5539 %45 19 1) *+ &~ 2 Eild Vol.39,No.19
2019 4F 10 A ACTA ECOLOGICA SINICA Oct.,2019

DOI: 10.5846/stxb201805211117

WARIL - WK AAIER  JRARRL - BEAT AT RLAE , 3K BT BN o AT HE B0 e R LA . A 5431k, 2019,39(19) -
Yasenjiang Kahaer, YANG Shengtian, Nigara Tashpolat, Zhang F. Hyperspectral estimation of soil electrical conductivity based on fractional order
differentially optimised spectral indices. Acta Ecologica Sinica,2019,39(19) .

ETHHEMMOMULREEEIN LT ERSRS G
il &

LA R R RAR R - B AR R
| B RE PR SRR 22 B, BB AT 830046
2 WA N AR A R E S, SR ASE 830040

TEE L T30 5 b i AT = B ARG RS T A SR M AT BY T T A DX S S R AR AR B X X SRR BB IR S
PR Al AR R R DA R AR S SO R B SR S, O TR T - L SR A B A = i S, S R A E B e AL
WEI A ST A S AT 2 PN v S AN S SR A, 1) U8 B Ak S i o TR A % 3 48 21 ( nitrogen planar domain index,
NPDI) BEA T BARAY, 01 e AN ] e S 1 5l (SR i i S S 3 SRR A 5 FPees A4 ) 32 30 1 s BUR i D61 S 80, DA 2
7 M R ED G AR SRR 45 RR 1) NPDIs 5 1 HEr TR 2 E] B A OCPE 1 A RS BT O AR R xR B
1.6 Mo B BB 2T AR B00T 1 48 i G 3 1) SRR B B i, R DG R AU X B 0.80, FLAE T 1.6 B4 A8 e 1y
(Rayagmm+R1s030m )7 Rigo s o BEBE LA HH DG R A XN B 5, 15 1] 0.888,, 2) BT 1.6 B3l BEAR AR 1 O AR AL 8 A dpe A | TN
JEH R, =0.84, RMSE,,, =2.07mS/cm ,RPD =2.94  AIC=158.11, Al Xof i S i A (3 >4 85020 A R 100 Ak ' 1% 4 B 4
AR - e o — 20 S - R A R RS B B A M

KRR : 13 3R PLAOGIEIRE A BN T s = ;s Eh i 4

Hyperspectral estimation of soil electrical conductivity based on fractional order

differentially optimised spectral indices
Yasenjiang Kahaer'”, YANG Shengtian'>* | Nigara Tashpolat'*, ZHANG Fei'"

1 College of Resources and Environmental Sciences, Xinjiang University, Urumqi 830046, China
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Abstract: Soil electrical conductivity is highly correlated with salt content. Accurate soil conductivity monitoring helps to
determine the degree of salinisation in regional soils, and it is of great significance to the prevention and control of regional
salinisation, the sustainable development of agriculture, and the construction of ecological civilisation. In this study, indoor
hyperspectral and conductivity measurements were performed on soil samples. For the purpose of determining the best
hyperspectral parameters for predicting soil conductivity, the simplified spectral indices ( nitrogen planar domain index,
NPDI) , were carried out by the two band optimisation algorithm. The most sensitive hyperspectral parameters of different
hyperspectral data (original hyperspectral reflectance and the corresponding 5 mathematical transformations) , were selected
to establish the hyperspectral estimation model of soil conductivity, for the realisation of efficient monitoring of soil salinity
information. The results showed that the correlation between NPDIs and soil conductivity was significant. With the

transformation of the original data, optimised spectral indices were more sensitive to soil conductivity, and the absolute
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value of the correlation coefficient exceeded 0.80. Among them, the correlation coefficient of the (R0, TR 1503 am )7 Ris03 am

band combination based on the 1.6 order differential transformation was the highest, reaching 0.888. The prediction model
based on 1.6 order differential band optimisation was the accurate, and the prediction accuracy was RIZM =0.84, RMSE,,, =
2.07 mS/cm, RPD=2.94, and AIC=158.11. Therefore, the appropriate mathematical transformation of hyperspectral data

was beneficial to optimise the spectral index to better estimate soil conductivity, and further achieve high precision dynamic

monitoring of soil salinisation.

Key Words: soil electrical conductivity; optimised spectral indices ; fractional order differential ; hyperspectral ; saline soil
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Table 1 Statistics analysis of soil electrical conductivity

+ e R —
Soil electrical conductivity/ ( mS/em) 25 AR B Z
BEASE A — = ; Standard (ETRH
Type of sample Observations TR f/IMA I deviation/ (.)e .1(,1en ©
Maximum Minimum Mean . variation( C.V)
(mS/cm)
value value value
47 Whole set 57 55.70 0.07 11.32 13.89 122.70%
AR Calibration set 38 55.70 0.20 11.27 13.93 123.64%
ISHUE4E Validation set 19 48.30 0.07 11.18 13.14 117.50%
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Table 2 Statistics analysis of soil electrical conductivity and salt content

Siitdetn FHME ISoN] He/ME brif 2 5 R AN
Statistical indicators Mean value Maximum value Minimum value Standard deviation  Coefficient of variation
th G ]
Electrical conductivity/ ( mS/cm) 11.32 35.70 0.07 1389 122.70%
frh i Salt content/ (g/kg) 6.78 36.30 0 8.77 129.35%
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Fig.3 Spectral reflectance of soil and soil spectral reflectance with different salinization degree
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Fig.4 Two dimensional contour map of NPDIs and soil electrical conductivity under different hyperspectral data transformations
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Table 3 Statistical analysis of correlation between soil conductivityand NPDIs based on different hyperspectral data transformations

