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Measurement of soil organic matter and phosphorus using different
calibration methods based on near-infrared spectroscopy

LIU Xue-mei,ZHANG Hai-liang

(School of Civil Engineering + East China Jiaotong University , Nanchang.Jiangxi 330013, China)

Abstract: [Objective) Different calibration methods based on near infrared spectroscopy were used to
measure the contents of soil organic matter (OM) and available phosphorus (P). [Method]) 240 soil sam-
ples from the different regions of Jiangxi were collected. Near infrared diffuse reflectance spectroscopy data
of soil samples were used for principal component analysis (PCA) to get the first six principal components
(PCs) ,and PLSR model was built to get six latent variables (L.Vs). PCR,PLSR,BPNN-PCs, BPNN-LVs,
[LS-SVM-PCs and LLS-SVM-LVs modeling methods were built to predict the contents of soil OM and avail-
able P. These modeling methods were evaluated and the best model was selected. [Result] The results
showed that LS-SVM-LVs model outperformed PCR, PLSR, BPNN-PCs, BPNN-LVs and LS-SVM-PCs
models. The best predictions were obtained with LS-SVM-LVs model for OM (R*=0. 873 4 and RMSE=
2.92 g/kg) and P (R*= 0.780 1 and RMSE=4. 97 mg/kg). [Conclusion) The near-infrared diffuse reflec-
tance spectroscopy based LS-SVM combined with PLLSR can be used for the measurement of soil OM and a-
vailable P.
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Fig.1 The diffuse reflection NIRS of soil samples
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Fig. 2 Scatter plots for scores of the first

three principal components
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Table 1 OM and P statistics results of calibration and predlcuon data sets
R D Ja vk K fi/IME e KAE T bR I 2%
Index Property Number Min Max Mean Standard deviation
@ #i4E 1 Calibration set 1 200 20. 4 49.5 39.0 7.87
1
AL /(gf/[ K& D e 2 Calibration set 2 200 23.5 45. 6 37.5 7.08
@ #i4E 3 Calibration set 3 200 21.3 46.7 36.7 7.95
@ #i4E 1 Calibration set 1 205 6.0 28.6 19. 3 6.05
N / . —1
HACP/(mg kg™ e 5 Calibration set 2 205 5.8 29.4 20. 1 6. 09
Available P
Ai4E 3 Calibration set 3 205 5.3 30. 6 18.3 7.07
Fij 4 1 Prediction set 1 20 22.8 48.8 35.7 7.55
. ko1
ﬁmﬁ/(()i,/l kg™ i & 2 Prediction set 2 20 22.9 47.7 34.3 8.92
i 4 3 Prediction set 3 20 24. 1 47.6 37.0 7.42
i 4E 1 Prediction set 1 22 6.1 25.7 16.7 6. 49
% kgl
B P/(me = kgD g5 prediction set 2 22 8.1 27.3 16.7 7.25
Available P
P 4E 3 Prediction set 3 22 5.9 29. 8 18.1 7.88

x2 ETARERFERN T EBNREME

= P E=H R .RMSE #1 SD

Table 2 R*,RMSE and SD of OM and available P contents using different model methods

AW OM WAL P Available P
2 2
B ALy R RMSE R RMSE
Property Method it& o THEAE/ PRy 22/ iHE - AR FrifE 2/
IR {Hl ’ 1 PR oy 2z o 1
Calculate SD (g kg (g+kg™ b Calculate SD (mg+ kg ') (mge+kg ")
value Calculate value SD value Calculate value SD
PCR 0.838 8 0.002 6 3. 60 0.049 4 0.715 8 0.003 0 5.27 0.137 9
PLSR 0.844 1 0.005 6 3.57 0.049 7 0.727 2 0.010 8 5.15 0.159 5
#EE  BPNN-PCs  0.8517  0.010 4 3.19 0.174 3 0.7349  0.0075 5. 09 0.116 4
Calibration
cet BPNN-LVs  0.884 3 0.017 2 3.46 0.052 9 0.781 7 0.015 8 4.58 0.071 2
LS-SVM-PCs 0. 901 4 0.010 7 3.29 0.030 0 0.811 6 0.010 3 4. 36 0.054 6
LS-SVM-LVs  0.901 6 0.005 8 2.83 0.090 1 0.824 6 0.010 4 1.22 0.080 9
PCR 0.808 1 0.009 3 3.75 0.055 8 0.694 6 0.010 9 6.00 0.067 4
PLSR 0.829 7 0.008 6 3.66 0.053 7 0.712 1 0.010 3 5. 85 0.125 6
JEHLES BPNN-PCs 0.848 2 0.017 4 3.29 0.174 3 0.724 1 0.002 8 5. 65 0.042 7
Prediction
set BPNN-LVs  0.869 1 0.016 1 3.47 0.095 3 0.7312 0.004 9 5.42 0.092 4
LS-SVM-PCs  0.858 9 0.010 0 3.37 0.159 6 0.754 6 0.010 5 5.09 0.074 6
LS-SVM-LVs  0.873 4 0.015 2 2.92 0.100 0 0.780 1 0.012 0 4,97 0.088 1
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Fig. 3 Fitting results of the predicted and measured values of OM and available P based on LS-SVM-LVs model
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