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Estimation of Desert Soil Organic Matter through Hyperspectra
Based on Fractional — Order Derivatives and SVMDA — RF
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Abstract; Aiming to explore the effect of fractional — order derivatives ( FOD) combined with support
vector machine discriminant analysis — random forest model (SVMDA — RF) on hyperspectral monitoring
of desert soil organic matter content (SOM). The desert soil samples collected in the Sde Boker area of
Israel were analyzed. These soil samples were through pretreatment, physical and chemical analysis, soil
classification ( divided into sandy soil (SS) and clay loam soil (CLS) ), indoor spectral acquisition and
spectral resampling (interval 10 nm). In order to avoid the influence of soil quality on the inversion
model, the support vector machines discriminant analysis ( SVMAD ) was established based on the
average reflectance of the spectrum. The spectral reflectance was processed by O ~2 order (interval 0.2)
FOD. Then NDI was constructed by using the spectral data that through fractional order derivatives
processing and the two-dimensional correlation between SOM and NDI was analyzed. In order to obtain all
different FOD enhanced-NDI, the highest coefficient of determination (R*) of 0-order NDI was used as
the threshold (sand soil R* >0. 901, clay loam soil R* >0.763). By using the different FOD enhanced-
NDI to establish random forest ( RF) models. All models based on different soils were compared and
analyzed, the best models of different soils were combined to establish the SVMDA — RF model. The
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results showed that SVMDA based on spectral average reflectance, the classification rate of soil texture
could reach 100% . Fractional order derivatives coupling normalized spectral index, which had ability to
amplify SOM-related implicit information between bands, but it had different effects on different soils.
For the paper, clay loam soil was superior to sandy soil, and two soils of the FOD-enhanced sensitive
index peaked at 0. 6-order, but the number of sensitive index of clay loam soil was much larger than that
of sandy soil. In the sandy soil RF models, the model based on 1. 2-order NDI was the best( R} =0. 962,
R? =0.920 ,RMSEP was 0. 435 g/kg,and RPD was 3. 658). In the loam RF models, the model based on
0. 6-order NDI was the best (RZL =0.942 ,Ri =0.944 ,RMSEP was 0. 554 g/kg,and RPD was 4.316).
Combining the optimal models of the two soils to get the high-precision SVMDA-RF model, R} =0.979,
RMSEP was 0.481 g/kg, and RPD was 7. 004. The model could provide effective support for quickly
assessing the desert soil types and fertility.

Key words: desert soil; soil organic matter; hyperspectral; support vector machines discriminant

analysis; fractional — order derivative; random forest
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Fig.7  Spectral reflectance fractional differential curves of clay loam soil
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Fig.8 Determination coefficients between SOM and normalized spectral index of sandy soil and clay loam
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Tab.1 Determination coefficients between SOM and
optimal normalized spectral index for sandy soil and

clay loam under different fractional order derivatives

G (DS it
NDI ek R* NDIEREEHBEK R

0 R2210 ,R2170 0.901 R860 ,R850 0.763
0.2 R2210 ,R2170 0.911 R800 ,R780 0.769
0.4 R2210 ,R2170 0.912 R640 \R580 0. 803
0.6 R820 ,R670 0.915 R640 ,R560 0. 820
0.8 R800 ,R670 0.917 R640 ,R540 0.814
1.0 R850 ,R570 0.910 R670 \R560 0. 820
1.2 R1420 .R680 0.903 R670 ,R560 0. 802
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Fig. 9 Changing curves of number of sensitive indices

under different fractional order derivatives
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Tab.2 Calibration and validation results of SOM based on RF

