   International Journal of Fundamental & Applied Sciences ISSN 2278-1404 2012 1 4 2 http://bma.org.in/ijfas.aspx @2012 BioMedAsia All right reserved    Bioefficacy of diflubenzuron against subterranean termite Int. J. Fundamental Applied Sci. Vol. 1, No. 4 (2012) 68-70   original article  Aparna Kalawate Biology Division, Indian Plywood Industries Research and Training Institute, Bangalore? 560 022    Subterranian termite is a structure-infesting termite that accounts for a significant proportion of the damage wherever it occurs. One sustainable control strategy that usually helps to reduce the damage of subterranean termite is the use of insecticides which are safe to the environment. Hence, bioefficacy study of diflubenzuron, an environ friendly, chitin synthesis inhibitor was evaluated against subterranean termite.   : It was achieved by testing by testing the three different concentrations of diflubenzuron against subterranean termite as per IS 4873 : Diflubenzuron was found to be effective against subterranean termite. CONCLUSION: From the results of this study, it has been found that diflubenzuron at 1% concentration rate provided excellent control of termite. This is the first report on the use of diflubenzuron in the glue line to control the termite  Diflubenzuron, Subterranean termite, Chitin synthesis inhibitor, Wood preservation. @20   Materials and Methods  The laboratory and field experiments were conducted during 2009 to 2011 at Indian Plywood Industries Research & Training Institute (IPIRTI), Bangalore, Karnataka, India. 2.1 Treatment of Solid wood planks by dipping method Solid wood of rubber was treated with diflubenzuron (25% WP) by dipping method for half an hour and the concentration used for the treatment were 0.5, 1 and 2% respectively. The samples were of size 15.3 cm x 3.8 cm x 0.625 cm. After getting maximum absorption in 30 minutes the planks were removed and percentage of intake of preservative or the amount of preservative absorbed by the sample was calculated in kg/m3 as per IS 487316. The test planks were conditioned and subjected in the test yard/grave yard to assess the bioefficacy against subterranean termite. 2.2 Treatment of plywood by Glue line poisoning (GLP) Three doses of diflubenzuron viz., 0.5, 1 and 2% of diflubenzuron respectively were mixed with PF resin (conventional) as glue additive. Control samples were also prepared in which insecticide was not added in glue. Laboratory scale plywood was prepared by using rubber wood for three ply construction. The veneers were coated with glue mixed with and without the preservative chemical. After the requisite pre-assembly time, glue-coated veneers were hot pressed at 140?5oC with a pressure of 14Kg/m2 and pressing time of 6-7 minutes. 2.3 Field test/ test yard/ grave yard test Toxicity test was performed according to Indian Standard 483317. Treated and untreated solid wood and plywood samples were randomly installed in test yard. Eighteen replications were made for each treatment with control stakes in rows at the IPIRTI, Bangalore test yard. Termite activity and percentage of damage to the test panels were recorded at the intervals of three months. Observations were made covering a total exposure period of twelve months. Specimens were reinstalled in their respective positions after each inspection. The knife test or sound test was carried out as and when necessary to determine the extent of decay or destruction due to termite attack, till the sample was destroyed. The visual observations and ratings were done according to the Indian Standard 483317. Results of toxicity studies of diflubenzuron on solid wood and plywood against termites are presented in Ta  Acknowledgement  This paper is published with the kind permission of the Director, IPIRTI, Bangalore Karnataka, India.    