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Environment and Disasters, Huainan, Anhui 232001, China)

Abstract: [ Objective ] The analysis of soil properties using routine chemical analysis method is rather costly and
time-consuming, and so hard to meet the requirement for handling large volumes of soil samples fast and efficiently to monitor
soil properties. Continuous soil spectral curves obtained with the aid of the hyperspectral technology encompass abundant spectral
information, and reflect comprehensively various soil attribute information. Therefore, modeling can be done to predict some soil
properties efficiently and accurately based on the hyperspectral technology. This paper was oriented to build a model for
predicting soil organic matter (SOM) content based on hyperspectral feature indices with an expectation to provide a new method
for rapid and effective determination of SOM content. [ Method] In this study, a total of 178 soil samples were collected from
the surface soil layers (0~20 cm) of farmlands of paddy soil and fluvo-aquic soil in the central plain of Jiangsu province for
analysis of SOM content. Hyperspectral curves of the soil samples were obtained with the aid of the ASD FieldSpec 3
spectrometer. Firstly, the original spectra were processed with the algorithms of reciprocal log transformation (Log(1/R)) and
continuum-remova 1 (CR) for analysis of hyperspectral characteristics of the soil samples different in SOM content and in soil
type. Secondly, based on the data of the original, Log (1/R) and CR spectra, spectral feature indices, including deviation of arch
(DOA), difference index (DI), ratio index (RI), and normalized difference index (NDI), were calculated, and relationships of
SOM content with the four indices were analyzed. Finally, linear regression models for SOM content were established based on
the selected spectral feature indices. Accuracies of the models were evaluated and compared. [ Result ] Results show: (1) SOM
content was significantly and negatively related to original spectra, but significantly and positively to reciprocal log spectra. The
relationship was the most significant at the waveband of 400~900 nm, with the absolute correlation coefficient value reached
above 0.6. After the spectral curves being CR transformed, their differences in characteristic became extraordinarily significant
different, and significant absorption valleys appeared near 420 nm, 480 nm, 660 nm, and 900 nm; (2) The DOAs of the original,
Log (1/R) and CR spectra showed extra-significant relationships with SOM content (P<0.01) at wavelength of 600 nm, with
correlation coefficient being —0.66, 0.61 and—0.33, respectively; and (3) Based on the combinations of DOA with DI, RI, and NDI
of the three different spectra, the model established for predicting SOM content performed quite effectively, with relative percent
deviation ranging from 1.78 to 1.94, R? from 0.56 to 0.64, and RMSE from 4.98 g~l<g’1 to 5.50 g'kg '. And the validation sets had
R? ranging from 0.67 and 0.73, and RMSE from 3.21 g'kg™" to 3.51 gkg™'. Conclusion The spectral feature indices, including
DOA, DI, RI, and NDI, can be used effectively for modeling for SOM content, and the model may explain about 67%~73% of the
SOM variability. The model established with RI and DOA of the Log (1/R) spectrum is an optimal one.
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2220 nm 4k, A5 R 54 R HETE 0.6 LU ECE 7a),
MHAMREN 3 NMEBEHAEHR 2 215 nm
2202nm, 2 219 nm I 2 198 nm, 2 217 nm A
2199 nm B, MK REII 51 073, 0.73 1 0.72,
SOM 5 RI Fl NDI [ i AH 51 1 i B 4 45 3 il
—# HA T, 76 1 000~2 400 nm Z[a], H KM 3

F1 ETSHEN SOM LMEFEERELER

Table 1 Modeling via SOM linear regression based on DOA

HeiEAR I X A Modeling T Prediction
Types of spectral transformation R? RMSE/ (gkg™") R? RMSE/ (gkg™!) RPD
R 0.45 6.13 0.37 4.89 1.28
Log (1/R) 0.38 6.49 0.36 4.95 1.26
CR 0.09 7.86 0.08 5.91 1.06
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a) R-DI b) R-RI ¢) R-NDI
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AR R BMEAR, ¥4 0.68. 0.68 1 0.67, FAY
RI il NDI A B AWAHE, 43508 2 202 nm Al
2215nm. 2 203 nm F1 2 214 nm. 2 203 nm FI
2215am (B 76, & 7¢).

