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LEAF VOLATILE ANALYSIS: A total of 31 one hour leaf air samples were collected and analyzed from two HLB and two
control trees at CREC. Each sample was analyzed for approximately 45 volatiles. Major volatiles were characterized as
terpenes, aldehydes and linear alkane acids. There was no statistical difference between any of the major volatiles except
for a single volatile organic acid which was twice as high in HLB leaf volatiles than in healthy control leaf volatiles. There
were two minor peaks of interest. One was found only in 8 of the 16 HLB samples and none of the healthy samples.
Another was found only in 12 of the 15 healthy samples and 5 of the 16 HLB samples.

In addition, researchers from University of California-Davis are continuing their yearly study with monthly/bimonthly
sampling trips to CREC facility for the collection of SPMEs, twisters (GC/MS) and DMS data on HLB-infected and healthy
control trees. Two additional trips were made since July, 2011, and currently the second to last trip (month 11) is being
conducted. It was determined that sampled orchard trees are co-infected with CTV, therefore, additional studies were
carried out in parallel using CTV-free greenhouse seedling trees at CREC (both SPME and DMS). The results from the
data analysis carried out so far on the existing data (month 1-10) are highly encouraging in both GC/MS and DMS studies;
high classification accuracies have been achieved. For DMS, accuracies vary from month to month, but typically exceed
80%. For GC/MS, identification of a set of discriminating biomarkers is currently underway.

HYPERSPECTRAL ANALYSIS: Several classification and spectral mapping methods were conducted to evaluate their
applicability for HLB detection using aerial images. For the 2010 hyperspectral images, with better ground truth records,
more precise libraries for HLB infected and healthy canopies were collected, and a higher classification accuracy was
achieved. Simpler classification methods such as minimum distance (64% accuracy) and Mahalanobis distance (76%
accuracy) showed more stable and balanced performance between the training and validation sets, thus those two
methods were highly recommended in future studies. Disease infection density maps were created and most of the
methods were able to detect the severely infected areas in the density maps, and their similar infection trend with ground
truthing could provide a promising way to assist more efficient citrus greening disease management.

For ground-based hyperspectral studies, hyperspectral and thermal data were collected using a multispectral and thermal
camera from the top of 30 healthy and 30 HLB-infected citrus canopies. In addition, aerial hyperspectral images were
collected from a distance of about 100 m using a multi-rotor remote sensing platform (microcopter). Two multispectral
cameras, each comprising of six spectral bands in the visible-near infrared region (440-900 nm) were used for data
collection; while thermal camera provided the spectral reflectance values in the thermal infrared region (7.5-13.5 um).
Preliminary evaluation of thermal images indicated that the average pixel values were 15-20% higher in HLB-infected
samples than those of healthy samples. Presently, we are continuing to work on the spectral data analysis.
Publications/Presentations: > Li, X., W. S. Lee, M. Li, R. Ehsani, A. Mishra, C. Yang, and R. Mangan. 2011. Spectral
difference analysis and airborne imaging classification for citrus greening infected trees. Computers and Electronics in
Agriculture. In review. > Sankaran, S., and R. Ehsani. 2011. Detection of Huanglongbing disease in citrus using
fluorescence spectroscopy. Transactions of the ASABE. In review.
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