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Spectroscopy and Spectral Analysis
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AR PR il £ 7N — 3 (iterative restricted least squares, IRLS) .
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Fig. 1 Citrus leaves original spectra after interception spectra
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Fig. 2 Spectral characteristics
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Fig. 3 Original spectra and different background correction Raman spectra
(a): Original spectrum; (b): BaselineWavelet background correction spectrumj;

(o) : IRLS background correction spectrum; (d): ALS background correction spectrum
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BN R RS R 22 5 IRLS R ALS B #5541 X R 4R
JEIEBER R 3K, RMSECV i/, P B 280CR 3 A AN T
FEEER PR . Horb, IRLS @ BT MM SC R r=0.885 [
ALS B r=0.862 35 T 1. ¢ B3 E U5 AL % 22 RM-
SECV=4.934 H, ALS ) RMSECV=5. 336 &/, At IRLS
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Table 1 The PLS modeling results of different

background correction methods

BRI T % BAERFEH  MHXREG)  RMSECV
JE R 8 0. 858 5. 392
BaselineWavelet 3 0. 828 5. 870
IRLS 8 0. 885 4,934
ALS 8 0. 862 5.336

2.3 AEAXEHAEAEZAHEHTRFHEESEE2EE
Sk

Zid IRLS bR ja . e E m TR RE A, A
B &GRS B AR T 5, BAMRS . HBOLEHEN T
Pio X IRLS F 5 30ER 5 618 B i — 6 iy ##47 SG . A
—Ab. MSC. — B SECSEAS R 5 10 i T A B . S % AL 2 R
b — 25 TH bR TC A5 R 7S 52 m , fE ST 58 B PLS B¢
B, ANEDGS BB kR R BRTER 2 b H—1k,
MSC 5 J5 fis i s AL 25 SRAH L - A R IR AR 3/, RM-
SECV AARFREM K, FILBERR ML, SG s —
Wy 85 R b S i @A 2 A EE - A5 AN TR R B Y 3 . RM-
SECV AR B W/, BSR4 . Hh SG
S HR R A B A 5 R 8L O 0.897, H¢iEIE S 1. RMSECV
R AT15 N, R HERAER FH8Ch 8, BN R K H B
HEEIL . BRSH B R/MERAXEINSL . Hik SG F
HERUPUBLE =Y BV E S 2y

F2 FRBHEPLS EELER
Table 2 The PLS modeling results of different

pretreatment method

Tl Aok By BAER T MXFREFG)  RMSECV
8] 8 0. 885 4.934
SG - 8 0. 897 4. 715
H—1k 8 0. 852 5.595
MSC 8 0. 863 5.182
SG —Br 35 5 0. 888 4.962
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Quantitative Analysis of Chlorophyll Content in Citrus Leaves by Raman
Spectroscopy

LIU Yan-de, CHENG Meng-jie, HAO Yong., ZHANG Yu, HOU Zhao-guo
School of Mechatronics Engineering, East China Jiaotong University, Nanchang 330013, China

Abstract The accurate detection of the content of chlorophyll in citrus leaves is of great significance to the nutritional status and
the growth trend of citrus. A rapid and non-destructive method for diagnosing chlorophyll content in citrus leaves was studied in
order to provide a reference for the detection of chlorophyll content in citrus leaves by Raman spectroscopy. A hundred and twen-
ty slices of citrus leaves with different canopy heights and different geographical distributions were collected. The dust on the
surface of the leaves was wiped off. The deionized water was used in the laboratory to clean it, dried in a sealed bag, and labeled
with a label. The Raman spectra of citrus leaves were then collected. The parameters were set as follows: resolution 3 em ', in-
tegration time 15 s; laser power 50 mW. Three methods were used, such as baseline wavelet. iterative restricted least squares
(IRLS)and asymmetric least squares (ALS), for background correction of Raman spectroscopy. After that, Partial least squares
(PLS) method was used to establish the quantitative model. Subsequently, four methods of spectral pretreatment, like Savitzky-
Golay convolution smoothing (SG smoothing), normalization, multiplicative scatter correction (MSC) and the Savitzky-Golay
1st derivative, were used to further optimize the spectra which had been treated by the background correction. The research
process showed that the PLLS model was established by the spectra of the original spectrum, Baseline Wavelet, IRLS, and ALS
preprocessing. The correlation coefficients of the models were 0. 858, 0.828, 0.885, and 0. 862, respectively. The root mean
square error cross validation, RMSECV were 5. 392, 5. 870, 4. 934, and 5. 336, respectively. The best principal component fac-
tors were 8, 3, 8 and 8 respectively. The RMSECV of the pre-processed PLS model deducted from the IRLS background was
the smallest, the correlation coefficient was the highest, and the modeling effect was the best. SG smoothing, normalization,
MSC and SG 1st Der preprocessing methods were used to preprocess IRLS background correction spectrum and establish PLS
model. The results showed that: IRLS spectrum and its combination of SG smoothing, normalization, MSC and SG 1st Der The
PLS of the four pretreatment methods of » were 0. 885, 0.897, 0.852, 0.863, and 0. 888, respectively. The RMSECV were
4.934, 4.715, 5.595, 5. 182, and 4. 962, respectively. The best principal component factors were 8, 8, 8, 8 and 5, respective-
ly; the RMSECV of the PLS model after IRLS-SG smoothing was the smallest, and the model had the best effect. After verif-
ying the PLLS model preprocessed by IRLS-SG. the predictive correlation coefficient r of the prediction set was 0. 844, the root
mean square error of prediction (RMSEP) was 5. 29, and the prediction accuracy was high. Three kinds of background correc-
tion methods combined with four kinds of spectral pretreatment methods were used to quantitatively model the Raman spectra of
citrus leaves. It can be concluded that the experimental results after IRLS background correction combined with the SG smoot-
hing are optimal. The modeling set r is 0. 897, the RMSECV is 4. 715, the prediction set r is 0. 844, and the RMSEP is 5. 29,
and the prediction accuracy is high. Studies have shown that Raman spectroscopy combined with background correction methods

can provide a quick and easy analytical method for quantitative analysis of chlorophyll content in citrus leaves.

Keywords BaselineWavelet; Iterative restricted least squares; Asymmetric least squares; SG smoothing; Raman spectrum;

Chlorophyll; Citrus leaves
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