e S B % N R RMSEC/ (g-kg ™) R} RMSEP/(g-kg ") RPD
0.2 3 0. 983 0.216 0. 857 0. 605 2.679
0.4 24 0. 987 0. 198 0. 874 0. 590 2.791
0.6 82 0. 987 0. 194 0. 855 0.612 2.633
NDI 0.8 57 0.984 0.208 0. 869 0.615 2. 692
i+
1.0 28 0.983 0.216 0. 852 0. 672 2.514
1.2 1 0. 962 0.317 0. 920 0. 435 3.658
1.4 1 0. 969 0.284 0. 855 0. 688 2.452
FS 201 0.970 0.288 0. 742 0.813 1.579
0.2 18 0.901 0. 694 0. 928 0. 670 3.116
0.4 107 0.936 0. 580 0. 942 0.572 3.971
0.6 285 0.942 0.534 0. 944 0.554 4.316
it oI 0.8 254 0.944 0.533 0. 941 0. 568 4.055
1.0 110 0.938 0. 559 0. 926 0. 642 3.436
1.2 7 0.918 0. 643 0. 925 0.736 2.683
FS 201 0. 861 0. 842 0. 708 1. 402 1. 005
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Tab.3 Calibration and validation results of SOM based on classification combination models and non-classification model

jeig eyl N RMSEC/(g-kg™") R} RMSEP/(g-kg™") RPD
SVMDA — RF(SS—1.2—NDI,CLS—0. 6 — NDI) 1,285 0.980 0.419 0.979 0. 481 7.004
SVMDA — RF(SS — FS CLS — FS) 201,201 0.961 0.597 0.903 1.092 3.086
RF(US) 201 0. 843 1.187 0.832 1.512 2.228

AJIK 100% o BAR LR SE 2 WA TG 3% S A 7T 2L
B o3 BEAS [ ) - 3 B, (5 e g A D A
A% B E . RS 5 IE 525 5 K E
(OSC) 4bBiRb £ e+ R+ 3 R EHOEIE IF4 &
i 5 /1 — 3 (PLS ) X 4 38 o 3t 53 2 , L IE B 5% i
5 93.3% , A 0k AR 4 X 70 HE + 5 /P £ 5 WANG

242 ) T b S O B X B T IR T 54 $0(PDID
SYULIIREAS , HE ST PLS 43 M R al DL 4T X 43 /b
S, T FR S T A ORI B 7 5t
ST B 20 B, HM RRCR AT, X
FWE R G R TR L A LK R
(FOR



51 KB . 2T FOD fil SVMDA — RF Ay + 304 HLIE & 5 &5 e i 165
12 ) ) 12 127 .
ufp ° U o 1 o Us 1p o mEL
95% i {7 Hs &% 95% Y o Wt
10+ 10- o VI ’ 10 ST EFH °
9 o _ of L _ o .
;ML 8+ jm 8- ;m St
s Il & 7 & 7T
= I o 6F m Or
i:’f sk = st % 51
B af B o4t B oar
3t 3t R2=0.832 3t R2=0.961
20 QRS 2t RMSEP 1,512 ghkg 2t e RMSEC %j0.597 g/kg
& RMSEC Jy1.187 g/kg N e &
0 I 2 3 456 7 8 9101112 0 1 2 3 456 7 8 9 1011 12 0 I 2 3 45 6 7 8 9 1011 12

SEMEA g - k™)

SN -k ™)

S/ (g kg ™)

(a) RF(US), st (b) SVMDA-RF(SS-FS. CLS-FS), grféid: (¢) SVMDA-RF(SS-1.2-NDI, CLS-0.6-NDI), g 4
dr . r r e #
BT gt 2 et [ [ gt
U wmt HE o phmy Ur o gt
10+ e 10F [0 5% F 54 10+ 95% B {574
9 95/"§fm?ﬁ 9 9

= 7r P — i = I
%\c 8r ;z:;: 8F _*‘“QD 8+
_é; T+ é TF & 7
= z 9 26
2 st = 5t = 5t
B ot B o4t =gt
al R2=0.903 Al e , al R2=0.979
ol " RMSEPJy1.092 g/kg ol 2 =0.980 Al RMSEP40.481 g/kg
AP RPD %3.086 = RMSEC40.419 g/kg = RPD }y7.004
1 B8 1 1+
0 1 2 3 4 56 7 8 9101112 0 [ 23 4567 8 9101112 0 123 456738 910112