£ Log ( 1/R) JGi M AH G S5 34 v (|l 7d ~
& 7f), SOM &t 5 DI WA MR s ik Bl A &
FLMEAE 1 100~2 400 nm &b, A 56 28046 X H 78
0.5 KA Lo #HIEMR 3 N IBH A 2 202 nm
12 215 nm. 2 203 nm f12 214 nm. 2 203 nm Fl
2215 nm, MXRBIHIH 0.68, 0.68 Al 0.67, RI
H1 NDI FYAH G R B S A B A AL, AHDCHE R S i
W B AV A, 7 2 180~2 220 nm 4k #H
Kotk i) 3 AN Bl 54497 2 215 nm F12 202 nm,
2219 nm Al 2 198 nm. 2 199 nm F1 2 217 nm, AHKE

e) Log(1/R)-RI
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Kl 7 SOM 7t 5 G Al 45 KU AH G 28 KA 3 4]

Fig. 7 A contour map of the relationships between SOM content and spectral feature indices

A0k 073, 0.72 Fi1 0.71. 7E CR JGIE R &
PESEFE T, AR R W B B R A, B
A, DIL RIFINDI 5 SOM Ay AH X1 45 4 5]
A —3 (K 7g~El 71). 3 FOLIEHE%S SOM 1y
AH M e e I BEZH 5 1978 2 223 nm Fl 2 182 nm,
2223 nm 12183 nm. 2171 nm 1 1 877 nm, FHK
ZH 54 071, 0.70 F1 0.70.

Kl 3a R, JREEGIETE 2 198 nm, 2 199 nm,
2202nm, 2203 nm, 2214nm.2215nm. 2217 nm
M 2 219 nm A ETFEE SOM WX RN T
—0.44~-0.43 Z[0], 4115 DI, RI, NDI J5 5 SOM
BYAH DG b B, AR OC R AL XHEAE 0.67 DL |
Log (1/R) JGi%7E 2202 nm, 2203 nm, 2214 nm
M2 215 nm 42375 DI, RI. NDIJ55 SOM
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FHCHE B 3 & CR JGIEAE 1877 nm, 2 171 nm.,
2182 nm. 2 183 nm Al 2 223 nm 4b i3 1) GG+
5 SOM By OCHE A 1 3548 & . 3k R WA [R] I Be i
Tk S S R4 TS M RHIE RS SO T RS R T
EEE S SOM WA e, — R 4w 7
U R

£ 3 PRSI, RS SOM AH M
e HT 3 N85, S TIFSE X SOM otk [l
AR IGAE, ZERILE 2, RGO, BT RI
HI NDI B4l 4 12 5 SOM HAH X R B AR
Ho R AL AR ; 7E Log (1/R) JGifhrh, MEEmy
RI #1 NDI {3 Bedl A A ), FLaiist AR . 3
TG . Log (1/R) Ml CR JEIEFe BRI, & T
JF A GG RS RT FENDI, Log ( 1/R) i DI Fii
R TRHE Ji5 AR AN, LAY SOM U A5 FRA 35 4 4 Xof
B, ERAE (Y R IY7E 0.53 LA I ,RMSE 7£ 5.5 g-kg !
IR, B UE4E R R* ¥7E 0.65 LA |, RMSE 8 KA
it 4 gke's BT CRIGIETEEA SOM Tl 45 7Y
(AR R UE AR 1 R B33, RIWIZ BRI IZ 1k
AE k. BA b, BT 3 FOGREBIE R 3 ROk
FEBGESLIY 9 4> SOM FU i AIH, RPD yulE A F
1.4~2, FHTEE ST (14 1] USR5 76 i 6% HH w1k S 9 X
) SOM i, 9 AT p, JLF R EIE Y
DI [F A A ) BN BE ) 5, RPD & 1.98; CR
i H LT DI Y SOM [H] A AL ) RPD B ARG,
(AR BLAT 8 Iz A BE D o

