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Prediction of Soil Free Iron Oxide Content Based on Soils Munsell Color

YU Xingxing, YUAN Dagang’, CHEN Jianke, WENG Qian, FU Hongyang, HUANG Yuxiao
(College of Resources, Sichuan Agricultural University, Chengdu 611130, China)

Abstract:  Objective  Soil iron oxides are found in almost all the types of soils and are good indicators reflecting variation of
the environment thanks to their high variability in concentration. Soil iron oxides, mostly in the form of free iron, function as
important mineral binders in the soil and have a significant effect on color of the soil. Soil color is an important soil property,
described by Munsell color space, in the soil taxonomy. Both soil color and free iron are indicators in the soil taxonomy, and
fairly related to each other, but so far few papers have been reported on quantitative relationships between them.  Method Since
soil color is an indicator reflecting genesis and evolution of a soil, it is often used to invert and predict soil properties via
modeling. Therefore, in this paper, the typical soil series in the hilly region of Central Sichuan were taken as the research object
for analysis of relationships between soil Munsell color and free iron content in the soils. On this basis, a BP neural network
model is established to explore differences between the Munsell color based model and the traditional spectral model in predicting
soil free iron content.  Result Results show significantly positive relationships of free iron content with hue, value and chroma

of soil Munsell color. When the Munsell color prediction model had 4 neurons in the single hidden layer, the determination
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coefficient R* of its test set was 0.94, its standard deviation RMSE 4.20, and its relative analysis error RPD 4.37; When the
spectral prediction model had 6 neurons in the single hidden layer, its R* was 0.98, RMSE 3.35, and RPD 5.99. Both models have
demonstrated a high level of goodness of fit and accuracy, though the spectral model is slightly higher than the color model.

Conclusion  Munsell color can be used to predict soil free iron content effectively, but by comparison, the spectral model is a
bit higher in goodness of fit and prediction accuracy, which may be attributed to the fewer neurons in the input layer of the color
model and the dispersion degree of free iron oxides dispersion degree. Color information is easy to obtain, for some historical

soil literature, which do have color data, but lack the data of free iron contents, the Munsell color-based prediction model can be

used to figure out an approximate content of free iron in the soil.

Key words: Soil Munsell color; Free iron; BP neural network; Spectrum
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Table 1 Descriptive statistics of Feq and Munsell color of the soils in the research area

LRIE=ES LR =R S i Uilzs I
Grade of Fey/Fe, /% Sample number Fey/ ( g‘kg" ) Hue Value Chroma

0~20 7 7.06 19.30 5.29 2.47

20~40 61 15.10 16.17 4.58 3.20

40~60 12 18.19 20.97 5.43 3.96

60~80 17 4521 19.52 6.18 5.06

41t Total 97 20.18 17.58 5.02 3.57
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MK 2 i Pearson MICRBATLIAS], L850 SUIE. RIEAE P<0.01 /K EXRE RFIEM K. &
B RS OIATE P<0.05 kP B BIEMDC, gk Wl LSO, DM, Rk
T s 5 PATE P<0.01 KV B WFIEMG, M B MBI .

X2 TIEHBEH%S Munsell 5l B Pearson XX &

Table 2 Pearson correlation coefficients between soil Feq and Munsell color parameters

¥ & Chroma B Value 4,37 Hue BB Fey/Fe,
HFES 4k Feq 0.872%* 0.659%* 0.235* 0.867%*
BRUFESE Fey/Fe, 0.888%* 0.787%* 0.553%*
34 Hue 0.362%* 0.758%*
BHBE Value 0.738%*

e oHE 0.01 A (XU ) FREEAE; *fE 0.05 K (W) & EHM I, Note: **: denotes significant correlation at 0.01

level ( bilateral ); and * significant correlation at 0.05 level ( bilateral ) .

2.2 Munsell Zifa &5 1k . 13—~k PR %R A mapminmax pREL, Bk 2 H—
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Table 3 Comparison between Munsell color model and first derivative reflectance model

Munsell i {5 54 B H— B 3 BOG S A
X o Munsell color model First derivative reflectance model
B 2 s Z2on A8
PI[ERES ] Ve S \
Number of neurons M EE Test set TR EE Test set
Train set Train set
in hidden layer
A A
R? RMSE RPD R? RMSE RPD
Goal Goal

