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VIS-NIR reflectance spectroscopy of the organic matter
in several types of soils
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Abstract; Estimating the content of soil organic matter (SOM) using hyperspectral remote sensing is an inevitable require-
ment for precision agriculture. In this study, averages of spectral reflectance and first derivative of 791 sample pieces were
measured in the visible and near-infrared (350 ~2500 nm) bands, which belong to five different soil types from four prov-
inces, including phaeozem in Heilongjiang, alluvial soil in Henan, paddy soil in Sichuan and Zhejiang, purple soil in Si-
chuan and Zhejiang, and seashore saline soil in Zhejiang. The correlation coefficients between organic matter content and
spectral reflectance were calculated, while the characteristic spectral bands mentioned in precedent researches were summa-
rized. The results show that 600 ~800nm can be used as common characteristic bands of these different types of soils from
different regions in the study, which is important for building the universal model for soil organic matter with alternative pa-
rameters. Another conclusion is that above 2% in SOM is not necessary for predicting SOM.
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Fig.1 Spectral reflectance of different types of soils
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Fig.2 First derivative reflectance of different types of soils

FSRSTE H Ze T AR RSB - 78 7T I OE 5 B BE U
Ft, 1€ 700 nm PR E ik S AL & P B B, 900
nm AR5 Y BRI SR BEARFAE . X SESEIERFAIE 5 5%
B I BGE A K. 580 R SR R 3,
RIS R AL B T SRR IR SR AL D U 5
WA BT BLHG. DR 2 B TR X At - 390, 5%
BrERET REERTR . RN WEBKE,
WIS 0 L B AR LN B , FEE B
A3 AN, — Bir S B 38 D S B, A R AR T [,
1400 nm 71 1900 nm Kb F) 7K M i3 B 2% BE i HL Al iy
LAHLC I BE/MRZ . g LN, LR 6 18 T4k
SR Bk R LR A BB, SR B
. AR, 6 AE R AR LN B , O
TEHZEATE, A LI Fov &6 L, Wi KR
SR LINA 25, —Jrm R E ) R A+
AP SR (23.8 ¢ - ke ') ELER THHLEE L
(13.2 g kg™, /NF20 g - kg ™) HAFHHUR AT
REMEE T KRR, T A 5 G 1 S S R A B
WER; A—H W] R TR EE LERT
R BE AU S5 75 T B AN [+ T 32 R )

TR - AYETE HIZ 550 nm FHigt B8 & T
oAty +- e R, H —Birisi o) i £ 78 400 ~ 600 nm %
50, VLA I R S I 20 20 R R DL 8 OO TE IR



280 a5z REXR

31 %

FRFERUT = HHEMER, —2# 1K GBS
RO BLF, YT shaa gl B LR R — R s
X HF RS, S A VR R B E
WIBRAAR B R 43 BEVSCIR T+ 5 5 73 A1, Tl B ) 1 R B3
FIRER , WIS OGS R 3 i — R L

FE— B 2R i 2 B B B Y, 91K RS
FIHTTL RS 1 9 i 4R A S A% — 3, X B 1] 7K
B - AT VLK RS A 4 U By B R S 6% i 2T
REEAR—Z. LTZARTE 450 ~ 600 nm LT M1, {H
#£ 600 nm LAJ5 XSRS b . X FOKRE LR T
AR T EHLR A BRE. R, Wik
T = A i S S ity 2 AR B S v L)1 K A £
XAR ] BB A2 H T P b K R B B A [F]
95 WYL 1 B 4R 7E 400 ~ 550 nm
B 5mmEE L —F, M FHRTUZ, 78 550 nm Z )5 %
AT 7 ARG R P B AR WL
T FIARERR , ZEBARIGEKAVER T & dhsr R
B, RS SRS (AL E) , AHURE

M 400 ~2450 nm —F g RE , A IRIZEAS
) e R MO B B R R KM R, A4
AN BTG — B i A B 8 58 TR AR K ARARA, i
BHAE T LT A By Bl N 7 21 398 1) S S R il 2
HHIE. FEH , 7€ 1000 nm P B LA J5 — B oy e s
B B3, AN FITF 43T BIFST XI5 9 RIS 1 48
i TR, B HLE A&, AT RS X,
IR T A b X SR A .

