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Abstract. Saline-alkali land is an important reserve land resource in China. Real-time and accurate
acquisition of soil information is important for the classification and evaluation of soil salinization to
prevent its degradation and realize agriculture sustainable development. Selecting different soil salt crusts
in northern Ningxia Yinchuan as the study objects, based on soil science and geostatistics methods, and
taking the spectra data of different soil salt crusts and measured soil salinization parameters in 0 ~ 5cm
layer of laboratory as the source of information, the characteristics of spectra reflectance of different salt
crusts were analyzed, the sensitive spectral wavelengths or index to pH value, EC and salt ions in crust
layer were selected, and then the soil salinization monitoring models were established and confirmed.
Results showed that the spectral reflectance of white alkali crust was the highest among different soil

saline crusts; the reflectance of equine caustic crust was next, and the reflectance of black alkali crust
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was the lowest. The main salt crust types in the study region could be classified by the spectral
reflectance of the field. The highest correlation coefficients between the transformations of smoothing
reflectance through the first order differential, the first derivate differential of logarithmic reciprocal of
reflectance, continuum removal, the first derivative of continuum removal and salinity parameters were
significantly improved than the transformation of smoothing reflectance gradually. The best transformation
method of reflectance about soil pH value, EC, CO;™ and Mg’" were the first derivative of continuum
removal; the best transformation method of reflectance about soil SO, Ca’", K* were first derivate
differential of logarithmic reciprocal of reflectance; the best transformation method of reflectance about
soil HCO; , Cl™ and Na" were the first order differential. There was the strongest correlation between the
first derivative of continuum removal and salinity parameters. On the whole from different salinity
parameters, the sensitive wavelength was 450 nm, 470 nm and 485 nm in blue region; 501 nm and
575 nm in green region; 680 nm in red region; there were many sensitive wavelengths in infrared region.
The highest correlation coefficients between pH value, EC, CO;~, HCO, , Cl~, SO; ", Ca’*, Mg’",
K* and Na® and nine salinity indexes was S1 (Salinity index ), S3 (Salinity index), SCI ( Soil curst
index) , S3, SI3 ( Salinity index 3), S2 ( Salinity index), SCI, S2 ( Salinity index), SI3 and S3,
respectively. Except for CO2™ | the models were suitable for predicting the content of soil pH value, EC,
and other salinity parameters, and there was the highest R* about Na* in this region. The study would
provide some beneficial references for regional soil salinity classification and prediction.

Key words: soil salt crust; spectral characteristics; sensitive wavelength; soil salt index; prediction
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Tab.1 Soil organic matter and nutrients of different soil salt crusts
— A BB B i e/ EXWaie B e 25 ik L/ AL T L/ AR B L/
oL =H o<
(g-kg™") (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
B 46 R 10. 12 0.32 20. 30 3.59 106. 79
I PR B 45 B 9.03 0.55 35.00 4.48 205.59
DI B 4 R 18.79 0.30 21.70 22.11 306. 39
IR 25 e 17.73 0.31 25.20 14.24 132.73
S i 9.03 0.55 35.00 20.59 44. 80
T4k 11.25 0.40 21.70 8.90 306. 39
x2 AEHMLEEE pHEREC
Tab.2 Soil pH value and EC of different soil salt crusts
pH fH EC
Eh ok i e L o N FoME/ BKIE, TPHIME/ bR/ .
R/ME PN I E e ERRE % . . . L ERERB %
(dS*m™") (dS*m™") (dS*m™") (dS'm ")
B 45 Rz 8.37 8.52 8. 46 0.27 3.23 8.53 11.61 10. 74 0.59 5.44
Iy PR B 25 B 9. 66 10. 10 9.81 0.24 2.46 6.73 12. 09 8. 62 4.03 46.71
SRR 2 9.08 9.38 9.28 0. 82 8.8 5. 66 10. 12 8.76 1.90 21.63
R 9.59 9.90 9.75 0.38 3.92 7.05 16. 11 13.2 5.14 38.95
AR 9.26 9.90 9.58 0.76 7.98 1.83 11.03 7.73 3.30 42.68
Jo gk Bz 8.15 8.36 8.24 0. 80 9.69 2.17 8.05 6. 86 5.40 78. 68
*3 AEHSEHRTEHRSER
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Tab.4 Soil salinity indexes for soil salinity assessments

o8 B B RSN SCik T 5

R

EIWASIEPT _ ] T = —%

HhAMEB(SI-T) S1=T =% x100 [13]
R - NIR

AP ERANFE _

IH—Ak£h 4345 £ (NDST) NDSI R+ MR [14]

