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Table 1 Statistical characteristics of SOM content

FEACKL ¥ifE bR 22
FEALE Fe/MEMin FARHMax o
Number of samples Mean Standard deviation
Datasets
(gkg™)
A Modeling sets 29 3.57 39.22 17.63 8.70
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Fig. 1 Spectral curve of soil relative to SOM content (a) and soil texture (b)
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Table 2 Inversion models of soil organic matter content and precision validation

SR F 950 A EModeling sets BIE4E Validation sets
Independent variable Model R’ RMSE R? RMSE
B,. Bs. B, SOM=11.324+0.061B,-0.0828,+0.035B, 0.721 2.430 0.784 1.731
B, . By SOM=19.681+14.960B," -3.326B," —27.0865’ 0.803 1.617 0.827 1.379
InB, ., InB; SOM=2.685+5.297InB,-10.594InB; 0.696 2.851 0.544 4.037

(InB,) " (InBs) ' | SOM=-7.578-12.531 (InB,) ' —4.387
(1nB,) ' (InB,) ' +6.749 (InB,) ' 0852 0836 0897 0629
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Table 3 Correction coefficient result of remote sensing image

I Ef5 Band No. 1 2 3 4 5 6 7
K 1IE &% Correction coefficient 2.086 1.779 1.752 1.476 1.317 1.199 1.177

Landsat 8 OLIY Bz 5 % 28 2k 4% 1E J5 #0 47 KRR e BRG] TR KRS, H
TS 36 RE A (K 36 25 SR S pr s, T LLE 0.7113% 5 %20.849, RMSE}0.116, K, Zatse
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Fig. 6 Inversion of SOM content in the study area
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Fig. 7 Land use classification map of the studied area
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Table 4 Correlation coefficients matrix between SOM and soil particle composition

+HAHLFSOM b kiSand HRLSilt FhikiClay
THEAHLEISOM 1
ki Sand —0.582%* 1
HhhiSilt 0.511%* ~0.998%* 1
FkiClay 0.364%* —0.659%* 0.615%* 1

e HE0.0 LK LA PE R (n=39 ) Note: Correlation was significant at the 0.01 level in significance ( n=39 )
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Table 5 Statistics of organic matter content relative to different soil type (gkg )
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3 B ® R ERE R (4) HWAEIEXT 20005 ik Be ik 11

AR SC LA R G S A Ik BE 1 24 (R B X R 1) S
ZInE TR B, N AP AR SRR, F
JeiEXT 2Ok A TICIE , B AR R T 26 Y S
R RE DL BRI RS v . PFE 25 R BoR, AR HL
B ) T LR S AL, REE A LR S
BRI, PR ETRES, x5TESE DY
Zheng TS A R —B. Re o Y BER
KL+ XK FLandsat TMAEEE . P Lok B
(1 - S A LR T A TR R SR o e, S O IS
S I IA) B SF JELIXR F GF- 1808 W . 3T 20 41 il B i
M+ e WU B, T 7 e AR G
BHURBEIE AP . drer . har b BE & Pt
RERIRCR el o AR5 H, LiLandsat 8 OLI
ORISR NN SEAW W 32 IR EL8 . RG2S 53
TCIE 2[R P - S 2 AU SlAS ] 4 A0, sk I Bt
WEA -SRI —80bE, EEER R R T s
UG IRES 1 22 ST 800 o B R R 1% 8k
B, 5 DA — B oo b S S TS A L
S 2 R AR DG, X B L TR R Bk
IR, T IR R AR, 55
B U TS B, O IR R R AT
e, AT FRAR IR R R X AR, KR
T AR AL ARG B . DA E— B el SRR 1 £
AT O A B RIAVE S B AL, SE Bl T m e B
bR, FEJERGE: (1) %NS 6% X 15
HEAT T AR FL™ A o T o6 i A, Rt
KZKA ., MEERERm; (2) WX KN L5
SREE R AT IAT, BERS TN AR o5 JR I % 1A ML
Fifrat;  (3) BeEAn im0 R G0 g 52 5 T AR

1E, WIS T 2O BRSOk B .

iU R o S| W inel = T Y = R R i i
THh, FECEH THRHb ISR 2, T E R T
MR A, R AR — 0, B DAk
TR BT, AN E SRR A AL A A
BERTAYSZI, SRR IR, T XA
Y EMEL, ZH XA 85 4 R
BRI, TR AR, AR R, X
HCarter® VT4 DY RS R —3, U
WIZER R M X, A M0k 20 B X8 Ay 5% ) 4 3584 ML)
TEERNEENEZ —,