2.2 AEARBLIEHHERFESFINRESEN
XS
2.2.1  SeiEmE R K BRI R

W JLAESR , B P9 2 2 76 R 4 1 e b s 4y
PEAGIN 3B VLR & B T TR 2 548 B
DN = ooy N il O 3/ S I N B4 v N i
3 A BB e I B B AN R AR ] 3X T /B2
DT REE R (1) 250052 I\ e 3 AL ke
PEMZE G . ARIZSAL M 58, i FHBELREA
], T e o7 35 Bt AR AR AL (2) [l — 28 BUR [R]
DX ) 38, i 45 Hh P A ) St B 3R B R SR SR AR Y
AL R T R ARSI S Tk
M) o7 35 B A .

S T BRI [R] ) ' v v 1z 38 B, X A [T H
FI LGS e 7 % B AT 45 (B 3) , RBLRHR
43 F T e [0 5 B AR AR H7E 600 ~ 800 nm Z [a]. [A]
B, B A G B RE B R A R WX — Bk B A

350 550 750 950 1150 1350 1550 1750 1950 2150 2350

# JE TTEE(2004) bbb s
S A5 (2007) b M

A& I 4 &
% A AR A%(2005)
* WA (2009 NURNE SO ——
L BUEREAR007) [T
_ PHEITAER(2007) ]

LN 40%E(2009) L
o T HEZE(2006) ).
8 5 RE2006) b
& WHEARSE(2004) -

o YO A5(2003) f

B3 AFEBSE A YU G R B A
Fig.3 Summary of spectral characteristic bands of SOM in dif-
ferent researches

AR 3 [7] () L5 e o 38 B A7 00 S s, S48 e iz R
BOAEXS B R, A A TR S R
2.2.2 ITEAEVREESHERFENHEES T

B 4 it E PR & B 5O U R A
RARPA LA, K E 4(a) 2 7 A HIRELBEEN
Fl (400 ~2500 nm) & HLJE & & 5061 I 3 1 HH
KRB, B 4(b) 7] W B (400 ~800 nm)
AR R 4. — R AB LT, 76 7] WL-30 £ A0 Bt
THAYUR S B S EE R SRR ALY B 4
(a) AN, BRWTVLEE € 1+ F DY 1| 5865 1 B AH 56 R 3
HBLIE(E, HoAth 5 40 5 MAHC R &I R (A
FRWTIL 1 4h, Hofth 6 4 + SR A & R 5
#£ 600 ~ 800 nm [t i3k B KMH , Ho A WL Eh
- BB K O B BE R SE AT (478 nm,r = —0.347) 10
I+ RS SRS (1010 nm,r = —0.346) ,3FH.,7
44 147 600 ~ 800 nm iz BAL KA VLR & & 56iE
RGTERIB R FAER. XX HERE 5 5T R B AT LA
600 ~ 800 nm i il i) S 5 3ok I X 7 4 HIRMA
PR &R, 52.2.1 P ALK RS HEAHL
Jo 2 [5] F  7i mi o7 38 B A — 2.

600 ~800 nm 3% [ 3 5 + G AL A AH
FREAXHENKBNAMRI R Tk RS 1 R TR
+ R A )N KRS L P S WL
T LR A L. S A VRS ERKNIT A LLE
BT WK L A VLR S &, MR
Y. 4 SOM F & KT 2% B, HAER A 11
i I R A R E AR 24 SOM & & 7E 2% LA
T, FERT LY U B SOM 38 i HL Ath 1 18 20 B4 i
(hndk ) 6Tt S 5T v B BE A BT IREE . WL
Wi WL E et R LAY SRS
2% LA, 76 ] WGk By B N OGRS R AEAR & Bl 3
ARy (AR EAL B W) S it 2. X P DA BRI



