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Abstract:

 The sweetpotato whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) continues to be a serious threat to crops worldwide. The UK holds Protected Zone status against this pest and, as a result, B. tabaci entering on plant material is subjected to a policy of eradication. Both B and Q Bemisia biotypes are now regularly intercepted entering the UK. With increasing reports of neonicotinoid resistance in both these biotypes, it is becoming more problematic to control/eradicate. Therefore, alternative means of control are necessary. Entomopathogenic fungi (Lecanicilllium muscarium and Beauveria bassiana) offer much potential as control agents of B. tabaci within eradication programmes in the UK.
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1. Introduction

The sweetpotato whitefly, Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) (Figure 1) is a major pest of economically important crops worldwide [1]. Bemisia tabaci damages crops by feeding on phloem sap and the large amounts of sticky honeydew produced can lower the rate of leaf photosynthesis. This whitefly is also a vector of many plant viruses [2]. Within the United Kingdom (UK) (a designated Protected Zone), B. tabaci remains a notifiable pest subject to a policy of eradication if found on propagators premises, plants moving in trade, and containment/eradication if outbreaks occur at nurseries [3,4]. Bemisia tabaci has been intercepted annually on imported plant material since 1987 [4]. The primary concern is that the whitefly imported on ornamental plants such as poinsettia (Euphorbia pulcherrima) can transfer and infect tomatoes with Tomato yellow leaf curl virus (TYLCV) and Tomato yellow leaf curl Sardinia virus (TYLCSV) both of which are not currently present in the UK. Since the review of Cuthbertson et al. [4], research has shown a gradual shift from Bemisia tabaci B (Middle East-Asia Minor 1 species) to Bemisia tabaci Q (Mediterranean species) biotype being regularly intercepted on plant material entering the UK [2,5,6].

Figure 1. The sweetpotato whitefly, Bemisia tabaci (UK Crown Copyright©).
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2. Pest Status of Bemisia tabaci

The pest status of B. tabaci insects is complicated by the recognition of 11 well-defined genetic groups and at least 24 morphocryptic species which are morphologically identical but distinguishable at the molecular level [7,8]. Formerly the term biotypes was used to define and discriminate B. tabaci populations with very different biological characteristics including invasiveness, insecticide resistance profile, vector competence and host ranges [9]. It is the B biotype (Middle East-Asia Minor 1 species) and Q biotype (Mediterranean species) that are the most invasive and damaging B. tabaci biotypes around the world, presenting the greatest threat to glasshouse crops [10]. The damaging B biotype is an aggressive coloniser and it is an effective vector of viruses, whereas the Q biotype characteristically shows strong resistance to novel insecticides [11,12]. There are several active ingredients currently used in the UK for treating B. tabaci outbreaks [4,13], but with increasing chemical resistance being shown by B. tabaci [14,15,16,17,18] an integrated strategy using both biological and chemical agents is required [19].



3. UK Interceptions of Bemisia tabaci

Since 1987, B. tabaci has been intercepted at growing sites on an extremely wide range of hosts at nurseries. Interceptions of B. tabaci coming into the UK would appear to follow no pattern with numbers of interceptions from source countries varying from year to year (Figure 2). The majority of B. tabaci outbreaks within England and Wales are on poinsettia plants (Figure 3). In the effort to maintain the UK’s Protected Zone status against this global pest, much research has been undertaken at The Food and Environment Research Agency (FERA) in York on the development of eradication strategies against B. tabaci. The work has concentrated heavily on the use of entomopathogenic fungi, namely, Lecanicillium muscarium and Beauveria bassiana.

