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Distribution of the sampling sites (7 = 147 ) and the location of the study area
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Index, S1) . #h4r38%(S2 ( Salinity Index,
S2) . #h/rFE%S3 (Salinity Index, S3) . #h
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Table 1

TIRENEH

Selected soil salinity indices and their mathematical formulas

550 Soil salinity indexes

A2 Formula

2% Wik Reference

Intl (G+R) /2 [23]
Int2 ( G+R+NIR) /2 [23]
NDSI (R-NIR) / (R+NIR) [24]
S1 B/R [24]
S2 (B-R) / (B+R) [24]
S3 (GxR) /B [24]
S5 (BxR) /G [24]
S6 (RxNIR) /G [24]
ST VBXR [24]
S11 VGXR [24]
sI2 JG? + R? +NIR? [24]
SI3 R+ G2 [24]
COSRI (B+G) / (R+NIR) x NDVI [10]

TE: RMLLYBL, GRERIBL,

BAE B, NIRMITLIAMEB, NDVI = (NIR—R ) / (NIR + R) Note: R stands for Red band;

G for Green band; NIR for Near Infrared band; NDVI for (NIR—R ) / (NIR + R )

R e RS, FIHENVI 5.3 50 9 3 5 R
T EHE R, iz S5Landsat 8 OLIEIE A
P BEARVC L o SR 5 43 5 42 BOR FE 5 %0 . Landsat8
OL I IEFE AR T4 2 ot i i Bt Al 4= 12 5k 4345 B L
H, 4545 N2l -5 ECH YL d 7 PLSRELAY
W 5% X 1474 2R HE 5 1 E C B8 4% 18 R 2]/ HE
¥, AR BRI O8N HEARAE I RAE, H A 49
ANREAK B IR TR, o3 0 TR A Y N BORS BE
ROBGIE . Horb, ALY B0 R MBS UT 1R B A4 R E Tk
R RMSE /NS Y i) T8 3000 B g 6 5 K5 A ik
{3 RPDIR T2, 00T 3 B AR Y 57 A ey 179 190 0
jj[ll]O

2 4 R

2.1 TEECHSGH D RESE S EBAEXM
BT b 2 1 AR AR Y EC T3 823,90
mS-em™', KFTZEHEHEARMECFEME (11.62
mS-cm™) o TIFHFLAER RS A H4.29%
M74.14%, H)@E T &2 ok B o Brik B bl
B (0.11 ~64.60 mS-cm™ ) FlIIE B 4
(0.03~59.80 mS-cm™ ) HECFH{H 5 5416.52
mS-cm ' F116.93 mS-em™' . YIZRAE FIEIE 4 B0
OIATBIRES T RIS X AR AR - EECHIML Y it
Gy, kST AR RS T RN G0 A v R R AL T

R2 RETBEHEBBECHIHHEHE

Table 2 Statistics of EC of the soil samples collected from the Ebinur Lake wetland / ( mS-cm™ )

fe/MEMin K fHMax F-Hj{HMean FEZESD 5 R EUCV/ %
#2Z=Rainy season 0.06 64.60 23.90 17.72 74.14
T2 Dry season 0.03 54.80 11.62 10.96 94.29
l|:4E Training dataset 0.11 64.60 16.52 15.17 91.80
BiEHE Test dataset 0.03 59.80 16.93 15.16 89.55

7. SD: Standard Deviation; CV: Coefficient of Variation Note: SD: Standard Deviation; CV: Coefficient of Variation

T WA TG M Landsat8 OLIH
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Table 3 Correlation coefficients between EC and spectral bands and salinity indices

Bandl Band2 Band3 Band4 Band5 Band6 Band7 CoSRI Intl Int2
0.572" 0.560" -0.498" -0.405"" 0.362" 0.191° -0.185" -0.276" 0.578" 0.559"
NDSI S1 S2 S3 S5 S6 SI SI1 SI2 SI3
-0.278" -0.323" 0.323" -0.473" 0.601" 0.353" 0.599" 0.579" 0.549" 0.577"
e TFRARTEP<0.01KF B3, "FRTEP<0.10/KF B FNote:  means significant at P<0.01 levels; ~means significant at P<0.10
levels
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Fig. 2 In-lab spectra and Landsat8 OLI spectral reflectance of soil samples different in EC level / (mS-cm™ )
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Constant term=-16.83
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Fig. 3 Regression coefficients of the PLSR model
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Fig. 4 Scatter plot of measured and predicted
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ZR 0] 5 A B AR, X 5 AR 1A BA BT AR A 2 FEERE -, DAZR BN AR KA 3 255t AR 0 22 A
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ZEhERR ORI, EEHRE L, JedudE +HohER+ (KS) .

