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SOM 5 2t ik I 575 2 A oA 1% [ RS R 22
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BURAR S THRSIAG PR - 2, MIR G al 46
HA WA L e AR 3, HAE R
SREEER, (5 S IEBUHXTA S, i, MIR X481t
VNIR £ NIR HA -1 SOM . W4 [543 HER LA K
TR AIEAE , PR IEAIRSh & AR 7E MIR X

 FoRIRSIAGIEATTRE, MIR +HOEEEA S
A LAY 1 5 2 B G 1 3 B RT3 B R AE
W5, MIR BYRTPISIE(E (3800 ~ 3600 cm™)
— 328 —
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{E 0 555 AL S RIS L &4 C=C. C=0.
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SRR, I FE 8 SR A B AR e 21 A
(DRIFT ) 62 i & e 4 £ A s R AR B - 4F
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R) 5 SRR e/ 3 In )9 (PLSR ) 484kt
S5 1T HEAE 7 2 M HE SOM 14 MIR A5 78 ) SOM &
. Janik 2 7' fifi F Digilab FTS—60 {8 HL 145 36 5%
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HA B AP (TOC) £k DAY 504 B P e
FE(R) =0.975, ¥ iRi%%E (RMSE) =0.61%.
Stumpe % Ptk M R R SR A2 Y 180 N 2 mm
O IR T £ FEFEAT T FREEAE 0L 2. 4 min [ 34>
AL B, 43 5 % A Bruker Tensor 27 FTIR Y& 1% 1Y
KAE MIR Gk, S54k5 504y SOC & AHL, 1
FEFLEERE 2 min 1Y PLSR SOC 3 2 i 10 45 750 56 3iF K5
¥ i 5, R'=0.9675, RMSE=022%, *H %I /3 #7 i%
7% ( RPD ) =5.56, Bornemann 4§ [28] . Kamau—-Rewe
3 33 . Paul % 30 . Deiss % ST, #F R H Bruker
Tensor 27 | & + #£ MIR St 3%, #4819 SOC & &
Ak ) A 2R 56 G1F kS B R*>0.87, Sanderman %5 [38] ¥
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2% (ANN) B 12 Fh ey s Rk =4 S50k R A
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0.99, Baldock % '*’ 5% Fi Nicolet 6700 FTIR ¢ i
PR AE T R AR X 20495 A4 4 #£ 1) MIR St
W, A RlEEST T ARG SOC TEN 1Y T3S B F &
GURINZL PLSR #5ERY, Z5 IR, ML SOC & &k
TR RURE B 2 T R G, FERIEGUERS E R*=0.924,
RMSE=0.42%, RPD=3.62, Grinand % '?' 1 %
Nicolet 6700 M & ¥ [E 2086 7~0 ~ 30 em £ B +
HE ARG MIR YG 3, Ak I SOC & & At A5 7Y 56 1F K
R’=0.90, RMSE=0.28%.
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AR (GPR) FELE TC 25 Bk A 0 56 i K
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2 U T Wiilkes 2 7 (14 T 5 20 A8 38 Ik 5 4 51
(VFA) i J 5F 20 A0 B AR 40 38 (1811 ~
898 em '/ MGIE /M HEE T em™ ), WFAMIE T &
KL 58 2 A A B A AL 4 RN R B MIR
i, AL SOM Fr e N Y 11 3+ 3 fh=%Fn 3
Y SR, S5 R, LT PLSR % SOM
a2 il ISR 5 IE RS B (R°=0.86, RMSE=6.5%),
RPD=2.60) , W& A% F 52 5 %= A A5 B (R*=0.90,
RMSE=5.3%, RPD=3.15), {H 13k 5| T ¥ 4 MIR
S 1 PR A SOM & &R B EE oK, Hutengs
2t L5 FE 78] Saxon PU ABZEHBRAE T 40 AR AR 4
0 ~ 5cm 1HE, ELIEN LA 40CHT, 40
BERE <100 pm, FEfH T Agilent 4300 F+5 X Hh 41 4b
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D& A MIR SEi, Al SOC 7% &% 4 fh H 1S
e, SHFRW, T PLSR 1Y SOC & &2 560 UF K &
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YW, BESERRME, AR SOM fil SOC
il fig
2.3 HlER MIR 1£JE&4%