SMHE g kg ™)
(d) RF(US),5iF4E

S/ (g - ke ™)
(e) SYMDA-RF(SS-FS CLS-FS), B4

S/ (g kg™
(£) SVMDA-RF(SS-1.2-NDI , CLS-0.6-NDI), B iF 4

[ 10 JET RF #Y SOM FUMAE 5 528 /Y HLE
Fig. 10 Comparison of measured and predicted SOM values based on RF

PEIK LR 0 T 4 FhOR ) D i 8 5 ) 0
— AL ERESE B 5 SOM 1y — 4k M 1k, KB R B i
i50.55, SR 34 NDI DI RI 5 SOM fj — 4k
AHOCHE 15 3 5 KA R A TE 0.5 ~ 0.7 Z ],
HONG 45 207 2 T 6 Bl A [ O i A8 4 119 6 385 45
5 SOM ) — 4 A M, 15 3l B KA R B
0.81, AR 4EAH 370 BT B N - 4E ' 3% 2 o] v 5K
HEH P 2] 5 SOM A3 SRR AE , A3 850080 /)N 1 1
o HC A 20 18 W BT (LG 7K 43 ) X T SOM ) 5 i,
B R FE B R 45 G o BN oy, M G R A R 4
o AR SC 0 #1 3 F 4 BB o otk dg B S
SOM [ AH 1 , 15 51 P i R B 5 7T 15 0.917, [
OB Se 28 0 A BB S oAb B, AT DAY R 4
ST 23 (8], by AR IR AH O 1 Rk R B A T B R
AlRE. H LA O By ke 22 550 6 15 20T DLAR A 0 2 4%
TEAS B A F T2 S B ReR .

e A2 A P A A A IS 4 SOM. EIEL Sy g
f/N T BRI JL R, =0.76, TGS T g
HEETE T £ 4 SOM A5 A0 Sy I 8] AR H: R} =
0.866 ,RPD 7 2. 79, kg ) i dt f (e 5 +
HE SOM K B, g — J6 £k ¥ [0 ) 8L AL, L R) ik
0.882, k2 BB 5 349 i A 2k 1 485 250 5 0 37 38
148 SOM, F 4k PLSR (¥ [a] I ] DL A R4 Ml fif th £ o
LR R RO, fF R A — R S Y S U Y AR
(1) S T R AIE S 5 26 22 [ RSPV AE R PR G R, 15 3
FRE LR PR AL, 00 L b 3 5 1) 3 A K 22 J i 25

O AR A FR E IE S0 A, W8] 2 @R BD R+ SOM
S AR AR B L SOM 43 A & A7 MR, 76 ML 1% B0 R
PLSR 25 28 {1 ] U 55 0 400 45 2R — . A SCH) Al RF
T DA <7 A R 2 (A 2k i Al 4Rk O 2R L R AR
I X B R R B S B, & B RF
TR A A SO AR B 2, e R B - RF R,
H R} 1% 0.944 RPD ik 4.316, [H I, G 55 00 4%
R0 7 A 2 () A7 FEJE P 56 &, U RF X K 4E 4k
M 2 A T B 0L A A A S i 3
K. i WANG 25 i + 38 4h 42 i) RF 5 PLSR
B RF {5 T PLSR, 5 A5 45 Y f) 36 3IF 00 S o, I
RPD n] ik 2.78,