/5% 1 (Salinity index 1, SI) SI, = /GR [15]

SL = /G +R* +NIR*  [15]
SI, = /G +R? [15]

LR850 2 (Salinity index 2, SI2)
8% 3 (Salinity index 3, SI3)

8% (Salinity index, SI1) S, X [16]
RN ER S B-R
4348 % (Salinity index, S2) S, “EeR [16]
R ANFERE (Salinity i S . _GR
/35 %0( Salinity index, S3) S, =5 [16]
+ e LE B35 %5 (Soil curst 1 —LIR-CI

SCloryie == — 17
index, SClopyim) GKNIR ™ GRNIR [17]

21" GRNIR NI 4 6 FE 21 41k BE i 35 18
1.4 HATNERE

60 A~ FEAS 43 W FB 4y, B ALI 40 D AEAR T
15,20 MFEARF FREA AR 50 . 8 9 POk 5 5K
5N TR 48 BOSORE 5GE 43 B, O 228 LR A OGP B
(1) 48 FIOR 8 7 45 R 43 F5 br i U B AL R AU
TEFEE, R 2300548 ek B R R RS T T AR
T 448 pH {H (EC FIEh 70 85 & 8 B E R
B R 7 S T S A A f T R 7 6 E
FEAH B E BB R RAG T, P i 2 B0HK, B 15
B )

2 HREHH

2.1 AEXEBIHER T ENIBRFE

ANTR) 26 Y EE 4 Bt 5O B R AR SR AR A B
(K 1),450 ~600 nm J7 5F 2 & #1478 600 nm [ff
A WY S B4 BB U T D S A A AR AT, ELIE i A
Ko WATFZERIER 25 B S 1 i 4R, 45 2R LR 45 1
VO S A 22 S W, P BB AS B S b R R
755, 7E 600 nm BT S 5 FR 40T 15 T BRBES IR Z o
TR S B 6T B S AR A A, AT DL S B T 2141 i
B B ARAN K, TE 450 ~ 1050 nm [ 55 32558 1 B
55 Bz Eh PRUSZE B U R B 6 A b R G 45 B - 4

A A% 509.62% ~ 747.18% . 240.63% ~ 575.86% .

71.46% ~ 138.24% 107.74% ~294.19% 1 11.08% ~
36.95% ( S ¥ 4y B £ 604.77% . 393.88% .
92.21% .182.91% Fil 16.72% ) . *{kKF , A 7] 45
B2 A W' U B RN T £ A0 B R A R 2 S
2.2 HXiERSESLIEEFIRSIERBEXESHT

B SR &t 5 By N s 5 % ko 48
FruEAT A AT, S5 R BN W G 1 RO R 5 &R

O N CIE Y2 e oy bR (1411 £

Fig. 1 Characteristic curves of spectral of different

soil salt crusts
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Fig.2 Changes of correlation coefficients of single wavelengths reflectance to soil salinity parameters at different soil salt crusts
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Tab.5 Correlation coefficients and sensitive

BB

wavelengths between salinity parameters

and transformed methods

Ei 7y g pHH EC COZ™ #rfit HCO; &t Cl- it SO™ &lt Ca®* &l Mg &ft  K* &5 Na® &it
TI  0.5637* 0.8013" 0.2363  0.1781 -0.6144* 0.2785  -0.204 -0.4213 -0.3588 0.8566"
T2 0.7503" -0.8905 0.5674 0.8362°" 0.8189" 0.8599" —0.7839 0.7733°* 0.7478" 0.8956"
B F34 T3 0.7821° -0.867" 0.7168 —-0.809" -0.7657 " -0.8684 0.8150 0.7938" -0.7870"" 0.8932"
T4 0.7035" 0.6934" 0.7449" -0.6157"-0.7779" 0.8242" 0.6439™ —-0.7393* -0.6408 " -0.7862 "
TS 0.8627° 0.8933" 0.8350° 0.7727° 0.7779* 0.8469" 0.7922*" -0.8257" -0.7856"" 0.8933 "
T1 1039 1033 450 1047 1050 1048 1037 1039 450 536
T2 908 995 1044 877 898 908 967 1042 1015 1047
HUR P B /nm T3 938 914 993 826 1050 796 499 593 914 635
T4 589 1033 1030 451 1048 1013 461 591 585 1026
T5 650 913 680 584 1050 507 935 701 636 913