Bifi 5 MIR &5 0G5 fL A He R ke, BT
MIR =561 SOM & Ak AN G ] H 25 55
HE— A58 T MIR $RIIBPFFTIEE . Pascucci 2
AL 2K = D6 AR A (TASI-600, 8 ~ 11.5
um ), FE R RH R A AR 3 B RS T e 4t
AL = OGS B, IR PLSR F1 Cubist [9] )45
UG SOC % B, 4559 N R°=0.53, RMSE=0.26%,
RPD=1.46, % T 5255 % & M FTIR JG i A9 SOC &
HEATIEE SR, (HiZ S5 2R MIR 32 B 7
b2 4 SOC & 8 J7 A I 1. Eisele 25 1
ffi A L AR BT (TIR ) R g 18] & 5 RO A
(WFTIR ), FESCHZE H kMG T HERm G, ¥
S F R AE R G OGTE AZ A% ( HyMAP F1 TASI-
600 ) B, #E173ETF PLSR B9 SOC & &4,
gE R, T2 AR BE SOC B AR B 06 JIF R R
(R*=0.90, RMSE=0.08% ) %y, I H ¥ nr i
. LML AN A TE—, SOC Fafh
MR (R’=0.95, RMSE=0.04% ) K AK4EE .

BAZ i G 1 A ) G A HER L BRI
HEIES R, 25 T SOM SR AERIAE J1,
5T DX SOM 5 225 [ 40 A0 25 SRS Al Ak 323k
H 3 Z B AT eE. HHEZH KK, g, fH
B, HFRMRER . RHOKSERE R, SR &
TR SOM & i Al BORG FEAR T2 Dl , FLIESE
L SOM %tk 32k JE 1% 1l T By FH A 75 22 B8 25

3 MIR 5 VNIR. NIR X H 4B & B9 SOM B} SOC
=ML BRHR

MIR. VNIR F1 NIR &% AN 6115 B B
LRAMECT V2 ARG i B e FLA A Al T SOM
57 SOC 7 AR FLAIFZE,  LAfHE HH Aff 0 2 5 33 X 38
0 SOM =k SOC F 1t 1) A UG J fi ml S AR e o
JEHEVE XS e rT AR 434 4 26 MIR 5 VNIR, MIR
5 NIR, MIR. VNIR 5 VNIR-MIR, MIR. NIR &5
NIR-MIR,

3.1 MIR 5 VNIR

22 BT 58 I MIR (%) SOM 58 SOC 757 & £t Il
BE 1 F R E 1 %58 =5 T VNIR. Vohland 45 1 1
S 2 943 5K A VNIR %4 (FOSS XDS & f P
WA HrEiE % ) A MIR % %% ( Bruker Tensor 27 £T.
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MG ) RIS SR, BT PLSR BiRIfE
I +3 TOC i, 45 EW], MIR () TOC % il
K5 B (R’=0.91, RMSE=0.19%, RPD=3.37) ¥
F VNIR 4 £ 0 45 B (R’=0.60, RMSE=0.41%,
RPD=1.58 ), MIR fii ] TOC & & [y A A P BE 1o
VNIR #f, Terra % "7 4% 5] 5% F VNIR % % ( ASD
FieldSpec Pro J6 i 1 ) F1 Nicolet 6700 £ 4 J¢ i
1, BT ZFEm LB R (SVM) A T B Pg
1256 4~ £+ F£ % SOC % &, MIR /% SOC 7 & fil7 ]
K B (R’=0.77, RMSE=0.13%, RPD=3.01) &
F VNIR (R’=0.65, RMSE=0.16%, RPD=2.49 ),
Suzana & L8 ¥ JH ASD FieldSpec Pro 6 g AN i
Nicolet 6700 £L 4G IEAIN 5 1 E4 PG 7 b B8 456
%, LT PLSR il I - 88 SOC & &, 45 R £ M,
MIR /Y SOC & A IKS B ( R’=0.94, RMSE=3.7% )
BT VNIR (R’=0.72, RMSE=7.9% ), Hutengs %5 """’
Fo# T F R =X MIR #% £ (Agilent 4300 ) #1 ASD
FieldSpec 25 53 % £ 7E 2P AP FIL 2 Y SOC & &t Akl
e 1, VRO T EFANEAAL 7 SN /5 Y EERE 3 R
T HEALEEXT SOC 7 ALY (s, 25 R0,
MIR ) SOC & & 4 I € J1 ( R’=0.63/0.77/0.86 )
T VNIR (R’=0.27/0.66/0.70 ), Allo % **) 43 51| % J1]
AT WK - IR0 AR5 (LabSpec 5000 ) Fl
FH5 3K Agilent 4300 Z1 A1 6 3% A I & 3% [ k1K
+ . bE Rk AR AR 3 AP AR RIS, T PLSR
1Y SOC & & fili MK B2 & W], MIR F1 VNIS #9 £l ]
K BEER R =, SR IR G 3 v LAl T SOC % 245
CIEE
3.2 MIR 5 NIR

