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Prediction models of total and available soil nitrogen
based on near-infrared spectroscopy

‘Wu Jinzhuo, Kong Linlin, Li Ying, Xu Haokai, Lin Wenshu"

(College of Engineering and Technology, Northeast Forestry University, Harbin 150040, China)

Abstract: To explore the feasibility of measuring total and available soil nitrogen by using near-infrared spectroscopy in
the field, the calibration models were respectively established on the basis of soil spectrum signals, as well as partial least
squares method (PLS) and principal components analysis (PCA). The results showed that the models of total and
available soil nitrogen established by using PLS approach were more accurate. To further improve the precision of the
models, five different pretreatment methods were adopted to process the spectrum signals, including multiplicative scatter
correction, standard normalization, baseline correction, convolution, smoothing, and wavelet transformation. The highest
precision model was derived from wavelet denoising combined with PLS. The correlation coefficient (R) and the root
mean square error (RMSE) of the calibration model for total soil nitrogen were 0.838 5 and 0.153 1, respectively. The
correlation coefficient and the root mean square error of the corresponding verification model were 0.754 9 and 0.184 2,
respectively. The relationship models between the predicted and measured values of total soil nitrogen for the calibration
data set and the verification data set were: y=0.685 8x+0.198 0 and y=0.621 4x+0.237 9, where X is the measured total soil
nitrogen value, Y is the predicted value of total soil nitrogen. In the calibration model of available soil nitrogen, R and
RMSE were 0.866 5 and 0.007 7, respectively, and the corresponding values for the verification model were 0.796 1 and
0.009 4, respectively. The relationship models between the predicted and measured values of available soil nitrogen for
the calibration data set and the verification data set were y=0.749 8x+0.019 4 and y=0.700 7x+0.023 3 where X is the
measured available soil nitrogen value, Y is the predicted value of available soil nitrogen. Therefore, it is feasible to apply
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NIR spectroscopy technology in quantitative determination of total and available soil nitrogen, and the wavelet
transformation preprocessing method in combination with PLS can effectively improve the accuracy of the prediction

models.
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Table 1 Evaluation indices of

the calibration models of soil TN and soil AN by using different pretreatment methods

R RMSE SEC/ SEP Bias R RMSE  SEC/SEP Bias
PLS 0.697 6 0.198 3 0.199 7 1.3850x10°® 0.676 5 0.2414 02431 1.788 0x1077
0.754 9 0.1829 0.1843  —1.209 1x10°* 0.787 9 0.201 8 0.203 3 1.523 1x1077
0.710 4 0.196 3 0.1977 -1.5120x10°® 0.726 3 0.2253 0.226 9 1.589 0x1077
0.709 1 0.196 6 0.1981 —1.5550x10°* 0.707 1 0.2318 02334 1.987 1x1077
13 0.746 8 0.1854 0.186 8 1.166 0x10°® 0.7770 0.206 3 0.207 8 1.921 0x1077
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R RMSE  SEC/SEP Bias R RMSE  SEC/SEP Bias
0.666 4 0.206 6 02081 —1.604 1x10°  0.643 1 0.2511 02528  -5.013 1x107
0.7339 0.189 5 0.1909 —72501x10*  0.7113 0.230 8 0.232 4 1.991 0x107
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0.659 4 0.209 9 02115 —-1.6371x10°  0.6161 0.258 8 02606  —8.8100x10™*
13 0.692 1 0.202 1 02036 —9.840 1x10*  0.7213 0.2277 0.2292 4.476 0x107
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Fig.2 Relationship between wave length and absorbance at different thresholds for denoising
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Table 2 SNR and RMSE under different wavelet thresholds

SNR RMSE
18.323 2 0.023 8
18.829 1 0.0209
19.028 1 0.019 8
18.924 7 0.0200
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Table 3 Evaluation indices of the calibration models of soil TN
and AN by two pretreatment methods combined with

PLS modeling approach

R RMSE

0.7549 0.1829
0.8385 0.1531
0.7339 0.1895
0.7549 0.1842
0.7879 02018
0.8665 0.0077
0.7113 0.2308
0.7961 0.009 4
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