AW 5T BT R T - SR e,
SRR TE A X R RIE A, AR TR
ko 1 H, BFFE R b ok P CH A PR 2R X SO
FASZ I, S A5 A B0 AE A 1 TR0 A -5 S A7 A —
w2E . PN IE R SRS . M
AR Z P A A DL & A sgmm, oy A
A PR SO R HEA HLB AR SRS, AT 4 ey DXk
A0 - A AL AL B8R

4 5

A 5T A SE 0 = 06 3% A & Landsat 8 OLTiE

B BRE, W BerIrk, s AP R
JCTEAG AR Y, o i SRR AR D B S R AT A IE S

o7 FH B A SRR X BF 58 IX b AT ML iR AT B 3
R FHT) 205 B [ pAY A 52 36 2 S 50 A T Bk, R
THARLR . DALY RS R A S
FUHZERE . LR A . T AT oA,
— B TR WE T IX A BILJT A 25 (6] A% R - S )

http: //pedologica. issas. ac. cn



2 4 JfE A R X

RN - A BILIR Y B R e PR R 05 321

BURRE Z RIS R . R IX AL &= A T
3.57~39.22 g kg ' 2], Bl A MU S R ARG N,
OIS S R B, AL S T R
T [ 2R AR R T T s G A AR e DB

R I B Y A MLBORS B g . R PR,
e S R G R ARAY S [ AR R, AL

Jo 5 B R A RS S AR R — 2 ALY
O3 2 MU S TY | RSB 4 R 0 /N T e R
AR . 7R S BT mOEIE S 2Otk it
#b, SR T 26T R SR RE , A A B A AT
FEM A R EY R, S8l 1 XU - e
PG 2 25

2 &

[0 ] skl 2% HT U RO B9 v Fh 1 e A HL B A
HBTTEA . i SO, 2016, 36 (3) -
903—910
Zhang P, Li Y. Study on the comparisons of the
establishment of two mathematical modeling methods
for soil organic matter content based on spectral
reflectance (In Chinese ) . Spectroscopy and Spectral
Analysis, 2016, 36 (3) : 903—910

[ 2] #Asehk, A, SRR, S5 JEaUE X AP S
A I s A8 S 2 R R OB, 2006,
39 (4) : 764—771
Hu K L, YuY, Zhang F R, et al, The spatial—
temporal variability of soil organic matter and its
influencing factors in suburban area of Beijing (In
Chinese ) .
(4) : 764—771

[ 3] Krishnan P, Alexander J] D, Butler B J, et

Scientia Agricultura Sinica, 2006, 39

al.Reflectance technique for predicting soil organic

matter. Soil Society of American Journal, 1980, 44
(6) : 1280—1285

[ 4] Hummel J W, Sudduth K A, Hollinger S E.Soil
moisture and organic matter prediction of surface and
subsurface soils using an NIR soil sensor.Computers
and Electronics in Agriculture, 2001, 32 (2) :
149—165

[ 5] A&, ¥k, BH%, % B s L mailms
RO RE AT TR X, 2010, 33 (5) -
740—746
Peng J, Zhang Y Z, Pang X A, et al. Hyperspectral
features of soil organic matter content in South

Xinjiang (In Chinese) . Arid Land Geography,
2010, 33 (5) : 740—746

[6]

(7]

[ 8]

[9]

[10]

[11]

[12]

[13]

e, Ef, Mo, S iﬂ&ﬁm
RBURF2EM (fF R , 2006,
975—979

He T, Wang J, Lin Z J, et al. Spectral features of

M HEHEIEE 5T
31 (11) -

soil organic matter ( In Chinese ) . Geomatics and
Information Science of Wuhan University, 2006, 31
(11) : 975—979

XML, BRAT, XIBEAR, AF. TR GF AR 1
BAAPLEE AN Seir 5oL, 2008, 28
(12) : 2947—2950

Liu HJ, Zhang B, Liu D W, et al. Black soil
organic matter content prediction based on reflectance
simulation models (In Chinese ) .