— BB 5T MIR (4 SOC £ 54 I g 1 Fnfa
FEMES NIR FH AT S AR, T it — PRI R,
Mccarty 4§ Ol T 2 [E NIR 1% #5 (NIR Systems
model 6500 ) FI MIR #% £ ( DigiLab FTS-60) J¢ ii%
£l I + 1€ SOC & = 1 RE 1, 45 R W78 MIR A 1
SOC & S (R=0.98, RMSD=6.0% ) =T NIR
(R’=0.98, RMSD=7.9% ), {HAIERIRELMIAF7E, &
FEAIR MIR 30 SOC 75 &= RE 1, Akl i 75 2647 X
B TE . Xia 2517 SR I NIR % 45 ( Cary S5E NIR )¢
AL ) FTMIR ¥ 45 ( Graseby Specac ), 3 F PLSR
BAUAGI T 38 B A A IS SOC & HEE N
M) 14 Fh LS A, S5 R R W, MIR A1 SOC 7% &
¥ B (R=0.56, RMSE=3.27%, RPD=145) % NIR
(R’=0.53, RMSE=3.30%, RPD=1.43) #{ 4. Dong
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22 1500 2 F NIR % 4% (Matrix—I, 12500 ~ 4000 cm™/
SEREAF R 8 em™ ) Hl Tensor 27 FLIAMEZREET
E AR X OGS, 35T PLSR 2 B4k
M SOC &, S5HEHH, NIR B9 SOC & BAkRs
[ R’=0.80, TiMlbrifEiR2 (SEP) =033, RPD=1.46]
=T MIR (R=0.77, SEP=0.38, RPD=122).,
3.3 MIR. VNIR 5 VNIR-MIR

£ BUHF 58N MIR 1 VNIR-MIR 14 SOC &5
A 00 B 7 AR E P 0 & T VNIR. Pirie 25 Y 3R
H Varian Cary 500 & S HGIEAY (025 ~ 2.5 um/ 7t
BE 4> #E R 2 nm) P UV-VIS-NIR ¢ i, Perkin—
Elmer 2T AN 6154 (4000 ~ 450 em™/ i 53 B % 2
em ) P MIR S, & MIR, VNIR JZH: VNIR-
MIR £ SOC & &= W RE ST, TAh SOC & & Al i A
J&E MR BN/ NG I Bl MIR (R=0.80, RPD=2.6)
>VNIR-MIR ( R’=0.79, RPD=2.2) >VNIR ( R’=0.76,
RPD=2.60 ). Rossel 2> £ 47 7 1 WL )6 (VIS) .
NIR. MIR F1 VIS-NIR-MIR St 1% £ ] SOC 75 & ¥
ZEAVEXT AT, Z5REW], SOC & RGN
KEN/NOGTETE Bl MIR (R=0.73, RMSE=0.15% )
>VNIR-MIR ( R*=0.72, RMSE=0.15% ) >VNIR
(R’=0.60, RMSE=0.18% ), Knox %' 5% J] LabSpec
5000 SGIEAY (035 ~ 2.500 pm/ JE3E5M % NVIR
3 nm. SWIR 24 10 nm ) F1 Scimitar 2000 FTIR JGi{X
(6000 ~ 400 em™/ YEiEsyHER 4 om™ ) M T I
BN RS, R T PLSR MIFEHLARMRE: (RF)
T4 7 VNIR. MIR. VNIR-MIR 1 ] SOC 7% £ )
W)y, 45 R, MIR Al VNIR-MIR () SOC &
HE Y Ak kS B (R°=0.96, RMSE=0.23%, RPD=4.7;
R’=0.95, RMSE=0.23%, RPD=4.7) K T VNIR
( R*=0.80, RMSE=0.40%, RPD=2.7), Wartini % **/
FIFH VNIR, MIR F1 VNIR-MIR YGieddi, LT
24 (CNN) . PLSR., Cubist tree £ 7551 SOC
i, S5REW], MIR A1 VNIR-MIR 41 SOC &
(RS BE (R>095) 5 T VNIR. Terra 55 ! fF 5% 4%
Mr T ELPE Rl X R 2 AN 262 1259 A4y 35
FEAS, 4332 ASD SPECPro Hl Nicolet 6700 ill5E 1
+ 4 VNIR #1 MIR SGi%, (AN % (OPA)
fill & VNIR F1 MIR S, 57 1 SOC % 2 4k i) 482
A1, 35 VNIR A1 MIR A9 SOC & AR i, 259
FH, VNIR G f SOC £ 14 OKS 1 [ R=0.69,
RMSE=0.338%, MERESIUsiaIFEZ L (RPIQ ) =2 ]
<MIR Y% i (R’=0.77, RMSE=0.29%, RPI()=2.43)