o **ﬁﬂ??’f

1% KF L83, Tl

W 5 R ) 3B X S 3 £

1050 nm )4 > Br Y 16 B0 5 46 5 3R AH S i o

¥y X5, 73 AL (492 ~ 577 nm) \Z16 (622 ~ I BE (32 6) o AN [ R 70 45 b A6 25 i B v Bl N B80J%
770 nm) |Vt (455 ~492 nm) AL LL SN BE (770 ~ W BEA AR TR o 1O #7348 b B MK OR A, #8
x6 TREHZESEREREHFRERSRERBRAN
Tab.6 Sensitive wavelengths and the best transformed method of different salinity parameters
EiL 7 pH EC COY™ &t HCO; &t Cl g SO2™ &t ca g Mg & “H&R Nat g R

W Ot/nm 467 489 481 470 450 467 486 479 487 454

%% 56/nm 503 514 532 577 575 501 499 528 498 501

2196/ nm 650 691 680 675 629 681 666 701 634 720

W ZL 4N/ nm 858 913 827 877 898 796 791 935 914 1047

FE g 5 2 TS TS TS T2 T2 T3 T3 TS T3 T2
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Tab.7 Correlation coefficients between salinity indexes and salinity parameters

thorfef pH (A EC COI™ & it HCOy ik Cl- &t SOI” @it ca® &t Mg &ft K &ht  Na' it
SI-T 0.2418 -0.0493  -0.4208" 0.2440 -0.3580 0.077 6 0.423 1" 0.2811 0.4410° -0.1216
NDsSI 0.1527 -0.4418" -0.4235" 0.3181 -0.5436" 0.2332 -0.3087 0.8278" 0.3639" 0.8111™
SIt -0.5160"" 0.4035" 0.1214 0.7321™ -0.7827" 0.4783™ 0.198 3 0.4251 0.5826™ 0.8718™
SI2 -0.6137"" 0.6373" 0.002 2 0.4448™ -0.7902"" 0.7050"" -0.8286" -0.5447"" 0.7310" -0.6330"
SI3 0.6032™  0.644 6" 0.002 8 0.4391™ -0.7970* 0.7088" -0.8281" -0.5553"" 0.7314™ -0.6599"
S1 0.8453™  -0.2388 -0.5120" 0.0757 0.1405 0.6274™ -0.1211 0.6297"™ 0.6232" 0.0913
S2 -0.6057"" 0.8996™ -0.5121" 0.1845 -0.0327 -0.9196™ 0.8254™ 0.9014" 0.4013 0.7896 ™
S3 -0.6792"" 0.9057* 0.5138" 0.8122"" 0.7369" -0.8629" 0.7495™ 0.5609"" -0.7100" 0.9349™
SCI -0.5898"" 0.8203" -0.5877" -0.5675"" 0.1068 0.7632" -0.8362"" -0.4948" -0.2931 -0.6393"
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Tab.8 Predicted equations of salinity index to salinity

parameters of soil crust
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Fig.3 Model checking of soil salinity parameters of soil crusts

0.09% """ (Bl FRMEAMRL 0~5 mm L EF K
YRR, OO B G 3R IR 2 R T DR R 4
6o BiZ %™ R B 20K T 458 B 2R N,
M UL f B A, FOHLEE , Sw REE, % L
Tk GO, BREK A, SRS IE—5. &
BF T 45 24 60% A 25 B i1 - HEAE T 41 40 i BE Wi i
RE TG H I, LRI ED XML
2k 1 2 A R AE AR 2> B UM G . T st
R R FE i O 30 nm 22 A, UG G I e B R 3k
1519 145 63 43 B3 7E 10 nm 5] 5/, [H I fil 5 X
5y FLAG 15 WP 3 5 AIE 19 22 40 5, DT T 1L IX 43
ARREERTE™ o AHEZE oA [ 26 80 10 5 25 By 48
T G % 2 S B 3 M AR AR IR, R R 45 R AE O
P BRI £ A B S R 25 e B, i A
T I S 2R T LK 5 X S T 4 e T4

