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Research on the Cross-Coloration Effect of Iron Oxides and Humus in Soil
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(School of Geographical Sciences, Southwest University, Chongqing 400715, China)

Abstract: Soil color is an important index of soil classification, climate reconstruction and environmental remote sensing. Iron
oxides and humus are the two major chromogenic components of soil, which dominate the spectral response characteristics of soil.
[ Objective] This paper is based on the unclear cross-coloration effect of iron oxides and humus in soils and sediments. [ Method]
We selected kaolinite as substrate, hematite (Hm) and goethite (Gt) as the representatives of iron oxides, humic acid (Ha) and
fulvic acid (Fa) as the representatives of humus. The spectral characteristics, color changes and cross-interference characteristics
of iron oxides and humus with different contents were discussed by high-resolution Diffuse Reflectance Spectrum (DRS).

[ Result]1t is found that in terms of the chromogenic effect of a single component, Hm is stronger than Gt, and Ha is stronger than
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Fa. The addition of humus has an obvious effect on the coloration of iron oxides, which usually reduces the Mean Reflectance,
Value (V) and Chroma (C), and makes the Hue (H) yellowish. The anti-jamming ability of Hm is greater than that of Gt. The a* of
Lab color system and the redness of DRS are sensitive to the change of Hm content. The b* of Lab color system and the
yellowness of DRS are sensitive to the change of Gt content. They can be used as indices for the quantitative determination of soil
iron oxides. However, the addition of Ha can lead to the underestimation of Hm and Gt, and the addition of Fa has less effect on
the estimation depending on the contents of Hm and Gt. [Conclusion] Based on this, the estimation formulas of Hm and Gt

mixed with different contents of humic acids are given. It not only helps understand the color change of natural soils but also lays

a foundation for iron oxide determination at a large scale based on remote sensing.

Key words: Soil color; Iron oxides; Humus; Diffuse Reflectance Spectrum

B0 R LR RN Tz as R
A E B R S 2erh, MR LEESRYS
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B . BB, CHBC. CAREBC.
“H RS A - B RS M 0 4 A B R e T
JUMBY EZ 28, P EIA IR 52, bk
I RE SR A R 2R A
H4 4560 HivFEp, 3R 2 e sk
EHRMLRE R, BAWRHRERREL, |
T RRER S | B BN R E
e,

BRAEA S A R R R s gl T,
XoF DX 35 A A A - g B 5 A Ak 1 BRIk AR
P B 5 RS ke Mt 2 KA B A G, (HER
FALI A B 0 B 5 S ARA X B A G £l Rk
(Hm) J@H BT T#EREE, EaHEgy (Gt) M
W TR IR B Fh G WA F B e B
DXCHTE L Hm 328 5 (0 03— R 2T S — % 21 4 55
28, (B AR L b DX UDE B Gt AH X & 5 A9 B — 2
IR — ARG U e W 2R Sk E R, I
i 5 AR SR A 5 R R B R A A O, R
T, RENHEIR (Ha) FAZEERNEHKR (Fa) 3
BETRRMAAEN, FE 50 Ha e, £
+HER) Fa i, B 658 5 Ha/Fa LB A
b i) R 1) G R D A A A, X R R
SIS AR AT ) AT EE R

W% Munsell R4E5 Lab RGEFH AR RS
AR, BB (0 AR RS R i R T B T ARk
%= N8 S 6%+ R ( Diffuse Reflectance Spectrum,
DRS) WyEEFMB A, #H—L8e 7B aEEit
FORS R, Bl BT IR iz T g TRk

AL R BRI, A AR IR A
IS BRAEA SR8 R & s MR RIAR G, 15+
BERLRE . MUARALAL . TRIREE SO & A ™, A&
3C A WA B A/ - 5 e LA A R B B 1 28 LB,
v, Dl (Kao) ALK, #EH Hm, Gt. Ha
Ml Fa, @it DRS JrikRGHEN 1A & RSk AL
W5 B A AL - 498 A AT LG D B 1S St 4R K
Ak, RHEET HIEBE RSN IS T e i
A R PR S B LA

