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Abstract: Objective  The purpose of this study is to explore how to rapidly predict soil organic matter in red soil so as to meet
the needs of smart agriculture and precision fertilization. = Method  This paper took the northern part of Fengxin County in the
Northwest Jiangxi Province as its research area and used the 1 kmx1 km standard grid method to divide the study area for soil
sampling. A total of 248 red soil samples were collected and dried for spectral measurement. Three different mathematical
transformation methods, including fractional order derivatives, were used to analyze the soil spectra. In the tests the 350~399 nm
and 2 451~2 500 nm bands were removed because they were very susceptible to environmental noises. And noises in the
remaining bands were removed with Daubechies (DB) wavelet. Then samples were collected from the pretreated spectral bands at

10 nm intervals to form a 205-band so as to reduce data dimensions and data redundancy. The 800~1 000 nm band, which was
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liable to the impact of iron oxide, was ruled out of the experiment. The bands used to construct the model were filtered by the
P=0.01 significance test. A model was built up with the partial least squares regression (PLSR) in combination with BP neural
network for prediction of soil organic matter content. And the model was tested. Result Results show that the prediction using
the PLSR-BP composite model was the best after the soil spectral data was transformed with the 1.5 order fractional derivative,
with R*=0.89 and RMSE=4.68 g-kg™ for the training dataset and R’=0.87, RMSE=5.55 g-kg™' and RPD=2.75 for the validation
dataset.  Conclusion  The transformation of red soil spectral data with the 1.5 order fractional derivative better highlights
characteristics of organic-matter-related information, which is helpful for prediction of organic matter contents. And the PLSR-BP
composite model is higher than any single models in prediction accuracy, and can be used to predict organic matter content in red

soil very well. So it can also serve as a new approach to predicting quickly organic matter content in red soil for precision

agriculture.

Key words: Red soil; Organic matter; Fractional order derivative; Partial least squares regression; BP neural network
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Table 1 Precision of the PLSR model in predicting red soil SOM content

Kl f A WA () YIZ%E Training dataset ISFSE Validation dataset
Mathematical transformation Potential variable R’ RMSE R? RMSE RPD
R 5 0.76 7.02 0.67 8.74 1.75
FOD (0.5) 6 0.81 6.22 0.80 6.97 2.19
FOD (1) 6 0.84 5.78 0.81 6.86 2.23
FOD (1.5) 6 0.88 4.98 0.83 6.62 2.31
FOD (2) 5 0.78 6.78 0.76 7.57 1.99
ILR 6 0.81 6.24 0.73 8.16 1.87
LDR 6 0.85 5.59 0.71 9.23 1.66

H: R, IR SFE; FOD (0.5), 0.5 B 5%(; FOD (1), 1 Br3:4%; FOD (1.5), 1.5 Br3:4k; FOD (2), 2 Br 4L ILR, £
Bry X8 LDR, X 80558 ; T [A). Note: R stands for reflectance; FOD( 0.5 ) for fractional order derivative( 0.5 ); FOD( 1 ) for fractional
order derivative ( 1); FOD ( 1.5) for fractional order derivative ( 1.5); FOD (2 ) for fractional order derivative ( 2 ); ILR for inverse-log

reflectance; and LDR for log-derivative reflectance. The same below.

x2 MIRANREE BP HEMBREFE

Table 2 Precision of the BP neural net model in predicting red soil SOM content

g As YI|Zk%E Training dataset IIF4E Validation dataset
Mathematical transformation R? RMSE R’ RMSE RPD
R 0.54 13.26 0.30 17.22 0.89
FOD (0.5) 0.90 4.72 0.81 6.66 2.29
FOD (1) 0.94 3.39 0.84 6.55 2.34
FOD (1.5) 0.92 4.07 0.81 6.57 2.33
FOD (2) 0.91 4.51 0.80 6.88 2.22
ILR 0.95 3.14 0.81 6.76 2.26
LDR 0.93 4.50 0.79 7.11 2.15

2.5 PLSR-BP E§&5#E#

fE##4T PLSR-BP & & /A, # PLSR g
PRI v B AR Ry B AR AT A B T A
IR EE, 32 3 S PLSR-BP A A4, 5% 1.
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RPD % 8—f#) PLSR F1 BP #i AU = 42718 T 1.96,
EATS BB X AR A AT HILITT & A TR A I, LR A7
f) RPD 4 1.98, %F PLSR @4 TL T 5.9%, {HAHLL
BP MWK T 12.5%, HAERMSAGITHREAA L

JE &, FOD (0.5), FOD (2) } LDR Fi®If) RPD
N 2.41, 227, 2.46, YHEAEH AR A
MU S ERIEE S, FOD (1) fil FOD (1.5) Y
RPD 4330 2.63 1 2.75, HAMRERTINGES . BR
RAGRL, HA R 24 R? T BP #4545 #5010
BAE4E RGP, He FoD (1.5) fEF 0.5, 1.
2 B PR, M Zd FOD (1.5) A8 ¥efy BP #122
MRl Y% RP FHET 3.2%, RMSE EJHT
15.0%, KiiF4E R* FJ+T 7.4%,RMSE FFET 15.5%,
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Table 3 Precision of the PLSR-BP model in predicting red soil SOM content

Bp s |4 Training dataset I5ESE Validation dataset
Mathematical transformation R? RMSE R RMSE RPD
R 0.83 6.38 0.77 7.79 1.96
FOD (0.5) 0.85 5.71 0.84 6.34 2.41
FOD (1) 0.87 5.32 0.86 5.81 2.63
FOD (1.5) 0.89 4.68 0.87 5.55 2.75
FOD (2) 0.86 5.81 0.81 6.74 2.27
ILR 0.84 5.79 0.75 7.70 1.98
LDR 0.89 4.73 0.84 6.20 2.46

RPD 77T 18.0%. K 4 ATLLA H FOD (1.5) #i%
AIRAEREARFEALE 10 1 ZRIFHE, BUNRE S Ml
SR, PLSR-BP & GBI BGTIE 4R (1) 45 50 7 48
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Fig.4 Comparison of measured SOM and the values predicted with
the PLSR-BP model based on 1.5 order derivative transformation
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