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ik ESI AT BRI, RIEA T B AR EEA xRy 25
] 5 AAH Rl A A, 0 il B DA e AT B S5 KA
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D 3 FE ] 904k B kO BIF ST 20 L REAS O 3 2k
K LB SOtE & mE R, EARFEAOLE
KA Y 2 RS, A SCR I 20U RLE
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Ly ORI ZL AN A — R B AR R, &
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JS2 S5t e {57 4 e BRI R s T4 21, AR S B
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Fig. 1 Raw spectral curves (a, b and ¢ ) and continuum-removed spectral curves (d, e and f) of soil samples relative to land use

types
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M EfE R, Bt T R RAA 2ot R AR
ARSI, IR T HARSE . BT s
AP BT A REAS PR 5 1k R BB R FERR L 1, M FEAR
FESOMAK/MERF, B = AFEAR PR £ — e =
MNHAIESE (Dataset C) o P JRIKERED:, 45
B 75 B 1 OGIE A E BRI JLR S HSOM |
Fe. N, P, #8 ', DIKSHULPhik A AT £ Fh
AL oA R AE AR A ZH R IE 4R (DatasetP—
KS) o 3T - HOUIEE B AR A S £ 05 k0 I
s KSTVL, (il M PG IR 25 Pk v £ )l 1% 5 ) B AT AR
RYEMFEA (Dataset KS) o AHXS TKSEEEE Tk
PR P REREAS, AR SCE R HIRNNST I, 5 M
ANFEAS 1 e AR I BRECEE 2, Bl AL A3 B3 o5 4 3T FF AR
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W SOMFL VR 2 Bl 55 43 R /S AS X JH) - FEREAS IX ] 4%
KSJ7 5 MIRNNS Iy Bk 48 =03 Z A iR IE 46
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TE A A MR DX () 2 BAT AR . B T 2R 70 2 1Y
FEARERETT 1, B FEAS 42 R - 3t R 2 58 53 Sl 7K
L K GEdh . A, ASTR] A Hi ) 2S5 2 50 LAk 2
BREETL . KSIL . RNNSIE . C-KSIEEI KIEEH
A, RIGLEESTE R IE4E ( Dataset L-C, Dataset
L-KS, Dataset L-RNNS, Dataset L-C-KS) .
1.5 #RAZET 5

P e/ — 4 ( Partial Least Squares
Regression, PLSR ) =& A VLR &G ig 5 it
bz B O R R A ik Y
A (1), AhyREE ARSI LHDE
WS, B Cisl, 2, -, k) FoRy X Tx,mH1H

Y =Bix, + Boxyt e+ fix, (1)

AR — A2 gk, kB e/
— 28 LB UE 4 J5 AU 22 RMSE o K A € £ T4
B, TR A die DU ASE AL . [ ) 930 00 A A8 1 A5 o
3 3o AS AR i — 8 IR IE (1 e i AR BRE RN 7 AR 1
ZERMSE oy R A B 5 A 1) T 000 K5 JiE 5L T 00 57 56 Tk
S, BRI R . TN 5 AR R 2% RMSE AR X
SAHTIRZZRPDKAG K, RMSE /b, RyEK, 1
W R 2R T BE 0Bk o AL, HRPD < 1.OBY, A

AR BN A BN EE 77, SIS T SOMPY = ot
fli%h; 1.0 <RPD < 1.40f, WIAHBIAIS2:, HiE
B IX A SOMEUE A =% ; 1.4 <RPD < 1.8}, &7
g, AL #EFTSOM B ML EE f554; 1.8 < RPD
<2.0fCRBEAI T R4, AT LA T SOMAYE & 1l
M5 2.0 < RPD < 2. 5fC KA BT iR 4F; RPD > 2.5
IRFMR R 4 2 L RRAR e ORI TR (1 2 57
K HIMatlab2012b# {4 FiMatlabPLStoolbox T. EL4
SEHL

2 45 R

2.1 HEAREHRITHHE

1200 2% E s 4R 0 H T AR I . i Dataset0
AL, MEEARSOM A EFE1.44 ¢ kg 'E59.86 g kg™
ZI, FHIEA26.78 g kg™, RIERA, TIE
APLBT & AR B, AR E A
Datasetl, 2. 37 LA H BFEAREMA AL, Hrik
HSOM & i W] 5w, B M32.53 ¢ kg™, $5iE
EAS T FHSOMS & W WAk, ¥IE #22.15
g kg™, MIHAAE ETAELO g kg ' 525 g kg'Z
i), A REE, 2V R0 EmRS: HAbb
KSOMAKFBEAR, HMH}24.59 g kg™'o KHISOM
PUESII WS TR, HEE A X R A v . AN ]
- H R HI 7 SUSOMBE 73 A1 14 22 Sl ik T 48 2 )
R AL IE SRR A SRR AL IRl o AS SCIR B S5 i (B A
B, TE2 Rl BN S B2 AR, S (BT BE
PEREA R — AR TR

