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Abstract: In this study, visible-near infrared spectroscopy and mid-infrared spectroscopy were compared to evaluate their 

applicability in classifying citrus leaves infected with canker and Huanglongbing (HLB) from healthy citrus leaves.  The 

visible-near infrared spectra in the range 350-2,500 nm and mid-infrared spectra in the range of 5.15-10.72 µm were collected 

from healthy and diseased (canker, HLB) leaves.  Following the spectral data collection, the data were preprocessed and 

classification was performed using two classifiers, quadratic discriminant analysis (QDA) and k-nearest neighbor (kNN).  The 

classifiers (QDA, kNN) resulted in an average overall and individual class classification accuracy of about 90% or more.  

Mid-infrared spectroscopy provided high classification accuracy especially in identifying HLB-infected leaves; while, 

visible-near infrared spectroscopy was better suited for canker detection.  Both methods have their own merits such as 

visible-near infrared spectroscopy offers non-invasive disease detection; while mid-infrared spectroscopy represents the 

chemical profile of the leaf, which may allow potential detection in asymptomatic stages. 
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1  Introduction 

Citrus canker and Huanglongbing (HLB) are two 

major bacterial diseases in Florida affecting the yield and 

quality of citrus.  The symptoms of these diseases 

depend on the age and severity of the infection.  The leaf 

symptoms of HLB are chlorosis and blotchy mottle 

(Halbert and Manjunath, 2004; Gottwald, 2010), while, 

the canker symptoms are tiny, slightly raised blister-like 

lesions (Qin et al., 2009).  Both these diseases lead to 

stem dieback, tree decline and eventually death of the 

citrus trees (Qin et al., 2009; Gottwald, 2010).  

Spectroscopic techniques offer rapid detection of citrus 
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diseases.  Changes in the plant physiological due to 

infection may affect the spectral signature that can be 

identified using optical sensors.  

Several spectroscopic techniques such as visible-near 

infrared spectroscopy, mid-infrared spectroscopy, and 

fluorescence spectroscopy have been tested to identify 

their suitability in citrus disease detection (Belasque et al., 

2008; Kim et al., 2009; Hawkins et al., 2010; Lins et al., 

2009; Sankaran et al., 2010, 2011; Kumar et al., 2012).  

Although several of these studies have evaluated HLB 

and canker separately, there is no detailed study on 

spectroscopic techniques assessing both these diseases 

together.  Therefore, the major objective of this work 

was to evaluate the performance of visible-near infrared 

spectroscopy and mid-infrared spectroscopy in 

classifying canker and HLB-infected leaves from healthy 

leaves concurrently. 
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2  Materials and methods 

2.1  Spectrometers  

A spectroradiometer (SVC HR-1024, Spectra Vista 

Cooperation, NY) was used to collect visible-near 

infrared spectra between 350 nm to 2,500 nm from the 

upper surface (adaxial surface) of the leaf.  A field of 

view of 4° was used with an integration time of 4 ms.  

Similarly, mid-infrared spectra were acquired using a 

mid-infrared spectrometer (InfraSpec VFA-IR, Wilks 

Enterprise Inc., East Norwalk, CT) in the range 5.15 to 

10.72 µm (1,942 to 933 cm-1).  Both the spectrometers 

are portable and applicable for field-based measurements.  

Figure 1 represents representative visible-near infrared 

and mid-infrared spectra.  