%3 4 3 MO BARE Y DI. RI. NDI 203454
SHh2E C, #E1T SOM By mIH s gE L 45 R K,
TR T8 2 OGRS E 8 5, F 98 X A9 SOM 2
RORE B R A R R B R, @BAER RP RN
RMSE 7514 F 0.56~0.64 1 4.98~5.50 g'kg ™', &
WEER) R I RMSE 4+ F 0.67~0.73 Al 3.21~
3.51 grkg ', A0 2 M EEAORS AT R4 T .9 Fh SOM
BRI RPD B7E 1.78 DL b, HHUMAE ik 2 iy
SOM HEAVA R [AREFE 42 7. BT CR OGS 20
5 221 SOM TS AL (172 {1 fE 148 -

FEZR 2 FIER 3 A EBEIZE A, 43008 R Log
( 1/R) FI CR PG5 EE T R PL iy SOM Tl A7
2 SE B AESE SR (K] 8), ATLIE Y, (Al AR A
1) RO 55 S0 2 (8] 35 A7 A A [0 R B ) O i, 7
SOM &K T 20 g-kg ' Ab, REARTFAE— E L
PG ; SOM & AE 20 g-kg ' DL E S A 150 (i
WA, X5 R P s A R — . A
I, 3T Log ( /R) JGiERy RIZ54 5 M 22/ SOM
TOUI AL A 7 Fir A A AR e R X e I, L N L A S
EEHAIHERMRAE 12 1 ZHfHr (& 8e ).

5K 45 05 A BT DA A G 4R B0k U X L DI
4, HRH RI A NDI ASCHYEE R R0 T 5 i Fl
CROGIE, DI BYEBISOREAS; MXTT Log ( 1/R)
Jei, RI R NDI (B ety Sokipig ™
LR — R IR, B EPIRAT DI M
AR, I 507~516 nm 2 SRR 450~

®2 ETIEELR SOM BEER

Table 2 SOM modeling based on spectral indices

ik AL I BIRILECE A Modeling Wil Prediction
Types of spectral transformation ~ Spectral index R? RMSE/ (gkg") R? RMSE/ (gkg') P
DI 0.54 5.57 0.69 3.15 1.98
R RI 0.46 6.04 0.53 4.22 1.48
NDI 0.46 6.04 0.53 4.22 1.48
DI 0.46 6.04 0.53 4.22 1.48
Log (1/R) RI 0.53 5.46 0.68 3.48 1.79
NDI 0.53 5.46 0.68 3.48 1.79
DI 0.63 5.05 0.65 3.67 1.70
CR RI 0.62 5.05 0.65 3.68 1.70
NDI 0.63 5.05 0.65 3.68 1.70
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®3 ETBERMSHERN SOM BELR

Table 3 The results of modeling SOM using spectral index and deviation of arch

TG FHIEFE 2L A Modeling T3 Prediction
RPD
Types of spectral transformation  Feature index R? RMSE/ (gkg') R? RMSE/ (gkg™")
DI+ C 0.63 5.04 0.71 3.35 1.86
R RI+C 0.57 5.40 0.70 3.39 1.84
NDI + C 0.57 5.40 0.70 3.39 1.84
DI+ C 0.56 5.50 0.67 3.51 1.78
Log (1/R) RI+C 0.62 5.10 0.73 3.21 1.94
NDI+ C 0.62 5.10 0.73 3.21 1.94
DI+ C 0.64 4.98 0.68 3.48 1.79
CR RI+C 0.64 4.99 0.68 3.49 1.79
NDI+ C 0.64 4.98 0.68 3.49 1.79
45
a) R-DI b) Log(I/R)-RI ¢) CR-DI
404 + +
35¢ - .. ) " - L .- ., " - a -
R "/ . - AR e L] '
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25+ - "~y > . " ) r N~ -- -t /" g )
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= 40r - -
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Kl 8 SOM & i iy SE S5 Hill{E b i