2 x 0.94 4.01 4.45
3 x 0.95 3.97 4.49
4 v 0.94 420 437
5 v 0.94 422 432 v 0.96 4.79 4.19
6 v 0.92 4.90 3.42 v 0.98 3.35 5.99
7 v 0.92 6.00 3.74 v 0.97 3.76 5.49
8 v 0.94 5.85 4.00 v 0.95 3.91 4.77
9 v 0.92 5.04 3.26 v 0.97 3.46 5.57
10 v 0.93 4.45 4.08 v 0.94 438 3.59
11 v 0.93 4.77 3.98 v 0.96 3.78 5.29
12 v 0.91 5.21 3.70 v 0.95 4.23 4.68
13 v 0.94 439 432
14 v 0.96 4.16 4.27
15 v 0.95 4.72 3.71

http://pedologica.issas.ac.cn



1326 +

=

58 &

YIZREE ATl 2 T <<0.001, AR FIHE )G s 2
M2 TEA Bk SN, MK 4E RMSE Bk 1A
. RPD SRS I/INESE s YBRE )RR uA B0
SETIEH RMSE H/h. RPD & KE AE, Al
Munsell i (015 I B 5 2 M 20800 4.

MEEZMLITCANECN 4 1, R4 0.94, 5Kl
A E R, RMSE & 420, RPD K 4.37, BRI
DUPRS B = o DATTIINMEL 5 S B AR 56 o0 B (T 2a) 1
12 146F, BRI BT A SRR TS DME , i B 52
T 52 22 B RE AR B v 7 U0 B Ak 5 1>20 gk ! AR
4y, XAIBE SR B >20 gkg ! AU ELBEAYRE
AEE R (U 27.84% ) A X, PrLIBEIARE
ARG M A0 s (BB
23 RSR—MSHIGER

PRt LR AL, 5 400~690 nm 3R DG
Bt LA 10 nm Ay 1B AR IO 231 30 A R 3 % — P S5k
TEREAJZ, IR g e i th 2, IR

80 a)

R*=0.8903

P (=)
(=] (=]
T T

A
Predicted Fey/(g-kg™)

N3
(=]
T

S
Measured Fey/(g-kg™)

0 20 40 60 80

AR S B A AR R, e —1k . RIH—1k
| mapminmax PREL K reverse 18] 58 i

MR 3 FIHL, TR R B RO R A
AEMAICIEL T Munsell Fiafim, Hytbka s
EMZ TR, BRSNS
W, BERIYIZRAE IR B FUOIE ; FEFR& E Mo
Hefm, RMSE E#R LJHE%, RPD R E TR
B BEREF B AT EET 2R, BORELE BRI
DUAR BEREAR . PR S S 3R — B RO GG B A (5 2
P TTANBOE BT S BT — 2, ATHfE R 6.

B854 A b PO (E 55 SEIE AR 5653 B 151 2b )
I, YEREEZ T ECN 6 I, RPik 0.98, #
RIS BESf; RMSE & 3.35, RPD i 5.99, #EAUTH
MG RERT . A1 0 1 ZRmT LU Y, AR o 33300 (B A
o T ISAE i RSB 2 I AREAATI AR TR R 2
B> 20 gkg By, RIRRE R O B (E BURE A
K,

80 b)
R*>=0.9614

P (=)
(= (=]
1 1

HmE
Predicted Fey/(g-kg™)

[33
(=]
1

0 20 40 60 30
S
Measured Fey/(g-kg™)

K2 ik S{ES Munsell B4 (a), R R—BrREOHE (b) BRI XL

Fig.2 Comparison between measured and predicted Fe; with the Munsell color model ( a) and first derivative reflectance model (b )
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x4 LTBEFEHRLESRHFE—MSEL Pearson HXXF
Table 4 Correlation coefficients between Feq and first derivative reflectance
400 nm 410 nm 420 nm 430 nm 440 nm 450 nm 460 nm 470 nm 480 nm 490 nm
Feq 0.619**  0.654** 0.691%* 0.699** 0.667** 0.144 —-0.027 0.613** 0.711**  0.710%*
500 nm 510 nm 520 nm 530 nm 540 nm 550 nm 560 nm 570 nm 580 nm 590 nm
Feq 0.695%*  0.696** 0.716** 0.765%* 0.832%* 0.886** 0.903** 0.857** 0.740%*  0.588%*%*
600 nm 610 nm 620 nm 630 nm 640 nm 650 nm 660 nm 670 nm 680 nm 690 nm
Feq 0.335%* —0.095 —0.353** —0.546%*%  _0.548**%  _0.589%* 05307  -0.368** —0.136 —0.145

e o*#7E 0.01 AR () bR EAE; =78 0.05 KF () R EH K. Note: **:

level ( bilateral ); and * significant correlation at 0.05 level ( bilateral ) .
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