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REPORT UPDATE (500 words; summarize your accomplishments )

Several classification and spectral mapping methods were investigated using multispectral (MS) and hyperspectral (HS)
airborne images of citrus groves taken in 2010. Spectral features derived from both ground reflectance measurement and
airborne images were analyzed to find some notable differences between HLB infected and healthy canopies. With better
ground truth records, more precise library for HLB infected and healthy canopies were collected that increased the
classification accuracy. Spectral feature fitting achieved highest accuracy (90%) in the HS image with a reasonable false
positive rate, but it didn’'t work well with the MS image. Mixture tuned matched filtering had good accuracy and also the
lowest rate of false positive. Mahalanobis distance showed a relatively high performance (76%). Maximum likelihood,
neural network and support vector machine (SVM) couldn’t work properly in HLB detection, but SVM provided a fast, easy
and adoptable way to build a mask for tree canopy to eliminate background that interfered with classification.

We are carrying out a year-long (2010-2011) study to account for weather and seasonal variations in volatile organic
compounds of HLB-infected trees using multiple methods at Lake Alfred, FL. Additional SPME GC/MS, and Twister
GC/TOFMS samples were collected at USDA facility in Beltsville, MD from green house trees infected with three different
strains of HLB (Las, Lam, African). Data obtained from all of these studies were subjected to a variety of data mining and
signal processing methods to define the accuracy of disease incidence predictions. The diagnostic accuracy up to 82%
was achieved. 14 robust biomarkers were singled out, with the diagnosis accuracy up to 98%. An issue of co-infection with
CTV was identified and currently being addressed. Moreover, we have optimized the purge and trap procedures to
concentrate leaf volatiles and have now sampled several HLB and control trees. Leaf volatiles are separated on a polar
column and detected with a flame ionization detector. The HLB infected trees have 30 to 50% more volatiles than similar
control leaves. Have observed almost 100 peaks from leaves on some HLB infected trees, but have only be able to
identify half of them at this point. They are mainly aldehydes, hydrocarbon terpenes, alcohols and acids. Attempts to
couple the purge and trap system to our mass spectrometer have been unsuccessful to date.

Data analysis of fluorescence using the feature extraction method revealed that yellow fluorescence (UV excitation)
always contributed to the classification of healthy, nutrient-deficient and HLB infected leaves. Among the different
classifiers, Naive-Bayes model yielded high classification accuracy under lab conditions (> 85%); while bagged decision
tree yielded high overall classification accuracy under both lab and field conditions (> 94%). In regard to visible-near
infrared spectroscopy, we are transferring the knowledge from ground-based sensors to remote sensing applications to
detect stress from top of the canopy. Multiple sensing platforms, retractable mast in agricultural vehicle for ground and
multi-rotor remote sensing platform for aerial detection are being used. Multiple spectral camera (MCA, Tetracam Inc.)
with selective visible-near infrared bands and thermal camera (Tau640, FLIR Systems) were purchased and a sensor
system is being developed to evaluate the efficiency of the sensors to detect stress/disease from top of the canopy.
Publications: (1) Li, X., W. S. Lee, M. Li, R. Ehsani, A. Mishra, C. Yang, and R. Mangan. 2011. Comparison of different
detection methods for citrus greening disease based on airborne multispectral and hyperspectral imagery. ASABE Paper
No. 1110570. St. Joseph, Mich.: ASABE. (2) Sankaran,S. and R. Ehsani. 2011. Visible-near infrared spectroscopy based
citrus greening detection: Evaluation of spectral feature extraction techniques. Crop Protection, In Press.
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