T e 2B I T ) X A T R AR R S8 A Sk
BB B BT R R T
FRAR I, A AT A A 2 B O 3 B A 88 15 5 T AR ST
FIFH FOD 1A — 4 AR 56 2 BT (89 77 125 7T LA 45 21 25 A
S B R B S I B B B — s
P UL O B AT R . AR ST
AT DL AR H 45 T B A R O s A kY
45 Sfe 07 e SRS B, T ST ) SVMDA — RF (SS —
1.2—NDI,CLS — 0.6 — NDI) 1 SVMDA — RF (SS —
FS CLS — FS) # H. A B 4 1 90 4 g , {HL 2 55 750 114
S S R A b X U L 4 SOM KU H ok
AE . BEAh A SC R HEAT — R AELE MR R (RF) 2%
ik, UG ARIF 9T b AT L 57 A ] 3 8 4 5 780 3 A7 41
B, PR A A5 I T AR B



166

Ko BLOW % MR 20204

4

REIRH, T LAARAS 28 70 BB il o0 92 71 9 NDI, HH0
B (E 1 B K03 O 0.6 B, (H G {E 5 4 o
(1) FeTF 2 J 8 A< i SVMDA w] DLxf B3 A K.

&t

RS 3 25, ¥ L 5 REF 25 &, af DLER T 3 15+ 4 (3) 20 2B 370 25 NDL RJ 3145 5 FH 56 1k
SOM [ FLA JEE Y BRI B, DA o A T LA O 4 T A Y A R

[2]

[10]
[11]

[13]

[14]