3 IR UM R FRIZEEY 3R VIS-NIR Sl 41 KA LS oz 36 B 281

0200 600 8001 000120014001 6001 8002 0002 2002 400

0.3 4

0.2 {¢ &WA,_,-:,-.!!!
0.1 gt

0.0 /

= -0.1 L —"
A

0.3

-0.4

0.5+-N e onmutaee y

-0.6

A/nm
(a) 400~2450 nm
400 500 600 700 800

0.4 : . .. ]

0.3

0.2 o] P ]

0.1 4 e TV

0.0 =P 1 KR
= -0.1 e I 1 2R 5L

024 |

-0.3 ?‘UTJA(,&J@} ght

0.4 e W KA

-0.54

-0.6
A/mm

(b) 400~800 nm

B4 POl REAPUR S RS5O R R R S
Fig.4 The correlation coefficient between SOM content and
spectral reflectance of different types of soils

T+ AL S 8 178 600 ~ 800 nm i Bl WA LR &
5 RHR RN ENT 0.3 XL
FRECIE , TR 8 L A LS & B {E R/ (Uh 11. 8
g+ kg ') (A YL & B 5oL AT RIHER R
$UAE 400 ~2450 nm B EIAR R , B BAEELLIMK
BREms o T R G B. CAPTR R, AR S
B/NT 2% i, EFEALLLAME N LI AR 2 LR
ek K % R 38 3% 1 5 i B B B i
TEML LA B AL 5 061 S 2 3R [ 4 56 R BOE
RATEE LR TRA, AVUREER T
2% FHAJE R ICTE T L RA VUL Z A ATR A1
n R 38 rp A B3 XA AL B R M S BB A L
JFREEE LR, A YU AT R 68 R R
ZLPRF R A A i 7 2 5 25 SR Y AR A R
2 —2 Bk

Bl 4,7 HE L @ 2RI R et
AOAH G 28 20 ZRAH O K , — 3 1E 400 ~ 600 nm
BIEEIMAMER RN E. X 58 A LR IEAR
K, B OIS R i TR A R BB 1S
RO P EARRRRMNSMERNLEY, Ak
BRI RS, — Ok, D BB BN,
SRBOTIC B U R B T R

BHREKAALGY, FE LB R AE W Wt
P BEAR , BEARRA LB & B T VL5 @ LA )1
201 7E 400 ~ 600 nm B A RECNIE.

3 FitERE

FEXT LA FH SRS D A 0 A B 2 B A
AT DA R B, R A TRl XA R 8 2 4 3 Y
A WL R B BT AN ], LR 4 o o 35 B o
7E 600 ~ 800 nm [T, 3X 15 B F 600 ~ 800 nm i Bt
X R TR BT A LR & B o B T E .
BAUCRER T H A YU S BXDERE AR
VERARAE T , G5 R R BUBR U VL5 € 141, Hofts 6 b
A it B A AL R R B 352 BE R 7E 600 ~ 800 nm
Bifi. JF H.,7 21 1387 600 ~ 800 nm P EAL KA HL
B B SOLE R T R 2 A K. X U 600 ~ 800
nun 5 ] 4 S 258 )Rt T AP O S AR I S 3
REEHIIX 7 H L IRFE R

L 7 AR A LR B S AR
ARG R B 2T LU RV T R - A L &
BE T 4 RS R BRI (U 11.8 g - kg ™'),
T 2% (HAHSR R BAR A XU, AL & &
T 2% FFAN R T U £ A ML A ZE A RT 1R
ZMF AEIXAS Wi 75 B 2 U B L AR A R
— P W RIE. JUH T3 E A 1 AR B
TR, AU AR <10 g - kg BT R
KERM 30 g - kg™ B, X FAE LR & & 15
FR G O T T A 2 ) S S0 R B AT B IR A
Wt

LR ARBITERE KT 4 HUX S MR R
B T B CTEARERT 5T, B i 3B A AR
R E R ER A T3 E — LRy 3, 4] 4n
Freie 4 | € R LD AR B = A AU B X
B, AT dkEE AT SN ) J5 20T R