4 2016FSA E2016F 108 L LMARIPX EIR LB

Table 4 Area variation matrix of soil salinity in the studied area from May to October in 2016 /km’

NN e B RSB TR B CEE RN Kl that R
Water body Non-salinized Slightly salinized Moderately salinized Severely salinized Saline soil Total area

T2

664.3 1659 64.4 192.7 424.4 179.2 3184

Dry season

S

640.7 1716 68.2 158.2 403.7 197.2 3184

Rainy season
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(a)FZ Dry season (b){EZ= Wet season

KI5 SCHI R R - HEEC /M i 4]
Fig. 5 Soil salinity ( EC ) maps of the Ebinur Lake wetland
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Abstract

[ Objective ] Soil salinization, one of the most critical ecological problems in agriculture,

is a progressive soil degradation process that reduces soil quality and hence crop yield and agricultural
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production. Therefore, it is necessary to monitor soil salinity for prevention and mitigation of land
degradation in the arid regions. Producers and decision-makers also require updated accurate soil salinity
maps of agronomically and environmentally relevant regions. [ Method ] A total of 147 soil samples were
collected from the Ebinur Lake wetland, Xinjiang Uyghur Autonomous Region of China, during the rainy
season (May) and dry season (September) in 2017 for analysis of electrical conductivity (EC) when prepared
into suspensions, 1 : 5 in soil and distilled water ratio, and for acquisition of Vis-NIR (visible-near infrared)
reflectance spectra in the laboratory. Spectra were resampled in line with Landsat8 OLI sensor’s resolution,
i.e., band 1 (Coastal) 433 ~453 nm, band 2 (Blue) 450 ~ 515 nm, band 3 (Green) 525 ~ 600 nm, band 4
(Red) 630 ~ 680 nm, band 5 (Red) 845 ~ 885 nm, band 6 (SWIR 1) 1 560 ~1 660 nm, and band 6 (SWIR
7) 2 100 ~ 2 300 nm. Furthermore, NDSI (Normalized Difference Vegetation Index), SI (Salinity Index),
SI1 (Salinity Index 1), SI2 (Salinity Index 2), SI3 (Salinity Index 3), S1 (Salinity Index, S1), S2 (Salinity
Index), S3 (Salinity Index), S5 (Salinity Index), S6 (Salinity Index), Intl (Intensity Index 1), Int2 (Intensity
index 2) and COSRI (Combined Spectral Response Index) were also calculated in this study. A quantitative
estimating model was constructed based on partial least squares regression (PLSR), and evaluated in light
of its root mean square error (RMSE), determination coefficient (R”) and ratio of performance to deviation
(RPD). [ Result] Results show that the surface soil of the Ebinur lake wetland was strongly salt-affected,
with soil salinity during the rainy season (23.90 mS-cm™') being much higher than that during the dry
season (11.62 mS-cm™"). 2) The PLSR model based on resampled spectral data and 13 spectral indexes
performed quite ideally in predicting soil EC in the study area, with quite high accuracy (R* = 0.91, RMSE
= 6.48 mS-cm™', and RPD = 2.45), which indicates that the model constructed in the study could be used
to predict quantitatively EC in the Ebinur Lake wetland; and 3), the areas of slightly saline soil and saline
soil decreased, while those of moderately and heavily salinized soils increased during the study period
(from May to September). [ Conclusion ] In the present study, the model, established by combining two
types of remote sensing data different in resolution, has obviously improved the traditional optical remote
sensing (Landsat8 OLI) model in precison, as well as elevated the Vis-NIR spectral data to the pixel scale,
thus providing certain scientific reference for remote sensing extraction of soil salinity information. The
performance of Vis-NIR-based prediction of soil salinity might be affected by adsorption capacity of soluble
salts in these electromagnetic ranges being lower than that of: water, soil iron, organic matter, certain types
of clay minerals, and some other soil components. To further improve the prediction accuracy, further
efforts should be done to define the most dominated factor affecting spectral reflectance of soils different in
salinity degree.

Key words Soil salinization; Ebinur Lake wetland; Landsat; Spectral Index; PLSR
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