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FERE. WEFUR I, SOM & ot 34 hi A 1 398l ol &= o 2 %
20 R — s A K R TE Y, i R
AL SRS e KR IR i R RS, Rk, sk
ZENT SOM 1y D' T Aty 50K FSE PR 52 Wl B A 1 T RIS 4 R
Yucel %%, Chang Z5P"2) 0k Bt B e il B AL A 4
SOM & 5 5 1 Brown 252 HE T AR ST 1Al 47
BRI AFESL 5 SOM e RS s Fystro 255435
FUA RS R RS PR S T 0. 25 b, AN Iy
TR F Y i Al 4 SOM & i K g A LHE H —
;maiie.

SO AS RN B K 22 0 EAEEAT I &, R i 5
/N3 [A[JF7S: (partial least squares regression, PLSR)
ST ANEE KR IR SOM & & i 6 il s e iy, R4
TIEE KN SOM & & A SRS B s, LUHAS
BT B A e E A 5 SOM & 5 1 & K K B {H .

1 M5

1.1 IREXRTIEHARE

SO FR IR 5 R E A FWR T LR BRI B ey T
BEEL . AFWRTTHAL S RA T PEE, A2 T 124°02'~
125°18'E 43°11'~44°09'N 2 [1], HuZp 27 S wa s 11
eI B B T AR TR, T 123945~
124°53'E. 43°02'~43°46'N 2 [}, K5/ IS TIAHAS, Hu
POV, L RARIK. SEEAL TRV S, HhAbskT
AW FRAAETT T IR AS VAL, Hi s 126°55'~128°19'E
45°30'~46°01'N, 4H Ll hyE, H4E R 50%,
BEHBLY 1 45%, A Kig. 3 AN B IR TR KRS A
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T, FEEERAUGRERE. KRR A%k, B
T B TR el

SrlT 2012 4E 4 7 18—21 HAEA EIR T AR 2,
2014 4F 4 J1 28 H—5 J 4 HAER WA s E FOK A
HUR L F R T AE o SRAEI 2 AN R 1) 2R Y, 1y
AJRRE, FREEIE N 0~20 cm, B2 2kg, FEA LAY,
JERAE 63 AN HAF, FEAFEE A B LA 1 3 R
IR,
1.2 THLE R

R ERE L T WS, I 2 mm 7, SR ASI
(agro services international inc, 3% [E [ At 45 0
Jiik CEEEFR ARG RS 0L e LA PR S
PO PREUR S REIHERILE 1.

x1 IHANRSESRIT

Table 1  Statistics of soil organic matter contents for soil samples
FEA A WL Organic matter
K ) - }
IR amber sk sMi Bt
Soil types of Maximlllm/ Miniml%m/ Meanlf
samples (gkg™) (gkg™) (gkg™)
it
Meadow 21 51.0 15.3 30.4
soil
PRAT
Chernozem 18 33.1 2.6 16.1
Ht 24 48.4 9.9 21.8
Black soil ) i )
STt Total 63 51.0 2.6 23.0

BIFFUANTR) B 7K Z0) AT BTG5 Al 51K 5
BEVE 8 AN LR SKF I (5% 10%. 15%. 20%-
25%- 30%- 35%F 40%) , JFLUBETL (FKEH 0)
FRAE L GEKEN 3.24) . dikseh g s
IR A L F NS TR) S 0T, e DU S B - 35 K
W F A TP BT LA S BRI B T kK
PR R R A A R IR A T T IR 80t ikt
a SEBR K FE G vtk WLk 2.

x2 ARIBKELHMEFREKENEESIT
Table 2  Statistics of measured water contents in soils designed

with different moisture
%

BB KR SE N TMiE ZfH BMH
Designed moisture Maximum  Minimum  Difference Mean
40 42.15 38.48 3.67 40.12

