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Fig.1 A schematic diagram of LIBS system
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Fig.2 P(Il) LIBS spectra of citrus leaves in
the wavelength range of 644-650 nm
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Fig.3 LIBS spectra of Mn( | )in citrus leaves

in the wavelength range of 278-281 nm
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Fig.4 LIBS spectra of Si( I )and Fe( I )in the

wavelength range of 250-254 nm in citrus leaves
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FAE I )7 AR 1R 24 (root mean square error of calibra-
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tion coefficient of calibration,R.) K 0.871, & 15 )
R 231 % s T AE 34 U7 AR R 2% (root mean square
error of prediction, RMSEP) & 0.454, T £ AH 3¢
Z B (correlation coefficient of prediction, R,) &
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TERLA T LUE B AR A 4 L B AL RM-
SEC 2} 0.341,R .24 0.905, S H K 15.5% , RM-
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Table 1 The results of PLS-DA model combining single feature spectra and five feature spectra
X AR Modeling set il 4E Prediction set
FHE L RHNZ /) P B
Feature spectrum RMSEC R. . 0 RMSEP Rp . _Tt !
Misjudgment rate Misjudgment rate
PCI)645.999 nm 0.466 0.812 25.8 0.563 0.728 36.0
Mn( I )279.483 nm 0.484 0.804 27.6 0.496 0.812 33.3
Mn( [ )280.379 nm 0.484 0.804 27.6 0.496 0.812 33.3
Si( 1)251.432 nm 0.458 0.828 31.1 0.526 0.751 33.3
Fe( ] )252.285 nm 0.394 0.871 23.1 0.454 0.841 26.6
5 ANERAE S 1 El A
J ',#ﬂ' 7‘@“ e 0.341 0.905 15.5 0.395 0.867 22.7
Fusion of five feature spectra
O ARG A Citrus leaf of healthy o ERAAEMN A Citrus leaf of healthy
O H 2R B e i ) AR A T O H 2 IR B e o A AR A T
Citrus leaf moderately infected with Citrus leaf moderately infected with
Huanglongbing Huanglongbing
A TR O R R T A TR B R R T
4r Citrus leaf severely infected with 4r  Citrus leaf severely infected with
Huanglongbing Huanglongbing
S — _——— - === = ____‘____
s T 8 s ? %
= L ________ ___ 2 ___ = b o _ __ $§_ ___
° g B s_
A z ok B £
A k: 2 & 2 o S
m Lo B _____ O D
i '
1r 1
| B e e e e —— - - - =
0 H Vil SI 0 H M SI

]| Category

1 S| Category

A S Modeling set; B: M4 Prediction set; H. @5 M A Citrus leaf of healthy; MI: H B YL 3 Jb % (9 A% A Citrus leaf

moderately infected with Huanglongbing; SI. # J& &4 3 JE i 19 #H 4% I A Citrus leaf severely infected with Huanglongbing.

as below.
& 5
Fig.5

K[ The same

Fe( I )#F{E3Li% A PLS-DA
PLS-DA model of Fe( | ) feature spectrum
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A4 Modeling set; B: Filill 4 4H Prediction set.

B 6

5 PMFAEN LR & R PLS-DA

Fig.6 PLS-DA model for the fusion of five feature spectra

23 ETAETAETER PLS-DA

5 AMFHIEGIE Al G 2 5 ARE 3 ¢+ 1 gl R 43 4f
F14) FEEE A R U £ 57 A ARG I ) PLS BEAY, I fff
A 4 FF AL # J7 3% (Normalization, MSC, SNV,
OSO) Xt G BEAT AL B 25 2R W3R 2. i T OSC &2