1 bR

1.1 ka4

Hm F1 Gt &+ 3 FEW A Y65, Ha
Ml Fa o 3 F 2R BEEFE BT, M (Kao)
FEIHE R AT B Bk AR AR b Tz A,
I, R3S, FIER HARBL IR . RS PT
I Hm A1 Gt A b 43500 o 1 B 7 B SR a1 A b gk
(Red 4110) iz 8 b8k ( Yellow 4910 ). Hm
[RIBR AR FRL, Gt REHEGOKRBURL, ik HR +
R AL YIE S . Ha FI Fa BRSO & 1B LT e A= )
B B w4 BOSF M R( CAS: 1415-93-6 )
s HER (CAS: 479-66-3 ); Kao ¥ &5 BT AR E N
52T WA R W BT IR A BR A B R SR 4 K R
Rl
1.2 HIEHRIEL

Sk B AN [] - 9 B0t 41 3 9 3 ST 6 TS R A B H
LN, AR Kao FIEJE, Kek &Ly s
B 5T LAAS [R) Fo B 45 T B — 20 43 B G 20 4 B4
TR . 0.2 g IRAFE S TE I BB TR S 28 200
H(75um) LI'F, BT 2.54cmx7.62cmx0.12 cm
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BYR b, MAERERE TR, HGHIBIRIR, ¥
MR EBIE T 5.5ecm x 2,54 em X, B T 5
KR,
1.2.1 P—45r 75 Sk W ff AN ) 350 68,24 53 1) B
AR, Ll Kao ALK, -l 586415 Hm, Gt
Ha fl Fa {R6G, FHZESM B HIEA RS aL] 501
], SR 2 NIRIERGEYE, 4
0. 078125, 1.5625, 3.125. 6.25. 12.5, 25, 50,
100, 200 Fi1 400 g'kg ', #2E Hm F51] . 46 Gt J¥
5. 2l Ha J¥% . 46 Fa J¥51.
122 ZIUiRAFH RIS O A )
N T, LA Kao MIEE, HARSE (0,
0.78125. 3.125. 12.5 #1 50 gkg ") WIEMRIT I 5
A& (078125, 1.5625, 3.125. 6.25. 12.5,
25, 50, 100 1200 g'kg ') AYEKE LY 75 P B IR
A, FRJETERR (Ha, Fa) S5#%/4Y (Hm, Gt)
B — TR AT .
1.3 BREHRENE

ARWFFE S BT 18 R JH6E (DRS), %07k
Xof = HEFTTRY) b ) S Ak ) R AR i, AR
A F ATk A A A 0.01% /9 Hm F1 Gt 29, A WF5Y
JIT FAGIE S 7 R T K 3 A M BR A~ 3 3 o o 5
B SE N, (g8 A Perkin Elmer 2 ) 42 72 i) Lambda
900 I £ 4M/ R WL G/AT L1 A0 g I AHEIEAL, e RS
KR Si0, 14 B 2L, U BR WK ' ]
AR, RUETEL . Z4BO6I%, RO R
PAANEE S ) A 10 min, B MBS 2 nm. W
90 FEL AR LG ( VIS : 400~700 nm ) #| I £LAM ( NIR
700~2 500 nm), AJUWOCS3R 6 AAN[R B B
1. #6 400~450 nm, €8 450~490 nm, 4
490~560 nm, A 560~590 nm, 1 590~630
nm, ZI{% 630~700 nm,
14 EeiEfinE

HAnE A T H S OB B b R4 35
fi4%5 DRS BifAi8 48R 4. Lab £%4:. Munsell £,
R4 K CIE XYZ R4 A5 i vl 0otk B
DRS %46, 8 R [6 0 0 B i B R
( Reflectance % ) ‘5 7] WG B e 3 R0 e fE, 15
H L ( Violet % ). #5 £ ( Blue % ). 2% ( Green % ).
B (Yellow % ). # )% ( Orange % ). £LJ% ( Red % )
S35 %k, @3t Color CIE #4314 i CIE XYZ

AZGH XYZ {HLL 2 Lab RS0 Lab fH; FFIH
Wallkillcolor 2 7] f) CMCd #AF4 XY Z {455 1%
H B Munsell Zi 6 R4 HVC 1.