3 3 O T BB B f i 0 ) 9 SR AT D B S
Tt M M. ABFSUEE R W, 5 pH i1 EC
FICOS™ Mg™ 2 5t A 56 1k 05 38 1) 52 5 3 8 ey =X
FTS, 5 S0L Ca’ K A A O M B 0 1 4y
2 T3,15 HCO, \C1™ Na ™ 55 f5b A 56 P 55 38 14 4% 46t
D53 T2, B S 4 28 480 0 T e T S 4
SRS TR, A LR SO O 5

3 238 0 T BT A 06 1% 56 R, B A% 4 5 s Ol 1 AR
HE gt RE R AR Bk R TS 54
AR ST HE BRI A DGR B iR, 3O T 2R 4 S BR A
3 A FRER T LA — S BRniy (9 15 BB, I R i
T A A g e e By 55k 0 A B A S R AT
By R . WA ISR AR R S U X
53 5 R W6 Br 450,470,485 nm [T, 2% 6 B
501,575 nm Fff 3, £0 5% 3 Be 680 nm [ff i, i 2141 IX.
ZA VB . KBS R BBk 1 3 AE 462,
680 .1 180 .1 780 nm F1 451 ~ 593 nm 640 ~ 700 nm ,
710 ~780 nm P B R R LR S R AR B
FEMES 2 AR RIS HA—F, T3 Na™ 5%
i 5 G B SR AE BOG 4 B A DG M AR
HFIZM X &A K& Na™  Na® & & H ik
o

AH El HC At 5 435 K, o UL B T 3k BE AR R Bk
A8 HCA R - $8 B (ST - T) L3 — 1k #h 7 95 4K
(NDSI) \#h 43 45 £ (ST1 , S12  ST3) | £ 43 45 % (S1,
S2 .83) &P 7 ALLBED 2" 8 i NDSI f1 SI - T
AT LAV A 000 A A O b DX AR R AR 1
B ARG 3 ST T 45505 & £ 43 46 5 (8] A1
S 5 R ik B KT, E A X B R T -

X
2 dh

it



332 & o Bl B ¥ iR

2018 4

23 = £ U 2 U 36 77 3 32 SR s % B 4
R MR 5 B R R A B SI3 A A B M 2Ok
BRI A B . AR BFSE & B S1 45 + 3 pH (K
56 BB K 5 SI3 5 4% 20 4 48 b I AH 56 1 149 3 1
WK, R C1 KT AR AR T A
RAME B W L W SI3 AT L B 12 8T T Gk -
TR 6 70 £h 2% e ]2 b WAL 2 592 55 S0; ™ Mg™”
ik IO OC R B K, B S2 RE W% Y S I L I A
I 55 75 Eh 45 Be % O WAL AR, LR S L 45

S3 5 4% £h A3 FR AR 1] £ K G 4 4 B 35 K, e e
5 EC 1l HCO, (Na™ & B0 AH G HEJE 9 Fh s B>
LT Na ' (ERFFEIX & B R T B8 T2 0, BT L
S3 X AN [ £k 25 Kz 1915 W5 45 990 00K 2 % A B T Ak
EHhMERGSCL 55 COL™  Ca® " 55 5 (RGP B R, L
SCI AT LA VR 12 W JO000 Tk R 6 — 7 9% I 5 780 245 iz
B RC A 45 By R LR B AL AR o K REBIF Y 32 W] L g
A1 S e AT LA o B 500k 0 1 pH R, AT T
S (1) £ AL B BT A S 0 L ke R
Fi i f5e /s — 3 7 ¥k O RORS W s T T 4R (SO5
K"+ Na® & 85 28054 BF 58 % B0 b 0 3h &
SO;™ .Cl™ \Ca’" \Mg™" & £ f01 pH {5 6 1% &2 4F %
2 1) B 5 A G, O A8 0 5 k40 5 T SRR i B B
il 7 2 T ] SR AR I 9 4 S 5 A B 5 e A
Blo KR He 4E0 BF 58 F W, 6 i 5T R X Na™ |
SO; ™ Mg™" £ fh % T90 I RS 2 %8 5 , LA 88 T 4 i
W M HORE B A 25 . F TR % s gt R
F£WIK" Na® Ca’" SO B T % B B 0% 0 3 Ot il
WAL AT AR GF B T . B AR B, BF ST IX R O3
Sk A 3R 3 BnT LA TR 45 i 2 pH
L VECAH AL £h 4 21 B, H o X Na ™ 5 2k iy 5000 e