AR A R R T I A IE SR AR AR O A B A
I, SOMAE S & F oA L 3% A AL AT —
MACERYE . Dataset CorAn 5 S FEARRE I —3;
DatasetP-KSIEESOM @ HA R AR £, FIHE
MR EZR K, EIRASIES . DatasetKS5 MAEEAR
BHML; DatasetRNNSHIRIFEAR S AT A),
PIE . WiEEB K, WMEE /N, DatasetC-KS,
Dataset C-RNNSY5 BAEAR A, B/MEEA
AikEDatasetC-KS. A EHFIH TG, H£KIE
RN GAE B LR, Dataset L-RNNSH
Dataset RNNSTE10 ~ 20 g kg™ ' Z [A] (Y REA SR KL 2% 57
WK Dataset L-C—KS5DatasetC—KSTE = {HEEAR
VR B 22 5 R .

BFEALESOMGE T HRIR A, (HSEBRFEA L AL
W25 S5, AEACA A E R 2R e A B B
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Fig.2 Box plots and histograms of soil organic matter content distribution in each sample set ( “SK” denotes skewness, “n” denotes
the number of samples, and “Std” denotes standard derivation )
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C-RNNSH R, HN0.70, RyM0.48, RPDM1.30.
C-KSi:HA B foe k5 W ae f, s T
VW X SOMSE B Fill ; C-RNNSIEFE M-,
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DB TR A AR KT

S B RPRAEA, L-CIERENO0.51, RyN
0.70, RPD}1.84, HABUF Y E 1k F i b (14 il
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0.59, RPDH1.51, X TRNNSEAMR KM, fE
g BT AL . R 2 R - R 2R AL . SOM
T, JGIERRAE = mCENE, L-C-KSERL,
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Table 1 Models using calibration sets built up with different sample selection methods and their predictions
. WE T & 38 LY Leave—one T 4 AE Prediction A% TR 2% Ratio
5EA F 53 E Principal L o
Selection out cross—validation validation of performance to
Information type component number
method R%, RMSE.y R: RMSE, standard deviation
ALY c 14 0.64 7.08 0.50 8.58 1.38
P-KS 14 0.61 7.62 0.55 7.54 1.47
A e KS 17 0.67 7.14 0.48 8.47 1.27
RNNS 13 0.67 7.37 0.42 7.84 1.16
BALERR RO R C-KS 14 0.54 8.06 0.64 7.13 1.66
C-RNNS 17 0.70 6.61 0.48 8.74 1.30
HACTERT . LIRS L-C 14 0.51 8.36 0.70 6.34 1.84
i [N L-KS 19 0.66 7.14 0.44 8.64 1.27
L-RNNS 14 0.56 8.47 0.59 6.47 1.51
L-C-KS 14 0.54 8.17 0.68 6.58 1.75

(DPhysical and chemical properties, @Spectral information, @Physical and chemical properties and spectral information,

(@General information
3 3w

G 5 e R AL AR B I AL
PR @ PE AL R AMEAR R R, HAE 3 % W] -
PIfF A2 [ S Btk AR SCAERIE REARZE MG gl 7 rp
FIABIEMARME T . JGIEHE R . b IE R =T
FE, WEAFZERAEENRIESEL, BWET
O A A B R G S e S R S A AN X A T B
— BB E R DA A AR F B 55 AN 2
fili A IE RE AR B2 BE RS AR SR 9 IX AR L B AR5 X Jmy
AR

e B B 1k 5 KSR & T LG /30T 21 A0 i i 1
T I REAR SR B 07, (AR TED0F L 14 1l X
SOM Ji i Hr AR U 4F i 2808, RNNSTE R R & 57
AR, JRIR AT REAE T HETE . TR 2,
HHFFEFWESOM S RAE20 g kg™ VAR, HOGE
FRAEA &) g LM B 4 (AnEk Bk &9 ) Gk RRAE
P se 200 o [N B — R S IE B X PR S
B JERUN, PEC IR IE A R g T AR 1 T
DRSO A0, V5 W0 b X+ B8 ML OGS S ik
FriE— 298 . P-KSTELE A 2 Fh B AL 2 5 ok U
ESE, BERUKS A TR T, (HRP-KSTEXT LA A

TE Y 2 B84 DLRK ECHE B E A7 3k B, AN W] Bk 1 T
XoF O 1 5 ) B R L S BB, R A R A
Fo R ETERGRN RS, nTLIg
G HA Z RSB X I 4 S AT R IR
FHE