35 36.56 33.52 3.05 35.02

30 31.79 28.47 3.32 29.87

25 26.42 23.65 2.77 24.95

20 21.44 18.58 2.86 20.01

15 16.83 13.84 3 15.19

10 10.9 9 1.9 10.04

5 5.77 4.59 1.18 5.1
3.24 4.41 1.86 2.55 3.24

1.3 RN REEmE
TR EDCIE I AR E AT, RAEE Analytical

Spectral Devices 2 7 [f] ASD Fieldspec Pro FR 7 5 X

OBREE R 350~2 500 nm) ¢ 8. Jedih 2
ASS0W I #EKT, SPATICE T 18 2 ), JEIi NS AR
450, PR B EFEN 60 cmo. BEKMLIZ N 25°,
SKPE S EFE 10 emo BRI 1 8R4 3 &0k ik, &
KVI G Jiz L REr et i e o BE N2 aT AT bR UE
B IE .

TREHCE T EHAR 9 em I 1.5 em BEFIE AR IR LMY,
FATHRE 3 AER. LR 20, el EEEx
Tk ARJEAE 105°CHAF NHE 8 h JEFRIBUR R I 2T
eI, AR O 5 BRI R, 7E
40°C IMIEARBEAT L T-A0 2, REFR 1 h JEAT 1 ORI,
FRRECEFE R, T LIS KR, AL,
TRESHIT RS, B8, Az 4
BRI, KGR () A AASTT .

1 F4E 350~400 55 2 400~2 500 nm 32 ASD =)t
ASC IS AT - 8 S S AR O M ), (e bRAR,  [AT ik
FERFFEIN S B A% 73 B, 00 401~2 400 nm B 1) 1
e SOk AT 538 . I ViewSpecPro 3R A% Yk 4L
Pi I AR T IE, 2R )5 K Savitzky-Golay “1-1 7¥2:
X T HCHE AT, T R R 1 S R B
(R) HEAT—Fr SH e (R FHBIHOW L Ag(1/R)) A8k,
1.4 EER5WIE

¥ 63 AN LAE, AR SRR/, W3
ANFEARTFUR, BB 2 MREARBRIE 1A, Bt 214, fEA
BUFREAS, A 42 MEAERBFEAR . A A R & K2R
X A LIS B RO R sg e, A AN [ K
BPEIAT @R, @A77 PLSR, 20 DK e it s
R R 1g(1/R)VE Jy A HE - SRR, PR B —7E (leave
one out) 1ENAZ XHHIE 715

K FH RS 2R P INAS B VP AN 2 B I IE AR vl R
(R « RIESEY TR (root mean square error of
calibration, RMSEC) . BiiFgE ki A% (R,) « WilF
L) TIMR R % (root mean square error of prediction,
RMSEP) FIAHX 43 M1 2 (residual prediction deviation,
RPD) . H:H' RMSEC Al RMSEP [N R/, il
BT R RS, T AR RS R A R RO,
RERUREFE R s AR AT 22 RPD tH A F

RPD=SD/RMSEP 1)
AP: SD AWAUFFEAFRUEZ . 2 RPD=2.0, Uil &M
AU TR s G s B R Al 5 SOM 75 & i RPD<<1.4
IS, WA IZBR A HE; 2 1.4<RPD<<2.0 I, A
SRR AT &, 3k ] DUIE e R A I AR VR B e AR
frymr FEPER,

2 FER5HMh

2.1 AEIEKELIENIEFED

BT RoR T AR KR AT (1) 3R AP 34 6 0% J
SRR 2. iR EoR, Enr WX EGaE R, 1IE
i S A F A IS KSR BE Ny B . AR 24X
BYEEAN, BT AN, GRS O R A A
SRR REA T /KRN T R, AR oGS 4 %
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FEA R TR 5% N4 25%0, T3
W SRR BRSO, 5 Mouazen ZE ORI 4E R
—H IS KR 25%INE 40%0, g
SR BRI R AL . Ui IS KR <25%IN, Ko
A S S AR S B ] s M R KR =25%
I, K 3 0 386 1% S S AR S AN B . Liu
Weidong “5fF 57 2 W 1 HE 6 1 i B 5 4 38 5 K 3/
T A K, BE A AR B i A,
P /KR R R K S, B 49 K R (18 g 386
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Fig.1 Reflectance of soil samples with different soil moisture
contents