b R 0 B L AH R IR 5 e R g A,
T F BRI T b R R N TR S R A
A5 R 5 B SR B AL B TN Y R P . (HERTE
T S5 S5 2% e 5 M T RS B | 20 2 B M 3 Ok
A YIAE BT L, SR B A O 1 0 L e £ 35
A A7 0 R DR 55 T I 3k 8 R 2 0 4% R B

4 it

(1) W58 XA [] 36 45 Bz 4 38 3% I 5 o8 2% 57 8%
R, Horb B Al B G5 S 5 SR AR A 9T B A e, IR
RS B R 2, FUBRAS K T v, SR 45 Je e fiR o it
BY S0 15 525 2 0] LUK 9T X F2 AR 2 R R AR AT
Va3

(2) ¥ J5 B S5 26 5 25 30 43 48 Bn 19 A G 1
FasE . H45%)2 pH i (EC I COT™ Mg™" F Mk
P f 5 Y e 4 Uy 2 S B R0 B4 KRR — Y LA
58057 \Ca’" (K™ & M1 G B 10 5 e 7 X 2 18
BN B — B sy, 5 HCO, (C1™ (Na ™ & A 56
ek 45 7 Ao — B o o DA 10 > 3h 73 48 Br ok
F R4 i SR X I A B B 450,470 485 nm [ff
T, 26 Be 501,575 nm Bt i/ F1£10'% i3 B 680 nm i}
T IR LLAMBE B RRT 4 BT HR v U B £

(3) 545 30 70 48 b AH 5C M 55 58 1 36 43 45 200l
Jp:pH i & S1, SO;™ Mg”* & &tk S2, EC I
HCO, Na® &4} S3,C02" Ca’" & SCI,Cl ™,
K™ &5 SI3, Na™ & & 5 2% 28 70 45 B0 AH 5C R 4k
s W K T A B . BR COTT f RHAL, A AT A
TR J3 48 FORT LAV B Ak DU - 8 R 25 R LAt R 43 4R
P, Hob X Na ™ G R K EC IRZ I+
s SOLT & B R B B4 R f o, PHE F b R

TERBER,EC IRZ o BFAMETE I E B AR FI R

Na* ik gh i Ca® Mg™ " & i i DL5 B s
£ % X W

EREE, RO, FINIE, % HKINHE T B 0 R 2 A B D). TR IKHFA L 2006, 23(3) 5 399 —404)
WANG Xiaojing, XU Xinwen, LEI Jiagiang, et al. Spatiotemporal distribution of salt crust in a shelter-forest belt under drip-
irrigation with salt water[ J]. Arid Zone Research, 2006, 23(3): 399 —404. (in Chinese)

SRR, RIS, TR, SF. M T DSR2 B X 3R R s [T]. ol TR, 2010, 26(9) : 34 -39.
ZHANG Jianguo, XU Xinwen, LEI Jiagiang, et al. Effects of salt crust on soil evaporation condition with saline-water drip-
irrigation in extreme arid region[ J]. Transactions of the CSAE, 2010, 26(9) : 34 —39. (in Chinese)

NIELD J M, NEUMAN M K, O’BRIEN P, et al. Evaporative sodium salt crust development and its wind tunnel derived transport
dynamics under variable climatic conditions[ J]. Aeolian Research, 2016, 23. 51 - 62.

MULLER S J, VAN NIEKERK A. Identification of WorldView-2 spectral and spatial factors in detecting salt accumulation in
cultivated fields[ J]. Geoderma, 2016, 273. 1 —11.

FARIFTEH J, VAN DER MEER F, VAN DER MEIJDE M, et al. Spectral characteristics of salt-affected soils: a laboratory
experiment[ J ]. Geoderma, 2008, 145 196 - 206.