Figure 2. Number and source of Bemisia tabaci interceptions at growing sites in the UK (2005-11). Data source: The Food and Environment Research Agency, York, UK.
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Figure 3. The number of Bemisia tabaci outbreaks in England and Wales (1998–2011). Data source: The Food and Environment Research Agency, York, UK.
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4. Entomopathogenic Fungi for the Control of Bemisia tabaci

Several entomopathogenic fungi have been recognized as important biological control agents of aleyrodid pests [20,21,22]. More than 20 species of entomopathogenic fungi are known to infect whiteflies [20,23,24], but Paecilomyces fumosoroseus and Lecanicillium muscarium have been most widely studied [25]. Beauveria bassiana also readily infects adult Bemisia tabaci [19] (Figure 4).

Figure 4. Bemisia tabaci adults infested with Beauveria bassiana (UK Crown copyright©).
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A study by Cuthbertson et al. [26] confirmed that second instar B. tabaci were generally the most susceptible life stage to infection by L. muscarium on tomato and verbena infected foliage (Figure 5). The results obtained are similar to those recorded for this fungus against B. tabaci on poinsettia plants [27].

Figure 5. The susceptibility of the immature stages of Bemisia tabaci to the entomopathogenic fungus Lecanicillium muscarium on verbena plants.Columns with the same letter are not significantly different. Water control;  [image: Insects 04 00198 i001] Lecanicillium muscarium + 0.02% Agral  [image: Insects 04 00198 i002] [26].
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Due to the differences in sensitivity of fungal species to different formulations of the same insecticide, information is required on the compatibility of each entomopathogenic fungi and chemical product to be used within a given control/eradication strategy. Formulations of different insecticides may differ in toxicity to fungi due to the use of different surfactants. Further, fungi species may also differ in sensitivity to different formulations of the same insecticide. Therefore, information regarding compatibility between entomopathogenic fungi and each chemical product for a control programme needs to be tested individually within the ecosystem in which it will be applied.

Within the UK, only Cuthbertson et al. [19,28,29] have investigated the combination of chemicals routinely used for the control of whitefly with fungi. Here varying results have been obtained. In regards to mixing chemicals with L. muscarium, direct exposure for 24 hours to imidacloprid, nicotine and teflubenzuron resulted in very low spore germination, unsuitable for commercial use. Only the active ingredient buprofezin provided an acceptable level of spore germination [28].

The implementation of a control programme may require sequential rather than simultaneous applications of insecticides and entomopathogenic fungi but few previous studies have tested the effect of dry insecticide residues on fungal activity. Recent work [28] has shown that when L. muscarium was applied to plants sprayed 24 hours earlier with a standard commercial application of one of three contact insecticides or with treatment using a systemic insecticide, no significant reduction in infectivity (mycelial growth) was detected in any cases. Therefore, L. muscarium could be applied sequentially with imidacloprid, buprofezin, nicotine and teflubenzuron in a commercial control strategy. In similar trials, B. bassiana proved suitable for direct tank mixing with a range of products including petroleum oils [19] (Figure 6) with no detrimental effect on spore germination. Following sequential applications of L. muscarium and chemicals, mortalities of up to 90% of B. tabaci second instars were recorded [28]. Sequential treatments offer a greater flexibility in timing applications against various life stages of the pest.

Figure 6. Effects of direct tank mixing of Beauveria bassiana with a range of chemical products [19].
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The chemical groups most toxic to fungi are organophosphates and carbamates. Many commonly used insecticides, for example, buprofezin, have now been rendered ineffective in the UK against Trialeurodes vaporariorum (glasshouse whitefly) by the widespread appearance of resistance in populations. This product has now also just recently become unavailable for use in UK horticulture [4]. Bemisia tabaci have also been shown to offer a degree of resistance to imidacloprid [17] adding urgency to the development of alternative control approaches.

The ambient temperature and humidity are known to be important factors determining fungi efficacy. Trials have shown that for optimal use of L. muscarium and B. bassiana favourable conditions for fungi survival and efficacy must be maintained for up to 6–8 hours following application to plant foliage [19,30].



