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P FIAE X, R 3RV 2 1) A SR HAEER 0 B B AR Al
F A TR A R AL A A A AE 4 ~ 10 A R4
FE P EMBRERAATN EHERZEO0~5em +
e GPS et RE MG E B I REMEX L
HERE AL 103 0, 0K AR X T AL 2 mm §if,
0 5 A 3R 20 AT LI i o i S
FULRL, 05 A I 2 4R P e T BAR IR A 1Y
AR B 7B, R AR R BB 48 R 4 2 CL A
SO;™ K™l Na™ i & A~ 8 738 70% , C1™ 1 SO3°
ZWAE 0.2 ~ 1.0 Z (8], J& T 3 84 i S Ak W) — i R
TR MR R o M 4 A R - S OB 4K
e HER 2 i (E B TE | A A AR A LR A A
MFE S LT 45 A4S Hoh 30 AN 8 (23 A8 T,
TANE TR ) 1F Ry dBORE A, X 15 A TR
(10 4@ FHE+,5 NE T 8 B ) 15 0 A 50 A
A, HHEA ML Y FE 7E 12,3 ~19.5 g/kg,
WP LR & R (EC, ) AR gt W3 1.
®1 TEHSSEBHARMSIT

Tab.1 Descriptive statistics of soil samples

. A RN BRKOFEH bR
e H 5 B %
JaREA 45 0.22 43.26 13.57 11.58

o/ o
1 AEAEA 30 0.22 43.26 15.93 12.25
(dS'm™") ShEREEA 15 1.33 27.66 8.38 7.73
A 45 0.89 32.54 10.56 5.78
K2/ % WEREA 30 0.89 32.54 11.13 5.86

ShERREA 15 2.62 31.23 11.34 4.99

1.2 FiENE

Xof B BCAY A EAT G IE I, g I R
I35 9 53 47 3 0 28 24 7 ( Analytical 7 5p Spectral
Devices, ASD) 4 P2 i) ASD FieldSpec {6 # =X & o6
WAL, AT AE 350 ~2 500 nm i K3 A AT 3% 2k
i RAERIFE A 14 nm OG5 50 BEEN 3 nm, 615 I
HE— BRI AR WG = N EAT . LR
A BCE TR S em (R 1.5 em A 26 B TR
JE) HEWIRFEILN, HHCRIHAREL 1.4 g/em’,
TR TP R BRI [ 5 7K 3R BE B 3 101 1k 3%
SFaR ke b A B J7 K 3 JSCER 23 B KR L ST AR 4
AR SFCHE LA DARE 1] b A0 T o 5 BT AT A Gk 3
MRS, PR JE B A A 0, B 17K 3 AR J7 28 %
U PR UEZK 23 AT 45 3020 ] R 10 R 48, I KR
FEWER A G B . EAN—H 1000 W K6
JIOGHE A7 G IR B H4E 2 50 em R 8°41L 3%
PR IR AR PRk B T8 R IR AR 15 em WY TE B
E5 L BEREO I Y XU AR 2.1 em YR /)N
TR I A AT AR, 4R Sk B W B Dy b Y RO O

%o MR Z i 5 P AR i A7 2 b, B AR 4R 10
ZIEE 2R, AR 34 )5 15 81 i - RE 0 S B
TR I DTS B S B e KR
1.3 SEiGEiEE

X EREA A SR 4 B 6 3k ith Ze iz H ASD =0t
WA B A AT PR OE SR G SR B 10 S50k
1 £ ST SRR g X AR A 1 61 SR . SR 8l
S 357 T T B S 0 5 R R A A Sl B A B
1) B 1 D3 S 28 (R) T g WA [\ & 7K 28 & 3h i
ik O S BRI T AR S AT (VR) Xt
BAbHE (1gR) AL (1/R) (JFR 4R 6 3% — B i 4y
(R A5y (R") . — B RS 43 (/R |
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((1gR) ") X8 Z B i oAb 38 ( (1gR) ") AR 50— By
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LBRAEFE(CR) , — B il 3 . — B s 43 2k A1 Origin %X
it 55, % 28 48 A& bR R Bl ENVI #( ff Continuum
Remove JJ BB 4t
1.4 MMRBEHNEISKRIE