HOWARI F M, GOODELL P C, MIYAMOTO S. Spectral properties of salt crusts formed on saline soils [ J]. Journal of
Environmental Qulity, 2002, 31. 1453 - 1461.

SRIVASTAVA R, SETHI M, YADAV R K, et al. Visible-near infrared reflectance spectroscopy for rapid characterization of salt-



5 12 3] AR AR A% N[ Eh 45 BOGTE AL L HEh AL AR S B AT 5 333

10

11

12

14

15

16

17

19

20

21
22

23

24

25

26

27

28

affected soil in the indo-gangetic plains of haryana, India[ J]. Journal of the Indian Society of Remote Sensing, 2017:45(2) .
307 -315.
FHFIL, ¥R, YUNGER J A, 5. JET 32 Rpm LAY 108 88000 3 7w il i A B [ J/0L ] RO HLAR 2= k. 2018,
49(15): 263 - 270. http: / www. j-csam. org/jcsam/ch/reader/ view _abstract. aspx? file_no = 20180531&flag = 1. DOI; 10.
6041/j. issn. 1000-1298.2018. 05. 031.
WANG Haijiang, JIANG Tianchi, YUNGER J A, et al. Hyperspectral inverse model for soil salt ions based on support vector
machine in Xinjiang[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49 (15): 263 - 270. (in
Chinese )
G, RHERALE S OTEIM]. deat: s E RO R & R ,2000.
W, SE, ek, . AERE S = A LR m R AR IE[T]. MR, 2011, 31(8): 941 - 946.
XU Qinmian, YUAN Guibang,SUN Yunxia, et al. Characteristics of soil salinization of Huanghe river delta in different periods
[J]. Scientia Geographica Sinnca, 2011, 31(8): 941 —946. (in Chinese)
FARL, RAER, AR, FE TR0 RO R R A K R R 00 U A AL BE 5T [J/0L ] RO LA 2 4, 2014,
45(7): 133 — 138. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20140721&flag = 1. DOI: 10.
6041/j. issn. 1000-1298.2014. 07. 021.
WANG Haijiang, ZHANG Hualing, REN Shaoting, et al. Prediction model of soil water-salt based on hyperspectral reflectance
characteristics[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(7) : 133 - 138. (in Chinese)
WA, BB, WLK, . TG ER N L4 S BT TFE )], LR, 2014, 51(3) ; 459 — 469,
PENG Jie, CHI Chunming, XIANG Hongying, et al. Inversion of soil salt content based on continuum-removal method[ J]. Acta
Pedologica Sinica, 2014, 51(3): 459 —469. (in Chinese)
ALLBED A, KUMAR L, ALDAKHEEL Y Y, et al. Assessing soil salinity using soil salinity and vegetation indices derived from
IKONOS high-spatial resolution imageries: applications in a date palm dominated region[ J]. Geoderma, 2014, 230 -231. 1 - 8.
KHAN N M, RASTOSKUEV V V, SATO Y, et al. Assessment of hydrosaline land degradation by using a simple approach of
remote sensing indicators[ J]. Agricultural Water Management, 2005, 77(1) : 96 — 109.
DOUAOUI A E K, NICOLAS H, WALTER C. Detecting salinity hazards within a semiarid context by means of combining soil
and remote-sensing data[ J]. Geoderma, 2006, 134(1) . 217 -230.
ALLBED A, KUMAR L, ALDAKHEEL Y Y. Assessing soil salinity using soil salinity and vegetation indices derived from
IKONOS high-spatial resolution imageries: application in a date palm dominated region[ J]. Geoderma,2014,230.1 - 8.
FANG Shibo, YU Weiguo, Qi Yue. Spectra and vegetation index variations in moss soil crust in different seasons, and in wet and
dry conditions[ J]. International Journal of Applied Earth Observation and Geoinformation, 2015, 38 261 —266.
EK, THW, B, 5. JET Landsat R 80 BHE AY £5 53 48 BRI BT B0 L 58 7 S % o O 4 A < LUK SRR 1L R b
e B B[], A2, 2017, 37(15) 15007 - 5022.
WANG Fei, DING Jianli, WEI Yang, et al. Sensitivity analysis of soil salinity and vegetation indices to detect soil salinity
variation by using Landsat series images: applications in different oases in Xinjiang, China[ J]. Acta Ecologica Sinica, 2017, 37
(15): 5007 -5022. (in Chinese)
DEHAAN R L, TAYLOR G R. Field-derived spectra of salinized soils and vegetation as indicators of irrigation-induced soil
salinization[ J]. Remote Sensing of Environment, 2002, 80. 406 —417.
ZHANG T T, QI J G, GAO Y, et al. Detecting soil salinity with MODIS time series VI data[ J]. Ecol. Indic., 2015, 52 480 —489.
Fokilm, sREESC, S ey S R AT Bk R4, 1996(5) : 25 -26.
B, P, AU, . BT URIER TR P AR R SR T X e R0 (1], &5 8, 2009(2) :57 -
63,75.
YAN An, JIANG Ping’an, WU Hongqi, et al. A study on salt crust classification based on decision tree technology in Lop Nur
“Great Ear” dry salt lake area[ J]. Remote Sensing Information, 2009(2) :57 =63, 75. (in Chinese)
DE JONG S M, ADDINK E A, WAN BEEK L P H, et al. Physical characterization, spectral response and remotely sensed
mapping of Mediterranean soil surface crusts[ J]. Catena, 2011, 86 24 - 35.
LR, BATA T 7SI SRR A [T]. F R, 2010, 29 (4% 7)) - 387 -388.
FAE, T, R, S SETHIEOGIE AR DO SR B B AT AT ] TR X R, 2016, 39(1) : 190 - 198.
WANG Shuang, DING Jianli, WANG Lu, et al. Remote sensing monitoring of soil salinization based on surface spectral modeling
[J]. Arid Land Geography, 2016, 39(1): 190 - 198. (in Chinese)
ROSSEL R A V, BEHRENS T, BEN-DOR E, et al. A global spectral library to characterize the world’s soil[ J]. Earth-Science
Reviews, 2016, 155; 198 —230.
METTEMICHT G I, ZINCK J A. Remote sensing of soil salinity: potentials and constrains[ J]. Remote Sensing of Environment,
2003, 85. 1 -20.
SONG CY, REN H X, HUANG C. Estimating soil salinity in the Yellow River Delta, Eastern China an integrated approach using
spectral and terrain indices with the generalized additive model[ J]. Pedosphere, 2016, 26(5) : 626 - 635.
(#5370 TT)