Lab RGALHE L*. a*. b* = A EHIESH, LR
T, AL TE (0) ME (100) ZiE, a*ftF
ZIBE, AT (+100) Figg (-100) Z[H]; b*fR
TP, AL T (+100) FIEE (-100) Z [,
Munsell £ R WEOSEEIEETH (Hue ), B
B (Value ) FUZE ( Chroma ), @IHAFEL (R),
#(Y), 28 (G). ¥ (B) f1% (P) 5 FE@FL
W (YR), #% (GY), & (BG). #5% (PB)
FIEELL (RP) S AhrfiE] (o, AEFR @550k 10 2%
o A SCRERIRE S 68 H (EAE OR~10YR Z[H], 5
MR YRR G, SR, K HAER A
B!, 0R=0, 10R=10, 5YR=15, 10YR=20, ++-- ,
PISLZSHE . B V WFoR @R R, AR
F A 1~10 kFR. BE CREORILAE
B, BT 0~20 ZE", Munsell REEHRT AR
PLBEIRA T AR B 1 A2, i Lab &
45 T Y A M R AN [R) - P28 R 2 Ja) A € AR
5.

1.5 [EEER R S5ESH)

ST B AR RS A AR TR [T RS I A
SRR PR AT BE 3 AN Ty TR A AR HEA TR B, AR
R FeE MR Y R R I R/MGE S, RO K,
B A Mk Re s R A ) TN BB 0 RT3 O AR IR 22
(RMSE ) (K5, RMSE /)N, #RDHE By, 7
e St ¥ iR 22 B A T .

RMSE = /%z:’;](y,.—y,.)z (1)

K,y WBUAE R E ALY S,y AR
WAE, m A5
1.6 HEIREMITE
A X iR 22 (Relative Error, RE) P E
NS QR DO R R b 7/ E S QN B 7/ A N
AT LA B 6 9 o A 3 i T AR B, AT DL Y HE
T
(TREDIE — BLSEAH)
FLSH
A, RE AAHXTR2E, FH0E 2 4 3 ik [ A A 1
SR - SR AR A, LSS R LS
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21 #ERERHEASWAIREIEREEISEH

TS Kao M4 Hm. Gt. Ha £ Fa
FEAT WOGUE B B inoteilk (&1 1) &3, Hf Kao
f) Reflectance% il i T 92%, MitE{n Ha SHif
Fa &ML T 6%, Fa B§&T Ha. BRELYW
Reflectance% - T 3K 5 FE I Z M), Gt = T Hm,
BE A G I 3G, ASFFE T Gt (55 S B
HBFEEOGIEBE (560~590 nm ), Hm (455 i 5t
P B AL BE (630~700 nm ),

100
80 |
° ----- Kao
¥ g 60 e
e L
= = Gt
Lg 8 Ha
E 40 [ ---Hm )
20 F o
s
0 e e e e—
400 450 500 550 600 650 700
E1< Wavelength/nm
BT BRI AEBE L 3T WO
Fig. 1 Visible spectrum of substrates and chromogenic components

SBUR P ES QLR RN it aa W= AR EE =R
(R 1) KE, SRR (Mref % ) 23
Kao > Gt>Hm > Fa> Ha &%, £2I/% (Red % ) 2

Hm > Gt > Ha > Fa > Kao &%, % ( Yellow % )

2 Gt>Kao > Ha >Fa>Hm #%# ., 3K Kao 1Y
SERE (L*) #ik 97.5, B (V) ik, ik 9.7,

BT 4% (. Ha 9 L¥AT V B/, JREIKE 2.0,

e 4% BB A5, Fa B L* A V UK T Ha, 73051 26.4
2.6 Hm LI (a*) Je Rk, Gt (b*) &
K, HHm @& (H) 9.0, #EIELL, Gt H
N 19.9, BEHEIES, 55BN —8, ENE TR
MR AT