Y3 X3 2 4 R B — R W HEIE,
RUHFFLEER UL T kSt — B e EHE LK
BRI IRAAENE, WU T L2 EEE N
A P PR Y i AT RE . S S S AR
TFE— R B L] BRI — R T R A LS
B A TTINOE BE , (EL7E 5P A1 W % R B s I < 0 T
Py BA T E TS WA 5 — 282 IR A TS
i ATSE I 5 AR AL IE 2 B0 AT 32 . 1l A A
AT e L B oA B AR, IR A 5 — > 2 E A [
3 XA [ 22 AL IE S B B, B E R IE S
RO AL B, S £ 0 1 PR B 000 2 — 28 2 4 49 0 vfe



282 ahh 5 2K ¥R 31 %

B TE MR 75 T , B AMEE 4 A ML & R
PTG EEREE T IRAE 600 ~ 800 nm 7 BAETE S
FR 3 o PR {8 A U AR 2t X B R
FERIND ey O YR T v i D VAT
T T3 XA [R] 4 RN ] T 430 95 B e A 0 i ok
AR R TR 22 AN (6] A JE 4R, 45 B B 7 — 14—
AR, BEELA AT A, R A e o X 38 B 4 i
Pl ) - S8 s P 2 ) SE B R T AT .

REFERENCES

[1]BOWERS S A, HANKS R J. Reflection of radiant energy
from soils[ J]. Soil Sci. ,1965,100(2) :130 —138.

[2]KRISHNAN P, ALEXANDER J D, BUTLER B ], et al.
Reflectance technique for predicting soil organic matter[ J].
Soil Sci. Soc. Am. J. ,1980,44(6) 1282 —1285.

[3]GUNSAULIS F R, KOCHER M F, GRIFFIS C L. Surface
structure effects on close-range reflectance as a function of
soil organic matter content[ J]. American Society of Agricul-
tural and Biological Engineers,1991,34(2) 641 —649.

[4]XU Bin-Bin, DAI Chang-Da. Relationship between soil re-
flectance characteristics and SOM content in south area of
Xinjiang Province (In Chinese)[J]. Chinese Science Bulle-
an (AR, BB K. R L O AR S A VLS
BRI, B2ER) ,1980,25(6) ;282 —284.

[5]CHENG Jie-Liang. Hyperspectral Remote Sensing Informa-
tion Extraction and BRDF Model of Soil [ D]. Hangzhou:
Zhejiang University (2752, 3R G B BE B4R M
5 2y R SHERIBESE. HUM WK ) ,2008.

[6]STONE E R, BAUMGARDNER M F. Characteristic varia-
tions in reflectance of surface soils[ J]. Soil Sci. Soc. Am.
J. ,1981,45(6) ;1161 —1165.

[71HE Yu-Rong. Purple soil in China(2) [ M]. Peking: Sci-
ence Press(f#i%s. PEFECL(TH). L B2l
RR#t) ,2003,14.

[8]ZHOU Qing,ZHOU Bin, ZHANG Yang-Zhu, et al. Influ-
ence of parent materials on paddy soil hyperspectral charac-
teristics and SOM spectral-parameter-models[ J]. Acta Ped-
ologica Sinica( J , XK, I A B, 5. AR LB B0 K
RGP OGS B R R i i B
FA. THEEIR) 2004 ,41(6) :905 - 911.

[9]LIU Huan-Jun, ZHANG Bai, ZHAO Jun, et al. Spectral
models for prediction of organic matter in black soil [ J].
Acta Pedologica Sinica( XMRZE 70, X E , % B+ F
FUE B R OGIE R AP . T R) ,2007,44(1) .27 -
32.

[10]SHEN Run-Ping, DING Guo-Xiang, WEI Guo-Shuan, et
al. Retrieval of soil organic matter content from hyper-
spectrum based on ANN[ J]. Acta Pedologica Sinica( .iH
F, TEE, ER,F ETATHZMEH AL
B ik R iE. L FH),2009,46(3):391 -
397.

[11] XIE Bo-Cheng, XUE Xu-Zhang, LIU Wei-Dong, et al.
Hull-curve-method-based extraction and analysis of soil
spectral characteristics[ J]. Acta Pedologica Sinica (1A
AR B AR, 5. BT ERLRIEN L IERFE
RORB N . L1EZHR) ,2005,42(1) ;171 - 175.