2.2  Data Collection  

Leaf samples were collected from healthy, HLB- and 

canker-infected citrus trees of Valencia cultivar located at 

the Citrus Research and Education Center (CREC) groves, 

Lake Alfred, FL.  Each leaf sample set comprised of 4 to 

5 leaves.  The samples were collected from 30 healthy, 

30 HLB- and 30 canker-infected trees.  At first, 

visible-near infrared spectra were collected using the 

spectroradiometer placed at a distance of 0.5 m.  Two 

500 W portable halogen lamps were used as lighting 

source.  Prior to the spectral data collection, a reference 

spectrum was acquired from a 25.4 × 25.1 cm white 

reference panel (Spectralon Reflectance Target, 

CSTM-SRT-99-100, Spectra Vista Cooperation, NY) 

using the spectroradiometer.  The reference spectrum is 

a measure of 100% reflectance at each wavelength.  The 

spectrum from the sample is adjusted based on the 

reference spectrum.  Five spectra were collected from 

each sample set and averaged for analysis.  The dataset 

was comprised of 90 spectra (30 sample sets × 3 groups).  

The data were collected under controlled laboratory 

conditions.  Following the visible-near infrared spectral 

data collection, the leaf samples were processed for 

collecting the mid-infrared spectra as follows. 

The leaves were ground into fine powder with a 

motor and pestle by adding some liquid nitrogen.  The 

powdered leaves were placed on the crystal window of 

the mid-infrared spectrometer (InfraSpec VFA-IR 

spectrometer, Wilks Enterprises Inc., East Norwalk, CT), 

and spectra were collected using the IGOR Pro 6.01 

program (WaveMetrics Inc., Portland, OR).  The 

instrument was operated on attenuated total reflection 

mode and the baseline corrected absorbance spectra were 

saved for further processing.  A scan time of 1 min was 

used.  The spectrum collected from the crystal window 

in absence of a sample was used as a reference spectrum.  

A set of three spectra was acquired from each sample set.  

Two of the spectra were outliers. Therefore, the total 

number of spectral data was 268 (30 sample sets × 3 

spectra × 3 groups).  

 
Figure 1  Leaf samples with representative visible-near infrared (a) 

and mid-infrared spectra (b) 

 

2.2  Data analysis 

The visible-near infrared and mid-infrared spectra 

were preprocessed prior to classification. Visible-infrared 

data were normalized and averaged every 10 nm to 

reduce the number of spectral features from 989 to 216.  

Similarly, the mid-infrared spectra were baseline 

corrected and the water spectra (5.15-6.73 µm) were 
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removed from the data, thereby reducing the number of 

features from 128 to 90 features.  Principal component 

analysis (PCA) was performed to reduce the spectral 

features further into uncorrelated variables termed as 

principal components (PCs, Figure 2).  PCs representing 

96% variance within the data were used as input data to 

train the classifiers (3 for visible-infrared spectra, 7 for 

mid-infrared spectra).  The PC scores were randomized, 

and 75% of data were used for training the classification 

algorithm, while 25% of data were used as test dataset.  

For the visible-near infrared data, the numbers of samples 

in the training and test datasets were 68 and 22, 

respectively.  Similarly, the corresponding numbers for 

mid-infrared data were 201 and 67.  Two classification 

algorithms, quadratic discriminant analysis (QDA) and 

k-nearest neighbor (kNN, k = 1) were used for 

classification.  The algorithms were run three times and 

their performances were assessed based on the average 

classification accuracies (overall and individual class).  

 
Figure 2  Principal component analysis plots for visible-near 

infrared (a) and mid-infrared (b) spectroscopy 

 

3  Results and discussion 

3.1  Visible-near infrared spectroscopy 

Figure 1 represents the visible-near infrared spectra of 

healthy, canker-infected and HLB-infected leaves.  The 

spectral reflectance pattern of healthy and diseased leaves 

showed a generalized pattern in the visible-near infrared 

region.  The reflectance of healthy leaves is lower than 

diseased leaves in the visible region, while their 

reflectance is higher than those of diseased leaves in near 

infrared region.  When the classification studies were 

performed using the visible-near infrared spectral data, it 

was found that the classification accuracies of QDA were 

better than the kNN (Table 1).  The major difference in 

the performance of QDA and kNN-based classification 

was in average canker classification accuracies, where the 

QDA-based algorithm showed higher accuracy in 

identifying canker.  Moreover, the average canker 

classification accuracy was also higher than those of HLB 

class classification accuracy. 
 

