#5562 + B o IR Vol. 55, No.2
2018 4 3 /1 ACTA PEDOLOGICA SINICA Mar., 2018
DOI: 10.11766/trxb201707170240

ETAIR-IEL5MNe 5t A iER L IRRERIT 2 5
RIESRXAFR

#ooEN EERT A B RHRD?
(1 B EARN TR R SR E K T 50 s (hEARABe R ot L3EMF0T ) . riat 210008 )
(2 PEBEEBERY, dEET 100049 )

I T WL AN AL S T R LIRS, R A SURE LR MG R
TEICIE FRYRRAE , X T3 R M AT i R R R AR, RS R R HATX TR S RS
SRR P B R R MAERE . RAE TIRE VI X B e o~ RE M T2 £ 50m (2921 kEE+
FE) , DURETENE a5 & &, i Cary 50004306508 1 Hon] WL -3 2T AR 635 R T %, DARE
A B (AR5 REO) MENBARER bR E, 35S T ISR A 8 (A) RIS AL B
MEFE (B) , M ER/N IR (PLSR) FIEX & F R AT TR, & & /i, LR B

FRAT, 5 H -5 BT SCR 19 7E HED

Fo HURERW, BRIRES PTG A] UL £LAM B r ik SO A, BRI

WLATLL AN S L R TR A5 5 1, AR SRS SRR R AR E

K7 o] UL L AN R B OEEE  IRERES R REACR
FEINES S153.4 Xk tRIZED A

THOHE R R A R —, 54
AR B I C R o AR B L B Ak
By AR ARG 2% B R AR IR,
AR IR AT a4 5 HEAT W B DR ) B 1 il 5
et L AR, A U R Y 2R L
Tt A S v g b 2H B SO R B DG T R 2 2 A D
e BB, PR SO 1% S S RRAIE RE £ Bk 1
HEFRALMERAE b 20 BTG, REGEFIH R HOLE
MEERPRERE R i SR Jm A, A LB, AR
ey HUBRZL ARG . Koo . WRIR S 5 18 LA ol
IR R S N A Dratc .87 e ot 318 c vy
R, HAETE RO R bR e e, A
D B L R AORS BB R, (RO T R e

F R /N5 2 TS JBE 0 S O 2R R T 2

R 2O T B M R S R e R
K F, AWFGELEERRIR A N BARR e, — ) wih
TS A EE M e, B —Jrm A
Sy R A FH AT UL - 3 T 40 ' 3 T Ak R 45 1 B 5
A, HAEEE AR VO AR SCER X L ELIE S X A
WA 27 B A A AR, AR IR AR AR S B (A
S RB=FRUE2E I ) PIANTE bR, K REA B 4 43
TR R BRFR S & 5 T4, 56T fe/)N e ]
JH (PLSR) B EX G THEIEGEBIN, HR
ST I VA BRI S i B R 5 BRI A i 1O S G
2, AN R, ool e R
R

* [EE HREI AL ST H (41371224, 41130530 ) %1 Supported by the National Natural Science Foundation of China ( Nos.

41371224, 41130530 )

+ W iRME# Corresponding author, E-mail: dcli@issas.ac.cn

fEHE s . bk

R (1993—) , Z, WiiTlRM, BiEaFsEsE, B34, E-mail: klin@issas.ac.cn

Wk B 2017-07-17; YeRIMEMRS H 1. 2017-09-22; foese7 AR B ) (www.cnkinet) : 2017-11-10

http: //pedologica. issas. ac. cn



2 4 M RAE s BTl WL ZL SNSRI ) - SRR R B 5 a5 SRR S RIS 305

1RSI

1.1 TIEMHEKIE

L3S R VAR R~ S e - A o 8 ey g o i
WL, EEEE . W RS =E X, mARAh
14377 km®, HSOWZRAIE % | WIBMELE b, 4
SRR RS, Ak — BRI E AR
9N Bl DR — 1 2012—20134E 9 7—8 H i
AR A B 6 9 MR T 2 L (B
SRS AEN ), 292 RN R,
MABCR AR A L, G ETAME. b
TS R R BRI RIS
AL T IR X A TG R A R R 2 ) 2R
X Z WU, PEILHLIX Z2 N EE IX, HI 2 R A
1.2 mek BHRA A, KA R kdE (BFAN L
A 5 1R T ) Y
1.2 TEH#RZNESH