SN )

TG R 4 ETELS c X ihL Ko Mesimum BB A

Hyperspectral data transformation Test of significance Amount value/( |7 ]) Band combination/( inm, Inm)
JEEHE Original data/ (R) ( |r|=0.870,p < 0.01) 34 0.876 (2011, 1890), (2011, 1891)

Y%K Logarithmic/ (1gR) (|r]=0.646,p < 0.01) 35 0.650 (2027, 1881)

FFEUEIEL Logarithmic reciprocal/ (1/1gR) (| r|= 0.870,p < 0.01) 75 0.876 (2016, 1887), (2027, 1883)

1% Reciprocal/ (1/R) ( |r]=0.870,p < 0.01) 55 0.880 222(?]0]9,’ 1819819)2 ), (2010, 1892),
SEJ5 MR Square root/ (VR ) ( |r|=0.870,p < 0.01) 41 0.877 (2011, 1891), (2010, 1892)

1.6 Bri#4> 1.6 order differential/ (FOD) (| r|= 0.870,p < 0.01) 25 0.888 (2020, 1893)

3.5 e PLSR A ARIRY T RORS B4 A

s Fpe /N 3Fe B Y= 2 S i HH e R 32 1 e DG i A 7 1%, A PLSR 3 T VR A M o3 B 458, 78 1 37 5T
X F e 5% PLSR SRR 2 1, AR SCRIH VIP FoRFE— 20X A A8 S gE AT L, D 5 IR T VIP N i i
PR X B G HE S AT BTG S OGS S R S 5 R ALY NPDI 7R [ 28 i R PR I
AR — S T ) A AR RO R 17 .17 .28 21,23 (15 A4, 55 I SO B A A B8, VIP o DU s 0 2R
Wi BBR T XA BTk S A X BRI S

A PLSR TS ARG BE S H0 (R 4) RN 6 AL HEAT 438 2 B ( I3 4h 6 R R A VIP £ 1Y
BEAITE AN R L, AVETRA 3 AT) ,RPD R T 2 BURERLA 5 A4, 73l 55 T U8 e S0 8 (808 - Jr
HR 1.6 Bl A8 40 Ak i) NPDI i 2 57 1) ik S 7Y | 3R B 3 S8 ot il A 780 EL AT — 78 1) 8 o S i B ) , 1S UK
BE R, 535075 0.79.,0.79,0.82 ,0.80,0.84, RMSE,, 43124 3.11,2.89,2.33 ,2.56 ,2.07mS/em, AIC 535124 219.
12.217.33,180.05.,196.65 ,158.11, H:H JEF 1.6 Firfalt 4328 $6 il ik B 5 6 33 S 9 538 I X e 1% 46 %k ( NPDI ) 1
ik BtiAbiz 85 @it VIP BRI kAL 15 %0 (x1 =NPDI(2012, 1895 nm) .x2=NPDI(2020, 1893 nm) .
x3=NPDI(2016, 1893 nm) .x4 =NPDI(2020, 1892 nm) .x5=NPDI(2017, 1893 nm) .x6 = NPDI(2019, 1893
nm) .x7=NPDI(2083, 1881 nm) .x8=NPDI(2078, 1882 nm) .x9=NPDI(2078, 1881 nm) .x10=NPDI (2083,
1882 nm) x11=NPDI(2014, 1895 nm) .x12=NPDI(2084, 1881 nm) .x13=NPDI(2015, 1895 nm) .x14=NPDI
(2018, 1893 nm) x15=NPDI(2023, 1892 nm) ) Ky H =& H 7 1Y PLSR FUNAAY A f £ AL A 2R 1y =997.
521-29.839 * x1-34.239 * x2-29.830 * x3-31.939 * x4-31.131 * x5-32.134 * x6—-34.796 * x7—35.302 * x8-34.
280 * x9-35.723 * x10-31.258 * x11-34.454 * x12-31.333 * x13-30.969 * x14-33.990 * x15, WK N R’ =
0.84,RMSE,,, =2.07mS/cm,RPD=2.94  AIC=158.11, Tfij 5 T~ X B Fil &b 3 /35 S i B i A Ak 1) NPDI X + 3 e
ST AE SRR, UK R 0.67 ,RMSE,,, 47 4.48 mS/cm, RPD iy 1.25,AIC 24 249.16, #4 1.6 B4y
TN ASE A 17 FH 1) AR A5 BT I - SR A a5 A H S R T 8 ) S P S A A (B VA e R R AR X N
-3 AR A SN 5 L G R 6 R TR A (AT Y A X5 25 1 O MR R 25 43 5 A 0.98mS/em (4.
96mS/cm , SZIMMEAHE K B9 M 1.05 mS/em 4.53mS/ em , —F AL H BLHIHb X L K 844 1) 2% 1] 23 A HaAs — S H.
FESEREIN IV BHA SO ) 7 VA AR 3 L SR A W v ELA — S R L, D R AR B T5 - 4 5
P T T REAYIRAE
3.6 itie

B AIE R S KER B A B UK R | T HOKERIZ R RAY AT IS XS+ ek Ehiz B ok 7 Pildie 3K
A FECE AR A EEERY . R2 UK FHOK IR R A Y 0 %
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Table 4 Accuracy assessment for predictive models by partial least squares regression
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Fig.5 Filtering the best model independent variables based on variable VIP valuesunder different hyperspectral data transformations
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R VIP 17 0.82 2.46 0.79 3.11 2.17 219.12
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Fig.7 Maximum correlation coefficient of single—band hyperspectral data and conductivity under different pretreatments
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