2008, 28 (12) :

Xian L X, An B L. Improving spatial estimation of

Spectroscopy and
Spectral Analysis, 2947—2950

soil organic matter in a subtropical hilly area using
covariate derived from VIS—NIR spectroscopy.
Biosystems Engineering, 2016, 152: 126—137

Lin L, WangY, TengJ, et al. Hyperspectral analysis
of soil organic matter in coal mining regions using
wavelets, correlations, and partial least squares
regression. Environmental Monitoring & Assessment,
2016, 188 (2) : 97

Yeasmin S, Singh B, Johnston C T, et al.
Evaluation of pre—treatment procedures for improved
interpretation of mid infrared spectra of soil organic
matter. Geoderma, 2016, 304: 83—92

EM, BEPEEALER - RO, T, S T 2O
TR EOHR B T B DX A LA SR Rl AR
iz, 2016, 32 (6) : 263—267

Xia N, TashpolateTiyip, Ding J L, et al. Estimation
model of soil organic matter in desert mining area
based on multispectral image data ( In Chinese ) .
Transactions of the Chinese Society of Agricultural
Engineering, 2016, 32 (6) : 263—267

R, sk, RERAMN, fF. BETTMRZARAYTEE—
2 22 St A b AT BILTT & R R IR [ Y
2014, 34 (4) : 1080—1086

Luan F M, Zhang X L, Xiong H G, et al. Inversion
models of soil organic matter in Oasis—Desert ecotone

based on TM image reflectance ( In Chinese ) . Journal

of Desert Research, 2014, 34 (4) : 1080—1086

M, RWIY, Fwm, & owtEsEET KER
A% H b ST HUBT R Y G . P E AR R

2016, 49 (11) : 2126—2135

Nan F, Zhu H F, Bi R T, et al. Hyperspectral
prediction of soil organic matter content in the
reclamation cropland of coal mining areas in the Loess

Plateau (In Chinese ) . Scientia Agricultura Sinica,

http: //pedologica. issas. ac. cn



322

+

Eild 55 4%

[14]

[15]

[16]

[17]

[18]

[19]

[21]

2016, 49 (11) : 2126—2135

RABLL, REST, BKT, . AT TMER M L
A BTk 2s [AK Jy SO W oE . s di, 2015, 52
(6) : 1422—1429

Song J H, WuJ G, Zhao X Y, et al. Inversion of
spatial pattern of organic matter contents in black soil
based on TM Data (In Chinese ) . Acta Pedologica
Sinica, 2015, 52 (6) : 1422—1429

Y. BT Landsat 838 & EHZR 0K A b AL H b X - g
AU E R TR R, 2016, 44 (12) -
415—419

Ma C.Retrieval of soil organic matter content in North
Central Changchun based on Landsat 8 remote sensing
images (In Chinese ) .Jiangsu Agricultural Sciences,
2016, 44 (12) : 415—419

FAR, AN, ZER. BTG R SO A
454G 0 HLBTHUI ) AT g . R, 2016, 53
(6) : 1568—1575

Wu C W, Zhang Y C, XiaJ X, et al. Prediction and
mapping of soil organic matter based on geostatistics
and remote sensing inversion ( In Chinese ) . Acta
Pedologica Sinica, 2016, 53 (6) : 1568—1575
LT, M, Fotfe, 4 T 2ok E G 4
B )2 2 A LB A AR R R . AR A Al
2010, 21 (4) : 883—888

Zhang F S, Qu W, Yin G H, et al. Spatial pattern of
surface soil organic matter based on remotely sensed
multispectral image ( In Chinese ) . Chinese Journal of
Applied Ecology, 2010, 21 (4) : 883—888
ML, My, A, & TSGR RIER
SaOK R LA LB WL L, 2016, 48 (2) -
389—394

Xiang HY, Liu WY, PengJ, et al. Predicting
organic matter content in paddy soil using method of
continuum removal in southern Xinjiang, China (In
Chinese ) . Soils, 2016, 48 (2) : 389—394
TRELTE. T TMEZAR Y 1 PG 44 B L A BILBT 2 1) 43
A AR PG & b il R, 2013
Zhang H L. Research on the spatial distribution and
the variation characteristics of soil organic matter in
Shanxi Province based on TM images ( In Chinese ) .
Jingzhong, Shanxi: Shanxi Agricultural University,
2013

XIFERE. BT Hyperion B i A4 [ A LR & i H2 i
Trik KA HMOREE, 2012

Liu J Y. Approach to extracting farmland soil organic
matter content based on Hyperion data ( In Chinese ) .
Changchun:Jilin University, 2012

FIEA, Zefd, WGEES, S5 IR TE I B

[22]

[24]

i SO P JR  EA HLBT A ORI RO RR
2016, 44 (14) : 240—244

Wang Y C, AnJ, Gu X H, et al. The quantitative
retrieval of soil organic matter content in Guanzhong
Plain by using wide band data ( In Chinese ) .Journal
of Anhui Agricultural Sciences, 2016, 44 (14) :
240—244