Introduction  Termites are the most troublesome pest of wooden structures, causing economic damage annually throughout the world. The most commonly used termiticides in India are CCA, CCB, organophosphorous, organochlorinated and some synthetic pyrethroids. Though these chemical preservatives are excellent in controlling termites but some of these chemicals have been rated as persistent organic pollutants (POP). Several environmentally friendly approaches to heavy metal free wood protection are being investigated worldwide. An attempt has been made in this direction to find out the alternative suitable eco-friendly termiticide. Diflubenzuron belongs to halogenated benzoylphenylureas (BPUs) which constitute a class of the Insect growth regulator (IGRs) that interfere with insect growth and development by inhibiting chitin synthesis at time of moulting and is effective in controlling immature stages of insects. Chitin synthesis inhibitors (CSI) are chemicals that are toxic only to insects and other arthropods1 . It is being considered as a "Third generation insecticides" having an effective stomach and contact mode of action. After consuming diflubenzuron the activity of termite to moult will be inhibited. Diflubenzuron is considered to be of very low acute toxicity, with oral LD50 in mice and rats of >4500 mg/kg of body weight2 . Diflubenzuron was not fetotoxic or teratogenic, carcinogenic and did not show significant signs of reproductive toxicity3 . Diflubenzuron was found to be effective against eastern subterranean termite Reticulitermes falvipes4 . In several studies the effectiveness and the efficiency of baiting system by using Insect Growth Regulator (IGR) in termite baiting was evaluated5,6,7,8. IGRs used in baiting system are slow acting chemicals to reduce termite population. So, the effect of IGRs on termite colonies causes a high proportion of pseudergates, worker nymphs or larvae to moult into pre-solider or nonfunctional inter castes9,10. Many slow-acting toxicants have been impregnated into wooden bait blocks and tested against subterranean termite such as Mirex, hydramethylnon, avermectin B, A-9248 (diiodmethyl para-toyl sulfone), sulfluramid, hexaflumuron and diflubenzuron11,12 evaluated hind gut protozoan in R. flavipes and found that they were killed by IGR?s and suggested starvation induced mortality, intercaste production, egg production inhibition13 ecdysis inhibition14 and feeding inhibition15. Therefore, keeping in mind the disadvantages of POPs and advantages of IGR?s the bioefficacy of diflubenzuron was evaluated against subterranean termite.   Results and Discussion The development of alternative strategies to control termite infestations that avoid pesticide accumulation in soil was an important goal of the present study. The present research work was planned with a view to examine the efficacy of a new biocide viz., diflubenzuron against subterranean termites. The absorption or retention of the preservative in solid wood was recorded and presented in Table I. The maximum absorption of the preservative chemical was found in diflubenzuron at 2 per cent (1.53 kg/m3 ) followed by 1 (1.17 kg/m3 ) and 0.5 per cent (0.23 kg/m3 ) respectively. Results of the toxicity test of the tested preservative chemical for solid wood and plywood are presented in Table I & Table II respectively. In both case, viz., solid wood and plywood, diflubenzuron at 2% concentration level resulted as the best treatment but was on par with diflubenzuron at 1% concentration. At the end of the test i.e. after twelve months, the treated solid wood samples resisted the attack of 25% of moderate attack in the tested lowest concentration of. 0.5%. Diflubenzuron at 1% concentration showed slight attack (10 %). The untreated control samples were fully destroyed at the end of the study (Figure I). Diflubenzuron at 2 % concentration level was free of attack. In all the treated sample, attack of subterranean termite was not observed for 6 months, whereas, the control samples recorded 60% damage. In case of GLP treated plywood samples the untreated panels were damaged up to 20% within three months of the exposure, 50% in six months and completely damaged within twelve months of exposure. Whereas, the panels treated with diflubenzuron almost at all concentrations i.e. 0.5,1 and 2% resisted the attack till six months. The lowest studied concentration rate of 0.5 per cent showed moderate attack of 24 %. Diflubenzuron at 1% concentration rate recorded the negligible attack (7%). In case of diflubenzuron at 2% concentration