TR S & I R AR

CIRUUSS AR ot 1 = ) I 7 (/A= M)
Cary500040 66 BEiH#E4T ( BAEX T ) it60H
/0.25 mmfii, E45°CHIHLAE P Ht24h) , LIl nm
] B R, PR EEVEEI M350 ~2 500 nm, Horf
350 ~ 700 nm/r $EFHK <0.048 nm, 700 ~2 500 nm
AyPER<0.2 nm, Cary500043 66 HAL # S50

80
—Jkm

HERE I RE J7 Ik M A0 2 W Zeng % T BFSE
1.3 SEiEXiEm AL E

FIHBROCIE M A AN TFZ B B A
£ 55 B HA TE A5 B 2 I Uncrambler
9. 7% i th £k #E 47 Savitzky-Golay ( SG) “FiF Ak
wi wzmis, 114N E) KRR SRR
YRR IR B R
1.4 HFEEHKS

DL E B REAS BN R0 0 bR e 8 Hicis 5 1 ik
PR 5 e p/NEI RS, 3 AR IR ES 1 FR 4331
450, 60, 70, 80, 90, 100, 110, 120, 130,
140, 150 g kg™', /AlicHA-1. A-2, A-3,
A-4. A5, A-6. A-7. A-8. A9, A-10. A-I1,
B TR BEA L, B FHEEARECH60,

DIAHIT BB B (28 5 RAB=Fr il 22 /39 1H)
A A e, B 4R e TRk IR A5 S & il /D B
KA, 25 FIEHEAR BB BR 5, &
E TR FRR 850, 70, 100, 130,
236 g kg™, 4rHlic AB-1, B-2, B-3., B-4,
B-5, M FHEBEALE, B4 FEEBIELE
0.15~0.192[d] ,

BB F AL TR & = MK RN = HES
23 o 1Y Fe PR B A4 Jr y s AE RS 4R, B
BERR 3 FEAS R RR L REARE AT AL, T RAEAS

EFE4r 2% Elevation (m)
1 800~1600

Bl 1600~2400
N 2400~3200
Hl 3200~4000
Em 4000~4800

P13 PG b DX R 5 s S AR ) 1 4 ) 3 A

Fig. 1 Spatial distribution of the selected typical Aridosols profiles in the Heihe River Basin of Northwest China
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Fig. 2 Histogram of frequency distribution of the whole samples
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Table 1 Descriptive statistics of soil CaCOj; contents in subsets the same in sample size
BE%EData set  FEA % Sample size fx/MEMin fix K {EMax Hi{E Mean FrifiE 22 Std AR R BC. V(%)

A-1 60 8.27 49.99 35.77 10.69 29.89
A-2 60 29.04 59.98 43.78 8.15 18.61
A-3 60 39.05 69.34 51.70 9.39 18.16
A-4 60 44.72 78.94 60.60 10.70 17.66
A-5 60 48.56 89.17 66.18 11.57 17.48
A-6 60 57.20 99.90 78.67 13.16 16.73
A-7 60 65.86 109.9 85.98 13.38 15.56
A-8 60 75.86 118.9 98.47 13.19 13.40
A-9 60 98.85 129.7 116.7 9.31 7.98
A-10 60 115.7 139.5 129.1 6.75 5.23
A-11 60 126.1 149.2 137.5 6.71 4.88
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Fig. 3 Variation curves of the prediction effect of the model using subsets the same in sample size
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Table 2 Descriptive statistics of soil CaCO; contents in subsets similar in dispersion degree
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B-3 60 57.20 99.90 78.67 13.16 16.73
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Fig. 4 Curves of the average spectral reflectance of the subsets the same in sample size
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4 45 it
AR SC IR IR A B AT 2 5 112y 05 4
RSP ERAE, A LA R BE A B4 S A

B4, N RN 3l (PLSR) &
DRIEAT AR R G0 A HERR R A O B S, 4 SRR I
i 5 1] H 0 ] U= 30 21 Ak B i O R B R, (R
FHAT DL 2T A0 B+ SR 85, AU 5
TR IR S 25 5 oG R NI ., DRI ) G 3 0 - 4
TR TR 5 ek S AN 75 X AN [ 55 P i T 65 A AR A 740
I o REETE XS HoAth A 1 o 138 P P (B 2 — 2P 51
B, RIS Al B2 2 bR 2k Y TR B ok R T —
A TAEE A

2 % XM

[0 ] e, TTIRAR 7l X A 58 g 1 e Dl 3 52 A BT 5T
At BAURE, 2010

Zheng G H. Study on the quantitative estimating of
soil properties with hyper—spectrum in some parts of
Jiangsu Province (In Chinese ) . Nanjing: Nanjing
University, 2010

A T DGR R O k. deat: B
fi#t, 2014

Shi Z. The theory and method of soil surface

[2]

hyperspectral remote sensing ( In Chinese ) . Beijing:
Science Press, 2014
[ 3] Galvao L S, Pizarro M A, Epiphanio J C N.