Fig. 8 Comparison between measured and predicted SOM contents

750 nm R IE DA T HUAE AL B S 3RAS A HLBTIS W
Fe ¥, #HAr SOM & (I WU B AURS BE 4, R 7E
0.65 LA L, (HRILHEAE D (GBI UEREAS 5331
R 19 AN 8 AN ) T B HE— BB ST o 5 i S PR
570~590 nm P& B () — B2 HOLIEFI 1 280 nm 4b 2
B 0 g R G b TN A A M DX R A R A B
Fri, (EJR A ARAE R R* 22905k, IR

ISIESERY R 4351 0.41~0.47 F1 0.72~0.75, L%
SRAEDPY R 2 W B AR A AL B S, BE
RARAB R A 7 oo o v 7 A S T A XU, el AR 7

FEH 2 M, AR5 R BE T RI 3 NDI
A BTSSR IT LA R SOM. Bl A kS B, AR A
FER ISR AR RS BOd 7 () SOM T A% A A% Al
KAER R I1E 0.6 UL H2ZEREU/N, el Bt
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X SOM 75 51 65%LA b, A FEH5 A AUAH X B o

ABEGARIE SOM 5 GTEFE O P HE 7 i1 7
e HEAR, BEBEROGIG AL G AR IR LI 2 200 nm
W BERHT , (HSEPR_EAFFE XA SOM &5 i 5 Hofth i Bt
Y0 [ N T G TSR B A DG A i . AR GR b
TR, 7E 400~800 nm P By Fl 14519 DI 5 SOM
A BB R HE I AE 0.6 UL (18 7a), fE0] WG,
UL LLANFIAE P LT A0 B e, 3R i 2 I e
A 358, I TE R 0o b 24 7E R
[F) 9 B 3 1Bl P 4 ol e R = 38 i M 5 03 48 B A G
PESFGL, BEBOGIE RS SO AT O R, A, ASHE
FEBERUDO G RE TR X — |, 725 IR I 5% hifs 2%
it — 2D 2 OISR IR AR R, AN
A G TE R AR B R AIRUR .

3 45 i

(1) VLB TR, ASF SOM & & FA A 4
B T i 2 R AE 4 By R P AR Ak R H
AR— . BBROUKLAIE, DGR EE 2R
BH W, 7F 480 nm. 660 nm. 900 nm A1 1 800 nm Pt
HELT BRI A . SOM 5 IR ik S i b 3 1 AH
X, 5 Log ( I/R) Stk B4k I 2 IEAHOC, HAE 400~
900 nm P EBeAHSCPER . SOM 5 CR Y6ilk, 7En] W,
Jt 390~750 nm. ITLLAM 800~900 nm. LISk
1 450~1 700 nm 1 2 200~2 400 nm &b, I [a)
JEMIESCAARSE . (2) BFERGIEH Log ( I/R) JGi
£ 600 nm B 5 25 5 SOM & it S A I 25 AH G,
BENS R 7T X 36%0) SOM A8 5, FIAY RPD 43
B 1.28 Fil 1.26, FERIEMNEIR 2. (3) JFAREHE .
Log ( 1/R) G F1 CR JGIEAFA [m]k Be i) S 6 22 ik
DI. RI fI NDI ##EFE80 RS, 5 7OGEsds S
SOM (AR, — R FRE - R4 o A 0 (44 2 o
R FEDEIEEWE Y DI. RI Ml NDI 2545 5087 1)
SOM I REAE 1R FE 53%~69%[1) SOM 725 5%, ¥ DI,
RI Fil NDI 554850045 &5 i 25, #57 /9 SOM Tl
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A, Horp Log (1/R) 63y RI Al NDI 454 55 h 22
1Y) SOM Tl I A5 R4 J3F de 1 -

