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Quantification of Soil Properties using Visible-NearInfrared
Reflectance Spectroscopy

Eunyoung Choe, S. Young Hong, Yi-Hyun Kim, Kwan-Cheol Song, and Yong-Seon Zhang

Soil & Fertilizer Management Division, National Academy of Agricultural Science, RDA

This study focused on establishing prediction models using visible-near infrared spectrum to
simultaneously detect multiple components of soils and enhancing the performance quality by suitably
transformed input spectra and classification of soil spectral types for prediction model input. The
continuum-removed spectra showed significant result for all cases in terms of soil properties and classified
or bulk predictions. The prediction model using classified soil spectra at an absorption peak area around
500nm and 950nm efficiently indicating soil color showed slightly better performance. Especially, Ca and
CEC were well estimated by the classified prediction model at R’ >0.8. For organic carbon, both classified
and bulk prediction model had a good performance with R’ > 0.8 and RPD> 2. This prediction model may
be applied in global soil mapping, soil classification, and remote sensing data analysis.
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D: absorption band
Rb: reflectance at the band bottom
Rc: reflectance of the continuum at the same

wavelength as Rb
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X: (nXm) matrix of predictors,

Y: (nXp) matrix of responses
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P, Q: (mX1), (pX1) loading matrices,
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Table 1. Statistical values of measured soil properties.
Statistics pH Org.C Ca Mg CEC
gkg’ cmol’ kg cmol’ kg cmol’ kg
Average 544 9.18 3.94 2.12 15.82
Max. 8.24 66.03 32.50 11.40 34.07
Min. 391 0.33 0.10 0.12 0.65
Stdev.' 0.86 11.07 442 1.90 6.46
" standard deviation
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0.5 h ¥ oy
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Fig. 1. Raw reflectance (a) and transformed spectra of soil profile samples including different levels of organic carbon: continuum-
removed (b), log(1/R) (c), 1" derivatives (d), and 2" derivatives (e).
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Fig. 2. Absorption areas ( Al and A2) on continuum-removed
spectra.
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Fig. 3. Differences in soil spectral feature types between wavelength 500-1200 nm: Class I (a), Class II(b), and Class III(c).
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Table 2. Determination coefficient (R’) of classified(I, I, and III) prediction models using each input spectrum, Reflectance (R),
log(1/R), Continuum-removed (CR), 1" and 2" derivatives (Derivl, Deriv2).

Determination coefficient (R2 )

Contents Class - -
R log(1/R) CR Derivl Deriv2

I 0.49 0.81 0.62 0.49 -

pH I - - 047 - -
il 0.54 0.62 0.63 0.61 0.62
I 0.81 0.87 0.86 0.84 0.63
Org.C I 0.82 - 0.82 0.79 0.68
m 0.71 0.80 0.83 0.70 0.66
I - 0.52 047 0.53 0.55
Ca I - - 0.62 0.50 047
il 0.67 0.80 0.84 0.70 0.74
I 0.78 0.63 0.66 0.79 0.71
Mg I - - 048 - 0.46
1 0.55 0.49 0.62 0.55 0.46
I 0.77 0.77 0.74 0.81 0.66

CEC I - -0.46 - - -
il 0.75 0.85 0.78 0.74 0.72

- : no significance

Table 3. Determination coefficient (R’) of the bulk prediction model, using each input spectrum, Reflectance (R), log(1/R),
Continuum-removed (CR), 1% and 2" derivatives (Deriv1, Deriv2).

Determination coefficient (RZ )

Contents - -

R log(1/R) CR Derivl Deriv2
pH - 0.64 0.62 - -
Org.C 0.77 0.85 0.80 0.79 0.70
Ca - 0.68 0.68 0.52 0.52
Mg 0.49 0.52 0.53 0.49 -
CEC 0.58 0.68 0.65 0.65 0.57

- no significance

Table 4. Performance results of the PLSR prediction models, classified and bulk prediction, using continuum-removed spectra for
Org.C (organic carbon), pH, Ca, Mg, and CEC.

Model (input: CR) Statistics pH Org.C Ca Mg CEC
R 0.86 0.62 047 0.66 0.74

Class I RMSE 1.63 031 136 125 231

RPD 2.64 1.63 1.30 1.64 1.89

Classified . R 0.82 047 0.62 048 046
prediction RMSE 6.07 036 1.79 172 4.86
RPD 233 137 155 1.31 1.27

R 0.83 0.63 0.84 0.62 0.78

Class IT RMSE 424 0.65 237 0.69 2.66

RPD 2.46 1.64 2.46 1.60 2.14

R 0.62 0.80 0.68 053 0.65

Bulk prediction RMSE 053 492 2.56 1.36 391

RPD 1.60 2.25 1.73 1.40 1.65
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Fig. 4. Comparison of observed and predicted values by the
classified prediction model (sp) and bulk model (f1): pH (a),
Org.C (b), Ca (c), Mg (d), CEC (e).
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