5. Conclusions

Lecanicillium muscarium and B. bassiana have the potential to be important components of eradication strategies for use in the UK against B. tabaci [19,30]. Integrated approaches utilizing entomopathogens are showing much potential. Both early instars and adults of B. tabaci are proving very susceptible to infection. The levels of both direct and indirect compatibility of the fungi with chemical insecticides also increase their potential for incorporating them into strategies for the eradication of B. tabaci. Their use now depends on further work in commercial-scale glasshouse crops and, if successful, they may contribute to the development of sustainable production systems through a reduction in the use of chemical insecticides and, consequently, a reduction of chemical residues on produce and insecticide resistance. Further research is now required to both fine tune the application techniques and optimum dose rates required for their use within the glasshouse environment.






Acknowledgements

The Bemisia tabaci research is funded by the Department for Environment, Food and Rural Affairs (UK).



References


	1. 
Xu, C.; Qiu, B.-L.; Cuthbertson, A.G.S.; Zhang, Y.; Ren, S.-X. Adaptability of sweetpotato whitefly Bemisia tabaci (Hemipetera: Aleyrodidae) on seven marginal host plants. Int. J. Pest Manage. 2012, 58, 297–301. [Google Scholar] [CrossRef]

	2. 
Powell, M.E.; Cuthbertson, A.G.S.; Boonham, N.; Morris, J.; Bell, H.A.; Northing, P. First record of the Q Biotype of the sweetpotato whitefly, Bemisia tabaci, intercepted in the U. Eur. J. Plant Pathol. 2012, 133, 797–801. [Google Scholar] [CrossRef]

	3. 
Cuthbertson, A.G.S. Protecting the UK from alien pests. Bio. News 2005, 32, 9. [Google Scholar]

	4. 
Cuthbertson, A.G.S.; Blackburn, L.F.; Eyre, D.P.; Cannon, R.J.C.; Millar, J.; Northing, P. Bemisia tabaci: The current situation in the UK and the prospect of developing strategies for eradication using entomopathogens. Insect Sci. 2011, 18, 1–10. [Google Scholar] [CrossRef]

	5. 
Cuthbertson, A.G.S.; Powell, M.E. Bemisia tabaci—A cryptic species complex. Bio. News 2012, 57, 17–18. [Google Scholar]

	6. 
Powell, M.E.; Cuthbertson, A.G.S. Pest control: Distinguishing between different biotypes of Bemisia tabaci in the UK. The Biologist 2013, 60, 18–21. [Google Scholar]

	7. 
De Barro, P.J.; Liu, S.S.; Boykin, L.M.; Dinsdale, A.B. Bemisia tabaci: A statement of species status. Ann. Rev. Entomol. 2011, 56, 1–19. [Google Scholar] [CrossRef]

	8. 
Dinsdale, A.; Cook, L.; Riginos, C.; Buckley, Y.M.; De Barro, P. Refined global analysis of Bemisia tabaci (Hemiptera: Sternorrhyncha: Aleyrodoidea: Aleyrodidae) mitochondrial cytochrome oxidase 1 to identify species level genetic boundaries. Ann. Entomol. Soc. Am. 2010, 103, 196–208. [Google Scholar] [CrossRef]

	9. 
Shatters, R.G.; Powell, C.A.; Boykin, L.; Liansheng, H.; McKenzie, C.L. Improved DNA barcoding method for Bemisia tabaci and related Aleyrodidae: Development of universal and Bemisia tabaci biotype-specific mitochondrial cytochrome coxidase I polymerase chain reaction primers. J. Econ. Entomol. 2009, 102, 750–758. [Google Scholar] [CrossRef]

	10. 
Bethke, J.A.; Byrne, F.J.; Hodges, G.S.; McKenzie, C.L.; Shatters, R.G. First record of the Q biotype of the sweetpotato whitefly, Bemisia tabaci, in Guatemal. Phytoparasitica 2009, 37, 61–64. [Google Scholar] [CrossRef]