was absolutely free from the damage of termite. (Figure II) 4. Discussion The development of alternative strategies to control multigenera/multispecies termite infestations that avoid pesticide accumulation in the environment is an important goal. Diflubenzuron is a potent chitin synthesis inhibitor to control wood pests. It has been found to be extremely active against wood destroying termites when applied in preventive or curative way. During the re-evaluation of moult-inhibitors it was found that diflubenzuron could be an appropriatef replacement for the pyrethroids in wood preservation. IGR?s are commonly considered as slow-acting compound. Several novel slow-acting pesticides are being screened for the control of subterranean termites18,19,20,21. This is the first report on the use of diflubenzuron in the glue line to control the termite. The insect cuticle presents a potentially vulnerable and specific target for the disruption of its chemistry, structure and function by insecticides22. The amino sugar polysaccharide chitin is a particularly important component of the insect cuticle. If synthesis of chitin is disrupted at crucial times, such as, egg hatch or moult, then the insect will die. Few published data are available on field studies by using diflubenzuron23. In the present study, diflubenzuron proved to be an excellent chemical against subterranean termite. The efficacy of diflubenzuron was also studied by Kubota Sh et al.,20065  in laboratory which showed the ecdysis inhibition against Heterotermes indicola (Wasmann) and Reticulitermes flavipes (Kollar). At present preservative treatment is mandatory only in special grades of plywood such as marine, shuttering and those being used in cooling towers. As most of the species used for manufacture of plywood are non-durable, it is desirable to treat the plywood of other grades. Plywood is usually thin and the destructive biological agencies can operate effectively bringing about a rapid failure. Preservation of plywood by treating it with suitable chemical in both exterior and interior application is thus necessary to overcome such risks and to prevent losses due to early failure necessitating frequent replacement.  The common chemicals which are being used as GLP are organo-phosphorous, carbamates and pyrethoids. These chemicals may have undesirable effect on the atmosphere. The metal based preservative viz., boron based and copper sulphate is the most commonly used preservative by dipping method. But metals cannot be broken down in the environment; the disposal of any wood treated with a metal based preservative will be more expensive and difficult in future. Thus use of environmentally acceptable preservative that contain no metals is an essential criteria in wood preservation. Therefore, target specific biocides are needed to develop resistance against biodegradation of wood. In the present study target specific biocide was tested against subterranean termite. On this background IGR?s like diflubenzuron can be an appropriate replacement for the synthetic pyrethroids and organophosphorous preservative chemicals.  On the basis of results and discussion of present investigation it can be concluded that diflubenzuron at 1% rate recorded negligible loss and hence, can be adopted as the lethal dose to control subterranean termite. Moreover, considering the economy 1% concentration is feasible commercially. The additional benefit from using diflubenzuron is the lack of any adverse effect on environment and human-being. Moreover, it can be considered as an alternative to synthetic pyrethroids and organophosphorous wood preservatives, which in the near future may get phased out in India.   References  1. Juon RM, Maria R & Helga S, Effects of diflubenzuron on the peritrophic matrix and fat body of formosan subterranean termite (Isoptera: Rhinotermitidae) workers. Sociobiol, 47 (2006) 667. 2. WHO, Diflubenzuron in Drinking water: Use of vector control in drinking-water sources and contains background document for development of WHO guidelines for drinking water quality. WHO/HSE/AMR/08.03/6. http://www.who.int/ water_sanitation_health/dwq/chemicals/diflubenzuron_2add-feb 2008.pdf (2008). 