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1 6 Kruskal-Willis
Table 1 ~ Kruskal-Willis test results of first six principal component ( PC) scores
PC1 pPC2 PC3 PC4 PC5 PC6
Chi-sauare 46.765 224.709 14.010 106. 840 68.104 78.819
Degree of freedom 3 3 3 3 3 3
Asymptotic significance ( p) 0.000 0.000 0.003 0.000 0.000 0.000
76 60 (1) 76
60 16 o
SSC 2 o 2

2
Table 2 Statistic values of soluble solids content ( SSC) ( °Brix) of apples

Standard deviation

Origin Data set Samples Minimum Maximum Mean (SD)
Calibration set 60 12.76 21.89 18.16 2.34
Akesu ( AKS) o
Prediction set 16 14.38 19.86 17.91 1.70
. Calibration set 120 10.81 17.13 13.47 1.37
Feicheng ( FC) o
Prediction set 40 11.34 14. 69 13.29 0.94
. Calibration set 60 10.89 17.21 13.92 1.28
Qixia ( QX) -
Prediction set 12 12.74 15.68 14.17 0.88
. Calibration set 50 10.79 18.33 14.73 1.54
Yichuan ( YC) o
Prediction set 10 13.18 16.49 14.87 1.10
3.2
(R,) ( Root mean square error of
prediction RMSEP) 3 o
Rp o o
3
Table 3 Prediction results of local origin models for prediction of SSC in apples
Prediction set
Calibration set AKS FC QX YC AKS¥CQX-YC
R, RMSEP R, RMSEP R, RMSEP R, RMSEP R, RMSEP
AKS 0.903 0.742 0.827 1.382 0.703 0.683 0.685 1.333 0.909 1.180
FC 0.887 1.023 0.918 0.373 0.845 0.583 0.840 2.287 0.928 1.005
QX 0.856 1.864 0. 662 1.120 0.852 0.464 0.657 2.181 0.913 1.414
YC 0.875 0.943 0.742 0.998 0. 806 0.585 0.876 0.517 0.933 0. 885
R, ( Correlation coefficient of predication) ; RMSEP: ( Root mean square error of prediction)
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4
Table 4  Prediction results of hybrid origin models for prediction of SSC in apples

Prediction set

R AKS FC QX YC AKSFCQX-YC
Calibration set
) RMSEP R, RMSEP R, RMSEP R, RMSEP R, RMSEP
AKSH¥C 0.917 0.730 0.900 0.429 0.867 0.556 0.854 1.157 0.955 0.650
AKS-QX 0.900 0.739 0.890 1.562 0.847 0.483 0.697 1.329 0.920 1.275
AKS-YC 0.916 0. 694 0.806 0.815 0. 894 0.417 0.869 0.529 0.960 0.709
FC-QX 0.889 0.884 0.929 0.346 0.89%4 0.385 0.815 1.777 0.943 0. 806
FCYC 0.901 1.289 0.926 0.353 0.861 1.033 0.961 0.369 0.959 0.762
QX-YC 0.899 0.813 0.848 0.933 0.860 0.459 0.859 0.539 0.951 0.807
AKSF¥C-QX 0.916 0.758 0.938 0.325 0.916 0.337 0.857 1.477 0.953 0. 685
AKSF¥C-YC 0.921 0.697 0.925 0.373 0.875 0.802 0.921 0.440 0.970 0.543
AKS-QX-YC  0.918 0.672 0.815 0.566 0.798 0.536 0.901 0.460 0.963 0.573
FCQX-YC 0.912 0.891 0.923 0.363 0.914 0.349 0.953 0.349 0.975 0.514
AKSFC-QX-YC 0.928 0.689 0.922 0.368 0.890 0.390 0.948 0.422 0.976 0.461
3.4
4000 ~ 10000 c¢m™ CARS
4 o CARS
CARS 50 ( Root mean square error of
cross validation RMSECV) 2 CARS o
2 47 RMSECV 102 &
5 o
3112 102 0
2 CARS
Fig.2 Plot of variable selection by competitive adaptive reweighted sampling algorithm ( CARS)
5

Table 5 Prediction results of different PLS models for prediction of SSC in apples

Prediction set

AKS FC X YC AKSFC—
Model Variables QX-YC
R, RMSEP K, RMSEP K, RMSEP K, RMSEP p— puo
PLS 3112 0.928 0.689  0.922 0.368 0.890 0.390 0.948 0.422  0.976 0.461
CARSPLS 102 0.928 0.678  0.934 0.341  0.898 0.372  0.938 0.428  0.978 0.446
CARSSPA- 16 0.932  0.640  0.922 0.358  0.928 0.332  0.924 0.463  0.978 0.441

SPA: Successive projections algorithm.
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Assessment of Influence of Origin Variability on Robustness of
Near Infrared Models for Soluble Solid Content of Apples

FAN ShuXiang' > HUANG Wen-Qian' GUO Zhi-Ming® ZHANG Bao-Hua® ZHAO Chun-Jiang" '®> QIAN Man'’
"( College of Mechanical and Electronic Engineering Northwest Agricultural and Forestry University Yangling 712100 China)
*( Beijing Research Center of Intelligent Equipment for Agriculture
Beijing Academy of Agriculture and Foresiry Sciences Beijing 100097 China)

Abstract  In order to improve the precision and robustness in determination of soluble solids content ( SSC)
of ‘Fuji’ apple by NIR spectroscopy and eliminate the effect of origin variability on the accuracy of NIR
calibration models for the SSC sample set partitioning based on joint x—~ distances ( SPXY) was used to select
representative subset from the apple samples of 4 different origins. As a comparison partial least square
(PLS) was used to establish local origin and hybrid origin models for the prediction of SSC in apple.
Competitive adaptive reweighted sampling ( CARS) and successive projections algorithm ( SPA) were
implemented to select effective variables of the NIR spectroscopy of SSC of apple. The results indicated that
the PLS model established based on the 4 origin apple samples performed better than local origin and other
hybrid origin models. The model could be effectively simplified using 16 characteristic variables selected by
CARS-SPA method from full-spectrum which had 3112 wavelengths. The correlation coefficient ( R,) and root
mean square error of prediction ( RMSEP) were 0.978 and 0.441 °Brix respectively for SSC. It was found
that the model developed by more samples of different origins combined with effective wavelengths showed good
prediction ability for apple sample of unknown origin which indicated that it could significantly reduce the
origin effect on the robustness of NIR models for SSC of apple.

Keywords Apple; Origin; Near infrared spectrum; Soluble solid content
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