A SR FAR $5c /N 3 01 )9 ( PLSR) J5 32 ## 37 K
WA ke — RSN Z oS
oA 7 AR DL 22 AR B 2 3 AR [ )T A
R R ) R AE WL B3 i /D DL A A 22 T A Ok
A ) U, 2007 s A AR g 0 [E1H O R s B
VP2 o BRI BHS BRI S 40 3 2 B R 4
P Z B R, ARiEIR 22 RMSEE, Y8 LI IE R,
FFRE 2 22 RMSECV, A1 &8 A6 50 B4 48 e i & 4L
R, FIARMER 22 RMSEP, LUK I 5 {8 % v {22 15 4%
T R 22 1 LU A RPD , #4855 F2 7€ Unscrambler %X
1 52 1o

2 EHRE5H

2.1 TEHESESENBESTMNSH

2 g2 IEER A O i 5 R AR I R R e H R
SRR A 8 2 B d5e /D el 43 A o &5
FWI i L Y LG SO RS A B A
HAT BT 1 WIS B, BB R, E 0.603 1 ~
0.874 1 Z[a], 38 LI E R R, KFRAF B R T 0.6, 4
T2 AP I R2, 75 0. 381 1 ~0. 690 2 2 [fi] ,RMSEP
e/ MAE K 3.275 5, RPD KBl 1.916 2, H K
A PP BCHE AR 30 T 3 BT A 5T (9 B AR R B, O [R) B A AR
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R Ty % R A AKC v B B TIAE BE 3R I O R I
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AR 11872 46 T 2RI B A6 Ol 315 455 2 TR0 RS 2 AR 2, o
{1 o A TR Oy 3 2 49 QS B A8 i, BE % PLS [ - 8, &
5 UE B S 36 e i R AL RY, M 0. 690 2, RMSEP g
3.2755,RPD } 1.916 2,
2.2 TEEKERWERESTSHN S

X AN ) 5 7K 23R A 3% B B B FL B A 4
T AT d5c /N Z T [ U 40 B (38 3) , AR AR A A 42
JIT g S AR P E R B AR, AN [ 2K A e B
38 KR ) TN A TR E A AN [R) AR B R I, )
AR — B G B — B R iRy xR
AR A W Bk o3 140 B 5 A AR v A R I ORS E , R A
B K R AR RO e — W o, U R %000.933 1,
RMSEE 4 0.427 8, &8 X ¥ iif R., & 0.803 3,
RMSECV 2 2. 866 2, Xf 4% 155 % JF 47 40 & 56 UF , M
R ME0.490 2 ~0.721 9 Z [A], 4 3 75 /K 5 i ) 455 7

ZE AT AP RE B — W S0 A B AR R RY, Ol 0,721 9,
RMSEP 34 3. 607 2 ,RPD #({H % 1. 680 6.,
2.3 TEHSSETUMASFNER M
B P T U R A B R T B KR
T RS 3 AT 5 0, B 7 A [ £ 20 7 R
S ) O 5 e — 9 2 o 3 TR S K 43 e i
BB AT 8 H b T A S A O [0 U5 R D O 47 6 TIF
(F4) M H RS & B/ T 8. 19 dS/m I, g AL
A5 R KT 0.79, 28 LHiiE RE KT 0.7, %4
B PEAT AN IR UE R2, K F 0. 6, 4 264> & /N F 4% F
8. 19 dS/m i T I A5 760 56 i 42 () T 452 2% HE AT F A
By, 3125 SO L, U TR B 6% e 1 U L g
FOKAR Y LY iR T T 10,25 dS/m B,
HBREALE R /N 0.6,58 XLRAE R /NT 0.5, 4
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®2 TEHZHEEH PLSR KR
Tab.2 Results of PLSR model for soil salinity

SR H PLSR TR : R e T : 28 L BGHIE - : N ER A 35 : RPD
R, RMSEE R?, RMSECV R, RMSEP

R 8 0.802 1 4.5776 0. 664 2 5.2099 0.5538 6.2577 1.558 1
/E 8 0.7889 5.8591 0.6219 7.5885 0.548 7 6.963 3 1.5230
IgR 7 0.761 1 5.7518 0.690 3 5.0210 0.5729 5.5621 1.578 3
1/R 8 0.603 1 9.1207 0.458 8 12.018 3 0.3811 9.2347 1.2759
R’ 8 0.8285 4.0147 0.594 9 7.904 6 0.689 8 3.584 1 1.8279
/F 7 0.801 1 4.8989 0.706 4 4.134 4 0.5521 6.2929 1.5399
(1gR)’ 7 0.784 1 5.2614 0.5721 8.5937 0.6366 4.5427 1.6017
(1/R)’ 8 0.627 4 8.2603 0.654 4 6.506 1 0.4019 9.403 8 1.4625
R" 6 0.799 3 4.9373 0.6209 7.1187 0.6833 3.6234 1.7819