(2)0 By NDI i i B € R B 0 RO 6 A0O0R .
2 £ x #

R 75 BE VI I P04 - AR AR TE, SE L 4R - W B R, AE. SRR A LT & R e oA S AL [T ] ROl DA AR, 2014,
30(16): 113 -120.
HOU Yanjun, TASHPOLAT - Tiyip, MAMAT - Sawut, et al. Estimation model of desert soil organic matter content using
hyperspectral data[ J]. Transactions of the CSAE, 2014,30(16) :113 —120. (in Chinese)
W88, ST AR, SF . BT R TR Y R DL SO AR R LA [J/OL ] Al ALBRAESR , 2017, 48(3) @ 164 — 172
YE Qin, JIANG Xueqin, LI Xican, et al. Comparison on inversion model of soil organic matter content based on hyperspectral
data[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48(3) :164 — 172. http: // www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? file_no =20170321&flag = 1 &journal_id = jesam. DOI:10. 6041/j. issn. 1000-1298.
2017.03.021. (in Chinese)
JeIm e - R, 2 e - BEEAR L IWRAR, 45 2 T IRAL OB IE 45 B LA P& R AG S [J/0L]. RLALB 4R, 2018,
49(11): 155 - 163.
NIJAT Kasim, RUKEYA Sawut, SHI Qingdong, et al. Estimation of soil organic matter content based on optimized spectral
index[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49(11) ;155 = 163. http: / www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? file_no =20181118&flag = 1 &journal_id = jesam. DOI:10. 6041/j. issn. 1000-1298.
2018.11.018. (in Chinese)
AR {E , DRI e BILBT &% ik PR SE AU 8 ik [ J/70L ] AL AL =4, 2015, 46(1): 127 —132.
HE Dongjian, CHEN Xu. Real-time measurement of soil organic matter content in field[ J/OL]. Transactions of the Chinese
Society for Agricultural Machinery, 2015,46 (1) :127 - 132. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx?
file_no =20150119&flag = 1 &journal_id = jesam. DOI.:10. 6041/]. issn. 1000-1298.2015.01.019. (in Chinese)
HUMMEL J W, SUDDDTH K A, HOLLINGER S E. Soil moisture and organic matter prediction of surface and subsurface soils
using an NIR soil sensor[ J]. Computers and Electronics in Agriculture, 2001, 32(2) . 149 - 165.
RINNAN R, RINNAN A. Application of near infrared reflectance ( NIR) and fluorescence spectroscopy to analysis of
microbiological and chemical properties of arctic soil[ J]. Soil Biology and Biochemistry, 2007, 39(7) : 1664 - 1673.
K& VN, T A, TRl p g YL & Aot (1], i 5o, 2011, 31(3) . 762 -766.
LIU Lei, SHEN Runping, DING Guoxiang. Studies on the estimation of soil organic matter content based on hyper-spectrum
[J]. Spectroscopy and Spectral Analysis, 2011, 31(3): 762 —766. (in Chinese)
WSRO, FRER S JET RBF 45 A 09 1L b 20 A AL EOLRAE I [T]. Mol Bl , 2018, 54(6) : 16 -23.
XIE Wen, ZHAO Xiaomin, GUO Xi, et al. Spectrum based estimation of the content of soil organic matters in mountain red soil
using RBF combination model[ J]. Scientia Silvae Sinicae, 2018, 54(6): 16 —23. (in Chinese)
F U, TR BE , ARNON Karnieli, 55, BT K B 5C I — 04[] U5 119 37g 5 1 e A HLBT & & RGN B (1], Rl TR,
2018,34(14) . 124 —131.
WANG Haifeng, ZHANG Zhitao, ARNON Karnieli, et al. Hyperspectral estimation of desert soil organic matter content based
on gray correlation — ridge regression model[ J]. Transactions of the CSAE, 2018, 34(14): 124 —131. (in Chinese)
TKRAR. 3B S AE LR W AR B R R AR SR (D] BB ORSE B ER R4, 2017.
HONG Y, LIU Y, CHEN Y, et al. Application of fractional — order derivative in the quantitative estimation of soil organic
matter content through visible and near-infrared spectroscopy[ J]. Geoderma, 2019, 337 758 - 769.
WANG X, ZHANG F, KUNG H, et al. New methods for improving the remote sensing estimation of soil organic matter content
(SOMC) in the Ebinur Lake Wetland National Nature Reserve ( ELWNNR) in northwest China[J]. Remote Sensing of
Environment, 2018, 218 104 - 118.
PEN-MOURATOV S, MYBLAT T, SHAMIR I, et al. Soil biota in the arava valley of Negev desert, Israel[ J]. Pedosphere,
2010, 20(3) : 273 - 284.
oK B, T8 BKE L 4. 0T DS B3 T BR 2 A L AT X 4 R X R 5 R G R B S S s [ T] . AR TR I R 2 2 R
(BB, 2016, 50(2) : 303 —308.
HONG Yongsheng, YU Lei, GENG Lei, et al. Using direct standardization algorithm to eliminate the effect of laboratory
geomelric parameters on soil hyperspectral data fluctuate characteristic[ J]. Journal of Central China Normal University ( Natural
Sciences) , 2016, 50(2): 303 —308. (in Chinese)



513

KB . 2T FOD fil SVMDA — RF Ay + 304 HLIE & 5 &5 e i 167

[15]

[16]

[17]
(18]

[19]

(22]

[23]

[27]

(28]

KARAAGAC B. New exact solutions for some fractional order differential equations via improved sub-equation method[ J].
Discrete and Continuous, 2019, 12(3) . 447 -454.

TR P, LU Renfu, B, 4. 3T 28 (8] 7] 20 B 0t 3% 1 26 0 BBV F B0 0 ik 0 5e [T ] i 5035 04, 2018, 38(7) .
2183 -2188.

HUANG Yuping, LU Renfu, QI Chao, et al. Tomato maturity classification based on spatially resolved spectra [ J].
Spectroscopy and Spectral Analysis, 2018, 38(7) : 2183 —2188. (in Chinese)

BREIMAN L. Random forests[ J]. Machine Learning, 2001, 45 5 - 32.

SHI T, HORVATH S. Unsupervised learning with random forest predictors[ J]. Journal of Computational and Graphical
Statistics, 2012, 15(1); 118 —138.

