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Fig. 1 Distribution map of soil sampling points
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Table 1 Basic properties of the sampling soils
Jm L FHME P 22 W JiE i £
Properties Range Mean SD Kurtosis Skewness
pH 3.96 ~ 7.60 4.84 0.7 6.65 2.4
A HLBT
Soil organic matter/ (g-kg™") 4.48 ~45.45 20.57 10.83 0.16 0.67
FiRL Clay/% 8.71~39.10 22.05 6.12 -0.1 0.06
Bk Silt/% 13.51 ~77.52 64.05 12.4 3.62 -1.85
fib#i Sand/% 0.10 ~59.01 13.67 12.26 3.02 1.97
FR2 HEHEXNIAEXBETEREHEER
Table 2 Color-dependent properties of soils different in type
FeHl J& Tt T H FHE P i 22
Soil type Properties Range Mean SD
N H LI Soil organic matter/ (g-kg™) 4.48 ~34.37 13.79 7.83
211 Red soil
44k Total iron/ (g-kg™) 23.10 ~ 106.20 57.72 18.20
B H P Soil organic matter/ (g-kg™) 19.31~41.58 31.56 7.45
KAE 1 Paddy soil
424k Total iron/ (g-kg™) 26.90 ~ 62.22 40.05 11.23
N H LI Soil organic matter/ (g-kg™) 21.61 ~44.70 33.16 16.33
T FEE Yellow-brown soil
4%k Total iron/ (g-kg™) 35.21 ~49.40 43.3 5.98
HHLA Soil organic matter/ (g-kg™) 21.22~21.37 21.3 0.11
i 1+ Fluvo-aquic soil
454k Total iron/ (g-kg™) 52.11 ~54.34 53.32 9.10
HHLR Soil organic matter/ (g-kg™") 7.28 ~32.91 23.13 8.64
248+ Purple soil
4=k Total iron/ (g-kg™) 20.80 ~ 59.33 37.49 12.97
N HHLI Soil organic matter/ (g-kg™) 8.82 ~ 45.45 29.74 14.14
T Yellow soil
4% Total iron/ (g-kg™) 52.69 ~ 78.90 64.02 10.04
#3 LMHV/ICEEAER
Table 3 Statistics of the measured HV/C values
ERESE JLH FHME it 22
Sample size Range Mean SD
5¢%E£/K H Munsell H 76 20.00 ~ 12.50 18.16 2.14
5¢%£/K V Munsell V 76 4.00 ~ 8.00 6.68 0.88
¢ %E/K C Munsell C 76 1.00 ~ 8.00 4.45 1.89

TIHEFEARTEA00 ~ 1 000 nmi KN EIROGIE IR

RGP EAR R TR R, ARG X
KA —Emafe, 7850 ~950 nmib A7
FEAS [R] B2 B A R0 Ah R i g g, R AT 48 A Ak
B R R, TEOG I il 2 A7 AR R B B g

22 BRERUTEITZEHGER

Awtser, U REHRITETENH, V. C
{ELR TS A P S48 S E L, DA R ERAE R 52
i A RMSE, Z5RANF4HR .
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Table 4 Statistics of soil Munsell colors predicted with the color space conversion method
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K Wavelength / nm
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Fig. 2 Original spectra of soil samples
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Sample size Range Mean
76 13.95 ~23.57 19.25 2.26
76 3.69 ~ 6.00 4.99 1.79
76 4.24 ~8.30 5.79 1.92
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I, T A5 SRR 2 i — A . BV R RO
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SEIAE IS o R BE(ELC IR B0 s [FE A F4.24 ~ 8.30,
SENE Y 5 FEL A T1.00 ~ 8.00, €8, 28 6 4i ok 15 00 %
HCHFAE—E M2 ; CHUNAIMENS.79, s
i M4.45, CHMEMIRZ1.34 8850, I, PG
AR UIFRIE HHEE A S R

ME IR (EI3) KA, @RHNEES
SR B [0 R BCRAL K 0.30, 45 4 2%
BV I R BRY A 510.67, BRI AE 5 S e
FEAE S FE MG C R, AWM VER 2T 1
2k, UL TN Y B R I o R R C T B s
IR F 10 0] Z2 8RR A 30,61, {H CAEL Ay T50I 8 [ 4%

