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Hyperspectral characteristics of soil organic matter and inversion methods
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Abstract: Hyperspectral technology is playing an important role in precision agriculture. With high spectral
resolution and continuous spectral information of objects in nanoscale, it has become a reliable means of
monitoring soil organic matter (SOM) for its simplicity, rapidity, high precision and non-destructiveness
measurement, This article explains the mechanism of predicating SOM content with hyperspectral
technology and summarizes the spectral reflection characteristics of SOM, including the spectral sensitive
bands of different soil types, different SOM content, and the modeling methods in predicating SOM.
Furthermore,it points out the current problems in the study of hyperspectral characteristics of SOM and
shows the development trend of this technology,in order to provide some reference for future research.
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1 _ [19]
Tab.1 Band assignments for fundamental mid-IR absorptions of soil organic matters and
their overtones and combinations in the vis-NIR
Organics /em™ ! Fundamental vis-NIR /nm vis-NIR wavelength vis-NIR vis-NIR mode
v1 C-H 3 030 1 650 2u1
Aromatics 1100 31
825 4vy
O N-H 1610 2 060 vi +06
Amine vi N-H 3 330 1 500 21
1 000 3u1
751 4y
vs C-H 2 930 1706 2vs
v C-H 2 850 1754 2u1
Alkyl asymmetric - 1138 3vs
symmetric doublet 1170 31
853 4vs
877 4y
v C=01725 1930 31
Carboxylic acids 1449 4y
v C=0 1 640 2033 3vi
Amides 1524 4y
vi C-H 1 465 2275 3vi
Aliphatics 1706 4y
vi C-H 1 445~1 350 2 307~2 469 31
Methyls 1730~1 852 4y
Phenolics v C-OH 1 275 1961 4y
Polysaccharides vi C-O01170 2137 4y
v C-O 1050 2 381 4y,
Carbohydrates
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Tab.2 A short overview of optimal sensitive bands of SOM
/mm /nm
Reference Equipment Soil types Drying Sizes Optimal sensitive bands
[13] FieldSpec-FR, ASD <2 600,900
[39] Hand-held SVC-HR 1024 — <2 600
[40] ASD FieldSpec 4 <2 415.,445~605,795~935
[41] FOSS NIRSystems Inc. , Denmark <2 600
[42] Spectral device( ASD) 440.,560,625,740.1 336
[11] MODO09DA:EOS Terra <2 620~810
530 cm 1.2 360 cm 1.2 000 ecm L,
[12] FieldSpec-FR VINR <2 1890 ecm 1.1 560 em 1.1 220 em L,
103 cm ™! ,810 em ™!
[43] FieldSpecProFR, ASD <2 424 445,495 .868
[44] ISI1921VF512 <2 539.2.600. 05
[45] ASD field SpecPro FRTM N <1 430,480~600,670,2250
[35] VEF991 — — 376,616,724
[46] ASDFR2500 <2 570~590
823.914.1 431.1 460.1 903.,1 984,
[3] ASD Field Hand <1 2 027.2106,2 149.,2 194.2 227.2 271,
2307.2 330.2 343.2 452.,2 476.2 481
3.1
’ b
\ FFT (FFT filters, FFT) .

(normalization, N) .

( standard



normal variate, SNV) (multiplicative

scatter correction, MSC) . (first derivative,
FD) (continuum removal, CR)M™,

(orthogonal signal correction,

0OSO) . (wavelet transform, WT) . Reeves
[17]
Shepherd ~ Walsh™*
. Brunet [
3.2

b
(extremums of correlation coefficients,
(analysis of variance, ANOVA) .

(stepwise regression, SR) ,

ECE)" |

(no information variable elimination, UVE)
(interval partial least-squares regression,iPLS)!M™ |
(genetic algorithm, GA)P |

( competitive adaptive reweighted sampling,

CARS), (successive projections algorithm,
SPAE | (random forest feature
selection, RFFS) , Cecillon™"

(variable importance in the projection, VIP)

b

[52] [53]
’

[3]

3.3

(multi-linear regression, MLR) |
(principal component regression, PCR)
(partial least squares regression,

PLS) “Y, MLR ,

., PCR PLS
, MLR s
[55]
PLS
(nonlinear partial least squares method, NLPLS) .
(local weight regression, LWR) .

(support vector regression, SVR) |

(artificial neuro network, ANN) . LLASSO (least
absolute shrinkage and selection operator) %, ANN
’ Ls6] °
(71 ANN
(rank) .Kennard-Stone(KS) . (RS)
Rank-KS % SpxXy B9,
3.4
o (determination coefficient, R*)
. R>0.90
,0. 81<TR*<C0. 90 ,0. 66<<R* <<
0. 80 , ,R*<20. 66
Lol | (root mean

square error of cross validation, RMSECV)

s RMSECV o
, RMSECV

H ’

( correlation
(standard error of

» SEP ,

coefficient,R) .

prediction, SEP) :R
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RMSECV 2 , f(x)=[R/ s
(14+aRMSECV) ] X 100% , N N 0
[ ) S
,
(residual prediction deviation, RPD)
(variance coefficient,CV) 2 . RPD [1] s s s .
(standard deviation, . 12005,27(5) . 72-78.
SD) SEP , £62] RPD>3 (2] , , s .
[l , 2018, 34
’ (4):143-150.
;2. 5<<RPD<C3 37
;RPD<C2. 5 [ C ’ -
. » Fearn™ ,2017.,37(2) ; 584-587.
RPD >3 ’ [4] , s s
Chang "V Terhoeven " RPD>2 (7. ,
N 2014,51(5):993-1002.
SEP ,CV [ 5] Bowers S A.Hanks R J. Reflection of radiant energy
10% i from soil[ J]. Soil Science,1965,100(3):130-138.
[ 6 ] Kirshnan P, Alexander J D, Butler B J, et al. Reflec—
4 tance technique for predicting soil organic matter[J].
Soil Science Society of America Journal, 1980,44 (6) .
1282-1285.
N N [ 7] Clark R N, Roush T L. Reflectance spectroscopy:
Quantitative analysis techniques for remote sensing
’ N applications [ J ]. Journal of Geophysical Research,
3S S 1984.89(B7) :6329-6340.
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