Variations in reflectance of tropical soils: Spectral—

chemical composition relationships from AVIRIS data.

http: //pedologica. issas. ac. cn



310 + E E iR 55%
Remote Sensing of Environment, 2001, 75 (2) : of CaCO; content in coastal soil of North Jiangsu
245 -255 with reflectance spectroscopy (In Chinese ) . Acta
[ 4] Bt Lamm g R AHeiarse. L%, 2000, 32 Pedologica Sinica, 2016, 53 (5) : 1120—1128
(6) : 281-287 [12] Yang F, Zhang G L, Yang J L, et al. Organic matter
Xu B B. Study on reflectance spectra of soil profiles controls of soil water retention in an alpine grassland
(In Chinese ) . Soils, 2000, 32 (6) : 281 —287 and its significance for hydrological processes. Journal
(5] SR, #5830, MER. L8 mes ba st of Hydrology, 2014, 519: 3086—3093
iR AE S H R . G 5 RIS, 2012, 32 [13] Cheng GD, Li X, Zhao W Z, et al. Integrated study
(5) : 1255—1258 of the water—ecosystem—economy in the Heihe River
MaZY, DuC W, ZhouJ M. Characterization of soil Basin. National Science Review, 2014, 1: 413 —428
calcium carbonate using mid—infrared photoacoustic [14]  WMytE, 258, PhE, 4. 3 504F S i bk iy vk
spectroscopy (In Chinese ) . Spectroscopy and JNAR Ak & B M 2=, 2014, 69 (3) @ 365—
Spectral Analysis, 2012, 32 (5) : 1255—1258 377
[ 6] PR, RHH. EEVHEY LT MK L RT3 Huai BJ, Li Z Q, Sun M P, et al. RS analysis of
B B — P S e AR . SRR, 2009, 46 glaciers change in the Heihe River Basin in the last
(5): 753—763 50 years (In Chinese ) . Acta Geographica Sinica,
Chen L M, Zhang G L. Parent material uniformity 2014, 69 (3) : 365—377
and evolution of soil characteristics of a paddy soil [15] s, skikom, ook, BT Sk ge it iy 2 Il v 3
chronosequence derived from marine sediments ( In T 5% o5 RS 2B AR Ay Hr . vk %L, 2013, 35
Chinese ) . Acta Pedologica Sinica, 2009, 46 (5) : (2): 504—512
753—763 Ning B'Y, Zhang Z Q, He Y Q. Development of the
7] MR, 2080, sk H B VEICRR R 4 pH 5 CaCO, research emphasis and main disciplines about the Heihe
YUY SRR, BRI, 2017, 54 (2) . River Basin reviewed through bibliometric analysis ( In
344—353 Chinese ) . Journal of Glaciology and Geocryology,
Lin K, Li D C, Zhang G L. Relationships between 2013, 35 (2) : 504—512
pH and content of calcium carbonate and equivalents in [16] skHF, BFE. HEREASLEE 02k dbat. B
soil of the Heihe River Valley, Northwest China (In ERRAE, 2012
Chinese ) . Acta Pedologica Sinica, 2017, 54 (2) : Zhang G L, Gong Z T. Soil survey laboratory methods
344—353 (In Chinese ) . Beijing: Science Press, 2012
[ 8 ] Bissonnais Y L E. Aggregate stability and assessment [17] Zeng R, Zhao Y G, Li D C, et al. Selection of
of soil crustability and erodibility: I. Theory and “Local” models for prediction of soil organic matter
methodology. European Journal of Soil Science, using a regional soil vis—NIR spectral library. Soil
1996, 47 (4) : 425—437 Science, 2016, 181 (1) : 13—19
[ 9] Chang C W, Laird D A, Mausbach M J. Near— [18] Savitzky A, Golay M J E. Smoothing and
infrared reflectance spectroscopy—Principal differentiation of data by simplified least squares
components regression analyses of soil properties. procedures. Analytical Chemistry, 1964, 36 (8) :
Soil Science Society of America Journal, 2001, 65 1627—1639
(2) . 480—490 [19] Wold S, Martens H, Wold H. The multivariate
[10] Ben—Dor E, Banin A. Near—infrared analysis as a calibration problem in chemistry solved by the PLS
rapid method to simultaneously evaluate several soil Method//Matrix pencils. Berlin, Heidelberg:
properties. Soil Science Society of America Journal, Springer, 1983: 286—293
1995, 59 (2) : 364—372 [20] Varmuza K, Filzmoser P. Introduction to multivariate
(1] bW, AW, BREH. IRduiiE LI es & & statistical analysis in chemometrics. Florida,
S EIISE. B, 2016, 53 (5) ¢ 1120— America: CRC press, 2016
1128 [21] Miller JN, Miller J C. Statistics and chemometrics for