W E A B OIS B T O AE B AT £

JCR IE I 5A L DL Ik B fi A A58 A8 D K 4 v 452 A0 ) fi8

TR E R, I, S HC OSC Fi A 315, BT 2 57 i B

Al AR, Horp RMSEC i 0.027 ,R . H 0.994, iR ¥

zja 0; RMSEP & 0.023,R, N 0.995, MR AR N
o B 7 RS E WAL E R AR PLS-DA fA,

*x2 Klﬂi‘ﬁiaﬁiﬁ;ﬂ’q PLS-DA #RIZE R

Table 2 PLS-DA model results of different pretreatment method

@#BEAE Modeling set

M 4E Prediction set

T ib 35 2%
Pretreatment e H) K /Y ) %K /Y
RMSEC R. (RAR/Y RMSER R, B/
methods Misjudgment rate Misjudgment rate
Normalization 0.321 0.916 13.3 0.355 0.877 14.7
MSC 0.310 0.926 9.3 0.381 0.864 13.3
SNV 0.282 0.939 8.0 0.367 0.874 13.8
OSC 0.027 0.994 0.0 0.023 0.995 0.0
O RSN A Citrus leaf of healthy O RS A Citrus leaf of healthy
O L O R ARG I O o R B A Y AR I
Citrus leaf moderately infected with Citrus leaf moderately infected with
Huanglongbing Huanglongbing
ARG EORR AT R R A BRI B RGN
4. Citrus leaf severely infected with 40 Citrus leaf severely infected with
Huanglongbing Huanglongbing
R et ikt
. [ £ '
B SREEEt oo p § [TTTTTTTTIITs
£ o} i =2 |
e N G b
i
1 I 1t |
) ) , 0 . . L )
0 H MI Sl

M5 C ategory

- F 285 Category

A FE4E Modeling set; B: il 4 Prediction set.
7 OSC Wik E J5H PLS-DA

Fig.7

PLS-DA model after OSC pretreatment
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Detecting Huanglongbing in citrus leaves based
on laser induced breakdown spectroscopy
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Jiangnan University sWuxi 214122 ,China ;
3.Ji’nan Fruit Research Institute,Ji’nan 250000,China

Abstract The laser induced breakdown spectroscopy (LIBS) combined with chemometrics was
used to qualitatively detect Huanglongbing in citrus leaves. The results showed that the LIBS signal in-
tensities of elements PCI[),Mn(1),Si( 1) and Fe( [ ) in citrus leaves were directly related to the
healthiness of citrus leaves,where the intensity of the characteristic peaks of PCII ) ,Mn(1),Si( I ) and
Fe( [ ) in healthy,moderately and severely infected citrus leaves had a decreasing trend. Five characteris-
tic spectrum were analyzed and fused together by spectral fusion to establish a partial least squares dis-
criminant analysis (partial least square, PLS) model,in which the root mean square error (RMSEC) of
the modeling set for Fe( I ) was 0.394, the correlation coefficient (R.) of the modeling set was 0.871,
and the total false positive rate was 23.1%. The prediction set mean square error (RMSEP) was 0.454,
and the prediction set correlation coefficient (R,) was 0.841, with an overall misspecification rate of
26.6%.The RMSEC for spectral fusion was 0.341 and R. was 0.905, with an overall false positive rate of
15.5% ,and the RMSEP was 0.395 and R, was 0.867,with an overall false positive rate of 22.7%. Mean-
while, four pre-processing methods including normalization, multiplicative scatter correction (MSC),
standard normal variate (SNV) and orthogonal signal correction (OSC) were used to reduce the effects
of noise and errors on the spectra,and to establish the PLLS model. Results of the LIBS technique com-
bined with orthogonal signal correction (OSC) spectral pre-processing and partial least squares (PLS)
modeling methods showed that the RMSEC was 0.027 and R. was 0.994 with a total false positive rate of 0.
The RMSEP was 0.023 and R, was 0.995 with a total false positive rate of 0. The three categories of citrus leav-
es were better classified. It is indicated that the feasibility of using LLIBS technology to detect nutrients in citrus
leaves. It will provide a method for rapidly detecting Huanglongbing in citrus leaf.

Keywords laser-induced breakdown spectroscopy; citrus; Huanglongbing; nondestructive testing;
spectral fusion
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