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Abstract : [Objective] Citrus Huanglongbing (HLB) is a severe threat to citrus production and quality due to its rapid spread and
incurable characteristics. Laser induced breakdown spectroscopy (LIBS) offered advantages of simple sampling and fast detection.
When combined with chemometric algorithms, it has the potential for rapid detection of citrus HLLB. [ Methods] In this study, healthy
and HLB-infected navel orange (Citrus sinensis) leaves were used as research subjects. The LIBS spectra centered at 390,516,589,
616 and 646 nm were collected from 222 leaves (with each leaf reconstructed as a single spectrum) using 800 nm laser pulses (about

100 fs pulse duration, 100 pJ pulse energy). The spectra were then randomly divided into training set and validation set in an
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approximate 3 : 1 ratio. Principal component analysis (PCA), partial least squares discriminant analysis (PLS-DA),and orthogonal
PLS-DA (OPLS-DA) were applied to model and analyze the spectral data, respectively. The efficiency of data separation of each
model and the accuracy in distinguishing HLLB infection were evaluated. In addition, the ability to discriminate between different
degrees of infection in navel orange leaves was assessed. [ Results] The LIBS spectra showed that the intensities of the Ca ([ ) and
Mg ( ) characteristic spectral lines were higher in healthy leaves than in HLB-infected leaves. This is likely because HLLB damages
the roots and obstructs the phloem of navel oranges, which affected the absorption of mineral elements by the root system. In the
discrimination of HLB infection, score plots from PCA,PLS-DA,and OPLS-DA were compared. Significant overlaps between healthy
and HLB-infected leaves was observed in PCA and PLS-DA score plots, whereas the OPLS-DA model showed the best data
separation ability. The OPLS-DA model reached 100. 00% accuracy for both the training and validation sets. The fitting indices,Rx?
and Ry? of the OPLS-DA model, were 0. 889 and 0. 988, respectively, and the prediction index @ was 0. 917. To further verify the
effectiveness of the OPLS-DA modeling,a permutation test was conducted. The @ of the original model was greater than that of the
randomly permuted Y-observations,and the intersection of the @Q* regression line on the Y-axis was below 0. These results indicated
that the model was valid and not overfitted. For discrimination of the degree of HLB infection, the score plots showed relatively small
difference between mildly and severely infected navel orange leaves. The accuracies in distinguishing mild HLB of training and
validation sets were 92. 86% and 72. 22% . respectively. [ Conclusions] This study demonstrated that LIBS combined with OPLS-DA
discriminant model enables fast and accurate detection of HLB infection. This approach could effectively distinguish between the
healthy and HLB infected navel orange leaves, with no false positives in either training or validation sets. To a certain extent,it could
also distinguish the mildly infected navel orange leaves with relatively high accuracy. Therefore, LIBS combined with OPLS-DA has
the potential for early diagnosis of HLB infection. These findings are of great significance for the development of rapid identification

methods for HLB.
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Fig. 3 Spliced spectrum of each band without continuous background (a),and comparison of the spectrum centered at 589 nm

before and after subtracting continuous background (b)
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