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Multispectral remote sensing inversion and seasonal difference in soil salinity of cotton field in typical oasis
irrigation area
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Abstract: To explore the spatial distribution, seasonal variation, and interannual variation characteristics of soil salinity content on a
regional scale, this study took the cotton fields of the 31st Crops of the 2nd Division in Xinjiang, China as the research area, based on soil
salinity content measured in spring, summer, and autumn of 2019 and 2021 and Landsat 8 OLI multispectral images. The band, salinity
indices, vegetation indices, and total variable groups were used as the input variable group of the model, and the characteristic spectral
parameters were optimized through correlation analysis. Extreme learning machine (ELM), support vector machine (SVM), and back

propagation neural network (BPNN) were used to construct soil salinity inversion models in different seasons based on each variable group.
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By evaluating the accuracy of measured data, the optimal model in each season was selected to quantitatively invert the surface soil salt

content. The results showed that the variation coefficients of soil salinity content in spring, summer, and autumn were 0.67, 0.56, and 0.67,

respectively, showing moderate variability. The spectral reflectance of moderately salinized soil was higher than that of light salinized soil

and non-salinized soil. The BPNN model based on the total variable group was the optimal soil salinity inversion model in each season, and

the accuracy was in the order as follow : summer, spring, and autumn from high to low. The soil salt content in each season in the two years

was in this order as follow : autumn > spring > summer, indicating that irrigation and drainage and agricultural tillage measures had a great

influence on the dynamic change in soil salinity. Soil salinity content decreased in each season from 2019 to 2021, indicating that irrigation

and drainage measures in irrigated areas had significant effects on saline—alkali land management. The results of this study showed that the

machine learning model based on multispectral image can quantitatively invert soil salinity content and can be used as a reference for soil

salinization monitoring of cotton field in typical oasis irrigated areas in southern Xinjiang.

Keywords : multispectral remote sensing; soil salinity content; variable group; machine learning; spatial distribution
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Table 1 Descriptive statistical analysis of soil salinity
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BERIR 2, SVM B RING FE fe i . PRtk , 76 3 FhpL 2 2
P BPNN R il TANH 9T X 2 1R
Bl £54 % ELM  SVM F1 BPNN 5% 245 1156 1F
KB, R ISE T 478 5 4 #7 1F) BPNN B 3 i
RUp I G 4R o3 O AR R | DRI, AR5 fifT A
RS e 31 B2 H R IR 2R .
2.4.2 H 7= ek oy I s Al

N 4 PR AEAE PR B0 fn 428 i 4 b, BPNN
BERDRS 4 & T SVM AT ELM . 769 B4l , SVM il
BPNN #5045 BE 24 25 T ELM , i T BPNN A5 750 EE 5 4
5 SVM AR , S ik 8RB SO0 T SV, PRI 78 38 Bt
2, BPNN AR FRURS i d5 5, SVM AR RLYR 2, ELM A5 7Y
Ko Fe ik o FEER AT FR 50l b, BPNN B s AR AR o
I, R*7E0.7 LA, RMSE /NT 1.3, ELM A1 SVM 45 A g3
PR AR VL, R* YT T 0.7, 45 FE I UERT , & B SVM
F1 BPNN 51 35 ik 8 R AR I, 400 T ELM, R 76 £
SR 4L, BPNN A5 BURS B e, SVM S R R 22,
ELM MR FE fe ik . IRL, 76 3 R bl 2 > Bk,
BPNN A5 8 5538 T AN 5% X 5 2 4 3 0 40 5, SVM
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B2 REERLTEE Tl R 5 & i 2
Figure 2 Spectral reflectance curve of soil with different

salinity degree

BERIZCOR B T ELM . 2545 [ ELM .SVM 1 BPNN
R TR A RN 06 UE RS B, R B T A A E# T
BPNN A5 78 S8 3 ot 70 v fi 0 11 4 456 o S A5 A8
DR I, AR 78 fef FH A2 A 7R ok g T 96 31 A1 5 224 H
+HERIZ .
2.4.3 FkZE L3R oy I T AR

