this fungus can be considered as a potential control agent only if caused rapid death to larvae and prevent further development into pupae or adults. This point has not been sufficiently studied. Therefore, this study aimed to investigate the rapid effects of three treatments (1, 3, and 6 g per larva) of this fungus on the development of wax moth larvae under laboratory conditions.

    

    

  
    
      MATERIALS AND METHODS
      Greater wax moths were reared under laboratory conditions (temperature range from 25 to 30℃, and under complete darkness) on beeswax sections utilizing methods described by Ellis et al. (2013). The entomopathogenic fungi, Beauveria bassiana, were obtained from the Biological Control Unit of the Egyptian Association for Sustainable Agriculture. Forty Petri dishes (diameter 8.7 cm) were used in the study and in each dish 10 g of wheat flour mixed with 5 g of honey, 5 g beeswax and 2 g of bee pollens were placed. The spores (conidiospores) were placed in the Petri dishes mixed with the previous materials at three amounts (treatments) 1, 3 and 6 g.

      Ten dishes were used per treatment and ten dishes were left as the control without fungi. In each dish, one larva of the greater wax moth (from the rearing stock) at age of 22 days (~3rd instar) was placed with a total of ten larvae per treatment. The experiment was done from October until the end of December 2019. The larvae were checked daily to observe their survival rate. The time at which larvae were died or pupated was recorded, as well as the time at which the adult emerged successfully. The length of pupa and adult were measured to check the variations between emerged adults.

    

    

  
    
      RESULTS AND DISCUSSION
      The numbers of dead and survived wax moths while exposed to different treatments of B. bassiana spores are presented in Table 1. All larvae in the control group completed their development and emerged as adults with a total period (calculated from 1 day old larva until emergence) of 59 to 82 days with mean (72.1±2.69 days). The period of pupal stage until emergence ranged from 16 to 39 days with mean (29.1±2.69 days). The normal development time of the greater wax moths ranges from 31 to 134 days based on environmental conditions (reviewed in Ellis et al., 2013). This indicates that the recorded developmental time is within the normal range of the development of the greater wax moths; therefore the used diet had no harmful effects on the development of the larvae. Treatments with 1 g of fungi per larva impacted the development of two larvae only. These two larvae were able to pupate after 80 days but failed to emerge, while the other eight larvae were able to complete their development normally after 62 to 84 days with mean (73.12±2.79 days), and the pupal period was 19 to 41 days with mean (31.12±3.10 days). Only one larva was able to complete the development normally after a period of 63 days (Pupal period was 20 days) when 3 g of fungi per larva were used. Two larvae died after 78 and 85 days, and seven larvae pupated after 70 to 75 days but failed to emerge. The length of pupa and adult moth were 2.1 to 2.2 cm and 1.4 to 1.5 cm, respectively for the control and the previous two groups with few differences than the reported typical lengths (1.2~2 cm for pupae and about 1.5 cm for adults) of the greater wax moth (Ellis et al., 2013). Thus, the emerged adult moths from treated groups were normal as the control group. No larvae were able to complete the development when 6 g of fungi per larva were used (Fig. 1). The ten larvae failed to pupate and died as larvae after 39 to 83 days with mean (59±5.98 days).

      
        Table 1. 
				
        

        
          Numbers of dead larvae, pupae and emerged adult wax moths while exposed to different amounts of Beauveria bassiana spores
        
        

      

      
        
          
            	Treatments
            	Total number of larvae
            	Number of dead larvae
            	Number of dead pupae
            	Number of emerged adults
          

        
        
          	1 g
          	10
          	0
          	2
          	8
        

        
          	3 g
          	10
          	2
          	7
          	1
        

        
          	6 g
          	10
          	10
          	0
          	0
        

        
          	Control
          	10
          	0
          	0
          	10
        

      

      

      
        
        

        Fig. 1. 
				
        

        
          Dead larva by the spores of the fungus, Beauveria bassiana.
        
        

        

      

      The fungus was able to kill and impair the development of greater wax moth. In general, this result is corresponding with previous studies using laboratory experiments on larvae exposed to this fungus (Gupta et al., 1994; El-Sinary and Rizk, 2007). However, the argument that this fungus can cause high mortality to the 4th instar larvae (El-Sinary and Rizk, 2007) is not supported by the obtained results of this study. According to the present study, the high amount of fungi (3 and 6 g per larva) can hinder the development of the larvae than the low amount (1 g per larva). Notably, the effects are slow and appeared as early as 39 days and as late as 85 days. Wax moth larvae are expected to expose to a lower amount than 1 g and for a short period only during the field application of this fungus, especially the larvae tend to dig burrows inside the wax combs. Therefore, it is not anticipated that this fungus can cause any harmful effects on wax moth larvae under beehive conditions. Especially eight larvae were able to complete their development in a similar way to the control group when 1 g of the fungi was used, while larvae were in continual exposure to the fungus. Also, it is impossible to artificially contaminate wax combs with high amount of spores under field conditions.