22 B—HEASFIRERBEIEHS T

i B — B A oy P A AT L B R LA
R, T IERALRE 5 R RS S B
T 30 AT, DG T 25 M4l Kao JE i G132 i i
FARH L SOG4l Hm M4l Gt 59 D6HS R 5%
i e 3 S B A BBy 5, /N T 550 nm B
1) S G 238 2 IO T B B 3, K F 550 nm S BL 2
AN T REr S (# 2a, K 2b), SHEE, 4
Ha J7 51 (1) 52 5 38 4 A [ 38t BEAH X 20 3 T B C B 2¢),
M4k Fa J730 (9 52 55 5 B 7 38 0 ob 30 s
ik BT B R AR P B (1 2d ),

MIETF DRS TR MR HORE | 3 R GR
(Mref% ) (&l 3a) Fifi Bp— B0t 4150 & 38 i 2y ek
TR, BT RERY R S 28K Hm > Ha > Gt
> Fa, [T A 5858 T AE v] G B A [
FITH RN o (EAS R, Hm 2315 Ha 5819
WRLNE, Gt LRI AL Fa s AYWOELN . 217
Red%F1 Hm &t i IEAHOC (=0.721, P<0.01),
U Yellow% Ml Gt % 2 2 3 1IEH ¢ (=0.764, P<

x1 ERRZFHEBASHHEEY
Table 1 Color index of substrates and chromogenic components
e DRS i 5%k Lab &% Munsell &4
h DRS Color index/% Lab System Munsell System
Sample
Vi BI Gr Ye Or Re Mref L* a* b* H A\ C

Kao 17.3 14.0 22.6 9.9 13.2 23.0 93.6 97.5 32 10.1 16.5 9.7 1.7
Hm 6.5 5.1 8.9 8.1 21.4 50.0 14.8 39.9 30.5 35.8 9.0 3.9 7.4

Gt 4.0 4.5 17.8 16.1 21.4 36.1 32.4 68.5 11.6 62.0 19.9 6.7 9.2
Ha 16.0 12.9 21.3 9.8 13.6 26.5 3.1 20.3 22 4.8 18.6 2.0 0.9
Fa 17.0 13.4 21.2 9.4 13.1 25.9 5.1 26.4 2.7 4.1 15.6 2.6 0.7

¥: Vi, Bl. Gr. Ye. Or. Re fil Mref /- 5IfCREE | W, R, 8% B a8 MFYRHE, Note: Vi, Bl, Gr, Ye,

Or, Re and Mref represent violet%, blue%, green%, yellow%, orange%, red% and mean reflectance in the visual light band.
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100 Hm/(g-kg") 100 Gt/(g'kg")
— Hm=0 ) ——Gt=0
Hm=0.78125 Gt=0.78125
£ B} l Hm=1.5625 £ 5t l E§=§?g§5
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i Hm=6.25 g et ] Gt=6.25
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o 3 Ha=3.125 e Fa=3.125
# 2 Ha=6.25 2 Fa—6.25
&S 60 | ——— Ha=125 HFE 50 Fa=12.5
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k) L5 —t
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40 ——— | —Ha-100 25 Fa=100
Ha=200 Fa=200
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400 450 500 550 600 650 700 400 450 500 550 600 650 700
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B2 B—E a5 75 A ok
Fig. 2 Visible spectrum of single chromogenic component sequences
100 60 20
—e—Hm
e\f 20 | . e\f —%—Ha
&5 3 45 E 15 | -Gt
S 60 3 S —&Ta
i s e
& 40 | —e—Hm S 30 B
i —%-Ha Ei
B 20 =Gt ]
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80 F . 0T —-ct N ——Gt
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i —e—Hm ko 5
60 [ —Ha
——Gt 10 20
—&—Fa
40 T 0 0
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= 20 = o ——Gt
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Fig. 3 Color index of single chromogenic component sequences
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0.01) (& 3b, K 3c), B/RMHEN/EN Hm 5 Gt
RS H 85 .