R 7 0.8219 4.4554 0.6243 7.0159 0.5871 5.568 0 1.6316
(1gR)” 6 0.763 4 5.702 8 0.6847 5.5903 0.6719 3.8116 1.749 5
(1/R)" 8 0.626 8 8.9154 0.5903 8.043 6 0.4162 8.507 7 1.303 4
CR 8 0.874 1 3.6257 0.6833 5.9298 0. 6902 3.2755 1.916 2

®x3 LTESKER PLSR EE
Tab.3 Results of PLSR model for soil water content
SR H PLSR HEHK RT3 ST 28 LBHIE P 4 RPD
R, RMSEE R?, RMSECV R, RMSEP

R 4 0.8357 1.8325 0.681 1 4.579 4 0.5877 5.818 1 1.513 4
/ﬁ 4 0.8033 2.5662 0.6573 5.0715 0.4902 7.624 4 1.2516
IgR 3 0.8754 1.678 4 0.709 1 4.0181 0.6129 4.8030 1.569 6
1/R 4 0.7619 3.448 3 0.6125 5.709 6 0.5708 6.496 5 1.4757
R’ 4 0.903 1 0.722 1 0.790 2 2.4820 0.6653 4.5397 1.679 8
/F 4 0.8143 2.2850 0.702 8 4.3219 0.5002 7.459 6 1.3182
(1gR)’ 5 0.9331 0.427 8 0.8033 2.8662 0.7219 3.607 2 1.680 6
(1/R)’ 5 0.736 6 3.5651 0.6277 5.659 1 0.5582 6.704 1 1.4476
R" 5 0.894 8 1.5588 0.6903 4.3278 0.640 6 4.746 6 1.6313
\/ﬁ 4 0.808 5 2.3806 0.718 5 3.9633 0.498 3 7.5909 1.3140
(1gR)" 5 0.9196 0.5502 0.794 4 2.7129 0.700 4 3.8614 1.6327
(1/R)" 4 0.726 6 3.729 8 0.602 1 6.0809 0.548 8 6.8590 1.426 6
CR 4 0.8320 1.993 4 0.690 6 4.5229 0. 609 2 5.5639 1.5613
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Tab.4 PLSR model for soil water content in different soil salinity
T AR LT 4 ST 28 SLBHIE POy 4
PLSR A 7%

(dS-m~1) R?, RMSEE R?, RMSECV R?, RMSEP
0.22 4 0.8706 1.8325 0.8104 2.2493 0.7632 3.0801°
3.24 5 0.9331 0.4278 0.8033 2.866 2 0.7219 3.607 2%
5. 66 4 0.9127 0.5639 0.8237 2.1301 0.7151 3.8193*
8.19 5 0.7929 2.9376 0.7209 3.5237 0.642 2 5.0203"
10. 25 3 0.548 1 5.6705 0.4813 7.0710 0.402 1 8.075 8¢
13. 11 4 0.409 2 7.958 8 0. 405 2 9.4247 0.3352 9.277 9
22.54 5 0.4357 8.9222 0.4127 8.9012 0.3087 10. 614 5¢

H:ab.c.d FR0.05 B EKFE

By kS A X T A ST B K 43R T RS BE A S B
% b A S B RGN, Eh 4 B 6 R A X 1 g
KA S S5 77 A T4, J9F A ST A S K 43 95 A
RUKE BE N B o 38 2 1 8O0 35 B 5 2 6e % P o S T
A LB B R R K R BB R A £
LI R O6 I fE B E B BT R P S
mig O AR S 4 R R W TE OB A K
AR Y R — AL E B R, A
(KT 8. 19 dS/m) Fi| FH 5 06 3 W 5 4 38 55 K K5
Ji 43 32 IR
2.4 HEAKEITWIT LS R KM

G St X AR ) 5 7K 2 48 g T 4 T A
WL S, Bl 5 K S 5 00, b B LR 3 T A R
R AE7E /N B b 1 3 5 K 3N T 5% W iE R B
K, RMSEE BU{H e/, £ 3 5 KR/ F 20% 1Y
R IRT 075,24 4 4 55 K R 3 20% i, 5750