EIEA, JIRES, R4l S RS OEE KA
2O i SO AL T LA PS5Ot
WAHT, 2014, 34 (1) @ 201—206

Wang Y C, Gu X H, Zhu J S, et al. Inversion of
organic matter content of the north Fluvo—Aquic
soil based on hyperspectral and multispectra ( In
Chinese ) . Spectroscopy and Spectral Analysis,
2014, 34 (1) : 201—206

AP, T, WEE, FORETREEN AR L
e R s 1B AT ALY, AR, 2016, 36
(20) : 6387—6396

Deng K, Ding J L, Yang A X, et al. Modeling of the
spatial distribution of soil profile salinity based on the
electromagnetic induction technique ( In Chinese ) .
Acta Ecologica Sinica, 2016, 36 (20) : 6387—
6396

AEFRYe. BE T Landsat8(1%) M i RE #4125 B2 Wa . P8
RrE 540k, 2015, 38 (12Q) : 383—386

Xiong C N. Vegetation coverage based on landsat8
images in Guangzhou (In Chinese ) . Environmental
Science & Technology, 2015, 38 (12Q) : 383—386
T e R A Ll 2 5y 2 AR Al 2 AL
oW Ir . dat: Bl R, 1989

Agricultural Chemical Specialized Committee of
China Soil Society. Conventional analytical method of
soil agricultural chemistry (In Chinese ) . Beijing:
Science Press, 1989

Cortes C, Vapnik V. Support vector networks.
Machine Learning, 1995, 20 (3) : 273—297

ZEPE. B =AU A K IR Y RG4S 1R
BB IARFEZ . WA K, 2016

Li P. Hyperspectral estimation and remote sensing
retrieval of soil water regime in the Yellow River
delta (In Chinese ) . Tai’ an, Shandong: Shandong
Agricultural University, 2016

MR . T BB — o T A IR it b DX 75 0B K T 2k X
B E KB TS B A B AUE R LR,
2011

Sun J. Retrieval soil moisture based on HJ—1 satellite
a case study of western region along Qinghai—Tibet
railway in Nagqu prefecture ( In Chinese ) . Nanjing:

Nanjing University of Information Science and

http: //pedologica. issas. ac. cn



2 4

JalfEAE R 5 XU SR -+ A BT S 3 S R 3R I 323

[29]

[30]

[31]

Technology, 2011

Vaudour E, Gilliot ] M, Bel L, et al. Regional
prediction of soil organic carbon content over
temperate croplands using visible near—infrared
airborne hyperspectral imagery and synchronous
field spectra.International Journal of Applied Earth
Observation and Geoinformation, 2016, 49: 24—38

Ak BT K VE AT 1A WL A R R Dt
B SRS, JEat: AR R, 2014

Li H. Guanting reservoir drawdown zone on the
distribution of organic matter and soil hyperspectral
inversion (In Chinese ) . Beijing: Capital Normal
University, 2014

RIS, SR AR, MM, . 9RO R A R
BLBEZS ) A2 SRR AR 5. B BEARL A, 2013, 33 (1) -

83—89

Zhao M S, Zhang G L, Li D C, et al. Spatial
variability of soil organic matter and factor analysis
in the south of middle Jiangsu Plain ( In Chinese ) .
Scientia Geographica Sinica, 2013, 33 (1) : 83—
89

REY, KBV, U, S L EEAn RN A LR
MRS RE WSS RHEE AR, 2005, 36 (5) @ 748-
752

Liang A Z, Zhang X P, Yang X M, et al. Review
on protection capacity of soil organic matter by fine
particles ( In Chinese ) . Chinese Journal of Soil
Science, 2005, 36 (5) : 748-752

Carter M R, Angers D A, Gregorich E G, et al.

