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Hyperspectral nondestructive detection model of chlorophyll
content of Citrus maxima
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Ganzhou 341000, China)

Abstract: [Objective] To monitor the health status of fruit trees and predict the yield of sweet pomelo (Citrus
maxima), a detection model of chlorophyll content in C. maxima leaves was established in a C. maxima orchard
of Nankang, Ganzhou. [ Method] The leaf spectrum and SPAD value of C. maxima were measured using Field
Spec4 portable earth spectrometer and SPAD-502 chlorophyll meter. The hyperspectral nondestructive detection
model of chlorophyll content was constructed by single variable regression, stepwise regression and partial least
squares (PLS) method, and the accuracy was examined. [Result] The reflectances of original spectrum at 553
nm and the first order spectra at 692 and 752 nm had the highest correlation with chlorophyll content. These
three bands were sensitive bands of spectral reflectance of C. maxima leaves. When the number of principal
components was four, PLS had the highest level of precision. PLS model had higher accuracy, fitting degree and
determination coefficient (+’=0.869) compared with the single variable and stepwise regression models, and PLS
model had the lowest root mean square error (RMSE) being 3.013 and the lowest relative error (RE) being
6.82%. Comparing and analyzing the estimation models of original spectrum, first derivative spectrum and PLS

fitting, PLS model was superior to the two traditional models in terms of sample precision and prediction
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ability. [ Conclusion] PLS model is suitable for the estimation of chlorophyll content by hyperspectral data,

and the best nondestructive detection model for the chlorophyll content of C. maxima.

Key words: Citrus maxima; chlorophyll content; sensitive band; partial least squares; hyperspectral nondestructive

detection
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Fig. 1 The spectral curves of general leaf spectra and Citrus maxima leaves
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Fig.2 Correlation of chlorophyll content in Citrus maxima leaves with the original spectral reflectance (a) and first order

spectral reflectance (b)
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Table 1 Determination coefficient (") of single variable

estimation model of chlorophyll content in Citrus
maxima leaves

s ’

Spectral parameters  y=bx+a  y=axexp(bx) y=cx+bxta
Rs53 1m 0.325 0.323 0.377
R'692 nm 0.687 0.710 0.718
R'75 im 0.792 0.800 0.798

1) x& = BT it 49 B S 5 A0 R BR(553.692 #= 752 nm)
6 RIESH, y AR HAT Rt R E A E e b c M HE
EZHAETHFHK

1) x indicates the selected spectral sensitive band of Citrus
maxima(553, 692 and 752 nm), y indicates the corresponding
chlorophyll content of Citrus maxima leaves, a, b and ¢ are

constants in the single variable equation
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Table2 Determination coefficient (#*) of multivariate

regression analysis model of chlorophyll content
in Citrus maxima leaves

i PR Ik AP
Spectral Model r
parameter expression
R y=16.745-63.71R553 1y 198.16R 715 1m 0.561
R y=50.486+4 874.89R 15, . ~189.22R' g3, 0.815

1) R A= R' 45 g JR 4% Fo i Ao — - §-BOL AL A R4
H BTS2y AR GEAT TR EAE

1) R and R' refer to the spectral independent variables
selected from the original spectrum and the first order spectrum
respectively; 2) y refers to the corresponding chlorophyll

content in Citrus maxima leaves
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Table 3 Influences of the first four principal components on chlorophyll contents in Citrus maxima leaves

SN FHIEE XA KIXXHIRRERES1/% B YRR RE 1/%
Principal Characteristic Correlation Cumulative explanatory Cumulative explanatory
component value coefficient power of X power of Y
Z, 547.761 —0.831** 93.76 53.27
Z, 43.935 —0.661** 96.91 73.40
Zs 9.064 —0.605%* 98.97 81.92
Z, 0.074 —0.565%* 99.05 86.23

1)« F Rk 0.01 KT 84 ZEARX

1) “**” indicates significant correlation at 0.01 level

~
S
d

252 o= REAEST EHE 4 DK 5= 0.868 6+6.702 9 .
AR L B ST PLS A, B IR AT R o o .

N
(%

FE, YeiE RH 2 0.869, RMSE HI RE 4 5 A ;5?2:“:6'82% .
3.013 1 6.82%, 81 28 HIGFVE KDL, SEIE -5 1) gggso I ;,/;/‘ )
B BA BT (I N K &Ry 45 R 3 s = §45 - /'% .
2.6 FHHITREMGRESEMBEERNEERI 40 v e
KH R 42 20 MFEEAXS b @ s ik g 2 Ak A 37
BI04 RS P BT, 45 LI 4 BT R . 76 ST 0 35 40 45 50 55 60 65 70

SEI{E Measured value

3 MEESE PLS RELWESE RHUNERTEL

Fig.3 Comparison between the measured values and
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Table 4 Accuracy analysis of different chlorophyll content estimation models

R DI e R ik Y T
Model Spectral parameter Model expression Predicted 7° RMSE RE/%
HAR AR Y Rs553 um ¥ =—-838.49x*+230.24x+40.671 0.456 6.455 10.55
Single variable model R'692 ¥ =466 030x~11 155x+105.32 0.746 4.342 7.22
R'752 nm ¥ =26439¢™"* 0.812 3.689 5.95
semACVRL Rss3ums R7izam v = 16.745-63.71Rss3 1yt 198.16R 719 0.543 5.798 9.86
Stepwise regression model R Rl = 50.486+4 874.89R' 5, nn—189.22R g5 o 0.834 2736 425
PLS 1% PLS model Rund Y =0.686+34.152,+5.7332,~48.79Z:+166.67Z,  0.932 2.310 3.41

Dy A Trt % E e 3, x RELE L THA ¥ 0903553, R, g FT 2 IMB(350~1 000 nm) i BAt 5, Z,. 2, Zy & Zyor R &
T 1.2.3.4 M ERS
1) y refers to chlorophyll content, x refers to spectral parameters in the single variable model, R 4 refers to spectral reflectance in

full band (350—1 000 nm), Z,, Z,, Z5 and Z, refer to the first 1, 2, 3 and 4 principal components respectively
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