	11. 
Jones, C.M.; Gorman, K.; Denholm, I.; Williamson, M.S. High-throughput allelic discrimination of B and Q biotypes of the whitefly, Bemisia tabaci, using TaqMan allele-selective PCR. Pest Manag. Sci. 2008, 64, 12–15. [Google Scholar] [CrossRef]

	12. 
McKenzie, C.I.; Hodges, G.; Osborne, L.; Byrne, F.J.; Shatters, R.G. Distribution of Bemisia tabaci (Hemiptera: Aleyrodidae) biotypes in Florida—investigating the Q Invasion. J. Econ. Entomol. 2009, 102, 670–676. [Google Scholar] [CrossRef]

	13. 
Cannon, R.J.C.; Eyre, D.; MacLeod, A.; Matthews, L.; Malumphy, C.; Cheek, S.; Bartlett, P.W. Interceptions and outbreaks of Bemisia tabaci in the UK. In The BCPC International Congress—Crop Science and Technology; The British Crop Protection Council: Alton, UK, 2005; Volume 2, pp. 1007–1012. [Google Scholar]

	14. 
Ahmad, M.; Arif, M.I.; Ahmad, Z.; Denholm, I. Cotton whitefly (Bemisia tabaci) resistance to organophosphate and pyrethroid insecticides in Pakistan. Pest Manag. Sci. 2002, 58, 203–208. [Google Scholar] [CrossRef]

	15. 
Byrne, F.J.; Oletting, R.D.; Bethke, J.A.; Green, C.; Chamberlin, J. Understanding the dynamics of neonicotinoid activity in the management of Bemisia tabaci whiteflies on poinsettias. Crop Prot. 2010, 29, 260–266. [Google Scholar] [CrossRef]

	16. 
Luo, C.; Jones, C.M.; Devine, G.; Zhang, F.; Denholm, I.; Gorman, K. Insecticide resistance in Bemisia tabaci biotype Q (Hemiptera: Aleyrodidae) from China. Crop Prot. 2010, 29, 429–434. [Google Scholar] [CrossRef]

	17. 
Schuster, D.J.; Mann, R.S.; Toapanta, M.; Cordero, R.; Thompson, S.; Cyman, S.; Shurtleff, A.; Morris, R.F. Monitoring neonicotinoid resistance in biotype B of Bemisia tabaci in Florida. Pest Manag. Sci. 2010, 66, 186–195. [Google Scholar]

	18. 
Wang, Z.; Yan, H.; Yang, Y.; Wu, Y. Biotype and insecticide resistance status of the whitefly Bemisia tabaci in China. Pest Manag. Sci. 2010, 66, 1360–1366. [Google Scholar] [CrossRef]

	19. 
Cuthbertson, A.G.S.; Buxton, J.H.; Blackburn, L.F.; Mathers, J.J.; Robinson, K.; Powell, M.E.; Fleming, D.A.; Bell, H.A. Eradicating Bemisia tabaci Q on poinsettia plants in the UK. Crop Prot. 2012, 42, 42–48. [Google Scholar] [CrossRef]

	20. 
Lacey, L.A.; Fransen, J.J.; Carruthers, R.I. Global distribution of naturally occurring fungi of Bemisia, their biologies and use as biological control agents. In Bemisia: 1995 Taxonomy, Biology, Damage, Control and Management; Gerling, D., Mayer, R.T., Eds.; Intercept Ltd: Andover, UK, 1996; pp. 401–433. [Google Scholar]

	21. 
Wraight, S.P.; Carruthers, R.I.; Bradley, C.A.; Jaronski, S.T.; Lacey, L.A.; Wood, P.; Galaini-Wraight, S. Pathogenicity of the entomopathogenic fungi Paecilomyces spp. and Beauveria bassiana against the silverleaf whitefly, Bemisia argentifolii. J. Invertebr. Pathol. 1988, 71, 217–226. [Google Scholar]

