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Abstract: [Objective] To establish an accurate predicted model for free iron in soil based on visible and near
infrared (vis-NIR) reflectance spectroscopy, provide a simple, rapid and economical method for soil free iron
determination, and facilitate the pedogenesis and classification of soil. [Method] Soil samples in B horizon were
collected from eighty-two upland soil profiles in Guangxi including ferralosols, ferrosols, argosols and cambosols.
Chemical and spectral properties of soil samples were analyzed under laboratory condition. The correlation
between spectral reflectance after transformation and free iron content in soils was analyzed. The predicted models
of soil free iron were established by the method of partial least squares regression (PLSR) and stepwise multiple

linear regression (SMLR) based on characteristic bands. The optimal model was determined by evaluating the
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coefficient of determination (R®), root mean square error (RMSE), and residual prediction deviation(RPD).

[Result] Soil spectral curves had obvious characteristics of free iron absorption and reflection peaks near 457, 800

and 900 nm bands respectively. Free iron content in soils negatively correlated with the raw spectral reflectance.

The correlation coefficient between spectral reflectance and free iron content in soils increased significantly after

differential transformation of the raw spectrum. The predicted model of free iron content in soils established by the

first-order differential spectral transformation and SMLR based on characteristic bands of 400—580 and 760—

1 300 nm had the highest accuracy, R> and RPD of the verification set were 0.85, and 2.62 respectively, and RMSE

was 8.41 g-kg"'. [ Conclusion] It is feasible to rapidly and cost-effectively predict free iron content in soils using

vis-NIR spectral technology. Soil spectral reflectance of upland in Guangxi has a high correlation with soil free

iron content. SMLR is a good method to establish the predicted model of soil free iron content.

Key words: soil free iron; spectral feature; spectral transformation; predicted model; Guangxi
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Fig. 1 Distribution of sampling sites in Guangxi
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Table 1 Collinearity test of sensitive band

AR A(EUE)/nm FEORIMAE R R B 77 ZE K R+
Pectral transformation Sensitive band  Pearson correlation coefficient Tolerance  Variance inflation factor
— sy 735 0.43%* 1.00 1.00
First order differential 847 —0.49%+* 1.00 1.00
T 456 0.55%* 0.17 5.96
Continuum removal 1102 —0.43%* 0.99 1.01
8141 Reciprocal 400 0.64** 0.19 5.18
510 0.41** 0.19 5.18
I —Br i 498 —0.78** 0.54 1.84
Reciprocal first order differential 2191 0.63%* 0.54 1.84
SETRR—Br gy 457 —0.64%* 0.59 1.69
Square root first order differential 848 —0.48%* 0.65 154
1028 0.49** 0.92 1.08
1759 —0.50%* 0.90 1.11

1)** & 70.01K-F 2 48 %

1) ** represents 0.01 level of significant correlation
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Table 2 Calibration and validation of the model for predicting soil free iron content
SMLR PLSR
A A IAEREA IERFEA Usalle N
Spectral Calibration set Validation set Calibration set Validation set
transformation RMSE/ ,  RMSE/ 5% ,  RMSE/ ., RMSE/
(ke ) (ke 4 (ke (ke
429 B Full band
FD 0.85 8.92 0.28 19.53 1.13 10 0.99 2.25 0.64 14.27 1.54
CR 0.76 12.16 0.62 17.86 1.23 3 0.51 16.10 0.69 15.56 1.42
RT 0.87 8.28 0.80 10.34 2.20 4 0.61 14.52 0.78 12.26 1.68
RTFD 0.89 7.61 0.82 9.97 221 9 0.96 2.85 0.69 13.80 1.60
SRFD 0.89 7.65 0.45 19.77 1.11 12 1.00 0.91 0.67 13.22 1.67
FEAEP BE Characteristic band
FD 0.89 7.68 0.85 8.41 2.62 7 0.96 4.42 0.64 13.15 1.68
CR 0.83 9.77 0.78 10.00 2.20 3 0.84 9.44 0.68 11.81 1.87
RT 0.63 14.11 0.75 10.97 2.01 8 0.90 9.77 0.77 11.14 1.98
RTFD 0.89 7.73 0.40 17.08 1.29 3 0.71 12.61 0.71 13.13 1.68
SRFD 0.89 7.77 0.80 10.74 2.05 5 091 7.11 0.71 13.26 1.66
U B Sensitive band
FD 0.56 15.34 0.59 14.22 1.55 2 0.64 13.89 0.64 14.09 1.56
CR 0.74 11.90 0.71 13.75 1.60 4 0.74 11.67 0.69 11.75 1.88
RT 0.70 12.70 0.48 15.36 1.43 4 0.63 13.96 0.61 13.13 1.68
RTFD 0.81 10.04 0.60 13.62 1.62 3 0.83 10.10 0.79 10.31 2.20
SRFD 0.65 13.71 0.65 12.52 1.76 2 0.68 13.13 0.67 12.75 1.73

1) FDA —¥-f#4; CR A & L4 2 RT A 81 4; RTFD A 514 — M1 % ; SRED A -F 7 A — W% 55 R* A B 2 % 2, RMSE A 3
FARiR £ ; RPD A AR 5132 £ 5 4K B2 400~2 400 nm; 45 4E 5% & 2 400~580F2760~1 300 nm; AR K B 2 400.457.510.735.

848 nm=F 124~k Bk

1) FD is first order differential; CR is continuum removal; RT is reciprocal; RTFD is reciprocal first order differential; SRFD is

square root first order differential; R* is determination coefficient; RMSE is root mean squared error; RPD is relative percent

deviation; Full bands are 400—2 400 nm; Characteristic bands are 400—580 and 760—1 300 nm; Sensitive bands are twelve bands

including 400, 457, 510, 735, 848 nm, et al
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