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Prediction of soil organic matter content based on comprehensive spectral
index at different levels of human disturbance

ZHENG Man-di', XIONG Hei-gang®, QIAO Juan-feng', LIU Jing-chao'

(1.College of Resource and Environment Science, Xinjiang University/Key Laboratory of Oasis Ecdogy, Ministry of Education, Urumgi 830046, China;
2.College of Art and Science, Beyjing Union University, Beijing 100083, China)

Abstract: To build the best prediction model of the soil organic matter contentunder the same background at differ-
ent levels of human disturbance, using the soil of Fukang as the research object, Landsat8 remote sensing image and the
measured spectra were used for comparison, and combined with different comprehensive spectral index to do spectral trans-

formation between the image reflectance and the measured spectral reflectance. The correlation between reflectivity and its

transformation and organic matter content was analyzed,
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FEE R4t KDl (1993-) 40, A A S0 AL BI-BFFE | 30 0F test at 0. 01 and 0. 05 level was used as independent varia-
GO TR IK I 5 ST, ( Email) 762820677@ ble, the multivariate linear regression equations were used

to establish high spectral prediction model of soil organic

the band with correlation coefficient through the significant
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EIEE  AEB4N, ( Email) heigang@ buu.edu.cn matter content. The results showed that the correlation co-
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efficients of BI1—-B5 bands and organic matter content in Landsat8 images were tested at 0. 01 and 0. 05 significance level,

and the bands were used as the independent variable to establish organic matter content prediction model. In order to form a

good contrast with the results of image reflectivity, the five bands with the largest correlation coefficent were also selected as

sensitive bands to establish prediction models of the measured spectral reflectance and its transformation form. The best cor-

relation between soil salinity index combined with vegetation index and organic matter was SI;, DVI and SI;, RVI in the un-

disturbed zone, SI,, RVI, and SI,, RVI in human interference area. The model established by using reflectivity combined

with vegetation index and salinity index as the independent variable had the best precision. The first order differential multi-

variate linear regression model established by measured spectrum and salinity index, vegetation index in unmanned interfer-

ence area and first order differential multivariate linear regression model of the reciprocal in artificial interference region had

best prediction effect, values of R* were 0. 93 and 0. 89, respectively.
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Fig.1 Distribution of sampling points in the study area
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Table 1 Calculation method of comprehensive spectral index

BRI Eieh i MR eI
TR SRR SIy SI,=B,/B, SI = /Ryss *Regs
SI, SI,=(B,-B,)/(B,+B,) SI,= /Ry +Rege R 1313
SI, SI,=B,xB,/B, SI;= /Ryse+Ress
NDSI NDSI=(B,-Bs)/(B,+Bs) NDSI=(Rggs—R 373 )/ (Regs +R1373)
BI BI= ./B,+Bs BI= ./Rs33+Rggs
Ui=RS EIR 1 RVI RVI=Bs/B, RVI=R,37/Ry10
NDVI NDVI=(Bs-B,)/(Bs+B,) NDVI= (R 3,-R710) /(R 137+R710)
DVI DVI=Bs-B, DVI=R,,35,-Ry0
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Table 2 Correlation between soil organic matter and salt
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Fig.2 The correlation between the original spectrum and its transformation and organic matter content
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Table 3 Selection of sensitive bands
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DX AT BILIGT 5 o B A O, M Bl A S B IR AT R