    

    

  
    
      CONCLUSION
      Larvae are the harmful stage of wax moths to bee colonies. The majority of test larvae were able to complete their development to adults in case of using 1 g of B. bassiana per larva, and up to pupae in case of using 3 g per larva as showed in the present study. Only, 6 g per larva showed the ability to prevent the development of larvae to pupae or adults. It is not possible to expose wax moth larvae to such high amount of fungi per larva under hive conditions especially they feed inside the wax comb. Thus, this fungus is not appropriate as a potential method for wax moth control inside beehives, and research efforts should focus on other control options including the development of internal traps for wax moth larvae.

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Abou-Shaara, H. F. 2014. Continuous management of Varroa mite in honey bee, Apis mellifera, colonies. Acarina 22: 149-156.
        

        
          	
            
              2. 
            
          
          	Abou-Shaara, H. F. 2017. Evaluation of non-chemical traps for management of wax moth populations within honey bee colonies. J. Agr. Urban Entomol. 33: 1-9.
			[https://doi.org/10.3954/1523-5475-33.1.1]
		
        

        
          	
            
              3. 
            
          
          	Abou-Shaara, H. F. and M. Staron. 2019. Present and future perspectives of using biological control agents against pests of honey bees. Egy. J. Biol. Pest Con. 29: 1-7.
			[https://doi.org/10.1186/s41938-019-0126-8]
		
        

        
          	
            
              4. 
            
          
          	Ahmed, A. A. and H. K. Abd-Elhady. 2013. Efficacy of two fungus-based biopesticide against the honeybee ectoparasitic mite, Varroa destructor. Pak. J. Biol. Sci. 16: 819-825.
			[https://doi.org/10.3923/pjbs.2013.819.825]
		
        

        
          	
            
              5. 
            
          
          	Bogdanov, S. 2006. Contaminants of bee products. Apidol. 37: 1-18.
			[https://doi.org/10.1051/apido:2005043]
		
        

        
          	
            
              6. 
            
          
          	Dubovskiy, I. M., E. V. Grizanova, N. S. Ershova, M. J. Rantala and V. V. Glupov. 2011. The effects of dietary nickel on the detoxification enzymes, innate immunity and resistance to the fungus Beauveria bassiana in the larvae of the greater wax moth Galleria mellonella. Chemosphere 85: 92-96.
			[https://doi.org/10.1016/j.chemosphere.2011.05.039]
		
        

        
          	
            
              7. 
            
          
          	Ellis, J. D., J. R. Graham and A. Mortensen. 2013.Standard methods for wax moth research. J. Apic. Res. 52: 1-17.
			[https://doi.org/10.3896/IBRA.1.52.1.10]
		
        

        
          	
            
              8. 
            
          
          	El-Sinary, N. H. and S. A. Rizk. 2007. Entomopathogenic fungus, Beauveria bassiana (Bals), and gamma irradiation efficiency against the greater wax moth, Galleria mellonella (L.). Am-Eurasian J. Sci. Res. 2: 13-18.
        

        
          	
            
              9. 
            
          
          	Gupta, S. C., T. D. Leathers, G. N. El-Sayed and C. M. Ignoffo. 1994. Relationships among enzyme activities and virulence parameters in Beauveria bassiana infections of Galleria mellonella and Trichoplusiani. J. Invert. Pathol. 64: 13-17.
			[https://doi.org/10.1006/jipa.1994.1062]
		
        

        
          	
            
              10. 
            
          
          	Hamiduzzaman, M. M., A. Sinia, E. Guzman-Novoa and P. H. Goodwin. 2012. Entomopathogenic fungi as potential biocontrol agents of the ecto-parasitic mite, Varroa destructor, and their effect on the immune response of honey bees (Apis mellifera L.). J. Invert. Pathol. 111: 237-243.
			[https://doi.org/10.1016/j.jip.2012.09.001]
		
        

        
          	
            
              11. 
            
