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Nanotechnology enabled copper biocide for canker prevention
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REPORT UPDATE (500 words; summarize your accomplishments )

In earlier reports, we have mentioned about superior antibacterial properties and strong retention of copper loaded silica
nanogel (CuSIiNG) material to plant surface, leading to improved efficacy against citrus canker disease. The objectives are
to use less Cu and cut down number of spray applications without compromising protection against the citrus canker
disease. To further improve the efficacy of CuSiNG material, we report here the outcome of our recent study on CuSiNG
composite material and its antibacterial properties. The CuSiNG composite material has a core-shell nanoparticle design.
The core is a pure silica nanoparticle core and the shell is made of CuSiNG material. The purpose of this design is to
uniformly spread the active CuSiNG material (the shell layer) on to an inactive pure silica nanoparticle (the core) to take
advantage of the high surface area of the nanoparticle core.

Our 2011 field trial involves one spray application of the CuSiNG material in every three weeks. At this spray rate, it is
expected that a significant amount of Cu in the CuSiNG formulations will remain unused or buried in the film/deposits. In
other words, the unused portion of Cu could be potentially cut down from the original formulation without loss of
antibacterial efficacy. To test the feasibility of this concept, the core-shell CuSING composite materials have been
designed and studied.

Particle size and the morphology of the core-shell CuSING composite material was characterized using transmission and
scanning electron microscopy. The thickness of the CuSiNG shell was estimated to be ~ 50 nm. The silica nanopatrticle
core size was approximately 380 nm. Minimum inhibitory concentration (MIC) of the core-shell CuSiING composite material
was estimated to be 4.9 parts per million (ppm) Cu concentration against both E.coli and B.subtilis. In comparison to
Kocide® 3000 and copper sulfate containing equivalent amount of copper, the core-shell CuSiING composite material
exhibited a 50% and 70% decrease in bacterial growth, respectively. This preliminary study demonstrates that the efficacy
of the CuSiNG material could be further improved by having a core-shell design. Note that the size of the silica
nanoparticle core and the thickness of the CuSiNG shell are adjustable. This is particularly important as smaller size
particles are expected to exhibit high surface area and strong retention properties.

In coming reports, we will summarize the outcome of further studies on core-shell CuSING composite material. We will
also report on the on-going fluorescence imaging studies to understand the interaction of CuSiNG material with bacteria
as well as 2011 trial results on CuSiNG material.
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