W% 5 frn , 76 9% Br 4L, ELM A5 ARG B 5
BPNN LRIV 2, SVM B RURG E fe 1K . 72 R 4048 £edd
H, ELM 1 BPNN 152 B G BORS B2 24 5 T SVM, H 9 7E
0.6 LA I, RMSE 43 %14 1.407 F1 1.410, K B 5 1E I %%
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Table 2 Correlation between spectral parameters and soil salinity

K Z2 58 Correlation coefficient (r)

i St
Spectral parameter F 7 Spring B 7% Summer  #ZF Autumn
(n=51) (n=51) (n=55)
B bl 0.591% 0.551%* 0.629%*
Band b2 0.550%* 0.561% 0.583%
b3 0.539% 0.544% 0.543%%
b4 0.525% 0.629%* 0.439%*
b5 0.297 -0.655%* -0.226
b6 0.196 0.378%* 0.038
b7 0.329 0.565%% 0.314
ihadE%  NDSI 0.304 0.7217%% 0.554%
Selialy g 0.197 0.676%* 0.560%*
index
SI1 0.535%% 0.599% 0.495%
si2 0.452%% -0.557%% 0.153
SI3 0.533% 0.6027 0.486%
SI4 0.416%* 0.263 0.195
S1 -0.162 -0.595%% 0.375%
S2 -0.163 -0.602%% 0.375%
S3 0.497%+ 0.620% 0.373%
S4 0.545%% 0.601% 0.519%
S5 0.540%% 0.627%% 0.488%
S6 0.269 -0.645%% -0.262
MWHE % NDVI -0.721%%*
Vegetation RVI —0.561%%
index
GRVI -0.600%*
DVI -0.676+*
EVI -0.695%*
ERVI -0.560%*
EDVI -0.665%*
ENDVI -0.701%%*
ARVI -0.716%*
SAVI -0.703%%
MSAVI -0.686%*
TVI -0.678%*
NDGI -0.606%*
OSAVI -0.713%%

s+ FIRTE P<0.01 i34 5,

Note: ** indicates significant correlation at P<0.01.

PR, SVM 1 BPNN #5574 56 E U 4 08 F ELM, (R i 7
o 4aE A b, BPNN BERDKS B 5 T ELM A1 SVM., 7
SN2 rp, BPNN AR (18 AR 30 AR AR 3 A A
PR, EERAE RPAE 0.6 UL b, RMSE /NT 1.4, 36 F 4
RE0.5 L E, RMSE /NTF 1.8, L84 /3 iR A 36 F
SR AT, T 4278 4 ) BPNN AR ARG BE w5 T I
S0 2l T  ELM AR | (R I , ACHIF 9% S 20 FH % 455 A
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Table 3 Machine learning model based on different variable

groups in spring

x5 BETUEAREEHNNRF IEE
Table 5 Machine learning model based on different variable

groups in autumn

il iy BHRAE Modeling R UE4E Validation il )y BAE Modeling  BO1IF£E Validation
Variable Modeling set(n=51) set(n=26) Variable Modeling set(n=55) set(n=27)
group method R RMSE R RMSE group method R RMSE R RMSE
WBAL ELM 0.617 1.279 0.533 1.998 izl ELM 0.580 1.476 0.559 1.594
Band group SVM 0782 0985 0476  1.996 Band group SVM 0518 1658 0513 1818
BPNN 0.736 1.067 0.538 1.460 BPNN 0.562 1.509 0.525 1.681
oy e B ELM 0.621 1.274 0.508 1.986 e ELM 0.619 1.407 0.479 1.690
Salinity index gy 0769 0997 0409  2.001 Salinity index gy 0566 1551 0512 1.69%
group group
BPNN 0.730 1.080 0.459 1.567 BPNN 0.617 1.410 0.504 1.692
Eeie| ELM 0.540 1.403 0.490 1.565 AR ELM 0.577 1.481 0.491 1.666
Total variable SVM 0.533 1515 0.488 1.658 Total variable SVM 0.566 1.539 0.498 1727
group group
BPNN 0.705 1.133 0.556 1.409 BPNN 0.634 1.379 0.527 1.742
12 ELM . SVM 1 BPNN 43551 SRy #g BR 2% 25 BIL . 52 455 1) 2 LA BP 44
ZM% ., Tl I
: WH BT