M Lab REGKE, L*AELMAT ST DRS
B Mref%Ai4 (& 3d), a*5 Red% A4 ([ 3e),
b* 5 Yellow%AH4 (& 3f), {H a* %} Red%fii 5 ¥}
Hm 40 57 B 55 8, i Yellow% %5 T b* X} Gt ()
e o7 A0 B S A e, 25 BRI L, SRR —{A R F, Lab
Z Y510 a*Hl DRS (¥ Yellow% i B 4FAYEREE Hm I
Gt 17224k .

M Munsell RGHKFE, H (EHEE Hm 34000 5E 5
W, ARt (R); BE Gt ¥nsehqml, Jk
LT (YR) JEIm4l (R); Bl Ha HAnZEt8 K ;
Bl Fa HEINAHXTPREIER (& 3g). V HNZELS
Mref%4H24 (& 3h). C {EFE Hm Fl Gt & &30 (A
NN B Ha B§INZ218 SR, BE Fa 34248 |-
T+ CH 3i),
23 [BERXIRGKT FIE e T

M DRS Z¥0EF, Hm 554 Mref% ( & 4a,
Pl 45 ) BETE TG 58 0 3G AR sk %, R B R S Ha
> Fa, Hm &AM, EHETHAHE . Red%f
TR Ha 38 i3855 FEAE (& 4b), (HFRARIREE S/
IRA Fa ZAKCE 4k ), hi] Red% A~ 32 Fa T4
Yellow% ( & 4¢) B A Ha & &AL Hm & &
A&, ik Hm &4 (< 6.25 gkg') B, Ha BhnA
SRR Yellow%, 1= Hm & ft (> 6.25 gkg ') B,
Ha AYAIN A £33/ Yellow%; {HIE A Fa (& 41),
Yellow% FZE AL AN BH 5. o

M Lab 24k FE, Hm JF5) L* (& 4d, & 4m)
AR5 Mref%AH4, a* (& 4e, K 4n) 5 Red%
Y, {5 a*X} Ha 5 Fa &R AL UK, S5IEH
BF, bEFHREA Ha SEMBMN, S FrE, A2
Hm &8 AE (& 4f); B b*EHFER A Fa i)
BN JC A ARk ([ 4o ).

M Munsell R4 KFE, Hm F3A0 H {H ([ 4g,
4p ) BEJEFE TS RGNS B, A (Y)
Jm#s, Hm A%, 230 @iHE, H Fa
5 Ha WFIAE MY, V EAELS LAY, B
B Ha 25 538 2245, (A% Hm & & 32 TR
i (&l 4h), Fa MTHAE (K 4q). C {HFE
Ha &3 NFEL AL, 5 Hm S8ETGX (F 41),
Fa X} C A TH/NF Ha, 7EMk Hm & EEHAR LA

W, MR Hm & a R BN FEIBE S (F 4r),

AR, SN Hm S0, 5 A 55 17EH
H. Ha (52 MIE KT Fa, —Mff 380 Mref% ., L*
IV BEIK, Red% Ml a* FRE, (A H ML (R)
TR L (YR).

2.4 BHEBRHESY FIHEEKENATIH

M DRS S48 BORE , Ha BIIIALE Gt J7 51/
Mref%, Red%, Yellow%XJfk (A 5a~K& 5¢).
Mref%3Z THARER Gt &AM E, Red%
5 Yellow% TiEES Gt F&IK. Fa BUMA
X} DRS MR THRA B &8 (& 55~ 51).

M Lab ZEEATE, Ha HIIAf Gt F5I AT L*
a*fl b PR G (B S5d~K 5f). {H a*fE
Gt k&8 (<6.25gkg ') % Ha THAHE, 7
Gt B & B (> 6.25 gkg ') WFBE Ha 3900 0A & F [
[FIRE, Fa YA Lab AHOCSEIN TP (18 Sm~
&l 50 ), AXAEAR Gt & i B LAA7 /Mg REARC 5] Sm),
a*{HA /IME RN (& 5n).

