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Abstract; Soil organic matter (SOM) is an important part of soil fertility and the main nutrient source for
crop growth. In order to explore the inversion effect of fractional-order derivatives (FOD) combined with
spectral optimization index on SOM in low fertility areas, taking Yinchuan Plain as the study object, the
original data of hyperspectral reflectance of field were processed by 0 ~2 order FOD (with an interval of
0.2 order) after log reciprocal transformation, the spectral optimization indices DI/RDI, DI/NDI, NDI/
RDI, RDI/NDI, DI/GDI and RI/GDI were constructed, the two-dimensional correlation between each
index and SOM content was analyzed, the optimal spectral optimization index was selected, and a support
vector machine (SVM) model was established to inverse the SOM content. The results showed that the
content of SOM in Yinchuan Plain was generally low, of which 93. 05% was at the level of 4 ~6 class.
There were obvious differences in the absorption characteristics of the original spectral reflectance of soil
in the field, with obvious absorption peaks at 1 400 nm and 1 900 nm. With the increasing fractional
order, the spectral reflectance was approaching 0. The maximum absolute correlation coefficient

(MACC) values of soil DI/NDI, DI/GDI, RI/GDI, NDI/RDI and RDI/NDI were all less than 0. 80 in
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order 0 ~2. The MACC values of DI/RDI in order 0. 2 ~2. 0 were ranged from 0. 996 5 to 0. 998 6, and
their sensitive bands were mainly concentrated in 1 450 ~1 750 nm and 2 100 ~2 400 nm. The model
inversion accuracy based on DI/RDI — SVM model was the best at order 0.2, modeling determination

coefficient ( R>) and verification determination coefficient (Rf)) were 0.98 and 0.99, and residual

predictive derivation ( RPD) got 4.31. The results can provide scientific basis for rapid and accurate

estimation and mapping of SOM in areas with low organic matter content.

Key words: low content of soil organic matter; spectral characteristics; fractional-order derivative;

support vector machine; inversion; Kriging interpolation method
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Fig.1 Location of study area and sample points
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Tab.1 Optimize spectral index and formula

R r5 DI/RDI DI/NDI NDI/RDI RDI/NDI DL/GDI RL/GDI
/R +R. R, +R. R, -R, R,
A R+, R+ R, L — — e
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HRAE A 55 R - S A 1 3 T 4
Bl KR )17 187 A AR SOM F =343 h 6
ANEY(F2) :SOM it K 2. 81 ~56. 14 g/kg, HI{H
12.48 o/kg ESE R KL 57. 26% , FHoh b T I04%% ~ 4%
(SOM EH/NT 20 g/kg) BY T AEA 174 A, i ALY
93.05% , W[ SOM & & F-HIEA 11. 06 g/kg, 5+
FHON 39.30% A SCHERGX 174 A HFE BT S,
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Tab.2 Basic statistical characteristics of soil organic matter content of Yinchuan Plain
o FeA R AL/ R AE/ o/ ME/ SFH{E/ brifE2E/ S —
(g-kg™") (gkg™") (g-kg™") (g-kg™") (gkg™!)
—%% 2 >40 56. 14 52.05 54.09 2.89 5.34
it 3 30 ~40 37.08 30. 20 32.74 12. 08 36.90
=1 8 20 ~30 27.20 21.99 24.20 3.60 41.00
WE3 107 10 ~20 19.31 10. 07 13.99 4.35 31.10
ik 38 6 ~10 9.92 6.04 8.19 2.75 33.53
N 29 0~6 6. 00 2.81 4.33 2.38 55.03

AT K — S SEIEDT v iy I PG B 28 4] 3 e A
B, H b BRI BG E AR R 4 i 117 R0 57
(F23) 1 TR 43 ity SR ACHE AR 6 R A B R AR
SOM % 12 X [B){E FAR I 22 85 Ry — 2, 28 S R AU )
SOM ¥ & JEAE 5+
*3 EREWIEFTEEAFIRSESHITHFE
Tab.3 Statistical characteristics of soil organic matter
content of model calibration and validation set
— Fﬁt wRKRME/ B/ME/ B/ bRz E%‘%
B (gkg™) (gke™) (grkg™) (gokg™') B/%
BEEAR S 174 19.31 2.81 1.2 436 39.6
EEEA 117 19.25 2.8 11.01 4.36  39.7
BrEkEA 57 19.31 3.01 11.16  4.31 386
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RDI 5 SOM ) MACC 2 % i T H A 35 %, - 3418
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435124 0. 740 6 F10. 730 2, DI/NDI f% ik, MACC ¥
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NDI 5 SOM & & 8] ) MACC £ 0. 8 [ i 35 F W4
J5 BT LA MACC 435124 0. 998 6 .0. 762 1
F10.799 3,
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D3 3F [ i 57 26 A DI/RDI $8 0 A #4578
SOM it A AR 4 5L TR R FOD T iy fL k4
BN, SVM B8 (324) . TEALALIE % DL/RDVI
0.2 ~2.0 Fryw [ A RIAN R, 1A 0.81 ~0.99,
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Fig.4 Two-dimensional correlation coeffecient between optimal DI/RDI index and SOM content
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Tab.4 Modeling and validation results of SOM
based on DI/RDI - SVM

feagi S BHIF4E

B RMSE/ RMSE/
RPD

(g-kg™") (g-kg™")
0.2 0.9 0.92 0.99 0. 84 4.31
0.4 0.9 0.87 0.99 0.84 4.27
0.6 0.8 1.38 0.82 1.32 2.03
0.8  0.82 112 0. 84 1.10 2.20
L0 0.81 1.13 0.91 0.89 2.36
L2 0.8 1.16 0.86 1.08 2.19
L4 0.8 1.16 0.86 1.06 2.22
1.6 0.9 1.21 0. 84 1.06 2.04
L8  0.92 1.18 0.87 1.01 2.27
2.0 0.97 0.88 0.95 1.21 2.85

(b R

K5 ARIP R A HLB S B SEMELA 0. 2 B T
DI/RDI — SVM S i {EL 7 {F /€]
Fig.5 Measured and inversion values of 0.2 — DI/RDI — SVM

for soil organic matter of Yinchuan Plain
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Tab.5 Area occupied by measured and inversion values
of different levels of soil organic matter in Yinchuan Plain
TR km? THARLLE) %
U3 Fik/1 N BEC R R SR
S 5204.54 1804.90 98.56  7108.00 73.22 25.39 1.39
S 5403.58 1657.66 46.76  7108.00 76.02 23.32 0.66
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S PRI, e R e I, AR
FF FOD HEATVLVE 4 2030635 1 USRI B 1t , 35
1.5 B T A S ) A 2 PN 44 A TR I R B AR A
RPD 4 2. 75 ; ik 5 %°) FI H FOD 454 NDI 47
LS SOM & Al 5, 45 28 H7F 0. 6 B Al
YOI AR 1.2 ik 3] RF AR5 1 i i JOKS
RPD 43514 4.32 F13.69, HONG %'/ £F 0.75
W St 3R AR AR AU 20 5 () S AR AL 3R A T 36
T T M AR B TR AR 4 i R 2 11 SOC Al fe i K
FE . ABEFELL 0. 2 B ) kA T 35 a6 s
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