K1k, B SIS ARG, 75 1450 F1
1900 nm % B ¥ [ B 30 (1) 7K 20 W e 2 HE B8 K f a9,
Wt I 35 K ST R I S S A R ) S AR T 4T b
lzi'j“l]o
2.2 SOM 227351t PLSR {4 EiERKEE N4

¥ 42 A RN ERBREA, 21 MERBIEFEA, R
JH PLSR J7¥24 %t Ry R'FN 1g(1/R) Y6144k A8 4 % Xk
AT SOM & £ e JE Al S AR o SR FUMDRG B VRN 2 £
#5 R%.u~ RMSEC. R%,. RMSEP fil RPD.

ME 2 FTLLEH, 5T 5%~40%IK) 5 7K K
RIGER, [ — RIS ACRAK, EHERN R, R'A
lg(1/R)3 P4 JE s A 5 RS 15, B - 49855 /K 3 /KT
AR ERIEAM, ZRIFANK, ZEIAENfabr
K, i 1g(1/RZLH I A BN LB o X T AR
IRV A EE R, S Bdm ) 3 P s g st
SRR A S, R IESERE BB R (K 22) M1
B i 22 RMSEC (& 2b) nJLAE i, FAURS B AE &K
HIKP<25%I0F, IS EKEAKF=25%00), R
R LU A B BT, B R e, R
075 (F/KEKFH 25%) #KF] 0.77 CEKFKF
5 40%) (& 2a) ; RMSEC H 5.54 (& /KEKFH 25%)
TR 4.67 CHKFIKFEH 40%) (K 2b) o HIHLXF
SR U R B K B <25%I5f, SOM. Gk E ik 52 31+
BRI R, ABIE AR K o0 I 6 SR 1 HE 5
PEIE A F] B 7K R 1K SOM Al 5145 Ik 8l . M KR
=25%Mf, IR FOGIERFERE I T SOM Gk RFE,
{ERRIEE UL “REm” o B 2cy 2d. 2e SERAY IR

gE, IR E BB R (B 20) RITTHR R 2
RMSEP ([ 2d) nfLAEH, B0uF4h SRk se 7 sigs 1L m
ZEIR, BIRCRURS BEfE £ K2 <25%IN, I : EkE
=25%I, RERURE A LA B BT ESA . st
RPD ([ 2e) HJLAFEH, FEH/KE<25%M, RDP7E 1.5
R HKE=25%0F, RPD R fE 1.5 2 1, HA
Bt kA8 i BT, RIREEE T FiR4ie .
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Fig.2 Evaluating indicator values of PLSR

T KR =25% I (1 45 SR Bk =, R ST
BERUATTEE o AR KRB R, K
RURE IS RCUT, i R A8 ¥ (K] R?» RMSEC. R*,,» RMSEP
1 RPD 43510 0.73. 4.95. 0.83. 5.18 F1 2.18. J:ilt R’
W] R« RMSEC R%,« RMSEP #11 RPD 73514 0.79.
3.50.,0.81.4.95 1 2.28. 61 1g(1/R)Z 4] R* .. RMSEC.
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R*,~ RMSEP 1 RPD 4344 0.82. 3.32. 0.86. 4.42 Al
2.55,