M Munsell 24 FKFH ,Ha AL Gt [ F30 V
fEA C{E R (K Sh, & 5i), {HXF H A5
BB BErE (18 5g), Gtik&a (<6.25gkg ")
Bt H TR, GtEs R (> 6.25 gkg') H IR
[RlRE, Fa BIMART Munsell #826S8000 T3 A A &
(I sp~& 5r), {UFE G A I H AV {EA K
iETAN N

AR, JERFRRT Gt o FAEEA B 55 R
i, Ha BRI KT Fa, HBiBEELEHRY
Hm JPHEEAA A, — el 50 Mref% ., L*F1 V
Ak, Yellow% 7l b* F [ .

3 1 ®

FAERE Y RIS ERT Y, N HT
BB, B 3, Hm A
Gt Bk EE 44y, Ha 5 Fa A HWLFRAYEE
4y Hm HELIHE . JRZDMERIRL 203500 B e 5
P B, REFS ke . TR R (R A A U
MR A NG i Hm & &8 5 ik
120 g-kg 'O, [RIA, Gt W) 7 8 €0+ 50 & (o
B, MY RS T Hm, %58 S0
TE 0 4 DA B 0 % 1 4 v e i 41 1R A 28
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Hal(gkg?) — Ha0 R Hal(z k)| ! Hal(e ke
o %0 [ Y o Ha0.78125 —o—THa=0.78125 s/ "R
& 2 —+—Ha=3.125 - —+—Ha=3.125 =1 =
§ 70 % —%—Ha=12.5 S 45 [—*Ha=125 £ 10 1
AN I z =
o X —&—Ha=50 o~ 5 e Ta=0
& g = —o—Ha=0.78125
R W o30 | @ 9 [ —+Ha=3.125 \
;30 ] —Ha=12.5
B b) —a—Ha=50 k
10 15 - : - 8 s - - k3
078 313 125 50 200 078 313 125 50 200 078 313 125 50 200
100
Ha/(g-ke ——Ha=0 60 60 — -
RS (A PP —¢ 110 Ha/(gki) e Hao7sins  WEte)
PN —e—Ha=3.125 —o—Ha=0.78125 By _
% 80 . —%—Ha=12.5 —+—Ha=3.125 a2 +
= Ha=50 2 40Ty Has125 x 40 [—=%Ha=125 {
i} W Ha=50 = —i—Ha=5
e 4 % —&— Ha= L 1;%
60 " 20 ' 20
d y
40 ) : . : 0 i 1 1 L e) 0 1 1 1 D
bge BF B % 200 078 313 125 50 200 078 313 125 50 200
20 12 12
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T 16 —%—Ha=12.5 S 9 =y —Ha 25 S 8 |—xHa=125
z ——Ha=50 E ¥ —A— Ha=50 5 ——Ha=50,
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E o6 ey
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0 ‘ 2
8 3 1 L 1
078 313 125 50 200 078 313 125 S0 200 078 313 125 50 200
% | Fa/(gke Fa=0 > Fa=0 Fa/(g-kg") H & Fa/(g-kg)
o a= = - g Ay ; kg
2 e Fa=0.78125 Fa=0.78125 P
g 70 T —+—Fa=3.125 - —+—TFa=3.125 e P "
= T % Fa-12.5 S 45 [-Fa-125 p : 10| A\
ot P . 7] i i — 0
ﬁi so | +—Fa=50 & +—Fa=50 s ;’ Fa=0 \
r ,m il
= ; o Fa=0.78125 M
R " & 35 W O [ —Fas3125 "\
T30 ¢ R » —%-Fa=12.5 D
B )] e~ 15 ——Fa=50 DN
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Fig. 4 The change of color index of hematite sequence under the interference of different humic acid ( a~i) and fulvic acid (j~r) contents
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Fig. 5 The change of color index of goethite sequence under the interference of different humic acid (a~i) and fulvic acid (j~r) contents
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Table 2 Regression relationship between color index and iron oxide content under different humus content
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Fig. 6 The interference degree and relative error of humus to the coloration of iron oxides
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