Note: ELM, SVM, and BPNN are extreme learning machine, support
vector machine, and back propagation neural network, respectively. The
same below.

x4 ETFESARTEAHAMYARFSIER
Table 4 Machine learning model based on different variable

groups in summer

GRSV A Modeling I UESE Validation

PR L
el Modeling set(n=51) set(n=26)
Variable group
method R RMSE R RMSE
B ELM 0.691 1517  0.676 2392
Band group SVM 0.711 1.562 0.710 1.584
BPNN 0.700 1496  0.788 1.339
o FREA ELM 0.695 1.509  0.612 1.782
Salinity index SVM 0690 1563 0678 1876
group
BPNN 0.789 1256  0.673 1.854
[k z e ELM 0.745 1.380  0.717 1.727
Vegetation SVM 0676 1566 0704  1.645
index group
BPNN 0752 1362  0.779 1.357
AR ELM 0.744 1.383  0.655 1.701

Total variable SVM 0714 1516 0694  1.594
group
BPNN 0830 1128 0767  1.552

O R T 31 BRI ek 2400y
2.5 BRGEENR

F 3. %4 22 S TTHL X W —AR e 4l gy A )
Ffr [l S4B | 53 Z 455 AU 06 UE S X = TR RS
B VH KRR R 5351 0.5~0.8..0.6~0.9
0.5~0.7, IR AE A 416, B 28 - 3 dh 75 F i N
JE e o 3T AR ALY BPNN AR A 35 8 4 24 #
DR 3R 43 RO AR Y | 45 2 R RURS B el o EIIRAK
— 604 —

26 EEHTESRETANTRE
2.6.1 Z5[AI A REAE

i 26 6 A 01,2019 45 F1 2021 4R 1Y & - Bk =M
H 3 R 2Oop b+ YO R E b+ B
BN B RS E A 1 g ke
[ , AT Brdh i o >2~3 g ke I LI AR
T A KT 40 km?, Fo P 2019 4535 Bk ZE A1 2021 A%k
Ze F B AT TR, 976 60 km? A |, 2019 4 5 2
W2, 2021 45 B 28 58 AT ARVBU N . B 2021 4
BFHEN R AW SRR >3~ o ke B LI
TR NS1~2 oo ke W I AT AU K, fESER
iR >3~4 g+ ke VU LY, AR K 2R 4 1 0 A TR
J7LHAR R 2019 454 2R 2021 AR A AE
30 km* LA 1, 2021 42 B Z5 300 A AU /D o FE TR
HN>1~2 g kg 'TLHE N, 2021 4575\ 2= + 580 A
U 3976 30 km? )b, Hik R 2019 4E 5 2, 2019
R FKZE 2021 R EE A TH AR e/ o 2019
20214 HELESHE FEE P T>14 ¢
ke VORI, PHAERK R RIS R R R >2~4 kg

HE3 A5, 2019 B FEHFHE/NT2g-kg' 1Y
- 58 A A T VG AG R AR B BB A 20 B B Py, 2021
HEHRBFER/NT 2 g kg WY T IR S0 A T I I
A IS (R BT XA P, AR B R i dh i 4 g
kg™ DA b 9 - 38 S A T AR AL R A ol 37 b R RN i
Tic L0 DX S P, LB A T G 0005 ) A -
R, ARG IR A T b R S i, RO
Wbt WAEERSTHEN>1~4 g- kg W 1S
I3 AT 90% VUL AR I, 2019 - B Rl 4 ¢
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F6 AREEFNERETIEEM (km®)

Table 6 Soil area of different salinization degree (km?)