370 | 1 R A= 20184

22

23

24

25

26

27

28

29

30

31

32

migration and quality attributes by intermediate-wave infrared radiation drying[ J]. Ultrasonics-Sonochemistry, 2018,40 (1) .
619 -628.

ZHU D, LIANG J, LIU H, et al. Sweet cherry softening accompanied with moisture migration and loss during low temperature
storage[ J]. J. Sci. Food Agric. , 2017.98(10) :3651 —3658.

PEREIRA F M V, CARVALHO A D S, CABECA L F, et al. Classification of intact fresh plums according to sweetness using
time-domain nuclear magnetic resonance and chemometrics[ J]. Microchemical Journal, 2013, 108(3) . 14 - 17.

A N RIEFTE TA &, & Pk 4r I : GB 5009.3—2010[ ST. 4t 50 o [ A7 #E t kg 41 ,2010.

B, 40f R, S5 TR B BE XSS b Jr PO TR s ma [T ]. glk LA 241 ,2015,31(16) :296 - 304.

JU Haoyu, XIAO Hongwei, ZHENG Xia, et al. Effect of hot air relative humidity on drying characteristics of carrot slabs[J].
Transactions of the CSAE, 2015, 31(16) : 296 —304. (in Chinese)

TR, S T LB, A5 JE T Weibull 234 bR B S8 38 T W Z XUT e PR [T ] AR0lk DR 41%,2016,32(17 ) 1252 - 258.

YIN Huimin, NIE Yuyan, SHEN Jin, et al. Drying characteristics of diced potato with thin-layer by hot-wind based on Weibull
distribution function[ J]. Transactions of the CSAE, 2016, 32(17): 252 —258. (in Chinese)

R E IR ARAE  ARF, S TR TR AR 5K A AR [T ] Al TR 424 ,2016,32(13) :303 - 309.