H TR K IR LI SRS, N T
FERUX PG, B 5%~ 40%A 1] & K F KT R
W HPE AT G, 57 SOM S F R . i1 B30 bt
W, Y KR IKT = 25%I,  SEARORG 5 52 15 7K 558 M
K, PAEKEK 25% K450 i, ol £ 75 o0 &
IKFEIKP-<25% =25%UL S 8B K= 3 A, oot
ITERB N, GHRWE 3. TUEH, SAKEKTH
25%~40% PR G A 25 BRI, DGR 1) Ry R'AN
1g(1/R) 3 Al s B2\ R%o A1 RMSEC 23 Wik %] T 0.724
5.63, 0.81. 4.09 1 0.70. 5.87. {HIGUEZ B IR &K
IR 5%~ 20% B Y B 45 A, 6 2 1)
R. R'F1 Log(1/R) 3 FhZE# I 3 R*,o Fl RMSEP 43 5liA
F|7 0.80. 5.64, 0.77. 5.89 f10.65. 7.61, }: RPD %y
B4 1.95. 1.88 Fl 1.46. XFHILR LA — & f ) L
BT HKEKF-=Z25%0, SOM Heilb kR ik o 3K 5
PGSR oG, MBI PR E “ B .

%3 BATEEKERPLSR SR ILEEBAIEEITE
Table 3 Accuracy assessment for hyperspectral SOM content
estimation model by PLSR of mixed moisture content

Sk B ﬁf? 4% Calibration BIE Validation
Water B
content/%  Spectra  R2. RMSEC  R%, RMSEP  RPD
pattern
R 0.74 5.44 0.79 5.82 1.89
5~40 R’ 0.76 5.16 0.75 597 1.84
1g(1/R) 0.64 6.51 0.67 7.41 1.48
R 0.75 5.15 0.80 5.64 1.95
5~20 R’ 0.70 5.66 0.77 5.89 1.88
1g(1/R) 0.64 6.43 0.65 7.61 1.46
R 0.72 5.63 0.78 5.94 1.86
25~40 R’ 0.81 4.09 0.77 5.85 1.89
1g(1/R) 0.70 5.87 0.61 7.03 1.58

2.3 TIEAKENSAILMHE SOM 2ERF WS

H T Mo B RS K E moGIE Al L SOM 5
FERE MR, %35 KE . SOM &8 13 % 3
P ARG XBEAT T AORME 0T (B 3) o T a4
) Ry RAI Lg(1/R) R IE XS 1IES/KE, SOM & &
A SR AR ], DLEKR (VT 5 KA 0,
AN 5iTE, B 3b PASIHD  HHURES RS R AL
PN IAT 85 R

B 3a ATLLEH, SOM 55 R (AR S ME7E o] W% 21
ITLLAMX R (K] 550~950 nm Ab 5 W B\ A e, fE K
T 1350 nm (X3 IUIEA G BES KR W3 0, SOM
5 R AR SRR NGB Z R IA N Y A KZK
SEMHET 3] 25%IN, SKEARLEE 51 SOM
5 RARYEMARAL: 187K Z KA 25%~40% 1), &
IKE AT SOM 5 R AH G R4 S AN (2 (&
3b) o AT B8 HH 245 K K- =25% 0, SOM g i
FEAERE T3 K o DGR I HE 55« (S /K5 R IAHR

PRI, RS B KA 40%I, SKEY
R WA FG VLIRS R WA GEFAHLL, XA
FE A I AE B KR IO 40% 00, BRETRDRE J5E < v 1) it
Klo M5 KETA 25%~40%IN, B R S K%
BT TR, IR E IR 40% I IA Bl i KE . WA
TR B K E AT 25%~40% 6, 138K 4 X 138
2R 1) 5 B K T A WL T R R A e, S HE
i PIEAHUR P REE, T FEL SOM m il il FAk
RURSREM B X TXFELSR, KA T ER g HEEN
24 (variable importance in projection, VIP) i T i#t—
A IS

EREAAE

0.6 e Water mass
' ' fraction
04l of soils/%

B = I e 0

o d Dl

AH X Z i Correlation coefficient

08 ! . L . L L L L L
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W EtBand
a. SOME i 563 Sy 2
a. SOM content and reflectance
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T‘«:S """ 10
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= | T 35
*-0.6 1 1 1 1 1 1 1 L 1 I 40
401 601 801 1001 1201 1401 1601 1801 2001 2201

