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Soil Organic Matter Characteristic Wavelength Extraction and
Prediction Model Based on Moisture and Particle Size

CAO Yongyan YANG Wei WANG Dong LI Hao MENG Chao
(Key Laboratory of Smart Agriculture Systems, Ministry of Education, China Agricultural University, Beijing 100083, China)

Abstract: In order to reduce the influence of moisture and particle size on the soil organic matter
prediction model established by the characteristic wavelengths selected in the traditional way, a method of
extracting characteristic wavelengths was proposed. Sixty soil samples were collected from Shangzhuang
Experimental Station of China Agricultural University, and the samples were naturally dried and divided
into two, one portion was formulated into five particle size gradients ( particle size of 2 ~2. 5 mm, 1.43 ~
2mm, 1 ~1.43 mm, 0.6 ~1 mm, and 0 ~0.6 mm), the other part was sieved through 0.6 mm and
formulated into five moisture gradients (5% , 10% , 15% , 20% , and 25% moisture content). The true
values of soil organic matter content and soil spectral information were obtained by standard instruments,
and the characteristic wavelengths were extracted by using the random frog-hopping algorithm. Totally
seven wavelengths with high correlation with the true values of soil organic matter content were selected as
the characteristic wavelengths under each moisture and particle size gradient, and multiple linear
regression ( MLR ), partial least squares ( PLS) and random forest ( RF) models were established
respectively. The results showed that the R® of the modeling and prediction sets of the three models

basically tended to decrease as the water content increased; the R® of the modeling and prediction sets of

Yo fe H 3. 2022 -06 —28 &[0l H 3. 2022 - 07 - 30

EE&WE : WA R4 R0 E (2021002023 )

TEER N B (1998—) , B W4/, N FAF IR FR S04 5T, E-mail : cyycau@ cau. edu. cn
TS b Eh (1981—) J WO, B2 S, 38 MR A0l R S A, Email: cauyw@ cau. edu. cn



242

P A1 R S S 4

the three models was the lowest in the gradient of 2 ~2. 5 mm, highest in the gradient of 0 ~0. 6 mm, and
close to the R’ of the modeling and prediction sets in the rest of the gradient. Combined with the filter
bandpass range of =+ 15 nm, eight characteristic wavelengths of soil organic matter under moisture
gradient were selected as the same or close to each other, and six characteristic wavelengths under
particle size gradient were selected, and finally six wavelengths were eliminated under the 14
characteristic wavelengths determined under moisture gradient and particle size gradient by combining
chemical bonding characteristics, and eight characteristic wavelengths were determined as follows:
932 nm, 999 nm, 1083 nm, 1191 nm, 1316 nm, 1356 nm, 1583 nm, and 1 626 nm. The MLR, PLS
and RF models were established respectively, and the results showed that the R” of the modeling set and
the R’ of the prediction set were not less than 0. 8 and 0. 75 for the three models established by the final
selected organic matter characteristic wavelengths, and the best prediction effect was achieved by PLS,
with the R® of the modeling set and the R’ of the prediction set being 0. 880 9 and 0. 840 2, respectively.
The model established had better applicability and prediction effect, and the influence of moisture and

2022 4

particle size on prediction was eliminated to a certain extent compared with the traditional way.

Key words: spectrum; soil organic matter; characteristic wavelength; water content; particle size
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Fig. 1 Soil sample collection sites
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Tab.2 Characteristic wavelengths of organic

matter determined at different particle size gradients

L EE AR E/mm FHE P/ nm
2~2.5 1106.1077.1088.1056.1046.1015.1 143
1.43 ~2 1355.1611.1502 932 975.1377.1233
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0.6 ~1 926 .1 025.1280.,1041 911 9321344
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Tab.3 Prediction results of soil organic matter

model under different moisture gradients

AR fURIE S
ATRE R RMSEC/ RMSEP/
/% Sk
(g-kg™") (gke™)
MLR  0.66 0.305 0. 60 0.432
5 PLS  0.70 0.501 0. 65 0.574
RF 0.60 0. 641 0.54 0.571
MLR  0.60 0. 606 0.55 0.721
10 PLS  0.65 0.523 0.59 0. 581
RF 0.55 0.762 0.50 0. 801
MLR  0.57 0. 706 0.52 0. 766
15 PLS  0.60 0.562 0.55 0.612
RF 0.49 0. 886 0.43 0.932
MLR  0.36 0.856 0.30 0.879
20 PLS  0.50 0.594 0.45 0. 643
RF 0.40 0. 896 0.30 0.967
MLR  0.45 0.841 0.34 0. 887
25 PLS  0.40 0. 601 0.35 0. 667
RF 0.42 0.954 0.32 0.976
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Tab.4 Prediction of soil organic matter model under

different particle size gradients

L AR RES
%4 et RMSEC/ RMSEP/
Bk
mm (g-kg™") (g-kg™")
MLR  0.39  0.703 0.35 0. 803
2~2.5 PLS  0.48 0.593 0.44  0.608
RF 0.45 0. 665 0.40  0.755
MLR  0.59  0.638  0.52  0.785
1.43 ~2 PLS  0.63 0.557  0.54  0.554
RF 0.62  0.590  0.53 0. 652
MLR  0.56  0.590  0.52  0.766
1~1.43 PLS  0.62  0.512  0.57  0.542
RF 0.60  0.607  0.54  0.625
MLR  0.60  0.557  0.57  0.607
0.6~1 PLS  0.64  0.485 0.58  0.501
RF 0.63 0.580  0.56  0.616
MLR  0.75 0. 501 0.70  0.563
0-~0.6 PLS  0.82  0.432  0.75 0. 453
(B0 gy 0.78 0.540  0.72  0.601
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Tab.5 Prediction of organic matter model under

different characteristic band selection methods

) AR T 4
I Bk B JEig i . .
RMSEC/ RMSEP/
ViR RS B B
(g-kg™) (g-kg™)
MLR  0.84 0.321 0.77 0.364
305 2 PLS 0.8809 0.460 0.8402  0.563

RF 0. 80 0. 420 0.75 0.478
MLR  0.68 0. 621 0. 60 0.674
&5 5 5\ PLS 0.72 0.501 0. 66 0.571
RF 0.70 0. 563 0. 60 0. 610
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