XU Jianguo, ZHANG Senwang, XU Gang, et al. Thin-layer hot air drying characteristics and moisture diffusivity of lotus seeds
[J]. Transactions of the CSAE, 2016, 32(13): 303 —309. (in Chinese)

skeE b BUR AR, AL, . ARG T Y MO R TR R A N AR K AR A [T ] ARk AR 2 4, 2012,28 (22)
282 -287.

ZHANG Xukun, ZHU Shusen, HUANG Jianhua, et al. Analysis on internal moisture changes of carrot slices during drying
process using low-field NMR[J]. Transactions of the CSAE, 2012, 28(22) : 282 —287. (in Chinese)

BB/ A L N S5 KA AR S AR HORPRE K J RS R ) SRR AR 204 [T ] o E AR ARR: , 2017,50(2) 240 - 249.

SHAO Xiaolong, WANG Nan, SHI Xiaozhuan, et al. Analysis of moisture state and transverse relaxation characteristics of grains
during the growth process of rice[ J]. Scientia Agricultura Sinica, 2017, 50(2) :240 - 249. (in Chinese)

WERETE X RE WK [T B T RS 5 1 ,1999(1) 16 - 10.

YAO Kangde, LIU Jing. Water in polymers[ J]. Polymer Materials Science and Engineering, 1999 (1) :6 —10. (in Chinese)
LV W, ZHANG M, BHANDARI B, et al. Smart NMR method of measurement of moisture content of vegetables during microwave
vacuum drying[ J]. Food & Bioprocess Technology, 2017, 10(12) :2251 -2260.

RE, R WA, SRR N A LA R R [T AR MR ,2010,26(5) (441 - 444.

WU Huiling, WANG Zhigiang, HAN Chun, et al. Factors affecting the maillard reaction [ J]. Modern Food Science and
Technology, 2010,26(5) :441 —444. (in Chinese)

(L#EE 333 W)

29

30

31

32

33

34

ZEWDU S, SURYABHAGAVAN K V, BALAKRISHNAN M. Geo-spatial approach for soil salinity mapping in Sego Irrigation
Farm, South Ethiopia[ J]. Journal of the Saudi Society of Agricultural Sciences, 2015, 16(1) :16 —24.

SUDDUTH K A, KITCHEN N R, SADLER E J, et al. VNIR spectroscopy estimates of within-field variability in soil properties
[J]. Progress in Soil Science, 2010, 1(3): 153 - 163.

SIS, RESREN, TN, G5, GOk R R P AT K S R M N AR AE B HAE A [T ] Aol TARAAHR, 2012, 28(5) : 101 - 107.
ZHANG Fang, XIONG Heigang, DING Jianli, et al. Characteristics of laboratory-field measured spectra responding to alkalinized
soil and conversion[ J]. Transactions of the CSAE, 2012, 28(5): 101 —107. (in Chinese)

JEAKAE, Bt mK, S NSETTEE X R A E TR [T ). il SOk AT, 2009, 29(5) ¢ 1362 - 1366.
QU Yonghua, DUAN Xiaoliang, GAO Hongyong, et al. Quantitative retrieval of soil salinity using hyper spectral data in the
region of Inner Mongolia Hetao Irrigation District[ J]. Spectroscopy and Spectral Analysis, 2009, 29 (5): 1362 - 1366. (in
Chinese)

B, R, E4W], S GV R S B PR RO SR e RBF R [T]. ILE R KRR, 2011, 33(6)
1242 - 1247.

LI Na, WU Ling, WANG Shaoming, et al. Analysis on relationships between soil salinization and spectra in Manas River Valley
[J]. Acta Agriculturae Universitatis Jiangxiensis, 2011, 33(6): 1242 —1247. (in Chinese)

KR, BRI, 0. T R OG0 T BAR AL b X Rt BR A B R T [T]. K R AR FEE R, 2013, 33(5):
123 - 129, 164.

ZHANG Junhua, QIN Junqging, LI Ming. Prediction of soil salt content based on spectral characteristics of soil in Northern
Yinchuan City, Ningxia Hui Autonomous Region[ J]. Bulletin of Soil and Water Conservation, 2013, 33(5);: 123 - 129, 164.
(in Chinese)



