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Fig.1 Location map of study area
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Fig.2 Schematic diagram of test field and sampling point
distribution
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Table 1 Statistical analysis of soil salinity of sampling points
P FEASEL Sample size ¥ #h 4t Salinity
AR 17 - e[ BRI WAL b WM BME TP AR ;
Data acgui- ;J :1_1 None sali- Mild Severe Saline Maxi- Mini- Mean 7:SD Sk{ﬁg Kﬂl%tIE. ilﬁ(:f/\/%
sition time ot nization salinization salinization soil mum/%  mum/% /% 1% cwness urtosts
5 H May 56 4 16 24 12 1.366 0.121 0.642 0.330 0.200 -1.016 0.513
6 H June 53 3 15 24 11 1.237 0.134 0.650 0.323 0.056 -1.216 0.497
S Total 109 7 31 48 23 1.366 0.121 0.646 0.327 0.130 -1.116 0.506
W IR UL SR Sy bR UE S 25 SCHR[16]
Note: Classification standard of soil salinization according to reference [16].
6 Hb R TR KU AR P A me ¥ o R IR R 0 b 4 55 F2 TIEAIERELEER
K5 N ENVI 5.3 &b, [7] ik 422 FREURE 2 b7 52 1) GPS (5 Table2 Soil spectral index summary
BRGNP U B R . BUIRORE R 0y, 7 ol : AN %30k
oz \ e \ YLk 2 Spectral index Calculation formula References
K B BT H 200200 (15 5 HTHI 20 HE 2 4 13 mx
S =D B — N7 b FEE N Salinity index(S1) S1=B/R
13 m (R BRI 2% 5 3008 o PP B BT D1 S nny e i
o , - R o s . Salinity index(S2) S2=(B-R)/(B+R)
SRR IR RG], SR FH MRS G S P () B AR 1 S B B 1Y) Salinity index(S3) S3=(GxR)/B (o]
TR (G ML 10502, 2 5 5 th R LB Saliity index (59 $4- VB
[ 3 J 2 45 B35 31 22 S F0 L iy Rt P 3 ) o 26 ENVI Sy indext 53) o
[ N s Salinity index(.S6) S6=(RxNIR)/G
5.3 WA 43 B EORE 5525 AT S K P AR Y ME, R Salinity index1(SII) SI1=VRxG
P BRI AR FEARLE — 20 v S5 ORE I 1R O 1% B 2 2148 Salinity index2(SI2) SI2=VG + R + NIR? [20]
Salinity index3(SI3) SI3 = /G* + R?
Salinity index(SI-T) SI-T=(R/NIR)* 100 [11]
Simple ratio index(SR) SR=NIR/R [21]
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Fig.3 Contrast before and after removing film of
multispectral image
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Brightness index(BD BI = VR* + NIR?

Normalized differential salinity - [22]
index( NDSI) NDSI=(R-NIR)/(R+NIR)

£ :B.G.RFINIR 535 490550680 F1800 nm 4 Ab (106 385 S it 5 o
Note: B.G.R and NIR represent spectral reflectance at wavelengths of 490,550,
680 and 800 nm, respectively.
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Table 3 Modeling and Verification sets

H¥54E Data set 5 H May 6 J1 June S Total
R 4E Modeling set 39 37 76
Y 1UFAE Verification set 17 16 33
7t Total 56 53 109
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Fig.4 Change chart of correlation coefficient between spectral
reflectance and soil salinity
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Table4 Correlation coefficients between different spectral indices and soil salinity

5 A May 6 J1 June JEUA Total
S g LI S LI S P S
Spectral index No film removed Film removed No film removed Film removed No film removed Film removed
(n=56) (n=56) (n=53) (n=53) (n=109) (n=109)
S1 -0.223 0.071 -0.128 0.047 -0.189* 0.060
S2 -0.194 0.072 -0.111 0.084 -0.158 0.078
S3 0.553%* 0.561%** 0.546%* 0.620%* 0.542%* 0.589%*
S4 0.740%* 0.741%* 0.665%* 0.674** 0.700%* 0.703%*
S5 0.491** 0.574 0.419%* 0.485%%* 0.453%%* 0.529%*
S6 0.720%* 0.739%* 0.701%* 0.714** 0.703%* 0.726**
SI1 0.730%* 0.751%* 0.712%* 0.734%* 0.713%* 0.739%*
S12 0.757** 0.780%* 0.755%* 0.789%* 0.753%%* 0.782%*
S13 0.737** 0.759%* 0.708%* 0.731%* 0.716%* 0.742%*
SI-T 0.038 -0.154 -0.070 -0.188 -0.014 -0.171
BI 0.785%* 0.803%* 0.774%* 0.808%* 0.778%* 0.804**
SR -0.163 0.026 -0.028 0.069 -0.102 0.046
NDSI 0.090 -0.092 -0.026 -0.125 0.036 -0.108