R W/, B K R 20% ~ 25% [ e iE R H
0.540 8, X 2545 AU E 47 3¢ S5 UE F AN A 36 & B
LS K RN T 15% B, BB RY fE 0.647 7 ~
0.701 8 Z [H], % 40 Pl I A5E TROKS 5 45 i, X 4% 7 K &
HhEBAE B RMSEP 47 J7 22 70 3R W, & K /N F
15% 929 5 MRS 22 10 25/ T o & K R B8 (R &K
RAMTRESE A R H R & B Y RS
KR TF 15% iF K 56 R, k/) , T0000 35 2 5 K, 13
B 3 SOk R 2, PR & Bk
N5 B AT AR MBI AU . R B S0 vk
o MAHS LEE S SR Z N EBEA S, E
TG U R AT Bk B A A R
B RERETS BB MERR BBl A g R T AR E S £
R 5 KR KT 15% W, AN E 238 33 Ok 1%
J T FRAFAE AT DL - 3k o B FEAR 0 - K ko
1T REMEAS B A Y 3R e W ORS

%5 AESKZREMHETIELS PLSR BEs

Tab.5 PLSR model for soil salinity in different water content

k% PLSR [ T4 : H5E R e 57 — : 28 SLBHIE ‘ : S ER A B ‘
R, RMSEE R, RMSECY R, RMSEP
KT+ 6 0.874 1 3.6257 0.6833 5.9298 0. 690 2 3.2755*
<5 6 0.8925 3.017 8 0.709 8 4.542 1 0.701 8 2.8329*
5~10 5 0.8408 4.2259 0.692 4 5.629 1 0.6629 4.069 8
10 ~ 15 6 0.7702 5.0585 0.5899 6.0157 0.6477 4.587 6"
15 ~20 6 0.7528 6.6334 0.6215 8.2972 0.5102 7.231 4"
20 ~25 5 0.5408 9.6379 0.461 8 10.248 1 0.3856 9.702 6°¢
25 ~30 4 0.3866 12.7327 0.207 3 20. 656 8 0.109 1 12.774 14
>30 4 0.208 4 18. 620 4 0.2169 19.3396 0.056 2 16.098 8¢

H:ab.c.d.e R 0.05 I FH KW
3 it

(1) X 35 AR R FNER 7 & B i el 1 12
ot B3 A 48, SR O e /0 =3 [0 051 23 T D 0 0 33 B
A A Rt S B [T DR R R B, R O
TR ] 2 25 48 2 Bk O i ) A R e A TR T R

J, JLAN B R KL 5 R, O 0.690 2, RMSEP )y
3.2755,RPD Jy 1.916 2, 4 3 & 7K Z& 1 >R A X 45
75 e B — B sk 43 BE 1% W A B v TDRS JE, HAM R AR
JAEK B R2, 9 0.721 9 ,RMSEP 2% 3. 607 2 ,RPD
1.680 6,

(2) R E KR WM AR h £ 7y & BN FHT
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Prediction Model of Soil Water-salt Based on Hyperspectral
Reflectance Characteristics

Wang Haijiang'>  Zhang Hualing'  Ren Shaoting” Li Baoguo'
(1. College of Resources and Environment, China Agricultural University, Beijing 100094, China
2. College of Agriculture, Shihezi University, Shihezi 832003, China)

Abstract: Taking farmland of oasis in Xinjiang Manas as the example, in order to timely, accurately and
dynamically monitor water and salinity of saline soils, the partial-least squares regression ( PLSR) for
model was applied to model the moisture and salt content of different moistures and salt soils based on
hyperspectral analysis technique, the stability and predictive ability of the model was validated. The
results show that the prediction precision of soil salinity and moisture were effectively improved through
continuum removal ( CR) and the logarithm of first order differential (lgR)’ in 12 kinds of data
transformation. The prediction models were better when soil salt content was less than 8. 19 dS/m, R’
were greater than 0. 79, R’ were greater than 0. 64, with no significant difference between RMSEP. The
prediction precision was poor when soil salt content was greater than 10 dS/m with R’ less than 0. 45 in

the moisture prediction models. The better prediction accuracy when the moisture is less than 15% , R’
were greater than 0. 77, R’ were greater than 0. 64, with RMSEP less than 4. 6. The model prediction
accuracy was poor when soil moisture greater than 15% . It was concluded that the large soil moisture,
salt content will have a significant impact on salt-water prediction model.
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