. - E| N A BEHAL h A
A =1 Non-salinized soil Light salinized soil Moderately salinized soil
Year Season
0~1g-kg' >1~2¢g-kg" >2~3g-kg' >3~4g-kg' >4~5g-kg' >5~6¢-kg >6~10 g- kg™

2019 42 Spring 0.18 8.96 65.44 34.69 5.55 0.25 0

X2 Z5 Summer 1.37 18.69 54.93 31.72 7.51 0.61 0.25

FkZE Autumn 0 0.07 60.73 51.83 2.27 0.08 0.08
2021 HZ Spring 0 37.02 44.80 30.85 2.05 0.34 0.01

H 7% Summer 3.11 43.12 45.61 18.31 4.84 0.08 0

ZE Autumn 0.01 0.79 64.97 42.31 6.66 0.25 0.08

kg™ DA b 1 - BEER A A T SR A B e
2021 AE R B R 4 oo kg DL EAY I F M T
FH He 55 e8] () /e = | T F e py 19 3 b Ak
FERE e, 2 AR b . WIAERKZE R, 90% UL |
i HH A 3 R B A >2~4 o ke, HiFp A ER 23
g-kg B L HEHS3~4 g kg Y - A TR K .
2.6.2 TIEE R IEALERHIE

M T 2019 471 2021 446 B 2= T #hid 39
F>1~4 g-kg!, EFKZE LG Ehim FE N >2~4 o
ke WO AR ZE T RS Sl > 1~4 g kg 'V
FEL A BRI 70 B ANk T TR 2019 4R F 2R 5
HBEGEHEN>1~2 ¢ k' 1 LAY N T 9.73
km?, 7 84 Ry >2~4 g kg (1Y R TR /N T 13.50
km’; 2019 4 5 & 2R F= 5 i >1~2 g- ke ' (9 11
AR /N T 18.62 km?, 5 #h it h>2~4 g-kg ! 1 4 THIFH
HAINT 25.92 km?, 2021 4EBEFEEH R >1-3
g kgAY I FIE AN T 6.91 km?, & R A >3~4 g-
kg™ HHEATAR/N T 12.54 km?; 2021 4E - Z= B RE S
R R>1~2 g- kg WY TIE AR T 42.33 km®, F 3k
HON>2~4 g kg I T BUE N T 43.36 km®. 455
K3 AT, AR 3 3 dh i 2 i M AR B AR L, AR
FRE B EEHER/N, E RS LS R
K, HIEEEE B RBVMOR I ES>FRSE F,
IR FHEFER A, LIy mER 22K, L1
F)Z T ER TR ; B XA A T e )2
TR R, IR Z TN U TR, 28K
s s, 8 HIRAS A B IAMEIL S , 20 i 2 S H 78 &
ERT, RIEE AR R R IL
2.6.3 TG IR AR LRRIE

XL PR AF - 48 R 5 AL FR B R R, 2019—2021 4
B R NG E NG A 3 AT e AT Y AT A <k E L (]
AR ER AL TG I e B R AL A R AR B R
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P FEANA (£8) . Li>1~4 g ke VUMY 1+ 35
TR L R 5], 2019—2021 4E 52, S ih B >1~2 -
kg™ (1) A 35 T AR BN T 28.06 km?, R B oM >2~4 g+
kg™ By - 33 1 AR /N T 24.49 km?; 2019—2021 4E E
Z R A>1~2 g kg B - HERT ARG N T 24.43
km?, 7 £ 8 Ry >2~4 g« ke () HETH AL /N T 22.73
km?;2019—2021 4E k2, & Eh | N >1~3 g-kg ' BY 35
TR N T 4.96 km?, 5 3R 5 >3~4 ok 1Y T HE T
TR/ T 9.52 km?. FH I 3 RTA1, 2021 4R 25 3
P v 2 2 R R B 2019 4F T3, 2021 4F Fk 2 i 1 &
rhag o IR AR HE 2019 4R B k. 25 b, &&=
e R AR PR AR AL FRAH AL, 2019—2021 A4 ZE 1Y
F I BN R R O Y i A Y
RIRZGT T R AR, e T A A Al W HE K ]
JEFNHE it , B B[R] () 4ERS , Eh B ARG BREUS T —