% Bt Band
b. LIRS IKE 5 S %
b. Soil water content and reflectance
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Fig.3 Correlation between SOM content, soil water content and
reflectance

VIP 0] LA PLSR 0 { AR & X (R R AR & Y
R EE EEPE VIP AR <R T 17 R, B AR x
1) VIP {HEL 8 KT 1 B, A& x, 7 PLSR #id
FRAS R YRR e R, B 4 02 R OB %)
ALY PLSR 52, SOM 511 VIP {H .. Al LG H,
BT AR 7K K, 550~1 110 nm 3 B IE L, %7 SOM
TR MR RE 100, U KEIKT R 25%~40%IN , SOM
1) VIP A K HET 7 1400~ 1 440 nm 3 B [H]
W, 6F SOM 7 & [FIFRE fie 0 o, (HIZ%% BEYa I A& /K 43
FIRSAE I BV, BT LS K R B8 i, 12398 B ya el
SOM FHEMIMARERE S P (VIP H<1) . 7E 1870~
2400 nm W BHEH N, SOM (1) VIP {HAR LA K, 4502
1.870~2 110 nm e Bl N, (1T 6L 57K 2 R4 A 3 B, SOM
() VIP {ELRE S 7K 238 00 H BB 2 IR0/ o I B 7K KT
HEINE] 25%0, 12 B 32 - 48K 43 (038 N5 A 1
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Fig.4 Variable importance in projection values of SOM by PLSR

3 g

T E K0T SOM G it A 1R s i LA & Gy
ZEBR I ma A SIS 22, iR 3 A WA 7 VE AR
W22 B 2 3% . Budiman 28BS ] 3 2%
IEAZAL ST (external parameter orthogonalisation, EPO)
2R LS KEI W, $Em T SOM & & Al H IR .
Nocita 255 VR i VA —1k 4 49605 5 551 (the normalized soil
moisture index, NSMI) X 1385 KRBt 47 70 4 It AT
SOM E&EME, Ak NSMI nf DLk fif & + 38 & /K K
fabr o BRZ0H S5 K M A {70 i Csingular value
decomposition, SVD) 45 AHIK 73 itk -4 /K /- RFAiED
W, BRI R B IE R, TR TG AR
E6RE, SRIFHATEBHT, SRS R T e m,

ARSLAEAN A B K Z AR @7 T SOM il Al AR
LT N T S R e i W oy 4 o & YA R = R il TR 5
FoAth 55 7K ZE K () vl £l T B B RS FE R s, S
Chang 25 [FRIFFT 45 8002, 57K HOKF <25%IN, IF
ANBEAA E W — 7K Z /K I 1 Hois B & B H T SOM 7%
AR, (R EGE 1g(1/R) A H T ad r Al FE AR
FERR R AN R AR 45 7B A BN 2 v o 3 KK =25%
IS, eI R T SO 2R R I Y 5, 25 HE T SOM
XF GG SR AR I FEW, 3 BAE 25%~40% 15 /K AE
N, SOM JGili (i SR B N, 2 P RHEE K
FAKE T SOM Gl A . M5 K Z K- =25%
B, AN B A DG £ AT SOM & Al .
Stenberg 251\ M3 1)+ 4 BE A T oGS A 5
SOM &, JFRHDIEIEEBULT 1700 2000 nm [T
LA 2300~2 350 nm i [ A IR BOR SOM 2 i A B
AEEZ X [AI, Stenberg ZFA A 7K = G ik 2
5 SOM 75 = (1 R M 7EALBE b AR MEARRE . 27K 2 g
M SOM JGiEAl LAY KUK B /7 ik — R AT