78 DT ZE BErfon] DUAS 0 38 40yl 14 2t
ORI HARKESR.

e R ) O B A, i
R, B BE RIS L RS (L TR S R A A
%4518 S5 Rossel &5 11 20094 1 BT 57 25 SR A 7]
I, o R LAk AR AT LTI - 498 B 11 S AL
(B R ARROR I A A
2.3 PLSRERTM TR ELER

AR RS F5 0 25 SRR/ (FRS5) , FUl
55 5200 5 [ AE B 2 A, HOTOE W B A T
14.42 ~21.96, Py [ =5, AHAE b bR off 4 g
RS iR 2B R — L VR T {E
Fl/rT°5.12 ~ 8.21, U T FRESL A M 29— 5
JC, MR SSEE R KBAER ;% EEECHY T
LI 10.40 ~ 8.70, 5 S IAE 1% B 4042
. PLSRAFLFIMAIH, V. CHFH{E 5 L
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B2s 2
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K3 (R e 5 S IME T L ]
Fig. 3 Measured HV/C versus predicted HV/C using color space conversion method
#®S5 PLSRIMTIRRERHELER
Table 5 Statistics of soil Munsell colors predicted with PLSR
AT [ F-HME SIS
RZ, RPD RMSE,,
Sample size Range Mean Number
76 14.42 ~21.96 18.16 6 0.62 1.94 1.32
76 5.12~8.21 6.68 2 0.61 1.67 0.55
76 0.40 ~ 8.70 4.45 3 0.75 2.15 0.97

FIFHPLSRIE 2 a7 H il . W . R E
5B AR PLSRAR Y ZE Fi i - 19852 58 SR
GHIH, V. CHY, 22 XEEE RER? 53 9k F]

0.62. 0.61F10.75, RPD/3|ik%]1.94, 1.67. 2.15, Ui
BAPLSR /57 ] LIAR G- Mo Fiiill 3 p R BEAE, nT DA%y
Ho T e, ) AT T - e I B

*6 AREIFMFEAEG LS

Table 6 Statistics of AEs predicted with different methods

L RSl P i 22
Range Mean SD
(LR
1.73~11.43 7.07 2.14
Color space conversion
PLSR 0.31~5.63 1.91 1.12

8 F 5 45 O 1) 58 B IR B Y RMSE 3k 3]
2.26. 1.79A11.92 M5 22 50, M PLSRE Tl 52 %€
JREBIEH . VAICIEIRMSE Y 1.32, 0.55F10.97
MRZEHIT, PLSRIEIWIRZE S 6 RGP M L
WAL, o, FIMAEXH., V. C=A4H
BHEATER G A U AT AT, P Y R FO S R
R, PLSRFUN 2] B/ T Rk . ik,
PLSRJ5 12 B 3 5 0 + 1 11 5 28 JR i (5

MEHE A2 5 (K4) AL, PLSREUMHY
ST H A P E R BURN0.69, AH EL T (0 R 4 ik Ap
S0, i A R A TR A KR Y
PETt o WIEEA V5 60 58 40 1 0l B B A ) 00 2%
AL, (HIEELE 51 0 1R BT, B R A T3
PR 0 R G 4 i T R . 2 L C I 900 {5 5 DA
R*K50.78, MIH RS - 1&AEWHr, Ui
MAE S B (EAREE T, 2 TPLSR LM CEAY
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|——1: 1% 1: 1 Line 8 F——1:141: 1Line . $ —1:1%1: | Line .
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o 5 ] rid > o 6L U ] OF s
-84 g | 23 s, e .
B3 . (=8 U e y
2 s ] .
é —"3 o .7 ' é z ° @ g ’ .
= A /i . a3 = ~ g § V4
-% 154 -7 »y=10.69x +5.52 -_?—)- = 9 Pis . »y=0.80x+0.89
E: R =069 2 y=067c+216| = 3 R=078
e 41 ) © 3
L R*=0.67 .
L]
.
L " L L \ 0 L ) )
15 20 25 4 6 8 2 4 6 8

FWHAE Measured H value

WV Measured V value

FWCH Measured C value

14 PLSRTMIE -5 5 {E X P
Fig. 4 Measured HV/C versus predicted HV/C using PLSR

SR AL T (0 R R ik
3 1

AHIEFE (5 2 5 PL SRk T + 3839 44,
S5 RW], PLSRIEFUM HIEMH, V., CEICR
B, A Y 1 352 SRR B L H R W] A
HEARTNRG B = T O RS T vE, BN ZE R B
HES/NFOREHR T, B TPLSRILS AR
Bk AF AR KRR, I DL F0 85 R A e — S 2
5, NEHOERE L SRR T AR A iR 2
DA 7 1T 53T 25 R AR R TR

