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California is the major producer of fresh market citrus 
in the U.S., a $2 billion industry that is threatened 
by a devastating disease called citrus greening or 

Huanglongbing (HLB). HLB is a bacterial disease, psyllid 
vectored, and is known as the most dangerous citrus 
disease. Unfortunately, there is no cure for this disease 
and if a tree gets infected, it will die in a few years. All 
commercial varieties of citrus are susceptible to HLB. In 
Florida, HLB was first seen in 2005, but it spread rapidly 
across the state after a few years. Today, about 60% of 
Florida citrus has been destroyed, mostly due to a lack 
of an efficient HLB monitoring system. Just as one HLB-
affected tree in Florida caused a statewide disease spread 
within a few years, one undetected HLB-affected tree in 
California can cause the same disaster. In the current 
monitoring practice, California Department of Food 
and Agriculture (CDFA) personnel or other agents are 
conducting inspections and samplings in commercial 
groves and residential areas. However, human based 
inspection is subjective and can be affected by external 
factors. Additionally, HLB diagnosis using laboratory-
based methods are expensive and time/effort consuming. 
An efficient HLB management needs a high spatial and 
temporal resolution monitoring followed by eradication of 
infected trees. Therefore, a diagnosis sensor is needed to 
improve and facilitate HLB detection, especially before the 
development of symptoms. For high resolution monitoring, 
the sensor should also be able to conduct rapid and 
inexpensive inspection with high accuracy. 

The Asian citrus psyllid (ACP: the vector carrying 
the HLB bacterium) is widespread in southern California 
and now is distributing in the Central Valley. Since the 
first HLB-affected tree was identified in the Los Angeles 
area in 2012, many other infected trees have been seen in 
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the neighboring area. The HLB threat in California needs 
to be addressed immediately and HLB must be properly 
managed before it becomes as pervasive as in Florida. In an 
optimized HLB management, the disease monitoring scope 
should be expanded so that more citrus trees could be 
monitored. Also disease monitoring should be repeated in 
short-time intervals to improve the temporal resolution of 
the monitoring practice. If the citrus producers have access 
to this high temporal and spatial resolution data, they can 
significantly improve their decision making.
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HLB Detection Methodology
Not only is HLB incurable, but it also has a long 

latent period that makes it even harder to control and 
manage. Starch accumulates greatly in HLB-affected leaves 
(Etxeberria et al., 2009), but it remains invisible for months 
or even years. When starch accumulation becomes visible, 
it presents a blotchy mottle on the infected leaf, that might 
be confused with some nutrient deficiency symptoms. 
Starch is capable of rotating the polarization of light 
(Pourreza et al., 2014). A sensing methodology (polarized 
imaging) was developed based on this optical characteristic 
of starch at the University of Florida. The sensor was able 
to detect the HLB-affected trees from healthy, and nutrient 
deficient trees (Pourreza et al., 2015). The sensor included 
an inexpensive, but highly sensitive monochrome camera, 
a set of narrow band high power light-emitting diodes 
(LEDs), polarizing filters, and a housing (Fig. 1). The total 
cost of sensor components was less that $1,000. 

Figure 2 shows that the polarized images captured 
from citrus canopies in different HLB/zinc-deficiency 
states, had different image intensities and contrasts. This 
finding can be more clearly observed in Figure 3 that shows 
the scatter plot of citrus sample images based on their 
gray values’ means and standard deviations. A field test in 
Florida showed that the polarized imaging method could 
successfully reveal the HLB status of citrus canopies with 
97% accuracy (Pourreza et al., 2015).

Figure 3. Scatterplot of citrus samples in four different classes based 

Early HLB Diagnosis
The polarized imaging technique was also tested for 

presymptomatic HLB detection. Citrus trees (2-years old) 
were graft-inoculated using the disk-graft technique (Fig. 
4). Time-lapse polarized images were acquired from leaves 
in a weekly manner to investigate how early (after the 
inoculation) the disease can be detected by the polarized 
imaging technique.

Figure 5 shows the time-lapse images of a leaf from 
an inoculated citrus tree, acquired during a six-week 
period. The starch accumulation appeared five weeks after 
inoculation in the polarized images (on the mid-right side 
of the main vein) while the tree was in a nonsymptomatic 
stage and no visible symptoms were detectable. 

One important impact of using a real-time sensor is 
an improvement in HLB management by providing high 
temporal and spatial resolution maps of the spread of the 
disease in both commercial groves and residential areas. 
Improved management will lead to sustainable citrus 
production and the prevention of revenue loss in the 
California citrus industry. Growers can use the sensor in 
various ways (aerial, ground, or handheld sensing) based on 
their preferences and available equipment. 
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