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	HEADLINE: Nanotechnology enabled copper biocide for canker prevention 
	TITLE: Copper loaded silica nanogel technology for long term prevention of citrus canker disease
	DATE: 07/15/2012
	SPONSOR: [Citrus Research and Development Foundation]
	CATEGORY: [Pathogen/Disease Detection]
	ABSTRACT: The objective was to evaluate the efficacy of copper loaded silica nanogel (CuSiNG) material against citrus canker. Two CuSiNG formulations (Cankicide pH 7.0 and Cankicide pH 4.0) were prepared at UCF and delivered to Fort Pierce for the 2012 field trial at Vero Beach. The efficacy is being evaluated against a number of commercially available Cu compounds including Kocide 2000, Kocide 3000, Cuprofix Ultra 40, Kentan DF, Badge X2, NuCop WP, Nordox 75G and Magna-Bon. Laboratory research is being continued on CuSiNG materials for testing formulation stability (Shelf-life) and for improving Cu bioavailability. To date, our research data suggest that Cankicide pH 4.0 (highly-transparent) as-synthesized formula is stable for more than 12 months (no settling observed). In contrast, Cankicide pH 7.0 formula is opaque and settling was observed within a couple of weeks. Data from 2011 field trial showed that Cankicide pH 4.0 formula caused very minor injury to plant tissue (but not significant with respect to controls) whereas Cankicide pH 7.0 formula was non-phytotoxic. This is attributed to the availability of some free ionic Cu in the Cankicide pH 4.0 formula. To understand the Cu oxidation states in CuSiNG material, X-ray Photoelectron Spectroscopy (XPS) technique was used for material characterization. XPS data suggest that mixed valence states of Cu exist in CuSiNG material. Improved Cu bioavailability of the CuSiNG material could be correlated to the presence of such mixed valance states. Further studies are in progress to understand the role of mixed Cu valence states in CuSiNG material. To minimize the metallic Cu amount per spray application, we have prepared a novel core-shell nanoparticle and performed systematic laboratory research. The CuSiNG material was coated over the pure silica nanoparticle (that served as non-Cu containing inactive delivery system), thus forming a core-shell nanoparticle with silica core and CuSiNG composite shell. A peer-reviewed research paper entitled, “Novel copper loaded core-shell silica nanoparticles with improved copper bioavailability: synthesis, characterization and study of antibacterial properties” have been published in the Journal of Biomedical Nanotechnology 2012, 8(4), 558-566. Significant improvement of antibacterial efficacy in comparison to Kocide 3000 control was attributed to improved Cu bioavailability in the core-shell nanoparticle. To characterize adherence property of the silica nanogel (SiNG) material to plant tissue, the SiNG material was labeled successfully with fluorescent dyes. However, background fluorescence signal of the plant tissue and the photobleaching of organic fluorescent dyes severely limited our ability to conduct experiments reliably. In an alternative approach, a stable inorganic based near infra-red (NIR) emitting fluorescent label is being developed to address the above limitations. We will disseminate research results on the NIR imaging of CuSiNG materials and their adherence properties to citrus plant surface in future CRDF reports and peer-reviewed journal publications.           
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