[12]LIU Huan-Jun, ZHANG Bai, LIU Dian-Wei, et al. Study
on Quantitatively Remote Sensing Typical Soils in Songnen
Plain, Northeast China[ J]. Journal of Remote Sensing (X
T TR, XUBL , 45 FA ST SR S A 3R i E
BRBTST. BREIR) ,2008,12(4) ;647 - 654.

[13]ZHANG Juan-Juan, TIAN Yong-Chao, ZHU Yan, et al.
Spectral Characteristics and Estimation of Organic Matter
Content of different soil types[ J]. Scientia Agricultura Sin-
ica(BRIRLA, HKR, RHE, 5. AR T DOLESF
AE B HAYLT & BT A ER L FF) ,2009,42(9) :
3154 —-3163.

[14]HE Jun-Liang, JIANG Jian-Guo, ZHOU Sheng-Lu, et al.
The hyperspectral Characteristics and retrieval of soil or-
ganic matter content[ J]. Scientia Agricultura Sinica (3R ZE
R AA R, E. DR VUR S R GIE R
TR E. dERIRZE) ,2007,40(3) 638 —643.

[15]LU Yan-Li, BAI You-Lu, YANG Li-Ping, et al. Predic-
tion and validation of soil organic matter content based on
hyperspectrum[ J ]. Scientia Agricultura Sinica ( /5 5T,
H B B R3E, . BT RO LA VU & 2
MRS 7 5 3 4. P E R AR ) ,2007,40(9)
1989 —1995.

[16]SUN Hong, LI Min-Zan, ZHAO Yong, et al. Characteris-
tics of soil spectral reflectance and estimation of soil pa-
rameters in Fuxin opencast coal mine[ J]. Spectroscopy and
Spectral Analysis( PML, =R, B, %. BRETHE+
G R MG IE A LSBT R EFEERIES
#7) ,2009,29(12) :3365 —3368.

[17]HE Ting, WANG Jing, LIN Zong-Jian, et al. Analysis on
characteristic of soil organic matter [ J]. Geomantic and
Information Science of Wuhan University ({f]#& , £ & , AR52
U %5, TAPUTOLEREN . RNKZZR(ER
F=2hK) ) ,2006,31(11) ;975 —979.

[18 JPENG Jie, ZHANG Yang-Zhu, ZHOU Qing, et al. Reflec-
ting spectral changes in the depth profile of major soils in
Hunan province[ J]. Chinese Journal of Soil Science( 7R,
KB, 5. WIE A LR R R R R
HIHEAR . TEEER) ,2006,37(2) :236 —240.

[19] XIE Bo-Cheng, XUE Xu-Zhang, WANG Ji-Hua, et al.
Spectral characteristics of Brown-Humid Soil and estimation
of soil organic matter content by soil reflectivity[ J]. Chi-
nese Journal of Soil Science(WHHAK , B4, Ttk , %,
8 L B C IR B A R S R A A LA R
W7z, LHEIER) ,2004,35(4) :391 —395.

[20 ] SHA Jin-Ming, CHEN Peng-Cheng, CHEN Song-Lin.
Characteristics analysis of soil spectrum response resulted
from organic material[ J]. Research of Soil and Water Con-
servation (V> E B, BRISAR , BRAABK. 3 A HLBOE & 1R
PIAFPERTST. K £ RFFFR) ,2003,10(2) .21 -24.

[21]XU Bin-Bin, JI Geng-Shan. Analysis of the correlation ship
between spectral reflectance and soil physical and chemical
properties; Soil remote sensing research album of Ningwu,
1987[ C]. Peking:Science Press (#&#M, Z=HkE. +3E5%
TR AR S B RIR AR 0T T L BB B R
T4E, 1987 dunt- Bl RAL) ,1987,66 —76.

[22]ZHAO Qi-Guo. Strategic Thinking of Soil Science in China
[J]. Soils(RAHE. T3l & FRAIRMIGE 5. 118),
2009,41(5) .681 —688.