S %3k ( References )

[ 1] AllenRM, Laird D A. Quantitative prediction of biochar

soil amendments by near-infrared reflectance

[2]

[ 4]

[5]

[6]

(7]

[ 8]

[ 10 ]

spectroscopy[J]. Soil Science
Journal, 2013, 77 (5): 1784—1794.
Shi Z, Ji W, Viscarra Rossel R A, et al. Prediction of soil

organic matter using a spatially constrained local partial

Society of America

least squares regression and the Chinese vis-NIR spectral
library[J]. European Journal of Soil Science, 2015, 66
(4): 679—687
Bartholomeus H M, Schaepman M E, Kooistra L, et al.
Spectral reflectance based indices for soil organic carbon
quantification[J]. Geoderma, 2008, 145 ( 1/2): 28—36.
Dematté J A M, Campos R C, Alves M C, et al.
Visible-NIR reflectance : A new approach on soil
evaluation[J]. Geoderma, 2004, 121 (1/2): 95—112.
Shi Z,Wang Q L,Peng J, et al. Development of a national
VNIR soil-spectral library for soil classification and
prediction of organic matter concentrations[J]. Science
China: Earth Science, 2014, 44 (5): 978—988. [,
ERE, A, SF. P E EE RO R
H5HEYUFOGIE AT B E R Bk R, 2014,
44 (5): 978—988.]
Shen R P, Ding G X, Wei G S, et al. Retrieval of soil
organic matter content from hyper-spectrum based on
ANNJJ]. Acta Pedologica Sinica,2009,46( 3 ):391—397.
L, THE, SEE, §F BT AT
MR PR A B R RIS R[] MR, 2009, 46
(3): 391—397.]
Ye Q, Jiang X Q, Li X C, et al. Comparison on inversion
of soil matter content based on

model organic

hyperspectral data[J]. Transactions of the Chinese
Society of Agricultural Machinery, 2017, 48 (3 ):
164—172. M8, FLEJFH, 2000, % ETROLER
it 0 - S AL S A LA T]. Al AL =
2017, 48 (3): 164—172.]

Zhang JJ, Tian Y C, Zhu Y, et al. Spectral characteristics
and estimation of organic matter contents of different soil
types[J]. Scientia Agricultura Sinica, 2009, 42 (9):
3154—3163. [TRIBUE, HKHE, 4H, % AREHE L
BER LSRR B A LT e B I]. op E AR
2009, 42 (9): 3154—3163.]

Guo D D, Huang S M, Zhang S Q, et al. Comparative
analysis of various hyperspectral prediction models of
fluvo-aquic soil organic matter[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2014, 30
(21): 192—200. [$B:3}2}, A, WA, 520
W A WL v DI 3% T A B ey X L A AT 0], ARolk TR
=4, 2014, 30 (21): 192—200.]

Zhao X M, Yang M H. Hyper-spectral characteristics of
major types of soils in red soil region of Jiangxi
Province, China[J]. Acta Pedologica Sinica, 2018, 55
(1): 31—42. [B/ME, e, TTPHE LI IX 2
IERAN EOL I RERT )] LR, 2018, 55
(1): 31—42]]

http://pedologica.issas.ac.cn



RXIIAA A . BT R OGS AR FE B A BB 7 A 53

[12 ]

[13 ]

[ 14 ]

[15]

[ 16 ]

[ 18 ]

[ 19 ]

Peng J, Zhou Q, Zhang Y Z, et al. Effect of soil organic
matter on of soil[J]. Acta
Pedologica Sinica, 2013, 50 (3): 517—524. [#78,

SV, BBk, . A PLEXS G R Y 5 e A 5T
[J]. £HEZEH, 2013, 50 (3): 517—524.]