A IUKEBE (nm) (F5), W THEAPLRIR KL T30
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R’ 564755854999 1 281 WHEAE, RV SAEY e sk AR o it it /D L
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Table 4 Correlation of image reflectivity and its transformation form with organic matter content
TG BI B2 B3 B4 BS B6 B7
AT R -0.502 " -0.476" -0.439" -0.465* -0.456" -0.267 -0.290
R’ 0.667 * 0.739* 0.688 ** 0.752* 0.686 ** 0.236 0.256
(Igl/R)’ 0.558** 0.537** 0.559 ** 0.636** 0.534** 0.269 0.236
NRTHRX R -0.423" -0.453" -0.448" -0.461" -0.408 " -0.290 -0.287
R’ 0.582* 0.596 ** 0.635* 0.667 ** 0.586 ** 0.268 0.339
(Igl/R)’ 0.537* 0.519* 0.497 ** 0.561* 0.461 ** 0.297 0.255
T FRIRTE 0.05 /K BRI ™ FRTE 0.01 /KF ERFMK,
®5 TEIZSEB EHERSEIRSENHEXE
Table 5 Correlation between soil salinity index, vegetation index and organic matter content
LIP3
TEHeEA! wh ik
ENTHIX AR THIX TNTHHIX AR THIX
EHorei St -0.539* -0.541* -0.650 ** -0.699 **
S, -0.571" -0.659 ** -0.657 " -0.607 **
Sy -0.685 " -0.520 -0.716 ™ -0.584*
NDSI -0.443" -0.457" -0.494 " -0.439"
BI -0.564 " -0.436" -0.631" -0.539*
R SR RVI 0.474" 0.628 ** 0.591* 0.644 **
NDVI 0.488 " 0.442* 0.533* 0.440"
DVI 0.657 0.573* 0.497 " 0.451"

* FIRTE 0.05 K I BEHISE; ™ F/RTE 0.01 K LB EAK,

2.5 ARAEFHEEEN RS EMNER
M KS( Kennard-Stone ) Zpt2 18 H &4

®o6 =HALTEAVRSEITSN

Table 6 Statistical analysis of soil organic matter

FES AP SR 2Z B ARK IR B #2163 2 iYL
Ry AR I (£ 6) .

5y AR M (g/kg) HfE (g/kg) VES
TNTHX HRAR 15 9.588~23.034 13.744 12311
e S 10 7.645~17.928 13.302 12.290
K E N 25 7.645~23.024 13.567 11.839
ANRTHIX AR 18 6.376~21.768 11.432 11.424
oL 12 6.455~16.439 11.674 11.808
AR 30 6.376~21.768 11.537 11.204
25.1 AT RGBSR A IR A TR AEA Fil240.433 ~ 0. 885 nm , A LG 7= HE Bl N XS 615 Y

T 2288, T AT 5 AT X5
W B S RS ML A SRR S BT ~
B5 BIAHIE RECHXT R, & B~ BS B9 B

i O 522 T LA TE A ST R R B PR AR B ~ BS
BB U AR LU BN R AR I o) 5
TR MR R PR R

o E R A PR R
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Table 7 Prediction model of soil organic matter content based on image reflectivity

TNTHIX AR THIX
A7 R KAk H Az i AR KAk

R? RMSE R? RMSE ~ RPD R? RMSE R? RMSE  RPD
R 057 2281 056 239 116 || R 0.48 3259 055 3594  1.16
R+SI, 0.63 2235 062 2364 1.18 || R+SI, 0.56 3.162 051 3172 1.22
R+DVI 0.60 2353  0.58  2.561 1.17 || R+RVI 0.53 3193 0.53 3599  1.23
R+SI,+DVI 0.65 2190  0.63  2.596  1.20 || R+SL+RVI 0.59  3.082  0.54  3.145 1.26
R’ 071 2461 068 2879 1.35 || R 0.65 1.677 0.59  1.844  1.52
R'+SI, 079 1752 074  2.005  1.46 || R'+SI, 073  1.580  0.68  1.492  1.64
R'+DVI 0.76 2432 072 2536  1.44 || R'+RVI 0.69  1.308  0.65  1.355 1.51
R'+SI,+DVI 0.86 1.419 085 1.822  1.96 || R'+SI,+RVI 081 1.226 077 1526  1.83
Log(1/R)’ 0.66 2413 073 2536  0.96 || Log(1/R)’ 0.53  1.889 049  1.846 1.39
Log(1/R)"+SI; 073 1.786  0.78  1.836  1.52 Log(1/R)'+SI, 0.65 1.714 063  1.795 1.52
Log(1/R)'+DVI 075 2375 070 2652  1.27 || Log(1/R)'+RVI 0.59  1.582  0.55  1.685 1.59