3 iFig

3.1 TIESHREFMERLILIEH ST

ARWFFEXT Landsat 8 OLI 2 Y615 % BLS R ik
TE80 5 TS BRI TR MR ST, R IR O
BB R LTPBL, XS PN R S I 5 2 R —
0, BB AT WG B ) R ik R B B E i
1 P B A PRI SR B A i T DU R S AR
SrZ MRS R R o SHEE 0T T 21 S BeAe B
8 2 A AH S, & B NDVILEVILARVI,
OSAVI MSA VI A8 50 14585 Hh it 2z (] 4 5 1
FOE, AP L P, H 7 14 MR RS B3 s8R
RO, EIHHEY AR OGS
05 S R 2 AR LE — o AR DG ZEAR S
JrHHARK TR AR LB, AT,
it B 2 PR (P<0.01) B 6IE S A 40h 4 B 48R
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2019 445 2% Spring 2019 2019 4% 2% Summer 2019 2019 4EFkZ Autumn 2019

=z

2021 4EFZ Spring 2021 2021 4 & Z& Summer 2021 2021 4-FkZ= Autumn 2021

= B BRI Tarim River
A PLK A Chala Reservoir
EBHEX Non cultivated land

- 4 2 Soil salinity/(g-kg™)

Bl 0-1 >4-~5

e >1~2 Il >5~6
>2-3 M >6~10 0255  10km
>3-4 I |

B3 ARXBEHTESEERBERSH

Figure 3 Inversion grade distribution of soil salinity degree in cotton field

R7 FREEERFNTERRETEEN (ko)

Table 7 Seasonal variation of soil area at different degree of salinization (km?)

E[=N (o Rt Rt
A AR
Eh Az Non-salinized soil Light salinized soil Moderately salinized soil
Year Seasonal variation
0~1 g-kg" >1~2 g-kg' >2~3 g-kg"' >3~4g-kg' >4~5g-kg’ >5~6¢g kg >6~10 g kg™
2019 #HZEZEH ZE From spring to summer 1.19 9.73 -10.52 -2.98 1.96 0.36 0.25
HZ=FEFKZE From summer to autumn -1.37 -18.62 5.81 20.11 -5.23 -0.53 -0.17
2021 #HZEZEH ZE From spring to summer 3.11 6.10 0.81 -12.54 2.79 -0.26 -0.01
HZ=FEFKZE From summer to autumn =3.10 -42.33 19.36 24.00 1.82 0.17 0.08

&8 2019—2021 £ AR ELFLREE T REMEML (kn?)
Table 8 Variation of soil area at different salinization degree during 2019—2021(km?)

E=N o Rkt L
1 Non-salinized soil Light salinized soil Moderately salinized soil
Season 0~1 g-kg™ >1~2 g kg™ >2~3 g kg™ >3~4 g-kg! >4~5 g kg™ >5~6 g-kg™! >6~10 g-kg™'
F7F Spring -0.18 28.06 -20.64 -3.85 -3.50 0.09 0.01
5 Z& Summer 1.74 24.43 -9.32 -13.41 -2.67 -0.53 -0.24
K ZE Autumn 0 0.72 4.24 -9.52 4.39 0.17 0

BB —2R DL B AT DURAE R Ay o B BRI B M R R R A ek UL LR 5 2 3
BRI T2 B R AR MR S5 L AU I KO TS A AR R S BB i AE
BEPBPE BT, T R S G SRR K ER WS R XA RKER D, B
ST R TR KA A, X AR A R — BUCRFEFTE TR FEK X RFEG IR BN, A
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WEFT R FERT[A] A 2019 4E A1 2021 4545V E k2, P 4E
F AR IR 22 R RN I R A & TR P A TR]—
ZHARR G, LRI RO AR AR B 2 S, T
PEA T B RN I8 UE AR AR 4, A 45 SR LA P
32 AEZETHLIER S REERENT

