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	ABSTRACT: The overall objective of this study was to deliver antibiotics into HLB infected citrus plants using nanoparticulate carrier systems such as emulsions, liposomes and polymer nanoparticles. During initial proof of concept experiments, dye-doped liposome and polymer nanoparticles encapsulating water-soluble dyes as surrogate for antibiotics have been prepared. In addition, double emulsions of water-in oil-in water have been developed with a stable inner aqueous phase for the delivery of the water-soluble antimicrobials to plants.

Liposomes particles have been prepared using e.g 1,2-dioleoyl-3-trimethylammonium-propane , 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine, 1,2-distearoyl-sn-glycero-3-phosphocholine, and cholesterol through the thin lipid film hydration, reverse phase evaporation and ethanol injection methods. Constituent lipids amounts were varied to encapsulate water-soluble dyes such as 9-aminoacridine, sulforhodamine B and fluorescein. In order to minimize the leaching of the dyes, cationic lipids were incorporated in the lipid composition. The particle size was restricted to less than 100nm by the use of appropriate filtration membrane and the choice of hydrating solvent. Cryo transmission electron microscopy of Liposomes prepared via thin film hydration (before extrusion) demonstrated particle size to be around 200nm.

Dye-doped polymeric nanoparticles comprising of environmentally safe and biodegradable materials such as poly (lactic acid) (PLA) and encapsulating fluorescent dyes have been prepared using double emulsion method. Polymer particles were characterized for their particles size distribution, absorbance, and fluorescence properties. PLA particles mixed with adjuvants were sprayed on abaxial and adaxial sides of citrus leaves and analyzed for leaf uptake by IVIS spectrum imaging system. Whole leaf imaging allowed detection of the uptaken particles by leaves. Confocal experiments on select leaves showed the presence of the particles in the leaf surface. Future experiments will be planned to determine the particle and adjuvant conditions for increasing the uptake. 
In addition, double emulsion particles, i.e. water-in-oil-in-water or w/o/w were also developed. These emulsions contain an encapsulated aqueous phase suspended in bulk water were stabilized by varying the surfactants and relative ratio of the amounts of the internal and external aqueous phases. Emulsions containing oxytetracycline and dye in the internal aqueous phase were developed to be used for future experiments.

Highlights:
In these experimental trials three types of particles were developed for the delivery of water soluble compounds (antimicrobial agents) to citrus plants.
• Liposomes encapsulating water soluble dyes in the size range 100-200nm have been prepared and characterized.
• Polymer particles encapsulating dyes were prepared using safe and biodegradable polymers. The dye-doped polymer particles were applied to citrus plants and imaged after incubation. Whole leaf imaging and confocal imaging indicated the presence of the fluorescence particles near the surface.
• Double emulsions systems containing water soluble compounds in the internal phase were developed and analyzed using optical imagining. Emulsions exhibiting stability for about three weeks and encapsulating active ingredient were prepared for future studies.
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