          
          	Hussein, K. A., M. A. Abdel-Rahman, A.Y. Abdel-Mallek, S. S. El-Maraghy and J. H. Joo. 2012. Pathogenicity of Beauveria bassiana and Metarhizium anisopliae against Galleria mellonella. Phytoparasitica 40: 117-126.
			[https://doi.org/10.1007/s12600-011-0204-2]
		
        

        
          	
            
              12. 
            
          
          	Kwadha, C. A., G. O. Ong’amo, P. N. Ndegwa, S. K. Raina and A. T. Fombong. 2017. The biology and control of the greater wax moth, Galleria mellonella. Insects. 8: 61.
			[https://doi.org/10.3390/insects8020061]
		
        

        
          	
            
              13. 
            
          
          	Meikle, W. G., G. Mercadier, N. Holst, C. Nansen and V. Girod. 2007. Duration and spread of an entomopathogenic fungus, Beauveria bassiana (Deuteromycota: Hyphomycetes), used to treat Varroa mites (Acari: Varroidae) in honey bee (Hymenoptera: Apidae) hives. J. Econ. Entomol. 100: 1-10.
			[https://doi.org/10.1093/jee/100.1.1]
		
        

        
          	
            
              14. 
            
          
          	Meikle, W. G., G. Mercadier, N. Holst, C. Nansen and V. Girod. 2008. Impact of a treatment of Beauveria bassiana (Deuteromycota: Hyphomycetes) on honeybee (Apis mellifera) colony health and on Varroa destructor mites (Acari: Varroidae). Apidol. 39: 247-259.
			[https://doi.org/10.1051/apido:2007057]
		
        

        
          	
            
              15. 
            
          
          	Neumann, P. and N. L. Carreck. 2010. Honey bee colony losses. J. Apic. Res. 49: 1-6.
			[https://doi.org/10.3896/IBRA.1.49.1.01]
		
        

        
          	
            
              16. 
            
          
          	Oldroyd, B. P. 2007. What’s killing American honey bees?. PLoS Biol. 5: e168
			[https://doi.org/10.1371/journal.pbio.0050168]
		
        

        
          	
            
              17. 
            
          
          	Pettis, J. S., A. M. Collins, R. Wilbanks and M. F. Feldlaufer. 2004. Effects of coumaphos on queen rearing in the honey bee, Apis mellifera. Apidol. 35: 605-610.
			[https://doi.org/10.1051/apido:2004056]
		
        

        
          	
            
              18. 
            
          
          	Samšiňáková, A., S. Mišíková and J. Leopold. 1971. Action of enzymatic systems of Beauveria bassiana on the cuticle of the greater wax moth larvae (Galleria mellonella). J. Invert. Pathol.18: 322-330.
			[https://doi.org/10.1016/0022-2011(71)90033-4]
		
        

        
          	
            
              19. 
            
          
          	Sewify, G. H., Y. Y. Ibrahim and M. Salah El-Deen. 2015. Beauveria bassiana (Balsamo), a potential mycopesticide for efficient control of the honey bee ectoparasitic mite, Varroa destructor Anderson and Trueman. Egy. J. Biol. Pest Cont. 25: 333-337.
        

        
          	
            
              20. 
            
          
          	Shaw, K. E., G. Davidson, S. J. Clark, B. V. Ball, J. K. Pell, D. Chandler and K. D. Sunderland. 2002. Laboratory bioassays to assess the pathogenicity of mitosporic fungi to Varroa destructor (Acari: Mesostigmata), an ectoparasitic mite of the honeybee, Apis mellifera. Biol. Cont. 24: 266-276.
			[https://doi.org/10.1016/S1049-9644(02)00029-4]
		
        

        
          	
            
              21. 
            
          
          	vanEngelsdorp, D., J. D. Evans, C. Saegerman, C. Mullin, E. Haubruge, B. K. Nguyen, M. Frazier, J. Frazier, D. Cox-Foster, Y. Chen, R. Underwood, D. R. Tarpy and J. S. Pettis. 2009. Colony collapse disorder: a descriptive study. PLoS ONE. 4: e6481.
			[https://doi.org/10.1371/journal.pone.0006481]
		
        

      

    

    

  OEBPS/images/big_35_1.jpg
ISSN 1225-0252

Vol. 35, No. 1

Journal of ApiCUltu re

@ gEgE oY
@ Asian Apicultural Association

This i theofficial sentific journal of






OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/ask/24409/ASK_2020_v35n1_81_f001.jpg