3. Su NY, & Scheffrahn RH, Laboratory evaluation of two chitin synthesis inhibitors, hexaflumuron and diflubenzuron, as bait toxicants against Formosan and Eastern subterranean termites (Isoptera: Rhinotermitidae). J Econ Entomol , 86 (1993) 1453. 4. Peters B, & Broadbent S, Evaluating a termite interception and baiting system in Australia, Thailand and the Philippines, pp. 229- 232. In Chow-Yang Lee and William H. Robinson (eds.), Proceedings, 5th International Conference on Urban pests, 10-13 July 2005, Suntec, Singapore. Perniagaan, Malaysia (2005). 5. Kubota Sh, Shono Y, Matsunaga T, & Tsunoda K, Laboratory evaluation of Bistrifluron, a benzoyl phenyl urea compound, as a bait toxicant against Coptotermes formosanus (Isoptera: Rhinotermitidae). J Econ Entomol , 99 (2006) 1363. 6. Su NY, & Scheffrahn RH, Comparative effects of an insect growth regulator, S-31183, against the formosan subterranean termite and eastern subterranean termite (Isopteraa: Rhinotermitidae). J Econ Entomol, 82 (1989) 1125. 7. Su NY, & Scheffrahn R H, Potential of insect growth regulators as termiticides: A review. Sociobiol, 17 (1990) 313. 8. Su NY, & Scheffrahn R H, Fate of subterranean termite colonies (Isoptera) after bait applications ? an update and review. Sociobiol, 23 (1996) 253. 9. Lee CY, & Chung KM, Termites. In "Urban Pest Control-A Malaysian Perspective. Second Edition"(Lee, C. Y., J. Zairi, H. H. Yap and N. L. Chong, eds.), (2003) 99 - 111, Universiti Sains Malaysia. 10. Edwards R, & Mill AE, Termites in Buildings: Their Biology and Control. (1986) Rentokil Limited. 11. Howard RW & Haverty MI, Defaunation mortality and soldier differentiation: Concentration effects of methoprene in a termite. Sociobiol, 3 (1978) 73. 12. Perrott RC, Hexaflumuron efficiency and impact on subterranean termite (Reticulitermes spp.) (Isoptera: Rhinotermitidae) gut protozoa. MS thesis, Virginia Polytechnic and State University, Blacksburg, VA (2003). 13. Afzal M, & Ahmad M, Effects of juvenile hormone analogues on colony foundation and caste differentiation in Bifiditermes beesoni (Gardner) (Isoptera : Kalotermitidae). Mate Org, 17 (1982) 35. 14. Doppelreiter V H, & Korioth M, Entwicklungshemmung durc Diflubenzuron beiden Boden termiten Heterotermes indicola and Reticulitermes flavipes, Z angew Ent, 91 (1981)131. 15. French JRJ, & Robinson PJ, Feeding inhibition of Mastotermes darwiniensis Froggatt (Isoptera) on JHA surface treated plywood blocks. Z Angew Entomol, 85 (1978) 360. 16. Anonymous, IS: 4873 (Part 1) Methods of laboratory testing of wood preservatives against fungi and borers (Powder post beetles). Part 1 Determination of threshold values of wood preservatives against fungi (Second revision). Bureau of Indian Standards. New Delhi (2008). 17. Anonymous, IS 4833 Methods for field testing of Wood Preservatives in wood (First revision). Bureau of Indian Standards. New Delhi (1993). 18. Hrdy I, Kuldova J, & Wimmer Z, Juvenogens as potential agents in termite control: laboratory screening. Pest Management Sci, 60 (2004) 1035. 19. Guadalupe MR, & Juan AM, Disruption of Reproductive Activity of Coptotermes formosanus (Isoptera: Rhinotermitidae) Primary Reproductives by Three Chitin Synthesis Inhibitors. J Eco Entomol, 97 (2004) 2015. 20. Yeoh BH, & Lee CY, Evaluation of several novel and conventional termiticide formulations against the Asian subterranean termite, Coptotermes gestroi (Wasmann) (Isoptera: Rhinotermitidae). In: K Tsunoda, editor. Proceedings of the Third Conference of Pacific Rim Termite Research Group. Kyoto University, Japan (2006) 79. 21. Stuart RE, & Richard IS, Physiology and Biochemistry of Insect Moulting Fluid. Adv in Insect Physiol, 26 (1996) 157. 22. Osbrink WLA, Mary LC, & Alan RL, Area wide field study on effect of three chitin synthesis inhibitor baits on population of Coptotermes formosanus and Reticulitermes flavipes (Isoptera: Rhinotermitidae). J Econ Entomol, 104 (2011) 1009. 23. Cornelius ML, Effect of bait supplements on the feeding and tunneling behavior of the Formosan subterranean termite (Isoptera: Rhinotermitidae) In CY Lee and WH Robinson [eds.], Proc. 5th Int.Conf. on Urban Pests, Singapore, (2005) 10-13.