AT GE I T AN AR T 2, (0 3 o Ay v A
T 304~ R 43 S AR R | A B AN [R] 10 i A AR
ARy I R RO A 25 5, W) S T 2 R
IR VR G 18R L B R AR o kS A
N2 ) S R ARWER S T LA ) A
A R A3 S AR AR I R RCR AL, X R
T HIEER B A NI T, THOGERHME S RZE T
B bR 2 AR TR 2 AR M OC R LA 2 Sk
HA R AR LA R A B8 ) L 38 A AR AR
N EBAILT A A 0 R, AN I HURE N i EIAR
R 5 2 >K 2 >FK 2, X nl B Je th T 5 A 7 iy
N ERE KR E L, S s ha
IR S R B o 2R ARG s o Tk 2%, iX T g
JE TR AL R AR S R RS FE B PR 5 T
FkZE 1R A3 1) RO AR
3.3 TiEE S ETASE

AH HEFAL SE 1) 36 43 S b R 2 | 3 S R RE AR
s - R 43 RO B R 528 B T AT A S o0
SEREA HEE i, BUR B PR MR R S EUE
REFAXAL B AL ) 1385 B, ik Bl AR . A
AR 5 1) FH 328 Jls AR o i 31 (A1 4 FH 2019 4E A1 2021
ORI ZE T 3 Sh il AT s S5 AR ek
W m e, R NKESFEESE
& X5 EAPMR R R, E 2N, B
REREAL RN ) JeAR — 2, SHARIE 31 FRRAER
IEFEARK BHME X ST BRI H A R85k
W e B2 RAEAT , UK K - 383 oA —
FEIWRVEVE A (BB ZRZR KR AL, Lk R ZiE
B g RS Eh N . 5 A K R 2 £
SR Ay A TR YE , B TR AR R A T AR A ZE A
FHEG I, #2258 K s RRAIL, R )2 T IS Eh s, Bk
A5 1k TVEBRE B, ST 2R R R AN, AR Y
Bro g b WEK PN HEER A 10 AR AL SR R BN
ZER R B EL B UE Rk R B 2K R AR,
XTGP AE - BEER AL R B R I, 2021 4F - HEER Ak
TR A 2019 4R A5 P55 , X2 th T XY b Al i S ER
A EE SR ICT A B ) A b VE T HE K B i B
BB PR 4R  BOAS T — 2 A
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AR LB I 31 A O B 4
S48 43 M TS T B IR 1 S SR (LR
IR I SRR B 72 5 S A FEA B X A
SEFHRE A 5 17E. F i S 0B BFTE ALY
B AR TR S 22 90 55 R T A 56 0 50 LA
VR AT RS

4 #ig

(1)2019 412021 44 B B0 8 20 0 31
g S S e 3 S T | SR A e s L 2 R e i =
B SRR R rh AR ek . EEER AR RIS
IR R =i e Y- Y A e w1 B | 6 e

()& E B R E0E o B2 TR I (P<
0.01) I ERES 14310 11,32 134, 4 ZE 15 b1 b2,
b3 .b4 . SI1,SI3.S3.54 S5 S & 5 Sy
I IEAHSE

(3) 3L T4 75 5 2H 1Y BPNN 750 14 g & 2 5 e A
(1) AR oy SO AR R AR R T 0.634~0.830 2
6], AL RMSE /v T 1.128~1.379 Z ] , B3 8 R* 4
F0.527~0.767 Z [a] , B 4& RMSE A F 1.409~1.742
Z ] ASERURG B pR s BV R O 2> >k g

(4)2019 4FF12021 4FA H 4 58 7% $h i Z iy AR
RN BFEFEE S SRR, R E 2/
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SE 0k
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