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Hyperspectral Characteristics and Quantitative Monitoring of Soil
Organic Carbon in Farmland
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Abstract: In order to realize the rapid and quantitative monitoring of soil organic carbon content in farmland, nine conven-
tional pretreatment analysis methods were used to optimize the original spectral information and analyze the relationship be-
tween each pretreatment spectrum and wheat soil organic carbon content, and the continuous projection algorithm (SPA) was
used to extract the spectral characteristics of soil organic carbon, and two types of soil organic carbon spectral monitoring mod-
els based on full spectrum and spectral characteristic bands were established. The results showed that the correlation between the
pretreatment spectrum and soil organic carbon in wheat could be significantly improved compared with the original spectrum. In
the meantime, the SPA method was used to extract and confirm the important information of soil organic carbon content in the
spectral regions of 400 ~ 450 nm, 510 ~ 620 nm, 1010 ~ 1 060 nm and 2 000 ~ 2 400 nm. Comparing the performance of the
two types of models, it can be seen that the continuous projection algorithm-multiple linear regression (SPA-MLR) model is bet-
ter than the partial least squares regression (PLSR) model under the same pretreatment spectra, and the overall performance of

the soil organic carbon content estimation model based on multivariate scattering correction (MSC) pretreatment spectra is the
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best (R;*=0.726, RMSE,=0.109, RPD,=1.956), and it has practical application potential. This study confirms that spectral pre-

treatment can improve the correlation between spectral reflectance and soil organic carbon content in wheat to a certain extent,

and affect the performance of the monitoring model, and the model construction method may have a more positive effect on the

accuracy of model estimation. The results of this study can provide a theoretical basis and practical exploration for the detection

of soil organic carbon content in farmland.

Key words: farmland soil; organic carbon; pretreatment; hyperspectral; responsive features
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Tab.1 Moisture treatment table

Treatments Jointing stage/% ~ Heading stage/% Flowering stage/% ~ Filling stage/%
Tl 45+5 75~ 80

T2 55+5 75~ 80

T3 65+5 75 ~ 80

T4 75 ~ 80 45+5

T5 75 ~ 80 55+5

T6 75 ~ 80 65+5

CK 75 ~ 80 75~ 80
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Tab.2 Descriptive statistics of soil total nitrogen

Dataset n Min/(g'kg™) Max/(g'kg™) Mean/(gkg™) m Skweness ~ Kurtosis  CV/%
Date set 164 0.32 1.65 1.15 0.198  -0.706 1.687 17.20
Calibration set 123 0.53 1.56 1.16 0.207  -0.994 1.795 17.85
Validation set 41 0.32 1.65 1.15 0.196 -0.612 1.804 17.04
E:CVARF R4,
Note: CV means coefficient of variation.
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Fig. 1 Reflection curve of soil organic carbon at different content levels
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Fig. 2 Correlation between soil organic carbon and soil spectrum based on different spectral pretreatments
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Fig.3 Distribution of spectral important wavelengths of soil organic carbon extracted by SPA based on different spectral pretreatments
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Tab.3 PLSR, SPA-MLR model performance based on different

preprocessing
Calibration set Validation set
Model Pretreatment
R®  RMSE RPD R* RMSE RPD

PLSR SG 0.646 0.132 1495 0.374 0.170 0.996
FD 0.649 0.125 1427 0.612 0.141 1.354
SD 0.614 0.134 1.281 0474 0.155 1.151
RE 0.649 0.127 1.380 0.533 0.161 1.391
SQ 0.594 0.142 1.390 0470 0.180 1.327
CU 0.580 0.135 1.383 0.583 0.167 1.053
RE+FD 0.746 0.103 1.710 0.501 0.180 0.966
MSC 0.607 0.129 1.250 0.596 0.163 0.908
SNV 0.623 0.124 1.291 0.604 0.160 1.310
SPA-MLR SG 0.526 0.147 1452 0.503 0.163 1.419
FD 0.527 0.139 1454 0.531 0.176 1461
SD 0454 0.164 1354 0322 0.166 1215
RE 0464 0.149 1366 0489 0.177 1.399
SQ 0.558 0.137 1.504 0457 0.173 1.358
CU 0.502 0.150 1417 0.510 0.159 1.428
RE+FD 0408 0.159 1.299 0414 0.184 1.306
MSC 0.724 0.117 1903 0.726 0.109 1.956
SNV 0.674 0.126 1.742 0.639 0.124 1.586
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ESME S BIE R 1S 18 (E4) . K 4
LA Y, HE T MSC PR B 44 2 () SPA-MLR 45
TR S A A 6 E A Y DL S A A T LA A 2 5

(®) L8 0,660 9x-0.304 5

R=0.612

Predicted value
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E4 FURBSNESHNELIMEE
Fig. 4 The measured value of the prediction model is fitted to the predicted value 1:1
(a) MSC % # . 1% 49 SPA-MLR #£2! 5 (b) FD 4L 3 T 49 PLSR A2
(a) SPA-MLR model with MSC transform spectra; (b) PLSR model under FD preprocessing.
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