T FRORAE 0.01 KPR A OG s *2R0RAE 0.05 K A n A FEAA L

Note: ** represents highly significant at the 0.01 level; * represents significant at the 0.05 level; n is the number of samples.
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Table 5 Estimation models for spectral reflectivity and soil salinity by machine learning
B Model 5 Treatment 4 Modeling set I0AIE4E Verification set

R? RMSE RE/% R RMSE RE/%

5 H A 2 No film removed in May 0.765 0.164 26.68 0.577 0.214 40.77

S AL 5 J12:JI% Film removed in May 0.790 0.154 23.50 0.627 0.215 40.52
Support vector ma- 6 7 K25 No film removed in June 0.713 0.176 33.13 0.549 0.210 44.27
chine 6 H 225 Film removed in June 0.777 0.156 29.09 0.582 0.210 43.94
(SVMD B 22 No film removed in total 0.679 0.187 32.87 0.616 0.203 29.98

S 4422 I Film removed in total 0.730 0.172 28.76 0.634 0.197 30.67

5 H A J: No film removed in May 0.759 0.166 28.92 0.536 0.222 41.75

K FR 2 2 5 J1 2] Film removed in May 0.766 0.161 26.96 0.551 0.226 41.83
Back propagation 6 1 K221 No film removed in June 0.674 0.193 40.11 0.564 0.211 43.88
neural network 6 H 2:/I5 Film removed in June 0.712 0.183 37.84 0.700 0.186 39.92
(BPNN) B 22 No film removed in total 0.648 0.197 37.34 0.629 0.200 34.23
RARZL I Film removed in total 0.717 0.175 30.66 0.642 0.193 32.04

5 H A2 No film removed in May 0.745 0.170 26.62 0.602 0212 34.92

W2 ST R 5 J]2:JI¥ Film removed in May 0.743 0.171 26.53 0.631 0.205 37.50
Extreme learning 6 H &2 No film removed in June 0.660 0.192 39.67 0.580 0.203 41.76
machine 6 H 2215 Film removed in June 0.695 0.182 36.53 0.717 0.171 34.22
(ELM) B 22 No film removed in total 0.651 0.194 36.92 0.616 0.204 35.46

S 22 1% Film removed in total 0.702 0.179 32.04 0.653 0.190 33.48
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S 0.617 F10.194 , 18t 22 A0 21 Ji5 (1) A% R FH RMSE 43
54 0.663 A1 0.191, ¥ UE R? 1 RMSE 43 %l 4y 0.716 F
0.169, 2 LA i A5 RURE B2 48 T+ 55 4 B 52 o 1 gl Ao A4 54t
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Table 6 Estimation models for spectral index and soil salinity by machine learning