Wu D W, Zhang G L. Effects of parent materials and land
use types on inversion models by using soil spectral
data[J]. Soils, 2016, 48 (1): 173—179. [BR&#L, K
HFR. BT b ) IS B0 A O i S A A 1 5
mi[J]. e, 2016, 48 (1): 173—179.]

Nawar S, Buddenbaum H, Hill J, et al. Estimating the soil

spectral characteristics

clay content and organic matter by means of different
calibration methods of vis-NIR diffuse reflectance
spectroscopy[J]. Soil and Tillage Research, 2016, 155:
510—522.

YuL, Hong Y S, Geng L, et al. Hyperspectral estimation
of soil organic matter content based on partial least
squares regression. Transactions of the Chinese Society
of Agricultural Engineering, 2015, 31 ( 14): 103—109.
[T, sk, BOE, % BT mmh ZRemam L
AT AL I AG B RO TAR 2R, 2015, 31
(14): 103—109.]

Wang M, Xie XL, ZhouR, et al. Determination of soil
organic matter in red soils using VIS-NIR diffuse
reflectance spectroscopy and selection of optimal spectral
bands[J]. Acta Pedologica Sinica, 2011, 48 (5):
1083—1089. [T 4%, fREm, J%, . LT is-
T 2L A S I G 1 A £ ST AT AL S R G B G e B i
PE[J). L3, 2011, 48 (5): 1083—1089. ]

Tian Y C, Zhang J J, Yao X, et al. Quantitative modeling
method of soil organic matter content based on
near-infrared photoacoustic spectroscopy[J]. Transactions
of the Chinese Society of Agricultural Engineering,
2012, 28 (1): 145—152. [HA#, HKIAMW, BhE, 4.
BT LLAMG G Y - A AL i R T R
P14l T2, 2012, 28 (1): 145—152.]

Wang Y D, Zhao M Q, LiuPF, et al. Prediction of organic
matter and total nitrogen contents in tobacco-growing soil
based on hyper-spectral analysis[J]. Acta Tabacaria Sinica,
2016, 22(3): 44—S1. [E—T , W&, XIS &, 45 3
T G AT IR A HLBURIA A S = TR AT D],
R EERE S, 2016, 22 (3): 44—51]]

Liu W, Zhao Z, Yuan H F, et al. An optimal selection
method of samples of calibration set and validation set
for spectral multivariate analysis[J]. Spectroscopy and
Spectral Analysis, 2014, 34 (4): 947—951. [XIff,
AR, U, 5. OB 2 0 TR IE S R TE AR RE AR
AR T RIS (D). ik 5O 0T, 2014, 34
(4): 947—951.]

Viscarra Rossel R A, Behrens T. Using data mining to
model and interpret soil diffuse reflectance spectra[J].
Geoderma, 2010, 158 ( 1/2): 46—54.

[ 20 ]

[ 21 ]

[ 22 ]

[ 23]

[ 24 ]

[ 25 ]

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

JiwlJ], LiX, LiCX, etal. Using different data mining
algorithms to predict soil organic matter based on
visible-near infrared spectroscopy[J]. Spectroscopy and
Spectral Analysis, 2012, 32 (9): 2393—2398. [Z2 X
B, O, FR, F BTN R L
A HUBT S G U A A ()], il 2 5 6i% T,
2012, 32 (9): 2393—2398.]

Luan F M, Zhang X L, Xiong H G, et al. Comparative
analysis of soil organic matter content based on different
hyperspectral inversion models[J]. Spectroscopy and
Spectral Analysis, 2013, 33 (1): 196—200. [Z54#H,
KON, RERRAN, . BT ARSI A PR &
1o T S I LR AT (] il S5O, 2013, 33
(1): 196—200.]