Characterizing organic matter retention for surface

[34]

[35]

[36]

[37]

soils in eastern Canada using density and particle size
fractions.Canadian Journal of Soil Science, 2003, 83
(1) : 11—23

T, BKME, B, % SR e HLE Y
Y U IR B B Uy k. AR T AR 2R, 2016, 32
(13) : 95—102

YuL, Hong Y S, Zhou Y, et al. Wavelength variable
selection methods for estimation of soil organic matter
content using hyperspectral technique ( In Chinese ) .
Transactions of the Chinese Society of Agricultural
Engineering, 2016, 32 (13) : 95—102

Zheng G, Ryu D, Jiao C X, et al. Estimation of
organic matter content in coastal soil using reflectance
spectroscopy. Pedosphere, 2016, 26 (1) : 130—136
SRME, RUKEC, TORNI, A FIHEDLIEMGF—1£L
2 618 HEAT L A HUBTION A 1F 5. L,
2016, 47 (3) : 537—542

Guo Y, Cheng Y Z, Wang L G, et al. Predication
and mapping of soil organic matter content using
hyperspectra and GF—1 multispectra ( In Chinese ) .
Chinese Journal of Soil Science, 2016, 47 (3) :
537—542

o, BT Landsat8 5 AR AL it IX 4 504 HL5 e 7t
HREE. TRXERSHEE, 2017, 31 (2) : 167—
172

Ma C. Study on the quantitative retrieval of soil
organic matter in the north and middle part of Jilin
based on Landsat 8 (In Chinese ) . Journal of Arid
Land Resources and Environment, 2017, 31 (2) :

167—172

Inversion of Soil Organic Matter Content in Oasis Typical of Arid Area and Its
Influencing Factors

Abstract

ZHOU Qiangian"" > DING Jianli" *'
(1 Key Laboratory of Wisdom City and Environmental Modeling Department of Education, Xinjiang University,

China )

TANG Mengying' *

YANG Bin’
Urumgqi 830046,

(2 Key Laboratory of Oasis Ecology, Xinjiang University, Urumgqi 830046, China)

(3 Gold Geological Party of CAPF, Urumgqi 830057, China )

[ Objective ] Soil organic matter (SOM) content is an important soil index, essential to

guiding usage of chemicals in agriculture, and also an important factor affecting regional carbon balance.

Scholars have long been interested in the study of soil organic matter and have helped address key

environmental, agricultural and social and political issues over the past ten years. It is essential to have

simpler, more accurate, more rapid and more inexpensive methods for plotting soil organic matter maps, and
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moreover, more time-and-cost saving ones. [ Method ] Remote sensing data have extensively been used
in digital soil mapping, especially in assessing soil organic matter, because the use improves accuracy of
the prediction of soil physical parameters to some extent. To explore feasibility of combining the narrow
band of hyperspectrum and the wide band of multispectral remote sensing images to realize high-accuracy
prediction of soil organic matter (SOM), field data and soil samples were collected in Weigan River Oasis
of Kuche in May of 2016 for in-lab analysis of SOM content using the potassium dichromate method;
hyperspectral data were in the darkroom with the aid of the ASD Fieldspec3 spectrometer; the first 7 bands
of the Landsat 8 OLI remote sensing images of May 30, 2016 were selected and used for atmospheric
correction, radiometric correction and fine geometric correction of the images as pretreatment. In addition,
the band averaging method was used to fit the measured data of the hyperspectral narrow bands into data of
the multispectral wide bands, and then to screen out sensitive spectral parameters; models for assessing soil
organic matter were built up, using the partial least squares regression method for test and screening of an
optimal model. In the end, spatial distribution of soil organic matter was analyzed, taking into account all
soil factors. [ Result ] Results show that SOM content in the oasis varies in the range of 3.57 ~39.22 g kg™
An optimal prediction model was built up based on the 2nd, 5th and 6th bands as independent variables after
being subjected to first differential transformation, with determination coefficient R* of the model dataset
being 0.852 and of the validation set being 0.897. On such a basis, the optimal model was applied to multi-
spectaral data based prediction of soil organic matter using the Landsat 8 OLI satellite images. Differential
transformation significantly improved the correlation of hyperspectrum with soil organic matter content.
After the reflectances of the multi-spectral bands were calibrated with the ratio method, determination
coefficient R” of the validation dataset was raised from 0.711 to 0.849. Distribution of soil organic matter
was less affected by land use types or soil texture than soil particle composition. [ Conclusion ] The
inversion of SOM indicates that the remote sensing based inversion of SOM fits the actual situation of
the study area, displaying good reliability and authenticity. In this study, the findings are the same as and
different in places from those of other scholars, so further studies should take into account effects of soil
moisture content, salinity, landform and some other factors on soil organic matter content and improve
accuracy of the prediction model. All the findings of the study exploring feasibility of combining the hyper-
spectral model with remote sensing inversion in predicting soil organic matter in the studied area may serve
as scientific basis and technical reference for quick acquisition of SOM information in Arid and semi-arid
regions.

Key words Hyperspectral; Landsat 8 OLI; Soil organic matter; Influencing factor
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