VISCARRA R R A, WALVOORT D J J, MCBRATENEY A B, et al. Visible, near infrared, mid infrared or combined diffuse
reflectance spectroscopy for simultaneous assessment of various soil properties[ J]. Geoderma, 2006, 131(1 -2): 59 -75.
GHOLIZADEH A, BORUVKA L, SABERIOON M, et al. A memory-based learning approach as compared to other data
mining algorithms for the prediction of soil texture using diffuse reflectance spectra[ J]. Remote Sensing, 2016, 8(4) . 341.
DOTTO A C, DALMOLIN R S D, TEN C A, et al. A systematic study on the application of scatter-corrective and spectral-
derivative preprocessing for multivariate prediction of soil organic carbon by Vis — NIR spectra J]. Geoderma, 2018, 314. 262 —
274.

MOHAMED E S, SALEH A M, BELAL A B, et al. Application of near-infrared reflectance for quantitative assessment of soil
properties[ J]. The Egyptian Journal of Remote Sensing and Space Science, 2018, 21(1): 1 - 14.

HONG Y, CHEN S, ZHANG Y, et al. Rapid identification of soil organic matter level via visible and near-infrared
spectroscopy: effects of two-dimensional correlation coefficient and extreme learning machine [ J]. Science of the Total
Environment, 2018, 644 . 1232 - 1243.

WANG J, DING J, ABULIMITI A, et al. Quantitative estimation of soil salinity by means of different modeling methods and
visible-near infrared ( Vis — NIR) spectroscopy, Ebinur Lake Wetland, Northwest China[ J]. PeerJ, 2018, 6. e4703.
WANG D, ZHANG G, ROSSITER D G, et al. The prediction of soil texture from visible-near-infrared spectra under varying
moisture conditions[ J]. Soil Science Society of America Journal, 2016, 80(2) ; 420.

RUENE, FRN, /N, GF BT AL A il M IE S A5 o e e D TR Ry R T ]. RE LR AR, 2012,
28(7):168 - 171.

SONG Haiyan, QIN Gang, HAN Xiaoping, et al. Soil classification based on near infrared reflectance spectroscopy and
orthogonal signal correction-partial least square[ J]. Transactions of the CSAE, 2012, 28(7) . 168 —171. (in Chinese)
BEACHE R A, 958, 45 mOB IS BORBR & 0 — A b il 48 Bofb 5 LA pL B & & [T]. i 50604, 2017,
37(11):3537 —3542.

HONG Yongsheng, ZHU Yaxing, SU Xueping, et al. Estimation of soil organic matter content using hyperspectral techniques
combined with normalized difference spectral index [ J]. Spectroscopy and Spectral Analysis, 2017, 37(11) . 3537 —3542.
(in Chinese)

SR SCH L RRE S FET AN Vis — NIR JGiE 9 L3 A WU BN 5 HI 1 [T]. St 556 b, 2013, 33(4) .
1135 - 1140.

GUO Yan, JI Wenjun, WU Honghai, et al. Estimation and mapping of soil organic matter based on Vis — NIR reflence
spectroscopy [ J]. Spectroscopy and Spectral Analysis, 2013, 33(4): 1135 - 1140. (in Chinese)

e AR, BB, R, A TR EAL A ML R SEDEIEAE I [T]. Aol Blaz, 2011, 47(6) 2 9 - 16.

GAO Zhihai, BAI Li'na, WANG Bengyu, et al. Estimation of soil organic matter content in desertified lands using measured
soil spectral data[ J]. Scientia Silvae Sinicae, 2011,47(6) :9 —16. (in Chinese)

WANG H, CHEN Y, ZHANG Z, et al. Quantitatively estimating main soil water-soluble salt ions content based on visible-near
infrared wavelength selected using GC, SR and VIP[J]. Peer], 2019, 7. e6310.

HONG Y, CHEN Y, YU L, et al. Combining fractional order derivative and spectral variable selection for organic matter
estimation of homogeneous soil samples by Vis — NIR spectroscopy[ J]. Remote Sensing, 2018, 10(3) : 479.