Mouazen A M, Kuang B, de Baerdemacker J, et al.
Comparison among principal component, partial least
squares and back propagation neural network analyses for
accuracy of measurement of selected soil properties with
visible and near infrared spectroscopy[J]. Geoderma,
2010, 158 (1/2): 23—31.

He J L, Jiang J J, Zhou S L, et al. The hyperspectral
characteristics and retrieval
content[J]. Scientia Agricultura Sinica, 2007, 40 (3 ):
638—643. [WH 5, WA, AR, % LA YUR
FEI DR LRI P ERLRE, 2007,
40 (3): 638—643.]

Lu YL, Bai YL, Yang L P, et al. Prediction and

validation of soil organic matter content based on

of soil organic matter

hyperspectrum[J]. Scientia Agricultura Sinica, 2007, 40
(9): 1989—1995. ¥, i, B, % Ik
TR T i A LB e B0 Y Y S 5 ).
rhE LR, 2007, 40 (9): 1989—1995 ]

PengJ, Chi CM, Xiang HY, et al. Inversion of soil salt
content based on continuum-removal method[J]. Acta
Pedologica Sinica, 2014, 51 (3): 459—469. [E7,

BAEY], ML, S5 BTG R R R &
FREMTGE[)]. B, 2014, 51 (3): 459—469.]
Xu B B, Dai C D. Correlation analysis of soil spectral
reflection characteristics and organic matter content in
southern Xinjiang[J]. Chinese Science Bulletin, 1980 (6 ):
282—284. [fRAH, BB, MsLHOLE RS
LB B AT [I]. Bl2=iidiz, 19800 6 ): 282—284. ]
Zheng G H, Ryu D, Jiao C X, et al. Estimation of organic
matter content in coastal soil reflectance
spectroscopy[J]. Pedosphere, 2016, 26 (1): 130—136.
Chang C W, Laird D A. Near-infrared reflectance
spectroscopic analysis of soil ¢ and N[J]. Soil Science,

2002, 167 (2): 110—116.

Bai ] W, Zhao Y C, Zhang B, et al. Study on the

classification methods of the hyperspectral image based

using

on the continuum removed[J]. Computer Engineering and
Applications, 2003, 38 (13): 88—90. [F14kfh, &k

http://pedologica.issas.ac.cn



54

+ i

e 58 &

[ 30 ]

[ 31]

L IRIE, AR BT TH B 0 O R A 2T i
WEE[I]. EHL T RS A, 2003, 38 ( 13): 88—90. ]
Stenberg B, Viscarra Rossel R A, Mouazen AM, etal.
Visible and near infrared spectroscopy in soil science[J].
Advances in Agronomy, 2010, 107: 163—215.

Xu B B, Ji GS, Zhu Y H. A preliminary research of
geographic regionalization of China land background and
spectral reflectance characteristics of soil[J]. Remote
Sensing of Environment, 1991, 6 (2). 142—151. [
WM, Ik, AR BE. i [ Bl 5 S5 R S S S
REPE R PR 53 DX AR B ST (], FREEIE R, 1991, 6(2):
142—151.]

[ 32]

Gao ZH, Bai LN, Wang BY, etal. Estimation of soil

organic matter content in desertified lands using
measured soil spectral data[J]. Scientia Silvae Sinicae,
2011, 47 (6): 9—16. [=ai, HEUE, THH, 55
Tt AL 0 - S A HLJT A A SE DGR AR I [T]. Aol
B2, 2011, 47 (6): 9—16.]

Shen Z Q, Wang K, Huang X W. Estimating the content
of soil carbon by using near-infrared spectra[J]. Journal
of Infrared and Millimeter Waves, 2010, 29( 1 ): 32—37.
[PRE R, EFT, Xuewen Huang. JHITLLAMEIE M 1
Hepk S BT[], L0505 2K, 2010, 29( 1):
32—37.]

(REHRE: AHH)

http://pedologica.issas.ac.cn