Log(1/R)"+SI;+DVI 0.79 1.601 0.75 1.725 1.52

Log(I/R)'+SL+RVI 074 1541 073  1.657  1.68
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Table 8 Prediction model of soil organic matter content based on measured spectral reflectivity

TATHEX NHTHIX
A7 it HERLAE for a6 £ SR AR i e S

R? RMSE R? RMSE RPD R? RMSE R? RMSE RPD
R 0.56 1.546 0.50 1.394 1.25 R 0.48 2.893 0.41 2.469 1.15
R+SI, 0.63 2.120 0.63 2.433 1.20 R+SI, 0.51 2.773 0.49 2.842 1.28
R+RVI 0.66 1.865 0.65 2.167 1.29 R+RVI 0.55 2.846 0.49 2.541 1.25
R+SI,+RVI 0.69 1.526 0.62 1.756 1.35 R+SI,+RVI 0.61 2.750 0.57 1.896 1.49
R’ 0.75 2.152 0.53 2.697 1.61 R' 0.56 2.871 0.53 2.314 1.36
R'+SI; 0.81 1.674 0.63 2.046 1.63 R'+SI, 0.60 2.862 0.58 3.056 1.40
R'+RVI 0.83 1.429 0.75 2.449 1.65 R'+RVI 0.66 2.832 0.63 3.200 1.41
R'+SI;+RVI 0.93 1.428 0.81 1.569 2.16 R'+SI,+RVI 0.75 2.633 0.69 2.341 1.55
(Igl/R)’ 0.72 2.119 0.70 2.543 1.48 (lgl/R)’ 0.65 2.088 0.59 2.411 1.27
(lgl/R)"+SI, 0.75 2.002 0.73 2.411 1.51 (lgl/R)'+SI, 0.73 1.846 0.71 2.066 1.56
(1gl/R)"+RVI 0.78 1.882 0.75 1.837 1.66 (1gl/R)"+RVI 0.79 1.852 0.75 2.147 1.96
(lgl/R)"+SI;+RVI 0.81 1.579 0.77 1.976 1.89 (1gl/R) "+SI,+RVI 0.89 1.600 0.83 1.439 2.05

3 17 8

AT 3o AH O 4 BT L P Landsat8 5214
BI1~BS5 BB S TS A O R B KB 5 AN
L IE R AR &, 25 A Eh o R B M s Bl ST T
AT R T XA LT Y 22 e etk 11
Tkt GERE AR S S T 3 e
B B R S A LTS A DG f i 1) 3 i) o
TNTHIX A SL, . DVI TSI, RVI; AR T4 X 1
S, RVI 1 SI, .RVI,, TERARIET RN FAHIE X
o4 BPOR[E] [ AR T AR RURG B S IR 448 A+
B8 B AR R R R 5348 B0 IR RS AR R I 3
HAIE R A, B e 4 XCF A - 3 X
DU ASCER S g () 350 02— B il o3 45 3k 4348 0 A e 48 4K
FHES G ST BLRY R 4351124 0. 86 F1 0. 81,RPD Hy
1.96 1. 83, MGG S i 3 AR L K 5 456
STk dE B 45 A S R B BRSNS L k4 4R

B+ FEE R B> £R 5348 B MBS B0 IR R s 158 U5
B N ARG 3 BRURG BE fe s 2 T AT XY
— sy AT X AR R R — B g R oy
512k 0.93 F10. 89,

A GRS G S SR 45 GOk e F i o
AT AR T X AP, 3005 17X 1%
DX IR SR AR A (H F T S50 4 48 S OGS R E )
SN R R 2 T A 70 1 YA R D 3 1 2
R BR T, K, BT 2 TAE T f B A5
AR R LR G R, dE 5] A H AL AL S5
()G ATL BT T A5 AR 8] A DA 5 43 9 3 1) 32 R g
BIRIAS R SHL, SR SEH A TG | TR s 3 mf
DI IR S0 RUBE | A 338 i RA s i) A DA S X
BRTA AR, i — A0 B R A3 3 1 DA BORS TR

SE 3k

(1] BER. AFEPE S LEAB RGN [T] A5



1056

AN NI A

2018 4F & 34 % 5 M

,1993,12(4) :47-51.