Table 1  Classification accuracies (average ± standard 

deviation) acquired using QDA and kNN while classifying 

healthy, canker and HLB-infected leaves 

Classifier Healthy/% Canker/% HLB/% Overall/%

Visible-near infrared spectroscopy 

Quadratic discriminant 
analysis 

86.3 ± 1.0 100.0 ± 0.0 90.5 ± 16.5 92.5 ± 5.3

k-nearest neighbor 86.3 ± 1.0 90.5 ± 16.5 91.1 ± 7.8 89.4 ± 7.0

Mid-infrared spectroscopy 

Quadratic discriminant 
analysis 

100.0 ± 0.0 97.0 ± 2.6 97.1 ± 2.5 98.0 ± 0.9

k-nearest neighbor 100.0 ± 0.0 97.0 ± 2.6 100.0 ± 0.0 99.0 ± 0.9

 

3.2  Mid-infrared spectroscopy 

The mid-infrared spectra of the citrus leaves showed a 

distinct pattern, especially the HLB-infected leaves due to 

the starch accumulation as reported in literature 

(Sankaran et al., 2010).  The kNN-based algorithm 

performed better resulting in higher average HLB class 

classification accuracy than those of QDA.  The healthy 

and canker class classification accuracies were similar in 

both QDA and kNN.  The high average overall 

classification accuracy of both algorithms indicates that 

mid-infrared spectroscopy has a good potential in plant 

disease detection. 

3.3  Comparison of visible-near infrared and 

mid-infrared spectroscopy 

Both the spectroscopic techniques resulted in average 

overall classification accuracies of about 90% and higher.  

The mid-infrared spectroscopy resulted in higher overall 
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and individual class classification accuracies (except 

canker) than visible-near infrared spectroscopy in most 

cases.  The reason for this could be the working 

principle of the mid-infrared region, where the 

biochemical signature of the leaf is visible rather than the 

change in reflectance based on the plant physiology as 

estimated using visible-near infrared technique.  Thus, 

the mid-infrared spectroscopy is capable of detecting 

biochemical compounds such as sugars and acids in 

leaves and other biological materials (Mascarenhas et al., 

2000; Kačuráková, 2001; Aouidi et al., 2012).  For 

example, the starch, which is known to accumulate in 

HLB-infected leaves, can be easily identified using 

mid-infrared spectroscopy as seen in Figure 1 (9-10.5 µm) 

(Dupuy et al., 1997; Mascarenhas et al., 2000; Sankaran 

et al., 2010).  This is especially advantageous for 

detecting HLB-infected leaves as starch accumulation 

begins even before symptoms begin to appear.  However, 

the major limitation of mid-infrared spectroscopy is the 

need for sample preparation by grinding the leaves into 

small particles.  Considering this aspect, visible-near 

infrared spectroscopy is a rapid, non-destructive method, 

which does not require any sample processing.  In this 

work, visible-near infrared spectroscopy was found to be 

better for identifying canker-infected leaves.  

4  Conclusions 

Both UV-visible spectroscopy and mid-infrared 

spectroscopy showed potential in classifying healthy and 

diseased leaves.  Among the two methods, mid-infrared 

spectroscopy showed higher overall and HLB-class 

classification accuracies, while visible-near infrared 

spectroscopy showed better canker class classification 

accuracy.  Some of the advantages of mid-infrared 

spectroscopy are that the method is not sensitive to 

changing light conditions and biochemical composition 

can be acquired using the spectral analysis.  However, 

one of the major limitations is the need for sample 

processing.  Visible-near infrared spectroscopy offers a 

direct, non-invasive method for diseased sample detection.  

Although, each of these spectroscopic methods has 

unique benefits, both visible-near infrared and 

mid-infrared spectroscopy could be applied for rapid 

evaluation of plant diseases in field conditions. 
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