	22. 
Wraight, S.P.; Carruthers, R.I.; Jaronski, S.T.; Bradley, C.A.; Garza, C.J.; Galaini-Wraight, S. Evaluation of the entomopathogenic fungi Beauveria bassiana and Paecilomyces fumosoroseus for microbial control of the silverleaf whitefly, Bemisia argentifolii. Biol. Control 2000, 17, 203–217. [Google Scholar] [CrossRef]

	23. 
Fransen, J.J. Natural enemies of whiteflies: Fungi. In Whiteflies: Their Bionomics, Pest Status and Management; Gerling, D., Ed.; Intercept Ltd: Andover, UK, 1990; pp. 187–210. [Google Scholar]

	24. 
Steenberg, T.; Humber, R. Entomopathogenic potential of Verticillium lecanii and Acremonium species (Deuteromycotina: Hyphomycetes). J. Invertebr. Pathol. 1999, 73, 309–314. [Google Scholar] [CrossRef]

	25. 
Poprawski, T.J.; Greenberg, S.M.; Ciomperlik, M.A. Effect of host plant on Beauveria bassiana and Paecilomyces fumosoroseus induced mortality of Trialeurodes vaporariorum (Homoptera: Aleyrodidae). Environ. Entomol. 2000, 29, 1048–1053. [Google Scholar] [CrossRef]

	26. 
Cuthbertson, A.G.S.; Walters, K.F.A.; Northing, P. Susceptibility of Bemisia tabaci immature stages to the entomopathogenic fungus Lecanicillium muscarium on tomato and verbena foliage. Mycopathologia 2005, 159, 23–29. [Google Scholar] [CrossRef]

	27. 
Meade, D.L.; Byrne, D.N. The use of Verticillium lecanii against subimaginal instars of Bemisia tabaci. J. Invertebr. Pathol. 1991, 57, 296–298. [Google Scholar] [CrossRef]

	28. 
Cuthbertson, A.G.S.; Walters, K.F.A.; Deppe, C. Compatibility of the entomopathogenic fungus Lecanicillium muscarium and insecticides for eradication of sweetpotato whitefly, Bemisia tabaci. Mycopathologia 2005, 160, 35–41. [Google Scholar] [CrossRef]

	29. 
Cuthbertson, A.G.S.; Blackburn, L.F.; Northing, P.; Luo, W.; Cannon, R.J.C.; Walters, K.F.A. Further chemical compatibility testing of the entomopathogenic fungus Lecaniillium muscarium to control Bemisia tabaci in glasshouses. Int. J. Environ. Sci. Tech. 2010, 7, 405–409. [Google Scholar]

	30. 
Cuthbertson, A.G.S.; Walters, K.F.A. Pathogenicity of the entomopathogenic fungus Lecanicillium muscarium against the sweetpotato whitefly Bemisia tabaci under laboratory and glasshouse conditions. Mycopathologia 2005, 160, 315–319. [Google Scholar] [CrossRef]





© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).







media/file4.png
a

T T T T T T T
S Qoo o O©o O
0 B T N AN —

(%) Krepiopy

4th

3rd

2nd

Ist

Juvenile Instar





nav.xhtml


  insects-04-00198


  
    		
      insects-04-00198
    


  




  





media/file1.png
2006

2007

BOther 3rd Country

WEKenya
ONetherlands
B Germany

B Other EU
BUK

Olsrael

2010

201





media/file2.png
Oother plants

1999 2000

Bon poinsettia

2001 2002

2003

2004

2005

2006

2007

2008

2009

2010

201





media/file7.png
% spore germination

Addit

Agi-S0E

Chess.

Dynamec

Gazelle.

Majestk

Oberon.

TriTek

Savona

S
Invigoratos

SprayingOil  Natralis
(control)





media/file5.png





media/file3.png





media/file0.png





media/file6.png