BB B 5 O 45 A 1 C- KSR 7R W B RDG 3
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Construction of Calibration Set Based on the Land Use Types in Visible and
Near-InfRared ( VIS-NIR ) Model for Soil Organic Matter Estimation

LIU Yanfang" > LU Yannian' GUO Long' XIAO Fengtao' CHEN Yiyun' >
(1 School of Resource and Environmental Science, Wuhan University, Wuhan 430079, China )

(2 Collaborative Innovation Center of Geospatial Technology, Wuhan University, Wuhan 430079, China )

( 3 Suzhou Institute of Wuhan University, Suzhou, Jiangsu 215123, China )

Abstract Soil organic matter (SOM ) is not only an important indicator of soil fertility but also an
important source and sink in the global carbon cycle. Therefore, it is essential to acquire the information of
SOM for soil management. The visible and near-infrared ( VIS-NIR ) reflectance spectroscopy technique,
known as a novel, rapid, accurate, environment-friendly and efficient approach when compared with
conventional laboratory analyses, is a promising one to acquisition of soil properties. Construction of a
calibration set is key to use of VIS-NIR quantitative analysis in building up a quality prediction model.
Conventionally, selection of samples for the calibration set is based on soil physical and chemical properties
or soil spectral information, like the concentration gradient method ( C) and Kennard - Stone ( KS)
method, which are able to select samples that may be representative of physical and chemical properties or
spectra, but not of geographical space and multivariate information. Impacts of the shortages on prediction
accuracy of the model have rarely been reported. The aim of this paper is to explore how sample selection
methods affect accuracy of the VIS-NIR reversion model in estimation of SOM, using soil samples collected
from lands under different types of land use in the riparian areas of the Jianghan Plain. A total of 270 soil
samples were collected, air dried and ground to pass a 2 mm sieve, for analysis of VIS-NIR spectra using
a FieldSpec3 spectrometer. The spectral curves were preprocessed with logl0, Savitzky-Golay (SG) ,
multiplicative scatter correction ( MSC ) and mean center ( MC ) .

A total of four categories of ten sample selection methods based on multivariate soil information were
proposed for constructing calibration sets. The first category, including the concentration gradient method
and the method adopted several properties ( P-KS) , depends on soil physical and chemical properties;
the second category, including the KS method and the Reduce on Neighbor Samples ( RNNS ) method, is
based on spectral information; the third category, including the C-KS and C-RNNS methods, combines soil
physic-chemical properties with spectral information; and the forth category uses land use type hierarchy
in combination with all the aforementioned methods. The P-KS method takes into comprehensive account
parameters, like SOM, Fe, N, P and bulk density (BD ) , that may be quite high in weight of impacts
on soil spectra and uses KS algorithm to select soil samples representative of a variety of physical-chemical
properties for construction of the calibration set. The C-KS and C-RNNS methods divide SOM concentration
into six levels, from each of which two-thirds of the samples were selected using the KS and RNNS methods
to form the calibration sets. The methods based on land use type hierarchy divide the entire sample set into
three categories, namely dry land, paddy field and the others. For each category, soil samples representative
of SOM distribution or soil spectra were selected in combination with the concentration gradient method,
KS, RNNS and C-KS, separately to form calibration sets, which were then merged into a calibration set

representative of land use type.
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On such a basis, a partial least squares regressions ( PLSR ) model was established, showing that in
the first and second categories, the models with calibration sets formed with the C, KS and RNNS methods,
representative of SOM distribution or soil spectra singularly, were not so good in prediction accuracy; and
those with the P-KS method were much better, with determination coefficient for prediction ( Ry ) being 0.55,
root mean squared error of prediction ( RMSE; ) being 7.54 and ratio of performance to standard deviation

(RPD ) being 1.47. The models with calibration sets formed with the C-KS method, representative of both
physical and chemical properties and spectra, were good in accuracy with R; being 0.64, RMSE, being 7.13
and RPD being 1.66. The inclusion of land use type in forming calibration sets, greatly improved the models
using the C, RNNS and C-KS methods in prediction accuracy, bring Rp up to 0.70, 0.59 and 0.68, RMSE,
to 6.34, 6.47 and 6.58, and RPD to 1.84, 1.84 and 1.51, respectively. It is therefore, quite obvious that
the use of calibration sets formed with soil samples representative of multi-layers of soil information can
improve the models in prediction accuracy. The L-C method has turned out to be the best method for sample
selection in construction of calibration sets for VIR-NIR models for prediction of soil organic matter contents
in the riparian areas of the Jianghan Plain.

Key words Representativeness of physical and chemical properties; Representativeness of spectrum;

Land use type; Partial Least Squares Regression ( PLSR )
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