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	HEADLINE: Validation of various spectrometric methods for HLB detection
	TITLE: Detecting citrus greening (HLB) using multiple sensors and sensor fusion approach
	DATE: 1/15/2011
	SPONSOR: [Citrus Research and Development Foundation]
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	ABSTRACT:        Fluorescence and visible-near infrared spectrometry is currently under investigation for detecting HLB. The Multiplex® fluorescence data were collected from 30 healthy, nutrient-deficient, and HLB infected trees (Hamlin and Valencia) under field and laboratory conditions from CREC groves. In addition, fluorescence and visible-near infrared data from about 498, 53, and 549 corresponding citrus leaves were collected from different varieties of citrus trees (Southern Garden groves) under laboratory conditions. The PCR analysis of the leaf samples from CREC groves has been performed. Preliminary analysis on the fluorescence data (21 features) indicated that yellow fluorescence (green excitation) and red fluorescence (UV) could indicate stressed leaf condition; while blue-to-red fluorescence (UV) could indicate HLB infection under laboratory conditions. Similarly, fluorescence excitation ratios (red & UV) and yellow fluorescence (red) could indicate stress- and HLB detection under field condition, respectively. Further analysis is ongoing to evaluate the fluorescence features that can be used as a predictor for stressed-condition and HLB infection in citrus leaves.
          Aerial images (color,multispectral and hyperspectral cameras) were acquired from a grove near Clewiston in Hendry County and CREC groves on Dec. 3, 2010. Reflectance data from healthy and infected canopies (with RTK-GPS recorded coordinates) were measured. The pre-processing and analysis of these aerial images are ongoing. Analysis procedure and results for previous set of data (2007, 2009) have been reported to a journal article, ‘Citrus greening disease detection using aerial hyperspectral and multispectral imaging techniques’, submitted to the Journal of Applied Remote Sensing. In this paper, based on the calibration set data, a spectral library was created for healthy and infected canopies, and some of the HLB detection algorithms that were tested using ENVI hyperspectral imaging software are spectral angle mapping (SAM), linear spectral unmixing, mixture tuned matched filtering, and spectral feature fitting. Comparing the ground-truth data, SAM with multispectral data yielded a detection accuracy of 87%. Currently, support vector machine and neural networks in addition to the previously-tested algorithms are being evaluated to validate the results with the new data set. 
           Based on the completed preliminary studies on data acquisition and sample collection protocols optimization, field data from Hamlin trees (CREC groves) were collected in Nov. and Dec. 2010 for the estimation of citrus volatiles. The sample collection was carried out using the SPME (for GC/MS analysis), Twister devices and two portable gas chromatography-differential mobility spectrometry (GC/DMS) units. Approximately 80, 100 and 160 samples were collected using SPME, GC/DMS, and Twister devices with about equal number of samples from HLB-infected and healthy trees. Preliminary data analysis on the volatiles data collected using the GC/DMS units using principal component analysis (PCA) indicated that the first two PCs presented a clear separation between HLB and healthy samples. Using the leave-one-out validation strategy, the principal component regression yielded a classification accuracy of 83% on this sample set. These results show a very promising direction of using portable GC/DMS unit for field detection. At CREC, leaf volatiles from an HLB-infected tree leaf (new leaves) were collected at times 1, 4, 8, and 16 h and temperatures range from 47-75°F with a 1 cm tri-phase SPME fiber. Volatiles collected were very localized and tend to vary depending on leaves and branches sampled. The whole day sampling appears to collect more volatiles than overnight sampling, presumably due to higher daytime temperatures. We are continuing to sample positional differences in greening trees and comparing them to control trees to determine branch to branch and tree to tree variation.
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