<VNIR-MIR il & Jt i (R’=0.81, RMSE=0.242%,
RPIQ=2.87 ), FIH OPA @A) VNIR Fil MIR i
5 T SOC Fr i AR B .
3.4 MIR. NIR 5 NIR-MIR

Johnson 45 ' BEAT T AR YN W B LA R NIR
(0.7 ~ 25um) ., MIR (2.5 ~ 16.67 um) LI K&
NIR-MIR 414 (0.70 ~ 16.67 pm) 1 SOC 7 Al
DY T LA S, DABA G 5 5 38 OGS U [, 45
R, SOC G Al MRS FE M I 20 /N 5 LY 4
NIR-MIR ( R’=0.82, RMSE=0.49%, RPI(Q=2.09)
SMIR ( R’=0.80, RMSE=0.52%, RPIQ=1.94) >NIR
(R’=0.78, RMSE=0.55%, RPIQ=1.86), NIR.
MIR. NIR-MIR % 3 i 14% . 21% F176% 1) + 3
HE A8 095 7, NIR-MIR 7 DL 2E A 498 4 1 42
AL T Ik

Zg b fr ik, MIR & H VNIR-MIR 4 & %} SOM
ok SOC 7 5 B Al I g 71 FA e P35 3 45 F VNIR,
NIR-MIR &l SOC % & BE JI4F T MIR 5 NIR,
fH MIR %) SOC & 5t Al I 58 J Fnfs e £ 5 NIR #H Lt
IWAREE &, TE—PRIEER.

4  ETF MIR Jit B9 SOM 5% SOC & 2 i Ml 2 42
Fik
4.1 LMEEETE
2 M AR 7 v — AR % SOM B SOC & &7 5
HEIERFAE S M OC R . i e /N 3 ] ) A 78
(PLSR ) /& MIR 141l SOM 5, SOC & H#H#F 5% o
WS, DRI R T R BTk
(PCA) . Cubist Pl H# 7%, sk (DT) ., £
JEZME M H (MLR) 2585 %1, Kamau-Rewe 25 "
i LA AR B T BT BLan . V5 . B RE,
HIEW ., #E%SEZNKE RS, KT
PLSR i T SOC F &, ARATF T 8 & 4k DK B
(R*=0.93, RMSE=0.2%, RPD=3.65), Pirie 4§
BT PCAH T TSOCHF &= 1A LHESHM
VNIR., MIR Az H: VNIR-MIR fi 0 #5 %Y, ef MIR
i W SOC & & K5 B # = (R’=0.80, RPD=2.6),
Minasny 5 21 % T PLSR 1 Cubist A5 %4 A 1) v
LLAMGIE Y SOC & kG, 45 SR K W] Cubist 151 4Y
£l M SOC %5 K5 & (RMSE=0.182% ) 7= T PLSR
( RMSE=0.272% ), Sanderman % '®' [t # T PLSR
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(R*=0.99, RMSE=0.9%) Y PLSR & # ( R’=0.99,
RMSE=0.8%) # 4. % b ik, J& & PLSR &
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42 ARG MR