o ) ZEF4E Modeling set IOAIF4E Verification set
1578 Model Kb # Treatment £ -

R? RMSE RE/% R? RMSE RE/%
5 A A& % No film removed in May 0.765 0.163 24.53 0.612 0.214 34.23
SR L 5 J1 2 i Film removed in May 0.792 0.154 25.26 0.641 0.195 33.06
Support vector ma- 6 J & 2: i No film removed in June 0.610 0.210 42.40 0.624 0.201 40.01
chine 6 H 2%/ Film removed in June 0.674 0.189 36.76 0.687 0.177 35.50
(SVMD SRR 2 No film removed in total 0.683 0.187 35.27 0.652 0.197 31.63
JAAA 22 I Film removed in total 0.726 0.172 29.72 0.675 0.185 28.79
5 J & 221 No film removed in May 0.745 0.171 30.69 0.594 0.207 36.06
5 1 4 2 4 2 5 J1 2B Film removed in May 0.769 0.162 28.17 0.601 0.214 37.87
Back propagation 6 F A 2: i No film removed in June 0.630 0.200 40.70 0.611 0.196 40.15
neural network 6 J1 2%l Film removed in June 0.685 0.185 38.19 0.698 0.175 36.77
(BPNND SRR 2 No film removed in total 0.701 0.180 32.55 0.636 0.198 34.18
RAKZ:BE Film removed in total 0.719 0.174 32.69 0.681 0.184 31.44
5 J & 22 No film removed in May 0.746 0.170 29.08 0.618 0.208 34.89
B IR STHL 5 H 2l Film removed in May 0.786 0.156 23.20 0.645 0.199 33.42
Extreme learning 6 J1 A2/ No film removed in June 0.639 0.198 40.07 0.617 0.194 39.09
machine 6 /12l Film removed in June 0.663 0.191 40.24 0.716 0.169 34.93
(ELM) SRR 2 No film removed in total 0.609 0.206 39.68 0.654 0.191 33.84
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Effect of plastic film mulching on soil salinity inversion by using
UAYV multispectral remote sensing

Yao Zhihua'?, Chen Junying"**,Zhang Zhitao'?, Tan Chengxuan'’, Wei Guangfei', Wang Xintao'
(1. College of Water Resources and Architectural Engineering, Key Laboratory of Agricultural
Soil and Water Engineering in Arid Areas Subordinated to the Ministry of Education,
Northwest A&F University, Yangling 712100, China; 2. Institute of Water Saving Agriculture in
Arid Regions of China, Northwest A&F University, Yangling 712100, China)

Abstract: Estimating soil salinity is imperative for scheduling irrigation and remediating saline soil but difficult at large
scales. Remote sensing can bridge this gap because of its advantages in low cost and large-area coverage; it has become an
efficient method for assessing soil salinization in field. One issue in use of remote sensing to assess saline soil is the pres-
ence of plastic film mulch and bare soil because of their difference in reflecting waves in the spectral bands. In order to in-
vestigate the effect of plastic film mulch on soil salinity inversion using UAV multispectral remote sensing, we studied four
plots with plastic film mulch at the Shahaoqu Irrigation area in the Hetao Irrigation District, Inner Mongolia of China. From
each plot, we took soil samples and measured their salt contents from May to July. We also flew a drone to simultaneously
take multispectral images of the sampling sites and extracted the spectral reflectance to calculate the spectral indices. Corre-
lation analysis found that the S4, S6, SI1, SI12, SI3 and BI indices can be used to calculate soil salinity. Six-band spectral re-
flectances and six spectral indices obtained from different datasets were used as independent variables to calculate the salt
content with the support vector machine (SVM), the back propagation neural network (BPNN) and the extreme learning ma-
chine (ELM), respectively, before and after the mulch film was removed. We compared the three models based on their de-
termination coefficient (R*), root mean squared error (RMSE) and relative error (RE). The results showed that plastic film
mulch did impact on soil salinity inversion. Although all three models could adequately estimate the soil salt contents be-
fore and after the film removal, they worked better after the film removal than before the film removal. Models based on the
spectral indices were more accurate than those based on the spectral reflectances, and the accuracy of the inversely calculat-
ed salt content varied with sampling time and treatment. The inversion results based on monthly data differed from those
based on by pooling all data. After the film was removed in June, the salt content estimated using the model was most accu-
rate, with its associated R* and RMSE being 0.695 and 0.182 respectively for the spectral reflectance-based method, and
0.663 and 0.191respectively for the spectral indices-based method. The salt content estimated by BPNN was least accurate
in May, with its associated R* and RMSE being 0.766 and 0.161 respectively for the spectral reflectance-based method, and
0.769, 0.162 respectively for the spectral indices-based method. Comparison of the three models revealed that ELM was
most accurate, followed by SVM and BPNN, although their errors were within the tolerable range. In summary, this paper
provides an effective method to inversely calculate soil salinization at large mulched farmland using UAV multispectral re-
mote sensing.

Keywords: remote sensing; soil salt; spectral reflectance ; spectral index ; machine learning