4 % i

ABFFAEZE N AT, 2 3 5 KK,
MERFNET L BRI 5%~ 40%MRT1-11DE

WEHGE, X EHOCERGETR R RA g(1/R)FE: SOM 7
AT PLSR A8, £5i0 1 T

D AR KR AT 3R A S A AR A AN ]
PR IKCT Gk B AT BRI, KT i s
HELIF) SOM Al A ARG FE L 1wy o

2) RHOCEHAR N R RAN 1g(1/R) 3 FrAe b A,
HEE 1g(1/R)ZEH 1 AR SR

3) MEIKEIOF=25%I, I ASIE BA G i 5
PiiEAT SOM & b &

AWFFOEAMELATENLER R Sk 22 Wil 52 1) SOM
FEDGHHG SRS, R 7K E =25%I0, S el 5 [k
RS RIRR =, IR BT iR 2
ZRpIR M, Ll . SO R RS A
Wi, AHFSE AT I 2 2% FE XSGR RS . ACKAFSE T,
AT ST B B KR IR, ARy SOM Rt il &1
RERE,  ASKR I m ek 5 A 5 SOM BaE Bt R,
SR [ 7K R AN At - 3 R 5 i R B A
SERIE . FE FUE S INH B A BRI, Woeih
HHEE, DR mED a5 SOM IRk .
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Hyperspectral prediction of soil organic matter contents under different
soil moisture contents

Si Haiging™?, Yao Yanmin'?*, Wang Deying"?, Liu Ying"?

(1. Key Laboratory of Agri-informatics, Ministry of Agriculture, Beijing 100081, China; 2. Institute of Agricultural Resources and Regional
Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Soil moisture content has great influence on the prediction accuracy of soil organic matter (SOM) content
using hyperspectral data. The purpose of this study was to find the threshold of soil moisture content suitable for using
hyperspectral data to predict SOM content. A total of 63 soil samples including black soil, chernozem and meadow soil
were collected from crop fields in Lishu and Gongzhuling county, Jilin province and in Binxin county, Heilongjiang
province. The soil samples were air-dried and sieved through a 2-mm sieve. SOM contents were measured in the
laboratory. The soil samples were divided into two groups including 42 samples for calibration and 21 for validation.
Reflectance of soil samples with over-dried, air-dried and 5% to 40% soil moisture contents (the interval of 5%) were
measured using ASD Fieldspec Pro High Spectrometer in a dark room. Soil spectral reflectance (R) was mathematically
transformed into first derivatives of reflectance (R ’) and the logarithm of the inverse of the reflectance (Log (1/R)). SOM
content spectral prediction models were set up respectively by using partial least squares regression (PLSR) method. The
method of variable importance in projection (VIP) was used to analyze which spectral ranges were important to explain
SOM content under different soil moisture contents by using PLSR. The results showed that soil spectral reflectance had
a larger decline with soil moisture content increasing from 5% to 25%, but the decline trend slowed down when soil
moisture content increased from 25% to 40%. That means the soil moisture content with less than 25% had more obvious
effect on soil spectral reflectance change than soil moisture content with higher than 25%. With the increase of soil
moisture content, moisture absorption valley appeared a large tendency on bands of 1 450 and 1 900 nm. It indicated that
effects of soil moisture content on soil spectral reflectance happened mainly in the near infrared wavelength range. SOM
content spectral prediction model for air-dried soil samples had better accuracy. When the soil moisture content was less
than 25%, the accuracy of SOM content estimation model was affected by soil moisture content largely, and the highest
prediction accuracy was Log (1/R) spectral data transformation model. When the soil moisture content was or more than
25%, it was not suitable to be used for hyperspectral SOM content estimation, because SOM spectral characteristics was
covered by soil moisture spectral characteristics. The VIP values of reflectance bands from 1 870 to 2 400 nm with
higher than 25% soil moisture contents were less than 1. That means those wavelength had weak explanation ability of
SOM content. This study can provide valuble information for SOM content spectral estimation in the crop field that has
different soil moisture conditions.

Key words: soils; soil moisture; regression analysis; organic matter; hyperspectral; partial least squares