WPAE, K e RR2ETY. RSB R AR S [ M] L
B RAEEE R, 2006.

T LIS XEER, 55 R T LR I 4 R X 1
B IATTE (1] 0635 50615 407, 2012,32(7) £ 1918-
1922.

HOCH R H A, EET A BT ROCIE R LA
UML) ] VOl 244, 2016,32(4) :817-823.

SRAEAR, H AR, Bk 7, A5 IR AG DN 139 4 S AT LSRN AL
A IR RO ST [ 1] R, 2012,49( 1) :50-59.

Z5 AR, TR BT I LI AR K HSL S R B Lk
BRI T ] Aol TRRAH2,2015,31(19) :68-75.
SRAELE, 5 BR BN Ry B B B A RO D
TR SBR[ T TRl R4, 2016,44(7) :522-525.
XIRAE 56 8, T A, 4 I o LA iR ok - ek
SRR DA R )] S e B R4, 2011,27(3) 1 86-89,
104.

SRARTEE, 5 B, RIS ZR, S HAE R RR A N S T Al R
TSR ERIE T ] HI R 2003,23(3) :329-334.

Bk A, EEE - AR, LB AR T R R 1T R
DX 5 KR AT T Z BOPRAR [T ). R BR B BE 2%, 2013, 33
(4):707-713.

KHAN N M, RASTOSKUEV V,SATO Y, et al. Assessment of
Hydrosaline Land degradation by using a simple approach of re-
mote sensing indicators [ J]. Agricultural Water Management,

2005,77:96-109.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[22]

INAKWU O A ODEH,ALEX ONUS. Spatial Analysis of Soil Salin-
ity and Soil Structural Stability in a Semiarid Region of New South
Wales, Australia[ J]. Environmental Management,2008, 42(2) .
65-78

WRELHE X PR, BRAICE , 25 5 T BICHE R A 5 20T 11 DX 4
B R B [ 1] Al TR 24, 2015,31(5) : 107-114.
75 R RCBRA R TR AR = N R AR RIRBL Y
SCIEATIN 5 38 B [ ]]. 3R, 2015,52(6) :1262-1272.
VISCARRA R V,MCGLYN R N,MCBRATNEY A B.Determining
the composition of mineral-organic mixes using UV-vis-NIR diffuse
reflectance spectroscopy[ J].Geoderma,2006,137(1/2) :70-82.
fif  HE,E ORI, E RIEAPIBOLIE R RS [T]. R
DR (5 BRVERR) ,2006,31(11) :975-979.

MR, E M. SR B [ M. bR S E
Jitt,2003.

PRELEE REREZE RV AR R B G AR R SRR S
AYEBESE [ 1] AL RS, 2008,25(2) :390-394.

Mh AR e E kR RBBUR 5 0% SR SR A O R AR
(7] .4l TR %4 ,2012,28(4) :76-81.

FEREZE WRaWs O 7, 45, G T R B G 1 R R A 42
SR P ES LR, 2003,32(5) :34-38.

b T EIEE, MK, % MSC-ANN Jr ik gty &/t
Jr MRS TG Y e BT R E AR [ 7] i 5O
43#7,2010,30(1) ; 188-191.

XM R TL, Eadde, 45 B 4 M X 4 B0OF BT IR
[J]. 400 TR 4R ,2011,27(8) :211-215.

(=G KGR