Hong C Q, Zheng G H, Chen C C. Estimation

analytical chemistry. Pearson Education, 2005

http: //pedologica. issas. ac. cn



2 4 M RAE s BTl WL ZL SNSRI ) - SRR R B 5 a5 SRR S RIS 311

[22]  ZEmE. 3T @ik B - 5ea HLR T A oY . b [24] Baumgardner M F, Silva L F, Biehl L L, et al.
I WK, 2013 Spectral reflectance properties of soils. Advances in
Li X. Study on prediction of soil organic matter based Agronomy, 1985, 38: 1—44
on hyperspectral remote sensing (In Chinese ) . [25] Stenberg B, Viscarra Rossel R A, Mouazen A M,
Hangzhou: Zhejiang University, 2013 et al. Visible and near infrared spectroscopy in soil
[23] Hunt G R. Spectroscopic properties of rocks and science. Advances in Agronomy, 2010, 107: 163—
minerals. Handbook of physical properties of rocks, 215

1982, 1: 295—385

Study on Relationship between Soil Calcium Carbonate Content and Inversion
Effect Based on Visible Near-infrared Reflectance Spectra

LIN Ka" ?> LI Decheng'’ LIU Feng' ZHANG Ganlin"’
(1 State 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 ] Soil visible near-infrared reflectance spectra contains large volumes of
information on soil physical and chemical properties, which implies that it is feasible to use soil spectra to
invert soil properties quantitatively. Is it the higher the property value, the higher the inversion accuracy?
However, at present, it is still unclear how to relate quantitatively effects of inversions to soil property
contents. [ Method ] Therefore, this study selected soil calcium carbonate content as the target attribute
for exploration of quantitative relationship between spectral inversion effect and calcium carbonate content.
A total of 292 soil samples were collected out of the genetic horizons of 69 typical Aridosols profiles in
the Heihe River Basin, Northwest China, for analysis of calcium carbonate contents with the gasometric
method and acquisition of visible near-infrared reflectance spectra with a Cary5000 spectrophotometer.
Based on the characteristics of the distribution of calcium carbonate content in the typical study area, 11
identical sample size subsets ( A ) and 5 similar dispersion subsets ( B ) were established with sample size
and data dispersion (coefficient of variation) as the criteria for dataset partitioning, and the partial least-
squares regression (PLSR) method was used to invert calcium carbonate content from the spectral curves.

[ Result] Results show that calcium carbonate in the Aridosols of the Heihe River Basin varied in the
range of 4.86 g kg™' ~236.03 g kg™' in content with an average of 103.07 g kg™'. Soil samples with calcium
carbonate content varying in the range of 30 ~60 g kg™ and of 120~ 150 g kg™', were in dominancy,
accounting for 21.4% and 32.6% of the total, respectively. As a whole, the soil is high in calcium carbonate
content, which is consistent with the characteristics of Aridosols being rich in calcium carbonate. With the
PLSR, modeling was performed for prediction of calcium carbonate contents of the soil samples in the 11
A subsets. RPD of the validation set of each subset ranged between 0.92 and 1.04, fluctuating around 1
with no obvious features of variation, which indicates that calcium carbonate content does not have much
impact on prediction or inversion of soil calcium carbonate content, using visible near-infrared reflectance

spectra. Modeling was also done for prediction of calcium carbonate content in 5 B subgroups, with a
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similar result. [ Conclusion] Therefore, soil calcium carbonate content is not the main factor affecting
the prediction using spectra, which is inconsistent with the qualitative knowledge the researchers already
have in mind. Calcium carbonate can enhance spectral reflectance of visible near-infrared bands, but the
effect is not so significantly reflected in using the visible near-infrared spectral reflectance to inverse soil
calcium carbonate content. Therefore, it seems unnecessary to divide calcium carbonate samples by content
of soil calcium carbonate when using spectra to predict calcium carbonate contents. Whether the conclusion
is applicable to other soil properties needs to be further verified, and how to improve accuracy of the
prediction of target attribute will be the focal point of the next phase of the study.
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