M EHOEIE R, BT ORGHIEIMCRAT
PR R R g BT ARG B = AN U By BB (5 ., %K
T b 3 e pl 0k BRI HR %) '3 e 1 pR R, AN
X 2% AU B S S e fi T RTS8y, LR R TR E
ARUEE o [RIE R T 3R SRk FH B I BeAUA 21
. WE3ANUREL, MXT TR R UL, fAERER
i B R4 B9 IRl A, i PLSR 7 %38 A 7400 ~ 1 000
nm 28 B R AR B, X T OGIEE B AR
R4, MUk, PLSRJY L AT LA 4y M i 47 + 4
e T

M IEE A ZOR A, —Mh B3
UL & o . R Rk & i, DLRBURI 4
JSCFIVRIF 2 i 3 6T 1 114 40 RO i S S A 3R Y
R WEHUR S ERE, THEIA D A he47
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PLSR-Based Prediction of Soil Color and Its Comparison with Color Space
Conversion Method

LI Yichun"?> PAN Kai"> WANG Changkun' LIUYa' WU Shiwen"” LIU Jie"> XU Aiai"? PAN Xianzhang'’
(1 Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective ] The color of a soil may, to a certain extent, reflect degree in development,
type and fertility of the soil. Traditionally, soil color is measured with the Munsell colorimetry, which,
though quite high in accuracy is time-consuming and low in efficiency. It is, therefore, essential to explore
for a quick and accurate method to measure soil colors. Nowadays remote sensing and proximal sensing
methods can be used to obtain soil information, and numerous attempts have been made to extract soil color
information from soil spectra. For that end, color space conversion (CSC) method is a commonly used one. It
uses mathematical formulas to match colors between different coordinates, so as to realize prediction of soil
colors. The first step of this method is to extract average reflectance values of the RGB bands from spectral
reflectance and then converts them into XYZ values in the CIE XYZ coordinate, and further into HV/C
values in the munsell coordinate. In this paper, a novel method was introduced to predict soil colors using
partial least squares regression (PLSR) of hyperspectral reflectance of soils, and then comparison was made
between PLSR and CSC in prediction accuracy. [ Method ] A total of 76 soil samples different in colors
were collected in the bordering area of Anhui, Jiangxi and Hubei Province for the study, covering soil types
e.g. red soil (Argi-Udic Ferrosols), paddy soil (Fe-accumuli-Stagnic Anthrosols), yellow-brown soil (Ferri-
Udic Argosols), fluvo-aquic soil (Ochri-Aquic Cambosols), purple soil (Dystric Purpli-Udic Cambosols) and
yellow soil (Ali-Perudic Argosols) in the study area. After being air-dried, the soil samples were determined
in color through color matching with the Munsell color system, and their spectral reflectance was acquired
simultaneously with the aid of the ASD spectrometer. Then PLSR and CSC was applied separately to predict
colors of the soil samples. [ Result ] Results show that the PLSR model can be well used to predict soil Hue
(H), Value (V), and Chroma (C) with cross validation coefficient (R.,?) being 0.62, 0.61 and 0.75 respectively,
and RPD being 1.94, 1.67 and 2.15 respectively, which suggests that it is feasible to use the PLSR method to
predict soil colors and that the mean square root error (RMSE) of H, V and C predicted with PLSR was only
1.32, 0.55 and 0.97 units, respectively, and 0.94, 1.24 and 0.95 lower than their respective ones predicted
with the CSC method. The former, being 1.91, was 5.16 lower than the latter in mean AE, the mean HV/C
comprehensive index. Analysis of reasons for that reveals that PLSR uses the spectral reflectance information
of all the bands, while CSC makes use of mean reflectance of Red, Green and Blue bands only. Furthermore,
certain errors inevitably occur in every step of the conversion of CSC. [ Conclusion ] Therefore, it could be
concluded that the PLSR method is superior to the CSC method in predicting Munsell color of a soil. And
compared the conventional soil color measuring methods, this one saves time and labor by a large mirgin. So
this method opens up a new way for quick soil color acquisition via soil spectrum.

Key words Soil munsell color; Color space conversion method; Spectroscopy; Partial least squares

regression
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