sz 48 n Al FHAE LGS U T
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BEALARAR (RF) . AN T2 M4 (ANN) FEZR
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T, AR 0 UE RS BE AT AT (R°=0.77, RMSE=0.13%,
RPD=3.01), Deiss %70 & F MIR G 3% I 4% T
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258 7R PLSR 1Y SOC &l i 45 5 SR 4T RF,
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A0 45 S 5 SCBRAE S 4% T . Martinez—Espana 45 '+
K T R X MIR OG5 15 45, L B 4% (8l )4 5 A
(BAG) . [al 9 # W ¥ (RR) . RF. & #r 5 5
(GPR) FHYLSERE 5 B AL 2= > 7 ¥ 46 T SOC &%
i, K BN KB /NIF J& GPR (R=0.98, RMSE=
0.22%, RPD=6.68 ) >PLSR il RF>DT. BAG fil RR,
Wijewardane i [s1] M B A 2000 4 + BB AT Ak
Ot 3 FE A T SOC % f, A i ANN Al RS B2
(R’=0.99, RMSE=0.75%, RPD=4.66) {I: T PLSR.

ZE TR, JRER MR A A A KT R A A
B LRt i R AR 4T, MR R, (HAEZMAR
RUM LL R R BRI B R i 2%, S8 %, K
I A P P AN, A 2 A RS S O DL R Y )
N T AR R R R & B, e
RSB SE VRS T R VRS gy, MRS A Lb 2
TR, AT BT SR LR A T ST

5 8K MIR St ET AR XS SOM & & fE
ERI

5.1 EHEBRR/N
PP AR AR B L FEE 2L E T,
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MR, BRUEIE RS (SNV) 1 0 BN R
BIR/INBIRAE /N e 40 S 0 R 4
T, SR R A HE T . X A A T
T AT DL S OGS SCRERIE, 2 RFE
BB, B AL TR . Kopackova 55 Ol AT 8
FRASR] ) MIR S35 PR FEXT MIR 74 SOC 5 2 Ak
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Sawitzky—Golay V-1 Fl— B 44, 7] LI & SOC &
ARG
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G IR O B PCA AT, ik
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b, &BRH MCFS JEiE4iib iy SOC 7 Ak g i
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Bartholomeus H M, Schaepman M E, Kooistra L., et al. Spectral

Research progress on prediction of soil organic matter content by mid—infrared spectroscopy

ZHANG Xiao-yu, YAO Yan-min’, YAN Xiang-zhao ( Institute of Agricultural Resources and Regional Planning, Chinese
Academy of Agricultural Sciences/Key Laboratory of Agricultural Remote Sensing, Ministry of Agriculture and Rural Affairs,
Beijing 100081 )

Abstract: The mid-infrared spectrum (2.5 ~ 25 um ) is highly sensitive to the internal molecular vibration of soil organic
matter. The prediction of soil organic matter content based on mid-infrared spectroscopy technology is an emerging research
direction and hotspot in soil science. The paper comprehensively summarizes the development and application of soil
organic matter content prediction methods based on mid-infrared spectroscopy by means of literature review. Firstly, the
paper briefly reviewed the research on the correlation between mid-infrared spectroscopy and soil organic matter molecular
composition. The advantages and limitations of indoor desktop, handheld and airborne mid-infrared spectroscopy equipment
for prediction of soil organic matter content, coupled with the accuracy and stability of mid-infrared, near-infrared, visible-
near-infrared spectroscopy and their spectral combinations are compared and analyzed. Secondly, the paper summarizes
and analyzes the research progress of soil organic matter content modeling methods based on mid-infrared spectroscopy, as
well as the effects of pre-processing such as soil sample preparation, spectral mathematical transformation, and selection of
sensitive bands on the accuracy of soil organic matter content prediction. Finally, the problems and development trends in
the prediction of soil organic matter content based on mid-infrared spectroscopy are put forward in order to provide references
for measurement of soil organic matter content.

Key words: soil organic matter content; prediction; mid-infrared spectroscopy; visible-near infrared spectroscopy; modeling
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